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1. Introduction:

- = cyclopropanations
)NJ\Z MLn jﬂ-“ — C-H insertions
R” R -N; R™ R’ ylide formations

M = Rh(ll), Cu(l), etc.

transition metal

catalyst
R—M + X—R' > R

M = Mg, B, Sn, Si, etc
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2.1 Pd catalyzed cross-coupling with diazo compounds

Early studies:

2.5 mol% Pdy(dba)s
H SiMe 20 mol% AsPh
3 0 3 » Ar/\

x +

N, 2 equiv. 'ProNEt
X=Cl, Br DCE, reflux 24-60%

N

Ar

D. L. Van Vranken, et al. Tetrahedron, 2001, 57, 52109.




1 mol% sz(dba )3

Ar
NNHTS3 2 mol% Xphos 3
] R* + Arx - RN
R , 2.2 equiv. LIO'Bu ke
R A, dioxane
R' = H, alkyl or aryl; 16 examples
R2,R%=H, alkyl; X = Cl, Br 52-98%
¢ 1‘/- Pd"H
i F~p Al I |
N2 ArPd! Q| 9 Ar Pd
RS —— RS —»> &/R3
R’ R R
| AR B R cR

J. Barluenga, et al. Angew. Chem., Int. Ed. 2007, 46, 5587.




Cross-coupling with aryl- or vinylhaildes

’ CO.Et 5 mol% Pd{PPh3)4
2 1.5 equiv. EtsN COsEt
N+ T . P ’

N, 1.0 equiv. Bu,NBr R N,
acetone, 35 °C

R-Pd' COEt R-Pd' _CO,Et

EDA S
RI = R-Pd-| — @ - T
H N H
A B D
¢base
R\n/COZEt | _\<COzEt
47— R-Pd
N2 N2
Pd’ c

J. Wang, et al. J. Am. Chem. Soc. 2007, 129, 8708.




Cross-coupling with arylboronic acids

2.5 mol% Pd(PPh3)y

R O 5 equiv. 'ProNH R O
1.5 equiv. BQ ™
. - N ArB(OH)2 - R R"
PhMe, 80 °C, 15 min
N, Ar
21 examples
Apgl 44-97%
A
R O
ROopl[~ R 5 PdO e
_Pd Pd"
i Ar B C -
ANHT 5 mol% Pd(PPh3)4 Ar'
3. 10 mol% CuCl, O, xR
Ar R" + ArB(OH), A
I 5 equiv. LiO'Bu R
. 0]
dioxane, 70 °C 28 examples
30-84%

J. Wang, et al. J. Am. Chem. Soc. 2008, 130, 1566.
J. Wang, et al. Chem Commun. 2010, 46, 1724.




Cross-coupling with benzyl halides and allyl halides

2.5 mol% Pda(dba)s
NNHTs ~, _20mol% P(2-furylly_ /[Ar

: + Ar X ”
R R 3 equiv. LiIO'Bu R

X =Br, Cl PhMe, 80 °C R

Ph
\/E/ l P NP L AN NP

75% 67% 77% 87%

J. Wang, et al. Org. Lett. 2009, 11, 4732




)R\/\ 2 5 mol% Pd(OAc) R 7
" 2
Ny AR IIIRRAONE I NP
_ EtzN, CH3CN
X=ClI, Br O 5 G Ar
26 examples

l 50-77%, E:Z > 20:1

J. Wang, et al. Chem Commun. 2008, 44, 4198
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Cross-coupling with terminal alkynes

5 mol% Pd(OAc),

NNHTs 20 mol% P(2-furyl)s | |
R + H—R" >
R BQ, LiO'Bu SR
1,4-dioxane, 90°C R
(R 1 | zzE> 20:1
\P I i N I
(P — N _Pd
R’ R’
i R i
5 |
X__Ph O X { X_oH
Ao
NO, 68% 71% OMe 61%
. 5 mol% Pd(OAc), R
)JZ\/R 20 mol% P(2-furyl) |
. ¢ RA—— . >
R BQ, PpNH R0 N -
PhMe, 80 °C
6 examples, 27-71%
E:Z> 20:1

J. Wang, et al. Angew. Chem., Int. Ed. 2011, 50, 3510.




Migratory insertion of allenyl group

O0CO.Me ﬁ Ng9 10 mol% Pdx(dba)s Ph H
_ 2 N” "Ts 1.0 equiv. BnEtsNCI
PhﬁL . 1 |
ol T ph 2.2 equiv. Cs,CO4 ipr
dioxane, 80 °C Ph
¢ 64 % 1
| Ph H oh 7
Ph H ,\:.:< | o ]
“>:':<. —» kpldy Pr —»
Pd iPr |
! /I\Ph Ph ipr |

