Pharmaceutical Substances

15 APIs of interest in COVID-19 treatment

Recently, there have been many reports of investigations into the repurposing of currently
available drugs as effective treatments for the novel coronavirus disease COVID-19, with
numerous clinical trials taking place.

To support these efforts, we have collected all approved API entries from Pharmaceutical Substanc-
es that have been considered in this context, and we would like to share these with you as freely
available pdfs. This information includes established synthetic routes that are applied in industry
for the preparation of these compounds.

Approved APIs investigated as potential COVID-19 treatments
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About Pharmaceutical Substances

Pharmaceutical Substances is designed to be a complete reference guide to every pharmaceutical
compound of significance. It provides access to syntheses, patents and applications for a compen-
dium of over 2,700 active pharmaceutical ingredients (APIs) of interest to the chemical and
pharmaceutical industries. For more information click here.

© Georg Thieme Verlag KG - 2020, 20FU6D

Find more APIs on ps.thieme.com @ Thleme


http://ps.thieme.com
https://www.thieme.de/en/thieme-chemistry/pharmaceutical-substances-54819.htm

Pharmaceutical Substances

Azithromycin

Related reviews in Science of Synthesis
e 1,2-Diols

e lactones

* Glycosyl Oxygen Compounds

. . * Reaction of Hydroxylamines

azithromycin with Alkylating Agents

e Reduction of Amine Oxides

Synonyms: Aritromicina

ATC: JOTFAT10; SOTAA26

Use: macrolide antibiotic

Chemical name: [2R-(2R*,35* ,4R*,5R* ,8R* , 10R*,11R*,125*,135*,14R*)]-13-[(2,6-dideoxy-3-C-
methyl-3-O-methyl-a-L-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-
heptamethyl-11-[[3,4,6-trideoxy-3-(dimethylamino)-B-D-xylo-hexopyranosyl]oxy]-1-oxa-6-
azacyclopentadecan-15-one

Formula: CsH72N2012

MW: 749.00 g/mol

CAS-RN: 83905-01-5

InChl Key: MQTOS|VFKKJCRP-FHZDSTMTSA-N

InChl: InChl=1S/C38H72N2012/c1-15-27-38(10,46)31(42)24(6)40(13)19-20(2)17-36(8,45)33
(52-35-29(41)26(39(11)12)16-21(3)48-35)22(4)30(23(5)34(44)50-27)51-28-18-37(9,47-
14)32(43)25(7)49-28/h20-33,35,41-43,45-46H,15-19H2,1-14H3/t20-,21?,22+,23-,24-
,25?,262,27-,282,29?,30+,31-,32?,33-,35?,36-,372,38-/m1/s1

LD50: 1200 mg/kg (M, i.p.); 825 mg/kg (M, i.p.); 3 g/kg (M, p.o.); >2 g/kg (R, p.o.)

Derivatives

monohydrochloride
Formula: CzsH72N2012 ¢ HCl
MW: 785.46 g/mol
CAS-RN: 90581-30-9
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Synthesis Path

9-deoxo-%a-aza-%a- Azithromycin

homoerythromycin A (I)

(from erythromycin A, q. v.)
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Substances Referenced in Synthesis Path

CAS-RN Formula
76801-85-9  C37H70N2012
90503-04-1 (C37H70N2014
90503-05-2 (C38H72N2014
50-00-0 CH20
74-88-4 CHsl

Trade Names

Country Trade Name
D Ultreon
Zithromax

Chemical Name

2-deox0-9a-aza-9a-homoerythromycin A

[2R-(2R*,35*,4R*,5R*,8R*,10R*,11R*,125*,
135*,14R*)]-13-[(2,6-dideoxy-3-C-methyl-
3-0-methyl-a-L-ribo-hexopyranosyl)
oxy]-2-ethyl-3,4,6,10-tetrahydroxy-
3,5,8,10,12,14-hexamethyl-13-[[3,4,6-
trideoxy-3-(dimethyloxidoamino)-
B-D-xylo-hexopyranosyl]
oxy]-1-oxa-6-azacyclopentadecan-15-one

[2R-(2R*,35*,4R*,5R*,8R*,T0R*,11R*,125",
135%,14R*)]- 13- [(2 6- dldeoxy 3- Cmethyl-
3-0- methyl -a-L-ribo-hexopyranosyl)
oxy|]-2-ethyl-3,4,10-trihydrox
3,5,6,8,10,12,14- heptamethyrﬂ [[3.4,6-
trldeoxy -3- (dlmethyIOX|doam|no)-
B-D-xylo-hexopyranosyl]
oxy]-1-oxa-6-azacyclopentadecan-15-one
6-oxide

formaldehyde
methyl iodide

Vendor
Pfizer

CAS Index Name

1-Oxa-6-azacyclopentadecan-15-one,
13-[(2,6-dideoxy-3-C-methyl-3-0O-meth-
yl-a-L-ribo-hexopyranosyl)oxy]-2-eth-
yl-3,4,10-trihydroxy-3,5,8,10,12,14-hexam-
ethyl -11- [[3 4,6-trideoxy-3- ﬁdlmeth Iaml-
no)-B-D- x¥ o-hexopyranosy loxy]

R*, 3)? ,4R*,5R*,8R*,TOR*,11R 125* 135 1
4R*

1-Oxa-6-azacyclopentadecan-15-one,
13-[(2,6-dideoxy-3-C-methyl-3-0O-
methyl-a-L-ribo-hexopyranosyl)
oxy]-2-ethyl-3,4,6,10-tetrahydroxy-
3,5,8,10,12,14-hexamethyl-13-[[3,4,6-
trideoxy-3-(dimethyloxidoamino)-B-D-
xylo-hexopyranosy ]oxyl—, [2R-(2R*,35*,4R
* 5R*,8R*,10R*,11R*,125%,135",14R*)]-

1-Oxa-6-azacyclopentadecan-15-one,
13-[(2,6-dideoxy-3-C-methyl-3-0O-

met yI o-L-ribo-hexopyranosyl)
oxy]-2-ethyl-3,4,10-trihydrox
3,5,6,8,10,12,14- heptamethyrﬂ [[3,4,6-
trideox) dlmethyIOX|doam|no)-B-
D-xylo ¥|exopyrano *yl]oxy] 6-oxide,
[2R-(2R*,35",4R",5
35*,14R%)]-

Formaldehyde

8R*1OR*11R*125*1

Methane, iodo-

Annotation

Pfizer Pharma/G6decke/Parke-Davis

numerous generic preparations

F Azadose
Monodose
Zithromax
GB Zithromax
I Azitrocin
Ribotrex
Trocozina
Zithromax
] Zithromac
USA Azasite
Zithromax

Pfizer
Pfizer
Pfizer
Pfizer
Bioindustria
Pierre Fabre
Sigma-Tau
Pfizer
Pfizer
InSite Vision
Pfizer

Find more APIs on ps.thieme.com
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Formulations
cps. 100 mg, 250 mg; Gran. 10%; susp. 200 mg (as dihydrate); tabl. 250 mg

References
Djokic, S. et al.: |. Antibiot. (JANTAJ) 40, 1006 (1987).
a DOS 3 140 449 (Pliva; appl. 12.10.1981; YU-prior. 6.3.1981).
US 4 517 359 (Pliva; 14.5.1985; appl. 22.9.1981; YU-prior. 6.3.1981).
b EP 101 186 (Pliva; appl. 14.7.1983; USA-prior. 19.7.1982, 15.11.1982).
US 4 474 768 (Pfizer; 2.10.1984; prior. 19.7.1982, 15.11.1982).

educt by ring expansion of erythromycin A oxime by Beckmann rearrangement:

Djokic, S. et al.: J. Chem. Soc., Perkin Trans. 1 (JCPRB4) 1986, 1881-1890.

Bright, G.M. et al.: ]. Antibiot. (JANTAJ) 41, 1029 (1988). US 4 328 334 (Pliva; 4.5.1982; YU-prior. 2.4.1979).
stable, non-hygroscopic dihydrate: EP 298 650 (Pfizer; appl. 28.6.1988).

medical use for treatment of protozoal infections:
US 4 963 531 (Pfizer; 16.10.1990; prior. 16.8.1988, 10.9.1987).
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Baricitinib

baricitinib

Synonyms: INCB-28050; LY-3009104
ATC: LO4AA37
Use: rheumatoid arthritis, JAK inhibitor

Related reviews in Science of Synthesis

Pyrimidines

Pyrazoles

Azetidines

Alkanesulfonamides

Nitriles

Hetarylboron Cross-Coupling Reactions
(Suzuki-Miyaura)

Chemical name: 2-[1-(Ethylsulfonyl)-3-[4-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-yl]azeti-

din-3-yl]acetonitrile
Formula: CisH17N702S
MW: 371.42 g/mol
CAS-RN: 1187594-09-7

InChl Key: XUZMWHLSFXCVMG-UHFFFAOYSA-N

InChl: InChI=1S/C16H17N702S/c1-2-26(24,25)22-9-16(10-22,4-5-17)23-8-12(7-21-23)14-13-3-
6-18-15(13)20-11-19-14/h3,6-8,11H,2,4,9-10H2,1H3,(H,18,19,20)

Derivatives

Phosphate

Formula: Ci19H17N706PS
MW: 469.41 g/mol
CAS-RN: 1187595-84-1

Find more APIs on ps.thieme.com
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http://science-of-synthesis.thieme.com/app/text/?id=SD-040-00515
http://science-of-synthesis.thieme.com/app/text/?id=SD-039-00116
http://science-of-synthesis.thieme.com/app/text/?id=SD-040-00585
http://science-of-synthesis.thieme.com/app/text/?id=SD-019-00037
http://science-of-synthesis.thieme.com/app/text/?id=SD-207-00076
http://science-of-synthesis.thieme.com/app/text/?id=SD-207-00076
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Synthesis Path

Synthesis a)

EtO
Me
N-N
”\%
.B.
Qo 0
Cl Cl ; :
o /\D/\vSiMe3 I
KoCOjz, Ha0, PA(PPhg),
Iﬁ\ ~ \ NaH, DMA - r\li\ ~ \ 1-2BUC?H: ri. to reflux §
NZ N SEM-CI NZ N SiMe,
H 2-Trimethylsilylethoxy- L
methoxychloride (o)
EtO
N—NH
Me /i
N—N Z
i/ 1.aq. HCI, THF, HoO
F 2 aq NaOH,rt
e r\i x \
N| s \ I\N" N /\/Sil\)’le;;
I\ N/ N SiMes Lc;,
(.
Et O
7
S Et O
N 154
S
2
] A
CN CN
I
1. KaCO3, HaO, Pd(PPhs)s, N—N
1-BuQH, rt. to reflux l
2. TFA, MeCN .
3. NHs. H20
P
=
N
N H
Baricitinib

Find more APIs on ps.thieme.com @ Thleme


http://ps.thieme.com

Pharmaceutical Substances

© Georg Thieme Verlag KG - 2020, 20FU6D

Synthesis b)
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Preparation of 1-(1-Ethoxyethyl)-4-(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (1)

A,

[
B

N

EtO o 0O

N-NH oo e 7K

EtO

Me
N—N
4 V4

Br borolane

i : N—N i
i-PrMgCl, THF, r.t
k% HCI, Dioxane I/ g ; -
ethyl-vinylether & 2-lsopropoxy-4.4.5,5- O, "\O

B

tetramethyl-1,3,2-dioxo-
4-Bromopyrazole ; :

Preparation of 2-[1-(ethylsulfonyl)-3-azetidinylidene] acetonitrile (I1)

1-(1-Ethoxyethyl)-4-(4,4,5 5-tetramethyl-
1,3,2-dioxaborolan-2-yl)-1H-pyrazole (Ip

N

1. MeQH, rt. to reflux
o Cl 2. ag. NagGOs, CHaCla
+

NH-

Epichlorhydrine Diphenylmethylamine
(Benzhydrylamine)

Boc I?oc
1. Ha, PA/C, rt. rll NaCIO, TEMPO, N
2. (Boc),0, THF S) aq. NaHCO;, 0 °C Y
—_— e

OH @]

1-Boc-azetidin-3-one

O
mn
/ Et {O
EtO \S/
1. +-BUOK, THF, rt. 7\
2. AMHCI, THF, <5 °C O N
3. EtSC.Cl, THF, DIEA, <5 °C
diethy| cyanomethylphosphaonate
CN
II

2-[1-{ethylsulfonyl)-3-
azetidinylidene] acetonitrile (II)
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Substances Referenced in Synthesis Path

CAS-RN Formula Chemical Name

76513-69-4 CeH15CIOSi  2-Trimethylsilylethoxy-methoxychloride

2075-45-8 C3H3BrN2 4-Bromopyrazole

109-92-2 C4HsO ethyl-vinylether

61676-62-8 C9H19BO3 2-lsopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxo-borolane
1029716-44-6 (C3H23N203  1-(1-Ethoxyethyl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole
106-89-8 C3HsCIO Epichlorhydrine

91-00-9 Ci3H13N Diphenylmethylamine

18621-17-5 Ci6H13NO 1-Benzhydrylazetidin-3-ol

2537-48-6 C6H12NO3P  diethyl cyanomethylphosphonate

1187595-85-2 C7H10N202S 2-[1-(ethylsulfonyl)-3-azetidinylidene] acetonitrile
398489-26-4  C8H13NO3 1-Boc-azetidin-3-one

Trade Names

Country Trade Name Vendor
USA Olumiant Eli Lilly, 2016
EU Olumiant Eli Lilly, 2016

Formulations
f.c. tablet 2 mg, 4 mg (as phosphate)

References

Jiaojiao, X. et al., Journal of Chem. Research, (2016) 40 (4), 205.

a WO 2009 114512 (Incyte; 17.09.2009; US-prior. 11.03.2008).

US 8 158 616 (Incyte; 17.04.2012; US-prior. 11.03.2008).

b WO 2016 205487 (Eli Lilly & Co.; 22.12.2016; US-prior. 19.06.2015).

