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Fig. 1 Structures of CM-Phos phosphine ligand derivatives
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1 CM-Phos B {a 7£ -k 58 2 B #2 B9 Sz 3

1.1 Suzuki-Miyaura {88k & iz

1979 4%, HMEAL 1Y) Suzuki-Miyaura 3¢ U S AT ARIE"™", IBCh G BUK DY Befb & M i s 205
B, TEBEZ | MORERALO A = bl . 2R R RAT I E BRI L A LI S Pk B
PELL K 55 BENIR 215 551/ 2

So il Kwong 55" F¥ & | CM-Phos Bt #4< L2, -1 FH T4 A ) 5 55 FH T BR 6 1Y Suzuki-Miyaura {5
JZ i (Scheme 1).

t-BuOOMs Pd(OAc)»(2%, molar fraction)
L(8%, molar fraction)
+ t-Bu p-tolyl
t | | B OH K3P04~H20, [-BuOH
Jou O - O,
p-1oly-B(OH)2 110°C, 4h L1 <1% vield, L2 89% yield,
L3 84% yield, without L <1% yield

Scheme 1 Ligands L1, L2 and L3 screening of Pd-catalyzed Suzuki-Miyaura reaction of aryl mesylate

Pd(OAc), 1 CM-Phos (1.2) B4 & B ik B & — PP REA SUEAL 45 Al e B Rk | S 05 SRR 4 0%
FH HA itk FR R 110 (E DG s o7 4 LB 59 4R 2R (Scheme 2).

R
7\ .
o OMs  pd(0Ac)(0.5%—4%, molar fraction) R' R

_ ; |
n L2(2%—16%, molar fraction) / | N\ /)
R' K3PO4, t-BuOH — —

AR\ 110°C,3—24h 77%—97% yields
. z 23 examples

Z=B(OH),, Bpin, BF;K

Ph
Me

90% vield 92% vield 77% vield

Scheme 2 Pd-catalyzed Suzuki-Miyaura coupling reaction of(hetero)aryl mesylates

BUBEHG 2., 4- =BT -6 AR T 5 M ) AR R A G . s SRS, e
IR A4, 0155 0 A 4 R O o 1 S G . 94 X SR AT 2 R, 24
WPEA B0 PACOAC), 55 L2 45 A0, 2T ELA 21 2B M AT — A2 A . SCr gy
WG C3 RIS T —IRA-L2 RO A MR (P 2). 5L A SURIE I N A7 2 SR, 3
TP T G L R 7 ELBEL 0 R A 5285 SV B S L O AR

Fig.2 Structure(A) and Oak Ridge thermal-ellipsoid plot(ORTEP) diagram(B) of dimeric Pd-CM-Phos complex
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AR RS PRI PR SR (5] 3 FIE] 4).

R-R' L.Pd(0) o
Reductive Oxl'djcltlve
iminati addition
climination
R
L Pd(II) L, Pd(II)
Transmetalation

Fig. 3 General catalytic cycle of cross-coupling reactions

Indole ring

* Increase size of ligand o Alkyl groups increase electron density at the phosphorous

Slow down the rate of oxidation by O, atom and enhance the rate of oxidative addition

Allows stabilizing Pd-arene interaction

Enhances reductive elimination ) o
R @ e Larger R enhances the rate of reductive elimination

R— P
O A e Larger R increases[LPd(0)]
N
\ ' Different R! offers different steric and electronic properties

2

/ 0 Different R? offers different steric and electronic properties

e Different R* provides different steric and clectronic effect

Fig.4 Structural features of CM-Phos ligand derivatives and their effect on the efficiency
of the catalysts

So Fil Kwong 26> X PA(OAc) /L2 AL A AR A Ak 1Y 5 FE 5% B R PR I 1) Suzuki-Miyaura fHEK .
%ﬁ‘ﬁ%%ﬂﬂﬂ?ﬁﬁﬁa AIER TR RE 5 AN W] E’Jﬁﬂﬁﬂﬂ%ﬁlﬁ G R ARG . X6 TG e ) D 0 R

BRI, AT AT T AR 2 0. 29% (BER 3850 X — AL AR S AL B R S B 10k FR R R 0
%EEIT:EQ/DR—F HEA TEIDE I 7 (Scheme 3).

