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B Annual Published Items on the Topic of Transition-Metal-Catalyzed Cleavage of C-N Single Bonds



Simple N-containing compounds
1) Unactivated C—N bonds

K 'Y
R—NH, N/ N/ RN NRy Rz 2
* RUSR RN AR ™ ‘ 'T R
R1
2) Activated Ar—NHNHR
C—N+bonc{s R,N—C=N
— R
Al TM%X \W Ar—N=N—NR,
Ar—N=N N /C[)J\
Ts |
| R’ RoN™ TNR,
N/N R R’ j,\
\ R
NA/Z \/ :RZ Me;N~ 07
R N




Main pathways
1) Oxidative addition
[M]

R'-NR, > R'—[M]—NR,
2) Iminium species

Additives

+

C—=NR; > [M]—NR;
[M]

3) Dealkylation of ammonium species

+ [M]
R—NR',R? =

[R']

~ NR',R?

4) f~-Amino elimination

[M]—-('ZHR1

|

N—CH, — v MITNR:
R FI{ H,C=CHR'

5) Insertion/de-insertion 1
+ — [M][/N=C__

R,N—C=N NR,

N IMITAR;
R—C=N




Primary Amines via Oxidative Addition

NH,

: : 1 equiv Pd(OAc),
+ >
HOAc/dioxane (5:1)
60°C,8h

X
X 4

X =H, CH3, OCHj3, Cl, NO, 9-62% (18 examples)

H—Pd— NH3OAc Ar—P d_NH30A°

v

fk } > < Ar—NH
(b roduct
HC C— (byp )

Ar Pd NH30Ac

B Akiyama, F.; Teranishi, S.; Fujiwara, Y.; Taniguchi, H. Aromatic Substitution of Olefins. Arylation with Anilines via the C-N Bond Cleavage in the
Presence of Palladium(ll) Acetate. J. Organomet. Chem. 1977, 140, 67-69.

B Akiyama, F.; Miyazaki, H.; Kaneda, K.; Teranishi, S.; Fujiwara, Y.; Abe, M.; Taniguchi, H. Arylation and Alkylation of Olefins by Arylamines or Hydrazines
via Carbon-Nitrogen Bond Cleavage in the Presence of Palladium(ll) Salts. J. Org. Chem. 1980, 45, 2359-2361.




1.2 equiv R—SO;Na
0.1 mol% [Pd(=-allyl)Cl],
0.4 mol% DPPB

R3
3 equiv B(OH), .
dioxane, 100 °C, 4 h R’ SO,R

R? 7
3 12 z?Ug_%;iE(OH)E 64-95% (29 examples)
R 5 mol% Pd(PPhj) R3
R1/LY\NH 3 equiv B(OH)s :
, 2 dioxane, 110 °C R R
R R2 8

O
J]\/PPh 46-93% (38 examples)
1) 1.2 equiv R = 3

5 mol% Pd(PPh3)4

0
3 equiv B(OH); _ R"WKR
2)HCHO, rt, 6 h 5

2 _pd =
(R®=R"=H) 62-97% (21 examples)

B Wu, X.-S.; Chen, Y.; Li, M.-B.; Zhou, M.-G.; Tian, S.-K. Direct Substitution of Primary Allylic Amines with Sulfinate Salts. J. Am. Chem. Soc. 2012, 134,
14694-14697.

W Li, M. B.; Wang, Y.; Tian, S.-K. Regioselective and Stereospecific Cross-Coupling of Primary Allylic Amines with Boronic Acids and Boronates through
Palladium-Catalyzed C-N Bond Cleavage. Angew. Chem., Int. Ed. 2012, 51, 2968-2971.




PPh, R2
NH PdL, +
12 + B{OH)3
B(OHz)3
HCHDl 3
3 PdL R
9 oo 1 /B(OH);
R R R™ N
- LPd g2 2

B Wu, X.-S.; Chen, Y.; Li, M.-B.; Zhou, M.-G.; Tian, S.-K. Direct Substitution of Primary Allylic Amines with Sulfinate Salts. J. Am. Chem. Soc. 2012, 134,
14694-14697.

W Li, M. B.; Wang, Y.; Tian, S.-K. Regioselective and Stereospecific Cross-Coupling of Primary Allylic Amines with Boronic Acids and Boronates through
Palladium-Catalyzed C-N Bond Cleavage. Angew. Chem., Int. Ed. 2012, 51, 2968-2971.




0 0

I (
R_ﬁ)_OH R3 RFLI—OH Xantphos
H PPh, PPh,
R® NHz 0.1 mol% Pd,(dba); R R* 0
/&T)\ , 0.2 mol% Xantphos =2 O ‘
1 R = 13
R MeCN, 85 °C
R2 69-98%

(23 examples)

B Wu, X.-S.; Zhou, M.-G.; Chen, Y.; Tian, S.-K. Catalytic Allylation of Hypophosphorous Acid and H-Phosphinic Acids with Primary Allylic Amines. Asian J.
Org. Chem. 2014, 3, 711-714.




Primary Amines via Ammonium Species

X NH
CL/\ 2 10 mol% Cu(OTf),
Z 22 O, (1 atm)

o neat, 80 °C, 8 h

R)]\ 65-95% 11 examples

B Huang, H.; Ji, X.; Wu, W.; Huang, L.; Jiang, H. Copper-Catalyzed Formal C-N Bond Cleavage of Aromatic Methylamines: Assembly of Pyridine
Derivatives. J. Org. Chem. 2013, 78, 3774-3782




R
@—< 50 mol% ZnCl, _ @—(
| + Nu—H l

Fe NH, MeCN, 100 °C Fe Nu
< <

26

80-98% (25 examples)

NH, ZnCl,
- " )/_ 26
J/' H*  [ZNCly(NH,)
Nu—H R R

B Zhou, M.-G.; Zhang, W.-Z.; Tian, S.-K. Direct Enantiospecific Substitution of Primary a-Aminoalkylferrocenes via Lewis Acid-Catalyzed C-N Bond
Cleavage. Chem. Commun. 2014, 50, 14531-14534.




Secondary Amines via Oxidative Addition
/\/\/\ /
X7 N + PhCH,NH,
e

H
29
cat. Pd(PPh3), N/
1 equiv HOAc /\/\/\NHCH Ph + k
THF, reflux 2
NHR‘I . NR2R3

5 mol% Ni(COD), or
2.5 mol% [PdCl(r—allyl)],

2p3 - + 1
( + ANRR 10 mol% DPPF (Y HNR
n 10 mol% CF3COOH
THE o B h 7-44% (10 examples)
NR?R? (DPPF)Ni(COD) NHR'
CF3COOH
H,oNR'
HNR?R? Ni(DPPF)
(CF2COOY

B Trost, B. M.; Keinan, E. Pyrrole Annulation onto Aldehydes and Ketones via Palladium-Catalyzed Reactions. J. Org. Chem. 1980, 45, 2741-2746.

B Pawlas, J.; Nakao, Y.; Kawatsura, M.; Hartwig, J. F. A General Nickel-Catalyzed Hydroamination of 1,3-Dienes by Alkylamines: Catalyst Selection,
Scope, and Mechanism. J. Am. Chem. Soc. 2002, 124, 3669-3679.




(R)-TRIP i-Pr

1.5 mol% (R)-TRIP

R 3 mol% Pd(PPhs), R3
)\ MS 5A, MTBE, .
r2” CHO  40°C,8-24h % -Pr
- o)
B then 2N HCI, Et,0 R .«
R4 rt, 30 min i O/. OH
R
R3/\/\N/
H 31
40-89%
(12 examples) \ i-Pr i-Pr |
R4 R1
) 0 Ra/\/\N/_'_ )\
31 + HoNR I H " Rr27CHO

Mukherjee, S.; List, B. Chiral Counteranions in Asymmetric Transition-Metal Catalysis: Highly Enantioselective Pd/Brgnsted Acid-Catalyzed Direct a-
Allylation of Aldehydes. J. Am. Chem. Soc. 2007, 129, 11336-11337.




Secondary Amines RN O
RS
10mol% CuCl R?
o 3 equiv t-BUOOH N\
RTHN argon, CHoCl,, 1t N
\)kRz 9 2Ll \ \
41 a2 R
53-95% (22 examples)
3 + —
R o\ o)
m 10 mol% CuCl, R? R2
N\ 3 equiv t-BuOOH N\
R4 air, CHoClp, 1t N
\ 4
43 R
_________________________________________ 51-91% (24 examples)
t-BUOOH  t-BuOH + H,O o
\ / . R1N\

Oxidative radical deprotonatlon R?

®E> #tBuOOH
RN

@]
1
wm L
41

t-BUOOH and o2

o ©O
3 \ CuCl CuCl, +H20 3
R\ R
N\
N
\ R1NH2 +R'NO, + RIN=NR'

H Wy,

Angew. Chem., Int. Ed. 2012, 51, 3453-3457.

via Iminium or Imine

J.-C.; Song, R.-J.; Wang, Z.-Q.; Huang, X.-C.; Xie, Y.-X.; Li, J.-H. Copper-Catalyzed C-H Oxidation/Cross-Coupling of a-Amino Carbonyl Compounds.




N 0

©/ s R’ Nk
\
N
N
H

5 mol% RuCl,

4 equiv -BuOOH
5 equiv PivOH 45
R N-methylacetamide 34-81% (16 examples)
25°C, 24 h R2

Iz /E

A

Smol% FeCly
10 mol% DDQ
6 equiv -BuOOH

6 equiv PivOH
DMSO, 25 °C, 24 h 50-86% (13 examples)

B Wu, W.; Su, W. Mild and Selective Ru-Catalyzed Formylation and Fe-Catalyzed Acylation of Free (N-H) Indoles Using Anilines as the Carbonyl Source.
J. Am. Chem. Soc. 2011, 133, 11924-11927.




0.05 mol% (TSPP)Rh'!

