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HEE SR 6-R-4-FFEEREL-o-L- A R ER B S Ak

Hmmx  THEE  TEHFT Mm@ H &
TR K AN FOIAFT LR HLINAE FHASRE 18 330013)

B T IR PR ICAYE | RPRTRIN oL H RRRERR ORI YL, WABEY 5578 MO MRS PR R A R
R 1,234-M0-0- ZLHE-p-D TR RER A, 200k 1 SRR 11 B FEIE AR 1,2,3,4-10-0-Zu kB LSRRI
FERRFAG, B Mitsunobu FUREAICHES B MR IF0E, IR (R4 SE 8] 6404164 TR L RSB
PR T TE T e GO0, DI M A SR AT T L SR BRRERA i M RO D Ar.

S oL SCRORRERRNS, SOURREY; Mitsunobu ST HFEFAK; 13RS

Synthesis of Enzyme Substrate 6-Chloro-4-methylumbelliferyl-a-
L-idopyranosiduronic Acid

Tian, Jiameng Ning, Qianqgian Ding, Haixin* Bai, Jiang Xiao, Qiang™
(Jiangxi Key Laboratory of Organic Chemistry, Jiangxi Science & Technology Normal University, Nanchang 330013)

Abstract In order to develop fluorogenic enzyme substrate for quick diaganosis of mucopolysaccharidosis type I,
6-chloro-4-methylumbelliferyl-a-L-idopyranosiduronic acid was synthesized from commercially available D-glucurono-
6,3-lactone. Firstly, 1,2,3,4-tetra-O-acetyl-f-D-glucoronate methyl ester was brominated and subsequently reduced with radical
reaction to give 1,2,3,4-tetra-O-acetyl-L-idopyranuronate methyl ester. Then 6-chloro-4-methylumbelliferyl-a-L-idopyra-
nosiduronic acid was synthesized using Mitsunobu reaction as the key step. The related structures of key intermediates were
confirmed with X-ray crystallography. The preliminary biological test proved that the synthesized enzyme substrate could be

used for quick detection of a-L-iduronidase.

Keywords o-L-iduronidase; fluorogenic enzyme substrate; Mitsunobu reaction; glycosylation; radical reaction

A2 BEAUE T B (Mucopolysaccharidoses type 1,
MPS D)J& —Fh & WG AR RS AL 50, FR Hurler 2%
G, R R A BT S R PR Bk R B AR RIA
o-L- LM FEREFR BF(EC 3.2.1.76)FI3E [N, MM T EAfE
B S ARAR Y )R 112 58 B (GAGS) R R AT 25 AR R B ik
M, JEE R MPSI B EERIUN)LE GME N F
B R e T AN B )R B RS AREIR, 2 HUR AN AE
20 S ETAET.. KA LY a-L- 3R HES BRER VG M 2 2
BB R K BEF= R 2 B i T H, R 12
MPS T Fs (1) 8 B F Bz —P,

PECHE T g e A 2 D e W B YE R R 2, B
B ERAE W R B S R A A B AT, TE

Il RS AG I 43 20 T Tz P BAE 1972 4E,
Weissmann 2l & B T R I -O-a-L- WAL FERE R HY, JF
PRI T a-L- SRRl R BRI B35 PR U 5 . 2 W8 B
TE o-L- SR WERE TR B /KA T RIS 8, 1 — 22 SRk
15 i 771 (Folin Phenol Reagent) )z i J& #E 4T Y6 15l 2, 5k
UG ERE SR, REERAK. 2 )5 Stirling ZPHRIE T 4-H
FETE [ -0-L- AL BETR T 1, 1ZJRUTE a-L- AL SR
Bk A TR 58 6] 4- RS JEE (MU), 28 58 i
RNV E o-L- A NERERRBE VST, B AXE7E
e R - )2 T ARG o-L- SR B S BRI 1),
{EZ RIS+ B ot, DI BRI, Rk
DB — DI RO B BB A, AR S, ATk
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HIF T M OB TR 6 -4 AT -
oL CHBRT 2, 1T eBAUR T TR, B
I 2 S 4 A T K AR T 0920
M

CHs CHs

O o” "0

Bl 1 FOURSIRY) a-L-SCALEERR T 1 A1 2 (4L 45
Figure 1 Chemical structure of a-L-idopyranosiduronic acid 1
and 2 as fluorogenic enzyme substrate

