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Gefapixant Citrate: A Merck Process Green 
Synthesis Case Study
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Merck processes have received the 
EPA/ACS Green Chemistry Challenge 
Green Synthetic Pathways award 5 

times (2005, 2010, 2017, 2018, 2019)

“The ideal, green, and sustainable active 
pharmaceutical ingredient (API) manufacturing route 
has the aspirational goal of a “zero-waste” process. 
This goal is enabled by an innovative, green-by-design, 
development strategy to progress from initial route 
design through to a fully optimized and sustainable 
commercial manufacturing process… In our experience, 
the greenest manufacturing processes require explicit 
design of all aspects, including starting with the 
synthetic route. Hence, the strategy commences with 
route exploration to identify the most direct method to 
convert commodity chemicals into API, in accordance 
with the principles of green chemistry. Once the most 
direct route is prioritized, the application of new and 
enabling technologies, and the discovery of new 
methods, are often required as aspirational routes are 
rarely a sequence of well-known transformations. With 
the proof of concept for this route established, we turn 
to the core drivers of process development to translate 
this synthetic route into an efficient and robust 
process.”
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! Discovered by Roche (2009)
! Treatment of chronic cough
! P2X3 antagonist (nM activity)
! First drug acting on a P2 receptor
! -pixant generic drug sufix
! Gefa- prefix given in honor of Geoff 

Burnstock P2 receptor pioneer (1929-
2020)
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OH

MeO

1) AcCl, MeCN

2) TfOH, 100 ûC

65% Yield

OH

MeO

OMe
1) MeMgCl

2) HCl, H2, Pd/C

96% Yield
PMI = 127

OH

MeO

Me Me ClCH2CN
45% KOH

DMSO, 10-85 ûC

88% Yield
90% Conversion

O

MeO

Me Me

CN

CME (5)432

BredereckÕs
reagent

DMF, 100 ûC

O

MeO

Me Me

CN

NMe2

NMe2PhNH2áHCl

120 ûC
O

MeO

Me Me

CN

NHPh

NH2H2N

NH

1/2 H2CO3

DMF, 120 ûC

58-63% Yield from 5
PMI = 88

O

N

N

Me Me

MeO NH2

7

HOSO2Cl

Sulfolane

O
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MeO NH2

1) POCl3
    sulfolane

2) NH3, MeOH

75% Yield
over 2 steps
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SO O
NH2

SO O
OH

8 9ásulfolane

(1) HCl, EtOH
     then NH4OH

(2) HCl, EtOH
         then NH4OH

     80% Yield
     (2 recrystallizations)
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citric acid

IPA, 60 ûC

95% Yield
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TfOH at high 
temp. DMSO at high temp.

+ Bredereck’s reagent

HOSOKCl, POClO, 
and sulfolane

Use of aniline

Multiple 
recrystallizations
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1) AcCl, MeCN

2) TfOH, 100 ûC

65% Yield
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1) MeMgCl

2) HCl, H2, Pd/C

65% Yield
PMI = 127
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KOH
ethylene glycol+

315 ûC

3 min
75% Yield
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3 min
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+

1.5 equiv

Re2(CO)10 (2.5 mol%)

mesitylene, 160 ûC, 48 h

OH

nC8H17nC8H17

Stoltz (2017)

R
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radical pair

cylcometalation
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Me

OH

MeO

OMe

MeO

nC6H13(3 equiv.)

Re2(CO)10
(2.5 mol%)

toluene
140 ûC, 24h

+ OH

MeO

nC6H13Me

1 equiv 1 equiv
only product

D
nC8H17

D
OH

MeO

nC6H13H

D
D

nC8H17
OH

MeO

nC6H13Me

D

D

only product only product

nC8H17

DD

only product

DD

OH

MeO H/D

H/D

Cond. Cond.

