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Ac acetyl

acac acetylacetonate
AIBN  azobisisobutyronitrile
All allyl

Alloc allyloxycarbonyl

Ar aryl

aq aqueous solution
BINOL 1,1'-bi-2-naphthol

Bn benzyl

Boc tertiary-butoxycarbonyl
Box bisoxazoline

BSP 1-bezenesulfinyl piperidine

BTM benzotetramisole

Bu butyl
Bz benzoyl
c cyclo
cat catalyst

Cbz benzyloxycarbonyl

conv conversion
DABCO 1,4-diazabicyclo[2.2.2]octane
dbm dibenzoylmethane

DCBQ dichlorobenzoquinone

DCE dichloroethane

dibm diisobutyrylmethane

DIPEA diisopropylethylamine

DMAP N,N-dimethyl-4-aminopyridine
DMBPY 4,4'-dimethyl-2,2'-bipyridine
DMC  dimethylimidazolinium chloride
DMF  N,N-dimethylformamide

DMI dimethylimidazole

DMSO dimethyl sulfoxide

equiv  equivalent






ESI electrospray ionization
Et ethyl

Fmoc  9-fluorenylmethoxycarbonyl

Fuc fucopyranoside

Gal galactopyranoside

HRMS  high resolution mass spectrometry
i 1S0

IR infrared spectroscopy

LB Lewis base

LRMS low resolution mass spectrometry
Man mannopyranoside

Me methyl

Ms mesyl

MS molecular sieve

n normal

Nap 2-naphthylmethyl

NHC N-heterocyclic carbene
NIS N-iodosuccinimide

NMI N-methylimidazole

NMR  nuclear magnetic resonance
Oc octyl

PEMP  pentamethylpiperidine

PG protecting group
Ph phenyl

Piv pivaloyl

PMB p-methoxybenzyl
Pr propyl

Py pyridyl

Rs retention factor
rt room temperature
s secondary

t tertiary

TBAB tetrabutylammonium bromide
TBAI  tetrabutylammonium iodide
TBDPS tertiary-butyldiphenylsilyl
TBS tertiary-butyldimethylsilyl






TCE
temp
Tf
TFE
THF
TLC
TMPhA
TMS
Tol
TON
Troc
Trt
Ts

2,2,2-trichloroethoxy
temperature
trifluoromethanesulfonyl
2,2,2-trifluoroethanol
tetrahydrofuran

thin layer chromatography
trimethylphenylammonium
trimethylsilyl

tolyl

turnover number
2,2,2-trichloroethoxycarbonyl
trityl

tosyl
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PEHBEELE WL, B OAMBRICHEEST L2 LD, EFELAIHO—
Izt ) L LTIER SN TWD, BUE, BHE G & ZERMEZ R DR H B
HAL S MO REIZMAGTT 2B N R FEDTERMFARIEK DL D TH
L. Tbb, FEICEBIFET 2EM e Fe X o RICHE R REREZEA L
PEZ RIS Ly BEib GRS L IXERECRELEH S, Hilefia s
R LT D BICHLRGE 21T 5 15 Th 5 (Figure 1, route A), = DFE. E7=HME
LD 8T THEEOE Fex U EE2XBI L THRINZITO WS ITHDH, Bl
ROGEEBLFORUE Z 868 L Ch it MU IRE L DM A2 1 7- 2 B
B TITON T EORBRTH D, ZOZ LN TREEOEMZ RS, FEH
HALE O BN EZRNEICT o K E o Tnd, 295 Lo MEZ MRS~
<, MERIEICEDD TFFEDOE Ra v RO a2 BRI o 12T 58
rdBA%E | MWL FE TV D (Figure 1, route B) !,

OMe OMe

R-X
WOPG .f"--;'-"-lrut-'"’ WOPG
unctionalization
pGo pGo°h
A '
A1 protection deprotection |
o ----> route A
—— route B '
OMe OMe
R-X
Q/ oH e coloct Q7 oH
oH site-selective OR
HO transformation HO

Figure 1.

T THEZLIT, FFEE Mo U A B RIS T 20 FICEH L,
Tbb, Bl Fed v EoR L2 ERRICEN T2 2L TEN
T, FEE O EEIRA 9 FEBOS N EHARETH D EE AT, ZAITLY,
Wk Doy Wik 2 R LT8G IE R~ L R T2 2 & 28 LIFEIC A F
L7z,



SRS A BB OALE SR RE R b

ARETIL, THETIZH LTV D@ BB b N A AR A2 F 7o b E
DAL ERRAVE BB LS NI DWW TR T 5,

ek, A LA IIEE ONLERING 70 A HEONIZ 1T 55—k & L
THIH SN TE I, — I A XA O T OAL 3 3R 5y 728 L5 s
T, BEREST )~ —(LONAKIZ L 5 TAXT B X — NV EERT HALE D R
720 NEERFMEDRRKRE LSBT ERMmoN TS, £7-. BRBRANCE -
TEDOAERFNEZ THT 5 Z ENARETH D,

A RGRIEE T2 SO NE O (L BRI B RER LS IE, 1976 4F1Z Szmant
BIZE o THIDTOIEEINTZ 2 VT T NAXFF Y REHN, AXT X —
NWEBKR LRI, Xy Anrnl RegSESEHZ 8T va—2AD 24
BRI 2T ) X A JABEOSIZ RS LT % (Scheme 1),

Scheme 1.
Szmant (1976)
OH .
OH . 0 BzClI (1.1 equiv) OH
Hﬁoé% Bu,SnO (1.0 equiv) HOO\ EtsN (1.1 equiv) HOO&%
H
HO MeOH, reflux, 30 min sn—0Me dioxane, tt, 1 h BzO
OMe Bu~ \B 20% OMe
u o

WTHEDOFIE LT, Madsen HIZ K> TYVTFNARARIF XY RaefbFEHREHA
7o BECRFENE DAL EHRING 277 U 2 2 B ROG 23 #E & 4172 (Scheme 2) 3, ARG,
HTI h—=ARL~ Y ) — A EICHNEHEICBWTORIET 567 ) 2
IR GEON D, 6, FEEEARE LT == L F AL EMA R TH
D, ARROSZMA LT =EERICHEI L Tnd, 29 LIz A X baWaE v
7o SECRFENE DAL ERINA 3 FAMEOSIZBE, (EEMEDO S, L S V28
ELTRLSFIHEN TV S,

Scheme 2.
Madsen (2013)

1. Bu,SnO (1.5 equiv) OBz
OH MeOH, reflux, 3 h BzO’jgg;SL/ ng
HO 0 BzO O donor = BZO
HO SPh , BzO HO Q BzO

HO 2. donor (1.8 equiv) HO SPh BzOBr
AgOTf (2.2 equiv) HO
MS4A, CH.Cl, 85%
-30°Ct010°C,6h




LIL7eRNG, VTFNANAXEF Y REHWERIEDIFE A EIMbF 2 E
UEDAXREEANDVLERNSH D, Fio, AXEHWEKST LI ULIXE R
MBEEY ERAESEDHO, REESLT haxTa /) I —0OB S OEEK L
Tz, T X9 2l ﬂbfm%ﬁ REAT D I3 DO H A L&
Ze W T BECRFENE O EDEIR B R A bR 2 8 E LT 4 B BT A Xbd
MELTOAFARAY 70 REBRTLHZLICE-oT, ZNE TOhTE
i W TV G G Ot 2 F28L L BRGNS DAL EIEIRAY~
VA EOEE L TONAR VR = WABROGIZ L) LTV D (Scheme 3),

Scheme 3.

Onomura (2008)  \Me,SnCl, (5.0 mol%) Me,SnCl, (5.0 mol%)
BzCl (1.2 equiv) TsCl (1.2 equiv)

OH ; ) OH ; . OTs
HO o ProNEt (2.0 equiv) HO o ProNEt (2.0 equiv) HO o
HO HO HO
HOOMe THF, rt, 2.5 h BZOOMe THF, rt, 22 h BZOOMe
82% 88%

012 AR BT, VA7 FNAXY 7l Rafitfits U TRV, MEER
W72 F A TNV = AR ZAT > Tote . BBFELRISEIT ) 2 & TT A% b
DA RN KT LTV 5 (Scheme 4) 5,

Scheme 4.
Muramatsu (2012)

Oc,SnCl, (10 mol%) OH
TBAI (10 mol%) AIBN (20 mol%)

OH o) . OH
HO HO
HO Cl OPh THF, 20 °C, 6 h Ph0—< OMe toluene, reflux, 4 h

OMe OMe
(1.3 equiv) 98% 99%

F 720 2013 FITKHI BITEBA X2 F T s Z ik, 7/ ~—fL
DSNEACFERN R D TV a— 20— JF 1B L TCERBLESEZ1T> T\ 5

(Scheme 5) ©,
Scheme 5.
Muramatsu (2013) BuySnGlz (10 mol%) OH S
PhOC(S)CI (1 3eqU|v) HO e} )J\
TBAI 50 mol%) HO + 0~ “OPh
OMe PEMP (1.3 equiv) OOMe HO&
©Ome THF, 20 °C, 6 h PhO—~ Ho oMe
(1.0 equiv) (1.0 equw) S HO
>99% 3%
Me,SnCl, (10 mol%) OH S
OH PhOC(S)CI (1.3 equiv) e}
o- 3,5-lutidine 1o mol%) 96 N o)J\OPh
+ OMe PEMP (1.5 equw) OOMe HO 0o
Oom PhO—( HO OMe
e THF, 20 °C, 6 h
(1.0 equiv) (1.0 equnv) S HO

2% 91%



DX I ROREDFE WL, AXOBEHBIEORKE I THELEAXT &

S — VI E T HALENELT 5 2 LSRR T 5 & HRE STV 5 (Scheme 6),
Scheme 6.

Catalytic cycle in the selective functionalization.
"> OH —

OH o o
HO o
A e =
OMe O H
HO "OMe CI\Sé/ Ph0~< OMe Sr|] \g H
Bu N\ (@)
| u Bu S Bu e o)
+ S HO OMe
Me )J\ HO
Bu,SnCl, én\ 0~ “OPh 1,3-diaxial interaction
or Me” 0
Me,SnCl, ﬁo&&we Hﬁoé&we
- HO HO

SHIIMRBIE, P77 2= AV AXV 7 u ) Raefiis LTHWS Z L TR
B 2 B GAR & 92 BORGERE O EBR IR 7 U =2 U EROSICEEI L TV
(Scheme 7)7, AL, F8OEHERE LTIAS LTS Y IX T HEE
ELTHEMAFETHY, 7F M FCHERDOER AN L TV D,
Scheme 7.
Muramatsu (2013)

OAc
AcO 0
AcO + digoxin
AcO

Br
2.0 equiv

Hoﬂoﬂoﬂo
OH OH OH

Ph,SnCl, (10 mol%), Ag,O (1.5 equiv)

DMBPY (75 mol%), THF, 30 °C, 24 h 70%
OR
ROé&/O Q o ° O&&/O
RO

R=Ac
R=H NaOMe, MeOH, rt

NaOMe, MeOH, rt

Lanatoside C



EFETIE, VA7 TFNANRRY 70 ) Raeftlt s Ui oA E SRR
Jis % JE LTV D (Scheme 8) 8,
Scheme 8.
Muramatsu (2014)
Oc,SnCl, (2.0 mol%
HO -oH [T(I:\ﬁPEA]?'éra‘ (T% e()1uiv) 0
Hog% K,CO; (1.5 equiv) Hogo

OMe THF/MeOH (4/1), rt, 4 h

KRESE, ZVINMEETORICRIRBINTEBY, AXT X — 1O
T R TIWVOKENRZEIST D, DD, BReffb & 1382 o0&
N2 B D B D3 B E 4 5 (Scheme 9),
Mechanism for the catalytic and regioselective oxidation of unprotected carbohydrates.
e} OH HO _oOH
HO HO
HOOMe o HOOMe

regeneration of catalyst

R Br R X
R-Sn, o _on R-Sh, H
' = ""O _OH
( N&; !
(0] ;O
o) H _
K—X R A\\OMe H ‘QOMe
n\

oxidation deprotonation [TMPhA]*Brs-
HBr R
R-Sn___ 0
OH
Bu&
B'ﬁ/

\
\“
\
d

(1 [TMPhA]*Br-

Scheme 9.



AR Z il & U 7o BB OALESRIREY 5 B HEUSE, 2 b UM bk e
WMEBI DN DTN D, 2013 4F Lowary HIE, ¥/ — AN LA S D HEHD
ALEGRIIAR Y A FIALOBRBICEBNWT, V7 TF AR 7l Rafiiliil L
ToALERING N O AU S %2 1T > Ty % (Scheme 10) 7,

Scheme 10.
Lowary (2013)
OBn OBn
OH Bu,SnCl, OTs
TrO O OBn (30—40 mol%) TrO O OBn
HO OH TsCl (15-24 equiv)  HO OTs
l o o) OBn DIPEA (18-24 equiv) [o o) OBn
HO n ¢ OH HO n { OTs
o o) THF, rt, 22-24 h 0
HO 69%, (n = 1) HO
n=1,2 OCgH17 38%, (n = 2) OCSH17

F 72, 2014 4F Tadonisi & 72 & TNZ Dong 512 K > THRW TR Xl 2 Fv 7=
HELRFERE OALE RIS 358 S47c, Tadonisi HI1E, A5 H
HTRICEREEZERTHZ LT, IEREEOREDNE DL —2ET

Db 5 Z EIZRE) LTV S (Scheme 11) 19,

Scheme 11.
ladonisi (2014)

D-Mannose

Bu,SnO (10 mol%)
TBAB (30 mol%)
DIPEA (4.0 equiv)
BnBr (4.0 equiv)

70°C,3h

Bu,SnO (10 mol%)
TBAB (30 mol%)
DIPEA (8.0 equiv)
BnBr (8.0 equiv)

90°C,9h

OH
OH
HO 0
BnO
59%
OBn
OH
HO 0
BnO

62%

OBn

OBn

Dong & I3, MECRENE DAL E IR 72 P AT L T A (Scheme 12) ',

Scheme 12.
Dong (2014)

HO _0oOH

(0]
HO OMe

HO

1. Bu,SnO (10 mol%)
toluene, 100 °C, 1 h

2. TBAB (10 mol%)
BnBr (2.0 equiv)

MeCN/DMF (10/1), 80 °C, 3 h

88%

HO _OH
(0]

BnO OMe
HO



Z D%, 2015 4 Vishwakarma 5 X7 mE—4% — & L T LD Z®IRT 5 Z
ET NUUNERIT LD & LIERA RT AFNVIEZREE v e X o i
BIRAITE AT D Z LTS L T2 (Scheme 13) 12,

Scheme 13.
Vishwakarma (2015)

Me,SnCl, (10 mol%)
R-X (1.5 equiv)

OH ) OH R=Bn (94%
P“/%O%J% Agz0 (1.1 equi) Phﬁoc%i% H,
H R = oo

5 S o R = PMB E97 /;

OMe OMe R=Nap

DX, BEAXLEYE RS HFiEmIIEREEEZII LD & Lakkx
IREOSHRA~ WA STV D,

A RPN D4R Z T S 2 < #E STV 5, 2004 4, Demchenko ©
=y v E ROV RG & A LTV D (Scheme 14) 13, 4,6 (i3 X507
T H = VTRESNT TNV a—R R A v a ] REDRIGIZBWT,
b= 7 () ERINT 5 EALERIRMER [ E L, H—7p @& RN E LT 207
R A R ES D Z EIZEPI LT D,

Scheme 14.

Demchenko (2004) G, (1.0 equiv)
BzCl (1.1 equiv)

Ph/%o o pyridine (2.1 equiv) Ph/%o (0] Ph/%o 0] Ph/%o o
HO HO + BzO +  BzO
HOApe DCE. 11, 6-18 h BzO HO BzO

OMe OMe OMe
entry NiCl, NMR yield
- 67% 16% 6%
2 + 85% 0% 0%

F72. 2010 4 Evtushenko X, BA(T&®F /N7 b A M ELEY 757
(VDEEIRZ - e A RO & 35 L CU % (Scheme 15) 4, EA(7 & F
NTE A MZBREEY 77 (VDEERFE T, XY A7 nml FaRs
EHDHZ L ThHEA RBEREICBW T SV TILICHET 2277 U 7IUAL
(ZDHBANR Y A NACSOEDREIT L TV D,

Scheme 15.
Evtushenko (2010)

MoOs(acac), (2.0 mol%)
OMe BzCl (1.5 equiv) oMe
HO :Z ;Oz 2,4,6-collidine (2.0 equiv) HO@#
HO OH dioxane, 23 °C, 6 h BzO OH

86%



SOIZ NT VU LT L LTRSS E 5TV %, 2013 4 Minnaard 5 (3,
XA T U ERMTE L TERRT VT AIDERTFET, Y7raxr
X EROREE D L THE O EEIRIBL S EITT 5 2 L 2 G L
TV % (Scheme 16) 13,

Scheme 16.

Minnaard (2013)
[(neocuproine)PdOACc],OTf,

OH (2.5 mol%) OH
HO 0 DCBQ (3.0 equiv) HO 0
HO
HO

OMe  MeCN/H,0 (10/1), 11,3 h 0" HO4\e

96%
ABOSIZE D 7V a—Z2 G0N ARMIT, SLAREIREY 7208 e s &2 1T
I ETT =R, XV MMEICHES BITISIZ LY 3-epi-T1 7 I ~& %
ME N HLFHE C & 5 (Scheme 17),
Scheme 17.

Synthesis of methyl a-D-allose methyl 3-epi-kanosamine.

OH OH
HO% H,NOMe-HCl HO 0
7 H

0 0}
o~ HQ 92% N° "“Ome
OMe OMe
NaBH, o PtO,, Hy °
MeOH | 9% AcOH 63%
OH OH
HO O HO 0
Ho MCome HoN HO0Me
methyl a-D-allose methyl 3-epi-kanosamine

Z D%, 2016 4 Waymouth HIZ K> THxA Y T v A U &aENAL 7 & L TETeN
TV LAIDEERIZ, T b= UL ERL S A K DB O E RN
FRAL B 03 A S 4172 (Scheme 18) 16, e DAL T, ZDOSISMEDIR TIT &
DEHNREECH S To_ Y * ) UEB Al L THWTRISZIT> TV 5,
Scheme 18.

Waymouth (2016)
catalyst (3.0 mol%)

OH benzoqu_inone OH
Ho/é% (1.5 equiv) HO/% N
HO
TFE,50°C,1h
HOOMe

94%

catalyst




F 72 2016 4, Dong O ITERINEEA A it & U CTHW AL ESRIY T v 14k
Bt % #45 L Cur 5 (Scheme 19) V7, NP1 7 RGE S VT B CRGENE 2
FEE LT, EERIC T VLS E T > T 5,

Scheme 19.

Dong (2016
ong (2016) [Fe(dibm)s] (10 mol%)

HO _OH BnBr (1.5 equiv) HO _OH
0] K>CO3 (1.5 equiv) 0
Hogﬁ BnO

HO CH4CN/DMF (9/1) HO
OMe  gpsC. 8-12h OMe

83%
Z D14 2018 4 Dong & 1%, BRIIEEIA Z bl & U CTHWALE RN T 21k
Bt % #45 L C W B (Scheme 20) '8,

Scheme 20.
Dong (2018)

Fe(acac); (10 mol%)

HO _OTBS AcCl or BzCI (1.5 equiv) HO _OTBS
o 'ProNEt (1.5 equiv) o
HO MeCN, 80 °C, 4-8 h RO
e ’ y 7
HOOMe ] HOOMe
83-85% R =Acor Bz

SRR 2 O T O ESRIN B RERALSUE DRI STV D, 2004 Hfnft
Hlix. F T REANERE Wz T AR T VbR L0 A 7 v
= VEREIR OB L FR AL ENT A E) LT 5 (Scheme 21) 12,

Scheme 21.
Matsumura (2004) —\ or
OH %(O OH
HO OBz 2CI HO OBz
BnO OBn (R, R)-Ph-Box- c:ucl2 (5.0 mol%) BnO OBn
(D)H BzClI (x equiv) (D)H
@) ProNEt (1.0 equiv) @)
+ +
CH,Cl,, 0 °C
OH - OH
BzO OH x(equv) (D) BzO OBz
0.5 51% 70% ee
BnO"" “'OBn 0.7 34% 94% ee BnO"" "'OBn
OH 0.8 17% ~100% ee OH

(L)



S BT 2013 4 Miller H 1%, F 7 /AREIADEEERZHNT, XV U FURES
T HERSE OB HEFRALS 21T - TU 5 (Scheme 22) 20, AR, 188 FH 3 5 S(1D)
ERD T T o F A~ —IC Ko TERRMEP RES BT 5 2 el T
WD,
Scheme 22.
Miller (2013)

or

CUClz(S)'PhBOX (10 mol%) PhBOX PhBoX
BzCI (1.0 equiv)

HO
HO

Ome CHCIs, temperature, 4 h

o0 - X0

CuCl,(R)-PhBOX (10 1% | \ | |

UCly(R) (10 mol%) &N NJ @N NQ
Ph h Ph

catalyst temperature conv. (%) ratio
(R)-PhBOX —-40 °C 92 15 1
(S)-PhBOX rt 82 1 5.7

Z Dt . Dong HIXF 7 /L7 i(IDEEARZ L L U THWT, Bkt Rex
FED TV VARGE S VT2 B E O E SR E B AL BUS & i L 72 (Scheme 23) 21,
Scheme 23.

Dong (2014) Cu(OTf), (10 mol%)
(S,S)-Ph-PyBOX (10 mol%) AN
BzCl (1.0 equiv) |

OTBS : OTBS ~
HO 0 'ProNEt (1.5 equiv) HO o) o ; N \i))
HO HO S/N N /
HO, THF, rt, 16 h BzO T

OMe » th OMe Ph Ph
90% 2-0/4-0=>20:1 (§,5)-Ph-PyBOX

I TIE, Niu BIZE > TH F Z 78IS %2 FW T8 OAL S IR S

RERE DN Shuie 2, R BIE, 2017 T Noél HIZ K-> TSN T U —v
fERREE 23 & T AV RRIDSER Z HAG bt 5 Z & T, MERIRWNT U —bK
Jia % #E AL LTV 5 (Scheme 24),

Scheme 24.
Niu (2018)
Cu(OTf), (5.0 mol%) HO _oOTBS

HO OTBS Tf (S)-PhBOX (10 mol%) 0 HO 2
I NEt3 (30 eqUiV) (0] +
HO HO OOMe
HO Mes  toluene, 50 °C, 12 h OMe
OMe ’ ’

94%
3-0/2-0=>19:1 3-0 2-0

10



H AR 2 TR OALIE B INE) B RE AL

B BRI D T 70 b T A BEAREE 2 W 7o AL E IR B R B LSS & 0 B v T
Lo EHOBIZVAFAT I VY D UFERAAMEE S U THWD Z & TR
REG72 T v F MG % S LTy b (Scheme 25) 24, 7 2 AAISH O Rz v
R VHERLANVRXVEZBEATLHIETEEOE Fuax il oKkEHAE
AL, b Refd U EofFEH b e RIS, BV 2 UVBRIZE D KEFH 2 TEH
IbTDHZETOAFAT I B DU L3R 5@REE2 RH LT3,

Scheme 25.
Yoshida (1999) catalyst

(5.0 mol%)
OH ACZO
o} (0.7 equiv) HO AcO
HQ&OC8H17 /&/OogH17 HO &/OC8H17 AC&/OCSH17
HO CHCIs, rt, 1 h
DMAP 40% 34% 15%
carboxylic acid  22% 26% 41%
methylester 29% 26% 17%
sulfuric acid 10% 13% 63%
C1oHa1~ )~ (CH2)2COH CioHa1~ - (CH2)2CO-Me C1oHa1~ - (CH2)gOSO5H
X X X
» » »
N N N
carboxylic acid methylester sulfuric acid

EBWIERBIIF TN AT T I B DUFEREfEEE LTHWD
LT, EBRES V- AFEERO AMITER L TT VMR ET TS 2 L &
FLHY U7z (Scheme 26) 2, filiElCHHAAE T N Y 7 N7 7 /%ﬂﬂﬁ;’g%wu%

L, VAFNVT I UV UEAIC Lo TEHE LS RE A2, ED 4
ALt Fa o0 a2 7 O EEIR M BT 5 E?EE.L“CI/\Z)O
Scheme 26.
Kawabata (2007) catalyst (10 mol%)

OH (Pr,C0O),0 (1.1 equiv) OH

HO (0] collidine (1.5 equiv) i
H&&OCBHW Procﬁoé&ocgm
HO CHCls, —50 °C, 38 h HO
98% >99% regioselectivity

catalyst

11



E72. 2015 FNBHEHIEF T AR AF AT I U P UFERIZL S TV
T — ZDONLEIERIR T VWS Z 88 O & L7z Ellagitannin #5268 72 & TNZ
Multifidosides ¥ 20 D% TR AR 2 #1E L TV 5 (Scheme 27),

Scheme 27.
Kawabata (2015)

0] H H (0]
N_ .. N
CgH470 \[|‘ % \;_)kOCsHﬂ
HN | NH
N (0]
N

BnO
catalyst (o)

MOMO

OBn 2(1.05 equiv)

OH
H catalyst (10 mol%)
Ho’ﬁégsz/ ° CHCl, / collidine (9/1), —40 °C, 72 h
HO 0 on
HO
o)

then
DMC, DMAP, pyridine
5°C,18h
MOMO  OBn S1%
BnO
BnO @) - 5
o O OH — strictinin
MOMO OH
e o 5 steps
BnG HO O OH (21% overall yield)
HO
o}
o}
N
0
OH TESO ,
HO&&/ (1.1 equiv)
HO 2 OH multifidoside B
HO , catalyst (20 mol%)
Me™ collidine (1.5 equiv)

O CHCl3 / DMSO (9/1), —40 °C, 168 h
then HF-pyridine, —40 °C, 2 h

OH
A o) 0
OH HO O-. OH
Me"
(0]
strictinin multifidoside B

12



Z L CEFETIE, 7B 72 & NCEINAI 2 a7 25 2 & T & o KiE
7B & 2R L C U D (Scheme 28) 27, WSINAIE L CE/NVEBFIE T, Ry Y
RZT7 bRl E LTEH ST 52 8T, ISMEDO@mWENERE 2 SR TR A
SHDHZ LT XV Ak EIERE A BRI A | ST D (scheme 29),

Scheme 28.

Kawabata (2017)

OH
HO 0
Hoég/ocsH17

o] H H (o]
N_ . N
CgH470 \[|‘ QY \;_)J\OCSHW
(0] _ (@] _
| NH
NS

N

catalyst
catalyst, RCOX

0
PivOH (2.2 equiv), DIPEA (3.3 equiv) R)J\O é&
HO OCgHy7

HO CHClj3, —20 °C, time HO
mol% . site-selectivity

ety of catalyst RCOX time  monoacylate  s’h4 53 00 0) TON
1 0.1 Prcocl (2.2) 5 min 99 0:98:2:0 980
2 0.02 PrcOCI (2.2) 25 min 97 0:96:4:0 4600
3 0.01 Prcocl (2.2) 21 h 73 4:92:4:0 6700
4 10 PhCOCI (2.2) 5 min 85 0:96:4:0 8
5 0.1 PhCOCI (2.2) 15 min 87 1:94:4:0 830
6 0.02 PhCOCI (2.2) 12h 76 0:95:5:0 3600
7 0.01 PhCOCI (2.2) 24 h 69 0:94:6:0 6500

Scheme 29.

A proposed catalytic cycle for DMAP-catalyzed acylation with an acyl chloride-carboxylate system.

~F -
R'COOR N N B
+ ' Cl
R"COOH @ Reoct fj
| N/ N R"COO~ X*
A
high concentration
— 1 low reactivity N
| | + XClI
+ XClI
. , 0
i o
I -— o R
.00 'R" high concentration
high reactivity

- ROH

13



2001 4 Miller &%, ~7'F R&flit L UTHWA 2 ¥ b= ViFEE RO E
IR U LRSS & D ARFIERFME &2 S L TV (Scheme 30) 28, AR
Tl X7 F M X 5 RET7THIOIEMAL, B X ORFIEFHENEZ 0 &
WSEARERPUPEIC TSR EITT 5, £D%, N—FBITLEITHIZETA /U b
— VU UERDOAREREREER L TWVD

Scheme 30.
Miller (2001) peptide (2.0 mol%)
R o
HO OH Et,N (1.7 equiv) HO O-R;'OPh Li, NHg HO O-R'OH
OPh OH
BnO" Y~ “OBntoluene, 0°C,8h Bno™ > “0OBn THE HO" > “OH
OH 65%, >98% ee OH 96% OH

Ph O

Ph>1\
N
Me HN - N—\

‘N o (0] N=/ Ph
<\ | HN

0
N
Bo”" :2 >/-—NH 0

peptide
catalyst ’Bu/ OMe

Z LT 2003 4F Vasella HI1X . T 70227 2 U= F o F 4~ —Z 5y
FTAHZET, FNVa—AD6MNRV Y NVRESNTHERED 3L, HLLIE2
A Fa s i ERBINICR S ANV APEAT L LICRIHIL TV D

(Scheme 31)%,
Scheme 31.
Vasella (2003
asella ( ) amine catalyst Me
(5.0 mol%) OVN\
OTBDPS  BzCl (1.0 equiv) OTBDPS otBpPs | N Bn
HO&% —RTZ e HOﬁ ! HOﬁ e
HO : HO BzO or
CH,Cl,, 4 AMS
HOome  Z6¢°C'1h BZ00Mme HOOMe [\ Z‘e
N~ /< "Bn
(S)-amine cat 78% 2% M
(R)-amine cat 10% 57% °
amine catalyst

F72 2013 4F Tan HIX, F TR A I X — )L &Ml & U 7o (i E SR B ek
LB 2 L7=(Scheme 32) 30, NU UMBLFFEELIF T V74 2 XY — Ll
BAAE T, TEF b, 2R =uib, ¥ U IAEBOREAT > TV Do ARSI
X TN A LY — VA B RS 5 2 L T cis-12-0A— LV OBMRICH 5T F

14



DTN LLIEZ T MU T DO Rax U Rioxk L, SV EZRRE CREE
FEANARETH D, T OERMEITAEE ED X MU ENHEREO Ru X
BT H—NZHTDH LIk THFREEBEREINT-DL, /I X —

NWEROERFR A ETHBICHFET S Ruax vkl OKER-ENEREIND Z &
T, b Fu U im M b S0 TR ESEIRT 72 B RE AL 23 #9795 (Scheme 33),
Scheme 32.
Tan (2013) o
catalyst (x mol%) [ > 'OMe J: >—OMe
DIPEA-HCI (3.0 mol%) i o N N
R-CI (1.2 equiv) \_</ j )_</ j
TBSO ) TBSO— OR |
HO DIPEA (1.2 equiv) RO o) c—pentyl N
HO RO Me Me
THF (+) -)
OMe —15°C,2-4h OMe catalyst
entry R—CI catalyst X [mol%] conv. [%] ;?%3%?'80;2’%
1 TESCI NMI 20 77 5/78/17
2 TESCI (+) 20 84 90/10/ -
3 TESCI -) 5.0 > 08 -/100/ -
4 AcCl NMI 20 39 9/84/ 7
5 AcCl (+) 20 74 84/15/ 1
6 AcCl -) 5.0 96 1/99/ —
7 MsCl NMI 20 68 22/56 /22
8 MsCI (+) 20 80 91/ 8/ 1
9 MsCI -) 5.0 97 -/100/ -
Scheme 33.

Proposed mode of substrate activation for scaffolding catalyst and methyl-o-D-mannose.

Covalent substate

catalyst bond MeO

MeQ OTBS
oTBS (0]
M M
0 OH
J: >—OMe HO ipr \L >/ H
Pr Y j
>—< | \, c—pentyl—|—< j
c—pentyl Rl/le MeOH
Me Selective activation
cis-1,2-diol
OH RCI
oo = Leze o
RO OR
OMe HO

15



2013 4E Nagorny H1&, 4,6 fiN 7 X — /L CIRESNT-PERE~DT FF B K
0T VOB ANIZBW T, 7172 BINOL B E2H T 5 U o ERfiiit 2
B ENCEERFMEN R 95 2 & S LTV 5 (Scheme 34) 3,

Scheme 34.
Nagorny (2013)
lyst (2.0 mol% %O %O
catalyst ( mol%) o . o
(0] CH,ClI,, —20 °C, 5 h (0] (0]
OPMP HO OPMP THPO OPMP
(1.2 equw) THPO HO
2-0 3-0
OO catalyst yield [%] (conv.) 2-0/3-0
0._.0
~PZ (S) or (R) (S 78 (81) 8:1

0~ “OH
OO (R) n.d. (59) 1.7:1
R (Ph0O),PO,H 48 (57) 1:1.8
R = 4-(1-adamantyl)-2,6-Pr,CgH,
catalyst

2016 4E Studer H1%, N-~T 1Btk 77 /L~ (NHC) b 2 F VN 7= (7 B SRR ) 7
TIVARIE 2 A LT D (Scheme 35) 32, RO, BREAIFFE T, % 7 /L NHC
ETNTE RDOAERLET VAT VU AL T PNIERFETHY | (LERR
HI72 T L MAEBOSEE Z 2 SR L TW 5D,

Scheme 35.

Studer (2016) @
+ /<N
N l

NN

Bu),Si~ |
(BW: 020 TBDPSO -
HO 4
HoOMe catalyst (5.0 mol%) (Bu),Si~ ) '
DBU (5.0 mol%) \OO o (Bu)aSi~q o
+ RCHO (1.0 equiv) HO + R OO/&S‘
HO

Bu Bu THF, 1t, 8 h RYOOMG 701/ OMe
Ao
By By R= %—@ X=1 92%  2:0:30=>99:1
(1.0 equiv) . X=Br 98% 2-0:3-0=>99 :1
The formation of acylazolium ion.
0=
N

TBDPSO - Q

BF, =

0 4 \© RS N

JL N
H R Oxidation TBDPSO o \©

R

Acylazolium ion
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F 722017 4F Tang S, F TNV T b T 2V —/L(BTM)fREEZ =07
EERINA T o LGS 23855 LTV D (Scheme 36) 33, ARG Ti, ﬁﬁﬁi@i
FUFF— LN DT IR D EEIES RE S WAL, mIERIC
KT DT VBRI E LIS,

Scheme 36.
Tang (2017)

catalyst (10 mol%) Ph—X-0 o Ph—%~0
Ph Y0 0 (PrC0),0 (2.5 equiv) o O&&‘
HO

O
HO o) + .
HOOMe iPerEt, rt I‘Pr« OMe Pr OMe
o) o
S—_N S _N 2-0 3-0
\VJ..ph T N.ph
N N - -
catalyst isolated yield [conv.] 2-0/3-0
(S)-BT™M (R)-BTM tetramisole [100%)] 7:1
N (S)-BT™M 92% <1:20
C\F}_Ph @ (R)-BTM 94% 17 :1
N
N DMAP 98% 1:1
PN
tetramisole DMAP
catalyst

Z D% 2019 4 Tang H 1L, BTM filllE 2 H 72 S-7 ¥~ o F a2 H 3 L hExE
B D 2 (DRI T 2 AL & #E LTV A (Scheme 37) 34, ARG TIE, WEOT
X< FE L BTM DR B U8R C-H # M EAERIZ X 0 k425 =
ETEWVALEIRIMESREBLL T 5,

Scheme 37.
Tang (2019)

Ph (R)-BTM (10 mol%) Ph . 2
AcOH (2.5 equiv) g H O
%O Piv,0 (2.5 equiv) %O “H-~

0o Pro,NEt (3.0 equiv) 0o 0
0 %
HO - SAdm CHClg, rt HO SAdm ,

°® HO' S AcO

90% C-H/
interaction

ZDX DI, AR A T B ONEEIRA ) B HASR3% < D
MRELICL > THESNTETBY ., &B CIXEHRIREE SR 055 < B
BINTWD, 5%, SORIBEMFINLINHTHLIES 2D,

@1
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FH AR TR AW E W TREE ONEEIREE RE R

AR T R BEEICERFEET 20E# e FoXx Ko 4,6 i F
7ol cis-1,2- A4 — /)L Z2 R AR LALE BRI 2 AR o e X7 )V 2 TR d
HZENEL XV IMSI TS (Figure 2)3537, Z 0 X 9 7o B8 4y iRk e % FI|
L7k 2 RS DIFRZIC L > TRHBENTE 7=, AHTIL. AR
U FZAL AW & TR DAL BRI 50 T BB B O W TR T 5,

Molecular recognition of carbohydrates.

OMe OMe 4,6-diol 46
0 ,6-diol
9) OH '
HO OH
OH HO _oOH 6
HO HO 6 0
OH 4 o} HOZ OMe
ol \ A i HO HO
trans-1,2-diol ™ . trans-1,2-diol 1o HO
cis-1,2-diol g 1,2-diol OMe
PhB(OH), PhB(OH), PhB(OH), PhB(OH),
OMe OMe Ph
\B~
-0 Ph_
1025 L or 5 o .
O o N 0 S&&om
B B HO HO
! N HO,
Ph Ph OMe

Figure 2.

INETIC T == e UiefER L TR e CbawiE, SENLA YR
PRMRIERIC X DHEE A=V OREHAL Z R L7z i b L <IT—ifko
~AF U THIE L THWSILT E 72 (Scheme 38) %6,

Scheme 38.

Deactivation of diol via tricoordinate boron.

HO.__.OH OMe

.
OMe @ WOH
00
7207 on A
OH

deactivation of diol

)
H O BO ﬂ
v -2H0 protective group
. . G or
cis-1,2-diol moleculgar recognition of transient masking
cis-1,2-diol
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DX, Ae B EREEORERL L U THW AL ERINA 5 S
I%. 1976 4F- Fréchet 512 X o THIHO T S 4172 (Scheme 39)38, 4% 6 DfEH L T
WAHRY ~—HEROR e U IRITEEICARE TH L0, RO E L TAIE%Z
ITHOZ28ICEoTARRUBERVERS Z & TE, UL e S BRITHFAIH
DA THDLEWVWIRFELZAL TS, £o, Au VBT AT )VIERERIZIE,
7 =R R R ONETE T RSRREE S B S h, (EEIRAICHEE A
—IVORENARETH D, HHIE, N ~—HEERa U BE 77 h—ADfL
BRI A JALORIZRIA L T b, T78b b, 46k Rax iR
B U AT VBRI L ) —REC~ A o 7% o T 23 (ilFffE e Ra ¥
Ba_o A b R e VR AT L DOBRH#E A T 2,3-E ARV A UL
KEAR LTS, £, FEROFEZ, 3508 Fax ke HFT57
L —RIZHHEHAFTRETH D, ALOBNRY A AL ST AR % AR L
TWb,

Scheme 39.
Frechet (1976, 1979)

OH
HO _OH ®s ®B\\o ®B\

\"O

le) OH O BzCl O
HO — > 'e) > 0
HO pyridine/water HO BzO
OMe  reflux HO BzO

OMe OMe
HO
ol OH
———— B G
acetone/water BzO OH
OMe
OH OMe OMe
OMe @B\ (o) O
OH HO BzCl BzO
"o > pyridine o o ° 0
idi - -
HO OH reflux @58 @58
M
QMe OH
@) + (:)—B
acetone/water Bzoﬁ OH
OH

O LT oI, Ae VRO FREFREEIC K D EEIRFENE O E IR
REL NN D & Lo, MLERIREY o F WS O S BRR 727861 T %
Fréchet HIZ X > TR SN2 EME L R D2 AR FEmIZ. ZOEBICBERDH0 D0
DT N—TIC Lo THREINTE T,
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Fréchet & DMELIE., LIEH < OMIAR 1 2 W & MEARERE O A7 & 3IR ) 4y 25
i~ R L7=EBIE 720> 7223, 2000 412 Boons 12 K » TR Y ~—FHEF
R R IR DN E BRI 7Y 2 o UBOG~E @A L= Blas s S
72(Scheme 40)3%, 1% 5 OWETIE, AT N 3-0-XVIN-B-HF77 FET )R
IZAR Y~ —fFFOR e U REER S, 4,6 it Ru % a0 @ siRa I (R
L7eDb, ATV ay RafftbGkRe 4570 a s bRISDOEBIf 2
LD, 2MNRT Y av RS LI a2 95%DEIRTHLND Z L &2
HLTWD, TO%, HEOIIFMKOBELZBRYIRT Z L2k, =BEAMICH
FEZh LT D 3,

Scheme 40.
Boons (2000)

OH
3 B\ ®B
o) (1.6 mmol/g) o O(B;n
Bno&/OMe T —— 1. Bnoé§L
HO pyridine, reflux 5 O OMe BnO SEt
HO PhtN
NIS, TMSOTf
CH,Cl,
2. acetone/water
AcO _0OBn 60 °C, 30 min
1. (@)
FmocO SEt
BnO
NIS, TMSOTf 2. acetone/wat.er OH
CHLCl, 60 °C, 30 min BnO oH
OBn
n
PhtN OMe

O \
Bno&/OMe , r,d,neoiﬂ OBn AcO _OBn
yridine, reflux

0 0 BnO (0] (0] OH
BnO OBn BnO (0]
" 2. OBn BzO BnO \ 4 ,, OH
AcO B”oﬁsa

HO BnO OMe

34%

BzO

NIS, TMSOTf
CH,Cl,

3. acetone/water

60 °C, 30 min
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F72. 2002 4, 2003 T Crich HIFHRNT, R ~v—#HEFT7 =LK nw
figt, LT 7 == U RICE > T 46 itk o UERRE#INE §-7 =
=)V 23-T-0-R P )-a-D-7 v ) BT ) v REFELGR E U CTHW 2 LRSI
27U a2y MMz LT D (Scheme 41) 40, AREETIXZ U 222 4bIZo0
THHFETHE STV D,

Scheme 41.

Crich (2002, 2003)
1. BSP, TTBP

Tf,O

Cly onn T N
BnO 2. BnO O
SPh
OH

s e
acetone/H,O HO&/
2 BnO O

88%

1. BSP, TTBP
Ph TH,0
SB- OBn 260 °C Ph._
\O (@] B\\O OBn
SPh :
OH

HO OBn
acetone/H,O HO&&O
BnO

72%

E 5T, SR EIMEERZORHIL 20104, 7V —LRo U iE —@to~
ZF o 7HE L THWBEREEOME R 7Y a v bz @i LT o,
Boons H DA TIE, 7'V 2 2 /LD BRITALEERIMERE & 70 6 70 WIEVE %2 H
WTHETZIT > TV 2D L, K& TIEZ U 2 S BBORIZ 38 1T D A g
PUEDOHIFEN AN FRE & 72 2 FRE A 72 OSSR ~DWHEH & 72 > T D, AF )L B-D-H
T ET VR LTHEBRERe VBAEFHIE, 46-t FrXx ki~ R
X7 L% NIS/ITMSOTf 2 7/ e E—4% —& LizF 47 ) a v R 5K E D
TV avUbERFLTZE 2 A, SR T Y a v b Sz 2 80 71%0 B iF
RN THELILD Z & & R L7 (Scheme 42) *!, Bz IR E /DA BT R
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TIAL23N E HIZHEREe FeX i THHIZ6Eb LT 3@ Y 2
AL EIT T D RUTFEF I BLER R,

Scheme 42.

Kaji (2010) OMe

© MeO
HO -B. - \©\
OH HO” ~OH (1.1 equiv) B\\O
g:o
o)
HO OMe  (ICH,CH,CI/MeCN o
OMe

HO r, 16 h HO
HO
BzO OBz
o
BzO SPh
BzO

§\12Ig (e2q.gi\é)quiv) B20 OCB)Z HO O(I;
TMSOT( (0.2 equiv) BzO S; 0O S; \_OMe
-30 OC, 2h BzO HO

71%

ZOK, BolIAa g~ A% THE LTHWD [REIRRO 515G % 86 H
HZET, - —L L TliDORE AW RBALELZFEGRET D7V
a VB ERIG B A LT 5 (Scheme 43) 2, KIS H T A7V 2 Ra LS
& LTca SRRk @O ZERIRVE T RS o T g,

Scheme 43.
Kaji (2012) OMe

(; MeO
HO B ; \©\
OH HO” " ~OH (1.0 equiv) B\
0
o
HO%FV OMe  (ICH,CH,CI/MeCN o
OMe

(2.0 equiv) _ OgiV HO O(")'
Ag* (I)-silica alumina PKS&/O & OMe

CICH,CH,CI PivO HO
0°C,24h o0,
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SOOI, 2014 FIERERGERE 2 HE & LoERIR 7 Y 22k
Z R L7-(Scheme 44) 4, 1 (0 FREEECRGERE IO L TR r U 2 MEEH S
DI LICE Y, BLEEICFET D 5 2OlEle FuxvEnH>H 4 ook
Fe X A EBIRIC AXF 7 Ltk BlcianzF4 7Y av R
R GAR E T DO T Z EIC kD, &E 97T%DEIIE T Y a L
CEEDHEITT H Z &2 LML TW5D, il e 7 R ERE S RE SN D D
O, BE OFREEE T TIL 7Y 2 Ak R m i R L E T D
NE BRI 2B E & L CER = FERTH D,

Scheme 44.
Kaji (2014)

acetone
HolPH 50 °C, 24 h

OBz
0

Bﬁg&sph

BzO
(2.0 equiv)
NIS (1.0 equiv) OBz
TMSOTF (10 mol%) B20 o HO5
MS 5A 820 0 OH
CICH,CH,CI B20 °

2 2

0 °C, 20 min OH

i _Ph
0P on
oH OH PhB(OH), (2.0 equiv) 0 //
O OH (0]
e
B\

Ph

97%
7z =R e VEREREL RO~ A U TR E L THWEALERIR ) 2
T AKIE, 2013 AEIZ Madsen 512 & o T H A 41TV 5 (Scheme 45) 44, i & 13,
FAT7xz=)b a-D-HT7 27 hET ) RETz=dha il OFGSIZEY 4,6
fire Frx v ERNREINToA VBT 2T VAR, RIS 2 Bk 50K
ELIT U a i b aERET L TV D, RS TIEBAF R INEET 3@ 7
Uay REEPIERENT ZHEMEOND, SHIZZ 2T, Aoz .
FARERGARE LTHEL RO 7Y a3 kI L > TEMEOARRIC b 16 A
ARETHHZ L EZH LN LTINS,
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Scheme 45.
Madsen (2013) BzO __ 0Bz
o}
Bzogﬂ
BzO,
Ph_ Br
PhB(OH), B AgOTf
HO _oH MS 3A \ O —‘ MS 3A
0 (e
HO SPh 0
DME
HO HO%OMe ,0°C
HO

1. HO _OH

HO%&OMe
BzO __oBz HO __OH PhB( OH BzO __oBz HO __oH HO __oOH
o o o
& g& 2. MeOH, IRA 743 BZO%VO%O%OMG
66%

FiERa e~ A% o 7HIE L THWE T EROILRENTZEO—B & LT
2016 4, %'lEﬁ%‘i%f“&iﬁf%%%*%@&ﬁ@?ﬂﬁ@%ﬁﬁﬂ:}iﬁi\ BERELTND
(Scheme 46), T 7ebb, Au Oy FRaie M5 2 & THEERHEHO Y
F— VBT ERINIC~ A% T4 Taylor %@E;.Lﬁwtaﬁ% o EHSETE
ZAENERIRIICRHED E R U EIZOAMEBEEZENT L2 LTl L
TW5D, RFEICL > TR LN IEIIMER D B U 7 v o = F L BTk
EINTWNDIZOIZID PR EL T, S ORI TFEBDPARETH L, AKX
JZ Ko THELT D @ AL EERYE L SOSHIALIC B3 2 [E L oD SRR E TRl
322 ENARETH D, ANEFHEEOBOAEA XRIEL L EmE AV T
ETAERDTFIEIZBE DL HEME R VG EEZBND,

Scheme 46.

Makino, Kaji (2016) o )M\e OTf
i OMe | TCEO-S-N"N-Me
OMe PhB(OH), (1.0 equiv) o =/ (1.1 equiv)
o MS 4A Q/ oH 1,2-DMI (1.1 equiv)
OH (o}
CH CH,Cly, 1t, 24 h (OX 0°Cthenrt, 24 h
HO B\
Ph
OMe
pinacol (2.5 equiv)
Q7 0s0,TCE

i, 16 h OH

HO

24



IAFEORIE LT, Taylor HIZ K-> THHMZR T ==/ m s friEi s LTH

VN T SRR R O BRI B 7R B RE
IR v R ATV O iR

LSS 3TV 5 (Scheme 47) 47, 126
(12, Hall 5T &> TR SN2 R DH

BRI A AT 2 2 LIC k0, Ae vigd BRI ERCRINT 2 2 LIk

HhLTWb, 7272

MEIZBRESNTWD, F7=,

W5,
Scheme 47.
Taylor (2017)

L. o3 Bat LB kX T ik, Uik, 7%

VAL D USSR K D AL B S T

PhB(OH), (1.0 equiv) Ph.

OH :
HO 0
HO
HO 2.

OMe

. B-

toluene, reflux, overnight b/ﬁ'
: BzO

BzCl (1.5 equiv) BzO

0°Ctort, 30 min OMe

aqueous sorbitol/
Na,COj; phase

phase-switch
workup

PhB(OH),
77% recovery

j organic phase

OH
BzO
BzO

OMe
80%

F L, YMFERICBW A VO AL MMIWZ R 7 vt a AT
NIEEETHRa VBRI T AR Ve AT VERE L, THESETHE

i AT RE 7o PRAEAL & L THERE

Scheme 48.

Shimada, Makino (2018, 2019)

R ) HO\B,OH
HO/ \OH + F3C CF3
n=1or2

952 & & LTV % (Scheme 48) 48,

R

R( am
neutral TBAF (10 mol%) HO OH
conditions H,0O (3.0 equiv) +

B
- 2H,0 H
FsC CF3
stable
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Ibiz, TOMWEZFHAL, A v BEEEORZERRELZLE L THWS Z
THRELFEIEE X /7 U B ROREM LB E R Z 2R L TV % (Scheme 49) 49,

Scheme 49.
Shimada, Makino (2019)
Ar<
HO _OH 1. regioselective protection B~o0 HO\B/OH
0 using ArB(OH) 0]
& \ F3C CF4
HO HO O\/\ 2. regioselective TCEOSSO&O P
trichloroethyl-protected ~
sulfation HO
Ar = 2,6-(CF3)206H3 ArB(OH)Z
o TCE = CI3CCHj,
HO OH
— 0 ©
NaO3SO o_~_°0O
5 steps HO
seminolipid

39% over 7 steps

PL R _T & 72 X 912 Fréchet D BRI 8L %, A e VB LR v —
HEFAR 1 BRI LR NS O AT BRIy T AICRIH SN CE 72, WThods
Eimb A e VB CEAHEEOREDOE FrX VEEZEH#E (XX 7) 52
LI Ko T, MEBRIN R0 A ZER L TV D, ZHH O FIEmIZIERD
TEMET R DB 2 O LSS A O B /172 AR FEE 72055 2 &)
5, SHOI LR HERIZHFEN L-ND,
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Fo, AR UFILEYEE Fa X RoiEEA & U TR L prE RN
ERERALOL b HE SN TS, 1997 FFILLIX, 7o=/bdhn Ufigl 2T
Ja-L-7 AT ) ReoRa B AT7 /WL, NI ZF LTI UE2IZ
% 2 & CEIEYE 4 BN 7 BRSNS AR U, ALE BRI T L % AL SO A3
179 % 2 & & L L72(Scheme 50) %, Fiikod X 912, Aw e 27 VEEE
SENLAR U FEHMAEERICL D e Fax v EoRENE L (B Fa oot
ELTHIENTEY, FUboWmEIIFEHEI Y awE -t ety
FEOVEMEALIOS & U THEBRIY 26 & e > T 5,

Scheme 50.

Aoyama (1997) / Alkylation OMe Ag,0 (5.0 equiv)
9,0 (5.0 equiv

OMe 0 Bul (1.0 equiv)
PhB(OH), (1.0 equiv) OH  Et;N (1.0 equiv)
0 o)
OH ]
OH

—-2H,0 O\ benzene, reflux, 22 h
HO E(
M
OMe OMe
0 Q/ oH 29920 OMe
ppe—C 707
O — O I Q7 oH
O \ o
[ +,B\\/ U 50% HOO
+ B! Et;N" Ph
EtzN  Ph

Z Dk, 1999 FEFH L SIFERIRA Y F— N2 HWD 2 & THEALHERE O N EER
B 27U a2 MERSIZERE) LTy A (Scheme 51) 51, LU s, Wihd ik
HEUFEREOFRE VLAY NRLETHDL E V) ENEIN TR,
Z DOfEALIZIZE > TR,

Scheme 51.

Aoyama (1999) / Glycosylation OMe Me

borinate (1.1 equiv) (o) Me
OMe OAc  TBAI (1.1 equiv) OH J
o on + Acoﬁ‘ Ag,CO3 (1.2 equiv) HOO \_5\6,H
;\iOH AO)  Ms4h Ac?%DFOAc <:§ /
OAc

HO Br THF Me
(3.5 equiv) rtto 50 °C, 68 h Me

93% AcO borinate

ZHUTKF LT Taylor 5137 = = /LA 1 2 B ah LA 2 il B F VN 7o AL EDERR Y
722 ) MBSO &4 LT Uy D (Scheme 52) %2, 7 = =)Lk 1 VEEHER 7 5O
IZHRINA 2 e LT RE, fiit & oD 35- h Y 7 A n A F L7 2 =)k a Vg
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CRUTFNBRRT 4 o AXY FERNT 5L T, B X200 EER
HISIEEE L T D,

Scheme 52.
Taylor (2013) / silylation

catalyst (20 mol%)
"BugP=0 (20 mol%) HO.5-OH
OMe TBSCI (2.0 equiv) OMe
'ProNEt (2.0 equiv)
Q7 oH Q7 oH
OH MeCN, 60 °C, 16 h OTBS FsC CFq
HO HO |
99% catalyst

X BT Taylor HiE, AU EEEAMEEE U CTHN - BELRGERE O BRI 7 >
S B T AR 330 R LR = Al B Ui b s LTS (Scheme 53), ¥
Tz VR Y VRS LTHWSZ LT, AU VR AT IVIBEIFIC 4 fid
MARDRFRENPER L, & Fe$ o R ERROICEEE L T0hD b0k

BEZbhD,
Scheme 53.
Taylor (2011, 2012) / Acylation, Sulfonylation, Alkylation
o} _Ph
+ ,B\_ r OMe ]
N Ph © i
OMe H, o ?CI (1.5 equiv) . OMe
borinic acid (10 mol%) OH ProNEt (1.5 equiv) 0)
Q OH
OH 0 (0] oR
MeCN, rt
HOOH \B/_ HO
pH Ph R =Bz, 92%
- - R=Ts, 97%
Ph O Ph
HO-B’ — + BC BnBr (1.5 equiv) OMe
Ph N Ag,0 (1.1 equiv) 0
2 OH
borinic acid borinic acid MeCN, 40°C HOVB"
equivalent 949

T, V7= VAR VRS U CHWD & & TR RS O N E SR
7V 3 U ALRISIZREED LTy 5 (Scheme 54) 34, LvL, Y7 ==K U g
PAEFRVLEMEICZ LW D E N DR E DT 2 —= 712 X 5 & b 70 2 filfit

EHEOm RIZREETH 5,
Scheme 54.
Taylor (2011) / Glycosylation
OTBS borinic acid oTBS
OAc (10 mol%)
o OH Ag,0 (1.0 equiv) OAc OH
ACOS + HO O AcO OHOQ O
¢ HO MeCN, tt, 16 h AcO ©
AcOB e AcO
r OMe 99% OMe
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;@Mﬁ2m3EK%UVﬁ@ﬁwﬁiﬁ%&%bk%ﬁmiéﬁﬁgﬁm
BEFAL BG4 S 4172 (Scheme 55) 3%, Gl DY 7 = =)LR Y VR L
R U 2T NVERRREOIEMALREN M E LT\ D

Scheme 55.

Taylor (2013) / alkylation, Glycosylation
catalyst (5.0 mol%)
BnBr (1.5 equiv)
0 Ag,0 (1.1 equiv) (HQ)n

(HO)m,
0 OH

OMe MeCN, rt, 24 h BnO OMe @EBD
OMe TBSO OMe OMe o
HO@# BnO&H ’gQiOH WOH catalyst
BnO OH HoOBn HOOBn

82% 82% 63% 81%
Calculated average Mulliken atomic charges on O for borinate esters of ethylene glycol.
E Mulliken charge at O
o\é,o H,H (Ph,BOH) -0.388
(jij:j s —0.521
E o] —0.515
NCH; —-0.528

borinate ester

IEETIE, AT — hEBEEL L LIRS JOR Y Rl 2 v %
Z L TIER LONEIRRY 7 U =2 2 U BROS Z2 s LTV D (Scheme 56)
AREOSE, RY R K0 ALEIEIRIED 7072 & FALARERMEN R E < 2Bk T 2,

Scheme 56.
Taylor (2016) / Glycosylation
OBn PMP (4.0 equiv) OBn
M320 (1.88 equiv)
BnO BnO~ O
BnO CH20|2, rt, <1 h \\ n BnO OMs

OTBS
é% ores
OBn
(1.0 equiv) OMe Og
catalyst (10 mol%) BnO (0] HOO
BnO

CH,Cly, rt, overnight BnO OMe

75%, a:B=1:10 ,

OTBS B
BERG: O
HO 0

HO OBn
(1.0 equiv) OMe BnO o) catalyst
no catalyst BnO OTBS
BnO OH
CH,Cl,, rt, overnight HO 0]
0]

71%,a:B=2:1 OMe
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2019 4FIZiE. A Y ERAREE 2 LTS O ESERINAImR B L 23S L T\ D

(Scheme 57) %7,
Scheme 57.
Taylor (2019) / sulfation

catalyst (10 mol%)

OTBS SO3'NMe; (3.0 equiv) OTBS OH
OH iPr,NEt (3.0 equiv) OH B
s k|0
MeCN, 60 °C, 3-5 h Na' 0350 .
OMe  \ mberiite IR120 resi OMe
mbperiliie resin
(Na* form) catalyst

MeOH, 23 °C,3x2h
97%
ZOX I Taylor HIZE-T, P7=2=/LR ) VRRIZCEDPFE L Fo %5k
O RRBEANEME LN RS SV TLLR, BRx RSB s ST & T,
2014 4 Lin 1. Gb5 DEFIZIWT Taylor HIT K - THE S 7= 2R
)7 U 2 o A % R LTV 5 (Scheme 58) 38,

Scheme 58.
Lin (2014) / Glycosylation

AcO __OH
o 1. NaOMe, MeOH, 0 °C, 1 h HO oTBS
AcO STol HO 0 STol

2. TBSCI, Et3N idine, 1 h
TrocHN SCI, Et3N, pyridine, TrocHN
2 steps 84%

AcO _0OAc
(o]
AcO O Ph
AcO [ B-
B +
1. (1.0 equiv) ' H Ph
catalyst (22 mol%) 2
Ag,0 (1.5 equiv) catalyst

AcO _0OAc AcO _0OTBS MeCN, 70 °C, 2 h
A : , ,
ACO&/O&/STOI 2. Ac,0, pyridine, 16 h
AcO TrocHN
2 steps 75%

H | s

HO _oH HO _oH HO _0oOH

0 0 o}
HO 0 0
HO TrocHN HO, )

O__OH k

) HN (CHy)1gCH3

OH
0] -
Gb5 Ho HO SO/&/O\/Y\/(CHZ)QCHS
OH

HO
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2014 4 O’Doherty 51X, Mezzettiaside 7

W AT DG AR

BWTHRY

ERT U N0)VERE DR LT E RN 7 U 2 VB RIS Z e LTV D

(Scheme 59) ¥,

ANURING 73 S S O VA
V7 ) EDONERIRN Y a v LIS EITH 2
THMET D7V av REHTWDH, 2L, HREOBRIREEZE L7290
30 mol% DR U Fafilii 2 i EEE L TE D,

T LOVERFIE T, 6-7 4% 2 -Boc-
LT, K15

1 OFEPRPE
IZh

WETLHEORMAZIRE L TV D

Scheme 59.
O’Doherty (2014) / Glycosylation B
oc
ﬂ 8H17 OCBH17
© PentCO, PentC02
PentCO, Q +
HO Pd(PPhg),
OH additive B Q
solvent @)
3-0 2-0
additive solvent 3-0/2-0 yield
QCsH7 none CH,Cl, 1: 61%
PentCO, Q B0
Uoon= i
O\B—,O (1.1 equiv) CHCl, 5: 68%
/7 \ - .
PhPh 3?2”,;?0?02)(’ CHCl 25: 61%
borinic acid MeCN / CH,Cl,
o . 3: 65%
[o\ o (10 mol%) (5:1)
+,PC borinic acid MeCN / THF . o
N Ph (15 mol%) (5:1) 6: 74%
2
Lo borinic acid MeCN / THF .
borinic acid (30 mol%) (5:1) 75: 77%

* Mezzettiaside FHERIT, T A — AN 0-1 350 LI BB (b3S 28 LTV 5, BEBR

SICAFAET D 7 &/ — AOFREIC X 0 Kk~ 758K FIES % (Figure 3),

The mezzettiaside family of natural products

OCeHi7 Pentcozw
PentCO, Q
® on Acoﬁ\z PentCO,
Acoﬁz 0 oA
Q' Oac Aco@# RO
1
RO@# © oH RO Oac
1
RO ome RO@#
1
RO (e
R R R R R R R
Ac H Ac H Ac H H
Ac Ac H H H Ac Ac
A H H H H H Ac
H  H A

Figure 3.

OCgH;7
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F 72, 2017 4 Niu HIER U VT & % T 028K Z O L 72 AL E R L ONE
RSP 7 1 L X AL 2345 L 72 (Scheme 60) 0, ARG TlE, % 7 /L7 PhBox

U REfWGIT 5 2 & CERIRMEN YR T 5 Z LG STV g
Scheme 60.
Niu (2017) / Propargylation
TBSO Cu(CH5CN),BF, (5.0 mol%)
ligand (10 mol%) TBSO oy Ph
catalyst (30 mol%) o TBSO :
NEt; Pmﬁoo t o 08\\§§
+
THF, ~20 °C (/ OMe HO
OBoc | | OMe
3-0 2-0
/Ph
N OH entry  yield (major isomer) 2-0/3-0
o) A0 B
3/, L) [:I:I:j 1 82% 131
N N
f o 24 63% 1:11
Me Me
) 3 <5% N.D.
ligand catalyst

.‘. \

Scheme 61.
Maruoka / Hashimoto (2018)

4The ent-Ligand was used.

