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T3S ND,

Scheme 1. Reaction of Arylmetal with D-Gluconolactone and Reduction (Kraus et al. 10, 1988,

Ellsworth er al.'', 2003)
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Scheme 2. O- to C- Glucosidic Bond Rearrangement (Fries-type Rearrangement) (Kometani ef al.lz,
1988)
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Scheme 3. Reaction via Palladium-catalyzed Coupling and Stereoselective hydroboration—oxidation
(Friesen et al., Dubois et al.,”> >

, 1990, Friesen er al.'®, 1991)
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N, TRNENMERR S D, TR, Jva /)T 7 FoAST U= A Z V%
BOS S5 J51E (Scheme 1) Tldk, BHEOFENR LN, = AT VE, A Z L
EROGT B KD AL D DWW AL EITIEE 2 2, BERIC K D 0-7 v =
VRS C-T vy R~OEEL (Fries HUEA(L) (2 & 5 F5{% (Scheme 2) Tid,
BTEERRICLEATET, WAKIZZLWEEZOND, £LT, X7
U LT > 7 7 RS D 55 (Scheme 3) Tl Stille BS D78
HHDOAKEEYHKD TNV —VEHNE L, RETHD,

EFHIE, Zhooh T, BEICH L TORAERBI/TE 5720, ZFHOD
TNT—= NI T ) o 7T T a—FIZEQ L, AXDRDb D IZLE
TEMERR L OB RES R e CEFHERE W Hic e 7 ) —n-C-7

Nay RALOBARBMEIZE T 52 &Lz,
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BIE FUX (FNUAYTuEAVIN) TAh—ARu L BE

BRZ AT BRET

F9, BREICHWL Vv —vRe VBB EROAREIToT-, R E L
TITHAEOE W Y VRIRGEREZH WD 2 L L Lis, YU ARRERITNA
WAHBE R BILDHH, Scheme 4 (27T & 91T, Friesen HIX 7 /LT — /L A XKDE
FRDBR, TBS Fh 2RI WD & i L7z tert-BuLi D723 (Z TBS H:D—#]
M7 1 b AL T % A XL S 4L, side-stannylation 23 [FIRFIZHE Z 2 DIZK L,
TIPS £ Tl side-stannylation | Z &9, R < SOSHEITT 2 Z L A 8E L
Tng P 2wz, Feal3muic, TIPS BE#EDO 7V h—Ra Vit T

YA LA L7 (Scheme 5),



Scheme 4. Side-stannylation Reaction

tBuLi (4 eq) SnBus

\/C@\ SnBu,Cl 07X
TBSO ~~oTBS > RO _NoRr R=2(TBS),Si(CH,SnBu;)Me!Bu
oTBS THF &r
14 15
‘BuLi (4 eq) SnBus
V@\ SnBusCl 07X
TIPSO _NoTIPS ~ TIPSO s
= THF Z
OTIPS &1ips
16 17 No Side-Stannylation

iR 7 /v 71—/ 18 1Tk LC DMF 1, iFl&& D TIPS-Cl & A I ¥ Y —/L%&
EFA &8, tri-TIPS 1K 19 2157, DT tert-BuLi (2L 5 U FA{LIZIZA VI b
UAFNVIZR AR r o BEaR L, fFonlcAhn VRIS L TEF a—L&1fE
MEEDZETRERRO VBE S a—/Lm 27120 2k E L5z, =
DINI— IR REAT N2 ZT AT B EOWAT v 7V v TG
A&, TV —=-C-7 v ay R21 ZEEMICE R, 2 2IZAXLEmIT o
DT MRS T T RIGICE D C-T N a v AkEEFE LT, L)
L6, BEREA 22 128~ < b FriRyR e 70 U RHETFTO
WK T L DBALSOR I L DKIRE OB A Z R A T ST, (RINER

BB LNTE S DITBERIK 23 DA TH -7,



Scheme 5. A Trial for the Preparation of Tri-TIPS-Protected B-pD-glucoside 22

BuLi (4.5 eq) %

TIPS-CI B(OMe); (5.0 eq) o O
o0 (3.6 eq) v@\ 280 B
HO — »TIPSO T
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toluene quant. 20
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1.0e THF OH
20 (10ea) 0\ - O
(2.5 eq) PdCly(PPh3), (0.05 €q) Tipso then TIPSO
aq. Na;COg3 (10 eq) v~ YOTIPS 30% aq. Hy0; ;7 TOTIPS
DME OTIPS 3 N aq. NaOH OTIPS
99% 21 25% 22
HO Ph
OH
—
TIPSO —NoTips
OTIPS
23

ZDOFHEANDOFERIZOWTIE, Figure l DX HIZEE LT, I —nh v
U > 7R 21 121, *Hs-conformation (21-A) & °Hy-conformation (21-B) @ 2 >
DALy T x A= a UPNEET D, ZO%A . vinylogous anomeric effect (25 1 |
*Hs-conformation £ ¥ % >Hy-conformation MDIFE 9 WL ETHH Z & NEIHIL T
55, 210 E 1T, TIPS KD K 9 220 SEWEBILS DN 7 I — /B0
TlE. TIPS MR+t D3I L Y *Hs-conformation (21-A) 28 L W H» 12 < o
TH Y. Hy-conformation (21-B) DIETHIEL TWH EEZBND ¥, Thik,

t RaR BN L0 SR ZEN T WA TSI 24 252 5708, 24 1%
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Figure 1.
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B2H BEVINEREISN G- e CBEHEAY AV TG
F2EE 1R LB FE L LT Figure 1 @ 21-A 25 21-B OFH A
EHariE - S, T 42bb7X Yy /—=h N T AE OB A L =
XWX ORIEEL LT, Vaert-TTF N LU TEEB LV —LR |

VIEEHEIR 27 T WA LT (Figure 2),

Figure 2. Design of a bicyclic boronate 27
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Scheme 6. Synthesis of the Bicyclic Glucal Boronate 27

1) IBu,Si(OTf), (1.2 eq) BuLi (4.5 eq)
2,6-lutidine (3.0 eq) 07X B(OMe); (5.0 eq) (@)

HO - OTIPS
OH :

\J

H 2) TIPS-CI (1.3 eq) 0...0 THF
OH I Si -
imidazole (2.5 eq) Byt then H
18 u Bu i o. .0
DMF pinacol (5.0 eq) Si
71% for 28 toluene By Bu
2 steps quant. 27



Figure 3. ORTEP drawing of 27. The displacement ellipsoids are drawn at the 50%
probability level.

Gk % Scheme 6 (2R T, F 9 SCHRICHE O W DIk T 28 Ak L7z,
Tebb, RO D-Z )V —/L 18 15 tert-Bu,Si(OTS), & VT V1 — v d
ANLE 6 NLIZZEE S U ML EATV, TO®%EST-KEEEEZ NV A4 Y T ey
Uz ml RCHi#EL 28 #437-, IRU\T tert-BuLi & W CE = /Ui &2 U F 41k
L7ZDOBIZARTEE N ATV ERIGSE, ZOBRFZNTEFa—Licky e
I )V RATIITHZ LI B ET LTI —vR e CIREFREIR 27 215
2o ZOHDITHETITHED TH o723, I 57R57 L AERIC X 0
b3 % Z LITRBI L, XS iR |12 C 2 D& 2 M8 L7z (Figure 3), A

fhipnld, foR e SEEr 27 L LEER, B TOREL 6 NARMZETH D
-9.
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ZD2TEHNT, ~T a7 )= EKEEGRAET V-7 eI FEDRIED
scope and limitation % 3Zfifi L 7=, Table 1 (Z:¢ K 912, BfliZe~ = =5 (Entry
1) 7217 CT<, A PRI (Entry 2) O XD BTG, HH VT AT L
%5 (Entry 3,4) O XD RE WS IMEEHBEZAE L7 ==V BLXONT 0ER
(Entry 5,6) THo CHEZBICH v 7V U T ROGHHETT L, 29a~29f % EBMITAE
KD EERD, BhNIh Y TV U TIRIZOWTIE, U FBEK 29f
FhRE . SRR E Ra kv ROR &, BIEE T TORBKIREE1T -
T2 ZOFER, Table 2 | XD ITHERITTRETH 723, Wb HAE
T BT U —/L-C-27 /L2 Bk 30a~30e T 7=, ERPWOSIIRIZ, "HNMR
2B T DT J~—L (14) &2 DDA 7V 7B (J12=9.5Hz) »
LI NTRETHD I EHRE LT, &EKIZ, 30a~30e DTV ILEAET kT -n-
TFNT =Y LTINAY) RCHREST L2 LK T U —-C-7vay B

31a~3le &= H~ G IR THT=,

-10 -



Table 1. Suzuki Cross-Couplings of Glucal Boronate 27 with Aryl Bromides

Ar-Br (1 eq)
PdCl,(PPhs), (0.05 eq)
aq. Na,CO3 (10 e
otps 1 2DM%( )

reflux

4 hours
27 (2.5€q) @ |solated yield.
entry Ar product vyield (%)? entry Ar product vyield (%)?

1 @g 29a 99 4 'Buozc@é 29d 99
-
2 MeO@—é 29b 99 5 Q—§ 29¢ 99

3 §  20c 99

1) BHa*THF (2.5 eq)
THF TBAF (5.0 eq)

oTIPS ————— =

2) 30% aq. H,0, THF Y OH
3 N aq. NaOH 60 °C OH
31a~31e
entry material Ar product  vyield (%)2 product yield (%)?

1 29a Qg 30a 58 31a 43b
2 29b MeO@% 30b 60 31b 52

3 29¢ $ 30c 52 31c 83

tBUOzC

4 29d fBuozc;@—g 30d 41 31d 920
-

5 29¢ O—% 30e 49 31e 37
s/ 2

2 |solated yield. © Overall 25% yield from 30a.

-11 -



BB 29 DX O BRIFFEZALIALEHDOE Fu kv Eb—{bOniE
FEHITIHELS 220, BIMESRDL Z LN TERNoTz, T2 T, BEAIE LT
VU EHWARISE KRG LT (Scheme 7), £F. TFVEE L L CEER Y
= =JUIR 29a BIEIRL, 7 R AV UL RBAKFET MY U LKERK T
PR L7=L 2 A, Y Ka X 4R 32a & 60%DILEE, 110 : 1 ¢ anomeric mixture
E LT, ZhEay 7 @l &, TIPS bt 228, BRI/~
—(LDSIARDS BARIZHIE ST Ze4E S U AL T U —b-C-7 v 23 K 33a 3 52%
THROLNTE 7, %I TBAF THRG U VEABR#E L, BN C-7 =y
R 31a (2o, ZOBREINEEIL 3% Thole, WWVTAL—MEF U Ui
R 29-F [TEA L, C-Zvay RN 3 ~OEWMEE LT, T5&, VT VR
It (7%) & MWZRAE S U MEEOG (33%) DOICRITBEW2N 6 BT ) —b

C-ZNnay R3IEEH/LHZ LN TET,

-12 -



Scheme 7. Alternative Synthesis of B-C-glucosides 31a and 31f from Arylglucals 29a and 29f

Using Oxone

Et;SiH (4.0 eq)

oxone (6.0 eq) TMSOTT (3.0 eq)
oTIPS — = >
aq. NaHCO4 CHCl>
(10.0 eq)
acetone
29a : Ar=Ph 32a : Ar=Ph; 60%
29f : Ar=8-Quinolinyl 32f : Ar=8-Quinolinyl; 68%

TBAF (5.0 eq)

_ =
THE
70 °C
By By
33a : Ar=Ph: 52% 31a: Ar=Ph; 71%
33f: Ar:8-QUin0|iny|; 7% 31f : Ar=8—Quin0|inyI; 33%

LED X oz, FHIL, BRETERORG I NVI—NARa B A7)V 27
ZRAWT, WHEOES T U —L-B-C-7 Vv ay ROEKEE T Z &2

L7,
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W3E CHF7 b REROBRE

55 2 B 2 il BV CEH DI L2 FIEOREL O HHIE A2 BE 5 720,
TN A —AFEURLINCTT T 7 b= AFFERICBICH TE 20 HFT 5 2 &1
Liz, T7bb, D-ZVH—NORDOVIZD-HT 7 Z—NERNTHRR VBT
AT NEEM, EDBT V=N FGA REDH YTV TRINCT C-HF 7 B

VREAEMTALENIBLDTH D,

Scheme 8. Synthetic Approach of C-Galactoside.
1) IBu,Si(OTf),

t .
(15 eq) 5 g:/l"' (3'§ Zq) Ph-Br (1 eq)
0 DMF 0" (OMe)s (3.6 eq) PdCIy(PPhs),
-78 °C (0.05 eq)
HO OH > OTIPS - 36 — =
OH 2)TIPS-CI(1.3eq) oO.__.O THE (2.5eq) ad. Na,CO3
Imidazole (2.5 eq) ,_ '\t th (10 eq)
34 DME Bu 'Bu nen DME
85% 35 pinacol reflux
toluene 4 hours
quant.
Ph Ph
o._ O
o (O
OTIPS OTIPS 07
O‘Si’O HO\Si’O OTIPS
tBU “tBu tBU 'tBu HO. -0
37 9% 38  90% tBY tBu

36
Scheme 8 IZ/" T L 92, TIRD D-H T 7 ¥ —)L 34 = HFFEEE U, 9446

SUNETHRELZDOL 2 5B OKEEHEA TIPS L TIR#E L7~ D-TTF 7 Z—)L
-14 -



35 B LTz, TD#%, tert-Buli TAH L 7 ¢ VA U FAHL L, RUBRT A
T ERINEETE S a— VB AZ T\ BT 7 X —)LR b g 36 Ak LTz,
FP AT =N ERNTE 7 — /L DR & RIS ETT 52089
M RRD D720, AMeEMIEOE FHERETICH v 7Y VTR EITo 72,
THEEONTZLDIEED D » ) U TRITINAAL LTI, ALVT 4
(K38 INAA L THDLHMERFTRERIBEEW TH Y . X DHITNMR 22 b K% 37:
38=1:10 Th-71-,

RIFERY) 38 DARKERHIZ DWW TITIRD L H12ELZE L7 (Scheme 9), £7°, i
FID tert-BuLi TA L7 ¢ U FAAL ST 39 2Bk L7212, 280G > U v
DERGTFD SALD T 1 b I3 S BIZHIE KNI 40 AERL, £ D% MU AF R Y
Rl BT a— L TRHEINT36 BELIL, TN TEEXCE L EOIAD
IV TICED 8 ELER LT EEBZ OGNS, TV —NVOEEIZIE, £o72
KFRIC, HDWVIEZENLLED tert-BuLi DY EHCKISZEMLTH, 38D LD
RERMTIE<EONTELT, ZOHBAELTH I I X —NDOEEIIT VT
— L EHEART S ALASARANIZZE N TV DR, 7w B AEDBEZ D3 <72
STND, BREDHENRBZLNDN, FHMIIAHTSH D,

KFERLD, BT 7 Z—NInSD C-HT7 7 Ny RFERIZOWTIEZ Lk

DE ARz Pk L7,

-15 -



Scheme 9. Plausible Mechanism of the formation of 39.

.\ _ |\ _ |\
tBu- SIS0 Buli BT wuLi | BUSG0)
H o) H (0] H
TIPSO TIPSO [ _\_ TIPSO 7
— H Li Li Li
39 -
35
B(OMe),
pinacol
FBu $Bu
tBU'Si% tBu-Si-OLi
H o) H
TIPSO / TIPSO _
B(OR), Li
36 40
B(OMe),
pinacol
’IcBu
'IIBU tBU‘SI\\OOH
Si—0
tBu
b TIPQ&
H o) =
TIPSO ) B(OR)2
Ph 36’
37
’I(Bu
.Si—OH
tBu \O
H (@)
TIPSO .
Ph
38
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4 EFE Bergenin &£ (Tri-O-methylnorbergenin) &5~ )i

BN LT U —b-B-C-Z vy ROFMARREZ, BE A i
ThHhHZ L HIBRETHDLZ L, IREREREWZ ERHIT OENDT20, Hhx
IR R ~DISHINFAIRETH 5,

Bergenin #5:8{K (Figure 4) 1%, Ardisia japonica 73 EkE % 7aREM 7> & BB S U *,
F - Z QARG LB HIV G | FUBBER 2, IFER TER * 2 En8H5 2

EMHESNTND,

Figure 4. Bergenin Derivatives

OR

R=H, R'=Me: Bergenin (41)

R=R'=Me: Tri-O-methylnorbergenin (42)
also called 8,10-O-methylbergenin

R=R'=H: Norbergenin (43)

Z DT, bergenin FFHE(RTH % tri-O-methylnorbergenin (42) 1%, Fries B #AN7
FIGERWELE ? LoFTic®Esntnid, ZITEEL, 20
Tri-O-methylnorbergenin ZAEHFMELAEMIZEDY, KV E TR TERN TE L0 E D

PREFTHZ & L, ZHEh34uE. Fries AN CTIEE K TE 20k~
_17-



TRE I A X B U8R EITEFO bergenin iFEARNESICAMTE D Z LI,

FEFICHE R ITECRY 95, FOWiERL— k% Scheme 10 (277797,

Scheme 10. Retrosynthesis of Tri-O-methylnorbergenin (42).

OMe OMe
OMe

OMe
MeO
—> .
MeO CO,Me
Br
45
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Scheme 11. Synthesis of Tri-O-methylnorbergenin (1)

OMe
27 (2.5 eq)
OMe Br, OMe PdCl,(PPhs),
MeO (1.0eq) MeO (0.05 eq)
_— _—
Ac,O aq Na,CO
MeO CoMe 2 MeO COMe %1Oéq)3
82% B
44 r DME
45 99%
OMe

1) BHz*THF (2.5 eq)
THF

1t
2) 30% ag. H,0,
3 N ag. NaOH

62%

OMe

FEEDO AT Scheme 11 (R T K HICHEE L=, T70bb, BT AT )L

44 27T L 45 215, TORFBEDBR LT VI —/L BB UGS 27

EDARA TV TRISIZEY . Ty 7V 7K 46 & RAFIRINERTH I, i

WTALRERBY e b R o R v R EROE & BRALPOS 2TV KIREZEAL L9 &

-19 -



L7, Bz OIIFTED 47 Tide <, T AT IVERRICI NI DL
T a—K 48 T, TOUHEIL 2% Th o7, ARIGIZEBWTT AT VILET
BrHSNEREAE LT, B FrAR YRS TOA VT ¢ RSO =
AT IVIENFIET D20, EWIRILA N Tz, £Z2 Tt Rk vRERIGD
BRISEICAIDE S e, TRDLEEIDO A KT A R0 EREK (9-BBN X°
BHCL %) 12X ZORIICEZERESE L) EB 27, LrLanb, Zibi

HEHWSEIZITEIIE T, IZEREEHEIUZ D 572 (Scheme 12),

Scheme 12. Hydroboration using non-reducible reagent.

OMe OMe

FIT, TN EOKFHIFIEL., EonT=_ T v a—)L 48 Ol
WCE DBV RERICHESR, T AT LEARSEDLZEEL, T b~
7w RWTRIGEZIT > 72 (Scheme 13), 75 &, THRLIEZ 7 F—/1{K 50, 51

PNz, EOITBIERNEATE T 7 N AR 52 DA SFHEEOILEW A AKT D Z

-20 -



&I,

Scheme 13. Synthesis of Tri-O-methylnorbergenin (2)

OMe OMe OMe

Mn02

48 —
CHCI3
reflux

OMe OMe

TBAF
(7.8 eq)

THF

ZOZ X, FEENTEFTED T 7 b AR S2 IR T 5 2 &2 W L T
BYO, FE 2ZHEMIESELL L ZA, 86%NDIRTHIET 5T 7 bk 52
ERLZENTER,

BT, KA 42 1338 R TBAF CRREROBREZ AT L 25, TBAF
DEFENEDT= O, 77 MBRETHRER L2 AR CBRIES3 REbhi, £2
T, SOCL, THLHLL, M/ v T A NAEREFRFICT 7 M BRZTT S 2 & T At

D bergenin FHEIL 42 OERKET T LT,

221 -



ZITHEBNTET I AR A2 DALY NV TF—H T, SRS D AL R L

TR ERBII—H LT, TOREBTIRT AT L 44 )5 OREIRIT 45% T,

[

BEAED Fries BIART 2 7= 5B (33%) IZEH~UERM M B L7 2, ko & 5 iz,
BEFDIFETIX O-7 vay Ring C-7 vy R~ Fries BN SR 21T 9 72
O, C-7NVay FEa OO EICATREL AT OLENDHY , BHTE
DEMAN B AMRDBIEFIZROEN D, —T7, FEEDPERE LI TETEIN B
bR EDOEBILOFERMEDN AN 8 Fli 2 O bergenin 8K DA RS FTREIZ /2 D |

ZOWHEDLR RWICHFF SN b D LT,
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B 5% SGLT2BHEAI~DIGH

I, BAETEOBOKGIZHE, 2 RBERISEE I L TE T\ 5, HERIFA
BRI L LCix, BUEE TIT, #Rx RFEHEOIREESBE S TV D28, £0
FTH, A A SKF L2 WEANTRMELZ S SR Z Lic<nWied, &<
bt Ting,

BT, LA 7L 2 — ZHRERIRIC K D IEE S5 23, 2 OKESIL, I
PLIRANE DRAGTBIAFAET D7 b U » MR L 2 — 2 Lk R (SGLT2)

ZEVHEWRINEND (Figure 5), —EIEE U < ITALRAME OBALEICAFIET D
SGLT1 IZX > CTHHEMWIL SN D, SGLT2 (XD JRAE ICIZIZRDE L THEET
B 0%, SGLT1 1XIRMIE LML E O 72 EICHIFEET 5 Z L3l Sh T
WA 6 SGLT2 #PHET 22 Lok 0 . ORI BET 2 = L 72 <
NI N A=ADOFPINEIMZ GNHEBEZONDL, ZDOZ 06, SGLT2 [
FANTA > AV AATKAE L 22T LWHEIRISIRRIE & L CORBEM 2R D TV

27
SR

_23 .-



Figure 5. Action of Sodium-Glucose Cotransporter (SGLT)

Nephron Epithelium
Blood lumen vessel

()
Glomerulus Glucose
e e e >

Na/K
Proximal tubules

3Na*

ATPase 2K+

Glucose
2 Na*

3Na*
2K+

Na/K
ATPase

IR > T, WL D00 SGLT2 HEAIDHE SN TETEY, WO

FARIT, 20 WITEKRBRAZEZ/ T CTh 5, oG LoREE LT
D-ZNaA—ART 7Y ark 0-H50NE C-Zvay MEGE LTS Y, %
DODHFTH, 7 U —/-C-7 /b2 RFFEIRIT 54 <° 55 (dapagliflozin) (ZfWF& I D
1A #73 Bristol Myers Squibbs (BMS) #2825 56 IcfhFE SN HILEW AT~
DI N—T"Td % N = 2RI D HWE ST\ D (Figure 6), & DG IENFE
Bux, 7V —ABERELICATFLEZNLTOT U — LR TERISN, 2
OULEDT V= NVENFET D2 & Thd, AlEFxIL, Bied SGLT2 FHEHA
DB EZ B E LT, FEZDBEIE LICAROFHL C-7 v a2y REIEZFIM L
T T b B DA R E AT,

T F A2 DT N—T A LAk EmiE. BMS 3 BHRE L7 b &8 DK

NRUBVREANTRRICEHBR LI DO TH o7’ £ 2 TAENL, FEEBO IS B
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LT DR BURENT RERIZEB L, TO~NTRERE 4-TF )DLV

WE#RLTAbEWET P A LT,

Figure 6. SGLT Inhibitors (C-glucosides)

Bristol Myers Squibbs (Dapagliflozin) (Canagliflozin)
Bristol Myers Squibbs Mitsubishi Tanabe Pharma

TTIFRA DT BROIOBRFHER LY, FLERE T Y — b, #Hko
AT REFEEAT DEENEAT v R CEBR I DIX hSGLT2 FHETE D
ELRLNARNEND ZEMH LTV, 2ok, Frld kv NUE UB
WP LIe~TrigE LT, VU N AYF D ) BROTFAT7 = VB
IR LT,

FHA L LT 4 TF AR p~T a7 J—-C-Z L a KN 57a~57i %
Figure 712" ¥, £O7 7Y a L LThERA~AT a7 V=17 ROHH,

VU RUBREAYXRY J UBEEOE DI Scheme 14 1271 X 9 ICERK LT,
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Figure 7. Targeted Heteroaryl-C-glucosides

57a~57i

WMIET 5 4-7uEY K58, 5N 4T aEAL YT /Y /60, 63 %,
REET Y ¥ AEE FDMFH4-2F AR D7 m I REMET A2 LIk T
XL EITD, N-XUD~T7a7 U —L7 a3 K59, 61, 64 = Z it
Tzo 7T IMEICEIT D N-EIRMIT, B oN7eT 7 U 20 NMR TO nOe ]
EB I IR A7 ML TOH LR =L ORI E— 7 fE(1654~1662 cm™)IZ k&
DWIRE LT, B, 4-T BT ATNA VXU )2 631200 Tk, HilRDA

VX2V r62xT7uElTHZ LIk ERLT,
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Scheme 14. Synthesis of Pyridone and Isoquinolinone Aglycons.

