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Abstract: The synthesis process of a new anti-hepatitis B drug, tenofovir alafenamide (TAF) hemifumarates
was optimized. Adenine (1) was used as a raw material to react with (R)-propylene carbonate to give (R)-9-(2
-hydroxypropyl) adenine, followed by phosphorus ylide substitution and hydrolysis to obtain (R)-9-((2-pheny-
IphenyD) methoxy) propyD—-adenine. Finally, the product obtained in the previous step was substituted, acylat-
ed, condensed and salt-formed to obtain the target product TAF, and the reaction conditions of each step were
optimized. The results shows that the total yield reached 32. 1% (as calculated on adenine) » which was 23.1%
higher than the original process, and the product and main intermediates were confirmed by electron impact
mass spectrometry (EI-MS), proton nuclear magnetic resonance (! H-NMR) and carbon 13 nuclear magnetic

resonance (">?C-NMR). Compared with the TAF synthesis technology reported in the existing literature, the
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total yield of the process after optimization improved significantly, the reaction cost reduced, and the reaction

time shortened. In addition, the security threats in the production process were avoided, which indicates that

the synthesis process is suitable for industrial production.
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Fig.1 Synthetic route of TAF
1.2.2 (R)-9-(2- ) ( 2) (4.1 g,0. 030 mol),(R) -
(3.98 g,0. 039 moD) (0.08 g,0.002 mol) 12 mL (DMF) ,130 C
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(TLO) . 100 C, (25.2 mL) 2
h, , (5 mLX2) , 80T s 2(5.37 g,
91.6%( (9] 75%), 188.6~189.7 C, 96. 8% ( (HPLO)
, : Sinochrom ODS-BP Cis (4. 6 mm X150 mm,5 pm) ; V(
y:V( )=25:75,V ; 1.0 mL * min™'; 260 nm; 10 pL;
30 C).
"H-NMR (400 MHz,Deuterium Oxide) (6):7.88(ss2H)+4.16~4.00(m,2H) 3. 94(d,
J=8.6 Hz,1H),1.15(s,3H). 2 , 2
1.2.3 (R)-91{2< ) ] ( 3) 2(5.02
g,0.026 mol) DMF(25 mL) 65°C ., 1h (3.58 g,0.021 mol);
78°C , 2h (16.43 g,0.051 mol), 75 °C
4 h, 50 °C pH 65 , (50 mL)
20%  NaCl (30 mL) » 30 min, ; , (20
mlL X 2) . s s , 3(7.42 @),
83.2%, 98.5% (HPLC ) : Sinochrom ODS-BP
Cis (4.6 mm X150 mm,5 pm); V( )+ V(O )=20": 80; 1.0 mL ¢ min ';
254 nm; 10 pLs 30 C).
1.2.4 (R)-91 2~ ) 1 ( 4) 3(5.83 g,0. 017 mol)
(7.81 g,0.051 mol) B0mL) , 77°%C 3 h, ;
(30 mL) (25 mL) s ;  NaOH pH 1.1,
, NaOH pH 2.1, , 4 C ) s
50 C . (50 mL) 4 h; ) 4 °C
3 h. . . 50 C . . 4(3.42 .
70.2%C  [9] 50. 4% 2 .
"H-NMR (400 MHz,Deuterium Oxide) (8): 8.43~8.23(m,2H) ,4. 44(dd,J=14. 8,
3.2 Hz,1H) ,4.25(dd,J=14.7,7.0 Hz,1H) ,4. 00~3. 88 (m,1H),3. 65(dd.J=13.2,9.3 Hz,1H),
3.55~3.37(m,1H),1.13(d,J=6.4 Hz,3H). 4 s 3
J T { | I -
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Fig.2 'H-NMR spectrum of compound 2 Fig.3 'H-NMR spectrum of compound 4
1.2.5 (R)-9-(((2- ) ) ) - ( 5) 4(2.87 g,
0.010 moD) , (6.52 g,0.021 mol) s4- (DMAP) (0. 122 g,0. 001 mol) s
(0.20 g,0.002 mol) 40 mL , . 75 C, 72 h; TLC
, ) . (15 mL) (25
mL), , (15 mL) , . pH 3
2 h ) s , , 70 C , s
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5(2.56 g). 70. 6% ( [9] 50.7%), 99. 2% (HPLC

, : Sinochrom ODS-BP Ci5 (4. 6 mm X150 mm,5 pm); V(

)+ V( )=35:65; 1.0 mL * min"'; 254 nm; 10 pL; 30 C).
'"H-NMR (400 MHz,Deuterium Oxide) , (8): 8.27(s,1H),8.18(ss 1H) 7. 18(t, J=7.7

