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Alkyne involved C—H Activation and Annulation
In Hua group
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Indole, Isoquinoline and Heterocycle-Fused Pyridine Synthesis

» Rhodium(l11)-Catalyzed C—H Activation via an Auto-Formed and
o X
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DGP DGaute N-heterocycles : z j: :

+ transformable + auto installed + modular assembly
+ readily available + auto cleavable  + diverse structures | hS- HT2A antagonists ~ N- doped - systems

Zheng, L.; Ju, J.; Bin, Y.; Hua, R. J. Org. Chem. 2012, 77, 5794.
Zheng, L.; Hua, R. Chem. Eur. J. 2014, 20, 2352.



— Internal Oxidants
o _

» Strategies for selective C—H functionalization with DGs

t. [TM
4 f\_r[\DG e ca[ o[] L :otr[—\DG @
H R
[O] = oxidant

» The strategy of internal oxidant used in C—H bond activation
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C + reagent — ' (C)
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Oxidizing Directing Groups (DG%)

» The N-O Bond as Internal Oxidant Directing Group
» The Bond as Internal Oxidant Directing Group
» The N-S Bond as Internal Oxidant Directing Group

» The C—N Bond as Internal Oxidant Directing Group

Huang, H.; Ji, X.; Wu, W.; Jiang, H. Chem. Soc. Rev. 2015, 44, 1155.
Yu, S.: Lan, Y.: Wan, Bo. and Li, X. J. Am. Chem. Soc. 2015, 137, 1623.



Cui & Wu, 2009 You, 2013

*» N-acyloxy group as DG~

N
R
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n=0,1
n = 0, Chiba, 2010, 2011
n =1, Hartwig, 2010

The N-O Bond as Internal Oxidant Directing Group

s Oximes as DG%

Chiba & Li, 2011 Hua, Ackermann, Rovis, Jia
Rovis, 2011 Jegaanhan 2011-2014

* N-methoxy/hydroxy group as DG®*
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Glorius, Wang & Li, 2010-2014

Huang, H.; Ji, X.; Wu, W.; Jiang, H. Chem. Soc. Rev. 2015, 44, 1155.
Mo, J.; Wang, L.; Liu, Y.; Cui, X. Synthesis 2015, 47, 439.



The N-O Bond as Internal Oxidant Directing Group

¢ N-OPiv or N-OBoc group ¢ Alkyne-tethered hydroxamic esters as DG
O R? O R
. . /
_OPiv(OBoc) R A _OPiv Lo O A~
N N r-- N n
H | L
’ y e -y n=20-4
Guimond & Fagnou, Glorius, Rovis, 2012 Park, 2012

Ward & Rovis, Cui,
Huckins & Bercot, Cramer
2011-2014

% N-phenoxyacetamide, N-Alkenyloxy amine, O-benzoyl-N,N-diethylhydroxylamine

Q
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Lu & Wang, 2014 Rovis, 2014 Liu, 2014
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Oximes and Its derivatives

Chiba

OAc
H

=]
R = OMe: 87%

42-98% (25 examples) \ R =CFgy 89%

R :
R®  [RhCp*Clak (1 mol%) 5
ey ,‘DH p 2 Fi-) .
qj\ N || CsOAc (30 mol%) | XN 5 « |
+ '
NS H MeOH, 60 °C, 12 h T . D ‘
! R

F|'| H4 R

=%
55-95% (12 examples | A = H: 92%
: R = Cl: 65%
R = OMe: 95%

Too, P. C.; Wang Y.-F.; Chiba S. Org. Lett. 2010, 12, 5688.

" ; Ph Ph
/ v Ph
g : = Ph
N R% [RhCp*Cla)s (2.5 mol%) R~ N : fq ~ |N
NaOAc (30 mol% : S
H'l N || { } - . I H1 E ME‘
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R =H: 79%
R = OMe: 82%
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Zhang, X.; Chen, D.; Zhao, M.; Zhao J.; Jia, A.; Li, X. Adv. Synth. Catal. 2011, 353, 719.