Preparation of |
Qiyan, L. et al., Organic Letters, (2009) 11(9), 1999-2002.
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Camostat

o. .0
0/\H’N"Me
o
HN\n/NHz

NH

camostat

ATC: BO2AB04

Use: trypsin inhibitor (for treatment of chronic pancreatitis)

Related reviews in Science of Synthesis

Arenecarboxylic Acid Esters
a-Heteroatom-Substituted Alkanamides_
Guanidines

Carboxylic Acids to Acid Halides Using
Thionyl Chloride

Chemical name: 4-[[4-[(aminoiminomethyl)amino]benzoyl]oxy]benzeneacetic acid 2-

(dimethylamino)-2-oxoethyl ester
Formula: C20H22N4Os

MW: 398.42 g/mol

CAS-RN: 59721-28-7

InChl Key: XASIMHXSUQUHLV-UHFFFAOYSA-N

InChl: InChl=15/C20H22N405/c1-24(2)17(25)12-28-18(26)11-13-3-9-16(10-4-13)29-19(27)14-5-
7-15(8-6-14)23-20(21)22/h3-10H,11-12H2,1-2H3,(H4,21,22,23)

Derivatives

monomesylate

Formula: C20H22N40s  CH403S

MW: 494.53 g/mol

CAS-RN: 59721-29-8

LD50: 200 mg/kg (M, i.v.); 3 g/kg (M, p.o.);
152 mg/kg (R, i.v.); 3 g/kg (R, p.0.)

Find more APIs on ps.thieme.com
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Synthesis Path

COOH
5001,
—_—>
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0x..Cl
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52
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Substances Referenced in Synthesis Path

CAS-RN Formula Chemical Name CAS Index Name

5468-77-9  C4H8BrNO 2-bromo-N,N-dimethylacetamide Acetamide, 2-bromo-N,N-dimethyl-

59721-16-3  C12H15NO4 N,N-dimethylcarbamoylmethyl (4-hyd-  Benzeneacetic acid, 4-hydroxy-, 2-(dimethylami-
roxyphenyl)acetate no)-2-oxoethyl ester

16060-65-4 C8H9N302 4-guanidinobenzoic acid Benzoic acid, 4-[(@minoiminomethyl)amino]-

7035-79-2  C8H9Cl2N30 4-guanidinobenzoyl chloride hydro- Benzoyl chloride, 4-[(aminoiminomethyl)amino]-,
chloride monohydrochloride

156-38-7 C8H803 4-hydroxyphenylacetic acid Benzeneacetic acid, 4-hydroxy-

Trade Names

Country Trade Name Vendor
] Foipan Ono

Formulations
gran. 200 mg; tabl. 100 mg

References

DOS 2 548 886 (Ono Pharmac.; appl. 31.10.1975; |-prior. 1.11.1974, 17.12.1974, 27.5.1975).
US 4 021 472 (Ono Pharmac.; 3.5.1977; |-prior. 1.11.1974, 17.12.1974, 27.5.1975).

GB 1472 700 (Ono Pharmac.; appl. 23.10.1975; J-prior. 1.11.1974; 17.12.1974, 27.5.1975).
FR 2 289 181 (Ono Pharmac.; appl. 30.10.1975; J-prior. 1.11.1974, 17.12.1974, 27.5.1975).
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Chloroquine

Cl N
S

l\ Related IEViEWS in Science OI Synthesis

e Quinolines

chloroquine * Quinolinamines

* Reductive Amination
of Carbonyl Compounds

ATC: PO1BAO1

Use: antirheumatic, antimalarial

Chemical name: Ns-(7-chloro-4-quinolinyl)-N1,Ni-diethyl-1,4-pentanediamine
Formula: CisH26CIN3

MWw: 319.88 g/mol

CAS-RN:54-05-7

InChl Key: WHTVZRBIWZFKQO-UHFFFAOYSA-N

InChl: InChI=1S/C18H26CIN3/c1-4-22(5-2)12-6-7-14(3)21-17-10-11-20-18-13-15(19)8-9-
16(17)18/h8-11,13-14H,4-7,12H2,1-3H3,(H,20,21)

EINECS: 200-191-2

LDso: 21.6 mg/kg (M, i.v.); 311 mg/kg (M, p.o.);

60 mg/kg (R, i.v.); 330 mg/kg (R, p.o.)

Derivatives

diphosphate dihydrochloride

Formula: CisH26CIN3 ¢ 2H3PO4 Formula: CisH26CIN3 ¢ 2HCI
MW: 515.87 g/mol MW: 392.80 g/mol

CAS-RN: 50-63-5 CAS-RN: 3545-67-3

EINECS: 200-055-2 EINECS: 222-592-1

LDso: 500 mg/kg (M, p .0.) 2,5-dihydroxybenzoate

sulfate (1:1) Formula: CisH26CIN3 ¢ xC7HsO4
Formula: CisH26CIN3 ¢ H2S04 MW: unspecified

MW: 417.96 g/mol CAS-RN: 16510-14-8

CAS-RN: 132-73-0 EINECS: 240-578-3

EINECS: 205-077-6 diorotate

sulfate (1:1) monohydrate Formula: CisH26CIN3 ¢ 2CsHaN204
Formula: CisH26CIN3 ¢ H204S ¢ H20 MW: 632.07 g/mol

MW: 435.97 g/mol CAS-RN: 16301-30-7

CAS-RN: 6823-83-2 EINECS: 240-389-6

LDso: 1130 mg/kg (M, p.o.)

Find more APIs on ps.thieme.com @ Thleme
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starting products:

1. 4.7-Dichlerequinoline

®

H

Cl NH, 30 100 °C c N 250 °C
SIS GUME U PET
0O 0
HiC. O ©
J=chloroaniline  (I) diethyl ethoxymethylene=

malanata

Cl N Cl N Cl N
= NaOH 250-270 °C

OH O OH OH
athyl 7-chloro-4- 7-chlora-
hydroxy-3-quinolina- 4-hydroxy-
carboxylate  (II) quincline (1T}

4,7-dichloro-
quinoline ({IV;

®

Cl N —~
0 ~ CH3COOH 0" "CHz 3250 °c, mineral oll
0" “CH 3
I+ H.Cw O 33— —_— V] + W
G H,C._.0
2 0
diathyl oxaloacetate
i i Cl Ny .COOF
N\ ~ Cl N - MalH =
Cl OH OH OH
ethyl 5-chloro-4- ethyl 7-chloro-4- (v}
hydroxy-2-quinoline- hydraxy-2-quinaline-
carboxylote (V) carboxylate (VI)

{removal by crystallization

from acetic acid)

270 °C, mineral oil POCl3
—p m

© Georg Thieme Verlag KG - 2020, 20FU6D
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©

250 °C
CHO Cl N mineral oil POCly
1+ H3Cv0\,H — \0 —» m ——p W
o H3C_0
0
ethyl formyl-
acetate
2. Nowvoldiamine
~ HO Ay~ soc Clamy o~
& + I-NL CH N™ "CHx 2 N™ "CHy
CHj CHs CHy
athylana diathyl 2-diethylamino- 2-diathylamino-
oxide (VIII) amine (D) ethanol ethyl chloride (X}
Na HCI 1
x 4+ jjovCHS — 5 Oy0CH T COOH
0 o) T\ACHJ OW‘{ACH:’:
CH3 CH3 CH3 CH3 CH3
ethyl ()
acetoacetate (XI)
- co, 0 —~ Hg. NHg, Raney—Ni HyN —~
3 CHz 3 CHs
1-diethylamino= novoldiamine  (XIV)
4-pentanone (XIII)
9 0 HBr
8]
X1 + vim —» H C/U\éo [ WBr
3 -
co, CHs
2-acetyl- 1-brome-
butyrolactone 4-pentanone  (XV)

Hg, NHy, Roney—Ni

XV + K —» Xl X
final product:
Chloraquine

Cl N
v + v —>» HN

Y\/\Nk/\CHS
CHy CHy
Chloroguine

Find more APIs on ps.thieme.com
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Substances Referenced in Synthesis Path

CAS-RN
141-97-9
517-23-7
140-80-7
3884-71-7
108-42-9
86-99-7
18000-24-3

86-47-5

3412-99-5

82673-23-2

86-98-6
109-89-7
100-35-6
105-14-6
87-13-8

108-56-5
108-01-0
87-13-8

141-97-9
21640-98-2

21640-97-1

16600-22-9

23999-
02-2

75-21-8
34780-29-5
140-80-7

Formula
CeH1003
CeHs8O3
CoH22N2
C5H9BrO
CeHeCIN
CoH6CINO
C10H6CINO3

C10HeCINO3

C14H16CINO4

C14H16CINO4

C11H12CINO2

CoHs5CI2N
C4H1IN

CeH14CIN
C9H19NO
CioH1605

C8H1205
C4H1INO
C10H1605

C6H1003
C12H10CINO3

C12H10CINO3

C12H10CINO3

C12H23NO3

C2H40
C5H80O3
CoH22N2

Chemical Name

acetoacetic acid ethyl ester
2-acetylbutyrolactone
2-amino-5-diethylaminopentane
1-bromo-4-pentanone

3-chloroaniline

7-chloro-4-hydroxyquinoline
7-chloro-4-hydroxy-2-quinolinecarboxylic acid

7-chloro-4-hydroxy-3-quinolinecarboxylic acid
[[(3-chlorophenyl)amino]methylene]propanedio-

ic acid diethyl ester

a-[(2-chlorophenyl)imino]butanedioic acid
diethyl ester

3-!_|(3—ch|oropheny|)imino]propanoic acid
ethyl ester

4,7-dichloroquinoline
diethylamine
2-diethylaminoethyl chloride
1-diethylamino-4-pentanone

diethyl ethoxymethylenemalonate

diethyl oxaloacetate
2-dimethylaminoethanol

ethoxymethylenemalonic acid diethyl ester

ethyl acetoacetate

ethyl 5-chloro-4-hydroxy-2-quinolinecarboxylate
ethyl 7-chloro-4-hydroxy-2-quinolinecarboxylate
ethyl 7-chloro-4-hydroxy-3-quinolinecarboxylate
ethyl 2-(2-diethylaminoethyl)acetoacetate

ethylene oxide
ethyl formylacetate

novoldiamine

Find more APIs on ps.thieme.com
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CAS Index Name

Butanoic acid, 3-oxo-, ethyl ester
2(3H)-Furanone, 3-acetyldihydro-
1,4-Pentanediamine, N1,N1-diethyl-
2-Pentanone, 5-bromo-
Benzenamine, 3-chloro-
4-Quinolinol, 7-chloro-

2-Quinolinecarboxylic acid, 7-chloro-4-
hydroxy-

3-Quinolinecarboxylic acid, 7-chloro-4-
hydroxy-

Propanedioic acid, [[(3-chlorophenyl)amino]
methylene]-, diethyl ester

Quinoline, 4,7-dichloro-
Ethanamine, N-ethyl-

Ethanamine, 2-chloro-N,N-diethyl-
2-Pentanone, 5-(diethylamino)-

Propanedioic acid, (ethoxymethylene)-,
diethyl ester

Butanedioic acid, oxo-, diethyl ester
Ethanol, 2-(dimethylamino)-

Propanedioic acid, (ethoxymethylene)-,
diethyl ester

Butanoic acid, 3-oxo-, ethyl ester

2-Quinolinecarboxylic acid, 5-chloro-4-
hydroxy-, ethyl ester

2-Quinolinecarboxylic acid, 7-chloro-4-hy-
droxy-, ethyl ester

3-Quinolinecarboxylic acid, 7-chloro-4-hy-
droxy-, ethyl ester

Butanoic acid, 2-[2-(diethylamino)ethyl]-3-
oxo-, ethyl ester

Oxirane
Propanoic acid, 3-oxo-, ethyl ester
1,4-Pentanediamine, N1,N1-diethyl-

& Thieme
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Trade Names

Country Trade Name Vendor Annotation
D Resochin Bayer Vital
F Nivaquine Sanofi-Aventis
Savarine AstraZeneca
GB Avloclor AstraZeneca

I Clorochina Formulario NazionaleBayer

USA Aralen Sanofi

Aralen Sanofi

as hydrochloride
as phosphate

Formulations
amp. 250 mg/5 ml; syrup 15 mg; tabl. 50 mg, 155 mg, 300 mg (as phosphate)

References

Drake, N.L. et al.: ]. Am. Chem. Soc. (JACSAT) 68, 1214 (1946).

1 a Price, C.C.; Roberts, R.M.: J. Am. Chem. Soc. (JACSAT) 68, 1204 (1946).
b Surrey, A.R.; Hammer, H.F.: |. Am. Chem. Soc. (JACSAT) 68, 113 (1946).
2 b Elderfield, R.C. et al.: |. Am. Chem. Soc. (JACSAT) 68, 1579 (1946).

US 2 233 970 (Winthrop; 1941; D-prior. 1937).

DRP 683 692 (1. G. Farben; appl. 1937).

DD 53 065 (S. Schwarz et al.; appl. 1966).

c US 2 478 125 (American Cyanamid; 1949; appl. 1944).

2 aDRP 486 079 (l. G. Farben; appl. 1924).

alternative syntheses of novoldiamine:

US 2 365 825 (Monsanto; 1944; appl. 1942).
GB 1 157 637 (Sterling Drug; appl. 1966; USA-prior. 1965).

aminating hydrogenation of novolketone, continuous method:
DOS 2 923 472 (Bayer; appl. 9.6.1979).

alternative synthesis of 4,7-dichloroquinoline from 3-chloroaniline and acrylic acid ester:

FR 1 514 280 (Roussel-Uclaf; appl. 10.1.1967).
EP 56 765 (Rhdéne-Poulenc; appl. 15.1.1982; F-prior. 16.1.1981).

alternative synthesis of chloroquine from 7-chloro-4-oxo-1,2,3,4-tetrahydroquinoline and novoldiamine:

EP 56 766 (Rh6one-Poulenc; appl. 15.1.1982; F-prior. 16.1.1981).

chlorination of 7-chloro-4-hydroxyquinoline with benzotrichloride:
DOS 3 112 415 (Dynamit Nobel; appl. 28.3.1981).

