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Synthesis and Hypoglycemic Activity of Novel
Quercetin Conjugates

Xiao, Na’
Yang, Yang“

Pan, Guojun” Shen, Di” Chen, Minglang” Li, Yi’

Lu, Kui” Meng, Xin™* Yu, Peng™*
(“ College of Technology, Tianjin University of Science and Technology, Tianjin 300457)
(® College of Traditional Chinese Medicine, China Pharmaceutical University, Nanjing 210000)

Abstract Eight novel quercetin conjugates 20~27 were successfully synthesized through a concise procedure with 15%~
46% overall yields by using Rutin as the starting material. After O-benzylation, glycoside hydrolysis and O-propargylation,
rutin was converted to the key intermediate 5,7,3',4'-tetrabenzyloxy-3-O-propargylquercetin, which subsequently ‘clicked’ with
azido containing glycosides, poly(ethylene glycol) (PEG) or oligo(ethylene glycol) (OEG) to provide the fully protected quer-
cetin conjugates 12~19. After global deprotection, the resulting quercetin conjugates were evaluated on hypoglycemic activi-

ties at 3T3-L1 adipocyte level. The results showed that conjugates 24, 26 and 27 exhibited good hypoglycemic effects.
Keywords quercetin conjugate; click reaction; synthesis; hypoglycemic activity; adipocyte
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RAH Cu(Dith S B MY SimFE bt AT 13- 883 20~27 (Scheme 1), FF7E 3T3-L1 AR 40K T-3E1T 4
RSB A Xk R 1,4- —BUR 1,2,3-=m381b & 7] R S RE S 6 RN S8 S PRET AR 1 2-D- Bt 48U R 4 R I
YU AR TAEFI BN A S B I S, AR 4 4 LG, PR LREREE LTSGRk T B RIS
S NFEXE . PEG 8L OEG, 3818 T R51H UM R = AT4 9 PE 8T B R 2R AT AR

o(
0 O
OH_OH S 7 18R = Bn
Ho 0 00 26R=H o)
44
OH 19 R = Bn
27R=H

Reagent and conditions: (a) BnBr, K,CO3, DMF, reflux; (b) HCI, EtOH, reflux; (c) 3-bromo-1-propyne, K,CO3, DMF, r.t.; (d) 4~11 (Group-Ns),
CuSO0y, ascorbic acid, THF/H,O (V : V=1 : 1); (e) Hz, Pd/C 10%, MeOH
B 1 B 20~27 06 R 2
Scheme 1 Synthetic route of compounds 20~27
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DIRIE & 1P T NG E R, algit o5&
1y BRUESA: FK M . O- BRI RAL B IR, S lds
B 7T EEAREME 3-0-R A IE-5,7,3"4'- DY A5 FEM T R
(3). TEREEAARIFET, BT T EhRENERZ,
H R BEEANE], — M RN 2 A5 A S B 4 3R 2R AL,
DR L FRATTAE 20 OB 2 A AT T Ak el T T
N,N-—HE H % (DMF), InNBRERER, FHEZ 45 C,
BiFE 0.5 h, FEIMNIRILSS, B TR 1 d. R K
KIETt. ZJ5, RNREIE. R, BN/
CBEEH(V - V=1 10)[El3i 3 h, &AL, HiuEfs 2
Fen 2, BT N 2R, 1B EER A 3, X
=B RN ISR 53%.

FIF “Click JBL” ¥&H P EER A 3 5535
55 5 S B BRI UM 22 0E FLBE. &I
Y PR S W 2y AR EE, RIS TE 10% Pd/C 214 FiEfL
SALB R RAVH M R AY 20~27. $ESCHR[15]
friE, R, PR MRS . TBAB. & H 51
R FR AN AV TR AR, b s o7 2L A 88 v S I i %
A TARTE SR b S B2 AR AT 1 itk — 0 Ak, BIAE
TRERER . PUIRMEREN . DUZ PRI /KR A5 F T OV 8 h,
KNSR 5 IE 80%~95%.

Wit A 20~27 AR I SCHERARGE I 281k
EW, ARTAEN AT TS HREE(H NMR) %1
JEIRBE (PC NMR). &4 ¥ % (HRMS) . MALDI-
TOF-MS K ) rsi il 52 .

