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Fig.1 Synthetic Routes of 1 (The route in the literature was represented by the dashed line.)

ROV PR BEIE — AR 1/20) 5 -0 CRUT & N, 1-(FWSE ) SRR — ok (6) 5 (6-
TORBLREREEL ) AR ] AR (4) MATIREUN AU-OH- RN -2- S ) EUEEFHERAUT R (12) Kpidf
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HZNTN\ N Pipr
.
N AN o/\(/)/ oipr
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—
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Y o, oer
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2 Z:JR AR B HVSEH
Fig.2 Structures of the Impurities A and B

FRTAIEE L, BB Mitsunobu V& Sy2
SN, BEAT RORE S 2k B A R B AR . M EE STER
iy 14 #1416, Uzl 33% 3271 % 63% . @7
HHIENS 6- A FUR I BRR, AHE TR PA/CT IR
BB PAICIH, 264, fEEIR FRIAE] 1-[ (2- &
BE-OH- MRS -9- Bk ) FIJE ] AT AE R IR — £
(8), TELRIEWCRIFEIR, BT H, FIEH, RN
FAFEIRA . @SR LI, KON I IR T
7% 100 C, Y 38.5% A 62.2% P, iy
JE I T2 T A, OSBRI AT, A
FE, BRI SCERE 5% 2R 16% (LL 2t ).
SEAG R 43
2-[ (MTEZFERRE) §E ] CEECHs (3)
# 2(200.0 g, 1.92 mol) 1 Bk M (154.6 g,
2.30 mol) % T DCM (2.0 L) o, WK/KIBZ1: T FE
5 VR S22 18R i TBDPSCI (527.7 g, 1.92 mol) ,
TR, R AR 16 he [N 1.0 mol/L 1)
1R (500 mIx2) FIEAHRIREENE (200 mix2)
Ve, FTCKIRBREAT 1, uE, ISR IRYAE15
{033 B A4 3(595.4 g, 91.1% ). ESI-MS(m/z):
365.156 4[M+Na] " ; *H NMR (300 MHz, CDCL,) 5:
7.76 ~ 7.87(m, 4H), 7.47(q, J=5.4 Hz, 6H), 4.35(s,
2H), 4.22(q, J=7.1 Hz, 2H), 1.28(t, J=7.1 Hz, 3H),
1.21(s, 9H) ; *C NMR (75 MHz, CDCl,) 5: 171.2,
135.7, 132.9, 130.0, 127.9, 62.4, 60.7, 26.8, 19.4, 14.2,
I-[(WMTEZFERRE) S5E | FEEE )
BARST, [ = HIEEFER N 3(350.0 g,
1.03 mol) FHEZ THF(1.0L) ; T -15 CHIR S
HEKER VY SR BE (58.4 g, 205.56 mmol) F1 2.0 mol/L
IHERAAE THF ¥ (1.025 L, 2.05mol), JiHess

FEZERMMN 4 h, IIANBRMEAEE R (400 ml)
WRRPLE, IR CBEREE (500 mIx3), &IFEH
LA, FHJCoKBRRRAN T8, kU8, I8k = W4,
S 4a = 3T, HaEcki (80 ml) HEah
e fs A 3% W [F4A 4 (251.4 g, 75.0% ). mp 64 ~
65 C ; ESI-MS(m/z): 349.162 6[M+Na]* ; ‘H NMR
(300 MHz, CDCl,) §: 7.70 ~ 7.75(m, 4H), 7.40 ~
7.49(m, 6H), 3.73(s, 2H), 1.12(s, 9H), 0.82(t, J=
6.5 Hz, 2H), 0.48(t, J=6.5 Hz, 2H) ; “*C NMR (75 MHz,
CDCl,) 5: 135.6, 133.4, 129.8, 127.8, 69.4, 56.5, 26.9,
19.4,11.4,

I-L(WMTEZFEERE) SFE ] FRER
EBfs—2fg (5)

AP, 54 4(300.0 g, 919.78 mmol)
AJEK DMF (1.5 L) B 40 = 1 R R e 4
PR . BEINE T 60 Cuigiarh, RN 2218
b0 4a(296.5 g, 919.78 mmol) F1 2.2 mol/L [l
AR THF 9 (418.1 ml, 919.78 mmol) . ke,
PRI 4 he AEIE SR, NN AT S B W
(500 ml) K, gtk R ER, IR 4R
LT (500 mIx3) A0, &IFA N, AL
YR (500 miIx3) P, FHIC/KEREREN T4, 1diE,
PEIBUR IR AR5 LLER 1k 5 (366.3 g, 83.6% ).
ESI-MS (m/z) : 499.203 6[M+Na]* ; *H NMR (300 MHz,
CDCl,) &: 7.64 ~ 7.75(m, 4H), 7.35 ~ 7.49 (m, 6H),
4.16 (dg, J=14.2, 7.1 Hz, 4H), 4.05(d, J=9.3 Hz,
2H), 3.80(s, 2H), 1.33(t, J=7.1 Hz, 6H), 1.08 (s, 9H),
0.90(q, J=5.5 Hz, 2H), 0.56 (g, J=5.5 Hz, 2H) ; *C NMR
(75 MHz, CDCl,) 8: 135.6, 133.2, 129.8, 127.8, 67.2,
64.9, 64.7, 62.45, 62.4, 26.8, 19.2, 16.4, 11.0,
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1-( ERE) MRERERKR_ 8 6)

