WRIL

ARTICLE

% 4]1; {h % DOI: 10.6023/cjoc201312003

Chinese Journal of Organic Chemistry

NO AZ O & RITEMRI SRR EMT M CARERE

EXF  ERETC HEL  EERC
NP5 G

(C DN P E R B RN A SRR D 550002)
CHtRTBE A $PH 550002)
CHEARMIBFER =0 Bk Jtn 100039)

WE DSBS IN-(N-2K - LR N R SE)-O- W3 -L- KN R, MTSIR e ey, wilJEARLT 11 4~ NO
AT T [ & AT A, BT B ARP= 038 6 WoCHRIRE, H 4% NMR, ESI-MS #iik. UL HepG2 2.2.15 41k Z T
TR, XA B S RZAT YT T H R saim S, g5 180, RN, (&) 6d, 6e, 6g A
POHBV IV, HEHEMHIREE 2514 6.88, 37.51, 11.07 umol/L. Hirh, tL44 6d F1 6g HIEHENHIK BEL T MTS (11.16
pmol/L), HEAEmMMEIER, BAE— LU RIT R MNHE.

KEEE GBS RERWTEY), —SANERME GG Pt REETE

Synthesis and Anti-hepatitis B Virus Activities of Nitric
Oxide-Releasing Derivatives of Matijin-Su

Yang, Xiuxia®’

Liang, Guangyi**“” Xu, Bixue

(“ Key Laboratory of Chemistry for Natural Products of Guizhou Province and
Chinese Academy of Sciences, Guiyang 550002)
(® Guiyang College of Traditional Chinese Medicine, Guiyang 550002)
(° 302 Hospital of PLA, Beijing 100039)

Liang, Guangping™” Cao, Peixue” Huang, Zhengming®

Liu, Qingchuan® e

Abstract By using N-(N-benzoyl-L-phenylalanyl)-O-acetyl-L-phenylalanol, named Matijin-Su, as a lead compound, a series
of nitric oxide-releasing derivatives of Matijin-Su were synthesized and evaluated for their anti-hepatitis B virus activities in
HepG2 2.2.15 cells. Compounds 6d, 6e and 6g exhibited significant anti-HBV activities. The 50% inhibitory concentrations of
these compounds towards HepG2 2.2.15 cells were 6.88, 37.51 and 11.07 umol/L. Compounds 6d and 6g were less than Mati-
jin-Su (ICsp: 11.16 umol/L). Compound 6d has potent in vitro anti-HBV activity, and could be worth of further research.
Keywords derivatives of Matijin-Su; nitric oxide donor; synthesis; anti-hepatitis B virus activity
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Figure 1 Chemical structure of Matijin-Su
B R ISR 2R AL & WA 1< 2 75 T SR B e 2 R
(K NO A, FHILF=2E1f) NO T i DNA B35 43 it 2 I
JEWTRL, b A U, A 2 R A
PE, g iRtk HAKUAE T . ok g . B s
SEAERT, NO &) LU T 2 S L3R Be, AT
325 B BEL k03 75 IR 1. e R R RS B AN A T K
USSR, NO HHA R A WA R (500 HE05

OH 0

ONO,
6a:R = CH20H2N(CH3)2
6b: R = CH,CH,N(CoHg),
6c:R= (CH2)3CH3
6d: R = (CH,);CHj,
6e:R= (CH2)4CH3
6f: R = CH,CH=—CH,

Gg: R = CHQCH3
6h: R = (CH,)sCHj
6 6i: R = CH,COOC,H5
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Scheme 1.

1 BR5ITR
AHEH

L LB A SR IR R, i N
B - O- 2 FF W3- LS W (1), F-E - Y1)
(NMM). 5 RS | BR(IBCE) AR R AR A4 45 RN A
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3 L RNPERN 65.2%. HARMIEER. B, NS
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1.1

Reagents and conditions: (a) Benzoyl chloride, NaOH; (b) L-Phenylalaninol, isobutyl chloroformate (IBCF)/N-methylmorpholine (NMM),
DMF-CH,Cl, 0~5 °C; (c) NaOH, DMF, r.t.; (d) HNOj3, Acetic acid, Acetic anhydride, NaHCOs, r.t.; (¢) NaOH, DMF, r.t.; (f) 2-dimethylinoethyl
chloride hydrochloride or 2-diethylaminoethyl chloride hydrochloride or n-butyl iodide or 1-iodooctane or 1-bromopentane or allyl chloride or

iodoethane or 1-bromohexane or ethyl chloroacetate, K,CO3, DMF, r.t.

Scheme 1
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THHE-L-R R 4), a4 WRIRG KR Sy 3k
AR ROV S, 438 114 MTS fi72EY) 6a~6i.
BT H b= 3iind 720 kil . JoR e
HEAT G5 ML, BN B gk — 2
1.2 HEYEH

K5 5E 5 PCR AL S U e 84k A4
I 6} i 27 K R SE X HepG2 2.2.15 41 s 4 HBV DNA
RIKEIH. SARSMEPEGIE AR B8 6d (ICs: 6.88
umoleL ™", SI: 12.74), 6e (ICsy: 37.51 pmolsL™", SI: 2.32),
6g (ICsy: 11.07 ug/mL, SI: 13.11)%5 3 4~ MTS fif2EW A A
PUHBV i, IF HAL A9 6d X HepG2 2.2.15 4 ik )
P F B, FLAMI 2 deem, BRI BH 0 B2 h oK R
SE IR, AP LA T E— 20 A 5.

