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Abstract: To prepare the radiotracer for the pharmacokinetics study of Remdesivir, the “C labelled
Remdesivir at 4-C in pyrrolo[2,1-f][1,2,4]triazine moiety was synthesized via ten-step reaction. Firstly,
nonradioactive 1H-pyrrole was formylated with N,N-dimethyl['*C]formamide and phosphorus oxychloride
in dichloroethane at 0-15 °C, followed by cyanidation with hydroxylamine in the solution of potassium
hydroxide and amination with O-(2,4-dinitrophenyl)hydroxylamine in tetrahydrofuran at 0-15 “C. The
resulting product 5 was cyclized with formamidine acetate in the presence of tribasic potassium phosphate
in EtOH at 78 ‘C, and then iodinated with N-iodosuccinimide to obtain the key intermediate 7-iodo[4-
YClpyrrolo[2,1-f][1,2,4]triazin-4-amine(compound 7-1) in DMF at 0 “C. Secondly, the intermediate 7-1

was substituted by the nonradioactive intermediate 7-2 and then cyanided to achieve the intermediate 9 at
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—65-—60 C. The protecting benzyls in intermediate 9 were deprotected with boron trichloride in
dichloromethane at —65-—60 “C, and two secondary hydroxyls of the deprotected product were selectively
protected with acetone in the presence of TsOH in 2,2-dimethoxypropane at 25 °C. Thirdly, the resulting
product 11-1 was phosphated with the nonradioactive intermediate 11-2 and tert-butylmagnesium chloride
in tetrahydrofuran at 0-20 C, and then deprotected with acetic acid at 100 ‘C to obtain the carbon-14
labelled product Remdesivir as racemic mixture 13. Finally, the target product '“C labelled Remdesivir
(compound 2b, 2-ethylbutyl N-[({[(2R,3S,4R,5R)-5-(4-amino[4-'*C]pyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-
cyano-3,4-dihydroxytetrahydro-2-furylJmethyl} oxy)(oxo)(phenyloxy)-A’-phosphanyl]-L-alaninate;
217.7 MBgq, optical ee>99%) was obtained in the ten-step chemical/radiochemical yield of 4.3% after the
purification by using preparative RP-HPLC and resolution of the racemic mixture by using chiral semi-
preparative HPLC. The product 2b was compared with the standard sample of nonradioactive Remdesivir
and charactered by 'H NMR, ESI-MS, and HPLC-FSA. Its technical data(radiochemical/chemical purity
> 98%, specific activity 2 069.8 MBg/mmol, content of radioactive/nonradioactive single impurity <<1%)
was determined by TLC-IIA, HPLC-LSC, HPLC-FSA/PDA/MS, LSC, and HPLC-MS/MS. The following
tracing study indicates that the target product can be used as radiotracer in the radiopharmacokinetics study
of Remdesivir.
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Remdesivir(compound 1) and two versions of '*C labelled Remdesivir(compound 2a and 2b)
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Fig. 2 Synthetic route of '*C labelled Remdesivir(compound 2b)
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W, F U 3 S AR KR 43 BT (flow scintillation
analyzer, FSA) Ff] Optiphase HiSafe 3 [N %k, 35 [H
PE A Wl 5 & RO AH € 3% (HPLC) F1 HPLC-Jii 3%
(MS) It i BE . 0, 3 /s 9, 25
Fisher 2% &l ; HAb i 770 221 0 1 5 43 M7 41 5 7 71 #5 HR
SCHR [15] J7 Ak B

