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Synthesis and Anti-HBV Evaluation of 5-Halogenated 2'-Deoxy-
2'-B-fluoro-4'-azido Pyrimidine Nucleosides

Guo, Meichao’ Hou, Jiao“ Zhang, Qiangian“

k,a,b

Kang, Jinfeng”

Yu, Wenquan™®  Chang, Junbiao
(“ College of Chemistry, Zhengzhou University, Zhengzhou 450001)
(® Henan Key Laboratory of Organic Functional Molecules and Drug Innovation, School of Chemistry and Chemical Engi-
neering, Henan Normal University, Xinxiang, He'nan 453007)

Abstract A series of 5-halogenated 2'-deoxy-2'-f-fluoro-4'-azido pyrimidine nucleosides were synthesized from m-chloro-
benzoyl protected 2'-deoxy-2'-f-fluoro-4'-azido uridine via ammonium cerium nitrate (CAN)-mediated halogenation, activa-
tion by triazole, amination, and deprotection. /n vitro biological evaluation demonstrated that 5-chloro (6a) and 5-iodo (6¢)

nucleoside derivatives possess potent anti-HBV (hepatitis B virus) activity with low cytotoxicity.
Keywords 5-halogenated; pyrimidine nucleoside; synthesis; anti-HBV activity

121 2R 5 & B OB R BR(HB V)& T 51 i
(L ™ R i N\ M B () A BR VAL s . AR P
(PITEAE KR FRAIG 7 B RIS, (E3E 1 57 TP AR 2 21
(WHO)G i ¥ o, H TR 2.57 etk o 2
98 EE 43, 2015 F—4 88.7 Ji NFETIHFHEAk . i
Yl (HCC)SE HBV e 51 i H AorE!. IR LA
R BRI CHFZa 8, FES AT IEZE
(BR)/ N T2 R 2R, BRI 24 o mT LUK 2 G &
M5k B TAEAYEIERPY. 2N, &
B2 A BEI R IR IRV TT IR 2, Bk, Wit otk
ERRE P PR R 29 B L L
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N X M
m-CICH,CO,—, o N7 O @)forza(B)for2b —  CiceH,CO, o N’go _@
N3‘"' (c) for 2¢ Ng"
BzO F BzO F
1 2a (X = Cl), 2b (X = Br), 2¢ (X = I)
Hn R N
X SN X | SN
\(i& (e)forda~dc  CiceHCO, o | N’go _©  Ho—~ o NAO
m- CICSH4COZ o Morsa~sc. Ny Ng™\
B0 F HO  F
B0 F 4a~4c, R=4H 6a~6c,R=+H
3a~3c 5a~50,R=—§—<] 7a~7c,R:-§—<]

Reagents and conditions: (a) LiCl, CAN, MeCN/AcOH (V : V=1 :1), 80 C, 77%; (b) LiBr, CAN, MeCN, 80 C, 64%; (c) l,, CAN, MeCN,
80 C, 90%; (d) 1,2,4-triazole, Py., POCl;, CH,Cly, 0 ‘C~reflux; (e) NH3*H,O, THF, r.t.; (f) cyclopropylamine, DIPEA, CH,Cl,, r.t.; (g) sat. NH;

in MeOH, r.t., 55% ~ 81% from 2.

B 1 55k fQFNC #7297 6 1 7 8k
Scheme 1 Synthesis of 5-halogenated FNC derivatives 6 and 7