HAT a-L- 3R 0SB R BE BRI 1 A B 5 ZE I
PN THIIBRAR, 1550 L- 3O RERE IR TV N B AR T B
AR, % EEE L) DE NG IRE, FEAT
TR G AT 2, AR AR, G RURAR
L FEAEIIR N A RERE R T B A R AE C-5 R
B S e AT PR R BT C-5 [ Rtk 5 30,
AT e At 2 SR L- SRR R 1) — 2k LR 42, X
HiR 58 AH ¢ T AF 32 B [ Se B I A 24 P A I 25 A
(Fondaparinux sodium) )& HEATE) 53 4h— Rk X EL
B A RO iR 1,2,3,4-D0-0- 4B -D-
IR R 5 AOERRIERAR, )5 —0 B B )5
133 1,2,3,4-V9-0- L BLF:-D-Hi 1 2 FH B A0 1,2,3,4-DY9-0-
O BE-L- AT B TR TR R VR A, o BN TR M HL
PERIAR, BRI I E I vk — 1, A SCR
Hik.

IR, a-FEEFEEMIA R G A o-L- SRR R B bl
JRD I DR, R A2 B N R X ()P B B AR
FEIE T S AL Bl B RS B 5 S -O-L- AL
1) o F1pIREW, 7 EWHE, RN =208 T 25%. 25
TR T, HAEAERBFRIEAL S faREE R E
WAr=) a-L- AL REREFR R IR, P RAIKT 20%. 1%
2R O A 9zbr N A EN . 2013 4RI EFE S B ikiE
T LA Mitsunobu §HE b S N AG 2 - SOR A R Bl L B
ECREEFBERY) 2 (73%, o/f=1.7/1), NLZAFIEAM. BIR
T VEIE R BN RN SR AT B N R, (HR fR 24t
8 DR MM MR G R, NP IRK, B R E AR
hy 3 R IR,

ZEG FIRSCRRAROE, A SO AR ML B AT UK ER
ISR N IR 3 AACIR JERL, A ek 2,3,4-=-0-
O FE-L-S A HERE TR HF R 8, LA Mitsunobu Js2 N ) 22 i
HHON KD, & R 2.
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1 HR5R

HALLERN B E RN EE 3 Nl E R
(Scheme 1), VLIG/K W BN, 76180 = A
NaOH)IER T, 1b&¥ 3 IR PN BRHT T 3 G, ek
JEZEBRIAFNZ G, FEPNANG 43 B H 3 S BRI kAT 210k
kb, B4 a1 R4 2B p-D-EBE R G 4, W
BRI 45%, ZAEPTCURFIZE 100 522009 F i
P BRI DUB 75 10 DU SR BRCAA TR, 78 i IR R AT 1
B N-SRAR B I i (NBS) % 6 S R RS 4 1% 5 fr
BT BEEBARNY, AEENT IS A A, DL 72%7 A5
S-VRACHI IR G 5. 2 ONLE G BRI AR (R A L AN
BORE, R SR R IR ENR RN, 7502 SBURY
RAEWAY, AT RN S5 BE 0 P2 2L 7R A DR SCHR AR IE
TRAR I STARAE T 3 i R Wl IR o, 7 45 S O AR
BRI THEY 5 MR AT 2, CCDC
1944776), MIMZEBHHE T 5 ABRIE T SIRIL2E. M
WEY) 5 BRSBTS ST LR R, RIET5 1L
P b T e A%, FIN C—Br 8 105K 5 0.1966 nm,
TR B B iR B PE.

ho O—OH (1)NaOH MeoH, 0°Cc MO
g OAc
J:Sj (2) Ac,0, NaOAG, 90 °C Acm
o O OH OAc
45% 2 steps 4
3
MeO,C
NBS,CCl;  AcO-\—O AIBN, BuSnH
—_— OAc —/———— (>
hv, reflux AcO | OAc Toluene, reflux
72% Br 32%
5
OAc QAc OAc .Br
MeO,C -0 33% HBr/HOAc MeO,C -0
OAc OAc OAc  OAc
6 7
OAc OH
Ag2CO; MeO,C7]-0
acetone/H,0
89%, 2 steps OAc OAc
8