Formation of pyridines by the use of
= a,f-unsaturated oximines

R
R X
%N/OH conditions XN
Ty -

R
\(LX
Y Y
Chiba and Li: [Cp*RhCl,], (2.5 mol%), CsOPiv (30 mol%), MeOH, 60 °C

Rovis: [Cp*RhCl,], (2.5 mol%) (A) or [Cp'RhCl,], (2.5 mol%) (B), K»COs (2 equiv.), TFE, 45 °C

Selected examples (Rovis) Me
Me
=N Crt= 18— ~tau
SN | 92%, 1:1.2 (A)
(A, 8% 1A 7 Ve g3, 344 @)
Et Me g3%,4:1(8) "™  ph v
Ph
CHCHPh Bu
ph” NP ph T7%.351(A)  E .o NP pn 72%, 10:1 (A)
Me 76%, 1:3.4 (B) Me 68%, 1:1 (B)

Too, P. C.; Noji, T.; Lim, Y. J.; Li, X.; Chiba, S. Synlett 2011, 2789.
Hyster, T. K.; Rovis, T. Chem. Commun. 2011, 47, 11846.
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Mechanism discuss on C—H activation of
oximines with alkynes

ReduntiveF Product
Elimination

Rhlll

-/ —= Product
concerted C-N formation

and N-O cleavage
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Formation of Pyridines by the Cyclization of a,f-Unsaturated
— Oximines with Alkenes

R’ R
R MN,DPiU [Cp*RhCl,]» (2.5 mol%) R N
| * 7R pgonc @ teauv) I
R™ 23 DCE/AcOH, 85°C R R
l external
T oxidant
R'"  OPiv ]
R O.__-Bu-t
R _N “RhCp*_C-N formation = ’Lr?j(
\ N-O bond cleavage R \ Rh-O
R' R? 2
_______________________________________________________________ R R
Me Me Me
M
{
= = NMe
Z CO.Et CO,Et
O
n=2:55% X =Me: 91% 81%
n=1:44% X = Cl: 65%
? tk.r:-Hema nHex
1.3:1, 67% 1:1.3, 72%

Neely, J. M.; Rovis, T. J. Am. Chem. Soc. 2013, 135, 66.
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(@) R [RhCp®F3Cl,], (2.5 mol%) 1
R2 <~ _OPiv AgQOTs (0.9 equiv.) ) R
TH\N K>S,0g (1.05 equiv.)_ R SN
i HFIP,58°C P

R3
\/\cozH >20:1 regioselectivity

R® = alkyl, aryl, cpCF3 = 37% ~ 82%
heteroaryl, H P =

(b)
X, OPiv
N RhCp*(OAc), (1 equiv.
+ -

_ HFIP, 58 °C
\/\002H

24: X = OAc
25: X = OPiv

Neely, J. M.; Rovis, T. J. Am. Chem. Soc. 2014, 136, 2735.

Formation of pyridines using acrylic acids
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One-pot synthesis of isoquinolines

-

RN YR

Ar” DGPr—)l Ar DGOX [Rh”l] ,.,l Ar |
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R ® [RhCp*Clala (1 mol%)
JOTN o KOAc (2.0-3.0 equuv) o
b)! Ar + HoNOH-HCI +||
Ay MeOH, 60 °C18h \
R2

-- R2
42-94% (22 examples)

Me
Me
SN
x—{ "N _
— R Ph
Rz RS Ph

X =0, R?=R® = Ph: 65% R =Me: 83%
X = NH R2 RS H: 90% R =0OMe: 87%

X = NH, R? = R® = n-Pr: 87% R=NO,: 77%

Zheng, L.; Ju, J.; Bin, Y.; Hua, R. J. Org. Chem. 2012, 77, 5794,
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Rhodium catalyzed coupling of oximine esters with 1,3-dienes
for the synthesis of isoquinolones

