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Ac acetyl

acac acetylacetonate

Alk alkyl

Ar aryl

BINAP 2,2'-bis(diphenylphosphino)-1,1'-binaphthyl
bipy 2,2"-bipyridyl

Boc tert-butoxycarbonyl

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

yl)phosphine
cat catalytic
cm’! wavenumber
cod cis,cis-1,5-dicyclooctadiene
Cp cyclopentyl
Cy cyclohexyl
) chemical shift (NMR)
dba dibenzylideneacetone
DMACc N,N-dimethylacetamide
DMAP N,N-dimethyl-4-aminopyridine
DMF N,N-dimethylformamide
DMSO dimethyl sulfoxide
dcypbz 1,2-bis(dicyclohexylphosphino)benzene
dcypt 3,4-bis(dicyclohexylphosphino)thiophene
dcype 1,2-bis(dicyclohexylphosphino)ethane
dcypf 1,1'-bis(dicyclohexylphosphino)ferrocene
dcppt 3,4-bis(dicyclopentylphosphino)thiophene
diglyme diethylene glycol dimethyl ether
dmbpy 4,4'-dimethyl-2,2'-bipyridine
dppe 1,2-bis(diphenylphosphino)ethane

dppf 1,1'-bis(diphenylphosphino)ferrocene



min
MS
MsO
NBS
nep
NHC
NMP
"Bu

OAc

Ph

1,3-bis(diphenylphosphino)propane
dimethoxy ethane
equivalent(s)

ethyl

et cetera

electron-donating group
electron-withdrawing group
hour(s)

halogen
1,3-dicyclohexylimidazolylidene
1,3-dimesitylimidazolylidene
1,3-bis(2,6-diisopropylphenyl)imidazolylidene
isopropyl

ligand

lithium diisopropylamide
coupling constant (NMR)
meta

transition-metal

methyl

minute(s)

molecular sieves

mesylate
N-bromosuccinimide
neopentyl glycolato
N-heterocyclic carbene
1-methyl-2-pyrrolidone
normal-butyl

nucleophile

ortho

acetate

para

phenyl



phen phenanthroline

pin pinacol

Piv pivaloyl

PMHS polymethylhydrosiloxane

PTLC preparative thin-layer chromatography

R an organic group

RT room temperature

SIMes 1,3-bis(2,4,6-trimethylphenyl)imidazolylidene
SIPr 1,3-bis(2,6-diisopropylphenyl)imidazolylidene
SPhos 2-dicyclohexylphosphino-2',6'-dimethoxybiphenyl
‘Bu tert-buthyl

TfO triflate

TsO tosylate

TFA trifluoroacetate

THF tetrahydrofuran

TMS trimethylsilyl

Ts tosyl

uv ultraviolet

X halogen

Xantphos 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene
XPhos 2-dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl



FB1E Fia

Rl

il



&
il

1-1. BRSEMEL AW 20X hy ) VITRIS
ERERMEEEZH W= a2 v 7Y TSR, AEERERCE R
KW Te E OBEBEN TH D FHLA Y & | Amfgéﬁ%&ﬁffké
IR GBI AE W E L0 BIEICHEE T 57201, kitfRoy e v 7Y

VI ROROBFIL, BIEICED F THAT TRAIITDIL TS

Wk a x5y 7Y T ROSICHW S RKE %ﬂ(?)~wm%)i =15
JetED N1 AL T U — VD3 FE G T o H(Scheme 1A)2, LU, RUSTEICE]
T LBEEDEG 0 UREFEMOPHDRE TH D, £, et Do
TFART V=V OFRBICZ TRZET 256, 7aXh v 7Y 7RIS H
7= HEUEE YOG RIS L b IR TIE R, 2D, ~a 7 AbT
U — W ZB D HIREREAN CATES 2T V—UbHZH\ iz, Bl axh
o PV U TRISOBRENBLS WENTWD, FE, &M o =— 27 RS
R AR BHE S, BEF ORISR TIIAEN R G E R EY &
7 U —AEANZRIHTE 5 K 51272 572 (Scheme 1B)PL, #lxi1X, 7=V i
WK 7 = ) — LEFERE] BFE AN T ¢ ROEREET U — L ALANZ W
Ttz le s a A0y 7V U TROSBEE SN TWD, Tk, BEBEI VR
VIEFHHARNSLE ERE= N et G E T U — LA WA gE b s S
DOBDH, TNOHWERERLLZHH I a Xy 7Y o TRIGOBRRIL, EERE
Bl e o ALT U — L OFR A ZEECE 57210 TR, BREERILEY
DERKIEE —HTEHARERS D, £ T, YW I/ —71L, 7a Ay
TV TR D727 7 U — kAl L LT T/ ATV IZEBL
72

~ A. Classical: Aryl Halide as Aryl Sources
Transition-metal

Catalyst
Hal + m—@ > @ + m-Hal

Aryl Halide Nucleophiles Cross-coupling Corrosive
Hal = I, Br, Cl Chemical Waste

7

This Work

-B. Emerging: Non-halogen Aryl Sources

()
X
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Scheme 1. (A) ™7 A7 U —n%& 7T U —UALBNZHW0ERkD 7 o 27 v
7V T, (B) ~Na AT ) — VB D S EEL T U — b A

LZ%@ﬁIZ?W®MﬁWﬁ:wmﬁy79Vfﬁm
FERT AT VITEBILEWICBIT 2 EAEED —S>THY, o7V —1
Mﬂ&%NTﬂiﬁgﬂﬁﬁﬁT%6@Mmﬂkikqﬁéﬁix?w@§<
FBEARZE WD 2 & TREICARTE 20, 1k, = A7 VE# S 7= (f
BIZHTTZIREREZBEAT 256, ZOTRT Ve al vy~ BTz
Bl a 2Ry 7V TR EIT O VEND D, T2 T, TATIVENLE HEE
W e BERL & LT VR = AT > 770 o TGS EIT T, BRE
EMELVETERTERTE 5, £, AEBEI VAR CBIL, EIFHK aspirin!?
SOHTE #K levofloxacin!', /& M ETEHEK termisartanl!'2172 & O FH 7 [ 3K 5 12 B8
IZHOLNDOHBETH D, T EZ AT IVZEBRLTEOBITH A VR =87
v IV TRIGEITD 2N TEIR, A TORERFENES I/
b, IHIZ, BEFOIZ R v 7Y KIS EGFER W, EEEIEEYM O
v AF TS %ﬁ@&m®%i%7 EE72 D,

2

2
R2_O Base R R
—_——
f OR* —>» Ri=<7 | OR* R / |
R' "X Decarbonylative
O R3 0] RS

Couplmg
Feist-Bénary Furan Synthesis ‘ T
3 steps
R1_8/\/|[ Transition-metal
Catalyst
O
HO
(0]
2 % 9y O
OH F OH !
! Mé
(0] N N /4
)\ ,\(\) 0 N>\\§
o - Me
Aspirin Levofloxacin Termisartan
NSAID Antibiotic Antihypertensive Drug

@“Y ':> RO ’ » -
D P e
Scheme 2. FEKT AT NV ET U —ALANCHWEEB AV R=AB T >~ 7Y >~
T s
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FHHEBEZ ATV (BAMbET) ZHWEBAINVR= VT 7Y v TG
DR 7251 % 2517 % (Scheme 3)7e 70, £ 97, 1998 4F1T de Vries, Stephan & (T
LoT. NI VU A2 N IFR/IR VAR REEKY) & TV v DR T v
AN = VAL Heck S5 )80 TS S 07231 eV TL 2001 IS H B2 L - T,
LT =0 Al A AW ER/EE Y DL XA F LT AT VO VR = VR T
BOGABA%E X7z, F£72, GooPen HIE, 2002 42 p-= b 7 == /LT AT
k2004 FEIZ T ) — Vv Em—T VT AT )V E W, NT VT AR L 5T
IV DI VR = B Heek RS 22 R L7z 8, S 502, 2009 R ICRRR, &
BOHN, = 7Vl Z W K 7 2 VERFEEIR & N T L 2 L D
WIR=NRIA Y 7<= U G REZ s L7200 4R T, 2012 A1 Wang B 23,
o2y A L EAVSI(DFETE T, XUV hF 2 V2 10- b ARF L L— R &
FEAR v U AW VR = VRIS AR-E i > 7Y v T RO B B S LT

171,
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de Vries/Stephan (1998)
R! cat. PdC|2 Rt

O O
H_S\_ cat. NaBr
0 + > \
@ @ R? NMP, 160 °C R
R2 RZ

Murai (2001)

0 / \ cat. RU3(CO)12
=N + HCO,NH, > H
o) 1,4-dioxane, 160 °C

GooBen (2002) cat. PdCl,
cat. isoquinoline
+ >
o—<i>—mo2 _\\—R NMP, 160 °C \ R
GooBen (2004) cat. PdBr
@ (@] [(”Bu)3NC2H4OH]+Br_ @
+ H >
. Zo—-/< N NMP, 160 °C . \_q
Matsubara/Kurahashi (2008) cat. Ni(cod)
- 2
cat. PMe3 Q
ZnCl
+ RI——R? - > @ 9
MeCN, 80 °C Z e

+

cat. Rh(PPhg)5Cl R
CuCl
- O
toluene, 130 °C N=
&

Scheme 3. ZHEBRT AT NV E AWM /NVR = VI T~ 70 T Kis DA

—J7 T 2012 FETEAIE T NV — TR, =y TV A WS B R T = =L
T AT E 1 3-T Y — )VEHOB A LR =L C-H 7V — b Z HiE L
(Scheme 4)7&: 76181 M pE5E 7' )L — T VI LIRT, 7 = / — VBB k& T U —ALANC
AW 13-T =D C-H 7 U — b OSZBIR L7122, 12-EA(V v 7
BT IIVRAT 4 )Yy (deype) & = TIIVOMMBERNE N THDH Z & &
HoMZ L TWnaW FHFEEATVERWTER VA= 1% C-H 7 U —/v
{EGIZB TS = v 7 b/deype fREEA VR TH O . kST 2D 2-7 U —)L-
1,3-7 YV =V EIGER L B 2 70, REOGNE, = v 7 Vil 2 v s D B¢ —
W BB T 2=V AT V& T U —ALBNCH W =0 0BT 5, £,
FEERIZEL T, ap-REEFI= A7 Uk LTH#EHATX 220, KFEEORH
R L LT, BlEAI muscoride APNDIEX ALK LT, £, 2 oD A4 FH
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V= VIR LT VAR =V C-H 7V — LS AT ®HGT 25 B A
XY —LEzaEM LT, ST, ZATAENAKGHELT-OBIL, FL=1LT
a—)L EHEAT D Z LT SCREE O AR 2457220 ki, BEM o Fik
Wt » CEHL9 5 Z & T, muscoride A DIERE A& 2R L7,

Itami/Yamaguchi (2012)

10 mol% Ni(cod),
20 mol% dcype

() N "’f.\ K3PO4 (2.0 equw % f
=T =T [ R
OPh Z = 1,4-dioxane, 150 °C @ \%

Z=0, S 13 Examples

OJ\ 20 mol% Ni(cod), (e)
o) N 40 mol% dcype Q h
MeO 0 Nyt KsPO,4 MeO N N~p”
| \>_H ¥ \ [ H — e W
o PhO O 1,4-dioxane 0 0
165 °C Me

[39%]

LIOH

@Mﬁ J“Iw

Muscoride A
Antibacterial Activity

Scheme 4. = v 7 VA2 AW F/HE Y = =V X708 1,3-7 Y — )LD

i R =1 C-H 7V — AL

W THITE T N—TN1L, BFERZATNVORANKR=NT T T ) > T
SR T & 2 5REH et Lo, £ DR R, 2015 FHI2 = » 7 Vil 21221 2016
AT T D0 Ml 2 W2 FHRET = = V= AT VL GHRER R RO
Wi 71 VIR = VBRI K — B A1 > 7Y 2 7 RO % B 3E L 72 (Scheme 5)7¢ 7 2
&Mm:y&wmmmqmbu/wvwf%w$x74ym®m%b<imw
X7 27 A(PA(OAc))/deype filliE 2 VN2 & & 23, SOGHETTO#ETH 5, ARG
SRR G BERT ATV EGFEREAr VBEICEA X, Eee T U —/{KE L
KRS 525, Y%TEOICHERE LT, BMEEREE termisaltan'22 (8
F I N D EF T OFEIRE RSN B IR 72 B R SO RED Lz,
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Itami/Yamaguchi/Musaev (2015) 5 mol% Ni(OAC)
o 2

20 mol% P"Bug
NaQCO3 (20 equiv)
O rors o) -
_© toluene, 150-160 °C

57 Examples

Yamaguchi/ltami (2016) 5 mol% Pd(OAc),
12 mol% dcype

= O Na,COj (2.0 equiv) ==
\Ar/ + (HO)2B @ > \Ar /
N (@) toluene, 130 °C N

18 Examples
OMe Me
Q OMe
OB 3
Ph Pd( OAc Ni(cod),
dcype P"Bug
Na2003 NEta, MS4A
N N > NI N
toluene toluene = Me
T D 130 °C 150 °C
ermisartan Derivative OPh [61%] OPh [65%]

Antihypertensive Drug

Scheme 5. BFEWE 7 = =)L A5 )L L ER/ER G VEEOM VR = )L RIS K —
R N A I

FIROBANR= NI Ty 7Y o T ROSE P HNT 2,3,6- ) 7 U — e
U ¥ DGR A 5 2 BI%E L 7= (Scheme 6)7¢ 7024 £ 4° 2 FED M B /LR =)L
MBS AR—EHAIy 7V 7 BIORCHT Y —Mb) 21752 & T, 24-
TV =NANFFH Y —A~NEFEE LT, 20K, TV —AT 7 UL W
PR & WK 2 1 5 [42] RS2 L 0 23,6- U7 U —e ) PR
rEERAICHE b,

10
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10 mol% Ni(OAc), 10 mol% Ni(cod),
40 mol% P"Bug 20 mol% dcype
o) \ 1) N32C03 OX K3PO4 OK
S HAS P~ e P
N toluene N 1,4-dioxane N
OPh 150°C 150°C
4 Examples 6 Examples

o—dich1IOSrglzce;nzene OH
Ard —CO,, H,0O

(0]
HOOC; 'S_ LAr! O
N
I - ’\,l -«

Z

Ar2” "N™ SAr' 10 Examples Ar3T p 2

Scheme 6. 2 fEDO LA VAR = VT » 7Y o RO E W= 23,6- U T
U — LY O ORI A AR

ZORITV =AY PURKREERIEMNT 22T, FARTF FHAEY
B GE2270s2ID Ak % 2% L 7= (Scheme 7)7e 7024, £9° 2 2D 7 V' —)L
YEIZXT LT VR =R C-H 7 U — UL 4TV, OF TV U v —
NEGE LT, §WT, FTY UAT 7 ULEEE D42 B LR G & E1T
SHEObIC, TRH—LERETHILET, 236-FVFTVILEY D
T, BT, 4 TREZRCA LI EED D STIRBER O FiE2 5 =
& T, GE2270s ~EFBET 5 2 &N TE e 23,

11
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O 0 \ 10 mol% Ni(COd)g (0] \
s 20 mol% dcype ]
Si?T’“DPh H’Q;B\WK / HCOONa S/§7’i%;L\« /
o N + N T =N N
o OEt  1,4-dioxane 0 OEt
K 150°C, 24 h g; o

[49%)]
O Et0 o-dichlorobenzene
EtO 7 N 180 °C, 24 h
N /‘\\A]’OH then TFA, 50 °C

i/ \ [38%]
4 steps m le}
| -
7
S
‘ s NT Y

GE2270A , "'Fo
R'=CH,OMe, R2 = H HoN

GE2270C1 GE2270T
R'=H,R2=H R'=CH,OMe, R2 = i-bond

Scheme 7. 4 X7 F RHUAEWE GE2270s DA AL

1-3. RANK=AE T » 7Y T KIS OHEE K S
At DHETE SOSHERE L LL T Ol » T & 5 (Scheme 8)176 7522261 - F 4* 0 i >
BRBIERICHEFHE T AT VO T L C-0 FEANELAIIN L, 885K A NET
Do VT, BANKR= LB L OREFOKEICL Y 85K B KT 5,
RZIZ, BIUBOBBEEZ R T, By 7Y TR E B X 0 MO RESEIRNH
1%, BREEBEMEZ W, FEBEZ AT VOREEZRT AT IVHEG O
PEAGIZIEZ, kD i, 1) = AT VIEOFEH, 2) Bl T & EBEROMAE DY
DL D, T 22T MEIT 2=/ (T V=) T 2T LZ WD Z LR, K
FIGZz#EITSED ETHAETH L, TOHEE LT, 7 x=/LENHHOEL I
ELTHEREL, @RISR E WNVAR=VEHANOHEEH., 7 ==V n )iz
L oT, 7L C-O KEG OBALAIINAMERET 2 Z R mbnTngd, £70,

12
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WY 72BN 7 ORI EE L 72 %, il 21X, deype =° P'Bus, N-~7 2Bk 7L
N U(NHCOENL 72 E 2 W2 BRI, A VAR = ARSIV IZHEITT 5 2
ENRHEINTNDHU) FRLHAIN & BT EETE 2R E< ETE
ERENLT & =y TN T VU A R T WA NIRRT 2T v
O OIEMEICEITH D Z ENRBIND,

0 cat. Pd or Ni
- © - @a
OPh Decarbonylative
Coupling

M = Pd or Ni @
O ._
&
M] .
C(acy)-O [M]—OPh | Decarbonylation Reductive

Oxidative Elimination
Addition A B
“Driven by Weak Chelation”
via

20

Lo
@ ;@
O
Phenyl Ester
—Monophosphines— —Diphosphines— —NHC-

P. P P P
"Bu” "Bu Cy” “cy
P"Bus PCys dcype ICy

Scheme 8. il 7 /LR = )V T7 o 7Y 2 7 RO DHETE S HEAE

"Bu Cy Q/ VY \%% =\

1-4. ZJERRT 4 VEALF deypt IZEDRANK=AEG v 7Y v T K
YR 7 N— VXL, =y S K5 T = ) — VERER A T v
R=ULED a-T U —ALRE Z A LTV S (Scheme 9)278, A KSR O Bifir
Fa et LI2BRIZ, o7 U — A b 2 BIAI R E T 5 AR A 7 ¢ B+ 3.4-
AP BT VIR AT 4 /)T A7 = 2 (deypt) % B FE L7227, Deypt 1L
JAFINIEETFF T 2 B ERERIZEDVURAT 4 o ThHY, ol
FLHART, EEL<EFEENOHEBREN - Th b, R TLRERTZ DL
DWNEELTHY, BlE, filkibb ST

13
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a-Arylation with Phenol Derivatives (2014)

10 mol% Ni(cod),
Q Q 20 mol% dcypt Q \S/
y_R _}R K5PO, (1.5 equiv) ._?*R
(0] + H > @ =) P.
R toluene R V;’ “%
R = Bu, NMe, 150 °C deypt

Scheme 9. = v 7 )Lt lc L 5 7 = / — )VEHEKZ W= VR = U bS W D
a-7 VU — A s

Z D deypt Bifr &= b LI/ 8T U0 SO % I CHT B H
ISERE LTc, ZORR, FEBERZ AT VERWEBRANANR= AT 7Y
T ROGIZx LT  ARERNL AL m WS Z -3 Z & 23 5 23272 © 72 (Scheme
10)28), BARIIZIZ, o7 V== LG/ T v F = ufb/a-7 Y — A/ T L
FIALIC-P FERTER TR 7T U BRIR E D, BRI VAR =BT
TN TS DRI LT, SR Vv —T OMELRE, HEHRT ATV
TR S X, R TIE R ITAFSE S AT 76 7 7el,

14



Intramolecular Etherification (2017)

Si(Pr)g

O
-
OPh

a-Arylation (2017)

Urdalin
'

.
~

H
Alkylation (2018)

0 Al
¥ Al=Alk
OR cl

R = Ph, Me, Et, "Bu Alk = Me, Et

Phosphorylation (2018)

Intramolecular C-H Arylation (2018)
Os_OPh

e

&
il

5 mol% Ni(cod), or Pd(OAc),

10 mol% dcypt or dcppt
. N.__O
y e
NS

K3PO, or CsF or KF
31 Examples

toluene
140-170 °C

5 mol% Pd(acac),
10 mol% dcypt

10 mol% Cul
HNEt,, MS3A )
> @ ——Si('Pr);
1,4-dioxane
150-170 °C 18 Examples
5 mol% Pd(OAc), PR
10 mol% dcypt « 2 Q
= 5@
> N _Ar
toluene \_7
150°C 16 Examples
5—-10 mol% Ni(acac), or Ni(OTs),
10-20 mol% dcypt or dppp
- G
1,4-dioxane/hexane
170 °C 22 Examples
5 mol% Ni(OAc),
10 mol% dcypt 9
. O
AmylOH
150-170 °C Ph
25 Examples
5-10 mol% PdClI, or Pd(OAc),
10-20 mol% dcypt
K>CO3 or KHCO3
toluene or m-xylene
150 °C (0)
12 Examples

Scheme 10. —JER A7 ¢ VBT deypt Z HW T HFHF R AT VO T VR =

WIS > 7 TR

1-5. A E LRI

A GG SCFZE T, deypt BAL F A2 WD Z &L THAONVR= AT T » 7Y
VIR E SHITIEETE D EB X2, FEBRET AT )VE W T8 i 2 #L)6 D

B 21T -T2,

W, NIV AMBNIC LD 1,3-7 Y — VHE FRET AT VOB
JVR= VR CH T Y —/HALREIZ W TRf T % (Scheme 1)1, 2-7 U —/L-1,3-
7 VB IR R RIR AT E O EERETH Y | T OWRMR AL

15
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DEENTWD, BIED LY | UL Vv — I = v 7 VRN X 5 v
R= NV CH 7 Y — MBSO Z2 AR U 72 28 | A SO V3 55 B 3 P 466 P (2 i R
DD ENBETE -T2, Al deypt BAfL T & /3T U0 AOfhlE 2 W5 & |
KV IRHER 1,3-7 Y —VHEFF R AT NVICHEHATE L Z L2 /R LT,

<: -S. £>
A OO

R P
N 0 < - N
St e
Sepe~z Sepe~z

Pd/dcypt

or 26 Examples
Pd/dcype

Scheme 11. /X7 V0 A L 5 1,3-7 Y — V& B/ AT VO v
A= C-H 7 U — AL e

BEEETIE, NI VYA AR W EERT AT LVOEEFR ET ATV
B (AT NVE U R) KSIZOW T H(Scheme 12)B%, FHHEKET U —/L= R
TINZKE L T/RT 27 Afdeypt BIEZ/ER S5 2 & T, xS DAL E MR
FINKRE L B2 5, ERGRMEAFMET., = AT NVEMRN SRR L2BET 5
FORE, ZIVE THIO RN S TH D, ARG O HE A ITA < |
SRR BERT AT VA AE BRI - TR TERTE 5720, GRETFIC

BN FEE R VED,
050 %ﬁf
12 @,P P\%‘ 12o @
\‘ \@ 7 O/‘

Pd/dcypt

31 Examples

Scheme 12. /X7 U7 A2 W2 B BRTZ AT IVO T AT )VZ AR
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Discovery of Decarbonylative C—H Arylation of Benzothiazole and Benzimidazole by Pd Catalysis
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This Work: Pd-Catalyzed Decarbonylative C-H Arylation of Azoles and Aromatic Esters
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cat. Pd/dcypt

Scheme 6. /X7 U U At A N 13-7 Y — VB E FH R AT VORI v
A= C-H 7V — At

2-2. FCE R
2-2-1. FIASRMREY

FEBEZAT NV 2-FA T = VKRR T = =/ (2a)%, 1,3-7 > — /LHAIC
RV FT Y= IVAA)ZRE L, OSSR O ik 21T > 72 (Scheme 7)., #1HIRY
PR RO T, HEEE /ST 27 A(PA(OAC)2: 5 mol%)/deypt: (10 mol%) % fififi:
L. HIEIZY U= Y 7 A(KsPOs: 2.0 equiv) & VY, L UEREEF 150
ET 12 KRS S D &L 3% & mIGERICTHRO 2-7 Y —)L-1,3-7 Y —)b
3Aa 5270, = U VBESR TIZBOGSNE & A BT L2V, Z OFERIEX
TV LIRS F TV E B FEZATVED S v T TG
AN THDHZ LR d s, £ T, ZORMEEZEICL THA ORMHRE %
1T-o7,

5 mol% Pd(OAc),
10 mol% dcypt

N o, s KsPO, (2.0 equiv) N S
Q- - 2 - Q0=
S PhO toluene S

1A 2a (1.5 equiv) 150 °C, 12h 3Aa [73%]

Scheme 7. #JHAKG 54
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2-2-2. BENLF DRRFY

FPIEBNLF A2 MR L 72 (Table 1), AR IE s < B HEG-MEO @ ZEE R
AT 4 VENLF- O L TR Y | deypt BT &2 HWZERIC, BRIO 2-7 Y
—/V-1,3-7 =)L 3Aa 23 b IR B < #5 B U7 (entries 1-3), Deypt & B {ElD
JER AT 4 VENLF T D deype & FHIWTH KNI HEITT D H O D deypt % 1
0] 2 0 3135 D72 Do T (entry 4), BB X 7 ¢ BUfZ -, Buchwald Bz 7
deype <° deypt LASND AR X T ¢ B F-HS LTV NHC B Tl ARBUG

2 LT L7 h o 7= (entries 5-19), LA EDOFEER NG | deypt % & 72 Bz 1 &
L7z,

5 mol% Pd(OAc),
5-20 mol% Ligand

N O S K3PO, 20eqU|v)
Q- -, = Sxat
S PhO toluene (0.8 mL

1A (0.20 mmol) 2a (1.5 equiv) 150 C 12h
GC yield (%)[@ GC yield (%)@
Entry  Ligand (X mol%) 3Aa Entry  Ligand (X mol%) 3Aa

1 deypt (5) 59 11 dppe (10) 0
2 deypt (10? 73 12 dppf (10) 0
3 deypt (20)! 74 13 (2)-BINAP (10) 0
4 dcype (10) 60 14 bipy (10) 0
5 P"Bus (20) 0 15 ICy-HBF, (20[)[01 0
6 PCy;-HBF, (20)l 0 16 IPr-HCI (20)l! 0
7 PBus-HBF, (20)° 0 17 IMes-HCI (20)(! 0
8 PPhz (20) 0 18 SIMes-HCI (20)t! 0
9 XPhos (20) 0 19 L1 (5) 0
10 SPhos (20) 0 20 nonele! 0

[a] GC yield was determined by using "decane as an internal standard.
[b] Pd(OAc), (10 mol%) was added.

[c] NaO'Bu (20 mol%) was added. Nl - \N

[d] Without Pd(OAc),

[e] 1,4-Dioxane was used instead of toluene. T
NMeg

Table 1. B2 T D FRES

2-2-3. RIS OBET

WIZ ., RSS2 S L7z(Table 2), 1,4-F A4 F V& HWZBIC, 9%t
Thod L) HIRE L 3Aa # 5 % /- (entries 1 and 2), m-F> L2 7
=Y —/, THF, 8 X' DMF 72 & Dk 2 72 %514 W T H BONTEITT 5 6 0
D, 3Aa DERITHRRE ) AR R F - 72 (entries 3-6), DMAc, DMSO., 7
T hr=FU, BEOT NV a— L REEHO X5 pEi st Tl & A SRS
IIHETT L 72 v o Tz (entries 7-11), PAEDFERNG | 1,4-2 4 9 0 & il 72 i
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1A (0.20 mmol)

2-2-4. BB OKRET

5 mol% Pd(OAc),
10 mol% dcypt

(o) S K3POy4 (2.0 equiv) N s
¢ e QO
\ Solvent (0.8 mL) @[ >_<\J
PhO 150 °C, 12 h S
2a (1.5 equiv) 3Aa
GC yield (%)
Entry Solvent 3Aa
1 toluene 73
2 1,4-dioxane 81
3 m-xylene 60
4 anisole 44
5 THF 31
6 DMF 43
7 DMAc 14
8 DMSO 3
9 MeCN 0
10 BuOH 9
1 {AmylOH 18

[a] GC yield was determined by using "decane as
an internal standard.

Table 2. S REEDFRES

&

il

RN T, @R 2 #5T L 72 (Table 3), #JHiZcMFToH 5 PAd(OAc), /3T 7 L
I 7EF N7 b F— FPdacac)IZEH Lz & ZANERM EL, 1ZIEEE
FINZ B &35 3Aa & 5 % 7=(entries 1 and 2), #ifk/XT v A(PACL)% W T
HEOSTEITT 5 B OO, PA(OAc), X° Pd(acac), & LRI 2 FITGE 72 o7z
(entry 3), OfliO/RTZ YT LB THD MY A(TRX YT U TE MNAAUNRTY
7 A(0) 7 1 11 L AR (Pdy(dba)s- CHCL) & V2 BRSOl 4 < AT L7
S 7=(entry 4), F7=. HEE= >~ 7 /L (Ni(OAc)) % 5 & NRITKRIFIIE T L=
(entry5)e ZDZEMBNNT VU LANREKBINIAENTHDL Z LoD, LLED
f R B, Pd(acac), /LS BE L Lz,
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5 mol% Metal Salt
10 mol% dcypt

N (0] S K3PO, (2.0 equiv N S
A+ T e LT
IS PhO 1,4-dioxane (0.8 mL)

1A (0.20 mmol) 2a (1.5 equiv) 150°C, 12h

GC yield (%)ta- bl

Entry Metal Salt 3Aa
1 Pd(OAc), 81
2 Pd(acac), 104 (98)
3 PdCl, 76
4 sz(dbﬁ)sCHCls[C] 2
5 Ni(OAc), 38
6 none 0

[a] GC yield was determined by using "decane as
an internal standard.

[b] Number in parentheses was isolated yield.
[c] Pdy(dba)s-CHCI5 (2.5 mol%) was used.

Table 3. & &I DOt

2-2-5. WE DK

W, 1L,3-7 Y — VEHZ 1A b=y T VEE T Oy A I XY
—/VIBIZAEE L, ARG L7=(Table4), K3POs % W ZBRIC K IR R <
FOSHHEIT L, BB & 9% 3Ba DU 41% THF vz (entry 1), fREEKFE A Y
U L(KHCO3) R KL T R U ¥ A(NaxC03), 7 vikt T v A(CsF), 7 ik U v
AKF)ZMEH L7356, 3Ba OERKITIKINERIZHE £ - 7= (entries 2-5), HEEET bk
U 7 A(NaOAce)ReH U 7 A -7 b F v R(KOBu)Z FAWVZEE, SOtiE < #iT L

7203 7= (entries 6 and 7), LA EDOFER NG | KsPOs Z it 7t i & L7,

10 mol% Pd(OAc),
20 mol% dcypt
S

N‘)—H 0 Base (2.0 equiv) N\ S |
+ >
N PhOHJ toluene (0.8 mL) ,\\ﬁ_Q\J
3Ba

Me 150 °C, 24 h
1B (0.20 mmol) 2a (1.5 equiv)

NMR vyield (%)@l

Entry Base 3Ba

1 K3PO, 41
2 KHCO4 26
3 N32003 12
4 CsF 27
5 KF 15
6 NaOAc 0

7 KOBu 0

[a] NMR yield was determined by using
CH,Br, as an internal standard.

Table 4. LDt
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2-2-6. ERBEPULGFRMDE & ®

VL EDRERD G| 14-UAFH LYRIEH | Pd(acac)/deypt IBEEIE T, HEELIC
K3PO4 Z I\ 5 Method A % i [ S 4/ & L 72 (Scheme 8), & 51T, #IHIZAt:
ThH D b U EBEH PA(OAc)/deypt & V7= Method B, 35 &2 T deypt D1
DT deype Z BN FIZH VT Method C, D @ 3 DD 5§ i A2 2 T
LB DIgEt 21T - 72,

PN o) Method A, B, C and D 2Ss N
LI ~ L)
a4 PhO A4
1 2 (1.5 equiv)
Method A Method B Method C Method D
5 mol% Pd(acac), 10 mol% Pd(OAc), 10 mol% Pd(OAc), 10 mol% Pd(OAc),
10 mol% dcypt 20 mol% dcypt 20 mol% dcype 20 mol% dcype
K3PO, (2.0 equiv) K3POy4 (2.0 equiv) K3PO, (2.0 equiv) K3PO, (2.0 equiv)
1,4-dioxane toluene toluene 1,4-dioxane
150 °C, 12 h 150 °C, 24 h 150 °C, 24 h 150 °C, 24 h

Scheme 8. iSO F &

2-3. REEAGAOTE
2-3-1. FHEET AT NOEE A

Edld 4 SOFEMHDL LT, 1,3-T7 Y= VEIIRU YT TV — V(1A E D
T, HHEET AT VO IE H#PH % 4 L 72 (Scheme 9), T4 7 = L Bi(2a),
77 VBR(2band 2¢), 7Y —/VERQ2d), vV T ER(2e,2fand 2g), B LUV
IVVERChE L ONT B EEFERZAT A EHWZE A, TRREND SR
THRIGT D 2-T U —/-13-T V=L 3R’ GoNT, iz, HxRERAEERT
ATV 22K U CARKISITEHA T2 2 &R TE, IWRRLS 352547, &
52, = v 7 Vdeype I TR SOSPEDIE ) - T2 2 BEB— A7 )V 2m-2p % H
WEGATH, PRECIERTHRO 3 B3 f§bhT,
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Method A, B, C or D
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g ®

1A (0.40 mmol) 2 (1.5 equiv) 3
Aromatic Esters 2: Isolated Yield of Products 3
PhO PhO PhO © PR N=“p,
2a 2b 2c 2d
Method A: 98% Method A: 82% Method B: 54%!] Method B: 49%
0] — (0] — (0] — 0] =N
\ / N \ _)
prd N—7 o\ o N pho N—7
2 2h

2e
Method C: 57%

0
N
g N4

2i Ph
Method B: 90%[®!

O
PhO
2m

Method C: 51%

PhO

2
Method D: 63%

Ph

7

o N

Y
2

Method B: 93%!P]

)

:
s

2n

Method D: 63%l°]

Me

g
Method B: 61%

A

PhO

2k
Method D: 55%

@)

PhO

e
20

Method C: 54%

2|
Method D: 68%

0
@COZMe
PhO

2p
Method D: 36%

Method A: Pd(acac), (5 mol%), dcypt (10 mol%), K3PO, (2.0 equiv), 1,4-dioxane (1.6 mL), 150 °C, 12 h

Method B: Pd

OACc), (10 mol%), dcypt (20 mol%), KsPO, (2.0 equiv), toluene (1.6 mL), 150 °C, 24 h

(
Method C: Pd(OAc), (10 mol%), dcype (20 mol%), KsPO, (2.0 equiv), toluene (1.6 mL), 150 °C, 24 h
Method D: Pd(OAc), (10 mol%), dcype (20 mol%), KsPO, (2.0 equiv), 1,4-dioxane (1.6 mL), 150 °C, 24 h
[a] Pd(OAc), (5 mol%), deypt (10 mol%) for 12 h; [b] 1A (0.20 mmol); [c] 170 °C.

