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Abstract In order to find structural optimization strategy for substituted mixed phosphonates of acyclonucleoside
phosphonates, mono L-amino acid ester, mono NSAID carboxylic ester prodrugs of adefovir was used as lead com-
pound. Based on the structural features of abacavir and alamifovir, sub-structure combination method was used to
introduce substituted phenylthio or amino fragments at 6-position of purine ring. Therefore, purine ring substituted
acyclonucleside phosphonate mixed phosphonate ester derivatives(9a-91) were designed and synthesized, and
their structures were confirmed by 'H NMR, ESI-MS, and ESI-HRMS. HepG2. 2. 2. 15 and HK-2 cell line were
used for in vitro anti-HBV activity and renal cell toxicity evaluation models, respectively. Several compounds exhibi-
ted anti-HBV activity, of which compound 9a displayed the most potent antiviral activity with higher selectivity
index (ECs, 0.48 pmol/L, SI 763.72), lower renal cell toxicity, and higher chemical and enzymatic stability,
making it a potential anti-HBV candidate for further investigation.
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25 % fiL ok K g (lamivadine ) 32 F ¥ 4k ( famei-
cloir) DL f BB il fth V&£ ( emtricitabine ) it 25 B4 2 FF 9%
(HBV) B A by fy il 18 A", B adefovir
dipivoxil Iffi PR F H HH B A4 77) 8 KR8 4 ' 2 14 LA
B JFE 2R R 7 A 1) 75 B 5 I fi L i R
1 32 BB RIBRE Y o RTARR ST, R B
L-Z B R TR AT 29 REAE B T/ B IR b R 40 i SE K
515K 1 (hPepTl) /v T B E S B AT 125 9 g
W25 O AR A= A RE, LA B dE S AR R 2
(NSAIDs ) REIE i A R il B /N B IR b /YA AL
FAES izt 1 (hOAT) fi 5 Y Bl 7548 5 JBk R AL
BT B /NVE BRI iz i 72, TR G & 7
PRI B AT M B O B ST ARGE O R AT —
FINEABAR T MM 53 mPT HBV 1& M a kT
ERT  L-E LR IR R 25 W R R B
257 B RARR R O SR M R TR R
BT P 5 O B I I R A M B A T T
NRE.

] B2 & 35 (abacavir) 5 Bl i1 5 35 ( alamifovir )
AR GSK 2\ F] 5 Mitsubishi-Lilly 2\ 5] A7 1 #
b KA TG R AR B 259 . BFR R B
HEEMPIERR IR 6-f E BRI NZE S 4-H &
B AL, TEAR N BE 2 Il E AR A S - R
AARI L AL A FL B AR 7=, AT 15 P e 254
A8 & FH IR SRR SRR,

SRR B E RS PR 25 F Y BOUE BE B 3d F TL
HBV eI R RR 25 b & W S 11, LU &
PEA BORHUR B 16 1 S5 BN E R S R R B
P HBV PR BEER AT 2, DABT (548 5 81 L2 4k
MREE AR IR YRR TR N e R B, 45 B
AR PUR S PER T R 55 (abacavir) 5FTHIE
5 (alamifovir ) (4514 F-AE, B FH 25901511 B BT
ZEF B4 R P (sub-structure combination method ) |
Bt AT 6-BURIE RS IR PR A T REIR 5 L A
FR AN AR H AR 25 R IR B AT 2 (I 1) .
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antiinflammatory drug carboxylic acid ester