% 5(300.0 g, 0.63 mol). % 1k %% (93.4 g,
2.52 mol) F1HEE (1.5 L) i & e M A, i #4
Z [ M 4h, TLCL EFF# : DCM : MeOH
(20 © 1) ] BoR MG, WERER, KR
KRR AL, DEMROE AR 4R R4 P v oK
MR LTI, A HUAH H JG 7K B R 48 T
B, I UE, EVRRUE IR S & PO RE R [ SR
% : DCM : MeOH (60 : 1) ] 4ii {15 41 k5 2 Wi
14 6(133.1 g, 88.6% ). ESI-MS(m/z): 239.104 7
[M+H]* ; "H NMR (300 MHz, CDCl,) &: 4.35(s, 1H),
4.01(d, J=5.6 Hz, 4H), 3.80(dd, J=8.1. 3.7 Hz, 2H),
3.51(s, 2H), 1.18(t, J=7.1 Hz, 6H), 0.72(s, 2H),
0.48(s, 2H) ; *C NMR (75 MHz, CDCl,) &: 65.4, 63.7,
62.6, 62.5, 61.5, 16.3, 16.2, 11.0.

(2-|& -6- & -9H-[E1% -9- & ) BFEGMT B
(11)

P& 10 (2 H5 4 ~w], 97%, 250 g,
1.5 mol). —ExEZ U1 g (321.9 g, 1.5 mol) Al
DMF (1.0 L) In&RBOEH, vKKIE %44 N IA 4-
T H gLk (DMAP, 8.8 g, 73.69 mmol), #f%
2R 30 min, ERAREG . K (200 ml),
A Ay, g, YK (500 ml) ¥E,
I T4 24 h 13 B3 (i 44 11 (371.9 g, 93.6% ).
mp 273 ~ 274 °C. ESI-MS(m/z): 292.057 2[M+Na]" ;
'"H NMR (300 MHz, CDCl,) §: 8.11(s, 1H), 6.20 (s,
2H), 1.64(s, 9H) ; ®C NMR (75 MHz, CDCl,) §:
160.7, 153.3, 152.2, 145.5, 140.0, 125.2, 87.1, 27.9.

(6- & -9H- [En% -2- B ) |EFEMNT A (12)

KoK AR, R A4k dh (60%, 100.2 g,
2.5 mol) 2= %1k &4 11(300 g, 1.1 mol) 17
K THF(L5 L) o, e e &SRy, T =EbHE
SN 2 o G ON T AR R S AN VA T (200 mil),
ARG, EE, SRR, K
RN R 2.8 (100 ml), 45 A G &b H,
g, JEPHH 2R 288 (300 ml) PJE, VK TR
{044 12 (2742 g, 91.4% ). mp 235 ~ 237 C.
ESI-MS (m/z) : 292.057 0[M+Na]* ; '"H NMR (300 MHz,

DMSO-d,) §: 13.61(s, 1H), 10.25(s, 1H), 8.46 (s,
1H), 1.46 (s, 10H) ; C NMR (75 MHz, DMSO-d;) &:
155.00, 152.80, 151.37, 148.80, 145.24, 126.65, 79.86,
28.30.

1-[ (2- 5& -6- 5 -9H-[FN§ -9- & ) A& ] If
AEERERIR 8 (7)

¥tk &) 6(150 g, 629.67 mmol) . 12(203.6 g,
755.59 mmol) . =ZKFEEBE (330.4 g, 1.2 mol) NZE %
N, FTEK THRE(LS L) #fR, AR EAH
£ -30 C, ZEWMIMNMEER KR _5%H (DIAD,
254.69, 1.2mol), i, HBEEZRBAERS 1h.
K (200 ml) , 2R J5 FH 2.8 2.1 (200 mIx3) #<HY,
B, GHFENE, ARSI (300 mIx2)
Ve, MTLKBREREN T, L uE, JEMRE R Y6,

