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1.C-C bond formation

1-1. Pyridine as Directing Group=DG (2006-10, 1
pub.)

1-2. Oxazoline as DG (2006, 1 pub.)

1-3. Carboxylic acid as DG (2007-08, 2010-11, 3+2
pub.)

1-4. CONHX as DG (2008-11, 7 pub.)
1-5. No DG (2009-10, 3 pub.)

1-6. NHCOX as DG (2010, 1 pub.)
1-7. Remote DG (2012, 1 pub.)



1-1 Pyridine as DG

Me
1 ©/Py 10 mol% Pd(OAc),, 1 eq. BQ @EPV ©:Py
Me

1 eq. Cu(OAc),, 2 eq. methylboroxine 72% 10%

1 100 °C, 24h, DCM, air >g-O~g~
| |

AN 10 mol% Pd(OAc),,2 eq. BQ
2 | 11%
N 2 eq. Cu(OACc)2, 2 eq. methylboroxine
79%

100 °C, 24h, AcOH, O,

13
, ©/Py 10 mol% Pd(OAc),, 1 eq. Ag,0 Py
0.5 eq. BQ 52%,
1 100 °C, 6h, tert-amyl alcohol, air

+

[>—B(OH), 3eq.

H(D) D

0 HO) (#

Py cyclopalladat‘gn \N

y  kwp=88/12=73 ;:ad_?Ac
23 23a "3

23 examples in total

H(D)
MeB(OH), Py
_—> 2
Ag;O Me “
benzoquinone
85%
H(D)

J. AM. CHEM. SOC.

2006,

128, 12634—12635

Cu(OAc), or Ag,0

Me Ag.O, benzoquinone
benzoquinone

Py kup=8713=67 Py kyp = 75/25 = 3.0 Py
- S (3)
Pd(OAc),, MeB(OH), Pd(OAc),, methylboroxine
H Me
23

10.1021/ja0646747



1-2 Oxazoline as DG

Scheme 2. Catalytic Methylation of Aryl C—H Bonds

D")(Me
N,
N Me

1

Pd(OAc),, 10 mol%
Me.Sn, 0.075 equiv x 10 fi"XME Me ?..PB(M o
Cu(OAC), 1equv N e + N Ve
benzoquinone, 0.5 egiuv

Me Me

MeCN, 100 °C, 40 h
1c, 20% 1d, 64%

Every 3h per batch

19 examples

Scheme 5. Methylation Assisted by Microwave I[rradiation

4

Pd(OAc),, 5 mol%

Me,Sn, 0.037 equivx 2, N'®

Oxa  CU(OAC),, 1 equiv Oxa
benzogquinone, 1 equiv
MeCN, MW: 90 °C, 10 h 4a, R = Me, 81%

Every 0.5h per batch

J. AM. CHEM. SOC. 2006, 128, 78—79

10.1021/ja0570943



1-3 Carboxylic acid as DG

Ortho Methylation and Arylation of Benzoic Acids?
entry substrate product vield(%)

O0OH O
é é 6 examples

2 Conditions: 10 mol % Pd(OAc),. 0.5 equiv of benzoquinone. 1 equiv
of Ag,COs. 1.5 equiv of K;HPO4. 2 equiv of MeB(OH), or 1 equiv of 2.
tert-BuOH., 120 °C. 3 h.

[-Arylation of Aliphatic Acids Using Ph—B(OR)2?

" . cat. Pd({OAc)» MeP
R"#H . Ph—B:O Me BQ, AgsC0;, K:HPO, - o OH 6 examples
1 o—/ Me t-BuOH, 100°C, 3 h

0]

6 R=Me
@ Conditions: 10 mol % Pd(OAc),. 1 equiv of 2. 0.5 equiv of benzo-
quinone. 1 equiv of Ag,CO3 and 1.5 equiv of K;HPO,. ? Yields of their
methyl esters. Less than 2% diarvlated products were observed in 6—10.

[-Arylation of Aliphatic Acids Using Arl?

Me. Me cat. PA(OAC), Ar Ar,
Ag,CO4 KsHPO, Me Ar
':y\erH A T eone, tBuon R>2'r"" ' :>2,r"” 8 examples
o 130°C, 3 h o o
entry product yield J. AM. CHEM. SOC. 2007, 729, 3510—3511
2 R =FEt. Ar=Ph 72

Za/Th. 4:1 10.1021/ja0701614
4 Conditions: 10 mol % Pd(OAc),. 2 equiv of aryl 1odide, 2 equiv of
AgrCOs. 1 equiv of KoHPO4. and 2 equiv of NaOAc.



