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1. General information

Reagents were purchased from Sigma-Aldrich, Combi-Blocks, Alfa Aeser, or Acros
Organics and used without further purification. Palladium acetate was supplied
generously by Johnson Matthey. 'H and *C NMR spectra were recorded on either a
Varian Unity Inova 400 MHz (400 MHz for "H, 100 MHz for *C), a Varian Unity Inova
500 MHz (500 MHz for 'H, 125 MHz for '*C) or on a Varian Unity Inova 600 MHz
spectrometer (600 MHz for 'H); DMSO-ds, CD;OD, CDsCN and CDCI; were used as
solvent. Residual peaks for CHCI; in CDCl; (1 H = 7.26 ppm, *C = 77.20 ppm),
(CH3)2S0 in (CD3)2.SO (1 H = 2.50 ppm, *C = 39.52 ppm), CHsCN in CDsCN ('H =
1.98 ppm, ¥C = 0.49 and 117.47 ppm) or MeOH in MeOD ('H = 4.78 ppm, *C =
49.00 ppm) have been assigned. The chemical shifts are reported in ppm, the
coupling constants J value are given in Hz. The peak patterns are indicated as
follows: bs, broad singlet; s, singlet; d, doublet; t, triplet; q, quartet; p, pentet; m,
multiplet. Thin layer chromatography (TLC) was performed using Silica Gel 60 F254
plates (Merck, 0.25 mm thick). Flash chromatography was done in glass columns
using Silica Gel 60 (EMD, 40-63 pm). GCMS data were recorded on a 5975C Mass
Selective Detector, coupled with a 7890A Gas Chromatograph (Agilent
Technologies). Brij-30 is purchased from across organics (Catalog AC216725000).
The desired 2 wt % of Brij-30 solution in HPLC water (which was degassed with argon
prior to use) was prepared by dissolving 2 g of Brij-30 solid to 98 g of HPLC water

and stored under argon.
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2. Procedures for the synthesis of sonidegib via Route 1

2.1 SNAr reaction

2.1.1 Screening of base

CH,
CHj; Base
/V\’ CI\ N | (1.5 equiv) O/'\y
e} > N N
y C)\/NH " N"No, 2wtk 1;2%2—725?]-M/H20 HsC “
° 1 2 : 3N""No,

entry  base (1.5 equiv) conversion to 3 (%)°

1 K3PO4 H,0 >99
2 Et;N 91

3 K,CO3 89
4¢ K3PO,4 Ho0 45

@Reaction conditions: 0.5 mmol of 1, 0.5 mmol of 2,
0.75 mmol of base, stirred at 45 °C for 2.0 h;
bDetermined by GC-MS; ®reaction at room temperature
for 24 h.

In a 1-dram vial, (2S,6R)-2,6-dimethylmorpholine 1 (0.5 mmol), 2-chloro-5-
nitropyridine 2 (0.5 mmol), and base (0.75 mmol) were added. Aqueous 2 wt %
TPGS-750-M solution (1.0 mL) was then added, and the vial was stirred at rt or 45
°C until completion (as monitored by TLC or GC-MS). The products were then
separated by filtration, vacuum dried to give free flowing yellow powder in

quantitative yield.
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2.1.2 Screening of surfactants

Cl N (0]
-z K3PO4eH,0
O/H . | 3mYgeM2 o J\/N N

A 2 wt% surfactant/H,0 HsC -
NH NO ° 2
H3CJ\/ 2 45 QC1 2h = |
1 2 3 NO

conversion to 3 (%)

2

9 100
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-E 60
o 40
& 20
° 0
N S & S o
s & ¢ 3 §
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[ & Q
& S
s §
surfactant
N /1\/0\,]/\
OMe
C11H23\+O\/hOH
3 (n =ca. 16)
TPGS-750-M Brij-30

OH

o)
5 O\[‘/\O%\OM'%\H/
P\/\m MO/;‘: cj/Z\)OH EOV\O%OM%\H/
’ O\[\/\oﬁko*v\‘v,s)\/

PTS-600 cremophor EL
x+y+z ~35

In a 1-dram vial, (2S,6R)-2,6-dimethylmorpholine 1 (0.5 mmol), 2-chloro-5-
nitropyridine 2 (0.5 mmol), and KsPO4*H.O (0.75 mmol) were added. Aqueous 2 wt
% surfactant solution or water or DMF (1.0 mL) was added, and the vial was stirred
at stirred 45 °C for 2 h. The products were then separated by filtration, vacuum dried

to give free flowing yellow powder in quantitative yield.
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2.2Reduction of the nitro group

