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Reaction Optimization®

- catalyst (10 mol %)

_>-—o LiOAC (10 mol %)
___

Il 1}
Pho_g;: Hoor S additive (100 mol %) Pho_g;: _
solvent, O,, 80 °C, 24 h o
1a 2a 3 © —
entry catalyst additive solvent yield (%)°
1 Pd(OAc), Cu(OAc), DME 0
2 Pd(OAc), CuCl, DME 0
3 Pd(OAc), BQ DME 0
4 Pd(OAc), pyridine DME 0
5 Pd(OAc), LiBr DME 0
6 Pd(OAc), TBAF DME 0
7 Pd(OAc), TBAC DME 0
8 Pd(OAc), TBAB DME 65
9 Pd(OAc), TBAI DME 0
10 PdCl, TBAB DME 0
11 Pd(CH3CN),Cl, TBAB DME 0
12 Pd(PhCN).Cl TBAB DME 0
13 Pd(acac), TBAB DME 0
14 Pd(OAc), TBAB THF 45
15 Pd(OAc), TBAB Dioxane 33
16 Pd(OAc) TBAB toluene 21
17 Pd(OAc), TBAB DMSO 0
18 Pd(OAc), TBAB DMF 0
19 Pd(OAc), TBAB TMBE 80
20 Pd(TFA), TBAB TMBE 89
21¢ Pd(TFA), TBAB TMBE 7
224 Pd(TFA), TBAB TMBE 29
23¢ Pd(TFA), TBAB TMBE 77
241 Pd(TFA), TBAB TMBE 72
258 Pd(TFA), TBAB TMBE 71
26 TBAB TMBE 0

#Reaction conditions: 1a (0.2 mmol), 2a (0.6 mmol), catalyst (0.02 mmol), LiOAc (0.02 mmol),

additive (0.2 mmol), solvent (2 ml), under Oa, heated at 80 °C for 24 h. ®Isolated yield. ¢ Under N,

atmosphere. ¢ Under air atmosphere. ¢ at 70 °C. " at 90 °C. ¢ 80% TBAB.
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TH, 13C, 3'P and "F NMR spectra of products
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3P NMR (162 MHz, CDCl3)
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951 #65 RT: 0.95 AV 1 SB: 24 0.01-0.09
T: FTMS {1,1} + p ESI Mull ms [100.00-1000.00]

T
480

™
431

0781 03 NL: 409E4

44212214
3

182
mz

z=
Cuslle OGN FP =442.12141

Relative Abundance
0
=

~.84317 ppm

T
483

T
484

T
485

T
436

Lk
437

T
438

L
4890

T T T
436 438 440

442
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961#13 RT: 0.20 AV: 1

SB: 24 0.01-0.09 . 0.78-1.03 NL: 7.03E5

T: FTIMS {1,1} + p ESI Full ms [100.00-1000.00]

Relative AbLindance
o
=}

458.092608

C23Hz Os NCIP = 458.09188
1.77918 ppm

458

989 #11 RT: 0.17 AV: 1 SB: 6 001-0.09 NL: 5.64E4
T: FTMS {1,7} + p ESI Full ms [100.00-1000.00]

502.04192
=1

CzHza Os NBr P=S02.04135

Relative Abundance
u
o

50 .64912
=2

1.14608 ppm

1 £
PhO P N

3h

©02.18089

803.04494
=1

AR

OPh "y

£04.03¢62
=1

£06.04355

Ca2e Hz1 O3 N Br P = 606.04360
.20

Lk il
501.5

T T T T T T T
502.0 502.5 503.0
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T
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955#13 RT:0.20 AV: 1 SB: 24 0.01-0.09, 0.78-1.03 NL: 5.41EE
T: FTMS {1,1} +p ESI Full ms [100.00-1000.00]
470.11920
=1
CauHzOs NP & =470.11886
1.37605 ppm

3

Relative Abundance
o
Q

35 471.12262

z=1
Ca2 His O2 N Na = 471.12268
25 -0.76377 ppm

@85 #47 RT: 0.71 AV:1 SE: 6 0.01-0.09 NL: 1.63E4
T: FTMS {1,1} + pES| Full ms [100.00-1000.00]
492 11204
z=1
CauHnO;NFyP =492.1"822
1.66027 ppm

3

Relative Abundance
o
=]

493.12288
30 492.10108 =
=1

25 R

1 L

CF =N

485.5

o

T T L T T T T T T T
490.5 491.0 491.5 482.0 492.5 493.0 493.5 494.0 494.5 49
mz
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1185 #47 RT: 0.68 AV: 1

SB: 6 0.01-0.09 NL: 3.69E5

T. FTMS {1.1} + p ESI Full ms [100.00-1000.00]

Relative Abundance
o
)