N Pd(OAC):(4%, molar fraction)

S | L2(16%, molar fraction) N\
OTs |
+ K:PO,-H,O, DMF = Ph
Ph-B(OH), r.t,78h 94% yield

Scheme 3 Pd-catalyzed Suzuki-Miyaura coupling of heteroaryl tosylate at room temperature

Kwong &8 HE—204 Ji& T 4841k Suzuki-Miyaura (BIKAR FHYE . Pd(OAc) /L2 BEA &AL KT
()0 e 5 2 0 B = IR AR | D Bk R R T AR 2% Dy ik R B R T 2R A T K S 0L (Scheme 4). R 15 BN
A5 = MBRER LIS, e RN 0 — Sl e Eh 2 AR AP I IR

Kwong 25" F A8 T X HY it 12 M e T AR P 8 PR 4 L 56 7Y Suzuki-Miyaura fBEE S0 . i F Pd(OAc),/
L2 VR AR, R R o) F 4 A BT A PP R IR s S X8 AT A SO i), e B0 1 74
W A, i B YO R TR F AR R I BE e B B =SB I R M) 4 S (Scheme 5).

Zheng % HIEH T PA(OACc), Al L2 K F AT A AL IRARIR =245 (CTV-Br,) 5 ZFh 05 B A1 2% 05 5
BRI Suzuki-Miyaura (B2 W (Scheme 6). F H S0l 2 T — R 5 HA WIFEFIER IS B8 BY C3 XHFR Y
BAEM L AL GY, FE TR =2 (CTV) BRI R 51 .
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R’

| .
R
QO Ms Pd(OACc):(1%—2.5%, molar fraction) @_
R

L2(4%—10%, molar fraction)

+
R"-BF ;K Eﬂg% ;Ell(;‘; 57%—97% vields
R"=(Hetero)aryl, alkenyl, alkyl ’ 21 examples
S tB
Q’@ o T
'n-Bu
Bu tBu
82% yicld 81% yicld 62% vicld

Scheme 4 Pd-catalyzed Suzuki-Miyaura coupling of (hetero)aryl mesylates with

potassium (hetero)aryltrifluoroborates

OTs

oM
O‘ Pd(OAc)(2%, molar fraction) MeO O

L2(8%, molar fraction)

+ Me
K.PO, H0, --BuOH O‘
@OMG 50°C, 24 h
88% yiel
B(OH), % yield

Scheme 5 Tri-ortho-substituted biaryl synthesis via Pd-catalyzed Suzuki-Miyaura coupling of

alkenyl tosylate

MeO Br MeQ

Ar
O OMe PA(OAC):(10%, molar fraction) O OMe
' + Ar'B(OH), L2(40%, molar fraction)

K3PO4, t-BuOH

O 130°C, 44 h O

MeO Br MeO  Ar

5%—76% vields
12 examples

Scheme 6 Pd-catalyzed Suzuki-Miyaura coupling of CTV-Br,

So S5 i FHELA AR Wi 1k ) R BE BT 5 B T — R 47 % Y A gt S T PP Bl s AU i v i 2 b
Yy, 30 5 A A S8 SCABER S i i 4 1 — R AV BT A . PA(OAe) /L2 KR AR T — R 5IXF
P 4% i g 0 i T P i 45 2 ) 5 A 2 AR A B S iy, JRAR- 3] TS i %8 . 2, R
5 ¥ AT R R B A RO, B A T LA R Ay Bl A A 80 DINA RS EE 1 4 o )
(Scheme 7).
1.2 Hiyama (8B & i

Hiyama 52 UK S LR 5 A HLEEAL B V1R I C—C R — R B2k 5 EE5 R4
JEAPLEGR, A PUEERE LA G AL, EOLEEL G AV 20, xS AiRE, 5T
SRR, BEEAR, AR AR, i T A PSP S C—Si SRR A )N, PRI C—Si BERY AR
FEVERS R, PO PLEFAZ U] 1 SRS AR BRI

