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7V ay Reld, FEO 1AL TR 23R e i LIAbLEWTH Y . BFER %
I LTCHESE L7 bEMIE 0-7) a3 REMEND DITH L, RFEFR A2 L TRl Lok

BT C-7) a2 REMEIN S (Figure 1-1)
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Figure 1-1. O-7'V 2> K& C-7 U a2 R

C-7V ay RORTH, EREFEFRLERN LWz T UV — C-7) ay RERED,
AEYTENE 2 R TG RIRE T B H < RS Tnd  (Figure 1-2) o Iz, &V
Brto~ T Jgofay (Vitex littoralis) OAFRE Y HEtS /=7 IR C-7 ) av FTh
LETHT AT GIRIEMRN 23, FURSIEM 470 EOEMIEMEZ R L, v AHEBOT AN
7 b v AJBDINA R A (Aspalathus linearis) DIEX Y HEtXhi=Y e kahray -7
AV RTHLT AT F AL S, b FEM o JiRLIER "2 645, £/, 2% /v
BB~V =T )& ONEY [Saxifraga(Bergenia) siberical &0 HEES U, 4-0- 2 F VIR TBRD
C-7Y) ay PG Z b OIS =3 8 SEEliifE °, ITRagIEM V2R, oo ®
D~ v F— (Mangiferin indica) ORI BEfsh/=xH o b -7V av RThoi~
X7 2V R, InNAERER TS 1M1,

N h7 7 VBRI~ ) —ARER LT C-~ > 7 2V MU 7 N7 7 iE, 1994 21
b hRERD RNase2 726 DIFEDSFER S 4L B, 2 BUREIRIF B OB HEGE 4, B L UOWRHE

WA BOFHNAA A ~—T—L LTHIRF STV 5,
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Figure 1-2. KRT7 U —/L C-Z7 U a3 R

O-7'V @y Nid, {HILEWNIZE T 2 BEBHERMECENO 7 ) a v 2 —8IZ L - TR
fRSND, ZHUCH L, C-Z7 Y 2y RIZZDO LI REMH T CREIFELI DLV I K&
REBEA L TERY, FHEERNERER SIS INTND 1019, Filz X, KRBk 0-7
Vay RTho7m Y Pk —RL LT, SGLT2 BRINMEER A+ 24721 7

D NLH R Y Tu vy A RAI X7z (Figure 1-3)
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ZOXHIT, TV =N C-7 Y 3y RIS AEMTENE 2 3 RIEL & 03 5% <
FAEL, ARARBICH L TORETH DI E00, FRO LI ICERE LTHATH S,
D1, ZIVETEZE K OEHIFE A ST & o 171182225,

O-7'V 2 RIZiX, 1 MDA Bre % 2 FREONREMEAR (Figure 1-4A) D3TFA(E
3%, Fisher IR TERLUZEE, 10t FeX v ERNRD FIC<2F 70 0LOE Re ¥
VHEFEILMEDOIARERD a ik, NI UARERD BIREFEEIND, C-7 Y av R
b 1 NLONARIEFN R D 2 RO NAR R (Figure 1-4B) 2MFAE L. RIOESE
DT YV—=v C-7 ) ay FEEDIb—FORMEETHLZ Lnb, Zhb C-7)av R

DERMIEL LT, BRI E T OERMEEOLZ G 5 FIEREE LU,

afk BiX

Figure 1-4. o-{& & B-{RD LIRSV

INETHMOENIZ C-7Y 2y NHOBMD 5 b, REMR % Scheme 1-1, 1-2 {271
To BOFEIE, ~"arl o/ Y AV AR OB AR GRE B EERT =

J = VHEICRE LV A AlE (LA) Z{EREE, 0-7'Y) a3y RiERZ2 A L-%. BEFEF2



SIRFIRT~DOREDINLZ R T, C-7V av FiEGZBRT 5 HIETHS (Scheme 1-1)
2627 ~a Al a-7 Y A VBRA ZABBIZE VIE LIS, ARV =L TFF Y A &
AT, 7= —VRREBEHEL, 0-7V) 2y RBMIELD, ZOTRIE B BHELA A
WCEVIEHLSh, ARV 2D LADTFFH AL T2 )RV RAF L C LY BHEHERE
FEBLOGZ R 7 = /=D ) MORIRIJIZ C-77) av REGBER L, 7V —1
C-7 ) av F3fGoisd (Scheme 1-1) o AERMITIIESME T, O-F / » AF A D

(Figure 1-5) Zi#¥ T, o K& B IARDEIEEANFET 20T, BAFRINTLZEEDE B
R FEERE L THELND,

COFET, FEFECEHO OB LEAERSER, ~a s Al o7 ) a v R0
I 2L LTeT 7 b e EOBARROFE G~ REEEHR L 73R L, 7V —
WV C-7Vav Reb5 x50 IETHD (Scheme 1-2, 1-3) 230, ~ma Ak a-7 U =2
NEFEEE LTSS, okl BIROEAE L TAEBMITGF 5T %5 (Scheme 1-2)
—Ji, Ina )T NroaRFELGRE LTEGE, ~I T X —vHR E 24T 5D T,
1 fLZ8ed 2 TRSBIMTUREE R DM, ERRE F 2fH L CRITHAETL, B IED
C-7' U 2y RB@mWIALIRERMETHE OIS (Scheme 1-3) 230 ZA b OFEITH I 65
biv, HMOFHFERONMNEIL C-7) 23 FEINRISBATELZOT, AWEEEZRT S
FIERT V= C-7 ) ay RERMITISH S TE 723134,

L L. R OJ71EIE, BF3-OEL X TMSOTS 72 & D8RV LA AR % T BRER SRS
BT DG CEREETAMENMELS, 77V arvt LTEFEER 7/ —/VEHALPHWS
NIRNDT, EEBRROEND, BEOHEX, BONEEME & REELZ R TAERSREZ TN
ThV, BRETFAEENME, 72, EL00RFELVEERRKETHY . AnsHEE

WCEoTiTalkd BEROIREMZE G 25 Z LR EIND,
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Tkt L, KRR S CH#EITT D Clspd)-C(sp?)-2 v A w7V 72k b C-7 )
Y FEREEDNITERAIHIZE SN TE Iz 354, K2, B2 v, ~a 71k
o-7 U av k| HFEFEICEWH LR LT EHER O AT 2 FIEREZ S HE SN
TW% (Scheme 1-4) , AHa)E & LT, Al A~ x> VL AT V=
UA, BRI, RPCTHETLIAE=y SR EBHVWLENTEY | BRI -

L Cli%. Fe. Co. Nig&&, IreftiEn VSTV 5D,

®
(@]
(RO)LD
=20 @ BRI A =0
RO) + * . =<
(RO) "ﬁx v o RON—=\.,
N
RO) v\,
Nay Uk a-gyasi (RO) H afk + Bk
CRA )
L G _

Scheme 1-4. 54 & it 2 N 7=
nag At a-7 Y av v ERBERO I e Ay ) T

Bl 1% 2008 412 Gagne HiE, Ni fillfea v, BAL a-7' U a v b HFHFEFEICEDN D
TR LA RRE 7 0 Ay SV 7L, BIEOT V= C-7'Y 2 RS {RER
FIZ AR L7z (Scheme 1-5A) 3¢, ZAUIXF L. 2017 AT &3, kAR Z v, o~ s
NMAba-ZVavib, lxOF#ERE 7 aADy TV T L, alkOT Y — C-7') 2

v R&SARERICAS T2 (Scheme 1-5B) 3%,



(A)

N
(Ro)n/\’ﬁ . Ni cat., ligand (RO)~ o~ Ar

Br XZn
Eika-syadil DMF BiAB %
(a/B = 1/10-1/20)

(RO) — + Fe cat., |Igand RO).—»
n "Q‘ M > (RO), "Q‘
X THF Ar
NasFviEa-FyaviL M = B, Al, Mg, Zn aff &k
(X =Cl, Br) (a/B = 73/23-3/97)

Scheme 1-5. 7 1 A1 w7V 72 X 5 &R

ZOEIIT, BV ERREEZ L ST C-7 Y ay REGRTE 2 FERREIL T
LHD0D, ZNHDOEMIETIEH, WInvbmr b a7 ) ad bl D FF o h
A A L7237 DNV G 2R 5, D7), w2 SLfes %2 b SR 5487
HHFEL TS, REMIZAERDIT o K& B IRDIREGWITR D SRR R TIXR WS TH
Be TDT, HWDIEESLCEMHICE > Talke BIROLEERNENT S,

INHDOERIEIRI L, Csp’)-Clsp?)-7 v AT v 7V T X DEMIEOH T, 2016 4
(2 Walczak H2VRE LICHEOFHEA XZRIE (77U a2 Vv A X)) W5 FiER, ME—I2K
FREMEGHIETHD 2, KFETIE, ABARAE (V) a2 X) 1 LaaF b7
U—vZ&, PdfititanCraxhy 7)o 7t5 8 oD 1B ok, BIED 1
MOIXBEOHBOT V=)V C-7 V) av R2E52 5, S EFRICHIFE 12 i,
BHDNARBMERDO % AL TE D (Scheme 1-6) ¥, LinL, BE 11X, B7 ) an
3IMB TN 45RT, TARFT RS, F3ENT Y a v 6 2RET 5 HIETHRK
LRI s 9, ZEMEET 5, £z, AR GERITEE G, By 7Y~
IR EOHFRIELZ WD B BUSKRH S 2-3 B LRV, LW Hix DENE ST

(AT



(RO);
Br
: o)
fe} —~0 Pd cat. —>0
l (RO — = (RO); +—=—SnBus (RO) v Ar
Cul (300 mol%)
. . . 2-3H
—O 5 B-71)aTIILRXA1 B-2

(RO

\ 2340 =231 A X
o N\ .

X & SnBus  Cul (300 mol%) Ar
6 X = H or OH W UEDIE S S I a-2

Scheme 1-6. Pd il 2 W72 7 U 2o v A X Lo oAb T U —vd
NARKRRA) o Ay ) T

—J7. BED 1 IAR Y FFRF CERS AU FEERBET ST V=L -7 Y av K
2 OERD 2 FIE SHiz, 2021 S EH DI, 2-T74F Y B-7 U a VR U 7 #4)
DTHR L, Ir b & Ni iz Wi a 7k 7V — s a2y 7Y v 712 &
ST, VAREIRINZ a RZ B L TH 2% 2 0AE#HE L2 (Scheme 1-7) #, FH:BIC
ftx Walczak Hb, a-7' U I IIVRUEEE 7 OARRE . TivE AW RERO SRl T ~ 7
U7 &#E L7z (Scheme 1-7) 5,

INOORIGTIE, I AEC L0 N Y A a R vEEN D T VPR G A4
b, —MIZT7 O NFREEZRBT 57U a2 bid@mny o #BREZRT 2 Enmbh
T B o-C-7 ) ay R 2 NE0arfR@EiEE 6 > THEL D, L, ZTRULHDOFIET
X, T YAV G 2R BT 2O T, BRI ERN LR RIEERDIREMIT /2 D I
BIRAEZFAENME LTHDZ LITTERY, £, U av VRUBHE 713, BV =
VI MMORB LIV 4 BB L, 2 (OB LB VT, R YRR DE

AZEZL OLRREES 5,



No

(RO)n/\’ﬁ

Br
3
>0 =0 3 (RN
l Rm”\‘;\mmm_* momcﬂﬁvB&K—— R
Ar—X
mmfiii// 8 B- U ALK B 7 Ir. Ni cat. — 0
N\ el BB - (RO) =
4 N\ 5 o (410-490 nm) Ar
— ==
RO}y — ROk > — 0 2 (a-1h %)
Xo| X BF,K (RO} \'H afk LBIEDEE
6 X =HorOH a-F Y avILREkiE 7 G

Scheme 1-7. 7'V IS LR UEEE Lo~ 7 ALT U — Lk
Ir et = iz a A v 7Y 7

ZOEIBEREROL EEFEEHIT, AUERLHEEHW, 7Y=L B-C-7 Y av K& ERET
BT D HEEFHE LZ, 9. Bl o-7 ) a2 o | fLESEERICA 7 H#L LT B-
RUEPEZTRLL, DWW Toa A kT U —L b Pd filbliEZ A CISEREE R IZ 7 1 2

Ny TV T, TY—IB-C-7 Y ay REFETHENI) FIETHD (Scheme 1-8)

Pd cat.
0O B,(pin) o Ar—X 0
(RO) = oAt RO ] coee- > RO S U Ar
Br ILIKEIRM (RO (Bl SRR (RO
Eia-FyaiL B-R &b ¥E 7U=IlB-Cc-5)aT KR

Scheme 1-8. 7 U —/L C-7' U =2 KD _EMEARE

INET, RUF AL LTEAEF 27— F AR e [Ba(pin)] Z V2 Pd X Cu fili i
R DRALT VXN DR T FEENRN L Ol STV D (Scheme 1-9) 449 Ll FE
D 1ALDO X I, e AL SN RFBICEEE D EL LIS BT 2G5O R U HE

IR STV AR,



—J5, Pd filllfm 7= AHR U RREON R R 7 a A0 v 7Y 72O T,
Molander & 2MERNAMMEF A2 HTHS)AKD a-AF T MY ZAFuR Ui 9 &L 27T
U—naEEE LIZR)-10 DEREHE L= (Scheme 1-10) %, UL, &7 HELHEE
W a AA vy 7Y 7T, Walezak © O Tr/Ni iz F v 72, SEARRRRAY TV Tk
PHE SN TNDEDOHT, BHROBBEERLELFD, MEBEERRKE VR TEMED LS
AR U FRE LW, Pd C L 57 v 2 v 7Y U ZITRE ST R, BLE
L0 KFFETIE, Bib o-7 U a3 VOR U R, RUEMEEHW a2y 7Y o

7 DM OFOGBAEE & 72 5,

MG o o CHa
\ Pd or Cu cat.
alkyl—Br  +  13C B—B CHs > alkyl—B(pin)
HiC—~g  o-XCHa
Hs 3
Ba(pin),

Scheme 1-9. ¥R 4@ Akl A2 AN = BAL T L L DR v E 1L

Pd cat. OBn
OBn CSOH+H,0
S AR
Br

CPME/H,0
(S)-9 105 °C, 24 h (R)-10

CPME: 2 BRVUFILAFILI—TIL

Scheme 1-10. U 7/v A m R vfglh & 87 U — % A
SNARKRERAy I 0 Ay ) T
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FE AR U O SRR A RRIE OB

Ff BN a v v E R LT DR TR ot

Liu 5% 2012 4, 14-UAF VP 28EE L, il LTRY AR P U F Uo7 R
N RT V7 1(0) [Pda(dba)s]. EAALT- & LT P(t-Bu),Me-HBF4, 7 7 #EALFAl & LT Ba(pin)a.
HWHELTF R DU LAFFT R (CH:ONa) ZHV, HilLFTRAET L F ok T F#H b
[ZEH L7= (Scheme 2-1) “,

sz(dba)3
P(t-Bu),Me*HBF,
CH3ONa
alkyl—Br + B, (pin), > alkyl—B(pin)
1,4-dioxane, r.t.

Scheme 2-1. Pd filtlfk 2 N 7= BAL T L v DR o #4l

ZOWEEBEZIC, e mA S (OPiv) TIRELIZRMII V)L 3a 27 )La—2R
L0 ZTRTHEML ¥, Pd iz AW R U # A7 (Table 2-1) %, 3alZxfL, ¥
AFNZNEF T R (DMSO) ZiEfEe L, il & L C[LD-EA(P T == VR AT 1 /)
7zt s nnss7 Yy A0 [PACL(dpph]. AT FEEAIE LT By(ping, HEHE LT
FEfg 7 U w7 A (KOAc) Z/EF &+, 80 °CT 8 WIS &A=, ¥ Fhad—h=xT
o Na T BN, ZAh—)b 12a 2 26% DR TRIET LI E-72 (= b)) —
1) o LA-UAXV AR EE 2, il LT Pdy(dba)s, BN+ & LT P(+-Bu),Me-HBF4.
ik & LT CH;0Na Z vy, =i T 20 FFAISUS 2l D & B 93%F%A(Fd % DA T2
ofz (=2 hU—=2)  IREZERND 60 °C~ EIF722, Ma 135607, 61%DJFEE 3a
DERAE L, 12a 2% T%DOIERETREIEL TWe (= b U —=3) , BiEZ NN-U A F LRV A
7K (DMF) | A2V F VA7 ¥ K (+BuOLi) ~EH L, =R, H2DVITIEE

%20 °CE T FIFTHIEN, 12a BFEILEI 9%, 65%DINRTHETLZ (= bU—4, 5)
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Table 2-1. Pd fitlii 2 Fl N 7= 78 7 4L O S th 65

PivO Pd cat., ligand PivO PivO
PivO % B,(pin),, base Pivo&&H PivO 0
PivO ~ PivO PivO _—
PivOBr

i B(pin
solvent, temp., 20 h PivO (pin) PivO
3a (0.1 mmol) 1a 12a
i BE £ (%)
Ty hy— Pd filt 35 Be AL F BE g "fr URER (%)
(mol%) (6.0 mol%) (3.0 eq) (°C) 3a 11a12a
1P PdCl,(dppf) (3.0) - KOAc DMSO 80 0 0 26¢

2¢ Pdy(dba); (1.5)  P(t-Bu),Me*HBF, CH3;ONa 1,4-dioxane rt. 93 0 O
3¢ Pdy(dba); (1.5) P(t-Bu),Me*HBF,; CH3;ONa 1,4-dioxane 60 61 0 7
4¢ Pd,(dba); (1.5) P(t-Bu),Me*HBF,  {-BuOLi DMF rt. 0 0 91

5¢  Pdy(dba); (1.5) P(t-Bu),Me-HBF, tBuOLi DMF  -20 23 0 65

a)1,1,22-7 FSH/ 00T A U EREIZEEL L TRV, HERYO'HNMRM S EH.
b) By(pin), (1.0 eq.). 8 h. ¢) By(pin), (1.5 eq.). d) BBk IR,

T —v 12a DIEIVE LT SOSHEIL, LR D 2 DORENRE 2 Hi15  (Scheme 2-2) .
F—DOFOCHERIT. 3212 0ffio> Pd fRBEAERILEIFTIN L7288, B/KEMEEIC LV 12a 84 C
HRETH D, UK L, B_OMUSHEMEIL, R (B) 2k 0 3a @ B2 BiBESETL,
12a ZELHDRKETH D, WTNORKICEL 7T —/L 12a BEKL 9 2O T, Pd fillit
AW 3a OB U RIZREETH D & fbam Lz,

pao) | PNO— H... B-7k Bt
— . PivOﬂ/\Pd(”) M ——
PivO—— X

PivO PivO

PivO
PivO 0 PivO
PivO — ™ PiVON=
PivO
Br

PivO H B PivO
3a PivO Q 12a
PivO -
& (B) PivOB\r E2 Bt d

Scheme 2-2. 7' /L 71— )L 12a OHEE A RS

o
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Z ZC, Cufiitz AV 2 FEICHEH Lz, LinY’, Molander®, {7 4 51 2012 4, 11ff
OFFERZ ML L, AT FEEHIE LT Byping Z NS BALT VX LDOKR U FbEZFH
AN L7z (Scheme 2-3) 474, Liu bk, " Z AT AF /L E 2T T vF L B
I—MERELL, DMF £72137 h 2 ke 7 J > (THF) ZEl e L, filifife LT3
AL (Cul) | BfLFE LT RY 7=k A7 4 (PPhy) T3 U AF Lo LR
MU Z7x=/VARAT7 1 (PS-PPhy) 3452, HHEE LTYF U LA MFT R (CHOL) F7z
% +BuOLi # A\, 7 F LR U AT /LOAKITHKS) Lz (Scheme 2-3A) 7,
Molander 5%, DMF Z &t & LU, filfif & LC Cul, BfZf-& LT PS-PPhs, HiJké LT
CH;OLi Z i\, B-AF T EBALT NX DD B-AF T AXNR VBT AT VEGH L, 7
ALKFED U 7 LKEREERSE N 7 vk o (R-BFRK) ICZ8#H UL -

(Scheme 2-3B) “, Zh 6 OWMEHITIX, PS-PPhs (ZARNC XV EfEIZFRETE DT,
A CTR AW ORMERS T 2B THERN ST, £z, FESIE, THF %
VAL U, fild & U-CHEfESR (CuCl) | B & LT 45-EA(V T == /VKRAT 4 /)
9,9-2 A F )X 7 (Xantphos)  HEEE L THY VA 7 F¥T K (+BuOK) % H
WD KM EZ A L7 (Scheme 2-3C) %,

Cul

PPh3 or PS-PPhy
CH3OLi or t-BuOLi

(A)

alkyl—X + Ba(pin), alkyl—B(pin)

X=Cl, Br, I, OTs DMF or THF

(B) Cul, PS-PPhy
CH3OLi, DMF
RO\/\Br + Ba(pin)2 E— RO\/\BFgK
g then KHF, aq.
THF

(C) CuCl, Xantphos
alkyl—X ¥ By(pin),  [BUOK alkyl—B(pin)
X = Br, |, Cl THF

Scheme 2-3. Cu filtif: 2 VN /= BAL T L% LD R w7 34k

13



PLEDEIZZE1Z, DMF ZEi e U, filtlii - LT Cul, &~ 7U3# LAl LT Bypin), % H
VN, 3a DR U FEbE AT (Table 2-2, Figure 2-1) , =@ T, BT & LT PPhs, Hlke
LT CHs:OLi ZMW % &, BUSITHEMERIREW A5 2. 'H NMR (2 KX ST IZINEETH -
T, EESFTEY NMa BELTnD e aniz (= b —1) . #E% +BuOLi
WCEFET D L 1a UK 36%, affe BIEDLN 45 THELUE (=2 hY—2) , REIAERK
W& LTk, Zvii—v 12a, 13 BRENLI 33%, 20%4E U7, Na XV BTN 07 M
7a~ 777 4 —ICEDRBRUICARRE CTh ool IRIX 1,122-7 b /7nnxs
ERYEWE L U CHY, HARYO 'THNMR OFEMEO- X 0 EH Lz,

A U7z 1la @ 2 FEORMERD 1 o7 v kb 2fio7 e b BOFEERITZENE
7.6 Hz, 112 Hz TH Y | EIVNSRETHE Z afk, REREHE L BIKRLIRE LTZ, BAF
% PS-PPhs ~AH 425 & 11a DYLEIT 56%I21[ - L, 12a, 13 OFEIAIL 16%, 16%IZK T
L7z (=> hVU—3) , PPh3 & PS-PPh3 # I\ \/= 5T, MUGIREEZE-20 °CE T FIfzL =
A BIERDTH S 12a, 13 OERITRIEIZH S 40, 11a BREILLI 62%. 80%D IR
THELNTe (2 FU—4, 5) , 20°CE WV O KIRSEMF T TS, PPhy LV PS-PPhs 23 & W MY
RrHz2, £, affe BIEOERIZT Y MY —4 TE3:1, =2 FU—5TiE 52L&,
FIREHE LT a WML, HEEL T MV UL 7 % R (+-BuONa) , -BuOK,
VF LRI AFIVTT )T —F[(CH3)sSIOLIl, B TALARNYAFALLT )T — ]
[(CH3):SiOK]~E %25 &, = b U—8 DO(CH3);Si0OLi W =5A1T, 11a 2 86% L& b
BWCETHE L (= b Y —69) |

T2 hU—8 ® DMF »LIEEE%Z THF £72137 % =k UL (CHCN) (£ ZxT-E 2 A,
11a DPERITENZI 20%, 16%E RIGICIKTF L (= hU—10, 11) , B F& LT
SARFEE DR E VY IMes™ £721F sSPhos™ Z Wz & 2 A, WTFNDOEE S 78%. 76% & iH
WIERT 1a BMF 5723, =2 b U —8 D PS-PPhy & VDML VIERIFIK T Lz (=

Y hU—12, 13) , EDOFERI Y, =2 MY —8ITRT M il T 5 & ftam Lz,

14



Table 2-2. Cu il FIU 72 7R 7 F3 4D S b At

Cul (10 mol%)

PvO Bapiny (15 0y O
P'Igleo/&% base (2.0 eq.) N PiF\’/i(\aO O |
PivoBr solvent, temp., 20 h PivO ~ B(pin)
3a (0.5 mmol) 11a
PivO PivO
o2
PivO
12a 13
%7 a

TUhy— BEF 0 &H B BE(CC) (G/;f$ (0/‘1’)23 .3

1 PPh; CH3OLi DMF 25 complex mixture
2 PPh, t-BuOLi DMF 25 6 (4/5) 33 20
3 PS-PPh; t-BuOLi DMF 25 6 (13/15) 16 16
4 PPh; t-BuOLi DMF -20 2 (3/1) 4 6
5 PS-PPh; t-BuOLi DMF -20 0 (5/2) 0 5
6 PS-PPh; t-BuONa DMF -20 8 (3/1) 0 2
7 PS-PPh; t-BuOK DMF -20 0 (-) 6 0
8 PS-PPh; (CH3);SiOLi DMF -20 6 (5/2) 0 5
9 PS-PPh; (CH3);SiOK DMF -20 8 (5/2) 16 15
10 PS-PPh; (CH3)3SiOLi  THF -20 0 (5/2) 0 5
11 PS-PPh; (CH3)3SiOLi  CH,CN  -20 6 (5/2) 0 5
12 IMes (CH3);SiOLi  DMF -20 8 (5/2) 1 7
13 sSPhos  (CH5);SiOLi  DMF -20 6 (5/2) 0 9

a)1,122-F kSH/ 00X U ERNEPIZHLEE L THL.,

CHj HaC

/_‘
N\“/N
H3C

CH; HsC
IMes

HERYMO'HNMRM S EH.

HsCO

H
CHs Cy,P OCH;SO3Na

sSphos

Figure 2-1. B+ DG
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B AR RO HE

F—HlciR Lz@y, B{b7 UV a i 3a ORUELIZK LIZb 0D, A Toh
HEFaT—bhZ2TV Na 3 VB TFAB T Lo a~ NI T 74— X DRERICRLE
ThHYHEEINECTH -7z, 22T, mUROREAZZEZX THEEZRAA T, £, REE
ELT, RUBNATFNANA R ) il AT /L (KU MIDA =A7 /L) (2% H LT, &
Uk MIDA = A7 /L%, 2007 4212 Burke 52 X - TR SN A v RFEF RICEAT 504
HEETHD ¥, RUROEOYPBEIZERITFOIFLGEFRPEN L, BEFRRIZR-T
W% C-B A aXENT DD, EXOKIZKEETHY, YV TNvrua~x s TT7 04—

THERIABETH D, 7T U — /LA TEEE MIDA Z AW KT HIEARKTE %5 (Scheme 2-4) .

.N
CH3 - /. %O
B(OH )J\/N\)J\ benzene, DMSO BTS o
reflux, 98%
MIDA

Scheme 2-4. MIDA | L A 7~ 7 3Z O3

3aDFRUFILTHOLNIZET 2T — F= X7 )L 11a OMERY Z v, & U MIDA —
ATV 14 DA RF T2 (Table 2-3) . 11a (2% L, DMSO &, 6.2 8D MIDA %
TEF S, 65 °CT 16 ReMEA L7223, a7 — b= A7)0 1a D3EF L. BORIEET
Lgpole (m hY—1) , WREZE 75 °C~LiF2 &, Nan gL 7 v—/L 13 DA
BMU72Z & 2 AR O 'TH NMR KV R L7z (=2 hU—2) , ¥4 DMF ~Z % L
7225, DMSO z HW 556 & ABRICROSITEITE T, 1la ERAF LT (= b Y —=3) o &
BEZ A ) =K E WM L MIDA T AT L ~OEBZRA T2, 14 T2 56T, K
BIREFE LT (2 hU—47) o DLEORER LY 11a 2254 Vg MIDA =A 7/ 14 ~

DEHITWr S LT,

16



Table 2-3. MIDA = X A{5%E DOkt

PivO .
_ o Cul, PS-PPh; — pivO MIDA (6.2 eq.)
PivO B, (pin),, (CH3)3SiOLi . (o)
PivO > PII:\’/QO
PivO v . .. solvent, temp.
Br pMmF, -20 °C, 20 h PVO "B(pin) 1o, P
3a 11a 86% (a/B = 5/2)
PivO PivO
PivO O mm%gig
PivO _ PivO =
PivO 'B(MIDA)
14 13
I rY— payLS mE (°C) LR S
1 DMSO 65 No reaction
2 DMSO 75 Decomposition
3 DMF 65 No reaction
4 DMSO/CH30OH = (1/1) 65 No reaction
5 DMSO/H,0 = (1/1) 65 No reaction
6 DMF/CH3;OH = (1/1) 65 No reaction
7 DMF/H,0 = (1/1) 65 No reaction

WIZ, RUFEOR#ELLE LTI1,8-YT7I /7% 1L (dan) 125 H L7z, danld 2007 4
ICKEE R BIZ L > TR SNIER U REFITEANT L RESLETH Y 6, 2 2D sp* IRKEF
D pHE EOIIFEELRBNARTVEOZED piuE & HEL TN D, ZOLEILOIBIT T,
VUAGTNAT Ao uv NI T 4 —THEWETHL, 7V —ARUBRE 18- )
F 7B L E BT IUEERR TE S (Scheme 2-5)

1,8-diaminonaphthalene
B(OH)2 > B(dan)

toluene, reflux

e
'

dan

Scheme 2-5. 1,8-7 X/ F 7 ¥ L AT K DA U FEORGE
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3a OFRUENLTHELNI-ETFaT— hm 2T )L 11la AR L, 18- 73 /7 F
7B LR SRR O LA AT To (Table 2-4) . ML= U 2L L, SR T 18
RHIBUSSE D &, BIRD 18- 7 X/ F 7% L ARFER 15a 28 19%DIETH LD
DD, afkD 152 1T/ ORI ->7 (= b —1) o FUSNREZ 90 °CET RIT5 &, 15a
IR 66%, offk& BIROLEM 32 TEHLNM, affd 11a 2’ 10%EFE L, BIARDE L

TN — V13 D 25% DR TREIAE LT (= hU—2) |

Table 2-4. 1,8-P7 X/ F 7 X L 2 L B IR#ED K

1,8-diaminonaphthalene

PivO Cul, PS-PPhy PivO
PivO O Ba(pin)y, (CH3)sSiOLI  pivo o) (4.0 eq.)
PivO—— > PivO >
PivOg PivO  B(pin)

DMF, -20 °C, 20 h toluene, temp., 18 h
3a 11a 86% (a/B = 5/2)
PivO PivO
S NG
PivO B(dan)
15a 13
TYhy— B (°C) W ()"

11a (o/B) 15a (a/B) 13
r.t. 54 (1/0) 19 (0/1) 0
2 90 10 (1/0) 66 (3/2) 25

a)1,122- 7 FS/ 00T 8 VEREMELE LTHL, HARYO'HNMRM S EH.