1-3 Carboxylic acid as DG

Table 2. Carboxylation of Benzoic Acid and Its Derivatives®?

~~~COOH 10 mol% Pd(QAck ~~-COOH .
H—(:[H 2 equiv Ag2CO3, 2equiv NaOAC R—(:[GOOH H mz;ﬂﬁ:.;i%ﬁo? g”
: o COCH - COOH
217 1atmCO, 14dioxane, 130°C, 18h  2a47a HYY TequvKHPO, 1atmco  H
Me COOH cooH Me COOH e Ph 1.4-dioxane, 110 °C, 12 h Ph

TCT ,@: Mey sy COOH 24 68% yield 24

COOH Me COOH COOH / 2

Me COOH
2a, 60%" 7 3a, 58(35)%"°" 4a, 65(35)%° 5a, 90%
Bn
&CDDH &mm b:mm %CDOH EDG>EWG
COOH - .
Me COOH COOH COOH Electrophilic palladation pathway
6a, 92%9 7a 91% 8a, 93% 9a, 45%°
MeO 4 Me 9 more examples
ME‘J‘@COD“ @cow o{joooﬂ ,@com P

COOH COOH COOH Cl COOH
10a, 80% 11a, 90%° 12a, 45(20)%° 13a, 68%
Mo F

FQCDDH g COOH F COOH COOH

142, 66% 15a, 53% 16a, 40%" 17a 41%"

J. AM. CHEM. SOC. 2008, 130, 14082-14083

“Run using 10 mol % Pd(OAc),, 2 equiv of Ag,COs, 2 equiv of
NaOAc, 1 atm of CO, dioxane, 130 °C, 18 h. ” Isolated yields. “ Run in
30 h. “2a and 3a are the same products obtained from ortho and para
toluic acids 2 and 3, respectively. ¢ Run at 150 °C, 30 h. "NaOAc was
replaced with K;HPO,. NMR yields in presence of NaOAc are given in
parenthesis. * Run with 1 equiv of K;HPO. added. "Run at 150 °C,

48 h.

10.1021/]aB062827



1-3 Carboxylic acid as DG

10 mol% Pd(OAc),

COH 0.5 eq. BQ COH
R@/ + Ar—BF;K = > R‘E\I
F 1.2-1.5equiv.  1.5eq. K;HPO, P Nar

O, / air, 20 atm

1 2 'BuOH, 100 °C, 24 h 3
OMe
E OH MeO\(. GCOZH
:‘ 3e 82% .
3d 45% 58% (1 atm Oy, 72 h) 3191%
27 more examples
CO,H | CO,H O,H
3g 85% 3h 36% 3i 83%

the presence of Ag™ oxidant results in a complete loss of the reactivity.

J. AM. CHEM. SOC. 2008, 130, 17676-17677
10.1021/ja806681z



1-3 Carboxylic acid as DG

H
Pd{l1} Pd(ll)
CO,H /CC:\ Ac-Val-OH
MeO H Z>C0,Bn MeO COBr  Z R MeO
1b 2b 3b, 70%
CO,Et cozrau
= Why?
Related to Q3
C C CD CO.H
MeO CO.,Bn MeO CO.,Bn MeO CO.Bn MeO CO,Bn
5a, 87% 5b, 94% 5c, 71% 5d, 23%"

ElZ=T1

Scheme 6. Sequential olefination. Reaction conditions (1st step): 2b (2 equiv), Pd(OAc),
(5 mol%), BQ (5 mol%), KHCO; (2 equiv), tAmylOH, 90°C, 1 atm O,, 48 h. Reaction
conditions (2nd step): olefin (2 equiv), Pd(OAc), (5 mol %), Ac-Val-OH (10 mol %), KHCO,
(2 equiv), tAmylOH, 90°C, 1 atm O,, 6 h. Reported yields are for the isolated products.
[a] Used 1-hexene (2f; 1 equiv).

OH Angew. Chem. Int. Ed. 2010, 49, 6169—-6173

-AmyIlOH
LS DOI: 10.1002/anie.201002077



1-3 Carboxvlic acid as DG

5 mol% Pd(OAc),
10 mol% Ac-lle-OH

5 mol% BQ
2 equiv. Ag,CO4
2 equiv. KHCO4
COH 4 phosF > R—-
(3 equiv.) t-AmylOH, 110 °C, 2 h
1 2
Product Ligand % Conv. Electrophilic Concerted Metalation/Deprotonation
Palladation
Cl
Kon @”\r sagleng
. O Aclle-OH  >99 (98) H / \, i H / \ H H- AN
¥ 6= U \_/ =4
F Me Me
A B Cc D
O CO,H - 20
@ Ac-lle-OH 97 (96) CY = Amino Acid Ligand
3g Y

21 more substrates dx.doi.org/10.1021/ja203978r |J. Am. Chem. Soc. 2011, 133, 18183-18193

reaction rate: Ac-lle-OH > Ac-Val-OH > Boc-Val-OH

=~ Boc-lle-OH (1)
dx.dci.urgﬂ U.1ﬂ21fj32[}?634‘t| J. Am. Chem. Soc. 2012, 134, 4600—4606



1-4 CONHX as DG

Table 1. fi-Arylation of O-Methyl Hydroxamic Acids®

entry substrate product isolated yield (%)
Xrn Ph
1 “OM H 8s® )
a ¢ %”hm Bulky solvent to prevent homocoupling
;

and beta-hydride elimination

1a A
. Ph \ 4
2 “OMe H 94 | >
L7 Drr 5:-'7((”“0“6 8 more examples O,
20 v

2

“Reaction conditions: O-methyl hydroxamic acid (0.5 mmol),
arylboronic acid (0.8 mmol), Pd(OAc), (0.05 mmol, 10 mol %), Ag,O
(1 mmol), benzoquinone (BQ, 0.25 mmol), K2COs (1 mmol), -BuOH (3
mL), 70 °C, 18 h. Reactions were carried out in a Teflon cap-sealed
tube. ? -BuOH:DMF = 4:1 as solvent.

Table 3. C—H Activation/C—C Coupling Using Air as the Oxidant®

Ph Ph Ph
o
H H H O.i
E N instead of Ag,0
>g’rN"DMs /\><14N“GME N>2,r OMe 2 82
O 0 0
0

6 more examples
1a, 65" 75, 81° 3a, 86 4a, 73 P

“ Reaction conditions: (-methyl hydroxamic acid (0.5 mmol), boronic J. AM. CHEM. SOC. 2008, 730, 7190-7191
acid (0.8 mmol), Pd{OAc): (0.05 mmol, 10 mol %), K2CO3; (1 mmol),
benzoquinone (BQ. 0.25 mmol), 20 atm air and 20 atm N,. 80 °C. 48 h. 10.1021/ja801355s
Solvent for arylation: +~BuOH (3 mL). Solvent for alkylation:
2,2,5.5-tetramethylTHF (3 mL). Reactions were carried out in a high
pressure vessel. ” 20 atm air. © 20 atm air and 60 atm Na.



1-4 CONHX as DG

Arylation of nicotinic and isonicotinic derivatives.
Pd"/PCy,tBusHBF,  P-Tol O p-Tol  Q

O
@)LNHK Cs,COy, p-TolBr @ANHX qlmnx
