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Ac
acac
Ad
Alk
APCI

Ar

BrettPhos
yl)phosphine

Bu

cat.

Cp*

o
DART
DavePhos
DBU
dcype
DMF
dmphen
dppp
DCE
DMSO
ESI

Et

acetyl

acetylacetonate

adamantyl

alkyl

atmospheric pressure chemical ionization

aryl
dicyclohexyl(2',4',6'-triisopropyl-3,6-dimethoxy-[1,1'-biphenyl]-2-

butyl

catalytic

cyclohexyl
pentamethylcyclopentadienyl
chemical shift (NMR)

direct analysis in real time
2-dicyclohexylphosphino-2'-(N,N-dimethylamino)biphenyl
1,8-diazabicyclo[5.4.0]-7-undecene
1,2-bis(dicyclohexylphosphino)ethane
N,N-dimethylformamide
dimethyl-1,10-phenanthroline
1,3-bis(diphenylphosphino)propane
dichloroethane

dimethyl sulfoxide

electrospray ionization

ethyl



etc.
equiv
eV
EWG
GC

Hal
HOMO

i

J
JohnPhos
L

L1

et cetera

equivalent(s)

electron volt

electron withdrawing group

gas chromatography

hour(s)

halogen

highest occupied molecular orbital
iso

coupling constant (NMR)
2-(di-tertiarybutylphosphino)biphenyl
ligand
2-(2,4,6-trimethylphenyl)-5-(2,4,6-triisopropylphenyl)-2 H-

imidazo[1,5-a]pyridynylidene

M

m

Me
MePhos
min

MS

n

n.d.
NHC
NMR

n.r.

transition-metal

meta

methyl
2-dicyclohexylphosphino-2'-methylbiphenyl
minute(s)

molecular sieves

normal

not detected

N-heterocyclic carbene
nuclear magnetic resonance
no reaction

nucleophile

ortho

para

phenyl



phen 1,10-phenanthroline

Pr propyl

PTLC preparative thin-layer chromatography

quant quantitative

R an organic group

RuPhos 2-dicyclohexylphosphino-2',6'-diisopropoxybiphenyl
RT room temperature

s secondary

SeAr electrophilic aromatic substitution

Singacycle™-E1 chloro[(1,3-dimesitylimidazol-2-ylidene)(N,N-

dimethylbenzylamine)palladium(II)]

SNAT nucleophilic aromatic substitution

SPhos 2-dicyclohexylphosphino-2',6'-dimethoxybiphenyl
t tert tertiary

‘Amyl 2-methyl-2-butyl

Tf trifluoromethanesulfonyl

THF tetrahydrofuran

TIPS triisopropylsilyl

TLC thin-layer chromatography

TMS trimethylsilyl

uv ultraviolet

XPhos 2-dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl
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1-1. BESBMEZAVE7axhy 7Y v IR

INTI) LRy TV EDESREMEL 2 Hv7o. 7V — AGHT & SREZA
EDraRAy 7 v IRIGIE, & DEWEENED S KRRV RN, GH%E

MELO A7 ER % 220 FEBHEEERICH O O N2 BEZ KB TH D, 572 B
TN BAFEMTED3HE A TV B (Figure 1A),

ko razxhy 7V icBLTTY = LRl E LTINS DI, B
Ll a v EPRERZ Y OBMMED A T L— v TH B, 22T, Nas U
NOERIEZ WS 2 N TEIUL, K D 22 FR O R 2 FEL A B IG
SRPTREE B, nuaTL—vIcfb a4 B EREZ DO 7Y —k
HlaxHwizra Xy 7)) v 7% S 1T & 7z (Figure 1B)?, REMWZ DD &
LCHBRY 7V = b7 = 7 — ViFEM, 74— Vg2 EDN N E
TICREINT 5, F7o, KEFMRFEGRZ 7Y — LA E LT 2810 K
TR EN TS, TNETICHFET 3 FRHEHFBEF 4+ T A 7L
INTVLIED, BRI V=T Z2IB0 & T HWMIETN— TV ERLAT IV
7V —LRIE TR0 RAy Y v IS RRE LTS, AL EHRSCIZE T
. 7V —ufbFlohch FEB= P uflbEWIcER L 7%,

A. Classic transition-metal catalyzed cross-coupling

O -+ @ ©-0

Haloarene Nucleophiles
(X =1, Br, Cl)
B. Haloarene surrogates .
Emerging This work
ZR
Q= @ O O | O
o
Z=0,NR Nitroarene

Figure 1. (A) fE ko urzL—rvZHwirazxhy 7V v 7 (B) a7 L—
ZEED 5 7 ) — VLAl

12. RERDFFEHE = vk zHViLI7u R by 7Y v TR
BERE= etz Hwizr2azxhy 7Y 7 LT, Bl 6 5E/BEER



B SGTE 2U(SNAT) D JBHYAT 5 31 5 (Figure 2)B3), BT R51H:%2 b OF FlE=
e bamic LRkl Z KIGZE 5 &, = FaEo A 7Y i~ REEKEL
Meisenheimer $ERZZRR L 72210 = b 023 ilfEd 2 2 &£ = F m DN EH L X
N5, TNFEFTIKHFBRE= b oS4 2 ER05 RO K, KE
no, o 7y FRAQEANEHL T3, LrL, ZORKIGTIEHERLE
ICEEFREIFEED LT 2 b WA T Th 2 2 LR EOHEDLDH 5,

SyAr-type denitrative coupling

NO,
z z
EWG@ + ) _ > EWG—Q)/@9
\_» N02 J

Meisenheimer complex

Nucleophiles Drawbacks
R N"N + Requirement of EWG
H-N ’ 0" s NO,
R EWG@
H
. - EtO_ _.OEt EWG: NO,, carbonyl, SO5R, etc.
50 H-B=H P F ? e
Ar H OEt + Use of strong base

Figure 2. 75 HFiERZEBAIOR= ruflh vy 7)) v 7

WAEIC R D), BREEMEZH A= teflhy 7Y v PG I
(Figure 3), 2011 4£12 Wu # X 0¥ Chen & I3FE K513 %Z b O F5FE= t nibey
WAL, FEBERT Vg LKEZa Y AR X QK2 > 7 LHF/E T DMF H
100 °C TRIGZSE % &, HHEKR= &Yoo =ruERnliigL 7Y -1
—TUBRO NS & 2WE L, KRGIE, fEROFGHFR= F aft&vo
SNAr 1 a Ry T v SRR ERIEIE A MELE Ui\, RS, A E
= rufbdmE7rL /=, HE0RAERERR Y BEH LYY =L
—TOVERBIR FA =V ZAGET Y =LAV 7 4 FEBRMPEE Sk,
SRS Z ZC O, RNTP T LRy b, a0 MRV S
705,



First example of transition-metal-catalyzed denitrative coupling

Wu and Chen (2011) cat. RhC|(PPh3)3

CSQCOg
A\ NO: (HO).B H,0 % o
EWG—, + —_— EWG—.
P DMF, air, Z

100 °C

C-0 bond formation

(HO)ZB\©
S ° AP
EWG- + or EWG—
z O-curani Z

HO\©
C-S bond formation

PR e

@,Noz n=0,1 0
EWG-+ + or
Z - - cu core, ni

N ) ) S.
N Alk
Alk EWG—:Q/

Figure 3. {CRDERGEMEZ V7= taflyy 7Y v 7

Ll InoEREEMEZ b=ty y 7Y v 704 I3E
Kol HA2FHELHRE= bkt EIchEE T2 2, RETEED 2 \IIHRFE
EIEATEHR L PER I N TR R lodiE2EzZTEh, FHNE XS
W EE

1-3. /85 ¥ A/BrettPhos il IC X 2 5 FRE= vtz A= a®l
Ay 7YV IR
COEI)BEFROL L MRS IBGER= W L ERR T RIS
L. 28929 4L E 7Y — VBT BrettPhos % il i > 2 2 & Tii= b 0 Al
BIAR-E A Y TV IEIT L, WMIRTAET Y =L EBR e NS 2 ExHw
72 L 7z (Figure 4A)10), RIEDHEIZ, 727 b L EEFHEGEOE 7Y — Uil



fif BrettPhos DA TH %5, Atz Hv>2 2 & TAMEM 2 RFE-= b v g
B OBAHIM N Z L L 727210 Tl . Tk TOEREME 2 7=
FalAy 7 v S OBER S BRI EE b R WERR= P ulbaEYo
2, RFE-TBF/ME DN DORESTER Z EHLL 72, TR S IARKIEPRFE-=
0 HEDEALIM I Z &R U COEfT T 5% 2 & %2, B{LAnsE ko s X o'z
Dk & R a g E DL EREGIC X DA L 72 (Figure 4B), %51 2019
EETICZOMBERICK 275FR= b fbEGYoli= b o> 3 ksl & X
UK Je i L 7z (Figure 40)17,



A. First example of denitrative Suzuki-Miyaura coupling (Nakao, 2017)

5.0 mol% Pd(acac),

10 mol% 18-crown-6 -Pd
20 mol% BrettPhos O MeQ, CyoP-Pi

NO, K5PO,+nH,0 (3.0 equi Pt
< et @ T O
+ : Q Pr

(HO)ZB/© 1,4-dioxane ipr

130 °C OMe
(0.60 mmol) (1.5 equiv) Up to 84% yield
43 examples

Key: Pd/BrettPhos

B. Synthesis of oxidative addition intermediate and reaction with arylboronate

-

MeO
N+ ,—SiMe; ’Pr (3.0 equiv)
Pd +
N\ “—SiMeg ’Pr THF
OMe 60 °C
OMe (HO).B ;
O (2.0 equiv) MeO Cy2PIP Pd-NO, ..
O K3PO,e nHZO (4.0 equiv) f
THF, 25 °C
51%
28%
oxidative addition X-ray crystal
intermediate structure

C. Denitrative coupling reaction developed by Nakao until 2019

NO, cat. Pd/BrettPhos
©/ N @— _ base @ N “«H-»

amination hydrogenation

Figure 4. (A) R 5 12 X ) Wt I 72,8F 27 L /BrettPhos filtlit % v 72 i = k
nfly 79 v 7 (B) BILWAIED AR E Z2DKIG (C) S 23S L«
fi=trwufiny 7V 7 (2017-2019)

HEBE=tuited®z v 3R
2T HEBRE b fbEYBMELD 7 ) — MAEFNC R TR S IO W T

N S

pUN

7
X

o]

—oOHIZ, AERICEZIC=buE2EAT 2 FEPIHLINTVRERHTDH
%, —HRIICI. EANEE & IREE > S IR D IRMEIC X D FERE A S IC= b uflT
Z % (Figure 5A), L2 L ZOMEIZmESMEz0EEe L, L&Y 22 &



NEHLDTHRIFNUERS R\, ZO7OREMBICRb 5= F afbiE DT —
MR B o TR ., 4 =+ nfbAIDBAFE X 417 (Figure 5B), HTE Tl
A5 co = b a3 B L T 520,

A. Classic

HNO4/H,S0, Advantage Drawback
O_H > @‘Noz - Cheap reagent - Strong acidic condition

B. Recently developed method
nitrating reagent

(0]

NO
A NO: MOz NO

R
nitrating reagent 0
O T Qe :
o~NF - Sfo
Me”™ "NH3NO;3 N-NO,

(o]
Figure 5. (A) iM% H W2 HEFRO = b ufk B) WA cHHTES =
o AL Ao —145

“oOHI, 2 ruEoEEZFH L A EFEROERELSTE 2R TH D, =
FerEoE E LTHl X, 1) BEETOIFAET WD R B AR,
2) = FrEOEOEFRIMEICL DAV Mo 7 e by OBEED M BT S R
EDFHED D 5,

ZDOFHEBRE= b ufbEY R 2 A L 72 KED—21Z, Echavarren 512 & D
WEEIh = buiEoA )L b C-H 7L ¥ 2 U LKA S 41 % (Scheme
1A, HRBE= rafba e 7ae 70X 2 sy AMlEE T, KRGS ¥
52 LT 2D M C-H 7 A F 2 ULSEIT T2 2 2 W L,
B FEIEIC LD SO bRk LT s =t riEo
BYRIMEICE AN Mo 70+ v OREENAET 22 8T, HEIIXSY
b7 e b VB CRIBDNET§ 2 2 LRI iz, TORIGAMZ D,
=t uEoBEBFREMEEZAA LA, = Feiodr MM C-H BB LIS
I 3T\ 5 (Scheme 1B)123 24,
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1=
A. Nitro group worked as a directing group in inverse Sonogashira-coupling (Echavarren, 2021)
Br———~R
cat. [Cp*RhCly]» 0. .0 Cp*
NO, cat. AgSbFg “N° I"‘I!{h NO, R
Ago,CO4 RILAN _ Z
H : P (0] Br———R =z
LiOAc < :
—= e
DCE, 110°C 0
Electrophilic
concerted metallation
deprotonation

B. Transition-metal-catalyzed ortho-functionalization for nitroarenes

6-6 0% &% 0

electron-withdrawing High aC|d|ty X = Hal, OTs, Se

Scheme 1. (A) T ¥ 7 Ll 2 Fl w7275 &F G = b uib&iba&® o 4 v L
C-H 7V % =)ULIE (B) EBEGEAEIC X 275 &/ BE= b afbaB oA iz
C-H BB LG

il DZHSG & LT, FFE G RLEI(SNAN BB 23 8 1T S 41 5 (Scheme 2)1°)
2-7VvFu=ra 7L —ryEICH LRERZ ORI E S L, 7 v REFOLTY
JRFJF - NDREBEEIZ L D Meisenheimer 5K Z L. 7 VA4 vt & REZH]

NO, NO, NO,

F \ F
N
5 e o | @ |— OO0
F SNAr A

reaction
Meisenheimer complex

Scheme 2.2-7 /LA =tu 7L —EITHNT 5 SvAr BT X 5 BREHAL
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1-5. AELFRXA

Izl 2, CoRER= P ultaYoREZz MM L7 S\Aarli= F o il
v 7)) v T ORISR B L L 72(Scheme 3), IR I SNAr RIGIZ X O KA 2 EA
L. fwThi=rallisy 7°) v FRIGHTE UL, Hiffik 2-(or4- ) m =1
7L — v o R BRI IRE & e D . ZEHTEILEYOH L wEk
EPRETELLEZ L, ZOFEZ I, DTD 3 2ORIGZEHFEL 7,

Q" o — oQ" 0 2.

coupling

Scheme 3. SNA/i= b aflh v 7Y 7

BORETIE, 2227 ) = =T VEHO S A= el c-H 7Y —
WABIZ DWW TEY % (Scheme d), ¥RV 7 7 VA NN — )V DEFDERIE
E LT, ERSEMEELZ TN CH 7Y — Ut HI S s h, fEkikT
(ZHEME 72 JFORE IR S B RBRERE A OALEGEIRME ICER H > 7, 2
ITC. 2270 Fus L —rETL )/ —VELSBBICARTE S 2-=
nY 7Y =V I —FVHICNT 20 FH=F e il C-H 7V — LA TE
U Z OBVERIIC 7 5 LF 2 T, BT ORGSR, 8T 27 Al 2 Fl b 7N
fi=raflcH7Y— bz lwZ L,

¢ 0 00 ="

Z=NR, 0O, C=0

Scheme 4.2-= a7 ) — LT —7 VDS TAM= el c-H 7Y — Lk

BT, HEFES ulbBYE A F L U EO S TRIB L= b u B E R
Heck ST DWW T 5 (Scheme 5), SHEMEDE WIRFE-RERE ARG & L
THIS N B E AR -Heck SURIENT T L — 2 DADFHRLT U — ALK Z FV 7
bOVLEREINTWD, ZITHEKE= FafkE&EMz 7Y — LA
TUR, SNAr FREIE= F B EAK-Heck FURC & D —ZICHEIAR F LRV

12



DERTE S EH 2T, BETOFER, 87 20 MR T ARR= + e {b&y
EAF VL VHOG RN = b B E R -Heck MIGDNMEITT 2 2 &2 WAL
Too IHIT, NIV LAMREET 7 vAn=ra 7L —v, REGHLL AFL v
EFHFEZE 22 ETR-RPTO S\Arg TRl sl v 7 v SR
L7,

R

F©/N02+ @ ?Ar» NOz cat. Pd R

Scheme 5. &G = Fafba® & A F L v EHO o FREIBE= b v B HRK-Heck
}i;[}

FUETIE, AL 74 Y2625 EK=Ffb&Y s THii= b o i
I AR-Heck ST DWW T % (Scheme 6), 70 Ml E AR-Heck SR, 2HAHK
IKEWLT LR UIEEBEEICH s 2GRN TH %, S, AiFE=1tn
fEEMITH L SvAr KIBIZ & DALV 7 4 itz EA L, i NS AR
Heck SBD3TEIUIBRRILAOHT L EIRIS 2 IRETE 5 L& 2 7, WMt
DIER, N7 MG T AL 7 4 v 2HT 35 BE= L k&Yoo 1
W= b o B0 = K-Heck ROGIC & D BRIMEAEVIBES N D Z L2 HwE L7,

5 xR
NO 2oh NO
@ 2 n=04 2 cat. Pd
—_— —_—
F SNAr zH}/\N‘R Z )n
n=0,1 n=0,1
Z=CHp NR,O

Scheme 6. 7L 7 4 Y2 H T 2 5EFHE =itV Do FHNBL= b v B AR
Heck )it
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2-1. FAER

RV T IURHNNS =) EDT R ANT T — VIR RE LR,
GHEFMEHCEIBT 28 Th 5, ZOEHMELL, YRV ~NTa— LD
B4 p B EREENE S E Tt SN Tw 31,

BRIIHD Y X ~NT 0 — )VEEERE L L CERRRMEZ w722 7Y
— VI — T IOVHEHD T FWNIRFEIKFEREE(C-H) T YV — WALDYH 6 31 5 (Figure 1),
2002 4EIZ Harvey 512X D MY 77— b 2 BEHEICH W, )5 27 Al X
257N C-H 7V — WAL G SN2, iz Y DI85 00 L% filditic
w5y 1N C-H 7Y — b4 Lt Sz, Bk izd i a7z v
ANKRFHEEROIAIPAS NG, YHEITV—TTET7 =) F AR
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WIRLIN C-H Ay ) v 7Ry 7 7 v ARICHV N, LaL, I
5 DFEITIFFERAR O K CHED D 5, Bl 21X, ~Na vz b & T 2854,
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Intramolecular C-H arylation (First report: Harvey (X = OTf, 2002))

oo -°

z
X = Hal, OR, CO,H, CO,Ph
Substrate synthesis (for dibenzofuran synthesis)
Expensive/MuItistep Multistep Low yield
3) solvolysis
2) oxidation | 4) functionali- 3) hydro 4) esteri-
zation lysis fication
Hal CHO H CO,Me
o O |0 ¢ f)
+
- 1) esteri- | 2) SyAr
F | 1) SnAr fication
(1 step from

bromoarenol)

Figure 1. {CRDBE RSB Z H\ 707N C-H 7Y —fbick 3oy Y
7 7 VAR E Z DIERME L

F 72, 2 ODRFENRZEFESVIMZEIBLICH Ay 7)) v 7o, Y)

Wi S N5 KFIKFEREEDS I 2 EFET 2720, k0% DRMEERI4:
U% &) H 5 (Scheme 1)5)

Intramolecular oxidative C—H arylation (Fagnou, 2008)

<o > an . an

Scheme 1. T FHNBLIIC-H A Y ) Vv AN E B0 RVY 75 VK E ZF D3
&
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COEI)BEROT, = ezl es 359 7N C-H 7Y — U LOBFE
%% Z 72(Scheme 2), = F BEOEWE RGPS, 2-7 v A=t u 7L
—v 7L/ = VO SNAr RIBIZ K D IG5 2- =t ey 7Y — LT —T )b
IR TE S, AR L=t 7Y — Lz —F L ofli= b aflisTH
C-H 7V — LT 34U, fERE DIz 2 B2 RS REETE, ¥
Ry ~NT = VEOREEEDIEET 2 EHE2 7, COXH)BHEZ T, Bi=t
v 5N C-H 7V — LIS DBIFEF RIS T L 72,

NOo H NO, H
¢ -0 00 o OO
+ —_—
SNAr Intramolecular Z

denitrative
C-H arylation

Scheme 2. 77 THBi= rvfl C-H 7V — 1k

2-2. RIS D R#EL

Froic, FREsM=uilhy 7Y v 7 CHW 25 277 L /BrettPhos fil
% O TS L 72 (Scheme 3), 1-= b BE-2-7 =/ FT RUEVAA)Z T
LT F VT FF— F[Pd(acac),]. BrettPhos £ X OV V=74 7 LFELE
. Pvx v 150 °C T 24 IR L 72 & 25, K 49% TRV Y7 T v
RAMEFOND ZE R RV L %,

5.0 mol% Pd(acac),

NO- H 15 mol% BrettPhos
©/O\© K3POy, (3.0 equiv)
—_—_—mmm
toluene (1.0 mL) 0
150 °C, 24 h
1A

2A
(0.20 mmol) 49%

Scheme 3. > FPABi= F vl C—H 7Y — WAL OB S

2-2-1. BEAzFHst

WIRETIC K > THIND RGO TR T E L7z 2-= ey 7Y — LT
— 7V 1A Z >, Pd(acac B X N VIB= AV 7 AFET, Lz v 150°C
T 24 INRIEEIR T 2 5 FD T, BUf7 T2 M5t L 72 (Table 1), BrettPhos % FLfiz -1
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HOT2A MG 6 N7 2 &6 (entry 1), BT 2E7Y —NVER7 4 VBT
2SI L7z, 7V — R DS oiER L 2 B 7272\ JohnPhos Tl B &
2 CHEFT L 722> o o (entry 2), W5iEDS BrettPhos ICEHL L 72 XPhos . T EE
72 RuPhos b BEFEDO= Fu A v 7)) v I CHRNTH 2 2 LPAHIEND HD
D, ARG TIX 24 24 G- 270> 7 (entries 3 and 4)5, BrettPhos DY ¥ i1
LD EHAFEDY Bu ICE Z b 5 72 ‘BuBrettPhos % W 7z R IC IZFIRRE O IPEHRT
2A # 5.7 Jz(entry 5), RIZ, WEE X O R R 7 4 vEN T2 Lz, BT
WERYERRA T 4 VAT OPY) VRV T FURAT7 4 v BLXT Y >
O IIOVHRRAT 4 RO, ROSiE4 T L &b 7 (entries 6 and 7),
THERRAT 4 VRN ELTY 7 2= VR A7 4 2 FukvBRYysaN
XFIOVRRT7 4/ 25 2T KIGHETE S, B 1A 2RI E 7
(entries 8 and 9), T 7o, BEENN T E L T7 =)+ v b)) v ROFN 1% 5]
L7, LI0-7 = F > b ) TR 2A DB L 27D L 2,9-2 X F L7
v tay v I 22%7%% 055 2A 235 5 4172 (entries 10 and 11),
I 51T, NHC Befi+%2 2,37 27 LA SingaCycle™-E1 2 7225, J5UE
1A DEIN I LB DATZ > Fe(entry 12), FLOZFZIHMML B2 W0EED 1A 132K
JBEL Do fe(entry 13), S DFERD O, XTI 7 At B HERTE, »
DIHIADRKEVE T Y — Ui Z A L T\ % BrettPhos ¥ X O ‘BuBrettPhos 2°
AREISIZENTH B 2 EDbh o,
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Table 1. FCA7FHR5S

5.0 mol% Pd(acac), R2 PRI,

15 mol% ligand Re
©/ \@ K3POy, (3.0 equiv) O -—
toluene 1.0 mL) RS
150 °C 24h R2

BrettPhos (R' = Cy, R? = OMe, R3 = R* = Pr)

©. 20 mmo') JohnPhos (R" = Bu, R2 = R3 = R* = H)
XPhos (R = Cy, R2=H, R® = R4 = Pr)
RuPhos (R'=Cy, R2= H R3 = O'Pr, R*= H)
entry ligand recovery of 1A2/% yield of 2A2 /% BuBrettPhos (R = Bu, R2= OMe, R® = Pr)
1 BrettPhos 46 49 —
2 JohnPhos 76 0 ,N/_\N.
3 XPhos 72 0 7 N/ N\ Mes™ "~ "Mes
4 RuPhos 85 0 = \= ;
5 BuBrettPhos 0 54 A " Pd—Cl
6° P"Bug 81 0 :
7 PCy, 95 0 NMe
8 dppp 86 0 1,10-phenanthroline (R = H) 2
9 dcype 98 0 2,9-dmphen (R = Me) SingaCycle™-E1
10 1,10-phenanthroline 102 0
1 2,9-dmphen 81 22
12 SingaCycle™-E1 107 0 Ph=p  pcPh Cysp’ Vply
13 none 100 0 Ph* Ph Cy Cy
a: Determined by "H NMR using CH,Br, as an internal standard dppp dcype

b: 30 mol% ligand was used.

237 277 I /BrettPhos Il ISR § % R&E-= F n ERDBLAIAHINZDwWT,
R oIERD L I ITIBRTW B (Figure 2)7), 4-=tua 7=y — )LORE-= okt
f&rh3,8 7 27 I /BrettPhos il BRI 2 RO EBRIRETIE, = F ri
23 sp? IRHINEZ & D7 Pd NS E 2 ZZ 20 EX3HH, =t 7L —
VIR E A LENI NG, TOEBRIRBICE T 2 &/87 27 L55ED
HOMO T3 ) ¥—%2HRE 5 IF RS > TED, BrettPhos TlF-5.65eV, bV 7
LTZIVERAT 4 U TIE-5.92eV THotz, )V VETOIERGETNDLS 7Y
TLANDEBFHEDOARL LT, PIAYTREL7 22 VO n#iEE T Y
7LD dWE E OMAEMIC X 2B G b EF S L 72458, Pd/BrettPhos $#5{A 23
WV HOMO TV F¥F—2FT 5 LimIN T3, ZOEY HOMO T3 )L¥
—ICk D, BRREBICEOT I YLK EEALZ= 7L — 38R
ISR 2 T T BRI K & B ZENRIRDB AL 572D, KFE-= b v B GOk
LRI DSET T § 2 5 2 5T 5,
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MeO

! TINO,
MeQ Cy,P—Pd
Pr.

ipr
MeO

Pd/ligand in TS
HOMO energy : -5.65 eV

Figure 2. /37 277 X\ /BrettPhos DEMSIRAER(LAYATINDOHEE & HOMO O L %
L F—

2-2-2. VEEERRET

KIZ, 1A % Pd(acac), BrettPhos 8 X O Y E=H ) 7 LFLE T, 150°C T 24
REITEIR T 2 5 E DT, A% BT L 72 (Table 2), FEMMIABZR L2 L 25,
LB IORY 7 anFH vz HOBRICZ 21 49%, 40% & PR DR
T 2A %5.Z Jz(entries 1-4), 70 k Y YEWYEIRIED tert-7 F L 7L a3 —)L Tl
2A DIGRIE 18% I N L 7 (entry 5), FE 71 b RIS EE L LT DMF 2w
7203, 2A BIFE A EESNT, JFR 1A 239 f# L 72 (entry 6), THF % 1,4-% ¥
YU T2V NV EDIT— T IVIRETIEHRRE DI T 2A % 5. Z 7 (entries 7—
9), U EDFERNLS, PV U EREIREELE LT,

Table 2. ARG

5.0 mol% Pd(acac),
NO- H 15 mol% BrettPhos

©/O\© KsPO, (3.0 equiv)
—_——

solvent (1.0 mL) 0
150 °C, 24 h
1A 2A

(0.20 mmol)
entry solvent  recovery of 1A? /% vyield of 2A? /% entry solvent recovery of 1A? /% vyield of 2A? /%
1 toluene 46 49 6 DMF 0 3
2 m-xylene 83 3 7 THF 44 9
3  cyclohexane 77 40 8 1,4-dioxane 33 31
4 "hexane 46 0 9 anisole 0 37
5 BuOH 76 18

a: Determined by GC using "decane as an internal standard

2-2-3. BAEF O RINERE
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XIZ, 1A % Pd(acac),, BrettPhos 8 XY V=AYV 7 LEET, Frz v
150 °C T 24 IR T 2 &0 T, BT DU 2 #5F L 72 (Table 3), ALz
FOEZ 15 mol%7h 5 12 mol%IZik 5 L 753, 24 DILRIZZ NZ N 49%, 45%
ERE 7 F213 7% D> > Tz (entries 1 and 2), 12 mol% D LA 1B I 3B 1|
% ¥ @3 BrettPhos DEE{LIC X D Pd/BrettPhos 3 RIG L, AL 7287 27 L
FHRICE Y = P nEDBRITUA EDORIRIGHHEA T D EFEZT w5, LrL,
BrettPhos (& Efili Tdb % 7z & DI DG Tl BrettPhos Z 12mol%H\v 5 2 & & L
72

Table 3. /37 7 L L LA T 0 M4 &R
5.0 mol% Pd(acac),

NO2 H X mol% BrettPhos
©/O\© K3POy4 (3.0 equiv) .O .O
—>
toluene (1.0 mL) 0
150 °C, 24 h
1A 2A
(0.20 mmol)

entry X /mol% recovery of 1A /% vyield of 2A /%

1a 15 46 49
2b 12 18 45

a: Determined by 'H NMR using CH,Br, as an internal standard
b: Determined by GC using "decane as an internal standard

2-2-4. BEDKRES

Az D 8% 12mol% & L, KICHIED R Z M) L 72 (Table 4), V Y E=A
V7 L2 HOIBIZ2A DM o2 86, VYBKEAVILEBINY v
B KFEA Y 7 L% L 7(entries 1-3), L22L., WINDEESKIGIFE A
ST Lol NAFAYORLZY VIS VT AR GED, HT
WZ2A DMER L 72D AT, 12 EAED 1A DR L Tz (entry 4), fie\ > T, KB %
Bt L7, IREEA YV 7 LB X OKRBKEA) TV L2V AH Y VB=AY
7 L & FITFRE DR T 2A 235 & 4172 (entries 5 and 6), KIEY 77 L, KEEF b
VL% O BBIIRIGDNE EA EEF Do 7oD3, RIBLVE D T L Kt >
7 L CUE 2A DK 30% T 5 37 (entries 7-10), 7L A VU EEUAN DX A F A
YELTANT Y LRI, KIGIEEHET b o (entry 11), 72, A%
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FHTHA2 MV ZF A7 I v 2HOED 2A 132 B SNk h > T (entry 12), BA
LORENG, V=AY 7 LRI E L,

Table 4. HEIEDFHET

5.0 mol% Pd(acac),

NO- H 12 mol% BrettPhos
©/O\© base (3.0 equiv)
—»
toluene (1.0 mL)
1A

150 °C, 24 h o
2A
(0.20 mmol)
entry base recovery of 1A2/%  vyield of 2A% /% entry base recovery of 1A% /% yield of 2A2 /%

1 KsPO, 18 45 7 Li,COg 97 0
2 K,HPO, 100 3 8 Na,COs 93 4
3 KH,PO4 104 0 9 Rb,CO3 53 30
4 NagPO, 81 5 10 Cs,CO4 39 30
5 K,CO4 28 37 11 CaCOjg 98 0
6 KHCOj 24 42 12 EtsN 98 0

a: Determined by GC using "decane as an internal standard

2-2-5. IREEDERET

e\ T, RIDDREZBET L 72(Table 5), 2L E CRONTEESFMLEDO D &
FLVEZ v % 05mL oML LIREZZ(LI 7, IZLOD 1.0mL 2> 5iR4 1T
BEZHEPLE 25 24 ODPENH EL, 25 mL  THEELZEEC L7 BIR
HEWLIEK 71% T 24 D3 5 17z (entries 1-4), 1A HIRD A ) < — DA LI HE
ATETCVREVLLDOD, REZESTEILET 24 ODIEEPAELALZ LS
1A AL DY F 053 THEBOGHNH S 07z 2 & 2SR A O EHEHI L Tw 3,
BE, BEZ 3.0 mL £ THECL7AEAIE 24 DRI 58%IC2 & & F > 7 (entry
5) 1A DIREDI L DKL %5 2 & Tl L 1A L DEEBEED T30 RIGHNE
A el bBEZTVRDS,
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Table 5. J=E DR}

5.0 mol% Pd(acac),

NO- H 12 mol% BrettPhos
©/O\© K3PO, (3.0 equiv)
toluene (A mL) 0
1A

150 °C, 24 h
2A
(0.20 mmol)

entry A/mL recovery of 1A2 /% vyield of 2A2 /%

1 1.0 18 45
2 1.5 27 51
3 2.0 14 67
4 2.5 6 71
5 3.0 20 58
a: Determined by GC using "decane as an internal standard

