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Abstract To improve the concentration in liver lesion tissue and increase the anti-hepatitis B virus (HBV) activity of Mati-
jin-Su [N-(N-benzoyl-L-phenylalanyl)-O-acetyl-L-phenylalanol, MTS] derivatives, five galactosyl derivatives of MTS with
potential for hepatic targeting were synthesized and their structures were confirmed by 'H NMR, *C NMR, 'H-'H COSY,
HMQC and ESI-MS. The anti-HBV activities of those compounds were evaluated in HepG2 2.2.15 cells. The screening results
showed that all target compounds had inhibitory effect on HBV DNA replication in HepG2 2.2.15 cells in a dose-effect rela-
tionship.
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Figure 1 Chemical structure of MTS
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Figure 2 General structure of hepatic targeting MTS derivatives
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BRIER — U T R [(Boc),O i £ 1t (R4 2 5L, 11 Ja X Bl 1 (1)
TR HEAT OB A 6, HIaMA 6 1E =T &
FR1EF T B Boc fR¥EE, 1930 5CHEH a1k 7. [FIRFLL 1-
RHARFE IR L -1 U e SR 1R 3 o [ k) 424
B KA A S N A R TR 11a~11e. FRK 11a~
1le 73 AIAT 7 &R 5 T B (IBCF)/N- 2 it nff npk
(NMM)FEF T Bt e B RN 45 12a~12e, fi )5 R0
AT WL B OR P RI45 B R &4 13a~13e. A H
bk &4 "H NMR, C NMR, 'H-"H COSY, HMQC
A ESI-MS #E4T T 5N, FF VR T H X HepG2
2.2.15 iy HBV DNA Fix 2. HERLEYIM
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1,2,3,4,6-F1.-O- 2. He-B-D-ML IR - FL i (BF 5 E,0) 111,
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Reagents and conditions: (i) Phthalic anhydride, Et;N, toluene, 140 °C; (ii) Et,O - BF3, 4AMS, CH,Cl,, 0 C tort; (i) N2H4 + H20, EtOH/H,0, 80 C; (iv)
(Boc)20, EtsN, CH30H, 45 C; (v) Ac0, pyridine, r.t.; (vi) CF3COOH, CH,Cl,, r.t.; (vii) Benzoic acid or 4-chlorobenzoic acid or 2-furoic acid, isobutyl
chloroformate (IBCF)/N-methylmorpholine (NMM), DMF/CH,Cl,, 0 “C to r.t.; (viii) CHa(CHz)sl or CH3(CHy)sBr, K2CO3, DMF, r.t.; (ix) 1.0 mol-L ' NaOH
(ag.), DMF, r.t.; (x) IBCF, NMM, CH,Cl,, 0 C to r.t.; (xi) CH;ONa, CH30OH/CH,Cly, r.t.
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#1  HiLS WA HepG2 2.2.15 21 )9 HBV DNA & il f{ 40
(X +s5,n=3)

Table 1 Inhibition ratio for the replication of HBV DNA of
compounds 13a~13e (X £5,n=3)

Inhibition ratio/%

Compd. = = =
12.5 pgemL 25 pgemL 50 pgemL
13a 22.31 21.36 32.18
13b 27.03 33.43 36.24
13c 17.48 26.70 31.23
13d 44.24 47.21 44.28
13e 0.88 35.26 38.88
3TC 97.76

SRR, T ARG 2.2.15 482 ) HBV DNA
MR FEIEMHEER, BRA —ENEICR. T—5
H DA N B BT A BCE 2 1 B PR T 1 MTS
frAEYD, JEIEREDT HBV WS B AT A ik A7 Ak i
T PR DA B AR ) MR A

3 IS
3.1 X5

AR DL TMS 9N F5, H Inova-400 MHz Ak
SZRSARANGEE Varian 2 F)IE; G HP-5793
A (35 E Hewlett-Packard 23 &) 5E; A (0% Ak ik
(300~400 H) = ERBAE Bl T 7= .
HARFN I N T o AT 2l Bl Ak 22 2l 77 0, B ) B
A, KRG AL TR B BEAE .
32 HEARK
3.2.1  BEAEAR 1,2,3,4,6- B-O-CBEE--D-=eb F JLAE
(1) 89 5 A%,