Figure 1 Designed the target compounds as anti-HBV agents
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CHj
b 3 ﬁ
a
(CH0) + g o e HyC (13/\ A — N)\ 0) -
N—o0"u }I)\ —CH;
1 N0
(6]
2 3
6a R =Isopropyl, X =0
0 6b R, =2-Methylpropyl, X=0
R R RI\H‘\X/\/Br 6¢c R, =Benzyl, X=0
6d R;= Isopropyl, X=S§
NN CH; N Y N\ NHBoc 6e R, =2-Methylpropyl, X=S
)\ > e )|\ _ > 6f R, =Benzyl, X=S
(|) —_ H,N” "N N (I)H
K/O\/ ]IEI)\O/_CHJ I\/O\/ ]IEI)\OH f
0 0
4a R =-NH-Cyclcopropyl 5a R =-NH-Cyclcopropyl o
4b R =-NH-Benzyl 5b R =-NH-Benzyl )k
4c¢ R =-N-Morpholinyl 5¢ R =-N-Morpholinyl Ry 07 N"gr
4d R =-SPh(4-OMe) 5d R =-SPh(4-OMe)
HsC
7a R =-NH-Benzyl, R; =Benzyl, X =0 8a R, =
i 7b R =-NH-Benzyl, R, = Isopropyl, X = O Mg_Q_B’CHs (Tbu)
)I\L)ﬁ:N» 7¢ R =-NH-Cyclcopropyl, R| = Benzyl, X =0 H;C
z 7d R =-NH-Cyclcopropyl, R; =Benzyl, X =0 H-C
H,N™ N N (|)H NEHBac 7e R =-NH-Cyclcopropyl, R = Isopropyl, X=0 8b R, = ’ Q Q
(oo Pio™~X R, 7f R=-SPh(4-OMe), R, = Benzyl, X = O (Flu)
0 ' 7g R=-SPh(4-OMe), R, = 2-Methylpropyl, X = O -
7a-T1 0 7h R =-N-Morpholinyl, R; = Benzyl, X = O
7i R =-N-Morpholinyl, R; = Isopropyl, X = O
7j R =-NH-Cyclcopropyl, R; = Isopropyl, X =S g h
7k R =-SPh(4-OMe), R; =Benzyl, X =S
71 R =-SPh(4-OMe), R| = 2-Methylpropyl, X =S
R, 9a R =-NH-Benzyl, R| =Benzyl, R, =Ibu, X =0
9b R =-NH-Benzyl, R = Isopropyl, R, = Ibu, X =0
/K 9¢ R =-NH-Cyclcopropyl, R; = Benzyl, R, = Flu, X =0
R % (6] 9d R =-NH-Cyclcopropyl, R| = Benzyl, R, =Ibu, X =0
9e¢ R =-NH-Cyclcopropyl, R; = Isopropyl, R, =Ibu, X = O
N N\ 9f R =-SPh(4-OMe), R; = Benzyl, R, =Flu, X =0
)I\ _ > 9¢ R =-SPh(4-OMe), R, = 2-Methylpropyl, R, = Ibu, X =0
LNTONTTON 0 NHz2  9h R =-N-Morpholinyl, R, = Benzyl, R, = Ibu, X = O
K/O\/ P. 0/\/X R 9i R =-N-Morpholinyl, R = Isopropyl, R, =Flu, X =0
I 9j R=-NH-Cyclcopropyl, R; = Isopropyl, R, = Ibu, X =S
92291 o 9k 7—SPh(4 OMe), R; =Benzyl, R, =Flu, X =S
a-

Scheme 1  Synthetic route of the target compounds 9a-91
Reagents and conditions: (a) HCI( gas) ,0 °C-r. t.

=-SPh(4-OMe), R| = 2-Methylpropyl, R, = Ibu, X =S

,12 h;(b) triethyl phosphate,110 °C,7 h; (¢) 2-amino-6-chloropurine , Cs, CO; , anhydrous DMF,

80 °C,12 h;(d) substituted arylthiol ,cyclopropylamine ,benzylamine or morpholine, Et; N, anhydrous DMF,80-100 °C; (e) ( CH; );SiBr,80 °C,12 h;
(f) N,N-dicyclohexyl-4-morpholine carboxamidine( DCMC) , anhydrous DMF,60 °C,24 h;(g) DCMC, anhydrous DMF,80-90 °C,48 h; (h) 85%

H,PO,/CHCL r. t. ,6 h

2 BHERR

G YR iR F Varian Mercury 400 B4 R
FEIRAMIE , TMS NFFR; FiiE ] Hewlett-Packard 2%
EJ LC-MSD #4220/ R 2 1% - o 1% Bk A4S0 58
Gy PETIE R A  BL AR 4 B 1 [m] e A 4R o 1)(
FT-ICRMS & 4 ¥ i1 ( APEX 11, Bruker) Jll 52 ;
Sy ESHRERS R 200 ~ 300 B, H ATk 4 Hr 4

N-Boc L-(BifX) EHBR-2-1R £ FE MR, 17 ¥ 25/ R
W F-3-1R-1-N B EE S SCmk [ 11 ] 3RE7 R E RL
2.1 2R TA-ZTEE(L)

K2R HEE (6.3 g,210 mmol) 55 Z FE (16 g,200
mmol ) & TTREZFRA AR FHRZE 40 CEZRFRER
BURE TR -5~0 C) XM T, BATRELAEIEE
RREE G, B ESRANE, K MgSO, TH: &, B 1%
Y2 2R R sl 147 CHRGy 15 2070 (35 IR 1A
17 g, i #.66.3% .,' H NMR ( CDCl,,400 MHz) 6:5.54 (s,



652 Y@ g # xS o

Journal of China Pharmaceutical University

FAS B

2H),3.95(t,J = 10.8 Hz,2H),3.68 (t,J = 11.2 Hz,2H),
ESI- MS(m/z) :128.3,130.3[M +H] ",
2.2 2-RTCAFTABR=TE(2)

4 2-F O EE-F R (13 ¢,101 mmol) AN AT =%
A TLBERR = CBE (17. 1,103 mmol ) , {4 F il #4 2
110 °C, L 8 h 5t 1k ML, HARW H B =8, R,
4 132 ~ 134 °C/13 Pa 184, 570 (B A {4 20. 09 g, I
%.86% , "H NMR ( CDCL,, 400 MHz) §:4.18 (q,J = 6.8
Hz,4H),3.85(d,J=8.0 Hz,2H) ,3.80(t,J=9.6 Hz,2H) ,
3.65(t,J=9.6 Hz,2H) ,1.36(t,J =7.2 Hz,6H) . ESI- MS
(m/z):231.1,233.1[M +H] ",