2-2-6. BLAZF DR

KBGO FEMMRT DRIz, mRSICK V= rafihy 7Y v 768k
A 2ZVEY D) T VRN T L1 235 S 417206, BrettPhos & FAMIL 7B % H
T2 —HT, YV VRETTRELSANRYTRNIPT LN TS0, U VET
DL, C-P FEEDUIMTIC X > THRIEL 7\ BrettPhos & HilE L TREFaT
HDEVH)FRZ SO, Pd@acac), B LNV V=AYV 7 LEET, Prz v
160 °C T 1D % 24 KIS S ¥ 25D D & | BrettPhos £ L O L1 % HiK L 72
(Table 6), Z DfEH, BrettPhos TIEY XY V' 7 7 ¥ 2D DK 47%THE S L7z D
WAL, L1 Z ORI IR 56% & BrettPhos & ifffazs Witk z 52 &3
D> 7z (entries 1 and 2), Z DFEFD> 5 BrettPhos 8 & N L1 @ 2 DD 1%
T — e 2 A L 72,

Table 6. BrettPhos & L1 O g

5.0 mol% Pd(acac),

N H
Oz 12 mol% ligand
@Oj@ K3PO, (3.0 equiv) O Q "
—_— es
By toluene (2.5 mL) o o N
1D 2D

N

160 °C, 24 h o Y@

N Pt
(0.20 mmol) ip
N/ r

- - Pr

entry ligand yield of 2D /%
1 BrettPhos 47 PdiL1
2 L1 56
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HFRE 513, L1 & BrettPhos D87 27 A§HAD HOMO T 3L ¥ — %2 Hil L 72
(Figure 3)[¢1, %5 77 L\ /BrettPhos #{A D HOMO = %)L ¥ —13-5.82eV TH 5D
WXL, 287 27 A/ $5R1Z-5.81 eV & 1ZIZFAED HOMO T2 V¥ —%2 H D
ZEDRbPoTWwS, ZDEFLFEIEORERIZ L1 2 H\ 34T BrettPhos
LU K RFE-= b v EOBLHIAHINDS AR TH 5 EFHHTE 5,

Mes
N
MeQ, Cy,P—Pd \ rFd
iPrs N Pr
Q)= \ /" Pr
'Pr 'Pr
MeO
-5.82eV HOMO energy of Pd(0) complex -5.81 eV

Figure 3. /37 ¥ 77 A/BrettPhos 5k &8P L/ 7 2 Z)VE R 7 4 ViGk
@ HOMO D T 3 )L ¥ — Hig

LS OFEED» S, vz U EE©0.08 M)H, Pd(acac)./BrettPhos & 5 > (%
Pd(acac)/L1 MfAA7E T, HEIHEIC Y VB =) 7 L% H\wT 24 RFEIINEEE T
D5 mEE LT,

2-3. BE—-REORE
2-3-1. 7V 7 ¥HloEE—-BREOTE

R L emidisttbz b L, BE-BWE2HREL 72, holic, 7L/ — Vil
DIE — MM %2 FHH L 72(Scheme 4), MBEEF DRI X F X2 HEZ DY TP
) —)L T —7 )L T, BrettPhos 8 X L1 O EH 5D %2\ WTHIZIEE
BINIZY R Y7 52 2B AL 72, BRI T D37 B Ry EEf L %
bOoLAIR, PREDOIET2C 25 2 72, HEEKIDHEMIZHBT 22, E8
BTV XVEBKIGICEMEDrol, 7L X HDA L FLIC Bu %
b O, BrettPhos BLX LI DESL 62 HWTH 2D DUEEINPRREIC L £ F
o7z, AT A b ¥ % O 1E Tld, BrettPhos 13 2D & [HRRE DK T
PRV T TV G20, L1 OBGEIZIGE 15% LRI > 7, #ibd
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%23, BrettPhos & il L L1 3 BB OAHENENTWE 72D, X X EOME
RIEFPHLSEICEN T2 2 & T 7 BERAI SV A 7V L, il A
EHElLS N EEZ T35, 1-F 7 F UK TIX, BrettPhos % W72 54 HRED
KT R Y75 2F BERL DT L, L1 DA IR 90% & 5\ Y
KT 2F RSN, XAZAUTT O VS 2-F 7 F LEZ 84 [FRkIC
BrettPhos D& & HHE L L1 28& D X WilH %2 5 2 722G, 2H), % 8. 2G,2H 1
ZNZFIAEOIED R 5 BIEHREGY L LR ons, 7. 7L/ ¥ &L
WX PFXFTANRDNIEE OB TR, XYV 7 7~ 2a i3 BrettPhos, L1 D
EL S DRI ZHWTHIERIE 10%REICE EEo7, 61, MY 7LF
OXFNHEZ2D2HD20 0, TL// XY VEKZ DD 2¢ ZHWE
B, BRI A CGET L 2o 7o, SO/ S| RIBHIHE I 15 7% & DB DS
H H5E %RV, BrettPhos X D L1 DB HIHT PRV Y 770524 5
Z. 7L XU EFEERIEENELIROI LD o 7k,
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=
5.0 mol% Pd(acac),
NO, H 12 mol% BrettPhos or L1
©/0\© KsPO, (3.0 equiv)
toluene (2.5 mL) 0
160 °C, 24 h
1B-1H 2
(0.20 mmol)
Ph
ﬂ oS O
Bu OMe
2E
95%"P (BrettPhos) 57% (BrettPhos) 47% (BrettPhos) 42% (BrettPhos)
quant.2P (L1) 60% (L1) 56% (L1) 15%2 (L1)
d W (G
2G/2G’ 2H/2H’
62%P BrettPhos 66% (87:13) (BrettPhos) 34%P (69:31) (BrettPhos)
90°/ ab (L1) 74%?2 (100:0) (L1)

65%2P (82:18) (L1)

a: Determined by'H NMR using CH,Br, as an internal standard
b: 150 °C

7-membered palladacycle formation
O,N._ 4\,

2N pg : OMe Pd O
*ae A
deactlvatlon
1E pathway 7-membered

palladacycle

unsuccessful substrate

a 2c
10% (BrettPhos) n.r. (BrettPhos) n.r. (L1)
16% (L1)

Scheme 4. 7 L / X Sl KB —f 1%

2-32. = tu7Lv—rHloEE—-BREORE

i C, = b a7 L — OHE 2 A L 72(Scheme 5), = hu 7L —
YHIOBEIR A DN TR Pz b o= tuy 7Y — )L T —TF )L (1Bb)%
H\W7284, BrettPhos & L1 £5 5D T2 H O THEINE TRV Y7 5
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V2B EGZ 7, BIREMED N Y 7 v A0 X F L E S O%E X, BrettPhos % H
W TR E VD DD ES S DR T2 W 72356 TH FREDIGET

A %2527, TSFPZATIL, AVFZNZ2HLTOTHRIG
TRV 77 2), 2K, 2L BHRED S FuIGR TR e i, £, X F
F2AM, IN)® AV FZA0)IC X FILZ AT V% & DA TH PRED S LY
RTCYRYY 77V 2M, 2N, 20 3607, —HT, 7 r2b o/ H1d)®
= bhuA ¥V =N E D OFE (e)ld ARG Z 5417 2d $° 2e D X
VBTNV T T VBN TE R o, DL EOREREDY S | BTG ER L A
HOUF ) BUER L HIANH 5 2 EbroT,

RT3V

5.0 mol% Pd(acac),
NO- H 12 mol% BrettPhos or L1
©/O© K3PO, (3.0 equiv)
toluene (2.5 mL) 0
150 °C, 24 h
1Bb-10 2
(0.20 mmol)

eo

74% (BrettPhos)
76% (L1)

m

46% (BrettPhos)
53%2 (L1)

52% (BrettPhos)
30%2 (L1)

eo

2B (from 1Bb)
89% (BrettPhos)
91% (L1)

MeO,S
D O O )
(0) MeO (6] (@)
o
OMe
2L 2M 2N 20
55% (BrettPhos) 63% (BrettPhos) 84% (BrettPhos) 96% (BrettPhos)
24%2 (L1) 82% (L1) 86%2 (L1)

a: Determined by "H NMR using CH,Br, as an internal standard

unsuccessful substrate

Me

2d
<11% (L1)

Scheme 5. =+ 12 7 L — Ul KB — &M F 4
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2-4. HETE G BERE

HETE SRS % 7R T (Figure 4), £ 3R CTEL Z 0fliD 87 27 LFHICKTL |
1 DfF-= b S EDALIM I L. BILAATIE A 2T 5, RIZ, A
D25 C-H 37 27 MMESEST L CHREAE B 288 L, SIS X > Tl 7" e b v
BEINTRITFHIA 7L CBEROND, RBZBISETIBEHICL DRV 7 S
V2IWERT S LEEBICOMliD TP LT B,

NO, H
O

(0)
2
Reductive Oxidative
Elimination Addition
ON

Pd“
Pd"
@ j@ C—H Palladation
c Pd" A
[Base—H]+ Base

Figure 4. 7€ SO

2-4-1. C-H 785 ¥ LML DR

R D SOSEEREIC B> T, C-H 28 7 27 MUIZI5 IR B 1B (SEAN T
KX THED & 2 T 5 (Figure 5), Z DML 72 2 DRSO 2-F 7 b — Vi
BARIH 2B, 7787V Y ClL ML TORIGPERL TGETL, 2H 2%
(G ZTRERTH B, WH., F 75 L v O ERE ES 3 RE (s
DAHF A HHEEDR L ) ZELEND Cl MTORIEPERT S Z EPHIs N
2, 2D EDS, RKIGD C-H 285 7 MUIEKRE 87 27 ML THEST
T 52 EPRBINTB,
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5.0 mol% Pd(acac),
NO2 H1 12 mol% BrettPhos
Y K3PO, (3.0 equiv) O ' O '
S
H

toluene (2.5 mL)
150 C 24 h
1H 2H(C1) 2H’(C3)

(0.20 mmol) 34% (C1:C3 = 69:31)
65% (C1:C3 = 82:18, L1 used)

Ozl\‘D m
Pd
9 ! pa!] O
. 1
SgAr-type @L 6/

C-H palladation

Figure 5. C-H X # WAL OFERE

E7o. C-H /87 27 MUEDOBEREIIZ 77T i = R-Heck BOWRESE 2 o1
20, Iy 2-F7FAEEL O R T Y — LT —F )L 1H OKIBICEL
% A EGEIRE THWI T Z % (Figure 6), 77 Wi AR-Heck MG TIE, X hEBIR
REDEARD/NZ D S-exo BULDMBIRT 2 2 BN TH 2, 2D 5-exo BT
RIGHHEST L7236, ClLAiTidse{ C3 TR L L& TER L LT
BonstEZoNS, LL., Z4UI CLATRIGMEIR L GET L7z E w9
FERRFICI T 270, 3TNl AR-Heck B KJGE TR 7\ LWL 72,

Regioselectivity of intramolecular Mizoroki-Heck-type mechanism

She ua N& »t‘

C1 C3 C1 (minor) C3 (Major)
(6-endo, less favorable) (5-exo, More favorable)

Figure 6. 771 N = AR—Heck BUBEHE o O/ EZE IR

2-5. AN =)L, Z21F VL) VDERK
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PRV 7 7 v PHDBIRILEY D ERICHE T L 72 (Scheme 6), 2-= F B-N-7
TV T 2 VAPV EARKIGDFEMFIC LIz & 25, 6% ERIRZRDIS LN
V=)L 2P AR L 7, 2P OEREAEH AV 70 b o fhEhn, KE- =t n
FhE A D B ~ DA IIAIN 25 SR 1 & B F I BB DAL L 77 o
SIGHHWHCHET L 2o e EEZATWS, RICEZEF - LIc7 2oLz
21Q ZHW, L2L, N-7 ==L =)L Q)NS5 Lo 7, BihL
F% BrettPhos 705 L1 IZEH L 72 & 25, 2Q BEWIE®2%) TR ok, £
oo AERALZANVEZNVKETEBG L 2-=bay 7Y — L7 V(IR %
RIGEEEZ A, L 50N TZ2HACTHHREDIK TR 287k, 28,
ARES R F A7 20 2 7NV A LY 28 FEKTE LD, PRV
VFF T 2V BREREEEDPEL ., PRV T T URA NN = VA DR
EFRRD IR Y A 7NV E D otz RIGDHETE T E DAY X 41
ToLBLEL TS, /o, 704 L VIdAERFE Lo 7 a b v OBEEE
ZONETORE 7 v b ALDETT L, 2P OEG ERBRIC, FBAEL T =4 VU
AL CRJBICENL L OBDSHE S TLlc LB AT 5,

5.0 mol% Pd(acac),

H
NO, 12 mol% BrettPhos or L1
©/Z\© K4PO, (3.0 equiv)
toluene (2.5 mL) Z
2

160 °C, 24 h
1P-1Q
(0.20 mmol)
(6]
2P 2Q 2R
6% (BrettPhos) n.r. (BrettPhos) 44% (BrettPhos)
82% (L1) 66% (L1)

unsuccessful substrate

-

2f 2g
n.r. (BrettPhos) complex mixture (BrettPhos)

Scheme 6. HIL AV — LB IR 7 )LAL ) v DOERK
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CORNITICE D 2Q BEUY 2R DYLEDFAEIZDWTIEIRD L ) ITEEL 7%
(Figure 7)., Z 5 EEARICDWTZ DJEIDNE & 2 DB A (=% Vou) D3R 5
B LW Lee 612 & Dl /610, 22N D854 ((BrettPhos)AuCl & K O
(LDAUCHD%Vou DA I 11T E D | BrettPhos D513 59.5% % DI L L1 D
5313 51.9% & . L1 23 BrettPhos & L L T, @M D 2322\»Tw 5 2 LG
PICINTV S, 2D, 2 2OFHFERFDY v =035 E: 2Q ¥ 2R TH
S>TCH, L1 ClEWIRT 2488 E 5275727,

(BrettPhos)AuCl (L1)AuCl
Mes
N
MeQ_Cy,P—Au-C! { —AuC
’Pr N ’Plf
O @ \ /- Pr
Pr
59.5% %Viyr 51.9%

Figure 7. BrettPhos & L1 D%V D HlK

2-6. i H BB
2-6-1. SNAr/ D FAR =t B c-H 7Y —ivik

SnAr Kt & RS % A G HE 72(Scheme 7), 2-7 VAR brXRVY LU E X
N7 =/ —)V%, THF HREEAH V7 L@4.5 M) NERSME TS ¥ 7,
TLC 12T 1A DR Z e L 7212 1A% ¥ 2 L. Pd(acac),. BrettPhos, & & O
PV Z I 150 °C T 24 REEINEGEIE LRSI ¥ 72, Z DFEHE. 24 DIUGE
BrTHoNk, Tk, FEEEGKE CH 7Y — btz F—A8RN T
LRV 75 vatgztssd 2 LRI 72,

HO 5 mol% Pd(acac),
K2003 (4.5 equiv) @/ 12 mol% BrettPhos
THF toluene

reflux 150 °C
(0.20 mmol) (1.0 equiv)  ;then in vacuo Intramolecular
SyAr reaction denitrative 43 %
C-H arylation

Scheme 7. SNAr/7r FABE= b el C-H 7V —L1k
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2-6-2. BRAV TV VT

CARRISEABD Ay T v TRIGEDBER S v T v T A BT
@mmw&47wﬁu}wbuﬁuaMm%ﬁmﬁ%#uw £ 0 Y &
L., Z0%7 =/ =)V EEEEZRIGE S, ZDFER, T AT VB E SvAr K
D3 —ZEIT L. 3-= b 04-7 = ) FUREBFME 7 = =)V T X7 )VAS)BUIE
58% TS M7z, Ht\TI1S A= P o BIKIGDEMFIHLAEZ S, 722
WIATNESDYRY YT T 28 ZIEHE 56% THK L 72, ief%12. 28 & TIPS
Tl F LY EYHIE SN — T THIFE L 2B L R = V7L X U LR D 5%
TR LM, T2%bb, 28727 Ldeypt fililil & X Vil 2 (L, ¥
FIT I, MS3AFFE N, 1,4-P 4 ¥ 170 °C TMBEEIRIE L 25,
IR 33% TTAVF NI RV T7 5V 38 27, ZDXIHIT, SNAr/flii=t o
1N C-H 7Y —nAfl, Z L TBiA LR VI 7 L X = Al %2 BRI T
22 ETHROLEY» S OTh 3 TRTEMS 28T 5 2 LT
L7,

NO, (COCl), (1.2 equiv) 5 mol% Pd(acac), e}
F cat DMF 12 mol% BrettPhos PhO
CH,ClI, (0.5 M) K3PO4 (3.0 equiv)
Ho then PhOH (2.0 equw toluene (0.080 M) O O
fo) EtsN (3. 0 equiv) 160 °C 24 h (0)
CH.Cl, (0.50 M)
4 [58%] [56%] 2s
Intramolecular

denitrative
C-H Arylation

TIPS 5 mol% Pd(acac), TIPS
10 mol% dcypt \
10 mol% Cul H

O O EtzNH (6.0 equiv) (5.0 equiv)
MS3A

1,4-dioxane (0.33 M)
170°C, 16 h
3s [33%]
Decarbonylative
alkynylation

Scheme 8. i VAR V7 )L ZALKIG E DBER A 7)) v 7
2-7. ¥

Aficlx, A= b el c-H 7V — Ut % BiFE L 72(Scheme 9)4, /87
7 Is/BrettPhos /A fE T . 2-=+u Y 7Y — L2 —T IVEHEZRIGIE S Z LT,
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WIET 5P R ANT B —ILPMES N7, RRIGETOHE, BE S %o
7V =)V 7 Cdh % BrettPhos H 5\ I3 A S ¥V EY LY F UMM L1 2]
AL7ZLThh, FEERRFE-= P uliiaotikzreeic L, ks RE
BEEZIEHICEATOTORIET 5, 512, SvAr i & A b8 FRME K
Do—FILYRYY T 7 VDORREER L7272 THRABEANVI=ZVET7 L X
ZIULRIE E DBERA Y 7 v IS L 2 0HFHAME R LT,

Pd/BrettPhos

NO» H NO, H
F -z z
+ —_—
SNAr

Z=NR, O, C=0

Mes
1
N Up to 95% yield

Pd
iy 20 examples

N P

Scheme 9. 77 THAMBi= r v C-H 7V — 1k
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KBRH
1. General

Unless otherwise noted, all reactants or reagents including dry solvents were obtained
from commercial suppliers and used as received. Pd(acac)> was obtained from Tokyo
Chemcal Industry (TCI). 2-Dicyclohexylphosphino-3,6-dimethoxy-2',4',6'-
triisopropylbiphenyl (BrettPhos) was obtained from KANTO Chemical. K3PO4 was
obtained from FUJIFILM Wako Pure Chemical Corporation. 1-Nitro-2-phenoxybenzene
(1A),531  1-(4-methoxyphenoxy)-2-nitrobenzene  (1Bb),['?]  4-(2-nitrophenoxy)-1,1'-
biphenyl (1C),['3 1-(tert-butyl)-2-(2-nitrophenoxy)benzene (1D),['*! 1-methoxy-2-(2-
nitrophenoxy)benzene (1E),['*) 1-(3-methoxyphenoxy)-2-nitrobenzene (1F),['?] 1-(2-
nitrophenoxy)naphthalene  (1G),['®)  2-(2-nitrophenoxy)naphthalene  (1H),l!'"  4-
(methylsulfonyl)-2-nitro-1-phenoxybenzene (1L), [!”] methyl 4-nitro-3-phenoxybenzoate
(1M),[']' 2-nitro-N-phenylaniline (1P),?! (2-nitrophenyl)(phenyl)methanone (1R),!®
and L1!% were synthesized according to procedures and the spectra matched with those
of compounds reported in the literature. Unless otherwise noted, all reactions were
performed with dry solvents under an atmosphere of N in dried glassware using standard
vacuum-line techniques. All intramolecular C—H arylations were performed in 20-mL
glass vessel tubes equipped with J. Young® O-ring tap and heated (IKA Plate RCT digital)
in an oil-bath or a 9-well aluminum reaction block (IKA H 135.103 Block 9 x 16 ml)
unless otherwise noted. All work-up and purification procedures were carried out with
reagent-grade solvents in air.

Analytical thin-layer chromatography (TLC) was performed using Silicagel 70 TLC
Plate-Wako (0.25 mm). The developed chromatogram was analyzed by UV lamp (254
nm). Flash column chromatography was performed with Biotage Isolera® equipped with
Biotage SNAP Cartridge KP-Sil columns. Preparative thin-layer chromatography (PTLC)
was performed using Wakogel B5-F silica coated plates (0.75 mm) prepared in our
laboratory. High-resolution mass spectra were conducted on Thermo Fisher Scientific
ExactivePlus (DART). Nuclear magnetic resonance (NMR) spectra were recorded on a

JEOL JNM-ECS-400 ("H 400 MHz, '3C 101 MHz). Chemical shifts for 'H NMR are
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expressed in parts per million (ppm) relative to tetramethylsilane (& 0.00 ppm). Chemical
shifts for 3C NMR are expressed in ppm relative to CDCls (8 77.0 ppm). Data are
reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, dd = doublet of
doublets, ddd = doublet of doublets of doublets, t = triplet, dt = doublet of triplets, td =
triplet of doublets, q = quartet, dq = doublet of quartets, m = multiplet), coupling constant

(Hz), and integration.
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2. Synthesis of Nitroarenes 1

NO, NO,
X L, HO K2COs o
S T o QO
100 °C
X =F or Cl 1

General Procedure

A solution of 2-fluoro- or 2-chloronitroarenes (1.0 equiv), phenol (1.0 equiv) and
K2COs (2.0 equiv) in DMF (1.0 M) was heated at 100 °C with stirring for several hours
with monitoring the reaction progress by TLC. After the completion of reaction, the
mixture was added water and extracted three times with EtoO. The combined organic
layer was washed with brine. The organic layer was dried over NaxSOs, filtrated, and then
concentrated in vacuo. The residue was purified by Isolera® to afford the corresponding

nitroarenes 1.

4-Methoxy-2-nitro-1-phenoxybenzene (1B)
N02

e

1B

Using chloronitroarene: Purification by Isolera® (hexane/CHCI3 = 19:1 to CHCI3)
afforded 1Bb as a yellow solid (277 mg, 3.00 mmol scale, 38% yield). 'H NMR (400
MHz, CDCl3) 6 7.47 (d, J=2.8 Hz, 1H), 7.33 (t,J= 7.6 Hz, 2H), 7.16-7.08 (m, 2H), 7.04
(d, J= 8.8 Hz, 1H), 6.96 (d, J = 7.6 Hz, 2H), 3.86 (s, 3H); *C NMR (101 MHz, CDCls)
0 157.1, 155.4, 143.4, 141.9, 129.8, 123.6, 123.4, 121.1, 117.7, 109.4, 56.1; HRMS
(DART) m/z caled for C13H12NO4 [M+H]": 246.0761 found 246.0758.

2-Nitro-1-phenoxy-4-(trifluoromethyl)benzene (1I)
0
CFy
1l
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Using chloronitroarene: Purification by Isolera® (hexane/EtOAc = 19:1 to 4:1) afforded
11 as a yellow oil (837 mg, 3.00 mmol scale, 98% yield). 'H NMR (400 MHz, CDCl3) &
8.23 (d,J=1.6 Hz, 1H), 7.70 (dd, J=9.2, 2.4 Hz, 1H), 7.48-7.42 (m, 2H), 7.32-7.26 (m,
1H), 7.13-7.08 (m, 2H), 7.05 (d, J = 8.4 Hz, 1H); 3*C NMR (101 MHz, CDCI3) 6 154.2,
153.9, 140.1, 130.8 (q, Jcr = 1.9 Hz), 130.4, 125.8, 124.7 (q, Jcr = 36 Hz), 123.4 (q, Jc-
r = 3.9 Hz), 122.8 (q, Jc—r = 276 Hz), 120.1, 119.4; HRMS (DART) m/z calcd for
C13H12F3N203 [M+NH4]": 301.0795 found 301.0791.

N,N-Dimethyl-3-nitro-4-phenoxybenzamide (1J)

O
Me,N \©
(6]
1J

Using fluoronitroarene: Purification by Isolera® (CHCl3/MeOH = 99:1) afforded 1J as
a white solid (1.12 g, 4.08 mmol scale, 95% yield). 'H NMR (400 MHz, CDCl3) & 8.05
(d,J=2.4Hz, 1H), 7.58 (dd, J=8.8, 2.4 Hz, 1H), 7.45-7.39 (m, 2H), 7.26-7.22 (m, 1H),
7.11-7.07 (m, 2H), 7.00 (d, J = 8.8 Hz, 1H), 3.12 (s, 3H), 3.06 (s, 3H); *C NMR (101
MHz, CDCl3) $ 168.6, 154.9, 152.0, 140.2, 133.2, 130.7, 130.3, 125.3, 125.0, 119.9, 119.6,
39.7,35.7; HRMS (DART) m/z caled for C1sHisN204 [M+H]": 287.1026 found 287.1020.

Methyl 3-nitro-4-phenoxybenzoate (1K)

()
MeO \©
(¢}
1K

Using chloronitroarene: Purification by Isolera® (hexane/EtOAc = 19:1 to 3:2) afforded
1K as a yellow solid (485 mg, 3.00 mmol scale, 59% yield). "TH NMR (400 MHz, CDCl3)
0 8.61 (d,J=2.0 Hz, 1H), 8.11 (dd, J=8.8, 2.0 Hz, 1H), 7.45 (t,J= 8.0 Hz, 2H), 7.28 (t,
J=28.0 Hz, 1H), 7.12 (d, J= 8.0 Hz, 2H), 6.96 (d, J= 8.8 Hz, 1H), 3.95 (s, 3H); 3C NMR
(101 MHz, CDCl3) 6 164.7, 154.7, 154.3, 140.2, 134.9, 130.4, 127.4, 125.8, 124.5, 120.3,
118.5, 52.6; HRMS (DART) m/z calcd for C14H12NOs [M+H]": 274.0710 found 274.0705.

44



&
Do
l

Methyl 2-nitro-3-phenoxybenzoate (1N)
O NO,

Meo)ﬁ/OO
N
Using chloronitroarene: Purification by Isolera® (hexane/EtOAc =99:1 to 9:1) afforded
1N as a yellow solid (90.3 mg, 2.50 mmol scale, 13% yield). 'H NMR (400 MHz, CDCls)
0 7.85(dd, J=8.0, 1.6 Hz, 1H), 7.64 (dd, J= 8.4, 1.6 Hz, 1H), 7.27 (dd, /= 8.8, 7.2 Hz,
2H), 7.24 (dd, J= 8.4, 8.0 Hz, 1H), 7.00 (t, /= 7.2 Hz, 1H), 6.80 (d, /= 8.8 Hz, 2H), 3.70
(s, 3H); 3*C NMR (101 MHz, CDCl3) & 165.0, 157.9, 149.9, 134.5, 130.2, 129.9, 129.4,
127.0, 125.7,122.0, 115.0, 52.3; This compound was not ionized by ESI and DART mass.

Methyl 3-nitro-2-phenoxybenzoate (10)

0}

OMe
(e}

10

Using chloronitroarene: Purification by Isolera® (hexane/EtOAc = 19:1 to 4:1) afforded
10 as a yellow solid (633 mg, 3.00 mmol scale, 77% yield). 'H NMR (400 MHz, CDCl3)
0 8.13 (dd, J= 8.0, 1.6 Hz, 1H), 8.06 (dd, J = 8.0, 1.6 Hz, 1H), 7.44 (t, /= 8.0 Hz, 1H),
7.29 (t, J = 8.0 Hz, 2H), 7.05 (t, J = 8.0 Hz, 1H), 6.83 (d, J = 8.0 Hz, 2H), 3.66 (s, 3H);
3C NMR (101 MHz, CDCl3) & 164.2, 158.1, 147.0, 144.8, 135.8, 129.5, 128.7, 127.6,
125.1, 122.8, 115.2, 52.5; HRMS (DART) m/z calcd for C14H1i1NOs [M+H]": 274.0710
found 274.0706.
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3. Pd-Catalyzed Denitrative Intramolecular C—H Arylation

5 mol% Pd(acac),
12 mol% Brettphos

K3PO4 (3.0 equiv)
‘ toluene X
2

150-160 °C, 24 h
1[X=0,NH, C(=

General Procedure

A 20-mL glass vessel equipped with J. Young® O-ring tap containing a magnetic
stirring bar and K3PO4 (127 mg, 0.60 mmol, 3.0 equiv) was dried with a heat-gun in vacuo
and filled with N> after cooling to room temperature. To this vessel were added nitroarene
1 (020 mmol, 1.0 equiv), 2-dicyclohexylphosphino-3,6-dimethoxy-2’,4’,6’-
triisopropylbiphenyl (BrettPhos: 12.9 mg, 0.024 mmol, 12 mol%) or 2-(2,4,6-
trimethylphenyl)-5-(2,4,6-triisopropyl)-2H-imidazo[ 1,5-a]pyridinium chloride (L1
HCI: 11.4 mg, 12 mol%) and Pd(acac) (3.1 mg, 0.010 mmol, 5 mol%). The vessel was
placed under vacuum and refilled N> gas three times, and then added toluene (2.5 mL).
The vessel was sealed with O-ring tap and then heated at 150—160 °C for 24 h with stirring.
After cooling the reaction mixture to room temperature, the mixture was passed through
a short silica-gel/Celite® (1:1) pad with EtOAc as an eluent, and then concentrated in
vacuo. The residue was purified by PTLC to afford the corresponding dibenzofuran

carbazole, or fluorenone 2.

Photographic Guideline

1. AJ-Young® glass vessel containing a magnetic stirring bar (Photo A).

2. Drying up the vessel containing K3PO4 with a heat-gun for 2-3 minutes in vacuo
(Photos B).

3. All materials were added (Photo C).

4. The vessel was heated with stirring (in a 9-well aluminum block). Color changing

(Photo D: 5 minutes; E: 12 minutes; F: 1 hour).
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Figure S1

Dibenzo|b,d]furan (2A)!2!
(0]
2A

Purification by PTLC (hexane/Et,O = 19:1) or Isolera® (hexane/Et,O = 99:1 to 9:1)
afforded 2A as a white solid (23.6 mg, 70% yield). '"H NMR (400 MHz, CDCls) & 7.96
(d, J=8.4 Hz, 2H), 7.58 (d, J = 8.4 Hz, 2H), 7.46 (dd, J = 8.4, 8.0 Hz, 2H), 7.35 (dd, J =
8.4, 8.0 Hz, 2H); *C NMR (101 MHz, CDCl3) 8 156.1, 127.1, 124.2,122.7, 120.6, 111.6.
HRMS (DART) m/z calced for C12HgO [M]": 168.0570 found 168.0566.

2-Methoxydibenzo[b,d]furan (2B)2!
OMe
:o:
28
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Using 1Bb: Purification by PTLC (hexane/EtOAc = 9:1) or Isolera (hexane/EtOAc =
97:3) afforded 2B (0.20 mmol scale: 37.4 mg, 95% yield). Yield of 2B was determined as
quant. by crude 'H NMR analysis using CH>Br, as an internal standard when L1 was
used as a ligand.

Using 1B: Purification by PTLC (hexane/EtOAc = 9:1) afforded 2B (35.3 mg, 89%
yield).
2B: A colorless oil 'TH NMR (400 MHz, CDCl3) 6 7.92 (d, J = 7.6 Hz, 1H), 7.54 (d, J =
7.6 Hz, 1H), 7.49-7.39 (m, 3H), 7.33 (t, /= 7.6 Hz, 1H), 7.05 (dd, J = 8.4, 2.8 Hz, 1H),
3.92 (s, 3H); *C NMR (101 MHz, CDCl3) § 156.8, 155.8, 150.8, 127.1, 124.6, 124.4,
122.4, 120.5, 115.1, 112.1, 111.7, 103.7, 56.0. HRMS (DART) m/z calcd for C13H1002
[M]": 199.0754 found 199.0752.

2-Phenyldibenzo[b,d]furan (2C)
Ph
:o:
2C

Purification by PTLC (hexane/Et;O = 19:1) afforded 2C as a white solid (28.0 mg,
57% yield). '"H NMR (400 MHz, CDCl3) & 8.12 (d, J = 2.0 Hz, 1H), 7.98 (d, J = 8.0 Hz,
1H), 7.69-7.63 (m, 3H), 7.60 (d, /= 8.8 Hz, 1H), 7.57 (d, J= 8.0 Hz, 1H), 7.50-7.42 (m,
3H), 7.39-7.32 (m, 2H); 3C NMR (101 MHz, CDCl3) § 156.6, 155.7, 141.3, 136.4, 128.8,
127.4,127.3,127.0, 126.6, 124.7, 124.2, 122.8, 120.7, 119.2, 111.7 (one peak is missing
due to overlapping); HRMS (DART) m/z caled for CisHi2O [M]*: 244.0883 found
244.0879.

