Gefapixant Citrate: A Merck Process Green
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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... 8,$; . +§#B3#+# , 14)$
[ HEHHE #-AT L1, 2834 1 -#-5HHC B3 (H1/S
&#-*,8;:8"(($"-3#1/-) 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, /"#5"33(f1"/%; ,§; 8, #725" , &S
#, 00, *H#L", S (5 HH-)8", &/ HIRY-1; 2#+D8 5 18, #728

AH[" ;&) +#8; /# , SHHC &S -$" -3, " ($+; L H-STHA
+7 (DS S-#C . #, 1455 $2#(CE, ; 2,8/+" ,-1;+4 " [b; , -BWith
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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Merck processes have received the
EPA/ACS Green Chemistry Challenge
Green Synthetic Pathways award 5

times (2005, 2010, 2017, 2018, 2019)
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| Discovered by Roche (2009)

| Treatment of chronic cough M AME T

| P2X3 antagonist (nM activity) Jg;fo )

| First drug acting on a P2 receptor Meoo=§=o v
| -pixant generic drug sufix szefapixam

| Gefa- prefix given in honor of Geoff
Burnstock P2 receptor pioneer (1929-
2020)
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OH 1) AcCl, MeCN I 1) MeMgCl e e CleHCN e
cCl, Me e 0,
/@/ ) oH ) g OH 45% KOH o__CN
MeO 2) TfOH, 100 GC 2) HCI, H,, Pd/C DMSO, 10-85 (C
65% Yield Meo 96% Yield MeO 88% Yield MeO
= 0, i
2 3 PMI =127 4 90% Conversion CME (5)
TfOH at high
temp. DMSO at high temp. Bredereck®s| pyiE 100 4G
+ Bredereck’s reagent reagent
Me Me J\JT M M M
e e e
NH2 z NM62
HOSO,CI oL H,N~ “NH, 1/, H,CO5 o on PhNH,&HCI
Sulfolane | i DMF, 120 GC \[ 120 GC NMe,
MeO N~ > NH MeO NHPh MeO
2 58-63% Yield from 5
PMI = 88
7 6 o
Use of aniline
M M Me Me Me Me
S~V NH, NH, NH,
o 1) POCl, o (1) HCI, EtOH o M
| \)N\ sulfolane | \)N\ then NH,OH | \/’\t citric acid
1
MeO N” > NH, 2) NH3, MeOH MeO N” > NH, (2) HCI, EtOH MeO N” >NH, IPA, 60 (C
—e— —q= then NH,OH -
0=$=0 75% Yield 0=3=0 é_\jso2 0=3=0 95% Yield
OH over 2 steps NH; 80% Yield NH;
- 8 - 9&ulfolane (2 recrystallizations) 9
HOSOCI, POClo Multiple
and sulfolane recrystallizations
11} i 1 *Il 1 11} 11} 11} 1 **
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Rez(Co)lo (25 mol%)

Stoltz (2017)
OH
OH OH |
| Re,(CO)yp (2.5 mol%) +
| A + n . R A nC8H17 nC8H17
v CgH17 mesitylene, 160 0C, 48 h | y 15 equiv
R 1.5 equiv “R OMe '

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

"CgH17

mesitylene, 160 0C, 48 h

OMe  99% Yield

Me nC6H13
H H OH OMe (3 equiv_) \/nCeHls
A o o
H 8 [Re] MeO MeO Rey(CO)1g
= (2.5 mol%) MeO
1 equiv 1 equiv 1;8'32“34'1
MeO ’ only product
Friedel-Crafts
D
D D
D Cond. H NCgHy7 Cond.
D)\/"CSHN - OH \1/ - OH
D
H . Ar
+
H Y\ R -[Re] MeO MeO
H only product only product
radical pair
H
DD D/H nC.H
Me H/D H 6113
[Re] \B<D Cond. "CeHa3 oH Cond oH
; A - = OH - .
_O* "CgH17
MeO MeO H/D MeO H/D
only product
cylcometalation KIE =Ky/ Kp=1.39



Stoltz (2017)

OH OH
‘ Rez(co)lo (25 mol%)
| DR : Ny "CgHy;
= CgH17 mesitylene, 160 (C, 48 h | y
R 1.5 equiv “R
Re,(CO)1o

H
H
H R +CO || -CO
MeO
OH
Re,(CO)x OH
MeO / Ho2
OMe
R ReZ(CO)x(Z)y
[Re],
H
H H HO

