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A Facile Convergent Synthetic Procedure for
3-Deoxydapagliflozin as SGLT2 Inhibitor
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Abstract 3-Deoxydapaglifizoin (1) is a highly selective, potent sodium-dependent glucose transporter 2 (SGLT2) inhibitor
discovered earlier. A facile convergent synthetic procedure for 3-deoxydapagliflzoin (1) was developed in 13 steps and in 38%
overall yield starting from inexpensive methyl a-D-glucopyranoside 2. Regioselective protection of 2-OH and 3-OH in the key
intermediate methyl 4,6-O-benzylidene-a-D-glucopyranoside 3 was systematically studied; the regioisomers thus obtained
were distinguished from each other with nuclear overhauser effect (NOE) and their ratios and relative polarities were rationally
explained. The strategy for deoxygenation of the sterically hindered 3-OH in another key intermediate
4,6-0-benzylidene-2-O-t-butyldiphenylsilyl-a-D-glucopyranoside (4) was also systematically studied. The facile synthetic
route is characterized by convergence characteristics and inexpensive starting material, also representing an alternative general
synthetic approach to phenyl 3-deoxy-C-glucosides.

Keywords SGLT?2 inhibitor; 3-deoxydapagliflozin; regioselectivity; deoxygenation; convergent synthesis
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Figure 1 Discovery of 3-deoxydapagliflozin 1 as a highly selective, potent SGLT2 inhibitor
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Figure 2 The linear synthetic route to 3-deoxydapagliflozin 1
starting from dapagliflozin
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Figure 3 The retrosynthetic analysis of 1 based on convergent synthetic strategy
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Figure 4 The synthetic route to 1 based on convergent synthetic strategy
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Table 1 Screening of protecting groups for the regioselective protection of 2-OH in 3

P00 PGClimidazole  Ph O\ ¢ PAYO\ g
HO DMF, 0°C ~rt. HO * PGO
HO  OMme

PGO ome HO  Ome

4-1-2, PG = TBDMS 4-1-3, PG = TBDMS

4-2-2, PG = TIPS 4-2-3, PG = TIPS

4, PG = TBDPS 4-3-3, PG = TBDPS

Entry” Reagent” Protecting group’ Ratio of 2-O-PG/3-0-PG¢ Yield/%

1 TBDMSCI TBDMS 4-1-2/4-1-3=60/40 92
2 TIPSCI TIPS 4-2-2/4-2-3=284/16 93
3 TBDPSCI TBDPS 4/4-3-3=100/0 95

“ Reaction conditions: 3 (1.0 equiv.), protecting reagent (1.2 equiv.), imidazole (3.0 equiv.), DMF, 0 C~r.t. b Protecting groups and corresponding reagents:
TBDMSCI/TBDMS, t-butyldimethylsilyl chloride/s-butyldimethylsilyl; TIPSCI/TIPS, triisopropylsilyl chloride/triisopropyl; TBDPSCI/TBDPS, ¢-butyldiphenylsilyl
chloride/s-butyldiphenylsilyl.  Molar ratio of 2-O-protected regioisomer/3-O-protected regioisomer. ¢ Isolated overall yield.

Ph/Vo Ph/TO o Q/%O o PO e
o] HO H
H
| v OHOM NoE (- ‘ HO  Ome 0 ocHNOE
Hs,) )
N

H3G Ph-gj
s —CH c ! 5

| 3 OE >>j|:< Ph >VCH3
4-1-2 4-1-3 4-2-3 4

B 5 PN Ee T %€ 2-OH F1 3-OH LRy i1 X ki #7411 NOE 15 5
Figure 5 Observed NOE signals useful to distinguish 2-O-protected and 3-O-proteced regioisomers

K2 AW 4 BAFACED 6 15N 5k

Table 2 Screening of reaction conditions to convert 4 to 6 by deoxygenation

Reagent and condition to Reagent and condition for

Entry . . Intermediate Yield/% . Yield"/%
prepare intermediate deoxygenation
Phy,, ro
| 1,/PPhy/imidazole, Or. o o . .
CH,Cl,, r.t.~reflux N 0Me T T
1 OTBDPS
Phy,, ro
NaH/CS,/Mel, s 9o n-Bu;SnH/AIBN,
2 )k 95 7
THF,0 C~r.t. g7 0" N “OMe PhMe, reflux
5., OTBDPS
Ph, ro
NaH/CS,/Mel, s %o TMS;SiH/AIBN,
3 )k 95 3
THF, 0 ‘C~r.t. 57 07 oMe 130 C
5.2 OTBDPS
Ph,,. ro
TCDI, CICH,CH,Cl, s 9o n-Bu;SnH/AIBN,
4 )k 0 _ ¢
reflux /\N 07 > “OMe PhMe, reflux