Ny Ny NS p-Tol
Me
p-Tol O
p-Tol O
7 NHPh
x N Me 15 more examples
| H N =
N. =

5a 86 9% mono

trace di

7a89%

[a] Conditions: 0.2 mmol of substrate, 10 mol% Pd(OAc),, 10 mol %
PCy,tBu-HBF,, 3.0 equiv of Cs,CO3, 1.5 equiv of aryl bromide, 100 mg 3 A
M.S., 1 mL toluene, 130°C, N,, 48 h. [b] Yield of isolated product.

Angew. Chem. Int. Ed. 2010, 49, 12751277
DOI: 10.1002/anie.200906104



1-4 CONHX as DG

Table 3
Arylation of N-phenylpivalamides®"

H Pd(OAc), Ph
AgOAc
1 NHCF 1 NHC.F
RF:ELW 6" 5 Phl, Cs,COx Rgz)i’r CeFs

O 130 °C @]
12=-17
Ph Ph Ph
Me NHCGFS H NHCEF5 NHCEF5
H H Me H
O 0] O

12a 41 % mono 13a 68 % 14a 84 %

12b 45 % di
O  _Ph

Ye Ph
0 Ph oh
N NHCgF5 NHC&Fs NHCgFs
H M H
O Me & (9] i O
Bu

16a 34 % mono
16b 39 % di

0]

15a 66 % 17a 64 %

4 Reaction conditions: 0.2 mmol substrate, 10 mol % Pd{OAc),, 4 equiv AgOAc,

1.2 equiv Cs;C03, 0.5 mL iodobenzene, 130 °C, 3 h, air.

Using Arl instead of Boronic acid

H O Ar O
Pd(0YPR5
NHCgFs Ar] NHCgF 5
R(H) R(H)
10 10a

Pd:0=> 1l also can work

M. Wasa, J.-Q. Yu / Tetrahedron 66 (2010) 4811—4815

doi:10.1016/j.tet.2010.03.111



1-4 CONHX as DG

L AR \

LAr a 3, Ag2LU3 SAr
|/: N+ Ph—BPIn —— H: |/: N
X H oﬁ’eqiﬁfugmszo X Ph
1=6, 0.2 mmol 1.5 equiv 'IOOL?C?,“I'!I?,HIZ h 1a-6a

DMSO stabilizes the Pd(0)

10 mol% Pd(OAc),
NaHCOj;, Ag,CO,

AT 4 Ph—BPin =
BQ, 5 equiv H,0O
0.4 equiv DMSO

N
H

7,8, 0.2 mmol 1.5 equiv 100*’3‘&“5&012 o
' 23 .
T0 mol% PA(OAG); 10 examples in total
Me O 2 equiv Li,CO5
JAr 1.5 equiv Ag,CO4
N+ nBu—BFK —
0.5 equiv BQ
H 1 mL THF
1, 0.2 mmol 1.5 equiv 120 °C, N2, 12 h
BQ is crucial for R.E. and
Me O 10 mol% Pd(OAc),

3 equiv NaHCO, Reoxidation.

JAr 1.5 equiv Ag,CO4
H + P
BPin

0.5 equiv BQ
H 1 mL THF
120 °C, N,, 12 h

Chem. Lett. 2011, 40, 1004—1006
doi:10.1246/cl.2011.1004

1, 0.2 mmol 1.2 equiv



1-4 CONHX as DG

Scope of Benzamides®?*
NHAr NHAr
0 + PA(OAC)2 (10 mol%) e . PhO,S.. .SO.Ph
y Gk X" DMF (2.0 equiv.) " @ @ X O N
e ¥ NFSI (1 5equv . Ve F
70°C, 48 h
13 ” NFSI, 10

20 examples in total

e AN @ oAc  [ArPd(IV)F] species
O
2b, 73% (17/1)° 2¢, 77% (20/1) 2d, 82% (15/) 2e, 80% (29/1) Might be the reason of

“Unless otherwise noted, the reaction conditions were as follows: para-selective
amide 1 (0.2 mmol), Pd(OAc), (10 mol %), oxidant (1.5 equiv),

DMF (2.0 equiv), toluene (2 mL), 70 °C, 48 h. ¥ Isolated yields are

given. “ Regioselectivity determined by GC analysis (para/meta, no ortho-

product was observed) is shown in parentheses. 490 °C, 24 h. €80 °C,

36 h.7100 °C, 24 h. £15 mol % Pd(OAc),.

dx.doi.org/10.1021/ja206572w |J. Am. Chem. Soc. 2011, 133, 13864-13867



1-4 CONHX as DG

NHA: . NHAr PhO,S.. .SO2Ph
o Pd(OAc); (10 mol%) A
DMF (2.0 equiv.) /4
—@—H + H NFSI (15 equv  \e NFSI, 10
70 °C
0.5mL 1a (0.05 mmol) 2a
NHAr o Do NHAr
D D 0 Pd(OAC), (10 mol%)
DMF (2.0 equiv.) @ @ 10 examples in total
Uac‘QU + H NFSI (1.5 equiu.)"' DsC
70 °C
0.5mL 2a-dy
kulkp =1

Figure 2. Kinetic isotope effect.

dx.doi.org/10.1021/ja206572w |J. Am. Chem. 5oc. 2011, 133, 13864-13867



1-4 CONHX as DG

Table 5. Asymmetric Cyclopropane C—H

Functionalization™
F
5% Pd(OAc), 5% Pd(OAc), A
A 10% L27 10% L27 o | ceho
n-rr
H :N +  R—BX Ag,CO5 - AgCOs o R2 ;I Ne=o n-Pr>|\OJ\H COOH
" base, BQ base, BQ *‘ﬂ?r,l L27
R solvent solvent R

N,, 40 °C N,, 40 °C

‘VF \VC\ 19 examples in total
i-Pr

4a, 80% yield 5a, 72% yield 6a, 57% yield 7a, 66% yield
92% ee 88% ee 92% ee 87% ee

“ Conditions: (first batch) 0.1 mmol of substrate, S mol % Pd(OAc),,
10 mol % ligand, 1.0 equiv of Ph—BPin, 0.75 equiv of Ag; CO3, 2.0 equiv
of NaHCO3, 0.25 equiv of BQ, 3 equiv of H,O, 0.5 mL of f-Amyl-OH,
40 °C, N,, 6 h; (second batch) 5 mol % Pd(OAc),, 10 mol % ligand, 0.5
equiv of Ph—BPin, 0.75 equiv of Ag,CO3, 1.0 equiv of NaHCO3, 0.25
equiv of BQ, 1 equiv of H,O, 0.2 mL of +Amyl-OH, 40 °C, N,, 6 h.

dx.doi.org/10.1021/ja207607s |J. Am. Chem. Soc. 2011, 133, 19598-19601



1-5 No DG

Entry  Arene Alkene Product Time (b} Yisld (%)
CF; GFs
o
b 35 74
! ’© Ph”"‘%‘J'L(}Et i C/@F‘_\N,DMQ (E/Z = 85/15)
FaC 3
. Pn O
1a, 1b

“Unless otherwise noted, the reactions were carried out with 0.6
mmol of alkene. 10 mol% Pd(OAc), (0.06 mmol), 20 mol% L3 (0.12
mmol), 1.0 equiv of Ac,0, 1 atm of O, in 2 mL (20—30 equiv) of arene
at 90 °C. The isomer ratios were determined by GC. All the standard
para and meta compounds were prepared via Heck coupling of the
corresponding aryl halides and alkenes.