Find more APIs on ps.thieme.com
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Cobicistat

0 @\ (o] @
H

J'L N JI\ S Related reviews in Science
\r/\r/\

of Synthesis

Thiazoles

Amides

Urea Derivatives

) Alkenes by Reductive Extrusion
cobicistat of 1,3-Dithiolane-2-thiones

Synonyms: GS-9350

ATC: VO3AXO03

Use: anti-HIV; inhibitor of cytochrome P450

Chemical name: Thiazol-5-ylmethyl N-[1-benzyl-4-[[2-[[(2-isopropylthiazol-4-yl)methyl-meth-
yl-carbamoyl]amino]-4-morpholinobutanoyl]amino]-5-phenyl-pentyl]carbamate

Formula: C40Hs3N705S2

MW: 776.0 g/mol

CAS-RN: 1004316-88-4

InChl Key: ZCIGNRJZKPOIKD-CQXVEOKZSA-N

InChl: InChl=1S/C40H53N70552/c1-29(2)38-43-34(27-53-38)25-46(3)39(49)45-36(16-17-47-18-
20-51-21-19-47)37(48)42-32(22-30-10-6-4-7-11-30)14-15-33(23-31-12-8-5-9-13-31)44-40(50)-
52-26-35-24-41-28-54-35/h4-13,24,27-29,32-33,36H,14-23,25-26H2,1-3H3,(H,42,48)(H,44,50)
(H,45,49)/t32-,33-,36+/m1/s1

Find more APIs on ps.thieme.com @ Thleme
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Pharmaceutical Substances

Synthesis Path

Ph
H y  oH e
AN 1. NaOCI, NaBr, TEMPO T 1,1-thiocarbonylimidazole, THF
Cbz z OH 2. Zn/Cu, VCls * 3 THF N ~Cbz 65 °C
- » Cbz - H -
\ -
Ph - OH
Ph””
N-(benzyloxycarbonyl)- I
L-phenylalaninol {c. f. Ritonavir)
o P Ph P Ph
H = s 1. triethylphosphite, 160 °C H.N B
2. Ha, 10% Pd/C, IPrOH, EtOAc 2 \/\/\
Cbz’N v /\'N’Cbz s H NH;
= H =
e’ © P
II III

S
ON OTO\A/N :/Ph o
o HQNW:‘\ N J\O S
THF . - N /\[ >

S-thiazoylmethyl-4-nitrophenylcarbonate pa
(c. f. Ritonavir) Ph

NHBoc

0 NHBoc

eyl : s
H =
M -
v /‘*\,/\N N . N7 o
EDCI, HOB, iPrNEt, THF S | H H \ >
o N

1. 4N HCI, dioxane [ j

2. o]
Br NS N gy

Ph
NaHCO;, DMF, 65 °C O ’ < 0
bromoethylether - NM
/ﬁ/\f\l’u\l\l . NJI\O S
AL T
= o
F'h/ N
Cobicistat

© Georg Thieme Verlag KG - 2020, 20FU6D
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@ synthesis of V
NHBoc
Me
SM N *HC f
H H.NT T~ COMe

=N
CDI, iProNEt, CH,Clo

v

2-isopropyl-4-{methylamino-
methyl)thiazole (VII)
(c. f. Ritonavir)

LiOH, THF
)

Find more APIs on ps.thieme.com
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@ improved synthesis

S,Me
1. BrCH2CO2H +HBr
2.HCI
- HaN
bromoacetic acid
H2N CD2H Q
L-Methionine X

=~ Me
S/ﬁ/\ﬁ

IN
VII

1.iPrzNEt, DCM
O 2. CDI

Y

O @]
A AP A
S/\[’/\I}l H TMSI, DGM, EtOH, 10 °C SM'?I N CO:Et
=N  Me O B =N  Me
X | XI _
@]
1I O E j
CJ N
N
2. oxalic acid jL
morpholine S/\Y\N H CO,Et *(COzH)2
|
=N Me
XII
1. KHCO3, HyQ, DCM 0
2. KOH, H,0
3.
- Ph o N
HaN H
2 WHJL O/\ES.? o - Ph o
= H =
~ N ;
Ph v MN J‘L N N\MNAO S
EDCI, HOBt, DCM, -20 °C S 1 H H H \ >
- =N Me O Ph‘/_ N

Cobicistat

Find more APIs on ps.thieme.com
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alternative synthesis of intermediate Il

M

Me 0\\5,0 o 0

N7 el NI

0 Me” “Ss

Me | O

HzN ~"NoH 1.iPrNEt, DCM, 0 *C N

H 2. NaH, THF _ /\
_\Ph N.N-dimethylsulfamoyl z
chloride F’h/

XIII

(S)-2-benzyl- N, N-dimethyl-

L-Phenylalaninel = )
aziridine-1-sulfonamide (XILI)

f\lﬂe " 0 o
= Il
TMP, nBuLi, THF, : PA
heptane, -10 °C Me’N:S’N\/\\\\/\\N’S“N’Me
= o~ = H I
2 Me
Ph””
XIV
Ph
1 NN K, -
110 °C :
2. Hp, 10 % Pd/C, MeOH HzN\/‘\/\NHH
3. HCI, DCM _ : z
1,3-diaminopropane g Ph/
III
@ alternative synthesis of Xl|
[Oj
N
9 1. Trimethylsilylbromide
J-I\ O ' DCM, 0 °C ' 0
S/YN H 2. morpholine JJ\
I 3. oxalic acid
=N Me O > Sf\\f\r?l N coEt
R {COzH);
X XII

Find more APIs on ps.thieme.com @ Thleme
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Substances Referenced in Synthesis Path

CAS-RN Formula Chemical Name

6372-14-1 C17H19NO3 N-(benzyloxycarbonyl)-L-phenylalaninol
144163-97-3 C11H8N205S  5-thiazoylmethyl-4-nitrophenylcarbonate
154212-60-9  C8H14N2S 2-isopropyl-4-(methylaminomethyl)thiazole
63-68-3 C8H14N2S L-Methionine

3182-95-4 CsH1INO2S L-Phenylalaninol

13360-57-1 C2H6CINO2S  N,N-dimethylsulfamoyl chloride

902146-43-4 C11H16N202S  (S)-2-benzyl-N,N-dimethylaziridine-1-sulfonamide

Trade Names

Country Trade Name Vendor Annotation
USA Tybost Gilead Sciences, 2014
Stribild Gilead Sciences, 2072 in combination with Elvitegravir, Emtricitabine and
Tenofovir
EU Tybost Gilead Sciences, 2014
Rezolsta Jansen in combination with Darunavir
Formulations

tabs; 150 mg; tabs.; 150 mg fixed combination with 150 mg Elvitegravir, 200 mg Emtricitabine and 300 mg Tenofovir;
tabs.; 150 mgq in fixed combination with 800 mg Darunavir

References

b Xu, L. et al., ACS Med. Chem. Lett., (2010) 1, 209-213.

a US 8 148 374 (Gilead Sciences; 3.4.2012; appl. 22.2.2008; USA-prior. 23.2.2007).
US 8 497 396 (Gilead Sciences; 30.7.2013; appl. 1.4.2010; USA-prior. 3.4.2009).

c WO 2014 057498 (Mylan Labs.; 17.4.2014; appl. 7.10.2013; USA-prior. 8.10.2012).

© Georg Thieme Verlag KG - 2020, 20FU6D
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Darunavir

“07 N N™»
H H 0
darunavir

Synonyms: TMC-114, UIC-94017
ATC: |O5AET0
Use: antiviral, HIV-protease inhibitor

Related reviews in Science
of Synthesis

B-Amino Alcohols

Carbamic Acid Esters
Arenesulfonamides

Asymmetric Cross-Aldol Reaction
for Key Intermediate

Chemical name: [(1S,2R)-3-[[(4-aminophenyl)sulfonyl](2-methylpropyl)amino]-2-hy-
droxy-1-(phenylmethyl)propyl]carbamic acid (3R,3aS,6aR)-hexahydrofuro[2,3-b]furan-3-yl ester

Formula: C27H37N307S

MW: 547.67 g/mol

CAS-RN: 206361-99-1

InChl Key: C|BJHOAVZSMMD|-HEXNFIEUSA-N

InChl: InChl=15/C27H37N3075/c1-18(2)15-30(38(33,34)21-10-8-20(28)9-11-21)16-24(31)23
(14-19-6-4-3-5-7-19)29-27(32)37-25-17-36-26-22(25)12-13-35-26/h3-11,18,22-26,31H,12-

17,28H2,1-2H3,(H,29,32)/t22-,23-,24+,25-,26+/m0/sT

Find more APIs on ps.thieme.com
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Synthesis Path

CH CH
HyCo #7 '3 THF HC » KO—1Bu
2% AN -
Bocy O & A0 Boc- L fs“‘*o m—> I
H o O\ Figh N T P Hat
NO, O CHy
Boc-L-phenylalanine I 1 trimethylsulfoxonium
4-nitrophenylester iodide
1. LIAH(0—tBu)s,
EtOH, -78 °C
THE. 2. NaOOC—(CHOH),—COOK,/
- HCl in dioxane, 70 °E KoCO5 (30:3) R
L Ll
BOC\N cl BOC\N
H o 2. potassium sodium tartrate H 0

(Rochelle salt)
(25,35)-1,2—epoxy-3-

{Boc-aming)-4-
phenylbutane (III)

NOZ

Q

5
CI” /@’NOZ
NEt,, CH,CI

5 2~z Bo c\

NH, toluene,
m + K(CHE se Bocwy NH
CH; Hoon (cH, N O |\(cH3
CHs CH

(v)

1. HCI, iPrOH

e

2 H

ey

vy —»
2. (3R.30S,6aR)-
hexahydrofuro-
[2,3-b]furan-3-yl suecin-
imidyl carbonate (V)

Find more APIs on ps.thieme.com
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preparation of V

©

pyridine x SOy,
CH5 CH3 omMso, -5 °C.
Cl. / CH NEty, CH,CI /\_/\/O\ / CHx  toluene
Si 3 3 2~z HO Si
A~ OH + ; — ; |
o sC CH H5C CH
H.C 3 H-C 3
1.4-butanedicl
cat, ?‘COGH, -
/Cs OH -
OHC <! CH HC THF, 4 9 H+C 3
\/'\/:C'Sl 3 HJC3 \SI_,OVCHO L H;C)(\S\i,DW\/OxS{ CHs
3 CHy y CH - H=C 7<
HsC HaC -::H;:H3 HsC™ oM CHo  Flsfy o/ ety

4-(tert-butyldimethylsilyloxy)-
butyraldehyde (VI)

(tert-butyldimethylsilyloxy)-
acetaldehyde

ag. HCI
vii, —»

o 0
H goﬂoﬁ:‘-}
o]

H = disuccinimidyl

carbonate

(vim)

@ Gilead's route

major diastereomer (VII)

cat. Yb(fod)s, H H
\ 0_OH 509, 5n 010 010
3 ST Y
HO™ 0 %
H oH H oH
2,3-dihydro- qglycolaldehyde cis trans
furan dimer \ ]
Y
(D)
1. Acy0, DME
. i i luti ith
1. NaOCI, CH,Clp, H,0 H 2. engtiomeric resolution wit o
2. NoBH,, EtOH 010 lipase PS—C “amano [* 0-L-0
m » 9 » 9
H oH H oH
cis-rac (3R,3aS,60R)-
hexahydrofurc-
[2.3-b]turan-
3-ol (VII)

Find more APIs on ps.thieme.com
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Substances Referenced in Synthesis Path

CAS-RN
7535-56-0
110-63-4
18162-48-6
102191-92-4
87184-81-4
160232-08-6

191226-98-9

74124-79-1
1191-99-7

102123-74-0

87184-99-4

5367-24-8

23147-58-2
156928-09-5

78-81-9
98-74-8
18162-48-6
18162-48-6
1774-47-6

Formula
C20H22N206

C4H1002
CeH15CISi
C8H180Si

C10H220Si
C19H32N203

C25H35N307S

C9oH8N207

C4He0O
C17H25NO4S

C15H20CINO3

C10H240Si
Ci15H19NO3

C3H80S
C11H13NO7

C4H802
CeH1003
CeH1003
CeH1003
C27H35N309S

C18H4004Si2

C4H1IN
CeH4CINO4S
CeH15CISi
CeH15CISi
C3H9I0S

Trade Names

Chemical Name

Boc-L-phenylalanine 4-nitrophenyl ester
1,4-butanediol

tert-butyldimethylsilyl chloride
(tert-butyldimethylsilyloxy)acetaldehyde
4-(tert-butyldimethylsilyloxy)butyraldehyde

tert-butyl [(1S,2R)-2- hydrox -3-[(2-methylpropyl)ami-
no]-1- (phenylmethyl propyl]carbamate

tert-butyl [(1S,2R)-2-hydroxy-3- I[(2 methylpropyl)
[(4-nitrophenyl)sulfonyllamino]-1-(phenylmethyl)
propyl]carbamate

1,1‘-[carbonylbis(oxy)]bis[2,5-pyrrolidinedione]

2,3-dihydrofuran

[(35)-3-[[(1,1-dimethylethoxy)carbonyl]ami-
noJ-2-oxo-4-phenylbutylidene]dimethyloxosulfur(VI)

1,1- dlmethylethyl [(1S)-3-chloro-2-oxo-1-(phenylmeth-

yl)propy |carbamate
4-[[(1,1-dimethylethyl)dimethylsilyl]oxy]-1-butanol

1,1-dimethylethyl [(15)-1-[(15)-oxiranyl]-2-phenylethyl]
carbamate

dimethylsulfoxonium methylide

(2,5-dioxopyrrolidin-1-yl) [(3R,3aR,6aR)-hexahydrofu-
ro[2,3-b]furan-2-yl] carbonate

glycolaldehyde dimer
(3R,3aS,6aR)-hexahydrofuro[2,3-b]furan-3-ol
rel-(3R,3aR,6aS)-hexahydrofuro[2,3-b]furan-3-ol
rel-(3R,3aS,6aR)-hexahydrofuro[2,3-b]furan-3-ol

3R 3aS$,6aR)-hexahydrofuro[2,3-b]furan-3-yl ((15 ,2R)-
droxy-3-[(2- methylpropyl )[(4- mtrtheny sulfo-
nyl]);mlno] 1-(phenylmethyl)propyl]carbamate

(25,3R)-3-hydroxy-4- [(1,1—dlmethylethyI?dlmethylsilfll]
oxy]-2-‘2-[[(1,1-dimet ylethyl)dimethylsilylJoxy]ethyl]
butana

isobutylamine

4-nitrobenzenesulfonyl chloride

TBDMS chloride

TBDMS-CI

trimethylsulfoxonium iodide

Janssen-Cilag, 2007
Janssen-Cilag, 2007

Country Trade Name Vendor
D Prezista
I Prezista
USA Prezista

Tibotec, 2006

Find more APIs on ps.thieme.com
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CAS Index Name

1,4-Butanediol
Silane, chloro(1,1-dimethylethyl)dimethyl-

Carbamic acid, [(1S,2R)-2-hydroxy-3-[(2-
methylpropyl)amino]-1-(phenylmethyl)
propyl]-, 1,1-dimethylethyl ester

Carbamic aC|d [(1S,2R)-2-hydroxy-3-[(2-
methylpropyl) 4n|trophenyl)sulfonyl]
amino]-1-( enylmethyl propyl]-, 1,1-di-
methy ethyl ester

Furan, 2,3-dihydro-

1-Propanamine, 2-methyl-
Benzenesulfonyl chloride, 4-nitro-

Silane, chloro(1,1-dimethylethyl)dimethyl-
Silane, chloro(1,1-dimethylethyl)dimethyl-
Sulfoxonium, trimethyl-, iodide

& Thieme
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Formulations
tabl. 75 mg, 300 mg, 400 mg, 600 mg

References

Ghosh, A. K. et al.: J. Org. Chem. (JOCEAH) 69, 23, 7822 (2004).