1 2 H 1 2
R\( R® 2 equiv benzaldehyde I . R\I/R
N 0, (1b BTN |
N~ s 2 (1 bar) Ho NRo 0
MeOH/H,0 = 9:1 2.319%
100 °C, 6 h (10 examples)
o R‘ h R2 ----------------------------------------------- ( (TSPP)RK"
i (TSPP)RR!! R _R2 NaO;S SOy
° % T QL A O
+ /N\
H 3
H  Rh/(TSPPH) R
r!u 50
/‘/ H* Rh(TSPPH) O O
H,0 N 49 R1\[/ R? NaO5S SO;Na
R1 R2 lII/N\ 3
N (TSPP) Rh |l| R
H"f“R3 47

B Yun, L.; Zhen, L.; Wang, Z.; Fu, X. Aerobic Oxidative dealkylation of Secondary Amines in Aqueous Solution Catalyzed by Rhodium Porphyrins. J.
Porphyrins Phthalocyanines 2014, 18, 937-943




Secondary Amines via Ammonium Species

3 2 3
” R R RS R
\ 0
NHTs + | 10 mol% FeCls OQ =2
MeNO,, 80 °C
H R 1
55 R
43-83% (30 examples)
1 O O 2
R>‘NHT )K(\k 10 mol% FeCl3 o R
S + 3 > 1
R? R T, %" bceeocc R“‘MR
R 56 R’
______________________________________________ 39-98% (23 examples)
4 4
R1 R5 R R\S R 1
>\ ) o R2 10 mol% FeCl; R
NHTs + A MeNOZ, 90 OC @‘ 5
R? R
3
57 R

59-89% (20 examples)

Liu, C.-R.; Li, M.-B.; Yang, C.-F.; Tian, S.-K. Selective Benzylic and Allylic Alkylation of Protic Nucleophiles with Sulfonamide through Double Lewis Acid

Catalyzed Cleavage of sp® Carbon-Nitrogen Bonds. Chem. - Eur. J. 2009, 15, 793-797.
Liu, C.-R.; Yang, F. L.; Jin, Y.-Z.; Ma, X.-T.; Cheng, D.-J.; Li, N.; Tian, S.-K. Catalytic Regioselective Synthesis of Structurally Diverse Indene Derivatives

from N-Benzylic Sulfonamides and Disubstituted Alkynes. Org. Lett. 2010, 12, 3832-3835.
Yang, C.-F.; Wang, J.-Y.; Tian, S.-K. Catalytic Decarboxylative Alkylation of B-Keto Acids with Sulfonamides via the Cleavage of Carbon-Nitrogen and

Carbon-Carbon Bonds. Chem. Commun. 2011. 47. 8343-8345.




Secondary Amines via o-metathesis
= “Br
x._Br

2 mol% Pd(OAc),
5 mol% L1

+ 3 equiv LiOt-Bu

/— \ toluene, 110°C, 12 h 60 Et O Et
HN X 59-90% (13 examples)

/
Q = (CH2),X(CHyp),, X = CH,, CHCHS, O. O PPh,

/

N—Q=—N x| Et_ FHE
_/

/

3-5 equiv

3-5 equiv Ro,NH =
— N—R + R==NR,

\

60’
50-83% (13 examples)

Et y  Pd(OAC); (2 mol%) Et

Et 0 Et
B N L1 (5 mol%) 0
r+[ ] -+ [ N—/_e

LiOt-Bu (3 equiv)
Et . in tuoluene Et Br
n equiv. 110°C,12h

1a 4
nequnaents  Yieldof2b  yieldof4
b 76% trace
n=2 52% 11%
n= 27% 19%

B Geng, W.; Zhang, W.-X.; Hao, W.; Xi, Z. Cyclopentadiene-Phosphine/Palladium-Catalyzed Cleavage of C-N Bonds in Secondary Amines: Synthesis of
Pyrrole and Indole Derivatives from Secondary Amines and Alkenyl or Aryl Dibromides. J. Am. Chem. Soc. 2012, 134, 20230-20233.




Pd(OAc),

~ —Q—N X ~ "Br
= f— L1 Base s _Br
L1Pd(0) \Q
—
N—Q—Pd '!-1
N’H ~ “PdBr
63 x-Br
LiBr + -BuOH K’X AR
LiOt-Bu A—
+ +

LiOt-Bu

HN X
— L1 L
-
__N—Q—PdBr P //\ t—BuOH
_ _ \J
™y
=

62
:N\/ A
\,’ /
, L1Pd(0
PdBr ©)
i L1 -
61

B Geng, W.; Zhang, W.-X.; Hao, W.; Xi, Z. Cyclopentadiene-Phosphine/Palladium-Catalyzed Cleavage of C-N Bonds in Secondary Amines: Synthesis of
Pyrrole and Indole Derivatives from Secondary Amines and Alkenyl or Aryl Dibromides. J. Am. Chem. Soc. 2012, 134, 20230-20233.




G R
| + R'R®NH @\/S*R
N
R 1R2
2 mol% Pd(OAc), (CHz )s==NR'R

5 mol% L1 57_93%
3 equiv LiOt-Bu (23 examples)
toluene, 110 °C, 12 h

Jomerss

65 10 equiv
. Q"’Nﬁ
Q = (CH32)2X(CHy),

X=CH, O

58-72%
(7 examples)

Hao, W.; Geng, W.; Zhang, W.-X.; Xi, Z. Palladium-Catalyzed One-Pot Three- or Four-Component Coupling of Aryl lodides, Alkynes, and Amines
through C-N Bond Cleavage: Efficient Synthesis of Indole Derivatives. Chem. - Eur. J. 2014, 20, 2605-2612.

Hao, W.; Wei, J.; Geng, W.; Zhang, W.-X.; Xi, Z. Transfer of Aryl Halide to Alkyl Halide: Reductive Elimination of Alkylhalide from Alkylpalladium
Halides Containing syn-B-Hydrogen Atoms. Angew. Chem., Int. Ed. 2014, 53, 14533-14537.




Et

Et

|
CE [PA(PPhs3)4] (5 mol %) { Q
D + |‘| LiOtBu (12 equiv) y Et | CP [Pd(PPh3)4] (5 mol %) Ly
TN T ”
Et cyclohexane LiOtBu (1.2 equiv) \N
N
1a 130 °C yieldzzaBE% @ Et in cyclohexane L j
12h . % 130°C, 12 h
4a: X = Br
4b: X = |
2 wEt
Y . Nuo\/
reductive / .--"7 LnPd - Et T
elimination .~~~ 32% from 4a
) . p— |: Et 3% from 4b
oxidative elimination -
addition Et
X \\\O PdL,, me
i i 6 i N Va°
PdIL, { ) 5 P
@ ;
N 6a: X = Br, 38%
N path a \ SNF = 1
o Q-pa, 6b: X = I. 85%
> - : LiOtBu (1.2 equiv) E
alkyne , Compounds 6 — No reaction '
insertion ' in cyclohexane |
E 130°C, 12 h :
Pd"_ C-N bond
nucleophlllc Cleavige Et Ft
attack Pd(PPh —..Q = (CHa)s N Et
C Ny gt [PAPPRs)] o ciohexane N
N 130 °C :
1 Q--—.
Q| 2 h [Pd(PPhs),]

2a D™ QD;},& |



Tertiary Amines via Oxidative Addition

10 mol% Pd(PPh3),

7 10mol% CFsCOOH 7

N~ argon, benzene, 50 °C, 20 h
R R 86
69-99% (5 examples)

y P 7T Lo e
N Pd*(ll) o~ 7
Ny H R

R / N~

B Pd(ll) salt: no reaction
B Pd(0) catalyst such as Pd(PPh,),, Pd(OAc),-PPh; Pd,(dba);: low yield
B Pd(0) catalyst + TFA: good yield

B Murahashi, S.-l.; Makabe, Y.; Kunita, K. Palladium(0)-Catalyzed Rearrangement of N-Allylenamines. Synthesis of §,e-Unsaturated Imines and y,6-
Unsaturated Carbonyl Compounds. J. Org. Chem. 1988, 53, 4489-4495




1 2 R
ROR® 2.5 mol% [Pd(z-allyCll, |

R
\Nﬁ 5 mol% P(OEt);, morpholine N N R?
\__/ CFsCOOH, CHCl reflux ==~ ma

R
I Pd(0) 1
N R’ R' R?
yd
S R\,Pﬂ
T 2
TR 7 ol |
'T 87
~n+ 1
/N AN R \‘\
l.‘ ,, R
-- ~ |Q1
R2 N
~ Ve N
H l ,://i:\x<:Fa2
<" Pd(Il)

B Dubovyk, I.; Pichugin, D.; Yudin, A. K. Palladium-Catalyzed Ring-Contraction and Ring-Expansion Reactions of Cyclic Allyl Amines. Angew. Chem., Int.

Ed. 2011, 50, 5924-5926.




81 2.5 mol% [Pd(x-allyl)Cl]; » Q
+ 6 mol% DPPF 5
o) — > R
R1 pyrrolidine, MeOH R2

R 83

R2 73-97% (23 examples)
82
[ )\ +83 Foleg 81
N 4
H MeOH
H20 (solvent)
82 [ﬁ> L,Pd
R! ’://\/N: >
% R E
[ ) paL, R2 "Sor
2" g5 84
N

B Zhao, X.; Liu, D.; Guo, H.; Liu, Y.; Zhang, W. C-N Bond Cleavage of Allylic Amines via Hydrogen Bond Activation with Alcohol Solvents in Pd-Catalyzed
Allylic Alkylation of Carbonyl Compounds. J. Am. Chem. Soc. 2011, 133, 19354-19357.




R
z R? ©
X
[N] o)

Kakiuchi's work:
[N] = NH,, NHMe, NMe,, etc.
R' = t-Bu, Me

4 mol% RuH,(CO)(PPhj3)3

toluene, reflux, 20 h

Snieckus's work:
[N] = NMe,, NMePh
R' = NEt,, N(i-Pr),

O
e
R1
R2
95
45-99%
(37 examples)

R? = Ar, Bn, CH,TMS R? = Ar, Alk, etc.
RuH2(CO)(PPh3)z (1)
t o 0.02 mmol t
Bu + PhB, : > Bu
0 toluene 0.5 mL
NMe:2 reflux, 20 h Ph
50.5 mmol 3 0.6 mmol 6 91%
Q t
Bu' Bu' Bu' @\).LB ot Bu
NF - N~
D 'ﬁl'l N NH2 A
H o)
83% 82% 87% 82%"° 51%°
RuHz(CO)(PPha)s (1)
0.02 mmol
OMe + 3 OMe
toluene 0.5 mL
NMe 2 reflux, 20 h Ph
11 0.5 mmol 0.6 mmol 12 99%

Ueno, S.; Chatani, N.; Kakiuchi, F. Ruthenium-Catalyzed Carbon-Carbon Bond Formation via the Cleavage of an Unreactive Aryl Carbon-Nitrogen Bond
in Aniline Derivatives with Organoboronates. J. Am. Chem. Soc. 2007, 129, 6098-6099.

Zhao, Y.; Snieckus, V. Beyond Directed Ortho Metalation: Ruthenium-Catalyzed Amide- Directed CA-N Activation/C-C Coupling Reaction of

Anthranilamides with Organoboronates. Org. Lett. 2014, 16, 3200-3203



R R PPhs

- o o, | .co
. N .
uH,(CO)PPhs)s toluene v"Ru“"-
1 NH; 120 °C, 20 h NT | H
) in a sealed tube PPh,
3
- I
gz. I; = Iﬁu 3a, 59% (R = 'Bu)
, R=Me 3b, 56% (R = Me)
2 equiv
1 + 2a

toluene, 120 °C |
2 equiv 3 days

3a5="7:1
olefin (10 equiv
1 + 2a ( 9 - ]‘
3 equiv toluene, 120 °C
q 3 days
run olefin

1 CH,=CHSiMe; (6)
2 CH,=CHBu (7)

Bu
0o 0
> * Ph7B, }< toluene, 120 °C
oluene,
A 20 h Ph
1 equiv 9

98% GC vyield

NMR vyield
96%
90%

NH;

yield"!
43%
55%

Koreeda, T.; Kochi, T.; Kakiuchi, F. Cleavage of C—N Bonds in Aniline Derivatives on a Ruthenium. J. Am. Chem. Soc. 2009, 131, 7238-7239.




