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A H-9- (5 - B IR TR -2 -0 SE0-2 B FL-B-D- Wk i 5O mik i [2, 3-d I MK IE (3a)

L AR AL S 47 (16.0 mg, 42.6 pmol, g% :88.7% ), HPLC: 6.2 min, W Y3 K 254 nm;'H NMR
(DMSO-d 6,400 MHz),8: 12.08(br,2H,P-OH),8.21(s,1H,2-H),7.58~7.56 (m,1H,N-H),7.26 ~7.25
(m,1H,8-H),6.65~6.64(m,1H,7-H),6.58~6.54(m,1H,1’-H),5.14~5.04(m,1H,3’-H),5.06 ~5.02
(m,1H,0-H),4.38~4.33(m,1H,2’-H),3.82~3.81(m,1H,4’-H),3.73~3.70(m,2H,5’-H) ,3.49~3.37
(m,2H,CH,),1.24-1.18(m,3H,CH,),* P NMR(DMSO-d 6,162 MHz),8:4.51(s); HRMS.m/z 375.086
ALM-H]™ C,, H;;FN,O4P .

A- (3B M nE)-9- (5 A R IR -2 i A2 B-D- DR MRRR 3 kng [2, 3-d JmERE (3b)

FL AR AL S 47 (14.0 mg, 33.1 pmol g% :68.9%) . HPLC:6.3 min, WYL K 254 nm; 'H NMR
(DMSO-d 6,400 MHz),8: 12.08(br,2H,P-OH),8.62(s,1H,2-H),8.50~8.49(m,1H,N-H),8.21 ~8.20
(m,1H,8-H),8.19~8.18(m,1H,Py-H),7.84~7.83(m,1H,Py-H),7.41~7.40(m,2H,Py-H) ,6.72~6.71
(m,1H,7-H),6.58~6.57(m,1H,1’-H),5.18~5.17(m,1H,0-H),5.12~5.11(m, 1H,3’-H) ,4.84~4.81
(m,2H,CH,),4.49~4.43(m,1H,H-4"),3.86~3.85(m,1H,H-2"),3.78~3.73(m,2H,H-5") ,"'P NMR
(DMSO-d 6,162 MHz) ,8:4.52(s); HRMS:m/z 423.086 ALM-H]  C,, H,;FN,O,P .

4-(3- R H) -9- (5 - BB MR IR -2 I SL-2- B 3B D- Ik i B ) mik g [ 2, 3-d W HE (30



44 M@ EREFROA AR FZBR 2017 %

F 3 HOR LA 9 (17.5 mg, 41.6 pmol, I8 #:86.6 %), HPLC: 6.2 min, B Ux ¥ K 254 nm;'H NMR
(DMSO-d 6,400 MH2),8: 12.08(br,2H,P-OH),8.18 (s, 1H,2-H),7.62(br s,1H,N-H),7.29~7.28(m,
1H,8-H).6.69~6.68(m,1H,7-H),6.62~6.61(m,1H,1’-H),5.19~5.06 (m,1H,3’-H),5.08~5.06 (m,
1H,0-H),4.42~4.36(m,1H,4’-H),3.83~3.82(m,1H,2’-H),3.76~3.73(m,2H,5’-H) ,3.61~3.58 (m,
2H.CH,),3.55~3.43(m,2H,CH,),3.38~3.37(m,3H,CH,),1.95~1.89(m,2H,CH,) ,**P NMR(DM-
SO-d6,162 MHz) ,8:4.51(s); HRMS: m/z 419.112 6/ M-H]~ C.. H,,FN,O,P~.

A-F -0~ (5 - B IR IR -2 - T A2 BB Dk B o mE g [ 2, 3-d g e (3D

F AR S 91 (14.7 mg, 40.5 pmol, g % :84.5%) ,HPLC: 6.2 min, B Ug ¥ K 254 nm;*H NMR
(DMSO-d 6,400 MHz) ,8:12.08(br,2H,P-OH),8.20(s,1H,2-H),7.57~7.56 (m, 1H,N-H) ,7.26 ~7.25
(m,1H,8-H),6.64~6.63(m,1H,7-H),6.58~6.54(m,1H,1’-H),5.13~5.04(m,1H,3’-H),5.07~5.01
(m,1H,0-H),4.39~4.33(m,1H,2’-H),3.82~3.81(m,1H.4’-H),3.74~3.71(m,2H,5’-H) ,3.32~3.24
(m,3H.CH,) ,** P NMR (DMSO-d6, 162 MHz),§:4.50 (s); HRMS:m /2 361.070 §[M-H]~ C,, Hys
FN,O:P~.