Surleraux, D. L. N. G. et al.: |. Med. Chem. (J]MCMAR) 48, 1813 (2005).

Gosh, A. K. et al.: ]. Med. Chem. (JMCMAR) 49, 5252 (2006).

EP 17 255 566 (Tibotec; 14.7.2005; EP-prior. 23.12.2003).

preparation of V:

b Yu, R. H. et al.: Org. Process Res. Dev. (OPRDFK) 11, 972 (2007).
Kesteleyn, B. R. R. et al.: Org. Lett. (ORLEF7) 7, 5912 (2005).

Ghosh, A. K.; Li, |.; Perali, R. S.: Synthesis (SYNTBF) 18, 3015 (2006).

Ghosh, A. K. et al.: Tetrahedron Lett. (TELEAY) 36, 4, 505 (1995).

aWO 2 008 034 598 (DSM IP Asseto; 27.3.2008; EP-prior. 19.9.2006).

EP 1999 133 (GILEAD Sciences; 11.8.2007; USA-prior. 29.3.2006).

US 7 468 448 (Sumitomo Chemical Comp.; 23.12.2008; |-prior. 22.7.2002).
US 6 919 465 (The Board of Trustees of the University of lllinois; 19.7.2005; USA-prior. 9.10.2002).
US 7 145 024 (SmithKline Beecham; USA-prior. 20.9.2001; 5.12.2006).
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Favipiravir

i @
F N
< NH,
| P Related reviews in Science of Synthesis
N OH

Pyrazines

Amides

Bromination of Pyrazinamines Using NBS
Fluorination with Hydrogen
Fluoride/Pyridine Mixtures

favipiravir

Synonyms: T-705

ATC: -

Use: antiviral; RNA Polymerase (NS5B) inhibitor; anti-Influenza

Chemical name: 5-Fluoro-2-oxo-1H-pyrazine-3-carboxamide

Formula: CsH4FN302

MW: 157.1 g/mol

CAS-RN: 259793-96-9

InChl Key: ZCGNOVWYSGBHAU-UHFFFAOYSA-N

InChl: InChl=1S/C5H4FN302/c6-2-1-8-5(11)3(9-2)4(7)10/h1H,(H2,7,10)(H,8,11)

© Georg Thieme Verlag KG - 2020, 20FU6D
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Pharmaceutical Substances
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Synthesis Path

©
(X

methyl 3-amino-2-
pyrazine carboxylate

COsMe

NH,

Br N CO:Me
NBS, MeCN \[ I
e
o
NZ NH,
I

methyl 6-bromo-3-amino-
2-pyrazine carboxylate (I)

Tove

NH
Br N CO;Me tris(dibenzylidene acetone) dipalladium/
= (S)-(-)-2,2"-bis(diphenylphosphino)-
| 1,1-binaphthyl, NaCtBu, toluene, 80 °C
Z 2.2 M aqg. HCI, THF
N “OMe 2 >

benzophenoneimine

II

methyl 6-bromao-3-methoxy-
2-pyrazine carboxylate (II)

@]
1. NH3 gas, pyridine, MeOH F N\h~ N
2. pyridine hydrofluoride, I 2
NaNQ,, -50 =C =
N OMe
v

&-fluoro-3-methoxy-
2-pyrazine carboxamide (IV)

1. Mal
2. TMSCI, MeCN

Y

Find more APIs on ps.thieme.com
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1. NaNOs, Hs80,, 0 °C

2. MeOH _
HoN N CO:M
ROGN
Z
N CMe
III

methyl 8-amino-3-methoxy-
2-pyrazine carboxylate (IIT)

@]
F N
\[ N NH,
=
N OH
Favipiravir
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O

N CO2H 1. SOCl,, MeOH, 40 °C N 1.HsSO4, KNOg, 40 °C

| ~ 2.25 % aq. NH3 l = NH2 2. NoHj, RaNi, MeOH
-~ -
Z Z
N “OH N~ “OH
Vv
3-hydroxy-pyrazine- 3-hydroxy-pyrazine-

2-carboxylic acid 2-carboxamide (V)

O
HoN_ _N o
= NH2 pyridine-HF, F N
| NaNQ,, -20 *C N NH
= —_— | 2
N OH
VI

N OH

6-amino-3-hydroxy-pyrazine- Favipiravir
2-carboxamide {VI)

Substances Referenced in Synthesis Path

CAS-RN Formula Chemical Name

16298-03-6 C6H7N302 methyl 3-amino-2-pyrazine carboxylate

6966-01-4 C6HeN302  methyl 6-bromo-3-amino-2-pyrazine carboxylate
259794-06-4  C7H7BrN203  methyl 6-bromo-3-methoxy-2-pyrazine carboxylate
259794-07-5  C7H9N303  methyl 6-amino-3-methoxy-2-pyrazine carboxylate
259794-09-7  CeHeFN302  6-fluoro-3-methoxy-2-pyrazine carboxamide
20737-42-2 C5H4N203  3-hydroxy-pyrazine-2-carboxylic acid

55321-99-8 CsHsN302  3-hydroxy-pyrazine-2-carboxamide

1413942-41-2  CsHeN40O2  6-amino-3-hydroxy-pyrazine-2-carboxamide

Trade Names

Country Trade Name Vendor
] AVIGAN Toyama Chemical, 2074

Formulations
tabs.; 200 mg

References

Furuta, Y. et al., Antiviral Research, (2009) 82, 95-102.

b Shi, F. et al., Drug Discoveries Therapeutics, (2014) 8(3), 117-120.

aEP 1112 743 (Toyama Chemical; 4.7.2001; appl. 18.8.1999; |P-Prior. 20.8.1998).
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Fingolimod

Friedel-Crafts Acylation
Reduction of Aryl Alkyl Ketones
fingolimod Using Organosilanes

» Kumada Cross-Coupling Reactions

OH Related reviews in Science
NH, of Synthesis
OH * [B-Amino Alcohols
* 1,3-Diols
» Alkylarenes

Synonyms: FTY-720

ATC: LO4AAA27

Use: Immunomodulator

Chemical name: 2-Amino-2-[2-(4-octylphenyl)ethyl]-1,3-propanediol

Formula: CisH33NO2

MW: 307.48 g/mol

CAS-RN: 162359-55-9

InChl Key: KKGQTZUTZRNORY-UHFFFAOYSA-N

InChl: InChI=1S/C19H33N02/c1-2-3-4-5-6-7-8-17-9-11-18(12-10-17)13-14-19(20,15-21)16-22/
h9-12,21-22H,2-8,13-16,20H2,1H3

Derivatives

hydrochloride

Formula: CisH33NO2 « HCl
MW: 343.94 g/mol
CAS-RN: 162359-56-0

Find more APIs on ps.thieme.com @ Thleme
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Synthesis Path

AICI;,

OyCHs | HiC €l CHI—CHCI Oy CHa
+ 3 \/‘\/‘\/\n/ > H-C 0
0 0 . 3

1.2-dichloro- 0

ethane
phenethyl acetate octanoyl chloride 4 —octanoylphenethyl acetate (I)

1. MeQH, MeONa
2. Mes—Cl, EtyN,
CH,Cl,

! . \/\/‘\/\/O/\’ OWCHB — \/\/\/‘\/@/\/ |
triethylsilane HJC ° HJC

2. methanasulfonyl

4-octylphenethyl acetate chloride #4-octylphenethyl iodide (II)
Q OEtH
H<C n EtoH, EtONa O N CH3
n + "3 Oft ———» }1)'
007 okt HyC OEt
diethyl acetamido- diethyl 2-acetamido-2-[2-(4-octylphenyl)ethyllmalonate  (IV?
malonate (III)
1. LiAH, THF
2. LiOH, MeOH OH
3. HCl NH,
v OH
HsC
Fingolimod
IO, EtOH,
EtONa. THF
cl H3C
phenyloctane bromoacetyl 2-broma-1-(4-octylphenyl)-1-ethanone (V)
chlaride
OEtH

0 N. .CHs EtsSiH, TiCl
W‘/@)O\X O\(rjr ’ % v Fingoiimod
HiC OEt -

diethyl 2-(acetylomine)-2-[2-(4-octylphenyl)-2-
oxoethyl Jpropanedioate (VI)

Bridg--CHy,
CHO CHO g
HiCoo~o~2nl 4 /@’ Ni(0) \/\N\/g Etzo 0°C vin
Cl

vinylmagnesium
p-chloro- 4-octylbenzaldehyde (VII) bromide
benzaldehyde

© Georg Thieme Verlag KG - 2020, 20FU6D
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1. MCPBA,  CH,Cl,

H 2. NaNO,, MgSO,, H
MeOH
CHy N02
H3C HC OH
(vim) ()
1. Hy, 10% Pd=C,
EtOH
Me,SiCl,  Nal, 2. HCHO, CH,Cl,, OH
MeCN \/V\NQ/V\NUZ Amberlyst A—21 N02
4. 4.
hlorotrimethyl- 3" -
chlorotrmae’ -
Y H5C
silane
{x)

Hy, Raney—Mi
Fingelimod

©)

1. Buli, THF, -78 °C

o
PhgP, 2, O:DBH THF, Hg0
>

Br
Vit + CBry ML’ H C\/\/\/\/@/\E(r
5 2. catecholborane
8(0H}, EtOH
AT T e+ o M on

X

2-(p-octylphenyl)vinylboronic acid (XI) benzylamine dihydroxyacetone
(Ve
H Hy. Pd-C, EROH, HCI
OH » Fingalimed
H4C

{E}-2-benzylamine-2-[2-(4-octylphenyl)-
ethenyllpropane-1,3-diol (XII)

©

NaHS0,-Si0,. -
,@/\,OH Et—O0Ae, hexane /g/\’ € Ti,0, pyridine O/VOAC
—_— EEEm——
HO HO Tf«.O
2-(4-hydroxyphenyl)- (Gam)
Fe(acac)y (cat.) OAc
X + Haloomo~o~MoBr =~ 75 7 \/\/_\/\/@/\/
H+C
octylmagnesium bromide (av)
1. NaOMe, MeOH
2. Me-S0,—Cl, NEts
3. ul, THF 1
XV » 0 — v — - Fingolimod
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Substances Referenced in Synthesis Path

CAS-RN Formula

Chemical Name

C11H11F30sS  4-[2-(acetyloxy)ethyl]phenyl trifluoromethanesulfonate

100-46-9 C7H9N
C26H39NO2

22118-09-8 C2H2BrCIO
C16H23BrO

104-88-1 C7HsClO
Ci6H22Br2

1068-90-2 CoH15NO5

C25H39NOs5

(C24H37NO6
96-26-4 (3H603

C17H260
141-78-6 C4Hs02
50-00-0 CH20

58556-55-1 Ci0H1203
501-94-0 C8H1002
374077-88-0  C19H31NO4
374077-82-4  C17H27NO4
374077-86-8  C17H25NO2

111-64-8 CsH15ClO
C18H2603

49763-66-8  CisH220
C18H2802
17049-49-9  C8H17BrMg
C18H2802
CieH2sl
C16H25B0O2
CsH171Zn
103-45-7 CioH1202
2189-60-8 C14H22
558-13-4 CBr4
3536-96-7 C2H3CIMg

benzylamine

(E)-Zd-belnzylamino-2-[2-(4-octy|phenyl)ethenyl]-propane-
1,3-dio

bromoacetyl chloride
2-bromo-1-(4-octylphenyl)-1-ethanone
4-chlorobenzaldehyde
2-(2,2-dibromoethenyl)-4-octylbenzene

diethyl acetamidomalonate

diethyl (acetylamino)[2-(4-octylphenyl)ethyljmalonate

diethyl 2-(acetylamino)-2-[4-(octylphenyl)-2-oxoethyl]pro-
panedioate

1,3-dihydroxyacetone
a-ethenyl-4-octylbenzenemethanol

ethyl acetate
formaldehyde

4-hydroxbenzenethanol a-acetate
2-(4-hydroxyphenyl)ethanol
2-nitro-2-[2-(4-octylphenyl)ethyl]-1,3-propanediol
3-nitro-1-(4-octylphenyl)-1,2-propanediol
1-(3-nitro-1-propenyl)-4-octylbenzene
octanoyl chloride

4-octanoylphenethyl acetate
4-octylbenzaldehyde
4-octylbenzeneethanol acetate
octylmagnesium bromide
4-octylphenethyl acetate
4-octylphenethyl iodide
[2-(4-octylphenyl)ethenyl]boronic acid
octylzinc iodide

phenethyl acetate

phenylocatane

tetrabromomethane

vinylmagnesium chloride

Find more APIs on ps.thieme.com
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CAS Index Name

Benzenemethanamine

Acetyl chloride, bromo-
Benzaldehyde, 4-chloro-

Propanedioic acid, (acetylamino)-,
diethyl ester

2-Propanone, 1,3-dihydroxy-

Acetic acid ethyl ester
Formaldehyde

Octanoyl chloride

Magnesium, chloroethenyl-

& Thieme
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Trade Names

Country Trade Name Vendor
USA Gilenia Novartis, 2010

Formulations
cps. 0,5 mg

References

Adachi, K. et al.: Bioorg. Med. Chem. Lett. (BMCLES8) 5, 847 (1995).