0] Br
| NH (1 2 eq) /\©
= K2CO3 2 0 eq
Br DMF - 90%
58 59
o}
K,COs (2.0 eq) = Et
DMF 96 Br
61
Me O Br Me O
Br2
= CH2CI2 ch03 (2.0 eq) = Et
quant DMF 759 B
64
Scheme 15. Synthesis of Thiophene Aglycons (1).
HO
CHO Bng@—Et Et,SiH (2 eq)
{ @0eq) S \ Et BF4+OEt, (1.5 eqi s Et
N THF N CHCL
Br 72% Br 50% Br
7
65 o 66 6
CHO BngQEt Et;SiH (2 eq)
Et BF3°OEt, (1.5
_ (40eq) = 3*OEt; ( eqi _ Et
NS THE NS CH,Cl, S
Br quant Br 6 66% Br 70
HO
CHO BrMg Et;SiH (2 eq)
Et BF.. Et
z S
THF 7 CH,Cl, S\A
Br 9 Br Br 73
71 5% 72 63%
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Br  n-Buli OHC AlH;
S (1.0eq) (40eq) s Et (1.6 eq
\ —
NTB B0 THF

o4 93% 75%
HNMe(OMe)-HClI O  OMe
Cl Co,H LDA — prcr,crBr Cl COzH (1.2 eq) Cl N
— (2.0 eq) (2.1 eq) = EDCI*HCI (1.5 eq) — Me
_ e — = >
S S S
THF 65% HOB (1.5 eq)
77 Br 78 Et;N (3.3 eq) Br
CH,Cl,  55% 79
HO
BrMg Et
DIBAL-H Cl CHO Et
(1.2 eq) — (4.0 eq) -
THF THF
94% Br quant Br
80 81
Et,SiH (2.0eq) Cl Et
BF;*OEt, (1.5 eq) —
> S
CH,Cl, N
83% Br 82
ol co,H  HNMe(OMe)-HCI O  OMe cl CHO
_ (1.2 eq) cl N DIBAL-H _
d EDCI-HCI (1.5 eq) __ Me (1.2 eq) g
SNGZ '
HOBL (1.5 eq) THF
Br Et,N (3.3 eq) o Br
83 CH,CI B 1% 85
2Ll 84 from 83

HO ,
Bng‘@*Et ol Et;SiH (2.0 eq) Cl Et

Et BF3°OEt, (1.5 —
(4.0eq) — 3 2 ( eql

S T S
THF 7 CH,Cl,

Br
70% Br 86 89% 87

ONWTTF AT 2 VBRER ST 4T AR DAL FF T 2T n I RiFEK6

fE (67, 70, 73, 76, 82, 87) D& [kE1T 72 (Scheme 15), ZDH 6, 4-7 HE-2-
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RUVIUR 67, 2-7 B F-5-X )UK 70, 2-T 24X )UAR 73 12DV T

X, e T AT eEF AT 2T ITE RE 4o F N T 2o )~ TR T AT

I REDOAy TV TRIGIZE VAR LIV E ) —/L 66,69, 72 DIKFEIL A

FY =F LT b BEyELO OFAEHEIZ L D IKESMEITIZLD

o
=

L
720 3-7 HE2-RUVIAERTO IZHONWTIL, £ 23-V 70T AT 274D 2
PR e a7 — U F 0 AR 2 & Ehicki 4-mF AR XTLT
EREDRISIZE D Iy ) — V15 2GR LTc, TOKBEELET VI =D
AEKFY F T LT N =7 AOMBEDE P TERTHRFELT VI =
LRV EBELEEMT D2 LR, FREOINEKR TR, /7enkaef L
5-78EF3-7082_XVNTFE T oK 82 BLONS-T BE2-7 13-y
CNFET 2 MRBTITONTIL, AIE TIIXICT D27 e F 47 = IRy
e 2-7aEfbANEL LN, 7TaeraaF 47 = HVRCEED LR
XFUNEDOT VT & RADEM 42T~ T XTI hTaI REDH v T
TG, £ UKD R Y =F )L T V-BFELO SR TORITENARITH 2 &
WXV ER LT,

PLEARR LT 7Y 2 9FE (59, 61, 64, 67, 70, 73, 76, 82, 87) & EH N A

L7z T— i U ig2] EDONRT I MBI K58 K T 7Y T RIRIC

i

£V 88a~88i X 157-, FIITH

]

=

NQVALNE /NP N = RN S [ A NS S
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T CoOBBRILKFEIC L DL LD 89a~89i #157-, 2 H DT J ~—Af
DNARBLEITZ, NMR OBy 7Y 7 EHRIZEY BRETH L EIRE L1 =
9.5 Hz), ®%IZ. ¥ U Ri#i% TBAF CREIT 52 L CTAT a7 —L-C-7

b R 57a~57i 245372 (Scheme 16),
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Scheme 16. Synthesis of Heteroaryl-C-Glucosides 57a~57i.

Ar-Br (1 eq)
PdCl,(PPhj), (0.05 eq)

1) BH3*THF (2.5 eq)
THF

ag. Na,CO3 (10 eq) 2) 30% aq. H,0,

DME 3 N ag. NaOH
reflux
4 hours

882~88i

TBAF (5.0 eq) 0 WOH
-
THF HO OH
60 °C H
OH
.
57a~57i
(0]
a | - A: 42% S / 3
% iy 22‘;; d . \ A: 16% g _ A: 53%
C.. 33% B: 42% B: 60%
’ C:57% C:81%
e o
Cl
b N~ _ N _
A:25% e A:40% A:68%
P S
B: 61% NS B66% N B: 46%
C:81% C: 46% C:87%
Me O Cl
XX NT fod i B A: 59%
. . o, 1 N
B: yy% c A% S Ao 7 Baru
C:zz% B: 37% B:61%
. N (] C: 33% C:92%
Yields of each step |___ C:72% ]

BELT=~T a7 ) —)L-C-7 )b K §7a~57i ([ZH L T, in vitro D& TdHh

%t b SGLT2 (hSGLT2) DFHEIEM: L. in vivo DR Th HHE Sprague-Dawley
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(SD) 7 > k 200g 7=V 24 KfE] TOIRF 7L =2 — A4k ((UGE) OHIIE % 32
i Uiz, £ 5 O K% Table 3 (IR, DT OHLER B UBRTH D
BMS LA (54) IZOWTORER b Y, BV K, HHWNIA VY F /Y
J VBRIZZEHL L T2 57a~57¢ @ hSGLT2 O FHETEILZLZ 4 ICs) = 363 nM, 11.6
nM, 98.6 nM & . %RILEH 54 (ICso=5.1nM) X V55 L7~ (Entry 1~3),
FA T = UFHEKRD 9 B, 3,5- (Entry 4), 2,5- (Entry 5), 35 X O 2,4- (Entry 6)
TEWT AT = VBRI OV T, £ 5 O SGLT2 BLETEPEIX E 4L E 4L 1Cs =
23.6nM, 19.1nM, 76.0 nM & 5523 b biEMEZ R LT, £72, T v MRFZ
Jba— ZHEHEIZ DWW T R LAY 54 (1485 mg/day) KV 55\ 0 JEMEIR
B LA (Entries 4~6) (Z 44 580 ng/day, 782 mg/day, 826 mg/day), — 77,
TEBT AT o UFEER 57g (I OWTIE, £ D hSGLT2 FLEEME 1Cs0= 2559
oM & IFEAERD LN NoT (EntryT), ZNHDOZE LY, Zhb &
FA 7 = UEERTIE, I a—R L F IRV RN E IR E S
NTWDZ LD, hSGLT2 LEEMEORBUCEE TH D Z L3RBT,
o, BHRINREZR DI, ET 7 nn ke H T 5 @R T 47 =
FEROFM 21T -7~ (Entry 8, 9), 4-7 B -5-X2 YLK 57Th TlI, D
hSGLT2 FHEVE ML ICso 28 64.0nM TH Y | 7 m a FaEFF- 20 BT+ 7 =

MK 57e DPLEEYE (ICso=19.1 nM) DIFIE =4 O —FEE IZIEMEIXEEY L7z
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Table 3. SAR exploration of heteroaryl-C-glucosides.

.@/\@\Et
\\\OH
O G: \)OjIOH
HO
: OH HO OH
OH

57a-57i
Het: Heteroaromatic
hSGLT2 rUGE hSGLT2 (rUGE
Entry  Cpd. Het ICs (NM) (mg/day) ENy  Cpd.  Het ICso (NM) (mg/day)
o}
- 6 57 J 76.0 826
1 57a | N 363 NT s }
=
G
G
o} S
7 57g AZ%)\\. 2559 NT
-~ yZ
2 57b [:::I:i:? 11.6 NT
= G
G cl
Me O 8 57h - 64.0 615
N Y °
3 57¢ 98.6 NT 5
=
cl
G . —
9 7 4.0 1381
7
S
4 57d \\\ 23.6 580 G
G 10 54 [:;:]/) 5.1 1485
5 57e T 19.1 782 G

(Entry 8 vs 5), — . TO@EHNRLZ — 3D 5-7 0 1-4-0 D )UK 5Ti D
hSGLT2 BHETEMEIL ICso = 4.0 nM & | kLAY & 131X RS OO LETEME 2 7R
L. ZaaZE-720 @K s7f OFREEM (ICso = 76.0 nM) ®D 2 0% T

HoTe (Entry9vs7), ZDOFRERIT, SThEBX ST ICB T A 7unkkEr/ra—
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AL & D OAFEDEWNTERT 56O LR Iz, FI, 5ThITBIT 57
RELE TV a— RS OA L 135.33°, 57 2BV T 154.38° LR S LTz
(Figure 8), ZEF X, 57h © 7 o v KIFHEIGMHICITREL 5 XV, 5Tios
7 BT A O AICERE STV D 13D ZAZPRETEMES M R L7 EHEZR LT,
Fo . NS EEBHBT AT = UHEEKICONWTOT v F200g HT- Y DRF IV
= AP EIZOWTHEE T2 & 2 A, 4-7 v a5 VLR 57h 1L 615
mg/day, 5-7 & 1-4-~2 VUK 57i 1% 1381 mg/day TH Y . FRIHEE TSRS
Yy 54 \ZPLiEd DGR R LTz, 571 O 7 malkoBHiz kY & 5757

EREFFTE D,

Figure 8. Calculated angle of chlorine and glucose moiety.

lEORETE D, BV RUBREZEF - 278K Tl in vitro TORRETEMEDNE

KTDHN, A VF U 7 UERFHEMRICEE L CTIE, in vitro FLETEERRO B
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LOD, 8L ATFNEZ BT L5 LAFEENEB L, — T, FA 7=
BRFHEIR TITRAF 72 hSGLT2 FREEMAZ A L. 7 v F TORH 7L a— 2 etk &
HLIRD BT, FFIZ 5-7 B a4 UK 570 1F hSGLT2 FRETEME, 7 v MR
7L a— et E & HICHEEm E L THWZ3-_"U DB k54 b

F%ETHLZ L 2R L B SGLT2 FREI L 72 0 5 2 Atk A VR &7,
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FEHIT, DLERARZE9IC, AETICHLN TV D EIED 2 XFFER TR
<. BUENRLS EMMLERI NI —NRa VR AT VEBERZ L, ZhEH
WTARTZ VU LB X8R » 7Y 7 &R Lic, WAMEOmWT U —
JV-B-C-7 vy ROARIEZ ML LTz,

T, AREENRER LIV — AR LB AT LV EHNT, KRWT
&% bergenin HEMRDOBNRAAK., BIOWHE, 2B RFHEEK S LCHER
SN TWD SGLT2 [REH D BRI Lz, 5%, KAFERT U —/L-B-C-7 v

Ay ROGMUITISK SN D Z & 2 RWDITHIfF LTzuy,
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AL IEH R U B E97, Eio, AURZEEH =288 (BR) (2 T L
bDOTHY, KOS E G 2 T WEREBERGHI&EAEE  LEHILE
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¥ — AAE LIRS EH N LET,
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EBRDER

All reactions were carried out under inert gas or with CaCl, tube and reaction
mixtures were stirred magnetically. All reagents and solvents were purchased from
commercial suppliers and used without further purification unless otherwise noted.
Reaction products were monitored by TLC using 0.25 mm E. Merck silica gel plates (60
F254) and were visualized using UV light or 5% phosphomolybdic acid in 95% EtOH.
NMR spectra were collected on JEOL JINM-ECX400P and Varian UNITY INOVAS500
spectrometers. Chemical shifts were given in parts per million (ppm) downfield from
internal reference tetramethylsilane standard; coupling constants (J value) were given in
hertz (Hz). Infrared spectra were measured on Perkin-Elmer PARAGON1000.
APCI- and ESI-MS spectra were obtained on Finnigan MAT SSQ7000C or
ThermoQuest LCQ Advantage eluting with 10 mM AcONH4 / MeOH. GC-MS
spectra were measured on Shimadzu GCMS-QP2010. All compounds were found to

be >95% pure by HPLC analysis unless otherwise noted.
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1,5-Anhydro-2-deoxy-3,4,6-tris-O-triisopropylsilyl-D-arabino-hex-1-enitol (19)33

X X
o TIPS-CI o
HO oy ——— 11PSO OTIPS
OH 'mgf/leo le OTIPS
18 19

To a solution of D-glucal 18 (8.40 g, 57.5 mmol) in DMF (250 mL) was added
imidazole (28.0 g, 414 mmol), then TIPS-CI (44.4 mL, 207 mmol) was added dropwise
at room temperature. After being stirred at 60 °C for 48 hr, the mixture was
concentrated. The residual oil was dissolved in ether, washed with water and brine,
The crude
material was purified by silica gel column chromatography (10% — 20% CHCI; in
hexane) to give 19 (24.4 g, 69%) as a colorless oil. 'H NMR (CDCls;, 300 MHz) &
6.35 (d, J= 6.3 Hz, 1H), 4.80 (ddd, J = 1.8 Hz, 5.0 Hz, 6.5 Hz, 1H), 4.23 (ddt, J=1.9
Hz, 3.9 Hz, 5.9 Hz, 1H), 4.06 (m, 2H), 3.95 (dt, /= 1.9 Hz, 5.2 Hz, 1H), 3.82 (dd, J =

3.8 Hz, 11.3 Hz, 1H), 1.03 — 1.11 (m, 63H). MS (APCI, m/z) 632 [M + NH,]".

dried over sodium sulfate, filtered and evaporated under reduced pressure.

(1,5-Anhydro-2-deoxy-3,4,6-tris-O-triisopropylsilyl-D-arabino-hex-1-enitolyl)ben
zene (21)

BuLi
B(OMe); 0
-78 °C

j:j\ —_—
TIP
SO < YOTIPS Vcij\
OTIPS THF
TIPSO OTIPS

19 then :
pinacol OTIPS
toluene 20

To a solution of 19 (21.28 g, 34.6 mmol) in THF (160 mL) was added
tert-butyllithium (1.50 M, 103 mL, 155 mmol) at —78 °C dropwise, then stirred at 0 °C
To a mixture was added trimethyl borate (19.4 mL, 174 mmol) at —78 °C,

then stirred at 0 °C for 15 minutes and gradually warmed to room temperature and

for 1 hour.

stirred for 1 hour. The mixture was quenched by H,O, then the mixture was extracted

with ether, washed with brine, dried over sodium sulfate, filtered, the filtrate was
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evaporated under reduced pressure to give crude boronic acid as a colorless viscous oil.
To a solution of boronic acid in toluene (250 mL) was added pinacol (4.91 g, 41.6
mmol), then the mixture was stirred at room temperature for overnight. The reaction
mixture was washed with water and brine, dried over sodium sulfate, and filtered. The
filtrate was evaporated under reduced pressure to afford quantitative yield of glucal

boronic acid ester 20 (27.4 g) as a colorless viscous oil.

-+

o..0O Ph

B bromobenzene
> o
N
o PdCl,(PPhy), TIPSO
TIPSO aq. Na,CO4  OTIPS
Y OTIPS DME

i OTIPS
OTIPS 01
20

To a mixture of boronic acid ester 20 (7.92 g, 10.7 mmol) and bromobenzene (785
mg, 5 mmol) in DME (50 mL) was added dichlorobis(triphenylphosphine)palladium
(175 mg, 0.25 mmol) and 2 M aq Na,COs (12.5 mL, 25 mmol), then the mixture was
refluxed for 3 hours. The mixture was cooled to ambient temperature and diluted with
AcOEt, then washed with water, brine, dried over sodium sulfate, and filtered. After
the filtrate was concentrated, the crude material was purified by silica gel column
chromatography (hexane) to give 21 (3.62 g, 99%) as a colorless oil. 'H NMR (400
MHz, CDCl3) 6 7.62 — 7.64 (m, 2H), 7.28 — 7.34 (m, 3H), 5.34 (dd, /= 1.5 Hz, 5.4 Hz,
1H), 4.46 (m, 1H), 4.18 (td, J = 1.9 Hz, 5.2 Hz, 1H), 4.14 (m, 1H), 4.10 (m, 1H), 3.91
(dd, J = 4.4 Hz, 11.3 Hz, 1H), 1.00 — 1.10 (m, 63H). *C NMR (100 MHz, CDCls)
6 150.3, 136.4, 128.2, 127.9, 125.4, 96.7, 81.3, 70.1, 66.8, 62.0, 18.2, 18.2, 18.1, 18.1,
18.0, 18.0, 12.6, 12.5, 12.1. MS (APCIL m/) 691 [M + H]". IR (neat, cm™) 1944,
2867, 1652, 1464, 1060. Anal. calcd for C30H7404Si3 C: 67.76, H: 10.79; found C:
67.86, H: 11.03. [a]p> =-10.0° (c, 0.2, CHCl;).

2-deoxy-1-C-phenyl-3,4,6-tris-O-(triisopropylsilyl)-D-arabino-hexitol (23)

Ph BH3*THF HO Ph
THF
0" - OH
TIPSO then TIPSO
Y OTIPS 30% ag. H,0, I OTIPS
OTIPS 3 N ag. NaOH OTIPS
21 23
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To a solution of compound 21 (640 mg, 0.926 mmol) in THF (10 mL) was added
borane-tetrahydrofuran complex (1.0 M in THF, 2.30 mL, 2.3 mmol) dropwise at 0 °C.
After being stirred at 0 °C for overnight, the mixture was added 30% aqueous hydrogen
peroxide (5 mL) and 3 N aqueous sodium hydroxide (5 mL), and stirred at 0 °C for 4
hours. The reaction mixture was extracted with Et,O, washed with brine, dried over
sodium sulfate, and filtered. The filtrate was concentrated and dried, then the crude
material was purified by silica gel column chromatography (0% — 5% AcOEt in hexane)
to give compound 23 (167 mg, 25%) as a colorless oil. 'H NMR (400 MHz, CDCl;) &
7.31-7.36 (m, 5H), 5.01 (td, J= 2.4 Hz, 9.8 Hz, 1H), 4.40 (td, /= 3.6 Hz, 6.6 Hz, 1H),
4.15 (t,J=3.9 Hz, 1H), 4.01 (dtd, /= 2.1 Hz, 4.5 Hz, 6.5 Hz, 1H), 3.84 — 3.86 (m, 2H),
3.23 (d, J = 1.9 Hz, 1H), 2.66 (d, J = 2.5 Hz, 1H), 2.29 (ddd, J = 3.0 Hz, 6.9 Hz, 14.3
Hz, 1H), 1.94 (ddd, J = 6.3 Hz, 10.0 Hz, 14.2 Hz, 1H), 1.01 — 1.18 (m, 63H). "C
NMR (100 MHz, CDCl3) 6 145.0, 128.4, 127.3, 125.7, 74.8, 74.1, 73.8, 72.4, 65.7, 42.5,
18.2, 18.2, 18.0, 12.9, 12.9, 12.0. MS (APCI, m/z) 711.5 [M + H]". IR (KBr, cm™)
3419, 2944, 2892, 1463. HRMS (ESI, m/z) caled for C1oH14NaOsS [M + H]™ 711.5235,
found 711.5259. [a]p> = +13.3° (¢, 0.15, CHCI)).
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(4aR,8R,8aR)-2,2-di-tert-butyl-8-[(triisopropylsilyl)oxy]-4,4a,8,8a-tetrahydropyr
ano|[3,2-d][1,3,2]dioxasiline (28)2'

1) 'Bu,Si(OTf),
2,6-lutidine 0

T A
HO <~ YOTIPS
;7 “OH

OH

2) TIPS-CI O\S.,O
o i
18 imidazole 8y By
DMF
28

To a solution of D-glucal (50.0 g, 342 mmol) in DMF (615 mL) was added
2,6-lutidine (120 mL, 1026 mmol) dropwise at —50 °C. After being stirred at —50 °C
for 1 hr, the mixture was added di-fert-butylsilyl bis(trifluoromethanesulfonate) (181
mL, 411 mmol) dropwise and stirred at this temperature for overnight. Water (730
mL) was added and the mixture was extracted with hexane — ether (1 : 1), washed with
5% aq. citric acid, saturated aq. NaHCO3, water, and brine, dried over sodium sulfate,
and filtered. After the filtrate was concentrated, the crude material was purified by
silica gel column chromatography (10% AcOEt in hexane) to give bridged-silyl alcohol
(80.00 g) as a colorless solid. To a solution of above bridged-silyl alcohol (79.60 g,
278 mmol) in DMF (2.67 L) was added imidazole (47.3 g, 695 mmol), then TIPS-Cl
(77.3 mL, 361 mmol) was added dropwise at room temperature. After being stirred at
50 °C for 19 hr, the mixture was concentrated. The residual oil was dissolved in
hexane — ether (1 : 1), washed with water and brine, dried over sodium sulfate, filtered
and evaporated under reduced pressure. The crude material was purified by silica gel
column chromatography (hexane) to give 28 (102 g, 71% from 18) as a colorless solid.
'H NMR (CDCls, 300 MHz) & 6.22 (dd, J = 1.1 Hz, 6.2 Hz, 1H), 4.67 (dd, J = 2.0 Hz,
6.0 Hz, 1H), 4.42 (dt, J= 1.8 Hz, 6.9 Hz, 1H), 4.15 (dd, J=4.8 Hz, 10.1 Hz, 1H), 4.00
(dd, J= 6.8 Hz, 10.3 Hz, 1H), 3.95 (t, /= 10.3 Hz, 1H), 3.81 (dt, 4.6 Hz, 10.1 Hz, 1H),
1.08 — 1.13 (m, 21H), 1.06 (s, 9H), 0.99 (s, 9H). MS (APCI, m/z) 460 [M + NH,]".
IR (nujol, cm™) 1651. Mp. 49 — 50 °C.

1,5-Anhydro-2-deoxy-4,6-O-di-(tert-butyl)silanediyl-3-O-triisopropylsilyl-D-arabi
no-hex-1-enitolylboronic acid pinacol ester (27)
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BuLi
0 B(OMe);
-78°C
Y oTIPS —M»
0._..0 THF
Si
B By then
pinacol
28 toluene By ‘Bu
27

To a solution of 28 (6.63 g, 15.0 mmol) in THF (70 mL) was added terz-butyllithium
(1.42 M, 47.0 mL, 70.5 mmol) at —78 °C dropwise, then stirred at 0 °C for 1 hour. To
a mixture was added trimethyl borate (8.4 mL, 75.3 mmol) at — 78 °C, then stirred at
0 °C for 15 minutes and gradually warmed to room temperature and stirred for 1 hour.
The mixture was quenched by H,O, then the mixture was extracted with ether, washed
with brine, dried over sodium sulfate, filtered, the filtrate was evaporated under reduced
pressure to give crude boronic acid as a colorless viscous oil. To a solution of boronic
acid in toluene (70 mL) was added pinacol (2.12 g, 17.9 mmol), then the mixture was
stirred at room temperature for overnight. The reaction mixture was washed with
water and brine, dried over sodium sulfate, and filtered. The filtrate was evaporated
under reduced pressure to afford quantitative yield of glucal boronic acid ester 27 (11.03
g) as a colorless viscous oil which was used without further purification.