4-(tert-Butyl)dibenzo|[b,d|furan (2D)>!!
:o: l

Bu
2D
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Purification by PTLC (hexane/Et,O = 19:1) afforded 2D as a colorless oil (20.9 mg,
47% yield.) 'H NMR (400 MHz, CDCl3) & 7.95 (dd, J = 7.6, 0.8 Hz, 1H), 7.82 (dd, J =
7.6, 1.2 Hz, 1H), 7.60 (d, J = 8.0 Hz, 1H), 7.45 (ddd, J = 8.0, 7.2, 0.8 Hz, 1H), 7.37 (dd,
J=17.6,7.2Hz, 1H), 7.33 (dd, J = 8.0, 7.6 Hz, 1H), 7.29 (dd, J = 8.0, 1.2 Hz, 1H), 1.57
(s, 9H); 3C NMR (101 MHz, CDCl3) & 155.6, 154.5, 135.2, 126.8, 124.5, 124.2, 123.8,
122.6,122.4,120.4,118.4, 111.6, 34.5,29.8. HRMS (DART) m/z calcd for C1sH160 [M]*:
224.1196 found 224.1194.

4-Methoxydibenzo[b,d]furan (2E)

2E

Purification by PTLC (hexane/Et;O = 19:1) afforded 2E as a colorless oil (16.7 mg,
42% vyield). Yield of 2E was determined 15% by crude '"H NMR analysis using CH>Br»
as an internal standard when L1 was used as a ligand. "H NMR (400 MHz, CDCl3) & 7.94
(d, J=8.0 Hz, 1H), 7.62 (d, J = 8.8 Hz, 1H), 7.54 (d, J= 8.0 Hz, 1H), 7.46 (dd, J = 8.0,
7.6 Hz, 1H), 7.34 (dd, /= 8.0, 7.6 Hz, 1H), 7.27 (dd, J= 8.8, 8.0 Hz, 1H), 6.99 (d, /= 8.0
Hz, 1H), 4.07 (s, 3H); '*C NMR (101 MHz, CDCl3) § 156.1, 145.6, 145.1, 127.1, 125.7,
124.3, 123.4, 122.8, 120.8, 112.8, 111.9, 109.2, 56.2. HRMS (DART) m/z calcd for
C13H1102 [M+H]": 199.0754 found 199.0750.

Naphtho[1,2-b]benzofuran (2F)?2!

Purification by PTLC (hexane/Et;O = 19:1) afforded 2F as a white solid (27.0 mg, 62%
yield). Yield of 2F was determined as 90% by crude '"H NMR analysis using CH,Br; as
an internal standard when L1 was used as a ligand. "H NMR (400 MHz, CDCl3) & 8.46
(d,J=8.4 Hz, 1H), 8.06-7.97 (m, 3H), 7.80 (d, /= 8.8 Hz, 1H), 7.73 (d, /= 8.0 Hz, 1H),
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7.66 (dd, J = 8.8, 8.0 Hz, 1H), 7.58 (dd, J = 8.8, 8.0 Hz, 1H), 7.49 (t, J = 8.0 Hz, 1H),
7.41 (dd, J=8.0, 7.6 Hz, 1H); 3C NMR (101 MHz, CDCls) & 156.0, 152.0, 133.0, 128.4,
126.4,126.2, 126.0, 125.0, 123.3, 122.9, 121.4, 120.9, 120.3, 119.1, 118.5, 111.8. HRMS
(DART) m/z caled for C1éH1O [M+H]*: 219.0804 found 219.0799

3-Methoxydibenzo[b,d]furan (2G) and 1-methoxydibenzo[b,d]furan (2G”)?l!
MeO
20 20

Purification by PTLC (hexane/CHCI3 = 5:1) afforded 2G (23.3mg, 59% yield) and 2G’
(2.6 mg, 7% yield). The reaction generated 2G and 2G”’ in a ratio of 87:13 according to
the crude '"H NMR analysis. Yield of 2G was determined 74% by crude '"H NMR analysis
using CH2Br; as an internal standard when L1 was used as a ligand.
2G: A white solid; 'H NMR (400 MHz, CDCl3) 8 7.84 (d, J= 7.6 Hz, 1H), 7.79 (d, J =
8.8 Hz, 1H), 7.51 (d, J = 8.4 Hz, 1H), 7.37 (t, J = 7.6 Hz, 2H), 7.30 (t, J = 7.6 Hz, 1H),
7.08 (d,J=2.0 Hz, 1H), 6.93 (dd, J= 8.8, 2.0 Hz, 1H), 3.89 (s, 3H); 3C NMR (101 MHz,
CDCls) 6 159.9, 157.5,156.3,125.7,124.4,122.7,120.9, 119.8, 117.3, 111.3, 110.9, 96 .4,
55.7. HRMS (DART) m/z calcd for Ci3H1102 [M+H]": 199.0754 found 199.0751.
2G’: A white solid; "TH NMR (400 MHz, CDCl3) 4 8.13 (d, J = 8.0 Hz, 1H), 7.54 (d, J =
8.4 Hz, 1H), 7.46-7.30 (m, 3H), 7.19 (d, J= 8.4 Hz, 1H), 6.80 (d, J = 8.0 Hz, 1H), 4.06
(s, 3H); 3C NMR (101 MHz, CDCl3) & 157.4, 156.0, 155.5, 127.9, 126.2, 123.6, 122.9,

122.8, 113.6, 111.1, 104.5, 103.9, 55.8. HRMS (DART) m/z calcd for C13H1102 [M+H]":
199.0754 found 199.0753.

Naphtho[2,1-b]benzofuran (2H) and naphtho[2,3-b]benzofuran (2H”)!!8!

o
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Purification by PTLC (hexane/CHCl; = 99:1) afforded 2H (11.7 mg, 26% yield) and
2H’ (3.5 mg, 8% yield). The reaction generated 2H and 2H” in a ratio of 69:31 according
to the crude '"H NMR analysis. Yield of 2H and 2H’ were determined as 65% in a ration
of 82:18 by crude '"H NMR analysis using CH>Br; as an internal standard when L1 was
used as a ligand.
2H: A colorless oil; "H NMR (400 MHz, CDCls) & 8.63 (d, J = 8.8 Hz, 1H), 8.40 (dd, J =
6.8, 2.4 Hz, 1H), 8.03 (d, /= 8.8 Hz, 1H), 7.93 (d, /= 8.8 Hz, 1H), 7.77 (d, /= 8.8 Hz,
1H), 7.75-7.67 (m, 2H), 7.51 (t,J = 8.8 Hz, 1H), 7.53-7.44 (m, 2H); *C NMR (101 MHz,
CDCls) & 155.9, 154.3, 130.4, 129.2, 129.1, 128.6, 127.2, 125.9, 124.9, 124.4, 123.5,
123.2,122.0, 117.3, 112.7, 111.9. HRMS (DART) m/z calcd for CisH100 [M]*: 218.0726
found 218.0722.
2H’: A white solid; "H NMR (400 MHz, CDCls) § 8.41 (s, 1H), 8.08 (d, /= 8.0 Hz, 1H),
8.04 (d, J=8.0 Hz, 1H), 7.97 (d, J = 8.0 Hz, 1H), 7.92 (s, 1H), 7.62-7.45 (m, 4H), 7.38
(t, J = 8.0 Hz, 1H); 3C NMR (101 MHz, CDCl3) & 157.6, 154.8, 133.0, 130.1, 128.3,
127.8, 125.8, 125.4, 124.3, 123.9, 122.7, 121.3, 119.1, 111.6, 106.9 (one peak is missing
due to overlapping). HRMS (DART) m/z caled for CisHioO [M]*: 218.0726 found
218.0721.

2-(Trifluoromethyl)dibenzo[b,d]furan (21)*4
FsC
2l

Purification by PTLC (hexane/EtOAc = 19:1) afforded 2I as a white solid (24.7 mg,
52% yield). Yield of 21 was determined 30% by crude '"H NMR analysis using CH>Br; as
an internal standard when L1 was used as a ligand. '"H NMR (400 MHz, CDCl;) & 8.21
(s, 1H), 7.96 (d, J=8.0 Hz, 1H), 7.71 (d, J = 8.8 Hz, 1H), 7.67-7.57 (m, 2H), 7.51 (t, J =
8.0 Hz, 1H), 7.39 (t, J= 8.0 Hz, 1H); *C NMR (101 MHz, CDCl3) § 157.6, 156.8, 128.2,
125.3 (q, Jc-r = 43 Hz), 124.54 (Jcr =273 Hz), 124.52, 124.2 (q, Jc—r = 2.8 Hz), 123 .4,
123.3, 120.9, 118.3 (q, Jc-r = 3.8 Hz), 112.01, 111.97. HRMS (DART) m/z calcd for
C13H7F50 [M]": 236.0444 found 236.0438.
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N,N-Dimethyldibenzo[b,d]furan-2-carboxamide (2J)
0

Purification by PTLC (CHCl:/MeOH = 49:1) afforded 2J as a white solid (21.9 mg,
46% yield). Yield of 2J was determined 53% by crude '"H NMR analysis using CH2Br»
as an internal standard when L1 was used as a ligand. "H NMR (400 MHz, CDCl3) & 8.07
(s, 1H), 7.95 (d, /= 8.0 Hz, 1H), 7.68-7.45 (m, 4H), 7.34 (dd, /=8.0, 7.2 Hz, 1H), 3.16
(s, 3H), 3.07 (s, 3H); 3C NMR (101 MHz, CDCl3) & 171.6, 156.6, 156.5, 130.9, 127.7,
126.4, 124.2, 123.7, 123.0, 120.8, 120.1, 111.8, 111.4, 39.9, 35.6; HRMS (DART) m/z
calcd for C1sHi4NO2 [M+H]": 240.1019 found 240.1016.

Methyl dibenzo[b,d]furan-2-carboxylate (2K)!*!
0
MeoJ{._’
Tl
2K
Purification by PTLC (hexane/CHCI3; = 3:1) afforded 2K as a white solid (33.5 mg,
74% yield or 34.4 mg, 76% yield when L1 was used as ligand). '"H NMR (400 MHz,
CDCls) 6 8.64 (s, 1H), 8.16 (dd, /= 8.4,2.0 Hz, 1H), 7.97 (d, /= 8.0 Hz, 1H), 7.59-7.52
(m, 2H), 7.48 (ddd, J = 8.4, 7.2, 2.0 Hz, 1H), 7.37 (t, J = 8.4 Hz, 1H), 3.97 (s, 3H); 13C
NMR (101 MHz, CDCl3) 6 167.0, 158.8, 156.7, 128.9, 127.8, 124.9, 124.4, 123.6, 123.3,

122.9, 120.9, 111.8, 111.4, 52.2. HRMS (DART) m/z calcd for Ci4H11O3 [M+H]":
227.0703 found 227.0697.

2-(Methylsulfonyl)dibenzo|b,d]furan (2L)

MeO,S,

52



&
Do
l

Purification by PTLC (CHCI3/EtOAc = 9:1) afforded 2L as a white solid (27.1 mg,
55% yield). Yield of 2L was determined 24% by crude '"H NMR analysis using CH2Br»
as an internal standard when L1 was used as a ligand. "H NMR (400 MHz, CDCl5) & 8.58
(d, J=1.6 Hz, 1H), 8.05 (dd, J = 8.8, 1.6 Hz, 1H), 8.01 (d, /= 8.0 Hz, 1H), 7.72 (d, J =
8.8 Hz, 1H), 7.63 (d, J= 8.4 Hz, 1H), 7.56 (dd, J = 8.4, 8.0 Hz, 1H), 7.43 (t, /= 8.0 Hz,
1H), 3.15 (s, 3H); *C NMR (101 MHz, CDCl3) § 158.6, 157.0, 135.1, 128.7, 126.3, 125.1,
123.8,122.9, 121.2, 121.0, 112.5, 112.1, 45.1; HRMS (DART) m/z calcd for C13H1103S
[M+H]": 247.0423 found 247.0421.

Methyl dibenzo[b,d]furan-3-carboxylate (2M)!22!

0
hatel
2M

Purification by PTLC (hexane/CHCl; = 5:1) afforded 2M as a yellow solid (28.3 mg,
63% yield). '"H NMR (400 MHz, CDCl3) & 8.23 (s, 1H), 8.08 (d, J= 8.0 Hz, 1H), 8.03—
7.97 (m, 2H), 7.62 (d, J = 8.0 Hz, 1H), 7.53 (dd, J = 8.4, 8.0 Hz, 1H), 7.39 (dd, J = 8.4,
8.0 Hz, 1H), 3.98 (s, 3H); '*C NMR (101 MHz, CDCl3) & 166.9, 157.3, 155.5, 128.8,
128.4, 124.1, 123.3, 123.1, 121.3, 120.2, 113.1, 111.9, 52.3 (one peak is missing due to
overlapping). HRMS (DART) m/z calcd for C14H;103 [M+H]": 227.0703 found 227.0699.

Methyl dibenzo[b,d]furan-1-carboxylate (2N)
Oy ome
&
2N
Purification by PTLC (hexane/EtOAc = 5:1) afforded 2N as a white solid (37.8 mg,
84% yield or 36.9 mg, 82% yield when L1 was used as ligand). '"H NMR (400 MHz,

CDCls) § 8.15-8.06 (m, 2H), 7.94 (d, J = 7.6 Hz, 1H), 7.70 (d, J = 8.4 Hz, 1H), 7.50 (dd,
J =84, 7.6 Hz, 1H), 7.42-7.33 (m, 2H), 4.05 (s, 3H); '3C NMR (101 MHz, CDCL) &
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165.3, 156.4, 154.8, 129.2, 127.8, 125.9, 125.3, 123.1, 123.0, 122.3, 120.5, 115.2, 112.2,
52.3; HRMS (DART) m/z caled for C14H1105 [M+H]": 227.0703 found 227.0700.

Methyl dibenzo|[b,d]|furan-4-carboxylate (20)

OMe
20

Purification by PTLC (hexane/EtOAc = 5:1) afforded 20 as a white solid (43.5 mg,
96% yield). Yield of 20 was determined 86% by crude '"H NMR analysis using CH>Br,
as an internal standard when L1 was used as a ligand. '"H NMR (400 MHz, CDCl3)
8.19-8.05 (m, 2H), 7.93 (d, /= 8.0 Hz, 1H), 7.69 (d, /= 8.4 Hz, 1H), 7.49 (t, /= 8.4 Hz,
1H), 7.45-7.32 (m, 2H), 4.04 (s, 3H); >*C NMR (101 MHz, CDCl3) § 165.3, 156.4, 154.8,
129.2,127.7,125.9,125.2,123.1,123.0, 122.3, 120.5, 115.2, 112.1, 52.3; HRMS (DART)
m/z caled for C14H1103 [M+H]": 227.0703 found 227.0700.

9H-Carbazole (2P)?¢

2P

Purification by PTLC (hexane/CHCI3 = 2:1) afforded 2P as a white solid (1.9 mg, 6%
yield). '"H NMR (400 MHz, CDCls) 6 8.13-7.98 (m, 3H), 7.48-7.39 (m, 4H), 7.25-7.21
(m, 2H); *C NMR (101 MHz, CDCl3) & 139.4, 125.8, 123.3, 120.3, 119.4, 110.5. The

spectra are in accordance with those of the compound reported in the literature.

9-Phenyl-9H-carbazole (2Q)5¢!

2Q
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Purification by PTLC (hexane/EtOAc = 5:1) afforded 2Q as a yellow oil (40.1 mg,
82% yield). '"H NMR (400 MHz, CDCl3) & 8.13 (d, J = 8.0 Hz, 2H), 7.61-7.51 (m, 4H),
7.48-7.35 (m, 4H); 1*C NMR (101 MHz, CDCls) & 140.1, 137.6, 129.8, 127.4, 127.1,
125.9, 123.3., 120.3, 119.9, 109.7. HRMS (DART) m/z calcd for CisHisN [M+H]":
244.1121 found 244.1117.

9H-Fluoren-9-one (2R)!?’!

L)

(6]
2R

Purification by PTLC (hexane/EtOAc = 5:1) afforded 2P as a yellow solid (16.0 mg,
44% vyield or 23.8 mg, 66% yield when L1 was used as ligand). "H NMR (400 MHz,
CDCl3) 8 7.67 (d, J = 7.2 Hz, 2H), 7.56-7.44 (m, 4H), 7.30 (t, J= 7.2 Hz, 2H); 3*C NMR
(101 MHz, CDCl3) 6 193.9, 144.4, 134.6, 134.1, 129.0, 124.3, 120.3. HRMS (DART) m/z
calcd for C13HoO [M+H]": 181.0648 found 181.0646.
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4. SNxAr/Denitrative C—H Arylation Synthesis of 2A

NO, H
E HO 5.0 mol% Pd(acac),
. o003 (45 equiv) 12 mol% BrettPhos BrettPhos
THF toluene
reflux 150 °C
(0.20 mmol) (1.0 equiv)

A 20-mL glass vessel equipped with J. Young® O-ring tap containing a magnetic
stirring bar and K>COs (125 mg, 0.90 mmol, 4.5 equiv) was dried with a heat-gun in
vacuo and filled with N after cooling to room temperature. To this vessel were added 2-
fluoronitrobenzene (28.2 mg, 0.20 mmol) and phenol (18.8 mg, 0.20 mmol, 1.0 equiv).
The vessel was placed under vacuum and refilled N> gas three times, and then added THF
(1.0 mL). The vessel was sealed with O-ring tap and then heated at 70 °C. After stirring
the mixture for 15 h with monitoring the reaction progress by TLC, the vessel was placed
under vacuum and dried with a heat-gun. To this vessel were added 2-
dicyclohexylphosphino-3,6-dimethoxy-2’,4",6’-triisopropylbiphenyl (BrettPhos: 12.9
mg, 0.024 mmol, 12 mol%) and Pd(acac): (3.1 mg, 0.010 mmol, 5 mol%). The vessel was
placed under vacuum and refilled N; gas three times, and then added toluene (2.5 mL).
The vessel was sealed with O-ring tap and then heated at 150 °C for 24 h with stirring.
After cooling the reaction mixture to room temperature, the mixture was passed through
a short silica-gel/Celite® (1:1) pad with EtOAc as an eluent, and then concentrated in
vacuo. The residue was purified by PTLC (hexane/CHCls = 5:1) afforded 2A as a white
solid (14.5 mg, 43% yield).

5. Denitrative C—H Arylation/Decarbonylative Alkynylation

Synthesis of 1S
NO, NO, H
YCFF o DE: YCFO@
HO then PhOH 1O
o NEt, o
4 1S

To a solution of 4-fluoro-3-nitrobenzoic acid (4: 555 mg, 3.0 mmol, 1.0 equiv) in
CH>Cl: (6.0 mL) were added oxalyl chloride (457 mg, 3.6 mmol, 1.2 equiv) and a portion

of DMF. After stirring for 1.5 h at room temperature, the solution was concentrated in
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vacuo. To the resulted mixture were added phenol (565 mg, 6.0 mmol, 2.0 equiv), CH>Cl»
(6.0 mL), and then triethylamine (NEt3: 911 mg, 9.0 mmol, 3.0 equiv) slowly at 0 °C.
After stirring the mixture for 3 h with monitoring the reaction progress by TLC, NaHCO3
aq. was added to quench the reaction. The mixture was extracted three times with CH>Cl,.
The combined organic layer was dried over Na2SQg, filtrated, and concentrated in vacuo.
The residue was purified by Isolera® (hexane/Et,O = 99:1 to 9:1) to afford phenyl 3-nitro-
4-phenoxybenzoate (1S: 584 mg, 58% yield) as a yellow solid. 'H NMR (400 MHz,
CDCl3) 6 8.78 (d,J=1.6 Hz, 1H), 8.26 (dd, J=8.8, 1.6 Hz, 1H), 7.55-7.42 (m, 4H), 7.30
(t, J= 7.6 Hz, 2H), 7.22-7.19 (m, 2H), 7.16-7.14 (m, 2H), 7.02 (t, J = 9.2 Hz, 1H); 13C
NMR (101 MHz, CDCl3) 6 162.7, 155.1, 154.0, 150.4, 140.1, 135.4, 130.3, 129.5, 127.8,
126.1, 125.8, 123.7, 121.4, 120.2, 118.5; HRMS (DART) m/z caled for Ci9Hi7N20s
[M+NH4]": 353.1132 found 353.1126.

Denitrative Intramolecular C—H Arylation of 1S

NO, H 5.0 mol% Pd(acac), o)
12 mol% BrettPhos
0\© K4PO, (3.0 equiv) PhO
—>
PhO. toluene O O
0 160 °C, 24 h 0
1S 2S

A 20-mL glass vessel equipped with J. Young® O-ring tap containing a magnetic
stirring bar and K3PO4 (255 mg, 1.2 mmol, 3.0 equiv) was dried with a heat-gun in vacuo
and filled with N> after cooling to room temperature. To this vessel were added 1S (134
mg, 0.40 mmol, 1.0 equiv), 2-dicyclohexylphosphino-3,6-dimethoxy-2’,4’,6’-
triisopropylbiphenyl (BrettPhos: 25.8 mg, 0.048 mmol, 12 mol%) and Pd(acac), (6.1 mg,
0.020 mmol, 5 mol%). The vessel was placed under vacuum and refilled N> gas three
times, and then added toluene (2.5 mL). The vessel was sealed with O-ring tap and then
heated at 160 °C for 24 h with stirring. After cooling the reaction mixture to room
temperature, the mixture was passed through a short silica-gel/Celite® (1:1) pad with
EtOAc as an eluent. The filtrate was concentrated and the residue was purified by PTLC
(hexane/CHCIl3 = 1:2) to afford phenyl dibenzo[b,d]furan-2-carboxylate (2S: 65.1 mg,
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56% yield) as a white solid. 'H NMR (400 MHz, CDCls) & 8.84 (d, J=2.0 Hz, 1H), 8.35
(dd, J=8.8, 2.0 Hz, 1H), 8.03 (d, J= 8.0 Hz, 1H), 7.66 (d, /= 8.8 Hz, 1H), 7.63 (d, J =
8.4 Hz, 1H), 7.53 (dd, /= 8.4, 8.0 Hz, 1H), 7.46 (t, J = 8.0 Hz, 2H), 7.41 (t, /= 8.0 Hz,
1H), 7.34-7.24 (m, 3H); '*C NMR (101 MHz, CDCl3) § 165.1, 159.2, 156.8, 151.0, 129.5,
128.0, 125.9, 124.7, 124.3, 123.6, 123.4, 121.8, 121.1, 111.9, 111.7 (two peaks are
missing due to overlapping); HRMS (DART) m/z calcd for CioH 1303 [M+H]": 289.0859
found 289.0853.

Decarbonylative Alkynylation of 2S

(IPr)5Si )
\ (5.0 equiv)

H

5.0 mol% Pd(acac), P i
10 mol% dcypt (Pr)sSi

0
10 mol% Cul AN
PhO Et,NH (6.0 equiv)
O = Q)
1,4-dioxane
(o) (o)

170°C, 16 h
28 3s

A 20-mL glass vessel equipped with J. Young® O-ring tap containing a magnetic
stirring bar and molecular sieves 3A (50 mg) was dried with a heat-gun in vacuo and filled
with N> gas after cooling to room temperature. To this vessel were added 2S (57.7 mg,
0.20 mmol, 1.0 equiv), Pd(acac), (3.1 mg, 0.010 mmol, 5 mol%), Cul (3.8 mg, 0.020
mmol, 10 mol%), and 3,4-bis(dicyclohexylphosphino)thiophene (dcypt: 9.5 mg, 0.020
mmol, 10 mol%). The vessel was vacuumed and refilled N> gas three times. To this were
added triisopropylsilylacetylene (182 mg, 1.0 mmol, 5.0 equiv), diethylamine (87.8 mg,
1.2 mmol, 6.0 equiv), and 1,4-dioxane (0.60 mL). The vessel was sealed with O-ring tap
and then heated at 170 °C for 16 h in an 8-well reaction block with stirring. After cooling
the reaction mixture to room temperature, the mixture was passed through a short silica-
gel pad with EtOAc. The filtrate was concentrated and the residue was purified by PTLC
(hexane/CHCIl3; = 19:1) to afford (dibenzo[b,d]furan-2-ylethynyl)triisopropylsilane (3S:
23.3 mg, 33% yield) as a colorless oil. 'H NMR (CDCls, 400 MHz) & 8.08 (s, 1H), 7.95
(d,J=8.0 Hz, 1H), 7.58 (t,J=8.0 Hz, 1H), 7.57 (d, /= 6.8 Hz, 1H), 7.49 (d, /= 8.4 Hz,
1H), 7.47 (d, J = 8.4 Hz, 1H), 7.35 (dd, J = 8.0, 6.8 Hz, 1H), 1.19-1.13 (m, 21H); 13C
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NMR (CDCI3, 101 MHz) & 156.6, 155.8, 131.3, 127.6, 124.5, 124.3, 123.6, 123.0, 120.8,
118.1, 111.8, 111.6, 107.1, §89.3, 18.7, 11.4; HRMS (DART) m/z calcd for C23H290Si
[M+H]": 349.1982, found 349.1974.
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3-1. FAER

HEARE L O Heck 12 & - TZNF U L TS S L7238 B R-Heck G X,
NIy MEEZHwiena 7L —=rvid L7400 eDruR Ay )UK
J5TH B, 2010 FICASIGDORHFEIZ X D Heck 25/ —_NWALEEZZE L 72 2
EDWIRE S K 91T RBOCIIIRS) e RFBE-GEMG OMFEO—D & LTRSS L
%2,

KBGO ELRE, ~a 7L —vicfb 2z 7 ) — A bHlZ H o 7. RIED R
FeIE L BT S T & 7o (Figure 1), REMZLRZE 7Y — U LFDFI L LTE
V77 —FhkB by F—F0 ;75— BIREDT7 2 ) —VEEEND S
W, ZNLSHMCS H/IEY 7= 268, Avi=vray) FeF7 ) 74
H7e EDF F — )VIFHEARC BRIEAPRIEAKY), AT LVeT S F R EDLUE
FWEFEART, 7ra = MEERZNE T2 7Y — LAl LTHw SN TE
726

Intermolecular Mizoroki-Heck Reaction

X (Pd] R
¢ - v o~

R = alkyl, aryl

Classic Emerging

Hal
©/ X ZR

X = Cl, Ar(CO)O Z=0,NR

Figure 1. "2 7 L — 2l 5 7V — WALAIOERRE L

BERPE Hm TRk = bullihy 7)) U IEEL W o
DR FE-RFERG AT R FE- R OTERSOBIE TE 2 2 ERRINTE
7eo L2L, AMRICEF L4, = Falllh vy 7Y v 72 KR-Heck X
JETET L 7213 72\ ROSTERDFRINED A7 63, FFK= b uflayidE
BTHY, PORGICHETES, E5I, 7vFu a7 L—ryEHVIUL,
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7 v ZBEHATO SNAr OB Ei= ~afllhy Y Sickh, TR
OLEMAT L — v DOEEREETFIEE 72D 9 % &5 Z 72 (Scheme 1)), ML LD
HOY L, AETIKF= b B R AKR-Heck RIGDBIFICE T L 72,

R

F0N02+ @ ?Ar» NOz cat. Pd R

Scheme 1. ii= b @ A3 = KR-Heck 5

3-2. RIGGEHA DB

FUolc, IngEcofi=trullhy 7 v 7 CHWA 35 27 L /BrettPhos
filliE % B TG % A 72 (Scheme 2)19), 4-=+ 0 P LIV (1A)B L ORAF L v
Qa)z, NZ7Y I LTxXF )T x F— F[Pd(acac)]. BrettPhos £ L U7 v ikt
O DIFET 1,4-2 4 ¥4 v 150°C © 24 RfIfR L 72 & 2 5, = b Al
FiAR-Heck SOBHHEFT L. IR 8% R D35HARD 4-X F )L A F )LV (3A2)DM5

BNETEERWELK,

50 ma. Brationos
/©/N02 . \/@ CsF (3.0 equiv) « O
Me X 1’4_?26(%3? Sd% mL) . O

1A 2a 3Aa

(1.5 equiv) (0.20 mmol) 8% yield

Scheme 2. #JHAM 22t = b v B3 = R—Heck G

3-2-1. VABLEEET

EEBOB DGR 2 B SORSEFE D ERGELICE T L7z, ALEY 1A & 2a,
Pd(acac),. BrettPhos 8 X N7 v it o7 AFFE T 150°C T 24 ReffH IR 2 5
DN, F 94 DA% ST L 72 (Table 1), HMEIAEL & LT DMF 2 w7284,
HIN D 3Aa DINERIZ, WIHASIED 1,4-2F X3 > DY (entry 1) E A% TH - 72
23, WIE I 3D 5 72 (entry 2), ‘BuOH Tl 3Aa DUCKIZMA EL 7223 11%TH
27z (entry 3), MR Z MG L7 & 24, ~F P Tld 3Aa IZERIETH -
723, m-F Ly 2 HOBICIERIRE (L, I 52% T 3Aa Mo N
7z(entries 4 and 5); CNFEFTOP=F Ay 7Y FTIZBEWTH, 14-FF
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DFEEZEZ TS, ZORREZZIT. m-F > L v ERRRICHERZ b DR %
BELcE 25, WTNDOREEZ VTS 3Aa 23354, T3 PhCF; %
7-BR TR b EI I 53% T 3Aa % 5 2 7z (entries 6-10), DL E X D PhCF; Z AKX
JEDREIFEBE L L 7z,

Table 1. ARG

5.0 mol% Pd(acac),

20 mol% BrettPhos
NO» CsF (3.0 equiv)
" e N
Me A solvent (1.0 mL) O
Me

150 °C, 24 h
1A 2a 3Aa
(1.5 equiv) (0.20 mmol)
entry solvent  recovery of 1A%/% vyield of 3Aa%/%  entry solvent  recovery of 1A%/% vyield of 3Aa%/%
1 1,4-dioxane 125 8 6 toluene 118 20
2 DMF 0 7 7 Ph,O 69 33
3 ‘BuOH 109 11 8 anisole 67 40
4 "hexane 145 4 9 benzene 87 41
5 m-xylene 72 52 10 PhCF3 59 53

a: Determined by GC using "decane as an internal standard and based on the amount of 2a

3-2-2. EERRET
I, VAEIZ PhCFs % V> C(Table 1, entry 10), 3% ff % #3f L 72(Table 2),

RS D= b a B R-EH A v 7V v ZUapEE oy AR = b a il -
H 7V = )ALITCHER 7 2720 YB=A ) 7 L2 72205, 3Aa DICRIX 7%
AR L Zz(entry 2), RICHKIBE 2T U7z, KIBA Y 7 L% FH\O72BRIC 3Aa 1
IR 40% T 5 d(entry 3). JREE/KEH V) 7 L TlE 3Aa DILEDS 58%I A L
7z(entry 4), KIEHET3Aa MG oSN T &b o772, NAF 4 v 2L
oo WMAF AV ZVFILELNF P DL E LRBICIERIGIZIZE E A EET
L %2> 7z(entries Sand 6), ZAUIK LT, KL EY 7V AZHWwicE 25 3Aa
DU 80%!IZ 1A | L 7z (entry 7), K&+ > 7 L Tld 3Aa DY 3% T L
7z (entry 8), JKIEIL Y7 %3 PhCFs ISX U CEEZRIFEMRIEZ b D 2 LR VEE
RE2LG2ZHHDO—2EEZ TV 5, KRt 7 LG FRICHEABI LT
HWIAIEEZ SO 2 LIS N0, Kk T LADREMEDRIBLE ST A
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I, D HESI N EHEHIL Cw s, ARERE LTV ZF AT IV
2RO DDA EFT L Do % (entry 9), ML EDFERD S, KIELE
UL RREEEE LT,

Table 2. HiJEHET

5.0 mol% Pd(acac),

NO 20 mol% BrettPhos
/@/ 2 \/@ base (3.0 equiv) O
+ it N
Me X PhCF; (1.0 mL) O
Me

150 °C, 24 h
1A 2a 3Aa
(1.5 equiv) (0.20 mmol)
entry base recovery of 1A%/% yield of 3Aa%/%  entry base recovery of 1A%/% vyield of 3Aa%%
1 CsF 59 53 6 Na,CO3 139 4
2 KsPO, 112 7 7 Rb,CO4 30 80
3 K,CO4 74 40 8 Cs,CO,4 103 3
4 KHCO4 68 58 9 EtsN 142 0
5 Li,CO4 152 0

a: Determined by GC using "decane as an internal standard and based on the amount of 2a