Adachi, K. et al.: Bioorg. Med. Chem. Lett. (BMCLES8) 5, 853 (1995).

Kiuchi, M. et al.: |. Med. Chem. (JMCMAR) 43, 2946-2961 (2000).

b Durand, P. et al.: Synthesis (SYNTBF) 4, 505-506 (2000).

c Kalita, B. et al.: Synlett (SYNLES) 9, 1411-1414 (2001).

d Sugiyama, S. et al.: Chem. Pharm. Bull. (CPBTAL) 53, 100-102 (2005).

e Seidel, G. et al.: ]. Org. Chem. (JOCEAH) 69, 3950-3952 (2004).

a EP 0 627 406 (Yoshitomi Pharm.; 28.4.1994; appl. 18.10.1993; J-prior. 21.10.1992).
for chiral analogues see:

Hinterding, K. et al.: Tetrahedron Lett. (TELEAY) 43. 8095-8097 (2002).

Zhu, R. et al.: |. Med. Chem. (JMCMAR) 50, 6428-6435 (2007).

use of 1,3-propanediol derivatives:

US 6 486 209 (Novartis AG; 26.11.2002; appl. 3.7.2001; GB-prior. 19.11.1996).
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Hydroxychloroquine
o 505

R

= Related reviews in Science
of Synthesis

HN OH
j/\/\N N * B-Amino Alcohols
|\ * Quinolines
* Quinolinamines
* Reductive Amination of Carbonyl
hydroxychloroquine Compounds

ATC: PO1BAO2

Use: antirheumatic, antimalarial

Chemical name: 2-[[4-[(7-chloro-4-quinolinyl)amino]pentyl]ethylamino]ethanol
Formula: CisH26CIN3O

MW: 335.88 g/mol

CAS-RN: 118-42-3

InChl Key: XXSMGPRMXLTPCZ-UHFFFAOYSA-N

InChl: InChl=1S/C18H26CIN30/c1-3-22(11-12-23)10-4-5-14(2)21-17-8-9-20-18-13-15(19)6-7-
16(17)18/h6-9,13-14,23H,3-5,10-12H2,1-2H3,(H,20,21)

EINECS: 204-249-8

LD50: 1240 mg/kg (M, p.o.)

Derivatives

sulfate (1:1)

Formula: CisH26CIN3O ¢ H2S04
MW: 433.96 g/mol

CAS-RN: 747-36-4

EINECS: 212-019-3

phosphate (1:2)

Formula: Ci1sH26CIN3O * 2H3PO4
MW: 531.87 g/mol

CAS-RN: 6168-85-0

Find more APIs on ps.thieme.com @ Thleme
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Synthesis Path

OWC' . HNC"-VOH OWN/\,OH
CHs

NHs3, Hp, Raney—Ni

CH L
CHy 3 CH;,
S-chloro- 2-ethylomine-
2-pentanone ethanol

H, N ~_OH
G C@ —
3

() 4,7-dichlora-

Cl N

HN A~y OH
CHs kCH3

Hydroxychloroquine

quineline

Substances Referenced in Synthesis Path

69559-11-1  C9H22N20  2-[(4-aminopentyl)ethylamino]ethanol Ethanol, 2-[(4-aminopentyl)ethylamino]-
5891-21-4  CsH9ClO  5-chloro-2-pentanone 2-Pentanone, 5-chloro-
86-98-6 CoHsCI2N  4,7-dichloroquinoline Quinoline, 4,7-dichloro-

110-73-6 C4H1INO  2-(ethylamino)ethanol Ethanol, 2-(ethylamino)-
74509-79-8  C9H19NO2  5-[ethyl(2-hydroxyethyl)amino]-2-pentanone  2-Pentanone, 5-[ethyl(2-hydroxyethyl)amino]-

Trade Names

Quensyl Sanofi-Aventis

F Plaquenil Sanofi-Aventis

GB Plaquenil Sanofi-Aventis

I Plaquenil Sanofi-Aventis

USA Hydroxychloroquine MylanWatson
Formulations

drg. 200 mg (as hydrochloride)

References
US 2 546 658 (Sterling Drug; 1951; prior. 1949).

Find more APIs on ps.thieme.com
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Lopinavir

QL e
e

H : Related reviews in Science
(\NI(N : HJK/C’ of Synthesis
A, o i o « B-Amino Alcohols

* Urea Derivatives
* Reductive Amination Using

Sodium Cyanoborohydride
lopinavir

Synonyms: A-157378.0, ABT-378, Amviran, RS-346

ATC: |05AE06

Use: antiviral, AIDS therapeutic, HIV-1-protease inhibitor

Chemical name: (aS)-N-[(15,35,4S5)-4-[[(2,6-dimethylphenoxy)acetyl|]amino]-3-hydroxy-5-phenyl-
1-(phenylmethyl)pentyl]tetrahydro-a-(1-methylethyl)-2-oxo-1(2H)-pyrimidineacetamide
Formula: C37H4sN4Os

MW: 628.81 g/mol

CAS-RN: 192725-17-0

InChl Key: K|[HKTHWMRKYKJE-SUGCFTRWSA-N

InChl: InChi=15/C37H48N405/c1-25(2)34(41-20-12-19-38-37(41)45)36(44)39-30(21-28-15-7-
5-8-16-28)23-32(42)31(22-29-17-9-6-10-18-29)40-33(43)24-46-35-26(3)13-11-14-27(35)4/h5-
11,13-18,25,30-32,34,42H,12,19-24H2,1-4H3,(H,38,45)(H,39,44)(H,40,43)/t30-,31-,32-,34-/
mO/s1

Find more APIs on ps.thieme.com @ Thleme
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Synthesis Path

H3C. CHy
- H2NIfO‘CH3
ClJ-Ln,m CH,Cl, )
o] NgBHCN, CHyOH
n JL

H 0

oxalyl chloride

“@

3-(benzyloxycarbonyl-
amino}-1-proponal

1. Hy, Pd=C, CH,Cly
0

L-valine methyl ester

2. @Aﬁﬂ H:,Cj;(:":. 1. LiOH, dioxane, H0

1 > I\/‘N o 2 0%
2. 1,1'-carboenyl- ’J'\‘ 0

diimidazole
methyl (2S)-3-methyl-
2-[2-oxotetrahydro-
1(2H)-pyrimidinyl]-

HLC CH3
H ‘CH_—,
O'\Q
methyl (25)-2-[[3-
[[{benzyloxy)carbonyl]-

amine]propyl]amine]-
3-methylbutanoate (I}

H
oﬁ,.COOH

purification via

m

L-pyroglutamic acid

salt

butanoate
. imidazole
Q\ C CH Q\
5 2. Pd=C, CH30H, Hs )
H N - HCOONH =
o+ E — (\ ,g }/\‘ANHz
(25,35,55)-5-amino-2- (25)-N-[(15,35.45)-4-amino-
dibenzylamino-3-hydroxy- 1-benzyl-3-hydroxy-5-phenyl-
1,6-diphenylhexane pentyl]-3-methyl-2-[2-oxo-
(ef. ritonavir synthesis) tetrahydro-1(2H)-pyrimidinyl]-
butanamide
NaHCO
HsC CH3 ethyl acetate,

H
0 H
O3 N_,COOH 3 u0
t~.1|-|2 ﬁ’_} > CIJJ\,O 2 .

(\N

d 50

m ||r

HiC Hy
If °in5
\©

Lopinavir

HsC
2-(2,6-dimethyl-
m phenaxylacetyl
chlaride
alternative synthesis of IT
uci, Lo, H0, H3C-CH
H3C CHs Q ,8\ M0y pH 85-102 @ 3 I =
H2N COOH 0" ¢l OAH COOH
L-valine phenyl MN-phenoxycarbonyl-

chloroformate L=valine

Find more APIs on ps.thieme.com
a1

HyNo_~_.Cl + HCI

H
1. NaOH, THF, ko—?—gl-l_,,
CHy

2.50Cl, THF, =20 °C

v
b=

3-chloroprapylamine
hydrochloride
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Substances Referenced in Synthesis Path

CAS-RN

192726-
05-9

156732-
15-9

34637-
22-4
6276-54-6

20143-
48-0

192725-
83-0
192725-
85-2

192726-
06-0

65564-
05-8

126147-
70-4

1885-14-9
98-79-3

192800-
77-4

72-18-4
4070-48-8

Formula
C27H38N403

(C32H36N20

C11H15NO3

C3H9Cl2N
CiloHN1ClO2

C17H26N204

C10H18N203

C32H45N506

C11H13NO3

C12H15NO4

C7H5Cl0O2
C5H7NO3
C9H15CIN202

Cs5H1INO2
C6H13NO2

Trade Names

Country
D

F

GB

I

J
USA

Trade Name
Kaletra

Kaletra
Kaletra
Kaletra

Kaletra

Kaletra

Chemical Name
(25)-N-[(1S,3S,45)-4-amino-1-benzyl-3-hydroxy-5-

phenylpentyl]-3-methyl-2-[2-oxotetrahydro-1(2H)-
pyrimidinyl]butanamide

(2S,3S,55)-5-amino-2-dibenzylamino-3-hy-
droxy-1,6-diphenylhexane

3-(benzyloxycarbonylamino)-1-propanol

3-chloropropylamine hydrochloride
2-(2,6-dimethylphenoxy)acetyl chloride

methyl (25)-2-[[3-[[(benzyloxy)carbonyl]amino]
propyl]amino]-3-methylbutanoate

methyl (25)-3-methyl-2-[2-oxotetrahydro-1(2H)-py-
rimidinyl]butanoate

5-oxo-L-proline compd. with (aS)-N-[(1S,35,4S)-4-
amino-3-hydroxy-5-phenyl-1-(phenylmethyl)pentyl]
tetrahydro-a-(1-methylethyl)-2-oxo-1(2H)pyrimidi-
neacetamide (1:1)

(3-oxopropyl)carbamic acid phenylmethyl ester
N-phenoxycarbonyl-L-valine

phenyl chloroformate
L-pyroglutamic acid

(aS)-tetrahydro-a-(1-methylethyl)-2-oxo-1(2H)-
pyrimidineacetyl chloride

L-valine

L-valine methyl ester

Vendor  Annotation

Abbott comb. with ritonavir
Abbott

Abbott

Abbott

Abbott comb. with ritonavir
Abbott comb. with ritonavir

Find more APIs on ps.thieme.com
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CAS Index Name

1(2H)-Pyrimidineacetamide, N- (1S 35,45)-4
amino-3-hydroxy-5-phenyl-1-( ,3 ?/Imethyl
(pen)tyl]tetrahydro o-(1-methylethyl)-2-oxo-
S

Benzenebutanol, Y-amino-cx-ﬂ -
bis(phenylmethyl)amino]-2-phenylethyl]-,
aS-{aR" (k)R]

Carbamic acid, (3-hydroxypropyl)-, phenyl-
methyl ester

1-Propanamine, 3-chloro-, hydrochloride

Acetyl chloride, (2,6-dimethylphenoxy)-

L-Valine, N-[3-[[(phenylmethoxy)carbonyl]
amino]propyl]-, methyl ester

1(2H)-Pyrimidineacetic acid, tetrahy-
dro-a-(1-methylethyl)-2-oxo-, methyl ester,
(@S)-

L-Proline, 5-oxo-, compd. with (aS)-
N-[(1S,3S,4S)-4-amino-3-hydroxy-
5-phenyl-1-(phenylmethyl)pentyl]
tetrahydro-a-(1-methylethyl)-2-oxo-1(2H)-
pyrimidineacetamide (1:1)

Carbamic acid, (3-oxopropyl)-, phenylmethyl
ester

L-Valine, N-(phenoxycarbonyl)-

Carbonochloridic acid, phenyl ester
L-Proline, 5-oxo-

1(2H)-Pyrimidineacetyl chloride, tetrahydro-
a-(1-methylethyl)-2-oxo-, (aS)-

& Thieme
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Formulations
oral sol. 80 mg/ml Lopinavir and 20 mg/ml Ritonavir; soft-gelatin cps. 133.3 mg Lopinavir and 33.3 mg Ritonavir

References

Stoner, E.J. et al.: Org. Process Res. Dev. (OPRDFK) 3 (2), 145 (1999).

US 5914 332 (Abbott; 22.6.1999; appl. 21.11.1996; USA-prior. 13.12.1995).

US 5 635 523 (Abbott; 3.6.1997; appl. 6.4.1995; USA-prior. 23.5.1989, 8.9.1989, 22.12.1989, 9.5.1990, 20.11.1990,
15.8.1991, 23.10.1991, 29.12.1992, 2.12.1993).

US 5 541 206 (Abbott; 30.7.1996; appl. 25.4.1995; USA-prior. 23.5.1989, 8.9.1989, 22.12.1989, 9.5.1990, 20.11.1990,
15.8.1991, 23.10.1991, 29.12.1992, 2.12.1993).

US 5 674 882 (Abbott; 7.10.1997; appl. 29.3.1995; USA-prior. 23.5.1989, 8.9.1989, 22.12.1989, 9.5.1990, 20.11.1990,
15.8.1991, 23.10.1991, 29.12.1992, 2.12.1993).

US 5 886 036 (Abbott; 23.3.1999; appl. 20.3.1997; USA-prior. 29.12.1992, 2.12.1993, 28.3.1995).

US 5 846 987 (Abbott; 8.12.1998; appl. 20.3.1997; USA-prior. 29.12.1992, 2.12.1993, 6.4.1995).

US 5 648 497 (Abbott; 15.7.1997; appl. 24.3.1995; USA-prior. 23.5.1989, 8.9.1989, 22.12.1989, 9.5.1990, 20.11.1990,
15.8.1991, 23.10.1991, 14.9.1993, 23.8.1994).

WO 9 721 683 (Abbott; appl. 6.12.1996; USA-prior. 13.12.1995).

WO 9 721 685 (Abbott; appl. 6.12.1996; USA-prior. 13.12.1995).

alternative synthesis of I:
Stoner, E.J. et al.: Org. Process Res. Dev. (OPRDFK) 4 (4), 264 (2000).
Chang, S.-].; Stuk, T.L.: Synth. Commun. (SYNCAV) 30 (5), 955-961 (2000).

solid dispersions:
WO 2 001 034 119 (Abbott; appl. 10.11.2000; USA-prior. 12.11.1999).

liquid compositions:
US 6 232 333 (Abbott; appl. 7.11.1997; 15.5.2001).