An analytical sample was prepared by purification using preparative HPLC and
recrystallization from MeOH to afford pure glucal boronic acid ester 27 as a colorless
fine needle. 'H NMR (CDCls, 400 MHz) & 5.45 (d, J=2.2 Hz, 1H), 4.44 (dd, J=2.2
Hz, 7.2 Hz, 1H), 4.26 (dd, J= 5.0 Hz, 10.5 Hz, 1H), 4.02 (m, 1H), 3.99 (dd, J= 3.0 Hz,
7.4 Hz, 1H), 3.77 (td, J= 5.0 Hz, 10.5 Hz, 1H), 1.27 (s, 12H), 1.10-1.16 (m, 21H), 1.05
(s, 9H), 0.98 (s, 9H). '>C NMR (CDCls, 100 MHz) & 148.9 (br), 119.3, 84.3, 77.3,
73.0, 71.4, 66.3, 27.5, 27.0, 24.6, 22.7, 19.8, 18.2, 12.6. MS(CI, m/z) 569 [M + H]".
IR (KBr, cm™) 2941, 2864, 1643, 1471, 1418, 1373, 1109. Anal. caled for
C19Hs57BO6S1, C: 61.24, H: 10.10, B: 1.90; found C: 61.12, H: 10.02, B: 1.70. Mp. 169
—171°C. [a]p” =-32.0°(c, 0.2, CHCl;).

Typical Experimental procedure for the synthesis of 1-arylglucal derivative
(29a~29f1)
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Ar-Br
PdCl,(PPh3),
_ >
aqg. Na,CO4
DME
reflux
4 hours

29-a~29-f

To a mixture of boronic acid ester 27 (2.5 mmol) and aryl bromide (1 mmol) in DME
(20 mL) was added dichlorobis(triphenylphosphine)palladium (0.05 mmol) and 2 M aq
Na,COs (5 mL), then the mixture was refluxed for 4 hours. The mixture was cooled to
ambient temperature and diluted with AcOEt, then washed with water, brine, dried over
sodium sulfate, and filtered. After the filtrate was concentrated, the crude material was

purified by silica gel column chromatography to give compounds 29a~29f.

(1,5-Anhydro-2-deoxy-4,6-O-di-(tert-butyl)silanediyl-3-O-triisopropylsilyl-D-ara
bino-hex-1-enitolyl)benzene (29a).

Following the general method described above, the title compound 29a was isolated
in 99% vyield as a colorless solid. 'H NMR (400 MHz, CDCls) & 7.48 — 7.52 (m, 2H),
7.28 — 7.36 (m, 3H), 5.23 (d, J = 2.5 Hz, 1H), 4.59 (dd, J = 2.5 Hz, 1H), 4.32 (dd, J =
5.0 Hz, 10.2 Hz, 1H), 4.10 (/= 7.5 Hz, 10.5 Hz, 1H), 4.00 (dd, J=5.0 Hz, 10.2 Hz, 1H),
1.08 (s, 9H), 1.01 (s, 9H), 0.95-1.20 (m, 21H). ">C NMR (100 MHz, CDCl3) & 151.0,
134.2, 128.6, 128.2, 125.1, 101.3, 77.5, 73.0, 71.8, 66.2, 27.5, 27.0, 22.8, 19.9, 18.2,
18.2, 12.5. MS (APCI, m/z) 519 [M + H]". IR (nujol, cm™) 2925, 2859, 1652, 1463,
1110. mp. 91 — 94 °C. HRMS (ESI, m/z) calcd for Co9Hs;04Si, [M + H]" 519.3326,
found 519.3290. [o]p> =—26.0° (c, 0.2, CHCL3).
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(1,5-Anhydro-2-deoxy-4,6-O-di-(tert-butyl)silanediyl-3-O-triisopropylsilyl-D-ara
bino-hex-1-enitolyl)-4-methoxybenzene (29b).

OMe

29b

Following the general method described above, the title compound 29b was isolated
in 99% yield as a colorless amorphous powder. 'H NMR (400 MHz, CDCls) & 7.44 (d,
J=9.0 Hz, 2H), 6.84 (d, J=9.0 Hz, 2H), 5.11 (d, J = 2.4 Hz, 1H), 4.57 (dd, J =2.4 Hz,
6.8 Hz, 1H), 4.30 (dd, J = 5.0 Hz, 10.5 Hz, 1H), 4.10 (m, 1H), 4.08 (m, 1H), 3.98 (dd, J
= 5.1 Hz, 10.5 Hz, 1H), 3.80 (s, 3H), 1.08 (s, 9H), 1.01 (s, 9H), 0.82 — 1.30 (m, 21H).
*C NMR (100 MHz, CDCls) & 160.0, 150.9, 130.5, 126.5, 113.6, 99.7, 77.7, 72.9, 71.9,
66.2, 55.3, 27.5, 27.0, 22.8, 20.0, 18.2, 18.2, 12.5. IR (KBr, cm™) 2891, 2862, 1653,
1611, 1513, 1252, 1113.  MS (APCI, m/z) 549 [M + H]". HRMS (ESI, m/z) calcd for
C30Hs305Si, [M + H]" 549.3432, found 549.3431. [a]p” =-20.0° (c, 0.2, CHCI3).

3-(1,5-Anhydro-2-deoxy-4,6-0-di-(tert-butyl)silanediyl-3-O-triisopropylsilyl-D-ar
abino-hex-1-enitolyl)benzoic acid zert-butyl ester (29c¢).

COztBU

/ N\

Bu

Bu
29c

Following the general method described above, the title compound 29¢ was isolated
in 99% yield as a colorless oil. '"H NMR (400 MHz, CDCl;) & 8.13 (t, J = 1.4 Hz, 1H),
7.92 (td, J= 1.5 Hz, 7.8 Hz, 1H), 7.66 (td, /= 1.2 Hz, 7.8 Hz, 1H), 7.37 (t, /= 7.8 Hz,
1H), 5.29 (d, J = 2.4Hz, 1H), 4.60 (dd, J = 2.4 Hz, 6.6 Hz, 1H), 4.33 (dd, J = 4.6 Hz,
10.8 Hz, 1H), 4.12 (d, J = 10.2 Hz, 1H), 4.09 (dd, J = 3.1 Hz, 10.2 Hz, 1H), 4.02 (dd, J
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= 4.6 Hz, 10.5 Hz, 1H), 1.59 (s, 9H), 1.13-1.18 (m, 21H), 1.09 (s, 9H), 1.02 (s, 9H).
13C NMR (100 MHz, CDCl5) & 165.4, 150.3, 134.3, 132.1, 129.5, 128.9, 128.1, 126.2,
101.9, 81.1, 77.5, 73.1, 71.7, 66.1, 28.2, 27.5, 27.0, 22.8, 19.9, 18.3, 18.2, 12.5. MS
(APCL, m/z) 619 [M + H]". HRMS (ESI, m/z) caled for CssHseOSir [M + H]'
619.3850, found 619.3860. [a]p? =-24.0° (c, 0.2, CHCl,).

4-(1,5-Anhydro-2-deoxy-4,6-0O-di-(fert-butyl)silanediyl-3-O-triisopropylsilyl-D-ar
abino-hex-1-enitolyl)benzoic acid zert-butyl ester (29d).

CO,'Bu

Following the general method described above, the title compound 29d was isolated
in 99% yield as a colorless oil. '"H NMR (400 MHz, CDCl3) 6 7.93 (d, J = 8.6 Hz, 2H),
7.54 (d, J = 8.8 Hz, 2H), 5.33 (d, J = 2.4 Hz, 1H), 4.60 (dd, J = 2.5 Hz, 6.7 Hz, 1H),
4.32 (dd, J=4.9 Hz, 10.2 Hz, 1H), 4.11 (dd, J = 6.8 Hz, 10.3 Hz, 1H), 4.11 (app t, J =
10.3 Hz, 1H), 4.01 (dd, J = 4.2 Hz, 10.0 Hz, 1H), 1.59 (s, 9H), 1.12 — 1.15 (m, 21H),
1.09 (s, 9H), 1.01 (s, 9H). ">C NMR (100 MHz, CDCls) & 165.4, 150.3, 137.9, 131.9,
129.4, 124.7, 103.1, 81.1, 77.4, 73.1, 71.7, 66.1, 28.2, 27.5, 27.0, 22.8, 19.9, 18.2, 18.2,
12.5. MS (APCI, m/z) 619 [M +H]". Anal. calcd for C34HsgO¢Si; C: 65.97, H: 9.44;
found C: 65.71, H: 9.62. [a]p> =—11.0° (c, 0.2, CHCl;).

3-(1,5-Anhydro-2-deoxy-4,6-0-di-(tert-butyl)silanediyl-3-O-triisopropylsilyl-D-ar
abino-hex-1-enitolyl)thiophene (29e).
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29e

Following the general method described above, the title compound 29e was isolated
in 99% yield as a colorless oil. '"H NMR (400 MHz, CDCls) 6 7.36 (dd, J = 1.0 Hz,
3.1 Hz, 1H), 7.23 — 7.30 (m, 1H), 7.14 (dd, J= 1.2 Hz, 5.2 Hz, 1H), 5.12 (d, J = 2.2 Hz,
1H), 4.56 (dd, J = 2.4 Hz, 6.8 Hz, 1H), 4.30 (dd, J=4.9 Hz, 10.5 Hz, 1H), 4.05 — 4.11
(m, 2H), 3.94-4.00 (m, 1H), 1.12 — 1.16 (m, 21H), 1.08 (s, 9H), 1.01 (s, 9H). "C
NMR (100 MHz, CDCls) 6 147.8, 136.3, 125.7, 124.8, 121.8, 101.1, 77.5, 72.9, 71.6,
66.1, 27.5, 27.0, 22.8, 19.9, 18.2, 17.7, 12.5. MS (APCI, m/z) 525 [M + H]". IR
(neat, cm'l) 2941, 2891, 2863, 1657, 1470. Anal. calcd for C,7H4304SSi, C: 61.78, H:
9.22; found C: 62.06, H: 9.52.

8-(1,5-Anhydro-2-deoxy-4,6-0-di-(tert-butyl)silanediyl-3-O-triisopropylsilyl-D-ar
abino-hex-1-enitolyl)quinoline (29f).

[
By By
29f

Following the general method described above, the title compound 29f was isolated
in 99% vyield as a colorless solid. 'H NMR (400 MHz, CDCl;) & 8.94 (dd, J = 2.0 Hz,
4.1 Hz, 1H), 8.14 (dd, J = 8.2 Hz, 1.8 Hz, 1H), 7.91 (dd, J = 7.3 Hz, 1.5 Hz, 1H), 7.76
(dd, J=1.5 Hz, 8.2 Hz, 1H), 7.51 (dd, J= 7.3 Hz, 8.2 Hz, 1H), 7.40 (dd, J=4.2 Hz, 8.2
Hz, 1H), 6.11 (d, J = 2.4 Hz, 1H), 4.76 (dd, J = 2.3 Hz, 6.8 Hz, 1H), 4.32 (dd, J = 4.4
Hz, 9.6 Hz, 1H), 4.26 (dd, J = 6.9 Hz, 10.2 Hz, 1H), 4.20 (td, J = 10.0 Hz, 4.3 Hz, 1H),
411 (app t, J = 9.7 Hz, 1H), 1.14 — 1.26 (m, 21H), 1.10 (s, 9H), 1.03 (s, 9H). “C
NMR (100 MHz, CDCls) 6 145.0, 148.9, 145.8, 136.3, 132.9, 128.9, 128.7, 128.5, 125.9,
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120.9, 108.8, 77.7, 73.1, 72.1, 66.3, 27.5, 27.0, 22.8, 19.9, 18.2, 12.5. mp. 89 — 92 °C.
MS (APCI, m/z) 570 [M + H]". IR (neat + CHCls, cm™) 1470, 1387, 1163, 1127, 1109,
1065. HRMS (ESI, m/z) caled for C3HsNNaO,Si» [M + Na]® 592.3254, found
592.3255. [op>> = 0.0° (c, 0.2, CHCL).

Typical Experimental procedure for the synthesis of P-D-glucopyranosyl
derivative (30a~30e)

1) BHg+THF
THF

2)30%aq. H,0, & §
3 N aq. NaOH \/Si\’
‘Bu Bu
30a~30e

To a solution of compound 29a~29e (1 mmol) in THF (5.8 mL) was added
borane-tetrahydrofuran complex (1.0 M in THF, (2.5 mmol)) dropwise at 0 °C. After
being stirred at 0 °C for overnight, the mixture was added 30% aqueous hydrogen
peroxide (3.3 mL) and 3 N aqueous sodium hydroxide (3.3 mL), and stirred at 0 °C for
4 hours. The reaction mixture was extracted with Et,O, washed with brine, dried over
sodium sulfate, and filtered. The filtrate was concentrated and dried, then the crude
material was purified by silica gel column chromatography to give compounds
30a~30e.

(4aR,6S,7S5,8R,8aR)-2,2-di-tert-butyl-6-phenyl-8-[(triisopropylsilyl)oxy|hexahydr
opyrano|3,2-d][1,3,2]dioxasilin-7-0l (30a).

Following the general method described above, the title compound 30a was isolated
in 58% vyield as a colorless oil. '"H NMR (400 MHz, CDCls) & 7.31 — 7.39 (m, 5H),
4.23 (d, J=9.7 Hz, 1H), 4.19 (dd, J = 5.1 Hz, 10.2 Hz, 1H), 3.91 (t, J = 8.3 Hz, 1H),
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3.88 (m, 1H), 3.84 (t, J = 8.5 Hz, 1H), 3.53 — 3.58 (m, 1H), 3.50 (t, J = 9.0 Hz, 1H),
1.95 (br s, 1H, OH), 1.17 — 1.29 (m, 3H), 1.10 — 1.13 (m, 18H), 1.08 (s, 9H), 1.02 (s,
9H). 'C NMR (100 MHz, CDCls) & 138.6, 128.5, 128.5, 127.4, 82.2, 79.8, 78.2, 76.6,
75.4, 66.7, 27.5, 27.0, 22.8, 20.0, 18.5, 18.4, 13.0. MS (APCL, m/z) 554 [M + NH.]".
IR (KBr, cm™) 3472, 2942, 2863, 1471, 1164, 1109. Anal. caled for CaHs,05Si, C:
64.88, H: 9.76; Found C: 64.64, H: 9.99. [o]p>> =-10.0° (c, 0.2, CHCl,).

(4aR,68,7S5,8R,8aR)-2,2-di-tert-butyl-6-(4-methoxyphenyl)-8-[(triisopropylsilyl)o
xylhexahydropyrano[3,2-d][1,3,2]dioxasilin-7-0l (30b).

OMe

30b

Following the general method described above, the title compound 30b was isolated
in 60% yield as a colorless oil. '"H NMR (400 MHz, CDCls) & 7.30 (d, J = 8.6 Hz, 2H),
6.89 (d, J = 8.8 Hz, 2H), 4.18 (d, J = 9.7 Hz, 1H), 4.17 (m, 1H), 3.89 (t, J = 10.0 Hz,
1H), 3.85 (m, 1H), 3.83 (t, J = 8.5 Hz, 1H), 3.79 (s, 3H), 3.53 — 3.57 (m, 1H), 3.46 —
3.51 (m, 1H), 1.94 (d, J=2.7 Hz, 1H, OH), 1.17 — 1.29 (m, 3H), 1.10 — 1.13 (m, 18H),
1.08 (s, 9H), 1.02 (s, 9H). ">C NMR (100 MHz, CDCl5) & 159.8, 130.6, 128.6, 114.0,
81.9, 79.8, 78.2, 76.6, 75.3, 66.7, 55.3, 27.5, 27.0, 22.8, 20.0, 18.5, 18.4, 13.0. IR
(nujol, em™) 3601, 1613, 1514, 1463. MS (APCI, m/z) 584 [M + NH4]". Anal. calcd
for C;0Hs406S1, C: 63.56, H: 9.60; found C: 63.73, H: 9.75. [oc]D25 = -5.0° (c, 0.2,
CHCl,).

tert-Butyl

3-{(4aR,6S,7S,8R,8aR)-2,2-di-tert-butyl-7-hydroxy-8-[(triisopropylsilyl)oxy|hexahy
dropyrano|3,2-d][1,3,2]dioxasilin-6-yl}benzoate (30c).
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Following the general method described above, the title compound 30¢ was isolated
in 52% yield as a colorless oil. 'H NMR (400 MHz, CDCls) & 8.01 (t, J=1.7 Hz, 1H),
7.94 (td, J = 1.5 Hz, 7.7 Hz, 1H), 7.54 (td, J = 1.5 Hz, 7.7 Hz, 1H), 7.41 (t, J = 7.7 Hz,
1H), 4.30 (d, J=9.5 Hz, 1H), 4.18 (dd, J = 4.9 Hz, 10.3 Hz, 1H), 3.92 (t, /= 10.2 Hz,
1H), 3.87 — 3.89 (m, 1H), 3.85 (t, /= 8.3 Hz, 1H), 3.48 — 3.61 (m, 2H), 2.03 (d, /=2.9
Hz, 1H, OH), 1.59 (s, 9H), 1.17 — 1.31 (m, 3H), 1.13 (d, J= 4.8 Hz, 12H), 1.11 (d, J =
4.8 Hz, 6H), 1.08 (s, 9H), 1.02 (s, 9H). '*C NMR (100 MHz, CDCls) & 165.5, 138.9,
132.4, 131.5, 129.5, 128.3, 128.3, 81.7, 81.1, 79.9, 78.1, 76.6, 75.4, 66.6, 28.2, 27.5,
27.0,22.8,20.0, 18.5, 18.4, 13.0. IR (KBr, cm™) 3499, 1718, 1589, 1463. MS (APCI,
m/z) 654 [M + H]+. Anal. calcd for C34HgyO7Si, C: 64.11, H: 9.49; found C: 64.03, H:
9.65. [a]p> =-50.0° (c, 0.2, CHCI)).

tert-Butyl
4-{(4aR,6S,7S,8R,8aR)-2,2-di-tert-butyl-7-hydroxy-8-[(triisopropylsilyl)oxy]hexahy
dropyrano|3,2-d][1,3,2]dioxasilin-6-yl}benzoate (30d).

CO,'Bu

30d

Following the general method described above, the title compound 30d was isolated
in 41% yield as a colorless oil. "H NMR (400 MHz, CDCl3) & 7.97 (td, J= 8.4 Hz, 1.8
Hz, 2H), 7.43 (td, /= 1.6 Hz, 8.3 Hz, 2H), 4.30 (d, /= 9.3 Hz, 1H), 4.19 (dd, /=4.9 Hz,
10.3 Hz, 1H), 3.81 — 3.96 (m, 3H), 3.56 (ddd, J = 4.9 Hz, 9.0 Hz, 10.1 Hz, 1H), 3.43
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(ddd, J = 2.8 Hz, 8.2 Hz, 9.6 Hz, 1H), 2.02 (d, /= 3.1 Hz, 1H, OH), 1.58 (s, 9H), 1.16 —
1.28 (m, 3H), 1.12 (d, J = 4.9 Hz, 12H), 1.10 (d, J = 5.1 Hz, 6H), 1.08 (s, 9H), 1.02 (s,
9H). '*C NMR (100 MHz, CDCL) & 165.5, 143.2, 132.1, 129.5, 127.1, 81.6, 81.0,
79.9, 78.1, 76.7, 75.3, 66.6, 28.2, 27.5, 27.0, 22.8, 20.0, 18.5, 18.4, 13.0. IR (KBr,
em™) 3500, 1716, 1613, 1472. MS (APCIL, m/z) 654 [M + H]". Anal. calced for
Ca4HgoO5Si> C: 64.11, H: 9.49; found C: 63.89, H: 9.76. [a]p® = -70.0° (c, 0.2,
CHCL5).

(4aR,6S,75,8R ,8aR)-2,2-di-tert-butyl-6-(3-thienyl)-8-[(triisopropylsilyl)oxy|hexah
ydropyrano|3,2-d][1,3,2]dioxasilin-7-0l (30e).

30e

Following the general method described above, the title compound 30e was isolated
in 49% yield as a colorless oil. 'H NMR (400 MHz, CDCl3) & 7.32-7.35 (m, 2H), 7.13
(dd, J = 2.5 Hz, 3.7 Hz, 1H), 4.37 (d, J = 9.8 Hz, 1H), 4.19 (dd, J = 5.0 Hz, 10.0 Hz,
1H), 3.80 —3.91 (m, 3H), 3.48 — 3.56 (m, 2H), 2.04 (d, /=2.9 Hz, 1H, OH), 1.11 — 1.14
(m, 21H), 1.07 (s, 9H), 1.01 (s, 9H). "*C NMR (100 MHz, CDCl;) & 139.8, 126.2,
123.2, 79.8, 78.2, 78.1, 76.3, 75.3, 66.6, 27.5, 27.0, 22.8, 20.0, 18.5, 18.4, 13.0. MS
(APCI, m/z) 560 [M + NH4]". IR (neat + CHCls, cm™) 3606, 2943, 2864, 1471, 1163,
1109. HRMS (ESI, m/z) caled for C,7Hs;05SSi, [M + H]™ 543.2996, found 543.2989.

Typical Experimental procedure for the synthesis of 1-aryl-B-D-glucopyranose
(31a~31e)
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To a solution of compound 31a~31e (1 mmol) in THF (7.5 mL) was added
tetra-n-butylammonium fluoride (TBAF) (1.0 M in THF, 5 mmol) dropwise, then the
mixture was stirred at 60 °C for 4 hours. The mixture was concentrated and dried,
then the crude material was purified by silica gel column chromatography to give

compounds 31a~31e.

(15)-1,5-anhydro-1-phenyl-D-glucitol (31a).

OH
31a

Following the general method described above, the title compound 31a was isolated
in 43% yield as a colorless amorphous powder. 'H NMR (400 MHz, DMSO-d) &
7.23 —7.38 (m, 5H), 4.95 (d, /= 3.2 Hz, 1H), 4.94 (d, /= 3.5 Hz, 1H), 4.78 (d, /= 5.8
Hz, 1H), 4.45 (t, J= 5.9 Hz, 1H), 4.01 (d, J=9.5 Hz, 1H), 3.67 — 3.73 (m, 1H), 3.42 —
3.47 (m, 1H), 3.21 — 3.30 (m, 3H), 3.14-3.19 (m, 2H). *C NMR (100 MHz,
DMSO-dg) 6 140.3, 127.7, 127.5, 127.2, 81.3, 81.1, 78.4, 74.6, 70.3, 61.4. MS (APCI,
m/z) 258 [M + NH4]". IR (neat + CHCls, cm™) 3361, 2918, 1637, 1455, 1082, 1026.
HRMS (ESI, m/z) caled for C1,H;¢NaOs [M + Na]* 263.0895, found 263.0896. [a]p” =
+30.0° (c, 0.2, MeOH) (lit.** [a]p = +30.3° (¢, 1.9, MeOH)).

(15)-1,5-anhydro-1-(4-methoxyphenyl)-D-glucitol (31b).

OMe

OH
31b

Following the general method described above, the title compound 31b was isolated
in 52% yield as a colorless amorphous powder. 'H NMR (400 MHz, DMSO-d) &
7.25 (d, J= 8.7 Hz, 2H), 6.86 (d, J = 8.7 Hz, 2H), 4.92 (d, /= 4.5 Hz, 1H), 491 (d, J =
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5.0 Hz, 1H), 4.71 (d, J= 5.6 Hz, 1H), 4.43 (t, J = 5.8 Hz, 1H), 3.95 (d, /= 9.5 Hz, 1H),
3.73 (s, 3H), 3.67 — 3.72 (m, 1H), 3.40 — 3.46 (m, 1H), 3.10 — 3.30 (m, 4H). *C NMR
(100 MHz, DMSO-ds) & 158.5, 132.4, 128.8, 112.9, 81.0, 80.9, 78.4, 74.6, 70.4, 61.4,
54.9. MS (APCL m/z) 288 [M + NH,]". IR (KBr, cm’) 3403, 3238, 2924, 2854,
1509, 1459, 1105. HRMS (ESI, m/z) caled for Ci3HigNaOg [M + Na]™ 293.1001,
found 293.1006. [o]p>> = +27.0° (c, 0.2, MeOH).

(15)-1,5-anhydro-1-(3-tert-butoxycarbonylphenyl)-D-glucitol (31c¢).

CO,'Bu

OH
31c

Following the general method described above, the title compound 31¢ was isolated
in 83% yield as a colorless amorphous powder. 'H NMR (400 MHz, DMSO-d) &
7.87 (t, J= 1.6 Hz, 1H), 7.81 (td, J = 1.5 Hz, 7.8 Hz, 1H), 7.59 (td, J = 1.3 Hz, 7.6 Hz,
1H), 7.44 (t,J= 7.7 Hz, 1H), 4.93 (d, /= 5.1 Hz, 2H), 4.83 (d, /= 5.6 Hz, 1H), 4.44 (4,
J=5.7Hz, 1H), 4.10 (d, J = 9.5 Hz, 1H), 3.72 (ddd, J = 1.8 Hz, 5.5 Hz, 13.7 Hz, 1H),
3.47 (quint, J = 5.9 Hz, 1H), 3.12 — 3.33 (m, 4H), 1.55 (s, 9H). "*C NMR (100 MHz,
DMSO0-dg) 6 165.0, 140.8, 132.2, 130.7, 128.3, 128.0, 127.8, 81.2, 80.9, 80.5, 78.2, 74.7,
70.3, 61.3, 27.7. MS (APCI, m/2) 358 [M + NH4]". IR (nujol, cm™) 3352, 2920,
2852, 1711, 1458. HRMS (ESI, m/z) caled for Ci7HpNaO; [M + Na]® 363.1420,
found 363.1413. [o]p> = +227.72° (c, 0.2, CHCI3).

