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c_ H ACT I v AT I O N ET PRODUITS NATURELS

a) Previous work: Steric/electronic effects for meta-C-H functionalization
R’ R’
[Pd]
R? —_—> R2
H FEX FG

b) Previous work: U or D-shaped template for meta- or para-C-H functionalization

template template
or
TFox D
FG

c) Previous work: Norbornene as a transient mediator for meta-C-H functionalization

emplate

DG DG

DG
NBE
[Pd)/NBE A
> FGX
H [Pd] FG




C-H ACTIVATION - LU
1,4-MIGRATION

ET PRODUITS NATURELS

AN Pd d\( (j%y d‘\/ ©\)\/
H _
H T ot =~ L quHx > ., PaX ., Fo

- no directing group;

- Introduction of palladium moiety to a remote site

where direct introduction of palladium may be difficult

- C—H bond that is four or five bonds away from palladium




LITERATURE DATA

Conditions

O O=0
Ph Ph P

! ! Ph
Ph
Ph
1

2% Pd(OAc)2
4% PPh3
Et3N, MeNO2,
100 C, 3d
47%

Heck

h
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Pd catalyst
A (1)

Ph Ph

COD A

2

5% Pd(OAc)2
K2CO3
N-Bu4NBr, DMF,
100 C, 3d

69%

Dyker

3

0.5% Pd(OAc)2(PPh3)
HCOOH, Et3N

MeCN

80C,6.5h

87%

Cacchi




SYNTHESIS OF LARAlSPNms
FLUORENES

ET PRODUITS NATURELS

10% PPh,

O O=0 S
- = -
2 NaOAc
n-BuyNCl
DMF, 100°C

AN

! I 14 examples with good to moderte yiel

4 62% - Aryl iodides with EDG and EWG;
- Heteroatomic halides

Tian, Q.; Larock, R.C. Org. Lett. 2000, 21, 3329 - 3332, J. Org. Chem. 2001, 66, 7372-7379
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MECHANISM B

Ph—==—Ph - r’\
(\| _Pdl ( £ //»] Y;J
~ 4% CI><) T to invol
B U g Aops 7 is process appears to involve
. 14 H | (1) oxidative addition,
15

(2) alkyne insertion,
“ (3) 1,4-Pd migration, and
(4) aryl-aryl coupling.

Zpgl!
17

Tian, Q.; Larock, R.C. Org. Lett. 2000, 21, 3329 - 3332




ARYL TO ARYL LABORA!OISREPDENSYNTHESE
M I G RATI O N FT PRODUITS NATURELS

R R R
B |)%
s s A
a \/\CozEt
Br ————
- ~ ~
1a R'—"NOZ 3a R-‘-NOz 3:1 4a R:NOZ y’e‘d 70%
1b R=H 3b R=H 7 : 4b R=H yield 90%
1¢c R=OMe 3cR=OMe 10 :1 4c R=OMe yield 94%
retention crossover
product product R R R
b
Br a CO,Et
N —_— X . _CO,Et
- ~ l ~ overall
N N N yield
18a R=NO, 3a R=NO, 1:3 4a R=NO, 85%
18b R=H 3b R=H 1:2 4b R=H 89%
18¢c R=OMe 3c R=OMe 1:3 4c R=OMe 90%
crossover retention
product product

Karig, G.; Moon, M.T.; Thasan, N.; Gallagher, T. Org.Lett. 2002, 18, 3115-3118
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“ R
0
Pd° +HBr 4’3118
— 4L Pd"BrL,
L | N d"BrLz
2 ~
N N

1 15

!