Hz,2H),7.04(t,J=7.4 Hz,1H),6. 68(d,J=7.9 Hz.2H).4. 38(dd.J=15.0,2.9 Hz.1H).,4. 22
(dd?.]:14. 798. 7 HZalH)a4. O4(d9]:8. 1 HZalH)vB. 79(dd9]:13. 797. 9 HZ?lH)vS. 53(dd9]:

13.7,9.0 Hz,1H),1.24(d,J=6.1 Hz,3H). 5 s 4 .
1.2.6 (R)-9-(((2- ) ) )= ( 6) 5(2.50 g,
0. 007 mol) . (SOCl;,1.90 g,0. 016 mol) (40 mL) , 75°C

, ; , 6(2.45 @), 93.4%.
1.2.7 ( 7) s 6(2.40 g,
0. 006 mol) (35 mL) —29°C, —18°C ., 1h
(L)- (1.84 g,0.014 mol) (30 mL); , —18~—11"°C

(1. 92 g,0. 019 mol), ,TLC

10% (5 mLX5) ) . . (30
ml) , . 20% (10 mL) ,

,TLC , , 7(2.17 @, 72.3%( [9]

46.8% 5 ).
'"H-NMR (400 MHz,DMSO-d;) » (8):8.13(d,J=13.8 Hz,2H),8.11(s,1H) ,7. 34~

7.11(m,5H),7.05(d.J=7.9 Hz,2H),5. 65(m,J=11.2 Hz,1H),4.8(m,J=6.2 Hz,1H),4. 28
(dd.J=14.5,3.7 Hz,1H),4.15(dd,J=14.4,6.5 Hz,1H)>,3. 96 ~3. 70(m,4H),1. 18 ~1. 05(m.
12HD. 7 ) 5
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Fig. 4 '"H-NMR spectrum of compound 5 Fig.5 'H-NMR spectrum of compound 7

1.2.8 ( 8) 7(2.00 g50. 004 mol), (0. 14
g,0. 002 moD) (50 mL) ; ) 0~5C
. (5 mLX2) . : 8(1.99 @),

88.9% 99.9% 0.14 % (HPLC .
Sinochrom ODS-BP Ci5(4. 6 mm X150 mm,5 pm); V( ) 2 V( )

(10 mmol « L' ,pH=6.2)=30 : 70; 1.0 mL * min '; 260 nm; 10 pLs
30 ‘C. HPLC : CHIRALPAK AD-H(250 mm X 4.6 mm,5 pm);V
( )+ V( )=280 : 20¢( 0.1% pH ;s 260

nm; 1.0 mL ¢ min '; 30 C; 10 plD.

ESI-MSGn/2):477.3;[M+H] . "H-NMR (400 MHz, DMSO-d;) » (0): 8.13(d.2H),

7.31~7.12 (m75H)97. OS(dty]:7. 351.2 HZ,ZH) ,6. 64(591H> D, 65(dd9]:12. 0,10.4 Hz,1H) ’
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4. 85Chept, J=6.3 Hz,1H) .4. 28(dd,J=14.4,3.7 Hz,1H) .4. 16(s,1H),3. 94~3. 75(m.4H) ,1. 14
(dd,J=8.4,6.6 Hz,9H),1.07(d,J=6.2 Hz,3H)."”C NMR (101 MHz,DMSO-d;) . (&)
173.36,173.32,166.45,156. 40,152, 86,150. 70,150, 62,150. 23,141, 87, 134. 45, 129. 94, 124, 81,
121.01,118.83,75. 88,68. 36, 65.34, 63.80,49.52, 47.30, 21.85, 20.78, 17.09. IRCKBr)g(cm ') :
3360.4, 3176.7, 2982.9, 2890.3, 1748.2,1663.8, 1606.9,1420.8,1 301.2,1 206.3, 1152.3,
1104.1,924. 2. 8 N N N ,
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Fig. 11  Effect of molar ratio of n(adenine) * Fig. 12 Effect of molar ratio of n(NaOH) :
n((R)-propylene) on yield of compound 2 n(adenine) on yield of compound 2
11 (R)- 2 ;
n( ) 2 n((R)- ) 1.0:1.0~1.0:1.3 , ;s n(
) n((R)- ) 1.0:1.3 81.7%,
12 . ( ) 2 n( ) 7 , n( )+ n( )
1: 25’\’1 : 15 ) H 77( ) 7’1( ) 1 15 ’
91.6% .
,  n( ) n((R)- ) 1.0+ 1.3,n( )+ a( ) 1:15
) 91.6%.
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(TMBS) (R)-9-{ 2 ) ]
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’0 n(compound 3) : n(TMBS)
’ 4 70.2% on yield of compound 4
59.4% 61.2%. . ;
2.3 (R)-9-(((2- ) ) )-
(DCO) s (R)-9-[ 2 ) ]
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,DCC 1,3- (DCU) s
, \ DMAP
DCC ’ ’ pH ’ 5
50.7% 70.6%.
2.4
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