(15)-1,5-anhydro-1-(4-tert-butoxycarbonylphenyl)-D-glucitol (31d).

002tBU

OH
31d

Following the general method described above, the title compound 31d was isolated
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in 90% yield as a colorless amorphous powder. 'H NMR (400 MHz, DMSO-d¢) &
7.84 (d, J= 8.3 Hz, 2H), 7.46 (d, J = 8.3 Hz, 2H), 4.93 — 4.95 (m, 2H), 4.83 (d, /=5.9
Hz, 1H), 4.44 (t, J= 5.7 Hz, 1H), 4.10 (d, /= 9.3 Hz, 1H), 3.72 (ddd, /= 1.8 Hz, 5.4 Hz,
11.8 Hz, 1H), 3.48 (quint, J= 5.9 Hz, 1H), 3.14 — 3.33 (m, 3H), 3.10 (td, /= 5.9 Hz, 9.0
Hz, 1H), 1.54 (s, 9H). '"*C NMR (100 MHz, DMSO-ds) & 164.9, 145.3, 130.3, 128.3,
127.6, 81.1, 80.8, 80.4, 78.2, 75.0, 70.2, 61.3, 27.7.  MS (APCI, m/z) 358 [M + NH,] .
IR (nujol, cm™) 3453, 2977, 2920, 2874, 1701, 1612. Anal. caled for C;7H0; C:
59.99, H: 7.11; found C: 59.74, H: 7.33. [a]D25 =+21.78° (¢, 0.2, MecOH).

(1S5)-1,5-anhydro-1-(3-thienyl)-D-glucitol (31e).

OH
31e

Following the general method described above, the title compound 31e was isolated
in 37% yield as a colorless amorphous powder. 'H NMR (400 MHz, DMSO-d) &
7.40 —7.43 (m, 2H), 7.12 (dd, J= 1.5 Hz, 4.9 Hz, 1H), 4.91 (d, J=3.9 Hz, 1H), 4.88 (d,
J=5.2Hz, 1H), 4.83 (d, /= 5.7 Hz,1 H), 4.41 (t, J = 6.0 Hz, 1H), 4.12 (d, /= 9.0 Hz,
1H), 3.69 (ddd, J=2.0 Hz, 5.6 Hz, 11.7 Hz, 1H), 3.43 (quint, J = 6.0 Hz, 1H), 3.13-3.26
(m, 3H). "“C NMR (100 MHz, DMSO-dg) & 141.5, 127.3, 124.8, 122.6, 81.0, 78.4,
77.3, 74.3, 70.3, 61.3. MS (APCI, m/z) 264 [M + NH,]". IR (neat + CHCl;, cm™)
3374, 2925, 1731, 1635, 1425, 1241, 1083. HRMS (ESI, m/z) caled for C;oH4NaOsS
[M + Na]" 269.0460, found 269.0461.

(4aR,7R,8R,8aR)-2,2-di-tert-butyl-6-phenyl-8-[(triisopropylsilyl)oxy]hexahydrop
yrano|3,2-d][1,3,2]dioxasiline-6,7-diol (32a)
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aq. NaHCO4
acetone

/N
'Bu Bu

29a

To a solution of compound 29a (129 mg, 0.25 mmol) in acetone (10 mL) was added
NaHCO; (210 mg, 2.50 mmol) at 0 °C, then oxone (461 mg, 1.50 mmol) in water (5
mL) was added and stirred at room temperature for 4 hours. The mixture was filtered
and the filtrate was concentrated, then extracted with AcOEt, washed with brine, dried
over sodium sulfate, and filtered. The filtrate was concentrated and dried, then the
crude material was purified by silica gel column chromatography (2% — 10% AcOEt in
hexane) to give 32a (75 mg, 60%) as a colorless amorphous gum and anomeric
diastereomixture (approximately 10 : 1). 'H NMR (400 MHz, CDCl;, major
diastereomer) 6 7.56 — 7.58 (m, 2H), 7.34 — 7.40 (m, 3H), 4.14 (m, 2H), 4.05 (m, 1H),
3.99 (m, 1H), 3.88 (m, 1H), 3.50 (ddd, /= 1.2 Hz, 5.6 Hz, 8.6 Hz, 1H), 3.01 (d, /= 1.1
Hz, 1H), 2.13 (d, J = 5.5 Hz, 1H), 1.18 — 1.26 (m, 3H), 1.09 — 1.13 (m, 18H), 1.09 (s,
9H), 1.03 (s, 9H). '>C NMR (100 MHz, CDCl;, major diasterecomer) & 141.8, 129.1,
128.8, 128.3, 125.8, 98.3, 78.3, 77.9, 76.8, 67.9, 66.9, 27.6, 27.0, 22.8, 20.0, 18.5, 18.4,
13.0. MS (ESI, m/z) 575 (M + Na). IR (nujol, cm™) 3435, 1463, 1377. HRMS
(ESI) calcd for C,9Hs306Si, [M + H]" 553.3381, found 553.3367.

(4aR,6S,7R,8R,8a8)-2,2-di-tert-butyl-6-phenylhexahydropyrano|3,2-d][1,3,2]diox
asiline-7,8-diol (33a)

EtsSiH
TMSOTf
B ——
CH,Cl,
BU Bu
33a

To a solution of compound 32a (50 mg, 0.0904 mmol) in methylene chloride (5 mL)
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was added triethylsilane (0.06 mL, 0.376 mmol) and trimethylsilyl
trifluoromethanesulfonate (TMSOTY) (0.06 mL, 0.332 mmol) at —78 °C. After being
stirred at —78 °C for 1 hour and room temperature for 1.5 hours, the mixture was
quenched by saturated aq. NaHCOj3 and extracted with CHCls, washed with brine, dried
over sodium sulfate, and filtered. The filtrate was concentrated and dried, then the
crude material was purified by silica gel column chromatography (10% — 20% AcOEt in
hexane) to give compound 33a (18 mg, 52%) as a colorless amorphous powder. 'H
NMR (400 MHz, CDCls) & 7.33 — 7.39 (m, 5H), 4.26 (d, /= 9.4 Hz, 1H), 4.21 (dd, J =
5.2 Hz, 10.2 Hz, 1H), 3.91 (t, J=10.2 Hz, 1H), 3.82 (t, J= 9.1 Hz, 1H), 3.70 (t, J = 8.7
Hz, 1H), 3.62 (t, J=9.1 Hz, 1H), 3.57 — 3.61 (m, 1H), 2.81 (d, /= 1.5 Hz, 1H), 2.10 (d,
J = 2.7 Hz, 1H), 1.09 (s, 9H), 1.03 (s, 9H). '>C NMR (100 MHz, CDCl3) & 138.0,
128.7, 128.6, 127.5, 82.2, 78.2, 77.2, 74.8, 74.8, 66.5, 27.5, 27.0, 22.7, 20.0. MS
(APCI, m/z) 398 (M + NH,). IR (KBr, cm™) 3460, 1474, 1388. HRMS (ESI) calcd
for C,0H3305Si [M + H]" 381.2097, found 381.2092.

(4aR,7R,8R,8aR)-2,2-di-tert-butyl-6-quinolin-8-yl-8-[(triisopropylsilyl)oxy| hexah
ydropyrano|3,2-d][1,3,2]dioxasiline-6,7-diol (32f)

To a solution of compound 29f (300 mg, 0.526 mmol) in acetone (20 mL) was added
NaHCO; (442 mg, 5.26 mmol) at 0 °C, then oxone (970 mg, 3.16 mmol) in water (10
mL) was added and stirred at room temperature for 4 hours. The mixture was filtered
and the filtrate was concentrated, then extracted with AcOEt, washed with brine, dried
over sodium sulfate, and filtered. The filtrate was concentrated and dried, then the
crude material was purified by silica gel column chromatography (5% — 20% AcOEt in
hexane) to give compound 32f (215 mg, 68%) as a colorless amorphous powder and
anomeric diastereomixture (approximately 10 : 1). '"H NMR (400 MHz, CDCl3, major
diastereomer) & 11.60 (s, 1H), 8.79 (dd, J = 1.8 Hz, 4.3 Hz, 1H), 8.24 (dd, J = 1.8 Hz,
8.4 Hz, 1H), 7.92 (dd, J= 1.4 Hz, 7.4 Hz, 1H), 7.82 (dd, /= 1.1 Hz, 8.8 Hz, 1H), 7.61 (t,
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J=17.7Hz, 1H), 7.45 (dd, J = 4.3 Hz, 8.4 Hz, 1H), 4.30 (td, J = 5.0 Hz, 10.0 Hz, 1H),
4.19 (t,J= 8.5 Hz, 1H), 4.13 (dd, /= 5.0 Hz, 9.9 Hz, 1H), 3.86 — 3.93 (m, 3H), 2.31 (s,
1H), 1.18 — 1.31 (m, 3H), 1.04 — 1.16 (m ,18H), 1.09 (s, 9H), 1.05 (s, 9H). "*C NMR
(100 MHz, CDCl;s, major diastereomer) & 147.3, 146.7, 137.9, 134.7, 129.1, 128.7,
128.7, 127.0, 120.7, 101.6, 78.7, 78.2, 77.1, 67.4, 67.3, 27.6, 27.1, 22.8, 20.0, 18.5, 18.5,
13.0. MS (ESL m/z) 604 [M +H]". IR (KBr,cm™) 3450, 1471, 1166, 1072. HRMS
(ESI) caled for C3,Hs4NOgSi, [M + H]" 604.3490, found 604.3473.

(4aR,6S8,7R,8R 8aS)-2,2-di-tert-butyl-6-quinolin-8-yl-hexahydropyrano|[3,2-d][1,3,
2]dioxasiline-7,8-diol (33f)

EtsSiH
TMSOTY
B ——
CH,Cl,
BU Bu
33f

To a solution of compound 32f (214 mg, 0.354 mmol) in methylene chloride (10 mL)
was added triethylsilane (0.28 mL, 1.75 mmol) and trimethylsilyl
trifluoromethanesulfonate (TMSOTY) (0.32 mL, 1.77 mmol) at —78 °C. After being
stirred at —78 °C for 1 hour and room temperature for 1.5 hours, the mixture was
quenched by saturated aq. NaHCO3 and extracted with CHCl3;, washed with brine, dried
over sodium sulfate, and filtered. The filtrate was concentrated and dried, then the
crude material was purified by silica gel column chromatography (5% — 10% AcOEt in
hexane) to give compound 33f (14 mg, 7%) as a colorless amorphous powder. 'H
NMR (400 MHz, CDCls) & 8.82 (dd, J = 1.9 Hz, 4.4 Hz, 1H), 8.26 (dd, /= 1.8 Hz, 8.4
Hz, 1H), 7.93 (dt, J= 1.2 Hz, 7.3 Hz, 1H), 7.77 (d, J = 8.0 Hz, 1H), 7.59 (t, J = 7.7 Hz,
1H), 5.55 (d, J= 8.5 Hz, 1H), 4.94 (t, J = 7.4 Hz, 1H), 4.31 (m, 1H), 4.15 (dd, J = 6.7
Hz, 8.4 Hz, 1H), 4.02 — 4.06 (m, 2H), 3.84 — 3.89 (m, 1H), 2.23 (s, 1H), 1.08 (s, 9H),
1.01 (s, 9H). ">C NMR (100 MHz, CDCls) & 148.8, 145.2, 138.7, 137.7, 128.6, 127.1,
127.1, 125.8, 121.2, 82.5, 81.6, 80.3, 74.8, 73.9, 64.8, 27.2, 27.2, 21.4, 21.3. MS
(APCI, m/z) 432 (M + H). IR (KBr, cm™) 3448, 1470, 1162, 1086. HRMS (ESI)
caled for Co3H34NOsSi [M + H]™ 432.2206, found 432.2215.  [a]p™ =+132.86° (c, 0.7,
CHCly).
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(15)-1,5-anhydro-1-(quinolin-8-yl)-D-glucitol (31f)

By By
33f

To a solution of compound 33f (14 mg, 0.0324 mmol) in THF (1 mL) was added
TBAF (1.0 M in THF, 0.5 mL, 0.5 mmol) dropwise, then the mixture was stirred at
60 °C for 4 hours. The mixture was concentrated and dried, then the crude material
was purified by silica gel column chromatography (10% MeOH in AcOEt) to give 31f
(3 mg, 33%) as a colorless amorphous powder. 'H NMR (400 MHz, DMSO-d;) & 8.85
(dd, J=1.8 Hz, 4.3 Hz, 1H), 8.38 (dd, /= 1.7 Hz, 8.3 Hz, 1H), 7.89 (dd, /= 1.2 Hz, 8.1
Hz, 1H), 7.59 (dd, J = 6.6 Hz, 7.4 Hz, 1H), 7.55 (t, /= 3.7 Hz, 7.8 Hz, 1H), 5.31 (d, J =
3.8 Hz, 1H), 4.29 (t, J=2.8 Hz, 1H), 4.14 (ddd, /= 3.3 Hz, 6.0 Hz, 9.1 Hz, 1H), 4.07
(dd, J=3.3 Hz, 8.3 Hz, 1H), 3.87 (dd, 3.3 Hz, 11.6 Hz, 1H), 3.71 (dd, J= 5.8 Hz, 11.6
Hz, 1H). "“C NMR (100 MHz, CD;0D) & 150.1, 146.2, 138.9, 138.3, 130.0, 129.3,
127.7, 122.4, 97.3, 88.7, 85.0, 82.8, 79.7, 71.2, 65.6. MS (APCI, m/z) 292 (M + H).
IR (nujol, cm'l) 3380, 2924, 1455, 1082, 1026. HRMS (ESI) calcd for C;sH;7NNaOs
[M + Na]" 314.1004, found 314.1030.
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(4aR,8R,8a8)-2,2-di-tert-butyl-8-[(triisopropylsilyl)oxy]-4,4a,8,8a-tetrahydropyra
no[3,2-d][1,3,2]dioxasiline (35)

07X 1) BBu,Si(OTf), ;;j\
DMF
HO
oH : OTIPS

OH 2) TIPS-CI O\Si'o
34 Imidazole By “tBu
DMF 35

To a solution of D-galactal 34 (2.76 g, 18.9 mmol) in DMF (90 mL) was added
di-tert-butylsilyl bis(trifluoromethanesulfonate) (10 g, 29.4 mmol) in methylene
chloride (25 mL) at —40 °C dropwise, then stirred at —40 °C for 1 hour. To a mixture
was added pyridine (3.82 mL, 47.2 mmol) at —40 °C, then stirred at 0 °C for 1 hour.
The reaction mixture was diluted with Et,O, then washed with water and brine, dried
over sodium sulfate, filtered and concentrated to give bridged-silyl alcohol* (6.82 g) as
an oil which was used without further purification. To a solution of bridged-silyl
alcohol (6.82 g) in DMF was added imidazole (3.22 g, 47.3 mmol) and triisopropylsilyl
chloride (5.26 mL, 24.6 mmol), then stirred at 50 °C for 18 hours. The mixture was
cooled to ambient temperature, water was added and extracted with Et,O, washed with
water and brine, dried over sodium sulfate, and filtered. After the filtrate was
concentrated, the residue was purified by silica gel column chromatography (5% AcOEt
in hexane) to give 35 (7.11 g, 85%) as a colorless oil. 'H NMR (400 MHz, CDCl3) &
6.25(d, J=6.2 Hz, 1H), 4.62 — 4.68 (dd, /= 1.6 Hz, 6.3 Hz, 1H), 4.60 (m, 1H), 4.38 (m,
1H), 4.19 — 4.31 (m, 2H), 3.85 (m, 1H), 0.82 — 1.14 (m, 39H). '*C NMR (100 MHz,
CDCls) 6 143.23, 103.99, 73.53, 69.42, 67.56, 65.80, 27.39, 26.83, 23.18, 20.60, 17.78,
17.74,12.09. MS (APCI, m/z) 443 [M + H]". IR (neat, cm™) 2940, 2863, 1652, 1473,
1178, 1110, 1082. HRMS (ESI, m/z) calcd for Cy3H4sNaO,Si; [M + Na]” 465.2832,
found 465.2837. [a]p> =+14.2° (¢, 0.5, CHCl;)

2,6-anhydro-1,5-dideoxy-3-0O-|di-ter-butyl(hydroxy)silyl]-6-phenyl-4-O-(triisopr
opylsilyl)-D-erythro-hexa-1,5-dienitol (38)
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BulLi .
B(OMe); o\B/o
0" _78°C Ph-Br AN
PdCl,(PPhs),
oTiPs — _ 07" TR
THF aq. Na,CO OTIPS
0@ TIP -NayCOg
ol e ho._ .0 oTES| e 0.0
Bu Bu pinacol ~Si” reflux tBu/ \tBu
35 toluene _tBu/ “tBu | 4 hours 28
36

To a solution of 35 (21.28 g, 48.06 mmol) in THF (160 mL) was added
tert-butyllithium (1.50 M, 103 mL, 154.5 mmol) at —78 °C dropwise, then stirred at
0 °C for 1 hour. To a mixture was added trimethyl borate (19.4 mL, 174 mmol) at —
78 °C, then stirred at 0 °C for 15 minutes and gradually warmed to room temperature
and stirred for 1 hour. The mixture was quenched by H,0O, then the mixture was
extracted with ether, washed with brine, dried over sodium sulfate, filtered, the filtrate
was evaporated under reduced pressure to give crude boronic acid as a colorless viscous
oil. To a solution of boronic acid in toluene (250 mL) was added pinacol (4.91 g, 41.6
mmol), then the mixture was stirred at room temperature for overnight. The reaction
mixture was washed with water and brine, dried over sodium sulfate, and filtered. The
filtrate was evaporated under reduced pressure to afford quantitative yield of
glucal-boronic acid ester 36 (27.4 g, 99%) as a colorless viscous oil.

To a mixture of boronic acid ester 36 (1.60 g, 2.81 mmol) and bromobenzene (157
mg, 1.00 mmol) in DME (10 mL) was added dichlorobis(triphenylphosphine)palladium
(35 mg, 0.05 mmol) and 2 M aq Na,CO; (2.5 mL, 5.00 mmol), then the mixture was
refluxed for 4 hours. The mixture was cooled to ambient temperature and diluted with
AcOEt, then washed with water, brine, dried over sodium sulfate, and filtered. After
the filtrate was concentrated, the crude material was purified by silica gel column
chromatography (5% — 10% AcOEt in hexane) to give compound 38 (520 mg, 99%) as
a colorless oil. 'H NMR (400 MHz, DMSO-d;, 75 °C) & 7.59 — 7.61 (m, 2H), 7.36 —
7.39 (m, 3H), 5.98 (m, 1H, Si-OH), 5.64 (d, /= 5.8 Hz, 1H), 4.75 — 4.77 (m, 2H), 4.67 —
4.68 (m, 1H), 4.55 — 4.57 (m, 1H), 0.98 — 1.17 (m, 39H). "“C NMR (100 MHz,
DMSO-ds, 75 °C) 6 156.02, 150.11, 133.24, 128.88, 128.37, 124.67, 99.28, 91.38, 70.00,
66.25, 20.59, 20.11, 18.03, 17.99, 17.92, 17.88, 12.57, 12.51. MS (APCI, m/z) 536 [M
+ NH4]". IR (neat, cm™) 3478, 1722, 1669, 1471. HRMS (ESIL, m/z) caled for
C20Hs5oNaO4Si; [M + Na]™ 541.3145, found 541.3162. [a]p” =—70.0° (¢, 0.6, CHCl5)
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Methyl 2-bromo-3.4,5-trimethoxybenzoate (45)35

OMe OMe
Meo:@\ Br2 MeO
—_—
Ac,O
Br
44
45

To a solution of methyl 3,4,5-trimethoxybenzoate 44 (4.5 g, 20.0 mmol) in acetic
anhydride (25 mL) was added bromine (3.2 g, 20.0 mmol) in acetic anhydride (15 mL)
dropwise at 0 °C, and the mixture was stirred at 0 °C for 4 hours and r.t. for 1 hour.
After acetic anhydride was concentrated, the crude material was purified by silica gel
column chromatography (10% — 20% AcOEt in hexane) to give compound 45 (4.95 g,
82%) as a colorless oil. 'H NMR (400 MHz, CDCl;) & 7.16 (s, 1H), 3.93 (s, 3H), 3.92
(s, 3H), 3.89 (s, 3H), 3.89 (s, 3H). "°C NMR (100 MHz, CDCl3) & 166.5, 152.4, 151.6,
146.1, 127.6, 110.2, 109.6, 61.2, 61.0, 56.3, 52.5.  MS (APCI, m/z) 305 /307 [M +H]".
IR (neat, cm'l) 1734, 1484, 1386, 1339. Anal. calcd for C,;H;3BrOs C: 43.30, H: 4.29;
found C: 43.32, H: 4.40.

Methyl
2-{(4aR,8R,8aR)-2,2-di-tert-butyl-8-[(triisopropylsilyl)oxy|-4,4a,8,8a-tetrahydropyr
ano|[3,2-d][1,3,2]dioxasilin-6-yl}-3,4,5-trimethoxybenzoate (46)

OMe
MeO
OMe 27
MeO PdCl,(PPhg), MeO CO.Me
_—
MeO co,Me 24 NaCO;
Br DME ~NOTIPS
0...0
45 S
‘Bu Bu
46

To a mixture of boronic acid ester 27 (1.42 g, 2.50 mmol) and bromide 45 (305 mg,
1.00 mmol) in DME (10 mL) was added dichlorobis(triphenylphosphine)palladium (35
mg) and 2 M aq Na,CO; (2.5 mL, 5.00 mmol), then the mixture was refluxed for 3
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hours. The mixture was cooled to ambient temperature and diluted with AcOEt, then
washed with water, brine, dried over sodium sulfate, and filtered. After the filtrate was
concentrated, the crude material was purified by silica gel column chromatography (5%
— 10% AcOEt in hexane) to give compound 46 (722 mg, 99%) as a colorless amorphous
powder. 'H NMR (400 MHz, CDCl;) & 7.07 (s, 1H), 4.80 (d, J = 2.2 Hz, 1H), 4.56 (dd,
J =23 Hz, 6.7 Hz, 1H), 4.17 (m, 1H), 4.09 (m, 1H), 3.99 — 4.04 (m, 2H), 3.90 (s, 3H),
3.88 (s, 3H), 3.86 (s, 3H), 3.85 (s, 3H), 1.08 (s, 9H), 1.02 (s, 9H), 1.07 — 1.12 (m, 21H).
3C NMR (100 MHz, CDCLs) 8 167.9, 153.6, 152.4, 147.3, 145.2, 127.4, 123.2, 108.8,
106.0, 77.9, 73.4, 71.9, 66.1, 61.7, 60.9, 56.2, 52.2, 27.5, 27.0, 22.8, 19.9, 18.2, 12.5.
MS (ESI, m/z) 667 [M + H]". IR (neat, cm™) 1721, 1463, 1342, 1109, 1059. HRMS
(ESI, m/z) caled for C34HssNaOoSi, [M + Na]™ 689.3517, found 689.3541. [a]p® =—
54.0° (¢, 0.2, CHC,).

