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The authentic standard T808 and its corresponding mesylate precursor T808P were synthesized in six
steps using ethyl vinyl ether and trichlorocetyl chloride as starting materials. The overall chemical yields
of T808 and T808P were 35% and 52%, respectively. [18F]-T808 was synthesized from T808P by the nucle-
ophilic substitution with K[18F]F/Kryptofix 2.2.2 and isolated by HPLC combined with solid-phase extrac-
tion (SPE) purification in 35–45% radiochemical yield with 37–370 GBq/lmol specific activity at end of
bombardment (EOB).

� 2013 Elsevier Ltd. All rights reserved.
Alzheimer’s disease (AD) is the most common neurodegenera-
tive disorder and almost 30 million people suffer this disease
worldwide.1 A major limitation in finding treatment for AD has
been the lack of a reliable early diagnosis for this devastating
disease.2 The search for pathology-specific neuroimaging tools is
critical at the present stage, and biomedical imaging technique
positron emission tomography (PET) is one of the tools in which
it is possible to explore the changes in the brain.3 The protein
aggregations such as amyloid beta plaque (Ab) deposits or neurofi-
brillary tangles containing tau-protein are considered to be the
popular targets for the development of therapeutic solutions and
diagnostic biomarkers like in vivo PET imaging agents for AD.4

Amyloid cascade hypothesis has resulted in a number of Ab PET
tracers such as [11C]PIB5 and [18F]Amyvid (formerly known as
[18F]AV-45),6 as indicated in Figure 1, currently in different stages
of clinical development and commercialization. However, only a
few papers on imaging agents selectively targeting tau aggregates
(tau hypothesis) have been published.7 Recently, couple highly
selective and specific fluorine-18 PET tracers called [18F]-T808
and [18F]-T807 (Fig. 1) for imaging of tau pathologies have been
developed by Siemens.8,9 Subsequently, early clinical PET imaging
results with tau radioligands [18F]-T807 and [18F]-T808 have been
reported.10,11 Meanwhile, a promising carbon-11 PET tracer called
[11C]PBB3 (Fig. 1) for imaging of tau pathology in a tauopathy
mouse model and in Alzheimer patients compared to normal con-
trols has been published by other group as well.12
The importance of PET tau tracers is well recognized, and broad-
er research investigation to fully explore and validate the utility of
tau tracer-PET is important. However, the limited commercial
availability, complicated and/or patented synthetic procedure,
and high costs of starting materials and precursor can present an
obstacle to more widespread evaluation of these intriguing agents.
In an attempt to study these compounds in our PET center, we
decided to make our own material by following the literature
methods. We selected [18F]-T808 as a start of the PET tau tracer
project. The published and patented synthesis of the authentic
standard T808 and its corresponding mesylate precursor T808P,
and target tracer [18F]-T808 has gaps in synthetic detail, and the
key step coupling reaction required small-scale microwave-
assisted synthesis, gave poor yield and was difficult to reproduce
in our hands. Therefore, we revisited the reported literature meth-
ods8,11,13,14 and investigated alternate approaches and modifica-
tions that eventually resulted in a concise and high-yield
synthesis of T808, T808P and [18F]-T808 starting from very begin-
ning materials ethyl vinyl ether and trichloroacetyl chloride that
was superior to previous works or addressed more synthetic
details to reveal and explain technical tricks. In this Letter, we pro-
vide complete experiment procedures, yields, analytical details and
new findings for this synthetic route of T808 and T808P, and pres-
ent a fully automated radiosynthesis of [18F]-T808 with relatively
high radiochemical yields and shortened radiosynthesis time.

The synthesis of T808 (8) and T808P (9) is shown in Scheme 1,
according to the literature method13,14 with modifications. Ethyl
vinyl ether was reacted with trichloroacetyl chloride at 0 �C for
5 h and then stirred at room temperature (RT) for 12 h to produce
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Scheme 2. Synthesis of [18F]-T808 ([18F]8). Reagents, reaction conditions and
yields: (i) K[18F]/K2.2.2, DMSO, 140 �C, 8 min; 3 N NaOH, 100 �C, 8 min; HPLC, SPE,
35–45%.
