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Diazo Compounds and N-Tosylhydrazones:
Novel Cross-Coupling Partners in Transition-
Metal-Catalyzed Reactions
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. Can cross-coupling and metal carbene transformations bemerged into a single reaction cycle?

MLn

Cross Coupling
involving Metal Carbene

. How many kinds of transition metals are effective in this cross-coupling reaction?

Pd, Cu, Rh, Ni, Co...

. The perspective of this novel cross-coupling compared with classic ones.

Heck-Mizoroki reaction, Shapiro reaction...



Conspectus

.............................................................................................

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

--------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------

transition metal catalyst
R—M + X—R' » R—R'

M = Mg, B, Sn, Si, etc

.............................................................................................

N, MLn MLn Cyclopropanations
> C-H insertions :
-N, )]\ = Ylide formations :
R R' R R' :



Standard Cross-Coupling vs the Coupling Involving a Carbene Process
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Pd-Catalyzed Cross-Coupling Reaction between Benzyl Halides and TMSCHN,

H 2.5 mol% sz(dba)g

SiMes 20 mol% AsPhs

A Dx o+ \”/ - > AT
N 2 equiv. 'ProNEt

X=Cl, Br 2 DCE, reflux 54-60%
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Van Vranken, D. L. et al. Tetrahedron 2001, 57, 5219-5225
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N-tosylhydrazones: generate unstable diazo compounds in situ
-

H ) © _
| LiO'Bu -MeCgH4SO, 3
R’ 1
2 i R2
R | R2 i

N-tosylhydrazones have been proven to be very useful for the in situ generation
of nonstabilized diazo compounds through Bamford-Stevens reaction.



Pd-Catalyzed Cross-Coupling of N-Tosylhydrazones

NNHTs 1 mol% Pd,(dba)s Ar
3 2 mol% Xphos 3
R R +  ArX 2 7P =] xR
2.2 equiv. LiO'Bu
R? heat, dioxane R2
R'=H, alkyl or aryl; 16 examples
R2, R3 = H, alkyl; X = Cl, Br 52-98%
l T/ Pd"H
N2 Arcpd“ Ar. Pd”
R®  Arpd! | RS
R — RE —— R
R2 R2 R2
_ R 5 . |

Barluenga, J. et al. Angew. Chem. Int. Ed. 2007, 46, 5587-5590
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Pd-Catalyzed Cross-Coupling of Vinylhalides with EDA

5 mol% Pd(PPhs),

— H\”/002Et " ooy, ELN _ COLEL
" >
R ! N2 1.0 equw. ”Bu4NBr R N2
acetone, 35 °C
% CO,Et EtozC\/\H/COZEt EtOZCWCOZEt
N
EtO O 2 N, N,
86% 759, 669%
O 0
P CO5Et = CO,Et Cot
Ph 5
N, N, L
> 48% 78%

Wang, J. et al. J. Am. Chem. Soc. 2007, 129, 8708-8709
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The Mechanism of Pd-Catalyzed Cross-Coupling of lodides with EDA

R—Pd' okt —pd"
EDA 2 R Pd\ CO,Et
RI —> R—Pd'— > H y —f> \]/
2
® H
A B D
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R CO,Et COEt
\n/ 7— R—Pd”—<
NZ N2
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C

Wang, J. et al. J. Am. Chem. Soc. 2007, 129, 8708-8709
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Pd-Catalyzed Oxidative Cross-Coupling between Boronic Acids and a-Diazocarbonyl Compounds
-

2.5 mol% Pd(PPhs),

RO 5 equiv. 'Pr,NH RO
R mn *+  ArB(OH), 1.5 equiv. BQ - Y "
PhMe, 80 °C, 15 min
N2 Ar
21 examples
44-97%
\ArPd”
R' O R' O
R%R" —_— R%Ru - Pdo — Pd”
Pd \ A" Spgl
Ar