Cond.
Cond. OH

MeO H/D

nC6H13H

H
D/H

KIE = KH / KD = 1.39

Kuninobu, Y.; Yamamoto, M.; Nishi, M.; Yamamoto, T.; Matsuki, T.; Murai, M.; Takai, K. Org. Synth. 2017, 94, 280−291
Dan Lehnherr, Xiao Wang, Feng Peng, Mikhail Reibarkh, Mark Weisel, and Kevin M. Maloney; Organometallics 2019 38 (1), 103-118
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1-octene
bp = 122 ûC

Me
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bp = -48 ûC
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+
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Re2(CO)10 (2.5 mol%)
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OH
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+

1.5 equiv

Re2(CO)10 (2.5 mol%)

mesitylene, 160 ûC, 48 h

OH

nC8H17nC8H17

OMe OMe 99% Yield

Propene (250 psi )
Re2(CO)10 (0.5 mol%)

toluene, 150 ûC

91% Yield
100 g scale
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Re2(CO)10 = $36,000/kg
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20 mol% CuBr

DMF

75% Yield

OH

MeMe

MeO

11 410

OH

MeMe

10

O

MeMe

H

N

O

O

Br

NBS

toluene

NBS

MeCN

O

MeMe

H

N

CH3

N
Br

OO

OH

MeMe

Br

OH

MeMe

Br

OH

MeMe

OH

MeMe

Br BrBr

OH

MeMe

Br

11

+ +

12 13

:/2;#"%$#2"'2<'=>

8

reagent solvent !! (LCAP) !" (LCAP) !" (LCAP)
BrK CHKClK 85.0 7.0 8.0
NBS MeCN 96.0 1.8 2.2
NBS toluene 25.0 73.0 2.0

HBr + HKOK MeCN 93.0 1.0 6.0
PyHBrO toluene 94.0 4.0 2.0
PrHBrO MeCN 88.0 1.5 10.5

NBS MeCN + 1% MSA 95.0 1.0 2.0

Organic Process Research & Development 2020 24 (11), 2453-2461
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MeMe
NBS

MeCN

 93% Yield

OH

MeMe

Br

NaOMe (2 equiv)
20 mol% CuBr

DMF

75% Yield

OH

MeMe

MeO

11 410

+
OH

Me
Me

MeO

HO
Me

Me

OMe14

OH

MeMe

Br

DHP
1 mol% CSA

OTHP

MeMe

Br

11 15

DMF

5 mol% CuBr
NaOMe (4.5 equiv)

DMF, 86 ûC

then HCl (aq.)

96% AY
50g scale

OH

MeMe

MeO

4

mp: 35 ûC

+    14
DABCO

OH

MeMe

Br

16

mp = 96 ûC

á 1/2 DABCO

OH

MeMe
NBS (1 equiv)
MSA (1 mol5)

DABCO (0.5 equiv)

11

MeCN

90 kg scale
92% IY

OH

MeMe

Br

16

mp = 96 ûC

á 1/2 DABCO

Organic Process Research & Development 2020 24 (11), 2453-2461
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> 3 Tons to date

! 4 steps down to 2
! PMI from 127 to 23
! 62% to 88% Yield
! No TfOH or Pd/C

Organic Process Research & Development 2020 24 (11), 2453-2461
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OH

MeO

Me Me ClCH2CN
45% KOH

DMSO, 10-85 ûC

88% Yield
90% Conversion

O

MeO

Me Me

CN

CME (5)4

DMF, 100 ûC
O

MeO

Me Me

CN

NMe2

NMe2 PhNH2áHCl

120 ûC
O

MeO

Me Me

CN

NHPh

NH2H2N

NH

1/2 H2CO3

DMF, 120 ûC

58-63% Yield from 5
PMI = 88
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N
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BredereckÕs
reagent

t-BuO
NMe2

NMe2

BredereckÕs reagent
(>$1700/Kg)

6

OH

MeO

Me Me base
ClCH2CN

NMP, 0 ûC
additive

O

MeO

Me Me

CN

CME (5)4

5 + t-BuO
NMe2

NMe2

! G = -7.0 kcal/mol

>98% conversion
O

MeO

Me Me

CN

NMe2

+ Me2NH

+ t-BuOH

5 + Me2N
OMe

OMe

! G = +1.5 kcal/mol

<1% conversion
O

MeO

Me Me

CN

NMe2

+ 2 MeOH

DMF-DMA

6a

6a

NH2

B6/#;#8#"*'(6"$C*3#3

11

entry base additive conversion (%)
1 KO!-Bu - 73
2 NaO!-Bu - 81
3 LiO!-Bu (lot 1) - >99
4 LiO!-Bu (lot 2) - 88
5 LiO!-Bu (lot 2) 10 wt% HKO >99
6 LiOH 70
7 LiOH 10 wt% HKO >99
8 NaO!-Bu 10 wt% HKO >99
9 KO!-Bu 10 wt% HKO >99