Find more APIs on ps.thieme.com @ Thleme
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Remdesivir

0 &
; & ﬁ
0" HNwP_ g

remdesivir

Synonyms: GS-5734; prodrug of GS-441524

ATC: -

Related reviews in Science of Synthesis
* 1,2,4-Triazines

* 1,2-Diols

* Nitriles

Use antiviral: RNA polymerase inhibitor against Ebola and Corona virus
Chem. Name: (S)-2-Ethylbutyl 2-(((S)-(((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-
yl]-5-cyano-3,4-dihydroxytetrahydrofuran-2-yl)methoxy)phenoxy)phosphoryl)amino)

propanoate

Formula: C27H3sNsOsP
MW: 602.59 g/mol
CAS-RN: 1809249-37-3

Find more APIs on ps.thieme.com
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Synthesis Path

@ First generation synthesis:

NH;
=" NN
\_n. A

N

Br II

O OH O 0 1. n-BuLi, TMS-CI, THF, -78°C
BnoAg Ac,0, DMSO, t B,-,OAQ& 2. acidic work-up _
- -

7-bromopyrrolo[2,1-f]

B “OBn B>  OBn (1.2, ]triazin-4-amine (II)
(3R,4R,5R)-3,4-bis(benzyloxy)- I
5-[(benzyloxy)methylJoxolan-2-ol (3R.4R,5R)-3,4-bis(benzyloxy)-5-[(benzyl-
(2,3,5-Tri-O-benzyl-a-D-ribofuranose) oxy)methyl]dihydrofuran-2(3H}-one (I)

TMSCN, BF3*Et:0,

CHaCly, -78°C
~ ‘s
BnO' OBn
I
(3R,4R,5R)-2-(4-aminapyrrolo[2, 1-][1,2,4] (2R.3R,4R.5R)-2-(4-aminopyrrolo[2,1-1](1,2,4]
triazin-7-yl}-3,4-bis (benzyloxy)-5-[(benzyl- triazin-7-y1)-3,4-bis(benzyloxy)-5-[(benzyl-
oxy)methylltetrahydrofuran-2-al (III) oxy)methylltetrahydrofuran-2-carbonitrile (TV)

1. BClg, CHzClp, -78°C
2. KQCO:{, MeOH

Y

(2R,3R.45,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]
tnazin-7-yl)-3,4-dihydroxy-5-(hydroxymethyl)
tetrahydrofuran-2-carbonitrile (V}

1. NMI, OPLOME];
2. chiral HPLC

Y

methyl imidazole,

trimethyl phosphate,
(25)-2-ethylbutyl 2-(chloro-
(phenoxy)phospharylamino)-
propanoate (VI} Remdesivir

Find more APIs on ps.thieme.com @ Thleme
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Synthesis of II:
Y
N
NH2 Br’ ‘\e< NH,

0
DMF, -20 °C
7 TN 2. NayS0s, Hu0 " N
- \
\ N, ) 1,3-dibromo-5,5-dimethyl- N, /)
N 2,4-imidazolidinedione N
pyrrolo[2,1-f][1,2,4] B I

triazin-4-amine

0 S
O 2 S0
ﬁ} OJT NHQ'H Cl TEA, CHsClz, 0 °C le) HN—$—C|
O=P—Cl *

phenyl dichloro phosphate 2-ethylbutyl L-alanine ester Vi
hydrochloride (V1)

Find more APIs on ps.thieme.com @ Thleme

46


http://ps.thieme.com

Pharmaceutical Substances

© Georg Thieme Verlag KG - 2020, 20FU6D

@ Second generation synthesis:

TMSCN, TIOH, TMSOTY,
CH.Cly, -78°C

|

IX

1. MgCla, DIPEA, MeCN, 50 °C
2.37% HCI, THF, rt

NHz

=" %N
\ N‘N')

I
TMSCI, PhMgCl,
iPrMgCIsLiCl,
THF, -20 °C

7-iodopyrrolo[2,1-f] o
[1,2,4]triazin-4-amine

1. BCly, CHsClz, -78°C
2. KQCOQ, MeOH

¥ oo

2,2-dimethoxypropane,
HsS0y, acetone, rt

i

(3aR,4R 6 R.6atA)-4-(4-aminopyrrolo[2,1-f][1,2,4]-
triazin-7-yl)-6-(hydoxymethyl)-2,2-dimethyltetra-
hydrofuro[3,4-d][1,3]dioxole-4-carbanitrile (VIII)

NOs

L
E

2-ethylbutyl ((S)-(4-nitro-phenoxy)
(phenoxy)phospharyl)-
L-alaninate (IX)

Find more APIs on ps.thieme.com
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Trade Names

Country Trade Name Vendor Annotation

USA On 1 May 2020 FDA granted Gilead Sciences an
Emergency Use Authorization of remdesivir to be
distributed and used by licensed health care
providers to treat hospitalized patients with severe
COVID-19.

Formulations
vial, powder for concentrate for solution for infusion 100 mg

References

Warren, T.K. et al., Nature, (2016) 531 (7594), 381-385.

Grein, J. et al., NEJM April 10, 2020; doi 10.1056/NEJMoa 2007016.

Avataneo, V. et al., ]. Antimicrob. Chemother, May 3, 2020; doi 10.1093/jac/dkaa 152.
a+b) Siegel, D. et al., |. Med. Chem., (2017) 60, 1648-1661.

US 9 724 360 (Gilead Sciences; 8.8.2017; appl. 29.10.2015; USA-prior. 29.10.2014).

Methods for treating arenaviridae and coronaviridae virus infections:
US 2017 0071964 (Gilead Sciences; 16.3.2017; appl. 16.9.2016; USA-prior. 16.9.2015).

Crystalline forms:
US 2018 346504 (Gilead Sciences; 6.12.2018; appl. 27.4.2018; USA-prior. 1.5.2017).

Compositions comprising an RNA polymerase inhibitor:
US 2019 083525 (Gilead Sciences; 21.3.2019; appl. 10.7.2018; USA-prior. 11.7.2017).

© Georg Thieme Verlag KG - 2020, 20FU6D
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Ritonavir

Related reviews in Science
of Synthesis

e Urea Derivatives
e Thiazoles
ritonavir e Carbamic Acid Esters

Synonyms: A-84538, ABT-538

ATC: |05AE03

Use: AIDS therapeutic, antiviral, HIV-1-protease inhibitor

Chemical name: [55-(5R*,8R*,10R*,11R*)]-10-hydroxy-2-methyl-5-(1-methylethyl)-1-[2-(1-meth-
ylethyl)-4-thiazolyl]-3,6-dioxo-8,11-bis(phenylmethyl)-2,4,7,12-tetraazatridecan-13-oic acid 5-thi-
azolylmethyl ester

Formula: C37H4sN60sS2

MW: 720.96 g/mol

CAS-RN: 155213-67-5

InChl Key: NCDNCNXCDXHOMX-XGKFQTDJSA-N

InChl: InChl=15/C37H48N60552/c1-24(2)33(42-36(46)43(5)20-29-22-49-35(40-
29)25(3)4)34(45)39-28(16-26-12-8-6-9-13-26)18-32(44)31(17-27-14-10-7-11-15-27)41-
37(47)48-21-30-19-38-23-50-30/h6-15,19,22-25,28,31-33,44H,16-18,20-21H2,1-5H3,(H,39,45)
(H,41,47)(H,42,46)[t28-,31-,32-,33-/m0/s1

© Georg Thieme Verlag KG - 2020, 20FU6D
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Synthesis Path

©

LiAIH, OMSO, (COC1),, —60 °C
Z\‘N 0. —> I OH > 1
H o CHs H oxalyll
chloride
N-{benzyl- N-({benzyl-
oxycarbonyl)-L- oxycarbonyl)-L-
phenylalonine phenylalaninol

methyl ester

z.—/ﬁ‘o’\@

B A3 o
VCly - 3THF, 0 CH, CHy
Zn, CHyCly 2. NaOH, dioxane
Z- Z“N o
H CHO H 1. e-acetoxyiso-
butyryl bromide
N-(benzyl- (25.3R.4R,55)-2.5-
oxycarbonyl)-L- bis[{benzyloxy-
phenylalaninal (1) carbonyljaming]-3,4-
dihydroxy-1,6-di-
phenylhexane
1. NaBH,, THF
2. CF;COOH
(25,3R,4R,55)-2,5- (25,35,55)-2,5-
bis[(henzyloxy- diamino-3-hydroxy-
carbonyl)amine]- 1,6-diphenylhexane (I}

3,4-epoxy-1,6-di-

phenylhexane (II)

0. Ll
Q T g » CHCly
l\ﬁ! LiAlH,, THF \/[rj 0N 0 s
HsC. O g —» HO 5 » v
0

4-nitrophenyl chlereformata

ethyl thiazole- S-(hydroxy-
S-carboxylate methyl)-
thiazole
THF,

mcy

N chromategraphy H N
H
err‘k/z;)‘ e TN N 0\/[&
0 2! g S
O,N 0

S-thiozolylmethyl (25,35,55)-5-amino-2-
4-nitrophenyl (5-thiazolylmethexycarbenyl-
carbonate  (IV) amine)-3-hydroxy-1,6-di-

phenylhexane (V)

© Georg Thieme Verlag KG - 2020, 20FU6D
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o
\(ﬁ\ MgSO,, ocetone \KE_}\, o Hel  NH2 v
WO nm,  F CI | > e = —

CHsz
2-methyl- 1,3-dichloro- 4—[{:hloromnthyl)—2—
propane- acetone isopropylthiczole
thisamide hydrochloride

1. N(CyHs)5, THF

CH 2. LiOH, dioxane
/@,O\H,N\,J'L o3 -

1. triethylamnine

H
e XA+

© Georg Thieme Verlag KG - 2020, 20FU6D

CHy 0N HsC" CHs

2-isopropyl-4-
{methylamino-

N-{&-nitrophenyloxy-
carbanyl)-L-valine

methyl)thiazole (VI) methyl ester

EDCi,
HOBt,

THF
ﬁjl,w N CooH , ™

CHg

A~
HJC CHy

N-[methyl(2-isopropyl-4-

Ritonavir

thiazalylmathyl)amino-
carbonyl]-L-valine (VII}

NoNH, THF

N . THF, —40°C  NC N
©/\O T NC—CH, >
sodium amide

N,N-dibenzyl-L-
phenylalanine

benzyl ester

THF - 5 eC
@\JMQ" Cm = hN

benzylmagnesium
chloride

4(S)-dibenzylomino-
J-ox0-5-phenyl-
pentanenitrile (VI

NaBH,, THF,

- 10 °C
—> X

b

2-amino-5(8)-di-
benzylomino=-4-oxo-
1,6-diphenyl-2-
haxane

Find more APIs on ps.thieme.com
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NH,* HCOO™, Hy0,
CH30H, 5 % Pd-¢;
alternatively hydroge=-

nation over Pt in

ethanol in presence of
QH CH4S05H

N

» I —_— Ritonavir

H,N

(25,35,55)-5-amino-
2-dibenzylamine-3-
hydroxy-1,6-diphenyl-
hexane (IX)

0 /N(:‘j.. ethyl acetate, — 14 °C C|:H5|.| 0O 0
HaC H C\(E_B‘\,N N AL A cH
i+ ClerHB » | - v o 5
CHy CH4

0
CH B
3 e
H5C” CHs
isobutyryl mixed anhydride (X}
chloride
?H
X + v e Ritonavir
N-hydroxy-

succinimide

© Georg Thieme Verlag KG - 2020, 20FU6D
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Substances Referenced in Synthesis Path

CAS-RN
75-05-8
156732-
15-9
156732-
13-7
144164-
11-4
6921-34-2
59830-60-3
35909-92-3

6372-14-1

137649-
69-5

162849-
92-5

65386-28-9

144163-
44-0

156732-
12-6

111138-
83-1

534-07-6
32955-22-9
38585-74-9
6066-82-6
79-30-1

154212-
60-9

74-89-5

154212-
61-0

13515-65-6

162537-
10-2

7693-46-1
79-37-8

144163-
97-3

Formula
C2H3N
C32H36N20

C32H32N20

C23H27N303S

C7H7CIMg
C17H17NO3

C18H19NO4

C17H19NO3
C34H36N206

(C34H34N205
C7H11CI2NS
C18H24N20
C25H24N20
C30H29NO2

C3H4Cl20
CeH7NO2S
C4HsNOS
C4H5NO3
C4H7CIO
C8H14N2S

CHsN
C14H23N303S

C4H9NS
C13H16N206

C7H4CINO4
C2CI202
C11H8N205S

Chemical Name

acetonitrile
(2S,3S,55)-5-amino-2-dibenzylamino-3-hy-
droxy-1,6-diphenylhexane
2-amino-5(S)-dibenzylamino-4-oxo-1,6-di-
phenyl-2-hexene
(2S,3S,55)-5-amino-2-(5-thiazolylmethoxy-
carbonylamino)-3-hydroxy-1,6-diphenylhex-
ane

benzylmagnesium chloride

N-(benzyloxycarbonyl)-L-phenylalaninal

N-(benzyloxycarbonyl)-L-phenylalanine meth-

yl ester
N-(benzyloxycarbonyl)-L-phenylalaninol

(25,3R,4R,55)-2,5-bis[(benzyloxycarbonyl)
amino]-3,4-dihydroxy-1,6-diphenylhexane

(2S,3R,4R,5S5)-2,5-bis|( benzyloxzcarbonyl
amlno] -3,4-epoxy-1,6-diphenylhexane

-ﬁchIoromethyl)-z-|sopropylth|azole hydro-
chloride

(2S,3S,55)-2,5-diamino-3-hydroxy-1,6-di-
phenylhexane

4(S)-dibenzylamino-3-oxo-5-phenylpen-
tanenitrile

N,N-dibenzyl-L-phenylalanine benzyl ester

1,3-dichloroacetone

ethyl thiazole-5-carboxylate
5-(hydroxymethyl)thiazole
N-hydroxysuccinimide

isobutyryl chloride
2-isopropyl-4-(methylaminomethyl)thiazole

methylamine

N-[methyl(2- |sopropYI -4-thiazolylmethyl)
amlnocarbonyl] L-vali

2-methylpropanethioamide

N-[(4-nitrophenoxy)carbonyl]-L-valine methyl
ester

4-nitrophenyl chloroformate
oxalyl chloride

5-thiazolylmethyl 4-nitrophenyl carbonate

Find more APIs on ps.thieme.com
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CAS Index Name
Acetonitrile

