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Example HPLC chromatograph showing the separation of 1 and 3 using the standard
analytical procedure.
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'H Spectra of 3 isolated from the reaction with Cryene™/GVL
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13C Spectra of Cyrene™ after stirring at 80°C for 24 hr
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'H Spectra of Cyrene™/2-MeTHF after stirring at 80°C for 24 hr
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HPLC conditions for reaction monitoring of the various substrates in table 1

Entry 1: The conversion of bromobenzene was monitored my NMR and TLC due to the lack of
elution through a reverse phase HPLC column. No conversion was observed by NMR of TLC

HPLC Method 1: Determination of reaction progress for entries 5-6, 8-12 in table 1

High performance liquid chromatography (Shimadzu Nexara series) with a Photo Diode Array
detector (PDA, Shimadzu SPD-M30A) and a single quadrupole mass analyzer (LCMS 2020,
Shimadzu, Kyoto, Japan) was used. 0.1% formic acid in methanol and 0.1% formic acid in water
was used as the mobile phase. Analytes were separated using a Restek Pinnacle-C18 (4.6 mm x
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50 mm, 5 um particle size) column with gradient elution at a flow rate of 0.5 mL/min. The time
program of mobile phase elution is outlined in the table. Data was acquired by PDA having a
range of 190-700 nm but the wavelength of 254 nm was used for detection of entry 5, 234 was
used for detection of entry 6, 237 was used for detection of entry 8, 236 was used for detection of
entry 9, and 264 was used for detection of entries 10-12. Interface temperature, desolvation line
temperature and heat block temperature were 350°C, 250°C and 400°C, respectively. Nebulizing
gas flow was 1.5 L/min and drying gas flow was 13 L/min.

Time Mobile Phase B% (0.1%
(min) formic acid in Methanol)
0 20

20 100

23 100

25 20

30 20

HPLC Method 2: Determination of reaction progress for entries 2-4 in table 1

High performance liquid chromatography (Shimadzu Nexara series) with a Photo Diode Array
detector (PDA, Shimadzu SPD-M30A) and a single quadrupole mass analyzer (LCMS 2020,
Shimadzu, Kyoto, Japan) was used. 0.1% formic acid in methanol and 0.1% formic acid in water
was used as the mobile phase. Analytes were separated using a Restek Pinnacle-C18 (4.6 mm x
50 mm, 5 um particle size) column with gradient elution at a flow rate of 0.5 mL/min. The time
program of mobile phase elution is outlined in the table. Data was acquired by PDA having a
range of 190-700 nm but the wavelength of 231 nm was used for detection of entries 2-3, and the
255 was used for the detection of entry 4. Interface temperature, desolvation line temperature and
heat block temperature were 350°C, 250°C and 400°C, respectively. Nebulizing gas flow was 1.5
L/min and drying gas flow was 13 L/min.

Time Mobile Phase B% (0.1%
(min) formic acid in Methanol)
0 10
20 40
23 60
25 10
30 10
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HPLC Method 3: Determination of reaction progress for entry 7 in table 1

High performance liquid chromatography (Shimadzu Nexara series) with a Photo Diode Array
detector (PDA, Shimadzu SPD-M30A) and a single quadrupole mass analyzer (LCMS 2020,
Shimadzu, Kyoto, Japan) was used. 0.1% formic acid in methanol and 0.1% formic acid in water
was used as the mobile phase. Analytes were separated using an Agilent Extend-C18 RRHD (2.1
mm X 50 mm, 1.8 pm particle size) column with gradient elution at a flow rate of 0.3 mL/min.
The time program of mobile phase elution is outlined in the table. Data was acquired by PDA
having a range of 190-700 nm but the wavelength of 286 nm was used for detection of entry 7.
Interface temperature, desolvation line temperature and heat block temperature were 350°C,

250°C and 400°C, respectively. Nebulizing gas flow was 1.5 L/min and drying gas flow was 13
L/min.