DL H XA A B A % B, — S S R (DMISO) i
A, £ 3T3-L1 REW4iMl KT iE4T T AN FE £
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AR ORFFIR LT H R B VA AR 00 1 .
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B 1 20~27 X IR U5 40 MRV R 1A
Figure 1 20~27 promoted glucose consumption in adipocytes
(A): Dissolved in DMSO and diluted with PBS. (B): Dissolved in PBS.
#p<<0.05, **p<<0.01, ***p<<0.001, ****p<<0.0001 vs. blank

Excitation at 480 nm

Phase contrast view

B2 —FSUIFIZE A 24, 26 F11 27 SRS 40 AR 2- i 8 H 2
PEL A

Figure 2 Metformin as well as conjugates 24, 26 and 27 regu-
lated 2-NBDG uptake in adipocytes

These compounds were dissolved in PBS. 24, 26, 27 (10 pmol-L "),
metformin (1 mmolsL ")
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3 XIS
3.1 X5

TEHRK R TIR, M E TR EIRAR]; R
SRR N #k Jiepe g, AN IR R T8 (RIRE IR
R, T AR A R A F]; AVANCE 111-400MHz
RURGREFLARAN, it Bruker 24 7); H7 % A4 WRS-1B,
R ERHAES AR AT MEENTREIR(F S
TR ). BT AR RE A D Ak e A oy b all, SR
To/K W 2 bR K 2R AL P
32 AMAR

o- 2 FMER IR R (4) 2% SCHR[19]H &, p-B A H
FEHE(S) p-BRFENE6) - E I (TS TR
201411 4%, B-B A FANE®)SH SCHR[21]H#%, B A =4
VU2 —FE9). BEALEZ —FEHHEE 2000 (10)3% 3
BR[22]% 4%, 11-B%-3,6,9- =82+ — ke dk L AL pEEF
(11)Z 7 3CHR[23] 45
3.2.1  5,7,3'4'-v9F A A E (2)89 6 %

PT(6.10 g, 10.00 mmol)¥ T 100 mL N,N-—H %
F I 2 (DMF) 1, Ii A TG /K BRIREH(6.91 g, 50.00 mmol),
45 CHEHE 30 min J5 AR FEE W (8.55 g, 50.00
mmoL), &4 48 h, L JZE i (TLC)R I X N 58
A )5, IEIERR LR AR, VR 2SR LA, R E
BT T2 RN, A 300 mL ZEEAT 30 mL 3K E5FR,
[N 3 h, AHEIE R, AR R SN /K I W R A
RNAR R E T, Mg, TREIEDE, TR, A RE
SEMETRAE 2 4.04 g PIBEFEER 61%. MR
ZorBAbEER T T 5 &M
322 3-BeAmAA-5734-wF A LML FB) YL
o)

B2 (3.00 g, 4.53 mmol)i% T 10 mL DMEF, il
AN TCIK TR FR 7 (688 mg, 4.98 mmol) & IR A HL(592 mg,
4.98 mmoL), FEiRHFIIR, TLC R i5E 4, JkE
WEZE, BT B A BEI R VOaEE) - LR L
fg)=10 : )F A EEAE 32.76 g, 755 87%. m.p. 302~
305 ‘C; 'H NMR (400 MHz, CDCl3) d: 7.86 (d, J=2.0
Hz, 1H), 7.65 (dd, J=8.8 Hz, 2.0 Hz, 1H), 7.59 (d, J=7.6
Hz, 2H), 7.50~7.28 (m, 18H), 6.98 (d, J/=8.4 Hz, 1H),
6.51 (d, J=2.0 Hz, 1H), 6.42 (d, J=2.0 Hz, 1H), 5.25 (s,
2H), 5.21 (s, 2H), 5.18 (s, 2H), 5.06 (s, 2H), 4.88 (d, J=
2.4 Hz, 2H), 2.56 (t, J=2.4 Hz, 1H); >C NMR (101 MHz,
CDCly) d: 173.6, 162.9, 159.8, 158.7, 153.6, 150.8, 148.2,
138.5, 137.1, 136.8, 136.3, 135.7, 128.80, 128.64, 128.60,
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128.55, 128.48, 128.0, 127.9, 127.7, 127.6, 127.3, 127.2,
126.6, 123.9, 122.4, 115.5, 113.7, 109.9, 98.1, 93.9, 79.2,
75.8, 71.4, 70.9, 70.8, 70.5, 59.2; MS (ESI) m/z: 701.2
[M+H]"; HRMS (ESI) caled for C4Hs;0; [M+H]"
701.2534, found 701.2531.
323 1-[N-1-(a-N- L BLAY 2 R BR F B5)]-4-[3-O0- I F
A (5,7,34-9 F FAEM L F)][1,2,3]-=2(12) 89 &
R