Nz L

R*4NBr (2.0 or 4.0 mol%)

catalyst (5.0 or 10 mol

%)

AR, FEA - W SITARY VEEE X TR T BT AR W U F BRI Y
WEEFIA L=, ¥4 — L ORI E

T % (Scheme 61)°,

BnBr (0.6 equiv)
Cs,CO3 (2.0 equiv) Ar\é,Ar
Nal (5.0 equiv) B R’
HO + 0o Yo HO,,
OH R* A_0Bn
j\/ CH,Cly-toluene/H,0, 0 °C 4 — R)\/
R
Ar FsC F OH
|
o8 s
O O ;
CF3 Me
FsC F
R*4NBr catalyst
OH OH OH
. 0Bn Ej\/-'Voan /@/\/OBn
©/\/ Me MeO
44%, 91% ee 45%, 83% ee 46%, 88% ee
HO, Me HO, Me HO, Me
' OBn Y P OBn

47%, 84% ee

!

44%, 72% ee

OBH

33%, 78% ee
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SO, IFEMARDIIARY VBBEAEE S+ 5 2 & TYAREIR 7 U 221k
Z S LT D (Scheme 62) 02, AUSOFHEIL, it E DR Y VRN EE O
A=V ESIARIRINA 72 R Y VR AT VAR LIEME(L T2 2 & TRk
W7 70 a U VEEE BN SN D, £, MBEIEFE T, SEEE2BET 5
L TRARNRBIRIEDWHERIZ R L T D,

Scheme 62.
Takemoto (2018) / Glycosylation

borinic acid (10 mol %)

BnO o
BnO
BnO TfO Bno&ﬂ
BnO Bno/% base (1.5 equiv) Ho
4A MS, MeCN

BnO 0
Bno HO "OH B”O&&‘
1.0 15 "2 %8N
.0 equiv .5 equiv cis OMe
OH entry borinic acid base cis/ trans 0 *
|
B 1 + Pr,NEt 92/ — Bno&&/o
BnO BnO 0
o oa - 032003 — /73 HO BnO s
borinic acid a4 2-Dichloroethane, 40 °C, 24 h. "~OMme

trans
LTI, WM AXNLZ N Y Zvd e AFVEREETHERIRR Y VU EEE H

W BB DAL R L ONAREIRE 7Y 2 2 v b &3 LT % (Scheme 63) 9,

AREISTIXZ YV 2V VT 78T H—ONAROHZ TR, 7 2 )b Kb —0D3L

RO LRI L TWD, BT, AU VBT AT ARSI D 7

a k&7 ai)l R —oiEE ke LTHRIHA L TWD,

Scheme 63.

Takemoto (2020) / Glycosylation

— BnO

Ph oO 0 BnO 0 OH

TBDPSO BnO a i
HO,

HO OH

. 5 FsC B CFs,
1.0 equiv catalyst (10 mol%) BnO \@ D/
+ . B 0]

5A MS, CH,Cl, o)

BnO o . |
BnO’§S.11 rt, 24 BnO catalyst
BnO 92%

BnO "OP(OEt), BnOvgp,
1.5 equiv

AU CRICEDHEFE v RS Lo MEATE L Z < i S T
R v — VSR A il & U T W TR O 7 B SR H“’*Eﬁéfljﬁ>$&ﬁ:§2(b‘(
W2,
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2019 4%, cRIEBIEFTIAT IR — LAl U CHW R ON B
SEEif)i'Ei’il7\/1/ﬂ<:/1/ﬂj’f}fgﬁﬁiL/’C%%)(Scheme 64) %, RIS TIL, Bkt Fu

XUEGFIET. B e Fax i EThH B 3AEINIIC ﬁmﬁ EITL TV D,
AR T T 7 h—AD 3L Ak Fa X AR TERIR 2T L EZ TR
TAHOIC, =7 T B T IVCEA LT SN~DOSDER LTI EZ 2 5T

Kuwano, Arai (2019) / Sulfonylation

=
catalyst (15 mol%)
NMI (5.0 mol%)
HO _OH TsCI (1.5 equiv) HO _oH OH N

o) Na,CO3 (2.0 equiv) 0 é .
HO TsO N | \
MeCN, rt
HOOMe euL T HOOMe ~-N
1% catalyst

HO,
M
HO og OMe N HO _OH ~N. _N—
HO N B\O (0]
HO

+ HO OH N/ — \N TsCl
OH AV
é . TsO OH
HOOMe HO _0OH 0 g -
mg%ﬁ HOOMe
OMe

Wo,
Scheme 64.

F£722020 . FEF - AR ST R v — LI ER A O RS OAT [ ERR
FIE e b2 S L TV % (Scheme 65) %,

Scheme 65.
Kusano, Hayashida (2020) / Acylation, Sulfonylation, Alkylation
catalyst (10 mol%)

OMe R=Cl (1.2-1.5 equiv) OMe
'ProNEt (1.2—1.5 equiv)
@QiOH WOH
MeCN, rt
HoPH Ho R
R =Bz, 83%
catalyst (10 mol%) R=Ts, 63%
BnBr (1.5 equiv)
Kl (1.0 equiv) OMe
K2COj3 (1.1 equiv) catalyst
Q7 oH o F
MeCN, 60 °C
HOOBn

88%
34



A U EEOREME A TD IR LT AE IR 7Y 2 o bR S E H 0T
5o 2015 . EkE « FIESIC L o TN — I BEFE LI-RE o R et
HARE LTIPEEOMEBER X ONARER T Y a v b ISRHE I T

(Scheme 66) %,
Scheme 66.
. . . OBn
Takahashi, Toshima (201 5)/ Glycosylatlon 0Bn
Ar BEOO °
\ n 0]
BnO
HO OH (30 equiv) "0 "B1O—ya
(0]
BZO toluene 5 o g : MeCN r, 24 h HO
reflux, 3h =% o)
OMe BzO OMe
20 mol% BzO

ZNYN S JOR N IV e e X N AT AT BE 27N DR N IV U bl 57
ICHE< . B UREF EA~OFERGARO R ROBMICE VRS 4
BN 7 BHRAPHESZ RARO B R a S Ve ERRNICEEL L Tnd &
?E'”E'éi/bfb\é(Scheme 67), TD%, BET DAY INR=T LA F Tk

AL CTIEME L S TS B IR O B R e X BV AREIRIZES T 5
ek Tmb\h%kio\iﬁi RIENRFRBLT HEEZEXHNTND,

Scheme 67.
Proposed mechanism for the glycosylation B
OBn OBn OBn
BnO 0 "
Bno BnO Q BnO 0]
BnO BrnO
Ar\B' ‘E; BnO O---B
Ty Ar/ \,”O Ar/ \o /
\ O _
@) 2
0. )~ J— BnO OBn

SO, TNA—NDEFHE LSRG F DR 5 R % o Ra it Gk &
L7 ONLE R K ONLRERING 7 U 2 O LRSS H S & 4172 (Scheme 68) ©7,
ARG TIESERE AR SERIEIRME T B~ o ) ST 5 & & b, Bt 54k
DREIE DEWT X o THEERIRMENZE(L L TV D,

Scheme 68.
Takahashi, Toshima (2017)/ Glycosylation OBn
Bno/@o BnO— OH
HO OH B*o B“g_o oo BEEO&&O OH
BzO toluene OMeMeCN’ 0°C B[Bzoé&/OMe
reflux, 3 h 520 12h BzO
20 mol%
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Z D% 2018 - HEE DOALE R L ONARRIRK B-F & ) Vb zRE L T\ D

(Scheme 69) %,
Scheme 69.
Takahashi, Toshima (2018) / Glycosylation HO. OH
B~
OH
HO o BnO 0 catalyst (20 mol%) B
HO&) + Bn u Bno /=070 0
Bz0\ = Bng O MeCN,0°C,6h " W\Bzo =
BnO OH
1.5 equiv 86% NO,
catalyst

FZFAE, EORGENE A BE L LB L ONRERE 7 ) a2 2 b~
% s L7z (Scheme 70) 9, ABUSTIX, KEWNTHZ EICE > TA R
T AT VOGS 2 et U, R BOS 2 J LT %
Scheme 70.

Takahashi, Toshima (2018) / Glycosylation

OBn
HO._.OH
HO OBn catalyst @omol%) o B
n

HO A= n MeCN, rt, 20 h Hooég
HO A=

3.0 equiv NO,

talyst

In the presence of H,0 caays

- ng&a ey S >

o 0,-0 — g0 H,0
',3—0%\/ Ar/B\O Disaccharide

HO Ar 9-Membered

HO&& L boronic ester |

HO M= A

ArB(OH), &
Hz0 \% Hydrolysis
Trisaccharides

DX DT, BT X D B ONL E RIS B S O B S A e 3
NHNZATON TS, L LR G, EEBMERD CTIREMTH 5850, %ﬁ%
HEOBHE ST, S 525 mIEMEMEORIHSRNEECTH 2 a8, BUSKFIZI 1T
ALESRIRMEOFEBL 72 5 N RIS A +“ﬁm\%ﬁg%%<%£@%ém&&
RIEBGEORHMPFEI N TWDONRBURTH S,
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O A u IR A TR OAESRINAY T 2 ARG O B %

B ARBEROGRRET & AR 7 T DG Rk

AR DBE R Db & EH L, AERAVEEMOS FBHMRICERTL2L LD
2, WBEEHNES»ORY VLA E R L SWEEEE AT SR e R
fbEma v, AR T FREEAZREBE T2 e X o EOTEHRigE 2 &
R L7 (Figure 4), 772056, F—0FWNICA AEEMEERELHAAT Z &
THEEDO VA — R u VB AT VEEARIC, 4B TR PEEE 5 2
LHZENEEESND, ZOFBKIIA YRR EICABREALTEBY, B-O
MaxatLice Fedd EORBHEOH KRB IND, £, Ae g
TNRII AW SOETH D720, Ba b T 5 FRERSISNEIT L2%I, &
2B EAET D7 DIl LTRSS B 2 T,

HO_ OH
B :LB ~
0O_0 HO_ OH
.| BLLE RX_ /N , BB
HO OH Molecular Regioselective HO (OR

Recognition Functionalization

LB = Lewis Base
Activated

Intermediate

Figure 4.

SEEFRIL, TR u UBEERERE L, ZOFNV MY A Y T a
EAAFAT I, BV, A5 —VOKFNA A ENEE R 274
AR T PR 1la-1e ZARBERA S & U CRE LSRR R VIBOAKEIT 9
Z & & L7 (Figure 5),

Molecular
recognition HO_ OH HO. _OH HO. _OH
B" N(Pr), B :NT B" :N A
HO_ OH $ I/>
B :LB\\ l\{
Lewis
|— Base
1a 1b 1c
Steric & Electronic tuning

Figure 5.
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XD, Zx=ha Y BOA N MIUIHEIEWIENKETY 2 2 H 3% 1al
% SCHRFREL D 51 T IZHEWA k& 1T > 72(Scheme 71), HHERD XY A L7 1))
FQ)ZHREEFEEE L, HELEL TRV ZFATIVHEETR, Y7 AH
FRICTIOA Y TR EAT IV ERIGEIT) ZETT IR 3 % 98%DILHRTH
oo FeWT, n-7 TN F U LERHNEA N N FAALRISEIT, U AT
NI —bEINEEDHZ ETHRa Uk 4 2R 89% Tz, Wiz, Y7 anr R
XU Y a— A RS, Bl a— e VR ATV 5 L L
%, NUAFAI AT Y RIFET, KEIFATVFEFT I TAZEIDTIR

RILTHIETHHET AR R VI 1a 2157,

Scheme 71.
HO OH

i n
o ProNH (1.1 equw 1. "BuLi (1.1 equiv) 8" 0

NEt; (1.25 equiv) 2. B(OMe (8.0 equiv) J\
Cl' GH,ClI, (0.5 M) THF (0.24 M) N
2 2
@ 6 -G 161t 30 min )\ 78 °C'to tt, 24 h PN

98% 89%
2 4

W HO_ OH
. ) o, O NaBH, (13.4 equiv) B
pinacol (2.1 equiv) 8B o TMSCI (26.8 equiv) J\
N
CH,Cl, (0.23 M) J\ THF (0.06 M)
rt, 9 h )N\ reflux, 71 h )\

23%
76%
° 5 1a

WIZT == )VRa RO F IV ML E ) DV BRPNHIAE N 1b DA R AT
- 72(Scheme 73), SUHRRLHELD HE THTHEW, 2-T == U P Q)& et e L
THW, i EOFE/ N7 27 MMEE T, 787 = K~ U LEEH 100 °C (2T N-
TRERI VA I RERESED Z L TAHN MR T e S7210 % 34%
DWW THE=, WRIZ n-7FNY FULERANTAART Y — U F 0 ARG %
Tole#, FPUAFART —hEGSE, 27T%DIRTHIE T H AR 1 R
1b =57,

T 1a 13 2006 4F1Z Whiting 5125 - T7 2 NMERISOfbEE & L THIA STV 5 (Scheme 72) 79,
Scheme 72.
/\© 1a (10 mol%) 7 .
fluorobenzene reflux H
8
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Scheme 73.
N~ | NBS (1.1 equiv) Br N% 1. "BuLi (1.2 equiv) HO_ OH
«_J Pd(OAc), (0.1 equiv) « || 2.B(OMe); (5.0 equiv) BY N7 |
MeCN (0.2 M) toluene/THF (4:1, 0.5 M) X
100 °C, 24 h -78°Ctort,19.5h
9 34% 10 27% 1b

RIZ 1e DELEAT > 72(Scheme 74), SCHRRLHL D J7ik 7 BIAZHEWS, THilRRD 2-
TaERUCAT AT E RADEHFEERE L, 9 vEEFTHEEE L CRBEY Y
ULEHAOD, T FAT A=A 0 CICCEF LU TUT I DRI EITD
ZEIZEY, AV 12 LTk, KRBV U LEDTE R I — R
VR URRISEE®DZE T, A IF Y =13 BIUR 74% T, WICKFELT
N D AFEL, 3 — RAZUERESED I ET N- AT /MEEnA I XY
—)L 14 ZIE 95% TH7z, ZD%, n-7 FNLV) F U LAEHN T a -1 F
U ARG T T o T2, R U AFART— b ERISESE, 56%DINRTHM
Lt DR e Uk e 2157,

Scheme 74.
ethylenediamine
(1.1 equiv)
Br O lo (1.25 equiv) Br N K>CO3 (1.1 equiv) Br N \
K5CO3 (3.0 equiv) I/> Phl(OAc), (1.1 equiv) I/>
H N N
+-BuOH (0.1 M) H DMSO (0.1 M) H
70°C,35h rt, 18 h
" quant 12 74% 13
Mel (1.1 equiv) B N 1. "BuLi (1.5 equiv) HO_ OH
NaH (1.1 equiv) I/\> 2. B(OMe); (2.0 equiv) B '\f/\>
DMF (0.2 M) "{ toluene/THF (4:1, 0.5 M) N
0°Ctort, 45h -78°Ctort, 1.5h \
95% 14 56% 1c

§ ARSI 2011 4EICAR 1 U8 1e 2Rt E L THWE 7 Z LR 15 D4 FRME S RGZ2 HdE L T
V% (Scheme 75) 73,

Scheme 75.
COOH 1b or 1c (10 mol%)
@ 0 1b : 5.5 h, 100%
COOH nonane, reflux 1c:15h,91%

15 16 O
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HH ATV orL-T AT T )Y ROMERIREN Y A RS OR

ATERC O AE G O FERE A B AU, FEE ONLERRA T > AL SR &2~
F~—7 Kine U THHT 21T > 7=(Table 1), WEIZIZAF LV a-L-7 2T /) K
ANZEHW, A E VEE1 % 5.0 mol%fF E T, XY A rml RERIESE
7o IELOIZT7 z= v Vg 1d 2t UL CTHWTRIGZI T o/ R, £/
f\“‘/\/‘% JERITINZ TR IR AT VR EB 2 bLAILEY & DM

BTG ITZ(entry 1), ZAUTK LT, A UFREEIIZ VA AEEETRE
%:n’:ﬁ%m/uf: la, 1b ZfiiliE e UL CTHWAD & A2 Y A /L BIK 18a S FARK
& L TR T S A7z (entries 2 and 3), — 7. A0 8 e 2filt & L CTH
W2, £ ONLERIRME « IR & 6 IZHREERIZ M B L 3~ Y A )L{E{K 18a
NE—ONLERMEARE L TE LN (entry 4), 72355, AL T CIXBUS AN
EANEEIT LT E 2R L T D(entry 5), F72. KT T UL O filit
ELTHWHITWS DMAP Zflit & L THWEIGA, UXv Y A UBIR 18¢
DOEIENBEE & 720 | ALERIRMEILZ LORER & 72 - 7o (entry 6),

Table 1.
OMe catalyst (5.0 mol%)

’BzCI (1.5 equiv)

ProNEt (1.5 equiv)

TR0 o P 1l p&iw . p&iosz @Qiosz
OH CH20I2 (0.2 M)

HO
17
HO._ _OH HO. _OH HO. _OH
B B” N(Pr), B" N
N
N
\
1d 1a 1c
entry catalyst yield (18a/18b/18c ) [%]? total yield [%]?
1 1d complex mixture trace
2 1a 14/ 3/ - 17
3 1b 5/ 1/ - 6
4 1c >99/ -/ - >99
5 none 2/ 1/ - 3
6 DMAP 44/ 5/38 89

aDetermined by '"H-NMR of crude mixture.
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WA DOWET 1T > 7=(Table 2), ¥4 VY 70 N F LT 2 & AVT-HA.
EWLESRINMETH D DTk L, DABCOX° U =F L7 I & W56, Iif
(B BERE O KIE 72K T 2B S 7z (entries 1-3), F72, 2,6-LF VX 2.4,6-2
U2 DE D RS @O T B A 7o r i @R 2381 S 717 (entries 4 and
5)y TIUTK LTCEY Drof I F Y =R EHW A, 30 A b
18a LIAMZ  NEBRMEIRTH D 18b oV V' A ALK 18¢ Z R & L Ch
2 DNER L 72 o T (entries 6-9), AU, ML KGR F TRAET D HEE & e
THXKEI T TIEa, RV Az el REE UIEEFRREREZ R T2 2
L CREFANZEALT DD THLEBZOND, ZORENSGT ALK
JEEAT O BRI, SRR EN R E < SKREFA & BEBUS U722V ARG
IZHE L TCWDZ EnH BN Te,

Table 2.
OMe 1c¢ (5.0 mol%)

OMe OMe
BzCI (1.5 equw
g 20H base (1.5 equiv) WOH " ;\io OBz + PQiOBz
OH CH2CI2 (0.2 M) HoOH HoOBzZ
18b 18¢c

HO
17
entry base yield (18a/18b/18c) [%]?  total yield [%]?
1 iProNEt >99/ -/ - >99
2 DABCO 45/ 9/ 7 61
3 NEts 39/25/23 87
4 2,6-lutidine 96/ 1/ — 97
5 2,4,6-collidine 94/ 2/ 2 98
6 pyridine 45/15/14 74
7 imidazole 15/13/22 50
8 1-methylimidazole 25/24 /45 94
9 1,2-dimethylimidazole 18/42 /24 84

a2 Determined by "H-NMR of crude mixture.

41



DS, WD R ORRFEE 1T - 72(Table 3), Wb 4 RIS TG EAT -
TWb, "ar 27t b= M), BRE—T VREE A AW 5E8120%
EIWERT 3 (XY A UK 18a & 5% 7= (entries 1-5), ZiuZxf LT, hir=x
PREEETF L, T R, DMF ZEEEE L THWSGE TS EE DK T
DM S VR RIE AR T L 7= (entries 6-9),

Table 3.
1c (5.0 mol%)
OMe BzClI (1.5 equiv) OMe
'ProNEt (1.5 equiv)
O O
OH OH
OH solvent (0.2 M) oB
HO rt, 4 h HO~ -7
17 18a

single regioisomer

entry solvent yield [%]?2
1 CH,Cl, 929
2 DCE 91
3 CH4CN 96
4 THF 89
5 1,4-dioxane 78
6 toluene 55
7 EtOAc 49
8 acetone 46
9 DMF 3

aDetermined by 'H-NMR of crude mixture.
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I, & DORRE 21T > 7o (Table 4), ZORER, BFEE LT r/mmn 2 &
WS E, s A 5.0 mol% 5 1.0 mol% £ TIN5 &, 2/~ VA
JALAR 18b 2V A VAR 18¢ DEIAET D K 912720 | (L@ SERMEITER T
T MR & e o T (entries 1-3), S HIZ, &% 0.5 mol% £ TR 5 &, X
SRR OIE R 72 & ONZEIMED & 5 722 2K T 2B S vz (entry 4), & Z T, K
AR B 35T DALESEIREOSEZ BIE L A 21T > iR 14-U A% v %
WL LCTHWD & ROGKHH OJERIEFR D & U7 DL E FARME D Kig 70 58
DB S, EEMIC AL A UABIR 18a 2315 H 417 (entry 5),

Table 4.

1c (x mol%)
OMe BzCl (1.5 equiv)

Pr,NEt (1.5 equiv)
T2 o inOH ; p&ioaz , p&iosz
OH solvent (0.2 M)

HO
17 r, time _
OMe
HO. OH
Q/ oH x
o}
0
NE
E's—LB+ ©/k
Ar-j i
entry  1c [x mol%)] solvent time [h] yield (18a/18b/18c) [%]? total yield [%]?
1 5.0 CH,Cl, 4 599/ -/ - >99
2 1.0 CH,Cl, 4 92/ 4/ 2 98
3 1.0 CH,Cl,? 4 92/ 5/ 1 98
4 0.5 CH,Cl,? 8.5 84/ 3/ 7 94
5 0.5 1,4-dioxane? 17.5 99/ —/<1 99

aDetermined by "H-NMR of crude mixture. 0.4 M.
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EEE OB Y LGSR n VRO Bk

R E T, A XY —VBREAT DR U e BHFE ONLE RN
A TACBOSIZ B W TEN Al & U TR T 5 2 L2/ L7z, 22T, A
VR 1e (Y B A MNA D 2 L TE 5725 miEEMBE OB N AITRETH D &
Ezxl, 2T, BHREOEANILDE DRI OVTHRFEITI>IZ L L L
o BARMIZIE, RURONFHAICEFEETHDL A MR, 25 NTE
FREIFETHD N 7 vFda AF VMR TEAR e g e, If ZEXEHL
Z DE R FE T LTz (Figure 6),

HO.  OH HO\B/OH HO\B/OH
N N N
BN B} B}

'X [ > N N

l\{ \ \

Electronic tuning
OMe CF;
1c 1e 1f

Figure 6.

XU, 1e DELEFT > T=(Scheme 76), HRD 2-7 B E-5- % hF R X
TNAT e FA9 & HFEEEE L, BEHAKTH DR 1 Pk 1e DERK L RBRDSS
I CTRIGEITV., 4 TRINE 47% CHME TR 8 Vg le 2157,

Scheme 76.

ethylenediamine
(1.1 equiv)

Br O I, (1.25 equiv) T 1) KeCOy (1.1 equiv) TN
H K5>CO3 (3.0 equiv) N Phl(OAc), (1.1 equiv) N
H H
'BUOH (0.2 M) '31?'\/'137?1 0.1 M)
o, r )
OMe 70°C,20h OMe OMe
19 quant 20 60% 21
HO OH
Mel (1.1 equiv) Br N|/\§ 1. BuLi (1.1 equiv) B’ N/\>
NaH (1.5 equiv) N 2. B(OMe); (3.0 equiv) | N
\
THF (0.1 M) toluene/THF (4:1, 0.5 M) \
0°Ctort,1.5h OM -78°Ctort,1.5h
e
quant 78% OMe
22 1e
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DSNWT, If DB AT 7-(Scheme 77), Hil®D 2-7 1 E-5-8 U 7 /L4 1 A
FNARZT VT e RQ)EMREEE L, BEHREKTH LA U 1c DA
ERERD ST TROS 21TV 4 TRINER33% TN E T8 e U 1f 21587,
Scheme 77.

ethylenediamine
(1.1 equiv)

Br O I, (1.25 equiv) Br '\fx K»CO3 (1.1 equiv) Br '\fx
H K>COg3 (3.0 equiv) H PhI(OAc), (1.1 equiv) ”
BUOH (0.2 M) pDMSo(02M)
o f,
CF4 70°C,21h CF3 CF4
23 quant 24 62% 25
HO_ OH
, Br N
Mel (1.1 equiv) 1/\> 1. "BuLi (1.5 equiv) "B” N/\>
NaH (1.5 equiv) N 2. B(OMe)g (5.0 equiv) Ly
\
THF (0.1 M) toluene/THF (4:1, 0.5 M) \
0°Ctort,1.5h —78°Ctort, 1.5h
CF4
o 60% CFa
88% o6 o 1f
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HEIUET  BRAR o R O 15 M AR

I, BIEIC CTEREIT o 7oA 1 Vg 1e, 1f OO RRET 217 - 72 (Table
5), TORER, BEIHGHETHD A MFUHEREMAIAALTR B VR 1e % il &
LTHWD & RIEREOSHED M BB S 4L, 370 4 RIS TG 5847
L7=(entry 2), ZAUZKI LT, ETREIZETHS N 74 v A FHEEHARA
AEFRa BRI EZ WD & RSHEITRT L 24 FEZIZ B W T H 302k
DIEDRER L Ie o Tz (entry 3), T DX 9 RfERN G RO M EIZITAR T E
TLHRDNNTANADOEFHEGEEOBEADRDRTH L ZENHLNE T, &
ST, BYHEGETHD A M UVEEMAIALTER o R 11X, Al E DK
MAEETH D . 02mol%, DF Y AEEITx L THOT 51000 53D 2 4 &4 1EH
SHLDOHTERMIT SN A VEIKR 18a Z BT 5 2 & 3T X 7= (entry 4),
F 7z, Taylor 5DOHE L7z 7 = =/)LAR U Vg 1g % 0.2 mol% MW =&z 0y

T, MEREROBRGIMRCETHONLIMRER D LD, Au g
le IRV VA ERET HMBHEHEEZAET 52 LN G0 E 725 (entry 5), 723
AR T ik, BUSNIE & A EHEIT L7220 o 7= (entry 6),

Table 5.

1 (X mol%)
BzClI (1.5 equiv)

ProNEt (1.5 equiv)
2 a ?QiOH " @iosz ¥ p&iosz

1,4-dioxane (0.4 M)

p\i
o

rt, time
HO. __OH
B N N O Ph
13 1c (R=H) [hB\—
N N Ph
O\\ \ 1e (R = OMe) H2
I]3 " 1f (R = CF3) 19
L Ar | R
entry 1 [x mol%] time [h]  yield (18a/18b/18c ) [%]? total yield [%]?
1 1c (R=H) 0.5 17.5 99/ — /<1 99
2 1e (R = OMe) 0.5 4 >99/<1/ — >99
3 1f (R = CF,) 0.5 24 93/<1/<1 93
4b 1e (R = OMe) 0.2 7 >99/ — /<1 >99 [99]¢
5bd 1g (borinic acid) 0.2 7 35/ 3/ 4 42
60 none — 7 1/ 1/ - 2

aDetermined by "H-NMR of crude mixture. 2.0 equivalent of BzCl and Pr,NEt were used. ¢ Isolated yield.
9In MeCN.
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VU EDFERD G | DB FRIN R AL T O L IIZERZ L TWD, Thbb,
AREIESS IR D 2 SOBRE N b LB bND, DFED, 1) KEOVA—
IV EDBURA B U AT IVIEE 2) IR LS e R e R bR Al
~OREBETH D, FlziE, EFRSIETHL NI 7t A F L Raef
LA A ZHWIEGE, RURREF EOBEBFEEMETT 5720 1) O
N ER L, 2) OENMETFT 52 RTINS, Zhucxt LT, E1k5
KTHDHZA NI VEEZAT IR U le Z 056, ARURRT LEOETE
FE A B D728 1) OFEMET L, 12 2) OER EAT25Z LR TRS
b, EEAERICESS 26X, EFHEETHLIA NI VELAT LA
2 1e 2 W2 58 AR E O M BB SN T-0IZk LT, BRI A TH
LY TZNAdaXAFEEET LR R I 2 VD & AEETETEOR TT 23 81
SNTce TDOTEND AMBEEOS ORMBEPEL 2) {EM b SN/t Fr ik
MHREFHIS~ORBEHETH D Z L 1E 2 515 (Figure 7),

B OMe |
5
'\f/\> 7 oH
N OO
\ \\ Fast OMe
1e _ + 0
OMe B—Nl —— OH
N BzCl HoPBZ
Slow 18a
OMe T

0 L OMe _J
OH more reactive
OH

HO — .
17 OMe
Methyl-a-L-Fuc Fast WOH
Slow OMe
o0
. W o
'\;x B‘—Nl B2Cl HoOBZ
N N
\ 18a
1f l

L CF3 _J
less reactive

%

—

%

—

Rate-determining step

Figure 7.
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BIET = b — LV FEBRIC K DB

FOCHEMHE DRI Z AJIZ, Sfa s b o —VERZIT o7, (XL OIT, Al
AR D ER ARG DA HEIC & % BOSTETRS K OMLESERME D KIS SV TR

% 1T > 7=(Table 6),
Table 6.
catalyst (5.0 mol%)
OoMe BzCl (1.5 equiv) OMe OMe OMe
'ProNEt (1.5 equiv)
2207 o Lo + LDow + Los:
CH,CI, (0.2 M
el - :hz( ) OBz el el
17 18a 18b 18¢c
HO. __OH HO. __OH N
B N B /\>
B Ly
N
\ \
1c 1d 27
entry catalyst yield (18a/18b /18c ) [%]? total yield [%]?

1 1c >99/ -/ - >99

2 1d complex mixture trace

3 1d + 1-methylimidazole 43/ 1/19 80

4 27 39/ 6/24 69

aDetermined by 'H-NMR of crude mixture.

A g e 2t U CTHOW TR Y A MEROR E T T2 AR, Sy
A AR 18a NEBMIZH/ONTZDITK LT, 7= =LA e U2 1d 2t - L
A, BNV A MR A TR e VIR AT VK EEZ SN DHILA
W& ODEMEIRIR A INEM ERS D iviz(entry 1 vs 2), 2D &ML, - FHNDA
:&V~Wﬁ#tbm%y%®ﬁﬁm_uﬁf%5 EMBALNE ST, K

D 1-ATFAA IZY = VI FET, TR U RS LT
/‘/4/1/“:&5‘57&{7071 & A ALEBRIUE O RIE 2K T 2SI S 4172 (entry 3).
ZORERIE, mrEicBW T T a—RE T 2R U REDAR R VBT AT
ST 1-AF A 2 Z Y — )V ENL LT 4 BIAL R © 3 RS RS 2 SO
HEZ LD, ZORTIEH N 1-ATFNAIZS— XA rnml
RDNELIMT B U CRTEVET S VPR Z TR LSS EIT LT b D & B %
o4 % (Figure 8),
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(9)
OMe HO. ;OH PQiOH el OMe
G
WOH + — 9 %\ WOH
OH HOOBz
18a

N
Voo o
cis-1,2-diol 1d

0 activation of diol
Ph™ °N B
N OMe OMe OMe
\
WOH * @Qjosz + ?Qiosz
high reactivity HOOBz HoOH HOOBZ
18a 18b 18c

Figure 8.

WIZ, R VRN 2 S22 N-AF)L2-T7 2= )b A 2 XV — )L 27 Zfilifit
E LT A IMEDIBRFT ZIT o T2, EOfER. XY A bR 18¢ DREIE
DB L 70D | (CEGEPPEILZ LWOEER & 72 o7z (entry 4), Z OFERIX, N-AF
JV-2-T x =) A I H =)L 2T ISR U THEREL . XA e ) RO
EHELZE S 2 & TRISOEMEEZTRW b0 EEX 6N D,

E AT, RSSO KISHEE L TREETH LA Y T e e TF T
LUNB YRR FICENL A Z U C AR v ERRRERER L, A4 —
IV TIEMEAL S T2 7 S ALAI DML E R IR SUS T 2R B 2 6 D
(Figure 9),

Figure 9.
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L)L, Zz=/bha g4 Y Fu )l F L7 I o EL e L TN
AT T2, SR A NBIE 18a NI E A EB LRI EnbiE

FEORNLIZ L D e Ra X ORI TV & B 2 5415 (Figure 10),
OMe

227 on
OH

cis-1,2-diol

+

HO.__OH
0.5-0

1d

Figure 10.

EBIC, VA VTREALZFAT I ORDY L LTEYERF~ORNLD
BRI VBRI DRI AKFE T N U L HNT, XU A D ET 21T -
72(Scheme 78), ZDf5HE., ABEMLZRFF LIEE TH-Z &b, SR
EMARURFEF~EBNLT DI LICED e Mk o EOTEREIEEIIE E S
Too 7ok, MRS T TSRO ELSEIT LW E R TE 7,

Scheme 78.
1e (5.0 mol%) HO\B/OHN
OMe BzCl (2.0 equiv) OMe 1e  18a ’/\>
o NaHCO; (2.0 equiv) o N ~99% N
OH o 0ZM OH M 0% \
,4-dioxane (0.
HOOH i 24 h HOOBz
17 18a OMe 1e

Flo, HONPUORMB LA e 270 28 Zfifit e LT L TH G
I H#ELT L 72 (Scheme 79),

Scheme 79.
OMe
28 (5.0 mol%) WOH
OoMe BzCl(2.0 equiv). OMe Ocl)
'ProNEt (2.0 equiv) \B_—ltl
0 2 R
] QJOH p\io” I
OH 1,4-dioxane (0.2 M) OBz N
HO rt, 20 min HO \
17 18a
quant
OMe 28
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FNEI NMR EBRIC L 5 5&%=

X 572 % ISR %2 HB9IZ NMR EBZ21T->72, "B-NMR (Z—%H9IZ,
7 BIR D 3 EAL DA 4020 ppm (2, 4 BAALOHE 20-0 ppm (2 B — 7 23R
HEA, "B-NMR O X vy 7 bbb R U FELEOENIE S HBTE 5 2
ENHBENTWVWD, £ZT, HFalRo B LiZAn VBB AT L0
HB-NMR #JIET D Z & T, & OOMET 25 4BNLA 7 R REAT R DA 4
ZRREE L7,

IZ DI, AR UEREARO "B-NMR ZIE L7-fER, 7 ==K U
1d /X 28.57 ppm (B — 7 BBH SO LT, 4 I F Y —LVEBEHTH R
2 g 1e 1% 7.16 ppm (2 B — 7 3R & Av 7= (Figure 11)™,
'B-NMR (128 Hz) in CD30D

HO.__OH
0.5-0

o
>

4——tricoordinate boron > < tetracoordinate boron ————p

HO___OH

B ’\f/\> 7.]6‘ppm
N
O
1c Jh

35 a0 25 20 15 10 5
&/ pen

Figure 11.

RBe UEEO "B-NMR OJIEICER LT, HmIFEEE LCEA X /) —/L(CD;OD)& &R Lz, =D
PRI, EZ o a R /L ACDCH)HIZBWT, 7o=/bhn UBROEER 1d & & HIC 81K 29
LEZNDHE =278 'HNMR ECTERISN/ZZ 2205, "B-NMR IZBW T HEMERTF v — b
NELND Z ENTFRENTZTZOTH 5 (Figure 12), — AR e U ERIEEWIE. BZ 5 EX
FNTATINA~DEHIGNZ LD, BEAY ) — VR TITE—bEMor—r 2 5.2 5729,
SREFIIEA Y ) — V2 EEEE Lz,

0,
O\B,O
@ The mixture of 1d and 29 in CDCl3

1d 29
Figure 12.
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ZDOZEINOA IV —NVEBRERT LA R e X, BHRDORETA I &Y
—VENL L7z 4 BASL AR 7 FH R 1 CTh 5 2 L D3RIE S 417 (Figure 13),

HO OH
S . HO\B/OH
—B—N/\>
! N tetracoordinate boron tricoordinate boron
\
1c' 1d
Figure 13.

BT, A MXFVEEFTHEHEA 2 UFEO "B-NMR % HIE L72fE R, 4-4
Mo 7= e 830052835 ppm ICE— 7 B Sz oicxf LT, A
AV NVEREATHAE U 1e X 7.28 ppm (2 B — 7 3R H & Au7z (Figure 14),

'B-NMR (128 Hz) in CD30D
HO. ;-OH
28.35 ppm
|
OMe /h
* .// \‘ﬂ—
4; tricoordinate boron > < tetracoml'dinate boron _;
HO_ OH
B N
lx 7.28 ppm
N
\
OMe
1e
35 30 25 R /ED 1 10 5
Figure 14.

ZORERINS | BHREOFEIILOTA IX Y —VBREEAT LR e IR,
le LRBEICA I Y —VEZORYC LY 4B 7 FPHIEK 1'% B LT
WD ZEDBE B L 7o 7o (Figure 15),

HO OH
(O N HO\B,OH
_B—[\f \
N tetracoordinate boron tricoordinate boron
OMe OMe
1e' 30

Figure 15.
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WIZ AT a—nN31E7c=vRar@mBeEorn e A7/ 3272 5N X
PRGBS AT IC L D ZOERH N o TV DA AT a— e 4 I XY —
NEEZAT LR EEEORe ViR X5 1 331D IB-NMR OIE %17 - 7=
(Figure 16)*,

'B-NMR (128 Hz) in CDC13

32.26 ppm
44— tricoordinate boron e <} - tetracoordinate bogm;mmb:
11.14 ppm ;
O*B—N

@*

Figure 16.

ZORER, TR u Uil h T a— DR a LT ATV 321X 32.26
ppm ([ZE—7 PRRHSNTZDIZXH LT, A XY —VRBEAT LR BED
Ta—)LtORe UEET AT L3313 11.14 ppm IZE—7 B SN, 2D
EMD, AIX Y= R u VERHRO T a—/viha VEET ATV 33 13 4 BT
RUHBEHR LTINS Z ERR I, X s SRS & B LW R % 5
2T

tH hTa— 31 A I8V = BREETLIREVEEEDR O VERT AT )L 33 1%, YHHEL 2
AT TG EZEY BT 774777 —%) 12X TED X FHEREENRHALNE X
HU7-(Scheme 80) 7,

Scheme 80.

SN / ; Q
OH OmpB— N
@E LY
oH \ CH,Cl, (0.2 M) N
1, 4h \

1.0 equw 33

ﬁi%&/~w@mmm¢ TBEWTA R VIR AT VPINEE ST 5 2 e Ae e X
7 /L@ "B-NMR OH#IFEIZEE L T, BHEEE L THEY 7 uR/LA(CDCL) % 8 E L7,
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RBHBIZ, 73 —AL 4- A NXT T oo LRa B ORa VBT AT )L 34 72
BT a—REA IFX—NVBRERT DA UVBEEORT BT AT L350
"B-NMR % #l| & L 7= (Figure 17),
'B-NMR (128 Hz) in CDCls

31.11 ppm WOH
|

AN,
. . — Ly "
44— tricoordinate boron > <« tetracoordinate boron =————

Figure 17.

ZORRK, Zx=mARu e T a—)eORu B A7)0 34 13 31.11
ppm [CE—7 PR SNTZDITH LT, A IFY—NVEREAT LA U fBL T
D2 L DR T AT L 3513 10.51 ppm 12 E— 2 A& N, o b
Mmb, A IV NVBRERT LA BE T a—ALDORa B AT VT4
BOAL A U B AEZ R L T\ D Z & D3R S L7z (Figure 18),

OMe OMe
2o L2 on
ﬁ f
B_\ + tetracoordinate boron ©BO tricoordinate boron
)
N
|
MeO OMe
28 34

Figure 18.
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HLE YA oL

HL@%%iD\ﬁﬁﬁ@%ﬁﬁ%&w:omf%%@ﬁ@iimﬁsz
% (Figure 19), 1ZLDICAR v AROyFRdikiEIZ XV, EDOAF Vv a-L-7 2t
?/vPame429ﬁ~w?%534u®tLm%v%kfmyﬁum%z
EAFRAICSOS L, 2 3 FOKRSF 2R LEBRIRAR 1 Ui X7 1 28 Z BT
Do ZOABRNIA T RPHEIK 28 1, RUR-MEROMEG LI L TR DOE
TEEZHERKSEL 2L Te Fax v EORBER M EL, X0 OSEREW
77 NUTAMEDO e Rax il T bl & ORISHEITT 5, £ D%,
NB BT AT IVIERRERRIZEIAE LT K16 LRI ORE LIS L, &
2R e F I ITIEE TR 28 A UMY 1 7 VBN L TS b0 EH
2D, B, IEEFRIETH D 28 1IX4BfMiA YRR AL E LAY R
%ﬁ?%é:k#E\:@%@V?%%Vﬁ7~®ffﬁ%i6hé BIAED
EZA, 28O TH-NMR BEFH 72T v — hThHLZ b, —HOUT AT
Vﬁ7~%ﬁmLfﬁmﬁ@ﬁbfwé%@&%z6h6%®®\%@ﬁﬂ
FHTH D,

OMe
OMe
R/ oH Ny
HOBZ W'“> L on
_ 18a N HOOH
+'ProNEt-HCI \ 17

OMe

2H,0
iPr,NEt

OMe
@QiOH @QiOH
OH OBz
HO 18a

17
Pr,NEt +Pr,NEt-HCI
OMe

Q/ oH

2H,0

OMe

O

OH

B—N &\+

@v@”

BzCI

Figure 19.

55



FINE K

AEITIE, EHODBHTE LIALERIRI AR Y A IACBOSIZ 31T 2 B i
HAROYEZ HIE L, ST 7 7 b — AFFERIZ OV THET 21T - 72 (Table 7).

(ESENEE IR S

Table 7.
1e (0.5 mol%) HO_ _OH
HO _OTBS BzCl (2.0 equiv) HO _OTBS B '\f@
0 'ProNEt (2.0 equiv) 0 N
HO BzO \
HO XR 1,4-dioxane (0.4 M) HO 'XR
36a-36f 1, time 37a-37f OMe
isolated yield 1e
entry SM 1e time [h] Product isolated yield [%]
HO OTBS HO _OTBS
1 0 + 4 o 99
HO BzO
2 HOoMe - 4 HO0me 1a
36a 37a
HO OTBS HO OTBS
3 o) + 24 o 88
HO BzO
HO, HO,
4 o B 24 O <2@
36b o 37b N
HO _OTBS HO OTBS
° HOéSO 0 i = B Oé&o o) ”
~ X z ~ X
6 HO - 24 HO <342
36¢c 37c
HO OTBS HO _OTBS
7 o) + 24 § o 85
HO O\/§ BzO o) =
8 HO _ 24 HO o5a
36d 37d
HO OTBS HO OTBS
9 o + 24 o 83
HO SPh BzO SPh
10 HO - 24 HO 382
36e 37e
HO _OTBS HO _OTBS
n o + 1 0 95
HO _ BzO _
- a
2 36t 1 a7t 1

aDetermined by "H-NMR of crude mixture.
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EN
i
1
&
=

AF N a-L-7 3T ) RADICEB W TEN -G 2R LA e U e
Z. 0.5 mol%FH W TR A LIS EIT T2, ATV 6-O-tert-7 F )V AT
N U -a-D-H 77 BT )2 K836a) & BN G EIToT2 & T AEEMIZ
SPLARU Y A AR 37a MG BTz (entry 1), & BT, T UL 6-O-tert-7 F L3
AF N Y -a-D-HT7 7 NEZ ¥ R@B6b)72 b T Vv 6-O-tert-7 F /v
AF NV IN-B-D-TT7 FET ¥ RB6e) & HEICHWZIGEIZBWTH, &
VMR T 3L A JWAEIR 37D, 37¢ 7315 B 417 (entries 3 and 5), Z DAERN D
T ) DS DN ERIRNE S RIS R E R L 5 2 00 2 &R E ﬂ
Teo LU, BEAESAFICR T DPOSMEIC R E RENBIIS iz, 2, i
BECoH 5 36b 23 1,4-T A FH NHETH D DIZXK LT, 36e 3 1,4-TA4FH
B THSTZTD DX I BRENELTZ S D EE X HiL5 (entries 4 and 6), F
7o, TasuX v 6-O-tert-7 F IV AF N U L-B-D-T T 7 BT /T R(36d)
T = =)V 6-O-tert-7 T IV AF NN U N-B-D-TAHT7 7 T ) F36e)%
EEIZHWESGEITB DTS @IERT 3R A VKK 37d, 37e 35607
(entries 7 and 9), & BT, 6-O-tert-7 T /WY AF ) U )v-D- 7 7 X — )L (36f) &
FEEICHWTH @SIERIZT 32 A UK 37 35 B AL 7 (entry 11), 7233,
HEALIESRAE T TITSUSTED BIR 724K 2581 S 417 (entries 2, 8, 10 and 12),

88 XF 6-O-tert-7F NI AF N Y b-0-D-HTF 7 FET /L R(36a) % FE IR 21T
o 7-(Table 8), ZDfEHR, 7 mr XX U HFEEITHWS & 5.0 mol%D it &2 BT H 2~
VA NARR 38 R0 A AR 39 EIAE L, ALEEIRMEILZ Lo T(entry 1), ALK
LT, WiEZTE b= U ZEET D ECERRMER W B L, 14-UF 2 HNWTGaIc
B B 1 OALEDZERME AN S 4172 (entries 2 and 3),

Table 8.
R

1c (5.0 mol%)
H BzCl (1.5 equiv) H H Hi
O _0TBS ProNEL (15 O _0oTBS O _0TBS O _oTBS
o ro (1.5 equiv) o o o
HO >~ BzO + HO + BzO
solvent (0.2 M
HOome o um (©2M HOOMe BZ200me BZ06Mme
36a ’ 37a 38 39
entry solvent yield (37a/38/39) [%]? total yield [%]?
10 CH,Cl, 76/10/12 98
2 MeCN 96/ 4/ — 100
3 1,4-dioxane 92/<1/ - 92

aDetermined by 'H-NMR of crude mixture. 222 h.
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WIZ, T —RA36g™" & FEIIR YV A WAL DFRFE 21T - 7= (Table 9), % D
FER, Ru g le L L2546, 2REREIC TRUSA SR L7z b D0 3L
A MUK 3Tg DIx72 59 2 (i A JUARAR 40 DRI DNTHZE L 72 0 (7 E®
RYEIZIFE AV ERIL Lo =(entry 1, 37g /40 =63 /37), ZAUIKILTHRE >
2 1c Z W5 & BOSH IR T2 & O O E IR D Kig 22 m BB S 4,
IR 97% D RN T 3N Y A MUK 37g 2 BT 5 2 & 73T & 72 (entry 2),

Table 9.
HO.__OH
B N A
1 (1.0 mol%) I
OMe BzCI (2.0 equiv) OMe OMe N
'Pr,NEt (2.0 equiv) \
0 7 Ry e Y
HO 1,4-dioxane (0.2 M) BzO HO R
OH i, time OH OBz 1e (R = OMe)
369 379 40 1c (R=H)
entry 1 time [h] yield (37g/40) [%]@ 37g : 402 total yield [%]?
1 1e (R =OMe) 2 63 /37 1.7: 1 100
2 1c (R=H) 12 98 [97]°/ 2 >30: 1 100

aDetermined by 'H-NMR of crude mixture. ?Isolated yield of 37g.

EZ N — A 36g % BRI R 21T o 72 (Table 10), N ZUFRRTE =R UL, bbx
>, THF Z ¥ e U7c G, ALE iR LR Cd o 7o (entries 1-5), ZAUTK L, 1,4-UFF
TUoaEEEE L THWSD £>30: 1 BLEOERIRMEAS 5 % 7= (entry 6), 7ok, MEAREESE T CIES
ITIE & A EHEIT LR D> 7o (entry 7),

Table 10.
1c¢ (5.0 mol%) HO.__OH
OMe  BzCl (1.5 equiv) OMe OMe B N,X
; )
HO@# ProNEt (1.5 equiv) How . HO@# @/KN
———> B H
HO  On  solvent(0.2M) 20 on O 0B,
36g 1, time 37g 40 e

entry  solvent 1c time[h] vyield (37g/40)[%]? 37g:40 totalyield [%]?

1 CH,Cl, + 4 54 /14 39:1 68
2 DCE + 4 72/13 55:1 85
3 CH3CN + 4 66/12 55:1 78
4 toluene + 4 62/15 4.1:1 77
5 THF + 4 74125 30:1 99
6 1,4-dioxane + 4 84/ 1 >30:1 85
7  1,4-dioxane - 24 2/ 1 2:1 3

aDetermined by "H-NMR of crude mixture.
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DSNWT, v/ —A36h & HEIZR Y A M DORFE1T - 72(Table 11),
ZOREFR. T A — A LRRRICHOW DA K o TAERIRER K & < AT
HZERHGMNE o, Thbb, A AR 1e 2 25 & ALE RPN
IFEAERBL LD o= (entry 1,37h /41 =69/ 31)D Ik} LA o U EEfilEE 1¢ 2 H
W AITR S BWDIE, (LESRINMEE 5 2 7= (entry 2, 37h / 41 =98 / 2),

Table 11.

B N
1 (1.0 mol%) I/\>
OTBS BzCI (2.0 equiv) OTBS OTBS N
OH Pr,NEt (2.0 equiv) OH OBz \
HO 0 HO O + HO O
BzO HO R

HO 1,4-dioxane (0.2 M)
OMe 1, time OMe OMe 1e (R = OMe)
36h 37h 41 1c (R=H)
entry 1 time [h]  vyield (37h/41) [%]? 37h:412  total yield [%]?
1 1e (R = OMe) 2 69 /31 22: 1 100
2 1c (R=H) 24 98 [971°/ 2 >30: 1 100

aDetermined by 'H-NMR of crude mixture. ? Isolated yield of 37h.

ZOXHIT, AEHEE OB X D ACERRES K E AT 5B AT
DX %bewé Tebb, RRIGITHR " AL L FE O 24— L]
TR VB AT VAR L, &I 4B U R PR EERT 5 2 &
Te ReXUENEHEILT2bD0EEX NG, £DH, mu B le 2
mh, BIHGREEAT DA M VEOBRICI - THRUFELEEN LIz
R U BROREMENE LR L, ARKISHEDIERW 22 Fr kBT
H IR TEMAL SN D IO ERFPEDIR TR Z 5 H D & & 2 515 (Figure

20),
0

OMe B2Cl HO% BCl OMe

\ O z
Ho@z N How
BzO * HO
OH Q\(Nj OBz

MeO /N

Figure 20.
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WIZ, T8 —=A361 ITOWTHRETZ T2, 778/ —R X, TF V7L
IELm L7z 4t Ra o FRICBE T 2 BIENFE L2V D, 3B LW
AR A NE DL EFIREOH|E N LRI e R THRIND
(Figure 21),

Figure 21.

IZUDIC . ARa Ui le 2 HWTRU Y A LA Z4T - 7=(Table 12), % D 5.
MHIOMREE Y MLERIMEIZIE E A ERIET 121005 1.5: 1 DKW E R
RMET I o7z (entries 1 and 2), T Z T, (ESERRMEOSEZ HIE LA OGS 2
1To70, ZORER, Ruer@lez bbb b 32:1 LHREOSERMETIEIH D
L OO, SLERIRPEN A E Lz (entry 3), & 512, Ar U@ If #H\ 5 &R
AT ESERME O BN BLI S A, (I — 2B BN S U7 (entry 4), &
Bz, it A 2.0 mol%fE 3% 2 & T3>V A UK 371 % 93%D F Y
RCHEES S Z & TE 7 (entry 5),

Table 12.
HO.__OH
1 (X mol%) B l\f@
HO BzCl (2.0 equiv) HO BzO N
o) 'ProNEt (2.0 equiv) (0] (o) \
HO BzO + HO
HO 1,4-dioxane (0.2 M) HO HO R=H(1c)
OMe it time OMe OMe R R-0OMe (1e)
36i 37i 42 R = CF3 (1f)
entry 1 [x mol%] time [h] yield ( 37i/42) [%]? 37i:42 total yield [%]?
1 1e [0.5] 2 53 /45 1.2:1 98
2 1e [1.0] 2 60 /40 1.5:1 100
3 1c[1.0] 15 73/23 3.2:1 96
4 1f[1.0] 24 43/ 1 >30 : 1 44
5 1£[2.0] 24 94 [931°/ 6 16 :1 100

aDetermined by 'H-NMR of crude mixture. 2 Isolated yield of 37i.
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D
i
A
H
=
=

FIUET 6 N IELREENE DN BRIV A SALROS

INF THEEORGHIBH L W77 b—AFEERB IR~ ) — R
FBERIT, WL 6Lt R XU R tert-7 F AU AF LV Y VI TRH# S
NIREEHEH LW, T2 TAREITIE., 6/t Rax v ERTEHL TV
EEEZRANTRU Y A LR E1To T2,

IZUDIZ, ATV BD-HT7 bET ¥ R@B6j) & BT A BT Ok
& 4T > 72(Scheme 81), ZDiEH, MEO LB AL ZNETO2 HEND 4 Y
BALEFET L LT, 3,6 (BN —ZIIR VA b E Tz 37) ZUE 98% T
b7,

Scheme 81.
1c (5.0 mol%)
i HO. __OH
oH :BZCI (4.0 equiv) OBz © B @ N\
HO ProNEt (4.0 equiv) HO |
HO > OMe 4 4dioxane 0.2M)  BZO ~ OMe \
n,3h
Methyl p-D-Gal (36j) 37j 1c
98%

WIZ, ATV o-D-~v> /) BT 2 KRBk & BTV A DO FE 21T -
72(Scheme 82), Z 6 6 DOIE TIIAMEEDIKN FEETH V. 1.0 mol% DA =
Vg le FIET, A4EDOR Y A Nvral) REERS®E5 2 & T 3,6 M 0E
HARPYIZAR U A AL STz 3Tk & 93% DU TH LT,

Scheme 82.
1c (1.0 mol%)
OH BzCl (4.0 equiv) OBz HO\B/OHN \
OH 'ProNEt (4.0 equiv) OH ,/>
HO 0 HO 0 N
HO 1,4-dioxane (0.2 M) BzO \
OMe 1, 12h OMe
1c
Methyl a-D-M k
ethyl o an (36k) 93% 37k

XA F)L BD-HT 7 NET /v R@B6j)ELEIC, SIEDOYEHK A 1 YEBITH U TS EITo 72
FERL 36N AR 3T R FEER E LTHOND DD, SN2 A bR 43
6 (2 A ALK 44 DIEE Y % - % 72 (Scheme 83),

Scheme 83.
1c (5.0 mol%)
BzCl (1.0 equiv)
Ho ~OH PPr,NEt (1.0 equiv) Ho OB? Ho OH Ho OBz
HONCA_OM B0 OMe * BONAR_OMe * HONCA oM
e . Z| e Z| e e
HO 1,4-dioxane (0.2 M) Ho HO HO

i, 24 h

36j 37j 43 44

29%2 13%2 26%°

2Determined by "H-NMR of crude mixture.
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E:D

b
1
&
=
2

LLTIZ, FI\HEI B EILENIC I 2 FE OMEHE R % £ & © 5 (Scheme 84),
Scheme 84.

HO. __OH
1 (x mol%) B ’\f/\>
BZCI (2.0 equiv) (HO) N R = H(1c)
(HO), 'ProNEt (2.0 equiv) n_O \
‘\:&L’ @) m OMe (1e)
_di o}
, time
36a-37k 37a—-37k catalyst
HO OTBS HO ~OTBS HO _OTBS HO _OTBS
0 N o) o)
BzO BZO&ﬁ é& &
% ~ BzO O~ B2 o_—
OMe NN HO HO
37a 37b 37c 37d
99% (1%9) 88% (<2%9) 89% (<34%7) 85% (25%7)
(0.5 mol%, 1e, 4 h)? (0.5 mol%, 1e, 24 h)? (0.5 mol%, 1e, 24 h)b (0.5 mol%, 1e, 24 h)b
OTBS
HO _OTBS HO _OTBS OMe 20
0 o Ho /50 HO 0
BzO SPh BzO
BzO — BzO
HO OH OMe
37e 37f 379 37h
83% (38%9) 95% (1%9) 97% (<2%3) 97% (<1%9)
(0.5 mol%, 1e, 24 h)? (0.5 mol%, 1e, 1 h)? (1.0 mol%, 1¢, 12 h) (1.0 mol%, 1¢, 24 h)
OMe 0Bz
HO OBz 08
0 o} HO
@\i‘)“ BzOéS/OMe BzO
HO"~~% HO OMe
37i 37j 37k
92% (<1%9) 98% (<1%9) 93% (<1%9)

(2.0 mol%, 11,24 h) (5.0 mol%, 1¢, 3 h)° (1.0 mol%, 1c, 12 h)¢

2Percentages in parentheses are the yields in the absence of catalyst determined by "H-NMR.
b0.4 M. €4.0 equivalent.

DX, A IFY—ERR T R 1c, e, 1If 21D Z & TIA
070 FE i AT RE AR FRIBE X A AL DB ) L 7=,
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B T AR OwE R IEE

THETIE. TIMEANCRU Y A7 vy REAWTT LK SO
AT TE T, LTI TRIC, BEREEEZ ATV a-L-7 387 ) ¥ FADICEE L,
7 L ARl DB RIS TR 215 = & & LT,

EUBIT, NP B EOBBENRE RIS 5 ATy A s a Y R
FHERIZ OV THRE L 7= (Table 13),

Table 13.
HO_ __OH
1e (1.0 mol%) N/\>
OMe acid chloride (2.0 equiv) OMe I N
'ProNEt (2.0 equiv)
0 L \
OH OH
1,4-dioxane (0.2 M
Hoo rt, time o2 Ho " e
17 ’ 45a-45h le
entry acid chloride 1e time[h] product isolated yield [%]
OMe
1 © + 25 WOH %
Cl °
2 CHy - 25 o o
45a
OMe
3 0 " 9 WOH 9
Cl =
4 OMe  ~ o o o
45b
s . . OMe 99
0 ? Ny
; N o4 Cl 89 (TON =1780)
cl ©
8 - 24 45¢ 2°
OMe
9 o] + 0.75 WOH 89
(o}
Cl
10 CF, - 075 o) 19
45d
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OMe
11 0 ? i
+ 0.5 O OH 87
Cl HoO
12 - 05 NO, oa
NO, 4
45e
S oMe T

13 O CH, . 7 WOH 99
o

20 | - 3 \| 0@

a Determined by "H-NMR of crude mixture. 0.05 mol% of 1e was used. ¢ 3.0 equivalent of acid chloride
and 'ProNEt were used.

ZORER, BFHGRAET IR A VFEEREZ NS & RSO T A
BUHIENT-DIZ L, B RIIEEZET 256, TOEFRGIMEDR EIZEN
S 6] 23] & 717~ (entries 1-4 vs entries 5-12), L2>L, W3 iudx
ANVFHEBERZ AN THENERTHICT HE /7 W EIK 45a-45¢ 23§67
(entries 1, 3,5, 7,9 and 11), FTH, 47 a oV A ALK 45¢ % 5 2 5 i
T E D S 572 2 FTRETH V. 0.05 mol%, D F VW HEIZH L ThT
215D 5 MEEHSE20ATEIERIZTE ) 7V REK 45¢ M3 bilz
(entry 7)., AFMELSSIZE T 5 A 1 VR 1e OffEERIEREL(TON)IE., A FEARGE L
ELTIFEEFD 1,780 ITE LTz, £2, AV MLCEBELZG TS o- N U LED
HEAZBWTH, EEMICERD) 45 2315 D 7z(entry 13), F72, 3.4,5-F U A
FLTaANEOENTIE, REKOICREOLERE 3 YEHVD Z & TIEIE
EEMICHIIY) 45g NGO T=(entry 17), I HIZ, ~"T o BEFREFTHT
LA ZE O TZ85A THEIRICTE /) 7 2 U BIR 45h 235 5 7= (entry 19),
7k, MEARE SR CIIROG AN & A EHEIT L7225 7= (entries 14, 16, 18 and 20),
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DONT, NEWIET VI B A DR 21T o 72, 13 UDIT, kbHEMART
tFLra ) RaEANTT VIUULDORBE 24T - 72 (Table 14),
Table 14.

OMe 1e (1.0 mol%)

AcCl (2.0 equiv) OMe OMe OMe
O base (2.0 equiv)
OH
O;H ; : QZoH + Q7 oac + Q7 onc
HO 1,4-dioxane (0.2 M) OAc OH OA

m, 4 h HO HO HO "¢
17 45i 46 47
entry  1e base yield ( 45i /46 / 47 ) [%]2 45i : 46 total yield [%]2
1 + ProNEt 78/11/ 7 7.1:1 96
2 - ProNEt 32/20/ 3 16:1 55
3 + collidine 90[90]°/<1/ 9 >90 : 1 99
4 - collidine 24/32/ 9 1:1.7 65

a2Determined by "H-NMR of crude mixture. ? Isolated yield of 45i.