-2, T HEH-9- (5 B RTE -2 T 42 BB DR I B RO b [2, 3-d M HE (3e)

H i HRAL A 81 (15.7 mg, 40.2 pmol, H1#.83.8%), HPLC: 6.4 min, WUk ¥ K 254 nm;'H NMR
(DMSO-d 6,400 MHz) ,8: 12.08(br,2H,P-OH),8.14(s,1H,2-H),7.58(br s,1H,N-H),7.27~7.26 (m,
1H,8-H).6.65~6.64(m,1H,7-H),6.58~6.54(m,1H,1’-H),5.14~5.12(m,1H,O0-H),5.01 ~4.99 (m,
1H,3’-H),4.39~4.32(m,1H,4’-H),3.81~3.79(m,1H,2’-H) ,3.65~3.60(m,2H,5’-H) ,3.58 ~3.52(m,
2H,NH,),3.36~3.24(m,2H,CH,),2.79~2.76 (m,2H,NH,) ,** P NMR(DMSO-d 6,162 MHz),5: 4.53
(s). HRMS:m/z 390.097 3{M-H]~ C,H;;FN:O,P".

(NG N-ZH L R ED-9- 5 MREIR R -2 I 40289 -B-D-RE M B FO ik [ 2, 3-d ) mg i (3D -

F AR S # (17.1 mg. 40.9 pmol, % .85.3%), HPLC: 6.3 min. I K 254 nm;'H NMR
(DMSO-d 6,400 MHz) ,8: 12.08(br,2H,P-OH),8.20(s,1H,2-H),8.02(br s,1H,N-H),7.32(br s,1H,
8-H),6.69~6.68(m,1H,7-H),6.59~6.55(m,1H,1’-H),5.14~5.02(m,1H,3’-H),5.08(m,1H,0-H),
4.38~4.32(m,1H,4’-H),3.85~3.84(m,1H,2’-H),3.80~3.79(m,2H,5’-H) ,3.65~3.61(m,2H,NH,),
3.27~3.24(m,2H,CH,),2.78(s, 6H,CH;),* P NMR(DMSO-d 6,162 MHz),9: 4.50(s); HRMS:m/z
418.128 6{M-H]~ C,,H,, FN; O, P,

A-FRT -9~ (5 - BB RS -2 - JB0 42" 3-8 D- WA B 3 b [2, 3-d M e (3g)

F i AR A 87 (15.3 me, 39.4 pmol, Y#.82.1%), HPLC: 6.2 min, Ik # K 254 nm;'H NMR
(DMSO-d 6,400 MHz) ,8: 12.10(br,2H,P-OH),8.17(s,1H,2-H),7.71(br s,1H,N-H),7.25(br s,1H,§-
H).6.69(br s,1H,7-H),6.58~6.52(m,1H,1’-H), 5.14~5.10(m,1H,3’-H),5.06~5.04(m,1H,0-H),
4.39~4.34(m,1H,4’-H),3.80~3.79(m,1H.,2’-H),3.68 ~3.65(m, 2H,5’-H),2.95~2.93(m, 1H,CH),
0.82~0.81(m,2H,CH,),0.58~0.57(m,2H.,CH,),* P NMR(DMSO-d6,162 MHz),8: 4.52(s); HRMS;
m/z 387.086 4[M-H] C,,H,,FN,O.P".

1.2.4 5 RHT S B S T R M 3

DA 41 B (HepG2.2.15) 2y HBV B 1) 41 M A5 BUSR F 55 4k & 4 I B 2 B 58998 33 336 1k il g [ 2, 3-d ]
WA NE AR A R R L & W 7E T L HepG2.2.15 41 i 25, 1Y H L () S s £h (MTT) H 0 3k 46 I 42 & %
HepG2.2.15 20 (4 251 . BB 5 G 28 I B0 4 5 AR (ELISA) K I 41 i 135t HBsAg 1 HBeAg W75 4L, 5250
TR RS OCERL T, 150, F M RS MR s A R R 1 Fi 3k 2.
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HPBERR L. PPERRIE N & R YA VL I T 2 BB B R R — S S O R, R RER ) — 2
A R IR R 0 SR AN TR ZEX L BT R S R A B X A AR E R . B R 37
BEAL B SRR A, AR SOR v i A B DR P A B A 90 = & Rl IR I CTEP) a0 . 18— 893 & hUE IR IR
FOIMAIR R K A B 4-JUR-9-(5 - A B TR T2 -1 482 B-JRL-B-D- R M R ) e [ 2, 3-d e S fh 5 4 2
— 7 2 L BT A SR