Alliance €2695 HPLC-2489 UV/Acquity QDa
MS ¥ BE FH & 48 . Alliance 2695 HPLC-AIM v.
ARC FSA/Waters 2998 PDA/Acquity QDa MS Z2 %6 {il]
B 24 U9 Acquity UPLC H-Class/Xevo TQ-
XS A 5 2R % - = DO B AT T RS I R 4
2545 HPLC-2998 PDA il £ 7Y = 250 Wi AH £2 38 R 48
(Fi £ fraction collector 1), B& AIM v.ARC FSA 4}
¥k A 2 [H Waters 24 7 ; AIM v.ARC FSA, 3 [F
Aim Research 2\ &) ; Agilent 7890B GC-5977B MS X,
BBk & 58, 35 1 2 5842 /8 W) 5 Varian 400 MHz %
g Fe R AN, 365 B B 4%\ 7] ; PerkinElmer Tri-Carb
4910TR W AA [H 1k I 5 4%, 2% [&l PE 24 7] ; AR-2000
TLC( thin layer chromatography) 3 /2 5 &1 ¥4 39
8, 1% [ Eckert & Ziegler /A ) ; Milli-Q Reference S.
Kit(18.2 MQ/cm, 25 °C) 2l KA, 3 [ 2% #E A
7] ; Sartorius BSA22 4S-CW (K5 4~ 1 mg) .
BT25SCKE 4 0.01 mg) HL F K, 18 [= 58 22 A i
o). LA 5 A3 B AR DG AL RS 2458 i 3Q AR
RNV T A AR AT 5 B A U
1.2 “CHiZEwEAF (LEaWw2b) MEl&E
1.2.1 2-[“C]HEEEE bk (fk &9 4) &l 7
AP M EIR T, b = E B (375.6 mg) 1Y
S L FE(DCE) (2.5 mL) i W 2218 3 A N,N-— H 3
['*C] H Bt iz (184.0 mg, 5039.5 MBq) DCE (2.5 mL)
WD, BEHE 15 min; 720 C T, ¥ IR & R 218
4 AL (166.9 mg) DCE ¥ i (3 mL) H, it 3
30 min, SR A 355 - B3l (GC-MS) Fl LSC W
SR o TSRV OB Ak 8 e R SO TR N A R
NaHCO; # ¥ (20 mL) 1, DL =& H % (DCM,
30 mLx6 IR ) % B, % HUHK 28 10 Fl & $27K (60 mL)
VRV TR v dn AR A )Z AT (V(PE) : V(EA)=
50 1~1:1; AMBEAR S A PE, SR OBRARS N
EA) 15 11 {4 [& 14 4(207.0 mg, 4384.6 MBq, 87%) .
'H NMR (400 MHz, DMSO-d,) d: 12.09 (brs, 1H),
9.47 (d,J=0.9 Hz, 1H), 7.21~7.22 (m, 1H), 6.99
(dd, J=3.7. 1.4 Hz, 1H), 6.27 (dd, J=3.7. 2.4 Hz,
1H) . ESI-MS m/z: 98[M+2+H]",

