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1. Screening of catalysts and optimization of reaction conditions

Table 1.Screening of catalysts and optimization of reaction conditions!
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10 mol% 5, 10 °C

solvent, additives

CF3

PMP

1a 2a 3 4aa
entry  Cat. solvent la:2a:3  additives  yield (%)™ er?

1 5a chloroform  1.2:1:1 5AMS 22 53:47
2 5b chloroform  1.2:1:1 5AMS 69 70:30
3 5¢c chloroform  1.2:1:1 5AMS 39 52:48
4 5d chloroform  1.2:1:1 5AMS 46 79:21
5 5e chloroform  1.2:1:1 5AMS 61 44:56
6 5f chloroform  1.2:1:1 5AMS 54 57:43
7 59 chloroform  1.2:1:1 5AMS 99 52:48
8 5h chloroform  1.2:1:1 5AMS 17 50:50
9 5i chloroform  1.2:1:1 5AMS 20 49:51
10 5d toluene 1.2:1:1 5AMS 22 77:23
11 5d THF 1.2:1:1 5 AMS trace -
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12 5d acetonitrile  1.2:1:1 5 A MS 38 52:48

13 5d EtOAC 1.2:1:1 5AMS trace -
14 5d acetone 1.2:1:1 5AMS trace -
15 5j chloroform  1.2:1:1 5AMS 50 88:12
16 5k chloroform  1.2:1:1 5AMS trace -
17 51 chloroform  1.2:1:1 5AMS 47 53:47
18 5m chloroform  1.2:1:1 5AMS 25 51:49
19 5n chloroform  1.2:1:1 5AMS 28 61:39
20 50 chloroform  1.2:1:1 5AMS trace -
21 5p chloroform  1.2:1:1 5AMS 14 57:43
22 5q chloroform  1.2:1:1 5AMS trace -
23 5r chloroform  1.2:1:1 5AMS 15 49:51
24 5s chloroform  1.2:1:1 5AMS 25 53:47
25 5t chloroform  1.2:1:1 5AMS 36 50:50
26 5u chloroform  1.2:1:1 5AMS 23 50:50
27 5j chloroform  1.2:1:1 3AMS 62 82:18
28 5j chloroform  1.2:1:1 4 AMs 81 88:12
29 5j chloroform 1.2:1:1 MgSO, 47 81:19
30 5 chloroform  1.2:1:1  4AMS 80 90:10
311 5 chloroform  1.2:1:1  4AMS 54 94:6
321 5 chloroform  1:15:1.5 4AMS 75 94:6
33" 5 chloroform  1:15:1.5 4AMS 45 95:5
3418 5 chloroform  1:15:1.5 4AMS 43 94:6
350N 5 chloroform  1:15:1.5 4AMS 80 94:6
36" 5j chloroform  1:4:4 4 AMS 91 96:4

Unless otherwise indicated, the reaction was carried out at the 0.05 mmol scale and catalyzed by
10 mol% 5 in a solvent (0.5 mL) with additives (100mg) at 10 °C for 2days. ™Isolated yield. The
er value was determined by HPLC. [The volume of solvent was 1 mL.®'The volume of solvent
was 2 mL.[MThe volume of solvent was 3 mL.“!Performed at 0 °C.["The reaction time was 4 days.
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2. NMR spectra of products 4, 6 and 7
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3. HPLC spectra of products 4, 6 and 7

4aa

Chromatogram

1800 - ! ZYC2015091002-A530%- #1 [manipulated)

Z2'YC2015091002-A530%-

UV_VIS_1 WVL:254 nm

1600+

1400

12004

1000+

800

Absorbance [mAU]

600 -

400

2004

04

i1-6.057

=100~

12-8.813

3.0 4.0

7.0

8.0 9.0
Time [min]

10.0

13.0

Integration Results

Mo. Peak Mame

Retention Time
min

Area
mAU*min

Height
mAU

Relative Area
%

Relative Height
Yo

Amount
n.a.

1

6.057

560.087

£64.042

49.97

65.90

na.

|Chromatogram

170+

BZQN2015120803 AS30% #1 [manipulated]

ZQN2015120803 AS30%

UV_VIS_1 WVL:254 nm

160+

140

120+

100+

Absorbance [mAU]
@ [«-]
2. ..5

'S
o
1

i1-5.860

5.00

T

7.00

T

8.00

Time [min]

" 1000 |

" 1100

Integration Results

No. Peak Name

Retention Time
min

Area
mAUTmin

Height
mAU

Relative Area
EI".’O

Relative Height
%

Amount
na.