CH, CHj
0 reductant @)
N N > N N
HSC)\/ Z | 2 wt% TPGS-750-M/H20 HSCJ\/ - |
rt, 13 h
3 o, 4 X7NH,
conversion to 4 (%)
95
- 100
X
<z 80
§ 60 44
§ 40
€ 20 0 0.
° 0 —
& S 3 *
& 9 N
& S g N
N N K @
O v 9 <)
> ~ >
g o S
o0 () >
N
reductant

In a 1-dram vial, (2S,6R)-2,6-dimethyl-4-(5-nitropyridin-2-yl)morpholine 3 (0.5 mmol),
and reducing system (1 wt % Pd/C (1.0 mol%)/ H; balloon or 1 wt % Pd/C (1.0 mol
%)/ EtsSiH (3.0 equiv) or CIP (5.0 equiv)/NH.4CI (3.0 equiv) was added. Aqueous 2 wt
% Brij-30 solution (1.0 mL) was then added, and the vial was stirred at rt or 45 °C
until completion (as monitored by TLC or GC-MS). The reaction mixture was then
extracted with EtOAc (3 x 1 mL), and the combined organic layers were evaporated
to give crude product as a purple colored oil, which was analysed by GC-MS, and

used subsequently without further purification.
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2.3 Suzuki-Miyaura coupling

2.3.1 Screening of palladium catalysts

O CH,

OCF
OCF3  Pd catalyst (5000 ppm) O CH, 8
~o Br . -
(HO),B K3POj4.H,0 o] O
2

2 wt% TPGS-750-M/H,0,
7 5 10% THF,45°C, 10 h 9

conversion to 9 (%)

9 80 75 75

S go 59 69

c

9o 60

()

5 40

g 20

o

o 0

P1 P2 P3 P4 P5
Pd catalyst

P1 = Pd(OAc), : PPh3 (1:3)

P2 = Pd(OAc), : SPhos (1:2) cy,P O O NH,
P3 = PPh3-Pd-G3 -0 O o< O Pg';APsPha
P4 = Pd(PPh3),
P5 = Pd(PPh;),Cl, SPhos Ph;P-Pd-G3

Preparation of a stock solution for a 0.5 mmol scale reaction. The stock solution
was prepared by dissolving 5.0 mol % of Pd(OAc).and 15 mol % of PPhs in 1.0 mL
of THF and stirred for 15 min at rt under an inert atmosphere. From this stock

solution, 100 pL (corresponds to 5000 ppm) of solution was used for Suzuki-Miyaura

couplings.

Coupling reaction. In a 1-dram vial, aryl bromide 7 (0.5 mmol), boronic acid 5, (0.55
mmol), and KiPOs*H.O (0.75 mmol) were added. The vial was evacuated and
backfilled with argon (this process was repeated 3 times). Catalyst stock solution as

prepared above (100 uL = 5000 ppm of Pd) was then added before addition of the
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aqueous 2 wt % TPGS-750-M/H20 (0.9 mL) solution. The vial was quickly closed with
a screw cap and stirred at 45 °C for 10 h. The reaction mixture was then extracted
with EtOAc (3 x 1 mL). The organic solvents were removed under vacuum to give a

pale-yellow oil which was then analysed for conversion using GC-MS.