BT A5 9k 4 W F s ik I A (SR L) - [F 6) BR 2
=RE, hEFYH=%,®% : DCM(2 : 1,

450 ml) ¥R, =IOV 1 he InNERITTRER A AR
WHZERPE, I DCM (300 mix3) #HL, 7, &
HAENAE, FMBMEPER (300 ml) ¥dk, H
ToKBREREN T4, 108,  DEVBIRR IR AR 15 SR (i
WY AN ZHE (50 ml), A 5 min, i LS
{5 [E 4 7 (154.9 g, 63.2% ). mp 125 ~ 127 C ;
ESI-MS (m/z) : 390.109 2[M+H]" ; *H NMR (300 MHz,
CDCl,) 8: 8.10(s, 1H), 5.34(s, 2H), 4.21 (s, 2H),
4.03 ~ 4.15(m, 4H), 3.89(d, J=10.3 Hz, 2H), 1.27 (t,
J=7.1Hz, 6H), 1.02(t, J=6.4 Hz, 2H), 0.86 (t, J=6.5 Hz,
2H) ; ®C NMR (75 MHz, CDCIl,) §: 159.2, 154.2,
151.1, 143.0, 124.9, 64.0, 63.8, 62.7, 62.6, 60.9, 46.4,
16.4,16.4,12.6,

1-[(2- =& -9H- 1204 -9- &) BHE ] B EH
HEBfs—Zfg (8)

A4 7(120.0 g, 308.43 mmol) ¥ T HIfiE
(1.0 L) H, JA¥E PA/C (6.0 g) FIFRE: (77.7 g,
1.2mol), =EPEFEN 20 he FRERE: L 3ER Pd/C,
JEVR AW A 13 i A, in N DCM (500 ml), &
B AR SN FR R e, VIR TR 4 45 13 £22 B IR
Yo IMNZRZHEE (30 ml) #E7 5 min 75 4 (G FE 4,
g, 15 A E 4 8(100.8 g, 92.1% ). mp 90 ~
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92 °C ; ESI-MS(m/z): 378.127 2[M+Na]" ; 'H NMR
(300 MHz, CDCl,) 5: 8.68 (s, 1H), 8.08 (s, 1H), 5.16 (s,
2H), 4.23(s, 2H), 4.01 ~ 4.16 (m, 4H) , 3.90 (d,
J=10.3 Hz, 2H), 1.27(t, J=7.1 Hz, 6H), 1.03(t, J=
6.4 Hz, 2H), 0.87 (t, J=6.5 Hz, 2H) ; “*C NMR (75 MHz,
CDCl,) 5: 159.9, 153.5, 149.6, 143.0, 127.9, 64.0, 63.8,
63.1, 62.8, 62.6, 60.8, 45.8, 16.4, 16.3, 12.3,

1-[(2- S & -9H- IE% -9- &) BE | FFEH
WL (9)

A& 8(50.0 g, 140.73 mmol) ¥ T JE/K
DCM (250 ml) ™, UKIKH 564 T 2212 in — H A
Rikki (TMSBr, 107.8 g, 703.58 mmol), L,
R B IR N 16 ho PR IRYE BT, AN
DCM (50 mIx2) , Jig s F A FEE (50 mix2) , Jig T,
P A . R EE 2 18 4k 9(38.1 g,
90.2% ), mp 255 ~ 256 “C. ESI-MS (m/z): 300.086 3
[M+H]*; "H NMR (300 MHz, DMSO-d;) 5: 9.02 (s,
1H), 8.75(s, 1H), 4.33(s, 2H), 3.75(d, J=10.2 Hz,
2H), 0.90(s, 4H) ; *C NMR (75 MHz, DMSO-d;) 5:
157.7, 154.4, 150.6, 139.1, 126.0, 64.6, 63.5, 63.3,
62.5, 46.4, 12.1,

NEES (1)

¥AL & 9(12.0 g, 40.10 mmol) i N- HI%E
Mg Leld (NMP, 100 ml) ¥R, BT 000 R
L, BARY, T 70 CHEEWM =2k (8.1,
80.20 mmol), #i+k 30 min j5, FHEE 100 C, %2
& IR IR S PR (12.1 g, 80.20 mmol), 5,
PR SR 48 he F M Z2 #h 525 25 T NMP 5 A
K (50 mb), HZFE4BE (50 mIx3) L, &FA
MM, FTCKBREREN T4, o8, JEME R,
WAEYIF PSR T B E A AR ik 1(13.2 g,
62.2% ), 4JF 99.2% [HPLC IH—1{kik . &4z
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Cosmosil Cy ¥ (4.6 mmx250 mm, 5 um) ; JA3h48
FIEE : 7K (60 © 40) ; #msk& 254 nm; 423% 30 C;
ik 1 ml/min]. mp 140 ~ 142 °C ; ESI-MS (m/z):
550.203 5[M+Na]* ; '"H NMR (300 MHz, CDCl,) &:
8.69 (s, 1H), 8.05(s, 1H), 5.60 ~5.72(m, 4H), 5.17 (s,
2H), 4.24 (s, 2H), 3.99(d, J=10.1 Hz, 2H), 1.21 s,
18H), 1.06 (t, J=6.4 Hz, 2H), 0.89 (t, J=6.5 Hz, 2H) ;
®C NMR (75 MHz, CDCIl,) §: 176.9, 159.8, 153.6,
149.4, 143.0, 127.9, 81.8, 81.7, 64.5, 64.3, 61.1, 46.1,
38.7,26.8, 12.4.,