2-3-2.1,3-7 Y — VIR O FE T &G

fEVNTL 1,3-7 Y — VO BB %P 2§ A L 72 (Scheme 10), 4,5-3 A F /b
FT = 5-T 2=V FT =)L A ATFNTFT =) BILOFTV—%
T 2o VEBEZ ATV E RIS SEZE 2 A, TREOIINERTHINT D0 v
U > Z'{K(3Ca, 3Ci, 3Da, 3Ea, and 3Fa) 35 S iz, = v 7Ll & mfklC, /8
TV AR WS E THLRUY AR Y = LEEA R RETH U, mIER
IZC2-T V=R FXH Y —3Ga x5 272, SHIZ, XUV A IFY —
N DTS ARRSITHEIT L, 9% 2-7 U —/b-1,3-7 Y —/1(3Ba and 3Bi)
DSHFRFED B @RI TR b LT,

Scheme 9. 5 kT A7 )L FE v FH &

33



Bl
N}
il

2t s N (¢) Method A or B 2 N
L - I
YLt Z PhO YL Z
Z=S, 0, NMe
1 (0.40 mmol) 2 (1.5 equiv) 3

MeIN S Me N )= NS Me( N S
1 I T T
me” S Me” S o S s

3Ca 3Ci 3Da 3Ea
Method A: 59% Method B: 49%l@ Method B: 33%!2] Method A: 59%

[N\ S N\ S N\ S N\ —

O QO O A%

R \ 5 \S N \ N S
Me Me Ph

3Fa 3Ga 3Ba 3Bi
Method A: 54% Method A: 85%!*! Method B: 46% Method B: 81%l@

Method A: Pd(acac), (5 mol%), dcypt (10 mol%), KsPO, (2.0 equiv), 1,4-dioxane (1.6 mL), 150 °C, 12 h
Method B: Pd(OAc), (10 mol%), dcypt (20 mol%), KsPO4 (2.0 equiv), toluene (1.6 mL), 150 °C, 24 h
[a] 1 (0.20 mmol); [b] Pd(acac), (10 mol%), dcype (20 mol%) for 24 h

Scheme 10. 1,3-7 ' — /VHE O K8 i 1 46

2-4. >R

2-4-1. AP NV R = NVBI e —F Ak & DBKRE S

ABOEOFMMEZ R —fl & LT, SR i BA%s Lo o R VR
=NV — T AL &R A A DT NLE BRI 2 R SOS & B LTz
(Scheme 1N, BV P P77 2 =)L AT /L 412%F L T= v 7 /V/deypt filtfit %
2 & C2 LD AT VAL D AL ERINAIZ 75N VAR = il e — 5
MAEBELT U T 507 U — =T LR § PR B &S iz, il
INT VT Ndeypt A WS Z LT, m ATV S LRV TFT Y —IL(1A)D
ANVKR=NVH CHT YV — B EITL, 2-7T U —NAX_XSFT YV —)L 6 13 iE

IR TR BTz,
ess
S

1A (1.5 equiv)
5 mol% Ni(cod), 10 mol% Pd(OAc),

OPh 10 mol% deypt » OPh 20 mol% deypt OPh
K3POy4 (1.5 equiv) O, — K3POy4 (2.0 equiv) N, /=
_— \ N &——m— N \ N
toluene (1.6 mL)  ppho 4 toluene (0.8 mL) S /
150 °C, 18 h 170 °C, 24 h
4 Decarbonylative 5 [83%] Decarbonylative 6 [71%]
Etherification C-H Arylation

Scheme 11. 55> 7L VAR = VI = —F LAV & OB i
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2-4-2. ﬁ%WHﬁﬁ/vrﬁ:/ua_ﬂz—i—/vﬂ: EDBERFISD Y Ry ML

AR OB D T 7R v MEIZELH) L72(Scheme 12), 1A & = X7 /L 4 [T
ﬁbfmmmmmmmgmwm%ﬁ%W%éﬁ\%wmyﬁﬁﬁ\nwiﬁm
RFFEI S S/ T2, EORER, C2HALTORANAR= VB —FT b L& C4 L TD
Wi VAR =T C-H 7 U — AL — 28 ITHEIT L, IR 38%ICCTHBID 6 2345
b7z,

10 mol% Pd(OAc),

5 mol% Ni(OAc), One-pot
30 mol% dcypt
K3PO4 (2.0 equiv)
\>—H + \
/ toluene 1.6 mL)

170 C 24 h

1A (0.40 mmol) 4 (1 0 equiv) 6 [38%)]
5 OPh T
(0] —
Decarbonylative \ N Decarbonylative
Etherification PhO C-H Aryiation

Scheme 12. 553N VR = ARl —F )L b & OBR DU >R > Mb

2-5. &9

AREOHIETIE, TV 0 A E W= HRT AT VOB VR =
C-H 7 U — bR % BA%E L 7=(Scheme 13)[B), BHHEHRT AT L& 1,3-7 Y —)b
FAIZX L T/NT U0 Adeypt & L < 13 deype filil 2 1EH S & CTINEMRIET 5 Z
ET, B 2-T U — -1 3-T Y= ARRERNETHOLNDL Z L ZH LML
Teo ARBUSMTIRHEIZZEE —MBMEE B, k272 1,3-7 Y —VHEBFFHEEZAT
JNCHEATEALZ L 2R LTz, ACHT Y — /LSO HRE LT, 4
TR NVAR =N = —F L E AR DR T BRSEZRE LT, S HIZ

WMEEBIRBUGD T Ry MEb R LT,
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R P.
) @ & \% 27 N
D T (-G
L
PhO vtz
Pd/dcypt
oryp 26 Examples
Pd/dcype
Decarbonylative

C-H Arylation

Pd/Ni Sequential Decarbonylative Transformations

O
o OPh Ni/ deypt o OPh .
— K3PO, —
W - - Q-
PhO Decarbonylative PhO S
Etherification
One-pot Procedure Sequential Procedure

Ni/ Pd/ dcypt

OPh Pd/ deypt
\) \ N
Decarbonylative S 4 Decarbonylative

Etherification/C—-H Arylation C—-H Arylation

0 — %

Scheme 13. /N7 ¥
U — AL s

7 Ll 2 W EHFE T AT VO VR =V C-H T
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EERIH
1. General

Unless otherwise noted, all reactants or reagents including dry solvents were
obtained from commercial suppliers and used as received. Pd(OAc)2, K3PO4 and
thiazole (1E) were obtained from Wako Pure Chemical. Ni(OAc)>'4H>O and 3.4-
bis(dicyclohexylphosphino)thiophene (dcypt) were obtained from KANTO Chemical.
1,2-Bis(dicyclohexylphosphino)ethane (dcype) was obtained from Sigma-Aldrich.
Pd(acac), benzothiazole (1A), 1-methylbenzimidazole (1B), 4,5-dimethylthiazole (1C),
4-methylthiazole (1E), thiazole (1F), benzoxazole (1G) and phenyl benzoate (2m) were
obtained from TCI Chemical. 5-Phenylthiazole (1D),l'*?] phenyl thiophene-2-
carboxylate (2a),['%] phenyl furan-2-carboxylate (2b),l'%! phenyl furan-3-carboxylate
(2¢),11% phenyl 2-phenylthiazole-4-carboxylate (2d),1'%? phenyl picolinate (2e),!%
phenyl nicotinate (2f),['%] phenyl isonicotinate (2g),['°! phenyl pyrazine-2-carboxylate
(2h),[1%] phenyl 2-phenylquinoline-4-carboxylate (2i),['° phenyl 1-naphthoate (2Kk),! ']
phenyl 2-naphthoate (21),['% phenyl 4-methylbenzoate (2n),!'*®! phenyl 3-
methylbenzoate (20),!'*) methyl phenyl terephthalate (2p),!'!! and diphenyl pyridine-
2,4-dicarboxylate (4)I'°Y 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 C—H coupling reactions were
performed in 20-mL glass vessel tubes equipped with J. Young® O-ring tap and heated
(YMC EX-Thermo Stirring, AR-HSC) in 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 E. Merck silica
gel 60 Fas4 precoated plates (0.25 mm) and 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 KP-Sil columns. Preparative thin-layer chromatography (PTLC) was
performed using Wakogel B5-F silica coated plates (0.75 mm) prepared in our
laboratory. Gas chromatography (GC) analysis was conducted on a Shimadzu GC-2010
Plus instrument equipped with a HP-5 column (30 m x 0.25 mm, Hewlett-Packard) with
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n-decane as an internal standard. High-resolution mass spectra (HRMS) were obtained
on Thermo Fisher Scientific Exactive (ESI). Nuclear magnetic resonance (NMR) spectra
were recorded on a JEOL JNM-ECA-600 (‘H 600 MHz, *C 151 MHz) and a JEOL
JNM-ECS-400 ("H 400 MHz, '*C 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,
ddd = doublet of doublets of doublets, t = triplet, dt = doublet of triplets, td = triplet of
doublets, q = quartet, m = multiplet, br = broad signal), coupling constant (Hz), and

integration.

2. Synthesis of Aromatic Ester 2j

Ph PhOH Ph
EDC-HCI
@ DMAP @
o N — > 0o N
CH,Clp, RT
ho 7 Y/

2j

To a round-bottom flask with the 2-phenylindolizine-5-carboxylic acid (712 mg, 3.0
mmol, 1.0 equiv) were added phenol (339 mg, 3.6 mmol, 1.2 equiv), 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC-HCI: 863 mg, 4.5
mmol, 1.5 equiv), N,N-dimethyl-4-aminopyridine (DMAP: 91.6 mg, 0.75 mmol, 0.25
equiv) and CH2Cl> (12.0 mL). After stirring the mixture for several hours with
monitoring reaction progress with TLC, the reaction was quenched with saturated
NaHCO;s aq. and extracted three times with CH2Cl,. The combined organic layer was
dried over Na,SOQg, filtrated, and concentrated in vacuo. The residue was purified by
Isolera® (hexane/EtOAc = 10:1) to afford 2j (840 mg, 89%) as a yellow solid. '"H NMR
(400 MHz, CDCl3) 6 9.09 (d, J= 1.6 Hz, 1H), 7.90 (dd, /= 7.2, 1.6 Hz 1H), 7.77-7.69
(m, 3H), 7.48 (t,J = 8.0 Hz, 2H), 7.40 (t, J = 8.0 Hz, 2H), 7.32 (t, J = 8.0 Hz, 1H),
7.29-7.23 (m, 3H), 7.00 (d, J = 1.6 Hz, 1H), 6.79 (dd, J = 8.8, 7.6 Hz, 1H); 13C NMR
(101 MHz, CDCIl3) 6 161.6, 150.5, 135.3, 134.8, 130.7, 129.6, 128.8, 126.9, 126.3, 126.2,
125.3, 122.7, 121.8, 120.3, 114.8, 113.9, 99.9; HRMS (ESI) m/z calcd for C21H16NO2
[M+H]": 314.1176, found 314.1176.
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3. Pd-Catalyzed Decarbonylative C—H Arylation

S~ N ) Method A, B, C or D s N
re y By r-
Dl Y=+ > \
L. L.

SLeT~Z PhO SLeT~Z

Z=8, 0, NMe
1 2 3
e N\ [ N\ [ N\ A
Method A Method B Method C Method D
5 mol% Pd(acac), 10 mol% Pd(OAc), 10 mol% Pd(OAc), 10 mol% Pd(OAc),

10 mol% dcypt 20 mol% dcypt 20 mol% dcype 20 mol% dcype
KsPOy4 (2.0 equiv) K3POy4 (2.0 equiv) K3POy4 (2.0 equiv) K3POy4 (2.0 equiv)
1,4-dioxane (1.6 mL) toluene (1.6 mL) toluene (1.6 mL) 1,4-dioxane (1.6 mL)
150 °C, 12 h 150 °C, 24 h 150 °C, 24 h 150 °C, 24 h
\ J | /. /\U J

............................................................................................

............................................................................................

General Procedure

Method A: A 20-mL glass vessel equipped with J. Young® O-ring tap containing a
magnetic stirring bar and K3PO4 (169.8 mg, 0.80 mmol, 2.0 equiv) was dried with a
heat-gun in vacuo and filled with N> after cooling to room temperature. To this vessel
were added aromatic ester 2 (0.60 mmol, 1.5 equiv), Pd(acac), (6.1 mg, 0.02 mmol, 5
mol%) and 3,4-bis(dicyclohexylphosphino)thiophene (dcypt: 19.1 mg, 0.04 mmol, 10
mol%). The vessel was vacuumed and refilled N> gas three times. To this were added
azole 1 (0.40 mmol, 1.0 equiv) and 1,4-dioxane (1.6 mL). The vessel was sealed with
O-ring tap and then heated at 150 °C for 12 h in a 9-well aluminum reaction block with

stirring.

Method B: A 20-mL glass vessel equipped with J. Young® O-ring tap containing a
magnetic stirring bar and K3;PO4 (169.8 mg, 0.80 mmol, 2.0 equiv) was dried with a
heat-gun in vacuo and filled with N> after cooling to room temperature. To this vessel
were added aromatic ester 2 (0.60 mmol, 1.5 equiv), Pd(OAc)2 (9.0 mg, 0.04 mmol, 10
mol%) and 3,4-bis(dicyclohexylphosphino)thiophene (dcypt: 38.2 mg, 0.08 mmol, 20

mol%). The vessel was vacuumed and refilled N> gas three times. To this were added
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azole 1 (0.40 mmol, 1.0 equiv) and toluene (1.6 mL). The vessel was sealed with O-ring

tap and then heated at 150 °C for 24 h in a 9-well aluminum reaction block with stirring.

Method C: A 20-mL glass vessel equipped with J. Young® O-ring tap containing a
magnetic stirring bar and K3PO4 (169.8 mg, 0.80 mmol, 2.0 equiv) was dried with a
heat-gun in vacuo and filled with N> after cooling to room temperature. To this vessel
were added aromatic ester 2 (0.60 mmol, 1.5 equiv), Pd(OAc)2 (9.0 mg, 0.04 mmol, 10
mol%) and 1,2-bis(dicyclohexylphosphino)ethane (dcype: 33.8 mg, 0.08 mmol, 20
mol%). The vessel was vacuumed and refilled N> gas three times. To this were added
azole 1 (0.40 mmol, 1.0 equiv) and toluene (1.6 mL). The vessel was sealed with O-ring

tap and then heated at 150 °C for 24 h in a 9-well aluminum reaction block with stirring.

Method D: A 20-mL glass vessel equipped with J. Young® O-ring tap containing a
magnetic stirring bar and K3PO4 (169.8 mg, 0.80 mmol, 2.0 equiv) was dried with a
heat-gun in vacuo and filled with N> after cooling to room temperature. To this vessel
were added aromatic ester 2 (0.60 mmol, 1.5 equiv), Pd(OAc)2 (9.0 mg, 0.04 mmol, 10
mol%) and 1,2-bis(dicyclohexylphosphino)ethane (dcype: 33.8 mg, 0.08 mmol, 20
mol%). The vessel was vacuumed and refilled N> gas three times. To this were added
azole 1 (0.40 mmol, 1.0 equiv) and 1,4-dioxane (1.6 mL). The vessel was sealed with
O-ring tap and then heated at 150 °C for 24 h in a 9-well aluminum reaction block with

stirring.

Work-up: After cooling the reaction mixture to room temperature, the mixture was
passed through a short silica-gel pad with EtOAc as an eluent. The filtrate was
concentrated and the residue was purified by Isolera® or PTLC to afford the

corresponding C—H coupling product 3.

N S
A<
2-(Thiophen-2-yl)benzo[d]thiazole (3Aa)!¢"]

Purification by Isolera® (hexane/CH,Cl, = 9:1 to 1:1) afforded 3Aa as a yellow solid
(Method A: 85.1 mg, 98% yield). 'H NMR (600 MHz, CDCl3) & 8.03 (d, J = 8.4 Hz,

40



Bl
N}
il

1H), 7.85 (d, J = 8.4 Hz, 1H), 7.65 (d, J = 3.0 Hz, 1H), 7.50 (d, J= 4.8 Hz, 1H), 7.47 (t,
J=8.4Hz, 1 H),7.36(t,J=8.4Hz, 1H), 7.13 (dd, J= 4.8, 3.0 Hz, 1H); '3C NMR (151
MHz, CDCLs) § 161.4, 153.7, 137.3, 134.7, 129.3, 128.6, 128.0, 126.4, 125.2, 122.9,
121.4. HRMS (ESI) m/z caled for Ci HsNS, [M+H]*: 218.0093, found 218.0094.

Qe
2-(Furan-2-yl)benzo[d]thiazole (3Ab)!'*d]

Purification by PTLC (hexane/CH2Cl, = 1:1, and then hexane/EtOAc = 9:1) afforded
3Ab as a pale tan solid (Method A: 65.7 mg, 82% yield). '"H NMR (400 MHz, CDCls)
0 8.05 (d, J=8.0 Hz, 1H), 7.89 (d, /= 8.0 Hz, 1H), 7.61 (dd, /= 2.0, 0.8 Hz, 1H), 7.49
(t,/J=8.0 Hz, 1H), 7.38 (t, /= 8.0 Hz, 1H), 7.20 (dd, J=4.0, 0.8 Hz, 1H), 6.60 (dd, J =
4.0,2.0 Hz, 1H); 3C NMR (101 MHz, CDCl3) § 157.6, 153.7, 148.7, 144.7, 134.2, 126.5,
125.2, 123.1, 121.6, 112.5, 111.4; HRMS (ESI) m/z caled for C;iHsNOS [M+H]":
202.0321, found 202.0323.

-G
2-(Furan-3-yl)benzo[d]thiazole (3Ac)!*]

Purification by PTLC (hexane/EtOAc = 5:1) afforded 3Ac as a white solid (Method
B, Pd(OAc): (5 mol%, dcypt (10 mol%) for 12 h: 43.2 mg, 54% yield). 'H NMR (400
MHz, CDCl3) 6 8.11 (s, 1H), 8.02 (d, J= 8.0 Hz, 1H), 7.85 (d, J= 8.0 Hz, 1H), 7.53 (t,
J=1.8 Hz, 1H), 7.48 (t, J = 8.0 Hz, 1H), 7.36 (t, /= 8.0 Hz, 1H), 6.97 (d, J = 1.8 Hz,
1H); 3C NMR (101 MHz, CDCl3) & 160.1, 153.6, 144.2, 142.6, 134.2, 126.3, 125.0,
122.7, 121.8, 121.5, 109.1; HRMS (ESI) m/z calcd for C;iHsNOS [M+H]": 202.0321,
found 202.0322.

N
N\ 7

2-(2-Phenylthiazol-4-yl)benzo|d]|thiazole (3Ad)

Purification by PTLC (CH2Cl,) afforded 3Ad as a yellow solid (Method B: 57.6 mg,
49% yield). "H NMR (400 MHz, CDCls) 8 8.34 (s, 1H), 8.03-7.97 (m, 3H), 7.84 (d, J =
8.4, 3.6 Hz, 1H), 7.50-7.44 (m, 4H), 7.38 (t, J = 7.6 Hz, 1H); '3C NMR (101 MHz,
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CDCl3) 6 170.6, 158.2, 153.4, 144.0, 134.5, 133.0, 132.7, 130.9, 129.1, 126.71, 126.66,
125.7, 123.1, 121.5; HRMS (ESI) m/z calcd for Ci6H11N2S, [M+H]": 295.0358, found
295.0359.

N —
T~0
2-(Pyridin-2-yl)benzo|d]thiazole (3Ae)[]

Purification by PTLC (CH2Cl2/EtOAc = 9:1) afforded 3Ae as a white solid (Method
C: 48.1 mg, 57% yield). "H NMR (400 MHz, CDCl3) & 8.68 (d, J = 4.8 Hz, 1H), 8.37
(d, J=17.6 Hz, 1H), 8.09 (d, /= 7.6 Hz, 1H), 7.96 (d, /= 7.6 Hz, 1H), 7.84 (t, J= 7.6
Hz, 1H), 7.50 (t, J = 7.6 Hz, 1H) 7.43-7.36 (m, 2H); '3C NMR (101 MHz, CDCl3) §
169.3, 154.2, 151.3, 149.6, 137.0, 136.0, 126.2, 125.6, 125.2, 123.5, 122.0, 120.7;
HRMS (ESI) m/z caled for C12HsN2SNa [M+Na]*: 235.0300, found 235.0301.

Gl
2-(Pyridin-3-yl)benzo[d]thiazole (3Af)®]

Purification by PTLC (hexane/EtOAc = 3:1, and then CH>Clo/EtOAc = 5:1, and then
EtOAc) afforded 3Af as a white solid (Method D: 53.2 mg, 63% yield). "H NMR (400
MHz, CDCl3) 6 9.29 (d, /= 1.2 Hz 1H), 8.71 (dd, /=4.8, 1.2 Hz, 1H), 8.36 (d, /= 8.0
Hz, 1H), 8.10 (d, J = 8.0 Hz, 1H), 7.92 (d, J = 8.0 Hz, 1H), 7.52 (t, J = 8.0 Hz, 1H),
7.44-7.38 (m, 2H); '*C NMR (101 MHz, CDCl3) & 164.5, 153.8, 151.6, 148.5, 134.9,
134.5, 129.6, 126.6, 125.6, 123.7, 123.4, 121.7; HRMS (ESI) m/z calcd for C12H9N>S
[M+H]": 213.0481, found 213.0482.

-G
2-(Pyridin-4-yl)benzo|d]thiazole (3Ag)!!

Purification by Isolera® (hexane/EtOAc= 10:0 to 1:1) afforded 3Ag as a white solid
(Method B: 52.0 mg, 61% yield). '"H NMR (400 MHz, CDCl3) & 8.76 (d, J = 6.0 Hz,
2H), 8.12 (d, J = 7.6 Hz, 1H), 7.94-7.86 (m, 3H), 7.54 (t, J= 7.6 Hz, 1H), 7.45 (t, J =
7.6 Hz, 1H); *C NMR (101 MHz, CDCl3) 8 165.0, 153.8, 150.7, 140.3, 135.1, 126.7,
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126.1, 123.8, 121.8, 121.1; HRMS (ESI) m/z calcd for C12HoN2S [M+H]": 213.0481,
found 213.0482.

N =N
L~
2-(Pyrazin-2-yl)benzo|d]thiazole (3Ah)!'4']

Purification by Isolera® (hexane/EtOAc= 10:0 to 1:1) afforded 3Ah as a white solid
(Method B: 54.4 mg, 64% yield). '"H NMR (400 MHz, CDCl3) § 9.60 (d, J = 1.2 Hz,
1H), 8.66 (d, J=2.4 Hz, 1H), 8.63-8.62 (m, 1H), 8.13 (d, J=8.0 Hz, 1H), 7.97 (d, J =
8.0 Hz, 1H), 7.54 (t, J = 8.0 Hz, 1H), 7.45 (t, J = 8.0 Hz, 1H); '3C NMR (101 MHz,
CDCl3) 0 166.4, 154.2, 146.8, 145.7, 144.0, 142.4, 135.9, 126.6, 126.1, 123.9, 122.0;
HRMS (ESI) m/z calcd for C11H7N3SNa [M+Na]": 236.0253, found 236.0254.

N\ —
@ES N N

Ph
2-(2-Phenylquinolin-4-yl)benzo|d]|thiazole (3Ai)

Purification by PTLC (hexane/CHCI3 = 1:1, and then hexane/Et,O = 6:1) afforded
3Ai as a white solid (Method B, 0.20 mmol scale: 61.0 mg, 90% yield). "H NMR (600
MHz, CDCI) ¢ 8.93 (d, J= 7.8 Hz, 1H), 8.27 (d, J= 7.8 Hz, 1H), 8.25-8.22 (m, 4H),
8.00 (d, J=7.8 Hz, 1H), 7.80 (t, J= 7.8 Hz, 1H), 7.64 (t, J = 7.8 Hz, 1H), 7.59 (t, J =
7.8 Hz, 1H), 7.56 (t, J = 7.8 Hz, 2H), 7.51-7.48 (m, 2H); '*C NMR (151 MHz, CDCl;)
0 165.0, 156.8, 154.1, 149.3, 139.1, 139.0, 135.3, 130.2, 130.1, 129.7, 128.9, 127.7,
127.5, 126.7, 126.1, 125.7, 124.0, 123.9, 121.6, 120.2; HRMS (ESI) m/z calcd for
C2HisN>S [M+H]": 339.0950, found 339.0948.

Ph
z
N N /
\
0~
2-(2-Phenylindolizin-5-yl)benzo|d]thiazole (3Aj)

Purification by PTLC (hexane/CH>Cl, = 1:2) afforded 3Aj as an orange solid (Method
B, 0.20 mmol scale: 60.5 mg, 93% yield). 'H NMR (600 MHz, CDCl3) § 9.61 (s, 1H),
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8.20 (d, J= 8.4 Hz, 1H), 7.93 (d, J = 8.4 Hz, 1H), 7.79 (dd, J = 8.4, 1.2 Hz, 2H), 7.59
(d, J= 8.4 Hz, 1H), 7.55 (t, J = 8.4 Hz, 1H), 7.49-7.41 (m, 3H), 7.35 (dd, J=7.2, 1.2
Hz, 1H), 7.29 (t, J = 7.2 Hz, 1H), 6.96 (s, 1H), 6.80 (t, J = 8.4, 7.2 Hz, 1H); '3C NMR
(151 MHz, CDCls) ¢ 162.4, 154.0, 135.4, 134.0, 130.5, 128.7, 128.1, 126.7, 126.51,
126.46, 126.0, 123.8, 121.7, 121.2, 116.5, 115.7, 113.2, 99.1 (one peak is missing due
to overlapping); HRMS (ESI) m/z caled for C21HisN2S [M+H]": 327.0950, found

32 ; .0;49.
©:S\: '

2-(Naphthalen-1-yl)benzo[d]|thiazole (3AK)!°"]

Purification by Isolera® (hexane/CH>Cl,= 10:0 to 1:1), and then PTLC (hexane/EtOAc
= 9:1, and then hexane/Et;O = 19:1) afforded 3Ak as a colorless oil (Method D: 57.1
mg, 55% yield). '"H NMR (400 MHz, CDCl;) & 8.94 (d, J= 8.8 Hz, 1H), 8.19 (d, /= 8.0
Hz, 1H), 7.98-7.94 (m, 2H), 7.92-7.90 (m, 2H), 7.61 (t, J= 7.2 Hz, 1H), 7.57-7.52 (m,
3H), 7.43 (t,J=7.6 Hz, 1H); *C NMR (101 MHz, CDCl3) § 167.6, 154.1, 135.4, 133.9,
131.0,130.7,130.6, 129.4, 128.4,127.6, 126.5, 126.2, 125.8, 125.2,124.9, 123.5, 121.4;
HRMS (ESI) m/z calcd for C17Hi1INSNa [M+Na]": 284.0504, found 284.0505.

X~

2-(Naphthalen-2-yl)benzo|[d]thiazole (3Al)®]

Purification by PTLC (hexane/EtOAc = 9:1, and then hexane/CH2Cl, = 1:1, and then
hexane/Et,O = 9:1) afforded 3Al as a white solid (Method D: 71.3 mg, 68% yield). 'H
NMR (400 MHz, CDCls) 6 8.58 (s, 1H), 8.22 (dd, J= 8.4, 1.6 Hz, 1H), 8.12 (d, J=8.4
Hz, 1H), 8.00-7.94 (m, 2H), 7.91-7.89 (m, 1H), 7.59-7.56 (m, 2H), 7.53 (t, J= 8.4 Hz,
1H), 7.42 (t,J = 8.4 Hz, 1H); *C NMR (101 MHz, CDCl3) § 168.1, 154.2, 135.1, 134.6,
133.1,130.9, 128.8, 127.9, 127.55, 127.45,126.9, 126.4, 125.2, 124.4,123.2, 121.6 (one
peak is missing due to overlapping); HRMS (ESI) m/z calcd for Ci7Hi2NS [M+H]":
262.0685, found 262.0686.
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N
-0
2-Phenylbenzo|d]thiazole (3Am)"]

Purification by Isolera® (hexane/CH2Cl> = 10:0 to 1:1) afforded 3Am as a white solid
(Method C: 43.2 mg, 51% yield). 'H NMR (400 MHz, CDCl3) & 8.11-8.07 (m, 3H),
7.91 (d, J = 8.0 Hz, 1H), 7.52-7.45 (m, 4H), 7.39 (t, J = 8.0 Hz, 1H); '*C NMR (101
MHz, CDCls) 6 168.1, 154.1, 135.0, 133.6, 131.0, 129.0, 127.5, 126.3, 125.2, 123.2,
121.6; HRMS (ESI) m/z calcd for Ci13HioNS [M+H]": 212.0528, found 212.0530.

N
L~
2-(p-Tolyl)benzo|d|thiazole (3An)!6®]

Purification by PTLC (hexane/CH2Cl, = 1:1, and then hexane/EtOAc = 19:1) afforded
3An as a white solid (Method D, 170 °C: 56.4 mg, 63% yield). '"H NMR (400 MHz,
CDCl;) 6 8.05 (d, J = 8.0 Hz, 1H), 7.97 (d, J = 8.0 Hz, 2H), 7.86 (d, J = 8.0 Hz, 1H),
7.46 (t, J=8.0 Hz, 1H), 7.35 (t, J= 8.0 Hz, 1H), 7.27 (d, J = 8.0 Hz, 1H), 2.40 (s, 3H);
13C NMR (101 MHz, CDCls3) 8 168.2, 154.1, 141.3, 134.9, 130.9, 129.6, 127.4, 126.2,
124.9, 123.0, 121.5, 21.5; HRMS (ESI) m/z calcd for C14H12NS [M+H]": 226.0685,
found 226.0685.

o,

2-(m-Tolyl)benzo[d]thiazole (3A0)"]

Purification by PTLC (hexane/EtOAc = 9:1) afforded 3Ao as a white solid (Method
C: 48.8 mg, 54% yield). "H NMR (400 MHz, CDCl3) § 8.07 (d, J = 8.0 Hz, 1H), 7.93 (s,
1H), 7.87 (d, J = 8.0 Hz, 1H), 7.85 (d, J= 8.0 Hz, 1H), 7.47 (t, J= 8.0 Hz, 1H), 7.38—
7.34 (m, 2H), 7.28 (d, J = 8.0 Hz, 1H), 2.43 (s, 3H); *C NMR (101 MHz, CDCls) &
168.3,154.0,138.8,134.9, 133.4,131.8, 128.8,127.9, 126.2, 125.1, 124.8, 123.1, 121.5,
21.3; HRMS (ESI) m/z calcd for C14H12NS [M+H]™: 226.0685, found 226.0686.

N
QS0
S

Methyl 4-(benzo[d]thiazol-2-yl)benzoate (3Ap)!'4e!
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Purification by PTLC (hexane/EtOAc = 3:1, and then CHCl3) afforded 3Ap as a white
solid (Method D: 38.4 mg, 36% yield). 'H NMR (400 MHz, CDCls) & 8.16 (m, 4H),
8.10 (d, /= 8.0 Hz, 1H), 7.92 (d, J= 8.0 Hz, 1H), 7.52 (t, J= 8.0 Hz, 1H), 7.42 (t, J =
8.0 Hz, 1H), 3.96 (s, 3H); '3C NMR (101 MHz, CDCl3) & 166.5, 166.4, 154.0, 137.4,
135.2,132.0, 130.2, 127.4, 126.6, 125.7, 123.5, 121.7, 52.3; HRMS (ESI) m/z calcd for
CisH12NO,S [M+H]": 270.0583, found 270.0584.

Me. N s
S
4,5-Dimethyl-2-(thiophen-2-yl)thiazole (3Ca)

Purification by PTLC (hexane/EtOAc = 9:1) afforded 3Ca as pale yellow oil (Method
A: 46.1 mg, 59% yield). 'H NMR (600 MHz, CDCl3) § 7.39 (dd, J = 4.2, 0.6 Hz, 1H),
7.32 (dd, J=4.8, 0.6 Hz, 1H), 7.04 (dd, J=4.8, 4.2 Hz, 1H), 2.37 (s, 3H), 2.35 (s, 3H);
3C NMR (151 MHz, CDCls) 6 157.1, 148.8, 137.8, 127.7, 126.6, 125.8, 125.6, 14.7,
11.4; HRMS (ESI) m/z caled for CoHioNS2 [M+H]": 196.0247, found 196.0247.

Me N —
D\
IS N N
Me
Ph

4,5-Dimethyl-2-(2-phenylquinolin-4-yl)thiazole (3Ci)

Purification by PTLC (hexane/Et,O = 3:1) afforded 3Ci as a white solid (Method B,
0.20 mmol scale: 31.0 mg, 49% yield). 'H NMR (600 MHz, CDCls) & 8.86 (d, J = 8.4
Hz, 1H), 8.22 (d, /= 8.4 Hz, 1H), 8.20 (d, /= 7.2 Hz, 2H), 8.10 (s, 1H), 7.75 (t, J="7.2
Hz, 1H), 7.60 (t, /= 7.2 Hz, 1H), 7.54 (t, /= 7.2 Hz, 2H), 7.47 (t, J= 7.2 Hz, 1H), 2.51
(s, 3H), 2.48 (s, 3H); 3*C NMR (151 MHz, CDCl3) 8 160.0, 156.8, 150.3, 149.3, 139.3,
139.2, 130.1, 129.8, 129.5, 128.9, 128.8, 127.5, 127.2, 125.8, 124.0, 119.0, 15.0, 11.4;
HRMS (ESI) m/z caled for C20H17N2S [M+H]": 317.1107, found 317.1109.

):N s
ph” S

5-Phenyl-2-(thiophen-2-yl)thiazole (3Da)!'4h!
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Purification by PTLC (hexane/acetone = 3:1) afforded 3Da as a white solid (Method
B, 0.20 mmol scale: 16.2 mg, 33% yield)."H NMR (400 MHz, CDCls) § 7.92 (s, 1H),
7.60-7.55 (m, 2H), 7.52 (d, /= 7.2 Hz, 1H), 7.45-7.38 (m, 3H), 7.36-7.31 (m, 1H), 7.10
(dd, J = 4.8, 2.0 Hz, 1H); '*C NMR (101 MHz, CDCls) & 160.8, 138.7, 138.6, 137.4,
131.1, 129.1, 128.4, 127.9, 127.7, 126.6, 126.5; HRMS (ESI) m/z calcd for C13H1oNS»
[M+H]": 244.0249, found 244.0250.

Me. N s
0
4-Methyl-2-(thiophen-2-yl)thiazole (3Ea)!l'4!

Purification by PTLC (hexane/EtOAc = 9:1) afforded 3Ea as pale yellow oil (Method
A: 42.6 mg, 59% yield). '"H NMR (400 MHz, CDCls) 6 7.48 (d, J = 3.6 Hz, 1H), 7.36
(d, J= 5.2 Hz, 1H), 7.06 (dd, J = 5.2, 3.6 Hz, 1H), 6.79 (s, 1H), 2.47 (s, 3H); 3C NMR
(101 MHz, CDCI3) 6 161.1, 153.4,137.4,127.7,127.2,126.2, 112.6, 17.1; HRMS (ESI)
m/z calcd for CsHsNS, [M+H]*: 182.0093, found 182.0094.

(T
2-(Thiophen-2-yl)thiazole (3Fa)!'4!

Purification by PTLC (hexane/EtOAc = 9:1) afforded 3Fa as pale yellow oil (Method
A: 36.0 mg, 54% yield). '"H NMR (400 MHz, CDCls) 6 7.76 (d, J = 3.2 Hz, 1H), 7.51
(dd, J=3.2,1.0 Hz, 1H), 7.39 (dd, J = 5.2, 1.0 Hz, 1H), 7.24 (d, J = 3.2 Hz, 1H), 7.08
(dd, J= 5.2, 3.2 Hz, 1H); *C NMR (101 MHz, CDCls) & 161.9, 143.2, 137.2, 127.8,
127.6, 126.5, 118.1; HRMS (ESI) m/z calcd for C;H¢NS, [M+H]": 167.9936, found
167.9937.