R'I R1
OPi R®
— ™ 5
N - v » " N R
R * ” R4 This work -
H RZ R3 Redox-neutral conditions R R
RZ R?
+ Without any external oxidant + Complete regioselectivity
+ Mild conditions + Broad scope
Me Me
~N N ~N ~N N
OEt _Z OEt
= O,N ¥ OEt
86% 0 75% ° 82% 0
Me Me Me
—N
OEt
/ O (U
/7 “OEt /s NOEt
80% 63% 58% O

Zhao, D.: Lied, F.;: Glorius, F. Chem. Sci. 2014, 5, 2869.
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Proposed mechanism

[Rth*Clz]z Me

AgSbFe . _OPiv
N
AgCl

Isoquinoline [Rhlllcp*]

Isomerization Rhodacycle
PivOH Ve
Me
“ Cr

Cp* N\
NN \Rh/ N—O
~OPi /
) OPiv Rr
P COOEt A Cp* 0
B-hydride 1,3-diene
abstraction Alkene insertion

Cp*
1
N‘R:h-OPiv

—_—

O._ 'Bu

N

COOEt

C-N bond formation/N-O bond cleavage COOEt

Zhao, D.: Lied, F.: Glorius, F. Chem. Sci. 2014, 5, 2869.
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N-hydroxylamine and its derivatives

O s [CE‘TjhEE;:]S 532.5 mul;fa]
_OMe sOAc (0.3 equiv.
rE T N + Hz/// MeOH (0.2 M), . O
1a 2 60 °C, 16 h

[Cp*RhCl,], (0.5 mol%) R®
N DPw /;, Ha CsOAc (2 equiv.) / R2
P 2 MeOH (0.2 M), 3

room temp., 16 h

o)
NH Me NH
-
Ph O,N Ph MeO Ph
Me
3a 9:::% 96% 3b 55% sn% 3c sa% 9% 3d nid 92%
0
NH NH NH NH
>
7 “Ph Z npr Ph Z “ph
Me nPr TMS
3e 61% 92% 3 12%° 70% 3g 55% 99% 3h n/d 55%

Guimond, N.; Gouliaras, C.; Fagnou, K. J. Am. Chem. Soc. 2010,132, 6908.
Guimond, N.; Gorelsky, S. |.; Fagnou, K. J. Am. Chem. Soc. 2011, 133, 6449.
Xu, L.; Zhu, Q.; Huang, G.; Cheng, B.; Xia, Y. J. Org. Chem. 2012, 77, 3017.
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Rhodium(I11)-Catalyzed Heterocycle Synthesis Using

— Terminal Alkyne and Alkene

0
Cp*Rh(OAc), )J\ /OP'V = n-Hex: 92%
= COQMQZ 49%
=TMS: 75%

/

H HOAC

OAc
_RhCp*(OPiv)
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O
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D Cp* _,,.. P
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Guimond, N.; Gorelsky, S. |.; Fagnou, K. J. Am. Chem. Soc. 2011, 133, 6449.
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Rhodium catalyzed C—H functionalization between derevatives of
= N-hydroxybenzamide and alkenes

» Switching reaction pathway through different oxidizing directing groups

0 O
N,OMe NH,
H 4
H [RhCp*Clz]z (1 mol%) Ph
CsOAc (30 mol%) 40-99% (34 examples)
eOH, 60 °C, 3-16 h /
R=Me _ .
Ph B-H elimination
=4 0
- OR -
/
N
\
[F{h'”]
L Ph

C—N reductive

[RhCp*Cla]z (2.5 mol%) glimination

CsOPiv (30 mol%)
PivOH (20 mol%), EtOH, 80 °C, 16 h o)

OPiv
H
H Ph

43-88% (9 examples)