FREULEY) 3 (301 mg, 0.43 mmoL). L&) 4 (144
mg, 0.43 mmoL). iR (69 mg, 0.43 mmoL)(+)-L-
PUA M FRE4(85 mg, 0.43 mmoL)T 25 mL [EJEEIEH,
IOANVUE R/ ZK(V - V=1 :1) 10 mL, =M HE 10 h,
IR ZE TR A, A BT S A A
Fr) @ V(HEE)=30 : DS EGRE A 12 320 mg, /=%
72%. m.p. 1243 ~ 1245 ‘C; 'H NMR (400 MHz,
DMSO-dy) d: 8.47 (s, 1H), 7.99 (d, J=8.0 Hz, 1H), 7.83
(d, J=2.0 Hz, 1H), 7.73~7.59 (m, 3H), 7.57~7.30 (m,
18H), 7.19 (d, J=8.8 Hz, 1H), 6.96 (d, J=2.0 Hz, 1H),
6.73 (d, J=2.0 Hz, 1H), 5.34 (d, J=5.2 Hz, 1H), 5.30~
5.07 (m, 10H), 4.59 (d, J=6.4 Hz, 1H), 4.33~4.31 (m,
2H), 3.94~3.71 (m, 3H), 3.70 (s, 3H), 3.67~3.54 (m,
2H), 2.99 (dd, J=12.8, 4.0 Hz, 1H), 1.97~1.92 (m, 1H),
1.89 (s, 3H); °C NMR (101 MHz, DMSO-d;) o: 172.7,
171.5, 167.3, 163.2, 159.6, 158.6, 152.6, 150.7, 148.1,
143.2, 139.0, 137.6, 137.3, 137.2, 136.5, 129.0, 128.92,
128.88, 128.85, 128.68, 128.51, 128.37, 128.27, 128.12,
128.05, 128.0, 127.5, 123.2, 122.2, 114.6, 114.0, 109.3,
98.3, 94.7, 89.6, 75.4, 70.7, 70.5, 70.4, 69.0, 66.6, 64.3,
64.1, 53.8, 52.1, 23.3; MS (ESI) m/z: 1049.3 [M~+H]";
HRMS (ESI) caled for CssHsN,O5s [M+H]"™ 1049.3815,
found 1049.3819.
3.2.4  1-[N-1-(a-N- T BEAY 22 £ B8 )]-4-[3-0- & F # -
MR E]-[1,2,3]- =7£(20) 89 & A%,

FALA Y 12 (200 mg, 0.19 mmoL)¥ T 10 mL FIEE,
HIA 10% Pd/C (40 mg), JBAES, HdAHE 12 h, R
HUBE, F 2 moleL ™' S ALK EE pH = 9~10, 4k
SEREEE 2 h, FHPHES TR pH bk, g, WSiE
W, BN BA TR MR ZBE) @ V(HEE)
V(K)=10 : 1 0.)]f3 5= A& 4K 20 105 mg, /=% 82%.
m.p. 152.7~152.8 ‘C; '"H NMR (400 MHz, MeOD) ¢:
8.16 (s, 1H), 7.47 (s, 1H), 7.37 (d, J=8.0 Hz, 1H), 6.84 (d,
J=8.4 Hz, 1H), 6.35 (s, 1H), 6.19 (s, 1H), 5.11 (s, 2H),
4.10~3.77 (m, 5H), 3.77~3.54 (m, 2H), 3.41~3.21 (m,
1H), 2.11~2.05 (m, 4H); *C NMR (101 MHz, MeOD) ¢:
179.8, 175.4, 165.8, 163.0, 159.0, 158.4, 149.6, 145.9,
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137.2, 124.2, 122.8, 122.7, 117.0, 116.4, 105.9, 99.8, 94.8,
76.3, 72.4, 70.0, 68.8, 65.6, 64.5, 53.5, 41.1, 22.7; HRMS
(ESI) caled for CyHyOsN, [M—H]™ 673.1635, found
673.1627.