2.3.2 Screening of surfactants

OCF,
- /©/OCF3 P1 (5000 ppm) CHs O
RO +
KaPO4.H,0
)J\@/ (HO)ZB 37 Y4.H2 O
8;: R
9;:R

2 wt% surfactant/H,0,
5 10% THF, 45°C, 20 h

II II
('D

conversion to 8/9 (%)

R = Me R=H
A S
S
= 100 75
S 80 60
% 60
$ 40 20
S 20
S o
Q N ) Q & ) O
, ) & S < N ) o
N X $ © & X S
N N S O g A
9 o Q o
& & >
A S surfactant &

A similar procedure mentioned in Section 2.3.1 was followed by choosing a different
surfactant system or solvent.
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2.4 Amide coupling

coupling agents
4 + 8 e NNy o CH30CF3

2 wt% TPGS-750-M/H,0 |

=
45°C, 20 h H O

entry coupling reagent yield of 11 (%)b
1 COMU/ 2,6-lutidine 40
2 HATU/ i-ProEtN 43
3 HOB/ i-PryEtN 25
4° DCC/ DMAP 61

@Reaction conditions: 0.6 mmol of 4, 0.5 mmol of 8, 1.2 equiv
of coupling reagent (COMU/ HATU/ HOBt) or 2.0 equiv DCC,
2.0 equiv base (2,6-lutidine, i-Pr,EtN, or 10% DMAP; bsolated
yield.

Procedure (a): In a 1-dram vial, carboxylic acid 8 was added (0.5 mmol) followed by
2 wt % TPGS-750-M/H20 (1.0 ml) and base (2.0 equiv). The vial was screw capped
and stirred for ~5 - 10 min, after which the amine 4 (1.2 equiv) was added followed
by coupling reagent (1.2 equiv). The reaction was stirred at 45 °C for 20 h. The
reaction mixture was then extracted with EtOAc (3 x 1 mL). The organic solvents
were then removed under vacuum to give crude material which was then purified by

column chromatography to give pure product 11.

Procedure (b): In a 1-dram vial, carboxylic acid 8, amine 4 (1.2 equiv), and 10%
DMAP were added followed by 2 wt % TPGS-750-M/H,O (1.0 mL). The vial was
screw capped and stirred for at 45 °C for 10 min. At this stage, 0.5 equiv of DCC was
added and the stirring was continued for 1 h (this process was repeated 3 times for
an additional 1.5 equiv DCC). Finally, the reaction mixture was stirred for another 15-
16 h. The reaction mixture was then extracted with EtOAc (3 x 1 mL). The organic
solvents were removed under vacuum to give crude material which was then purified

by column chromatography to give pure product 11.
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2.5 Large scale one-pot reaction

2.5.1 Synthesis of intermediate 4

ﬂ v .
CH & i ~
)\3 Cl N I K3PO, H,0 (1.5 equiv) o :" -
(@] + > N N e o 1T PN
NH N-"N0, 2wt % Brij-30/H,0 (0.5 M) HSC)\/ T ; @
HC 45°C, 2 h NN, |
1, 10 mmol 2, 10 mmol 3 @] | —
not isolated m\
CHj
CIP (50 mmol)
NH,4CI (30 mmol) o)
N )\/N N
2 wt % Brij-30/H,0 (0.5 M) H;C “
45°C, 20 h X H
4,90% yield 2

filtration & extraction

In a 100.0 mL round bottom flask, (2S,6R)-2,6-dimethylmorpholine 1 (10.0 mmol), 2-
chloro-5-nitropyridine 2 (10.0 mmol), and KsPO4*H.O (1.5 equiv) were added.

Aqueous 2 wt % Brij-30/H20 solution (20 mL) was added, and the round bottom flask

was capped with a rubber septum and the reaction was stirred at stirred 45 °C for 2

h allowing the formation of SxAr product 3 (yellow solid). Later in the same pot, CIP

(50.0 mmol) and NH4CI (30.0 mmol) were added and the reaction was stirred at 45

°C for 20 h. The product was then separated through filtration followed by extraction

using EtOAc (4 x 15 mL). The extracts were combined and then evaporated to give

pure amine 4 as a purple colored oil in 90% yield which was analysed by GC-MS.
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2.5.2 Synthesis of intermediate 8

OCF,
ey e [ 9 5
~ ro.
o ~o
J\©/ (HO),B K3P0,.H,0 (1.5 equiv) { O

2 wt % Brij-30/H,0,
7, 10 mmol 5, 11 mmol 10% THF 9, not isolated
45°C,20 h

NaOH OCF,4 :
30 mmol O CHs O =3
—_— <
HO =
75°C,5h

8, 92% yield
acid-base extraction

Preparation of stock solution for a 10.0 mmol scale reaction. The stock solution
was prepared by dissolving 5000 ppm of Pd(OAc). and 15000 of PPhs in 2.0 mL of
THF and then stirred for 15 min at rt under inert atmosphere. This stock solution was

used for large scale Suzuki-Miyaura couplings.