1.2.2 N-ZF-2-[C] R EL Mg (k&9 5) 1A kL
ERAARPRMERT, & A aBEKLED 4
(203.7 mg, 4314.9 MBq) . }& F&fii {2 (830.4 mg) FlI
K8 mL)IRA, 4 1 h KRB ZE 0 °C, m H
2% 1% 7% 7 KOH(2.349 ¢) /K W (5 mL) , £ UK-/K ¥
W BRE 18 ho ST 58 54, 1) S i TR A W) b
K (12mL), 22 EA(30 mLx6 %) 2K B, 1 Al h 7k
(60 mL) Pk . 48 W 45 AP AL Z A (V(PE) -
V(EA)=20 : 1~1 : 1)1k ik 9 2-[1C] A kit
1% (138.2 mg, 3024.1 MBq, 70%) . '"H NMR (400 MHz,
DMSO-d,) d: 12.29(s, 1H), 7.14(s, 1H), 6.90(d, J =
3.4Hz 1H), 6.21(t,J=29Hz, 1H) . GC-MS(EI) m/z:
94 [M+2]". RSP T, K &1L (70.1 mg, w=
60%) A HI1 2 0 °C 1Y 2-[C] B HEEMEIE (135.5 mg,
2965.1 MBq) VU4 Wi (THF, 10 mL) % & , 14 & 7+
EER, 1 AE0TC FEKREMA 2,4-—
LR I ¥R e (383.3 mg), FFEE W, Hi$k 16 h, 2R
R S5 e SRR (03 - W A B ARG T /R
I ] (HPLC-FSA/PDA/MS, i #x HFPM ) 7 £k Wi
RN R SEEE, #E 0 C R Ak (30 mL) ¥ K %
B, TSR A W2 EA(25 mLx6 ¥R ) ZE I, i Fl &
ER7K (50 mL) Vi . T4 vk 4 A il £ 24 HPLC 2l fk
5 o AR 5 Eh B2 46 (155.3 mg, 2 194.2 MBq,
T4%) o 45 (0 1% S5 1. Welch Xtimate C18 £ (150 mmx
8 mm, 5 pm), i3 3.00 mL/min, i 254 nm, 7FEE
i 150 pL; HE IR 30 C; BB B PE B (min/%B) 5 4l -
0/1, 1/1, 20/25, 30/40; A N 9=0.3%0 HC1 &, B A
N o W SE AR B ] A 11,518~ 12.865 min [ 2H
9% o N-SHE-2-[MC] F ML (/b5 5): '"HNMR
(400 MHz, DMSO-d¢) 6: 7.03~7.04(m, 1H),
6.74(dd, J=4.3. 1.7 Hz, 1H), 6.32(s, 2H), 6.05(dd,
J=4.3. 1.7Hz, 1H) . ESI-MS m/z: 110[M+2+H]",
1.2.3 4-Z 5 [4-14C] LIS I [2,1-[1,2,4] =% (k&
Yrea) A L TR AR FIEIR T, KSR
Jbk (545.5 mg) AR FRER (1110 mg) JA H R AR AL &
Y15 Eh AR EL (152.6 mg, 2156.0 MBq) Z (10 mL)
VW, NAE R . HFPM Wi R 16 h )5 K
SESE . WG RN AE A UK-7K (20 mL) H, B0 2
B LV WA e o [ A, oK 7K DR U ) B0
RhFH T A A 28 TR AR A 2 AT (V(DCM) -
VO EE)=100 : 1~1 : 1) 13 3% K (A 54 6a(109.7 mg,
1660.2 MBq, 77%) . 'H NMR (400 MHz, DMSO-d)
8:7.78(s, 1H), 7.69(brs, 2H), 7.59(dd, J=2.5. 1.6 Hz,
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1H), 6.85(dd, J=4.3, 1.6 Hz, 1H), 6.59(dd, J=4.3
2.6 Hz, 1H) . ESI-MS m/z: 137[M+2+H]".

1.2.4 4 FE -7 [4-14C] MUK IF: [2,1][1,2,4] = W&
LB 7-DME N FERSARP T, BT =
Ik W i (NIS, 179.2 mg) MMAREZE 0 CI &Y
6a(107.0 mg, 1 616.7 MBq) N,N- . %& i Jii
(DMF, 5 mL) %W, 76 0 'C FHit Pk . HFPM Wil
R 3 h RO e EE . B ON % A 1 mol/L NaOH
W (20mL), F 15~20 C fiE#F 1.5 h, 2.0 K
YE . TR R 45 8 HPLC 4fi 4k 7159 3 1 6 [ ik 7-1
(152.4 mg, 1196.3 MBq, 74%) . 1l %5 (0 3% & 1
Waters Xbridge BEH C18 #£ (150 mmx10 mm,
5 um), ¥ #E 3.50 mL/min, % & 254 nm, # k&
200 pL; #E i 30 °C; B6 5 UM (min/%B) i : 0/10,
1/10, 25/45, 30/50; A 4 10 mmol/L NH,HCO, ¥4 ik ,
B NG . WAR DR BE I ]y 15.586~ 16.649 min [
oy, 4% FE-7-fl [4-14C] ML VS 5T [2,1-1[1,2,4] =
(65 % 7-1): "H NMR (400 MHz, DMSO-d;) §:
7.91(s, 1H), 7.79(brs, 2H), 6.99(d, J=4.4 Hz, 1H),
6.83(d, J=4.4 Hz, 1H) . ESI-MS m/z: 263[M+2+H]".
1.2.5 “CHricH A (L& ) A RS
BPR, 8 = LSRR (TMSCI, 123.6 mg) il A
Ha A AL &% 7-1 (148.8 mg, 1168.0 MBq) THF
(10 mL) %, BEFE 10 min, KR EHE ZE 0 °C, 17
HHr 2248 3% i PhMgCl (1 mol/L, 1135 pL) THF ¥
W, P FE 20 ming 2RS40 C FA i-PrMgCle
LiCl (0.65 mol/L, 875 uL) THF ¥ W, it £ 15 min.
TR & IR 220 °C, 248 3% m v ] 4 7-2 (238.1 mg)
JC/K THF ¥ (5 mL) . HFPM Wi @ 7R 4k 22 4
FETh e . DL EE(10 mL) T 0 C # K
N, ARG AR RN LR /K (15 mL, SRR,
PEFET T2 =W, ORI . KR A T
EA-1 mol/L HC1 IR & (20 mL, ZA L), 50 )2
J& 7K AH LA F NaHCO; ¥ ¥ (20 mL) % fk, #5 4
EA(20 mLx6 ¥ ) #& B, % B 2 10 Fl £ 3h K
(30 mL) Pk . T4 v 45 Al il £ % HPLC 21 k75 B¢
0 [ 1A 8 (189.0 mg, 702.6 MBq, 60%) . il £ {0 i
0 BB E PRI (min/%B) 5 41 : 0/35, 1/35, 25/65,
30/80; Hi AR AR 1.2.2 95 o Wi 4 14 B B 1) oy
14.549~15.727 min (4 5. PR (GE G 8):
'H NMR (400 MHz, DMSO-d;) §: 8.07 (brs, 2H), 7.99
(s,1H),7.26~7.33 (m, 11H), 7.13~7.17 (m, 3H),
6.99~7.01 (m, 2H), 6.95 (d, J=4.8 Hz, 1H), 5.38 (d,