3
expected
product

|

4
crossover
product
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X
Pl(O) I
1) ML2 _’ Psz —_— =
Pd(o) Pd(OAc), =z
(o-Tol)P, NEts, | [
MeCN N
6(M Pt, Pd) 125 °C, 20h or sa (36%)
110°C,3d | 2a< | 8b (16%)
8¢ (13%)
X X
g o Br
—_—
P
3 B Pd(OAc), N XA O N
) | P(o-Tol)3 | _ 4)
N Et;N N . >
MeCN, 125 C, 20h Pd(OAc),
P(o-Tol)s
O
. MeCN, 125 C, 20h
Pd(OAc),
P(o-Tol)z
EtgN

MeCN, 125 C, 20h

Masselot D., Charmant, J.P.H., Gallagher, T. JACS 2006, 7128, 694-695
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PALLAD I U M M I G RAT I o N ET PRODUITS NATURELS

X X X X
O cat. Pd O | COEt O l cat. Pd O |
> + -

O I ethyl acrylate O O co,Et ethyl acrylate O
1 2 3 4

Table 1. Pd-Catalyzed Reaction of 2-lodo-4'-methylbiphenyl (1a)
and Ethyl Acrylate (EA)2

mol ratio
entry EA equiv conditions time (d) 2a: 3@ % yield
1 4 TBAC, NaHCOs¢ 1.0 100:0 100
2 4 TBAC, NaHCO;3 1.0 95:5 100
3 1 TBAC, NaHCO; 1.0 77:23 92
4 1 CsPiv 1.5 54:46 93
5 1 5% dppm, CsPiv 1.5 50:50 88
6 1 10% PPhs, CsPiv 1.5 50:50 87

Campo, M.A.; Larock, R.C. JACS 2002, 124, 14326-1432




O cat. Pd O CO Et O cat. Pd O LABORATOIRE DE SYNTHESE
- | . | - ' ET PRODUITS NATURELS
/ lat
O ethyl acrylate O I CO,Et ethyl acrylate O
1 2 3 4

mole ratio
entry  substrate X procedure®  time (d) % yield 2:3
1 la Me A 1.0 100 100:0
2 C 1.5 88 50:50
3 da Me A 1.0 93 0:100
R C 1.5 86 49:51
5 1b NMe:> A 1.0 80 100:0
6 C 1.0 90 55:45
7 4b NMe, A 1.0 100 0:100
8 C 1.5 93 49:51
9 l¢ OMe A 20 100 100:0
10 C 20 93 52:48
11 4c OMe A 2.0 99 0:100
12 C 20 92 48:52
13 1d CO,Et A 20 72 100:0
14 D 1.0 86 48:52
15 4d CO,Et A 1.0 99 0:100
16 D 1.0 83 42:58
17 le NO, B 1.0 85 100:0
18 D 25 46 (40)c 39:61
19 4e NO; B 1.0 89 0:100
20 D 25 37 (50)¢ 33:67

Campo, M.A.; Zhang, H.; Yao, T.; Ibdah, A.; McCulla, R.D.; Huang, Q.; Zhao, J.; Jenks, W.S_;
Larock, R.C. JACS 2007, 129, 6298-6307




NM82 NM82
® = 1
P,
T
Cody =™

P [ ¢
w X
0.0 0.2 kcal/mol MP2
0.0 0.2 kcal/mol B3LYP

-0.7 kcal/mol MP2
-1.1 kcal/mol B3LYP
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Campo, M.A.; Zhang, H.; Yao, T.; Ibdah, A.; McCulla, R.D.; Huang, Q.; Zhao, J.; Jenks, W.S_;

Larock, R.C. JACS 2007, 129, 6298-6307




X

X X

X

O ArB(OH), O N O ar ATB(OH), O |

O | cat. Pd O Ar O cat. Pd
1 28 29 4
biphenyl, ArB(OH),, mole ratio
entry X= Ar= time (h) 28:29° % yield

| la, Me p-MeO,CCgHy (27a) 4 51:49 78
2 4a. Me (27a) 6 49:51 83
3 la, Me Ph (27b) 3 52:48 79
4 4a. Me (27h) 10 50:50 69
5 la, Me p-MeOCgHs (27¢) 3 52:48 93
6 4a, Me (27¢) 6 49:51 90
7 1b, MeO (27a) 4 42:58 85
8 4b. MeO (27a) 9 39:61 75
9 lc, COLEt (27a) 10 40:60 84
10 4c. CO,Et (27a) 10 34:66 68
11 1d. NO; (27a) 25 23:77 61
12 4d.NO; (27a) 10 16:84 75
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Conditions: 1.4 equiv of arylboronic acid, 5 mol% Pd(Oac)2, 5 mol% dppm,
2.0 equiv. CsPiv, 2.0 equiv of PA, and 20 equiv of H20 in 4 mL of DMF at 100 °C