2-{(4aR,8R,8aR)-2,2-di-tert-butyl-8-[(triisopropylsilyl)oxy]-4,4a,8,8a-tetrahydrop
yrano|3,2-d][1,3,2]dioxasilin-6-yl}-3,4,5-trimethoxybenzyl alcohol (48)

OMe OMe
1) BH3*THF
THF
2) 30% aq. H202
3 N aq. NaOH
62%
i
Bu Bu
46

To a solution of compound 46 (870 mg, 1.30 mmol) in THF (15 mL) was added
borane-tetrahydrofuran complex (1.0 M in THF, 6.5 mL, 6.50 mmol) dropwise at 0 °C.
After being stirred at 0 °C for overnight, the mixture was added 30% aqueous hydrogen
peroxide (10 mL) and 3 N aqueous sodium hydroxide (10 mL), and stirred at 0 °C for 4
hours. The reaction mixture was neutralized with 10% aqueous citric acid and
extracted with Et,O, washed with brine, dried over sodium sulfate, and filtered. After
the filtrate was concentrated, the crude material was purified by silica gel column
chromatography (5% — 20% AcOEt in hexane) to give compound 48 (516 mg, 62%) as
a colorless amorphous powder. 'H NMR (400 MHz, CDCl3) 8 6.72 (s, 1H), 4.85 (d, J
=12.1 Hz, 1H), 4.37 (dd, J=8.7 Hz, 11.1 Hz, 1H), 4.19 (dd, J = 5.0 Hz, 10.2 Hz, 1H),
3.84 -3.94 (m, 13H), 3.76 — 3.82 (m, 1H), 3.54 (td, /=4.8 Hz, 9.6 Hz, 1H), 1.54 — 1.55
(m, 2H), 1.18 — 1.32 (m, 3H), 0.99 — 1.13 (m, 18H), 1.08 (s, 9H), 1.03 (s, 9H). "°C
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NMR (100 MHz, CDCL5)*® § 154.4, 151.9, 151.7, 135.6, 108.1, 97.4, 79.9, 78.1, 77.2,
75.9, 73.9, 66.4, 61.5, 60.9, 55.9, 27.5, 27.0, 22.8, 20.0, 18.5, 18.4, 13.0. MS (APCI,
m/z) 674 [M + NH4]". IR (nujol, cm™) 3421, 1599, 1467, 1329, 1166. HRMS (ESI)

calcd for C33HgNaOoSi, [M + Na]+ 679.3674, found 679.3692. [oc]D25 =+6.0° (¢, 0.2,
CHCIy).

(SRS, 6aS,7R,7aR,11aR,12a5)-9,9-di-tert-butyl-1,2,3-trimethoxy-7-
[(triisopropylsilyl)oxy]-6a,7,7a,11,11a,12a-hexahydro-5H-[1,3,2]dioxasilino[4',5':5,6
|pyrano|3,2-c]isochromen-5-o0l (50 and 51)

(6aS,7R,7aR,11aR,12a8)-9,9-di-tert-butyl-1,2,3-trimethoxy-7-[(triisopropylsilyl)o
xy|-6a,7,7a,11,11a,12a-hexahydro-5H-[1,3,2]dioxasilino[4',5':5,6]pyrano|3,2-c]isoch
romen-5-one (52)

OMe

0.0
Si

/A
Bu Bu

50 and 51
(Diastereoisomer)

To a solution of compound 48 (180 mg, 0.274 mmol) in chloroform (5 mL) was
added manganese dioxide (480 mg, 5.48 mmol), then the mixture was refluxed for 3 hr.
After being cooled to ambient temperature, the insoluble material was filtered off and
the filtrate was concentrated. The crude material was purified by silica gel column
chromatography (10% — 20% AcOEt in hexane) to give lactol 50 (47 mg, 26%), 51 (68
mg, 38%), and lactone 52 (29 mg, 16%). 'H NMR of 50 (400 MHz, CDCl3) 8 6.75 (s,
1H), 5.84 (d, /= 9.1 Hz, 1H), 4.51 (d, J = 9.4 Hz, 1H), 4.28 (dd, J = 4.8 Hz, 10.0 Hz,
1H), 3.79 — 3.99 (m, 3H), 3.85 (s, 3H), 3.85 (s, 3H), 3.82 (s, 3H), 3.67 (m, 1H), 3.36 (t,
J=9.2 Hz, 1H), 2.80 (d, J = 9.1 Hz, 1H), 1.20 — 1.28 (m, 3H), 1.10 — 1.16 (m, 18H),
1.06 (s, 9H), 1.02 (s, 9H). 'H NMR of 51 (400 MHz, CDCls) & 6.60 (s, 1H), 5.90 (d, J
=9.4 Hz, 1H), 4.41 (d, J= 9.4 Hz, 1H), 4.29 (dd, J = 4.8 Hz, 10.0 Hz, 1H), 3.83 — 3.97
(m, 4H), 3.85 (s, 3H), 3.85 (s, 3H), 3.81 (s, 3H), 3.65 (m, 1H), 2.73 (d, /= 4.4 Hz, 1H),
1.18 = 1.27 (m, 3H), 1.10 — 1.16 (m, 18H), 1.06 (s, 9H), 1.02 (s, 9H). Spectra data of
52 exists in alternative experience shown below.
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(6aS,7R,7aR,11aR,12a8)-9,9-di-tert-butyl-1,2,3-trimethoxy-7-[(triisopropylsilyl)o
xy|-6a,7,7a,11,11a,12a-hexahydro-5H-[1,3,2]dioxasilino[4',5':5,6]pyrano|3,2-c]isoch
romen-5-one (52)

OMe OMe

To a solution of compound 48 (300 mg, 0.46 mmol) in chloroform (5 mL) was added
manganese dioxide (794 mg, 11.2 mmol), then the mixture was refluxed for 2 days.
After being cooled to ambient temperature, the insoluble material was filtered off and
the filtrate was concentrated. The crude material was purified by silica gel column
chromatography (10% — 20% AcOEt in hexane) to give lactone 52 (255 mg, 86%) as a
colorless amorphous powder. 'H NMR (400 MHz, CDCls) & 7.44 (s, 1H), 4.75 (d, J =
10.2 Hz, 1H), 4.33 (dd, J = 5.0 Hz, 9.9 Hz, 1H), 4.10 (m, 1H), 4.03 (m, 1H), 3.96 (m,
1H), 3.93 (s, 3H), 3.90 (s, 3H), 3.87 (dd, J = 8.0 Hz, 9.6 Hz, 1H), 3.78 (s, 3H), 3.64 (td,
J=5.0Hz,9.9 Hz, 1H), 1.22 — 1.34 (m, 3H), 1.12 — 1.16 (m, 18H), 1.06 (s, 9H), 1.02 (s,
9H). *C NMR (100 MHz, CDCls) 8 163.6, 153.6, 151.2, 148.7, 125.9, 119.5, 109.9,
81.1, 78.5, 75.7, 73.0, 66.4, 61.6, 61.1, 56.2, 27.5, 27.0, 22.8, 20.0, 18.4, 12.8. MS
(APCI, m/z) 653 [M + H]". 1R (nujol, cm™) 1737, 1597, 1469, 1332. HRMS (ESI,
m/z) caled for C33Hs700Si, [M + H]™ 653.3541, found 653.3535. [a]p> = —47.0° (c,
0.2, CHCl3).

Tri-O-methylnorbergenin (42)
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OMe — _

OMe

SOCl,
MeOH

85%

/ N

Bu

Bu
52

To a solution of lactone 52 (125 mg, 0.191 mmol) in THF (4 mL) was added TBAF
(1.0 M in THF, 1.5 mL, 1.5 mmol), then the mixture was stirred at 70 °C for 4 hours.
After the mixture was concentrated, the crude material was dissolved in MeOH (10 mL).
To a mixture was added thionyl chloride (1.2 mL, 16.5 mmol) at 0 °C, then the mixture
was stirred at room temperature for overnight. After the solvent was concentrated, the
crude material was purified by silica gel column chromatography (0% — 10% MeOH in
AcOEt) to give tri-O-methylnorbergenin 42 (59 mg, 85%) as a colorless amorphous
powder. The analytical data was correspondent with reported data. 25 "H NMR (400
MHz, MeOH) 6 7.43 (s, 1H), 4.80 (d, J = 10.3 Hz, 1H), 3.69 — 4.03 (m, 13H), 3.43 —
3.55 (m, 2H). 'H NMR (400 MHz, DMSO-d) & 7.33 (s, 1H), 5.58 (d, J= 5.4 Hz, 1H,
D,0 exchangeable), 5.30 (d, /= 5.4 Hz, 1H, D,0 exchangeable), 4.80 (d, /= 10.3 Hz,
1H), 4.52 (dd, J = 4.8 Hz, 6.0 Hz, 1H, D,O exchangeable), 3.91 (t, /= 10.0 Hz, 1H,
D,0 exchangeable), 3.85 (s, 3H), 3.82 (s, 3H), 3.79 (s, 3H), 3.64 — 3.70 (m, 1H), 3.50 —
3.57 (m, 2H), 3.24 — 3.46 (m, 3H). >C NMR (100 MHz, CD;OD) & 166.0, 155.1,
152.6, 150.0, 127.9, 120.4, 110.9, 82.7, 81.8, 76.0, 73.2, 71.7, 62.7, 62.3, 61.6, 56.8.
MS (APCL, m/z) 374 [M + NH,]". IR (KBr, cm™) 3516, 3425, 1708 (C=0), 1620,
1591, 1463. HRMS (ESI, m/z) calcd for CisH2;09 [M + H]" 357.1186, found 357.1193.
[a]p™ =-27.3° (¢, 0.22, MeOH) (lit.2’ [a]p> = —27.1° (¢, 1, MeOH)).
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5-bromo-1-(4-ethylbenzyl)pyridin-2(1H)-one (59)

0 BrA©\ 0
[ NH = | N/\©\

Br DMF Br

58 59

To a suspension of 58 (1.04 g, 5.98 mmol) in DMF (15 mL) was added 4-ethylbenzyl
bromide (1.43 g, 7.18 mmol) and potassium carbonate (1.66 g, 12.0 mmol), and the
mixture was stirred at room temperature for overnight. The reaction mixture was
diluted with AcOEt, and washed successively with water and brine. The extract was
dried over magnesium sulfate, and the solvent was evaporated under reduced pressure.
The residue was purified by silica gel column chromatography (hexane : AcOEt=10: 1
—3: 1) to give titled compound 59 (1.58 g, 90%) as colorless crystals. 'H NMR (400
MHz, CDCl3) 6 7.36 (d, J=2.2 Hz, 1H), 7.31 (dd, J= 2.7 Hz, 9.5 Hz, 2H), 7.22 (d, J =
8.3 Hz, 2H), 7.18 (d, J = 8.3 Hz, 2H), 6.52 (d, /= 9.6 Hz, 1H), 5.06 (s, 2H), 2.64 (q, J =
7.6 Hz, 2H), 1.23 (t, J = 7.8 Hz, 3H). MS (APCI, m/z) 292/294 M + H). 1R (nujol,
cm™) 1662 (C=0), 1585.

4-bromo-2-(4-ethylbenzyl)isoquinolin-1(2 H)-one (61)

o) Br/\©\ o)
NH Et N/\©\
= K,COs = Et

Br DMF Br
60 61

The title compound was prepared in the same manner as described for 59 using 60°’
instead of 58 in 96% yield as slightly yellow oil. 'H NMR (300 MHz, CDCl3) & 8.49
(dd, J=0.7 Hz, 1.5 Hz, 1H), 7.79 — 7.82 (m, 1H), 7.74 (td, /= 1.5 Hz, 7.0 Hz, 1H), 7.53
—7.59 (m, 1H), 7.36 (s, 1H), 7.26 (d, J = 8.0 Hz, 2H), 7.18 (d, /= 7.5 Hz, 2H), 5.16 (s,
2H), 2.63 (q, J =7.7 Hz, 2H), 1.22 (t, J = 7.6 Hz, 3H). MS (APCI, m/z) 342/344 (M +
H). IR (neat, cm™) 1654 (C=0).
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4-bromo-8-methylisoquinolin-1(2H)-one (63)

Me O Me O
—_—
2 CHCl, =
quant Br
2
6 63

To a solution of 62°% (1.15 g, 7.22 mmol) in CH,Cl, (20 mL) was added a solution of
bromine (1.26 g, 7.88 mmol) in CH,Cl, (4 mL), and the mixture was stirred at room
temperature for 1 h. The precipitate was filtered and washed with Et,O to give titled
compound 63 (1.86 g, quant) as colorless crystals. '"H NMR (500 MHz, DMSO-dg) &
11.34 (s, 1H), 7.63 — 7.69 (m, 2H), 7.49 (d, J = 5.6 Hz, 1H), 7.35 (d, J = 7.1 Hz, 1H),
2.82 (s, 3H). MS (APCI, m/z) 238/240 (M + H).

4-bromo-2-(4-ethylbenzyl)-8-methylisoquinolin-1(2H)-one (64)

Me O Br/\©\ Me O
_
KoCO3 Z Et

Br DMF Br
63 64

The title compound was prepared in the same manner as described for 59 using 63
instead of 58 in 75% yield as colorless crystals. 'H NMR (300 MHz, CDCl;) & 7.67 —
7.73 (m, 1H), 7.55 (t, J = 7.5 Hz, 1H), 7.34 (s, 1H), 7.31 (d, J=7.5 Hz, 1H), 7.24 (d, J
=7.1 Hz, 2H), 7.18 (d, J = 8.2 Hz, 2H), 5.11 (s, 2H), 2.96 (s, 3H), 2.63 (q, J = 7.5 Hz,
2H), 1.22 (t,J=7.7 Hz, 3H). MS (APCI, m/z) not ionized.

(4-bromo-2-thienyl)(4-ethylphenyl)methanol (66)

HO
CHO  Brm OEt
S 9 s Et
) - 7\
THF N
.
66

Br B
65

To a suspension of 65 (4.78 g, 25 mmol) in THF (40 mL) was added
4-ethylphenylmangesium bromide solution (0.5 N THF solution, 50 mL, 100 mmol) at 0
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°C over 10 min. After being stirred at 0 °C for 30 min, the reaction mixture was
quenched with saturated aqueous NH4Cl and extracted with AcOEt. The extract was
washed with brine and dried over magnesium sulfate, and the solvent was evaporated
under reduced pressure. The residue was purified by silica gel column
chromatography (hexane : AcOEt =97 : 3 — 84 : 16) to give titled compound 66 (5.37 g,
72%) as colorless oil. 'H NMR (300 MHz, CDCl3) & 7.33 (d, J= 7.9 Hz, 2H), 7.21 (d,
J=17.9 Hz, 2H), 7.15 (d, J= 1.5 Hz, 1H), 6.76 (dd, J= 1.1 Hz, 1.5 Hz, 1H), 5.95 (d, J =
4.1 Hz, 1H), 2.66 (q, J = 7.7 Hz, 2H), 2.37 (d, /= 4.0 Hz, 1H), 1.24 (t, J = 7.7 Hz, 3H).
MS (APCI, m/z) 279/281 (M + H — H,0).

4-bromo-2-(4-ethylbenzyl)thiophene (67)

HO
Et,SiH
\ —_—
X CH,Cl, X
Br
66 B 67

To a cold (—78 °C) solution of 66 (297 mg, 1 mmol) in CH,Cl, (3 mL) was added
Et;SiH (319 uL, 2 mmol) and BF5-OEt, (190 pL, 1.5 mmol), and the mixture was
gradually warmed to room temperature over a period of 1 h. The reaction mixture was
basified with saturated aqueous NaHCOj3 and extracted with CH,Cl,. The extract was
washed with brine and dried over magnesium sulfate, and the solvent was evaporated
under reduced pressure. The residue was purified by silica gel column
chromatography (hexane : AcOEt = 100 : 0 — 95 : 5) to give titled compound 67 (280
mg, 50%) as colorless oil. 'H NMR (300 MHz, CDCl3) § 7.13 — 7.14 (m, 4H), 7.02 (d,
J=1.5Hz, 1H), 6.68 — 6.71 (m, 1H), 4.06 (s, 2H), 2.63 (q, /= 7.5 Hz, 2H), 1.23 (t, J =
7.5 Hz, 3H). MS (APCI, m/z) not ionized.

(5-bromo-2-thienyl)(4-ethylphenyl)methanol (69)

Br

HO
CHO Bng@Et Et
S ~ S
; THF N
Br
68

69
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The title compound was prepared in the same manner as described for 66 using 68
instead of 65 in quantitative yield as slightly yellow oil. 'H NMR (300 MHz, CDCls)
87.33 (d,J=8.0 Hz, 2H), 7.21 (d, J= 8.4 Hz, 2H), 7.15 (d, /= 1.4 Hz, 1H), 6.77 (dd, J
=1.1 Hz, 1.5 Hz, 1H), 5.95 (d, J= 3.8 Hz, 1H), 2.66 (q, /= 7.7 Hz, 2H), 2.39 (d, /= 4.1
Hz, 1H), 1.24 (t,J=7.5 Hz, 3H). MS (APCI, m/z) 279/281 (M + H — H,0).

2-bromo-5-(4-ethylbenzyl)thiophene (70)

HO
Et3S|H
_ Et BF3-OEt2
NS CHZCIZ S
Br
69 70

The title compound was prepared in the same manner as described for 67 using 69
instead of 66 in 70% vyield as colorless oil. 'H NMR (300 MHz, CDCl3) & 7.14 (m,
4H), 7.02 (d, J= 1.5 Hz, 1H), 6.70 (d, J = 1.5 Hz, 1H), 4.06 (s, 2H), 2.63 (q, /= 7.5 Hz,
2H), 1.23 (t,J=17.5 Hz, 3H). MS (GC-EI, m/z) 280/282 (M").

(5-bromo-3-thienyl)(4-ethylphenyl)methanol (72)

HO
Bng@— Et
S Y% > S
Br Br
71 72

The title compound was prepared in the same manner as described for 66 using 71
instead of 65 in 75% yield as slightly yellow oil. 'H NMR (500 MHz, DMSO-ds) &
7.29 (s, 1H), 7.26 (d, J= 8.0 Hz, 2H), 7.15 (d, /= 8.0 Hz, 2H), 7.01 (s, 1H), 5.86 (d, J =
4.5 Hz, 1H), 5.63 (d, J=4.3 Hz, 1H), 2.57 (q, J = 7.7 Hz, 2H), 1.16 (t, J= 7.5 Hz, 3H).
MS (APCI, m/z) 279/281 (M + H — H,0).

2-bromo-4-(4-ethylbenzyl)thiophene (73)
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HO
£t EtsSiH Et
— BF3'OEt2 —
S -~ S~
CH,Cl,
Br Br 73
72

The title compound was prepared in the same manner as described for 67 using 72
instead of 66 in 63% yield as colorless oil. 'H NMR (500 MHz, DMSO-dq) & 7.18 (br
s, 1H), 7.13 (s, 4H), 7.02 (br s, 1H), 3.83 (s, 2H), 2.56 (q, J = 7.6 Hz, 2H), 1.15 (t, J =
7.6 Hz, 3H). MS (GC-EI, m/z) 280/282 (M").

(3-bromo-2-thienyl)(4-ethylphenyl)methanol (75)

HO
Br _ OHC@Et
S n-BuLi s Et
N ) ] )
Br  Et,0 THF X~ "Br
75

74

To a cold (=78 °C) solution of n-BuLi (2.44 M in n-hexane, 18.5 mL, 45 mmol) in
Et,0 (30 mL) was added 2,3-dibromothiophene (74, 10.9 g, 45 mmol) in Et,O (10 mL).
After being stirred at —78 °C for 1 h, a solution of 4-ethylbenzaldehyde (6.03 g, 45
mmol) in Et;0O (5 mL) was added dropwise over 1 h. After 10 min, the reaction
mixture was quenched with saturated aqueous NH4Cl and extracted with Et;O. The
extract was washed with brine and dried over magnesium sulfate, and the solvent was
evaporated under reduced pressure. The residue was purified by silica gel column
chromatography (hexane : AcOEt =96 : 4 — 75 : 25) to give titled compound 75 (12.46
g, 93%) as colorless oil.  'H NMR (300 MHz, CDCls) & 7.38 (d, J = 8.1 Hz, 2H), 7.23
(dd, J=0.5 Hz, 5.2 Hz, 1H), 7.19 (d, J = 8.2 Hz, 2H), 6.92 (d, J= 5.3 Hz, 1H), 6.13 (d,
J=3.3 Hz, 1H), 2.64 (q, J = 7.5 Hz, 2H), 2.45 (d, J = 3.5 Hz, 1H), 1.23 (t, /= 7.5 Hz,
3H). MS (APCI, m/z) 279/281 (M + H — H,0).

3-bromo-2-(4-ethylbenzyl)thiophene (76)

HO
\ — \
X Br THF X" "Br
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To an ice-cold (0 °C) suspension of LiAlH4 (2.6 g, 68.5 mmol) and AICl; (9.0 g, 67.4
mmol) in Et;O (35 mL) was added 75 (12.4 g, 42 mmol) in Et,O (10 mL). After being
stirred at room temperature for 18 hours, the reaction mixture was poured into ice water
and extracted with Et;O. The extract was washed with saturated aqueous NaHCOs,
brine and dried over magnesium sulfate, and the solvent was evaporated under reduced
pressure. The residue was purified by silica gel column chromatography (hexane) to
give titled compound 76 (8.77 g, 75%) as colorless oil. 'H NMR (300 MHz, CDCl;) &
7.11 = 7.19 (m, 5H), 6.92 (d, J = 5.3 Hz, 1H), 4.08 (s, 2H), 2.62 (q, J = 7.5 Hz, 2H),
1.22 (t,J=17.5Hz, 3H). MS (GC-EI, m/z) 280/282 (M").

5-bromo-3-chlorothiophene-2-carboxylic acid (78)

Cl CO,H Cl COxH
— LDA  BrCF,CF,Br —
_—
S
NS THF N
77 Br 78

To a cold (78 °C) solution of i-Pr,NH (6.80 mL, 48.5 mmol) in THF (75 mL) was
added n-BuLi (1.59 M in n-hexane, 30.5 mL, 48.5 mmol) dropwise over 10 min.  After
being stirred at —78 °C for 30 min, a solution of 3-chlorothiophene-2-carboxylic acid (77,
3.92 g, 24 mmol) in THF (40 mL) was added dropwise over 5 min. After being stirred
for 30 min, 1,2-dibromo-1,1,2,2-tetrafluoroethane (6.00 mL, 50.1 mmol) was added to a
reaction mixture, and stirred for 30 min.
(100 mL) and 10% aqueous HCI was added to adjust pH 2.  After being extracted with

AcOEt, the extract was washed with brine and dried over magnesium sulfate, and the

The reaction mixture was poured into H,O

The residue was triturated with i-Pr,O
'H NMR (500
MS (ESI, m/z) 239/241/243 (M - H).

solvent was evaporated under reduced pressure.
— n-hexane to give titled compound 78 (3.79 g, 65%) as colorless oil.
MHz, DMSO-ds) 6 7.62 (s, 1H), 7.48 (s, 1H).

5-bromo-3-chlorothiophene-2-carbaldehyde (80)

HNMe(OMe)*HCI O  OMe
Cl CO.H EDCIHCI cl N
— HOBt _ Me
S > S
Et;N N
Br 78 CH2C|2 Br
79
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To a mixture of 78 (3.79 g, 15.7 mmol) and N,O-dimethylhydroxylamine
hydrochloride (1.84 g, 18.9 mmol) in CH,Cl, (110 mL) was added HOBt (3.18 g, 23.5
mmol) and EDCI-HCI (4.51 g, 23.5 mmol) at 0 °C, then Et;N (11.0 mL, 78.9 mmol)
was added and the mixture was stirred at room temperature for 18 hours. After the
mixture was poured into H,O, extracted with CHCls, and organic layer was combined
and washed with brine, dried over Na;SQO,, filtered and evaporated under reduced
pressure. The residue was purified by silica gel column chromatography (5% — 15%
AcOEt in hexane) to give Weinreb amide 79 (2.46 g, 55%) as a yellow oil.

O om
c NoE cl_  CHO
_ \io  DIBALH _
—_—
N

NS THF

Br Br

79 80

To a solution of above Weinreb amide 79 (2.73 g, 9.59 mmol) in THF (50 mL) was
added DIBAL-H (1.0 M solution in toluene, 11.0 mL, 11.0 mmol) dropwise over 15
minutes at —78 °C.  After being stirred for 30 minutes, AcOEt (7.2 mL) was added and
the mixture was gradually warmed to 0 °C, then 10% aq. HCI (10 mL) was added and
poured into H,O (50 mL). The resulting mixture was extracted with AcOEt, and
combined organic layer was washed with saturated aq. NaHCO; and brine, dried over
Na,SOq, filtered and evaporated under reduced pressure. The residue was purified by
silica gel column chromatography (0% — 3% AcOEt in hexane) to give titled compound
80 (2.03 g, 94%) as a pale yellow oil. 'H NMR (500 MHz, DMSO-ds) & 9.86 (s, 1H),
7.66 (s, 1H). MS (ESI, m/z) 239/241/243 (M + H + MeOH — H,0).

(5-bromo-3-chloro-2-thienyl)(4-ethylphenyl)methanol (81)

HO
cl_  CHO Bng@Et cl Et
C_ e

NS THF

Br Br
80 81

The title compound was prepared in the same manner as described for 66 using 80
instead of 65 in quantitative yield as slightly yellow oil. 'H NMR (500 MHz,
DMSO-d) 6 7.28 (d, J= 8.0 Hz, 2H), 7.18 (d, /= 7.2 Hz, 2H), 7.17 (s, 1H), 6.50 (d, J =
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3.7 Hz, 1H), 5.87 (d, J = 3.6 Hz, 1H), 2.57 (q, J = 7.5 Hz, 2H), 1.15 (t, J = 7.6 Hz, 3H).
MS (APCL m/z) 313/315/317 (M + H — H,0).