R = Piv

Rakshit, S.: Grohmann, C.;: Glorius, F. J. Am. Chem. Soc. 2011, 133, 2350. 19



Rhodium(l11)-Catalyzed Intramolecular Annulation

4 1

H |’ MeOH, r.t. RN~

o) 0
-~ O, [CPRACLL, (1 mol%)

R [N " _CsOAc(30mol%) " Y NH 3
.. ,
R2 OH

50% ~ 98%

n=2~4 3 R?

o)
M
N N~ MeICp RCL], (2.5 mol%)
_ R1"' CsOAc (2 equiv.)
MeOH, r.t.
O X CH,R?
0 0
-OPiv
RIS ﬁ [CP*RhChL (2.5m0I%) " “NH
P o CsOAc (2 equiv.) Ry— R? ,
R > Za 3 (5
o R2 MeOH, r.t. R
7N O—in R
5 R® 50% ~ 99%

Xu, X.; Liu, Y.; Park, C.-M. Angew. Chem., Int. Ed. 2012, 124, 9506.
Davis, T. A.; Hyster, T. K.; Rovis T. Angew. Chem., Int. Ed. 2013, 52, 14181. 20



Synthesis of Diverse Bisheterocycles of 1,3-Diyne

O
_OPi
HO V' [Cp*RNCLL
y (2.0 mol%)

2.4 equiv. NaOAc (0.6 equi’v.)
MeOH, 40 °C, air

O
_OPiv [Cp*RhCl,];, (2.0 mol%)
H MeOQOH, 23 °C, air
0.2 mmol 0.2 mmol o)
@)

80°C, air, 24 h NH R
NH >
R2 R |

P
NN R No~s (7)
N

R R R3MOH R?

0.3 mmol R’
52% ~ 96%

Yu, D.-G.; Gensch, T.; Glorius, F. Angew. Chem., Int. Ed. 2014, 53, 9650. 21



Rh(l [1)-Catalyzed C—H Activation and Annulation with
— Alkyne MIDA Boronates

[Cp*RhCL], (2.5 mol%)

a
@) Cu(OAc), (0.4 equiv.) O
‘/LL OPIV lcSOPN (2.0 equiv.) w
A
CH,CN, r.t. or40°C
@ l ’ N B(MIDA)

45% ~92%

- /OPIV 1+ OPlv
N
r----Rh— VS

—B(MIDA) | ADIM
favored less favored

0 (1) [Cp*RhCl,], (2.5 mol%) o
_OPiv BocValOH(1 equiv.)
@ KoCO3 (1 equiv.), -PrOH @ NH
* (2) BuyNOH (1.5 equiv.)

/’\BF3K VCH,CI,)/V(H,0) = 1/1 BF;NBu,
43% ~ 79%

Ir=z

Wang, H.; Glorius, F. 3. Am. Chem. Soc. 2012, 134, 19592.
Presset, M.; Molander, G. A. Org. Lett. 2013, 15, 1528.
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Rh(l11)-Catalyzed C—H Activation for the Regioselective
Synthesis of Naphthyridinones

3
[RhCp*Cls])s (1-2.5mol %)
| NaOAc (0.5 equiv)

O
OPi Al
N N wl
| H 4+
AN
R2

- e
i H MeOH, 20-65 °C |
5 o R 7
= 6 45-99% (20 examples)
0 O
+ * o N =
N N N TMS
0 o] o) 0
46% 80% 99%
0
0
R! R' = H: 84% YT NH
Xr” NH 1 |
| R' = CFy: 87% z
t+ s 1_ . o
N SiE, R =OH:68% |
5 Q 3%

Huckins, J. R.; Hwang, T.-L.; Bio, M. M. J. Am. Chem. Soc. 2013, 135, 14492.



