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Palladium-Catalyzed Radical-Type Transformations of Alkyl Halides
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(“ College of Chemistry and Chemical Engineering, Neijiang Normal University, Neijiang 641112)
(* Key Laboratory of Green Chemistry & Technology of Ministry of Education, College of Chemistry,
Sichuan University, Chengdu 610064)

Abstract Palladium-catalyzed cross-coupling reactions have been developed for decades as useful methods in organic syn-
thesis. Compared to aryl and alkenyl halides, alkyl halides are more challenging to be applied in cross-coupling reactions. This
mainly arises from the difficulty in oxidative addition of alkyl halides to palladium catalyst, sluggish reductive elimination and
competitive side reactions, such as f-H elimination and protonation, of the resulting alkylpalladium intermediates. These chal-
lenges have partly been overcome with the significant development of novel palladium catalysis involving single election
transfer. A variety of cross couplings of alkyl halides have been developed. In this review the recent palladium-catalyzed radi-

cal alkylation using alkyl halides with the order of different types of coupling partners is summarized.

Keywords palladium catalysis; alkyl halide; free radical
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Pd(OAC), (1 mol%)

©/CHQC| g2 MBUsN (1.1 equiv.) @MRZ
+
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/ Ph
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57% 90% 65%

Reutrakul {8207 T 2012 4E4RE 7 AR HEIGR =
G - HE R FL 2K Y Heck 7Y Jz M (Scheme 1). i
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) 8 R SR 4 4.

2014 4E, Zhou AL PA(0)(dppf) N AL,
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B AR5 41 BRI 1 43 F+1] Heck % Bi(Scheme 2). 4
W, MEE RO Lil 732 m s A i S = %
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QP Pd(PPhs); (35 mol%) 0. O
\\S// Br K,CO3 (1.5 equiv.) \\S// « R
X + /\R %\/
FF PhMe, 100 °C, 4 h £ F
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> Mo T T
cl N
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\/) \/ N ., \
( j\ %/@ N IO (WO
s
60% 739 s
cl
/é(\/@ HOAc/NaOAc/Hzo
DMF, r.t,5h X
FF 5oy

B 1 AOERER (R 5P ) RIS 8 Y Heck OV
Scheme 1 Palladium-promoted Heck-type reactions of [(bro-
modifluoromethyl)-sulfonyl]benzene
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(L)PA(IN(H)X
»>i(L)Pd
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NC/\/Me (3.0 equiv.)

[PdCly(dppf)] (10 mol%)
Cy,NMe (2.0 equiv.)

PhCF3, 100 °C

6Ac
68% yield, dr =9:1, E/IZ = 2:1

B2 ARSI K Heck- T BRI S 5
Scheme 2 Palladium-catalyzed Heck-type cross-couplings of
unactivated alkyl iodides
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Sk 5tk
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Scheme 3 Palladium-catalyzed 5-exo cyclization

o5y P Y Sk BRI S R e AR

1 6-endo-trig 1 1
RII cyclization R\/(j'/Ar Rfj/Ar
_—
2 Ar 2 _> 2
R N R N R N
Ts Ts Ts
15 examples
up to 89% yield

ER 4 HEEAT 6-endo Fr Ak )

Scheme 4 Palladium-catalyzed 6-endo cyclization

1.3 iTJE Heck K

2016 4EH], Ryu PR HRIE T EH B AK R
N E A PN AR AL Giese B M. (Scheme 6).
AR SR FE R, LA PACL FEMEALT, EtN EB,
Hantzsch fis AZE, 7€ 80 CH M 16 h B A] SzHLE
BRNERE AL, AR A BNENS, 5
BRSO [ TR B SE BRI  EAb. A, 1R NS T
C(sp’)—1 5 C(sp)—X (X=Br or D) [l {1k 21,
N—BRIESZEI 2 C—X B B RSB T
Mo e, AEHE SR T R BENLEE: B TR - e AE
FIF & AE SET 1R P=AE e i 1 Hh 3, 317 5 4 1 I e