1

5.860

71.574

87.550

95.80

97.09

n.a.

2

8.613

3.136

2.622

4.20

2.91

n.a.

Total:

74.710

90.172

100.00

100.00

S29



4ba

Chromatogram

1200 E ZQN2015120201 AS20% #1 ZQN2015120201 AS20% UV_VIS_1 WVL:254 nm
1000
800+
S 1
< j
E
o 6004 i1-7.393
o
c
3 |
g
£ 4004
1 12-11.040
2004
04 ! : T
-100- T T T T T T T T T T T T T T T T T
5.00 6.25 7.50 8.75 10.00 11.25 12.50 14.19
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAUmin mAU % % n.a.
1 7.393 571.500 563.000 50.70 63.81 n.a.
2 11.040 555.663 319.264 49.30 36.19 n.a.
Total: 1127.163 882.264 100.00 100.00
|Chromatogram
2000 - E ZQAN2015121701 AS20% #1 [manipulated] ZAN2015121701 AS20% UV_VIS_1 WVL:254 nm
1750
1500
1250
= ]
2 1
£ ]
@ 1000 11-7.330
c
2 ]
5 1
2 7504
< )
500
250
] 12-11.077
0—_ | I T
100 ; ——— I UL
6.10 7.00 8.00 9.00 10.00 11.00 12.00 13.00
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU min mAU % % n.a.
1 7.330 1022.873 950.063 92.53 94.50 n.a.
2 11.077 82.569 55.247 7.47 5.50 n.a.
Total: 1105.441 1005.310 100.00 100.00
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4ca

|Chromatogram

600- '3 ZQN2015120304 AS20% #1 [manipulated] ZON2015120304 AS20% UV_VIS_1WVL:254 nm
500
400+
5
=
E
2 3004
c
= 11-8.400
3
£ 200+
1004 12 - 16.277
0+ T
-50-. —T T —T T T — T T T T T ——T —T
5.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 220 230
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU min mAL % % n.a.
1 8.400 294.272 245.772 51.65 72.98 n.a.
2 16.277 275.459 91.016 48.35 27.02 n.a.
Total: 569.731 336.788 100.00 100.00
|Chromatogram |
2500 - E ZQN2015121902 AS20% #1 [manipulated] ZQN2015121902 AS20% UV_VIS_1WVL:254 nm
2000
1500
] i1 - B.363
10004
500+
1 12 -16.387
0+ 1 T
.200-I T T T T T T T T 1
5.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 200 21.0
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mALU*min mAL % % n.a.
1 8363 1487.443 1277.805 93.37 96.71 n.a.
2 16.387 105.662 43.435 B6.63 3.29 n.a.
Total: 1593.105 1321.240 100.00 100.00
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4da

|Chromatogram

1800 4 4-CI -AS30% #1 [manipulated] 4-CI-AS30% UV_VIS_1 WVL:254 nm
1600
1400
1200
§ )
E1000—
P ]
& 800 11-5.210
5 )
2 ]
< 6004
\2- 7677
400
200
04 1 .
—100_| T T T T T T T T T T T T T T T T T T T T T T T T T
3.30 3.75 5.00 6.25 7.50 8.75 10.00 11.25 12.58
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 5.210 726.509 793.291 49.92 £3.06 n.a.
2 7.677 728.747 464.644 50.08 36.94 n.a.
Total: 1455.257 1257.935 100.00 100.00
|Chromatogram |
3500 %] ZQN2015121904 AS30% #1 [manipulated] ZQN2015121904 AS30% UV_VIS_1 WVL:254 nm
3000
2500+
= 2000
E 1 i1-5.510
@ 4
= ]
8 1500
3 ]
2
< ]
10004
500
1 12 - 8.027
0 L i .
-200- - —_— —_— - = ——
4.00 5.00 8.00 7.00 8.00 9.00 10.00
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 5510 1352.301 1773.704 93.93 95.90 na.
2 8.027 87.394 75.874 6.07 4.10 n.a.
Total: 1439.695 1849.578 100.00 100.00
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dea