2.3 2-R8A6-R9-[2-( =T ALEMBT AIL) T ] Roh
(3)

s 2-F He-6-F MM (3 ¢,17. 7 mmol) ,Cs,CO, (2. 88 ¢,
8.8 mmol) LARALE#1(2) (4.9 g,21. 3 mmol) TATHEN,
N-ZH 3 BE (DMF)60 mL H1, N, fR4F T4 & 4580 T
E 105 °C, [ 2 TLC /il i B #1758 &5, R RS H)
FER, A UETUVE , R REE 2R VA SR AR W R A 3%
AL (VR : LR 2 BE-H B, 20: 1), SR B AR
5.03 g, IN%:78.3% ., TRV H &8 & FR-2 Bk-A 8 ik
(1:2:1) 455 15 TC kR A, mp: 108 ~ 110 °C,'H NMR
(CDCL, ,400 MHz) §:7.91 (s,1H),5.33 (br,2H) ,4.30(t,
J=10.0 Hz,2H) ,4.11(m,4H) ,3.92(t,J = 10.0 Hz,2H) ,
3.81(d,J=8.0 Hz,2H),1.30(t,J =14. 0 Hz,6H) ., ESI-MS
(m/z):364.6[M +H] ",

2.4 2-BIR-6-F R RO-[2-(MEBEF L) TR ] RS =T
fi5 (4a)

a9 3(0.1 g,0.257 mmol) ANATE/K ZBE 20 mL
RO EA B E R, AR (0. 239 g,2.57 mmol) , N,
Y TR R BRI 6 h, A IR REEZE A, Rk
YR INA 28R 288 40 mL #5330 min, i€, IERE T 5 5%
RVRERAE S B b (VA : CBR O TR-F B, 150 1),
a2 [ 44 0.093 g, L% 81.5% , mp: 152 ~ 154 C,
'"H NMR( CDCl, ,400 MHz) §:7.59(s,1H),7.38 ~7.27(m,
5H),5.97(br,1H) ,4.77(br,2H) ,4.24(t,J =9. 6 Hz,2H) ,

Table 1 Yields,'H NMR and MS data of target compounds 9a-91

4.10(m,4H) ,3.89(t,J =9.6 Hz,2H) ,3.79(d,J =8. 4 Hz,
2H),1.96(br,2H),1.30(t,J =14.0 Hz,6H) , ESI- MS(m/
z):435.1[M +H] ",
2.5 2-BHE-6-FHA9-[2-(MBLF A ML) T ] %" (5a)
L EY 4a(l g,2.3 mmol) il A ZJE 60 mL 35175 &
FTERJF, MAZ R RS (2. 13 mL,16. 1 mmol ) ,N, {R17
TR EIFR 9 h, R EE e EZE I IR AR LR
CERBFEVERTAIR , B 015 B2 | AR 1) B AR om A
ZEWK 5 mL iR B, SRR E T &G T ik T
IMAREZAE KE A G BEG% LERR L, BEEy R
NI 2 ~3 ), 28 BS54 0.66 g, 0k
2.76% ,mp 236 ~238 °C, 'H NMR(DMSO0-d, ,400 MHz) §:
7.81(s,1H),7.33 ~7.17(m,5H),5.85(br, 1H) , 4. 62 (br,
2H) ,4.09(t,] =9.6 Hz,2H),3.71(t,J =9.6 Hz,2H) ,3.69
(d,J=8.0 Hz,2H) ., ESI- MS(m/z):379.2[M +H]"*,
2.6 9-[2(MEBEAFTEAL) LA 2-F AA-6-R e 2
L-R A 8RB, 4 § 1k 25 4 82 85 (9a ~ 91) w9 4 kil ik
T4 ORI H I A R [E] {4 5a ~ 5d (0. 476 mmol ) , —¥F
£ B 4N Bk -k ( DCMC) (0.273 g, 0.952 mmol) , DMF
25 mlL, BEFEE ARSI AP MR 6 (1. 41 mmol ) i) DMF 75K
10 mL,N, {37 F & H1RETE 60 °C )5 24 h, TLC W
RN ZE B (Ta ~ T $4b FE 0 3 BAR R R R DR,
AR H A ] {4 8a ~ 8b (0. 952 mmol ) , 5 il & £ 7E
80 ~90 “CJZJif 48 h, TLC Wil % PL WL ES &5 B JC B B3 £
J& BEZEBRE R, BRARYINA LB T 50 mL, JKFH KM
(4~6 C)YVREE 12 h, U8, IERMKIRLL 1% HCL M
NaCl 7R Bk . TE7K Na, SO, T, U8, UEZEBRIEF,
BRANY) R RS A B o) B8 Al b (VR B R £ B8 & BR-H B,
15: 1) K S YE TE07, Bk Ti%mn 85% H,PO, EH K
BRI AE, SEBIZUERE T R 6 ho RS, in K 7 B
J& ,FH 10% NaOH &85 pH 6.5 ~ 7.0, A5 ZER 3 1K,
BHANE, K MgSO, T, S uE, WEZERRAE R, 3R R
YIRE A 3 43 B AL (BRI : ZBR L BR-FR B, 100 1) , 1]
T EHAR BAR =4, & B 12 4~ Birfb & W o2 2w
IR S R BRI 1,