B Koreeda, T.; Kochi, T.; Kakiuchi, F. Cleavage of C-N Bonds in Aniline Derivatives on a Ruthenium. J. Am. Chem. Soc. 2009, 131, 7238-7239.




Tertiary Amines via Imine or Iminium

25 mol% CuBr, MeO\-,,OMe

R 50 mol% TMEDA

NS g - RL R3

| 0, (1 atm) r|u
R? MeOH/MeCN (1:4), 40 °C

12-66% (10 examples)

B Tian, J.-S.; Loh, T.-P. Copper-Catalyzed Rearrangement of Tertiary Amines through Oxidation of Aliphatic C-H Bonds in Air or Oxygen: Direct Synthesis
of a-Amino Acetals. Angew. Chem., Int. Ed. 2010, 49, 8417-8420.




R
g / 5 mol% CuCl, R
CN + R3H4,C—N - N—R’ R’
N2 0, (1 atm) |

toluene, 110 °C, 48 h R2
122

24-92% (25 examples) R2

g > 119
©/\CN — CN T’ 122 B For similar reaction catalyzed by Ag, see:
02 Hzo

Zhang, X.; Yang, W.; Wang, L. Silver-

--------------------------------------------------EN: ............ Catalyzed Amidation of Benzoylformic
b o Acids with Tertiary Amines via Selective
» , qui?/I l)\/(l)aC(LJIIO i ] Carbon-Nitrogen Bond Cleavage. Org.
/ 3 Sauiv oo = S Biomol. Chem. 2013, 11, 3649-3654.
R—COOH + R*H,C—N_ a 4 . u
R? Ng R? B For silimar reaction catlayzed by Pd, see:
DMF, 60 °C, 16 h 28-97% (21 examples) Bao, Y.-S.; Zhaorigetu, B.; Agula, B.;
Via ClC ) Baiyin, M.; Jia, M. Aminolysis of Aryl
3 \+/R RS +/R1 Ester Using Tertiary Amine as Amino
R3H20—N\ cr 7—T' EN\ cr Donor via C-0 and C-N Bond
R2 base CHC R2 Activations. J. Org. Chem. 2014, 79,
______________________________________ S .. 803-808.
M3(CO)12
EtoN—Et + ProN—Pr = = Et;N=—Pr + ProN=—Et
H,O
Via N +
CH;—HC=NEt, CH3CH,;—HC=NPr,
and
MH- MH
M = RuorOs

Chen, X.; Chen, T.; Li, Q.; Zhou, Y.; Han, L.-B.; Yin, S.-F. Copper-Catalyzed Aerobic Oxidative Inert C-C and C-N Bond Cleavage: A New Strategy for the
Synthesis of Tertiary Amides. Chem.- Eur. J. 2014, 20, 12234-12238.
Xiong, B.; Zhu, L.; Feng, X.; Lei, J.; Chen, T.; Zhou, Y.; Han, L.-B.; Au, C.-T.; Yin, S.-F. Direct Amidation of Carboxylic Acids with Tertiary Amines: Amide

Formation over Copper Catalysts through C-N Bond Cleavage. Eur. J. Org. Chem. 2014, 4244-4247.
Laine, R. M.; Thomas, D. W.; Cary, L. W. Modeling Heterogeneous Catalysts with Homogeneous Catalysts. 2. Modeling Catalytic
Hydrodenitrogenation. J. Am. Chem. Soc. 1982, 104, 1763-1765.




Tertiary Amines via Ammoniums

R
Ay I R3
@[ CH. 2 mol% PdCly(PPhs), R! =
NS 1 mol% Cul -
__ R3 = Ph, n-C4gH13, etc
R3 ——H 16" 113 R2
157
l,, CH,Cl,
Y

156

50-100%
(21 examples)

B Yue, D.; Larock, R. C. Synthesis of 3-lodoindoles by Electrophilic Cyclization of N,N-Dialkyl-2-(1-alkynyl)anilines. Org. Lett. 2004, 6, 1037-1040.




R' CN

R? Z 52mol% Pg('l_;_l;;)z R2
+ R—N=C equiv Ag _ e
- DCE, 70°C N
\177
42-90% (11 examples)
R N NHt-
RZ ~ ~Z ho  5mol% PA(TFA), oo c—NHEBu
‘ 2 2 equiv AgTFA ‘
* THF,60°C b}
N/ t-Bu—N=C ‘ N
| \ 478
e 43-72% (7 examples)
1 SCF
oy 10 mol% Pd(OAc),  R2 3
N 1 equiv BiCl3 N
+ /N > R
Ph"  SCF3  DCE, 80°C N
\
179

50-87% (13 examples)

Qiu, G.; Qiu, X.; Liu, J.; Wu, J. Switchable Synthesis of 3-Cyanoindoles and 3-Amidylindoles via a Palladium-Catalyzed Reaction of N,N-Dimethyl-2-
alkynylaniline with Isocyanide. Adv. Synth. Catal. 2013, 355, 2441-2446.
Qiu, G.; Chen, C.; Yao, L.; Wu, J. An Efficient Route to 3-Amidylindoles via a Palladium-Catalyzed Tandem Reaction of 2- Alkynylanilines with

Isocyanides. Adv. Synth. Catal. 2013, 355, 1579-1584.
Sheng, J.; Li, S.; Wu, J. Synthesis of 3-((Trifluoromethyl)-thio)indoles via a Reaction of 2-Alkynylaniline with Trifluoromethanesulfanylamide. Chem.
Commun. 2014, 50, 578-580.




R1 CN

5 mol% Pd(TFA), R?
2 equiv AgTFA
+ R—N=C equiv Ag . \ R1
DCE, 70 °C N

H177

42-90% (11 examples)

O‘\
Nc—NH¢t-Bu AgOCOCF
R2 d(ll)
\ R1
N F’d(O)

PdOCOCF
_Ri|— R2 3
-Bu N\\C/PdOH N—R! R

Qiu, G.; Qiu, X.; Liu, J.; Wu, J. Switchable Synthesis of 3-Cyanoindoles and 3-Amidylindoles via a Palladium-Catalyzed Reaction of N,N-Dimethyl-2-
alkynylaniline with Isocyanide. Adv. Synth. Catal. 2013, 355, 2441-2446.

Qiu, G.; Chen, C.; Yao, L.; Wu, J. An Efficient Route to 3-Amidylindoles via a Palladium-Catalyzed Tandem Reaction of 2- Alkynylanilines with



Tertiary Amines via Alkyl Migration

R OMe
Z
10 mol% PdBr, N\ .
o £ o
N/\OMe toluene, 80 °C N\
|
Ts 193 Ts
192 R = n-Pr, 33%
________________________________________ R=Ph, 33% .
PdBrz
193 192
Br,Pd
O'Me Brzpd\\/ R
SR €
N
\ PdBr, N~ OMe

S 195

B Nakamura, |.; Mizushima, Y.; Yamagishi, U.; Yamamoto, Y. Synthesis of 2,3-Disubstituted Benzofurans and Indoles by n-Lewis Acidic Transition Metal-
Catalyzed Cyclization of ortho-Alkynylphenyl O,0- and N,O-acetals. Tetrahedron 2007, 63, 8670-8676.




R' 10 mol% (CAAC)AUCI Me

F 10 mol% KB(CeFs)s {
- 1
Me  CeDs 160°C, 20 h R
N~ N
| [ caAC ‘
Me
. Me 197
R"=Ph, Bu, efc. 78-90% (4 examples)
S Ao R
Z
197
Me
T/
Me

B Zeng, X.; Kinjo, R.; Donnadieu, B.; Bertrand, G. Serendipitous Discovery of the Catalytic Hydroammoniumation and Methylamination of Alkynes.
Angew. Chem., Int. Ed. 2010, 49, 942-945




Tertiary Amines via B-Amino Elimination

Cl Cl CH
AN ~ H .- '
_Pd CH Pd—CH, NS

Cl Td [ ° -HCI [ +HO (O

_CH, ——~ —CH, ——> -
N 2 N 2 Pd—CH

Et | Et” | i

Et Et _N—CH,

H Et” |
| Et

C" 7% _-Hcl

— N---CH, —— H=NEtz + CHyCHO + [Pd]

Bt |\

Et OH
199

B Trzeciak, A. M,; Ciunik, Z.; Ziétkowski, J. J. Synthesis of Palladium Benzyl Complexes from the Reaction of PdCI,[P(OPh),], with
Benzyl Bromide and Triethylamine: Important Intermediates in Catalytic Carbonylation. Organometallics 2002, 21, 132-137.




3 mol% PdCl,

1, iv HOAc  EbN
Et,N—Et + /\COOCH;; S equiv HO €, 2 V\COOCH3
MeOH/scCO, 200
20-95% (10 examples)

200
HX
Z>COOCH;
I
?t /Pd_l_ EtoN=—H
L
Et” COOCHS,
203
\Pathway B HX
Et oy . . .
| X B Addition of HOAc: necessary for this transformation
Et’/N\pé B Otherwise, stoichiometric PdCl, must be used.
L/ 3/ COOCH; B Molecular O, was found to be negative for this process
202 X = Cl or OAc
~  Z O COOCH,3
Pd cat.
N(n-CgH17)g — (n-CgHy7)sNH + 2>
1b 4b 5b
+

B Zou, B.; Jiang, H.-F.; Wang, Z.-Y. Palladium-Catalyzed C-N Bond Activation: The Synthesis of B-Amino Acid Derivatives from Triethylamine and Acrylates.
Eur. J. Org. Chem. 2007, 4600-4604.




Diamines via Oxidative Addition

2 mol% [RhCI(CO),l,  Me,N
MEZN\'/NmeZ 3 equiv HSiEt;Me \(\OSIEQME Fl‘
oh CO (50 atm) R' N
benzene, 140 °C, 24 h 204, 67% \( ‘R
2 mol% [RhCI(CO),], —\
[\ 3equiv HSIELMe MoN  NMe Rh
eN. _NMe
\‘/ CO (50 atm) >:/
Ph benzene, 140 °C, 100 h PH
205, 51%

B lkeda, S.-l.; Chatani, N.; Murai, S. Rhodium-Catalyzed Reaction of N,N-Acetals with a Hydrosilane and Carbon Monoxide. Organometallics 1992, 11,
3494-3495.




A X1 5 mol% R

+ [Pd(Xantphos)(CH,NBn,)(OTH)] 2
R2 R2 . Ar/v\N/R
I I i-PrOH, 110°C, 12 h |

N N
2~ S R2 R2
R YR 206
R 11-93% (24 examples)
N
RN™ NR, 5 mol% OR3
o [Pd(Xantphos)(CH,NBn,)(OTf)] gkt R2
(@) toluene, 110 °C, 12 h
+ 207CH2NR2
3
LT 31-91% (22 examples)
Pd(OTf),
OR’ R30H
Rl\ R2
O ketone HOTY OTf HOTf
CHzNR2>/ PA(0) — RpHN™ > TUNR,
\& RzNH
R‘\
o [R,;NCH,Pd]OTf
PACH,NR, 209
211 1 )
HOTf O/\/
R30OH

2190 NR,

H Xie, Y.; Hu, J.; Wang, Y.; Xia, C.;
Huang, H. Palladium-Catalyzed
Vinylation of Aminals with
Simple Alkenes: A New Strategy
To Construct Allylamines. J. Am.
Chem. Soc. 2012, 134,
20613-20616.