Benzenebutanol, Yammo o-[1-
blsgphenylmethy )amino]-2-phenylethyl]-, [aS-

RTR™).WR™]-

4-Hexen-3-one, 5-amino-2-[bis(phenylmethyl)
amino]-1,6-diphenyl-, (S)-

Carbamic acid, [4-amino-2- hydroxi/ 5-phenyl-1-
phenylmethyl)pentyl] 5-thiazolylmethyl ester,
15-(1R*,2R*,4R*)]-

Magnesium, chloro(phenylmethyl)-

Thiazole, 4-(chloromethyl)-

2-(1-methylethyl)-,
hydrochloride

Benzenebutanol, y-amino-a-(1-amino-2-
phenylethyl)-, [aS-[aR*(R*),yR*]]-

Benzenepentanenitrile, y-[bis(phenylmethyl)
amino]-B-oxo-, (S)-

L-Phenylalanine, N,N-bis(phenylmethyl)-, phenyl-
methyl ester

2-Propanone, 1,3-dichloro-
5-Thiazolecarboxylic acid, ethyl ester
5-Thiazolemethanol
2,5-Pyrrolidinedione, 1-hydroxy-
Propanoyl chloride, 2-methyl-

4-Thiazolemethanamine, N-methyl-2-(1-methy-
lethyl)-

Methanamine

L-Valine, N-[[methyl[[2-(1-methylethyl)-4-thi-
azolyllmethyl]amino|carbonyl]-

Propanethioamide, 2-methyl-

L-Valine, N-[(4-nitrophenoxy)carbonyl]-
ester

, methyl

Carbonochloridic acid, 4-nitrophenyl ester
Ethanedioyl dichloride

Carbonic acid, 4-nitrophenyl 5-thiazolylmethyl
ester

& Thieme
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Trade Names

Country Trade Name Vendor Annotation
D Kaletra Abbott comb.
Norvir Abbott

F Kaletra Abbott
Norvir Boehringer
Ingelheim
GB Norvir Abbott
I Kaletra Abbott comb.
Norvir Abbott
J Norvir Dainabott-
Dainippon
USA Kaletra Abbott comb.
Norvir Abbott

Formulations
cps. 100 mg wfm; sol. 600 mg/7.5 ml, 8%

References
Kempf, D.]. et al.: |. Med. Chem. (JMCMAR) 41, 602 (1998).

a,b US 5635523 (Abbott; 3.6.1997; appl. 6.4.1995; USA-prior. 23.5.1989, 8.9.1989, 22.12.1989, 9.5.1990, 20.11.1990,

15.8.1991, 23.10.1991, 29.12.1992, 2.12.1993).

WO 9414 436 (Abbott Labs.; appl. 16.12.1993; USA-prior. 29.12.1992, 2.12.1993).

b WO 9 511 224 (Abbott Labs.; appl. 26.9.1994; USA-prior. 22.10.1993, 27.7.1994).

WO 9 604 232 (Abbott Labs.; appl. 17.7.1995; USA-prior. 29.7.1994).

c US 5567 823 (Abbott Labs; 22.10.1996; appl. 6.6.1995; USA-prior. 6.6.1995).
polymorphs:

Chemburkar, S.R. et al.: Org. Process Res. Dev. (OPRDFK) 4, 43 (2000).

pharmaceutical composition in alcoholic/organic solvent:

WO 9 507 696 (Abbott Labs.; appl. 30.4.1994; USA-prior. 13.9.1993, 28.1.1994, 15.8.1994).
WO 9 520 384 (Abbott Labs.; appl. 3.1.1995; USA-prior. 29.7.1994, 28.1.1994, 12.5.1995).

use for treating HIV:

WO 9 701 349 (Abbott Labs.; appl. 28.6.1996; USA-prior. 15.9.1995, 29.6.1995).
combination with lamivudine:

WO 9 626 734 (Glaxo; appl. 22.2.1996; GB-prior. 25.2.1995).

combination of HIV protease inhibitors:
WO 9 604 913 (Merck & Co.; appl. 7.8.1995; USA-prior. 20.7.1995, 11.8.1994, 14.11.1994).

EP 691 345 (Bristol-Myers Squibb; appl. 5.7.1995; USA-prior. 17.5.1995, 5.7.1994, 31.7.1987).

pharmaceutical composition with improved oral bioavailability:
WO 9 509 614 (Abbott Labs.; appl. 9.9.1994; USA-prior. 31.8.1994).

Find more APIs on ps.thieme.com
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Ruxolitinib

Related reviews in Science
of Synthesis
* Pyrazoles

I A\  Pyrimidines

Q N e Nitriles
H » Hetarylboron Cross-Coupling

Reactions
ruxolitinib * Asymmetric aza-Michael Reaction

Synonyms: INCB018424

ATC: LOTXE18

Use: anticancer, Janus kinase inhibitior, treatment of bone marrow cancer

Chemical name:(3R)-3-cyclopentyl-3-[4-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)pyrazol-1-yl]propane-
nitrile

Formula: Ci7H1sNe

MW: 306.4 g/mol

CAS-RN: 941678-49-5

InChl Key: HFNKQEVNSGCOJV-OAHLLOKOSA-N

InChl: InChl=1S/C17H18N6/c18-7-5-15(12-3-1-2-4-12)23-10-13(9-22-23)16-14-6-8-19-17(14)21-
11-20-16/h6,8-12,15H,1-5H2,(H,19,20,21)/t15-/m1/sT

Derivatives

base
Formula: Ci7H1sNs
MW: 306.4 g/mol

CAS-RN: 941678-49-5
phosphate

Formula: Ci7H21NsO4P
MW: 404.4 g/mol
CAS-RN: 1092939-17-7

Find more APIs on ps.thieme.com @ Thleme
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Synthesis Path

@

Cl

N7 X N\
Z~N
H

lN

4-chloro-7 H-pyrrolo
[2,3-d|pyrimidine

N—NH

I/

Va

(L

NT R
S

III

4-(1H-pyrazol-4-yl)-7-[(2-
{trimethylsilyl)ethoxy]methyl}-
7 H-pyrrolo[2,3-dpyrimidine (I111)
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II

SEM-CI, DMF, 0 °G_ NT R N PA(PPhs),, K2CO3, HoO, DMF, 125 ° G

EM

4-(4 45 5-tetramethyl-1,3,2- o

B—{trimethylsilyl)eth;;y— l P
dioxaborolan-2-yl)-1H-pyrazole (II}

methyl chloride N [\{

SEM
I

4-chloro-7-[(2-(timethylsilyl)ethoxy]-
methyl)-7H-pyrrolo[2,3-d|pyrimidine (I)

v N
1. DBU, MeCN U
2. HPLC-Separation of enantiomers _

3-cyclopentylacrylonitrile (IV)

L

\
\

SEM

<« A / Lz

3-cyclopentyl-3-(4-(7-[(2-(trimethylsilyl)
ethoxy|methyl)-7 H-pyrrolo[2,3-d pyrimidin-
4-yl)-1 H-pyrazol-1-yl)propanenitrile (V)

CN

~Z

TEA, CHaCly
B

/=Z
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N
H
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synthesis of II:

O
4
Br MeQ=B
\O O\

HN. 2 iPrMigCl, THF B—O
\N —
HN_ 2~
N
VI I
4-bromo-1H-pyrazole (V1)
FyC
®
S L0
o~ 3
li.
N7 ™= 3 N ! CF:
l P TMSO G
Ph N N
Ph—P SEM
PR CHO CHO I s
O CHO benzene, reflux O_/_ 4-NO2-PhCO-H, toluene -
VII
cyclopentanecarbaldehyde (2E)-3-cyclopentylacrylaldehyde (VII)
@]
H CN
?I—N H 1. NH,OH, I, THF, HoO [;J_N
2. LiBF, y
Z 3. NH,OH -
S
=
Z N
L, N NN
VIII SEM Ruxolitinib
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alternativ synthesis of II:

0
Br Br MeO=B_ D%L
_ Z ot — 2 B=0
HN. HCI, toluene YN‘N/ iPrigCl, THF —
-,
N ethylvinylether EtO HN\N/
VI IX e
®
(e
cvo () 2
/ N fl‘. CF:; H
Br TMSO G .
— VI N—N H
HN 4-NO,-PhCO,H, toluene CFs 4
" & 2 2 o F
N
Br
VI X
o) o) { ;
. I
JB_B\
0 o] CN
CN
NH4CH, I, THF, HoO N Pd(PPhs)s. KOAc N 7
> N—N T p M
i/ S
v %)
Br OIB\O
X1 fﬁ_lL
XII
cl
e CN
UL .
NT TN N—N
Pd(PPha)s, KaCOs { Vs
O
P>
N
N" H
Ruxolitinib
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©

©\D,CN

n-BuLi, THF, -78 °5.

cyanatobenzene

O—=

cyclopentylacetylene

D=

XIII

3-cyclopentylpropiclonitrile (XIII)

1. Rh(COD)(SSRR-Tang-Phos)BF,
Ha, CF3CHsOH, CH,Cly

].;j_ § NH2 ClsC Cl
O 3
7 Et;N, DMF
trichloroacetyl chloride

z
\

A\
0]
L tBu
O
XIV

{2£)-(4-{1-(3-amino-1-cyclopentyl-3-
oxoprop-1-enyl)-1H-pyrazol-4-yl)-7H-pyrrolo
[2.3-d]pyrimidin-7-ylmethyl pivalate (XIV)
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Xv

(R)-(4-(1-(2-cyano-1-cyclopentylethyl)
-1H-pyrazol-4-yl}-7 H-pyrrolo[2,3-d]
pyrimidin-7-ylymethyl pivalate (XV)

1. aq. NaOH, MeOH
2 H3PO,, iPrOH, 76 °C_
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Substances Referenced in Synthesis Path

CAS-RN Formula Chemical Name

3680-69-1  CeH4CIN3 4-chloro-7H-pyrrolo[2,3-d]pyrimidine

941685- C13H19CIN20Si  4-chloro-7-[(2-(trimethylsilyl)ethoxy]-methyl)-

26-3 7H-pyrrolo[2,3-d]pyrimidine

29410-08-4 C9H15N202 4-(4,4,5,5-tetramethyl-1,3,2-dioxaboro-
lan-2-yl)-1H-pyrazole

941685- Ci15H21N50Si 4-(1H-pyrazol-4-yl)-7-[(2-(trimethylsilyl)

27-4 ethoxy]methyl)-7H-pyrrolo[2,3-d]pyrimidine

CsH1IN 3-cyclopentylacrylonitrile

941685- C23H32N60Si  3-cyclopentyl-3-(4-(7-[(2-(trimethylsilyl)

40-1 ethoxy]methyl) 7H ||)yrrolo[2 ,3- d]Fyrlmldln-
4-yl)-1H-pyrazol-1-yl)propanenitrile

2075-45-8  C3H3BrN2 4-bromo-1H-pyrazole

118235- C8H120 (2E)-3-cyclopentylacrylaldehyde

51-1

930-51-8 C7H10 cyclopentylacetylene

591769- C8HoN 3-cyclopentylpropiolonitrile

05-0

1236033- C24H30N602 (2)-(4-(1-(3-amino-1-cyclopentyl-3-oxoprop-1-

18-3 enyl)-1H-pyrazol-4-yl)-7H-pyrrolo[2,3-d]|pyrim-
idin-7-ylymethyl pivalate

1146629-
80-2

C23H28N602 (R)-(4-ﬁ1-(2-cyano-1-cyc|opent lethyl)-1H-
pyrazol-4-yl)-7H-pyrrolo[2,3-d[pyrimidin-7-yl)

methyl pivalate

Trade Names

Country Trade Name Vendor
USA Jakafi Incyte Pharms.; Novartis, 2071
EU Jakavi Novartis, 2012

Formulations
tabs. oral; 5, 10, 15, 20 and 25 mg

References
Mesa, R. A. et al., Nature Reviews Drug Discovery, (2012) 11(2), 103-104.
b,c Lin, Q. et al., Org. Letters, (2009) 11(9), 1999-2002.

CAS Index Name

7H-Pyrr0IoF,3-d]pyrimidine,
4-chloro-7-[[2-(trimethylsilyl)ethoxy]methyl]-

7H- Pyrrolo 2,3-d]pyrimidine, 4-(1H-
zol-4-yl)-7 [2 (trimethylsilyl) ethoxyfmethyl]

1H-Pyrazole-1- propanenltrlle .beta. cKclopen-
tyl-4-[7-[[2-(trimethylsilyl) ethoxy]met yl]-7H-pyr-
rolo[2,3-d]pyrimidin-4-yl]-, (.beta.R)-

2-Propenal, 3-cyclopentyl-, (2E)-

Propanoic acid, 2,2-dimethyl-, [4-[1- [ﬁ1Z) -3-ami-
no-1- cyclopentyl -3-oxo-1-propen-1-yl]-TH-pyra-
zol-4-yl]-7H-pyrrolo[2,3-d|pyrimidin-7-yljmethyl
ester

Propanoic acid, 2,2-dimethyl-, [4-[1-[(1R)-2-cya-
no-1-cyclopentylethyl]-1H-pyrazol-4-yl]-7H-pyr-
rolo[2,3-d]pyrimidin-7-ylJmethyl ester

a US 7 598 257 (Incyte Corp.; 14.6.2007; appl. 12.12.2006; USA-prior. 13.12.2005).