In a 150 mL Schlenk tube, aryl bromide 7 (10.0 mmol), boronic acid 5, (11.0 mmol),
and KsPO4°H;0 (1.5 equiv) were added. The flask was evacuated and backfilled with
argon (this process was repeated 3 times). Catalyst stock solution as prepared above
(2.0 mL = 5000 ppm of Pd) was then added before addition of aqueous 2 wt % Brij-
30/H.0 (18.0 mL) solution. The reaction was allowed to stir at 45 °C for 20 h under
argon (monitored by TLC). Later in the same reaction pot, 30.0 mmol of NaOH was
added and the reaction was stirred at 75 °C for 5.0 h (monitored by TLC). The
reaction mixture was then acidified using 2 M HCI (pH = 2) in an ice bath to get crude
product, which was recrystallized from ethanol (~50 mL) to provide a white solid
(92% yield).
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2.5.3 Amide coupling: Route 1
C

DCC (2.0 mmol) )\/
N OCF3
oy AT e
2 wt% TPGS-750- M/HZO

45°C, 20 h
4, 1.2 mmol 8, 1.0 mmol 11, sonidegib, 80% yield

In a 10 mL round bottom flask, carboxylic acid 8 (1.0 mmol), amine 4 (1.0 mmol), and
10% DMAP were added followed by 2 wt % TPGS-750-M/H.0 (2.0 ml). The vial was
screw capped and stirred for at 45 °C for 10 min. At this stage 0.5 equiv of DCC was
added and the stirring was continued for 1 h (this process was repeated 3 times for
an additional 1.5 equiv DCC). Finally, the reaction mixture was stirred for another 15-
16 h (monitored by TLC). The reaction mixture was then extracted with EtOAc (3 x
1 mL). The organic solvents were removed under vacuum to give crude material
which was then purified by column chromatography to give pure product 11 in 80%

yield.

3. Procedures for the synthesis of sonidegib via Route 2:

3.1 Amide coupling
CH
CH3 3

O)\ 9§ DMAP (10 mol% O)\

mol%
3CJ\/N 4 HO)K@BI’ ( ) Hay CJ\/N o CH3
KJ\ DCC (2.0 equiv)
NH; 2 wt% TPGS-750-M/H,0 [0.5 M]
4 6 45°C, 20 h 10, 81% yield

In a 1-dram screw cap glass vial, carboxylic acid 6 (1.0 mmol), amine 4 (1.2 mmol),
and 10% DMAP were added followed by 2 wt % TPGS-750-M/H.0 (2.0 ml). The vial
was screw capped and stirred for at 45 °C for 10 min. At this stage 0.5 equiv of DCC
was added and the stirring was continued for 1 h (this process was repeated 3 times

for an additional 1.5 equiv DCC). Finally, the reaction mixture was stirred for another
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15-16 h (monitored by TLC). The reaction mixture was then extracted with EtOAc (3
x 1 mL). The organic solvent was removed under vacuum to give crude material
which was then purified by column chromatography to give pure product 10 in 81%

yield.

3.2 Late stage Suzuki-Miyaura coupling

CH, CH,
0 OCF3 5000 ppm Pd(OAc), : PPhj (1:3) 0
He NN o ony O ‘ HC NN o on, Ry O%Fs
L Br (HO),B K3PO,oH,0 (1.5 equiv) P
H 2 Wt% Brij-30/H,0 [0.5 M] ” O
55°C, 24 h o )
10 5 11, sonidegib, 89% yield

In a 1-dram vial, aryl bromide 10 (0.5 mmol), boronic acid 5, (0.55 mmol), and
K3sPO4*H20 (1.5 equiv) were added. The vial was evacuated and backfilled with argon
(this process was repeated 3 times). Catalyst stock solution as prepared above (100
uL = 5000 ppm of Pd) was then added before addition of aqueous 2 wt % Brij-30/H.O
(1.0 mL) solution. The vial was quickly closed with a screw cap, and stirred at 55 °C
for 24 h (monitored by TLC). The reaction mixture was then extracted with EtOAc (4
x 1 mL). The organic solvents were combined and then removed under vacuum and
the crude material was purified by column chromatography to give pure product 11
in 89% yield.