TORER, NV AERIRIZB N TRl & LTV ey A Y 7 r e F b
TR AL LT PR AT UM A B 5 5 U7 (entry
Do UL, TOMEBRMEIL 7.1 1 ETlE DTSRI G DLNRD T2,
SO EERMENELY B LEEORFI 21T o7 R, a2V Vol s
L7=%aIE Lly$f)>’3mb\{4% BIRMET LT 2B 45i 235 B 7z (entry 3),

OO, WRERAEEETLHZ L CArEEIEN M ELCHEBAEZUTO X D
ICEZBELTWS, Thbb, AV Ta AT T I U ITEREOSKREE
R OREMEDMET L THD 00, 5 =fk7 I TH LD EMEREN 2
ENTRREIND, TDD, BEEOEGW Ll v b2l 35Kl R
EHENTRIN LT T DAL D H D EF 2 b (Figure 22), 77 Uik, R
2 REHELUESWEINEEZ A L TWD oD S DB, D F 0 ARk
DR TZGIERITLLEBIT, ZHTOTr T UBRIGTHZ LT A~—L
DRIEDONEPEZ D, ZDTD, KREME - ]IEMEL BICZ LWEETH S
Y DUEERT S Z L CEEIREOWENBH SN D EEZTND

(o]
: NRg T, 0
el — { n, |

< CH,

acetyl chloride J dimerization

ketene
high reactivity

ketene dimer

low selectivity

Figure 22.
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WA, TR F IS DORGIGE T o MU E AN DO FaEt 21T - 72 (Table 15),

Table 15.
HO_ ,OHN
1e (1.0 mol%) ,/\>
OMe acid chloride (2.0 equiv) OMe N
collidine (2.0 equiv) \
Q/ oH QZ oH
OH 1,4-dioxane (0.2 M) OR
HO rt, time HO OMe
17 45j-450 le
entry acid chloride 1e time [h] product isolated yield [%]
OMe
1 0 + 0.5 O OH 97
)J\/\ O
HO
2 Cl - 0.5 \([)(\/ 42
45j
OMe
3 i + 0.5 @QiOH 9
O.__CisHaq
4 ClI™ "CysHaq _ 05 HO™™ oa
(0]
45k
OMe
5 L\ ' 1 - g 97
O Ph
HO
5 cl Ph _ ] T)/\/ 9
45|
OMe
7 )OJ\)\ + | WOH "
(0]
of HO W
8 - 1 a
0 5
45m
OMe
9 (0] + 0.5 WOH 99
CI)H/ HOC
10 - 0.5 34
(@)
45n
11 N o4 OMe 642
12 ©) _ 24 WOH 7a
(0]
130 C')KK + 24 HO >_é 90
b - 24 0 a
14 450 9

aDetermined by "H-NMR of crude mixture. £3.0 equivalent of acid chloride and collidine were used.
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ZORER, SKEEO I DN T F UL vl REHWEE, 97%0 &I
KT 3NT VMUK 45 M5 S 7z (entry 1), S B2, BBV TH 50 2
FUBBROBE 7 v RThH/ VI Ml FREHWEEEIZH, EE
BN SALT T IUALIK 45k D35 7= (entry 3), £72. KV B UBREHTH
3-T7xz=aTduvrtd= el REHWTY 97%DE IR T 3T ¥ VKK 451
WFFH I (entry 5), RIZ, & LICHOKEE AT 24 Y LU vr ) RRoA
VT7FIUNra ) ReEAWTKISEIToToE 2 A, 45m, 45n DNEIETL 96%.,
99% D I 2 T & 41 7= (entries 7 and 9),

DONT, VMEEEZEORETVWE N L7 al REHWTRILET-T2& 2
7. RIEZRFISHEDIR T BB S 4, 24 BRSO THEEHE RS R T X
ehrodz(entry 1), € 2T, T Y/ALRISOIER L& B L 3 HEOE /1
AN vy R AW TRISZAT > TofE R, B8 0 IERA m B L 347 2k
K 450 % 90%DEILR CTHEET 5 Z IR Liz(entry 13), 723, Wb
S T TIESOSHE D RIE 22K T 72 & N ICER O BB 72K T AEMl < iz
(entries 2, 4, 6, 8, 10, 12 and 14),
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RIZ, THAVE TITA T BRI L D ALEERIRAY T 2 AV BSOS~ 0 3 F 51 73 50
LTV, o, B E 209 2 7 LB DR 21T - 7-(Table 16),
ZORER B, P _EHDOER A AN ) RERWZHEIZH 83%DEIET
3RLT S MALIK 45p DF DL (entry 1), EHIC, YU FEA LT BY FRED
FHEARE A OTZHAICBNTY 79-98% & EILRIC TS T 5 E /) 7 VUL
45q-45s 7353 7= (entries 3, 5 and 7), 723, WAL G EEAMELAE T CIIROGE
D RIE 72K T 70 & ONULER OB 72K T 2381 = 417 (entries 2, 4, 6 and 8),

Table 16.
HO\B/OHN
1e (1.0 mol%) ,/\>
OMe acid chloride (2.0 equiv) OMe N
collidine (2.0 equiv) \
4 oH Q7 oH
OH 1,4-dioxane (0.2 M) OR
HO rt, 16 h HO OMe
17 45p-45s e
entry acid chloride 1e product isolated yield [%)]

45s

2Determined by "H-NMR of crude mixture. © 4.0 equivalent of acid chloride and collidine were used.
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BB, TUMMERIE ST 57 aa Xl AT N~NEBETEFLH L THL
AP — FEICHLEHARETH D EE X, Mat&afTo7=(Table 17), 9. X
UinrzuaaiRiv— bEHOTHRFZIToToR, A ET D3I~
— MEEDE A STz 45t DY T9%DULHE T L itz (entry 1), Z D L x| MRS
BT TSN ELEIT LR o T (entry 2), T2, X T 2R A2EEHT 5 2
& T Fmoc, Alloc, Troc 2MZEERAJIZE AN S N7- 45u, 45v, 45w BTN
84%. 75%. 81%DEINZTH: L vz (entries 3, 5 and 7), D L H1Z, 7 Uik
DI72 O FTHLERIRA T VR T — FERUIZBWTH A I ¥ Y —VEREFT HR
2o le PEAFRETHDL Z 2B B E LTz,

Table 17.
HO_ _OH
1e (1.0 mol%) N/\>
OMe acid chloride (2.0 equiv) OMe I N
iPr,NEt (2.0 equiv) \
WOH WOH
1,4-dioxane (0.2 M
HoH rt, time ( ) HOR e
17 ’ 45t-45w Te
entry acid chloride e time [h] product Isolated yield [%]
5 OMe
1 . 16 79
CI)J\O : o
OCbz
, B 16 HO 0@
45t

OMe
° 9 ey 28 7
ANF OAlloc
5 cl” o _ o4 HO 08
45v
OMe
7 i + 24 w 81
Cl OH
Cl ¢ OTroc
8 “f.o' - 24 HO 02
45w

aDetermined by 'H-NMR of crude mixture.
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Hp
;
1
H
-
=t

LUITIZ, $tHick
Scheme 85.

OMe
@QiOH
HoOH

T 57 U ALFIOREHRE R % F & 8 5 (Scheme 85),

HO\B,OHN
ﬁf@
N\

OMe

1e (0.05-1.0 mol%)
RCOCI (2.0-4.0 equiv)
'ProNEt or collidine (2.0-4.0 equiv)

1,4-dioxane (0.2 M)

OMe
ﬁ\io OH
HOOCOR

rt, time

45a-45s

@\i

Gt

%

@\i
e

45b 45c¢ 45d
99% (0%2) 99% (0% 89% (2%7) 89% (1%3)
(1.0 mol%, 2.5 h) (1.0 mol%, 9 h) (0.05 mol%, 24 h) (1.0 mol%, 0.75 h)
OMe OMe OMe OMe
inOH @\i OH OMe p\oiOH
HOO O S
NO, N
o Me e}
45e 45f 45¢g 45h

87% (2%9) 99% (0%9) 98% (1%9) 94% (0%9)
(1.0 mol%, 0.5 h) (1.0 mol% 7 h) (1.0 mol%, 2 h)? (1.0 mol%, 3 h)
OMe OMe OMe OMe
WOH N O OH N
O O _CysHaq
HO Tw/\/ HO™ T W/V
(0] 0]
45i 45 45k 45I

90% (24%7)

97% (4% )

99% (2%7)

97% (9%9)

(1.0 mol%, 4 h) (1.0 mol%, 0.5 h) (1.0 mol%, 0.5 h) (1.0 mol%, 1 h)
OMe OMe OMe OMe
?\i WOH WOH ?QiOH
W HOO HOO HOOW
0 : 0 : 0
45m 45n 450 45p
96% (5%9) >99% (3%9) 90% (9%9) 83% (23%%)
(1.0 mol%, 1 h) (1.0 mol%, 0.5 h) (1.0 mol%, 24 h)? (1.0 mol%, 16 h)
OMe OMe OMe OMe
OMe OMe
pj 227 on
\ HOO X
0O 45q 45r O 45s
98% (14%2) 95% (9%9) 79% (11%9)

(1.0 mol%, 16 h) (1.0 mol%, 16 h) (1.0 mol%, 16 h)

2Percentages in parentheses are the yields in the absence of catalyst determined by "H-NMR.
b3.0 equivalentof acid chloride and base were used. ©4.0 equivalentof acid chloride and base were used.

PLb, EBENEH LA IELY —Ra g 1 2V A AR ST, R

BT EENCEARE CH D Z AL MNE L,
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BB Rn Ul & ERSRR A O U E ONLEEIRE T Y AALE R
J& D BA%E

i AREROSEGTHS KO R

AT E T2, 2 FRICA I E Y — VR EMBIA N TEH TR v o FRFEER )
BEE ONLEEN T 2 NALRISIZ B W TR TR it & U CHRET 2 2 & 3
HMNERoTeDT, EORLERAMEEMNROILEZ BIE L THRET 21T 272,
EH L, AR n gL BB EEIRE O Lo iR 2 o 2 & T
BEIRIRAY O-7 VB BISNERTE HEZEx T, TRhbb, NT VUL
RIZ L > TEH LS NI -7 VL R —ITk LT, AR R K- TIEME
IESNTHEE T 78 72 =BT 572 BIERWEIRIREN I T 5 LB %
72(Scheme 86),

Scheme 86.

HO B via nucleophilf
(

._.OH
N/\§ OMe porate formation
|
OMe @N\ ?Qi
/[Z ;Oz catalyst
OH
Pd2 dba)3CHC|3
HOOH
N

OMe
PPhs
+ I Q OH
HOO~"X
1 X_
/\/OBOC L
/Pd\
PhsP PPh3
via ni—Allyl palladium
complex

Site-Selective Allylic Substitution
EZAHTHHEABALFICB W TT U LIIE, 7 I Vi DL akis EI2IR
WTHFE e P BofRigiie LT, W< KV IRSFHSh TE 7z, REN
& LT, Gigg bIZ ko> THE SNimRbEREE I 7 J E FOREGHKT
X, ZLEEZRTRIMETH L 3T VbR EZRE Lzob, 7 U VED
EHR Y 72 PR A % C 3~ D T A 22 12k L T % (Scheme 87) 75,
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Scheme 87.
Gigg (1979)
OAc
AcO OBn
o —. "0 o 0N —
AcO — HO O._~_OC1gHas —
ACOB BnO
r 5 steps 3 steps
OBn OBn
BnO BnO
§o oS —— §o OC1sHs1
/\/O O\/\/OC16H33 0380 O\/\/OC16H33
BnO 5 steps BnO
O
HO O N N NN NN
o) Q
0580 o._~_°©O
HO
seminolipid

F£ 72,2010 4F Schmidt &1 77 LREMERE O—FE T o % Streptococcus pneumoniae
DYV RT A aBOREMMIEOWBE T, FFEDMEDOLE Fux o7 U /{f
- DLERE 2 L COREEHEES 2 25 L TV D (Scheme 88) 76,

Scheme 88.
Schmidt (2010)

OH 0 Br/\/ \/\O
)( NaH
Or O O|
740\\. o DMF, 0 °C
98% 7 steps
o éﬂ
0 O\H/CCI3 C13H27
~ BnO NH 4 steps multi steps
A o
MesN"
Me N 2
N o
O- I
P=0 of oH o
o o OO0

%:‘O HO
C )L
E : 0" "CysHyy

H
ACHN C13H27

Lipoteichoic acid of Streptococcus pneumon/ae O
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2012 4 Minnaard & I% Mycobacterium tuberculosis 7> 5 PEAE S 41 % PGL-tbl D4
BRICEBWT, TUNLEKEEEE Fax U EoR#ELE L THRAHNTWD
(Scheme 89) 77, L/ L722A 5, (ERINMICT VAVKEZEAT LD 1 Y&
DA I Z I NTN D,

Scheme 89.
Minnaard (2012) o

o OMe

o PGL-th1

I

|

or Ly

97 owe sy 0
MeOOMe ACOOAC \ Bnow
HO OM

SPh
S~y
© OBz

BnO
N
e

I |
OH Bu,SnO (1.0 equiv)
0 toluene, reflux 0
0 L7 ——-
HO — 0 then @#

OH o« BnO TBAI (30 mol%)  BnO
steps HO o, allyl bromide 0 oH
(1.5 equiv)
90 °C
67%

| |
NaH (1.5 equiv) /©/ /©/
Mel (2.0 equiv) 0 PdCl, (5.0 mol%) o
DMF, 0 °C to rt Bnow MeOH, rt Bnow
o 91% HO

86% P OMe Ovte

BU2Sno (10 eqUiV) NaH (1.4 A
SPh  toluene, reflux o T B?CI((1'.4 Zgﬂli\\//)) SPh
Bn0-—L Oi then N o DMF, 0 °C to rt Bno@#
HO TBAI (30 mol%) N OH ’ ~_0
OH allyl bromide 85% = OBz

(1.5 equiv)
110 °C

75%
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B
"

2018 4% Kulkani Hl%, 77 L2MARE TH D Pseudomonas fluorescens BIM

B-582 MO EBEES - U RLEEO KL

AL THh D = EOLE Iz B

T, TINEZEALLET L —AFEKREZ ) ai Vv R =627 Y =
UNT IR E—E L THWTU S (Scheme 90) 78,

Scheme 90.
Kulkarni (2018)

Trisaccharide repeating unit of O-specific
polysaccharide of
Pseudomonas fluorescens BIM B-582

NaH (1.3 equiv)
SEt allyl bromide SEt
(4.2 equiv)
Bno@# Ep— Bnoﬁon
,0° H
HO  on 0
62%
SEt

TfOH (20 mol%)

om0 527
PicoO

OBn
(0]
"é?,(&wo\/\/wobz
TrocHN
SEt OBn
Q o)
Bn0—Ls ‘? Bno&/ SPh
PicoO o BnO
~ X n

DMAP (20 mol%)
picolinic acid (1.5 equiv) SEt

EDC-HCI (2.0 equiv) o
BnO
PicoO

O\/\

CH,Cly, 1t, 5 h
93%

NIS (2.0 equiv) o O/é&
O~ o Bno_$\7\Bno O._~__NHCbz
DCE, MS 3A PicoO o TrocHN
+ ~30°C 100 °C X
OBn 30 min
0 80% (a/B=1:8.4 OBn
TrocHN BnO SPh |
BnO (2.0 equiv)
OBn TfOH (20 mol%)
—_— 0 0 (@) NIS (2.0 equiv)
— Bnomno O._~__NHCbz
o BzO oy  TrochN CH,CI,/Et,0 (1:1), MS 3A
sieps 230 °C100°C
30 min
82%
OBn OH
Q7 TN Q Oé&
Bnoﬁ\ﬁ3no O._~__NHCbz How Ho O~ _NH,
BzO 0 TrocHN . HO o) AcHN
OBn _ OH
:o% OBn 2 steps ;O%S OH
BnO HO
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2019 4F Yang 513, B> B0y B —DHEEHETH % RM1221 O =FEHUR O

EEMOERITREDNEIZ T VA AN LT EE 2R 5 2 & T, HighE
FEEITH T LTI LT 5 (Scheme 91) 77,
Scheme 91.
Yang (2019)
o BnO
% O oB 1. NaOMe, MeOH, rt
OMe n
o 0 - H)H/ AcO 0 2. AlIBr, (BugSn),0
OMe AcO TBAI, CsF, toluene
10 steps OR’ 80 °C
R’ = (CH,)sNBnCbz 2 steps 57%
BnO BnO
1. Acz_O. Glycosyl donor
oBn  Pyridine OBn [Au] promotor OBn OBn
HO 2. PdCl Gl i O AcOZ
. > ycosylation BzO
A0 L. MeOH
= (CH,)sNBnCbz CH2)5NBanz = (CH,)sNBnCbz
BnO
OBn
o)
Q Ho-y[orog A 0
5 steps P
O(CHy)5NH, ) | |
C. jejum RM1221 capsular polysaccharide Glycosyl donor B
u

F72. 2020 5 Lowary 513 Paramecium bursaria chlorella virus 1 (PBCV-1)7~5

HEt iz N-7'V B Does
SR & VT U 5 (Scheme 92) 80,
ANICZ TRE BT 5 HR0,

75

RIZBWT, R#ERIc TV VR ET S 7 a—2
LU 6, fEERIRE 727 ) Lo
1 Y¥EL EORXHIENMETH D,



Scheme 92.
Lowary (2020)

AcO &
ACCM/ STol OBn

oBn AcO 1. NaOCH4/CH5OH o)
NIH, AgOTf 2. BaH, BrBr. DMF  Chon N0 N
HO (o) Bno RO ®
o) N3

BnO
CH,Cl,, 0 °C tort
Z>"" Bno zre 1. [Ir(cod)(CHsPh,P),]PFs, Hy, THF R=Al
2. HgO, HgCl,, acetone/H,0 (10:1) R=H
STol
Q7 oPnB

AcOO~Xx  MeOTf, Et,0, rt

OB BnO
n o
(0] (0] (@) OR
Ao 5 Ng Bno%ZMo
BnO _ > HO 0 BzO

BnO
Q7 opmp —
ACOO\/\ multi steps  BnO Q
MeO OMe
1. [Ir(cod)(CH3Ph,sP),]PFg, Ho, THF R = All
2. HgO, HgCl,, acetone/H,O (10:1) R=H

OBn
BnO 0 TolS
BnO BnO O X" oBn
o Q7 opPmpP 8,0 ©
070 0 OBn
Bno%zmo %%Bn
HO o BzO OBn
0 OBn
o

AcO Meon, Etzo, rt
O
0 1527
BzO
MeO
OBn
Ome ok
OBn OH

AcO

multi steps 0)

Ho OH
oo Yo
OH

Paramecium bursaria chlorella virus 1 (PBCV-1)
ZOXTT U NVEIT MOPRFER & B D IRERM THE S OIS
iRERRETH D 2 & MO IFEREHEG KOS T TR b T D,
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LUy b, il 2 72 BEE ONLERINEY T U AAGEUS Z @ik U 72 451113
fBD TEREM TH 2 DONRBLRTH D | 2016 I Pei HITARfilf e 7 VL7 1
I REHWET VX ALE A T ONERIRT U AALEBR S HmE L T D
(Scheme 93) 81,

Scheme 93.

Pei, D 2016
eh bong { ) "Bu,SnO (10 mol%)

HO _OTBS TBAB (10 mol%) HO _OTBS
0 B K2003 (1 5 equiv) o)
+ P avl
HO 5 ~ MeCN/DMF (10:1) AP o
OMe 2.0 equiv 80°C,3h OMe

87%

I HIZ2017 - Li BiE. ATV aL-T A ¥ ROMESR T U VALE LR
JEDRRF ATV, FAERIIT 50 mol% D AT A X2 FHW % Z & T 50 77 LA
=BV TYH 2%DEINERTINT VBRGNS Z &2 RHL T
% (Scheme 94) %2,

Scheme 94.

Li (2017)
"Bu,SnO (50 mol%)
OMe TBAB (50 mol%) OMe

B proton sponge (1.2 equiv)
HO /< + AN ; HO@#
HO MeCN, 60 °C, 62 h o
OH 2.0 equiv N OH
50 g scale 82%

— 7. ARV A= VO T U NLEEEGN 7-7 U v R —2Z2 W= filiE, 2012
FIZHE SN REA I X D003 540 TUV B (Scheme 95) 33, 1% & I3 H 1% A
AR L X Z Dy LGSR AZ OFH LT @Al R 2 s 2 & T B A —
DT Y IALERREG 2 R L TV D,

Scheme 95.

Onomura (2012)
Me,SnCl, (10 mol%)
Pd(OAc), (10 mol%)
DPPB (25 mol%)
CsCO3 (1.5 equiv)

+ /\/OAC
CH,Cl,, rt, 22 h
HO OH 3.0 equiv /\/O OH

94%
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F72T< . Niu BIFR Y A= VEONERIR T U VLB RS O FRET
DWW T, BHR VB MEORMZ G L. A% R e — ViR
BOMMEBEERTT U AANCEBRRSOMBE U THEET L2 ZE2mELTND
(Scheme 96) 34, L72x L7273 & flfi & % i KT 30 mol% W\ 2 MBS 8 5 ;57 &
ICRTZREZR LTV D, O, WRIRBEFE ORLEZEIRK T U VAL E
Bt D BT DG EIEH AR DO TR BEN TV D,

Scheme 96.
Niu (2020)

Pdo'(PPh3)2 (50 mol%) /\/O

THF/PrOH (3:1)

o OH (0.05 M), 25 °C 0) OH
HmZ%f Hng?
Ho L, HO~ 6n
ouabain 59% (30% recovered SM)

(C1-OH:C3'-OH:C19-0OH = 6:1:0)

Pdg-(PPhs), (5.0 mol%)
MeB(OH), (2.0 equiv)

Pdg-(PPhg), (5.0 mol%)

catalyst (30 mol%) THF/PrOH (3:1)
THF/'PrOH (3:1) (0.05 M), 25 °C

(0.05 M), 25 °C OH
0L
HO

OH 72%
! (C1-OH:C3'-OH:C19-OH = 1:1: >19)

catalyst
HO@?
0]

62%
(C1-OH:C3'-OH:C19-OH = 1: >19:1)
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— Ao

B vy ) —ARERAE G L U ALE R T U AL BSOS O R

wﬁ®¢%ﬁ%@%£%am . FEEONERIRE T U VAL E BSOS O et
ZAT > 7-(Table 18), HEIZIT=2DiEHit Fu X A2 FT 25 A F IV 6-O-tert-
7%wy%%wv)w%D7//t7/VN%m%%wkoﬂb@h\L¢y
XV, BIRICTLOmol %DOAR e Vg Ie fFIEF, XTIV T E Y DN
1 %54 DRI TRISEAT > TR ARINER2 3 5 347 U VA KiA 48 23 2427 Y
TR 49 123t L, DT ITESE U TAERM L (entry 1), FEV T, A7ESRMED
BHEEZ AL ATV ULL Y Dl ERFILIZEZ A, 162, 1X1ETU
BN FOEAEE L7 & 2 A, ALEEIRMEL ONTUR O KIE 22 SeE 03 B S .
NT VT L) S 1R 1 ORI S @ O EERYE DD 90% D @ IR T 3 fif
7V bIR &S D Z L 1ZEh Uiz (entries 2 and 3), 723, Ao UERMEEIETFE T
TIX20L7 VUK 49 BT M L TRIETH LD & & b, KRG
DIE N 18%MIL ETe, L7ed3-> T, 230> 1.0 mol %D 1 U EED UK
ot KON ERIREDORBUI KR E S FH L TWDH Z & 23 50278 o 72 (entry
4), 6T, VRN 2RI L 220G, RO T < EIT LR o 7 (entry 5),
Flo. A Ao A LIRS D & AL EREIRME QNIRRT L
Tl eMBNRITTVTLE Y DOOHRTIIRLS, A U BICHTH /7T T A
PR DL ALEIEIRIE DI B R E BT 5 2 L BB B2 & 7o 7 (entry 6),

Table 18.
/\/OBOC
(1.5 equiv)
1c (x mol%)
HO.__OH
Pd,(dba)s-CHCl; R~
TBSO— OH  (ymol%) TBSO—, OH TBSO— O PN
0 o) ’
HO PPhg (z mol%) HO HO (0] N
HO o) T "o :
OMe 1,4-dioxane (0.2 M) ek oM § \
36h ®it2h ' 48a € a9 OMe 1c
1c Pd,(dba)3CHCI5 PPhg . o o )
entry x [Mol%] y [mol9%] z [mol%] B/Pd/P vyield (48a/49)[%]? SM [%]? 48a:49
1 1.0 0.5 4.0 1/1/4 28 /22 7 13:1
2 1.0 0.5 2.0 1/1/2 53 /22 3 24:1
3 1.0 0.6 1.0 1/1/1 90/ 9 - 10:1
4 - 0.6 1.0 —-/1/1 9/11 78 1:1.2
5 1.0 0.5 - 1/1/- N.D. >99 N.D.
6 0.5 0.6 1.0 0.5/1/1 35/ 7 57 5:1

@ Determined by 'H-NMR of crude mixture.
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W T, IWIEERET 21T o 7= (Table 19), = DfEH, THF Sl F L& H\ 5
& LA-UA T L U RIE 2R IR 72 B ONIAZ E SRV DR T 238U S v
(entry 1 vsentries 2 and 3), £72. 7 U WALEBEISICBWCILH SN S Y 7
AL LT h=FU/, T& b, DMF OHA TIEMISITE L EITEFRK
Jin D FEE D3 E BRI R S 4172 (entries 4-7),

Table 19.
/\/OBOC
(1.5 equiv)
1c (1.0 mol %)
Pd,(dba)s-CHClj HO. B,OHN
B OH  (0.6mol %) B OH NS D
SO PPhg (1.0 mol %) SO 0 TBSO— O R
HIEIDO HOo HO 0 N
solvent (0.2 M) Fand + HO \
OMe  op OMe OMe
36h ’ 48a 49 1c
entry solvent yield (48a/49) [%)]? SM [%]@ 48a:49
1 1,4-dioxane 90/9 - 10:1
2 THF 4/1 94 4:1
3 EtOAc 6/6 88 1:1
5 MeCN N.D >99 N.D
6 acetone N.D >99 N.D
7 DMF N.D >99 N.D

2 Determined by 'H-NMR of crude mixture.

I, T U AL O BiBER

DOV THET 24T - 7= (Table 20), T DR, A k

XVHNREZ N AR VAL BT D L DT IR & NLE RO EN
R Eiz(entry 1 vs 2), 7285, 71 FF VTR ED LR PIERI S5 D
HTohoTo(entry 3), ZAUE, RIGHERF THAT HEE & A e CEEfilEED 1 I ¥

= VL DS BRYE F SO 2 e 2

L. LSS L7280 &35 %2 535 (entry 3),

Table 20.
1c (1.0 mol%)
Pd,(dba)3-CHCI, _
TBSO 05' (0.6 mol%) TBSO 05' TBSO— 07
HS& L~ LG PPy (1.0 mol%) HO&A . Hﬁo&g 1
oM 1.5 equiv  1,4-dioxane (0.2 M) ek oM :
sh —C o ' 48a e 49 OMe
entry LG yield (48a/49) [%]? SM [%]2 48a : 49
1 OBoc 90/ 9 - 10:1
2 0OCO,Me 92/ 8 — 12:1
OAc trace 98 N.D.

aDetermined by 'H-NMR of crude mixture.
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HF A w R OTEVEREAL

BAER T BB DM 21T > 7=(Table 21), XL ®HIZ, e B D A R
%%L<M%%w%%ﬁféﬁuﬂ%uAh%mwkkyé\ﬁmﬁxiwﬁ
EIERPEO R T2BIR S, EEBLTH LR U8 1c 2 TRIDHR R 2
H.Z 7= (entries 1 and 2), RIZEFREIMEO 7 v akEZIZ N 74 a A FLE
AT DA T U, If 2O TRISZ 1T > 7o (entries 4 and 5), £ DFEFR, A n
Vg le ERIELL EOREREHE 2 FIC7nu kA AT 50 HA e VR 1 2 v
2% & O &AL E BRI O 1A LS S 4, BBEIER 91% T 37T U UAbik 48a
DfF DT (entry 4), 7235, MEAMESAE T CIRMESEIPEITIZ E A ERBLE T,
%&m@%gﬁ7%mmm$f%th:g#g\ﬁmy@@%mmiéﬁm
PEIZH A THhH o z(entry 6), 7o, V7 == /LR U UEEAEECHW D & ALE R
MARDIREWINMEIN R TEHEON D DHRTH > - (entry 7)., S HIZA 1 B8 1i 13fik
BEEDEFNFEETH VD . DT D 0.5 mol%D il & =384 T b AL [ERR M
DRERIETFEHL Z &< (BIERT 3T U VALK 48a 235 5 1U7= (entry 9),

Table 21.
1 (x mol%)
Pd,(dba)g-CHCls
(0.6 mol%)
T850— O PPhg (1.0 mol%) TBSO TBSO
HSO + /\/OCOQMe + HO
. 1,4-dioxane (0.2 M)
36h OMe 1.5 equiv rt, time 49 OMe
HO. __OH HO.__OH HO.__OH HO.__.OH
0.p-0 N © B © N HO\B/OH 0 B o N B N N\
SESG AN LY LY o
N N N N [+ B
\ \ N \ | >N Ph
Hz
OMe 1e Me 1h 1c Cl 1i CF3 1f 19
entry 1 [x mol%] time [h] yield (48a/49) [%]? SM [%])2 48a: 49
1 e (R = OMe) [1.0] 2 28/ 4 68 7:1
2 h (R =Me) [1.0] 2 55/ 5 38 11:1
3 ¢ (R=H)[1.0] 2 92/ 8 - 12:1
4 1|(R Cly[1.0] 1.5 93[91]P/ 7 - 13 :1
5 1f (R = CF3) [1.0] 2 92/ 8 - 12 :1
6 — 2 7178 79 1:11
7 1g (borinic acid) [1.0] 2 20/ 3 77 7:1
8 1c (R =H) [0.5] 3 66/ 7 26 94:1
9 1i (R=CI) [0.5] 3 91/ 9 - 10 :1
10 1f (R = CF;3) [0.5] 3 43/ 7 50 6.1:1

aDetermined by 'H-NMR of crude mixture. ° Isolated yield.
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HIUHET Ry o v

VL EOFER L . ARBSOMBES A 7 M OWTEZFITRDO L HICEZ T
% (Figure 23), £, Ao @ 1i & 36h O cis-1,2-2 A4 — /LR TERR AR 1 v
B AT NVETER L, MGt 4 B AR 7B PEIE 50 AR T 5, —FHT, 7Y
LA L RXT D0 NEER E OROSIZ X O RE T n-7 VT D0 AHRERD
S5, ZOXICLTHEEEINTE o7 VAT AREKIZ LT, B8R
WA VB AT VOKRICE > TEH (LS Nce Fex U ERRISETHZ &
TALERINIC =T VA DB SN D, &S, R a BT AT LR
WZRIAE LTRSS 1.b LIERMIEDOFEE 36h & KT 25 2 L2k 0 Bk 48a
Pz bz, AU b U< IXIEMERIA 50 AL, fiklgty-o 7 v
MENET HHDEEBEZTND, 728, MLEERRNT VU AALERSKGIZB W T Y
o uia G950 u A 1 NEIEETH S mEBEZ LI NICEET 5, T4
OH, KRISTER e AR 2T VAN D g -7 U ART U0 NIKT D
SREZEBEREOWMIE L, AU RFET EOBBRKGERET H7-0ICG R e U
T AT IVRHGBIEDISEHE L DG U ANEETHA L EZ NS, FDT-

D, FERE L TEFRBMED 7 oo EOEANRDRBETH-T-b D EHEEI R
Do ZOREFRIZ. TUNMEBERENEE LB X O ORTEOME L ITR R B D

Th-oT,
activation of allyl reagent activation of cis-vic diol
via n-allyl palladium complex via nucleophic borate formation

2H,0

n-allyl palladium complex

XN N\B OTBS

L. X
P \ / TBSO
PhsP — HO
o o’ - &g

\N\(@ TBSO HO. OH
& oTBS

'}‘\B'\/o e

Figure 23.
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CERINCINNE SER L I S

AHEITIX, MERR T U AACEBREOSITI T 2 P EE ROk« B 1
LR 24772, X UDIC, K~ ) — AFFERIZOWTHET &2 1T - 72 (Table
22), EDOFER. 6 fLOEHILA TIPS F~ L AT L CH SUGNIMICHEIT L 347
7 U ALK 48b 73 86% DS T b Avz(entry 1), 72, XV & @&V TBDPS
KAERTLHHEIZENTH 94%DEINERT 3T U W EIK 48¢ % 5 X 7= (entry 3),
SHIC, NITFAEEZAETLIHEICEBNTY 91%DEIERTT U IVHHE A ]
BETholz(entry 5), £7o. XV U T U7X —NVEKAEFTLHHRETIE. L
SEREE TIZ 20 BEM 2 BT 5 H DD 96% & fisd TEWILER T 3L T U ALK
biviz(entry 7). 72k, AL T ClIWT o~y ) —ZAFFEEREHNTSH
A& FAMEARDOIEA W MR EE T B L5 DA Td - 7= (entries 2, 4, 6 and 8),

Table 22.
1i (1.0 mol%)
Pd,(dba);"CHCl, HO\B,OH
RO— OH (0.6 mol%) RO— OH '\f/\>
HO o L+ _~_0CO;Me PPh; (1.0 mol%) HO o N
OMe 1.5 equiv |11,4t7d|oxane (0.2 M) OMe
> Hime 48b-48e oA
isolated yield !
entry SM 1i time [h] Product isolated yield [%]
TIPSO— OH TIPSO—, OH 86
1 HO 0 * 15 HO 0
HO /\/O
2 OMe - 1.5 OMe 54
51 48b

4 OMe - 15 OMe qa
52 48c
TrtO— OH Trt0—, OH
5 HO 0 + 2 HO 91
HO /\/O
6 OMe - 2 OMe o4a
53 48d
OH OH
7 Ph— X0 o + 20 F’h/VOO o) 96
HO /\/O
8 - 20 OMe 222
54 OMe 48e

2Determined by "H-NMR of crude mixture.
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FEWNT, BT 7 b —AFFEIRIZ OV TR 21T > 72 (Table 23),

Table 23.
1i (1.0 mol%)
oTBS (0.6 moi%) oTBS B’
HO PPh; (1.0 mol%) . ’\fx
HO 1,4-dioxane (02 M) _~_O \
HO XR 1.5 equiv ft, time HO 'XR
48f-48k )
isolated yield cl 1
entry SM 1i time [h] Product isolated yield [%]
OTBS
] HO _OTBS N 2 HO 97
0 o}
HO /\/O
2 H - 2 HO 34
36a OMe agf  OMe
OTBS
3 HO _OTBS . 5 HO 95
o} o}
HO OMe /\/O OMe
4 HO - 2 HO 64
55 489
OTBS
5 HO _OTBS . 5 HO >99
0 o}
HO OPMP O OPMP
6 HO - 2 HO 34
56 48h
OTBS
- HO _OTBS . 15 HO 96
o o}
HO OCgH17 /\/O OCSH17
8 HO - 1.5 HO 24
57 48i
9 HO _OTBS . 3 HO OTBS 96
A
10 HO - 3 7 HO 94
____________________ . ... A
11 HO _OTBS N 1 HO _OTBS 96
0%& o%&
H — =
12 - 1 i 6
36f 48k

2 Determined by "H-NMR of crude mixture.
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ZOFER . ARSI A F IV 6-O-tert-7F IV AF )Ny Y b-0-D-HT7 7 bEZ
J ¥ R@B6a) b H FIRETH Y . SALT VU /ALK 48F 53 97% T 5 41 7= (entry 1),
T T )OSR RN BT B A F IV 6-O-tert-7 F VY A F )L U JL-B-D-
W77 NET Y RES)EREITHNTY, RISEDR T AL B SR ME DK T i
BUAISNTHIIE T2 3ALT U ILAKIK 48g 73 95% D ElR & L TR B L7 (entry
3)e BT, 1AZIZ PMP 047 FNVEEFTHH T 7 b—AeFEKZ VT
HEIER T 3027 U ALK 48h, 48i % 5- % 7= (entries 5 and 7), He\ T, A rE PR
~OENLIZ KD AED FIENR S SIND 7 = =)V 6-O-tert-7 F )V AF )L
W-B-D-FHATZ 7 BT 2 K@) OWTHET 2T > 72, £ DOREER. 96%D
BN T 3ALT U VALK 48) 2315 B AL, it R 23 A E - BE B I 3B\ T
HASISEAFRETH D Z E N BN E Ar o T (entry 9), KIZ, 43 FPICAE
TfEA 2 HT D 6-O-tert-7 F IV AF )N U L-D-H T 7 X — L 36f) & FE 2 H
WTHLESRIR T U UAERS DRGT 21T -T2 & 2 A BROSIEMEICHET L 96%
DN T 48k & 5 2 7z (entry 11), 7235, WALy MEAMLS(E T CIXRIGHED
KIEZAK T 72 & ONTUEE O BB 72K T 2381 S 4U7= (entries 2, 4, 6, 8, 10 and 12),

S O, REERISIL T 7 DA =T bEHFRETHY , FATT 7 h—
AFHER 58 D INLT U MUK 481 & 86% D I T H- % 7= (Scheme 97),
Scheme 97.

1i (1.0 mol%)
Pdj(dba)s"CHCly HO\B”OHN \
(0.6 mol%) ’/>
H@ OCO.M PPh; (1.0 mol%) HO OLBS y
o, T AN oMe | \
HO SiPr = 1,4-dioxane (0.2 M) /\/O& _SiPr
i rt,3 h HO -
P 1o eau 86% 481 Cl 1i
1 g scale A
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~ ) —=ARBWNIH T 7 = AFERUSNAOHEREIZ OV THRFZ21To 72
(Table 24), TDFER, AF NV a-L-7 2T /¥ FADICHEHAETHY, 3
ATV EAR 48m N EEMICE DLz (entry 1), S HIZ, AF b a-L-T7 AL/ E
7//M%Q%EE ZHWTHERMICARY 48n % 5 2 7-(entry 3), £7-. %

BHaAFI)V BL-TT7E/ET )V RGENIZEE LT 76%D BIF72IUE T 480
Z bz Tz (entry 5), 723, A v CEEIEFLE T TIIWTHOEE THRIGHIE E A
EHEIT L7270y 7= (entries 2, 4 and 6),

Table 24.
1i (1.0 mol%)
Pd,(dba)s CHCI3 HO. -OH
(0.6 mol%) (HO), o '\f/\>
(HOS):m: O: + /\/OCOQMe PPhg (1.0 mol%) v \
R 1.5 equiv 1,4-dioxane (0.2 M) /\/O \
rt,2h 48480 7 )
isolated yield i
entry SM 1i Product isolated yield [%]
OMe OMe
1 >99
WOH + WOH
2 HOOH B HOO\/\ y
17 48m
OMe OMe
’ * >99
HO@# HO @#
4 HO OH - /\/O OH 5a
369 48n
HO HO

(6]
T
(@)
I
Qig
+
>
(@]
T
Qfg
~
[e)]
[\

aDetermined by "H-NMR of crude mixture.

BT, B 59 Z R ITALESRIRA T U UL EHAS S DR 21T - 7o fE 3.
3'NLT U ALK 48p 3 E &EWIIZHF H L7 (Scheme 98), D X 912, BHHEDOAT
R THEICHLEA AR TH D Z EBNH LN E RS T,

Scheme 98.
1i (1.0 mol%)
HO _OBn Pd(dba)s"CHCI, (0.6 mol%) HO _OBn

é o L. PPh (1.0 moi%) E o .

1 0 r O
Ho o B?&OPMP 1,4-dioxane (0.2 M) A0 Eno B(r?O/éS/OPMP

n BnO ' t,1h n BnO

59 >99% 48p

86



WA, 6\ RN 2 LB (AT ERINGY T U UL BSOS DR 21T > 72,
IZUOIZ, ATV BD-HT 7 BT /v R36j) & MBI ERING T U VAL E
YAt DFRET 21T > 72(Scheme 99), = DOHEHR, KFfE &4 5M%ICTHE & D
I, REOYEHKEZ I NETD IS YENGAYE~NLELETTHI LT, 3,61
SNZEIZT U VIRV E N ST 48q E IR 98% D EIN R TR,

Scheme 99.

1i (5.0 mol%)
Pd,(dba)s'CHCI3 HO. B’OHN
OH (3.0 mol%) O/\/ ,/\>
HO PPh; (5.0 mol%) HO ¢ N
(0] + /\/OCOZMG 0 \
HO OMe 1,4-dioxane (0.2 M) ~_0 OMe
HO rt,3h = 3 HO! .
36j 4.0 equiv 48q cl_ i

98%
WIZ, AF ) a-D-~v > /) BT )2 FE6K) % FE AL EERA T U AL E

JEDRRGET 21T > 72(Scheme 100), & DFER, A F )V B-D-T 7 7 FET /2 F(36))
ERBRD ST Z & T, 3,6 MEDPLESIRNICT U b S vz 48r Z IR

78% C1372,
Scheme 100.
Pd,(dba)s CHCl, “B”
OH (3.0 mol%) o NF w/§

OH PPhs (5.0 mol%) s OH N

HO Q + _~~_0COMe HO o] \
HO 1,4-dioxane (0.2M) _~_O 1
OM i, 6 h Z s
€ . ’ OMe Cl 1
36k 4.0 equiv 48r

78%
ZOX DT, EHRILORER, SAMERITR b AHE 70 BB 206 AT RE 7R AL
EDEIRA T U VAL IEHSE OB 2 pkth L7z,
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TR E ONLEIRIREY T U AL ES

ATERE TIT, BRx B ERE 2 WAL IRIRBY T U JUARBOS 23 m iU ER 20 &
MEZSIRIIZHEITT A2 Z ERB LN ERSToO T, RSO FRIRMEELZ &
N B A T4 EBR 24T - 7= (Scheme 101), 2 cis-VA— L2 HT 5
AF IV 6-O-tert-7 F )V AF )V U )v-0-D-7TF 7 T /L F(36a) & trans-¥
A=V LINFFTZ 720N ATV 6-O-tert-7 T IV A F N U b-0-D-Z VAT ) v
N(60)% #E L FrEBRZIT o7, ZORR, Cis-TA—NVE2HFTLHT 7 b—
X@3ﬁ79wﬂﬂwﬁﬁ&%@%ﬂ$fﬁ%hékk%K\7W:~Xmﬁ§

FFEBEMICEIN SN, BT, R THLH T 7 F—2R 36a 1 18%DILHR
TEW%MT%@ E%k?éSﬁ?UWﬁ%ﬂMiﬁﬂ@ﬁ%%%iiékﬁ
BERICHONTWD ZERHALNE o7, LLEORERIZ, Ae U BOsm 17
HREEN AT 72 < BFE S I, AT N 6-O-tert-7F NI AF NV b-a-D-H 7 7 b
v'7 2 R(36a)D cis-1,2-2 A — /L EALERINR AR v VBT 2TV E2 TR LT
BITTEM SN D Z & TERWMEFRIMEL 5252 2" THDTH D,
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Scheme 101.
HO\B/OH
cis-diol
( HO OTBS I/N\> HO OTBS
mggg \ 0
{__4HO A0 ™
OMe Cl (1.0 mol%) OMe
trans-diol
36a A\0C0OMe (1.5 equiv) . 648f b
1.0 equiv Pd,(dba)s-CHCl5 (0.6 mol %) 82%(100%)
: PPhg (1.0 mol %) N
+
OTBS 1,4-dioxane (0.2 M) OTBS
rt, 24 h
HO 0 HO 0
(}o ) o HO
trans-diol — A__{%m High Chemoselectivity HOA 16
trans-diol 60
60 98%2
1.0 equiv apDetermined by 'H-NMR. ? Based on recovered 36a.



FLE WEONMESIR T U AANCEWRE S E R & 3 540 Y I AREE T
T T E—DERK

A BB U7 iSOG O A R 2 R 37720, B ONLE RN T U UALE 2
s zERE e 354V A FAMEET 7 &7 Z —HOE K% 1T > 72 (Scheme
102), IZUOIZ, 7T AR —/VTHEC LT 3ALT U ALK 481 12%F LT Tan &
(2 & o Tt &z BTM filtlle 34 2 W7 (B SR 7 2 T L8 %175 2 &
T, 2.7 B FEIR 61 Z 95% D EIR TAL LTz, RIZ, Boc A2 HAT 5
ZETEIRTOE FeF v RICRROREELZEALIILEY 62 26 LTz,

Scheme 102.

(R)-BTM (10 mol%)
AcOH (2.5 equiv)
pivalic anhydride (2.5 equiv)

HO (0TS 'ProNEt (2.5 equiv) HO _OTBS
Og&s@ . o
P ' CHCl4 (0.1 M) __0 Sior
HO t, 20 h ~ AcO’
48l ] .
e 4-OH
DMAP (20 mol%)
Boc,O (2.5 equiv) BocO OLBS
’ N
CH,Cl, (0.2 M) O é \__sipr thk/ Z >
rt, 24 h ACO -
62

93%

HE 2010 4, JIBROIEF T v 0 Y 2 EY DU E 2 20 3 — ZFHER O B ERIR
T b E L ST B ALY AT AR T 7 S X — DA I LTV A (Scheme 103) 85,

Scheme 103.
Kawabata (2010)
; i1
N
OH catalyst (1.0 mol%) OH CgHi70 P Ow/ 7" "OCgHy7
/% (PrC0),0, collidine - 0 0 ~__
HO O — Prcoo 0 HN \ NH
OCgH OCgH N
HO 817 _o0° HO 817
o CHClg, —20 °C ho N
99% catalyst
TBDPSCI OTBDPS PPY (10 mol%) OTBDPS TBAI (10 mol%) OTBDPS
imidazole _ o (Boc),0, collidine o BOMCI, ProNEt _ o
'PrCcOO — = PrCOO _— PrCOO
DMF, 0 °C HO OCgHi7  cH,0I ,—10°C HO OCqgHy7 BOMO OCgHy7
HO 2012 BocO CH,Cly, reflux BocO
98% 98% 99%

88§ e T B FAALSARICA LG A . 2 A0BRIEII RIS 2 b 00, SUSKEERICEE S 27
LR 64 OFIAZ B35 Z & DR EE T dH - 72 (Scheme 104),

Scheme 104.
DMAP (10 mol%)
ooms  HHIEEEL oo
Oéo op Ay oN_spr T O P
o~ T CHuCl, (0.1M) P ' A T '
Z HO mah ~ AcO' ~ HO' ~ AcO’
48l 61 63 o

39% 2% 7%
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ZIZT, BbNiz 62 VT Fu RNl L - ElEgE T 7 &7 & —
O A RLT-, 1L UDIC, 0-¥ 7 1 a X R PG AR 2
& TANLDIHDLEEE L 7= 61 78 80% T 5 4172 (Scheme 105),

Scheme 105.

BocO _OTBS HO _OTBS
6
4 (0] . C; O Sip
/\/o§3 Z.S/S’Pr o-dichlorobenzene (0.1 M) Y é - SPr

1
AcO' 180 °C, 4.5 h AcO
62 61
80% 4-OH

fEV T, TBAF W U LV OBRGESRIFICA LT 2 A, 420 Boc A
236 (LIZHANL L7265 7 93% D EINEE TIF7=, F£7-. DIBAL-H (2 X 5iEICIZ &
ST 2MNERELTZ 66 2, Oli/XT7 U LEHWD Z & T3MDANIEHEL -
67 ZZNZEIEIEETHE LIz, 728, 6L TBS EKONREDEE, HELRD
7 v #&Ji% TBAF 75 HF pyridine (ZZAE 925 Z & T 6 (23 l#HE L 72 68 % 93%
DEIETED Z LIS Lz, 2O L) ICHR#ESREEZER T HDHT 247,
SN, 4N, 6AOFFEDE Nu Xk oLl Lz, Sk Ba b
BT 77 H—~LFHEAHET & o 7 (Scheme 106),

Scheme 106.

HO _OBoc Pd(PPhs)s (20 mol%) g OTBS
4O§ o TBAF (1.3 equiv) dimedone (3.0 equiv) 0% § o
i ii
A0 —SPr T THE 0.1 M) THF (0.1 M) HO A SPr
eACO 0°Ctort, 1h 40 °C, 20 h GACO
5 OTBS 7
4-OH 93% Boc? o 98% 3-OH
ogg/sfp
N AcO' r
62
B H
Boc® Oo S DIBAL-H (3.0 equiv) HF-pyridine (20 equiv) ~ 2°¢0 Goo
/\/og&z —SPr THF (0.1 M) MeCN (0.05 M) /\/0&1 S'Pr
HO -40°C, 0.5 h r,1.5h AcO
66 68
2-OH >99% 93% 6-OH

2010 FNE DX, 0-V 7 B RU R UEREE . NG9 Z & T Boe ZEDRIRAG B
FEIZRE) LTV % (Scheme 107) 35,

Scheme 107.
OTBDPS OTBDPS
'PrCOO 0 PrCOO (o]
rBOMo/éﬁ/OCsHﬂ o-dichlorobenzene (0.1 M) rBoMO/éﬁ/OCaHﬂ
BocO 180 °C HO

98%
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HIUEE R o BRI O TR O ERIRE T S A ROS B 8 & 4B KK
YO TREAA~D IS

B TN EF T A YRR DA AR 7 S QN RITERA A R

TIR )= NVFET 3-E XV T TRV EREREKBRET LT TR A RO
HThy, 7=/ — e Red U ENER LALEIC X > TS
RDMFAET D (Figure 24), RXFW2 7 TR 7 —/VEHOBIE LT, 7roXe—/,
IveFr, RVBFURENRELNTED, e il iRy, 85
AIPIZEENRTWD, Eo, I olbEWiEimB el SiREEH. fiE
IREEALVER . BUEBER 72 SRk 42 e EFRIEMEZ A L TS Z EBNmbN TN D,

S Do ©

flavonoid flavanonol

3-hydroxyflavone
(flavonol)

O OH O OH O OH
kaempferol quercetin myricetin

Figure 24.

EHIZ, ZNDHT7 IR —NVEOLZLITT7 TR 7 —/VEFER L L TRARMH
WHFIEL . BEL< DT TR —/VECHERDS BEE - S ES N5, 7tk
FUEHHAZ BT D L, LTF Ry b U A ERES LTV D (Figure 25),

rutin quercitrin

Figure 25.
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T IV F T A KRR 69a—69¢ 3¢ 15 LTV 70 87 1, FNEFh 2012
B 2006 F\ZHEE - FEERE SNTALEFETH Y, WIT b L N D
S"WEDBNT T NAL ST R 72 b 2 A L TV 5 (Figure 26),

OH 69a
(10
(0] NN
Ho@z "o o 69b
-
R\H/O o }v{\/@
o 69a—-69c X

Isolated from Albizia julibrissin Isolated from Calliandra haematocephala

Figure 26.

A% 69a—69c (X, 3T3-L1 fEiAIIAIC 1T 2N TG (FY Z Uk Y R) &
FEREEER OGNV a — 2OV AL EZRET 2 2 &b, EEICB W
TERA 72 BEFERE T H 2 B TR~ R STV %, £z, (LEY
70137 CHNEEEEB LOBBBLIERZ2 A LT 5 %,

EET, INETIZEERBIORNT VIVt F T b v RRRMIFED
WMOEAREITH Z 2 AE LT, RNu il 2 W - AL BRI 7 v
(BB 2 G & T D AR & B % LT=(Figure 27), J72b b, 7Ly R >~
FHER A ILBEORIERA 71 &5 2 & THEEARI D OAEEIRIC T > LR OE A
DAREE 72D | HIRTOEAMNERLTEDLHDEE X, ok, RIRAT
HHTrNVY N VHEER UL L-T A — AL T RER 73 D HERERT
HZLrELT,

BnO

p—
" O OH
0L 0%
RTO OH HO on T
) natural products common precursor
L-rhamnose
Figure 27.
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IZUDIZ, 77V a U EICHY T2 7 v T Ry D VREIR 73 O %
1T > 72 (Scheme 108), 73 DI OWTIL, Mk CLfliZe /LT 2 KFW) 2t ¥/
|2 47 fi# (degradation)d 5 Z & T{T795 Z & & L7z, DMF &iEA ., vF 2 KF) 72
ERVUNTEI REMGSEDLZ T =/ — e Rafx oo o
BHBANLT-OBIZ, W/~ 5 ) — VIR T2 & TorrtesFor_ry
IARGEIR 73 % 2 THEIER 69% T3/,

Scheme 108.

Aglycone part

1. Cs,COg3 (4.5 equiv)
BnBr (6.2 equiv)
DMF (0.08 M)

rtto 50 °C, 24 h
-nH20

2. EtOH/HCI (42:8, 0.02 M)
85°C, 2 h

2 steps 69%

73

ZFZT AL 73 2 HWT O U 3y MMERS DR 1T - 72 (Table 25),

Table 25.

1. silver reagent

OBn (2.0 equiv) OBn
BnO MS4A BnO
Br CH,Cl, (0.1 M)
w (6] OBn rt, time OBn
T
2. NaOMe (1.0 equiv) 0
R =Ac ( 74) MeOH/THF O OBn
R = Bz (75) O OBn . HO (0]
73 (1:1,0.02 M) HO 71
X equiv y equiv r, 0.5h OH
entry silver reagent R donor [x equiv]  acceptor [y equiv] time [h] yield [%]2
1 Ag,0 Ac 1.5 1.0 8 trace
2 Ag,0 Bz 1.2 1.0 8 70
3 Ag,COg3 Bz 1.2 1.0 8 52
4¢ AgOTf Bz 1.2 1.0 8 14
5 Ag,0 Bz 1.0 1.2 12 70
69 € Ag,0 Bz 1.0 1.2 24 82f

a Determined by "H-NMR. ? 2.5 equivalent of collidine was used. ¢ Isolated yield. ¢ 2.5 equivalent of
Ag,O was used. €1.15 mmol scale. / Isolated yield.
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LUz, 7rE—4%—& L TRLROILGF T, BLiET74 2 TG %
TTo7c & ZARALBED Bl S, RO 7Y 2 KT AR5 D4
ThoTo(entry 1), ZAUTK LT, REFKEZ RV A VHALZEE LT RALKE 75
ERAWCRISZIToT28 2 A, BALFEO SN IE SN BN E T 5270 a v R
71 73 70%0 ELAF 72 UL TR S 407 (entry 2), #5eW N T, 770 & — 2 — ORI O IR
AT 7203, BRI & L8] 255 51345 407255 7= (entry 2 vs entries 3 and 4),
Fo. BILWEEL T 7872 —OM B A WAL TH [FEFEOIENG S A7 (entry
5). FAEHIIZ, B LER() DY & A 2.5 YEITHINT 5 & & bIT, KGR & ik
F9° 2 2 & CHERNE 82%D EINE TT W IALKISHIEEA 71 #5325 Z &I
%5 L 7= (entry 6),

THT BAbkE 74 B3ROV 75 13, L-T A —Z2— K& HEFENC, +3Toe Fax e 7
b, B 1D RFEIC L > TR L Tuy 2 (Scheme 109), FH8L L 7= BB IR R 21T 5 &
L7 EERORIGIZHWE,

Scheme 109.
DMAP (10 mol%) OAc Br
Ac,0 (6.0 equiv) o 5 HBr-AcOH (3.0 equiv)
- . Aco$\7 — A0
pyridine (0.5 M) AcO CH,CI; (0.1 M) AcO
oy O°Ctort1h OAc  o°Cton,3h OAc
74
HO Q7 0 93% 92%
HO oy DMAP (10 mol%) Br
L-rhamnose « BzClI (7.0 equiv) BZOWOBZ HBr-AcOH (3.8 equiv) B0 o
pyridine (0.1 M) BzO g,  CH.Cl, (0.1M) BZO; f
0°Ctort,24h n,3h 0Bz
7
>99 quant 5
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WO O TIATINEF T A YRR DA

T Y IALSSRIBRA 71 OB TE T LT2D T, KAY 69a % Gk << N
BN T VLS DORE 21T - 72, ZOFER, 5.0 mol% D AR v L FRfiblEE 1e 77
EF, A4 EDOVFTEANI v Y REEHIE L Z & CRGIMMEIZHET L,
SPLIZT U FEANVEEDRE AN ST 76 % 95%D iE I TH K L 72 (Scheme 110),

Scheme 110.
HO.__OH

B l\f/\>
N
OBn \
BnO
OMe 1e (5.0 mol%)
OBn cinnamoyl chloride
(4.0 equiv)
collidine (4.0 equiv)

1,4-dioxane (0.2 M)
rt, 6 h

OH 71 95%
BT BRI B R BHEAER XE 3 = L TRy DO %
TV, KIRY) 69a DAA L% #L L 7=(Scheme 111),
Scheme 111.

BnO

OBn
BBr3 (12 equiv)

CH,Cl, (0.05 M)
$ z O OBn o2
HO o) 78°C, 4 h
o}

/ OH 97°/o

2011 4E, Yu BIZ = RAEAR T EEZ AW DAV EORR#EEZITH> 2T, T X 7 RO
A% R LTV % (Scheme 112) %,

Scheme 112.
RO l
BnO Ph3PAuUNTf, 0 OR
n (20 mol%) |
oBn 4AMS 0
RO o O OR
CHJCly, rt HO
2V12s
~° o
(¢] o =
= (E)-p-Bn-coumaroy! BBrg C R=Bn OR
68% R = H (platanoside)
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WIT, R 70 Z G RT < NLESRIRE T v A VERERE A DGR 21T > 72
(Table 26),

Table 26.
HO\B,OH OBn

'\f/\> BnO
\

R 1 (xmol%)

77 (y equiv) B
ProNEt (y equiv) BnO HO@# o OBn
@]

1,4-dioxane (0.2 M) BnO OH
OH 71 t, time o) 78
BnO
entry 1 [x mol%] reagent [y equiv] time [h] yield [%]?2 ')

BnO

1 1c (R =H) [5.0] 3.0 3 72 Cl

2 1e(R=0Me)[5.0] 3.0 0.5 89 [85]° BnO

3  1e(R=0Me)[1.0] 3.0 4 86 OBn

4  1e(R=O0Me)[1.0] 2.0 16 91 [87] ”

2 Determined by "H-NMR of crude mixture. ? Isolated yield.

XU, 5.0 mol% DA o Rl 1e FAE T, BB7 1V R 77 & OfLERINE
TV IEBIGE DORRET AT T2/ R, 2% D BIFRINERTHI E 325 18 BE L
7o(entry 1), ZAUZxT LT, Ao o fitis 1e ~EZH 325 & USRI O KIS
IRFERETR DN O WA B S 4, HEENER 85%D IR T 18 52 /-
(entry 2), F 7z, i E 2% 1.0 mol%IT/KJK L T SR AZIER 35 Z & T, IX
a7 Z L BORBEIT Liz(entry 3), 512, 7Y /UHALAIO Y B4 % 2
VEIZERT 2 & & bic, KIS Z 16 REIZT 5 2 & THEBENE 87% %155
Z LIZEH) LT (entry 4),

FEN T, AR FZE RO SRAFITA 2 & TRABM 70 OGRRICKII LT
(Scheme 113),

Scheme 113.

OBn

BnO

OBn
10% Pd/C (40% w/w)
H, (1 atm)

0 O OBn  THF/EtOH
BnO_ HO (111, 0.02 M) HO
: (0] rt, 1 h

HO
99% 0
BnO HO

70
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=
b
=
¢
&
[1]
2

BEHE Ty Rn— LT abt T ) v KRR OA RS 72 5 ONTRITERIA
Bk

o- B B — L (79)1EH E X — V7 E OBk & IRFETICAAAE L, SURIEMERRC
a7 7 —8EE, UBEEFEHZAL TS Z2ERMLNR TN D
(Figure 28)%°, L2cL., Z DX ) IThkx e ABEMEEZ AT 5 a- B AR v — /L3
KMERENTZD | RIRITIIANE TH D AIFE~DISHZ NI T2 —KE 72 ->T

Wb, EZT, BKkMEEZRMESELZEEZHBNE LI Fax v E~OE D
AN PBLED D AR TH D, FERIT 2009 4F Pichette H 1%, a-EH AR

0= LA IR E A AT H 2 L Coa-E R — 20 b o b g UiiieE
‘ﬁ%%fi(t%é’ﬂﬁ'ﬁﬁ%ﬁ%%ﬁﬁgié’ﬂfl%r ICIEONER D Z L 2REL TN D

o ETZIEHE, Carthamus lanatus 7> D HBERGERE SN KW 2 TH 5 o-EY
RE—/L-B-D-7 AT ) REONT T al VHEEEST O EERE
P, Ui biE e, FRRSHAE O 5 & Ml A FROm L2 EOREEZ A L TV D
ZENFEINTE B, IBIET Y NS - —IRIRREA~DISH NI ST
W5,

(-)-a-Bisabolol (79) Isolated from Carthamus lanatus '

Figure 28.

o-EV AR —/L-B-D-7 2T ) ¥ FIFEIR 81a-81d 1% 2012 T Carthamus
glaucus J V) BEEREIEIRE S N TALEWEE T H 5 (Figure 29) %, 21 b —EHO LG
WIBEE, EFRE— AN BREA L D-7 I —AD ML Fu XU EOLNT &
I ST B 7 b EEZ A LT b, LirL, ZiubibafEoes
Ze R LT NER7ZH AT 7220,

o)
R o&oﬂ _
\n/ o . W /\g/}d
0
81a-81d 81b 81c 81d
Figure 29.
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T ZTCHEFRIT. A e AR A DT ALEDRIRE T S A EOS & SRS &3
%A AR 2 B %2 U T- (Figure 30), T 726, HBEETHD D-7 32— A(82) &
D ALETRIRAO T 2 ALBOG O RIBRIAR 80 2 3% L, Fcf& TR CHLE IR T 2L
B ZEITH 2 L CHIETOREMNERARETH D L& 27,

HO _ . HO
o Regioselective e}
R \n/o o acylation HO > HO
H — O
o) ° HO&SLh
HO OH
81a-81d | 80 D-fucose (82)
Figure 30.

BSOS T o DAERIRN T O MBS ESL S, 7 U VB RUGSRITBE A 80 %5
UL 7= (Scheme 114), SCERFCE D HEE N IZHEV, D-7 22— A(82) & RN E L
THOW, "y Agnral) REERESEHZ LT, §XTOE Faf Ui
CIANIEEEA LT, WIS, N A R 83 & BALKFBFREERIA L & D R
%, REBREOAEHSELZ L TIMOE Fax oLz lFfS g~ bR
VA MUK 84 & 2 THRINE 88% TR/, £D#H, A I X — b 85 ~&iENTz
%, R Da-EHRa—(719)E D7) 2> RERSITHE < KRS FREOSZ L 0
T U IACKSRIEMA & 72 % 80 % 6 TAERRILEE 77% CTH LT,

Scheme 114.

DMAP (10 mol%) BzO 1. HBr-AcOH (3.8 equiv)
HO o BzCl (6.0 equiv) o CHoCly, 1, 3 h BzO
HO&\H i BzO i 2
oy Pyridine (0.5 M) 5,20 2. Ag»CO; (1.5 equiv) BzO
HO 0°Ctort, 18 h OBz  acetone/H,0O/CH,Cl, BzO OH
82 99% 83 (25/1/2), rt, 1 h 84
88% (2 steps)
BzO
Cs,COg (20 mol%) z o BzO
CI;CCN (6.0 equiv) BzO . 520 o o ool
) z &S/
CH,Cly, 1t, 18 h BZOo\n/cm3 N
total 95% 85-a \ ., gsp NH
85-a : 85- = 82/ 18 8% 17%
1. TMSOT (10 mol%)
79 (1.5 equiv) HOe#'
MS4A e 5.0
CH,Cl,, ~78 °C, 2 h RS

2. NaOH (20 equiv)
THF/MeOH/H,0
(211),rt, 1 h

(-)-a-bisabolol
2 steps 92% from 85-a 80 (79)

2 steps 87% from 85-f
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FIUET 7Ty Ra—/L7at T ) v KRR 6N T VB R IR
DB

WLB-REIFNT 2T VBT 5 RKAKY 8la DERKIZ OV THFEI 21T - 7= (Table
27) X CDITEMBESEAE T, Exv A A N7 n ) REDKIGEITo TR, L
ERMEROREGW 2 5 2 3ALT VbR 81a & 2417 2V kIK 86 DARLILIE
1.2:1 EZ LWER E 7o o7z (entry 1), ZAUCXF LT, A R 1¢ Z¥N5
% & NLEFERMEDS 3.4:1 1201 E Liz(entry 2), & B2, R g le N5 &
NEERIMEZR & QNTUEE O KiE 72 1) B2 S du, >99:1 ONLE R 5> Hi
V=R 85% C KM 81a 2 Bk 5 Z & 1TkEh Liz(entry 3), 7235, KMAR U R
1g 72 HONT 1j Zfibit & 9% & AR S & 75 D5 R % 5- 2 72 (entries 4 and 5),
Fo, BET VMERIL O L U THWBILD DMAP Zfilii &35 & x>
FANT7 1) ROLEEZIK O FALERMEIRDIREY & 5 2 7= (entries 6 and 7).