PEALER 1 2 BESCHR[22] 10 5151 4%
3.2.2 W EMR N-ARR Z W BE-1- 3R 7 205F(2) 49 Ak

B IR ERE(3.00 g, 19.8 mmol) 4R — HIER T
(2.94 g, 19.8 mmol) T 3 % 7 it %2 - #r i 52 5 7K 2%
(Dean-Stark tube)] e B HT, IIAFZK (80 mL)M =4
JiZ(4.15 mL, 29.86 mmol), =M FLIES], FT 140 C
FYi 3.5 h. fERMRAHEZRE, BEIEHT LR
fi5(500 mL)FI7K(400 mL)+, ZEH, B3 A HLZKIK LA
0.1 moleL ™" EHR/K(300 mL). AR AN A (300
mL X 2)FI A1 AL AN(300 mL X 2)¥Eis, TKBRREET
fe, WUE FSOA T 2T, BTSiR EARERAE EAT V(R
f5) * VIR ED) =70 : 11401k, 13 5.29 ¢ AR ARPEA
231 K 95%. m.p. 120~121 ‘C; 'H NMR (400 MHz,
CDCly) o0: 7.80~7.73 (m, 2H, H-arom.), 7.70~7.63 (m,
2H, H-arom.), 7.24~7.12 (m, 5H, H-5¢~H-9c), 4.68~
4.59 (m, 1H, H-2c), 4.08 (dd, J=11.7, 7.5 Hz, 1H, H-1c),
3.93 (dd, J=11.8, 3.6 Hz, 1H, H-1'c), 3.20 (d, J=8.0 Hz,
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2H, H-3c); C NMR (101 MHz, CDCl) J: 168.89 (OC-
NCO), 13735 (Cuomqut)s 134.01 (2Cuom), 131.54
(2Caromaquat)> 128.97 (2Caom), 128.46 (2Cuom), 126.59
(C-7¢), 123.24 (2Cyrom), 62.72 (C-1c), 55.18 (C-2¢), 34.72
(C-3¢).

3.23 AR N-ARR = ¥ B-0-(2,3,4,6-19-0- LBt A -
B-D-vit el F S8 A )-1- 3K 7 A BF(3) 89 4 A%

B ajfA 1 (3.33 g, 8.53 mmol). FEAL{K 2 (2.00 g,
7.11 mmol) 5 5.70 g AR 4 A IR A T O,
AR T, FEA 45 mL oK CH,Cl, #K/KAEIRE
0 °C, W BFs*Et,O (6.5 mL, 51.2 mmol), ihn5e ¥ )5
AREEREFE N 48 h & TLC Al [ B 5e . 1) S ML
IINBRIREH(7.00 g, 51.2 mmol), ZEIEHHE 10 min J5, ¥
HA B 2/ 2.5(500 mL)FI7K (400 mL)Hr, #HL, Fr
BEHLZ LLKBERR (300 mL X 2), To/KBREREET-1E,
BT, I35k B A rE R E T V(A T EE)
VIR G =2 : 1140ifk, 153 2.68 g JotaiiRH Ak 3,
K 62%. '"H NMR (400 MHz, CDCl5) 6: 7.80~7.75 (m,
2H, H-arom.), 7.71~7.65 (m, 2H, H-arom.), 7.23~7.12
(m, 5H, H-5¢~H-9c¢), 5.33 (dd, J=3.4, 1.0 Hz, 1H, H-4d),
5.10 (dd, J=10.5, 7.9 Hz, 1H, H-2d), 4.91 (dd, J=10.5,
3.4 Hz, 1H, H-3d), 4.85~4.74 (m, 1H, H-2c), 4.42 (d, J=
7.9 Hz, 1H, H-1d), 4.24~4.07 (m, 4H, H-6d, H-1c), 3.85
(td, J=6.7, 1.0 Hz, 1H, H-5d), 3.24 (dd, J=13.9, 9.8 Hz,
1H, H-3c), 3.10 (dd, J=13.9, 6.4 Hz, 1H, H-3'c), 2.13 (s,
3H, CH;CO), 2.04 (s, 3H, CH;CO), 1.92 (s, 3H, CH;CO),
1.55 (s, 3H, CH;CO); “C NMR (101 MHz, CDCl;) §:
170.35, 170.22, 170.07, 168.86, 168.11, (CH;CO X 4,
OCNCO), 136.86 (Curomaquat)> 133.88 (2Cuom), 131.60
(2Caromquat)s 128.80 (2Cuom), 128.52 (2Cy0m), 126.70
(C-7¢), 123.13 (2Caom), 100.93 (C-1d), 70.74, 70.56,
(C-3d, C-5d), 68.48 (C-2d), 68.05 (C-lc), 66.85 (C-4d),
61.12 (C-6d), 52.29 (C-2c), 34.96 (C-3c), 20.65, 20.62,
20.50, 19.93 (CH;CO X 4) .