|Chromatogram
1000~ E ZQAN2015120202 AS20% #1 ZQON2015120202 AS20% UV_VIS_1WVL:254 nm
875
750
. 625
= 1
=z 1
< 1
g 500
c
= 1 1-10.410
g 1
2 3754
< )
250 |2 -16.803
125
o] J : .
-50- — T T T T T T T T T T T T T T 7 T T T T T T T T
5.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 220 228
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAUmin mAU % % n.a.
1 10.410 692.944 429.005 50.48 64.88 n.a.
2 16.803 679.635 232.268 49.52 35.12 n.a.
Total: 1372.578 661.273 100.00 100.00
|Chromatogram
1400~ E ZQAN20150111 01 AS20% #1 [manipulated] ZQAN20150111 01 AS20% UV_VIS_1WVL:254 nm
1200
10004
2 00|
E 4
2 |
g 11-10.333
8 6004
‘5 4
2 |
< |
4004
200
] 12-16723
0+ I T
-100- T T T T T T T T T T T T T T T T T T T
7.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 21.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mALU min mAL % % n.a.
1 10.333 1002.226 B22.673 89.57 93.18 n.a.
2 16.723 116.719 45.562 10.43 6.82 n.a.
Total: 1118.945 668.135 100.00 100.00
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4fa

|Chromatogram

800~ l3ZC}NQ(M51203'[)3 AS20% #1 ZQN2015120303 AS20% UV_VIS_1WWVL:254 nm
7004
600+
500
=
=
E
g 4007 i1 -8.047
2 300
=
200 12-12.990
100
o] |
'50"| T T T T T T T T T T T T T T T T T T T T T
5.0 6.0 8.0 100 12.0 14.0 16.0 18.0 200 210
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 8.047 442.741 376.625 49.54 64.99 n.a.
2 12.990 451.008 202.881 50.46 35.01 n.a.
Total: 893.749 579.505 100.00 100.00
[Chromatogram
2500- E ZQAN2015121901 AS20% #1 [manipulated) ZQN2015121801 AS20% UV_VIS_1WVL:254 nm
20004
= 1500+
= |
£ |
@ ] |1-8.177
E |
S 1000
E 4
<< ]
500+
] 12-13.227
04 | 1
'200‘| T — T L T L T T T T — T T — T T T T— T T —
6.0 7.0 8.0 9.0 100 11.0 12.0 13.0 14.0 15.0 16.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.177 1348.421 1184.232 90.95 94.10 na.
2 13.227 134.126 74.245 9.05 5.90 n.a.
Total: 1482.548 1258.477 100.00 100.00

S34



4ga

|Chromatogram

800 - IHZC.}N2015‘12100‘1 AS20% #1 [manipulated) ZQAN2015121001 AS20% UV_VIS_1WWVL:254 nm
700
600 -
500
=
=
E
@ 400+
3 i1 -9.650
2 300
<
200 12 -16.003
100
0 i
-50-‘I T T T T T T T T
6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 220 230
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 9.650 502.987 340.292 50.28 64.25 n.a.
2 16.003 497.471 188.356 498.72 35.75 n.a.
Total: 1000.458 529.648 100.00 100.00
|Chromatogram
2309 EZON2015121?04 AS20% #1 [manipulated)] ZQAN2015121704 AS20% UV_VIS_1 WVL:254 nm
2000
1500
= ]
2 ]
E ]
g 1 1-8.740
5 1000 '
a 4
2 ]
< ]
500
] 12 - 16.327
o4l I :
'200_|"'|r —T T T T T T T T T T T T T —T T T L L
7.80 8.75 10.00 11.25 12.50 13.75 15.00 16.25 17.50 18.75 20.00
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 9.740 1487.201 1027.440 91.92 94.24 n.a.
2 16.327 130.698 62.752 8.08 5.768 n.a.
Total: 1617.899 1090.192 100.00 100.00
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4ha

|Chromatogram

60.0 3 ZQN2015121201 AS10% #1 [manipulated) ZQAN2015121201 AS10% UV_VIS_1WWVL:254 nm
50.0
40.0
5‘ i
=
E
o 30.0
o
E | \1-30.107
3
< 20.0
12 - 47.937
10.04
1 I
0.0 * T
'5'0_! T T T . T T T T T T T T T T T
15.0 200 30.0 40.0 50.0 60.0 70.0
Time [min]
Integration Results
MNo. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 30.107 117.420 24.508 50.04 63.08 n.a.
2 47.937 117.235 14.341 49.96 36.92 n.a.
Total: 234.655 38.848 100.00 100.00
|Chromatogram |
900 - I3ZON2t’J16022305 AS10% #1 [manipulated) ZON2016022305 AS10% UV_VIS_1 WVL:254 nm
800
700
6004
=)
< 500+
8 11-30.020
T 400+
&
2
< 3004
200
1004
12 - 47.763
0+ ' '
-50-. T T T T T T T T T T T T T T T T T T T T T T T
23.0 250 30.0 35.0 40.0 45.0 50.0 550 S57.0
Time [min]
Integration Results
MNo.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mALUTmin mAL % % n.a.
1 30.020 1865.381 418.679 92.16 93.77 n.a.
2 47.763 158.661 27.839 7.84 6.23 n.a.
Total: 2024.042 446.518 100.00 100.00
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dia

