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Introduction

C-N Bond Formation Routes to Aryl Amine

a) Metal-mediated N-arylation coupling
Pd, Cu, Ni, Rh

12 .
Halogenation> X Ligand, Base> NR'R EWaste:
HNR'R2 ;salts of HX / Base

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

b) Direct C-N bond formation

1R2
N ,R1 cat: Pd, Cu, Co X NR'R®  cat: Pd, Cu, Rh R1\
R+ + H—N : > gl - N-X + ||
= R2 Oxidant = Base(>1 equiv) R2
(>1 equiv) X=CIl, F, OR
T Y e ‘

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

c) This work: Direct C-H amidation with sulfony! azides

DG DG No external oxidants
H cat. [Cp*Rh(lll)] NHSO,R Single by-product: N, gas
+ N3;—SOzR N > Broad substate scope
- N2

High functional tolerance

(DG=Directing Groups)

Sammmm?



Condition Optimization

X | AN
(0)
N 0\\3// catalyst, additive ZN
HTON > N
3 \© solvent , temp, 12h “Ts
1a 3a 4aa
tem yield
entry catalyst system (mol %) solvent (°C (%)b
1 Rh,(0,CCF,;), (4) toluene 110 11
2 [Rh(cod)Cl], (4) toluene 110 10
3 [Rh(cod)Cl], (4)/AgSbF, (8) toluene 110 20
4 [RhCp*Cl,], (4) toluene 110 10
5 [RhCp*Cl,], (4)/AgSbF, (16) toluene 110 77
6 [RhCp*Cl,], (4)/AgSbF, (16) toluene 80 S9
7 [RhCp*Cl,], (4)/AgSbF, (16) 1,2-DCE 80 96
8 [RhCp*Cl,], (4)/AgSbF4 (16)  t-amylOH 80 45
9 [RhCp*Cl,], (4)/AgBF, (16) 1,2-DCE 80 54
10 [RhCp*Cl,], (4)/KPF, (16) 1,2-DCE 80 <1




Condition Optimization

AN | X
0\ // catalyst, additive ZN
» H
\© solvent , temp, 12h N\Ts
4aa
11  [RhCp*ClL,], (2.5)/AgSbF, (10) 1,2-DCE 80 84
12 [RhCp*Cl,], (4)/AgSbF, (16) 1,2-DCE 50 27
13 [RhCp*(MeCN);][SbF], (8) 1,2-DCE 80 64
14 [Ru(p-cymene)Cl,], (4)/ 1,2-DCE 80 n.r.
KPF, (16)
15 Pd(OAc), (8)/PhI(OAc), (110) 1,2-DCE 80 n.r.

“la (0.2 mmol), 3a (1.1 equiv), catalyst, addltlve, and solvent (0.5
mL) at the indicated temperature for 12 h. "NMR vyield.



Substrate Scope
2-Phenylpyridine Derivatives

7z g L \\ /, [Rth*CI2]2 (4 mol %)
|
o

) AgSbFg (16 mol %)
N \©\ CICH,CH,CI
80°C,12h

Y

1 (0.2 mmol) 3a (1.1 equiv)
- A
» »
N N
N/Ts Me N,Ts /Ts
H H
94% (4aa) 86% (4ba) 84% 4ca R: H, 73% 4da

Ac, 67% (4ea)
Bn, 70% (4fa)

YC((/E Ji:(? /Ts Meo\/di?

82% (4ga) X F, 77% (4ha) 84% (4ja) 93% (4ka)
Cl, 78% (4ia)

Me | N | N
/ N/ Me N/
/TS T
I N" s N/Ts N/Ts
H H

91% (4la) 80% (4ma) 45% (4na)? 75% (40a)



Substrate Scope
2-Phenylpyridine Derivatives

7~ B \\ /, [Rth*CI2]2 (4 mol %)
N )‘ AgSbFg (16 mol %)
N CICH,CH,CI
Me 80°C, 12 h
1 (0-2 mmol) 3a (1.1 equiv)
Me
l z
Me N/ MeO N/ N/ \N |
/TS /Ts /TS
N N g ‘ N
H
62% (4pa) 50% (4qa:4ga’ = 7.3:1)°¢ 75% (4ra) 70% (4sa)

71% (4ta) 85% (4ua) 74% (4va) 63% (4wa)?