3.2.4 PR 0-(2,3,4,6-W-0-C B 3 -f-D-wrt vl F 5L
e A )-1-5K 7 2 BF(7) 49 B A%,

HUrR )44 3 (1.00 g, 1.64 mmol) T B, K in
A 125 mL 2, 8 mL 7K, 13.5 mL /K& 277 mmol),
80 CHIVL 1 h &R 564, Wk R 28, /bR
W ET, Bk 4. K15 4 HE A 60 mL HEE,
T 45 CIM#ERE, TN R 8T EE(0.71 mL,
3.28 mmol), =Z.}%(0.46 mL, 3.28 mmol), 4k4ET 45 C
FHE 1 h BRI BITEA, I EKZ R, k[
WHEEZET, B2 EE S Fifg S LA 16 mL M i,
VKIKIBFE /A H R I 8 mL ZFRHEF, nse ke,
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FIRPFE 10 h 5, B N EE 28 4 BE(400 mL) A
7KK (300 mLYyREHI, ZEHL, A HLZ MR LA 52
(200 mLX2)F17K(200 mLX2)¥e¥, ToKH R EE T 14,
IO ISR 22, 1930 R R4k 6. K 6 VT 10 mL —
FHBEH, VOKIBAHFZEIMA 10 mL =R LR,
se e, SiRMEE 30 min £ TLC A S M 58 4. #x
Ly B R 2.2 .15 (400 mL)FI UK v AR ER 54(300 mL)
RAEYIH, ZEH, A NLZE DOKBESQ250 mLX3), T
IKTREREE 1, MR RIWCE R R T, BTkl a i
FEEM[VEDT) - V(FED)=30 : 11201k, 5200 mg Lt
WHERAL S 7, VU5 S N B ER 26%. 'H NMR (400
MHz, CDCl;) 6: 7.38~7.14 (m, 5H, H-5¢~H-9c), 5.40
(dd, J=3.4, 1.1 Hz, 1H, H-4d), 5.24 (dd, J=10.5, 7.9 Hz,
1H, H-2d), 5.03 (dd, J=10.5, 3.4 Hz, 1H, H-3d), 4.49 (d,
J=7.9 Hz, 1H, H-1d), 4.22~4.09 (m, 2H, H-6d), 3.94~
3.89 (m, 2H, H-5d, H-lc), 3.39~3.25 (m, 2H, H-2c,
H-1'c), 2.74 (dd, J=13.3, 5.5 Hz, 1H, H-3¢), 2.55 (dd, J=
13.4, 8.0 Hz, 1H, H-3'c), 2.16 (s, 3H, CH;CO), 2.07 (s, 3H,
CH;CO), 2.04 (s, 3H, CH5CO), 2.00 (s, 3H, CH;CO); "*C
NMR (101 MHz, CDCly) &: 170.39, 170.24, 170.15,
169.54 (CH;CO X 4), 13821 (C-4c), 129.14 (2Cyom),
128.55 (2Cuom), 126.48 (C-7c), 101.57 (C-1d), 74.48
(C-1c), 70.77, 70.58, (C-3d, C-5d), 68.92 (C-2d), 66.93
(C-4d), 61.21 (C-6d), 52.12 (C-2c), 39.92 (C-3c), 20.81
(CH5CO), 20.66 (CH;CO X 2), 20.58 (CH;CO).

3.2.5 WAk 9a~9d. 10a~10b. 1la~1le &4 &

i) & 9a~9d. 10a~10b. 11a~11e S R[4, 5]
(7 2 4%

3.2.6 WK 12a~12e 894 5%

DL a4k 12a & A, BU 7 (150 mg, 0.31
mmol)Al 11a (100 mg, 0.37 mmol)JE& T MR H, A
JE7K CH,Cl, (6 mL)FI NMM (80 uL, 0.72 mmol), #K/K#
REZE 0 C, EARYT, WhndE IBCF (44 uL, 0.34
mmol) ¥ 1.5 mL, Vi INFEEE G 444 #: S 8 h. fil
DK IR N, IR U CHLCL 2 F, BRI 4.
Z.iE(120 mL)F7K(80 mL)7r#, ZEHL, AR AHLEMKIX
2L 0.1 moleL ™' 27K (80 mL). WIAIBRARE4H(80 mLX2)
AR AENB0 mL X 2)BE%s, ToKBERE:T 1%, Wk
ST T, BTk RS rE A Z M V) V(F
f)=70 : 14ifb 3T PR R 122, 28 B8 TTE
il #5  [A] A 12b~12e.

N-(N-Zi% F I 6 -1- 2 P A 9t 46 )- O0-(2,3,4,6- 14 -O- 2. T
B -B-D-MHE W > L JE )-1- 2K T =B (12a): TG L3R A,
% 86%. "H NMR (400 MHz, CDCl3) 6: 7.77~7.70 (m,
2H, H-3b, H-7b), 7.55~7.48 (m, 1H, H-5b), 7.48~7.40

2180 http://sioc-journal.cn/

© 2015 Chinese Chemical Society & SIOC, CAS

(m, 2H, H-4b, H-6b), 7.37~7.27 (m, SH, H-arom.), 7.24~
7.14 (m, 3H, H-arom.), 7.12~7.07 (m, 2H, H-arom.), 6.86
(d, J=7.6 Hz, 1H, NHCO), 6.20 (d, J=8.5 Hz, 1H,
NHCO), 5.39 (dd, J=3.4, 0.9 Hz, 1H, H-4d), 5.24 (dd, J=
10.5, 7.9 Hz, 1H, H-2d), 5.04 (dd, J=10.5, 3.4 Hz, 1H,
H-3d), 4.82~4.76 (m, 1H, H-2a), 4.33 (d, J=7.9 Hz, 1H,
H-1d), 4.26~4.09 (m, 3H, H-2¢c, H-6d), 3.86~3.79 (m,
1H, H-5d), 3.64 (dd, J=10.1, 4.0 Hz, 1H, H-1c), 3.43 (dd,
J=10.1, 3.0 Hz, 1H, H-1'c), 3.22 (dd, J=13.6, 5.7 Hz, 1H,
H-3a), 3.12 (dd, J=13.6, 7.8 Hz, 1H, H-3'a), 2.82~2.69
(m, 2H, H-3c), 2.16 (s, 3H, CH;CO), 2.11 (s, 3H, CH;CO),
2.02 (s, 3H, CH;CO), 2.01 (s, 3H, CH;CO); *C NMR (101
MHz, CDCLy) d: 170.39, 170.20, 170.13, 169.46, (C-1a,
CH;CO X 4), 166.87 (C-1b), 137.22, 136.57, 133.73,
(3Curomaquat), 131.76 (C-5b), 129.43 (2Cqom), 129.14
(2Cuom), 12871 (2Cuom), 128.55 (2Cuom), 128.52
(2Carom)s 127.13 (Cyom), 127.01 (C-3b, C-7b), 126.60
(C-7c), 101.14 (C-1d), 70.62 (C-3d, C-5d), 69.03 (C-1c),
68.84 (C-2d), 66.94 (C-4d), 61.31 (C-6d), 54.79 (C-2a),
50.20 (C-2c), 38.64 (C-3a), 36.63 (C-3c), 20.86 (CH;CO),
20.66 (CH5CO), 20.59 (CH;CO X 2).