B 1 2,3,4-=-0- LM - L- A HERE IR VI (8) ) A B
Scheme 1 Preparation of 2,3,4-tri-O-acetyl-L-idopyranuronate
methyl ester (8)

B 2 E IR B 5 AR IE T, AR SCERTR
ERIZAEN, DR 2 T IEAIBNY NG AR, =T
HEY A BuSnHER R, ML RBAR IR, &2k
e sE. i & itk, RIEFR AIBN ¥ (0.07
mmol/mL) "J LA B 4T HIE JR 45 R, (A I e B0 e 7 &%
W, 2P R S JER 4 v DU IS 2 i E
ghidnbr 2, Ft— DR R4 WAL o-L-3CFLBERE
RHEE 6, P23 32%. X TZIBJE R BPEE, SCHRIRIE

Chin. J. Org. Chem. 2020, 40, 215~220



Chinese Journal of Organic Chemistry

77 R ER K, N 22%~53% A%, lidZkER,
FEARUERFIE 30% BN, SR A 6 1E 33% AL M
FRIAW R R AR, e R RIS 7, ZUAEY
A, vt ERREU R = 5 R R R K AR 7 753
WA 8, ARG K BUAE R R AR A7, B
TR R B A N SRR AV A K, =i P B M AG BB 45 4K 8,
Fib A 3= H N 89% (a - f=1:0.6).

B2 5R)-1-1,2,3,4-19-0- 2.1 5-B-D- T EHE R 1 F S (5)
i AT S 5 4

Figure 2 X-ray crystal structure of 5(R)-bromo-1,2,3,4-tetra-O-
acetyl-f-D-glucoronate methyl ester (5)

FENRF) 15 20k 45 1k 8 J5, FATHE =i RH
Mitsunobu HEH 44 S Rl e L-SOREMERE IR B HF 4, I
o 6-F-7-Fdk-4- BT B 9 38 1T 2 R ) Pechmann 4
A I R E N LR 2 1 TE K DU SR (THF) Hh, B 45
i 8 FI<TERR 9 7E =R FEE(PPhy) MR A — IR — 7 A
BE(DIADER T, LA 72%7= R AREAT 2L S VIHEE 10
(a/B, 3/2), SLEHEEREK W DIAD MR F A =R
T LTE(DEAD). 51 10 (¥ o F1 B AR H 2 R

K R (R /A7 k. 288 2.8/ 1E C e« AR/ A
Bk %), URZTCVm It H R R AR B AT . e, St
IEPEAE AL B T RE B E R T IR &7 10 11 L1 2E,
2 )5 F R 0 i (HPLO) IR 43 B 19 31 g A 11
o SRtk 12, RGBT SRRV T K A
M, BRAGJS IR 2] B AR a-L-CAEHERE R H A
2 M p S5 RIK 13 (Scheme 2). {HAFFEREMIE, HLFEE
JEA 2 F B SRR 13 AR RESE RS B AR H AR L. [RIRHAE
BB AHICSCHR A, BRI 1 ARG S IR Bk 1 ah 2ok
DLARIE, AT LEMBIET R TR K. F£i8m)
&, ¥ o-L- XA FERE R ELT 12 S ABHLE B &)
100, A3 T BATH 45 3, CCDC 1944777), M
SEREHI A AL LR B AT T N, AE ARG L3
FEWERE BRAE T 45 M AL IR B TR 1 555

B3 234-=-0-L85-o-L- LA ERERR TP R (100) O 4R AT
VIESLD|
Figure 3 X-ray crystal structure of methyl 2,3,4-tri-O-acetyl-
o-L-idopyranosiduronic ester (10a)

e DAL a-L- SRR IR 7093 U %€ T o-L-
SR B I R B TR 2 S L Ry 1 13 A K e e o (&
4). GURERW] o-L- AL HERERRIEHF YD 2 RENE IR B 7>

CHs

PPhg, DIAD, THF

OAc
HO 0._0 cl
+ —_— OAc
cl = . o Yo
OAc  OAc MeO,C”/_ITO

CH
8 9 °

1 CHjy
NaOMe (cat.) + CH
TN 3
MeOH, 0 °C cl N

92%

OH
~ Meochif

OH OH 12

0°C, 72%

OH °
- MeOZCWO
=
OH onC©

(1) 1 mol/L NaOH
(2) Dowex 50 (H*)