|Chromatogram

280 - 'HZON201512120? 1A30% #1 ZQN2015121207 |1A30% UV_VIS_1WVL:254 nm
250+
2004
2
£ 1504
3
5 1-16717
E 1 2- 20,600
e 004 12 - 20
504
O_
T
-20_| T T T T T T T T
14.00 15.00 16.25 17.50 18.75 20.00 21.25 22.50 23.75 25.00
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 16.717 117.960 127.500 49.71 54.87 n.a.
2 20.600 119.316 104.851 50.29 45.13 n.a.
Total: 237.276 232.352 100.00 100.00
|Chromatogram
4000+ E ZQN2016022411 |A30% #1 [manipulated] ZON2016022411 1A30% UV_VIS_1WVL:254 nm
3500
3000
2500
2000
15007 12 - 19.590
1000
500
] 11 - 16.653
04 T
.200-| T T T T T T T 1
15.00 16.25 17.50 18.75 20.00 21.25 22.50 2375 25.00
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU min mAL % % n.a.
1 16.653 117.486 150.123 6.82 9.93 n.a.
2 19.580 1606.282 1361.054 93.18 90.07 n.a.
Total: 1723.768 1511.177 100.00 100.00
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4ja

|Chromatogram

1200 B IC P _TTREFE 57 OD30% #1 [manipulated]  1E W iTTkE 7F 57 OD30% UV_VIS_1 WVL:254 nm
1| mau
1000
800+
5‘ 4
< p
E
o 6004
o
5 |1 -9.527
8 j
g
£ 4004
2004
] 12-35.570
ol 1 J
] min
'100_I T T T T T T T T T
7.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 53.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 9.527 615.316 512.319 50.49 83.88 n.a.
2 35.570 603.340 98.449 49.51 16.12 n.a.
Total: 1218.657 610.768 100.00 100.00
|Chromatogram
600- '3 ZQN2016022412-0D30% #1 [manipulated] ZNQ2016022412-0D30% UV_VIS_1WVL:254 nm
mAlU
500 4
400 +
=)
=
E
@ 300+
2
m
8 12-34767
2
£ 200+
11-9.727
1004
o{—- L
min
'50_|rrr T T T T T L A R e e B e e S e | T
7.0 10.0 15.0 20.0 250 30.0 35.0 40.0 45.0 50.0 54.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 9.727 163.735 141.232 10.49 37.75 n.a.
2 34.767 1397.338 232.896 89.51 62.25 n.a.
Total: 1561.073 374.128 100.00 100.00
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4ka

|Chromatogram

220 - 3 ZQN2015121202 AS20% #1 ZQN2015121202 AS20% UV_VIS_1WWVL:254 nm
200+
1754
1504
125
100 \1-15.537 e
754
12-23.417
504
25
04— ,
-10-I T T T T T T T T 1
12.0 15.0 17.5 20.0 22.5 250 27.5 30.0 32.5 35.0
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 15.537 200.877 98.521 49.86 62.29 n.a.
2 23.417 202.035 59.642 50.14 37.71 n.a.
Total: 402.912 158.163 100.00 100.00
|Chromatogram
603 I320N20150111 11 AS20%1 #1 [manipulated) ZQAN20150111 11 AS20% UV_VIS_1WVL:254 nm
500+
400 4
5
=
E
o 3001
o
c
8 1 - 16.467
2
£ 2004
1004
12 - 23.407
04 1 | T
-50‘| T T T T T T T T T T T T T T T T T T T T T T T T
12.0 14.0 16.0 18.0 20.0 220 24.0 26.0 28.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
15.467 476.891 241.974 92.91 94.50 n.a.
2 23.407 36.387 14.074 7.09 5.50 n.a.
Total: 513.278 256.048 100.00 100.00
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4ab