10 50 wt % NaOH >99
11 50 wt % NaOH >99 (97%)
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N N
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N N
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O

MeO

Me Me

CN

CME (5)

N
H DMF-DMA
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guanadineáHCl

NMP, 120 ûC

75% Yield
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one-pot approaches
x

DMF-DMA, pyrrolidine NMP, 105 ûC
then guanadineáHCl, NaOt-Bu, NMP, 120 ûC

NH2

Me2N
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! G = -2.2 kcal/mol
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O
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O
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O
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1) Polar-aprotic solvents yield best 
results

2) Strong bases required for full 
conversion (K/NaO-!Bu, KHMDS)

3) K counterion is essential
4) Low-temp. inhibits dimer formation
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Me Me
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CME (5)
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O

OEt

KOt-Bu

NMP
+ O

MeO

Me Me

CN

O-

+

O

MeO

Me Me

CN

H2N

O

OMe

5-dimer

O

MeO

Me Me

CN

CME (5)

H

O

OEt

KOt-Bu

NMP
+ O

MeO

Me Me

CN

O-

+  CO

X equiv.  (X + Y) equiv.

18

18

X equiv. Y equiv.

14

entry
KO!-Bu 
(equiv)

HCOKEt 
(equiv)

!#
(LCAP)

$%&'()*
(LCAP)

$+,-.+
(LCAP)

1 1.0 2.0 76.0 1.1 19.9
2 1.5 2.0 93.9 1.5 3.7
3 2.3 2.0 98.5 1.0 0.0
4 2.3 1.5 95.4 3.6 0.0

250 kg of CME would generate 75lbs of CO (4lbs/h maximum)
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MeO

Me Me

CN

18

H O-

Grì HCl

115 ûC
15 h

O

N

N

Me Me

MeO NH2

7

+ O

N N

N

Me Me

MeO

19

NH2

NH2

NH2

E,%"#8#"*'B/2-*/$#*3

15

entry guanidine (equiv) / (LCAP) !0 (LCAP)
1 2.0 75.0 11.1
2 3.0 87.2 6.6
3 4.5 89.5 4.9
4 6.0 92.0 3.1
5 8.0 93.5 2.1
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A(8"9)&@$)&:(,:#,B+&$C&(",D:+E$)&:(

16

A.  13C-ethyl formate study

O

MeO

Me Me

CN

CME (5)

H
13C

O

OEt

KOt-Bu

NMP
+ O

MeO

Me Me

CN

13C
OK

H2N

NH

NH2

rì HCl

NMP, 115 ûC

O

13C
N

N

Me Me

MeO NH2

13C-7

+ O

Me Me

MeO

19
No 13C incorporation

B.  15N-CME study

O

MeO

Me Me

CME (5)

H

O

OEt

KOt-Bu

NMP
+ O

MeO

Me Me

C15N

OK

H2N

NH

NH2

rì HCl

NMP, 115 ûC

O

N

N

Me Me

MeO NH2

15N-7

+

19
No 15N incorporation

15N

NH2

15NH2

C.  13C-guanidine study

O

MeO

Me Me

CN

CME (5)