_ =

O (O]

o)

OAc  OAc 10

(2) Dowex 50 (H*)

OH
o (1)1 mollL NaOH HOOCWOWO
=
B ————
9% OH oH©

13 CHj

93% OH
HOOCM

B2 6-F-4-FEATEM-o-L- LR RERR T 2 1O AR
Scheme 2 Synthesis of 6-chloro-4-methylumbelliferyl-a-L-idopyranosiduronic acid 2
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fif, AR RO, T B AR 13 A kA
IKARSIE, ITTBE— B IE T L- SO ERERR 1 45 R 5 A
MIIERATE, JERTBIENEE it & AR 2 A9 A
P, 3t — 2D MR R RE SR I E, LU R A Bl I T
Y01 i 5e B RE LL BRI IE AR BE— Bt AT .

50

I Blank
40- M Substrate

30 1

20

FL intensity/a.u.

104

O -
Substrate 13

B4 o-L-SALWERE RO SOARERR T 2 A1 13 FZK AR S
Figure 4 o-L-iduronidase hydrolysis of L-idopyranosiduronic
acid 2 and 13

2 g

R, ARSCUABRN 55 15 0TS L P 6 3 e i [kt
WX 1,2,3,4-V0-0-p-D-F 1 F G 4 3047 B 2R
MEBEEESR a-L- CHFEBRE 6, 25
Mitsunobu b 5 WA KBS SR A AR 2] 6-5-4- 1 3%
P TE N -0-L- AT RERREY. DBk R (44 5 A 10a 133 T 52
a7 S S5 R BRAIE, )20 11 B 2 X B R v T
o-L-SCREBE B FR BTG T A DO A . B AR A BRI P
B, (HURRE— K TFR B a-L- AT RS TR WE 7 W I
VIRITETE J7i%, o DA T 2RAUEE M a-L-SORE AR R B EF
A6

3 S
3.1 UESRHFA

Bruker AV400 A% LRI (FEE Bruker 2 #));
AB SCIEX Triple TOF 4600 %443 i (35 [E AB
SCIEX 2 #]); Autopol IV-T A21200-T %44 H 5h %7 e
FeAL(EE Rudolph 24 %]); M-560 % il % {X (BUCHI
h7l); Waters 2545 = 30 AH (4154, Thermo Varioskan
LUX % DREBEARAC. 44740 Ff 2 (PhMe) il A\ S AL 45 (]
W3 h, MHRTZE R, 20 M4l DY SRIR (THF) I\ DU S48
BLEIAR 3 h, fEARTZEH. 8T FE(MeOH)W H R B
B TRAT], B H R0 B AL st YR TR
AF] BT a-L- SR e 1 B ) - D5 e 3 B4 L A5 (|
A GHRAF.
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32 ZLWHE
32,1 1,2,34-W-0-T B A -B-D-% 5 4EELEL T B5(4)
EORESO

AT, K NaOH (200 mg, 0.5 mmol) i A%
500 mL FEEAF, RIZIGERE 20 min {58 . VK
WAEIZE 0 C, 1E 30 min - HEMMA D-Hi8 N ES 3 (50
g, 0.28 mol). tb&W) 3 SEAVEM G, T TiE 28 bR 230 71,
13BN IR R, F2 T 2 h DABR PR
. )R WGV e R M ZER (540 g, 500 mL)
FITEIK ZFREN(95 g, 0.116 mol), TSI FTEIRS
BHAEE 90 "C IR 1.5 h. ¥ Ja b A th SR W %) N Dk
KH, A RUMABRBR ZEA T 2 rp v, R &
FEAEE(600 mL X 2), A HLAHFR AL 25 577K (300
mL X 3). TEMRRENAER(G00 mLX3). HBHAEHhK
(300 mLX2)%e¥k, ToKBFREE T I8 Rk 4E, K
RV oK O 45 AR B B EEIR iR 4 48 g,
45%). m.p. 170~172 CCCRRE": 175~177 C); [oly
+13.2 (¢ 0.072, CH,Cl,); "H NMR (400 MHz, DMSO-dq)
5: 6.02 (d, J=8.1 Hz, 1H), 5.51 (t, J=9.5 Hz, 1H), 5.12~
4.90 (m, 2H), 4.68 (d, J=9.8 Hz, 1H), 3.63 (s, 3H), 2.08
(s, 3H), 2.01 (s, 3H), 1.99 (s, 3H), 1.97 (s, 3H); °*C NMR
(101 MHz, DMSO-d) 6: 169.9, 169.8, 169.5, 169.2, 167.4,
91.1, 71.8, 71.3, 70.3, 69.3, 53.1, 20.9, 20.8, 20.7 (CX2);
HRMS caled for C;sHy 0, [M+H]" 377.1078, found
377.1083.
322 (5R)-1,2,3,4-9-0- T Bk # -5-C-i%-f-D- %) H 4%
BEER T BE(5) 89 A AR