OMe MeO
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H HO [R?]Zn
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H
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H
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Dan Lehnherr, Xiao Wang, Feng Peng, Mikhail Reibarkh, Mark Weisel, and Kevin M. Maloney; Organometallics 2019 38 (1), 103-118
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OH
Re,(CO)4g (2.5 mol%)

. _ "CgH17
mesitylene, 160 GC, 48 h

OMe  99% Yield

OH Me
Re,5(CO)4g (2.5 mol%)

NCgH
toluene, 135 C, 48 h g

7% Yiel
97% Yield OMe

L

1-octene propene
bp = 122 GC bp = -48 GC

Propene (250 psi) Me.__Me
Re,(CO)4 (0.5 mol%) oH

toluene, 150 GC

) MeO
91% Yield

100 g scale

Re,(CO)4, = $36,000/kg

Kuninobu, Y.; Yamamoto, M.; Nishi, M.; Yamamoto, T.; Matsuki, T.; Murai, M.; Takai, K. Org. Synth. 2017, 94, 280-291



Me Me Me Me

NBS
OH
MeCN
93% Yield Br
10 11
Me Me Me Me Me Me
OH . OH . OH
Br Br Br Br
11 12 13
Bry CH,Cl¢ 85.0 7.0 8.0
NBS MeCN 96.0 1.8 2.2
NBS toluene 25.0 73.0 2.0
HBr + H Oy MeCN 93.0 1.0 6.0
PyHBrg toluene 94.0 4.0 2.0
PrHBrq MeCN 88.0 1.5 10.5
NBS MeCN + 1% MSA 95.0 1.0 2.0
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Me.__Me Me._Me NaOMe (2 equiv) Me.-Me Me Me OHHO Me Me
0,
OH NBS OH 20 mol% CuBr OH "
95e
93% Yield Br 75% Yield MeO
10 1 4 MeO 14 OMe
5 mol% CuBr
Me.__Me DHP Me.___Me NaOMe (4.5 equiv) Me.__Me Me.__Me
1 mol% CSA DMF, 86 (C DABCO
OH OTHP OH P R S——— OH
DMF then HCI (aq.) 41/2 DABCO
Br Br 96% AY MeO Br
11 15 50g scale 4 16
mp: 35 4C mp =96 GC
NBS (1 equiv) Me___Me
Me.__Me MSA (1 mol5)
DABCO (0.5 equiv) OH
OH £
MeCN al/2 DABCO
Br
90 kg scale 16
11 92% IY
mp =96 0C e
A -
a. Crystallization at 60 °C b. Crystallization at 30 °C
9
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1 equiv. NBS

Me._Me 1 mol% MSA Mo Mo
oy 0.5 equiv. DABCO oH _
MsGN -1/2 DABCO
90 kg scale Br
1 92% IY 16
99.8 LCAP

Reaction Conversion

60%
/ «=@== Bromophenol-DABCO + DMF

50%

40%
=1\ e=fil= Bromophenol + DABCO

30%

A

== Bromophenol + DMF

conversion

20%

10%
0 «=3¢= Bromophenol

0% B
0 50 100

time (mins)
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5 mol% CuBr Me Me
4.5 equiv. NaOMe OH
DMF, 82 °C, 14 h

120 kg scale MeO

95% AY 4

98.8 LCAP, 11 ppm Cu
> 3 Tons to date

I 4 steps down to 2
PMI from 127 to 23

I 62% to 88% Yield

I No TfOH or Pd/C
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Me . -Me CICH,CN Me-Me Me _Me Ve Me.__Me
45% KOH DMF, 100 0C 2 PhNH,aHClI
OH O_CN o _— o._CN
N ~ NMe
DMSO, 10-85 (iC BredereckOs 2 120 0C |
reagent CN
Meo 88% Yield MeO MeO MeO NHPh
A .
4 90% Conversion CME (5) NMe, 6
t-Bu0—(
NMe, NH
BredereckOs reagent L
(>$1700/Kg) H,N” “NH,
Me Me
NH2 1/2 H2CO3
o)
-— | \/I\Il\ DMF, 120 GC
Me Me Me Me -~ _
Clg?ﬂs%N MeO N NH, 58-63% Yield from 5
OH 2 O._CN PMI = 88
NMP, 0 GC 7
MeO additive MeO
4 CME (5)
| Me Me
1 KO!-Bu - 73 NMe, | G = -7.0 kcal/mol + Me,NH
2 NaO!-B B, 81 5+ tBuo—( O._CN 2
a0!-Bu NMe, >98% conversion | +t-BUOH
3 LiO!-Bu (lot 1) - >99 MeO NMe,
4 LiO!-Bu (lot 2) - 88 6a
5 LiO!l-Bu (lot 2) 10 wt% H,0 >99
6 LiOH 70 Me. Me
7 LiOH 10 wt% H,O >99 " N%OMe | G = +1.5 kcal/mol o, cN
5+ e,
8 NaO!-Bu 10 wt% H >99 <1% conversion +2 MeOH
OMe
9 KO!-Bu 10 wt% H,O >99 DME-DMA MeO . NMe,
10 50 wt % NaOH >99
11 50 wt % NaOH >99 (97%) 11
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OMe
Me,N—( [ | G = -2.2 keal/mol [ >
OMe *