So 1 Kwong 26" fifi Fi Pd (OAc) /1.2 1 Ay i 4k 700 47 HF i iR 5% S i 119 Hiyama 22 S B &2 L
(Scheme 8). & HL ¥~ W HL 5T (2 BHAY DY JEAI 407 B F R R IR 2 BE 55 05 LR Bed-A IR S, I LA
S L T AR R, SO LR [n(Z1R) : n (RIS HERR ) =0. 25 1 | REA 254
il FH R R 05 BETR Y 20, IR A RO TR R eR . iP5 R B, TOIE T R EL (TBAF)
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A
g . ;
Qoo = b
o
46% vield 3.7% vield after 3 steps Suzuki reaction: 7%—38% yields

Overall yield: 0.26%—1.4%

OH
N

75% yield 31% yield after 3 steps Suzuki reaction: 98% yield
Overall yield: 30%

Scheme 7 Synthesis of an analogue of a potent inhibitor of DNA-dependent protein kinase

(A) Previous report; (B) So’s report.

R
72
OMs Pd(OACc)-(2%, molar fraction) Flz‘ f}?
— L2(8%, molar fraction)
s 7 N/ '\
S TBAF, t-BuOH - = =
/ \ s| (OR)3 90°C, 164 29%—92% yields

24 examples

CFs
eade o=

R=Me(88% yield)

REX(80% yild) R=Et(91% vield) R=Me(68% vield)

Scheme 8 Pd-catalyzed Hiyama coupling reaction of (hetero)aryl mesylates

A5 — W AR AR 25 T A A SO A G P s, . 7 A il ) F PR R AR A5 R AN I R A, DA ik
D VR PR 7 TR w5 ek ik X AT REE
1.3 ERBRFEZIRT B BB R 5

A LB AL AU A HLEER L A PLAET R LR A R R R R A
C(sp*) —C(sp®) B A% 1R . H iy T A AR A H R BRI, T AR5 B8 SRR e — A Seh
e 5 SRR S5 by g FH 9 B Ay vk

So 45 i ] Pd (OAc), Fl 4- ( 90 O LB ) -V, V- 3k -3- (1- H - 1H- 13| W -2- 3L ) 2K i (L6,
NMe,-CM-Phos ) k55 J/ 244 55 S5 175 J5 BB I i LA B ) FR 2R I 5 AR 5 SRR B ) (B s o P f b 7). G
Hh, A AR £ 2 T ARSI 0. 2% (BEIR 43850, BIEHE 5 )0z s 8] 447 %6 31 10 min, {75 REEAS R 471Uk
AL, AT LA G MR B SEORASE, HAR 7 2 I R FEAIK (Scheme 9).

1.4 Sonogashira {BEx &

AL TS 1T | 2405 3R . S i A — 3 H B R IR 5 2R it £ 1Y Sonogashira 28 UK S 244
H#C(sp") —Clsp) BRI EE T HZ — . WIRRRZ | - F BRI )55 — R RIR P B 25 L
AR

Kwong %52 F PA(OAc), FI L2 V5 A HEA 55 3354 1 55 8 6 B 2808 FR 16 55 HL K2 1Y Sonogashira 28 AR EX 2
Ji (Scheme 10). 255 B 4% 5 B X7 HY s R i/ HY Bk R TR 2 e A 80 3 Ak i B2 . iz A dR
FRIFE R Z— B AT Cul B, IF BTG SETE SO0 3 7% vh 2248 M S s B BRI, TR
SEBE T 4% Sonogashira fEIEFIER AL S o8 2-HUAC S s bk

°)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



2190 HEFEFRMAFEFIR Vol.41

R N

| |
_ Pd(OAC):(0.2%—4%, molar fraction) —

L6(0.8%—16%, molar fraction) or

or t  Ar—Ti(OiPr)s

R" 110 °C, 10 min—16 h R"
X \%\ R" [ Solvent-free&Base-freel Ar'\/\ R

R R™

60%—99% yields
XOMs. O 51 examples

Me

" e J

e
O O Z OMe
® :
t-Bu CFs
Oi-Pr
=i 0/ 1
X=0Ms(86% yield) X=0Ms(99% vield) X=0Ts(88% vield) X=0Ts(80% yicld)

