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Figure S1.  Time-sequence for reduction in clogP across the different chemical series.  Compounds 
evaluated in monkey PET studies are named.  The PDE4D inhibitory potency is shown by the size 
of the symbol.
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Syntheses of desmethyl precursors 7–10

(See Appendix 1 for characterization data: HPLC analyses, mass, and 1H- and 13C-NMR spectra).

Scheme S1.  Synthesis of desmethyl precursors
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Preparation of 2-(3-chlorophenyl)-3-hydroxy-6-[(pyridin-4-yl)methyl]pyridine (7; T2009). 
Compound 3 (T1953; 55 mg, 0.18 mmol) was dissolved in AcOH (2 mL) and treated with 48% 
HBr (3 mL). The vial was heated to 120 ℃ for 48 h. The reaction mixture was condensed and then 
neutralized carefully with NaHCO3 solution.  The product was extracted 3 times with ethyl 
acaetate, dried with Na2SO4, and concentrated, and then purified by silica gel chromatography 
(EtOAc/DCM, 1:1) to give 7 as a white solid: 44 mg (0.15 mmol, 82%); 1H NMR (DMSO-d6, 400 
MHz) δ 10.2 (s, 1H), 8.47 (d, J = 5.6 Hz, 2H), 8.05 (m, 3H), 7.96 (m, 1H), 7.44 (m, 2H), 7.31 (m, 
3H), 7.17 (d, J = 8.3 Hz, 2H), 4.08 (s, 2H); TOF MS ES+ m/z 297.0 [M+H]+; HPLC Method A, tR 
= 2.23 min.

Preparation of 3-hydroxy-2-(3-nitrophenyl)-6-[(pyridin-4-yl)methyl]pyridine (9; T1842). 
Using the method of compound 7 and purification by silica gel chromatography (5% MeOH/DCM) 
gave 9 as a white solid: (56%); 1H NMR (DMSO-d6, 400 MHz) δ 10.51 (s, 1H), 8.93 (t, J = 1.9 
Hz, 1H), 8.54 (d, J = 8.0 Hz, 1H), 8.47 (d, J = 5.9 Hz, 1H), 8.22 (m, 1 H), 7.74 (t, J = 8.1 Hz, 1H), 
7.34 (m, 3H), 7.23 (d, J = 8.0 Hz, 1H), 4.11 (s, 2H); TOF MS ES+ m/z 308.1 [M+H]+; HPLC 
Method A, tR = 2.25 min.

Preparation of 2-(3-nitrophenyl)-3-hydroxy-6-[(1H-pyrazol-4-yl)methyl]pyridin-3-ol (10; 
T1720).  Using the method of compound 7 and purification by silica gel chromatography (3–10% 
MeOH/DCM) gave 10 as a white solid: (45%); 1H NMR (DMSO-d6, 400 MHz) δ 12.59 (s, 1H), 
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10.37 (s, 1H), 8.96 (t, J = 1.9 Hz, 1H), 8.57 (dt, J = 8.0, 1.2 Hz, 1H), 8.22 (ddd, 8.2 Hz, 2.3 Hz, 
1.0 Hz, 1 H), 7.75 (t, J = 8.1 Hz, 1H), 7.55 (br s, 2H), 7.34 (d, J = 8.3 Hz, 1H), 7.14 (d, J = 8.3 Hz, 
1 H), 3.92 (s, 2H); TOF MS ES+ m/z 296.9 [M+H]+;  HPLC Method B, tR = 2.37 min.

Preparation of 2-(3-chlorophenyl)-3-(difluoromethoxy)-6-[(1H-pyrazol-4-
yl)methyl]pyridine (8; T2517) 