Table 27.
HO
0 catalyst (x mol%)
HO Si‘ \_0O senecioyl chloride (2.0 equiv)
HO & collidine (2.0 equiv)
1,4-dioxane (0.2 M)
rt, 16 h
80
HO.__OH

entry  catalyst [x mol%] yield (81a/86 /87 ) [%]? total yield [%]* 81a:86 80 [%]?

1 — — 29/24/ 6 59 1.2:1 17
2 1c 1.0 41/12/ 2 55 3.4:1 34
3 1e 1.0 86[85°/ -/ 9 95 >99 : 1 -
4 1g 10 33/24/ 9 66 1.4:1 17
5 1j 10 34/24/ 9 67 1.4:1 17
6 DMAP 1.0 33/24/ 6 63 1.4:1 19
7° DMAP 1.0 26/19/ 2 47 1.4:1 42

a Determined by "H-NMR of crude mixture. P Isolated yield. € 1.1 equivalent of senecioyl chloride and
collidine were used.
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WIZA NV Y NVZ AT )V EFTHRAY 81b #FERI L L, e U ER 1e & fil
B & U T BRI 7 2 ARG DR 21T - 72 (Table 28),

Table 28.
HO. __OH

0
N\

OMe 1e (x mol%) &O:
isovaleryl chloride (2.0 equiv) WO O,
0]

base (2.0 equiv)

1,4-dioxane (0.2 M)
rt, time

entry 1e [x mol%] base time [h] yield [%]2
1 1.0 iProNEt 24 52
2 1.0 collidine 0.5 >99
3 05 collidine 15 >99 [98]?
4 - collidine 1.5 11

aDetermined by "H-NMR of crude mixture. ?Isolated yield.

FORER, WL LTI YT AT AT I U E WA TII PR
DNRICBED bOD, iAo ) D UICEE LA 5B A (B R
R THR T2 3ACT VN EA I 81b 2545 Hiviz(entry 1 vs 2),
AT ENTZTF AT I EEERE L THWEEAICIEREME T LRI,
TEAHREOBY, DAY TN F AT I AL o TT U MERITH B
ALYz a ) RO o fid7Fa ko RNglEEiv, FOSEDE W7 T 2
BIAE, FT7 oA A~—LlebZ L TT VIULAIORNE L2 2 LIENME T L
7o 2 EMFEZ BIVA(Figure 31), E72, il 4 0.5 mol%I TR L T HIRIEE =
HIC B9 2 BB+ 5 Z L N T& = (entry 3), 7235, HEMBESAE T CIIEOSITIE
A EEIT L7 2 & MR T & 7= (entry 4),

o,
[ Ay

o {w O

Pa
CI : NRs o

J dimerization
isovaleryl chloride ketene

ketene dimer

Figure 31.
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KXY 8la BEL U 81b DEGMAENRT D Z LATEDT, HFERRUT &~
JARIEE % 3 D JERRAR 87 DG RRIZ DWW TIRFET & 4T > 72(Table 29), Z 4L E T & [A]
BRI, L LT Y 7T T 2 o EHWESEE, RERNEL)I
SEL ., 24 FERZIZEB W T HEEIN R DGR L 2o T(entry 1), — 7, Hai%E =
U UNIERT 5 & SEREZALE RN 72 © TNT 99% % i 2. 5 i EE TIER IR
T UVRIEEANE A ST 87 M B LTz (entry 2), £7o. filiEE % 0.5 mol%I K
WL THEEMICHIYZ b % BEENERIL 90% Td > 7-588(entry 3), 7ods, HE
IS T CIREHE R AT E SR DR AW & 5% DG F & 72 o 7= (entry 4),

Table 29.
HO. B/OH
N
B
N
\
HO OMe 1e (x mol%)
o 3-phenylpropionyl chloride
& : (2.0 equiv)
HO 0o, 1 base (2.0 equiv) Ph \/\WO

1,4-dioxane (0.2 M)
rt, time

entry 1e [x mol%] base time [h] yield [%)]?
1 1.0 PPrNEt 24 62
2 1.0 collidine 15 >99
3 05 collidine 3.5 >99 [90]°
4 — collidine 3.5 40 + regioisomer

aDetermined by "H-NMR of crude mixture. 2 Isolated yield.

SSSSEIK Sk DRI & DY BENREETd 72728, NMR I & ki U BEEIN 1T 90%I 24K
T L7,
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T, 3,4,5- MU ATF AT v A )VFEDOBEANIZ DOV TG 21T - 72 (Table 30),
Z ORGSR, T VLAl 88 DY EEN 2 Y BEDOHA T 24 FEHZIZB W THIR
B3 EST-0Izxt LT, Z0OYEHZ 3YEICT D &, 3REMTHEBHERL
BB = 88% T 3ALT T /ALK 89 3G L7z (entry 1 vs 2), 72k, HEfRLES(:
TITHEIMEETIZE A ST, 98%DEILER TIHEL 2 5- 2 7 (entry 3),

Table 30.
HO\B/OH
N
)
N
\
OMe
HO
0 OMe 1e (x mol%) MeO HO
HO&S/O, 88 (y equiv O¥ A0
- L} ro (y equiv) MeO ~ ,"
1,4-dioxane (0.2 M) (0]

rt, time

89

entry 1e[xmol%] 88 [y equiv] time [h] yield of 89 [%]2 80 [%]?

MeO
1 1.0 20 24 48 49
2 1.0 3.0 3 92 [88]° - MeO
OMe
3 — 3.0 3 <1 98 88

2Determined by "H-NMR of crude mixture. 2 Isolated yield.
MZIC, NEFRE S 2 AT 5 A NVELEANDORE 21T - 72(Scheme 115),
Z OfEF. FOSITHEIZHET L 92% D @R T 3T U kIR 90 284% 5 v 7z,

Scheme 115.
HO

0] 1e (1.0 mol%)
HO O, cinnamoyl chloride (2.0 equiv)

HO collidine (2.0 equiv)

1,4-dioxane (0.2 M)
rt, 16 h

92%
80 90

UboX iz, Au s fkle il L CTHWS Z L TRAEY 81a B LU 81b
DI OFE TFE B ZER LT-, & BT, FERIRT S VMIEE A2 A T 5 Sk
HEICA R ATRE Ch o 7o, AMBESIGNT, RE TR TOT 2 ILVEOBE AN

BB CHDHZENnD, MIEEEMEEMALEMLIALEM T4 7 7 ) — ORI
BN FBERY D 5,
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BLET T YT Y NERIEORE R

A E Tlo, REWE g7 e Ra—L7at T ) v ROMRNR 4
ARAEER LTZD T, WITHFEEML 2 & LT EE 2 O CTRrE & IR 7 2L
CRIEDRFTEITO Z & & Lic, EFITMHETME LTI L —RAZEE L,
ME BRI T O BRI ORRGHIENL S, AR e — 17 A7 2 R 91 OG%E
17> 72(Scheme 116), CHRFLE D HIE OV ITHE, L-T A — A —/KF¥)(92) % H
FELE LTHW, BUPUREF 0CIZTIATFAT I I B VR
Anr7ua Y REEHSELZET, 73TOE RrF v Elc_y Y A L s E
ALTe, WIS, RV A AR 93 L BAVKRFERESIK & OFUGTR . R0 %
TEREELZLTINMOE RaXx ool ziEl Sz b U X2y A bk 94
% 2 TRRINER 93% D @R TR, £D%, A I X — bk 95 ~ L& =1%, Tk
Doa-EH R —1(79) & D7) 2 RS HE < MK DFESSIZ L0 7 v
{EBGHIBRIA & 725 91 % 6 TREFRUER 83% CTARL L7,

Scheme 116.

OH BzClI (7.0 equiv) 1. HBr-AcOH (3.8 equiv) OH
o o DMAP (10 mol%) . WOBZ CH,Cly, 1t, 3 h o g
‘HO BzO BZO$\7
HO o4 pyridine (0.5 M) OBz  2.Ag,COj3 (1.5 equiv) BzO
0°Ctort, 24 h acetone/H,O/CH,Cl, OBz
92 93 (25:1:2), rt, 1 h 94
quant (a:B=1:2.9)

93% (2 steps)

1. TMSOTF (10 mol %)

79 (1.5 equiv)
NH MS 4A
Cs,CO3 (20 mol %) P'S CH,Cl, (0.1 M)
CI,CCN (6.0 equiv) 0" >ccl, -78°C 2h on
O 2. NaOH (20 equiv) O
CHZCl (0.15 M) BﬂD:Z;;;# NaoH (20 equiv Hoiz;;i%
f, B0 [ (2nﬁ,ozswﬁ HO 4,
o, rt, 1
93% 95 91

2 steps 96%
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B ARa— LT AR DERNZET LIZDOT, Ry A A7l K
DONLERINE T 2 WALG OFR 24T - 72 (Table 31), = OFER, 377> 1.0 mol%
DR PR 1e Z/EH S5 DA T, HEEINER 86%D IR T 3/ 7 211t
96 NGO, 7eds, MEAMESIET TIX4ANMT v AR 97 ORIZENEEZE &
720 ALEERIREITIE E A EFRBLL 720 o 72 (entry 2),

Table 31.
1e (1.0 mol%)

senecioyl chloride (2.0 equiv)
collidine (2.0 equiv)

91
1,4-dioxane (0.2 M)

I’t,16h W
0]

entry 1e [x mol%] yield (96 /97 ) [%]? total [%]2 HO\B/OHN
D)
1 1.0 90 [86]°/ 6 96 r\{
2 — 43 /21 64
OMe 1e

4Determined by TH-NMR of crude mixture. ? Isolated yield.
BT, A AL U vr ] ReONERRGT VUALKEDRE 21T 72
(Table 32), ZDOREHR, FOSIZMIFIZHEIT UHRBENR 96% THRIE 514 V31
VIVZATNVEETHIEEY 98 BiE btz (entry 1), ZHUCx LT, Am g
FREEIEAAAE T Tl BOUGIRIE & A EEITET 91%D BIER TR AR S 717z
ZEembAR e YEBOTRINT X HEA TP B T o 72 (entry 2),
Table 32.

1e (x mol%)
isovaleryl chloride (2.0 equiv)

collidine (2.0 equiv) '

(0
1,4-dioxane (0.2 M) HO@\#
rt, 0.75 h (6]

98
entry 1e [x mol%] yield of 98 [%]? 91 [%)2 HO\B/OHN
B
1 1.0 >99 [96]° — r\{
2 - 6 91
OMe 1e

aDetermined by '"H-NMR of crude mixture. ? Isolated yield.
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DL b, EE IR v AR A F O 7o B O E IR IR B RERS L S DO B FE &
KR OB ITIRREERA~DISHAMZITV, LT O R &5 7,

1. RUFLEOIIA I Z Y — VR EZMIIA TG B R v VEEH SR HEE
DALE RN T 2 LS IZ B W TR TENLTZ it s U CHRET 22 22 A
U7, & OMBHEMRIIERDORY itz K& < BRSO THY | FE
DNLE D 2 F =V D I % RN EMEAL T 5 2 & 2B 57> & L7z (Scheme 117)%,
Scheme 117.

OMe 1e (0.2 mol%) OMe HO\B,OH
BzCI (2.0 equiv) l\f/\>
i .
@) OH ProNEt (2.0 equiv) Q7 oH N
HoOH 14-dioxane (0.4 M)  poOB? \
Methyl a-L-Fuc (17) ™7 h 18a
99% OMe
>99% site-selectivity 1e

2. AF)a-L-7 a2t T ) ¥ RUSAOIEIZx LT AMRBE R G238 H rl e T
b, R IEEEH R E W 57 & L7 (Scheme 118),
Scheme 118.

1 (0.5-2.0 mol%) HO. _OH
BzCl HO "B N
(HO)s . R0 D)
=™ By N R =
. 0 R \
R 1,4-dioxane Ph OMe (1e)
36a—36k rt 37a-37k
83-99% R CF3 (1f)
11 exampls catalyst

3. RUVAIMEBIEDHR T BT EDOMDFEHFRT 2 MACKIRCHERIE T 2 Ak
Al o ARG E AT DT VR, oI rmeRivy— e WSS
IZBW T H ARG EH FRE T A Z & W 55y & L7 (Scheme 119),
Scheme 119.

OMe  1€(0.05-1.0 mol%) OMe HO.__OH

RCOCI BN
o ProNEt or collidine WOH ,/\>
o 1,4-di HOO~ R \
el 14 ioxane \[O]/ \
Methyl a-L-Fuc (17) 45a—-45w M
75-99% 01 o
23 exampls

TON up to 1780
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4. Ru gL BEBEEMERE O L ONLERINA T U VAL E RS O
TR AN N ) SOV AN/ == Sy S RS < 5 I I AV 1 N =
Fes i b midE PR Ze it & U ChRE % 2 & & ALY L 7= (Scheme 120) %,

Scheme 120.

/\/OCO2Me (1.5 equiv)
1i (1.0 mol %) HO\B/OH
Pd,(dba)sCHCIg (0.6 mol %)

TBSO—, OH o TBSO— OH I
PPhs (1.0 mol %
TRt - ol \
HO 1,4-dioxane (0.2 M) /\/O

OMe rt,1.5h OMe

h 4 Cl 1i
36 91% 8a

5. FEROS S IEEICKR L TEVMEFRIRM 2R3 2 L 2o E Lz, 372
B Cis-UA—NVEHTDHHT I h—A(B6a) & trans- A —/L LR/ 7L
a—R 60 & OFFEBREIToTFER. SOLT U ALK 48F O JFURHANT 3 2 45 &
Z 5 L ERAIT 48f 3G HAL D DITx L, 60 1TIFITE =EAIZ[EIN E 4172 (Scheme
121), T, e B0 5y 1RBRREE N W 72 < R XL cis-1,2-V A — /v &AL
BRI R 1 U AT )V ETER LT &SR b S D 2 & TV BFaEIR
WEHEZXDHZEEBHRLTND,

Scheme 121.
/\/OBoc
cis-diol OTBS (1_.1 equiv)
HO trans-diol ¢O15° |13' (1.0 mol %) HO OTBS
HO + C/«HO (0.6 mol %) o O + g0
PPhg (1.0 mol % PN o
L HO%nwe {__M%me —2 ( ) 7 HO e 287
trans-diol trans-diol 1,4-dioxane (0.2 M)
rt, 24 h 48f
36a 60 82%72 (100%)?
1.0 equiv 1.0 equiv

aDetermined by "H-NMR. ?Based on recovered 36a.
6. FEEOMERINNT U NALERKSEE#E T52 LT . 2Toe Frky
SN H 2 DR ZH T 2 HE 62 DA AUIAE) L7z(Scheme 122), Ak L 72 62
(3. BFERARERICAS 2 & T 200, 3AL, 4L, 6{ZOKEDE Rk
CEDEREL .. AR EARREET 2 T Y =~ LBEARETH O 2 L
ZHOMNE LT,
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Scheme 122.
(R)-BTM (10 mol%)
AcOH (2.5 equiv)
pivalic anhydride
(2.5 equiv)
HO OTBS Pr,NEt (2.5 equiv) HO OTBS
og&sfpr CHCly (0.1 M) 5&&/% thk/N
e 3 (0. r
= HO f, 20 h Y R)-BTM
61
a8l 95% 4-OH
DMAP, Boc,0, 93% o-dichlorobenzene, 180 °C, 80%
HO _OBoc Pd(PPhg), (20 mol%)  goeo _OTBS
1 o TBAF (1.3 equiv) dimedone (3.0 equiv)  —°C
/\/Oé&sipr THF (0.1 M) THF (0.1 M) HO SPr
AcO' 0°Ctort, 1 h 40 °C, 20 h * AcO'
65 OTBS 67
4-OH 93% Bo%0 5 98% 3-OH
/\/O 1 S’Pr
AcO
OTBS 62 OH
BocO 5 DIBAL-H (3.0 equiv) HF-pyridine (20 equiv)  2°°Q S
/\/Oé&z —SPrTHE (0.1 M) MeCN (0.05 M) /\/0%1 SPr
HO —40°C,0.5h rn,1.5h AcO
66 68
2-OH >99% 93% 6-OH
6. AEIBHZE LB O BRI 7 b2 RN E LI= T S e F
T I RRBRW O TIRRE A A 2R L 72 (Scheme 123) %7, ARG iEmmIC L

BORTERIN S B2 27 VA B D OMESENAIE AR TH 5,

Scheme 123.

OBn

BnO

1e (5.0 mol%)
cinnamoyl chloride
(4.0 equiv)
collidine (4.0 equiv)

1,4-dioxane (0.2 M)
rt, 6 h

95%

o o BBrs [ R =Bn (76)
BnO 97% ~R=H( 69a)
Cl
O OBn
1025 810 -
HO OBn
OH ] 1e (1.0 mol%)
7 77 (2.0 equiv)
HO. _OH 'ProNEt (2.0 equiv)
'\f/\> 1,4-dioxane (0.2 M)
N rt, 16 h RO
\ 87% RO
O H,, Pd/C[— R =Bn (78)
OMe 1e RO 99% E R =H (70)
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7. TINEYRue—LTat’T )y RRIMOYIOE TREEE R 2 ER LT

(Scheme 124)%, F 7=, FJERIRM T O NVMIEHEZFH 3 2 EREO2E

AZH PN L,

AIFY =R u CpE it s UTHW D BEE O EER T > UALRIEDH

Az 2 enTET,

Scheme 124.

HO

0
HO

HO ©OH
D-fucose (82)

1e (1.0 mol%)

senecioyl chloride (2.0 equiv)

collidine (2.0 equiv)

1,4-dioxane (0.2 M)
rt, 16 h

85%

1e (0.5 mol%)

isovaleryl chloride (2.0 equiv)

collidine (2.0 equiv)

1,4-dioxane (0.2 M)
rt, 1.5 h

98%

1e (0.5 mol%)

3-phenylpropionyl chloride

(2.0 equiv)
collidine (2.0 equiv)

81b
Natural product

l 6 steps
HO
(0]
HO O
HO
80
HO_ _OH
D)
N
\
OMe
1e
(@)
MeO
© ci
MeO
OMe
88

1,4-dioxane (0.2 M)
rt, 3.5 h

90%

1e (1.0 mol%)
88 (3.0 equiv)
'ProNEt (3.0 equiv)

1,4-dioxane (0.2 M)
rt,3 h
88%

1e (1.0 mol%)
cinnamoyl chloride
(2.0 equiv)
collidine (2.0 equiv)

1,4-dioxane (0.2 M)
rt, 16 h

92%
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HO
Ph o&@p
U o
(0]
87
Unnatural product
OMe
MeO HO
o 0]
MeO HO
(0]
89
Unnatural product
HO
Ph o&&
V/\W HO
(0]
90

Unnatural product
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General experimental methods and materials

Melting points (mp) were obtained on Stanford Research Systems MPA4100 melting
point apparatus. IR spectra were recorded on an FT/IR460-plus IR spectrometer and
absorbance bands are reported in wavenumber (cm™"). Optical rotation was recorded on
a JASCO P-2200 polarimeter and reported as follows: [a]p, concentration (g/100 mL),
and solvent. NMR spectra were recorded on Agilent Technologies 400-MR DD2 (400
MHz for 'H, 100 MHz for '3C), 400-MR (400 MHz for 'H, 100 MHz for '3C)
spectrometers. 'H-NMR data are reported as follows; chemical shift in parts per million
(ppm) downfield or upfield from CDCIl3 (8 7.26), CD3OD (6 3.31), DMSO-ds (6 2.50)
integration, multiplicity (br = broad, s = singlet, d = doublet, t = triplet, q = quartet, sext
= sextet, sep = septet, dd = double doublet, ddd = double double doublet, ddt = double
double triplet, dddd = double double double doublet, dt = double triplet, dq = double
quartet, tt = triple triplet, and m = multiplet), and coupling constants (Hz). '*C-NMR
chemical shifts are reported in ppm downfield or upfield from CDCIls (6 77.0), CD3OD
(6 49.0), DMSO-ds (6 39.52). Mass spectra were measured with JEOL JMS-AX505HA,
JMS-700 MStation, and JEOL JMS-T100LP spectrometers. Thin-layer chromatography
(TLC) was carried out on Merck 60F-254 or Fuji NH KP20610 (NH) precoated silica
gel plates and were visualized by fluorescence quenching under UV light and
anisaldehyde stain, followed by heating. Column chromatography was performed using
Silica Gel 60N (spherical, neutral, 63-210 um) (Kanto Chemical Co., Inc.) and Silica
Gel NH (Fuji Silysia Chemical LTD, HUS50100, DM1020). Air- and/or
moisture-sensitive reactions were carried out under argon or nitrogen atmosphere using

oven-dried glassware.

109



Preparation of (2-(1-Methyl-1H-imidazol-2-yl)phenyl)boronic acid (1c¢)

ethylenediamine

(1.1 equiv)
Br O lo (1.25 equiv) Br N KoCOs (1.1 equiv) Br N7\
K>CO3 (3.0 equiv) I/> PhI(OAc), (1.1 equiv) I/>
H —— N N
BUOH (0.1 M) H  DMSO (0.1 M) H
70 OC, 35h rt, 18 h
1" quant 12 74% 13
Mel (1.1 equiv) Br N 1. "BuLi (1.5 equiv) HO. __OH
NaH (1.1 equiv) I/\> 2. B(OMe); (2.0 equiv) B ’\f@
e —— N
DMF (0.2 M) \ toluene/THF (4:1, 0.5 M) N
0°Ctor, 4.5h —78°Ctort, 1.5h \
95% 14 56% 1c

Ethylenediamine (2.01 mL, 29.7 mmol, 1.1 equiv) was added to a stirred solution of
2-bromobenzaldehyde (11) (5.00 g, 27.0 mmol, 1.0 equiv) in ~BuOH (270 mL, 0.10 M).
After stirring at room temperature for 30 minutes under nitrogen, 12 (8.57 g, 33.8 mmol,
1.25 equiv) > and K2COs3 (11.2 g, 81.0 mmol, 3.0 equiv) were added. After stirring at
70 °C for 3 hours, the reaction was quenched by addition of sat. Na2SO3 aq. and the
resulting mixture was extracted three times with chloroform. The combined organic
layers were washed with sat. NaHCOs3 aq. and brine, dried over Na2SOs, filtered, and
concentrated in vacuo to give crude imidazoline 12 (7.01 g). The resulting crude
material was used in the next step without further purification.

PhI(OAc)2 (4.88 g, 15.1 mmol, 1.1 equiv) was added to a stirred solution of the crude

imidazoline 12 (3.10 g, 13.8 mmol, 1.0 equiv) and K2:COs (2.08 g, 15.1 mmol, 1.1
equiv) in DMSO (138 mL, 0.10 M). After stirring at room temperature for 18 hours, the
reaction was quenched by addition of sat. NaHCOs3 aq. and the resulting mixture was
extracted three times with ethyl acetate. The combined organic layers were washed with
water and brine, dried over Na>SOas, filtered, and concentrated in vacuo. The resulting
crude material was purified by recrystallization from chloroform to give 13 (2.27 g,
10.2 mmol, 74%) as a white solid.
Data for 13: Ry= 0.40 (20:1 CHCI3/MeOH); mp 142-145 °C; '"H NMR (400 MHz,
CDCl3) 6 8.18 (dd, J=8.0, 1.6 Hz, 1H) 7.62 (dd, /= 8.0, 1.2 Hz, 1H), 7.39 (dt, J = 8.0,
1.2 Hz, 1H), 7.23-7.18 (m, 3H); 3*C NMR (100 MHz, CDCl3) & 144.6, 133.7, 131.5,
130.5, 129.8, 127.9, 119.2; IR (KBr) v = 3140, 3019, 2965, 2897, 2801, 1560, 1489,
1446, 1408, 1360, 1171, 1103, 1026, 959, 767, 731, 645 cm™'; HRMS (ESI) m/z calcd
for CoHs"BrN2 [M+H]* 222.9871, found 222.9867.
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A solution of imidazole 13 (2.00 g, 8.96 mmol, 1.0 equiv) in DMF (22 mL, 0.40 M)

was added to a stirred suspension of NaH (237 mg, 9.86 mmol, 1.1 equiv) in DMF (22
mL, 0.40 M, total 0.20 M). After stirring at 0 °C for 30 minutes, iodomethane (0.61 mL,
9.86 mmol, 1.1 equiv) was added. After stirring at room temperature for 4 hours, the
resulting mixture was poured onto ice and extracted three times with ethyl acetate. The
combined organic layers were washed with water and brine, dried over Na>SOu, filtered,
and concentrated in vacuo. The resulting crude material was purified by silica gel
chromatography (20:1 CHCIl3/MeOH) to give 14 (2.03 g, 8.56 mmol, 95%) as a pale
yellow oil.
Data for 14: Ry= 0.40 (20:1 CHCI3/MeOH); '"H NMR (400 MHz, CD30D) § 7.66 (br d,
J=8.0 Hz, 1H), 7.44 (dd, J=17.6, 2.0 Hz, 1H), 7.40 (br t, J= 7.6 Hz, 1H), 7.31 (dt, J =
8.0, 2.0 Hz, 1H), 7.15 (d, J = 1.2 Hz, 1H), 7.00 (d, J = 1.2 Hz, 1H), 3.52 (s, 3H); 13C
NMR (100 MHz, CDCls) 6 146.7, 132.6, 132.4, 132.3, 130.8, 128.2, 127.3, 124.4, 120.9,
33.4; IR (neat) v = 3383, 3106, 3057, 2948, 1659, 1596, 1562, 1496, 1464, 1436, 1403,
1281, 1136, 1029, 1016, 765, 733, 644 cm’'; HRMS (ESI) m/z calcd for C10H10"°BrN:
[M+H]*237.0027, found 237.0022.

n-BuLi (3.96 mL, 1.60 M in n-hexane, 6.33 mmol, 1.5 equiv) was added to a stirred

solution of 14 (1.00 g, 4.22 mmol, 1.0 equiv) in dry toluene/THF (4:1, 8.4 mL, 0.50 M)
at —78 °C under argon. After stirring at —78 °C for 30 minutes, B(OMe)3 (941 uL, 8.44
mmol, 2.0 equiv) was added at —78 °C, and then the resulting mixture was warmed to
room temperature. After stirring for 1 hour, the mixture was concentrated. The resulting
crude material was purified by amino silica gel chromatography (CH2Cl2 to 50:1
CH2Cl12/MeOR) to give 1¢ (477 mg, 2.36 mmol, 56%) as a white solid.
Data for 1¢: Ry (NH) = 0.20 (20:1 CH2Cl2/MeOH); 125 °C (decomp.); '"H NMR (400
MHz, CD30D) 6 7.74 (br d, J = 7.6 Hz, 1H), 7.55 (br d, J = 7.6 Hz, 1H), 7.39 (dt, J =
7.6, 1.6 Hz, 1H), 7.35 (dt, J= 7.6, 1.6 Hz, 1H), 7.27 (d, J= 1.6 Hz, 1H), 7.20 (d, J= 1.6
Hz, 1H), 4.06 (s, 3H); *C NMR (100 MHz, CD30D) & 134.6, 133.6, 132.8, 130.5,
127.0,121.9, 121.7, 35.3; IR (KBr) v=13372, 3114, 3093, 3049, 2929, 2888, 2818, 1564,
1510, 1463, 1432, 1360, 1295, 1278, 1210, 1166, 1118, 997, 954, 801, 738, 718, 648
cm’'; HRMS (ESI) m/z caled for C10H12*BN202 [M+H]* 203.0992, found 203.0986.
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Preparation of (4-Methoxy-2-(1-methyl-1H-imidazol-2-yl)phenyl)boronic acid (1e)

ethylenediamine

Br O (1.1 equiv) Br N Br N
I, (1.25 equiv) ,S K,COs (1.1 equiv) ,X
H K>CO3 (3.0 equiv) H PhI(OAc), (1.1 equiv) H
'BUOH (0.2 M) E:Mg% (0.1 M)
OMe 70°C,20.5h OMe " OMe
19 quant 20 60% 21
_ Br N HO. __OH
Mel (1.1 equiv) ;/\> . . BN
; 1. "BuLi (1.1 equiv)
NaH (1.5 equiv) ©/K’\{ 2. B(OMe); (3.0 equiv) ’/N\>
THF (0.1 M) toluene/THF (4:1, 0.5 M) \
0°Ctort,1.5h _7g 0 e
0 OMe 78°Ctort,1.5h
quant 22 OMe
78% 1e

Ethylenediamine (1.37 mL, 20.4 mmol, 1.1 equiv) was added to a stirred solution of
2-bromo-5-methoxybenzaldehyde (19) (3.98 g, 18.5 mmol, 1.0 equiv) in ~BuOH (93
mL, 0.20 M). After stirring at room temperature for 30 minutes under nitrogen, 12 (5.87
g, 23.1 mmol, 1.25 equiv) ° and K2COs (7.66 g, 55.5 mmol, 3.0 equiv) were added.
After stirring at 70 °C for 20 hours, the reaction was quenched by addition of sat.
NaxSOs aq. and the resulting mixture was extracted three times with chloroform. The
combined organic layers were washed with sat. NaHCO3 aq. and brine, dried over
Na2SO0s4, filtered, and concentrated in vacuo to give crude imidazoline 20 (4.73 g). The
resulting crude material was used in the next step without further purification.

PhI(OAc) (4.03 g, 12.5 mmol, 1.1 equiv) was added to a stirred solution of

imidazoline 20 (2.90 g, 11.8 mmol, 1.0 equiv) and K.COs (1.73 g, 12.5 mmol, 1.1
equiv) in DMSO (114 mL, 0.10 M). After stirring at room temperature for 17 hours, the
reaction was quenched by addition of sat. NaHCO3 aq. and the resulting mixture was
extracted three times with ethyl acetate. The combined organic layers were washed with
water and brine, dried over Na2SOs, filtered, and concentrated in vacuo. The resulting
crude material was purified by recrystallization from chloroform to give 21 (1.73 g,
6.84 mmol, 60%) as a white solid.
Data for 21: Ry= 0.10 (2:1 n-hexane/EtOAc); mp 162-165 °C; 'H NMR (400 MHz,
CDCI3) 6 7.79 (d, J = 3.2 Hz, 1H), 7.48 (d, J = 8.8 Hz, 1H), 7.22 (s, 2H), 6.79 (dd, J =
8.8, 3.2 Hz, 1H), 3.86 (s, 3H); '*C NMR (100 MHz, CD30D) & 160.5, 146.4, 135.3,
134.0, 117.84, 117.80, 112.9, 56.1; IR (KBr) v = 3011, 2962, 1593, 1557, 1487, 1465,
1105, 1017, 861, 809, 766, 628 cm™'; HRMS (ESI) m/z calcd for CioHi0””BrN20
[M+H]* 252.9977, Found 252.9979.
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A solution of imidazole 21 (100 mg, 0.395 mmol, 1.0 equiv) in THF (2.0 mL, 0.20

M) was added to a stirred suspension of NaH (14.2 mg, 0.593 mmol, 1.5 equiv) in THF
(2.0 mL, 0.20 M, total 0.10 M). After stirring at 0 °C for 30 minutes, iodomethane (27.1
uL, 0.435 mmol, 1.1 equiv) was added. After stirring at room temperature for 1 hour,
the resulting mixture was poured onto ice and extracted three times with ethyl acetate.
The combined organic layers were washed with water and brine, dried over Na2SOa,
filtered, and concentrated in vacuo. The resulting crude material was purified by silica
gel chromatography (1:2 n-hexane/EtOAc) to give 22 (107 mg, 0.401 mmol, >99%) as a
pale yellow oil.
Data for 22: Ry= 0.20 (1:2 n-hexane/EtOAc); '"H NMR (400 MHz, CDCl3) 6 7.52 (d, J =
8.8 Hz, 1H), 7.14 (d, J = 1.2 Hz, 1H), 6.99 (d, /= 1.2 Hz, 1H), 6.98 (d, J= 3.2 Hz, 1H),
6.89 (dd, J= 8.8, 3.2 Hz, 1H), 3.80 (s, 3H), 3.54 (s, 3H); 3C NMR (100 MHz, CDCIl3) &
158.7, 146.7, 133.2, 133.0, 128.2, 120.9, 117.4, 117.2, 114.6, 55.5, 33.4; IR (neat) v =
3344, 2951, 1598, 1572, 1460, 1434, 1285, 1238, 1209, 1178, 1091, 1208, 728 cm!;
HRMS (ESI) m/z calcd for C11H12””BrN20 [M+H]* 267.0133, Found 267.0123.

n-Buli (257 pL, 1.60 M in n-hexane, 0.411 mmol, 1.1 equiv) was added to a stirred
solution of 22 (100 mg, 0.374 mmol, 1.0 equiv) in dry toluene/THF (4:1, 0.75 mL, 0.50
M) at —78 °C under argon. After stirring at —78 °C for 30 minutes, B(OMe)3 (125 puL,
1.12 mmol, 3.0 equiv) was added at —78 °C, and then the resulting mixture was warmed
to room temperature. After stirring for 1 hour, the mixture was concentrated. The
resulting crude material was purified by amino silica gel chromatography (CH2Cl2 to
50:1 CH2Cl2/MeOH) to give 1e (67.3 mg, 0.290 mmol, 78%) as a pale yellow solid.
Data for 1e: Ry (NH) = 0.37 (20:1 CH2C12/MeOH); 144 °C (decomp.); 'H NMR (400
MHz, CD30D) 6 7.44 (d, J= 8.0 Hz, 1H), 7.28 (d, J = 2.0 Hz, 1H), 7.27 (d, /= 1.7 Hz,
1H), 7.19 (d, J= 1.7 Hz, 1H), 6.98 (dd, J = 8.0, 2.0 Hz, 1H), 4.06 (s, 3H), 3.86 (s, 3H);
3C NMR (100 MHz, CD30D) & 161.2, 151.8, 133.0, 132.4, 126.4, 121.4, 115.8, 108.6,
55.9, 35.2; IR (KBr) v = 3114, 3087, 2931, 2826, 1513, 1309, 1294, 1215, 1162, 1108,
1091, 1045, 985, 856, 811, 727 c¢cm'; HRMS (ESI) m/z calcd for CiiHi4!'BN203
[M+H]* 233.1097, Found 233.1089.
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Preparation of (2-(1-Methyl-1H-imidazol-2-yl)-4-(trifluoromethyl)phenyl)boronic
acid (1f)

ethylenediamine

(1.1 equiv)
I 0 025 equy T K00 (1.1 equiv) i)
H KxCOj3 (3.0 equiv) N Phl(OAc), (1.1 equiv) N
BuOH (0.2 M) D'Vésr? (0.2 M)
CF3 70°C,21.5h CF4 , CF,
23 quant 24 62% 25

HO_ OH
P

Mel (1.1 equiv) il '\fx 1. "BulLi (1.5 equiv) x
NaH (1.5 equiv) dN 2. B(OMe); (5.0 equiv) N
. \ \

THF (0.1 M) toluene/THF (4:1, 0.5 M)

0°Ctort,1.5h _78° .
CFs 78°Ctort,1.5h

CF.
88% 26 60% s

1f

Ethylenediamine (580 pL, 8.69 mmol, 1.1 equiv) was added to a stirred solution of
2-bromo-5-trifluorobenzaldehyde (23) (2.00 g, 7.90 mmol, 1.0 equiv) in ~BuOH (40
mL, 0.20 M). After stirring at room temperature for 30 minutes under nitrogen, I (2.51
g, 9.88 mmol, 1.25 equiv) ° and K2COs (3.28 g, 23.7 mmol, 3.0 equiv) were added.
After stirring at 70 °C for 21 hours, the reaction was quenched by addition of sat.
Na2S0s3 aq. and the resulting mixture was extracted three times with chloroform. The
combined organic layers were washed with sat. NaHCOs3 aq. and brine, dried over
NaxSOu, filtered, and concentrated in vacuo to give crude imidazoline 24 (2.48 g). The
resulting crude material was used in the next step without further purification.

PhI(OAc): (1.40 g, 4.35 mmol, 1.1 equiv) was added to a stirred solution of
imidazoline 24 (1.16 g, 3.95 mmol, 1.0 equiv) and K2CO3 (602 mg, 4.35 mmol, 3.0
equiv) in DMSO (19.8 mL, 0.20 M). After stirring at room temperature for 2 hours, the
reaction was quenched by addition of sat. NaHCOs3 aq. and the resulting mixture was
extracted three times with ethyl acetate. The combined organic layers were washed with
water and brine, dried over Na2SOs, filtered, and concentrated in vacuo. The resulting
crude material was purified by recrystallization from chloroform to give 25 (713 mg,
2.45 mmol, 62%) as a pale yellow solid.

Data for 25: Ry= 0.40 (2:1 n-hexane/EtOAc); mp 170-175 °C; 'H NMR (400 MHz,
CDCIs) 6 10.3 (br, 1H) 8.56 (d, J= 2.0 Hz, 1H), 7.76 (d, J = 8.4 Hz, 1H), 7.44 (dd, J =
8.4, 2.0 Hz, 1H), 7.26 (br, 2H); 3C NMR (100 MHz, CDCls) & 143.3, 134.5, 134.3,
131.3, 130.5 (q, 2Jcr = 33.2 Hz), 128.4 (q, *Jcr = 3.8 Hz), 126.0 (q, *Jcr = 3.5 Hz),
123.4 (q, 'Jcr = 271.5 Hz), 122.6 (q, *Jc-r = 1.5 Hz); IR (KBr) v = 3034, 2798, 1612,
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1402, 1327, 1185, 1123, 1076, 1029, 971, 828, 730 cm™'; HRMS (ESI) m/z calcd for
C10H7”°BrF3N2 [M+H]* 290.9745, Found 290.9744.

A solution of imidazole 25 (100 mg, 0.344 mmol, 1.0 equiv) in THF (1.7 mL, 0.20

M) was added to a stirred suspension of NaH (12.4 mg, 0.516 mmol, 1.5 equiv) in THF
(1.7 mL, 0.20 M, total 0.10 M). After stirring at 0 °C for 30 minutes, iodomethane (23.5
uL, 0.378 mmol, 1.1 equiv) was added. After stirring at room temperature for 1 hour,
the resulting mixture was poured onto ice and extracted three times with ethyl acetate.
The combined organic layers were washed with water and brine, dried over Na2SOs,
filtered, and concentrated in vacuo. The resulting crude material was purified by silica
gel chromatography (2:1 n-hexane/EtOAc) to give 26 (91.8 mg, 0.301 mmol, 88%) as a
pale yellow oil.
Data for 26: Ry= 0.25 (2:1 n-hexane/EtOAc); '"H NMR (400 MHz, CDCls) 6 7.81 (d, J=
8.4 Hz, 1H), 7.72 (d, J=2.3 Hz, 1H), 7.58 (dd, /= 8.4, 2.3 Hz, 1H), 7.17 (d, J= 1.2 Hz,
1H), 7.02 (d, J = 1.2 Hz, 1H), 3.55 (s, 3H); '*C NMR (100 MHz, CDCl3) § 145.3,
133.39, 133.36, 130.0 (q, 2JcF = 33.2 Hz), 129.5 (q, *Jc-r = 3.8 Hz), 128.7, 128.4 (q,
4Jcr = 1.5 Hz), 127.4 (q, *Jcr = 3.5 Hz), 123.4 (q, 'Jcr = 271.5 Hz), 121.4, 33.5; IR
(neat) v = 1610, 1327, 1280, 1258, 1174, 1131, 1022, 908, 830, 750, 689 cm™'; HRMS
(ESI) m/z calcd for C11Ho””BrF3N2 [M+H]* 304.9901, Found 304.9902.

n-BuLi (194 pL, 1.55 M in n-hexane, 0.300 mmol, 1.5 equiv) was added to a stirred

solution of 26 (61.0 mg, 0.200 mmol, 1.0 equiv) in dry toluene/THF (4:1, 0.40 mL, 0.50
M) at —78 °C under argon. After stirring at —78 °C for 30 minutes, B(OMe)s (111 pL,
1.00 mmol, 5.0 equiv) was added at —78 °C, and then the resulting mixture was warmed
to room temperature. After stirring for 1 hour, the mixture was concentrated. The
resulting crude material was purified by amino silica gel chromatography (CH2Cl> to
50:1 CH2Cl2/MeOH) to give 1f (32.0 mg, 1.20 mmol, 60%) as a pale yellow amorphous
material.
Data for 1f: R (NH)= 0.43 (20:1 CH2Cl/MeOH); '"H NMR (400 MHz, CD30D) & 7.95
(s, 1H), 7.72 (br d, J= 7.6 Hz, 1H), 7.69 (br d, J= 7.6 Hz, 1H), 7.37 (d, /= 1.6 Hz, 1H),
7.28 (d, J = 1.6 Hz, 1H), 4.12 (s, 3H); '*C NMR (100 MHz, CD30D) & 150.6, 132.7,
132.0, 131.1 (q, 2Jc-F = 32.0 Hz), 127.4 (q, *Jc-F = 4.0 Hz), 127.3, 125.7 (q, 'Jc-r = 270.1
Hz), 121.7, 118.1 (q, *Jcr = 4.0 Hz), 35.4; IR (KBr) v = 3107, 2957, 1563, 1460, 1394,
1330, 1121, 989, 834, 730, 664, 583 cm™'; HRMS (ESI) m/z calcd for C11Hi1''BF3N20:
[M+H]* 271.0866, Found 271.0859.

115



Methyl 3-O-benzoyl-a-L-fucopyranoside (18a)

1e O 2 mol%)
OMe EZ .0 equw) OMe
’Pr2N (2.0 equiv)
Q7 oH Q7 oH
1,4-dioxane (0.4 M)
HOOH rt,7h HoOBz
17 99% 18a

Benzoyl chloride (46.9 puL, 0.400 mmol, 2.0 equiv) was added to a stirred solution of

methyl a-L-fucopyranoside (17) (35.6 mg, 0.200 mmol, 1.0 equiv), boronic acid 1e (200
uL, 2.00 mM in 1,4-dioxane, 0.400 umol, 0.2 mol%) and N,N-diisopropylethylamine
(69.6 pL, 0.400 mmol, 2.0 equiv) in dry 1,4-dioxane (300 pL, total 0.40 M) under
ambient atmosphere. After stirring for 7 hours, the reaction was quenched by addition of
1 M HCI (2.0 mL) and the resulting mixture was extracted two times with ethyl acetate.
The combined organic layers were washed with sat. NaHCO3 aq., water and brine, dried
over NaxSOQas, filtered, and concentrated in vacuo. The resulting crude material was
purified by silica gel chromatography (1:1 n-hexane/EtOAc) to give 18a (56.3 mg,
0.199 mmol, 99%) as a white solid.
Data for 18a: Ry= 0.28 (1:1 n-hexane/EtOAc); mp 81-84 °C; [a]; —184.0° (¢ = 1.0,
CHCI3); 'H NMR (400 MHz, CDCIs) & 8.10-8.08 (m, 2H), 7.59-7.55 (m, 1H), 7.46—
7.43 (m, 2H), 5.28 (dd, J = 10.4, 3.2 Hz, 1H, H-3), 4.84 (d, /= 4.0 Hz, 1H, H-1), 4.14
(dd, J=10.4, 4.0 Hz, 1H, H-2), 4.07 (q, J = 6.4 Hz, 1H, H-5), 3.98 (d, /= 3.2 Hz, 1H,
H-4), 3.46 (s, 3H), 2.13 (br, 2H, OH-2, OH-4), 1.31 (d, J= 6.4 Hz, 3H, H-6); 3C NMR
(100 MHz, CDCl3) 6 166.4, 133.3, 129.8, 129.7, 128.4, 99.7, 74.5, 70.8, 67.1, 65.7, 55.5,
16.0; IR (KBr) v = 3470, 2937, 1709, 1451, 1280, 1128, 1052, 961, 848, 756, 713 cm’!;
HRMS (ESI) m/z calcd for C14aH1sNaOs [M+Na]* 305.1001, found 305.0994.
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Gram-scale synthesis

1e 0 5 mol%)

OMe [(:_1 .5 equiv) OMe
’Per (1.5 equiv)
Q7 oH Q7 oH
1,4-dioxane (0.4 M)
HOOH rt,4.5h HOOBZ
17 95% 18a

Benzoyl chloride (9.86 mL, 8.42 mmol, 1.5 equiv) was added to a stirred solution of
methyl a-L-fucopyranoside (17) (1.00 g, 5.61 mmol, 1.0 equiv), boronic acid 1e (6.51
mg, 28.1 umol, 0.5 mol%) and N,N-diisopropylethylamine (1.47 mL, 8.42 mmol, 1.5
equiv) in dry 1,4-dioxane (14 mL, 0.40 M) under ambient atmosphere. After stirring for
4.5 hours, the reaction was quenched by addition of 1 M HCI (10 mL) and the resulting
mixture was extracted two times with ethyl acetate. The combined organic layers were
washed with sat. NaHCO3; aq., water and brine, dried over Na>SOs, filtered, and
concentrated in vacuo. The resulting crude material was purified by silica gel
chromatography (1:1 n-hexane/EtOAc) to give 18a (1.51 g, 5.35 mmol, 95%) as a
colorless amorphous material.

PhB(OH)2/ N-methylimidazole as catalyst (Table 6, entry 3)

PhB(OH), (5.0 mol%)
1 nae'[hyI |/m|dazole
OMe nglm10 5°%qu.v) OMe OMe OMe OMe
'ProNEt (1.5 equiv)
?QZOH CH,Cl, (0.2 M) Q7 oH,* Q7 0Bz * Q7 oBz + Q7 0Bz
5 (0.
HoPH i, £h ez HaOH ez 5,008z

17 18a 18b 18c SI-1
43% 1% 19% 7%

Benzoyl chloride (17.6 uL, 0.150 mmol, 1.5 equiv) was added to a stirred mixture of
methyl a-L-fucopyranoside (17) (17.8 mg, 0.100 mmol, 1.0 equiv), phenyl boronic acid
(0.610 mg, 5.00 umol, 5.0 mol%), 1-methylimidazole (500 puL, 10.0 mM in CH2Cla,
5.00 pmol, 5.0 mol%) and N,N-diisopropylethylamine (26.1 pL, 0.150 mmol, 1.5 equiv)
under ambient atmosphere. After stirring for 4 hours, the reaction was quenched by
addition of 1 M HCI (2.0 mL) and the resulting mixture was extracted two times with
ethyl acetate. The combined organic layers were washed with sat. NaHCO3 aq., water
and brine, dried over Na>SOs, filtered, and concentrated in vacuo. The yields were
determined by !'H-NMR analysis of crude product mixture using

1,1,2,2-tetrachloroethane as an internal standard.
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Methyl 2-O-benzoyl-a-L-fucopyranoside (18b)

OMe  Data for 18b: white solid; Ry= 0.32 (20:1 CHCIl3/MeOH); mp 168—

H?OinBZ 171 °C; [o]s —137.7° (¢ = 1.0, CHCl3); 'H NMR (400 MHz, CDCI;3) §

18b 8.08-8.06 (m, 2H), 7.59-7.55 (m, 1H), 7.45-7.41 (m, 2H), 5.21 (dd, J =
10.0, 4.0 Hz, 1H, H-2), 498 (d, J = 4.0 Hz, 1H, H-1), 4.17 (dd, J = 10.0, 3.2 Hz, 1H,
H-3),4.04 (q, J= 6.4 Hz, 1H, H-5), 3.87 (d, J= 3.2 Hz, 1H, H-4), 3.39 (s, 3H), 1.83 (br,
2H, OH-3, OH-4), 1.34 (d, J = 6.4 Hz, 3H, H-6); *C NMR (100 MHz, CDCls) & 167.1,
133.3, 129.9, 129.6, 128.4, 97.5, 72.4, 72.3, 68.9, 65.3, 55.5, 16.1; IR (KBr) v = 3524,
2987, 2936, 1718, 1691, 1457, 1339, 1289, 1257, 1126, 1095, 1039, 998, 963, 901, 716
cm’'; HRMS (ESI) m/z calcd for C14H1sNaOs [M+Na]* 305.1001, found 305.1001.
Methyl 2,3-di-O-benzoyl-a-L-fucopyranoside (18¢)

®Me  Data for 18c: colorless oil; Ry= 0.38 (3:1 n-hexane/EtOAc); [o]s —147.4°

?0872052 (¢ = 1.0, CHCl3); 'H NMR (400 MHz, CDCls) 6 8.01-7.97 (m, 4H), 7.53—
" 180 7.48 (m, 2H), 7.40-7.35 (m, 4H), 5.70 (dd, J = 10.8, 3.2 Hz, 1H, H-3),
5.61 (dd, J=10.8, 3.6 Hz, 1H, H-2), 5.12 (d, J = 3.6 Hz, 1H, H-1), 421 (q, J = 6.4 Hz,
1H, H-5), 4.14 (d, J = 3.2 Hz, 1H, H-4), 3.43 (s, 3H), 1.36 (d, J = 6.4 Hz, 3H, H-6); 3C
NMR (100 MHz, CDCI3) 6 166.1, 165.8, 133.3, 133.2, 129.82, 129.75, 129.5, 129.4,
128.44, 128.36, 97.5, 71.5, 70.9, 68.9, 65.4, 55.5, 16.0; IR (neat) v = 3502, 2934, 1722,
1602, 1452, 1282, 1109, 1071, 1051, 1030, 965, 763, 710 cm™'; HRMS (ESI) m/z calcd
for C21H22NaO7 [M+Na]* 409.1263, found 409.1261.
Methyl 2,3,4-tri-O-benzoyl-a-L-fucopyranoside (SI-1)

OMe  Data for SI-1: colorless oil; Ry= 0.28 (10:1 n-hexane/EtOAc); [o]5
5?52052 —251.7° (¢ = 1.0, CHCI3); '"H NMR (400 MHz, CDCl3) & 8.13-8.11 (m,
z

o1 2H), 8.00-7.98 (m, 2H), 7.81-7.79 (m, 2H), 7.64-7.59 (m, 1H), 7.53—
7.48 (m, 3H), 7.44-7.35 (m, 3H), 7.26-7.22 (m, 2H), 5.97 (dd, J = 10.8, 3.6 Hz, 1H,
H-3),5.77 (dd, J= 3.6, 0.8 Hz, 1H, H-4), 5.66 (dd, J=10.8, 3.6 Hz, 1H, H-2),5.25 (d, J
— 3.6 Hz, 1H, H-1), 4.40 (dq, J = 6.4, 0.8 Hz, 1H, H-5), 3.48 (s, 3H), 1.30 (d, J = 6.4 Hz,
3H, H-6); 3C NMR (100 MHz, CDCl3) 6 166.1, 166.0, 165.6, 133.33, 133.25, 133.0,
129.9, 129.8, 129.6, 129.4, 129.3, 128.5, 128.4, 128.2, 97.6, 72.0, 69.4, 68.7, 64.7, 55.6,
16.1; IR (neat) v = 2938, 1727, 1602, 1452, 1285, 1108, 1071, 1053, 1027, 759, 712
cm’'; HRMS (ESI) m/z calcd for C2sH26NaOs [M+Na]* 513.1525, found 513.1520.
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Preparation of 28

OMe
WOH
OMe O?
1e (1.0 equiv W
07y 2l0ean) B_,tl/\>
CH,Cl, (0.2 M) |
HePH i, 12 1 N
17
OMe
28

Methyl a-L-fucopyranoside (17) (17.6 mg, 0.100 mmol, 1.0 equiv) and boronic acid

le (23.2 mg, 0.100 mmol, 1.0 equiv) were dissolved in dry dichloromethane (0.50 mL,
0.20 M) under ambient atmosphere. After stirring for 12 hours, the resulting mixture
was concentrated in vacuo. The resulting crude material was used in the next reaction
without further purification.
Data for 28: [a]5 —67.3° (¢ = 1.0, CHCI3); '"H NMR (400 MHz, CDCl3) § 7.53 (d, J =
8.0 Hz, 1H), 7.09 (d, /= 0.8 Hz, 1H), 6.98 (d, /= 1.6 Hz, 1H), 6.89 (dd, J= 8.0, 1.6 Hz,
1H), 6.80 (d, J = 0.8 Hz, 1H), 4.84 (br, 1H, H-1), 4.34 (t, J = 5.2 Hz, 1H, H-3), 4.19—
4.15 (m, 2H, H-4, H-5), 4.02 (br, 1H, H-2), 3.85 (s, 3H), 3.81 (s, 3H), 3.48 (s, 3H), 2.62
(br, 1H, OH-2), 1.32 (d, J = 6.4 Hz, 1H); '*C NMR (100 MHz, CDCl3) § 159.6, 132.5,
131.6, 123.7,121.2, 114.3, 107.7, 98.8, 75.9, 75.1, 71.1, 65.6, 55.5, 55.2, 34.5, 16.4; IR
(neat) v = 3404, 2934, 1614, 1567, 1515, 1255, 1173, 1074, 982, 752 cm’!; HRMS
(FAB) m/z calcd for CisH24*'BN20s [M+H]* 375.1727, found 375.1727.