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Figure 1. Chemical structure of [11C]PIB, [18F]Amyvid ([18F]AV-45), [18F]-T808,
[18F]-T807 and [11C]PBB3.
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an intermediate 1,1,1,4-tetrachloro-4-ethoxybutan-2-one, without
further isolation, which was quickly converted to compound 1
through dehydrochlorination at heating and distillation in 92%
yield.15 Compound 1 reacted with 1H-benzo[d]imidazol-2-amine
(2) to generate compound 3 in 98% yield. Hydrolysis of 3 gave
compound 4 in 99% yield. Bromination of 4 with phosphorus oxy-
bromide provided compound 5 in 97% yield. The key step coupling
reaction of 5 with 2-(piperidin-4-yl)ethanol (6) was conducted in
the presence of K2CO3 in N,N-dimethylacetamide (DMA) to afford
compound 7 in 80% yield. Several different solvents including
DMA, N,N-dimethylformamide (DMF), dimethylfulfoxide (DMSO),
CH3CN and n-BuOH, and catalysts such as K2CO3, NaOH and p-tol-
uenesulfonic acid (TsOH)16 were tested for the coupling reaction,
and it was found to obtain higher yield when using DMA as a sol-
vent and K2CO3 as a base catalyst. The published literature
method13 showed the coupling reaction was performed in a
Biotage Initiator microwave reactor (250 W) in small-scale
(mg-grade) without adding any base or acid catalyst and with
low yield (54%). In comparison with the results reported in the pat-
ent,13 significant improvements in the key step included eliminat-
ing the use of microwave reactor, increasing the yield and
enlarging the reaction scale from mg-grade to g-grade. Compound
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Scheme 1. Synthesis of T808 (8) and T808P (9). Reagents, reaction conditions and yield
PhMe, RT to reflux, 2 h, 98%; (iii) NaOH, H2O, MeCN, RT to reflux, 30 min; HCl, 99%; (iv) O@
(6), DMA, K2CO3, 130 �C, 6 h, 80%; (vi) Et2NSF3, CH2Cl2, 0 �C to RT, 1.5 h, 51%; and (vii) M
7 reacted with diethylaminosulfur trifluoride (DAST) provided the
reference standard 8 in 51% yield. Compound 7 reacted with
methanesulfonyl chloride (MsCl) using Et3N as a base afforded
the mesylate precursor 9 in 75% yield. The yield of 9 was increased
by optimization of the reaction conditions including decreasing the
reaction temperature at 0 �C and extending the reaction time to
1 h.

Synthesis of the target tracer [18F]-T808 ([18F]8) is indicated in
Scheme 2. The mesylate precursor T808P (9) was labeled with
K[18F]F/Kryptofix 2.2.2 through nucleophilic substitution at
140 �C and isolated by a semi-preparative reverse-phase (RP)
high performance liquid chromatography (HPLC) method with
C-18 column and a solid-phase extraction SPE method with a
C-18 Plus Sep-Pak cartridge (a second purification or isolation
process)17–19 to produce the corresponding pure radiolabeled
compound [18F]88,11,13,14 in 35–45% radiochemical yield, decay-
corrected to EOB, based on H[18F]F. The crude radiolabeling mix-
ture was briefly cooled to 100 �C and treated with 3 N NaOH and
heated at 100 �C for 8 min. This base-mediated treatment of the
reaction mixture was necessary (1) to prevent co-elution of the
precursor with the product by decomposition of unreacated pre-
cursor T808P and (2) to prevent co-elution of the unreacted
[18F]fluoride with the product due to protonization of the
radiolabeled product under acidic conditions, during the semi-
preparative HPLC purification. Addition of NaHCO3 to quench
the radiolabeling reaction and to dilute the radiolabeling mixture
prior to the injection onto the semi-preparative HPLC column for
purification gave better separation of labeled product [18F]-T808
from its corresponding mesylate precursor T808P and unreacted
[18F]fluoride.17–19 The radiosynthesis was performed using a
self-designed automated multi-purpose [18F]-radiosynthesis
module.20–22 The overall synthesis, purification and formulation
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time was 50–60 min from EOB. The specific activity (SA) was 37–
370 GBq/lmol at EOB. SA is defined as the radioactivity per unit
mass of a radionuclide or a labeled compound. SA (MBq/
mg) = 3.13 � 109/A � t1/2, where A is the mass number of the
radionuclide, and t1/2 is the half-life in hours of the radionuclide.