2 #ig

NO HEARTY AL A ) = B AE 90 ) B 55 4 5K 711,
FEARWFFCH, BATUL 1-6 20 8 F K e SN R 4R J k),
S/, e KR PEORENCERIURE NP, &
BT 114N NO bR By s 4 AT R4, I B 2o
Wt HAR =4, Atk &4 6d, 6e, 6g 7F HepG2 2.2.15
ANk b RoR AXT AP BT HBY 1. MR E
W 1-FE 2 R Y R S A e S IR S, i =4
T 2 0 5% My 32 00 28 N () ) 2 . AL S
6d 135 PEfe ik, 8 pg/mL W< B R 412k 81.3%, X4
2D R AL T 2.

3 SLOEY

31 NES5EHF
g3t LL TMS S A%, H Inova-400 MHz i

SERSHRAEER Varian 2 5)IE; B HP-5793
JRAEASCI 5 (35 [E Hewlett-Packard 23 w]); Aok FHE R
(300~400 H) M sy R 2 N T Bl AL T 7= .
LR T 0y Tl 85 2 Hr 2l sl Ab 2 2l 7= 5, B i) 0 1
Hh, RZAL T E R .
32 {LEEMK

N-ZK B E-O- 2K FE R - L-BS S MR (D I B Al TR -
F& 2 R(5.44 g, 30 mmol) & T-UKER I h 10 S NI P,
A NaOH 7K¥#(0.5 mol/L, 180 mL), HiFE{H Hifikse
4x, RPN INZE FEES(7.0 mL, 60 mmol), 1 J NV
FEYERRAE 5~10 C. WEE Y. 4 h, FZ0KERA, Y
WIS 2 E I, DK HCLIAY pH 2~3, =lEE 3~4
h, E3E, FFLAZEIBKIEESE pH 5~6, JEPEHT 65 CT
B, 13104 g FEFEARILED 1, 72 89.0%.

N-(N-2K B B3 -O- 2K H I - L- P 2 It 2 )-L- R T &
FEQ)FA R LA 1 (101 g, 25.9 mmol)Fl L-Z5 14
ZNE4.71 g, 31.1 mmol) TR M, 65 CEZ T4 1.0
h EECE, @ASRYT R, I DMF (60 mL), CH,Cl, (200
mL), NMM (4 mL, 36.3 mmol), HiiHfd 58 i, UK
WREIAR 0 °C, LMW IBCF (3.7 mL, 28.5 mmol)
) CH,CL %9 100 mL. i NocieZ 5, 4881 0 CHi
FE 8 h, M EEIKZ RN, WRMIE CHCL 5, A
7K(500 mL), LA EtOAc (500 mL)#HX, EtOAc JZH XKLL
7K(200 mL). 0.1 mol/L #5/#(200 mL). 51 NaHCO; ¥
Wi(100 mL)FIHAT NaCl (100 mL) ¥E¥, AHLUZLILEK
MgSO, T4, 1K [Pl EtOAc A3 K& BT, Vi
LhyE, JEUFTENE 114 ¢ ABBEARKLEY 2, 7R
84.1%.

F1 HARLAWNT HepG2 2.2.15 1L DNA HBV &Il A5
Table 1 Inhibition for the replication of HBV DNA of compounds 4~5 and 6a~6i

Compd. Inhibition ratio®/% TCso"/(umoleL ") DNA HBV replication _
IC5,/(umolsL ) SI
4 313 — — —
5 28.0 — — —
6a 49.2 69.17 9.75 7.10
6b 34.0 — — —
6e 32.5 — — —
6d 81.3 87.62 6.88 12.74
6e 66.6 86.84 37.51 232
6f 47 — — —
6g 55.6 145.15 11.07 13.11
6h 30.5 — — —
6i 16.5 — — —
MTS 120.30 11.16 10.78
Lamivudine® 98.95

“The inhibition ratio is tested in concentration 8 pg'mLﬂ; b509% cytotoxic concentration in HepG2 2.2.15 cells; © 50% inhibitory concentration; dSI:TC50/lC50;