&% 4 (1.00 g, 2.66 mmol)i& T 20 mL PUSALER
t1, BN NBS (0.57 g, 3.19 mmol)Jg&, 7E&ERIT (275
W)IEHE S RN ENR 4 h. 402 1% (TLC) M i
BHR B 5E 4 5, D8k e DY & A B, N S0 (40
mL) AR, HUAE P25 85 17K (50 mL X 3). 1 F s g S0
W50 mLX3). MAIEEE/K(S0 mLX2)%kik, T/Km
FREE T, DRI R VR 4E, WRAeY R oK LB 4 i
B3 [ OEIE S5 (0.93 g, 72%). mp. 160~161 COCH/E
Ml 159~161 C); [a]y —85.2 (¢ 0.061, CH,CL); 'H
NMR (400 MHz, DMSO-dg) 6: 6.12~6.10 (m, 1H),
5.59~5.57 (m, 1H), 5.38~5.36 (m, 2H), 3.76 (s, 3H),
2.14 (s, 3H), 2.03 (d, J=2.3 Hz, 6H), 1.98 (s, 3H); "°C
NMR (101 MHz, DMSO-dy) d: 169.9, 169.3, 169.0, 168.9,
164.4, 90.8, 90.5, 70.5, 69.4, 68.5, 54.5, 20.8 (C X 2), 20.7,
20.6; HRMS caled for C;sH,0BrO;; [M+H]" 455.0184,
found 454.0182.
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323 1,2,34-W-0-C B K -o-L- LA AEBEBR F B5(6)
9 & R,

&Y 5 (2.00 g, 3.53 mmol)¥E AT TE/K B 2K (50
mL)H, 28I AIBN (0.26 g V& T 80 mL I, ¥
5N 2%) A1 BusSnH (1.58 mL, 3.53 mmol), &S F
F 110 CEE 1.5 h. £ TLC Wl M 5e4 )G, BHE
Ei, EEEUERAR, MY SRS R 2O
GV 4, BRARYEE AR E M o B A0S B A A A
6 (533 mg, 32%). m.p. 123~124 ‘CCCHRE!™ 125~
126 C); [als —67.9 (¢ 0.056, CH,CL); '"H NMR (400
MHz, DMSO-dg) J: 6.05 (d, J=1.9 Hz, 1H), 5.08 (t, J=
3.3 Hz, 1H), 4.98~4.96 (m, 2H), 4.81~4.80 (m, 1H), 3.68
(s, 3H), 2.11 (s, 3H), 2.10 (s, 3H), 2.08 (s, 3H), 2.03(s,
3H); *C NMR (101 MHz, DMSO-ds) d: 169.7, 169.5,
169.3, 169.0, 167.8, 90.3, 68.3, 67.0, 66.0, 65.6, 52.8, 21.1,
21.0 (CX2), 20.8; HRMS calcd for C;sH,,0y; [M+H]"
377.1078, found 377.1083.

