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Design, Synthesis and Hypoglycemic Activity of Cyclopropane-
Bearing C-Glucosides as Sodium-Glucose Cotransporter 2 Inhibitors
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Abstract A novel series of cyclopropane-bearing C-glucosides were designed and synthesized as sodium-glucose cotrans-
porter 2 (SGLT2) inhibitors starting from the substituted bromobenzoic acids. The reaction condition for the construction of
the cyclopropane moiety was studied, and a more economical synthetic route was established. All the synthesized compounds
were characterized by "H NMR and HR-MS. In vivo evaluation of these compounds by rat urinary glucose excretion (UGE)
test revealed that all the synthesized seven cyclopropane-bearing C-glucosides 1a~1g exhibited potent hypoglycemic activity,
among which (1S)-1-deoxy-1-{4-chloro-3-[1-(4-ethoxyphenyl)cyclopropyl-1-yl]-phenyl}-D-glucopyranose (le) was the most
potent one but still exhibited lower hypoglycemic activity to dapagliflozin, demonstrating that the cyclopropane moiety can not
be well tolerated in dapagliflozin molecule and the position of the Cl atom in dapagliflozin is the best among the analogues.
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Y, SGLT2 il — 3 HA 4B/ FH L 1) 2454, ITes, Wt IFE T — RIS A N b4 M S5 R 1 E
SGLT2 i35 2 2 E R G, —MNKRAR=H) A C-WEE, SRS R IEAG S MBS 14 ) SGLT2 I

PR o T R L T O-REER 24 30 e AR #ll57(Scheme 1).
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Figure 1 Molecular structures of SGLT2 inhibitors that are now lunched and in clinical trials
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Reaction conditions: i) (COCI),, DMF (cat.), dried CH,Cl, r.t., and then AICIz, phenetol, 0 ‘C~r.t.; ii) MeMgClI, dried THF, —10 °C~r.t.; iii)
MsOH, CH,Cl,, 0 ‘C~r.t.; iv) EtoZn, TFA, CHal,, CH,Cl,, 0 ‘C~r.t.; v) n-BuLi, THF, PhMe, —78 C; then 2,3,4,6-tetra-O-trimethyl si-
lyl-D-glucose, —78 ‘C~r.t.; then MeOH, MsOH, —78 C~r.t.; vi) EtzSiH, BF3*Et,O, CH.Cl;, MeCN, —30 C~r.t.; vii) Ac,O, pyridine,
DMAP, 0 °C~r.t.; then column chromatography; viii) MeONa, MeOH, r.t.; then strongly acidic resin (H™ form), r.t.

B 1 HisEY 1a~1g 6 UKL

Scheme 1 Synthetic route to target compounds 1la~1g
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SNAFE| ZORHER 3. 4 &) 3 5% KT MeMgCl
N, 1R 4. B 4 76 & P e R L T
oK, BB =K 200 5. A SGHP) Simmons-Smith i
FIELZ/TFA/CH, L) e S T 2K 205 5 #k o —
IR 6. WA KRBz, H
R RIIE D). R 1R, &A% Simmons-
Smith R F(Et,Zn/CH, L)), 76 % F %57 (THF . CH,Cl,
A1 PhMe) FITELE T (—20 CE[FH)IEA RMKLE. F
FH B 33 AR (EZn/ TEA( =90 2. 2)/CHL L), £ DUk
W (THF), /&M R (—20 CERR)ERA KRR
A, AHSRAE CHCL RTINS, FERIRGO C) TIREA
RLRA, IR TN OB A, (H2 R 2218(48 h WK
5%), RN B N BTN, OB, S ROV
(48 h N 92%).
F 1 U RS 5 FA R PI b 6 BTl A I i) 2 1F

Table 1 The result of the screening of reaction conditions for
the conversion of olefin 5 to cyclopropane 6

Entry Reagent Solvent Tempoecrature/ Yield/%
1 Et,Zn/CH,l, THF —20 to reflux No reaction
2 Et,Zn/CH,l, CH,Cl, —20 to reflux No reaction
3 Et,Zn/CH,l, PhMe  —20 to reflux No reaction
4 Et,Zn/TFA/CH,I, THF —20 to reflux No reaction
5 Et,Zn/TFA/CH,I, CH,Cl, 0 No reaction
6 EtzZH/TFA/CHzIz CH2C12 25 5

7 EtzZH/TFA/CHzIz CH2C12 0 to reflux 92

i _FR e ) Simmons-Smith 157, /R TE/N I
R R B B DR AR R s, H
T EtZn 1 CH,L iGHIAEH & 53, FEHUR RN H R
AARH G AR S AR R IRATIE R T — MR
I )% 28 (Scheme 2). U1 Scheme 2 fii7, I Sa TEABHE#
M AT ZE AW, BEMLEY IR 10.
10 18 AL SE I LIAIH, 385, KL 6a 2.

WEY 6 1£—78 ‘C N n-BuLi ACBHTIR-HEAS
e, /MR NAZREY, JFES 2,3,4,6-0-0- = 5Lk
HE-D-7 %) Bl R Y AT SE AL IR, A T i 8 R
Tl PR AR AL T 5 HR I B N A5 380 06F B 1 FE R 1 7. 7 AE
BF3+Et,O it ] EGSiH ZEARIR NI, 15 203k 774
8, 8 FEE I, A/ E o A BT 8 BRI
BOK, Hoa F0 B AR ZE MBS, TR e DS A E
LS. ¥ 8 8 LA A SRR B B 1) 4 T
W, HHFEZEITE o Biafkkr 2, [BHAR g 7H
1£9. H{ MeONa b2t 22 9 R ATE I ABESE, 193&R4E
) 1a~1g.