Chin. J. Org. Chem. 2017, 37, 1322~1337



Chinese Journal of Organic Chemistry

REVIEW

—ANpdk E A, TR R PR SR AL, ZE
B2 B-H JHFR, T /2& M Hantzsch Fg 193845 — SR T

13 2E IR B ARF=¥)(Scheme 5).
H
N
T
| EtO,C CO,Et
Pd/t-BuNC/LIiCI
(:\/ + X CO.Et
O/\©\ hv
X

X = Br, |
CO,Et
Ph-B(OH), C\/V

e

Proposed reaction mechanism

Alkyl—I
hy~ Pd(0) HI

Alkyl - SET

\/Ewﬂ Pd(l)!

EWG
Alkyl 7>

EtOQC CO,Et
Ayl /\l/EWG

N
H

B 5 o6 R TR RN S e R AL N
Scheme 5 Hydroalkylation of alkenes under Pd/light system
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Scheme 6 Palladium-catalyzed atom transfer radical cyclization
of alkyl iodide
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Scheme 8 Palladium-catalyzed alkyne insertion/reduction reac-
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Scheme 9 Palladium-catalyzed intramolecular iodine-transfer
reactions in the presence of f-hydrogen atoms
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R'= aryl, alkyl; R2= aryl, alkenyl;
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Pd(ll)
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Pd()!
"~ path Il
P
IPd(O) R1)\
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......

B 10 ARAEAL Fanbe, 2Bk R =415y s R

Scheme 10 Palladium-catalyzed three-component reactions of terminal alkynes with iodoperfluoroalkanes and boronic acids
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— + |—CF,COOEt
R—=—H + AB(OH) 2 14-dixone, 80 °C, At 5 PR (5)
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33 examples
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EtOOCF,C EtOOCF,C Ph
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81% 61% 65%

1328 http://sioc-journal.cn/ © 2017 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2017, 37, 1322~1337



Chinese Journal of Organic Chemistry

REVIEW

3, O
BINAP-Pd-G3 (1 mol%) R Pd—PPh,
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=+ ABOH), + Rel AN SR, OMs O
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Scheme 11 Palladium-catalyzed carboperfluoroalkylation of alkynes
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J¥i(Scheme 12). fEHRALHFATT, JUPITA RV A BT
iR, JF TSR 2 MEfell. mue g m AT EmE
PLHARSF 00 Xk b, RAEARAL R A b kAl 6-1R-1-
CUM AN LA T 5 (14 B P 22k 6 11F SI 36 i WY 5 o W o
ZP 7 BN, A RO S TR OB L
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B, AHSRAE DT e EL e A A U A T T — K2
Zhou WBZHPTRJE T —FHEAEAL AT R S
=2 AR I X 8k £ 1 e B A6 7 5 (Scheme 13). 1E
Pd(PPhs), JyfiEAL7. dppp ANHECHA. C82CO3 NI A
N, L3-ZRIFWEME | KR IR L BRI BEMYSEIRIME S
YIRTCLSEIL S — 2. =i ke i) ke %ﬂ:fif N
Nal Ja, BAFEEAE BB AF T BT DURE (RN, [H]
IR SR AN 2 1/ B R Cbe ke, B2 5 RN
A RERMA BT, ([EA R, SR ARAOER T —
P Rk a0, WAL BE R = ket A

1329

http://sioc-journal.cn/



BT
(o}
_T_ PdCly(PPhs),/DPEPhos, CO (balloon) EtOOCF,C7 X Nu
\| )=+ ICF,COOEt + NuH ©)
K,CO3, 80 °C, 24 h X
1,4-dioxane RT/
+ four-component reaction in one pot 42 examples
up to 88% yield

+ high stereoselectivity in mild condition
+ broad substrate scope

o C|> o OMe
| EtOOCF,C”7 Xy ~OMe | /©/
EtOOCF,C7 Xy 0

EtOOCF,C™ ™ OMe

o)