Campo, M.A.; Zhang, H.; Yao, T.; Ibdah, A.; McCulla, R.D.; Huang, Q.; Zhao, J.; Jenks, W.S_;
Larock, R.C. JACS 2007, 129, 6298-6307




ARYL TO ARYL PALLADIUM LSPN
MIGRATION - SYNTHESIS OF LAETOIE%S[I%SDIEA%TEE?E
FUSED POLYCYCLES

1,4-Pd

© cat. Pd(0) 4
base shift
|
X = CH,, O
X
X 480
b (]

Conditions: 5 mol% Pd(OAc)2, 5 mol% dppm, 2 equiv. of CsPiv
in DMF, at 100 °C

0
o
@

ae
P

A

\

O

(
{

Campo, M.A.; Huang, Q.; Yao, T.; Tian, Q.; Larock, R.C. JACS 2003, 7125, 11506-11507
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FUSED POLYCYCLES

O w7 OO.O 2 78(18)
()

X=Me 9 10 2 5637)
: O e
Ph , Ph
=: O 1 5 ':‘\ | N12 O | 92d
Bn 14

Campo, M.A.; Huang, Q.; Yao, T.; Tian, Q.; Larock, R.C. JACS 2003, 7125, 11506-11507




ARYL TO ARYL PALLADIUM LSPN
MIGRATION - SYNTHESIS OF m;ogﬁggggsf)@%ﬁggsﬁ
FUSED POLYCYCLES

| H [Pd)iL R or
- FG
@ FG remote C-H bond activation @‘ @

oxidative
p alkene insertion
addition , ,
arylation or Heck reaction

l C-H acfr‘valion» (Pd] C-H acllvarion>
(Pd) H  1,4-Pd migration H  1,4-Pd migration [p?:l
s Seal>¢)

rollover

23 examples, O

45-86% vyield Fe 8 examples,
Y =0, NR; O 30-85% vyield
R1=EDG, EWG 4

Li, P.; Li, Q.; Weng, H.; Diao, J.; Yao, H.; Lin, A. Org.Lett. 2019, 21, 6765-6769




A RY L TO A L KY L LABORA!OISREVDENSYNTHESE

MIGRATION B

o 2 equiv PhB(OH), Me_

tBu | N Bu 4 equiv KsPO, R Bu Ph
Z 1 mol% [Pd,(dba),]
Bu 4 mol% SPhos fBu
toluene, 100°C, 18 h
1a 2
95%
Br H
R t-Bu Toluene, 110 °C, 4h R N\Ar
ArNH, (1.2 equiv.) i
[Pd,(dba)s] (5 mol%)
t+Bu SIPr*HBF, (11 mol%) t+Bu
NaO#-Bu (1.5 equiv.) ] i
1a 16 examples with good to moderte yield

- Anilines with EDG and EWG;

3
R = iPr, OTMS, TMS \Q \O /\o/\% \(\Tj/
0

Pan, J.; Su., M.; Buchwald, S.L. Angew. Chem. 2011, 123, 8806 —8810



ARYL TO ALKYL PALLADIUM LSPN
MIGRATION - SYNTHESIS OF LAETOIEI?SS%EESDIEA%IETEIE?SE
FUSED POLYCYCLES

R? R?
PdY/L cat.
C[ \l/R RCO,™ cat.