3.1 RABERETE MR
WA 1a~1g BIUR P B IR T 1 IR F K BRUR
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T 5256 48 FH 44 554 200~220 g ) Sprague Dawley
HEPER R, SRIOATIEEL 24 h PIREIER R RBENL
A, A 8 R, nulhEad. BEA, HE
dapagliflozin 4 (18 mg/kg)flAx@L & P4H(18 mg/kg).
FHRRERATZEE 16 h, #BHLS TR EY) 1a~1g
0.5 h J&5 FHE B 45 TR AT FEQ2 g/kg). T RIREELA 25)5 0~
24 h I 1A) R PRV, 0 26 A S A Bl V20 2% 1) B
PRVEAE, AN RIEFEIE 3 BCPEME, 258 % 2
B
£ 2 HIFEY 1a~1g M dapagliflozin 7F FRFEHEME 52L&
0~24 h [ HERE
Table 2 The urinary glucose excreted over 0~24 h for com-

pounds la~1g and dapagliflozin in urinary glucose excretion
(UGE) test

Entry Compound (18 mg/kg)  Glucose (mg/200 g)

1 Control 0

2 Vehicle 133+15¢
3 Dapagliflozin 1203 +62°
4 1a 329429
5 1b 735443¢
6 1c 8384 50°
7 1d 807 444°
8 1e 912454?
9 1f 487 +36°
10 1g 556432¢

© 2016 Chinese Chemical Society & SIOC, CAS

¢ P<0.05 vs data from control group. * P<<0.01 and ¢ P<<0.05 vs data from
vehicle group.

ME AT LA, I Stk &9 1a~1g S 14
PILEBH T I dapagliflozin #(329~912 vs 1203), i
AR T HILE dapagliflozin B4R IR 2 [7] f D 3
HUE ARG A EEAR R X T A& R E Y
la~1g, HyEMEIT N 1e>1e>1d>1b>1g>1f>1a,
IREAR, TESEITHEIZRIR B 4-07 b A B 2 3G 2
REfg VAT B (1e>1e>1d>1b), MTE 2-. 5-F1 6-=
AN B E AR I B 0 1 PR (1b > 1g > 1> 1a),
TP TR PR () 2R B B 5 o v A 1 52 i 114 ) 28
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FK AU T BHYEXT 8 24 dapagliflozin 45 /4 Lt 1A HE 1,
5 FRATTHT AR 7o 5 e A — 8,

2 ZEig

ASCAERT IR 7 )5t b, DL dapaglflozin SH&5H)
BERZ, DLHCAR PR 2K F R AN 2 B R N BR ik R B R, 22
SUR LR PN L - R VAN 2 733 VAN I 5%
Simmons-Smith S BRBAE G HEIA R LRI 5 IR
RN, ST —RINEGARRNELE T C-HI%E b
1725 SGLT2 (sodium-glucose cotransporter 2)fIl|5], LA
'H NMR 1 HRMS HHTEERIRAE, FFR T AL RS
P, o BB R REG M, {E EE FH 14 24 daagliflozin %,
2 U R IR 2 (8] I H R A 3R AT 5 0 B 2 AR T AR
TSR, XX SGLT2 il rwt 7L A EE R T
3 IS
3.1 X5

I R X-4 BB B A e A, iR
KA 1E; "TH NMR % ] Bruker AV400 A% G SLIRAC &,
DMSO-ds ¥ 7, TMS Whr; misr Pk Agilent
Q-TOF 6510 HRGE, MmWi% &EFILESHEAR. e
Y 2,3,4,6-VU-O-—=H B EL-D-E B R W FE 1 D-H %)
R A T A SRR T AN A T VR A AR 2B, TR
FIE P v 7 7251 4%

3.2 ZWHE
32,1 (B 3-8 R A)4-C AAFR)FEN(3a~3g)
) &

50 mmol HUfX 3-IRKHER(2)HE T 100 mL T/
CH,ClL, H1, 3 FHERE, 0 3 W% DMF, 1fif5 1
B 70 mmol FEZEHI(COCI),, W INTEHE 5 R MR & HIAE
CaCl, T/ RY T 2 T 4k Hd 1.

W I VR A D AE e 7 28 A B s ) A i =
(COCI),, BA&MET 50 mL THEH) CH,CL H, vkkis
AERHEE, IO 50 mmol 2K 28, TMi/afthnA 60
mmol Jo7K AICL. M5E/E, RSIRGYIEE R Ntk
.

NIRE VB EEE R 300 mL vkokd, R, 2
AN, AKMFEH 100 mL CH,CL 25EL. & A LA,
FMR B $h/K P, o7k Na,SO, T, fElEik 78 kAL b
I, BEULEY) 3 R, 12 AR E AT alift,
M JE A B 28 BV © V=20 1)=E iR FHtsE, #h
IE, B THETTE, SRAMEY 3 1alim.

(3-1R-2-FH L ORIk ) (4- A R R ) H i (3a): o i
1, 773 85%. m.p. 81~82 “C; 'H NMR (DMSO-dj, 400

Chin. J. Org. Chem. 2016, 36, 604~612

© 2016 Chinese Chemical Society & SIOC, CAS

MHz) d: 7.74~7.77 (m, 1H), 7.66 (d, J=8.8 Hz, 2H),
7.23~7.28 (m, 2H), 7.04 (d, J=8.8 Hz, 2H), 4.11 (q, J=
7.1 Hz, 2H), 2.18 (s, 3H), 1.34 (t, J=7.0 Hz, 3H). HR-MS
caled for Ci¢H,,BrO, (IM(”Br)+H]"): 325.0803, found
325.0805; for Ci¢H,BrO, (IM(*'Br)+H]"): 327.0783,
found 327.0788.

(B-TRAIL)(4- LA FTRIE) P (3b): LRI, 7
K 87%. m.p. 85~86 C; '"H NMR (DMSO-d;, 400 MHz)
0: 7.83 (d, J=8.0 Hz, 1H), 7.79 (t, J=1.6 Hz, 1H), 7.73
(d, J=8.8 Hz, 2H), 7.65 (d, J=7.6 Hz, 1H), 7.50 (t, J=8.0
Hz, 1H), 7.07 (d, J=8.8 Hz, 2H), 4.14 (q, J=6.9 Hz, 2H),
1.35 (t, J=6.8 Hz, 3H). HR-MS calcd for C;cH,,BrO,
(M(”Br) + H] ©): 325.0803, found 325.0805; for
C16Hy,BrO, (IM(*'Br)+H]"): 327.0783, found 327.0788.