14 examples in total

J. AM. CHEM. SOC. 2009, 131, 5072-5074

10.1021/]a900327e



1-5 No DG

Scheme 2. Synthesis of Tri- and Tetrasubstituted Arenes?®
COOt-Bu COOt-Bu COOH

O ab c
. — —
R R (0] R 0O

5 equiv 1 equiv

9 R=H 9a R=H,55% (m/p=3.0/1) 11 R=H, 96% (m/p=3.0/1)
10 R=CHs 10a R = CHa, 67% 12 R=CH,, 98%
CF4
O8O« OsOw
| de 44 f.g O
OEt‘ 12 P FiC O
OEt
R 0 X 3
13R=H, 81% 15R=H, 75%
14 R = CH3, 65% 16 R = CH3. 73%

“(a) PA(OAc), (10 mol%), L3 (20 mol%), Ac,0O (1.5 equiv), EtOAc, 90
°C: (b) H,, Pd/C, EtOAc; (c) TFA, DCM; (d) PhI(OAc), (1.0 equiv), I,
(1.0 equiv), Pd(OAc), (10 mol%), BuyNI (1.0 equiv), DCE, 80 °C:; (e)
CH:N;; (f) PA(OAc): (10 mol%), Arl (3.0 equiv), AgOAc (1.5 equiv), AcOH
(5.0 equiv), 120 °C; (g) CH,N,.
J. AM. CHEM. SOC. 2009, 131, 5072-5074

10.1021/]a900327e



1-5 No DG

Table 2. Pd-Catalyzed Olefination of Pyridine Derivatives “”*
Pd(OAc), (10 mol %) .
X 1,10-phenanthroline (13 mol %) xR 21 examples in total
x+ J + AR —= X
Ag,CO4 (0.5 equiv), air =

N DMF, 140 °C, 12 h N
1 2 i £

3
16 eq. of 1

The olefin is the

n
m/‘\vcozﬁ @/\vﬁ@z Bu mﬁiﬂz‘ﬁ“ limiting reagent.
NZ NZ N

3a, 73% 3b, 63% 3¢, 67%
[12/1/1] [8/1/1] [11/1/1]

“ Reaction conditions: 1a (8.0 mmol), 2a (0.5 mmol), Pd(OAc),

(10 mol %), Ligand (13 mol %), and Ag,CO; (0.25 mmol) in DMF  KIE=4.0

(1 mL). ¥ Isolated yield of C-3 product. “Ratio of C-3/C-2/C4 was Soitisnota
determined by "H NMR.  Bathophenanthroline (13 mol %), 24 h. 3.0  Friedel-Crafts rxn.
and 1.5 mmol of pyridine substurate were used respectively.

dx.doi.org/10.1021/ja2021075 | L Am. Chem. 5oc. 2011, 133, 6964-6967



1-5 No DG

Scheme 1. Synthesis of (%)-Preclamol”

Pd(OAc); (5 mol % .
S p{hen {}125[ mol %) ) 24 examples in total
2 * R OCH,
N MeO Br Cs2CO3(3.0equiv) [l
140 °C, 68 h N 3y
10 mmol (gram scale) 1.29 g, 70%, [19/1/1] 6 eq of pyridine
OCH, @) QCHs The olefin is the
limiting reagent.
q— S
67% yleld +’,
for 3 steps 4

t)-Preclamol

KIE=4.2

“ Reagents and conditions: (a) 1-bromopropane, CH;CN, 110 °C; (b) ~ C-H activation may via
PtO,, MeOH, H, (60 psi), room temperature; (c) HBrin HOAc (33%), Concert metalation
reflux.

dx.doi.org/10.1021/ja209510q |J. Am. Chem. 5oc. 2011, 133, 19090-19093



1-6. NHCOX as DG

Ortho-Carboxylation of Anilides via C—H Activation®?

Entry Substrate Product % Yield
Me Me
‘ @f o CEM ;
COOH )
20 examples in total
2 2a
Bn Bn TsO-is crucial
2 @”Hﬂﬂ E:["“”‘“ 53¢ Reason see next slide
COOH
3 3a
Me NHAC Me NHAc
IS I .
COOH
4 4a

910 mol % Pd(OAc),, 0.5 equiv of p-TsOH+-H,0, 1 equiv of benzoquinone,
1 atm of CO, HOAc/dioxane (2:1), ? Isolated yields. ¢ Dioxane was used as a solvent.

J. AM. CHEM. SOC. 2010, 132, 686-693
10.1021/Ja%077705



1-6. NHCOX as DG

Allow CO to attach to Pd

Figure 1. Crystal structure of lc.

J. AM. CHEM. SOC. 2010, 132, 686-693
10.1021/Ja%077705



1-6. NHCOX as DG

Scheme 8. Dual-Reaction Pathways of Catalytic Carboxylation in the Presence of H,O

1
oo

p-TSOH p-TsOH + BQ p-TsOH + BQ HYMe
|
Ly
-,
Pd(0) Pd(0) orsd. L

H
N-__.Me
¥ A
P’ Me
H’so’:d L e - 1a <20 N
fD _
7

p-TsQ 1g p-TsQOH

1e
Path A Path R

Scheme 9. Stoichiometric Reaction of Palladacycle 1b with CO under Anhydrous Conditions

H NHAC
"“r™ jamco 0 N“\"I/ME
!:J o - Df.;'f + O + pTsOH
Pd” anhydrous CD-Cl; o)

f (glove box) Me O

(1:1) 1h

s
,r::-Ts('.‘*,.\w;2

L

0
1f
1b

J. AM. CHEM. SOC. 2010, 132, 686—693
10.1021/Ja%077705



1-7. Remote DG

a Pd(OPiv), (10 mol.%) X = | T NC /\O
= 1 ’ . . e
X= | T R AgOPiv (3.0 equiv.) = i-Bu t-Bu
S + _,.JT —— - T = -
g DCE, 90 °C i-Bu
30-48 h ~ R
1.1-2.0 equiv. R t-Bu
8a-p 11a-n 17a-p
a’ o’ o’ a’ o'
b, - Me - F . cl - Br - NC .
P ° P ° P ° P~ 0 P 0 P~0
= = 2 = = ~
CO,Et CO,Et CO,Et CO,Et CO,Et CO,Et
17a__ . 55% 17b,, 86% 17c, 52% 17d, 75% 17e, 63% 17f, 54%
m:pio = 93:5:2 m:(p+o+0')= 94:6 m:p:lo+o’)= 75:18:7 m:p+o+o’) = 97:3 m:{p+o+o’) = 93:7 m:(p+o+o’) = 98:2
17a,, 31%
(m,m’):others= 88:12
. Me F Br
F.Cu ’
a T m T m T m' T m T m T
o
o] ~0 - o P o ~0 Me - F ~o
- — ~ = ol =
CO,Et CO,Et CO,Et CO,Et CO,Et CO,Et
17g, 54% 17h, 89% 1700 70% 17), 77% 17k o 54% 171 o 45%
m:(p+o+o’) = 98:2 m:(p+o+m’) = 91:9 m:(p+o+m’) =88:2 m:(p+o+m’) =90:10 m:o = 96:4 m:o =955
17ig, 18% 17k, 26% 1714, 44%

(m,m):others = 89:11

(m.m’):others = 88:12

518 NATURE VOL 486

{m,m’):others = 90:10

28 JUNE 2012

do0i:10.1038/naturell158



1-7. Remote DG

Table 1 | Optimization of template

H1 H1 H'I H'I
0 CO.Et F’d{DPi:u]g ’