|Chromatogram

1600 - E ZQN2015112117-A520% #1 [manipulated] ZQN2015112117-AS20% UV_VIS_1WWVL:254 nm
1400
1200
1000
= ]
=< ]
E ]
a 800
2 \1-B.873
3 1 OMe
2 600+
< ]
400+ 12 -14.593
200
0 : I .
-100~ T T T T T T T
5.0 6.0 10.0 12.0 14.0 16.0 18.0 200 210
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAL % % n.a.
1 8873 873.691 713.256 50.69 £68.02 n.a.
2 14.583 849.808 335.361 49.31 31.88 n.a.
Total: 1723.498 1048.617 100.00 100.00
|Chromatogram
3000- E ZQN2015121403 AS20% #1 [manipulated] ZON2015121403 AS20% UV_VIS_1 WVL:254 nm
2500-]
2000-]
= ]
= |
E
g 1500
2 11 - 8.940
g 4
g ]
<< 10004
500-]
] 12-14810
04 ! 1 I
-200- T T T T T T T T T T T T T T T T
6.0 8.0 100 12.0 14.0 16.0 18.0 19.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mALU min mAL % % n.a.
1 8.940 1617.089 1335.421 93.03 95.63 n.a.
2 14.810 121.182 61.057 6.97 4.37 n.a.
Total: 1738.271 1396.478 100.00 100.00
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4ac

|Chromatogram

1800 1 ZQN2015112118 1A30% #1 [manipulated] ZON2015112118 1A30% UV_VIS_1WVL:254 nm
1600+
] FEooF
1400 F r
1200
?c_ )
E1000—
@ j
5 800 11-14.510
E ] |2 - 17.867 e
< 6004
400
200
0+ L | T
'100_I T T T T T T T T T
12.0 13.0 14.0 15.0 16.0 17.0 18.0 19.0 20.0 21.0 220
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL"min mAL % % n.a.
1 14.510 587.649 802.087 50.19 53.86 n.a.
2 17.867 583.189 687.183 49.81 46.14 n.a.
Total: 1170.839 1489.270 100.00 100.00

|Chromatogram

1 ZQN2016022307 1A430% #1 [manipulated]

4500 ZON2016022307 1A30% UV_VIS_1 WVL:254 nm
4000+
3000+
E)l: 1 12 - 17.857
E
@
£ 20004
3
g p
a2 ]
=
1000
] i1 - 14587
0+ T L T
-500- T T T T T T T T T T T T T T T T T T T T T T T
13.00 13.75 15.00 16.25 17.50 18.75 20.00 21.25 22.00
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAL % i n.a.
1 14.587 220.234 337.325 10.11 12.43 n.a.
2 17.857 1958.781 2376.637 89.89 87.57 n.a.
Total: 2179.015 2713.963 100.00 100.00
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4ad

|Chromatogram

2400 7] ZQN2015112119  AS30% #1 [manipulated] ZQN2015112119 AS30% UV_VIS_1WVL:254 nm
2000
15004
= 1
< p
E
- j
S 1 -5757 Ohte
S 1000
o
2
2 j
500—- |2 - 8.847
0+ ' t T
-200- T T T T T T T T T T T T T T T T T T T T
4,00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12,00
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 5.757 710.735 1057.189 50.94 70.02 n.a.
2 8.847 684.488 452.760 49.08 29.98 n.a.
Total: 1395.223 1509.959 100.00 100.00
|Chromatogram
4000 - 71 ZQN2015121104 AS30%1 #1 [manipulated] ZQN2015121104 AS30%1 UV_VIS_1WVL:254 nm
3500
3000
2500
E)l: ] 11-5773
E 2000
8 ]
c 4
E 4
5 1500
2 ]
¢: 4
1000
500
12 - 8.950
04 1 ] :
-500- T T T T T T T T T T T T T T T T T T T T T T
3.00 3.75 5.00 6.25 7.50 8.75 10.00 11.25 12.00
Time [min]
Integration Results
MNo.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAY % % n.a.
1 5773 1338.939 2082.748 92.93 96.21 n.a.
2 8.960 101.942 82.156 7.07 3.79 n.a.
Total: 1440.881 2164.905 100.00 100.00
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4ae

