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Electrophilic Functionalization Pathway

Pathway A:
Direct Electrophilic Cleavage
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1 e™ oxidation Reductive
- C-H Activation Oxidant- H, Elimination
SREC 4L e— (C L (C >Pd!T ——— ( &-Fa + [Pd]
1 €~ oxidation
Pathway C:
2 e~ oxidation FG Reductive
o i C-H Activation _  Oxidant-Fc Cc. | . . Elimination
=pd + [ &0 —— = (Pl - (;ld"’\ — [ &-ra

(A) (B)

(or Pd''~Pd!!' dimer)
(C)




Acetoxylation with Ph1(OAc),

6 mol% Pd(OAc), ACO
7\ 2.3 equiv PhI(OAc), _ 7\
—N MeCN, 100 °C, 12 h —N
78% AcO
. ACO o E
@ AcO ACO <:
62% 86% X=F 59% 54% 88% 57%
X=Br 83% X CH3 74% X CH3 72%
X=CF; 81% X=OMOM 81%  X=CN  66%
X=OMe 78% X=OMe 73% X=OMe 78%

Dick, A. R.;: Hull, K. L.; Sanford, M. S. J. Am. Chem. Soc. 2004, 126, 2300
Kalyani, D.; Sanford, M. S. Org. Lett. 2005, 7, 4149.
Desai, L. V.; Malik, H. A.; Sanford, M. S. Org. Lett. 2006, 8, 1141



Oy 5 mol% Pd(OACc), O.

| 1.1equivPhi(OAc), |
AcOH/Ac,0, 100 °C, 3 h OAc

1-2 mol% Pd(OAc),
1-2 equiv Phl(OAc),

ROH, 100 °C, 22-27 h

0. —0
|N / N @ OAc

R=Et 80%
R=i-Pr 72% 78% 86% 44%
R=CF;CH, 71% O one X

—2Z
» T
QA 7
Z Z
N/

AcO AcO
81% X=H 88% 65%
X=Me 80%

Desai, L. V.; Hull, K. L.; Sanford, M. S. J. Am.
Chem. Soc. 2004, 126, 9542



Acetoxylation with other oxidants

/O O O0 /O O
N ti 10 mol% Pd(OAc), tBU™ F 10 mol% PA(OAC), _  tBu" "¢
O reaclion - N_ _H I0Ac, DCE, 60 °C _N__OAc
Phl(OAc),, DCE, 60°C R~ ’ ’ R
70-96%
R=alkyl or aryl
Wang, D. H.; Hao, X. S.; Wu, D. F,; Yu, J. Q. Org. Lett. 2006, 8, 3387
MeQ O 5 mol% Pd(OAc), MeO
- i N-O
72N 1.1 equiv Oxone . 2N
AcOH, 100 °C, 12 h
______________________________________________ e OAc
F FsC OAc
N-O N-O Ao &
7\ 7\ | N m/
OAc o
OA OAc OAc c o
63% 75% 53% 75% 42%

Desai, L. V.; Malik, H. A.; Sanford, M. S. Org. Lett. 2006, 8, 1141
Wang, G. W.,; Yuan, T. T.; Wu, X. L. J. Org. Chem. 2008, 73, 4717



OAc

10 mol% Pd(OAc),
Et 2 equiv MeCO,0t-Bu N
MeOOC /\)L > MeOOC o /\)L

O Ac,0, 65 °C,60 h 0]
70%
OAc OAc OAc
N
ﬁ/\(/ jb OQ/N /L( H/\( Et/’/\( % ﬂ/
O O
71% 62% 69% 68% 90% 50%
Giri, R.; Guo, C.; Foxman, B. M.; Yu, J. Q. Angew. Chem., Int. Ed. 2005, 44, 7420
5 mol% Pd(acac), R
PhthN H O 20 mol% Pd(OAc), PhthN H O 5 mol% Hyhpda
>—H 5 equiv Oxone 5 equiv Ac,0 X | A
HN 1.2 equiv Mn(OAc), OAC ACOH. O,, 80 °C, 24 h N/
N 10?48%\/ /?3%290 22h REH — 78% AcO
— 3 2> ’ _ o C
64%, 15:1 dr R=Me  73% OH
R=OMe 57%
PhttNH O PhthN H o PhthN H O PhthN H o R=Br 79% ﬁ
gL./( HN _HN RENO; - 70% HOOC™ “N” >COOH
one" OAC H,hpda
N