Catalytic site-selective acylation by using 28 as catalyst
28 5 0 mol%)

OMe [(:_2 .0 equiv) OMe
o ’Per (2.0 equiv) o
oH OH 1,4-dioxane (0.2 M) oB OH
HO rt, 20 min HO 74
18 quantitative yield 18a

Benzoyl chloride (46.9 uL, 0.400 mmol, 2.0 equiv) was added to a stirred solution of
methyl a-L-fucopyranoside (17) (35.6 mg, 0.200 mmol, 1.0 equiv), 28 (3.74 mg, 10.0
umol, 5.0 mol%), and N,N-diisopropylethylamine (69.6 pL, 0.400 mmol, 2.0 equiv) in
dry 1,4-dioxane (1.0 mL, 0.20 M) under ambient atmosphere. After stirring for 4 hours,
the reaction was quenched by addition of 1 M HCI (2.0 mL) and the resulting mixture
was extracted two times with ethyl acetate. The combined organic layers were washed
with sat. NaHCO3 aq., water and brine, dried over Na>SOs, filtered, and concentrated in
vacuo. The yield was determined by '"H-NMR analysis of crude product mixture using

1,1,2,2-tetrachloroethane as an internal standard.
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Methyl 6-O-(tert-butyldimethylsilyl)-3-O-benzoyl-a-D-galactopyranoside (37a)

1e (0.5 mol%)
HO OTBS BzClI (2.0 equiv) HO _OTBS
o 'ProNEt (2.0 equiv)
HO 1,4-dioxane (0.4 M) BzO )
HOome ™.4h Oome
36a 99% 37a

Benzoyl chloride (46.9 uL, 0.400 mmol, 2.0 equiv) was added to a stirred mixture of

methyl 6-O-(tert-butyldimethylsilyl)-a-D-galactopyranoside (36a) (61.7 mg, 0.200
mmol, 1.0 equiv), boronic acid 1e (500 puL, 200 mM in 1,4-dioxane, 1.00 umol, 0.5
mol%) and N,N-diisopropylethylamine (69.6 pL, 0.400 mmol, 2.0 equiv) in dry
1,4-dioxane (0.40 M) under ambient atmosphere. After stirring for 4 hours, the resulting
mixture was diluted with chloroform and washed with 1 M HCI, sat. NaHCO3 aq., water
and brine, dried over Na>SOs, filtered, and concentrated in vacuo. The resulting crude
material was purified by silica gel chromatography (3:1 n-hexane/EtOAc) to give 37a
(81.9 mg, 0.199 mmol, 99%) as a white solid.
Data for 37a: Ry= 0.30 (2:1 n-hexane/EtOAc); mp 98-101 °C; [a]5 +128.3° (¢ = 1.0,
CHCl3); 'H NMR (400 MHz, CDCl3) & 8.13-8.10 (m, 2H), 7.59-7.55 (m, 1H), 7.47—
7.43 (m, 2H), 5.27 (dd, J = 10.4, 3.2 Hz, 1H, H-3), 491 (d, J=3.6 Hz, 1H, H-1), 4.32
(br d, J=3.2 Hz, 1H, H-4),4.25 (dt,J=10.4, 3.6 Hz, 1H, H-2),3.95 (dd, J=10.8, 5.2
Hz, 1H, H-6), 3.90 (dd, /= 10.8, 4.4 Hz, 1H, H-6), 3.86-3.84 (m, 1H, H-5), 3.47 (s, 3H),
3.12 (br, 1H, OH-4), 2.06 (br, 1H, OH-2), 0.90 (s, 9H), 0.101 (s, 3H), 0.099 (s, 3H); *C
NMR (100 MHz, CDCl3) 6 166.5, 133.2, 129.9, 129.8, 128.4, 99.9, 74.2, 69.34, 69.28,
67.4, 63.6, 55.4, 25.8, 18.3, -5.52, -5.54; IR (KBr) v = 3569, 3304, 2937, 2853, 1771,
1450, 1318, 1292, 1253, 1143, 1092, 1054, 1038, 837, 773, 716 cm™'; HRMS (ESI) m/z
calcd for C20H32NaO7Si [M+Na]* 435.1815, found 435.1805.
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Allyl 6-O-(tert-butyldimethylsilyl)-3-O-benzoyl-a-D-galactopyranoside (37b)

1e (0.5 mol%) HO _OTBS

HO OTBS BzCl (2.0 equiv)
o) 'Pr,NEt (2.0 equiv) o)
B
HOA— 1,4-dioxane (0.4 M) 20 éHTOﬁ
(0} rt, 24 h (0]

~ X ~X
36b 88% 37b

Benzoyl chloride (46.9 uL, 0.400 mmol, 2.0 equiv) was added to a stirred mixture of

allyl 6-O-(tert-butyldimethylsilyl)-a-D-galactopyranoside (36b) (66.9 mg, 0.200 mmol,
1.0 equiv), boronic acid 1e (500 pL, 200 mM in 1,4-dioxane, 1.00 pmol, 0.5 mol%) and
N,N-diisopropylethylamine (69.6 puL, 0.400 mmol, 2.0 equiv) in dry 1,4-dioxane (0.40
M) under ambient atmosphere. After stirring for 24 hours, the resulting mixture was
diluted with chloroform and washed with 1 M HCI, sat. NaHCO3 aq., water and brine,
dried over Na2SOs, filtered, and concentrated in vacuo. The resulting crude material was
purified by silica gel chromatography (4:1 n-hexane/EtOAc) to give 37b (77.2 mg,
0.176 mmol, 88%) as a white solid.
Data for 37b: Ry= 0.45 (2:1 n-hexane/EtOAc); mp 60—64 °C; [o]s +127.5° (¢ = 1.0,
CHCl3); '"H NMR (400 MHz, CDCl3) & 8.12-8.10 (m, 2H), 7.58-7.54 (m, 1H), 7.45—
7.41 (m, 2H), 5.93 (dddd, J=17.2, 10.4, 6.1, 5.4 Hz, 1H), 5.32 (dq, J = 17.2, 1.6 Hz,
1H), 5.30 (dd, /= 10.2, 3.0 Hz, 1H, H-3), 5.23 (ddt, /= 10.4, 1.6, 1.2 Hz, 1H), 5.05 (d,
J=4.0 Hz, 1H, H-1), 4.32 (br d, J = 3.0 Hz, 1H, H-4), 4.28-4.23 (m, 2H, H-2, H-6),
4.10-4.04 (m, 1H, H-6), 3.93-3.87 (m, 3H, H-5, OCH:CHCH2), 0.90 (s, 9H), 0.09 (s,
6H); '3C NMR (100 MHz, CDCls) § 166.6, 133.5, 133.2, 129.9, 129.8, 128.3, 117.9,
98.1, 74.2, 69.6, 69.3, 68.7, 67.3, 63.6, 25.8, 18.2, -5.53, —5.54; IR (KBr) v = 3527,
3450, 2930, 2857, 1701, 1281, 1254, 1094, 1028, 933, 839, 777, 713 cm’!; HRMS (ESI)
m/z calcd for C22H34NaO7Si [M+Na]* 461.1972, found 461.1967.
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Allyl 6-O-(tert-butyldimethylsilyl)-3-O-benzoyl-B-D-galactopyranoside (37¢)

1Be (I).(5 mol%) )
B BzCl (2.0 equiv OTBS
HO O o S Pr,NE (2.0 equiv) HO 5
HO 0\/\ 1,4-dioxane (0.4 M) BzO O\/\
HO 24 h -
36¢ 89% 37¢

Benzoyl chloride (46.9 uL, 0.400 mmol, 2.0 equiv) was added to a stirred mixture of

allyl 6-O-(tert-butyldimethylsilyl)-p-D-galactopyranoside (36¢) (66.9 mg, 0.200 mmol,
1.0 equiv), boronic acid 1e (500 pL, 200 mM in 1,4-dioxane, 1.00 pmol, 0.5 mol%) and
N,N-diisopropylethylamine (69.6 puL, 0.400 mmol, 2.0 equiv) in dry 1,4-dioxane (0.40
M) under ambient atmosphere. After stirring for 24 hours, the resulting mixture was
diluted with chloroform and washed with 1 M HCI, sat. NaHCOs3 aq., water and brine,
dried over Na2SOs, filtered, and concentrated in vacuo. The resulting crude material was
purified by silica gel chromatography (4:1 n-hexane/EtOAc) to give 37c¢ (78.1 mg,
0.178 mmol, 89%) as a colorless oil.
Data for 37¢: Ry= 0.23 (4:1 n-hexane/EtOAc); [a]; +17.1° (¢ = 1.0, CHCl3); 'H NMR
(400 MHz, CDCls) 6 8.11-8.09 (m, 2H), 7.58-7.54 (m, 1H), 7.46-7.42 (m, 2H), 5.95
(dddd, J = 17.2, 10.0, 6.4, 5.2 Hz, 1H), 5.32 (dq, J = 17.2, 1.6 Hz, 1H), 5.22 (ddt, J =
10.4, 1.6, 1.2 Hz, 1H), 5.08 (dd, J = 10.0, 3.2 Hz, 1H, H-3), 4.44 (d, J = 7.6 Hz, 1H,
H-1),4.41 (ddt, J=12.4,5.2, 1.2 Hz, 1H), 4.28 (d, /= 3.2 Hz, 1H, H-4), 4.16 (ddt, J =
12.4, 6.4, 1.2 Hz, 1H), 4.07 (dd, J = 10.0, 7.6 Hz, 1H, H-2), 3.95 (dd, J = 10.4, 5.6 Hz,
1H, H-6), 3.89 (dd, J = 10.4, 5.6 Hz, 1H, H-6), 3.59 (t, J = 5.6 Hz, 1H, H-5), 2.84 (br,
1H, OH), 2.47 (br, 1H, OH), 0.89 (s, 9H), 0.09 (s, 6H); '3C NMR (100 MHz, CDCl3) &
166.2, 133.7, 133.3, 129.9, 129.7 128.4, 118.0, 102.3, 75.8, 74.0, 70.1, 69.4, 68.0, 62.8,
25.8, 18.3, —5.50; IR (neat) v = 3480, 2954, 2929, 2884, 2857, 1719, 1452, 1281, 1111,
1071, 997, 930, 839, 780, 713 cm™!; HRMS (ESI) m/z calcd for C22H3sNaO7Si [M+Na]*
461.1972, found 461.1966.
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Propargyl 6-O-(tert-butyldimethylsilyl)-3-O-benzoyl-B-D-galactopyranoside (37d)

1e 0.(5 mol%) )
OTBS BzCl (2.0 equiv OTBS
HO o 'Pro,NEt (2.0 equiv) HO o
HO O, = 14-dioxane (0.4 M) BzO o, =
HO =  rt24h Ho N~
36d 85% 37d

Benzoyl chloride (46.9 uL, 0.400 mmol, 2.0 equiv) was added to a stirred mixture of

propargyl 6-O-(tert-butyldimethylsilyl)-B-D-galactopyranoside (36d) (66.5 mg, 0.200
mmol, 1.0 equiv), boronic acid 1e (500 pL, 200 mM in 1,4-dioxane, 1.00 umol, 0.5
mol%) and N,N-diisopropylethylamine (69.6 pL, 0.400 mmol, 2.0 equiv) in dry
1,4-dioxane (0.40 M) under ambient atmosphere. After stirring for 24 hours, the
resulting mixture was diluted with chloroform and washed with 1 M HCI, sat. NaHCO3
aq., water and brine, dried over Na2SOs, filtered, and concentrated in vacuo. The
resulting crude material was purified by silica gel chromatography (4:1
n-hexane/EtOAc) to give 37d (74.1 mg, 0.170 mmol, 85%) as a colorless oil.
Data for 37d: Ry= 0.18 (4:1 n-hexane/EtOAc); [a]; —7.4° (c = 1.0, CHCl3); '"H NMR
(400 MHz, CDCl3) & 8.11-8.08 (m, 2H), 7.58-7.53 (m, 1H), 7.45-7.41 (m, 2H), 5.11
(dd, J=10.0, 3.1 Hz, 1H, H-3),4.62 (d, /= 7.7 Hz, 1H, H-1),4.46 (dd, J=15.8, 2.4 Hz,
1H, OCH2CCH), 4.40 (dd, J = 15.8, 2.4 Hz, 1H, OCH>CCH), 4.29 (br, 1H, H-4), 4.08
(dd, J=10.0, 7.7 Hz, 1H, H-2), 3.95 (dd, J=10.6, 5.7 Hz, 1H, H-6), 3.89 (dd, J = 10.6,
4.7 Hz, 1H, H-6), 3.63-3.60 (m, 1H, H-5), 2.49 (t, J= 2.4 Hz, 1H, OCH2CCH), 0.89 (s,
9H), 0.08 (s, 6H); '3*C NMR (100 MHz, CDCl3) & 166.2, 133.3, 129.9, 129.6, 128.4,
101.0, 78.5, 75.7, 75.4, 74.0, 69.1, 68.0, 62.8, 55.7, 25.8, 18.2, —5.51; IR (neat) v = 3452,
2930, 1714, 1280, 1109, 839, 781, 713 cm’'; HRMS (ESI) m/z calcd for C22H32NaO7Si
[M+Na]* 459.1815, found 459.1819.
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Phenylthio 6-O-(tert-butyldimethylsilyl)-3-O-benzoyl-p-D-galactopyranoside (37e)

1e (0.5 mol%)

BzCI (2.0 equiv)
HO O-I(-)BS 'Pr,NEt (2.0 equiv) HO OLBS
HO SPh  1,4-dioxane (0.4 M) BzO SPh
HO rt, 24 h HO
36e 83% 37e

Benzoyl chloride (46.9 uL, 0.400 mmol, 2.0 equiv) was added to a stirred mixture of

phenylthio 6-O-(tert-butyldimethylsilyl)-B-D-galactopyranoside (36e) (77.3 mg, 0.20
mmol, 1.0 equiv), boronic acid 1e (500 puL, 200 mM in 1,4-dioxane, 1.00 umol, 0.5
mol%) and N,N-diisopropylethylamine (69.6 pL, 0.400 mmol, 2.0 equiv) in dry
1,4-dioxane (0.40 M) under ambient atmosphere. After stirring for 24 hours, the
resulting mixture was diluted with chloroform and washed with 1 M HCI, sat. NaHCO3
aq., water and brine, dried over Na2SOs, filtered, and concentrated in vacuo. The
resulting crude material was purified by silica gel chromatography (4:1
n-hexane/EtOAc) to give 37e (81.7 mg, 0.167 mmol, 83%) as a white solid.
Data for 37e: Ry= 0.33 (4:1 n-hexane/EtOAc); mp 76-80 °C; [o]; +9.6° (¢ = 1.0,
CHCIs); '"H NMR (400 MHz, CDCl3) & 8.10-8.07 (m, 2H), 7.62-7.59 (m, 2H), 7.58—
7.53 (m, 1H), 7.44-7.41 (m, 2H), 7.33-7.30 (m, 3H), 5.11 (dd, J= 9.6, 3.0 Hz, 1H, H-3),
4.65 (d, J=9.6 Hz, 1H, H-1), 4.35 (br, 1H, H-4),4.09 (t, J=9.6 Hz, 1H, H-2), 4.00 (dd,
J=10.8,5.0 Hz, 1H, H-6), 3.93 (dd, J=10.8, 4.3 Hz, 1H, H-6), 3.65-3.63 (m, 1H, H-5),
3.15 (br, 1H, OH-4), 2.54 (br, 1H, OH-2), 0.91 (s, 9H), 0.12 (s, 3H), 0.10 (s, 3H); *C
NMR (100 MHz, CDCls) 6 166.3, 133.3, 132.7, 131.8, 129.9, 129.6, 129.0, 128.4, 128.1,
89.0, 77.6, 77.1, 68.7, 67.2, 63.6, 25.8, 18.2, -5.51, —5.53; IR (KBr) v = 3512, 2928,
2856, 1703, 1279, 1104, 1071, 839, 778, 743, 714, 689 cm™'; HRMS (ESI) m/z calcd for
C2sH34NaOsSSi [M+Na]* 513.1743, found 513.1736.
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6-O-(tert-butyldirnethylsilyl)-3-O-benzoyl-D-galactal (371)

e (0. Eé mol%)
0 equiv)
HO O-(I-)BS ’Pr2N t (2.0 equiv) HO O-(I;BS
HO _ 1,4-dioxane (0.4 M) BzO _
rt, 1h
36f 95% 37f

Benzoyl chloride (46.9 uL, 0.400 mmol, 2.0 equiv) was added to a stirred mixture of

phenyl 6-O-(tert-butyldimethylsilyl)-D-galactal (36f) (52.1 mg, 0.200 mmol, 1.0 equiv),
boronic acid le (500 pL, 200 mM in 1,4-dioxane, 1.00 pmol, 0.5 mol%) and
N,N-diisopropylethylamine (69.6 puL, 0.400 mmol, 2.0 equiv) in dry 1,4-dioxane (0.40
M) under ambient atmosphere. After stirring for 1 hour, the resulting mixture was
diluted with chloroform and washed with 1 M HCI, sat. NaHCOs3 aq., water and brine,
dried over Na2SOs, filtered, and concentrated in vacuo. The resulting crude material was
purified by silica gel chromatography (15:1 n-hexane/EtOAc) to give 37f (69.2 mg,
0.190 mmol, 95%) as a colorless oil.
Data for 37f: Ry= 0.18 (10:1 n-hexane/EtOAc); [a]; —67.6° (¢ = 1.0, CHCI3); '"H NMR
(400 MHz, CDCls) 6 8.09-8.07 (m, 2H), 7.58-7.55 (m, 1H), 7.46-7.42 (m, 2H), 6.52
(dd, J=6.0, 2.0 Hz, 1H, H-1), 5.68 (dt, J = 4.0, 2.0 Hz, 1H, H-3), 4.81 (dt, /= 6.0, 2.0
Hz, 1H, H-2), 4.41 (br, 1H, H-4), 4.08-4.02 (m, 2H, H-5, H-6), 3.92 (dd, J=9.6, 3.6 Hz,
1H, H-6), 2.94 (d, J = 3.6, 1H, OH-4), 0.91 (s, 9H), 0.11 (s, 6H); '3*C NMR (100 MHz,
CDCl3) & 166.2, 146.1, 133.2, 129.9, 129.8, 128.4, 98.6, 75.9, 68.1, 64.1, 62.9, 25.8,
18.3,-5.48, -5.50; IR (neat) v = 3493, 2929, 2885, 2857, 1720, 1644, 1603, 1471, 1452,
1273, 1110, 1028, 839, 779, 713, 549, 496 cm’'; HRMS (ESI) m/z calcd for
C19H2sNaOsSi [M+Na]* 387.1604, found 387.1595.
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Methyl 3-O-benzoyl-a-L-rhamnopyranoside (37g)

1c (1.0 mol%)
OMe BzCl (2.0 equiv) OMe
'ProNEt (2.0 equiv)
HO—L#2 1,4-di 0.2M HO—L7
HO ,4-dioxane (0.2 M) B0
OH r, 12h OH
369 97% 379

Benzoyl chloride (46.9 uL, 0.400 mmol, 2.0 equiv) was added to a stirred mixture of
methyl a-L-rhamnopyranoside (36g) (35.6 mg, 0.200 mmol, 1.0 equiv), boronic acid 1¢
(1.00 mL, 200 mM in 1,4-dioxane, 2.00 pupmol, 1.0 mol%) and
N,N-diisopropylethylamine (69.6 puL, 0.400 mmol, 2.0 equiv) in dry 1,4-dioxane (0.20
M) under ambient atmosphere. After stirring for 12 hours, the reaction was quenched by
addition of 1 M HCI (2.0 mL) and the resulting mixture was extracted two times with
ethyl acetate. The combined organic layers were washed with sat. NaHCO3 aq., water
and brine, dried over Na2SOs, filtered, and concentrated in vacuo. The resulting crude
material was purified by silica gel chromatography (100:1 CHCI3/MeOH) to give 37g
(54.8 mg, 0.194 mmol, 97%) as a white solid.

Data for 37g: Ry= 0.37 (20:1 CHCI3/MeOH); mp 68-71 °C; [a]s —52.8° (¢ = 1.0,
CHCl3); '"H NMR (400 MHz, CDCl3) 6 8.08 (br d, J = 7.8 Hz, 2H), 7.60-7.56 (m, 1H),
7.44 (brt, J=17.8 Hz, 2H), 5.26 (dd, J= 9.5, 3.2 Hz, 1H, H-3),4.70 (d, /= 1.7 Hz, 1H,
H-1),4.14 (br, dd, J= 3.2, 1.7 Hz, 1H, H-2), 3.79-3.76 (m, 2H, H-4, H-5), 3.40 (s, 3H),
2.47 (br, 1H, OH), 2.28 (br, 1H, OH), 1.29 (d, J = 6.4 Hz, 3H, H-6); '3C NMR (100
MHz, CDCIl3) & 166.9, 133.5, 129.8, 129.5, 128.5, 100.6, 75.5, 71.4, 69.7, 68.4, 55.0,
17.6; IR (KBr) v = 3423, 2979, 2938, 1709, 1452, 1319, 1282, 1130, 1282, 1130, 1056,
986, 806, 716 cm’'; HRMS (ESI) m/z calcd for C1aH1sNaOs [M+Na]* 305.1001, found
305.0993.
Methyl 2-O-benzoyl-a-L-rhamnopyranoside (40)
OMe  Data for 40: colorless oil; Ry= 0.34 (20:1 CHCl3/MeOH); [a]; +6.7° (¢

”O%Q# = 1.0, CHCL3); 'H NMR (400 MHz, CDCls) § 8.03 (d, J = 7.6 Hz, 2H),

40 7.58 (t,J=17.6 Hz, 1H), 7.44 (t, J= 7.6 Hz, 2H), 5.32-5.31 (m, 1H, H-2),
4.76 (br, 1H, H-1), 4.04 (dd, J=9.2, 3.2 Hz, 1H, H-3), 3.76-3.69 (m, 1H, H-5), 3.59 (t,
J=9.2 Hz, 1H, H-4), 3.40 (s, 3H), 2.64 (br, 2H, OH-2, OH-4), 1.37 (d, J = 6.0 Hz, 3H,
H-6); 3C NMR (100 MHz, CDCl3) 6 166.4, 133.5, 129.9, 129.5, 128.5, 98.6, 73.7, 72.9,
70.6, 67.9 55.0, 17.6; IR (neat) v = 3438, 2930, 1719, 1452, 1359, 1277, 1135, 1118,
1078, 995, 887, 765, 714 cm!'; HRMS (ESI) m/z calcd for Ci4Hi1sNaOs [M+Na]*
305.1001, found 305.1002.
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Methyl 6-O-(tert-butyldimethylsilyl)-3-O-benzoyl-a-D-mannopyranoside (37h)
1c (1.0 mol%)

0TBS ( : 0TBS
BzCl (2.0 equiv)
OH PProNEt (2.0 equiv OH
HO o) 2 ( quiv) HO o)
HO 1,4-dioxane (0.2 M) BzO
OMe rt, 24 h OMe
36h 97% 37h

Benzoyl chloride (46.9 uL, 0.400 mmol, 2.0 equiv) was added to a stirred mixture of
methyl 6-O-(fert-butyldimethylsilyl)-a-D-mannopyranoside (36h) (61.7 mg, 0.200
mmol, 1.0 equiv), boronic acid 1¢ (1.00 mL, 200 mM in 1,4-dioxane, 2.00 umol, 1.0
mol%) and N,N-diisopropylethylamine (69.6 pL, 0.400 mmol, 2.0 equiv) in dry
1,4-dioxane (0.20 M) under ambient atmosphere. After stirring for 24 hours, the
resulting mixture was diluted with chloroform and washed with 1 M HCIl, sat. NaHCO3
aqg., water and brine, dried over Na>SOs, filtered, and concentrated in vacuo. The
resulting crude material was purified by silica gel chromatography (4:1
n-hexane/EtOAc) to give 37h (79.6 mg, 0.193 mmol, 97%) as a colorless oil.

Data for 37h: Ry= 0.25 (4:1 n-hexane/EtOAc); [a];, +31.7° (¢ = 1.0, CHCIl3); '"H NMR
(400 MHz, CDClIs) 6 8.11-8.08 (m, 2H), 7.59-7.54 (m, 1H), 7.46-7.42 (m, 2H), 5.34
(dd, J=9.8, 3.3 Hz, 1H, H-3), 4.74 (d, J = 1.8 Hz, 1H, H-1), 4.13 (t, J = 9.8 Hz, 1H,
H-4),4.13 (dd, J=3.3, 1.8 Hz, 1H, H-2), 3.96 (dd, J=10.6, 5.0 Hz, 1H, H-6), 3.92 (dd,
J=10.6, 5.3 Hz, 1H, H-6), 3.75-3.71 (m, 1H, H-5), 3.42 (s, 3H), 0.91 (s, 9H), 0.11 (s,
3H), 0.11 (s, 3H); '*C NMR (100 MHz, CDCl3) & 166.5, 133.3, 129.9, 129.7, 128.4,
100.6, 75.0, 71.4, 69.2, 68.0, 64.4, 55.0, 25.9, 18.3, —5.47; IR (neat) v = 3478, 2929,
2857, 1703, 1603, 1452, 1281, 1109, 973, 838, 758, 713, 668 cm™'; HRMS (ESI) m/z
calcd for C20H32NaO7Si [M+Na]* 435.1815, found 435.1809.
Methyl 6-O-(tert-butyldimethylsilyl)-2-O-benzoyl-a-D-mannopyranoside (41)

OTBS  Data for 41: colorless oil; Ry= 0.28 (2:1 n-hexane/EtOAc); [a]; +11.8°

OBz
(0]
"Ro (¢ = 1.0, CH;0H); 'H NMR (400 MHz, CDCls) & 8.06-8.03 (m, 2H),

a V¢ 7.59-7.55 (m, 1H), 7.45-7.41 (m, 2H), 5.33 (dd, J = 3.6, 1.6 Hz, 1H,
H-2),4.82 (d, J= 1.6 Hz, 1H, H-1), 4.12 (dd, J = 9.6, 3.6 Hz, 1H, H-3), 3.99 (t, J= 9.6
Hz, 1H, H-4),3.97 (dd, J = 10.8, 4.8 Hz, 1H, H-6), 3.89 (dd, J = 10.8, 4.8 Hz, 1H, H-6),
3.66 (dt, J = 9.6, 4.8 Hz, 1H, H-5), 3.40 (s, 3H), 0.93 (s, 9H), 0.12 (s, 6H); 3C NMR
(100 MHz, CDCL3) § 166.2, 133.3, 129.9, 129.6, 128.4, 98.7, 72.2, 71.0, 70.4, 70.2, 64.1,
55.1,25.9, 18.3, -5.43, -5.48; IR (neat) v = 3429, 2954, 2929, 2856, 1724, 1603, 1452,
1363, 1272, 1116, 1072, 972, 837, 778, 711, 685 cm’'; HRMS (ESI) m/z calcd for

C20H32NaO7Si [M+Na]* 435.1815, found 435.1806.
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Methyl 3-O-benzoyl-B-L-arabinopyranoside (37i)

1f (2.0 mol%)
HO 532 | (2.0 equiv) HO
0 ProNEt (2.0 equiv) 0
HO ~ 1.4-dioxane (0.2 M)  BZ0 >
OMe 24N OMe
36i 93% 37i

Benzoyl chloride (46.9 uL, 0.400 mmol, 2.0 equiv) was added to a stirred mixture of
methyl B-L-arabinopyranoside (36i) (32.8 mg, 0.200 mmol, 1.0 equiv), boronic acid 1f
(1.00 mL, 400 mM in 1,4-dioxane, 4.00 pumol, 2.0 mol%) and
N,N-diisopropylethylamine (69.6 puL, 0.400 mmol, 2.0 equiv) in dry 1,4-dioxane (0.20
M) under ambient atmosphere. After stirring for 24 hours, the reaction was quenched by
addition of 1 M HCI (2.0 mL) and the resulting mixture was extracted two times with
ethyl acetate. The combined organic layers were washed with sat. NaHCOs3 aq., water
and brine, dried over Na>SOs, filtered, and concentrated in vacuo. The resulting crude
material was purified by silica gel chromatography (100:1 CHCl3/MeOH) to give 37i
(49.9 mg, 0.186 mmol, 93%) as a colorless oil.

Data for 37i: Ry= 0.32 (20:1 CHCl3/MeOH); [a];, +214.8° (¢ = 1.0, CHCI3); '"H NMR
(400 MHz, CDCl3) 6 8.10-8.07 (m, 2H), 7.60-7.55 (m, 1H), 7.46-7.43 (m, 2H), 5.30
(dd, J=10.4, 3.2 Hz, 1H, H-3), 4.86 (d, J = 4.0 Hz, 1H, H-1), 4.17 (br, 1H, H-4), 4.14
(dd, J=10.4, 4.0 Hz, 1H, H-2),3.90 (brd, J=12.4 Hz, 1H, H-5),3.73 (dd,J=12.4,2.4
Hz, 1H, H-5), 3.47 (s, 3H), 2.32 (br, 1H, OH), 2.16 (br, 1H, OH); 3*C NMR (100 MHz,
CDCI) 6 166.3, 133.4, 129.8, 129.6, 128.4, 100.1, 73.6, 68.2, 67.5, 62.3, 55.6; IR (neat)
v =3454,2934, 1717, 1452, 1317, 1282, 1142, 1065, 1034, 995, 765, 715 cm™'; HRMS
(ESI) m/z calcd for CisH1sNaOs [M+Na]* 291.0845, found 291.0842.

Methyl 4-O-benzoyl-B-L-arabinopyranoside (42)

BzO o Data for 42: colorless oil; Ry=0.28 (20:1 CHCl3/MeOH); [a], +181.8° (c

Ho HO e 1.0, CHCI3); 'H NMR (400 MHz, CDCl3) & 8.07-8.05 (m, 2H), 7.59—
e

42 7.55 (m, 1H), 7.46-7.42 (m, 2H), 5.39-5.38 (m, 1H, H-4), 4.86 (d, J=3.6

Hz, 1H, H-1), 4.04 (dd, J = 9.6, 3.6 Hz, 1H, H-3), 3.97 (dd, J = 9.6, 3.6 Hz, 1H, H-2),
3.90 (br d, J = 12.8 Hz, 1H, H-5), 3.84 (dd, J = 12.8, 2.0 Hz, 1H, H-5), 3.45 (s, 3H),
2.55 (br, 2H, OH-2, OH-3); 3C NMR (100 MHz, CDCl3) § 166.4, 133.3, 129.8, 128.4,
99.7, 71.9, 70.1, 69.2, 60.7, 55.7; IR (neat) v = 3438, 2933, 1722, 1452, 1376, 1274,
1118, 1071, 1027, 974, 713 ¢cm™'; HRMS (ESI) m/z calcd for Ci3HisNaOs [M+Na]*
291.0845, found 291.0846.
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Methyl 3,6-di-O-benzoyl-B-D-galactopyranoside (37j)

1¢ (5.0 mol%)

H BzCl (4.0 equiv) B
HO Oo Pr,NEt (4.0 equiv) HO OOZ
HO OMe 1,4-dioxane (0.2 M) BzO OMe
HO rn,3h HO
36j 98% 37j

Benzoyl chloride (46.9 puL, 0.400 mmol, 4.0 equiv) was added to a stirred solution of

methyl B-D-galactopyranoside (36j) (19.4 mg, 0.10 mmol, 1.0 equiv), boronic acid 1¢
(1.01 mg, 5.00 pumol, 5.0 mol%) and N,N-diisopropylethylamine (69.6 pL, 0.400 mmol,
4.0 equiv) in dry 1,4-dioxane (0.50 mL, 0.20 M) under ambient atmosphere. After
stirring for 3 hours, the reaction was quenched by addition of 1 M HCI (2.0 mL) and the
resulting mixture was extracted two times with ethyl acetate. The combined organic
layers were washed with sat. NaHCO3 aq., water and brine, dried over Na>SOy4, filtered,
and concentrated in vacuo. The resulting crude material was purified by silica gel
chromatography (2:1 n-hexane/EtOAc) to give 37j (29.3 mg, 0.0982 mmol, 98%) as a
white solid.
Data for 37j: Ry= 0.13 (2:1 n-hexane/EtOAc); mp 132-134 °C; [a]; —5.6° (¢ = 1.0,
CHCl3); 'H NMR (400 MHz, CDCIs) & 8.10-8.08 (m, 2H), 8.04-8.02 (m, 2H), 7.59—
7.55 (m, 2H), 7.46-7.42 (m, 4H), 5.14 (dd, J = 10.1, 3.3 Hz, 1H, H-3), 4.65 (dd, J =
11.4, 6.6 Hz, 1H, H-6), 4.56 (dd, J = 11.4, 6.6 Hz, 1H, H-6), 4.36 (d, J = 7.7 Hz, 1H,
H-1), 4.24 (br, 1H, H-4), 4.05 (dd, J = 10.1, 7.7 Hz, 1H, H-2), 3.97 (t, J = 6.6 Hz, 1H,
H-5), 3.59 (s, 3H); 3C NMR (100 MHz, CDCIs) 8 166.5, 166.1, 133.5, 133.3, 129.9,
129.7, 129.5, 129.4, 128.46, 128.45, 104.3, 75.4, 72.3, 69.4, 67.2, 62.6, 57.2; IR (KBr) v
= 3548, 2920, 1715, 1450, 1284, 1121, 1070, 712, 772 cm’!; HRMS (ESI) m/z calcd for
C21H22NaOs [M+Na]* 425.1212, found 425.1202.
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Methyl 3,6-di-O-benzoyl-a-D-mannopyranoside (37k)

1c (1.0 mol%)
Og'H BzCl (4.? equiv) ) ocszi_z|
ProNEt (4.0 equiv,
HO 0 2 q HO 0
HO 1,4-dioxane (0.2 M) BzO
OMe rt, 12 h OMe
36k 93% 37k

Benzoyl chloride (93.8 pL, 0.800 mmol, 4.0 equiv) was added to a stirred mixture of

methyl a-D-mannopyranoside (36k) (38.8 mg, 0.200 mmol, 1.0 equiv), boronic acid 1¢
(1.00 mL, 200 mM in 1,4-dioxane, 2.00 pumol, 1.0 mol%) and
N,N-diisopropylethylamine (69.6 puL, 0.400 mmol, 2.0 equiv) in dry 1,4-dioxane (0.20
M) under ambient atmosphere. After stirring for 12 hours, the reaction was quenched by
addition of 1 M HCI (2.0 mL) and the resulting mixture was extracted two times with
ethyl acetate. The combined organic layers were washed with sat. NaHCO3 aq., water
and brine, dried over Na>SOs, filtered, and concentrated in vacuo. The resulting crude
material was purified by silica gel chromatography (2:1 n-hexane/EtOAc) to give 37k
(74.4 mg, 0.185 mmol, 93%) as a colorless oil.
Data for 37k: Ry= 0.31 (2:1 n-hexane/EtOAc); [o] +61.9° (¢ = 1.0, CHCl3); 'H NMR
(400 MHz, CDCls) 6 8.08-8.05 (m, 4H), 7.58-7.53 (m, 2H), 7.44-7.39 (m, 4H), 5.36
(dd, /=9.8, 3.2 Hz, 1H, H-3),4.78 (d, /= 1.8 Hz, 1H, H-1), 4.73 (dd, J=12.0, 5.2 Hz,
1H, H-6), 4.61 (dd, J=12.0, 2.2 Hz, 1H, H-6), 4.17 (dd, /= 3.2, 1.8 Hz, 1H, H-2), 4.13
(t, J = 9.8 Hz, 1H, H-4), 4.61 (ddd, J = 9.8, 5.2, 2.2 Hz, 1H, H-5), 3.42 (s, 3H); 1*C
NMR (100 MHz, CDCls) 6 167.0, 166.7, 133.4, 133.2, 129.9, 129.8, 129.7, 129.5,
128.41, 128.39, 100.7, 75.0, 70.9, 69.3, 65,9, 64.0, 55.0; IR (neat) v = 3454, 1714, 1452,
1277, 1117, 1059, 757, 712 cm’'; HRMS (ESI) m/z calcd for C21H22NaOg [M+Na]*
425.1212, found 425.1202.
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Methyl 3-O-(4-methylbenzoyl)-a-L-fucopyranoside (45a)

1e (1.0 mol%)
4-methylbenzoyl chloride OMe

OMe (2.0 equiv)
Pr,NEt (2.0 equiv) O/ oH
7 on 0
1,4-dioxane (0.2 M) HO

17 99% 45a

4-Methylbenzoyl chloride (52.9 pL, 0.400 mmol, 2.0 equiv) was added to a stirred

mixture of methyl a-L-fucopyranoside (17) (35.6 mg, 0.200 mmol, 1.0 equiv), boronic
acid le (1.00 mL, 200 mM in I,4-dioxane, 2.00 pmol, 1.0 mol%) and
N,N-diisopropylethylamine (69.6 puL, 0.400 mmol, 2.0 equiv) in dry 1,4-dioxane (0.20
M) under ambient atmosphere. After stirring for 2.5 hours, the reaction was quenched
by addition of 1 M HCI (2.0 mL) and the resulting mixture was extracted two times
with ethyl acetate. The combined organic layers were washed with sat. NaHCO3 aq.,
water and brine, dried over Na>SOas, filtered, and concentrated in vacuo. The resulting
crude material was purified by silica gel chromatography (100:1 CHCI3/MeOH) to give
45a (58.7 mg, 0.198 mmol, 99%) as a white solid.

Data for 45a: Ry= 0.39 (20:1 CHCI3/MeOH); mp 108-111 °C; [a]5 —175.8° (¢ = 1.0,
CHCL); 'H NMR (400 MHz, CDCls) 8 7.97 (d, J = 8.4 Hz, 2H), 7.23 (d, J = 8.4 Hz,
2H), 5.26 (dd, J=10.4, 3.2 Hz, 1H, H-3), 4.83 (d, /= 4.0 Hz, 1H, H-1), 4.12 (dd, J =
10.4,4.0 Hz, 1H, H-2),4.05 (dq, J=6.8, 0.8 Hz, 1H, H-5), 3.96 (dd, J=3.2, 0.8 Hz, 1H,
H-4), 3.45 (s, 3H), 2.40 (s, 3H), 2.09 (br, 2H, OH-2, OH-4), 1.30 (d, J = 6.8 Hz, 3H,
H-6); 3C NMR (100 MHz, CDCl3) 6 166.5, 144.1, 129.9, 129.1, 126.9, 99.7, 74.3, 70.9,
67.1, 65.7, 55.5, 21.7, 16.0; IR (KBr) v = 3380, 2992, 2979, 2938, 1705, 1638, 1612,
1449, 1365, 1282, 1181, 1125, 1036, 963, 845, 761, 681, 640 cm™'; HRMS (ESI) m/z
calcd for CisH20NaOs [M+Na]* 319.1158, found 319.1148.
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Methyl 3-O-(4-methoxybenzoyl)-a-L-fucopyranoside (45b)
1e (1.0 mol%
OMe 4-em(ethoxyber)120yl chloride oMe
(2.0 equiv) O
?oi o Pr,NEt (2.0 equiv) ?0\20"'
HePH Jt,74§dhioxane (0.2 M) HOO}—@OMe

17 99% 45b

4-Methoxybenzoyl chloride (54.2 uL, 0.400 mmol, 2.0 equiv) was added to a stirred
mixture of methyl a-L-fucopyranoside (17) (35.6 mg, 0.200 mmol, 1.0 equiv), boronic
acid le (1.00 mL, 200 mM in I1,4-dioxane, 2.00 pmol, 1.0 mol%) and
N,N-diisopropylethylamine (69.6 puL, 0.400 mmol, 2.0 equiv) in dry 1,4-dioxane (0.20
M) under ambient atmosphere. After stirring for 9 hours, the reaction was quenched by
addition of 1 M HCI (2.0 mL) and the resulting mixture was extracted two times with
ethyl acetate. The combined organic layers were washed with sat. NaHCOs3 aq., water
and brine, dried over Na>SOs, filtered, and concentrated in vacuo. The resulting crude
material was purified by silica gel chromatography (100:1 CHCl3/MeOH) to give 45b
(61.8 mg, 0.198 mmol, 99%) as a white solid.
Data for 45b: Ry= 0.39 (20:1 CHCl3/MeOH); mp 88-92 °C; [a]n —163.2° (¢ = 1.0,
CHCI3); '"H NMR (400 MHz, CDCl3) 8 8.03 (dt, J = 9.6, 2.8 Hz, 2H), 6.90 (dt, J = 9.6,
2.8 Hz, 2H), 5.24 (dd, J = 10.4, 3.2 Hz, 1H, H-3), 4.82 (d, J = 4.0 Hz, 1H, H-1), 4.11
(dd, J=10.4, 4.0 Hz, 1H, H-2), 4.05 (q, J = 6.8 Hz, 1H, H-5), 3.96 (d, /= 3.2 Hz, 1H,
H-4), 3.85 (s, 3H), 3.45 (s, 3H), 2.22 (br, 2H, OH-2, OH-4), 1.29 (d, J = 6.8 Hz, 3H,
H-6); 3C NMR (100 MHz, CDCl3) 6 166.1, 163.6, 131.9, 122.0, 113.7, 99.7, 74.2, 70.9,
67.1, 65.7, 55.5, 55.4, 16.0; IR (KBr) v = 3338, 2993, 2942, 2842, 1694, 1606, 1579,
1514, 1421, 1364, 1286, 1265, 1169, 1129, 1044, 963, 842, 770, 683, 615, 500 cm™';
HRMS (ESI) m/z calcd for CisH20NaO7 [M+Na]* 335.1107, found 335.1094.
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Methyl 3-O-(4-chlorobenzoyl)-a-L-fucopyranoside (45¢)

1e (0.05 mol%) OMe
OMe 4-chlorobenzoyl chloride

2.0 equiv) Q7 oH

O 'Pr,NEt (2.0 equiv)

OH 2 (o]
- HO
HOOH 1,4-dioxane (0.2 M) Cl

rt, 24 h (0]

17 89% 45¢

4-Chlorobenzoyl chloride (51.1 pL, 0.400 mmol, 2.0 equiv) was added to a stirred
solution of methyl a-L-fucopyranoside (17) (35.6 mg, 0.200 mmol, 1.0 equiv), boronic
acid le (50.0 pL, 200 mM in I,4-dioxane, 0.100 pmol, 0.05 mol%) and
N,N-diisopropylethylamine (69.6 pL, 0.400 mmol, 2.0 equiv) in dry 1,4-dioxane (950
uL, total 0.20 M) under ambient atmosphere. After stirring for 24 hours, the reaction
was quenched by addition of 1 M HCI (2.0 mL) and the resulting mixture was extracted
two times with ethyl acetate. The combined organic layers were washed with sat.
NaHCOs aq., water and brine, dried over Na2SOs, filtered, and concentrated in vacuo.
The resulting crude material was purified by silica gel chromatography (100:1
CHCIl3/MeOH) to give 45¢ (56.4 mg, 0.178 mmol, 89%) as a white solid.
Data for 45¢: Ry= 0.39 (20:1 CHCI3/MeOH); mp 134-137 °C; [a]; —175.2° (¢ = 1.0,
CHCl3); 'H NMR (400 MHz, CDCl3) & 8.02 (d, J = 8.4 Hz, 2H), 7.41 (d, J = 8.4 Hz,
2H), 5.25 (dd, J = 10.0, 2.8 Hz, 1H, H-3), 4.83 (d, J = 3.6 Hz, 1H, H-1), 4.11 (dd, J =
10.0, 3.6 Hz, 1H, H-2), 4.06 (q, J = 6.4 Hz, 1H, H-5), 3.97 (d, J = 2.8 Hz, 1H, H-4),
3.46 (s, 3H), 2.08 (br, 2H, OH-2, OH-4), 1.30 (d, J = 6.4 Hz, 3H, H-6); '3C NMR (100
MHz, CDCl) & 165.6, 139.8, 131.2, 128.8, 128.2, 99.7, 74.8, 70.8, 67.1, 65.7, 55.6,
16.0; IR (KBr) v =3512, 3435, 2982, 2941, 2923, 2835, 1708, 1594, 1400, 1359, 1312,
1279, 1091, 1052, 959, 850, 761, 679 cm’!; HRMS (ESI) m/z calcd for C14H17CINaOs
[M+Na]*339.0611, found 339.0603.
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Methyl 3-O-(4-trifluoromethylbenzoyl)-a-L-fucopyranoside (45d)
1e (1.0 mol%) OMe
OMe 4-trifluoromethylbenzoyl chloride

(2.0 equiv) g 74\\0 / oH

WOH 'Pr,NEt (2.0 equiv) o

oH : HO

HO 1,4-dioxane (0.2 M) CF3

rt, 45 min (@)

17 89% 45d

4-Trifluoromethylbenzoyl chloride (59.2 pL, 0.400 mmol, 2.0 equiv) was added to a

stirred mixture of methyl a-L-fucopyranoside (17) (35.6 mg, 0.200 mmol, 1.0 equiv),
boronic acid le (1.00 mL, 200 mM in 1,4-dioxane, 2.00 pmol, 1.0 mol%) and
N,N-diisopropylethylamine (69.6 puL, 0.400 mmol, 2.0 equiv) in dry 1,4-dioxane (0.20
M) under ambient atmosphere. After stirring for 45 minutes, the reaction was quenched
by addition of 1 M HCI (2.0 mL) and the resulting mixture was extracted two times
with ethyl acetate. The combined organic layers were washed with sat. NaHCO3 aq.,
water and brine, dried over Na>SOas, filtered, and concentrated in vacuo. The resulting
crude material was purified by silica gel chromatography (100:1 CHCI3/MeOH) to give
45d (62.5 mg, 0.178 mmol, 89%) as a white solid.
Data for 45d: Ry= 0.39 (20:1 CHCl3/MeOH); mp 121-124 °C; [a]; —157.9° (c = 1.0,
CHCI3); 'H NMR (400 MHz, CDCl3) & 8.21 (d, J = 8.4 Hz, 2H), 7.71 (d, J = 8.4 Hz,
2H), 5.29 (dd, J =10.0, 2.8 Hz, 1H, H-3), 4.85 (d, J = 4.0 Hz, 1H, H-1), 4.13 (dd, J =
10.0, 4.0 Hz, 1H, H-2), 4.08 (q, J = 6.8 Hz, 1H, H-5), 3.99 (d, J = 2.8 Hz, 1H, H-4),
3.47 (s, 3H), 2.04 (br, 2H, OH-2, OH-4), 1.31 (d, J = 6.8 Hz, 3H, H-6); 3C NMR (100
MHz, CDCl3) 6 165.2, 134.8 (q, 2Jcr = 32.5 Hz), 133.0 (q, *Jcr = 1.3 Hz), 130.3, 125.5
(q, *JcF = 3.9 Hz), 123.5 (q, 'Jcr = 271.6 Hz), 99.6, 75.2, 70.8, 67.1, 65.8, 55.6, 16.0;
IR (KBr) v = 3529, 3430, 2934, 1709, 1414, 1335, 1290, 1168, 1121, 1054, 961, 866,
776, 752, 709 ¢cm'; HRMS (ESI) m/z calcd for CisHi7FsNaOs [M+Na]* 373.0875,
found 373.0859.
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Methyl 3-O-(4-nitrobenzoyl)-a-L-fucopyranoside (45e)

1e (1.0 mol%) OMe
OMe 4-nitrobenzoyl chloride 0

%.O equiv) OH

0 OH 'Pr,NEt (2.0 equiv) o

CH - HO
HO 1,4-dioxane (0.2 M) NO,

rt, 30 min (0]

17 87% 45e

4-Nitrobenzoyl chloride (74.2 mg, 0.400 mmol, 2.0 equiv) was added to a stirred
mixture of methyl a-L-fucopyranoside (17) (35.6 mg, 0.200 mmol, 1.0 equiv), boronic
acid le (1.00 mL, 200 mM in I1,4-dioxane, 2.00 pmol, 1.0 mol%) and
N,N-diisopropylethylamine (69.6 puL, 0.400 mmol, 2.0 equiv) in dry 1,4-dioxane (0.20
M) under ambient atmosphere. After stirring for 30 minutes, the reaction was quenched
by addition of 1 M HCI (2.0 mL) and the resulting mixture was extracted two times
with ethyl acetate. The combined organic layers were washed with sat. NaHCO3 aq.,
water and brine, dried over Na>SOas, filtered, and concentrated in vacuo. The resulting
crude material was purified by silica gel chromatography (100:1 CHCI3/MeOH) to give
45e (56.7 mg, 0.173 mmol, 87%) as a white solid.
Data for 45e: Ry= 0.37 (20:1 CHCI3/MeOH); mp 133-136 °C; [o]; —185.2° (¢ = 1.0,
CHCI3); '"H NMR (400 MHz, CDCl3) & 8.29-8.24 (m, 4H), 5.29 (dd, /= 10.4, 3.2 Hz,
1H, H-3), 4.85 (d, J=4.0 Hz, 1H, H-1), 4.13 (dd, J=10.4, 4.0 Hz, 1H, H-2),4.09 (q, J
= 6.8 Hz, 1H, H-5), 3.99 (d, J = 3.2 Hz, 1H, H-4), 3.48 (s, 3H), 2.05 (br, 2H, OH-2,
OH-4), 1.31 (d, J = 6.8 Hz, 3H, H-6); '3C NMR (100 MHz, CDCl3) & 164.6, 150.7,
135.2, 131.0, 123.5, 99.6, 75.6, 70.8, 67.0, 65.8, 55.6, 16.0; IR (KBr) v = 3524, 3434,
2984, 2942, 2839, 1708, 1608, 1525, 1352, 1306, 1282, 1129, 1090, 1048, 959, 863,
759, 719, 684 cm™'; HRMS (ESI) m/z calcd for C14H17NNaOs [M+Na]* 350.0852, found
350.0847.
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Methyl 3-O-(2-methylbenzoyl)-a-L-fucopyranoside (45f)

1e (1.0 mol%) OMe
2-methylbenzoyl chloride
OMe (2.0 equiv) 0
Pro,NEt (2.0 equiv) OH
Q7 oH HoO
oH 1,4-dioxane (0.2 M)
HO n,7h d

17 99% Me

2-Methylbenzoyl chloride (52.0 pL, 0.400 mmol, 2.0 equiv) was added to a stirred
mixture of methyl a-L-fucopyranoside (17) (35.6 mg, 0.200 mmol, 1.0 equiv), boronic
acid le (1.00 mL, 200 mM in 1,4-dioxane, 2.00 pmol, 1.0 mol%) and
N,N-diisopropylethylamine (69.6 pL, 0.400 mmol, 2.0 equiv) in dry 1,4-dioxane (0.20
M) under ambient atmosphere. After stirring for 7 hours, the reaction was quenched by
addition of 1 M HCI (2.0 mL) and the resulting mixture was extracted two times with
ethyl acetate. The combined organic layers were washed with sat. NaHCO3 aq., water
and brine, dried over Na2SOs, filtered, and concentrated in vacuo. The resulting crude
material was purified by silica gel chromatography (100:1 CHCIl3/MeOH) to give 45f
(58.7 mg, 0.198 mmol, 99%) as a white solid.
Data for 45f: Ry= 0.39 (20:1 CHCI3/MeOH); mp 94-97 °C; [a]s —175.9° (¢ = 1.0,
CHCl3); '"H NMR (400 MHz, CDCls) §7.98-7.96 (m, 1H), 7.44-7.39 (m, 1H), 7.27—
7.24 (m, 2H), 5.29 (dd, J=10.4, 3.2 Hz, 1H, H-3), 4.84 (d, /= 4.0 Hz, 1H, H-1), 4.11
(dd, J=10.4, 4.0 Hz, 1H, H-2), 4.08 (q, J = 6.8 Hz, 1H, H-5), 3.99 (d, /= 3.2 Hz, 1H,
H-4), 3.47 (s, 3H), 2.61 (s, 3H), 1.94 (br, 2H, OH-2, OH-4), 1.31 (d, J = 6.8 Hz, 3H,
H-6); 3C NMR (100 MHz, CDCl3) & 167.4, 140.3, 132.3, 131.7, 130.7, 129.3, 125.8,
99.7, 74.3, 70.9, 67.2, 65.7, 55.6, 21.7, 16.0; IR (KBr) v = 3491, 2993, 2920, 2831,
1693, 1601, 1443, 1358, 1303, 1270, 1192, 1144, 1093, 1046, 959, 754, 740 cm™;
HRMS (ESI) m/z calcd for CisH20NaOs [M+Na]* 319.1158, found 319.1148.
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Methyl 3-O-(3,4,5-trimethylgalloyl)-a-L-fucopyranoside (45g)

1e (1.0 mol%) . OMe
OMe ((Béfléséghr}”\ugthoxyf)enzoyl chloride ; 02 OH OMe
WOH 'ProNEt (3.0 equiv) HOO
HoPH :t,‘42-dioxane (0.2 M) g OMe
17 98% 459 OMe

3.,4,5-Trimethylgalloyl chloride (138 pL, 0.600 mmol, 3.0 equiv) was added to a

stirred mixture of methyl a-L-fucopyranoside (17) (35.6 mg, 2.00 umol, 1.0 equiv),
boronic acid le (1.00 mL, 200 mM in 1,4-dioxane, 2.00 pmol, 1.0 mol%) and
N,N-diisopropylethylamine (105 pL, 0.600 mmol, 3.0 equiv) in dry 1,4-dioxane (0.20
M) under ambient atmosphere. After stirring for 2 hours, the reaction was quenched by
addition of 1 M HCI (2.0 mL) and the resulting mixture was extracted two times with
ethyl acetate. The combined organic layers were washed with sat. NaHCOs3 aq., water
and brine, dried over Na>SOs, filtered, and concentrated in vacuo. The resulting crude
material was purified by silica gel chromatography (100:1 CHCI3/MeOH) to give 45g
(70.3 mg, 0.196 mmol, 98%) as a white solid.
Data for 45g: Ry= 0.34 (20:1 CHCIl3/MeOH); mp 132136 °C; [a]; —142.4° (c = 1.0,
CHCl3); 'H NMR (400 MHz, CDCI3) & 7.32 (s, 2H), 5.25 (dd, J = 10.4, 3.2 Hz, 1H,
H-3),4.84 (d, J= 4.0 Hz, 1H, H-1), 4.13 (dd, J = 10.4, 4.0 Hz, 1H, H-2), 4.08 (q, J =
6.4 Hz, 1H, H-5),3.98 (d, /= 3.2 Hz, 1H, H-4), 3.90 (s, 6H), 3.89 (s, 3H), 3.47 (s, 3H),
2.00 (br, 2H, OH-2, OH-4), 1.31 (d, J = 6.4 Hz, 3H, H-6); 3*C NMR (100 MHz, CDCl3)
0 166.0, 152.9, 142.6, 124.7, 107.1, 99.7, 74.8, 70.8, 67.1, 65.7, 60.9, 56.3, 55.5, 16.0;
IR (KBr) v =13312, 2943, 1703, 1590, 1508, 1459, 1418, 1362, 1337, 1231, 1130, 1037,
1007, 965, 868, 774 cm™'; HRMS (ESI) m/z calcd for C17H24NaO9 [M+Na]* 395.1318,
found 395.1299.
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Methyl 3-O-(2-thenoyl)-a-L-fucopyranoside (45h)

1e (1.0 mol%) OMe
OMe thenoyl chloride (2.0 equiv) 0
o 'Pro,NEt (2.0 equiv) OH
OH , (o} S
OH 1,4-dioxane (0.2 M) HO |
HO r, 3 h d \

17 94% 45h

2-Thenoyl chloride (42.5 pL, 0.400 mmol, 2.0 equiv) was added to a stirred mixture
of methyl a-L-fucopyranoside (17) (35.6 mg, 0.200 mmol, 1.0 equiv), boronic acid le
(1.00 mL, 200 mM in 1,4-dioxane, 2.00 pumol, 1.0 mol%) and
N,N-diisopropylethylamine (69.6 puL, 0.400 mmol, 2.0 equiv) in dry 1,4-dioxane (0.20
M) under ambient atmosphere. After stirring for 3 hours, the reaction was quenched by
addition of 1 M HCI (2.0 mL) and the resulting mixture was extracted two times with
ethyl acetate. The combined organic layers were washed with sat. NaHCO3 aq., water
and brine, dried over Na>SOs, filtered, and concentrated in vacuo. The resulting crude
material was purified by silica gel chromatography (1:1 n-hexane/EtOAc) to give 45h
(54.2 mg, 0.189 mmol, 94%) as a white solid.
Data for 45h: Ry= 0.38 (1:2 n-hexane/EtOAc); mp 124—126 °C; [o]5 —176.6° (¢ = 1.0,
CHCI3); 'TH NMR (400 MHz, CDCIl3) & 7.88 (dd, J=4.0, 1.2 Hz, 1H), 7.59 (dd, J=4.8,
1.2 Hz, 1H), 7.12 (dd, J = 4.8, 4.0 Hz, 1H), 5.24 (dd, J=10.0, 2.8 Hz, 1H, H-3), 4.83 (d,
J=4.0 Hz, 1H, H-1), 4.10 (dd, J=10.0, 4.0 Hz, 1H, H-2), 4.06 (q, J = 6.8 Hz, 1H, H-5),
3.97 (d, J=2.8 Hz, 1H, H-4), 3.46 (s, 3H), 2.02 (br, 2H, OH-2, OH-4), 1.31 (d, /= 6.8
Hz, 3H, H-6); *C NMR (100 MHz, CDCl3) & 161.9, 134.1, 133.1, 133.0, 127.9, 99.7,
74.8, 70.9, 67.1, 65.7, 55.5, 16.0; IR (KBr) v = 3357, 2992, 2938, 1710, 1525, 1450,
1419, 1364, 1260, 1170, 1088, 1041, 1006, 963, 859, 761, 749, 681, 636, 491 cm;
HRMS (ESI) m/z calcd for C12H16NaOsS [M+Na]* 311.0565, found 311.0551.
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Methyl 3-O-acetyl-a-L-fucopyranoside (3s)

1e (1.0 mol%) OMe
OMe acetyl chloride (2.0 equiv)
WOH collidine (2.0 equiv) WOH
1,4-dioxane (0.2 M) (0]
HooH r, 4 h HO™ N~
)
17 90% 45i

Acetyl chloride (28.3 pL, 0.400 mmol, 2.0 equiv) was added to a stirred mixture of

methyl o-L-fucopyranoside (17) (35.6 mg, 0.200 mmol, 1.0 equiv), boronic acid le
(1.00 mL, 200 mM in 1,4-dioxane, 2.00 umol, 1.0 mol%) and collidine (53.2 pL, 0.400
mmol, 2.0 equiv) in dry 1,4-dioxane (0.20 M) under ambient atmosphere. After stirring
for 4 hours, the resulting mixture was filtered through a short pad of silica gel by using
pipette and washed with ethyl acetate and concentrated in vacuo. The resulting crude
material was purified by silica gel chromatography (100:1 CHCl3/MeOH) to give 45i
(39.6 mg, 0.180 mmol, 90%) as a white solid.
Data for 45i: Ry= 0.24 (20:1 CHCI3/MeOH); mp 112-114 °C; [a]; —213.4° (c = 1.0,
CHCl3); '"H NMR (400 MHz, CDCl3) 8 5.06 (dd, J = 10.4, 2.8 Hz, 1H, H-3), 4.79 (d, J
=4.0 Hz, 1H, H-1),4.00 (q, J = 6.8 Hz, 1H, H-5),3.95 (dd, J=10.4, 4.0 Hz, 1H, H-2),
3.84 (d, J = 2.8 Hz, 1H, H-4), 3.44 (s, 3H), 2.16 (s, 3H), 1.91 (br, 2H, OH-2, OH-4),
1.28 (d, J = 6.8 Hz, 3H, H-6); '3*C NMR (100 MHz, CDCl3) & 170.9, 99.6, 73.8, 70.8,
67.1, 65.7, 55.5, 21.1, 16.0; IR (KBr) v = 3499, 3435, 2989, 2969, 2947, 2920, 2849,
1711, 1388, 1261, 1085, 1261, 1085, 1028, 963, 803, 755, 646, 483 cm™'; HRMS (ESI)
m/z calcd for CoH1sNaOs [M+Na]* 243.0845, found 243.0839.
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Methyl 2-O-acetyl-a-L-fucopyranoside (46)

OMe Data for 46: colorless amorphous material; Ry = 0.20 (1:2
ﬁofime n-hexane/EtOAc); [a]> —182.3° (¢ = 1.0, CHCl:); 'H NMR (400 MHz,
" e CDCls) 5 4.98 (dd, J = 10.4, 4.0 Hz, 1H, H-2), 4.83 (d, J = 4.0 Hz, 1H,

H-1), 3.99-3.94 (m, 2H, H-3, H-5), 3.80 (d, J= 3.2 Hz, 1H, H-4), 3.36 (s, 3H), 3.00 (br,
1H, OH), 2.89 (br, 1H, OH), 2.14 (s, 3H), 1.29 (d, J = 6.4 Hz, 3H, H-6); 1*C NMR (100
MHz, CDCl3) 8 171.7,97.3, 72.4, 71.6, 68.6, 65.4, 55.3, 21.1, 16.0; IR (neat) v = 3561,
3330, 2993, 2924, 1736, 1490, 1366, 1249, 1193, 1163, 1141, 1098, 1054, 997, 961, 926,
896, 869, 804, 674, 419 cm'; HRMS (ESI) m/z calcd for CoHisNaOs [M+Na]*
243.0845, found 243.0837.

Methyl 2,3-di-O-acetyl-a-L-fucopyranoside (47)
OMe  Data for 47: colorless oil; Ry= 0.36 (1:1 n-hexane/EtOAc); [a]; —158.1°

@c&ime (c = 1.0, CHCL:); 'H NMR (400 MHz, CDCl3) § 5.26 (dd, J = 10.8, 2.8 Hz,
HO

47 1H, H-3), 5.19 (dd, J = 10.8, 3.6 Hz, 1H, H-2), 4.90 (d, J = 3.6 Hz, 1H,
H-1), 4.04 (q, J = 6.8 Hz, 1H, H-5), 3.92 (br, 1H, H-4), 3.38 (s, 3H), 2.11 (br, 1H,
OH-4), 2.09 (s, 3H), 2.07 (s, 3H), 1.28 (d, J = 6.8 Hz, 3H, H-6); '3C NMR (100 MHz,
CDCl) 6 170.5, 170.0, 97.2, 70.7, 70.6, 68.1, 65.2, 55.3, 20.9, 20.8, 15.9; IR (neat) v =
3495, 2939, 1742, 1373, 1234, 1197, 1164, 1120, 1056, 966, 931, 770 cm’'; HRMS
(ESI) m/z calcd for C11H1sNaO7 [M+Na]* 285.0950, found 285.0944.
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Methyl 3-O-butyryl-a-L-fucopyranoside (45j)

1e (1.0 mol%) ) OMe
OMe bultlyéyl cleorlde (2.()) equiv)
collidine (2.0 equiv ?;Oz
WOH 1,4-dioxane (0.2 M) (0] o
HOOH rt’, 30 min HO W
0o
17 97% 45j

Butyryl chloride (41.8 pL, 0.400 mmol, 2.0 equiv) was added to a stirred mixture of

methyl o-L-fucopyranoside (17) (35.6 mg, 0.200 mmol, 1.0 equiv), boronic acid le
(1.00 mL, 200 mM in 1,4-dioxane, 2.00 umol, 1.0 mol%) and collidine (53.2 pL, 0.400
mmol, 2.0 equiv) in dry 1,4-dioxane (0.20 M) under ambient atmosphere. After stirring
for 30 minutes, the resulting mixture was filtered through a short pad of silica gel by
using pipette and washed with ethyl acetate and concentrated in vacuo. The resulting
crude material was purified by silica gel chromatography (1:1 n-hexane/EtOAc) to give
45j (48.1 mg, 0.194 mmol, 97%) as a colorless amorphous material.
Data for 45j: Ry=0.23 (1:1 n-hexane/EtOAc); [a]; —169.5° (¢ = 1.1, CHCI3); '"H NMR
(400 MHz, CDCl3) 6 5.08 (dd, J=10.4, 3.2 Hz, 1H, H-3),4.79 (d, J= 4.0 Hz, 1H, H-1),
3.99 (br q,J= 6.8 Hz, 1H, H-5),3.95 (dt,J=10.4, 4.0 Hz, 1H, H-2), 3.83 (brt, J=3.2
Hz, 1H, H-4), 3.44 (s, 3H), 2.41 (dt, J = 15.2, 7.6 Hz, 1H), 2.38 (dt, J = 15.2, 7.6 Hz,
1H), 1.97 (br d, J=10.4 Hz, 1H, OH-2), 1.94 (br d, J= 3.2 Hz, 1H, OH-4), 1.69 (sext, J
= 7.6 Hz, 2H), 1.28 (d, J = 6.8 Hz, 3H, H-6), 0.97 (t, J = 7.6 Hz, 3H); '3C NMR (100
MHz, CDCl3) 6 173.5, 99.7, 73.5, 70.9, 67.1, 65.6, 55.5, 36.2, 18.5, 16.0, 13.6; IR (neat)
v = 3486, 2936, 1720, 1289, 1159, 1051, 961, 871 cm!; HRMS (ESI) m/z calcd for
C11H20NaOs [M+Na]* 271.1158, found 271.1158.
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Methyl 3-O-palmitoyl-o-L-fucopyranoside (45k)

oM 1e (1.0 mol%) OMe
e palmitoyl chloride (2.0 equiv)
o colliding (2.0 equiv) 97/ oH
OH o 1,4-dioxane (0.2 M) HOP -~ CrsHa1
HO rt, 30 min E
17 99% 45k

Palmitoyl chloride (121 pL, 0.400 mmol, 2.0 equiv) was added to a stirred mixture

of methyl a-L-fucopyranoside (17) (35.6 mg, 0.200 mmol, 1.0 equiv), boronic acid le
(1.00 mL, 200 mM in 1,4-dioxane, 2.00 umol, 1.0 mol%) and collidine (53.2 pL, 0.400
mmol, 2.0 equiv) in dry 1,4-dioxane (0.20 M) under ambient atmosphere. After stirring
for 30 minutes, the resulting mixture was filtered through a short pad of silica gel by
using pipette and washed with ethyl acetate and concentrated in vacuo. The resulting
crude material was purified by silica gel chromatography (2:1 n-hexane/EtOAc) to give
45k (82.4 mg, 0.198 mmol, 99%) as a white solid.
Data for 45k: Ry= 0.20 (2:1 n-hexane/EtOAc); mp 66—68 °C; [a]; —111.4° (c = 1.0,
CHCl3); '"H NMR (400 MHz, CDCl3) 8 5.08 (dd, J = 10.4, 3.2 Hz, 1H, H-3), 4.79 (d, J
= 4.0 Hz, 1H, H-1), 4.01 (br q, J = 6.8 Hz, 1H, H-5), 3.95 (dt, J = 10.4, 4.0 Hz, 1H,
H-2),3.84 (brt,J=3.2 Hz, 1H, H-4), 3.44 (s, 3H), 2.42 (dt, /= 15.6, 7.6 Hz, 1H), 2.39
(dt,J=15.6, 7.6 Hz, 1H), 1.97 (brd, J=10.4 Hz, 1H, OH-2), 1.94 (br d, J=3.2 Hz, 1H,
OH-4), 1.65 (quint, J = 7.6 Hz, 2H), 1.29 (d, J = 6.8 Hz, 3H, H-6), 1.25 (br s, 24H),
0.88 (t, J = 7.6 Hz, 3H); 3C NMR (100 MHz, CDCl3) & 173.7, 99.7, 73.5, 70.9, 67.1,
65.7, 55.5, 34.3, 31.9, 29.67, 29.66, 29.65, 29.63, 29.62, 29.58, 29.4, 29.3, 29.2, 29.1,
25.0, 22.6, 16.0, 14.1; IR (KBr) v =3518, 3436, 2915, 2847, 1708, 1467, 1425, 1383,
1343, 1245, 1225, 1204, 1186, 1155, 1090, 1062, 1003, 967, 769, 720 ¢cm™'; HRMS
(ESI) m/z calcd for C2sH44NaOs [M+Na]* 439.3036, found 439.3030.
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Methyl 3-O-oleoyl-a-L-fucopyranoside (SI-2)

1e (1.0 mol%) OMe
OMe oleoyl chloride (2.0 equiv)
o collidine (2.0 equiv) WOH
OH :
@ <V 1,4-dioxane (0.2 M) O.__(C7Hqy)
HO
HaOH i, 12 h \([)]/ |

17 80% sl-2 (CgHi7)

Oleoyl chloride (132 puL, 0.400 mmol, 2.0 equiv) was added to a stirred mixture of

methyl o-L-fucopyranoside (17) (35.6 mg, 0.200 mmol, 1.0 equiv), boronic acid le
(1.00 mL, 200 mM in 1,4-dioxane, 2.00 umol, 1.0 mol%) and collidine (53.2 pL, 0.400
mmol, 2.0 equiv) in dry 1,4-dioxane (0.20 M) under ambient atmosphere. After stirring
for 12 hours, the resulting mixture was filtered through a short pad of silica gel by using
pipette and washed with ethyl acetate and concentrated in vacuo. The resulting crude
material was purified by silica gel chromatography (4:1 n-hexane/EtOAc) to give SI-2
(70.9 mg, 0.160 mmol, 80%) as a colorless oil.
Data for SI-2: Ry= 0.30 (2:1 n-hexane/EtOAc); [a]; —109.5° (¢ = 1.0, CHCI3); 'H
NMR (400 MHz, CDCI3) ¢ 5.37-5.28 (m, 2H), 5.05 (dd, J = 10.4, 2.8 Hz, 1H, H-3),
4.77 (d, J= 4.0 Hz, 1H, H-1), 3.99 (q, J = 6.8 Hz, 1H, H-5), 3.94 (dt, J=10.4, 4.0 Hz,
1H, H-2), 3.82 (br, 1H, H-4), 3.42 (s, 3H), 2.42 (quin, J = 8.0 Hz, 1H), 2.37 (quin, J =
8.0 Hz, 1H), 2.01-1.97 (m, 6H), 1.64 (quin, J = 8.0 Hz, 2H), 1.29-1.26 (m, 23H), 0.86
(t,J= 6.8 Hz, 3H); *C NMR (100 MHz, CDCl3) § 173.7, 123.0, 129.7, 99.7, 73.5, 70.8,
67.1, 65.6, 55.4, 34.3, 31.9, 29.7, 29.6, 29.5, 29.3, 29.12, 29.05, 29.0, 27.2, 27.1, 24.9,
22.6, 16.0, 14.1; IR (neat) v = 3460, 2926, 2854, 1737, 1465, 1383, 1364, 1194, 1163,
1055, 961, 759, 723, 680 cm’!'; HRMS (ESI) m/z calcd for C2sHasNaOs [M+Na]*
465.3192, found 465.3185.
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Methyl 3-O-3-phenylpropionyl-a-L-fucopyranoside (451)

1e (1.0 mol%) OMe
OMe 3-phenylpropionyl chloride
(2.0 equiv) 0
?OiOH collidine (2.0 equiv) OH
(0] Ph
_di HO
el 1,4-dioxane (0.2 M) D
rt, 1h le)
17 97% 45|