(5-1R-2- W R ORI ) (4- S B 2RI FH A () Ty
&, P23 83%. m.p. 89~90 C; 'H NMR (DMSO-d;, 400
MHz) J: 7.66 (d, J=8.8 Hz, 2H), 7.60, 7.62 (dd, J=2.0,
8.0 Hz, 1H), 7.44 (d, J=2.0 Hz, 1H), 7.30 (d, /=8.4 Hz,
1H), 7.05 (d, J=8.8 Hz, 2H), 4.12 (q, J=6.9 Hz, 2H), 2.11
(s, 3H), 1.34 (t, J=7.0 Hz, 3H). HR-MS calcd for
C16H2BrO, (IM(”Br)+H]"): 325.0803, found 325.0805;
for CiHyBrO, (IMC'Br) + H] ©): 327.0783, found
327.0788.

(5-TR-2- G AR T ) (4- A BRI FR (3d): o b
1A, 7= 88%. m.p. 54~55 ‘C; "H NMR (DMSO-ds, 400
MHz) d: 7.79~7.83 (m, 1H), 7.70~7.74 (m, 3H), 7.36 (t,
J=9.2 Hz, 1H), 7.04~7.08 (m, 2H), 4.14 (q, J=6.9 Hz,
2H), 1.34 (t, J=7.0 Hz, 3H). HR-MS calcd for CcH,,BrO,
(IM(”Br) + H] ©): 325.0803, found 325.0805; for
C16Hy,BrO, (IM(*'Br)+H]"): 327.0783, found 327.0788.

(5-1R-2-FUR ) (4- LA LR FL) I (3e): o thdibia,
FEZ 90%. mp. 69~70 C; 'H NMR (DMSO-d;, 400
MHz) d: 7.75 (dd, J=2.4, 8.4 Hz, 1H), 7.72 (d, J=2.0 Hz,
1H), 7.54 (d, J=8.4 Hz, 1H), 7.06 (d, J=8.8 Hz, H), 7.67
(d, J=8.8 Hz, H), 4.13 (q, J=6.9 Hz, 2H), 1.34 (t, J=7.0
Hz, 3H). HR-MS caled for Ci¢H»BrO, (IM(”Br)+H]"):
325.0803, found 325.0805; for CisH,,BrO, (IM(*'Br)+
H]"): 327.0783, found 327.0788.

(3,5- ZIROR B ) (4- LA TR 2RI R (36): o (B di A,
FEE 80%. m.p. 107~108 ‘C; '"H NMR (DMSO-d;, 400
MHz) é: 8.11 (t, J=1.8 Hz, 1H), 7.78 (d, J=2.0 Hz, 2H),
7.74 (d, J=8.8 Hz, 2H), 7.08 (d, J=9.2 Hz, 2H), 4.14 (q,
J=6.9 Hz, 2H), 1.35 (t, J=7.0 Hz, 3H). HR-MS calcd for
C16Hy,BrO, (IM(”Br)+H]"): 325.0803, found 325.0805;
for Cy¢H,,BrO, (IM('Br) + H] ©): 327.0783, found
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327.0788.

(3-1-4- FH RO BE ) (4- LU B R B0 A (3g): oty
1, 722 84%. m.p. 81~82 ‘C; 'H NMR (DMSO-d;, 400
MHz) d: 7.83 (d, J=1.2 Hz, 1H), 7.73 (d, J=8.8 Hz, 2H),
7.59 (dd, J=1.4, 7.8 Hz, 1H), 7.53 (d, J=7.6 Hz, 1H),
7.08 (d, J=8.8 Hz, 2H), 4.15 (q, J=6.9 Hz, 2H), 2.45 (s,
3H), 1.37 (t, J=7.0 Hz, 3H). HR-MS calcd for C¢H,,BrO,
(M(”Br) + H] 7 ): 325.0803, found 325.0805; for
C16Hy,BrO, (IM(*'Br)+H]"): 327.0783, found 327.0788.
322 1-(BAR 3-i2 R H)-1-G-TAE R L) T Hi(5a~
Sg) 8y H) &

30 mmol 54 3 % T 150 mL T4 THF 91, $it
FE. AE—10 CFHVESSE =N 12 mL (36 mmol, 3
mol/L) MeMgCl ) THF K. #insetefE, RNMESY)
TEE R NS 3 h

SNV PIAESFE S IR ME 2] 500 mL oKk,
R EFR T pH=3~4, A CH,Cl, ZH((100 mL X 3),
HIFREBUH, FEME EhKPes, /K Na,SO, T4, 7
WEkE 28 RAX EZ& VR, 193 4a~4g R, 1ZH A
At B3 T~ — 2 RBL

4a~4g [FPHLEAET 100 mL & ke, voKisd
HTRHEEE, TN 048 g (5 mmol) HEERR. hnse)a, SN
REYITEEIR NS 3 h

SONIREPIRIH 100 mL 5% Na,CO5 ¥R Al
BB, TE7K Na,SO, T, (ENRfE 2 RN LA £
A, 132] Sa~5g A, HHENTA01S 2] Sa~5g (14l

il

s

1-(3-VR-2- B IR L) - 1-(4- L LRI 4.0 (5a): T
AR, 723 67%. mp. 51~52 °C; 'H NMR (DMSO-d;,
400 MHz) 6: 7.60 (dd, J=2.0, 7.2 Hz, 1H), 7.14~7.20 (m,
4H), 6.87 (d, J=8.4 Hz, 2H), 5.78 (s, 1H), 5.03 (s, 1H),
4.00 (q, J=6.9 Hz, 2H), 2.06 (s, 3H), 1.30 (t, J=7.0 Hz,
3H). HR-MS caled for Ci¢Hp,BrO, ([M(Br)+H]"):
325.0803, found 325.0805; for C;sH»BrO, (IM(*'Br)+
H]"): 327.0783, found 327.0788.

13- IE)-1-(4- ZEIE R IE) Z07(5b): Tota ik,
FEE 60%. m.p. 68~69 C; 'H NMR (DMSO-ds, 400
MHz) d: 7.52~7.55 (m, 1H), 7.416~7.424 (m, 1H), 7.33
(t, J=7.8 Hz, 1H), 7.26~7.29 (m, 1H), 7.19 (d, J=8.4
Hz, 2H), 6.92 (d, J=8.8 Hz, 2H), 5.45 (s, 1H), 5.40 (s,
1H), 4.03 (q, J=6.9 Hz, 2H), 1.32 (t, J=7.0 Hz, 3H).
HR-MS calcd for Ci¢H,,BrO, (IM("Br)+H]"): 325.0803,
found 325.0805; for Ci¢H»BrO, (IM(*'Br) + H] *):
327.0783, found 327.0788.

