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Research in Ge’s group :

1)Metal-catalyzed carbon-carbon and carbon-heteroatom
bond formation through C-H activation

T [

2)Total synthesis and structure-activity relationship studies
of biologically active natural products.
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Room Temperature Palladium-Catalyzed Decarboxylative ortho-Acylation of
Acetanilides with a-Oxocarboxylic Acids

Ping Fang, Mingzong Li, and Haibo Ge”

Department of Chemistry and Chemical Biology, Indiana University Purdue University Indianapolis,
Indianapolis, Indiana 46202

NHAc

o) Pd(TFA), 10mol% NHAc O
H (NH,),S,04 2eq.
OH
R ' NS + RJj:fin/ - | N R
¢ diglyme, rt Riw
Z o) glyme, =

39 examples
43~96% yield
This reaction provides efficient access to o-acyl acetanilides under mild conditions

J. Am. Chem. Soc. 2010, 132, 11898
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Previous work

Goossen's work

(0]
Pd/Cu cat. (o)
M+
RJ\} + ArBr J\ + T + MBr
NMP 170°C R™ “Ar
Liu's work Angew. Chem., Int. Ed. 2008, 47, 3043.
o Pd(TFA), 0
ArX + dppp
ROJI\COZK o ROJl\Ar + C02
(X=l, Br, Cl) R=Me. Et NMP 150°C
(R=Me, Et) J. Am. Chem. Soc. 2009, 131, 5738.
Ge's work
NHAc o Pd(TFA), 10mol% NHAc O
H (N H4)28208 26q
H
R S ¥ RJL T]/O : > o L R
_ o) diglyme, rt T

39 examples
43~96% yield

J. Am. Chem. Soc. 2010, 132, 11898
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Scope of a-Oxocarboxylic Acids

hkAe 0 10 mol % Pd(TFA), NHAC O
@,H ,LroH 2 equiv (NH,),5:0; @)LR
+ R -
'D diglyme, rt
NHAC O NHAC O NHAC O NHAcC O NHAC
spesWonclopeisnsy E
3b, 79% 3¢, 83% 3d, BI%" Je, 84% 31, 80% '
NHA: O NHAc O NHAc O NHAcO F NHAcQ
30, 75% 3h, 43%
NH.P‘I:CI' MNHAC O | NHAC O I
::u 9a% 3m_92% 3n. 70% " 30, 04% 3p, 82%
MHA-.E NHﬂcﬁ NHﬁcﬁ NHAC ﬂ NHAr.ﬂ
3q,91% Ir, 76% 35, 93% 3, 91% 3u, 96%
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Scope of Anilides

NR'R” 10 mol % PA(TFA), NRR®
H OH 2 eq Liiv [NH&}QSEUE
R + o = R
diglyme, rt
1b-t 2a 4b-t
NHACc NHAc O NHAe O NHA¢ O NHAc O NHAc ©
B F cl
4b, 90% 4c, 90% ad, §2% 4e, 94 % 4f, 60% 4q, 76%

MHAC MHAC NHAc O NHAc O NHAc O NHAc ©

Ph Ph Ph Ph Ph Ph
F
F Ac CO,Me 254 ,
4h, 84% 4i, 7T1% 4j, 74% (i 4k, 76% M 70% dm, 34%\
o]
MHAC O MNHAC O MHAC O R NH O Q J\
0 S,
o N~ "MH O
Ph Ph Ph Ph !
h h
F Cl Br
49, R ='Pr, 84%"
4n, 85% 40, 75% 4p. 73% » R =cyclopropyl, 85%¢ 48, 80%"° at, 61% "

1) O-substituted
acetanilides
failed

2) Acetamido
group not
necessary

Page 5



Proposed Catalytic Cycle of Decarboxylative
Coupling

NHAC NHAC O

@,H Pd(;_FA};r G/F'd(TFA @,Pd )J\n, COG/ Tr ﬂ. @)L
2 i

13 Pd(0)
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Copper-Catalyzed Aerobic Dehydrogenative Cyclization of N-Methyl-
N-phenylhydrazones: Synthesis of Cinnolines™*
Guangwu Zhang, Jinmin Miao, Yan Zhao, and Haibo Ge*
H o _ %
o N CuS0,4(1.5 mol%), Cul(7 5mo|/)> iy NN R,
T A NIN\\[Rz Py(3.5 eq), CF,SO;H(1 eq) PN

| 0,(1 atm), DMF, 110°C

27 examples
47~96% yield

Angew. Chem. Int. Ed. 2012, 51, 8318
Copper-Catalyzed Aerobic Intramolecular Dehydrogenative
Cyclization of N,N-Disubstituted Hydrazones through C ;—H