O S ar
H _C” g DCE, 90 °C m[ °“H .C g2
H N“ 18 h Z N~
CO-E
310 11a = 1219
Entry Substrate R- R Yield (%) Yield Selectivity
(monao) (%) (di) (meta:para:ortho)
1 3 tert-butyl H Trace 0 —
2 3 tert-butyl H 4 0 56:26:18
3 3 tert-butyl H 15 0 59:33:8
~ o tert-butyl Methyl 60 17 91:7:2
5 5 tert-butyl Ethyl 52 16 93:6:1
6 6 tert-butyl —(CH2)a— 50 11 88:7:5
7 7 tert-butyl —(CH2)s- 51 15 91:5:4
8 8a tert-butyl Isobutyl 63 20 95:4:1
9 9 H Isobutyl — — —
10 10 Methyl Isobutyl 39 10 91:8:1
518 | NATURE | VOL 486 | 28 JUNE 2012

do0i:10.1038/naturell158



1-7. Remote DG
d
T Pd(OAC)2 (10 mol.%) T NG_Q NCQDMQ
'8 COEt N-acetyl glycine (20 mol. %)
N . )

-
AgOAc (3.0 equiv) X
H 2.0 equiv. HFIP, 80 °C

20a-h 11a 24h

b -
O
o
m’
Z COoEt
p
21a_ .. 37% 21b, B2% 21c, 67 % 21d, 87%
mpio = 95:3:2 m(p+o+0") = 95:5 m:(p+o+0’) = 86:14 m:(p+o+m’) = 96:4
21a,, 42%
(m,m’):others = 88:12 Electronic biases overridden

T2 is more easier to remove.
Good functional groups tolerence.
38 examples in total.

518 | NATURE | VOL 486 | 28 JUNE 2012
do0i:10.1038/naturell158



1-7. Remote DG
d
T Pd(OAC)2 (10 mol.%) T NG_Q NCQDMQ
'8 COEt N-acetyl glycine (20 mol. %)
N . )

-
AgOAc (3.0 equiv) X
H 2.0 equiv. HFIP, 80 °C

20a-h 11a 24h

b -
O
o
m’
Z COoEt
p
21a_ .. 37% 21b, B2% 21c, 67 % 21d, 87%
mpio = 95:3:2 m(p+o+0") = 95:5 m:(p+o+0’) = 86:14 m:(p+o+m’) = 96:4
21a,, 42%
(m,m’):others = 88:12 Electronic biases overridden

T2 is more easier to remove.
Good functional groups tolerence.
38 examples in total.

518 | NATURE | VOL 486 | 28 JUNE 2012
do0i:10.1038/naturell158



Summary

e 1. Good directing group is the most important
* 2. Many types of reactants as coupling partner
Boronic acid, Halides, CO, Olefins...

* 3. Two different mechanism are purposed.



2.C-N bond formation

e 2-1. Intramolecular C-N bond formation
----Cyclization reaction

From 2008-09, 3 publications.

e 2-2.Intermolecular C-N bond formation

From 2011, 1 publication.

In contrast, achieving the Pd-catalyzed
C—H amination reaction represents a distinct challenge and has
been met with a number of difhiculties, as can be anticipated from
the many tremendous hurdles encountered in the development
of the Buchwald— Hartwig amination reaction.”



2.C-N bond formation

e Let’s tell the story from the beginning...



2-1. Intramolecular C-N

m X Pd(OAC), (
HOAc Ac Cu'" y
dll

Table 3: One-pot intramolecular amination catalyzed by Pd(OAc), and

Cul.F Only 7 examples are
Entry Substrate Product Yield [%] synthesized in this way
NHTf
1 /QN @ 590
Me 8 8c Tf

[a] Reaction conditions: 10 mol% Pd(OAc),, 2equiv CgHsl(OAc),,
2 equiv 1, 1equiv Cs,CO,; 1equiv Cul, DMF, 130°C, 96 h. [b] 5-
lodoindolines were isolated in 7—10% yield . [c] 0.5 equiv Cul.

Angew. Chem. Int. Ed. 2008, 47, 6452—6455
DOI: 10.1002/anie.200802187



2-1. Intramolecular C-N

1
cat. Pd(ll) R 2
i AgOAc, CuCl, i vA ¢
DCE, 100°C, N,, 6h N
1a

o}
by A
1-9 oq OMe  /
o oF o
N N
bMe bMe bMe
12 94 % 2a 88 % 3a 96 % 18 examples in total.

@ Conditions: 0.5 mmol of substrate, 10 mol% Pd(OAc),, 1.5 equiv of
CuCly, 2.0 equiv of AgOAc, 10 mL of dichloroethane, N», 100 °C, 6 h.

Scheme 1. One-Pot Synthesis of g-Lactams®

s —-m% A

20 20b, 68%

“ Reaction conditions: (1) 0.5 mmol of substrate, 10 mol % Pd(OAc). 1.5
equiv of CuCls, 2.0 equiv of AgOAc, DCE, 100 °C, N,, 10 h. (2) 4 equiv of
CsF. 0.18 equiv of benzyltriethyl ammonium chloride, 100 °C, 12 h. J. AM. CHEM. SOC. = VOL. 130, NO. 43, 2008

10.1021/jaB0712%9e



2-1. Intramolecular C-N

Table 2. Pd-Catalyzed Amination Using F~ As an Oxidant

fifliz
P T U o QN <y
\o# NHTF  DMF(1.25 oqui] ZN 24 examples in this
1 120°C, 72 h 2 3 Me
procedure.
2a, T5% 2b, ED".{: 2k, 53% 21, 5-5
Ca(S04)s
OA T
A+ ¥ 44 " . .
Cbpd rkCelr Ne, ot E"’CN/’%'!'“ELGAG ) Ce(SO,), was the first oxidant that
- - X shows good reactivity. 9 examples.
A B .
® F OTfO ® But the acetoxylation product also gave
Copa £ N.,,[8 1 0Ae o  35%yield.
L L

(C)

J. AM. CHEM. SOC. 2009, 131, 1080610807

10.1021/ja204709b



2-2. Intermolecular C-N

C;JEIZ Pd{Dﬁc}
DCE
N N”j

0 130 °C, 18 h )
1b-1m, Ar = (4-CF5)CqF4 3b-3m
Me O @]
@\)‘\NHN @lNHAr Me\dmmr
N’\ N’\l
(Lo Lo
3b, 85% 3c, 89% 3d, 82%

“ Reaction conditions: benzamide substrate 1 (0.2 mmol), O-benzoyl
hydroxylmorpholine (0.4 mmol), Pd(OAc), (10 nml %), AgOAc
(02 mmol), CsF (0.4 mmol), DCE (1 mL), 130 °C, 18 h. * Isolated yield.

12 examples using this
amine partner.