Xie, Y.; Hu, J.; Xie, P.; Qian, B.;
Huang, H. Palladium-Catalyzed
Difunctionalization of Enol Ethers
to Amino Acetals with Aminals
and Alcohols. J. Am. Chem. Soc.
2013, 135, 18327-18330.




R’ 5 mol% 1
>:._ [Pd(Xantphos)(CH,NBn,)(OTf)] R>_CNR2
4 _

R+ toluene, 120 °C, 12 h NR,

RoN NR> 212
11-80% (21 examples)

B Hu, J.; Xie, Y.; Huang, H. Palladium-Catalyzed Insertion of an Allene into an Aminal: Aminomethylamination of Allenes by C—N Bond Activation.
Angew. Chem., Int. Ed. 2014, 53, 7272-7276.




OTf

OTf Ph
i . Bn\N/Bn CHACN o \
i Pd” > ( Pd—)=CH,;NBn
a (Pr N 120 °C, 45 min B g e
1a | !
85% yield
] 0
b 08
G- CLC >
P (0] s Fo oV §
PPh, PPh, e T
Xantphos

X-ray structure of complex Il

B Hu, J.; Xie, Y.; Huang, H. Palladium-Catalyzed Insertion of an Allene into an Aminal: Aminomethylamination of Allenes by C—N Bond Activation.
Angew. Chem., Int. Ed. 2014, 53, 7272-7276.




Pd(dppb)(CHZCN),(PFg);

J‘E X {Nﬁz (1.0-25mol%) REN[NRE
R “CO,Et NR, 1.4-Dioxane, 60 - 80 °C R!” ™ CO,Et
_____ L5 . | - IR . A
Q‘YNQ (PrN NEpr, 2 NEt,
CO,Et CO,Et CO,Et
76% 80% 79%
BnzN ~—NBn; Bn;N ,—NBn; E:ngw)<—rxien2
CO,Et g@ CO,Et "Bu” ~CO,Et
cl
92% 71% 58%
[RoN]
NR; Pd] 123
NR, N, RN 1 NR;
108 —-RENCHEPd"'TL* +|]d=<R —-R"AFNRE
109 N, 122 COEt CO,Et

B Hu, J,; Xie, Y.; Huang, H. Palladium-Catalyzed Insertion of an Allene into an Aminal: Aminomethylamination of Allenes by C-N Bond Activation.
Angew. Chem., Int. Ed. 2014, 53, 7272-7276.




Amides

B Two Types of C-N Bonds in Amides

The cleavage of non-carbonyl C—N bond

R' ™ The cleavage of amide C-N bond



Amide C-N Bond Cleavage

5 mol% PtCl,

anisole, 80 °C

74-99%
(14 examples)

5 mol% PdCI,(CH3CN),

argon, MeCN
90°C, 8h

231 Me

\
Me Ho0 - |
234 R MCl, Me
N R1 /
232 +
N R2 M = Pd or Pt
/
Me

233

Shimada, T.; Nakamura, I.; Yamamoto, Y. Intramolecular C-N Bond Addition of Amides to Alkynes Using Platinum Catalyst. J. Am. Chem. Soc. 2004,
126, 10546-10547.

Zhao, F.; Zhang, D.; Nian, Y.; Zhang, L.; Yang, W.; Liu, H. Palladium-Catalyzed Difunctionalization of Alkynes via C-N and S—N Cleavages: A Versatile
Approach to Highly Functional Indoles. Org. Lett. 2014, 16, 5124-5127.




0O R’ O

10 mol% Ni(COD), Ar
40 mol% PMe; N~
N—Ar + | | g
toluene, 110°C, 7 h a R’
O R2 R2
225 226

13-93% (14 examples)

/
N\ N/Ar
Ni ‘ | .
_ Ni
1
rz2 R o) O 227
29 )
1 2 /N—Ar /< O
R————R Ni
228

B Kajita, Y.; Matsubara, S.; Kurahashi, T. Nickel-Catalyzed Decarbonylative Addition of Phthalimides to Alkynes. J. Am. Chem. Soc. 2008, 130, 6058-6059.




Ni(cod), (5 mol%) R1

/& R2 PCy; (5 mol%) |
_ 0
1Sequw Toluene, 60 - 80°C N R2
R
44 45 46
Product Anhydride

Ni(0)Ln \\
0 L

Ni

L = PCyj; @ o
N4

I (@]
R
NI RL
@ NN
4
\4 dlsfavored O CO,

.
r'e = R

favored RL=——RS 438
49

B Y. Yoshino, T. Kurahashi and S. Matsubara, J. Am. Chem. Soc., 2009, 131, 7494




R Q o0

\ NJ( 5 mol% [Cp*Rh(MeCN)3](SbFe); R_ R
L o 20 mol% Cu(OAc), Q
H decalin, 120°C, 12 h
¥ 12-85%
R'——R? (35 examples)

R\RRN O—I[Cu]

R1ﬁ7

242
HOAc, 247 R?
243 HOAc
.
HNRR‘ R NRR' |
[Cul-OAc \
o

/

N

R RRN O—Rth*_| Rf\1

1 244 Cp*
Q R

B Li, B.-J.; Wang, H.-Y.; Zhu, Q.-L.; Shi, Z.-J. Rhodium/Copper-Catalyzed Annulation of Benzimides with Internal Alkynes: Indenone Synthesis through
Sequential C-H and C-N Cleavage. Angew. Chem., Int. Ed. 2012, 51, 3948-3952



Q Ni(cod), (10 mol%) Q -

B e do—me SIPr (10 mol%) oMe  +  HN
F|{,, Toluene, temperature R”
7 8a 4
’ Calculated oxidative
~ . " R .
Entry 'I“" Cif:;?iglﬂ? addition barrier with Tem?%r)ature Equmaelgr:s of Yield of ester
R” Ni/SIPr (kcal mol-)
1 # D 7a 42.4 36.8 110 2.0 0%
~£ _Me
2 N 7b 0.0 36.2 110 2.0 0%
Me

3 ;‘jh@ Tc -1.1 34.0 110 2.0 23%

o
~5 _OMe
4 “H',” 7d 6.1 31.9 110 2.0 22%
Me
~5 _Me
5 # N 7e +3.1 39.0 110 2.0 0%
H
~5 _H
6 N 7f -4.3 30.6 110 2.0 55%
Ph
7 o Me 110 2.0 >99%
N 79 -6.8 26.0
8 Ph 80 1.2 >99%

L. Hie, N. F. F. Nathel, T. K. Shah, E. L. Baker, X. Hong, Y.-F. Yang, P. Liu, K. N. Houk and N. K. Garg, Nature, 2015, 524, 79.




0 Ni(cod), (10 mol%)

0
M Rt , SIPr (10 mol%)
R N~ + R°OH > JJ\
R? Toluene, 80°C R” "OR3
... B2 83 4
0 0O 0
OMe OMe “ OMe
F4C
88% 80% 94%
Me
' 0
2 ) i
. N
9) O
O /i)
Me Me
82% 88% 67%

L. Hie, N. F. F. Nathel, T. K. Shah, E. L. Baker, X. Hong, Y.-F. Yang, P. Liu, K. N. Houk and N. K. Garg, Nature, 2015, 524, 79.

Boc

49%

84%
R = Me)

89%




~N N\DI O i /\ |*
3 Dipp~ N~ N-Di
pp~ " Dipp

Ni
Dlpp\ D|pp ’::" O
( - i
L e _

O Dipp~™

Dlpp N‘Dlpp
Dipp~ YN‘Dlpp Dipp~™ \rN\Dlpp
Ni
0 Ph. N _O
T
MeO Dipp: 2,6-diisopropylphenyl Me
— :r__‘ll 1t
Dipp~ NTN"Dlpp
N MeOH Me—0---Ni
Dipp~N ~Dipp H--N
NI 0 F‘h‘ '“Me
MeO”™ 7 - i -
Ph

L. Hie, N. F. F. Nathel, T. K. Shah, E. L. Baker, X. Hong, Y.-F. Yang, P. Liu, K. N. Houk and N. K. Garg, Nature, 2015, 524, 79.




Non-Carbonyl C-N Bond Cleavage

via Oxidative Addition
R R
H,, Pd(OH), :
| 0 - !
7y N
N = ”/, H
Me\/ O
80-92% (3 examples)
1 (@)

F21
10 mol% Pd(OAc), N
\ 2 2
N R 10 mol% phen @: \>—Ar
SN + Ar—B(OH), > S
\_ ‘ air, DMAc 257
256 (4equiv) 490 0c, 24 h

20-96%

(25 examples)
257 >/ Pd(o)\< 256
R'I

|
o)
Ar
258 < J<R2
(@) Fzz F{3
(HO),B==N

Ar—B(OH),
4552-4553.

2,938-942.

Lei, Y.; Wrobleski, A. D.; Golden, J. E.; Powell, D. R.; Aubé, J. Facile C-N Cleavage in a Series of Bridged Lactams. J. Am. Chem. Soc. 2005, 127,

Uehara, T. N.; Yamaguchi, J.; Itami, K. Palladium-Catalyzed C-H and C-N Arylation of Aminothiazoles with Arylboronic Acids. Asian J. Org. Chem. 2013,



H-M (2 equiv.)

, other reducing agents, including
N 1 15
\(cod)z (19 mol’%) H  BH;Me,S, KBH, and DIBALH, led
\ PCys; (20 mol%) , ,
S - exclusively to the reduction of the
toluene carbonyl group
70°C,20h >
1a
H-M GC yield
H-SiMe(OMe), 7%
(Ar = 2-naphthyl) H-B(pin) 61%
He Me N. O HE 0B H 0B
‘\f 1‘Lw.--" x\,f u \\-’ u
AT A A O A
0 0] O O
1b 8% 1c 71% 1d 65% 1e 0%

B Tobisu, M.; Nakamura, K.; Chatani, N. Nickel-Catalyzed Reductive and Borylative Cleavage of Aromatic Carbon-Nitrogen Bonds in N-Aryl Amides and
Carbamates. J. Am. Chem. Soc. 2014, 136, 5587-5590.




R 10 mol% Ni(COD), 0
| , 20 mol% IMes+HCI /
N R+ By(nep), > Ar—B
A’ 20 mol% NaOt-Bu \
O toluene, 160 °C, 20 h 261

[ By(nep), ) 17-76%
(7 examples)

259

1a 19 55%
Me
N\IT,ME “/ B(nep)
| (0
1b 19 72%
Me
N__Me B(nep)
GFs 1 JO®
g T
20 21 51% (70%)°
B Tobisu, M.; Nakamura, K.; Chatani, N. Nickel-Catalyzed Reductive and Borylative Cleavage of Aromatic Carbon-Nitrogen Bonds in N-Aryl Amides and
Carbamates. J. Am. Chem. Soc. 2014, 136, 5587-5590.




