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Asymmetric Synthesis of Ipatasertib

Significance: Ipatasertib (GDC-0068) is an Akt ki-
nase inhibitor that that is of interest for the treatment 
of cancer. The stereogenic centers in fragment F 
were installed using a nitrilase-catalyzed resolution 
of nitrile (rac)-A and a ketoreductase-catalyzed re-
duction of ketone D. For a related large-scale syn-
thesis of Ipatasertib, see: T. Remarchuk et al. Org. 
Process Res. Dev. 2014, 18, 1652.

Comment: The stereogenic center in fragment L 
was installed by asymmetric hydrogenation. Using 
[Ru(TFA)2((S)-BINAP)] with catalyst activation by 
NaBr as an additive, allowed for S/C = 10,000. 
The optimal ratio to ensure reaction robustness 
was Ru/NaBr = 1:20 and thus afforded >99% 
conversion and 98.8:1.2 er.

(rac)-A

CO2Me

MeO2C CN

c-Lecta nitrilase
phosphate buffer

pH 7.2, 20–25 °C
45% (1.0 mol scale)

(R)-A
99.7% ee

CO2Me

MeO2C CN N

N

OH

OH

CN

H2N-CH=NH•AcOH
(1.1 equiv)

NaOMe (3.0 equiv)
MeOH, 25 °C, 2 h

86% (25 mmol scale) B
mp 288 °C

N

N

N

Br

CN

N

Boc

C
mp 124 °C

N

N

N

N

Boc

O

i-PrMgCl (1.05 equiv)
2-MeTHF–PhMe (1:1)

5 °C, 4 h;

then aq NaHSO4 (pH 5)
74% (4.9 mmol scale)

D
mp 162 °C

N

N

N

N

Boc

OHE
mp 75 °C

dr > 99.5:0.5

N

N

N

H
N

OH H
mp 118.5 °C

N

N

N

OH

N

O

Cl

N

O

Cl

N

ONa

Boc

KRED (Codexis) (1.5 g)
NAD (0.0005 equiv)
2-PrOH (3.5 equiv)

phosphate buffer, 20–30 °C, 45 h
86% (150 mmol scale)

HCl (2.4 equiv)
1-PrOH, 60 °C

105 mmol scale

F

• 2 HCl
G (1.0 equiv)

T3P (1.5 equiv)
NMM (5.0 equiv)

1-PrOH–PhMe, 15–30 °C
82% from E

Boc

N

N

N

OH

N

O

Cl

NH•HCl

Ipatasertib
amorphous powder

OH

O

Cl

N
Boc

OH

O

Cl

[Ru(TFA)2((S)-BINAP)] (6 µmol)
NaBr (121 µmol, NaBr/Ru = 20:1)

H2 (18 atm)

S/C = 10,000
EtOH (12 mL/g), 64–68 °C, 8 h

29.4 mmol scale

N
Boc

NaOEt (1.2 equiv)
EtOH–MTBE

15–30 °C, 1 h
92% from I

I

3 steps
90% (355 mmol scale)

3 steps

84% (90 mmol scale)

G
mp 252 dec.

Synthesis of fragment G:

J
er = 98.8:1.2
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