Comnd, Total yield/ "H NMR ESI-MS HR-MS
o % (CDCly ,400 MHz) & (m/z) Caled. (Found)
9a 4.1 7.56(s,1H,8-H),7.32-7.20(m,10H, Ar-H) ,7. 18(d,J =7.2 Hz,2H, 816.38[ M +H]* 816.385 0(816.3834)

Ar-H) ,7.09(d, ] =8.0 Hz,2H, Ar-H) ,4. 77 (br. s,2H,NH, ) ,4. 28-3.99

CypHssN,OgPIM +H] *

(m,11H,NCH, ,2 x CH,0C€0,2 x P(0) OCH, ,CHNH, ) ,3. 84-3. 68 (m,
7H,CH,0,0CH,P,NHCH, ,NHCH, ) ,3.09-3. 05(m, 1 H,CH, [ 1H] Ar) ,
2.90-2.84(m,1H,CH, [ 1H] Ar),2.43(d,J =7.2 Hz,2H, CH,CH) ,
1.92-1.79(m,3H, CH(CH;),, CH,CH,0) ,1.47(d, J =7.2 Hz,3H,

CHCH;) ,0.88(d,J=6.4 Hz,6H,2 x CH;)
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( Continued )

Compd.

Total yield/
%

'H NMR ESI-MS
(CDCly ,400 MHz) & (m/z)

HR-MS
Caled. (Found)

9b

9¢

9d

9e

9f

9g

9h

8.9

9.8

10.6

17.8

9.08

6.9

7.52(s,1H,8-H) ,7.39-7.37 (m,2H, Ar-H) ,7.33-7. 30 (m,3H, Ar-H) , 768.38[ M + H]*
7.19(d,J =8.0 Hz,2H, Ar-H),7.09(d,J =8.0 Hz,2H, Ar-H) ,4.78
(br. s,2H,NH, ) ,4.284. 11 (m, [1H, NCH, ,2 x CH,0C0,2 x P(0)
OCH,, CHNH, ), 4.043.99 ( m, 2H, CH,0), 3.86-3.83 ( m, 2H,
OCH,P) ,3.76-3.65(m,3H,NHCH, ,NHCH, ) ,2.43(d,J =7.2 Hz,2H,
CH,CH), 2.05-2.01 (m, 1H, CH ( CH, ), ), 1.96-1.92 ( m, 2H,
CH,CH,0),1.50(d,J=7.2 Hz,3H,CHCH; ) ,0.96(d,J =7.2 Hz,3H,
CHCH, ) ,0.90-0. 87 (m,9H,3 x CH,)

7.56(s,1H,8-H),7.53-7.51 (m,2H, Ar-H) ,7.45-7. 33 (m,4H, Ar-H) ,
7.317.21(m, 3H, Ar-H) ,7.20-7.09 (m, 4H, Ar-H) ,4.91 ( br. s, 2H,
NH, ) ,4.294.01(m,10H,NCH, ,2 x P(0) OCH, ,2 x CH,0CO0) 3. 83-
3.70(m,5H, CH,0, CHNH, , OCH,P) ,3.103.07 (m, I|H, CH, [ 1H]
Ar),2.90-2.85(m, 1H,CH, [ 1H] Ar),1.94-1. 89 (m,2H, CH,CH,0) ,
1.48(d,J=7.2 Hz,3H, CHCH, ) ,1.25 (m, |H, NHCH) ,0.86 (m,2H,
CHCH, ) ,0. 62-0. 59(m,2H,CHCH, )

804.32[M+H]*

7.56(s,1H,8-H) ,7.31-7.21 (m,5H,Ar-H) ,7.19(d,J =8.4 Hz,2H, 766.36[M+H]*
Ar-H),7.09(d,J=8.0 Hz,2H,Ar-H) ,5. 38 (br. s,2H,NH, ) ,4.294. 01

(m,10H,NCH,,2 x P(0) OCH, ,2 x CH,0C0),3.89-3.70 (m,5H,
CH,0,CHNH, , OCH,P) ,3.14-3.02 (m,1H, CH, [ 1H] Ar) , 3. 00-2. 96
(m,1H,CH,[1H]Ar) ,2.43(d,J=7.2 Hz,2H,CH,CH) ,2. 02-1. 81 (m,
3H,CH,CH,0,CH(CH;)),1.48(d,J=7.2 Hz,3H, CHCH; ),0.94-

