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Efficient Synthesis of Epilactose
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Wang, Daoquan Zhang, Jianjun™
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Abstract Epilactose (4-O-f-D-galactopyranosyl-D-mannose) is a reducing disaccharide with satisfactory prebiotic proper-
ties. A superior synthetic methods were confirmed by screening different coupled donors and acceptors which were synthesized
from D-mannose and D-galactose, respectively. This route gets 50% overall yields and all the intermediates are easily to be
purified, making the route suitable for large scale preparation of the target compound. All the compounds were characterized

by NMR and HRMS spectra.
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Reagents and conditions: (a) (1) 7.5 equiv. Ac,0O, 0.08 equiv. HCIO,; (2) 1.5 equiv. BnOH, 5.3 equiv. BF3*Et,0; (3) NaOH, pH=7; 83% for the
three steps; (b) (1) 0.5 equiv. p-TsOH, 1.05 equiv. 2-Methoxypropene, DMF; (2) 70 °C; 92% for the two steps; (c) 1.05 equiv. AcCl, 3 equiv. Py,
CH,Cly, 0 °C, 5b, 83%; (d) 1.05 equiv. BzCl, 3 equiv. Py, CH,Cl,, 0 °C, 5¢, 80%; (e) 0.02 equiv. p-TsOH, 1.05 equiv. 2-Methoxypropene, DMF,
90%; (f) 3 equiv. Ac,0, Py, 98%; (g) 1.05 equiv. BzCl, 3 equiv. Py, 96%; (h) 70% AcOH, 70 °C,99%; (i) 1.05 equiv. AcCl, 3 equiv. Py, CH,Cl,, 0

°C; 94% for the 8b; 74% for the 8c
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Scheme 1 Regioselective synthesis of mannose acceptors
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Figure 1 Local amplification NMR of compounds 4 (a), 5b (b), 7b (c) and 8b (d)
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Reagents and conditions: (a) (1) 7.5 equiv. Ac;O, 0.08 equiv. HCIO4; (2)1.5 equiv. p-Toluenethiol, 5 equiv. BF*Et,O, CH,Cl,; 72% for the two
steps; (b) (1) 10, CH30Na, CH3OH, pH=10; (2) 6 equiv. BzCl, 18 equiv. Py; 93% for the two steps; (c) (1) 7.5 equiv. Ac,0, 0.08 equiv. HCIO;
(2) 2 equiv. Benzylamine, THF; (3) 1.5 equiv. CCIsCN, 3 equiv. K,COg3; 84% for the three steps; (d) (1) 7.5 equiv. BzCl, Py; (2) MeOH-NH;,
CH30H, THF; (3) 1.5 equiv. CCI;CN, 3 equiv. K,COg3; 80% for the three steps
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Scheme 2 Synthesis of galactose donors 10~13
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Reagents and conditions: (a) (1) 7.5 equiv. Ac,O, 0.08 equiv.
HCIQy4; (2) 1.5 equiv. BnOH, 5 equiv. BF; * Et,0; (3) NaOH, pH=7;
83% for the three steps; (b) (1) 0.5 equiv. p-TsOH, 1.05 equiv.
2-Methoxypropene, DMF; (2) 70 °C; (3) 1.05 equiv. AcCl, 3 equiv.
Py, CH.Cl,, 0 °C; 76% for the three steps; (c) (1) 7.5 equiv. BzCl,
Py; (2) MeOH-NH;, CH3;0H, THF; (3) 1.5 equiv. CCI;CN, 3 equiv.
K2COs3; 80% for the three steps; (d) 0.01 equiv. TMSOTF, CH:Cl,, 0
°C, 88%; (e) (1) 70% AcOH, 70 °C; (2) H,, 0.05 equiv. Pb/C; (3)
MeONa, MeOH, pH=9; 90% for the three steps

B3 &AW1 BHEL
Scheme 3  Synthesis of epilactose 1
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mol). F&HZ(0.96 mL, 0.017 mol)FIRE ¥, VKER IS
SN R BER(— RN T —10 °C). SR FREUH #E 440
g, 022 mol)Zr#LZZIE N, )2 (3% (TLC) [V(A
fif) © M(CRRCTE)=2 ¢ 1kl R B2 584%. A 1 mL it
W A e SRR R P b SRS, JEIRORZETE, B 30 mLX3
FRORILZE RS Ac,O Fl Py 133k 464 3-A. 1E 3-A A
ZKHE(36 mL, 0.35 mol), A & %t 100 mL, JiX
VKR AH IR AR, 10 min 5N = BALTH 2 Bk
AW(158 mL, 1.16 mol)/x ¥ 12 h, TLC [V(fiimfi#) :
TR B =2 @ 11k f B 56 4. S A AN Ty
pH=7, RJEH & FH A, TR T8, R4
13 3-B. BJEEIRAE G R RPN\ EE, Bikvafg. 48
J5 FH A EEEN AT pH=10. XM 3 h J§ TLC Al V(A
fit) © M(LBRCHR)=2 @ 1R s b5 4x. N ER P i
WA pH=7, SRJGHIE LBRI IR, I8 e 28 B b 1 71 15
=9, H MCRR CER) - (=1 : 3 B HE
BAF=H(50 g, WK 83%). m.p. 132~134 C, [a]) +
77.5 (¢ 1.3, H,O)[SCHRME!®: m.p. 131~135 C, [a]? +
78.5 (¢ 1.3, H,0); "H NMR (300 MHz, D,0) 8: 7.36~7.28
(m, 5H, Ar-5H), 4.86 (d, J,,=1.7 Hz, 1H, H-1), 4.65, 4.45
(A, B of AB, J=11.4 Hz, 2H, CH,Ph), 3.83 (dd, J=3.3,
1.7 Hz, 1H, H-2), 3.76 (dd, J=12.0, 1.2 Hz, 1H), 3.72~
3.61 (m, 2H, H-3, H-6a), 3.62~3.54 (m, 2H, H-4, H-5).
322 2,3-0-7%7 XK -0-D-H ZEAEFIH(4) 095 %