Rh(111)-Catalyzed Cyclization of Benzamides

and 1,6-Enynes

(a)
i {5 1%)
DF'N mo
\ CsOAc
Rr2 (2equiv.)
2

Acet
x CH,, 0, NBoc Dﬁp""e”

N.Mu:hael
addmon

f
[R

¢

C-N bondformatlcnn
N-O bond cleauage

[Cp*RhCL): (5 n’ln:ll"»'a}'_"il @
,UMe CsOPiv (2 equiv. } | H
Rz \ PivOH (2 equiv)

.\{ﬁ

o)

"N

DCE, 60°C 0 Q

G—Mlchael
addlhon

D
'DF‘N
[Rh] _PivOH [Rh] ,U

Fukui, Y.; Tian, P.; Lin, G.-Q. J. Am. Chem. Soc. 2014, 136, 15607.

24



Rhodium(l11)-Catalyzed C—H Activation and intermolecular
= Annulation with Allenes

0 | [Cp*RhCly], (0.5 mol%)
@AN'OP'V ‘[ CsOAc (2 equiv.)
H +
R MeOH,rt,3~24h

OPIV NOPiv
RhCP RhCp* Reductlveellmlnatlon
N-O bondcleavage
and (re)oxidation of Rh
catalyst

,OPN 2 standard
condmons (10)
OPi standard
w
@)L cond|t|ons @itw/ (11)

Wang, H.; Glorius, F. Angew. Chem., Int. Ed. 2012, 51, 7318




Formation of Trisubstituted Allenes Using Allenylsilanes

0
O [Cp*RhCh], (2.5 mol%) SN NH
oOMe R' NaOAc(30 moi%) | » 2
| ) HY I<TMSV(MeOH)/V(H20)=20/1 o
20°C
¢ R OTMS
produc Substrate 59% ~ 919
/)/. Rh(III)\Q\ 0 o~ 9%
0 Cp?
Rh N-OMe
N7\ '
H OMe

[Si]

reductlve elimination
then oxidative addition

NHOMe
Rh Cp

w

[Si]

[SI]
RhCp*OAc

Zeng, R.; Wu, S.; Fu, C. L.; Ma, S. J. Am. Chem. Soc. 2013, 135,18284.
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Rh(l11)-Catalyzed Coupling of Benzamides

0] (0]
I opw . [CPRNCLL(1mol%)
O
NH
X
R
N
RZ
EWG 30r4
*Rh
C-H activation Ml OPiv
& O &
N~ N
T RCOOH R
R P
Z~Rh! = R2 F
N, A EWG
/u\% o C-N bond formation
EWG 2 N-O bond cleavage
2 ® r1l Y “NHOPiv
O Lz 1 O ' OPiv
R = N-OPiv XN N‘Rh'"
ZSRA M R
O, = - E
EWG (N@ R2 EWG R?
B ‘f\‘J 1,3-allylic
migration
metal carbene O ? OPi
formation L > ) N N~ ia
R T P |||IN"’OP|V RL—:' éhm
N, Rh Z
w0, — ews” = o
c EWG r2 1,1-migratory R?
insertion

Hyster, T. K.; Ruhl, K. E.; Rovis, T. J. Am. Chem. Soc. 2013, 135, 5364.
Cui, S.; Zhang, Y; Wang, D.; Wu, Q. Chem. Sci. 2013, 4, 3912.




Synthesis of Isoquinolones from Amides and Cyclopropenes

0
N
i . [Cp*RhCh, R NH
A W OPY, . _COOMe _ (1mol%) P
R J A COOMe CsOAc (2 equiv.)
MeOH, 23 °C MeOOC~ "COOMe

67%~ 98%
Ph COgMe

; X

/OPiV [Rth*C|2]2 (1 mol%) -
N CsOAc (200 mol%)
MeOH, 23 °C

NH
4 M HCI in dioxane—
CH,Cl, (1:2) Y
60 °C Ph"” > CO,Me

95%

Hyster, T. K.; Rovis, T. Synlett 2013, 1842.
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Rh(l11)-catalyzed C—H Activation/Cycloaddition of
Benzamides and Methylenecyclopropanes

