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Preparation and Stability Research of Tenofoviral Afenamide D-(—)-Tartaric Acid Salt (2 : 1)

CHEN Hongxiangl’z, MAO Jianfengz, SHENG Rongl*(l.College of Pharmaceutical Sciences, Zhejiang University,
Hangzhou 310058, China; 2. Hangzhou Heze Pharmaceutical Technology Co., Ltd., Hangzhou 310018, China)

ABSTRACT: OBJECTIVE To prepare tenofoviralafenamide D-(—)-tartaric acid salt(2:1)and to study its stability.
METHODS Tenofovir (PMPA) was utiliazed as the starting material, condensed with triphenylphosphite, chlorinated by
thionyl chloride, and then condensed with L-alanine isopropyl to obtain tenofoviralafenamide. Tenofoviralafenamide was reacted
with D-(—)-tartaric acid to form the salt. RESULTS The chemical structure of tenofoviralafenamide D-(—)-tartaric acid salt
(2 : 1) was confirmed by 'H-NMR, *'P-NMR, MS. The stability of the compound was also studied and compared with
tenofoviralafenamide hemifumarate. CONCLUSION The results showed that D-(—)-tartaric acid salt has a better effect on
stability than hemifumarate salt. It is worthy to be futher developed.

KEY WORDS: tenofoviralafenamide; D-(—)-tartaric acid; stability

WEH B RWEEHBV)(RR LA R BURmEE, 55 % DR, FiR1E T TAF
NF2h, CHEE-TRE, CHERETREE HEAGREMEEME, FHFHEA —EFrEiRad
NRFREAG . PR, MO9SR 2 A mr ™ E gl RCRUY. S AR B R T R O AR R
NN AFN BRTERH T a7 ESR B, A D-O-BAMR 5B ES LRmisst®, &
MR AR E, A K % 5E (lamivudine HEA RIFIHFRS SR, mABRNEHEES YL
LAM). PBJfE48 3506 (Adeofvir, ADV). BHRE  FMEY D-(-)-WA R EA RIFHH) 2 RE
(telbivudine, LdT). # #4835l (tenofovir disoproxil, PERL RS E . R, B X H M3 T AL,
TDF)A1 B %+ F (enteeavir, ETV)?!, Mt TDF 5 I 5 TAF Hit TR g MELLEE AL, NEERE L
REHBERPDIIARE, EHFEEMOR=BREN, B D-(-)- AR T R IR AR . & A
HBE R S RE A ] HBV-DNA % &gl ™, BB A B 2 L 1.
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FEMEAE RSN, Kk, FFE(Gilead)A FK AV-600 ¥ REFEARIC(GEE Bruker); ZQ400 Ji
TDF it A& AR+ SR icE B DR (tenofovir % (3 H Waters): Q200 2 HHi E HUX (3£ TA);
alafenamide, TAF). 25 mg ] TAF J7 %05 300 mg  U3000 = 00 AH itk A (35 B 384 A 7 ) TAF #24
TDF #1124, EXPEIEREB AR R AFIFEY . @], 40 99.82%; #4845 (PMPA) W [ #riT 75
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Fig. 1 Synthetic route of TAF

2 BRFE
2.1 A3 &

FEIF, 500 mL =FHE M 320 mL
M, BTN 40.00 g(139.28 mmol)&
WoAE S (2). 28.40 g(280.68 mmol) = Z fi%
17.04 g(139.48 mmol)4- — H & FE ML ie Al 64.80 g
(208.84 mmol) W1 IR — K fE, HIBAWE Tk
IR, RIE RS =48 h(El 1), 45
RHIE 45 °C, IR ARG S SLRAS RS kA,
A 80 mL 4R ZHEEAT 120 mL Kk, 792, KE
H 18 ZBeAEHL 2 IR, &3¢k 80 mL, [F]7KJZ i In£)
20 mL RELER, W pH £ 3, Hrdh 4h, L€, BEDF
/D2 KEEE, JEDFEIEH 400 mL HEEST ¢, i
JE, JEDFH 40 mL WEEBRR S, KUEDIE T 45 C
SRR T8 16 h, 15 27.92 ¢ AEEE, BRA
55.2%. 'H-NMR(500 MHz, D,0) & 8.25(s, 1H,
WEIEFR H), 8.17(s, 1H, BKIEFR H), 7.16(t,J=8.0 Hz,
2H, Ph-H), 7.03(t, J=7.4 Hz, 1H, Ph-H), 6.66(d,
J=8.5Hz, 2H, Ph-H), 4.36(dd, J=15.0, 3.0 Hz,
1H, NCH,), 4.21(dd, J=15.0, 9.0 Hz, 1H, NCH,),
4.04-3.98(m, 1H, OCH), 3.77(dd, J=13.5, 7.5 Hz,
1H, OCH,), 3.51(dd, J=13.5, 9.0 Hz, 1H, OCH,),
1.22 (d, J=6.0 Hz, 3H, CHj3); ESI-MS m/z: 364.0
[M+H]".