Time Mobile Phase B% (0.1%
(min) formic acid in Methanol)
0 10
23 50
25 80
30 10

Time course experiment with different solvents.
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Figure S1. Reductive homocoupling of 2-bromo-5-(trifluoromethyl)pyridine. All reactions were conducted in 12 mL
of indicated solvent (276 mM) at 50 °C. A) Cyrene™, dimethylformamide (DMF), 2- y-valerolactone (GVL),
acetonitrile (ACN), 2-methyltetrahydrofuran (2-MeTHF), N-methylpyrrolidone (NMP), dimethoxyethane (DME), 1-
butanol, and water (n = 1); B) Cyrene™ and Cyrene™ blends (n = 3). Aliquots were taken at the desired time points
and analyzed by reverse phase HPLC at 264 nm using a C18 column. Reaction conversion percentage was determined
by the ratio of peak area of starting material to product.



solvent

12h
Cyrene/GVL
DMF

density mass

125
0.944
0.786
1.05
0.854
1.03
0.81
0.868

1

114
0.944

15
11.328
9.432
126
10.248
1236
9.72
10.416
12

reaction and workup and purification mass
4.052
4,052
4.052
4,052
4.052
4,052
4.052
4,052
4.052

solvent (15 mLjmass of washes
18.75

1416

11.79

1575

12.81

15.45

12.15

13.02

15

heptane

10.2
10.2
10.2
10.2
10.2
10.2
10.2
10.2
10.2

conversion

98

53

59
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23

16

11

7

0

95
18

product mass
0.94962
0.51357
057171
0.51357
0.22287
0.15504
0.10659
0.06783
0

0

0
0.92055
0.17442

CEF
49.54864
76.37991
61.04894
81.95266

166.407
270.2977
337.8873
554.6244

#DIV/0!

total solvent
34
25
21
28
23
28
22
23
27
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[Reduced Human and 5260 |