LR OR3P 2 S -2'- 8- T -4'- B BUR H (1) N & T
JIEE 254 FNC [ 35 22 P AL 3R 2 AT 00 (1 4 ik
JIERT DI AT RE 6. DMLEY 1 N R
TERS B4 (CANMAAE I T ARl LLE R IR
AR B 5 D AR H AT s 4R, AT DA AR R 1)
W s e8] S-Arel. Ry U R R AR 22~
2¢. B Bk 5-pq AR E R AR AE = SRR AL e A7 7 1)
FAFTE 1,2,4- =500 i S AT DA R R 4-AriEATiE k.
EACEIF A 3 5 SR EOK IR R B, PR B AR
PR RS- EAY) 6 A1 7, =20 I NUSCRAE
55%~81%. HIrEMEMILIREE . Bk F = 7
HERG AT IR, T T — B AEE VRO
SR 2T A S VRN 7 TR0, 8 St T A R
PTG 6 A1 7 Bibt o s ST I ik
GR ). TEAZ5IKREE 1 umol/L 2R, 1A 6a F1 6¢
X EE DNA )5 6 R H AR =y 4 28, X A i 4R
MEATAEY) T HBV W5 1 5 BEHA AL B 4L G4 FNC [13%
PEA Y, BRAL T B B2 S R F(ETV). iE—
TR, 6a 5 6c MEFFMER/N, &R & R R L
125 pmol/L T ¥4 K A W & i) 40 Jfl 5 % (CCso > 125
pmol/L), FHXJ s #5 M 1) ECso (HILE] 1 9HPEIR 2]
KT (6~11 nmol/L)(FE 2). FIMAMIIIRIE R 7R M,
fE FNC ) N*-Br 5] NI RS 3E R, e a i fe (s
BAFRIPUR ER L) ARE S-xiAAR T N0 S
ANBERERRIL 5, MR IATAE)(Ta~Te) 584 K25 T 4L
JRTEIETE(ER 1), XA AE T I N AR S-47 (T EAR
BEFEBAELE, SECEMA RS R, s 7 =S H AL
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1 LB 6 Al 7 X LI DNA S ¢

Table 1 Inhibitory effect of compounds 6 and 7 on HBV DNA
replication

Compd. Structure Inhibition rate/%
NH,
FNC HO/\io_Z'N/gO 98.6
NH,
6a \q 98.2
NH,
Br
Y,
6b HO 0. N Yo 22.5
HO °F
NH,
6¢c \(_\Z,(k 98.6
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Compd. Structure Inhibition rate/%
o, un—=<]
HO 2_<
72\
7a N3'' =0 N <1
\\ N‘<
HO o)
F
HO Br HN’<\
\
7 Ney=Q WN <1
HO N—(
O
F
<
HO 5 />—<\N
Tc N3 <1
3. N—§
HO" ¢}
F
ETV — 95.7

“HepG2.2.15 cells were treated with the test compounds at the concentration
of 1 umol/L and the inhibition of HBV DNA replication was measured by an
FQ-PCR assay.

£2 1AW 6a Fl 6¢ 11 ECso fl CCso 1
Table 2 ECjy, fil CCs, values of compounds 6a and 6¢

Compd. ECso/(nmolsL™") CCso/(umoleL ™)
6a 11 >125
6¢ 6 >125
FNC 2 >125

“ECso: 50% effective concentration against HBV DNA replication measured
by an FQ-PCR assay; CCso: 50% cytotoxic concentration measured by an
MTT assay, respectively, in the HepG2.2.15 cell line.

2 ZLig

AT VA(TE SO H R R ) 2B S-2'- - F-4'- B
RRH kehn Ok, i H A B AT s A CRTE AL
T, PR A R T — RAHA 5- Q-2 it -2 B- -
A-BRMENEARZ AT EY). ARSMT SR RS TR I R ]
FAC(6a) FIHAC(60) ML H AL B ) BATIRGEF 5T HBV %
P, HARBERUR. HEZE N 5 NEREE
WaEMN ek T PUREEE. BT TAR R T
FNC RFIZH 07 aimgd 5-47 50 8 B i
BRETERIREI, HE—D 5 T IZ R E S HIReR
AT, [FINAB AT 3 259 W A SR Ak 17BN 5
A,