88%, E/Z > 20/1 81%, E/Z > 20/1 53%, E/Z > 20/1

0
O |
™y o R K
|- EtOOCF,C ~
0 o} 0

EtOOCF,C
70%, E/Z > 20/1 59%, only E 59%, £/Z > 20/1
X Pd(OAC),dppf (5 mol%) S
R |, Cs,CO;5 (2.0 equiv.) | &
J_* Me N Me” N
R2 > pr | toluene (1 mL) | 2
o Ar, 100 °C, 12 h 0 R
(1.0 equiv.) (2.0 equiv.)
X X X
B ® B
Me I Me l}l Me ,Tl A
on 0N 0 o
88% 70% 44%

X X
| + 2 | +_ 2
N "Cy

74% 75% 43%
®» ®»
. standard condition .
\/\/\/Br + Me N/ - Me N/
| _ 18% yield I
o] 0]
X A
Br | standard condition |
+ + 2 + 2
Me™ °N 25% yield Me™ °N A
o o~

B 12 AL ntnE N-SEA S T bR IR A A B
Scheme 12 Palladium-catalyzed C—H activation/cross-coupling of pyridine N-oxides with secondary alkyl bromides
WMEES 5L, ZEHRIH RSN R, THEEL AR, FMES ST — IRIEIEI. LAk,
ks fUR kA SET i fE, AZpk PA()FIkedE [ 3, Sk PZE 2015 SRR IRIE TR = B
RGBS 2O R A B AR, B O E TIRTT IR IR P EAL R R
Yofh 5 [(dppp)Pd(DX] A 42 50 L T 8688, B4 L T1L
Chin. J. Org. Chem. 2017, 37, 1322~1337
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Pd(PPha), (5 mol%)
dppp (7 mol%) R
- + R— Hetero)Ar=
(Hetero)Ar—H R—1/Br Cs,C03, PhCF, ( )

110 °C

N /X (Y
=R Gk or ] 4 —Cy
(o] Y7 Ney WSS ¥
50% ~ 96% y 42% ~ 98%

40% ~ 80%

/X aniy ?x
C/lk (X\J“m | A1-Ad

Ad = Adamantyl
50% ~ 90%

+ Cy Cy—X
base ©\/,\>LH [(dppp)Pm
\
R

O [(dppP)Pd(1)X]
. (or Pd dimer)
o

N

radical
\ 2 Cy
R Cr%
[(dppp)Pd(1)X] N
\ A\
k o0

B 13 5t b i R 0

Scheme 13  Couplings of heteroarene and alkyl halides

Alexanian PEZHPE 2015 R & T — iR IR
TR AR 5 07 IR 73 T AL S N (Scheme  14).
PL PA(PPhs), AMEALT], PMP 9B, ZEILHT ki AvEH),
130 C/N 48 h(LA ek N, OBkt B iR
A, mre AR - RN AZE . A BIBARRE
R, PRI DL A S A AL ). PR et T AT RERY
SOSALER, AN s A R el SET i 2R pk
PA()P A AR [ H A b (a4, 2 adsd B s plds 21
IO d Ak, P S A 2 BT L
TR, AL 7 FE R MIAE A = ), AT RE
SRA 1 2-F TR AR C IR E T, BT HATE
RS,

2016 4F, B R A PO I T A R A A R AR A3
BB A K AN, LI T 07 H A AL 1) R P AL (Eq. 7).
IR, PA[RuCly(p-cymene)], 1 Pd(PPhs), 1E3:{EAL
7, Na,COs /i, Ba(OAc), fEA NG, LLrb e 45 5
— R TR IR B P R B AR R .
AR LAER % 1 AR P A T AL R ) 2. C—H
BTG i T ) S TR O 6 B )
i, AT 58 1 57 FRIALAL A i - = 8 B, HETT 5o sk
1 % R 3 Pl 2 e o (P A PR A7) S A A
IS B TR AR R, PR B SRR 25 B AL AR
H W45 3 H A7) (Scheme 15).