52% 63%, >20:1 dr 51%, 5:1 dr 56%, 8:1 ar
Zhang, J.; Khaskin, E.; Anderson, N. P.;
Reddy, B. V. S.; Reddy, L. R.; Corey, E. J. Org. Lett. 2006, 8, 3391 Zavalij, P. Y.; Vedernikov, A. N. Chem.
Commun. 2008, 3625
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w
N /
H
CFs CFs
5 mol% Pd(OAc),
A 1.02 equiv PhI(OAc), =
HOAc -y -
N AcOH/Ac,O N
H(D) 80 °C
KH/KD=3.58
Pd ¥ \ Fyd _ Y 5 mol% Pd(OAc), Yo X
o N » 12equivPhi(OAc), [
N MeCN N
KH/KD=4'3
Phl(OAc),

OAc

x

- OAc
N —=N.. T o
>\ > Pdk“
_N OAg¢y~=0 1 O\>\
pd:g Opd il or %/
OAC = N* "
T S | = [\1/P| \O/
OAc

Dick, A. R.; Kampf, J. W.; Sanford, M. S. Organometallics 2005, 24, 482
Powers, D. C.; Ritter, T. Nat. Chem. 2009, 1, 302



C-S Bond Formation

Ph Ph Ph
SH 10 mol% PdCl,(cod) _ A oh
DMSO, 120°C, 1.5 h S -

85%

Inamoto, K.; Arai, Y.; Hiroya, K.; Doi, T. Chem. Commun. 2008, 5529

Ph

Ph

Ph

S——
2

10 mol% PdCl,(cod)
§ 50 mol% Cul N L
2 equiv BuyNBr . \
S DMSO/NMP S

120°C,2h
65%

Inamoto, K.; Hasegawa, C.; Hiroya, K.; Doi, T. Org. Lett. 2008, 10, 5147

10 mol% Pd(MeCN),Cl,

72\ . O\\S//O 2 equiv K,CO4 . 7\
=N cl~ > p-MeCgHs 4 A MS, 1,4-dioxane =N o
120 °C, 6 h b

O o
\N/O IN p-MeCgHs 7/ \ OMe 7\ 7\

/S
O~ “p-MeCgH, _S_ S
@) p-MeC6H4 (@) p-OMeC6H4

41% 78% 75% 83%

Zhao, X.; Dimitrijevic, E.; Dong, V. M. J. Am. Chem. Soc. 2009, 131, 3466

Ph —No, —No —No

07 “p-NO,CgH,4

68%




C-X Bond Formation

COOMe 5 o1% Pd(OAG), CcOOMe

@_@ 1 equiv NBS YA

=N AcOH, 120 °C, 12 h =N
70% Br
N’O\ o
7\ | cl
— AN | 0
N | N—O 7 \ /
X /N | _
X=Cl 65% Br
= 0,
oor Son 57% 56% 54% 720
N’ O\
“ 7\
N” >—<\ > =N
/
N-
N X=Cl 58%
OMe X=Br 72% X=Cl 88% X=Cl 70%
41% X=| 46% X=Br 62% X=I 60%
N-O 5 mol% Pd(OAc), _ N—O\
MeO 7"\ equivNBS 4©_< 1equivNBS _ MeO 4
MeCN, 100 °C MeCN, 100 °C 5
Br 72% 69% '

5 mol% Pd(OAc),

i Cl
- N 1 eQUIV NCS ?N—@ 1 equiv NCS . = N@
=N MeCN, 100°C =\ MeCN, 100 °C <\

Cl 58% 83%
/O\N Cl 5 mol% Pd(OAc), O . /O\N
| < equivNCS 1equivNCS |
MeCN, 100 °C MeCN, 100 °C
88% 39%
Cl

Kalyani, D.; Dick, A. R.; Anani, W. Q.; Sanford, M. S. Tetrahedron 2006, 62, 11483