o [RhCp*Cl,], (2 mol%)
OPiv CsOAc (1 equiv)
\ -~
| N MeOH, 30 °C
L
R1

R2 =Ph, R' = H: 82%
R2 = Ph, R' = 4-OMe: 90% N

I\l/ R2 = Ph, R' = 4-CN: 64% 60% ;
R
Y, '\ [RhCp*Chal (2 mol%) R'
R‘HN_OP'V CsOAc (1 equiv) r»\‘
H > y/ b)
MeOH, 60 °C o
N
S
=\, 30-85% (12 examples)
S~
N/
e _
/ /
0] R = H: 80% O R = 4-Me: 85%
N~ R=Br73% N R =4-Cl: 81%
o H R=Me:49% o H R=3-NO»53%

Cul, S.; Zhang, Y.; Wu, Q. Chem. Sci. 2013, 4, 3421.



Proposed Mechanism

/O Piv
N

AY
Rh=Cp* C—-N bond formation

0
- N-O bond cleavage
1 = E
R2 /N—OPiv
o - (I)Piv
N

R! (0] R2I— N
D‘/ 0 : X ,OPlv % R
X R
R2 /N—OPiv Za 2 RCO,H
ZRh protonation 2
\C A
C-H activation p spiro product + PivOH
Cp*Rh(OCOR) furan-fused
2 RCO.H 2 uran-tuse: .
azepinones * PIVOH
C—H activation .
protonation 2 RCO,H
F{3"'
OPlv OPN
' / N"Rh
HN—OPiv
OPIV C-N bond formation
coordlnatlo N-O bond cleavage
OL N R[j"Cp*
~/- . ,OPiv
R S
Rh-Cp*
migratory insertion OP|v R~
Rh—Cp
rearrangement
R3

Cul, S.; Zhang, Y.; Wu, Q. Chem. Sci. 2013, 4, 3421.



Rh(l11)-Catalyzed C—H Activation/Cyclization

— of Indoles and Pyrroles
Rz RZ
3
R1 | S \\ H R3 [Cpiﬁhc&b R1!_.“HL \ R
AN . (1 mol%) _ /
o ! || CsOAc (1 equiv.) NH
PivOHN R4 MEOH, rt. O

22% ~ 97%

10
N N N
\ OH | OH
D)\H O)‘\H tBu O)‘H D//L\H

92% vield 91% vyield 89% vield 31%‘}'1&“ N
10:1 regioselectivity

R R .,

7”7y [Cp™RhCly, S R !

RS | N ’

RI1— - D—H , RE_RY  (1mo%) R y R¢
N \n/ CsOAc (1 equiv.) >]/NH
BIVOHN 2 CH4CN, rt
v

49% ~ 93%

002Me
CDzMe COQME
N N-mMe N )_ NH

R- Ph, 80% yield
70% yleldb m% yrleld 93% yield R= Bn, 56% yield"

Zhang, Y.; Zheng, J.; Cui, S. J. Org. Chem. 2014, 79, 6490.
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Proposed Mechanism

R R
N VR
N N
R? ) 2
o)\N,Rh'“ RN RORS
R® PVO C i |||}\\\\
N
B ~
g NOPW  pa_z=s
2o0ré4

1 \
RYZ U RCOOH 8 H\
v N s C-H activation N Il

Zhang, Y.; Zheng, J.; Cui, S. J. Org. Chem. 2014, 79, 6490.



