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ABSTRACT ARTICLE HISTORY
Triethylene glycol-substituted 4-(N-methyl-N-Boc-amino)styrylpyridine Received 11 August 2017
which can serve as key precursor for many monodentate and

. . . . ; KEYWORDS
multidentate imaging agents for A plaques in human brain has been [FIAV-45; [Flflorbetapir;
readily synthesized with cost-effective starting materials. The important AB p|aql;es; PET imagi;\g
non-radioactive monodentate positron emission tomography agent agent
[Fiflorbetapir ([FJAV-45) has also been prepared by our new method.
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Br TEG-substituted 4-(N-methyl-N-Boc-amino)styrylpyridine [Fiflorbetapir (AV-45)

Introduction

[*®*F]AV-45 (Fig. 1, 1) is a useful monodentate positron emission tomography (PET) agent for
targeting AP plaques.!") The phase III clinical trial for ['®F]AV-45 was completed®! and this
PET imaging agent got approval from U.S. FDA in 2012. Recently, Kung et al.””! reported a
new series of multidentate '*F styrylpyridine derivatives for selectively targeting AB plaques in
the blood vessels of human brain (Fig. 1, 2a, 2b, 2¢, 3, 4). All compounds mentioned above
could serve as useful tools for studying the pathophysiology of neurodegenerative diseases
associated with the formation of B-amyloid.!"?

As shown in Scheme 1, triethylene glycol (TEG)-substituted 4-(N-methyl-N-Boc-amino)
styrylpyridine (5) is the key precursor for the synthesis of monodentate PET imaging agent
1533 and other multidentate PET imaging agents (2a, 2b, 2c, 3, 4).[2]

The first synthesis of the key precursor TEG-substituted 4-(N-methyl-N-Boc-amino)
styrylpyridine (5) was reported by Kung et al.'?) Their method involved air/moisture
sensitive Heck reaction and microwave reaction in which special microwave synthesizer
(Biotage microwave reaction vial) and harsh reaction conditions (high temperature and
high pressure) were required.

In 2015, we reported a new method™ for the synthesis of the TEG-substituted
4-(N-methyl-N-Boc-amino)styrylpyridine (5). No special reactor or harsh reaction
conditions were required in this method. No microwave or air/moisture sensitive metal
catalytic reactions were involved too. However, the synthesis route is still not short (six
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Figure 1. Monodentate and multidentate '8F AB-plaque imaging agents.
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steps with eight stages). Toxic and smelly reagent 4-methylbenzenethiol was required. The
4-methylbenzenethiol is irritating to eyes, skin and respiratory system. This reagent is
harmful by inhalation and in contact with skin.

- OTs
N
W oNf
TsCl N . N 3
NaH, DMF Boc AV-105
= OTs
TsO™\.OTs A 2 L“J[
~ N 4
NaH, DMF N
— OH Bo¢ ?
MO/\Ts — _ /\/]/OTS
h X
Bolc>l 7s0~O~0Ts . \ Wy 1° s
) NaH, DMF Bod 8
TEG-substituted oC -
4-(N-methyl-N-Boc-amino)styrylpyridine . . S
oot oA
NaH, DMF N 9
Boc
6 2 steps 1 7 steps
AV-105 — [BFJAV-45 7or8or9 ——— 2aor2bor2c

5 steps 3 steps

_—

7 = .3

Scheme 1. Synthesis of monodentate and multidentate PET imaging agents from TEG-substituted
4-(N-methyl-N-Boc-amino)styrylpyridine (5).
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Results and discussion

Herein, we report a new method for the synthesis of TEG-substituted 4-(N-methyl-N-Boc-
amino) styrylpyridine (5) and the non-radioactive monodentate PET imaging agent [F]
florbetapir ([F]AV-45).

As shown in Scheme 2, 1-bromo-4-(bromomethyl)benzene (10) was transformed into 11
smoothly by the Wittig-Horner reaction.”” Substitution of 11 with the mono-tetrahydro-
2H-pyran (THP)-protected TEG (12) in the presence of NaH afforded 13 in 77% yield.
Subsequently, substitution of 13 with CH3;NH, in the presence of CuSO, - 5H,0 afforded
14 in 79% yield. Next, protection of 14 with Boc,O afforded 15 in 92% yield. Finally, the
TEG-substituted 4-(N-methyl-N-Boc-amino)styrylpyridine (5) was obtained in 90% yield
after selective deprotection of the THP-group. CuSO, - 5H,0™* was employed in this step
because it can promote depyranylation of alcohol efficiently while keeping the Boc-group
intact.