QhaN
2-(Thiophen-2-yl)benzo[d]oxazole (3Ga)!'*!
Purification by PTLC (hexane/EtOAc = 9:1) afforded 3Ga as a white solid (Method
D using Pd(acac)z: 68.3 mg, 85% yield). 'H NMR (400 MHz, CDCls) § 7.90 (dd, J =
3.6, 1.2 Hz, 1H), 7.75-7.72 (m, 1H), 7.56-7.53 (m, 2H), 7.36-7.31 (m, 2H), 7.18 (dd, J
=438, 3.6 Hz ,1H); 3C NMR (101 MHz, CDCls) 6 159.0, 150.3, 141.9, 130.2, 129.9,

47



Bl
N}
il

129.6, 128.2,125.0,124.7,119.7, 110.4; HRMS (ESI) m/z caled for C;1HsNOS [M+H]":
202.0321, found 202.0323.

L=
Me
1-Methyl-2-(thiophen-2-yl)-1H-benzo[d]imidazole (3Ba)!'4"l
Purification by PTLC (hexane/EtOAc = 2:1) afforded 3Ba as a yellow solid (Method
B: 39.7 mg, 46% yield). 'H NMR (600 MHz, CDCls) & 7.82-7.78 (m, 1H), 7.56 (dd, J
=3.6,1.2 Hz, 1H), 7.52 (dd, J=5.4, 1.2 Hz, 1H), 7.37-7.34 (m, 1H), 7.32-7.26 (m, 2H),
7.19(dd,J=5.4,3.6 Hz, 1H), 3.97 (s, 3H); '*C NMR (151 MHz, CDCl5) & 147.8, 142.8,

136.5, 132.5, 128.5, 127.9, 127.8, 122.9, 122.6, 119.7, 109.3, 31.6; HRMS (ESI) m/z
calcd for Ci12H11N2S [M+H]": 215.0637, found 215.0635.

Ph
4-(1-Methyl-1H-benzo[d]imidazol-2-yl)-2-phenylquinoline (3Bi)

Purification by PTLC (hexane/acetone = 3:2) afforded 3Bi as a white solid (Method
B, 0.20 mmol scale: 54.5 mg, 81% yield).'"H NMR (600 MHz, CDCls) § 8.29 (d, /= 8.4
Hz, 1H), 8.22 (dd, J = 9.0, 1.8 Hz, 2H), 8.08 (s, 1H), 7.93 (dd, J = 7.2, 1.8 Hz, 1H),
7.82-7.74 (m, 2H), 7.56-7.51 (m, 3H), 7.50-7.46 (m, 2H), 7.44-7.39 (m, 2H), 3.69 (s,
3H); '3C NMR (151 MHz, CDCl3) & 156.7, 150.5, 148.6, 143.2, 138.9, 137.0, 136.0,
130.3, 130.2, 129.7, 128.9, 127.50, 127.46, 125.5, 125.2, 123.5, 122.8, 120.7, 120.3,
109.8, 31.3; HRMS (ESI) m/z calcd for C23Hi1sN3 [M+H]": 336.1495, found 336.1493.

4. Procedure for Sequential Decarbonylative Etherification/C—H Arylation

.ul

1A (1.5 equiv)

0 5 mol% Ni(cod), 10 mol% Pd(OAc),
OPh 10 mol% dcypt OPh 20 mol% deypt OPh
(0] — K3PO, (1.5 equiv) O, — K3PO, (2.0 equiv) N =
\ N —_— \ N —_— @ N \ N
PhO 4 toluene (1.6 mL)  pho 4 toluene (0.8 mL) S /
150 °C, 18 h 170°C, 24 h
4 5 [83%] 6 [71%]
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A 20-mL glass vessel equipped with J. Young® O-ring tap containing a magnetic
stirring bar and K3PO4 (127.4 mg, 0.60 mmol, 1.5 equiv) was dried with a heat-gun in
vacuo and filled with N, gas after cooling to room temperature. To this vessel were
added diphenyl pyridine-2,4-dicarboxylate (4: 127.7 mg, 0.40 mmol, 1.0 equiv) and
dcypt (19.1 mg, 0.04 mmol, 10 mol %) then introduced inside an argon atmosphere
glovebox. In the glovebox, to the vessel were added Ni(cod)> (5.5 mg, 0.02 mmol, 5
mol %) and then toluene (1.6 mL). The vessel was sealed with O-ring tap and then taken
out of the glovebox. The vessel was heated at 150 °C for 18 h in an 8-well reaction block.
After cooling the reaction mixture to room temperature, the mixture was passed through
a short silica gel pad with EtOAc as an eluent. The filtrate was concentrated and the
residue was purified by PTLC (hexane/EtOAc = 4:1) to afford phenyl 2-
phenoxyisonicotinate (5) as a white solid (96.3 mg, 83% yield). The spectra matched
with those of the compound in the literature.[1%]

A 20-mL glass vessel equipped with J. Young® O-ring tap containing a magnetic
stirring bar and K3PO4 (84.9 mg, 0.40 mmol, 2.0 equiv) was dried with a heat-gun in
vacuo and filled with N after cooling to room temperature. To this vessel were added
phenyl 2-phenoxyisonicotinate (5: 58.3 mg, 0.20 mmol, 1.0 equiv), Pd(OAc)> (4.5 mg,
0.02 mmol, 10 mol%) and 3,4-bis(dicyclohexylphosphino)thiophene (dcypt: 38.1 mg,
0.08 mmol, 20 mol%). The vessel was vacuumed and refilled N, gas three times. To this
were added benzothiazole (1A: 40.6 mg, 0.30 mmol, 1.5 equiv) and then toluene (0.8
mL). The vessel was sealed with O-ring tap and then heated at 170 °C for 24 h in an 9-
well aluminum 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 (CH:Cl,, and then
CHCIls) afforded 2-(2-phenoxypyridin-4-yl)benzo[d]thiazole (6) as a white solid (43.5
mg, 71% yield).

5. Procedure for One-pot Decarbonylative Etherification/C—H Arylation

10 mol% Pd(OAC),

5 mol% Ni(OAc),
30 mol% dcypt
K3PO, (2.0 equiv)
\>—H . 3 4 (
\ N
toluene (1.6 mL)

17 24 h
1A (0.4 mmol) (1.0 equiv) 0 C 6 [38%)]
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A 20-mL glass vessel equipped with J. Young® O-ring tap containing a magnetic
stirring bar and K3PO4 (169.8 mg, 0.80 mmol, 2.0 equiv) and Ni(OAc)2-4H>0 (3.54 mg,
0.02 mmol, 5 mol%) was dried with a heat-gun in vacuo and filled with N after cooling
to room temperature. To this vessel were added diphenyl pyridine-2,4-dicarboxylate (4:
128 mg, 0.40 mmol, 1.0 equiv), Pd(OAc)> (9.0 mg, 0.04 mmol, 10 mol%) and 3,4-
bis(dicyclohexylphosphino)thiophene (dcypt: 57.2 mg, 0.12 mmol, 30 mol%) . The
vessel was vacuumed and refilled N> gas three times. To this were added benzothiazole
(1A: 54.1 mg, 0.40 mmol) and toluene (1.6 mL). The vessel was sealed with O-ring tap
and then heated at 170 °C for 24 h in an 9-well aluminum reaction block with stirring.
After cooling the reaction mixture to room temperature, the mixture was passed through
a short silica gel pad with EtOAc as an eluent. The filtrate was concentrated and the
residue was purified by PTLC (CH:Cl> and then CHCl;) afforded 2-(2-phenoxypyridin-
4-yl)benzo[d]thiazole (6) as a white solid (46.3 mg, 38% yield). 'H NMR (400 MHz,
CDCl) 6 8.33 (d, J= 6.0 Hz, 1H), 8.14 (d, J = 8.0 Hz, 1H), 7.96 (d, J = 8.0 Hz, 1H),
7.66 (d, J=6.0 Hz, 1H), 7.58 (s, 1H), 7.55 (t, /= 8.0 Hz, 1H), 7.49-7.41 (m, 3H), 7.27-
7.18 (m, 3H); 3C NMR (101 MHz, CDCl3) 8 164.67, 164.60, 153.8, 148.6, 144.0, 135.2,
129.7, 126.8, 126.2, 125.0, 123.9, 121.8, 121.3, 116.3, 109.2 (one peak is missing due
to overlapping); HRMS (ESI) m/z calcd for CisH12N2OSNa [M+Na]": 327.0563, found
327.0563.
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P. A.; Eustace, D.; Palo, W. A.; Streit, J.; Joseph-Ridge, N. Febuxostat Compared with
Allopurinol in Patients with Hyperuricemia and Gout. N. Engl. J. Med. 2005, 353, 2450—
2461. (c¢) Okamoto, K.; Eger, B. T.; Nishino, T.; Kondo, S.; Pai, E. F.; Nishino, T. An
Extremely Potent Inhibitor of Xanthine Oxidoreductase. J. Biol. Chem. 2003, 278,
1848-1855.

[2] For the isolation and biological activity of muscoride A, see: (a) Nagatsu, A.; Kajitani,
H.; Sakakibara, J. Muscoride A: A New Oxazole Peptide Alkaloid from Freshwater
Cyanobacterium Nostoc Muscorum. Tetrahedron Lett. 1995, 36, 4097-4100.; For the
synthesis of muscoride A, see: (b) Wipf, P.; Venkatraman, S. Total Synthesis of (—)-
Muscoride A. J. Org. Chem. 1996, 61, 6517-6522. (¢) Muir, J. C.; Pattenden, G.;
Thomas, R. Total Synthesis of (—)-Muscoride A: A Novel Bis-Oxazole Based Alkaloid
from the Cyanobacterium Nostoc muscorum. Synthesis 1998, 613—618. (d) Coqueron,
P. Y.; Didier, C.; Ciufolini, M. A. Iterative Oxazole Assembly via a-Chloroglycinates:
Total Synthesis of (—)-Muscoride A. Angew. Chem., Int. Ed. 2003, 42, 1411-1414.

[3] For the isolation and biological activities of GE2270A, see: (a) Selva, E.; Beretta,
G.; Montanini, N.; Saddler, G. S.; Gastaldo, L.; Ferrari, P.; Lorenzetti, R.; Landini, P.;
Ripamonti, F.; Goldstein, B. P.; Berti, M.; Montanaro, L.; Denaro, M. Antibiotic GE2270
A: A Novel Inhibitor of Bacterial Protein Synthesis. J. Antibiot. 1991, 44, 693—701. (b)
Kettenring, J.; Colombo, L.; Ferrari, P.; Tavecchia, P.; Nebuloni, M.; Vekey, K.; Gallo,
G. G.; Selva, E. Antibiotic GE2270 A: A Novel Inhibitor of Bacterial Protein Synthesis.
J. Antibiot. 1991, 44, 702—715. For the synthesis of GE2270A, see: (¢) Nicolaou, K. C.;
Zou, B.; Dethe, D. H.; Li, D. B.; Chen, D. Y. Total Synthesis of Antibiotics GE2270A
and GE2270T. Angew. Chem., Int. Ed. 2006, 45, 7786—7792. (d) Miiller, H. M.; Delgado,
O.; Bach, T. Total Synthesis of the Thiazolyl Peptide GE2270A. Angew. Chem., Int. Ed.
2007, 46,4771-4774. (e) Nicolaou, K. C.; Dethe, D. H.; Leung, G. Y. C.; Zou, B.; Chen,
D. Y.-K. Total Synthesis of Thiopeptide Antibiotics GE2270A, GE2270T, and
GE2270C1. Chem. Asian J. 2008, 3, 413—-429.

[4] For recent reviews of C—H arylation of (hetero)aromatic compounds, see: (a)

51



Bl
N}
il

Yamaguchi, J.; Yamaguchi, A. D.; Itami, K. C—H Bond Functionalization: Emerging
Synthetic Tools for Natural Products and Pharmaceuticals. Angew. Chem., Int. Ed. 2012,
51, 8960-9009. (b) McMurray, L.; O’Hara, F.; Gaunt, M. J. Recent Developments in
Natural Product Synthesis Using Metal-Catalysed C—H Bond Functionalisation. Chem.
Soc. Rev. 2011, 40, 1885-1898. (c) Gutekunst, W. R.; Baran, P. S. C—H Functionalization
Logic in Total Synthesis. Chem. Soc. Rev. 2011, 40, 1976—-1991. (d) Wencel-Delord, J.;
Glorius, F. C—H Bond Activation Enables the Rapid Construction and Late-Stage
Diversification of Functional Molecules. Nat. Chem. 2013, 5, 369-375. (e) Segawa, Y.;
Maekawa, T.; Itami, K. Synthesis of Extended n-Systems through C—H Activation.
Angew. Chem., Int. Ed. 2015, 54, 66-81. (f) Chen, D. Y.-K.; Youn, S. W. C—H Activation:
A Complementary Tool in the Total Synthesis of Complex Natural Products. Chem. Eur.
J. 2012, 18, 9452-9474. (g) Hartwig, J. F. Evolution of C—H Bond Functionalization
from Methane to Methodology. J. Am. Chem. Soc. 2016, 138, 2-24. (h) Davies, H. M.
L.; Morton, D. Recent Advances in C—H Functionalization. J. Org. Chem. 2016, 81,
343-350. I) Yamaguchi, J.; Itami, K. Toward an Ideal Synthesis of (Bio)molecules
through Direct Arene Assembling Reactions. Bull. Chem. Soc. Jpn. 2017, 90, 367-383.
[5] (a) Aoyagi, Y.; Inoue, A.; Koizumi, I.; Hashimoto, R.; Tokunaga, K.; Gohma, K.;
Komatsu, J.; Sekine, K.; Miyafuji, A.; Kunoh, J.; Honma, R.; Akita, Y.; Ohta A.
Palladium-Catalyzed Cross-Coupling Ractions of Chloropyrazines with Aromatic
Heterocycles. Heterocycles 1992, 33, 257-272. (b) Pivsa-Art, S.; Satoh, T.; Kawamura,
Y.; Miura, M.; Nomura, M. Palladium-Catalyzed Arylation of Azole Compounds with
Aryl Halides in the Presence of Alkali Metal Carbonates and the Use of Copper lodide
in the Reaction. Bull. Chem. Soc. Jpn. 1998, 71, 467-473.

[6] (a) Do, H.-Q.; Daugulis, O. Copper-Catalyzed Arylation of Heterocycle C—H Bonds.
J. Am. Chem. Soc. 2007, 129, 12404—-12405. (b) Canivet, J.; Yamaguchi, J.; Ban, I.; Itami,
K. Nickel-Catalyzed Biaryl Coupling of Heteroarenes and Aryl Halides/Triflates. Org.
Lett. 2009, 11, 1733-1736. (b) Yamamoto, T.; Muto, K.; Komiyama, M.; Canivet, J.;
Yamaguchi, J.; Itami, K. Nickel-Catalyzed C—H Arylation of Azoles with Haloarenes:
Scope, Mechanism, and Applications to the Synthesis of Bioactive Molecules. Chem.
Eur J. 2011, 17,10113-10122. (c) Hachiya, H.; Hirano, K.; Satoh, T.; Miura, M. Nickel-
Catalyzed Direct Arylation of Azoles with Aryl Bromides. Org. Lett. 2009, 11, 1737—
1740.

52



Bl
N}
il

[7] For the review of Ni-catalyzed C—H functionalizations, see: (a) Yamaguchi, J.; Muto,
K.; Itami, K. Recent Progress in Nickel-Catalyzed Biaryl Coupling. Eur. J. Org. Chem.
2013, 19-30. (b) Tasker, S. Z.; Standley, E. A.; Jamison, T. F. Recent Advances in
Homogeneous Nickel Catalysis. Nature 2014, 509, 299-309. (c¢) Castro, L. C. M.;
Chatani, N. Nickel Catalysts/N,N’-Bidentate Directing Groups: An Excellent
Partnership in Directed C—H Activation Reactions. Chem. Lett. 2015, 44, 410-421. (d)
Pototschnig, G.; Maulide, N.; Schniirch, M. Direct Functionalization of C—H Bonds by
Iron, Nickel, and Cobalt Catalysis. Chem. Eur. J. 2017, 23, 9206-9232. (e) Yamaguchi,
J.; Muto, K.; Itami, K. Nickel-Catalyzed Aromatic C—H Functionalization. Top Curr.
Chem. 2016, 374, 55.

[8] (a) Hachiya, H.; Hirano, K.; Satoh, T.; Miura, M. Oxidative Nickel-Air Catalysis in
C-H Arylation: Direct Cross-Coupling of Azoles with Arylboronic Acids using Air as
Sole Oxidant. ChemCatChem 2010, 2, 1403—1406. (b) Hachiya, H.; Hirano, K.; Satoh,
T.; Miura, M. Nickel-Catalyzed Direct C—H Arylation and Alkenylation of Heteroarenes
with Organosilicon Reagents. Angew. Chem., Int. Ed. 2010, 49, 2202-2205. (¢) Qu, G.-
R.; Xin, P.-Y.; Niu, H.-Y.; Wang, D.-C.; Ding, R.-F.; Guo, H.-M. Nickel-Catalyzed sp?
C—H Bonds Arylation of N-Aromatic Heterocycles with Grignard Reagents at Room
Temperature. Chem. Commun. 2011, 47, 11140—-11142.

[9] (a) Muto, K.; Yamaguchi, J.; Itami, K. Nickel-Catalyzed C—H/C-O Coupling of
Azoles with Phenol Derivatives. J. Am. Chem. Soc. 2012, 134, 169-172. (b) Meng, L.;
Kamada, Y.; Muto, K.; Yamaguchi, J.; Itami, K. C—H Alkenylation of Azoles with Enols
and Esters by Nickel Catalysis. Angew. Chem., Int. Ed. 2013, 52, 10048—10051. (c) Muto,
K.; Yamaguchi, J.; Lei, A.; Itami, K. Isolation, Structure, and Reactivity of an
Arylnickel(II) Pivalate Complex in Catalytic C—H/C—-O Biaryl Coupling. J. Am. Chem.
Soc. 2013, 135, 16384-16387. (d) Xu, H.; Muto, K.; Yamaguchi, J. Zhao, C.; Itami, K.;
Musaev, D. G. Key Mechanistic Features of Ni-Catalyzed C—H/C—O Biaryl Coupling of
Azoles and Naphthalen-2-yl Pivalates. J. Am. Chem. Soc. 2014, 136, 14834—-14844. (e)
Muto, K. Hatakeyama, T.; Yamaguchi, J.; Itami, K. C—H Arylation and Alkenylation of
Imidazoles by Nickel Catalysis: Solvent-Accelerated Imidazole C—H Activation. Chem.
Sci. 2015, 6, 6792—-6798.

[10] (a) Amaike, K.; Muto, K.; Yamaguchi, J.; Itami, K. Decarbonylative C—H Coupling
of Azoles and Aryl Esters: Unprecedented Nickel Catalysis and Application to the

53



Bl
N}
il

Synthesis of Muscoride A. J. Am. Chem. Soc. 2012, 134, 13573—-13576. (b) Muto, K.;
Yamaguchi, J.; Musaev, D. G.; Itami, K. Decarbonylative Organoboron Cross-Coupling
of Esters by Nickel Catalysis. Nat. Commun. 2015, 6, 7508. (c) Amaike, K.; Itami, K.;
Yamaguchi, J. Synthesis of Triarylpyridines in Thiopeptide Antibiotics by Using a C—H
Arylation/Ring-Transformation Strategy. Chem. Eur. J. 2016, 22, 4384— 4388. (d) Muto,
K.; Hatakeyama, T.; Itami, K.; Yamaguchi, J. Palladium-Catalyzed Decarbonylative
Cross-Coupling of Azinecarboxylates with Arylboronic Acids. Org. Lett. 2016, 18,
5106-5109. (e) Okita, T.; Kumazawa, K.; Takise, R.; Muto, K.; Itami, K.; Yamaguchi,
J. Palladium-Catalyzed Decarbonylative Alkynylation of Aromatic Esters. Chem. Lett.
2017, 46, 218-220. (f) Takise, R.; Isshiki, R.; Muto, K.; Itami, K.; Yamaguchi, J.
Decarbonylative Diaryl Ether Synthesis by Pd and Ni Catalysis. J. Am. Chem. Soc. 2017,
139, 3340-3343. (g) Isshiki, R.; Takise, R.; Itami, K.; Muto, K.; Yamaguchi, J. Catalytic
a-Arylation of Ketones with Heteroaromatic Esters. Synlett 2017, 28, 2599-2603. (h)
Isshiki, R.; Muto, K.; Yamaguchi, J. Decarbonylative C—P Bond Formation Using
Aromatic Esters and Organophosphorus Compounds. Org. Lett. 2018, 20, 1150-1153.
(1) Okita, T.; Muto, K.; Yamaguchi, J. Decarbonylative Methylation of Aromatic Esters
by a Nickel Catalyst. Org. Lett. 2018, 20, 3132-3135. (j) Okita, T.; Komatsuda, M.;
Saito, A. N.; Hisada, T.; Takahara. T. T.; Nakayama, K. P.; Isshiki, R.; Takise, R.; Muto,
K.; Yamaguchi, J. Dibenzofuran Synthesis: Decarbonylative Intramolecular C-H
Arylation of Aromatic Esters. Asian J. Org. Chem. 2018, 7, 1358—1361.; For selected
reviews of decarbonylative couplings, see: (k) Takise, R.; Muto, K.; Yamaguchi, J.
Cross-Coupling of Aromatic Esters and Amides. Chem. Soc. Rev. 2017, 46, 5864—5888.
(1) Isshiki, R.; Okita, T.; Muto, K.; Yamaguchi, J. Decarbonylative Coupling Reaction
of Aromatic Esters. J. Synth. Org. Chem. Jpn. 2018, 300-314.

[11] (a) LaBerge, N. A.; Love, J. A. Nickel-Catalyzed Decarbonylative Coupling of Aryl
Esters and Arylboronic Acids. Eur. J. Org. Chem. 2015, 5546-5553. (b) Guo, L.;
Chatupheeraphat, A.; Rueping, M. Decarbonylative Silylation of Esters by Combined
Nickel and Copper Catalysis for the Synthesis of Arylsilanes and Heteroarylsilanes.
Angew. Chem., Int. Ed. 2016, 55, 11810-11813. (c¢) Pu, X.; Hu, J.; Zhao, Y.; Shi, Z.
Nickel-Catalyzed Decarbonylative Borylation and Silylation of Esters. ACS Catal. 2016,
6, 6692-6698. (d) Yue, H.; Guo, L.; Liao, H.-H.; Cai, Y.; Zhu, C.; Rueping, M. Catalytic

Ester and Amide to Amine Interconversion: Nickel-Catalyzed Decarbonylative

54



Bl
N}
il

Amination of Esters and Amides by C—O and C—C Bond Activation. Angew. Chem., Int.
Ed. 2017, 56,4282-4285. (e) Liu, X.; Jia, J.; Rueping, M. Nickel-Catalyzed C—O Bond-
Cleaving Alkylation of Esters: Direct Replacement of the Ester Moiety by
Functionalized Alkyl Chains. ACS Catal. 2017, 7, 4491-4496. (f) Tatamidani, H.;
Kakiuchi, F.; Chatani, N. A New Ketone Synthesis by Palladium-Catalyzed Cross-
Coupling Reactions of Esters with Organoboron Compounds. Org. Lett. 2004, 6, 3597—
3599. (g) Chatupheeraphat, A.; Liao, H.-H.; Srimontree, W.; Guo, L.; Minenkov, Y.;
Poater, A.; Cavallo, L.; Rueping, M. Ligand-Controlled Chemoselective C(acyl)-O
Bond vs C(aryl)-C Bond Activation of Aromatic Esters in Nickel Catalyzed C(sp?)—
C(sp?) Cross-Couplings. J. Am. Chem. Soc. 2018, 140, 3724-3735. For related
nondecarbonylative couplings of aromatic esters, see: (h) Hie, L.; Fine Nathel, N. F,;
Hong, X.; Yang, Y.-F.; Houk, K. N.; Garg, N. K. Nickel-Catalyzed Activation of Acyl
C-O Bonds of Methyl Esters. Angew. Chem., Int. Ed. 2016, 55, 2810-2814. (i) Ben
Halima, T.; Zhang, W.; Yalaoui, I.; Hong, X.; Yang, Y.-F.; Houk, K. N.; Newman, S. G.
Palladium-Catalyzed Suzuki—Miyaura Coupling of Aryl Esters. J. Am. Chem. Soc. 2017,
139, 1311-1318.

[12] (a) Takise, R.; Muto, K.; Yamaguchi, J.; Itami, K. Nickel-Catalyzed a-Arylation of
Ketones with Phenol Derivatives. Angew. Chem., Int. Ed. 2014, 53, 6791-6794. (b)
Koch, E.; Takise, R.; Studer, A.; Yamaguchi, J.; Itami, K. Ni-Catalyzed a-Arylation of
Esters and Amides with Phenol Derivatives. Chem. Commun. 2015, 51, 855-857. (c)
Takise, R.; Itami, K.; Yamaguchi, J. Cyanation of Phenol Derivatives with
Aminoacetonitriles by Nickel Catalysis. Org. Lett. 2016, 18, 4428-4431.

[13] Matsushita, K.; Takise, R.; Hisada, T.; Suzuki, S.; Isshiki, R.; Itami, K.; Muto, K_;
Yamaguchi, J. Pd-Catalyzed Decarbonylative C—H Coupling of Azoles and Aromatic
Esters. Chem. Asian J. 2018, 13, 2393-2396.

[14] (a) Pavlik, J. W.; Tongcharoensirikul, P.; Bird, N. P.; Day, A. C.; Barltrop, J. A.
Phototransposition Chemistry of Phenylisothiazoles and Phenylthiazoles. 1.
Interconversions in Benzene Solution. J. Am. Chem. Soc. 1994, 116,2292-2300. (b) Qin,
C.; Wu, J.; Chen, J.; Liu, M.; Cheng, J.; Su, W.; Ding, J. Palladium-Catalyzed Aromatic
Esterification of Aldehydes with Organoboronic Acids and Molecular Oxygen. Org. Lett.
2008, 70, 1537-1540. (¢) Roy, H. N.; Al Mamun, A. H. Regiospecific Phenyl
Esterification to Some Organic Acids Catalyzed by Combined Lewis Acids. Synth.

55



Bl
N}
il

Commun. 2006, 36,2975-2981. (d) Ma, D.; Xie, S.; Xue, P.; Zhang, X.; Dong, J.; Jiang,
Y. Efficient and Economical Access to Substituted Benzothiazoles: Copper-Catalyzed
Coupling of 2-Haloanilides with Metal Sulfides and Subsequent Condensation. Angew.
Chem., Int. Ed. 2009, 48, 4222-4225. (e) Kamila, S.; Zhang, H.; Biehl, E. R. One-Pot
Synthesis of 2-Aryl- and 2-Alkylbenzothiazoles under Microwave Irradiation.
Heterocycles 2005, 65, 2119-2126. (f) Nguyen, T. B.; Ermolenko, L.; Al-Mourabit, A.
Nitro-Methyl Redox Coupling: Efficient Approach to 2-Hetarylbenzothiazoles from 2-
Halonitroarene, Methylhetarene, and Elemental Sulfur. Org. Lett. 2013, 15, 4218-4221.
(g) Huang, J.; Chan, J.; Chen, Y.; Borths, C. J.; Baucom, K. D.; Larsen, R. D.; Faul, M.
M. A Highly Efficient Palladium/Copper Cocatalytic System for Direct Arylation of
Heteroarenes: An Unexpected Effect of Cu(Xantphos)I. J. Am. Chem. Soc. 2010, 132,
3674-3675. (h) Miura, T.; Funakoshi, Y.; Fujimoto, Y.; Nakahashi, J.; Murakami, M.
Org. Lett. 2015, 17, 2454-2457. (1) Murai, T.; Yamaguchi, K.; Hayano, T.; Maruyama,
T.; Kawai, K.; Kawakami, H.; Yashita, A. Synthesis and Photophysical Properties of 5-
N-Arylamino-4-methylthiazoles Obtained from Direct C—H Arylations and Buchwald—
Hartwig Aminations of 4-Methylthiazole. Organometallics 2017, 36, 2552-2558. (j)
Heiskanen, J. P.; Vivo, P.; Saari, N. M.; Hukka, T. I.; Kastinen, T.; Kaunisto, K.;
Lemmetyinen, H. J.; Hormi, O. E. O. Synthesis of Benzothiadiazole Derivatives by
Applying C—C Cross-Couplings. J. Org. Chem. 2016, 81, 1535-1546. (k) Gu, Z.-S.;
Chen, W.-X.; Shao, L.-X. N-Heterocyclic Carbene-Palladium(II)-1-Methylimidazole
Complex-Catalyzed Direct C—H Bond Arylation of (Benz)imidazoles with Aryl
Chlorides. J. Org. Chem. 2014, 79, 5806—5811.

56



Gi
w
il

HIE T ATNAY VARG

EE

RT U MMl A D EERT AT LD ER L AT UVBE) (2T LA
VR) RIREBER LT, THER AT ¢ VEL T deypt & 8T U AOfRE R A
WD Z ERIEETORTH 5, ZRLFERT V=T AT M LT,
FHEER LB T 2= AT VENLO 1,2- BB EIT L, RTS8 IR
biLd, RIGOFERMETRT—BlE LT, ZAT AL R Lfkx il VR
SABH Y TY S OFERKIEERR Lz, b1, FER BT 5=AT
WVEMED 13- BEIIE (DT AT )V AE) 1Z#e< 0 F LA VR =
Nl —F MACRS S IO TRH L7z,

57



Gi
w
il

yLW”%ﬁ

BRI SO T, A EEE RSO TIEE A K #2207 & E
%%@@éﬁégkﬁ\ﬁ%®%@ﬁ§%%ﬁ%%—lﬁﬁﬁﬁTééﬁﬁﬁ
F{ETH 5 (Scheme M, RFERZ2H & LT, Smiles #5721 Claisen #5475
Bamberger 7472 U5, Ll FHER ETEZ DEMISDL 1T, &
BILOFEEME L E 2 DRI T OBEKBERKRICH wMﬁiué’@ﬁkb

FEBAAGMONEREER TR, SIS LT EEEERE 52 5, Bl2X

Smiles $5\7 CTlx, 7 U — VALK NT Y —I)L AL T ¢ VERIC ’ﬁﬁ%éhé[%
Claisen 5. TliX, 7V — AT VN —FT LN LXINT HTIVF LT = ) — )L
£ 550, Bamberger #A(7 T, N-7 U —/Lk Ra X7 I U0 b iR
KCTHDTI /) 7=/ —NEEZDH4,

x*
Rearrangement
&by
Many Reports

e.g. Smiles e.g. Claisen e.g. Bamberger

Me Me Me Me
0, S]@/ n-BulLi O
Me Smiles SOzH
Rearrangement O

O HO NH,
@ heat HZSO4 aq.
Claisen Bamberger

Rearrangement Rearrangement

OH
Scheme 1. 5 &8 ED p?ﬁ%ﬁﬂi}im@ﬁi@m
— 5. FEBALEY DOEBIEN G HER EORAEALE Bz 5L TRIT

DACERMERE 525, KER LOBEBHILBE L M)i DB HILTTU RN
(Scheme 2A), HHLAYZ & LT, TV XVENEFE L2 BE) LAE BRI KA
25, N7 AT VEIALNH D (Scheme 2B)), Ak T2\ CEE
REOETH Y, TV VRIS d-tert-T TN T = ) — VIR 72 & ORIEIZ W
5D, LU, ARBUSITEES R SUSSRIEDS LB b AR L iE R D
BHERAME LTHELND, BEAKGKIZHWONAHE LT, "ar v

58



Gi
w
il

(b7 V=BT D a7 F 2 ARG NS 3L T 5 (Scheme 20)00, ALt
I, fbFEmEORERXR e SR RBNSERE T2 L Than
TURFNEEFR E2BE L, ST HERMERE 5 XD ARG O RO
FLMPEIETRITE D728, ZEBRGTERILAEDOEHER R OA RIS s
EN TS, Bz X, Sammakia HIZ K-> T, ZFEO 0 U ¥ AR &L
L 7= caerulomycin C D25 AN EERK S d17=1],

A. Aromatic Translocation
Translocation X
ACUENC
Few Reports X
X
B. Transalkylation

Me Me i Me Me Me
cat. H Me cat.
- © . : . -
—— : ——
Me : Me
' Me
OH

M
OH eMe

Me -

C. Halogen Dance Reaction

Br Li H
Br Br Br B H0 Br
i —
H LDA @ Li +SM @ @

—
~ Li Br

&t

Application of Halogen Dance (Sammakla)

—» —>
Halogen
Dance

N(Pr),

4—
Halogen
Dance

Scheme 2. (A) S &R FOBEHEBE UL O H AR (B) N7 AT LF L

Caerulomycin C
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16;(C) ma 7o 20 ZROE & RIRMIE R~ D IEH]

BRI Z W SR FOBEBREBERICIT, BEE TIEE A EHE
STV, BHEBEI S & 135872 523, 2009 4212 Buchwald © 28 - T,
NI AEIZ 2T V= v 77— D7 v BRSNS T
(Scheme 3A)8, ABUSDEEHRFHI BT, EFHGEHEOBEBRELHFT LT Y
— )V E U 7T —=brEHW, ZORE. IO T vbT U — TN, (05
PEARTEIEREIERY & LTE LN, ZORIKIGIE, EEARE OB
IMzfe< i7" a R AICE s TERT D, XA X5 D0 AGEKREZ 1

HITT D EHEE SN TWVAHB F 7= 2012 4F1T Scott HIZE>T, AUV

U LI E AW EERILAM O C-H KU R U LIS #E S
(Scheme 3B)1%), BUBRIEWNZ L2, 14-_UPr oA U BBE A(E ) a—)E2K
FOGRMCAT &, 1,3,5-_XBy R AR UBE A(E T a— /WP EEICE
ST, Ir iz Ko TR U A/ AR Y LR ETT 5 Z & T, AU LHEN
HFEEREZBELC, ST EIFEBRR ) A B AT Va5 272 LHEES
nNTnsb,

A. Pd-Catalyzed Fluorination of Aryl Triflates with CsF (Buchwald)

cat. [(cinnamyl)PdCl], i
oTf cat. ’BuBrettPhos P
+ CsF
EDG toluene, 120 C ‘ '
EDG = "Bu, OMe By product Pr Pr
MeO PBu,
Protonation
Oxidative Fluorination;
Addition Reductive OMe
Elimination BuBrettPhos
N PdZ L Deprotonation L
o - e
L
DG HF B HF
X=0OTforF Benzyne-Pd Complex

B. Ir-Catalyzed C-H Polyborylation of Aromatic Compounds (Scott)

cat. [Ir(QMe)COD]g Me Me
Bpin o 4,1<-gggpy - Bpin Bpin e
2PINg = — N/,
Bpin(j THF, 85 °C : N N
Bpin 4,4’-dmbpy
quant.
Scheme 3. Ef 4 & At 2 72 5 HBR & TR B SO O A1) (A) Pd fil