N?’ 5 OTBDPS
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BHE MRRIEX
Entry Reagent al?d condit.ion to Intermediate Yield/% Reagent an§ condition for Yield/%
prepare intermediate deoxygenation
Ph,,.
) TCDI, CICH,CH,CI, /(\L) n-BusSnH/AIBN, .
reflux (\ "OMe PhMe, reflux -
OTBDPS
5-3
Phy,,
5 TCDI, CICH,CH,CI, /(\L) TMS;SiH/AIBN, .
reflux (\ “OMe 130°C o
OTBDF’S
5-3
Phy,.
; PhOC(=S)CI/DMAP, /(\5 o0 n-Bu;SnH/AIBN, o
pyridine, CH,Cl,, 0 C-r.t. “OMe PhMe, reflux
OTBDPS
5
Phy,. rO
Oy,
, PhOC(=S)CI/DMAP, j\ /’8}0 TMS;SiH/AIBN,
., 90¢ 12
pyridine, CH,Cl,, 0 C-r.t. PhO”™ ~0” Y~ “OMe 130 C

OTBDPS

5

“Isolated yields for intermediates. ®The TBDPS in 4 was cleaved during reaction, and 3 was actually isolated. “ Reactions were not conducted. “Isolated yields for 6.

“Based on crude sample of isolated 5.

4 F\AAY 6 LWL RN 00 4 i
3-OH ¥y i 2 (K 2, Entry DEE S ES(R 2, En-
tries 2~7), # _PIRIEIE RN K (R 2, Entry 1B
(3% 2, Entries 2~7)E &SI, IR 2 v LLEH,
AT 206 4 P 3-OH A8 F AN il d b 45 104
byl Ak 5-1(% 2, Entry 1), {H/245 8% 4 Hip
TBDPS R4 3 AE W ok it g A B bR 43 20 T 3, it
B H T L G 448 5 TBDPS 4Pz, 51k
{11243 % FH Barton-McCombie I 4 th 1) 3-OH #:4k
MR IR R SR SR 2, Entries 2~7): (DB 4
Jil NaH/CS,/Mel {E THF HAb#, HAr () 3-OH v] LA =
RIFEAL g 3% JE R g 5-25)(3 2, Entries 2, 3), {HJ2 5-2
7E AIBN 1£7E R 439 ] n-BusSnH!HI TMS,SiH! ik
W, P ARE AR, A SRR A 6 1
FRAEFAG; Q)8 FRBATER T K 4 SHACHIEE —mkmk
(TCDD)!"V st (% 2, Entries 4, 5), 1H 27655 FH 441
TAEE 1,2-Z& ke, RNVEEIERETE, 75 72 h
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IR 2, Entries 6, 7), 1] DMAP FIHLIEAE K ik,
'TJCA‘CWJ 4 £ CH,Cl, H ] 2 equiv. RIRRAR S FF R R JE s b
AR RI AR S, BRI AR 5 AR MEAD) IR R
i, H g Eis o, SR MMM H BN
n-BusSnH/AIBN 75 [F137 i) F 4 Fp b AT [ bl s gt
IS, WURIA3 20T 26070 63 2, Entry 6), 245 1
SR AA 5 48 TMS,SiH/AIBNUSHA J5 I, P24 3E 5y
AL, 2SRRI 6 PR AEHARGER 2, Entry 7).
BRI, PTREE B TARFUE KK 2-0-TBDPS
S, AW 4 7R SIS BRI ER KN, R
TEAEH 2 equiv. B SFBRAIL BRI N T DMAP 1
HEAF A N IR 5 A IR ](72 h). 25 BB
W, T RS AR I, FRATT IS Wb b S TR
&Y 4 TH IR 3-OH EEIJJHM,%
2, BREAELEY 6, BATCL I T

Chin. J. Org. Chem. 2014, 34, 1829~1839



Chinese Journal of Organic Chemistry

el 3- AR B ) 3-SR 2 B 1) S5 R R AR
B ORBATHAE Y 6 Tl T RE R FE A8 h s 3-
JIbE ST 5 B P R A ) A BT T (P 3, X T 4
10). tb&Y 6 fEIFVE ) MeOH/H,0 R &% FH H CSA
&JE ¥ I ) 4,6-0-"% XA 2-O-TBDPS {4475 [ 5] fli

%, 33k & W 7. 7 JT NaH/BnBr A2, Horf ) =AM
%#Eé%ﬁz*ﬁ{ﬂﬁ', B EY 8. FAEBET 8
SrCL AL FIAE VKIS R 1 70 °C R 5 mol/L ¥R R /K
T, 1520 A 9, KIS 9 AFHRAt RN Al BB
DMSO/Ac,0 A A1 2 B Y W IS 10.

A0 10 BT VR A9 30625 R 2 P IR T T (1
3), AW A R 2 0 E B A T
A9 1B 4) AT DAE Ry i & il it 2 P 1 BT 1O 3),
B LA B SCHER[6] T VA A . Bk, AR TR
FME P S A I T C e i e e, 1 THDRF S 9
HIEEIRAG R AL EY 1. B 11 75—
“CF FH n-BuLi b3 UEAT Br-Li AT 4, 15 2060 W ) 55 HE40,
JaE S G I AEE 10 KRASER I, 5338005
B PRI TP ()4 ] MeOH/MsOH AL, A i S5 bl
BT 12, A6 &M 12 9 o/ SRS, AR
ali Rl i H4Z1E BFsEO fiifh N EGSiH 4 J5i B n 45 3
B-RATA) C-FEE 13, 2k, th& 13 B4 T Hisb S
Y1 B LSRR, RO i ApE A 3-
WA A . LA 13 AR F R —10 C FEMH
AICL £ P W AOR YL, 2 H bR 1, (2R
RIL, BSR4 1 AR M A 2 A5 U it
PO B 2ty iy UL Z0 A3 2R 1 A0
P4 H 54 LWL (Ac,O/DMAP/ILIE), BT 5 31 1) 42
LAY 14 W] DLAS BRI 7 v Al (b 2 i R0 4
bn), R4S 14 TERRTESAE R I 20T Sl 515 2
AL H AR S 1. 4 A 14 (1 TH NMR $is s
MUK HARE A4 11 "TH NMR $E 5 LLRG 0 % 2615 5]
o E g — 3%