For fluorine-18, carrier-free 18F, maximum (theoretical) 18F
SA = 63,381 GBq/lmol.23 Actual SA of 18F-tracers in our PET
chemistry facility is depended on two parts: (1) carrier from
the 18F target during the production of H[18F]F, the target we
use is Siemens RDS-111 Eclipse cyclotron 18F target; and (2) car-
rier from the 18F radiolabeled precursor during the production of
K[18F]F/Kryptofix 2.2.2 by azeotropic distillation in our [18F]-
radiosynthesis module. Our study has proved that the maximum
in-target SA for our 18F-tracers is �370 GBq/lmol at EOB pro-
duced in our cyclotron and 18F-radiosynthesis unit. The SA for
our 18F-tracers usually ranges from 37 to 370 GBq/lmol at EOB
according to our previous works for the 18F-tracers produced in
this facility, including [18F]Fallypride, [18F]PBR06, [18F]FE-
DAA1106, etc.17–19,22 Theoretically, all 18F-tracers have same SA,
and actual SA of 18F-tracers is mainly related to the type of cyclo-
tron and synthetic module.23 The SA of the title tracer was
37–370 GBq/lmol at EOB, which was similar to the values previ-
ously reported by our lab.17–19,22 No-carrier-added [18F]fluoride
ion in [18O]water was trapped without a QMA cartridge. This
way17–19,22,24 significantly increased the SA of the prepared
F-18 labeled product. As indicated in the literature,24 when the
cyclotron-produced [18F]fluoride ion was dried without the use
of a cartridge, but through cycles of evaporation with added ace-
tonitrile, the SA of the prepared [18F]-T808 was substantially
higher, and was similar to that we achieved in the radiosynthesis
of other F-18 tracers such as [18F]fallypride and [18F]PBR06 previ-
ously reported.17–19,22 The reason was that there was a low-level
contamination of QMA anionic resins with fluoride ion.24 The
amounts of the mesylate precursor used were �1 mg. Small
amount of the precursor was used for radiolabeling instead of
large amount of the precursor (3 mg) reported in the literature,8

which improved the chemical purity of the final tracer solution.
A large amount of precursor would increase the radiochemical
yield, but decrease the chemical purity of [18F]-T808 tracer solu-
tion due to precursor contamination. In addition, a large amount
of precursor would also decrease the SA of final labeled product
due to potential F-18/F-19 exchange during the radiolabeling.
The reaction solvent and temperature were either CH3CN/120 �C
or DMSO/140 �C. Radiolabeling procedure with DMSO at 140 �C
resulted in higher radiochemical yield.17–19,22,25 Furthermore, in
order to make more product radioactivity, we also modified the
published semi-preparative HPLC conditions including column,
mobile phase and flow rate to shorten the retention time of
[18F]8, since the reported retention time of [18F]-T808 was too
long (between 25 and 30 min).8 To our F-18 labeling experiences
on F-18 tracers,17–19,22 although the HPLC systems we employed
have shown good separation of products from precursors, there
always was a co-elution of the F-18 labeled product with its cor-
responding precursor from the HPLC column, very tiny amount of
the precursor (0.1–0.4 lg/mL) contaminating the tracer solution.
[18F]-T808 was also in the same case. Therefore, we used a C-18
Plus Sep-Pak cartridge for this purpose to further remove the
precursor and most of possible nonradiolabeled undesired
side-products. A C-18 Plus Sep-Pak cartridge instead of rotatory
evaporation was used to significantly improve the chemical
purity of the tracer solution.17–19,22 In this study, the Sep-Pak
purification further increased the chemical purity more than
10%.17–19,22 Chemical purity and radiochemical purity were deter-
mined by analytical HPLC.26 The chemical purity of T808P and
T808P was >93% determined by HPLC through UV flow detector.