ﬁ%%“k?U“NFU7§~F@7/ﬁMﬁm(&h%ﬁ%ﬁ%ﬁﬁ%ff

60



oy R 27 L0 C-H AR Y R U AL

— . BRI N—TIFBAEE T, FHEBEZ ATV EZ WA VA =8
Ty 7Y T S DRSS ARG TINAT T & 7209, 2017 FIEMF5E 7 L — T 1,
HEET AT VDL FWB A VR =V = —F WAL RE & # L 72 (Scheme
AN, 2.7 DV ANV ARF UL — M L TC=y 7 LI T VT A
/deypt(H L <IE deppt)fifit A/ EH S5 &, xIihT 567 U —x=—7 )L
BoND, ABUGORE M2 R4 L7=BIC, Pd/deypt F7(E T, 7 = =/1-1-
F7 b= b EHWTHIGEIToT2 & 24, BIREWE RN SN, AT
WA VAR = LR HET LT =T M RIZ <G> Tcb oD, [Rbviz”
= =V AT IVENLS C2 NEIZREE) L 7o AnE BRI 18% TR LT, &
Bo BB N, BERE L2 AT VNN 12-BET 580601, ZNET
BIORWR RIS TH D, £ T TARMGZ . HEUORISTEATH D m 7w
B AR A T AT VT v ARG &A1 T2,

TATIVE ARG E BEICEITSE S 2 ERTEIE, ATRS LB EE
T AT IV BRERIE T A RSN » @ B R e TR TARTH 2 &
MARE L 72D, SHIT, RS E INETHEINEEEFBRERZATLO Y a A
Ny 7TV TN EEHGND Z LT, ZHRRERITE LS OB G A
FHTE LU0, 2 2 TR T, FEBCEWOF T2 726 RIS £ 125~
<V NT VY LA HWTE EFEBR T AT VDT AT )VE o ARG DBRFEIZE
F L7,
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A. Intramolecular Decarbonylative Etherification (Yamaguchi/ltami)
5 mol% Ni(cod), or Pd(OAc),

0 10 mol% dcypt or dcppt
N K3PO4 or CsF or KF N. .O
z O > -
\Ar | toluene \A" |
140-170 °C

NP Ao
g dcppt \O

dcypt

B. Discovery of Aromatic 1,2-Translocation of an Ester Group

1,2-Ti | ion P
5 mol% Pd(OAG), ,2-Translocation Product

(0] 10 mol% dcypt
K3PO4 (1.5 equiv)
(e}
O ! toluene, 150 Toluene, 1500 \© O ») 0
T

0]
0% 18%

This Work: Ester Dance Reaction on the Aromatic Ring
S
5\ /Z
OO 4
; ~ =< ‘» J&
©l
cat. Pd/dcypt

Scheme 4. (A) FEHET AT NV DI3FWBA VR = AR —F LS, (B) /8
T V0 LA AN S BERT AT VDT AT VL ARG

3-2. EESRMARRE
3-2-1. BEALFDBRES

FEBRTAT T = =)b-1-F7 b=— b1a)&Z&E L, SO i1k
BT o=, HAL/XT P 7 A(PACl: 10 mol%)fAFfE T, MR Y U 7 A
(K2CO3: 0.5 equiv) & JHU N, m-F 2 L 8 150 FEC 24 RFEDINEME#R 5 5%
¢, £ TIIENLF Z MRt L7 (Table 1), &< EFEER JERRA T 4 VBT
F a2 LIS G ARSI MIBICEIT L. 2220 TH deypt 2 HWZERIZ, £
HDT = =)v-2-F 7 b T— F(2a)D i b IR TG B A7z (entries 1-7), HLFER
A7 4 VBT, Buchwald BT, & OMD " JER AT ¢ EALF. NHC B
A 36 K OMERINL 7504 T Tl RO Ea < #1T L7225 7= (entries 8-24), LA
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10 mol% PdCl,
O OPh X mol% ligand (0]
K2003 (05 eqUiV)
> OPh
OO m-xylene (0.8 mL) OO
150 °C, 24 h

1a (0.40 mmol)

2a

Gi
w
il

GC yield (%)

GC yield (%)l

entry ligand (X mol%) 1a 2a entry ligand (X mol%) 1a 2a
1 deypt (20) 7 85 17 deypf (20) 52 0
2 dcppt (20) 13 71 18P dppe (20) 78 0
3 L1 (20) 6 70 19° bipy (20) 83 0
4 dcypbz (20) 23 67 20P: d IPr-HCI (40) 62 0
5 L2 (20) 37 49 21d SIPr-HCI (40) 73 0
6 L3 (20) 56 31 22d ICy-HBF, (40) 67 0
7 deype (20) 14 72 23d IMes-HCI (40) 18 0
8b P"Bug (40) 70 0 24 none 73 0
gb ¢ P'Bus-HBF, (40) 84 0
100 ¢ PCys-HBF, (40) 86 0
110 PPhj (40) 80 0 S S S
1ob XPhos (40) 66 0 S\ /Z S\ /Z S\ /2
13P SPhos (40) 69 0
14'; XantPhos (20) 66 0 Cy,P PCy, Cp,P PCp, CpoP PCy,
15 (2)-BINAP (20) 79 0
16° dppf (20) 78 0 deypt deppt L1
[a] GC yield was determined by using "decane
as an internal standard. 7 s S
[b] 1a (0.20 mmol). g ? — —
[c] K,COg3 (0.9 equiv).
[d] KO'Bu (0.4 equiv) was added. Cy,P PCy, Cy,P PCy, Cy,P PCy,
deypbz L2 L3

Table 1. BT DFEES

3-2-2. RUGEBEORET
WA, OSSR % fREt U 72 (Table 2), AL E LT m-Fv L o2 0B,

KHIVKRE L 2a #5 27 (entry 1), THF, 14-VAFHV >, brxmy 7T=Y—
VI X OVDME 72 & Ok 2 72V A O T HRONMTEIT T2 5 DD, 2a DAL
IR EE > HARIR I F o 7= (entries 2-6), v 7 B ~FH > DMF, BI O
DMAc TiHiE & A ERISITHEST L 72> 7= (entries 7-9), 7& b= k U /L. DMSO,
BRLOT V3 — VR 2 W TZER ARG E 2 < #1T L7275 o 7= (entries 10—
13)e UL EDFERMNS, m-F 2 L v i/ OSSR & LTz,
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O. _OPh 10 mol% PdCl,
20 mol% dcypt O
K>COg (0.5 equiv)
> OPh
OO solvent (0.8 mL) OO
150 °C, 24 h
1a (0.40 mmol) 2a
GC yield (%)@ GC yield (%)!al

entry solvent 1a 2a entry solvent 1a 2a
1 m-xylene 7 85 7 cyclohexane 83 5
2 THF 20 47 8 DMF 6 5
3 1,4-dioxane 42 44 9 DMAc 6 1
4 toluene 58 28 10 MeCN 11 0
5 anisole 36 17 11 DMSO 0 0
6 DME 57 18 12 ‘BuOH 0 0
13 {AmylOH 0 0

[a] GC yield was determined by using "decane
as an internal standard.

Table 2. S EE O K E

3-2-3. WEDOKET

eV T, ML 2 BT L 7= (Table 3), KoCOs & W= BRI bR B < St 231
1TL. BAYE T2 2a BIR 78% T b ALz (entry 1), KHCO3 x> Na,CO3 % fifi
L7256, 2al3RINER TH - 7= (entries 2 and 3), Mo RERHE CTlx. AMSIT 4
< HELT L 727> 7= (entries 4 and 5), K3PO4=° CsF % W 72BE. MISITEITT 5 b
DD, UERNE T Li=(entries 6 and 7). ¥ A Y 7B E)L=F /LT I 2 (‘ProNEY),
iV U LM, B OEEESME T CIL, RS EET LR
(entries 8-12), LA EDFIRND | KoCOs Z i 7k & L7z,

10 mol% PdCI
Ph 2
0° 20 mol% dcypt O
base (1.5 equiv)
OPh
m-xylene (0.8 mL)
150 °C, 24 h
1a (0.40 mmol) 2a
GC yield (%) GC yield (%)
entry  base (1.5 equiv) 1a 2a entry  base (1.5 equiv) 1a 2a
1 K>CO4 8 78 6 K3sPO, 65 16
2 KHCO4 20 18 7 ~CsF 73 12
3 Na,COs 79 6 8 PPrNEt 85 0
4 Li;COs 88 0 9 KOAc 51 0
5 Cs,CO; 0 0 10 HCO.K 80 0
1 KF 85 0
[a] GC yield was determined by using "decane 12 none 86 0

as an internal standard.

Table 3. HEIEDKFS

3-2-4. &RE DR
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X 52, R A ME L7z (Table4), PdCl, & HWV BRI B IR < SRS H
AT L. IR 85% T 2a # 5 2 /= (entry 1), RAL 3T P77 A(PdBr) % AW T H X
JSIFHETT 5 b DD, PACL & LIS ZRITHE bR h > T (entry 2), 3 U {K/8
7 ¥ 7 L(PdL)R° Pd(acac), TIE S IE4 < #4T L 727> > 7= (entries 3 and 4),
Pd(OAc), ° F U 7 /LA [t 8T 27 LA(PA(TFA)) & W 728554, R DY
T 2a P& LT (entries 5 and 6), 7 U AT T AANZ 2 N(FX A~
—)([Pd(allyD)Cl]2) & FHHW T S ASSITHEIT L, HRRE QIR THLE FAER 22 23
Boivlz(entry 7)e NV A(XXRUTVUTUTR RN N(Z BRIV DRT VY
2 (0)(Pda(dba)s; CHCL) R T b 7 F A( MU 7 = =LK AT £ ) RT VT A
(0)(PA(PPh3)a) 72 ED/XT 7 KN(0)EEMRITAR LG IZH X797, 2a OULED KIE I
TT5, b LN ELET LA » 7 (entries 8and 9), £72. = v 7L
oM 4 JE R S U SO IS T L 72 > > 7= (entries 10and 11), LA EDFER NS |
PACL, % i 72 @i & L7z,

X mol% metal salt

O OPN 20 mol% dcypt (0]
K5COj3 (0.5 equiv)
> OPh
m-xylene (0.8 mL)
150 °C, 24 h

1a (0.40 mmol) 2a
GC yield (%) GC yield (%)

entry metal salt (10 mol%) 1a 2a entry  metal salt (X mol%) 1a 2a
1 PdCl, 7 85 5 Pd(OAc), (10) 13 50

2 PdBr, 15 51 6 Pd(TFA), (10) 12 46

3 Pdl, 69 0 7 [Pd(allyl)Cl]> (5) 2 61

4 Pd(acac), 19 3 8 Pd,(dba)s-CHCl3 (5) 48 0

9 Pd(PPh), (10) 49 18

[a] GC yield was determined by using "decane 10 NiCl, (10) 55 1
11 none 74 0

as an internal standard.

Table 4. & &I DGt

3-2-5. i B ORE

Z T, il B A MRE L2 (Table 5), /X7 U0 AL ENL O ERRELIE 1:2 D3
WCTH Y, D% PdCL: (10 mol%)/deypt: (20 mol%) & L7=BRiZ, & HULE
R < 2a % 5 X 7= (entries 1-3), fihfit> &% PACla: (5 mol%)/deypt: (10 mol%) E T
WS LI=Ea, ROSTHEITT 5 H 00 2a OILERITE T L 7= (entry 4),
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X mol% PdCl,

Ox-OPh Y mol% dcypt O
K>COj3 (0.5 equiv)
> OPh
OO m-xylene (0.8 mL) OO
150 °C, 24 h

1a (0.40 mmol) 2a

GC yield (%)@

entry X mol% Y mol% 1a 2a
1 10 20 7 85
2 5 20 76 1
3 10 10 66 3
4 5 10 25 59

[a] GC yield was determined by using "decane as an
internal standard.

Table 5. fifif & D5

3-2-6. K,CO; D Y &7

MMz T, KaCOs DY B AWt L7 (Table 6), AIRDI@ Y | HEH LA T CTlIA
FOSIEHEST L 72 dy o> 7= (entry 1), KoCO3 & 0.1-0.25 Y& F THO LG E . KS
ITHEITT 2L OD, 2a DYHRII(E T L 7= (entries 2 and 3), K.COs % 0.5 ¥ &Ll
D & ROSMEES AU, FFIZ 0.5 YEHWZERIZ, 2a OIUER R H R LT
(entries 4—6),

10 mol% PdC|2

Ox 0PN 20 mol% dcypt (0]
K>COj3 (X equiv)
- OPh
m-xylene (0.8 mL)
150 °C, 24 h

1a (0.40 mmol) 2a

GC yield (%)@

entry X equiv 1a 2a
1 0 86 0
2 0.1 63 8
3 0.25 30 44
4 0.5 7 85
5 1.0 3 71
6 1.5 8 78

[a] GC yield was determined by using "decane
as an internal standard.

Table 6. 5L DY ERET
3-2-7. RIGIRE DR

X 51C, SOGIRE 2 Bidt L 7= (Table 7). 130-140 £ T4 KIS ITETT 5 H DD,
FOGIREE DMENE & 2a OULEEITIE T L7z (entries 1 and 2), ARSI 150 FEThN
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BT 200/ KETHY, bIHRE < 2a 25 X (entry 3), 150 EL 0 b
iR L7725 a . A OSEMMEE S v, IERIZART L 72 (entries 4 and 5),

10 mol% PdCl,
O OPh 20 mol% dcypt (0]
K5COj3 (0.5 equiv)
> OPh
m-xylene (0.8 mL)
temp., 24 h
1a (0.40 mmol) 2a

GC yield (%)@

entry  temp. (°C) 1a 2a
1 130 57 12
2 140 30 53
3 150 7 85
4 160 15 59
5 170 7 49

[a] GC yield was determined by using "decane
as an internal standard.

Table 7. SR EE DR FT

3-2-8. RLREE DRFS

T, IOSKE R A fEt L 72 (Table 8), BUGKE A 3 KEfE 225 18 FFICIEIT
T2 & TRUNMT B IZHEIT L, IR 83% T 2a 35 B L7 (entries 1-4), S EF
W% & 51224 BRI £ CTHEIZ L7228, 18 BERIINEN U7 BR L IZIERAED IR T 2a

D35 B L7z (entry 5),
10 mol% PdC|2

O~_0OPh
20 mol% dcypt (0]
K>COj3 (0.5 equiv)
> OPh
m-xylene (0.8 mL)
150 °C, X h

1a (0.40 mmol) 2a

GC yield (%)@

entry Xh 1a 2a
1 3 80 12
2 6 27 60
3 12 11 74
4 18 7 83
5 24 7 85

[a] GC yield was determined by using "decane
as an internal standard.

Table 8. [ )iFFf D FaEf
3-3. EEEA&KHORE

3-3-1. 7 Vv —VEME O EE 5 A
AR OFE 75 . PACl: (10 mol%)/deypt: (20 mol%) il EfFE F ., ¥ (2 KoCOs:
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(0.5 equiv)Z VN, m-F 3 L UERIEET . 150 JEC 24 REINEBME SRR 2 5 %2 i
WO E L, ZOFRMFEDLET, £, 7V —b-1-F77 b=— K1 &M
WTT b — )VERE O B b & A A L 72 (Scheme 5), HLffiZe 7 = =/1-1-
F7 bz—hrla)E WD E, T x=L2-F 7 hm— FQRa)DNIR 86% TIEHS
Niz, 7V —IVEALDY p- b U VH@Db), m- F U vEde), BED o- b U LH
(1d) ®1-F7 b=—FE Wz & 2 A FREOIGER TETE RN 2 235
572 (2b-2d), ARG O R AP ITIA LS . T L —VERAL BT A b Uk
Ttk BIOT7 2= VEERET D le-1j IZBWT, ACEEHAT D Z
EMTETZ2e-2)), X HIZ, XUV[A1,3]AF Y —-5-4 VI3AK), T 7F
/vﬁ(n) BLOEY UAEAMZET V) — VEAICA T 5 E 2 W
AISIEHELT U, T2 OALE BAPER 2k-2m % 5 2 72,

00 10 mol% PdCl,
1 @ 20 mo% dcypt ’
2
OO K,COj3 (0.5 equw) w
m-xylene (0.8 mL

150 °C, 24 h

yield of 2 (recovery of 1) 2b (p-Me) : 50% (46%)
2¢c (m-Me) :71% (16%)
2d (0-Me) : 42% (48%)

o}
/@ /@ 2e (p-OMe) : 45% (43%)
0 . 2f (m-OMe) : 66% (12%)12]
2g (p-F) : 76% (7%)

2h (m-F)  :66% (13%)
2a: 86% (7%) 2i (p-Ph)  :50% (8%)
2j (m-Ph)  :47% (31%)

P oA oA

2k: 70% (10%) 21: 64% (2%)1t! 2m: 33% (18%)

[a] The reaction was conducted at 160 °C. [b] The reaction was conducted at 140 °C.

Scheme 5. 7 L/ — )VER(L D KB 3 H &6 H

3-32. (BB)~T R HEEKRT R T V0 EE T F#EH

WIZ, ~T v HFFRT AT VO IE M #EPHIZ OV THHA L 72(Scheme 6),
ABOSNE 4-B U D INVR B Y =aF UE) 7 = = /b (In)lZxF L il Al
RETHY, PREDIRT 3-BI VU ANVRUB(=aF UR)7 = =/12n)%
HxTleo 7V /= EHAN p-A X7 2= HAo)BL W p-7 v Fu T z=
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NIAP)YD A Y = aF UEEFHERE VTS, R O COLE RIS
57220 and 2p), BREWNZ LT, BAEEHEOBERELE Y U URICEA
THETATNE U ADKIGERNEDD Z B yhotz, B2, 2-2 hF v
=aF U7 2= LAQB L 2- Ry =aF U T == L(AnEe Hng &
T AT IVENLDS 3N ANAIZBEI L, ST 54 VY =aF BT = =/Li3H
BEDINE TR LNTZ(2q and 2r), F72, 7L/ — AN p-A FF T T ==
NIED = 3 F UBEFHEERAs)Z HWEGE, BIEETA Y =aF VEFHER 2s
XTI REONIZERAT B B R AT MK L TH#EAT 52 &N TE,
4-% ) U UV T = = ()& W26 ALERMERD 3-F% 7 U A
RV T ==V BIFRIERIZTE X220, S, XUY[PTA T = -2-
FNVKRUBET = = (Au)x AW D & AT IVENLD 2 D 3B EI LT
ALERMERQuAIR 24% THONTZ, KOSZHWD Z & T, @i CTAFR
#p 2RV [BITF AT = 3-TIVR U $ 13,300/g) K. A TTCAFERS R
Tu(R YV [D]TF A7 = -2-F VR R $ 20/g)7 HRRICARK TE 7=,

Oy -OAr 10 mol% PdCl, 0
20 mo% dcypt
@ K2003 (0.5 equiv) OAr‘
m-xylene (0.8 mL)

1 150 °C, 24 h 2

yield of 2 (recovery of 1)

l“\jOOOR ﬁ@ O»O

2n(R=H) :54% (16%)E 2q (R = OMe) : 59% (10%)al 2s : 74% (5%)
20 (R = OMe) : 62% (19%)@l r (R =OEt) : 47% (27%)
2p(R=F)  :40% (17%)0!

CO)L@ QTU@

2t : 60% (2%)@ 2u: 24% (25%)la
from benzothiophene-2-CO,H ($20/g)
to 2-benzothiophene-3-CO,H ($13,300/g)

Me

[a] The reaction was conducted at 140 °C. [b] The reaction was conducted at 160 °C.
[c] The reaction was conducted for 36 h.

Scheme 6. (ZBR)~7 1 K FHET A7 /L D HE 15 F i B

3-3-3. ER)HFEE X T N OEE 5 &
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FWT, BREZEER Y ~ =/L(1v-1aa)’/s EM OB FIRT A7 )L 0 G 1
HPHZ A L7=(Scheme 7), /XTI MY 7 A4 v A FLHE(v), A F LT AT
NEEAW), BLOAFLVEAN)Z AT HLZEEFE T = = /WIZx L TARISE M
WBH L AZANT T AT IOVENE DB E) U -0 B RE 5 2 72 (2v-2y), =R
MAEIRIRIE 7 0 Rk ROUAD 7 = =)L AT )L My IZ S ARG IEE A T&, AL
ERMEER 2w 2 — TR TAMT A LN TE -, o-7 VA LBERT = =)L
(B L Vm- ~ Y 7 A1 A FLERBERET = =/L(1aa)ll ST b SUG IEHET
U ARILSR 72 3 & ki3 DAL E SRS D AL72 (22-2aa), 77 ¥ L U BRTET T
2 1-T v b TRUAARUEET = =L (1ab)D L 5 2 S B HRT AT LI
L TCTHOARSTEHA T 5 2 &N TE 7= (2ab), RIZ, AGEAWE=ARILS
MOTEEREZIT o7z, 2-E LU HILRUBRITE 7 v — 7 ok e L T4k
FOETCHRAINANM, ZORBICZTRAEL, hOEliTHDHZ &N
METH 5 (3454/g), = 2T, BIMTAFRS 72 1-B L 2 VR VBE($55/) D 7
=)L ATV lac 1ZxF L TARKIGZE WD Z & T, FrED 2-E' L > Ry
feihiEik 2ac 2 1 TR TAKTHZ ENTE R, £/, Zii7g 4- A F-1-F7
FILEE($8/g) D 7 = =)L = AT L (1ad—1ae) & AL SAF AT LTz, £ DR F, %t
ST DALEBMER L U Cafli CTAFREE e 2ad($ 2,998/g) 3 LN 2ae A3 HFEEE
DD BAFRINR TR BT,
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Oy -OAr 10 mol% PdCl,

20 mo% dcypt Q
@ K>CO3 (0.5 equiv) ‘)LOAr’
m-xylene (0.8 mL) @
1 150 °C, 24 h 2

yield of 2 (recovery of 1)

@ (R =CFy) : 46% (22%;)1] @ /@
2w (R=CO,Me) :42% (31%)[al
2x (R =Me) : 30% (55%)[°)

2y (R = SO,NPr,) :28% (58%)l@l

from Probenecid® 2z: 30% (19%)[@ 2aa: 23% (54%)
“‘* = ‘* ‘Q* A,
2ab: 36% (11%) 2ac: 41% (27%)l 2ad (R = H): 71% (17%)

from pyrene-1-CO,H ($55/g) from 4-Me- naphth 1-CO,H ($8/9)

to pyrene-2-CO,H ($454/g) to 1-Me-naphth-3-CO,H ($2,998/g)
2ae (R = Me): 44% (42%)

[a] The reaction was conducted at 140 °C. [b] The reaction was conducted at 170 °C.
[c] The reaction was conducted for 36 h. [d] The reaction was conducted at 160 °C.

Scheme 7. (ZBR) 5 & kT A 7 /L D FLE 4

3-4. BULKEERE DOFEEAMT A
3-4-1. 7::»:1?»%5&0)%%

TRATINHE V ARGEDEITIC 7 = =)L AT VAN LB ST A 72 D12,
KIERMEDOH LT 7 2= )VT AT )V 1a 2Rk R EHERI VR =LEW 112
Z5 W L7=(Scheme 8), Z DfH, AF /L= AT )L 1af, BEHE/LY) lag, HILAR
f% 1ah, 35 X7 X N 1ai TIEARIGER S ETET, RS EIR Sz, H L

ATECBF A 73 fif U 72 (2af-2ai), £72, FA ATV 1aj Z W86, FTLONL
& RPN 20 1ITR<ELNT, ROV ITH I VR =V —F LR EIT LT
DT V= NTFF =T P BRIAERY E L THR LA, BLEDORE RN
AKEANE 7 == VZ AT IVENENBEE CTH D Z ENRBREIN D,
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o) X 10 mol% PdC|2
20 mol% dcypt O
K5COj3 (0.5 equiv)
> X
OO m-xylene (0.8 mL) OO
150 °C, 24 h
1 (0.40 mmol) 2: product
entry product NMR yield (%)@l entry product NMR yield (%)[@

o] (0]
2a 2ah

o] o]

2 OMe 0 5 N’Ph 0
1
Me

2af 2ai

(0] (0]

3 C| 0 6 SPh 0
2ag 2aj
[a] NMR yield was determined by using CH,Br, as an SPh
internal standard. '! ‘!

Scheme 8. 7 = = /L= A7 LI DE FE

3-4-2. WHMEDRREE

WA . AR D3 A B 2R EE L 72 (Scheme 9), £7°. m- N VU 74w A5 )1
LREEBEWRT = = Vv Z W TRESRME T TN EIToT2 L 2A, /T E#HIK
1v YR 23%, A X EHK 2v D3 54% T LAV, Fil T, 2v Of7E B4
KTHD p-hU 7 Fu XA FNVEEEFEHRT = =/LAv)E AN THE—E T TK
JISEAT o T2l 2 A, /NT BRIy DIE 22%, A Z EBEHUER 2v HILER 46% T
Hivlc, BBRIRNZ &2, AWICERELATH D 2v B LU v b, 1ZIEH
BROWER T/ T EHUR 2v & A X EHUR Iv OIRGIDE IV, 210D D4Rk
I3 12 72odz, ZOREND, T AT VK VARSI AW R TE & HEE S
Do
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10 mol% PdCl, Os_OPh o
20 mol% dcypt

(0]
oPh K>COj3 (0.5 equw)= . oPh
m-xylene (0.8 mL)
140°C,24 h

2v (0.40 mmol) 1v: 23% 2v: 54%
10 mol% PdCl, O~_0OPh
20 mol% dcypt 9
K>COj3 (0.5 i
2CO0s ( equw); . OPh
m-xylene (0.8 mL)
140 °C, 24 h
1v (0.40mmol) 1v: 22% 2v: 46%
OPh H O
L
Pld
Ffevers:ble OPh
CF3

Scheme 9. Eﬁ@‘ﬁ@*ﬂé Ak

3-4-3. TRATNE VARIRZBT B ERY OBS I FHRRENE L £ DAERL
TN T AREUSIZIIUT 2 EM DET) PRV ENME & DERIZ DN THELR
L 72(Scheme 10), &L FEHEAZHNT, 7z=1-1-77 hb=—Fla) LB L
NAONERMAR 22 DX T AHHZ RV F 2RI Lz, TOMFR, T4ARY &
L CTHBH LD 2a(iLEE 85%)F 1a(fl 5%) & bR TEXF T AAHZ RV —8 3.7
kcal/mol /NE <, BANNFRNC IV EBETH AL Z ENGhoT-, WV T, 7=
NA Y =aFx—rAn) L HBONLMERMER 2n OF 7 AEHZRLF—%
HH Lz, TR, ZAERmE L TELND 2n(FE 57%)DF 7 A HH =T X%
L —1T In(FR 20%) L VD b 0.5 keal/mol /NE L BAZHIC L D ZETH -
oo LEDKERNG, m AT VE 0 A RSITEI PRI L0 28 I & FAE R
MEEFWE L THLNDZ ERRBEND,
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O~_0OPh 10 mol% PdCl, Os_0OPh
20 mol% dcypt O
K>COj5 (0.5 i
2C0; ( equw); . oPh
m-xylene (0.8 mL)

150 °C, 24 h

1a 1a: 7% 2a: 85%

AG: -3.7 kcal/mol
Os_0OPh 10 mol% PdCl, Os_0OPh
20 mol% dcyp_t O
| N K>COj3 (0.5 equw)‘ | N | N OPh
> +
< m-xylene (0.8 mL) I~ <
N 140 °C, 24 h N N

1n 1n: 20% 2n: 57%
AG: -0.5 kcal/mol
Thermodynamically

Favorable

Scheme 10. = A7 /L& ARSI BT D EMM OB ) FRIL ENE & £ DA R

ke

3-4-4. PA(MEDEITLAI & L TOEREDOH R

Table 3 (TR L7V | ARINFEEZMZ 700 & ISR EIT LR
(Table 9; entries 1 and 2), % Z T, AISITIBWTHE IS PA(THEDEITLAIE L
TENTWDAIREME A B 2. TOMRGEFEREIT o7, & LD PA(I )R 4%
T L TWAHDOTHIIE, BIETRFIZ Pd0)E RBA SIS EITT 5 1%
TThHDH, ZTORMIZESINT, EILHMEEL R T Pd0) Z2AEZH D
[Pd(ally])Cl]2 & PAClL, DR D IZ W THFET L 72, 1a (2% L THHIZ K2COs: (0.5
equiv) & I % 7o 5ot & BER Lo F T C S 21T - 72 (entries 3 and 4), & DGR,
WA N 2 T2 5 T B O BOG A HETT U (entry 3), MEHEELS M4 T CIIAR MG
1T HEIT LR o 72 (entry 4), 7235, Table4 (275 L7218 ¥ | Pda(dba)s-CHCl; <2
Pd(PPh3)s 72 ED/XT 07 AO)EIATIX, 2a OPENKIEIIKTFT S, HLL
WIS HE1T L7Zgh o 7= (entries 5 and 6), LA EDFER NG | ARG OHEITIC
WM ETH 208, T ORENT PAINDEOZETHI TIXR NI EARBIND,
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Os_0OPh X'mol% Pd salt

20 mol% dcyp_t O
K>COj3 (0.5 equiv) OPh
m-xylene (0.8 mL)
°C,24h
1a (0.40 mmol) 2a
GC yield (%)[@l
entry Pd salt (X mol%) condition 1a 2a
1 PdCl, (10) 7 85
2 PdCl, (10) without Ko,CO3 2 61
3 [Pd(ally)Cl], (5) 86 0
4 [Pd(allyl)Cl], (5) without K,CO3 71 0
5 Pd,(dba)3-CHClI3 (5) 48 0
6 Pd(PPh3),4 (10) 49 18

[a] GC yield was determined by using "decane as an internal standard.

Table 9. PA( I DIEILH & L TOHEIEDOZhF

3-4-5, ij@%ﬂsiﬁﬁ

(2, BEAKFEIFEEBRZIT > 72 (Scheme 11), BHEAFELI NIz p-FY 714w
A %/u;z,u FHleT AT )V Iv-d2 (ZXF LTRSS Z2 T2 72, T ORER, = AT )L
ERALOD CA NN D C3 NE~DBENC E - T, C3 (O EKEN C4 MICBEN L2
N B 2v-d2 BE S NTZ, ZORERNG, T2 C-0 Fia D37 20 Ll
BEA~OERALAIAIN, < AV b C-H #E G OTEMLZ T e oAbl LT
Wi VAR = Ab &R LT ARROSITEIT L TV D Z &R S 55,

8%]

Oy -OPh 10 mol% PdCl, Og-OPh
20 mol% dcypt
D D KoCOj3 (0.5 equiv)
[83%] ——— [60%] [62%
m-xylene (0.8 mL)
140 °C, 24 h
1v-d2 2v-d2: 35% 1v-d2’: 22%
(0.40 mmol_83 atom %D)
C(acyl)-O Reductive
Oxidative Elimination
Addition
— ',— - — -
o Pd. -DOPh PhO._ .L
.}Q?Ph -CO p Pd
—
D D — D 0
+DOPh
+CO
B CF3 i B CF3 i

ortho C—H Bond

Activation

Scheme 11. FE/KF{LFEER %2 T2 SO O FEBA ST

3-4-6. TARTIVE AR it DHEE R KT
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U EDORERZ S &IT, = AT VE o ZROEOHEE FOSHERE 2 7777 (Scheme 12),
F9. NT DU LMBEOT 2L C-0 FEE ~DOERALBTINNE Z 5, RIZ, AV
N C-HEADOIEMALEZ ST T 7 F AL B L OB VAR = bz LT,
TIA L RT VT RER(H LT T L— 8T O AR BB S A E
Bl, %2, 7' b oAb, IR =k, B I ONETCHMBES EIT 5 2 & T
B)FRINC L0 RERNLEREERNEERD E L THREOND EHEE LT,

Oy, -OPh 10 mol% PdCl,

1 20 mol% dcypt

K>COj (0.5 equiv)

OO m-xylene (0.8 mL)

14 24 h
1a: 7% 0°C, 1a: 7% 2a: 85%

AG: 3.7 kcal/mol
Thermodynamically
Favorable

Protonation
C(a_cyl)'—O Carbonylation;
Oxidative ph 2
Addition ed_uct:ye
Elimination

L
1

o) ||- |I_
"OPh
‘: Pd\ ',F,’d\
T | o QO o
Deprotonation OO or OO
Decarbonylation HOPh HOPh

ortho C—H Bond i . )
Activation Aryne-Pd 1#-Arene-Pd

Scheme 12. = X T )L X o AR DHETE B AsAE

3-5. bR
35-1. TRATFNANEVRALEFBRZATAON v 7Y v I RineBW-BRE
FIRLEH~DFHELL

TRATFNE L ATHEONDT AT L 25 L T, 5 TR SN BFIE
TATNDI A ARy TV TRONEITS 2 & T, kx REWGFBILEY 3
IZFEE T 5 Z LN TE D (Scheme 13)10) 72 L 2%, 2a @ C-H 7 U —/1k
(Ba)l'al | $EAR—ETH A 7Y 7 @b X F AL Be)loil T Al (3d) e
C-PfEATERBe)M, 77 2 /B3O R U Ak@Bg)lel, & X UUKFEIL3h)!ed
REDANRK=NIT T T EITH Z LT, kT 2 HERIEEY(3a-
Bhy~LEFETE D, £, FEBRZ ATV E WA VR = Utk &tEb 2
TV TS EITO 2 E T, 2a0H 7 X RGBS b /(3 and 3k)LH6f 162
REEETHIENTE D,
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O OAT cat. Pd/dcypt (0] @
KoCOs Nu
—_— OAr’ _—
Ester Dance Decarbonylative
Coupling
1 2 3

o‘i'p

OMe  3a:82% 3k 81%
(0]
Et
o\ C /Ars o
3b 91% [N|] [Pd]
cat Pd/dcypt 3j: 89%
(b) ArB OH 85% K>CO4 () BR3 ’
[N|] Ester Dance [Ni]

(@)

(c) MeZAICI (i) HoNAr
Me , (Pd] N,Ph
OO )
3c 78% (d) ZnCN, (h) PMHS 3i: 74%

[Ni] [Ni]
(e) HP(O)Phy (f) HN=CPh, (g9) (Bnep),
[N|] [Ni] then H* [Ni] “/

3d. 90% 3h: 90%
69% 3f: 87% 39: 80%

SmmwBVIX?WﬁyzkﬁﬁﬁIX?W®ﬁy79Vfﬁm%ﬁwk%
W F IR B ~D ik EAl

3-52. TATFNHEUVREBMANR=AT G 7Y v 7 OBERK G

Pd/deypt EAFAE B B FRE T AT LV LI IsRERIZER &85 2 & T,
1) ZATNVE ALK DAERMER 2 04, 2) BALVKR= AR 7Y v
T N2 AT T D BRSO & BA%E L 7= (Scheme 14), ARz HWD Z & T,
FEBRT ATV DDA REBREFRICEH S 2 — LR THM T 5 1o,
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O OAr cat. Pd/dcypt
base Nu
. @ >
@ Ester Dance @
Decarbonylative

C il
’ oupling 5

‘)L ] Decarbonylative
Coupling

Scheme 14. = AT )L X L A &Hﬁﬁ/l/ﬂi WALT > 7 T O BRI

Ester Dance

FP T RATNNL L RHEL A VR = AR C-H 7 U — ARSI DWW TR
X% (Scheme 15), Pd(OAc)/dcypt filtiit & KsPOs &2 VT, 1-F 47 = /LR
VT = =b(1ak) & XUV F T Y — L (4A) B UG ST, ZORER, C2-7 U —
NTFF T v 5A DN ERALE R E LTI 60% TE S, C3-7 V) — /L F %
7y SATRINETH -T2, ARIGIE, lak D= AT )VE R L > T 2-F
ﬁ7iyﬁwﬁy%7m:wmmﬁéﬁb VT C2 (L TORL A VAR =
C-H7 VU — LML CEIT LI LT, SAZ2EXEEZ LN LUK,