3-2-3.Bihr R

RIZ, 1A B X OV 2a % Pd(acac). KEEIL E L7 LIFLE T PhCF; 1 150 °C T 24
RFRIBEIR S 2 SctE o T, BCAZ 1% ) L 72(Table 3), BrettPhos D V) ¥ i1~ LD
fudtny Bu FLICIEHE X 4172 ‘BuBrettPhos Tl 3Aa DUGRIE 59%Ic L EF o7
(entry 2), G HREICKE 2R IT R WL OD, EE\» Bu i X ) &EduiE
ADNIARINIRA GV, KIGHESI N/ EEZTWw3, RIZ, BrettPhos &1
WEHDEBIT % XPhos % SPhos, RuPhos 7% EDE 7Y — )Lk A 7 4 VAL F % IR
2F L 7z (entries 3-5), L2> L, W NLDOEUNI T2 H VTS 3Aa IFERIGRE o> 7,
T, OTABi=ruflc-H A v 7)) v 7 CHEHE 5 %2 NHC Fifi 1 L1 % v
TR 4 CHEFT L e 2o T (entry 6), F 72, HEF R 7 4 VEMIFE LT
PCys %, ZJEFR R 7 4 VR T- & LT deype ZH 7223 3Aa 132 F 6 Nk
- 7z (entries 7 and 8), FEEMANZF & LT 2,9-Buphen ZH\2 7 & 2 A, It
fTL72b DD 3Aa DILHRIZIE K 12%TH > 7z (entry 9), PA_EDFEHR D> 5 | BrettPhos
R 3 1L 1 VAR il D e
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Table 3. A7 FHR5T

5.0 mol% Pd(acac),

20 mol% ligand
/©/N02 \/@ Rb,COj3 (3.0 equiv) O
+ ————— N
Me X PhCF; (1.0 mL) O
150°C, 24 h Me

1A 2a 3Aa
(1.5 equiv) (0.20 mmol)

entry ligand recovery of 1A%/% yield of 3Aa%/%

1 BrettPhos 30 80
2  BuBrettPhos 42 59
3 XPhos 122 21
4 SPhos 102 7
5 RuPhos 112 7
6 L1 57 0
7 PCy, 67 0
8d deype 77 0
9  2,9-Buyphen 89 12

a: Determined by GC using "decane was used as an internal
standard and based on the amount of 2a
b: 40 mol% as 0.60 M solution in toluene

I\Illes
R2  PR! N
A I 0E
§ )<+ = NP
R® SBu SBu N\ /. Pr
R? Pr
BrettPhos (R'= Cy, R?= OMe, R®=R*=Pr)  2,9-Bugphen L1
BuBrettPhos (R = Bu, R? = OMe, R® = R*=/Pr)
XPhos (R = Cy, R2=H, R® = R*= PPr) Cyspg” “pcCy
SPhos (R! = Cy, R%= H, R3 = OMe, R* = H) cy* ~Cy
RuPhos (R'=Cy, R2=H, R3 = OPr, R*= H) deype

T 2T, L1 THRIGOSET L 2 WBIHICOWTRD X HIcEZ T, NPT L
/BrettPhos & % W3/ 877 LLL DESL 6 HRFE-= F GG TP 7 4
LIS 2 2 EDBbhroTwd ke, s oD FDEIZAL 7
4 VDR T T NTER AT BRSBTS 2 L EZ o N, BLIANEE, b
VAV 7RELT7 22 VERR I M n B L Tw A, FUA Y 7 a
BN 7 2 ZOVEEDVARBEEE 2D . AL 7 4 VIR T E 7\ (Figure 2A),
BrettPhos D&y, JKFE-Y VHIGDOREZICE D PV A Y 7oLy s =)V L&
JEDSREE L 7GR LB 2 E TN T YT A RICEREREL ., ZDORERAL 7
A VDEATEDZ EEZONS, ZIUTKR L, L1 13 Z DlE 2 MW 212 FAkE
DZEFEZRIED Z EDBRTET, AL 7 4 VW TE 72\ & & Z 72 (Figure 2B,
DL EDME T, A=t vl RK-Heck KIGTIX, L1 ZHW728412 3Aa 23
Bonhrol EEEL I,
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A. jpso-coodinate complex i B. Transformation to non-ipso-coodinate complex
;

oy : Cy ¥ 7 o
Y Yl
A —Pd-NO P

MeQ ~P—Pd-NO, R |MeQ P Pd No2 MeO -NO, MeQ  P—Pd=NO,
'P" ‘\_// : ’Pr s R ’Pr%d\lv
' iPr — Sy rr —> O Y Pr
Pr iPr

n@mzm)4?7&%&@%%@%%@&%»74V(mﬁﬁ$0y%é®
FHEICEDANIZPOLEFYAY 7R ENLT7 2 2 VEDBHEN -k~ 4L 7
4 v OREtHL

3-2-4. EE OB

KIZ, 1A B L O 2a % Pd(acac),. BrettPhos & & VKBV E' Y 7 LFATE T PhCF;
H1 150 °C T 24 AR T 2 & DT, FHOVEEEZ 5T L 72(Table 4), HILIC 7
it T 7 LB HOTBRICRIRINTH o7 m-F L v d, KEELE D L&

TIEIPEIME T L 7 (entry 2), F 72, PhCF; ZiAGEE L, /K% 10 BEHFML 72 &
Z A, 3Aa DK 77%TdH > 7z (entry 3), I DI D> 6 AR AKITK E 725
BEZT NI EXbhr ok, DL EOKE2 6, PhCF; # Faligt & L 7-,
Table 4. IAEED RS

5.0 mol% Pd(acac),

20 mol% BrettPhos
NO2 Rb,CO; (3.0 equiv) O
+ —_— . X
Me A solvent (1.0 mL) O

150 °C, 24 h
: M
a © 3Aa
(1.5 equiv) (0.20 mmol)
entry solvent recovery of 1A%/%yield of 3Aa%/%
1 PhCF3 30 80
2 m-xylene 25 42
3 PhCF; + H,0O (10 equiv) 16 77

a: Determined by GC using "decane as an internal standard.
Yield were determined based on the amount of 2a.

DL ED#ER D & PhCF; H, Pd(acac)y/BrettPhos filBEFA7E T HEILICHKIRL B2 ™
L T 24 IRENMBMEIR T 2 &k 2 i & L 7,
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3-3. HE-REOWE
3-3-1. FEE=t ut&PHOoRE

HE-MEEZREL 2, Bolc, AFL v 2azfoe, AEE=Fa{téPo
FUE — M %2 A L 72 (Scheme 3), = F B HED X Z 4712 X F)LEL(1A)S° Bu H(1B),
A M FIEAC) R LB FHEILE L OFFE= P uflbEYoEE IG5 A
F IR 3Aa-3Ca & FREED 6 BIEETE 2 7, BFRIIMED MY 704 ax
FNEZHFLTHTHAD), FREDIEETAF LY 3Da #5874, = F ok
DAZHRAE)RA I MIAFNZ A FIVEZHFLTH, XM d 5 A F VRV 3Ea B
LU 3Fa ZEWIPEETE 27, Lo L, ANV 7 2= V% b O FR=
F 2 LEPIAG)TIE A F LRV 3Ga DKL 30%I2 & £ F o7, KIGHRIEHED
B SICE D NT T ANDBLIIN DI T LD 6D o7 L EZ TS, F
oo TATIVAH), 77 =11, 7 3 7 HEANR EVBFLELTH, T o B
HEHZ ) LR PREOIERTHINT 2 AF VR 3Ha-3Ja 2527, %
oo BKRIGIEF 77 L AK)R ¥ /Y Y (AL), N-A F A ¥ F—=LAM)IZH L T
BEMTHDH, AF Ny 3Ka-3Ma DIHPREDIEFE TR S NL, 612, JEA
T4 FEFIREERD = X 2 FEEERAN)Z RRICFEMEICH L7 & 25 IR
31%% 5 AF NV 3Na BEWR L7z, BB, AROGTIE=FrF4 7 2 0%
BIEEOE 7R by 2 b0 ERE= F e fbEWIE#ETE 9 3a 2 3b DL
BAFNRVIZERTE Lo, £/, Z7au_trurlL—r2Hws 70
O ETORIGMERL L, 3¢ TlER 302527, EXD, AEHEGE=T vt
GV L OEHIEDE T IHEE ISR S THRED S BOLIERETA F LRV 234,
T 250D RIGFKEFHPEICRAG ) LARPERLE 25 2 EBbhroT, &
7o, BTG ERLZG TR = tr 7L v tungTu 7L —r AN
BBEbdroT,
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5.0 mol % Pd(acac),

NO 20 mol % BrettPhos
2 \/@ Rb,CO5 (3.0 equiv)
> X
X PhCFg (1.0 mL) O
150°C, 24 h
1A-1N (1.5 equiv) 2a (0.20 mmol) 3

O

e
74
N

e
N

o
N

3Aa: 72% 3Ba: 62% 3Ca: 79%
0

3Da: 57% 3Ea: 83% 3Fa: 78%

O
O

W
W
W

F3C

O
O
O

Q)2
%

W

W

(0]

; S

3Ga: 30% 3Ha: 51% 3la: 43%

MezN

O
aY
O
O

S
by

3Ja: 64% 3Ka: 62% 3La: 66%
PhO
"\\‘/I O MeOz& N O
e Me
3Ma: 42% 3Na: 31%

from nimesulide
(COX-2 inhibitor)

unsuccessful substrate

oD T D O o

3a: complex mixture 3b: n.d. 3c:n.d. 3¢’ 44%

Scheme 3. FHE= F v{b&Y o ILE — R

O
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332. AV 74 VORE
T, = tr Ly 1A ZHw, AL 74 v oRE—-REZHEL -
(Scheme 4), E = VFED /ST A7 7L FILIHE@2D, 2¢). X F ¥ FQd) % EE Tt
HIAE S ORAF Ly oA, PRED S EOIERTHIET 52 A F LY 3Ab-
3Ad 2527, X X THDRRXF1(2e)C AN FMIRHICHIET 2856, Bkt
DAEIC X IR ELSZITTHRED SEHOIETHNO 2 F LRy 95
5172(3Ae,3A1), I 51T, 7 I/ HQg)> Y IVHE@2h)., 7 v FEQi). T I F(2))
ZHoTWTHMNIGT 2 RAF IR DPERR L 72 (3Ag-3A)), £/, E=LF 7%
L V2K 2l), ESLA Y XY rem)bARRIBIGETE 2, 612, AF LYV
Pz 7 a7 7 venz e TH RIBHET L, I 52%7T 3An L4 L
7 4 ¥ DALED R 72 3 Bk 3An %7 & BIRAY S & 1L (ERLE= 81:12:7),
T, 0-AFINVRAFLVQRO)ZRIGIEIETAH, L 7 4 V(E)-3A0 DAt Z
HMAK(2)-3A0 & 3A0°DYERE 42:25:33 T & L (AFHINE 22%), %8B, E
ST VRGBT, BNO 3d 3B onkd o, £/, 8= ¥ ) v
ZHOGTD 3e lZAEKL edrolz, AL 7 4 VEFIMET 2 EEB R 0337
DL L CHE L0t EZTwD, £ B RIIERERTH % SCF;
HE2LOZAFLUYRTZIYLBTFNIE, FL 74 VDBEBFARRLET-ONNTY
T LICENTET I BLU 3g BB oo EEEL TS, D EORER
6 REOMZIIEL AL 7 4 VOSEHATE, ETEERAL 74 VI KW
KOWBTEAF VRV ZEZ LMHAND D 2 LD T,
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5.0 mol % Pd(acac),

NO 20 mol % BrettPh_os
/@ 2 . \Q Rb,CO3 (3.0 equiv) N
Me X PhCFs (1.0 mL) y O
e

150°C, 24 h
1A (1.5 equiv) 2b—2p (0.20 mmol) 3
Me Bu OMe
O O O OoMe
Me Me Me Me
3Ab: 63% 3Ac: 80% 3Ad: 89% 3Ae: 60%
MeO ! l NMe, SiMes,
o o S O
Me Me
3Af: 72% 3Ag: 73% 3Ah: 38% 3Ai: 63%
T : ‘ : e
™ X N N
Me Me Me Me
3Aj: 52% 3Ak: 61% 3Al: 70% 3Am: 39%

isomer
’ . other isomer
C C
Me Me

3An+other isomers: 3An’ 3An”
52% [81:12:7]

o SO

-3Ao+other isomers: 3A0’
(E)

22% [42:25:33]2

a: 0.80 mmol scale
unsuccessful substrate

SCF3
o e
Me
3d 3e 3f 39
n.d. n.r. n.r. n.r.

Scheme 4. 4L 7 ¢ v ORE —MFE
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F7. 2n ZHWW7BRIC 3An & 3AR D BIEREGYI R S BT D
XIWCEZT, BBIRT VY 2n 387 P AAffAL, HERE 24T %,
AR E O B KEBBEZ T2 L L syn ITHLET % HY THEITT 272, 3An
DMERK T % (Scheme 5A), D 3An I L X7 7L FY N D234 L 7 4
VICHOEAL L F Z288H., i BAFAIC LD B2 L, H2 T B-KEMikEL
TS5 2 LT K DBIANICLE RS ERA L 7 4 ¥ 3A MR L TS
N7z & # 2 T\ % (Scheme 5B),

A. generation of 3An
I
~Pdl N

Ar [ @
—_— —_—
G A, L)
Ar = 4-tolyl Ar pdl B-H Elimination Ar
2n E (syn; at H°) 3An
B. isomerization of 3An
.Pd!!
~— ";pdlj ~— —_—
Ar Ar H NO, I)/r/;'gr 7;192/ Ar Ar

3An F sertio E 3AR
minor Major

Scheme 5. (A) 3An DEEFERE (B) 3An D BRI X 2 3An° D24 BB

3-4. #EE RIS

HERE RGBS % 78 9 (Figure 3) £ 32 THRAELK 0 flio 727 LfE
XL, 1 DRFE-= b u A AN L. Btk A 283 %,
RICAWA VL7 4 YHEALL, S5 B L%, it T, 7Y —IL—oF 27 Ll
ABEICA LV 74 VAL C 2T %, Z D% p-KENEEC L DAL 7 4~
3L DBEOND, mBEIC, HIEICKDEITTHBEEL 0 i 7 27 AD3F4A
5,
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NO
[Base—H]*NO,~ ©/ 2
Base >}r Pd° N:
Reductive Oxidative

Pd” Elimination Addition

I
Pdl o,
D A

xR
B-Hydride X
Elimination 2

It Olefin pdl! S
: Pd‘NOZ Insertion NO,
R ~—
C B

Figure 3. #EE SOGHERS

3-5. SNAr/ZrFEIBL= b v B B AR-Heck Kt
RIT, SNAr JUG E = P o BIGZ —2BIGET S 5, SRR RS 2
FEEt U 72(Scheme 6), Pd(acac)r. BrettPhos & X OVKIEIL E Y 7 AFEE T, AF L
Y(a), -7V Fa= e @B LIN35-PXF V7 2/ —)V(5)% PhCF;
H1150°C TGS ¥ 7, % 0),%?5% SNAr SO & Bii= b v I OR-Heck SUG23
— R T BIET L, SHEIRAF LRV 6 ZIEK 41%THEB 2 ISR L
Too B, 4ITNT S5 D SNAr RIBDEITETL, 4-7L /¥ =tu7L—
FEHLT6eDROoNILEEZEZ TS,

5.0 mol % Pd(acac),
20 mol % BrettPhos

/@\ ,©, \/@ Rb,CO; (3.0 equw)
PhCF, O

150°C, 24 h

(1.0 equiv) 4 (0.20 mmol) (1.0 equiv)

el ans J

1%

Scheme 6. SxAr/7r Il = b v 9 B K—Heck [
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3-6. £&0

AEiClE, o FRb= b v B SR Heck G % FA%E L 72 (Scheme 7)1, A
JGICBEWTHE NI L LEFEHELRE T Y — LKA 7 4 VEAL T BrettPhos
DBERVBANTH Y, HEBE= P& E A F L B2 S /MIBT 2 251
RV O N, BRA R EREDFEL TOWIRT 2 AF ARV PRS0, B
YREMEYE = A A Y FEHEARSL 7Ly 2 UL TE, 351, 47 4An=tn
RYL VTR L SvAr KOG & FEIE= b aflin v 7)) v 2 flatrbe s 2
T—RBICLERAF NV Z2ET 5 Z IR L 7,

Cy
MeO Cy\P Pd

'Pr

MeO
Pd/BrettPhos

o

Up to 89% yield
29 examples

N02 ]
"

Scheme 7. 7> FfEIlE = b v A 5 K—Heck it

B, ARIGOHEDER. You 503357 2 L/XPhos filtlk % > 7243 1]
= b v I 2 R -Heck KOG % 375 L 72(Scheme 8)1'2, A&EKE= k n{b&®icix
T79L 07 2F v Ly 2GOHERB, AL 74 VIZEAFT LV VEPE
W7V v B2y 7 VHBEATE ST 24 L 7 4 VSRS & HiI

KOO 5, F£72. You 6 IFARRIGZ M7 L BT EBERKEPARE D &
AT b R L 7z,

Intermolecular denitrative Mizoroki-Heck reaction reported by You

©/\/
Up to 94% yield
36 examples

Polycycllc Aromatic
Hydrocarbons

Pd/XPhos

aryl, aIkyI
alkenyl,silyl

Scheme 8. You & 1 & %47 FfEbi= b+ v A = KR-Heck I
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SKEBIH

1. General

Unless otherwise noted, all reactants or reagents including dry solvents were obtained
from commercial suppliers and used as received. Palladium(Il) acetylacetonate
(Pd(acac)>), 1-methyl-4-nitrobenzene (1A), 1-(fert-butyl)-4-nitrobenzene (1B), 1-
methoxy-4-nitrobenzene (1C), 1-nitro-4-(trifluoromethyl)benzene (1D), 1-methyl-3-
nitrobenzene (1E), 1-methyl-2-nitrobenzene (1F), 2-nitro-1,1'-biphenyl (1G), methyl 4-
nitrobenzoate (1H), N,N-dimethyl-3-nitroaniline (1J), 1-nitronaphthalene (1K), 6-
nitroquinoline (1L), styrene (2a), 1-methyl-4-vinylbenzene (2b), 1-(fert-butyl)-4-
vinylbenzene (2¢), 1-methoxy-4-vinylbenzene (2d), 1-fluoro-4-vinylbenzene (2i),
cyclooctene (2m), tert-butyl acrylate (2p), 1-fluoro-4-nitrobenzene (4) and 3,5-
dimethylphenol (5) was obtained from Tokyo Chemical Industry. 2-
Dicyclohexylphosphino-3,6-dimethoxy-2’,4’,6’-triisopropylbiphenyl (BrettPhos) and
prop-1-en-2-ylbenzene (20) was obtained from KANTO Chemical. Rb,CO3 was obtained
from FUJIFILM Wako Pure Chemical Corporation. Unless otherwise noted, all reactions
were performed with dry solvents under an atmosphere of N> in dried glassware using
standard vacuum-line techniques. All denitrative Mizoroki—-Heck reactions were
performed in 20-mL glass vessel equipped with J. Young® O-ring tap and heated (IKA
Plate RCT digital) in an oil-bath or a 9-well aluminum reaction block (IKA H 135.103
Block 9 x 16 ml) unless otherwise noted. All work-up and purification procedures were
carried out with reagent-grade solvents in air.

Analytical thin-layer chromatography (TLC) was performed using Silicagel 70 TLC
Plate-Wako (0.25 mm). The developed chromatogram was analyzed by UV lamp (254
nm). Flash column chromatography was performed with Biotage Isolera® equipped with
Biotage SNAP Ultra columns. Preparative thin-layer chromatography (PTLC) was
performed using Wakogel B5-F silica coated plates (0.75 mm) prepared in our laboratory.
Preparative recycling gel permeation chromatography (GPC) was performed with a JAI
LaboACE LC-5060 instrument equipped with JAIGEL-2HR columns using CHCl3 as an

eluent. Gas chromatography (GC) analysis was conducted on a Shimadzu GC-2010 Plus
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instrument equipped with a HP-5 column (30 m x 0.25 mm, Hewlett-Packard) with
"decane as an internal standard. High-resolution mass spectra (HRMS) were conducted
on Thermo Fisher Scientific ExactivePlus® (DART and ESI). Nuclear magnetic resonance
(NMR) spectra were recorded on a JEOL INM-ECS-400 ("H 400 MHz, '3C 101 MHz).
Chemical shifts for 'H NMR are expressed in parts per million (ppm) relative to
tetramethylsilane (8 0.00 ppm). Chemical shifts for 3C NMR are expressed in ppm
relative to CDCl; (8 77.0 ppm). Data are reported as follows: chemical shift, multiplicity
(s = singlet, d = doublet, dd = doublet of doublets, t = triplet, td = triplet of doublets, q =

quartet, m = multiplet), coupling constant (Hz), and integration.
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2. Synthesis of Nitroarenes 1

2-1. Synthesis of 11

NO, CH(OMe); (1.6 equiv) NO,
H 10 mol % p-TsOH-H,O 0

ethylene glycol
(6] 80 °C (0]

1l

To a solution of 4-nitrobenzaldehyde (378 mg, 2.5 mmol, 1.0 equiv) and p-
toluenesulfonic acid monohydrate (47.6 mg, 0.25 mmol, 10 mol %) in ethylene glycol
(4.0 mL) were added trimethyl orthoformate (424 mg, 438 uL, 4.0 mmol, 1.6 equiv) at
room temperature. Then the mixture was stirring at 80 °C for 24 h with monitoring
reaction progress with TLC. Upon the completion of the reaction, the mixture was added
NaHCO; aq. and extracted three times with EtOAc. The combined organic layer was dried
over NaSQg, filtrated, and concentrated in vacuo. The residue was purified by
recrystallization (hexane/CH>Cl») to afford 11 as a pale yellow solid (178 mg, 36% yield).
"H NMR (400 MHz, CDCl3) & 8.25 (d, J= 8.8 Hz, 2H), 7.66 (d, J = 8.8 Hz, 2H), 5.90 (s,
1H), 4.15-4.05 (m, 4H). The spectra matched with those of compounds reported in the

literature.!'3]

2-2. Synthesis of 1M

NaH (5.0 equiv)
NO, : NO,
(/ID/ Mel (5.0 equiv) (/D/
N DMF N
H 0°Cto RT Me

M

1-Methyl-5-nitro-1H-indole (1M) was synthesized according to a procedure reported
in the literature with a slight modification.!'¥] To a solution of 5-nitro-1H-indole (405 mg,
2.5 mmol, 1.0 equiv) in DMF (10 mL) was added sodium hydride (60% oil dispersion;
500 mg, 12.5 mmol, 5.0 equiv) at 0 °C. After stirring for 30 min at 0 °C, iodomethane
(1.77 g, 778 pL, 12.5 mmol, 5.0 equiv) was added dropwise and then the mixture was
stirred at room temperature for 12 h with monitoring reaction progress with TLC. Upon
the completion of the reaction, the mixture was added H>O and extracted three times with

EtOAc. The combined organic layer was dried over Na>SQOs, filtrated, and concentrated
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in vacuo. The residue was purified by recrystallization (hexane/CH2Cl) to afford 1M as
a yellow solid (368 mg, 83% yield). '"H NMR (400 MHz, CDCl3) & 8.59 (d, J = 2,4 Hz,
1H), 8.14 (dd, J = 9.2, 2.4 Hz, 1H), 7.34 (d, J = 9.2 Hz, 1H), 7.21 (d, J = 3.2 Hz, 1H),
6.68 (d, ] = 3.2 Hz, 1H), 3.87 (s, 3H). The spectra matched with those of compounds

reported in the literature.!'3]

2-3. Synthesis of 1IN

NaH (1.1 equiv)

PhoUNOZ Mel (1.3 equiv) P“OJC(NOZ
—»
MeOz&N DMF MeOZS~N
H 0°CtoRT Me
nimesulide 1N

To a solution of N-(4-nitro-2-phenoxyphenyl)methanesulfonamide (nimesulide: 463
mg, 1.5 mmol, 1.0 equiv) in DMF (3.0 mL) was added sodium hydride (60% oil
dispersion; 66.0 mg, 1.7 mmol, 1.1 equiv) at 0 °C. After stirring for 30 min at 0 °C,
iodomethane (277 mg, 121 uL, 2.0 mmol, 1.3 equiv) was added dropwise and then the
mixture was stirred at room temperature for 12 h with monitoring reaction progress with
TLC. Upon the completion of the reaction, the mixture was added NH4Cl aq. and
extracted three times with EtOAc. The combined organic layer was dried over Na;SOs,
filtrated, and concentrated in vacuo. The residue was purified by Isolera® (hexane/EtOAc
= 9:1 to 3:2) to afford 1N as a white solid (480 mg, 99% yield). '"H NMR (400 MHz,
CDCl3) 6 7.92 (dd,J=8.8,2.8 Hz, 1H), 7.69-7.58 (m, 2H), 7.47 (t,J= 7.6 Hz, 2H), 7.35—
7.25 (m, 1H), 7.12 (d, J = 7.6 Hz, 2H), 3.38 (s, 3H), 3.03 (s, 3H); '3*C NMR (101 MHz,
CDCl3) 6 154.7, 154.2, 147.5, 136.6, 132.4, 130.5, 125.6, 119.6, 117.9, 112.5, 38.4, 37.5;
HRMS (ESI) m/z caled for C14H14N205SNa [M+Na]*: 345.0516 found 345.0508.

3. Synthesis of Styrene Derivatives 2

3-1. General Procedure for the Synthesis of 2
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MePPh3Br (1.0 equiv)

@ "BuLi (1.1 equiv)
0 THE

o]
H 0°Cto RT

2

To a suspension of methyltriphenylphosphonium bromide (1.0 equiv; azeotroped three
times with toluene before use) in THF (0.5 M), n-butyllithium (1.6 M in hexane, 1.1
equiv) was added under N at 0 °C with stirring. After 30 min, benzaldehydes (1.0 equiv)
was added dropwise and then the mixture was stirred at room temperature. After stirring
for several hours with monitoring reaction progress with TLC, the mixture was added
water and extracted three times with Et,O. The organic layer was dried over MgSOs,

filtrated, and then concentrated in vacuo. Purification by Isolera® to afford 2.

1-Methoxy-3-vinylbenzene (2¢)

X : OMe

2e

Purification by Isolera® (hexane/Et,O = 99:1 to 4:1) to afford 2e as a yellow oil (175 mg,
44% yield, 3.0 mmol scale). "H NMR (400 MHz, CDCl3) & 7.24 (t, J= 7.6 Hz, 1H), 7.00
(d, J=7.6 Hz, 1H), 6.98-6.93 (d, J=2.0, 1H), 6.82 (dd, J= 7.6, 2.0 Hz, 1H), 6.69 (dd, J
=17.6, 10.8 Hz, 1H), 5.75 (d, /= 17,6 Hz, 1H), 5.25 (d, /= 10.8 Hz, 1H), 3.81 (s, 3H).

The spectra matched with those of compounds reported in the literature.[!]

1-Methoxy-2-vinylbenzene (2f)

MeO
I
2f
Purification by Isolera® (hexane/Et,O = 99:1 to 4:1) to afford 2f as a yellow oil (222 mg,
55% yield, 3.0 mmol scale). '"H NMR (400 MHz, CDCl3) & 7.47 (d,J= 7.2 Hz, 1H), 7.26
(dd, J=8.4,8.0 Hz, 1H), 7.05 (dd, /= 16.4, 10.8 Hz, 1H), 6.93 (dd, /= 8.0, 7.2 Hz, 1H),
6.88 (d,/J=8.4Hz, 1H),5.74 (d, /= 16.4 Hz, 1H), 5.26 (d, /= 10.8 Hz, 1H), 3.85 (s, 3H).
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The spectra matched with those of compounds reported in the literature.['®]

N,N-Dimethyl-4-vinylaniline (2g)

NM62
§/©/

2g
Purification by Isolera® (hexane/Et:O = 99:1 to 4:1) to afford 2g as a yellow oil (247

mg, 56% yield, 3.0 mmol scale). 'H NMR (400 MHz, CDCl3) § 7.31 (d, J = 8.4 Hz, 2H),
6.68 (d, /= 8.4 Hz, 2H), 6.63 (d, /= 18.0, 11.2 Hz, 1H), 5.54 (d, /= 18.0 Hz, 1H), 5.02
(d,J=11.2 Hz, 1H), 2.96 (s, 6H). The spectra matched with those of compounds reported

in the literature.[!”]

Trimethyl(4-vinylphenyl)silane (2h)

SiMe;
V@

2h

Purification by Isolera® (hexane/CHCIs = 99:1 to 4:1) to afford 2h as a yellow oil (265
mg, 50% yield, 3.0 mmol scale). 'H NMR (400 MHz, CDCl3) § 7.49 (d, J = 6.4 Hz, 2H),
7.39 (d, J=6.4 Hz, 2H), 6.72 (dd, J = 14.4, 9.2 Hz, 1H), 5.77 (d, /= 14.4 Hz, 1H), 5.25
(d, /=9.2 Hz, 1H), 0.26 (s, 9H). The spectra matched with those of compounds reported

in the literature.['®]

1-Vinylnaphthalene (2k)

&

2k

The Wittig reaction was conducted by using 1.2 equiv of methyltriphenylphosphonium

bromide and 1.3 equiv of n-butyllithium. Purification by Isolera® (hexane) to afford 2k
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as a yellow oil (494 mg, 64% yield, 5.0 mmol scale). 'H NMR (400 MHz, CDCl3) 5 8.13
(d,J=7.6 Hz, 1H), 7.89-7.84 (m, 1H), 7.80 (d, /= 7.6 Hz, 1H), 7.64 (d, J=7.6 Hz, 1H),
7.55-7.44 (m, 4H), 5.80 (d, J = 17.6 Hz, 1H), 5.48 (d, J = 11.2 Hz, 1H). The spectra

matched with those of compounds reported in the literature.['”]

2-Vinylnaphthalene (21)

&

21
The Wittig reaction was conducted by using 1.2 equiv of methyltriphenylphosphonium
bromide and 1.3 equiv of n-butyllithium. Purification by Isolera® (hexane) to afford 21 as
a white solid (271 mg, 54% yield, 3.2 mmol scale). "H NMR (400 MHz, CDCls) § 7.84—
7.78 (m, 3H), 7.75 (s, 1H), 7.65 (dd, J = 8.8, 2.0 Hz, 1H), 7.49-7.42 (m, 2H), 6.89 (dd, J
=18.0, 11.2 Hz, 1H), 5.88 (d, J = 18.0 Hz, 1H), 5.34 (d, J = 11.2 Hz, 1H). The spectra

matched with those of compounds reported in the literature.!'*)

4-Vinylisoquinoline (2m)

2m

The Wittig reaction was conducted by using 1.1 equiv of methyltriphenylphosphonium
bromide and 1.1 equiv of n-butyllithium. Purification by Isolera® (hexane/EtO = 8:1 to
Et,0) to afford 2m as a yellow oil (52.8 mg, 22% yield, 1.5 mmol scale). '"H NMR (400
MHz, CDCl3) 6 9.19 (s, 1H), 8.64 (s, 1H), 8.08 (d, /= 8.8 Hz, 1H), 7.99 (d, J = 8.4 Hz,
1H), 7.75 (dd, J= 8.4, 8.0 Hz, 1H), 7.63 (dd, J=8.8, 8.0 Hz, 1H), 7.33 (dd, J=17.6, 10.8
Hz, 1H), 5.88 (d, J=17.6 Hz, 1H), 5.57 (d, J = 10.8 Hz, 1H). The spectra matched with

those of compounds reported in the literature.*!]
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3-2. Synthesis of 2j

(0] (COCl), (1.2 equiv) (0] CH3NHCH3-HCI (1.1 equiv) (0]

1 mol % DMF Et3N (3.0 equiv)
OH > Cl > NMe,
CH,Cl, CH,Cl,
X RT X 0°C to RT X

2j

To a solution of 4-vinylbenzoic acid (444 mg, 3.0 mmol, 1.0 equiv) in CH>Cl, (6.0 mL),
oxalyl chloride (457 mg, 308 pL, 3.6 mmol, 1.2 equiv) and DMF (3.8 mg, 0.030 mmol,
1.0 mol %) were added. After stirring for 2 h at room temperature, the solution was
concentrated in vacuo. To the resulted mixture, dimethylamine hydrochloride (269 mg,
3.3 mmol, 1.1 equiv) and CH>Cl> (6.0 mL) were added, then triethylamine (911 mg, 1.25
mL, 9.0 mmol, 3.0 equiv) were added slowly at 0 °C. After stirring the mixture for 17 h
with monitoring the reaction progress by TLC, the reaction mixture was quenched with
H>0 and extracted three times with CH>Cl,. The combined organic layer was dried over
Na»SOs, filtrated, and concentrated in vacuo. Purification by Isolera® (hexane/EtOAc =
3:7 to EtOAc) to afford N,N-dimethyl-4-vinylbenzamide (2j) as a white solid (441 mg,
84% yield). '"H NMR (400 MHz, CDCl3) 8 7.47-7.37 (m, 4H), 6.73 (dd, J = 18.0, 10.4
Hz, 1H), 5.80 (d, /= 18.0 Hz, 1H), 5.32 (d, /= 10.4 Hz, 1H) 3.11 (s, 3H), 3.00 (s, 3H).