FOGIRE Z @740 Tld, ta 7203 15a W7V H—v 13 ~ 3 5D T, L0 FEfn
R T HHET T HIRESSEADFENLETH -7z, 2014 41T Pucheault HI,
fle & U CHEALER (D), IHMEAEAIE LTA 24— EHWTERFICBWT, 7= =7k
UEBEOEF 2T — AT AND 1,8-VT X )T T X L ARERASOEBRN, EIRTH

KEISETT LI LA L7 (Scheme 2-6) 7,

18



1,8-diaminonaphthalene

. FeCls, imidazole Q
QB(DIH) > B(dan)

CH3CN/H,0, rt., 1 h, 82%

Scheme 2-6. Hfbgk & A X % — L& V7= dan (2 &L 5k 7 #DR#

16 DRSS 2 SEIZ, 15a OERFTIELZRR L, 7B b= MU VIKEERE L,
3a OFRUHELLTHONE ST 2T —FZ ATV Ma lZxtl, 1,8-Y T I/ F7 XLy i
gk, A IFY —NVEERTIENISEDL L, REEOLHITZNFR L T L (Scheme 2-
7) o MARMAE LYW TN I TG L~ N7 T 7 4 —THE L, 15a IR 77% THHEEL
7o afRE BIRDIZ 52 TH -T2,

PivO

Cul, PS-PPh; PivO
PivO O Ba(pin)y, (CH3)sSiOLI  pivo O
PivO PivO
PivO
Br

DMF, -20 °C, 20 h PO B(pin)

3a (0.1 mmol) 11a 86% (a/p = 5/2)

1,8-diaminonaphthalene (4.0 eq.) PivO

FeCls (20 mol%), imidazole (12.0 eq.) pivo&&m
> PivO

PivO B(dan
CH3CN/H,0 = 1/1, rt.,, 2 h O B(dan)

15a 77% (a/B = 5/2)

Scheme 2-7. 7 7 FALFE 152 DAL
15a O I VL ONAR EEAE, IALE 20ICERE L7272 h oD H NMR IZB T A5G EEIC

K ORE LT, HEEL7Z 2 FEO BMEEROSAEERITZENZE1 6.5 Hz, 11.0 Hz TH-7=D

T, fAEBINNSWETEZ o, METEEPREWEE L piREhiim L7 (Figure 2-2)
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PivO

B(dan)

a-15a

B-15a

Figure 2-2. 7~ 7 /L 15a ® 'H NMR |2 L 5 SR B O3 E

Pd fillitZ e e Z oAb T V=D 2y 7Y 7Y, a7 — xR
TV 1la 26 Y 7t R yBE b Lz, MY 7t aR o, 2 2R, B
KUCLE TN T WIERMEDO R VR EM TH D, 7 v BNEMR LT 4 BOLRAR 7 %%
EELOD, VA ABEEZ RIS TEETH DL, 7/F/NV N TAAduaR e al
AT V= E B E L, Pd il A W2 Cspd)-Csp?)rZ a2 h v 7w 7 Of b EET
&Y (Scheme 2-8) ¥, ZLa—RZD hU 7t uR vz e AT V=D n
AR YT LTERUFE A EEZ NS,

Pd cat.

@'.: ® base
aIkyI—B—F K + —_—
I X R
F solvent

Scheme 2-8. Pd filfi: 2 = 7 L% L N U 7L v 7k v fgkE &
NaF ATV — v raxg I T

Vedejs HIX 19954, 7 = =LA TR L, AZ ) — i 7 o bKkKFEH Y 7 LK

WiREZEH S, MY 7 A niR vz G Lc (Scheme 2-9) %,

sat. KHF, aq.
QB(OH)Z QBF3K

CH3OH, rit.

Scheme 2-9. VU 7 /LA w7k 7 B DAY
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1o DRISFEMESEIT, 3a 2R UFREL TH LI 11a OFARMIZK L, THF I
1. 7 o AbKFED VU LOKEEEE N A, IR T 12 BRI L7215, JBUERHE L C 16a O
AR % #5472 (Scheme 2-10) 859, 16a (X Y W7 N H T hru~ v 7T 7 4 —|Z kD REH
WCARLZETHY, HERECh 7z, 2T, FILBRIC K 2 BBEZ AT, A% 7 —/K
DIRGEHZ AWMLV EFa— L2l EL, 7Tk b CEREZ AW TRE L
. AHZ =D L CEEICETOTWEIAERY 2 BIE (AIR) & LTEREL,
KU 7 vAu R v 16a 2 RAMEER & U CIER 51% T2, afkd BIADOHIT 43 TH

-7~ (Scheme 2-10) .

PivO o Cul. PS-PPh; PivO o sat. KHF,aq. PIvO .
PivO B,(pin),, (CH3)sSiOLi PivO 8.0 eq. PivO
PivO 2(Pin)z, (CHa)SIOLIPRE, 80ea) — PNOS
PivOg PivO 'B(pin) PivO BF3K
I DMF, -20 °C, 20 h THF, r.t,, 12 h
3a 11a 86% (a/B = 5/2) 16a 51% (a/B = 4/3)

Scheme 2-10. b U 7 )LA4 ks vigtE 16a DAL
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B piEREm EokE!

B, B IR L@y, BTV a v hoRyFE b EREROLBRIZL Y, B
)& T DR 0 T A2 EOIERE CHEBECE 7228, ERIE o RE BIRDOEN 5:2 FRED
BEWTHoTZ,

ZIT, o Fax v RoE#E2 A2 T B RoAdktom E4 BEs L7z (Table 2-
5) o £T. eEnNmA VLR B RGMEZRT T UV THRE LT EE 2 VTR
UFELEITo T, TEFAETREINZTHKROE(LZ Y 22 3b, Za—2 L) T
BCTAR LI AN THRE ST 30 2 W6, Em A VETIRELZ 3a %
W56 K0 R 7 R0 15 DILEITZENZEI 50%. 48% LK T L7z, a. BIADEIT 15b
T 1:1, 15¢ TiE 13:11 &, 15a L BIARADENRM ELeb 00, IZZFFCET o
K& BIRMAER LT,

ZHUSH L, BEFEGHEON OV IETRE L 3dY 2RO 2,34,6-7 FT-0-X0 Y
ND-TNarT ) —AnbL—TRTHEKL, RUFELERLD & BIED 15d DA HER

PICELND Z 2R Lz, LasL, IRIE 26% &Ko7z,

Table 2-5. B &R ) _E OO

RO Cul, PS-PPh, RO
RS&% B,(pin),, (CH3)3SiOLi RO&O&H
~ RO .
ROg,  DME -20°C, 20 RO  B(pin)
3 (0.5 mmol) 1

1,8-diaminonaphthalene (4.0 eq.) o
FeCls (20 mol%), imidazole (12.0 eq.) ROO

CH3CN/H,O0 =1/1,rt, 2 h

PivO AcO
Pivo/kx AcO BnO B(dan)

PivO B(dan) AcO B(dan) BzO B(dan) BnO

15a 81% (a/p = 5/2)  15b 50% (a/f = 1/1)  15¢ 48% (a/B = 13/11) 15d 26% (B only)
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NUVNEOE ARG LY | RO RS Y 2 VOB TREETE T 2 & 93X
KIELTORREZ 2T, T T, 2 MERUVEE, Zhbsoe Fad e o
AN, TEHFNVIETHEINTZRIL ) a3 3e, 3f 2 5E & U Cakat Lz, 3f 13BEA
DOFEICEVFHRL 2, 3e I TFDO LS IZHR LT (Scheme 2-11)

4,6 (INR DY) TFUoT =V TRESNLIEHIRO VA —V 17 ZHHBEWE L L, B
DFEEN, ZTRTHFI A= 18 ~EH LT 2, 18 2/ A /LKL T 19 ZE &R
(ZAF721% 35, 1AL A R U2 BRI~ L 2 BETRE7 Y ai il 3e &=

THE, 61%DINETHEK LT,

Ph O—s HO
\( .
OO 2 steps HO 0 PivCI (5.2 eq.)
HO EEEE—— HO -
HOOCH; BnOocH,  pyridine, CHyCly
reflux, 48 h, quant.
17 1862

o Ac,0, 0 °C, 7.5 h, 97% PivO
PivO PivO O
PivO 1 . PivO
BnO 2) HBrin AcOH (3.2 eq.) BnO
OCHg . gy
CH,Cly, 0 °C, 5 h, 63%
19 3e

Scheme 2-11. BAt.7 U =L 3e DAL

AR LTz 3e, 3T LA FELEARAD &L 81%., 83%DILERT BILD 15e, 15f Z &\
BIMETHES Z EITpkB L7z (Table 2-6) , o K& B {ADLIX, 15e Tix 1:27. 15f TiX
125 Thotz, £, 3e D MY 7 A aRvBE~OERLITo72, 3e R vF{LLT-
AR 7 o AKFE T U U DOKEEZEH S, 16e OHAERM Z/FT-OL, BILEIZ
L OBEELU -, KEMAZEBICL Y B a— LA REREL, T b2 EEE A
S E A ThRE LTLREMERIEZ X2 b FLE LT, ZOBME TV — VAR

ERIERDE LODED a kZFRE L. BIRD 16e Z I 76% TH37= (Table 2-6) .
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Table 2-6. B &R H)_EOREE

RO Cul, PS-PPh, RO
RO O Ba(pin)o, (CH3)3SiOLi o}
RO - "Ro
RO RO B(pin)

Br DMF, -20°C,20h

3 (0.5 mmol) 1
1,8-diaminonaphthalene (4.0 eq.) RO
FeCl; (20 mol%), imidazole (12.0 eq.) Ro/§&»\1
CH3CN/H,0 = 1/1, rt., 2 h RO—™% [B]
or
sat. KHF, aq. (8.0 eq.), THF, r.t., 2 h 15 [B] = B(dan)
16 [B] = BF3K
PivO AcO
i 0 A @)
PE{S&V[B] g‘g&&man)
BnO BnO
15e? 81% (a/f = 1/27) 15f 83%°? (a/p = 1/25)

16e 76% (B only)

a) EVTARATLAT—DEBINE,
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EUET HT 7 h—2BLO~ /) —RITxT 58 7 #E

Cu it 2 HIWNe R U B A2 T T 7 b=, v~/ —A~HEH L7c, EE LT, & Re
FUHALEE oA NVETHRE LT 3g, 3i. 2VOHN VNI THR#E L 3h, 3j Z W2
(Figure 2-3) , 2PLOFHRL DV CTHGE L7 FYE 3h, 3j Tk, Z/ba—R LFRIEED Bk

Rz~ Z & 2R Lz,

B39 b—R R/ —=R
PivO _OPiv PivO OPiv PivO—_ OPiv PivO—_ OBn
. Q . 0 PivO 0 PivO 0
PivO—= PivO B0 PivO PivO
PivOg, "“Br Br Br
3g 3h 3i 3

Figure 2-3. #Z 7 b—A, ~ /) —ADR T FLOHE

3g. 3i X, BEHIOFEIHEN, HT7 b—A, v /) —AXLVEFNEFN_TFRTHEL
726, 3h i, UFDXHIcER LT (Scheme 2-12) ., RSN TWAT NT4—/L 20 %
FElE U, ATRERTEMO N A —/L 21 ~FFE L= ¢ 21 Ok Faxi iz \n

AMEL 22 L L7t B, ILDA X UHEERBRFA~ZLHL 2, 3h 2 =T, 68%DIYL

TCHRR LT,
HO OOH 5 steps HO OOH PivCl (5.2 eq.)
Hog&OCHs — Hog&OCHs pyridine, CH,Cl,
HO BnO reflux, 48 h, 84%
20 2164
PivO _OPiv 1) H2S04 (2.9 €q.) PiVO _OPiv

Ac,0, 0 °C, 8.5 h, 99%
PivO 2 OCH g 2
v 3 . PivO
BnO 2) HBrin AcOH (3.2 eq.) BnO &,
CH,Cl,, 0 °C, 5 h, 82%
22 3h

Scheme 2-12. B4 7 U =L 3h D&%
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jIZLL T DO L 12 ER L7z (Scheme 2-13) , 23(B L N4,6 (inENENT XV T
VTR — VTSN IRD 23 &, TR TEEIO Y A —L 24 ~EHLLTZ 5, 24

AT A EL 25 2457215 B, LD A M XA RRF ML 2 3j 2 = T,

85% DULHR T,
HO OBn
Ph o)-o 2 steps HO 0 PivCl (5.2 eq.), pyridine
\T — > HO >
s ’ OCH;  CHyCly, reflux, 48 h, 97%
OCHj 9465
PivO—,_ OBn 1) H2SO4 (2.9 eq.) PivO—_ OBn
PivO (0] ACZO, 0°C, 85h,94% PIVO 0]
PivO 1 > PivO
OCH;  2)HBrin AcOH (3.2 eq.) Br
CH,Cl,, 0 °C, 5 h, 93% 3i
25 J

Scheme 2-13. BAL.7" U @21 3j DG AL

HZ77 h—Rb~r ) —ADRALT Y a2 )V 3gj AR UFEN LT (Table 2-7) . 2,3,4.6
MAEENa A NVIETRE LT T 7 h—Z2ADRMAZ Y a3 3g TiX, 15g 7% 80%, o k&
BIEDLEAY 18:1 THOLI, aRZ@h L THEAT, 2MLDOHN DNVETHRH#E LT 30 T,
15h 78 83%., affkL BIRDIA 1:5 THLN, BHREEL L TH X, 3hhb MU 74|
R A~OELHITU, 16h & 85%, affd BIRDL 1:5 TH7=, 16h [TAEMENK L,
AR L CH HILEIC X 2 RBEUT CE o 7o DT IR L ONLIR LR O
FUEME 2 AV, MRS O 'H NMR OFRESMEOHN SR Lz, 2,346 iz e \mA L
KECRE LI~y ) —ADRAT Y 230 3i ZHWESA, 151 23 75%DIET a (KD H
DIERENCAF BT, 2 EaN DNVEETHRE LT 3j 2R UA LI ZA w2/ —R
WZBWTIE, a ROAZD 15] 23 70%DICE TEIRMICA Uz, 3j b~/ —AD KU 7
JVF R T BEEA~DOEB BTV, 16§ B 85%DINR TAK L7z, 16§ 1%, A%/ —/L KD

EE23 10:1 OIRAVRIE A FIW 7= R E I L 0SS L . 32%DINER CHEE L 7=,
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Table 2-7. H5 7 h—A, v /) —A~DiH

o Cul, PS-PPh; o
(RO)= PPz CHORSOL - Rope—=,
pin
Br DMF, -20 °C, 20 h
3 (0.5 mmol) 1
1,8-diaminonaphthalene (4.0 eq.)
FeCl; (20 mol%), imidazole (12.0 eq.) —2O
CH3CN/H,0 = 1/1, rt., 2 h (RO), v -
o 15 [B] = B(dan)
sat. KHF, aq. (8.0 eq.), THF, r.t.,, 2 h 16 [B] = BF,K
#3539 b—R v/ —2X
PivO OPIV PivO _OPiv PivO_  OPiv ovo_ OBn
% o - o E
. PivO , o)
PIVO% Pivo% gi\,&h‘ Pgi(eo
iv B(dan) BnO "[B] B(dan) -

159 80%?2 (o/p = 18/1) 15h 83%2 (a/p = 1/5)  15i 75%C (o only)  15j 70%C (ct only)
16h 85%P (a/p = 1/5) 16j 85%P (32%)C (ot only)

a) TLTRTLAT—DEBINE b)1,1,22-7 b5V 00IT 8 > E2RERIEEL LTHL,
HARYMO 'HNMRM S EH. c) BB,

BT 7 b —ADKRTFLHE 15h O 1 VORI, 1L E 20207 v b o 'H NMR
BT HREEER I VIRE L, HEEL7- 2 FHO B0 S ERITFNEN 6.0 Hz,
11.0 Hz TH - 72D T, FEAEFEDN NS WVEIEZ aff, BAEBDPRKEWEE Z BIRE iR

L7z (Figure 2-4) .

PivO PivO

a-15h B-15h
Figure 2-4. 75 7 LM 15h @ "H NMR |2 X 5 SR b2 o E
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~ ) —=ZDRYFAHE 151 D 1 MLONREFET UTFOXIITRE LT, v/ —X
D2MDKFNEZZ 7T NIV TAALTHY | afké BIED 1AL 2iDKFED “mAHIZED
56K 60°TH DD T, 1AL& 2D EERDZTIHRILFITRETE RV, B mA L
FCHRH#E LT 151 @ dan © NH & 123,571 b & OICERI S 7z nOe B, H
NMR DA EH % Figure 2-5 12759, dan O NH & 350207 10 b > ORJIZ nOe MBI S 4,
Z® nOe B B IATIFBINI S NG W 0D, I MO L% o (K ERE LT, F
7. '"HNMR OFEGEE IV . AR 4C BLE C(ET 5 2 & s LTz,

faaEH (Hz)

a-15i “CERE

Figure 2-5. 78 7 F{bBE 15 D nOe #HRS, 'H NMR (T K £ SR b FDPRTE

2NDBRDNIETIRFE LT~ ) —ZADR T ERE 15§ OSREZRIE, UTD X 51
Wi Uiz, a. BIRD 15 OREE, 'HNMRICHITHFEAER. 12e 6frn7 m ko MICH#
M Z 472 nOe tHEA % Figure 2-6 |2/, 1L & 247, 24 & 3L, 30 447, 4L SALD
A EITZENZI 8.5 Hz, 3.0 Hz, 5.5Hz, 30 Hz CH o7, a-15i L7220 | 3L L 47,
AN E SALDOFEATERINV/NE WD, 15§ 1 IC4lLE % & > TWD Efilisa L7 (Figure 2-7)
1AL 6 LD 7 1 kAT nOe BN A B AL, 2D nOe FHEAIE B A TIFBELRI & G2V DT,

155 X a R TH D &fbam LT,
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Figure 2-6. 7~ 7 F{bFE 15§ © nOe B, 'H NMR (2 L 2 SR L F O E

PivO
OBn
PivO PivO
-0 1
PivO 4 —_— o— B(dan)
PivO 1 OBn
4
B(dan) OPiv
ic EE 'C,BRE

Figure 2-7. a-15j @ 4Cy, 'CsACE
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FHE AU FEORISHERE T X ONLIRRRIEIZEE 5542

H—. . WUFITER L7Z@ Y . Cul. PS-PPhs, Ba(pin),, TMSOLi %\ /=7 7 #E(kiC
BWT, Biot FuX e B - RMEETHRELTZSEIT a ke Bk, BrtGMET
HE LA, Fva—R, HI77 F—ATE BIK, v~/ —ATIE a KD K 7 H#H{LkE
5z,

Cu filft % Ao ~a 7 AL T v O R 7 FRE, A T RIADEEER» b —E B8 L
DAECLZVANPEEZRET L LB I TWD (Scheme 2-14) , il 1L Liu & O
BT, KT AT AT HHE 26 103t L TR UFEILERRD &L RO 27 134T T
TERIEAY 28 % 52%DIHRTH 272 (Scheme 2-14A) 47, JHES QWG T, kT
KALF AT T D8 MORT VF(R)-29 #HWTZGE. TEIRKOFUELEY 30 %
5.2 72 (Scheme 2-14B) ¥, F/=, v 77 RUE2A358{m31 #H\ 5 &, 32 %
2L 52T ZAROBBEE R TR EAEIT L7280 33 BLO 34 RENZEI 18%,
30%DILHETH U7z (Scheme 2-14C) ¥, ZH b OB, Cu filliiz =R v FERT ¥

ANVPEEZRRH T2 2 & 2R LT\ D,

(A) Cul, PPh3
CH5OLi
N i 3
= Br + By(pin); B (pin) Oﬁ
B(pin)
DMF
26 27 0% 28 52%
CuCl, Xantphos
(B)  CH, CBUOK P CHs
+ Bp(pin), Y
R” VB —— R 'B(pin)
(R)-29 THF rac-30
(C) CuCl, Xantphos
A/Br t-BuOK A/B(pin)
+  By(pin), -
31 THF 32 0%
33 18% 34 30%

Scheme 2-14. 7 ¥ 7 /VH UK Z BT 5 BALT VLD R v #Al
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TOZE XY, BYRSIWEETHRELE 3a-c, 3g. 3i OISKICBW T, RENKRUHE
FNEERIC LY —EAHRETS, 7Y av T AR G #ET, TR T AIND

RUFDEITL o K2 B L CTHEX T EHEES D (Scheme 2-15)

—EFERT -
(RO)n/\/Q‘ . (RO)"/\&H (RO)n>/
Br  (CHy);SIO Li %/\ o)
(pin)B-Cu-L (pin)B—~ Cu XL
)
3 SJYaviLsThILhfEiE G afk

Scheme 2-15. a-78 7 F& LB A= 5l D HE B SO RS

TV ai g Dh AR, 1 ALO SOMO & BT AEEIR 7 OIELA BT OBLE
EOMBEERIZEYD, THRITAMDO AL VEENRKE S @EWOREMEZ R L, — &I o ik

DESMEBE L THEXHZ ENMBNTND (Figure 2-8) '8,

. e
(RO 0 ﬂr_
JUYasLzThIL G ﬂ"f

Figure 2-8. SOMO & B3 2 i8R DI LG E %t & OFF BAEH

_’_C

DT VANBISITENT, o ROERWE G 2 2L BHmE S TWD 7, filz
X, Giese HIE, BALT ) a v ANOERAIHIZ TV av VI OHNDT 7V r=rJ L
35 ~OREAMBISIZEB N T, a kD 36 DAZ G252 L2 HE L7 (Scheme 2-16A) 6,
Fo, BEADIE, ¥V —RAOFEEER 3T DORESETY 2T IHND 35 ~DK

EAIMZHBWT, aflke BIRODIA 91:9 T 38 & 52 7= L #45 L T % (Scheme 2-16B)
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(A) Aco AcO

BU3S nH o)
AcO O . AcO
AcO + X CN AcO
AcO Et,O, hv AcO

Br CN
3b 35 36 72% (a only)
(B) 1) AIBN
OCHj,4 benzene o
2) deprotection BzO
HsC— X0 0 BzO
ﬁscﬁ,MSePh + X ON BzO|
ocH, HO 3) BzCI, DMAP
pyridine
37 35 38 69% (a/f =91/9)

Scheme 2-16. 7'V 2 /v T U NV EREHT 5 a-C-7 U 22 KOE LA

FEHEORTFIZBNTE, oA VETHRELIZE(T Y a1 3a 2 W55,

THRIT NS RTFEEPEIT L, o KPERLTELTDICKL, TEF A N
VA NFETHRE LTZIE 3b, 3¢ TILEIRMER KD T, [ZEFRCETalkd plEE 5272
(Table 2-5) , ENNOANETHRELIZAT TV F—R, v /) —ADRILT U 2L 3g,
3i WG EIT W a i@ WE TR U R bh s 5 2 7=,

LED XSRS R&E X, Fva—R 77 h—A, ~» /) =AY =2
DT VAN EFRBET HMEROBES L —ET HMHm R L TR B ARnb 7Y 2y
T PHNFREURZ R L TR FEDNEIT LB 26N D, A YR BITBWTRIAR
MELTINTI—IV 13 & 1-TAF R 39a WAELHZ b, 70 a7 P ik
DR Z R’ L TV (Scheme 2-17) 7273,

FEEORIERY 13 L 39alE, AR THLET 2T — h= A7)V Na B53fiR L THELTE
AEEMED B X BN, 3a OB VFEMLOE (Table 2-8, = FU—1) | {HEZ LTS
P2 3E R L Th, 13, 39a OUCRPEIM Lo 72Z &b (= U —2) | 1la 2° D
13, 39a NA LD AMREMEITTE SN, 7V a2y T P a RO KFE, F2iE 2 Lo

EHILE (RO) OFEEE AKFIICE VAL WD Z LRI,
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(RO)n-1>; 2 —>+H. (RO) =2 H <~ =2
Aag S~ RO
SJasvIisTAhIL G 39 : 1?0 .
J-OR %-Rompin)
§>V/O@ +H’ V\v’o@ H® O
RO, | s (RO Y | M (R0), D
H 13

Scheme 2-17. Z V71—V 13 & 1-7 A % 2K 39 DRI

Table 2-8. 3a D 7R ¥ FAL O KIS RIE R\ K 5 AR D24l

PivO Cul, PS-PPh, PivO
PivO (0] Bz(pin)z, (CH3)3S|OLI‘ PivO (o)
PivO g PivO .
PivOg DMF, temp., time PivO B(pin)
3a 11a
PivO PivO
Pivo&ﬂ i 0
N2 P
PivO
13 39a
IR (%)?
I 1) — = =
~ kY R B 1a (@) 13 39a
1P -20°C 20 h 86 (5/2) 5 5
2 -20°C 20 h, 25°C 20 h 84 (5/2) 0 4

a)1,122-F >/ 00T 8 & RNEIZEL LTHL., HBERYOHNMRM SEH.
b) T k1) —8 (Table 2-2).

