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Reaction Optimization Study

The following optimization studies were conducted on a Thermo Scientific Trace 1310
Gas Chromatography with sampler type AS 1310. The column used for this system was a
Thermo Scientific TG-5MS 5% phenyl methyl siloxane (model number 26098-1420), which was
30 meters in length. The column had an internal diameter of 250 ym. Oven, inlet, and detector

temperatures were set to 250 °C, and helium was used as the inert carrier gas.

Table S-1. Optimization Study"®

triphosgene,

pyridine
CHJCI, (100 mM)

3 temperature, time 4
ent equiv of equiv of 6hr (%) 24hr (%) 48hr (%)
™' triphosgene  pyridine rt reflux  rt reflux  rt reflux
1 0.5 1.0 5 5 14 16 23 20
2 0.5 2.0 9 9 31 39 50 61
3 0.5 3.0 12 15 40 53 58 80
4 0.5 4.0 16 19 50 65 71 80
5 1.0 1.0 8 10 22 27 28 31
6 1.0 2.0 17 19 39 54 57 77
7 1.0 3.0 20 24 56 75 77 94
8 1.0 4.0 26 32 68 90 87 97

(a) Yields were determined by GC analysis of the crude mixtures assuming that these two

compounds elicited identical GC responses.
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Table S-1, Entry 1, Room Temperature

Triphosgene (0.5 equiv), pyridine (1.0 equiv), room temperature, 6 hours

% MA4S-2283 6h #1 [manipuiated] MAS-2283 60 1t
oA

2-12770

12500 12550 12800 12850 12700 12750 128500 12850 12300 12850 12000 13850

Triphosgene (0.5 equiv), pyridine (1.0 equiv), room temperature, 24 hours

1 MAS-2283 24n 81 [manipuiated) MAS-2283 24h 1t

13300 13320

pA

2-12770

11-12865

202, UAS-2283 48h #1 [manipuiated) MAS-2283 480 1t

400

12300 12800 12700 12800 12500 13000 13700 13200

Triphosgene (0.5 equiv), pyridine (1.0 equiv), room temperature, 24 hours

pA

2-12772

\1-12662

12171220

1230 12460 1250 1260 1270 1280 129 1300 1210 1320 1% 1340
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Table S-1, Entry 2, Room Temperature

Triphosgene (0.5 equiv), pyridine (2.0 equiv), room temperature, 6 hours

[ MAS-2287 and MAS-2288 60 #1 [manipulated] MAS-2287 6 1t

oA 2-12767

125 1-12663

1228 12400 1250 1280 1270 1280 129 1300 1310 1320 1230 1240

Triphosgene (0.5 equiv), pyridine (2.0 equiv), room temperature, 24 hours

8 MAS-2287 and MAS-2288 24n #1 manipulated] MAS-2287 240 t

1251

FID

PA R-12767

300 1-12462

A

1.01 nas 150 17§ 1200 1225 1250 1215 1300 1325 1350 1375 1400 “zs 1450 s 1500 1825

Triphosgene (0.5 equiv), pyridine (2.0 equiv), room temperature, 48 hours

12 1§ MAS-2287 and MAS-2288 48h #1 [manipulated] MAS-2287 46h 1t

1550 1564

FID

pA

120

L 1-12663 a0

1153 1180 18 1200 22 e 1260 1280 130 132 1340 1360 1380 1400 1420 “a 1460
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Table S-1, Entry 3, Room Temperature

Triphosgene (0.5 equiv), pyridine (3.0 equiv), room temperature, 6 hours

Li-10136n

2-12762

\1-12.66¢

13300 13725 13350 13575 13500 13825 13750 13878

Triphosgene (0.5 equiv), pyridine (3.0 equiv), room temperature, 24 hours

1013 240 #1 manipslated) LN-1013 240 1t

3w
oa

2-12760

JLN-1013 84 LN-1014 480 81 [manipulated]

Triphosgene (0.5 equiv), pyridine (3.0 equiv), room temperature, 48 hours

LN-1013 480 1t

pA

(1-12860

2-12762

17 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650
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Table S-1, Entry 4, Room Temperature

Triphosgene (0.5 equiv), pyridine (4.0 equiv), room temperature, 6 hours

8 LN-10146n #1 manipulated)
oA

Wi-10146n 1

2-12763

1278 1200

Triphosgene (0.5 equiv), pyridine (4.0 equiv), room temperature, 24 hours

% LN-1014 24n 81 [manipulated]

N-1014 280 1

pA

1-12652-12760

Triphosgene (0.5 equiv), pyridine (4.0 equiv), room temperature, 48 hours

JLN-1013 80d LN-1014 48h 83 {manipulated]

LN-1014 480 1t

pA

(1-12660

2-12762

1100
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Table S-1, Entry 5, Room Temperature