The radiochemical purity of the target tracer [18F]-T808 was
>98% determined by radio-HPLC through c-ray (PIN diode) flow
detector.

The experimental details and characterization data for com-
pounds 1, 3–5, 7–9 and for the tracer [18F]8 are given.27

In summary, a concise and high-yield synthetic route to T808,
T808P and [18F]-T808 has been developed. This synthetic approach
provided T808 and its mesylate precursor T808P in high overall
chemical yields. An automated self-designed multi-purpose [18F]-
radiosynthesis module for the synthesis of [18F]-T808 has been
built. The radiosynthesis employed nucleophilic substitution of
the mesylate precursor with K[18F]F/Kryptofix 2.2.2. The target
tracer was isolated and purified by a semi-preparative HPLC
combined with SPE procedure in relatively high radiochemical
yields, shortened overall synthesis time, and high specific activity
and radiochemical purity. New and improved results in the
synthetic methodology, radiolabeling, preparative separation and
analytical details for T808, T808P and [18F]-T808 have been
presented. These methods are efficient and convenient. It is
anticipated that the approaches for the design, synthesis and
automation of new tracer and radiolabeling precursor, and
improvements to increase radiochemical yield, chemical purity
and specific activity of the tracer described here can be applied
with advantage to the synthesis of other 18F-radiotracers for PET
imaging. These results facilitate the potential preclinical and clini-
cal PET studies of [18F]-T808 as a PET AD tau tracer in animals and
humans.
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3H, CH3), 4.10 (q, J = 7.0 Hz, 2H, OCH2), 6.15 (d, J = 12.5 Hz, 1H, 3-H), 7.86 (d,
J = 12.5 Hz, 1H, 4-H).
(c). 2-(Trichloromethyl)benzo[4,5]imidazo[1,2-a]pyrimidine (3). Compound 1
(13.47 g, 62.0 mmol) was added to a mixture of compound 2 (7.99 g,
60.0 mmol) and triethylamine (6.26 g, 62.0 mmol) in toluene (250 mL). The
reaction mixture was heated to reflux for 2 h, concentrated in vacuo, filtered,
and dried in air to give 3 (16.8 g, 98%) as a yellow solid, Rf = 0.31 (2% MeOH/
CH2Cl2), mp 226 �C (decomposed). 1H NMR (DMSO-d6): d 7.51 (dt, J = 1.0,
8.0 Hz, 1H, Ph-H), 7.62 (dt, J = 1.0, 8.0 Hz, 1H, Ph-H), 7.76 (d, J = 7.0 Hz, 1H, Ar-
H), 7.94 (d, J = 8.0 Hz, 1H, Ph-H), 8.42 (d, J = 8.0 Hz, 1H, Ph-H), 9.78 (d,
J = 7.0 Hz, 1H, Ar-H). MS (ESI+): 286 ([M+H]+, 100%).
(d). Benzo[4,5]imidazo[1,2-a]pyrimidin-2-ol (4): NaOH (1 N, 42 mL, 42 mmol)
was added to a mixture containing compound 3 (9.16 g, 32.0 mmol) in
acetonitrile (160 mL). The reaction was heated to reflux for 30 min, and then
the reaction was cooled and concentrated. Added ice to the resulting residue,
followed by HCl (1 N, 30 mL) to adjust pH of the solution to 8. Filtered the solid
and dried in air to afford 4 (5.87 g, 99%) as a white solid, Rf = 0.16 (10% MeOH/
CH2Cl2), mp >280 �C (decomposed). 1H NMR (DMSO-d6): d 6.09 (d, J = 7.5 Hz,
1H, Ar-H), 7.23 (dt, J = 1.0, 8.0 Hz, 1H, Ph-H), 7.29 (dt, J = 1.0, 8.0 Hz, 1H, Ph-H),
7.51 (d, J = 7.5 Hz, 1H, Ph-H), 7.89 (d, J = 7.5 Hz, 1H, Ph-H), 8.78 (d, J = 8.0 Hz,
1H, Ar-H), 12.57 (s, OH).