3.2.5 1-[N-1-(p-D-H E#%)]-4-[3-0- & ¥ %-(5,7,3'4"-
v R MR F)]-[1,2,3]-=7£(13) 89 & &

WEM 13 W& RTERNEY 12, AT S N
JRRMS R O, F 91%. mp. 190.9~191.8 C;
'H NMR (400 MHz, DMSO-d;) J: 8.34 (s, 1H), 7.87 (d,
J=2.0 Hz, 1H), 7.72 (dd, J=8.4 Hz, 2.0 Hz, 1H), 7.65 (d,
J=17.6 Hz, 2H), 7.53~7.32 (m, 18H), 7.23 (d, J=8.8 Hz,
1H), 6.96 (d, J=2.0 Hz, 1H), 6.73 (d, J=2.0 Hz, 1H), 6.00
(s, 1H), 5.28~5.26 (m, 7H), 5.19 (s, 2H), 5.16 (s, 2H),
5.06 (d, J=5.6 Hz, 1H), 5.00 (d, J=5.6 Hz, 1H), 4.63 (t,
J=6.0 Hz, 1H), 3.89~3.87 (m, 1H), 3.74~3.72 (m, 1H),
3.62~3.60 (m, 1H), 3.55~3.40 (m, 3H); “C NMR (101
MHz, DMSO-dg) 6: 172.8, 163.2, 159.6, 158.6, 152.5,
150.7, 148.2, 139.4, 137.6, 137.3, 137.2, 136.5, 129.0,
128.9, 128.8, 128.7, 128.5, 128.4, 128.3, 128.1, 128.1,
128.0, 127.4, 124.9, 123.3, 1223, 114.4, 114.1, 109.4,
98.3, 94.7, 86.4, 80.8, 73.6, 71.0, 70.7, 70.6, 70.5, 70.4,
66.7, 64.7, 61.5; MS (ESI) m/z: 906.3 [M+H]"; HRMS
(ESI) caled for Cs,HysN;Op, [M+H]" 906.3233, found
906.3227.

32.6  1-[N-1-(B-D- H 5 #E)]-4-[3-0- T ¥ & — 4t &
#1-[1,2,3]- =72 21)8 4 A&

B 13 (200 mg, 0.22 mmoL)iAE T 10 mL FHfE,
JIA 10% Pd/C (40 mg), ANAS, HEEHFE 12 h, R
Wk, WATIEI, HET B AN MR T
fig) @ V(R @ VOK)=30: 1:0.)#3E Ak 21 114
mg, °F 95%. m.p. 175.8~179.5 ‘C; 'H NMR (400
MHz, DMSO-d;) J: 8.31 (s, 1H), 7.51~7.47 (m, 2H), 6.87
(d, J=8.4 Hz, 1H), 6.42 (d, J=2.0 Hz, 1H), 6.22 (d, J=
2.0 Hz, 1H), 6.00 (s, 1H), 5.28 (s, 1H), 5.11 (s, 2H), 3.89~
3.42 (m, 6H); “C NMR (101 MHz, DMSO-d;) o: 178.3,
164.6, 161.7, 156.8, 156.7, 149.1, 145.6, 142.7, 136.6,
125.0, 121.6, 121.2, 116.1, 115.8, 104.6, 99.1, 94.1, 86.3,
80.8, 73.6, 70.9, 66.7, 65.2, 61.5; HRMS (ESI) calcd for
CasHp01N; [M—H] ™ 544.1209, found 544.1194.

3.2.7 1-[N-1-(B-D-# ##%)]-4-[3-O0- L& F % -(5,7,3',4'-
v R MR F)]-[1,2,3]- =7 (14) 89 & &

& 14 &R ERNEY 12, LAY 6 N
JRRMEFOEE, 77K 89%. mp. 121.7~122.1 ‘C; 'H
NMR (400 MHz, DMSO-d;) 6: 8.39 (s, 1H), 7.89 (s, 1H),
7.73 (d, J=8.4 Hz, 1H), 7.65 (d, J=7.2 Hz, 2H), 7.51~
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7.33 (m, 18H), 7.24 (d, J=8.4 Hz, 1H), 6.96 (s, 1H), 6.74
(s, 1H), 5.57 (d, J=9.2 Hz, 1H), 5.39 (d, J=6.0 Hz, 1H),
5.30~5.17 (m, 11H), 4.64 (s, 1H), 3.81~3.68 (m, 2H),
3.47~3.25 (m, 4H); *C NMR (101 MHz, DMSO-dj) o:
172.8, 163.2, 159.6, 158.6, 152.5, 150.7, 148.2, 143.2,
139.4, 137.7, 137.3, 137.2, 136.5, 129.0, 128.9, 128.8,
128.7, 128.6, 128.4, 128.3, 128.1, 128.0, 127.4, 124.4,
1232, 122.4, 114.4, 114.1, 109.3, 98.3, 94.7, 88.0, 80.5,
77.4, 72.6, 70.7, 70.6, 70.5, 70.3, 70.0, 64.5, 61.2; MS
(ESI) m/z: 906.3 [M+H]"; HRMS (ESI) calcd for
Cs,HusN3O, [M+H]™ 906.3233, found 906.3231.

