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Reactants:

[-cyclodextrin was purchased from Roquette Fréres (Lestrem, France). All reactants were purchased
from Sigma-Aldrich. All chemicals were used without further purification. Compounds 1A and 1B were
synthesized according to the protocol established by Molina and co®.

Milling protocol:

Solids are ground using a Frisch PULVERISETTE 7 premium line planetary microgrinder equipped with
20mL zirconium oxide bowls lined associate to gassing lids with valves with 10 x 10mm zirconium oxide
balls (average mass 2.8g) rotating at 850 rpm.

Purification methods:

The 7Ax products are purified by flash chromatography on a silica column starting from a solid deposit
(reactive crude powder dispersed in three times its mass of silica), and then eluted with a chloroform
/ acetonitrile mixture ranging from 9:1 to 6:4.

The 7Bx products are purified by flash chromatography on a silica column starting from a solid deposit
(reactive crude powder dispersed in three times its mass of silica), and then eluted with a chloroform
/ methanol mixture ranging from 9:1 to 8:2.

Characterization methods:

NMR spectra were recorded at 298 K on a Bruker Avance Il HD 300 NanoBay spectrometer equipped
with a 5 mm broadband BBFO probe with Z gradients, operating at 7.05 T field strength (300 MHz for
'H nuclei, 121 MHz for 3'P nuclei and 75 MHz for 3C nuclei). Mass spectra were recorded using a
MALDI-TOF/TOF UltraFlex Il (Bruker Daltonics) spectrometer in positive reflectron mode with 2,5-DHB
as the matrix.

1 A.G. Molina, V. Kungurtsev, P. Virta, H. Lénnberg, molecules, 2012, (17), 12102-12120
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Green Chemistry Metrics calculations for 7Ak

Mol wt of 1A : 2000.7 g/mol

Mol wt of TPP : 262.3 g/mol

Mol wt of TPPO : 278.3 g/mol

Mol wt of CO; : 44.0 g/mol

Mol wt of N, : 28.0 g/mol

Mol wt of 2-iodoaniline : 219.0 g/mol

Mol wt of 7Ak : 2219.8 g/mol

Density of CHCl5: 1.489 g/cm3 (25 °C)

Atom Economy (AE) = ((Mol wt of product) / (Sum of mol wts of reactants)) x 100
Reaction Masse Efficiently (RME) = ((Mass of product)/ (Total mass of reactants)) x 100
Process Mass Intensity (PMI) = Total mass in process / Mass of product

E-Factor = (Total mass in process — Mass of product) / Mass of product

example in solution:

For 1A (1000 mg, 0.5 mmol, 1 equiv.), TPP (157 mg, 0.60 mmol, 1.2 equiv.), 2-iodoaniline (131 mg,
0.60mmol, 1.2 equiv.), CHCl5 (15 mL), CO; (10 bars), R.T.

Atom Economy (AE) = ((2219.8)/(2000.7+262.3+44+219))*100 ~ 87.9

Reaction Masse Efficiently (RME) = (533/(1000+157+131+22))* 100 ~ 40.7 (Please note : In solution,
the amount of CO; introduced depends on the free volume and the solubility of CO; in the solvent. We
do not have access to this experimental data, but only to the CO, pressure in the reactor at tO.
Therefore, we arbitrarily chose to consider the amount of CO, corresponding to the stoichiometry
relative to the cyclodextrins, which is 22 mg of CO,.)

Process Mass Intensity (PMI) = (1000+157+131+22+22500)/533 ~ 45 (Please note: We have chosen to
exclude the purification steps from the calculation of the process mass intensity to allow for a more
direct and fair comparison of the synthesis steps themselves. Furthermore, since the purification
methods are the same in both processes, their inclusion is less relevant for this comparative analysis.)

E-Factor = ((1000+157+131+22+22500)-533)/533 ~ 44

example by ball-milling:

For 1A (1000 mg, 0.5 mmol, 1 equiv.), TPP (157 mg, 0.60 mmol, 1.2 equiv.), 2-iodoaniline (131 mg,
0.60mmol, 1.2 equiv.), CO, (10 bars), 850 rpm. R.T.



Atom Economy (AE) = ((2219.8)/(2000.7+262.3+44+219))*100 ~ 87.9

Reaction Masse Efficiently (RME) = (523/(1000+157+131+22))* 100 ~ 39.9 ((Please note The
determination of the introduced CO; mass depends on the free volume of the jar (total volume minus
the volume of the reactants and balls) and the pressure. We do not have access to the actual available
volume without precisely knowing the volume of the reactants, as we introduce masses without
knowing their densities and porosities. Therefore, we arbitrarily chose to consider the CO, mass
corresponding to the stoichiometry with respect to the cyclodextrins, which is 22 mg of CO,.)