10 mol% Pd(OAc),

N t-Bu 1 equiv |, | N
OL« 1equiv PhI(OAc), y
o DCM, 24 °C, 48 h o

_______________________________________ 9 Yo .
I t-Bu | . t-B
N N t-Bu N u
7 /j y
@) o) t-Bu O
90% 92% 98%
Ph
B | H B 0O
rsso) 4 | ol \J
0 o) |
t-Bu
62%, 93:7 dr 65%, 99:1 dr 98%, 99:1 dr

Giri, R.; Chen, X.; Yu, J. Q. Angew. Chem., Int. Ed. 2005, 44, 2112
5 mol% Pd(OAc),

7 N\ 2.4 equiv CuCl, /7 N\
—N MeCN, 100°C, 12h ~ \=\
30% cl

Kalyani, D.; Dick, A. R.; Anani, W. Q.; Sanford, M. S. Org. Lett. 2006, 8, 2523

10 mol% Pd(OAc), Cl

H 2 equiv Cu(OAc), H
N 2 equiv CuCl, N\n/
©/ 701/ MeCN, 100 °C, 12h S

80%

Wan, X.; Ma, Z.; Li, B.; Zhang, K.; Cao, S.; Zhang, S.; Shi, Z. J. Am. Chem. Soc. 2006, 128, 7416



AN 10 mol% Pd(OAc),

A
| 1.5 equiv F*
~ > ~
N CeHs, 1 wave N
H  110°C, 1h F
CH,Cl
N+ - F
< . BF PhO,S.. _F
74 NF </ \:N—F [%j [BF4T, AQ;I/\F 2 'Tj
— BFy =/ BF, N7 SOzPh
|
F
75% 15% 16% 3% 9%
R R
X 7 N\ 10 mol% Pd(OAc
| . N—F ° | _
N/ — BF, CgHg, p wave N
110 °C, 1-4h
’ F
R=H 75%
R=Me 57%
R=F 49%
R=Br 53%
10 mol% Pd(OAc),- 2H,0
NHTF 4 \N+—F 0.5 equiv NMP . NHTf
—  OTf DCE, 0.5 h, 120 °C .
82%

Hull, K. L.; Anani, W. Q.; Sanford, M. S. J. Am. Chem. Soc. 2006, 128, 7134
Wang, X.; Mei, T. S;; Yu, J. Q. J. Am. Chem. Soc. 2009, 131, 7520



C-N Bond Formation

O:( 5 mol% Pd(OAc),
1 equiv Cu(OAc),

OY
1 atm O, _ N
O O toluene, 120 °C
18 h, 94%

biq
N Pd(OAc),

YV ||3d OA Pd’]
O] ROy 0 O

Wacker-type

Oxidant, 2 equiv AcOH

Tsang, W. C. P.; Zheng, N.; Buchwald, S. L. J. Am. Chem. Soc. 2005, 127, 14560



|
i-Pr
O _i-pr 10 mol% Pd(OAc), N
N 1.2 equiv PhI(OAC), O
toluene, rt, 12 h B O
71%

Jordon-Hore, J. A.; Johansson, C. C. C.; Gulia, M.; Beck, E. M.; Gaunt, M. J. J. Am. Chem. Soc. 2008, 130, 16184

® o

10 mol% Pd(OAc),

1 equiv Cu(OAc), A\
x_NHTs >
O DMSO, 80 °C, 24 h,84% N

10 mol% Pd(OAc),
H 1.5 equiv CuCl,
N\O/ 2 equiv AgOAC .

O DCE, 100 °C, 6 h, N, 94%

C),Z

Inamoto, K.; Saito, T.; Hiroyo, K.; Doi, T. Synlett 2008, 3157



5 mol% Pd(OAc)2

1.2 equiv H,NCO,CH3

SNON 5equivK,S,05
DCE, 80 °C, 16 h, 93% NHCO,CH,

H3CO,CHN \N NHCO,CHj,
NS
—N | NHCO,CHj; -~ 0~
92% 87% 83% 93%
~

5 mol% Pd(OAc),

o 5 eqUiV K28208 H H 0
NH, 3 equiv CH;0H . N\n/o\ ortho-methoxylation . \[( ~
O O