The spectra matched with those of compounds reported in the literature.?!

4. Palladium-Catalyzed Denitrative Mizoroki—Heck Reaction

5 mol % Pd(acac),

NO 20 mol % BrettPhos
2 Rb,COj5 (3.0 equiv)
+ X
A PhCF (1.0 mL) @

150°C, 24 h

1(1.5 equiv) 2 (0.20 mmol)
General Procedure

A 20-mL glass vessel equipped with J. Young® O-ring tap containing a magnetic
stirring bar and Rb,CO3 (139 mg, 0.60 mmol, 3.0 equiv) was dried with a heat-gun in
vacuo and filled with N> after cooling to room temperature. To this vessel were added
nitroarene 1 (0.30 mmol, 1.5 equiv), 2-dicyclohexylphosphino-3,6-dimethoxy-2’,4,6’-
triisopropylbiphenyl (BrettPhos: 21.5 mg, 0.040 mmol, 20 mol %), and Pd(acac), (3.1

mg, 0.010 mmol, 5 mol %). The vessel was placed under vacuum and refilled N2 gas three
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BIE

times, and then added alkene 2 (0.20 mmol, 1.0 equiv) and (trifluoromethyl)benzene

(PhCF3: 1.0 mL). The vessel was sealed with O-ring tap and then heated at 150 °C for 24

h with stirring. After cooling the reaction mixture to room temperature, the mixture was

passed through a short silica-gel/Celite® (1:1) pad with EtOAc¢ or CHCl3/MeOH = 19:1

as an eluent, and then concentrated in vacuo. The residue was purified by PTLC, Isolera®,

or GPC to afford the corresponding alkene 3.

Photographic Guideline

5. A J-Young® glass vessel containing a magnetic stirring bar (Photo A).

6. Drying up the vessel containing RboCOs with a heat-gun for 2—3 min in vacuo (Photo
B).

7. All materials were added (Photo C).

8. The vessel was heated with stirring (in a 9-well aluminum block).

Color changing (Photo D: 2 min; E: 10 min; F: 1 h; G: 12 h; H: 24 h).

Figure S1
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(E)-1-Methyl-4-styrylbenzene (3Aa)!??!
LI

3Aa

Purification by PTLC (hexane/CHCl; = 99:1) afforded 3Aa as a white solid (28.1 mg,
72% yield). '"H NMR (400 MHz, CDCl3) § 7.50 (dd, J=7.2, 1.6 Hz, 2H), 7.41 (d,J=7.6
Hz, 2H), 7.34 (t,J= 7.2 Hz, 2H), 7.23 (td, J= 7.2, 1.6 Hz, 1H), 7.16 (d, J= 7.6 Hz, 2H),
7.09 (d, J=16.4 Hz, 1H), 7.04 (d, J = 16.4 Hz, 1H), 2.35 (s, 3H); *C NMR (101 MHz,

Me

CDCl3) 6 137.5, 134.5, 129.4, 128.62, 128.59, 127.7, 127.4, 126.40, 126.37, 21.2 (one
peak is missing due to overlapping); HRMS (DART) m/z caled for CisHis [M+H]":
195.1168 found 195.1169.

(E)-1-(tert-Butyl)-4-styrylbenzene (3Ba)!®]

g
(J
Bu 3Ba

Purification by PTLC (hexane/CH2Cl, = 19:1, three times) afforded 3Ba as a white
solid (29.1 mg, 62% yield). '"H NMR (400 MHz, CDCls3) 8 7.50 (d, J = 7.6 Hz, 2H), 7.45
(dd, J= 8.8, 1.2 Hz, 2H), 7.38 (d, J = 7.6 Hz, 2H), 7.35 (dd, J = 8.8, 8.4 Hz, 2H), 7.23
(td, /= 8.4, 1.2 Hz, 1H), 7.11 (d, J = 16.4 Hz, 1H), 7.06 (d, J = 16.4 Hz, 1H), 1.33 (s,
9H); *CNMR (101 MHz, CDCl3) § 150.7, 137.5, 134.5, 128.6, 128.4,127.9, 127.4, 126 4,
126.2, 125.6, 34.6, 31.3; HRMS (DART) m/z calcd for CisHzo [M]*: 236.1560 found
236.1557.

(E)-1-Methoxy-4-styrylbenzene (3Ca)[>’]

3Ca
0.20 mmol scale: Purification by PTLC (hexane/CH2Cl, = 9:1, then 5:1) afforded 3Ca

as a white solid (33.1 mg, 79% yield).
1.0 mmol scale: Purification by Isolera® (hexane/CH,Cl, = 14:1 to 2:3) afforded 3Ca
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as a white solid (167.1 mg, 79% yield). "H NMR (400 MHz, CDCl3) & 7.49 (dd, J = 7.6,
1.6 Hz, 2H), 7.46 (d, J = 8.4 Hz, 2H), 7.35 (t, J = 8.4 Hz, 2H), 7.23 (td, J = 8.4, 1.6 Hz,
1H), 7.07 (d, J = 16.4 Hz, 1H), 6.97 (d, J = 16.4 Hz, 1H), 6.90 (d, J = 8.4 Hz, 2H), 3.83
(s, 3H); 3*C NMR (101 MHz, CDCl3) § 159.2, 137.6, 130.1, 128.6, 128.1, 127.7, 127.2,
126.5, 126.2, 114.1, 55.3; HRMS (DART) m/z calcd for CisHisO [M+H]": 211.1117
found 211.1117.

(E)-1-Styryl-4-(trifluoromethyl)benzene (3Da)**!

OO

3Da

Purification by PTLC (hexane/CHClz = 99:1) afforded 3Da as a white solid (28.3 mg,
57% yield). '"H NMR (400 MHz, CDCl3) 8 7.63-7.59 (m, 4H), 7.54 (d, J = 7.6 Hz, 2H),
7.39 (d, J=17.6 Hz, 2H), 7.33-7.28 (m, 1H), 7.20 (d, J=16.4 Hz, 1H), 7.12 (d, /= 16.4
Hz, 1H); *C NMR (101 MHz, CDCls) § 140.7, 136.6, 131.1, 129.2 (q, Jcr = 33 Hz),

FsC

128.8, 128.3, 127.1, 126.8, 126.5, 125.6 (q, Jer = 3.8 Hz), 124.2 (q, Jcr = 276 Hz);
HRMS (DART) m/z caled for CisHyiFs [M]*: 248.0807 found 248.0801.

(E)-1-Methyl-3-styrylbenzene (3Ea)?3]
S

Me !
3Ea

Purification by PTLC (hexane/CH>Cl> = 9:1, then 19:1) afforded 3Ea as a white solid
(32.2 mg, 83% yield). '"H NMR (400 MHz, CDCl3) 6 7.51 (d, J = 8.0 Hz, 2H), 7.39-7.30
(m, 4H), 7.25 (dd, J = 8.0, 7.6 Hz, 2H), 7.14-7.04 (m, 3H), 2.37 (s, 3H); 3*C NMR (101
MHz, CDCls) 6 138.2, 137.4, 137.2, 128.7, 128.64, 128.55, 128.4, 127.5, 127.2, 126.4,
123.7, 21.4 (one peak is missing due to overlapping); HRMS (DART) m/z calcd for
CisHis [M+H]": 195.1168 found 195.1168.
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(E)-1-Methyl-2-styrylbenzene (3Fa)?’]

Me
o
3Fa

Purification by PTLC (hexane/CH>Cl» = 19:1) afforded 3Fa as a white solid (30.4 mg,
78% yield). 'H NMR (400 MHz, CDCls) § 7.59 (d, J= 7.6 Hz, 1H), 7.52 (d, /= 8.0 Hz,
2H), 7.39-7.29 (m, 3H), 7.26 (t, /= 7.6 Hz, 1H), 7.23-7.14 (m, 3H), 6.99 (d, /= 16.0 Hz,
1H), 2.42 (s, 3H); *CNMR (101 MHz, CDCl3) 8 137.6, 136.4, 135.8, 130.4, 130.0, 128.7,
127.6, 127.5, 126.53, 126.49, 126.2, 125.3, 19.9; HRMS (DART) m/z calcd for CisHi4
[M]*: 194.1090 found 194.1089.

(E)-2-Styryl-1,1'-biphenyl (3Ga)2°!

\

Purification by PTLC (hexane) afforded 3Ga as a colorless oil (15.4 mg, 30% yield).

3Ga

'H NMR (400 MHz, CDCls) § 7.76 (d, J = 7.6 Hz, 1H), 7.47-7.33 (m, 10H), 7.30 (t, J =
7.6 Hz, 2H), 7.22 (t, J= 7.6 Hz, 1H), 7.12 (d, J= 16.4 Hz, 1H), 7.04 (d, J= 16.4 Hz, 1H);
13C NMR (101 MHz, CDCls) § 141.1, 140.8, 137.5, 135.4, 130.3, 129.9, 129.4, 128.6,
128.1, 128.0, 127.8, 127.53, 127.46, 127.1, 126.5, 125.8; HRMS (DART) m/z caled for
Ca0HaoN [M+NH,]*: 274.1590 found 274.1587.

Methyl (E)-4-styrylbenzoate (3Ha)>"!

3Ha
(¢}

Purification by Isolera® (hexane/EtOAc = 24:1 to 2:1) afforded 3Ha as a white solid
(24.4 mg, 51% yield). "H NMR (400 MHz, CDCl3) & 8.02 (d, J= 8.4 Hz, 2H), 7.56 (d, J
=8.4 Hz, 2H), 7.53 (d, J = 8.0 Hz, 2H), 7.38 (t,J= 8.0 Hz, 2H), 7.32-7.17 (m, 2H), 7.12
(d, J=16.4 Hz, 1H), 3.92 (s, 3H); 3*C NMR (101 MHz, CDCl3) & 166.8, 141.8, 136.7,
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131.2,130.0, 128.85, 128.75, 128.2, 127.5, 126.8, 126.3, 52.1; HRMS (DART) m/z calcd
for C16H1502 [M+H]": 239.1067 found 239.1063.

(E)-2-(4-Styrylphenyl)-1,3-dioxolane (31a)
S
o A
<, 3la
0

Purification by PTLC (hexane/EtOAc = 5:1) afforded 3Ia as a white solid (21.6 mg,
43% yield). 'H NMR (400 MHz, CDCls) 6 7.53 (d, J = 8.4 Hz, 2H), 7.51 (dd, J=7.6, 1.6
Hz, 2H), 7.47 (d, J = 8.4 Hz, 2H), 7.36 (t,J= 7.6 Hz, 2H), 7.26 (td, J = 7.6, 1.6 Hz, 1H),
7.15-7.07 (m, 2H), 5.82 (s, 1H), 4.19-3.99 (m, 4H); 3C NMR (101 MHz, CDCl3) & 138.2,

137.1, 137.0, 129.2, 128.7, 128.1, 127.7, 126.8, 126.5, 126.4, 103.5, 65.3; HRMS
(DART) m/z caled for Ci7H,70, [M+H]*: 253.1223 found 253.1219.

(E)-N,N-Dimethyl-3-styrylaniline (3Ja)?")
L

MeoN l
3Ja

Purification by PTLC (hexane/EtOAc = 9:1) afforded 3Ja as a pale yellow solid (28.4
mg, 64% yield). 'H NMR (400 MHz, CDCl3) 8 7.51 (d, J = 7.6 Hz, 2H), 7.34 (t, J= 7.6
Hz, 2H), 7.27-7.19 (m, 2H), 7.12-7.06 (m, 2H), 6.92 (d, J = 7.6 Hz, 1H), 6.85 (s, 1H),
6.67 (d,J=7.6 Hz, 1H), 2.98 (s, 6H); *C NMR (101 MHz, CDCl3)  150.8, 138.0, 137.5,
129.6, 129.3, 128.6, 128.2, 127.4, 126.4, 115.0, 112.2, 110.8, 40.7; HRMS (DART) m/z
caled for Ci6HigN [M+H]": 224.1434 found 224.1430.

(E)-1-Styrylnaphthalene (3Ka)!!"!

OOO

3Ka
Purification by GPC afforded 3Ka as a yellow solid (28.5 mg, 62% yield). "H NMR
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(400 MHz, CDCls) ¢ 8.23 (d, J = 8.4 Hz, 1H), 7.95-7.86 (m, 2H), 7.82 (d, J = 8.0 Hz,
1H), 7.76 (d, J = 7.6 Hz, 1H), 7.62 (d, J = 8.0 Hz, 2H), 7.59-7.48 (m, 3H), 7.41 (t, J =
8.0 Hz, 2H), 7.34-7.28 (m, 1H), 7.16 (d, J = 16.0 Hz, 1H); 3C NMR (101 MHz, CDCls)
6 137.6, 135.0, 133.7, 131.7, 131.3, 128.7, 128.6, 128.0, 127.8, 126.7, 126.1, 125.81,
125.75, 125.7, 123.7, 123.6; HRMS (DART) m/z calcd for CisHis [M+H]": 231.1168
found 231.1164.

(E)-6-Styrylquinoline (3La)®!

Purification by PTLC (hexane/EtOAc = 2:1, twice) afforded 3La as a yellow solid
(30.3 mg, 66% yield). '"H NMR (400 MHz, CDCls) & 8.87 (dd, J=4.0, 1.6 Hz, 1H), 8.15
(dd,J=17.6,1.2 Hz, 1H), 8.09 (d, J=7.6 Hz, 1H), 7.99 (dd, J = 8.8, 1.6 Hz, 1H), 7.83 (d,
J=1.2 Hz, 1H), 7.58 (dd, J = 7.2, 1.6 Hz, 2H), 7.43-7.36 (m, 3H), 7.33-7.27 (m, 3H);
13C NMR (101 MHz, CDCl3) 8 150.1, 148.0, 136.9, 135.9, 135.5, 130.1, 129.7, 128.7,
128.5, 128.0, 127.8, 127.2, 126.6, 125.9, 121.5; HRMS (ESI) m/z calcd for Ci7H 14N
[M+H]": 232.1119 found 232.1121.

(E)-1-Methyl-5-styryl-1H-indole (3Ma)*°]

;\

Me 3Ma
Purification by PTLC (hexane/EtOAc = 4:1) afforded 3Ma as a pale orange solid (19.6

mg, 42% yield). '"H NMR (400 MHz, CDCL3) 6 7.73 (d, J = 1.2 Hz, 1H), 7.52 (d, J = 7.2
Hz, 2H), 7.46 (dd, J= 8.8, 1.2 Hz, 1H), 7.35 (t, J = 7.2 Hz, 2H), 7.30-7.20 (m, 3H), 7.07
(d,J=16.0 Hz, 1H), 7.03 (d, J = 3.2 Hz, 1H), 6.48 (d, J = 3.2 Hz, 1H), 3.77 (s, 3H); 13C
NMR (101 MHz, CDCl3) § 138.0, 136.5, 130.1, 129.4, 128.9, 128.7, 128.6, 126.9, 126.1,
125.8, 120.1, 119.7, 109.4, 101.3, 32.9; HRMS (DART) m/z calcd for C17HisN [M+H]*:
234.1277 found 234.1272.
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(E)-N-Methyl-V-(2-phenoxy-4-styrylphenyl)methanesulfonamide (3Na)

3Na

Purification by PTLC (hexane/EtOAc = 4:1, then 3:1) afforded 3Na as a yellow solid
(23.7 mg, 31% yield). "H NMR (400 MHz, CDCl3)  7.50-7.39 (m, 5H), 7.33 (t,J=7.6
Hz, 2H), 7.30-7.25 (m, 2H), 7.23-7.18 (m, 1H), 7.08 (d, J = 8.0 Hz, 2H), 7.02-6.92 (m,
3H), 3.32 (s, 3H), 2.96 (s, 3H); 3C NMR (101 MHz, CDCl3)  155.9, 154.1, 139.1, 136.6,
132.7, 130.4, 130.2, 128.7, 128.1, 127.0, 126.6, 124.3, 121.7, 118.9, 116.5, 38.0 (two
peaks are missing due to overlapping); HRMS (ESI) m/z calcd for C22H2:1NO3;SNa
[M+Na]*: 402.1134 found 402.1127.

(E)-1,2-di-p-Tolylethene (3Ab)1*"!

3Ab

Purification by PTLC (hexane/CH2Cl> = 19:1, four times) afforded 3Ab as a white
solid (26.4 mg, 63% yield). '"H NMR (400 MHz, CDCls3) § 7.40 (d, J = 8.4 Hz, 4H), 7.15
(d, J = 8.4 Hz, 4H), 7.03 (s, 2H), 2.35 (s, 6H); *C NMR (101 MHz, CDCl3) § 137.2,
134.7,129.3,127.6, 126.3,21.2; HRMS (DART) m/z calcd for CiH17 [M+H]": 209.1325
found 209.1323.

(E)-1-(tert-Butyl)-4-(4-methylstyryl)benzene (3Ac)!

3Ac

Purification by PTLC (hexane/CHCI3 = 99:1) afforded 3Ac as a white solid (40.0 mg,
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80% yield). '"H NMR (400 MHz, CDCls) 8 7.47-7.34 (m, 6H), 7.16 (d, J = 8.0 Hz, 2H),
7.07-7.00 (m, 2H), 2.35 (s, 3H), 1.33 (s, 9H); 3C NMR (101 MHz, CDCl3) § 150.5, 137.3,
134.7,129.3, 127.8, 127.5, 126.3, 126.1, 125.6, 34.6, 31.3, 21.2 (one peak is missing due
to overlapping); HRMS (DART) m/z caled for CioH3 [M+H]": 251.1794 found 251.1789.

(E)-1-Methoxy-4-(4-methylstyryl) benzene (3Ad)>*?

3Ad

Purification by PTLC (hexane/CH2Cl, = 2:1) afforded 3Ad as a yellow solid (39.8 mg,
89% yield). 'H NMR (400 MHz, CDCl3) § 7.44 (d, J = 8.8 Hz, 2H), 7.39 (d, J = 8.0 Hz,
2H), 7.15 (d, J = 8.8 Hz, 2H), 7.02 (d, J = 16.4 Hz, 1H), 6.95 (d, /= 16.4 Hz, 1H), 6.89
(d, J = 8.0 Hz, 2H), 3.83 (s, 3H), 2.35 (s, 3H); *C NMR (101 MHz, CDCls3) § 159.1,
137.0, 134.8, 130.3, 129.3, 127.5, 127.2, 126.5, 126.1, 114.0, 55.2, 21.2; HRMS (DART)
m/z calcd for CisHi7O [M+H]*: 225.1274 found 225.1269.

(E)-1-Methoxy-3-(4-methylstyryl)benzene (3Ae)!*3]

3Ae
Purification by PTLC (hexane/CH>Cl; = 1:1) afforded 3Ae as a yellow solid (27.0 mg,

60% yield). '"H NMR (400 MHz, CDCl3)  7.41 (d, J = 8.0 Hz, 2H), 7.27 (t, J= 7.6 Hz,
1H), 7.17 (d, J= 8.0 Hz, 2H), 7.11 (d, J= 7.6 Hz, 1H), 7.08-7.03 (m, 3H), 6.81 (dd, J =
7.6,2.8 Hz, 1H), 3.85 (s, 3H), 2.36 (s, 3H); *C NMR (101 MHz, CDCl3) § 159.8, 138.9,
137.6, 134.4, 129.6, 129.4, 128.9, 127.5, 126.4, 119.1, 113.1, 111.6, 55.2, 21.2; HRMS
(DART) m/z caled for Ci6H170 [M+H]": 225.1274 found 225.1269.
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(E)-1-Methoxy-2-(4-methylstyryl)benzene (3Af)14]

oh .
Me OMe

3Af
Purification by PTLC (hexane/CH>Cl, = 2:1) afforded 3Af as a white solid (32.1 mg,

72% yield). 'H NMR (400 MHz, CDCls) § 7.59 (d, J = 7.6 Hz, 1H), 7.44 (d, J= 16.4 Hz,
1H), 7.43 (d, J = 7.6 Hz, 2H), 7.22 (dd, J = 8.0, 7.6 Hz, 1H), 7.15 (d, J = 7.6 Hz, 2H),
7.08 (d,J=16.4 Hz, 1H), 6.96 (t, J= 7.6 Hz, 1H), 6.88 (d, J = 8.0 Hz, 1H), 3.87 (s, 3H),
2.35 (s, 3H); 3C NMR (101 MHz, CDCls) § 156.7, 137.2, 135.1, 129.3, 129.0, 128.4,
126.5, 126.4, 126.2, 122.3, 120.7, 110.8, 55.4, 21.2; HRMS (DART) m/z caled for
Ci6H 170 [M+H]": 225.1274 found 225.1268.

(E)-N,N-Dimethyl-4-(4-methylstyryl)aniline (3Ag)[*]

3Ag

Purification by PTLC (hexane/CH2Cl, = 2:1) afforded 3Ag as a white solid (34.6 mg,
73% yield). '"H NMR (400 MHz, CDCl3) & 7.40 (d, J = 8.0 Hz, 2H), 7.38 (d, J = 8.0 Hz,
2H), 7.14 (d, J = 8.0 Hz, 2H), 7.00 (d, J = 16.0 Hz, 1H), 6.89 (d, J = 16.0 Hz, 1H), 6.72
(d, J = 8.0 Hz, 2H), 2.98 (s, 6H), 2.34 (s, 3H); '3C NMR (101 MHz, CDCI3) & 149.9,
136.4, 135.3, 129.2, 127.8, 127.4, 125.94, 125.88, 124.3, 112.5, 40.4, 21.2; HRMS
(DART) m/z caled for C17H20N [M+H]": 238.1590 found 238.1587.

(E)-Trimethyl(4-(4-methylstyryl)phenyl)silane (3Ah)

3Ah

Purification by PTLC (hexane/CH>Cl, = 5:1) afforded 3Ah as a white solid (20.0 mg,
38% yield). 'H NMR (400 MHz, CDCl3) 8 7.55-7.47 (m, 4H), 7.42 (d, J = 7.2 Hz, 2H),
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7.17 (d,J=7.2 Hz, 2H), 7.12 (d, J= 16.4 Hz, 1H), 7.06 (d, J= 16.4 Hz, 1H), 2.36 (s, 3H),
0.28 (s, 9H); 13C NMR (101 MHz, CDCls) & 139.7, 137.9, 137.5, 134.5, 133.7, 129.4,
128.8, 127.6, 126.4, 125.7, 21.3, —1.1; HRMS (DART) m/z calcd for CigHa3Si [M+H]":
267.1564 found 267.1557.

(E)-1-Fluoro-4-(4-methylstyryl)benzene (3Ai)*%]

3Ai

Purification by PTLC (hexane/CHCI3=99:1) afforded 3Ai as a white solid (26.8 mg,
63% yield). 'H NMR (400 MHz, CDCls) 8 7.50-7.43 (m, 2H), 7.40 (d, J = 8.4 Hz, 2H),
7.17 (d, J = 8.4 Hz, 2H), 7.08-6.95 (m, 4H), 2.36 (s, 3H); 3*C NMR (101 MHz, CDCls)
0 162.2 (d, Jcr =250.6 Hz), 137.6, 134.3, 133.6, 129.4, 128.4, 127.8 (d, Jcr = 7.8 Hz),
126.4 (d, Jcr = 10.7 Hz), 126.3, 115.5 (d, Jc.r = 22.3 Hz), 21.2; HRMS (DART) m/z
caled for CisHisF [M]*: 212.0996 found 212.0993.

(E)-N,N-Dimethyl-4-(4-methylstyryl)benzamide (3Aj)

O
NMe,
cr
3Aj

Purification by GPC afforded 3Aj as a white solid (27.5 mg, 52% yield). "H NMR (400

Me

MHz, CDCL) & 7.52 (d, J = 8.4 Hz, 2H), 7.46-7.36 (m, 4H), 7.18 (d, J = 8.4 Hz, 2H),
7.13 (d, J = 16.4 Hz, 1H), 7.05 (d, J = 16.4 Hz, 1H), 3.12 (s, 3H), 3.02 (s, 3H), 2.37 (s,
3H); 3C NMR (101 MHz, CDCl3) § 171.4, 138.8, 137.9, 134.9, 134.1, 129.8, 129.4, 127.6,
126.7, 126.5, 126.1, 39.6, 35.4, 21.3; HRMS (ESI) m/z calcd for C1sHaNO [M+H]":
266.1539 found 266.1536.
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(E)-1-(4-Methylstyryl)naphthalene (3AKk)"’]

3Ak
Purification by GPC afforded 3Ak as a white solid (30.0 mg, 61% yield). 'H NMR

(400 MHz, CDCls) § 8.22 (d, J = 8.0 Hz, 1H), 7.89-7.80 (m, 2H), 7.78 (d, J = 8.0 Hz,
1H), 7.73 (d, J = 8.0 Hz, 1H), 7.56-7.41 (m, SH), 7.20 (d, J = 8.0 Hz, 2H), 7.12 (d, J =
16.0 Hz, 1H), 2.38 (s, 3H); °C NMR (101 MHz, CDCl3) & 137.7, 135.1, 134.8, 133.7,

131.6, 131.3, 129.4, 128.6, 127.8, 126.6, 126.0, 125.8, 125.7, 124.7, 123.8, 123.4, 21.3;
HRMS (DART) m/z calcd for Ci9Hi7 [M+H]": 245.1325 found 245.1320.

(E)-2-(4-Methylstyryl)naphthalene (3A1)37]

3Al
Purification by PTLC (hexane/CHCI; = 99:1) afforded 3Al as a white solid (34.2 mg,

70% yield). 'H NMR (400 MHz, CDCls) & 7.87-7.76 (m, 4H), 7.73 (dd, J = 8.4, 1.2 Hz,
1H), 7.49-7.40 (m, 4H), 7.23-7.16 (m, 4H), 2.37 (s, 3H); '*C NMR (101 MHz, CDCl3)
137.6, 135.0, 134.5, 133.7, 132.9, 129.4, 128.9, 128.2, 127.9, 127.74, 127.66, 126.43,
126.38, 126.3, 125.8, 123.5, 21.3; HRMS (DART) m/z caled for CioHy; [M+H]":
245.1325 found 245.1320.

(E)-4-(4-Methylstyryl)isoquinoline (3Am)

Purification by GPC afforded 3Am as a white solid (19.2 mg, 39% yield). 'H NMR
(400 MHz, CDCl3) 8 9.18 (s, 1H), 8.76 (s, 1H), 8.16 (d, /= 8.0 Hz, 1H), 7.99 (d, J=7.6
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Hz, 1H), 7.74 (dd, J= 8.0, 7.6 Hz, 1H), 7.69-7.59 (m, 2H), 7.51 (d, J = 8.4 Hz, 2H), 7.22
(d,J= 8.4 Hz, 2H), 7.18 (d, J = 16.4 Hz, 1H), 2.39 (s, 3H); *C NMR (101 MHz, CDCls)
0151.6,140.3,138.2,134.3,133.7,133.1,130.4, 129.5, 128.8, 128.1, 127.1, 126.7, 122.9,
121.3, 21.3 (one peak is missing due to overlapping); HRMS (ESI) m/z caled for CisHisN
[M-+H]": 246.1277 found 246.1275.

(E)-1-(p-Tolyl)cyclooct-1-ene (3An)[38

O E Q other isomer
CisHzo
Me H Me

3An ; 3AN 3An"
Purification by PTLC (hexane/CH,Cl> = 9:1) afforded a mixture of 3An,1*! (2)-3-(p-

tolyl)cyclooct-1-ene (3An') and other isomer (3An"") as a colorless oil (20.9 mg, 52%
yield). A ratio of 3An, 3An', and 3An" was determined as 81:12:7 ("H NMR peaks at
5.98 ppm (t,J=8.4 Hz, 1H, 3An), 5.81-5.63 ppm (m, 2H, 3An"), and 5.62—5.53 ppm (m,
2H, 3An"") were used, respectively) and the yield of 3An was determined as 42%. Further
purification by GPC was performed to give pure 3An as a colorless oil for the
characterization. "H NMR (400 MHz, CDCls) § 7.31 (d, J = 8.4 Hz, 2H), 7.11 (d, J= 8.4
Hz, 2H), 5.98 (t, J = 8.4 Hz, 1H), 2.69-2.58 (m, 2H), 2.33 (s, 3H), 2.32-2.24 (m, 2H),
1.78-1.48 (m, 8H); '3*C NMR (101 MHz, CDCls) & 140.2, 139.9, 136.0, 128.9, 127.1,
125.6, 30.0, 29.4, 28.3, 27.4, 26.9, 26.1, 21.0; HRMS (DART) m/z calcd for CisHai
[M+H]": 201.1638 found 201.1636.

1-Methyl-4-(2-phenylprop-1-en-1-yl)benzene (3A0)  and 1-methyl-4-(2-
phenylallyl)benzene (3A0")3%40]

o o

(E)-3A0 (2)-3A0 3A0'
Purification by PTLC (hexane/CH:Cl, = 9:1) afforded an inseparable mixture of (E)-

3Ao0, (£)-3A0 and 3A0' as a colorless oil (36.4 mg, 0.80 mmol scale, 22% yield). A ratio
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of (E)-3Ao, (Z)-3A0 and 3A0' was determined as 42:25:33 ('"H NMR peaks at 7.52 ppm
(d, J=7.6 Hz, 2H, (E)-3A0), 6.43 ppm (s, 1H, (£)-3A0) and 5.48 ppm (d, /= 0.8 Hz, 1H,
3Ao0') were used, respectively) and the yield of (£)-3A0 was determined as 9%.

For (E)-3A0%: 'TH NMR (400 MHz, CDCl3)  7.52 (d, J = 7.6 Hz, 2H), 7.36 (t, J= 7.6
Hz, 2H), 7.31-7.15 (m, 5H), 6.81 (s, 1H), 2.37 (s, 3H), 2.28 (s, 3H); 3C NMR (101 MHz,
CDCls) 6 144.1,136.7,136.1, 135.4,129.04, 128.9, 128.3, 127.6, 127.0, 125.9,21.2, 17.5.
For (Z)-3A0"*: "H NMR (400 MHz, CDCl3) 8 7.31-7.15 (m, 5H), 6.90 (d, J = 8.4 Hz,
2H), 6.83 (d,J= 8.4 Hz, 2H), 6.43 (s, 1H), 2.23 (s, 3H), 2,19 (s, 3H); *C NMR (101 MHz,
CDCls) 6 142.3, 137.8, 135.7; 134.6; 128.6, 128.4; 128.1, 126.8, 126.4, 27.1, 21.1 (one
peak is missing due to overlapping).

For 3A0'"#%: TH NMR (400 MHz, CDCl3) § 7.43 (d, J= 7.2 Hz, 2H), 7.31-7.15 (m, 3H),
7.14-7.04 (m, 4H), 5.48 (d, /= 0.8 Hz, 1H), 5.01 (d, /= 0.8 Hz, 1H), 3.79 (s, 2H), 2.30
(s, 3H); *C NMR (101 MHz, CDCl3) & 147.1, 140.8, 136.4, 135.5, 129.00, 128.8, 128.2,
127.4,126.1, 114.4, 41.1, 21.0.