Y-M. Liang, et al. Chem.--Eur. J. 2011, 17, 6918.




e

Migratory insertion of cyclopropyl groups

2.5 mol% [PdCl(alyll)]»

NNHTs
10 1% Xph
I: B + mol% Xphos )Ph\N
Ph Ph 032003 (4 eC]UiV) Ph
MeCN, 80 °C, 4 h
! 0% i

| Ejfajcx — > Péﬁ;i?t> -——a»Ph\T¢¢\V/A\Pd”-

Ph” "Ph Ph” “Ph Ph

J. Wang, et al. Org. Lett. 2012, 14, 922.
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2.2 Pd catalyzed multi-component cross-coupling reaction

R
path}y /J\

R R Pd"

\P il
L)& - X R'M o
R Pd'-R R R
path b )< — X




2.5 mol% Pdy(dba)z

NNHTs 7.5mol% Cul ~ Ar
+ R—== + ArB - =R
Ar)J\H rer 10 mol% XPhos Ar

LiO'Bu, PhMe, 90 °C

21 examples
21-84%

A lLiofBu
Ar Pd"\
D \R y\ArANZ
ArS L
Pl (hS
"*’/A H
R——=Cu Ar Ar r B

@ J. Wang, et al. J. Am. Chem. Soc. 2010, 132, 13590.




Ar
( — N 5 mol% Pd(PPha), Ar\ CO,Me
J/ *Ar Aco Me . > X
0”0 2 3.0 equiv. KoCO4 =

toluene, 90 °C  Ar

iPdO TT
//Pd” — // ”

Y-M. Liang, et al. Angew. Chem., Int. Ed. 2012, 51, 1370.




5 mol% Pd(PPh3)4 @)
N> 2 equiv. Ef3N
Arl + )J\ + Et3SiH > Ar
R CO5R! CO balloon

DCE, 60

COsR!

R

°C 18 examples
43-88%

| =

b ot
I ﬁ)p )JO\ é,.Ar QPEL!I _,O%‘)VCOZMe
ArPd | R

Ar” “Pd'
_ r R” COMe  Ar

J. Wang, et al. Angew. Chem., Int. Ed. 2010, 49, 1139.




@ \ o] R’
- C3Na _N,R 2.5 mol% Pdy(dba); N—N’
N, N +
RN Ts Ar/_ CO balloon —k
DCE,60°C R Ar
@) Me @) Bn @) Me
\_ / ,
o ) i Ph&‘\‘ Ph  p-CICH;  Ph
93%; >95:57 84%; >95:52 96%; >95:52
@) Me
N—n On  Me Oy_, -PMP
N—N N
Me
76%; >95:5°2 81%; >95:52 76%; >95:5°
%rans to cis ratio; PMP: p-MeOCgHs-
J. Wang, et al. J. Am. Chem. Soc. 2011, 133, 4330.




@ Na@
N, Ar Ar'
Ar H \ )J\ 15 K
8 Ar H N
Ar ‘\Ar' Ar Ar' + o R trans-12
[ | ’ | Pd(CO)L favored
N and/or N A n
@) R O . R C0O
trans-12 cis-12 path-a ';
favored H. Ar
CcO Pd(CO)L, LPd f\) i
Ar Ar' Ar,  Ar Ar” _H o0 N
g { Y o
N-o5 and/or N~
O 4 R = = R * ) isomerization
G Ln LI'I F O
Ar' H
favored B
wPdL, L.Pd g -H
C

Ar H k_/ 00 N
ath-c r ® R
P 0 path-b D \ Ar

—N direct ]:(
Ar' /:1 ring N\

closure 9]

@ J. Wang, et al. J. Am. Chem. Soc. 2011, 133, 4330.

