Oxidants in Palladium Catalyzed
C-H Activation



Importance

e 1. Martin’s Class

e 2. Related to our lab work



Outline

* 1. lodine compound (I or Ill)
Pd 1=V

e 2. Peroxides (Organic or Inorganic)
Pd 1=V

* 3. O, and other oxidants

Pd 0=>1l
Surely there are and will be more oxidants.




1. lodine Compounds

lodine |l Oxidants

AcO_. _OAc

\
| 5 mol % Pd(OAc), |
Z +
N AcOH
100°C, 12 h
AcO

L (83%)
OAC 1) Precipitate with CH;OH
2) Regenerate with AcO5H

©/ Chem. Rev. 2010, 110, 1147-1169

Phenyliodine diacetate, PIDA




1. lodine Compounds

OAc

* lodine lll Oxidants ©/\

Phenyliodine diacetate, PIDA

Robert H. Crabtree PhPdwv (OAc), PhOAc + Pd(OAc),

Ir:m:af'

PhH + PA(OAC), 220t o oy b1 OAC

IH-H
PhyPg' =—=——  Ph-Ph + Pdo

Joumal of Molecular Catalysis A: Chemical 108 (1996) 1540



1. lodine Compounds

lodine | Oxidants iin-Quan Yu Org. Lett., Vol. 8, No. 15, 2006, 3387-3390

10 mol % Pd{OAc);

O O
CHoClo, 50 °C, 40 h
Me
tEIuD'JL'Hf 1 equiv I0Ac g EE”GANﬁDAE
| |
Bl Bu
1 ﬂ 1a, 70%
[F'hl{DAr.:}g + |2] or: (ﬁﬂﬂﬂﬁ + lz]
Pd" | ?AC l
1 Pd(OAC)s f \ 10Ac_ F "i'ﬁ" ( OAC
_T,. TEU \f_l:] —=1a

HOA t Bu” Pd(OAC !
©  4qp©Bu 1-:I:EU (OAck 4 4 O'Bu



lodine Compounds

lodine | Oxidants

Pd" |
Pd(OAc); [ \ I10Ac F'd" K OAC

1T"'Em, \I,;D—"* f\ TBU \F,n:: —=1a

HOA t Bu Pd(OAC I
©  qpOBu 1::1;“ (OAC) 4 4 O'Bu

Me  Me no 10 mol% Pd(OAC), Me 11
N 1 equiv I0Ac N
Me = N Me e Me =t Me
R '».H R -,

O CH,Cl,, 24°C, 48 h 0 "
t-Bu OTBS Me admantyrl H Me gt
' \>< A (:E(mxa
Oxa Oxa Dxa
83% vyield 62% vyield 62% vyield 65% yield 98 % yield
d.r. 91:9 d.r. 93:7 d.r. 95:5 d.r. 99:1 d.r. 99:1

A

Jin-Quan Yu Angew. Chem. Int. Ed. 2005, 44, 2122
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2. Peroxides

* Organic Peroxides

Y OtBu
€ Pd{OAC)s, 5 mol%
zﬁ:jl\fm Me PHCOQOIBuU, 2 Equiv} =N_ Me
DjMe Acs0, 65 °C, 60 h D\%ME
“ 1k, 65%
C(H?x);?:;:pdi HOAc
ay” T
Oxa- i.—- trinuclear
[Dg]Pd(OAc), "\_.r-",lpéjh. (¥-ray)
[Dalﬂcﬂhﬂxa’_k OAc[Ds] OrBu MeCOOQOtBu
D‘ff-:l-l‘d" D@qu ] .
kN Ac;0 is required!

[DslA1chD [D3]Ac,0 [DglAc,0 ?AC
+
CD;CO01Bu

Yu, J. Q. Angew. Chem., Int. Ed. 2005, 44, 7420.
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2. Peroxides s

!
..rC}/ Me

ME-(E?F'LD

* Organic Peroxides Meéﬁo:pd%

O N=
M
B e
Me

‘/"D:r:au.. -

~Pd
C—HAcO™ "™~ HOAC
X3
E—f?i[y 1e \i'

[Ds]Pd(OAC), RISl eray)

[DalAﬂMxﬂ’J\ OAc[D;] OfBu J/~MeCO0OBuU
Oxa._| Oxa.l _ %
\_—~Pd

\~Pd =
TN T N | ™ Ac,0 is required!

[DalA1¢hD [D3]Ac,0 [DglAc,0 1C*ﬂ~¢
+
CD,CO01Bu

Yu, J. Q. Angew. Chem., Int. Ed. 2005, 44, 7420.



2. Peroxides

* |[norganic Peroxides
* Oxone

* Ky5,04
* Oxone + Mn(OAc),

Chem. Rev. 2010, 110, 1147-1169



2. Peroxides

* |[norganic Peroxides

5 mol % Pd{OAc)s OAc
;:: ?”'GME’ 2 equiv Oxidant Q_{:‘]'GME
AcOH/Ac,0
Br(2) 100 °C, 12 h Br  (2a)
1solated 1solated
vield (%) vield (%)
entry oxidant of 2a° entry oxidant of 2a°
1 Hgﬂg*lll‘ﬂﬂ 10 D CHEE'DEH 34
2 50% aq H209 11 6 Oxone 68
3 m-CPBA 14 T KESE{]E. Tﬁ‘r’
4  T70% aq {-BuOOH 18 8  PhI(OAc)s 815

Sanford, M. S. Org. Lett. 2006, 8, 1141



2. Peroxides

* |[norganic Peroxides @g* % — G%T)L %

* Oxone + Mn(OAc),
Co, Cu, Ag acetate

Doesn’t work \rﬁ Lo Qc;ﬁ %

Mn,O(OAc),

Mn (111) Tf % . puone

E.J. Corey ORG. LET. 2006, Vol. 8, No. 15, 3391-3394



3. O, and other oxidants

Campbell, A. N.; Stahl, S. S. Acc. Chem. Res. 2012, DOI: 10.1021/ar2002045

002

Oxidative Transformation

Product-Forming

Step

A. Alcohol Oxidation
cat. [Pd] -
Oy

B. Wacker-Type Oxidative Cyclization

HNUM cat. [Pd]
0O,

C. Aza-Wacker

caf. [P
RZNH + R G[z a.