Substrate Scope

Sulfonyl Azides
Pz [RhCp*Clal, (4 mol %) Y
N /. ¥ AgSbFs (16 mol %) |
Ny~ R! CICH,CH,CI N 1
80°C, 12 h N-SOR
1a (0.2 mmol) 3 (1.1 equiv) H

@(Z-Py) (2-Py) (2-Py) (2 PY) i
S
/

NH
oz Cl, 70% 4ac) .
/

CF3, 69% (4ad) OOS'" Bu O /53\

R 80% (4ae) 74% (4af) 549% (4ag)b



Proposed Reaction Pathway

(2-Py) [Cp*RhCL)-

NHTS 2 AgShbFg

[Rhdl ||)Cp*l(3bFe)z

/ N

SbFs
Rh(III)—Cp I Rh(lll) —Cp*
N‘“Ts SbFs

1] /ﬁ

| N Cp* H
2N - N+ TsNs
Rh(lll)—l*ld
N> = ShFg~ Ts

x> I
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Introduction

Previous work: Direct C-H amidation with sulfonyl azides

N cat. [Cp*Rh(lll)]
+ N3_SOZR >
H -N,

This work: Direct C-H amidation with aryl azides

o NHR o NHR
cat. [Cp*Rh(lll)] Il:ll




Optimization of Directing Group

O 0
/Ii:j\)LR . N3\© catalyst /@LR
Ar
Me” 7 g ?g::;crazﬁ' Mo 2N
(Ar= 4-NO,CgH,)
Entry R Catalyst (mol %) T Yield
°c o4l
] NH, [{RhCp*Cl},] (4)/AgSbF, (16) 85 <5
2 N Me, [{RhCp*Cl,},] (4)/AgSbF, (16) 85 <5
3 NHOPiv  [{RhCp*Cl,},] (4)/AgSbF, (16) 85 <5
1 NHMe [{RhCp*Cl,},] (4)/AgSbF, (16) 85 40
5 NHtBu  [{RhCp*Cl,},] (2.5)/AgSbF, (10) 85  85(80)
6 NHtBu _ [{RhCp*Cl,},] (2.5)/AgSbF, (10) 70 73
7 NHtBu  [{RhCp*ClL},] (2.5)/AgSbF, (10) 50 49
8 NHtBu  [Rh,(O,CCF,),] (4) 85 <5
9lcl NHtBu [{Ru(p-cymene)Cl,},] (4) 85 <5
10 Me [{RhCp*CL},] (4)/AgSbF, (16) 85 <1
1 OMe [{RhCp*CL},] (4)/AgSbF, (16) 85 <1
12 OH [{RhCp*CL},] (4)/AgSbF, (16) 85 <1




Substrate Scope

Aromatic amides

0 N, [{RhCp*Cl;}z] (2.5 mol %) Q
g 2
| i NHRZ . \Q AngFﬁ Hﬂ mol ,-E:] _ @\)L NHR
S, NO, CICH,CH,CI A N,.!'3'.r

R 85 °C, 18h R H
3 (Ar = 4-NO,CzH,)

o) 0 0 0
CﬁL NHBu /@\/LLNHrBu /@\)meau /@\)LNHFBU
NH Me J"rlH MeQ I':-IH FgC I"IJH

83% {?u% 80% {5?%;- 3b 9?% {?5% ) 3¢ Qﬂ% {au%
\@MNHHU ‘lNHIBu /@lNHfBu
NH
70% (60%) 3e 72% (55%) 3f 93% {31%139

/@\/Mmmau ﬂmms;@\/lwmsﬂwmu

86% {35%]' 3h 85% (70%) 3i  65%M8 (61%) 3]  90% (78%) 3k



Substrate Scope

Aryl azides
[{RhCp*Cly},] (2.5 mol %)
NHfBu | | " AgSbFg (10 mol %)_ NH{Bu
ot CICH,CHCI NHAT
85°C, 24 h
1a 2
0 0

= ::'D
T

NH{Bu NHfEu NHfElu @ﬁLNHIBu

NDE EDEME G(O DME
83% 3a EB% 3p T?% 3q T"l% 3r

NH{Bu NHrBu Ejtmmau Ej'LNHtBu

C(OM R= NO,, 70% 3u
56% 3s 45%[31 3t CF3, 83% 3v

94% 3w



Substrate Scope

Aromatic Ketoximes

[{RhCp*Clz},] (2.5 mol %)

>N .OMe AgSbFg (10 mol %)
+ NE_ r *
CICH,CH,CI

85°C, 24 h

/@\/L .OMe
@ﬁ\ _OMe /@\/L _OMe /@\/L _OMe CS;L _OMe
;L; i 74% 5b sg% 5c @ 85% 5d
i /L .OMe /Ej\ -OMe &N -OMe

R=H, 70% 5h
SDEME.- 81% 5f Ph. £5% i
C(O)OMe, 55% 5¢g Me. 58% 5i

82% 5& OMe, 35% 5k



Proposed Reaction Pathway

KIE=26 SbFg
N T
[Cp*Rh](SbFg), Rh(ICp* ArNy
_H+ g D
irreversible (X,Y= 0, NRiBu)
I
N O
XY o . H*
Y. 7 RhANCpT NH(Bu
-N .. SbFg
Cp*Rh(IlN) NHAr
3

TN NlAr !'
+ Rh(V)Cp*




Thank you for your attention!