2-(3-Chlorophenyl)-3-(difluoromethoxy)-6-[(1-ethoxyethyl-1H-pyrazol-4-yl)methyl]pyridine. In a 
25-mL round bottom flask, 6-(bromomethyl)-2-(3-chlorophenyl)-3-difluoromethoxypyridine (15; 
490 mg, 1.41 mmol) was dissolved in 1,4-dioxane:water (4:1, 6 mL) and then treated with 1-(1-
ethoxyethyl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (750 mg, 2.82 mmol), 
K3PO4 (600 mg, 2.83 mmol), and Pd(dppf)Cl2 (110 mg, 0.15 mmol). Argon was bubbled through 
the solution for 5 min, then the flask was sealed under argon and heated at 90 ℃ for 12 h. The 
reaction mixture was concentrated under reduced pressure and the residue partitioned between 
ethyl acetate and water. The layers were separated, and the organic phase dried with Na2SO4 and 
concentrated. The crude product was purified by silica gel chromatography using 100% DCM to 
give the product as a white solid: 150 mg (0.39 mmol, 28%).

2-(3-Chlorophenyl)-3-(difluoromethoxy)-6-[(1H-pyrazol-4-yl)methyl]pyridine (8; T2517): To a 
solution of 2-(3-chlorophenyl)-3-(difluoromethoxy)-6-[(1-ethoxyethyl-1H-pyrazol-4-
yl)methyl]pyridine (140 mg, 0.37 mmol) in MeOH (2 mL) was added water (50 L) and 4 M HCl 
in 1,4-dioxane (200 L).  After stirring the mixture at room temperature for 18 h, the solvent was 
removed and the residue chromatographed on silica gel using 2% EtOAc/DCM to give 8: 110 mg 
(0.32 mmol, 87%); 1H NMR (CDCl3, 400 MHz) δ 7.89 (m, 1H), 7.78 (m, 1H), 7.54 (m, 3H), 7.42 
(m, 3H), 7.14 (d, J = 8.4 Hz, 1H), 6.49 (t, J = 72 Hz, 1H), 4.13 (s, 2H); TOF MS ES+ m/z 336.2 
[M+H]+, 377.1 [M+ACN+H]+; HPLC Method A, tR = 3.41 min.
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Table S1: Radioligand HPLC purification conditions.

Radioligand Columna Mobile phase (v/v) tR
(min)b

[11C]3 ([11C]T1953) Luna C18(2),10 μm MeCN-H2O (62/38) 9.4
[11C]4 ([11C]T2525) Luna C18(2),10 μm MeCN-0.1 M aq. HCO2NH4 (55/45) 11.8
[11C]5 ([11C]T1660) Luna C18(2),10 μm MeCN-H2O (60/40) 8.0
[11C]6 ([11C]T1650) Luna C18,     10 μm MeCN-0.1 M aq. HCO2NH4 (45/55) 9.9
[11C]6 ([11C]T1650)c Luna C18,       5 μm MeCN-0.1 M aq. HCO2NH4 (45/55) 10.6

a All HPLC columns had dimensions of 10 mm o.d. × 250 mm and were eluted at 6 mL/min. 
b Carrier for each radioligand elutes slightly earlier because UV absorbance and radioactivity detectors are in series.
c For human productions.

Table S2: Radioligand HPLC analysis conditions. 

Radioligand Columna Mobile phase (v/v) tR 
(min)b

[11C]3 ([11C]T1953) Luna C18, 10 μm MeCN-H2O (60/40) 7.9
[11C]4 ([11C]T2525) Luna C18, 10 μm MeCN-0.1 M aq. HCO2NH4 (60/40) 5.1
[11C]5 ([11C]T1660) Luna C18, 10 μm MeCN-0.1 M aq. HCO2NH4 (60/40) 5.4
[11C]6 ([11C]T1650) Luna C18(2), 10 μm MeCN-0.1 M aq. HCO2NH4 (50/50) 4.0

a All the HPLC columns had dimensions of 4.6 mm o.d. × 250 mm and were eluted at 2.0 mL/min.
b Carrier for each radioligand elutes slightly earlier because UV absorbance and radioactivity detectors are in series.