Wang, J. et al. J. Am. Chem. Soc. 2008, 130, 1566-1567
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Pd-Catalyzed Oxidative Cross-Coupling between Boronic Acids and N-Tosylhydrazones

Ar

NNHTSs

Rl

+ Ar'B(OH),

5 mol% Pd(PPhs), Ar
10 mol% CucCl, O, _ SR
5 equiv. LiO'Bu Ar
dioxane, 70 °C R
28 examples
30-84%

Wang, J. et al. Chem. Commun. 2010, 46, 1724-1726
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Pd-Catalyzed Cross-Coupling between Benzylhalides and N-Tosylhydrazones

2.5 mol% Pd,(dba); Ar
NNHTs o~ 20 mol% P(2-furyl)s
)J\ A X — > |
R R' 3 equiv. LiO'Bu '
X = Br, Cl PhMe, 80 °C R R
l 67-87%
_ A~ Ar 7
N, Ar/\PdII Ar (\ Py pd'l
J e A —
R” "R R™ R R R

Wang, J. et al. Org. Lett. 2009, 11, 4732-4735
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Pd-Catalyzed Cross-Coupling between Benzylhalides and Diazo Compounds
-

sz(dbﬂ)g'CHClg
ASPh3
e

'PrNEt,, CgHg
80°C,12h

up to 74% yield

Van Vranken, D. L. et al. Tetrahedron 2005, 61, 6438-6441

sz(db&)g'CHClg

Ar? CO,Me CO,Me
g - \n/ PP~ Arl/\(
Na2003

N, Ar?
80°C, 3h _
E/Z ratio >20:1
up to 88% yield

Yu, W.-Y. et al. Org. Lett. 2009, 11, 469-472
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Pd-Catalyzed Cross-Coupling of Diazo Compounds with Allylhalides

R N, R 0
" 5 mol% Pd(OAc
)\/\ + R o Pl 2 > X N "
R X Ar EtsN, CH5CN R R
o) 25°C Ar

X =Cl, Br 26 examples

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

| |

RO
T - -

Ar COR" Ar COR" Ar COR"

Wang, J. et al. Chem. Commun. 2008, 4198-4200
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Pd-Catalyzed Oxidative Cross-Coupling of N-Tosylhydrazones with Terminal Alkynes

RII
5 mol% Pd(OAc),
NNHTs 20 mol% P(2-furyl); | |
, + H——=——mR" >
- R BQ, LiO'Bu
1,4-dioxane, 90 °C R xR
42-83%
Z:E >20:1
- R" " ]
R
\ \
| P — N Pd"
R R
L R B
R
N 5 mol% Pd(OAc),
2 20 mol% P(2-furyl); |
W g+ = - -
RO,C BQ, 'Pr,NH ROL™ "
PhMe, 80 °C R"
27-71%
E:Z >20:1

Wang, J. et al. Angew. Chem. Int. Ed. 2011, 50, 3510-3514
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Migratory Insertion Allenyl Group in Pd-Catalyzed Reaction

®
© Na

OCO,Me N

7N

Ph—— s+ NOTTs

ol F M

o Ph

I Ph

dll

Ph H
>==< . —> pg
, A_Pd Pr 'Pr
P 'Pr )I\

I i
Ph B

10 mol% Pdy(dba); Ph H
1.0 equiv. BnEt3NCI
>
2.2 equiv. Cs,CO3 iPr
dioxane, 80 °C
64% Ph
H Ph H |

Ph

Liang, Y.-M. et al. Chem. Eur. J. 2011, 17, 6918-6921
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Migratory Insertion Cyclopropyl Group in Pd-Catalyzed Reaction

Ph

o

Ph

—

2.5 mol%[PdCl(alyll)],
10 mol% Xphos

ry o
Pd'\/

Ph

Cs,CO3 (4 equiv.)