(e). 2-Bromobenzo[4,5]imidazo[1,2-a]pyrimidine (5): Phosphorus oxybromide
(17.8 g, 62.0 mmol) was added to suspension of compound 4 (5.74 g,
31.0 mmol) in 1,2-dichloroethane (130 mL) and DMF (1 mL). The reaction
mixture was heated to reflux for 3 h. The reaction mixture was concentrated in
vacuo, diluted with ice water and quenched with ammonium hydroxide to
adjust pH to 8. The resulting residue was filtered and washed with water
followed by ethyl ether, and dried under vacuum to obtain 5 (7.46 g, 97%) as a
yellow solid, Rf = 0.22 (2% MeOH/CH2Cl2), mp 287–289 �C. 1H NMR (DMSO-d6):
d 6.57 (d, J = 7.5 Hz, 1H, Ar-H), 7.53 (t, J = 7.5 Hz, 1H, Ph-H), 7.49 (t, J = 7.5 Hz,
1H, Ph-H), 7.63 (d, J = 8.0 Hz, 1H, Ph-H), 8.12 (d, J = 8.0 Hz, 1H, Ph-H), 9.15 (d,
J = 7.5 Hz, 1H, Ar-H). MS (ESI+): 248 ([M+H]+, 40%).
(f). 2-(1-(Benzo[4,5]imidazo[1,2-a]pyrimidin-2-yl)piperidin-4-yl)ethanol (7): A
mixture of compound 5 (1.49 g, 6.0 mmol), compound 6 (970 mg, 7.5 mmol)
and K2CO3 (1.66 g, 12.0 mmol) in DMA (50 mL) was stirred at 130 �C for 6 h.
The reaction mixture was cooled to RT, filtered, and washed with DMA. The
combined the organic phase was evaporated in vacuo. The resulting residue
was purified by column chromatography (2–15% MeOH/CH2Cl2) on silica gel to
afford 7 (1.42 g, 80%) as an off white solid, Rf = 0.17 (10% MeOH/CH2Cl2), mp
178–180 �C. 1H NMR (DMSO-d6): d 1.15–1.17 (m, 2H, CH2), 1.37–1.41 (m, 2H,
CH2), 1.72–1.80 (m, 3H, CH and CH2), 2.98–3.00 (m, 2H, CH2), 3.46–3.49 (m, 2H,
CH2), 4.56 (br s, 1H, OH), 6.87 (d, J = 8.0 Hz, 1H, Ar-H), 7.14 (dt, J = 1.0, 8.0 Hz,
1H, Ph-H), 7.26 (dt, J = 1.0, 8.0 Hz, 1H, Ph-H), 7.49 (d, J = 8.0 Hz, 1H, Ph-H), 7.93
(d, J = 8.0 Hz, 1H, Ph-H), 8.93 (d, J = 8.0 Hz, 1H, Ar-H). MS (ESI+): 297 ([M+H]+,
100%).
(g). 2-(4-(2-Fluoroethyl)piperidin-1-yl)benzo[4,5]imidazo[1,2-a]pyrimidine (8,
T808): To a solution of compound 7 (237 mg, 0.80 mmol) in CH2Cl2 (30 mL)
was slowly added DAST (774 mg, 4.8 mmol) at 0 �C. The reaction mixture was
continued to stir at 0 �C for 1 h, and then at RT for 30 min. The solvent was
evaporated and the resulting residue was purified by column chromatography
(1–4% MeOH/CH2Cl2) on silica gel to obtain 8 (122 mg, 51%) as a white solid,
Rf = 0.43 (10% MeOH/CH2Cl2), mp 176–178 �C. 1H NMR (CDCl3): d 1.25–1.33 (m,
2H, CH2), 1.63–1.72 (m, 2H, CH2), 1.82–1.89 (m, 3H, CH and CH2), 3.01 (t,
J = 12.3 Hz, 2H, CH2), 4.49 (t, J = 6.0 Hz, 2H, CH2), 4.58 (t, J = 6.0 Hz, 2H, CH2),
6.42 (d, J = 8.0 Hz, 1H, Ar-H), 7.20 (dt, J = 1.0, 8.0 Hz, 1H, Ph-H), 7.35 (dt, J = 1.0,
8.0 Hz, 1H, Ph-H), 7.55 (d, J = 8.0 Hz, 1H, Ph-H), 7.71 (d, J = 8.0 Hz, 1H, Ph-H),
8.23 (d, J = 8.0 Hz, 1H, Ar-H). MS (ESI+): 299 ([M+H]+, 100%).