N T RS E Y 1 b 3-SR S R, TR
TIXHEAY) 14 41 T NOE BoARIBEATAIA, M2 3=
BUESILE 6, EATE 3- M A I R 4l i —

2 Zig
TR I T — 4 LLERI 14 0-D- FR SN 70 2 % 2

AU JEREE I SGLT2 MRIF 3- S 1A 6 513 (1) I
RBRAGIT, BAT R . BRERAE RS 5, Il A
HAE R 3-WAEREE C-R R AW 7. fri
bR R S R R A 4,6-0-1% X -a-D- F L R 6] 4 B

Chin. J. Org. Chem. 2014, 34, 1829~1839

© 2014 Chinese Chemical Society & SIOC, CAS

NOE
NOE —py OAC cl OEt H3e <— H1
A YT
R H3a <— H2

NOE ! OAI('—ii H3a =— H4

NOE

Be il Bl ae T e aY 14 3-lis
(1 NOE 155
Figure 6 Observed NOE signals useful to characterize the
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S RIEARAR T B FRAR I N A

3 ZREH
31 E5IRFA

RY-2 W Pdofs s A%, Wi B vF R KL IE; Bruker
AV400 TURZREIARAL, DMSO-ds A¥%5, TMS A N Fx;
Bruker Vector 22 i B AR 2T SR B4R, A4 TR
VLB KBr [k % Agilent Q-TOF 6510 7 i 73 3 i,
HLWE 25 85 AR (EST), BRI, T R
WUETT %, B S-IR-2- -4 LR R
D) SCHR[6] 7 ik 4%

3.2 ZLWHE
32.1 4,6-0-F X-0-D-F L oikwa ] Z45F(3) 09 6%

o-D- I FENE IR A 2B 17 (2) (19.41 g, 100 mmol).
PhCH(OMe), (30.44 g, 200 mmol) 1 CSA (2.00 g)¥%& T T
H1 DMF (150 mL)H, 76 Ny S0 70 CRIn# 5 h,
UG TLC AR I A 305 3 5 k.

R IR A YA E S AU 20K 7K (500 mL)H, B4,
HIE ] CHLCL, (200 mLX3)AH. A FABUH, #K7H
2% NaHCO; (100 mL)F1 10% 8 27K (200 mL)ZE%,
oK NapSO, T, 1E e 75 AN FAE BT, 1325k
KWKE M4tk 155 26.25 g FIAEE 3, 77K 93%.
m.p. 163.5~165.5 ‘CCCHRE"™: 165.4~166.8 C); 'H
NMR (DMSO-ds, 400 MHz) &: 7.42~7.45 (m, 2H),
7.35~7.37 (m, 3H), 5.56 (s, 1H), 5.14 (d, J=5.2 Hz, 1H),
4.97 (d, J=6.8 Hz, 1H), 4.62 (d, J=3.6 Hz, 1H), 4.15 (dd,
J=4.6 Hz, 9.8 Hz, 1H), 3.68 (t, J=10.2 Hz, 1H), 3.54~
3.60 (m, 2H), 3.32~3.38 (m, 2H), 3.30 (s, 3H).

322 4,6-O-FX-2/3-O-{R3p-a-D-BE MG E EHEH
(4-1-2, 4-1-3, 4-2-2, 4-2-3, 4 71 4-3-3) I A Bli@ %

WEY 3 (1.41 g, 5 mmol)FIBKME(1.02 g, 15 mmol)

W T BRI DMF (10 mL)M, UKOKHHA SR BEFE, K ih
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TBDMSCI (0.90 g, 6 mmol). TIPSCI (1.16 g, 6 mmol)&k
# TBDPSCI (1.65 g, 6 mmol)7» ¥ T 145 DMF (5
mL) il PR VRN A 0 2 R AR &,
56 G R N IR A E R RS, TLC A & IR s
SERK.