3 SCIERR4Y
3.1 UE5IHF
i 3 4R A3 ("H NMR) 2 & 918 T 400 MHz

INOVA VARIAN #Z i 3:3R 1% (*C NMR, 100 MHz); 54>
P 1 (HRMS )il Q-TOF il s S s ; v 2 247
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MRFIRE AT RE I 0 5 B i A28 . TeK S
2 CaH, TR, K & A& CaH, FIf)E, 2810
il HoAt AR AR Ut B GRI5 9 T  4 Hr 4L

32 ZLWHE

3.2.1 b 2 69h %

WFESEME R, HRTFF 1 (175 mg, 0.33 mmol)ITE/K
ZHENK RV - V=111, 6 mL)¥&EWH, KA LiCl
(21 mg, 0.5 mmol) M fiff B2 fili £ (CAN, 362 mg, 0.66
mmol). HIEE, BB AHRZE 80 C/RA3.5h, HZH
WH(TLC)RTMl ) RL5E 4. AN7K(10 mL)¥A K, H 218
LFE(0 mLX2)FEH. HAHAHEE I G, KK
NaHCO; % Wi(20 mL). 1A1£ £ 7K (20 mL)¥E%k, SR )5 H
oK Na SO, THE. WK4d, WE g/ BV CR L)
VA =30 : 70], 53 144 mg EACRLF 22", iR
N 77%. F LiBr A8# LiCl & T 2b, W% 64%; Fl#
JRIARE LiCL &R T 2¢, % 90%.

322 fddh 3 a9h R

[ _EiR1k &) 2a (142 mg, 0.25 mmol) A TE/K
THERLE4 mL), BEAFETRIEZ O CE, RIKIMA
1,2,4-=%M(191 mg, 2.77 mmol). MtEE(219 mg, 2.77
mmol) 1 POCI; (192 mg, 1.26 mmol). fite, 7EMLiEE T
M1 h JE AR ZERNR, RS, TLC AR N 58 4.
BI7K(10 mLYE R R, FH & H (10 mLX2)FH, &
FAE VA, M ERKEER, oK NaSO, T4, W
it B ek 3a M. FHEFERIEART 3b A 3c.
HEAT PR
323 A6 2T B ARk

LA 3a F USRI (7 mL)E R, AR
K20 mL), FEBEEERN 1 h, TLC FI & Bise 4. =
AHLE(10 mLX2)FE, GHAHAH, FHHAEMEIEK
Ve, JOUK Na,SO, THE. W4, HEGIL 5 B[N Lm)R
Ll V(AR =67 : 33)FHEE 4a, HIEEH T TH
SR

FRT, MAEY da PRI FELE Q0
mL), $iFERNL 4 h, TLC Rl N 5E 4. WR4YE, )26
WAEVPE) | & F =5 95113 8] 4-% FH-1-
[(2R,3S,4R,5R)-5-5 5 -3- T -4-F& Ik -5-(F5 T 3k ) DY S W -
2-FE)-5-EARMERE2(1H)-BH(6a), 64 mg, = LUK 75%.
({0 [E 44, mp. 185~187 C; 'H NMR (400 MHz,
CD;0D) 6: 8.03 (d, J=0.8 Hz, 1H), 6.42 (dd, J=11.2, 5.2
Hz, 1H), 5.20 (dt, J=53.6, 4.8 Hz, 1H), 4.48 (dd, J=22.0,
4.8 Hz, 1H), 3.83 (s, 2H); *C NMR (100 MHz, CD;0D) §:
162.4, 155.0, 139.1, 101.0, 97.2 (d, J=8.0 Hz), 94.5 (d,
J=192.7 Hz), 83.4 (d, J=17.2 Hz), 74.6 (d, J=25.1 Hz),
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61.5; HRMS (ESI) caled for CoH;;CIFN;O; [M+H]"
321.0509, found 321.0516.

FFRBERITT LA T 6b F1 6c. FIRAIEA NN-—
SN OREE AR KB, GRT Ta, Tb F Te.