L&Y 3 (20 g, 0.074 mol). Xf HH: HER4 R (Tg,
0.037 mmol) A TN 200 mL [EJEER . &A1Y
N0 100 mL 45 DMF il 2- F 4 7 4#(7.27 mL, 0.078
mol), =R FM. TLC [V(fihlk) @ (LR OHR) =
121 N se4s, B 70 Cim Mt . TLC
(VCfaEE) @ M(ZBR LB8)=1 @ 21800 [ B 564, I 10
mL = Z b OB PR ZE T 20 mL X 2 FR L 2K
DMF 184724, VCAmEE) @ MR LB =511 B
i fe A EEAA Y21 g, IE 92%). m.p. 130~132 C;
[a]5 +77.5 (c 1.0, CHCIy)[ XCHAE™ [a]Z +77.0 (c 1.0,
CHCl;); '"H NMR (300 MHz, CDCl3) o: 7.77~7.38 (m,
5H, Ar-5H), 5.16 (s, 1H, H-1), 4.76, 4.56 (A, B of AB, J=
11.7 Hz, 2H, CH,Ph), 4.33~4.14 (m, 2H, H-2, H-3),
3.92~3.84 (m, 2H), 3.84~3.64 (m, 2H), 3.37 (d, J=4.3
Hz, 1H, OH-4), 2.51 (t, J=6.1 Hz, 1H, OH-6), 1.56 (s, 3H,
CMe), 1.39 (s, 3H, CMe).
323 23-0-F% A L #-6-0- Ut K -a-D--t o H H A5 F
FH(5b) & # &

BALEYD 4 (10 g, 0.032 mol)iAf#AE 100 mL )% —
B, TN 8 mL ERE IS A HIE-10 C. RN
SN 2Bk 50(2.4 mL, 0.034 mol)fJ 20 mL CH,CL 5.
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TN TE R vk, EIAFE 1 h, TLC [V(fihEE)
V(CTR CBiE)y=4 1R B 5E 4. AR R AKX 1 mol/L
ERIR AN EhoK Pk, CHCL A8, Jo7K Na,SO, T4,
IRAFEENT VA B © MR LR =T © 114813k
EREFIRIEAA 5b (9.4 g, WK 83%). "H NMR (300 MHz,
CDCly) 0: 7.45~7.30 (m, 5H, Ar-5H), 5.12 (s, 1H, H-1),
4.74,4.54 (A, B of AB, J=11.6 Hz, 2H, CH,Ph), 4.41 (dd,
J=12.0, 5.4 Hz, 1H, H-6a), 4.29 (dd, J=12.0, 2.6 Hz, 1H,
H-6b), 4.24~4.13 (m, 2H, H-2, H-3), 3.87~3.76 (m, 1H,
H-5), 3.64~3.53 (m, 1H, H-4), 3.39 (d, J=4.6 Hz, 1H,
OH-4), 2.12 (s, 3H, COCHj), 1.51 (s, 3H, CMe), 1.35 (s,
3H, CMe); “C NMR (75 MHz, CDCl;) 6: 171.09, 136.44,
128.22, 127.93, 127.77, 109.44, 96.14, 77.89, 75.28, 68.96,
68.77, 68.16, 63.25, 27.50, 25.85, 20.50; HRMS (ESI)
caled for CgH,30; (M+H)" 353.1600, found 353.1601.
323 23-0-% A X &-6-0-F F Bt 2 -o-D-t v H 5 4
F3H(5c) 89 &

T 250 mL BB+, KA 4 (10 g, 0.032
mol)¥ T 100 mL T4 — & F k. Mo 8 mL MERE, VK
AEIZE—10 °C. IR -HR A B B S(3.97 mL, 0.034
mol)ff] 20 mL CH,ClL, ¥, T I05e Sl L ks, =R
#£ 1 h, TLC [V(aMEE) @ (LR CHE)=4 & 1kl ;8
FE4. KRR 1 mol/L #hie. ANE TR K PE gk,
CH,CL, 280, 67K Na,SO, T HEENT V(i)
V(IR IR =6 : 1157 B L EAHRMBE Sb (107 g,
% 80%). '"H NMR (300 MHz, CDCl5) J: 8.31~7.33 (m,
10H, Ar-10H), 5.20 (s, 1H, H-1), 4.82 (A of AB, J=11.7
Hz, 1H, CH,Ph), 4.74~4.63 (m, 2H, 2H-6), 4.59 (B of
AB, J=11.7 Hz, 1H, CH,Ph), 4.35~4.20 (m, 2H, H-2,
H-3), 4.09~3.98 (m, 1H, H-5), 3.81~3.64 (m, 2H, H-4,
OH-4), 1.54 (s, 3H, CMe), 1.39 (s, 3H, CMe); °C NMR
(75 MHz, CDCly) d: 166.52, 136.48, 132.86, 129.55,
129.40, 128.22, 128.10, 127.82, 127.72, 109.33, 96.02,
78.15, 75.37, 69.05, 68.79, 68.31, 63.91, 27.65, 25.81;
HRMS (ESI) caled for C,HysO; (M+H)" 415.1757,
found 415.1759.

324 4,6-0-F 7 ik -a-D-oH FHAE 5 (6a) 49 4 &

A &4 3 (20 g, 0.074 mol) I 250 mL [ i HEN
b i F IR AR REER(0.28 g, 1.5 mmol) R 1. &AM
RN 100 mL F4§ N,N-— B 5 B i (DMF) T 2-FFVAR
FEPGI#(7.27 mL, 0.078 mol), T = N M. TLC [V(f
HER) © MLFR CHR)=1 : 21 Y584, B 3 mL =
g b M. T 28T 30 mL X 3 HIZE L 7% R DMF
Y. B VOB © MR CER)=5 ¢ 1 LA
FLEE A H1(20.7 g, 10 90%). m.p. 132~134 C; 'H
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NMR (300 MHz, CDCl3) 6: 7.45~7.32 (m, 5H, Ar-5H),
4.95 (d, J=1.2 Hz, 1H, H-1), 4.74 (A of AB, J=11.8 Hz,
1H, CH,Ph), 4.53 (B of AB, J=11.8 Hz, 1H, CH,Ph), 4.08
(q, J=1.3 Hz, 1H, H-2), 4.04~3.95 (m, 2H, H-4, H-6a),
3.93~3.81 (m, 2H, H-3, H-6b), 3.81~3.67 (m, 1H, H-5),
3.04~2.88 (m, 2H, OH-2, OH-3), 1.55 (s, 3H, CMe), 1.46
(s, 3H, CMe).

