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Synthesis of PDE4 Inhibitors

Significance: The target phosphodiesterase type 
4 (PDE4) inhibitor J is of interest for the treatment 
of chronic obstructive pulmonary disease. The 
multikilogram-scale synthesis depicted features a 
highly regioselective Dieckmann condensation 
(A → B) required for the construction of the dihy-
drothieno[3,2-d]pyrimidine D and the asymmetric 
sulfoxidation of intermediate G using the condi-
tions of Uemura and co-workers (J. Org. Chem. 
1993, 58, 4529).

Comment: The transformation E → G was ac-
companied by 15% of the product resulting from 
displacement of the chlorine at C2. Investigation 
of alternative bases and solvents failed to improve 
the regioselectivity; however, the undesired regio-
isomer was significantly more soluble than H and 
was completely removed from the product during 
the isolation by filtration.
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F (1.1 equiv)

Et3N (3.0 equiv)
MeCN,  Δ, 20 h

83% (12.4 mol scale)
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(S)-(–)-BINOL (0.02 equiv)
Ti(O-i-Pr)4 (0.01 equiv)
t-BuOOH (1.1 equiv)

CH2Cl2–H2O, 40 °C
90% (9.82 mol scale)
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mp not reported

>99% ee

I (1.05 equiv)

DIPEA (2.5 equiv)
THF–H2O, 68 °C, 3 h;

crystallize from EtOH–H2O 
69% (32.7 mol scale)
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O NH2i-PrOTiCl3 (1.13 equiv)
Et3N (3.5 equiv)

CH2Cl2, –10 °C, 1.5 h
90% (49.6 mol scale)

urea (1.86 equiv)
concd HCl (0.186 equiv)

MeOH, Δ, 6 h
95% (18.75 mol scale)

B
not purified C

mp not reported

NaOH (1.0 equiv)
H2O, 85 °C, 3 h

95% (9.47 mol scale)

D
mp not reported

POCl3 (2.0 equiv)
PhNMe2 (2.0 equiv)

105–110 °C, 24 h
88% (4.66 mol scale)

Dieckmann condensationA
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