N R A s B UK K (100 mL)H, B, H
CH,Cl, (50 mLX3)A L. A IFAAH, H 10% &K
(100 mL)¥E#, Jo/K Na,SO, T4, FElefE 2 RAN L%
WA, 13 B ER AR AAE IE BT 2 73 B 45 AN X A e 1
Q-O-TRY I SRR L L 2-O- LR (1) S R A S e e
). 4{# i TBDPSCI i, {85 —AN =)

4,6-0-"% X -2-0-F1 ] F — F Rk - D- F L PRy
HIZRE T (4-1-2): 1.09 g A, =% 55%. mp. 74~
76 COCHERE™: 82~83 C); '"H NMR (DMSO-dg, 400
MHz)®! §: 7.43~7.45 (m, 2H), 7.35~7.38 (m, 3H), 5.56
(s, 1H), 5.26 (d, J=5.6 Hz, 1H), 4.60 (d, J=3.6 Hz, 1H),
4.17 (dd, J=4.6 Hz, 9.8 Hz, 1H), 3.68 (t, J=10.0 Hz, 1H),
3.56~3.62 (m, 2H), 3.51 (dd, J=3.4, 8.2 Hz, 1H), 3.39 (t,
J=9.2 Hz, 1H), 3.32 (s, 3H), 0.86 (s, 9H), 0.07 (s, 3H),
0.06 (s, 3H).

4,6-0-"F X -3-O- BT 5 — F LA Kk -a-D- F Ik
AL (4-1-3): 0.73 g TR, 725 37%. 'H
NMR (DMSO-ds, 400 MH2)™ 6: 7.40~7.42 (m, 2H),
7.34~7.38 (m, 3H), 5.58 (s, 1H), 4.92 (d, J=7.6 Hz, 1H),
4.63 (d, J=3.6 Hz, 1H), 4.16 (dd, J=4.8, 10.0 Hz, 1H),
3.67~3.75 (m, 2H), 3.57 (dt, J=4.5, 9.9 Hz, 1H), 3.41 (t,
J=9.2 Hz, 1H), 3.34~3.38 (m, 1H), 3.32 (s, 3H), 0.80 (s,
9H), 0.02 (s, 3H), —0.05 (s, 3H).

4,6-0-F X -2-0- =5 N FEHE I -o-D- H FE I g 78] 74
BT (4-2-2): 171 g LEOMARMBAE, 775 78%. 'H NMR
(DMSO-ds, 400 MHz) d: 7.43~7.46 (m, 2H), 7.35~7.38
(m, 3H), 5.57 (s, 1H), 5.29 (d, J=5.2 Hz, 1H), 4.64 (d, J=
2.4 Hz, 1H), 4.17 (dd, J=4.6, 9.8 Hz, 1H), 3.70 (t, J=10.0
Hz, 1H), 3.56~3.63 (m, 3H), 3.39 (t, J=9.2 Hz, 1H), 3.32
(s, 3H), 1.04~1.09 (m, 18H), 0.97~0.99 (m, 3H); "*C
NMR (DMSO-ds, 400 MHz) o: 137.75, 128.76, 127.94,
126.33, 100.79, 100.44, 81.28, 73.98, 69.89, 68.05, 62.29,
54.67, 17.88, 17.81, 12.04, 11.92; IR (film) v: 3504
(O—H), 3067, 3038 (ArH), 1464 (aromatic skeleton), 1381
(C—H in Me) cm'; HRMS caled for Cp3H3004Si ([M—+
H]") 439.2516, found 439.2517; caled for C,3HisNaOgSi
(IM+Na]") 461.2335, found 461.2339.

4,6-0-F X -3-0- =5 N H ik 5 -a-D- H F i IR 7] 24
BEFF(4-2-3): 0.33 g LEMARBAE, 775 15%. 'H NMR
(DMSO-ds, 400 MHz) d: 7.38~7.40 (m, 2H), 7.33~7.35
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(m, 3H), 5.56 (s, 1H), 4.85 (d, J=7.2 Hz, 1H), 4.62 (d, J=
4.0 Hz, 1H), 4.15 (dd, J=4.8, 9.6 Hz, 1H), 3.89 (t, J=9.0
Hz, 1H), 3.71 (t, J=10.0 Hz, 1H), 3.58 (dt, J=4.4, 10.0
Hz, 1H), 3.40 (t, J=9.4 Hz, 1H), 3.34~3.39 (m, 1H), 3.32
(s, 3H), 0.98~1.07 (m, 3H), 0.80~0.96 (m, 18H); "*C
NMR (DMSO-ds, 400 MHz) o: 137.60, 128.72, 127.77,
126.10, 100.96, 100.71, 81.77, 72.84, 72.21, 68.09, 62.17,
54.82, 18.00, 12.00; IR (film) v: 3573, 3510 (O—H), 3067,
3038 (ArH), 1463 (aromatic skeleton), 1381 (C—H in Me)
cm '; HRMS caled for Cp3H3006Si ((M+H]") 439.2516,
found 439.2516; caled for C3H3sNaOgSi ([M+Na] ')
461.2335, found 461.2342.

