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Cross-Coupling Reactions Using Nitroarenes

Yoshiaki NAKAO

0 We successfully developed a palladium-catalyzed cross-coupling reaction using nitroarenes as electrophiles. We

have indentified that a BrettPhos ligand is optimal for the Suzuki-Miyaura coupling reaction and the Buchwald-

Hartwig amination reaction of nitroarenes. These studies show the potential for nitroarenes to be used as an

alternative coupling agent for the conventionally used aryl halides.
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Me0\©\ (HO).B
e
NO2

Pd(acac)2(5.0 mold )

Ligand (20 molO )
18-crown-6 (10 mol[J )

Base (0.90 molJ )
1,4-dioxane, 13000 , 24h

MeO l

(0.30 mmol) (0.45 mmol)
Rl RZ R3
R} Cy2P R2 OMe 'Pr iPr  BrettPhos A\ =\ ,L
Q , H iPr iPr XPhos NN N p
R® NMe; H  CPhos N
1 R? H OMe H SPhos
R H OPr  H  RuPhos
IPr
Entry Ligand Base NMR yield(O )
1 BrettPhos K3sPOLInH20 86
2 XPhos KsPO4LInH20 56
3 CPhos KsPO41nH20 9
4 SPhos K3sPO4LInH0 8
5 RuPhos KsPO4LInH20 15
6 PCys KsPO41nH20 as
7 PtBus KsPO41nH20 05
8 IPr KsPO4LInH20 05
9 BrettPhos K2COs a5
10 BrettPhos CsCOs3 49
11 BrettPhos CskF 78
12¢ BrettPhos KsPO4{1nH20 69

2 Reaction run without 18-crown-6.



O 200 00002

0000 ®*0000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000 00000000000
000000000000000000000000
000000000000000000000000
00000000000 000000000

0 000 € 0000z 27

oz20000000

oboooooooobooobooooobooooon
ooooooo0OO0O0000O Teble20OOOOOO
obooooooooboooboooobooobooon
oboooooooobobooboooobooooon
oboooooobooooboooobbooobooon
gboooooobooboooboooobbooobooon
obooboobobgobooooooooooooDo4n

TableDOOOODOOOOOOODOOOOOOOODODOOOOOOOOOO

Pd(acac)2(5.0 mol )
BrettPhos (20 molO )
18-crown-6 (10 molO )

Ar'-NO,  + (HO);B-Ar?
Base (1.8 mmolO)