5+ e N N + MeOH
H
DMF-DMA Me,N~ ~OMe
+ 2 MeOH
_<OMe Me Me
MeZN G + MeZNH
oMe * R,NH O\[CN
DMF-DMA MeO NMe,
6a-e
6b 6¢c 6d 6e
S~ ~oy,~i-Pr S S
. I\D N N N
NR \
2 i-Pr Q \j
! G (kcal/mol) -1.5 +4.8 +2.2 -1.8
Me._Me ) Me._Me
NaOt-Bu Me._Me
O._CN N -bu NH,
~ H DMF-DMA O._ _CN guanadineaHCl o
" | - N
MeO NMP, 105 GC \[ NMP, 120 GC |
then workup MeO D MeO N/)\NHZ
75% Yiel
CME (5) 6b 5% Yield 7
‘ one-pot approaches ‘
DMF-DMA, pyrrolidine NMP, 105 0C
then guanadinedHCI, NaQ-Bu, NMP, 120 GC 12
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NH B
Me._Me JIy Me_ _Me Me
o H,N” NH,
N O (e} CN
| Y Cyclization j\[ —
~
MeO N™ "NH, MeO H™ 0 MeO
7 17
base to
5 Me Me
Me Me
HCO,Et © CN
O\/CN or base _ T |
MeO H,N
MeO \\/ o)
CME (5) 5 5-dimer
to base OMe
Vo, Me /—\ Me_ _Me
reverse
(e} CN
O._CN base ——————>
~ addition ]:L
MeO MeO H O
CME (5) 18
+ HCO,Et - -
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1)

2)

3)
4)

Me Me.__Me
O _CN Formylation O CN
HIO' MeO
18 CME (5)
B Me Me n
O._CN
MeO N\\\>
(6]
OMe

Polar-aprotic solvents yield best
results

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

K counterion is essential

Low-temp. inhibits dimer formation

13



Me Me
Me Me o |CN
O._CN
~ 0 KOt-Bu
+ L O._CN + MeO HZNL
MeO H™ “OEt NMP \E
MeO o
18

CME (5)

(@]
5-dimer
OMe

1 1.0 2.0 76.0 11 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

Me Me
Me Me
O CN (0] KOt-Bu o CN
+ J\ + CO
MeO H™ ~OEt NMP \E
MeO o
CME (5) 18

X equiv. (X +Y) equiv. X equiv. Y equiv.

250 kg of CME would generate 75Ibs of CO (_)

14



Effect of Varying Counteranion in Guanidine*HX Salts

Effect of Varying [G*HCI]

5 25 4 100 - .
F * G*HCI e 0 0 * b
5 ® G-AcOH . ° o
S o * * ]
g 50/ | 4 Go0sH2S04 veete? *e - -y . . m "
b ® G+0.5H2C03 o*? . . n
© PS Em [ ]
5 o ol ° .
£ 154 . * n N 60 u
5 ’ A A A A A A ‘\_ ] ™1 P
o * mEE A A 5 . o ¢
3 M " At 3 . .« *
& 10 . mE A £ & o *
- A . 40 1 -
.— A P *
o * A 7]
© A 2] L 4
o A P < . -
$05{ o m 4 e’ s . + 1.3M (2.5 equiv G.HCI)
8 ® . °°° ke 20 4 . m 1.7 M (5.0 equiv G.HCI)
S LI veeo® o m ¢ ® 2.2 M (7.5 equiv G.HCI)
coE A ee ” . v v \ .
200 400 600 800 1000 ok . . : : i . . i
Time /min 0 50 100 150 200 250 300 350 400
Time /min
Me Me Me Me Me Me
Gri HCI NH,
O. _CN o} O._ _N_ _NH
| 115 GC | SN + YOS 2
15h /)\ N__N
MeO H O MeO N">NH,  MeO Y
NH,
18 7 19
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 8.0 935 2.1
15
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A. 13C-ethyl formate study