4,6-0-"~ X -2-0-FU T ke — R KL Ak Bk -a-D- FFY Bk R
AR 4): 247 ¢ AGEHIREA, 2% 95%. 'H
NMR (DMSO-ds, 400 MHz)!"' 6: 7.68~7.73 (m, 4H),
7.32~7.46 (m, 11H), 5.46 (s, 1H), 4.24 (d, J=3.6 Hz,
1H), 4.18 (dd, J=4.8, 10.0 Hz, 1H), 4.14 (t, J=9.2 Hz,
1H), 3.78 (dt, J=4.8, 10.4 Hz, 1H), 3.26 (s, 3H), 1.07 (s,
9H).
323 4,6-0-F L-2-0-RTHA KA 3-0-F
AR I I -0-D-F A rtbvidy B B 4B (5-2) 89 6k

G4 4 (1.56 g, 3 mmol)¥ T 14§ THF (15 mL)
o UK ETRBRE, 1212 i N[44 NaH (0.20
g, 5 mmol, 26/E 60%), NN5¢ )5 70 1% T T gk e ii b
30min. 41 IR ZR HERE D CS, (0.27 g, 3.6 mmol)
W THE (1 mL)$IR A, #0058 5 76 % AL
FAREERERE 30 min. 115N Mel (0.71 g, 5 mmol), Jf
R R AREERERE 1 h, BRI TLC R A& B S Y 58 k.

S B8 & 1818 B vk K (100 mL) b, e,
CH,Cl, (50 mLX3)AHL. & IFAMUH, H 10% & EhK
(100 mL)¥E%S, Jo/K Na,SO, T4, TEleft 2 kA 252
WA, RRIRERRIAREENaiL, 135) 1.74 g A
AR E A 5-2, 773 95%. '"H NMR (DMSO-dg, 400 MHz)
5: 7.54~7.56 (m, 2H), 7.46~7.48 (m, 2H), 7.18~7.40
(m, 9H), 6.86~6.88 (m, 2H), 5.73~5.76 (m, 1H), 5.37 (s,
1H), 5.04 (d, J=4.0 Hz, 1H), 4.17 (t, J=8.8 Hz, 1H), 4.14
(t, J=7.4 Hz, 1H), 3.88 (t, J=9.2 Hz, 1H), 3.75 (t, J=
10.2 Hz, 1H), 3.50 (dt, J=4.7, 9.8 Hz, 1H), 3.23 (s, 3H),
2.44 (s, 3H), 0.85 (s, 9H); *C NMR (DMSO-d;, 400 MHz)
5: 216.05, 136.83, 135.48, 135.20, 133.08, 132.09, 129.57,
129.49, 128.51, 127.51, 127.35, 127.31, 125.99, 100.49,
95.75, 81.33, 80.50, 70.39, 67.49, 61.87, 54.85, 26.55,
18.94, 18.63; IR (KBr) v: 3069, 3038 (ArH), 1463 (aro-
matic skeleton), 1380 (C—H in Me) cm'; HRMS caled
for C3,H3504S,Si (IM+H]") 611.1957; found 611.1956,
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caled for C3,HisNaOgS,Si ([M+Na]") 633.1777, found
633.11779.

324 4,6-0-FX-2-O-BT A FKEERE-3-0-KEA
AR -0-D-F Aotk 7] E) 48 H(5) 495 A%,

b5 4 (36.45 g, 70 mmol). DMAP (12.83 g, 105
mmol) AL BE (27.69 g, 350 mmol)i& T T4 ) CH,Cl,
(250 mL)H, VKOKAAHITHiRE, 12020 t i AR S
TR K ILRE(24.17 g, 140 mmol)i# T T4 CH,CL, (100 mL)
TR, T noc e, ROV IRAPIAE =il kel
$£ 72 h, BB TLC AN A IR Y HE AR 5E R

JR ISR AU EI UK K (1000 mL)H, BEfE, 4 i
B, AT CHLCLy (200 mL X 2)AHL. & FEA<HUH,
MUK 2%ER2(500 mL X 2) 1 10% 8 £:7K(500 mL X 2)
PRIE YRR, To/K NapSO, T, e 28 kAN EAE L0
7, 19 BRI IAT AT Al B BT B ARANRF I
HRIUe, PB4 5 RE i 28 BEATI SR B AT ik 1) ] LUK
SERAEBAR EER, R B 5 Afak—Palifk, 1M
EHEMNT N RN, 53 4138 g AOHEAKIRE A
5, FZ2 90%.

3.2.5 4,6-0-F X-2-0- T A KA H 3 A-a-
D-F A etk F] EHE 3 (6) 494 A%,

th&595 (39.41 g, 60 mmol). n-BusSnH (34.93 g,
120 mmol)F1 AIBN (9.85 g, 60 mmol)¥& T~ T4 H 4
(400 mL)H, FEAAAUT IR Sh, TLC Rl A& I e i
SEHL.

SN AV H1)G LU (200 mL)FiEE, 5% kK
(300 mL X 2)¥E¥, /K Na,SO, T4k, 1E ek 2 R
HKEWT, BRRRRET R Z 4tk 155 25.44 g
H A AIRE K 6, 2% 84%. 'H NMR (DMSO-d;, 400
MHz) J: 7.60~7.65 (m, 4H), 7.43~7.50 (m, 6H), 7.32~
7.38 (m, 5H), 5.50 (s, 1H), 431 (d, J=3.2 Hz, 1H), 4.08
(dd, J=4.2, 9.8 Hz, 1H), 3.77~3.82 (m, 1H), 3.57 (t, J=
10.0 Hz, 1H), 3.42~3.52 (m, 2H), 3.33 (s, 3H), 1.94~
1.98 (m, 1H), 1.89 (q, J=11.2 Hz, 1H), 1.00 (s, 9H); "*C
NMR (DMSO-ds, 400 MHz) d: 137.58, 135.14, 133.11,
132.92, 130.01, 129.98, 128.74, 127.96, 127.90, 126.12,
100.51, 98.67, 75.18, 68.90, 68.19, 63.55, 54.65, 32.87,
26.62, 18.67; IR (KBr) v: 1463 (aromatic skeleton), 3060,
3030 (ArH), 1384 (C—H in Me) cm '; HRMS caled for
C30H3¢NaOsSi ((M+Na] ") 527.2230, found 527.2246.
3.2.6 3-BLA-a-D-F Hrtbed B B AEF(7)49 6

