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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 + RJ]:‘S‘TI/ - | N R
¢ diglyme, rt Riw
Z o) glyme, =

39 examples
43~96% yield
This reaction provides efficient accessdeacylacetanilidesundermild conditions

J.Am. Chem. So2010 132, 11898
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Previous work

Goossen's work

(0

+ Pd/Cu cat. O
RJ\} M + ArBr J\ + T + MBr
NMP 170°C R™ TAr
Liv's work Angew Chem Int. Ed.2008 47, 3043.
o Pd(TFA), o
ArX dppp
N ROJ\COZK > ROJ\Ar N COZT
(X=l, Br, Cl) R=Me. Et NMP 150°C
(R=Me, Et) J.Am. ChemSo0c2009 131, 5738.
Ge's work
NHAc 0 Pd(TFA), 10mol% NHAc O
H (N H4)28208 26q
H
R1—I \ + RJL T]/O . > R,—- \ R
\ o) diglyme, rt T

39 examples
43~96% yield

J.Am. Chem. So201Q0 132 11898
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Scope of-Oxacarboxylidcids

* 10 mol % Pd(TFA), NHAE O
@,H ,LLIrOH 2 squiv (NH);5,0 @)LR
+ R -
0 diglyme, rt
1a 2b-u Jdb-0
NHAC O NHAC O NHAC O NHAc O NHAC
spesWonclopeisnsy E
3b, 79% 3¢, 83% 3d, 89%" Je, 84% 31, 80% '
NHA: O NHAc O NHAc O NHAcO F NHAcQ
CF; NO;
3g, 75% 3h, 43% 3, 95%
NH.PH:CI' MNHAC O | NHAC O I
::u, 9% 3m_92% 3n, 70% " 30,84% 3p, 82%
HHﬁci NHﬂcﬁ NHﬁcﬁ NHAC E NHAci
3q, 91% 3r, 76% 3s, 93% 3t, 91% 3u, 96%
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. o nilid

NR'R"

D =1
10 mol % Pd(TFA), NRR
OH 2 eq Liv [NH&}QSEUE
0 = R
diglyme, rt
4b-t

4n, 85%

4, 7T1%

NHAC O

NHAe O NHAC O NHAc O NHAc O
B F cl
4d, §2% de, 94% 4F, 60% aq, 76%
NHAc O NHAc D NHAC O NHA: O
salivalcaVoa
F
CO,Me e+ .
4j, 74% (i 4k, 755 4, 70% Am, 34%\
o]
MHAC O R MH © Q J\
o o “N"“NH O
Ph Ph |
h @’kph
4q, R ='Pr, 84%"
4p. 73% » R =cyclopropyl, 85%° 48, 80%° at, 61%°"

40, 75%

1) O-substituted
acetanilides
falled

2) Acetamido
group not
necessary
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Praposed Catalytic/ CycleDefcarhoxylative
Coupiling

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. EA012 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\ 7 S\ R
Ry °N X > R27 °N \ 3
Ui 0(1 atm) A Chem. InEd.2013 52, 2559
Z DCE/DMS(10:1), 135°C ngew. Chem. InEd.2013 52,

37 examples
16~96% yield Page 7



Substrates 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 AN-methyl-N-phenylhydrazong-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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Proposeddeactionmechanism.

) -0-0 [Cu—-0
0-0 - Cu™] 0

no A ou) e |
1a — N~ ~Ph - N — N
H @/ "N” Ph @/ *N” Ph
A

C

B
0
- C” +
[Cu"IOH [ Cu™ _Gu PYH
il © o
LI Jt
NN Ph N~ “Ph
E

LN
3 D
i
P?“‘nH{}H OH GUL{JH

Ph Ph [Cu”] Ph -[Cu"]OH ~_-Ph

o | 2] [ o
"“-"'_.,N #N “.-N =t
N N N |
| | | + Py
F G H I
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ScopeN substituents

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

Fﬂ\r,H H  Cs,COs (1.1 equiv.) Rl
_ _
N é[: O -g_:lm
2 N. 5 (1 atm), 2N, Bh
R :" Ph bcE/DMS (10:1), 135 °C ;‘
Ph Ph Ph
2 7] W
Me( N’N __<:::}_{i;]: = N’N
iPr iPr iPr
2b: T0% 2c: 82% 2d: 80%
Ph Ph Ph
Br 7 NG@—N a8
rr” N-N Q_ﬂ
iPr Pr MeO ipr
2e: 81% 2f 71% 2g: 62%
Ph Ph Ph
7 7 7
\-N N-N n-N
ipr F ier Cl ier
2h: 66% 2i: 70% 2j: 72%

N’N N’N NHN

iPr
21 86%

iPf
2m: B0%

2na: R = Ph, 79%

2nb: R = 4-MeCgH,, 80%
2ne: R = 4-CICgH,, 78%
2nd; R = 2-MeCgH,, 82%

Ph Ph
Ph—é\ﬂ: ph—é\lr e
N NN
Et /

/
\ 2q: 68%

20: 45% 2pa: 39% 2pb: 22%
Ph Ph
pn—
N- M
Ph
2r: 66%

N

Ph

BA
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Scopelmine motety

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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Mechanisim

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

Ph ~conditions

3 2q. 99% yield

b)
standard Ph

Ph H H reaction _

\r" /E conditions Wi’[h._ _ 31\
ipr-N7 “Ph TEMPO (2.0 equiv) "' N~ Fh
1a 2a, 75% yield

Exces§ EMPO has no apparent effect on thigramolecular cyclizationreaction
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Plausible reactiommechanism

=1 1
I - PR S
2 20~ 3 -
R RE "N R r2 VN7 R3
G K L
'1| rowte d
ot L
1 1 1 R1
FE..T,,H/[H Cu', 0, H\[/H/[H R‘n ruuter.: { rjt [O] >_>\
- N —l--—l-- —_—
reNN7 R routea ol F s HZ':”LN F{"NN R? Ro N\
1 A B H | y
1Lmuteb T[D] l
R _H RL__H R! H [1.5]H o1 R
cu, 0 : + i R H
\I/J\ uz\r[:“lﬂ Y/L shift ‘j/[ >_L >_}\
RE EH H3 Rz HH RE R? H"MI Rj HE NHN"” RE, HE-H‘ o H3 HE -N
C D E F 2
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Copper-Catalyzed Site-Selective Intramolecular Amidation of
Unactivated C(sp”)—H Bonds**

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

Angew. Chem. Int. EA014 53, 3706
Nickel-Catalyzed Site-Selective Alkylation of Unactivated C(sp®)—H

Bonds

Xuesong Wu," Yan Zhao," and Haibo Ge™ "™

J. Am. Chem. Sd&014,136, 1789
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