Functionalization™*

H

Guangwu Zhang, Yan Zhao, and Haibo Ge*

R1\|/H H CuBrDMS(10 mol%) DBU(0.3 eq) ™™
KI(0.5 eq) Cs,CO,(1.1 eq) -
N.. =z 273 R ~N_ 2 S\ R
| TRs O,(1 atm)
Z DCE/DMS(10:1), 135°C Angew. Chem. Int. Ed. 2013, 52, 2559

37 examples
16~96% yield Page 7



Substrate scope

H

R'o = N R? CuS0y4 (1.5 mol3e), Cul (7.5 mol%) 1 = R*
i - = R
N T Py (3.5 equiv), CF3S0sH (1 equiv) N
H Oz (1 atm), DMF, 110 °C

1 2

\@rph Fmph Elmph Br. : l‘,..--w.,,hM Ph
N'.’- M M—‘__N N—_’. M N:' M

OMe
RGN OOINNO Y L
=N =M =N
M N MeO N N N

2f, 92=/dl 2g, 95%

2i1+2i2, 62% (2i1:2i2 = 2.2:1)

2h1+2h2, 78% (2h1:2h2 = 5:1)

Br
Ph
OO Aoyt
=M
B =M
r ] N

21422, 68% (2)1:2j2 = 1.7:1)

Ph Fh
= =
oy ooyt CGE Ok
. N =N N’ N’
Pr M CHN N OMe cl

2k, 60%! 21, 73%!

2m, 88% 2n, 764l

2ab, 67%!
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Mechanism

Cyclization of 2-(N-methyl-N-phenylhydrazono)-2-phenylacetaldehyde

\ | i\ Fh
N A\fﬂ CuS0y (1.5 mol%a), Cul (7.5 mol?) m
‘N !
H Py (3.5 equiv), CF3504H (1 equiv) H;N
1 atm). DMF, 110 *C _
3 O2 ) 2a, 90% yield

Deuterium-labeling experiments

CusS0y (1.5 mol%:)

Cul (7.5 moaldt) =
M. ,-;:,L_‘%
H . .- Ea -+ ".-'M
Py {3.5 equiv), CF3504H (1 equiv) N

H D (1 jE‘.trl'Ik], DMF._ 110 °C D
(D,]-1a Hikn = 1.2:1 D,]-2a
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Proposed reaction mechanism.

. :0-0 [Cu—0
00 [Cu™T] 0

k] I"k-'--*--‘h
no A Cu e |
1a —= N7 Ph - B — ~

N .
@/ N~ Ph @/”N Ph

T

A B C
0
- )
-[Cu"JOH ,.[J i _ o [Cu" ,g“ PyH"
e 3L {
f’N‘N’J Ph LN
3
Cu".
PY~  OH
H g Ph
Ph_ _ h [Cu”] Ph -[Cu"]OH =
I -L !\I — 2a
“‘*"'_.,N S
N ” (']4
| v Py
F |
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Scope: N substituents

CuBrDMS (10 mol%)
DBU (30 mol%)
KI (50 mol%)

Cl
Fﬂ\r,H H  Cs,CO4 (1.1 equiv.) R! y Phd—frph@_(\fph
— | | /4
__ |
RE N-aN"?[Ph D DS,E: ﬂt‘;'n:ll'l 1 . RE'P}P\Ph ) P‘l;M IF'J}N NHN
4 CE/DMS (10:1), 135 °C 2 Br Pr iPr fF‘I‘I

2k: T2% 21; 86% 2m: 80%

Ph Ph
7 W W / \
MeO Cl Ph
-N -N -N Ph Ph Ph
N N N 7
- ce: | e RN 2 74
iPr iPr iPr N-N F’h—(\lhl: F"h—é\Ir + (\lllj/

- _N o
2b: 70% 2c: 82% 2d: 80% N N N
R Et / B
o 2na: R = Ph, 79% 20: 45% 2pa: 39% 2pb: 22%

; / Ph s~ | 2nb:R = 4-MeCeH,, 80%
Br 4 'r~.| NGO—(\”‘: 'N 2nc: R = 4-CIC4H., 78%
= N~ N
iPr Me !