O .OPh 10 mol% Pd(OAc),
20 mol% dcypt

N N S
. 3 N
J N K3PO, (1.5 equiv) » ,@ 3
{ N + H—(’ - @/ﬁ S + { Ny 2
S m-xylene, 150 °C S s
1ak 4A Ester Dance 5A: 60% 5A’: 13%
Decarbonylative

C—-H Aryaltion

Ester Dance [ OJ( ] Decarbonylative

C-H Arylation

&mMnimx%wﬁyxmm<%ﬁwﬁ:w@cﬂ7u—wMﬁm

FNWT, T AT NVE v Ak i ViR = VLT 2 LR Z DWW Th R 5
(Scheme 16), Pd/dcypt il EfFZ7E T, 2n &V 7 ==L 7 2 (4B) Z{E &S5
ELCA-T I Y VU SBMHREDIGRICTHE L, C3-7 I /Y Y 5B

L IGELNR ol T, 2NN AT AL AL L CHBR 1In 23E
L., #EWT In TOARBI AR = VT I (R 5 2 & TRIGITETL
72EEZONS, Inid2n KV X T AH BT R/LF—20 0.5keal/mol K & VR
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NFENCARLZERFRETCH D, LonL, AR = VAT I 26D C4 ALD
T AT IVEMNL TEBIRFICHEIT L2720, 5B OALNG L T-HRIEWTH 5,

10 mol% Pd(OAc),
20 mol% dcypt Ph Phn-Fh

) @ Ph K3PO, (1.5 equiv) 3, N 3 .
N + H=N —_— "y’ Ph + O
N> Ph toluene, 150 °C N, — N

Ester Dance
2n 4B Decarbonylative 5B: 62% 5B’: 0%
Amination

(0]
3, 4B
N OPh
Ester Dance N Decarbonylative
1in Amination

AG: +0.5 kcal/mol

Scheme 16. = AT )L X L ATk < B VAR = VT 2 7 A i

\j

S 51T, 2t 1ZxF LT Pd/deypt A (EH S8 T 170 FEECTIEMR#T 52 &
T(M7m/%V%/)/5CﬁW#%%T%%ﬂt@mmemo@%%%
IZ ASIE C3-7 = ) FvF ) Vv 5Ch2 2L 52xhotz, TAT VA
2K o THEE 1t 3ERR L, SV THO B LR = Vil — 7 LA A3
:5:8@50%51t&%mh(m50u@ni@%%7xamizw%
— 73 2.6 kcal/mol K& WEA LI LELRPHAETH D, L, AR =
NI —F ALK ) U VBRD CA4 MDD T AT IVEME CEIRAJICK Z 5720,
5C OANELNTZEHEE L TN D,

O _.OPh 10 mol% PdCl,
20 mol% dcypt h
3

OP
h 3
K>COj3 (0.5 equiv
|\4 2C03 (0.5 equiv) |\4 oph A ,0Ph \4
p———
N~ m-xylene, 170°C | N_ ~ N N =
Ester Dance Decarbonylative

Etherification

2t 1t 5C: 43% 5C’: 0%
AG: +2.6 kcal/mol

Scheme 17. T A7 /LA 2 A ZH5E < o N ViR = VRl = — 7 AV RO

3-5-3. BEFER LIBT3 ATAEMD 1,3 BENIHL BNV R= A Bl —TF
ARG

AREORDFEE — M2 ia LzERIc, THEhZ Lo, HERE BT
AT IVEAL D 13-BENCHE S I LR =Bl —F b5 %2 B L7
(Scheme 18), PdCly/dcypt il BEAFEAE T, 1n (2% L CHIFEIZ K3POs & FV T 160 £
TASFMEMREIE T2 L . C2-7 = 7 F Y 2 5D BULHE 25% TH L LT,
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TEOTZATALE AL o TER LRI 3n 125 LT FRBL LR =
/l/ﬂ‘”::—T/Mm:t HZ LT, RBOSHETT D EHEEL TWD, BN
L BB b L E I P REAIL 2n(G: —0.5keal/mol) TH VD . i LR
*‘/vﬁ”n:—wl/ﬂ:ﬂ #1717 L 7= 3n(G: +1.08 kcal/mol) 13f b A2 ERPRIATH
Lo LU, MANK= VB —F LR T ¥ D C2 LD = AT )VEL T
BIRICHETT 5720, SD R ELERME L TH LN EEX NS,

O~__OPh 10 mol% PdCl,
. 20 mol% dcyp_t 4 o 4 4
Nys PO (15 eal) | AN Soph | —a Xy y?
l 8 2 m-xylene l ~ l &2 _OPh l AL
N 160 °C, 48 h N" 2 N N” ~OPh
Ester Dance Ester Dance (0] Decarbppyla_wtive
1n 2n 3n Etherification 5D: 25%
2
9 N 2 O B 9
N 9 J\‘//“s\ ‘7‘) 2
R ’ 5% :
9 . §
3 1n 2 2n 5 3n
1.08  [kcal/mol]
050 e
"""""""""""" AG=00 .-
Scheme 18. F &L LICHIF 2 = 27 /VERALOD 1,3-BEhckE < B VR =1 Rlx
— 7 MEBUG
3-6. £

AREDWFETIZ, /XT V7 Ldeypt il 2 W2 /R EOT AT L2 R
B Z2 B %6 L 72 (Scheme 19)17, H & T 27 /L% LT PdCl/deypt filifi &
KoCOs ZEH & TIEE#E T 5 2 & C©, ERERMEANIERLSSELND
T xRN UTe, ARROSOREEEMFEIITIALS xR FBRT AT V56
TELHZELEHLMNC LT, ARISOISHERE LT, ZATAZ A EBih
WIR= VT 7Y o 7(C-H T Y —ik, 7 X b, B FHRT—7 /11k)

DRSS H BAFE LTz, KBRS E WD Z LT, xR B EFELE W E —
TRTERTHIZENTED, EDIZ, “EOTATIVE LV AHEER LICBIT
DT AT VANED 1,3-BENE)HE < Bl 7 VAR = VT = — T )AL RS & f1
TR L,

I
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Pd/dcypt

K,CO5; 31 Examples

Ester Dance Reaction

Ester Dance followed by Decarbonylative Couplings with Various Nucleophiles

OsOAr
' cat. Pd/dcypt

base Nu
+ (o) >
@ Ester Dance @
Decarbonylative
Coupling
Ester Dance [ ‘)L ] Decarbonylative
Coupling
Sequential Ester Dance followed by Decarbonylative Etherification
Os_0OPh
cat. Pd/dcypt s 9 4 4
4 base 3 3
N3 N 3 OPh | —= N N
| ], e | =1 L. [ I
r Dance o, Ester Dance 7 OPh | Decarbonylative 7
N N N Etherification N OPh

(6]
Scheme 19. /X7 U0 At &2 W= B HFHRERZ AT VDT AT VK o ARG
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EERIH
1. General

Unless otherwise noted, all reactants or reagents including dry solvents were obtained
from commercial suppliers and used as received. 3,4-
Bis(dicyclohexylphosphino)thiophene (dcypt) was obtained from KANTO Chemical
and was reprecipitated with CH>Cl, and MeOH before the ester dance reactions. K2COs3
and PdCI, were obtained from FUJIFILM Wako Pure Chemical Corporation. Methyl 1-
naphthoate (1af), 1-naphthoyl chloride (1ag), 1-naphthoic acid (1ah), benzothiazole
(4A) and diphenylamine (4B) were obtained from Tokyo Chemical Industry (TCI).
Phenyl 1-naphthoate (1a),['*?l p-tolyl 1-naphthoate (1b),'®3 phenyl isonicotinate
(1n),['%] phenyl 2-methoxynicotinate (1q),!'%! phenyl benzo[b]thiophene-2-carboxylate
(1u),'%!  phenyl  4-(trifluoromethyl)benzoate  (1v),l'®)  phenyl  4-(N,N-
dipropylsulfamoyl)benzoate (1w),!'%! methyl phenyl terephthalate (1x),[!5¢! phenyl 4-
methylbenzoate  (1y),l'®]  phenyl  2-fluorobenzoate  (1z),l'®  phenyl 3-
(trifluoromethyl)benzoate (1aa),!'®?! phenyl pyrene-1-carboxylate (1ac),!'%¢! phenyl 4-
methyl-1-naphthoate (1ad),!'®! phenyl thiophene-3-carboxylate (1ak),!'%! N-methyl-N-
phenyl-1-naphthamide (1ai),l'*7 phenyl nicotinate (2n),[!%! and phenyl quinoline-3-
carboxylate (2t),!'%¢] 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 ester dance reactions 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 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 (HRMS) were conducted on Thermo Fisher
Scientific ExactivePlus® (ESI and DART). Nuclear magnetic resonance (NMR) spectra
were recorded on a JEOL JNM-ECS-400 ('"H 400 MHz, '3C 101 MHz) spectrometer.
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Chemical shifts for 'H NMR are expressed in parts per million (ppm) relative to
tetramethylsilane (8 0.00 ppm). Chemical shifts for '*C NMR are expressed in ppm
relative to CDCl3 (6 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.

2. Synthesis of Aromatic Esters 1
2-1. Synthesis of 1 using EDC-HCI1

0 @
OH DMAP ‘)L
CHZCIZ RT

General Procedure 1

To a solution of carboxylic acid (1.0 equiv) in CH>Cl; (0.50 M) were added arenols
(0.95  equiv), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide = hydrochloride
(EDC-HCI: 1.1 equiv) and N,N-dimethyl-4-aminopyridine (DMAP: 0.10 equiv). After
stirring the mixture for several hours with monitoring the reaction progress by TLC, the
reaction was quenched with saturated NaHCO;3 aq. and extracted three times with

CH>Cl. The combined organic layer was dried over Na>SOQa, filtrated, and concentrated

in vacuo. The residue was purified by Isolera® to afford the corresponding aromatic

O 1L
O (0] Me
Purification by Isolera® (hexane/EtOAc = 19:1 to 4:1) afforded 1c¢ as a white solid
(493 mg, 5.00 mmol scale, 38% yield). "H NMR (400 MHz, CDCl3) § 9.04 (d, J = 8.8
Hz, 1H), 8.46 (d, J = 7.2 Hz, 1H), 8.10 (d, J = 8.0 Hz, 1H), 7.92 (d, J = 8.0 Hz, 1H),

7.64 (dd, J = 8.8, 7.2 Hz, 1H), 7.60-7.53 (m, 2H), 7.35 (t, J = 8.0 Hz, 1H), 7.14-7.06
(m, 3H), 2.42 (s, 3H); 3C NMR (101 MHz, CDCls) & 165.9, 150.9, 139.8, 134.2, 133.9,

esters 1.

m-Tolyl 1-naphthoate (1c¢)
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131.6, 131.1, 129.3, 128.7, 128.1, 126.7, 126.4, 125.9, 125.7, 124.5, 122.4, 118.8, 21.4;
HRMS (ESI) m/z caled for CisH140:Na [M+Na]*: 285.0886 found 285.0882.

U
o
Me
o-Tolyl 1-naphthoate (1d)

Purification by Isolera® (hexane/EtOAc = 19:1 to 4:1) afforded 1d as a white solid
(334 mg, 1.50 mmol scale, 85% yield). '"H NMR (400 MHz, CDCl3) 6 9.06 (d, J = 8.4
Hz, 1H), 8.52 (d, J = 7.6 Hz, 1H), 8.11 (d, J = 8.4 Hz, 1H), 7.93 (d, J = 8.0 Hz, 1H),
7.65 (dd, J = 8.4, 7.6 Hz, 1H), 7.62-7.54 (m, 2H), 7.35-7.27 (m, 2H), 7.26-7.18 (m,
2H), 2.31 (s, 3H); 13C NMR (101 MHz, CDCl3) & 165.5, 149.6, 134.3, 133.9, 131.7,
131.2, 131.1, 130.5, 128.7, 128.2, 127.1, 126.4, 126.1, 125.7, 124.5, 122.1, 16.4 (one
peak is missing due to overlapping); HRMS (DART) m/z caled for CisHisNO>
[M+NH4]": 280.1332 found 280.1329.

o OMe
OO o/©/
4-Methoxyphenyl 1-naphthoate (1e)

Purification by Isolera® (hexane/EtOAc = 19:1 to 4:1) afforded 1e as a white solid
(397 mg, 1.50 mmol scale, 95% yield). '"H NMR (400 MHz, CDCl3) § 9.03 (d, J = 8.0
Hz, 1H), 8.46 (d, J = 7.6 Hz, 1H), 8.10 (d, J = 8.8 Hz, 1H), 7.93 (d, J = 8.0 Hz, 1H),
7.64 (dd, J= 8.8, 7.6 Hz, 1H), 7.60-7.53 (m, 2H), 7.21 (d, /= 9.2 Hz, 2H), 6.98 (d, J =
9.2 Hz, 2H), 3.85 (s, 3H); '*C NMR (101 MHz, CDCl3) § 166.2, 157.3, 144.4, 134.2,
133.9,131.6,131.1, 128.6, 128.1, 126.4, 126.0, 125.7, 124.5, 122.6, 114.6, 55.6; HRMS
(DART) m/z calcd for CisHisNO3 [M+NH4]": 296.1281 found 296.1275.

o LY

4-Fluorophenyl 1-naphthoate (1g)
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Purification by Isolera® (hexane/EtOAc = 19:1 to 4:1) afforded 1g as a white solid
(338 mg, 3.00 mmol scale, 42% yield). '"H NMR (400 MHz, CDCl3) § 9.02 (d, J = 8.4
Hz, 1H), 8.46 (d, J = 7.2 Hz, 1H), 8.10 (d, J = 8.0 Hz, 1H), 7.92 (d, J = 8.0 Hz, 1H),
7.64 (dd, J = 8.0, 7.2 Hz, 1H), 7.60-7.53 (m, 2H), 7.28-7.21 (m, 2H), 7.18-7.10 (m,
2H); *C NMR (101 MHz, CDCl3) 8 165.7, 160.3 (d, Jc_r = 248 Hz), 146.7 (d, Jcr =
2.8 Hz), 134.5, 133.9, 131.7, 131.3, 128.7, 128.2, 126.4, 125.6, 125.5, 124.5, 123.3 (d,
Jcr = 8.7 Hz), 116.2 (d, Jc_r = 23.2 Hz); HRMS (DART) m/z calcd for Ci7H120F
[M+H]": 267.0816 found 267.0813.

QAL

3-Fluorophenyl 1-naphthoate (1h)

Purification by Isolera® (hexane/EtOAc = 19:1 to 4:1) afforded 1h as a white solid
(321 mg, 1.50 mmol scale, 80% yield). "H NMR (400 MHz, CDCl3) § 9.02 (d, J = 8.8
Hz, 1H), 8.46 (d, /= 7.2 Hz, 1H), 8.11 (d, J = 8.4 Hz, 1H), 7.92 (d, J = 8.4 Hz, 1H),
7.65 (dd, J = 8.4, 7.2 Hz, 1H), 7.60-7.53 (m, 2H), 7.46-7.38 (m, 1H), 7.13—6.98 (m,
3H); 3C NMR (101 MHz, CDCl3) & 165.3, 163.0 (d, Jc_r = 252 Hz), 151.8 (d, Jcr =
10.6 Hz), 134.6,133.9, 131.7, 131.3,130.3 (d, Jc r=9.6 Hz), 128.7, 128.3, 126.5, 125.6,
125.3,124.5, 117.7 (d, Jc—r = 3.9 Hz), 113.0 (d, Jc—r = 21.3 Hz), 110.2 (d, Jcr = 24.2
Hz); HRMS (DART) m/z calcd for C17H1sNO2F [M+NH4]": 284.1081 found 284.1077.

0
o S
Benzo[d][1,3]dioxol-5-yl 1-naphthoate (1k)

Purification by Isolera® (hexane/EtOAc = 19:1 to 3:1) afforded 1k as a white solid
(961 mg, 4.00 mmol scale, 82% yield). "H NMR (400 MHz, CDCl3) § 9.02 (d, J = 8.8
Hz, 1H), 8.44 (d, J = 7.2 Hz, 1H), 8.10 (d, J = 8.0 Hz, 1H), 7.92 (d, J = 8.0 Hz, 1H),
7.64 (dd, J= 8.0, 7.2 Hz, 1H), 7.60-7.53 (m, 2H), 6.86 (d, J= 8.8 Hz, 1H), 6.81 (d, J =
2.4 Hz, 1H), 6.72 (d, J = 8.8, 2.4 Hz, 1H), 6.02 (s, 2H); '*C NMR (101 MHz, CDCls) &
166.1,148.1,145.4,145.2, 134.3,133.9,131.6, 131.2, 128.7, 128.2, 126.4, 125.7, 124.5,
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114.2, 108.1, 104.0, 101.8 (one peak is missing due to overlapping); HRMS (ESI) m/z
calcd for Ci1gH1204Na [M+Na]": 315.0628 found 315.0625.

M
i Y ©
N

4-Methoxyphenyl isonicotinate (10)

Purification by Isolera® (hexane/EtOAc = 19:1 to 1:1) afforded 1o as a white solid
(403 mg, 2.00 mmol scale, 88% yield). '"H NMR (400 MHz, CDCl3) & 8.86 (d, J = 6.4
Hz, 2H), 8.00 (d, J = 6.4 Hz, 2H), 7.14 (d, J = 9.2 Hz, 2H), 6.96 (d, J = 9.2 Hz, 2H),
3.84 (s, 3H); 3C NMR (101 MHz, CDCl3) & 164.1, 157.6, 150.8, 143.9, 136.8, 123.1,
122.1, 114.6, 55.6; HRMS (DART) m/z calcd for Ci13H12NOs [M+H]*: 230.0812 found
230.0808.

OOF
i ) ©
N

4-Fluorophenyl isonicotinate (1p)

Purification by Isolera® (hexane/EtOAc = 19:1 to 1:1) afforded 1p as a colorless oil
(615 mg, 5.00 mmol scale, 39% yield). '"H NMR (400 MHz, CDCl3) & 8.87 (d, J = 6.0
Hz, 2H), 8.00 (d, J = 6.0 Hz, 2H), 7.23-7.10 (m, 4H); '*C NMR (101 MHz, CDCls) &
163.8, 160.5 (d, Jcr =247 Hz), 150.9, 146.2 (d, Jc r = 2.9 Hz), 136.5, 123.1, 122.8 (d,
Jcr = 8.6 Hz), 116.3 (d, Jc—r = 24.0 Hz); HRMS (DART) m/z calcd for Ci2HoNO,F
[M+H]": 218.0612 found 218.0608.

OEt O /@
Phenyl 2-ethoxynicotinate (1r)

Purification by Isolera® (hexane/EtOAc = 19:1 to 1:1) afforded 1r as a white solid
(801 mg, 4.00 mmol scale, 82% yield). '"H NMR (400 MHz, CDCl3) & 8.38-8.30 (m,

2H), 7.46-7.38 (m, 2H), 7.29-7.19 (m, 3H), 6.98 (dd, J = 7.6, 5.2 Hz, 1H), 4.51 (q, J =
7.2 Hz, 2H), 1.45 (t,J="7.2 Hz, 3H); '3C NMR (101 MHz, CDCls) § 163.5, 162.6, 151.4,
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150.7, 141.5, 129.4, 125.8, 121.7, 116.1, 113.2, 62.6, 14.5; HRMS (ESI) m/z calcd for
Ci14H14NO3 [M+H]": 244.0968 found 244.0964.

OMe O OMe
4-Methoxyphenyl 2-methoxynicotinate (1s)

Purification by Isolera® (hexane/EtOAc = 19:1 to 4:1) afforded 1s as a white solid
(462 mg, 2.00 mmol scale, 89% yield). 'H NMR (400 MHz, CDCls) 6 8.38 (dd, J=4.8,
2.0 Hz, 1H), 8.34 (dd, J=17.6, 2.0 Hz, 1H), 7.13 (d, J = 8.8 Hz, 2H), 7.01 (dd, J = 7.6,
4.8 Hz, 1H), 6.93 (d, J = 8.8 Hz, 2H), 4.08 (s, 3H), 3.82 (s, 3H); '*C NMR (101 MHz,
CDCl3) 6 163.7,162.8,157.3,151.4,144.2,141.6, 122.4,116.4,114.4,113.3, 55.6, 54.2;
HRMS (DART) m/z calcd for C14H14NO4 [M+H]": 260.0917 found 260.0914.

Q1.0

Phenyl quinoline-4-carboxylate (1t)

Purification by Isolera® (hexane/EtOAc = 19:1 to 1:1) afforded 1t as a white solid
(778 mg, 5.00 mmol scale, 62% yield). '"H NMR (400 MHz, CDCl3) § 9.12 (d, J= 4.4
Hz, 1H), 8.90 (d, J = 8.8 Hz, 1H), 8.23 (d, J = 8.8 Hz, 1H), 8.17 (d, J = 4.4 Hz, 1H),
7.82 (dd, J = 8.8, 6.8 Hz, 1H), 7.70 (dd, J = 8.8, 6.8 Hz, 1H), 7.50 (dd, J = 8.8, 7.2 Hz,
2H), 7.34 (t, J = 7.2 Hz, 1H), 7.30 (d, J = 8.8 Hz, 2H); *C NMR (101 MHz, CDCl3) §
164.6,150.5,149.8, 149.3, 133.8, 130.2, 129.9, 129.7, 128.6, 126.4, 125.5, 125.2, 122.8,
121.6; HRMS (ESI) m/z calcd for Ci1¢H12NO2 [M+H]": 250.0863 found 250.0858.

Ao

Phenyl anthracene-1-carboxylate (1ab)

Purification by Isolera® (hexane/EtOAc = 19:1 to 4:1) afforded 1ab as a white solid
(615 mg, 2.26 mmol scale, 91% yield). "H NMR (400 MHz, CDCl5) § 9.72 (s, 1H), 8.57
(d, /J=7.2 Hz, 1H), 8.52 (s, 1H), 8.29 (d, J= 8.8 Hz, 1H), 8.10-7.99 (m, 2H), 7.59-7.47
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(m, 5H), 7.37-7.31 (m, 3H); 3C NMR (101 MHz, CDCl3) § 165.9, 151.0, 135.1, 133.0,
132.0, 131.8, 131.5, 129.6, 129.2, 128.8, 127.8, 127.3, 126.2, 126.0, 125.45, 125.37,
123.6, 122.0 (one peak is missing due to overlapping); HRMS (ESI) m/z calcd for
C21H1502 [M+H]": 299.1067 found 299.1070.

SE¥<N

m-Tolyl 4-methyl-1-naphthoate (1ae)

Purification by Isolera® (hexane/EtOAc = 19:1 to 4:1) afforded 1ae as a white solid
(852 mg, 5.00 mmol scale, 62% yield). '"H NMR (400 MHz, CDCl3) § 9.10 (d, J = 8.0
Hz, 1H), 8.36 (d, J= 8.0 Hz, 1H), 8.08 (d, J= 8.0 Hz, 1H), 7.66-7.65 (m, 2H), 7.40 (d,
J=7.2Hz, 1H), 7.33 (dd, /=8.4, 7.6 Hz, 1H), 7.13-7.04 (m, 3H), 2.77 (s, 3H), 2.41 (s,
3H); '3C NMR (101 MHz, CDCls) & 166.0, 151.0, 141.4, 139.7, 132.9, 131.7, 131.0,
129.2, 127.7, 126.6, 126.3, 126.2, 125.6, 124.5, 124.2, 122.5, 118.8, 21.4, 20.2; HRMS
(DART) m/z caled for CioH20NO2 [M+NH4]": 294.1489 found 294.1483.

2-2. Synthesis of 1 from 1-naphthoyl chloride

A E Qi
o _bwp
CH20|2
0°CtoRT
General Procedure 2
To a solution of 1-naphthoyl chloride (1.0 equiv) in CH2CL (0.50 M) were added
arenols (0.95 equiv), N,N-dimethyl-4-aminopyridine (DMAP: 0.10 equiv), CH2Cl, (0.50
M), and then triethylamine (EtsN: 1.2 equiv) slowly at 0 °C. After stirring the mixture
for several hours with monitoring the reaction progress by TLC, the reaction mixture
was quenched with saturated NaHCOj3 aq. and extracted three times with CH>Cl,. The

combined organic layer was dried over Na>SOs, filtrated, and concentrated in vacuo.

The residue was purified by Isolera® to afford the corresponding aromatic esters 1.

sS¥<W
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3-Methoxyphenyl 1-naphthoate (1f)

Purification by Isolera® (hexane/EtOAc = 19:1 to 4:1) afforded 1f as a colorless oil
(510 mg, 3.00 mmol scale, 61% yield). '"H NMR (400 MHz, CDCl3) § 9.04 (d, J = 8.4
Hz, 1H), 8.47 (d, J = 7.2 Hz, 1H), 8.11 (d, J = 8.4 Hz, 1H), 7.92 (d, J = 8.4 Hz, 1H),
7.65 (dd, J = 8.4, 7.2 Hz, 1H), 7.61-7.54 (m, 2H), 7.37 (t, J = 8.0 Hz, 1H), 6.92—6.83
(m, 3H), 3.84 (s, 3H); '*C NMR (101 MHz, CDCl3) § 165.7, 160.6, 151.9, 134.3, 133.9,
131.7,131.2,129.9, 128.7, 128.2, 126.4, 125.8, 125.7, 124.5, 114.1, 111.8, 107.8, 55.5;
HRMS (ESI) m/z calcd for CisHi403Na [M+Na]*: 301.0835 found 301.0831.

QAT

[1,1'-Biphenyl]|-4-yl 1-naphthoate (1i)

Purification by Isolera® (hexane/EtOAc = 19:1 to 4:1) afforded 1i as a white solid
(1.09 g, 4.00 mmol scale, 84% yield). "H NMR (400 MHz, CDCl3) 8 9.06 (d, J = 8.8 Hz,
1H), 8.51 (dd, J=17.6, 1.2 Hz, 1H), 8.12 (d, J = 8.0 Hz, 1H), 7.94 (d, J = 8.0 Hz, 1H),
7.71-7.55 (m, 7TH), 7.47 (dd, J = 8.4, 7.2 Hz, 2H), 7.40-7.34 (m, 3H); '*C NMR (101
MHz, CDCls) 6 165.9, 150.4, 140.4, 139.1, 134.4, 133.9, 131.7, 131.3, 128.8, 128.7,
128.3,128.2,127.4,127.2,126.4, 125.8, 125.7, 124.5, 122.2; HRMS (DART) m/z calcd
for C23H20NO2 [M+NH4]": 342.1489 found 342.1483.

QAL

[1,1'-Biphenyl]-3-yl 1-naphthoate (1j)

Purification by Isolera® (hexane/EtOAc = 19:1 to 4:1) afforded 1j as a colorless oil
(869 mg, 3.00 mmol scale, 89% yield). "H NMR (400 MHz, CDCl3) & 9.06 (d, J = 8.8
Hz, 1H), 8.50 (dd, J= 7.6, 1.2 Hz, 1H), 8.09 (d, J = 8.4 Hz, 1H), 7.92 (d, J = 8.0 Hz,
1H), 7.68-7.49 (m, 8H), 7.44 (dd, J = 8.0, 7.2 Hz, 2H), 7.36 (t, /= 7.2 Hz, 1H), 7.31-
7.24 (m, 1H); 3C NMR (101 MHz, CDCl3) & 165.8, 151.3, 143.0, 140.2, 134.4, 133.9,
131.7,131.3,129.8, 128.8, 128.7, 128.2,127.7,127.2,126.4, 125.8, 125.7, 124.7, 124.5,
120.64, 120.61; HRMS (ESI) m/z caled for C23H1702 [M+H]": 325.1223 found 325.1219.
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OO L0

Naphthalen-2-yl 1-naphthoate (11)

Purification by Isolera® (hexane/EtOAc = 19:1 to 4:1) afforded 11 as a white solid
(510 mg, 3.00 mmol scale, 57% yield). "H NMR (400 MHz, CDCl3) & 9.08 (d, J = 8.8
Hz, 1H), 8.54 (dd, J= 7.2, 1.2 Hz, 1H), 8.11 (d, J = 8.0 Hz, 1H), 7.95-7.83 (m, 4H),
7.76 (d, J=2.4 Hz, 1H), 7.65 (dd, J = 8.8, 7.2 Hz, 1H), 7.62-7.46 (m, 4H), 7.43 (dd, J
= 8.4, 2.0 Hz, 1H); '3C NMR (101 MHz, CDCl3) 6 166.0, 148.6, 134.4, 133.9, 133.8,
131.7,131.5,131.3,129.5, 128.7, 128.2, 127.8,127.7, 126.6, 126.4, 125.8, 125.7, 124.5,
121.4, 118.8 (one peak is missing due to overlapping); HRMS (ESI) m/z calcd for
C21H1402Na [M+Na]": 321.0886 found 321.0882.

N
Y o

Purification by Isolera® (hexane/EtOAc = 19:1 to 1:1) afforded 1m as a white solid
(818 mg, 4.00 mmol scale, 82% yield). "H NMR (400 MHz, CDCl3) § 9.02 (d, J = 8.8
Hz, 1H), 8.65 (d, /= 2.8 Hz, 1H), 8.57 (dd, J=4.8, 1.2 Hz, 1H), 8.51 (dd, J=7.6, 1.2
Hz, 1H), 8.14 (d, J = 8.8 Hz, 1H), 7.94 (d, J = 8.4 Hz, 1H), 7.72-7.63 (m, 2H), 7.62—
7.55 (m, 2H), 7.42 (dd, J= 8.4, 4.8 Hz, 1H); 3C NMR (101 MHz, CDCl3) § 165.1, 147.6,
147.0,143.8,134.9,133.9, 131.7, 131.6, 129.6, 128.8, 128.4, 126.5, 125.5, 124.8, 124.5,
123.9; HRMS (ESI) m/z calcd for Ci1¢Hi12NO2 [M+H]": 250.0863 found 250.0859.

Pyridin-3-yl 1-naphthoate (1m)

3. Ester Dance Reaction on the Aromatic Ring

0 10 mol% PdCl,
20 mol% dcypt
e s g
=
m-xylene (0.80 mL) OAr
150 °C, 24 h
(@)
1 (0.40 mmol) 2

General Procedure 3
A 20-mL glass vessel equipped with J. Young® O-ring tap containing a magnetic

stirring bar and K»,CO3 (27.6 mg, 0.20 mmol, 0.50 equiv) was dried with a heat-gun in
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vacuo and filled with N> after cooling to room temperature. To this vessel were added
aromatic esters 1 (0.40 mmol, 1.0 equiv), PdCI> (7.1 mg, 0.040 mmol, 10 mol%), 3,4-
bis(dicyclohexylphosphino)thiophene (dcypt: 38.1 mg, 0.080 mmol, 20 mol%). The
vessel was placed under vacuum and refilled N> gas three times, and then added m-
xylene (0.80 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 pad with EtOAc as an eluent, and then concentrated
in vacuo. The residue was purified by PTLC to afford the corresponding rearranged

product 2. The ratio of 1 and 2 was determined by '"H NMR analysis.

QL o

0
&
Phenyl 2-naphthoate (2a)!'%

Purification by PTLC (hexane/Et.O = 10:1, three times) afforded 2a as a white solid
(85.1 mg, 86% yield) and 1a (6.7 mg, 7% yield). The ratio of 2a and 1a was determined
as 92:8. '"H NMR (400 MHz, CDCls) & 8.80 (s, 1H), 8.19 (dd, J= 8.8, 2.0 Hz, 1H), 7.97
(d, J= 8.4 Hz, 1H), 7.91 (d, J = 8.8 Hz, 1H), 7.88 (d, J = 8.0 Hz, 1H), 7.65-7.51 (m,
2H), 7.49-7.39 (m, 2H), 7.32-7.23 (m, 3H); 3C NMR (101 MHz, CDCl3) § 165.3, 151.0,
135.7,132.4,131.9, 129.5, 129.4, 128.6, 128.3, 127.8, 126.8, 126.7, 125.9, 125.4, 121.7;
HRMS (ESI) m/z caled for C17H1202Na [M+Na]": 271.0730 found 271.0727.

p-Tolyl 2-naphthoate (2b)!'%

Purification by PTLC (hexane/CH>Cl, = 1:1) afforded a mixture of 2b and 1b (125
mg, 0.496 mmol scale, 96% yield, 2b:1b = 52:48) and the yield of 2b was determined
as 50%. Further purification by PTLC (hexane/CH>Cl, = 2:1, three times) was
performed to give pure 2b as a white solid for the characterization. "H NMR (400 MHz,
CDCI) 6 8.79 (s, 1H), 8.19 (dd, J = 8.8, 2.0 Hz, 1H), 8.00 (d, J = 7.6 Hz, 1H), 7.96—
7.89 (m, 2H), 7.66—7.54 (m, 2H), 7.28-7.22 (m, 2H), 7.17-7.12 (m, 2H), 2.39 (s, 3H);
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BC NMR (101 MHz, CDCl3) § 165.5, 148.7, 135.7, 135.5, 132.5, 131.8, 130.0, 129.5,
128.5, 128.3, 127.8, 126.82, 126.78, 125.5, 121.4, 20.9; HRMS (ESI) m/z calcd for
CisH1402Na [M+Na]": 285.0886 found 285.0880.

4

o Me
NS
m-Tolyl 2-naphthoate (2¢)

Purification by PTLC (hexane/CH>Cl, = 1:1) afforded a mixture of 2¢ and 1c¢ (91.4
mg, 87% yield, 2¢:1c = 81:19) and the yield of 2¢ was determined as 71%. Further
purification by PTLC (hexane/Et,O = 10:1, three times) was performed to give pure 2¢
as a white solid for the characterization. '"H NMR (400 MHz, CDCls) & 8.77 (s, 1H),
8.18 (dd, J=8.8, 1.6 Hz, 1H), 7.97 (d, J = 8.0 Hz, 1H), 7.92-7.86 (m, 2H), 7.62—7.50
(m, 2H), 7.32 (t, J = 8.0 Hz, 1H), 7.12-7.03 (m, 3H), 2.39 (s, 3H); 3C NMR (101 MHz,
CDCl3) ¢ 165.4, 151.0, 139.7, 135.7, 132.4, 131.8, 129.4, 129.2, 128.5, 128.3, 127.8,
126.80, 126.76, 126.68, 125.4, 122.3, 118.7, 21.3; HRMS (ESI) m/z calcd for
CisH1402Na [M+Na]": 285.0886 found 285.0879.

% Me
o
0
o-Tolyl 2-naphthoate (2d)

Purification by PTLC (hexane/EtOAc = 10:1) afforded a mixture of 2d and 1d (94.6
mg, 90% yield, 2d:1d = 47:53) and the yield of 2d was determined as 42%. Further
purification by PTLC (hexane/CH2Cl> = 2:1, three times) was performed to give pure
2d as a white solid for the characterization. 'H NMR (400 MHz, CDCl3) & 8.81 (s, 1H),
8.22 (dd, J= 8.8, 2.0 Hz, 1H), 8.01 (d, J = 8.4 Hz, 1H), 7.95 (d, J = 8.8 Hz, 1H), 7.92
(d, J= 8.4 Hz, 1H), 7.68-7.54 (m, 2H), 7.34-7.25 (m, 2H), 7.23-7.16 (m, 2H), 2.28 (s,
3H); '3C NMR (101 MHz, CDCls) & 165.0, 149.6, 135.8, 132.5, 131.9, 131.2, 130.4,
129.5, 128.6, 128.4, 127.8, 127.0, 126.8, 126.6, 126.1, 125.5, 122.0, 16.3; HRMS (ESI)
m/z calcd for Ci1sHi502 [M+H]": 263.1067 found 263.1062.
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4-Methoxyphenyl 2-naphthoate (2¢)!'!!