X=0Ts(89% vield)

Scheme 9 Pd-catalyzed cross-coupling reaction of (hetero)aryl and alkenyl sulfonates with aryl titanium reagents

R %
| , R— |
@ X Pd(OAC):(2%—35%, molar fraction) N
— L2(6%—15%, molar fraction)

* K3PO4 or KzCOj, [-BUOH ’ ’

R"'———H 100—110°C, 18 h R"
X=0Ms, OTs 52%—83% yields
23 examples
N
“
B B ¢
SN S S @‘\‘e
OMe
X=0Ts(82% yield) X=0Ts(78% yield) X=0Ms(82% yield)

Scheme 10 Pd-catalyzed Sonogashira reaction of (hetero)aryl sulfonates

1.5 HEHEC—HENFEELRN

AL AL A AL AR -5 A P4 R S A2 R (8] 9 58 SRR I B2 7, T Suzuki-Miyaura™, Hiyama™™,
Kumada" I Negishi™ 52 N 76 #4 G216 05 AL A Wl iz i . 8 48 A AL IR AS 58 438 e i 5 i
5, W AT AR A PUEEE LR . eAh, AHLEIE B, Wa AL, R TES
UG T BT | R LA IR . e O IR 5 B AR D RSO R R R 11 & A
ML, I AR SN S B A P 4 S Rk 2 I i AR i s . o T 3 S P TR M R A,
R C—H AR 2 SeAb N 22 3 T oeyE
151 ZFRAEMEC—HENF MR FHTGMATAEYEA —RIVEDHER™. SodE™ &M
H PA(OAc), I 1.2 41 AR AL IR 2R REAS 7 AN B8 I R Bl AR R TR IR A1 B T, SEBUAE AR AL 24 o e 5 Ik
iR 75 SR (1) B #5550 IV (Scheme 11).

3- 5 HEKIEIE[ 1, 2-0 I BE S X 3244 (LXR) B 8h 751 . GABAA«2/a3 FaN71> | A B4 24 1R 2
ZAAR B BHAEAS K IR 575 (PAMs ) Fll GABAA 3244 (o3 W2 ) 304334 2h 75 (TP-003 ) 7 45 45 Fift £ W 6 AL
AR E B . Kwong 2 i FH PA(OAc), Fl 2-(2-( Z F A B RL ) HE L ) - 1-FF BE- 1 H-15| W (L3) 28 A 1Y
PEAR TR T T 55 S X P A I T ok P R e e Xof K I [ 1, 2-a | MHEBE 119 B 42255 B AL (Scheme 12). 1%
PR AR 2238 FH T 45 b 5% J b B 25 b R G 0 57 32 FR s R R IS 0 AR B, I 3R AS T I S A DX e 428
(Scheme 13).
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g8 et = 1)

O
81% yield

0O 0O
R Me Me Pd(OAc)2(5%, molar fraction) Me, Me\ Me
74 l A\ "N N L2(20%, molar fraction) N N”
OMs + Py | ) O /§
_ o ’T‘ N K,COs, -BuOH/DMF N N o
Me Me Me

100—130 °C, 17—36 h

82% vield
N= N=
/SN P \|
e MeO@N B
Me
Me
75% yield

Scheme 11 Pd-catalyzed direct C—H arylation of heteroarenes with aryl mesylates

t-Bu
t_Bu@OTS Pd(OAc)(2%, molar fraction)
L2 or L3(8%. molar fraction)
+
K3P04'Hzo, t-BuOH =
= N/% 120°C, 18 h N7
SN XN
L2 77% yield

L3 88% vield
Scheme 12 Ligands L2 and L3 screening of Pd-catalyzed direct C—H arylation of
imidazo[1,2-a]pyridines with aryl tosylate
R' R'

N |
Pd(OACc):(2%, molar fraction)

—

L3(8%, molar fraction)

+
AN KaPO,-H,0 or KoCOs, 1-BuOH 7NN
3 120°C, 18 h NN
\ \N

L Y 0, 1
X=OMs, OTs 38%—=87% yields
22 examples

(0] Me
tBu — Me
Ph _— —
Q\QQ SSWe 0
N | { | <

X=0Ts(80% vield)
X=0Ms(60% yicld) X=0Ts(82% yicld) X=0Ms(72% yicld)