(h). 2-(1-(Benzo[4,5]imidazo[1,2-a]pyrimidin-2-yl)piperidin-4-yl)ethyl
methanesulfonate (9, T808P): A solution of methanesulfonyl chloride (149 mg,
1.3 mmol) in CH2Cl2 (10 mL) was added dropwise to a mixture of compound 7
(296 mg, 1.0 mmol) and Et3N (303 mg, 3.0 mmol) in CH2Cl2 (40 mL) at 0 �C. The
reaction mixture was stirred at 0 �C for 1 h, and then at RT for 1 h. The reaction
mixture was evaporated in vacuo, and the resulting residue was purified by
column chromatography (1–4% MeOH/CH2Cl2) on silica gel to afford 9 (281 mg,
75%) as a white solid, Rf = 0.40 (10% MeOH/CH2Cl2), mp 237–239 �C. 1H NMR
(CDCl3): d 1.25–1.30 (m, 2H, CH2), 1.71–1.75 (m, 2H, CH2), 1.86–1.88 (m, 5H,
CH and 2� CH2), 3.01–3.05 (m, 5H, CH2 and CH3), 6.44 (d, J = 8.0 Hz, 1H, Ar-H),
7.17 (dt, J = 1.0, 8.0 Hz, 1H, Ph-H), 7.35 (dt, J = 1.0, 8.0 Hz, 1H, Ph-H), 7.56 (d,
J = 8.0 Hz, 1H, Ph-H), 7.71 (d, J = 8.0 Hz, 1H, Ph-H), 8.26 (d, J = 8.0 Hz, 1H, Ar-H).
MS (ESI+): 375 ([M+H]+, 100%).
(i). 2-(4-(2-[18F]Fluoroethyl)piperidin-1-yl)benzo[4,5]imidazo[1,2-a]pyrimidine
([18F]8, [18F]-T808): No-carrier-added (NCA) aqueous H[18F]F was produced
by 18O(p,n)18F nuclear reaction using a Siemens Eclipse RDS-111 cyclotron by
irradiation of H2

18O (2.5 mL). H[18F]F (7.4-18.5 GBq) in [18O]water plus 0.1 mL
K2CO3 solution (1.7 mg) and Kryptofix 2.2.2 (10 mg) in 1.0 mL CH3CN with
additional 1 mL CH3CN were placed in the fluorination reaction vial (10-mL V-
vial) and repeated azeotropic distillation (17 min) was performed at 110 �C to
remove water and to form the anhydrous K[18F]F-Kryptofix 2.2.2 complex. The
precursor T808P (9, 1 mg) dissolved in DMSO (1.0 mL) was introduced to the
reaction vessel and heated at 140 �C for 8 min to affect radiofluorination. After
cooling to 100 �C, the crude reaction mixture was treated with 3 N NaOH
(1 mL). The reaction was heated at 100 �C for 8 min. The contents of the
reaction vial were cooled down and diluted with 0.1 M NaHCO3 (1 mL), and
injected onto the semi-preparative HPLC column with 3 mL injection loop for
purification. The product fraction was collected in a recovery vial containing
30 mL water. The diluted tracer solution was then passed through a C-18 Sep-
Pak Plus cartridge, and washed with water (5 mL �4). The cartridge was eluted
with EtOH (1 mL �2) to release [18F]8, followed by saline (10 mL). The eluted
product was then sterile-filtered through a Millex-FG 0.2 lm membrane into a
sterile vial. Total radioactivity was assayed and total volume was noted for
tracer dose dispensing. Retention times in the semi-preparative HPLC system
were: tR 8 = 11.52 min, tR 9 = 18.87 min, tR [18F]8 = 11.52 min. Retention times
in the analytical HPLC system were: tR 8 = 5.64 min, tR 9 = 9.02 min, tR

[18F]8 = 5.64 min. The decay corrected radiochemical yields of [18F]8 were
35–45%.
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