S Hk:

[1] FUNGJ, LAICL, YUEN M F. LB80380: a promising new
drug for the treatment of chronic hepatitis B [J]. Expert
Opin Inv Drug, 2008, 17(10): 1581-1588.

(2] Egse, XNEFE, . LY 205 B 2B 7 ik e
[]. HEIBRZj%0t5i4% %, 2016, 43(1): 134-138.

[3] CHOIJR, CHO D G, ROH K, et al. A novel class of
phosphonate nucleosides. 9-[ (1-Phosphonomethoxycyclo-
propyl) methyl]guanine as a potent and selective anti-HBV
agent [J]. J Med Chem, 2004, 47 (11) : 2864-2869.

[4] YOON S K, KIM C M, LEE K K, et al. New process for
preparing diisopropyl ((1-((2-amino-6-halo-9H-purin-9-
yl) methyl) cyclopropyl) oxy) methylphosphonate: WO,
2005058925 [P]. 2005-06-30.

[6] ®E%, T X, THUT, 5. LB80380Z W At &4
e FCii 4% 7 v A g o, 106432330 [P]. 2017-02-22.

[6] FLETCHER S, SHAHANI V M, GUNNING P T. Facile
and efficient access to 2,6,9-tri-substituted purines through
sequential N9, N2 mitsunobu reactions [J]. Tetrahedron
Lett, 2009, 40 (44) : 4258-4261.

[7] SHAHANI V M, BALL D P, RAMOS AV, et al. A
2,6,9-hetero-trisubstituted purine inhibitor exhibits potent
biological effects against multiple myeloma cells [J]. Bioorg
Med Chem, 2013, 21 (17): 5618-5628.



I EEE 25 Tk Z4E Chinese Journal of Pharmaceuticals 2018, 49 (11) . 1529 .

Synthesis Improvement of Besifovir

WU Yang', LIAO Guochao?, HAO Linghua®, WANG Pengcheng®, SUN Pinghua™™*
(1. College of Pharmacy, Jinan University, Guangzhou 510632; 2. School of Chinese Materia Medica, Guangzhou University of Chinese
Medicine, Guangzhou 510006; 3. Guangzhou Yuemei Pharmaceuticals Co., Ltd., Guangzhou 510700)

ABSTRACT: The synthetic process of besifovir was improved. 1-[ [ (Tert-butyldiphenylsilyl) oxy]methyl]-
cyclopropan-1-ol (4) was obtained via a hydroxyl protection and Kulinkovich reaction from ethyl glycolate (2). Then 4
reacted with the inexpensive material [diethyl (tosyloxy)methylphosphonate] via nucleophilic substitution to produce
diethyl [[1-[[ (tert-butyldiphenylsilyl) oxy]methyl]cyclopropoxy]methyl]phosphonate (5). In this step, anhydrous
lithium iodide was avoided and the cost was reduced. Then 5 was subjected to hydroxyl-deprotection, which was followed
by Mitsunobu reaction with tert-butyl (6-chloro-9H-purin-2-yl) carbamate and hydrolysis with TFA to afford diethyl
[ [1-[ (2-amino-6-chloro-9H-purin-9-yl) methyl] cyclopropoxy]methyl]phosphonate (7). This method could effectively
avoid the formation of the 7-isomer and ring-expansion impurities, and the yield could increase from 33% to 63%. Then,
Pd-C/ammonium formate was used instead of Pd/C/H, to the dechlorination of 7 to give diethyl [1-[ (2-amino-9H-purin-
9-yl) methyl]cyclopropoxymethyl] phosphonate (8), which was followed by hydrolysis and esterification to produce the
target product with a total yield of 16% (based on 2) .

Key Words: besifovir; anti-hepatitis B virus; Mitsunobu reaction; synthesis improvement
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Pd/C/AcONH, was used instead of Pd/C/H, ﬁ

to make the reaction condition milder.