J=5.9 Hz, 1H), 5.06 (d, /=5.2 Hz, 1H) , 4.54~4.56 (m,
2H), 4.45~4.50(m, 4H), 4.00~4.04 (m, 1H), 3.92~
3.94 (m, 1H), 3.69 (dd, J=10.0, 3.4 Hz, 1H), 3.47
(dd, J=10.0., 6.5 Hz, 1H) . ESI-MS m/z:
555[M+2+H]",

1.2.6 “CHricthEA(LET O G ERA
3R, ¥ = W %R (TFOH, 101.2 mg) I AR &
—65~-60 C 1y 1] 444k 5 ) 8(186.6 mg, 697.3 MBq)
DCM % (5 mL), $i £ 10 min; I A = 5 H i iR
= B L LS (TMSOTY, 157.7 mg) , 4E 5 1 16 & i
F£ 0.5 h; 5 i A = B 228 5 (TMSCN, 134.9 mg) .
HFPM W5 I 58 75 76 % 0 B2 T bk 224 4 2 h 20 58
B, BERRFAZRER, MIERINA =M (TEA,
3 mL) FlHf Fl NaHCO; ¥ 7% (25 mL) , $ii £ 10 min,
JH DCM( 15 mLx5 ) 2 B . 26 BUR 2840 F K
(25 mL) ¥E¥ . THR M4 . Pl A2 M (V(PE) -
V(EA)=1:1~2: 1) filiil £ % HPLC 2l fb15 1 4
14K 9(162.3 mg, 596.5 MBq, 85%) . 1l % {4 ii% 5%
4« B B BE W (min/%B) 5 1l : 0/40, 1/40, 25/60,
30/80; e &R 1.2.4 45 o i B 4 B A ) oy
13.628~14.709 min M2 53 & (LEW 9):
'"H NMR (400 MHz, DMSO-d,) J: 7.88(s, 3H),
7.25~7.35(m, 15H), 6.87(d, J=4.5 Hz, 1H), 6.75(d,
J=4.5Hz, 1H), 4.90(d, J=5.0 Hz, 1H), 4.85(d, J=
11.6 Hz, 1H), 4.77(d, J=11.6 Hz, 1H) , 4.46~4.58(m,
4H), 4.39(dd, J=9.5, 4.4 Hz, 1H), 4.12(t, J=5.4 Hz,
1H), 3.69(dd, J=11.2, 3.6 Hz, 1H), 3.59(dd, J=11.2,
3.6 Hz, 1H) . ESI-MS m/z: 564[M+2+H]",