Purification by PTLC (hexane/CH2Cl; = 1:1) afforded a mixture of 2e and 1e (98.8
mg, 88% vyield, 2e:1e = 51:49) and the yield of 2e was determined as 45%. Further
purification by PTLC (hexane/Et,O = 10:1, three times) was performed to give pure 2e
as a white solid for the characterization. '"H NMR (400 MHz, CDCls) & 8.78 (s, 1H),
8.19 (dd, J= 8.8, 1.6 Hz, 1H), 8.00 (d, J = 8.4 Hz, 1H), 7.97-7.88 (m, 2H), 7.66-7.54
(m, 2H), 7.19 (d, J= 9.2 Hz, 2H), 6.96 (d, J = 9.2 Hz, 2H), 3.84 (s, 3H); '3*C NMR (101
MHz, CDCls) 6 165.7, 157.3, 144.5, 135.8, 132.5, 131.8, 129.5, 128.6, 128.3, 127.8,
126.8, 125.5, 122.5, 114.5, 55.6 (one peak is missing due to overlapping); HRMS (ESI)
m/z calcd for CisHi503 [M+H]"™: 279.1016 found 279.1012.

3-Methoxyphenyl 2-naphthoate (2f)!'%"

The reaction was conducted at 160 °C. Purification by PTLC (hexane/CH2Cl; = 1:1)
afforded a mixture of 2f and 1f (86.8 mg, 78% yield, 2f:1f = 85:15) and the yield of 2f
was determined as 66%. Further purification by PTLC (hexane/CH2Cl, = 2:1, three
times) was performed to give pure 2f as a colorless oil for the characterization. '"H NMR
(400 MHz, CDCls) 6 8.78 (s, 1H), 8.18 (dd, J = 8.8, 1.6 Hz, 1H), 8.00 (d, J = 8.0 Hz,
1H), 7.96-7.88 (m, 2H), 7.66—7.54 (m, 2H), 7.35 (dd, J = 8.8, 8.4 Hz, 1H), 6.89-6.81
(m, 3H), 3.83 (s, 3H); '*C NMR (101 MHz, CDCl3) § 165.2, 160.5, 151.9, 135.7, 132.4,
131.9,129.9, 129.4, 128.6, 128.3, 127.8, 126.8, 126.7, 125.4, 113.9, 111.8, 107.7, 55.4;
HRMS (ESI) m/z calcd for CisHi403Na [M+Na]*: 301.0835 found 301.0830.
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4-Fluorophenyl 2-naphthoate (2g)

Purification by PTLC (hexane/CH>Cl, = 1:1, twice) afforded an inseparable mixture
of 2g and 1g as a white solid (87.5 mg, 83% yield, 2g:1g = 92:8; '"H NMR peaks at 8.78
ppm (s, 0.92H, 2g) and 9.02 ppm (d, 0.08H, 1g) were used) and the yield of 2g was
determined as 76%. 'H NMR (400 MHz, CDCls) § 8.76 (s, 1H), 8.16 (dd, J = 8.8, 1.6
Hz, 1H), 7.97 (d, J= 8.0 Hz, 1H), 7.94-7.85 (m, 2H), 7.65-7.51 (m, 2H), 7.26-7.18 (m,
2H), 7.16-7.07 (m, 2H); '*C NMR (101 MHz, CDCls) 6 165.3, 160.3 (d, Jc_r = 249 Hz),
146.8 (d, Jcr = 2.9 Hz), 135.8, 132.4, 131.9, 129.4, 128.7, 128.4, 127.8, 126.8, 126.4,
125.3,123.2 (d, Jcr = 8.7 Hz), 116.1 (d, Jcr = 23.2 Hz); HRMS (ESI) m/z calcd for
Ci17H1102FNa [M+Na]": 289.0635 found 289.0631.

3-Fluorophenyl 2-naphthoate (2h)

Purification by PTLC (hexane/CH:Cl, = 1:1) afforded a mixture of 2h and 1h (83.2
mg, 79% yield, 2h:1h = 84:16) and the yield of 2h was determined as 66%. Further
purification by PTLC (hexane/CH2Cl> = 2:1, three times) was performed to give pure
2h as a white solid for the characterization. 'H NMR (400 MHz, CDCl3) & 8.76 (s, 1H),
8.16 (dd, J= 8.4, 1.2 Hz, 1H), 7.98 (d, J = 8.4 Hz, 1H), 7.95-7.86 (m, 2H), 7.67-7.52
(m, 2H), 7.43-7.34 (m, 1H), 7.12-7.06 (m, 3H); '3C NMR (101 MHz, CDCl3) § 164.9,
162.9 (d, Jcr = 250.6 Hz), 151.8 (d, Jcr = 10.6 Hz), 135.9, 132.4, 132.0, 130.2 (d, Jc-
r=9.7 Hz), 129.5, 128.7, 128.4, 127.8, 126.9, 126.3, 125.3, 117.6 (d, Jc—r = 2.9 Hz),
112.9 (d, Jcr = 21.3 Hz), 109.9 (d, Jcr = 25.3 Hz); HRMS (ESI) m/z calcd for
Ci17H1102FNa [M+Na]*: 289.0635 found 289.0631.

[1,1'-Biphenyl]|-4-yl 2-naphthoate (2i)
Purification by PTLC (hexane/CH2Cl; = 2:1, three times) afforded 2i as a white solid
(65.1 mg, 51% yield) and 1i (11.0 mg, 8% yield). The ratio of 2i and 1i was determined
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as 86:14. '"H NMR (400 MHz, CDCls) & 8.81 (s, 1H), 8.22 (dd, J = 8.4, 1.2 Hz, 1H),
8.00 (d, J= 8.8 Hz, 1H), 7.97 (d, J = 8.8 Hz, 1H), 7.92 (d, J = 8.4 Hz, 1H), 7.66 (d, J =
8.8 Hz, 2H), 7.63-7.55 (m, 4H), 7.45 (t, J = 7.6 Hz, 2H), 7.39-7.31 (m, 3H); '3C NMR
(101 MHz, CDCl3) § 165.4, 150.4, 140.4, 139.0, 135.8, 132.5, 132.0, 129.5, 128.8, 128.6,
128.4, 128.2, 127.8, 127.3, 127.1, 126.8, 126.7, 125.4, 122.0; HRMS (ESI) m/z calcd
for Co3H 170, [M+H]": 325.1223 found 325.1219.

0 Ph
ry
[1,1'-Biphenyl]-3-yl 2-naphthoate (2j)

Purification by PTLC (hexane/CH2Cl> = 1:1) afforded a mixture of 2j and 1j (101 mg,
78% vyield, 2j:1j = 60:40) and the yield of 2j was determined as 47%. Further
purification by PTLC (hexane/Et,O = 10:1, three times) was performed to give pure 2j
as a white solid for the characterization. '"H NMR (400 MHz, CDCls) & 8.81 (s, 1H),
8.21 (dd, J=8.4, 1.6 Hz, 1H), 7.98 (d, J = 8.4 Hz, 1H), 7.93 (d, J = 8.4 Hz, 1H), 7.89
(d, J = 8.0 Hz, 1H), 7.65-7.58 (m, 3H), 7.58-7.53 (m, 1H), 7.53-7.47 (m, 3H), 7.46—
7.39 (m, 2H), 7.38-7.31 (m, 1H), 7.28-7.21 (m, 1H); '3C NMR (101 MHz, CDCl;) &
165.3,151.4,142.9,140.1, 135.8, 132.5, 131.9, 129.8, 129.5, 128.8, 128.6, 128.4, 127.8,
127.6, 127.2, 126.8, 126.7, 125.4, 124.6, 120.50, 120.47; HRMS (ESI) m/z calcd for
CxHi1702 [M+H]": 325.1223 found 325.1217.

Lo
o—-/O
Benzo[d][1,3]dioxol-5-yl 2-naphthoate (2k)

Purification by PTLC (hexane/CH>Cl» = 1:1) afforded a mixture of 2k and 1k (92.6
mg, 80% yield, 2k:1k = 88:12) and the yield of 2k was determined as 70%. Further
purification by PTLC (hexane/Et,O = 10:1, three times) was performed to give pure 2k
as a white solid for the characterization. '"H NMR (400 MHz, CDCls) & 8.75 (s, 1H),
8.16 (dd, J=8.8, 1.2 Hz, 1H), 7.97 (d, J = 7.6 Hz, 1H), 7.94-7.86 (m, 2H), 7.65-7.51
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(m, 2H), 6.83 (d, J = 8.8 Hz, 1H), 6.78 (d, J = 2.4 Hz, 1H), 6.70 (dd, J = 8.8, 2.4 Hz,
1H), 5.99 (s, 2H); '3C NMR (101 MHz, CDCl3) & 165.6, 148.0, 145.4, 145.3, 135.7,
132.4,131.8,129.4, 128.6, 128.3,127.8, 126.8, 126.6, 125.4, 114.1, 108.0, 103.9, 101.7;
HRMS (DART) m/z calcd for CisHisNO4 [M+NH4]": 310.1074 found 310.1068.

o
!
Naphthalen-2-yl 2-naphthoate (21)

The reaction was conducted at 140 °C. Purification by PTLC (hexane/CH:Cl> = 2:1,
twice) afforded an inseparable mixture of 21 and 11 as a pale yellow solid (78.6 mg, 66%
yield, 21:11 = 97:3; '"H NMR peaks at 8.84 ppm (s, 0.97H, 2I) and 9.08 ppm (d, 0.03H,
11) were used) and the yield of 21 was determined as 64%. 'H NMR (400 MHz, CDCl5)
0 8.84 (s, 1H), 8.23 (dd, J = 8.8, 2.0 Hz, 1H), 8.00 (d, J = 8.4 Hz, 1H), 7.95 (d, J= 8.8
Hz, 1H), 7.93-7.81 (m, 4H), 7.74 (d, /= 2.4 Hz, 1H), 7.66—7.54 (m, 2H), 7.53-7.45 (m,
2H), 7.41 (dd, J = 8.8, 2.4 Hz, 1H); *C NMR (101 MHz, CDCl3) 6 165.5, 148.7, 135.8,
133.8, 132.5, 132.0, 131.5, 129.5, 128.6, 128.4, 127.81, 127.80, 127.7, 126.8, 126.7,
126.6, 125.7,125.5, 121.3, 118.7 (one peak is missing due to overlapping); HRMS (ESI)
m/z calcd for C21H1402Na [M+Na]*: 321.0886 found 321.0883.

O 7
Pyridin-3-yl 2-naphthoate (2m)

Purification by PTLC (hexane/EtOAc = 2:1) afforded an inseparable mixture of 2m
and 1m as a white solid (50.1 mg, 51% yield, 2m:1m = 65:35; 'H NMR peaks at 8.80
ppm (s, 0.65H, 2m) and 9.02 ppm (d, 0.35H, 1m) were used) and the yield of 2m was
determined as 33%. '"H NMR (400 MHz, CDCls) & 8.80 (s, 1H), 8.66-8.61 (m, 1H),
8.59-8.53 (m, 1H), 8.18 (dd, J = 8.4, 2.0 Hz, 1H), 8.00 (d, J = 8.4 Hz, 1H), 7.98-7.88
(m, 2H), 7.70-7.55 (m, 3H), 7.41 (m, 1H); *C NMR (101 MHz, CDCls) & 164.8, 147.7,
147.0, 143.6, 135.9, 132.4, 132.2, 129.45, 129.39, 128.8, 128.5, 127.8, 126.9, 125.8,
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125.2, 123.9. The spectra of 2m are in accordance with those of the authentic sample

prepared as follows;

O HO_~ N EDC-HCI O
+ [ DMAP O
OH = _— SN2
CH,Cl,, RT \(\)
0 (0] =

2m

Following the General Procedure 1, 2m was synthesized. Purification by Isolera®
(hexane/EtOAc = 10:1 to 1:1) afforded 2m as a white solid (289 mg, 1.32 mmol scale,
88% yield). '"H NMR (400 MHz, CDCls) & 8.73 (s, 1H), 8.62 (d, J = 2.8 Hz, 1H), 8.51
(dd,J=5.2,1.2 Hz, 1H), 8.13 (dd, /= 8.4, 2.0 Hz, 1H), 7.92 (d, J= 8.4 Hz, 1H), 7.90—
7.81 (m, 2H), 7.64-7.49 (m, 3H), 7.32 (dd, J = 8.4, 5.2 Hz, 1H); '*C NMR (101 MHz,
CDCl3) o 164.5, 147.4, 146.7, 143.3, 135.6, 132.1, 131.9, 129.2, 129.1, 128.6, 128.3,
127.6, 126.7, 125.6, 125.0, 123.7; HRMS (ESI) m/z caled for CisHi2NO, [M+H]":

250.0863 found 250.0858.
z
Ns | O\©

o

Phenyl nicotinate (2n)!'%]

The reaction was conducted at 140 °C. Purification by PTLC (hexane/EtOAc = 2:1)
afforded an inseparable mixture of 2n and 1n as a colorless oil (56.0 mg, 70% yield,
2n:1n = 77:23; '"H NMR peaks at 9.41 ppm (d, 0.77H, 2n) and 8.01 ppm (d, 0.46H, 1n)
were used) and the yield of 2n was determined as 54%. '"H NMR (400 MHz, CDCls) &
9.41 (d, J = 2.0 Hz, 1H), 8.89-8.82 (m, 1H), 8.48-8.41 (m, 1H), 7.50-7.41 (m, 3H),
7.33-7.27 (m, 1H), 7.26-7.20 (m, 2H); '*C NMR (101 MHz, CDCl3) & 163.8, 153.9,
151.3, 150.4, 137.6, 129.6, 126.2, 125.6, 123.4, 121.5; HRMS (DART) m/z calcd for
C12H1002N [M+H]": 200.0706 found 200.0702. The spectra are in accordance with those

of the compounds reported in the literature.
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4-Methoxyphenyl nicotinate (20)!'%

The reaction was conducted at 140 °C. Purification by PTLC (hexane/EtOAc = 2:1,
twice) afforded an inseparable mixture of 20 and 10 as a white solid (74.4 mg, 81% yield,
20:10 = 76:24; '"H NMR peaks at 9.39 ppm (d, 0.76H, 20) and 7.99 ppm (d, 0.48H, 10)
were used) and the yield of 20 was determined as 62%. '"H NMR (400 MHz, CDCls) &
9.39 (d, J= 1.2 Hz, 1H), 8.89-8.81 (m, 1H), 8.46-8.40 (m, 1H), 7.45 (dd, J = 8.0, 4.8
Hz, 1H), 7.18-7.11 (m, 2H), 6.98-6.91 (m, 2H), 3.82 (s, 3H); '3C NMR (101 MHz,
CDCl3) 6 164.1, 157.5, 153.8, 151.2, 143.9, 137.4, 125.6, 123.4, 122.2, 114.5, 55.5;
HRMS (DART) m/z caled for Ci3Hi2NO3 [M+H]": 230.0812 found 230.0808. The

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

N o)
QL
4-Fluorophenyl nicotinate (2p)!'%!

The reaction was conducted at 160 °C. Purification by PTLC (hexane/EtOAc = 2:1,
twice, and then hexane/EtOAc = 15:1, twenty times) afforded an inseparable mixture of
2p and 1p as a white solid (50.0 mg, 57% yield, 2p:1p = 70:30; 'H NMR peaks at 9.39
ppm (d, 0.7H, 2p) and 7.99 ppm (d, 0.6H, 1p) were used) and the yield of 2p was
determined as 40%. '"H NMR (400 MHz, CDCls) § 9.39 (d, J = 2.0 Hz, 1H), 8.89-8.83
(m, 1H), 8.47-8.41 (m, 1H), 7.48 (dd, J = 8.0, 4.4 Hz, 1H), 7.25-7.17 (m, 2H), 7.16—
7.09 (m, 2H); *C NMR (101 MHz, CDCl3) & 163.9, 160.4 (d, Jc_r = 246 Hz), 154.1,
151.3, 146.2 (d, Jc—r = 2.8 Hz), 137.5, 125.3, 123.5, 123.0 (d, Jc—r = 8.6 Hz), 116.2 (d,
Jcr = 23.1 Hz); HRMS (DART) m/z calcd for C12HoFNO, [M+H]": 218.0612 found

218.0608. The spectra are in accordance with those of the compounds reported in the

literature.

OMe OMe
N7 N
X o} + X
ro LA
2q 2q’
Phenyl 2-methoxyisonicotinate (2q)
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The reaction was conducted at 140 °C. Purification by PTLC (hexane/EtOAc = 4:1,
twice) afforded an inseparable mixture of 2q and 2q’ as a white solid (62.3 mg, 68%
yield) and 1q (9.5 mg, 10% yield). The ratio of 2q, 2q’ and 1q was determined as
76:11:13 and the yield of 2q and 2q’ was determined as 59% and 9% ('"H NMR peaks
at 8.35 ppm (d, 0.87H, 2q) and 9.01 ppm (s, 0.13H, 2q’) were used), respectively.

For 2q: '"H NMR (400 MHz, CDCl3) & 8.35 (d, J = 4.8 Hz, 1H), 7.55 (dd, J=4.8, 1.2
Hz, 1H), 7.50-7.40 (m, 3H), 7.29 (t, J = 8.8 Hz, 1H), 7.24-7.18 (m, 2H), 4.00 (s, 3H);
13C NMR (101 MHz, CDCls3) 8 164.9, 163.6, 150.5, 147.9, 139.5, 129.6, 126.2, 121.4,
115.9, 111.7, 53.9; HRMS (ESI) m/z caled for C13H12NOs [M+H]": 230.0812 found
230.0812.

For 2q’: "H NMR (400 MHz, CDCl3) 6 9.01 (s, 1H), 8.29 (d, J = 8.8 Hz, 1H), 7.50-7.40
(m, 2H), 7.31-7.25 (m, 1H), 7.24-7.18 (m, 2H), 6.83 (d, J = 8.8 Hz, 1H), 4.03 (s, 3H);
13C NMR (101 MHz, CDCl3) 8 167.2, 164.0, 150.7, 150.6, 139.9, 129.5, 125.9, 121.6,
119.0, 110.9, 54.1.

The spectra of 2q’ are in accordance with those of the authentic sample prepared as

follows;
OMe OMe
EDC-HCI
NT HO DMAP N7
l + -_— l
CH,Cly, RT /@
07 OH 0“0
2q’

Following the General Procedure 1, 2q° was synthesized. Purification by Isolera®
(hexane/EtOAc = 10:1 to 5:1) afforded 2q’ as a white solid (309 mg, 1.63 mmol scale,
83% yield). '"H NMR (400 MHz, CDCls) § 9.02 (s, 1H), 8.29 (d, J = 8.8 Hz, 1H), 7.44
(dd,J=17.6,7.2 Hz, 2H), 7.28 (t, J=7.2 Hz, 1H), 7.21 (d, /= 7.6 Hz, 2H), 6.84 (d, J =
8.8 Hz, 1H), 4.04 (s, 3H); '3C NMR (101 MHz, CDCls) & 167.2, 164.0, 150.7, 150.6,
139.9, 129.5, 125.9, 121.7, 119.0, 110.9, 54.1; HRMS (ESI) m/z calcd for C13H12NO3
[M+H]": 230.0812 found 230.0808.

OEt
NZ

\I (0)
IO

Phenyl 2-ethoxyisonicotinate (2r)
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Purification by PTLC (hexane/EtOAc = 5:1, twice) afforded 2r as a colorless oil (45.4
mg, 47% yield) and 1r (26.0 mg, 27% yield) and the ratio of 2r and 1r was determined
as 64:36. "H NMR (400 MHz, CDCls) 6 8.33 (d, J= 5.2 Hz, 1H), 7.53 (dd, /= 5.2, 1.2
Hz, 1H), 7.50-7.38 (m, 3H), 7.29 (t, J = 7.2 Hz, 1H), 7.24-7.18 (m, 2H), 4.42 (q, J =
7.2 Hz, 2H), 1.43 (t,J=7.2 Hz, 3H); 3*C NMR (101 MHz, CDCl3) 4 164.7, 163.7, 150.5,
148.0, 139.5, 129.6, 126.2, 121.4, 115.8, 111.8, 62.3, 14.6; HRMS (ESI) m/z calcd for
Ci14H14NO3 [M+H]": 244.0968 found 244.0966.

OMe OMe
N ‘e

Ao v T owe

., AL

2s 2s’
4-Methoxyphenyl 2-methoxyisonicotinate (2s)

Purification by PTLC (hexane/EtOAc = 5:1, three times) afforded an inseparable
mixture of 2s and 2s’ as a white solid (84.4 mg, 81% yield) and 1s (5.3 mg, 5% yield).
The ratio of 2s, 28’ and 1s was determined as 86:8:6 and the yield of 2s and 2s> was
determined as 74% and 7% (‘H NMR peaks at 8.33 ppm (d, 0.91H, 2s) and 8.99 ppm (d,
0.09H, 2s’) were used), respectively.

For 2s: '"H NMR (400 MHz, CDCl3) & 8.33 (d, J = 5.2 Hz, 1H), 7.53 (dd, J=5.2, 1.2
Hz, 1H), 7.45 (d, J = 1.2 Hz, 1H), 7.12 (d, J = 9.2 Hz, 2H), 6.93 (d, J = 9.2 Hz, 2H),
3.99 (s, 3H), 3.81 (s, 3H); '3C NMR (101 MHz, CDCls) §164.8, 163.9, 157.5, 147.8,
143.9, 139.6, 122.1, 115.9, 114.5, 111.6, 55.5, 53.8; HRMS (DART) m/z calcd for
Ci14H14NO4 [M+H]": 260.0917 found 260.0913.

For 2s’: 'H NMR (400 MHz, CDCls) & 8.99 (d, J = 2.0 Hz, 1H), 8.26 (dd, J = 8.8, 2.0
Hz, 1H), 7.12 (d, J = 9.2 Hz, 2H), 6.93 (d, J = 9.2 Hz, 2H), 6.81 (d, J = 8.8 Hz, 1H),
4.02 (s, 3H), 3.81 (s, 3H); '3*C NMR (101 MHz, CDCl3) § 167.1, 164.3, 157.3, 150.6,
144.0, 139.8, 122.3, 119.0, 114.4, 110.8, 55.5, 54.0.

The spectra of 2s’ are in accordance with those of the authentic sample prepared as

follows;
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OMe OMe
EDC-HCI

N7 HO. DMAP NI

I ~ + —_— ! ~

OMe
OoMe  CHoCl, RT /@/
0% oH 0% o
2s’

Following the General Procedure 1, 2s’ was synthesized. Purification by Isolera®
(hexane/EtOAc = 10:1 to 3:1) afforded 2s’ as a white solid (349 mg, 1.63 mmol scale,
82% yield). '"H NMR (400 MHz, CDCls) 8 9.00 (s, 1H), 8.28 (d, J = 8.4 Hz, 1H), 7.12
(d, /=9.2 Hz, 2H), 6.94 (d, J=9.2 Hz, 2H), 6.83 (d, /= 8.4 Hz, 1H), 4.03 (s, 3H), 3.83
(s, 3H); 3C NMR (101 MHz, CDCl3) 6 167.1,164.3, 157.3, 150.6, 144.1, 139.8, 122.4,
119.0, 114.4, 110.8, 55.6, 54.1; HRMS (ESI) m/z calcd for CisHisNOs [M+H]":
260.0917 found 260.0913.

z
Ny o)
IO
Phenyl quinoline-3-carboxylate (2t)[!%]

The reaction was conducted at 140 °C. Purification by PTLC (hexane/EtOAc = 3:1)
afforded an inseparable mixture of 2t and 1t as a white solid (61.6 mg, 62% yield, 2t:1t
= 97:3; 'TH NMR peaks at 9.59 ppm (s, 0.97H, 2t) and 9.09 ppm (d, 0.03H, 1t) were
used) and the yield of 2t was determined as 60%. 'H NMR (400 MHz, CDCl3) § 9.59
(d, J=2.4 Hz, 1H), 9.00 (d, J = 2.4 Hz, 1H), 8.21 (d, J= 8.8 Hz, 1H), 7.97 (d, J = 8.4
Hz, 1H), 7.87 (dd, J = 8.8, 6.8 Hz, 1H), 7.65 (dd, J = 8.4, 6.8 Hz, 1H), 7.50-7.42 (m,
2H), 7.34-7.25 (m, 3H); '*C NMR (101 MHz, CDCls) § 163.9, 150.5, 150.1, 150.0,
139.5,132.2,129.55, 129.49, 129.2, 127.6, 126.7, 126.2, 122.4, 121.5; HRMS (ESI) m/z
calced for Ci6H12NO2 [M+H]": 250.0863 found 250.0861.

S
@%o
e
Phenyl benzo|[b]thiophene-3-carboxylate (2u)

The reaction was conducted at 140 °C for 36 h. Purification by PTLC (hexane/Et,O
=10:1, twice) afforded 2u as a white solid (27.4 mg, 27% yield) and 1u (25.2 mg, 25%

101



Gi
w
il

yield) and the ratio of 2u and 1u was determined as 52:48. '"H NMR (400 MHz, CDCls)
0 8.68-8.59 (m, 2H), 7.92 (d, J = 7.6 Hz, 1H), 7.56-7.40 (m, 4H), 7.33-7.22 (m, 3H);
13C NMR (101 MHz, CDCls3) 8 161.0, 150.5, 140.0, 138.1, 136.7, 129.5, 126.2, 126.0,
125.7, 125.3, 124.7, 122.5, 121.8. HRMS (ESI) m/z calcd for CisH190O2SNa [M+Na]:

277.0294 found 277.0284.
F4C” : \n,o\©

0
Phenyl 3-(trifluoromethyl)benzoate (2v)!'!

The reaction was conducted at 140 °C. Purification by PTLC (hexane/Et;O = 10:1,
twice, and then hexane/CH>Cl, =2:1) afforded 2v as a colorless oil (49.1 mg, 46% yield)
and 1v (23.0 mg, 22% yield) and the ratio of 2v and 1v was determined as 67:33. 'H
NMR (400 MHz, CDCls) 6 8.47 (s, 1H), 8.39 (d, J = 8.0 Hz, 1H), 7.89 (d, J = 8.0 Hz,
1H), 7.66 (t, J = 8.0 Hz, 1H), 7.45 (dd, J = 8.4, 7.6 Hz, 2H), 7.30 (t, J = 7.6 Hz, 1H),
7.23 (d, J = 8.4 Hz, 2H); '3C NMR (101 MHz, CDCl3) 6 163.9, 150.6, 133.3, 131.3 (q,
Jcr = 33.9 Hz), 130.5, 130.1 (q, Jc—r = 3.8 Hz), 129.6, 129.3, 127.0 (q, Jc—r = 3.9 Hz),
126.2, 123.6 (q, Jcr = 277 Hz), 121.5; HRMS (ESI) m/z calcd for Ci4sHoF302Na
[M+Na]™: 289.0447 found 289.0445.

ProN Ji I ,
Iol \l,S\\ (0]
OO0 0

Phenyl 3-(V,N-dipropylsulfamoyl)benzoate (2w)

The reaction was conducted at 140 °C. Purification by PTLC (hexane/EtOAc = 4:1,
and then hexane/THF = 10:1, three times) afforded 2w as a colorless oil (37.8 mg, 28%
yield) and 1w (76.7 mg, 58% yield) and the ratio of 2w and 1w was determined as 33:67.
"H NMR (400 MHz, CDCl3) 6 8.62 (s, 1H), 8.38 (d, J= 7.6 Hz, 1H), 8.08 (d, /= 7.6 Hz,
1H), 7.67 (t, J="7.6 Hz, 1H), 7.46 (d, J = 8.8 Hz, 2H), 7.31 (t,J= 7.2 Hz, 1H), 7.23 (dd,
J=8.8,7.2 Hz, 2H), 3.15 (t, /= 8.0 Hz, 4H), 1.58 (tq, /= 8.0, 7.6 Hz, 4H), 0.89 (t, J =
7.6 Hz, 6H); *C NMR (101 MHz, CDCl3) 8 163.8, 150.6, 141.3, 133.6, 131.7, 130.7,
129.6, 129.4, 128.5, 126.2, 121.5, 50.0, 22.0, 11.1; HRMS (ESI) m/z caled for
Ci19H24NO4S [M+H]": 362.1421 found 362.1417.
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Meozc@l\[(()@

0
Methyl phenyl isophthalate (2x)

The reaction was conducted at 140 °C. Purification by PTLC (hexane/EtOAc = 10:1)
afforded a mixture of 2x and 1x (74.7 mg, 73% yield, 2x:1x = 57:43) and the yield of
2x was determined as 42%. Further purification by PTLC (hexane/THF = 10:1, three
times) was performed to give pure 2x as a white solid for the characterization. '"H NMR
(400 MHz, CDCls) & 8.86 (s, 1H), 8.39 (d, J = 7.6 Hz, 1H), 8.31 (d, J = 7.6 Hz, 1H),
7.61 (t, J=7.6 Hz, 1H), 7.45 (t, J = 8.0 Hz, 2H), 7.31 (t, /= 8.0 Hz, 1H), 7.23 (d, J =
8.0 Hz, 2H), 3.97 (s, 3H); '3C NMR (101 MHz, CDCls) & 166.1, 164.3, 150.7, 134.4,
134.3,131.2, 130.8, 130.0, 129.5, 128.8, 126.0, 121.6, 52.4; HRMS (DART) m/z calcd
for C15sH1304 [M+ H]": 257.0808 found 257.0803.

MeO\WOO

0

Phenyl 3-methylbenzoate (2y)!'®+l

The reaction was conducted at 170 °C. Purification by PTLC (hexane/EtOAc = 10:1,
twice) afforded a mixture of 2y and 1y as a colorless oil (72.1 mg, 85% yield, 2y:1y =
35:65) and the yield of 2y was determined as 30%. Further purification by PTLC
(hexane/Et,O = 20:1, three times) was performed to give pure 2y as a white solid for the
characterization.'"H NMR (400 MHz, CDCl3) & 8.04-7.98 (m, 2H), 7.46-7.35 (m, 4H),
7.26 (t, J = 7.6 Hz, 1H), 7.24 (d, J = 8.8 Hz, 2H) 2.44 (s, 3H); '3C NMR (101 MHz,
CDCI3) 6 165.3,151.0, 138.4, 134.3, 130.6, 129.5, 128.4, 127.3, 125.8, 121.7,21.3 (one
peak is missing due to overlapping); HRMS (DART) m/z calcd for Ci14H 130, [M+H]":

213.0910 found 213.0907.
%, ©
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The reaction was conducted at 140 °C for 36 h. Purification by PTLC (hexane/CH:>Cl»
= 2:1, twice) afforded 2z as a white solid (25.7 mg, 30% yield) and 1z (16.2 mg, 19%
yield) and the ratio of 2z and 1z was determined as 61:39. '"H NMR (400 MHz, CDCls)
0 8.03-7.98 (m, 1H), 7.92-7.86 (m, 1H), 7.53-7.41 (m, 3H), 7.38-7.26 (m, 2H), 7.24—
7.19 (m, 2H); 3C NMR (101 MHz, CDCl3) § 164.1 (d, Jcr = 2.8 Hz), 162.6 (d, Jcr =
252 Hz), 150.7, 131.7 (d, Jc—r = 7.7 Hz), 130.2 (d, Jc—r = 7.8 Hz), 129.6, 126.1, 125.9
(d, Jer = 2.9 Hz), 121.6, 120.7 (d, Jc—r = 21.3 Hz), 117.0 (d, Jc_r = 23.2 Hz); HRMS
(DART) m/z caled for Ci13HioFO2 [M+H]™: 217.0659 found 217.0659.

O\m@

0
Phenyl 4-(trifluoromethyl)benzoate (2aa)!' !

The reaction was conducted at 140 °C. Purification by PTLC (hexane/CH2Cl; = 2:1)
afforded a mixture of 2aa and 1aa (81.6 mg, 77% yield, 2aa:1aa = 30:70) and the yield
of 2aa was determined as 23%. Further purification by PTLC (hexane/Et,O = 10:1, three
times) was performed to give pure 2aa as a white solid for the characterization. 'H NMR
(400 MHz, CDCls) 6 8.33 (d, J = 8.4 Hz, 2H), 7.78 (d, J = 8.4 Hz, 2H), 7.45 (dd, J =
8.4,7.6 Hz, 2H), 7.30 (t, J = 7.6 Hz, 1H), 7.23 (d, J = 8.4 Hz, 2H); 3C NMR (101 MHz,
CDCI3) 6 164.0, 150.6, 135.0 (q, Jc—r = 33.8 Hz),132.8, 130.6, 129.6, 126.2, 125.6 (q,
Jcr = 3.9 Hz), 123.6 (q, Jcr = 277 Hz), 121.5; HRMS (DART) m/z calcd for
Ci4H13F3NO2 [M+ NH4]": 284.0893 found 284.0889.

o
e
Phenyl anthracene-2-carboxylate (2ab)!!‘!

The reaction was conducted at 160 °C. Purification by PTLC (hexane/CH>Cl> = 2:1,
three times) afforded 2ab as a yellow solid (43.4 mg, 36% yield) and 1ab (13.7 mg, 11%
yield) and the ratio of 2ab and 1ab was determined as 77:23. '"H NMR (400 MHz,
CDCI3) 6 9.00 (s, 1H), 8.61 (s, 1H), 8.47 (s, 1H), 8.13-8.00 (m, 4H), 7.58-7.50 (m, 2H),
7.47 (t,J=8.4 Hz, 2H), 7.34-7.27 (m, 3H); *C NMR (101 MHz, CDCls) 6 165.4, 151.1,
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133.3,132.8,132.1, 130.3, 129.5, 129.0, 128.7, 128.5, 128.2, 126.8, 126.3, 126.2, 126.0,
125.9, 124.1, 121.8 (one peak is missing due to overlapping); HRMS (ESI) m/z calcd
for C21H1402Na [M+Na]*": 321.0886 found 321.0888.

Phenyl pyrene-2-carboxylate (2ac)

The reaction was conducted at 160 °C. Purification by PTLC (hexane/CH>Cl> = 2:1,
three times) afforded 2ac as a yellow solid (53.0 mg, 41% yield) and 1ac (35.1 mg, 27%
yield) and the ratio of 2ac and 1ac was determined as 60:40. '"H NMR (400 MHz, CDCls)
0 8.91 (s, 2H), 8.16 (d, J = 7.6 Hz, 2H), 8.10-8.00 (m, 5H), 7.53-7.45 (m, 2H), 7.39-
7.28 (m, 3H); 3C NMR (101 MHz, CDCl3) & 165.7, 151.1, 131.7, 130.9, 129.6, 128.2,
127.6, 127.10, 127.07, 126.4, 126.01, 125.96, 125.5, 124.1, 121.8; HRMS (ESI) m/z
calcd for C23H 1502 [M+H]": 323.1067 found 323.1067.