Triphosgene (1.0 equiv), pyridine (1.0 equiv), room temperature, 6 hours

1051 I LN-10066h #1[manipuisted] LN-10066h 1t FID
1000 J|PA

2-12775

013
1ne 1160 11.80 1200 1220 1240 1260 1280 1300 1320 1340 1360 1380 1400 1409

Triphosgene (1.0 equiv), pyridine (1.0 equiv), room temperature, 24 hours

% LN-1006 240 #1 [manipulated) LN-1006 240 1t FID
pA

846

12-12768

11- 1266
125
0.00 L

054 T
187 11.80 1200 1220 1240 1260 1280 1300 1320 1340 1360 1380 1400 1420 140

Triphosgene (1.0 equiv), pyridine (1.0 equiv), room temperature, 48 hours

17 BUN-1006 480 82 (manipulated] LIN-1006 481 t )
A 2-12772

1008 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700 1724
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Table S-1, Entry 6, Room Temperature

653

Triphosgene (1.0 equiv), pyridine (2.0 equiv), room temperature, 6 hours

% LN-1008.and 10096h #1 [manipulated] LN-1008 6h 1t

FID

800

500

1.00

000

pA

12-12765

- 12.46:

047

143 1160 1180 1200 1220 1240 1260 1280 1300 1320 1340 1360 1380 1400 1420 1440 1460 1480

Triphosgene (1.0 equiv), pyridine (2.0 equiv), room temperature, 24 hours

o, B U-1008and 100924n #1 [manipuisted) LN-1008 240 1t

15

%

pA
2-12763

1-12650

s 1100 ) 140 1160 1180 1200 1220 1240 1260 1280 1200 1320 1240 1280 1280 1400 W20 e 1460

Triphosgene (1.0 equiv), pyridine (2.0 equiv), room temperature, 48 hours

JLN-1008 and 1009 48h #1 [manipulated] LN-1008 480 1t

bA

11-12662

2-12765

1086 1075 1100 1128 1% "rs 1200 1225 12% 1278 1200 128 1250 178 1400 1428 1450 W7
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Table S-1, Entry 7, Room Temperature

Triphosgene (1.0 equiv), pyridine (3.0 equiv), room temperature, 6 hours

Triphosgene (1.0 equiv), pyridine (3.0 equiv), room temperature, 24 hours
Triphosgene (1.0 equiv), pyridine (3.0 equiv), room temperature, 48 hours
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Table S-1, Entry 8, Room Temperature

Triphosgene (1.0 equiv), pyridine (4.0 equiv), room temperature, 6 hours

anipulated]

2-12767

Triphosgene (1.0 equiv), pyridine (4.0 equiv), room temperature, 24 hours

8 LN-1012 240 #1 [manipulsted)

Wi-101224n 1t

1600

oA

1-12665

2-12767

Triphosgene (1.0 equiv), pyridine (4.0 equiv), room temperature, 24 hours

[LN-1012 480 81 [manipuiated)
A

LN-1012 480 1t

G

(1-12662

2-12762

=3 ) 1878 12000 12125 1275 12375 12500

12826 12750 12875 12000 12128 13250
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Table S-1, Entry 1, Reflux

Triphosgene (0.5 equiv), pyridine (1.0 equiv), reflux, 6 hours

8 MAS-2283 6h 82 [manipuiated]
Ty

2-12770

1-12665

12463 12500 12550 12800 1280 12700 12750 12500

12850

12800 12850 13000

Triphosgene (0.5 equiv), pyridine (1.0 equiv), reflux, 24 hours

1§ MAS-2283 24n 82 [manipulated] MAS-2283 26 refux

pA

140 2-12770

1-12663

1254 12400 12500 12800 12700 12800

Triphosgene (0.5 equiv), pyridine (1.0 equiv), reflux, 48 hours

5. BUAS.2283 48h 82 manipuisted] WAS-2283 480 retux

FiD

lass 2-12768

(1-12662

4
+

1nfes” 1drs 12000 12128 12250 12378 12500 12628 12750 12875 13000
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13 1350 13828 13750 1288
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Table S-1, Entry 2, Reflux

Triphosgene (0.5 equiv), pyridine (2.0 equiv), reflux, 6 hours

g1 JHMAS 2367 ang WAS-2268 6n #2 pmanipusted) was 2267 em remux
2-1276
1- 1266
i vzee
PRSIt S PR (55— TN . . i e _—
= = 2850 7o = 2800 = 3 T = r=

Triphosgene (0.5 equiv), pyridine (2.0 equiv), reflux, 24 hours

400 1§ MAS-2267 and MAS-2283 24h #2 [manipulated] MAS-2287 24n refux FID
pA
2-12765
300
1-12682
200
1.00
000 . T
o min
1" 150 1200 1220 1240 1260 1280 1300 1320 1340 1360 1350 1400 W
Triphosgene (0.5 equiv), pyridine (2.0 equiv), reflux, 48 hours
(a7, BUAS 2287 s0d UAS-288 8 2 manipuiste) UAS-2287 481 retux FiD
PA
(1-12663
150
100 2-12767
50
. i t T L
43
1531160 1180 1200 1220 ) 1250 1280 1300 1320 124 1260 1380 1400 1420 1040 1450 80 1489
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Table S-1, Entry 3, Reflux