1-((2R,3S,4R,5R)-5-5 & (-3--4-F2 £ -5-(R FH ) IIY
SR -2- % )-5- G0 -4-CF T Ji 8 s g -2(1L H)- il (7): 72
mg, =HICKR 73%. AR, mp. 219~222 C; 'H
NMR (400 MHz, CD;0D) §: 7.97 (d, J=0.6 Hz, 1H), 6.43
(dd, J=11.2, 5.2 Hz, 1H), 5.21 (dt, J=53.6 Hz, 5.2 Hz,
1H), 4.48 (dd, J=22.0, 4.8 Hz, 1H), 3.83 (s, 2H), 2.93~
2.87 (m, 1H), 0.84~0.80 (m, 2H), 0.68~0.67 (m, 2H);
BC NMR (100 MHz, CD,OD) 4: 161.1, 155.0, 137.9,
101.5,97.2 (d, J=8.0 Hz), 94.5 (d, J=192.6 Hz), 83.4 (d,
J=17.2 Hz), 74.6 (d, J=25.2 Hz), 61.5, 24.0, 5.7, 5.6;
HRMS (ESI) caled for C;,H;;CIFN4O4Na [M—f—Na]+
383.0641, found 383.0641.

4-Z F-1-((2R,3S4R,5R)-5- B H-3- . -4- 2 K -5-(F%
FH 258 DU Sk i -2- 35 )-5 - IR AR g -2(1.H)- i (6b): 54 mg,
=BUR 55%. ALK, mp. 202~204 ‘C; 'H NMR
(400 MHz, CD;0D) ¢: 8.12 (s, 1H), 6.42 (dd, J=11.2, 5.2
Hz, 1H), 5.20 (dt, J=53.6, 4.8 Hz, 1H), 4.48 (dd, J=22.0,
4.8 Hz, 1H), 3.83 (s, 2H); *C NMR (100 MHz, CD;0D) §:
162.8, 155.2, 141.9, 97.2 (d, J=8.1 Hz), 94.5 (d, J=192.7
Hz), 87.6, 83.4 (d, J=17.2 Hz), 74.5 (d, J=25.1 Hz),
61.5; HRMS (ESI) caled for CoH;BrFN,O, [M+H]"
365.0004, found 365.0006.

1-((2R,3S,4R,5R)-5-5 & -3-F-4-F2 £ -5-(B FH ) IIY
SR I -2- ik )-5- TR -4-( PR 1A Jig 5k ) % 1 -2 (1 H)- Bl (7b): 48
mg, =K 57%. AR, mp. 220~223 C; 'H
NMR (400 MHz, CD;0D) §: 8.06 (d, J=0.8 Hz, 1H), 6.43
(dd, J=11.2, 5.2 Hz, 1H), 5.21(dt, J=53.6, 4.8 Hz, 1H),
4.48 (dd, J=22.0, 4.8 Hz, 1H), 3.82 (s, 2H), 2.91~2.85
(m, 1H), 0.85~0.80 (m, 2H), 0.68~0.64 (m, 2H); "*C
NMR (100 MHz, CD;0D) d: 161.5, 155.1, 140.7, 97.1 (d,
J=8.1 Hz), 94.5 (d, J=192.6 Hz), 88.3, 83.4 (d, J=17.2
Hz), 74.6 (d, J=25.0 Hz), 61.4, 242, 5.77, 5.76; HRMS
(ESI) caled for C,H ;BrFNO;Na [M+Na]™ 427.0136,
found 427.0137.