)\ C(sp®)—H activation R
m Y
C(sp3)—H activation/

ZYPd(L)OZCR C[z
1
i = H

1,4-Pd shift
R’ 0]
1
il H cond.AorB cond. C \ R
RI-— | \ Rz_ | L Re
N 7 RJ:_ O
BrH)\ R
52=0 7.2= 10
6, Z = N-COCF;4 8,7Z= N—COCF3

30 examples, HO
38-90% yield R2— | Ar cond. D ot \
Conditions A: Pd(PCy3)2 (10 mol%), CsOPiv (1.0 equiv), 0 O

toluene, 140 C (sealed tube)
11 12
Rocaboy, R.; Anastasiou, I.; Baudoin, O. ACIE 2019, 58, 14625-14628
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ARYL TO VINYL PALLADIUM .ot o s
MIGRATION

Pd(OAc), (5 mol %)
L4 (7.5 mol %)

// 4 CsOAc, THF
R‘,,_\/8 Br TBAB, 110 °C

1

17 examples,
57-83% vyield

Hu, T.J.; Zhang, G.; Chen, Y-H; Feng, C-G.; Lin, G.-Q. JACS 2016, 7138, 2897-2900
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EXPERIMENTS

Pd(OAc), (5 mol %)

MeOzc H MeOzc L4 (7.5 mol %) MeO,C H/D
B,(pin),, CsOAc —
- ' (a)
hy o THE110°C 10min /) °P"
30% yield —
1UId2-1U =11 kulkp = 24 2u/dy-2u=71:29

MeO,C D Pd(OAc); (5 mol%) MeO,C D
L4 (7.5mol%) —

B(pin) (b)
B,(pin),, CsOAc 7\ H/op'
THF, 110°C . dz-ZU'\ 30% Deuteration

MeO,C H  Pd(OAc), (5mol%) MeO,C H
—= L4 (7.5 mol %) —

H " B(pin) ©
/ \ -Br Bz(pin)z. CsOAc / \ H/D
‘- D,0 (4 equiv) ’* ™\ 60% Deuteration

1u THF, 110 °C dy-2u°




ARYL TO VINYL PALLADIUM ¥ yN
MIGRATION - SYNTHESIS OF LAIJESTOII)Q?CT)CD)[IEESDIEA%I;I{TEII:I?SE
1,3-DIENES

TM-Catalyzed Cross-
R ,{__( Coupling of Two Olefins R' H R?
= R > = =~
R? H R*
a) Controlled by the inherent steric difference of substituents b) Controlled by a hetero-atom directing group
Me H __POR? DG H I COR?
= Ho 2 [Pd) - = ; [Pd], [Rh] or [Ru] B
R1-_ + \/\cosz _ R1___ + \/\CO2R2 _
\ 7 R"'\ ) \_7 DG =CO,R, CONHR, O,PR;, etc
COR
Problematic Al __fOR Ar >—/J QJJ
selectivities for: = - Problematic
AP ? - ? selectivities for:

Hu, T.J.; li, M.Y.; Zhang, G.; Chen, Y-H; Feng, C-G.; Lin, G.-Q. ACIE 2018, 57, 5871 —-5875




ARYL TO VINYL PALLADIUM ¥ PN
MIGRATION - SYNTHESIS OF ...ovon o st

ET PRODUITS NATURELS
l J E

Pd(OAc), /LS
(5 mol % Pd)
CsOAc, THF
100°C, 3 h EWG
3 27 examples,
34-86% vyield (>90:10)
Pd(OAC), /LS
alkyl (5 mol % Pd) alkyl
+ ZCco,Me - -
R CsOAc, THF R =
| 0 ) ~—H
S Br 100°C,3h \:_ CO,Me
1d 2a 3d
6 examples,

57-78% yield (>90:10)
Hu, T.J.; li, M.Y.; Zhang, G.; Chen, Y-H; Feng, C-G.; Lin, G.-Q. ACIE 2018, 57, 5871 -5875
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ARYL TO ACYL g v
PALLADIUM MIGRATION

Y o)
_Y=NH ©j

F = [ ROH OR
YO YO YO

@:Yﬂ, Y @[Y 1
I H de 1,4- shift H Pdi

Y= CMez
Pd(0)
/’aﬁw \R 8 examples,

good to moderate yields
©:H P Pd -l Pdf"
3

s\u?/

o)
Pg= Kesharwani, T.; Verma, A.K.; Emrich, D.; Ward., J.A.; Laroch, R.C
5 Org. Lett. 2009, 12, 2591-2593




ARYL TO IMIDOYL mgomgoiﬁzywm

PALLAD I U M M I G RAT I o N ET PRODUITS NATURELS

XL XN
— ! -
DMF, 100 °C, —N HCI/H,O 0
~I —_—> ~=
Pd(OAG), (5 mol%) v& «
dppm (5 mol%) S W

CsPiv (2 equiv.)