RUFDOIRIT 2,2,6,6-7 8T AF)LERY P 1-4F L (TEMPO) % iS4,
7 av g I HNHRE G Offig 2772 (Scheme 2-18) . L7A>L. TEMPO (2L Y
Cu il A PHE S, FEBSFERE L, 7V a3t v T P h VRS E Sz 40a DARRIT
MR CE ol 7V av I PANTREEZRET L LEEZLLNDBUSIZBNT,
TEMPO (2 X 2 HROHHRIZM 7 L — T I Lo THRBELNTWDE, THETHRIIL
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Ty, Iz X, Nguyen H1% 2020 4, AIHCZ AW, CufitfEic L5 Rb7 ) v
D O0-7') AT AKIZEBWT, TEMPO ZH1x 7V 3 2L T 20 VIR O & 38 72 73
40b (IHEHNT, 41 BAELDHDHTE ST (Scheme 2-19) ™, 7'V 2 LT O LV HIEED
F 38 <. TEMPO IZ X 2N CTH o7 LB B TWD, LLEDOSCEREI L D |

EFHDOFRTFIZBN TS, TEMPO (285 7 U 2T D L RO XN EE < &

STmEEZLND,

TEMPO (5 eq.) PivO

.PIVO Cul, PS-PPh3 PivO 0 HsC CHj
PivO (o) _
PivO B(pin)y, (CH3)3SIOL| PivO
i PivO O-N
PivO Br

DMF, -20 °C, 20 h HaC e

3a

Scheme 2-18. TEMPO # /= 27"V =13 L5 2 H )L DI DO Et

ROH, Cul, BPhen

w0  Xantphos w0 HCJ™ 0
(RO)n/\/ﬁ TEMPO (5.0 eq.) (RO == (RO)™ o)
BnOy - BnO O-N " BnO)
DTBMP, CH5CN H.C
F % (410-490 nm) 3~ CH,
3 40b 0% 41 66% (a/p = 12/1)

Scheme 2-19. Nguyen HIZ L2 7Y a3 vT 27 VAR D7

—J 20 Faf v ERRCOVETRES NI ) a7 O h o BIREZ
AT ENRREIN TG SO JEsT, Fa—AREHT77 h—AD 2 itk Re¥
NV NVIETHR#ES N RLZ Y a3 3dAf, 3h DR TELICEWT, pIRZELL
THRADMRIT, 7V 3T PANNEOEERDFETIETRHATE 20, 2,
Shoda &%, N2 VVHETHRi#E S NIHEEGAR 42 NDRAESELT VUV PRIEE 43 O
FORIZIBWT, o KD 44 2RI E 25 2 L2 WE LTS (Scheme 2-20A) 7, E7z,
Hu HliE, XU PUNVETRESNTZRIT Y a2 3d PORAESETZT DUV HHIEE 45
DEJEIZEBN T, afkd 46 Z BRI 5 2 72 LG LTS (Scheme 2-20B) 7
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(A)

o ABN  BnO
Brno S\ﬂ/ (CH3)2 4 gusn™ ——— Bno 0

BnO toluene BnO
S
BnO _

. 3 44 55% (aonly)
(B)

BnO OCHjz Ircat,Et;N  BnO
BnO BEt Bg(r?o O OCH,4

BnO BnO

CHsCN |
F7OF
3d 45 46 72% (a only)

Scheme 2-20. B R X VENRUUNVILTIRESNTZT Y as LT PNV EREBET S
a-C-7"V a3 KOA A

FEEOIRICBNT, BEREERE L THEXDMMER L LT, 2 2O RREERE 2 b,
— ORI, BALZ U a2 v 3 TKT R T REDEEEOREZE#R TH S (Scheme 2-
21) o Bt o-7' V) TR L, SN2 BERECRUGTAUE, SRR A RV B RS BEINIC
HEULDHEEBEZBNS, UL, EBRE HOMEKREENRE S, ZO¥EICL DK VHEL
IREEE Bbind, RUREFDEARDOT LT B RADMHINTHME SN TWD A 3 SN2 K

JSEINE THESIN T RN LB E . ZOREK THUREAET LTV D A Rethix

0,
. @
(CHoSIO L 1 (Crgsio, k- ?
0 (pin)B- Cu L O(/:u o
(RO); \/ﬁ L |ROW~YBEIN | (o) Se\_B(pin)
Br_ o
Li
3 SN2ERS K AE H B-11

Scheme 2-21. S\2 B DO SREZE LT L 5 7R 07 AL OHEE SO A
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B OREIL., BTV aAneRBELEZ Y al v DV PREER G Y 2 filid Cu
il & BOS L B IRD 7Y a2 LERHMDEEIR 1 2/E T, EorIliEEc L0 ks o # iz 5 2

HEERECTaH D (Scheme 2-22)

0 —BFERT -Br
(RO),~~ = .
®
Br  (CHz)SiO Li

3 (pin)B-%U‘L JYavLsTHhILG

5]

(pin)B—CuXL

0
(RO} o\

H

oX _
(RO)n/T:q/C\u”' L
B(pin)

S 3 LR | Bik

] B TT R R B

Scheme 2-22. 7' U = I /VERERIA 28 % 78 7 SRAL D HETE SUSHERE

RUDALVETHRELFEEICBNTYS, FUVBAHFRENSELTEEXBND 1-74
F K 39e NG HILTUNZ, 39e [F 11e 30 fE L CTAE U= mHEME S B 2 HILTZ3, 3e DR
v #bD% (Table 2-9, => hU—1) | IEEZ LK ZEELTYH (= bU—

2) . 39e DUERENET, YV al AT HAFEEN LA TS Z ENREBINT,

Table 2-9. 3e D 7= ¥ AL O SOSRFRAE R & 5 ARk D224k

PivO o Cul, PS-PPh, PivO . P'VO&&
J B,(pin)y, (CH3);SiOLi  Pi PO
IF\;I(\?O 2(p| )2 ( 3)3 | | Pgso B(pln) PivO

BnO BnO

Br DMF, temp., time BnO

3e 11e 3%
\ IRE (%)?
I 1) — N=N=
1P -20°C 20 h 81 (1/27)° 5
2 -20°C20h, 25°C20h 83 (-) 5

a)1,122-F 5/ 00T ENEIZEEL LTHL., HBERYO'HNMR, SEH.
b) Table 2-6. c) 15e(ZFFE L =R IZRE.
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INETZY 3 VHER I L3 KE2RMT5EE2 015 o @R 0-7) 221
{t. (Scheme 2-23A) 7, BiERA/2 S-7 Y a2 UL B RHE SN TEY (Scheme 2-23B)
FEHORUFEIZBN TS, 7V a7 DHNHFRIERNS B-7 U 3 2 VHIBEIR DN IR

AR L, BTREEC LY BIEROFR Y RELZ B D EEX b5,

A) Cul, BPhen
Xantphos 0
(RO)n/\/ﬁ + ROH > | (RO) "+ e (RO)n/\/ﬁ
BnO DTBMP, CH;CN BnO,,-OR BnO,
Br L =Cu OR
GRCE "
410-490 B
(410-490 nm) J alp > 20/1
(®) CuCl, KF X
= sz
0 A& (410-490 nm) 0
(RO)n%/SnB% + (PMPS), > (RO)n/\/S/Cy Ln
PMBO 1,2-dichloroethane PMBO  spmMmpP
xylene, 130 °C
K
NO
~  (RO)~—t=\-SPMP
PMP: p-methoxyphenyl PMBO
B-only

Scheme 2-23. 7'V 2 L VHEEIAZ 925 O-7 U a2 K, §-7' U a3 ROARMY)

ZZ T, DFT #HRICE Y, BIRE o (RO Y a2 U VSRS R DB ) FHIZ EN: % Ll LTz,
DFT 5 XL EE (HYBE) Th 2 HMHRNIT - 7=, FFHEIEIL B3LYP/6-
311+G(d,p)//B3LYP/6-31G(d) (for C, H, O, B, Br, Cu), LanL2DZ (for P)%Z i\ 7=, BiAE a ik
ITNENDORGLEEREE (0-L1, p-L1) DZRALX—ZHEELIZEZ A, BIAIT o kX
D 3.8 kcal/mol ZiETH D Z Linb-7- (Figure 2-9) ., 7=, BIETIL, 2D Vv
T—7 )VOBEER 1 & CuDEIZ HOMO-5 237347 LTk v (Figure 2-10) , F&FE)S Cu lZhL

My 2 2 e RS, ZOMAMEHN, p BROREMRICHST LTS Z LIVRRENT,
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a-L1 a-L2 B-L1 B-L2
+3.8 kcal +6.2 kcal 0.0 kcal +4.8 kcal

a-7'1) a2 ¥ JLEREEA B-7'Y a ¥ LEREIK
Figure 2-9. DFT ZHRIC L D ok & BIRD 7 U 2 S VEHEEIR O 22 ENED ik
[B3LYP/6-311+G(d,p)//B3LYP/6-31G(d) (for C, H, O, B, Br, Cu) and LanL.2DZ (for P)]

Figure 2-10. B /A 7'V =2 3 /L EgE(R L1 © HOMO-5

—J. v ) —ATH, 2Ok Fax  ENEFEEOR DLV THRESNT-R
{7V asn 3j # HWTY afkOR v FLHE 15 2@ 5272, JVva—R HT7

M= LRI Y 2R T X TNANIZDOT, MAREEIZLY B AERNELNRN-T-EFE
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D,

Wz, BN & L THU 2 PS-PPhy D2 DWW TR, Liu, Molander i, /14>
BT NFNDRTFIZIBNT, B OSEEZ R 5129 5 BT PS-PPhs & W7z 4748,
ZALLISLD PS-PPhs DZhEE LT, RO ZFIHE ST D, 1978 T Trost B, PS-
PPho-Pd(PPhs); ARk L. HEEET UL 47 O3t - b X MS~IGH L7 7, PA(PPhs)s 2 H
WA, ER E LT, cis-48 L trans-48 B 67:33 O THE LI DIZ% L, PS-PPhy-

Pd(PPhs); Z I\ % & trans-48 O B D3 RJIZA U7e (Table 2-10)

Table 2-10. 3+ « F 2 A MIMIBIT 2R U AF L o HEFUENT - D 5h H

Q’COZCH:S Pd cat., EtzNH QCOchg @/COZCHs

THF H
OAc NEt, NEt,
47 cis-48 trans-48
SRkt
PdARAR cis-48 trans-48
Pd(PPh3), 67 33
PS-PPh,-Pd(PPh3), 100 : 0

Fio. YHFEEOTFEIL 2022 45, Cu flBLZ L D VR CEREEY 49 OF U FEIC X
LRV A a T R v 50 OARIZE W T, PS-PPhy MO KR AT 4> BLW
NHC B 7+ L0 &7 a3 Y RZE DT ATV 51 OEREMSI L, 50 2 @WIERTH 2
DT EHEBELTND (Table 2-11) 77, FHOKISCIT 5D PS-PPhs 1% (58 5 HEFE 4
TEALOBENI AR TH DA, H—HiD Table 2-2 DT> FU—2, 3 IT/RLZE DT, &
U HELOSFMBFHC BT, B - & LT PS-PPhy VD &, BILZ U 3L 3a D E2

WEBEIZ LD 7 v T — v 12a OAERKDSBEZE (ZHNH] S, 11a OUEENSE LT,
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Table 2-11. Cu filfi: 2 W= R 7 FLICB T 5 R U A F L o HEREA L1 O%h T

Cul, ligand
o By(pin)y, t-BuOLi o O
c THR-A07C _ BF;K Ot-Bu
H5;CO then KHF, aq., r.t. H5;CO H5;CO
49 50 51
N IR (%)

PPh, 32 30

PS-PPh, 72 15
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Fow T V=)L C-7 U 3y RONRFr R G RGE DB

B 18-VT I T E L THRE LRV EEE W s a A T T

18- 7 X T 72 L TIRE LA VEMLEWT, RURIFEFOBTEEN LRD |
U LA ZAFBVEDME T LTV D72, Pd il 2 W=7 v 20 7Y o 73R EE -
BALITEZ, LAl 2020 4, EH G, F#ELIZZAZMNIC, kL LT ~BuOK
WD & Pd AW ok T V=D v Ay Y TIREITT 5 2 L A
ML B9, HHOIE, 144X B, Pd ittt & LT PA(PPhs)s, HiJE LT #-
BuOK Z v, 1,8-Y7 X/ F 72 L ThR#ELTET Y — R v Rbeme a vikr U —u
DI aATy TV TIIEN L, BT V= b G E SR LTz (Scheme 3-1) 78, 7Rk S 13,
RV VI Pd il & U C PA-PEPPSI-IPr, #Etk & LT +-BuOK & W5 FiEa A L

7= (Scheme 3-1) 7,

Pd(PPhj), (5 mol%) E N\
t-BuOK (1.0 eq.) I \(
B(dan) 1,4-dioxane, 80 °C, 21 h ! Pr pd -Pr
+ - 1
S T O B
Pd-PEPPSI-IPr (2 mol%) : |,/
t-BuOK (2.5 eq.), toluene E cl
70°C,24h | Pd-PEPPSI-IPr

Scheme 3-1. 1,8-7 X /7 X LU TR LTEAR UL EM DO I/ a A 1 v 7V T

TNOEOWEEBEIC, 18-VT ) F T XL TRH#E LA T FEHE 15e L BALT ) —
)V 52a A SEE L U, Pd Rl A W SIIRRRSRA) 7 0 2 » ) 7 ik AT (Table 3-1)
WD, 14-DA TV ZiEpt e U, filit & U< PA(PPhs)s, #EEE LT 1 4 ED -BuOK %
AV 80 °CT 24 RIS 23k 723, HHE 5 2a 3 2<HA 60T, HETH D 15e 18
51%1f7 L7z (> hU—1) , +BuOK % 5 YE~HELT & SITEMERIES Y E 5 2
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7z (= hU—=2) . BiEAE M fillif A PA-PEPPSI-IPr ~AH L, 70 °CT/ w AW v
TV T ERRD L T Y =2 LERR, RONTEMRIEEWE S 2. (2 MY =3)
WTIORFHI BV TS TLC TV T, @B O LR D s S iz Z &
5. BREEAMERMFICB DT E N m A VED IRGE S T REMED R S vz, BAEORRES

X0, MEEMSEELEET D, 15e D7 v A0 v 7Y U 7IXNEETH D LT LT,

Table 3-1. R 7 ELBE 15e Z W=7 0 2 H v~ 7Y 7 OkaEt

PivO CFs PivO CF3
PivO 0 + Pd cat., t-BuOK Pi o)
pivo/k/B(dan) Br/©/ : IF\’/SO
BnO solvent, temp., 24 h BnO
15e (0.05 mmol) 52a (1.2 eq.) 2a
;‘El i % (0/.)\@
IvhY—  PdfifE (mol%)  t-BuOK (eq.) pyrs ‘TE ARz (%)
(°C) 15e  2a
1 Pd(PPh3), (5.0) 1.0 1,4-dioxane 80 51 0
2 Pd(PPh3), (5.0) 5.0 1,4-dioxane 80 complex mixture
3 Pd-PEPPSI-IPr (2.0) 25 toluene 70 complex mixture

a)1,122-7T FS /0TI 2 U EREBELEL LTHL., BERYMO'HNMRMSEH.
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FH N AR UBREESRW s e Ay TS T

1,8-7 X /7 X L TR LT 15e L L, L0 ISHEREWEBEbis MY 7v
F R UgE 16e W, BALT UV — it 57 0 20y 7Y 7w TZ, 2008 T
Molander &%, "ML= EKDEEWEEBEE LT, fillllt L L CTEER /N7 U A
[PA(OAc)], BN 1-& LCYV(U-T X~ FN)n-T7 FIVEAT 4> (n-BuPAdy) . HEHEEE L
TEEEY U A (Cs:C03) ZHV, N ZAdrahvmil 53 Lo e b7V —nons
BAR YTV LD 54 DAFRICEEI LTS (Scheme 3-2A) 20, 2012 4EI21E, a fif,
BALICHERERERZ AT D MU ZAF R TEES)-55, 56 a7 Ab7 UV —LDr a2
v T K BR)-5T, 58 DA R L7z (Scheme 3-2B, C) *50, (8)-55 D)t T,

(R)-57 DHWBAELTEY , Ko xJ)y 7 » ZIISARFERAIZHEITT 5 (Scheme 3-2B)

Pd(OAc), , n-BuPAd,
ST O
X -

toluene/H,0 = 1/1

(A)

53 X = Cl, Br, | 100 °C, 72 h 54
(B)
OBn Pd cat., ligand OBn
a CsOH+H,0
BF;K + o ‘irNVAW'D
CPME/H50 = 1/1
(S)-55 105 °C, 24 h (R)-57

Pd cat., ligand
Ro N BFK CsCOs
Br RO

toluene/H,0 = 4/1
56 100 °C, 24 h 58

Scheme 3-2. Pd filtli: 2 N2 7 L% L N U 7 LA a ik v gt &
NalF ATV — v rax sy I T
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Molander & 23528 L CW5 27 B AH v 7V v 7 OHEESGHERE 2 LU RIS T (Scheme 3-
3) B, OIS, 0fliD T DT DA a T AT U —VIZERIEBITIN L, 85k M 23T
%, KA F o LEOG L, 861K N IZZET 2, M) A e R UumElL7 v RO
IR RGIMEIZ L RBEBILOREIEN TS, T AAZ TR B2, Lol
KFIZEBW T L TR TERIZED D | S5 NI LIERIREE O 288 L CILIR%F
BT h T AAZ AL, $HK P BT D, &ZIT, SR P 2B THIEEIC L0 B

TV TR EDI, 0D T VT AREAT D,

] Pd(0)Ly )

Ln P Ln M
MOH
R----B(OH),| (O /@ /%\
L _ HO, MX
Ar—Pd---OH R=B(OH), Pd
Ly ©0oH “F@ Ln
N
R-BF 4K

Scheme 3-3. Pd filifE & N2 N U 7 vdma R ofgti b a7 Ak 7 U —v o
g AT TN T OHEE B

SCHR BRNTRENTRMFEZEI, RO Y TV AnR TR 16e & RALT Y —/L 52a
EIE L L, Pd itz W= a XAy 7V 72TV —v B-C-Z Y 2 R 2a DAL
R RA AR & Mat 7= (Table 3-2, Figure 3-1)

MIOIZ, MV KROHD 4:1 O AR ZEEEE L, Pd fitfit & LT PdCly(A-taPhos)z,

HHLE LT CsCOs & Y, 100 °CT 24 RHIFUG Z AT & 2 A Hip B-2a DA 4% L
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BDNERENLELNE (2 U —1) . 2a OMBLFE, 1 ALE 2072 oo H
NMR (28T DFEGERN 9.5 Hz ThoT=7=, B IkEHEim L7 (Figure 3-2) , hlxy/
KO L1 ICEET S E, 2a OPERIL 34%~m EL7z (=2 hU—2) , ERFEIAERY
IR TER 59 Tholz, s LT, +-BwP Z A7 5 PAdEEK 60, ML LT KoCOsz & v
HE. 2a OIERIT 6% ~MEF L7 (=2 hU—3) , CPME/K®D AR MEF ., Pd fillll &
LT, MARREEDORE VY n-BuPAd, Z B FICA T % CataCXium A-Pd-G2, Hitke LT
CsOH-H,0 Z W84, 2a OINHEIT 4% Th o7z (=2 hU—4) , Pd flEDENL 1 &

L T JackiePhos &\ 5 &, 2ald &< &Ebonehotz (= b U —5)

Table 3-2. U 7V A vk VR 16e #2270 A v 7V o 7 Ot

e Y-cr,
PivO

PivO 52a (1.2 eq.) PivO

' e MOV, PO
PivO O PivO PivO

Pivo/k/BF?»K Pd cat., base PivO/§S/Ar PivO B(OH)

BnO > BnO BnO
solvent, temp.
16e (0.05 mmol) 24 h 2a 59
. BEOINE (%)?
TYhy— Pdfs% (mol%) 1B (eq. &1 o

0 ( q ) a ; (cc) 2a 59
1 PdCl,(A-taPhos), (5.0) Cs,CO3(3.0) toluene/H,O0=4/1 100 4 6
2 PdClI,(A-taPhos), (5.0) Csy,CO3 (3.0) toluene/H,O=1/1 100 34 51
3 Pd cat 60 (5.0) K,CO3(3.0)  toluene/H,0=2/1 100 6 49
4 CataCXium A-Pd-G2 (7.5) CsOH+<H,O (5.0) CPME/H,O=1/1 105 4 39
5 Pdy(dba); (2.5), JackiePhos (10) Cs,CO3 (3.0) toluene/H,O=4/1 100 O 75

a)1,122-F FS/ 00T R UERNEIELL LTHAL., HERMO'HNMRA S EH.

: Q-0 e
e W
P N i-Pr

n p -NH n-Bu._.Pd-NH>

tBu CHs  (tBu)P a2 Ad-Pg P

OMs Ad
F3C H3CO
A-taPhos Pd cat. 60 CataCxium A-Pd-G2 JackiePhos

Figure 3-1. Pd filt i D Bl (7. DA 1
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Figure 3-2. 7 U —/L C-Z'Y =2 K 2a ® 'THNMR |2 L 5 SR B O E

LLEORGEN S, Table 3-2 D=2 kU —2 O5M2IIC, Pd filllh, A, B B,
R[], JREOYEZMRG Liz, #10IC, Pd il X OEAL 1 2 BiEt L7z (Table 3-3,
Figure 3-3) ., PdCly (A-taPhos), Z HW\\2 456 2a DIENR 34% Th 7= DICkt L (=2 b
U—1) . PPhs Z#FN T & LTHWD &, 2a DILERIT 1% K F L (= hY—2) , 2
JERNL - Cd D 12-EA(P T == )ViR AT 4 /)X (dppe) . 1,3-BEA(V 7 ==/LKA
74 )Ry (dppp) . 14-EA(P T ==K AT 4 /)7 X (dppb) . Xantphos.,
dppf Z V% & (Figure 3-3) | 14~24%DIRT 2a #5272 (= bV —3-7) , iKW
FOREWENLA PCys. -BusP, E721%, £ DK 5 22l %+ CataXium A-Pd-G2 % ]
WD EL 15~31%DIET 2a %2 5 27- (=2 VY —8-10) , Pd-PEPPSI-IPr 2\ % & 2a

el Bontnol (U —11)
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Table 3-3. 7 1 A h v 7 ) o 7\ZBT 5 Pd kit X OENL 1 D RiGt

Pf/gg&ngF ) CF3 222?8;“95‘”(1 PivaFs
PivO 3™+ /E j PivO
BnO Br toluene/H,0 = 1/1 PivO BnO
16e (0.05 mmol) 52a (1.2 eq.) 100°C, 24 h 23
PivO PivO PivO
Pgﬁagsi;gx/B«»ﬂz PBSEigi;ﬁi Pgsagsi;gﬁ/H
BnO BnO BnOH
59 12e 39%e
IVhy— Pdfiis% (mol%) B2 F (10 mol%) W (%)°
2a 59 12e 39%e
1 PdCl,(A-taPhos), (5.0) - 34 51 4 6
2 Pd(PPhs), (5.0) - 7 59 2 0
3 [Pd(allyl)Cl], (2.5) dppe 20 45 10 0
4 [Pd(allyl)Cl], (2.5) dppp 24 55 11 0
5 [Pd(allyl)Cl], (2.5) dppb 24 53 8 0
6 [Pd(allyl)CI], (2.5) Xantphos 14 61 3 0
7 Pd(dppf)Cl, (5.0) - 15 41 2 0
8 [Pd(allyl)Cl], (2.5) PCys 25 45 1 0
9 [Pd(allyl)Cl,] (2.5) t-BuzP+HBF, 15 41 15 15
10 CataCXium A-Pd-G2 (5.0) - 31 47 5 8
11 Pd-PEPPSI-IPr (5.0) - 0 71 2 0

a)1,1,22- 7T FS/ 00T U ERNEELL LTHL., HERYO'HNMRM S EH.

PPh, PPh, PhoP” " PPh, ph,p P2
dppe dppp dppb
Ph
PPh, PPh, ' _Ph
0 .©_P\ !
0 &%
@—P\/ o]
1 >Ph
HzC CHj Ph
Xantphos PdCl,(dppf)

Figure 3-3. 2 JERCAL - D1
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Al—Z&h T, BEFEERET U =R AT ¢ & EFFOBNL T XPhos, #-BuXPhos,
Mest-BuXPhos, SPhos, sSPhos, RuPhos, JhonPhos, CyJohnPhos, MePhos, #-BuMePhos,
JackiePhos, DavePhos, PhDavePhos, z-BuDavePhos, BrettPhos % Table 3-4 (2779 X 9Ttk
i L7 (Figure 3-4) . 2a OUURIL 0~25% & (b A bz, LLEORMFE LY, PACL (A-
taPhos), (=2 FU—1) Db RWMEETH 2 L L7z, £7o. WTHLORFHZBWT
b, 7a ANy TV TOREEKRTOLLER VRS 2SS GATZZEX, FTUARRXLL

{EDBEDENZ &5, 2a DPRMENFER TH L EEZLBND,

Table3-4. 7 A H v 7 ) U 7NZBITHET V=LK AT 4 HEEZE SN DEt

o IR (%)?

I RY— Pdfiti% (mol%) B2 L+ (10 mol%) 2a 59 12¢ 39
12 [Pd(allyl)Cl], (2.5) XPhos 17 78 0 0
13 [Pd(allyl)CI], (2.5) t-BuXPhos 0 quant. O 0
14 [Pd(allyl)CI], (2.5) Me,t-BuXPhos 2 64 0 0
15 [Pd(ally)CI], (2.5) SPhos 24 55 5 6
16 [Pd(allyl)CI], (2.5) sSPhos 19 67 0 0
17 [Pd(allyl)CI], (2.5) RuPhos 25 45 4 8
18 [Pd(allyl)CI], (2.5) JohnPhos 0 84 0 0
19 [Pd(allyl)Cl], (2.5) CyJohnPhos 5 44 4 0
20 [Pd(allyl)Cl], (2.5) MePhos 4 40 4 0
21 [Pd(allyl)Cl], (2.5) t-BuMePhos 0 82 0 16
22 [Pd(allyl)CI], (2.5) JackiePhos 2 69 0 0
23 [Pd(allyl)CI], (2.5) DavePhos 8 71 3 0
24 [Pd(ally)CI], (2.5) PhDavePhos 11 44 8 0
25 [Pd(allyl)CI], (2.5) t-BuDavePhos 0 quant. O 0
26 [Pd(allyl)CI], (2.5) BrettPhos 0 97 0 0

a)1,122-F >/ 004 U EREMIZLEE LTHAWL., HAERYO'HNMRD SEH.

48



CHj

HsC CHj
HsC ‘

PCYQ

PR, P(t-Bu), PCy;
i-Pr ] i-Pr i-Pr ] i-Pr H3CO g OCHjs i-PrO g Oi-Pr
R
i-Pr i-Pr
Xphos (R = Cy) Me4t-BuXphos Sphos (R = H) Ruphos
t-BuXphos (R = {-Bu) sSphos (R = SO3Na)

OCHj,
oW oW L, el Ko,
‘ HaC O (HsC)oN O i-Pr ‘ i-Pr

i-Pr
Johnphos (R = t-Bu) Mephos (R = Cy) Davephos (R = Cy) BrettPhos

CyJohnphos (R = Cy) t-BuMephos (R = t-Bu) PhDavephos (R = Ph)

t-BuDavephos (R = t-Bu)
Figure 3-4. EFEHERET U — VR AT ¢ VENLA ORI
RIZ, PdCly (A-taPhos), Zfiltff & U C, Flix O I A MG L7 R 4 "3 (Table 3-5) .
C:CO3 ZZ WG L L (2 MU —1) | RERHL D NayCOs. KoCOs; & W 72856,
2a DYLRITENTIL 29%. 36%TH Y, WERITF LA ELL Lol (=2 b U =2,
3) . CsOH-H,O. K3POs, (CH:);SiOK. CsF & W12 & 2a OIHEIL 0~9%~K T L7
(= h U —4-7) . CoCOs DY EA 2.0, 5.0 YEICETT 5 &, 2a OULEIT 30%. 26%
LD 30YEMAWEGG LB L TIERIIE N LE (=Y —8, 9) . LIEDORRX

Iy

V. REREDS S WIERE 525 2 LR EnT,
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Table 3-5. 7 10 A 71 7V > I I61T 2 ML O

PdCl,(A-taPhos),

PivO
. 0 CFs (5 mol%), base PivO CF3
PivO BFsK ) 0
Br toluene/H,O = 1/1

BnO PivO
100 °C, 24 h BnO
16e (0.05 mmol) 52a (1.2 eq.) 2a
PivO PivO o PivO
. 0] PivO PivO O
PWQ/SE&;gx/B«nﬂZ PivO M= PivO H
PivO BnO
BnO BnO H
59 12e 39e
IR (%)?
~ 1] —
TV IBE (eq.) 2a 59 12e 39

1 Cs,CO;5 (3.0) 34 51 4 6

2 Na,CO3 (3.0) 29 40 3 5

3 K,CO3 (3.0) 36 46 5 5

4 CsOH+H,0 (3.0) 9 68 0 0

6 (CH3)3SiOK (3.0) 0 62 0 0

7 CsF (3.0) 0 97 0 0

8 Cs,CO;5 (2.0) 30 44 3 -

9 Cs,CO;5 (5.0) 26 31 7 4

a)1,122-7 +5S/ 00T 4 o EREELEL LTHL, HAERYO'HNMRA SEH.

WIZ, BT 2R ORE R 2R3 (Table 3-6) . WA hr=y (= hU—1) »
5% L, THF, 2-CH3;-THF, CPME ~AH L, KEDO MR TG EZRARTZL Z A,
2a N 4~35%DULRTH S, CPME 1% M & AWIZEa L RREDINREZ 5 2 /-
(=2 hU—2-5) , +-BuOH, I14-dioxane, CH;CN, DMF L KDIBEEBZ WD & »
THNOERMHIZENTH, JUNIEMRIREWE 5272 (=2 b U —69) . Pl EORKFHEE
£V Fx i FE721E CPME KD ZFREEZ W 256, 2a i b BWIERTE LN,

THRTI R TV T EATH ZENEETHDL EBEA LN,
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Table 3-6. 7 @ A A1 7 VU L JIZ

PivO
PivO 0
pwéigé:;?A/IBFsK .

B DR OGS

PdCl,(A-taPhos),
QCF:;
Br

(5 mol%)
Cs,CO3 (3.0 eq.)

PivO CF3
PivO &
PivO

solvent, 100 °C

BnO
24 h BnO
16e (0.05 mmol) 52a (1.2 eq.) 2a
PivO PivO PivO
PB’S&/B(OH)Z P.v&) PE’/SO O H
BnOH
59 2e 39%e
. IR (%)?
T ru= Ak (1) 2a 59 2; 39
1 toluene/H,0O 34 51 4 6
2 xylene/H,0 22 48 6 14
3 THF/H,O 7 34 0
4 2-CH3-THF/H,0O 4 6 4
5 CPME/H,0O 35 53 6 5
6 t-BuOH/H,0O complex mixture
7 1,4-dioxane/H,0 complex mixture
8 CH3CN/H,0 complex mixture
9 DMF/H,0O complex mixture

a)1,122-7 37002 VEREFEEE L TR,

72 il T & 5 PACly(A-taPhos), % VT, RIS B IR

HMAERO'HNMRN S E .

