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Ph_ NH, Rh-cat (2 mol% Rh) Ph_ NH,
Cu(OAc),»*H50 (2 equiv) .
o-xylene
temp time yield (%)
entr; -
y Rh-cat (°C) (h)
1 [Cp*RhCl,], 130 10 65
2 [Cp*RhCl,], 150 6 96
3 [CpERKCL,], 130 6 >99
4 [RhCl(cod)], 130 2 >99 (98)
5 RhCl;3H,0% 130 10 27
6 - 130 10 0
7 [RhCl(cod)], 100 10 88

Reaction conditions: tritylamine (0.5 mmol), Rh-cat (0.005 mmol),
Cu(OAc),*H,0 (1 mmol), o-xylene (3 mL) under N,. ¢ GC yield. Value in
parentheses indicates yield after purification. » RhCl;#3H,0 (0.01 mmol)

was used.
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RhCl(cod
Ph. NH, [RhCl(cod)] Ph_ NH,

Cu (OAC) 2'H 20

entry Additive Solvent Time /h % Yield®
15 - o-xylene 2 (98)
2 - o-Xylene 2 22

3 - PhCI 6 21

4 - DMF 3 36

5 - DMAc 3 20

6 - NMP 6 27

7 — diglyme 3 45

8 AcCOH diglyme 3 67

9 1-AdCO,H diglyme 6 76
10 PivOH diglyme 4 83
11 2,6-Me,CgH;CO,H  diglyme 3 69
12 2,6-F,C4H3CO,H  diglyme 4 83
13¢ PivOH diglyme 6 27
14¢d PivOH diglyme 3 90 (83)
154.e PivOH diglyme 5 (95)

Reaction conditions: tritylamine (0.25 mmol), [RhCl(cod)], (0.005 mmol),
Cu(OACc),*H,0 (0.05 mmol), additive (0.25 mmol) at 130 °C under air,
unless otherwise noted. « GC yield. Value in parentheses indicates yield
after isolation. ? The reaction was conducted using tritylamine (0.5 mmol),
[RhClI(cod)], (0.005 mmol) and Cu(OAc),*H,0 (1 mmol) under N,.
ctritylamine (0.5 mmol), [RhCl(cod)], (0.005 mmol), Cu(OAc),*H,0 (0.1
mmol) and PivOH (0.5 mmol) were employed. ¢ At 150 °C. ¢ tritylamine (5
mmol), [RhCl(cod)], (0.05 mmol), Cu(OAc),*H,0 (1 mmol) and PivOH
(5 mmol) were employed.
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[CPERNCI,], (4 mol% Rh)
AgSbFg (8 mol%)
Cu(OACc)»*H50 (2 equiv)

R

K>CO3 (1 equiv)
diglyme

- QO

entry substrate

temp (°C) time (h)

product, % yield

R
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1a R=
2 R=
3¢ R=
4¢ R=

CO,H

Me
Me
Me
OMe

CO,H

3

uy]

5¢ R=H

6¢ R=H

7 R=H

8 R =Me

9 R = Bu!

10 R = 4-Bu'C¢H,

11 R =OMe
O CO,H

12
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120
120
120

120
100
100
100
100
100
100

100

COLH
saoves
Bu?

:
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Reaction conditions: [substrate]:[{CpERhCI,},]:[AgSbF¢]:[Cu(OAc),*H,0]:[K,CO;] =
0.5:0.01:0.04:1:0.5 (in mmol), in diglyme (3 mL) under N,. ¢ [Cp*RhCl,], (0.01 mmol)
was employed in place of [CpERhCl,],. # GC yield. ¢ 2,6-Me,C¢H;CO,H (0.25 mmol)

was added.
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Ph_ OH

Ph _ OH catalyst
solvent
entry catalyst solvent temp (°C) yield (%)“
1 [CpERKCL, ], o-xylene 130 0
2 [Cp*RhCl,], o-xylene 130 0
3 [Cp*IrCl,], dodecane 170 82 (70)