325 4,6-0-%7A XL Hh-23-2-0-TUBtA-a-D-bH &
H& 3 (6b) Y H &

T 200 mL ARG T, L5 6a (10g, 0.032
mol) ¥ RAE 50 mL T4 Py H. I Ac,O (9 mL, 0.096
mmol), B = TR M. TLC A (V4
BE) @ M(CIR CTE)=4 @ 1R BT84, ks g 78 4 v 771,
F 20 mL X 2 HZE LK R Ac,0 fl Py, 15 4,6-0-F A X
$£-2,3-7-0- LTk F -o-D- L R H 75 4 5 (6b) KL 7= i,
FEEMT VA MEE) @ MR ) =6 @ 117 B3 Tk
PR 6b (12.5 g, W 98%). 'H NMR (300 MHz,
CDCly) 0: 7.43~7.31 (m, 5H, Ar-5H), 5.20 (s, 1H, H-1),
5.10 (dd, J=10.4, 7.5 Hz, 1H, H-3), 4.76, 4.57 (A, B of
AB, J=11.6 Hz, 2H, CH,Ph), 4.35~4.19 (m, 3H, H-4,
2H-6), 4.08 (dd, J=12.1, 2.4 Hz, 1H, H-2), 3.99~3.89 (m,
1H, H-5), 2.11 (d, J=1.7 Hz, 6H, COCH;x2), 1.59 (s, 3H,
CMe), 1.37 (s, 3H, CMe). HRMS (ESI) calcd for C,0H,;,05
(M+H)" 395.1706, found 395.1701.

32.6 4,6-0-5%7 XL H-2,3-=-0-K 7 Bt & -o-D-v1t " H
FAE I (60) 09 H) %

T 200 mL BJEFIS, K45 6a (10 g, 0.032
mol)¥ARLE 50 mL T4 Py #1. JI A BzCl (11.3 mL, 0.096
mmol), B = FH RIS, TLC K[ VA k)
R CBR)=4 T 1R Bi5e4s. R EZ&REER, H 20
mL X2 HZEILZEBER Ac,0 Fl Py, 15 4,6-0-F 4 X Ik-
2,3--O0- i i -a-D-ML I H 2R (60 )KL= i, A
ENTIVCARMES) @ (OB CER)=7 © 117 5453 0 R B
ARIBAE 6¢ (16 g, WL 96%). "H NMR (300 MHz, CDCl;)
5: 8.31~7.32 (m, 15H, Ar-15H), 5.53 (dd, J=10.3, 7.6
Hz, 1H, H-3), 5.30 (s, 1H, H-1), 4.85 (A of AB, J=11.6
Hz, 1H, CH,Ph), 4.69~4.59 (m, 2H, B of AB, CH,Ph;
H-6a), 4.59~4.48 (m, 2H), 4.37 (d, J=5.2 Hz, 1H, H-2),
4.34~427 (m, 1H, H-5), 1.71 (s, 3H, CMe), 1.43 (s, 3H,
CMe). HRMS (ESI) caled for C3;H; 03 (M + H) "
519.2019, found 519.2013.

327 2,3-=-0-T Bt & -a-D-= 7 H FE 4 5 35 (Tb) A=
2,3-=-0-F F Bt H -a-D-=k v o EAEFH(Tc) b9 #) &

¥tk & 6b (10 g, 0.025 mol)¥EfRAE 50 mL 70%
AcOH 7KIFWH, 70 “C FR 2 h, TLC &V (£
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WEE) © MR ZEE) =1 1]RBI5E4s. R hE & A
A, WAV (20 mLX2)H 2KILZE kBT [VCA
it) ©: MR TR =4 117 3818 LR FR A 7o
(8.9 g, UL 99%). AW Te (9.1 g W 99%)i% ik 5
FH A 6c 15

k&% 7b: '"H NMR (300 MHz, CDCLy) §: 7.43~
7.31 (m, 5H, Ar-5H), 5.33~5.22 (m, 2H, H-2, H-3), 4.87
(d, J=1.4 Hz, 1H, H-1), 4.73, 4.56 (A, B of AB, J=12.0
Hz, 2H, CH,Ph), 4.01 (t, J=9.5 Hz, 1H, H-4), 3.94~3.81
(m, 2H, 2H-6), 3.82~3.70 (m, 1H, H-5), 3.38 (s, 1H,
OH-6), 2.73 (s, 1H, OH-4), 2.09 (d, J=12.6 Hz, 6H,
COCH;X2); C NMR (75 MHz, CDCly) d: 170.63,
169.72, 136.21, 128.19, 127.71, 127.75, 96.53, 72.23,
71.66, 69.59, 69.14, 65.69, 61.75, 20.50, 20.44; HRMS
(ESI) caled for C;;H»O0s (M +H)" 355.1393, found
355.1390.

k&% 7¢: '"H NMR (300 MHz, CDCL) §: 8.14~7.30
(m, 15H, Ar-15H), 5.74~5.65 (m, 2H, H-2, H-3), 5.12 (d,
J=12 Hz, 1H, H-1), 4.82, 4.64 (A, B of AB, J=11.9 Hz,
2H, CH,Ph), 4.39 (t, J=9.5 Hz, 1H, H-4), 4.05~3.89 (m,
2H, 2H-6), 3.13 (s, 2H, OH-4, OH-6); *C NMR (75 MHz,
CDCLy) 0: 166.43, 165.15, 136.29, 133.17, 133.00, 129.50,
129.48, 129.14, 129.03, 128.25, 128.04, 127.79, 127.74,
96.68, 72.78, 72.41, 70.34, 69.39, 66.43, 61.86; HRMS
(ESI) caled for C,yH»,O3 (M+H)" 479.1706, found
479.1704.