DCE, 75°C, 16 h

Thu, H. Y; Yu, W. Y; Che, C. M. J. Am. Chem. Soc. 2006, 128, 9048



C-C Bond Formation

5 mol% Pd(OAc),

7\ 1.15 equiv [Phol]BF, /7 \
—N AcOH, 100°C, 12 h, 88%  \—=\
______________________________________________________________ PR .
Ph
COMe H
X
& 7N CHO | W
—N —N N
91% 51% 72% Ph 48% 67%
Oxidant resting state
+ -
Mes—!-—ﬂ';lx
— Ph (26)
arpy= ¢
— . . _
N +1 equiv l-1 equiv
Ay (b Ay BT -
N | IFG
Arpy - 2 equiv Ay - B Mes-ipx A de{;\y
Pd! — CPdTS - = ;
=~N" TOAc o equivArpy ~1= "N \'g/r rate -9,
<~ (24) -~ determining ~Pd"”
) (25) step =N~ + ™0
2 equiv ES @7
Catalyst resting state

Kalyani, D.; Deprez, N. R.; Desali, L. V.; Sanford, M. S. J. Am. Chem. Soc. 2005, 127, 7330
Deprez, N. R.; Sanford, M. S. J. Am. Chem. Soc. 2009, 131, 11234



Piv., 1.5 mol% Pd(OAc), Piva\n

2.2 equiv Phl Ph Ph
2 equiv AgOAc
CF3COOQH, 120 °C, 3

=

COOMe COOMe piy.

Piv\NH
. NH
Piv.

9Sye "

Br Br

Daugulis, O.; Zaitsev, V. G. Angew. Chem., Int. Ed. 2005, 44, 4046

Shabashov, D.; Daugulis, O. Org. Lett. 2005, 7, 3657

Zaitsev, V. G.; Shabashov, D.; Daugulis, O. J. Am. Chem. Soc. 2005, 127, 13154
Yang, F.; Wu, Y.; Zhu, Z.; Zhang, J.; Li, Y. Tetrahedron 2008, 64, 6782

Chiong, H. A.; Pham, Q. N.; Daugulis, O. J. Am. Chem. Soc. 2007, 129, 9879



2 equiv Phl
10 mol% Pd(OAc),

1 equiv Ag,CO3 Ph Ph._ Ph
1 equiv KobHPO,
Et OH > equivNaOAc _  Et OH 4+ Et OH
O t-BuOH, 100 °C, 3 h o] O
4:1
72%

Giri, R.; Maugel, N.; Li, J. J.; Wang, D. H.; Breazzano, S. P.; Saunders, L. B.; Yu, J. Q. J. Am. Chem. Soc. 2007, 129, 3510

10 mol % Pd(OAc), O
WNHCGFS 20 mol % Ligand PCy,*HBF
o 3equivCsF Ligand = . 4
L toluene, 3 A MS
_i:;: ,::f-‘—l No, 100 °C, 24 h
(78%)

(84%)

Wasa, M.; Engle, K. M.; Yu, J. Q. J. Am. Chem. Soc. 2009, 131, 9886



5 mol% Pd(OAc),

7\ 2 equiv Oxone N
—N i-PrOH, 25°C, 17 h
86%

Hull, K. L.; Lanni, E. L.; Sanford, M. S. J. Am. Chem. Soc. 2006, 128, 14047



5 mol % PdCl,

NMe, | o, 1 equiv Cu(OAc), ©i\NMe2
L ACOH/TFE 60,80

85°C, 48 h
(86%)
©:\NMe2 (‘)i\we2 (I\NMeg NMe, NMe,
ZCoMe Z~CONH, ZSCON\ ZCOLEL Z>C0,Bn
(66%) (82%) (54%) T (<10%) (86%)
Cai, G.; Fu, Y;; Li, Y.; Wan, X.; Shi, Z. J. Am. Chem. Soc. 2007, 129, 7666
hlfle
MeO N Me Me
N 10 mol % Pd(OAc), .
O 1 equiv AgOTf MeO N w/ Me
1 equiv K5CO5 O (52)
Br - toluene, 70 °C, 15 h X
o o - Si(-OPY)
Si(OP1)s (93%) 3

Tobisu, M.; Ano, Y.; Chatani, N. Org. Lett. 2009, 11, 3250



Outlook

* New Directing Groups

 New Oxidants

« Asymmetric C-H Bond Activations
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