& 6 (25.23 g, 50 mmol)i T HIEE(225 mL),
FEI R HERE, 18I A KRS mL)AT CSA (2.50 g), s
TREWIPEE IR 1 h, B TLC R & B85 WY 58 1L

SNSRIV E G A AT T ARk, 12 n AL
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1A Na,CO; (5.00 g), fiidkEH B pH>T7. PifHiRG
VDA IE R 22 [ A, DR e i 2 A BT, BRI
HHE(200 mL X 2)¥% At Jo 4k SR Jie i 28 A k4 LR
bR 2 R IIK Sy, BG BR R A AL M2k, 19
F 8.02 g FEIEHEIREIL 7, 2% 90%. 'H NMR
(DMSO-ds, 400 MHZ)!'” §: 4.72 (d, J=6.0 Hz, 1H), 4.61
(d, J=7.2 Hz, 1H), 4.42 (d, J=3.2 Hz, 1H), 4.39 (t, J=6.0
Hz, 1H), 3.61 (ddd, J=2.0, 6.0, 11.6 Hz, 1H), 3.37~3.45
(m, 2H), 3.28 (s, 3H), 3.24 (dd, J=5.4, 10.6 Hz, 1H),
3.16~3.20 (m, 1H), 1.80~1.86 (m, 1H), 1.56 (q, J=11.5
Hz, 1H).

327 2.4.6-Z-0-F 3 -3-Bl A -0-D-F Foibvh 3 2) 4%
H(8)8 4,

&M 7 (7.66 g, 43 mmol)iE T THf¥) DMF (100
mL)H, KRB EHF R, A28 NaH (4.80 g,
200 mmol, 2% 60%), MN5E 5 {EIZIM AL N4k L+ 30
min. 1fj 50 BnBr (25.65 g, 150 mmol), JN5E )5 RV
RAYE W PR, SRR TLC A A 0 N 56
JK.

SNRE /N B B 3R PK /K (500 mL)yHr, $i
F£, J CH,ClL, (200 mL X 3)AHL. & IFAHGH, F 10%

£h7K(500 mL)ER:, TE/K Na,SO, T, {ElEk: 28 K AX
AR, BRI RMSE A E ik, 132
18.13 g LR 8, 7“5 94%. 'H NMR (DMSO-d,
400 MHz)*" 6: 7.24~7.36 (m, 15H), 4.71 (d, J=3.2 Hz,
1H), 4.58 (d, J=12.0 Hz, 1H), 4.52 (s, 2H), 4.47 (dd, J=
12.2, 19.8 Hz, 1H), 4.38 (d, J=11.6 Hz, 1H), 3.60~3.63
(m, 1H), 3.52~3.57 (m, 2H), 33.40~3.48 (m, 2H), 3.30
(s, 3H), 2.33~2.38 (m, 1H), 1.57 (q, J=11.5 Hz, 1H).
3.2.8 2,4,6-=-0-F 3 -3-BLA-D-vk7h &) 242 (9) 494
P,

b4 8 (17.94 g, 40 mmol)i T-VKEEFR(108 mL)H,
Fim N PEEE, oA SrCly*6H,0 (1.07 g, 4 mmol), 1 5 J+
A 70 °C, A 5 mol/L HIEh#R(18 mL), {EiZ%i/E
R dE, EA) TLC Rl A 30 & W 58 (2 ~3 h).

RNV SERE, RONIRA PR3 2] 9K 7K (500 mL)
o, ke, F CH,LCL (200 mL X 3)AH. & F 200,
M0 F1 NaHCO; % 3(500 mL)YE 2 pH>7, 11 )5 10%

£h7K(500 mL)ER:, /K Na,SO, T, {Elek: 28 K AX
AL, BRI A 9 R, AT
aifb By T R — 0 O
329 2,4,6-=-0-FHK-3-BLA-D-vtkrh F) 242 8L A B
(10)895- 5%,

FIREIS LAY 9 LT DMSO (150 mL)
o UOKIBERER B EE, 1212 Ac,O (75 mL). N
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e SR, ROVIRGE SN MR, TLC A 3
S5 K.