3.2.8 2,3,6-=-0-C Bt H-a-D-=t " H 5 4% F 3 (8b) 9
# &

T200 mL FJREEHEH, #4549 To (8.5 g, 0.024
mol)IEARAE 50 mL T4 =& ke, IIA 5.8 mL ALiE,
FUKIRAE R —10 C. W HE M 2B (1.8 mL,
0.025 mol)ff] 20 mL CH,Cl, ¥k, N 5e B2 vk,
FimBFE 1 h, TLC [VCAME) @ MZRLER)=2 : 1]k
MR R5E4A. M 2 mL BRI ROV R 1
mol/L LR M AN Eh /K B, CHLCL, ZEHL, JE7K NaySO,
T GG RN VCANE) @ MR OE)=5 1]
I EETOREHIRBAE 8b (8.9 g, WH 94%). 'H NMR
(300 MHz, CDCl;) 6: 7.42~7.30 (m, 5H, Ar-5H), 5.32~
520 (m, 2H, H-2, H-3), 4.88 (d, J=1.3 Hz, 1H, H-1),
4.72, 4.57(A, B of AB, J=11.8 Hz, 2H, CH,Ph), 4.55~
4.46 (m, 1H, H-6a), 4.24 (dd, J=12.1, 1.6 Hz, 1H, H-6b),
3.93~3.78 (m, 2H, H-4, H-5), 2.78 (d, J=4.4 Hz, 1H,
OH-4), 2.16 (s, 3H, COCHy), 2.12 (s, 3H, COCH3), 2.08
(s, 3H, COCH;); “C NMR (75 MHz, CDCl;) ¢: 171.32,
170.61, 169.69, 136.26, 128.36, 127.96, 96.75, 71.49,
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70.92, 69.66, 69.51, 65.68, 63.08, 20.64, 20.59; HRMS
(ESI) caled for CioH,s0o (M+H) " 397.1499, found
397.1501.

329 23-Z-0-R P B HA-6-0-C Bt H-o-D-"t7h H FE A&
F 3 (8c) 8y ) &

T 200 mL FEERSES, HAEY Te (9 g, 0.019
mol) A 50 mL 4 & ke, FFMA S mL itbiE.
VKIRAHIZE —10 C. W I (1.4 mL,
0.020 mol)ft) 20 mL CH,Cl, ¥ 7K. TN oe BER vk,
FRBEFE 1 h, TLC [VCAME) @ (LR LER)=4 © 1]k
MR 5E4. 0 1.5 mL RS R AR R IM
IR A AR /KPS, CHLClL ZEHL . JE7K Na,SO, 5
WG FEENT VA E) @ MR 48 =6 11 BAEL
CREFPIRIBAE 8¢ (7.2 g, WFE 74%). '"H NMR (300 MHz,
CDCly) 6: 8.15~7.30 (m, 15H, Ar-15H), 5.69~5.61 (m,
2H, H-2, H-3), 5.12 (d, J=0.8 Hz, 1H, H-1), 4.81, 4.66 (A,
B of AB, J=11.8 Hz, 2H, CH,Ph), 4.58 (dd, J=12.1, 4.4
Hz, 1H, H-6a), 4.39 (dd, J=12.1, 2.2 Hz, 1H, H-6b),
4.26~4.14 (m, 1H, H-4), 4.08~3.99 (m, 1H, H-5), 3.04
(d, J=4.7 Hz, 1H, OH-4), 2.19 (s, 3H, COCH3); *C NMR
(75 MHz, CDCly) &: 171.10, 166.58, 165.10, 136.36,
133.31, 133.18, 129.69, 129.60, 129.39, 129.13, 128.41,
128.33, 128.18, 128.00, 127.96, 96.84, 72.64, 71.07, 70.37,
69.70, 66.37, 63.04, 20.64; HRMS (ESI) calcd for
CyoH2000 (M+H)" 521.1812, found 521.1810.

3.2.10 2,3,4,6-W9-O-C Bt K -p-D-wit vl F FUAE 3T F R A
H(10)89 %) %

H— 200 mL [BJEEHE, MAZEREF(80 mL, 0.85
mol) 1= 5 F%(0.48 mL, 8.4 mmol) RIS T~ UK Eh 1R 1t H1 At
SR R BRI (— RN T —20 °C). SR 5 BRI FLAE (20
g, 0.11 mol)ZItZEE AN, TLC [V(A M) @ 2R
fig)=2 > 1R s B 58 4. Ja ARE NN 1 mL ML me iR A
AR LN, YRS, A 30 mLX2 FIZEILZEBRR
Ac,O Fl Py. Z JGERAi1A R T8 CH,CL, 100 mL,
Hof L ZRR Y 21 g (0.17 mol). VKIBE—10 ClE =4
1B I 2.k 2% & 70(68 mL, 0.56 mol), i+ 20 min 5 E
FiRRPNIER. TLC [V(A M) @ LR GE)=2 1]
Forill 2 B2 56 4%, ) NaOH 7K pH="7.CH,Cl, Z=H{ |
JoK Na,SO, T W4s, HV(AME) @ (LR L
fig)=>5: 1 ELE WA AGEEEE 36 g, IR 72%.
m.p. 81~83 “C; '"H NMR (300 MHz, CDCl;) d: 7.41 (d,
J=8.2 Hz, 2H, Ar-2H), 7.13 (d, J=7.9 Hz, 2H, Ar-2H),
5.41 (dd, J=3.3, 1.0 Hz, 1H, H-3), 5.22 (t, J=9.9 Hz, 1H,
H-4), 5.04 (dd, J=9.9, 3.3 Hz, 1H, H-2), 4.65 (d, J=9.9
Hz, 1H, H-1), 4.19 (dd, J=11.3, 7.0 Hz, 1H, H-6a), 4.11
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(dd, J=11.3, 6.3 Hz, 1H, H-6b), 3.96~3.85 (m, 1H, H-5),
2.35 (s, 3H, CMe), 2.12 (s, 3H, COCH3), 2.10 (s, 3H,
COCHj3), 2.05 (s, 3H, COCHj3), 1.97 (s, 3H, COCHj,).
3.2.11 2,3,4,6-m9-0-K F Bt A -p-D-=t v F JUAE AT 7 K
A (11) 89 ) &