H

O

OEt

KOt-Bu

NMP
+ O

MeO

Me Me

CN

OK

H2N
13C

NH

NH2

rì HCl

NMP, 115 ûC

O

N
13C

N

Me Me

MeO NH2

13C-7

+

19
13C incorporated twice

NH2

N

NN

NH2

NH2

O

Me Me

MeO

N

NN

NH2

NH2

O

Me Me

MeO

N
13C

N
13C

N

NH2

NH2
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H2N

NH

NH2

+ gunadine

- NH3 H2N

NH

N
H

NH

NH2

G BG

H2N

NH

OR

isourea

+ ROK
- NH3

+ guanidine
- OR

O

MeO

Me Me

CN

OK

Grì HCl
BGrì HCl

115 ûC
15 h

7  +

18 19

H2N

NH

NH2

rì HCl 115 û C

NMP H2N

NH

N
H

NH

NH2 H2N

NH

N
H

NH

NH2

rì HCl
115 û C

NMP H2N

NH

NH2

H2N

NH

NH2

rì HCl EtOH or t-BuOH

NMP, 115 ûC H2N

NH

N
H

NH

NH2

KOEt or KOt-Bu

NMP, 115 ûC H2N

NH

NH2

rì HCl

H2N

NH

NH2

EtOH or t-BuOH

NMP, 115 ûCH2N

NH

N
H

NH

NH2

KOEt or KOt-Bu

NMP, 115 ûC H2N

NH

N
H

NH

NH2

O

Me Me

MeO

N

NN

NH2

NH2

rì HCl rì HCl

equiv of
entry 7 GHCl BGHCl 7:9

1 1 0 3 1.9:1
2 1 0 6 1.3:1
3 1 0 9 1.2:1
4 1 3 3 4.5:1
5 1 3 6 3.6:1
6 1 3 9 3.3:1
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1 equiv 5
+ 2 equiv
HCO2Et
in NMP

add

to
2.25 equiv

KOt-Bu
in NMP

-12 to -8 ûC

8 - 10 h
O

MeO

Me Me

CN

OK
18

Grì HCl
(8 equiv)

Cool to 90 ûC add H2O
(2 V relative to NMP)

115 ûC
6 h

Seed at 85 ûC
Cool to 15 to 20 ûC

88-94% Yield
>97% LCAP
250kg scale

O

N

N

Me Me

MeO NH2

7

PMI = 22

NH2

O

N

N

Me Me

MeO NH2

NH2

rì NMP
O

N

N

Me Me

MeO NH2

NH2
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KOt-Bu

O

MeO

Me Me

CN

CME (5)
CME anion

productive

HCO2Et

unproductive
-CO

KOEt
+

ROH

5

productive

HCO2Et

unproductive
-CO

HCO2Et
Aldehyde

KOt-Bu

or 
KOEt

O

MeO

Me Me

CN

OK
18

O

N

N

Me Me

MeO NH2

7

NH2Grì HCl
(8 equiv)
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Scaled-up Scaled-up

Scaled-out
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O

N

N

Me Me

MeO NH2

7

HOSO2Cl

Sulfolane

O

N

N

Me Me

MeO NH2

1) POCl3
    sulfolane

2) NH3, MeOH

75% Yield
over 2 steps

O

N

N

Me Me

MeO NH2

SO O
NH2

SO O
OH

8 9ásulfolane

(1) HCl, EtOH
     then NH4OH

(2) HCl, EtOH
         then NH4OH

     80% Yield
     (2 recrystallizations)

á SO2

O

N

N

Me Me

MeO NH2

SO O
NH2 9

NH2

NH2 NH2

NH2

PMI = 52 + 27/recrystallization

O

N

N

Me Me

HO NH2

SO O
NH2

NH2

O

N

N

Me Me

HO NH2

SO O
NHMe

NH2
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! HSO3Cl and POCl3 
! Sulfolane (bp = 285 ˚C, Class II solvent

! Multiple recrystallizations 
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O

N

N

H2N Me

MeO NH2

7

NH2
NH2S

O

O
Cl

TfOH (10 equiv)

DCE, 50 ûC

H2N S
O

O
Cl

AlCl3 (3 equiv)

DCE, 50 ûC

O

N

N

H2N Me

MeO NH2

NH2

O

N

N

H2N Me

MeO NH2

NH2

SO O
NH2

S OO
Cl

9Cl-9

O

MeO

Me Me

CN

NHPh

6

H2N
14C

NH

NH2

rì HCl

46% RCY

O

N
14C

N

H2N Me

MeO NH2

14C-7,  46 mCi

NH2

H2N S
O

O
Cl

AlCl3 (3 equiv)

DCE, 50 ûC

O

N
14C

N

H2N Me

MeO NH2

NH2

SO O
NH2

14C-9,  21 mCi
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N

Me Me

MeO NH2

NH2 O

N

N

Me Me

MeO NH2

SO O
X

NH2

conditions

room temp, 1 h

7 X = OH or Cl

O

N

N

Me Me

MeO NH2

NH2 O

N

N

Me Me

MeO NH2

SO O
NH2

NH2
HSO3Cl
additive

MeCN (3 V), 0 ûC
then NH4OH

7

O

N

N

Me Me

MeO NH2

NH2
O

N

N

Me Me

MeO NH2

NH2

Cl S
OHO

+ +

9 20 21

O

N

N

Me Me

MeO NH2

SO O

Cl

NH2

NH4OH (aq.)