0.92(m,2H, CHCH, ),0.89(d,J =6.8 Hz,6H,2 x CH;),0.66-0. 60

(m,2H,CHCH, )

7.54(s,1H,8-H),7.19(d,J =8.0 Hz,2H, Ar-H) ,7.09(d, ] =8.4 Hz,
2H,Ar-H) ,4.87 (br. s,2H,NH, ) ,4.274. 11 (m, 10H,NCH, ,2 x P(0)
0CH,,2 x CH,0CO),4.054.00 (m,2H, CH,0),3.85-3.80 (m, 2H,
OCH,P),3.75-3.67(m,3H, CHNH, ,NHCH, CHCH, ) ,2. 44 (d,] =7.2
Hz,2H,CH,CH) ,1.91-1.79 (m,3H, CH,CH,0, CH(CH, ) ), 1.48 (d,
J=7.2 Hz,3H,CHCH, ) ,0.89(d,J =6.4 Hz,12H,4 x CH, ) ,0. 86-0. 83
(m,2H,CHCH, ) ,0. 64-0. 60(m,2H,CHCH, )

718.36[M+H]*

7.73(s,1H,8-H) ,7.53-7.49 (m,4H, Ar-H) ,7.447. 34 (m,4H, Ar-H)
7.30-7.09(m,7H, Ar-H) ,6.94 (d,J =8.0 Hz,2H, Ar-H) ,4. 86 (br. s,
2H,NH, ) ,4.294. 01 (m,10H,NCH,,2 x P(0) OCH, ,2 x CH,0C0),
4.01-3.71(m,9H, OCH, , OCH, , OCH,P, CHNH, , CHCH, ) , 3. 11-3. 06
(m,1H,CH,[ 1H]Ar),2.91-2.86(m,1H,CH,[ 1H] Ar),1.96-1.90(m,
2H,CH,CH,0),1.53(d,J=7.2 Hz,3H,CHCH, )

887.29[M +H] *

7.57(s,1H,8-H),7.54(d,J=8.8 Hz,2H,Ar-H) ,7.19(d,J =8.0 Hz,
2H,Ar-H) ,7.08(d,J=7.6 Hz,2H,Ar-H) ,6.96(d,J =8.8 Hz,2H, Ar-
H) ,4.80(br. s,2H,NH, ) ,4.284. 14 (m,8H,NCH,,2 x P(0) OCH, ,
CH,0C0),4.044.03 (m, 2H, CH,0C0) , 3.84-3.69 ( m, 5H, OCH;,
OCH,P) ,3.72-3.67(m,2H,CHNH, ,CHCH; ) ,2.42(d,J =7.2 Hz,2H,
CH,CH),1.95-1.92(m,2H,CH,CH,0) ,1.85-1.75(m,3H,CH,CH,CH
(CH;),),1.55-1.52(m,4H,CHCH; ,CH(CH; ), ) ,0.94-0. 87 (m,12H,
2 xCHy)

7.54(s,1H,8-H),7.30(d,J =8.0 Hz,2H,Ar-H) ,7.24-7. 16 (m,5H) ,
7.08(d,J=8.0 Hz,2H, Ar-H) ,4.71 (br. s,2H,NH, ) ,4.264.09 (m,
11H,NCH, ,2 x CH,0C0,2 x P(0) OCH, ,CHNH, ) ,4.054.01 (m,2H,
CH,0),3.85-3.83(m,2H,0CH,P),3.79-3.72 (m,8H,2 x NCH, ,2 x
OCH, ), 3.11-3.08 ( m, 1H, CH, [ 1H ] Ar), 2.92-2.88 ( m, 1H,
NH,CHCH,[1H]Ar) ,2.90(d,J =8.0 Hz,2H,CH,CH) ,1.91-1. 88 (m,
2H,CH,CH,0),1.84-1.81(m,1H,CH(CH;),),1.47(d,J =7.2 Hz,
3H,CHCH,) ,0.89(d,J=6.4 Hz,6H,2 x CH;)