¢ —: The inhibition ratio less than 50% in the test concentration range.
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N-(N-28 F R L - I A IR 3 )-L- A N 2 RE () IR 5 i
BALEY 2 (109 g, 20.9 mmol) & T MIEH, A
DMF (100 mL), = $iHE 22181 i NaOH /K% (63
mL, 1.0 mol/L, 62.6 mmol). {iIN5E5E )5, L TLC Kl
NRERE, SEIBCRE RN 4.0 h 5 BERHE 2, LAk HCL i
pH 2~3, A EtOAc (1000 mL)FI7K(600 mL)A<HL, 7K
A EtOAc (500 mL)#HX, & Jf EtOAc )=, BA/KYE
#:(500 mLX2), /K MgSO, T4, WK EtOAc 4
A BT, W EIELDE, JEUFTEA3 7.6 g Al 14
L&Y 3, 775 87.1%". '"H NMR (DMSO-d;, 400
MHz) 6: 9.17 (s, 1H, 7-OH), 8.46 (d, J=8.5 Hz, 1H,
1”-CONH), 7.90 (d, J=8.5 Hz, 1H, 1-CONH), 7.81 (d,
J=7.3 Hz, 2H, H-3",7"), 7.52 (t, J=7.2 Hz, 1H, H-5"),
7.45 (t, J=7.4 Hz, 2H, H-4",6"), 7.23 (d, J=7.1 Hz, 2H,
H-5'9"), 7.19 (t, J=7.4 Hz, 2H, H-6,8"), 7.13 (t, J=7.1
Hz, 1H, H-7"), 7.10 (d, J=8.2 Hz, 2H, H-5.9), 6.63 (t, J=
8.3 Hz, 2H, H-6,8), 4.84 (t, J=5.4 Hz, 1H, 1’-OH), 4.61
(td, J=9.4, 4.8 Hz, 1H, H-2), 3.96~3.86 (m, 1H, H-2'),
3.40~3.25 (m, 2H, H-1"), 2.93 (dd, J=4.5, 13.8 Hz, 1H,
H-3a), 2.91~2.80 (m, 2H, H-3b, 3'a), 2.68 (dd, J=8.0,
13.6 Hz, 1H, H-3'b); ESI-MS m/z: 419.2 [M+H]".

N-(N-2K F Bt JE-O- £ B JE - L- T 2 B % )-O- it k- L -
RNERED A TSP 3 (6.7 g, 16.0 mmol) & T
SR, NN ZB2(60 mL), FEIA (20 mL)Bh,
PLFEA 2 Wil e 4, SR N & R AR (4.8 mL)F1 L
FRIEF(1.6 mL)MVRAEM. Wnsee)n, Eilfidt v,
PLTLC Rl fe S ERE, 7.5 h J SO 5e4s. $ s I 16 £
AN 450 mL UKk, RIZUBERE, 212 iR i
PH RN, AR AN H, U HE, 1EDH
HCEZK T, BE 30 min g, 1921080 LZE KO
G, THRVEDE, SrERAEZ T[4 - 1R LB
V2 v=5 1 1) NIInE 4.35 g W aEIAMLEY 4,
P2 % 53.8%. [a]? —31.4 (¢ 1.0, CHCL); 'H NMR
(DMSO-ds, 400 MHz) o: 8.57 (d, J =8.4 Hz, 1H,
1"-CONH), 8.21 (d, J=8.0 Hz, 1H, 1-CONH), 7.92 (d,
J=8.0 Hz, 2H, H-3".7"), 7.86~7.77 (m, 2H, H-4",6"),
7.55~7.01 (m, 10H, H-5'-9',5".5.6,8,9), 4.69~4.63 (m,
1H, H-2), 422~4.17 (m, 1H, H-2'), 4.07~3.98 (m, 1H,
H-1a), 3.90~3.85 (m, 1H, H-1'b), 3.00~2.90 (m, 2H,
H-3), 2.85~2.75 (m, 2H, H-3"), 2.00 (s, 3H, COCH3); "*C
NMR (DMSO-ds, 100 MHz) d: 171.0, 170.4, 166.4, 150.9,
138.0, 136.5, 136.1, 134.0, 131.4, 129.7, 129.2, 128.3,
127.5, 126.3, 125.5, 64.7, 54.8, 49.2, 36.6, 36.0, 20.7;
ESI-MS m/z: 528.2 [M—|—Na]+. Anal. calcd for C,;H,g-
N;0;: C 64.15, H 5.38, N 8.31; found C 64.11, H 5.30, N

976 http://sioc-journal.cn/
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N-(N-2K P - - 2 IR )- O- Bl k- L- 28 P 2 B (5)
B LAY 4 (4.04 g, 8.0 mmol)E T N,
B DMF (40 mL), =i+ N 22123 i NaOH /K|
(18 mL, 1.0 mol/L, 17.6 mmol). §in5esesE, LA TLC A
DSz N HERE, AR BRSOV 2.5 h s BERRE 2K, LA HCL
W pH 2~3, WA EtOAc (500 mL)F1/K(300 mL)Z<HL,
KIZH I EtOAc (300 mL)A<I), &3 EtOAc J2, /K¥k
(500 mLX2), J/K MgSO, T4, JlJE[FI EtOAc 5
A REBE AT, WEEIE, U545 2.93 g ikint
BRI A Y 5, 72% 79.0%. [alb —24.2 (c 1.0,
CHCl,); 'H NMR (DMSO-d;, 400 MHz) 6: 10.8 (s, 1H,
7-OH), 8.51 (d, J/=8.0 Hz, 1H, 1”"-CONH), 7.96 (d, J=8.4
Hz, 1H, 1-CONH), 7.93~7.88 (m, 1H, H-5"), 7.80~7.74
(m, 2H, H-3"7"), 7.54~7.49 (m, 2H, H-4",6"), 7.46~
7.41 (m, 2H, H-6',8'), 7.22~7.14 (m, 4H, H-5,9,5'9"),
7.11~7.08 (m, 1H, H-7), 7.00 (d, J=8.4 Hz, 2H, H-6.8),
4.66~4.62 (m, 1H, H-2), 3.92~3.87 (m, 1H, H-2),
3.34~3.27 (m, 2H, H-1"), 3.03 (dd, J=4.0, 13.8 Hz, 1H,
H-3a), 2.94~2.83 (m, 2H, H-3b,3'a), 2.66 (dd, J=8.0,
13.4 Hz, 1H, H-3'b); *C NMR (DMSO-d,, 100 MHz) J:
170.8, 166.4, 150.9, 139.0, 136.6, 136.2, 134.1, 131.5,
129.8, 129.3, 128.3, 128.2, 127.5, 125.5, 118.9, 62.2, 54.7,
52.6, 36.5, 36.1; ESI-MS m/z: 486.1 [M+Na]*. Anal.
caled for C,5sHysN;Oq: C 64.79, H 5.44, N 9.07; found C
64.81, H 5.38, N 9.05.