Chin. J. Org. Chem. 2017, 37, 1322~1337

© 2017 Chinese Chemical Society & SIOC, CAS

R2
N R? Pd(PPhs), (10 mol%) N
Rt R~
= =
n n
0.5 mol-L""

+ Alkyl bromides: 2.0 equiv. PMP, PhBu-t, 130 °C
+ Alkyl iodides: 2.0 equiv. K3POy,, dioxane, 100 °C

Me T TTTI T TTT T i

NMs ! |

CO,Et ! i
®O<0025t 8 8 :mcogﬂ !
) !

! CO,Et

X =Br, 91% - >

X=1,85% X=Br,89% X=Br,54% ¢ a
X=1,51% ! CO,Et !
' COEt !
N ! :
. Me '
Ms . X=1,75% '
X=1,80% X=1,71% [ ab=11___ )
L,Pd(0) Ln,Pd(I)!
CLy 2
N N
Ms Ms
base-H* I base
+ +
Ve L,Pd(0) L,Pd()l Vo
0
Ms I\N/IS

BR 14 AR bt s AU 5 I7 R ML U8
Scheme 14 Synthesis of diverse cyclic heterocycles using the
catalytic C—H alkylation

DG [RuCly(p-cymene)], CR?R3COR*
< Pd(PPhs),, Na,COs5
2R3, 4
| » * BICR*R’COR" B30A),, 1 4-dioxane || o )
R 90 °C GD” Rt

DG = pyridinyl, pyrimidinyl, pyrazolyl
R?=F, H; R® = F, H; R* = OEt, amide

CF,COOEt CF,COOEt O

F CF,CONH
. Cr
N | _N =z
83% |
~ _N

55%
56%

CF,COOEt
’ CF2COORt CH,COOEt

N T f /©/ N\/©
| N
g Ch
X
83% 82% 54%
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BHLE =R SR
[RuCly(p-cymene)], Ho R
R Ba(OAc) | %
, \/\ 2 [N\ = H + Na,COj3
N
= BaCl, | Z

[ S CF,CH,0R* + Na,COs, Ba(OAc),, L

R5
A = [RuCl(p-cymene)]
R NaOAc, BaCly, NaHCO, \ NaHCO,, NaOAc

Me—@—Pr-i

I'?u—L R

N 3
5{1 e
R —

——

Pd(0), NaHCO3, NaBr

SET

Pd(')Br, N32C03
Me

Me Pr-i

(

|
Ru=Cl_Rt

N J X

RO _—

CF,COR*

B 15 ErAEILAEAL DT 2 — T Ak S L

Scheme 15 Pd and Ru co-catalyzed meta-difluoromethylation of arenes and plausible mechanism

4 5COMRM

IERHIM T2 CO 51 HE hER RN, Rk
B RS EAR I SOV R, etk B R R R
TR xRS 0 AR I R 7778 ) B, [R] I F=2E PA(T)
Yok, JashE RN REZAET, ARk
H HHETE CO MIAAAE N ILYe 5 Z IR AE B R e e 5
H B2, B A BB FBE 58 PADE IR K AR R 8
7. X PSR ) s B FR A R T B RS Bk I 10 (ATC) J
PO SEME G R A R, RS SR AP
TS P 5T e A2 ST 2R TR 25 B R B, TR LG P s 1Y
(13 S D2 A R Ry 2 K i s e,

FL7E 1985 4F, Tsuji WAHPY R JE T — R4 HElL
CO 251 A MR [ W.(Eq. 8). [ MNAE 4.04 MPa CO
JEJ1°F, 1 EtOH RN¥EHIFIR M4, LA PA(OAc), M
k31, PPhs AECAK, K,CO5 Bk, TEIX— M H1, CCl, 5
CCLBr 1E N KAAEERE, 5 0 rHl KR i TR ON,
AR B 2, B S SEmALEE . CO N, TAREAR
AR B AR, R S AR )E B
FERR =5 B E A = AEAR R A7, B NI [A]
K, RPIEHEAE, (HiX— NI T R TR R
ISR RTR

BJ5, Fuchikami BREIZHPR JE T 4 AU IR
VI REEAL . XAk [ S (Eq. 9). SN IR Nt
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Pd(OAc), (1 mol%)
PPh3 (2 mol%)
K>CO;3 (1.0 equiv.)