2.2 WA 4 &

FiR T, [ 500 mL = I 250 mL Z
Ji5, RN 25.00 g(68.80 mmol){L &4 3, fit
$£ 15 min, FAZRHMA 12.30 g (103.40 mmol) 5
TR, BREWE T sz 75 °C, fRIEK
W E BRI 2G5 2017 4F 7 H 55 34 655 7 W

16 h(E 1), MNMEER, WHIE 45 °C, WEKRS
RBGEAA R AEE KA ED 4)2625 g, WA
99.9%, LiiE—DSaift, HEHT .

23 WEY S &

FiR T, 17500 mL =HUEAH A 250 mL —
B, BRI 51.75 g(308.70 mmol)L-P4 4
Rr AR, HERE Tk BTHRFRESR
—15 °C, #RJGEHIN 32.30 g (319.20 mmol)= Z. %,
Wk FEYERR [ BiAA RN <-10 °C, nse R
HEBEFE 30 min, 23 HEIIN 26.25 g(68.80 mmol)fk &
Y4, HERRMAARMIE<-10C, ke, fREH
F1h(BE 1), FHREER, REHHE 1h, R,
WRBAR RIS, JEPTH DB S R b silk, U
T 10% B R — SN AR AN 3 IR, B4k 250 mL,
SAFENAE, AHUHHCKERER N 25.00 g T,
g, JEROR R AR BT ARY) 25.11 g, URE
N 76.6%, HPLC F1E4i/E A 50.41%. 'H-NMR
(500 MHz, DMSO-d6) & 8.14(s, 1H, WIgEf H),
8.10(s, 1H, PKMEER H), 7.29(dd, J=8.5, 7.0 Hz,
2H, Ph-H), 7.20(s, 2H, NH,), 7.15-7.11(m, 1H,
Ph-H), 7.05(dt, J=8.5, 1.0 Hz, 2H, Ph-H), 5.63(dd,
J=12.0, 10.0 Hz, 1H, NH), 4.87-4.81(m, 1H,
NHCH), 4.27(dd, J=14.5, 4.0 Hz, 1H, NCH,),
4.15(dd, J=14.5, 6.5 Hz, 1H, NCH,), 3.96-3.91(m,
1H, OCH), 3.89-3.81(m, 2H, OCH, A1 CH;CHCHj),
3.77(dd, J=13.5, 10 Hz, 1H, OCH,), 1.16(d,
J=6.5Hz, 6H, CH;CHCH;), 1.14(d, J=7.0 Hz,
3H, OCHCHj3), 1.07(d, J=6.0 Hz, 3H, NCHCHj;);
ESI-MSm/z: 477.19 [M+H] .

24 WE 1a %

FEIETF, [ 50 mL =HUEF A 20 mL Zff
2.5 mL 4BE, $EHETIIA 4.00 g(8.40 mmol)fh
EW15, 0.60 g(4.00 mmol) D-(-)-H A8, AT
BRI, RS 1 h(& 2), BRAHE, i,
WU/ B Ol IEVFT 45 TR, 15
1.76 g A@E A, WwEN 79.6%, HPLC T-it4lfF
N 99.05%(TH I —16i%). "H-NMR(500 MHz,
DMSO-d¢) 5 8.15(s, 1H, MEWEIS H), 8.11(s, 1H,
BKIEIR H), 7.30(t, J=8.0 Hz, 2H, Ph-H), 7.22(s,
2H, NH,), 7.14(t, J=7.0 Hz, 1H, Ph-H), 7.06(d,
J=8.0 Hz, 2H, Ph-H), 5.63(dd, J=12.0, 10.5 Hz,
1H, NH), 4.88~4.83(m, 1H, NHCH), 4.32(s,
1H, A% CH), 4.28(dd, J=14.5, 3.5Hz, 1H,
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NCH,), 4.16(dd, J=14.5, 6.5 Hz, 1H, NCH,),

3.97~3.93(m, 1H, OCH), 3.91~3.82(m, 2H, OCH,
Ml CH;CHCH3), 3.77(dd, J=13.5, 10 Hz, 1H,

OCH,), 1.16(d, J=6.0 Hz, 6H, CH;CHCH3), 1.14(d,
J=7.0 Hz, 3H, OCHCHs), 1.08(d, J=6.0 Hz, 3H,
NCHCHs); ESI-MS m/z: 477.19 [M+H] .