HRMS (DART) of the mixture; m/z calcd for CisHi7 [M+H]": 209.1325 found 209.1323.
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5. Three-Component Coupling by SxAr/Denitrative Alkenylation

Me 10 mol % Pd(acac),
NO 40 mol % BrettPhos Me
/@\ /@, 2 \Q Rb,CO3 (6.0 equiv) &~
+ + >
Me OH F A PhCF; (1.0 mL) O
150 °C, 24 h Me O
5 (1.0 equiv) 4 (0.20 mmol) 2a (1.0 equiv) 6

A 20-mL glass vessel equipped with J. Young® O-ring tap containing a magnetic
stirring bar and Rb,COs3 (277 mg, 1.2 mmol, 6.0 equiv) was dried with a heat-gun in vacuo
and filled with N, after cooling to room temperature. To this vessel were added 3,5-
dimethylphenol (5: 24.4 mg, 0.20 mmol, 1.0 equiv), 2-dicyclohexylphosphino-3,6-
dimethoxy-2’,4’,6’-triisopropylbiphenyl (BrettPhos: 42.9 mg, 0.080 mmol, 40 mol %)
and Pd(acac); (6.1 mg, 0.020 mmol, 10 mol %). The vessel was placed under vacuum and
refilled N> gas three times, and then added 1-fluoro-4-nitrobenzene (4: 28.2 mg, 21.2 pL,
0.20 mmol), styrene (2a: 20.8 mg, 229 uL, 020 mmol, 1.0 equiv), and
(trifluoromethyl)benzene (PhCF3: 1.0 mL). The vessel was sealed with O-ring tap and
then heated at 150 °C for 24 h with stirring. After cooling the reaction mixture to room
temperature, the mixture was passed through a short silica-gel/Celite® (1:1) pad with
EtOAc as an eluent, and then concentrated in vacuo. The residue was purified by PTLC
(hexane/CH>Cl> = 19:1) to afford (£)-1,3-dimethyl-5-(4-styrylphenoxy)benzene (6: 24.6
mg, 41% yield) as a white solid. "H NMR (CDCls, 400 MHz) § 7.54-7.46 (m, 4H), 7.38—
7.34 (m, 3H), 7.10 (d, J = 16.0 Hz, 1H), 7.02 (d, J = 16.0 Hz, 1H), 6.99 (d, J = 8.8 Hz,
2H), 6.77 (s, 1H), 6.66 (s, 2H), 2.27 (s, 6H); *C NMR (CDCl3, 101 MHz) § 157.1, 157.0,
139.6, 137.4, 132.3, 128.7, 127.9, 127.8, 127.6, 127.4, 126.3, 125.1, 118.9, 116.6, 21.3;
HRMS (DART) m/z calcd for C2;Hz1O [M+H]*: 301.1587 found 301.1583.
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F4E gFAB= F o BB EAR-Heck KB

B2E

NT T LIS X 0 F A= b e B R R-Heck MURZBHFEL 72, 87 27
L\ /BrettPhos filtfit & RIgX > 7 LFE T, ANV ML TV = vz b D=t
TL—=YRMET 5 2 L TRIGHHET L, BRIMELEYREoNns Z Lz Hwi
L7z, RRIBICE DA Y FUaEe s n v ViR TE 2, £7:. SvAr X
B ARG ZMAGDE S 2 LT, AP THEEGH E A= o il
MR AR-Heck MR ZH#ITIE S Z &SI L 72,
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4-1. FAEE

BEETOmU LX) I, BRSEMEE el e L —v et L7 4 v
& DIEEAR-Heck SGE, )% RRFEIRFRECTEESOG & LA AS 50,
INFEFTIE, AKIGZESTHKIGE T2 2 L CHEERS FOAKEE L THE
SN T3, ¥ 7 VEERSEMEZH VS 2 L TAFNEBREDHERTE
%, TOI DS, LIRS Overman 2R & T 5% { ODHEBAKIEED, E
M R FEIEE D O RAWERICE T 2805 £ LRI LT & 7 (Figure 1),
OB, BRI I a v EPRELR DN U N 79— BHweRS,

A. Intramolecular Mizoroki—-Heck reaction

ar = & - &

X =1, Br, OTf R=H R=zH

B. Intramolecular Mizoroki—Heck reaction used in the total synthesis

OH
(@) Me (0] ‘ N
0} S Me P M
SO A e
Me O\ /L—’ o NN
(0] (0]
(=)-maoecrystal V('] (+)-xestoquinonel?! (-)-galanthaminel®! (+)-minfiensinel4
Figure 1. (A) 77 WIS AK-Heck S (B) £2ERICE T %01 Wi K-Heck

PG DR

CokrnErob s, ozl s L2 A= b o8 R-
Heck RIGDFAFE 2 HEZ L 72 (Figure 2), AFEDMEZTEIUL, 2-7 04w =F
O7 L= L, SvAr RIBICE DAL 7 4 2B AL, fied o THbi=
~ v A FOR-Heck SO & D BRI B & 2 R T Z 2, PORIICEHIRERAZ D
AR AT, B L WERIRILEY O & ARG D LZ D %03 5 H ) 7%
FhER 2 EEZ T, LEOHWIZX D 0 FAM= b o B 2 R-Heck KGO
FAFEICE T L 72,
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- R3
7 =z R? 5
o ) r” @ S
RZ
F SpAr reaction z /W R Intramolecular z
-C 0.5 1 > denitrative
Z=CRyNR, O, R" R Mizoroki-Heck
reaction

Figure 2. SNAr/7> A= v B R-Heck SUGC & 2 =R E SR

FWIE= e B HR-Heck RIBZ B L, W< 2D RIBZFAAT, IHo
IZ, 2-7hFua=taxyEr iy I AT a— )L ED SNAr BT X D &
RTEBHFHER= bW, SnEcofi=Fruflyy 7Y v JRTHRM
72572235 27 Is/BrettPhos filtlit 2 F v | BRIRILEY) D &K % 5% 72 (Scheme 1A),
L2 L. FABE= b o B R -Heck SOGIEHETTE 3 R IZEHEL L 72, RiZ,
ANFRRF Y MR L 72 B AR %2 324 72 (Scheme 1B)P), [FIREIC 2-X F
W7 YNT N a—) % T SNAT )RS THE L 275 FR=r aftaP e 7=
¥ %85 77 L /BrettPhos BEATE P ROB S ¥ 72, Lo L, HINOERWRILEW(T
Wr vy DANET I ALEBRY)IFE ST, BIEEME LTN-TIMLL T
IV rBLUOT7L =BG SNT,

A. Preliminary result of intramolecular Mizoroki-Heck reaction
Ph

NO, cat. Pd/BrettPhos /
> + many

O/\/\ Ph o) byproducts
n.d.

B. Preliminary result of denitrative carbopalladation+amination

Me Me Ph
NO, cat. Pd/BrettPhos Pd N”
+ H2N'Ph —_— — H
MeO o MeO o MeO o
n.d.

Me

Main byproducts
G ¢
Me MeO OH

Scheme 1. (A) 73 T-PIlbi= b v B3 4 R —Heck S0 PR (B) M= b ol
ANWERT P W6 T 2 ARG D T IR
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CNSRIEEDIE, E-Trost UM X O EROBL 7 ) WAL EIT L 722 & %
RRT B0, Thbb, KE-ZPOFED/NT T AANDOBALHIFN & X7
VIR FEFAG S DL INDMESE L 72 & 3 2 6 41 5 (Figure 3),

NO N02 ¥
.Ph
MeO/@O /©:O/Y i |: g ] S > K\H
e /@NO? - aIIyI @
complex
MeO OH
Figure 3. m-7 VLR ZFEH L 727 ) vk

CDRERZRZIT, id-Trost BUGZEBT X BUT D & 9 B iVEH %2 3G L 72 (Figure
4), Thbbl) =tur7l—rviAL 74 VAP TRER TR I N5 5
B, 2) ~TutiAL 74 volic 2 oM EORER T b ORE % KKK

:Fﬁb)% - k %%Z_fco
@:l\fz\ﬂ
Z R R

1) all-carbon atom :
@[ NO, linker @ @\)/)
R3 : NO, )
X z%/n
T X
Z/\/\I\

Z=NR, O R
2) put two atoms between
Z and olefin

Figure 4. AU 5 HH

CDEZDG L, FPliFERE L TURFERTFOATHEINL Y v h—%2HD
FEB= F A 1a 2 ARG 72(Scheme 2), 237 27 L /BrettPhos filt
BEE X ORBLE DY L% v 55 b= b o B EAR-Heck SUGD I
laZfF L7z 25, A= b B R-Heck KIBDNMEST L, EADEIR
L& 2a &ALV 7 4 v OALED S e 2 G R 222 D3 AFHIGEE 80% TF 6 11
52 EBbhoT,
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5.0 mol% Pd(acac),

20 mol% BrettPh f Fh Fh
mol%% bre 0S
NO. Rb,CO3 (3.0 equiv)

> » + ‘
Me Ph PhCFj3 (2.0 mL) Me Me

150 °C, 24 h

1a 2a (exo) 2a’ (endo)
(0.20 mmol) 80%

(exo:endo = 38:62)

Scheme 2. 771 Wi = AR-Heck G D T fifi S5k

4-2. RIBSA DO RBAL
4-2-1. VEBERET
TEBROMER 2 I SOBSEEOREICEF L. =tr 7L —r1a %,

Pd(acac), ¥ & OF BrettPhos, fKEE/LE Y 7 LAFFETE T, 150 °C T 24 IR 555
fEDT., £ R BE L 7 (Table 1), FEMEREE LT 7u~FHrEiN
n-~N7 Y vl E A PRED & RIFRINERT 2222’55 5 117 (entries 2
and 3), KIZ, MMEBREZH W72 E 2 A, tert-7 SNV T IV a— )Lz HwZBRicd
FREE DN T 2a/22° % 137z (entries 4 and 5), &N O 7 VKD 7uvn R L LB X
N12-¥7uuxrdy rTidal 2222038 60T, FIERDIENLS 1172 (entries
6and 7), AEREATIREEZRF L LA, RUEBLVEZRHOEBRIZOA
2020 MF S NTD, TV R m-F L TR 2222’ I3 o NG ok
(entries 8-10), DA EDFEED S PhCF; Z BadiglE & L 72,

Table 1. JABEMET

5.0 mol% Pd(acac),

Ph Ph
NO 20 mol% BrettPhos /i
/@(/2\/\ Rb,COj3 (3.0 equiv) O
= > + ‘
Me Ph solvent (2.0 mL) Me Me

150°C, 24 h

exo endo
1a 2a 2a’

(0.20 mmol)
entry solvent recovery of 1a? /% yield of 2a/2a’@ /%

1 PhCF4 0 80 (38/62)

2 cyclohexane 21 45 (47/53)

3 n-heptane 0 72 (51/49)

4 THF 43 0

5 {AmylOH 10 51(76/24)

6 1,2-DCE 82 0

7 CHCly 63 0

8 benzene 24 35 (46/54)

9 anisole 25 0

10 m-xylene 0 0

a: Determined by "H NMR using CH,Br, as an internal standard
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4-2-2. EEREET

KIZ, 1a 1K L. Pd(acac), 8 & U BrettPhos 777E I, PhCFs FP 150 °C T 24 [f
MR T 256D T, R ZBGET L 72(Table 2), 4 IZRIEYR % 5T L 72 (entries
2-4), REX T 7 L% KB, RELEY Y L% B 2K 89%T 2a/22° M5
5T, A THNKIGTIE, KBX S 7 L DR IERIEDSIRNTH > 72 L& A
T3, XRiZ, 227 LEELT7 vk 7ozt 2AIGEKE 48% LK
IRT 2222°0F S 7z (entry 5), U VB E LCTY VB=A ) 7 L% Hw7FE
1213 2222’ % UK 28% EARIE TH-Z 7z (entry 6), 7z, AMEIELTrY
FNU7 B I DBU % H W7 BRI IE 14 < % 720> > 72 (entries 7 and 8),
DLEDRTR» S Kt o7 Lz Eollii & L7z,
Table 2. MR}

5.0 mol% Pd(acac),

20 mol% BrettPh f o o
mol% BrettPhos
NO, base (3.0 equiv)

= > + ‘
Me Ph PhCF3 (2.0 mL) Me Me

150 °C, 24 h
exo endo
1a 2a 2a’

(0.20 mmol)
entry base recovery of 1a2 /% yield of 2a/2a’@ /%

1 Rb,CO4 0 80 (38/62)

2 Li,CO4 104 0

3 Ko,CO3 53 29 (38/62)

4 Cs,CO3 0 89 (44/56)

5 CsF 35 48 (48/52)

6 K3PO4 43 28 (43/57)

7 EtsN 85 0

8 DBU 92 0
a: Determined by "H NMR using CH,Br, as an internal standard

4-2-3. Fobr Rt

RIZ, 1a %, Pd(acac), & & QK€ > 7 LFELE T PhCF; H1 150 °C C 24 IRfft]
BT 2%FED T, ET7 Y —ILE A7 4 V%K) L 72(Table 3), BrettPhos DY ~
JR - EDEHFEDS X D i < 7% o 72 ‘BuBrettPhos ¥ & U8 AdBrettPhos % 272 &
Z 5. BrettPhos % fH\ > 7z (entry 1) & FER 2a/22’ D UIERIZEIVICAER T L 72 (entries
2and 3), YV VEF LOBEBEIERES D, AV 74 VA7 YT LICENIT
EDo ZEDREREZEZ TS, R, fhofii=twailh v 7)) > 7IEH
TE5ZEDAISILS RuPhos 8 X N XPhos Z 72 & 2 A, ZNLF N 2aRa%
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48%, 79% C5- Z 7 (entries 4 and 5), XPhos % F\» 72X BAT 72 N T 2222035 5
N7z 2 &5, XPhos DM E LTV VIHT LOE#ILDY Bu 3D BuXPhos
£ X X Mes/BuXPhos % FUAZ-IZ > 7 (entries 6and 7)., L7 L. W LD ELAL T
ZHOWTHIRIZA EL 22> 72, BuXPhos Tl VIET FOE#HIDEE I
DoF VT 4 Y DERMBNEIC > EFEX 515, Mes/BuXPhos Tl Z 4
MZFHEFERED C3 MDA FIOVEDVARRE L 220 | KE-) VG0 B H R
P SNDG, SO, FBIETBRL LT, AL 7 4 Y OBEANDRALAH
P o, RISVHET L d o HEZTWwBI, XIZ, MePhos % 5 OIC
DavePhos % F\ 272723 2a/2a° 1313 & A £ 6 4172 D> > 7z (entries 8 and 9), DL LD
25 BrettPhos Z mEALHLT & L 72,

Table 3. FC{7 FHRat

5.0 mol% Pd(acac),

20 mol% ligand / P P
mol% ligan
NO, Cs,C0; (3.0 equiv)

— > + ‘
Me Ph PhCF; (2.0 mL) Me Me

150°C, 24 h

exo endo
1a 2a 2a’
(0.20 mmol)
entry ligand recovery of 1a? /% yield of 2a/2a’@ /%
1 BrettPhos 0 89 (44/56)
2 BuBrettPhos 19 18 (100/0)
3 AdBrettPhos 56 0
4 RuPhos 52 48 (60/40)
5 XPhos 16 79 (47/53)
6 BuXPhos 34 23 (70/30)
7 Me,BuXPhos 70 0
8 MePhos 61 3 (100/0)
9 DavePhos 47 4 (100/0)
a: Determined by "H NMR using CH,Br, as an internal standard

1 1
OMe O R csR
O 1 PR O
MeO PR, PCy, ,. R ol PCy»
ipr iPr iPro ! OfPr Pr O Pr ] R

ipr Pr
BrettPhos (R = Cy) RuPhos XPhos (R = cf;é R'=H) MePhos (R = Me)
BuBrettPhos (R = Bu) 'BuXPhos (R = Bu, R17 H) DavePhos (R = NMe,)
AdBrettPhos (R = Ad) Me,BuXPhos (R = Bu, R'= Me)
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DL EoEt o fE5H 2> & . PhCF; 4, Pd(acac)y/BrettPhos filiifz£e T, gL > ™7 L
Z FHC 24 IRRRTINBEIR T 2 S th 2 ol & L 72,

4-3. BHE-BREOHE
4-3-1. KRRV v hH—% dOoEHEBERE
BonmuEFEEEHT=tur 7L =i AL 7 4 VDT RTRSE
Tl S N7 HEH O — MM % FHE L 72 (Scheme 3), AL 7 4 ¥ L7 = =)V
(1a), p-7 =3 VI (1b)® p- M Y VE(1e)Z b D6, WIBT 54 ¥V 2a-2¢ %
PRED S EINERTE 27, p-7 A7 2= V%2 LD 1d T, PREDIL
KTHWOBRILEY 2d Do, T X F X HZ X fi(le)P AL b
MAHIZE L T THHREOIRCHWDILEM % 5 2 7-(2e,20), m-+YV 7L
Au XX HEAg) THINE 47% T 2g VMO N, Hflin B HERZ T TR T
7 FNFEANP T L FAEADNE L OA L 74 Y THORIBT B4 V5V 20,20 %
H27lo Ric, = bu7 L —rvOE#EEZZHE L bz ikal, = boko s
fricEB it 5oy 257 2 7 Ha1j), EFREED 4 ) 7vFaxF 07
=/ X VEAKZ D > T THXIET 2BRRILEY 25,2k BRo N, £/, =
FaFED X F AL X FOLIEE S o TWTH KIGIET L HIOLEY 21 2355
Nt, BB, PAFNLT I P2 SO0 2m BERDSHEL 72, RhomoiEit
MR Z SN mdrol b EZEZTw2, £/, = b DA )L ic X b ¥
SHEE GO 20 IFKEOSETE T & A ERTOFERBEIR S Iz, MG M6
DA b ¥ EEDARREE & 2 ) B HE I N EFEZTw S, M
FEoOfERE»S, —bu7L—rvBLEAL 7 4 YOBTIREIC K S TBIRILE
MBIt ons 2 Ehbhrol,
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5.0 mol % Pd(acac),
20 mol% BrettPhos

o @L’\‘f\/\ Cs,CO; (3.0 equiv)
X ) PhCFs (2.0 mL)

150 °C, 24 h
1 2 (exo:endo)
(0.20 mmol)
main products are shown
olefins
O e o
D O D
Me Me Me
2a: 63% 2b: 38% 2c: 66%
(exo:endo = 60:40) (exo:endo = 84:16) (exo:endo = 39:61)
MeO,
Cre (2 g,
0 ool 0
Me Me Me
2d: 47% 2e:38% 2f: 60%
(exo:endo = 50:50) (exo:endo = 91:9) (exo:endo = 40:60)
(2 2 N
O
o 99 D
Me Me Me
29: 47% 2h: 60% 2i: 35%
(exo:endo = 28:72) (exo:endo = 47:53) (exo:endo = 32:68)

nitroarenes

Ar = 4-CF3-CgH,
2j: 29% 2k: 31% 2l: 49%
(exo:endo = >99:1) (exo:endo = 92:8) (exo:endo = 49:51)

@

ove )
0

2m: decomposed 2n:n.r.

Scheme 3. JKFE Y ¥ 51 —% & O DIEH WML
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432, B~NTRETFY VA -2 bOFFBRE= F nibAYo—RERE

RIZ, G~TalFY v —%2 b0 ER= b afba o5 E ] HiPH 2 56
BT, @y, 7Y T a— LEh s THHMINEwTIEE-Tr X
N RUSOSEDMEST U 72 72 O (Figure 3). A L 7 4 v E~T i FRICIKER F%2 2D
DL B DFVH % M\ 72(Scheme 4), cis-3-~F X/ —)L & 3-7)0tv4=tuat
WLV D SNAr BURMZ X > TER L 72 1o ZARRIBSEMIH LAEZ A, L7
4 VY DONEP R 2 BEEROEAME L TRV Y E T ¥ 20 2MF 56 N7 (IR
83%), = FB 7L —y FIC7 I 7 HEZL OB IS L TH 2p 2 HREDIRT
HZleo $7c, PAVXIANT ) A—%bD2q 2 HOTHRIBETL A E
a7 b7% /) 2q UK 35%TRONGL, IHICEZIERTER, YA
—ICRFBHER R Lz 2r W E 2 A, 7T BB 2r 3o N0, 56 B
BREWEL 7 BRIZEBEAZFLVLF—DH0ZD, 2r PR NEhoEEZT

W3,
5.0 mol % Pd(acac), . R
20 mol% BrettPhos :
z I NO, Cs,C0; (3.0 equiv) @
RT D R—
S R PhOFy (2.0 m) A 4),
n=12 °C,24h
1 2 (exo:endo)
(0.20 mmol)
unsuccessful
main products are shown substrate
/@(S\ /@6\ /‘% -
20: 83% 2p: 36% 35/ 2r:nd.
(exo:endo = 32:60:8) (exo: endo 46:54) (a: b 58:42)
= ~ - Fe )zigd W =)
Scheme 4. ~T i &AL 7 4 YOMIC 2 JFEFD Eb DFE O BE i
G

4-4. #HEE RS

HEE SODEENS %2 78 37 (Figure 5) F TR THRAELZ 0 flid, 87 27 LRI
L. 1 DR#E-=tuafEarmmame ., BLrand A 28T 5, RIiC A
AL 7 4 VDAL, SR B MF oD, FitT, KEST7 V7 AfEARIC
FL 74 VDMEAL C 2R T S, 20K pKENMICLD exo-d L7 42
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EDBEoND, RIS, A X DETTHBEEL 0 i/ ST 2T ASEAET

%
NO,
[Base—H]*NO,~
Z R
Basey Pdo \ 1
Reductive Oxidative "

1 Elimination Addition Pdl

D Z R

R
/i A
B-Hydride
Elimination
2

ON=Pd!! .
H Olefin O2N*pdn R
Insertion @EJ
-~ !
Cc B

Figure 5. #EE SOOHERS

AL 7 4 Y DEMALITOWTRD & 9 12 Z 72 (Figure 6), &L 7 4 VAR
DCH»o BIKEMBEEHZED 2238075, LarL, AL 2TL T I
NP h-t P FEPIEMIFAL CL%2 I LT, endo-F L7 4 v 2034
T2 EEZ6NZ0, ZORELERT, X OBEIIENICKER2H D \0IE 2
DTN EEFME L RN EEZTND,

O,N—Pd' R NO, A R R
H H"Pd”-./
"'Pd”'NOg
C 2 (o4 2

Figure 6. exo-4 L 7 4 ¥ D endo-F L 7 4 ¥ ~DEYEAL

4-5. SNAr/Zr FARBE= 1 B8 B R-Heck R

SNAr G & ABUG % Ml A A D 72 (Scheme 5), 3-7 VA 04-=ta b LTy
B L Wcis-3-~F &/ — )V % THF H KB > 7 L (4.5 M3 FE T 150 °C T SnAr
OB ¥ 7z, TLC 12T lo DENKZ MR L 72 IR %2 8 2 L. Pd(acac),.
BrettPhos, & & U8 PhCF; Z A 150°C C 24 KB IR L OB S ¥ 72, Z Df
H. 20 DI 20% TR S Nz, JEREKE Ay 7)) v 7R BN R > 728
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BB L, ARV AFHTR2N S &) LEElEORIAERY)IC XD SOG)
PHE S AUCRDME T L2 L EA T 5, IERICIHEIZILZ DD, SvAr KIFIC
&£ BRI & 77 N R R-Heck MG % [A—AdN Tl S EBRIMLAY 2
%52 L TEL,

NO, Cs,CO5 (4.5 equiv NO,
QT ey e O
Me F THF Me () X
Me 150 °C

(0.20 mmol) (1.0 equiv) ; then in vacuo Me
S\Ar reaction 102
5 mol% Pd(acac), Intramolecular
20 mol% BrettPhos denitrative
PhCF; Mizoroki—Heck
150 °C reaction
Me
O,N—-Pd
Me 2 NO, Me
N Pd.,,
S — O
Me (0] Me (0] Me (e}

20 20%
(exo:endo = 29:66:5)

a: Yield of 10 was 30% when KOH (as a base, 1.5 equiv), DMF (as a solvent) was used at RT.

Scheme 5. SxAr/Zr T = b v FBE B OKR-Heck Kt

4-6. £

AKREiTlE, o FHB= F afBEE R-Heck G % Bd¥E L 72(Scheme 6)14, %5
¥ L /BrettPhos lEAAE N, AL 74 v 2 HT2=bRT7L— Vi IHIES
2 & T, MR 2EIMLAYDMG o e, RRIGETTO#IE, B E8ELkE T Y
— )VBLHZ D BrettPhos ZHH L 72 2 £ TH 5, S 51T, SnAr IBIT X 5 B
R & W= b v B OR-Heck MG % A —Raa N TS 5 2 & COARGHIEDH
Mtz L7,
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ZM
@ENOZ n=01 g NO,
—»
R
F Z=CHy NR, O z‘é‘),,\g\/
n=0,

n=0,1

Pd/BrettPhos Up to 83% yield

15 examples

Scheme 6. 77 7B = b v & B K-Heck it
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Vol

KBRH
1. General

Unless otherwise noted, all reactants or reagents including dry solvents were obtained
from commercial suppliers and used as received. Palladium(Il) acetylacetonate
(Pd(acac)), palladium 10wt% on carbon, and cinnamyl bromide were obtained from
Tokyo Chemical Industry (TCI). 2-Dicyclohexylphosphino-3,6-dimethoxy-2’,4’,6’-
triisopropylbiphenyl (BrettPhos) was obtained from KANTO Chemical and Nippon
Chemical Industrial Co., Ltd. Pearlman’s catalyst (Palladium hydroxide 20wt% on
carbon) was obtained from Sigma-Aldrich. CsxCO3; was provided from Iwatani
Corporation.  (E)-1-(3-Bromoprop-1-en-1-yl)-4-methoxybenzene (S3b),l")  (E)-1-(3-
bromoprop-1-en-1-yl)-4-methylbenzene  (S3¢),®!  (E)-1-(3-bromoprop-1-en-1-yl)-4-
fluorobenzene (S3d),”! (E)-1-(3-bromoprop-1-en-1-yl)-3-methoxybenzene (S3e),!'%! (E)-
1-(3-bromoprop-1-en-1-yl)-2-methoxybenzene (S3f),[”! (E)-1-(3-bromoprop-1-en-1-yl)-
3-(trifluoromethoxy)benzene  (S3g),[''!  (E)-2-(3-bromoprop-1-en-1-yl)naphthalene
(S3h),'?! (E)-1-bromonon-2-ene (S3i)!'3] were synthesized according to the procedures
in the literature. Solvent was purified by a Glass Contour Ultimate Solvent System.
Unless otherwise noted, all reactions were performed with dry solvents under an
atmosphere of N> in dried glassware using standard vacuum-line techniques. All coupling
reactions were performed in 20-mL glass vessel tubes equipped with J. Young® O-ring
tap (or others, optional) and heated (IKA Plate RCT Digital) in an oil bath or a 9-well
aluminum reaction block (IKA H 135.103 Block 9 x 16 ml) unless otherwise noted. All
work-up and purification procedures were carried out with reagent-grade solvents in air.
Analytical thin-layer chromatography (TLC) was performed using Silica-gel 70 TLC
Plate-Wako (0.25 mm). The developed chromatogram was analyzed by UV lamp (254
nm). Flash column chromatography was performed with Biotage Isolera® equipped with
Biotage SNAP Cartridge SNAP Ultra columns and Sfar Cartridge Silica D columns.
Preparative thin-layer chromatography (PTLC) was performed using Wakogel B5-F silica
coated plates (0.75 mm) prepared in our laboratory. High-resolution mass spectra

(HRMS) were conducted on Thermo Fisher Scientific ExactivePlus Orbitrap (DART and
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ESI) and Bruker Compact QTOF (APCI and ESI). Nuclear magnetic resonance (NMR)
spectra were recorded on a JEOL JNM-ECS-400 (‘H 400 MHz, '3C 101 MHz) and JEOL
JNM-ECZ-400 ('H 400 MHz, '3C 101 MHz,). Chemical shifts for 'H NMR are expressed
in parts per million (ppm) relative to tetramethylsilane (6 0.00 ppm). Chemical shifts for
13C NMR are expressed in ppm relative to CDCls (8 77.0 ppm). Data are reported as
follows: chemical shift, multiplicity (s = singlet, d = doublet, dd = doublet of doublets, t
= triplet, dt = doublet of triplets, td = triplet of doublets, ddd = doublet of doublet of

doublets, q = quartet, m = multiplet), coupling constant (Hz), and integration.
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2. Substrate Synthesis
2-1. General Procedure for Synthesis 1

H
)—CO,Me Bro N\F

MeOZC
s3

(1.2 equiv)

. (2.0 equiv)
N°2 K2COj3 (1.5 equiv) @ NO; NaH (2.0 equiv) NO:
—» —>
F DMF (0.5 M) CO:Me DMF (0.5 M)
70°c CO,Me 0°Cto RT MeO,C CO,Me
S1 Step 1 S2 Step 2
NO, LiCl (4.0 equiv)
H,O (10 equiv)
=

@ DMSO (0.5 M)

150 °C

1 Step 3

Procedure for Step 1: A solution of 2-fluoronitroarenes S1 or 4 (1.0 equiv), dimethyl
malonate (1.2 equiv), and K2COs3 (1.5 equiv) in DMF (0.5 M) was heated at 70 °C with
stirring for several hours with monitoring the reaction progress by TLC. After the
completion of reaction, the mixture was added water and extracted three times with Et;O.
The combined organic layer was washed with brine. The organic layer was dried over
MgSOs, filtrated, and then concentrated in vacuo. The residue was purified by Isolera® to
afford the corresponding nitroarenes S2.

Procedure for Step 2: A solution of nitroarene S2 in DMF (0.5 M) was cooled to 0 °C
under Na. After stirring for 5 min, sodium hydride (2.0 equiv) was added slowly. After
stirring for 15 min, a solution of cinnamyl bromide S3 was added and warm to room
temperature with monitoring reaction progress with 'H NMR. After the completion of
reaction, the mixture was added NH4Cl aq. and extracted three times with Et,O. The
combined organic layer was washed with brine, dried over MgSQg, filtrated, and then
concentrated in vacuo. The residue was purified by Isolera® to afford the corresponding
diester S4.

Procedure for Step 3: To a solution of diester S4 in DMSO (0.5 M) were added LiCl (4.0
equiv) and H>O (10 equiv). The mixture was heated at 150 °C with stirring for several
hours with monitoring reaction progress with TLC. After the completion of reaction, the

mixture was cooled to room temperature and added H>O. The mixture was extracted three
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times with CH2Cl,. The combined organic layer was washed with brine and dried over
Na,SOs, filtrated, and then concentrated in vacuo. The residue was purified by Isolera®

to afford the corresponding arylalkene 1.

List of synthetic intermediates

NO, Me NO, NO, NO, Me NO,
/©: \@ /@ CO,Me CO:Me
Me F F F F Me
CO,Me COzMe
4 S1B sic S2A S2B
N02
FO/\(COZMe Br/v\© Br/v\©\ Br/\%\@ Br/v\©\
CO,Me OMe Me F
s2c S3a S3b S3c S3d

OMe
Br/\%\©/OMe Br/v\© Br/v\©/OCF%r Br/\/\:)
S3e S3f S3g S3h S3i

MeO,C CO,Me MeO,C CO,Me
Sda S4b

NO, NO,

MeO,C CO,Me MeO,C CO,Me

sad S4e

S4f

NO, NO,

Me
MeO,C CO,Me MeO,C CO,Me MeO,C CO,Me

s4
9 OCF, S4h s4l

NO,

MeO,C CO,Me
S4t
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(E)-4-Methyl-1-nitro-2-(4-phenylbut-3-en-1-yl)benzene (1a)

NO,
Me

1a
Step 1: Nitroarene 4 was used for the Procedure for Step 1 in 50.0 mmol scale.
Purification by Isolera® (hexane/EtOAc = 97:3 to 70:30) afforded S2A as a white solid
(7.76 g, 74% yield).
Step 2: Malonate S2A and S3a were used for the Procedure for Step 2 in 15.0 mmol scale.
Purification by Isolera® (hexane/EtOAc = 95:5 to 60:40) afforded S4a as an orange sticky
oil (4.67 g, 81% yield).
Step 3: Nitroarene S4a was used for the Procedure for Step 3 in 12.2 mmol scale.
Purification by Isolera® (hexane/EtOAc = 97:3 to 76:24) afforded la as a red sticky oil
(2.62 g, 81% yield).
"H NMR (400 MHz, CDCl3) 8 7.87 (d, J= 8.0 Hz, 1H), 7.35-7.25 (m, 4H), 7.23-7.18 (m,
1H), 7.17-7.11 (m, 2H), 6.41 (d, J=16.0 Hz, 1H), 6.25 (dt, /= 16.0, 6.8 Hz, 1H), 3.08—
3.03 (m, 2H), 2.60-2.51 (m, 2H), 2.40 (s, 3H); *C NMR (101 MHz, CDCls) & 147.0,
144.0, 137.5, 136.9, 132.7, 131.0, 129.1, 128.5, 127.7, 127.1, 126.0, 125.1, 34.0, 33.3,
21.4; HRMS (ESI) m/z calcd for C17H170:NNa [M+Na]*: 290.1152 found 290.1151.

(E)-2-(4-(4-Methoxyphenyl)but-3-en-1-yl)-4-methyl-1-nitrobenzene (1b)

Me
OMe

1b

Step 1: This is same as the case of the synthesis of 1a.

Step 2: Malonate S2A and S3b were used for the Procedure for Step 2. Purification by
Isolera® (hexane/EtOAc = 95:5 to 60:40) afforded S4b as an orange sticky oil as a mixture
with S2A.
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Step 3: Nitroarene S4b was used for the Procedure for Step 3 in 2.0 mmol scale.
Purification by Isolera (hexane/EtOAc = 98:2 to 80:20) afforded 1b as a yellow sticky oil
(151 mg, 25% yield).