Scheme 13 Pd-catalyzed direct C—H arylation of imidazo[1,2-a]pyridines with aryl sulfonates

152 ZHRFENHAEEC—HFEMRN  ZHIKARI L L H LD I ) — LA A 30 4
Fr . Kwong %5 FH PA(OAc), Fil L2 21 B A A0 1A 2R A T4 A0 114 22 305 e 05 T FH i
R 1 DL R o5 5 FH e PR R 1) B4 05 B A S 0y . 3K — L 42 0 Ak 1 S g A5 AR GE IR AT, AT L, FH 55
KOAc, Jf B AT SATAT H BRI LA B C—H IS4k . W — S e oh i 22647 1 C—H st i fie
A FRE A S, A5 B T — AT P H 2 e 20 iR 2 11 i 4 21 28 111 B (TheatB) 4100 551, 32400 61 57) ey
—CFy, N—Ar FI—CN #5324 (Scheme 14)".
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R F

E E - . OTs
F
F F Pd(OAC): F F F Q
(5%, molar fraction)
F CN

L2(20%, molar fraction) E F F NH

QL

N

65% yield
Hy Without isolation (;W()Os}teps)

H
+
KOAc, -BuOH K.COs, --BuOH
90°C, 18 h O 110°C, 24 h
()
N

Scheme 14 One-pot sequential C—H bond functionalization and amination

153 - AR R AL I IR A 15 55 i AL R DT SRR R G (14 B - 07 BEAL SO 2 N
2 Csp*)—Clsp”) BERA TR, WA B IE TEAL S Y L R RS AL~ bl 25
Kwong 2“1 YR IE 1 HUAE ALY D7 55/ 2% 55 3 R TG F106F FR AR TSR 1Y) 5 - D5 B AL S (Scheme
15), N PA(OAe),/2-(2-( IR B ) AL ) -1, 4, 7- = HI BE- 1L H-15| Wik (L4) A0 R HEA 70 A 25 Fi i BE
FR 5 e FEYRBE PR P 0 7 B ) F ORI R IR NS M . R A2 BRI SR, 9345 T RLAF A9 3 (Scheme 16).
28 PR Ty i A T M P AL, IR S R R AR M XA A TR S e A PR R A 1
178 — i 557 KL WP LA B IS0, IS 2 T RAFEICE, XFAEVERCR 178-ME —WEiEA T 1T i

Bt
OMs
Pd(OAc):(0.5%, molar fraction) OO O
Ph

+ L2 or L4(1.5%, molar fraction)
o K;PO., +-BuOH/THF
)J\ 90°C, 18 h L2 88% yield
Me L4 95% yield

Ph

Scheme 15 Ligands L2 and L4 screening of Pd-catalyzed mono-« -arylation

of aryl ketone with aryl mesylate

R’

Ny _ R
o Pd(OACc):(0.25%—2.5%, molar fraction) \ SN 0

L4(0.75%—7.5%, molar {raction) |
_—

+
O K:PO,, 1-BuOH/THF (Het)Ar
110°C, 21 h R"
(Het)Ar
R" 53%—95% yields
X=0Ts, OMs 35 examples
MsQ me
i () T
» U
e
g s "
W
OMe
X=0Ts(83% yield) X=0Ms(83% yield) X=0Ms(73% yield)

Scheme 16 Pd-catalyzed a-arylation of(hetero)aryl ketones with aryl sulfonates

Kwong 45 1 YA IE 1 4EAEAL 19 2- 151 Wk i 5 55 5 X F 2R R 18R 19 - 55 ZE 4K S (Scheme 17).
Pd(OAc) /L2 AL Bt R4F A REATAE 284, O FLRE L RAF AW ARAT AR I 1Y 3-57 ZE AL 4 2-m5]
PRI
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IT'
™\ _or |

o S Pd(OAc):(0.5%—2%, molar fraction)
L2(2%—8%, molar fraction)

> KF or CsF, -BuOH
rRo—C ] o 120°C, 18 h
NS

+

v 47%—97% vyields
22 examples

Me F
Me lOMe .iN ] Ae
N N / o}
Me/ 0 Me/ (0] Ph

97% yield 86% yield 86% yield

Scheme 17 Pd-catalyzed a-arylation of oxindoles with(hetero)aryl tosylates

1.6 |HRRM

FREREY) . A2 | BREER . YURRIRSR = Y SRS AT . LR A A R AR, nIEE
e ERIL T HREA], WORWR/ME . e . WhE . WA MG | FEAN 5 AU IR AR Al V8 4 Ak i Ak
IO S il £ 25 O R AT 1 vk 2 — .