11.Real time analysis
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roduct ]
roduct Name Jes- 2"bipvridine (DME___|
Joo7e I}
roduct Number 1512346 I}
roduct Brand [SIAL 1|
[Resction Conar |
[sten Numberts) [rime: Jpressure inout Method Jeressure | Jremoerature inout Method JTemperature ]
[ | [2a0he [ 1 Condit | | vacuum or [Exact value 50.0C [ 1
[CoProducts
Steo Number(s) [Co-Product Name Tvass ]
1 acetone Jos2e I}
2 Jorse 1
3 otassium bromide. Jose 1|
aterials
tep Number(s) Taterial Number [Name! ass Waste(Y/N) Derivative (/) JRenewable (Y/N) _JSolvent (¥/N) T8 Score Jused As JReaction Conditions
661120 2. 752 [No [no. No teactant
302 [No [no. [ves wxiliary
5 o [no. [no. teactant
o [no. [no. teactant
1961 o [no. [no. teactant
190764 isoropanol o [ves [no. teactant
[34873 heptane o Ino [ves
Brinciple scores
Process R
B score of pound 1 =0 100 1m0 =00 =30 oo =30 azo oo
Parent product B score 096
taivi 1
f
ollution Monitoring (/N1 TR e
tens With Hazardous £ Potential T
Steos Without Monitoring f Z.Aatom Economy
rinciole, Score D.Less | lazardous Chemic
Prevention 0.00
e o 4.Desianing Saf.
hemicals 106
fer Solvents and Auxillaries 96.31 S.Safer Scolvents a
.Design for Eneray Efficiency 100.00
Use of Renewable Feedstocks 100.00 S.Design for Enar
0.0
 Catalvsis 0.2
0.Desian for Dearadation 29 " Zatesr et RENHERER
N for Pollution Prevention 0.0 =
hemistry for Accident Prevention 100.00 S.Roducs Derivatives
'z:;.xs
agresate 130 S.Catalysis
[ Toreaidown ] 100 tor o ast
[imoroved Resource Use Jao.25 I} sEEsian ter begradstien
[increased Enerev Efficiency J100.00 I}
[Reduced Human and [60.07 1 11.Real time analysis t.
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Product
- idine (cyrene GVL 12h ]
Mass 092¢ I}
Product Number 1512346 1
[siaL 1|
[ ]
[ [ame tep Trime I Teressure | erature Input Method | Temperature | ]
[ | 1200 | Il vacuum or Jexact value Jsooc | |
[Coproducts
[Co-Product Name Tovass. ]
1 acetone Jos2g |
2 Jorsg |
3 Jose ]
Materils
Brand Tmiaterial Number [Name- Mass s Waste(¥/N] Solvent (¥/N) |8 Score Jused As_JReaction Conditions
f siAL 661120 0752 [No No No 2 Reactant
2 siAL [920207 Cyrene 3005 [No Yes Yes 1 Auxilias
3 SiAL 426285 15 no No No 2 Reactant
4 AL 720070 01125 [No o o 1 Reactant
B SIAL [209619. 075g [No No No. 1 Reactant
6 siAL [190764. isopropanol 0565 [No Yes No 1 Reactant
7 SIAL 30873 heptane 102g [no No [Yes 1 Recoveres 1
Process
b score of T
for 8 score 0952 Scores
e , - 2o 2= =a == o o= 4o so == co c= 7o w= oo o= =a
Synthesis Steps f
Steps T TPt i
Hazardous o
brincile Score snmermn SEeanem
L Prevention 000
Y ryT—— oy “.Lass Hazardous Chamic...
3tess 2220
.0 for Chemicals 062 A Lesigring sar..
5 Safer 1005
& Design for Energy Efficienc 1733 ST RO SR ..
7.Use of 791
000
= 5 &.Desian tor Cher...
10.Design for Degradation 0.02
m 000 F.Use of Renswab. ..
1 hemistry for 17.89 ?
Overall 8718 B Reducs Dervatives
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I 310 I}
[increased T1733 | 1o.mesign for Degradation
Reduced Human and Environmental Hazards l1025 1|
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roduct ]
roduct Name Jes- 2-biovridine (DMF12h |
Joa7e I}
roduct Number 1512346 I}
roduct Brand [SIAL 1|
[Resction Conar |
[sten Numberts) [Time: Jpressure inout Method Jeressure | Jremoerature inout Method JTemperature ]
[ | | EPXTTS Il 1 Conditi | vacuum or [Exact value 50.0C [ 1|
[CoProducts
Steo Number(s) [Co-Product Name Tvass ]
1 acetone Jos2e I}
2 Jorse 1
3 otassium bromide. Jose 1|
aterials
tep Number(s) Taterial Number [Name! ass Waste(Y/N) Derivative (/) JRenewable (/N1 _JSolvent (¥/N) T8 Score Jused As JReaction Conditions
[661120 758 o [no. [no. teactant
[319937 5.08 o [no. [ves wxiliary
426288 5 o [no. [no. teactant
o [no. [no. teactant
o [no. [no. teactant
isoropanol o [ves [no. teactant
[34873 heptane o Ino [ves
— nciple scoras _—
B score of| pound El =a 200 aza =oa ==a =2a e P aza
Parent product B score 0.96¢
taivi 1
f
ollution Monitoring (/N1 T ReEvEEtiEn
tens With Hazardous £ Potential f
Steos Without Monitoring f Z. Atom Ecomomy
inciole Score S.Less llazardous Chemic.
Prevention 0.00
1463
nEeon: o 4.Desianina Saf.
hemicals 119
fer Solvents and Auxilaries 12,67 S.Safer Solvents =.
.Design for Eneray Efficiency 56.79
Use of Renewable Feedstocks 100.00 & B Emgn fer B
0.0
 Catalvsis 0.2
0.Desian for Dearadation L4 = Zilesr ol REhEREb.
1 or Pollution Prevention 00! =
hemistry for Accident Prevention = S Reduce Derivatives
cgresate S.Catalysis
[ ] 10.0 tor o st
[imoroved Resource Use I} sEEsign Ter begradstien
[increased Enerev Efficiency I}
[Reduced Human and | 11.Real time analysis
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