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J. Med. Chem. 2021, 64, 326–342, DOI: 10.1021/acs.jmedchem.0c01518.

Synthesis of PF-07059013

Significance: Sickle cell disease is a common ge-
netic disorder that affects 15 million people world-
wide. It is caused by a single point mutation on the 
-chain of adult hemoglobin. PF-07059013 is a 
noncovalent modulator of hemoglobin that has en-
tered phase I clinical trials for the treatment of sick-
le cell disease.

Comment: Key steps in the synthesis depicted are 
(1) the asymmetric reduction of ketone E using the 
ketoreductase KRED101 from Codexis to afford 
enantiopure F in 94% yield (>99% ee), (2) the con-
struction of quinoline I using a Pfitzinger reaction, 
and (3) a Mitsunobu reaction that links fragments F 
and K.

* [ ] denotes a product used in the 
next step without further purification.
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1. LDA (1.1 equiv)
    THF–heptane, –70 °C, 1 h

2. Et3SiCl (1.1 equiv)
    –70 °C, 2 h
~96% (568 mmol scale)

[B]*
brown oil

1. LDA (1.3 equiv)
    THF–heptane, –78 °C, 105 min

2. MeON(Me)Ac (1.3 equiv)
    –78 °C to r.t., 1 h
3. SGC
89% (438 mmol scale)

NBr

OH

N

N

C
brown oil

pyrazole (1.2 equiv)
K2CO3 (3.0 equiv)
MeCN, 72 °C, 16 h;
392 mmol scale

NBr

O

N

N TES

HCl then SGC;

recryst ex MTBE
42% from C

[D]*E
white solid

KRED101 (5 g)
GDH-CDX90 (250 mg)

NADP+ (250 mg)

glucose (225 mmol)
phosphate buffer–DMSO, 30 °C

94% (190 mmol scale)
F

99% ee

H (1.2 equiv)

KOH (6.0 equiv)
H2O, r.t., 20 h
1.21 mol scale

OHBr

O

O

[I]*
yellow solid

L

1. sulfolane, 180 °C, 7 h
2. Ac2O (0.75 equiv)
    pyridine (1.0 equiv)

    CH2Cl2–sulfolane
    r.t., 16 h; SGC
22% from G J

off-yellow solid [K]*
light yellow solid

+

K (2.0 equiv)
F (1.0 equiv)

DIAD (2.2 equiv)
Bu3P (2.3 equiv)

THF, 0 °C to r.t., o/n;
SGC

55.8 mmol scale

TsCl (2.1 equiv)
DIPEA (6.5 equiv)

NH4PF6 (4.0 equiv)

CH2Cl2, < –3.5 °C to r.t., o/n;
cryst ex EtOAc–heptane
75% (11.6 mmol scale)

NaOMe (12 equiv)
MeOH, 57 °C, 16 h
87% (93 mmol scale)

N
light tan solid

97.8% ee

TMSCl (3.1 equiv)
NaI (3.1 equiv)

MeCN, 61 °C, 20 h;

slurry in EtOH
80% (98 mmol scale)

PF-07059013
white solid

99% ee

Mitsunobu reaction

Pfitzinger reaction

2 steps

86%
260 mmol scale

Synthesis of fragment F:

Synthesis of fragment K:
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