B2 HiERFSLNBKEY D-()-BARENERES
Fig. 2 Synthetic route of TAF D-(—)-tartaric acid salt (2 : 1)
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Tab. 1 Synthesis results of compound 1b~1e
wam wam Fk4 g/ o Sp. BUMS
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(23 (i)
1b g UM T 9003 570
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g
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o = HE
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e R 23.14
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S
NH. (0]
7}N nn\H/\HJ\n”
N= \_\ o] OH
o]
le \f”\\pf” A 50.44 96.1

[ 5 HA R SRR B 4L &) 1b~1e B A HIF1)F
PEALfE, EA TH—PHREEEER; EaY 1a
H 5% IR BT 80%, AN ELAR

2.6 LAY 1a kR % 5l

2.6.1 W R KB AR T SR e
D-(-)-H AR (L &4 1a)f1 TAF #5755 F &=
(25 °C, 92.5%RH). =60 C). FH(HESE 4 500
LX+500 LX)/ FiE 30 d, #%0, 5, 10,
30 d WABERYEEN, ERER, B i
My i 192 D-(-)-10 A R Eh 7R 52 (R 25 iR 36k, 755
RS C, 92.5%RH). (60 CT)&MHTF,
30 d b EEAR e I BAL T TAF #h EH R0
M (4 500 LX), HALZAE L TAF h0%
U o BRI B R AR 45 R LK 2.

®2 ¥HEFARE

Tab. 2 Test results of influencing factors

e EE TAF 1a
A WV sl B o, BRIk % EHELERE /% BK B AR/%
0 99.82 0.06 99.83 0.06
A 5 99.79 0.08 99.82 0.06
R_E 10 99.75 0.13 99.79 0.10
30 99.68 0.15 99.75 0.11
0 99.82 0.06 99.83 0.06
! 5 99.81 0.07 99.83 0.08
= A 1) 99.78 0.11 99.81 0.09
30 99.71 0.12 99.78 0.10
0 99.82 0.06 99.83 0.06
S 5 99.82 0.06 99.83 0.06
% 10 99.80 0.06 99.83 0.06
30 99.79 0.07 99.82 0.06

2.6.2 LS KB AR R D-(-)-
HEARE (L&Y 1a)F1 TAF £, T 40 'C, 75%RH
FHETRE 6 NMH, % 0d. 3 H. 6 HA R
VTG O o 45 S s B VAR T SR R 1 D-(-)-
WA R ER IR, 6 AN H LR PR
T TAF o BARRI63E1H7 SRANREE &5 3K 3.

R3 WmERERER

7E: *'P-NMR KKl 4 £ 202 MHz, DMSO-dg.
Note: The test conditions of *'P-NMR was 202 MHz and DMSO-ds.

22k, M “247 K “2.57 RIEEE R
ERIFMT, BintES LM iES D-(-)- A 1R
B R AR LAY 1a, FHEL B ERE S L H M
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Tab.3  Accelerated testing results
BRie TAF # 1a
KA W sy BORMAY% QAL % BRI I%
\ (PN 99.82 0.06 99.83 0.06
iziz 3H 99.56 0.23 99.65 0.13
6 H 99.01 0.56 99.23 0.35
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2.6.3 KHIRLE BEEETSRBEY: D-(-)-
WATRE (L&Y 1a)F1 TAF #:, T 25 °C, 60%RH
FUTHE 12N, £%20d.3H. 6 H. 9H
12 ARE RIS . SRER, BiEEEY
LM B D-(-)- A4 R B R K HREe . 12 A
H AL 2 Fa e A T TAF £h. HARRIEG 57
TR 25 B W2 4.

R4 KHERER

Tab. 4 Long-term experiment results

Wi e TAF # 1a
FAE W AR/ % mORHRA/%  BIRSIE/% K%
0d 99.82 0.06 99.83 0.06
w3 H 99.81 0.06 99.83 0.06
o 67 99.81 0.06 99.83 0.06
9 A 99.80 0.06 99.85 0.06
128 9978 0.07 99.82 0.06
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ZRHEAFERITDOSOMH THEILEY 1a 1)
AREME . U T R L CE T AR N 55 AR M R
P, B 10 °Comin~" (TR E 50 mL-min~' T
N, RS PR A ERFZE 200 C, [FHE TA
WAL ETHR S R P i E T, R E
Ny BEAET LR MIE Y D-(—)-H AR TAF
R S BN 175.08 AT 132.43 °C, A )&
m%43 °C, RPEYEGRBILAML, &ihEmE
F R IL Y D-(-)-T 4 R 31 1 A e 115 2
THR, 4RLAES3.

27 BiEmBLUBER T H R
BiE RSB UNBEED-(-)-HARH

2

-6
13143 C
-8r
. . 175.08 C_ . .
10, 50 100 150 200 250 300
B/

3 KBRS LK D-()-EaBRLf TAF Hey
DSC & i

Fig. 3 DSC overlay of Tenofovir alafenamide D-(—)-tartaric
acid salt (2 : 1) and Tenofovir alafenamide hemifumarate
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