N-(N-2K F o 5 -1- 1% 2 19t 6% )-0-(2,3,4,6- 14 -O- 2T
HE-B-D- Lt T 2 FUHE 26 )-1- 2K P &= B (12b): TG (i R4,
I 91%. '"H NMR (400 MHz, CDCl3) 6: 7.76 (d, J=7.2
Hz, 2H, H-3b, H-7b), 7.52 (t, J=7.4 Hz, 1H, H-5b), 7.44
(t, J=17.5 Hz, 2H, H-4b, H-6b), 7.25~7.10 (m, 7H, H-5a,
H-9a, H-5¢~H-9¢), 6.79 (d, J=8.4 Hz, 2H, H-6a, H-8a),
6.56 (d, J=10.2 Hz, 1H, NHCO), 6.22 (d, J=8.6 Hz, 1H,
NHCO), 5.38 (dd, J=3.4, 0.9 Hz, 1H, H-4d), 5.23 (dd, J=
10.5, 7.9 Hz, 1H, H-2d), 5.03 (dd, J=10.5, 3.4 Hz, 1H,
H-3d), 4.74~4.67 (m, 1H, H-2a), 4.30~421 (m, 2H,
H-2c, H-6d), 4.19 (d, J=7.9 Hz, 1H, H-1d), 4.04 (dd, J=
11.3, 6.3 Hz, 1H, H-6'd), 3.75 (t, J=6.6 Hz, 1H, H-5d),
3.59 (dd, J=10.3, 3.4 Hz, 1H, H-1c), 3.42 (dd, J=10.3,
2.8 Hz, 1H, H-1'c), 3.13 (dd, J=13.5, 4.9 Hz, 1H, H-3a),
3.01 (dd, J=13.5, 8.8 Hz, 1H, H-3"a), 2.82~2.70 (m, 2H,
H-3c), 2.18 (s, 3H, CH;CO), 2.11 (s, 3H, CH;CO), 2.02 (s,
3H, CH;CO), 1.98 (s, 3H, CH;CO); *C NMR (101 MHz,
CDCly) §: 170.89, 170.44, 170.29, 170.25, 169.58, (C-1a,
CH;CO X 4), 166.82 (C-1b), 155.30 (C-7a), 137.23 (C-4c),
133.68 (C-2b), 131.81 (C-5b), 130.60 (2Cuom), 129.08
(2Carom)s 128.57 (2Carom), 128.52 (2Cyom.), 128.06 (C-4a),
127.02 (C-3b, 7b), 126.61 (C-7c), 115.82 (C-6a, 8a),
101.22 (C-1d), 70.67 (C-3d), 70.54 (C-5d), 69.58 (C-1c),
68.88 (C-2d), 66.98 (C-4d), 61.63 (C-6d), 55.43 (C-2a),
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50.21 (C-2c), 38.28 (C-3a), 36.49 (C-3c), 20.84, 20.66,
20.63, 20.55, (CH;CO X 4).