SN TR A PR 39K K (1000 mL)F, i3 1h,
CH,CL, (200 mL X 3)A<HU. & IFAHUAH, FHHIAI NaHCO;
WI(400 mL)YEEKE pH>7, MiJEH 10% & #7K (200
mL)JEGE, Jo/K NaySO4 T4, rliehs 28 KA 28 L),
RN R AR ENalith, 135) 14.01 g LMk
WAk 10, 773K 81%(M 8 F 10 (A IEF7%). 'H NMR
(DMSO-dg, 400 MHz) §: 7.27~7.36 (m, 15H), 4.79 (d,
J=12.0 Hz, 1H), 4.61 (d, J=12.0 Hz, 1H), 4.57 (d, J=
11.6 Hz, 1H), 4.44~4.53 (m, 4H), 4.20 (dd, J=6.0, 9.6
Hz, 1H), 3.90~3.95 (m, 1H), 3.61~3.69 (m, 2H), 2.55~
2.61 (m, 1H), 1.94~2.02 (m, 1H); *C NMR (DMSO-d,
400 MHz) o6: 170.00, 137.88, 128.22, 128.18, 127.66,
127.56, 127.42, 80.62, 72.29, 71.65, 71.54, 70.15, 69.86,
68.75, 31.53; IR (film) v: 3063, 3031 (ArH), 1752 (C=0),
1496, 1454 (aromatic skeleton) cm™'; HRMS calcd for
CoH0 (IM+H]") 433.2015, found 433.2020, calcd for
C7H3,NOs (IM+NH,] ") 450.2280, found 450.2271.
32,10 24,6-=-0-F #-1-[4-8-3-4- CRLAF )X
H]-3-BLR-a/f-D-F Fribrdy 7] E) 45 (12) 896 A%,

A9 11 (9.77 g, 30 mmol)7E—H 250 mL (1] [5 i
PPV T T4 THE (100 mL)9r, &S5 T
R SR O, MGERA-LEPAHE—78 C, a5
WG HE . VRS S A b P 12 AR W N 1.6 mol/L
n-BuLi (1) 1F. e % (18.75 mL, 30 mmol), ¥ hn5e 55
AREEAEZILE FHERE 1 b HVES S B Sy 10
(12.98 g, 30 mmol)¥ 4§ THF (50 mL)fil % (¥ 1g
& N E FaRBI T, 8056 5 5 4R S % T B
1 h. oS5 i MsOH (8.65 g, 90 mmol)i& T
MeOH (30 mL)il % P 12 8 i n 2 Eakpedirt,
INe G [ ARG PSS T 22 F, AR w4k ek
P HE I, TLC Al e 05 8 56 B

SNV A )8 B PK7K (600 mL) Y, BEHE, H
CH,Cl, (150 mLX3)&H. GIHARUH, H 10% K
(200 mL)PEH:, Jo7K Na,SO, T, 7 liefk 78 kAN F752%
WA, 13 BIER R R AE D 12 IR, 2R A
afifb By T R — 20 iU Y
3211 2.4,6-=-0-F 3 -1-[4-F-3-(4- TRAF )X
H1-1,3-=BLAB-D-vtkri ] E) 48 (13) 59 5 A%,

FIREIRS LAY 12 BRI TP CHLCL
(200 mL), M Et;SiH (6.98 g, 60 mmol), &< AT
REF—30 C, HEd: TR O el
BF3°Et,0 (4.26 g, 30 mmol)i T 1451 CH,Cl, (5 mL)7
B, W noe e R e SRS R 4R EE 30 min, 1M
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Je FRAE S R R A, TLC #0000 A B S N 58 B

SSRA PR RE N AT A A% A MR NaHCO;
WWR(100 mL), hN5efa4kEeiHr: 30 min, 115 2 A HL
A, JKAHFH CH,ClL, (100 mL X 2)ZHL. & IFAKHUH,
1 10% 8 £h7K(200 mL)JE#k, Jo/K NapSO, T4, 1Elied%
R EZELER, MBRNRRY AT T Eraift, 43
F17.91 g TOMPIRIBAK 13, 773 90% (M 10 ] 13 [114
I %), 'TH NMR (DMSO-d,, 400 MHz) 6: 7.40 (d, J=
8.0 Hz, 1H), 7.16~7.34 (m, 15H), 7.03 (d, J=8.4 Hz,
2H), 6.93~6.95 (m, 2H), 6.73 (d, J=8.8 Hz, 2H), 4.63 (d,
J=12.0 Hz, 1H), 4.42~4.51 (m, 3H), 4.33 (d, J=12.0 Hz,
1H), 4.17 (d, J=9.2 Hz, 1H), 4.04 (d, J=12.0 Hz, 1H),
3.96 (s, 2H), 3.91 (q, J=6.9 Hz, 2H), 3.68 (d, J/=10.4 Hz,
1H), 3.50~3.59 (m, 3H), 3.33~3.40 (m, 1H), 2.82~2.85
(m, 1H), 1.44 (q, J=10.8 Hz, 1H), 1.26 (t, J=7.0 Hz, 3H);
BC NMR (DMSO-ds, 400 MHz) o: 156.82, 139.14,
138.37, 138.35, 138.12, 138.07, 132.19, 131.02, 130.46,
129.44, 128.87, 128.13, 128.09, 127.91, 127.80, 127.51,
127.44, 127.37, 127.26, 127.13, 127.09, 126.94, 114.20,
81.12, 79.83, 76.77, 72.28, 71.90, 70.02, 69.92, 69.18,
62.77, 37.51, 35.34, 14.57; IR (film) v: 3062, 3031(ArH),
1610, 1510, 1453 (aromatic skeleton), 1392 (C—H in Me)
cm~'; HRMS caled for C,HyCINOs (M + NH,] )
680.3143, found 680.3137; calcd for C4,H4;CINaOs ([M—+
Na]") 685.2697, found 685.2705.