324 234-Z-0-TB A -L- A MR A B 7 85 (8) 49 &
R

tbE9) 6 (500 mg, 1.1 mmol) I ATEIK/K F1 7441 20
min [ 33%FHRCEIEERRVE (S mL)H, VKB
HiEFE 0.5 h J5, B E RS 3 h TLC R x
Ri5E4sE, F S EE(30 mL)EAR, 5N UKK b dE
20 min. G HUARIRAE KK (20 mLX3). HARERE
BNEI(20 mLX3). AR EIK(20 mLX2)¥kE, JK
B PR T 052, DB VR IR 4 A3 2R ™) 7. =R T UL
A7 (100 mg, 0.252 mmol)¥& T 75%IK) P4 Bl /K 15 i (4
mL)F, JIABREREL(83 mg, 0.30 mmol)fi ¥ 2 h. jHid
TLC MW N 5e4s, RNIRA Y E ik Ll g, Kok
TR R R AE 15 BIRL P21, Gtk e hE AT 20 25 4tk 45 21
R 8 (75 mg, o @ f=1":0.6; 89%). '"H NMR (400
MHz, DMSO-d;) d: 7.15 (d, J=5.3 Hz, 1H), 5.17 (dd, J=
5.3, 3.7 Hz, 1H), 5.09~4.97 (m, 2H), 4.91 (d, J=3.6 Hz,
1H), 4.69~4.67 (q, J=7.1 Hz, 1H), 3.68 (s, 3H), 2.04~
2.01 (m, 9H); *C NMR (101 MHz, DMSO-d,) 0: 169.8,
169.6, 169.0 (CX2), 92.3, 69.1, 68.0, 67.5, 67.1, 52.6,
21.0 (CX2), 20.8; HRMS calcd for Ci3H,90,0 [M+H]"
335.0973, found 335.0976.

325 4-FH-6-A K K-7-4K-234-=-0-CTELI-L-
SCALBEBRBR F B5(10) 49 4 A%

1b&%7 8 (500 mg, 1.50 mmol). 4-FFE-6-5-7-F 5
FHE(9) (466 mg, 2.21 mmol). = FEB(PPh;, 580 mg,
2.21 mmol)fK AN TG/K PUS LM (10 mL) . =R N
1 h 5, KB AF T DIAD (446 mg, 2.21 mmol)
#HE0.5h, BAT 2= EHAE . 4 TLC W M
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SE4, Yk NET DYk, WRAaYE T & 5520 mL)
AR AE AR ER S AN (20 mL X 3). FREEAM
ENVE(20 mLX3). AT H/K P (20 mLX2), Tk
TREREE 1. VBV e T 74, I8 IR AT E T
YA A OEK 10 (564 mg, a © f=3 1 2; 12%).

32.6 4-FH-6-2 A 2 FH-7-A-L-AAEREER F Ba(11
A= 12)89 &%,

1b4%7 10 (100 mg, 0.190 mmol )&% T+ T H iz,
TN 0.35 mL H EEENIAR(500 mg 4475 T 20 mL T H
e, JeUKiB 0.5 h JE R E S EMHE 4 h. 4 TLC Il
M 5E4s, MAUKEEFR(34 mg, 0.57 mmol)iE VR A%,
BERAEAF ZR =9, W iE R A E M o B alifh 15
B A E AR 11 A 12 RS I(70 mg, 92%). IREVIFHE
L ROBAH B RS B 2%, alE R EY 11 (B 17,
25 mg)Fb &4 12 (o #9754, 47 mg).

AHIEI11: mp. 137~139 C; [a]d +127.1 (¢ 0.048,
CH;OH); 'H NMR (500 MHz, DMSO-d;) J: 7.87 (s, 1H,
H-5), 7.45 (s, 1H, H-8), 6.33 (s, 1H, H-3), 5.74 (d, J=3.4
Hz, 1H, OH-2"), 5.54 (s, 1H, H-1"), 5.27 (d, J=7.6 Hz, 1H,
OH-3"), 5.17 (d, J=8.2 Hz, 1H, OH-4"), 4.99 (s, 1H, H-5"),
3.94 (d, J=3.7 Hz, 1H, H-3"), 3.80 (d, J=8.2 Hz, 1H,
H-4'), 3.75 (d, J=6.9 Hz, 1H, H-2"), 3.66 (s, 3H, H-7"),
242 (s, 3H, 4-CH;); *C NMR (126 MHz, DMSO-d;) J:
169.4 (C-6'), 160.1 (C-2), 154.9 (C-7), 153.3 (C-6), 153.0
(C-9), 126.4 (C-5), 118.6 (C-4), 115.3 (C-10), 113.2 (C-3),
104.5 (C-8), 97.3 (C-1'), 74.7 (C-5'), 70.0 (C-4"), 69.9
(C-3", 69.3 (C-2'), 52.0 (C-7'), 18.5 (4-CHs); HRMS calcd
for C,7H,5C10y [M+H]" 401.0634, found 401.0639.

