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1st Generation Synthesis of Remdesivir
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25t Generation Synthesis of Remdesivir
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Retrosynthetic Analysis
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Synthesis of Remdesivir
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3st Generation Synthesis of Remdesivir

2,6-lutidine (2.0 equiv.)
Cat. (10 mol%)

DCM, 4A MS, -40 °C, 48 h

P-rac-1

Bicyclic imidazole-catalyzed DyKAT:
1. rapid, reversible, catalyst-mediated racemization process;
2. effecient control of the stereodiscriminating step.

Wang, M.; Zhang. W.; et al. Angew. Chem. Int. Ed. 2020, 59, 20814-20819.
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Synthesis of P-stereogenic Phosphoramides
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Synthesis of MK-3682 via DYKAT
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Synthesis of P-stereogenic Phosphoramides
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Synthesis of Remdesivir via DYKAT
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Optimization of the Reaction Conditions

2,6-lutidine (2.0 equiv.)
Cat. (20 mol%)

DCM, 4A MS, -10°C, 16 h

(0]
P-rac-1
\N/ /
N [N N
D [
In absent of catalyst | = N> N OBn
N
DMAP DMAP NMI Cc1 Cc2 C3
3% Conv. 33% Conv. 62% Conv. 45% Conv. 63% Conv. 46% Conv.
Sp:Rp=1.1:1 Sp:Rp=1.1:1 Sp:Rp =1.5:1 Sp:Rp =3.2:1 Sp:Rp = 2.6:1 Sp:Rp =1.9:1

Reaction conditions: P-rac-1 (104.3 mg, 0.30 mmol, 1.5 equiv), G (66.3 mg, 0.20
mmol, 1.0 equiv), 2,6-lutidine (46.6 mL, 0.40 mmol, 2.0 equiv), 4A MS (80 mg), DCM
(2 mL). Determined by 3P NMR analysis. Determined by 3P NMR analysis using

P(O)(OMe), as the internal standard.
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Optimization of the Reaction Conditions
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c4 C5 c7
91% Conv. 47% Conv. 83% Conv. 91% Conv.
Sp:Rp =9.3:1 Sp:Rp = 6.2:1 Sp:Rp =7.4:1 Sp:Rp = 11.2:1

N Q N o 20 mol% C7,-10°C, 16 h, 77% Conv., Sp:Rp = 7.8:1 (no base)
[ Yy O/ILN [ / ""',,O/lk 20 mol% C7, -30°C, 16 h, 96% Conv., Sp:Rp = 16.6:1
N H N N 20 mol% C7, -40 °C , 36 h, 96% Conv., Sp:Rp = 21.8:1
10 mol% C7, -30 °C, 36 h, 95% Conv., Sp:Rp = 16.4:1

81("’/3)23%7nv 5 mol% C7, -30 °C, 48 h, 94% Conv., Sp:Rp = 16.4:1
Sp:Rp = 4.3:1 10 mol% C7, -40 °C , 48 h, 95% Conv., Sp:Rp = 21.6:1

Reaction conditions: P-rac-1 (104.3 mg, 0.30 mmol, 1.5 equiv), G (66.3 mg, 0.20
mmol, 1.0 equiv), 2,6-lutidine (46.6 mL, 0.40 mmol, 2.0 equiv), 4A MS (80 mg), DCM
(2 mL). Determined by 3P NMR analysis. Determined by 3P NMR analysis using
P(O)(OMe), as the internal standard.
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Gram-scale Synthesis of Remdesivir

. , Me O\
2,6-lutidine (2.0 equiv.) F
C7 (10 mol%) O\”/\N“\“«

DCM, 4A MS, -40 °C, 48 h 5

Sp-3

P-rac-1 G(10.09) 17.3 g, 89% isolated yield, >99:1 d.r.

37% HCI, THF, rt

HO  OH

0.82 g Remdesivir
73% isolated yield
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Mechanistic Study
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Mechanistic Study

AAG* = 0.0 kcal/mol for Sp-3

AAGH = 3.5 kcal/mol for Re-3

23



The First Paragraph

Remdesivir (Veklury, GS-5734) has undoubtedly
become an important molecule. It is viewed as one of
the world’s most promising treatments for COVID-19. To
date, COVID-19 has led to approximately 23 millions
Infections and 800 thousand deaths since the end of
2019. Furthermore, the numbers and rates of infections
and related deaths are increasing, with 7 million
Infections and 150 thousand deaths being reported last
month. The urgency of the pandemic has prompted the
governments of the United States, the European Union,
Japan, etc. to approve the remdesivir as a specific
treatment for COVID-19. Recent clinical trial results have
shown that it can effectively shorten the recovery period
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The First Paragraph

of hospitalized patients and reduce the risk of death by
62% In patients with severe cases of the disease, and so
has the potential to greatly lighten the burden on
hospitals and doctors during the pandemic. Ensuring
that there are sufficient supplies of remdesivir is of
paramount importance. Gilead Sciences is striving to
provide almost two million remdesivir treatment courses
by the end of 2020 and many millions more by 2021.
However, the amount is far from sufficient to meet
clinical needs and so now remdesivir treatment Is
rationed due to limited supply. The development of a
highly effective synthetic approach to remdesivir is
therefore required.
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The Last Paragraph

In summary, we have developed a bicyclic imidazole
catalyzed DyKAT for the first asymmetric synthesis of
remdesivir via the coupling of the P-racemic phosphoryl
chloride and nucleoside. Mechanistic studies revealed that
this DyKAT is a first-order visual kinetic reaction dependent
on catalyst concentration. The unique chiral bicyclic imidazole
skeleton and adamantinyl-substituted carbamate group of the
catalyst are both required for the DyKAT to proceed smoothly
with high reactivity and excellent stereoselectivity. A 10-gram
scale reaction was successfully realized, showing its potential
for industrial application.
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Representative Examples

Unlike the progress achieved in the catalytic asymmetric
synthesis of carbon centers, stereogenic phosphorus groups
are still challenging to construct.

A mismatched relationship was observed by changing the
configuration of the enantiopure C7, suggesting chiral
recognition between the chiral catalyst and the substrate.
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