
2 0 1 7  ©  T H I E M E  S T U T T G A R T  •  N E W  Y O R K 897

M . FO L L M AN N * E T  A L .  ( B A Y E R  AG,  WU P P E R T AL ,  GE RM A N Y )
Discovery of the Soluble Guanylate Cyclase Stimulator Vericiguat (BAY 1021189) for the Treatment of Chronic 
Heart Failure
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Synthesis of Vericiguat

Significance: Vericiguat (BAY 1021189) is an 
orally available soluble guanylate cyclase (sGC) 
stimulator that has entered phase-three trials for 
the once-daily treatment of chronic heart failure. 
Key steps in the synthesis depicted are (1) con-
struction of the 5-fluoro-(2-fluorobenzyl)-1H-pyra-
zolo[3,4-b]pyridine-3-carboxylate C by condensa-
tion of the 5-amino-1H-pyrazole-3-carboxylate A 
with the aldehyde B and (2) construction of the py-
rimidine-4,5,6-triamine derivative H through reac-
tion of [(E)-phenyldiazenyl]malononitrile (G) with 
amidine F.

Comment: Experimental details are provided for 
the noteworthy four-step synthesis (not shown) of 
the crystalline 2-fluoro-(3-morpholin-4-yl)acrylal-
dehyde B from commercially available 2,2,3,3-
tetrafluoro-1-propanol. The synthesis of pyrazole 
A is described in a patent (A. Straub et al. WO 
2000/006569 A1). The [(E)-phenyldiazenyl]malo-
nonitrile (G) was generated in situ by reaction of 
phenyldiazonium chloride with malononitrile.
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B (1.0 equiv)

MsOH (2.0 equiv)
LiCl (2.5 equiv)
EtOH, Δ, 4.5 h

81% (85 mmol scale)

formamide (20 equiv)
NaOMe (0.9 equiv)

EtOH–MeOH, 95–125 °C
97% (22 mmol scale)

C
mp not reported

D
mp not reported

POCl3 (0.75 equiv)
sulfolane–MeCN, 107 °C, 1.5 h

92% (60 mmol scale)

E
mp not reported

NaOMe (0.2 equiv)
NH4Cl (1.1 equiv)

MeOH, 65 °C, 3.5 h
91% (1.5 mol scale)

•x HCl

F
mp not reported

CN

CN
N

NPh

G (9.5 equiv)

Et3N (1.1 equiv)
DMF, 100 °C, 20 h

84% (93 mmol scale)

H
mp not reported

H2 (60 bar), 5% Pd/C

DMF, 60 °C, o/n
(390 mmol scale)

ClCO2Me (1.3 equiv)
2-PrOH, 35–40 °C, 20 h;

then add Et3N (1.9 mL)
MeOH, 50 °C, 1 h

70% (8.4 mmol scale)

I
mp not reported

Vericiguat
mp not reported
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