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Direct sp? C-H Amination

a) Aliphatic amination relying on a nitrenoid C-H insertion b) Aliphatic amination based on C-H actication

Ry R,

R4
*N=MLn R _(':/h' R DG MLn DG Amine Sources DG
RZ_C Ho =72 IN{=min [T Re=GNHR C H —> C MLn| ————————> C NR,R
R R3 R R C’ C’ C/ 4T\5
3 3
10 mol%
Ru(CO)-salen (2 mol%) NHSES X Pd hfacac), NFSI
SESN; (1 equiv) =
> N/ dloxane
DCM, -10°C, 4A MS, 24h 100 °C, 24h
90% yield, 94% ee N(SO2Ph),
SESN;: 2-(trimethylsilyl)ethanesulfonyl azide NFSI=N-fluorobis(phenylsulfonyl) imide

® high regioselectivity and atom
efficiency

® external oxidants required, hash
conditions, early-stage
functionalization

. . . . Iglesias, A.; Alvarez, R.; de Lera, A. R.; Muniz, K.
® the amination of aliphatic, Angew. Chem., Int. Ed. 2012, 51, 2225.
benzylic, or allylic sp? C-H

bonds cat. [Ir]
N 25-80 °C
Nishioka, Y.; Uchida, T.; Katsuki, T. t Rr- N, >

_N2

Angew. Chem., Int. Ed. 2013, 52, 1739.



Previous Work on sp? C-H Amination

R-Na Purine
S S o RHN
| 0.0 [RhCp*Cl,], (4 mol%) | ) _(limited) Monoamination
ZN N4 AgSbFg (16 mol%) Z
3 CICH,CH,CI Spg poTToememeeseee .
° . R ! R-N4 Purine
Me 80°C, 12h PNl (excess) RHN NHR Symmetric
b I » ' Diamination
1N“" :
7 —
(2-Py) [RhCp*Cl,]» Z | ' i )R Purine
N : ' i) R-N3 .
NHTs +2 AgSbFg N ' ———— - RHN NHR Unsymmetric
R ' i) RN Diamination
[Rh(I1)Cp*1(SbFg),
1 Purine
H* H* &, RHN R" _ Unsylmmgtricl
i) R"-X Difunctionalization
N N N Kim, H. J.; Ajitha, M. J.; Lee, Y.; Ryu, J.; Kim, J.; Lee, Y;
\, .+ SbFe
Z \Rh(lll)—Cp* /N‘R;(lu)—Cp* Jung, Y.; Chang, S. J. Am. Chem. Soc. 2014, 136, 1132.

N\ -
SbFy

o) [{IrCp*Cl5}5](4 mol%)
o AgNTf,(16 mol%) OR'
] N OR!' + R*-S-N; >
e TsNs 4 HOAGC (15 mol%) N-SOR?
p* ) N LiCO3 (15 mol%)

Rh(III CICH,CH,CI, 50 °C, 12h

T

SbFg s

Kim, J.; Chang, S. Angew. Chem., Int. Ed. 2014, 53, 2203.
Kim, J. Y.; Park, S. H.; Ryu, J.; Cho, S. H.; Kim, S.
H.; Chang, S.J. Am. Chem. Soc. 2012, 134, 9110. 3



Optimization of the Reaction Conditions

" 9 cane ]
O/\H ' ”fg T eotvent NHTs
temp, 24 h
1a 2a Ja
" temp yield
entry catalyst additive solvent (C) (%)
1 [IrCp'CL.]./AgNTHf 1,2-DCE 60 <1
2 [IrCp Cl.]./AgNTH NaOAc | 1,2-DCE 60 56
3 [IrCp Cl.]2/AgNTH LiOAc | 12-DCE 60 70
+ [IrCp'Cla]>/AgNTHf KOAc | 12-DCE 60 60
5 [IrCp'CL.]./AgNTH Cu(OAc)| 1,2-DCE 60 66
6 [IrCp'CL.]./AgNTHf, CsOAc | 1,2-DCE 60 80
7 [IrCp'Cl.]2/AgNTHf HOAc | 12-DCE 60 43
8 [IrCp Cl: ]/ AgNTf: AgOAc | 12-DCE | 60 90
9 [IrCp'Cl2]2/ AgNTH, AgOAc | 1,2-DCE | 80 91
10 [IrCp Cl2]2/AgNTH; AgOAc DCM 60 81
11 [IrCp'Cl2 ]2/ AgNTH AgOAc | t-AmylOH | 60 n.r.
12 [RhCp'Cl.]2/AgSbFs AgOAc  12-DCE 80 nr
13 [Ru(p-cymene)Cl]./AgSbFs AgOAc  1,2-DCE 80 <1
14¢ Pd(OAc). K:$:0s  1,2-DCE 100  nur.
15° Pd(OAc), NESI¢  12-DCE 100 nur.