Non-Carbonyl C-N Bond Cleavage via 8-Amino Elimination

0
/1N~ 2.5 mol% Pd(OAc), )J\ 0
NYNPh 11 mol% AsPhj /Ph N
. /
273 O 3.5 equiv NaF Ar N’& YNPh
+ 3.0 equiv HCO,H 0
. " 274 275
ArX DMSO,857C  46-69% (6 examples)
Via F
M
Ar XPd N O
HCO,H
O 2 / -
SV Wil g St
N _NPh Cll
7{ HCO,H +0OL
0 \ "
276

B Yao, M.-L.; Adiwidjaja, G.; Kaufmann, D. E. Two-Step, Stereoselective Hydrazidoarylation of 1,3-Cyclopentadiene. Angew. Chem., Int. Ed. 2002, 41,

3375-3378.




O 10 mol% Pd(OAc), O
M 20 mol% PPh, NJ\
@(\ N 2 equiv EtsN H
3 R>§ air, DMF, 120 °C

R
277 278
32-87% (25 examples)

BrPd
9 280

Wang, M.; Zhang, X.; Zhuang, Y.-X.; Xu, Y.-H.; Loh, T.-P. Pd-Catalyzed Intramolecular C-N Bond Cleavage, 1,4-Migration, sp® C-H Activation, and Heck

Reaction: Four Controllable Diverse Pathways Depending on the Judicious Choice of the Base and Ligand. J. Am. Chem. Soc. 2015, 137, 1341-1347.




Hydrazines

Ar—NHNH, 3 mol% Pd(OAc), R’

+ 3.6 mol% L3 _ “~ R2

_ 4equiv HOAC Ar 282
R< 5j -
R1/\\/ air, PhCI/IVIeOOH (4:1) 79-98%
rtor40°C (33 examples)

NHNH,
NC” j

1.2 equiv Pd(OAc),

+
CDClj3, rt, 20 h
Ve NC 283, 35%
. 0]
4 equiv HOAc S
DCE, rt, 20 min R Ot-Bu
Z>Co0t-Bu NC
(1.5 equiv) 284, 97%

Zhu, M.-K.; Zhao, J.-F.; Loh, T.-P. Palladium-Catalyzed C-C Bond Formation of Arylhydrazines with Olefins via Carbon-Nitrogen Bond Cleavage. Org.
Lett. 2011, 13, 6308-6311.

Muiiz, K.; Nieger, M. Catalytic Activation of N-N Multiple Bonds: Homogeneous Palladium Catalyst for Mechanistically Unprecedented Reduction of
Azo Compounds. Angew. Chem., Int. Ed. 2006, 45, 2305-2308.




o Pd(0)

/ I
/N Pd” Ar\Pd“,—-N"Pd
HOAc 286
HOAC
Ar—NHNH, N, + H,0 Pd"
Pd”(OAc) A pgi O
288
Pd(O) R 1/\/R2
HOAc R2 R
R ‘7‘\—/ Ar
R Pd"OAc
Ar
282

Zhu, M.-K.; Zhao, J.-F.; Loh, T.-P. Palladium-Catalyzed C-C Bond Formation of Arylhydrazines with Olefins via Carbon-Nitrogen Bond Cleavage. Org.
Lett. 2011, 13, 6308-6311.

Muiiz, K.; Nieger, M. Catalytic Activation of N-N Multiple Bonds: Homogeneous Palladium Catalyst for Mechanistically Unprecedented Reduction of
Azo Compounds. Angew. Chem., Int. Ed. 2006, 45, 2305-2308.




[ Chen's workJ
R

1
NHNH R 10 mol% Pd(OAc),
‘ 2 @ 30 mol% 1,10-phen
N 1.5 equiv CF;COOH
H air, PhCl
100 °C, 12 h

63-95% (24 examples)

O,, toluene/actone (3:1)
50°C,3h 65-94% (14 examples)

3 mol% Pd(OAc), R, R
\ NHNH, 10 mol% DBU
©/ 290

/
\\\©

5 mol% Pd(OAc), 1 @)
10 mol% 1,10-phen R OU
R20"
29

0,, HOAc, 65 °C, 6 h
1

30-90% (18 examples)

[ Gao and Yin's workJ

10 mol% Pd(OAc),

R
o~ NHNH, ﬁ 30 mol% DPPP R, -
+ P > —
©/ R'™] ~H 1.5 equiv CF;COOH @_T R
R?2 0O, DMF,90°C, 24 h R?
292

58-91% (27 examples)

Chen, Y.; Guo, S.; Li, K.; Qu, J.; Yuan,
H.; Hua, Q.; Chen, B. Palladium-
Catalyzed Direct Denitrogenative C-
3-Arylation of 1H-Indoles with
Arylhydrazines using Air as the
Oxidant. Adv. Synth. Catal. 2013,
355,711-715.

Yao, P. Pd-Catalyzed Homocoupling
of Arylhydrazines via C-N Cleavage
under O,. Appl. Organomet. Chem.
2014, 28, 194-197.

Bai, Y.; Kim, L. M. H.; Liao, H.; Liu,
X.-W. Oxidative Heck Reaction of
Glycals and Aryl Hydrazines: A
Palladium-Catalyzed CGlycosylation.
J. Org. Chem. 2013, 78, 8821-8825.

Xu, W.; Hu, G.; Xu, P.; Gao, Y.; Yin,
Y.; Zhao, Y. Palladium-Catalyzed C-P
Cross-Coupling of Arylhydrazines
with H-Phosphonates via C-N Bond
Cleavage. Adv. Synth. Catal. 2014,
356, 2948-2954.




Lu's work ]

Ar—NHNHTs + ArB
B = BEt, or Bpin

[ Liu and Peng's work]

Ar—NHNHMs + Ar'B(OH),

[ Xu and Gao's work]

Ar—NHNH, + ArB(OH),

Ar—NHNHTs 2 H

ase

Ar—[Pd]—Ar’
295

2 mol% Pd(OAc),

2 equiv K,CO3
> Ar=—Ar'
N,, DMSO, 60 °C 55-93%
(25 examples)

5 mol% PdCI,(PPh3),
2 equiv K,COg3

>  Ar=—Ar

65-94%
(22 examples)

air, MeOH
60 °C, 4-8 h

5 mol% Pd(OAc),
30 mol% PPh3

B
Ar=—Ar )/,

- Ar=Ar

40-93%
(23 examples)

1.5 equiv PivOH
air, NMP, 90 °C, 4 h

+
Ar—N=NTs =—= Ar—N=N + Ts"

293
[Pd] \l
+

Ar—[Pd]—N=N
294

o

N=N

Ar'B(OH),

Liu, J.-B.; Yan, H.; Chen, H.-X.; Luo,
Y.; Weng, J.; Lu, G. Palladium-
Catalyzed Suzuki Cross-Coupling of
N’-Tosyl Arylhydrazines.Chem.
Commun. 2013, 49, 5268-5270.

Zhou, H.-P.; Liu, J.-B.; Yuan, J.-J.;
Peng, Y.-Y. Palladium-Catalyzed
Suzuki Cross-Couplings of N'-Mesyl
Arylhydrazines via C-N bond
Cleavage. RSC Adv. 2014, 4,
25576-25579.

Peng, Z.; Hu, G.; Qiao, H.; Xu, P.;
Gao, Y.; Zhao, Y. Palladium-
Catalyzed Suzuki Cross-Coupling of
Arylhydrazines via C-N Bond

Cleavage. J. Org. Chem. 2014, 79,
2733-2738.




o mol“% [PdCl(r-allyl)], O

O .
2 equiv CuCl
X + L - R'OM\R
RO” “NHNH, 5A MS 296
O2, MeCN, 70 °C, 5 h 53-85% (18 examples)
o 5 mol% PdCl,
A+ )J\ 2 equiv CuCl . A AT
R R
Ar~ NHNHz  4ir DMSO/MeCN (1:1) 297
100 °C, 3 h 42-91% (31 examples)
A A
Pd Pd
0 [PACI(-allyl)], )(J)\ cr )OI\ |
] =- ! N !
RO” ~NHNH, RO H/Jf“ -HCl RN H
298 299
| =\ l
0 H o P c Oy
- )J\N/N ) I!l [PdCl(r-allyD)]; R'OLN’N
H -Pd(0) RO N J - HCI H )
Z Pz 300
301 +
j\ PdCl =~ Pd(0)
o)
B o PICl g NHNHZ‘ CuCl CuCl,
SN R S< e
302 -HPdCIRO™ N - HCl
H HCI, O, H,0
PdCl, HPdCI
HCI
PdCI RX O PdCI 0
— -_— ! ' /
J\ N - N, APdCI ROMR ROJ\/\R

303 304 296

Su, Y.-H.; Wu, Z.; Tian, S.-K.
Oxidative Alkoxycarbonylation of
Terminal Alkenes with Carbazates.
Chem. Commun. 2013, 49,
6528-6530.

Zhang, Y.-G.; Liu, X.-L.; He, Z.-Y.; Li,
X.-M.; Kang, H.-J.; Tian, S.-K.
Palladium/Copper-Catalyzed
Oxidative Arylation of Terminal
Alkenes with Aroyl Hydrazides.
Chem. - Eur. J. 2014, 20, 2765-2769.




Cyanamides

R,N-CN

B Two Major Pathways for the C-N Bond Cleavage of Cyanamides

1) Lewis acid (LA) activated oxidative addition

, —.. LA , _ [M] ! _
R,N—C=N —> R,N—C=N—LA — R,N—[M]—C=N—LA

i) Insertion/de-insertion

[M]I—R [M]
IM]—R A |
+  — N — H ~ = [M]—NR',
RNC=N ¢ LN R—C=N

| R,N R



R1
R? 5 mol% PdCp(r-allyl) ; %0
R3 o 5 mol% Xantphos R .
oe NTEN 50 mol% BR, N
I \ : o 1 LX\CN
S toluene, 80 °C e - 5
~ R2 ~ R
313
36-99% (14 examples)
R! 1.0
o R
s F [PA(0)] :
R R .. N—CN
-\ AN
i J:X\CN [Pd] = Pd-Xantphos o
Sy R2 BR3 = BEt; or BPhj i R2
313 aR
1 _BRj 3

N
s Pd Z
I’f{'{ ‘\| N [ ] R\SA. N /C/
o X7 [P
l\“-\':'... - k | \ I |
b 2 S I
315 T

B Miyazaki, Y.; Ohta, N.; Semba, K.; Nakao, Y. Intramolecular Aminocyanation of Alkenes by Cooperative Palladium/Boron Catalysis. J. Am. Chem. Soc.
2014, 136, 3732-3735.




R1
R! 5 mol% PdCp(r-allyl) ; %0
R3 o 5 mol% Xantphos R .
o NTEN o0 mol% BR, N
I \ : e [ LX\CN
S toluene, 80 °C e - 5
~ R2 ~ R
313
36-99% (14 examples)
R! 1,0
R
i \Fo [Pd(0)] \ s \(
<N e
§ J:X\CN [Pd] = Pd-Xa o
. R.‘Z BR3 = BEt3 Ol M _{
313 e N-cy T Pd(PPhg), + BPhg
R N _BR3 benzene
< 80°C, 2h
R }:’-—O\\ ’C g R
r\,_;n. N [Pd] R3 0]
N 1O
oo, | ~__ N e _<N Ezhi:—w BPh
- R? Lol " AR
315 > Ph"  PPh,
6
58%

B Miyazaki, Y.; Ohta, N.; Semba, K.; Nakao, Y. Intramolecular Aminocyanation of Alkenes by Cooperative Palladium/Boron Catalysis. J. Am. Chem. Soc.
2014, 136, 3732-3735.