Triphosgene (0.5 equiv), pyridine (3.0 equiv), reflux, 6 hours

LN-1013 6n retux

B n-01 man ipulsted]
oA

2-12763

Feo 12878 13500 13728 13350 12578 13500 12828 3 7%

Triphosgene (0.5 equiv), pyridine (3.0 equiv), reflux, 24 hours

LN-1013 24n retux

ad7s 14500

8 LN-1013 24n 82 [manipulated)
A

11-12660

2-12760

%1

JLN-1013 and LN-1014 48 82 manipuiated]

Triphosgene (0.5 equiv), pyridine (3.0 equiv), reflux, 48 hours

LN-1013 48n retux

20

200

100

pA

1-12662

2-12762

1200

1250 1300 1350 1400 1450
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Table S-1, Entry 4, Reflux

Triphosgene (0.5 equiv), pyridine (4.0 equiv), reflux, 6 hours

b g-12762
Triphosgene (0.5 equiv), pyridine (4.0 equiv), reflux, 24 hours
€40 , 3 LN-1014 24n 82 (manipulsted) LN-1014 240 retux
Triphosgene (0.5 equiv), pyridine (4.0 equiv), reflux, 48 hours
2 JLN-1013 and LN-1014 43h 84 [manip ulated] LN-1014 480 refux
2-12760
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Table S-1, Entry 5, Reflux

172, BLN-10066h 2(manipulated)

Triphosgene (1.0 equiv), pyridine (1.0 equiv), reflux, 6 hours

LN-1006 6h refux

FID

pA
160

2-12775

i1- 12,661

143

105 o D LN-1006 2¢h 22 manipulated)

1180 1200 1220 1240 1260 1280 1300 1320 1340 1360

Triphosgene (1.0 equiv), pyridine (1.0 equiv), reflux, 24 hours

LN-1006 24h refux

1380

1400 1409

FID

1004|PA

2-12770

1- 1266

04
167 1180

- 1 (manipu
297, BUN-1006 42n #1 (maniputated)

1200 1220 1240 1280 1280 1200 1320 1240 1380

Triphosgene (1.0 equiv), pyridine (1.0 equiv), reflux, 48 hours

LN-1006 48n retux

14.00

1420

1042

pA

2-12773

(1-13465

min

2
100 1050 1075

1100 125 1150 178 1200 1225 1250 1275 1200 1325 1750 1375 1400 1425 1450
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Table S-1, Entry 6, Reflux

Triphosgene (1.0 equiv), pyridine (2.0 equiv), reflux, 6 hours

1§ LN-10088nd 10096h #2(manipulsted] LN-1008 6h refux

FID

oA

2-12768

11-1246:

o T
143 1160 1180 1200 1220 1240 1260 1280 1300 1320 1340 1360

Triphosgene (1.0 equiv), pyridine (2.0 equiv), reflux, 24 hours

+ . L0-1008 and 1009 24n 82 manipuiated) L-1008 24n retux

1380

1400

1420

1440

1460

1480

1506

soflpA

70 (1-12862

&0 2-12765

Triphosgene (1.0 equiv), pyridine (2.0 equiv), reflux, 48 hours

o JLN-1008 and 1009 43n 82 (maniputated] L2I-1008 48n retux

pA

20 11-12862

2-12763

7
1086 1075 1100 128 1150 "7s 1200 1228 125 1278 1200 128
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Table S-1, Entry 7, Reflux

Triphosgene (1.0 equiv), pyridine (3.0 equiv), reflux, 6 hours

e anipulated]

LN-1010 6n retux

000 2-12763

Triphosgene (1.0 equiv), pyridine (3.0 equiv), reflux, 24 hours

% LN-1010 24n 82 [manipulated)

LN-1010 24 b retux

1550 [

oA

11-12660

2-12763

Triphosgene (1.0 equiv), pyridine (3.0 equiv), reflux, 48 hours

282, BUN-1010 480 82 (manipuisted) LN-1010 480

pA

11-12667
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Table S-1, Entry 8, Reflux

anipulated]

Triphosgene (1.0 equiv), pyridine (4.0 equiv), reflux, 6 hours

LN-1012 60 retux

22

20

2-12768

o ELN-1012 260 82 (maniputatea)

1550

Triphosgene (1.0 equiv), pyridine (4.0 equiv), reflux, 24 hours

LN-1012 24n retux

bA

1-12665

2-12768

s

s 1000 1050

[LN-1012 420 82 (manipuited]

1100 1150 1200 12%0 1300 1350 1400 1450 1500

Triphosgene (1.0 equiv), pyridine (4.0 equiv), reflux, 48 hours

LN-1012 480 retux

o
x0

200

20

11-12675

2-12775
ety

= =3

1750

1878 12000 12125 1275 12378 12500 12826 12750 12875 12000 12728 13250 12378 13500 (=3
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GC-MS:

Abundance
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GC-MS:

5 hundance
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GC-MS:
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GC-MS:

Abundance
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GC-MS:
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