815.35[M+H]*

796.37[M+H]*

768.384 4(768.3859)
CygHss N, OgPIM +H] *

804.328 1(804. 3243)
CioHygFN,O;P[M +H] *

766. 368 8(766.366 1)
CyHos N, OgPIM +H] *

718. 368 8(718.3659)
C34Hs3N,OgP[M + H] *

887. 2998 (887. 2967)
Cyy Hyy FN, 0o PS
[M+H]*

815.356 2(815.354 1)
C39HsgNg O PS
[M+H]*

796.3793(796. 3814)
CyHssN;OgP[M +H] *
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( Continued )
Compd. Total yield/ ] "H NMR ESI-MS HR-MS
% (CDCl;,400 MHz) & (m/z) Calcd. (Found)
9 15.8  7.55-7.51(m,3H,8-H,Ar-H) ,7.39-7. 34 (m,4H, Ar-H) 7. 15-7.09 (m, 784.35[M+H]* 786.338 6(786.3362)
2H, Ar-H), 4.71 (br.s, 2H, NH, ), 4.274.15 (m, 11H, NCH, , 2 x sy Hsy FN, O, P
CH,0C0,2 x P(0) OCH,,CHNH, ) ,4.084.03 (m,2H, CH,0),3. 86- [M+H]*
3.82(m,2H,0CH,P) ,3.79-3.72(m,8H,2 x NCH, ,2 x OCH, ) ,2. 04-
2.02(m,1H,CH(CH;),),1.97-1.92(m,2H,CH,CH,0) ,1.55(d, J =
7.2 Hz,3H,CHCH, ) ,0.97 (d,] = 6.8 Hz,3H,CH,),0.91(d, ] =6.8
Hz,3H,CH,)
9j 10.7 7.59(s,1H,8-H),7.29(d,J =8.0 Hz,2H,Ar-H) ,7.09(d,J=7.6 Hz, 733.33[M+H]* 733.3387(733.3329)
2H,Ar-H),6.08 (br. s, 2H, purine-NH, ) , 4. 35 (m, 2H, NCH, ) , 4. 12- C4yHyy N, 0,PS
4.09(m,2H,CH,0C0) ,4.064. 01(m,4H,2 x P(0) OCH,CH, ) ,3. 92- [M+H]
3.89(m,2H,NCH, CH,0) ,3.743. 67 (m,3H,0CH,P,COCHCH, ) ,3. 36
(d,J=4.8 Hz,1H,CHNH, ) ,2.91-2. 87(m,2H,CH,SCO) ,2.45(d, J =
7.2 Hz, 2H, AtCH,CH ) , 2.122.07 (m, 5H, 2 x CH,CH,CH,0, CH
(CHz),),1.48(d,J=6.8 Hz,3H,COCHCH, ) ,0.97(d,J =6.8 Hz,3H,
NH,CHCH;),0.91-0. 87 (m,9H, NH,CHCH; ,2 x CH(CH; ), ), 0. 86-
0.83(m,2H,CHCH, ) ,0.62-0. 59 (m,2H,CHCH, )
9k 13.6 7.78(s,1H,8-H) ,7.54 (d,J =8.8 Hz,2H, Ar-H) ,7.53-7.51 (m,2H, 903.27[M +H]* 903.276 9(903.2794)
Ar-H) ,7.457.34 (m,3H, Ar-H) ,7. 32-7. 24 (m, 4H, Ar-H) ,7. 22-7. 20 oy Hy N, O PS,
(m,4H,Ar-H) ,6.96(d,J=8.8 Hz,2H, Ar-H) ,5. 76 ( br. s,2H, purine- [M+H]*
NH, ) ,4.394.37(m,2H,NCH, ) ,4.234.20(m,2H,CH,CH,0) ,4. 17-
4.13(m,4H,2 x OPOCH,CH, ), 4.084.03 (m,2H, CH,0CO), 3. 88-
3.74(m,4H,0CH,P ,NCH,CH, ) ,3.46(m,1H,CHNH, ) ,3.153. 11 (m,
IH,NH,CH CH, [ 1H] Ar) ,2.89-2.85(m,2H,CH,SCO) ,2. 80-2. 74 (m,
1H,NH,CHCH, [ 1H] Ar) , 1. 98-1.91 (m,2H, CH,CH,0) ,1.54(d, J =
7.2 Hz,3H,COCHCH;)
91 9.4 7.57(s,IH,8-H),7.54(d,J=8.8 Hz,2H,Ar-H) 7. 19(d,J =8.0 Hz, 831.33[M+H]* 831.333 3(831.33709)
2H,Ar-H) ,7.08(d,J=7.6 Hz,2H,Ar-H) ,6.97(d,J =8.8 Hz,2H, Ar- C39Hsg N Og PS,
H),5.82(br. s,2H, purine-NH, ) , 4. 38 (m,2H, NCH, ) ,4. 174. 12 (m, TMH]®
2H,CH,0C0) ,4.094.03(m,4H,2 x P(0) OCH,CH, ) ,3.92-3.89(m,
2H,NCH, CH,0) ,3.77-3. 68 (m,3H, OCH,P, COCHCH; ) ,3.39 (d, J =
4.8 Hz,1H,CHNH, ) ,2.93-2.89(m,2H,CH,SCO) ,2.43(d,J=7.2 Hz,
2H,ArCH,CH) ,1.92-1.79 (m,3H, CH,CH,0, CH(CH, ), ) , 1. 84-1. 75
(m,3H,CH,CH,CH(CH,),),1.55-1.52(m,4H,CHCH, ,CH(CH, ), ),
0.96-0. 87 (m,12H,4 x CH, )
y g L R, T AN B 27 2 x 10°
A FEFHT 96 fLAR (4311 100 plL) ,37 °C 5% CO, $4
3.1 4 HBV e iffi FAHII . 2 RRF LR, A A R