3.2.8  1-[N-1-(B-D- & & #%)]-4-[3-0- T F H — i} &
F1-[1,2,3]-=7£(22) 89 & &

& 22 W& BTERNEY) 21, LAY 14 4
JERME B O AR, 77 93%. m.p. 182.6~183.4 C; 'H
NMR (400 MHz, DMSO-d) &: 8.35 (s, 1H), 7.52 (d, J=
8.4 Hz, 1H), 7.51 (s, 1H), 6.89 (d, J=8.4 Hz, 1H), 6.42 (s,
1H), 6.22 (s, 1H), 5.55 (d, J=9.2 Hz, 1H), 5.12 (s, 2H),
4.07~3.12 (m, 6H); *C NMR (101 MHz, DMSO-dj) J:
178.3, 164.7, 161.8, 156.8, 156.7, 149.2, 145.7, 143.1,
136.6, 124.5, 12.6, 121.2, 116.2, 115.8, 104.6, 99.1, 94.1,
88.0, 80.5, 77.5, 72.5, 70.0, 65.2, 61.3; HRMS (ESI) calcd
for Co4H»01,N; [M—H]™ 544.1209, found 544.1216.
3.2.9  1-[N-1-(B-D- ¥ 5U#E)]-4-[3-0- & F % -(5,7,3' 4'-
v 3 A A F)]-[1,2,3]- =72 (15) 89 & A&

&M 15 MG RTERNEY 12, WA T H
JFRMEF O ER, 773 92%. mp. 129.9~1302 C; 'H
NMR (400 MHz, DMSO-dj) &: 8.35 (s, 1H), 7.88 (s, 1H),
7.72 (d, J=8.8 Hz, 1H), 7.65 (d, J=7.6 Hz, 2H), 7.51~
7.33 (m, 18H), 7.23 (d, J=8.8 Hz, 1H), 6.97 (s, 1H), 6.74
(s, 1H), 5.51 (d, J=8.8 Hz, 1H), 5.28~5.12 (m, 8H), 5.17
(s, 2H), 5.01 (d, J=5.6 Hz, 1H), 4.71 (t, J=5.6 Hz, 1H),
4.63 (d, J=5.6 Hz, 1H), 4.07~4.02 (m, 1H), 3.79~3.49
(m, 5H); >C NMR (101 MHz, DMSO-d;) d: 172.8, 163.2,
159.6, 158.6, 152.4, 150.7, 148.2, 139.4, 137.7, 137.3,
137.2, 136.5, 129.0, 128.9, 128.8, 128.7, 128.5, 128.4,
128.3, 128.1, 128.0, 127.4, 124.1, 123.3, 122.3, 114.5,
114.1, 109.4, 98.3, 94.7, 88.6, 78.9, 74.2, 70.7, 70.6, 70.5,
70.4, 69.9, 68.9, 64.6, 60.8; MS (ESI) m/z: 906.3 [M+
H] "; HRMS (ESI) caled for Cs,Hy;N;0p, [M+H]'
906.3233, found 906.3231.