Does other amines work?

dx.doi.org/10.1021/ja202563w |J. Am. Chem. Soc. 2011, 133, 7652-7655



2-2. Intermolecular C-N

0 o) 0
/dNHAr NHAr NHAr
t-Bu rO t-Bu NN~ tBu NN

| N

3n, 97% 30, 80%° 3p, 73%
0 O
/dr«mm /@\)LNHAr
t-Bu N t-Bu NN
| (_N._otBu
3q, 75%° 3r, 78%° a3

“Reaction conditions: la (0.2 mmol), O-benzoyl hydroxylamine
(0.4 mmol), Pd(OAc), (10 mol %), AgOAc (0.2 mmol), CsF (0.4 mmol),
DCE (1 mL), 130 °C, 18 h. ® Isolated yield. © a,0,0-Trifluorotoluene
was used as a solvent.

12 examples using this
amine partner.
Does other amines work?

dx.doi.org/10.1021/ja202563w |J. Am. Chem. Soc. 2011, 133, 7652-7655



2-2. Intermolecular C-N

Ar'|\| ':e ng Arri'l ':9 Csa

CONHAT py()) Cl--  R'R®NOBz CL--
_h.. O === h—- O
CsF / Oxidative /
PdLn

Pd'L,  Addition

H
A oo/ OBz
o, R'R“N
Electrophilic: R'R2NOBz B
Amination . _pd(Il)
Reductive "
Elimination "

CONHAr I
-Pd(ll)
NR'R?

Figure 2. Possible reaction pathways with Pd(II) catalyst.

| think F also play an important role here.

dx.doi.org/10.1021/ja202563w |J. Am. Chem. Soc. 2011, 133, 7652-7655



Future

* 1.sp3C-N bond
e 2. practical approach --- no Ag, or expensive F



3.C-0 bond formation

e 3-1. C-OAc as Product
from 2005-10, 3 publications.
e 3-2.C-OH as Product

2009, 1 publication.

e 3-3. Cyclization reaction
2010, 1 publication.



3-1. C-OAc as Product

Me Me Angew. Chem. Int. Ed. 2005, 44, 7420—7424
H N OAc N
2005 'AS Pd(OAck, Ac0 ')S (1) DOI: 10.1002/anie.200502767
O MeCOOQOBu O
Ri Rz Ri Rg 15 examples 50-90% vyield
Buo. O 2;‘%?3&5 10.1021/0/061384m
5006 t-BuOYO cat. Pd(OAc)» \(
:
N H IOAC R/N\/OAC o 28"‘;?0 W 18 examples
R™ DCE, 60 °C 70-96% 3387-3390
- 0
H pall OAc ) OAc ORGANIC
NHTT NHTF LETTERS
2010 CE\/ MeCOOOtBY : = mCOzMe
H COsMe : H CO;Me _I\IJf 2010
Vol. 12, No. 11
23 examples, 33-93% vyield 25112513

10.1021/011007108



3-2. C-OH as Product

Table 2. Pd-Catalyzed ortho-Hydroxylation with O,*

ACOH 10 mof% Pd(OAC) ' CO,H
x4 2.0 equiv KOAC, 1.0 equiv BQ ;..;_'O:
1atm Oy, DMA, 115 °C, 15 h OH
aH

1 TS% 374%
OH 6 55%
4 76% 3 62% {from 1-naphthoic acid)
e ,@‘“2“ 3O
OH Mel
T 73% 8 61% (10 mol¥% Pd{TFA), 1 9 52%

equiv. KTFA and 1 equiv. CsOAg)
J. AM. CHEM. SOC. 2009, 131, 14654—14655

10.1021/j]a907198n



A
3-3. Cyclization reaction <@

Table 2. Pd(ll)-Catalyzed C—H Activation/C—O Cyclization®”

2b, 88% 2c, 83% 2d, 85% 2e, 76%°

“ Unless otherwise noted, the reaction conditions were as follows: 1
(0.2 mmol), Pd(OAc), (0.01 mmol, 5 mol %), PhI{OAc), (0.3 mmol, 1.5
equiv), LiCO; (0.3 mmol, 1.5 equiv), CeFg (2 mL), 100 °C, 36 h.
b Isolated yields are reported. © Na,HPO,; was used instead of Li;COs.

4 Using 10 mol % Pd(OAc),.
23 examples in total. 42-91% yield.

J. AM. CHEM. SOC. 2010, 7132, 12203-12205

10.1021/ja105366u



4. C-Halide bond formation

* 4-1. C-1 Bond formation

From 2005-10, 4+3 (application) Publications.
* 4-2. C-Cl Bond formation

2006 1 Publication.

e 4-3. C-F Bond formation

From 2009-2011, 2 Publications.

* 4-4. C-CF; Bond formation

From 2010-12, 2 Publications.



4-1. C-l Bond formation

Table 1: Monoiodination of methyl groups catalyzed by Pd(OAc),.”
1

Me M |
[b] eMe e _N
R’ 4\ - 1 @ — Ox a?f tBu
R Oxa R g Oxa Oxa s}

Oxa
5a-7a 5b-7Tb  8a—10a 8b-10b

Entry Substrate Yield [%]
1 5a R'=R’=Me 92

2 6a R'=Me; R?=FEt 919

3 7a R'=R?’=Ft 88l

4 8a n=1 90

5 9a n=2 978

6 10a n=3 81

Me

7 11a Me Oaj\Oxa 671
1.

Me

8 12a BU \[:::7]\0)(&1 98

Oxa

9 13a !Bu\[:j\m 32

[a] Reaction conditions: Pd(OAc), (10 mol%), 1, (1 equiv), Phl(OAc),
(1 equiv), CH,Cl,, 24°C, 48-72 h. |b] Entries 1-3. [c] Entries 4-6.
[d]63:37 d.r. (NMR spectroscopy). [e] Pdl, precipitated at 3648 h,
PhI(OAc), (1 equiv) was added, and stirring continued for another 48 h.
[f] Phl(OAc), (2 equiv), 50°C, 48 h.

4 more examples with d.r. selectivity

Angew. Chem. 2005, 117, 2150 —2153
DOI: 10.1002/ange.200462884



4-1. C-l Bond formation

Table 1. Diastereoselective iodination®

Entry Substrate Product Yield de
Me_ Me Me I
&}
| CXpy X, 60° 35
16 16a
Me_ Me Me I
2 +Bu 0" Oxa r-au”““‘oxc—xa 41 55
17 17a

“ Oxa = (S)-4-tert-Butvloxazoline-2-. Reaction conditions: Pd(OAc),
(10 mol %) 15 (1 equiv), Phl{OAc); (1 equiv), CH-Cl..

65 °C. Phl(OAc), (1 equiv) was added after 12h, and stirring con-
tinued for another 24 h.

18 examples in total. 41-83% vyield.

Tetrahedron: Asymmetry 16 (2005) 3502-3505
doi:10.1016/j.tetasy.2005.08.049



4-1. C-l Bond formation