Reaction conditions: [substrate]:[catalyst]:[Cu(OAc),*H,0] = 0.5:0.01:1 (in mmol), in solvent
(3 mL) for 6-10 h under N,. ¢ GC yield. Value in parentheses indicates yield after purification.
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[Cp*Rh(MeCN)5][SbFg], (4 mol%) Me
Me_ CO,H Cu(OAC),*H 0 (4 mol%)
K,COs (0.5 equiv)/PivOH (1 equiv) 0.0
R R diglyme
air, 120 °C, 12 h R R
R =H, 84%
R = Me, 83%
[CPERNCI,], (2 mol%)/AgSbF ¢ (8 mol%) o

COH Cu(OAC),*H,0 (4 mol%)

K5>COj3 (0.5 equiv)/PivOH (1 equiv) .O
diglyme Q

air, 120 °C, 48 h
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[Cp*IrCl,], (2 mol%)
Cu(OAC)»*H,0 (20 mol%)
PivOH (2 equiv)
\ NMP N
2 air, 120 °C, 3 h H

[Cp*IrCl5]5 (4 mol%)
AgSbFg (16 mol%)

HN Cu(OAC),*H,0 (1 equiv)
. -
" \© DMF

2 Ny, 80 °C, 24 h

F 0
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R1 LSIH RS
@ oH * /
P R4

R2R3s O

[Cp*Rh(MeCN)s][SbFG]Z R

AgOA
diglyme v

R2 R3

entry substrate

product, % yield?

a Cﬁ*

4-RCeHs "0 Ph 4-RCgH,
1 R=H R=H,95
2 R =Me R = Me, 69
3 R = OMe R = OMe, 45
Me Ph
(Lo
P :
2-MeCeHi o Ph Ve 170
2- MGCGH4
4 86
(L, on
EtO o
5
(L, on
Ph’ o
6
7
(L, on
Ph’ o
8 66

Reaction conditions: phenylphosphinic acid (0.25 mmol), alkyne (0.38 mmol),
[Cp*Rh(MeCN);][SbFg], (0.01 mmol), AgOAc (0.75 mmol), in diglyme (3 mL) at 120 °C
under N, for 2 h.  Isolated yield. Value in parentheses indicates GC yield.
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AR T IDNTANMET N = b 52 72, — 77 IPRFEIREE IS T RSP —D 400 | 1
KDOBATFE T TV NINZ T, BEREEERERIEAEMEDL Ry I A= 2 — "IN 1y TV T
MRFTLTIEE DD EDOT RARA RN W, BBEAIN RED -0 | BRI > 7V 7 L7205 5,
b CTH ARG CTHD, T2 T, T2 VIRAT A AT LR A T 2= VT2 F Lo b, hF 4

MT =0 MM L OWEERTFAE F ChULSEDE LRI A= a— N7y TV 7 K0 )V MT

T = AV E R & B 72N R T H- 2 72,
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Z > CO,Et
[Cp"Rh(MeCN)3][SbFgl, (8 mol%)

g X COLEt
AgOAc (4 equiv)
P .0

o-dichlorobenzene, 120 °C, 6 h

cy Oy
©\ 0 Ph—=—Ph 67%
,P«Cy [Ru(p-cymene)Cl,], (5 mol%) Ph
Cy AgSbFg (20 mol%) x_Ph
AcOH (4 equiv) o
dioxane, 100 °C, 18 h P’
cy Oy

72%

SHIT, mYy Al R T A EPE2NAL FRICR T IS E MR M A2 A 325/ RILE DA VR
M7 W = AL R ELAT 2D e Do Te <HBNTFEMEFEL L CORCET >, & i BB m 51T,
T3 TV T TRIALIZZIZ, BHICBRESHDNIZDRISHED T8 | SO0 8RN R EETH D,
—HOISE, Bix A RS FOERTFIELLTUEHTED,

Z>C0o,Bu
[Cp*Rh(MeCN),][SbFg], (4 mol%) “_ COBU

Ag,COg3 (1 equiv)
> S .Me
o)