3.2.10  1-[N-1-(B-D- ¥ U #E)]-4-[3-0- T 7 H —#i i
%1-[1,2,3]-=7£(23) 89 & A%,

&9 23 W& T ERNEY 21, LG 15 -

RS R A E A, F5F 96%. mp. 110.0~110.2 C;
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'H NMR (400 MHz, DMSO-d;) J: 8.35 (s, 1H), 7.51 (d,
J=8.8 Hz, 1H), 7.50 (s, 1H), 6,88 (d, J=8.8 Hz, 1H), 6.43
(d, J=2.0 Hz, 1H), 6.22 (d, J=2.0 Hz, 1H), 5.50 (d, J=
9.2 Hz, 1H), 5.12 (s, 2H), 4.10~4.02 (m, 1H), 3.82~3.54
(m, 5H); >C NMR (101 MHz, DMSO-d;) J: 178.3, 164.6,
161.8, 156.8, 156.6, 149.2, 1457, 143.2, 136.7, 124.2,
121.6, 121.2, 116.2, 115.8, 104.7, 99.1, 94.1, 88.6, 78.9,
742, 69.8, 69.0, 65.2, 60.9; HRMS (ESI) calcd for
CsH2,01,N; [M—H]™ 544.1209, found 544.1184.
3.2.11  1-[N-1-(B-D-=t % F JLAE K -(1—4)-D-= 7% &
B ¥ )]-4-[3-0- & F K -(5,7,34-w F & K ML
#)]-[1,2,3]-="2(16) 49 4~ &,

&M 16 MIE MTEERNEY 12, UEY) 8 N
JR RS CE R, P25 81%. mp. 108.1 ‘C; 'H NMR
(400 MHz, DMSO-dg) J: 8.40 (s, 1H), 7.89 (d, J=2.0 Hz,
1H), 7.73 (d, J=8.4 Hz, 1H), 7.65 (d, J=7.2 Hz, 2H),
7.54~7.32 (m, 18H), 7.23 (d, J=8.4 Hz, 1H), 6.96 (d, J=
2.0 Hz, 1H), 6.73 (d, J=2.0 Hz, 1H), 5.68 (d, J=9.2 Hz,
1H), 5.59 (d, J=6.0 Hz, 1H), 5.27~5.14 (m, 11H), 4.91
(s, 1H), 4.82 (d, J=4.8 Hz, 1H), 4.70~4.67 (m, 2H), 4.56
(d, J=4.8 Hz, 1H), 4.27 (d, J=7.2 Hz, 1H), 3.88 (dd, J=
15.2, 9.2 Hz, 1H), 3.79~3.75 (m, 1H), 3.66~3.50 (m,
8H); *C NMR (101 MHz, DMSO) ¢: 172.8, 163.2, 159.6,
158.6, 152.5, 150.7, 1482, 139.4, 137.6, 137.3, 137.2,
136.5, 129.0, 128.9, 128.9, 128.8, 128.7, 128.5, 128.4,
1283, 128.1, 128.1, 127.4, 124.4, 123.3, 122.4, 114.5,
114.1,109.3, 104.3, 98.3, 94.7, 87.5, 80.3, 78.3, 76.1, 75.7,
73.7, 72.3, 71.0, 70.8, 70.6, 70.5, 70.4, 68.6, 64.5, 60.9;
MS (ESI) m/z: 1068.4 [M+H]"; HRMS (ESI) calcd for
CssHssN3Op, [M+H]" 1068.3761, found 1068.3759.
3.2.12  1-[N-1-(B-D-#t vl ¥ L A% 2 -(1—4)-D-#t*h &
FAE)]-4-[3-0- . F K- L& ]-[1,2,3]- =74 (24) 89 &
R

&Y 24 W& BOTEREY) 21, DALEY 16 9
JERMS T A E A, 2% 91%. mp. 103.4~103.6 C;
'H NMR (400 MHz, DMSO-dy) d: 8.39 (s, 1H), 7.53 (d,
J=8.0 Hz, 1H), 7.53 (s, 1H), 6.90 (d, J=8.0 Hz, 1H), 6.44
(s, 1H), 6.23 (s, 1H), 5.67 (d, J=9.2 Hz, 1H), 5.13 (s, 2H),
4.28 (d, J=7.2 Hz, 1H), 3.98~3.44 (m, 12H); *C NMR
(101 MHz, DMSO-dy) 0: 178.3, 164.7, 161.7, 156.8, 156.7,
149.2, 145.7, 143.2, 136.6, 124.5, 121.6, 121.2, 116.2,
115.8,104.6, 104.3,99.1, 94.1, 87.5, 80.3, 78.3, 76.1, 75.7,
73.7,72.3, 71.0, 68.6, 65.1, 60.9, 60.5; HRMS (ESI) calcd
for C30H3,0,7N; [M—H]~ 706.1737, found 706.1744.
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3.2.13  1-[N-1-(3,6,9- = & -+ —-1-8%)]-4-[3-O- &
(57,3 419 F F A F)]-[1,2,3]- =178
AR