1-(5-JR-2- I R I ) 1-(4- R KT 2% (5e): T

608 http://sioc-journal.cn/
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iR, 773 63%. m.p. 43~44 C; "H NMR (DMSO-d,,
400 MHz) 6: 7.46 (dd, J=2.2, 8.2 Hz, 1H), 7.29 (d, J=2.0
Hz, 1H), 7.20 (d, J=8.4 Hz, 1H), 7.13 (d, J=8.4 Hz,
2H), 6.88 (d, J=8.8 Hz, 2H), 5.76 (s, 1H), 5.06 (s, 1H),
4.01 (q, J=7.1 Hz, 2H), 1.95 (s, 3H), 1.31 (t, J=7.0 Hz,
3H). HR-MS caled for C;¢Hp»BrO, ((IM(“Br)+ H]'):
325.0803, found 325.0805; for CisHp,BrO, ([M(*'Br)+
H]"): 327.0783, found 327.0788.

1-(5-1R-2-FH A L) - 1-(4- L/ IEFEIL) 207 (5d): Tt
mmik, 723 71%. m.p. 46~48 ‘C; '"H NMR (DMSO-d,
400 MHz) &: 7.59~7.63 (m, 1H), 7.46~7.49 (m, 1H),
7.23~7.26 (m, 1H), 7.20 (d, J=8.8 Hz, 2H), 6.89 (d, J=
8.8 Hz, 2H), 5.77 (s, 1H), 5.30 (s, 1H), 4.02 (q, J=6.9 Hz,
2H), 1.32 (t, J/=7.0 Hz, 3H). HR-MS calcd for CcH,,BrO,
(M(”Br) + H] ©): 325.0803, found 325.0805; for
C16Hy,BrO, (IM(*'Br)+H]"): 327.0783, found 327.0788.

1-(5-1R-2-F I FE)-1-(4- LRI I 2.4 (Se): Tt
mmik, 723 71%. mp. 65~66 C; 'H NMR (DMSO-d,
400 MHz) §: 7.68 (dd, J=2.6, 8.6 Hz, 1H), 7.53 (d, J=2.4
Hz, 1H), 7.46 (d, J=8.8 Hz, 1H), 7.14 (d, J=8.8 Hz, 2H),
6.88 (d, J=8.8 Hz, 2H), 5.84 (s, 1H), 5.16 (s, 1H), 4.03 (q,
J=6.9 Hz, 2H), 1.32 (t, J=7.0 Hz, 3H). HR-MS calcd for
C16H2BrO, (IM(”Br)+H]"): 325.0803, found 325.0805;
for Ci¢H»BrO, (IM(*'Br)+ H]"): 327.0783, found
327.0788.

1-(3,5- IR HL)-1-(4- AT IR 2 (5h): L ta
ik, 77% 62%. m.p. 80~81 ‘C; '"H NMR (DMSO-d,
400 MHz) o: 7.80 (t, J=1.8 Hz, 1H), 7.43 (d, J=1.6 Hz,
2H), 7.19 (d, J=8.4 Hz, 2H), 6.92 (d, J=8.8 Hz, 2H), 5.49
(s, 1H), 5.47 (s, 1H), 4.03 (q, J=6.9 Hz, 2H), 1.32 (t, J=
7.0 Hz, 3H). HR-MS caled for C,¢H,,BrO, ([M("Br)+
H] - ): 325.0803, found 325.0805; for C;sH,,BrO,
(IM®*'Br)+H]"): 327.0783, found 327.0788.

1-(3-JR-4- I 3L R IE)- 1-(4- LRI KR IE) 245 (5g):
i, 773 84%. m.p. 55~56 C; 'H NMR (DMSO-d;,
400 MHz) 6: 7.42 (d, J=1.6 Hz, 1H), 7.34 (d, J=8.0 Hz,
1H), 7.19 (d, J=8.4 Hz, 3H), 6.91 (d, /=8.8 Hz, 2H), 5.39
(s, 1H), 5.37 (s, 1H), 4.03 (q, J=6.9 Hz, 2H), 2.35 (s, 3H),
1.32 (t, J=7.0 Hz, 3H). HR-MS caled for C,cH»,BrO,
(IM(Br) + H] " ): 325.0803, found 325.0805; for
C16H2,BrO, (IM(*'Br)+H]"): 327.0783, found 327.0788.
323 1-(BAK 3-i2RXA)1-G-TAEXRIFEARIRZ
(6a~6g) @ H &

60 mL (60 mmol, 1 mol/L) Et,Zn ] IF C.hE & R AE A
SAGRY T HES 2RI R] 50 mL T4 CH,CL H1,
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PR AIE] 0 °C. ARG 2SR N 5.82 g (60
mmol) = ZER(TFA)E T 5 mL T ) CH,CL, H il 5 )
TR, N 58 B S R AR A TR ZIR S RS 0.5
h. FVEST 21883 N 16.07 g (60 mmol) CH,I, % T 10
mL T CHLCL, H SO, 0 56 58 Ja IR SR A
VIMEZIR S T4kt Rt 0.5 h, FIVEST 2418w 15
mmol 1L &%) 5a~5g T 5 mL T4 CH,CL, il pl i)
WM. WINTERE R, RG-SR ER R 1 h, TS
FHE[FA 48 h.

VRS 200 mL CH,CL #F8, FIMIAI NH,CI
TIPSR 3 Ik, To/K NapSO, T4, TENEH: 28 KA F78 2%
W, 135 6a~6g MIALE, HHENTALZE] 6a~6g 1)
ali i,

1-(3-1R-2- I L FIE)- 1-(4- 258 T 2K ) BR 1A 152 (6a):
Tt Ak, PR 85%. mp. 65~66 C; 'H NMR
(DMSO-d,, 400 MHz) §: 7.51 (dd, J=0.8, 8.0 Hz, 1H),
7.42 (dd, J=1.0, 7.4 Hz, 1H), 7.14 (t, J=7.8 Hz, 1H), 6.84
(d, J=8.8 Hz, 2H), 6.75 (d, J=8.8 Hz, 2H), 3.92 (q, J=
6.9 Hz, 2H), 2.25 (s, 3H), 1.24~1.31 (m, 5H), 1.19 (s,
2H). HR-MS caled for Ci¢H»BrO, (IM(Br)+H]"):
325.0803, found 325.0805; for CicHp,BrO, (IM(*'Br)+
H]"): 327.0783, found 327.0788.