R” OH

D. Oxidative Heck Coupling

H
R—:H‘ + 7N cat.[Pd]-_
z O

R =0

Nu
D

NRZ

RN

R
-

~

J

p-Hydride
Elimination
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3. O, and other oxidants

Campbell, A. N.; Stahl, S. S. Acc. Chem. Res. 2012, DOI: 10.1021/ar2002045

002

E. Oxidative Biaryl Coupling

Of O/ cat [F'd] :_
+ R 2

,-r""
F. Allylic C-H Oxidation

Reductive
H ’\FEIiminatiun

R/]\\-"'j + Nu=H caf. [Pd] - HMHU

G. Oxidative Heterofunctionalization of Arenes
H MNu
= =
RE T+ Nun _catlPdl rE
.--"" ':'2 o




3. O, and other oxidants

Campbell, A. N.; Stahl, S. S. Acc. Chem. Res. 2012, DOI: 10.1021/ar2002045
° 02
 The problem is with the reductive elimination
reactions.

* The solution is ligand.



* 0

3. O, and other oxidants

Campbell, A. N.; Stahl, S. S. Acc. Chem. Res. 2012, DOI: 10.1021/ar2002045

p) 'Bu 'Bu
UGS T2 S W

F3C CFs
o F F
=N N =N N= =N N=

(8]
x x / N Ni>
sRoRaze

Choose one for
guestion 2 and
explain why.

Hint: think about the
formal charge
changes in reductive
elimination and
beta-H elimination.



3. O, and other oxidants

Campbell, A. N.; Stahl, S. S. Acc. Chem. Res. 2012, DOI: 10.1021/ar2002045
Other oxidants

BQ Me

Cu(OAc), Q J Ve

AgOAC it/ ~oy Me
ME_@;FL;‘ Me
Mn‘éﬂ,,pd e

)f\,c:

e



3. O, and other oxidants

Campbell, A. N.; Stahl, S. S. Acc. Chem. Res. 2012, DOI: 10.1021/ar2002045

° BQ
HDODH L,Pd"(OAC), F‘ﬁ
HOAC
+ 2 HOAC D A
0
L,Pd®— fj
;
0
R._~__0OAc C OAC




3. O, and other oxidants

Campbell, A. N.; Stahl, S. S. Acc. Chem. Res. 2012, DOI: 10.1021/ar2002045

* Cu(OAc), ®
° AgOAC A) 1 equiv Pd(TFA); _ G )

N
PivOH, 110 *C
ivOH, 55'5'-"&Ac

1:4.4 (C2:C3)

Fagnou
B)10% Pd(TFA); O

10% 3-nitropyridine
R + 40% CsOPiv - RN
N 3 equiv Cu(OAc), N
R PivOH, 140 °C

i Ac
30 equiv (microwave heating) 87%
1:8.9 (C2:C3)

C) 5% Pd(TFA);

3 equiv AgOAc _ C W Q
(a) Stuart, D. R.; Fagnou, K. The Catalytic Cross-Coupling of Unactivated Arenes. Science PIVOH, 110 °C M.
2007, 316, 1172-1175. (b) Stuart, D. R.; Villermure, E.; Fagnou, K. Elements of 849 Piv
Regiocontrol in Palladium-Catalyzed Oxidative Arene Cross-Coupling. J. Am. Chem. Soc. 951 {GEU'E‘E&}
2007, 129, 1207212703, ’ '



O, and other oxidants

J. AM. CHEM. SOC. 2007, 129, 1207212073

H PA{TFA);
. Oxidant \ )%_
o @m@ e
N N
H R

benzana
R=Ac; 1a PivOH
R=Piv; 1b 110%C
mol % oxidant additive ime %
entry  Pd® (equiv)t (mol %8 indole  (h) conve  2:34°
14 10  Cu(OAch(3) 3-nitropyndine (10) la 5 100 89:1:026
CsOP1v (40)
2 10 AgOAc(2.2) 3-mtropyndime (10) la 24 32 1:4:0
CsOPrv (40)
3 10 AgOAc(2.2) E—m F'ldlﬂﬂ (10  1b 24 78  1:87:03
v {4{}]
4 5 AgOAc (3) 1h 3 0o 1:25:0.7
5 2 AgOAc (3) none 1b 15 87 1:14:0.4
6 20 none none 1b 3 18 1.1:1:0
7 50 none none 1b 3 45 1.3:1:0
8 100 none none 1b 3 61 3.7:1:0
o 300 none none 1b 3 100 00:1:0
10 20 none CsOAc (200) 1b 3 15 1:00:0




Summary

Oxidant | Advantage_(Cyde

PIDA O.A. -1V
IOAC O.A. and R.E. -1V
MeCO,-t-Bu O.A. -1V
Oxone Complete cycle II-IV
K,S,04 Scale up IV
02 B-elimination  O-ll

BQ R.E. O-11



Thanks

* Question 2 should be via a reductive
elimination process.

* Time to get some NMR tubes.