Process Mass Intensity (PMI) = (1000+157+131+22)/523 ~ 2.5 (Please note: We have chosen to exclude
the purification steps from the calculation of the process mass intensity to allow for a more direct and
fair comparison of the synthesis steps themselves. Furthermore, since the purification methods are
the same in both processes, their inclusion is less relevant for this comparative analysis.)

E-Factor = ((1000+157+131+22)-523)/523 ~ 1.5
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Characterisation of 7Ab (CggH115N2055Br)
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RMN23C(CDCls) of 7Ab
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Characterisation of 7Ad (CggH115N20s5F)
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COSY (CDCls) of 7Ad
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RMN*3C(CDCls) of 7Ad
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HSQC(CDCIz) of 7Ad
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COSY (CDCls) of 7Ae
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RMN!3C(CDCls) of 7Ae
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HSQC(CDCIz) of 7Ae
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Characterisation of 7Af (CggH115N20ssl)

MALDI TOF of 7Af
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ML I 42 B2 t29 Rl ~
cpeL3 ;
CoSY45

A A e RO A RN N ppm
T il 5 20
~ : -25
3.0
! & .

3 3.5
Nm 3 B &.O

2
m 4.5
3 s

&
| 5.5
6.0
6.5
il ez & ~7.0

— &
ils o o 7.5
| -

T T T T T T T T T T T T
75 70 65 60 55 50 45 40 35 3.0 25 2.0 ppm

46



RMN23C(CDCls) of 7Af
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HSQC(CDCl3) of 7Af
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Characterisation of 7Ag (CsgH115N20s55Br)
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RMNIH(CDCls) of 7Ag
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COSY (CDCls) of 7Ag
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RMN23C(CDCls) of 7Ag
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HSQC(CDCls) of 7Ag
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Characterisation of 7Ah (CggH115N2055Cl)
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MALDI TOF of 7Ah
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RMNIH(CDCls) of 7Ah
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COSY (CDCls) of 7Ah
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RMN23C(CDCls) of 7Ah
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HSQC(CDCIz) of 7Ah
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Characterisation of 7Ai (CggH115N20s5F)
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RMN®H(CDCls) of 7Ai
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COSY (CDCls) of 7Ai
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RMN23C(CDCls) of 7Ai
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HSQC(CDClz) of 7Ai
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Characterisation of 7Aj (CooH118N20ss)
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RMNIH(CDCls) of 7A]
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COSY (CDCls) of 7Aj
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RMN3C(CDCls) of 7A]

— A0 O N

oy o

ML T 54 A2 t15 R2

CDCL3
13C_CPD

I

72

20 ppm

30

170 160 150 140 130 120 110 100 90 80 70

180



wdd 6L 0Z Sz 0¢ &€ Oy S¥ 06 S 09 GS9 0L &L 08
! | | | 1 | | | | 1 1 1 |

ovl - —
0z} - - _ HI
00} -

- ——
OQ = 0@ =

. == _, <

8 | o — —— — L —
ob - .
0z R L
O =
wdd ® _\.,\ T e TV AN ‘z.,)_ FAVEN | WO \ o

HSQC(CDCls) of 7Aj

O0SH
€710d0
29 GT3 2¥ #S I I

73



o o \ o
o H/N
Z
I
oo
O O
o (@] V/O)V\O (@]
O o
= J\\ \V o OV/O
n o o o
Q, © °
= w © J
n
3 X S
o
Hm.w \4 © o °
m\ © o o o)
= o S \F\\ o\ L P°
< \% o
I~
94— o
o © 5 o
- o o
.O
w o
o)
2 K
3}
)
O
©
-
©
<
(@)

MALDI TOF of 7Ak

S Raw

4 R1_DHB_RP O:M1 M

MLI 42 A2 t

21 04 01

BB IrET

00g'4L5¢z

=

>
_”.3.

e] 'susju|

20

1.5

1.0

74



RMN®H(CDCls) of 7Ak
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COSY (CDCls) of 7Ak
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RMN23C(CDCls) of 7Ak
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HSQC(CDCls) of 7Ak
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Characterisation of 7Al (CggH115N20s5Br)

MALDI TOF of 7Al

014 MS

10_MLI40 A2 t58R1_DHB_R

Us

£

BG4 GP2Bm === mmm oo oo

809 1GI¥
. ]
ZCo966E— =]