Me Me NH Me Me
O CN Me Me JJ\ r‘l HCI NH2
~~ 9 KOt-Bu 0. CN H,N NH, Oj/gN +
t o 13¢ |
H > NMP Y NMP, 115 GC Be. =z
MeO OFt Bc,, MeO c N*NHZ
MeO OK
CME (5) 17
B. ®N-CME study
Me Me
NH Me Me
OjN Me._Me JI_nHel °NH;,
JOJ\ KOt-Bu 1) ClSN H2N NH2 (@] SN +
+
MeO H™ “OEt NMP | NMP, 115 GC | IS
MeO oK MeO N” NH,
CME (5) 15N_7
C. 3C-guanidine study
Me Me
NH Me Me
o CN Me Me 13|c|: rn HCI NH2
~ )OJ\ KOt-Bu o0. CN HoN" 7 "NH, O™ +
+
MeO H” “OEt NMP \E NMP, 115 GC | e
MeO OK MeO N’ NH2
CME (5) 13c_7
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NH,
Me___Me NéklN
O\)\\NJ\NH

MeO

19
No 3C incorporation

Me Me
N~ |N
(@) >
\)\N NH,
MeO
19
No ®N incorporation
NH2
Me._ _Me 13c.
N’C Il}l
o NN ON
N C NH,
MeO
19

13C incorporated twice
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Me_Me Gri HCI Me. Me B
i BGH HCI N= "N
NH + gunadine NH NH O._ _CN 7+ O\)\\ |
JL | 115 GC N™ "NH;
H,N™ “NH - NH; H,N” "N™ "NH
2 2 2 H 2 MeO 15h
€ OK MeO
G BG 18 1
+ ROK + guanidine
- NH3 -OR
NH 1 1 0 3 1.9:1
o 2 1 0 6 1.3:1
. 3 1 0 9 1.2:1
Isourea
4 1 3 3 4.5:1
5 1 3 6 3.6:1
6 1 3 9 3.3:1
NH - NH NH i NH NH 150C NH
r HCl nnsac J ! ri HCI .
H,N™ “NH, NMP HaNT N NH, I HNT TNTUNH, NMP H,N” NH,
NH NH NH NH
A Hel EtOH or t-BuOH JE KOEt or KOt-Bu i HCl
HoN™ "NH, NMP, 115 GC HzN ” NH, NMP, 115 0C HN™ "NH;
)NJ\H Nl-rli HCl EtOH or t-BuOH hH KOEt or KOt-Bu )"ﬂ* NH i Hl
HaN™ N NH, NMP, 115 0C HaN"™ “NH, NMP, 115 0C HNT N7 N,
17
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G+HCI Me.__Me NH,
additive
NMP, 115 °C |
15h MeO \N)\

1

NH,
Me.__Me N)\N
/é/o\/K\N/”\NHZ

eO

9

G-HCl
entry (equiv) additive 1 (LCAP) 9 (LCAP)
1 3 none 87.2 6.6
2 3 MeCOOH (0.5 equiv) 91.3 L5
3 3 CF;COOH (0.5 equiv) 90.8 1.9
4 3 Me;CCOOH (0.5 equiv) 92.4 13
S 3 conc. HCI (0.5 equiv) 75.0 0.9
6 3 H,S0, (1.0 equiv) 26.0 7.0
7 3 KHSO, (0.5 equiv) 90.1 1.0
8 3 K,PO, (0.5 equiv) 77.9 82 1equivs
9 3 K,HPO, (0.5 equiv) 86.5 32 + 2 equiv
10 3 KH,PO, (0.5 equiv) 86.6 4.0 HCO,Et
11 3 NH,COOH (0.5 equiv) 87.6 0.5 in NMP
12 3 NH,CIO, (0.5 equiv) 87.0 1.0
13 3 NH,SO,CF; (0.5 equiv) 87.2 0.8
14 3 NH,CI (0.5 equiv) 89.2 0.9
15 3 NH,Cl (0.75 equiv) 89.7 1.4 Me
16 4 NH,Cl (0.75 equiv) 92.7 1.0
17 5 NH,CI (0.75 equiv) 94.2 0.8
18 S (NH,),S0, (0.75 equiv) 80.6 1.7
19 S (NH,),CO; (0.75 equiv) 92.9 1.7 MeO