PhW

MeCN, 80°C, 4 h Ph

Ph

40%

— PhWPdll

Ph

Wang, J. et al. Org. Lett. 2012, 14, 922-925
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Migratory insertion/B-hydroxy elimination sequence in Pd-Catalyzed Reaction
-

N2 Ar COzEt
HO 2.5 mol% Pdy(dba)
. 2 3
CO,Et 10 mol% Xphos
+ Arl ) >
3 eq. 'ProNH
THF, 70 °C, 24 h
R R
up to 86% yield

Wang, J. et al. Chem. Commun. 2011, 47, 3622-3624
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B-Hydrogen Elimination vs Transmetalation

R

path a
R
R_ Pd'

(e — o<

R'M
R R'

R_ Pd—R
N T >

In the catalytic cycle of the cross-coupling reactions described above, the alkyl
palladium species, which are formed by migratory insertion, typically undergo B -
hydrogen elimination to give rise to the final products with the formation of C=C.
However, when the B -hydrogens are not available, it may be possible to undergo a
cascade process, such as a transmetalation with an organometallic reagent and
subsequent reductive elimination to form two separate C-C in a carbenic center.
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Pd-Catalyzed Three-Component Cross-Coupling Reaction
-

2.5 mol% Pdy(dba)s .

A
NNHTs 7.5 mol% Cul '
)I\ + R—== + ArBr > — R
Ar H 10 mol% Xphos

LiO'Bu, PhMe, 90 °C Ar

21 examples
21-84%
Ar'
Y =——R Pd° Ar'Br
Ar
A SNNHTs
Ar'
pdl————-R oAl
ArPd lLiO’Bu
Ar
Ar/kN2

Ar'\
- Ar' Pd'
R—————Cu >—Pd” (ﬂ(j
~—
Ar

Wang, J. et al. J. Am. Chem. Soc. 2010, 132, 13590-23591
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Pd-Catalyzed Decarboxylation/Migratory Insertion/Reductive Elimination Cascade

Ar
| ot
Ar' CO,Me
O @)

l e
V\Pd” /01/

Ar

—
-CO,

5 mol% Pd(PPhs),

~

3.0 equiv. K,CO43
toluene, 90 °C
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/
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Liang, Y.-M. et al. Angew. Chem. Int. Ed. 2012, 51, 1370-1374
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Pd-Catalyzed Carbonylation/Acyl Migratory Insertion Cascade

Ny 5 mol% Pd(PPhy), Q
2 equiv. EtzN '
Arl )J\ +  EtsSiH d 3 - Ar)k(COZR

R™ COR CO balloon
DCE, 60 °C R
18 examples
43-88%
l T Et3SiH
_ o -
o )j\ Pd"
CO I

ArPd!  —— " — A (\r 4 — O CO,R'

Ar P )\ R
R CO,R' Ar

Wang, J. et al. Angew. Chem. Int. Ed. 2010, 49, 1139-1142
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Pd-Catalyzed Carbonylation Staudinger Cycloaddition: B -Lactam Synthesis

N [Pd] co —
2 TN [Pd] —— )==C=0
[Pd]

N5

® © R

R’ d

« ﬁ Na . _N/ 2.5 mol% sz(dba)z> \_N

R/\N/ s A / CO balloon ~_k

r DCE, 60 °C R Ar
up to 96% yield
d.r. >95:5

Wang, J. et al. J. Am. Chem. Soc. 2011, 133, 43304341
ACS Catal. 2011, 1, 1621-1630
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Pd-Catalyzed Amidation of N-Tosylhydrazones with Isocyanides

©_® Cs,CO3
C=N—"Bu ; >
1,4-dioxane-H,0O
7504 NH'Bu

Ding, K. et al. Chem. Eur. J. 2011, 17, 12268-12271
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Cu()-Catalyzed Coupling of N-Tosylhydrazones with Terminal Alkynes

5

Cu(MeCN)4PFg (5 mol%)