5-bromo-3-chloro-2-(4-ethylbenzyl)thiophene (82)

Et,SH I
(BFyOE, = Et
S
8 CH20|2 N
Br 82

The title compound was prepared in the same manner as described for 67 using 81
instead of 66 in 83% vyield as colorless oil. 'H NMR (500 MHz, DMSO-dq) & 7.24 (s,
1H), 7.16 (m, 4H), 4.09 (s, 2H), 2.57 (q, J = 7.5 Hz, 2H), 1.16 (t, J = 7.5 Hz, 3H). MS
(APCI, m/z) not ionized.

5-bromo-2-chlorothiophene-3-carbaldehyde (85)

HNMe(OMe)-HCI O oMe
Cl_  COH o) N ¥ cl_  CHO
>—S HOB \ i =
4 S| =S e DIBALH
Br EtsN THF N
83 84 85

The title compound was prepared in the same manner as described for 80 using 83
instead of 78 in 31% vyield as colorless oil. 'H NMR (500 MHz, DMSO-d;) & 9.84 (s,
1H), 7.53 (s, 1H). MS (ESI, m/z) 239/241/243 (M - H).

(5-bromo-2-chloro-3-thienyl)(4-ethylphenyl)methanol (86)

Bng@ Cl Et
S /g > _
Br

86

The title compound was prepared in the same manner as described for 66 using 85
instead of 65 in 70% yield as slightly yellow oil. 'H NMR (500 MHz, DMSO-ds) &
7.27 (d,J= 8.1 Hz, 2H), 7.17 (d, J = 8.0 Hz, 2H), 7.14 (s, 1H), 6.08 (d, /= 4.5 Hz, 1H),
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5.70 (d, J=4.7 Hz, 1H), 2.56 (q, J = 7.7 Hz, 2H), 1.15 (t, J= 7.5 Hz, 3H). MS (APCI,
m/z) 313/315/317 (M + H).

5-bromo-2-chloro-3-(4-ethylbenzyl)thiophene (87)

HO .
cl Et;SiH Cl Et
Et BF3'OEt2 —
— — 5 €
S A CH,Cl,
Br Br 87
86

The title compound was prepared in the same manner as described for 67 using 86
instead of 66 in 89% vyield as colorless oil. "H NMR (500 MHz, DMSO-dq) & 7.14 (m,
4H), 7.10 (s, 1H), 3.83 (s, 2H), 2.55 (q, J = 7.5 Hz, 2H), 1.15 (t, J= 7.7 Hz, 3H). MS
(APCI, m/z) not ionized.

Typical Experimental procedure for the synthesis of 1-arylglucal derivative
(88a~88i)

Ar-Br
PdCI,(PPhs),
—_—
aqg. Nach3 M
DME 0. .0
reflux Si

RN
4 hours ‘Bu Bu
88a~88i

/ N\

Bu

Bu
27

(5-{(4aR,8R,8aR)-2,2-di-tert-butyl-8-[(triisopropylsilyl)oxy|-4,4a,8,8a-tetrahydro
pyrano|[3,2-d][1,3,2]dioxasilin-6-yl}-1-(4-ethylbenzyl)pyridin-2(1H)-one (88a))
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88a

To a mixture of boronic acid ester 27 (1.42 g, 2.5 mmol) and aryl bromide 59 (293
mg, 1.00 mmol) in DME (5 mL) was added dichlorobis(triphenylphosphine)palladium
(35 mg, 0.05 mmol) and 2 M aq Na,CO; (2.5 mL, 5.00 mmol), then the mixture was
refluxed for 4 hours. The mixture was cooled to ambient temperature and diluted with
AcOEt, then washed with water, brine, dried over sodium sulfate, and filtered. After
the filtrate was concentrated, the crude material was purified by silica gel column
chromatography (5% — 30% AcOEt in hexane) to give compound 88a (276 mg, 42%) as
colorless crystals. "H NMR (300 MHz, CDCl3) ¢ 7.46 (d, J = 2.4 Hz, 1H), 7.40 (dd, J
=2.7 Hz, 9.5 Hz, 1H), 7.14 — 7.20 (m, 4H), 6.57 (d, J = 9.5 Hz, 1H), 5.16 (d, J = 14.5
Hz, 1H), 5.03 (d, J = 14.5 Hz, 1H), 4.93 (d, J = 2.4 Hz, 1H), 4.52 (dd, J = 2.4 Hz, 6.8
Hz, 1H), 4.20 (dd, J = 5.0 Hz, 10.2 Hz, 1H), 3.97 — 4.05 (m, 2H), 3.83 — 3.93 (m, 1H),
2.63 (q,J = 7.5 Hz, 2H), 1.22 (t, J = 7.7 Hz, 3H), 1.08 — 1.15 (m, 21H), 1.06 (s, 9H),
0.99 (s, 9H). MS (ESI, m/z) 654 (M + H).

4-{(4aR,8R 8aR)-2,2-di-tert-butyl-8-[(triisopropylsilyl)oxy]-4,4a,8,8a-tetrahydrop
yrano|3,2-d][1,3,2]dioxasilin-6-yl}-2-(4-ethylbenzyl)isoquinolin-1(2 H)-one (88b)

88b

The title compound was prepared in the same manner as described for 88a using 61
instead of 59 in 25% yield as colorless amorphous solid. '"H NMR (300 MHz, CDCl;)
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§ 8.46 (dd, J = 0.8 Hz, 8.1 Hz, 1H), 7.60 — 7.73 (m, 2H), 7.46 — 7.52 (m, 1H), 7.23 —
7.29 (m, 3H), 7.15 (d, J= 8.3 Hz, 2H), 5.17 (d, J = 14.3 Hz, 1H), 5.12 (d, J = 14.5 Hz,
1H), 4.90 (d, J = 2.2 Hz, 1H), 4.54 (dd, J = 2.4 Hz, 6.8 Hz, 1H), 4.20 — 4.25 (m, 1H),
4.00 — 4.18 (m, 3H), 2.63 (q, J = 7.6 Hz, 2H), 1.21 (t, J = 7.5 Hz, 3H), 1.06 — 1.13 (m,
21H), 1.09 (s, 9H), 1.02 (s, 9H). MS (APCL, m/z) 704 (M + H).

4-{(4aR,8R 8aR)-2,2-di-tert-butyl-8-|(triisopropylsilyl)oxy]-4,4a,8,8a-tetrahydrop
yrano|3,2-d][1,3,2]dioxasilin-6-yl}-2-(4-ethylbenzyl)-8-methylisoquinolin-1(2H)-one
(88¢)

Et

88c

The title compound was prepared in the same manner as described for 88a using 64
instead of 59 in 47% yield as colorless gum. 'H NMR (300 MHz, CDCl;) & 7.48 —
7.50 (m, 2H), 7.35 (s, 1H), 7.13 — 7.17 (m, 5H), 5.17 (d, J = 14.7 Hz, 1H), 5.05 (d, J =
14.5 Hz, 1H), 4.87 (d, J = 2.2 Hz, 1H), 4.53 (dd, /J=2.2 Hz, 6.8 Hz, 1H), 4.18 — 4.23 (m,
1H), 4.07 — 4.17 (m, 1H), 4.00 — 4.05 (m, 2H), 2.93 (s, 3H), 2.63 (q, J = 7.6 Hz, 2H),
1.21 (t, J=17.5 Hz, 3H), 1.07 — 1.12 (m, 21H), 1.08 (s, 9H), 1.02 (s, 9H). MS (APCI,
m/z) 718 (M + H).

(4aR,8R,8aR)-2,2-di-tert-butyl-6-[5-(4-ethylbenzyl)-3-thienyl]-8-[(triisopropylsily
D)oxy]-4,4a,8,8a-tetrahydropyrano|3,2-d][1,3,2]dioxasiline (88d)
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88d

The title compound was prepared in the same manner as described for 88a using 67
instead of 59 in 16% yield as colorless syrup. '"H NMR (300 MHz, CDCl3) & 7.16 (d, J
= 1.4 Hz, 1H), 7.12 — 7.14 (m, 4H), 6.82 (d, /= 1.4 Hz, 1H), 5.03 (d, J = 2.2 Hz, 1H),
4.52 (dd, J=2.2 Hz, 6.8 Hz, 1H), 4.26 (dd, /= 5.1 Hz, 9.1 Hz, 1H), 3.90 — 4.10 (m, 5H),
2.63 (q,J =7.6 Hz, 2H), 1.22 (t, J = 7.5 Hz, 3H), 1.08 — 1.14 (m, 21H), 1.08 (s, 9H),
1.00 (s, 9H). MS (APCIL, m/z) 643 (M + H).

(4aR,8R,8aR)-2,2-di-tert-butyl-6-[5-(4-ethylbenzyl)-2-thienyl]-8-[(triisopropylsily
)oxy]-4,4a,8,8a-tetrahydropyrano|3,2-d][1,3,2]dioxasiline (88e¢)

/A
'Bu Bu

88e

The title compound was prepared in the same manner as described for 88a using 70
instead of 59 in 40% yield as pale yellow semisolid. '"H NMR (500 MHz, DMSO-d)
6 7.14 - 7.19 (m, 5H), 6.94 (s, 1H), 5.05 (d, J= 2.2 Hz, 1H), 4.52 — 4.55 (m, 1H), 4.20 —
4.24 (m, 1H), 3.80 — 4.14 (m, 6H), 2.57 (q, J = 7.6 Hz, 2H), 1.16 (t, J = 7.5 Hz, 3H),
1.05—-1.11 (m, 21H), 1.04 (s, 9H), 0.97 (s, 9H). MS (APCI, m/z) 643 (M + H).

(4aR,8R,8aR)-2,2-di-tert-butyl-6-[4-(4-ethylbenzyl)-2-thienyl]-8-[(triisopropylsily
Doxy]-4,4a,8,8a-tetrahydropyrano|3,2-d][1,3,2]dioxasiline (88f)
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By By
88f

The title compound was prepared in the same manner as described for 88a using 73
instead of 59 in 40% yield as pale yellow oil. "H NMR (500 MHz, DMSO-d) & 6.98 —
7.17 (m, 6H), 5.06 (d, /=2.2 Hz, 1H), 4.49 — 4.52 (m, 1H), 4.20 — 4.22 (m, 1H), 3.80 —
4.00 (m, 6H), 2.55 (q, J = 7.6 Hz, 2H), 1.15 (t, J = 7.6 Hz, 3H), 1.05 — 1.10 (m, 21H),
1.03 (s, 9H), 0.96 (s, 9H). MS (APCI, m/z) 643 (M + H).

(4aR,8R,8aR)-2,2-di-tert-butyl-6-[2-(4-ethylbenzyl)-3-thienyl]-8-[(triisopropylsilyl
)oxy|-4,4a,8,8a-tetrahydropyrano|3,2-d][1,3,2]dioxasiline (88g)

By By
88g

The title compound was prepared in the same manner as described for 88a using 76
instead of 59 in 53% yield as colorless amorphous solid. '"H NMR (300 MHz, CDCl;)
6 7.05-7.13 (m, 4H), 7.05 (d, /= 5.3 Hz, 1H), 7.00 (d, /= 5.3 Hz, 1H), 4.88 (d, /=2.2
Hz, 1H), 4.47 (dd, J=2.2 Hz, 6.9 Hz, 1H), 4.25 (ABq, J=16.3 Hz, 1H), 4.20 (ABq, J =
16.3 Hz, 1H), 3.94 — 4.06 (m, 3H), 3.79 — 3.89 (m, 1H), 2.61 (q, J= 7.7 Hz, 2H), 1.22 (t,
J=17.5Hz, 3H), 1.04 — 1.12 (m, 21H), 0.99 (s, 9H), 0.85 (s, 9H). MS (APCI, m/z) 643
(M + H).

(4aR,8R,8aR)-2,2-di-tert-butyl-6-[4-chloro-5-(4-ethylbenzyl)-2-thienyl]-8-[(triisop
ropylsilyl)oxy]-4,4a,8,8a-tetrahydropyrano|3,2-d][1,3,2]dioxasiline (88h)
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B8y By
88h

The title compound was prepared in the same manner as described for 88a using 82
instead of 59 in 68% yield as colorless viscous oil. 'H NMR (300 MHz, CDCls) &
7.13 (m, 4H), 6.93 (s, 1H), 5.05 (d, J = 2.5 Hz, 1H), 4.50 (dd, J = 2.4 Hz, 6.6 Hz, 1H),
4.23 (dd, J=4.9 Hz, 10.2 Hz, 1H), 4.04 (s, 2H), 3.90 — 4.08 (m, 3H), 2.62 (q, J = 7.7 Hz,
2H), 1.22 (t, J = 7.7 Hz, 3H), 1.08 — 1.14 (m, 21H), 1.06 (s, 9H), 0.98 (s, 9H). MS
(ESL, m/z) 677/679 (M + H).

(4aR,8R,8aR)-2,2-di-tert-butyl-6-[5-chloro-4-(4-ethylbenzyl)-2-thienyl]-8-[(triisop
ropylsilyl)oxy]-4,4a,8,8a-tetrahydropyrano[3,2-d][1,3,2]dioxasiline (88i)

88i

The title compound was prepared in the same manner as described for 88a using 87
instead of 59 in 59% yield as colorless oil. 'H NMR (300 MHz, CDCl3) & 7.12 (d, J =
8.4 Hz, 2H), 7.07 (d, J = 8.3 Hz, 2H), 6.76 (s, 1H), 5.00 (d, J = 2.5 Hz, 1H), 4.49 (dd, J
=2.4Hz, 6.6 Hz, 1H), 4.22 (dd, /=4.8 Hz, 10.4 Hz, 1H), 3.98 — 4.06 (m, 2H), 3.92 (dd,
J=4.6 Hz, 9.9 Hz, 1H), 3.83 (s, 2H), 2.60 (q, J = 7.7 Hz, 2H), 1.22 (t,J = 7.7 Hz, 3H),
1.08 —1.13 (m, 21H), 1.05 (s, 9H), 0.98 (s, 9H). MS (ESI, m/z) 677/679 (M + H).

Typical Experimental procedure for the synthesis of B-D-glucopyranosyl
derivative (89a~89i)
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1) BHz*THF
THF

2) 30% aq. H,O,
3 N ag. NaOH

o. 0O
si

By By

(5-{(4aR,6S,75,8R,8aR)-2,2-di-tert-butyl-7-hydroxy-8-[(triisopropylsilyl)oxy|hexa
hydropyrano|3,2-d][1,3,2]dioxasilin-6-yl}-1-(4-ethylbenzyl)pyridin-2(1H)-one
(892))

/A
'Bu Bu

89a

To a solution of compound 88a (260 mg, 0.398 mmol) in THF (5 mL) was added
borane-tetrahydrofuran complex (1.0 M in THF, 1.06 mL, 1.06 mmol) dropwise at 0 °C.
After being stirred at 0 °C for overnight, the mixture was added 30% aqueous hydrogen
peroxide (5 mL) and 3 N aqueous sodium hydroxide (5 mL), and stirred at 0 °C for 4
hours. The reaction mixture was extracted with Et,O, washed with brine, dried over
sodium sulfate, and filtered. The filtrate was concentrated and dried, then the crude
material was purified by silica gel column chromatography (5% — 35% AcOEt in
hexane) to give compound 89a (59 mg, 22%) as colorless amorphous powder. '"H NMR
(300 MHz, CDCl3) 6 7.32 (dd, J= 2.5 Hz, 9.3 Hz, 1H), 7.28 (d, /= 2.4 Hz, 1H), 7.22 (d,
J=28.3 Hz, 2H), 7.15 (d, /= 8.2 Hz, 2H), 6.54 (d, /= 9.7 Hz, 1H), 5.24 (d, J = 14.3 Hz,
1H), 4.88 (d, J=14.4 Hz, 1H), 4.12 (dd, J = 4.9 Hz, 10.1 Hz, 1H), 3.96 (d, J = 9.5 Hz,
1H), 3.72 — 3.87 (m, 3H), 3.43 — 3.50 (m, 1H), 3.33 — 3.42 (m, 1H), 2.62 (q, /= 7.5 Hz,
2H), 2.43 (d, J = 2.9 Hz, 1H), 1.21 (t, J = 7.5 Hz, 3H), 1.09 — 1.14 (m, 21H), 1.06 (s,
9H), 0.99 (s, 9H). MS (APCIL, m/z) 672 (M + H).
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4-{(4aR,6S,7S,8R ,8aR)-2,2-di-tert-butyl-7-hydroxy-8-[(triisopropylsilyl)oxy|hexa
hydropyrano|3,2-d][1,3,2]dioxasilin-6-yl}-2-(4-ethylbenzyl)isoquinolin-1(2H)-one
(89b)

By “tBy
89b

The title compound was prepared in the same manner as described for 89a using 88b
instead of 88a in 61% yield as colorless foam. 'H NMR (300 MHz, CDCl;) & 8.48 (dd,
J=0.9 Hz, 8.0 Hz, 1H), 7.85 (d, J = 7.8 Hz, 1H), 7.64 — 7.70 (m, 1H), 7.46 — 7.53 (m,
1H), 7.19 — 7.27 (m, 1H), 7.22 (d, /= 8.3 Hz, 2H), 7.14 (d, /= 8.3 Hz, 2H), 5.33 (d, J =
14.7 Hz, 1H), 4.95 (d, J = 14.5 Hz, 1H), 4.44 (d, J=9.3 Hz, 1H), 4.16 (dd, J = 4.9 Hz,
10.2 Hz, 1H), 3.74 — 3.94 (m, 4H), 3.52 — 3.60 (m, 1H), 2.62 (q, J = 7.6 Hz, 2H), 2.18
(d, J=2.5 Hz, 1H), 1.20 (t, J= 7.7 Hz, 3H), 1.09 — 1.15 (m, 21H), 1.08 (s, 9H), 1.02 (s,
9H). MS (APCI, m/z) 722 (M + H).

4-{(4aR,6S,7S,8R,8aR)-2,2-di-tert-butyl-7-hydroxy-8-[(triisopropylsilyl)oxy]hexa
hydropyrano(3,2-d][1,3,2]dioxasilin-6-yl}-2-(4-ethylbenzyl)-8-methylisoquinolin-1(
2H)-one (89¢)

Me O

By By
89c

The title compound was prepared in the same manner as described for 89a using 88c¢
instead of 88a in 37% yield as colorless amorphous powder. 'H NMR (300 MHz,
CDCl3) 6 7.69 (d, J= 8.2 Hz, 1H), 7.50 (t, /= 8.2 Hz, 1H), 7.12 — 7.26 (m, 6H), 5.30 (d,
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J=14.7 Hz, 1H), 4.93 (d, J = 14.8 Hz, 1H), 4.43 (d, J= 9.0 Hz, 1H), 4.16 (dd, J= 4.9
Hz, 10.2 Hz, 1H), 3.74 — 3.93 (m, 4H), 3.52 — 3.59 (m, 1H), 2.91 (s, 3H), 2.62 (q, J =
7.5 Hz, 2H), 2.14 (d, J= 2.5 Hz, 1H), 1.21 (t, J= 7.5 Hz, 3H), 1.10 — 1.14 (m, 21H),
1.08 (s, 9H), 1.02 (s, 9H). MS (APCL m/z) 736 (M + H).

(4aR,6S,7S,8R,8aR)-2,2-di-tert-butyl-6-|5-(4-ethylbenzyl)-3-thienyl]-8-[ (triisopropyl
silyl)oxy]hexahydropyrano|3,2-d][1,3,2]dioxasilin-7-ol (89d)

By By
89d

The title compound was prepared in the same manner as described for 89a using 88d
instead of 88a in 42% yield as colorless syrup. 'H NMR (300 MHz, CDCl3) & 7.13 —
7.16 (m, 4H), 7.10 (d, /= 0.9 Hz, 1H), 6.82 (d, /= 1.3 Hz, 1H), 4.26 (d, /= 9.5 Hz, 1H),
4.17 (dd, J = 4.9 Hz, 10.1 Hz, 1H), 4.07 (s, 2H), 3.74 — 3.91 (m, 3H), 3.44 — 3.53 (m,
2H), 2.63 (q, J = 7.5 Hz, 2H), 2.03 (d, J = 2.8 Hz, 1H), 1.22 (t, J= 7.5 Hz, 3H), 1.09 —
1.14 (m, 21H), 1.06 (s, 9H), 1.00 (s, 9H). MS (APCI, m/z) 678 (M + NHy).

(4aR,6S,7S,8R,8aR)-2,2-di-tert-butyl-6-|5-(4-ethylbenzyl)-2-thienyl]-8-[ (triisopropyl
silyl)oxy]hexahydropyrano|3,2-d][1,3,2]dioxasilin-7-o0l (89¢)

/A
'Bu Bu

89%e

The title compound was prepared in the same manner as described for 89a using 88e
instead of 88a in 66% yield as colorless oil. 'H NMR (500 MHz, DMSO-dg) & 7.12 —
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7.18 (m, 5H), 6.84 (s, 1H), 4.89 (d, J = 7.7 Hz, 1H), 4.21 (d, J = 9.7 Hz, 1H), 4.02 —
4.08 (m, 3H), 3.70 — 3.76 (m, 1H), 3.64 — 3.68 (m, 2H), 3.40 — 3.48 (m, 1H), 3.20 — 3.26
(m, 1H), 2.56 (q, J= 7.6 Hz, 2H), 1.15 (t, J= 7.7 Hz, 3H), 1.04 — 1.09 (m, 21H), 1.02 (s,
9H), 0.96 (s, 9H). MS (APCIL, m/z) 678 (M + NH,).

(4aR,6S,7S,8R,8aR)-2,2-di-tert-butyl-6-|4-(4-ethylbenzyl)-2-thienyl]-8-[ (triisopropyl
silyl)oxy|hexahydropyrano|3,2-d][1,3,2]dioxasilin-7-0l (89f)

89f

The title compound was prepared in the same manner as described for 89a using 88f
instead of 88a in 61% yield as colorless oil. 'H NMR (500 MHz, DMSO-d) & 7.03 —
7.17 (m, 5H), 6.86 (s, 1H), 5.04 (d, J = 6.9 Hz, 1H), 4.44 (d, J = 9.5 Hz, 1H), 4.00 —
4.05 (m, 1H), 3.80 — 3.85 (m, 3H), 3.62 — 3.75 (m, 2H), 3.47 — 3.54 (m, 1H), 3.16 — 3.22
(m, 1H), 2.55 (q, J = 7.6 Hz, 2H), 1.15 (t, J= 7.7 Hz, 3H), 1.05 — 1.08 (m, 21H), 1.01 (s,
9H), 0.96 (s, 9H). MS (APCI, m/z) 678 (M + NHa).

(4aR,6S,7S,8R,8aR)-2,2-di-tert-butyl-6-[2-(4-ethylbenzyl)-3-thienyl]-8-[ (triisopropyl
silyl)oxy]hexahydropyrano|[3,2-d][1,3,2]dioxasilin-7-o0l (89g)

/A
'Bu Bu

89g

The title compound was prepared in the same manner as described for 89a using 88g
instead of 88a in 60% yield as colorless gum. 'H NMR (300 MHz, CDCl;) & 7.10 —
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7.18 (m, SH), 7.00 (d, J = 5.3 Hz, 1H), 4.40 (d, J= 9.7 Hz, 1H), 4.16 (ABq, J= 16.1 Hz,
2H), 4.12 (dd, J = 5.0 Hz, 10.3 Hz, 1H), 3.74 (m, 3H), 3.58 (ddd, J = 2.9 Hz, 8.2 Hz,
10.6 Hz, 1H), 3.44 (ddd, J= 4.9 Hz, 8.7 Hz, 10.0 Hz, 1H), 2.62 (q, /= 7.5 Hz, 2H), 1.90
(d, J=2.9 Hz, 1H), 1.22 (t, J= 7.5 Hz, 3H), 1.10 — 1.14 (m, 21H), 1.06 (s, 9H), 1.01 (s,
9H). MS (APCL m/z) 678 (M + NHy).

(4aR,6S,7S,8R,8aR)-2,2-di-tert-butyl-6-[4-chloro-5-(4-ethylbenzyl)-2-thienyl]-8-[(
triisopropylsilyl)oxy]hexahydropyrano|3,2-d][1,3,2]dioxasilin-7-ol (89h)

89h

The title compound was prepared in the same manner as described for 89a using 88h
instead of 88a in 46% yield as colorless viscous oil. 'H NMR (500 MHz, DMSO-d) &
7.14 — 7.16 (m, 4H), 6.94 (s, 1H), 5.22 (d, J = 7.6 Hz, 1H), 4.43 (d, J = 9.6 Hz, 1H),
4.04 (dd, J = 4.8 Hz, 10.1 Hz, 1H), 3.80 (Abq, J = 16.0 Hz, 2H), 3.60 — 3.73 (m, 3H),
3.49 — 3.55 (m, 1H), 3.10 — 3.15 (m, 1H), 2.57 (q, J = 7.6 Hz, 2H), 1.16 (t, J = 7.7 Hz,
3H), 1.05 — 1.08 (m, 21H), 1.00 (s, 9H), 0.96 (s, 9H). MS (APCI, m/z) 712/714 (M +
NHS,).