S CHR[ 12 ] 71k HepG2. 2. 15 4Hiff1H {k
A B R, T BUE AR R o R
5 x 10" AR AN A 96 FLESFEMR 1, AFL 100 pL,
& 37 C,5% CO, MMIIGFAEHRFIR. F2 K
W7 EIEW A S B AR 2593 E (1 000,100, 10
10 mol/L) ) DMEM Kz5R3E &4 3 BfL. AL
TR P AREEREFR 48 h 55 BVEWR, LN A ST
(1% 10 LCCK-8 1X7]) 100 wL FF4kZe3E 5% 2 h, HIEE
PRI 450 nm b ZFLATIR IR 3T AL & Pt 4
LR VR BE (CCy ) o % HepG2. 2. 15 4 1K

ZEM Mk (10,1,0.1 1 0 mol/L) fy DMEM % 5%
BOBA3 R, BREM2 dFRFERNZYIRE
AR TR, I T4 10 R, IEESL EERZE
1.5 mL B0, 20 CHAFE . BRI &
100 L, il HBV 359655 PCR B 5 £ HBV
DNA & &, Ll GraphPad Prism 5.0 # {418 Z i
BB CCyy (ECy,, UL KA M8 £ (ST
SI = CC4,/ECs, , L) B % 15 =5 fig ( adefovir dipivoxil )
PR RR

B SEIR A5 SR (3R 2) Al A B Y 12 4~ Bk
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BV EY 9 5 I SNHR LA Y3 BA HBV-
DNA #TE M (EC,, 0. 48 ~56. 14 wmol/L) , HH1k,
“Y9a ~9h HAEEEGT HBV {5 1% (ECy, 0.48 ~
12. 62 wmol/L) , L& W) 9a KRG R 1E 15 1F Ak
BT KA = (ECy, 0. 48 pumol/L,SI 763.72) , 4k
a9 (95 ~91) KA & 1 1 (ECs, 35.91,56. 14
wmol/L) 5 1E FIEFEMEFE B (ST 4. 11,2. 27) HXF F
L&Y 9a ~9h U] B FEAR .

Table 2 Anti-HBV evaluation results of target compounds 9a-91

Compd. EC5y/ (pmol/L) CCsy/ ( umol/L) ST

9a 0.48 366. 59 763.72
9b 1.27 600. 07 472.99
9¢ 1.83 628.33 343.34
9d 6.91 655.96 94.92
9e 12. 62 618. 46 49. 00
9f 8.41 882.00 104. 88
9g 12. 14 631.47 52.02
9h 10. 61 618.73 58.37
9i -2 596. 96 -b

9j 35.91 147. 68 4.11
9k 56. 14 127.82 2.27
91 -2 126. 39 -

Adefovir dipivoxil 0.96 471. 10 490. 73

ECj, : Concentrations of compounds achieving 50% inhibition of cytoplas-
mic HBV-DNA synthesis ; CCy, : Concentrations of compounds required for
50% extinction of HepG2 2.2. 15 cells; SI: Selective index, CCs,/ECs, ;
“No activity on HBV-DNA inhibition ;"SI can not be calculated

3.2 HK-=22 B EHieg
SHECHR 13 ] ik, K HK2 418535 T &

15% BG4 135 2. 0 ¢/L NaHCO, 100 U/mL FE &
100 U/mL $8%& £ /9 DMEM/F-12 B35 5, F
FFRAETP R SR, A0 B R S SRR T AR 70% ~
80% B, F 0. 25% [HRREEH AL J5 i 25 5 50 20 B B
TR AR E Z T 1 x10° A, FiiE T 96 FLEE
FEM AL 100 pL, K5k E 37 C 5% CO,
FEFRAETPIREE 24 ho WL IEFRMR, BB 2, SL 5
533 20 IE R BRZE PHVERT BRZH PR, IEW
Xf BRZH A AL A DMEM/F-12 #5359 100 pL; fHE
Xf R FALINA G A 100 pmol/ L BTERE S Fe Y 15
FEM 100 WL fERE A P K 2L SRR A
Ry (1,10,100 wmol/L) , &FL AN A 100 pL,fE
P HK-2 4fiff] 24,48 h J5 , #% BRI & b 7w 7
E M CCs, 5 FLER I &8 (LDH) B2, LDH £
F (% ) = E3EW LDH/ ( B35 LDH + 24l
LDH) x 100, L) pi/ =45 35 g ( adefovir dipivoxil ) iy BH
PEXTRR

IR (R 3) KU, LEY 92 ~9d A FH
P£(CCysy >1 000 pmol/L) K TP FEAE F5 B ( CCy =
488.05 wmol/L) . {L.2:41 9 19K ARIEEEVE( CCy =
511.72,476.49 pmol/L) 5 FHYEXS FRZ5AH Y, L&
YITE1,10,100 pmol/L ¥ B 14 FYE FH40 A 24 h
J& ,LDH BRI L R KM, (L &%) 9a ~9d LDH
R T P88 5 e, Ak &9 95 A1 9k LDH
RERUER 5 M B 2230 .