) 2nd: R = 2-MeCgH,4, 82%
0 iPr

2e: B‘I;F';r 2f 71% 2q: 62% i o
. : q: 72
ﬂ Ph—ﬂ
Ph Ph Ph / PH
a Q_(T Q—m \ 2q:68% 2 66% /
\-N N-N n-N
iPr F ier cl iPr
2h: 66% 2i: 70% 2j: 72%
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Scope: Imine moiety

CuBrDMS (10 mol%)
DBU (30 mol%)
K1 (50 mol%)
Cs,C04 (1.1 equiv)

DE f_'l Et"'l:l
DCE/DMS (10:1), 135 °C
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Mechanism

a)
standard —
"FHI“H A reaction fN'ﬂNf'—" oh

Ph ~conditions

3 2q. 99% yield

b)
standard Ph

Ph H H reaction _
\rf /E conditions withl__ N
SN iPr="- % ~Ph

iPr= "N” “Ph TEMPO (2.0 equiv) N
1a 2a, 75% yield

Excess TEMPO has no apparent effect on this intramolecular cyclization reaction
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Plausible reaction mechanism

R! R! R! —
LU T o e |
R?2%°N” "R RES"NTR® r2 MNP RS
G K L
'1| rote d
e | ~N
1 1 1 R
FE..T,H/[H C-Ll'. 0, FL\[/H/[H R\n TDUTEE { er (O] >_>\
- N — —l-- —_—
HE N"'NH HE route a HE E“N# Hﬂ HZ ';4"” R ""N N H3 H ~N N
1 A B H I )
1L route b T 0] l
R _H R _H 1 [1.51H 5 R
N M.t
2 M 3 2 - 3 M., = M. - 2-N_ - 2- N
C D E F 2
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C(}pper-Catalvzed Site-Selective Intramolecular Amidation of
Unactivated C(sp )—H Bonds**

Xuesong Wu, Yan Zhao, Guangwu Zhang, and Haibo Ge*

o) CuCl (20mol%)
(R4 duroquinone(1 2eq)
N N
R; Ho | PhCOONa(1.5eq)
R; H X o-xylene, air, 160°C
20 examples " "
69~94% yie Angew. Chem. Int. E 2014 53,3706

Nickel-Catalyzed Site-Selective Alkylation o "Unactivated C(sp®)—H
Bonds

Xuesong Wu," Yan Zhao,” and Haibo Ge*®

Ni(acac), (10mol%), R O
o 1
dppbz (10mol%) _ R, N
| C32C03(5eq), toluene, N,, 150°C H N - |
R3

32 examples
8~91% yield J. Am. Chem. Soc. 2014, 136, 1789
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Direct amidation on sp3-carbon atoms

.0 CuCl (20 mol%) 0
:H,}R a duroquinone (1.2 equiv) (r_};]FU
R2 H > : e ]
R37 PhCO,Na (1.5 equiv) “R? \
1 o-xylene, air, 160 °C R
Q 0
/F% \?é“‘m v?&N-Q
2a, 87%E 2c, 83% 2d, 84%
o=
- I
N-Q N-Q N-Q =N,
4
2e, 90% 2f, B5% 2g, 63%/"! 2g', 6%
0
H
2h, 75% \ 2i, 7% 2i, 18% /
4 0 )
O N-Q + dg’/
N N
Q Q
L 2, 71% 2j', 17% 2k, 59% 2Kk, 24%

0 o

o
Bn
Ph
21, 0% 2m, T0% 2m', 22%
0 o 0
o Et
/>¢N-Cl + % >¢N-a N-Q
N-C Et
Bn
Ph Ph Fh
2n, 73% n, 17% 20, 94% 2p, 90%
(d.r. = 70:30)
0 El g o
Et _ + _
Et)¢w “ N, <:>¢" “
o Q
2g, 70% 2r, 61%I¢] 2r', 20%
Et 0 Qbkde
= 0 0 = |
- o
& N\ ' N G N |
H @ M.
2s, 72% 2s', 1% 2t, B2%

l o 0 o 0 0 \
| N N2 e n-Y n-H |
H H H H H
[ ™ H H H H I
3 4 5 6 7
‘ | | | | | | | | | | | | | | | I
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Deuterium-labeling experiments

a) CuCl (20 mol%)

Q duroquinone (1.2 equiv) @, 4 0 A
.0 PhCO,Na (1.5 equiv) N° .
@#H Na (1.5 equiv _%D , Qﬁ;ﬁ There was no apparent H-D
(B]
g g

C0s o-xylena, air, 160 °C, 2h . .
%, g0% D ° g9% D .ep  exchange in this process

[D:]-1b [Dz]-2b 37% recovered [D;]-1b 57%

CuCl {20 mol%)

b)
O duroquinone (1.2 equiv) a
Qelm,u PhCO,Na (1.5 equiv) N’
N .
H H

o-xylene, air, 160 "C

1 2b The sp3® C-H bond cleavage

VErsus VErsus kylkp=1.2 C el .
CuC! (20 mol%) o should not be the rate-limiting step in