(4aR,6S,7S,8R,8aR)-2,2-di-tert-butyl-6-|S-chloro-4-(4-ethylbenzyl)-2-thienyl]-8-[(
triisopropylsilyl)oxy]hexahydropyrano[3,2-d][1,3,2]dioxasilin-7-ol (89i)
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The title compound was prepared in the same manner as described for 89a using 88i
instead of 88a in 37% yield as colorless viscous oil. 'H NMR (500 MHz, DMSO-d;) &
7.09 — 7.15 (m, 4H), 6.81 (s, 1H), 5.20 (d, J = 7.7 Hz, 1H), 4.41 (d, J = 9.5 Hz, 1H),
4.04 (dd, J = 4.9 Hz, 10.0 Hz, 1H), 3.80 (Abq, J = 15.1 Hz, 2H), 3.68 — 3.74 (m, 1H),
3.60 — 3.68 (m, 1H), 3.49 — 3.54 (m, 1H), 3.36 — 3.42 (m, 1H), 3.09 — 3.16 (m, 1H), 2.55
(q,J=17.5Hz, 2H), 1.15 (t, J= 7.5 Hz, 3H), 1.04 — 1.10 (m, 21H), 1.00 (s, 9H), 0.95 (s,
9H). MS (APCIL m/z) 712/714 (M + NHs,).

Typical Experimental procedure for the synthesis of 1-aryl-B-D-glucopyranose
(57a~57i)

To a solution of compound 89a (55 mg, 0.0818 mmol) in THF (2 mL) was added
tetra-n-butylammonium fluoride (TBAF) (1.0 M in THF, 0.41 mL, 0.41 mmol)
dropwise, then the mixture was stirred at 60 °C for 3 hours. The mixture was
concentrated and dried, then the crude material was purified by silica gel column
chromatography (0% — 12% MeOH in CHCls) to give compound 57a (10 mg, 33%) as a
colorless powder. 'H NMR (300 MHz, DMSO-dg) & 7.73 (d, J= 2.2 Hz, 1H), 7.42 (dd,
J=2.6 Hz, 9.3 Hz, 1H), 7.23 (d, /= 8.3 Hz, 2H), 7.15 (d, J = 8.3 Hz, 2H), 6.39 (d, J =
9.4 Hz, 1H), 5.10 (d, J = 14.1 Hz, 1H), 5.00 (d, J = 14.4 Hz, 1H), 4.90 — 4.97 (m, 3H),
4.43 (t, J= 6.0 Hz, 1H), 3.82 (d, J = 9.3 Hz, 1H), 3.62 — 3.70 (m, 1H), 3.36 — 3.44 (m,
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1H), 3.08 — 3.24 (m, 4H), 2.56 (q, J= 7.8 Hz, 2H), 1.15 (t, J= 7.5 Hz, 3H). MS (APCI,
m/z) 376 (M + H).

4-(B-D-glucopyranosyl)-2-(4-ethylbenzyl)isoquinolin-1(2H)-one (57b)

The title compound was prepared in the same manner as described for 57a using 89b
instead of 89a in 81% yield as colorless powder. 'H NMR (500 MHz, DMSO-dg) &
8.27 (dd, J = 1.0 Hz, 8.0 Hz, 1H), 7.96 (d, J = 8.2 Hz, 1H), 7.71 (dt, J = 1.5 Hz, 5.0 Hz,
1H), 7.57 (s, 1H), 7.51 (t, J= 7.2 Hz, 1H), 7.26 (d, J = 8.2 Hz, 1H), 7.16 (d, d, J = 8.2
Hz, 1H), 5.17 (d, J = 14.4 Hz, 1H), 5.12 (d, J = 14.4 Hz, 1H), 5.01 (d, J = 4.7 Hz, 1H),
4.98 (d, J=5.0 Hz, 1H), 4.90 (d, J= 5.6 Hz, 1H), 4.42 (t, /= 5.8 Hz, 1H), 4.28 (d, J =
9.9 Hz, 1H), 3.69 (dd, J = 5.3 Hz, 10.1 Hz, 1H), 3.52 — 3.58 (m, 1H), 3.42 — 3.48 (m,
1H), 3.24 —3.33 (m, 3H), 2.56 (q, /= 7.5 Hz, 2H), 1.14 (t, J= 7.6 Hz, 3H). MS (APCI,
m/z) 426 (M + H).

4-(B-D-glucopyranosyl)-2-(4-ethylbenzyl)-8-methylisoquinolin-1(2H)-one (57¢)

Me O

The title compound was prepared in the same manner as described for 57a using 89c¢
instead of 89a in 72% yield as colorless powder. 'H NMR (500 MHz, DMSO-dg) &
7.78 (d, J=8.2 Hz, 1H), 7.54 (s, 1H), 7.53 (t, /= 8.0 Hz, 1H), 7.24 (d, J = 8.0 Hz, 1H),
7.24 (d, J=8.0 Hz, 2H), 7.16 (d, J = 8.0 Hz, 2H), 5.10 (s, 2H), 5.00 (d, /= 4.5 Hz, 1H),
4.96 (d, J=5.0 Hz, 1H), 4.86 (d, J= 5.5 Hz, 1H), 4.40 (t, /= 5.8 Hz, 1H), 4.26 (d, J =
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9.3 Hz, 1H), 3.68 (dd, J = 5.4 Hz, 10.4 Hz, 1H), 3.52 — 3.58 (m, 1H), 3.42 — 3.47 (m,
1H), 3.20 — 3.30 (m, 4H),2.82 (s, 3H), 2.56 (q, J = 7.5 Hz, 2H), 1.14 (t, J = 7.5 Hz, 3H).
MS (APCL, m/z) 440 (M + H).

(15)-1,5-anhydro-1-[5-(4-ethylbenzyl)-3-thienyl]-D-glucitol (57d)

The title compound was prepared in the same manner as described for 57a using 89d
instead of 89a in 57% yield as colorless powder. 'H NMR (500 MHz, DMSO-d; +
D,0) 6 7.18 (d, J = 8.1 Hz, 2H), 7.17 (s, 1H), 7.14 (d, J = 8.0 Hz, 2H), 6.86 (s, 1H),
4.05 (s, 2H), 4.02 (d, J = 9.3 Hz, 1H), 3.66 (d, J= 11.7 Hz, 1H), 3.41 (dd, J = 5.9 Hz,
11.5 Hz, 1H), 3.08 — 3.24 (m, 4H), 2.57 (q, J = 7.7 Hz, 2H), 1.16 (t, J = 7.5 Hz, 3H).
MS (APCI, m/z) 382 (M + NHy).

(15)-1,5-anhydro-1-[5-(4-ethylbenzyl)-2-thienyl]-D-glucitol (57¢)

The title compound was prepared in the same manner as described for 57a using 89e
instead of 89a in 46% vyield as colorless powder. 'H NMR (500 MHz, DMSO-dg) &
7.17 (d, J=8.2 Hz, 2H), 7.16 (s, 1H), 7.14 (d, J= 8.2 Hz, 1H), 6.85 (s, 1H), 4.86 (d, J =
4.7 Hz, 1H), 4.85 (d, /= 5.3 Hz, 1H), 4.81 (d, J= 5.6 Hz, 1H), 4.44 (t, J= 6.0 Hz, 1H),
4.04 (s, 2H), 4.00 (d, J=9.2 Hz, 1H), 3.64 — 3.70 (m, 1H), 3.41 (dd, /= 6.1 Hz, 10.7 Hz,
1H), 3.10 — 3.24 (m, 4H), 2.56 (q, /= 7.8 Hz, 2H), 1.16 (t, J= 7.6 Hz, 3H). MS (APCI,
m/z) 382 (M + NH,).
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(15)-1,5-anhydro-1-[4-(4-ethylbenzyl)-2-thienyl]-D-glucitol (57f)

The title compound was prepared in the same manner as described for 57a using 89f
instead of 89a in 33% yield as colorless powder. 'H NMR (500 MHz, DMSO-dg) &
7.14 (d, J=8.2 Hz, 2H), 7.11 (d, J = 8.2 Hz, 2H), 7.04 (s, 1H), 6.87 (s, 1H), 4.98 (d, J =
5.8 Hz, 1H), 4.94 (d, /= 5.0 Hz, 1H), 491 (d, /= 5.3 Hz, 1H), 4.44 (t, J = 5.7 Hz, 1H),
4.20 (d, J=9.5 Hz, 1H), 3.82 (s, 2H), 3.67 (dd, J = 5.6 Hz, 9.9 Hz, 1H), 3.36 — 3.42 (m,
1H), 3.17 — 3.24 (m, 2H), 3.06 — 3.16 (m, 2H), 2.55 (q, J= 7.5 Hz, 2H), 1.15 (t,J=17.5
Hz, 3H). MS (APCI, m/z) 382 (M + NHy).

(1S5)-1,5-anhydro-1-[2-(4-ethylbenzyl)-3-thienyl]-D-glucitol (57g)

The title compound was prepared in the same manner as described for 57a using 89g
instead of 89a in 81% yield as colorless powder. 'H NMR (500 MHz, DMSO-dg) &
7.20 (d, J = 8.5 Hz, 2H), 7.19 (d, /= 5.1 Hz, 1H), 7.11 (d, J = 8.0 Hz, 2H), 6.98 (d, J =
5.3 Hz, 1H), 4.96 (d, J= 4.5 Hz, 1H), 4.90 (d, /= 5.1 Hz, 1H), 4.85 (d, /= 5.6 Hz, 1H),
4.42 (t,J=5.8 Hz, 1H), 4.25 (d, J=9.3 Hz, 1H), 4.10 (ABq, J = 15.9 Hz, 2H), 3.67 (dd,
J=5.6 Hz, 9.9 Hz, 1H), 3.40 — 3.48 (m, 1H), 3.24 — 3.37 (m, 2H), 3.20 — 3.24 (m, 1H),
3.14 — 3.20 (m, 1H), 2.56 (q, J = 7.5 Hz, 2H), 1.16 (t, J = 7.5 Hz, 3H). MS (APCI,
m/z) 382 (M + NH,).
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(15)-1,5-anhydro-1-[4-chloro-5-(4-ethylbenzyl)-2-thienyl]-D-glucitol (57h)

The title compound was prepared in the same manner as described for 57a using 89h
instead of 89a in 87% yield as colorless amorphous powder. 'H NMR (500 MHz,
DMSO-ds + D;0) 6 7.16 (s, 4H), 6.96 (s, 1H), 4.22 (d, J = 9.7 Hz, 1H), 4.02 (s, 2H),
3.66 (d, J=11.7 Hz, 1H), 3.40 (dd, J = 5.6 Hz, 11.2 Hz, 1H), 3.20 — 3.26 (m, 2H), 3.02
—3.12 (m, 2H), 2.57 (q, J = 7.4 Hz, 2H), 1.16 (t, J = 7.6 Hz, 3H). MS (APCIL, m/z)
416/418 (M + NH,).

(1S5)-1,5-anhydro-1-[5-chloro-4-(4-ethylbenzyl)-2-thienyl]-D-glucitol (57i)

The title compound was prepared in the same manner as described for 57a using 89i
instead of 89a in 92% yield as colorless powder. 'H NMR (500 MHz, DMSO-dg) &
7.13 (s, 4H), 6.84 (s, 1H), 5.18 (d, J=5.9 Hz, 1H), 4.99 (d, /= 5.0 Hz, 1H),4.94 (d, /=
5.5 Hz, 1H), 4.46 (t, J= 5.8 Hz, 1H), 4.17 (d, J = 9.5 Hz, 1H), 3.80 (s, 2H), 3.66 (dd, J
= 5.7 Hz, 10.2 Hz, 1H), 3.36 — 3.43 (m, 1H), 3.17 — 3.26 (m, 2H), 3.02 — 3.11 (m, 2H),
2.55(q, J = 7.5 Hz, 2H), 1.14 (t, J = 7.7 Hz, 3H). MS (APCI, m/z) 416/418 (M +
NHy).

Pharmacology
Sodium-Dependent Glucose Uptake in CHO cells Expressing hSGLT2 (in vitro
test)
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Parental CHOK cells expressing hSGLT2*® were used in these experiments. For the
uptake assay, cells were seeded into 24-well plates, and were post-confluent on the day
of assay.

Cells were rinsed one time with 400 uLL Assay Buffer (137 mM NaCl, 5 mM KClI, 1
mM CaCl,, | mM MgCl,, 50 mM HEPES, 20 mM Tris Base, pH 7.4), and were
pre-incubated with the solutions of compounds (250 pL) for 10 min at 37 °C. The
transport reaction was initiated by addition of 50 uL AMG / '*C-AMG solution (16.7
uCi; final concentration, 0.5 mM) and incubated for 120 min at 37 °C.  After the
incubation, the AMG uptake was halted by aspiration of the incubation mixture
followed by immediate washing three times with PBS. The cells were solubilized in
0.3 N NaOH of 300 puL and the radioactivity associated with the cells was monitored by
a liquid scintillation counter (Quantasmart™ (Packard, Boston, MA, USA)).
Inhibitory concentration of 50% (ICsyp) was calculated by nonlinear least squares
analysis using a four-parameter logistic model (Prism version 4; GraphPad Software,
San Diego, CA, USA).

UGE Study (in vivo test)

Male SD rats aged 4-5 weeks were obtained from Japan SLC (Shizuoka, Japan) and
were used for experiments at 6 weeks of age after acclimation period. The animals
were divided into experimental groups matched for body weight (n = 3). The
compounds were prepared in vehicles as suspension or solution. UGE studies were
performed after two-day acclimation period in metabolic cages. The compounds or
vehicle were orally administered at a dose of 30 mg/kg in 0.2% CMC/0.2% Tween 80.
Urine samples were collected for 24 hours using metabolic cages to measure urinary
glucose excretion. Urine glucose contents were determined by an enzymatic assay kit
(UGLU-L, Serotec, Hokkaido, Japan). All animals were allowed free access to a
standard pellet diet (CRF1; Oriental Yeast Co., Ltd., Tokyo, Japan) and tap water. All
animal experimental procedures were approved by Institutional Animal Care and Use

Committee of Mitsubishi Tanabe Pharma Corporation.
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X-Ray data of 27 (CCDC-860013)

data samplel

BeS

# CHEMICAL DATA

_chemical formula sum 'C29 H57 B O6 Si2'
_chemical formula moiety 'C29 H57 B 06 Si2'
_chemical formula weight 568.75

_chemical melting_point ?

# CRYSTAL DATA

_symmetry cell setting triclinic

_symmetry space group name H-M P1

_symmetry space group name Hall P1

_symmetry Int Tables number 1

loop

_symmetry equiv_pos_site id
_symmetry equiv_pos_as Xyz
1 X A4Y,A+Z

_cell_length a
_cell_length b
_cell_length ¢
_cell_angle alpha
_cell_angle beta
_cell_angle gamma

_cell volume

11.8809(17)
12.8533(17)
13.8274(19)
62.841(7)
66.355(8)
84.336(8)
1711.8(4)
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_cell formula units Z

_cell measurement reflns used
_cell measurement theta min
_cell measurement theta max

_cell measurement temperature

16282
3.9
68.2

193.1

_exptl_crystal description

_exptl_crystal colour
_exptl_crystal size max
_exptl crystal size mid

_exptl _crystal size min

_exptl _crystal density diftrn
_exptl crystal density meas

_exptl crystal density method

'block’
'colorless'
0.50
0.50
0.10
1.103
?

'not measured'

_exptl_crystal F 000 624.00
_exptl_absorpt_coefficient mu 1.222
_exptl_absorpt_correction_type none

# EXPERIMENTAL DATA

_diffrn_radiation_type 'Cu K¥a'
_diffrn_radiation_wavelength 1.54187

_diffrn_measurement_device type
_diffrn_measurement method

_diffrn_detector area resol mean

_diffrn_reflns_number

_diffrn_reflns_av_R _equivalents

_diffrn_reflns_theta max

_diffrn_measured fraction_theta max

_diffrn_reflns_theta full

_diffrn_measured fraction_theta full

'Rigaku RAXIS-RAPID'
¥w
10.00
16345
0.052
68.23
0.882
68.23

0.882
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_diffrn_reflns limit h min -13

_diffrn_reflns limit h max 13
_diffrn_reflns limit k min -14
_diffrn_reflns limit k max 15
_diffrn_reflns limit 1 min -16
_diffrn_reflns limit 1 max 16
# REFINEMENT DATA

_refine_special details
Refinement was performed using all reflections. The weighted
R-factor (wR) and goodness of fit (S) are based on F*2".
R-factor (gt) are based on F. The threshold expression of
F"27 > 2.0 sigma(F"2%) is used only for calculating R-factor (gt).

3

_reflns number _total 9280
_reflns_number gt 8985
_reflns_threshold expression FA27>2.0%s(FA27)
_refine Is structure factor coef Fsqd
_refine Is R factor gt 0.0631
_refine Is wR_factor ref 0.1854
_refine Is hydrogen treatment refall
_refine_Is number reflns 9280
_refine Is number parameters 688
_refine Is_goodness_of fit ref 1.331
_refine Is weighting scheme calc

_refine Is weighting details
'w = 1/[¥s"2"(F0"2")+(0.1000P)"2"+0.0000P] where P=(Fo"2"+2Fc"2")/3'

_refine Is_shift/su_max 0.0040
_refine diff density max 0.50
_refine diff density min -0.33
_refine Is_extinction_method SHELXL
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_refine Is extinction coef 0.0020(3)

_refine Is abs structure details

'Flack, H. D. (1983), Acta Cryst. A39, 876-881.
_refine Is abs_ structure Flack 0.04(2)

loop
_atom_type symbol
_atom_type description
_atom_type scat dispersion real
_atom_type scat dispersion_imag
_atom_type scat_source
'C'"'C" 0.018 0.009
International Tables for Crystallography
(1992, Vol. C, Tables 4.2.6.8 and 6.1.1.4)
'H''H' 0.000 0.000
International Tables for Crystallography
(1992, Vol. C, Table 6.1.1.4)
'B''B'" 0.009 0.004
International Tables for Crystallography
(1992, Vol. C, Tables 4.2.6.8 and 6.1.1.4)
'0"'0" 0.049 0.032
International Tables for Crystallography
(1992, Vol. C, Tables 4.2.6.8 and 6.1.1.4)
'Si''Si' 0.254 0.330
International Tables for Crystallography
(1992, Vol. C, Tables 4.2.6.8 and 6.1.1.4)

3
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BeS

# ATOMIC COORDINATES AND THERMAL PARAMETERS

loop

_atom_site label

_atom_site type symbol

_atom_site fract x

_atom_site fract y

_atom_site fract z

_atom_site U iso_or equiv

_atom_site_adp type

_atom_site_occupancy

_atom_site_symmetry multiplicity

_atom_site calc_flag

_atom_site_refinement flags

_atom_site disorder assembly

_atom_site_disorder group
Si(1) S10.69919(9) 0.76913(8) 0.74733(8) 0.0353(2) Uani 1.00 1 d .. ..
0(2) 0 0.5487(2) 0.7356(2) 0.80748(19) 0.0373(6) Uani 1.00 1 d.. ..
C(3) C 0.4739(3) 0.6862(3) 0.9329(2) 0.0312(8) Uani 1.00 1 d.. . .
C(4) C 0.3549(3) 0.6250(3) 0.9623(2) 0.0327(8) Uani 1.00 1 d.. ..
C(5) C 0.2926(3) 0.5550(3) 1.0953(3) 0.0357(8) Uani 1.00 1 d.. . .
C(6) C 0.3493(3) 0.5286(3) 1.1668(3) 0.0337(8) Uani 1.00 1 d.. ..
0O(7) 0 0.4739(2) 0.5589(2) 1.1273(2) 0.0390(6) Uani 1.00 1 d.. ..
C(8) C 0.5430(3) 0.5992(3) 1.0022(2) 0.0324(7) Uani 1.00 1 d.. . .
C(9) C 0.6667(4) 0.6490(4) 0.9765(3) 0.0453(10) Uani 1.00 1 d . ..
0(10) © 0.7482(2) 0.6933(2) 0.8527(2) 0.0439(7) Uani 1.00 1 d . . .
C(11) C 0.7360(4) 0.9304(3) 0.6938(3) 0.0534(12) Uani 1.00 1 d . . .
C(12) C 0.6706(7) 0.9547(4) 0.8022(5) 0.109(3) Uani 1.00 1 d.. . .
C(13) C 0.8740(7) 0.9602(6) 0.6505(7) 0.113(2) Uani 1.00 1 d . . .
C(14) C 0.7026(8) 1.0091(5) 0.5929(6) 0.103(2) Uani 1.00 1 d.. ..
C(15) C 0.7660(4) 0.7106(3) 0.6350(3) 0.0497(11) Uani 1.00 1 d . . .
C(16) C 0.9083(5) 0.7255(6) 0.5837(5) 0.085(2) Uani 1.00 1 d.. ..
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C(17) C 0.7285(7) 0.7765(7) 0.5315(4) 0.099(2) Uani 1.00 1 d . . .
C(18) C 0.7230(6) 0.5816(4) 0.6961(4) 0.0813(19) Uani 1.00 1 d . . .
0(19) 0 0.2753(2) 0.7072(2) 0.9217(2) 0.0404(6) Uani 1.00 1 d . . .

Si(20) Si 0.23178(12) 0.73835(11) 0.81310(10) 0.0474(3) Uani 1.00 1 d . . .

C(21) C 0.2350(14) 0.6005(11) 0.7907(11) 0.184(6) Uani 1.00 1 d . . .
C(22) C 0.3613(14) 0.5887(16) 0.7118(16) 0.276(11) Uani 1.00 1 d . . .
C(23) C 0.1222(15) 0.6046(13) 0.7495(9) 0.250(10) Uani 1.00 1 d . . .
C(24) C 0.3305(7) 0.8706(8) 0.6782(6) 0.130(4) Uani 1.00 1 d . . .
C(25) C 0.3559(11) 0.9653(6) 0.7109(10) 0.174(6) Uani 1.00 1 d . . .
C(26) C 0.2824(11) 0.9225(12) 0.5808(8) 0.222(8) Uani 1.00 1 d . . .
C(27) C 0.0659(8) 0.7645(15) 0.8699(7) 0.184(7) Uani 1.00 1 d . . .
C(28) C -0.0027(9) 0.6353(16) 0.9846(6) 0.257(11) Uani 1.00 1 d . . .
C(29) C 0.0358(16) 0.8593(19) 0.9011(14) 0.274(13) Uani 1.00 1 d . . .
B(30) B 0.2839(4) 0.4649(3) 1.3077(3) 0.0344(9) Uani 1.00 1 d . . .
0(31) 0 0.3432(2) 0.4571(2) 1.3762(2) 0.0428(6) Uani 1.00 1 d . . .
C(32) C 0.2641(3) 0.3765(3) 1.4983(3) 0.0431(10) Uani 1.00 1 d . . .
C(33) C 0.1349(4) 0.3799(3) 1.4946(3) 0.0396(9) Uani 1.00 1 d . . .
0(34) 0 0.1659(2) 0.4140(2) 1.3688(2) 0.0416(6) Uani 1.00 1d . . .
C(35) C 0.3143(5) 0.2595(4) 1.5254(4) 0.0722(16) Uani 1.00 1 d . . .
C(36) C 0.2750(5) 0.4207(6) 1.5789(4) 0.0669(15) Uani 1.00 1 d . . .
C(37) C 0.0556(4) 0.2641(4) 1.5676(3) 0.0535(12) Uani 1.00 1 d . . .
C(38) C 0.0628(4) 0.4738(4) 1.5194(3) 0.0503(11) Uani 1.00 1 d .
Si(39) Si 0.23927(9) 0.06105(8) 1.12588(8) 0.0350(2) Uani 1.00 1 d .
0(40) 0 0.3868(2) 0.1103(2) 1.0684(2) 0.0353(6) Uani 1.00 1 d . . .
C(41) C 0.4518(3) 0.1968(2) 0.9482(2) 0.0314(8) Uani 1.00 1 d . . .
C(42) C 0.5888(3) 0.1865(2) 0.9109(2) 0.0285(7) Uani 1.00 1 d . . .
C(43) C 0.6520(3) 0.2589(3) 0.7773(2) 0.0323(7) Uani 1.00 1 d . . .
C(44) C 0.5938(3) 0.2959(3) 0.7047(3) 0.0325(8) Uani 1.00 1 d . . .
0(45) 0 0.4683(2) 0.2679(2) 0.7454(2) 0.0440(7) Uani 1.00 1 d . . .
C(46) C 0.4072(3) 0.1786(3) 0.8676(2) 0.0368(8) Uani 1.00 1 d . . .
C(47) C 0.2713(3) 0.1874(4) 0.8962(3) 0.0427(9) Uani 1.00 1 d . . .
0(48) 0 0.1999(2) 0.1015(2) 1.0129(2) 0.0448(7) Uani 1.00 1 d . . .
C(49) C 0.2285(4) -0.1049(3) 1.1985(3) 0.0454(10) Uani 1.00 1 d . . .
C(50) C 0.0944(5) -0.1560(4) 1.2327(4) 0.0673(14) Uani 1.00 1 d . . .
C(51) C 0.2597(6) -0.1564(4) 1.3092(4) 0.0725(15) Uani 1.00 1 d . . .
C(52) C 0.3208(5) -0.1402(4) 1.1088(4) 0.0623(13) Uani 1.00 1 d . . .
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C(53) C 0.1453(4) 0.1344(4) 1.2203(3) 0.0509(11) Uani 1.00 1 d . . .
C(54) C 0.1841(6) 0.1109(7) 1.3201(5) 0.096(2) Uani 1.00 1 d . . .
C(55) C 0.0051(4) 0.0987(5) 1.2724(4) 0.0646(13) Uani 1.00 1 d . . .
C(56) C 0.1706(6) 0.2669(4) 1.1361(5) 0.094(2) Uani 1.00 1 d .
0(57) 0 0.6381(2) 0.2289(2) 0.9668(2) 0.0360(6) Uani 1.00 1 d .