I"HSY6&! (), (—+,+$" . (/(0+1+2*34+%5  I"" BT I"HS$%&'(§&**

Me Me

© SN ri NMP
L

NH,

MeO N

NH,

NH,

% Water in NMP (v%)

o
o
£ 80
“é 50
2| 25
add 225 )
.25 equiv
10 N | “kotBu
in NMP
Me
NH,
o)
L
~
N” NH,
;
PMI = 22

33 | 50 | 67 | 100

Nonsolvated Form
Stable Region

-12to -8 0C
8- 10h

e

Gri HCI | 115 0C
(8 equiv)| 6h

Cool to 90 0C add H,O
(2 V relative to NMP)

Seed at 85 (C
Cool to 15to 20 GC

88-94% Yield

>97% LCAP
250kg scale
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2500
2000
1500
1000

500

Table 6. Tabulated Scale-Up Data for the Synthesis of
Diaminopyrimidine 7

amount of 2 used (kg)

375 kg (89%)
377 kg (88%)
352 kg (92%)
355 kg (92%)
362 kg (94%)
270 kg (89%)

amount of 1 made (yield”)

purity of 1 (LCAP)

97.8
97.7
97.8
97.2
97.6
97.4

“Isolated yield corrected based on the weight percent of the isolated

280
281
281
280
280
224
material.
Raw Material Cost to
Synthesize 1 kgof 7 100
60
40
20
[ I— 0
Gen 1 Gen 2

I"HSY6&! (), (—+,+$" . (/(0+1+2*34+%5  I"" BT I"HS$%&'(§&**

Gen 1

Yield of 7

100
80
60
40
20

PMI normalized to 1 kgof 7

Gen 1 Gen 2

19



Me Me
O._CN
CME (5) .
MeO . HCO,Et KOt-Bu
KOt-Bu CME anion ————2— Aldehyde
; or
productive KOEt
HCO,Et KOEt 5
+ S
unproductive ROH productive
-CO
HCO,Et
unproductive
-CO
" -
K@Y (225equlv) G.HCI (8.0 equiv. :
batch-batch e /44—)—» '
process HCO,Et (2.0 equiv.)
Me Me Me Me Me
OvCN O\ECN
MeO' MeO' OK MeO
5 KO'Bu (1.4 equiv.) 18
AGEBREH ;.4 N\\G.HCI (4.0 equiv.) o
process HCO,Et (1.3 equiv.) i
NMP
STEP 3A STEP 3B
formylation cyclization

"#$%E&' ()" +,,(-+,+$".(/(0+1+2*34+%5  &+&+&'$™$ &™*, )&-+

Me

Me_ _Me Me

Gri HCI NH,
o_on | (Beqi) O
T By
MeO oK MeO N~ NH,
18 7
AF-072 (1) Triazine (5) process equiv. GeHCI
89% <1% batch-batch 8.0 ,E
NH,
M
e NH, Me Me N7 IN
o\)\\
Z N 4 N/kNHz
S |
N~ >NH, MeO
7 19
Ry, 0-14%  batch-batch 3.0 3
..... % e S1% flowsbatch 40
20



heat exchangers reactor

' lower higher ”
" temps | temps .
" = : = ]
‘heat exchangers} less ' reactor } higher ]
: and mixer | CME-Dimer : and linker | conversion !
" + | + :
' no impact on . no impact on '
\ conversion ' CME-Dimer

21
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nolate LCAP (%)

CMEE

LCAP (%)

CME Enolate

g g 8

100

98
97

heat exchangers

A - mixer and linker

2.5
2 21 23
_—_—/
3175 974 -
’/.4 Q7

temperature ( “C)

C - mixer only

temperature ( *C)

IHSY6& ()" +, (—+,+$".([(0+1+2*34+%65

jacketed mixer

~ £ 100
3 ' o
2 & _ S »
1 E;{ L o8
0 S 32 o 97
@ Y -
i w
(w B ‘:
} o
. 3
¢ +]
| W ¥ -
0 ::ii -::.;
o M -
- -
P2 (&)
o R

&+&+E'S™S &, )&'-+

B - linker only

23 23 22
S - -
10 20 &0
temperature [ °C

®
)
]
5 10 15

jacketed linker tube

80%

~
Q
ES

~
b
S

w
Q
*

LCAP (%)
conversion (%)
S
*

CME & CME dimer

20 25 30

flowrate (mL/min)

®-11C @1C @+12C

reactor

40 60 B0 100 120

flow rate (mL/min)