N-(N-ZK B 26 -0- 1F O 8 -1- 8 & R 25 )-0-(2,3,4,6-
VY-O- 2, I J5-B-D- ML g > FLHE J%)-1- R N & i (12¢): TG
HOIRY, W& 80%. 'H NMR (400 MHz, CDCl;) d: 7.75~
7.71 (m, 2H, H-3b, H-7b), 7.54~7.48 (m, 1H, H-5b), 7.43
(t, J=7.5 Hz, 2H, H-4b, H-6b), 7.24~7.08 (m, 7H, H-5a,
H-9a, H-5¢c~H-9¢), 6.84 (d, J=8.6 Hz, 2H, H-6a, H-8a),
6.81 (d, J=7.6 Hz, 1H, NHCO), 6.23 (d, J=8.5 Hz, 1H,
NHCO), 5.40 (dd, J=3.4, 0.8 Hz, 1H, H-4d), 5.27 (dd, J=
10.5, 7.9 Hz, 1H, H-2d), 5.03 (dd, J=10.5, 3.4 Hz, 1H,
H-3d), 4.76 (dd, J=13.3, 7.1 Hz, 1H, H-2a), 4.40 (d, J=
7.9 Hz, 1H, H-1d), 426~4.12 (m, 3H, H-2c, H-6d),
3.95~3.86 (m, 3H, H-5d, OCH,CH,CH,CH,CH,CHj),
3.71 (dd, J=10.0, 4.2 Hz, 1H, H-1c), 3.48 (dd, J=10.0,
3.1 Hz, 1H, H-1'c), 3.18~3.04 (m, 2H, H-3a), 2.84~2.71
(m, 2H, H-3c), 2.15 (s, 3H, CH;CO), 2.11 (s, 3H, CH;CO),
2.01 (s, 6H, CH;COX2), 1.79~1.72 (m, 2H, OCH,CH,-
CH,CH,CH,CHj), 1.48~1.40 (m, 2H, OCH,CH,CH,CH,-
CH,CH;), 1.35~1.30 (m, 4H, OCH,CH,CH,CH,CH,-
CHs3), 0.90 (t, J=7.0 Hz, 3H, OCH,CH,CH,CH,CH,CHj3);
3C NMR (101 MHz, CDCly) &: 170.36, 170.29, 170.25,
170.11, 169.44, (C-1a, CH;CO X 4), 166.90 (C-1b), 158.22
(C-7a), 13721 (C-4c), 133.79 (C-2b), 131.73 (C-5b),
13041 (2Cuom)s 129.17 (2Cuom), 128.54 (C-4b, 6b),
128.51 (2Caom), 128.11 (C-4a), 127.01 (C-3b, 7b), 126.60
(C-7c), 114.62 (C-6a, 8a), 101.14 (C-1d), 70.72 (C-3d),
70.70 (C-5d), 68.95 (C-lc), 68.85 (C-2d), 67.92
(OCH,CH,CH,CH,CH,CHj3), 66.92 (C-4d), 61.24 (C-6d),
54.67 (C-2a), 50.21 (C-2¢), 37.53 (C-3a), 36.65 (C-3c),
31.57 (OCH,CH,CH,CH,CH,CH;), 29.21 (OCH,CH,-
CH,CH,CH,CH;), 25.69 (OCH,CH,CH,CH,CH,CHs),
22.57 (OCH,CH,CH,CH,CH,CHj3), 20.86, 20.66, 20.61,
20.59, (CH5CO X 4), 14.02 (OCH,CH,CH,CH,CH,CHj3).

N-[N-(4- S 2% W Bt B )-0- 1IE T J -1- % & B
3£1-0-(2,3,4,6-VU-0- £, 1k I -p-D- 1L Wi 2= LR 25 )-1- 2K 75
AMEA2d): AEMEK, PR 76%. mp. 190~192 C; 'H
NMR (400 MHz, CDCl;) d: 7.68 (d, J=8.5 Hz, 2H, H-3b,
H-7b), 7.40 (d, J=8.5 Hz, 2H, H-4b, H-6b), 7.27~7.07
(m, 7H, H-5a, H-9a, H-5¢~H-9¢), 6.89~6.75 (m, 3H,
H-6a, H-8a, NHCO), 6.14 (d, J=8.4 Hz, 1H, NHCO), 5.40
(d, J=3.0 Hz, 1H, H-4d), 5.27 (dd, J=10.5, 7.9 Hz, 1H,
H-2d), 5.04 (dd, J=10.5, 3.4 Hz, 1H, H-3d), 4.74 (dd, J=
13.1, 7.1 Hz, 1H, H-2a), 4.39 (d, J=7.9 Hz, 1H, H-1d),
425~4.08 (m, 3H, H-2c, H-6d), 3.97~3.83 (m, 3H,
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H-5d, OCH,CH,CH,CH3), 3.72 (dd, J=9.9, 4.0 Hz, 1H,
H-1c), 3.46 (dd, J=10.0, 2.8 Hz, 1H, H-1'c), 3.17~3.02
(m, 2H, H-3a), 2.84~2.68 (m, 2H, H-3c), 2.15 (s, 3H,
CH;CO), 2.11 (s, 3H, CH;CO), 2.02 (s, 6H, CH;CO X ?2),
1.77~1.72 (m, 2H, OCH,CH,CH,CH3), 1.54~1.40 (m,
2H, OCH,CH,CH,CHj,), 0.96 (t, J=7.4 Hz, 3H, OCH,-
CH,CH,CHa).

N-[N-(2-P5 MR B g 266 )-1- i 019 4% ) - 0-(2,3,4,6- VU - O-
LB FE-B-D-ME W - FUBE 5L )-1- 2R Y 2 BE(12e): TG HDIR
¥, W 76%. "H NMR (400 MHz, CDCLy) J: 7.46 (d, J=
1.7 Hz, 1H, H-5b), 7.24~7.09 (m, 8H, H-3b, H-5a, H-9a,
H-5¢~H-9¢), 6.78 (d, J=8.4 Hz, 2H, H-6a, H-8a), 6.68~
6.43 (m, 2H, H-4b, NHCO), 6.21 (d, J=8.5 Hz, 1H,
NHCO), 5.38 (dd, J=3.4, 0.8 Hz, 1H, H-4d), 5.22 (dd, J=
10.5, 7.9 Hz, 1H, H-2d), 5.02 (dd, J=10.5, 3.4 Hz, 1H,
H-3d), 4.69~4.61 (m, 1H, H-2a), 429~4.16 (m, 3H,
H-1d, H-6d, H-2¢), 4.04 (dd, J=11.3, 6.4 Hz, 1H, H-6'd),
3.75 (t, J=6.5 Hz, 1H, H-5d), 3.56 (dd, J=10.3, 3.5 Hz,
1H, H-1c¢), 3.41 (dd, J=10.3, 2.9 Hz, 1H, H-1'¢), 3.09~
3.00 (m, 2H, H-3a), 2.80~2.72 (m, 2H, H-3¢), 2.19 (s, 3H,
CH;CO), 2.10 (s, 3H, CH5CO), 2.02 (s, 3H, CH;CO), 2.00
(s, 3H, CH;CO); *C NMR (101 MHz, CDCls) d: 170.90,
170.43, 170.30, 169.96, 169.58, (C-la, CH;CO X 4),
157.80, 15532, (C-1b, C-7a), 147.22 (C-2b), 144.34
(C-5b), 137.21 (C-4c), 130.55 (2Caom), 129.10 (2Carom),
128.48 (2Cuom), 127.90 (C-4a), 126.56 (C-7c), 115.80
(C-6a, 8a), 114.82 (C-3b), 112.16 (C-4b), 101.20 (C-1d),
70.69 (C-3d), 70.51 (C-5d), 69.54 (C-1c), 68.86 (C-2d),
66.96 (C-4d), 61.57 (C-6d), 54.70 (C-2a), 50.20 (C-2c),
38.28 (C-3a), 36.47 (C-3c), 20.83, 20.67, 20.63, 20.57,
(CH;CO X 4).