US 8 415 362 (Incyte Corp.; 9.4.2013; appl. 12.6.2008; USA-prior. 13.12.2005).

d US 2010 0190981 (Incyte Corp.; 29.7.2010; appl. 14.1.2010; USA-prior. 15.1.2009).

salts of the JAK-inhibitor Ruxolitinib:

US 2008 312259 (Incyte Corp.; 18.12.2008; appl. 12.6.2008; USA-prior. 13.6.2007).

metabolites:

US 2008 0312258 (Incyte Corp.; 18.12.2008; appl. 12.6.2008; USA-prior. 13.6.2007).
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Thalidomide
o]
N (o]
NH
(o]
thalidomide Related review in Science
of Synthesis
* Imides (Diacylamines)

Synonyms: K-17, NSC-66847

ATC: LO4AX02

Use: anti-inflammatory, immunomodulator, blocker of TNF-production, sedative, treatment of ery-
thema nodosum leprosum

Chemical name: 2-(2,6-Dioxo-3-piperidinyl)-1H-isoindole-1,3(2H)-dione

Formula: Ci3H10N204

MW: 258.23 g/mol

CAS-RN: 50-35-1

InChl Key: UEJJHQNAC]XSKW-UHFFFAOYSA-N

InChl: InChl=1S/C13H10N204/c16-10-6-5-9(11(17)14-10)15-12(18)7-3-1-2-4-8(7)13(15)19/h1-
4,9H,5-6H2,(H,14,16,17)

EINECS: 200-031-1

LDso: >5000 mg/kg (M, p. 0.)

Find more APIs on ps.thieme.com @ Thleme
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Synthesis Path

0 0
pyridine, A
@0 + HzN"(_\COOH — n—CoOr

COCH COQH
0] 0
phthalic L-glutamic N-phthaloyl|-
anhydride (I) acid glutamic acid (II)
0 il 0
Acg0 HoN”~ "NH,

S O e, o
acetic urea (melt) NH
anhydride 00 00

N-phthaloylglutamic Thalidomide
anhydride

pyridine
1+ H2N4§:N\§O - » Thalidomide
O — e

a-omino-

glutarimide

© .

0 .
NH 2 9 NHz Acg0
1+ o @:(QN 2y Thalidomide
H
0]

N
27 cooH COOH

L-glutemine (III} N-phthaleyl-L-
glutamine (IV)

0 1. Na,CO4, Hy0
()—"CH3 2. HCI COl, DMAP {cat.), THF
N—{ + 1m —_— ¥ p | Thalidomide
0] 1,1*-carbonyl-
0 diimidazole

N-carbethoxy-
phthalimide
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Substances Referenced in Synthesis Path

CAS-RN Formula
108-24-7 C4H603
2353-44-8  (Cs5H8N202
22509-74-6  C11H9NO4
22509-74-6 C11H9NO4
56-86-0 C5H9NO4
56-85-9 Cs5H10N203
85-44-9 C8H403
6349-98-0 Ci13H11NO6
3343-28-0  C13H9NOs
3343-29-1 C13H12N20s
57-13-6 CH4N20

Trade Names

Country Trade Name
USA Thalomid

Formulations
cps. 50 mg

References

Chemical Name

acetic anhydride
a-aminoglutarimide
N-carbethoxyphthalimide

N-ethoxycarbonylphthali-
mide

L-glutamic acid
L-glutamine

phthalic anhydride
N-phthaloylglutamic acid

N-phthaloylglutamic anhy-
ride

N-phthaloyl-L-glutamine

urea

Vendor
Celgene, 1998

CAS Index Name

Acetic acid, anhydride

2,6-Piperidinedione, 3-amino-

2H-Isoindole-2-carboxylic acid, 1,3-dihydro-1,3-dioxo-, ethyl ester
2H-Isoindole-2-carboxylic acid, 1,3-dihydro-1,3-dioxo-, ethyl ester

L-Glutamic acid

L-Glutamine

1,3-Isobenzofurandione

Pentanedioic acid, 2-(1,3-dihydro-1,3-dioxo-2H-isoindol-2-yl)-
1H-Isoindole-1,3(2H)-dione, 2-(tetrahydro-2,6-dioxo-2H-pyran-3-yl)-
2H-Isoindole-2-acetic acid, a-(3-amino-3-oxopropyl)-1,3-dihydro-
1,3-dioxo-, (aS)-

Urea

Kunz, W. et al.: Arzneim.-Forsch. (ARZNAD) 6, 426-430 (1956).
cKing, F.E. et al.: ]. Chem. Soc. (JCSOA9) 1957, 873-880.
d Muller, G.W. et al.: Org. Process Res. Dev. (OPRDFK) 3, 139-140 (1999).
a GB 768 821 (Chemie Griinenthal; 20.2.1957).
b JP 5071 (Dainippon; 13.5.1960).

microwave promoted synthesis:

Seijas, |.A. et al.: Synthesis (SYNTBF) 7, 999 (2001).
intravenous administration form for treatment of immunologic diseases:
EP 908 176 (Griinenthal; appl. 18.9.1998; D-prior. 6.10.1997).

pharmaceutical comp. for the treatment of melanomas:
US 5 731 325 (Andrulis Pharm.; 24.3.1998; USA-prior. 6.6.1995).
use for treating neurocognitive disorders:
WO 9 517 154 (Andrulis Pharm.; appl. 22.12.1994; USA-prior. 23.12.1993).
treatment of rheumatoid arthritis:
WO 9 504 533 (Andrulis Pharm.; appl. 3.8.1994; USA-prior. 4.8.1993).

controlling abnormal concentration of TNF-a:
WO 9 214 455 (Rockefeller Univ.; appl. 14.2.1992; USA-prior. 14.2.1991).
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Tofacitinib

Me‘ “Q‘
N \n/\cu
o)
N -

\
Knlﬁ

tofacitinib

Synonyms: CP-690550; Tasocitinib
ATC: LO4AA29

Related reviews in Science of Synthesis

Pyrimidines

Nitriles

Reaction of Cyanoacetates
with Amidine Derivatives

Use: immunosuppressive, treatment of rheumatoid arthritis, Janus kinase 3 inhibitor
Chemical name: 3-[(3R,4R)-4-methyl-3-[methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino]

piperidin-1-yl]-3-oxopropanenitrile
Formula: CisH20NsO

MW: 312.4 g/mol

CAS-RN: 477600-75-2

InChl Key: UJLAWZDWDVHWOW-YPMHNXCESA-N
InChl: InChl=1S/C16H20N60/c1-11-5-8-22(14(23)3-6-17)9-13(11)21(2)16-12-4-7-18-15(12)
19-10-20-16/h4,7,10-11,13H,3,5,8-9H2,1-2H3,(H,18,19,20)/t11-,13+/m1/s1

Find more APIs on ps.thieme.com
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Synthesis Path

®

1. BF3.OFEty, THF

2. BH3. THF
3. CaCls, MeOH
= 1. BnCl, acetone 4. HoOo, NaCH
| 2 _NaBH;, FtOH 5. p-TsOH
N benzyl chloride N
Z “Bn
4-methylpyridine I

1. NHoCHg, EtOH, AcOH
2. NaBH,, THF, AcOH
3. HCI, EtOH

methylamine

1. 805 pyr, EtsN, DMSO
2. ag. NHa, toluene
- N
o

-

Bn
III

1-benzyl-4-methyl-piperidine-3-one (III)

»  Me

p-TsOH
N
HO Bn
II
;"’:
.2HCI
~ N\V Nx Bn

v

cis-N-benzyl-3-methylamina-4-methylpiperidine (IV)

cl l, i,
N7
||\ D N Me. W N Me. W NH

NN N Bn 4 H, PA(OH),/C, EtOH, MeOH

v 2. EtOAc, hexanes Z
EtsN, 100 °C N s \ 3. chiral HPLG . N I \
4-chloropyrrolo l\ | li‘-
2 3-d|pyrimidine (V x> N
[2.3-dlpy (V) N H N b
VI VII

(1-benzyl-4-methyl-piperidin-3-yl)-methyl-
7H-pyrrolo[2,3-d]pyrimidin amine (V1)

(4-methylpiperidin-3-yl)-methyl-(7 H-
pyrrolo[2,3-d]pyrimidin-4-yl) amine (VII)

,lk/cm
cl

pyridine, CH.Cl»

cyanoacetic acid chloride

/1,‘-
Me . N
\N\‘ j]/\CN
O
L
=
N
N™H
Tofacitinib
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@ alternative route for cis- N-benzyl-3-methylamino-4-methylpiperidine (1V):

1. Hz, 5% Rh/C, HCI, MeOH

= 2. toluene
1. {(MeO,C)p0, +BuCK | 3. PhCHO, NaHB{OAc);
x 2. H3POy, HaO P 4. aq. NaOH
| 3. toluene HN 5. HCI
N -
HoNT NP él\
2 0% “OMe
3-amino-4-methyl-pyridine VIII
l;,‘_
1. NaOH, MTBE u,
. 2. dibenzoyl-L-tartaric acid ! DHCI
HN\‘ N\Bn 3. LiAlH4, THF Me Cl\l
4. Hcl, iPrOH - \.H\\' “Bn
O OMe
IX v
1-benzyl-4-methyl-piperidin-
3-yl-methylamine
@ synthesis of starting material V:
S
OEt
B Y o HQN’U\NHQ
O OFt OEt 1. NaOEt, EtOH
Jj\/ CN K2COs3, Nal E1O 2. AcOH
EtO CN OFt thiourea
ethyl cyanoacetate X
OH CH Cl
OFEt 1 RaNi, ag. NH
r‘i = oral |\i YA POCh, iPrNEL, toluene . Nl A\
/J\ P OEt I\ Z l\ Z~N
HS” "N~ “NH; NT N N
H H
XI XII v
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@ optimized process:
/.
Cl Cl Mey Neg,

H
v
l\i = \ p-TsCl, NaOH, acetone |\|L N \ K2CO5, HO .
- = -
N
v X e
/1,. 1,
Me ,C\IJ Me \O\IH
NY “Bn NY
N/ \ NaOH N/ \
K K
v :
Ts
XIV VII
O
Meo N
N \r\cN
— NZ N\ ©
—
N"H
Tofacitinib
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@ robust process for the manufacture of Tofacitinib citrate:

N O

. N.
NY Bn
H

2HCI

Cl Me
v
|\|| o~ N\ K2COs, HaO
P
o NT R cl
XV
2 4-dichloropyrrolopyrimidine (XV)
f;,"
O
Me\ 3" NH J"\/CN
N® EtO
1. DBU, BuOH

K\

~
N N
N
N™ H

VII

2. citric acid, MeCN, H,Q

ethyl cyanoacetate

@ synthesis of building block XV:

o} G,/\rr"' OH

(o]
HN NaOAc, HaO N7
)\ | — )\\ | \
0% N7 “NH» HO” °N” N
H H
XVII
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1. Ha, Pd{OH)s, HCI, H20O
2. NaOH, extr. BuOH
\ 3. wash with HO

[
-

Tofacitinib citrate
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Substances Referenced in Synthesis Path

CAS-RN Formula
108-89-4 CeH7N 4-methylpyridine

34737-89-8 CioH19NO  1-benzyl-4-methyl-piperidine-3-one

Chemical Name

1062580- C11H24N2  cis-N-benzyl-3-methylamino-4-meth-

52-2 ylpiperidine

3680-69-1 Ce6H4CIN3  4-chloropyrrolo[2,3-d]pyrimidine

1206825- C17H27Ns  (1-benzyl-4-methyl-piperidin-3-yl)-methyl-  7H- Pyrro|0[2

40-2 7H-pyrrolo[2,3-d]pyrimidin amine N-[(3R,4R)-4
idinyl]-, rel-

1206825- C13H19Ns  methyl-(4-piperidin-3-yl)-(7H-pyrrolo[2,3-d] 7H-Pyrrolo[2,3-d]

36-6 pyrimidin-4-yl) amine [(3R,4R)-4-methyl-3

16130-58-8 C3H2CINO  cyanoacetic acid chloride

3430-27-1 CeH8N2 3-amino-4-methyl-pyridine

105-56-6 CsH7NO2  ethyl cyanoacetate

62-56-6 CH4N2S thiourea

90213-66-4 CeH3CI2N3  2,4-dichloropyrrolopyrimidine

Trade Names

Country Trade Name Vendor
USA Xeljanz Pfizer, 2012

Formulations
tabs., 5 mg as citrate

References

a+b Flanagan, M. et al., J. Med. Chem., (2010) 53, 8468.
Ripin, D. H. B. et al., Org. Process Res. Dev., (2003) 7, 115-120.
c Davoll, J. et al., J.Chem. Soc., (1960) 82, 131-138.

d-f Vaidyanathan, R., Org. Process Res. Dev. Conference, 9.-11. September 2009, Lisbon/Portugal.

Price, K. E. et al., Org. Lett., (2009) 11, 2003-2006.

Jiang, J. K. et al., J. Med. Chem., (2008) 51, 8012.

US 2001 0053782 (Pfizer; 20.12.2001; appl. 8.12.2000; USA-prior. 10.12.1999).

US 2007 02924430 (Pharmacia; 20.12.2007; appl. 27.7.2007; USA-prior. 10.12.1999).
US 7 265 221 (Pfizer; 4.9.2007; appl. 23.6.2006; USA-prior. 10.12.1999).

US RE 41783 (Pfizer; 28.9.2010; appl. 13.10.2009; USA-prior. 10.12.1999).

US 7 301 023 (Pfizer; 17.4.2003; appl. 23.5.2002; USA-prior. 6.12.2001).

asymmetric total synthesis:
Marican, A. et al., THL, (2013) 54(37), 5096-5098.

novel crystalline compound:
US 6 965 027 (Pfizer; 10.7.2003; appl. 4.12.2001; USA-prior. 6.12.2001).

crystalline and non-crystalline forms of Tofacitinib and pharmaceutical compositions:
US 2012 137111 (Pfizer; 11.10.2012; appl. 29.3.2012; USA-prior. 8.4.2011).

processes for preparing salts:
US 2012 135338 (Teva; 4.10.2012; appl. 28.3.2012; USA-prior. 28.3.2011).

combinations with kinase inhibitor:
US 2009 0156602 (Novartis; 18.6.2009; appl. 22.11.2005; USA-prior. 24.11.2004).

pharmaceutical compositions:
US 2012 195933 (Stefan, R. et al.; 2.8.2012; appl. 27.1.2012; USA-prior. 27.1.2011).

tofacitinib salts:

CAS Index Name

pyrimidin-4-amine, N-methyl-
h I -1-(phenylmethyl)-3-piper-

imidin-4-amine, N-methyl-N-
-piperidinyl]-, rel-

WO 2013 090490 (Ratiopharm/Teva; 20.6.2013; appl. 13.12.2012; USA-prior. 15.12.2011).
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