All the formulated radioligands were chemically and radiochemically stable for at least 1 
h by radio-HPLC analysis.
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Figure S2.  [11C]3 ([11C]T1953) HPLC chromatograms. A: Preparative HPLC chromatogram.  
B: Analytical HPLC chromatogram.
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Figure S3.  [11C]4 ([11C]T2525) HPLC Chromatograms.  A: Preparative HPLC chromatogram. B: 
Analytical HPLC chromatogram.
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Figure S4.  [11C]5 ([11C]T1660) HPLC Chromatograms.  A: Preparative HPLC chromatogram. B: 
Analytical HPLC chromatogram.
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Figure S5.  [11C]6 ([11C]T1650) HPLC Chromatograms: A: Preparative HPLC chromatogram. B: 
Analytical HPLC chromatogram.
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Figure S6.  HPLC Chromatograms for [11C]6 ([11C]T1650) production in a CGMP laboratory.  A: 
Preparative HPLC chromatogram. B: Analytical HPLC chromatogram.
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Table S3: Yields and Am values for PDE4D radioligands evaluated in monkey. 

Radioligand Yielda 

(%)
Am

b 
(GBq/µmol at EOS)

[11C]3 ([11C]T1953) 13 ± 2 (n = 4) 309 ± 90 (n = 4)
[11C]4 ([11C]T2525) 17 ± 4 (n = 7) 228 ± 31 (n = 7)
[11C]5 ([11C]T1660) 16 ± 5 (n = 5) 354 ± 93 (n = 3)
[11C]6 ([11C]T1650) 20 ± 6 (n = 7) 229 ± 91 (n = 6)

a Estimated from starting cyclotron-produced [11C]carbon dioxide. Some productions were used 
only for logD measurements; all others were used for PET imaging.
b Measured only for those productions used for PET imaging.

For human PET experiments [11C]6 ([11C]T1650) was obtained in yields of 6.5 ± 2.5 GBq at end 
of synthesis (EOS) with molar activities of 265 ± 137 GBq/µmol (n = 4) from the amount of 
cyclotron-produced [11C]carbon dioxide obtained from irradiation of the cyclotron target with a 
proton beam (16.5 MeV, 45 μA) for 40 min.

Table S4.  Measured lipophilicities (mlogD7.4) and monkey and human plasma free fractions (fP) 
at baseline for tested radioligands.

Plasma free fraction (fP)
Radioligand mLogD7.4

a

(n = 6)
Monkeyb Human control 

standard plasma
[11C]3 ([11C]T1953) 3.45 ± 0.09 0.0115 & 0.0160 0.0077 & 0.0093
[11C]4 ([11C]T2525) 3.07 ± 0.24 0.0144 & 0.0141 0.0109 & 0.0102
[11C]5 ([11C]T1660) 3.38 ± 0.05 0.0498 & 0.0779 0.0271 & 0.0406
[11C]6 ([11C]T1650) 2.89 ± 0.03 0.0666 ± 0.0067c 0.0341 ± 0.0044b

a Measured with a method based on partition of formulated radioligand between n-octanol and 
sodium phosphate buffer (0.15 M; pH 7.4), as described previously (1). 
b Values for particular monkey PET experiments are given in the main text. 
c The average SD from 6 separate studies

Notes:

1. Plasma free fraction was simultaneously determined in the experimental monkey plasma 
and in human control standards.

a. Monkey plasma: Plasma was prepared by centrifugation of blood taken from the 
experimental monkey before its injection with the radioligand.

b. Human control standard: pooled human plasma that had been aliquoted into 
Eppendorf tubes and individually stored at – 70 °C.