R
CO (4.04 MPa ccl; R
( ) I\ 3, \|/\CCI3 @)
(¢]]

EtOH EtO (e}

CCly + R7Xx

Et0” SO Cl
12% 25%
rt,9h
{ CCla <o cCls
Et0” 0 0 cl
29% 35%
80°C, 48 h
EtOzC(HzC)z:E\CC|3 E0:C(HOk~ gy,
; Et0” 0 cl ;
' 43% 32%
50°C, 168 h

___________________________________________________

R, 184 5.05 MPa [ CO, 7E PACl(PPhs), HIHEAL T 52
. RPN a-EIERR. SR, R
N PR 326 B 22 A AR S e — TR
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, (PPh3),PdCl, (3 mol%)

R'] /R
REY T+ hN

.
CO (5.05 MPa) RY A
i \ RFvSrN\Rz +
R2 heptane, 100 °C, 15 h

0
R'" © )
RF\/%N/R 9
N

TR o T T H o T
in_CBF”\/%NEtz 56% ”'CﬁF”\/%NEQSM
R T
! H D H
"C8F17\/SrNEt2 12% n'CSF”vSrNEtZ 50%
| T ;
. NEo@Oequv) i HNELBOequv)
L H oo . Hoo
ii-%Fm/%NEtz 38% ”‘C4F9\/%,T1/Pr'” 56%
i i O Prn
. |

1991 4, Suzuki K HAVEH P Yo AL AL R 754
FE PRI [ N 5 Suzuki R N5 A, KR T —FiE AL R
KB WA ITIEEG. 10). [ L PA(PPhs), 1 AL
7, KsPO, 9B, 7E 101 kPa CO LA K OGHE T8 vl £ % iR
SEMLBE IS . CO FI 9-%2E-9-BBN HIRAMEEL, B
AR E REA 2 20, st T Har LA B

)/'é::
) Pd(PPhs)s (3 mol%)
K3POy4 (3.0 equiv.)
B CO (101 kPa) o
R-I + — N (10)
benzene, hv,24h R'" “R2
e} OMe

50%

FEIEZ J5, Miyaura 20953 — 35 K JE T Suzuki FIEH
Rt RIS, SRS CO K 9-4i3£-9-BBN Jx
N, FIEIAL S RIEAL T FE AR R AR B2 M0 (Eq. 11).
IR R SN S R RE I A T R AR P 2
BRI NNGR], F= ISR 55 .
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R Pd(PPh3), (3 mol%) v

I Y- % KsPO, (3.0 equiv.) R
I j/ + _— (11)
< ﬁx CO (101 kPa) 5

benzene, hv, 24 h X
X=C,N,O
Y =H, Me
(0] O O
A, AL s
C7Hisn C7His-n TSNO\)\@
60% 73% 80%

2002 4, JETHR B R NIX —BEEH Ryu 5
Komatsu Z5COFH H, RN, —FhelfE ik, Se{eikiiE
B H S 2 B A R B SR BR B (Bq. 12). VAT
F PA(PPhs), 7E J9HEALT, EtsN 1E g, 4-— B Lk g
(DMAP)YE NG, £ 500 W R XT BT, 4.04 MPa CO
JEJIRT 8~40 equiv.BERJEYIFIAAAE T LR M., X —
- AR R AE 15 NIRRT Rk 83%M 77 2.

Pd(PPh3)4 (5.0 mol%)

DMAP (10.0 mol%)
X Et3N (1.2 equiv.) 0

L/\J' ROH CO (4.04 MPa) 9 (12
B hv (500 W xenon lamp, Pyrex) OR

benzene, 12 h

0 o]
ST §1
OBu OBn
82% 83%
(0] 0 o)
OMe
OMe
78% 74% ©

EIX— RN, [E %S PAO)RAEE T,
AR R E AT PA(D). Fidk RS 5 CO OB
KA 5-exo i FHIME, FE— A3k CO, A= pkl%E H
BOX IR B RS AER PAd) YIRS G, R
B PAAD Y Fh, 76 R'OH HIAAAE R, i JE I bR AR i 2%
F=¥)(Scheme 16).