Rhodium catalyzed coupling between N-phenoxyamides
and cyclopropenes

Ri
{E} [Cp‘RhCIz]z {2.5 mﬂl%] = 0 2
x ONHAc CsOPiv (0.25equiv.) R-— R
R:_O/ * ? ] e
P o R MeOH, 25 °C 14
s 53% ~91%

(b) RhCp*(OPiv), 13

y D
@u L

C
D"‘ R1 R?
|||
-‘?}C&%’T Rh pathb
i
nﬂ*“a‘uﬂ
patha

_N.ﬂu: Rh'.'l'llﬁc
Iith”{c J cp*
p* *
=l \ P
J R
R1 Rz
c B
) ©
@,ONHAG N [Cp*RhCl;]; (2.5 mol%) ©/\’J
+ M - =
COOBuU+ CsOPiv (0.25 equiv.)
MeOH, 60 °C 130, CO2BUt

Zhang, H.; Wang, J. Angew. Chem., Int. Ed. 2014, 53, 13234.



Rh(l11)-Catalyzed Cyclopropanation Initiated by C—H Activation

."" D ™
Ph\[ro..._N
O
b A

N-Enoxyphthalimide

Q i-Pr
O,N (5 mol%)
+ ZOR2
_ o) CsOAc (2 equw
\\| TFE, 21°C, 16 h 2% 83%
1 P ~
g1 15 'f_@\PHth >20:1 dr
C-H Activation
(, ! ’r_-\\
‘N/\Q ‘. /EO N

N Rth
I Rth

o % ygv

Ph A Ph

N p2
o Rhcpr” R

Piou, T.: Rovis, T. J. Am. Chem. Soc. 2014, 136, 11292.
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Rhodium catalyzed cyclization of O-benzoyl-N,N-
diethylhydroxylamine with alkynes

@] ?t
-""N"Et

H

N, N-diethyl-O-benzoylhydroxylamine
@)

o)
_NEt, R [Cp*RNCly], (5 mol%) N0
X o) AgOAc (30 mol%) R'-——
R1+ + | | g N3
= TFE, 60 °C R
16 R? R?
l 51% ~ 93%
i et |
O *N-
0) s/ Et
N %
R'— | o-NE, - R P RhCp*
Rh =
_ Cp* R R A |

Li, X. G.; Liu, K.; Zou, G.; Liu, P. N. Adv. Synth. Catal. 2014, 356, 1496.
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The N—N Bond as Internal Oxidant Directing Group

[RhCp*Clz)2 (4 mol%)
AgSbFg (16 mol%)
_ 43-82%
acidic conditions t-BuCO-H (1 equiv) \ (16 examples)
H>O (8 equiv)
) MeCN, 80 °C,16 h
R 2
e R* r
I | | H1_' R4
[ = * Y
R' H 3
R R3

43-87%

AgSbFg (16 mol%) /' 16 oxamples)

NaOAc (0.4 equiv)
MeCN, 100 °C, 20 h

Et Me
o JCL
QQ Ph ,@;,?7%

H1
Me

R'=H R'=OMe R'=ClI
acidic conditions: 25% 74% 67% 43%
basic conditions:  34% T4% 78% 56%

basic conditions \ [RhCp*Cly], (4 mol%) /
(

Liu, B.; Song, C.; Sun, C.; Zhou, S.; Zhu, J. J. Am. Chem. Soc. 2013, 135, 16625.
Wang, C.: Huang, Y. Org. Lett. 2013, 15, 5294. 36



Synthesis of Indoles Using N—N Bond as the Internal Oxidant

Rt [CP*RNCL, (2.5 mol%) R’
CsOAc (0.25equiv. =
O\ NHAG+|‘| 025eau) o mRz
N

HOAc (1.2 equiv.)

Rz DCE, 70~100°C H
J& Sas
R' = H: 88%
R'=F: 64%
R = OMe: 92% R = OMe: 91% 7%
R=F:91%
1 R
H (b) o R* [Cp*RNhChI, N
N R NH | —@5mol%), gfi Ny R2
S A . -HCI P
N~ R N
30 R2 H
- 4 -
H H i Hua's conditions: Cheng'sconditions:
7 N‘N/ R3| FPrCHO (2 equiv.) pentan-3-one(1.2 equiv.)
R KOAc (1.1 equiv.) NaOAc (1.5 equiv.)
in situ I1:|-::vrn'hs=.~«d MeOH, 80°C EtOH, 110°C