Y

13 examples,
56-100% yield

| DMF, 100 °C,
> AN AN
N 2 Pd(OAC), (5 mol%) X-- | =Y
X Y
L S dppm (5 mol%) N0 NF
O CsPiv (2 equiv.)
14 examples,

20-80% yield

Zhao, J.; Yue, D.; Campo, M.A.; Larock, R.C. JACS 2007, 129, 5288-5295
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VINYLIC TO ARYL g v
PALLADIUM MIGRATION

R3
| . R ,7;-:-7‘

RS P G

R x” < Ly CsO,CCMe3 | o1 K7 e
X=NH, O ‘ ‘

RB
R3. A
Pl
- Pdl_~._
| —R2 f R
R! X~ et R S

28 examples with good to moderte yields
- Aryl iodides with EDG and EWG;
Conditions: 5 mol% Pd(OAc)2,
5 mol% dppm, 2 equiv. CsPiv in DMF, 100 °C

Zhao, J.; Larock, R.C. J.Org.Chem. 2006, 71, 5340-5348



DEUTERIUM LABELING LABORAEOISREZ!\!WESE

PE I E ET PRODUITS NATURELS

D D
Cr 10 oW
H 0 ° D D
y
26-h Ph O ph 20-d |
Ph 26d o
T ( Ph—= Phl
D T B D
o o Pd D P D
Pdl
D
N B - M Ph l
Ph

Q Q
g o
|
Il
I
Q
-\
2 (o]
IQ
w)] (@]
3

Ph p Ph K pf{ Ph
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MIGRATION B

(@)
O D=0
W base
IPd O

1,4-Pd‘ shift
~ /O
N \ ? dl_ﬂ ,\/ﬁ-%w)?
Pd
B

Huang, Q.; Fazio, A.; Dai, G.; Campo, M.A.; Larock, R.C. JACS, 2004, 126, 7460-7461
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SCOPE

substrate product time %
(h) yield’
U _ ] x=0 1 EIJ 2 4 88 O“JjIA\' Oék 2 95
X ~ X X=NMs 3 \(‘_<)\ 4 1 95 Z N | N 13 f\l AN \ 14
A 9P A
CO,Et CO,Et Ms
Z —CO,Et - ~CO,Et 2 = (\ A
Qrres,  (lfe=, s = ) I .
' | L) 18 16
6 (>_\\> X | \"/\O >=‘O
X A i /’
X=0Me 9 \>_( 10 3 1 O/\“J\ = | O
X=NOz 11 J N\ 12 4 21 J/
i -y A 17 7Y K 18 4 83
/ \ - \
\_f> L\ | ,/F#—\/>
OPh \—'J

Huang, Q.; Fazio, A.; Dai, G.; Campo, M.A.; Larock, R.C. JACS, 2004, 126, 7460-7461




ALKYL TO ARYL M}m\imﬂ
PALLADIUM MIGRATION

(1.3 equiv) . )
or RB(OR,), TBAC (1.0 equiv) 47-95% yields

(1.3 equiv) DMF, 60 °C 4

KA[Fe(CN.)b‘]'3H20 Pd(OAC)z (0.05 equiv) Nu
I H‘\ (0.22 equiv) Na,COj5 (1.0 equiv)
C( L oroem - 16 examples,
x-Y Y
1

K,[Fe(CN)s]:3H,0 Pd(OAc), (0.05 equiv) Nu
I * (0'2|2 ?quiv) Na,CO3 (1.0 equiv)
or olefrin
@ ~ or HAIGAY) TBAC (1.0 equiv) g ) 2Oe)éaSI;BpI§SI, 4
X (1.3 eq&is) DMF/H,0 (95:5), 60 °C X - o ylelds
3