IRE %t L7= (Table 3-

7) o BUSOIEMEFRATZL B DN DR TER 59 MEAF L TNDHDT, HIOIZRISHHZ

24 W5 (o U —1) 25 96 Rl E T L& = A,

> kU —2)

ol Rl

Rrn &, THIETH DA VEE 59 1358

U—4) . JEE% 120 °C,

N 84%. 7

L (= hU=3)

T1% DI T 2a 7315

51

~A 7 B AR

oz (= kY

150 °C~EF 2 & ISEEni 3 K,

%5\ 6) o

IZTHE L. 80%DILERT 2a 115

2a DR 43%~F EL7- (=
o BUNREZ 110 °C~EF, 24 KBRS ERET 72 & 2 A, 2a DYLEDN 47% &

Z T 110 °CT 24 B SO %

biie (= b

TR ToEfb L, €

H Y DRI OSSR



flZzBRE L. 120 °CT 3 BFfIPUGZAT O SRfEA i L HIlr L7z, =2 F U —3, 4 (TR T &
N, v A7 EEREBEZAVDZLICLY, BET D 2a DILEE KRIEIZWEHETE T,
A7 aEERND L A7 n DR D Bk DR A 2 T BT OB OFL LV
ZALBFBZ 0, HFREOBEEIC X > TWE BIROZHN OB — R BN FRE L 72 5,
Leadbeater 1%, ~a 7 (b7 V— b7z ARuar@aigl LAy 7Y v
TIZBNWT, TANNRZLDMENE ~ A 7 0 I K DMNEE EE U, W3 23 A U RSk
M, WECRERRFERE 5D 2R LTEY, Bk~ 7 il NEETH D &
BRTND 8, ZOIZORMSIZIBNT S, v 7 B REEE V. FOGR % B R

TRRANIMET A LN TE, 2aDINENKEL-EEZ TS,

Table 3-7. 7 1 A4 v 7' U 728 B OnEE . IEBE O

PdCl,(A-taPhos),

PivO (5 mol%) CF
Cs,C0O5 (3.0 eq.) PivO 3
PivO BF3K + > : (e
PivO toluene/H,0 = 1/1 Pllgi(\?o
temp., time BnO
16e (0.05 mmol) 52a (1.2 eq.) 2a
PivO PivO PivO
O
PivO
PQS&/B(OH)Z PIV&) PlvO H
BnO
BnO H
59 2e 39e
IR (%)?
Is 1] — SH R (© =
. BE (°C) B5Ra (h) 2a 59 12 39
1 100 24 34 51 4 6
100 96 43 7 5 -
110 24 47 33 7 -
4b 110 24 80 0 9
5 120 3 84 0o 9
6P 150 1 77 0o 9 12

a)1,122-F 590042 U EREMIELE LTAL, HERYO'HNMRM S EH
b) ¥4 U ORBEEE
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% IZ, Table 3-7 DT MU —5 OFMZIEAEL LT, ik, B, HEOYEEZEN

i, v A 7 a A EEE A O CRE L7z (Table 3-8) . Cs:CO; LHH#EL (= b U —
1) | HEEOMFT (Table 3-5) TRUWREFR AR L7 KoCOs & HVY, 120 °CT 3 R R 23K
HDHE ATI%DNHET 2a 52, = M) —1 KOREFEFLE (=Y —2) , F
Too Mmook e L, WELOMET (Table 3-6) TRWHER A7~ L7= CPME/ZKA AW
e, 60%DIHET 2a 5%, WERIFKFLE (=Y —3) , &k, KETHDL MY

T)vA R vEEE 16e & BALT U —L 82a DY ELZREFI LT, 52allk L., 16e & 1.1 4 &

HAWNWTIRERAD &, 86%DINHET 2a 5L~ (=2 FVU—4) , 16e % 1.05 H&E(Z
HWOHLTH 85%DINET 2a 2527~ (= bV —5) , WRBIOEHATIEEORELE

L., =2 bV —5 OFMH i % Eidiam L7z YL EORENIB T, Wihd p ik

D 2a DHPILFFFERANGE LN, a BOERMITES A LR o7,

Table 3-8. ¥it&, ¥AEE, HEH O M EDORG

PdCl,(A-taPhos),

PivO (5 mol%)
. 0 CFs  pase (3.0 eq) PivO CF3
PO BF3K - L o
PivO BnO Br solvent, 3 h PIF\!i(\?O
microwave, 120 °C BnO
16e 52a 2a
PlVO PlVO PIVO
, o) PivO PivO 0
PB’S&/B(OH)Z P.v&) PlvO H
BnO BnO|_|
59 2e 3%
. IREE (%)?
I2VbkY—  16e(eq.) 52a(eq. B (3.0 R
(eq.) (eq.) £ (3.0) B (1/1) 2a 59 % 39
1 1.0 1.2 Cs,CO;  toluene/H,0 84 0 9 5
2 1.0 1.2 K,CO; toluene/H,0 47 40 4 6
3 1.0 1.2 Cs,CO; CPME/H,0 60 40 5 4
4 1.1 1.0 Cs,CO;4 toluene/H,0 86 6 13
5 1.05 1.0 Cs,CO;5 toluene/H,0 85 7 12

a)1,122-F bSO OO0 X U ERNEMELL LTHLY.
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B MY AR UBEICHT S ESERRMT VD a Ry T T

B E R L7, BlD R U v a R U 16e 12x L, RVl kO AR
VR filfit & U C PACL, (A-taPhos),, Hifke LT Cs:COs & IV, ~ A 7 n A EEE %
MWT 120 °CT 3RS T 2 & W D KR T, BALT U —/L 52 O FE A i 2 50~ 7

(Table 3-9) .

THERCEY 82b, THETFTTHLY 82 DT T Y T, 2b, 2¢ BENELN
86%. 3% L mWINRTH LN, BFRIETHLN Y ANV 7 FF T ANVR=1
KENRIMICHET 28T UV —/L 52d, 52e ZHW25E, FOGRE A 130 °C~ LT 52032
DT bDD, XfIET 5 2d, 2e 1FZNEI T1%, T0%DIHETH LN, £/, =hn
B T FRRT vREANTAIIAET HRAT V= 52f-h VTS E S OGS
MVFICHEETT L, 46~73% DULHET 2f-h MF T,

N T, BTHEETHLA MV, TI VK _XUYVAALT I HK ATFAELRE
ALTZRAET UV —v 820l Z T v 7V v F il Az, ROSIEFBICET L, &isd
% 2l & 54~81%DIWHRTH 2 7=, AFNIERBIEA XA/ MIIZEA L 52m,
S2nlZBWCH Iy 7Y U ZIIBAFICHET L, 2m, 2n 2 80%, T4%DIERTH LN, F
7o ARBUSIEIEF AR IAI G o7z 520 A RTEETH V| 130 °CTHIS T 9 A EE
DT DD, 43%DIRT 20 NfEbLNTZ, WTNOREIZIB W TS, Pd 2 v
e A9y 7Y o PIISERRR RANCET L, BIRDOT Y —b C-7 ) 2y R 2 OZRPIER
IR DT, b DIEMOSLIREFIE, 1L E 2 L7 m ko 'H NMR (Z31)

Dt B ER TIIE LT,
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Table 3-9. SEXF BT V=D xh ) 7

PivO
- 0
PivO
Piv&/BF\gK +

BnO Br

16e (0.1 mmol)

52

PdCl,(A-taPhos),
Cs,C0O5 (3.0 eq. )

PivO
PivO O
PivO

toluene/H,O = 1/1

PivO CFs
PivO O
PivO
BnO
2a 86%

0]

PivO Ph
PivO O
PivO

BnO
2d 71%°

PivaN
PivO O
PivO

BnO

29 46%

PivO N(CH3),
PivO 0
PivO

BnO
2j 56%
CH3

PivO
PivO O
PivO

BnO

2m 80%

microwave, 120 °C, 3 h 2
PivO PivO
PivO O PivO O
PivO PivO
BnO
2b 86% 2¢c 73%
o)
PivO OtBu PivO NO;
PivO 0 PivO "
PivO PivO
BnO BnO
2e 70%P 2f 55%
PivwF PivO OCHjg
PivO O - o)
PivO Pgsw
BnO BnO
2h 73% 2i 73%
H
PivO N\H/F’h PivO CHs
PivO PivO
BnO BnO
2k 54% 21 81%
PivO HsC PivO HsC
PivO 0 PivO %
PivO PivO
BnO BnO CHs
2n 74% 20 43%"

a) PdCI,(A-taPhos);, (5.0 mol%).

b) 130 °C.
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FEBE~T RO E OIS BIEF LTz (Table 3-10) , BV Yy BU I T,
7T, FATx AV R=NARERETLRAT UV —L 82p-t ZHWTGE, 42~62%
DOUET 2pt KGO, ~T RO ZERN-HETH, BIED C-7) a2y ROA

DIERIICE BT,

Table 3-10. HEHE~T A B OB E N2 a X v 7V 7

PivO .
PivO o PdCl,(A-taPhos), PivO
PivO BF K + @ Cs,CO; (3.0 eq.) PivO o)
BnO Br > PivO

toluene/H,0 = 1/1 BnO
16e (0.05 mmol) 52 microwave, 120 °C, 3 h 2
PivO Ny PivVO N PivO o}
i o |l
PivO o Il _ PivO 0 L} PO~ Y,
PivO PivO BnO
BnO BnO
b
2p 52% 2q 42% 2r 43%
OHy
PIVO B PivO N
PivO O ; 0
%éé%vﬂf P%éé%yﬂilf
BnO BnO
2s 57% 2t 62%

a) PdCl,(A-taPhos), (5.0 mol%). b) 130 °C.

Wiz, o727 h—A, ~>/—AO Y 7V F Rl 16h, 16j &7 rEX B
52b DV AT TV T ERE LI, afkE BIRDOD 1.5 DIREM THDH T 7 h—A
ORI TZAFaRTEBE 16h ZHNTH Yy 7Y U T EITo056, X7 V0 A%z 10
mol% V>, 130 °C TS ZAT I MENRH -T2 b DD, 41%DINLEFRT BIRD 2u DHRE LI
7= (Scheme 3-4A) . —Ji, ¥/ —AD o- bV 7 A vk Ui 16§ =AW 28A. 2v
IR G BNRD 5T (Scheme 3-4B) , v/ —ATIE, 1 fiAT7HF T AALTHY | 3
PE SPLDOT XL TNKFEDONERFICEY, 702 h o7V TR Lotz b

EZZTWb,
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(A)

PivO _OPiv PdCl,(A-taPhos), (10 mol%) PivO ~OPiv
o) Cs,CO;3 (3.0 eq.) gj‘o
PiVO% + /© > PivO Ph
Br

BnO BF3K toluene/H,0 =1/1, 3 h BnO
microwave, 130 °C
16h crude material 52b B-2u 41%
(a/B =1/5,2.0eq.)

PdCly(A-taPhos), (5 mol%)  piyo

PivO OBn Cs,C0s (3.0 q.) OBn
s .0 eq.

PivO O+ /@ 22750 oA . PO <

PivO Br PivO

BE.K toluene/H,O = 1/1, 3 h Ph
3 microwave, 120 °C

16j (1.05 eq.) 52b 2v 0%

Scheme 3-4. H 7 7 h—A, <~ /) —AD K 7/ AnaRofh s
BAL TV — LDy aAxAf ST

AL C-Z U ay RICRL, 2a0k Raf @ AL TnDERB AL, Ry
NIDREZAIA T (Scheme 3-5) o 2a IZxf L, A% ) —)V&AEREEL L, INEGERIRE T
T 24 F§fi] CH3ONa Z/EM &, MBS Z v e A VR BifkgE L, MY A —
61 %157 82, 61 ZFHRTTF L/ A K ) —/LOIRASTEIET, KBEFEFHR T/ 3—/L~ il %

ERSH, NUPNVIRENKFDRC LD BAGEL 8, BRIET25 62 2 ~ TR TERMNIZ

iz,
PivVO HO Pd(OH),, H, HO
v CH3;ONa (1.0 eq.) AcOEt, CH;0H
Pilg,Oo O Ar > HIQIO QoA ———— Hﬁo O Ar
iv
BnO CH3O0H, reflux BnO rt., 24 h, quant. HO
24 h (2 steps)
2a 61 62

(Ar = p-CgH4CH3)

Scheme 3-5. B30 A JLEE, R U VILD L RGE
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BB, RFEEZFERFIERIELE LTHOWOA T DT 7Y 7r Y OGRS L
oo £, MU TZAARUEE 16e & TSN TWDLEALT Y=L 2w a7V 7
L. 2w 2 CARRFEEIIZ 70%DUEE THF7- (Scheme 3-6)

PdCl,(A-taPhos), (5 mol%)

PivO CH

- 0 3 Cs,CO;3 (3.0 eq.

PIFYSO/&&BB,K + O B O - 200:(B0ea) |
BnO Br S toluene/H,0 = 1/1

microwave, 120 °C, 3 h

16e 52w
PivO CH3
PivO S
BnO
2w 70%

Scheme 3-6. h VU Z/vAd AR Ut 16e & BT V—NL 2w DI 0 ATy 7Y T

IaAR TV I L0ELN 2w IZX L, A X — )L EIEEELE L, CH:ONa #1E
S, AR L BENxa A VR A DR L C 63 2 EEMICE 82, 63 IZxf L,
KFEFIHR T T8— )b~ U 2 VR &8, KBS TR DV LD WA % 3 7= 8

8 BHWETAMISITEIT L2 >72 (Scheme 3-7) .

N

CH
RO M\ Pd(OH),, H,
RO~ % S ACOEt, CH;0H

rt., 24 h

CH30ONa (1.0 eq.) |:2w (R = Piv)

CH30H, reflux 63 (R = H) HO CHs
24 h, quant. N
HO S
HO

h+5yTasy (64)

Scheme 3-7. B+ 27U 7 a o OERRDOKES
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63 DF A7 = VERITAAET DR D IFILA B A OEFNL S — b~ Al 25 &
N5 PdZEAL L, BOGHEDMET UNDKSR SN EIT Lie o T B2 A AfRE W
TRV NVEENRE LT ¥, D 7ma X2 o 2EiEE L, 63 1Zx L, LA AL L TH
— R FURAFILT T U[(CH)SH AR S, N vviEzelifki#E L, hF 7 ) 7mvy

(64) Z ~TFE, WL T76%THRL L= (Scheme 3-8) .

HO E >
HO S
BnO

CH,Cl,, 0 °C
24 h, 76%

HO CH3
HO S
HO

hFgyoaTy (64)

63

Scheme 3-8. 7V 7 a v DAL
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=6

FIUE RS

EHIL, Bib a7V a3 &EEE L, Cuflltz A=A R E 0, 5o 1R
RURFLCEB SN O a2T7— Fm 270 11 ZEWIETEEK L7z (Table 4-
) . EBTHLHET 2T — P2 AT NWVEALETHY, BHEEDRNETH 72y, F Y
R EORERLEZ T a—nD 18-V T I F7X VBRI LIk T, &
UFRHE 1S & U CHBERET S o7, BEOE FrXx U ok E LT, B RIMEOEN
A NVETHRE LGS a ks iR, BFHEGEEOR DNVIETRE LIZGEIE B IRD

UEEE B 2T, MU G aR Ui 16 ~OEBRIZHRI Lis, AUHRiE, sv

A=A HITT F—A, v —=2ANTHRORMT Y 2 i DT MBS L. %

J&T BB U EBE 2 mWIERTE 27,

Table 4-1. Cu fil#i 2 VN7 As &7 FRAHE OO STASERI) — B S 6k

o Cul, PS-PPh, o
(Ro)4/‘,q‘ Ba(pin)y, (CH3)33'0|-L (RO)=,
B B(pin)
r DMF, -20°C, 20 h
3 (0.5 mmol) 1
1,8-diaminonaphthalene (4.0 eq.)
FeCl; (20 mol%), imidazole (12.0 eq.) —~O0
CH3CN/H,0 = 1/1, rt., 2 h (RO E]
 KHF, aq. (8.0 eq), THF, rt, 21 15 [B]=B(dan)
sat. > ag. (8.0 eq.), , r.t., 16 [B] = BF ;K
JLa—=R A9 b—R /=2
PivO PivO PivO _OPiv PivOo—, OBn
PivO 0 PivO O 0 PivO 0
'givo% B’iv(&&[m Pivo% PIvO
PivO  B(dan) BnO BnO "[B] [B]
152 81% (/B = 5/2) 15 84% (o/p = 1/27)  15h 83% (o/p = 1/5) 15j 70% (o only)
16a 51% (a/p = 4/3)  16e 76% (B only) 16h 85% (a/p = 1/5) 16j 85% (o only)
fth 6451

60
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(R

T2, BT b—AD B-C-7') a2y R ERARETH - 72, ikl

HAWSnAHF 7Y 7uady iR BRI AR LT,

Table 4-2. Pd il 2 RN =7 U —)L C-7' Y =23 RO NEARKRAE K

PdCl,(A-taPhos), (5.0 mol%) N’
—~0 + Cs,CO5 (3.0 eq.) —O
(Ro)4/‘N/BF3K Br 23 ~ (RO) =

toluene/H,0 = 1/1

16e (0.1 mmol) 52 microwave, 120 °C, 3 h 2
PivO CF3 PivO CH3 PivO— MsC
PivO PivO PivO B0
BnO BnO n CH,
2a 86% 21 81% 20 43%
, oha PivO _OPiv R20 CH3
PivO N A i \
. fe) 0} RO O
PivO / . R20 s F
PivO PvO— o R'0
BnO
0 1 2 _ D;
2t 62% B-2u 41% () EZW 70% (R" = E:n, R —2P|v)
canagliflozin (R' = H, R“ = H)

1641

(i) CH30Na, CH30H; (CH3)3Sil, CH,Cly.

ARFEFFEOERNARAR v HREE, MEEOSRRIEZ v, B Y avnnbi
BelE, RERFHTRRANCT U — b B-C-7 U =2 ¥ R 2 SEIRRR RIS B AR ATRE R FIETH 5,
ARFEZ, TV = B-C-7 ) 3y MG Z AT 2 S £ & ERERDLEWEEME OEHKIC

THETLEEXD,
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General Mehod

Air and/or moisture-sensitive reactions were carried out using dry solvents under an argon
atmosphere. Microwave irradiation experiment was carried out with Biotage® Initiator+. The
screening of Pd-catalyzed cross-coupling reactions was performed with Organic Synthesizer,
SIBATA Chemist Plaza CP-1000, using aluminum heating blocks with a cooling circulator with
argon line, or Biotage® Initiator+ for the microwave condition. TLC analysis was performed using
Merck TLC Silica gel 60 F»s4. Preparative TLC was performed with Merck Silica gel 60 F»s4 plates.
Flash silica gel column chromatography was performed on Biotage Isolera™ One flash
chromatography system using Wako Wakosil® C-300. IR spectra were recorded on a Jasco FT/IR-
4700 spectrometer with ATR PRO ONE in ATR mode using diamond prism. Melting points were
measured on a METTLER TOLEDO MP 70, and uncorrected. Optical rotation values were
measured with a Jasco P-1030 polarimeter. "H NMR spectra were measured on a VARIAN 400-MR
spectrometer at 400 MHz or Bruker spectrometers at 500 or 600 MHz. '3C NMR spectra were
measured on Bruker spectrometers at 126 or 151 MHz. 'F NMR spectra were measured on a Bruker
spectrometer at 471 MHz. "B NMR spectra were measured on a JEOL spectrometer at 193 MHz.
CDCl3, DMSO-ds, acetone-ds, and D,O were used as a solvent and the residual solvent peaks were
used as an internal standard (CDCls: '"H NMR: 7.26 ppm; '*C NMR: 77.16 ppm; DMSO-ds: 'H
NMR: 2.50 ppm; '3C NMR: 39.52 ppm; acetone-ds: '"H NMR: 2.05 ppm; 3C NMR: 29.84 ppm;
D>0: '"H NMR: 4.79 ppm). 1,4-Dioxane, trifluoroacetic acid (TfOH), and boron trifluoride-ethyl
ether complex (BF3*Et,O) were used as an external standard (1,4-dioxane: '3*C NMR: 67.19 ppm;
TfOH: '°F NMR: —76.53 ppm; BF3-Et;O: "B NMR: 0.00 ppm). High resolution (HR) mass spectra

(MS) were measured on JEOL JMS-T100LP using electrospray ionization (ESI). Copper(I) iodide
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used for borylation was purified by recrystallization from saturated sodium iodide aq. solution.
Toluene and water were used for cross-coupling after degassed by argon bubbling. Other reagents
and solvents for syntheses were commercially purchased and used as received. Reagents and its

suppliers are shown below.

Tokyo Chemical Industry Co. Ltd.

2,3,4,6-Tetra-O-acetyl-a-D-glucopyranosyl bromide (stabilized with calcium carbonate) (T1961)
Methyl 4,6-O-benzylidene-a-D-glucopyranose (M1125)

Methyl 2,3:4,6-di-O-benzylidene-a-D-mannopyranose (M2061)
2-(5-bromo-2-methylbenzyl)-5-(4-fluorophenyl)thiophene (B5335)

Sigma-Aldrich Co. LLC.

Copper(I) iodide (03140)

Triphenylphosphine polymer-bound (93093)
Bis(di-#-butyl(4-dimethylaminophenyl) phosphine)dichloropalladium (II) (678740)
Di-z-butyl(methyl)phosphonium tetrafluoroborate (643777)
Lithium #-butoxide (400173)

Sodium #-butoxide (359270)

Lithium trimethylsilanolate (345474)

Potassium trimethylsilanolate (324868)

Pd-PEPPSI-IPr (669032)

CataCXium® A-Pd-G2 (761311)
Mesyl[(tri-z-butylphosphine)-2-(2- aminobiphenyl)]palladium(II) (804851)
JackiePhos (731013

Xantphos (526460)

XPhos (638064)

t-BuXPhos (638080)

SPhos (638072)

sSPhos (677280)

RuPhos (663131)

JohnPhos (638439)

CyJohnPhos (638099)

MePhos (695262)

t-BuMePhos (695211)
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DavePhos (638021)
PhDavePhos (695882)
t-BuDavePhos (695874)
BrettPhos (718742)

FUJIFILM Wako Pure Chemical Co.
Potassium z-butoxide (169-08422)

Ph\(o 6 HO

O3 0 2steps  HO

HO ——_ HO

HOQOCH,
17
H2804 (29 eq) PivO
- o\

Ac,0,0°C, 7.5 h iv OAG
97% BnO

65 (a/p = 6/1)

) PivO
(0] PivCl (5.2 eq.) PivVO
> PivO
BnOGcH, pyridine, CH,Cly
1862 reflux, 48 h, quant. 19
HBr in AcOH (3.2 eq.) PivO
- el
° iv
CH,CI,, 0°C,5h BnO
63% Br
3e

Scheme S-1. Synthetic method of glycosyl bromide 3e from 17

Methyl 2-0-benzyl-3,4,6-tri-O-pivaloyl-o-D-glucopyranoside (19)

BnOocH,

Following the reported procedure,> 18 was prepared from methyl 4,6-O-benzylidene-o-D-

glucopyranose (17). 18 (1.80 g, 6.3 mmol) was dissolved in dry pyridine (4.0 mL) and dry

dichloromethane (8.0 mL) under an argon atmosphere. Pivaloyl chloride (4.0 mL, 33 mmol) was

added dropwise to the solution at room temperature. The reaction mixture was stirred for 48 hours at

90 °C. The reaction mixture was cooled to 0 °C and quenched by the addition of ice. The organic

layer was separated, and the aqueous layer was extracted with dichloromethane three times. The

combined organic layer was washed with water and brine, dried over anhydrous sodium sulfate, and

filtered through a cotton plug. The filtrate was concentrated in vacuo, and the residue was purified

by silica gel column chromatography with hexane/ethyl acetate (15/1 to 4/1) to afford 19 (3.37 g,

64



quant.) as white amorphous solid.

[a] b = +60.0 (¢ = 1.0, chloroform); IR (ATR): v 2972 1737, 1726, 1133, 1038, 770 cm™'; '"H NMR
(500 MHz, CDCl3): 8 7.27-7.32 (SH, m), 5.49 (1H, t, J = 10.0 Hz), 4.99 (1H, t, J = 10.0 Hz), 4.71
(1H, d, J=12.0 Hz), 4.57 (1H, d, J= 3.5 Hz), 4.51 (1H, d, /= 12.0 Hz), 4.11 (1H, dd, J = 2.0, 12.0
Hz), 4.05 (1H, dd, 6.0, 12.0 Hz), 3.97 (1H, ddd, J = 2.0, 6.0, 10.0 Hz), 3.56 (1H, dd, J = 3.5, 10.0
Hz), 3.36 (3H, s), 1.21 (9H, s), 1.16 (9H, s), 1.15 (9H, s) ppm; '*C NMR (126 MHz, CDCl;):  178.0,
177.0, 176.8, 137.8, 128.5, 128.0, 127.8, 97.9, 77.8, 73.3, 71.0, 68.3, 67.7, 62.3, 55.4, 38.8, 38.8,
38.7,27.2,27.1, 27.1 ppm; HRMS (ESI)(m/z) for C2oH4sNaOg (MNa*): Calculated 559.2883, found

559.2889.

2-0-Benzyl-3,4,6-tri-O-pivaloyl-o/pB-D-glucopyranosyl acetate (65)

Glucoside 19 (10.4 g, 19 mmol) was dissolved in acetic anhydride (45 mL) under an argon
atmosphere, and the solution was cooled to 0 °C. Sulfuric acid (3.1 mL) in acetic anhydride (60 mL)
was added to the solution with a dropping funnel for 1 hour at 0 °C. After stirring for 6.5 hours at
0 °C, the reaction mixture was diluted with chloroform and quenched by the slow addition of
saturated sodium hydrogen carbonate aq. solution. The organic layer was separated, and the aqueous
layer was extracted with chloroform three times. The combined organic layer was washed with water
and brine, dried over anhydrous sodium sulfate, and filtered through a cotton plug. The filtrate was
concentrated in vacuo, and the residue was purified by silica gel column chromatography with
hexane/ethyl acetate (15/1 to 4/1) to afford a mixture of a- and B-65 (10.7 g, 97%, o/B = 6/1) as
colorless oil. The ratio of a- and B-isomers was determined by 'H NMR spectroscopy (a-65: & 6.29
ppm, B-65: 6 5.68 ppm).

'"H NMR (500 MHz, CDCls): a-65: & 7.21-7.34 (5H, m), 6.29 (1H, d, J = 3.5 Hz), 5.46 (1H, t, J =

9.5 Hz), 5.08 (1H, t, J= 9.5 Hz), 4.60 (1H, d, J = 12.0 Hz), 4.57 (1H, d, J= 12.0 Hz), 4.06-4.13 (3H,
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m), 3.70 (1H, dd, J = 3.5 Hz, 9.5 Hz), 2.17 (3H, s), 1.20 (9H, s), 1.16 (9H, s), 1.16 (9H, s) ppm; B-
65: 6 7.23-7.35 (5H, m), 5.68 (1H, d, J=9.5 Hz), 5.34 (1H, t, J = 9.5 Hz), 5.06-5.12 (1H, overlapped
with a signal of 0-65), 4.70 (1H, d, J = 11.5 Hz), 4.66 (1H, d, 11.5 Hz), 4.06-4.13 (2H, overlapped
with signals of a-65), 3.84-3.88 (1H, m), 3.64 (1H, t, J = 9.5 Hz), 2.03 (3H, s), 1.21 (9H, s), 1.16
(9H, s), 1.14 (9H, s) ppm. HRMS (ESI)(m/z) for C30H44sNaO1o (MNa"): Calculated 587.2832, found

587.2848.

2-0-Benzyl-3.,4,6-tri-O-pivaloyl-a-D-glucopyranosyl bromide (3e)

The mixture of a- and -65 (5.66 g, 10 mmol) was dissolved in dry dichloromethane (25 mL) under
an argon atmosphere, and the solution was cooled to 0 °C. 30% Hydrogen bromide in acetic acid
(6.2 mL, 32 mmol) was added to the solution, and the mixture was stirred for 5 hours at 0 °C. After
diluted with dichloromethane, the reaction was quenched by the addition of water. The organic layer
was separated, and the aqueous layer was extracted with dichloromethane two times. The combined
organic layer was washed with saturated sodium hydrogen carbonate aq. solution, water, and brine,
dried over anhydrous sodium sulfate, and filtered through a cotton plug. The filtrate was
concentrated in vacuo, and the residue was purified by silica gel column chromatography with
hexane/ethyl acetate (15/1 to 4/1) to afford 3e (3.7 g, 63%) as white amorphous solid.