N-[N- K H R 35 -0-(2- — W & 3 & 3% )-L- 1% 2 Bk
F-O- T8 FE-L- KN = B (6a) [ & % BUAL G 5 (464
mg, 1.0 mmol) & T KNI, MIA DMF (15 mL), #iH:
FHIATEK KoCO5 (967 mg, 7.0 mmol). - K5 245
ERR (173 mg, 1.2 mmol), T 100~105 Ciliy it
4.0 h fif 2 )N 5EHE(TLC A, S N4 H148 =il G,
T EtOAc (200 mL)F17K (200 mL)#HX, EtOAc JZH] 0.1
mol/L #hPR AL, HWIR/KZ, Lh 0.5 mol/L [1) NaOH 7K
WU pH 8~9, A EtOAc (300 mL)Z5HY, EtOAc J2/K
YE—IR, Jo/K MgSO, T, W4k, wERAENT[&Eh-H
BE(V 2 V=40 : 1) AVEBRTS 303 mg &KL 6a,
P 56.7%. [a]s —41.7 (¢ 1.0, CHCL); 'H NMR
(DMSO-ds, 400 MHz) o: 8.53 (d, J=284 Hz IH,
1"-CONH), 7.98 (d, J=8.0 Hz, 1H, 1-CONH), 7.80~7.71
(m, 2H, H-3",7"), 7.57 (dd, J=2.4, 8.6 Hz, 1H, H-5"),
7.55~7.49 (m, 2H, H-4",6"), 7.45~7.39 (m, 2H, H-6'.8"),
7.26~7.13 (m, 6H, H-5,6,8,9,5,9"), 7.14~7.07 (m, 1H,
H-7), 4.68~4.62 (m, 1H, H-2), 4.14 (t, J=5.6 Hz, 2H,
7-OCH,CH,N(CHs),), 3.93~3.88 (m, 1H, H-2"), 3.34~

Chin. J. Org. Chem. 2014, 34, 973~979
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3.28 (m, 2H, H-1'), 3.03 (dd, J=4.4, 13.8 Hz, 1H, H-3a),
2.97~2.89 (m, 1H, H-3b), 2.83 (dd, J=5.6, 13.6 Hz, 1H,
H-3'a), 2.65 (dd, J=8.0, 13.8 Hz, 1H, H-3'b), 2.58 (t, J=
5.6 Hz, 2H, 7-OCH,CH,N(CH,),), 2.15 (s, 6H, 7-OCH,-
CH,N(CH3),); *C NMR (DMSO-d,, 100 MHz) §: 170.8,
166.4, 150.0, 139.1, 139.0, 135.4, 134.0, 131.5, 131.0,
129.3, 128.3, 128.2, 127.5, 125.5, 114.9, 67.9, 62.2, 57.3,
54.7, 52.6, 45.6, 36.5, 36.0; ESI-MS m/z: 535.2 [M+H]".
Anal. caled for CoHyN4Oq: C 65.15, H 6.41, N 10.48;
found C 65.13, H 6.37, N 10.51.