2. Plasma free fraction was measured by the addition of radiochemically pure radioligand 
(1.11 – 2.22 kBq) to 650 µL of non-radioactive plasma.  After mixing and incubation for 
10 min at room temperature, the free fraction was determined by ultrafiltration (Centrifree; 
Millipore, Billerica, Massachusetts) as previously described (2).
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3. In order to eliminate inter-monkey variability, we used the free fraction values as 
determined by using the frozen human plasma, to better highlight the differences between 
the free fractions of the various radioligands.
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Figure S7. Data from PET experiments with [11C]4 ([11C]T2525) in monkey.  Time-activity curves 
for whole brain at baseline and in a subsequent experiment in which rolipram (0.1 mg.kg) was 
administered intravenously at 5 min before [11C]4 to preblock PDE4D enzyme (A). Time course 
of unchanged [11C]4 in plasma during the baseline and rolipram preblock experiment (B).  For 
these experiments, a single male monkey (13.9 kg) was injected intravenously with [11C]4 (321 
MBq, Am = 216 GBq/µmol) at baseline and with [11C]4 (283 MBq, Am = 275 GBq/µmol) for the 
rolipram pre-block experiment.
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Figure S8.  Data from PET experiments with [11C]3 ([11C]T1953) in monkey.  Time-activity 
curves for whole brain at baseline and in a subsequent experiment in which rolipram (0.5 mg.kg) 
was administered intravenously at 5 minutes before [11C]3 to preblock PDE4D enzyme (A).  Time 
course of unchanged [11C]T1953 in plasma during the baseline and rolipram preblock experiment 
(B).  For these experiments, a single male monkey (13.8 kg) was injected intravenously with [11C]3 
(248 MBq; Am = 185 GBq/µmol) at baseline and with [11C]3 (289 MBq, Am = 162 GBq/µmol) for 
the rolipram pre-block experiment.
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Figure S9.  Data from PET experiments with [11C]5 ([11C]T1660) in monkey.  Time-activity 
curves for whole brain at baseline and in a subsequent experiment in which rolipram (1.0 mg/kg) 
was administered intravenously at 5 minutes before [11C]5 to preblock PDE4D enzyme (A). Time 
course of unchanged [11C]5 in plasma during the baseline and rolipram preblock experiment (B). 
Brain regional VT values at baseline and after rolipram preblock (C).  For these experiments, a 
single male monkey (10.9 kg) was injected intravenously with [11C]5 (321 MBq, Am = 216 
GBq/µmol) at baseline and with [11C]5 (283 MBq, Am = 275 GBq/µmol) for the rolipram pre-block 
experiment.

Figure S10. Data from PET experiments with [11C]6 ([11C]T1650) in monkey.  Time-activity 
curves for whole brain at baseline and in a subsequent experiment in which rolipram (1.0 mg/kg) 
was administered intravenously at 5 minutes before [11C]6 to preblock PDE4D enzyme (A). Time 
course of unchanged [11C]6 in plasma during the baseline and rolipram preblock experiment (B). 
Brain regional VT values at baseline and after rolipram preblock (C).  For these experiments, a 
single male monkey (12.9 kg) was injected intravenously with [11C]6 (316 MBq, Am = 65 
GBq/µmol) at baseline and with [11C]6 (349 MBq, Am = 108 GBq/µmol) for the rolipram pre-block 
experiment.
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Figure S11.  HPLC analyses of the radiometabolites of [11C]6 ([11C]T1650) generated over 30 min 
in various tissues: plasma sampled during PET experiments in rat (A), monkey (B), and 
human (C), rat brain ex vivo (D), and fresh rat brain homogenate in vitro (E).  Rat brain in vitro 
gave a similar radiometabolite profile to rat brain ex vivo but did not produce radiometabolite 
[11C]B.  Rat brain radiometabolites therefore had both peripheral and central origin. [11C]B” was 
observed in human plasma.  Radiometabolite profiles for rat, monkey, and human plasma, 
sampled during PET experiments, were quite similar.
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Figure S12. Time-courses for radioactive species in plasma of a single human subject following 
intravenous administration of [11C]6 ([11C]T1650) at baseline (A) and in a BPN14770 preblock 
experiment (B).  Under each condition, [11C]6 declines quite rapidly, the group of polar 
radiometabolites [11C]A”, rise, and the lipophilic radiometabolite [11C]B”, which may penetrate 
the blood-brain barrier, stays relatively low and constant.
.
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Figure S13.  Average area (± range) of AUC for SUV from 60 to 120 minutes for two human 
participants.  A significant difference (p < 0.05) was observed between the baseline and  
BPN14770 blocked scan.  
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Appendix 1.  Characterization data for compounds 3–10. 
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Compound 3
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Compound 3
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Compound 4
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Compound 4



S28



S29



S30

Compound 5
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Compound 5
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Compound 6
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Compound 6
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Compound 7
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Compound 7
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Compound 8
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Compound 8
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Compound 9
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Compound 9
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Compound 10
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Compound 10