Ar'

R
cis-12

/




2 mol% Pd(PPh3)4

0@ Cs,CO4 O
NNHTs + C=N-Bu , -
1,4-dioxane-H,O NHBuU

1.0 equiv 1.1 equiv 75%

| o b0

[y
0 E fBu /BU
Pd Pd — C=N

Q. Cai, et al. Chem.--Eur. J. 2011, 17, 12268




‘2. cross-coupling reaction catalyzed by other Metals
OW/\WQ

N N
(x)

CU(MGCN)4PF6 n
(5 mol%) R R

R
NNHTs + =R" >~ =

1, 4-dioxane, 90°C %

R R
R
A Rg R c
Ph H Ph Ph H Ph H
Me Me Me
/\:!:23 %OMGME / S
S
87% 87% 86% 71%
Bu!
Ph H CO MeO
>__,_< H
n H H
Ph
Me Ph Me Ph
54% 69% 76% 67 %

J. Wang, et al. Angew. Chem., Int. Ed. 2011, 50, 1114.
@ J. M. Fox, et al. Org. Lett. 2011, 13, 2388.




H———R
Ar H ¥
cat. Cu'
base
Ar\‘ H
Y H R %
(X - X
XH Ph
_ I_ _ R
Cu

S
Seas N (a2
XH

| -

J. Wang, et al. Tetrahedron Lett. 2011, 52, 5484.
@ J. Wang, et al. Org. Lett. 2011, 13, 968.

J. Wang, et al. Org. Lett. 2011, 13, 5020.




: 20 mol% Cul

LiO'Bu AN
>=NNHTS + =—si > )—=si
R'

1,4-dioxane
R'
Si = SiMe; or Si'Pry 90-110 °C
¢LiOtBu Sj TH@
N N\ s
2 _Si—=—cu_ 05 N\ cu
R g
R R R' R R'

R
Ph

™S O ™S ™S
R = Et, 69%

R =| —<], 51% 61% 69%

C%@N /\/‘\ <giTIPS
=—TMS

89% 64%
H 539
= = O
)2
90° 93% 76%

@ J. Wang, et al. J. Am. Chem. Soc. 2012, 134, 5742.




NNHTs
SN AN 9 o R
§ ! ! s~ L
N7 X '\\ ’) L|O BU ~_- O —
~ PhMe or dioxane N y
X=N,S 110 °C, 1.5 h o

o) Ph Ph
84%, 75% 64%
MeO
N\ Ph N N Me
A\ A\ Me
O o o _
66% 48% Me 48% Me
Cl
Me N N Me Me N Me
T~ I T~ e
Me S S Me S
54% 86% 70%
Cl Cl

@ J. Wang, et al. J. Am. Chem. Soc. 2011, 133, 3296.




Rh catalyzed cross coupling reaction

2 mol% [Rh(cod)OH]

N, o/ °Koféu ? Me0,C, R
+ Ar'—B\ + R—X : '
Ar” "CO,Me 07\ MTBE, 40 °C, 4 h Ar- Ar
21 examples

l 15-88%
[ ®0 T )

Ar?ah' o XyOMe ko K0 ome
A Ar' -

_Ar . COsMe r i r RH-O'Bu Ar Ar ]

W.-Y. Yu, et al. Org. Lett. 2011, 13, 5370.




Ni and Co catalyzed cross coupling reaction

Me\©:z\>_H + é

NNHTs NiBro/phen g

(10 mol%)

- O

86%

LiO'Bu
1,4-dioxane
100°C,8h

NNHTS  coBr,/phen

(10 mol%) /[
> Ph
LiO'Bu

1,4-dioxane 71%
120°C, 7 h

M. Mirua, et al. Angew. Chem., Int. Ed. 2012, 51, 775.
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Mental free cross coupling reaction

NN

R1

—_

HTs

R2

R2

+

3B K2CO3
R"B(OH >
(OH)2 dioxane, 110 °C R R?
up to 99% yield
R3
i. TSNHNH;, dioxane, 80 °c‘
ii. R®B(OH)2, K2CO3, 110°C R "R?
up to 99 % yield
I
N+
3
RB(W R%.) _OH N2
- R’ I?"‘IDH \
ﬁ+ i R
IV
1
R R
Ny VI

s

Rﬁsz R°B(OH )2

Vv

R

1
. _ AC.'IH
2 g
E[! OH
3

/

R

Vi
J. Barluenga, C. Valdes, et al. Nat. Chem. 2009, 1, 494.

R 3
2J\'”B(UH}2 — j\
R F€3 RE R2

Vil




Summary

M = Mainly Pd and Cu
R—X Rh, Ni, Co with a few cases

R
R = Ar, vinyl, alkynyl, allyl... M )\/R"
Rl
R
\
M

Shapiro type product

/

X

N, E* R M

" E= H+, Ar-X )Q/R"
R')J\/R Rl

R

~
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