[a] ’p = +125.1 (¢ = 1.0, chloroform); IR (ATR): v 2970, 1736, 1728, 1141, 1122 cm’!; '"H NMR
(500 MHz, CDCl3): 8 7.30-7.38 (5H, m), 6.27 (1H, d, J=4.0 Hz), 5.52 (1H, t, /= 9.5 Hz), 5.10 (1H,
t,J =9.5 Hz), 4.64 (1H, d, J = 12.0 Hz), 4.59 (1H, d, 12.0 Hz), 4.28 (1H, br), 4.13-4.14 (2H, br),
3.56 (1H, dd, J = 4.0 Hz, 9.5 Hz), 1.20 (9H, s), 1.17 (9H, s), 1.16 (9H, s) ppm; '*C NMR (126 MHz,
CDCly): 6 177.9, 176.9, 176.7, 136.7, 128.6, 128.3, 128.0, 89.3, 77.4, 73.0, 72.7, 71.2, 66.7, 61.1,
38.9, 38.8, 38.8, 27.2, 27.1, 27.1 ppm; HRMS (ESI)(m/z) for C2sHi1”’BrNaOs (MNa*): Calculated

607.1883, found 607.1910.
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HO _OH 2steps. 30)( OTBDPS NaH (3.6 eq.), BnBr (1.5 eq.)
%OCH:& ; THF, 0 °C to r.t., 24 h, 87%

20 6664
TBDPS 1 step 30% HCl aq. (1.0 eq.)
OCHs OCHs  CH,0H, 55 °C
5h, 93%
6764 685
HO ~OH PivCI (5.2 eq.) PivO g OOP'V H,S0, (2.9 eq.)
gﬁ/OCH PivO OCHg, >~
®  pyridine, CH,Cl, Bne Ac,0, 0 °C, 8.5 h
reflux, 48 h, 84% 99%
2164 22
PivO OPiv PivO _OPiv
% HBr in AcOH (3.2 eq.) o
PivO ~ PivO
CH,Cl,, 0 °C, 5 h BnO g,
82%
9 (a/p = 20/3) 3h

Scheme S-2. Synthetic method of glycosyl bromide 3h from 20

Methyl 2-0-benzyl-6-0-[(1,1-dimethylethyl)diphenylsilyl]-3,4-O-(1-methylethylidene)-p-D-
galactopyranoside (67)

Following the reported procedure,® 66 was prepared from 20. Then, 67 was prepared from 66 by
slight modification of the reported procedure. Sodium hydride (60% in mineral oil, 1.40 g, 35 mmol)
was suspended in dry THF (40 mL) under an argon atmosphere, and the suspension was cooled to
0 °C. To the suspension, a solution of 67 (3.40 g, 7.2 mmol) in dry tetrahydrofuran (10 mL) was
added dropwise, and the mixture was stirred for 30 minutes at 0 °C. To the mixture, benzyl bromide
(3.6 mL, 15 mmol) was added dropwise at 0 °C, and the reaction mixture was warmed to room

temperature and stirred for 24 hours. The reaction was quenched by the addition of methanol,
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followed by saturated ammonium chloride aq. solution, and concentrated in vacuo. The aqueous
solution was extracted with ethyl aceteate three times. The combined organic layer was washed with
brine, dried over anhydrous sodium sulfate, and filtered through a cotton plug. The filtrate was
concentrated in vacuo, and the residue was purified by silica gel column chromatography with
hexane/ethyl acetate (32/1 to 4/1) to afford 67 (3.2 g, 80%) as colorless oil. The 'H NMR spectrum
was identical to that in the literature.®

[a] ?*p = +18.0 (¢ = 1.0, chloroform); IR (ATR): v 2923, 1111, 702 cm; 'H NMR (500 MHz,
CDCl): 6 7.68-7.72 (4H, m), 7.30-7.45 (10H, m), 7.24-7.28 (1H, m), 4.82 (1H, d, J=12.0 Hz), 4.78
(1H, d, J = 12.0 Hz), 4.25 (1H, dd, /= 2.0 Hz, 5.5 Hz), 4.20 (1H, d, J = 8.0 Hz), 4.16 (1H, dd, J =
5.5 Hz, 7.0 Hz), 3.90-3.98 (2H, m), 3.80-3.84 (1H, m), 3.52 (3H, s), 3.37 (1H, dd, J = 7.0 Hz, 8.0
Hz), 1.35 (3H, s), 1.33 (3H, s), 1.05 (9H, s) ppm; *C NMR (126 MHz, CDCls): § 138.5, 135.8,
135.7, 133.6, 133.5, 129.8, 128.3, 128.3, 127.8, 127.8, 127.6, 109.9, 104.1, 80.0, 79.2, 73.7, 73.4,
73.3, 62.8, 56.8, 28.0, 26.9, 26.5, 19.3 ppm, two carbon signals of the aromatic ring were

overlapped; HRMS (EST)(m/z) for C33H4NaO¢Si (MNa"): Calculated 585.2648, found 585.2667.

Methyl 2-0-benzyl-p-D-galactopyranoside (21)

Following the reported procedure,* 68 was prepared from 67. Then, 21 was prepared from 68 by
slight modification of the reported procedure. Galactoside 68 (81.0 mg, 0.25 mmol) was dissolved in
methanol (2.5 mL) and water (0.26 mL) at room temperature. 2.0 M Hydrochloric acid (0.13 mL,
0.26 mmol) was added to the solution, and the mixture was stirred for 5 hours at 55 °C. The reaction
was concentrated in vacuo, and the residue was purified by silica gel column chromatography with
ethyl acetate to afford 21 (66.2 mg, 93%) as white amorphous solid.

[a]?p = +5.2 (c = 1.0, acetone); IR (ATR): v 3330, 2948, 1075, 1023 cm™'; '"H NMR (500 MHz,

CDCLy): § 7.34-7.36 (4H, m), 7.28-7.33 (1H, m), 4.95 (1H, d, J= 11.5 Hz), 4.65 (1H, d, J= 11.5 Hz),
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431 (1H, d, 7.5 Hz), 3.96-4.01 (2H, m), 3.87 (1H, br), 3.61 (1H, br), 3.59 (3H, s), 3.52-3.55 (1H, m),
3.50 (1H, dd, J = 7.5 Hz, 9.5 Hz), 2.75 (1H, br), 2.53 (1H, br), 2.24 (1H, br) ppm; '*C NMR (126
MHz, CDCl): § 138.5, 128.8, 128.3, 128.1, 104.9, 79.0, 74.7, 74.1, 73.1, 69.5, 63.0, 57.2 ppm;

HRMS (ESI)(m/z) for C14H20NaOg (MNa"): Calculated 307.1158; found 307.1130.

Methyl 2-0-benzyl-3,4,6-tri-O-pivaloyl-p-D-galactopyranoside (22)

Galactoside 22 was prepared from 21 (2.14 g, 7.5 mmol) by a similar procedure to that of 19 from 18.
Purification by silica gel column chromatography with hexane/ethyl acetate (15/1 to 4/1) gave 22
(3.4 g, 84%) as white amorphous solid.

[a]?’p = +19.5 (¢ = 1.0, chloroform); IR (ATR): v 2976, 1731, 1131 cm’!; '"H NMR (500 MHz,
CDCl): 6 7.23-7.28 (5H, m), 5.39 (1H, dd, J = 1.0 Hz, 3.5 Hz), 5.04 (1H, dd, J= 3.5 Hz, 10.0 Hz),
4.86 (1H, d, J=11.5 Hz), 4.61 (1H, d, J=11.5 Hz), 4.39 (1H, d, 7.5 Hz), 4.19 (1H, dd, J = 7.0 Hz,
11.0 Hz), 4.01 (1H, dd, /= 7.0 Hz, 11.0 Hz), 3.93 (1H, dt, /= 1.0 Hz, 7.0 Hz), 3.59 (1H, dd, J=7.5
Hz, 10.0 Hz), 3.58 (3H, s), 1.23 (9H, s), 1.18 (9H, s), 1.12 (9H, s) ppm; 3C NMR (126 MHz,
CDCh): 6 178.1, 177.5, 177.0, 138.2, 128.4, 127.8, 127.7, 105.1, 76.7, 74.7, 72.4, 70.9, 67.2, 61.4,
57.5, 39.1, 38.9 (2C), 27.3, 27.2 (2C) ppm; HRMS (ESI)(m/z) for C20H4sNaOo, (MNa*): Calculated

559.2883, found 559.2885.

2-0-Benzyl-3,4,6-tri-O-pivaloyl-a/B-D-galactopyranosyl acetate (69)

A mixture of a- and $-69 was prepared from 22 (310 mg, 0.58 mmol) by a similar procedure to that
of 65 from 19. Purification by silica gel column chromatography with hexane/ethyl acetate (15/1 to
4/1) gave the mixture of a- and f-69 (326 mg, 99%, o/B = 20/3) as colorless oil (326 mg, 99%). The

ratio of a- and B-isomers was determined by '"H NMR spectroscopy (a-69: 8 6.37 ppm, $-69: & 5.67

ppm).
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'"H NMR (500 MHz, CDCl3): 0-69: & 7.23-7.35 (5H, m), 6.37 (1H, d, J = 3.5 Hz), 5.48 (1H, dd, J =
1.5 Hz, 3.5 Hz), 5.33 (1H, dd, J = 3.5 Hz, 10.0 Hz), 4.62 (1H, d, J=12.0 Hz), 4.58 (1H, d, J=12.0
Hz), 4.32 (1H, dt, J= 0.5 Hz, 7.0 Hz), 4.08 (1H, dd, J= 7.0 Hz, 11.0 Hz), 3.92-3.96 (2H, m), 2.16
(3H, s), 1.20 (9H, s), 1.17 (9H, s), 1.16 (9H, s) ppm; B-69: & 7.23-7.35 (5H, m), 5.67 (1H, d, J=8.0
Hz), 5.44 (1H, dd, /= 1.0 Hz, 3.5 Hz), 5.11 (1H, dd, J = 3.5 Hz, 10.5 Hz), 5.11 (1H, br), 4.68 (2H,
br), 4.13 (1H, dd, 6.5 Hz, 10.0 Hz), 4.01 (1H, dd, J = 6.5 Hz, 10.0 Hz), 3.77 (1H, dd, J = 8.0 Hz,
10.0 Hz), 2.07 (3H, s), 1.26 (9H, s), 1.17 (9H, s), 1.15 (9H, s) ppm; HRMS (ESI)(m/z) for

C30H44NaO1o, (MNa*): Calculated 587.7832, found 587.2840.

2-0-Benzyl-3.,4,6-tri-O-pivaloyl-a-D-galactopyranosyl bromide (3h)

Galactoside 3h was prepared from the mixture of a- and B-69 (324 mg, 0.57mmol) by a similar
procedure to that of 3e from 65. Purification by silica gel column chromatography with hexane/ethyl
acetate (15/1 to 4/1) gave 3h (273 mg, 82%) as white amorphous solid.

[a]®p = +137.9 (c = 1.0, chloroform); IR (ATR): v 2972, 1736, 1220, 772 cm’'; "H NMR (500 MHz,
CDCl): 6 7.30-7.34 (5H, m), 6.43 (1H, d, J = 4.0 Hz), 5.50 (1H, dd, J = 1.0 Hz, 3.5 Hz), 5.38 (1H,
dd, J=3.5 Hz, 9.5 Hz), 4.66 (1H, d, /= 12.0 Hz), 4.63 (1H, d, /= 12.0 Hz), 4.48 (1H, br), 4.11 (1H,
dd, J=7.5Hz, 11.0 Hz), 4.00 (1H, dd, /= 6.5 Hz, 11.0 Hz), 3.78 (1H, dd, J = 4.0 Hz, 9.5 Hz), 1.20
(9H, s), 1.17 (9H, s), 1.17 (9H, s) ppm; *C NMR (126 MHz, CDCls): 8 177.9, 177.2, 176.6, 136.9,
128.7, 128.5, 128.2, 91.0, 72.9, 72.8, 71.7, 70.4, 67.0, 60.7, 39.1, 38.9, 38.9, 27.3, 27.2, 27.1 ppm;

HRMS (ESI)(m/z) for C2sH417’BrNaOs, (MNa®): Calculated 609.1862, found 609.1837.
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Scheme S-3. Synthetic method of glycosyl bromide 3j from 23

Methyl 2-O-benzyl-o-D-mannopyranoside (24)

Following the reported procedure,® 70 was prepared from 23. 24 was prepared from 70 (1.62 g, 4.3
mmol) by a similar procedure to that of 21 from 68. Purification by silica gel column
chromatography with hexane/ethyl acetate (4/1 to 0/1) gave 24 (1.16 g, 95%) as white amorphous
solid. The 'H and '*C NMR spectra were identical to those in the literature.®

[a]*?p = +34.1 (c = 0.5, acetone); IR (ATR): v 3380, 2918, 1066, 1043, 736 cm’; 'H NMR (600
MHz, D,0): § 7.40-7.48 (5H, m), 4.74 (1H, d, J=12.0 Hz), 4.70 (1H, d, /= 12.0 Hz), 3.89 (1H, dd,
J=2.4Hz, 12.0 Hz), 3.80-3.83 (2H, m), 3.75 (1H, dd, 6.0 Hz, 12.0 Hz), 3.62-3.67 (1H, m), 3.59 (1H,
ddd, J = 2.4 Hz, 6.0 Hz, 10.2 Hz), 3.70 (1H, br), 3.51-3.54 (1H, m), 3.36 (3H, s) ppm; '3*C NMR
(151 MHz, D,O): 8 137.8, 129.4, 129.3, 129.1, 99.2, 78.1, 74.1, 73.1, 71.1, 67.7, 61.5, 55.3 ppm;

HRMS (ESI)(m/z) for C14H20NaOg, (MNa"): Calculated 307.1158, found 307.1131.
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Methyl 2-0-benzyl-3,4,6-tri-O-pivaloyl-o-D-mannopyranoside (25)

Mannoside 25 was prepared from 24 (1.16 g, 4.1 mmol) by a similar procedure to that of 19 from 18.
Purification by silica gel column chromatography with hexane/ethyl acetate (15/1 to 4/1) gave 25
(2.13 g, 97%) as colorless oil.

[a]*p =+17.0 (¢ = 1.0, chloroform); IR (ATR): v 2972, 1733, 1156, 1134 cm’!; "TH NMR (500 MHz,
CDCl3): 6 7.27-7.35 (5H, m), 5.52 (1H, t, /= 10.0 Hz), 5.26 (1H, dd, J = 3.0 Hz, 10.0 Hz), 4.75 (1H,
d, J=1.5Hz),4.67 (1H, d, J=11.5 Hz), 4.57 (1H, d, J = 11.5 Hz), 4.22 (1H, dd, 1.5 Hz, 12.5 Hz),
4.09 (1H, dd, J=5.5 Hz, 12.5 Hz), 3.92 (1H, ddd, /= 1.5 Hz, 5.5 Hz, 10.0 Hz), 3.87 (1H, dd, J= 1.5
Hz, 3.0 Hz), 3.38 (3H, s), 1.20 (9H, s), 1.17 (9H, s), 1.16 (9H, s) ppm; '3C NMR (126 MHz, CDCls):
6 178.3,177.8,176.9, 137.9, 128.5, 127.8, 127.6, 99.0, 76.2, 73.5, 71.5, 69.3, 65.9, 62.4, 55.2, 39.0,
39.0, 38.9, 27.3, 27.3, 27.2 ppm; HRMS (ESI)(m/z) for C20H44sNaQOy, (MNa*): Calculated 559.2883,

found 559.2881.

2-0-Benzyl-3,4,6-tri-O-pivaloyl-o-D-mannopyranosyl acetate (71)

Mannoside 71 was prepared from 25 (449 mg, 0.84 mmol) by a similar procedure to that of 65 from
19. Purification by silica gel column chromatography with hexane/ethyl acetate (15/1 to 4/1) gave 71
(445 mg, 94%) as colorless oil.

[a]**p = +19.1 (¢ = 1.0, chloroform); IR (ATR): v 2972, 1732, 1154 cm’'; 'H NMR (500 MHz,
CDCl): 6 7.26-7.32 (5H, m), 6.20 (1H, d, J= 2.0 Hz), 5.63 (1H, t, /= 10.0 Hz), 5.25 (1H, dd, J =
3.0 Hz, 10.0 Hz), 4.66 (1H, d, J= 11.5 Hz), 4.63 (1H, d, J = 11.5 Hz), 4.21 (1H, dd, 2.0 Hz, 12.5
Hz), 4.08 (1H, dd, J = 4.5 Hz, 12.5 Hz), 4.01 (1H, ddd, /= 2.0 Hz, 4.5 Hz, 10.0 Hz), 3.88 (1H, dd, J
=2.0 Hz, 3.0 Hz), 2.14 (3H, s), 1.18 (9H, s), 1.17 (9H, s), 1.17 (9H, s) ppm; 3C NMR (126 MHz,
CDCl): 6 178.2, 178.0, 176.6, 168.9, 137.4, 128.5, 127.9, 127.6, 91.2, 75.0, 73.3, 71.5, 70.9, 65.1,

61.6, 39.0, 38.9, 38.9, 27.2, 27.2, 27.1, 21.1 ppm; HRMS (ESI)(m/z) for C3HssNaO1o, (MNa®):
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Calculated 587.2832, found 587.2855.

2-0-Benzyl-3,4,6-tri-O-pivaloyl-o-D-mannopyranosyl bromide (3j)

Mannoside 3j was prepared from 71 (445 mg, 0.79 mmol) by a similar procedure to that of 3e from
65. Purification by silica gel column chromatography with hexane/ethyl acetate (15/1 to 4/1) gave 3j
(428 mg, 93%) as white amorphous solid.

[a]?p = +69.4 (¢ = 1.0, chloroform); IR (ATR): v 2968, 1732, 1119, 772 cm™'; '"H NMR (500 MHz,
CDCl): 6 7.28-7.36 (5H, m), 6.38 (1H, d, /= 1.5 Hz), 5.64 (1H, t, /= 9.5 Hz), 5.60 (1H, dd, /= 3.0
Hz, 9.5 Hz), 4.64 (1H, d, 11.5 Hz), 4.59 (1H, d, J= 11.5 Hz), 4.21-4.25 (1H, m), 4.10-4.18 (3H, m),
1.19 (9H, s), 1.18 (9H, s), 1.17 (9H, s) ppm; *C NMR (126 MHz, CDCls): § 178.1, 177.9, 176.7,
137.2, 128.7, 128.2, 127.6, 85.7, 79.5, 73.7, 73.4, 70.2, 64.9, 61.0, 39.0, 39.0, 39.0, 27.3, 27.2, 27.2

ppm; HRMS (ESI)(m/z) for CasHai®BrNaOs, (MNa®): Calculated 607.1883, found 607.1902.

General procedure for copper-catalyzed borylation from glycosyl bromides 3 to glycosyl
boronates 11, 15 or trifluoroborates 16.

General procedure A, to glycosyl boronates 11.

Bis(pinacolato)diboron (191 mg, 0.75 mmol), lithium trimethylsilanolate (96.1 mg, 1.0 mmol),
polystyrene-supported triphenylphosphine (PS-PPhs) (21.5 mg, 0.065 mmol), and copper(l) iodide
(9.5 mg, 0.050 mmol) was suspended in dry N N-dimethylformamide (2.5 mL) under an argon
atmosphere, and the suspension was cooled to -20 °C. After stirring for 30 minutes, the solution of
glycosyl bromide 3 (0.50 mmol) in dry N, N-dimethylformamide (2.5 mL) was added dropwise for 5
minutes. The mixture was stirred for 20 hours at -20 °C. The mixture was diluted with
dichloromethane, and filtered through a Celite pad. After the filtrate was concentrated in vacuo, the

mixture was quenched by the addition of saturated ammonium chloride aq. solution. The aqueous
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solution was extracted with diethyl ether three times. The combined organic layer was washed with
water and brine, dried over anhydrous sodium sulfate, and filtered through a cotton plug. The filtrate
was concentrated in vacuo to afford the crude product of glycosyl boronate 11.

General procedure B, to glycosyl boronates 15.

The crude product 11 obtained by general procedure A from 3 (0.5 mmol) was dissolved in
acetonitrile/water (1/1, 10 mL) under an argon atmosphere. 1,8-Diaminonaphthalene (316 mg, 2.0
mmol), imidazole (408 mg, 6.0 mmol), and iron(IIT) chloride (16.2 mg, 0.10 mmol) were added to
the solution at room temperature. After stirring for 2 hours at room temperature, the reaction mixture
was filtered through a Celite pad, and washed with ethyl acetate. The organic layer was separated,
and the aqueous layer was extracted with ethyl acetate two times. The combined organic layer was
washed with water and brine, dried over anhydrous sodium sulfate, and filtered through a cotton
plug. The filtrate was concentrated in vacuo, and the residue was purified by silica gel column
chromatography to afford glycosyl boronate 15.

General procedure C, to glycosyl trifluoroborates 16.

The crude product 11 obtained by general procedure A from glycosyl bromide 3 (2.0 mmol) was
dissolved in tetrahydrofuran (20 mL) at room temperature. Saturated potassium hydrogenfluoride aq.
solution (4.5 M, 3.6 mL, 16 mmol) was added to the solution. The mixture was stirred for 2 hours at
room temperature. Concentration in vacuo afforded the crude product of 16. 16a, 16e, and 16j were

purified by each procedure.

1-(2,3,4,6-Tetra-O-pivaloyl-o/p-D-glucopyranosyl)boronic acid pinacol ester (11a)
Following the reported procedure,® 3a was prepared from glucose. Purification of the crude product
of 0- and B-11a, obtained by general procedure A from 3a (57.9 mg, 0.10 mmol) was attempted by

silica gel column chromatography with hexane/ethyl acetate. However, a- and -11a were not
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completely isolated owing to their unstable properties. Each partially purified sample containing
some by-products was obtained and the structures were determined by the '"H NMR spectra of a- and
B-11a and HRMS analyses. The yields of a- and B-isomers were estimated by '"H NMR spectrum of
the crude product using 1,1,2,2-tetrachloroethane as an internal standard (a-11a: 6 5.39 ppm, B-11a:
4 3.25 ppm).

a-11a: 'TH NMR (400 MHz, CDCl3): & 5.39 (1H, t, J = 9.6 Hz), 5.06 (1H, dd, J = 7.6 Hz, 9.6 Hz),
5.02 (1H, t, J= 9.6 Hz), 4.12-4.19 (3H, m), 4.01 (1H, dd, J = 5.6 Hz, 12.0 Hz), 1.29 (12H, s), 1.22
(9H, s), 1.17 (9H, s), 1.16 (9H, s), 1.13 (9H, s) ppm; HRMS (ESI): m/z [M+Na]" calcd for
C3:Hss''BNaOy1, 649.3735; found, 649.3743.

B-11a: 'H NMR (400 MHz, CDCls): 4 5.26 (1H, t, J=9.2 Hz), 5.16 (1H, dd, J = 9.2 Hz, 11.2 Hz),
5.08 (1H, t,J=9.2 Hz), 4.18 (1H, dd, /= 2.0 Hz, 12.4 Hz), 4.07 (1H, dd, /= 5.6 Hz, 12.4 Hz), 3.57
(1H, ddd, J = 2.0 Hz, 5.6 Hz, 10.0 Hz), 3.25 (1H, d, J = 11.2 Hz), 1.24 (6H, s), 1.23 (6H, s), 1.21
(9H, s), 1.14 (9H, s), 1.14 (9H, s), 1.11 (9H, s) ppm; HRMS (ESI)(m/z) for C3,Hss''"BNaO;; (MNa*):

Calculated 649.3735, found 649.3735.

1-(2,3,4,6-Tetra-O-pivaloyl-a/B-D-glucopyranosyl)boronic acid 1,8-diaminonaphthalene amide
(15a)

The crude product obtained by general procedure B from 3a (290 mg, 0.50 mmol) was purified by
silica gel column chromatography with hexane/ethyl acetate (16/1 to 4/1) to give o-15a (190 mg,
57% yield) as pale purple amorphous solid and B-15a (81.0 mg, 24% yield) as pale purple
amorphous solid.

a-15a: [a]*p = +14.0 (¢ = 1.0, chloroform); IR (ATR): v 3447, 3417, 2970, 1734, 1603, 1135, 765
cm’'; "TH NMR (500 MHz, CDCl3): § 7.12 (2H, dd, J = 7.5 Hz, 8.0 Hz), 7.06 (2H, dd, /= 1.0 Hz, 8.0

Hz), 6.35 (2H, dd, J = 1.0 Hz, 7.5 Hz), 6.21 (2H, br), 5.41 (1H, t, J= 9.5 Hz), 5.29 (1H, dd, /= 6.5
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Hz, 9.5 Hz), 5.11 (1H, t, /= 9.5 Hz), 4.16 (1H, d, J = 6.5 Hz), 4.15 (1H, dd, 2.0 Hz, 12.5 Hz), 4.09
(1H, dd, J= 5.5 Hz, 12.5 Hz), 3.79 (1H, ddd, J = 2.0 Hz, 5.5 Hz, 9.5 Hz), 1.27 (9H, s), 1.23 (9H, s),
1.16 (9H, s), 1.15 (9H, s) ppm; '*C NMR (126 MHz, CDCls): 6 178.2, 177.5, 176.9, 176.8, 140.0,
136.4, 127.8, 120.1, 118.6, 106.5, 74.9, 72.0, 71.6, 68.5, 65.5, 63.1, 39.0, 39.0, 39.0, 38.9, 27.5, 27 .4,
27.4, 27.2 ppm; HRMS (ESI)(m/z) for CisHsi''BN2NaOg (MNa*): Calculated 689.3585, found
689.3609.

B-15a: [a]**p = —15.9 (c = 1.0, chloroform); IR (ATR): v 3456, 3393, 2964, 1725, 1603, 1141 cm’';
"H NMR (500 MHz, CDCls): 6 7.08 (2H, dd, J = 7.0 Hz, 8.5 Hz), 7.02 (2H, dd, J = 1.0 Hz, 8.5 Hz),
6.26 (2H, dd, J = 1.0 Hz, 7.0 Hz) 5.79 (2H, br), 5.30 (1H, t, J = 9.5 Hz), 5.22 (1H, dd, J = 9.5 Hz,
11.0 Hz), 5.14 (1H, t, /= 9.5 Hz), 4.23 (1H, dd, /= 2.0 Hz, 12.5 Hz), 4.11 (1H, dd, 5.5 Hz, 12.5 Hz),
3.65 (1H, ddd, J=2.0 Hz, 5.5 Hz, 9.5 Hz), 3.39 (1H, d, /= 11.0 Hz), 1.25 (9H, s), 1.19 (9H, s), 1.17
(9H, s), 1.13 (9H, s) ppm; '3C NMR (126 MHz, CDCl3): & 178.5, 1775, 176.7, 176.7, 140.2, 136.4,
127.7, 120.3, 118.3, 106.2, 78.2, 74.8, 70.4, 68.5 (2C), 62.3, 39.1, 39.1, 38.9 (2C), 27.5, 27.4, 27.3,

27.2 ppm; HRMS (ESI)(m/z) for C3sHsi1''BN2NaOg (MNa*): Calculated 689.3585, found 689.3570.

1-(2,3,4,6-Tetra-0O-acetyl-o/pB-D-glucopyranosyl)boronic acid 1,8-diaminonaphthalene amide
(15b)

The crude product obtained by general procedure B from 3b (206 mg, 0.50 mmol) was puridied by
silica gel column chromatography with hexane/ethyl acetate (15/2 to 1/1) to give a mixture of a- and
B-15b (124 mg, 50% yield, a/p = 1/1) as pale purple amorphous solid. The ratio of a- and B-isomers
was determined by "H NMR spectrum of the crude product (a-15b: 8 5.00 ppm, B-15b: & 3.36 ppm).
The analytical samples of a- and B-15b were obtained by further purification using preparative TLC
with hexane/ethyl acetate (1/1).

a-15b: [a]®p = ~36.5 (c = 0.5, chloroform); IR (ATR): v 3409, 3373, 1726, 1599, 1210, 1038, 768
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cm!; 'TH NMR (600 MHz, CDCls): 8 7.12 (2H, dd, J = 7.2 Hz, 8.4 Hz), 7.06 (2H, dd, /= 1.2 Hz, 8.4
Hz), 6.34 (2H, dd, J = 1.2 Hz, 7.2 Hz), 6.12 (2H, br), 5.26-5.32 (2H, m), 5.00 (1H, t, J = 9.0 Hz),
424 (1H, dd, 6.0 Hz, 12.0 Hz), 4.17 (1H, d, J = 5.4 Hz), 4.16 (1H, dd, J = 3.0 Hz, 12.0 Hz), 3.85
(1H, ddd, J = 3.0 Hz, 6.0 Hz, 9.0 Hz), 2.15 (3H, s), 2.13 (3H, s), 2.07 (3H, s), 2.03 (3H, s) ppm; 13C
NMR (151 MHz, CDCl3): 6 170.7, 170.3, 169.7, 169.3, 140.0, 136.4, 127.7, 120.1, 118.6, 106.6,
74.2, 72.0, 70.8, 68.8, 64.8, 62.9, 21.1, 21.0, 20.9, 20.8 ppm; HRMS (ESI)(m/z) for
C24H27''BN2NaQy (MNa™): Calculated 521.1707, found 521.1703.