R
R hv, Pd(0) °5
+ CO + ROH ——
X OR!

hv, Pd(0) Pd(0) = Ao

R

~ PA()! @O)OL
RT\/\ Pdl
co\ Pa() |
O\'j\f 5-ex0 R@i co
R .

R O
3

B 16 BRI
Scheme 16 Mechanism of Pd/photo-catalyzed carbonylation
reactions
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BHILKE SR SR
M2 Ja, Ryu PB4 2 8 7E (;Z’ES()fF;dﬂz fe'::’i';”’))
N FET TIRAIZIE. 2006 4, NS00 e L R . — 2 CO (4.6 MPa) Q (14
i 1
AR ) SR T 8 3 FE A [ B 15 LK JZ (Scheme 17). 7E hv 2500 w X/e”‘i” lamp, Pyrex) R J\Rz
Vo s N LB N s N Ny N enzene/water
KB, BRI RE AR (0 R e e &) (vv=10:1,200)
0 o)
Pd(PPhs)s (5 Mol%)
CO (4.6 MPa) o rCahT N E))Xph
R1—| + RZOH )k C6H13 n
R OR? 88% 57%
= CsH13-n
Pd(PPhs), (5 mol%) @\/
CO (4.6 MPa) 0 5
R-1 v ANEL A 76%

87% 83%
NEt, NEt,
Y Y

91% 75%

B 17 MR R R G REA REEAL S
Scheme 17 Pd/light catalyzed carbonylation reactions of io-
doalkanes

2010 4F, Alexanian A% @ T —F Heck 3
KA A B AL ) M (Eq. 13). [z Pd(PPhs),
YENEARF, 2 equiv. i-Pr,NEt /£ N, 7€ 5.07 MPa CO
JE 1. 130 CSEBL. fEX— 7k, —RM sy
HBREMAR) K A s B, AR BN 32 AR P . JE

TEMPO SE56, ¥ K B HIBE 1K) SR PR A3 2R .
Pd(PPhs), (10 mol%) o
i-ProNEt (2.0 equiv.) 1 2
CO (5.07 MPa) R\ij/\/R
.
W toluene, 130 °C ),
5~12h
R! R2 (13)

5)*0
. |
o
N
5

MeO

77%, E/Z =10/1 69%

90%

SRR, Ryu BRI A0 ik Rt —
IR IE(Eq. 14), {2 BE5 R S WA A W) 400 I
ARG R R RA S, — P P =AU
J AR FE MR 56 1 S oL
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2011 4FEF12012 4F, Ryu M A VE#H ISzl 3t 563 T
F—E AL DU ZH 43 JR T 56 B L R N (Bq. 15), il
FESEMURAD . COL Hifa RN () 3 ) s I AE BBl 24 2k
RE ST R OSSO R = 20 03 [ M, A Jl
Ber=4(a). BLEFEPELT, T2 2 o0 R R Rk
M EAER. Ak, B 1% FH I (PPhs),PACL, i 471 A
Ab, ZRAR[PAy(MeCN)](PFs), TE 2 450 N H R T
e S AR A A 71400,

(PPh3),PdCl, (5 mol%)
KyCO3 (1.1 ~ 1.4 equiv.)
DMAP (10 mol%)

0O
RIX + 2 R? + RIOH — =0 (46 MPa) (15)
benzene/water R OR3
X=1,Br hv, r.t, 16 h R2
O
EtO Ceﬁa%
CGH13 n
X=1,82% a,X=1,77%
X Br 26% X I 51% --------------------