"HNMR (400 MHz, CDCl3) 8 7.86 (d, J= 8.0 Hz, 1H), 7.29-7.24 (m, 3H), 7.16-7.11 (m,
2H), 6.84 (d, J = 8.8 Hz, 1H), 6.35 (d, J = 16.0 Hz, 1H), 6.10 (dt, /= 16.0, 6.8 Hz, 1H),
3.80 (s, 3H), 3.04 (t, J = 7.6 Hz, 2H), 2.57-2.48 (m, 2H), 2.40 (s, 3H); *C NMR (101
MHz, CDCIl3) 8 158.8, 147.0, 144.0, 137.0, 132.7, 130.3,127.7,127.1, 126.9, 125.0, 113.9,
55.3, 34.1, 33.4, 21.4; HRMS (ESI) m/z calcd for CisHioNNaO; [M+Na]": 320.1257
found 320.1257.

(E)-4-Methyl-1-nitro-2-(4-(p-tolyl)but-3-en-1-yl)benzene (1c)

1c

Step 1: This is same as the case of the synthesis of 1a.

Step 2: Malonate S2A and S3c¢ were used for the Procedure for Step 2 in 6.30 mmol scale.
Purification by Isolera® (hexane/EtOAc = 95:5 to 60:40) afforded S4c as a pale yellow
solid (2.14 g, 86% yield).

Step 3: Nitroarene S4¢ was used for the Procedure for Step 3 in 5.39 mmol scale.
Purification by Isolera® (hexane/EtOAc = 98:2 to 75:25) and recrystallization (hexane)
afforded 1c as a yellow solid (540 mg, 36% yield).

"H NMR (400 MHz, CDCl3) 8 7.87 (d, J = 8.0 Hz, 1H), 7.23 (d, J = 8.0 Hz, 2H), 7.16—
7.08 (m, 4H), 6.38 (d, J=15.6 Hz, 1H), 6.19 (dt, J=15.6, 7.2 Hz, 1H), 3.05 (t, /= 7.6
Hz, 2H), 2.58-2.50 (m, 2H), 2.40 (s, 3H), 2.33 (s, 3H); '3*C NMR (101 MHz, CDCls) &
147.0, 144.0, 137.0, 136.8, 134.7, 132.7, 130.8, 129.2, 128.1, 127.7, 125.9, 125.0, 34.0,
33.4, 21.4, 21.1; HRMS (ESI) m/z calcd for CisHi9O2NNa [M+Na]": 304.1308 found
304.1307.
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(E)-2-(4-(4-Fluorophenyl)but-3-en-1-yl)-4-methyl-1-nitrobenzene (1d)

NO,

Me

1d F

Step 1: This is same as the case of the synthesis of 1a.
Step 2: Malonate S2A and S3d were used for the Procedure for Step 2 in 2.00 mmol scale.
Purification by Isolera® (hexane/EtOAc = 98:2 to 80:20) afforded S4d as an orange sticky
oil (471 mg, 59% yield).
Step 3: Nitroarene S4d was used for the Procedure for Step 3 in 6.12 mmol scale.
Purification by Isolera® (hexane:EtOAc = 97:3 to 82:18) afforded 1d as an orange oil (727
mg, 42% yield).
"HNMR (400 MHz, CDCl3) 8 7.87 (d, /= 9.2 Hz, 1H), 7.32-7.27 (m, 2H), 7.17-7.12 (m,
2H), 6.98 (t, J = 8.8 Hz, 2H), 6.37 (d, J = 16.0 Hz, 1H), 6.16 (dt, J = 16.0, 6.8 Hz, 1H),
3.05 (t, J= 7.6 Hz, 2H), 2.58-2.50 (m, 2H), 2.41 (s, 3H); *C NMR (101 MHz, CDCl;) §
162.0 (d, Jc r =248 Hz), 147.0, 144.1, 136.8, 133.6 (d, Jc r = 3.4 Hz), 132.6, 129.8, 128.8
(d, Jcr=2.2Hz), 127.8, 127.4 (d, Jc r = 7.9 Hz), 125.1, 115.3 (d, Jcr = 21.6 Hz), 34.0,
33.3, 21.4; HRMS (ESI) m/z calcd for Ci7HisFNNaO, [M+Na]*: 308.1057 found
308.1063.

(E)-2-(4-(3-Methoxyphenyl)but-3-en-1-yl)-4-methyl-1-nitrobenzene (1e)

Me/‘/\/\/\‘/ C/EOMB

1e
Step 1: This is same as the case of the synthesis of 1a.

Step 2: Malonate S2A and S3e were used for the Procedure for Step 2 in 0.70 mmol scale.
Purification by Isolera® (hexane/EtOAc = 95:5 to 82:18) afforded S4e as an orange sticky
oil (143 mg, 49% yield).
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Step 3: Nitroarene S4e was used for the Procedure for Step 3 in 1.04 mmol scale.
Purification by Isolera® (hexane/EtOAc = 98:2 to 80:20) afforded 1e as a yellow oil (110
mg, 36% yield).

"H NMR (400 MHz, CDCl3) 6 7.87 (d, J = 8.0 Hz, 1H), 7.21 (t, J = 8.0 Hz, 1H), 7.16—
7.11 (m, 2H), 6.93 (d, J=7.6 Hz, 1H), 6.89-6.85 (m, 1H), 6.77 (dd, J= 8.0, 2.4 Hz), 6.39
(d,J=16.0 Hz, 1H), 6.25 (dt, J=16.0, 6.8 Hz, 1H), 3.82 (s, 3H), 3.05 (t, /= 7.6 Hz, 2H),
2.58-2.51 (m, 2H), 2.40 (s, 3H); '*C NMR (101 MHz, CDCl3) 8 159.8, 147.0, 144.1,
139.0, 136.9, 132.7,130.9, 129.5, 127.8, 125.1, 118.7, 112.7, 111.3, 55.2, 34.0, 33.3, 21 .4
(one peak is missing due to overlapping); HRMS (ESI) m/z calcd for CigH19NO3Na
[M-+Na]": 320.1257 found 320.1257.

(E)-2-(4-(2-Methoxyphenyl)but-3-en-1-yl)-4-methyl-1-nitrobenzene (1f)

O NO, OMe
Me

11
Step 1: This is same as the case of the synthesis of 1a.
Step 2: Malonate S2A and S3f were used for the Procedure for Step 2 in 20.5 mmol scale.
Purification by Isolera® (hexane/EtOAc = 95:5 to 60:40) afforded S4f as an orange sticky
oil (8.00 g, 95% yield).
Step 3: Nitroarene S4f was used for the Procedure for Step 3 in 19.0 mmol scale.
Purification by Isolera® (hexane/EtOAc = 98:2 to 75:25) afforded 1f as a red sticky oil
(2.52 g, 45% yield).
'"H NMR (400 MHz, CDCl3) 6 7.87 (d, J = 8.4 Hz, 1H), 7.40 (dd, J = 7.6, 1.6 Hz, 1H),
7.22-7.16 (m, 2H), 7.13 (dd, J=8.4, 1.6 Hz, 1H), 6.91 (td, /= 7.6, 0.8 Hz, 1H), 6.85 (dd,
J=28.4,0.8 Hz, 1H), 6.73 (d, J = 16.0 Hz, 1H), 6.25 (dt, J = 16.0, 7.2 Hz, 1H), 3.84 (s,
3H), 3.06 (t, J = 7.6 Hz, 2H), 2.61-2.54 (m, 2H), 2.40 (s, 3H); '*C NMR (101 MHz,
CDCl3) 6 156.3, 147.0, 144.0, 137.0, 132.7, 129.8, 128.1, 127.6, 126.5, 125.6, 125.0,
120.6,110.8, 55.4, 34.5, 33.3, 21.4 (one peak is missing due to overlapping); HRMS (ESI)
m/z calcd for C1gH19O3NNa [M+Na]*: 320.1257 found 320.1257.
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(E)-4-Methyl-1-nitro-2-(4-(3-(trifluoromethoxy)phenyl)but-3-en-1-yl)benzene (1g)

Me/(/\/\‘/ i/‘ OCFj3

19
Step 1: This is same as the case of the synthesis of 1a.
Step 2: Malonate S2A and S3g were used for the Procedure for Step 2 in 6.10 mmol scale.
Purification by Isolera® (hexane/EtOAc = 97:3 to 76:24) afforded S4g as an orange oil
(2.47 g, 87% yield).
Step 3: Nitroarene S4g was used for the Procedure for Step 3 in 5.29 mmol scale.
Purification by Isolera® (hexane/EtOAc= 97:3 to 91:9) afforded 1g as a red oil (777 mg,
42% yield).
'"H NMR (400 MHz, CDCl3) & 7.87 (d, J = 8.8 Hz, 1H), 7.30 (t, J = 8.0 Hz, 1H), 7.26—
7.22 (m, 1H), 7.18-7.11 (m, 3H), 7.05 (d, /= 8.0 Hz, 1H), 6.39 (d, /= 16.0 Hz, 1H), 6.29
(dt, J=16.0, 6.8 Hz, 1H), 3.06 (t, J = 8.0 Hz, 2H), 2.60-2.52 (m, 2H), 2.40 (s, 3H); 13C
NMR (101 MHz, CDClz) & 149.6, 147.0, 144.2, 139.6, 136.6, 132.7, 131.0, 129.75,
129.67, 127.9, 125.1, 124.4, 120.5 (q, Jcr = 259 Hz), 119.3, 118.3, 34.0, 33.1, 21.3;
HRMS (ESI) m/z calcd for C1sH1s03NF3Na [M+Na]*: 374.0975 found 374.0975.

(E)-2-(4-(5-Methyl-2-nitrophenyl)but-1-en-1-yl)naphthalene (1h)

NO,
Me
1h

Step 1: This is same as the case of the synthesis of 1a.
Step 2: Malonate S2A and S3h were used for the Procedure for Step 2 in 6.40 mmol scale.
Purification by Isolera® (hexane/EtOAc = 97:3 to 76:24) afforded S4h as an orange sticky
oil (2.63 g, 95% yield).
Step 3: Nitroarene S4h was used for the Procedure for Step 3 in 6.07 mmol scale.

Purification by Isolera® (hexane/EtOAc=97:3 to 89:11) and recrystallization (hexane)
afforded 1h as a yellow solid (539 mg, 28% yield).
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"H NMR (400 MHz, CDCl3) & 7.88 (d, J= 8.0 Hz, 1H), 7.81-7.74 (m, 3H), 7.67 (s, 1H),
7.57 (dd, J=8.4, 1.6 Hz, 1H), 7.48-7.39 (m, 2H), 7.18 (s, 1H), 7.15 (dd, /= 8.0, 1.6 Hz,
1H), 6.58 (d, /= 15.6 Hz, 1H), 6.39 (dt, J = 15.6, 6.8 Hz, 1H), 3.10 (t, /= 7.6 Hz, 2H),
2.64-2.58 (m, 2H), 2.41 (s, 3H); *C NMR (101 MHz, CDCl3) & 144.1, 136.9, 135.0,
133.7, 132.8, 132.7, 131.1, 129.6, 128.1, 127.9, 127.8, 127.6, 126.2, 125.62, 125.58,
125.1, 123.5,34.2, 33.3, 21.4 (one peak is missing due to overlapping); HRMS (ESI) m/z
calcd for C21H19O2NNa [M+Na]*: 340.1308 found 340.1307.

(E)-2-(Dec-3-en-1-yl)-4-methyl-1-nitrobenzene (1i)

/@bﬁz\/\/\/\/
M
Me 4 e

1i
Step 1: This is same as the case of the synthesis of 1a.
Step 2: Malonate S2A and S3i (1.2 equiv) were used for the Procedure for Step 2 in 5.00
mmol scale. Purification by Isolera® (hexane/EtOAc = 96:4 to 66:34) afforded S4i as a
yellow solid (671 mg, 37% yield).
Step 3: Nitroarene S4i was used for the Procedure for Step 3 in 1.85 mmol scale.
Purification by Isolera® (hexane/EtOAc = 98:2 to 80:20) afforded 1i as a pale yellow oil
(189 mg, 41% yield).
'"H NMR (400 MHz, CDCl3) 8 7.83 (d, J= 8.8 Hz, 1H), 7.13-7.08 (m, 2H), 5.44-5.39 (m,
2H), 2.94 (t, J= 6.0 Hz, 2H), 2.40 (s, 3H), 2.35-2.28 (m, 2H), 1.99-1.91 (m, 2H), 1.34—
1.20 (m, 8H), 0.88 (t,J= 6.8 Hz, 3H); 3*C NMR (101 MHz, CDCl3) & 147.1, 143.8, 137.2,
132.7, 132.0, 128.4, 127.5, 124.9, 33.5, 33.4, 32.5, 31.7, 29.4, 28.8, 22.6, 21.3, 14.1;
HRMS (ESI) m/z calcd for C17H25sNNaO, [M+Na]*: 298.1777 found 298.1776.

(E)-4-Methyl-2-nitro-1-(4-phenylbut-3-en-1-yl)benzene (11)
Me NO,

11
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Step 1: Nitroarene S1B was used for the Procedure for Step 1 in 3.25 mmol scale.
Purification by Isolera® (hexane/EtOAc = 97:3 to 70:30) afforded S2B as a white solid
(523 mg, 93% yield).

Step 2: Malonate S2B and S3a were used for the Procedure for Step 2 in 1.17 mmol scale.
Purification by Isolera® (hexane/EtOAc = 97:3 to 76:24) afforded S41 as an orange sticky
oil (271 mg, 61% yield).

Step 3: Nitroarene S41 was used for the Procedure for Step 3 in 706 pmol scale.
Purification by Isolera® (hexane/EtOAc = 87:3 to 76:24) afforded 1l as a red oil (77.0 mg,
41% yield).

"H NMR (400 MHz, CDCl3) & 7.72 (s, 1H), 7.35-7.26 (m, 5H), 7.24 (d, J= 8.0 Hz, 1H),
7.22-7.16 (m, 1H), 6.39 (d, J=16.0 Hz, 1H), 6.23 (dt, /= 16.0, 6.8 Hz, 1H), 3.02 (t, J =
7.6 Hz, 2H), 2.58-2.50 (m, 2H), 2.39 (s, 3H); *C NMR (101 MHz, CDCl3) § 149.2, 137.5,
137.4, 133.7, 133.5, 131.9, 131.0, 129.1, 128.5, 127.0, 126.0, 125.0, 34.0, 32.6, 20.7,
HRMS (ESI) m/z caled for Ci7H17NNaO2 [M+Na]*: 290.1151 found 290.1152.

(E)-4-Fluoro-1-nitro-2-(4-phenylbut-3-en-1-yl)benzene (1t)

NO,
F
1t
Step 1: Nitroarene S1C was used for the Procedure for Step 1 in 20.0 mmol scale.
Purification by Isolera® (hexane/EtOAc = 97:3 to 70:30) afforded S2C as a pale yellow
solid (4.14 g, 76% yield).
Step 2: Malonate S2C and S3a were used for the Procedure for Step 2 in 16.0 mmol scale.
Purification by Isolera® (hexane/EtOAc = 97:3 to 76:24) afforded S4t as an orange sticky
oil (5.54 g, 89% yield).
Step 3: Nitroarene S4t was used for the Procedure for Step 3 in 14.3 mmol scale.
Purification by Isolera® (hexane/EtOAc = 97:3 to 83:17) afforded 1t as a red oil (1.95 g,
50% yield).
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'H NMR (400 MHz, CDCls) & 8.02 (dd, J = 8.8, 4.8 Hz, 1H), 7.35-7.26 (m, 4H), 7.24—
7.19 (m, 1H), 7.09-7.01 (m, 2H), 6.42 (d, J = 16.0 Hz, 1H), 6.23 (dt, J = 16.0, 6.8 Hz,
1H), 3.11 (t, J = 7.2 Hz, 2H), 2.62-2.55 (m, 2H); 13C NMR (101 MHz, CDCL) & 164.5
(d, Jor =258 Hz), 145.3, 140.4 (d, Jo s = 8.8 Hz), 137.2, 131.3, 128.5, 128.3, 127.7 (d,
Jex =10.0 Hz), 127.2, 126.0, 118.5 (d, Jor = 23.2 Hz), 114.2 (d, Jcr = 23.4 Hz), 33.5,
33.2; HRMS (ESI) m/z caled for C16H140;NFNa [M+Na]*: 294.0901 found 294.0901.

2-2. A procedure for the synthesis of 1j and 1k

nucleophile (1.0 equiv)

O NO, K>COj3 (2.0 equiv) O NO,
. Z DMF(05M) Ny Z
50 °C

1t 1j, 1k

A solution of 1t (1.0 equiv), nucleophile (1.0 equiv), and K>COs3 (2.0 equiv) in DMF
(0.5 M) was heated at 50 °C with stirring for several hours with monitoring the reaction
progress by TLC. After the completion of reaction, the mixture was added water and
extracted three times with Et2O. The combined organic layer was washed with brine, dried
over MgSOQ,, filtrated, and then concentrated in vacuo. The residue was purified by

Isolera® to afford the corresponding arylalkene 1.

(E)-N,N-Diethyl-4-nitro-3-(4-phenylbut-3-en-1-yl)aniline (1j)

1j

HNEt was used as a nucleophile for the synthesis of 1j in 500 umol scale. Purification
by Isolera® (hexane/EtOAc = 97:3 to 70:30) and then GPC to afford 1j as a yellow solid
(149 mg, 92% yield).
"HNMR (400 MHz, CDCl3) 8 8.11 (d, J= 9.2 Hz, 1H), 7.36-7.26 (m, 4H), 7.22-7.16 (m,
1H), 6.48 (dd, J=9.2, 2.8 Hz, 1H), 6.43 (d, /= 16.0 Hz, 1H), 6.39 (d, /= 2.8 Hz, 1H),
6.31 (dt, J=16.0, 6.8 Hz, 1H), 3.41 (q, J = 7.2 Hz, 4H), 3.15 (t, J= 7.6 Hz, 2H), 2.61—
2.53 (m, 2H), 1.19 (t,J=7.2 Hz, 6H); 3*C NMR (101 MHz, CDCl3) § 151.2, 141.0, 137.7,
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136.4, 130.6, 129.8, 128.9, 128.4, 126.9, 126.0, 112.8, 108.7, 44.7, 35.4, 33.9, 12.4;
HRMS (ESI) m/z caled for C20H240,N>Na [M+Na]*: 347.1730 found 347.1729.

(E)-1-Nitro-2-(4-phenylbut-3-en-1-yl)-4-(4-(trifluoromethyl)phenoxy)benzene (1k)

F3C\©\ NO,
o
1k

4-Trifluoromethylphenol was used as a nucleophile for the synthesis of 1k in 534 pmol
scale. Purification by Isolera® (hexane/EtOAc = 95:5 to 80:20) to afford 1Kk as a yellow
oil (174 mg, 79% yield).
'H NMR (400 MHz, CDCl3) & 8.04 (d, J = 8.8 Hz, 1H), 7.52 (d, J = 8.0 Hz, 2H), 7.31-
7.28 (m, 4H), 7.25-7.18 (m, 1H), 7.06 (d, /= 8.0 Hz, 2H), 6.93 (dd, /=9.2, 2.8 Hz, 1H),
6.90 (d, J=2.8 Hz, 1H), 6.34 (d, J=16.0 Hz, 1H), 6.18 (dt, /= 16.0, 6.8 Hz, 1H), 3.09
(t,J=7.2 Hz, 2H), 2.61-2.53 (m, 2H); *C NMR (101 MHz, CDCl3) § 159.7, 158.0, 144.5,
140.1, 137.3, 131.4, 128.6, 128.5, 127.7, 127.5 (q, Jc r = 3.8 Hz), 127.2, 126.7 (q, Jcr =
33.1 Hz), 126.0, 123.8 (q, Jc.r =273 Hz), 121.1, 119.5, 116.7, 33.54, 33.51; HRMS (ESI)
m/z calcd for C23Hi1sF3NNaOs [M+Na]": 436.1131 found 436.1137.

2-3. A procedure for the synthesis of 1o

HO/\/ﬁ\
5

1.5 equiv) M€
@:Noz KON (13 squiv) (INO?
_—
Me F DMF (1.0 M) Me o/\/ﬁ\
0°Cto RT
4 10 Me

A mixture of 2-fluoro-4-methyl-1-nitrobenzene (4: 310 mg, 2.0 mmol, 1.0 equiv) and
(Z)-hex-3-en-1-0l (5: 300 mg, 3.0 mmol, 1.5 equiv) in DMF (2.0 mL) was cooled to 0 °C.
After stirring for 10 min, KOH (135 mg, 2.4 mmol, 1.2 equiv) was added to the mixture
at 0 °C. The mixture was warm to room temperature and stirring for 12 hours with

monitoring the reaction progress by TLC. After the completion of reaction, the mixture

was added NH4Cl aq. and extracted three times with Et2O. The combined organic layer
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was washed with brine, dried over MgSOQs, filtrated, and then concentrated in vacuo. The
residue was purified by Isolera® (hexane/EtOAc = 97:3 to 70:30) to afford 1o as a red oil
(154 mg, 33% yield).

"H NMR (400 MHz, CDCl3) § 7.77 (d, J= 8.4 Hz, 1H), 6.85 (s, 1H), 6.80 (d, /= 8.4 Hz,
1H), 5.60-5.51 (m, 1H), 5.47-5.38 (m, 1H), 4.07 (t, J = 7.2 Hz, 2H), 2.63-2.56 (m, 2H),
2.40 (s, 3H), 2.15-2.05 (m, 2H), 0.99 (t, J= 7.2 Hz, 3H); *C NMR (101 MHz, CDCI3) &
152.5,145.6,137.5,134.8,125.7,123.3, 120.9, 115.0, 69.1, 27.1, 21.9, 20.6, 14.2; HRMS
(ESI) m/z caled for Ci13H;703NNa [M+Na]*: 258.1101 found 258.1101.

2-4. A procedure for the synthesis of 1p

HO/\/§L
5
\o (1.1 equiv) M® No Me,NH (2.0 equiv) NO

/@: 2 K,COj (1.5 equiv) /@: 2 K,COj (2.0 equiv) O: 2

—_——— o
DMF (1.0 M) B DMF (0.5 M S
F - F i1 F o/\/\L 50( 02 ) Me,N (e}
1

1p’ Me 1p Me

A solution of 2,4-difluoronitrobenzene (S1C: 477 mg, 3.0 mmol, 1.0 equiv), (£)-hex-
3-en-1-ol (5: 330 mg, 3.3 mmol, 1.1 equiv), and K>CO3 (622 mg, 4.5 mmol, 1.5 equiv) in
DMF (3.0 mL) was heated at 70 °C with stirring for several hours with monitoring the
reaction progress by TLC. After the completion of reaction, the mixture was added water
and extracted three times with Et;O. The combined organic layer was washed with brine,
dried over MgSOs, filtrated, and then concentrated in vacuo. The residue was purified by
Isolera® (hexane/EtOAc = 98:2 to 80:20) and then GPC to afford the 1p’ as ared oil (97.4
mg, 14% yield). '"H NMR (400 MHz, CDCl3) 4 7.93 (dd, J=9.2, 6.0 Hz, 1H), 6.77 (dd,
J=10.4,2.4 Hz, 1H), 6.74-6.67 (m, 1H), 5.61-5.53 (m, 1H), 5.46-5.37 (m, 1H), 4.07 (t,
J=6.8 Hz, 2H), 2.65-2.57 (m, 2H), 2.14-2.05 (m, 2H), 0.99 (t, J= 7.6 Hz, 3H); 3C NMR
(101 MHz, CDCls) 6 165.6 (d, Jcr = 258 Hz), 154.6 (d, Jc ¢ = 11.2 Hz), 136.1, 135.2,
127.9 (d, Jcr=11.5Hz), 122.8,107.2 (d, Jc-r = 23.6 Hz), 102.1 (d, Jc-r = 27.0 Hz), 69.6,
26.8, 20.6, 14.2; HRMS (ESI) m/z calcd for Ci2H14FNaNO3; [M+Na]™: 262.0850 found
262.0848.
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A solution of 1p’ (95.7 mg, 400 umol, 1.0 equiv), a dimethylamine solution in THF (2.0
M, 400 pL, 800 umol, 2.0 equiv), and KoCO3 (111 mg, 800 pmol, 2.0 equiv) in DMF
(0.80 mL) was heated at 50 °C with stirring for several hours with monitoring the reaction
progress by TLC. After the completion of reaction, the mixture was added water and
extracted three times with Et2O. The combined organic layer was washed with brine, dried
over MgSOQs, filtrated, and then concentrated in vacuo. The residue was purified by
Isolera® to afford 1p as a yellow solid (75.4 mg, 71% yield).

"H NMR (400 MHz, CDCI3) 6 8.00 (d, J = 9.6 Hz, 1H), 6.22 (dd, J = 9.6, 2.4 Hz, 1H),
6.06 (d, J=2.4 Hz, 1H), 5.60-5.51 (m, 1H), 5.50-5.42 (m, 1H), 4.06 (t, J= 7.2 Hz, 2H),
3.08 (s, 6H), 2.67-2.60 (m, 2H), 2.16-2.08 (m, 2H), 0.99 (t, J = 7.2 Hz, 3H); '3C NMR
(101 MHz, CDCl3) 8 155.9, 154.9, 134.7, 128.8, 128.4, 123.5, 103.4, 95.5, 68.9, 40.2,
27.2, 20.6, 14.2; HRMS (ESI) m/z caled for Ci4H21N2O3 [M+H]": 265.1547 found
265.1540.

2-5. A procedure for the synthesis of 1q

(2.0 equiv) NaH (3.4 equiv)
/@NOZ K,CO; (2.0 equiv) @:NC/)Z\/O Mel (5.1 equiv) /@:Ni:/@
> —_—
Me E DMF (1.0 M) Me N DMF (0.5 M) Me N
70°C H 0°Cto RT Me
4 10’ 1o

A mixture of 2-fluoro-4-methyl-1-nitrobenzene (4: 776 mg, 5.0 mmol, 1.0 equiv), 2-
(cyclohex-1-en-1-yl)ethan-1-amine (1.25 g, 10 mmol, 2.0 equiv) and K»COs3 (1.38 g, 10
mmol, 2.0 equiv) in DMF (5.0 mL) was heated at 70 °C with stirring for several hours
with monitoring the reaction progress by TLC. After the completion of reaction, the
mixture was added water and extracted three times with Et2O. The combined organic
layer was washed with brine, dried over MgSQy, filtrated, and then concentrated in vacuo.
The residue was purified by Isolera® (hexane/EtOAc = 96:4 to 64:36) to afford 10’ as an
orange oil (1.23 g, 94% yield), 'H NMR (400 MHz, CDCls) § 8.11-8.01 (m, 2H), 6.61 (s,
1H), 6.41 (dd, J=8.8, 2.0 Hz, 1H), 5.63 (brs, 1H), 3.37-3.30 (m, 2H), 2.39-2.31 (m, 5H),
2.10-2.02 (m, 2H), 1.99-1.92 (m, 2H), 1.68-1.52 (m, 4H); '*C NMR (101 MHz, CDCl3)
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0 147.6, 145.5,133.8, 129.8, 126.8, 125.0, 116.8, 113.5,40.8,37.1, 27.7,25.2,22.8, 22.3,
22.2; HRMS (ESI) m/z caled for C1sH20N>NaO, [M+Na]*: 283.1417 found 283.1418.

To a solution of 10 (521 mg, 2.0 mmol, 1.0 equiv) in DMF (4.0 mL) was cooled to 0 °C.
After stirring for 5 min, NaH (60%, 272 mg, 6.8 mmol, 3.4 equiv) was added to the
solution at 0 °C. Subsequently, Mel (635 uL, 10.2 mmol, 5.1 equiv) was added to the
mixture and warm to room temperature and stirring for several hours with monitoring the
reaction progresss by TLC. After the completion of reaction, the mixture was added water
and extracted three times with Et;O. The combined organic layer was washed with brine,
dried over MgSOQs, filtrated, and then concentrated in vacuo. The residue was purified by
Isolera® (hexane/EtOAc = 97:3 to 76:24) to afford 1o as an orange oil (375 mg, 68%
yield).

"H NMR (400 MHz, CDCl3)  7.67 (d, J = 8.4 Hz, 1H), 6.82 (s, 1H), 6.63 (d, /= 8.4 Hz,
1H), 5.42 (s, 1H), 3.20 (t, J= 7.2 Hz, 2H), 2.84 (s, 3H), 2.35 (s, 3H), 2.21 (t,J = 7.2 Hz,
2H), 1.97-1.90 (m, 2H), 1.90-1.84 (m, 2H), 1.56-1.45 (m, 4H); *C NMR (101 MHz,
CDCl3) 6 146.0, 144.0, 138.2, 134.8, 126.7, 123.3, 119.8, 119.4, 53.6, 39.8, 35.5, 28.3,
25.3,22.8,22.2,21.8; HRMS (ESI) m/z caled for C16H23N202 [M+H]"™: 275.1754 found
275.1753.
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3. Palladium-Catalyzed Intramolecular Denitrative Mizoroki-Heck Reaction

R

‘{)@l
5.0 mol% Pd(acac), z )” R
NO 20 mol% BrettPhos 2 n=01
2 Cs,CO0;3 (3.0 equiv) Pd/C (1.0 mg) @
— + —_—
ZH\/\/R PhCF; (2.0 mL) R MeOH (2.0 mL) z )n

n=0.1 150°C, 24 h RT - ox
1 (0.20 mmol) @ X 6
V4 )n

n=0,1
2

Denitrative Mizoroki—Heck reaction: A 20-mL glass vessel equipped with J. Young®
O-ring tap containing a magnetic stirring bar and Cs>CO3 (195 mg, 0.60 mmol, 3.0 equiv)
was dried with a heat-gun in vacuo and filled with N after cooling to room temperature.
To this vessel were added nitroarene 1 (0.20 mmol, 1.0 equiv), 2-dicyclohexylphosphino-
3,6-dimethoxy-2’,4’,6’-triisopropylbiphenyl (BrettPhos: 21.5 mg, 0.040 mmol, 20
mol %), and Pd(acac); (3.1 mg, 0.010 mmol, 5.0 mol %). The vessel was placed under
vacuum and refilled N> gas three times, and then added PhCF3 (2.0 mL). The vessel was
sealed with O-ring tap and then heated at 150 °C for 24 h with stirring. After cooling the
reaction mixture to room temperature, the mixture was passed through a short silica-
gel/Celite® (1:1) pad with EtOAc as an eluent, and then concentrated in vacuo. The
residue was purified by PTLC, Isolera®, or GPC to afford the corresponding cyclic
compound 2 (exo/endo mixture). The ratio of exo:endo was determined by 'H NMR
analysis.

For the characterization, the exo/endo mixture of 2 was hydrogenated to 6.

Hydrogenation: To a solution of cyclic compound 2 in MeOH (2.0 mL) was added
palladium (1.0 mg, 10% on carbon, 10 wt%). The mixture was stirred at room temperature
for several hours under H> atmosphere (balloon, 1 atm) with monitoring reaction progress
by TLC. After the completion of the reaction, the mixture was passed through a pad of
Celite® with EtOAc as an eluent. The filtrate was concentrated in vacuo. The residue was

purified by PTLC, Isolera®, or GPC to afford the corresponding cyclic compound 6.
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1-Benzyl-5-methyl-2,3-dihydro-1H-indene (6a)

oY O
Lo A0 LD

2a 6a

(exo:endo = 60:40)

Denitrative Mizoroki-Heck reaction: Purification by PTLC (hexane) afforded a
mixture of 2a/2a’ (28.0 mg, 63% yield). The ratio of 2a and 2a’was determined as 60:40
by '"H NMR analysis using peaks at 3.15-3.00 (m, 4H, for 2a) and 6.07-6.04 (m, 1H, for
2a’) ppm.

Hydrogenation: Purification by PTLC (hexane) afforded 6a as a colorless oil (22.0 mg,
49% yield (2 steps yield)). 'H NMR (400 MHz, CDCl3) 8 7.32-7.26 (m, 2H), 7.24-7.18
(m, 3H), 7.10 (d, J = 7.2 Hz, 1H), 6.99-6.94 (m, 2H), 3.43-3.33 (m, 1H), 3.16 (dd, J =
13.6, 5.6 Hz, 1H), 2.88-2.69 (m, 2H), 2.63 (dd, J=13.6, 9.6 Hz, 1H), 2.32 (s, 3H), 2.16—
2.05 (m, 1H), 1.79-1.68 (m, 1H); '3C NMR (101 MHz, CDCl3) & 147.1, 141.1, 140.1,
135.5,129.0, 128.2, 127.3, 125.9, 124.4, 124.2,46.4,41.4, 32.1, 30.7, 21.3; HRMS (ESI)
m/z caled for C17HsNa [M+Na]*: 245.1301 found 245.1310.