B-15b: [a]®p = -28.2 (¢ = 0.5, chloroform); IR (ATR): v 3397, 3369, 1738, 1601, 1220, 773 cm™';
'"H NMR (600 MHz, CDCLs): § 7.09 (2H, dd, J = 7.2 Hz, 8.4 Hz) 7.03 (2H, dd, J = 0.6 Hz, 8.4 Hz),
630 (2H, dd, J = 0.6 Hz, 7.2 Hz), 5.80 (2H, br), 5.18 (1H, t, J = 9.6 Hz), 5.15 (1H, t, J = 9.6 Hz),
5.10 (1H, t, J = 9.6 Hz), 427 (1H, dd, J = 5.4 Hz, 12.6 Hz), 4.17 (1H, dd, 2.4 Hz, 12.6 Hz), 3.64 (1H,
ddd, J = 2.4 Hz, 5.4 Hz, 9.6 Hz), 3.36 (1H, d, J = 9.6 Hz), 2.12 (3H, s), 2.07 (3H, s), 2.05 (3H, s),
2.01 (3H, s) ppm; °C NMR (151 MHz, CDCly): & 171.0, 170.7, 169.6, 169.4, 140.2, 136.4, 127.7,
120.3, 118.4, 106.3, 78.0, 75.4, 70.5, 68.7, 68.6, 62.6, 21.0, 20.9, 20.9, 20.8 ppm; HRMS (ESI)(m/z)

for C24H27'"BN2NaOy (MNa*): Calculated 521.1707, found 521.1729.

1-(2,3,4,6-Tetra-O-benzoyl-o/p-D-glucopyranosyl)boronic acid 1,8-diaminonaphthalene amide
(15¢)

Following the reported procedure,®® 3¢ was prepared from glucose. The crude product obtained by
general procedure B from 3¢ (329 mg, 0.50 mmol) was purified by silica gel column
chromatography with hexane/ethyl acetate (15/2 to 1/1) to give a-15¢ (98.0 mg, 26% yield) as pale
purple amorphous solid and B-15¢ (81.9 mg, 22% yield) as pale purple amorphous solid.

a-15¢: [a]**p = —13.7 (c = 1.0, chloroform); IR (ATR): v 3440, 3423, 3063, 1715, 1599, 1257, 1067,

704 cm'; '"H NMR (500 MHz, CDCL): & 7.94-8.11 (8H, m) 7.56-7.65 (2H, m), 7.44-7.51 (6H, m)
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7.29-7.38 (4H, m), 7.01-7.08 (4H, m), 6.25 (2H, br), 6.15 (2H, dd, J= 1.5 Hz, 7.0 Hz), 5.95 (1H, t, J
=9.0 Hz), 5.68 (1H, dd, J = 6.0 Hz, 9.0 Hz), 5.59 (1H, t, /= 9.0 Hz), 4.68 (1H, dd, /= 7.0 Hz, 12.0
Hz), 4.60 (1H, dd, J= 3.0 Hz, 12.0 Hz), 4.53 (1H, d, /= 6.0 Hz), 4.31 (1H, ddd, J= 3.0 Hz, 7.0 Hz,
9.0 Hz) ppm; '3C NMR (126 MHz, CDCls): § 166.3, 166.0, 165.5, 165.3, 140.0, 136.3, 133.9, 133.6,
133.6, 133.5, 130.1, 130.0, 129.9, 129.8, 129.2, 129.1, 129.0, 128.9, 128.7, 128.6, 128.6, 127.6,
120.1, 118.4, 106.5, 74.9, 72.0, 71.8, 69.5, 64.9, 63.6 ppm, one carbon signal of aromatic ring was
overlapped with another carbon signal; HRMS (ESI)(m/z) for Ca4Hzs''BN2NaOg (MNa™): Calculated
769.2333, found 769.2319.

B-15¢: [a]*p = —15.5 (¢ = 1.0, chloroform); IR (ATR): v 3428, 3400, 1714, 1601, 1260, 1066, 706
cm!; 'TH NMR (600 MHz, CDCls): § 8.09-8.11 (2H, m), 7.94-7.97 (4H, m), 7.83-7.85 (2H, m), 7.55-
7.61 (2H, m), 7.50-7.53 (1H, m), 7.40-7.46 (5H, m), 7.35-7.39 (2H, m), 7.26-7.29 (2H, m), 6.99 (2H,
dd, J = 6.6 Hz, 7.8 Hz), 6.97 (2H, dd, J = 1.2 Hz, 7.8 Hz), 5.99 (2H, dd, J = 1.2 Hz, 6.6 Hz), 5.88
(1H, t, J=9.6 Hz), 5.82 (2H, br), 5.71 (1H, t, /= 9.6 Hz), 5.66 (1H, dd, J = 9.6 Hz, 10.8 Hz), 4.72
(1H, dd, J=3.0 Hz, 12.0 Hz), 4.52 (1H, dd, /= 5.4 Hz, 12.0 Hz), 4.10 (1H, ddd, /= 3.0 Hz, 5.4 Hz,
9.6 Hz), 3.72 (1H, d, J = 10.8 Hz) ppm; '3C NMR (151 MHz, CDCls): 8 166.6, 166.2, 165.4, 165.3,
140.2, 136.3, 133.8, 133.6, 133.4, 133.3, 130.0, 129.9, 129.9, 129.9, 129.8, 129.2, 129.1, 129.1,
128.9, 128.7, 128.6, 128.4, 127.6, 120.2, 118.1, 106.2, 78.3, 75.5, 71.1, 69.9, 68.7, 63.4 ppm; HRMS

(ESI)(m/z) for C44Hss'"BN2NaOy (MNa*): Calculated 769.2333, found 769.2304.

1-(2,3,4,6-Tetra-O-benzyl-p-D-glucopyranosyl)boronic acid 1,8-diaminonaphthalene amide
(15d)

Following the reported procedure,®' 3d was prepared from glucose. The crude product obtained by
general procedure B from 3d (302 mg, 0.50 mmol) was puridied by silica gel column

chromatography with hexane/ethyl acetate (16/1 to 4/1) to give f-15d (90.6 mg, 26% yield) as pale
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purple amorphous solid.

[a]?*p = +43.8 (¢ = 1.0, chloroform); IR (ATR): v 3428, 1601, 1071, 694 cm™'; "H NMR (500 MHz,
CDCl): 6 7.27-7.41 (18H, m), 7.18-7.21 (2H, m), 7.06 (2H, dd, J = 7.5 Hz, 8.5 Hz), 6.99 (2H, dd, J
= 1.0 Hz, 8.5 Hz), 6.07 (2H, dd, J = 1.0 Hz, 7.5 Hz), 6.03 (2H, br), 5.06 (1H, d, /= 11.0 Hz), 5.00
(1H,d, J=11.5Hz),4.97 (1H, d, J=11.5 Hz), 4.85 (1H, d, /= 11.0 Hz), 4.65 (1H, d, /= 12.5 Hz),
4.58-4.62 (3H, m), 3.70-3.79 (3H, m), 3.64 (1H, t, J/=9.5 Hz), 3.62 (1H, dd, /= 9.0 Hz, 11.0 Hz),
3.44 (1H, ddd, J = 2.0 Hz, 4.5 Hz, 10.0 Hz), 3.19 (1H, d, J = 11.0 Hz) ppm; '3C NMR (126 MHz,
CDCl): 6 140.8, 138.6, 138.3, 138.2, 137.9, 136.5, 128.9, 128.7, 128.6, 128.6, 128.4, 128.2, 128.1,
128.0, 127.9, 127.9, 127.8, 127.8, 127.6, 120.2, 117.7, 106.0, 88.8, 81.2, 80.8, 78.8, 75.7 (2C), 75.2,
73.5, 69.3, 69.0 ppm; HRMS (ESI)(m/z) for C4sHs3!'BN2NaOs (MNa"): Calculated 713.3163, found

713.3172.

1-(2-0-Benzyl-3,4,6-tri-O-pivaloyl-o/p-D-glucopyranosyl)boronic acid 1,8-diaminonaphthalene
amide (15¢)

The crude product by general procedure B from 3e (293 mg, 0.50 mmol) was puridied by silica gel
column chromatography with hexane/ethyl acetate (16/2 to 4/1) to give B-15e (272 mg, 81% yield)
as pale purple amorphous solid. The ratio of a- and B-isomers was determined by '"H NMR spectrum
of the crude product (a/p = 1:27, a-15e: 8 5.33 ppm, -15e: 6 5.41 ppm).

B-15e: [a]*’p = +35.2 (c = 1.0, chloroform); IR (ATR): v 3419, 2975, 1730, 1598, 1138, 765 cm’;
"H NMR (500 MHz, CDCl3): 6 7.33-7.38 (3H, m), 7.28-7.31 (2H, m), 7.06 (2H, dd, J = 7.0 Hz, 8.5
Hz), 7.00 (2H, dd, J= 1.0 Hz, 8.5 Hz), 6.06 (2H, dd, J=1.0 Hz, 7.0 Hz), 5.97 (2H, br), 5.41 (1H, t, J
=9.0 Hz), 5.07 (1H, t, J=9.0 Hz), 4.79 (1H, d, /= 10.5 Hz), 4.52 (1H, d, J = 10.5 Hz), 4.26 (1H, dd,
J=2.0Hz, 12.0 Hz), 4.12 (1H, dd, J= 5.5 Hz, 12.0 Hz), 3.72 (1H, dd, J = 9.0 Hz, 11.0 Hz), 3.63

(1H, ddd, J = 2.0 Hz, 5.5 Hz, 9.0 Hz), 3.29 (1H, d, J= 11.0 Hz), 1.25 (9H, s), 1.20 (9H, s), 1.20 (9H,
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s) ppm; '3C NMR (126 MHz, CDCls): & 178.5, 177.5, 176.9, 140.6, 137.3, 136.4, 128.9, 128.4,
128.1, 127.7, 120.2, 117.8, 106.1, 79.3, 78.0, 77.3, 75.2, 68.9, 68.2, 62.3, 39.1, 39.0, 38.9, 27.4, 27.3,
27.3 ppm; HRMS (ESI)(m/z) for C3sH49BN:2NaOs (MNa*): Calculated 695.3480, found 695.3462.

a-15e: 'H NMR (500 MHz, CDCls): $ 6.40 (2H, br), 6.26 (2H, d, J= 7.5 Hz), 533 (1H, t, J = 9.5
Hz), 5.23 (1H, t, /= 9.5 Hz), 4.95-5.03 (2H, m), 4.71 (1H, d, /= 11.0 Hz), 3.58 (1H, m) ppm, other

signals could not be determined.

1-(3,4,6-Tri-0-acetyl-2-0O-benzyl-a/B-D-glucopyranosyl)boronic acid 1,8-diaminonaphthalene
amide (15f)

Following the reported procedure,®? 3f was prepared from glucose. The crude product obtained by
genetral procedure B from 3f (223 mg, 0.50 mmol) was puridied by silica gel column
chromatography with hexane/ethyl acetate (16/2 to 4/1) to give B-15f (226 mg, 83% yield) as pale
purple amorphous solid. The ratio of a- and B-isomers was determined by 'H NMR spectrum of the
crude product (o/p = 1:25, a-15f: 5 3.60 ppm, B-15f: & 5.30 ppm).

B-15f: [a]*’p = +21.6 (c = 1.0, chloroform); IR (ATR): v 3440, 3412, 1743, 1598, 1243, 767 cm'; 'H
NMR (500 MHz, CDCl3): 6 7.35-7.40 (3H, m), 7.28-7.31 (2H, m), 7.07 (2H, t, /= 8.0 Hz), 7.01 (2H,
d, /= 8.0 Hz), 6.10 (2H, d, J = 8.0 Hz), 5.98 (2H, br), 5.30 (1H, t, J = 9.5 Hz), 5.01 (1H, t, J=9.5
Hz), 4.76 (1H, d, J = 10.5 Hz), 4.55 (1H, d, J = 10.5 Hz), 4.29 (1H, dd, J = 5.0 Hz, 12.0 Hz), 4.18
(1H, dd, J= 2.5 Hz, 12.0 Hz), 3.73 (1H, dd, J=9.5 Hz, 11.0 Hz), 3.63 (1H, ddd, J = 2.5 Hz, 5.0 Hz,
9.5 Hz), 3.28 (I1H, d, 11.0 Hz), 2.12 (3H, s), 2.06 (3H, s), 2.06 (3H, s) ppm; *C NMR (126 MHz,
CDCl): 6 171.0, 170.5, 170.0, 140.5, 137.2, 136.4, 129.0, 128.5, 128.4, 127.7, 120.2, 117.9, 106.1,
79.0, 78.0, 77.6, 75.5, 69.2, 68.7, 62.7, 21.2, 21.0, 20.8 ppm; HRMS (ESI)(m/z) for
Ca9H31'"BN2NaOs (MNa*): Calculated 569.2071, found 569.2068.

a-20f: '"H NMR (500 MHz, CDCl3): 8 6.99-7.09 (5H, m), 6.34 (2H, d, J = 6.0 Hz), 6.12 (2H, br),
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5.26-5.31 (2H, m), 3.83-3.87 (1H, m), 3.60 (1H, ddd, J = 2.0 Hz, 4.0 Hz, 8.5 Hz) ppm, other signals

could not be determined.

1-(2,3,4,6-Tetra-O-pivaloyl-a/pB-D-galactopyranosyl)boronic  acid 1,8-diaminonaphthalene
amide (15g)

Following the reported procedure,® 3g was prepared from glucose. The crude product obtained by
general procedure B from 3g (290 mg, 0.50 mmol) was purified by silica gel column
chromatography with hexane/ethyl acetate (16/2 to 4/1) to give a-15g (267 mg, 80% yield) as pale
purple amorphous solid. The ratio of a- and B-isomers was determined by 'H NMR spectrum of the
crude product (o/p = 18:1, a-15g: 6 5.28 ppm, B-15g: 6 3.41 ppm).

a-15g: [a]*’p = +37.1 (¢ = 1.0, chloroform); IR (ATR): v 3448, 3353, 2975, 1720, 1602, 1128, 732
cm!'; 'TH NMR (600 MHz, CDCls): 6 7.10 (2H, dd, J= 7.2 Hz, 8.4 Hz), 7.03 (2H, dd, /= 1.2 Hz, 8.4
Hz), 6.31 (2H, dd, J= 1.2 Hz, 7.2 Hz), 6.07 (2H, br), 5.45-5.48 (2H, m), 5.28 (1H, dd, J = 3.0 Hz,
7.8 Hz), 4.54 (1H, br), 4.17-4.21 (1H, m), 4.18 (1H, d, J = 4.8 Hz), 3.93 (1H, dd, J = 4.8 Hz, 12.0
Hz), 1.26 (9H, s), 1.23 (9H, s), 1.20 (9H, s), 1.18 (9H, s) ppm; *C NMR (151 MHz, CDCl3): & 178.3,
177.5,177.3, 177.0, 140.1, 136.4, 127.7, 120.1, 118.3, 106.3, 73.2, 69.9, 69.6, 67.5, 63.7, 61.1, 39.2,
39.1, 39.0, 38.9, 27.4, 27.3, 27.3 (2C) ppm; HRMS (ESI)(m/z) for CssHsi''BN,NaOg (MNa"):
Calculated 689.3585, found 689.3615.

B-20g: 'H NMR (500 MHz, CDCls): & 5.83 (2H, br), 5.43-5.45 (2H, m), 3.41 (1H, d, J = 11.2 Hz)

ppm, other signals could not be determined.

1-(2-0-Benzyl-3,4,6-tri-O-pivaloyl-a/p-D-galactopyranosyl)boronic acid 1,8-
diaminonaphthalene amide (15h)

The crude product obtained by general procedure B from 3h (293 mg, 0.50 mmol) was purified by
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silica gel column chromatography with hexane/ethyl acetate (16/2 to 4/1) to give a mixture of a- and
B-15h (279 mg, 83% yield, a/p = 1/5) as a pale purple amorphous solid. The ratio of a- and B-
isomers was determined by 'H NMR spectrum (a-15h: § 5.44 ppm, B-15h: 8 3.30 ppm). The
analytical samples of a- and B-15h were obtained by further purification using preparative TLC with
hexane/ethyl acetate (3/1).

a-15h: [a]*p = —64.1 (c = 0.33, chloroform); IR (ATR): v 3416, 2970, 1734, 1602, 1146, 771 cm;
"H NMR (500 MHz, CDCl3): & 7.31-7.38 (5H, m), 7.08 (2H, dd, J = 7.0 Hz, 8.5 Hz), 7.02 (2H, dd, J
=1.0 Hz, 8.5 Hz), 6.30 (2H, br), 6.23 (2H, dd, /= 1.0 Hz, 7.0 Hz), 5.44 (1H, dd, /= 2.5 Hz, 3.5 Hz),
5.24 (1H, dd, J=3.5Hz,9.0 Hz), 4.77 (1H, d, J= 11.5 Hz), 4.64 (1H, d, /= 11.5 Hz), 4.36 (1H, br),
4.08-4.15 (2H, m), 4.05 (1H, ddd, J = 2.0 Hz, 4.5 Hz, 8.0 Hz), 3.89 (1H, dd, J = 4.5 Hz, 11.5 Hz),
1.26 (9H, s), 1.24 (9H, s), 1.22 (9H, s) ppm; *C NMR (126 MHz, CDCls): & 178.3, 177.5, 177.0,
140.4, 137.4, 136.4, 128.8, 128.4, 128.1, 127.6, 120.2, 118.1, 106.4, 75.1, 73.7, 73.1, 71.7, 68.2,
65.3, 62.5,39.2, 39.0, 38.9, 27.4, 27.4, 27.3 ppm; HRMS (ESI)(m/z) for C3gHao'' BN,NaOg (MNa"):
Calculated 695.3480, found 695.3451.

B-15h: [a]*’p = —15.8 (¢ = 1.0, chloroform); IR (ATR): v 3433, 2970, 1731, 1601, 1132, 769 cm™';
"H NMR (500 MHz, CDCl3): § 7.37-7.41 (3H, m), 7.31-7.34 (2H, m), 7.07 (2H, dd, J = 7.0 Hz, 8.5
Hz), 7.01 (2H, dd, /= 1.0 Hz, 8.5 Hz), 6.09 (2H, dd, /= 1.0 Hz, 7.0 Hz), 6.03 (2H, br), 5.52 (1H, br),
5.18 (1H, dd, J= 3.0 Hz, 9.5 Hz), 4.88 (1H, d, J= 10.5 Hz), 4.54 (1H, d, /= 10.5 Hz), 4.31 (1H, dd,
J= 6.5 Hz, 9.5 Hz), 3.88-3.95 (3H, m), 3.30 (1H, d, J = 11.0 Hz), 1.30 (9H, s), 1.23 (9H, s), 1.22
(9H, s) ppm; '3C NMR (126 MHz, CDCls): 6 178.3, 177.6, 177.1, 140.6, 137.4, 136.4, 128.9, 128.4,
128.2, 127.6, 120.2, 117.8, 106.0, 76.9, 76.3, 76.0, 75.6, 68.7, 68.1, 61.8, 39.2, 39.0, 38.9, 27.4, 27 .4,

27.2 ppm; HRMS (ESI)(m/z) for C3gHao!'BN2NaOg (MNa®): Calculated 695.3480, found 695.3486.
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1-(2,3,4,6-Tetra-O-pivaloyl-o-D-mannopyranosyl)boronic acid 1,8-diaminonaphthalene amide
(15i)

Following the reported procedure,®® 3i was prepared from glucose. The crude product obtained by
general procedure B from 3i (290 mg, 0.50 mmol) was purified by silica gel column chromatography
with hexane/ethyl acetate (16/1 to 4/1) to give a-15i (248 mg, 75% yield) as pale purple amorphous
solid.

[a]*'p = +37.3 (¢ = 1.0, chloroform); IR (ATR): v 3359, 2965, 1715, 1602, 1283, 1130, 767 cm’!; 'H
NMR (500 MHz, CDCls): 6 7.13 (2H, dd, J = 7.0 Hz, 8.5 Hz), 7.07 (2H, dd, J = 1.0 Hz, 8.5 Hz),
6.42 (2H, dd, J = 1.0 Hz, 7.0 Hz), 6.08 (2H, br), 5.58 (1H, t, J = 3.0 Hz), 5.46 (1H, t, J = 9.5 Hz),
5.05 (1H, dd, J=3.0 Hz, 9.5 Hz), 4.26 (1H, dd, 5.5 Hz, 12.0 Hz), 4.16 (1H, dd, /= 2.0 Hz, 12.0 Hz),
4.02 (1H, d, J= 3.0 Hz), 3.80 (1H, ddd, J = 2.0 Hz, 5.5 Hz, 9.5 Hz), 1.28 (9H, s), 1.28 (9H, s), 1.17
(9H, s), 1.16 (9H, s) ppm; '3C NMR (126 MHz, CDCls): § 178.4, 178.3, 177.8, 176.9, 139.9, 136.3,
127.7,120.1, 118.7, 106.8, 75.5, 72.5, 69.8, 68.8, 65.6, 63.0, 39.1, 39.1, 39.0, 39.0, 27.4, 27.3, 27.2,

27.2 ppm; HRMS (ESI)(m/z) for C3sHsi1''BN2NaOg (MNa®): Calculated 689.3585, found 689.3556.

1-(2-0-Benzyl-3,4,6-tri-O-pivaloyl-a-D-mannopyranosyl)boronic acid 1,8-diaminonaphthalene
amide (15j)

The crude product obtained by general procedure B from 3j (293 mg, 0.50 mmol) was purified by
silica gel column chromatography with hexane/ethyl acetate (16/1 to 4/1) to give a-15j (237 mg,
70% yield) as pale purple amorphous solid.

[a]*?p =-20.0 (¢ = 1.0, chloroform); IR (ATR): v 3420, 2972, 1730, 1602, 1129, 762 cm™'; '"H NMR
(500 MHz, CDCl3): & 7.32-7.39 (5H, m), 7.09 (2H, dd, J= 7.5 Hz, 8.5 Hz), 7.01 (2H, dd, /= 1.0 Hz,
8.5 Hz), 6.21 (2H, dd, J=1.0 Hz, 7.5 Hz), 6.10 (2H, br), 5.34 (1H, dd, /= 3.0 Hz, 5.5 Hz), 5.14 (1H,

dd, J=3.5Hz, 5.5 Hz), 4.75 (1H, dd, J = 8.5 Hz, 12.0 Hz), 4.73 (1H, d, /= 10.5 Hz), 4.42 (1H, d, J
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= 10.5 Hz), 4.06 (1H, dd, 4.0 Hz, 12.0 Hz), 3.98 (1H, dd, J = 3.0 Hz, 8.5 Hz), 3.93-3.97 (1H, m),
3.87 (1H, d, J= 8.5 Hz), 1.27 (9H, s), 1.24 (9H, s), 1.23 (9H, s) ppm; *C NMR (126 MHz, CDCL):
§178.3, 177.8, 177.0, 140.6, 137.4, 136.5, 128.8, 128.6, 128.3, 127.7, 120.2, 117.9, 106.1, 74.5, 73.9,
719, 68.2, 67.9, 60.9, 59.8, 39.2, 39.0 (2C), 27.4, 27.4, 27.3 ppm; HRMS (ESI)(m/z) for

C3sHao''BN2NaOsg (MNa*): Calculated 695.3480; found, 695.3481.

Potassium 1-(2,3,4,6-tetra-O-pivaloyl-o/p-D-glucopyranosyl)trifluoroborate (16a)

The coversion from 11a to 16a was performed for 16 hours by general procedure C. The crude
product of 16a was obtained from 3a (1.16 g, 2.0 mmol). Concentration of the crude product in
vacuo was repeated unitil pinacol in the mixture was removed by azeotropic distillation with
methanol/water (1/1). The residue was suspended in hot acetone (20 mL) at 50 °C, stirred for 2
minutes, and filtered through a cotton plug, and this extraction of the salts by hot acetone was
repeated three times. The combined extract was concentrated in vacuo. The residue was suspended
in methanol (5.0 mL) at 0 °C and the precipitate was filtered, and dried in vacuo to afford a mixture
of a- and B-16a (616 mg, 51% yield, o/ = 4/3) as white amorphous solid. The ratio of a- and f3-
isomers was determined by "H NMR spectrum (a-16a: & 5.92 ppm, B-16a: § 4.32 ppm).

"H NMR (400 MHz, acetone-ds): 0-16a: & 5.92 (1H, t, J = 9.2 Hz), 4.97-5.03 (1H, overlapped with a
signal of B-16a), 4.90 (1H, br), 4.09-4.15 (1H, overlapped with a signal of B-16a), 3.99 (1H, dd, J =
4.0 Hz, 12.0 Hz), 3.42 (1H, m), 2.75 (1H, br), 1.19 (9H, s), 1.14 (9H, s), 1.12 (9H, s), 1.11 (9H, s)
ppm; B-16a: 6 5.12-5.20 (2H, m), 4.97-5.03 (1H, overlapped with a signal of a-16a), 4.32 (1H, dd, J
=5.6 Hz, 12.4 Hz), 4.09-4.15 (2H, overlapped with a signal of a-16a), 3.58 (1H, ddd, /= 1.6 Hz, 5.6
Hz, 10.0 Hz), 1.21 (9H, s), 1.15 (9H, s), 1.10 (18H, s) ppm; HRMS (ESI)(m/z) for CasHa3''BF309

(M): Calculated 567.2952; found, 567.2933.
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Potassium 1-(2-O-benzyl-3,4,6-tri-O-pivaloyl-p-D-glucopyranosyl)trifluoroborate (16e)

The crude product of 16e was obtained by general procedure C from 3e (1.17 g, 2.0 mmol).
Concentration of the crude product in vacuo was repeated unitil pinacol in the mixture was removed
by azeotropic distillation with water. The residue was suspended in hot acetone (20 mL) at 50 °C,
stirred for 2 minutes, and filtered through a cotton plug, and this extraction of the salts by hot
acetone was repeated three times. The combined extract was concentrated in vacuo. The residue was
suspended in pentane (5 mL) at 0 °C and the precipitate was filtered, and dried in vacuo to afford p-
16e (931 mg, 76% yield) as white amorphous solid.

[a]*p = +46.0 (¢ = 1.0, acetone); IR (ATR): v 2972, 1724, 1146 cm™'; 'TH NMR (500 MHz, acetone-
de): 8 7.31-7.34 (2H, m), 7.21-7.25 (2H, m), 7.15-7.19 (1H, m), 5.16 (1H, t, J=9.5 Hz), 5.01 (1H, d,
J=10.5Hz), 4.95 (1H, t,J= 9.5 Hz), 4.41 (1H, d, J= 10.5 Hz), 4.39 (1H, dd, /= 6.0 Hz, 12.0 Hz),
4.07 (1H, dd, J= 1.5 Hz, 12.0 Hz), 3.64 (1H, dd, J=9.5 Hz, 10.5 Hz), 3.53 (1H, ddd, /= 1.5 Hz, 6.0
Hz, 9.5 Hz), 2.72 (1H, br), 1.22 (9H, s), 1.15 (9H, s), 1.10 (9H, s) ppm; 3C NMR (126 MHz,
acetone-de): 6 179.4, 177.5,177.2, 140.9, 128.5, 128.4, 127.5, 80.3, 79.5, 78.0, 76.8, 73.8, 70.3, 63.7,
39.5,39.2, 39.2, 27.6, 27.4, 27.4 ppm; "’F NMR (471 MHz, acetone-de): 6 —146.4 ppm; ''B NMR
(193 MHz, acetone-de): & 3.71 (s, br) ppm; HRMS (ESI)(m/z) for CosHa!'BF30s (M): Calculated

573.2847, found 573.2874.

Potassium 1-(2-O-benzyl-3,4,6-tri-O-pivaloyl-o/p-D-galactopyranosyl)trifluoroborate (16h)

The crude product of 16h was obtained by general procedure C from 3h (1.17 g, 2.0 mmol).
Concentration of the crude product in vacuo was repeated unitil pinacol in the mixture was removed
by azeotropic distillation with methanol/water (1/1). The residue was suspended in hot acetone (20
mL) at 50 °C, stirred for 2 minutes, and filtered through a cotton plug, and this extraction of the salts

by hot acetone was repeated three times. The combined extract was concentrated in vacuo to give the
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crude product of 16h (85%, o/p = 1/5). Yields and ratio of a- and B-16h were estimated by 'H NMR
spectrum of the crude product using 1,1,2,2-tetrachloroethane as an internal standard (a-16h: 3 5.35
ppm, B-16h: 6 5.41 ppm).

