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imaging tau pathology in patients with Alzheimer’s disease
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ABSTRACT Aggregated neurofibrillary tangles (NFTs) are a pathological hallmark in Alzheimer’s disease (AD) and many
radiopharmaceuticals targeting NFTs have been developed so far. Among these, ["*Flflortaucipir (TAUVID™)
is the first approved radiopharmaceutical in the Food and Drug Administration (FDA) to image tau pathology.
In the present study, we describe the optimized radiosynthetic method for the routine production of ['®F]
flortaucipir using a commercialized automation module (i.e. GE TRACERIab™ FXen pro). ["®F]Flortaucipir
was prepared by nucleophilic substitution from its N-tert-butoxycarbonyl protected nitro precursor, tert-
butyl 7-(6-nitropyridin-3-yl)-5H-pyrido[4,3-b]indole-5-carboxylate, at 130°C for 10 min in dimethyl sulfoxide.
The mean radiochemical yield was 20 + 4.3% (decay-corrected, n = 47) with the molar activity of 218 + 32
GBg/umol at the end of synthesis. The radiochemical purity was determined to be above 95%. The overall
production time including quality control is approximately 100min. The final produced [**Flflortaucipir injection
meets the USP criteria for quality control. Thus, this fully automated system is validated for clinical use.
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FE=A e THK Ag=, d4& NIRSQ Dr.
HiguchiZgoll A 7§t ['CIPBBS, b]=t A|Wl2ARe]
Dr. Kolb &9 #el= AEAL [“FIT807,
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AR S oFFo] 2T M EAA GRS S
Zolth(8). ol WA eeE Fol A [PFIT807
Zrol A7} Eli Lilly & Company 2] Al GAR] Avid=
A&HE o]z [®F]Av-14513F [®Flflortaucipir® =
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Sof = AFoFEetdFemiy B T
Ve A FFoR Hxr VS oA
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Materials

1. ZH| % A2}

Flortaucipirel os &5 42
7—(6—fluoropyridin—3—yl)—5H—pyrido[4,3—
blindole (product No., FPPI-95)¥} AF{A] tert—
butyl 7—(6—nitropyridin—3—yl)—5H—pyrido[4,3—
blindole—5—carboxylate (product No. NPPI—



95) = Huayi Isotopes Company (Changshu,
China)o Al F+ujste] AR&38ESTE. Potassium
carbonate (part no. 310263), acetonitrile (part
no. 1.12636), ethanol (Reag. Ph. Eur, part no.
1.0093) ¥ 1IN hydrochloric acid (Reag. Ph Eur,
USP, part no. 1.09057)% Sigma—aldrich (St.
Louis, MO, USA)ollA FFufjsto] 3742191 AR g &
AXA] ok AF8-8F9th Normal saline (0.9% USP)
Dt FAES 8.4% A
(Korea)oll Al Ftulist9itt. Oxygen—18 enriched
water:= Rotem (Israel)o A o3ttt QMA
carbonate (part no. 186004540) 2} HLB Sep—

= = O o)
S2UHEFHTE F24

Pak® (part no. 186005125)2 Waters (Milford,

MA, USA) A&ES Fuistdtt. QMA carbonate=

Pake AFE-H FARES 10 mL
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2} ethanole &9

EN

AHE-45 &9 conditioning ¥

=
Ag39ith, B E = Sigma—aldrich (St. Louis,
MO, USA)9] Millex GV unit AFH3F 1L, venting
needle International Medical Industries

(USA)ollA] -})sto] ARg-8t3itt (Table 1, Figure 1).

Glass based silica thin layer chromatography

(TLC Silica gel 60 F254, part no. 1.05715)=
Sigma—aldrich (St. Louis, MO, USA)oJA]
TFofskick. Al2E
A s A A=vtEIH 9] FH] (Waters

ARG Fol MY ZHE

HPLC system with 1525 binary pump, 2487
UV/Vis, Millford, MA, USA)E Ag3dglon,

AHE A 10 mLe FAMEE E8F1l, HLB Sep—

Table 1. Preparation of reagents for [*®F]flortaucipir on the TRACElab FXg\-pro module