B A9 10 (16 g, 0.035 mol)% T 150 mL HfE, H
FEEEANIE pH=10. TLC [W(ZIRZHR) © V(FFEH)=5 1]
K je B e 4, B YER HE T pH=7, fhiEHERIER IS,
IO BEZE 3R R, IRAEPI (20 mL X 2) H R HL 2843 ik 4
PI11-A. TEIRGE R F NN 50 mL IERE(0.62 mol), il
T =FE = FF R &U(24 mL, 0.21 mol)f¥) 50 mL CH,Cl, ¥
W WINsE R =R 1 h, TLC [V(f k) @ (2R
ZIg)y=4 1K [ M 58 4. CH,LCL ZEE(FERUR I 100
mL ERERVE T /K RAAINENE). To7K NaSO, T, K
45, FEEMAb A& 1 23 g E 93%). 'H
NMR (300 MHz, CDCl3) 6: 8.10~7.99 (m, 4H, Ar-4H),
7.99~7.92 (m, 2H, Ar-2H), 7.83~7.76 (m, 2H, Ar-2H),
7.68~7.37 (m, 12H, Ar-12H), 7.27~7.19 (m, 2H, Ar-2H),
7.11 (d, J=8.0 Hz, 2H, Ar-2H), 6.06 (d, J=3.2 Hz, 1H,
H-3), 5.81 (t, J=9.9 Hz, 1H, H-4), 5.67 (dd, J=9.9, 3.2
Hz, 1H, H-2), 5.05 (d, J=9.8 Hz, 1H, H-1), 4.71 (dd, J=
10.9, 6.5 Hz, 1H, H-6a), 4.55~4.36 (m, 2H, H-5, H-6b),
2.39 (s, 3H, CMe); *C NMR (75 MHz, CDCl;) 6: 165.87,
165.36, 165.26, 165.04, 138.46, 134.27, 133.39, 133.17,
133.10, 129.87, 129.69, 129.65, 129.60, 129.49, 129.39,
129.25, 128.84, 128.65, 128.38, 128.28, 128.12, 127.28,
85.89, 74.98, 72.95, 68.35, 67.87, 62.44, 21.18.

3.2.12  2,3,4,6-W-0-T Bt -D-F $UE = R T B L fie By
(12)849 %) %

B2 FRE9) (10 g, 0.056 mol)iEfifAE 2. BRHT(40 mL,
0.43 mol)IF, MAFFEZ(0.24 mL, 4.2 mmol) M
T KSR AT ORAA R R (— RN T —10 C). A
JE FRECEFLBE(10g, 0.056 mol) 7 ltZE . TLC [V(f
HER) D MR AED)=2 1R B 5E 4. JaAbE A
1 mL o oE A R s S A b e R DR R 2T, 20
mL X2 HZRILZERRR Ac,0 F1 Py fHRZEY) 12-A. ¥
12-A #7150 mL DYERRmE, IMAZRHZ 12 mL (0.11
mol). TLC [V(A ) : MR OER)=1 : 11K EE
RBLTE A, IRIRIRAE B 207, T4 2 h, BARY
FHIA 150 mL 7K CHLCL, M CCLCN 8mL (0.083
mol). K,CO; 25 g (0.18 mmol), =ik M, TLC
VORI @ (LR GER)=2 © 1A M 5E 4. HihiE
Br B JGIRAR, AEENTA 3B A& 122 (23 ¢,
% 84%). '"H NMR (300 MHz, CDCl;) &: 8.68 (s, 1H,
OCNHCCl,), 6.50 (d, J=3.3 Hz, 1H, H-1), 5.46 (dd, J=

http://sioc-journal.cn/ 381



BIHE

R

2.7,0.8 Hz, 1H, H-4), 5.32 (dd, J=10.9, 3.0 Hz, 1H, H-3),
5.25 (dd, J=10.8, 3.4 Hz, 1H, H-2), 4.36 (t, J=6.6 Hz,
1H, H-5), 4.08 (dd, J=11.3, 6.5 Hz, 1H, H-6a), 3.98 (dd,
J=11.3, 6.7 Hz, 1H, H-6b), 2.08 (s, 3H, COCH3), 1.96~
1.90 (m, 9H, COCH; X 3).

32,13 2,3,4,6-W9-0- X PELA-D-F LM = R B TR
A (13) 649 %) &

HCEALBE(9) (10 g, 0.056 mol)VAf#AE Py (100mL,
1.24 mol)¥E R, W50 Hi ok I 50(48 mL, 0.42
mol)ff] 100 mL CH,CL, ¥¥. TLC [V(f2 ) © (2R 2
fig)=4 @ 17860 S B 56 4, 20 mL I EE Ik e 3. CHLCl,
R (FERLS N 150 mL ShEVE T 7K A s s Ak g ) JoK
Na,SO, THE. W45, G4k RiET VIFEE) @ M(UA
BRI =1 : 11 50 mL @AV, I 150 mL FEES
W, TLC [V ) @ (LR 48 =3 @ 1] &% Wi
BRPTEA. RIRIRAE R 2SR, TR 2 h, BAR
PRI 150 mL JG7K CH,Cl, I CCLCN 8 mL
(0.083 mol). K,CO; 25 g (0.18 mmol), iGN,
TLC [V(f1ihE) @ (LR LB =3 © 11T I B 58 4.
HUERR EARE G, HENT AR A 131
(33 g, W& 80%). "H NMR (300 MHz, CDCl;) §: 8.68 (s,
1H, OCNHCCl;), 8.17~7.80 (m, 8H, Ar-8H), 7.70~7.24
(m, 12H, Ar-12H), 6.97 (d, J=3.6 Hz, 1H, H-1), 6.21 (d, J
=3.2 Hz, 1H, H-4), 6.13 (dd, J=10.6, 3.2 Hz, 1H, H-3),
6.01 (dd, J=10.6, 3.6 Hz, 1H, H-2), 4.92 (t, J=6.5 Hz,
1H, H-5), 4.66 (dd, J=11.4, 6.9 Hz, 1H, H-6a), 4.49 (dd,
J=11.4, 6.0 Hz, 1H, H-6b).