B S, - R 0 R R FE R T AR S
1£ 2012 SE 3 2015 1, Ryu BRI 4G 5 S il 7 2 A4
FHEATER R T RBER L. 2012 4, MR 2R 5
CO IR AW L8 Je 13 B B(Eq. 16)*1. b5,
07 FETN IR 1) S A B e, O AR R b i O i )
(Eq. 17)'°. 2015 4, Ryu U840 - GIE B LA R [F
FEE T Heck 8B B (Eq. 18)*'ILL K Suzuki 247
B (Eq. 19)14

(PPh3),PdCl; (5 mol%)
EtsN (1.2 equiv.)
DMAP (12 mol%)

CO (1.01 MPa)

- (16)
benzene/water, hv EtOJI\)LNRR'
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(PPhs),PdCl, (5 mol%)
K,CO3 (2.0 equiv.)
CO (4.6 MPa) 0

R—I + Ar—B(OH)
2 benzene/water R)J\Ar (n
hv,rt., 16 h
o
(e}
A s @wr
Me Ph o)
92% 82% 78%

Pd(PPh3)4 (10 mol%)
DBU (2.0 equiv.)

R? CO (4.6 MPa) 0 R?
R1_| + _— 7
)\R3 PhCF3, hv R1MR3 (18)
rt., 16 h
% 0
Pz
dk/\ljh [\/\)K/\Ph
o . Cl

Q)vﬁ
CF

59%, E/Z = 83:17

3

(PPhs),PdCl, (5 mol%)

i otoimen. 9 9
I+ Ar—B(OH — e (19)

RO)K,( (OF: benzene/water RO Ar

R condition A: hv, r.t., 5 h R

condition B: 40 °C, 8 h
(0] (6] O (0] Me (0] (0]
Eto% Eto% Eto%
F
72% (A) 92% (A) 50% (A)
65% (B) 89% (B) 46% (B)

T, SRR SR T — R AL R
FAJEFRIEAL 7V (Bq. 20). SR 102 195 ZE Al ER Al
BrCF,CO,R &% BrCF,CO,Et, 7 PdCl,(PPhs),, Xantphos,

[Pd] (5 mol%)
B(OH), K3POj (2.0 equiv.) ©
CO (101 kPa)
BrCFRor | Ny 7 ) 0

BrCF,CO,Et / _ 1,4-dioxane, 60 °C

CF,CO,R

o) 0
/©)kCFZCOQEt /Ej)kCFZCOZEt
Ph MeO
o)

0,
% 81%

N
EtS FrLlo

91%
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Cu(hfac), JEFIMEIL T, 78 S N U8 24 h SEE. B
5 13 A G AT A A e 35 1 QA D 0 2 A S 5 TR
S ERAALE SRR, KKFEET CO 25BN
R, S BEAAR AN, AAE 101 kPa CO BEAT [N

[F]4E, Alexanian PR PISE T ARG 4k 10 — Zke 3t
AR R T e 58 B 64k S BE(Bq. 21). JEIEARRY
Tt B IR AR T SR A R ST AR R A R S
PRIEAY, FERVE TR A VAR B R R A R . X
AT B IR 77 R B, X IR AN (AR 7 2 A RE 3R
HEYEEY) .

(PPh3),PdCl, (5 mol%)
IMes (10 mol%)
Cs,CO;3 (2.0 equiv.)
CO (2.02 kPa) o
R-Br )k (21)
n-heptane/n-BuOH (V:V =1:1) R” "OBu
50°C,24h