'"H NMR (500 MHz, acetone-ds): a-16h: 8 7.16-7.37 (5H, m), 5.35 (1H, t, J = 3.0 Hz), 5.05 (1H, dd,
J=3.0 Hz, 10.0 Hz), 4.73 (1H, d, J = 12.0 Hz), 4.56 (1H, d, J = 12.0 Hz), 3.54 (1H, br), 3.39 (1H,
dd, J=10.0 Hz, 11.0 Hz), 1.22 (9H, s), 1.17 (9H, s), 1.16 (9H, s) ppm, other signals could not be
determined; B-16h: & 7.16-7.37 (5H, m), 5.41 (1H, dd, J = 1.0 Hz, 3.0 Hz), 4.93-4.97 (2H, m), 4.78
(1H, d, J=8.5 Hz), 4.26 (1H, dd, J= 5.5 Hz, 9.5 Hz), 3.82-3.92 (3H, m), 2.78 (1H, br), 1.25 (9H, s),
1.16 (9H, s), 1.11 (9H, s) ppm; HRMS (ESI)(m/z) for CasHai''BF30s (M"): Calculated 573.2847,

found 573.2876.

Potassium 1-(2-O-benzyl-3,4,6-tri-O-pivaloyl-a-D-mannopyranosyl)trifluoroborate (16j)

The crude product of 16j was obtained by general procedure C from 3j (1.17 g, 2.0 mmol).
Concentration of the crude product in vacuo was repeated unitil pinacol in the mixture was removed
by azeotropic distillation with water. The residue was suspended in hot acetone (20 mL) at 50 °C,
stirred for 2 minutes, and filtered through a cotton plug, and this extraction of the salts by hot
acetone was repeated three times. The combined extract was concentrated in vacuo. Yield of o-16j
was estimated by 'H NMR spectrum of the crude product using 1,1,2,2-tetrachloroethane as an
internal standard (85%, 0-16j: 6 5.59 ppm). The residue was suspended in methanol/water (10/1, 2.5
mL) at 0 °C and the precipitate was filtered, and dried in vacuo to afford a-16j (388 mg, 32% yield)
as white amorphous solid.

[a]®p = —17.9 (c = 1.0, acetone); IR (ATR): v 2970, 1714, 1138, 772 cm’!; '"H NMR (500 MHz,
acetone-ds): 6 7.41-7.44 (2H, m), 7.28-7.31 (2H, m), 7.20-7.24 (1H, m), 5.59 (1H, dd, J = 3.0 Hz,

10.0 Hz), 5.54 (1H, t, J = 10.0 Hz), 4.59 (1H, d, J = 12.0 Hz), 4.45 (1H, d, J = 12.0 Hz), 4.25 (1H,
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dd, /=2.0 Hz, 12.0 Hz), 4.13 (1H, ddd, J = 2.0 Hz, 3.5 Hz, 10.0 Hz), 3.97 (1H, dd, J= 1.5 Hz, 3.0
Hz), 3.96 (1H, dd, J = 3.5 Hz, 12.0 Hz), 3.48 (1H, br), 1.16 (9H, s), 1.15 (9H, s), 1.13 (9H, s) ppm;
13C NMR (126 MHz, acetone-de): 8 178.7, 178.0, 177.1, 140.9, 128.7, 127.9, 127.6, 79.6, 74.7, 73.7,
732, 71.3, 68.2, 63.7, 39.4, 39.3, 39.2, 27.6, 27.5 (2C) ppm; '°F NMR (471 MHz, acetone-de): & —
142.0 ppm; "B NMR (193 MHz, acetone-de): & 3.40 (s, br) ppm; HRMS (ESI)(m/z) for CpsHai

BF30s (M"): Calculated 573.2847, found 573.2872.

General procedure D for palladium-catalyzed cross-coupling between glycosyl trifluoroborates
16 and aryl bromides 52.

Bis(di-z-butyl(4-dimethylaminophenyl) phosphine)dichloropalladium (II) (3.5 mg, 5.0 mmol), -
glucosyl trifluoroborate 16e (64.3 mg, 0.105 mmol), aryl bromide 52 (0.10 mmol), and cesium
carbonate (97.7 mg, 0.30 mmol) were disolved in toluene (1.0 mL) and water (1.0 mL) in a glass vial
under an argon atmosphere. The glass vial was sealed with an aluminum cap, and placed in a
microwave synthesizer. The reaction mixture was stirred for 3 hours at 120 °C in a microwave
synthesizer. After cooling to room temperature, the vial was uncapped and diluted with ethyl acetate
and water. The organic layer was separated, and the aqueous layer was extracted with ethyl acetate
twice. The combined organic layer was washed with water and brine, dried over anhydrous sodium
sulfate, and filtered through a cotton plug. The filtrate was concentrated in vacuo, and the residue

was purified by silica gel column chromatography to afford aryl -C-glycoside 2.

2-0-Benzyl-1-deoxy-1-[4-(trifluoromethyl)phenyl]-3,4,6-tri-O-pivaloyl-$-D-glucopyranoside
(22)
The crude product obtained by general procedure D from 52a (13.8 pL, 0.10 mmol) was purified by

silica gel column chromatography with hexane/ethyl acetate (19/1 to 4/1) to give 2a (55.9 mg, 86%
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yield) as while solid.

Mp 189.3-190.1 °C (recrystallized from hexane/ethyl acetate = 5/1); [a]*p = -36.5 (¢ = 1.0,
chloroform): TR (ATR): v 2967, 1731, 1326, 1160, 1065, 458 cmnl; 'H NMR (500 MHz, CDCl3): &
7.58 (2H, d, J = 8.0 Hz), 7.50 (2H, d, J = 8.0 Hz), 7.18-7.21 (3H, m), 6.87-6.90 (2H, m), 5.47 (1H, t,
J=95Hz),5.24 (1, t, J = 9.5 Hz), 441 (1H, d, J = 9.5 Hz), 4.34 (1H, d, J = 10.5 Hz), 421 (1H,
dd, J=2.0 Hz, 12.5 Hz), 4.16 (1H, dd, J = 4.5 Hz, 12.5 Hz), 3.84 (1H, ddd, J = 2.0 Hz, 4.5 Hz, 9.5
Hz), 3.74 (1H, d, J = 10.5 Hz), 3.54 (1H, t, /= 9.5 Hz), 1.22 (9H, s), 1.19 (9H, s), 1.15 (9H, s) ppm;
13C NMR (126 MHz, CDCly):  178.2, 177.4, 176.8, 142.4, 137.1, 130.8 (q, C-F, 2Jc.r = 32.8 Hz),
128.4, 127.9, 127.8, 127.5, 125.4 (q, C-F, 3Jcr = 3.8 Hz), 124.2 (q, C-F, Uer = 272.2 Hz), 82.2,
80.8, 76.5, 75.7, 75.0, 68.4, 62.2, 39.0, 39.0, 39.0, 27.4, 27.3 (2C) ppm; ’F NMR (471 MHz,
CDCI3): 6 —63.5 ppm; HRMS (ESI)(m/z) for CssHssF3NaOs (MNa*): Calculated 673.2964, found

673.2937.

2-0-Benzyl-1-deoxy-1-phenyl-3.,4,6-tri-O-pivaloyl-f-D-glucopyranoside (2b)

The crude product obtained by general procedure D from 52b (10.5 pL, 0.10 mmol) was purified by
silica gel column chromatography with hexane/ethyl acetate (19/1 to 4/1) to give 2b (50.1 mg, 86%
yield) as while solid.

Mp 141.3-142.3 °C (recrystallized from hexane); [a]**p = +7.8 (¢ = 1.0, chloroform); IR (ATR): v
2974, 1727, 1143 cm™'; 'TH NMR (500 MHz, CDCls): & 7.42-7.45 (2H, m), 7.35-7.39 (3H, m), 7.18-
7.23 (3H, m), 6.90-6.93 (2H, m), 5.43 (1H, t, J=9.5 Hz), 5.26 (1H, t, J = 9.5 Hz), 437 (1H, d, J =
9.5Hz),4.23 (1H, d, J = 10.5 Hz), 4.21 (1H, dd, /= 2.0 Hz, 12.5 Hz), 4.16 (1H, dd, /= 4.0 Hz, 12.5
Hz), 3.83 (1H, ddd, J= 2.0 Hz, 4.0 Hz, 10.0 Hz), 3.66 (1H, d, /= 10.5 Hz), 3.57 (1H, t, J = 9.5 Hz),
1.23 (9H, s), 1.18 (9H, s), 1.14 (9H, s) ppm; *C NMR 126 MHz, CDCls): & 178.2, 177.4, 176.8,

138.5, 137.5, 128.7, 128.6, 128.3, 127.7, 127.6, 127.5, 82.4, 81.7, 76.4, 75.6, 74.7, 68.4, 62.3, 39.0,
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38.9, 38.9, 27.4, 27.3 (2C) ppm; HRMS (ESI)(m/z) for C34H4NaOs (MNa®): Calculated 605.3090,

found 605.3073.

2-0-Benzyl-1-deoxy-1-naphthyl-3,4,6-tri-O-pivaloyl-p-D-glucopyranoside (2c)

The crude product obtained by general procedure D from 52¢ (10.7 mg, 0.10 mmol) was purified by
silica gel column chromatography with hexane/ethyl acetate (19/1 to 4/1) to give 2¢ (46.2 mg, 73%
yield) as while solid.

Mp 228.7-229.3 °C (recrystallized from hexane/ethyl acetate = 5/1); [a]®p = —22.1 (¢ = 1.0,
chloroform); IR (ATR): v 2967, 1731, 1141 cm™!; 'H NMR (500 MHz, CDCl5): & 7.84-7.88 (3H, m),
7.78-7.81 (1H, m), 7.56 (1H, dd, J = 2.0 Hz, 8.5 Hz), 7.48-7.52 (2H, m), 7.07-7.15 (3H, m), 6.79-
6.81 (2H, m), 5.49 (1H, t, J=9.5 Hz), 5.31 (1H, t,J=9.5 Hz), 4.53 (1H, d, /= 9.5 Hz), 4.24 (1H, dd,
J=2.0Hz, 12.5 Hz), 4.22 (1H, d, /= 10.5 Hz), 4.19 (1H, dd, /= 4.0 Hz, 12.5 Hz), 3.89 (1H, ddd, J
=2.0 Hz, 4.0 Hz, 9.5 Hz), 3.67 (1H, t, J = 9.5 Hz), 3.64 (1H, d, J = 10.5 Hz), 1.25 (9H, s), 1.20 (9H,
s), 1.15 (9H, s) ppm; '*C NMR (126 MHz, CDCls): § 178.3, 177.4, 176.9, 137.3, 135.9, 133.6, 133.3,
128.4, 128.3, 128.2, 127.9, 127.7, 127.6, 127.0, 126.4, 124.9, 82.3, 81.7, 76.4, 75.7, 74.8, 68.5, 62.3,
39.0, 39.0, 38.9, 27.4, 27.3 (2C) ppm, two carbon signals of the aromatic ring were overlapped;

HRMS (ESI)(m/z) for C3sH4sNaOg (MNa*): Calculated 655.3247; found, 655.3274.

1-(4-Benzoylphenyl)-2-O-benzyl-1-deoxy-3,4,6-tri-O-pivaloyl-p-D-glucopyranoside (2d)

The cross-coupling was performed at 130 °C by general procedure D. The crude product obtained
from 52d (26.0 mg, 0.10 mmol) was purified by silica gel column chromatography with
hexane/ethyl acetate (19/1 to 4/1) to give 2d (48.8 mg, 71% yield) as while solid.

Mp 178.9-179.6 °C (recrystallized from hexane/ethyl acetate = 10/3); [0]*p = —48.0 (¢ = 1.0,

chloroform); IR (ATR): v 2964, 1731, 1277, 1139, 694 cm’!; '"H NMR (500 MHz, CDCl): & 7.78-
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7.80 (4H, m), 7.60 (1H, t, J = 7.5 Hz), 7.54 (2H, d, J = 8.0 Hz), 7.46-7.51 (2H, m), 7.20-7.23 (3H,
m), 6.93-6.96 (2H, m), 5.48 (1H, t, J= 9.5 Hz), 5.27 (1H, t, J = 9.5 Hz), 4.46 (1H, d, J = 9.5 Hz),
433 (1H, d, J = 10.5 Hz), 424 (1H, dd, J = 2.0 Hz, 12.5 Hz), 4.17 (1H, dd, J = 4.5 Hz, 12.5 Hz),
3.86 (1H, ddd, J = 2.0 Hz, 4.5 Hz, 9.5 Hz), 3.77 (1H, d, J = 10.5 Hz), 3.59 (1H, t, J = 9.5 Hz), 1.24
(9H, s), 1.19 (9H, s), 1.15 (9H, s) ppm; '*C NMR (126 MHz, CDCL): § 196.3, 178.0, 177.2, 176.7,
142.8, 137.6, 137.5, 137.0, 132.5, 130.1, 130.0, 128.3, 128.2, 127.7, 127.3, 127.2, 82.1, 80.9, 76.3,
75.5, 74.7, 68.1, 62.0, 38.9, 38.8, 38.8, 27.2, 27.1 (2C) ppm; HRMS (ESI)(m/z) for Ca;HsNaOo

(MNa"): Calculated 709.3353, found 709.3368.

2-0-Benzyl-1-[4-(t-butoxycarbonyl)phenyl]-1-deoxy-3,4,6-tri-O-pivaloyl-p-D-glucopyranoside
(2¢)

The cross-coupling was performed at 130 °C by general procedure D. The crude product obtained
from 52e (19.3 pL, 0.10 mmol) was purified by silica gel column chromatography with hexane/ethyl
acetate (19/1 to 4/1) to give 2e (47.5 mg, 70% yield) as while solid.

Mp 191.3-192.3 °C (recrystallized from hexane); [a]**p = ~19.4 (¢ = 1.0, chloroform); IR (ATR): v
2974, 1730, 1140, 694 cm’!; 'TH NMR (500 MHz, CDCls): & 7.96 (2H, d, J= 8.5 Hz), 7.46 (2H, d, J
= 8.5 Hz), 7.19-7.22 (3H, m), 6.92-6.95 (2H, m), 5.45 (1H, t, /= 9.5 Hz), 5.24 (1H, t, J = 9.5 Hz),
441 (1H, d, J=9.5 Hz), 4.25 (1H, d, J = 10.5 Hz), 4.20 (1H, dd, /= 2.0 Hz, 12.5 Hz), 4.15 (1H, dd,
J=4.5Hz, 12.5 Hz), 3.83 (1H, ddd, J= 2.0 Hz, 4.5 Hz, 9.5 Hz), 3.73 (1H, d, J=10.5 Hz), 3.55 (1H,
t, J = 9.5 Hz), 1.61 (9H, s), 1.22 (9H, s), 1.18 (9H, s), 1.13 (9H, s) ppm; *C NMR (126 MHz,
CDCL): 6 178.2, 177.4, 176.8, 165.6, 142.9, 137.2, 132.3, 129.6, 128.4, 127.8, 127.5, 127.3, 82.3,
81.3, 81.1, 76.4, 75.6, 74.8, 68.4, 62.2, 39.0, 39.0, 38.9, 28.4, 27.4, 27.3 (2C) ppm; HRMS

(ESI)(m/z) for C39Hs54NaO19 (MNa®): Calculated 705.3615, found 705.3626.
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2-0-Benzyl-1-deoxy-1-(4-nitrophenyl)-3,4,6-tri-O-pivaloyl--D-glucopyranoside (2f)

The crude product obtained by general procedure D from 52f (20.1 mg, 0.10 mmol) was purified by
silica gel column chromatography with hexane/ethyl acetate (19/1 to 4/1) to give 2f (34.6 mg, 55%
yield) as while solid.

Mp 204.6-205.6 °C (recrystallized from hexane/ethyl acetate = 5/1); [a]*p = —290.9 (¢ = 1.0,
chloroform); IR (ATR): v 2967, 1729, 1519, 1349, 1159, 1140, 696 cm’'; 'H NMR (500 MHz,
CDCl3): 6 8.14 (2H, d, J = 8.5 Hz), 7.54 (2H, d, J = 8.5 Hz), 7.19-7.28 (3H, m), 6.91-6.94 (2H, m),
5.49 (1H, t,J=9.5 Hz), 5.24 (1H, t, /= 9.5 Hz), 4.45 (1H, d, J= 9.5 Hz), 4.40 (1H, d, /= 11.0 Hz),
4.22 (1H, dd, J=2.0 Hz, 12.5 Hz), 4.17 (1H, dd, J = 4.5 Hz, 12.5 Hz), 3.85 (1H, ddd, J = 2.0 Hz, 4.5
Hz, 9.5 Hz), 3.79 (1H, d, /= 11.0 Hz), 3.53 (1H, t, /= 9.5 Hz), 1.22 (9H, s), 1.20 (9H, s), 1.16 (9H,
s) ppm; 3C NMR (126 MHz, CDCls): 8 178.2, 177.3, 176.8, 148.0, 145.5, 136.8, 128.5, 128.2,
128.0, 127.5, 123.6, 82.0, 80.3, 76.5, 75.7, 75.1, 68.3, 62.1, 39.0, 39.0 (2C), 27.4, 27.3 (2C) ppm;

HRMS (ESI)(m/z) for C34H4sNNaOo (MNa*): Calculated 650.2941, found 650.2931.

2-0-Benzyl-1-(4-cyanophenyl)-1-deoxy-3,4,6-tri-O-pivaloyl-p-D-glucopyranoside (2g)

The crude product obtained by general procedure D from 52¢g (18.4 mg, 0.10 mmol) was purified by
silica gel column chromatography with hexane/ethyl acetate (19/1 to 4/1) to give 2g (27.8 mg, 46%
yield) as while solid.

Mp 200.2-201.0 °C (recrystallizd from hexane/ethyl acetate = 4/1); [a]*p = -33.1 (¢ = 1.0,
chloroform); IR (ATR): v 2965, 2224, 1727, 1140 cm™'; 'TH NMR (500 MHz, CDCl;): 6 7.60 (2H, d,
J=8.5Hz),7.49 (2H, d, J= 8.5 Hz), 7.21-7.24 (3H, m), 6.90-6.93 (2H, m), 5.47 (1H, t, /= 9.5 Hz),
523 (1H,t,J=9.5Hz), 4.40 (1H, d, /J=9.5 Hz), 4.37 (1H, d, /= 11.0 Hz), 4.20 (1H, dd, /= 2.5 Hz,
12.5 Hz), 4.16 (1H, dd, J=4.5 Hz, 12.5 Hz), 3.84 (1H, ddd, J= 2.5 Hz, 4.5 Hz, 9.5 Hz), 3.73 (1H, d,

J=11.0 Hz), 3.50 (1H, t, J = 9.5 Hz), 1.22 (9H, s), 1.19 (9H, s), 1.15 (9H, s) ppm; '*C NMR (126
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MHz, CDCl): & 178.2, 177.3, 176.8, 143.6, 136.9, 132.2, 128.5, 128.1, 128.0, 127.5, 118.8, 112.4,
82.0, 80.5, 76.5, 75.6, 75.0, 68.2, 62.1, 39.0, 39.0 (2C), 27.4, 27.3 (2C) ppm; HRMS (ESI)(m/z) for

C35H4sNNaOsg (MNa*): Calculated 630.3043, found 630.3034.

2-0-Benzyl-1-deoxy-1-(4-fluorophenyl)-3,4,6-tri-O-pivaloyl-p-D-glucopyranoside (2h)

The crude product obtained by general procedure D from 52h (10.9 pL, 0.10 mmol) was purified by
silica gel column chromatography with hexane/ethyl acetate (19/1 to 4/1) to give 2h (44.0 mg, 73%
yield) as while solid.

Mp 160.0-160.9 °C (recryatallized from hexane); [a]*’p = +67.5 (¢ = 1.0, chloroform); IR (ATR): v
2967, 1732,1142, 1111, 419 cm™'; "H NMR (500 MHz, CDCl5): 8 7.37-7.40 (2H, m), 7.20-7.23 (3H,
m), 7.04 (2H, t, J = 8.5 Hz), 6.92-6.94 (2H, m), 5.43 (1H, t, J = 9.5 Hz), 5.24 (1H, t, J = 9.5 Hz),
435 (1H, d, J=9.5 Hz), 4.29 (1H, d, /= 10.5 Hz), 4.20 (1H, dd, /= 2.0 Hz, 12.5 Hz), 4.15 (1H, dd,
J=4.0Hz, 12.5 Hz), 3.82 (1H, ddd, J= 2.0 Hz, 4.0 Hz, 9.5 Hz), 3.72 (1H, d, /= 10.5 Hz), 3.52 (1H,
t, J = 9.5 Hz), 1.22 (9H, s), 1.18 (9H, s), 1.14 (9H, s) ppm; '*C NMR (126 MHz, CDCls): § 178.2,
177.4,176.8, 162.9 (d, C-F, 'Jc.r = 247.0 Hz), 137.3, 134.3 (d, C-F, “Jc.r = 2.5 Hz), 129.1 (d, C-F,
3Jcr=7.6 Hz), 128.3,127.8, 127.4, 115.5 (d, C-F, 2Jcr = 21.4 Hz), 82.4, 80.9, 76.4, 75.6, 74.8, 68 .4,
62.2, 39.0, 38.9, 38.9, 27.4, 27.3 (2C) ppm; "F NMR (471 MHz, CDCl3): & —114.4 ppm; HRMS

(ESI)(m/z) for C34H4sFNaOsg (MNa*): Calculated 623.2996, found 623.3010.

2-0-Benzyl-1-deoxy-1-(4-methoxyphenyl)-3,4,6-tri-O-pivaloyl-p-D-glucopyranoside (2i)

The crude product obtained by general procedure D from 52i (12.5 pL, 0.10 mmol) was purified by
silica gel column chromatography with hexane/ethyl acetate (19/1 to 4/1) to give 2i (44.5 mg, 73%
yield) as while solid.

Mp 187.0-187.6 °C (recrystallized from hexane/ethyl acetate = 10/1); [a]*’p = —5.6 (¢ = 1.0,
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chloroform); IR (ATR): v 2967, 1729, 1143, 1031 cm™!; 'TH NMR (500 MHz, CDCl;): 6 7.35 (2H, d,
J=8.5Hz), 7.18-7.21 (3H, m), 6.93-6.95 (2H, m), 6.89 (2H, d, J= 8.5 Hz), 5.41 (1H, t, J= 9.5 Hz),
5.24 (1H,t,J=9.5Hz), 4.32 (1H, d, /= 9.5 Hz), 4.23 (1H, d, /= 10.5 Hz), 4.20 (1H, dd, /= 2.0 Hz,
12.0 Hz), 4.14 (1H, dd, J=4.0 Hz, 12.0 Hz), 3.82 (3H, s), 3.81 (1H, ddd, /= 2.0 Hz, 4.0 Hz, 9.5 Hz),
3.74 (1H, d, J = 10.5 Hz), 3.55 (1H, t, J = 9.5 Hz), 1.23 (9H, s), 1.17 (9H, s), 1.14 (9H, s) ppm; 1*C
NMR (126 MHz, CDCls): 6 178.2, 177.4, 176.8, 159.9, 137.6, 130.7, 128.7, 128.3, 127.7, 127.5,
114.0, 82.4, 81.4, 76.3, 75.6, 74.6, 68.4, 62.3, 55.5, 39.0, 38.9, 38.9, 27.4, 27.3 (2C) ppm; HRMS

(ESI)(m/z) for C3sH4gNaOg (MNa*): Calculated 635.3196, found 635.3202.

2-0-Benzyl-1-deoxy-1-[4-(dimethylamino)phenyl]-3,4,6-tri-O-pivaloyl-p-D-glucopyranoside

(02)]

The crude product obtained by general procedure D from 52j (20.1 mg, 0.10 mmol) was purified by
silica gel column chromatography with hexane/ethyl acetate (15/2 to 3/2) to give 2j (34.9 mg, 56%
yield) as while solid.

Mp 178.6-179.6 °C (recrystallized from hexane); [a]*p = —21.3 (¢ = 1.0, chloroform); IR (ATR): v
2974, 2871, 1730, 1132 em’!; "H NMR (500 MHz, CDCls): § 7.28 (2H, d, J = 8.5 Hz), 7.17-7.22 (3H,
m), 6.94-6.97 (2H, m), 6.72 (2H, d, J = 8.5 Hz), 5.39 (1H, t, J = 9.5 Hz), 5.24 (1H, t, J = 9.5 Hz),
428 (1H, d, J=9.5 Hz), 4.20 (1H, d, J = 10.5 Hz), 4.19 (1H, dd, /= 2.0 Hz, 12.5 Hz), 4.12 (1H, dd,
J=4.0 Hz, 12.5 Hz), 3.80 (1H, d, J = 10.5 Hz), 3.78-3.82 (1H, m), 3.58 (1H, t, /= 9.5 Hz), 2.96 (6H,
s), 1.23 (9H, s), 1.17 (9H, s), 1.13 (9H, s) ppm; 3C NMR (126 MHz, CDCl5): § 178.2, 177.4, 176.9,
151.1, 137.9, 128.5, 128.2, 127,6, 127.5, 126.3, 112.6, 82.4, 81.8, 76.3, 75.7, 74.5, 68.6, 62.4, 40.7,
39.0, 38.9, 38.9, 27.4, 27.3 (2C) ppm; HRMS (ESI)(m/z) for C3sHsiINNaOg (MNa"): Calculated

648.3512, found 648.3541.
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1-[4-(Benzoylamino)phenyl]-2-0O-benzyl-1-deoxy-3,4,6-tri-O-pivaloyl-$-D-glucopyranoside (2k)
The crude product obtained by general procedure D from 52k (27.7 mg, 0.10 mmol) was purified by
silica gel column chromatography with hexane/ethyl acetate (19/1 to 3/2) to give 2k (38.1 mg, 54%
yield) as pale yellow solid.

Mp 211.1-211.8 °C (recrystallized from hexane/ethyl acetate = 7/1); [a]**p = -37.2 (¢ = 1.0,
chloroform); IR (ATR): v 2972, 1734, 1520, 1281, 1137, 698 cm™!; '"H NMR (500 MHz, CDCIl3): &
7.87-7.90 (2H, m), 7.81 (1H, br), 7.67 (2H, d, J = 8.5 Hz), 7.55-7.59 (1H, m), 7.49-7.53 (2H, m),
7.45 (2H, d, J = 8.5 Hz), 7.19-7.22 (3H, m), 6.96-6.99 (2H, m), 5.44 (1H, t, /= 9.5 Hz), 5.25 (1H, t,
J=9.5Hz),4.37 (1H, d, J= 9.5 Hz), 4.27 (1H, d, J= 11.0 Hz), 4.22 (1H, dd, J = 2.0 Hz, 12.5 Hz),
4.15 (1H, dd, J=4.5 Hz, 12.5 Hz), 3.83 (1H, ddd, J = 2.0 Hz, 4.5 Hz, 9.5 Hz), 3.80 (1H, d, J=11.0
Hz), 3.57 (1H, t, J = 9.5 Hz), 1.23 (9H, s), 1.18 (9H, s), 1.14 (9H, s) ppm; *C NMR (126 MHz,
CDCls): 0 178.2, 177.4, 176.8, 165.8, 138.4, 137.4, 135.0, 134.6, 132.1, 129.0, 128.3, 128.3, 127.7,
127.5, 127.2, 120.0, 82.4, 81.2, 76.3, 75.6, 74.7, 68.4, 62.3, 39.0, 38.9, 38.9, 27.4, 27.3 (2C) ppm;

HRMS (ESI)(m/z) for C41Hs1NNaOg (MNa*): Calculated 724.3462, found 724.3456.

2-0-Benzyl-1-deoxy-1-(4-methylphenyl)-3,4,6-tri-O-pivaloyl--D-glucopyranoside (21)

The crude product obtained by general procedure D from 521 (12.3 uL, 0.10 mmol) was purified by
silica gel column chromatography with hexane/ethyl acetate (19/1 to 4/1) to give 21 (48.4 mg, 81%
yield) as white solid.

Mp 152.6-153.3 °C (recrystallized from hexane); [a]*p = —18.8 (¢ = 1.0, chloroform); IR (ATR): v
2967, 1729, 1142, 417 cm'; "H NMR (500 MHz, CDCl5): & 7.31 (2H, d, J = 8.0 Hz), 7.15-7.21 (5H,
m), 6.92-6.94 (2H, m), 5.41 (1H, t, J = 9.5 Hz), 5.24 (1H, t, J= 9.5 Hz), 4.33 (1H, d, J = 9.5 Hz),
4.21 (1H, d, J = 10.5 Hz), 4.20 (1H, dd, J = 2.0 Hz, 12.5 Hz), 4.13 (1H, dd, J = 4.0 Hz, 12.5 Hz),

3.81 (1H, ddd, J = 2.0 Hz, 4.0 Hz, 9.5 Hz), 3.73 (1H, d, J = 10.5 Hz), 3.57 (1H, t, J = 9.5 Hz), 2.36
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(3H, s), 1.23 (9H, s), 1.17 (9H, s), 1.13 (9H, s) ppm; '*C NMR (126 MHz, CDCls): § 178.2, 177.4,
176.9, 138.5, 137.6, 135.5, 129.3, 128.3, 127.6, 127.5, 127.5, 82.4, 81.6, 76.3, 75.6, 74.6, 68.4, 62.3,
39.0, 38.9, 38.8, 27.4, 27.3 (2C), 21.4 ppm; HRMS (ESI)(m/z) for C3sHasNaOs (MNa*): Calculated

619.3247, found 619.3266.