® Acetate additive
can improve
reaction efficiency

® Silver acetate
1,2-DCE

Chang, S. JACS. 2012

Muniz, K. ACIE. 201%



Some Interesting Substrates

[IrCp*Cly], (5 mol %)

R10~N o AgNTf, (20mol %) RO«
| . I AgOAc (10 mol %) |
:/j\?/\H Ns_('sg D 12-DCE /I\/\ NHTSs
N 60°C, 24 h o
1 2a 3
MEO“N . .
| ® Potentially reactive MeO. ® Not amidate
NHT . .
® neighboring sp? C-H /\):]/\NHTS any secondary
“I~om bonds were totally C-H bonds
e .
I inert
OMe [IrCp*Clz]2 (5 mol %) _OMe MeO..
H N¥ AgNTf; (20 mol %) TsHN N N = . .
ﬁij% . AGOAG (10mol %) _ @L + @i“jL\ L ® Amidation of
H (1.1 equm) 1,2-DCE_;’§>36 °C,24h NHTs e 8-methyl-
23 (24125, 4:1) 24 2 quinolines
T5% (8a)

® Sp?2C-H amidation is more favorable

than sp 3 C-H amidation

® Acyl azides can be

MeO.
MeO_

N 0
; = N 0
H [ j N
H
61% (6n)? NO, e

48% (60)¢

MeO.

opget

applied to the
current Ir-catalyzed
conditions to afford
acylamido products

48% (6p)°  CF,




Late-stage Functionalization

a) (-)-Santonin Derivatives TsN3 (2 equiv)
[IrCp*Clx]> (5 mol %)

AgNTf; (20 mol %)
»H _MeONHzHCI_ e0, e AgOAc (10 mol %)  pMeO. — aH
(9] il il - N - it
6 Pyndlne 1,2-DCE 6
0 reflux, 12 h 60°C, 24 h TsHN 9

(-)-Santonin 90% 88% (10)

Ha, Phl-la‘E'IOAc
RhCI( PPhg,] 3 98%

above
MeONH*HCI MeO., 7 H conditions
B —— it —
Pyridine .?)
reflux, 12 h H

8]
88% 12 82% (13)

&<

b) Steroid Derwatwes

MeONHHCI, above j(\
NaOAc _ conditions _ r(
- 0=

MEOHJ'HQO MEO..
75°C,3h

Friedelin 80%

,g 75% (15)

1. Hy, PdIC above

2. DMP, CH;Cl conditions
=
3. MeONH_HCI
70% (3 steps) MeO.. N" MeD\Nx ; ﬁ
A £
HO i / 65% (17)
Lanosterol / 16 TsHN  (X-ray analysis)



C-H Amidation To Form Synthetic Building Units

TsN3 (2 equiv)
[IrCp*Cly]2 (5 mol %
AgNTf, (20 mol %) 0
)

)
O. (O
E N AgOAc (10 mol % [ N
- = HO NHTs
0 H 1.2-DCE 0 NHTS R
R 60°C,24 h R
R =Ph (18a) R =Ph 61% (19a)

Me (18b) Me 54% (19b)

p-amino acids

® The first example of the use of dioxazines as a
directing group in C—-H amination reactions

above

" HO
N. conditions X\ NHT
~ O/l<‘ A —— /N 0 — s
H
20

NHTs 1,2-amino alcohols

57% (21)

(IrCp*Cl], (8 mol %)
AgNT, (32 mol %)  MeOL

MeO.
N 0
| 1l AgOAc (16 mol %) |
H + N;=S Me > NHTs (1)
5 1,2-DCE
1a 25 oC. 24 h 89% (33)

above
conditions MeQ. =
- = N

\

25°C

PhO,SHN
? 79% (22) O

® The reaction can proceed efficiently at room
temperature with a higher catalyst loading
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C(sp? )-H Functionalization by Internal Redox Process

Acid catalyst

EWG

@flw TETETS

X= NF{2 0.
EWG = CN, CO,R, etc.