HIARS2 Bioscan®] FC3300 AME-slo] HE5IA T

Entry Position Reagents or materials Quantities
1 Vi1 K 2.2.2. in CH;OH + K2CQ; in H,O 15 mg in 900pL +1 mg in 100uL
2 V2 CH;CN 0.7 mL
3 V3 Precursor in DMSO 0.5 mgin 0.5 mL DMSO
4 V4 H,O 6 mL
5 V5 H,O 6 mL
6 V6 Ethanol 1mL
6 V10-V11 Sep-Pak QMA light 1
7 VX2-VZ1 Sep-Pak HLB 1
7 V41 Saline 9mL
8 V42 Ethanol 0.8 mL
9 V43 H.O 12mL
10 V15-V17 Sep-Pak HLB 1
11 V17-V18 (collection blub)| 20 * 84%;};‘%%”"””"”3‘9 40 mL +2mL
z view o pctua nng D 28um 1
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strip (Sigma, USA), multi—channel analyzer
(Seiko EC&G MCA, Japan), limulus amebocyte
lysate (LAL, Pryotell, USA), tryptic soy agar %
fluid thioglycollate BJA] (ATS Korea, Korea)Z
AHE8HATE

2.

1]

e

2.1, F-18HX| B3

ALO]ZREE (PETtraceTM 16.5 MeV GE
Healthcare, WI, USA)°l| [®*O]H:0& A& &
40uAR o 5087 FAAE 2ASHY] “O(p.n)
Bpo] #urg oz 2 200 + 193 mCie FEA
[“FlfluorideS ¥ ich,

1% TRACERlab™ FXen pro2 23

[¥FIfluoride® ©]£3t &, QMA carbonate
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H:0) EgHZ AHgsto] ¥hg Hio|d & &&3k3ict,
% wkg Blojdo] e &MiE FE7FAS
Shofl A 120°Coll Al oF 9&%F dx3sto] A|AstAT
9§ HioldE 70°CE ¥Zrgth vy AAl (0.5
mg, 0.0013 mmol in 0.5 mL DMSO)E Z7}staL
130°CellA 1027 BEg-sH3iTh, WS- HiojdS& 50°C=
Y24ek o2 H:0 (6 mL x 2)5 F7F vk HLB
7FEPAE Sste] whgol HofshA] &

—-18 ¥ E¢ES A sk 24 =S SR
2 A AHES mLo] ofsheE HO0 ImL
B2 g2}
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EZ] Hgo] Ed 3o AAEo] EIIHPLC FEo
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(XSelect CHS C18 OBD, 10 x 250mm, Waters)o]|
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Tt Eelstol FASATE, olgFLR 20% 511 E&= 1022 keVolr}, HHAbsS 545 915t
et 8 (+1.3% v/v IN HC)S AFE3R AL A AX A 2utE Ddiu Ay (XSelect CSH
F45e B 3mL, UV 3 254nm = ARSI, C18, 4.6 x 250mm, Waters)o| 5 ¥ o]l5Ao=
UvViaZ71¢ #utd "dE718 ZYEH™ S 19— 21% olete $&NH (+1.3% v/v IN HCI)S
2121014 25 HAE [“Flflortaucipirg H20 AREEIR AL 45 B ImL, UV 342 254nm=
40mL%} 8.4% YAF2UESFE FAY 2mlzt ARgSto] BASHGITE, FYT AR g5
£ collection blub 2 &34t} 34 SAL SeutE YA PARs B3] sl UV B39
HLBol| &2tk F7F2 FARES 12mLE A&7t HAS AE & ojfo] RFMERRE FollES
o5 oflghE 0.8mLet YA A4 ImLE A2 FEE Al A8t HUANES ES5SHITh AR
Z7Vste] product Hfo|dol £&5F% Lt npA Ao 2 kryptofix 2.2.2.9] AA= European Pharmacopeia
H7ZE (0,22 um Millex GV)o] A7l & HF (EP, general notice)d WA= o] Q& spot
Hlo|ero]] & sto] XZE [®Flflortaucipir FAFHS test 7]EQl Kryptest (Futurechem, Korea)2
Azt ARgeA T, IF #7188 HP-INNOWAX
29 (0.32 mm id x 30 m length, 0,50 um;
3. "k 22| Agilent Technologies, Santa Clara, CA, USA)o°]
AzE vtz [PFlflortaucipir FAFY oA 500 ZA2E A Z2utE 21 (ChroZen GC system,
uLE EFoto A= o AMgsidt, Fxye|of Younglin, Korea)Z o]&3to] A&ttt A=EA]
ALgstE AlE FES grAM ook o gt ul= Al@-& U.S. Pharmacopeia (USP)o] A= o]
ok (USP-32, NF-27, 2009)¢] 7}o]=ztelo] e Fsshd iy F uA A3t Endosafe
FaEA ettt A EAdE Hdto] EH PTS—100 Portable Testing System (Charles
Ho|dhS L-§ &5 FoA Setez #EsHc). River Laboratories, Willimantic, CT, USA)E
Azl FAHLS AAZEsta FAoH - A7} AMEEE AL, Fat AP USP 719 7hol =gkl
glojof gt pH £742 pH AEA(Sigma, St el EEHA AstulR] L NALE] O Fa] Al A
Louis, MO, US)& Al&3lgo 38 pHEY= (ATS Korea, Korea)g Ar&3to] AA5FH o,
4.5~7 50ltt, WAFEFEH 2= radio—TLC (7] oY =L v wate] u|AESIA =4lo] glom
HE 22l L v/v)E ol&stien o] 9l Ao @ 7k=sch (Table 2)
TEE 90% o]/dolofof gtk wEE7] AARE 98l
CRC®—25W WAS =48 Ag g (Capintec ]
USA)S Algsto] MAES Emadn AAS Results and Discussion
A2 ete] 27] HARS (40)S ZAtL 108 Ao s = ATellM = B A8 PETRAMI 9 oF&<l
AES Sgstol 7|Satolet, Aol me s [Flflortaucipir e E ASRIAG ol 83t
adej s} el Wil E FRon, 38 exk dgsiA A = e AxE SHstaat
Joh HAMEE S AFe GEHYRAY] st
sto] AAsHaL, 38 Ve
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Table 2. Quality control release criteria for ["®F]flortaucipir injection (USP-32, NF-27, 2009).