B5L P9EC
E

6LE'EGLE
EEB'GEDT

LS8'PLEL

LB OBBL---—

. o
FO0'6L0H S
L PLE T
Segege -

0zeELH

kS

_

>
n

[ne

25
20
15

o
o
]

‘suayu|

1.0

(=)
[=]

0.5

80



RMN®H(CDCls) of 7Al
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COSY (CDCls) of 7Al
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RMN23C(CDCl3) of 7Al
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HSQC(CDClz) of 7Al
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Characterisation of 7Am (CggH115N20s55Cl)
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RMN®H(CDCls) of 7Am
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COSY (CDCls) of 7Am
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RMN23C(CDCls) of 7Am
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HSQC(CDCls) of 7Am
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Characterisation of 7An (CggH115N20ss5F)
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RMNIH(CDCls) of 7An
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COSY (CDCls) of 7An
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RMN23C(CDCls) of 7An
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HSQC(CDCls) of 7An
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Characterisation of 7A0 (CooH118N20s5)
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RMN23C(CDCls) of 7A0
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HSQC(CDCls) of 7Ao
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Characterisation of 7Ap (CggH115N30ss)
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COSY (CDCls) of 7Ap
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RMN3C(CDCls) of 7Ap
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HSQC(CDCls) of 7Ap
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Characterisation of 7Aq (CggH115N30ss)
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COSY (CDCls) of 7Aq
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RMN23C(CDCls) of 7Aq
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HSQC(CDCls) of 7Aq
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Characterisation of 7Ar (CggH115N30s5)

MALDI TOF of 7Ar
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RMNH(CDCls) of 7Ar
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COSY (CDCls) of 7Ar
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RMN23C(CDCls) of 7Ar
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HSQC(CDCls) of 7Ar
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Characterisation of 7As (CozH126N20s5)
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RMN!H(CDCls) of 7As
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COSY (CDCls) of 7As
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RMN*3C(CDCls) of 7As
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HSQC(CDCls) of 7As
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Characterisation of 7Ba (CegH115N2035l)

]

_-0
MALDI TOF of 7Ba
S x104 23 01_19_SM SaN b3 P1 t35_DHB_RP 0:A15 MS Raw
= 3
2 304 «©
z ©
= ©
25
2.0
15
=t
(e ]
o
1.0 p
o
© 0
[v0] 1
@ |
~— o™ 1 ©
1 23 [ &
05 A Ts) o~
s [82g
- @ @ - o
|8 ges 5| 3l S 8
L 9.2 B = | @ [
=t o™ N A o™
ol 387 ¢ I LLKLLL g 3
. LN B S B B B B B B S R E—— LI B — LI — LN B B B S B I B B B B R R S ——
1000 1500 2000 2500 3000 3500 4000 4500 5000,

133



0orl

0051

0091

001

0081

0061

0002

Z/W

Intens. [a.u.]
o o = - o] e] w ol
o o o e o e o =<
1 1 1 | | |
p——1414.900
L1426.884
——————1451.888
1467 864
1523.913
1539.907
1555.942
—1571.913
k1589.903
+1605.889
1—1621.801
11643 878
E1663.957
1681858
1697.833
1707.962
1 E=—1723.940
1F1741 921
8]
(5]
1785.901 's
N
lr_f.:u
1833.868 )
1851853 P
o
=
(=g
[#%]
o
—1911.806 =
F1927.787 o
1945766 5
1H981.741 =
|I|
v
=
=
n
&
A
2

134




RMN!H(CDCls) of 7Ba
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COSY (CDCls) of 7Ba
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RMN*3C(CDCl3) of 7Ba
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HSQC(CDCls) of 7Ba
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Characterisation of 7Bf (CegH115N2035l)
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RMN®H(CDCls) of 7Bf
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COSY (CDCls) of 7Bf
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RMN*3C(CDCl3) of 7Bf
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HSQC(CDClz) of 7Bf
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Characterisation of 7Bk (CegH115N203sl)
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RMN®H(CDCls) of 7Bk
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COSY (CDCls) of 7Bk
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RMN23C(CDCls) of 7Bk
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HSQC(CDCIz) of 7Bk
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Characterisation of 9A (Ci65H220N20109)

MALDI TOF of 9A
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RMNH(CDCls) of 9A
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COSY (CDCls) of 9A
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RMN3C(CDCls) of 9A
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HSQC(CDCl3) of 9A
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Characterisation of 9B (Ci125H220N2069)

MALDI TOF of 9B
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RMN®H(CDCls) of 9B
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COSY (CDCl3) of 9B
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RMN*3C(CDCls) of 9B
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HSQC(CDCIz) of 9B
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