|
10 mol% Pd(OAc),
N Me OAc N Me
fME CH,Cl, \%ME

O 22% yield at 24 °C o
3 60% yield at 100 °C 3a
|
10 mol% Pd(OAC);
N |OAC N
- - =
_)HBU e, 24C Das

O 30% yield O
4 da

17 examples in total. 29-95% vyield.

Tetrahedron: Asymmetry 16 (2005) 3502-3505
doi:10.1016/j.tetasy.2005.08.049



4-1. C-l Bond formation

Me Pd(OAc), (5 mol%) Me
COOX IOAC (2 equiv) _ COOH
CH,CICH,CI
H 100 °C, 24 h |
1,X=H 3, 5%
2 X =Na 3, 85%

DMF can promote this reaction. Use the following condition for 14 examples, with
65-85% vyield.

[a] Reaction conditions: Pd(OAc), (5 mol %), IOAc (3 equiv (entries 3—6,
9, and 12) or 2 equiv (entries 8, 10, 11, 13, 14)), DMF, 100°C, 36 h.

Angew. Chem. Int. Ed. 2008, 47, 5215-5219
DOI: 10.1002/anie.200705613



4-1. C-l Bond formation

* Application

ORGANIC
cat. Pd(OAc
Me Me ra© )2 (CeHCO2, W | ETTERS
R>S‘;”7\ EtOA y\ T Colo <
c sHe 2006
o~/ Me i hoc Me  j1s0C VAL o1 5, No. 25

70-83% 81-91% 36853688
(R = Alkyl, CH,X (X = CI, Br, I), ester, OTBS, NPhth)

Py Cu(OAc), Cu(OAc), =
O ~ air, | air, |- _ - | Tetrahedron 65 (2009) 3085-3089
"Phl, 130 °C (I(j DCE, 130 °C gf;j
Py 67% yield 61% yield | 7 examples, from 24-88%
4b 4a

yield

Scheme 2. Cu [[j-catal},rzed C-H functionalization.

CDOH

ORGANIC
CE\GDDH rec}’,ﬁ'lazb'e Of\CDOH cul LETTERS
AF H IOAC 2,6- dlchloroanlllne Cl 2010
X no light Vol. 12, No. 14
X = H, alkyl, aryl, OPh 3140—3143

halide, acetyl, CF3 diclofenac



4-2. C-Cl Bond formation

Table 1. Cu(ll)-Catalyzed Chlorination of Aryl C—H Bonds?@

entry substrate product  yield entry substrate product yield
Cl
Fl
SN O o o o
1 o
1 Clyd MeO,C~ ™ 7 MeOC Cl 7a
Cl
Cl Py Py
9 @.Pv Py  63%9 g @ - aam%
1 18 F 8 .
Me M
Py Py P °
7 G@ M o’©/\ 93% | 10 @ Y C[F‘if 92%
e e Cl
2b 9 Cl 9a

@ With 20 mol % of CuCly. CI,CHCHCl. O2 (1 atm). 130 °C, 24 h.
5 At 100 °C: 23% dichlorinated product was also obtained.

J. AM. CHEM. SOC

14 examples
20-92% vyield

. 2006, 728, 6790—6791
10.1021/ja061715¢



4-2. C-Cl Bond formation

Table 1. Cu(ll)-Catalyzed Chlorination of Aryl C—H Bonds?@

entry substrate product  yield entry substrate product yield 14 examples
Cl :
oy Cl oy Py Py oo 20-92% yield
DO O ew|s T o,
1 Clyg MeO,C~ ™ 7 MeOC 7a
Cl
Cl Py Py
9 @ F"yl' F"jl" Ba%b 9 @ Cl 8391 oL
1 ::;|1E F 8 F
M
Py Py . Py e P
3 @' 93% | 10 @ Y o92%
MeO MeO Cl Cl
2 2b 9 9a

@ With 20 mol % of CuCly. CI,CHCHCl. O2 (1 atm). 130 °C, 24 h.
5 At 100 °C: 23% dichlorinated product was also obtained.
Scheme 1. One-Pot Synthesis of g-Lactams®

J. AM. CHEM. SOC. = VOL. 130, NO. 43, 2008 A’-“—:?[rr —:-m[,r _bﬁ-'::?l:k

20 20b, 68%

“ Reaction conditions: (1) 0.5 mmol of substrate, 10 mol % Pd(OAc),, 1.5
equiv of CuCl,, 2.0 equiv of AgOAc, DCE, 100 °C, N, 10 h. (2) 4 equiv of
CsF, 0.18 equiv of benzyltriethyl ammonium chloride, 100 °C, 12 h.



4-3. C-F Bond formation

NMP
»
- PA(OT)2H,0 (10 mol%) J. AM. CHEM. SOC. = VOL. 131, NO. 22, 2009 A <

>
° H_©/\NH‘" 10 (1.6:3.0 equiv) R_@(\HHH 10.1021/ja201352k <‘>
NMP (0.5 equiv) ;

»y A
. DCE, 120 °C 2 . v
17 examples, 41-88% vyield
Finally, the detailed role of NMP remains to be elucidated. Investiga-
tions have led Vigalok to propose that oxidation of L,PdArl by the F*
source via an Sy2-type mechanism gives a cationic pentacoordinated
L,Pd(TV)ArIF complex.”
H 0] F o}
o
\
| S H_,Ar ﬂ‘. | X N’Ar HN—
P NMP, solvent . H :
x” No, A X/ Ar="'F
T ” | ” | ” 20 examples in total, 36-88% yield
1a, 65%0) 2a, 76%D! 3a, 78%0] Angew. Chem. Int. Ed. 20m, 50, 9081—9084
Scheme 4. Monofluorination of benzamides. Unless otherwise speci- DOI: 10.1002/anie.201102985

fied the reaction conditions used were: 0.1 mmol of substrate,

10 mol % of [Pd(OTf),(MeCN),], 20 mol % of NMP, 1.5 equiv of N-
fluoro-2,4,6-trimethylpyridinium triflate (F1), 2 mL of MeCN, 120°C,
N,, 24 h. The yield is of the isolated products. [a] The reaction was

carried out for 812 h. [b] The reaction was carried out for 2-3 h.



4-4. C-CF; Bond formation

Pd{OAc): (10 mol%)
Cu(Oac), (1.0 Elqui'u'.}h

1b (1.5 equiv.)
DCE/TFA (10 equiv.)

110°C.48h 1b X = BF, 1c
"3 ¥ ) 4 4
SN N Me N SN 13 examples, 33-88%
CF, CF, CFs  Me CF, yield
3b, 82% 3c, 84% 3d, 83% Je, 83%

4 Unless otherwise noted. the reaction conditions were as follows:
substrate (0.2 mmol), Pd(0OAc), (0.02 mmol, 10 mol %), Cu(OAc), (0.2
mmol, 1.0 Equiv}.[D.S mmol, 1.5 equiv), TFA (2.0 mmol, 10 equiv),
DCE (1 mL), 110 °C, 48 h. ? Isolated yield. < Pd(OAc); (15 mol %) was