PhCF3, 120 °C, 6 h

N 89%

g [Cp*Rh(MeCN)3][SbFel (8 mol%) Ph
Cu(OAC)»+H,0 (10 mol%) ~_Ph
1-AdCO,H (4 equiv)
.Me
diglyme, 120 °C, 6 h g
68%
ZCOLBu
[Cp*Rh(MeCN)3][SbF¢l, (4 mol%)
CsHPhs (4 mOIOAJ) ™ COZBU
Cu(OAc)»*H,50 (2 equiv)
.S
diglyme, 120 °C, 8 h P
cy Oy
©\ 74%
p-S T Me —=—Ph Bh
cy Oy [Cp*Rh(MeCN)3][SbF¢l, (4 mol%) ~__Ph
AcOH (4 equiv)
PhCI, 120°C,3h Ff’s
cy v

[Cp*Rh(MeCN)3][SbFgl, (8 mol%)
Cu(OAc),*H,0 (2 equiv) o C02Bu
S + ZCOo.Bu
J THF, 60 °C, 24 h s
s ! J

92%
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HELA LS U CHSRE L . A VM T A = UL AT RE L 72 B 2 LN o T=, Boc FEIXERAVERIZ LD 5T
PRETEDZEDND, o T NI =N T =V OF NI EBIEE 2D BV ML L TORCEL >, 15
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BHTEHZENRENT-,

H
H [Cp*Rh(MeCN)3][SbFgl, (4 mol%) .
N, + A n > N *Boc
/©/ Boc CO2Bu Cu(OAc), (2 equiv.) P
R BUtOH R COzBUn
60°C, 6h
R =H, 86%
R =Me, 82%
R = OMe, 83%
R =Br, 69%

R = CO,BU", 55%

WFZETEH 5 (RN KRS g L—7)
OIFZEDIAB
WFEE B 4TIE ARy v a Mh o7V 7 FiEE A Bl E2 B T EFREE CEAL,. A
AR TFIELL COMIfEZ E D DTG 21T 572, L. o BALMEORL AL TIEeL, n B+ R
FH D g B Ry IELAIEE LU CTHEREL . TR DO IRF—KFRE S ONE IR BB Wb &
MWTEIUR, © BT RO T LIV EEIC I ROILIRS I n B R0 T2 @B AR TEHEHFF
END, TOIHRRERS —a BB E T2,

OWtgE SN )7 ik
WANDZ =7y R LT MBI IR DN T A7 = B O, ZnaR AL L TED LI
AR n B RL=y ME AT L FER IOV TR Z T -7,

QAR LI OWFZEEH ] (AR R E) (T 2BUEOMFFEERSR ML (§ 2. CREHEL £7) LEHT-
D&
FI 3T 2o N T A T2 H T T 2=V T T L EEB I, il e L CICp* RhCL), % . FR{b A& L CHEE
Wi — K & WA ST, b 110°C T 7R RS SB T2 A MG D BB S, 4,6-
T 2=V T N2,1-b1F AT =M 53RDUNRTHARR LTz, Tl & SRS ORE 5, it &0 R v
LB, SOREZ 125°CIZ EIF 528 T 747 = IR 90%F TSz,
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[Cp*RhCl5],

o oxidant O
additiove
H o+ / > O
/\ Ph solvent / Ph
s H
Ph
entry oxidant additive  solvent temp (°C) yield (%)¢
1 Cu(OAc),*H,0 - toluene 110 53
2 AgOAc - toluene 110 33
3 Cu(2-EH),? - toluene 110 16
4 Cu(OCOCF;), - toluene 110 0
5 CuCO;, - toluene 110 0
6  Cu(OAc),*H,0 - toluene 125 70
7  Cu(OAc),*H,0 - toluene 135 53
8  Cu(OAc),»H,0 Cs,CO4 toluene 125 90 (84)
9  Cu(OAc),*H,0 K,CO; toluene 125 79
10 Cu(OAc),H,0  CsOAc toluene 125 86
11 Cu(OAc),*H,0 KOAc toluene 125 72
12 Cu(OAc),*H,0 CsOPiv  toluene 125 74
13 Cu(OAc),»H,0 KOMe toluene 125 90
14  Cu(OAc),*H,0 DABCO toluene 125 82
15 Cu(OAc),*H,0 Cs,CO;  diglyme 125 59
16 Cu(OAc),*H,0 Cs,COjy DMF 125 12
17 Cu(OAc),H,0 Cs,CO;4 PhCF; 125 79