As described above, the method reported herein (five steps with six stages) is more
concise than the method™ (six steps with eight stages) we developed before. The
overall yield of the new method is 25%, which is higher than our previously published
method' (the overall yield is 16%). In our new method, toxic and smelly reagent (e.g.,
4-methylbenzenethiol) was excluded. All starting materials and reagents employed were
cost-effective and readily available. No special reactor or harsh reaction conditions were
required. No microwave or air/moisture sensitive metal catalytic reactions were involved
too. Our new method can be applied for synthesis of TEG-substituted 4-(N-methyl-N-
Boc-amino)styrylpyridine (5) in multi-gram scale.

With the key precursor TEG-substituted 4-(N-methyl-N-Boc-amino)styrylpyridine (5)
in hand, we tried to synthesize the non-radioactive monodentate PET imaging agent [F]
florbetapir ([F]JAV-45) 1 according to the published procedures.>**"*l

As shown in Scheme 3, 16 (AV-105) was obtained in 92% yield by the reaction of 5 with
TsCl in the presence of Et;N and DMAP.">* Subsequently, the reaction of 16 with TBAF
in THF at 100 °C in a seal tube afforded 17 in 82% yield. Finally, the non-radioactive [F]
florbetapir ([F]AV-45) 1 was obtained in 80% vyield by the deprotection of the
Boc-group.*?
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Scheme 2. Synthesis of TEG-substituted 4-(N-methyl-N-Boc-amino)styrylpyridine (5).
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Scheme 3. Synthesis of AV-45 1 from 5.

Experimental
Synthesis and characterization data for key compounds

(E)-N-methyl-4-(2-(6-(2-(2-(2-(tetrahydro-2H-pyran-2-yloxy)ethoxy)ethoxy)ethoxy)
pyridin-3-yl)vinyl)benzenamine (14)

Compound 13 (0.10 g, 0.2 mmol) and CuSO, - 5H,0 (0.05 g, 0.2 mmol) were added to a
solution of methylamine in ethanol (33 wt%, 10 mL) in a seal tube. The mixture was heated
to 105 °C overnight. After cooling to RT, the mixture was poured into 20 mL NaOH
solution and extracted by EtOAc. The combined organic layer was dried over Na,SO,,
After filtration, the filtrate was concentrated under vacuum and the residue was purified
by column chromatography (SiO,, PE/AcOEt = 1:1) to afford 14 (70 mg, yield: 79%). IR
(neat): 3164, 2364, 2336, 2178, 1771, 1673, 1609, 1527, 1491 cm™'. 'H-NMR (CDCl,):
6 8.15 (d, J=2.0Hz, 1H), 7.77 (dd, J=2.4 Hz, ] =8.8 Hz, 1H), 7.36 (d, ] = 8.4 Hz, 2H),
6.92 (d, J=16.4Hz, 1H), 6.82 (d, J=16.4Hz, 1H), 6.78 (d, J=8.8 Hz, 1H), 6.61 (d,
J=8.4Hz, 2H), 4.66-4.64 (m, 1H), 4.51-4.49 (m, 2H), 3.91-3.86 (m, 4H), 3.74-3.69 (m,
7H), 3.66-3.60 (m, 1H), 3.54-3.49 (m, 1H), 2.88 (s, 3H), 1.88-1.80 (m, 1H), 1.76-1.70
(m, 3H), 1.64-1.56 (m, 2H). *C-NMR (CDCLy): § 162.5, 149.0, 144.9, 135.0, 128.2,
127.5, 126.5, 120.4, 112.4, 111.2, 98.9, 70.7, 70.6, 70.6, 69.8, 66.6, 65.2, 62.2, 30.5, 254,
19.5. HRMS (FAB) calcd for Cy5H34N,O5 (MH+): 442.2468; found: 442.2465. The data
are identical with those reported in literature.*!