|Chromatogram

200~ 320N2015101202 AS30% #1 ZQN2015101202 AS30% UV_VIS_1WVL:254 nm
1754
150+
1251
=
=
E
@ 100
E i 1-7.680 Ohte
5
2 754
<
504
12 -13.297
254
04 ' ! :
'10'| T T T T T T T T T T T T T T T T T T T
6.0 8.0 10.0 12.0 14.0 16.0 18.0 19.0
Time [min]
Integration Results
MNo. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 7.690 96.796 91.509 50.31 70.44 n.a.
2 13.297 95.593 38.395 49.69 29.56 n.a.
Total: 192.389 129.904 100.00 100.00
|Chromatogram
4400_EZON2016022311 AS30% #1 [manipulated] ZQN2016022311 AS30% UV_VIS_1 WVL:254 nm
4000
35001
30004
2 2500.
£ 5004
[ ]
§2000-_ \1-7.287
& 4
2
< 15004
1000
500
] 12 - 12.877
O__ 1 I I
'200_"‘rr"|r"| L L L B S | — T T T — T T T T
5.00 6.25 7.50 8.75 10.00 11.25 12.50 13.75 15.00 16.00
Time [min]
Integration Results
MNo.  |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 7.297 1939.683 1932.204 95.60 97.76 n.a.
2 12.977 89.307 44.289 4.40 2.24 n.a.
Total: 2028.990 1976.494 100.00 100.00
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4af

|Chromatogram

75.0 - 3 ZQN2015112111 AD30% #1 ZQAN2015112111 AD30% UV_VIS_1WWVL:254 nm
70.0
60.0
50.0
=)
4:5 40.0
3
5 300 e
5
2
< 20.0] \1-21.353
12 - 28.610
10.0 4
0.04
-10.0- — T T Illl‘l‘l"I“:’I"lflll"‘l "I‘I’
15.0 17.5 20.0 22.5 25.0 275 30.0 325 350 375 388
Time [min]
Integration Results
MNo. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 21.353 46.512 27.813 49.25 53.48 n.a.
2 28.610 47.928 24.196 50.75 46.52 n.a.
Total: 94.440 52.009 100.00 100.00
|Chromatogram
440 - I3ZC}N2L’!15122205 Ad30% #1 ZQN2015122205 Ad30% UV_VIS_1WVL:254 nm
400 4
350+
300+
22
< 50 4
3
E 2004 12 - 28.627
5
2
< 150
100
504
11-21.313
04 L T T
-20_| T T T T T T T T T T T T T T T T T T T T T T T T T T T T
17.0 20.0 225 25.0 275 30.0 325 35.0 375 39.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 21.313 41.472 25.818 9.78 11.59 n.a.
2 28.627 382.400 196.936 90.22 88.41 n.a.
Total: 423.872 222,752 100.00 100.00
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4ag

|Chromatogram

40 1 5-OME-AS20% #1 [manipulated] 5-OME-AS20% UV_VIS_1 WVL:254 nm
400 4
3504
3004
=P
T 50
3
& 200 i1-13.067
o
2
< 1504
100 4
oo 12 - 25.907
50+
0 | I
20l - - , ; .
8.0 10.0 15.0 20.0 25.0 30.0 36.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 13.067 457.169 189.915 51.51 71.02 n.a.
2 25.907 430.371 77.494 48.49 28.98 n.a.
Total: 887.540 267.409 100.00 100.00
|Chromatogram
1500~ E ZQN2015122204 AS20% #1 [manipulated] ZON2015122204 AS20% UV_VIS_1WVL:254 nm
1400
12004
1000
= ]
2 |
E 8004
3] ] 11-13.013
5 |
5 6004
E 4
< ]
4004
2004
] 12 - 25.820
0- . T T
-100‘;. T T T T T T T T A B R e e
9.0 100 12.5 15.0 17.5 20.0 22.5 250 27.5 30.0 32.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mALUmin mAU % % n.a.
1 13.013 1610.116 703.601 90.24 94.95 n.a.
2 25.820 174.062 37.432 9.76 5.05 n.a.
Total: 1784.178 741.033 100.00 100.00
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4ah

[Chromatogram

2400 - E ZQN2015101002-A530% #1 [manipulated] ZQN2015101002-AS30% UV_VIS_1 WVL:254 nm
2000
15004
5' 4
< )
E
8 11 -5.007
S 1000
o
2
2 |
500 12-7.577
o !
'200_ T T T T T T T
3.00 3.75 5.00 6.25 7.50 8.75 10.00 11.25 12.00
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mALU % % n.a.
1 5.007 861.618 1075.750 50.79 68.51 n.a.
2 7.577 834.760 494.565 49.21 31.49 n.a.
Total: 1696.378 1570.315 100.00 100.00
|Chromatogram
3500- E ZQN2016022303 AS30% #1 [manipulated] ZQON2016022303 AS30% UV_VIS_1WVL:254 nm
3000
2500+
2 2000
E 11 -4.960
2 ]
c
5 1500
5 ]
2
< ]
1000
5004
1 . |2 - 7477
04 : :
-200- T T T T T T T T T T T T T T T T T
3.00 4,00 5.00 6.00 7.00 8.00 9.00 10.00
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mALUmin mAU % % n.a.
1 4.960 1413.045 1760.948 94.25 96.70 n.a.
2 7.477 86.243 60.119 5.75 3.30 n.a.
Total: 1499.289 1821.068 100.00 100.00
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4ai