W& 17 KERITERNEY 12, AT 9 N
JFRME A GER, 773 92%. mp. 109.3~109.5 C; 'H
NMR (400 MHz, MeOD) §: 7.88 (s, 1H), 7.43 (s, 1H),
7.37 (d, J=8.4 Hz, 1H), 7.36~6.96 (m, 20H), 6.80 (d, J=
8.4 Hz, 1H), 6.29 (s, 1H), 6.14 (s, 1H), 5.14 (s, 2H), 4.42
(t, J=5.6 Hz, 2H), 3.73 (t, J=5.6 Hz, 2H), 3.59~3.49 (m,
12H); MS (ESI) m/z: 920.4 [M+H]"; HRMS (ESI) calcd
for Cs,HsyN;0;; [M+H]" 920.3753, found 920.3755.
3.2.14  1-[N-1-(3,6,9- = # %+ -+ —-1-8%)]-4-[3-0- &
A AR £ ][1,2,3]-=7(25) 89 Ak,

& 25 W& TEREY) 21, LA 1T N
B B AR, P2 92%. mp. 135.7~138.3 C;
'H NMR (400 MHz, MeOD) d: 7.88 (s, 1H), 7.43 (s, 1H),
7.35 (d, J=8.4 Hz, 1H), 6.80 (d, J=8.4 Hz, 1H), 6.29 (s,
1H), 6.14 (s, 1H), 5.13 (s, 2H), 4.44 (t, J=5.2 Hz, 2H),
3.75 (t, J=5.2 Hz, 2H), 3.63~3.49 (m, 12H); *C NMR
(101 MHz, MeOD) 6: 178.4, 164.3, 161.6, 157.3, 156.9,
148.3, 144.7, 142.8, 135.8, 125.6, 121.6, 121.4, 115.4,
114.9, 104.5, 98.4, 93.4, 72.2, 70.1, 70.0, 69.9, 68.8, 64.0,
60.8, 49.9; HRMS (ESI) calcd for C,Hy0;;N3Na [M—+
Na]" 582.1694, found, 582.1676.

3215 1-[N-1-(R T =B ¥ ¥ B 2000)]-4-[3-O- L F
#~(5,7,3.,4'- 79 F A F)]-[1,2,3]- =72 (18) 49 &A%,

&P 18 & M ERNEY 12, LG 10 4
JFRE A A E A, P2 89%. mp. 113.2~113.3 C;
MALDI-TOF-MS caled for Ci37H200sN; [M + H] ©
2740.4691, found 2740.4682. 7=k K4 4 B alifh H 4%
HT T2
3.2.16 1-[N-1-(GRT =B % ¥ & 2000)]-4-[3-O-F.F
H AR F]-[1,2,3]-=72(26) 89 & A%,

& 26 G T ERNEY) 21, LG 18 4
JRRME R A E K, 7% 93%. mp. 81.2~81.4 C; 'H
NMR (400 MHz, MeOD) §: 7.95 (s, 1H), 7.47 (s, 1H),
7.42 (d, J=8.4 Hz, 1H), 6.84 (d, J=8.4 Hz, 1H), 6.39 (d,
J=2.0 Hz, 1H), 6.21 (d, J=2.0 Hz, 1H), 5.20 (s, 2H), 4.48
(t, J=5.2 Hz, 2H), 3.78 (t, J=5.2 Hz, 3H), 3.63~3.35 (m,
174H), 3.31~3.30 (m, 4H); °C NMR (101 MHz, MeOD)
5: 179.9, 165.9, 163.2, 158.7, 158.4, 149.8, 146.2, 144.2,
137.2, 127.0, 123.0, 122.8, 116.8, 116.3, 106.0, 99.8, 94.8,
73.0, 71.6, 71.5, 71.4, 702, 65.5, 59.1, 51.4; MAL-
DI-TOF-MS caled for C;33H»O0sN; [M + H] ©
2380.2818, found 2380.2822.
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3.2.17 1-[N-1-(1-(B-D-¥ §L#%)-3,6,9- = A F—+ — )%
A J4-[3-0- & F R (5734- @ F A K MR
#)]-[1,2,3]-="2(19) 49 & &,