466.17825
=1
C2sHzo Os NP =466.17779
0.99617 ppm

470,11560
467.18161 =1
3181 CorHz 0 NP =470.11519
i 0.87277 ppm

1191 #13 RT:0.20 AV: 1 S3:6 0.01-0.09 NL: 9.38E4
T: FTMS {1,1} = p 25| Full ms [100.00-1000.00]

Relative Abundance
o
o

§24.18371
-

z
C23Ha1 07 N P =524 18327
0.85536 ppn

5§25.18713
z=1

T
523
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973#43 RT: 063 AV: 1 SB: 5 0.01-0.09 NL: 4.44E5
T: FTMS (1,1} = p ESI Full ms [100.00-1000.00]

Relative Abundance
o
o

474.14861

p
CirHzs Os NP = 474.14648
€.26451 ppm

3m

475.15016
2=1

974 #21 RT: 031 AV:1 SB!6 0.01-0.08 NL: 1.22E6
T: FTMS (1,1} + p ESI Full ms [100.00-1000.00]

Relative Abundance
<]
S

T T T e T T T T
474 475 476 477 478

438.14702
z=1
Gz Has 05 NP =438,14549
1.38130 ppm

439.15052
z=1

T T T T
433 440 443 450
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1192 #13 RT: 0.20 AV: 1 SB: 6 0.01-0.09 NL: 3.06E5
T: FTIMS {1,1} + p ESI Full ms [100.00-1000.00]

Relative AbLindance
o
=}

488, 7615

CaHz OsNP =288 17779
0.77323 ppm

48716154

7 %
7 N
0 =
n 7 A Y
PRO-P-N

—,

OPh ™

7N

3o

957 #51

RT. 0.75 AV. 1 SB: 24 0.01-0.08 . 0.78-1.03 NL: 3.78E5

T: FTMS {1,1} +p ESI Full ms [100.00-1000,00]

4352.16280
=1

Gz Har O35 NP =45216214

1.47879 ppm

100

Relative Abundance
4]
o

453.166285
=1

446 447 448 449

L |
450

451 452
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T T T T T T
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1188 #13 RT. 0.20 AV: 1 SB: 6 0.01-0.03 NL: 6.71ES
T: FTMS {1,1} = p ESI Full ms [100.00-1000.00]
514.16286
z=1

CaH= O8NP =514,16253
0.53764 ppm
OCH;

7\
85 ¢ 7 OCH3

Relative Abundance
»
=1

33 515.16629

2=
25 52418377
z=1

20 C2aH31 O7 NP = 524.18327
15 0.9€697 ppm

1197 #16 RT: 0.22 AV: 1 SB: 6 0.00-0.08 NL: 51725
T: FTMS {1,1} +p ESI Full ms [100.00-1000.00]
474.146¢3
=1
CarHa OsNP =474." 4649
0.94613 ppm

Relative Abundance
o
Q
=
=

475. 15047
=1

=

T T T T T T T T T T | il bk nd B T Ll b
464 456 488 470 472 474 476 478 480 482 484 488 488 430
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1198 #15 RT: 0.22 AV: 1 SB: 6 0.00-0.09 NL: 8.19E4
T: FTMS {1,1} +p ESI Full ms [100.00-1000.00]
410 11842
z=1
C22H21 05 NP =410.11819
0.59785 ppm

Relative Abundance
a
=}

25 411.11878

=1
20 = 419.187s€

=1

0 i . : . L i |

T T Ll ™ T T T T T T ™T T
398 400 402 404 408 408 410 412 414 418 418 420 422 424 426

1200 #13 RT. 0.19 AV. 1 SB:6 0.01-0.09 NL: 6.85E4
T: FTMS (1,1} +p ESI Full ms [100.00-1000.00]
478.10314
z=1
CnHxOs N F3 P=478.10257
120143 ppm

4b

Relatlve Abundance
@
b=}

35 476.10674
30 #73.18219 z=1
=1

431.22578
=t

R nd b i i i o B i il i i b ¢ T o il o s il i i T T T o i i R iy o | T | e i i B il B i |
473 474 475 476 477 478 473 480 481 482 483 484 485 486 487 488
miz
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1203 #17 RT: 0.24 AV: 1 SB:6 0.01-0.09 NL: 1.78E6

T: FTMS {1,1} +p ESI Full ms [100.00-1000.00]

Relative Abundance

100

452.13005

=

45414180

=1

Cz4H2s O3 NP = 454,71 4140
0.88848 ppm

455.14523
=

1201413 RT- 0.20 AV: 1
T- FTMS{1,1} + p ESI Full ms[100.00-1000 00]

Relative Abundance

501.27291
z=1

EB: 6 0.01-0.09 NL: 8.25E4

50609252

=1

Cz:Hz2 Os N CIP = 506.09188
1.30250 ppm

»

60€.00630
=

|

496

498

T
500

T
502

504

T
508
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1210 #33 RT: 049 AV:1 SB:6 0.01-0.09 NL: 5.82E5
T: FTMS {1,1} + p ESI Full ms [100.00-1000.00]