|Chromatogram

1600 - E ZQN2015111814 AS30% #1 [manipulated] ZQN2015111814 AS30% UV_VIS_1WVL:254 nm
1400
1200
1000
= ]
= ]
E ]
8 8007 \1-5.840
£ ]
2 600+
< ]
400
] 12 -11.720
200
0] !
'100‘ T T T T T T
4.0 6.0 8.0 10.0 12.0 14.0 16.0 17.9
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 5940 698.084 722.659 52.91 77.48 na.
2 11.720 621.247 210.046 47.09 22.52 n.a.
Total: 1319.331 932.705 100.00 100.00
|Chromatogram
2800 - E ZQN2016022309 AS30% #1 [manipulated] ZQON2016022309 AS30% UV_VIS_1WVL:254 nm
2500
2000
2 |
£,15004
9 )
= 11-5.853
= |
2 1000
2 ]
500
] 12-11.587
04 T 1 |
'200_||rr L AL AL | L —T T T T T —T1 T
3.50 5.00 6.25 7.50 8.75 1000 11.25 12.50 13.75 15.00
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAUTmin mAL % % n.a.
1 5.853 1186.937 1223.317 90.01 95.65 n.a.
2 11.587 131.716 55.648 9.99 4.35 n.a.
Total: 1318.653 1278.966 100.00 100.00
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4aj

|Chromatogram

750 - 'ﬂzqn2015121?12 AS20% #1 zqn2015121712 AS20% UV_VIS_1WVL:254 nm
7004
600
500+
=
=
E. 4004
3
E 11-9.280
5 300+
2
=
200
12 - 16.337
1004
04 L 1 T
'50'| —T T T T T R e S D D T
50 60 8.0 100 12.0 14.0 16.0 18.0 20.0 220 240 250
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAL % % n.a.
1 9.290 459.291 323.376 51.60 69.94 n.a.
2 16.337 430.736 138.995 48.40 30.06 n.a.
Total: 890.027 462.370 100.00 100.00
|Chromatogram
2500 - E ZQN2016022302 AS20% #1 [manipulated] ZQN2016022302 AS20% UV_VIS_1 WVL:254 nm
20004
= 1500
= j
E 1 i1-9.143
@ 4
=
5 j
5 1000+
E 4
<< ]
500+
1 | 12 - 16177
04 f
-200".r|‘-‘| —T1 T T T — T T —1_ T T L —T T T
6.50 7.50 8.75 10.00 11.25 12.50 13.75 15.00 16.25 17.50 19.00
Time [min]
Integration Results
MNo.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 9.143 1762.442 1249.612 96.12 97.58 n.a.
2 16.177 71.184 30.976 3.88 2.42 n.a.
Total: 1833.626 1280.588 100.00 100.00
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4ak

|Chromatogram

600 7] ZQN2015112113-AS20% #1 [manipulated) ZON2015112113-A520% UV_VIS_1WVL:254 nm
500
400
=
=
E
o 300+
o
= 1-7.797 e
E=}
g
2 200
12 - 13.887
1004
0+ L |
-50- —r T T T T T T T T T T T T T T T T T T T T T T
52 60 8.0 10.0 12.0 14.0 16.0 18.0 20.3
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL"min mAL % % n.a.
1 7.797 333.472 254.632 51.09 69.53 n.a.
2 13.887 318.217 111.597 48.91 30.47 n.a.
Total: 652.689 366.229 100.00 100.00
|Chromatogram
1400 - 71 ZQN2015121908 AS20% #1 [manipulated] ZON2015121908 AS20% UV_VIS_1 WVL:254 nm
1200
1000+
= 800-]
= j
E
) f 11-7.850
2 6004
E 4
g
< 4004
2004
07_ | 12 - 13.960
1 L T I
-200- T T T T T T T T T T T T T T T T T T
5.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAL % i n.a.
1 7.850 905.844 715934 95.09 97.27 n.a.
2 13.960 46.744 20.062 4.91 2.73 n.a.
Total: 952.587 735.996 100.00 100.00
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4al

|Chromatogram

] zqn2015121711 AS20% #1 [manipulated]