1-(3-1R R I )-1-(4- LA TR ) I e (6b): TG (i
1K, F2E 74%. mp. 73~74 C; "H NMR (DMSO-d;, 400
MHz) d: 7.32~7.35 (m, 1H), 7.27~7.28 (m, 1H), 7.15~
7.23 (m, 4H), 6.83 (d, J=8.4 Hz, 2H), 3.98 (q, J=6.9 Hz,
2H), 1.29 (t, J=7.0 Hz, 3H), 1.17~1.24 (m, 4H). HR-MS
caled for Ci¢H,,BrO, (IM("Br)+H]"): 325.0803, found
325.0805; for Ci¢H,,BrO, (IM(*'Br)+H]"): 327.0783,
found 327.0788.

1-(5-P-2- F R I )-1-(4- 2058 35k 25 358 B TR 452 (6¢):
TRy, 773 85%. '"H NMR (DMSO-ds, 400 MHz)
d: 7.55 (d, J=2.4 Hz, 1H), 7.36 (dd, J=2.0, 8.0 Hz, 1H),
7.12 (d, J=8.4 Hz, 1H), 6.88 (d, J=9.2 Hz, 2H), 6.77 (d,
J=8.8 Hz, 2H), 3.94 (q, J=6.9 Hz, 2H), 2.13 (s, 3H),
1.26~1.29 (m, 5H), 1.17~1.19 (m, 2H). HR-MS calcd for
C16Hy,BrO, (IM(”Br)+H]"): 325.0803, found 325.0805;
for CHyBrO, (IM('Br) + H] *): 327.0783, found
327.0788.

1-(5-1R-2-F A I ) - 1-(4- LHIEZRIE) IR TR i(6d): T
iR, 7% 76%. mp. 51~52 °C; 'H NMR (DMSO-d;,
400 MHz) 6: 7.55 (dd, J=2.6, 6.6 Hz, 1H), 7.27~7.30 (m,
1H), 7.16 (d, J=8.8 Hz, 2H), 6.86 (t, J=9.2 Hz, 1H), 6.77
(d, J=8.4 Hz, 2H), 3.97 (q, J=7.1 Hz, 2H), 1.37 (t, J=7.0
Hz, 3H), 1.24~1.27 (m, 2H), 1.19~1.21 (m, 2H). HR-MS
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caled for Cy¢H,,BrO, (IM(”Br)+H]"): 325.0803, found
325.0805; for C;sH»nBrO, ([M(*'Br)+H]"): 327.0783,
found 327.0788.

1-(5-1R-2-F - FE)-1-(4- LB FE R I I A S5 (6e): TC
EHRY), 7% 82%. '"H NMR (DMSO-dg, 400 MHz) o:
7.80 (d, J=2.4 Hz, 1H), 7.49, 7.551 (dd, J=2.4, 8.4 Hz,
1H), 7.37 (d, J=8.8 Hz, 1H), 7.01 (d, J=8.8 Hz, 2H), 6.78
(d, J=8.8 Hz, 2H), 3.95 (q, J=6.9 Hz, 2H), 1.22~1.32
(m, 7H). HR-MS calcd for C,sH,BrO, ((M(”Br)+ H]):
325.0803, found 325.0805; for C;¢H»,BrO, ([M(*'Br)+
H]"): 327.0783, found 327.0788.

1-(3,5- IR HL)-1-(4- LA TR L) N (6f): TG
i, 7% 76%. m.p. 68~69 C; 'H NMR (DMSO-d;,
400 MHz) d: 7.59 (t, J=1.6 Hz, 1H), 7.30 (d, J=1.6 Hz,
2H), 7.20 (d, J=8.4 Hz, 2H), 6.85 (d, J=8.8 Hz, 2H), 3.98
(q, J=7.1 Hz, 2H), 1.24~1.31 (m, 5H), 1.16~1.22 (m,
2H). HR-MS caled for C¢H,,BrO, (IM(”Br)+H]"):
325.0803, found 325.0805; for CisHy,BrO, (IM(*'Br)+
H]"): 327.0783, found 327.0788.

1-(3- TR -4- F L 2 3 )-1-(4- 2 S 3 2R 38 3F 1 062 (62):
T AR, PR 81%. mp. 68~69 C; 'H NMR
(DMSO-d, 400 MHz) 0: 7.29 (d, J=1.6 Hz, 1H), 7.21 (d,
J=7.6 Hz, 1H), 7.14 (d, J=8.8 Hz, 2H), 7.07 (dd, J=1.8,
7.8 Hz, 1H), 6.82 (d, J=8.4 Hz, 2H), 3.97 (q, J=6.9 Hz,
2H), 1.29 (t, J=7.0 Hz, 3H), 1.16~1.20 (m, 4H). HR-MS
caled for Ci¢H,,BrO, (IM(”Br)+H]"): 325.0803, found
325.0805; for Ci¢H,BrO, (IM(*'Br)+H]"): 327.0783,
found 327.0788.

324 (15)-2,3,4,6- W9 -0- T Bt F -1- Bl A -1-{ R A -
3-[1-(4- T AEFRE)IFA-1- LKL )-D-# H4EOGa~
9g) 49 #| &

10 mmol #4L4) 6a~6g % T~ 20 mL T 4§:[#) THF 1,
E N, AR —78 C, Hitdk, FIES 212N
6.3 mL (10 mmol) n-BuLi 7% (1.6 mol/L I I CLe ¥ R).
WhnsE )R, RNYIE—T8 C NN 1 b, T)EH
fE—78 CTNHEMBSBIZHIM 560 ¢ (12 mmol)
2,3,4,6-19-0- = H R R -D- A Z HE IR N FR VS T 15 mL -+
PR ) FR R R ) BV . IR S, RSIIR A ITE —
78 CRYkEAEFE 1 h, fE—78 C N HEG #1812 N
1.92 g (20 mmol) AR T 10 mL HIEEHI ISR, 5
mseres, RERGYIEE T B =R, JESR T i
R