WA 19 BIE TR G 12, L&D 114
JR RS O E AR, 773 82%. mp. 102.1 C; '"H NMR
(400 MHz, DMSO-dq) d: 8.34 (s, 1H), 7.52 (s, 1H), 7.50
(d, J=8.4 Hz, 1H), 7.36~6.96 (m, 20H), 6.83 (d, J=8.4
Hz, 1H), 6.33 (s, 1H), 6.25 (s, 1H), 5.14 (s, 2H), 4.48 (t,
J=4.40 Hz, 2H), 4.26 (d, J=7.2 Hz, 1H), 4.01~3.97 (m,
1H), 3.87 (d, J=2.4 Hz, 1H), 3.79~3.50 (m, 18H); MS
(ESI) m/z: [M+H]" 1082.4; HRMS (ESI) caled for
CeoHesN3O16 [M+H]" 1082.4281, found 1082.4279.
3.2.18  1-[N-1-((1-(B-D-¥4L#%)-3,6,9- = A -+ — )%
H)]-4-[3-0- T F AR & ]-[1,2,3]-=72(27) 89 & A&

WA 27 & STEREY 21, D&Y 194
JR RS T O E A, 2 90%. mp. 130.4~132.0 C;
'H NMR (400 MHz, MeOD) d: 7.91 (s, 1H), 7.45 (s, 1H),
7.37 (d, J=8.4 Hz, 1H), 6.83 (d, J=8.4 Hz, 1H), 6.30 (s,
1H), 6.15 (s, 1H), 5.14 (s, 2H), 4.48 (t, J=4.0 Hz, 2H),
426 (d, J=7.2 Hz, 1H), 4.01~3.97 (m, 1H), 3.87 (d, J=
2.4 Hz, 1H), 3.79~3.50 (m, 18H); *C NMR (101 MHz,
MeOD) §: 178.3, 164.3, 161.5, 157.2, 156.8, 148.2, 144.6,
142.8, 135.8, 125.7, 121.6, 121.5, 115.4, 115.0, 104.5,
103.5, 98.5, 93.5, 75.2, 73.4, 71.2, 69.9, 69.9, 69.0, 68.8,
68.2, 64.1, 61.2, 49.9; HRMS (ESI) caled for C3,H35016N5
[M—H]~ 720.2258, found 720.2237.
3.3 &EYEMENR

TEABIRZAT, &l 74659 20~27 X 3T3-L1 fii
I 4 5 25 W R DL R 2-D- i S0 6 W BRI sl LA
ORI S BH % R
3.3.1 JEArtmiebEiE £ 09 R 18

B A KRS R IR 4 fhp T 48 AL
BRI (2X 107 cell/AL), i KL 80% % i,
P B FEHE R AN S B KRHB WAL 4 h. 20 4n T

(ZAH, &4 DMSO #f#E, 10 pmolsL™ "),
A Metformin (1 mmoleL ™ ")#& & 30 min J&, FINAH %
BECZIREE N 11 mmol-L™ )5, 37 CHIFE 4h. Q=
4, th &4 (PBS ¥, 10 pmoleL ')Al Metformin
(1 mmolsL™")#& & 30 min Ji5, FIINH (LN 11
mmolsL ™ )&, F 37 CHIFE 4h.

T 60 W 0 ) 6 N 4 B 3 A A

I Tk R AR A PR A D A A A R T

o
ML
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3.3.2  fShr AR 2-D-F A B B4R IR A 5 I

¥ o3 A AR KRS RGP RE W 40 B, B2 T 48
LT (2 X 10° celVfL), MMAEKEL 80% %%
i, PR IR AN SRR KRHB WD 4 h. 4
N A, thEWHPBS ¥R, 10 pmolsL ™ ")Fl
Metformin (1 mmoleL )& & 30 min J&, FIINT % bE
(&S 11 mmolL )&, T 37 CHIEE 0.5 h. [
PBS J&EVE/G, A1 100 pL 1) 2-D-Ji4A i % b (2-NBDG)
(500 pmoleL )4, F37 CHGIEE 1 h. HA M PBS
ek 3 Ik, ML 200 uL ) KRHB, 7£ 480 nm #&
WA 515 nm RS 5 R0 .

#8841k} (Supporting Information) R4 3. HAR™
5 20~27 () "TH NMR F1 °C NMR &, ixeedtplaf
Yo, B MASTI) 9 3585 (http://sioc-journal.cn/)_E R %K.
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