2-0-Benzyl-1-deoxy-1-(3-methylphenyl)-3,4,6-tri-O-pivaloyl-p-D-glucopyranoside (2m)

The crude product obtained by general procedure D from 52m (12.1 pL, 0.10 mmol) was purified by
silica gel column chromatography with hexane/ethyl acetate (19/1 to 4/1) to give 2m (47.5 mg, 80%
yield) as white solid.

Mp 151.2-152.2 °C (recrystallized from hexane); [a]**p = +6.7 (¢ = 1.0, chloroform); IR (ATR): v
2977, 2872, 1735, 1133 cm’!; '"H NMR (500 MHz, CDCls): 8 7.14-7.28 (7H, m), 6.89-6.93 (2H, m),
5.42 (1H, t,J=9.5 Hz), 5.26 (1H, t, J=9.5 Hz), 4.33 (1H, d, /= 9.5 Hz), 4.24 (1H, d, /= 10.5 Hz),
4.22 (1H, dd, J=2.0 Hz, 12.5 Hz), 4.14 (1H, dd, /=4.0 Hz, 12.5 Hz), 3.82 (1H, ddd, /= 2.0 Hz, 4.0
Hz, 9.5 Hz), 3.67 (1H, d, /= 10.5 Hz), 3.57 (1H, t, /= 9.5 Hz), 2.33 (3H, s), 1.24 (9H, s), 1.18 (9H,
s), 1.15 (9H, s) ppm; *C NMR (126 MHz, CDCl3): & 178.2, 177.3, 176,38, 138.4, 138.2, 137.5, 129.4,
128.5, 128.3, 127.7, 127.6, 124.6, 82.4, 81.8, 76.3, 75.6, 74.7, 68.4, 62.3, 39.0, 38.9, 38.9, 27.4, 27.3
(20), 21.5 ppm, two carbon signals of the aromatic ring were overlapped; HRMS (ESI)(m/z) for

C3sH4gNaOsg (MNa*): Calculated 619.3247, found 619.3276.

2-0-Benzyl-1-deoxy-1-(2-methylphenyl)-3,4,6-tri-O-pivaloyl-p-D-glucopyranoside (2n)

The crude product obtained by general procedure D from 52n (12.0 pL, 0.10 mmol) was purified by
silica gel column chromatography with hexane/ethyl acetate (19/1 to 4/1) to give 2n (44.3 mg, 74%
yield) as colorless oil.

[0]p = +16.8 (¢ = 1.0, chloroform); IR (ATR): v 2968, 1730, 1220, 1129 cm™'; 'H NMR (600 MHz,
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CDCls): 8 7.47 (1H, dd, J = 1.8 Hz, 7.2 Hz), 7.22-7.27 (2H, m), 7.17-7.20 (3H, m), 7.13-7.16 (1H,
m), 6.86-6.88 (2H, m), 5.45 (1H, t, J= 9.6 Hz), 5.27 (1H, t, J = 9.6 Hz), 4.67 (1H, d, J = 9.6 Hz),
422 (1H, d, J = 10.8 Hz), 421 (1H, dd, J = 1.8 Hz, 12.0 Hz), 4.15 (1H, dd, J = 4.2 Hz, 12.0 Hz),
3.85 (1H, ddd, J = 1.8 Hz, 4.2 Hz, 9.6 Hz), 3.70 (1H, t, J = 9.6 Hz), 3.68 (1H, d, J = 10.8 Hz), 2.34
(3H, ), 1.24 (9H, s), 1.18 (9H, s), 1.14 (9H, s) ppm; 3C NMR (151 MHz, CDCls): § 178.2, 177.4,
176.8, 137.6, 136.9, 136.8, 130.6, 128.4, 128.2, 127.6, 127.4, 127.2, 126.4, 82.7, 78.2, 76.5, 75.7,
74.6, 68.4, 62.2, 39.0, 38.9, 38.9, 27.4, 27.3 (2C), 20.0 ppm; HRMS (ESI)(m/z) for CssHsNaOs

(MNa"): Calculated 619.3247, found 619.3234.

2-0-Benzyl-1-deoxy-1-(2,6-dimethyl)phenyl-3,4,6-tri-O-pivaloyl-p-D-glucopyranoside (20)

The cross-coupling was performed at 130 °C by general procedure D. The crude product obtained
from 520 (13.3 pL, 0.10 mmol) was purified by silica gel column chromatography with hexane/ethyl
acetate (19/1 to 4/1) to give 20 (26.2 mg, 43% yield) as colorless oil.

[a]?’p = +4.8 (¢ = 1.0, chloroform); IR (ATR): v 2968, 1738, 1137 cm™'; '"H NMR (500 MHz,
CDCL): 6 7.15-7.19 3H, m), 7.12 (1H, t, J= 7.5 Hz), 7.04 (1H, d, J= 7.5 Hz), 6.99 (1H, d, J=7.5
Hz), 6.83-6.86 (2H, m), 5.40 (1H, t, J = 9.5 Hz), 5.30 (1H, t, J = 9.5 Hz), 491 (1H, d, J = 9.5 Hz),
4.21 (1H, dd, J = 2.5 Hz, 12.5 Hz), 4.20 (1H, d, J = 10.5 Hz), 4.16 (1H, dd, J = 1.5 Hz, 12.5 Hz),
4.02 (1H, t, J=9.5 Hz), 3.82 (1H, ddd, J = 1.5 Hz, 2.5 Hz, 9.5 Hz), 3.70 (1H, d, J = 10.5 Hz), 2.59
(3H, s), 2.33 (3H, s), 1.23 (9H, s), 1.17 (9H, s), 1.15 (9H, s) ppm; *C NMR (126 MHz, CDCl3): &
178.2, 177.4, 176.7, 137.9, 137.5, 133.8, 130.6, 128.6, 128.4, 128.2, 127.6, 79.2, 78.3, 76.4, 76.1,
74.6, 67.8, 61.9, 39.0, 38.9, 38.9, 27.4, 27.3, 27.3, 21.6, 21.3 ppm, two carbon signals of aromatic
ring were overlapped with other carbon signals; HRMS (ESI)(m/z) for CssHsoNaOsg (MNa®):

Calculated 633.3403, found 633.3407.
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2-0-Benzyl-1-deoxy-3,4,6-tri-O-pivaloyl-1-(3-pyridyl)-p-D-glucopyranoside (2p)

The crude product obtained by general procedure D from 52p (9.6 puL, 0.10 mmol) was purified by
silica gel column chromatography with hexane/ethyl acetate (19/1 to 3/2) to give 2p (30 mg, 52%
yield) as pale yellow solid.

Mp 202.0-202.8 °C (recrystallized from hexane/ethyl acetate = 10/1); [a]**p = —5.0 (¢ = 2.0,
chloroform); IR (ATR): v 2964, 1724, 1139 cm’!; '"H NMR (500 MHz, CDCl3): § 8.67 (1H, d, J =
2.0 Hz), 8.60 (1H, dd, J = 2.0 Hz, 5.0 Hz), 7.70 (1H, td, J = 2.0 Hz, 8.0 Hz), 7.26-7.28 (1H, m),
7.20-7.23 (3H, m), 6.92-6.95 (2H, m), 5.47 (1H, t, J=9.5 Hz), 5.25 (1H, t, J= 9.5 Hz), 4.40 (1H, d,
J=9.5Hz), 4.36 (1H, d, J=10.5 Hz), 4.21 (1H, dd, J= 2.0 Hz, 12.0 Hz), 4.15 (1H, dd, J = 4.5 Hz,
12.0 Hz), 3.84 (1H, ddd, J = 2.0 Hz, 4.5 Hz, 9.5 Hz), 3.78 (1H, d, J= 10.5 Hz), 3.56 (1H, t, J=9.5
Hz), 1.22 (9H, s), 1.19 (9H, s), 1.16 (9H, s) ppm; *C NMR (126 MHz, CDCls): § 178.2, 177.3,
176.8, 150.0, 149.1, 136.9, 134.8, 134.0, 128.5, 127.9, 127.6, 123.5, 81.9, 79.4, 76.6, 75.6, 75.0,
68.3, 62.1, 39.0, 39.0, 38.9, 27.4, 27.3 (2C) ppm; HRMS (ESI)(m/z) for C33H4sNNaOg (MNa*):

Calculated 606.3043, found 606.3053.

2-0-Benzyl-1-deoxy-3,4,6-tri-O-pivaloyl-1-(5-pyrimidinyl)-p-D-glucopyranoside (2q)

The crude product obtained by general procedure D from 52q (15.8 mg, 0.10 mmol) was purified by
silica gel column chromatography with hexane/ethyl acetate hexane/ethyl acetate (19/1 to 3/2) to
give 2q (24.4 mg, 42% yield) as white solid.

Mp 204.6-205.3 °C (recrystallized from hexane/ethyl acetate = 10/1); [a]*?p = 5.9 (¢ = 1.0,
chloroform); IR (ATR): v 2967, 1728, 1156, 1138 cm™'; '"H NMR (500 MHz, CDCls): § 9.17 (1H, s),
8.71 (2H, s), 7.22-7.25 (3H, m), 6.94-6.97 (2H, m), 5.50 (1H, t, J=9.5 Hz), 5.24 (1H, t, J= 9.5 Hz),
4.49 (1H, d, J=10.5 Hz), 4.40 (1H, d, /= 9.5 Hz), 4.22 (1H, dd, J= 2.0 Hz, 12.5 Hz), 4.14 (1H, dd,

J=5.0Hz, 12.5 Hz), 3.92 (1H, d, /= 10.5 Hz), 3.85 (1H, ddd, /= 2.0 Hz, 5.0 Hz, 9.5 Hz), 3.56 (1H,
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t,J = 9.5 Hz), 1.22 (9H, s), 1.19 (9H, s), 1.18 (9H, s) ppm; *C NMR (126 MHz, CDCls): § 178.1,
177.3,176.8, 158.8, 155.7, 136.3, 131.8, 128.6, 128.3, 127.8, 81.2, 77.3, 76.8, 75.7, 75.2, 68.2, 62.0,
39.0, 39.0, 39.0, 27.4, 27.3 (2C) ppm; HRMS (ESI)(m/z) for C3:H4sN;NaOg (MNa*): Calculated

607.2995, found 607.2987.

2-0-Benzyl-1-deoxy-1-(3-furanyl)-3,4,6-tri-O-pivaloyl-p-D-glucopyranoside (2r)

The cross-coupling was performed at 130 °C by general procedure D. The crude product obtained
from 52r (8.8 pL, 0.10 mmol) was purified by silica gel column chromatography with hexane/ethyl
acetate (19/1 to 4/1) to give 2r (25 mg, 43% yield) as white solid.

Mp 153.0-154.0 °C (recrystallized from hexane); [a]*’p = +32.1 (¢ = 1.0, chloroform); IR (ATR): v
2964, 1730, 1143 cm!; 'H NMR (500 MHz, CDCls): § 7.46 (1H, br), 7.43 (1H, br), 7.21-7.29 (3H,
m), 7.04-7.08 (2H, m), 6.47 (1H, br), 5.41 (1H, t, J=9.5 Hz), 5.19 (1H, t, J=9.5 Hz), 4.45 (1H, d, J
=10.5 Hz), 4.39 (1H, d, J= 9.5 Hz), 4.20 (1H, dd, J = 2.0 Hz, 12.5 Hz), 4.17 (1H, d, J = 10.5 Hz),
4.11 (1H, dd, J = 4.5 Hz, 12.5 Hz), 3.78 (1H, ddd, J = 2.0 Hz, 4.5 Hz, 9.5 Hz), 3.57 (1H, t, J=9.5
Hz), 1.22 (9H, s), 1.17 (9H, s), 1.15 (9H, s) ppm; '*C NMR (126 MHz, CDCls): § 178.2, 177.4,
176.8, 143.5, 140.8, 137.5, 128.4, 127.8, 127.4, 123.3, 109.1, 81.4, 76.3, 75.5, 74.7, 74.5, 68.4, 62.2,
39.0, 38.9, 38.9, 274, 27.3 (2C) ppm; HRMS (ESI)(m/z) for C3,H4uNaOy (MNa®): Calculated

595.2883, found 595.2901.

2-0-Benzyl-1-deoxy-3,4,6-tri-O-pivaloyl-1-(3-thionyl)-B-D-glucopyranoside (2s)

The crude product obtained by general procedure D from 52s (9.4 pL, 0.10 mmol) was purified by
silica gel column chromatography with hexane/ethyl acetate (19/1 to 4/1) to give 2s (34 mg, 57%
yield) as white solid.

Mp 162.6-163.6 °C (recrystallized from hexane); [a]*’p = +15.6 (¢ = 1.0, chloroform); IR (ATR): v
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1730, 1220, 1145, 772 emr'; 'H NMR (500 MHz, CDCls): § 7.31-7.35 (2H, m), 7.20-7.25 (3H, m),
7.16 (1H, dd, J = 1.5 Hz, 5.0 Hz), 6.99-7.02 (2H, m), 5.42 (1H, t, J= 9.5 Hz), 5.24 (1H, t, J= 9.5
Hz), 4.50 (1H, d, J = 9.5 Hz), 4.33 (1H, d, J = 10.5 Hz), 4.21 (1H, dd, J = 2.0 Hz, 12.5 Hz), 4.14 (1H,
dd, J=4.0 Hz, 12.5 Hz), 3.84 (1H, d, J = 10.5 Hz), 3.80 (1H, ddd, J= 2.0 Hz, 4.0 Hz, 9.5 Hz), 3.57
(1H, t, J = 9.5 Hz), 1.23 (9H, s), 1.18 (9H, s), 1.15 (9H, s) ppm; '*C NMR (126 MHz, CDCL): 8
178.2, 177.3, 176.8, 139.5, 137.5, 128.4, 127.8, 127.5, 126.3, 126.3, 123.4, 82.0, 77.8, 76.4, 75.5,
747, 68.4, 62.2, 39.0, 38.9, 38.9, 27.4, 27.3 (2C) ppm; HRMS (ESI)(m/z) for C3;H4sNaOsS (MNa*):

Calculated 611.2655, found 611.2684.

2-0-Benzyl-1-deoxy-1-[5-(N-methylindolyl)]-3,4,6-tri-O-pivaloyl-B-D-glucopyranoside (2t)

The crude product obtained by general procedure D from 52t (20.8 mg, 0.10 mmol) was purified by
silica gel column chromatography with hexane/ethyl acetate (19/1 to 3/2) to give 2t (39.2 mg, 62%
yield) as white solid.

Mp 176.0-176.6 °C (recrystallized from hexane/ethyl acetate = 10/1); [a]*’p = —28.6 (¢ = 1.0,
chloroform); IR (ATR): v 2970, 1728, 1134, 771 cm™'; '"H NMR (500 MHz, CDCl;): § 7.69 (1H, s),
7.31 (2H, br), 7.13-7.15 (3H, m), 7.07 (1H, d, J = 3.0 Hz), 6.85-6.87 (2H, m), 6.47 (1H, d, J=3.0
Hz), 5.44 (1H, t,J=9.5 Hz), 5.29 (1H, t, J= 9.5 Hz), 4.47 (1H, d, J = 9.5 Hz), 4.22 (1H, dd, /= 2.0
Hz, 12.5 Hz), 4.16 (1H, dd, J = 4.0 Hz, 12.5 Hz), 4.13 (1H, d, J = 10.5 Hz), 3.86 (1H, ddd, J = 2.0
Hz, 4.0 Hz, 9.5 Hz), 3.81 (3H, s), 3.67 (1H, t, J = 9.5 Hz), 3.61 (1H, d, J = 10.5 Hz), 1.24 (9H, s),
1.18 (9H, s), 1.13 (9H, s) ppm; '3C NMR (126 MHz, CDCls): & 178.3, 177.4, 176.9, 137.8, 137.0,
129.5, 129.4, 128.6, 128.1, 127.6, 127.5, 121.0, 120.4, 109.3, 101.4, 82.7, 82.6, 76.3, 75.7, 74.5,
68.6, 62.4,39.0, 38.9, 38.9, 33.1, 27.4, 27.3 (2C) ppm; HRMS (ESI)(m/z) for C37H4NNaOg (MNa*):

Calculated 658.3356, found 658.3373.
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2-0-Benzyl-1-deoxy-1-phenyl-3,4,6-tri-O-pivaloyl-B-D-galactopyranoside (2u)

The cross-coupling between the crude mixture of a- and B-16h (108.5 mg, 0.2 mmol) and 52b (10.5
pL, 0.10 mmol) was performed at 130 °C using 10 mol% of Pd cat. by general procedure D. The
crude product was purified by silica gel column chromatography with hexane/ethyl acetate (19/1 to
3/2) to give 2u (23.8 mg, 41% yield) as white amorphous solid.

[a]?’p = —14.4 (¢ = 1.0, chloroform); IR (ATR): v 2965, 1737, 1139 cm™'; '"H NMR (500 MHz,
CDCly): & 7.44-7.47 (2H, m), 7.34-7.41 (3H, m), 7.18-7.21 (3H, m), 6.89-6.92 (2H, m), 5.54 (1H, br),
5.21 (1H, dd, J= 3.0 Hz, 10.0 Hz), 4.37 (1H, d, /= 10.0 Hz), 4.24 (1H, d, /= 10.5 Hz), 4.18 (1H, dd,
J= 5.5 Hz, 10.0 Hz), 4.06-4.09 (1H, m), 4.02 (1H, dd, J = 8.0 Hz, 10.0 Hz), 3.77 (1H, d, J = 10.5
Hz), 3.77 (1H, t, J = 10.0 Hz), 1.32 (9H, s), 1.16 (18H, s) ppm; *C NMR (126 MHz, CDCls): §
178.1, 177.5, 176.9, 138.9, 137.4, 128.7, 128.6, 128.3, 127.9, 127.8, 127.7, 82.0, 78.7, 74.9, 74.8,
74.4, 67.9, 61.4, 39.3, 38.9, 38.9, 27.5, 27.3, 27.2 ppm; HRMS (ESI)(m/z) for C3sH4sNaOg (MNa*):

Calculated 605.3090, found 605.3102.

2-0-Benzyl-1-deoxy-1-[3-[[5-(4-fluorophenyl)-2-thionyl]methyl]-4-methylphenyl]-3,4,6-tri-O-
pivaloyl-B-D-glucopyranoside (2w)

The crude product obtained by general procedure D from 52w (36.1 mg, 0.10 mmol) was purified by
silica gel column chromatography with hexane/ethyl acetate (19/1 to 3/2) to give 2w (56.0 mg, 70%
yield) as white amorphous solid.

[a]*’p = +0.5 (¢ = 2.0, chloroform); IR (ATR): v 2976, 1733, 1280, 1135 cm™'; "H NMR (500 MHz,
CDCl): 6 7.35-7.39 (2H, m), 7.26-7.31 (2H, m), 7.15-7.21 (4H, m), 6.94-7.00 (3H, m), 6.91-6.93
(2H, m), 6.60 (1H, d, J=3.5 Hz), 5.42 (1H, t, J= 9.5 Hz), 5.25 (1H, t, J= 9.5 Hz), 4.34 (1h, d, J =
9.5 Hz), 4.22 (1H, d, J = 11..0 Hz), 4.21 (1H, dd, J= 2.0 Hz, 12.0 Hz), 4.14 (1H, d, J = 16.0 Hz),

4.13 (1H, dd, J = 4.5 Hz, 12.0 Hz), 4.07 (1H, d, J = 16.0 Hz), 3.83 (1H, d, J = 11.0 Hz), 3.82 (1H,
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ddd, J = 2.0 Hz, 4.5 Hz, 9.5 Hz), 3.62 (1H, t, J = 9.5 Hz), 2.33 (3H, s), 1.22 (9H, s), 1.17 (9H, s),
1.12 (9H, s) ppm; *C NMR (126 MHz, CDCls): 8 178.2, 177.4, 176.8, 162.2 (d, C-F, 'Jc.r = 247.0
Hz), 143.4, 141.6, 138.4, 137.7, 137.1, 136.4, 130.9 (d, C-F, “Jc.r = 3.8 Hz), 130.9, 129.0, 128.3,
127.6, 127.4, 127.2 (d, C-F, *Jcr = 8.8 Hz), 126.3, 126.0, 122.8, 115.8 (d, C-F, %Jc.r = 21.4 Hz),
82.4, 81.7,76.4, 75.5, 74.7, 68.4, 62.3, 39.0, 38.9, 38.9, 34.3, 27.4, 27.3 (2C), 19.5 ppm; F NMR
(471 MHz, CDCl3): 6 —116.2 ppm; HRMS (ESI)(m/z) for CssHssFNaOsS (MNa®): Calculated

809.3499, found 809.3470.

2-0-Benzyl-1-deoxy-1-[(4-trifluoromethyl)phenyl]-B-D-glucopyranoside (61)

Glucoside 2a (20.0 mg, 31 pmol) was suspended in methanol (1.0 mL). Sodium methoxide (1.7 mg,
32 umol) was added to the suspension, and the reaction mixture was refluxed for 24 hours. The
reaction was neutralized by the addition of DOWEX 50 W-X8 (H* form). The resulting mixture was
filtered through a filter paper to remove insoluble materials, and the solid residue was washed with
methanol. The combined filtrate and washings were concentrated in vacuo. The crude product was

employed for the next step without purification.

1-Deoxy-1-[(4-trifluoromethyl)phenyl]-p-D-glucopyranose (62)

The crude product 61 was dissolved in methanol/ethyl acetate (1/1, 2.0 mL). 20% Palladium
hydroxide on carbon (wetted with ca. 50% water) (1.0 mg) was added to the solution, and the
reaction mixture was stirred under a hydrogen atmosphere for 24 hours at room temperature. The
reaction mixture was filtered through a Celite pad to remove insoluble materials. The solid residue
was washed with ethyl acetate/methanol (1/1), and the combined filtrate and washings were
concentrated in vacuo to afford 62 (9.5 mg, quant. in 2 steps) as white amorphous solid.

[0]%p = +13.8 (c = 0.4, acetone); IR (ATR): v 3343, 2923, 1326, 1115 cmr'; 'H NMR (500 MHz,
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DMSO-ds): 8 7.68 (2H, d, J= 8.5 Hz), 7.58 (2H, d, J = 8.5 Hz), 5.01 (1H, d, J = 4.5 Hz), 4.99 (1H, d,
J=5.0Hz), 4.94 (1H, d, J = 6.0 Hz), 4.48 (1H, t, J= 6.0 Hz), 4.14 (1H, d, J = 9.5 Hz), 3.69-3.74
(1H, m), 3.45-3.51 (1H, m), 3.17-3.31 (3H, m), 3.07-3.13 (1H, m) ppm; '*C NMR (126 MHz,
DMSO-de): § 145.2, 128.4, 127.9 (q, C-F, 2Jcr = 31.5 Hz), 124.5 (q, C-F, 3Jcr = 3.8 Hz), 124.4 (q,
C-F, Ucr = 272.2 Hz), 81.2, 80.6, 78.3, 74.9, 70.3, 61.4 ppm; '°F NMR (471 MHz, acetone-ds): & —

62.6 ppm; HRMS (ESI)(m/z) for Ci3H5F3NaOs (MNa*): Calculated 331.0769, found 331.0774.

2-0-Benzyl-1-deoxy-1-[3-[[5-(4-fluorophenyl)-2-thionyl|methyl]-4-methylphenyl]-B-D-
glucopyranoside (63)

Glucoside 63 was prepared from 2w (40.4 mg, 51 pmol) by a similar procedure to that of 61 from 2a.
Purification by silica gel column chromatography with hexane/ethyl acetate (49/1 to 6/1) gave 63
(27.4 mg, quant.) as white amorphous solid.

[a]*p = 33.9 (c = 0.5, chloroform); IR (ATR): v 3380, 2907, 1508, 1220, 1062 cm™'; '"H NMR (600
MHz, CDCl): 8 7.35-7.38 (2H, m), 7.31 (1H, br), 7.26-7.28 (1H, m), 7.21-7.23 (4H, m), 7.02-7.04
(3H, m), 6.95-7.00 (3H, m), 6.66 (1H, d, /=3.6 Hz), 4.24 (1H, d, J=9.6 Hz), 4.17 (1H, d, J= 15.6
Hz), 4.12 (1H, d, J = 15.6 Hz), 4.05 (1H, d, J=11.4 Hz), 4.00 (1H, d, J = 11.4 Hz), 3.91 (1H, br),
3.80 (1H, br), 3.63-3.70 (2H, m), 3.46-3.49 (1H, m), 3.37 (1H, t, /= 9.6 Hz), 3.02 (1H, br), 2.80 (1H,
br), 2.34 (3H, s), 2.23 (1H, br) ppm; '3C NMR (151 MHz, CDCl3): § 162.2 (d, C-F, 'Jc.r = 247.6 Hz),
143.5, 141.7, 138.6, 138.0, 137.1, 136.9, 130.9, 130.8 (d, C-F, “Jc.r = 3.0 Hz), 129.1, 128.6, 128.2,
128.1,127.2 (d, C-F, 3Jc.r = 7.6 Hz), 126.5, 126.0, 122.8, 115.8 (d, C-F, 2Jcr = 21.1 Hz), 83.7, 81.5,
79.3, 78.1, 74.7, 71.0, 62.9, 34.3, 19.5 ppm; '’F NMR (471 MHz, CDCl3): & —116.1 ppm; HRMS

(ESI)(m/z) for C3;H3FNaOsS (MNa*): Calculated 557.1774, found 557.1764.
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1-Deoxy-1-[3-[[5-(4-fluorophenyl)-2-thionyl|methyl]-4-methylphenyl]-B-D-glucopyranoside
(canagliflozin, 64)

Glucoside 63 (5.4 mg, 10 umol) was dissolved in dry dichloromethane (1.0 mL) under an argon
atmosphere, and the solution was cooled to 0 °C. lodotrimethylsilane (15 pL, 0.060 mmol) was
added to the solution, and the mixture was stirred for 14 hours at room temperature. The reaction
was concentrated in vacuo, and the residue was purified by preparative TLC with
dichloromethane/methanol (5/1) to afford canagliflozin (64) as white amorphous solid (3.7 mg, 76%).
The 'H and *C NMR spectra were identical to those in the literature.?*

'"H NMR (600 MHz, DMSO-dq): 6 7.57-7.61 (2H, m), 7.28 (1H, d, J = 3.6 Hz), 7.11-7.22 (5H, m),
6.80 (1H, d, J=3.6 Hz), 4.92 (2H, d, /= 4.8 Hz), 4.72 (1H, d, /= 6.0 Hz), 4.43 (1H, t, /= 6.0 Hz),
4.15 (1H, d, J=16.2 Hz), 4.10 (1H, d, /= 16.2 Hz), 3.96 (1H, d, /= 9.6 Hz), 3.69 (1H, ddd, /= 1.8
Hz, 5.4 Hz, 11.4 Hz), 3.41-3.46 (1H, m), 3.15-3.28 (4H, m), 2.26 (3H, s) ppm; '*C NMR (151 MHz,
DMSO-ds): 8 161.4 (d, C-F, 'Jc.r = 244.6 Hz), 143.6, 140.2, 138.2, 137.4, 134.9, 130.5 (d, C-F, *Jc.r
= 3.0 Hz), 129.7, 129.1, 127.0 (d, C-F, 3Jcr = 7.6 Hz), 126.4, 126.3, 123.4, 115.9 (d, C-F, 2Jcr =
22.7 Hz), 81.3, 81.2, 78.5, 74.7, 70.4, 61.4, 33.4, 18.8 ppm; HRMS (ESI)(m/z) for C24H>5FNaOsS

(MNa"): Calculated 467.1304, found 467.1287.
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Theoretical Calculation

DFT calculations were performed by using the Gaussian 16 program package®® at B3LYP/6-
311+G(d,p)//B3LYP/6-31G(d)(for C, H, O, B, Br, Cu) and LanL2DZ (for P). The vibrational
frequency analyses were conducted on the optimized structures. The given energies are zero-point
corrected electronic energies. Cis and trans-isomers for the ligand geometry of the copper complexes

in Figure S-1 were employed as the input structures. After optimization, the four intermediate

structures in Figure 2-9 were obtained.

cis configuraton for glycosyl and PPhj

AcO /%

(pin)B— Cu”' PPhs

Ph3
AcO —Br
C il

\
_O PPh; B(pm

trans configuraton for glycosyl and PPh;

AcO AcO
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(pin) B Cu”' Br Br—Cu”' B(pin)
PPh3 PPh3
Ac OAc
B(pin)
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AcO C ({1} AcO CU”I
\
B(pln 0 Br

Figure S-1. Input structures for a- and -glycosylcopper complexes
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