45
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lower \
| '
| temps [
'
‘ = ,
‘heat exchangers less ' reactor
. '
and mixer | cME-Dimer | and linker
'
+ |
- |
no impact on ,
conversion '
ve Mo _Me e NSe
“BuOK (1.4 equiv.
ittt )> N CN Mo _Me
HCO,E? (1.3 equiv) I : |
1-2.5 min oK -
<20 °C then +40 °C
5 NMP 18
with mixer A)  98% Poam
without mixer B) 95-07% T
A - with mixer B - without mixer
3 1 2 ( Q
# 100 . F 100 29 3 29 .
_— & - —— o
S i E [N M .8 £
;95 ' 19 18 . E—: §9s ”T""_’ 1 3?
: ) - g 13 po~~02 ' 2 &
—_—— v a y U<
%0 ® ; S - O 20 0 0 s 9
- ] 2 1.6 i w “ 2.5 2 5 1 w
s residence time (min) S f residence time (min) S

>

"#$%E&' ()" +,,(-+,+$".(/(0+1+2*34+%5  &+&+&'$™$ &™*, )&-+

higher
temps

} higher
conversion
+

no impact on
CME-Dimer
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Scaled-up

Exploratory
scale

" HS ()%
*+ (#’

| Scaled-out Full-production

scale
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operating range: > 1.15 equiv.
(< 1.15 equiv. favors CME-Dimer

[ _ operating range: -20 to -10 °.C J Grevents segmentea can use 2-3 equiv.
higher temp. increases CME Dimer gas-liquid flow and get low levels

o
Jl\ of triazine
i OEt Eperating range: +40 to +50 °CJ

raising temperature
drives conversion

Y

R —
g

e (" 20°C) (  +45 °C)
v @ (W GuanidineeHCI
PUMP HEAT AN ’
EXCHANGER ¢ MIXER ‘ )))))))) 250 psi
N FLOW
./ REACTOR
PUMP HEAT (A
\EXCHANGER PAR P 18 — -
\ / cyclization
| Y (batch process)

formylation

(flow process)

operating range: > 1.3 equiv.
(< 1.3 equiv. decreases conversion)

25
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KO'Bu (2.25 equiv.)

G.HCI (8.0 equiv.) 89%

batch-batch batch-batch
process /Hco,Et (2.0 equiv.) \ / \ EE—
Me_ _Me Me _Me Me_ _Me
NH,
O _CN O\E:n or/klu
MeO MeO K MeO \NJ\NH "
S KO'Bu (1.4 equiv.) 18 7
Bowhatel AN G v 4 NG.HCI (4.0 equiv.) o1t
procoss HCO,Et (1.3 equiv) (Now-batch)
NMP
STEP 3A STEP 38
formylation cychzation
100% 100% 100% _— 100% s 100%
67% 30% 50%
33%
0% T ' T '
CO (g) HCO2Et (equiv.) KOtBu (equiv.) G.HCl (equiv.)
® Gen 2 (batch-batch) m Gen 2A (flow-batch)
100% === ====—m——————— - 90% reduction of PMI
100% (from Gen 1)
75% -
50% -+ 000 1% 0| | 0 m e e e - < 54% reduction of PMI
25% - (from Gen 2)
0% .
PMI
mGenl mGen2 m Gen 2A
(PMI = 80.16) (PMI =17.16) (PMI = 7.86)
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Me

MeO

(1) HCI, EtOH
then NH,OH

(2) HCI, EtOH

then NH,OH

80% Yield

(2 recrystallizations)

"#$%E&' ()" +,,(-+,+$".(/(0+1+2*34+%5

RSP &

Me Me
HOSO,CI ©
Sulfolane MeO
O:§:O
OH
O S (e}
Ha
PMI =52 + 27/recrystallization

1) POCl;
sulfolane
NH, 2) NH3, MeOH
75% Yield
| over 2 steps
o= S (@]

| HSO,Cl and POCI,

I Sulfolane (bp = 285 °C, Class Il solvent

I Multiple recrystallizations

)&

OSO ,

NH, SO,

9&ulfolane

O=§:O
NHMe
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MeO

Cl-9

Me Me
(0] CN
T
eO NHPh

6

IHSY6& () +, (—+,+$".((0+1+2*34+%65

&R & )