3-Phenylpropionyl chloride (59.2 pL, 0.400 mmol, 2.0 equiv) was added to a stirred
mixture of methyl a-L-fucopyranoside (17) (35.6 mg, 0.200 mmol, 1.0 equiv), boronic
acid 1e (1.00 mL, 200 mM in 1,4-dioxane, 2.00 umol, 1.0 mol%) and collidine (53.2 pL,
0.400 mmol, 2.0 equiv) in dry 1,4-dioxane (0.20 M) under ambient atmosphere. After
stirring for 1 hour, the resulting mixture was filtered through a short pad of silica gel by
using pipette and washed with ethyl acetate and extracted two times with ethyl acetate.
The combined organic layers were washed with sat. NaHCO3 aq., water and brine, dried
over NaxSOQas, filtered, and concentrated in vacuo. The resulting crude material was
purified by silica gel chromatography (1:1 n-hexane/EtOAc) to give 451 (60.2 mg, 0.194
mmol, 97%) as a white solid.
Data for 451: Ry= 0.38 (1:2 n-hexane/EtOAc); mp 108—110 °C; [o]} —151.4° (¢ = 1.0,
CHCI3); 'H NMR (400 MHz, CDCl3) § 7.32-7.28 (m, 2H), 7.23-7.20 (m, 3H), 5.02 (dd,
J=104, 2.8 Hz, 1H, H-3), 4.76 (d, /= 4.0 Hz, 1H, H-1), 3.95 (q, /= 6.4 Hz, 1H, H-5),
3.92(dd,J=10.4,4.0 Hz, 1H, H-2),3.68 (d, /= 2.8 Hz, 1H, H-4), 3.42 (s, 3H), 3.01 (dt,
J=15.2,7.6 Hz, 1H), 2.96 (dt, J = 15.2, 7.6 Hz, 1H), 2.78 (dt, J = 15.2, 7.6 Hz, 1H),
2.75 (dt, J = 15.2, 7.6 Hz, 1H), 1.25 (d, J = 6.4 Hz, 3H, H-6); 3C NMR (100 MHz,
CDCl) 6 172.7, 140.2, 128.5, 128.3, 126.4, 99.6, 73.9, 70.7, 66.9, 65.6, 55.5, 35.8, 31.0,
16.0; IR (KBr) v = 3374, 3005, 2938, 2890, 1697, 1415, 1390, 1359, 1309, 1198, 1166,
1091, 1069, 960, 758, 698 cm’!; HRMS (ESI) m/z calcd for CisH22NaOs [M+Na]*
333.1314, found 333.1298.
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Methyl 3-O-isovaleryl-a-L-fucopyranoside (45m)

1e (1.0 mol%) OMe
OMe isovaleryl chloride (2.0 equiv)
o on collidine (2.0 equiv) WOH
’Z ; J 1,4-dioxane (0.2 M) O
OH m,1h

HO

17 96% 45m

Isovaleryl chloride (48.7 pL, 0.400 mmol, 2.0 equiv) was added to a stirred mixture

of methyl a-L-fucopyranoside (17) (35.6 mg, 0.200 mmol, 1.0 equiv), boronic acid le
(1.00 mL, 200 mM in 1,4-dioxane, 2.00 umol, 1.0 mol%) and collidine (53.2 pL, 0.400
mmol, 2.0 equiv) in dry 1,4-dioxane (0.20 M) under ambient atmosphere. After stirring
for 1 hour, the resulting mixture was filtered through a short pad of silica gel by using
pipette and washed with ethyl acetate and concentrated in vacuo. The resulting crude
material was purified by silica gel chromatography (2:1 n-hexane/EtOAc) to give 45m
(50.4 mg, 0.192 mmol, 96%) as a white solid.
Data for 45m: Ry= 0.30 (1:1 n-hexane/EtOAc); mp 92-94 °C; [a]; —192.3° (¢ = 1.0,
CHCl3); '"H NMR (400 MHz, CDCl3) 8 5.09 (dd, J = 10.4, 3.2 Hz, 1H, H-3), 4.79 (d, J
= 4.0 Hz, 1H, H-1), 4.01 (br q, J = 6.8 Hz, 1H, H-5), 3.95 (dt, J = 10.4, 4.0 Hz, 1H,
H-2),3.84 (brt,J=3.2 Hz, 1H, H-4), 3.44 (s, 3H), 2.32 (dd, /= 14.8, 7.2 Hz, 1H), 2.28
(dd, J=14.8, 7.2 Hz, 1H), 2.19-2.09 (m, 1H), 1.93 (d, /= 10.4 Hz, 1H, OH-2), 1.88 (br
d, J=3.2 Hz, 1H, OH-4), 1.29 (d, J = 6.8 Hz, 3H, H-6), 0.99 (d, J = 7.2 Hz, 6H); *C
NMR (100 MHz, CDCls) & 172.9, 99.7, 73.5, 71.0, 67.1, 65.7, 55.5, 43.4, 25.9, 22.33,
22.32, 16.0; IR (KBr) v = 3472, 2958, 1719, 1368, 1296, 1052, 961, 871 cm’!; HRMS
(ESI) m/z calcd for C12H22NaOs [M+Na]* 285.1314, found 285.1315.
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Methyl 3-O-isobutyryl-a-L-fucopyranoside (45n)

1e (1.0 mol%) OMe
OMe isobutyryl chloride (2.0 equiv)
collidine (2.0 equiv) (@) OH
Q7 oH
1,4-dioxane (0.2 M) HoC
roPH rt, 30 min >/,_<
17 >99% 45n

Isobutyryl chloride (42.2 pL, 0.400 mmol, 2.0 equiv) was added to a stirred mixture

of methyl a-L-fucopyranoside (17) (35.6 mg, 0.20 mmol, 1.0 equiv), boronic acid le
(1.00 mL, 200 mM in 1,4-dioxane, 2.00 umol, 1.0 mol%) and collidine (53.2 pL, 0.400
mmol, 2.0 equiv) in dry 1,4-dioxane (0.20 M) under ambient atmosphere. After stirring
for 30 minutes, the resulting mixture was filtered through a short pad of silica gel by
using pipette and washed with ethyl acetate and concentrated in vacuo. The resulting
crude material was purified by silica gel chromatography (1:1 n-hexane/EtOAc) to give
45n (50.0 mg, 0.201 mmol, >99%) as a white solid.
Data for 45n: Ry= 0.25 (1:1 n-hexane/EtOAc); mp 97-100 °C; [a]; —200.8° (¢ = 1.0,
CHCl3); '"H NMR (400 MHz, CDCl3) 8 5.05 (dd, J = 10.4, 3.2 Hz, 1H, H-3), 4.79 (d, J
= 4.0 Hz, 1H, H-1), 4.01 (br q, J = 6.8 Hz, 1H, H-5), 3.96 (dt, J = 10.4, 4.0 Hz, 1H,
H-2), 3.84 (br, 1H, H-4), 3.44 (s, 3H), 2.66 (sept, J = 6.8 Hz, 1H), 1.94 (d, J=10.4 Hz,
1H, OH-2), 1.92 (br d, J=3.2 Hz, 1H, OH-4), 1.28 (d, /= 6.8 Hz, 3H, H-6), 1.21 (d, J
= 6.8 Hz, 3H), 1.20 (d, J = 6.8 Hz, 3H); '*C NMR (100 MHz, CDCls) & 177.0, 99.7,
73.5, 70.9, 67.2, 65.7, 55.5, 34.1, 19.01, 19.00, 16.0; IR (KBr) v = 3480, 2938, 1728,
1196 1158, 1051, 961, 758 cm’!; HRMS (ESI) m/z calcd for C1iH20NaOs [M+Na]*
271.1158, found 271.1163.
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Methyl 3-O-pivaloyl-a-L-fucopyranoside (450)

1e (1.0 mol%) OMe
OMe pivaloyl chloride (3.0 equiv)
collidine (3.0 equiv) O OH
Q7 o :
1,4-dioxane (0.2 M) HO2
noPH r,24 h }._é
(o]
17 90% 450

Pivaloyl chloride (73.1 pL, 0.600 mmol, 3.0 equiv) was added to a stirred mixture of

methyl o-L-fucopyranoside (17) (35.6 mg, 0.200 mmol, 1.0 equiv), boronic acid le
(1.00 mL, 200 mM in 1,4-dioxane, 2.00 umol, 1.0 mol%) and collidine (79.8 pL, 0.600
mmol, 3.0 equiv) in dry 1,4-dioxane (0.20 M) under ambient atmosphere. After stirring
for 24 hours, the resulting mixture was filtered through a short pad of silica gel by using
pipette and washed with ethyl acetate and concentrated in vacuo. The resulting crude
material was purified by silica gel chromatography (100:1 CHCls/MeOH) to give 450
(47.3 mg, 0.180 mmol, 90%) as a white solid.
Data for 450: Ry= 0.45 (20:1 CHCl3/MeOH); mp 96-98 °C; [a]; —188.1° (c = 1.0,
CHCl3); '"H NMR (400 MHz, CDCl3) 8 5.04 (dd, J = 10.4, 3.2 Hz, 1H, H-3), 4.78 (d, J
=4.0 Hz, 1H, H-1), 4.01 (br q, J = 6.8 Hz, 1H, H-5), 3.96 (br, 1H, H-2), 3.83 (d, J=3.2
Hz, 1H, H-4), 3.44 (s, 3H), 1.89 (br, 2H, OH-2, OH-4), 1.29 (d, J = 6.8 Hz, 3H, H-6),
1.25 (s, 9H); *C NMR (100 MHz, CDCI3) & 178.3, 99.7, 73.5, 70.9, 67.2, 65.7, 55.5,
39.0, 27.2, 16.0; IR (KBr) v = 3465, 2929, 1734, 1191, 1050, 961, 755 cm™'; HRMS
(ESI) m/z calcd for C12H22NaOs [M+Na]* 285.1314, found 285.1328.
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Methyl 3-O-senecioyl-a-L-fucopyranoside (45p)

OMe 1e (1.0 mol%)
senecioyl chloride (2.0 equiv) 0
07 o collidine (2.0 equiv) OH
(o}
HOOH 1,4-dioxane (0.2 M) HO W
r,16 h 0

17 83% 45p

Senecioyl chloride (44.5 pL, 0.400 mmol, 2.0 equiv) was added to a stirred mixture

of methyl a-L-fucopyranoside (17) (35.6 mg, 0.200 mmol, 1.0 equiv), boronic acid le
(1.00 mL, 200 mM in 1,4-dioxane, 2.00 umol, 1.0 mol%) and collidine (53.2 pL, 0.400
mmol, 2.0 equiv) in dry 1,4-dioxane (0.20 M) under ambient atmosphere. After stirring
for 16 hours, the reaction was quenched by addition of 1 M HCI (2.0 mL) and the
resulting mixture was extracted two times with ethyl acetate. The combined organic
layers were washed with sat. NaHCO3 aq., water and brine, dried over Na>SOy4, filtered,
and concentrated in vacuo. The resulting crude material was purified by silica gel
chromatography (100:1 CHCI3/MeOH) to give 45p (43.2 mg, 0.166 mmol, 83%) as a
white solid.
Data for 45p: Ry= 0.37 (20:1 CHCI3/MeOH); mp 91-93 °C; [a]; —209.9° (¢ = 1.0,
CHCI3); '"H NMR (400 MHz, CDCl3) & 5.80 (sep, J = 1.2 Hz, 1H), 5.10 (dd, J = 10.4,
3.2 Hz, 1H, H-3), 4.80 (d, J = 4.0 Hz, 1H, H-1), 4.02 (br q, J = 6.4 Hz, 1H, H-5), 3.98
(dt, J=10.4, 4.0 Hz, 1H, H-2), 3.87 (br t, J= 3.2 Hz, 1H, H-4), 3.44 (s, 3H), 2.18 (d, J
= 1.2 Hz, 3H), 2.00 (br d, J = 10.4 Hz, 1H, OH-2), 1.92 (br d, J = 3.2 Hz, 1H, OH-4),
1.92 (d, J= 1.2 Hz, 3H), 1.29 (d, J = 6.4 Hz, 3H, H-6); *C NMR (100 MHz, CDCl3) §
166.2, 158.7, 115.5, 99.7, 72.8, 71.0, 67.2, 65.7, 55.5, 27.5, 20.4, 16.0; IR (KBr) v =
3574, 3369, 2984, 2937, 1714, 1652, 1450, 1383, 1234, 1197, 1151, 1087, 1039, 960,
853, 750 cm’'; HRMS (ESI) m/z calcd for Ci2H20NaOs [M+Na]* 283.1158, found
283.1154.
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Methyl 3-O-cinnamoyl-a-L-fucopyranoside (45q)

1e (1.0 mol%) OMe
OMe cinnamoyl chloride (4.0 equiv)
o collidine (4.0 equiv) WOH
OH 1,4-dioxane (0.2 M) HoO A
hoPH i, 16 h
o
17 98% 45q

Cinnamoyl chloride (133 mg, 0.800 mmol, 4.0 equiv) was added to a stirred mixture

of methyl a-L-fucopyranoside (17) (35.6 mg, 0.200 mmol, 1.0 equiv), boronic acid le
(1.00 mL, 200 mM in 1,4-dioxane, 2.00 pmol, 1.0 mol%) and collidine (106 pL, 0.800
mmol, 4.0 equiv) in dry 1,4-dioxane (0.20 M) under ambient atmosphere. After stirring
for 16 hours, the reaction was quenched by addition of 1 M HCI (2.0 mL) and the
resulting mixture was extracted two times with ethyl acetate. The combined organic
layers were washed with sat. NaHCOs aq., water and brine, dried over Na>SOys, filtered,
and concentrated in vacuo. The resulting crude material was purified by silica gel
chromatography (2:1 n-hexane/EtOAc) to give 45q (60.4 mg, 0.196 mmol, 98%) as a
colorless amorphous material.
Data for 45q: Ry= 0.25 (1:1 n-hexane/EtOAc); [o]h —190.5° (¢ = 1.0, CHCl3); '"H NMR
(400 MHz, CDCIs) 6 7.75 (d, 16.0 Hz, 1H), 7.54-7.52 (m, 2H), 7.40-7.38 (m, 3H), 6.54
(d, J=16.0 Hz, 1H), 5.18 (dd, J = 10.0 Hz, 2.8 Hz, 1H, H-3), 4.83 (d, /= 4.0 Hz, 1H,
H-1), 4.08-4.03 (m, 2H, H-2, H-5), 3.93 (br d, J = 2.8 Hz, 1H, H-4), 3.46 (s, 3H), 1.97
(br, 2H, OH-2, OH-4), 1.30 (d, J = 6.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) § 166.8,
145.9, 134.2, 130.5, 128.9, 128.2, 117.5, 99.7, 74.0, 70.9, 67.1, 65.7, 55.5, 16.0; IR
(neat) v = 3463, 2933, 1698, 1636, 1313, 1161, 1051, 961, 768 cm™'; HRMS (ESI) m/z
calcd for C16H20NaOs [M+Na]* 331.1158, found 331.1164.
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Methyl 3-O-(4-methoxycinnamoyl)-a-L-fucopyranoside (45r)

1e (1.0 mol%) OMe
OMe 4-methoxycinnamoyl chloride

(2.0 equiv) o OMe

0 collidine (2.0 equiv) OH

OH : AN
OH 1,4-dioxane (0.2 M) HO
HO f, 16 h )
17 95% 45r

4-Methoxycinnamoyl chloride (78.7 mg, 0.400 mmol, 2.0 equiv) was added to a

stirred mixture of methyl a-L-fucopyranoside (17) (35.6 mg, 0.200 mmol, 1.0 equiv),
boronic acid 1e (1.00 mL, 200 mM in 1,4-dioxane, 2.00 pmol, 1.0 mol%) and collidine
(53.2 pL, 0.400 mmol, 2.0 equiv) in dry 1,4-dioxane (0.20 M) under ambient
atmosphere. After stirring for 16 hours, the reaction was quenched by addition of 1 M
HCI (2.0 mL) and the resulting mixture was extracted two times with ethyl acetate. The
combined organic layers were washed with sat. NaHCO3 aq., water and brine, dried
over NaxSOQas, filtered, and concentrated in vacuo. The resulting crude material was
purified by silica gel chromatography (2:1 n-hexane/EtOAc) to give 45r (64.2 mg,
0.190 mmol, 95%) as a colorless amorphous material.
Data for 45r: Ry= 0.18 (2:1 n-hexane/EtOAc); [a]; —183.3° (¢ = 1.0, CHCI3); '"H NMR
(400 MHz, CDCl3) 6 7.69 (d, J=16.0 Hz, 1H), 7.46 (d, J= 8.8 Hz, 2H), 6.88 (d, /= 8.8
Hz, 2H), 6.39 (d, J=16.0 Hz, 1H), 5.16 (dd, /= 10.4, 3.2 Hz, 1H, H-3),4.81 (d, J=4.0
Hz, 1H, H-1), 4.06 (dt, J=10.4, 4.0 Hz, 1H, H-2),4.04 (br q,J= 6.8 Hz, 1H, H-5), 3.92
(br, 1H, H-4), 3.82 (s, 3H), 3.44 (s, 3H), 2.19 (br, 1H, OH-4), 2.14 (d, J = 10.4 Hz, 1H,
OH-2), 1.29 (d, J = 6.8 Hz, 3H, H-6); '3*C NMR (100 MHz, CDCl3) & 167.1, 161.5,
145.6, 129.9, 126.9, 114.8, 114.3, 99.7, 73.8, 70.8, 67.1, 65.7, 55.5, 55.3, 16.0; IR (neat)
v = 3461, 2936, 1699, 1605, 1514, 1423, 1255, 1174, 1053, 961, 830, 756 cm’'; HRMS
(ESI) m/z calcd for C17H22NaO7 [M+Na]* 361.1263, found 361.1255.
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Methyl 3-0-(3,4-dimethoxycinnamoyl)-a-L-fucopyranoside (45s)

1e (1.0 mol%) OMe OMe
OMe 3,4-dimethoxycinnamoyl chloride OMe
(2.0 equiv) Q7 oH
Q7 oH collidine (2.0 equiv)
O A
- HO
HOOH 1,4-dioxane (0.2 M)
rt, 16 h o
17 45s

79%
3,4-Dimethoxycinnamoyl chloride (90.7 mg, 0.400 mmol, 2.0 equiv) was added to a
stirred mixture of methyl a-L-fucopyranoside (17) (35.6 mg, 0.200 mmol, 1.0 equiv),
boronic acid 1e (1.00 mL, 200 mM in 1,4-dioxane, 2.00 pmol, 1.0 mol%) and collidine
(53.2 pL, 0.400 mmol, 2.0 equiv) in dry 1,4-dioxane (0.20 M) under ambient
atmosphere. After stirring for 16 hours, the reaction was quenched by addition of 1 M
HCI (2.0 mL) and the resulting mixture was extracted two times with ethyl acetate. The
combined organic layers were washed with sat. NaHCO3 aq., water and brine, dried
over NaxSOQas, filtered, and concentrated in vacuo. The resulting crude material was
purified by silica gel chromatography (100:1 CHCl3/MeOH) to give 45s (58.2 mg,
0.158 mmol, 79%) as a colorless amorphous material.
Data for 45s: Ry= 0.43 (20:1 CHCl3/MeOH); [a]; —142.7° (¢ = 1.0, CHCl3); '"H NMR
(400 MHz, CDCl3) 6 7.67 (d, J=16.0 Hz, 1H), 7.09 (dd, /= 8.4, 1.6 Hz, 1H), 7.04 (d, J
= 1.6 Hz, 1H), 6.84 (d, J = 8.4 Hz, 1H), 6.40 (d, J = 16.0 Hz, 1H), 5.16 (dd, J = 10.0,
2.8 Hz, 1H, H-3), 4.82 (d, /= 4.0 Hz, 1H, H-1), 4.06 (dd, J = 10.0, 4.0 Hz, 1H, H-2),
4.04 (q, J = 6.8 Hz, 1H, H-5), 3.93 (d, J = 2.8 Hz, 1H, H-4), 3.90 (s, 3H), 3.89 (s, 3H),
3.45 (s, 3H), 2.21 (br, 2H, OH-2, OH-4), 1.29 (d, J = 6.8 Hz, 3H); '3C NMR (100 MHz,
CDCl3) 6 167.0, 151.3, 149.1, 145.8, 127.1, 122.9, 115.0, 110.9, 109.5, 99.7, 73.9, 70.8,
67.1, 65.7, 55.9, 55.8, 55.5, 16.0; IR (neat) v = 3483, 2937, 1703, 1633, 1599, 1514,
1465, 1262, 1159, 1140, 1052, 809, 755 cm™'; HRMS (ESI) m/z calcd for C1sH24NaOs
[M+Na]* 391.1369, found 391.1367.
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Methyl 3-O-benzyloxycarbonyl-a-L-fucopyranoside (45t)

1e (1.0 mol%)

OMe benzyl chloroformate (2.0 equiv) OMe
'ProNEt (2.0 equiv) o
Q7 oH , OH
OH 1,4-dioxane (0.2 M) OCbz
HO r,16 h HO
17 79% 45t

Benzyl chloroformate (56.4 pL, 0.400 mmol, 2.0 equiv) was added to a stirred

mixture of methyl a-L-fucopyranoside (17) (35.6 mg, 0.200 mmol, 1.0 equiv), boronic
acid le (1.00 mL, 200 mM in I1,4-dioxane, 2.00 pmol, 1.0 mol%) and
N,N-diisopropylethylamine (69.6 puL, 0.400 mmol, 2.0 equiv) in dry 1,4-dioxane (0.20
M) under ambient atmosphere. After stirring for 16 hours, the reaction was quenched by
addition of 1 M HCI (2.0 mL) and the resulting mixture was extracted two times with
ethyl acetate. The combined organic layers were washed with sat. NaHCOs3 aq., water
and brine, dried over Na>SOs, filtered, and concentrated in vacuo. The resulting crude
material was purified by silica gel chromatography (2:1 n-hexane/EtOAc) to give 45t
(49.1 mg, 0.157 mmol, 79%) as a colorless amorphous material.
Data for 45t: Ry=0.37 (1:1 n-hexane/EtOAc); [o]; —138.6° (¢ = 1.0, CHCI3); '"H NMR
(400 MHz, CDCl3) 6 7.40-7.34 (m, SH), 5.21 (d, J=12.0 Hz, 1H), 5.17 (d, /= 12.0 Hz,
1H), 4.91 (dd, J = 10.0, 2.8 Hz, 1H, H-3), 4.80 (d, J = 4.0 Hz, 1H, H-1), 4.02 (dd, J =
10.0, 4.0 Hz, 1H, H-2), 3.99 (q, J = 6.8 Hz, 1H, H-5), 3.92 (br d, J = 2.8 Hz, 1H, H-4),
3.44 (s, 3H), 2.00 (br, 2H, OH-2, OH-4), 1.29 (d, J = 6.8 Hz, 3H, H-6); '3C NMR (100
MHz, CDCl) & 154.9, 134.8, 128.64, 128.61, 128.4, 99.6, 77.9, 70.5, 70.1, 67.0, 65.6,
55.5, 16.0; IR (neat) v = 3471, 2937, 1743, 1455, 1387, 1269, 1055, 963, 758 cm™';
HRMS (ESI) m/z calcd for CisH20NaO7 [M+Na]* 335.1107, found 335.1119.

152



Methyl 3-O-(9-fluorenylmethyloxycarbonyl)-a-L-fucopyranoside (45u)

1e (1.0 mol%)
OMe 9-fluorenylmethyl chloroformate OMe
(2.0 equiv) ]
WOH 'Pr,NEt (2.0 equiv) 07 on
OH 1,4-dioxane (0.2 M) OFmoc
HO rt, 24 h HO
17 84% 45u

9-Fluorenylmethyl chloroformate (51.7 mg, 0.400 mmol, 2.0 equiv) was added to a

stirred mixture of methyl a-L-fucopyranoside (17) (35.6 mg, 0.200 mmol, 1.0 equiv),
boronic acid le (1.00 mL, 200 mM in 1,4-dioxane, 2.00 pmol, 1.0 mol%) and
N,N-diisopropylethylamine (69.6 puL, 0.400 mmol, 2.0 equiv) in dry 1,4-dioxane (0.20
M) under ambient atmosphere. After stirring for 24 hours, the reaction was quenched by
addition of 1 M HCI (2.0 mL) and the resulting mixture was the resulting mixture was
extracted two times with ethyl acetate. The combined organic layers were washed with
sat. NaHCOs3 aq., water and brine, dried over Na2SOs4, filtered, and concentrated in
vacuo. The resulting crude material was purified by silica gel chromatography (2:1
n-hexane/EtOAc) to give 45u (67.1 mg, 0.168 mmol, 84%) as a white solid.
Data for 45u: Ry= 0.50 (1:2 n-hexane/EtOAc); mp 174—178 °C; [a]p —121.3° (¢ = 1.0,
CHCI3); 'H NMR (400 MHz, CDCl3) & 7.77 (d, J = 7.2 Hz, 2H), 7.63 (t, J = 7.2 Hz, 2H),
7.41 (t,J=17.2 Hz, 2H), 7.32 (t, /= 7.2 Hz, 2H), 4.89 (dd, J = 10.0, 2.8 Hz, 1H, H-3),
4.81 (d,J=3.6 Hz, 1H, H-1),4.51 (dd, /= 10.4, 7.2 Hz, 1H), 4.42 (dd, J=10.4, 7.2 Hz,
1H), 4.28 (t, J= 7.2 Hz, 1H), 4.06 (dd, J = 10.0, 3.6 Hz, 1H, H-2), 3.98 (q, J = 6.8 Hz,
1H, H-5), 3.90 (d, J = 2.8 Hz, 1H, H-4), 3.44 (s, 3H), 2.06 (br, 2H, OH-2, OH-4), 1.30
(d, J = 6.8 Hz, 3H, H-6); 3*C NMR (100 MHz, CDCls) & 154.9, 143.3, 143.1, 141.3,
141.2, 127.9, 127.2, 125.2, 125.1, 120.04, 120.02, 99.6, 77.9, 70.5, 70.1, 67.0, 65.7,
55.5, 46.7, 16.0; IR (KBr) v = 3510, 3429, 2988, 2936, 2892, 2839, 1728, 1450, 1393,
1282, 1202, 1164, 1096, 1058, 969, 759, 736 c¢cm’'; HRMS (ESI) m/z calcd for
C22H24NaO7 [M+Na]* 423.1420, found 423.1414.
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Methyl 3-O-allyloxycarbonyl-a-L-fucopyranoside (45v)

1e (1.0 mol%)
OMe allyl chloroformate (2.0 equiv) OMe
'ProNEt (2.0 equiv)
R/ oH R/ oH
1,4-dioxane (0.2 M) CAIl
HoPH i, 24 h HoPAllee
17 75% a5v

Allyl chloroformate (42.1 uL, 0.400 mmol, 2.0 equiv) was added to a stirred solution

of methyl a-L-fucopyranoside (17) (35.6 mg, 0.200 mmol, 1.0 equiv), boronic acid le
(1.00 mL, 200 mM in 1,4-dioxane, 2.00 pumol, 1.0 mol%) and
N,N-diisopropylethylamine (69.6 puL, 0.400 mmol, 2.0 equiv) in dry 1,4-dioxane (0.20
M) under ambient atmosphere. After stirring for 24 hours, the reaction was quenched by
addition of 1 M HCI (2.0 mL) and the resulting mixture was extracted two times with
ethyl acetate. The combined organic layers were washed with sat. NaHCO3 aq., water
and brine, dried over Na>SOs, filtered, and concentrated in vacuo. The resulting crude
material was purified by silica gel chromatography (1:1 n-hexane/EtOAc) to give 45v
(39.4 mg, 0.150 mmol, 75%) as a white solid.
Data for 45v: Ry= 0.40 (1:2 n-hexane/EtOAc); mp 112-114 °C; [a]; —171.1° (¢ = 1.0,
CHCI3); 'TH NMR (400 MHz, CDCl3) & 5.94 (ddt, J = 17.2, 10.4, 5.6 Hz, 1H), 5.38 (dq,
J=17.2,1.2 Hz, 1H), 5.29 (dq, J = 10.4, 1.2 Hz, 1H), 4.89 (dd, J = 10.4, 3.2 Hz, 1H,
H-3),4.80 (d, J= 4.0 Hz, 1H, H-1), 4.65 (dt, /= 5.6, 1.2 Hz, 2H), 4.02 (dd, J = 10.4,
4.0 Hz, 1H, H-2), 3.99 (q, J = 6.8 Hz, 1H, H-5), 3.92 (d, J = 3.2 Hz, 1H, H-4), 3.44 (s,
3H), 2.01 (br, 2H, OH-2, OH-4), 1.29 (d, J = 6.8 Hz, 3H, H-6); '3*C NMR (100 MHz,
CDCl) 6 154.7,131.2, 119.3, 99.6, 77.8, 70.5, 68.9, 67.0, 65.6, 55.5, 16.0; IR (KBr) v=
3575, 3345, 2986, 2941, 2839, 1740, 1458, 1389, 1277, 1199, 1159, 1089, 1054, 960,
786, 764 cm’'; HRMS (ESI) m/z calcd for CiiHisNaO7 [M+Na]* 285.0950, found
285.0946.
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Methyl 3-0O-(2,2,2-trichloroethyloxycarbonyl)-a-L-fucopyranoside (45w)

1e (1.0 mol%)

OMe 2,2,2-trichloroethyl chloroformate OMe
(2.0 equiv)
O/ oH 'ProNEt (2.0 equiv) 07 on
OH 1 4-dioxane (0.2 M) OTroc
HO i, 24 h HO
17 45w

81%
2,2,2-Trichloroethyl chloroformate (53.6 uL, 0.400 mmol, 2.0 equiv) was added to a
stirred mixture of methyl a-L-fucopyranoside (17) (35.6 mg, 0.200 mmol, 1.0 equiv),
boronic acid le (1.00 mL, 200 mM in 1,4-dioxane, 2.00 pmol, 1.0 mol%) and
N,N-diisopropylethylamine (69.6 puL, 0.400 mmol, 2.0 equiv) in dry 1,4-dioxane (0.20
M) under ambient atmosphere. After stirring for 24 hours, the reaction was quenched by
addition of 1 M HCI (2.0 mL) and the resulting mixture was extracted two times with
ethyl acetate. The combined organic layers were washed with sat. NaHCO3 aq., water
and brine, dried over Na>SOs, filtered, and concentrated in vacuo. The resulting crude
material was purified by silica gel chromatography (100:1 CHCI3/MeOH) to give 45w
(57.5 mg, 0.163 mmol, 81%) as a white solid.
Data for 45w: Ry= 0.39 (20:1 CHCl3/MeOH); mp 114-117 °C; [a]; —127.6° (¢ = 1.0,
CHCI3); 'H NMR (400 MHz, CDCl3) & 4.94 (dd, J = 10.4, 3.2 Hz, 1H, H-3), 4.83 (d, J
=12.0 Hz, 1H), 4.80 (d, J = 4.0 Hz, 1H, H-1), 4.75 (d, J = 12.0 Hz, 1H), 4.06 (dd, J =
10.4, 4.0 Hz, 1H, H-2), 3.99 (q, J = 6.8 Hz, 1H, H-5), 3.96 (d, J = 3.2 Hz, 1H, H-4),
3.44 (s, 3H), 2.14 (br, 2H, OH-2, OH-4), 1.29 (d, J = 6.8 Hz, 3H, H-6); 3C NMR (100
MHz, CDCl3) 6 153.8, 99.5, 94.2, 79.1, 77.0, 70.3, 66.9, 65.7, 55.5, 16.0; IR (KBr) v =
3521, 3403, 2992, 2919, 1761, 1449, 1388, 1274, 1248, 1168, 1140, 1054, 964, 825,
764, 733, 713, 568 cm’'; HRMS (ESI) m/z calcd for CioHis%°ClsNaO7 [M+Na]*
374.9781, found 374.9777.
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Preparation of boronic acid 1h
1. ethylenediamine(1.1 equiv)

I, (1.25 equiv)
K2003 (30 equiv)
Br O 'BUOH (0.2 M) Br "f/\>
H 70°C,225h N
H
2. K»COg3 (1.1 equiv)
Me PhI(OAc), (1.1 equiv) Me
DMSO (0.2 M)
SI-3 rt, 24 h SlI-4

2 steps 25%

HO_ _OH
Br N B~
Mel (1.1 equiv) I/\> 1. "BulLi (1.1 equiv) B ’\fx
NaH (1.5 equiv) r\{ 2. B(OMe)3 (3.0 equiv) N
TI;lF (0.1 M) toluene/THF (4:1, 0.5 M) \
0°Ctort,1.5h " -78°Ctort,1.5h
e
94% 97% Me
SI-5 1h

Ethylenediamine (369 uL, 5.52 mmol, 1.1 equiv) was added to a stirred solution of
2-bromo-5-methylbenzaldehyde (SI-3) (1.00 g, 5.02 mmol, 1.0 equiv) in ~BuOH (25
mL, 0.20 M). After stirring at room temperature for 30 minutes under nitrogen, 12 (796
mg, 6.28 mmol, 1.25 equiv) and K2COs (2.08 g, 15.1 mmol, 3.0 equiv) were added.
After stirring at 70 °C for 22 hours, the reaction was quenched by addition of sat.
Na2SOs3 aq. and the resulting mixture was extracted three times with chloroform. The
combined organic layers were washed with sat. NaHCOs aq. and brine, dried over
NaxSOs, filtered, and concentrated in vacuo to give crude imidazoline. The resulting
crude material was used in the next step without further purification.

PhI(OAc)2 (1.78 g, 5.52 mmol, 1.1 equiv) was added to a stirred solution of the crude
imidazoline and K2CO3 (763 mg, 5.52 mmol, 1.1 equiv) in DMSO (25 mL, 0.20 M).
After stirring at room temperature for 24 hours, the reaction was quenched by addition
of sat. NaHCOs3 aq. and the resulting mixture was extracted three times with ethyl
acetate. The combined organic layers were washed with water and brine, dried over
NaxSOg, filtered, and concentrated in vacuo. The resulting crude material was purified
by silica gel chromatography (1:1 n-hexane/EtOAc) to give SI-4 (303 mg, 1.28 mmol,
25%) as a pale yellow solid.

Data for SI-4: Ry= 0.32 (1:1 n-hexane/EtOAc); mp 156-162 °C; 'H NMR (400 MHz,
CDCl3) 6 7.98 (d, J=2.0 Hz, 1H) 7.47 (d, J = 8.0 Hz, 1H), 7.18 (br, 2H), 7.01 (dd, J =
8.0, 2.0 Hz, 1H), 2.32 (s, 3H); '3C NMR (100 MHz, CDCl3) & 144.7, 137.9, 133.5,
131.9, 130.8, 129.8, 115.9, 20.7; IR (KBr) v = 3020, 2917, 1561, 1485, 1424, 1391,
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1355, 1206, 1164, 1135, 1106, 1026, 972, 882, 850, 813, 754, 733, 605, 567, 478 cm’!;
HRMS (ESI) m/z calcd for C10H10"°BrN2 [M+H]* 237.0027, found 237.0028.

A solution of imidazole SI-4 (100 mg, 0.422 mmol, 1.0 equiv) in THF (2.1 mL, 0.20

M) was added to a stirred suspension of NaH (15.2 mg, 0.633 mmol, 1.5 equiv) in THF
(2.1 mL, 0.20 M, total 0.10 M). After stirring at 0 °C for 30 minutes, iodomethane (28.9
uL, 0.464 mmol, 1.1 equiv) was added. After stirring at room temperature for 1 hour,
the resulting mixture was poured onto ice and extracted three times with ethyl acetate.
The combined organic layers were washed with water and brine, dried over Na2SOs,
filtered, and concentrated in vacuo. The resulting crude material was purified by silica
gel chromatography (1:3 n-hexane/EtOAc) to give SI-5 (100 mg, 3.68 mmol, 95%) as a
pale yellow solid.
Data for SI-5: Ry= 0.34 (1:3 n-hexane/EtOAc); mp 86-88 °C; 'H NMR (400 MHz,
CDs0OD) 6 7.52 (d, J = 8.0 Hz, 1H), 7.26 (d, J = 2.0 Hz, 1H), 7.13 (d, /= 1.2 Hz, 1H),
7.12 (dd, J = 8.0, 2.0 Hz, 1H), 6.98 (d, J = 1.2 Hz, 1H), 3.53 (s, 3H), 2.33 (s, 3H); 13C
NMR (100 MHz, CDCIl3) 6 147.0, 137.5, 133.3, 132.4, 132.0, 131.7, 128.2, 120.92,
120.87, 33.5, 20.7; IR (KBr) v =3097, 2946, 1475, 1453, 1403, 1375, 1282, 1186, 1133,
1099, 1077, 1017, 920, 890, 855, 819, 807, 761, 733, 664, 598, 572, 465 ¢cm™'; HRMS
(ESI) m/z caled for C11H12"°Br¥N2 [M+H]* 251.0184, found 251.0180.

n-BuLi (139 uL, 1.58 M in n-hexane, 0.219 mmol, 1.1 equiv) was added to a stirred

solution of SI-5 (50.0 mg, 0.199 mmol, 1.0 equiv) in dry toluene/THF (4:1, 0.40 mL,
0.50 M) at —78 °C under argon. After stirring at —78 °C for 30 minutes, B(OMe)s (66.6
uL, 0.597 mmol, 3.0 equiv) was added at —78 °C, and then the resulting mixture was
warmed to room temperature. After stirring for 1 hour, the mixture was concentrated.
The resulting crude material was purified by amino silica gel chromatography (CH2Cl2
to 50:1 CH2Cl2/MeOR) to give 1h (41.7 mg, 0.193 mmol, 97%) as a white solid.
Data for 1h: Ry (NH)= 0.50 (20:1 CH2Cl2/MeOH); 178 °C (decomp.); '"H NMR (400
MHz, CD30D) & 7.57 (br, 1H), 7.43 (d, J= 7.6 Hz, 1H), 7.25 (d, J = 1.6 Hz, 1H), 7.22
(d, J=17.6 Hz, 1H), 7.18 (d, J = 1.6 Hz, 1H), 4.06 (s, 3H), 2.41 (s, 3H); 3*C NMR (100
MHz, CD30D) 6 138.6, 132.2, 131.6, 131.5, 126.3, 122.4, 121.3, 35.2, 21.5; IR (KBr) v
=3111, 3089, 3046, 2928, 2813, 1608, 1561, 1515, 1459, 1397, 1359, 1292, 1189, 1156,
1114, 1093, 988, 954, 860, 823, 760, 729, 568, 441 cm'; HRMS (ESI) m/z calcd for
C11H14'BN202 [M+H]*217.1148, found 217.1141.

157



Preparation of boronic acid 1i
1. ethylenediamine(1.1 equiv)
I (1.25 equiv)
K,CO3 (3.0 equiv)
Br O 'BUOH (0.2 M) Br “f/\>
H 70°C, 16.5h N
H
2. K,COg3 (1.1 equiv)
cl PhI(OAc), (1.1 equiv) cl

DMSO (0.2 M)
SI-6 r, 16 h SI-7

2 steps 41%

HO. _OH
Br N B~
Mel (1.1 equiv) I/\> 1. "BulLi (1.5 equiv) B ’\f/\>
NaH (1.5 equiv) r\{ 2. B(OMe); (3.0 equiv) N
TIjF (0.1 M) toluene/THF (4/1, 0.5 M) !
0°Ctort,1.5h —-78°Ctort,1.5h

Cl Cl

95% 46%
SI-8 1i

Ethylenediamine (846 uL, 12.5 mmol, 1.1 equiv) was added to a stirred solution of
2-bromo-5-chlorobenzaldehyde (SI-6) (2.50 g, 11.4 mmol, 1.0 equiv) in +-BuOH (57
mL, 0.20 M). After stirring at room temperature for 30 minutes under nitrogen, 12 (3.61
g, 14.2 mmol, 1.25 equiv) and K2COs3 (4.72 g, 34.2 mmol, 3.0 equiv) were added. After
stirring at 70 °C for 16 hours, the reaction was quenched by addition of sat. Na2SOs aq.
and the resulting mixture was extracted three times with chloroform. The combined
organic layers were washed with sat. NaHCOs3 aq. and brine, dried over Na2SOa, filtered,
and concentrated in vacuo to give crude imidazoline. The resulting crude material was
used in the next step without further purification.

PhI(OAc)2 (4.04 g, 12.5 mmol, 1.1 equiv) was added to a stirred solution of the crude
imidazoline and K2COs3 (1.73 g, 12.5 mmol, 1.1 equiv) in DMSO (57 mL, 0.20 M).
After stirring at room temperature for 16 hours, the reaction was quenched by addition
of sat. NaHCOs3 aq. and the resulting mixture was extracted three times with ethyl
acetate. The combined organic layers were washed with water and brine, dried over
NaxSOg, filtered, and concentrated in vacuo. The resulting crude material was purified
by recrystallization from chloroform to give SI-7 (1.20 g, 0.466 mmol, 41%) as a pale
yellow solid.

Data for SI-7: Ry= 0.34 (3:1 n-hexane/EtOAc); mp 162-164 °C; 'H NMR (400 MHz,
CDCIs) 6 10.5 (br, 1H), 8.20 (d, /= 2.8 Hz, 1H) 7.53 (d, J = 8.8 Hz, 1H), 7.21 (br, 2H),
7.16 (dd, J = 8.8, 2.8 Hz, 1H); 3C NMR (100 MHz, CDCl3) § 143.3, 134.8, 134.2,
131.7, 131.1, 129.7, 116.7; IR (KBr) v = 2916, 1561, 1479, 1445, 1379, 1349, 1171,
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1128, 1110, 1096, 1025, 968, 888, 862, 808, 786, 748, 728, 531, 465 cm™'; HRMS (ESI)
m/z calcd for CoH7"°Br3®*CIN2 [M+H]" 256.9481, found 256.9472.

A solution of imidazole SI-7 (100 mg, 0.388 mmol, 1.0 equiv) in THF (1.9 mL, 0.20
M) was added to a stirred suspension of NaH (14.0 mg, 5.83 mmol, 1.5 equiv) in THF
(1.9 mL, 0.20 M, total 0.10 M). After stirring at 0 °C for 30 minutes, iodomethane (26.6
uL, 0.427 mmol, 1.1 equiv) was added. After stirring at room temperature for 1 hour,
the resulting mixture was poured onto ice and extracted three times with ethyl acetate.
The combined organic layers were washed with water and brine, dried over Na2SOs,
filtered, and concentrated in vacuo. The resulting crude material was purified by silica
gel chromatography (3:1 n-hexane/EtOAc) to give SI-8 (100 mg, 3.68 mmol, 95%) as a
pale yellow solid.

Data for SI-8: Ry= 0.44 (2:1 n-hexane/EtOAc); mp 112-115 °C; 'H NMR (400 MHz,
CDsOD) 6 7.59-7.57 (m, 1H), 7.45-7.44 (m, 1H), 7.32-7.28 (m, 1H), 7.14 (br, 1H),
7.00 (br, 1H), 3.53 (s, 3H); '*C NMR (100 MHz, CDCl3) & 145.6, 134.0, 133.8, 133.5,
132.6, 131.0, 128.7, 122.4, 121.3, 33.6; IR (KBr) v = 3050, 2948, 1487, 1459, 1436,
1400, 1362, 1278, 1130, 1094, 1016, 918, 885, 829, 796, 748, 726, 683, 661, 520, 465
cm’'; HRMS (ESI) m/z caled for C10HoBr3*CIN2 [M+H]* 270.9638, found 270.9638.
n-BuLi (1.73 mL, 1.60 M in n-hexane, 2.76 mmol, 1.5 equiv) was added to a stirred
solution of SI-8 (500 mg, 1.84 mmol, 1.0 equiv) in dry toluene/THF (4:1, 8.4 mL, 0.50
M) at —78 °C under argon. After stirring at —78 °C for 30 minutes, B(OMe)3 (615 uL,
5.52 mmol, 3.0 equiv) was added at —78 °C, and then the resulting mixture was warmed
to room temperature. After stirring for 1 hour, the mixture was concentrated. The
resulting crude material was purified by amino silica gel chromatography (CH2Cl2 to
50:1 CH2Cl2/MeOH) to give 1i (201 mg, 0.850 mmol, 46%) as a white solid.
Data for 1i: Ry (NH) = 0.40 (20:1 CH2Cl2/MeOH); 235 °C (decomp.); 'H NMR (400
MHz, CD3OD) ¢ 7.75 (d, J = 1.2 Hz, 1H), 7.50 (d, J = 8.0 Hz, 1H), 7.39 (dd, J = 8.0,
2.0 Hz, 1H), 7.33 (d, J = 1.2 Hz, 1H), 7.24 (d, J = 2.0 Hz, 1H), 4.07 (s, 3H); 1*C NMR
(100 MHz, CD30OD) 6 134.6, 133.6, 132.8, 130.5, 127.0, 121.9, 121.7, 35.3; IR (KBr) v
=3422, 3115, 3092, 2930, 2817, 1566, 1509, 1459, 1380, 1282, 1211, 1192, 1159, 1114,
1091, 987, 953, 725, 568 cm’'; HRMS (ESI) m/z calcd for C10H1:'B*CIN202 [M+H]*
237.0602, found 237.0595.
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Methyl 6-O-(tert-butyldimethylsilyl)-3-O-allyl-a-D-mannopyranoside (48a)

~-0C0:Me (1.5 equiv)
1i (1.0 mol%)
Pd,(dba)-CHCl; (0.6 mol%)
TBSO— OH 2\008)3"uH 13 TBSO— OH
Ha(&l&‘ PPhg (1.0 mol%) Hoo&%
1,4-dioxane (0.2 M) P
OMe 1, 1.5h OMe

36h 48a
91%

Pdz(dba);-CHCIs (6.21 mg, 6.00 umol) and PPhs (2.62 mg, 10.0 umol) were stirred

in dry 1,4-dioxane (1.25 mL) at room temperature under argon atmosphere. After

stirring for 20 minutes, a part of the resulting mixture (250 pL) was added to a stirred
solution of methyl 6-O-(fert-butyldimethylsilyl)-a-D-mannopyranoside (36h) (61.7 mg,
0.200 mmol, 1.0 equiv), boronic acid 1i (500 pL, 4.00 mM in 1,4-dioxane, 2.00 umol,
1.0 mol%) and allyl methyl carbonate (34.8 mg, 0.300 mmol, 1.5 equiv) in dry
1,4-dioxane (250 pL, total 0.20 M) under argon atmosphere. After stirring at room
temperature for 1.5 hours, the resulting mixture was filtered through a short pad of silica
gel by using pipette and eluted with ethyl acetate. The filtrate was concentrated in vacuo.
The resulting crude material was purified by silica gel chromatography (4:1
n-hexane/EtOAc) to give 48a (63.4 mg, 0.182 mmol, 91%) as a colorless oil.

Data for 48a: Ry= 0.37 (2:1 n-hexane/EtOAc); '"H NMR (400 MHz, CDCl3) & 5.96 (ddt,
J=17.2,104, 6.0 Hz, 1H), 5.32 (dq, /= 17.2, 1.2 Hz, 1H), 5.21 (dq, /= 10.4, 1.2 Hz,
1H), 4.74 (d, J= 1.6 Hz, 1H, H-1), 4.19 (ddt, /= 12.8, 6.0, 1.2 Hz, 1H), 4.15 (ddt, J =
12.8, 6.0, 1.2 Hz, 1H), 3.97 (dd, J = 3.2, 1.6 Hz, 1H, H-2), 3.89 (dd, J=10.4, 5.2 Hz,
1H, H-6), 3.86 (dd, J=10.4, 5.2 Hz, 1H, H-6), 3.84 (t,J=9.6 Hz, 1H, H-4), 3.60 (dt, J
=9.6, 5.2 Hz, 1H, H-5), 3.59 (dd, J = 9.6, 3.2 Hz, 1H, H-3), 3.37 (s, 3H), 3.02 (br, 1H,
OH), 2.35 (br, 1H, OH), 0.90 (s, 9H), 0.091 (s, 6H); '3C NMR (100 MHz, CDCl3) &
134.5, 117.8, 100.3, 78.8, 70.9, 70.6, 69.2, 67.7, 64.9, 54.9, 25.8, 18.2, -5.5; HRMS
(ESI) m/z calcd for C16H32NaOesSi [M+Na]* 371.1866, found 371.1860.
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Methyl 6-O-(triisopropylsilyl)-3-O-allyl-a-D-mannopyranoside (48b)

~-0C0Me (1.5 equiv)

1i (1.0 mol%)
Pd,(dba)g-CHCI; (0.6 mol%)
TIPSO—, OH 2(dba)g L 13 TIPSO—, OH
Hﬂo&‘% PPh; (1.0 mol%) Hoo&g
1,4-dioxane (0.2 M) N
OMe r, 1.5 h OMe
51 48b

86%
Pdz(dba);-CHCI3 (6.21 mg, 6.00 umol) and PPh3 (2.62 mg, 10.0 umol) were stirred

in dry 1,4-dioxane (1.25 mL) at room temperature under argon atmosphere. After
stirring for 20 minutes, a part of the resulting mixture (250 pL) was added to a stirred
solution of methyl 6-O-(triisopropylsilyl)-a-D-mannopyranoside (51) (70.1 mg, 0.200
mmol, 1.0 equiv), boronic acid 1i (500 pL, 4.00 mM in 1,4-dioxane, 2.00 pmol, 1.0
mol%) and allyl methyl carbonate (34.8 mg, 0.300 mmol, 1.5 equiv) in dry 1,4-dioxane
(250 pL, total 0.20 M) under argon atmosphere. After stirring at room temperature for
1.5 hours, the resulting mixture was filtered through a short pad of silica gel by using
pipette and eluted with ethyl acetate. The filtrate was concentrated in vacuo. The
resulting crude material was purified by silica gel chromatography (4:1
n-hexane/EtOAc) to give 48b (67.0 mg, 0.172 mmol, 86%) as a colorless oil.

Data for 48b: Ry= 0.37 (3:1 n-hexane/EtOAc); [a]; —33.2° (¢ = 1.0, CHCl3); 'TH NMR
(400 MHz, CDCl3) 6 5.97 (ddt, J=17.2, 10.4, 6.0 Hz, 1H), 5.33 (dq, /= 17.2, 1.2 Hz,
1H), 5.22 (dq, J=10.4, 1.2 Hz, 1H), 4.74 (d, /= 1.6 Hz, 1H, H-1),4.19 (dt,J=6.0, 1.2
Hz, 2H), 4.01-3.93 (m, 3H, H-2, H-6), 3.89 (dt,J=9.6, 1.2 Hz, 1H, H-4), 3.67-3.60 (m,
2H, H-3, H-5), 3.38 (s, 3H), 3.27 (d, /= 1.2 Hz, 1H, OH-4), 2.40 (d, J = 2.4 Hz, 1H,
OH-2), 1.18-1.07 (m, 21H); '3C NMR (100 MHz, CDCl3) & 134.5, 117.7, 100.3, 78.7,
70.9, 70.3, 70.0, 67.7, 65.8, 54.8, 17.9, 11.7; IR (neat) v = 3451, 2943, 2867, 1464, 1384,
1198, 1138, 1112, 1056, 969, 925, 883, 841, 791, 685 cm™'; HRMS (ESI) m/z calcd for
C19H38NaOesSi [M+Na]* 413.2335, found 413.2331.
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Methyl 6-O-(tert-butyldiphenylsilyl)-3-0O-allyl-a-D-mannopyranoside (48¢)

A ~0C0Me (1.5 equiv)
1i (1.0 mol%)
Pd,(dba)g CHCl5 (0.6 mol%)

TBDPSO—, OH . TBDPSO—, OH
”ﬂo&% PPhs (1.0 mol%) HO(&%
1,4-dioxane (0.2 M) A
OMe rt,1.5h OMe

52 48c
94%

Pd2(dba);-CHCI3 (6.21 mg, 6.00 umol) and PPh3 (2.62 mg, 10.0 umol) were stirred

in dry 1,4-dioxane (1.25 mL) at room temperature under argon atmosphere. After
stirring for 20 minutes, a part of the resulting mixture (250 pL) was added to a stirred
solution of methyl 6-O-(tert-butyldiphenylsilyl)-a-D-mannopyranoside (52) (86.5 mg,
0.200 mmol, 1.0 equiv), boronic acid 1i (500 pL, 4.00 mM in 1,4-dioxane, 2.00 pmol,
1.0 mol%) and allyl methyl carbonate (34.8 mg, 0.300 mmol, 1.5 equiv) in dry
1,4-dioxane (250 pL, total 0.20 M) under argon atmosphere. After stirring at room
temperature for 1.5 hours, the resulting mixture was filtered through a short pad of silica
gel by using pipette and eluted with ethyl acetate. The filtrate was concentrated in vacuo.
The resulting crude material was purified by silica gel chromatography (3:1
n-hexane/EtOAc) to give 48c (88.6 mg, 0.188 mmol, 94%) as a colorless oil.

Data for 48¢: Ry= 0.24 (3:1 n-hexane/EtOAc); 'H NMR (400 MHz, CDCl3) & 7.72-7.69
(m, 4H), 7.45-7.37 (m, 6H), 5.97 (ddt, J = 17.2, 10.4, 6.0 Hz, 1H), 5.33 (dq, /= 17.2,
1.2 Hz, 1H), 5.23 (dq, J = 10.4, 1.2 Hz, 1H), 4.74 (d, J= 1.2 Hz, 1H, H-1), 4.21 (ddt, J
=12.8, 6.0, 1.2 Hz, 1H), 4.15 (ddt, J = 12.8, 6.0, 1.2 Hz, 1H), 3.99 (br, 1H, H-2), 3.97—
3.88 (m, 3H, H-4, H-6), 3.67 (dt, J = 10.4, 5.2 Hz, 1H, H-5), 3.62 (dd, /= 9.2, 3.6 Hz,
1H, H-3), 3.34 (s, 3H), 2.86 (br, 1H, OH-4), 2.40 (br, 1H, OH-2), 1.07 (s, 9H); "*C
NMR (100 MHz, CDCIs) ¢ 135.61, 135.60, 134.4, 133.0, 132.9, 129.8, 127.7, 117.8,
100.3, 79.0, 70.9, 70.8, 68.7, 67.7, 65.1, 54.8, 26.8, 19.2; HRMS (ESI) m/z calcd for
C26H3sNaOesSi [M+Na]* 495.2179, found 495.2172.
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Methyl 6-O-trityl-3-O-allyl-a-D-mannopyranoside (48d)

~-0C0:Me (1.5 equiv)
1i (1.0 mol%)
Pd,(dba)yCHCl (0.6 mol%%)

TrO OH TrO OH
”So&% PPhg (1.0 mol%) Hoo&g
1,4-dioxane (0.2 M) PN
OMe n.2h
53 ’ 48d

91%
Pdz(dba);-CHCIs (6.21 mg, 6.00 umol) and PPhs (2.62 mg, 10.0 umol) were stirred

in dry 1,4-dioxane (1.25 mL) at room temperature under argon atmosphere. After

stirring for 20 minutes, a part of the resulting mixture (250 uL) was added to a stirred
solution of methyl 6-O-trityl-a-D-mannopyranoside (53) (87.3 mg, 0.200 mmol, 1.0
equiv), boronic acid 1i (500 pL, 4.00 mM in 1,4-dioxane, 2.00 pmol, 1.0 mol%) and
allyl methyl carbonate (34.8 mg, 0.300 mmol, 1.5 equiv) in dry 1,4-dioxane (250 pL,
total 0.20 M) under argon atmosphere. After stirring at room temperature for 2 hours,
the resulting mixture was filtered through a short pad of silica gel by using pipette and
eluted with ethyl acetate. The filtrate was concentrated in vacuo. The resulting crude
material was purified by silica gel chromatography (3:1 n-hexane/EtOAc) to give 48d
(87.0 mg, 0.183 mmol, 91%) as a colorless oil.

Data for 48d: Ry= 0.35 (2:1 n-hexane/EtOAc); '"H NMR (400 MHz, CDCl3) § 7.43-7.41
(m, 6H), 7.28-7.24 (m, 6H), 7.21-7.17 (m, 3H), 5.90 (ddt, /= 13.2, 10.4, 5.6 Hz, 1H),
5.27 (dq,J=13.2, 1.6 Hz, 1H), 5.18-5.16 (m, 1H), 4.73 (d, /= 0.8 Hz, 1H, H-1), 4.17—
4.06 (m, 2H), 3.94 (br, 1H, H-2), 3.77 (ddd, J=9.6, 8.8, 1.6 Hz, 1H, H-4), 3.68 (dt, J =
9.6,4.8 Hz, 1H, H-5), 3.54 (dd, J= 8.8, 3.2 Hz, 1H, H-3), 3.38 (d, /= 4.8 Hz, 2H, H-6),
3.36 (s, 3H), 2.64 (d, J= 1.6 Hz, 1H, OH-4), 2.39 (d, J= 2.0 Hz, 1H, OH-2); 3C NMR
(100 MHz, CDCIl3) 6 143.7, 134.4, 128.6, 127.9, 127.1, 117.8, 100.3, 87.2, 78.9, 70.8,
70.0, 68.7, 67.7, 64.8, 54.9; HRMS (ESI) m/z calcd for C29H32NaOs [M+Na]* 499.1097,
found 499.2083.
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Methyl 4,6-O-benzylidene-3-0-allyl-a-D-mannopyranoside (48e)

~0OC0:Me (1.5 equiv)
1i (1.0 mol%)
Pd,(dba)s CHCI5 (0.6 mol%)

HO o)
1,4-dioxane (0.2 M) PN
OMe I't, 20 h OMe

54 48e
96%

Pdz(dba);-CHCIs (6.21 mg, 6.00 umol) and PPhs (2.62 mg, 10.0 umol) were stirred

in dry 1,4-dioxane (1.25 mL) at room temperature under argon atmosphere. After

stirring for 20 minutes, a part of the resulting mixture (250 uL) was added to a stirred
solution of methyl 4,6-O-benzylidene-a-D-mannopyranoside (54) (56.5 mg, 0.200 mmol,
1.0 equiv), boronic acid 1i (500 pL, 4.00 mM in 1,4-dioxane, 2.00 pmol, 1.0 mol%) and
allyl methyl carbonate (34.8 mg, 0.300 mmol, 1.5 equiv) in dry 1,4-dioxane (250 pL,
total 0.20 M) under argon atmosphere. After stirring at room temperature for 20 hours,
the resulting mixture was filtered through a short pad of silica gel by using pipette and
eluted with ethyl acetate. The filtrate was concentrated in vacuo. The resulting crude
material was purified by silica gel chromatography (3:1 n-hexane/EtOAc) to give 48e
(61.7 mg, 0.191 mmol, 96%) as a colorless oil.

Data for 48e: Ry= 0.36 (2:1 n-hexane/EtOAc); 'H NMR (400 MHz, CDCl3) § 7.50-7.48
(m, 2H), 7.40-7.36 (m, 3H), 5.92 (ddt, J = 17.2, 10.4, 6.0 Hz, 1H), 5.59 (s, 1H), 5.31
(dq,J=17.2, 1.2 Hz, 1H), 5.20 (dq, /= 10.4, 1.2 Hz, 1H), 4.78 (d, /= 1.2 Hz, 1H, H-1),
4.34-4.27 (m, 2H, H-2), 4.22-4.17 (m, 1H), 4.06-4.02 (m, 2H, H-4, H-5), 3.88-3.78 (m,
3H, H-3, H-6), 3.39 (s, 3H), 2.73 (br, 1H, OH-2); *C NMR (100 MHz, CDCl3) § 137.5,
134.5, 128.9, 128.2, 126.0, 117.4, 101.6, 101.0, 78.7, 75.1, 71.9, 69.9, 68.9, 63.1, 55.0;
HRMS (ESI) m/z calcd for Ci7H22NaOs [M+Na]* 345.1314, found 345.1318.
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Methyl 6-O-(tert-butyldimethylsilyl)-3-O-allyl-a-D-galactopyranoside (48f)

~0C0:Me (1.5 equiv)

1i (1.0 mol%)
HO _OTBS Pd,(dba)sCHCl; (0.6 mol%) HO _OTBS
E PPhg (1.0 mol%)
] 0
HO HO 1,4-dioxane (0.2 M) A o%
OMe rt,2 h OMe
36a 48f

97%
Pd2(dba);-CHCI3 (6.21 mg, 6.00 umol) and PPh3 (2.62 mg, 10.0 umol) were stirred

in dry 1,4-dioxane (1.25 mL) at room temperature under argon atmosphere. After
stirring for 20 minutes, a part of the resulting mixture (250 pL) was added to a stirred
solution of methyl 6-O-(tert-butyldimethylsilyl)-a-D-galactopyranoside (36a) (61.7 mg,
0.200 mmol, 1.0 equiv), boronic acid 1i (500 pL, 4.00 mM in 1,4-dioxane, 2.00 pmol,
1.0 mol%) and allyl methyl carbonate (34.8 mg, 0.300 mmol, 1.5 equiv) in dry
1,4-dioxane (250 pL, total 0.20 M) under argon atmosphere. After stirring at room
temperature for 2 hours, the resulting mixture was filtered through a short pad of silica
gel by using pipette and eluted with ethyl acetate. The filtrate was concentrated in vacuo.
The resulting crude material was purified by silica gel chromatography (2:1
n-hexane/EtOAc) to give 48f (67.6 mg, 0.194 mmol, 97%) as a white solid.