Reaction conditions: 3-phenylthiophene (0.2 mmol), diphenylacetylene (0.1 mmol),
[Cp*RhCl,], (0.005 mmol), oxidant (0.2 mmol), additive (0.03 mmol) in solvent (2 mL)
for 7 h under N,, unless otherwise noted. ¢ GC yield. Value in parentheses indicates yield

after purification. ¢ 2-EH = 2-ethylhexanoate.

[FIBRDSAE T | B2 BRI LOME 2 A 30T 7 = BT L F o EUSL, 3~6 BRIDiEE T
F7 2 HBARDRONDTED DT, EOIT, TRV ETET TR XY T TR0 F T — /v
FHY =D g BEAHEAIELLTHEEL ., i TITA M TE RV, ZRREEL A T 56 ~7 1R

b &WE 52 DZEDHLINI e o T BV FEE L CORCR2 >,
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[Cp*RhCl;],

Cu(OAc)»H,0 7 V\\;(
R Cs,CO .
+ / s ' z
R refluxing toluene » 4 R
YR
Me OMe cl Ph
‘ ‘ O O ‘ F Me ‘ Me O
/Ph /Ph /Ph/Pr"/Ph /PhM/Ph
s S S S s S €" s
Ph Ph Ph Prn Ph Ph Ph
85% (10 h) 66% (24 h) 98% (7 h) 76% (7 h) 87% (7 h) 98% (10 h) 97% (10 h)
MeO,C /é/Z‘DPh (/S !O Ph ‘—‘OSO%
Ph Ph Ph

81% (7 h) 93% (7 h) 70% (24 h)® 57% + 14% (7 h)?
0% + 40% (48 h)c

IS 5 S S = x = /S O . O O
Cﬂe + Cﬂee S S + 8 — / O on Ph -
prn Prn Prn S S
P prn Ph-  Ph Ph- Ph Ph Ph Ph

Prn

28% + 35% (10 hyd 9% +13% (10h) 99% + 0% (7 h)
9% + 48% (24 h)° 75% +13% (48 h)¢

QO L &
n-C7His . O
S Ph

s
Prn Ph
98% (10 h)/ 85% (7 h)d 90% (24 h)¢ 47% +27% (7 h)
7
N
N
é (D (D (D ) )
! Ph ! O Ph A O Ph A O Ph h O N O

s s Ph /QS Me /QS Ph /«O Fh Me/«O Fh

Ph Ph Ph Ph Ph Ph

86% (7 h) 70% (7 h) 75% (7 h) 78% (7 h) 76% (24 h) 44% (24 h)

Reaction conditions: heteroarene (0.4 mmol), alkyne (0.2 mmol), [Cp*RhCl,], (0.01 mmol), Cu(OAc),*H,0 (0.4 mmol), Cs,CO5 (0.06 mmol) in toluene (2
mL) at 125 °C under N,, unless otherwise noted. ¢ At 120 °C. ? Using Cu(OAc),*H,0 (0.8 mmol). ¢ Using heteroarene (0.2 mmol), alkyne (0.4 mmol),
[Cp*RhCl,], (0.02 mmol), Cu(OAc),*H,0 (0.8 mmol), and Cs,CO5 (0.12 mmol). ¢ Using heteroarene (0.2 mmol), alkyne (0.4 mmol), [Cp*RhCl,], (0.01
mmol), Cu(OAc),*H,0 (0.8 mmol), and Cs,CO3 (0.12 mmol). ¢ Using heteroarene (0.2 mmol), alkyne (0.4 mmol), [Cp*RhCl,], (0.01 mmol),
Cu(OAc),*H,0 (0.8 mmol), and Cs,CO; (0.06 mmol). fUsing heteroarene (2 mmol), alkyne (1 mmol), [Cp*RhCl,], (0.05 mmol), Cu(OAc),*H,O (2 mmol),
Cs,CO; (0.3 mmol) in toluene (10 mL). & Using heteroarene (0.2 mmol), alkyne (0.1 mmol), [Cp*RhCl,], (0.005 mmol), Cu(OAc),*H,0 (0.2 mmol), and
Cs,CO; (0.03 mmol) in toluene (1 mL).