SNERA /N O BRI & (50
mL X 3)ZEHL. A HZEHUH, A& Shoksedk, oK
Na,SO, TH, 75 e 28 AL 28 £ 57045 2 — R 5%
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R

&Y, BN Ta~Tg FOMLE. ZML AN aitk, BEEAT
N RO

1% Ta~Tg KRS T 15 mL T4 CH,CL A1 15
mL FJ&1 MeCN 1, AE1F|—30 C, Hiid:, A 3.49
g (30 mmol) Et;SiH, 15 FiF 4T a2 1@mm 2.13 g (15
mmol) BF;ELO. WIS )E, RMIEGYIEIZEE T
GEAFE 15 min, 15 RHHRZE =R, HEEE TR
PRI

RRAEPIRVK AT, 1818 20 mL A
NaHCO; ¥, N5e )5 4kt 0.5 h, 1 J5 H R Y
pH=3~4, F & W %E(50 mLX3)AHL. & IFAEUH,
FH AN Eh /K Pe%, To/K NapSO, T, 7Rk 28 RAX b
R ELEFNEG R —HREE AR, BN 8a~8g M. 1%
AR, HEHT PR

ik 8a~8g KM AIAT 30 mL TEpmtne, vk
AKUAH TR, 15 22 N 10 mL B2 Ac,0, i
MsEEE A 020 g 4-—HIEFLMLIE(DMAP). N
TRAYITE IR I HiR 7.

S BRETERLRE TR 2] 200 mL VKK,
TARFHEGS0 mL X 3)FEEL. SRR, FEAE K
BRI, To/K Na,SO, T, TENRFE 28 KA B 28 HIE A5 3
—IREE AR, BN 9a~9g (P &L, iZH i A E AT 4l
th, 153|415 9a~9g.

(15)-2,3,4,6-V4-O- 2. Tt 5= -1- i 28~ 1- {3-[1-(4- L5 2
IR TN -1- 55 ]-2- B -8 3K L -D- 7] & (9a): 1 (7 [
1, PEE 65%. mp. 151~152 C; '"H NMR (DMSO-dj,
400 MHz) d: 7.30~7.34 (m, 2H), 7.20 (t, J=7.8 Hz, 1H),
6.71~6.78 (m, 4H), 5.41 (t, J=9.2 Hz, 1H), 5.03~5.08
(m, 3H), 4.04~4.14 (m, 3H), 3.92 (q, J=6.9 Hz, 2H),
2.20 (s, 3H), 2.00 (s, 3H), 1.99 (s, 3H), 1.91 (s, 3H), 1.62
(s, 3H), 1.36 (bs, 1H), 1.26 (t, J=6.8 Hz, 3H), 1.15~1.17
(m, 3H). HR-MS calcd for C,sH»BrO, ((M(”Br)+H]"):
325.0803, found 325.0805; for CicHp,BrO, (IM(*'Br)+
H]"): 327.0783, found 327.0788.

(15)-2,3,4,6-M4-O- £, T 3 -1- it 48~ 1- {3-[1-(4- L 58 3
HRIEYVIR N -1-FE 2K I L -D-H # E(9b): (1 B[4, 7=
62%. m.p. 109~110 ‘C; "H NMR (DMSO-d,, 400 MHz)
d: 7.24 (t,J=7.6 Hz, 1H), 7.09~7.17 (m, 5H), 6.80 (t, J=
8.8 Hz, 2H), 5.32 (t, J=9.6 Hz, 1H), 5.05 (t, J=9.8 Hz,
1H), 4.95 (t, J=9.6 Hz, 1H), 4.61 (d, J=9.6 Hz, 1H),
4.01~4.12 (m, 3H), 3.96 (q, 2H, J=6.9 Hz), 2.00 (s, 3H),
1.99 (s, 3H), 1.91 (s, 3H), 1.66 (s, 3H), 1.28 (t, J=6.8 Hz,
3H), 1.16~1.18 (m, 4H). HR-MS calcd for C;¢H,BrO,
(IM(Br) + H] ©): 325.0803, found 325.0805; for
C16Hy,BrO, (IM(*'Br)+H]"): 327.0783, found 327.0788.
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(15)-2,3,4,6-V4-O- 2, T F-1- it 58-1- {3-[1-(4- Z 5 I
R IA T -1-3E]-4- FH ORI D & B8 (9¢): FI 4,
FEE 68%. m.p. 154~155 ‘C; '"H NMR (DMSO-d, 400
MHz) §: 7.32 (s, 1H), 7.12~7.19 (m, 2H), 6.80 (d, J=8.8
Hz, 2H), 6.73 (d, J=8.8 Hz, 2H), 5.36 (t, J=9.4 Hz, 1H),
5.02~5.12 (m, 2H), 4.67 (d, J=9.6 Hz, 1H), 4.06~4.14
(m, 3H), 3.93 (q, J=6.9 Hz, 2H), 2.14 (s, 3H), 2.02 (s,
3H), 2.01 (s, 3H), 1.94 (s, 3H), 1.73 (s, 3H), 1.25~1.29
(m, 5H), 1.18~1.20 (m, 1H), 1.07~1.11 (m, 1H). HR-MS
caled for Ci¢H,,BrO, (IM(”Br)+H]"): 325.0803, found
325.0805; for Ci¢H,BrO, (IM(*'Br)+H]"): 327.0783,
found 327.0788.

(15)-2,3,4,6-V4-O- 2. T F-1- it 58-1- {3-[1-(4- Z &I
IR TN -1-FE -4- 3R I ) -D- 781 & A8 (9d): 1 £ [ 4R,
FEE 69%. m.p. 146~147 ‘C; '"H NMR (DMSO-d, 400
MHz) J: 7.43~7.45 (m, 1H), 7.28~7.31 (m, 1H), 7.09~
7.14 (m, 1H), 7.01 (d, J=8.4 Hz, 2H), 6.77 (d, J=8.4 Hz,
2H), 5.35 (t, J=9.4 Hz, 1H), 5.11 (t, J=9.6 Hz, 1H), 5.03
(t, J=9.6 Hz, 1H), 4.69 (d, J=9.6 Hz, 1H), 4.11~4.13
(m, 2H), 4.05~4.08 (m, 1H), 3.94 (q, J=6.9 Hz, 2H),
2.02 (s, 3H), 2.01 (s, 3H), 1.94 (s, 3H), 1.71 (s, 3H),
1.11 ~ 1.29 (m, 7H). HR-MS calcd for C,cH,,BrO,
(M(”Br) + H] ©): 325.0803, found 325.0805; for
C16Hy,BrO, (IM(*'Br)+H]"): 327.0783, found 327.0788.