3.2.14  23,4,6-W-0-T Bt -p-D-F LIz -(1—-4)-2,3-0-
57 X-6-O-K F Bt -a-D-w " H T A2 F 3 (14) 89 F) &

&) 5¢ (0.55 g, 1.3 mmol). 454 10 (0.66 g, 1.5
mmol)Fl 4 A 73 FFii(1 g)/T 100 mL [ we i 4 i B 2
TR, RIGET 20 mL T4 & H ke, vKigd 2
2£—10 C. FEASRY FIA N-IR T ZBE A2 (NIS)
(0.45 g, 2 mmol)F =5 H i R La(OTf); —ibaR. FR¥F
—10 CPFL 0.5 h, Rk R MNY) HRTHRZ =R,
2 h J5 TLC [V(H M) : MR AHER)=3 @ 1R M
SEAT, =i = ORI . e SRR 4 A oy
TO, JEVRIE FURGE, A ENT B VCAED © (&
IR g =5 © 1113 A BB 14 (79 mg, 1R 8%).

A 14 BRT LAY Se (0.31 g, 0.75 mmol).
b &%12 (0.41 g, 0.84 mmol) A1 4 A 73 Fii(1 g)/ilT 100
mL B S TSR, SRE%ET 20 mL &
THEMGET, KA HE—10 C. BAEPT, A=
PR T e i = U P R PR R (TMISOTY) 8 pl, f#4F—10 C
B 0.5 h, vk MY ERFHREI =R, 2 h 5
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TLC [V M) @ MR CBR)=5 © 18Il M 58 42,
= = S b OB IR R SR 2 4 A 43,
WEBRIE Tk, HEN o EVCamEE) - MR T
fig)=28 : 11453 ta [l A XUHE 14 (340 mg, YK 61%). m.p.
48~50 ‘C; 'H NMR (300 MHz, CDCl;) J: 8.08~8.01
(m, 2H, Ar-2H), 7.62~7.55 (m, 1H, Ar-H), 7.49~7.40 (m,
2H, Ar-2H), 7.40~7.30 (m, 5H, Ar-5H), 5.40 (dd, J=3.5,
0.9 Hz, 1H, H-4"), 5.26 (dd, J=10.4, 8.1 Hz, 1H, H-2'),
5.13 (s, 1H, H-1), 5.03 (dd, J=10.4, 3.5 Hz, 1H, H-3"),
4.80~4.70 (m, 2H, H-1', CH,Ph), 4.61 (dd, J=11.7, 2.1
Hz, 1H, H-4), 4.53 (B of AB, J=11.7 Hz, 1H, CH,Ph),
4.51~4.46 (m, 1H, H-5") 438 (dd, J=11.7, 5.9 Hz, 1H,
H-3), 4.25~4.15 (m, 3H, H-2, 2H-6), 4.12~4.01 (m, 1H,
H-5), 3.93 (td, J=6.6, 0.9 Hz, 1H, H-6a'), 3.84 (dd, J=
10.2, 6.9 Hz, 1H, H-6b"), 2.16, 2.05, 2.03, 1.99 (s, 12H,
COCH;X4), 1.57 (s, 3H, CMe), 1.37 (s, 3H, CMe); "*C
NMR (75 MHz, CDCl;) d: 169.91, 169.89, 169.69, 169.08,
165.69, 136.30, 132.81, 129.60, 129.18, 128.18, 128.14,
127.75, 127.69, 108.90, 100.91, 95.89, 78.34, 76.50, 75.25,
70.70, 70.68, 68.78 , 66.81, 65.98, 63.04, 60.82, 27.79,
25.95, 20.31, 20.2, 20.21, 20.16; HRMS (ESI) calcd for
C37Hys016 M+H)" 745.2708, found 745.2705.

3.2.15 2,3,4,6-19-0-K F Bt & -B-D-F §LAE-(1-4)-2,3-
O- %7 X -6-0-K P Btk -a-D-= " W FAE 3 (15) 89 4|
%

&%) 5¢ (0.42 g, 1.0 mmol). LAY 11 (0.70 g, 1.2
mmol)Fl 4 A 73F¥i(1 g)ii T 100 mL [ L) 7L 2=
T, SRJGIET 20 mL T & F i, vKiA4D
£—10 C. fEASMRY FIIN N-BUR T Bk i (NIS)
(0.34 g, 2 mmol) =35 TR B La(OTh); —baR. fR¥F
—10 ‘C/xMi 0.5 h, oK% I N SR T+ 2 = i,
2 h & TLC [V(faEk) @ (B Z08)=5 @ 11K /2 3
SEAT, = = O R IR R RR L 4 A Sy
T, PEVRIRE YA, AR B VCAER) C (L
R 2. 1E)=8 © 1119 F (L [E /4008 15 (110 mg, Y& 11%).