327 BiRis4 13a~13e 894 5%

CLEARME A 13a (& B, BCHEMA 122 (100
mg, 0.14 mmol) - [ B HT, S 3 mL HFIEEHI 0.5 mL —
A B AR, 218N E45(0.68 mL, 0.41 molsL ',
0.28 mmol), FEILBEFE 30 min 5, BEPEFIIAHEFA
et g AN, T pH 2 S~6, IUE, IRAEIERET, Bt
R B AERERAE ENTVED) © V(R EE)=10 : 1146tk
BEWLEY 13a. R ERTEHBERLED
13b~13e.

N-(N-28% PP 25 -1- 2K R 01 258 ) - O-(B-D- Mk e ~F= L b
) I-RNEEE(13a): HOH R, IE 91%. mp. 229~
231 ‘C; '"H NMR (400 MHz, CD;OD) ¢: 7.71~7.67 (m,
2H, H-3b, H-7b), 7.54~7.48 (m, 1H, H-5b), 7.43 (t, J=
7.6 Hz, 2H, H-4b, H-6b), 7.30~7.13 (m, 9H, H-arom.),
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7.11~7.05 (m, 1H, H-arom.), 4.82 (dd, J=8.9, 6.2 Hz,
1H, H-2a), 4.25~4.17 (m, 1H, H-2c), 4.08 (d, J=7.7 Hz,
1H, H-1d), 3.81~3.74 (m, 2H, H-4d, H-6d), 3.72~3.66
(m, 2H, H-6'd, H-1c), 3.63~3.52 (m, 2H, H-2d, H-1'c),
3.42 (dd, J=9.7, 3.4 Hz, 1H, H-3d), 3.39~3.34 (m, 1H,
H-5d), 3.14 (dd, J=13.7, 6.2 Hz, 1H, H-3a), 3.01~2.93
(m, 2H, H-3'a, H-3c), 2.81 (dd, J=13.6, 7.8 Hz, 1H,
H-3'c); *C NMR (101 MHz, CD;0D) §: 173.27 (C-1a),
169.92 (C-1b), 139.65, 138.65, 135.30, (3Curomquat)> 132.85
(C-5b), 130.55 (2Carom.)> 130.44 (2Crom), 129.53 (2Carom.),
129.49 (2Cuom), 12930 (2Cuom), 128.47 (C-3b, 7b),
127.80, 127.26, (2Cqom), 105.46 (C-1d), 76.55 (C-5d),
74.83 (C-3d), 72.54 (C-2d), 71.88 (C-1c), 70.22 (C-4d),
62.62 (C-6d), 56.70 (C-2a), 52.64 (C-2c), 38.98 (C-3a),
37.96 (C-3c); ESI-MS m/z: 587.2 [M+Na]'. ESI-HRMS
calcd for C5,H;34N,OgNa [M—i—Na]+ 587.2369, found
587.2371.