Kwong %57 i I TG 75 19 K, [ Fe (CN) ] - 3H,0 VE R 505 -1, BEA T4 Ak 174 07 ik P it B 1 ) S A I
L. A PA(OAC) /L2 AT, 25 Fl ity R R 07 JEIR 7 80 “CRIBFE AL 05 B , S IR 2 B i fee i
Y. T3Ah, BN AE FKAVE R R RBIE R, GBI KA K [Fe(CN) IO AL, ML SER AL
JOE . 5 BT FH ORI BRI | 5 Jik 05 ) H B R I ALY SE A W /IR . PA(OAc) /L2 Al Ak 057 FE 5
FEPITE 70 °CR A EA TR (Scheme 18)1.

¥ R

|
@x b KFe(CN)gl-3H,0 7 N
X=Cl, OTs, OMs 43%—97% yields

40 examples

X=0Ts, OMs

CN
OMe
0O X
t-Bu@—(:N >_®_CN @i
N~ ~O
Me Ve

X=0Ts(94% yield)

X=0Ms(90% yield) X=0Ms(84% yicld) X=0Ts(71% yicld)
X=Cl Me
/ CN
N
H
Me
90% yield 91% yield 85% yield

Scheme 18 Pd-catalyzed cyanation of (hetero)aryl sulfonates and chlorides
X=0Ts and OMs, reaction condition: Pd(OAc),(2%—5%, molar fraction), L2(8%—20%, molar fraction), K,CO,, H,0 or
t-BuOH/H,0, 80 °C, 18 h; X=Cl, reaction condition: Pd(OAc),(2%—5%, molar fraction), 1.2(4%—10%, molar fraction),
Na,CO,, MeCN/H,0, 70 C, 18 h.
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2 CM-Phos EC{& 7E k- Z 4 2 A B9~z A

2.1 Buchwald-Hartwig &4t &z iz

1983 4F, Migita %5 1 YA A4 1) C—N SRR SN . B, Buchwald %5 Fl Hartwig 46X}
W NEHEAT T2 B TF R FHET . PO C SR C(sp?) —N BRI i T iz —, R CEAY G
SRS E 2 0

So il Kwong 55 IF 5% 1 Atk £ 11 R ik 12 FH 5605 R 58 1) B A6 S 7 (Scheme 19). 32 5 N 114 G B2l
FHPA(OAC), Fll L2 A5 1A 2 A Aty A A48 Hb AR P, B RE A 4 Dy R R 4 e PR T R T 5 e I
B . A AR AN 205 BRI | FHRRSRIR I 45 A RIS . PR Y B ) e Ak S i vt L
e TG T A K AR R S350 0 44 S 1EAT . So Al Kwong 255t 7 1o FHAR [R] B fE AL FIA R T, Al
J7 FERN AT T F R PR R X 45 B RS 7 R — e R i N-D5 BB SO . TIER T PA(OAc) /L2 fiAR 55 AT
I T B - T e 5 0 R o) P AR R TR 119 53 1 [R] e Ak SO, I LR e 4 1) 48 85 1 408 O 5
(Scheme 20). So 55 #E—20 N 1 T IZMEALIAR R PEA T 1 B (4 0T FRORBE R IR I Ak SOy, IF3R1S TR

#9757 % (Scheme 21).
" R
~ AN
= R Pd(OAc):(0.5%—4%, molar fraction) Q‘N\
Y | \ L2(2%—16%, molar fraction) R™
QOMS + or or
— K,COs, Solvent =
H’]‘} 110 °C, 4—24 h R— ]