Me,N—CN cat. lorll Et;SI==CN /["I‘“]x
+ toluene ] N oL, Ve
Et;SiH photolysis or heating ~ M€2NH [M] = Fe %gt. l;
([M] = MO'(CO),,cat. I

Mechanism?

B Fukumoto, K.; Oya, T.; Itazaki, M.; Nakazawa, H. N-CN Bond Cleavage of Cyanamides by a Transition-Metal Complex. J. Am. Chem. Soc. 2009, 131,

38-39.




R

R . CN
F’h\N/CN O B(OH)2 1 mol% [Rh(OH)(COD),] ©/
T'S ©/ 1equivK,CO3
P 0
323 dioxane, 80 °C, 4 h 64-90%
e lii...___l16examples)
Ph [Rh—OH]
B(OH)3 + TS::NH ArB(OH), + Base
I B(OH)s
Ph~BOH: _, [Rh—Ar Pha N
| 324 \< r
Ts Ts
ArB(OH), ) )
+ Ar
Base Rh/
Ph SC. _Ts
\N/Rh \ITI/
I i Ph
327 Ar 325

Ar—CN/\

B For a Rh(lll) catalyzed C-H activation using TSCN, see:

Gong, T.-1.; Xiao, B.; Cheng, W.-M.; Su, W.; Xu, J.; Liu, Z.-J.;
| Liu, L.; Fu, Y. Rhodium-Catalyzed Directed C—H Cyanation
of Arenes with N-Cyano-N-phenyl-p-toluenesulfonamide.
J. Am. Chem. Soc. 2013, 135, 10630-10633.

B Anbarasan, P.; Neumann, H.; Beller, M. A General Rhodium-Catalyzed Cyanation of Aryl and Alkenyl Boronic Acids. Angew. Chem., Int. Ed. 2011, 50,

519-522.




CLEAVAGE OF ACTIVATED C-N SINGLE BONDS (selected work)

Triazoles
as Metal Carbene Precursors

Ts Ts i Ts |
/|\|,| . ) Rh(Il) 4
P sz? _; Rh=2
R o N=N | R1

1 mol% Rhy(OAc),
2 equiv Et3Si—H

CH,Cly, 1t

Et;Si—H N

1 ,‘l-lnser‘[ionr Et,Si
H COOMe

B Chuprakov, S.; Hwang, F. W.; Gevorgyan, V. Rh-Catalyzed Transannulation of Pyridotriazoles with Alkynes and Nitriles. Angew. Chem., Int. Ed. 2007,
46, 4757-4759.




- Ts _
) | TS
X R2 _ Rz_\l—[:l\ R2\(N
oy BN N - "
Cycloaddition Q X [M] X_/Z
L R _ R
R [ RINTs R’ o
vt,,_'/\ S
] . R2= § |.| H,0 /&
S N
Cycloaddition
P{I y i R2 R1 | R2 R1
\ —
- . > NT
1,1-Insertion R1T 7 S
H—X [ TsN i H
_ H Vam\\ X |
(X = OR, NRy) _ \i 2 | « _NTs
1,3-Insertion M) R
i R i

- B Review: Chattopadhyay, B.;

X Gevorgyan, V. Transition-Metal-
Catalyzed Denitrogenative
_NTs
— , = Transannulation: Converting
‘ . Triazoles into Other Heterocyclic
] ;( = H, alkyl, Systems. Angew. Chem., Int. Ed.

Rearrangement OAc, NR, 2012, 51, 862-872.



Aziridines (Selected work)

R R H
\W 5mol% [RhCI(CO)l, -1 1.1,
N CO (20 atm) N_
||2| benzene, 90 °C O R'
87-97%

R = Ph, p-BrCgHy4, p-PhCgHg4
R' = t-Bu or 1-adamantyl

(5 examples)

R R

¥ 9% L [RhCicOokl N\~
H--1—--H CI=RR_ >~ N
~—N N L
ol SR OC ) \ R

370 R o

\ / Rh
N A R oc”
/

B Review: Huang, C.-Y.; Doyle, A. G. The
372 R' CO Chemistry of Transition-Metals with Three-
Membered Ring Heterocycles. Chem. Rev.
2014, 114, 8153-8198.

B Roberto, D.; Alper, H. Novel Synthesis of Pyrrolidinones by Cobalt Carbonyl Catalyzed Carbonylation of Azetidines. A New Ring-Expansion-
Carbonylation Reaction of 2-Vinylazetidines to Tetrahydroazepinones. J. Am. Chem. Soc. 1989, 111, 7539-7543.




R R
\W 2-4 mol% Pd(PCys3), \llll/

- ~
T toluene, 70 °C 373 Ts
Ts 47-86% (6 examples)
R R
\( Pd(0) \
N
H/ \Ts ITI
l Ts
+
R R R Pd R
Nl >—/ or | l
~Te ; N—Pd_ TsN- - _N—Pd
373 S 276 374 S 375

B Wolfe, J. P.; Ney, J. E. A New, Mild Synthesis of N-Sulfonyl Ketimines via the Palladium-Catalyzed Isomerization of Aziridines. Org. Lett. 2003, 5,
4607-4610.

B Ney, J. E.; Wolfe, J. P. Synthesis and Reactivity of Azapalladacyclobutanes. J. Am. Chem. Soc. 2006, 128, 15415-15422.



— H 1
_\T7 R?p{“; 2 mol% Pdj(dba)3*CHCI; //\l/\N/R
+ {//’ y ~ g
T1 [ R 6mol% (RR)-L4 R, N !'
i DCE, rt A\ epe
R1 = PMB, Bn e
377
57-99% (19 examples)
(RR)-L4 B -7
L L
Pd

Py
A%}
4
\
~

Seede s

B Trost, B. M.; Osipov, M.; Dong, G. Palladium-Catalyzed Dynamic Kinetic Asymmetric Transformations of Vinyl Aziridines with Nitrogen Heterocycles:
Rapid Access to Biologically Active Pyrroles and Indoles. J. Am. Chem. Soc. 2010, 132, 15800-15807.




5 mol% NiCly+glyme R
\ / 10 mol% dimethyl fumarate
N , - /I\/NHTS
| 3 equiv RZnBr Ar
Ts dioxane/DMAc, 23 °C, 2-18 h 378
48-90% (21 examples)
Alkyl ’ f 0 )
., O.
Alky! 5 mol% NiBr,*DME \ﬂc R N
\\Wi 2 equiv RZnBr - T,
N > 379, major Cn =
| 5 equiv LiCl Alkyl\f/\ \
Cn 0 v
THF, 23°C, 12 h : NHCn MeOOC
R k
380, minor
26-80% (24 examples)
1 o/ Ni ( )
Ar R 5 mol /oRl;ll(acac)g 2 O« 9
10 mol% \/\Ra RT R S

r
N > NHTs| R3= 3 _N
| 2.5 equiv R?ZnBr AF)Q/ 3

Ts 0 )
DMAc, 23 °C, 12-42 h 47-86%

(24 examples)

Huang, C.-Y.; Doyle, A. G. Nickel-Catalyzed Negishi Alkylations of Styrenyl Aziridines. J. Am. Chem. Soc. 2012, 134, 9541-9544.

Nielsen, D. K.; Huang, C.-Y.; Doyle, A. G. Directed Nickel-Catalyzed Negishi Cross Coupling of Alkyl Aziridines. J. Am. Chem. Soc. 2013, 135,
13605-13609.

Huang, C.-Y.; Doyle, A. G. Electron-Deficient Olefin Ligands Enable Generation of Quaternary Carbons by Ni-Catalyzed Cross Coupling. J. Am. Chem.
Soc. 2015, 137, 5638-5641.




R
/l\/NHTS Ar
Ar Pathway B: ﬁ Pathway A:
378

SET Sp2

-
Ar Y Ts
R\>_| A\ Ar Ar
MeOOC \,Ni””z—N'\I's - NTs =
- n+2_ n+2_
\\\COOMQ ZnBr nimt]  NPE=NTs - Nit™2-NTs
Ar
RZnBr }__‘
N n+2
MeOOC\\ COOMe NI 3;2NTS

Huang, C.-Y.; Doyle, A. G. Nickel-Catalyzed Negishi Alkylations of Styrenyl Aziridines. J. Am. Chem. Soc. 2012, 134, 9541-9544.
Nielsen, D. K.; Huang, C.-Y.; Doyle, A. G. Directed Nickel-Catalyzed Negishi Cross Coupling of Alkyl Aziridines. J. Am. Chem. Soc. 2013, 135,

13605-13609.
Huang, C.-Y.; Doyle, A. G. Electron-Deficient Olefin Ligands Enable Generation of Quaternary Carbons by Ni-Catalyzed Cross Coupling. J. Am. Chem.
Soc. 2015, 137, 5638-5641.




Quaternary Ammonium Salts Wenkert, E.; Han, A.-L.; Jenny, C.-J.

Nickel-Induced Conversion of

Carbon-Nitrogen into Carbon-Carbon
Bonds OnestepTransformations of
Aryl, Quaternary Ammonium Salts

........................................................... into Alkylarenes and Biaryls. J. Chem.
[Wenk ert's work J Soc., Chem. Commun. 1988, 975-976.
. Aresta, M.; Dibenedetto, A.;
+ - 10 mol% NlClz(DPPP) Quaranta, E.; Lanfranchi, M.;
Ar—N ME3| + RMgX EtN. b o 14 h =  Ar=—R Tiripicchio, A. Oxidative Addition of
, penzene, reriux, 0 0 Allylammonium BPh4- to Nickel(0):
347 3 11%-60% Synthesis, Crystal Structure, Fluxional
R= F’h1 PhCHz, Me, Pr (1 0 examp|ES) Behavior, and Catalytic Activity of

----------------------------------------------------------- Chiral [(n3-allyl) (NH3) (PCy3)Ni]BPh4.
1 (0] Ilics 2000, 19, 4199-4207.
[ Reeves's work J rganometallics

+ - 1 mol% PdC|2(PPh3)2 Reeves, J. T.; Fandrick, D. R.; Tan, Z.;
AF_NM93OTf + AngX . Ar=-—R Song, J. J.; Lee, H.; Yee, N. K.;
_ Senanayake, C. H. Room Temperature
348 THF’ rt’ 1 0 h 84-94% Palladium-Catalyzed Cross Coupling

( 15 exam ples) of_AryItrlme.thyIammonlum Triflates
with Aryl Grignard Reagents. Org.

Lett. 2010, 12, 4388-4391.