Table 3  In vitro nephrotoxicity of compounds 92-9d and 9j-9k on HK-2 cell (x +s,,n=3)

Comp. SMTT assay bRelease rate of LDH( % ) on HK-2 cell

CCysy/ ( umol/L) 10 100 pmol/L
9a >1 000 31.79 £0.23 34.24 £0.34 36.51 £0.51
9b >1 000 33.47 £0.32 36.19 £0. 29 41.22 +0. 56
9¢ >1 000 35.13 £0.47 36.77 £0.25 40. 62 0. 81
9d >1 000 35.94 £1.28 36.73 £1.13 42.46 +1.26
9j 511.72 41.67 £2. 19 46.31 £2.27 50.44 £1.62
9k 476. 49 44.85 +1.56 47.92 1. 12 51.31 £1.09
Adefovir dipivoxil 488. 05 42.32 +2.83 47.49 +1.67 50.02 +£3.23

*CCsy : Concentrations of compounds required for 50% extinction of HK-2 cells

YLDH leakage assay of the tested compounds on HK-2 cells treated with the defined concentrations for 24 h

3.3 WIMRZ RN

Fr Binfb &4 (9a ~9d,9j ~ 9k) % fi# T DMSO
1 mL 5 & B9y 1 mmol/ L B9 &1, 7031 I
pH 2.0 5 pH 7. 4 BERZ% vl 1 B € A 2 10 mL,
PrSERET (37 £0.5) CKBEFMTIHT, TA
(7 AF 161 0B 5 i B L 5 2R A HPLC J7 0 H b Ak
BV BRI, B R AR KB LEY

(9a~9d,9j ~9k)0.5 mg & T7K 1.0 mL H1 7
B0, A KA AN, K BT R O A R AL
R, T (37 £0.5) CREFKFETHE,
TSR] [E)Ks 2% B, >k A CH,CN YL3E , EtOAc
L, R G MeOH 5 f# 3 4 HPLC & & 4017,
FHRE MKW (1,,) o

SLIRZE R (R 4) R, b & EA BT
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FAS B

WA 2EtR e M, 78 pH 2.0 5 pH 7. 4 BERRZE il
WEE 24 h JF IR EN BN 12.4% ~32.1% 5
10.3% ~26.5% , Birfb&WTE MK KM T 5 W
R R 2 (1, 0. 59 ~2.24 h) , H b 54 9b
M3 AR (2. 24 h) o

Table 4 In vitro stability of compounds 9a-9d and 9i-9k in pH 2.0,
7.4 buffer and rat plasma

Chemical hydrolysis/% ®  Plasmatic hydrolysis®

Compd. pH2.0  pH7.4 t1,/h
9a 12. 4¢ 19.7¢ 1.65
9b 13.8 10.3 2.24
9c 21.2 16.8 0. 67
9d 15.6 20.7 1.58
9j 28.7 24.7 0.59
9k 32.1 26.5 ND
Adefovir dipivoxil 27.9 31.5 0.52

“ At pH 2.0 and pH 7. 4 phosphate buffer at (37 +0.5) °C ;" In rat
plasma,and ND indicates not determined;° Percent of decomposition

after 24 h of incubation

4 RS

Bt HBV TEMEWT 5T K I, Binfba et thig
We 3R 6 - A B BE 5 0T i 9 B3 1 1 7 A B,
HHROOC R T R I, BERS B 6~ b R i Bk B
LG P (9a,9b) 5L HBV i 14 5 1F F ik £ 4
T L (ST) f T HE WS 31 6~ Jy 1 P9 i 2 B A9 1k
E¥(9c ~9e) T 5 EHi Ak 5 16 £ 5 BB AR &L
SR TR I8 FR 6037 2y 4-FH S R i ik i o ok 5
RE B ARtk &9 (9f ~9g,9h ~ 91) % i PE4E S
7= AT BE S TG W 7E 40 i N v A AR
XRIA] RS ER 6~ | Ry R i L BRI AL & W 4
XoF T H A S B AL & W) 5 G e AL TR B0
A= W, DT P2 A B SR L 9 B 7 1. HK-2 &
MEFE RN, B &Y 9a ~9d & 40 i
BEPEIL T FHMERT R, L & 41 iy L&
B R T 45 Oy HCAH B A A AR -2 R T R A Y
Birfb &9 9j ~ 9k ‘B E L B3 m. &4
T E EMT A RN, & Binfb e W B A K
adefovir dipivoxil B 5 Bk 2 5 B¢ 52 & 1, [/ i
FCREOE B 1M 3K K A Bl R B A A 7 A RS I S
AR 2l

BT Bir Gy 9a BAEIFRIHT HBV &1
AR B A0 M T DA R A2 K B te e
HAEN B EWHT T 20
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