1 MIT EZRMNKEW(3a-32) M d FE (umol « L™
FE 5 3a 3b 3c 3d 3e 3[ 3g
CC50 976.1 951.3 822.3 432.4 26.5 652.5 468.3

FT2 LAY 3a-3g EIMNH HBsAg F1 HBeAg o b 45 8

B M/ (gmol « L™1) 1IBsAg(OD {E) M/ % 11BeAg(OD {H) =/ 2
ERA - 0.51£0.00 / 2.8140.05 /

8 0.3540.07 % = 30.50 1.98+0.16* * 29.29
3a 1.6 0.4540.05 10.47 2.5940.02% 7.74
0.32 0.4740.03 7.05 2.650.06* 5.56
8 0.380.04 % 24.97 2.0940.08 < 25.34
3b 1.6 0.4540.05 11.33 2.5640.04 %~ 8.75
0.32 0.4840.02 4.68 2.64+0.03* 6.06
8 0.380.04 % 25.36 2.0240.08% < 28.09
3c 1.6 0.4240.03* 17.06 2.52+20.09" 10.03
0.32 0.4640.05 9.82 2.5840.09 < 8.08
8 0.46£0.09 = 29.92 1.800.16~ * 28.50
3d 1.6 0.530.01% % 18.93 2.1240.11%% 15.60
0.32 0.5840.05 11.70 2.1940.03% < 12.50
8 0.4740.06 = 27.89 1.800.06~ * 28.33
3e 1.6 0.5640.05 14.76 2.1140.01% % 15.89
0.32 0.59+0.04 10.59 2.4140.09 4.08
8 0.4340.04 % 33.84 1.7740.10% * 29.40
3l 1.6 0.530.05 % 18.58 2.0240.11% % 19.39
0.32 0.5940.03 10.13 2.2540.05* 10.42
8 0.510.07 % 22.54 2.054+0.12% % 18.40
3g 1.6 0.5840.03 11.55 2.3340.05* 7.04
3.2 0.6140.05 6.97 2.5040.03 0.64
3TC 100 0.140.02% % 73.25 1.500.05~ * 46.65

A BB AR L, » P<{0.05; * x P<C0.01
22 UEYHRZBEFREENRER

F1FIR 2 a2, 3-d B A% 1 AR BR AL 5 W 7E 9 d B ¥R 8 pmol/L. %) HBsAg 1
HBeAg #58 — & WM 1 /E F . H b 3a,3d,3f %} HBsAg M1 HBeAg W30 ] 4 &, H 3a W5 MK (
CC50:976.1 pmol/L) MHAF JE— BB,
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Synthesis and Antiviral Activities of Novel Pyrrolo
| 2,3-d | pyrimidine Monophosphate Compounds

Guo Xiaohe, Li Yujiang, Tao le, Wang Qiang, Dong Lihong
(ITigh & New Technology Research Center of ITenan Academy ol Sciences, Zhengzhou 450002, China)

Abstract ; Pyrrolo [ 2, 3-d] pyrimidine monophosphate compounds were synthesized vio one-pot reaction by 4-substituted-
9-(2-deoxy-2-p-fluorine-g-D-furan glycosyl) pyrrolo [ 2,3-d] pyrimidine with phosphorus oxychloride in sequence. The products
were characterized by Nuclear magnetic resonance phosphorus spectrum (! P NMR), Nuclear magnetic resonance H spectra
(H NMR) and High resolution mass spectrometer (HRMS). Preliminary pharmacological test was made on hepatitis B virus
(HBV). The test results showed the inhibitory rate of targeted compounds on hepatitis b virus surface antigen (HBsAg) and
hepatitis Be antigen (HBeAg) was normal, but the inhibition rate of 3a, 3d, 3{ were higher than others and 3a had lower toxic-
ity than others compounds.

Keywords: pyrrolo [ 2,3-d] pyrimidine; phosphates; synthesis; anti-HBV activity
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