4-Z F-1-((2R,3S4R,5R)-5- B H-3- . -4-F2 K -5-(F%
FF ) DY S PR PR -2- ik )-S5 - AR 3 g -2 (1 H) - il (6¢): 86 mg,
=HICK 81%. AR, mp. 167~169 C; '"H NMR
(400 MHz, CD;0D) ¢: 8.18 (s, 1H), 6.41 (dd, J=11.2, 5.2
Hz, 1H), 5.18 (dt, J=53.6, 4.8 Hz, 1H), 4.47 (dd, J=22.0,
4.8 Hz, 1H), 3.86~3.79 (m, 2H); *C NMR (100 MHz,
CD;0D) 6: 164.6, 155.4, 147.5, 97.1 (d, J=8.3 Hz), 94.5

224 http:/sioc-journal.cn/
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(d, J=192.8 Hz), 83.2 (d, J=17.3 Hz), 74.5 (d, J=25.0
Hz), 61.3, 55.9; HRMS (ESI) calcd for CoH;FIN4O4 [M+
H]" 412.9865, found 412.9877.

1-((2R,3S,4R,5R)-5- 75 -3 -4-F5 3 -5-(F2 F 5 IY
SRR -2- 3 )-5- T -4- (A A Ji 265 ) s g -2 (1 H)- Tl (7¢): 80
mg, —HIE 63%. FEEA, mp. 204~207 C; 'H
NMR (400 MHz, CD;0D) &: 8.13 (d, J=0.8 Hz, 1H), 6.42
(dd, J=10.8, 5.2 Hz, 1H), 5.20 (dt, J=53.6, 5.2 Hz, 1H),
447 (dd, J=22.0, 48 Hz, 1H), 3.88~3.79 (m, 2H),
2.87~2.83 (m, 1H), 0.85~0.80 (m, 2H), 0.66~0.62 (m,
2H); *C NMR (100 MHz, CD;0D) d: 163.1, 155.3, 146.3,
97.1 (d, J=8.2 Hz), 94.5 (d, J=192.8 Hz), 83.2 (d, J=
17.3 Hz), 74.5 (d, J=25.1 Hz), 61.3, 57.2, 24.7, 5.964,
5.959; HRMS (ESI) calcd for C;,H4FIN;O4Na [M—i—Na]+
474.9997, found 474.9997.
324 {443t HBV DNA B 46940 &) &b i 57
I

¥ HepG2.2.15 #lfiefl T 24 FLAR(2 X 10* 4V/4L),
7R 24 h G, IIAFRFIALEYI(1 pmol/L)EBH 14X} HE 25
PIRERF(ETV, 1 umol/L), MAMXTERFLAINZE. 9d )5,
W LIl I 5 e IR A B EE 2R R (PCR) A U
HBV DNA [#]# I %, HBV DNA (H4H]Z(%)=[1— (%
2441 HBV DNA #5 DUEU/BI P X HEFL HBV DNA )] X
100%. 8 I 25 25 AN [R) 3 BE R A DAL & 4, 0 HE Y
W AL S5 7 DNA A2, Sk al -5 3
PHG B0 FE(ECso).
32.5 WodpeyminEEir g s

¥ HepG2.2.15 4fHf 2] 96 L2 X 10* 1~/4L),
BFE 24 h 5, IMNEGANFERERNAEY), XRRFLA
5,9 d )5, mEFLFIIA 20 pL ) 3-(4,5- - FF L mEms-
2-3)-2,5- R L DY UM YR B (MTT) ¥ W(5 mg/mL), 4k
SEWEAE 4 h. % EEBE, B LRI 180 pL —
FEE W HU(DMSO), (KEHRY 10 min, 45 558 2R,
FA BRI € &L OD {HEE MK 490 nm, ZHP K
630 nm). ZHAEINHI (%) =[1— (42551 OD H/% [ X i
FL OD {H)] X 100%, FHRHEA R BEAL A0 4 A7
A4 ) 2 AL 2 B A M 3 1 VR B (C.C ).

4 Bh A48l (Supporting Information) fif & Al 1 H A5 %
FALAY 6~7 ) "H NMR Al °C NMR B & X Hepf bl
AT LA A B AT R 338 (http://sioc-journal.cn/) | %K.
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