Test items Release criteria Result
) . ) Clear solution
Visual inspection ) Pass
no particle
pH test 7.0
Radiochemical purity 96 %
Radionuclidic identity half-life 105~115min 110 min
Radionuclidic purity pass
Kryptofix 2.2.2.
< 410 ppm for acetonitrile 0.91 ppm
Residual solvents
< 5000 ppm for DMSO 0.64 ppm
Assay of ethanol <10.0% viv 7.4 %
Molar activity >18.5 GBg/uymol 218 + 32 GBg/pumol
Endotoxin <17.5 EU/mL <17.5 EU/mL
Sterile No growth No growth

SEEEREREERPIT RS
2 AAsterh vhxgoz
2 Z74% e W 2
Eatste] [“Flflortaucipir FA4E A xskgich

AZ27HA] 28 == A7 10080909, 9%

)
i

fu

[o

rlo

Al (End of synthesis)ol|A] WAS}srE =&
20 + 4.3% (decay—corrected, n=47), WASFeHA £
H R A2 218 3

i

97 + 2.3% olAo|g 1

=+
)

GBq/umol® Zelx 3ttt (Figure 2 and 3).

F&ol izt WArskeh2] b 4d

o

of Al=AYHHFE 8AZ F7HA
Aol WASHHA 240ty ARSI A s

Ars L obt A

i

i
[
o0
>
\(
N
N
N
lo
]1
o
>~
>
Lot
31_‘
»

Ao wo} ALeo|A

AT AL A 4 9ol [FFlflortaucipir

66 J Radiopharm Mol Probes Vol. 6, No. 2, 2020

e N P
W AEARNAE olee Ao B 10%

g ol g3 #F

op

o3}, DMSOXHf & 5000ppm
IAYET A ok 50 yg/mL vV R W 7|2S
A=EAANFANE 2 17.5 EU/mL
Seton HdAFAE
ol et o] W&E AR Forh EI AxF
BAIZE ol U PR A= HE HAS

IooJopE o] Fo) ol THEA Fk.

r
e

]
Fe 7$-5(90-100 mg)& Agat7Lt A Hom
1g&Fe AFA (1~2 mg) AHE

MARs B4, T3 AR F 44z e AR

jn g



Journal of Radiopharmaceuticals and Molecular Probes

Gamma detector

10,000

8,000

6,000

Deteictar

s

A

[**F]flortaucipir uﬂ/ \ '

L]
L
J_\

UV detector

HPLC UV Distector / AU

e
N

1 2 3 4 5 & 7 B 9 [T

R

Figure 2. Typical HPLC chromatogram for the purification step. Up: radioactivity, down: UV chromatogram (UV wavelength = 254 nm). Retention time of [®Fflortaucipir

was 19-21 min.
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Figure 3. HPLC chromatogram after co-injection. Up: [8F]flortaucipir (blue), down: non-radioactive standard

flortaucipir (black). Retention time of ["*F]flortaucipir was about 17-18 min.
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