(0.60 mmol) (0.90 mmol) 1,4-dioxane, 1300
Entry Art Ar? Base Time (h)  Yield(O)
1 41 MeOICsHa Ph KsPO4InH20 24 76
2 40(NImorpholino)ICsHa Ph KsPO4InH20 24 63
3 41 Mel CeHa 40MeO0CeHa KsPO4InH20 24 78
4 40PhICsH4 Ph KsPO4InH20 16 71
5 Ph 40MeO0CeHa KsPO4InH20 12 72
6° 41H(O)CIC6H4 Ph KsPOLINnH:0 14 70
7 41Me(O)CIC6H4 Ph KsPO4InH20 14 72
8° 40F3COCesH4 40MeODCeHa(1.2 mmol) CsF 14 54
9° 40F0CeH4 40 MeOICeHa CsF(3.0mmol) 15 46
10 30MeOICsHa Ph KsPO4InH20 18 74
11 3,50Me2l1CeHa 40MeODCeHa(1.2 mmol) KsPO4InH:20 24 71
12 30PhICsH4 40MeO0CeHa KsPO4InH20 14 74
13 30MeO:CLCsHq Ph(1.2 mmol) KsPO4InH20 12 69
14 30MeO:SICsH4 Ph KsPO4InH:20 12 65
15 3002NICeHs Ph(1.2 mmol) KsPOLINnH:0 5 65
16 20MeOICsHa Ph KsPO4InH20 12 84
17 20MelCsH4 40 MeOICeHa KsPO4InH:20 24 68
18° 20Ph0CsH4 40 MeO0CsH4(1.2 mmol) CsF 36 34
19 2002NICeHa Ph CsF 3 64
20 naphthalenC 0yl Ph KsPO4InH:20 12 82
21 500N naphthalentdilyl Ph(1.2 mmol) KsPO4LInH20 3 61
22 50Ph0naphthalenC 10yl 401MeOlCsH4 KsPO4InH20 18 69
23° anthracen90yl Ph CsF 24 44
24 naphthaleni 20yl Ph KsPO4LInH20 12 81
25 pyridind30yl Ph KsPO4InH20 12 79
26 20MeOIpyridind 30yl Ph KsPO4InH:20 12 80
27¢ quinolind50yl Ph KsPOLINnH:0 24 71
28¢ isoquinolind50yl Ph KsPO4InH20 14 70
29 30MeO:2SICsH4 40 Me2NICeHa KsPO4InH20 16 81
30 41MeO CeH4 40Mel CsHa KsPO4InH20 24 79
31 41MeOICsHa 40'BUlCsHa KsPO4InH20 12 80
32 Ph 40PhICeH4 KsPO4InH20 14 66
33 20MeOICeH4 41 Me(0O)CICsHa(1.2 mmol) KsPOLINnH:0 16 57
34 20MeOICsHa 40 MeO2CICsH4 KsPO4InH20 16 66
35 20MeOQOICsHa A0 F3CI0CeHa KsPO4LInH0 14 65
36 30MeO2ClCeHa 40 F3CICeH4 CsF 14 63
37 41MeOICsHa 4A0FICeHa KsPO4InH20 24 73
38 Ph 30MeOICsH4 KsPO4InH20 12 72
39 20MeOICeH4 20MelCsHa KsPO4InH20 14 67
40 naphthalenl 0yl 2.60Me2llCeH4 CsF 20 36
41 20MeOICsHa naphthalen2lyl KsPO4InH20 18 81
42 30MeO2SICeHa thiophenl20yl(1.2 mmol) CsF 16 41
43° 20MeOQOpyridind 30yl thiopheni 20yl KsPO4InH20 16 54

2 |solated yields after hydrolysis of the acetals.  Reaction run in toluene. © Reaction run with RuPhos instead of BrettPhos.
9 Reaction run without 18-crown-6. ¢ Reaction run with 10 mol% Pd(acac),.
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TableDOOOOOOOOOO Buchwaldd Hartwig O O O OO0 00000000

Pd(acac)2(5.0 moll)

R BrettPhos (20 molO ) Rl
Af-NO; +  H-N Ar-N
'R2 KsPO4 (1.8 mold ) 'R
(0.60 mmol) (0.90 mmol) Solvent, 13000, 24h
Entry  Ar HNR'R? Solvent Yield(O))
1 401MeOlCeHa HNPh2 nl heptane 66
2ab.c 40 (NCcarbazolyl)JCeHs  HNPh2(1.8 mmol) 1,40dioxane 57
3 40MelCsH4 HNPh; nlheptane 73
4 41PhICeH4 HNPh2(1.8 mmol) nl heptane 74
5 Ph HNPh: nJheptane 83
6 40F3COCeHa HNPh; nlheptane 62
7 3,50Mell CeHs HNPh2 nl heptane 77
8 30IMeO2CICeH4 HNPh2(1.8 mmol) toluene 51
9ab 301MeO,SICsH4 HNPh2(1.8 mmol) toluene 50
109 20MeOl CsHa HNPh2 nJheptane 78
11>4e  20MelCeHs HNPh; nJheptane 64
12 naphthalenC10yl HN(40'Bul CeHa2(1.8 mmol) nlheptane 74
13 naphthalend 20yl HN(41'Bul CeHal2 nl heptane 65
14 NIMelindoll50yl HNPh2(1.8 mmol) nlheptane 52
15° 41MeOL CsHa H2NPh DMF 64
16° 401MeOlCeHa HNMePh 1,40dioxane 41
17° 41MeOQICsHa piperidine 1,41dioxane 61
18° 3,50 Me2ll CeHq H2NCH2Ph 1,40dioxane 81
19° 401MeOlCeHa H2NHex 1,40dioxane 72

2 CPhos was used instead of BrettPhos. ° K,PO,1nH,0O was used instead of K;PO,. ¢ Reaction run for 72 h.
4 XPhos was used instead of BrettPhos. © Reaction run for 48 h.
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