Zhao, D.; Shi, Z.; Glorius, F. Angew. Chem., Int. Ed. 2013, 52, 12426.
Zheng, L.; Hua, R. Chem. Eur. J. 2014, 20, 2352.
Muralirajana, K.; Cheng, C. H. Adv. Synth. Catal. 2014, 356, 1571.
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Proposed reaction mechanism for the indole synthesis
from hydrazine

H

N
C[ NHAG
_ [RhCP*A(OAC)z] H C—H activation
W H HOAc
HOAc R2
(e H

RhCp*(OAc) N reductive N Me
N R’ elimination @: :N—<
Rh 0O

Cp*OAc
N. ,NHAc R!
~ F{h"C
p* . . .
HaNAC! oxidative addition g2 migratory insertion | |
/H“—O R1 H R2
=0 wNAc
\ ,—- \>\ .
SN R acylamino Regg
C% migration == c
Y path B
R’ path A NHAC
rearrangement
reductive elimination
protonation
HOAc R2 HOAc
R1

Zhao, D.; Shi, Z.; Glorius, F. Angew. Chem., Int. Ed. 2013, 52, 12426.



Rhodium(I11)-catalyzed the formation of isoquinolines
using hydrazine as an oxidizing directing group

R hf’le
A N.
N” Me
H RZ  Me 2
« _N_  R* [RhCP'Cl], (2.5 moi%)
YT N7 Me Ag20 (20 mol%) XN
-~
~F <l AcOH (1 equiv) O N N
R H . MeOH,90°C,8h R
R g3
44-96% (31 examples)
Me n-Bu
~N ~ N Me Me
R’ 7 ph Z e =N SN
3 o -

o ? Me n-Pr
R'=H: 93% R® = R* = 4-OMeCgH4: 90% i n-Pr Me |
R' = CF3: 63% R3 = R = 4-BrCgHg4: 88%

(=] N

R' = NO,: 44% R3 = Et, R* = Ph: 92% 86% (3:1)
R' = OMe: 96%

Chuang, S.-C.; Gandeepan, P.; Cheng, C.-H. Org. Lett. 2013, 15, 5750.
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The N-S Bond as Internal Oxidant Directing Group

Ph
O\\//
) N\y—Ph N
—
protonation H* [Rh‘"Cp Ph
CD ¢ C H activation
0]
Lo
\ P
/N\F{hm
Ph
Ph
:I+
Os O ~Cp coordination
\1\3 ~Rp!!
\ Ph Ph
N ||,
7\ o Ph

Ph ‘ ’
— 2 “Rh!!
S=0 bond insertion / /
Ph _+

N-S bond cleavage
Cp*! ° hPh

|gratory insertion

Zhang, Q.-R.; Huang, J.-R.; Zhang, W.; Dong, L. Org. Lett. 2014, 16, 1684.
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The C-N Bond as Internal Oxidant Directing Group

Ny . OMe ¢ o
R1AR2
N Et . jo
/
CO,'Pr CO,Et Plae, |
v EtO,C ., OFEt
[RhCP*Clyl, : Pro;C S 2~ EtO .
(4 mol %) 92% 89% 65% ;
L= 7Y o
(2 equiv) o 0
0 Et. CH4CN, 100°C 0 0 “it\
=
oL o, o, O OO,
SbFg Z R R

_____________________________________________________________

Yu, S.: Liu, S.; Lan, Y.; Wan, B.: Li, X. J. Am. Chem. Soc. 2015, 137, 1623.
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Conclusions

**The ‘internal oxidant’ strategy has emerged as a powerful tool
In metal-catalyzed direct C-H activation reactions;

¢ As direction group: improve the reactivity and selectivity of C-
H functionalization, broaden the substrate scope and decreasing
the amount of waste formation;

s Further development focus on finding new types of internal
oxidants and improving the mechanistic understanding.
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