1

Lu, Z.; Hu, C.; Guo, J.; Li, J.; Cui, Y.; Jia, Y. Org.Lett. 2010, 12, 480-483



DEUTERIUM LABELING momgoiﬁzymﬁm

EXPERIMENTS B

H Nu Nu H
Ks[Fe(CN)g]*3H,0, Pd(OAc), D CN Pd(0)
CC/ Na,CO,, TBAC, DMF/D,0 (1)
3
9 60 °C 0 V
1a d-3a (>95% D)
OMe OMe
Pd(OAc),, Na,CO;4 O
| HJ\ N TBAC,DMFID,0  p @) o
©i/0 60 °C O H Migration “on" H Migration "off" Pd
" B(OH); 0
d-3f (>95% D) (0]
CO,Me 13 11
Pd(OAC)z, N82003
I N D H,0 No H,0
N TBAC, DMF/D,0
(:E/ Hj\ * 77 "COMe ? (3) path a o path b
© 60 °C o )\
1a N o/ (0}
d-4f (>95% D) u . P:d Nu
"o o nonu
F
0 ™
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Piou, T.; Bunescu, A.; Wang, Q.; Neuville, L.; Zhu, J. Angew. Chem. Int. Ed. 2013, 52, 12385 —12389
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X~ o0 # DMA, 140 °C

Pd(OAc), (0.1 equiv.)
PCy3*HBF, (0.2 equiv.)
1 CsOPiv (2.0 equiv.)
N,n-diethylaniline (2.0 equiv.)

16 examples,
25-97% vyield

D
\
D-Z
/
e
\

R1 =Bn, PMB, Ph, SEM, Me;
R2 = H, OMe, Me, CN;

R3 =H;

R = Me, Ph, OMe, F

Piou, T.; Bunescu, A.; Wang, Q.; Neuville, L.; Zhu, J. Angew. Chem. Int. Ed. 2013, 52, 12385 —12389




SCOPE

B la) _ Me O PdX
. d;!iﬂb
iy ©

N
Me E

pathf/l path a
P
(L0 -C
N
Me

o8 l

Me I\Nﬁe
3 not observed 2s 80%

Piou, T.; Bunescu, A.; Wang, Q.; Neuville, L.; Zhu, J.
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2t R = p-methyl, 77%

2u R = m-methyl, 73%
2v R = p-fluoro, 79%

2w R = m-methoxy, 66%
2x R = 2-naphthyl, 64%

Angew. Chem. Int. Ed. 2013, 52, 12385 —12389
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LABORATOIRE DE SYNTHESE

MIGRATION B

25 examples 12 examples,
N 36-75% vyields
31-87% vyields y
v
H O oo o) CH3N>/
T O
R = b, % (7 oP =\ 2. 8% N
2 2, %, o | 3
NF 0 ”70/0/ /o, g P
L Q"’lyo R = Aryl
R= (hetero)AryI, Allphatlc 47 O Q 5-exo cyclization
Q 5-exo cyclization /”\ O 1.4-Pd shift
Q B C-Nbond cleavage N '
o A
0)
RW R 5
4 R = Aliphatic

R = (hetero)Aryl, Aliphatic
Q 6-endo cyclization

17 examples,
35-82% yields

5-exo cyclization

sp® C-H activation
25 examples,
31-87% yields

Wang, M.; Zhang, X.; Zhuang, Y-X.; Xy, Y-H.; Loh, T.-C. JACS 2015, 137, 1341-1347
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CONCLUSION

Remote C—H activation via through-space palladium migration
shows to be an efficient method to introduce a palladium moiety
into a position where direct palladium introduction may not be
straightforward.

To force the 1,4 migration we can:

- Use monodentate ligands;

- Dilute the reaction mixture;

- Use pivalates and acetates as bases;

- Create steric hindrance around Pd atom to avoid direct cross-
coupling reaction;

- Stabilize the Pd-intermediate.
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