&Y 14 B AT LLEALEY) Se (0.27 g, 0.65 mmol).
1b&9113 (0.53 g, 0.72 mmol)Fl 4 A 43 Fi#(1 )it T 100
mL [RGB s TR R, S5 T 20 mL g
TEF T, KIBAHE—10 C. ERSMET A
= FE R o — g6 B PR IR (TMISOT) 8 uL, fR¥F—
10 ‘CJBi 0.5 h, fEUKIBER Y B RFHRE =R, 2
h J& TLC [V(fik) @ MR LHR)=5 @ 10 s B 58
A, N0 = O R 2 b )N, SRR BRI 2 4 A ST
i, SRR T R4E, HEENT B VA ) (LR
ZR)=8 : 1113 A A EEXHE 15 (485 mg, WXE 75%).
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m.p. 61~62 ‘C; '"H NMR (300 MHz, CDCl3) J: 8.20~
8.05 (m, 4H, Ar-H), 7.95~7.77 (m, 6H, Ar-H), 7.70~7.16
(m, 20H, Ar-H), 6.04 (d, J=3.5 Hz, 1H, H-4"), 5.86 (dd,
J=10.4, 8.0 Hz, 1H, H-2'), 5.70 (dd, J=10.4, 3.5 Hz, 1H,
H-3"), 5.17 (d, J=8.1 Hz, 1H, H-1'), 5.09 (s, 1H, H-1),
4.75~4.67 (m, 2H, H-4, CH,Ph), 4.66~4.57 (m, 2H,
2H-6), 4.55~4.47 (m, 2H, H-3, CH,Ph), 4.41 (t, J=6.4
Hz, 1H, H-5"), 4.27 (dd, J=11.8, 5.1 Hz, 1H, H-6a"), 4.13
(d, J=5.9 Hz, 1H, H-2), 4.12~4.03 (m, 1H, H-5), 3.97
(dd, J=10.2, 6.8 Hz, 1H, H-6b'), 1.59 (s, 3H, CMe), 1.22
(s, 3H, CMe); °C NMR (75 MHz, CDCl;) §: 165.69,
165.32, 165.31, 165.21, 164.96, 136.36, 133.25, 132.93,
132.89, 132.84, 132.44, 129.75, 129.60, 129.46, 129.42,
129.30, 129.22, 129.14, 128.70, 128.50, 128.42, 128.28,
128.16, 128.08, 127.98, 127.93, 127.85, 127.79, 127.68,
109.02, 101.04, 95.89, 78.21, 76.66, 75.22, 71.43, 71.31,
69.72, 68.79, 68.02, 66.00, 62.64, 61.84, 27.89, 25.77;
HRMS (ESI) caled for Cs;Hs3016 (M + H) 993.3334,
found 993.3335.
32,16 2,3,4,6-W-0-K ¥ Bt & -B-D-F $LHE-(1—4)-2,3-
O- 5 X-6-0- LBk 2 -a-D-=t 7 H F A5 F 35 (16) 49 4 %
tb&Y 5b (5 g, 0.014 mol)Fib &4 13 (11.55g,
0.016 mol) 4 A 43F (5 g)fF 200 mL [5]JEC LN 4k 3
R, RIEET 50 mL T A BT, IKIge
HE—10 C. ZALRY I = H B fk e 56 = 50 H
FRER(TMSOTS) 50 pL, fR¥F—10 CXI 0.5 h, #Z0K
WG I B EARFHE R =6, 2 h J§ TLC [V(f i)
V(LR CBE)=3 T 11K R B 5E 4, I 10 i = L&k
SN HEE R MR IRE 4 A T, BERIRE R4,
FEEM B[V R - M8 CH8)=6 : 1115 [ {4 [H
EXUBE 16 (11.6 g, WK 88%). m.p. 44~46 C; 'H NMR
(300 MHz, CDCl;) §: 8.18~7.95 (m, 6H, Ar-H), 7.85~
7.73 (m, 2H, Ar-H), 7.67~7.16 (m, 17H, Ar-H), 6.03 (d,
J=3.2 Hz, 1H, H-4"), 5.81 (dd, J=10.3, 8.0 Hz, 1H, H-2'),
5.70 (dd, J=10.4, 3.4 Hz, 1H, H-3"), 5.13 (d, J=7.9 Hz,
1H, H-1"), 5.06 (s, 1H, H-1), 4.76~4.61 (m, 2H, H-4,
CH,Ph), 4.58 (t, J=6.3 Hz, 1H, H-6a), 4.53~4.44 (m, 2H,
H-3, CH,Ph), 4.41 (t, J=6.3 Hz, 1H, H-6b), 4.34 (d, J=
10.3 Hz, 1H, H-6a"), 4.08 (d, J=5.8 Hz, 1H, H-2), 4.05~
3.88 (m, 2H, H-5, H-5"), 3.81 (dd, J=10.0, 6.9 Hz, 1H,
H-6'), 1.70 (s, 3H, COCH;), 1.55 (s, 3H, CMe), 1.18 (s,
3H, CMe); °C NMR (75 MHz, CDCl;) : 170.02, 165.82,
165.46, 165.35, 164.98, 136.51, 133.42, 133.15, 133.11,
133.05, 129.88, 129.58, 129.47, 128.99, 128.86, 128.59,
128.43, 128.36, 128.31, 128.24, 128.11, 127.91, 109.14,
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101.04, 96.08, 78.22, 75.38, 71.56, 71.48, 69.95, 69.00,
68.17, 65.83, 62.36, 61.99, 41.77, 28.01, 25.88, 20.12;
HRMS (ESI) caled for Cs,HsoOsNa (M+Na)* 953.2995,
found 953.2991.

32,17 2,3,4,6-W-0- K F Bt A& -B-D- ¥ $L #E -(1—-4)-
2,3,6- =-0-TL Bt & -g-D-vi v o B A F H(17) 89 4] &

1k&%) 8b (0.37 g, 0.93 mmol)FI1L&H) 13 (0.83 g,
1.1 mmol) 4 A 4> F-i(1 g)/T 100 mL IR & e - 4 3
TR, RIEET 20 mL FE S F g, kg
HE—10 C. EETRY I = B R b ik — 5
EFR R (TMSOTY) 8 uL, fREF—10 C&BL 0.5 h, HZ:iK
WWE R EARTFHER =, 2 h J§ TLC [V(f1 i)
TR =3 1R R B 54, =% = L4k
KON MRS 4 A 7, SERORE R R4E,
FEEMT B VA ThER) - MR ZE) =6 115 A E
AXUHE 17 (310 mg, YK 34%). m.p. 46~50 C; 'H
NMR (300 MHz, CDCly) 6: 8.17~7.98 (m, 6H, Ar-H),
7.83~7.75 (m, 2H, Ar-H), 7.71~7.21 (m, 19H, Ar-H),
6.02 (d, J=3.4 Hz, 1H, H-4"), 5.80 (dd, J=10.4, 7.9 Hz,
1H,H-2"), 5.61 (dd, J=10.4, 3.4 Hz, 1H, H-3'), 5.54 (dd,
J=9.4, 3.6 Hz, 1H, H-3), 5.31 (dd, J=3.6, 1.8 Hz, 1H,
H-2), 493 (d, J=7.9 Hz, 1H, H-1'), 4.84 (d, J=1.7 Hz,
1H, H-1), 4.77 (q, J=9.8 Hz, 1H, H-4), 4.67, 4.52 (A, B of
AB, J=12.0 Hz, 2H, CH,Ph), 4.40~4.28 (m, 2H, H-5',
H-6a'), 4.24 (d, J=3.2 Hz, 2H, 2H-6), 4.14~4.03 (m, 1H,
H-6b"), 3.91 (dt, J=9.9, 3.2 Hz, 1H, H-5), 2.10, 2.08, 1.98
(s, 9H, COCH;X3); “C NMR (75 MHz, CDCl;) o:
170.01, 169.50, 169.18, 165.70, 165.17, 165.07, 164.49,
135.99, 133.35, 133.12, 133.06, 132.97, 129.64, 129.54,
129.45, 129.43, 128.87, 128.65, 128.55, 128.40, 128.29,
128.22, 128.17, 128.15, 127.95, 127.78, 127.77, 100.93,
96.12, 73.76, 71.44, 70.69, 69.73, 69.58, 69.28, 67.34,
66.94, 66.91 61.95, 61.14, 20.54, 20.44, 20.32; HRMS
(ESI) calcd for Cs3Hs 01 (M—|—H)+ 975.3075, found
975.3072.