® Key Feature:

@%

6-endo-
cyclization

a) the [1,5]-hydride shift of the C(sp3)-H bond a to the heteroatom
b) Subsequent 6-endo cyclization to a cationic species affords heterocycle 2

key controlling

substituent Type |

e Rl=H —— =
[1,6]-H shift
(] +

7-endo-

R cyclization

| CFy

Type i

[1,4]-H shift
.

5-exo-
cyclization

R' = CHgPh

[1,5]-H shift
+
6-endo-

cyclization

HPh
0
--uf(
 FFs | [1,5]H shift
N +
RS ‘_(F-:E 6-endo-
i | cyclization

H

R3
single isomer

Double C(sp?)-H bond functionalizations

HPh

CF4
H
o)
H
N
R3  R?

single isomer



Two Types Of Sequential Hydride Shift

R1._EWG
| two challenges
R3 (1) the control of the hydride shift mode
N _R2 (11,6]-H shift or [1,4]-H shift)
H l/ (2) selection of the suitable EWG group
B

[1,61{1,5]-H shitt sequence  Initial hydride shift process was completely

0 controlled by tuning the electrophilic moiety
CF H
| Bmol% L -
Y Yb(OTs D?}----i'h . CFs
N~ toluene N 5
7 Ph reflux, 48 h '> N-—{
H —
°h 90% Ph Ph Ph
3a 4aa 4ab
single isomer not obtained
[1,4]-[1,5]-H shift sequence
0]
Ph CF. oo
| ? 5 mal % H oF H PhH
R Yb(OTf)y ; )---&h N CF;
N‘{ toluene N 9
) ‘ph reflux, 48 h N H N~
H pp 86% PH Ph—/ oh
5a Gaa Gab
not obtained single isomer

three contiguous stereogenic centers in 4aa and 6ab were completely controlled
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Effect Of a-substituent Of a,6-unsaturated

Trifluoroacetyl Group

F
*  10mol% H%&F “
H Yb(OTH)4 - 4 > ""i’h . CFy
N~ toluene N o

Ph reflux, 48 h H
H F'r? Fh> phL.JN{Ph
3a:R=H,7:R=Me a b
B:R=Et, 5a:R=Bn da:H=H,90% (>98 '@ trace)?
9:R=Me, 93% (64 : 36)
10: R=Et,73% (39 : 61)

6a: R =Bn, 86% (trace: >98)% 25 mol % of Yb(OTI)g

bulkiness of the a-substituent controlled the reaction course

—~

[1,6]-H shift
R=H

30r5~<

[1,4]-H shift
R=Bn

Lz
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Substrate Scope

R trams ey

ab Ph dc F'h
DB%, single isomer®  B1%, single isomerd B8%, single isomer® __ B5% d:-ﬂﬂ

® 1,5-hydride
shift didn’t
occur

= B84%, single isomer? 30%, alha isomer® G5%, single isomert.d

® at least one
b / }GF3 ubstrate for Me % F %
enzy NN lsisrHs a CFa
group on l 5
. H H
nitrogen g N ‘(Ph N—~(
lum:mumfw th Ph—~/ Ph
(<B0% recovery of SM)e  [1,4]-1,5]-H 6b 6c
79%, single isomer® 90%, single isomer®

Ph Fh
S H N = H N
P Phe "f Ph—/ L

6d 3}
BB8%, single isomertd  40%, !ﬂ'ﬂglﬂ isomerad B4%, d.r=56/44bd

0
(44% recovery of SM)P 12
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