temp

O

N

N

Me Me

MeO NH2

SO O
X

NH2

X = NH2 or OH
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entry solvent equiv HSOOCl conversion ration 123,4
1 sulfolane 3 100 98:2
2 DMAc 3 <5 nd
3 DMSO 3 <5 nd
4 NMP 3 <5 nd
5 MeCN 3 100 30:70
6 MeCN 4 100 6:94
7 MeCN 5 100 1.6:98.4

entry conditions 0 (LCAP) "5 (LCAP) "! (LCAP)
1 99% HSOOCl (supplier A) 93.0 0.2 0.2
2 99% HSOOCl (supplier B) 80.6 4.1 3.7
3 99% HSOOCl + 1 equiv SOKClK 32.0 22.0 21.0
4 99% HSOOCl + 20% DMB 93.0 0.9 2.3

entry temp (˚C) 62 ! (LCAP) 12 (LCAP)
1 0 89.9 1.0
2 15 87.0 5.4
3 30 82.5 11.3
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O

N

N

Me Me

MeO NH2

NH2 O

N

N

Me Me

MeO NH2

SO O
NH2

NH2
HSO3Cl, MeCN

-10 ûC then 45 ûC

16 h then NH4OH

7

O

N

N

Me Me

MeO NH

NH2

+

9 22 O

NaOH, H2O, 2 h
then 2 M citric acid

PMI = 22

O

N

N

Me Me

MeO NH2

SO O
NH2

NH2

9

2nd Gen Process

Multiple 440 kg batches
90-94% isolated yield

>98.5% purity

O

N

N

Me Me

MeO NH2

7

HOSO2Cl

Sulfolane

O

N

N

Me Me

MeO NH2

1) POCl3
    sulfolane

2) NH3, MeOH

75% Yield
over 2 steps

O

N

N

Me Me

MeO NH2

SO O
NH2

SO O

OH

8 9ásulfolane

(1) HCl, EtOH
     then NH4OH

(2) HCl, EtOH
         then NH4OH

     80% Yield
     (2 recrystallizations)

á SO2

O

N

N

Me Me

MeO NH2

SO O
NH2 9

NH2

NH2 NH2

NH2

PMI = 52 + 27/recrystallization

O

N

N

Me Me

HO NH2

SO O
NH2

NH2

O

N

N

Me Me

HO NH2

SO O
NHMe

NH2
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Me Me

MeO
S OO
NH2

NH2

á
HO OH

OO

OH

O OH
NH2
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O

N

N

Me Me

MeO

S OO
NH2

NH2

NH2
glycolic acid
(3.5 equiv)

12 V MeOH
60 ûC

á

O

N

N

Me Me

MeO

S OO
NH2

NH2

NH2

HO

O
OH

9

Gefapixant free base
Solubility in MeOH = 2mg/mL

Gefapixant glycolate
> 100mg/mL

citric acid
(2 equiv)

in IPA
room temp.

90% Yield

O

N

N

Me Me

MeO

S OO
NH2

NH2

á
HO OH

OO

OH

O OH
NH2

Gefapixant citrate
11 mg/mL
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OH

NBS
1 mol% MSA

MeCN

92% Yield

PMI = 9

OH

MeMe

Br
á 1/2 DABCO

NaOMe
5 mol% CuBr

DMF

92% Yield

OH

MeMe

MeO

aq. NaOH
ClCH2CN

NMP/toluene

97% Yield

PMI = 18

O

MeMe

MeO

CN

10 16 4 5

HCO2Et
t-BuOK, NMP

then

guanidineáHCl

86% Yield

PMI = 9

O

N

N

Me Me

MeO NH2

7

NH2
HOSO2Cl

MeCN
then NH4OH

91% Yield

PMI = 22

O

N

N

Me Me

MeO NH2

NH2

S OO
NH2 9

glycolic acid
MeOH

then co-feed
citric-acid, IPA

93% Yield

PMI = 20

O

N

N

Me Me

MeO

S OO
NH2

NH2

á
HO OH

OO

OH

O OH

NH2

! PMI = 78 (500% reduction)
! 60% overall yield (up from 16%)

! 600% reduction in raw materials cost
! > 300 kg of API made as of 2020