Mes\N/\N/Mes

5 HibxM

51 X C—HEREMRMN

2016 4F, Hartwig @41 R8T = e 5 B
Cy,(t-Bu)PGRUT 2 30 S 3E B8 A2 B Rz, S 3 40 1
A AR S A = g B = G AR S 2R R ST e 1) A Bk
S Si(Eq. 22). 1% % i LA (Cy,t-BuP),PdHBr A i L5,
Cs,COs AW, BUKIE N, 80 CIi 24 h, =2
BE— RIVVBEO =Y. LI SE WU, RN ATRES A
brdk | PR EEAN, BARREEE Pd0)x
RLAE ek B EAT PAIA, SRR RS P =M
[&) ()i 42(Scheme 19). H—, PA(D)Ff 5 W i3k 47 B i4
A T AR 4 S, R AR A% B T 5 e J
HHEE R C—N 4, FARENES S N — IR HE
eEF R (path 1), H =, idd H HEA PAO)PIF AT H B
Fhn, AR PA)ZS AR AR R 5 R A
e AE e, 3¢ i 30 3 3 J T bR A 7 C—N i (path 1),
=, WAt H RS W T B AR RIE R C—N
B FEE SRR E B3 S PAO)R N A K PAATEL
AW, 3 I I SR BR AR B R A, R P A
PAAD P 584 A EN 2 5 N IR (path
110).
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R3 NH (CVZé'BgPO)ZPfHSBr (5 mol%) R A Pd,(dba)s (2.5 mol%)
. + )J\ $2C0O;3 (1.5 equiv.) )\ 22) t-BuXantphos (5 mol% )
RR1 Br Ar Ar  t-amyl alcohol (0.4 mL) RZ%\ N/ Ar R® AcOK (2.0 equiv.)
80°C,20 h R N BrCF,CO,Et (2.0 equiv.) R2”

| 1.5~3.0 equiv. N~ R2

FsC % JI\ 1,4-dioxane, 80 °C, 2 h
Ar= \© R H

0.3 mmo

i (23)
R1 C/COOEt

F Ok
n MeO,C NCAr, P(t- Bu) P(t-Bu),
unp tOOSGEAa 80% t-BuXantphos
e CN/b CI/\/\XNCAQ %\N MeaN
o Ts% 61% I F I_COOEt
52 f C—H IGHIR on m ot FF
FREE T T IR, Bouyssi A1 Monteiro ¥4 98% 9%
TRHMIE 2015 FHGE TR S8R I LI ZBar 18 MeaN- | MeNn
B R N(Eq. 23). 1% KOAc fE, [Pdy(dba)s]fFf: N\ cooEt NN A COOE
f£37), -BuXantphos EREHE, 5] T — R4 C—C B T X P
Wi, RIRIIE R, %I . IR, 70% 63%
MK L O P 1) B (AT (B 5 B L . Mez“\lN et
. RUE. BRI, REILAEE ST Rt T R, B e Etozc)7<C°°Et
R IR SEIR R W, R MAT T H G (EHR N F F o F
W O R S EiR Hartwig 1384H — 20 8k = 2 ki 63%
5 7 7 R R R ST e PR A BB S B AT L 3 2R AL (Scheme 19). ()RR R, BT Z M TAEEFLE C(sp’)—
R C(sp?), C(sp’)—C(sp) B FIFEE, 4555 C(sp’)—C(sp’) i 4
= BIHRIER D, Q)R D, (URRT5EE. B

g bk, eEEmERELEREN RS S F\ AR TR VR R R SO, S NS T A £ 58
8 AR A AL e B 72 e R E R, bR . ikt C—H BAF AR AP R RZ N, SR T
JRNIAR R AT 76 35, R 2 1) s AR D T ZEHAT, I HBLZO R R IRE; (3) K2 B
REAZH, &tﬁ%&fﬂ’]k@?ﬂ,\T#F%%EE’JM i AR AL T B . Rk R S AR A AR B R A

i, HEMNHEATRE, 2R AT RIRTEAE — L i 7 RETE RN, IXLEMC AR AN IS 51 5t

Ar Cs,CO;4

AR ST ik

R
|
CsHCO
CsHCO; + CsBr L/Pd\N /)\Ar L 3 L,Pd(II)HBr
NR
NH ArJLAr
AI’J\AF + Cs,C03 )
NPd(l)L, R._---~
Iy : Pd(II)L

CsHCO,

Ar” CAr N

LPA(DRBr oop, L,Pd(0) Ar Ar b

L,Pd()Br
2Pd(l) NH

N

Ar Ar

BR 19 g NS b yLee

Scheme 19 Plausible mechanisms for palladium-catalyzed N-alkylation of imines

NH
ArJLAr
+
CsyCO3 \ path |
RBr
path Il R* \
+ path Il d(I)Br
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