3Tz VFA T2 TN EDOKREZED TV T Fo )V AR R L T ==V B CIAE
BERINICEZY, 3-QQ-TNWr= VT 2=)V)FF 7055277,
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[Cp*RhClzl,
Cu(OAC),H,0

032003
H + /\R —
/\ refluxing toluene / -\ R
s s
/\ CO.R /\ P(0)(OEY),
s s
R = Bu", 60% (7 h) 47% (10 h)

R = Bu/, 50% (7 h)
R = Bu/, 52% (7 h)
R = Et, 47% (7 h)

R = Cy, 64% (7 h)

R = H, 58% (10 h) 50% (10 h)
R = Me, 53% (10 h)

R = Bu, 45% (10 h)

R = OMe, 53% (10 h)

R = Ph, 65% (10 h)

R = Cl,63% (10 h)

R = CF;, 63% (10 h)

Reaction conditions: 3-phenylthiophene (0.4 mmol), alkene (0.2 mmol), [Cp*RhCl,],
(0.01 mmol), Cu(OAc),*H,0 (0.4 mmol), Cs,CO; (0.06 mmol) in toluene (2 mL) at 125
°C under N,.

WFIFEIEE 6 (KRIRTSL RS T —7)
OFFED BN
BEUTE & TR T OFRNFENEOYIEETR D, BRI Z R AL ED S Ao uUE, 2o
A% JOBREFIFRL DT> 7V o 71T KRB G 32 T IR %,

@FIE FM 715

AREFRIC KO BIFE LT MG S o By 7Y T A D L, Kok IR AT S 5 = BT R T I
TR, BT, IRIESI 7 REREG TR ST (~T 1) BRI A WS T, SEREs
5,

QBP Y WO ZEE ] (MR E) |23t T ABAEDOMFFEHER IR L (§ 2. LESE#H L £97) L5007
[DES
TP DT VT O DA O HEERS BB B FRICIRO B A R T2 e o T2 U TR AR
— AR RET IV U HERITK ST, BAIRRE CoOHOEE 25 <7, BRI, HBEL (LA
W EREs L% SR L CRIEIZ W2, ZOH THRFICRWE Y E A R T H O, Mok d ot &
FILEEZRE LTz, FICIZ 0.6 222 b DL H D T L iibino 2 <BHEEHMT A/~ —ay s
R REL TG THF2>, 22Tl ek oML, At (15X15X0.3 mm) H
AN DRV Tl LTHWE, BIER 4 EITV, Z OEED S ffastd e B IR & 5
H L7,

16



X
P P
ph’ O NMe. F N F
excitation wavelength 422 nm excitation wavelength 434 nm excitation wavelength 521 nm excitation wavelength 350 nm
quantum efficiency (@) 0.54 quantum efficiency (@) 0.63 quantum efficiency (&) 0.53 quantum efficiency (&) 0.30

—F. MR E 2128 AKET V—n—~Ta 7 V=N 7 VT2l LIzE AN
Y 7u vy DUBERIZONT, BEANT R CV R Y, EMENE AT -, T ORE
B FrRofbE&Y A Tit. Eaomo (Foxin CV). E, (UVivis)., Er (D AYAT FL) BRENEFN
-6.11, 3.44, 2.88eV WO fiEL 720 Z D)y HOMO/LUMO =R /LX—F ¥ v 7B L OE
ErfEins o OLED ~DJS AN IR &4 5 <BHEHNA /X —Ta - BRI R ELFH 5 T2
>

0 IN\ o
Oaad®
Buf Buf

A
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