N-(N-Z F T = -1- 1% 2 15 % )-O-(B-D- Wt i > L bE
-1 KNERE(13b): AEMAR, WE 76%. mp. 227~
229 C; 'H NMR (400 MHz, DMSO-d) 6: 9.11 (s, 1H,
OH), 8.40 (d, J=8.5 Hz, 1H, NHCO), 7.89 (d, J/=8.3 Hz,
1H, NHCO), 7.80~7.75 (m, 2H, H-3b, H-7b), 7.55~7.47
(m, 1H, H-5b), 7.47~7.39 (m, 2H, H-4b, H-6b), 7.26~
7.10 (m, 5H, H-5¢~H-9c¢), 7.07 (d, J=8.5 Hz, 2H, H-5a,
H-9a), 6.60 (d, J=8.5 Hz, 2H, H-6a, H-8a), 4.85 (d, J=
4.6 Hz, 1H, OH), 4.72 (d, J=5.5 Hz, 1H, OH), 4.63 (t, J=
5.5 Hz, 1H, OH), 4.59~4.52 (m, 1H, H-2a), 4.36 (d, J=
4.5 Hz, 1H, OH), 4.10~4.01 (m, 2H, H-1d, H-2c), 3.63~
3.39 (m, 5H, H-4d, H-6d, H-1c), 3.37~3.24 (m, 3H, H-2d,
H-3d, H-5d), 2.95 (dd, J=13.7, 5.3 Hz, 1H, H-3a), 2.91~
2.77 (m, 2H, H-3'a, H-3c), 2.69 (dd, J=13.5, 8.2 Hz, 1H,
H-3'c); *C NMR (101 MHz, DMSO-dg) d: 171.16 (C-1a),
166.12 (C-1b), 155.63 (C-7a), 138.73 (C-4c), 134.13
(C-2b), 131.25 (C-5b), 130.10 (C-5a, 9a), 129.31 (2Cyom.),
128.41 (C-4a), 128.17 (2Cuom), 128.03 (2Cuom), 127.41
(C-3b, 7b), 125.93 (C-7c), 114.81 (C-6a, 8a), 103.74
(C-1d), 75.18 (C-5d), 73.36 (C-3d), 70.63 (C-2d), 69.63
(C-1c), 68.11 (C-4d), 60.45 (C-6d), 55.19 (C-2a), 50.26
(C-2¢), 36.42 (C-3a), 36.34 (C-3c); ESI-MS m/z: 603.2
[M+Na]". ESI-HRMS caled for C3HiN,OoNa [M-+
Na]" 603.2319, found 603.2325.

N-(N-ZE F 3 -0- 1F &3 -1- B8 = Bk 3 )-O-(B8-D- ML
e FUHEIL)-1- R A AR (13e): AR AR, R 85%. mup.
242~244 °C; '"H NMR (400 MHz, DMSO-d;) ¢: 8.38 (d,
J=8.4 Hz, 1H, NHCO), 7.97 (d, J=8.3 Hz, 1H, NHCO),
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7.71 (d, J=7.2 Hz, 2H, H-3b, H-7b), 7.50 (t, J=7.3 Hz,
1H, H-5b), 7.42 (t, J=7.4 Hz, 2H, H-4b, H-6b), 7.23~
7.06 (m, 7H, H-5a, H-9a, H-5¢~H-9¢), 6.74 (d, J=8.6
Hz, 2H, H-6a, H-8a), 4.60~4.51 (m, 1H, H-2a), 4.14~
3.20 (m, 12H, H-1c, H-2¢c, H-1d~H-6d, OCH,CH,CH,-
CH,CH,CHj3), 2.95~2.76 (m, 3H, H-3a, H-3c), 2.66 (dd,
J=13.6, 8.2 Hz, 1H, H-3'c), 1.65~1.55 (m, 2H, OCH,-
CH,CH,CH,CH,CH), 1.38~1.17 (m, 6H, OCH,CH,CH,-
CH,CH,CH3), 0.81 (t, J=6.8 Hz, 3H, OCH,CH,CH,-
CH,CH,CHj3); *C NMR (101 MHz, DMSO-d;) o: 171.74
(C-1a), 166.99 (C-1b), 157.63 (C-7a), 139.01 (C-4c),
13431 (C-2b), 131.98 (C-5b), 130.70 (2Cqyom), 130.25
(2Carom), 129.77 (2Cuom), 128.80 (C-4b, 6b), 128.60
(2Cyarom.), 127.80 (C-3b, 7b), 126.54 (C-7c), 114.46 (C-6a,
8a), 104.13 (C-1d), 75.52 (C-5d), 73.70 (C-3d), 71.08
(C-2d), 70.27 (C-1c), 68.58 (C-4d), 67.75 (OCH,CH,CH,-
CH,CH,CHj3), 60.98 (C-6d), 55.63 (C-2a), 50.91 (C-2c),
36.83 (C-3a, C-3c), 31.44 (OCH,CH,CH,CH,CH,CHj),
29.09 (OCH,CH,CH,CH,CH,CH;), 25.65 (OCH,CH,-
CH,CH,CH,CH;), 22.52 (OCH,CH,CH,CH,CH,CH,),
14.36 (OCH,CH,CH,CH,CH,CH;); ESI-MS m/z: 687.2
[M+Na] . ESI-HRMS calcd for C;;HusN,OoNa [M+
Na]" 687.3258, found 687.3260.