4. E Factor calculations

(g) of waste 0.988 (g) of waste 5.100
E Factor = = = 457 + EFactor = —— = = 279
(g) of product 0.216 ' (g) of product 0.183

Micellar conditions literature conditions
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5. Dyanamic light scattering (DLS) charts of TPGS-750-M and Brij-30 in water

Results
Size (d.nm): % Intensity: St Dev (d.n...
Z-Average (d.nm): 51.02 Peak 1: 68.86 96.8 41.42
Pdl: 0.280 Peak 2: 3890 3.2 1120
Intercept: 0.907 Peak 3: 0.000 0.0 0.000

Result quality : Good

Size Distribution by Intensity

T R R EEETER PR
P
=l :
8 :
SIS SRR R PR AP R PR
%/ .
z | :
g F R I I ‘
2 :
£ [ .
T :

0 — Ao
0.1 1 10 100 1000 10000
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— Record 3: TPGS750M 0.02 3
Results
Size (d.nm): % Intensity: St Dev (d.n...

Z-Average (d.nm): 104.9 Peak 1: 132.7 72.9 96.42

Pdl: 0.686 Peak 2: 1516 259 1068

Intercept: 0.938 Peak 3: 11.67 1.1 2.463

Result quality : Good

Intensity (Percent)

Size Distribution by Intensity
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Record 12: Brij30_0.02% 1
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6. Compound characterization data

CHj

0™
Hsc&NtNJ
SN0,

3
(2S,6R)-2,6-Dimethyl-4-(5-nitropyridin-2-yl)morpholine: yellow solid.
"H NMR (500 MHz, chloroform-d) & 9.03 (s, 1H), 8.21 (d, J = 9.5 Hz, 1H), 7.28 (s, OH),
6.57 (d, J = 9.5 Hz, 2H), 4.30 (d, J = 11.8 Hz, 5H), 3.68 (s, 1H), 2.86 — 2.51 (m, 3H),
1.28 (s, 5H).

3C NMR (126 MHz, chloroform-d) & 160.14, 146.36, 135.16, 133.03, 104.58, 71.51,
50.16, 18.85.

O CH, O OCF,
HO O
8

2-Methyl-4'-(trifluoromethoxy)-[1,1'-biphenyl]-3-carboxylic acid: white solid,
"H NMR (500 MHz, chloroform-d) 6 8.06 (d, J = 7.8 Hz, 1H), 7.55 - 7.02 (m, 7H), 3.68
(s, OH), 2.51 (s, 2H), 1.27 (s, OH).

13C NMR (126 MHz, chloroform-d) & 173.48, 148.46, 142.62, 140.04, 137.94, 134.25,
130.77, 130.74, 129.97, 125.50, 18.73.

CH,

0™

N

H3CJ\/ | N\ O CH3

Pz N Br
H

10

S14



3-Bromo-N-(6-((2R,6S)-2,6-dimethylmorpholino)pyridin-3-yl)-2-
methylbenzamide: white solid

"H NMR (500 MHz, chloroform-d) & 8.20 (s, 1H), 8.02 (d, J = 8.8 Hz, 1H), 7.65 (d, J =
7.7 Hz, 1H), 7.46 — 7.32 (m, 2H), 7.12 (t, J = 7.7 Hz, 1H), 6.67 (d, J = 9.0 Hz, 1H), 4.01
(d,J =12.3 Hz, 2H), 3.81 — 3.64 (m, 2H), 2.61 — 2.44 (m, 5H), 1.35 - 1.21 (m, 6H).
13C NMR (126 MHz, chloroform-d) & 167.51, 156.86, 140.11, 138.41, 135.81, 134.34,
131.30, 127.21, 126.86, 125.65, 125.40, 106.92, 71.55, 51.15, 20.13, 19.01.