Me l o

0
©
Phenyl 4-methyl-2-naphthoate (2ad)

Purification by PTLC (hexane/Et,O = 10:1, twice) afforded 2ad as a white solid (74.0
mg, 71% yield) and lad (17.5 mg, 17% yield) and the ratio of 2ad and lad was
determined as 80:20. 'H NMR (400 MHz, CDCls) & 8.64 (s, 1H), 8.07-8.00 (m, 2H),
7.98 (d, J= 8.4 Hz, 1H), 7.65 (dd, J = 8.4, 6.8 Hz, 1H), 7.56 (dd, J= 7.6, 6.8 Hz, 1H),
7.48-7.40 (m, 2H), 7.34-7.23 (m, 3H), 2.74 (s, 3H); '*C NMR (101 MHz, CDCls) &
165.5,151.1,135.1, 132.6, 130.4, 130.1, 129.5, 128.5, 126.4, 126.3, 125.8, 125.7, 124.1,
121.8, 19.4 (one peak is missing due to overlapping); HRMS (ESI) m/z calcd for
CisH1402Na [M+Na]": 285.0886 found 285.0880.
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Purification by PTLC (hexane/Et2O = 10:1, three times) afforded 2ae as a white solid
(48.4 mg, 44% yield) and lae (46.2 mg, 42% yield) and the ratio of 2ae and 1ae was
determined as 51:49. 'H NMR (400 MHz, CDCls) & 8.64 (s, 1H), 8.09-7.96 (m, 3H),
7.66 (dd, J = 8.0, 7.2 Hz, 1H), 7.57 (dd, J=7.2, 6.8 Hz, 1H), 7.33 (dd, /= 8.0, 7.6 Hz,
1H), 7.13-7.03 (m, 3H), 2.76 (s, 3H), 2.40 (s, 3H); *C NMR (101 MHz, CDCl3)  165.6,
151.0,139.7,135.1, 132.6, 130.4, 130.2, 129.2, 128.4, 126.7, 126.5, 126.4, 125.8, 124.2,
122.4, 118.7, 21.4, 19.4 (one peak is missing due to overlapping); HRMS (DART) m/z
calcd for Ci19H20NO2 [M+ NH4]": 294.1489 found 294.1483.

m-Tolyl 4-methyl-2-naphthoate (2ae)

4. Ester Dance Reaction Followed by Decarbonylative Coupling

4-1. Ester Dance and Decarbonylative C—H Arylation of Benzothiazole 4A

10 mol% Pd(OAc),
(0] 20 mol% dcypt

N K3PO4 (1.5 equiv)
&Y TOPh 4 H—! Q—(
— S mxylene

150 °C, 24 h
1ak 4A 5A: 60% 5A’: 13%

A 20-mL glass vessel equipped with J. Young® O-ring tap containing a magnetic
stirring bar and K3PO4 (127.4 mg, 0.60 mmol, 1.5 equiv) was dried with a heat-gun in
vacuo and filled with N> after cooling to room temperature. To this vessel were added
phenyl thiophene-3-carboxylate (1ak: 81.7 mg, 0.40 mmol, 1.0 equiv), Pd(OAc)2 (9.0
mg, 0.040 mmol, 10 mol%) and 3,4-bis(dicyclohexylphosphino)thiophene (dcypt: 38.1
mg, 0.080 mmol, 20 mol%). The vessel was placed under vacuum and refilled N, gas
three times, and then added benzothiazole (4A: 81.1 mg, 0.60 mmol, 1.5 equiv) and m-
xylene (1.6 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 pad with EtOAc as an eluent, and then concentrated
in vacuo. The residue was purified by PTLC (hexane/Et,O = 20:1, five times) to afford
2-(thiophen-2-yl)benzo[d]thiazole (SAI'%%: 52.3 mg, 60% yield) and 2-(thiophen-3-
yl)benzo[d]thiazole (SA’!'™): 11.5 mg, 13% yield).
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For 5A: A yellow solid; "H NMR (400 MHz, CDCls) § 8.03 (d, J = 8.4 Hz, 1H), 7.84 (d,
J=8.4Hz, 1H), 7.65 (d, J = 3.2 Hz, 1H), 7.52-7.44 (m, 2H), 7.36 (t, J = 8.4 Hz, 1H),
7.13 (dd,J=4.8,3.2 Hz, 1H); '*C NMR (101 MHz, CDCl3) § 161.4, 153.7, 137.3, 134.6,
129.3, 128.6, 128.0, 126.4, 125.2, 122.9, 121.4; HRMS (ESI) m/z calcd for C1;HsNS,
[M+H]*: 218.0093 found 218.0093.

For 5A’: A white solid; 'H NMR (400 MHz, CDCl) § 8.04 (d, J= 8.0 Hz, 1H), 8.02 (dd,
J=32,12Hz, 1H), 7.88 (d, J = 8.0 Hz, 1H), 7.71 (dd, J = 5.6, 1.2 Hz, 1H), 7.49 (dd,
J=8.0,7.2 Hz, 1H), 7.44 (dd, J = 5.6, 3.2 Hz, 1H), 7.38 (dd, J = 8.0, 7.2 Hz, 1H); 13C
NMR (101 MHz, CDCl3) § 162.7, 153.9, 135.9, 134.7, 126.9, 126.6, 126.3, 126.1, 125.1,
123.0, 121.5; HRMS (DART) m/z caled for CiHgNS, [M+H]": 218.0093 found
218.0089.

4-2. Ester Dance and Decarbonylative Amination of 2n

10 mol% Pd(OAc), Ph
Q oh 20 mol% dcypt l{l
N% ] K3POy4 (1.5 equiv) NZ NZ .
) (T} it d I + )
X Ph toluene ) N'Ph X
150 °C, 24 h Bh
2n 4B 5B: 62% 5B’: 0%

A 20-mL glass vessel equipped with J. Young® O-ring tap containing a magnetic
stirring bar and K3PO4 (127.4 mg, 0.60 mmol, 1.5 equiv) was dried with a heat-gun in
vacuo and filled with N> after cooling to room temperature. To this vessel were added
phenyl nicotinate (2n: 79.7 mg, 0.40 mmol, 1.0 equiv), Pd(OAc)2 (9.0 mg, 0.040 mmol,
10 mol%) and 3,4-bis(dicyclohexylphosphino)thiophene (dcypt: 38.1 mg, 0.080 mmol,
20 mol%). The vessel was placed under vacuum and refilled N> gas three times, and
then added diphenylamine (4B: 101.5 mg, 0.60 mmol, 1.5 equiv) and toluene (1.6 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 pad with EtOAc as an eluent, and then concentrated in vacuo. The
residue was purified by PTLC (EtOAc) to afford N, N-diphenylpyridin-4-amine (SB!'®":
61.2 mg, 62% yield) as a yellow solid. "H NMR (400 MHz, CDCls) & 8.23 (dd, J = 5.2,
2.0 Hz, 2H), 7.38-7.31 (m, 4H), 7.22-7.15 (m, 6H), 6.74 (dd, J = 5.2, 2.0 Hz, 2H); 13C
NMR (101 MHz, CDCl3) & 153.6, 150.0, 145.1, 129.7, 126.6, 125.4, 112.7; HRMS (ESI)
m/z calcd for C17HisN2 [M+H]": 247.1230 found 247.1230.
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4-3. Ester Dance and Decarbonylative Etherification of 2t via 1t

(0] 10 mol% PdCl,
20 mol% dcypt

0

N= OPh K2003 (0.5 equiv) N=

I |
NS NS

mxylene
170°C, 24 h
2t 5C: 43% 5C’: 0%
A 20-mL glass vessel equipped with J. Young® O-ring tap containing a magnetic

stirring bar and K»,CO3 (27.6 mg, 0.20 mmol, 0.50 equiv) was dried with a heat-gun in
vacuo and filled with N> after cooling to room temperature. To this vessel were added
phenyl quinoline-3-carboxylate (2t: 99.7 mg, 0.40 mmol, 1.0 equiv), PdCl; (7.1 mg,
0.040 mmol, 10 mol%) and 3,4-bis(dicyclohexylphosphino)thiophene (dcypt: 38.1 mg,
0.080 mmol, 20 mol%). The vessel was placed under vacuum and refilled N> gas three
times, and then added m-xylene (0.80 mL). The vessel was sealed with O-ring tap and
then heated at 170 °C for 24 h with stirring. After cooling the reaction mixture to room
temperature, the mixture was passed through a short silica-gel pad with EtOAc as an
eluent, and then concentrated in vacuo. The residue was purified by PTLC
(hexane/EtOAc = 4:1, twice) to afford 4-phenoxyquinoline (SC!!8°): 37.7 mg, 43% yield)
as a colorless oil. 'H NMR (400 MHz, CDCls) & 8.68 (d, J = 5.2 Hz, 1H), 8.38 (d, J =
8.8, Hz, 1H), 8.10 (d, J= 8.8 Hz, 1H), 7.77 (dd, J = 8.8, 8.4 Hz, 1H), 7.59 (dd, J = 8.8,
8.4 Hz, 1H), 7.48 (dd, J= 8.8, 8.0 Hz, 2H), 7.31 (t, J= 8.0 Hz, 1H), 7.20 (d, /= 8.8 Hz,
2H), 6.56 (d, J=5.2 Hz, 1H); 3C NMR (101 MHz, CDCl3) 6 161.9, 154.3, 151.1, 149.7,
130.3, 130.1, 129.0, 126.1, 125.6, 121.8, 121.5, 121.1, 104.3; HRMS (ESI) m/z calcd
for Ci1sH12NO [M+H]*: 222.0913 found 222.0909.

4-4. Sequenial Ester Dance and Decarbonylative Etherification

0] 10 mol% PdCI2
20 mol% dcypt
2 OPh K3POy4 (1.5 equiv) Z
N l N l
S m-xylene S5
160 °C, 48 h o)
in 5D: 25%

A 20-mL glass vessel equipped with J. Young® O-ring tap containing a magnetic
stirring bar and K3PO4 (127.4 mg, 0.60 mmol, 1.5 equiv) was dried with a heat-gun in

vacuo and filled with N> after cooling to room temperature. To this vessel were added
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phenyl isonicotinate (1n: 79.7 mg, 0.40 mmol, 1.0 equiv), PdCl; (7.1 mg, 0.040 mmol,
10 mol%) and 3,4-bis(dicyclohexylphosphino)thiophene (dcypt: 38.1 mg, 0.080 mmol,
20 mol%). The vessel was placed under vacuum and refilled N> gas three times, and
then added m-xylene (0.80 mL). The vessel was sealed with O-ring tap and then heated
at 160 °C for 48 h with stirring. After cooling the reaction mixture to room temperature,
the mixture was passed through a short silica-gel pad with EtOAc as an eluent, and then
concentrated in vacuo. The residue was purified by PTLC (hexane/EtOAc = 5:1, twice)
to afford 2-phenoxypyridine (SD!'°T: 17.0 mg, 25% yield) as a white solid. '"H NMR
(400 MHz, CDCl3) 6 8.20 (dd, J=4.8,2.4 Hz, 1H), 7.68 (ddd, J= 8.4, 7.2, 2.4 Hz, 1H),
7.40 (dd, J = 8.8, 7.6 Hz, 2H), 7.20 (t, J = 7.6 Hz, 1H), 7.14 (d, J = 8.8 Hz, 2H), 6.97
(dd, J=8.4,4.8 Hz, 1H), 6.90 (d, J= 7.2 Hz, 1H); 3C NMR (101 MHz, CDCl5) § 163.7,
154.1, 147.8, 139.4, 129.7, 124.6, 121.1, 118.4, 111.5; HRMS (DART) m/z calcd for
Ci11H1oNO [M+H]*: 172.0757 found 172.0754.

10 mol% PdCl,
20 mol% dcypt

Z ] K3POy4 (1.5 equiv) Z |
—>
Ny OPh m-xylene Ny
o 160 °C, 48 h

2n 5D: 30%

Compound 5D was also synthesized from 2n through the same procedures.
Purification by PTLC (hexane/EtOAc = 2:1) afforded SD (20.5 mg, 0.40 mmol scale,
30% yield) as a white solid.

5. Deuterium Labeling Experiment

5-1. Preparation of Phenyl 4-(trifluoromethyl)benzoate-2,6-d> (1v-d2)
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Br Br O MBuLi
M THF
/@, € KMnO, OH -78°C
_— —_—
SO Py/H,O (1:1) then CH;0D
H,S0,4 FsC Br y/Ha F3C Br
0°Cto RT 8 reflux 8 —78 °%
[27%] s1 [53%] s2 [59%]
"BulLi D O phenol D O
THF EDC-HCI
—78 °C OH DMAP OPh
_—m—
then CH30D FsC D CH,CI/DMF (2:1) F,C D
—78 ° RT
[48%] s4 [85%)] 1v-d2

To a 50-mL round-bottom glass flask containing a magnetic stirring bar were added
1-methyl-4-(trifluoromethyl)benzene (1.61 g, 10 mmol), sulfuric acid (20 mL) and N-
bromosuccinimide (NBS: 3.92 g, 22 mmol, 2.2 equiv) at 0 °C. After warming the
mixture to room temperature and stirring for 24 h, the mixture was poured into ice-water,
extracted with hexane and concentrated in vacuo. The residue was purified by Isolera®
(hexane) to afford 1,3-dibromo-2-methyl-5-(trifluoromethyl)benzene (S1: 868 mg, 27%
yield) as a colorless oil.

To a 100-mL round-bottom glass flask containing a magnetic stirring bar were added
S1 (868 mg, 2.73 mmol), pyridine (12 mL), water (6.0 mL) and KMnOg4 (1.42 g, 9.00
mmol, 3.3 equiv). The mixture was refluxed. KMnOy4 (1.42 g, 9.00 mmol, 3.3 equiv)
dissolved in water (6.0 mL) was added four times in every 2 h. After refluxing for 12 h,
the mixture was cooled down to room temperature. The mixture was passed through a
pad of Celite® and concentrated in vacuo. After neutralizing the filtrate with 1 M HCI,
the solution was extracted three times with EtOAc. The combined organic layer was
dried over NaySOs, filtrated, and concentrated in vacuo to afford 2,6-dibromo-4-
(trifluoromethyl)benzoic acid (S2: 506 mg, 53% yield) as a white solid.

To a 50-mL round-bottom glass flask containing a magnetic stirring bar were added
S2 (241 mg, 693 mol) and dry THF (1.5 mL). After cooling the mixture to 78 °C, a
solution of n-butyllithium in hexane (1.41 M, 1.08 mL, 2.2 equiv) was slowly added to
the mixture at —78 °C over 10 min. After stirring the mixture at —78 °C for 30 min,
methanol-d; (257 L, 6.93 mmol, 10 equiv) was slowly added at —78 °C over 10 min.
After stirring at —78 °C for 30 min, the mixture was quenched with water, extracted with
EtOAc. The organic layer was dried over Na>SOq, filtrated, and concentrated in vacuo.

The residue was purified by PTLC (CHCl3/MeOH/AcOH = 80:20:1) to afford 2-bromo-
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4-(trifluoromethyl)benzoic-6-d acid (S3: 111 mg, 59% yield, 94% atom D%) as a white
solid.

To a 50-mL round-bottom glass flask containing a magnetic stirring bar were added
S3 (302 mg, 1.12 mmol), and dry THF (2.0 mL). After cooling the mixture to —78 °C, a
solution of n-butyllithium in hexane (1.40 M, 1.76 mL, 2.2 equiv) was slowly added to
the mixture at —78 °C over 10 min. After stirring the mixture at —78 °C for 30 min,
methanol-d; (415 L, 11.2 mmol, 10 equiv) was slowly added at —78 °C over 10 min.
After stirring at —78 °C for 30 min, the mixture was quenched with water, extracted with
EtOAc. The organic layer was dried over Na>SQy, filtrated, and concentrated in vacuo.
The residue was purified by PTLC (CHCl3/MeOH/AcOH = 80:20:1) to afford 4-
(trifluoromethyl)benzoic-2,6-d> acid (S4: 125 mg, 48% yield, 83 atom %D) as a white
solid.

To a 50-mL round-bottom glass flask containing a magnetic stirring bar were added
S4 (125 mg, 656 mol ), phenol (64.8 mg, 689 mol, 1.05 equiv), EDC-HCI (151 mg,
787 mol, 1.2 equiv), DMAP (8.0 mg, 65.6 mol, 0.10 equiv), CH »Cl> (1.3 mL), and
DMF (0.6 mL). After stirring the mixture for 12 h, the reaction was quenched with
saturated NaHCOs aq., extracted with CH2Cl,. The organic layer was dried over Na>SOs,
filtrated, and concentrated under reduced pressure. The residue was purified by Isolera®
(hexane/EtOAc = 19:1 to 4:1) to afford phenyl 4-(trifluoromethyl)benzoate-2,6-d> (1v-
d2: 149 mg, 85% yield, 83 atom %D.) as a white solid. "H NMR (400 MHz, CDCls) &
8.32 (d, J=8.4 Hz, 0.17H), 7.82-7.75 (m, 2H), 7.49-7.41 (m, 2H), 7.33-7.27 (m, 1H),
7.26-7.19 (m, 2H); 3C NMR (101 MHz, CDCls) & 164.0, 150.6, 135.0 (q, Jc-r = 33.8
Hz), 132.7, 130.3 (t, Jc-p = 20.2 Hz), 129.6, 126.2, 125.5 (q, Jc—r = 3.9 Hz), 123.6 (q,
Jcr = 277 Hz), 121.5; HRMS (DART) m/z caled for CisHi1D20.NF3 [M+NH4]":
286.1018 found 286.1013.

5-2. Ester Dance Reaction of Phenyl 4-(trifluoromethyl)benzoate-2,6-d> (1v-d2)
10 mol% PdC|2
D O 20 mol% dcypt O OPh D O
KZCOS (0.5 equiv) D [38%]
OPh _— + OPh
m-xylene (0.5 M)
FsC D 140°C, 24 h FsC D [60%] FaC D [62%)]

1v-d2 2v-d2: 35% 1v-d2’: 22%
(0.40 mmol_83 atom %D)
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A 20-mL glass vessel equipped with J. Young® O-ring tap containing a magnetic
stirring bar and K»,CO3 (27.6 mg, 0.20 mmol, 0.50 equiv) was dried with a heat-gun in
vacuo and filled with N> after cooling to room temperature. To this vessel were added
1v-d2 (0.40 mmol, 1.0 equiv), PdCl> (7.1 mg, 0.040 mmol, 10 mol%), 3.4-
bis(dicyclohexylphosphino)thiophene (dcypt: 38.1 mg, 0.080 mmol, 20 mol%). The
vessel was placed under vacuum and refilled N> gas three times, and then added m-
xylene (0.80 mL). The vessel was sealed with O-ring tap and then heated at 140 °C for
24 h with stirring. After cooling the reaction mixture to room temperature, the mixture
was passed through a short silica-gel pad with EtOAc as an eluent, and then concentrated
in vacuo. The residue was purified by PTLC (hexane/Et,O = 20:1, three times, and then
hexane/CH2Cl, = 2:1, twice) to afford phenyl 3-(trifluoromethyl)benzoate-5,6-d> (2v-
d2: 37.2 mg, 35% yield) and phenyl 4-(trifluoromethyl)benzoate-2,6-d> (1v-d2’: 23.6
mg, 22% yield).

For 2v-d2: A colorless oil; '"H NMR (400 MHz, CDCls) & 8.48 (s, 1H), 8.41-8.38 (m,
0.62H), 7.91-7.88 (m, 1H), 7.70-7.61 (m, 0.39H), 7.48-7.41 (m, 2H), 7.33-7.27 (m,
1H), 7.26-7.20 (m, 2H); 3C NMR (101 MHz, CDCl3) § 163.9, 150.6, 133.2 (m), 131.3
(q, Jcr =33.8 Hz), 130.5, 130.0 (q, Jcr = 3.8 Hz), 129.6, 129.3 (m), 127.0 (q, Jcr =
3.8 Hz), 126.2, 123.6 (q, Jcr = 277 Hz), 121.5; HRMS (DART) m/z calcd for
Ci14H11D202NF3 [M+NH4]": 286.1018 found 286.1010; m/z calcd for Ci14H12DO>NF3
[M+NH4]": 285.0956 found 285.0952; m/z calcd for C14H1302NF3 [M+NH4]": 284.0893
found 284.0892.

For 1v-d2’: A white solid; '"H NMR (400 MHz, CDCls) 6 8.32 (d, J = 8.8 Hz, 0.76H),
7.80-7.76 (m, 2H), 7.48-7.42 (m, 2H), 7.33-7.27 (m, 1H), 7.26-7.20 (m, 2H); *C NMR
(101 MHz, CDCIs) 6 164.0, 150.6, 135.0 (q, Jcr = 33.8 Hz), 132.7 (t, Jcp = 7.7 Hz),
130.3 (t, Jc-p = 25.2 Hz), 129.6, 126.2, 125.5 (q, Jc—r = 3.9 Hz), 123.6 (q, Jcr = 277
Hz), 121.5; HRMS (DART) m/z calcd for C14H11D202NF3 [M+NH4]": 286.1018 found
286.1019; m/z calcd for C1sH12DO2NF3 [M+H]*: 285.0956 found 285.0956; m/z calcd
for C14H130.NF3 [M+H]": 284.0893 found 284.0893.

6. Computational Studies

6-1. Computational Procedure
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All calculations were performed in the Gaussian 16 series of computer programs.!'”]
All stationary points were initially optimized using the semi-empirical PM6 method.?")
The preoptimized geometries were then subjected to optimization at the CBS-QB3 level
of theory.?!) Harmonic vibrations were also computed at the CBS-QB3 level in order to
derive thermal corrections at 298 K to the total electronic energy. Geometries and

energies were calculated in the gas phase.

6-2. Calculation of Isomerization Energy Difference
The free energy differences between the carboxylates were determined by comparing

the free energies of the two compounds in silico.
Optimized Geometries
Optimized geometries in Cartesian coordinates () and energies (hartrees) for

stationary points.

Compound 1a

1 L0970
OO g o7
2

CBS-QB3 (0K) = -804.115842

CBS-QB3 Energy = -804.101249

CBS-QB3 Enthalpy = -804.100305

CBS-QB3 Free Energy = -804.160098

Charge = 0 Multiplicity = 1
C -4.68094600  -1.49057200 0.25285300
C -4.61900900  -0.13120800 0.08310000
C -3.37068400 0.53413100  -0.03362100
C -2.15195500  -0.22319200 0.02333800
C -2.25821000  -1.63023400 0.20148300
C -3.48642100  -2.23921700 0.31273200
H -4.25702800 2.48952200  -0.24991300
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Compound 2a

CBS-QB3 (0K) =

114

-5.63920700  -1.98963400 0.34161900
-5.52650300 0.46151400 0.03643300
-3.32238100 1.94000900  -0.20517500
-0.90798000 0.49450900  -0.09089100
-1.35631100  -2.21970000 0.24195500
-3.53542500  -3.31397100 0.44819700
-0.92021200 1.87050600  -0.25066100
-2.12289000 2.59669400 -0.31206400
0.02092600 2.39463000  -0.33381700
-2.09204400 3.67185800  -0.44356200
0.40662100  -0.21141800  -0.06191400
0.58946800  -1.40128100  -0.09437200
1.44584900 0.68689000 0.00865400
2.76700400 0.23675900 0.01233200
3.27452700  -0.57446500  -0.99794800
3.58270800 0.71137500 1.03315400
4.62465800  -0.91424400  -0.97304100
2.62448100  -0.94026800  -1.78070000
4.93241300 0.36798100 1.04443100
3.15319700 1.34360100 1.80061400
5.45624100  -0.44669800 0.04325700
5.02658000  -1.54863100  -1.75476300
5.57184300 0.73749300 1.83788200
6.50605100  -0.71558000 0.05361700
58 29g°
se® 90 %%,
S IR Y
OO OPh ,j,;,
5
-804.120359

#
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CBS-QB3 Energy = -804.105795
CBS-QB3 Enthalpy = -804.104851
CBS-QB3 Free Energy = -804.164194
Charge = 0 Multiplicity = 1
C -0.85536600 0.96333700
O -1.41143000 2.02265900
O -1.51117900  -0.23037900
C -2.90613800  -0.28998100
C -3.68485300 0.53194900
C -3.48256600  -1.28244900
C -5.06576300 0.35011400
H -3.22353700 1.30445300
C -4.86384900  -1.45584200
H -2.84412600  -1.90534000
C -5.65936900  -0.63904600
H -5.67919000 0.98894600
H -5.31574300  -2.22907000
H -6.73477100  -0.77223400
C 0.62055900 0.77959000
C 1.21525300  -0.45161800
C 1.42391600 1.93762900
C 2.62509400  -0.58116700
H 0.60061200  -1.33231300
C 2.78972500 1.84001200
H 0.92733000 2.88909600
C 3.26181600  -1.83635100
C 3.43242900 0.58671200
H 3.40106700 2.72574800
C 4.63139100  -1.93392000
H 2.64587100  -2.71893800
C 4.84370500 0.45048300
C 5.42895700  -0.77907500
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-0.12501100
-0.25515000
0.02166000
0.03285700
0.84233500
-0.75261100
0.85172300
1.44058200
-0.73058300
-1.36709900
0.06993900
1.47675900
-1.34121000
0.08526900
-0.10599700
0.07775500
-0.28260100
0.09404600
0.21339900
-0.27311400
-0.42348600
0.28287100
-0.08552900
-0.40921100
0.29346600
0.41914700
-0.06929700
0.11557200
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Compound 1n

CBS-QB3 (0 K)=
CBS-QB3 Energy=
CBS-QB3 Enthalpy=
CBS-QB3 Free Energy=

Charge = 0 Multiplicity = 1

C

O oo Do DT o o@D 0000 o

5.10786700  -2.89671100  0.43836700
5.45652100 133524700  -0.20548400
6.50932600  -0.86938100  0.12595000
OLOPh o @ 25850
\4 N {J J).Afé >
|N,j 6{%
-666.797242
-666.785441
-666.784497
-666.837554
-0.43292400  -0.61508400  -0.17364200
-0.09242600  -1.72070500  -0.49898300
0.42271100  0.40181800  0.12891900
1.80996000  0.22272500  0.07479600
2.45005200  -0.84827100  0.69009500
2.52920800  1.22758200  -0.56197900
3.84137600  -0.90565900  0.65393200
1.87587100  -1.62493000  1.17444500
3.91952000  1.15861500  -0.58770000
1.99467100  2.04790200  -1.02498500
457875600  0.09137500  0.01838400
434888100  -1.73809100  1.12752500
448469500  1.93979300  -1.08268100
5.66081000  0.03683700  -0.00343800
-1.85595500  -0.17344300  -0.05055900
-2.86043300  -1.08907800  -0.36619000
222818300  1.10530700  0.36614600
-4.18662700  -0.68485700  -0.25273600
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Compound 2n

CBS-QB3 (0 K)=
CBS-QB3 Energy=
CBS-QB3 Enthalpy=
CBS-QB3 Free Energy=

-2.59847500
-3.58613100
-1.48152000
-4.55685500
-4.99143700
-3.90949800

Charge = 0 Multiplicity = 1

C

QO - & & O @D 0o o o O

-2.08787700
1.40408100
1.84449800
0.53672800

-1.37362700
2.38973400

-666.798074
-666.786263
-666.785319
-666.838357
0.44178600 0.62229100
0.09814300 1.727744600
-0.41519600  -0.39437500
-1.80193500  -0.21856700
-2.44562500 0.86196300
-2.51919400  -1.23771000
-3.83719200 0.91420300
-1.87372100 1.64970800
-3.90966900  -1.17378800
-1.98233400  -2.06557300
-4.57208400  -0.09708400
-4.34695600 1.75403200
-4.47256700  -1.96656900
-5.65435300  -0.04643500
1.85954900 0.18444000
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-0.69077500
0.44661100
0.62156200
0.14564400

-0.49232100
0.76872600

-0.17538000
-0.50353500
0.13059900
0.07511400
0.67020800
-0.54139900
0.63369800
1.13879600
-0.56740000
-0.98799900
0.01818600
1.09166100
-1.04633600
-0.00376600
-0.05344900
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Compound 3n

CBS-QB3 (0K) =
CBS-QB3 Energy =
CBS-QB3 Enthalpy =
CBS-QB3 Free Energy =

Charge = 0 Multiplicity = 1

C

— O T O @D 0 0 0 a O O

2.86589800 1.10375200

2.23576800  -1.10091100

4.18933700 0.70353600

2.59118400 2.10277200

1.47769700  -1.83521700

5.00236500 1.38218500

445536700  -0.60125600

5.48047900  -0.94781300

3.50608600  -1.49383800

4 I '
X Z {3 .{
(RS OPh )“";

0] 9
-666.794639
-666.782809
-666.781865
-666.836640

0.46185400  -0.68103100
0.18488600  -1.84131700
-0.42195400 0.32306200
-1.80754400 0.16885700
-2.49394300 -1.01163700
-2.49268000 1.34683600
-3.88863400  -0.99230300
-1.95732300  -1.92069600
-3.88215900 1.34657800
-1.91892600 2.24302200
-4.58673000 0.17440500
-4.42886300  -1.90750200
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-0.35974200
0.35397200
-0.24859600
-0.67560400
0.60012600
-0.47642700
0.16602400
0.26371400
0.46455800

5.
>3,

-0.08402900
-0.26365000
0.08253000
0.04274600
0.32255600
-0.25119600
0.29475600
0.54039500
-0.27490000
-0.45174400
-0.00283400
0.50910000

#
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Compound 1t

CBS-QB3 (0K) =
CBS-QB3 Energy =
CBS-QB3 Enthalpy =
CBS-QB3 Free Energy =

Charge = 0 Multiplicity = 1

C

O =- T O O a 0

119

-4.41326500 2.26312000  -0.50485300
-5.67032000 0.17197200  -0.02176000
1.88111900  -0.18181600  -0.02122600
2.90111100  -1.12395800  -0.17555200
3.37214800 1.52758000 0.22436700
421880400 -0.68510400 -0.12232500
2.64356000  -2.16296500  -0.33148900
3.52631700 2.59092300 0.38495600
5.03770300  -1.38576500  -0.23792300
2.10399900 1.12157800 0.17478600
4.46278600 0.66905600 0.08220900
5.47287300 1.05809900 0.13135200
s i s e 0
Ny ~OPh * ¥ » )’j;,f,
N = o ¥
0, %,
,
-820.157582
-820.143138
-820.142194
-820.201839
-4.69930300  -1.42104300 0.27309900
-4.60917400  -0.06459100 0.09524200
-3.34476500 0.56516500  -0.03365100
-2.14744800  -0.22619200 0.01999200
-2.28080500  -1.62896000 0.20591400
-3.52397800  -2.20305000 0.32880200
-5.66854200  -1.89652500 0.37173300
-5.48357700 0.57244000 0.04798400
-0.90608000 0.48017600  -0.10708900

#
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Compound 2t

CBS-QB3 (0 K)=
CBS-QB3 Energy=
CBS-QB3 Enthalpy=
CBS-QB3 Free Energy=

-1.39208500  -2.23926700  0.24186900
-3.60245800  -3.27516200  0.47015700
-0.94144200  1.85001900  -0.27231700
2.18142600  2.51954000  -0.31899400
-0.02357800  2.41156800  -0.36968300
220361400  3.59780900  -0.45599100
0.41475200  -0.22610600  -0.08715700
0.58787600  -1.41488900  -0.14519700
1.44207400  0.67380900  0.00488300
276991600  0.23380700  0.01499400
3.57080300  0.70599400  1.04792700
3.29044000  -0.56375600  -0.99867600
4.92254200  0.37145800  1.06857900
3.12977300 132864000  1.81659600
4.64286900  -0.89392000  -0.96418700
2.65065500  -0.92636200  -1.79129000
5.46096600  -0.43013300  0.06452200
5.55207100  0.73798600  1.87111900
5.05670400  -1.51765400  -1.74810100
6.51245900  -0.69165300  0.08225900
2334208700  1.91662400  -0.20516300
0] OPh
l3 N 33,9 ;’;'J
N ‘o 9 ¢ o9
4‘1”"7"
5

-820.162043

-820.147619

-820.146674

-820.205888

Charge = 0 Multiplicity = 1
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-0.79367900
-1.10679600
-1.68151200
-3.06210700
-3.68607500
-3.79770600
-5.07546400
-3.10040100
-5.18575400
-3.27633700
-5.82815900
-5.56951200
-5.76247200
-6.90854800
0.60764600
1.63019300
0.94258100
2.96887300
1.39459500
0.14741400
4.07994000
3.19496800
5.35945900
3.90068000
4.52727400
5.58262500
6.20634200
4.67401100
6.59957600
2.17334600

0.59066800
1.73154300
-0.42888600
-0.21271200
0.82591500
-1.15357000
0.91649600
1.55363900
-1.05225900
-1.95115800
-0.01612700
1.72442900
-1.78415400
0.06389600
0.10127700
1.00250900
-1.25268100
0.56574600
2.03852900
-1.97217900
1.42718800
-0.81618200
0.93789400
2.47412100
-1.28909200
-0.43033700
1.59774900
-2.33900900
-0.79995300
-1.69936600
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-0.09355700
-0.31346800
0.10103100
0.05021500
0.73460300
-0.66213100
0.69041500
1.27719200
-0.69478000
-1.17697800
-0.02038000
1.21777200
-1.24840100
-0.04742100
-0.00212500
-0.20236500
0.28227800
-0.12314800
-0.41924400
0.44399300
-0.31719900
0.16790400
-0.22638600
-0.53767200
0.25468800
0.06163500
-0.37506800
0.47609500
0.12971100
0.36593100

#

il



Gi
w
il

2B R

[1] Mortier, J. Arene Chemistry: Reaction Mechanisms and Methods for Aromatic
Compounds 2015.

[2] (a) Levy, A. A.; Rains, H. C.; Smiles, S. CCCCLII.-The Rearrangement of Hydroxy-
Sulphones. Part I. J. Chem. Soc. 1931, 3264-3269. (b) Truce, W. E.; Ray, W. J.; Norman,
O. L.; Eickemeyer, D. B. Rearrangements of Aryl Sulfones. I. The Metalation and
Rearrangement of Mesityl Phenyl Sulfone. J. Am. Chem. Soc. 1958, 80, 3625-3629. (c)
Snape, T. J. A Truce on the Smiles Rearrangement: Revisiting an Old Reaction—the
Truce—Smiles Rearrangement. Chem. Soc. Rev. 2008, 37, 2452-2458.

[3] (a) Claisen, L. Rearrangement of Phenol Allyl Ethers into C-Allylphenols. Chem.
Ber. 1912, 45, 3157-3166. (b) Martn Castro, A. M. Claisen Rearrangement over the

Past Nine Decades. Chem. Rev. 2004, 104, 2939-3002.

[4] (a) Bamberger, E. Phenylhydroxylamine. Chem. Ber. 1894, 27, 1548-1557. (b)
Tabolin, A. A.; Ioffe, S. L. Rearrangement of N-Oxyenamines and Related Reactions.
Chem. Rev. 2014, 114, 5426-5476.

[5] (a) Griesbaum, K.; Behr, A.; Biedenkapp, D.; Voges, H.-W.; Garbe, D.; Paetz, C.;
Collin, G.; Mayer, D.; Hke, H. Ullmann's Encyclopedia of Industrial Chemistry 2011.
(b) Tsai, T.-C.; Liu, S.-B.; Wang, I. Disproportionation and Transalkylation of
Alkylbenzenes over Zeolite Catalysts. Appl. Catal., A 1999, 181, 355-398. (c) Voronin,
I. O.; Nesterova, T. N. Strelchik, B. S.; Zhuravskii, E. A. Efficiency of Sulfonic Cation-
Exchange Resins Used in para-tert-Butylphenol Production: A Comparison Based on
the Kinetics of Transalkylation in the Phenol-tert-Butylphenols System. Kinetics and
Catalysis 2014, 55, 705-711.

[6] (a) Bunnett, J. F. Base-Catalyzed Halogen Dance, and Other Reactions of Aryl
Halides. Acc. Chem. Res. 1972, 5, 139—147. (b) Schniirch, M.; Spina, M.; Khan, A. F.;
Mihovilovic, M. D.; Stanetty, P. Halogen Dance Reactions—A Review. Chem. Soc. Rev.
2007, 36, 1046—-1057.