Si(58) Si 0.69773(10) 0.15693(9) 1.06661(8) 0.0366(2) Uani 1.00 1d . . .

C(59) C 0.5819(4) 0.1463(4) 1.2103(3) 0.0543(11) Uani 1.00 1 d . . .
C(60) C 0.5206(5) 0.2608(5) 1.1976(4) 0.0673(14) Uani 1.00 1 d . . .
C(61) C 0.6334(6) 0.1070(6) 1.3062(4) 0.091(2) Uani 1.00 1 d . . .
C(62) C 0.7342(5) 0.0061(4) 1.0786(4) 0.0615(13) Uani 1.00 1 d . . .
C(63) C 0.6229(6) -0.0817(4) 1.1453(5) 0.0841(18) Uani 1.00 1 d . . .
C(64) C 0.8348(6) -0.0428(5) 1.1271(6) 0.0854(19) Uani 1.00 1 d . . .
C(65) C 0.8443(5) 0.2465(4) 1.0100(4) 0.0591(12) Uani 1.00 1 d . . .
C(66) C 0.8282(7) 0.3684(5) 1.0043(6) 0.095(2) Uani 1.00 1 d . . .
C(67) C 0.9357(6) 0.2595(7) 0.8867(5) 0.089(2) Uani 1.00 1 d . . .
B(68) B 0.6577(4) 0.3708(3) 0.5683(3) 0.0321(9) Uani 1.00 1 d . . .
0(69) 0 0.5961(2) 0.3915(2) 0.4969(2) 0.0434(7) Uani 1.00 1 d . . .
C(70) C 0.6758(3) 0.4784(3) 0.3771(3) 0.0437(10) Uani 1.00 1 d . . .
C(71) C 0.8066(3) 0.4663(3) 0.3820(3) 0.0368(8) Uani 1.00 1 d . . .
0(72) 0 0.7750(2) 0.4204(2) 0.5092(2) 0.0359(6) Uani 1.00 1 d . . .
C(73) C 0.6655(5) 0.4456(7) 0.2904(4) 0.081(2) Uani 1.00 1 d . . .
C(74) C 0.6269(5) 0.5944(4) 0.3670(5) 0.0786(18) Uani 1.00 1 d . . .
C(75) C 0.8725(4) 0.3755(4) 0.3480(4) 0.0534(11) Uani 1.00 1 d . . .
C(76) C 0.8907(5) 0.5807(4) 0.3151(3) 0.0596(13) Uani 1.00 1 d . . .
H(1) H 0.4550 0.7510 0.9563 0.037 Uiso 1.00 I ¢ R . .

H(2) H 0.3723 0.5709 0.9252 0.039 Uiso 1.00 I ¢ R . .

H(3) H 0.2073 0.5284 1.1295 0.043 Uiso 1.00 [ c R . .

H(4) H 0.5543 0.5303 0.9852 0.039 Uiso 1.00 [ c R . .

H(5) H 0.6553 0.7134 0.9989 0.054 Uiso 1.00 I ¢ R . .

H(6) H 0.7049 0.5870 1.0253 0.054 Uiso 1.00 I c R . .

H(7) H 0.5875 0.9764 0.8080 0.131 Uiso 1.00 1 c R . .

H(8) H 0.7183 1.0193 0.7926 0.131 Uiso 1.00 1 ¢ R . .

H(9) H 0.6645 0.8838 0.8747 0.131 Uiso 1.00 1 ¢ R . .

H(10) H 0.8925 0.9507 0.7169 0.136 Uiso 1.00 1 ¢ R . .

H(11) H 0.8983 1.0417 0.5880 0.136 Uiso 1.00 1 ¢ R . .

H(12) H 0.9199 0.9073 0.6187 0.136 Uiso 1.00 1 ¢ R . .
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H(13) H 0.7733 1.0258 0.5180 0.124 Uiso 1.00 I c R . .
H(14) H 0.6801 1.0829 0.5970 0.124 Uiso 1.00 I c R ..
H(15) H 0.6324 0.9706 0.5971 0.124 Uiso 1.00 I c R . .
H(16) H 0.9393 0.8020 0.5132 0.102 Uiso 1.00 I ¢ R . .
H(17) H 0.9407 0.6627 0.5617 0.102 Uiso 1.00 I c R ..
H(18) H 0.9355 0.7213 0.6434 0.102 Uiso 1.00 I c R ..
H(19) H 0.6514 0.7372 0.5485 0.119 Uiso 1.00 1 cR . .
H(20) H 0.7936 0.7776 0.4596 0.119 Uiso 1.00 1 cR . .
H(21) H 0.7163 0.8573 0.5195 0.119 Uiso 1.00 1 cR . .
H(22) H 0.7830 0.5358 0.7264 0.098 Uiso 1.00 I c R . .
H(23) H 0.7158 0.5597 0.6394 0.098 Uiso 1.00 I c R ..
H(24) H 0.6424 0.5652 0.7623 0.098 Uiso 1.00 I c R ..
H(25) H 0.2130 0.5308 0.8705 0.220 Uiso 1.00 I c R . .
H(26) H 0.3694 0.6269 0.6294 0.331 Uiso 1.00 I c R ..
H(27) H 0.3727 0.5052 0.7364 0.331 Uiso 1.00 I c R ..
H(28) H 0.4241 0.6262 0.7182 0.331 Uiso 1.00 I c R ..
H(29) H 0.0468 0.5616 0.8197 0.300 Uiso 1.00 I c R ..
H(30) H 0.1447 0.5681 0.6966 0.300 Uiso 1.00 I c R ..
H(31) H0.1078 0.6865 0.7077 0.300 Uiso 1.00 I c R ..
H(32) H 0.4123 0.8435 0.6448 0.156 Uiso 1.00 I c R . .
H(33) H 0.2914 1.0191 0.7090 0.209 Uiso 1.00 I c R . .
H(34) H 0.4366 1.0098 0.6535 0.209 Uiso 1.00 I c R ..
H(35) H 0.3555 0.9262 0.7907 0.209 Uiso 1.00 I c R . .
H(36) H 0.3146 0.8834 0.5300 0.266 Uiso 1.00 I c R ..
H(37) H 0.3098 1.0068 0.5330 0.266 Uiso 1.00 I c R ..
H(38) H 0.1920 0.9107 0.6165 0.266 Uiso 1.00 I c R ..
H(39) H 0.0350 0.7796 0.8076 0.221 Uiso 1.00 I c R ..
H(40) H -0.0330 0.5891 0.9581 0.309 Uiso 1.00 1 cR ..
H(41) H-0.0723 0.6478 1.0457 0.309 Uiso 1.00 1 cR ..
H(42) H 0.0567 0.5927 1.0176 0.309 Uiso 1.00 I c R ..
H(43) H 0.0234 0.8307 0.9840 0.329 Uiso 1.00 1 cR ..
H(44) H -0.0401 0.8890 0.8913 0.329 Uiso 1.00 I c R . .
H(45) H0.1036 0.9227 0.8494 0.329 Uiso 1.00 1 cR ..
H(46) H 0.2756 0.2140 1.5040 0.087 Uiso 1.00 1 cR ..
H(47) H 0.2964 0.2166 1.6103 0.087 Uiso 1.00 1 cR ..
H(48) H 0.4039 0.2713 1.4795 0.087 Uiso 1.00 1 cR . .
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H(49) H 0.3428 0.3863 1.6025 0.080 Uiso 1.00 I c R ..
H(50) H 0.1975 0.3979 1.6497 0.080 Uiso 1.00 I c R ..
H(51) H 0.2917 0.5066 1.5366 0.080 Uiso 1.00 1 c R ..
H(52) H-0.0316 0.2782 1.5879 0.064 Uiso 1.00 1 cR . .
H(53) H 0.0693 0.2189 1.6406 0.064 Uiso 1.00 1 cR ..
H(54) H 0.0774 0.2197 1.5219 0.064 Uiso 1.00 1 c R ..
H(55) H 0.1196 0.5357 1.5033 0.060 Uiso 1.00 1 cR ..
H(56) H 0.0045 0.4396 1.6029 0.060 Uiso 1.00 1 c R ..
H(57) H0.0171 0.5074 1.4684 0.060 Uiso 1.00 1 cR ..
H(58) H 0.4352 0.2769 0.9421 0.038 Uiso 1.00 I c R ..
H(59) H 0.6040 0.1023 0.9333 0.034 Uiso 1.00 I c R ..
H(60) H 0.7387 0.2791 0.7433 0.039 Uiso 1.00 I c R . .
H(61) H 0.4269 0.0996 0.8717 0.044 Uiso 1.00 I c R ..
H(62) H 0.2515 0.2667 0.8887 0.051 Uiso 1.00 I c R ..
H(63) H 0.2504 0.1763 0.8389 0.051 Uiso 1.00 I c R ..
H(64) H 0.0404 -0.1681 1.3131 0.081 Uiso 1.00 1 cR ..
H(65) H 0.0989 -0.2312 1.2299 0.081 Uiso 1.00 1 cR ..
H(66) H 0.0610 -0.1004 1.1763 0.081 Uiso 1.00 1 cR ..
H(67) H 0.3483 -0.1646 1.2853 0.087 Uiso 1.00 1 cR ..
H(68) H 0.2128 -0.2336 1.3664 0.087 Uiso 1.00 1 cR ..
H(69) H 0.2377 -0.1035 1.3458 0.087 Uiso 1.00 1 cR ..
H(70) H 0.2818 -0.1485 1.0619 0.075 Uiso 1.00 1 cR . .
H(71) H 0.3492 -0.2153 1.1502 0.075 Uiso 1.00 1 cR . .
H(72) H 0.3915 -0.0798 1.0560 0.075 Uiso 1.00 1 cR ..
H(73) H 0.1355 0.0401 1.3913 0.116 Uiso 1.00 1 cR . .
H(74) H 0.1697 0.1782 1.3374 0.116 Uiso 1.00 1 cR . .
H(75) H 0.2721 0.0994 1.2960 0.116 Uiso 1.00 1 cR . .
H(76) H -0.0299 0.1535 1.2170 0.078 Uiso 1.00 1 cR . .
H(77) H-0.0352 0.1010 1.3485 0.078 Uiso 1.00 1 cR . .
H(78) H -0.0084 0.0188 1.2845 0.078 Uiso 1.00 1 cR ..
H(79) H 0.2429 0.2990 1.1348 0.113 Uiso 1.00 I c R . .
H(80) H 0.0986 0.3061 1.1639 0.113 Uiso 1.00 I cR ..
H(81) H0.1863 0.2803 1.0559 0.113 Uiso 1.00 I cR . .
H(82) H 0.5149 0.0844 1.2402 0.065 Uiso 1.00 1 cR ..
H(83) H0.5688 0.3111 1.2063 0.081 Uiso 1.00 1 cR ..
H(84) H 0.4365 0.2417 1.2593 0.081 Uiso 1.00 1 cR ..
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H(85) H 0.5176 0.3022 1.1192 0.081 Uiso 1.00 1 cR ..

H(86) H 0.6224 0.0210 1.3506 0.109 Uiso 1.00 1 c R ..

H(87) H 0.5891 0.1404 1.3606 0.109 Uiso 1.00 1 c R ..

H(88) H 0.7216 0.1345 1.2685 0.109 Uiso 1.00 I c R . .

H(89) H 0.7696 0.0160 0.9956 0.074 Uiso 1.00 1 c R ..

H(90) H 0.6085 -0.1235 1.2295 0.101 Uiso 1.00 1 cR ..
H(91) H 0.6367 -0.1383 1.1134 0.101 Uiso 1.00 I c R ..
H(92) H 0.5507 -0.0411 1.1368 0.101 Uiso 1.00 1 cR ..
H(93) H 0.9164 -0.0167 1.0612 0.102 Uiso 1.00 1 cR . .
H(94) H 0.8223 -0.1289 1.1679 0.102 Uiso 1.00 1 c R . .
H(95) H 0.8295 -0.0138 1.1830 0.102 Uiso 1.00 1 cR ..
H(96) H 0.8844 0.2028 1.0666 0.071 Uiso 1.00 I c R ..

H(97) H 0.8314 0.4254 0.9259 0.114 Uiso 1.00 1 cR . .

H(98) H 0.8946 0.3915 1.0178 0.114 Uiso 1.00 1 cR . .

H(99) H 0.7482 0.3664 1.0655 0.114 Uiso 1.00 1 cR . .

H(100) H 0.9881 0.1948 0.8973 0.106 Uiso 1.00 1 cR ..
H(101) H 0.9876 0.3346 0.8422 0.106 Uiso 1.00 1 cR ..
H(102) H 0.8893 0.2573 0.8428 0.106 Uiso 1.00 1 cR ..
H(103) H 0.7279 0.3927 0.2754 0.097 Uiso 1.00 1 cR ..
H(104) H 0.6789 0.5167 0.2158 0.097 Uiso 1.00 1 cR ..
H(105) H 0.5830 0.4059 0.3228 0.097 Uiso 1.00 1 cR ..
H(106) H 0.5634 0.6091 0.3352 0.094 Uiso 1.00 1 cR ..
H(107) H 0.6946 0.6577 0.3136 0.094 Uiso 1.00 1 cR ..
H(108) H 0.5908 0.5916 0.4456 0.094 Uiso 1.00 1 cR ..
H(109) H 0.9614 0.3906 0.3235 0.064 Uiso 1.00 1 cR ..
H(110) H 0.8574 0.3789 0.2821 0.064 Uiso 1.00 I c R ..
H(111) H 0.8420 0.2975 0.4162 0.064 Uiso 1.00 1 cR . .
H(112) H 0.8404 0.6469 0.3073 0.071 Uiso 1.00 I c R ..
H(113) H 0.9466 0.5906 0.2360 0.071 Uiso 1.00 I c R ..
H(114) H 0.9393 0.5782 0.3590 0.071 Uiso 1.00 I c R ..

loop
_atom_site_aniso_label
_atom_site_aniso U 11

_atom_site_aniso U 22
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_atom_site aniso U 33

_atom_site aniso U 12

_atom_site aniso U 13

_atom_site aniso U 23
Si(1) 0.0368(6) 0.0340(4) 0.0223(4) -0.0025(4) -0.0014(4) -0.0106(3)
0(2) 0.0372(17) 0.0425(13) 0.0158(11) 0.0029(11) -0.0031(11) -0.0066(10)
C(3) 0.034(2) 0.0321(16) 0.0144(14) -0.0039(14) 0.0007(14) -0.0078(13)
C(4) 0.033(2) 0.0332(17) 0.0253(16) -0.0013(15) -0.0103(15) -0.0087(14)
C(5) 0.034(2) 0.0330(17) 0.0266(17) -0.0089(15) -0.0042(15) -0.0070(14)
C(6) 0.036(2) 0.0333(17) 0.0196(16) -0.0031(15) -0.0073(15) -0.0043(13)
0(7) 0.0269(16) 0.0548(15) 0.0186(11) -0.0027(12) -0.0021(10) -0.0082(10)
C(8) 0.032(2) 0.0354(17) 0.0172(14) -0.0015(14) -0.0026(13) -0.0071(13)
C(9) 0.041(2) 0.054(2) 0.0245(18) -0.008(2) -0.0078(17) -0.0072(16)
0(10) 0.0317(17) 0.0564(16) 0.0273(13) 0.0006(13) -0.0026(11) -0.0134(12)
C(11) 0.066(3) 0.037(2) 0.038(2) -0.012(2) -0.004(2) -0.0132(17)
C(12) 0.155(7) 0.051(2) 0.072(3) -0.024(3) 0.025(3) -0.042(2)
C(13) 0.087(5) 0.087(4) 0.149(6) -0.037(3) 0.004(4) -0.076(4)
C(14) 0.147(7) 0.044(2) 0.106(5) 0.000(3) -0.067(5) -0.008(3)
C(15) 0.051(2) 0.047(2) 0.036(2) 0.0034(19) 0.0005(19) -0.0223(18)
C(16) 0.059(4) 0.095(4) 0.080(3) -0.000(3) 0.014(3) -0.058(3)
C(17) 0.131(6) 0.132(5) 0.054(3) 0.039(4) -0.037(3) -0.062(3)
C(18) 0.106(5) 0.063(3) 0.063(3) -0.011(3) 0.001(3) -0.045(2)
0(19) 0.0387(16) 0.0509(15) 0.0292(12) 0.0067(12) -0.0153(11) -0.0155(11)
Si(20) 0.0558(8) 0.0513(6) 0.0334(5) 0.0020(5) -0.0251(5) -0.0113(4)
C(21) 0.314(18) 0.192(10) 0.209(11) 0.107(11) -0.211(13) -0.146(9)
C(22) 0.269(17) 0.50(2) 0.45(2) 0.288(19) -0.299(18) -0.45(2)
C(23) 0.35(2) 0.264(16) 0.122(8) -0.178(16) -0.119(11) -0.019(9)
C(24) 0.087(5) 0.147(7) 0.071(4) -0.017(5) -0.047(4) 0.036(4)
C(25) 0.223(12) 0.064(4) 0.249(12) -0.012(6) -0.192(11) 0.006(6)
C(26) 0.171(11) 0.251(15) 0.102(6) -0.049(10) -0.088(7) 0.074(8)
C(27) 0.068(5) 0.38(2) 0.082(5) 0.048(8) -0.045(4) -0.076(9)
C(28) 0.094(7) 0.50(2) 0.055(4) -0.139(12) -0.018(4) -0.004(9)
C(29) 0.254(19) 0.46(3) 0.241(16) 0.27(2) -0.153(15) -0.26(2)
B(30) 0.034(2) 0.0331(19) 0.0220(19) -0.0053(17) -0.0080(17) -0.0027(15)
0O(31) 0.0265(16) 0.0619(17) 0.0204(11) -0.0053(12) -0.0032(10) -0.0068(11)
C(32) 0.027(2) 0.059(2) 0.0214(17) 0.0012(18) -0.0056(16) -0.0042(16)
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C(33) 0.040(2) 0.043(2) 0.0195(16) -0.0094(17) -0.0088(16) -0.0025(15)
0(34) 0.0372(17) 0.0532(15) 0.0218(12) -0.0106(13) -0.0078(11) -0.0076(11)
C(35) 0.059(3) 0.068(3) 0.051(2) 0.016(2) -0.014(2) -0.005(2)

C(36) 0.041(3) 0.116(4) 0.035(2) -0.005(2) -0.017(2) -0.024(2)

C(37) 0.041(2) 0.061(2) 0.031(2) -0.020(2) -0.0033(18) -0.0029(18)

C(38) 0.050(3) 0.056(2) 0.033(2) 0.007(2) -0.0117(19) -0.0156(19)

Si(39) 0.0338(6) 0.0361(4) 0.0242(4) -0.0032(4) -0.0039(4) -0.0104(4)

0(40) 0.0337(16) 0.0393(13) 0.0205(11) -0.0058(11) -0.0050(10) -0.0070(10)
C(41) 0.039(2) 0.0272(15) 0.0170(15) 0.0004(14) -0.0070(14) -0.0043(12)
C(42) 0.031(2) 0.0283(15) 0.0232(15) 0.0001(14) -0.0103(14) -0.0091(13)
C(43) 0.030(2) 0.0364(18) 0.0244(16) 0.0050(15) -0.0091(14) -0.0114(14)
C(44) 0.024(2) 0.0408(18) 0.0283(18) 0.0035(15) -0.0063(15) -0.0156(15)
0(45) 0.0307(17) 0.0611(17) 0.0194(11) -0.0050(13) -0.0070(11) -0.0027(11)
C(46) 0.035(2) 0.0408(19) 0.0223(16) -0.0026(16) -0.0090(15) -0.0052(14)
C(47) 0.028(2) 0.059(2) 0.0308(18) -0.0030(18) -0.0117(16) -0.0117(17)
0(48) 0.0296(17) 0.0604(17) 0.0280(12) -0.0071(13) -0.0052(11) -0.0105(12)
C(49) 0.047(2) 0.041(2) 0.0333(19) -0.0100(18) -0.0071(18) -0.0107(16)
C(50) 0.062(3) 0.058(2) 0.060(2) -0.016(2) -0.006(2) -0.022(2)

C(51) 0.086(4) 0.052(2) 0.050(2) -0.008(2) -0.027(2) 0.002(2)

C(52) 0.061(3) 0.045(2) 0.068(2) -0.001(2) -0.009(2) -0.029(2)

C(53) 0.040(2) 0.054(2) 0.047(2) 0.0012(19) -0.0005(19) -0.028(2)

C(54) 0.078(4) 0.162(7) 0.091(4) 0.025(4) -0.029(3) -0.097(5)

C(55) 0.044(3) 0.079(3) 0.068(3) 0.009(2) -0.008(2) -0.043(2)

C(56) 0.094(4) 0.052(2) 0.087(4) -0.003(2) 0.025(3) -0.042(2)

0(57) 0.0433(17) 0.0378(13) 0.0310(12) 0.0032(11) -0.0208(11) -0.0137(10)
Si(58) 0.0382(6) 0.0425(5) 0.0277(4) 0.0048(4) -0.0162(4) -0.0125(4)

C(59) 0.053(3) 0.068(2) 0.034(2) 0.004(2) -0.016(2) -0.018(2)

C(60) 0.078(4) 0.087(3) 0.052(2) 0.024(3) -0.029(2) -0.044(2)

C(61) 0.108(5) 0.120(5) 0.033(2) 0.029(4) -0.028(2) -0.028(2)

C(62) 0.079(3) 0.058(2) 0.071(3) 0.030(2) -0.053(2) -0.033(2)

C(63) 0.106(5) 0.037(2) 0.101(4) 0.009(2) -0.059(4) -0.011(2)

C(64) 0.094(5) 0.069(3) 0.109(4) 0.040(3) -0.067(4) -0.037(3)

C(65) 0.059(3) 0.071(3) 0.041(2) -0.004(2) -0.025(2) -0.016(2)

C(66) 0.105(5) 0.069(3) 0.091(4) -0.031(3) -0.007(3) -0.040(3)

C(67) 0.051(4) 0.112(5) 0.068(3) -0.012(3) -0.001(3) -0.029(3)

B(68) 0.031(2) 0.037(2) 0.028(2) 0.0026(17) -0.0138(18) -0.0121(16)
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0(69) 0.0365(18) 0.0561(16) 0.0228(12) -0.0083(13) -0.0129(11) -0.0030(11)
C(70) 0.027(2) 0.057(2) 0.0255(19) -0.0054(18) -0.0063(16) -0.0037(17)
C(71) 0.036(2) 0.0430(19) 0.0229(17) -0.0024(17) -0.0110(16) -0.0078(15)
0(72) 0.0288(15) 0.0490(14) 0.0186(11) -0.0045(11) -0.0081(10) -0.0062(10)
C(73) 0.039(3) 0.158(6) 0.034(2) -0.016(3) -0.006(2) -0.038(3)

C(74) 0.055(3) 0.053(2) 0.077(3) 0.014(2) -0.024(2) 0.006(2)

C(75) 0.044(3) 0.072(3) 0.040(2) 0.010(2) -0.013(2) -0.026(2)

C(76) 0.072(3) 0.053(2) 0.039(2) -0.020(2) -0.017(2) -0.0093(19)
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