(15)-2,3,4,6-M4-O- 2. B 3-1-Jit 2 - 1- {4-F-3-[ 1-(4- &
S TR ) IR T -1- R R 2 LD B (9e): 1 (0 [ 4,
FEE 64%. m.p. 162~163 ‘C; '"H NMR (DMSO-ds, 400
MHz) 6: 7.53 (d, J=2.0 Hz, 1H), 7.40 (d, J=8.0 Hz, 1H),
7.30 (dd, J=2.0, 8.4 Hz, 1H), 6.92 (d, J=8.8 Hz, 2H),
6.75 (d, J=8.8 Hz, 2H), 5.36 (t, J=9.6 Hz, 1H), 5.12 (t,
J=9.8 Hz, 1H), 5.05 (t, J=9.8 Hz, 1H), 4.73 (d, J=9.6
Hz, 1H), 4.13~4.14 (m, 2H), 4.05~4.09 (m, 1H), 3.94 (q,
J=6.9 Hz, 2H), 2.02 (s, 3H), 2.01 (s, 3H), 1.94 (s, 3H),
1.75 (s, 3H), 1.13~1.31 (m, 7H). HR-MS calcd for
C16H2BrO, (IM(”Br)+H]"): 325.0803, found 325.0805;
for CiH»BrO, (IMC'Br) + H] ©): 327.0783, found
327.0788.

(15)-2,3,4,6-14-O- 2, ¥ 2-1- Wit 8- 1- {3-7R-5-[ 1-(4- &
AIER I IR TH -1-JE 2R3 ) -D- R A (9): (B A, 7=
E 64%. m.p. 162~163 C; 'H NMR (DMSO-d,, 400
MHz) §: 7.53 (d, J=2.0 Hz, 1H), 7.40 (d, J=8.0 Hz, 1H),
7.30 (dd, J=2.0, 8.4 Hz, 1H), 6.92 (d, J=8.8 Hz, 2H),
6.75 (d, J=8.8 Hz, 2H), 5.36 (t, J=9.6 Hz, 1H), 5.12 (t,
J=9.8 Hz 1H), 5.05 (t, J=9.8 Hz, 1H), 4.73 (d, J=9.6
Hz, 1H), 4.13~4.14 (m, 2H), 4.05~4.09 (m, 1H), 3.94 (q,
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J=6.9 Hz, 2H), 2.02 (s, 3H), 2.01 (s, 3H), 1.94 (s, 3H),
1.75 (s, 3H), 1.13~1.31 (m, 7H). HR-MS calcd for
C16Hy,BrO, (IM(”Br)+H]"): 325.0803, found 325.0805;
for CHyBrO, (IMC'Br) + H] *): 327.0783, found
327.0788.

(15)-2,3,4,6-V4-O- 2. Tt 5= -1- i 28~ 1- {5-[1-(4- 258 2
IRIE) RN -1-28]-2-H B R B -D- i & (9g): 1 Bl 44,
FEH 60%. m.p. 116~118 ‘C; '"H NMR (DMSO-d;, 400
MHz) §: 7.01~7.13 (m, 5H), 6.78 (d, J=8.8 Hz, 2H), 5.39
(t, J=9.4 Hz, 1H), 5.21 (t, J=9.6 Hz, 1H), 5.04 (t, J=9.6
Hz, 1H), 4.89 (d, /=10 Hz, 1H), 4.05~4.10 (m, 3H), 3.95
(q, J=6.9 Hz, 2H), 2.30 (s, 3H), 2.01 (s, 3H), 1.98 (s, 3H),
1.93 (s, 3H), 1.69 (s, 3H), 1.28 (t, J=7.0 Hz, 3H), 1.07~
1.17 (m, 4H). HR-MS calcd for C;sH»BrO, (IM(”Br)+
H] " ): 325.0803, found 325.0805; for C,cH,,BrO,
(IM(*'Br)+H]"): 327.0783, found 327.0788.

32,5 (18)-1-BLA-1-{BAR-3-[1-(4-T A A K )R 7A-
1-AR PR AL -D-8 HAE(la~1g) 89 H &

0.1 g &@En 10 mL oK g, SR T
e, BRISBMNEL. MEMA 5 mmol th&4) 9a~9g,
RSEAFE 1 h, MR 2 g sRERVERH & S B fis, =
R, B2 pH=7.

HUERR 2R, SRR IR A R A ZH, 15
FIRRAMETEAETE LR V48T, B3~
la~1g [l fh.

(18)-1-Bi 46-1- {3-[ 1-(4- LA FE R TL) BR A - 1- 2 ]-2-
BRI -D- A BE(1a): A ERHAIRENE, =2 98%.
'H NMR (DMSO-d;, 400 MHz) 6: 7.30 (t, J=7.8 Hz, 2H),
7.16 (t, J=7.6 Hz, 1H), 6.87 (d, J=8.8 Hz, 2H), 6.74 (d,
J=8.8 Hz, 2H), 4.88 (bs, 2H), 4.71 (d, J=4.8 Hz, 1H),
439 (s, 1H), 4.29 (d, J=8.8 Hz, 1H), 3.92 (q, J=7.1 Hz,
2H), 3.65~3.68 (m, 1H), 3.39~3.42 (m, 1H), 3.27~3.33
(m, 2H), 3.15~3.20 (m, 2H), 2.22 (s, 3H), 1.25~1.28 (m,
5H), 1.12~1.28 (m, 2H). HR-MS calcd for C,4H34NOs¢
(IM+NH,4]"): 432.2386; found 432.2392.