zqn2015121711 AS20%

1100 UV_VIS_1 WVL:254 nm
1000
875
=) ]
4:5 625
g |
c
2 500 -6.087
5 ]
2 ]
< 375
250
] 12-10.833
125
0] ' |
_SO‘I T T T T T 1
4.0 8.0 100 12.0 14.0 16.0 17.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 6.087 600.708 454.754 51.34 70.34 n.a.
2 10.933 569.358 191.769 48.68 20.66 n.a.
Total: 1170.066 646.523 100.00 100.00
|Chromatogram
3200 - E ZQN2016022301 AS20% #1 [manipulated] ZQN2016022301 AS20% UV_VIS_1WVL:254 nm
3000+
2500
2000
5 )
= i
E )
O 1 1-86.527
£ 15004
g 4
= )
2 ]
1000
500
] 2-11.353
0 I
-200- T T T T T L T T T — T T T T T T T T T T T T T —
4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0
Time [min]
Integration Results
MNo.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 6.527 1688.976 1540.703 96.66 98.15 n.a.
2 11.353 58.347 29.076 3.34 1.85 n.a.
Total: 1747.323 1569.779 100.00 100.00
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Compound 6
|Chromatogram

200+
175
150+
125
=)
=
=
@ 100
c
3
S
B 754 1.8.553
<
12-10.327
50
25
0+ | T T
-10—| T T T T T T T T T T T T T T T T T T T T T T T T T
6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAUTmin mAL % Y% n.a.
1 8.553 45.309 71.694 49.64 56.85 n.a.
2 10.327 45.972 54.416 50.36 43.15 n.a.
Total: 91.281 126.110 100.00 100.00
|Chromatogram
1500
14004
1200
10004
5’ 4
=
E. 8004
8 ]
c 4
B |
@ 6004
=]
2 ]
400+ 11-8.320
2004
1 12 - 10.080
J L -
504 , , : - . . - : : , : - : - -
7.00 8.00 9.00 10.00 11.00 11.80
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAUTmiIn mAL % % n.a.
1 8.320 262.731 353.645 87.23 88.24 n.a.
2 10.080 38.450 47.133 12.77 11.76 n.a.
Total: 301.181 400.778 100.00 100.00
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Compound 7

|Chromatogram

3000
2500+
20004
4 I
5‘ i ocH HHCOPh
=
E |
& 1500
c 4
m
=3 4
5 ]
3 ]
1000
1 1-7.567
500
1 2-15.083
]
'100_|r"r T T ot T T T —T —T1 T T L B | —r—§ T+ T T 71 T
0.0 25 5.0 7.5 10.0 125 150 17.5 20.0 225 243
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 7.567 704.672 724.484 51.22 74.83 n.a.
2 15.083 671.064 243.674 48.78 25.17 n.a.
Total: 1375.736 968.158 100.00 100.00
[Chromatogram
10004 ZONfITHfE T-0D30% #1 [manipulated) ZQNfij 1t T=-0D30% UV_VIS_1 WVL:264 nm
875
750
_. 625
5 ]
2 ]
E ]
2 500
c
3 ]
3 3751
2 1 |1-7.510
250
125
] L 12 - 16.377
0__ T
-50‘I T T T T T T T T T T T T T T T T T T T T T T
6.3 8.0 10.0 12.0 14.0 16.0 18.0 20.0 220 229
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU"mIn mAU % % n.a.
1 7.510 341.260 326.653 95.38 97.63 n.a.
2 15.377 16.514 7.945 4.62 2.37 n.a.
Total: 357.773 334.597 100.00 100.00
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4. X-ray single crystal data for compound 4aa

The thermal ellipsoid was drawn at the 30% probability level.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient
F(000)

cu_dm15841 0Om

C33 H30 N4 O3

530.61

296 K

154178 A

Monoclinic

Cc1l21

a=132.0719(7) A a= 90°.
b =9.2396(2) A B=109.7790(10)°.
c=20.2331(4) A vy =90°.
5642.0(2) A3

8

1.249 Mg/m?3

0.651 mm-!

2240
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Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.679°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I1>2sigma(l)]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

0.28 x 0.1 x 0.05 mm3
2.320 t0 69.706°.

-38<=h<=36, -11<=k<=11, -24<=|<=24

21205

8811 [R(int) = 0.0344]

97.0 %

Semi-empirical from equivalents
0.7532 and 0.5863

Full-matrix least-squares on F2
8811/1/729

1.005

R1 =0.0540, wR2 = 0.1393
R1 =0.0707, wR2 = 0.1557
-0.04(19)

0.00069(9)

0.281 and -0.229 e.A3
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