Data for 48f: Ry= 0.23 (2:1 n-hexane/EtOAc); 'H NMR (400 MHz, CDCI3) § 5.95 (ddt,
J=17.2,104, 6.0 Hz, 1H), 5.31 (dq, /= 17.2, 1.2 Hz, 1H), 5.20 (dq, /= 10.4, 1.2 Hz,
1H), 4.81 (d, /= 4.0 Hz, 1H, H-1),4.21 (ddt, J = 12.8, 6.0, 1.2 Hz, 1H), 4.17 (ddt, J =
12.8, 6.0, 1.2 Hz, 1H), 4.10 (d, /= 3.2 Hz, 1H, H-4), 3.95 (dd, /= 9.6, 4.0 Hz, 1H, H-2),
3.88 (dd, J=10.4, 5.6 Hz, 1H, H-6), 3.80 (dd, /= 10.4, 5.6 Hz, 1H, H-6), 3.72 (t, J =
5.6 Hz, 1H, H-5), 3.53 (dd, J = 9.6, 3.2 Hz, 1H, H-3), 3.41 (s, 3H), 2.61 (br, 1H, OH),
2.12 (br, 1H, OH), 0.89 (s, 9H), 0.08 (s, 6H); '3C NMR (100 MHz, CDCl3) & 134.6,
117.7,99.5, 78.2, 70.8, 70.0, 68.5, 66.8, 62.7, 55.2, 25.8, 18.3, -5.4, -5.5; HRMS (ESI)
m/z calcd for C16H32NaOesSi [M+Na]* 371.1866, found 371.1864.
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Methyl 6-O-(tert-butyldimethylsilyl)-3-O-allyl-B-D-galactopyranoside (48g)

~0C0:Me (1.5 equiv)
1i (1.0 mol%)

Pd,(dba)g-CHCl (0.6 mol%) B
HO OLBS PPhs (1.0 mol%) HO Oo S
HO&/OM‘? 1,4-dioxane (0.2 M) /\/0&/0’\"9
HO HO
. 2h
55 48g

95%
Pd2(dba);-CHCI3 (6.21 mg, 6.00 umol) and PPh3 (2.62 mg, 10.0 umol) were stirred

in dry 1,4-dioxane (1.25 mL) at room temperature under argon atmosphere. After
stirring for 20 minutes, a part of the resulting mixture (250 pL) was added to a stirred
solution of methyl 6-O-(tert-butyldimethylsilyl)-p-D-galactopyranoside (55) (61.7 mg,

0.200 mmol, 1.0 equiv), boronic acid 1i (500 pL, 4.00 mM in 1,4-dioxane, 2.00 pmol,

1.0 mol%) and allyl methyl carbonate (34.8 mg, 0.300 mmol, 1.5 equiv) in dry
1,4-dioxane (250 pL, total 0.20 M) under argon atmosphere. After stirring at room
temperature for 2 hours, the resulting mixture was filtered through a short pad of silica
gel by using pipette and eluted with ethyl acetate. The filtrate was concentrated in vacuo.
The resulting crude material was purified by silica gel chromatography (2:1

n-hexane/EtOAc) to give 48¢g (66.2 mg, 0.190 mmol, 95%) as a colorless oil.

Data for 48g: Ry= 0.33 (2:1 n-hexane/EtOAc); 'H NMR (400 MHz, CDC13) & 5.95 (ddt,
J=17.2,104, 6.0 Hz, 1H), 5.31 (dq, /= 17.2, 1.2 Hz, 1H), 5.21 (dq, /= 10.4, 1.2 Hz,

1H), 4.22 (ddt, J=12.8, 6.0, 1.2 Hz, 1H), 4.17 (ddt, J = 12.8, 6.0, 1.2 Hz, 1H), 4.16 (d,

J=28.0 Hz, 1H, H-1), 4.05 (dd, J=3.2, 0.8 Hz, 1H, H-4),3.92 (dd, /= 10.4, 6.4 Hz, 1H,

H-6), 3.83 (dd, J=10.4, 5.6 Hz, 1H, H-6), 3.72 (dd, J = 9.6, 8.0 Hz, 1H, H-2), 3.53 (s,
3H), 3.44 (ddd, J = 6.4, 5.6, 0.8 Hz, 1H, H-5), 3.34 (dd, J= 9.6, 3.2 Hz, 1H, H-3), 2.45

(br, 2H, OH-2, OH-4), 0.89 (s, 9H), 0.077 (s, 3H), 0.075 (s, 3H); '*C NMR (100 MHz,

CDCl3) 6 134.4, 117.8, 103.9, 80.4, 74.6, 70.82, 70.79, 65.8, 62.2, 56.8, 25.8, 18.2, -5.4,
—5.5; HRMS (ESI) m/z calcd for C16H32NaOeSi [M+Na]* 371.1866, found 371.1863.
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p-Methoxyphenyl 6-O-(tert-butyldimethylsilyl)-3-O-allyl-B-D-galactopyranoside (48h)

A~OC0:Me (4 5 6q4iy)

1i (1.0 mol%)
Pd,(dba)3-CHCI3 (0.6 mol%)
B 2 3 3 TB
HO goo S PPhs (1.0 mol%) HO goo S
HO OPMP 1,4-dioxane (0.2 M) /\/O OPMP
HO 1, 2h HO
56 48h

>99%
Pdz(dba)s;-CHCl3 (6.21 mg, 6.00 umol) and PPhs (2.62 mg, 10.0 umol) were stirred

in dry 1,4-dioxane (1.25 mL) at room temperature under argon atmosphere. After
stirring for 20 minutes, a part of the resulting mixture (250 pL) was added to a stirred
solution of p-methoxyphenyl 6-O-(tert-butyldimethylsilyl)-B-D-galactopyranoside (56)
(80.1 mg, 0.200 mmol, 1.0 equiv), boronic acid 1i (500 uL, 4.00 mM in 1,4-dioxane,
2.00 pmol, 1.0 mol%) and allyl methyl carbonate (34.8 mg, 0.300 mmol, 1.5 equiv) in
dry 1,4-dioxane (250 pL, total 0.20 M) under argon atmosphere. After stirring at room
temperature for 2 hours, the resulting mixture was filtered through a short pad of silica
gel by using pipette and eluted with ethyl acetate. The filtrate was concentrated in vacuo.
The resulting crude material was purified by silica gel chromatography (3:1
n-hexane/EtOAc) to give 48h (88.0 mg, 0.200 mmol, >99%) as a colorless oil.

Data for 48h: Ry= 0.46 (2:1 n-hexane/EtOAc); [a] —18.5° (¢ = 1.0, CHCl3); '"H NMR
(400 MHz, CDCIl3) 6 7.05-7.01 (m, 2H), 6.81-6.77 (m, 2H), 5.98 (ddt, J = 17.2, 10.4,
5.6 Hz, 1H), 5.33 (dq, J=17.2, 1.2 Hz, 1H), 5.23 (dq, /= 10.4, 1.2 Hz, 1H), 4.73 (d, J
=7.6 Hz, 1H, H-1), 4.26 (ddt, J=12.8, 5.6, 1.2 Hz, 1H), 4.17 (ddt, J=12.8, 5.6, 1.2 Hz,
1H), 4.08 (br, 1H, H-4), 4.02-3.97 (m, 1H, H-2), 3.92 (dd, J = 10.4, 6.0 Hz, 1H, H-6),
3.86 (dd, J=10.4, 6.0 Hz, 1H, H-6), 3.76 (s, 3H), 3.54 (brt, J= 6.0 Hz, 1H, H-5), 3.43
(dd, J=19.6, 3.2 Hz, 1H, H-3), 2.72 (br, 1H, OH-2), 2.64 (br, 1H, OH-4), 0.89 (s, 9H),
0.066 (s, 3H), 0.049 (s, 3H); 3C NMR (100 MHz, CDCl3) § 155.3, 151.2, 134.4, 118.6,
117.9, 114.4, 102.4, 80.3, 75.0, 71.0, 70.6, 66.0, 62.3, 55.6, 25.8, 18.2, -5.5, =5.6; IR
(neat) v = 3466, 2929, 2856, 1645, 1508, 1464, 1390, 1225, 1154, 1100, 1006, 928, 839,
778, 741, 665 cm’'; HRMS (ESI) m/z calcd for C22H3sNaO7Si [M+Na]* 463.2128,
found 463.2121.
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Octyl 6-O-(tert-butyldimethylsilyl)-3-O-allyl-B-D-galactopyranoside (48i)

/\/0002Me (1.5 equiv)

1i (1.0 mol%)
Pd,(dba)g-CHClg (0.6 mol%
HO OLBS F>|='2h(3 (1.)3 mol%i( ) HO OLBS
HO%S/OCSHW 1,4-dioxane (0.2 M) /\/O%OCSHW
HO m,1.5h HO
57 48i

96%
Pdz(dba);-CHCIs (6.21 mg, 6.00 umol) and PPhs (2.62 mg, 10.0 umol) were stirred

in dry 1,4-dioxane (1.25 mL) at room temperature under argon atmosphere. After
stirring for 20 minutes, a part of the resulting mixture (125 pL) was added to a stirred
solution of octyl 6-O-(tert-butyldimethylsilyl)-B-D-galactopyranoside (57) (40.7 mg,
0.100 mmol, 1.0 equiv), boronic acid 1i (250 pL, 4.00 mM in 1,4-dioxane, 1.00 pmol,
1.0 mol%) and allyl methyl carbonate (17.4 mg, 0.150 mmol, 1.5 equiv) in dry
1,4-dioxane (125 pL, total 0.20 M) under argon atmosphere. After stirring at room
temperature for 1.5 hours, the resulting mixture was filtered through a short pad of silica
gel by using pipette and eluted with ethyl acetate. The filtrate was concentrated in vacuo.
The resulting crude material was purified by silica gel chromatography (4:1
n-hexane/EtOAc) to give 48i (42.9 mg, 96.0 umol, 96%) as a colorless oil.

Data for 48i: Ry= 0.21 (4:1 n-hexane/EtOAc); [a];, —4.3° (¢ = 1.0, CHCI3); 'H NMR
(400 MHz, CDCl3) 6 5.96 (ddt, J=17.2, 10.4, 6.0 Hz, 1H), 5.32 (dq, /= 17.2, 1.2 Hz,
1H), 5.22 (dq, J = 10.4, 1.2 Hz, 1H), 4.23 (ddt, J = 12.8, 6.0, 1.2 Hz, 1H), 4.22 (d, J =
10.0 Hz, 1H, H-1), 4.19 (ddt, J = 12.8, 6.0, 1.2 Hz, 1H), 4.06-4.05 (m, 1H, H-4), 3.92
(dd, J=10.4, 6.4 Hz, 1H, H-6), 3.88 (dt, J=9.6, 6.8 Hz, 1H), 3.82 (dd, J=10.4, 6.4 Hz,
1H, H-6), 3.73 (ddd, J = 10.0, 9.6, 2.0 Hz, 1H, H-2), 3.50 (dt, J = 9.6, 6.8 Hz, 1H), 3.44
(brt, J = 6.4 Hz, 1H, H-5), 3.46 (dd, J = 9.6, 3.2 Hz, 1H, H-3), 2.50 (d, /= 2.0 Hz, 1H,
OH-4),2.36 (d,J=2.0 Hz, 1H, OH-2), 1.66—1.58 (m, 2H), 1.34-1.26 (m, 10H), 0.90 (s,
9H), 0.87 (t, J = 6.8 Hz, 3H), 0.085 (s, 3H), 0.081 (s, 3H); '3*C NMR (100 MHz, CDCl3)
o 134.5, 117.8, 102.9, 80.3, 76.7, 71.0, 70.9, 69.8, 66.0, 62.2, 31.8, 29.6, 29.4, 29.2,
26.0, 25.8, 22.6, 18.3, 14.1, —5.40, —5.44; IR (neat) v = 3452, 2928, 2857, 1256, 1103,
839, 779 cm™'; HRMS (ESI) m/z calcd for C23HasNaOeSi [M+Na]* 469.2961, found
469.2959.

168



Phenylthio 6-O-(tert-butyldimethylsilyl)-3-O-allyl-B-D-galactopyranoside (48j)
/\/OCOZMe (1.5 equiv)

1i (1.0 mol%)
Pd,(dba)sCHCls (0.6 mol%)

HO OLBS PPhs (1.0 mol%) HO OTOBS
HO&&SP*‘ 1,4-dioxane (0.2 M) /\/C’é&sph
HO HO

it 3h
36e 48j

96%
Pdz(dba);-CHCIs (6.21 mg, 6.00 umol) and PPhs (2.62 mg, 10.0 umol) were stirred

in dry 1,4-dioxane (1.25 mL) at room temperature under argon atmosphere. After
stirring for 20 minutes, a part of the resulting mixture (250 pL) was added to a stirred
solution of phenylthio 6-O-(fert-butyldimethylsilyl)-pB-D-galactopyranoside (36e) (77.3
mg, 0.200 mmol, 1.0 equiv), boronic acid 1i (500 puL, 4.00 mM in 1,4-dioxane, 2.00
umol, 1.0 mol%) and allyl methyl carbonate (34.8 mg, 0.300 mmol, 1.5 equiv) in dry
1,4-dioxane (250 pL, total 0.20 M) under argon atmosphere. After stirring at room
temperature for 3 hours, the resulting mixture was filtered through a short pad of silica
gel by using pipette and eluted with ethyl acetate. The filtrate was concentrated in vacuo.
The resulting crude material was purified by silica gel chromatography (3:1
n-hexane/EtOAc) to give 48j (82.0 mg, 0.192 mmol, 96%) as a pale yellow oil.

Data for 48j: Ry=0.29 (3:1 n-hexane/EtOAc); '"H NMR (400 MHz, CDCI3) § 7.56-7.54
(m, 2H), 7.30-7.25 (m, 3H), 5.94 (ddt, J = 17.2, 10.4, 6.0 Hz, 1H), 5.30 (dq, J = 17.2,
1.2 Hz, 1H), 5.20 (dq, J=10.4, 1.2 Hz, 1H), 4.51 (d, J=9.6 Hz, 1H, H-1), 4.23 (ddt, J
=12.8, 6.0, 1.2 Hz, 1H), 4.18 (ddt, J=12.8, 6.0, 1.2 Hz, 1H), 4.10 (brd, /= 3.2 Hz, 1H,
H-4),3.92 (dd, /= 10.4, 6.0 Hz, 1H, H-6), 3.87 (dd, /= 10.4, 5.2 Hz, 1H, H-6), 3.78 (t,
J=9.6 Hz, 1H, H-2), 3.51-3.48 (m, 1H, H-5), 3.37 (dd, J=9.6, 3.2 Hz, 1H, H-3), 2.62
(br, 1H, OH), 2.47 (br, 1H, OH), 0.90 (s, 9H), 0.091 (s, 3H), 0.079 (s, 3H); 3C NMR
(100 MHz, CDCIl3) 6 134.4, 132.5, 132.3, 128.9, 127.8, 117.9, 88.7, 81.5, 78.5, 70.9,
68.7, 66.5, 62.7, 25.8, 18.2, -5.4, -5.5; HRMS (ESI) m/z calcd for C2:H34NaOsSSi
[M+Na]*449.1794, found 449.1785.
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6-O-(tert-butyldimethylsilyl)-3-O-allyl-D-galactal (48k)

/\/oco?Me (1.5 equiv)
1i (1.0 mol%)
Pd,(dba)3*CHCl3 (0.6 mol%)

HO OTBS PPhs (1.0 mol%)
(0] (@]
HO — 1,4-dioxane (0.2 M) /\/O —
rt, 1h
36f 48k

96%
Pdz(dba);-CHCIs (6.21 mg, 6.00 umol) and PPhs (2.62 mg, 10.0 umol) were stirred

in dry 1,4-dioxane (1.25 mL) at room temperature under argon atmosphere. After

stirring for 20 minutes, a part of the resulting mixture (250 uL) was added to a stirred
solution of 6-O-(tert-butyldimethylsilyl)-D-galactal (36f) (52.1 mg, 0.200 mmol, 1.0
equiv), boronic acid 1i (500 pL, 4.00 mM in 1,4-dioxane, 2.00 pmol, 1.0 mol%) and
allyl methyl carbonate (34.8 mg, 0.300 mmol, 1.5 equiv) in dry 1,4-dioxane (250 pL,
total 0.20 M) under argon atmosphere. After stirring at room temperature for 1 hour, the
resulting mixture was filtered through a short pad of silica gel by using pipette and
eluted with ethyl acetate. The filtrate was concentrated in vacuo. The resulting crude
material was purified by silica gel chromatography (5:1 n-hexane/EtOAc) to give 48k
(57.8 mg, 0.192 mmol, 96%) as a colorless oil.

Data for 48k: Ry= 0.29 (5:1 n-hexane/EtOAc); [a]; —13.0° (¢ = 1.0, CHCl3); 'H NMR
(400 MHz, CDCI3) & 6.39 (dd, J = 6.4, 1.6 Hz, 1H, H-1), 5.94 (ddt, J=17.2, 10.4, 5.6
Hz, 1H), 5.31 (dq, J =17.2, 1.6 Hz, 1H), 5.21 (dq, J = 10.4, 1.6 Hz, 1H), 4.66 (dt, J =
6.4, 2.0, Hz, 1H, H-2), 4.17-4.05 (m, 4H, H-3, H-4), 3.90 (dd, J = 12.0, 8.8 Hz, 1H,
H-6), 3.86-3.82 (m, 2H, H-5, H-6), 2.55 (d, J = 3.2 Hz, 1H, OH-4), 0.90 (s, 9H), 0.094
(s, 3H), 0.089 (s, 3H); '*C NMR (100 MHz, CDCIls) & 144.9, 134.4, 117.5, 99.6, 76.6,
71.0, 69.4, 62.4, 62.1, 25.9, 18.3, -5.4, —5.5; IR (neat) v = 3544, 2929, 2857, 1650,
1472, 1406, 1238, 1105, 927, 840, 779 cm™'; HRMS (ESI) m/z calcd for C15sH28NaO4Si
[M+Na]* 323.1655, found 323.1650.
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Isopropylthio 6-O-(tert-butyldimethylsilyl)-3-O-allyl-B-D-galactopyranoside (481)

A~0C0:Me (1.5 equiv)

1i (1.0 mol%)
Pda(dba)s"CHClg (0.6 mol%)
HO OTBS PPhs (1.0 mol%) HO OTBS
o o
HO SPr 1 4-dioxane (0.2 M) AN SPr
HO r,3h HO
58 48|

86%
Pdz(dba)s;-CHCIl3 (35.2 mg, 34.0 umol) and PPhs (14.9 mg, 56.8 umol) were stirred

in dry 1,4-dioxane (8.4 mL) at room temperature under argon atmosphere. After stirring
for 20 minutes, a part of the resulting mixture (4.2 mL) was added to a stirred solution
of isopropylthio 6-O-(tert-butyldimethylsilyl)-f-D-galactopyranoside (58) (1.00 g, 2.84
mmol, 1.0 equiv), boronic acid 1i (6.72 mg, 28.4 pumol, 1.0 mol%) and allyl methyl
carbonate (494 mg, 4.26 mmol, 1.5 equiv) in dry 1,4-dioxane (10 mL, total 0.20 M)
under argon atmosphere. After stirring at room temperature for 3 hours, the resulting
mixture was filtered through a short pad of silica gel and eluted with ethyl acetate. The
filtrate was concentrated in vacuo. The resulting crude material was purified by silica
gel chromatography (4:1 n-hexane/EtOAc) to give 481 (955 mg, 2.43 mmol, 86%) as a
pale yellow oil.

Data for 481: Ry= 0.25 (4:1 n-hexane/EtOAc); [a]; —17.7° (¢ = 1.0, CHCI3); '"H NMR
(400 MHz, CDCl3) 6 5.97 (ddt, J=17.2, 10.4, 5.6 Hz, 1H), 5.33 (dq, /= 17.2, 1.6 Hz,
1H), 5.22 (dq, J=10.4, 1.6 Hz, 1H), 4.37 (d, /= 9.6 Hz, 1H, H-1), 4.25 (ddt, J = 12.8,
5.6, 1.6 Hz, 1H), 4.21 (ddt, J = 12.8, 5.6, 1.6 Hz, 1H), 4.11 (d, J = 3.2 Hz, 1H, H-4),
3.89 (dd, J =104, 6.4 Hz, 1H, H-6), 3.82 (dd, J=10.4, 5.2 Hz, 1H, H-6), 3.76 (t, J =
9.6 Hz, 1H, H-2), 3.49-3.46 (m, 1H, H-5), 3.37 (dd, J = 9.6, 3.2 Hz, 1H, H-3), 3.22
(sept, J = 6.8 Hz, 1H), 2.54 (br, 1H, OH), 2.42 (br, 1H, OH), 1.33 (d, J = 6.8 Hz, 6H),
0.89 (s, 9H), 0.083 (s, 3H), 0.076 (s, 3H); '3C NMR (100 MHz, CDCls) § 134.5, 117.8,
85.9, 81.4, 78.5, 70.8, 69.4, 66.3, 62.4, 35.2, 25.8, 24.14, 24.07, 18.2, -5.47, -5.53; IR
(neat) v = 3453, 2956, 2928, 2858, 1463, 1387, 1364, 1254, 1099, 1006, 928, 839, 778,
664, 570, 531 cm’!; HRMS (ESI) m/z calcd for CisH3sNaOsSSi [M+Na]* 415.1950,
found 415.1951.
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Methyl 3-O-allyl-a-L-fucopyranoside (48m)

ANAOC0Me (4 5 6quiv)
1i (1.0 mol%)

OMe Pd,(dba)3:CHCI3 (0.6 mol%) OMe
PPh, (1.0 mol%)
<L on 1,4-di (0.2 M) L on
,4-dioxane (0.
HoCH . 2h HOO X
17 48m

>99%
Pdz(dba);-CHCIs (6.21 mg, 6.00 umol) and PPhs (2.62 mg, 10.0 umol) were stirred

in dry 1,4-dioxane (1.25 mL) at room temperature under argon atmosphere. After
stirring for 20 minutes, a part of the resulting mixture (250 pL) was added to a stirred
mixture of methyl a-L-fucopyranoside (17) (35.6 mg, 0.200 mmol, 1.0 equiv), boronic
acid 1i (500 pL, 400 mM in 1,4-dioxane, 2.00 pmol, 1.0 mol%) and allyl methyl
carbonate (34.8 mg, 0.300 mmol, 1.5 equiv) in dry 1,4-dioxane (250 uL, total 0.20 M)
under argon atmosphere. After stirring at room temperature for 2 hours, the resulting
mixture was filtered through a short pad of silica gel by using pipette and eluted with
ethyl acetate. The filtrate was concentrated in vacuo. The resulting crude material was
purified by silica gel chromatography (1:5 n-hexane/EtOAc) to give 48m (43.5 mg,
0.199 mmol, >99%) as a white solid.

Data for 48m: Ry= 0.30 (1:5 n-hexane/EtOAc); [a]; —186.2° (¢ = 1.0, CHCl3); mp 58—
60 °C; '"H NMR (400 MHz, CDCl3) § 5.96 (ddt, J = 17.2, 10.4, 6.0 Hz, 1H), 5.32 (dq, J
=17.2, 1.2 Hz, 1H), 5.22 (dq, /= 10.4, 1.2 Hz, 1H), 4.79 (d, /= 4.0 Hz, 1H, H-1), 4.22
(ddt, J=12.8, 6.0, 1.2 Hz, 1H), 4.18 (ddt, J=12.8, 6.0, 1.2 Hz, 1H), 3.93-3.87 (m, 2H,
H-2, H-5), 3.84 (dt, J=3.2, 1.6 Hz, 1H, H-4), 3.56 (dd, J = 9.6, 3.2 Hz, 1H, H-3), 3.43
(s, 3H), 2.31 (t, /= 1.6 Hz, 1H, OH-4), 2.07 (t, /= 8.0 Hz, 1H, OH-2), 1.32 (d, /= 6.8
Hz, 3H, H-6); 3*C NMR (100 MHz, CDCl3) § 134.5, 117.7, 99.5, 78.3, 70.8, 69.3, 68.1,
65.4, 55.3, 16.2; IR (KBr) v = 3453, 2981, 2910, 1645, 1448, 1362, 1297, 1194, 1089,
1052, 999, 958, 874, 803, 758, 683 cm™'; HRMS (ESI) m/z calcd for CioH1sNaOs
[M+Na]*241.1052, found 241.1048.
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Methyl 3-O-allyl-a-L-rhamnopyranoside (48n)

A~0C0:Me (1.5 equiv)

1i (1.0 mol%)
OMe Pd,(dba)s-CHCI3 (0.6 mol%) OMe
PPhg (1.0 mol%)
HO 2 1,4-di (0.2 M) Ho 2
,4-dioxane (0.
HO  on m,2h A0 oH
369 48n

>99%
Pdz(dba);-CHCIs (6.21 mg, 6.00 umol) and PPhs (2.62 mg, 10.0 umol) were stirred

in dry 1,4-dioxane (1.25 mL) at room temperature under argon atmosphere. After
stirring for 20 minutes, a part of the resulting mixture (250 uL) was added to a stirred
solution of methyl a-L-rhamnopyranoside (36g) (35.6 mg, 0.200 mmol, 1.0 equiv),
boronic acid 1i (500 pL, 4.00 mM in 1,4-dioxane, 2.00 pmol, 1.0 mol%) and allyl
methyl carbonate (34.8 mg, 0.300 mmol, 1.5 equiv) in dry 1,4-dioxane (250 pL, total
0.20 M) under argon atmosphere. After stirring at room temperature for 2 hours, the
resulting mixture was filtered through a short pad of silica gel by using pipette and
eluted with ethyl acetate. The filtrate was concentrated in vacuo. The resulting crude
material was purified by silica gel chromatography (1:2 n-hexane/EtOAc) to give 48n
(43.5 mg, 0.199 mmol, >99%) as a colorless oil.

Data for 48n: Ry= 0.29 (1:2 n-hexane/EtOAc); '"H NMR (400 MHz, CDCl3) & 5.95 (ddt,
J=17.2,104, 6.0 Hz, 1H), 5.32 (dq, /= 17.2, 1.6 Hz, 1H), 5.23 (dq, /= 10.4, 1.6 Hz,
1H), 4.71 (d, J= 1.6 Hz, 1H, H-1), 4.19 (ddt, J=12.8, 6.0, 1.6 Hz, 1H), 4.06 (ddt, J =
12.8, 6.0, 1.6 Hz, 1H), 4.00 (br, 1H, H-2), 3.69-3.62 (m, 1H, H-5), 3.54-3.53 (m, 2H,
H-3, H-4), 3.37 (s, 3H), 2.36 (br, 1H, OH), 2.27 (br, 1H, OH), 1.33 (d, J = 6.0 Hz, 3H,
H-6); 3C NMR (100 MHz, CDCl3) & 134.2, 118.0, 100.4, 79.4, 71.5, 70.4, 67.7, 67.5,
54.9, 17.6; HRMS (ESI) m/z calcd for Cio0H1sNaOs [M+Na]* 241.1052, found 241.1051.
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Methyl 3-O-allyl-B-L-arabinopyranoside (480)

A~0C0:Me (4 5 equiv)

1i (1.0 mol%)
HO Pd,(dba)g CHClg (0.6 mol%) HO
o PPhs (1.0 mol%) o
O o 1,4-dioxane (0.2 M) O o)
OMe rt,2h OMe
36i 76%?2 480

2 Determined by 'H-NMR.
Pdz(dba)s;-CHCIl3 (6.21 mg, 6.00 umol) and PPh3 (2.62 mg, 10.0 umol) were stirred

in dry 1,4-dioxane (1.25 mL) at room temperature under argon atmosphere. After
stirring for 20 minutes, a part of the resulting mixture (250 pL) was added to a stirred
solution of methyl B-L-arabinopyranoside (36i) (35.6 mg, 0.200 mmol, 1.0 equiv),
boronic acid 1i (500 pL, 4.00 mM in 1,4-dioxane, 2.00 pmol, 1.0 mol%) and allyl
methyl carbonate (34.8 mg, 0.300 mmol, 1.5 equiv) in dry 1,4-dioxane (250 pL, total
0.20 M) under argon atmosphere. After stirring at room temperature for 2 hours, the
resulting mixture was filtered through a short pad of silica gel by using pipette and
eluted with ethyl acetate. The filtrate was concentrated in vacuo. The yields of
regioisomer were determined by 'H-NMR analysis of the crude product mixture using
p-xylene as an internal standard (76% of 480).

Data for 480: R/= 0.21 (1:3 n-hexane/EtOAc); [a]; +181.4° (¢ = 1.0, CHCI3); mp 58—
60 °C; '"H NMR (400 MHz, CDCI3) 8 5.95 (ddt, J=17.2, 10.4, 6.0 Hz, 1H), 5.31 (dq, J
=17.2, 1.6 Hz, 1H), 5.22 (dq, J=10.4, 1.6 Hz, 1H), 4.79 (d, /= 3.6 Hz, 1H, H-1), 4.19
(dq, J=6.0, 1.6 Hz, 2H), 4.02 (dt, J = 3.6, 2.0 Hz, 1H, H-4), 3.92 (dd, J = 9.6, 3.6 Hz,
1H, H-2),3.75 (d, J=2.0 Hz, 2H, H-5), 3.58 (dd, /= 9.6, 3.6 Hz, 1H, H-3), 3.43 (s, 3H),
2.25 (br, 2H, OH); '*C NMR (100 MHz, CDCls) 6 134.4, 117.9, 99.8, 77.4, 71.0, 68.4,
66.7, 61.7, 55.5; IR (KBr) v = 3435, 2981, 2926, 1450, 1356, 1262, 1192, 1141, 1066,
1018, 998, 948, 887, 846, 773, 589 cm’'; HRMS (ESI) m/z calcd for CoHisNaOs
[M+Na]*227.0895, found 227.0889.
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p-Methoxyphenyl 4-O-(3'-O-allyl-2',6'-di-O-benzyl-B-D-galactopyranosyl)-2,3,6-tri-O-
benzyl-B-D-glucopyranoside (48p)
/\/OCO?Me (1.5 equiv)

1i (1.0 mol%)
HO _OBn Pd,(dba)3'CHCI3 (0.6 mol%) HO &.0OBnN
E o OBn PPhy (1.0 mol%) . ES, o gi;
(@] le) 0 50
HO o B(r?oé&vOPMP 1,4-dioxane (0.2 M) TN Bro—-OPMP
Bn BnO rt,1h 3 BnO
59 >99% 48p

Pdz(dba);-CHCI3 (6.21 mg, 6.00 umol) and PPh3s (2.62 mg, 10.0 umol) were stirred

in dry 1,4-dioxane (1.25 mL) at room temperature under argon atmosphere. After
stirring for 20 minutes, a part of the resulting mixture (125 pL) was added to a stirred
solution of p-Methoxyphenyl 4-O-(2',6'-di-O-benzyl-B-D-galactopyranosyl)-2,3,6-tri-
O-benzyl- B-D-glucopyranoside (59) (89.9 mg, 0.100 mmol, 1.0 equiv), boronic acid 1i
(250 pL, 4.00 mM in 1,4-dioxane, 1.00 pmol, 1.0 mol%) and allyl methyl carbonate
(17.4 mg, 0.150 mmol, 1.5 equiv) in dry 1,4-dioxane (125 pL, total 0.20 M) under
argon atmosphere. After stirring at room temperature for 1 hour, the resulting mixture
was filtered through a short pad of silica gel by using pipette and eluted with ethyl
acetate. The filtrate was concentrated in vacuo. The resulting crude material was
purified by silica gel chromatography (5:1 n-hexane/EtOAc) to give 48p (93.4 mg,
0.100 mmol, >99%) as a white solid.
Data for 48p: Ry= 0.40 (4:1 n-hexane/EtOAc); [a]; —0.70° (¢ = 1.0, CHCI3); mp 110
113 °C; '"H NMR (400 MHz, CDCls) 8 7.42-7.21 (m, 25H), 7.05-7.01 (m, 2H), 6.82—
6.78 (m, 2H), 5.94 (ddt, J = 17.2, 10.4, 6.0 Hz, 1H), 5.31 (dq, J = 17.2, 1.6 Hz, 1H),
5.20 (dq, J = 10.4, 1.6 Hz, 1H), 5.02 (d, J = 10.8 Hz, 1H), 4.99 (d, J = 10.8 Hz, 1H),
4.87 (d, J=17.6 Hz, 1H, H-1), 4.83-4.73 (m, 4H), 4.53-4.39 (m, 4H), 4.45 (d, J = 8.0
Hz, 1H, H-1"),4.21 (ddt, J=12.8, 6.0, 1.6 Hz, 1H), 4.14 (ddt, J=12.8, 6.0, 1.6 Hz, 1H),
4.02-3.98 (m, 2H, H-3, H-4"), 3.83-3.76 (m, 2H, H-6), 3.78 (s, 3H), 3.70-3.62 (m, 3H,
H-2, H-6"), 3.57 (dd, J=9.6, 8.0 Hz, 1H, H-2"), 3.53-3.48 (m, 2H, H-4, H-5), 3.38 (t,J
= 6.8 Hz, 1H, H-5"), 3.32 (dd, J = 9.6, 3.2 Hz, 1H, H-3'), 2.39 (d, J = 2.0 Hz, 1H
OH-4"); 3C NMR (100 MHz, CDCl3) 8 155.2, 151.6, 139.0, 138.6, 138.5, 138.4, 138.2,
134.6, 128.4, 128.31, 128.26, 128.2, 128.12, 128.07, 128.0, 127.9, 127.7, 127.63,
127.56, 127.53, 127.4, 127.3, 118.5, 117.3, 114.5, 102.8, 102.7, 82.9, 81.6, 81.0, 76.8,
75.4,75.3,75.1,73.5, 73.1, 72.8, 71.2, 68.4, 68.3, 66.2, 55.6; IR (KBr) v=13512, 3032,
2868, 1508, 14i54, 1356, 1297, 1225, 1100, 1065, 834, 734, 696, 470 cm’!; HRMS
(ESI) m/z calcd for Cs7Hs2NaO12 [M+Na]* 961.4139, found 961.4136.
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Methyl 3,6-di-O-allyl-B-D-galactopyranoside (48q)

A~0C0:Me (4.0 equiv)

1i (5.0 mol%)
Pd,(dba)g-CHClg (3.0 mol%)

HO og PPhs (5.0 mol%) HO OS/\
HO&/OMQ 1,4-dioxane (0.2 M) /\/0&/0'\"9
HO r,3h HO

36 48q

98%
Pdz(dba);-CHCIs (12.4 mg, 12.0 umol) and PPhs (5.24 mg, 20.0 umol) were stirred

in dry 1,4-dioxane (1.00 mL) at room temperature under argon atmosphere. After
stirring for 20 minutes, a part of the resulting mixture (500 uL) was added to a stirred
solution of methyl B-D-galactopyranoside (36j) (38.8 mg, 0.200 mmol, 1.0 equiv),
boronic acid 1i (2.37 mg, 10.0 pmol, 5.0 mol%) and allyl methyl carbonate (92.9 mg,
0.800 mmol, 4.0 equiv) in dry 1,4-dioxane (500 pL, total 0.20 M) under argon
atmosphere. After stirring at room temperature for 3 hours, the resulting mixture was
filtered through a short pad of silica gel by using pipette and eluted with ethyl acetate.
The filtrate was concentrated in vacuo. The resulting crude material was purified by
silica gel chromatography (1:3 n-hexane/EtOAc) to give 48q (53.9 mg, 0.197 mmol,
98%) as a colorless oil.

Data for 48q: Ry= 0.28 (1:3 n-hexane/EtOAc); '"H NMR (400 MHz, CDCl3) § 5.99-5.85
(m, 2H), 5.34-5.17 (m, 4H), 4.22 (ddt, J = 12.8, 6.0, 1.2 Hz, 1H), 4.17 (d, J = 8.0 Hz,
1H, H-1), 4.15 (ddt, J = 12.8, 6.0, 1.2 Hz, 1H), 4.06-4.03 (m, 3H, H-4), 3.77 (dd, J =
10.0, 6.0 Hz, 1H, H-6), 3.71 (dd, J = 9.6, 8.0 Hz, 1H, H-2), 3.68 (dd, J = 10.0, 6.0 Hz,
1H, H-6), 3.58 (dt, /= 6.0, 0.8 Hz, 1H, H-5), 3.54 (s, 3H), 3.36 (dd, J = 9.6, 3.2 Hz, 1H,
H-3),2.60 (br, 1H, OH), 2.54 (br, 1H, OH); *C NMR (100 MHz, CDCls) & 134.4, 134.3,
118.0, 117.4, 103.9, 80.2, 73.4, 72.5, 70.8, 70.7, 69.0, 66.2, 56.9; HRMS (ESI) m/z
calcd for C13H22NaOs [M+Na]*297.1314, found 297.1321.
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Methyl 3,6-di-O-allyl-o-D-mannopyranoside (48r)

~0C0Me (4.0 equiv)

1i (5.0 mol%) _
OH Pd,(dba)s-CHCl; (3.0 mol%) o
OH PPh; (5.0 mol%) OH
HO 0 HO (0]
HO 1,4-dioxane (0.2 M) O
OMe 6N OMe
36k 48r

78%
Pdz(dba);-CHCIs (12.4 mg, 12.0 umol) and PPhs (5.24 mg, 20.0 umol) were stirred

in dry 1,4-dioxane (1.00 mL) at room temperature under argon atmosphere. After
stirring for 20 minutes, a part of the resulting mixture (500 uL) was added to a stirred
solution of methyl a-D-mannopyranoside (36k) (38.8 mg, 0.200 mmol, 1.0 equiv),
boronic acid 1i (2.37 mg, 10.0 pmol, 5.0 mol%) and allyl methyl carbonate (92.9 mg,
0.800 mmol, 4.0 equiv) in dry 1,4-dioxane (500 pL, total 0.20 M) under argon
atmosphere. After stirring at room temperature for 6 hours, the resulting mixture was
filtered through a short pad of silica gel by using pipette and eluted with ethyl acetate.
The filtrate was concentrated in vacuo. The resulting crude material was purified by
silica gel chromatography (1:1 n-hexane/EtOAc) to give 48r (43.0 mg, 0.157 mmol,
78%) as a colorless oil.

Data for 48r: Ry= 0.26 (1:1 n-hexane/EtOAc); 'H NMR (400 MHz, CDCl3) § 5.99-5.85
(m, 2H), 5.34-5.16 (m, 4H), 4.76 (d, J = 1.6 Hz, 1H, H-1), 4.21-4.09 (m, 2H), 4.07—
4.05 (m, 2H), 3.97 (br, 1H, H-2), 3.85 (t, J = 8.8 Hz, 1H, H-4), 3.72-3.68 (m, 3H, H-5,
H-6), 3.58 (dd, J= 8.8, 3.2 Hz, 1H, H-3), 3.37 (s, 3H), 2.79 (br, 1H, OH), 2.55 (br, 1H,
OH); 3C NMR (100 MHz, CDCl3) § 134.40, 134.36, 117.8, 117.2, 100.5, 79.0, 72.5,
70.7, 70.3, 70.2, 67.73, 67.65, 54.9; HRMS (ESI) m/z calcd for Ci3H22NaOs [M+Na]*
297.1314, found 297.1321.
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Isopropylthio 6-O-(tert-butyldimethylsilyl)-2-O-acetyl-3-O-allyl-B-D-galactopyranoside

(61)

(R)-BTM (10 mol%)
AcOH (2.5 equiv)

HO _OTBS plvahc anhydrldg (2.5 equiv) HO _OTBS N S

o iProNEt (2.5 equiv) o (C(@
N
o&,sfpr ogg/sfpr Ph
7 0 CHC, (0.1 M) 7 0 (R}-BTM
rt, 20 h
48| 95% 61

Pivalic anhydride (1.08 mL, 5.34 mmol, 2.5 equiv) was added to a stirred solution of

isopropylthio 6-O-(tert-butyldimethylsilyl)-3-O-allyl-B-D-galactopyranoside (48l) (839
mg, 2.14 mmol, 1.0 equiv), (R)-BTM (54.0 mg, 0.214 mmol, 10 mol%), acetic acid
(305 puL, 5.34 mmol, 2.5 equiv) and N,N-diisopropylethylamine (930 pL, 5.34 mmol,
2.5 equiv) in dry chloroform (21.4 mL, 0.10 M) at room temperature under argon
atmosphere. After stirring for 20 hours, the resulting mixture was quenched by addition
of methanol. After the quenched reaction mixture was stirred for 10 minutes, sat. NH4Cl
aq. was added and extracted two times with dichloromethane. The combined organic
layers were dried over NaxSOs, filtered and concentrated in vacuo. The resulting crude
material was purified by silica gel chromatography (6:1 n-hexane/EtOAc) to give 61
(879 mg, 2.02 mmol, 95%) as a colorless oil.
Data for 61: Ry= 0.33 (5:1 n-hexane/EtOAc); [a]} +12.4° (¢ = 1.0, MeOH); '"H NMR
(400 MHz, CDCl3) 6 5.85 (ddt, J=17.2, 10.4, 5.6 Hz, 1H), 5.26 (dq, /= 17.2, 1.6 Hz,
1H), 5.18 (dq, /= 10.4, 1.6 Hz, 1H), 5.18 (t, /= 10.4 Hz, 1H, H-2),4.43 (d,J=10.4 Hz,
1H, H-1),4.16 (ddt, J=13.2, 5.6, 1.6 Hz, 1H), 4.11 (d, /= 3.2 Hz, 1H, H-4), 4.04 (ddt,
J=13.2,5.6, 1.6 Hz, 1H), 3.89 (dd, J=10.4, 6.4 Hz, 1H, H-6), 3.81 (dd, J=10.4, 5.6
Hz, 1H, H-6), 3.47-3.44 (m, 2H, H-3, H-5), 3.18 (sept, J = 6.8 Hz, 1H), 2.56 (br, 1H,
OH-4), 2.07 (s, 3H), 1.29 (d, J = 6.8 Hz, 3H), 1.25 (d, J = 6.8 Hz, 3H), 0.88 (s, 9H),
0.071 (s, 3H), 0.066 (s, 3H); '*C NMR (100 MHz, CDCIl3) 8 169.6, 134.2, 117.5, 83.3,
79.9, 78.5, 70.7, 69.4, 66.2, 62.2, 34.7, 25.8, 24.4, 23.7, 21.0, 18.2, —5.45, -5.52; IR
(neat) v = 3480, 2928, 2858, 1748, 1646, 1463, 1369, 1233, 1064, 1005, 929, 839, 778,
697, 664, 599, 566, 532 cm’!; HRMS (ESI) m/z calcd for C20H3sNaOsSSi [M+Na]*
457.2056, found 457.2051.
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Isopropylthio 6-O-(tert-butyldimethylsilyl)-2-O-acetyl-3-0O-allyl-4-O-(tert-butoxy-
carbonyl)-B-D-galactopyranoside (62)

OTBS DMAP (20 mol%) OTBS
HO o Boc,0 (2.5 equiv) BocO o
/\/0&/ SPr cH,Cl, (0.2 M) /\/0&/ SPr
AcO r, 24 h AcO
61 93% 62

Di-tert-butyl dicarbonate (1.00 g, 4.60 mmol, 2.5 equiv) was added to a stirred

solution of 61 (800 mg, 1.84 mmol, 1.0 equiv) and DMAP (45.0 mg, 0.368 mmol, 20
mol%) in dry dichloromethane (9.2 mL, 0.20 M) at room temperature under argon
atmosphere. After stirring for 24 hours, the resulting mixture was quenched by addition
of methanol, washed with 1M HCI aq., water and brine, dried over Na>SOu, filtered, and
concentrated in vacuo. The resulting crude material was purified by silica gel
chromatography (9:1 n-hexane/EtOAc) to give 62 (912 mg, 1.71 mmol, 93%) as a white
solid.
Data for 62: Ry= 0.33 (9:1 n-hexane/EtOAc); [a]y —3.2° (¢ = 1.0, CHCl3); mp 148—
150 °C; '"H NMR (400 MHz, CDCl3) 6 5.79 (dddd, J = 17.6, 10.4, 6.0, 4.8 Hz, 1H), 5.28
(dd, J=3.2, 0.8 Hz, 1H, H-4), 5.24 (dq, J=17.6, 1.6 Hz, 1H), 5.13 (dq, J = 10.4, 1.6
Hz, 1H), 5.12 (t, /= 10.0 Hz, 1H, H-2), 4.47 (d, J = 10.0 Hz, 1H, H-1), 4.20 (ddt, J =
12.8, 4.8, 1.6 Hz, 1H), 3.93 (ddt, J = 12.8, 6.0, 1.6 Hz, 1H), 3.71 (dd, J=12.8, 6.4 Hz,
1H, H-6),3.68 (dd, J=12.8, 6.8 Hz, 1H, H-6), 3.59 (ddd, J = 6.8, 6.4, 0.8 Hz, 1H, H-5),
3.52 (dd, J=10.0, 3.2 Hz, 1H, H-3), 3.17 (sept, J = 6.8 Hz, 1H), 2.07 (s, 3H), 1.45 (s,
9H), 1.29 (d, J = 6.8 Hz, 3H), 1.25 (d, J = 6.8 Hz, 3H), 0.88 (s, 9H), 0.037 (s, 6H); *C
NMR (100 MHz, CDCls) 6 169.5, 153.2, 134.4, 116.7, 83.6, 81.9, 78.3, 77.6, 70.4, 69.6,
68.5, 60.9, 34.8, 27.7, 27.4, 25.8, 24.3, 23.7, 21.0, 18.2, -5.59, -5.62; IR (KBr) v =
2959, 2929, 2861, 1745, 1735, 1462, 1370, 1277, 1254, 1147, 1115, 1067, 1024, 1004,
976, 918, 851, 778, 753 cm’'; HRMS (ESI) m/z calcd for C2sHisNaOsSSi [M+Na]*
557.2580, found 557.2569.
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Isopropylthio  6-O-(fert-butoxycarbonyl)-2-O-acetyl-3-O-allyl-B-D-galactopyranoside

(65)
OBoc
BocO ~OTBS TBAF (1.3 equiv) HO o
O _ > X
éﬁ ‘ O%S’Pr
0 SPr  THF (0.1 M) e
Z ACO 0°Ctort, 1h AcO
62 93% 65

TBAF (130 pL, 1.0 M in THF, 0.130 mmol, 1.3 equiv) was added to a stirred

solution of 62 (53.5 mg, 0.100 mmol, 1.0 equiv) in dry THF (1.0 mL, 0.10 M) at 0 °C
under argon atmosphere. After stirring at room temperature for 1 hour, the resulting
mixture was quenched by addition of sat. NH4Cl aq., and extracted two times with ethyl
acetate. The combined organic layer was washed with water and brine, dried over
NaxS0u, filtered, and concentrated in vacuo. The resulting crude material was purified
by silica gel chromatography (3:1 n-hexane/EtOAc) to give 65 (39.1 mg, 93.0 pmol,
93%) as a white solid.
Data for 65: Ry= 0.23 (3:1 n-hexane/EtOAc); [a];, +7.5° (¢ = 1.0, CHCl3); mp 74—
76 °C; '"H NMR (400 MHz, CDCl3) 6 5.84 (ddt, J=17.2, 10.4, 6.0 Hz, 1H), 5.27 (dq, J
=17.2, 1.6 Hz, 1H), 5.20 (dq, /= 10.4, 1.6 Hz, 1H), 5.15 (t, J=10.0 Hz, 1H, H-2), 4.44
(d, J=10.0 Hz, 1H, H-1), 4.34 (dd, J = 11.2, 6.4 Hz, 1H, H-6), 4.28 (dd, J=11.2, 6.4
Hz, 1H, H-6), 4.15 (ddt, J=12.8, 6.0, 1.6 Hz, 1H), 4.07-4.06 (m, 1H, H-4), 4.03 (ddt, J
=12.8, 6.0, 1.6 Hz, 1H), 3.69 (t, J = 6.4 Hz, 1H, H-5), 3.48 (dd, J = 10.0, 3.2 Hz, 1H,
H-3), 3.18 (sept, /= 6.8 Hz, 1H), 2.44 (br, 1H, OH-4), 2.08 (s, 3H), 1.48 (s, 9H), 1.29 (d,
J=6.8 Hz, 3H), 1.26 (d, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) § 169.6, 153.2,
134.0, 117.8, 83.3, 82.5, 79.4, 75.7, 70.8, 69.1, 66.2, 65.3, 35.0, 27.7, 24.3, 23.7, 21.0;
IR (KBr) v =3529, 1745, 1727, 1458, 1371, 1346, 1299, 1236, 1150, 1101, 1070, 1043,
985, 913, 888, 872, 832, 791, 762, 697 cm’!; HRMS (ESI) m/z calcd for C19H32NaOsS
[M+Na]*443.1716, found 443.1716.
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Isopropylthio 6-O-(tert-butyldimethylsilyl)-3-O-allyl-4-O-(tert-butoxycarbonyl)-p-D-
galactopyranoside (66)

BocO ~OTBS DIBAL-H (3.0 equiv) BocO OTBS
O o)
NO&LS’H THF (0.1 M) O&/S’Pr
~ AcO ~40°C, 0.5 h RN
62 >99% 66

DIBAL-H (294 pL, 1.02 M in n-hexane, 0.300 mmol, 3.0 equiv) was added to a

stirred solution of 62 (53.5 mg, 0.100 mmol, 1.0 equiv) in dry THF (1.0 mL, 0.10 M) at
—40 °C under argon atmosphere. After stirring for 30 minutes, the resulting mixture was
quenched by addition of sat. NH4Cl aq., dried over Na2SOs, filtered through a pad of
Celite® and rinsed with dichloromethane. The filtrate was concentrated in vacuo. The
resulting crude material was purified by silica gel chromatography (3:1
n-hexane/EtOAc) to give 66 (49.2 mg, 99.9 umol, >99%) as a colorless oil.
Data for 66: Ry= 0.41 (4:1 n-hexane/EtOAc); [a]; —17.9° (¢ = 1.0, CHCL3); 'H NMR
(400 MHz, CDCl3) 6 5.90 (dddd, J=17.2, 10.4, 6.0, 5.2 Hz, 1H), 5.31 (dq, /J=17.2, 1.6
Hz, 1H), 5.27 (dd, J=3.2, 0.8 Hz, 1H, H-4), 5.17 (dq, J=10.4, 1.6 Hz, 1H), 4.43 (d, J
=10.0 Hz, 1H, H-1), 4.28 (ddt, J = 12.4, 5.2, 1.6 Hz, 1H), 4.03 (ddt, J = 12.4, 6.0, 1.6
Hz, 1H), 3.75-3.65 (m, 3H, H-2, H-6), 3.61 (dt, /= 6.8, 0.8 Hz, 1H, H-5), 3.41 (dd, J =
9.2,3.2 Hz, 1H, H-3), 3.20 (sept, J = 6.8 Hz, 1H), 2.48 (d, /= 1.6 Hz, 1H, OH-2), 1.45
(s, 9H), 1.32 (d, J = 6.8 Hz, 6H), 0.87 (s, 9H), 0.034 (s, 6H); '*C NMR (100 MHz,
CDCl) 6 153.2, 134.3, 117.6, 85.7, 81.8, 80.3, 77.5, 70.6, 69.2, 68.4, 61.0, 35.2, 27.7,
25.8, 24.1, 24.0, 18.2, —5.60, —5.63; IR (neat) v = 3439, 2929, 1745, 1463, 1368, 1282,
1255, 1146, 1108, 840, 780 cm™'; HRMS (ESI) m/z calcd for C23H4sNaO7SSi [M+Na]*
515.2475, found 515.2479.
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Isopropylthio 6-O-(tert-butyldimethylsilyl)-2-O-acetyl-4-O-(tert-butoxycarbonyl)-p-D-

galactopyranoside (67)
BocO OTBS Pd(PPh3)4 (20 mol%) BocO OTBS

o dimedone (3.0 equiv) o
/\/ng SPr THF (0.1 M) HO%S/S'PF
AcO 40°C, 20 h AcO
62 98% 67

Pd(PPhs)4 (23.2 mg, 20.0 pmol, 20 mol%) was added to a stirred solution of 62 (53.5

mg, 0.100 mmol, 1.0 equiv) and dimedone (42.1 mg, 0.300 mmol, 3.0 equiv) in dry
THF (1.0 mL, 0.10 M) at room temperature under argon atmosphere. After stirring at
40 °C for 20 hours, the resulting mixture was concentrated in vacuo. The resulting crude
material was purified by silica gel chromatography (3:1 n-hexane/EtOAc) to give 67
(48.4 mg, 97.8 umol, 98%) as a yellow solid.
Data for 67: Ry= 0.35 (3:1 n-hexane/EtOAc); [a]s —18.5° (¢ = 1.0, CHCl3); mp 85—
88 °C; 'H NMR (400 MHz, CDCl3) 6 5.15 (dd, J = 3.6, 0.8 Hz, 1H, H-4), 5.03 (t,J =
10.0 Hz, 1H, H-2), 4.49 (d, J=10.0 Hz, 1H, H-1), 3.85 (dd, J=10.0, 3.6 Hz, 1H, H-3),
3.74-3.61 (m, 3H, H-5, H-6), 3.17 (sept, J = 6.8 Hz, 1H), 2.11 (s, 3H), 1.47 (s, 9H),
1.30 (d, /= 6.8 Hz, 3H), 1.27 (d, J = 6.8 Hz, 3H), 0.87 (s, 9H), 0.034 (s, 3H), 0.031 (s,
3H); '3C NMR (100 MHz, CDCls) & 170.7, 154.1, 83.2, 82.8, 77.8, 72.9, 72.6, 71.5,
61.0, 35.1, 27.7, 25.8, 24.1, 23.7, 21.1, 18.1, -5.57, =5.65; IR (KBr) v = 3569, 2959,
2930, 2859, 1749, 1473, 1371, 1289, 1230, 1155, 1106, 1057, 971, 907, 840, 779 cm™;
HRMS (ESI) m/z calcd for C22H42NaOsSSi [M+Na]*517.2267, found 517.2264.
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Isopropylthio  2-O-acetyl-3-O-allyl-4-O-(tert-butoxycarbonyl)-p-D-galactopyranoside
(68)

OH
Boco ~OTBS HF-pyridine (20 equiv) BocO o
o )
é& ' O&/ S'Pr
0 SPr  MeCN (0.05 M) P
~ AcO rt,1.5h AcO
62 93% 68

HF-pyridine (269 pL, 2.00 mmol, 20 equiv) was added to a stirred solution of 62

(53.5 mg, 0.100 mmol, 1.0 equiv) in dry acetonitrile (2.0 mL, 0.05 M) at room
temperature under argon atmosphere. After stirring for 1.5 hours, the resulting mixture
was poured into water and extracted two times with dichloromethane. The combined
organic layer was washed with sat. NaHCO3 aq., dried over NaxSOs, filtered, and
concentrated in vacuo. The resulting crude material was purified by silica gel
chromatography (2:1 n-hexane/EtOAc) to give 68 (39.0 mg, 92.7 umol, 93%) as a white
solid.
Data for 68: Ry= 0.31 (2:1 n-hexane/EtOAc); [a]s +33.3° (¢ = 1.0, CHCl3); mp 102—
105 °C; '"H NMR (400 MHz, CDCl3) & 5.81 (ddt, J=17.2, 10.4, 5.6 Hz, 1H), 5.25 (dq, J
=17.2, 1.6 Hz, 1H), 5.19-5.14 (m, 3H, H-2, H-4), 449 (d, J = 10.0 Hz, 1H, H-1), 4.12
(ddt, J=13.2, 5.6, 1.6 Hz, 1H), 3.98 (ddt, /= 13.2, 5.6, 1.6 Hz, 1H), 3.74 (dd, J = 11.6,
6.4 Hz, 1H, H-6), 3.62 (t, J= 6.4 Hz, 1H, H-5), 3.57 (dd, J=9.6, 3.2 Hz, 1H, H-3), 3.54
(dd, J=11.6, 6.4 Hz, 1H, H-6), 3.17 (sept, J = 6.8 Hz, 1H), 2.28 (br, 1H, OH-6), 2.08 (s,
3H), 1.47 (s, 9H), 1.30 (d, J = 6.8 Hz, 3H), 1.27 (d, J = 6.8 Hz, 3H); 13C NMR (100
MHz, CDCl3) 8 169.4, 154.3, 134.1, 117.4, 83.8, 83.0, 77.9, 77.5, 70.5, 69.6, 69.3, 60.7,
35.1, 27.6, 24.2, 23.7, 21.0; IR (KBr) v = 3538, 2977, 2930, 2869, 1737, 1461, 1370,
1282, 1251, 1147, 1085, 1063, 925, 851, 824, 788, 752 cm™'; HRMS (ESI) m/z calcd for
C19H32NaOsS [M+Na]* 443.1708, found 443.1716.
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5,7-bis(benzyloxy)-2-(3,4-bis(benzyloxy)phenyl)-3-(((2S,3R,4R,5R,6S)-3,4,5-trihydrox
y-6-methyltetrahydro-2H-pyran-2-yl)oxy)-4H-chromen-4-one (71)

1. Ag,0 (2.5 equiv)
MS4A BnO
CH,Cl, (0.1 M)

rn, 24 h
OBn

2. NaOMe (1.0 equiv)

MeOH/THF HO o O OBn
O OBn (1:1,0.02 M) G

75 73 1, 0.5 h OH 24
1.5 equiv 1.2 equiv 2 steps 82%

Ag0 (666 mg, 2.88 mmol, 2.5 equiv) was added to a stirred mixture of 75 (670 mg,
1.15 mmol, 1.0 equiv), 73 (918 mg, 1.39 mmol, 1.2 equiv) and 4 A moleculer sieves
(288 mg) in dry dichloromethane (11.5 mL, 0.10 M) at room temperature under argon
atmosphere. After stirring for 24 hours, the resulting mixture was filtered through a pad
of Celite® and rinsed with dichloromethane. The filtrate was concentrated in vacuo. The
resulting crude material was used in the next step without further purification.

NaOMe (62.1 mg, 1.15 mmol, 1.0 equiv) was added to a stirred solution of the crude
material in MeOH/THF (1/1, 57.5 mL, 0.02 M) at room temperature. After stirring for
30 minutes, the resulting mixture was diluted with ethyl acetate and washed with 1M
HCI aq., water and brine, dried over NaxSOa, filtered, and concentrated in vacuo. The
resulting crude material was purified by silica gel chromatography (10:1
CH2CI2/MeOH) to give 71 (764 mg, 0.945 mmol, 2 steps 82%) as a colorless
amorphous material.

Data for 71: Ry= 0.32 (10:1 CH2Clo/MeOH); [a]; —118.1° (¢ = 1.0, CHCl3); '"H NMR
(400 MHz, CDCl3) 6 7.49-7.24 (m, 22H), 7.02—7.00 (m, 1H), 6.48 (d, J = 2.4 Hz, 1H),
6.41 (d,J=2.4 Hz, 1H), 549 (d, J= 1.6 Hz, 1H, H-1"), 5.26-5.02 (m, 8H), 4.54 (dd, J
=3.2, 1.6 Hz, 1H, H-2"), 3.83 (dd, J=9.2, 3.2 Hz, 1H, H-3"), 3.41 (t, J= 9.2 Hz, 1H,
H-4"), 3.23 (dq, J=9.2, 6.4 Hz, 1H, H-5"), 2.81 (br, 3H, OH), 0.86 (d, J = 6.4 Hz, 3H,
H-6"); 3C NMR (100 MHz, CDCls) 6 173.8, 163.0, 159.7, 158.9, 154.7, 151.0, 148.6,
137.7, 136.9, 136.64, 136.62, 136.2, 135.5, 128.8, 128.6, 128.51, 128.46, 127.93,
127.90, 127.8. 127.6, 127.5, 127.2, 126.8, 123.5, 123.3, 115.6, 114.0, 109.8, 101.6, 98.3,
93.9, 72.8, 71.73, 71.68, 71.0, 70.7, 70.5, 70.1, 17.1; IR (KBr) v = 3419, 3033, 2917,
1606, 1514, 1454, 1380, 1355, 1271, 1197, 1169, 1143, 1105, 1056, 1024, 950, 821, 737,
696 cm’!; HRMS (ESI) m/z calcd for CagHasNaO11 [M+Na]* 831.2781, found 831.2782.
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(2S,3R,4R,5S,6S)-2-((5,7-bis(benzyloxy)-2-(3,4-bis(benzyloxy)phenyl)-4-oxo-4H-chro
men-3-yl)oxy)-3,5-dihydroxy-6-methyltetrahydro-2H-pyran-4-yl cinnamate (76)

OBn OBn

1e (5.0 mol%)
cinnamoyl chloride
(4.0 equiv)
collidine (4.0 equiv)

1,4-dioxane (0.2 M) HO 0 O  OBn
rt, 6 h o

95% 76

Cinnamoyl chloride (45.9 mg, 1.20 mmol, 4.0 equiv) was added to a stirred mixture
of 71 (243 mg, 0.300 mmol, 1.0 equiv), boronic acid le (3.48 mg, 15.0 pmol, 5.0
mol%) and collidine (158 pL, 1.20 mmol, 4.0 equiv) in 1,4-dioxane (500 pL, 0.20 M)
under ambient atmosphere. After stirring for 6 hours, the reaction mixture was diluted
with ethyl acetate and washed with 1M HCI aq., sat. NaHCOs aq., water and brine,
dried over Na2SOs, filtered, and concentrated in vacuo. The resulting crude material was
purified by silica gel chromatography (2:1 n-hexane/EtOAc) to give 76 (267 mg, 0.284
mmol, 95%) as a colorless amorphous material.

Data for 76: Ry= 0.32 (2:1 n-hexane/EtOAc); [a]; —172.4° (¢ = 1.0, CHCl3); '"H NMR
(400 MHz, CDCl3) 6 7.67 (d, J=16.0 Hz, 1H), 7.55-7.27 (m, 27H), 7.08-7.06 (m, 1H),
6.46 (d, J=16.0 Hz, 1H), 6.42-6.41 (m, 2H), 5.64 (d, /= 1.6 Hz, 1H, H-1"), 5.31-5.22
(m, 7H, H-3"), 5.03 (br, 2H), 4.73-4.71 (m, 1H, H-2"), 3.68 (t, J = 9.6 Hz, 1H, H-4"),
3.26 (dq, J=9.6, 6.0 Hz, 1H, H-5"), 2.33 (br, 2H, OH), 0.91 (d, J = 6.0 Hz, 3H, H-6"),
13C NMR (100 MHz, CDCl3) & 173.4, 167.4, 162.8 159.7, 158.8, 154.5, 150.9, 148.7,
145.8, 137.4, 137.0, 136.7, 136.3, 135.6, 134.2, 130.4, 128.79, 128.75, 128.60, 128.55,
128.46, 128.4, 128.2, 127.9, 127.8, 127.7, 127.57, 127.55, 127.2, 126.8, 123.6, 123.2,
117.4, 115.3, 114.1, 109.9, 101.1, 98.3, 93.8, 74.7, 71.6, 71.2, 71.0, 70.7, 70.4, 69.3,
17.3; IR (KBr) v = 3406, 2918, 1710, 1607, 1510, 1453, 1271, 1169, 1014, 823, 753,
697 cm’!; HRMS (ESI) m/z calcd for CssHsoNaO12 [M+Na]* 961.3200, found 961.3195.
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BBr3 (12 equiv)

CH,Cl, (0.05 M)
HO @o# O OBn —78°C, 4h
A~ °  OH 97%

Boron tribromide (1.0 M in dichloromethane, 300 puL, 0.300 mmol) was added to a
stirred solution of 76 (23.5 mg, 25.0 umol, 1.0 equiv) in dichloromethane (0.5 mL, 0.05
M) at —78 °C under argon atmosphere. After stirring for 4 hours, the reaction was
quenched by addition of phosphate pH standard equimolal solution and extracted two
times with ethyl acetate. The combined organic layer was washed with brine, dried over
NaxS0g, filtered, and concentrated in vacuo. The resulting crude material was purified
by silica gel chromatography (5:1 CH2Cl./MeOH) to give 69a (14.0 mg, 24.2 umol,
97%) as a brown amorphous material.