a #7 12: mp. 112~114 °C; [a]s —130.9 (c 0.055,
CH;OH); 'H NMR (500 MHz, DMSO-d;) : 7.84 (s, 1H,
H-5), 7.39 (s, 1H, H-8), 6.32 (d, J=1.7 Hz, 1H, H-3), 5.76
(d, J=3.9 Hz, 1H, H-1"), 5.58 (d, J=5.4 Hz, 1H, OH-2"),
5.39~5.37 (m, 2H, OH-3', OH-4"), 4.70 (d, /=3.8 Hz, 1H,
H-5'), 3.87~3.83 (m, 1H, H-4"), 3.69~3.63 (m, 5H, H-2',
H-3', H-7'), 2.40 (s, 3H, 4-CH;); *C NMR (126 MHz,
DMSO-dg) d: 170.3 (C-6"), 160.1 (C-2), 154.9 (C-7), 153.3
(C-9), 153.1 (C-6), 126.6 (C-5), 119.2 (C-4), 115.4 (C-10),
113.3 (C-3), 104.8 (C-8), 100.4 (C-1'), 72.3 (C-5"), 71.9
(C-2", 70.9 (C-3", 70.5 (C-4"), 52.3 (C-7'), 18.6 (4-CH;);
HRMS calcd for C,7H;gClOy [M—|—H]+ 401.0634, found
401.0639.

327 4-FH-6-FF 5 F-T7- K -B-L-AAEEEER(13)
ERRESHY

&9 11 (20 mg, 49.90 pmol)i& TR A VAF(1.1

mL, THF/H,0, V: V=10 : )¥, T—10 CHIA 60 uL
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BIKE

o

SEMNTE W (24 mg NaOH 7T 600 puL H,0), SRk
VK R 4RSERE 2 b & TLC W= N 5845, IAFH
B MERE pH N 6~7, RIRIEZRR % THF, WikT
AR AGEAR 13 (17 mg, 92%). mp. 195~197 C;
[aly +120.0 (¢ 0.025, CH;O0H); 'H NMR (400 MHz,
DMSO-d) d: 7.83 (s, 1H), 7.22 (s, 1H), 6.30 (s, 1H), 5.40
(s, 1H), 5.31 (d, J=3.7 Hz, 1H), 4.73 (d, J=9.0 Hz, 1H),
4.07 (s, 1H), 3.86~3.89 (m, 1H), 3.57~3.62 (m, 3H),
2.41 (s, 3H); >C NMR (101 MHz, DMSO-d;) d: 168.5,
160.2, 155.9, 1532 (CX2), 126.2, 118.8, 114.9, 112.9,
104.7, 98.6, 75.7, 70.5, 70.3, 70.1, 18.6; HRMS calcd for
C16H,6Cl0o [M+H]" 387.0477, found 387.0484.
32.8 4-FE-6-A A 5 F-T-K-a-L- X ALAEEREER(2) 49
B

LAY 12 # RS2 EW 13 77, A e 2
H 44 2 (18 mg, 93%). m.p. 185~187 °C; [a]s —38.9
(¢ 0.018, CH;0H); 'H NMR (400 MHz, DMSO-dj) 6: 8.53
(s, 1H), 7.79 (s, 1H), 6.28 (s, 1H), 5.57 (d, J=6.2 Hz, 1H),
5.22 (d, J=4.0 Hz, 1H), 5.01 (s, 1H), 4.04 (d, J=5.7 Hz,
1H), 3.25 (m, 3H), 2.40 (s, 3H); *C NMR (101 MHz,
DMSO-dg) d: 172.4, 160.3, 155.9, 153.6, 153.0, 125.9,
117.9, 114.6, 112.8, 105.4, 98.0, 75.1, 73.3, 73.0, 71.4,
18.5; HRMS caled for C;¢H,Cl0y [M+H]" 387.0477,
found 387.0482.

44 BBl (Supporting Information) HArL &Y 6-5 (-
4- I FE T I -a-L- AT BERE TR (2), ARG EH) 4~6.
8. 10~13 AL MEILIR B LLAALEY) 5, 10a 5547
SR . I ek AT DL A B M T I 35 (http://sioc-
journal.cn/)_ N K.
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