X N \} .
75%—97% yields
29 examples

o0 ooy lag

96% yield(+-BuOH)
93% yield(Solventless) 85% yield(+-BuOH) 88% yield(+-BuOH)
90% yield(Water)

Scheme 19 Pd-catalyzed amination of aryl mesylates

Pd(OAc)(2%, molar fraction) =
=z R" L2(8%, molar fraction) R— |
R'—— | + ‘ X H
NN0Ts i Ny K:PO., DMF N
110°C, 24 h R"
Me Me Me Me
W ) y y
Y } a ar
p Dl
(e. €=99%, S) (e. ¢=97%,R)

Scheme 20 Pd-catalyzed N-arylation of a-chiral amines with aryl tosylates

AR % (Sulfoximines ) HAT ZUREBRAL FIAE W22 e 8 N 25904200 WO R il e &
RAR 2 R FAESR 20 2 B v i T B 07 FEAS X FR A AL FAVE BCAARS, 6 4128 UK v i FE e A
He Bl FH AR AR A, C—H B RE ALY T iy S A1 A AR %) S BRI i 1) N- 07 S 2 g 2 345 31X
SO EAERY B LI T Z — . Kwong 28 ] 2- (2-( 3R 3L ) -5- F AU RE 2R L ) - 1 - P k- 1 - g
(L5, Pd(OAc),/OMe-CM-Phos) 1E R A7), 147 S AROIE i 55 57 5 %k FEY 2R 8 158 1) V-5 B4k 0z
(Scheme 22) , HAFIAEZFE BEHA 1Y N-75 F VRV FZ =4 (Scheme 23).
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(0] Pd(OACc)(2%, molar fraction)

R0
TsO. R L2(8%, molar fraction) r"—N
" > , 1-Bu
Z 0" >Ph : ) 70" “ph

110°C, 18—24h

75%—99% yields

8 examples

0

H 0 0 0
ON‘C@ - |
| | (N 0~ >Ph
O™ 'Ph 0~ ~Ph
e N
93% yicld 83% vield 85% vield

Scheme 21 Pd-catalyzed amination of tosyloxyflavones

t-Bu
OTs I\I/Ie Pd(OAc),(1.5%, molar fraction) \©\
HN=S=0 L2 or L5(3.0%, molar fraction) ‘l}l
* KzCO3, t-BuOH O:S|4©
110°C, 18 h Me
£Bu L2 89% vicld

L5 94% vield

Scheme 22 Ligands L2 and L5 screening of Pd-catalyzed N-arylation of sulfoximine

with aryl tosylate

R
Rlu A |\ AN
R' HN=S= Pd(OAc)(1.5%—3.0%, molar fraction) "
7\ . 970 L8(3.0%—6.0%, molar fraction) sy R
i
QX o | K.COs, -BuOH o) :§©
x 110°C, 18 h R =
X=0Ts, OMs 52%—99% yields

35 examples

o, met

X=0Ts(98% yield)
X=0Ms(90% yield) X=0Ts(99% yield) X=0Ts(70% yield)

Scheme 23 Pd-catalyzed N-arylation of sulfoximines with (hetero)aryl sulfonates

2.2 Wk R R

I HEIR | BT I AN — U PR A ER A ML i B KRR, DL A R 2 2 .

TS SR AL Y ROy b B 2280 T3, A T T Suzuki-Miyaura S il 28 55 SERR AR )

2N

LN

LIRS 7 B YA Dy A T 4 T - i B, U Mg a8 i, P55 = R B R 1 s bz il s i 8. {EL
JE, B AR AR ME LR, T A 0 B UK B RE AT, AN | RIS S R D7 BE . 1995 4, Miyaura 55

T UARIE T A 55 2 A B B

Kwong %5 */fifi f] Pd (OAc ) JOMe-CM-Phos (1.5) i A1) 14757 J X FP 3% i P22 15 1T YAl 1 1 1) 0 £ S
J2 (Scheme 24). 7E90 C'F, #5h 57 Xk FF AT PR 15 M1 PP sk 9 i A S e A DA 5 R G . 5 HAZR BT
U B — i =2 AR R PRI, SO AN 2388 P A A (Scheme 25). 3- TR My it BRI AL S
JOE Al A AR (455 656 F R RS , J7F Suzuki-Miyaura 58 SIS 5, LA R AICRAS ST 11

