Synthesis of drug molecules

A) Enarodustat (treatment of anemia)

What's the product of py + Buli?
How is 2-Li py obtained?

1. LDA, COs(g)
Cla_ . -Cl THF, -60 °C
| =N 2. BFs*Et,0, THF
63 NH
62 Cl,C” "OBu

96% for 2 steps

by Japan Tobacco, 2020
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1. NaH, BnOH, DMF

2. hydrazine hydrate
1,4-dioxane, 100 °C
3. p-TsQH+H,0 s

1. morpholine,
EtQAc, It

2. LIHMDS, I»
THF, -60 °C

68% for 2 steps

trimethyl orthoformate, 60 °C
63% for 3 steps

1. phenylacetylene
pd‘:'g{ppha:lg, Cul
TEA, PhCHy

2. MsOH, EtOAc, PhCH,

80% for 2 steps

67

B) Alalevonadifloxacin mesylate

(antibiotic for skin infection)

sodium m-nitrobenzenesulfonate
FeS0,7H,0, B(OH)s, H,0, HCI

F~j : :Bro
F N)k

H Mame Reaction?

11, then crotonaldehyde, 67%

1

68 « HCI (0]
1. /\OJ'I‘\_/NHZ HO Z N
EDC, HOBt, TEA, DMF - »
2 N‘N
2. H,, Pd/C, THF/MeOH
3. NaOH, EtOH, It
67% for 3 steps
Enarodustat

1. Hz, Pd/C, NaOAc
HOAc, 50 °C

MName reaction?

by Otsuka Pharmaceutical Co., 1996

L-DBTA, EtOAc
60% ag. MeOH

2. Hy, PHC, NaQAc
HOAg, 50 °C, 97%

35%, 100% ee

COzH

. Ph{O)CO\Y/‘\OC(O)Ph

CO,H
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1. EMME, PPA, 130 °C 8,05, Ac,0, HOAC HDCNH 7
D — e —
2. HCI, Hz0, EtOH, 11 1T, PhCHg, 93% CH34CN, 60 °C, 74%
88% for 3 steps
EMME = diethylethoxymethylenemalonate 5 6
0
1. Boc-alanine, DIC, DMAP E COH

TEA,0°Ctort |

2. TFA
o N N
3. MsOH /Q
0

95% for 3 steps

NH,
* MsOH
8 Alalevonadifloxacin mesylate (I)
C) Oliceridine fumarate (opioid agonist) by Trevena, 2020
0]
methyl cyanoacetate
% 4-butenol NMO, then TPAP NH40Ac, HOAc
75% H,;80,4 0 to DCM, 73% benzene, I, 88%
25°C, 27%
75 Mame reaction? 76 Name reaction? 77 Neme reaction?
Mechanism? 78

Oliceridine fumarate (XII)
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Solutions

A) Enarodustat

1. LDA, CO4(g) 0. OtBu
Clo -~ Cl THF, -60 °C 1. NaH, BnOH, DMF
| - Gl A Cl -
=N 2. BF3*Et;,0, THF | 2. hydrazine hydrate
g3 NH =N 1 4-dioxane, 100 °C
. o 3. p-TsOH-H ;0 BuLi
Dichloropyridine 62 c|3c,lLDtBU 64 trimethyl orthoformate, 60 °C | A @
96% for 2 steps 63% for 3 steps N” N~ >Bu
Li*
0. __0OtBu B
0. _OtBu 1. morphaoline, 1. phenylacetylene X "2 A Br
BnO EtOAc, It BnO.__~~ __N PdCI,(PPhs),, Cul | —
=N, » TEA, PhCH; N7 NP
s N/ 2LHMDS, I, NN N 3 MsoH, E10AC, PheH,
THF, -60 °C | : ' ' 3
65 68% for 2 steps 66 B0% for 2 steps
_ SN NaNH, X
Dimroth rearrangement | _— > |
s vz
N Chichibabin N™ “NH,

0
HGJH
HN O

H NaNO,, HCI i
1 AN NH; o . N ) N BuLi @
N7 L

-~ —
EDC, HOBt, TEA, DMF
C. HOB, TEA, - N‘ﬁ}' N“>NH,  Br, N7 Br

2. Hz, PdIC, THF/MeOH
3. NaCOH, EtOH, 1t

67% for 3 steps

67

Enarodustat
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B) Alalevonadifloxacin mesylate

sodium m-nitrobenzenasulfonate F Br 1. Hg, Pd/C, NaOAc
F Br g FeS047H,0, B(OH)s, Ho0, HCI HOAc, 50 °C
TR - )
E N 11, then crotonaldehyde, 67% o | 2. H;, PHC, NaOAc
H HOAc, 50 °C, 97%
1 Skraup-Doeber-Von Miller Synthesis 2

F L-DBTA, EtOAc F CO-H

60% ag. MeOH . Ph{OJCOwOC(D)Ph 1. EMME, PPA, 130 °C
F NH 35%, 100% ee F NH GO,H 2. HCI, H;0, EtOH, It

88% for 3 steps
3 4
ACOMB_,OAC
0 Ol' 0

F CO.H F

2 o]

| B,03, Ac;0, HOAC | HD‘C”H 7
F N F N
I, PhCHg, 93% CH4CN, 80 °C, 74%
5 6
O
O 1. Boc-alanine, DIC, DMAP F CO,H
F CO,H TEA, 0°Ctort |
| 2. TFA o N N
(@]
HO 95% for 3 steps NH
2
« MsOH

8 Alalevonadifloxacin mesylate (I)
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C) Oliceridine fumarate

0 methyl cyanoacetate
% 4-butenol ~ o NMO, then TPAP 0 NH40Ac, HOAc
75% HyS0,4 0 to DCM, 73% benzene, T, 88%
25°C, 27%
HO e o
75 76 Ley-Griffith oxidation 77 Knoevenagel Condensation

Prins Reaction

2-bromopyridine, PrMgCl, 0
Q then Cul MeO,C 1. KOH, ethylene glycol, 120 °C NC\w-
a 0 2. chiral SFC
MeO,C / THF, 0to 25 °C, 72% NG N/
CN . 82°% for 2 steps, >99.5% ee
78 79 80
MeO
O ; \
S8 g2
Q 1. 82, Na,SO,, then
LAH NaBH,, DCM
- H2N T =
Et,0, 0 to 25 °C z 2. fumaric Acid
94% N™
41% for 2 steps

Oliceridine fumarate (XII)