N-[N- 2 F B 5L -0-(2- — 43 ik 2 58 )-L- % % 18k
F-O- T8 FE-L- RN ZAEE(6b) [ A e B &Y 5 (464
mg, 1.0 mmol). K,CO; (967 mg, 7.0 mmol). L2 FEH
AR E (207 mg, 1.2 mmol), S 6a & BT LS
213 mg KA 14 6b, 7% 37.9%. [l —35.5 (c 1.0,
CHCl;); "H NMR (DMSO-dg, 400 MHz) 6: 8.52 (d, J=8.4
Hz, 1H, 1"-CONH), 7.96 (d, J=8.4 Hz, 1H, 1-CONH),
7.81~7.75 (m, 2H, H-3",7"), 7.57 (dd, J=2.4, 8.6 Hz, 1H,
H-5"), 7.53~7.48 (m, 2H, H-4",6"), 7.45~7.41 (m, 2H,
H-6,8"), 7.26~7.16 (m, 6H, H-5,6,8,9,5',9"), 7.12~7.10
(m, 1H, H-7"), 4.68~4.63 (m, 1H, H-2), 4.12 (t, J=5.2
Hz, 2H, 7-OCH,CH,N(C,Hjs),), 3.92~3.87 (m, 1H, H-2'),
3.35~3.31 (m, 2H, H-1"), 3.03 (dd, J=4.0, 14.0 Hz, 1H,
H-3a), 3.01~2.94 (m, 1H, H-3b), 2.85 (dd, J=5.6, 13.6
Hz, 1H, H-3'a), 2.76 (t, J=5.6 Hz, 2H, 7-OCH,CH,-
N(C,Hs),), 2.66 (dd, J=8.0, 13.8 Hz, 1H, H-3'b), 2.53 (m,
4H, 7-OCH,CH,N(CH,CH3),), 091 (t, J=7.2 Hz, 6H,
7-OCH,CH,N(CH,CH3),); “C NMR (DMSO-d;, 100
MHz) J: 170.8, 166.4, 150.0, 139.0, 138.9, 135.3, 134.0,
131.5, 131.0, 129.3, 128.3, 128.2, 127.5, 125.5, 114.9,
68.1, 62.2, 54.7, 52.6, 50.8, 47.1, 36.5, 36.0, 11.7; ESI-MS
m/z: 563.3 [M+H]". Anal. calcd for C3;H3sN,O¢: C 66.17,
H 6.81, N 9.96; found C 66.15, H 6.79, N 10.01.

N-(N-2K F L JE-O- 1F T JE-L- T 2 Bk 5% )-O- i k- L -
KNARE(60)ME R BALEHY) S (464 mg, 1.0 mmol) E
FRONIEF, I DMF (15 mL)ff 2 %fi# 5, InATEK
K,CO; (1.38 g, 10.0 mmol), MLACIE T %¢(0.7 mL, 6.0
mmol), T-50 CilyHHiFE 4.0 h Al J W 5¢ B(TLC A
. RN A R ER S, TN EtOAc (200 mL)FIZK
(200 mL)#£H, 7KJZFFLA EtOAc (100 mL)AXHL 1 Ik, &
Jf BtOAc JZ, /K¥E 1 Ik, Jo/K MgSO, Tk, We4d, e
FEEM A Whlk- 288 2RV © V=5 © 1) Bl 263
mg VA 6c, F7HEN 50.6%. [al; —19.4 (¢ 1.0,
CHCl;); 'H NMR (DMSO-dg, 400 MHz) 6: 8.53 (d, J=8.4
Hz, 1H, 1”-CONH), 7.98 (d, J=8.0 Hz, 1H, 1-CONH),

Chin. J. Org. Chem. 2014, 34, 973~979
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7.79~7.74 (m, 2H, H-3",7"), 7.57 (dd, J=2.0, 8.8 Hz, 1H,
H-5"), 7.55~7.48 (m, 2H, H-4",6"), 7.44~7.39 (m, 2H,
H-6'8"), 7.24~7.12 (m, 6H, H-5,6,8,9,5".9"), 7.12~7.08
(m, 1H, H-7"), 4.69~4.64 (m, 1H, H-2), 4.05 (t, J=6.0
Hz, 2H, 7-OCH,(CH,),CH;), 3.93~3.86 (m, 1H, H-2'),
3.32~3.27 (m, 2H, H-1"), 3.03 (dd, J=4.4, 13.6 Hz, 1H,
H-3a), 2.95~2.89 (m, 1H, H-3b), 2.85 (dd, J=6.0, 13.6
Hz, 1H, H-3'a), 2.66 (dd, J=8.0, 13.8 Hz, 1H, H-3'b),
1.65~1.61 (m, 2H, 7-OCH,CH,CH,CHj3), 1.39~1.34 (m,
2H, 7-O(CH,),CH,CH;), 0.87 (t, J=7.6 Hz, 3H, 7-O-
(CH,);CH3); C NMR (DMSO-ds, 100 MHz) §: 170.7,
166.3, 150.1, 139.0, 135.4, 134.0, 131.5, 130.8, 129.3,
128.3, 128.2, 127.5, 125.5, 114.8, 68.8, 62.2, 54.7, 52.6,
36.5, 36.0, 30.5, 18.6, 13.6; ESI-MS m/z: 542.2 [M+Na]".
Anal. caled for CyHy3N3;O0q: C 67.04, H 6.40, N 8.09;
found C 67.06, H 6.38, N 8.07.