11

N-(6-((2R,6S)-2,6-Dimethylmorpholino)pyridin-3-yl)-2-methyl-4'-
(trifluoromethoxy)-[1,1'-biphenyl]-3-carboxamide: light pink solid

"H NMR (500 MHz, chloroform-d) & 8.22 (d, J = 2.7 Hz, 1H), 8.03 (dd, J = 9.1, 2.7 Hz,
1H), 7.69 (s, 1H), 7.47 — 7.42 (m, 1H), 7.33 - 7.24 (m, 6H), 6.66 (d, J = 9.1 Hz, 1H),
3.99 (d, J = 12.2 Hz, 2H), 3.73 (ddt, J = 10.0, 6.2, 3.2 Hz, 2H), 2.55 — 2.46 (m, 2H),
2.31 (s, 3H), 1.27 (d, J = 6.2 Hz, 6H).

13C NMR (126 MHz, chloroform-d) & 168.72, 156.80, 148.46, 142.20, 140.18, 139.85,
137.57, 133.41, 131.62, 131.38, 130.60, 126.05, 125.84, 125.68, 120.72, 106.97,
71.55,51.19, 18.98, 17.62.

HRMS: CzsH2sF3sNsOsNa ESI-MS [M+Na] calcd: 508.1824; found: 508.1810.
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7. NMR spectra’s

871
ozv.

959~
859~

0z'g
0z'g

4

€06
06

L\\ Tssos

NO,

S

CHj
3

o
H3CJ\/N _N

\W Fesoz

Fevoz

—= Tmo. 4

e’ F507

- Freeo

- Feos0

2.0 1.5

2.5

3.0

4.0

5.0 4.5
f1 (ppm)

5.5

6.0

7.5

8.0

10.5 10.0 9.5

1.0

58'8T —

91°05 —

1§ TL—

85401 —

€0°EET —
9T'SET —

9E'9PT —

$1'09T —

20

40

70

T T
100 90
f1 (ppm)

110

T
120

210

T
220

S16



71—

57—

&ZL
87t
67'L
€L
€€t
€€L
vEL
se't
et
se't
LEL
we
&L
508~
1087

O CH, O OCF,4
HO O

Fs68°C

Wme.m
560

Fooo't

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

10.5

L.o

€L°8T —

1L°02T —
0s'SseT

£6°62T N
PLOET W
LLOET

STPET —
P6'LET ~
v0'0bT —
9T —

9'8PT —

8b°ELT —

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

220

f1 (ppm)

S17



H3C)OVN ‘N\ O CH,
Z H Br
1 ol / /

7 ITY % Ty T T
‘1 0 lb 5 1(‘)0 9‘ 5 9‘0 8‘ 5 8‘.0 7‘.5 7‘.0 6‘5 ﬁ‘vO 5‘.5 5‘.0 4‘.5 4‘.0 3‘ 5 3‘0 2‘ 5 Z‘.O 1‘ 5 l‘.l) d 5 0‘0 —
1 (ppm)
CH, Y
o/'\
N
Ha C)\/ ‘ N O CHs,
5z Br
N
H
10

T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ] -10
f1 (ppm)

S18



o
ro

0 91911 ~
ro 11681 —
Lo

€971 N R
o151 > =609
[«
o
Foi
s81'Is —
YIEZ —_—
o 182 -
9052 > — - Fwoe o
166C
o
Fe
8vG'LL —
60L'€
viLe e
aLe
62L'€ —_
bere Fvoz
wLe o
vis —_— = 681 o
S6LE
SL6€
666°¢ 0
r<
o
Fog 996901 —
s
g
=
rw S8Y6LE
FHAITAN
sicozt -
o 189°621 ~
re m;mﬁ\.
150921
509081 77
£59°9 - 5?9\. 3}
;ﬁ/ La L19'1e1 L
1971 _ 90VEEL
sizL ) - - Fso1 Log'LEl 7 Q
[ [ 9Y8'6EL o
MMWM O Le 6LLOpL
s0zzyh
208 L o] Loveyl
ol = Fus
QE.FW. - o L@
6vyL - F —
et ~ 108951 P
ve9L — — - 960 T
L108 )
2208 T Lo ©]
5£0'8 Foor 7
ov08 (®) 50 610891 —
vies @)
ozzs 0 -
Fa
o ZT +«
-
ZT « ° 2B\
7 e P4
=\ —
__ 0 )
Fo T Z
[3¢)
T /= Cvﬁ
© ] o
o B
(@] ©
o] 2 I
Lo
I =
o

S19

1 (ppm)