e e e
H2N—§—CI or  OCN-S-Cl or H,N-S-OH Me. _Me
o) 0 o NH;
NH2 9 Acids, 15 solvents, 5 temperatures O~ N
N e TP - Sk
- /H\ High-throughput Friedel-Crafts screen MeO N NH,
NH; 232822008 0=8=0
SasRiassies NH;
gesscess s 9
Q Q
CI—§—NH2 H,N___Me NH, HoN-S— cl
O o O
TfOH (10 equiv) | ~N AICl3 (3 equiv)
DCE, 50 0C MeO N/)\ NH DCE, 50 0C
7 O S (0]
2
HoN g Cl
NH oN—=S—
1?&\ ri HCI HaN Me NH, 6
HN"— NH, o0Ay AICI; (3 equiv) f*
46% RCY | 146 DCE, 50 (C 14‘3\
MeO N" 7 NH,
O S O
14C-7, 46 mCi 14c.9, 21 mCi
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conditions
room temp, 1 h
X=0HorCl
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
MerMe  wm, HSOCI
o\ additive
\f\/)\ MeCN (3V),00C
MeO N~ ~NH, then NH,OH O $=0
NH2

99% HSOLI (supplier A)
99% HSOLI (supplier B)
99% HSO LI + 1 equiv SO, Ll
99% HSO LI + 20% DMB

M M M M
© © N ¢ ¢ N,
© | SN NH,OH (aq.) O | SN
MeO N/)\NHZ temp MeO N/)\NHZ
O:?:O o:%:o
Cl X X =NH, or OH
1 0 89.9 1.0
2 15 87.0 5.4
3 30 82.5 11.3
Me Me
Me Me NH2 NH2
O~y 0o | SN
' | * PN
—
MeO N/)\NHZ MeO N~ “NH,
cl 20 oSon 21

93.0
80.6
32.0
93.0

0.2 0.2
4.1 3.7
22.0 21.0
0.9 2.3

IHSY6& () +, (—+,+$".((0+1+2*34+%65

EHERS™S & )
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s

£
2
£
-
‘oa\
s
3
5

Isolation Point

Seeding Point

L

" PP S S P S
GRS
10 102 104 106 108 11 112 114 116 118 12 122 124 126 128 13 132

pH of solution

134

Figure 1. Solubility of sulfonamide 3 in the reaction solvent based on solution pH. pH was adjusted using a 2 M aqueous citric acid solution.

Table 5. Crystal Form Studies for the Isolation of API Free Base
Seed with

Wash/Dry
——

MeCN/Water solution ———————» Slurry Dry Cake
Form 1 End of
or Crystallization
MeCN solvate
solvent composition <15% MeCN >15% McCN <15% McCN
sced form form 1 form 1 MeCN solvate
slurry form form 1 MeCN solvate form 1
dry cake form form 1 form 1 form 1
imparities (LCAP) 020, 021 0.04, 0.02 020, 0.21
Water% in MeCN (v%)

Temperature, °C

IHSY6& () +, (—+,+$".((0+1+2*34+%65

>15% McCN
MecCN solvate
MeCN solvate

form 1
0.04, 0.02

EHEAEIE"S & )&
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Me Me Me Me
Me Me NH, NH
NH, O\ 1) POCls o
o HOSO,CI | )N\ sulfolane | SN
N N —
| /)\ Sulfolane MeO N~ “NH, 2)NH3, MeOH 100 N/)\NHZ
MeO N NH =S= —o—
2 0=5=0 75% Yield 0=5=0 a so
OH over 2 steps NH, 2
7 8 9&ulfolane
Me_ _Me '
NH, ! Me Me Me Me
(1) HCI, EtOH o : NH; NH,
then NH,OH >N ' 0 o
(2) HCI, EtOH MeO N >NH, ! Py P
then NH,OH . : HO N” NH, HO N” > NH,
0=%=0 : 0=S=0 0=S=0
80% Yield NH, 9 NH NHMe
(2 recrystallizations) ! 2
PMI = 52 + 27/recrystallization ,
Me Me NH M
e
MerMe m, HSO;Cl, MeCN 2 NH,
o -10 GC then 45 (C >N (0] N
SN L + N
| /)\ 16 h then NH,OH MeO N NH, /)\
MeO N~ NH, 0=3-0 MeO N~ NH
7 1
NH, 9 22 /go
NaOH, H,0, 2 h
then 2 M citric acid
2nd Gen Process
Multiple 440 kg batches PMI = 22

90-94% isolated yield
>98.5% purity

IHSY6& () +, (—+,+$".((0+1+2*34+%65

O:$:O
NH,

&R & )

Me Me NH,
o | SN
MeO N//kNHZ
9
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NHz O<__OH
| B HO OH
MeO N