Ji k.
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t_Bu@OTs Pd(OACc)(2%, molar fraction) t—Bu4©— Bpin
L2 or L5(8%, molar fraction)
+

_ KOAc, -BuOH L2 86% yield
B,pin, 90°C,2h L5 96% vield

Scheme 24 Ligands L2 and LS screening of Pd-catalyzed borylation of aryl tosylate

NC NC
H T Pd(OAc)
Q TsCl, NEt; O? == Ls MeO Br
NC

_—
DCM,r.t.,2h B.pin: o Bo KPO, Z
NC . x
KOA;,O - (]:.%uOH e T e
Me Me OMe
81% yield

Scheme 25 Synthesis of Pd-catalyzed unsymmetrical biaryl through one-pot three-step
2.3 BEERML R

J7REIERRIR A MU S WV — R, 25k | APLE A e ) iz
I Kwong 55 T IF5E 55 3k HYRB R 6 R 0T FH R R A B IR AL S OE . BT P (OAc) /L2 HEAL I fiE AL
AT A | W | TR R FITE JE L R A PR LS5 A5 M R R P 1) Dy 2 PP T PRI M 7 X PP AT PR i
AR AR 9, QL RE LI HE A 178-HE — st A 6 B 1) A5 L AR il P ) T B R AR AT AR 0 R ™ 0, O
A Tk S AR - A PR 45 T I o M 4 PR AE Y 2 38 T (Scheme 26).

N=
H2N N OMs
GOTS Pd(OAc).(2%, molar fraction) HoN | P /
L2(8%, molar fraction) 9 N
: DIPEA, -BuOH/EIOH KOt KCOs AN

o OFEt . o
H—IIIDI—OEt 110°C, 18 h SO 110°C, 24 h @_E’_OB
OEt 1thout 1solation

OEt
60% yield

Scheme 26 One-pot phosphorylation-amination sequence without isolation of the intermediate
24 FERRE

Kwong 25 E YA a7 5L S N WA DAt AT SR ISR, B AL I ] PR R -6 ) ot AU S i
(Scheme 27). FEIMMAII SN Z&AE T, A7 A B | PHEJE | M BRI e S5 R R IAT (9 45 b 55 B 0 R
PR PR RENTUR L HEA 3 SO . 225 i S SR e T HEOK A S5 N

-
@OTS Pd(OAC)(0.5%—4%, molar fraction) f
_ L2(2%—16%, molar fraction) R = |
. 0
. K.CO; N
j-PrOH

90—110°C,2—24h 70%—86% yields

12 examples

Me
H y N H
1D
S
NC Me

81% vield 82% vield 86% vield

Scheme 27 Pd-catalyzed deoxygenation of(hetero)aryl tosylates
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Application of CM-Phos Ligand in Palladium-catalyzed
Cross-coupling Reactions’

SO Chauming”, YUEN Onying'?, KWONG Fukyee’, CHEN Chihchiang’,
PAI Chengchao’, SUN Raymond Waiyin’
(1. Department of Applied Biology and Chemical Technology , the Hong Kong Polytechnic University ,
Hong Kong, China;
2. Department of Chemistry, the Chinese University of Hong Kong, Hong Kong, China;
3. Guangzhou Lee & Man Technology Company Limited , Guangzhou 510000, China)

Abstract Palladium-catalyzed cross-coupling is one of the most effective and widely utilized tools for con-
necting electrophilic and nucleophilic coupling partners for carbon-carbon or carbon-heteroatom bonds forming
reactions. 2-[ 2-(dicyclohexylphosphino ) phenyl |-N-methylindole (CM-Phos ) ligand derivatives have proven to
be successful catalysts in this context. This review summarizes the recent developments, and applications of
different coupling partners in these reactions by using CM-Phos ligand derivatives.

Keywords Phosphine ligand; 2- [ 2- (Dicyclohexylphosphino) phenyl ] -N-methylindole (CM-Phos) ; Palla-

dium-catalyzed; Cross-coupling
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