C82CO3
1,4-dioxane, 90 °C

Rl

54-87%

RII

Wang, J. et al. Angew. Chem. Int. Ed. 2011, 50, 1114-1117
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Cu-Catalyzed Synthesis of Benzofurans, Indoles, and Phenanthrenes

/_¢Cu'
$ R
A m - @j
XH XH X R
X =0 or NH
NNHTs | /
)J\ C?);SC;U Ar H
Ar H —— >:<
+
H R \ . =
H———R N
_ ) \>
Ar = - >
Ph

Wang, J. et al. Org. Lett. 2011, 13, 5020-5023
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R-—CulLn R CulLn R

& migratory insertion protonation
NS - - A

The sequence of migratory insertion/protonation from Cu(l) carbene, provides a
new possibility for C(sp?)-C(sp?) and C(sp)-C(sp?) single bond formation.
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Cu-Catalyzed C(sp)-C(sp?3) Bond Formation

R 20 mol% Cul R
_ LiO'Bu ,
NNHTs + =—Si > —Si
: _ 1,4-dioxane ,
R Si = SiMe5 or Si'Pr3 90-110 °C R 51-93%
LiO'Bu T H®

Wang, J. et al. J. Am. Chem. Soc. 2012, 134, 5742-5745
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Cu(l)-Catalyzed Direct Benzylation or Allylation of 1,3-Azoles with N-Tosylhydrazones

NNHTs
N ,""\)I\R 10 mol% Cul N R
E | \>—H + : > | A\
L S LiO'Bu ey
™ X ™ PhMe or dioxane ™ Eiah
X=N,S 110°C, 1.5 h ‘ z

48-86%

Wang, J. et al. J. Am. Chem. Soc. 2011, 133, 3296-3299
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Rh(l)-Catalyzed One-Pot Three-Component Reaction

)]\ T
\

+ R—X

2 mol% [Rh(cod)OH],

@) OMe
Ar Ar'

t MeO,C R
KO'Bu - 2><
MTBE, 40 °C, 4 h Ar Ar'
21 examples
15-88%
® © |
KO'Bu KO\ OMe
| ; . | R—X
Rh'-O'Bu Ar Ar'

Yu, W.-Y. et al. Org. Lett. 2011, 13, 5370-5373
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Ni- and Co-Catalyzed Reaction
-

NNHTs
Me

Me N . N
NiBr,/Phen(10 mol%) N\

S L
S LIO'Bu o

1,4-dioxane
100 °C, 8 h 86%

NNHTs N

\ |\
/ \ CoBr,/Phen(10 mol%) I
Ph/()\ ’ > Fh

H LiO'Bu O
1,4-dioxane
120°C, 7 h 71%

Miura, M. et al. Angew. Chem. Int. Ed. 2012, 51, 775-779
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Summary-Comparison of Migratory Insertions
-

Heck-Mizoroki reaction(Alkene insertion):

- LnPd R
LnPd—R + =— —» Ln{’g )R —
Carbonylation (CO insertion):
O
— /
LnPd—R + :C=0 —» L”'Qﬁ) R — LnPd—C_
G R
Il
O
Carbene insertion:
J/ LnP\d ) R
_ : — I — LnPd—C—
LnPd—R + C\ C \



Summary-Cross-Coupling with Carbonyl: Triflate Approach vs N-Tosylhydrazone Approach

R
3\70Tf cat. Pd°
R ArM
R R'
g:o g\fAr
R R
Rl
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Summary-Alkene Synthesis : Shapiro Reaction vs Pd-Catalyzed Cross-Coupling
-

BuLl : / : :
Shaplro reaction ®
E=H, O

) e e Ay

( Par- P!

R' NNHTs

l LiO'Bu or Cs,CO4

E = Ar, vinyl, alkynyl, allyl---
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Summary-Deoxygenative Transformation of Carbonyl Group into C-C or C=C Bonds

A~

NNHTs |
cat. Cu

Q
A Ar

b
rH

Rl

H———R"
/ R R

or
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