TEG-substituted 4-(N-methyl-N-Boc-amino)styrylpyridine (5)

A mixture of compound 15 (0.89 g, 1.64 mmol) and CuSO,-5H,0 (0.5g, 2 mmol) in
15 mL MeOH was stirred at RT for 12 h. The mixture was diluted with NaOH solution
and extracted by EtOAc. The combined organic layer was dried over Na,SO,. After
filtration, the filtrate was concentrated under vacuum and the residue was purified by
column chromatography (SiO,, EtOAc) to afford TEG-substituted 4-(N-methyl-N-Boc-
amino)styrylpyridine (5) (684 mg, yield: 90%) as a white solid. IR (neat): 3158, 2358,
2178, 1684, 1404, 1152 cm™'. '"H-NMR (CDCl;): § 8.15 (d, J=2.0Hz, 1H), 7.76 (dd,
J=2.4Hz, J=84Hz 1H), 7.41 (d, J= 8.4 Hz, 2H), 7.20 (d, ] = 8.4 Hz, 2H), 6.98-6.89
(m, 2H), 6.77 (d, J=8.8Hz 1H), 448 (t, J=4.8 Hz, 2H), 3.84 (t, J=4.8 Hz, 2H),
3.71-3.68 (m, 6H), 3.60-3.58 (m, 2H), 3.24 (s, 3H), 2.71 (t, J= 6.0 Hz, 1H), 1.44 (s, 9H).
*C-NMR (CDCl5): 6 163.1, 154.8, 145.7, 143.3, 135.5, 134.2, 127.4, 126.9, 126.6, 125.6,
124.6, 111.6, 80.6, 72.6, 70.8, 70.5, 69.8, 65.3, 61.9, 37.3, 28.5. HRMS (FAB) calcd for
Cy5H34N,04 (MH+): 458.2417; found: 458.2416. The data are identical with those reported
in literature.>*
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(E)-4-(2-(6-(2-(2-(2-fluoroethoxy)ethoxy)ethoxy)pyridin-3-yl)vinyl)-N-
methylbenzenamine (1) non-radioactive ([FJAV-45)

A mixture of compound 17 (35 mg, 0.074 mmol) and 5 mL HCl in 5 mL DMSO was stirred
at RT overnight. To the mixture 20 mL 4% NaOH solution was added. The mixture was
extract by EtOAc. The combined organic layer was dried over Na,SO,. After filtration,
the filtrate was concentrated under vacuum and the residue was purified by column chro-
matography (SiO,, PE/AcOEt = 1:1) to afford compound 1 (22 mg, yield: 80%). IR (neat):
3168, 2364, 2336, 2178, 1614, 1250, 1108 cm™'. 'H-NMR (CDCl,): § 8.13 (d, J=2.0 Hz,
1H), 7.76 (dd, J=2.4Hz, ]=8.8Hz, 1H), 7.34 (d, J=8.8 Hz, 2H), 6.92-6.75 (m, 3H),
6.59 (d, J=8.4Hz, 2H), 4.63-4.61 (m, 1H), 4.51-4.47 (m, 3H), 3.88-3.85 (m, 2H),
3.80-3.78 (m, 1H), 3.75-3.70 (m, 5H), 2.86 (s, 3H), 1.25 (s, 1H). >C-NMR (CDCl,):
0 162.5, 149.0, 144.9, 135.0, 128.2, 127.6, 126.4, 120.3, 112.4, 111.2, 84.0, 82.3, 70.8, 70.7,
70.5, 70.3, 69.8, 65.1, 30.6, 29.7. HRMS (FAB) calcd for C,,H,5FN,O5; (MH+): 360.1849;
found: 360.1854. The data are identical with those reported in literature.!""

Conclusion

In summary, TEG-substituted 4-(N-methyl-N-Boc-amino)styrylpyridine (5) which can
serve as key precursor for many monodentate and multidentate PET imaging agents has
been synthesized with cost-effective starting materials through simple reactions. Our
new method is more concise (five steps with six stages) than the reported methods. The
overall yield of the new method is 25%, which is higher than our previously published
method™ (the overall yield is 16%). Toxic and smelly reagent (e.g., 4-methylbenzenethiol)
was excluded as well. Our new method can be applied for synthesis of TEG-substituted
4-(N-methyl-N-Boc-amino)styrylpyridine (5) in multi-gram scale. The non-radioactive
monodentate PET imaging agent ([FJAV-45) 1 has also been prepared in good yield from 5.
Our new method could be employed for mass production of AV-45 and other multidentate
imaging agents.
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