N-[N-(4- & 7% F Bt 3 )-0- 1IE T 3 -1- B = ik
F1-0-(B-D-ME MR 2 FUHE ) -1- K N E FE(13d): A EBRR,
B 85%. mp. 266~268 ‘C; 'H NMR (400 MHz,
DMSO-dq) d: 8.54 (d, J=8.4 Hz, 1H, NHCO), 7.96 (d, J=
8.3 Hz, 1H, NHCO), 7.82~7.76 (m, 2H, H-3b, H-7b),
7.55~7.48 (m, 2H, H-4b, H-6b), 7.26~7.08 (m, 7H,
H-5a, H-9a, H-5¢~H-9¢), 6.76 (d, J=8.7 Hz, 2H, H-6a,
H-8a), 4.88 (d, J=4.4 Hz, 1H, OH), 4.74 (d, J=5.0 Hz,
1H, OH), 4.66 (t, J=5.4 Hz, 1H, OH), 4.62~4.53 (m, 1H,
H-2a), 4.39 (d, J=4.5 Hz, 1H, OH), 4.11~3.98 (m, 2H,
H-1d, H-2¢), 3.86 (t, J=6.5 Hz, 2H, OCH,CH,CH,CH,),
3.67~3.24 (m, 8H, H-2d~H-6d, H-1c), 2.97~2.88 (m,
2H, H-3a), 2.85 (dd, J=13.6, 3.4 Hz, 1H, H-3c), 2.68 (dd,
J=13.7, 82 Hz, 1H, H-3'¢), 1.66 ~1.57 (m, 2H,
OCH,CH,CH,CH3), 143 ~ 132 (m, 2H, OCH,CH,-
CH,CHj), 0.88 (t, J=7.4 Hz, 3H, OCH,CH,CH,CH3); "*C
NMR (101 MHz, DMSO-dg) §: 171.11 (C-1a), 165.24
(C-1b), 15724 (C-7a), 138.76, 136.20, 132.88,
(3Cuomquit)s 130.27 (2Cuom)s 130.05 (Caromquat)s 129.45
(2Carom), 12940 (2Cuom), 128.39 (C-4b, 6b), 128.15
(2Carom), 126.07 (C-7c), 114.05 (C-6a, 8a), 103.80 (C-1d),
75.29 (C-5d), 73.46 (C-3d), 70.72 (C-2d), 69.69 (C-lc),
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68.20 (C-4d), 67.04 (OCH,CH,CH,CHj3), 60.54 (C-6d),
55.26 (C-2a), 50.42 (C-2¢), 36.45 (C-3a, C-3c), 30.89
(OCH,CH,CH,CH3), 18.84 (OCH,CH,- CH,CH;), 13.81
(OCH,CH,CH,CH3); ESI-MS m/z: 693.2 [M + Na] .
ESI-HRMS caled for CssHuCIN,OgNa [M + Na] *
693.2555, found 693.2549.

N-[N-(2-Po e F 15t 25 )-1- P 22 B 25 1-O-(B-D- ML i - 3,
W JE)-1- 2K TN 2 B2 (13e): 8 K, IR 84%. mup.
190~192 ‘C; '"H NMR (400 MHz, CD;OD) &: 7.65 (s,
1H, H-5b), 7.26~7.01 (m, 8H, H-3b, H-5a, H-9a, H-5¢~
H-9¢c), 6.67 (d, J=8.4 Hz, 2H, H-6a, H-8a), 6.58~6.55
(m, 1H, H-4b), 4.70 (t, J=7.3 Hz, 1H, H-2a), 4.21~4.14
(m, 1H, H-2c¢), 4.09 (d, J=7.6 Hz, 1H, H-1d), 3.85~3.75
(m, 2H, H-6d, H-4d), 3.75~3.64 (m, 2H, H-6'd, H-1c),
3.59~3.51 (m, 2H, H-2d, H-1'¢), 3.48~3.38 (m, 2H,
H-3d, H-5d), 2.98 (td, J=13.8, 6.7 Hz, 2H, H-3a), 2.86
(dd, J=13.8, 8.0 Hz, 1H, H-3c), 2.77 (dd, J=13.5, 7.8 Hz,
1H, H-3'¢c); °C NMR (101 MHz, CD;OD) ¢J: 173.02
(C-1a), 160.08 (C-1b), 157.25 (C-7a), 148.50 (C-2b),
146.49 (C-5b), 139.62 (C-4c), 131.46 (2Cuom), 130.54
(2Caom), 129.25 (2Cyom), 128.96 (C-4a), 127.22 (C-7c),
116.27 (C-6a, 8a), 115.79 (C-3b), 113.07 (C-4b), 105.43
(C-1d), 76.58 (C-5d), 74.84 (C-3d), 72.56 (C-2d), 71.73
(C-1c), 70.26 (C-4d), 62.57 (C-6d), 56.12 (C-2a), 52.64
(C-2¢), 38.36 (C-3a), 37.94 (C-3c); ESI-MS m/z: 593.2 [M
+Na]". ESI-HRMS calcd for CyH3,N,0;(Na [M+Na]"
593.2111, found 593.2115.

3.3 545t HBV DNA %16

O B A KA 2.2.15 40, A 0.02% EDTA &L
Wik, A 0.25% MEEE ARSI LR AT A, TR
2.5X10° NMH/mL, #EFE] 24 FLBF, AFL 0.5 mL,
Frgf oG BE 5 TP UG48 2. FE 5L DMSO 85 7R AT
HIE 12.5, 25, 50 pgemL ™" iX 3 ANKEE, TN 24 FLEF IR
o, AL 0.6 mL, BRAKFE 2 FL, A% & DMSO k%
WA B 25 AN g5 TR, 252556 3 d e [RIIR E 2457k,
R 6 dUEEA M. IR R pR(PBS) VLI 2 U,
FHPEIUHR FE A% ORI E AT 4038, R Taqman #R%F
ik 6 E = PCR JE4HMIA HBV DNA . %45
HBV DNA Il % (%) = (O B 2 #% D15 —45 25 41 45 D1
By xt HE 4142 DL X 100%, 5 R 5 X 41 g HBV
DNA & il fry i .

i Bh#f Bl (Supporting Information) H#Fr L&Y 13a~
13e [f) 'H NMR #1 °C NMR &3, X Sehpta] L4 52 A
AT 3k (http://sioc-journal.cn/)_F T %K.
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