[ Wang's work ]

Guo, W.-J.; Wang, Z.-X. Iron-
10 mol% Fe(acac)3 Catalyzed Cross-Coupling of

A 1 — Ralk | Aryltrimethylammonium Triflates
THF/NMP (7:1), 1t, 1 h Y

+ —
Ar—NMe;OTf + Ry MgX
and Alkyl Grignard Reagents.
348 43-99% Tetrahedron 2013, 69, 9580-9085.
(27 examples)




CLEAVAGE OF ACTIVATED C-N SINGLE BONDS
Quaternary Ammonium Salts

RalkwMgX + Fe(acac);

alkyl
>/ \' .

Ar—Fe(MgX)z Ar—llze(MgX)z

RalkyMgX }\ Ar—Fe(MgX) MgX(OTf)

Ar— Ar—NMegon

FG(MQX)z

B Wenkert, E.; Han, A.-L.; Jenny, C.-J.

Nickel-Induced Conversion of
Carbon-Nitrogen into Carbon-Carbon
Bonds OnestepTransformations of
Aryl, Quaternary Ammonium Salts
into Alkylarenes and Biaryls. J. Chem.
Soc., Chem. Commun. 1988, 975-976.

Aresta, M.; Dibenedetto, A

Quaranta, E.; Lanfranchi, M.;
Tiripicchio, A. Oxidative Addition of
Allylammonium BPh4- to Nickel(0):
Synthesis, Crystal Structure, Fluxional
Behavior, and Catalytic Activity of
Chiral [(n3-allyl) (NH3) (PCy3)Ni]BPh4.
Organometallics 2000, 19, 4199-4207.

Reeves, J. T.; Fandrick, D. R.; Tan, Z.;
Song, J. J.; Lee, H.; Yee, N. K.;
Senanayake, C. H. Room Temperature
Palladium-Catalyzed Cross Coupling
of Aryltrimethylammonium Triflates
with Aryl Grignard Reagents. Org.
Lett. 2010, 12, 4388-4391.

Guo, W.-J.; Wang, Z.-X. Iron-
Catalyzed Cross-Coupling of
Aryltrimethylammonium Triflates
and Alkyl Grignard Reagents.
Tetrahedron 2013, 69, 9580-9085.




Blakey, S. B.; MacMillan, D. W. C.
The First Suzuki Cross-Couplings of
Aryltrimethylammonium Salts. J.
Am. Chem. Soc. 2003, 125,

6046-6047.
[MacMiIIan'S WOl‘k] z:(;et,all..-G.; Wang, Z.-X. !\lickel-
. yzed Cross-Coupling of
10 mol% Ni(COD), Aryltrimethylammonium lodides
+ - . 10 mol% IMes*HCI with Organozinc Reagents. Angew.
Ar—NMe;OTf + Ar—B(OH), CoF 50 °C_ 12 hb Ar=—Ar Chem., Int. Ed. 2011, 50, 4901-4904.
Sk, dloxane, ,
348 79-95% Zhang, X.-Q.; Wang, Z.-X. Cross-
(21 examples) Coupling of
_______________________________________________________________ Aryltrimethylammonium lodides
[ Wang's work ] with Arylzinc Reagents Catalyzed by
o . Amido Pincer Nickel Complexes. J.
A ﬁ Med +  ArZnCl 2 mol% NiCl(PCys), . Ap==Ar Org. Chem. 2012, 77, 3658-3663.
r—NMes; . }
347 THF/NMP (1 1 )’ 90 OC’ 8 h 25-96% Zhang, X.-Q.; Wang, Z.-X. Nickel-
(30 examples) Catalyzed Cross-Coupling of
................................................................... Aryltrimethylammonium Triflates
[ Wand's work J and Amines. Org. Biomol. Chem.
g R 5 mol% Ni(COD), R 2014, 12, 1448-1453.
‘ - / 10 mol% IPrHCI /
Ar—NMe;OTf + H—N , - Ar=—N
g2 1.8 equiv NaOt-Bu, 4A MS “R2
348 dioxane, 75 °C, 12 h 51-92%

(15 examples)




Ar?—B(OH),
10 mol% Ni(COD),

R'| = H + 0
( _l Ar1/\NM93 22 mol% PPh,Cy _ Ar1/\Ar2
3 “OTf 1.3 equiv CsF or K3POy4 350
b dioxane, 40 °C, 24 h 49-99%
Ar' NMe
» 2 R2—B(OH), (31 examples)
N 10 mol% Ni(COD),
MeOTf Me 22 mol% P(o-tol), Me
e /‘\ N or t-Bu-XantPhos /’\
- 1
(R" = Me) Ar' _OTTMES 1.3 equiv CsF or K3PO4 r 351 R?
. (o}
dioxane, 70 °C, 6 h 37-96%

(14 examples)

B Maity, P.; Shacklady-McAtee, D. M.; Yap, G. P. A.; Sirianni, E. R.; Watson, M. P. Nickel-Catalyzed Cross Couplings of Benzylic Ammonium Salts and

Boronic Acids: Stereospecific Formation of Diarylethanes via C-N Bond Activation. J. Am. Chem. Soc. 2013, 135, 280-285.
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| { 1 equiv PivOH
air, DMSO,100 °C

> 40 mol% FeCls
, 5 mol% Cu(OAc)g-HQO
R

140
30-73% (17 examples)

O, L
Isomerization
R Cu-Fe
: OH
@ » 2 R! !]j
ril \B IR @\ !RZ
N
141 I
R1 143

/‘I,;-Migration

142



—
Me,N—CN cat. lorll  EtsSI=CN /[l\lfl]x
iy toluene ] + OC™ | Me
EtzSiH ohotolysis or heating ~ Me€2NH M] = Fe %gt. )
| [M] = Mo(CO), cat. Il

| |
M L ML S M
OC” / \ "Me oc Me hv OC” | “Me
Et3SI H CcO
CH, Me,N—CN @
T T e
= OC™ ™| "%y,
| C™ \_.
oC SiEt, Me:N 319
318
MezNHﬁ )
Y
> |
i _IMI_
OC/[M]\NM ¢ |~|1M C‘S“N
/\ €2 €2 ~ _.
Et;Si H — SiEts

i 320
322 \3\ /[M]\ /(
Et;SiH  OC NMe,

321 Et,Si==NC —= Et;Si==CN



0] o]

0
)L N N 6-endo )I\N
. & Pd(0) )\ cyclization “ O

oxidative R R = Ph
Br insertion PdBr
1a A 4a
5-exo
cyclization

O
14 >L~
~ 8 C-N bond

PdBr cieavage

OO

EtzNCH CH, + Pd(0) R="Bu| sp®C-H
activation

0] 0]
\f ?'N >~N O
lj?d "Bu Me
Br

2a F E
reductive reductive
elimination elimination

0
! e
B Me '
u
3a

5a



H
N\rO

R = Aliphatic and
(hetero)aryl group

R = aryl group

R = Aliphatic and 4
(hetero)aryl group

R = Aliphatic group



G_Q

.1

0 o {\’H
2 A

Ar N-R SPRUPR) cab o NHR ==, Jﬂmr—<:/\r~sﬁ2

¢ . Hluh OH paroxetine
h__{_,mim ci >09% ee
Cp*Ru(PN)
o 1 mol% Cp*RuCI(COD)
1 1 mol% PN ligand
R 0 )

N—R + H, (1 MPa) 1 mol% KOt-Bu

R? 2-propanol, 80 °C, 2 h
@) 255

254 PN ligand: p,p’ NH, 40.909%

(18 examples)

! ! ! shi, C.; lkariya, T.

\ " lyzed b
PhQP"“R“\ Ph,P™ R”\H Ph,P" R”“\H a1 o
«/N ~H § Q/N Q/N H---N R2 to the
R
Cp*Ru catalyst HCL 0 2007, 129,

290-291.



37

R1

L
N D

O,

R Cu-Fe

D
I’il A R
141

5 mol% Cu(OAc) -HZO

40 mol% FeClj

1 equiv PivOH
air, DMSO,100 °C

140
30-73% (17 examples)

IsomerizationT

R‘I

|

143
/,?:-Migration

Chen, M.; Peng, J.; Mao, T.; Huang, J. Cu/Fe-Cocatalyzed Meyer-Schuster-like Rearrangement of Propargylic Amines: Direct Access to E-$-

Aminoacryaldehydes. Org. Lett. 2014, 16, 6286-6289.




R 0 10 mol% Ni(COD),

/ 20 1% PC

N__R + H—B Mo s . Ar—H

hil o toluene, 80°C, 20h g0
59 25-78%

(8 examples)

R 10 mol% Ni(COD), o—
| | 20 mol% IMes+HCI /
N R' + By(nep), » Ar=—B

hif 20 mol% NaOt-Bu \

O toluene, 160 °C, 20 h
259 , \ 261
B2(nep)> 17-76%

(7 examples)

X X
/ \
e O O >




P(t—BU)Z P(t—BU)z
cat. [RhCI(COD),],

- NEt, dioxane, 180 °C - CH3

+ H=—=NEt,

B Gandelman, M.; Milstein, D. Homogeneously Catalyzed, Chelate Assisted Hydrogenolysis of an Amine C-N Bond. Chem. Commun. 2000, 1603-1604.




+ iy [RECHCyH )k #— ™= Rh——CI
=2 CHH14 l
M M
2 Hal 4
P = P'Bu, H,
M = NEt;
CH,
|
3 Flth— cl
M
P - P H
cl 5

p

P, Cl

\
P
M M \ﬂ
HNEL: c
P
! H\ Pl

) \

\ N

B Gandelman, M.; Milstein, D. Homogeneously Catalyzed, Chelate Assisted Hydrogenolysis of an Amine C-N Bond. Chem. Commun. 2000, 1603-1604.



E.ul
| R

Z2=0 77%"° Z=0 56%"
S 65%° s 45%°
= = = "Ph |
A 77%" b
fa] . f
86% (E:Z=94:6) 820,
Elut @& i| Eut
Ph 5IM93
919" 59% 82%°

Ueno, S.; Chatani, N.; Kakiuchi, F. Ruthenium-Catalyzed Carbon-Carbon Bond Formation via the Cleavage of an Unreactive Aryl Carbon-Nitrogen Bond
in Aniline Derivatives with Organoboronates. J. Am. Chem. Soc. 2007, 129, 6098-6099.

Zhao, Y.; Snieckus, V. Beyond Directed Ortho Metalation: Ruthenium-Catalyzed Amide- Directed CA-N Activation/C-C Coupling Reaction of
Anthranilamides with Organoboronates. Org. Lett. 2014, 16, 3200-3203




N
p N B(OH)2 10 mol% Ni(COD),
N | > 10 mol% SIPr
k\N 7 3equivKsPO, N7 | N\>
R20 ° '
o THF, 60°C, 8h \N N
1N R?0 o
2 1 ( )
R<O 100 R SIPr \ y.
R20 R’
(X=Nor CH) [\ 101
N N 61-81%
N7 (11 examples)

B Liu, J.; Robins, M. J. Azoles as Suzuki Cross-Coupling Leaving Groups: Syntheses of 6-Arylpurine 2’-Deoxynucleosides and Nucleosides from 6-

(Imidazol-1-yl)- and 6-(1,2,4-Triazol-4-yl)purine Derivatives. Org. Lett. 2004, 6, 3421-3423.