(18)-1- [t S -1-{3-[1-(4- L5 FE IR FE) IR -1- 22 R
O -D-H HFEQAD): AR FECIRE R, 2R 98%. 'H
NMR (DMSO-dq, 400 MHz) §: 7.08~7.21 (m, 6H), 6.80
(d, J=8.8 Hz, 2H), 4.88 (bs, 2H), 4.69 (d, J=4.4 Hz, 1H),
439 (bs, 1H), 3.93~3.99 (m, 3H), 3.68 (d, J=11.2 Hz,
1H), 3.40~3.43 (m, 1H), 3.14~3.27 (m, 4H), 1.28 (t, J=
7.0 Hz, 3H), 1.13~1.21 (m, 4H). HR-MS calcd for
C1Hy,BrO, (IM(”Br)+H]"): 325.0803, found 325.0805;
for CigH»BrO, ([M(*'Br) + H] 7): 327.0783, found
327.0788.
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(18)-1-J 5 -1-{3-[ 1-(4- LB IFE IR L) IR 75 -1 -5 ]-4-H
FEFIE-DE A FE(1e): AEAIREA, 77% 99%. 'H
NMR (DMSO-ds, 400 MHz) 6: 7.34 (s, 1H), 7.14~7.16
(m, 1H), 7.09 (d, J=8.0 Hz, 1H), 6.87 (d, J=8.8 Hz, 2H),
6.75 (d, J=8.8 Hz, 2H), 4.89~4.92 (m, 2H), 4.73 (d, J=
6.0 Hz, 1H), 4.43 (t, J=5.8 Hz, 1H), 4.00 (d, J=9.2 Hz,
1H), 3.93 (q, J=6.9 Hz, 2H), 3.69~3.73 (m, 1H), 3.44~
3.47 (m, 1H), 3.25~3.28 (m, 1H), 3.15~3.22 (m, 3H),
2.14 (s, 3H), 1.24~1.29 (m, 5H), 1.15~1.18 (m, 2H).
HR-MS caled for C,H3NOg ([M+NH,]"): 432.2386;
found 432.2393.

(18)-1-F 4 -1-{3-[1-(4- LA FE A L) PR TN -1- 25 ]-4- 38
HREEL-D-HEEd): AAIEEIREA, % 100%. 'H
NMR (DMSO-ds, 400 MHz) §: 7.44 (dd, J=2.0, 7.6 Hz,
1H), 7.24~7.27 (m, 1H), 7.03~7.08 (m, 3H), 6.77 (d, J=
8.4 Hz, 2H), 4.91~4.93 (m, 2H), 4.79 (d, J=5.6 Hz, 1H),
4.44 (t, J=5.8 Hz, 1H), 4.02 (d, J=9.2 Hz, 1H), 3.94 (q,
J=6.9 Hz, 2H), 3.70 (d, J=5.6 Hz, 1H), 3.43~3.48 (m,
1H), 3.11~3.30 (m, 4H), 1.27 (t, J=7.0 Hz, 3H), 1.13~
1.24 (m, 4H). HR-MS for C»H3 FNOs ((M+  NH,]"):
436.2135; found 436.2129; for C,3H,,FNaOg ((M+Na]"):
441.1689, found 441.1675.

(18)-1-Mi - 1- {4-5-3-[ 1-(4- ZE FE IR FE) IR TR -1- 3]
I -D-EEFE(le): A EHEARE A, 775 99%. 'H
NMR (DMSO-ds, 400 MHz) d: 7.54 (d, J=1.6 Hz, 1H),
7.35 (d, J=8.0 Hz, 1H), 7.27 (dd, J=1.8, 8.2 Hz, 1H),
6.97 (d, J=8.8 Hz, 2H), 6.76 (d, J=8.8 Hz, 2H), 4.94 (d,
J=4.8 Hz, 2H), 4.85 (d, J=6.0 Hz, 1H), 4.46 (t, J=5.8
Hz, 1H), 4.07 (d, J=9.2 Hz, 1H), 3.94 (q, J=7.1 Hz, 2H),
3.72 (dd, J=1.6, 10.4 Hz, 1H), 3.44~3.50 (m, 1H),
3.10~3.30 (m, 4H), 1.26~1.34 (m, 5H), 1.16~1.23 (m,
2H). HR-MS calcd for C,3H;3;CINOg ([M+NH4]+):
452.1840, found 452.1847.

(18)-1-JI 58~ 1- {3-VR-5-[ 1-(4- L5 FE I IR -1- 5]
I -D-HEREQAD: ACEUHIRE A, 723 98%. 'H
NMR (DMSO-ds, 400 MHz) 6: 7.32 (s, 1H), 7.15~7.20
(m, 4H), 6.83 (d, J=8.8 Hz, 2H), 4.91 (t, J=4.0 Hz, 1H),
4.82 (d, J=5.6 Hz, 1H), 4.44 (t, J=5.8 Hz, 1H), 3.93~
4.00 (m, 3H), 3.67 (dd, J=5.8, 11.0 Hz, 1H), 3.41~3.47
(m, 1H), 3.13~3.26 (m, 3H), 3.04~3.09 (m, 1H), 1.29 (t,
J=7.0 Hz, 3H), 1.16~1.23 (m, 4H). HR-MS calcd for
C16H2BrO, (IM(”Br)+H]"): 325.0803, found 325.0805;
for Ci¢H,,BrO, (IM('Br) + H] ©): 327.0783, found
327.0788.

(18)-1-J B -1-{5-[ 1-(4- LB IFE IR I IR 75 -1- 6 ]-2-
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R

BRI} -D-HEFE(e): AOIBFIREE, 723 100%.
'"H NMR (DMSO-d,, 400 MHz) d: 7.20 (s, 1H), 7.10 (d,
J=8.4 Hz, 2H), 6.97~7.02 (m, 2H), 6.79 (d, /=8.8 Hz,
2H), 4.88~4.91 (m, 2H), 4.74 (d, J=5.6 Hz, 1H), 4.39 (t,
J=5.8 Hz, 1H), 4.20 (d, J=9.2 Hz, 1H), 3.96 (q, J=6.9
Hz, 2H), 3.67 (dd, J=5.6, 10.0 Hz, 1H), 3.11~3.43 (m,
5H), 2.27 (s, 3H), 1.28 (t, J=7.0 Hz, 3H), 1.13~1.19 (m,
4H). HR-MS caled for C,H3NOg (M + NH4] ' ):
432.2386, found 432.2397.

4 B A1 Bl (Supporting Information)  fT & it & 11
'H NMR, HR-MS i [, X Seppklrl LA 2 AT [ il
(http://sioc-journal.cn/) . N K.
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