N-(N-2K B Bt 5L -O- 1F = 55 - L- i S e 55 )-O- i 2 - -
RINZRE(6A) I HULE4 5 (464 mg, 1.0 mmol).
57K K,CO; (1.38 g, 10.0 mmol). flAX [F¥4¢(1.1 mL, 6.0
mmol), ZM 6c (1177575 312 mg ¥k A1k 6d, 773
54.2%. [a]? —21.9 (c 1.0, CHCL;); '"H NMR (DMSO-d,,
400 MHz) ¢: 8.52 (d, J=8.8 Hz, 1H, 1"-CONH), 7.96 (d,
J=8.4 Hz, 1H, 1-CONH), 7.82~7.77 (m, 2H, H-3",7"),
7.53~7.47 (dd, J=2.0, 8.6 Hz, 1H, H-5"), 7.53~7.47 (m,
2H, H-4",6"), 7.45~7.39 (m, 2H, H-6',8'), 7.23~7.13 (m,
6H, H-5,6,8,9,5",9"), 7.13~7.08 (m, 1H, H-7"), 4.68~4.63
(m, 1H, H-2), 4.04 (t, J=6.4 Hz, 2H, 7-OCH,(CH,)sCHs),
3.92~3.85 (m, 1H, H-2'), 3.35~3.29 (m, 2H, H-1'), 3.03
(dd, J=3.6, 13.6 Hz, 1H, H-3a), 2.97~2.93 (m, 1H,
H-3b), 2.85 (dd, J=6.0, 13.6 Hz, 1H, H-3'a), 2.66 (dd, J=
8.0, 13.8 Hz, 1H, H-3'b), 1.67~1.62 (m, 2H, 7-OCH,CH,-
(CH,)sCHj), 1.36~1.30 (m, 2H, 7-O(CH,),CH,(CH,)s
CH3), 1.25~1.19 (m, 8H, 7-O(CH,);(CH,),CH3), 0.82 (t,
J=17.2 Hz, 3H, 7-O(CH,);CH;); *C NMR (DMSO-dj, 100
MHz) §: 170.7, 166.3, 150.1, 139.0, 135.3, 134.0, 131.4,
130.8, 129.3, 128.3, 128.2, 127.5, 125.5, 114.8, 69.1, 62.2,
54.7, 52.6, 36.5, 36.0, 31.2, 28.7, 28.6, 28.4, 25.3, 22.1,
14.0; ESI-MS m/z: 598.2 [M+Na]'. Anal. caled for
C33HyN;O4: C 68.85, H 7.18, N 7.30; found C 68.84, H
7.20, N 7.32.

N-(N-2K B Bt 5L -O- 1E [ - L- T S e 55 )-O- i 25 - L -
RN RE(6e) M L& 5 (464 mg, 1.0 mmol).
57K K,CO; (1.38 g, 10.0 mmol). AL IE 8 4¢(0.9 mL, 6.0
mmol), ZM 6c 1777544 367 mg T EEIAK 6e, f=%K
68.8%. [a]? —20.8 (¢ 1.0, CHCl;); '"H NMR (DMSO-dj,
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400 MHz) o: 8.52 (d, J=8.8 Hz, 1H, 1"-CONH), 7.96 (d,
J=8.4 Hz, 1H, 1-CONH), 7.81~7.77 (m, 2H, H-3",7"),
7.57 (dd, J=2.0, 8.6 Hz, 1H, H-5"), 7.53~7.49 (m, 2H,
H-4",6"), 7.44~7.39 (m, 2H, H-6',8"), 7.23~7.12 (m, 6H,
H-5,6,8,9,5',9"), 7.11~7.07 (m, 1H, H-7'), 4.69~4.62 (m,
1H, H-2), 4.05 (t, J=6.4 Hz, 2H, 7-OCH,(CH,);CH;),
3.93~3.88 (m, 1H, H-2"), 3.33~3.30 (m, 2H, H-1"), 3.04
(dd, J=4.4, 13.6 Hz, 1H, H-3a), 3.01~2.92 (m, 1H,
H-3b), 2.85 (dd, J=5.6, 14.2 Hz, 1H, H-3"a), 2.66 (dd, J=
8.4, 13.8 Hz, 1H, H-3'b), 1.69~1.62 (m, 2H, 7-OCH,CH,-
(CH,),CHj), 1.37~1.21 (m, 4H, 7-O(CH,),(CH,),CHj,),
0.82 (t, J=72 Hz, 3H, 7-O(CH,),CH;); “C NMR
(DMSO-ds, 100 MHz) §: 170.8, 166.4, 150.1, 139.0, 135.4,
134.0, 131.5, 130.8, 129.3, 128.3, 128.2, 127.5, 125.5,
114.8, 69.1, 62.2, 54.7 (C-2), 52.6, 36.5, 36.0, 28.1, 27.6,
21.8, 14.0; ESI-MS m/z: 556.3 [M+Na]". Anal. calcd for
C30H3sN30¢: C 67.52, H 6.61, N 7.87; found C 67.51, H
6.63, N 7.88.