. N
@E \>—H 10 mol% CuBr, R, N /R1
o 20 mol% HOAG @ S +RCHO

AN
TR 0, (1 atm) O R2
R3HQC—N/ dioxane, 120 °C, 16 h 117
“r2 10-98% (24 examples)

B Guo, S.; Qian, B.; Xie, Y.; Xia, C.; Huang, H. Copper-Catalyzed Oxidative Amination of Benzoxazoles via C-H and C-N Bond Activation: A New Strategy
for Using Tertiary Amines as Nitrogen Group Sources. Org. Lett. 2011, 13, 522-525.




/
Ph—N\ 0 o
Me R1 R2
0.5 equiv N
2.5 mol% Fe,(CO)q R! R?
2 equiv t-BuOOH
0 o) rt, 1 h o o
102
R1MR2 70-92% (12 examples)
R3 O O
" NRIRS
2 equiv R R2
2.5mol% Fey(CO)y  R3
3 equiv t-BuOOH ey
rt, 10 min R3
103

12-69% (18 examples)

Li, H.; He, Z.; Guo, X.; Li, W.; Zhao, X.; Li, Z. Iron-Catalyzed Selective Oxidation of N-Methyl Amines: Highly Efficient Synthesis of Methylene-Bridged
Bis-1,3-Dicarbonyl Compounds. Org. Lett. 2009, 11, 4176-4179.

Liu, W.; Liu, J.; Ogawa, D.; Nishihara, Y.; Guo, X.; Li, Z. Iron-Catalyzed Oxidation of Tertiary Amines: Synthesis of B-1,3-Dicarbonyl Aldehydes by Three-
Component C-C Couplings. Org. Lett. 2011, 13, 6272-6275.




2.5 mol% Pd(TFA), o

+ 3.0 mol% DPPPen
N /\)k

R,N~ “NR, 10mol% NH,CH,CO MesHCI R NR,
+ 55 mol% H,0 290
CO anisole, 120 °C, 21 h
’ ’ 55-92% (37 examples
(10 atm) o (37 examples)
Via 5 RzN(\NRZ -
- NR
R PdX I | T
5 | X
NR?,
221
H,0 /_\

HCHO + HX

B Zhang, G.; Gao, B.; Huang, H. Palladium-Catalyzed Hydroaminocarbonylation of Alkenes with Amines: A Strategy to Overcome the Basicity Barrier
Imparted by Aliphatic Amines. Angew. Chem., Int. Ed. 2015, 54, 7657-7661.




R R

R R’ 10 mol% FeCl; > ¢
\ , XX

P \ 9 3equivt-BuOOH g

+ N - LA
N /W air, DMF ’6 N
o 7
s 1497541 1480% (23 examples)
R R R R
N HCI ril
0 266 FeCl
t-BUOH 271 2
7 ﬁ
. -
l]l H I o C' FeCly + H*
268 Fe?*
t—BuO‘ ,\
+ t-BuOOH
OH"
eCI3
Fe3*
va’
H
O /Fe(
)J\ cl” 1 ¢l
L C| _

M Li, Y.; Guo, F.; Zha, Z.; Wang, Z. Iron-Catalyzed Synthesis of 2-Vinylquinolines via sp®> C-H Functionalization and Subsequent C-N Cleavage. Chem. - Asian
J. 2013, 8, 534-537.




3
RN § . )’]'i 20mol% FeCly oy / COOE
, H  "COOEt EtOH, 115°C,24h \R2
R (2equiv) 182
R™ = aryl or n-C4,Has 99-92%

R2 = Me or Et, R® = Me or Et

(13 examples)

COOEt R3 _
e " oo b
R 3 5
EtOR
182 R Fe \Q COOEt
EtOH/ I:.l
3 _ 2 \
'F Fe O\ .
R1_N+ EtO 183Fe
}Qz COOEt /
1 _
85 N . fFe
R3 N2
R1_N/ COOEt
\ 184
R2
Fe = FeClj

Ramachandiran, K.; Muralidharan, D.; Perumal, P. T. Palladium Catalyzed Alkylation of Indole via Aliphatic C—-H Bond Activation of Tertiary Amine.
Tetrahedron Lett. 2011, 52, 3579-3583.




R—S0O,Na

0.1 mol% [Pd(z-allyl)Cl],

0.4 mol% BINOL
3 equiv B(OH);

dioxane, 100°C, 4 h

\‘/

R

2 mol% [Pd(r-allyl)Cl];
4 mol% (+)BINAP

NC._.CN

14
78-93% (9 examples)

toluene or CH,Cl,, rt

2
R 15
56-88% (17 examples)

H
RS2 N
\N/ \.RS s H
5 mol% Pd(OAC), N
10 mol% BINAP
5 mol% TsOH R R*
dioxane, 80 °C R? 16
3 _
(R°=H) 40-92% (20 examples)
5
N \N/
5 mol% Pd(OAc),
10 mol% (+)BINAP R R*

5 mol% TsOH

dioxane, 80 °C
(R®=H)
g
R—ﬁ—NHNHz

10 mol% Pd(OAc),
20 mol% BINAP

17
62-96% (14 examples)

R? SO,R

R’ R*

air, dioxane, rt

2
R13

51-90% (23 examples)

Ma, X.-T.; Wang, Y.; Dai, R.-H.; Liu, C.-R.; Tian, S.-
K. Catalytic Allylation of Stabilized Phosphonium
Ylides with Primary Allylic Amines. J. Org. Chem.
2013, 78, 11071-11075.

Li, M.-B.; Li, H.; Wang, J.; Liu, C.-R.; Tian, S.-K.
Catalytic Stereospecific Alkylation of
Malononitriles with Enantioenriched Primary
Allylic Amines. Chem. Commun. 2013, 49,
8190-8192.

Wang, Y.; Xu, J.-K.; Gu, Y.; Tian, S.-K. Catalytic

Stereospecific Allylation of Protected Hydrazines
with Enantioenriched Primary Allylic Amines. Org.
Chem. Front. 2014, 1, 812-816.

Wang, Y.; Li, M.; Ma, X.; Liu, C.; Gu, Y.; Tian, S.-K.
Deammoniative Condensation of Primary Allylic
Amines with Nonallylic Amines. Chin. J. Chem.
2014, 32, 741-751.

Wang, T.-T.; Wang, F.-X.; Yang, F.-L.; Tian, S.-K.
Palladium-Catalyzed Aerobic Oxidative Coupling
of Enantioenriched Primary Allylic Amines with
Sulfonyl Hydrazides Leading to Optically Active
Allylic Sulfones. Chem. Commun. 2014, 50,
3802-3805.




Non-Carbonyl C-N Bond Cleavage via Imine or Iminiums

NH; (ag) 10 mol% Pd(OAc), R

R Het (4.4 equiv) 1.1 equiv CuBr, @;Het
\ e + -
O,, DMF

Q™ 4300 181
>_N ’ 30-86% (14 examples)
H \
______________ e S
0 br a
Major pathway CUBr2_ J—L+//CH2 NH3 O| h”" 2, "CN"
SET H ITI 0, /k CH C-N Source
O CH H N-‘L'l Cleavage
3 |
HJJ\ _CHg 262 o
fr' _ 263 7 0
CH [Cu]._ ( = )
3 NH YH
. ﬂ J\ > /CH3 L"CN" //N\
Minor pathway NH; H I';l C-N source Me (|3 [Cu]
CH, Cleavage NR
264 | 265 2 )

B Kim, J.; Chang, S. J. Am. Chem. Soc. 2010, 132, 10272-10274.




Triazenes
~ 2 mol% Pd,(dba);
Ar—N=N—NR, 8 mol% P(t-Bu)s
335 1 equiv BF3*OEt,
+

, Ar=—Ar'
DME, rt, 10 min 41-91%

Ar'—B(OH
(OR) (13 examples)

2 mol% Pdy(dba)s

Y

Ar—N=N—NR; 8 mol% P(t-Bu)s O
335 1 equiv BF3*OEt, )k
o CO (1 atm) At Ar
Ar'—B(0OH), DME, rt, 1 h 336, 70%
Ar = p-Me-CgHy

Ar' = p-MeO-CgHg4

B Saeki, T.; Son, E.-C.; Tamao, K. Boron Trifluoride Induced Palladium-Catalyzed Cross-Coupling Reaction of 1-Aryltriazenes with Areneboronic Acids. Org.
Lett. 2004, 6, 617-619.

B Barrera, I. F.; Maxwell, C. I.; Neverov, A. A.; Brown, R. S. Cu(ll)-Promoted Methanolysis of N,N-Dipicolylacetamide. Multistep Activation by Decoupling
of > N-C O Resonance via Cu(ll)-N Binding, Delivery of the Cu(l1):(~-OCH3) Nucleophile, and Metal lon Assistance of the Departure of the Leaving
Group. J. Org. Chem. 2012, 77, 4156-4160.




1 | _Et N, 4 mol% [RhCp*Cly], R
R Nl 2 equiv CsOAc g
+ Bt + )J\ - .
Br R™ 'R MeCN, 100 °C, 20 h
H = R
355 356
44-97% (29 examples)
O Et 0, * R1 O
R ILI/Et 4 mol% [RhCp*Ch], R, H
. YSEt .+ /\R 2 equiv CsOAc R P
“SbFg MeCN, 100 °C, 20 h R
358
357 51-85% (23 examples)

B Yu,S,;liy,S.; Lan, Y.; Wan, B.; Li, X. Rhodium-Catalyzed C-H Activation of Phenacyl Ammonium Salts Assisted by an Oxidizing C—N Bond: A
Combination of Experimental and Theoretical Studies. J. Am. Chem. Soc. 2015, 137, 1623-1631.




356

HOAC7)/. [RhCp*(OACc),] \S\
C
2 HOAc

B Yu,S,;liy,S.; Lan, Y.; Wan, B.; Li, X. Rhodium-Catalyzed C-H Activation of Phenacyl Ammonium Salts Assisted by an Oxidizing C—N Bond: A
Combination of Experimental and Theoretical Studies. J. Am. Chem. Soc. 2015, 137, 1623-1631.




TCyP
0 N Ar
F~g 5 1ngol A:II;d?I_(gbg)s B(pin) = | N
mol+o y N P O
* 16 mol% m-CFz-dba A )\/R N~ O> Pi/
AF_NZBF4 N33P04, Et20 366 &\ Z | O OH
* 32-50% | Qo s
Ba(pin)2 (12 examples) \/ Ar
84-98% ee | Ar=2,4,6-(Cy)3CeH; |
(pln)B’O\p/OD _O\P/C’) .
-~ * '?
~ o pase O .
. AF_N2 BF4
B(pin) (insoluble)
R —_—
Ar +
Ar—
366 Pd(0)
(soluble)
Ba(pin)2
0,0 0.0
o opl 5 oo
Pd Of/P\O)* Ar—Pd 0//P\O>*

Ar/[\/R 367
369 \ R /ﬁ
NS
o0~ Yo

B Nelson, H. M.; Williams, B. D.; Mir¢, J.; Toste, F. D. Enantioselective 1,1-Arylborylation of Alkenes: Merging Chiral Anion Phase Transfer with Pd

Catalysis. J. Am. Chem. Soc. 2015, 137, 3213-3216.