1.2.7 “Chridi k(LG9 100 a8 FERS
TRAPHI-65~-60 C T, ¥ AL A ) 9(161.2 mg,
592.5 MBq) . BC1,(1.00 mol/L, 1.75 mL) #1 DCM
(10mL)¥E A . HFPM Wil i /s 7E i FE N4 1 h
FNESEHE o LUHEE (10 mL) ¥ K B2, B TR A i
VTRV 45, T4 LA DL DCM/MeOH TR & & (10 mL,
AL 20/1) Y %45 3 A 5 K 10(72.4 mg,
512.1 MBq, 87%) . H A ({L5 % 10): 'H NMR
(400 MHz DMSO-d;) ¢: 7.86~7.92(m, 3H), 6.89( dd,
J=10.0, 4.4 Hz, 2H), 6.10(d, J=6.3 Hz, 1H), 5.20(d,
J=5.3Hz, 1H), 4.93(t,J=5.8 Hz, 1H), 4.63~4.65(m,
1H), 4.04~4.07(m, 1H), 3.95(q, J=5.2 Hz, 1H),
3.64(ddd, J=12.1, 5.1, 3.5 Hz, 1H), 3.48~3.54(m,
1H) . ESI-MS m/z: 294[M+2+H]",

1.2.8 “CHridh AL EGW 11-D AR 75
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SO T K 2,2- AN (128.3 mg) .
TsOH+H,0 (51.3 mg) K& A ] & 4k & 9
10(71.6 mg, 506.5 MBq) T4 N I (5 mL) ¥ W -
HFPM W R FE %R FHFE 2 h B 5854, ]
28 H I ML AT NaHC O, 3 & (20 mL) , $i %
10 min, £ EA (15mLx5 %) 5, A& £E7K (25 mL)
ek . T TR 4 RN ) 4% A HPLC 41k 15 [ 4
11-1 (72.0 mg, 447.5 MBq, 89%) . i % a3 4 1F
6 BE 6 JBE (min/%B) 4% 1l : 0/8, 1/8, 25/50, 30/80; H:
AR 1.2.475 WEMRB R 15.276~
16.317 min M4 43 . K (LG 11-1): 'H
NMR (400 MHz, CD,CN-d;) 6: 7.88 (s, 1H), 6.93 (d,
J=46Hz, 1H),6.78 (d,J=4.6 Hz, 1H), 6.41 (s, 2H),
5.35(d,J=6.6 Hz, 1H), 5.04 (dd, J= 6.4, 2.6 Hz,
1H), 4.48~4.50(m, 1H), 3.82~3.85 (m, 1H),
3.66~3.77 (m, 2H), 1.70 (s, 3H), 1.37 (s, 3H)
ESI-MS m/z: 334[M+2+H]",

1.2.9 “ChHric A (LS Y 12) Al 76 &
S, ¥ -BuMgCl(375 uL, 551~ 0.85 mol/L
THF) ERIMARZE0 C Rk EGY 11-
1(69.9 mg, 434.4 MBq) THF(3 mL) % , 4E 35 0 1R
FE 4P 30 ming [ 520 I R AR S P 11-
2(151.2mg), R AT E=EE . HFPM W0 /R #F
R AR 16 h SO 58 56 o DU R S B T TR
(30 mL) ¥ K I, 48 EA(20 mLx5 ¥R ) ZEHL ., 1 Al
NaHCO; % ¥ (20 mL) Al Al & £h 7K (30 mL) ¥k
W TR g FAR A2 BT (V(PE) @ V(BA) =
1:1~5: 1)@ E A 12(100.8 mg, 342.3 MBq,
75 %) . '"H NMR(400 MHz, MeOD-d,) 6: 7.86(s,
1H), 7.25~7.29(m, 2H), 7.15(d, J=7.3 Hz, 3H),
6.89~6.90(m, 2 H), 5.34(d, J=6.3 Hz, 1H),
4.98~4.99(m, 1H), 4.56(d, J=2.5 Hz, 1H),
4.25~4.34(m, 2H), 4.00~4.04(m, 1H),
3.90~3.94(m, 1H), 3.80~3.87(m, 1H), 1.71(s, 3H),
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Fig. 3 Synthetic route of '“C labelled Remdesivir(compound 2¢) in carbonyl carbon
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