N-(N-2K H 5 - O- TR s 55 - L - I 2 Ik 2% )-O- i 5 - L-
RN RE(OD I B &9 5 (464 mg, 1.0 mmol). G
7K K,CO5 (1.38 g, 10.0 mmol). 5 A%4(0.7 mL, 6.0 mmol),
Z M 6c N 15E4F 172 mg L EEE 6f, 773 342 %.
[a]? —25.6 (c 1.0, CHCl;); '"H NMR (DMSO-ds, 400
MHz) d: 8.52 (d, J=8.4 Hz, 1H, 1”-CONH), 7.95 (d, J=
8.8 Hz, 1H, 1-CONH), 7.81~7.75 (m, 2H, H-3".7"), 7.57
(dd, J=2.0, 8.8 Hz, 1H, H-5"), 7.55~7.48 (m, 2H,
H-4".6"), 7.45~7.41 (m, 2H, H-6',8'), 7.25~7.13 (m, 6H,
H-5,6,8,9,5",9"), 7.11~7.09 (m, 1H, H-7"), 6.01~5.96 (m,
1H, 7-OCH,CH=CH,), 5.41~5.37 (m, 1H, 7-OCH,CH=
CHH), 5.25~5.21 (m, 1H, 7-OCH,CH=CHH), 4.84 (t,
J=5.6 Hz, 1H, H-2), 4.67~4.62 (m, 2H, 7-OCH,CH=
CH,), 3.91~3.89 (m, 1H, H-2), 3.34~3.28 (m, 2H, H-1"),
3.04 (dd, J=4.8, 13.6 Hz, 1H, H-3a), 2.99~2.90 (m, 1H,
H-3b), 2.85 (dd, J=5.6, 14.0 Hz, 1H, H-3'a), 2.65 (dd, J=
8.0, 13.6 Hz, 1H, H-3'b); *C NMR (DMSO-d;, 100 MHz)
5: 170.7, 166.3, 149.5, 139.0, 135.3, 134.0,132.6, 131.4,
131.2, 129.3, 128.3, 1282, 127.5, 125.6, 117.9, 115.1,
69.4, 62.2, 54.7, 52.6, 36.5, 36.0; ESI-MS m/z: 526.2 [M+
Na]®. Anal. caled for C,sHyN3Oq: C 66.79, H 5.80, N
8.34; found C 66.80, H 5.77, N 8.37.

N-(N-Z5 H Bt 5 -O- £ 55 -L- 6 & Wk 55)-O-fifg Fs-L- 2K
M2 NE(6g) & 1 &4 5 (464 mg, 1.0 mmol). &
7K K,CO5 (1.38 g, 10.0 mmol). fift £.%5¢(0.5 mL, 6.0 mmol),
Z 1 6¢ [17771:4F 143 mg LI AFEE 6g, 772 29.1 %.
[a]? —19.9 (¢ 1.0, CHCl;); '"H NMR (DMSO-ds, 400
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MHz) §: 8.52 (d, J=8.4 Hz, 1H, 1"-CONH),7.99 (d, J=
8.0 Hz, 1H, 1-CONH), 7.81~7.77 (m, 2H, H-3",7"), 7.58
(dd, J=2.2, 8.8 Hz, 1H, H-5"), 7.55~7.49 (m, 2H,
H-4".6"), 7.44~7.39 (m, 2H, H-6',8"), 7.24~7.13 (m, 6H,
H-5,6,8,9,5",9"), 7.13~7.05 (m, 1H, H-7"), 4.70~4.62 (m,
1H, H-2), 4.12~4.05 (m, 2H, 7-OCH,CHj,), 3.93~3.84
(m, 1H, H-2'), 3.33~3.27 (m, 2H, H-1"), 3.02 (dd, J=4.2,
13.8 Hz, 1H, H-3a), 3.01~2.92 (m, 1H, H-3b), 2.84 (dd,
J=6.0, 13.6 Hz, 1H, H-3'a), 2.65 (dd, J=8.2, 13.6 Hz, 1H,
H-3'b), 1.17 (t, J=7.4 Hz, 3H, 7-O(CH,);CH3); *C NMR
(DMSO-d, 100 MHz) 6: 171.1, 166.8, 150.2, 139.0, 136.1,
135.4, 134.0, 131.5, 130.8, 129.2, 128.3, 128.2, 127.5,
125.5, 114.8, 68.5, 62.1, 54.9, 52.6, 36.5, 36.0, 14.4;
ESI-MS m/z: 514.2 [M+Na]". Anal. caled for Cy;Hyo-
N;04: C 65.97, H 5.95, N 8.55; found C 65.95, H 5.96, N
8.53.

N-(N-Z8 H B 5L -O- 1F &3 - L- T S W 38)-O- i 3 - L-
ARINZRE(Oh)F & HULE4 5 (464 mg, 1.0 mmol).
57K K,CO; (1.38 g, 10.0 mmol). 34X IF 24¢(1.0 mL, 7.0
mmol), ZM 6c 1771515 471 mg T A [E K 6h, f=3%
86.0 %. [a]> —15.7 (¢ 1.0, CHCl;); 'H NMR (DMSO-dj,
400 MHz) ¢: 8.50 (d, J=8.8 Hz, 1H, 1"-CONH), 7.94 (d,
J=8.4 Hz, 1H, 1-CONH), 7.84 (d, J=2.0 Hz, 1H, H-5"),
7.77 (d, J=7.2 Hz, 2H, H-3",7"), 7.56 (dd, J=2.0, 8.8 Hz,
1H, H-8"), 7.51 (t, J=7.2 Hz, 1H, H-7"), 7.43 (t, J=8.0
Hz, 2H, H-4",6"), 7.23~7.16 (m, 6H, H-5,6,8,9,5"9"),
7.14~7.09 (m, 1H, H-6"), 4.67~4.63 (m, 1H, H-2), 4.05
(t, J=6.4 Hz, 2H, 7-OCH,(CH,),CH3), 3.94~3.89 (m, 1H,
H-2), 3.36~3.30 (m, 2H, H-1'), 3.06~2.83 (m, 4H,
H-3,3), 1.63 ~1.59 (m, 2H, 7-OCH,CH,(CH,);CHs),
1.37~1.29 (m, 2H, 7-O(CH,),CH,(CH,),CH3), 1.25~1.19
(m, 4H, 7-O(CH,);(CH,),CH3), 0.82 (t, J=6.8 Hz, 3H,
7-O(CH,)sCH;); *C NMR (DMSO-d;, 100 MHz) §: 170.7,
166.4, 150.1, 139.0, 135.4, 134.0, 131.5, 130.8, 129.3,
128.3, 128.2, 127.5, 126.0, 125.5, 114.8, 69.1, 62.2, 54.7,
52.6, 38.9, 36.5, 30.9, 28.4, 25.0, 22.1, 13.9; ESI-MS m/z:
570.2 [M+Na]". Anal. caled for C5;H37N;304: C 67.99, H
6.81, N 7.67; found C 68.01, H 6.80, N 7.66.