NH, OH
O=$:O
NH,
A Solvent Free base (mg/mL)
0.1 N HCI (pH 1.8) 545
phosphate buffer (pH 3) 221
B phosphate buffer (pH §) 030
= water 0.16
5 MeOH 215
E " ' ¢ 9:1 MeOH /water (v/v) 224
% o EtOH 1.07
< D IPA 022
A AANAN A MeCN 1.25
] | E NMP 73.24"
R I DMF >100°
\. A A ]\ /‘1‘ )u‘uUU“ A “U /H"LJJM".*/w\f"Lb\,\AJ\J\A)'\,Jw\MJLVuW “
AN UL : = DMSO >100
10 20 30 40
2-Theta (degree) A
citric acid, IPA:water
'\ y
Mé. _Me step PMI = 20 Me.__Me NH,
NH, o
=
g trcacd, Meo I
citric aci e X,
N 2 N NH
MeO N~ “NH, solubility li MeO oo oo C20 "o
W 2
NH 2 HO
2 OH

Gefapixant free base

"#$%&' ()" +,,(-+,+$".(/(0+1+2*34+%5  &+&+E'$™S &-, )&+

C
1.2 eq. citric acid /

9:1 MeOH/water (v/v)
10 vol, 50 °C

Gefapixant citrate

OH

Citrate salt (mg/mL)
11.12
1131
12.08
830
11.09
14.12
0.71
0.02
0.59
0.03
>100"
>100°
>100"
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_ . Me Me
. . citric acid NH
glycolic acid (2 equiv) z Oy OH
(3.5 equiv) in IPA o | N a m
12 V MeOH room temp. /)\ HO OH
o= S o 60 0C o= S o , _ eO N™ "NH, OH
NH )K/ 90% Yield 0=S=0
NH 2 OH !
2 HO NH,
Gefapixant free base Gefapixant glycolate Gefapixant citrate
Solubility in MeOH = 2mg/mL > 100mg/mL 11 mg/mL
110 il
A B
124.2°C
100 — 194.6 °C
= 6.7% 200 Y 92.8)/g 164.8
— —— 8/g
X =
~— 90 <~
= Y > /
) o1
o (T
g 8 \ 2 140.3 °C
o,
70 T
Exo Up 199.7 °C
60 -3
0 50 100 200 0 50 100 150 200
Temperature (°C) Temperature (°C)
Amount of IPA in MeOH (vol%)
25 50 55 67 75 100
O 60 2:1-1:1 MeOH/IPA
oo then cool
8 50 o isolate at50 °C TARGET
2 Citrate Form 1
© 40 stable region
()
Q.
g 35
S 25 Mixed forms region
33
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Stream A Stream B

solution of free base
and glycolic acid in
MeOH at 60 °C

citric acid in IPA at
room temperature

co-feed 2:1 A:B into vessel with seed

crystallization
vessel

Citrate Form 1 seed
in 2:1 MeOH/IPA at 60 °C

add IPA andlcool to 50 °C

end of crystallization in 1:1
MeOH/IPA at 50 °C

hot filtration land washing

Gefapixant
Citrate Form 1

0)85000-015% 9 *¢
halsey MK 7264 drmao-08
L0061 705050046032
e S00e h-1

..,A‘L_\ —

I35 130 125 120 115 110 05 W0 95 90 B85 B0 7S 70 65 60 55 S0 45 40 35S 30 25 20 1S5 10 OS5 00
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NBS Me.__Me NaOMe Me. __Me ag. NaOH Me___Me
oH 1 mol% MSA oH 5 mol% CuBr oH CICH,CN o__CN
MeCN a41/2 DABCO DMF NMP/toluene
92% Yield Br 929% Yield MeO 97% Yield MeO
10 PMI =9 16 4 PMI = 18 s
HCO2Et
+BUOK,NMP =~ g6 Yield
then % PMI =9

guanidineaHCl

Me Me

Me Me NH
SN 2 Me. _Me
| B glycolic acid O ~xp | NH,
> HOSO,C
MeO N” > NH, « MeOH L 2 Oy
0=S=0 <« then co-feed  MeO N” “NH, MeCN | )\
@ w citric-acid, IPA 0=5-0 then NH4OH MeO N7 NH,
2 |
% Yi NH 9 7
HO OH 93% Yield 2

PMI =20 PMI =22

91% Yield

| PMI = 78 (500% reduction)
I 60% overall yield (up from 16%)
' 600% reduction in raw materials cost
I >300 kg of API made as of 2020
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