3.2.12  1-[4-F-3-(4- TR T )R- 1,3- = BLEA-S-
D-vibrh ] E) 4B (3-PLEAGA A5 4 1)HL50 696 A%,

&Y 13 (16.58 g, 25 mmol)¥% 17K HIfi# (160 mL)
t, BHIR—10 °C, BidE, i ALK AICL; (10.00
g, 75 mmol), MNFESGE, RNIREYEZIRE F4kSei#:
30min, M5 £E S FHERE 2 h, TLC R & s 3 5¢ k.

SNRE )/ o3 B BRI PK K (500 mL)yH, H]
CH,CI, (200 mL X 3)ZKHX. A IFAEEUH, MK 2%F &
% (200 mL) Al 10% £ #2 7K (200 mL X 2)PE ¥, JK
NaySO, T, ETEHE 2 RAX 28 LW, 1322
REMALAY 1 B, RS AN gifb Bp T E8 T R
— RV
3213 2,4,6-=-0-LBLI-1-[4-2-3-(4- TEILF )
FA]-1,3-=BLA-S-D-wtbwa ) E4E(14) 09 6%

IR AE 1 PR S TIERE(100 mL)H,
VKK A EN N BERE, 1212350 AcO (50 mL), Wiinoeke
JE PN DMAP (1.00 g), Frfd I NiR&YI7E =i i
PRI, TLC KL A IR W 56 .

N R A PSR B FE (VKK (600 mL)H, HitFE 1
h, il CH,Cl, (200 mL X 3)AHL. & 20U, T
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5% Eh (200 mL X 2)F1 10% £ £57K(200 mL X 2)¥E#,
To/K NapSO, T, TRl 25 AN B2 2505700, #3315k
KGR )ZTAiE, 53] 12,07 g AEEE 14, 7oK
93%(M 13 F| 14 [EH2%). mp. 80~81.5 CCLCHk
4. 81~82 °C); '"H NMR (DMSO-d, 400 MHz) 6: 7.40
(d, J=8.4 Hz, 1H), 7.21~7.23 (m, 2H), 7.06 (d, J=8.4
Hz, 2H), 6.82 (d, J=8.8 Hz, 2H), 4.79 (dt, J=4.5, 10.6
Hz, 1H), 4.69 (dt, J=4.1, 10.5 Hz, 1H), 4.43 (d, J=9.2
Hz, 1H), 4.14 (dd, J=2.4, 2.0 Hz, 1H), 4.08 (dd, J=5.6,
12.0 Hz, 1H), 3.92~4.01 (m, 4H), 3.83~3.87 (m, 1H),
2.42~2.47 (m, 1H), 2.02 (s, 3H), 1.99 (s, 3H), 1.74 (q, J=
11.3 Hz, 1H), 1.74 (s, 3H), 1.28 (t, J=6.8 Hz, 3H). 'H
NMR i th 55 SCHR[4]— 2K

32,14 1-[4-F-3-4- TRAEFHR) KK 13- =B A
-B-D-vitvd F] E)HE(3-BLEAGAAE T 5 1)896- %,

kA9 14 (10.38 g, 20 mmol) A MeOH (100 mL)
o, JHER A 50 CIR1SEI—NEE, 2N 30%
NaOH ¥##(20 mL), Wnse )5, N HEDIT R0
30 min, BEE TLC AL A IS N 5¢ BK.

S AG A WA S AR 285 FE VKK (500 mL)Hr,
FHIR ERFR ST pH=S8, UL CH,Cl, (200 mLX3)#HL. &
FEACAH, FH 10% B #57K (200 mL X 2)¥E%s, TEK
NaySO, T, EERE 28 RAX 28 L5, 3212
S BTG, 53 770 ¢ AGHKEA 1, 7R
98%. 'H NMR (DMSO-d,, 400 MHz) o: 7.35 (d, J=8.4
Hz, 1H), 7.30 (d, J=1.6 Hz, 1H), 7.22 (dd, J=1.8, 8.2 Hz,
1H), 7.08 (d, J=8.8 Hz, 2H), 6.81 (d, J=8.4 Hz, 2H), 4.82
(d, J=5.6 Hz, 1H), 4.73 (d, J=6.4 Hz, 1H), 4.38 (t, J=5.8
Hz, 1H), 3.92~4.01 (m, 4H), 3.85 (d, J=9.2 Hz, 1H),
3.67~3.72 (m, 1H), 3.27~3.45 (m, 3H), 3.07~3.10 (m,
1H), 2.20~2.25 (m, 1H), 1.43 (q, J=11.5 Hz, 1H), 1.28
(t, J=6.8 Hz, 3H). '"H NMR i th 5 SCik[4]— 2L
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