3.2.18 2,3,4,6-W9-0-K F Bt A -p-D-F $L#E-(1—4)-2,3-
Z-O0-R P B -6-O- TRt i -a-D- i H EAEF 3 (18) 49
# &

b &4 8¢ (0.38 g, 0.73 mmol). LEH 13 (0.65 g,
0.88 mmol)F1 4 A 7> T-#(1 g)/f T 100 mL |5 JE B 4
HAETHRER, REET 20 mL T &Rk, vkin
AEE—10 C. RS T I = b 2k =56
FRE R IH(TMSOTY) 8 pL, fREF—10 C/RBL 0.5 h, fil%
VKA N B SR THR B E IR, 2 h 5 TLC [V(f )
V(LR CBR)=3 © 11kl ) RL58 4, N =% = Z g2 1k
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R

SN HEE R MR ER L 4 A T, BEIRIEE T IR4EE,
FEN B VCa B @ MR 2E)=7 : 1173 A
XK 18 (200 mg, YF 25%). mp. 62~67 C; 'H
NMR (300 MHz, CDCl;) 6: 8.13~7.87 (m, 8H, Ar-H),
7.79~7.73 (m, 2H, Ar-H), 7.70~7.20 (m, 25H, Ar-H),
5.96 (dd, J=9.4, 3.4 Hz, 1H, H-3), 5.84 (d, J=3.0 Hz, 1H,
H-4'), 5.77 (dd, J=10.4, 7.9 Hz, 1H, H-2"), 5.71 (dd, J=
3.4, 1.9 Hz, 1H, H-2), 5.53 (dd, J=10.4, 3.4 Hz, 1H, H-3"),
5.06 (d, J=1.8 Hz, 1H, H-1), 4.98 (d, J=7.9 Hz, 1H,
H-1'), 4.76, 4.63 (A, B of AB, J=12.0 Hz, 2H, CH,Ph),
4.49~4.34 (m, 2H, H-4, H-6a), 4.27 (dd, J=12.1, 3.8 Hz,
1H, H-6b), 4.16~3.99 (m, 2H, H-6a', H-5"), 3.92 (dd, J=
8.4, 5.0 Hz, 1H, H-5), 3.85~3.76 (m, 1H, H-6b"), 1.97 (s,
3H, COCHj); “C NMR (75 MHz, CDCl;) d: 169.92,
165.20, 165.16, 164.97, 164.88, 164.56, 164.54, 136.08,
133.17, 133.03, 132.94, 132.86, 129.62, 129.52, 129.45,
129.41, 129.35, 129.32, 129.29, 128.90, 128.60, 128.32,
128.23, 128.20, 128.16, 128.10, 128.06, 127.92, 127.78,
101.13, 96.38, 73.99, 71.38, 70.71, 70.26, 69.97, 69.81,
69.56, 69.04, 67.02, 61.78, 60.27, 20.24; HRMS (ESI)
caled for CgHssO;3 (M + H) & 1099.3388, found
1099.3386.

3.2.19 & SUAE() 8 H &

LA 16 (10 g, 0.011 mol) JH A A 100 mL 70%
AcOH /KIEW I 200 mL [FEJEFHF, 70 'CF M 2 h,
TLC f[V(f ) @ MR ) =2 @ 1] RN 5E4E.
U i R BRRLA R, (20 mL X 2) F 3L AR 4
1-A. ¥ 1-A FHEEA R, FRMAELER(0.1 g, 0.94 mmol),
EREAARFERBEARR BT R, FZEETRM
. TLC [VCRMEE) @ MZBRZE)=1 © ST S8
SEAT, FUERRPATAR, (RIRIRYE R VG715 A-2. ¥ A2
FH FR B R, SRS SRS 0 F ARV o pH=9, B+
2 h. TLC [V(FEE) : (LIR CER)=5 © 1R B 56 42,
JGH HCl 1 pH=7. RIRKRAERRLER. REH V(HF
i) @ V(ZEH=1:5 trihAaEELE 1 34 ¢ K
% 90%). m.p. 146~150 C; *C NMR (75 MHz, D,0) 6:
102.78, 93.51, 76.35, 75.09, 72.27, 70.76, 70.70, 69.92,
68.75, 68.34, 60.82, 60.10. (93.36, 75.96, 74.67, 71.53,
70.36 A FL[A] 43 T A AR [SCHR AR °C NMR (100
MHz, D,0) §: 102.432 (C-1), 69.703 (C-2), 70.749 (C-3),
67.223 (C-4), 75.407 (C-5), 61.384 (C-6), 92.410 (C-1'),
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68.830 (C-2"), 72.538 (C-3"), 78.238 (C-4"), 72.640 (C-5"),
60.678 (C-6")]; HRMS (ESI) calcd for C;,H,,0;Na (M+
Na)" 365.1054, found 365.1058.

By A1 EL (Supporting Information) % FLHE & LA %
EPEE R B R E S L XL R AT B
& A F] W3 (http://sioc-journal.cn/)_E T %K.
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