Data for 69a: '"H NMR (400 MHz, DMSO-ds) & 7.74-7.70 (m, 3H), 7.45-7.43 (m, 3H),
7.33-7.30 (m, 2H), 6.89 (d, J = 8.0 Hz, 1H), 6.66 (d, J = 16.0 Hz, 1H), 6.39 (br, 1H),
6.20 (br, 1H), 5.23 (d, /= 1.6 Hz, 1H, H-1"),4.97 (dd, J=9.2, 3.2 Hz, 1H, H-3"), 4.73—
4.71 (dd, J=3.2, 1.6 Hz, 1H, H-2"), 3.52-3.44 (m, 2H, H-4", H-5"), 0.89 (d, /= 5.6 Hz,
3H, H-6"); 3C NMR (100 MHz, DMSO-ds) 8 177.6, 166.0, 164.8, 161.3, 157.2, 156.5,
148.6, 145.3, 144.3, 134.4, 134.1, 130.4, 129.0, 128.3, 121.3, 120.6, 118.6, 115.5, 103.9,
102.0, 98.9, 93.8, 74.1, 70.8, 68.2, 67.7, 17.4; IR (KBr) v = 3367, 1703, 1655, 1606,
1498, 1449, 1362, 1309, 1170, 1089, 1059, 1023, 994, 824, 769, 715, 686, 599, 538,
486 cm’'; HRMS (ESI) m/z calcd for CaoH26NaO12 [M+Na]* 601.1322, found 601.1335.
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(2S,3R,4R,5S,6S)-2-((5,7-bis(benzyloxy)-2-(3,4-bis(benzyloxy)phenyl)-4-oxo-4H-chro
men-3-yl)oxy)-3,5-dihydroxy-6-methyltetrahydro-2H-pyran-4-yl
3,4,5-tris(benzyloxy)benzoate (78)

1e (1.0 mol%)
77 (2.0 equiv)
OBN ipr,NEt (2.0 equiv)

(o]
1,4-di 2M @ # O OBn BnO: ; /U\
rt,1g|cr>1xane (0] ) BnO HO (0] Cl
:Z;. 7 ' (e}
OH BnO
87% BnO
HO on 71 ’ " i:> SO'\ 78 oBn 77

BnO
Acid chloride 77 (45.9 mg, 0.100 mmol, 2.0 equiv) was added to a stirred mixture of

71 (40.4 mg, 50.0 umol, 1.0 equiv), boronic acid 1e (0.002 M in 1,4-dioxane, 250 pL,
0.500 pmol, 1.0 mol%) and N,N-diisopropylethylamine (17.4 pL, 0.100 mmol, 2.0
equiv) under ambient atmosphere. After stirring for 16 hours, the reaction mixture was
diluted with ethyl acetate and washed with 1M HCI aq., sat. NaHCOs3 aq., water and
brine, dried over Na>SOs4, filtered, and concentrated in vacuo. The resulting crude
material was purified by silica gel chromatography (50:1 CH2Cl2/MeOH) to give 78
(53.5 mg, 43.5 umol, 87%) as a colorless amorphous material.

Data for 78: Ry= 0.32 (30:1 CH2Cl/MeOH); 'H NMR (400 MHz, CDCl3) & 7.81 (br,
1H), 7.61-7.59 (m, 3H), 7.54-7.53 (m, 2H), 7.43-7.41 (m, 2H), 7.34-7.19 (m, 25H),
7.17-7.12 (m, 4H), 7.06-7.04 (m, 3H), 6.32—6.28 (m, 2H), 5.92 (br, 1H, H-1"), 5.48 (dd,
J=9.6,2.8 Hz, 1H, H-3"), 5.41-5.29 (m, 3H), 5.19-5.11 (m, 3H), 5.04 (br, 1H, H-2"),
5.04-4.86 (m, 4H), 4.53—4.41 (m, 4H), 3.86 (t, /= 9.6 Hz, 1H, H-4"), 3.07 (dq, J = 9.6,
6.0 Hz, 1H, H-5"), 2.32 (br, 2H, OH), 0.92 (d, J = 6.0 Hz, 3H, H-6"); '*C NMR (100
MHz, CDCls) 6 173.7, 165.5, 163.0, 159.3, 159.2, 158.7, 154.6, 152.1, 150.8, 148.8,
141.6, 137.3,137.2, 137.0, 136.72, 136.67, 136.5, 135.7, 128.8, 128.64, 128.60, 128.52,
128.47, 128.43, 128.37, 128.14, 128.10, 128.0, 127.89, 127.86, 127.8, 127.7, 127.5,
127.2, 126.8, 124.6, 124.0, 123.0, 115.4, 114.1, 109.6, 107.8, 100.8, 98.3, 93.4, 75.3,
75.0, 71.3, 71.0, 70.8, 70.5, 70.2, 68.7, 17.3; IR (KBr) v = 3417, 1710, 1608, 1499,
1454, 1428, 1333, 1204, 1111, 1005, 737, 696 cm™'; HRMS (ESI) m/z calcd for
C77HesNaO1s [M+Na]*™ 1253.4299, found 1253.4295.
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OBn

10% Pd/C (40 wiw)
H2 (1 atm)

0 O OBn THF/EtOH
BnQ  HO (111, 0.02 M)
O oH m,1h
BnO . HO
o) 78 9% o) 70
BnO HO

10% Pd/C (20.6 mg 40 wt%, wet) was added to a solution of 78 (51.6 mg, 41.9 pmol,

1.0 equiv) in THF/EtOH (1/1, 0.02 M) and mixture stirred at room temperature under
hydrogen atmosphere (balloon). After stirring for 1 hour, the mixture was filtered
through a pad of Celite® and rinsed with methanol. The filtrate was concentrated in
vacuo. The resulting crude material was filtered through a short pad of silica gel by
using pipette and eluted with ethyl acetate to give 70 (24.9 mg, 41.5 umol, 99%) as a
brown amorphous material.
Data for 70: [a]y —73.2° (¢ = 1.0, MeOH); 'H NMR (400 MHz, DMSO-ds) § 7.34-7.31
(m, 2H), 7.05 (s, 2H), 6.89 (d, J= 8.0 Hz, 1H), 6.41 (br, 1H), 6.22 (br, 1H), 5.23 (br, 1H,
H-1"),5.01 (dd, J=9.6, 3.2 Hz, 1H, H-3"), 4.28 (br, 1H, H-2"), 3.58-3.37 (m, 2H, H-4",
H-5"), 0.89 (d, J = 6.0 Hz, 3H, H-6"); '3*C NMR (100 MHz, DMSO-ds) & 177.7, 165.8,
164.4, 161.3, 157.3, 156.5, 148.5, 145.4, 145.3, 138.3, 134.5, 121.4, 120.7, 120.0, 115.5,
109.0, 104.1, 102.1, 98.8, 93.7, 73.8, 70.9, 68.4, 67.8, 17.5; IR (KBr) v = 3855, 1656,
1609, 1509, 1449, 1363, 1309, 1201, 1089, 1023, 994, 822, 766, 461 cm'!; HRMS (ESI)
m/z calcd for C2sH25015 [M+H]* 601.1193, found 601.1200.
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a-Bisabolol B-D-fucopyranoside (80)°"

HO DMAP (10 mol%) BzO HBr-AcOH BzO
BzCl (6.0 equiv) (3.8 equiv)
LR e 0l - o
HO -
pyridine (0.5 M) CH,ClI, (0.3 M)
HO OH  o°Ctort, 18h B200B,  nan: BzOg,
82 99% 83 SI-9
BzO
] BzO Cs,CO;3 (20 mol°(o) 0 BzO
Ag,CO3 (1.5 equiv) o CI3CCN (6.0 equiv) BzO 500 0 o co
BzO + bz &/ 3
acetone/H,0/CH,Cl, BZO&SMB Stuon CHeClz (015 M) Z50.__cCly 8o T
(25:1:2, 0.16 M) z f, 18 h hil NH
rn,1h 84 85-a NH 85-p
88% (2 steps) 95% 85-a:85-f=82/18
1. 79 (1.5 equiv)
g(in (10 mol%) HOe’
820 SR (0.1 M) AN
0 Cleble HO e O,,_
BzO 78°C,2h 3 2
BzO, 2. NaOH (20 equw)
O\H/CC'S THF/MeOH/H,O
(2:1:1, 0.25 Mj
NH rt, 1 h
85-a
2 steps 92%
1. 79 (1.5 equiv)
TI\gSQTf (10 mol%) HOe’
BzO MS 4A 4 N\5_ 0 14 (-)-a-bisabolol
0 G HO&&, 0, (79)
BzO O.__CCl, ’ 3 B
BzO \ﬂ/ 2. NaOH (20 equw)
NH THF/MeOH/H,O
(2:1:1, 0.25 M§
858 rt, 1 h
2 steps 87% 80

Benzoyl chloride (4.24 mL, 36.5 mmol, 6.0 equiv) was added to a stirred solution of
D-fucose (82) (1.00 g, 6.09 mmol, 1.0 equiv) and DMAP (74.4 mg, 0.609 mmol, 10
mol%) in pyridine (12 mL, 0.50 M) at 0 °C. After stirring at room temperature for 18
hours, the resulting mixture was poured onto ice and diluted with dichloromethane and
washed with 1M HCI aq., water and brine, dried over Na>SOu, filtered, and concentrated
in vacuo. The resulting crude material was purified by silica gel chromatography (8:1
n-hexane/EtOAc) to give 83 (3.50 g, 6.03 mmol, 99%) as a white solid.

Data for 83 (o-isomer): Ry= 0.32 (6:1 n-hexane/EtOAc); [a]; +596.3° (¢ = 1.0, CHCl3);
mp 173-174 °C; 'H NMR (400 MHz, CDCl3) & 8.15-8.13 (m, 4H, Ar-H), 7.87-7.81 (m,
4H, Ar-H), 7.67-7.62 (m, 2H, Ar-H), 7.55-7.50 (m, 4H, Ar-H), 7,47-7.43 (m, 2H,
Ar-H), 7.31-7.25 (m, 4H, Ar-H), 6.88 (d, J = 3.2 Hz, 1H, H-1), 6.09 (dd, /= 10.8, 3.2
Hz, 1H, H-3), 6.00 (dd, J = 10.8, 3.2 Hz, 1H, H-2), 591 (dd, J = 3.2, 1.2 Hz, 1H, H-4),
4.65 (dq, J= 6.4, 1.2 Hz 1H, H-5), 1.33 (d, J = 6.4 Hz, 3H, H-6); 3*C NMR (100 MHz,
CDCI) 6 165.9, 165.8, 165.6, 164.7, 133.8, 133.6, 133.4, 133.3, 129.93, 129.89, 129.7,
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129.23, 129.15, 129.0, 128.8, 128.71, 128.66, 128.4, 128.3, 90.8, 71.4, 69.0, 67.9, 67.6,
16.2; IR (KBr) v =3002, 2902, 1724, 1601, 1584, 1493, 1453, 1334, 1317, 1267, 1177,
1163, 1118, 1069, 1041, 1025, 960, 876, 808, 715, 686 cm™'; HRMS (ESI) m/z calcd for
CssH2sNaOg [M+Na]* 603.1631, found 603.1615.

30% HBr/HOAc (4.49 mL, 5.1 M, 22.9 mmol, 3.8 equiv) was added to a stirred
solution of 83 (3.50 g, 6.03 mmol, 1.0 equiv) in dichloromethane (20 mL, 0.30 M)
under argon atmosphere. After stirring at room temperature for 3 hours, the resulting
mixture was poured into water and extracted two times with dichloromethane and
washed with sat. NaHCO3 aq., water and brine, dried over Na>SOs, filtered, and
concentrated in vacuo. The resulting crude material of SI-9 was used in the next step
without further purification.

AgCOs (2.85 g, 10.3 mmol, 1.5 equiv) was added to a stirred solution of SI-9 in

acetone/water/dichloromethane (25:1:2, 38 mL, 0.16 M) at room temperature. After
stirring for 1 hour, the resulting mixture was filtered through a pad of Celite® and rinsed
with dichloromethane. The filtrate was concentrated in vacuo. The resulting crude
material was purified by silica gel chromatography (2:1 n-hexane/EtOAc) to give 84
(2.55 g, 5.35 mmol, 2 steps 88%) as a colorless oil.
Data for 84 (o-isomer): Ry= 0.45 (2:1 n-hexane/EtOAc); '"H NMR (400 MHz, CDCl3) &
8.13-8.10 (m, 2H, Ar-H), 8.00-7.98 (m, 2H, Ar-H), 7.81-7.79 (m, 2H, Ar-H), 7.52—
7.47 (m, 3H, Ar-H), 7.45-7.40 (m, 1H, Ar-H), 7.38-7.34 (m, 2H, Ar-H), 7.26-7.22 (m,
3H, Ar-H), 6.03 (dd, J=10.8, 3.2 Hz, 1H, H-3), 5.79-5.76 (m, 2H, H-1, H-4), 5.67 (dd,
J=10.8, 3.6 Hz, 1H, H-2), 4.68 (br q, J = 6.4 Hz, 1H, H-5), 1.28 (d, J = 6.4 Hz, 3H,
H-6); 3C NMR (100 MHz, CDCl3) 8 166.1, 166.0, 165.7, 133.38, 133.36, 133.1, 129.9,
129.8, 129.7, 129.4, 129.23, 129.17, 128.6, 128.4, 128.2, 91.0, 72.1, 69.6, 68.4, 65.0,
16.2; IR (neat) v = 3439, 2917, 1727, 1602, 1452, 1317, 1287, 1266, 1177, 1109, 1070,
1027, 759, 710 cm™'; HRMS (ESI) m/z calcd for C27H24NaOs [M+Na]* 499.1369, found
499.1370.

Trichloroacetonitrile (8.94 mL, 88.2 mmol, 6.0 equiv) was added to a stirred solution
of 84 (7.00 g, 14.7 mmol, 1.0 equiv) and Cs2CO3 (958 mg, 2.94 mmol, 0.20 equiv) in
dichloromethane (98 mL, 0.15 M). After stirring at room temperature for 18 hours, the
resulting mixture was filtered through a pad of Celite® and rinsed with dichloromethane.

The filtrate was concentrated in vacuo. The resulting crude material was purified by
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silica gel chromatography (8:1 n-hexane/EtOAc) to give 85-a (7.10 g, 11.4 mmol, 78%)
and 85-p (1.50 g, 2.42 mmol, 17%) as a colorless amorphous material.

Data for 85-a: Ry= 0.24 (9:1 n-hexane/EtOAc); [a]; +222.3° (¢ = 1.0, CHCL); 'H
NMR (400 MHz, CDCl) & 8.61 (s, 1H, NH), 8.13-8.10 (m, 2H, Ar-H), 7.97-7.95 (m,
2H, Ar-H), 7.82-7.79 (m, 2H, Ar-H), 7.66-7.62 (m, 1H, Ar-H), 7.53-7.48 (m, 3H,
Ar-H), 7.46-7.42 (m, 1H, Ar-H), 7.37-7.33 (m, 2H, Ar-H), 7.28-7.24 (m, 2H, Ar-H),
6.84 (d, J=3.6 Hz, 1H, H-1), 6.05 (dd, J = 10.8, 3.2 Hz, 1H, H-3), 5.92 (dd, J = 10.8,
3.6 Hz, 1H, H-2), 5.88 (dd, J = 3.2, 1.2 Hz, 1H, H-4), 4.65 (dq, J = 6.4, 1.2 Hz, 1H,
H-5),1.34 (d, J= 6.4 Hz, 3H, H-6); >*C NMR (100 MHz, CDCl3) 6 165.9, 165.7, 165.6,
160.8, 133.6, 133.5, 133.2, 129.9, 129.8, 129.7, 129.2, 129.0, 128.8, 128.7, 128.4, 128.3,
94.1, 90.9, 71.3, 68.7, 68.1, 67.9, 16.2; IR (neat) v = 1729, 1675, 1602, 1452, 1271,
1107, 1070, 1028, 969, 931, 837, 796, 757, 710, 643 ¢cm™'; HRMS (ESI) m/z calcd for
C29H24CI**3NNaOs [M+Na]* 642.0465, found 642.0464.

Data for 85-B: Rr= 0.26 (4:1 n-hexane/EtOAc); [a]; +190.2° (¢ = 1.0, CHCl3); 'H
NMR (400 MHz, CDCls) & 8.72 (s, 1H, NH), 8.15-8.13 (m, 2H, Ar-H), 7.93-7.91 (m,
2H, Ar-H), 7.83-7.80 (m, 2H, Ar-H), 7.64-7.61 (m, 1H, Ar-H), 7.53-7.42 (m, 4H,
Ar-H), 7.37-7.33 (m, 2H, Ar-H), 7.28-7.24 (m, 2H, Ar-H), 6.17 (d, J = 8.0 Hz, 1H,
H-1),6.04 (dd, J=10.4, 8.0 Hz, 1H, H-2), 5.80 (dd, J=3.6, 1.2 Hz, 1H, H-4), 5.68 (dd,
J=104, 3.6 Hz, 1H, H-3), 4.31 (dq, J = 6.4, 1.2 Hz, 1H, H-5), 1.41 (d, J= 6.4 Hz, 3H,
H-6); 3C NMR (100 MHz, CDCl3) & 166.0, 165.5, 165.0, 161.4, 133.5, 133.3, 133.2,
130.0, 129.7, 129.6, 129.2, 129.1, 128.7, 128.6, 128.33, 128.27, 96.5, 90.4, 71.9, 71.1,
70.8, 68.8, 16.2; IR (neat) v = 1730, 1677, 1602, 1538, 1452, 1279, 1094, 1069, 1027,
837, 797, 709, 647 cm’'; HRMS (ESI) m/z calcd for C2oH24CI**3NNaOs [M+Na]*
642.0465, found 642.0464.

TMSOTT (43.7 pL, 0.242 mol, 0.10 equiv) was added to a stirred mixture of imidate
85-a (1.50 g, 2.42 mmol, 1.0 equiv), (—)-a-bisabolol (79) (803 mg, 3.62 mmol, 1.5
equiv) and 4 A moleculer sieves (362 mg) in dry dichloromethane (24 mL, 0.10 M) at
—78 °C under argon atmosphere. After stirring at —78 °C for 2 hours, the resulting
mixture was filtered through a pad of Celite® and rinsed with dichloromethane. The
filtrate was concentrated in vacuo. The resulting crude material was used in the next
step without further purification.

NaOH (1.94 g, 48.4 mmol, 20 equiv) was added to a stirred solution of the crude
material in THF/MeOH/water (2:1:1, 9.7 mL, 0.25 M) at room temperature. After
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stirring for 1 hour, the resulting mixture was acidified with 1 M HCI aq. and extracted
two times with dichloromethane. The combined organic layer was washed with sat.
NaHCOs3 aq., water and brine, dried over Na2SOs, filtered, and concentrated in vacuo.
The resulting crude material was purified by silica gel chromatography (1:4
n-hexane/EtOAc) to give 80 (819 mg, 2.22 mmol, 2 steps 92%) as a colorless
amorphous material.

Data for 3: Ry= 0.20 (1:2 n-hexane/EtOAc); [a] —17.1° (¢ = 1.0, CHCl3); 'H NMR
(400 MHz, CDCl3) 6 5.36 (s, 1H, H-2), 5.05 (t, J= 7.2 Hz, 1H, H-10), 4.39 (d, /= 6.8
Hz, 1H, H-1"), 3.71 (t, J= 4.8 Hz, 1H, H-4"), 3.64-3.52 (m, 3H, H-2', H-3', H-5"), 2.63
(d, /J=4.8 Hz, 1H, OH), 2.22 (br, 1H, OH), 2.18-2.13 (m, 2H, H-9a, OH), 2.04—-1.92 (m,
5H, H-3a, H-9b, H-5a, H-6a, H-6b), 1.83—1.77 (m, 2H, H-3b, H-4), 1.67 (s, 3H, H-12),
1.65 (s, 3H, H-15), 1.60 (s, 3H, H-13), 1.57-1.56 (m, 1H, H-8a), 1.52-1.44 (m, 1H,
H-8b), 1.30 (d, J = 6.4 Hz, 3H, H-6"), 1.27-1.21 (m, 1H, H-5b), 1.14 (s, 3H, H-14); 13C
NMR (100 MHz, CDCls) 6 134.4, 131.2, 124.8, 1204, 97.0, 81.8, 74.1, 72.0, 71.7, 70.3,
40.9, 37.8, 30.9, 26.8, 25.7, 23.4 (2C), 21.7, 20.1, 17.8, 16.5; IR (neat) v = 3402, 2922,
1445, 1379, 1169, 1061, 998, 901, 757 cm™'; HRMS (ESI) m/z calcd for C21H3ssNaOs
[M+Na]* 391.2460, found 391.2448.

TMSOTT (8.73 pL, 48.3 umol, 0.10 equiv) was added to a stirred mixture of imidate
85-p (300 mg, 0.483 mmol, 1.0 equiv), (-)-a-bisabolol (79) (161 mg, 0.725 mmol, 1.5
equiv) and 4 A moleculer sieves (72.5 mg) in dry dichloromethane (4.8 mL, 0.10 M) at
—78 °C under argon atmosphere. After stirring at —78 °C for 2 hours, the resulting
mixture was filtered through a pad of Celite® and rinsed with dichloromethane. The
filtrate was concentrated in vacuo. The resulting crude material was used in the next
step without further purification.

NaOH (386 mg, 9.66 mmol, 20 equiv) was added to a stirred solution of the crude
material in THF/MeOH/water (2:1:1, 1.9 mL, 0.25 M) at room temperature. After
stirring for 1 hour, the resulting mixture was acidified with 1 M HCI aq. (2.0 mL) and
extracted two times with dichloromethane. The combined organic layers were washed
with sat. NaHCOs3 aq., water and brine, dried over Na2SOs, filtered, and concentrated in
vacuo. The resulting crude material was purified by silica gel chromatography (1:4
n-hexane/EtOAc) to give 80 (155 mg, 0.420 mmol, 2 steps 87%) as a colorless

amorphous material.
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senecioyl chloride
(2.0 equiv)
collidine (2.0 equiv)

1,4-dioxane (0.2 M)

r, 16 h )\/[?\
o)
= o&/c

6%
Senecioyl chloride (22.3 pL, 0.200 mmol, 2.0 equiv) was added to a stirred mixture
of a-bisabolol B-D-fucopyranoside (80) (36.9 mg, 0.100 mmol, 1.0 equiv) and collidine
(26.6 puL, 0.200 mmol, 2.0 equiv) in 1,4-dioxane (0.50 mL, 0.20 M) under ambient
atmosphere. After stirring at room temperature for 16 hours, the resulting mixture was
filtered through a short pad of silica gel by using pipette and eluted with ethyl acetate.
The filtrate was concentrated in vacuo. The yields of regioisomer were determined by
"H-NMR analysis of the crude product mixture using 1,1,2,2-tetrachloroethane as an
internal standard (29% of 81a, 24% of 86 and 6% of 87).
O%O Data for 8la: czlorless oil;, R = 045 (3:1
n-hexane/EtOAc); [a], +10.3° (¢ = 1.0, CHCI3); 'H NMR
(400 MHz, CDCl3) & 5.80 (t, J= 1.2 Hz, 1H, H-2""), 5.35—
5.34 (m, 1H, H-2),5.04 (t,J= 6.8 Hz, 1H, H-10), 4.88 (dd,
J=10.0, 3.2 Hz, 1H, H-3'), 449 (d, J = 7.6 Hz, 1H, H-1"), 3.81 (d, J = 3.2 Hz, 1H,
H-4"),3.76 (dd, J = 10.0, 7.6 Hz, 1H, H-2'), 3.67 (q, J = 6.4 Hz, 1H, H-5'), 2.18 (d, J =
1.2 Hz, 3H, H-4"), 2.16-2.12 (m, 1H, H-9a), 1.98-1.95 (m, 5H, H-3a, H-5a, H-6a, H-6b,
H-9b), 1.91 (d, /= 1.2 Hz, 3H, H-5"), 1.82-1.76 (m, 2H, H-3b, H-4), 1.67 (s, 3H, H-12),
1.64 (s, 3H, H-15), 1.60 (s, 3H, H-13), 1.58-1.57 (m, 1H, H-8a), 1.48 (ddd, J = 14.4,
12.0, 4.8 Hz, 1H, H-8b), 1.27 (d, J = 6.4 Hz, 3H, H-6"), 1.26-1.21 (m, 1H, H-5b), 1.14
(s, 3H, H-14); 3C NMR (100 MHz, CDCls) § 166.0, 158.6, 134.4, 131.2, 124.7, 120.3,
115.5,97.3, 81.9, 74.8, 70.4, 70.3, 69.8, 40.8, 37.9, 30.9, 27.5, 26.8, 25.7, 23.39, 23.35,
21.6, 20.4, 20.1, 17.8, 16.4; IR (neat) v = 3460, 2924, 1713, 1651, 1445, 1379, 1230,
1152, 1079, 905, 853, 757 ecm’!; HRMS (ESI) m/z calcd for C2sH42NaOes [M+Na]*
473.2879, found 473.2879.
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Data for 86: white solid; Rr= 0.50 (10:1 CHCIl3/MeOH);

HO%O 27
P [a], —34.4° (¢ = 1.0, CHCI3); mp 118-122 °C; '"H NMR
o) (400 MHz, CDCIl3) & 5.68-5.67 (m, 1H), 5.32-5.31 (m,

1H), 5.03 (tt, J = 6.8, 1.2 Hz, 1H), 4.88 (dd, J = 10.6, 8.0
Hz, 1H, H-2"), 4.54 (d, J = 8.0 Hz, 1H, H-1"), 3.70 (br, 1H, H-4"), 3.64-3.58 (m, 2H,
H-3', H-5"), 3.18 (br, 1H, OH), 2.38 (d, J = 4.8 Hz, 1H, OH), 2.17-2.16 (m, 4H), 1.96—
1.83 (m, 8H), 1.71-1.69 (m, 2H), 1.67 (s, 3H), 1.62 (s, 3H), 1.59 (s, 3H), 1.57-1.39 (m,
2H), 1.31 (d, J = 6.4 Hz, 3H, H-6"), 1.19-1.11 (m, 1H), 1.07 (s, 3H); '3C NMR (100
MHz, CDCl) 6 166.9, 158.6, 134.4, 131.1, 124.9, 120.4, 115.4, 95.1, 81.6, 73.6, 73.0,
72.0, 70.0, 40.6, 37.9, 30.9, 27.5, 26.6, 25.7, 23.4, 22.9, 21.5, 20.3, 19.7, 17.8, 16.5; IR
(KBr) v =3370, 2921, 1718, 1655, 1447, 1378, 1308, 1228, 1154, 1129, 1065, 998, 902,
856, 833, 752, 671, 620 cm’'; HRMS (ESI) m/z calcd for C2sH42NaOes [M+Na]*
473.2879, found 473.2868.

MHO o Data for 87: colorless oil; Ry = 033 (5:1
n-hexane/EtOAc); [a]; —14.7° (¢ = 1.0, CHCl3); 'H NMR
(400 MHz, CDCIl3) 6 5.72-5.71 (m, 1H), 5.60-5.59 (m,
1H), 5.30 (br, 1H), 5.27 (dd, J = 10.4, 8.0 Hz, 1H, H-2'),
5.04 (tt, J = 6.8, 1.2 Hz, 1H), 4.96 (dd, J = 10.4, 3.2 Hz, 1H, H-3'), 4.59 (d, J = 8.0 Hz,
1H, H-1"), 3.85 (d, J = 3.2 Hz, 1H, H-4"), 3.69 (q, J = 6.8 Hz, 1H, H-5'), 2.22-2.11 (m,
7H), 2.02-1.82 (m, 12H), 1.71-1.69 (m, 2H), 1.67 (s, 3H), 1.62 (s, 3H), 1.59 (s, 3H),
1.56-1.39 (m, 2H), 1.29 (d, J = 6.8 Hz, 3H, H-6'), 1.15-1.08 (m, 1H), 1.04 (s, 3H); 13C
NMR (100 MHz, CDCl3) 6 165.8, 164.9, 158.3, 157.3, 134.4, 131.1, 124.8, 120.3,
115.58, 115.57, 95.7, 81.8, 73.4, 70.4, 70.3, 68.3, 40.4, 37.9, 30.9, 27.44, 27.35, 26.6,
25.7,23.4,22.8,21.5,20.3,20.2,19.7, 17.8, 16.4; IR (neat) v=3506, 2967, 2917, 1729,
1650, 1445, 1378, 1350, 1227, 1150, 1076, 905, 850, 801, 757, 664, 616 cm™'; HRMS
(ESI) m/z calcd for C3a1H4sNaO7 [M+Na]* 555.3298, found 555.3300.
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Table 27, entry 3

80

HO+e’
1e (1.0 mol%) 4 o 4L \5.0
senecioyl chloride (2.0 equiv) 17 O&S, 0,
collidine (2.0 equiv) m ¥ 4o -
, O

1,4-dioxane (0.2 M) 5
rt, 16 h

85% 81a

Senecioyl chloride (22.3 pL, 0.200 mmol, 2.0 equiv) was added to a stirred solution

of a-bisabolol B-D-fucopyranoside (80) (36.9 mg, 0.100 mmol, 1.0 equiv), boronic acid
le (500 pL, 2.00 mM in 1,4-dioxane, 1.00 umol, 1.0 mol%) and collidine (26.6 uL,

0.200 mmol, 2.0 equiv) in dry 1,4-dioxane (0.20 M) under ambient atmosphere. After

stirring at room temperature for 16 hours, the resulting mixture was filtered through a

short pad of silica gel by using pipette and eluted with ethyl acetate. The filtrate was

concentrated in vacuo. The resulting crude material was purified by silica gel

chromatography (4:1 n-hexane/EtOAc) to give 81a (38.3 mg, 0.0850 mmol, 85%) as a

colorless oil.
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1e (0.5 mol%)
isovaleryl chloride (2.0 equiv)
collidine (2.0 equiv)

1,4-dioxane (0.2 M)
rt, 1.5 h

80 98%
Isovaleryl chloride (24.4 pL, 0.200 mmol, 2.0 equiv) was added to a stirred solution

of a-bisabolol B-D-fucopyranoside (80) (36.9 mg, 0.100 mmol, 1.0 equiv), boronic acid
le (250 pL, 2.00 mM in 1,4-dioxane, 0.500 umol, 0.5 mol%) and collidine (26.6 uL,
0.200 mmol, 2.0 equiv) in dry 1,4-dioxane (250 pL, total 0.20 M) under ambient
atmosphere. After stirring at room temperature for 1.5 hours, the resulting mixture was
filtered through a short pad of silica gel by using pipette and eluted with ethyl acetate.
The filtrate was concentrated in vacuo. The resulting crude material was purified by
silica gel chromatography (6:1 n-hexane/EtOAc) to give 81b (44.4 mg, 9.81 pumol,
98%) as a colorless oil.

Data for 81b: Ry= 0.43 (4:1 n-hexane/EtOAc); [o] +5.7° (¢ = 1.0, CHCl3); '"H NMR
(400 MHz, CDCI3) 6 5.35-5.34 (m, 1H, H-2), 5.04 (t,J= 7.2 Hz, 1H, H-10), 4.87 (dd, J
=10.0, 3.2 Hz, 1H, H-3"), 4.47 (d,J="7.6 Hz, 1H, H-1"), 3.79 (d, J=3.2 Hz, 1H, H-4"),
3.74 (dd, J=10.0, 7.6 Hz, 1H, H-2"), 3.66 (q, J = 6.4 Hz, 1H, H-5'),2.31 (dd, J = 14.8,
7.6 Hz, 1H, H-2"a), 2.27 (dd, J = 14.8, 6.8 Hz, 1H, H-2"b), 2.21-1.91 (m, 9H, H-3",
H-9a, H-9b, H-6a, H-6b, H-5a, H-3a, OH-2, OH-4), 1.82—1.76 (m, 2H, H-3b, H-4), 1.67
(s, 3H, H-12), 1.64 (s, 3H, H-15), 1.61-1.57 (m, 1H, H-8a), 1.60 (s, 3H, H-13), 1.48
(ddd, J = 14.4, 12.1, 5.0 Hz, 1H, H-8b), 1.33-1.25 (m, 1H, H-5b), 1.27 (d, J = 6.4 Hz,
3H, H-6"), 1.14 (s, 3H, H-14), 0.98 (d, J = 6.4 Hz, 6H, H-4", H-5""); 3C NMR (100
MHz, CDCl) ¢ 172.8, 134.4, 131.2, 124.6, 120.3, 97.3, 82.0, 75.3, 70.4, 70.2, 69.7,
43.4, 40.8, 38.0, 30.9, 26.8, 25.9, 25.7, 23.40, 23.35, 22.3, 21.6, 20.1, 17.8, 16.3; IR
(neat) v = 3479, 2961, 2927, 1729, 1448, 1376, 1297, 1167, 1065, 955, 905, 758 cm’};
HRMS (ESI) m/z calcd for C26H44NaOs [M+Na]* 475.3036, found 475.3017.
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3'-0-(3-Phenylpropionyl) a-bisabolol B-D-fucopyranoside (87)

1e (0.5 mol%)
3-phenylpropionyl chloride
(2.0 equiv)

collidine (2.0 equiv)

1,4-dioxane (0.2 M)
rt, 3.5 h

90% 127 11 S 43
80 87

3-Phenylpropionyl chloride (29.6 pL, 0.200 mmol, 2.0 equiv) was added to a stirred
solution of a-bisabolol B-D-fucopyranoside (80) (36.9 mg, 0.100 mmol, 1.0 equiv),
boronic acid 1e (250 pL, 2.00 mM in 1,4-dioxane, 0.500 umol, 0.5 mol%) and collidine
(26.6 uL, 0.200 mmol, 2.0 equiv) in dry 1,4-dioxane (250 pL, total 0.20 M) under
ambient atmosphere. After stirring at room temperature for 3.5 hours, the resulting
mixture was filtered through a short pad of silica gel by using pipette and eluted with
ethyl acetate. The filtrate was concentrated in vacuo. The resulting crude material was
purified by silica gel chromatography (80:20:0.1 n-hexane/EtOAc/EtsN) to give 87
(45.1 mg, 9.01 pmol, 90%) as a colorless oil.
Data for 87: Ry= 0.35 (4:1 n-hexane/EtOAc); [a];, +1.53° (¢ = 1.0, CHCl3); '"H NMR
(400 MHz, CDCl3) 6 7.31-7.27 (m, 2H, Ar-H), 7.23-7.19 (m, 3H, Ar-H), 5.36-5.35 (m,
1H, H-2),5.04 (t,J= 6.8 Hz, 1H, H-10), 4.84 (dd, /= 10.0, 3.2 Hz, 1H, H-3"),4.45 (d,J
=17.6 Hz, 1H, H-1"), 3.73-3.69 (m, 2H, H-4', H-2'), 3.63 (q, J = 6.8 Hz, 1H, H-5'), 2.99
(t,J=17.6 Hz, 2H, H-3"), 2.77-2.73 (m, 2H, H-2""),2.19-2.13 (m, 1H, H-9a), 2.00-1.90
(m, SH, H-3a, H-5a, H-6a, H-6b, H-9b), 1.81-1.76 (m, 2H, H-3b, H-4), 1.67 (s, 3H,
H-12), 1.64 (s, 3H, H-15), 1.60 (s, 3H, H-13), 1.57-1.56 (m, 1H, H-8a), 1.47 (ddd, J =
14.4, 12.0, 5.2 Hz, 1H, H-8b), 1.36—1.29 (m, 1H, H-5b), 1.25 (d, J = 6.8 Hz, 3H, H-0'),
1.13 (s, 3H, H-14); 3C NMR (100 MHz, CDCl3) & 172.5, 140.3, 134.4, 131.2, 128.5,
128.3, 126.4, 124.7, 120.3, 97.3, 81.9, 75.7, 70.2, 70.1, 69.6, 40.8, 37.9, 35.8, 31.0, 30.9,
26.8,25.7,23.4,23.3,21.6,20.0, 17.8, 16.3; IR (neat) v = 3452, 2924, 1732, 1378, 1164,
1066, 754, 699 cm’!'; HRMS (ESI) m/z calcd for CaoH4sNaOs [M+Na]* 523.3036, found
523.3030.
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3'-0-(3,4,5-Trimethylgalloyl) a-bisabolol B-D-fucopyranoside (89)
MeO

HO 1e (1.0 mol%) MeO

(0] 3,4,5-trimethoxybenzoyl chloride (88)
HO o, (3.0 equiv) MeO
HO L Pr,NEt (3.0 equiv) e

1,4-dioxane (0.2 M)
rt,3h

127 11 713
80 88% 89

3,4,5-Trimethylgalloyl chloride (88) (69.2 mg, 0.300 mmol, 3.0 equiv) was added to
a stirred solution of a-bisabolol B-D-fucopyranoside (80) (36.9 mg, 0.100 mmol, 1.0
equiv), boronic acid 1e (500 pL, 2.00 mM in 1,4-dioxane, 1.00 pmol, 1.0 mol%) and
N,N-diisopropylethylamine (52.3 pL, 0.300 mmol, 3.0 equiv) in dry 1,4-dioxane (0.20
M) under ambient atmosphere. After stirring at room temperature for 3 hours, the
resulting mixture was filtered through a short pad of silica gel by using pipette and
eluted with ethyl acetate. The filtrate was concentrated in vacuo. The resulting crude
material was purified by silica gel chromatography (80:20:0.1 n-hexane/EtOAc/Et3N) to
give 89 (49.4 mg, 8.78 umol, 88%) as a colorless oil.
Data for 89: Ry= 0.43 (2:1 n-hexane/EtOAc); [a]; +18.2° (¢ = 1.0, CHCI3); 'H NMR
(400 MHz, CDCl3) & 7.33 (s, 2H, Ar-H), 5.35-5.34 (m, 1H, H-2), 5.07-5.03 (m, 2H,
H-10, H-3"), 4.55 (d, J= 7.6 Hz, 1H, H-1"), 3.93-3.91 (m, 2H, H-4', H-2"), 3.89 (s, 9H,
OCH3),3.74 (q,J=6.4 Hz, 1H, H-5'), 2.19-2.13 (m, 2H, H-9a, OH), 2.00—1.90 (m, 6H,
H-3a, H-5a, H-6a, H-6b, H-9b, OH), 1.83—1.77 (m, 2H, H-3b, H-4), 1.67 (s, 3H, H-12),
1.66-1.59 (m, 1H, H-8a), 1.64 (s, 3H, H-15), 1.60 (s, 3H, H-13), 1.53-1.46 (m, 1H,
H-8b), 1.30 (d, J = 6.4 Hz, 3H, H-6'), 1.26-1.23 (m, 1H, H-5b), 1.13 (s, 3H, H-14); 13C
NMR (100 MHz, CDCls) 6 165.9, 152.9, 142.5, 134.3, 131.2, 124.8, 124.6, 120.3, 107.1,
97.4, 82.0, 76.4, 70.3, 70.2, 69.8, 60.9, 56.2, 40.8, 38.0, 30.9, 26.8, 25.7, 23.4, 23.3,
21.6, 20.0, 17.8, 16.4; IR (neat) v = 3515, 2918, 1713, 1591, 1505, 1463, 1417, 1336,
1230, 1171, 1130, 1166, 1005, 762 cm’!; HRMS (ESI) m/z calcd for CsiHisNaOg
[M+Na]*585.3040, found 585.3031.
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3’-0O-Cinnamoyl a-bisabolol B-D-fucopyranoside (90)

1e (1.0 mol%)
cinnamoyl chloride (2.0 equiv)
collidine (2.0 equiv)

1,4-dioxane (0.2 M)
rt, 16 h

127 11 743

80 92% 90
Cinnamoyl chloride (33.3 mg, 0.200 mmol, 2.0 equiv) was added to a stirred solution

of a-bisabolol B-D-fucopyranoside (80) (36.9 mg, 0.100 mmol, 1.0 equiv), boronic acid
le (500 pL, 2.00 mM in 1,4-dioxane, 1.00 umol, 1.0 mol%) and collidine (26.6 uL,
0.200 mmol, 2.0 equiv) in dry 1,4-dioxane (0.20 M) under ambient atmosphere. After
stirring at room temperature for 16 hours, the resulting mixture was filtered through a
short pad of silica gel by using pipette and eluted with ethyl acetate. The filtrate was
concentrated in vacuo. The resulting crude material was purified by silica gel
chromatography (4:1 n-hexane/EtOAc) to give 90 (45.6 mg, 9.15 pumol, 92%) as a
colorless oil.

Data for 90: Ry= 0.33 (4:1 n-hexane/EtOAc); [a]}y +18.1° (¢ = 1.0, CHCIl3); '"H NMR
(400 MHz, CDCl3) 6 7.75 (d, J = 16.0 Hz, 1H, H-3"), 7.54-7.51 (m, 2H, Ar-H), 7.39—
7.37 (m, 3H, Ar-H), 6.54 (d, J=16.0 Hz, 1H, H-2"), 5.35 (br, 1H, H-2), 5.05 (br, t, J =
6.8 Hz, 1H, H-10), 4.99 (dd, /= 10.0, 3.2 Hz, 1H, H-3"),4.52 (d, /= 7.6 Hz, 1H, H-1),
3.89 (br, 1H, H-4"), 3.85 (dd, J=10.0, 7.6 Hz, 1H, H-2"), 3.71 (q, J = 6.4 Hz, 1H, H-5'),
2.23-2.14 (m, 2H, H-9a, OH), 2.07-1.90 (m, 6H, H-3a, H-5a, H-6a, H-6b, H-9b, OH),
1.83-1.78 (m, 2H, H-3b, H-4), 1.68 (s, 3H, H-12), 1.66—1.58 (m, 1H, H-8a), 1.64 (s, 3H,
H-15), 1.60 (s, 3H, H-13), 1.53-1.46 (m, 1H, H-8b), 1.29 (d, J = 6.4 Hz, 3H, H-6'),
1.27-1.23 (m, 1H, H-5b), 1.16 (s, 3H, H-14); 3C NMR (100 MHz, CDCl3) 8 166.6,
145.9, 134.4, 134.2, 131.2, 130.5, 128.9, 128.2, 124.7, 120.3, 117.5, 97.4, 82.0, 75.8,
70.4, 70.3, 69.8, 40.8, 37.9, 30.9, 26.8, 25.7, 23.40, 23.35, 21.6, 20.1, 17.8, 16.4; IR
(neat) v = 3480, 2918, 1706, 1637, 1450, 1378, 1313, 1166, 1129, 1066, 905, 768, 711,
685 cm’!'; HRMS (ESI) m/z calcd for CsoHa2NaOs [M+Na]* 521.2879, found 521.2871.
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a-Bisabolol a-L-rhamnopyranoside (91)°!

OH  DMAP (10 mol%) HBr-AcOH Br

Howf BzClI (7.0 equiv) BZOWOBZ (3.8 equiv) 50 o

. - = > Z

HG H2O b ridine (0.5 M) B0 g, CH,Cl, (0.3 M) BZO; f
OH 0°Ctort, 24 h n,3h OBz
92 quant 93 75
(a:B=1:29)
NH

_ OH Cs,COj4 (20 mol %) )k

Ag>CO3 (1.5 equiv) o S CI3CCN (6.0 equiv) 0~ ~CCly
BzO
acetone / H,O / CH,Cl, g\z CH,ClI, (0.15 M) BzO Q
(25:1:2,0.16 M) OBz r,16h BzO
rt,1h OBz
93% (2 steps) 94 93% 95
1. TMSOTf (10 mol %)
79 (1.5 equiv)
U e
0.1
o oo, Ggefn ™ 0
Q 2. NaOH (20 equiv) 0
Bz0 Br0 THF/MeOH/H,O HO e
OBz (2:1:1,0.25 M% OH (-)-a-bisabolol
rt,1h (79)
95 91

2 steps 96%

Benzoyl chloride (11.0 mL, 94.2 mmol, 7.0 equiv) was added to a stirred solution of
L-rhamnose monohydrate (92) (2.64 g, 13.5 mmol, 1.0 equiv) and DMAP (164 mg, 1.35
mmol, 10 mol%) in pyridine (27 mL, 0.50 M) at 0 °C. After stirring at room
temperature for 24 hours, the resulting mixture was poured onto ice and diluted with
dichloromethane and washed with 1M HCI aq., water and brine, dried over Na2SOa,
filtered, and concentrated in vacuo. The resulting crude material was purified by silica
gel chromatography (8:1 n-hexane/EtOAc) to give 93 (7.81 g, 13.5 mmol, quant) as a
colorless amorphous material.

Data for 93 (B-isomer): Ry= 0.40 (6:1 n-hexane/EtOAc); [0]; +168.8° (¢ = 1.0, CHCIl3);
"H NMR (400 MHz, CDCl3) & 8.21-8.19 (m, 2H, Ar-H), 8.14-8.12 (m, 2H, Ar-H),
8.01-7.98 (m, 2H, Ar-H), 7.86-7.83 (m, 2H, Ar-H), 7.70-7.62 (m, 2H, Ar-H), 7.58—
7.50 (m, 5H, Ar-H), 7.47-7.38 (m, 3H, Ar-H), 7.30-7.26 (m, 2H, Ar-H), 6.55 (d,J=1.6
Hz, 1H, H-1), 5.99 (dd, J=10.0, 3.2 Hz, 1H, H-3), 5.86 (dd, J = 3.2, 1.6 Hz, 1H, H-2),
5.80 (t, /= 10.0 Hz, 1H, H-4), 4.35 (dq, J = 10.0, 6.4 Hz, 1H, H-5), 1.41 (d, /= 6.4 Hz,
3H, H-6); 3C NMR (100 MHz, CDCl3) & 165.68, 165.66, 165.3, 164.0, 133.9, 133.7,
133.4, 133.3, 130.1, 130.0, 129.8, 129.7, 129.10, 129.08, 128.924, 128.917, 128.8,
128.7, 128.5, 128.4, 91.4, 71.2, 69.9, 69.8, 69.3, 17.7; IR (neat) v = 3068, 2985, 1732,
1602, 1584, 1492, 1452, 1317, 1262, 1176, 1159, 1094, 1068, 1026, 966, 853, 803, 758,
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710, 688 cm’!; HRMS (ESI) m/z calcd for CssH2sNaOs [M+Na]* 603.1631, found
603.1624.

30% HBr/HOAc (7.87 mL, 5.1 M, 40.1 mmol, 3.8 equiv) was added to a stirred
solution of 93 (6.13 g, 10.6 mmol, 1.0 equiv) in dichloromethane (35 mL, 0.30 M)
under argon atmosphere. After stirring for 3 hours, the resulting mixture was poured
into water and extracted two times with dichloromethane and washed with sat. NaHCOs3
aq., water and brine, dried over Na>SOs, filtered, and concentrated in vacuo. The
resulting crude material of 75 was used in the next step without further purification.

AgCOs (4.37 g, 15.8 mmol, 1.5 equiv) was added to a stirred solution of 75 in

acetone/water/dichloromethane (25:1:2, 66 mL, 0.16 M) at room temperature. After
stirring for 1 hour, the resulting mixture was filtered through a pad of Celite® and rinsed
with dichloromethane. The filtrate was concentrated in vacuo. The resulting crude
material was purified by silica gel chromatography (4:1 n-hexane/EtOAc) to give 94
(4.70 g, 9.86 mmol, 2 steps 93%) as a colorless amorphous material.
Data for 94 (0-isomer): Ry= 0.24 (4:1 n-hexane/EtOAc); '"H NMR (400 MHz, CDCl3) &
8.12-8.10 (m, 2H, Ar-H), 8.00-7.97 (m, 2H, Ar-H), 7.85-7.83 (m, 2H, Ar-H), 7.63—
7.59 (m, 1H, Ar-H), 7.54-7.47 (m, 3H, Ar-H), 7.44-7.37 (m, 3H, Ar-H), 7.28-7.24 (m,
2H, Ar-H), 5.93 (dd, J = 10.0, 3.6 Hz, 1H, H-3), 5.72 (dd, J = 3.6, 1.6 Hz, 1H, H-2),
5.70 (t, J=10.0 Hz, 1H, H-4), 5.47 (dd, J = 4.0, 1.6 Hz, 1H, H-1), 4.47 (dq, J = 10.0,
6.4 Hz, 1H, H-5), 3.54 (d,J=4.0 Hz, 1H, OH), 1.37 (d, J = 6.4 Hz, 3H, H-6); *C NMR
(100 MHz, CDClIs) 6 165.8, 165.7, 165.6, 133.5, 133.3, 133.1, 129.9, 129.72, 129.69,
129.4, 129.3, 129.2, 128.6, 128.4, 128.3,92.2,71.9, 71.2, 69.7, 66.7, 17.7; IR (neat) v =
3450, 1730, 1602, 1452, 1266, 1177, 1106, 1069, 1028, 757, 710 cm™'; HRMS (ESI)
m/z calcd for C27H24NaOs [M+Na]* 499.1369, found 499.1361.

Trichloroacetonitrile (5.85 mL, 57.9 mmol, 6.0 equiv) was added to a stirred solution
of 94 (4.60 g, 9.65 mmol, 1.0 equiv) and Cs2CO3 (629 mg, 1.93 mmol, 20 mol%) in
dichloromethane (64 mL, 0.15 M). After stirring for 16 hours, the resulting mixture was
filtered through a pad of Celite® and rinsed with dichloromethane. The filtrate was
concentrated in vacuo. The resulting crude material was purified by silica gel
chromatography (6:1 n-hexane/EtOAc) to give 95 (5.59 g, 9.00 mmol, 93%) as a
colorless amorphous material.

Data for 95: Ry=0.32 (10:1 n-hexane/EtOAc); [a]; +248.5° (c = 1.0, CHCl3); '"H NMR
(400 MHz, CDCIl3) 6 8.83 (s, 1H, NAH), 8.13-8.10 (m, 2H, Ar-H), 8.00-7.98 (m, 2H,
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Ar-H), 7.84-7.98 (m, 2H, Ar-H), 7.66-7.61 (m, 1H, Ar-H), 7.55-7.49 (m, 3H, Ar-H),
7.46-7.38 (m, 3H, Ar-H), 7.29-7.25 (m, 2H, Ar-H), 6.50 (d, J= 1.6 Hz, 1H, H-1), 5.92—
5.88 (m, 2H, H-2, H-3), 5.81-5.75 (m, 1H, H-4), 441 (dq, J = 10.0, 6.0 Hz, 1H, H-5),
1.43 (d, J= 6.0 Hz, 3H, H-6); '*C NMR (100 MHz, CDCl3) 4 165.7, 165.5, 165.3, 160.1,
133.7, 133.4, 133.2, 130.0, 129.8, 129.7, 129.04, 129.01, 128.9, 128.6, 128.5, 128.3,
94.8,90.8, 71.0, 69.6, 69.1, 17.7; IR (neat) v = 3402, 2922, 1445, 1379, 1169, 1061, 998,
901, 757 cm’'; HRMS (ESI) m/z calcd for CaoH22CI**3NNaOs [M+Na]* 642.0465,
found 642.0456.

TMSOTT (58.2 puL, 0.322 mmol, 10 mol%) was added to a stirred mixture of imidate
95 (2.00 g, 3.22 mmol, 1.0 equiv), (-)-a-bisabolol (79) (1.07 g, 4.83 mmol, 1.5 equiv)
and 4 A moleculer sieves (483 mg) in dry dichloromethane (32 mL, 0.10 M) at —78 °C
under argon atmosphere. After stirring at —78 °C for 2 hours, the resulting mixture was
filtered through a pad of Celite® and rinsed with dichloromethane. The filtrate was
concentrated in vacuo. The resulting crude material was used in the next step without
further purification.

NaOH (2.58 g, 64.4 mmol, 20 equiv) was added to a stirred solution of the crude
material in THF/MeOH/water (2:1:1, 13 mL, 0.25 M) at room temperature. After
stirring for 1 hour, the resulting mixture was acidified with 1 M HCI aq. and extracted
two times with dichloromethane. The combined organic layers were washed with sat.
NaHCOs3 aq., water and brine, dried over Na2SOs, filtered, and concentrated in vacuo.
The resulting crude material was purified by silica gel chromatography (1:2
n-hexane/EtOAc) to give 91 (1.14 g, 3.09 mmol, 2 steps 96%) as a colorless amorphous
material.

Data for 91: Ry= 0.38 (1:2 n-hexane/EtOAc); [a]} —88.8° (¢ = 1.0, CHCl3); '"H NMR
(400 MHz, CDCIl3) 8 5.36-5.35 (m, 1H, H-2), 5.09-5.05 (m, 1H, H-10), 5.03 (br, 1H,
H-1"), 3.86 (dq, J = 9.2, 6.4 Hz, 1H, H-5'), 3.80-3.78 (m, 2H, H-2', H-3"), 3.41 (t, J =
9.2 Hz, 1H, H-4"), 2.68 (br, 1H, OH), 2.43 (br, 1H, OH), 2.37 (br, 1H, OH), 2.00-1.89
(m, 5H), 1.85-1.78 (m, 2H), 1.74-1.70 (m, 1H), 1.68 (s, 3H, H-12), 1.64 (s, 3H, H-15),
1.60 (s, 3H, H-13), 1.57-1.52 (m, 2H), 1.34-1.28 (m, 1H), 1.27 (d, J = 6.4 Hz, 3H,
H-6"), 1.16 (s, 3H, H-14); 3C NMR (100 MHz, CDCls) & 134.2, 131.5, 124.4, 120.5,
93.7, 81.3, 73.9, 72.5, 72.0, 67.9, 40.8, 37.2, 31.1, 26.5, 25.7, 23.7, 23.3, 22.2, 20.3,
17.7, 17.5; IR (neat) v = 3392, 2968, 2919, 1450, 1382, 1308, 1228, 1096, 1043, 985,
916, 842, 800, 759, 668 cm!; HRMS (ESI) m/z calcd for C21H3sNaOs [M+Na]*
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391.2460, found 391.2448.
3'-0O-Senecioyl a-bisabolol a-L-rhamnopyranoside (24)

1e (1.0 mol%)
senecioyl chloride (2.0 equiv)
O collidine (2.0 equiv)
Hoﬁ :t,‘41—gi<r)1xane (0.2 M)
OH
91 86% 96

Senecioyl chloride (22.3 uL, 0.200 mmol, 2.0 equiv) was added to a stirred mixture

of a-bisabolol a-L-rhamnopyranoside (91) (36.9 mg, 0.100 mmol, 1.0 equiv), boronic
acid 1e (500 pL, 2.00 mM in 1,4-dioxane, 1.00 pmol, 1.0 mol%) and collidine (26.6 pL,
0.200 mmol, 2.0 equiv) in dry 1,4-dioxane (0.20 M) under ambient atmosphere. After
stirring at room temperature for 16 hours, the resulting mixture was filtered through a
short pad of silica gel by using pipette and eluted with ethyl acetate. The filtrate was
concentrated in vacuo. The resulting crude material was purified by silica gel
chromatography (100:1 CHCIl3/MeOH) to give 96 (38.8 mg, 8.62 umol, 86%) as a
colorless oil.
Data for 96: Ry= 0.27 (40:1 CHCI3/MeOH); [a]; —99.2° (¢ = 1.0, CHCl3); 'H NMR
(400 MHz, CDCls) 6 5.80-5.78 (m, 1H), 5.36-5.35 (m, 1H, H-2), 5.10-5.06 (m, 1H),
5.06 (dd, J=9.6, 3.2 Hz, 1H, H-3"),5.02 (d,J= 1.6 Hz, 1H, H-1"), 3.92 (dq, /=9.6, 6.4
Hz, 1H, H-5"), 3.90-3.88 (m, 1H, H-2'), 3.60 (dt, J = 9.6, 4.4 Hz, 1H, H-4"), 2.53 (d,J =
4.4 Hz, 1H, OH-4"),2.20 (d, /= 1.2 Hz, 3H), 2.06 (d, /= 5.2 Hz, 1H, OH-2'), 2.01-1.96
(m, 4H), 1.93 (d, /= 0.8 Hz, 3H), 1.91-1.71 (m, 4H), 1.68 (s, 3H), 1.64 (s, 3H), 1.61 (s,
3H), 1.59-1.53 (m, 2H), 1.35-1.28 (m, 1H), 1.29 (d, /= 6.4 Hz, 3H, H-6'), 1.17 (s, 3H);
3C NMR (100 MHz, CDCl3) & 167.2, 159.3, 134.1, 131.5, 124.4, 120.5, 115.3, 93.6,
81.5, 74.5, 71.9, 71.3, 68.7, 40.9, 37.2, 31.1, 27.6, 26.6, 25.7, 23.7, 23.3, 22.2, 20.5,
20.3, 17.7, 17.6; IR (neat) v = 3446, 2968, 2920, 1721, 1651, 1447, 1379, 1352, 1229,
1151, 1122, 1076, 1043, 986, 916, 851, 800, 758 ¢cm'; HRMS (ESI) m/z calcd for
Ca26H42NaOs [M+Na]* 473.2879, found 473.2877.
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senecioyl chloride
(2.0 equiv) O

O
collidine (2.0 equiv)
9] (9]
1,4-dioxane (0.2 M) HOW %\#
rt, 16 h Y\WO OH OH
© 96 97
43% 21%

Senecioyl chloride (22.3 pL, 0.200 mmol, 2.0 equiv) was added to a stirred mixture

of a-bisabolol a-L-rhamnopyranoside (91) (36.9 mg, 0.100 mmol, 1.0 equiv) and
collidine (26.6 uL, 0.200 mmol, 2.0 equiv) in 1,4-dioxane (0.50 mL, 0.20 M) under
ambient atmosphere. After stirring at room temperature for 16 hours, the resulting
mixture was filtered through a short pad of silica gel by using pipette and eluted with
ethyl acetate. The filtrate was concentrated in vacuo. The yields of regioisomer were
determined by 'H-NMR analysis of the crude product mixture using
1,1,2,2-tetrachloroethane as an internal standard (43% of 96 and 21% of 97).
Data for 97: Ry= 0.24 (60:1 CHCl3/MeOH); [a];, —96.5° (c =
1.0, CHCl3); '"H NMR (400 MHz, CDCls) 8 5.74-5.73 (m,
1H), 5.36 (br, 1H), 5.10-5.06 (m, 2H, H-1'), 4.75 (t, J = 9.6
Hz, 1H, H-4"), 4.00 (dq, J = 9.6, 6.4 Hz, 1H, H-5"), 3.92 (dd, J
=9.6, 3.6 Hz, 1H, H-3'), 3.83 (dd, J = 3.6, 1.6 Hz, 1H, H-2"),
3.24 (br, 1H, OH), 2.49 (br, 1H, OH), 2.19 (d, /= 1.2 Hz, 3H), 2.01-1.95 (m, 4H), 1.93
(d, J=1.2 Hz, 3H), 1.82-1.71 (m, 3H), 1.68 (s, 3H), 1.65 (s, 3H), 1.61 (s, 3H), 1.57—
1.52 (m, 2H), 1.34-1.23 (m, 2H), 1.18 (d, J= 6.4 Hz, 3H, H-6"), 1.17 (s, 3H); 3*C NMR
(100 MHz, CDCl3) 8 167.9, 159.4, 134.1, 131.4, 124.5, 120.6, 115.2, 93.2, 81.3, 75.3,
72.3, 70.7, 65.8, 40.9, 37.2, 31.1, 27.6, 26.5, 25.7, 23.7, 23.3, 22.2, 20.5, 20.3, 17.7,
17.5; IR (neat) v = 3340, 2967, 2921, 1725, 1651, 1447, 1380, 1351, 1228, 1151, 1076,
1055, 1025, 987, 920, 851, 801, 757 ¢cm'; HRMS (ESI) m/z calcd for C2sH42NaOs
[M+Na]*473.2879, found 473.2877.
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3'-O-Isovaleryl a-bisabolol a-L-rhamnopyranoside (98)

1e (1.0 mol%)
isovaleryl chloride (2.0 equiv)
O collidine (2.0 equiv)
(0] 1,4-dioxane (0.2 M)
HO%\# rt,0.75 h
OH
91 96% 98

Isovaleryl chloride (24.4 pL, 0.200 mmol, 2.0 equiv) was added to a stirred solution

of a-bisabolol a-L-rhamnopyranoside (91) (36.9 mg, 0.100 mmol, 1.0 equiv), boronic
acid 1e (500 pL, 2.00 mM in 1,4-dioxane, 1.00 pmol, 1.0 mol%) and collidine (26.6 pL,
0.200 mmol, 2.0 equiv) in dry 1,4-dioxane (0.20 M) under ambient atmosphere. After
stirring at room temperature for 45 minutes, the resulting mixture was filtered through a
short pad of silica gel by using pipette and eluted with ethyl acetate. The filtrate was
concentrated in vacuo. The resulting crude material was purified by silica gel
chromatography (3/1 n-hexane/EtOAc) to give 98 (43.6 mg, 9.63 umol, 96%) as a
colorless oil.
Data for 98: Ry= 0.35 (3/1 n-hexane/EtOAc); [a]; —157.6° (¢ = 1.0, CHCl3); '"H NMR
(400 MHz, CDCl3) 6 5.35-5.34 (m, 1H, H-2), 5.10-5.06 (m, 1H), 5.06 (dd, J=10.0, 3.2
Hz, 1H, H-3"), 5.01 (d, J = 1.6 Hz, 1H, H-1'), 3.91 (dq, J = 10.0, 6.4 Hz, 1H, H-5'),
3.89-3.86 (m, 1H, H-2"), 3.54 (dt, J=10.0, 5.2 Hz, 1H, H-4"), 2.31-2.28 (m, 3H), 2.19-
2.08 (m, 1H), 2.04-1.70 (m, 9H), 1.67 (s, 3H), 1.64 (s, 3H), 1.60 (s, 3H), 1.59—1.52 (m,
2H), 1.35-1.30 (m, 1H), 1.28 (d, /= 6.4 Hz, 3H, H-6"), 1.16 (s, 3H), 0.99 (d, /= 6.4 Hz,
6H); 3C NMR (100 MHz, CDCl3) & 173.9, 134.1, 131.5, 124.4, 120.5, 93.6, 81.6, 75.0,
71.8, 71.3, 68.7, 43.4, 40.9, 37.1, 31.1, 26.5, 25.8, 25.7, 23.7, 23.3, 22.4, 22.3, 22.2,
20.3, 17.7, 17.5; IR (neat) v = 3437, 2962, 2924, 1739, 1453, 1377, 1296, 1192, 1119,
1050, 986, 905 cm™!; HRMS (ESI) m/z calcd for C2sH4sNaOs [M+Na]* 475.3036, found
475.3025.
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