1-(4-Methoxybenzyl)-5-methyl-2,3-dihydro-1H-indene (6b)

; O OMe O OMe O OMe
A2 LD ey,

2b 6b

(exo:endo = 84:16)

Denitrative Mizoroki—-Heck reaction: Purification by PTLC (hexane/CHCI3; = 5:1) and
GPC afforded a mixture of 2b/2b’ (19.1 mg, 38% yield). The ratio of 2b and 2b’ was
determined as 84:16 by 'H NMR analysis using peaks at 3.09-3.01 (m, 4H, for 2b) and
6.06-6.03 (m, 1H, for 2b’) ppm.

Hydrogenation: Purification by Isolera® (hexane to CHCl3) afforded 6b as a colorless
oil (8.5 mg, 21% yield (2 steps yield)). "H NMR (400 MHz, CDCl3) 6 7.12 (d, J = 8.8 Hz,
2H), 7.04 (s, 1H), 6.99 (d, J= 7.6 Hz, 1H), 6.95 (d, /= 7.6 Hz, 1H), 6.83 (d, /= 8.8 Hz,
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2H), 3.81 (s, 3H), 3.40-3.30 (m, 1H), 3.05 (dd, J = 13.6, 5.6 Hz, 1H), 2.89-2.70 (m, 2H),
2.61 (dd, J=13.6, 8.8 Hz, 1H), 2.32 (s, 3H), 2.18-2.07 (m, 1H), 1.79-1.68 (m, 1H); 13C
NMR (101 MHz, CDCL3) & 157.8, 144.3, 144.0, 136.0, 133.1, 129.9, 126.7, 125.2, 123.5,
113.6, 55.2, 46.2,40.6, 32.1, 31.0, 21.2; HRMS (ESI) m/z caled for C1sHa0ONa [M+Na]*:
275.1406 found 275.1406.

5-Methyl-1-(4-methylbenzyl)-2,3-dihydro-1H-indene (6¢)

/Me Me; Me
o L0 D

2c 6¢c
(exo:endo = 39:61)

Me Me!

Denitrative Mizoroki-Heck reaction: Purification by PTLC (hexane) afforded a
mixture of 2¢/2¢” (31.0 mg, 66% yield). The ratio of 2¢ and 2¢’was determined as 39:61
by 'H NMR analysis using peaks at 3.12-3.02 (m, 4H, for 2¢) and 6.07-6.04 (m, 1H, for
2¢’) ppm.

Hydrogenation: Purification by PTLC (hexane) afforded 6¢ as colorless oil (20.2 mg,
43% (2 steps yield)). "H NMR (400 MHz, CDCl3) 8 7.12-7.08 (m, 4H), 7.04 (s, 1H), 7.01
(dd,J=7.6,2.8 Hz, 1H), 6.95 (d, J="7.6 Hz, 1H), 3.42-3.32 (m, 1H), 3.09 (ddd, /= 13.6,
5.6, 2.4 Hz, 1H), 2.89-2.70 (m, 2H), 2.66-2.57 (m, 1H), 2.35-2.29 (m, 6H), 2.18-2.07
(m, 1H), 1.79-1.68 (m, 1H); '*C NMR (101 MHz, CDCls) & 144.3, 144.1, 137.9, 136.0,
135.3, 128.93, 128.90, 126.7, 125.2, 123.5, 46.1, 41.1, 32.1, 31.0, 21.2, 21.0; HRMS
(ESI) m/z caled for CigH20Na [M+Na]™: 259.1457 found 259.1468.

1-(4-Fluorobenzyl)-5-methyl-2,3-dihydro-1H-indene (6d)
F F ; F
PO YS, LD

24’ :

2d
(exo:endo = 50:50)

6d
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Denitrative Mizoroki—-Heck reaction: Purification by PTLC (hexane) afforded a
mixture of 2d/2d’ (22.3 mg, 47% yield). The ratio of 2d and 2d’was determined as 50:50
by 'H NMR analysis using peaks at 3.11-3.03 (m, 4H, for 2d) and 6.08-6.03 (m, 1H, for
2d’) ppm.

Hydrogenation: Purification by PTLC (hexane) afforded 6d as a white solid (19.8 mg,
41% (2 steps yield)). 'H NMR (400 MHz, CDCl3)  7.17-7.11 (m, 2H), 7.04 (s, 1H),
7.00-6.94 (m, 4H), 3.39-3.31 (m, 1H), 3.07 (dd, J = 13.6, 6.0 Hz, 1H), 2.87-2.70 (m,
2H), 2.64 (dd, J=13.6, 8.8 Hz, 1H), 2.33 (s, 3H), 2.17-2.07 (m, 1H), 1.78-1.67 (m, 1H);
3C NMR (101 MHz, CDCl3) 6 161.3 (d, Jcr = 245 Hz), 144.3, 143.6, 136.5 (d, Jcr =
3.3 Hz), 136.2, 130.3 (d, Jcr = 7.7 Hz), 126.8, 125.3, 123.5, 114.9 (d, Jcr = 21.0 Hz),
46.1, 40.7, 32.0, 31.0, 21.2; HRMS (DART) m/z calcd for Ci7HisF [M+H]": 241.1387
found 241.1389.

1-(3-Methoxybenzyl)-5-methyl-2,3-dihydro-1H-indene (6€)

O a O
- O’ Ol\:/lee O‘ OMe ? - O’ OMe

2e 6e

(exo:endo = 91:9)

Denitrative Mizoroki—-Heck reaction: Purification by PTLC (hexane/CHCl; = 5:1)
afforded a mixture of 2e/2e’ (19.2 mg, 38% yield). The ratio of 2e and 2e’was determined
as 91:9 by '"H NMR analysis using peaks at 3.16-3.01 (m, 4H, for 2¢) and 6.08-6.06 (m,
1H, for 2e”) ppm.

Hydrogenation: Purification by Isolera® (hexane/CHCI3 = 95:5 to CHCl3) afforded 6e as
a colorless oil (13.4 mg, 27% yield (2 steps yield)). '"H NMR (400 MHz, CDCl3) & 7.21
(t,J=7.6 Hz, 1H), 7.05 (s, 1H), 7.02 (d, /= 7.6 Hz, 1H), 6.96 (d, J = 7.6 Hz, 1H), 6.81
(d, J=17.6 Hz, 1H), 6.78-6.74 (m, 2H), 3.79 (s, 3H), 3.45-3.35 (m, 1H), 3.10 (dd, J =
13.6, 5.6 Hz, 1H), 2.89-2.70 (m, 2H), 2.63 (dd, J=13.6, 9.2 Hz, 1H), 2.32 (s, 3H), 2.19—
2.08 (m, 1H), 1.80-1.69 (m, 1H); '3C NMR (101 MHz, CDCl3) & 159.5, 144.3, 143.9,
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142.6,136.1,129.2, 126.8, 125.2, 123.5, 121.5, 114.7, 111.2, 55.1, 45.9, 41.6, 32.1, 31.0,
21.2; HRMS (ESI) m/z calcd for CisH2oNaO [M+Na]*: 275.1406 found 275.1416.

3-(2-Methoxybenzyl)-6-methyl-1H-indene (6f)
MeQ, MeO, MeQ,

0 O O

2f
(exo:endo = 40:60)

Purification by Isolera® (hexane/CHCI3 = 95:5 to 60:40) afforded a mixture of 2£/2f” (30.3

6f

mg, 60% yield). The ratio of 2f and 2f* was determined as 40:60 by '"H NMR analysis
using peaks at 3.08-2.96 (m, 4H, for 2f) and 6.03—5.98 (m, 1H, for 2f*) ppm.
Hydrogenation: Purification by Isolera® (hexane/CHCl; = 5:1 to CHCls) and PTLC
(hexane/CHCl3 = 7:1, 0.1% Et;N was added) afforded 6f as a colorless oil (20.4 mg, 40%
yield (2 steps yield)). "H NMR (400 MHz, CDCl3) § 7.21 (t,J= 7.6 Hz, 1H), 7.12 (d, J =
7.6 Hz, 1H), 7.06-7.01 (m, 2H), 6.95 (d, J= 7.6 Hz, 1H), 6.91-6.85 (m, 2H), 3.82 (s, 3H),
3.50-3.40 (m, 1H), 3.14 (dd, J = 13.2, 5.6 Hz, 1H), 2.93-2.84 (m, 1H), 2.79-2.70 (m,
1H), 2.63 (dd, J=13.2,9.6 Hz, 1H), 2.33 (s, 3H), 2.13-2.03 (m, 1H), 1.81-1.70 (m, 1H);
3C NMR (101 MHz, CDCl3) & 157.7, 144.6, 144.3, 135.8, 130.6, 129.6, 127.1, 126.7,
125.1, 123.6, 120.2, 110.2, 55.2, 44.3, 35.9, 32.2, 31.0, 21.2; HRMS (ESI) m/z calcd for
CisH20NaO [M+Na]*: 275.1406 found 275.1411.

5-Methyl-1-(3-(trifluoromethoxy)benzyl)-2,3-dihydro-1H-indene (6g)

Q O O
. O’ ocMF: O‘ OCF4 ~ O’ OCF4

6g
(exo:endo = 28:72)

Denitrative Mizoroki—-Heck reaction: Purification by PTLC (hexane/CHCI3; = 5:1) and
GPC afforded 2g (7.7 mg, 13% yield) and 2g” (20.1 mg, 33% yield). The ratio of 2g:2g’
was 28:72.
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For 2g: '"H NMR (400 MHz, CDCl3) 8 7.49 (d, J= 7.6 Hz, 1H), 7.37-7.33 (m, 2H), 7.30
(s, 1H), 7.12 (s, 1H), 7.08-7.01 (m, 2H), 6.85 (s, 1H), 3.14-3.07 (m, 4H), 2.36 (s, 3H).
For 2g’: 'TH NMR (400 MHz, CDCl3) & 7.32-7.27 (m, 2H), 7.20 (d, /= 7.6 Hz, 1H), 7.15—
7.12 (m, 2H), 7.08-7.05 (m, 2H), 6.08 (s, 1H), 3.89 (s, 2H), 3.33 (s, 2H), 2.39 (s, 3H).
Hydrogenation: Purification by PTLC (hexane/CHCIl; = 5:1) afforded 6g as colorless oil
(15.2 mg, 25% (2 steps yield)). '"H NMR (400 MHz, CDCls) § 7.30 (t, J = 8.0 Hz, 1H),
7.12 (d, J=8.0 Hz, 1H), 7.09-7.04 (m, 3H), 6.96 (s, 2H), 3.42-3.33 (m, 1H), 3.10 (dd, J
= 13.6, 6.0 Hz, 1H), 2.88-2.72 (m, 2H), 2.68 (dd, J = 13.6, 8.8 Hz, 1H), 2.33 (s, 3H),
2.19-2.09 (m, 1H), 1.78-1.67 (m, 1H); '3C NMR (101 MHz, CDCl3) & 149.2, 144.2,
143.32,143.27,136.3, 129.5, 127.5, 126.8, 125.3, 123.4, 121.6, 120.5 (q, Jc r = 257 Hz),
118.4, 45.8, 41.3, 32.0, 31.0, 21.2; HRMS (ESI) m/z calcd for Ci1gH;7OF3Na [M+Na]*:
329.1124 found 329.1123.

2-((5-Methyl-2,3-dihydro-1H-inden-1-yl)methyl)naphthalene (6h)

O CD | Q)
AT Os -

2k’
(exo:endo = 47:53)

Denitrative Mizoroki—Heck reaction: Purification by Isolera® (hexane/EtOAc = 98:2 to
80:20) afforded a mixture of 2h/2h’ (32.5 mg, 60% yield). The ratio of 2h and 2h’was
determined as 47:53 by 'H NMR analysis using peaks at 3.25-3.19 (m, 2H, for 2h) and
6.10-6.07 (m, 1H, for 2h’) ppm.

Hydrogenation: Purification by PTLC (hexane) afforded 6h as a colorless oil (19.2 mg,
35% yield (2 steps yield)). '"H NMR (400 MHz, CDCl3) § 7.84-7.76 (m, 3H), 7.64 (s, 1H),
7.49-7.40 (m, 2H), 7.38 (dd, /= 8.4, 2.0 Hz, 1H), 7.06 (s, 1H), 7.02 (d, /= 7.6 Hz, 1H),
6.95 (d, J=7.6 Hz, 1H), 3.56-3.46 (m, 1H), 3.28 (dd, J = 13.2, 6.0 Hz, 1H), 2.92-2.72
(m, 3H), 2.33 (s, 3H), 2.19-2.09 (m, 1H), 1.85-1.75 (m, 1H); '*C NMR (101 MHz,
CDCls) 6 144.3, 143.9, 138.6, 136.1, 133.6, 132.1, 127.8, 127.6, 127.5, 127.2, 126.8,
125.9, 125.3, 125.1, 123.5, 45.9, 41.8, 32.2, 31.0, 21.2 (one peak is missing due to
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overlapping); HRMS (DART) m/z caled for C2iHuaN [M+NH4]*: 290.1903 found
290.1899.

1-Heptyl-5-methyl-2,3-dihydro-1H-indene (6i)

Me Me . Me

LD

(exo:endo = 32:68)

Me Me

2i 6i

Denitrative Mizoroki—-Heck reaction: Purification by PTLC (hexane) afforded a
mixture of 2i/2i’ (16.1 mg, 35% yield). The ratio of 2i and 2i” was determined as 32:68
by 'H NMR analysis using peaks at 5.89-5.83 (m, 1H, for 2i) and 6.12-6.09 (m, 1H, for
2i’) ppm.

Hydrogenation: Hydrogenation step was conducted by using Pearlman’s catalyst
(Pd(OH)2, (1.0 mg, 20% on carbon, 20 wt%) instead of Palladium on Carbon. Purification
by PTLC (hexane) afforded 6i as a colorless oil (13.5 mg, 29% yield (2 steps yield)). 'H
NMR (400 MHz, CDCI3) & 7.08 (d, J = 8.8 Hz, 1H), 7.03 (s, 1H), 6.97 (d, J = 8.8 Hz,
1H), 3.08-2.98 (m, 1H), 2.91-2.72 (m, 2H), 2.31 (s, 3H), 2.30-2.20 (m, 1H), 1.85-1.75
(m, 1H), 1.70~1.59 (m, 1H), 1.43-1.22 (m, 11H), 0.88 (t, J = 6.4 Hz, 3H); 3C NMR (101
MHz, CDCl3) 6 144.9, 144.2,135.7,126.7,125.1, 123.3,44.5,35.2,32.4,31.9,31.3, 30.9,
29.3,27.7,22.7,21.2, 14.1; HRMS (APCI) m/z calcd for C17H27 [M+H]": 231.2107 found
231.2103.

1-Benzyl-/V,N-diethyl-2,3-dihydro-1H-inden-5-amine (6j)

O O
LD LD

6]
Denitrative Mizoroki-Heck reaction: Purification by Isolera® (hexane/CHC13=90:10 to

CHCls) afforded 2j (15.9 mg, 29% yield) as a sole isomer.
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Hydrogenation:  Purification by PTLC (hexane/CHCl3=5:1) and PTLC
(hexane/EtOAc=15:1, 0.1% EtsN was added) afforded 6j as a colorless oil (8.3 mg, 15%
yield (2 steps yield)). 'H NMR (400 MHz, CDCl3) & 7.32-7.26 (m, 2H), 7.24-7.17 (m,
3H), 6.94 (d, J = 8.4 Hz, 1H), 6.58 (d, J = 2.8 Hz, 1H), 6.51 (dd, J = 8.4, 2.8 Hz, 1H),
3.40-3.28 (m, 5H), 3.10 (dd, J=13.6, 5.6 Hz, 1H), 2.88-2.69 (m, 2H), 2.64 (dd, J=13.6,
9.6 Hz, 1H), 2.16-2.05 (m, 1H), 1.77-1.66 (m, 1H), 1.15 (t, J = 7.2 Hz, 6H); *C NMR
(101 MHz, CDCl3) 6 147.2,145.4, 141.4, 134.2,129.1, 128.2,125.7, 124.2, 110.3, 108.2,
45.6,44.6,41.9,32.3,31.6, 12.6; HRMS (ESI) m/z calcd for C20H26N [M+H]": 280.2060
found 280.2067.

1-Benzyl-5-(4-(trifluoromethyl)phenoxy)-2,3-dihydro-1H-indene (6k)

Q.00 O Q.00
o] o] (o]
2k 2K’ : 6k

(exo:endo = 92:8)

O

Denitrative Mizoroki—Heck reaction: Purification by Isolera® (hexane/CHCl3=97:3 to
70:30) and PTLC (hexane/CHCl3=9:1) afforded a mixture of 2k/2Kk’ (22.6 mg, 31% yield).
The ratio of 2k and 2k’was determined as 92:8 by '"H NMR analysis using peaks at 3.18—
3.11 (m, 2H, for 2k) and 3.36-3.33 (m, 2H, for 2Kk’) ppm.

Hydrogenation: Purification by PTLC (hexane/CHCIz = 9:1) afforded 6j as a colorless
oil (19.9 mg, 25% (2 steps yield)). 'H NMR (400 MHz, CDCl3) & 7.54 (d, J = 7.6 Hz,
2H), 7.33-7.27 (m, 2H), 7.25-7.17 (m, 3H), 7.06 (d, /= 8.0 Hz, 1H), 7.01 (d, J= 7.6 Hz,
2H), 6.89 (s, 1H), 6.82 (d, J = 8.0 Hz, 1H), 3.49-3.39 (m, 1H), 3.11 (dd, J=13.6, 6.0 Hz,
1H), 2.90-2.59 (m, 3H), 2.24-2.13 (m, 1H), 1.87-1.75 (m, 1H); *C NMR (101 MHz,
CDCl3) 6 161.1, 154.4, 146.4, 143.2, 140.6, 129.1, 128.3, 127.0 (q, Jcr = 3.8 Hz), 126.1,
124.9,124.4 (q, Jcr = 32.7Hz), 124.3 (q, Jc r =275 Hz), 117.9, 117.5, 116.3,45.8, 41.5,
32.2, 31.2; 8 HRMS (ESI) m/z calcd for C23Hi9OF3Na [M+Na]*: 391.1280 found
391.1282.
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1-Benzyl-6-methyl-2,3-dihydro-1H-indene (61)!%!

o S O A
SO G - Qo

6l
(exo:endo = 49:51)

Denitrative Mizoroki-Heck reaction: Purification by PTLC (hexane) afforded a
mixture of 21/2I’®1 (21.7 mg, 49% yield). The ratio of 21 and 2I’was determined as 49:51
by 'H NMR analysis using peaks at 3.14-3.00 (m, 4H, for 21) and 6.08-6.02 (m, 1H, for
2P) ppm.

Hydrogenation: Purification by PTLC (hexane) afforded 6l as a colorless oil (17.5 mg,
39% yield (2 steps yield)). 'H NMR (400 MHz, CDCl3) 8 7.34-7.27 (m, 2H), 7.25-7.19
(m, 3H), 7.06 (s, 1H), 7.02 (d, J = 7.6 Hz, 1H), 6.97 (d, J = 7.6 Hz, 1H), 3.46-3.36 (m,
1H), 3.14 (dd, J=13.6, 5.6 Hz, 1H), 2.91-2.72 (m, 2H), 2.67 (dd, J = 13.6, 9.2 Hz, 1H),
2.34 (s, 3H),2.19-2.09 (m, 1H), 1.81-1.71 (m, 1H); *C NMR (101 MHz, CDCl;) § 144.3,
143.9, 141.0, 136.1, 129.0, 128.2, 126.8, 125.9, 125.2, 123.5, 46.0, 41.5, 32.1, 31.0, 21.2;
HRMS (ESI) m/z calcd for Ci17HsNa [M+Na]*: 245.1301 found 245.1307.

7-Methyl-4-propylchromane (60)

| Me Me Me | Me
X :
)
Me (6] Me (6} Me (6} ! Me (0)
20 20’ 20” : 60

(exo:endo = 32:60:8)

Denitrative Mizoroki—-Heck reaction: Purification by PTLC (hexane/CHCI; = 4:1)
afforded a mixture of 20/20°/20” (mixture of two endo compounds) (31.2 mg, 83% yield).
The ratio of 20, 20’°and 20” was determined as 32:60:8 by '"H NMR analysis using peaks
at 5.98 (t, J = 7.6 Hz, 1H, for 20) and 4.73-4.70 (m, 2H, for 20’) and 6.53—-6.50 (m, 1H,
for 20”) ppm.

Hydrogenation: Purification by PTLC (hexane/CHCI3=5:1) afforded 60 as a colorless
oil (18.8 mg, 51% yield (2 step yield)). 'H NMR (400 MHz, CDCl3) 6 7.01 (d, J= 8.0 Hz,
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1H), 6.67 (d, J = 8.0 Hz, 1H), 6.61 (s, 1H), 4.21-4.09 (m, 2H), 2.79-2.70 (m, 1H), 2.26
(s, 3H), 2.08-1.99 (m, 1H), 1.82-1.69 (m, 2H), 1.53-1.36 (m, 3H), 0.96 (t, J = 7.2 Hz,
3H); 3C NMR (101 MHz, CDCl3) & 154.3, 137.0, 128.8, 123.8, 121.0, 117.1, 63.6, 38.7,
33.0,27.0,21.0, 20.1, 14.2; HRMS (ESI) m/z caled for Ci3H100 [M+H]": 191.1430 found
191.1431.

N,N-Dimethyl-4-propylchroman-7-amine (6p)

| Me Me Me
X E
Me,N o] Me,N o) : Me,N o]

2p 2p’ : 6p
(exo:endo = 46:54)

Denitrative Mizoroki-Heck reaction: Purification by Isolera® (hexane/CHC15=92:8 to
34:66) and (hexane to hexane/EtOAc=94:6) with alumina column afforded a mixture of
2p/2p’ (15.8 mg, 36% yield). The ratio of 2p and 2p’ was determined as 46:54 by 'H
NMR analysis using peaks at 5.83-5.77 (m, 1H, for 2p) and 4.70-4.66 (m, 2H, for 2p’)
ppm.

Hydrogenation: Purification by Isolera® (hexane to hexane/EtOAc=94:6) with alumina
column afforded 6n as a colorless oil (11.2 mg, 25% yield (2 step yield)). '"H NMR (400
MHz, CDCl3) 6 6.99 (d, J = 8.8 Hz, 1H), 6.33 (dd, J = 8.8, 2.8 Hz, 1H), 6.18 (d, /= 2.8
Hz, 1H), 4.21-4.09 (m, 2H), 2.88 (s, 6H), 2.74-2.67 (m, 1H), 2.08-1.98 (m, 1H), 1.79—
1.68 (m, 2H), 1.52—-1.34 (m, 3H), 0.95 (t, J = 7.2 Hz, 3H); 1*C NMR (101 MHz, CDCl;)
0 155.0, 150.3, 129.3, 115.4, 105.9, 100.5, 63.8, 40.7, 38.7, 32.6, 27.4, 20.1, 14.2; HRMS
(ESI) m/z caled for C14H220N [M+H]": 220.1696 found 220.1696.

1',7'-Dimethyl-2',3'-dihydro-1'H-spiro[cyclohexane-1,4'-quinoline] (6q)
b

a

MegN MegN : Me N

Me Me : Me
2q 2q’ : 6q
(a:b=58:42)
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Denitrative Mizoroki—Heck reaction: Purification by Isolera (hexane/CHCl3 = 67:33 to
CHCI) afforded a mixture of 2q/2q’ (15.8 mg, 35% yield). The ratio of 2q (a) and 2q’
(b) was determined as 58:42 by 'H NMR analysis using peaks at 5.44 (d, J=10.0 Hz, 1H
for 2q) and 5.76-5.66 (m, 2H, for 2q’) ppm.

Hydrogenation: Purification by Isolera® (hexane to hexane/EtOAc=90:10) afforded 60
as colorless oil (15.8 mg, 35% yield (2 step yield)). '"H NMR (400 MHz, CDCl3) § 7.16
(d, J=17.6 Hz, 1H), 6.50 (d, J = 7.6 Hz, 1H), 6.42 (s, 1H), 3.16-3.11 (m, 2H), 2.87 (s,
3H), 2.28 (s, 3H), 1.94-1.89 (m, 2H), 1.77-1.45 (m, 10H); '3*C NMR (101 MHz, CDCls)
0 146.1, 136.2, 130.0, 125.7, 117.1, 111.9, 47.5, 39.5, 38.2, 34.9, 29.9, 26.1, 21.7, 21.4;
HRMS (ESI) m/z calcd for Ci6H24N [M+H]": 230.1903 found 230.1901.
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04
Unsuccessful Substrates
alkenes
NO, NO, /@[Noz Me
/‘/\/\/\‘\ /‘/\/\/\‘\Me/@/\/r/ Me
29% (exo:endo = 90:10) 0% 0% 0%

nitroarenes

NO, MegN NO, N02 NO,
PhS
0% 0%

15% (exo:endo = 67:33) 0% o o

Yields were determined by 'H NMR analysis using CH,Br, as an internal standard.
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4. SxAr/Denitrative Mizoroki—Heck Reaction

Ho/\/\L
5 Me
(1.0 equiv) 5.0 mol% Pd(acac), |
@imz Cs,C0;5 (4.5 equiv) /@:Noz 20 mol% BrettPhos
—_— o
THF (2.0 mL) X PhCF; (2.0 mL)
Me F 1s0°C, 12n | Me o/\/i 150 °C Me °

4 (0.20 mmol) 10 Me 20

Me

A 20-mL glass vessel equipped with J. Young® O-ring tap containing a magnetic
stirring bar and Cs>COs3 (293 mg, 0.90 mmol, 4.5 equiv) was dried with a heat-gun in
vacuo and filled with N after cooling to room temperature. To this vessel were added 2-
fluoro-4-methyl-1-nitrobenzene (4: 31.0 mg, 0.20 mmol, 1.0 equiv) and (Z)-hex-3-en-1-
ol (5: 20.0 mg, 0.20 mmol, 1.0 equiv). The vessel was placed under vacuum and refilled
N2 gas three times, and then added THF (2.0 mL). The vessel was sealed with O-ring tap
and then heated at 150 °C. After stirring the mixture for 12 h, the vessel was placed under
vacuum to remove THF. To this vessel were added 2-dicyclohexylphosphino-3,6-
dimethoxy-2’,4’,6’-triisopropylbiphenyl (BrettPhos: 21.4 mg, 0.040 mmol, 20 mol%)
and Pd(acac); (3.1 mg, 0.010 mmol, 5.0 mol%). The vessel was placed under vacuum and
refilled N; gas three times, and then added PhCF3 (1.0 mL). The vessel was sealed with
O-ring tap and then heated at 150 °C for 24 h with stirring. After cooling the reaction
mixture to room temperature, the mixture was passed through a short Celite® pad with
EtOAc as an eluent, and then concentrated in vacuo. The residue was purified by PTLC
(hexane/CHCIls = 4:1) to afford 20 as a colorless oil (7.7 mg, 20% yield, as a mixture of
isomers; 20/20°/20”= 29:66:5).
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FACRIIT DR, ARG SIS OGRS E > 78R 2 B L 72,

B2 B ClE, 287 ¥ 7 A/BrettPhos b L £ 13237 ¥ 7 LA/NHCLDfiEIC X 2455
TAB=t el cH 7Y —WMEzBZE L7, AFEE, I ToERSEM
B X 257N C-H 7V — WALDME Z T o 7o JEHE 72 JFURHE IR0 A IEDE IR ME 0 3
e, = e Bl 5 LTI L 2, SRR R ANTu— L2 G
RTE 33D, A—FH/ATD 2-7)VFa=tra7L—rD S\Ar/ W C-H
7TV =L ERK L, RE BT EERERSTE L T LR LT,

H3ETIE, /87 Y7 L/BrettPhos it ic k2=t 7L —v L XF L VL
Doyl = b v B R-Heck MU 2 FATE L 7o, KAFEIIRRL B A F VX8
ZARTE L7 TH L, BIEMFERDZEWS, SxAr KB EflAGDE S C
E OIS BEIMAF LR YBERTEL I ERR LT,

B4 FTIE, /87 Y7 L/BrettPhos il itic X 2 7V r = V2Ot L
— v OB = b u g R AR Heck IGZ BT L 72, AFILETIX, 2-7 04 m
—ba 7L =5 SNAr IRIGIZ L B 7L ZVEEHDE A, it o7 Ali= +r
AU R Heck SO X 2 BURALAYI DH L\ S EHRIS 2§22 L 72, ARGICE
W B E X OV FABL= b a B R -Heck KOG % [Fl— 25 87 N Tk,
L. BN EEERIc 2D )2 2 2R Lk,
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Figure 1. Fi¥E L 7z Sy\Avii= Fa A v 7)) v 7

B~ a 7 A7) — bR E T30k 7 a Ry 7Y v 7 LR
TER SR CRIFE L 72l = b w A v 7Y v 7% T % (Figure 2), f{ERD 7
UANy TV TEETARLEABERTH 2 EINEDPREHAD D 223, Bl=
Faflsy 7Yy I HIRNEFEE R A FRTH 5 EINENPROEAH 5
ZEDBbrol, 7, HRIENOT AR Ay 7Y v IR 2 S
TRIGHHES | DHRGE % GO LR ATRE & v ) RTSH 5 —77 T, B
v 7 ALORFEDHHE LT, Bi=baflhy 7Y 7%, Fo=tua7
L — Y DB BTG TH 2 £ 0 EFIRH 35— T, L »KIGSE
B Ecdh 5, KEG= by y 7)) v JIZRAYITH H . SBRFE I NS
PR Z N o R T 2 b DL EZ 6N 5,
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Denitrative (X = NO,)

+ Electron-deficient arenes gave the product
in good yields.

Advantage

« Mild condition

+ Many transformation (including asymmetric reaction)
were reported.

Drawback
+ Occurance of undesired dehalogenation

+ Electron-rich arenes gave the product
in good yields.

Advantage
+ Easy functionalization of nitroarenes
- Easy preparation

Drawback
* Harsh conditions

Figure2. "0 7L —YZHWiAhy 7V 7 EBi=sulllhy 7Y v 7Dk

Db, ARSI Cld = F vt WE % 55 H U 72 05 & R IE S SO &
i=tufliny 7)) v FEflAatbe - iiaEBEEELzE L 7, BEICHE
T 2HER= N {bAWZ G 2 LT, PRy ATR—)L, AF LR
BIRILEM & v ) BT FEROREZATREIC L 7,

ARG IETHIFE L 72 B8RSR I, B G 2 iIRET 51cL &
(57, BRECHEKEMR L O 208 E T 5088 WTH
THRBMAEZMES L2 E VI EACEMIRE 76T EDURFTES,
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AR EIC B TITONbDTH 5, ANEZZETT2ICHD, Bl
CHE LS KETHEERGD £ LFUZEE (LI EEEIC R SRl L
EFET,

AIfEE LCT 8 CHOE, SR E LRI L b Nt
YR, 75 S OICHII BRI AR L LI T

AL X227 2125720 HRDOED TRTEE & L ToLS%
EMex e THRE, THIE2H Y £ LAFRREESEVIZEN  RBREHEAR L &
DAL L R E T,

HEDIFFEAETRICE VT, ERICPHE ALY 7 SlRIA AR & 4 72
CHRE, CHEZBD E L EIRYEIER T KHTEN A S OIS B
FH R 2P B T AR BEAR A FZE AT IR AR 12 7% < Bl L P 97,

ARG TE 2 BT 2128720, IRABRMEZB D X L 2 5#ARERY
Berh A SeEd 7 & QNS ESE S SR (B LR E B AR 120 & D &
HELET,

AR DIFEE & L TERETH N2 W72 & £ Ll — e
RACERBHE LA 7 7 — < RSt BRAEE IR CEHEL £,
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WHEE T, %o ICHEAETRICE W TR 28BS 280 £ L 72 LHiE— Rt
fE R EEHEE A TR S, —OERE L ELEE R T
FTFEBE). A S A (R SRR S A 12D & 0 L £ 9

FTHRZE I A 72 RBEAR S LB AL AR A &AL, SPIBIERHE (R H
AR A AL, BERHE LR A SRR A UEZEAn, il sHE 3
HWASHL Yy 7)), BEZEL. 4o CICFEPIZEREORE—F, 5H—=2k
Aatt M MER L, WRORAREGEL AR AR A 1 1o <
BMLET,

A2 BT 2ICH 7D B CTIKHEL D £ L7 HARAIIREL 2 1 3
CRGHH L BT X9,

RIS, ARSI TICH 72D L D SRS R Z2H Y . BAEIC
DD RECKXZATTIIVE LAFEITLL S EHH L P ET,
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