[7] Sammakia, T.; Stangeland, E. L.; Whitcomb, M. C. Total Synthesis of Caerulomycin
C via the Halogen Dance Reaction. Org. Lett. 2002, 4, 2385-2388.

[8] (a) Watson, D. A.; Su, M.; Teverovskiy, G.; Zhang, Y.; Garca -Fortanet, J.; Kinzel,
T.; Buchwald, S. L. Formation of ArF from LPdAr(F): Catalytic Conversion of Aryl
Triflates to Aryl Fluorides. Science 2009, 325, 1661-1664. (b) Milner, P. J.; Kinzel, T.;

122



Gi
w
il

Zhang, Y.; Buchwald, S. L. Studying Regioisomer Formation in the Pd-Catalyzed
Fluorination of Aryl Triflates by Deuterium Labeling. J. Am. Chem. Soc. 2014, 136,
15757-15766.

[9] Eliseeva, M. N.; Scott, L. T. Pushing the Ir-Catalyzed C—H Polyborylation of
Aromatic Compounds to Maximum Capacity by Exploiting Reversibility. J. Am. Chem.
Soc. 2012, 134, 15169-15172.

[10] (a) Amaike, K.; Muto, K.; Yamaguchi, J.; Itami, K. Decarbonylative C—H Coupling
of Azoles and Aryl Esters: Unprecedented Nickel Catalysis and Application to the
Synthesis of Muscoride A. J. Am. Chem. Soc. 2012, 134, 13573—-13576. (b) Muto, K.;
Yamaguchi, J.; Musaev, D. G.; Itami, K. Decarbonylative Organoboron Cross-Coupling
of Esters by Nickel Catalysis. Nat. Commun. 2015, 6, 7508. (c) Amaike, K.; Itami, K.;
Yamaguchi, J. Synthesis of Triarylpyridines in Thiopeptide Antibiotics by Using a C—H
Arylation/Ring-Transformation Strategy. Chem. Eur. J. 2016, 22, 4384—4388. (d) Muto,
K.; Hatakeyama, T.; Itami, K.; Yamaguchi, J. Palladium-Catalyzed Decarbonylative
Cross-Coupling of Azinecarboxylates with Arylboronic Acids. Org. Lett. 2016, 18,
5106-5109. (e) Okita, T.; Kumazawa, K.; Takise, R.; Muto, K.; Itami, K.; Yamaguchi, J.
Palladium-Catalyzed Decarbonylative Alkynylation of Aromatic Esters. Chem. Lett.
2017, 46, 218-220. (f) Takise, R.; Isshiki, R.; Muto, K.; Itami, K.; Yamaguchi, J.
Decarbonylative Diaryl Ether Synthesis by Pd and Ni Catalysis. J. Am. Chem. Soc. 2017,
139, 3340-3343. (g) Isshiki, R.; Takise, R.; Itami, K.; Muto, K.; Yamaguchi, J. Catalytic
a-Arylation of Ketones with Heteroaromatic Esters. Synlett 2017, 28, 2599-2603. (h)
Isshiki, R.; Muto, K.; Yamaguchi, J. Decarbonylative C—P Bond Formation Using
Aromatic Esters and Organophosphorus Compounds. Org. Lett. 2018, 20, 1150-1153.
(1) Okita, T.; Muto, K.; Yamaguchi, J. Decarbonylative Methylation of Aromatic Esters
by a Nickel Catalyst. Org. Lett. 2018, 20, 3132-3135. (j) Okita, T.; Komatsuda, M.;
Saito, A. N.; Hisada, T.; Takahara. T. T.; Nakayama, K. P.; Isshiki, R.; Takise, R.; Muto,
K.; Yamaguchi, J. Dibenzofuran Synthesis: Decarbonylative Intramolecular C-H
Arylation of Aromatic Esters. Asian J. Org. Chem. 2018, 7, 1358—1361. (k) Matsushita,
K.; Takise, R.; Hisada, T.; Suzuki, S.; Isshiki, R.; Itami, K.; Muto, K.; Yamaguchi, J. Pd-
Catalyzed Decarbonylative C—H Coupling of Azoles and Aromatic Esters. Chem. Asian
J. 2018, 13, 2393-2396. (1) Takise, R.; Muto, K.; Yamaguchi, J. Cross-Coupling of
Aromatic Esters and Amides. Chem. Soc. Rev. 2017, 46, 5864—5888. (m) Isshiki, R.;

123



Gi
w
il

Okita, T.; Muto, K.; Yamaguchi, J. Decarbonylative Coupling Reaction of Aromatic
Esters. J. Synth. Org. Chem. Jpn. 2018, 300-314.

[11] (a) Takise, R.; Muto, K.; Yamaguchi, J.; Itami, K. Nickel-Catalyzed a-Arylation of
Ketones with Phenol Derivatives. Angew. Chem., Int. Ed. 2014, 53, 6791-6794. (b)
Koch, E.; Takise, R.; Studer, A.; Yamaguchi, J.; Itami, K. Ni-Catalyzed a-Arylation of
Esters and Amides with Phenol Derivatives. Chem. Commun. 2015, 51, 855-857. (c)
Takise, R.; Itami, K.; Yamaguchi, J. Cyanation of Phenol Derivatives with
Aminoacetonitriles by Nickel Catalysis. Org. Lett. 2016, 18, 4428-4431.

[12] Mason, R. M. Studies on the Effect of Probenecid (Benemid) in Gout. Ann. Rheum.
Dis. 1954, 13, 120-130.

[13] (a) Wu, J.; Zou, Y.; Li, C.; Sicking, W.; Piantanida, I.; Yi, T.; Schmuck, C. A
Molecular Peptide Beacon for the Ratiometric Sensing of Nucleic Acids. J. Am. Chem.
Soc. 2012, 134, 1958-1961. (b) Benniston, A. C.; Harriman, A.; Howell, S. L.; Sams, C.
A.; Zhi, Y.-G. Intramolecular Excimer Formation and Delayed Fluorescence in
Sterically Constrained Pyrene Dimers. Chem. Eur. J. 2007, 13, 4665-4674.

[14] (a) Hirschbeck, V.; Gehrtz, P. H.; Fleischer. I. Metal-Catalyzed Synthesis and Use
of Thioesters: Recent Developments. Chem. Eur. J. 2018, 24, 7092—7107. (b) Ishitobi,
K.; Isshiki, R.; Asahara, K. K.; Lim, C.; Muto, K.; Yamaguchi, J. Decarbonylative Aryl
Thioether Synthesis by Ni Catalysis. Chem. Lett. 2018, 47, 756—759.

[15] (a) Cant, A. A.; Roberts, L.; Greaney, M. F. Generation of Benzyne from Benzoic
Acid Using C-H Activation. Chem. Commun. 2010, 46, 8671-8673. (b) Retbll, M.;
Edwards, A. J.; Rae, A. D.; Willis, A. C.; Bennett, M. A.; Wenger, E. Preparation of
Benzyne Complexes of Group 10 Metals by Intramolecular Suzuki Coupling of ortho-
Metalated Phenylboronic Esters: Molecular Structure of the First Benzyne-Palladium(0)
Complex. J. Am. Chem. Soc. 2002, 124, 8348-8360. (c¢) Sumida, Y.; Sumida, T.;
Hashizume, D.; Hosoya, T. Preparation of Aryne—Nickel Complexes from ortho-
Borylaryl Triflates. Org. Lett. 2016, 18, 5600—-5603.

[16] (a) Chatupheeraphat, A.; Liao, H.-H.; Lee, S.-C.; Rueping, M. Nickel-Catalyzed C—
CN Bond Formation via Decarbonylative Cyanation of Esters, Amides, and
Intramolecular Recombination Fragment Coupling of Acyl Cyanides. Org. Lett. 2017,
19, 4255-4258. (b) Yue, H.; Guo, L.; Liao, H.-H.; Cai, Y.; Zhu, C.; Rueping, M.

Catalytic Ester and Amide to Amine Interconversion: Nickel-Catalyzed Decarbonylative

124



Gi
w
il

Amination of Esters and Amides by C—O and C—C Bond Activation. Angew. Chem., Int.
Ed. 2017, 56, 4282—-4285. (¢) Pu, X.; Hu, J.; Zhao, Y.; Shi, Z. Nickel-Catalyzed
Decarbonylative Borylation and Silylation of Esters. ACS Catal. 2016, 6, 6692—-6698.
(d) Yue, H.; Guo, L.; Lee, S.-C.; Liu, X.; Rueping, M. Selective Reductive Removal of
Ester and Amide Groups from Arenes and Heteroarenes through Nickel-Catalyzed C—O
and C-N Bond Activation. Angew. Chem., Int. Ed. 2017, 56, 3972-3976. (e) Shi, S.;
Szostak, M. Pd-PEPPSI: A General Pd-NHC Precatalyst for Buchwald—Hartwig Cross-
Coupling of Esters and Amides (Transamidation) under the Same Reaction Conditions.
Chem. Commun. 2017, 53, 10584-10587. (f) Chatupheeraphat, A.; Liao, H.-H.;
Srimontree, W.; Guo, L.; Minenkov, Y.; Poater, A.; Cavallo, L.; Rueping, M. Ligand-
Controlled Chemoselective C(acyl)-O Bond vs C(aryl)-C Bond Activation of Aromatic
Esters in Nickel Catalyzed C(sp?)-C(sp?) Cross-Couplings. J. Am. Chem. Soc. 2018, 140,
3724-3735. (k) Ben Halima, T.; Zhang, W.; Yalaoui, I.; Hong, X.; Yang, Y.-F.; Houk, K.
N.; Newman, S. G. Palladium-Catalyzed Suzuki—Miyaura Coupling of Aryl Esters. J.
Am. Chem. Soc. 2017, 139, 1311-1318.

[17] Matsushita, K.; Takise, R.; Muto, K.; Yamaguchi, J. Ester Dance Reaction on the
Aromatic Ring. Sci. Adv. 2020, 6, eaba7614.

[18] (a) Subramanian, K.; Yedage, S. L.; Bhanage, B. M. Electrodimerization of N-
Alkoxyamides for Zinc(II) Catalyzed Phenolic Ester Synthesis under Mild Reaction
Conditions. Adv. Synth. Catal. 2018, 360, 2511-2521. (b) Watson, D. A.; Fan, X,;
Buchwald, S. L. Carbonylation of Aryl Chlorides with Oxygen Nucleophiles at
Atmospheric Pressure. Preparation of Phenyl Esters as Acyl Transfer Agents, and the
Direct Preparation of Alkyl Esters and Carboxylic Acids. J. Org. Chem. 2008, 73, 7096—
7101. (c) Qin, C.; Wu, H.; Chen, J.; Liu, M.; Cheng, J.; Su, W.; Ding, J. Palladium-
Catalyzed Aromatic-Esterifications of Aldehydes with Organoboronic Acids and
Molecular Oxygen. Org. Lett. 2008, 10, 1537-1540. (d) Liu, C.; Chen, W.; Shi, W.; Peng,
B.; Zhao, Y.; Ma, H.; Xian, M. Rational Design and Bioimaging Applications of Highly
Selective Fluorescence Probes for Hydrogen Polysulfides. J. Am. Chem. Soc. 2016, 136,
7257-7260. (e) Maeda, H.; Akai, T.; Segi, M. Photo-Fries Rearrangement of 1-Pyrenyl
Esters. Tetrahedron Lett. 2017, 58, 4377-4380. (f) Hie, L.; Fine Nathel, N. F.; Hong, X.;
Yang, Y.-F.; Houk, K. N.; Garg, N. K. Nickel-Catalyzed Activation of Acyl C—O Bonds
of Methyl Esters. Angew. Chem., Int. Ed. 2016, 55, 2810-2814. (g) Ueda, T.; Konishi,

125



Gi
w
il

H.; Manabe, K. Palladium-Catalyzed Carbonylation of Aryl, Alkenyl, and Allyl Halides
with Phenyl Formate. Org. Lett. 2012, 14, 3100-3103. (h) Ren, W.; Emi, A.; Yamane,
M. Molybdenum Hexacarbonyl Mediated Alkoxycarbonylation of Aryl Halides.
Synthesis 2011, 2303-2309. (i) LaBerge, N. A.; Love, J. A. Nickel-Catalyzed
Decarbonylative Coupling of Aryl Esters and Arylboronic Acids. Eur. J. Org. Chem.
2015, 5546-5553. (j) Masson-Makdissi, J.; Vandavasi, J. K.; Newman. S. G. Switchable
Selectivity in the Pd-Catalyzed Alkylative Cross-Coupling of Esters. Org. Lett. 2018,
20, 4094-4098. (k) Tu, Y.; Yuan, L.; Wang, T.; Wang, C.; Ke, J.; Zhao, J. Palladium-
Catalyzed Oxidative Carbonylation of Aryl Hydrazines with CO and O» at Atmospheric
Pressure. J. Org. Chem. 2017, 82,4970-4976. (1) Arde, P.; Ramanjaneyulu, B. T.; Reddy,
V.; Saxena, A.; Anand, R. V. N-Heterocyclic Carbene Catalysed Aerobic Oxidation of
Aromatic Aldehydes to Aryl Esters using Boronic Acids. Org. Biomol. Chem. 2012, 10,
848-851. (m) Canivet, J.; Yamaguchi, J.; Ban, I.; Itami, K. Nickel-Catalyzed Biaryl
Coupling of Heteroarenes and Aryl Halides/Triflates. Org. Lett. 2009, 11, 1733-1736.
(n) Morandeira, A.; Lpez -Duarte, I.; O’Regan, B.; Martnez -Daz, M. V.; Forneli, A.;

Palomares, E.; Torres, T.; Durrant, J. R. Ru(II)-Phthalocyanine Sensitized Solar Cells:
the Influence of Co-Adsorbents upon Interfacial Electron Transfer Kinetics. J. Mater.
Chem. 2009, 19, 5016-5026. (o) Burgos, C. H.; Barder, T. E.; Huang, X.; Buchwald, S.
L. Significantly Improved Method for the Palladium-Catalyzed Coupling of Phenols and
Aryl Halides: Understanding Ligand Effects in Phenol/Aryl Halide Coupling Reactions.
Angew. Chem., Int. Ed. 2006, 45, 4321-4326.

[19] Gaussian 16, Revision C.01, Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria,
G. E.; Robb, M. A.; Cheeseman, J. R.; Scalmani, G.; Barone, V.; Petersson, G. A.;
Nakatsuji, H.; Li, X.; Caricato, M.; Marenich, A. V.; Bloino, J.; Janesko, B. G.;
Gomperts, R.; Mennucci, B.; Hratchian, H. P.; Ortiz, J. V.; [zmaylov, A. F.; Sonnenberg,
J. L.; Williams-Young, D.; Ding, F.; Lipparini, F.; Egidi, F.; Goings, J.; Peng, B.; Petrone,
A.; Henderson, T.; Ranasinghe, D.; Zakrzewski, V. G.; Gao, J.; Rega, N.; Zheng, G.;
Liang, W.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.; Ishida, M.;
Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; Vreven, T.; Throssell, K.; Montgomery,
Jr.,J. A.; Peralta, J. E.; Ogliaro, F.; Bearpark, M. J.; Heyd, J. J.; Brothers, E. N.; Kudin,
K. N.; Staroverov, V. N.; Keith, T. A.; Kobayashi, R.; Normand, J.; Raghavachari, K.;
Rendell, A. P.; Burant, J. C.; Iyengar, S. S.; Tomasi, J.; Cossi, M.; Millam, J. M.; Klene,

126



Gi
w
il

M.; Adamo, C.; Cammi, R.; Ochterski, J. W.; Martin, R. L.; Morokuma, K.; Farkas, O.;
Foresman, J. B.; Fox, D. J. Gaussian, Inc., Wallingford CT, 2019.

[20] Stewart, J. J. P. Optimization of Parameters for Semiempirical Methods V:
Modification of NDDO Approximations and Application to 70 Elements. J. Mol. Model.
2007, 13, 1173-1213.

[21] (a) Nyden, M. R.; Petersson, G. A. Complete Basis Set Correlation Energies. 1. The
Asymptotic Convergence of Pair Natural Orbital Expansions. J. Chem. Phys. 1981, 75,
1843-1862. (b) Petersson, G. A.; Al - Laham, M. A. A Complete Basis Set Model
Chemistry. II. Open - shell Systems and the Total Energies of the First - row Atoms. J.
Chem. Phys. 1991, 94, 6081-6090. (c) Petersson, G. A.; Tensfeldt, T. G.; Montgomery,
J. A. A Complete Basis Set Model Chemistry. I1I. The Complete Basis Set - quadratic
Configuration Interaction Family of Methods. J. Chem. Phys. 1991, 94, 6091-6101. (d)
Montgomery, J. A.; Ochterski, J. W.; Petersson, G. A. A Complete Basis Set Model
Chemistry. IV. An Improved Atomic Pair Natural Orbital Method. J. Chem. Phys. 1994,
101, 5900-5909.

127



H4E B

128

#

il



AR LR SCF7E 2 LT O K 9 ISHREE T 5,

F1IETIIFmE LT, FRBRZAT NV ERWTZRANR=ANT T ) v
T IRISDOE F, T LTABIED By & EFRIT OV TR 72 (Scheme 1), & KT
AT IIANFERG OZMTHY . ERIEMLR EOGRHRTFREIA L L THIT 2
BIEEWTH D, HERTATNVERWZHH I axh v 7Y RGO
Fix, EmEREAN N AT ) — VORI Z R TEX 57507 TR, HE
AL A O = Ie GG R TE 2720 HTH DN, FHEHRZ AT VEHH
WIZR AN R =N Ty 7 ) o TROSOREFI E LT, EFE. =y itz
£5 CH 7T V= LSR8 A-E AT > 7V o 7 e RHE STV a2 3
SR BETEERFRAT 4 VBN &=y T A A G DD LT, Rl
IRORE AT VAR = ATRIOE DB BINCARET 2 Z L 20D TH LM L, £,
B C MR ER T 2=V AT Va7 ) o TANZ W =018 T OH)
Thbd, filt, WANKR=AA T 7 ) o 7 ROSICH L TEWIEE R T =
JER AT 4 VI 34-EA(PT T BAF NIRRT 4 ) F AT = 2 (deypt)
NEFR I N=B, Z O deypt BN FZ2FH WL Z LT, U7V — = —T LAk
T X = Ab/a-T U — A/ T IV F AARIC-P FERTERRI Y R 7 T AR Y
D KR IR I VR = NI Ty 7Y TS R S 30TV BB RBFE Tl deypt
B2 WD Z E TRANVR= AT 7 ) T RGO S 678 D PRHRS vl 6E
ThobEBX, FHRBETAT IVE OB ERS)SOMRICETF LI, 20
FER, NT VT LA W BB RZ AT AT NN AR= VR C-H T Y —/L
BB & = AT )V E o ZROS DBRFEIZ A L7167,

129



Gi
=~
il

O cat. Pd or Ni
- © - (€
OPh -CO
Decarbonylative
Coupling

Representative Ligands:

- A2 (882

P.
"Bu” "Bu
P"Bus dcype dcypt

Representative Nucleophiles:

R (e}
/N T — i H
H—(Z | B H==—Si(/Pr)5 o @
Z=0,S o
Nildcype Or’“g(';d%;g . Pd/dcypt Ni or Pd/dcypt Pd/dcypt
C—-H Arylation Suzuki—Miyaura Sonogashira Intramolecular a-Arylation
Coupling Coupling Etherification

This Work

- o OAr’
Al=Alk H=P-R H H—(/ ’)
R

R ;’\O

Z= O S, NMe
Ni/dcypt Ni/dcypt Ni/dcype Pd/dcypt Pd/dcypt
Alkylation Phosphorylation Intramolecular C—-H Arylation Ester Dance

C—H Arylation

Scheme 1. HFHHET AT VWA VA=AV G 7Y o 7 RO & AR
AR SCHEZE N T VT N A W EF R AT VORI VIR =B C-H T Y
— LR & T AT )V E v AR

F2ETIE, NT VUL E W ERT AT VORI VR =V C-H
7V — A DUV Tk _ 7= (Scheme 2)[9), 2-7 U —/1-1,3-7 V' — L' F k&1
RS EMTEVER AR T HHEFHR TH Y | R RESHEDBFE N
FNTWD, REOEBNLRABIEDO—FIE LT, =7 /Vidcype filliit 2 H
W, 13-T7 Y = VHEFFE R AT VORI VAR =T CH T Y — AR
DHE SN TWDERL, Uy U, AR IFEE @ HEHICHIR2 A H 0 | 1,3-7 Y —
NMEITEIIR Y XYY — v e dXH V) — ) BERT AT VITEICA~T B
FHEBRIZBESND ZEPBETH o=, ZOFEE MR L SR 21T
STERER, NT U7 Aldeypt B L < 13 deype filltz W5 Z & T, A LA =
NLC-HT V= AELOEDNRBE LS EITT 22 & W 6T Lic, ARUSITIA

130



Gi
=~
il

HAREE MR A L, ka7 13-7 YV — NV EBEFHED AT VICEATE S
ZEERE L, REISOEHARERE LT, TNl VR =Bl —T 1Ak
BOIEMAAG DRI BIREISERE LT, S5, YEARKILD T Ry M
Bk LTz,

e % \% Pl
%jng+ e ____%5___> Lﬂl}_qb

Z=0,S, NMe or 26 Examples
Pd/dcype
Decarbonylative
C—-H Arylation
Pd/Ni Sequential Decarbonylative Transformations
0]
OPh Ni/ deypt

Q = KsPO
\ N — \>_H
PhO Decarbonylatlve

Etherification

One-pot Procedure Sequential Procedure
N\>_H Ni/ Pd/ deypt Pd/ deypt
s K3PO4 @ %:/( K3PO4
Decarbonylative Decarbonylatlve
Etherification/C—H Arylation C—-H Arylation
Scheme 2. /X7 V7 MMl Z W2 FIRT AT IVOBA VR =V C-H T Y
—AEROG

FIETIE, NI VYLMAERWEEFERT AT LVOEEFR Lo AT LB
a(1x%wﬁyx>ﬁm:omfb&t@mmek%é%h@%@%@ﬁ
BOSE, FEREBRSOS TITEARN NS EICEREZBE ST 5 2 & T,
ﬁ%ﬁké%®ﬂﬁé&%ﬁ%;?5ﬁﬁﬁ$%f%émoL#L\%éﬁi
T Z DRSS D < EEENSBENT ORI FREER KL ELT 5T
w\ﬁm&®¢&%kbf% GERMARE 525, —FH. HERLAEYOE I
MEEER LORAEMEDOHREZ TNEREEREZ G2 5, HFEERE LOBEHRIEBE)
FOSIEH E D H B TWARNWEBL FLE, 2XT U7 A/deypt il X 2 HEHE=
AT % W TEHTHAZE BSOS OB B IZ B W T, —HOEE THER o=
AT IVEL 12-B83 LT(TEBEARREOND Z EIWCEB Lz, BBREWLZ

ERSRMBTET, FEREEZ AT AN BET 505 (BLT,

131



Gi
=~
il

TATNHE VAR WEARFIRD T TH D, &2 TRIE, KL ZB%¥T 2
Z & T, —ODFHFHERT AT VD BIERIE TILA RN EE A & B R 2 — TR
TERTEDEBEZT, o, ARG EFBEBRZATVER N 27 aAh v
Vo 7RIS HFERWD Z T, —DOFFBHET AT IVINDER A IR E 5 F ik
IEEMOREAENERTE 5, ZOFZITESOTH A S 2T LR,
FF T AT /U2 PACl/deypt filtlit & KoCOs Z /EH & & TMEME#E 25 Z & T,
B E BIEARNIERLSSEOND Z E 2 LM Uiz, ARG A#72 E
—MRMEITA L, BRA R EBRC AT VICEMATE L Z &2 /i Uiz, REUSD
JISHEME LT, ZATAE U REBMINKR=ATIT 7Y 7 (C-H TV —
ML 7 2 b, B L O TN —T AP ORI S & % Uiz, RZK
POG WD Z LT, kkx REHGEE G E - TR TART 22N TE
5o IBIT, EOZRAT VL UA(FEER EICBIT 5= A7 VA O 1,3-B8)
Bt < B A VR = ARl —F WAL S S 1D TR L7,

&® = fo*’

K,CO3 31 Examples

Ester Dance Reaction

Ester Dance followed by Decarbonylative Couplings with Various Nucleophiles

O OA cat. Pd/dcypt
base Nu
. @ -
@ Ester Dance @
Decarbonyilative
Coupling

Ester Dance [ ‘)L ] Decarbonylative
Coupling

Sequential Ester Dance followed by Decarbonylative Etherification

Os_0OPh
cat. Pd/dcypt 4 ¢ 4 4
4 base 3 3
Ny 3 E—" . N 3 OPh | — N N
—_—
I = | ~—— ||l |- > |
82 Ester Dance @, Ester Dance 7 OPh | Decarbonylative Z

N N N Etherification =~ N~ OPh

o

Scheme 3. /X7 V7 A2 W2 HFHFERTZ AT VDT AT )VHE AR

132



Gi
=~
il

2B R

[1] For reviews, see: (a) Takise, R.; Muto, K.; Yamaguchi, J. Cross-Coupling of
Aromatic Esters and Amides. Chem. Soc. Rev. 2017, 46, 5864—5888. (b) Meng, G.; Shi,
S.; Szostak, M. Cross-Coupling of Amides by N-C Bond Activation. Synlett 2016, 27,
2530-2540. (c) Shi, S.; Nolan, S. P.; Szostak, M. Well-Defined Palladium(II)-NHC
Precatalysts for Cross-Coupling Reactions of Amides and Esters by Selective N-C/O—
C Cleavage. Acc. Chem. Res. 2018, 51, 2589-2599. (d) Isshiki, R.; Okita, T.; Muto, K.;
Yamaguchi, J. Decarbonylative Coupling Reaction of Aromatic Esters. J. Synth. Org.
Chem. Jpn. 2018, 300-314.

[2] (a) Amaike, K.; Muto, K.; Yamaguchi, J.; Itami, K. Decarbonylative C—H Coupling
of Azoles and Aryl Esters: Unprecedented Nickel Catalysis and Application to the
Synthesis of Muscoride A. J. Am. Chem. Soc. 2012, 134, 13573—-13576. (b) Muto, K.;
Yamaguchi, J.; Itami, K. Nickel-Catalyzed C—H/C—-O Coupling of Azoles with Phenol
Derivatives. J. Am. Chem. Soc. 2012, 134, 169—172. (c) Muto, K.; Yamaguchi, J.; Lei,
A.; Ttami, K. Isolation, Structure, and Reactivity of an Arylnickel(IT) Pivalate Complex
in Catalytic C—-H/C-O Biaryl Coupling. J. Am. Chem. Soc. 2013, 135, 16384-16387. (d)
Xu, H.; Muto, K.; Yamaguchi, J.; Zhao, C.; Itami, K.; Musaev, D. G. Key Mechanistic
Features of Ni-Catalyzed C—H/C—-O Biaryl Coupling of Azoles and Naphthalen-2-yl
Pivalates. J. Am. Chem. Soc. 2014, 136, 14834—-14844. (e) Muto, K.; Hatakeyama, T.;
Yamaguchi, J.; Itami, K. C—H Arylation and Alkenylation of Imidazoles by Nickel
Catalysis: Solvent-Accelerated Imidazole C—H Activation. Chem. Sci. 2015, 6, 6792—
6798.

[3] (a) Muto, K.; Yamaguchi, J.; Musaev, D. G.; Itami, K. Decarbonylative Organoboron
Cross-Coupling of Esters by Nickel Catalysis. Nat. Commun. 20185, 6, 7508. (b) Muto,
K.; Hatakeyama, T.; Itami, K.; Yamaguchi, J. Palladium-Catalyzed Decarbonylative
Cross-Coupling of Azinecarboxylates with Arylboronic Acids. Org. Lett. 2016, 18,
5106-5109.

[4] (a) Takise, R.; Muto, K.; Yamaguchi, J.; Itami, K. Nickel-Catalyzed a-Arylation of
Ketones with Phenol Derivatives. Angew. Chem., Int. Ed. 2014, 53, 6791-6794. (b)
Koch, E.; Takise, R.; Studer, A.; Yamaguchi, J.; Itami, K. Ni-Catalyzed a-Arylation of
Esters and Amides with Phenol Derivatives. Chem. Commun. 2015, 51, 855-857. (c)

133



Gi
=~
il

Takise, R.; Itami, K.; Yamaguchi, J. Cyanation of Phenol Derivatives with
Aminoacetonitriles by Nickel Catalysis. Org. Lett. 2016, 18, 4428-4431.

[5] (a) Okita, T.; Kumazawa, K.; Takise, R.; Muto, K.; Itami, K.; Yamaguchi, J.
Palladium-Catalyzed Decarbonylative Alkynylation of Aromatic Esters. Chem. Lett.
2017, 46, 218-220. (b) Takise, R.; Isshiki, R.; Muto, K.; Itami, K.; Yamaguchi, J.
Decarbonylative Diaryl Ether Synthesis by Pd and Ni Catalysis. J. Am. Chem. Soc. 2017,
139,3340-3343. (c) Isshiki, R.; Takise, R.; Itami, K.; Muto, K.; Yamaguchi, J. Catalytic
a-Arylation of Ketones with Heteroaromatic Esters. Synlett 2017, 28, 2599-2603. (d)
Isshiki, R.; Muto, K.; Yamaguchi, J. Decarbonylative C—P Bond Formation Using
Aromatic Esters and Organophosphorus Compounds. Org. Lett. 2018, 20, 1150-1153.
(e) Okita, T.; Muto, K.; Yamaguchi, J. Decarbonylative Methylation of Aromatic Esters
by a Nickel Catalyst. Org. Lett. 2018, 20, 3132-3135. (f) Okita, T.; Komatsuda, M.;
Saito, A. N.; Hisada, T.; Takahara. T. T.; Nakayama, K. P.; Isshiki, R.; Takise, R.; Muto,
K.; Yamaguchi, J. Dibenzofuran Synthesis: Decarbonylative Intramolecular C-H
Arylation of Aromatic Esters. Asian J. Org. Chem. 2018, 7, 1358—1361.

[6] Matsushita, K.; Takise, R.; Hisada, T.; Suzuki, S.; Isshiki, R.; Itami, K.; Muto, K_;
Yamaguchi, J. Pd-Catalyzed Decarbonylative C—H Coupling of Azoles and Aromatic
Esters. Chem. Asian J. 2018, 13, 2393-2396.

[7] Matsushita, K.; Takise, R.; Muto, K.; Yamaguchi, J. Ester Dance Reaction on the
Aromatic Ring. Sci. Adv. 2020, 6, eaba7614.

[8] Mortier, J. Arene Chemistry: Reaction Mechanisms and Methods for Aromatic
Compounds 2015.

[9] (a) Griesbaum, K.; Behr, A.; Biedenkapp, D.; Voges, H.-W.; Garbe, D.; Paetz, C.;
Collin, G.; Mayer, D.; Hke, H. Ullmann's Encyclopedia of Industrial Chemistry 2011.
(b) Tsai, T.-C.; Liu, S.-B.; Wang, I. Disproportionation and Transalkylation of
Alkylbenzenes over Zeolite Catalysts. Appl. Catal., A 1999, 181, 355-398. (c) Voronin,
I. O.; Nesterova, T. N. Strelchik, B. S.; Zhuravskii, E. A. Efficiency of Sulfonic Cation-
Exchange Resins Used in para-tert-Butylphenol Production: A Comparison Based on
the Kinetics of Transalkylation in the Phenol-tert-Butylphenols System. Kinetics and
Catalysis 2014, 55, 705-711.

[10] (a) Bunnett, J. F. Base-Catalyzed Halogen Dance, and Other Reactions of Aryl
Halides. Acc. Chem. Res. 1972, 5, 139—147. (b) Schniirch, M.; Spina, M.; Khan, A. F.;

134



Gi
=~
il

Mihovilovic, M. D.; Stanetty, P. Halogen Dance Reactions—A Review. Chem. Soc. Rev.
2007, 36, 1046—-1057.

[11] Sammakia, T.; Stangeland, E. L.; Whitcomb, M. C. Total Synthesis of
Caerulomycin C via the Halogen Dance Reaction. Org. Lett. 2002, 4, 2385-2388.

[12] (a) Watson, D. A.; Su, M.; Teverovskiy, G.; Zhang, Y.; Garca -Fortanet, J.; Kinzel,
T.; Buchwald, S. L. Formation of ArF from LPdAr(F): Catalytic Conversion of Aryl
Triflates to Aryl Fluorides. Science 2009, 325, 1661-1664. (b) Milner, P. J.; Kinzel, T.;
Zhang, Y.; Buchwald, S. L. Studying Regioisomer Formation in the Pd-Catalyzed
Fluorination of Aryl Triflates by Deuterium Labeling. J. Am. Chem. Soc. 2014, 136,
15757—-15766.

[13] Eliseeva, M. N.; Scott, L. T. Pushing the Ir-Catalyzed C—-H Polyborylation of
Aromatic Compounds to Maximum Capacity by Exploiting Reversibility. J. Am. Chem.
Soc. 2012, 134, 15169-15172.

135



e

AT SCFZE IR, SRR M OR 2R e e B T AR gE Al AL S 5 1L i — B
WREIZBNWTITONTE b D TH D, AR EZZEITT DITHZY | KL K
THE, ZWREZ DY £ U7 BRE B R AR I A — RS B IR <
L L B ET,

Rl L LCHIEZR ZHRE, ZBhE%2150 £ LIZRSPIREE EmF—2d%, 7o
B UMM 30 — BB HE R LR < ST L BiF £ 9,

FREME LCTERIRE, 5200 £ LR MR Zdz
(ZHALH L B £,

AR EFTT DD, KETHRE, ZBE2BY £ L RREHE KT
HEPRTAE sURREEGRAD . 72 & QNS FRG B R FHL LA INBesa S JERT K H e
AEAIC O &0 GG E L 9,

AIFGEDILRIFEE & LT E R THNETAEE E Licsh B RER R
FHE—RR Rz, /MBI G MRS AL SRR T . ARt SR
Bl BREHKFE TP AR E L, RALERHE L, 72 5 NTH K
LR AR S AR L E T,

F7o, TR A T2 BRE R ZEE TR0 (b —BSAF R R — [
ICEGHE L E 7,

A EAITOMD A B 2 THE E Lz, =S S ERE L, 722
O DN K FPHERUE I L £ 7,

KWFEEATO IO, 2L OTHME, ZWHAZHY £ LIE— =3ks
o HEA—EM L Rl R EaE L, AL Rk L, &5
R L FEREIE—1E L, NEf &SR I REE S FHE AR
FLIETR L, ARG L, RoRE L, 25 NE — =4 RD / N— Lk
Nth AAFEE LICRHE L ET,

AR EATOMDE B 2THE, KIEZ K2 THYE, JHfEZBV ELER
TR KP4 EBIR - &7 = n— EEAPEEICLIVELP L B ET,

BRI, RFFRICES L, ROEiEZ R L, DR L Tz B,
2B NCFEE RO X 0 EHE L 7,

136



W oEsERE

A
A

1. Matsushita, K.; Takise, R.; Hisada, T.; Suzuki, S.; Isshiki, R.; Itami, K.; Muto, K_;

Yamaguchi, J. Pd-Catalyzed Decarbonylative C—H Coupling of Azoles and
Aromatic Esters. Chem. Asian J. 2018, 13, 2393-2396.

2. Matsushita, K.; Takise, R.; Muto, K.; Yamaguchi, J. Ester Dance Reaction on the
Aromatic Ring. Sci. Adv. 2020, 6, eaba7614.

137