used. 9 Pd(QAc), (20 mol %) was used. ) , , ) ,
Table 3. C—H Trifluoromethylation Using Diverse Heterocyclic

Directing Groups=*

N*':" Me N""j N*‘] N"j

=~ > A Me > MeO o

J. AM. CHEM. SOC. 2010, 132, 3648-3649 d\lﬂ N ‘@\)\N ‘Cf\N
CF, CF, CF; CF,

10.1021/ja9095225
L da 0% 4b, 88%° dc, 75% 4d, 58%

N™ MeN—3y Me N\
o | - =
N~ "OMe N N
CF, CF, CF;

4e, 62% 5, 53% 6, 74%°




4-4. C-CF; Bond formation

(4]

Table 2. Pd-Catalyzed Ortho Trifluoromethylation®

Q
Q Pd(OAC), 9 HJLN,Me

O (LS Sy ]

ZH St;FUTT“ DCE, 130°C CF3 -
1a-1s, Ar = (4-CF3)CeF4  2a ’ 3a-3s 19 examples, 32-94%

0 Me O Q 0 yield
dNHN CELNHAr ME‘dNHAr dwmr

CFa CF, CF; Me CFs

3a, 79% 3b, 84% 3¢, 94% 3d, 53%

“Conditions: 1 (0.1 mmol), 2a (0.15 mmol), Pd(OAc), (10 mol %),
Cu(OAc), (0.2 mmol), TFA (1 mmol), L4 (1.5 mmol), DCE (3 mL),
130 °C, 24 h. blsolated yields are shown. “2a (0.2 mmol) for 48 h.

dx.doi.org/10.1021/ja305259n | J. Am. Chem. Soc. 2012, 134, 11948-11951



5. Other

e 5-1. Ligand development

3 publications, one science. Very important, related to
many JACS publications.

e 5-2. Cyclization reaction: 5 publications.

e 5-3. C-B Bond and C-P Bond (not C-H) Formation

1 publication for each

e 5-3. Mechanism related: 6 publications.

2 computational, 2 kinetic, 1 Pd complex, 1 model study.
* 5-4. Application: 2 publications.

e 5-5. Other works: 3-4 publications.



Science 327, 315 (2010);

. DOI: 10.1126/science. 1182512
5-1. Ligand

A 5 mol% Pd(OAc), CO,Et
H 5 mol% BQ —
B
Me 10 mol% L " "
CO,H 2 equiv. KHCO, © CO,H ¢ CO,H
+ O CO,E = P +
Ha 2 equiv. t-AmylOH, 85 °C CO,Et
OlMe 1 atm O, 48h OlMe OMe

7 8-A 8-B
Product Ligand Yield (%)* Product Ligand Yield (%)*
CF;

COH 12 CO,H 13
Z Boc-Val-OH 90 = Boc-lle-OH 85+
CDEEt Fac CUEEt

6u 6w

NO,
-Val- t

= CO,Et Boc-Val-OH 50 O,N = CO,Et Boc-Val-OH 57§

6v 6x
Me

et

CO,H 8 MeO CO,H 22
Boc-Val-OH 60 m PG;-Leu-oH' 751

CO,Et CO,Et

18a 18b

*Isolated Yield. +2-Nitr-:};:mher‘q-..rIar_:etic acid was used as substrate; the 1Pr-::c:luct was completely decarboxylated under the reaction
conditions: 10 mol% Pd{OAc),, 10 mol% BQ, 20 mol% Boc-Val-OH. ¥Mono:Di = 2:1. $4-Nitrophenylacetic acid was used as substrate;
decarboxylated:non-decarboxylated = 2:1. ”PG1 = (—)-Menthyl(O,C). Mono:Di = 3:1.




Science 327, 315 (2010);
DOI: 10.1126/science.1182512

5-1. Ligand

B
Hs CO,Me
TIPSO COLH . TIPSO CO,H b MeO OH
—— ——
Ha  PG-Controlled ZNCo,Et GO
Me Position-Selective Me
20 C-H Olefination 21-A

Reagents and conditions: (a) Pd(OAc),, BQ, ethyl acrylate, KHCO3, +FAmylOH, O, (1 atm), 85 °C, 77%, A:B = 10:1. (b) H; (balloon),
Pd/C, MeOH, rt. (c) EtzN=3HF, THF, . (d) Mel, K,CO,, acetone, reflux, 69% (3 steps). (e) KOt-Bu, Et,0, rt, 88%. (f) BrCCl;, DBU,

CH,Cly, t, 81%.

Hp
. i-PrO b ¢ i-PrO
PrO CO,H a CO.H Oe
Z MeO CO,R

MeO Ha Ligand-Controlled ~MeO C'Dzn
OMe Position-Selective OMe
9 C-H Olefination g _ gy 10-A

HReagents and conditions: (a) Pd{OAc),, BQ, t-butyl acrylate, KHCO,, Boc-lle-OH, -AmylOH, O, (1 atm), 85 °C, 86%, A:B = 23:1
(without ligand, A:B = 1.5:1). (b} (COCI)s, CHsCls, . (c) ~PrsNEt, CHoCly, rt, 87% (two steps).

Fig. 4. (A) Synthesis of 7,8-dimethoxytetalin-2-one. (B) Synthesis of the naphthoic acid component of
neocarzinostatin (1). (C) Synthesis of the naphthoic acid component of kedarcidin (3).

R = t-Bu 23




Thanks!



Q1. Predict the Product

m 5mol% Pd(OAC),, 1.5 eq. PhI(OAc)2 m
O 91%
Br °

1. 5eq L|2003 CGFG 10000 36h

©
o_0 OTf o_0
N ’/ ® F 10mol% Pd(OTf)2eH20 F,C :\S/\
¥ Y - NS
_ 0.5 eq. NMP, DCE,120°C, 8h £
1.5eq.

Q2. Predict the Product

| H 10mol% Pd(OAc)y, 1.5 eq. CuCl, | o
“OMe
o) 2 eq. AgOAc, DCE, N,, 100°C, 10h N
OMe

Y

10mol% Pd(OAC)2 2 eq K2003

B(OH), , .
. ©/\/
2 eq. Ag20, 50mol% BQ

1.6 eq. 2,2,5,5-tetramethylTHF, 70°C, 18h

Y



Scheme 4. Proposed Reaction Mechanism Highlighting Dual
Rate-Determining Steps and Off-Cycle Catalyst Reservoirs

CF3 oK reaction rate: Ac-Ile-OH > Ac-Val-OH > Boc-Val-OH
CF3 N LY PG
/_F’d\ HN"
Or“jpdfg\ 2b AcO D\(J\R' inactive reservoirs
A
0" “CHs O  cF
4 3
less reactive 2, Keq.2b OK
Dl' = 3, COan-Hex
N PG
Pd(OAc), CFa 3, Keq 30 PdHN
i -f”“v 0
no ligand | H PG / AcD \ﬂ)\R'
CF # O\ ©
: /Pd R 3b
AcO G—((\
I1a o Kinetic

N-H activation step

OK

R )ﬁo PG

CFs :
Pd(OAc),fligand  ;-N-pg v7/k'\-- Pd" }—R
NG o
C(\r C-H activation step
2 OAc-

N -PG HOAc

I H dx.doi.org/10.1021/ja207634t | J. Am. Chem. 5oc. 2012, 134, 4600-4606
0 R’