Q duroguinone (1.2 equiv) Q

%N"G PhCO-Na (1.5 equiv) - N thlS CatalytiC Process
ED:‘H o-xylene, air, 160 °C D 0
[Ds]-1b [D]-26
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Plausible reaction mechanism

lelramethylhydroquinons 1, PhCOLNa

Ed5£
duroguinone PhCO,Na FHED:H + NaX
PhCOsH + NaX
Cu'x
Gull

PRCO:Na
PhCOsH
O O + MaX
N s
= Cu R2 oyl
No N, /
C B

E-L-I“H.g
Page 18



Scope of Aliphatic Amides

] o Nifacac): (10 mol%), dppbz (10 mol%) ; O
R N"Q + ”l:lﬁnt_| - R N
R2 H Cs2C04 (5 eq), toluene, N,, 150 °C R2 H
H . "pent 2
O O o]
\Oﬁxﬂ,ﬂ 9§U\N,Q ﬁ\m,ﬁ
H H H
"oent "pent Mpent
2a, 86% 2b, 81% 2¢, 79%
0 (- 0 o )
- - L]
Ph N NC N
H H H
pent "pent Tpent
2d, 73% \_ 2o, B0 2f, T5% )
0 0 o
Ay Ay Q)kmﬂ
H H H
"oent "pent "pent
2g, 82% 2h, B7% 2i, T6%

/ o) 0 o \

A AQ AQ

M 4 M Ph ]

Toent "oent "pent
2j (R =H, 66%; 2k (R = H. 81%:; 21 (R = H, 67%;
R= pant 24%) R = pent, 19%) R = pent, 15%)
O
R N C
R H
"I:!Eﬂi Toent
H H, 57%: 2n (RR' = H, 38%:
pent 22%)  R.R'= H, pent, 44%: R.R' = pent, 8%)
I ELNJQ \ﬁtmﬂﬂ N.ﬂq I
H H H I
I 4 H ~""H
/ o \ ¢t 0 " A\ ( o A\
| q‘%ﬁ ! O{qu ! 1 S
' o NP LS
H H H

Vb =/ \_7 ) \_ 8_1J
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Scope of Alkyl Hahdes

"Pr% Q R—1 Ni(acac), (10 mol%:), dppbz (10 r‘nol%} _py "
N N
t

+ or
E H R—Br Cs:CO; (5 eq), toluene, Ny, 150 °c~ Et >
H
1a 2
0 0
p .Q n )
r N Pr. N Q N
Et H Et H H
"pent "Pr
2a ("pentl, 86%; 20, 74%" z%d

"pentBr, 61% B5%°; "pentCl, 82%°)

% Q Pro A0
”dec.an
2q, 90%“ r, 83%°

n
Pr N.Q "Pr N_,f]
Et H Et H
/_/_/ Ph
/ ' 2u, 67%"

I=

0
"Pr N2 "Pr e
Et H Et H
Aco— 3 Ne— 3

2w, 70%"° 2x, 75%°

v
F’r%“\ H;Q
o

28, T1%*

E“jz th

2v, TB%‘E

I
Pr N’Q
Et H
FaC
* 2y, 80%¢

Secondary alkyl halides and benzyl bromide

failed to provide the desired products

This reaction tolerated a variety of functional

groups
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Deuterium Labeling and Radical Trapping Experiments

5 O
Etvel\N Etﬁ‘\“ |
H | e ) A
Et CH, M. 1-iodopentane "pant N

The cyclometalation of amide 1

1b (0.15 mmol) Mi(acac): (10 mol%), dppbz (10 mol%) b . . . .
. . N ¢y With a nickel species is the rate
Cs;CO; (5 eq), toluene, N, 150 °C .. :
o 52005 (5 eq). foluene, o 7 determining step in the process.
Et N kidlko = 4.1 (15% conversion) N
e epH | B g N
3 M = went D
[D]-1b (>99% D, 0.15 mmal) [Dz]-2b (>85% D)
1-indopentane o
Ni(acac)z {10 mol%), dppbz (10 mol®%) g
H - XN Y e
Ca,C0, (5 eq), teluene, Ny, 150°c  "Pr Mas -
nl:lﬂf'lt
1a with TEMPO 2g
TEMPO (eq) Yield of 2a (%) 7(]<
3.0 48 "
5.0 18 O~ rpent
8.0 trace _ 9 . Page 21



Proposed Reaction

2, Cs,C04 |l
LnNi" X 23]
CsHCO, ‘><
, Es,C04 i
N I HCO,
R* ) Ni"--Nx CsX
R |
D 0
ﬁ
v

g

Mechanism

3
R1
N %'?'
R* ) Ni---Ng
Kr!.li”——l‘la | R
A
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