480.15766

=1

G2 Hzr Og N P =480.15705

Relative Abundance
<]}
=}

1.27084 ppm

481.16108
=1

1207 #41 RT: 0.61 AV: 1 SB: 6 0.01-0.09 NL: 2.48E5
T: FTMS {1,1} + p ESI Full ms [100.00-1000.00]

500.16258
1

z=
CzeHzr Oc N 2 = 500.162°4

100

Relative Abundance
o
Q

1 02730 ppm

4

501.16825

0 Ferrpwrymperer Jeaghesperyeeny

T T T T
488 490 492 494 4986 498

T T T T T T T T
502 504 508 508 510 512 514 516

miz

S66

1
T
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T
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1206 #41 RT: 0.61 AV: 1 SB 6 0.01-0.09 NL 2.06E5
T: FTMS {1.1} + pESI Full ms [100.00-1000.00]

534 12377
z=1

Gz Hzs O5 M CIP = 534.- 23106

Relative Abundance
5]
=}

1.13743 ppm

535.12722
2= 53612008
=i

1200433 RT: 049 AV: 1 SB:60.01-0.09 NL:7.42E3
T: FTMS {1,1} + p ESI Full ms [100.00-1000.00]
532.22549
z=?

Car Has DN P = 53222474

100 1.40808 pom

Relative Abundance

532.20847
z=7

— ]

v
@
-
o
2% |
@
@4
(&

“d
@

o
o d

l?Ph
O—I;-‘ OPh

2~ Nz 0‘V’l\"-.’
Crn

Ry,

4h

53411451 334.12895
2= z=1
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1204 #21 RT: 0.32 AV: 1 SB: 6 0.01-0.08 NL: 7.01E5
T: FTMS {1,1} +p ESI Full ms [100.00-1000.00]
£28.19367
=1
Ca1HOs NP =528.19344

100 1.00172 ppm

Relative Abundance
[4))
o

52019738
35 z=1
£22.26196

26 538.22682

=
CwuHz=r Os NP =538.23530
15 623.26660 0.85664 ppm

T T i T v T T T T T T T ™ T T
515 520 525 530 535 540

miz

1202 #51 RT: 0.78 AV: 1 SB: 6 0.01-0.08 NL: 9.1824
T: FTMS {1,1} +p ESI Full ms [100.00-1000,00]
534.24108
z=1
Ca3 Hiy Oz N 2 =8524.24039
1.28582 ppm

Relative Abundance
o
Q

40 535.24421
. =1

$32.07750

ol .

T T T T T
532 533 534 535 536 537 538
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1199#11 RT: 0.16 AV: 1 SBE: 6 0.00-0.08 NL: 2.79E6
T: FTMS {1,1} + pES| Full ms [100.00-1000.00]

408.13654

CxHz Q4N P =408.13592
1.50547 pom

100

Relative Abundance
<]
=3

409.13984
=1

-~

Oemgrevepeeryrer T T
398 400 402 404

068 #21 RT: 0.20 AV: 1 €B: 6 0.01 0.09 NL: 1.21E6
T: FTMS {1,1} +p ESI Full ms [100.00-1000.00]

100
95

85
80

70
65
60

50
45

Relative Abundance

40
35
30

™T
406

T T T T T T
408 410 412 414 416 418
mz

228 14153

z=1
CowH:: Oz NP = 42814101
1.223233 ppn

22914496
=1

T T T
420 422

T
424

T
426
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1183 #43

RT. 063 AV. 1 SB: 6 0.00-0.08 NL: 1.08E6

T: FTMS {1,1} + p ES| Full ms [100.00-1000.00]

Relative Abundance

1187 #13

100

466.17812

=
G5 Has O3 NP = 468, 17779
0.71725 ppm

467.18148
="

5a

470.11538

=1
Cor Hz1 O NP = 470.11519
0.43866 ppm

T T T T T T ™ Lutka aed) Wit b i | T
458 480 462 484 468 488 470
mz

RT: 0.20 AV: 1 SB: 6 0.010.09 NL: 6.76E5

T: FTMS {1,1} + p ES| Fullms [100.00-1000.00]

Relative Abundance

100

49815248

z=1
CsmHy» Oy NP = 438.15197
0.99898 ppin

497.15592
=i

T T T T
472 474 476 478

T
484

T L
192 193
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1205411 RT: 0.17 AV: 1 SB: 6 0.01-0.09 NL: 3.20E4
T: FTMS {1,1) + p ESI Full ms [100.00-1000.00]
808.47043

=
Csan Hir O N P = 808.47005

100 0.52433 ppm

Relative Abundance
(4]
o

CI:Fh
C'=I|= QPh

e N
:.;,:,,L "\T] 0.

O s Lo gl I g

‘a,L o

T

be

800.47403
=1

T
809.0 809.5 810.0
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