N-(N-2K U 3 -O- 218 £ 15 Fk - L- T I 355)-O- il
K- RN 2 BE(61) [ R Bk &%) 5 (464 mg, 1.0
mmol). T57K K,COs (1.38 g, 10.0 mmol). 5 LR L (1.5
mL, 7.0 mmol), S 6c ) 771545 375 mg 7k 75 €4 [ 14 6i,
P& 34.1%. [a]) —16.6 (¢ 1.0, CHCL); 'H NMR
(DMSO-d;, 400 MHz) d: 8.56 (d, J =284 Hz IH,
1"-CONH), 8.22 (d, J=8.0 Hz, 1H, 1-CONH), 7.87 (d,

Chin. J. Org. Chem. 2014, 34, 973~979



Chinese Journal of Organic Chemistry

ARTICLE

J=2.4 Hz, 1H, H-5"), 7.80~7.77 (m, 2H, H-3",7"), 7.55
(dd, J=2.0, 9.0 Hz, 1H, H-8"), 7.55~7.50 (m, 1H, H-7"),
7.46 ~ 739 (m, 2H, H-4"6"), 727 ~7.19 (m, 4H,
H-5,9,5,9"), 7.16~7.12 (m, 3H, H-6,8.6), 4.93 (s, 2H,
7-OCH,COOC,Hs), 4.70~4.61 (m, 1H, H-2), 4.22~4.15
(m, 2H, 7-OCH,COOCH,CHj3), 4.12~4.03 (m, 2H, H-1"),
4.00~3.94 (m, 1H, H-2"), 3.03~2.97 (m, 2H, H-3),
2.84~274 (m, 2H, H-3"), 1.13 (t, J=6.8 Hz, 3H,
7-OCH,COOCH,CH3); *C NMR (DMSO-dg, 100 MHz) o:
171.1, 168.0, 167.4, 149.1, 139.2, 135.1, 134.0, 131.9,
131.5, 129.2, 128.4, 128.3, 127.5, 126.4, 125.5, 115.1,
66.0, 65.6, 61.0, 54.7, 49.1, 41.2, 36.4, 14.0; ESI-MS m/z:
550.3 [M+H]". Anal. caled for CyH;N;Og: C 63.38, H
5.69, N 7.65; found C 63.34, H 5.67, N 7.67.
3.3 #i HBV jFIELE
3.3.1 MTT =02 2hap st tm e oy 2 bk

HepG2 2.2.15 #fuli o iman s, £, i
TR T 20 JIAN40He, R0 96 FLIGRFRIR, RFSL 100
ul, K77E 24 h N RUNGEE 545 25, REFLEY 200 uL 29, %
320, 160, 80, 40, 20 pgemL "X 5 ANKRSE, FEREE 3 AL,
W LB TR 29 4l i B 4. 37 C, 5% CO, K
I, BERBFARE 2. Ki9% 3 d BRfLIIA 20 L MTT
V(S mgemL ), 37 C, 5% CO, K17 4 h, W LRI,
B 200 uL DMSO, %% 10 min, {5 455 1E, (R
S PRI L 450 nm/630 nm A T 5E GRS, T
SR B SEE (TCsp) 0,
3.3.2  Zh4px HBV DNA #74] X3

HepG22.2.15 4l it Tt 20 JiANFeFl 24 FLAH 55
FEb, BFFL 500 pL, WEE 24 h 54524, 4541 700 pL 253,
FERIL 20, 8, 3.2, 1.28 pgemL ™' 25 4 Mk, AFIRE 3
FL, LAINEEE DMSO [FR7 IR 209 1 40 g Jhy xof i
A1, PR BAMERT I, RN 8 pgemL ! A3 d
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sk i 2077, 6 d Ja I HBV DNA, £9¢6 5% i
PCR 5 H: DNA &, a2 fll 5 45 St S0 RE 5 h
4t HBV DNA &I, v E 5o i
(ICs0).

BOl SO A R S P s DN A R R
B KRR A 5 H s SR S KR 2 T B4, A
BER TR B I
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