Chinese Journal of Organic Chemistry

% 4”) ft« % DOI: 10.6023/cjoc201410042

BREMEATEESEERAREN C—H BERMELRN:
X E— 1t ERABE_EXUED

w8 K #  HESH EBRE xEzEE
WL TR TR SR SRR R RS S3 s BOM 310014)

WE RN AEAL G R DX IR T — ] 4 40K AW, AR —F iR e R G X T —
PEH A AR RS T, RS S R R AR R E Y, BB ESE S R4, C—
H 88 5E Mk S B A AT IS I 3 &4, fJe 4 Zn/HCOOH 1k RIB R HI1F41 2K — b &, 1Rz fErh, A
A B IE S ] AR C—H RS AL S N A $RA5 i X A3 33 1 1) S

KR REUL A, 2K % Wik, VAL, C—H WE1b

Orientation Nitration of C—H Bond Using Azo Group as a Removable
Directing Group: Regiospecific Synthesis of o-Phenylenediamines
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Abstract It is a difficult task to regiospecifically synthesize o-phenylenediamines from anilines via traditional elelectrophilic
nitration process. This article described a method for the regiospecific synthesis of o-phenylenediamines from anilines. The
procedure consisted of three steps, namely, the synthesis of azo compounds from anilines, the palladium-catalyzed azo
group-directed ortho-orientation nitration of C—H bond, and the final reduction of the resulting o-nitro azo compounds to give
o-phenylenediamines by the Zn/HCOOH system. In the process, the palladium-catalyzed azo group-assisted ortho-nitration of
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C—H bond is the key step for gaining the whole high regioselectivity.
Keywords azo compounds; o-phenylenediamines; nitration; palladium catalysis; C—H bond activation
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Scheme 1 Strategy on the orientation nitration of C—H bond by using removable and/or modifiable directing groups
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Table 1 Optimization of the reaction conditions for the ortho-nitration of azobenzene (1a)

/@ [Pd] (10 mol%) /@
N MNO, (2 equiv. N
N3y 2 (2 equiv.) Nay
oxidant (2 equiv.)
NO,

solvent, 110 °C, 72 h

1a 2a
Entry Catalyst MNO, Oxidant Solvent Yield”/%

1 PdCl, AgNO, K,S,05 DCE 5

2 Pd(PPh3),Cl, AgNO, K,S,05 DCE 26

3 Pd(OCOCFj3), AgNO, K,S,05 DCE 92

4 Pd(OCOCFj3), KNO, K,S,05 DCE Trace

5 Pd(OAc), AgNO, K;S,03 DCE 98

6 Pd(OAc), AgNO, K,S,05 DCE 27¢, 93¢
7 Pd(OAc), AgNO, K,S,05 DCE 56°

8 Pd(OAc), AgNO, Cu(Cl, DCE 36

9 Pd(OAc), AgNO, Cu(OAc), DCE Trace
10 Pd(OAc), AgNO, PhI(OAc), DCE 30
11 Pd(OAc), AgNO, DDQ’ DCE 5
12 Pd(OAc), AgNO, CAN¢ DCE 36
13 Pd(OAc), AgNO, K,S,05 CH,Cl, 8
14 Pd(OAc), AgNO, K,S,054 Toluene 7
15 Pd(OAc), AgNO, K,S,05 CH;CN 8
16 Pd(OAc), AgNO, K,S,05 DMF 5
17 Pd(OAc), AgNO, K,S,054 1,4-Dioxane 16
18 — AgNO, K,S,054 DCE trace

“Reaction conditions: 1a (0.3 mmol), catalyst (0.03 mmol), MNO, (0.6 mmol), and oxidant (0.6 mmol) in solvent (3.0 mL) at 110 ‘C for 72 h unless otherwise
noted. * GC yield using phenanthrene as an internal standard; © The temperature is 60 C; ! The temperature is 90 ‘C; ¢ The reaction time is 48 h; / DDQ=
2,3-dichloro-5,6-dicyano-1,4-benzoquinone; ¢ CAN=cerium(IV) ammonium nitrate.

K2 ALMEACEEE S AL C—H SERNL S ¢
Table 2 Palladium-catalyzed azo group-directed ortho-nitration of C—H bond

=z
/@Rz Pd(OAc); (10 mol%) /@ R2
. ©/N¢N AN AgNO, (2.0 equiv.) LN N\\N N
, R'——
~F K,S,0g (2.0 equiv.) = NO,

1 DCE, 110°C, 72 h 2
Substrate 1 Product 2 Yield®/%
o [
Ns /@ N
o X g
NO,
1a 2a
N
N °N
N’ ; 68
NO,
1b
2b
o ., "
NO,
1c 2
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Substrate 1 Product 2 Yield”/%
J J
o L o ;
© o, 1o NO, @n2n'=2: 1)
Tn 2n 2n’
v Q
N¢N/©/ ©: N 70
©/ NO, (20/20'=1:1.2)
20

10

N
JO o
NO,
20'

“Reaction conditions: 1 (0.3 mmol), catalyst (0.03 mmol), AgNO, (0.6 mmol), and K,S,05 (0.6 mmol) in DCE (3.0 mL) at 110 “C for 72 h unless otherwise noted.

® Isolated yields.

RTHUREE Y (2¢, 2e, 2g, 2K, 3% 2), HHJEmk X ik £
PEHD 5T B STARAT FHELANRIAR A A B ST B AN RR
SRR RIS, WY 1n, ZEIRFINT S L 28070
SR B SRR EE BN 2n/2n' =2/1; 243RATIAE
) o B, SRIRFONS B 2R IR 73 T3 4 A 10 1 S 4 47 L 43
A 2020'=1/1.2. [pEA RIFM XL A8, %
NI JE TR T B A SR B RN R B8 L
HIFEBLAHALRY B, A RINZ A =4 A %
1.3 L HRER

TERMF A B B A2 G, BRI T
FibE, DUASRISIEA LA o B 2 - AR R — i
ey, BATESHR I Zn/HCOH 14 £ B i 5 I 1
[ 3 SR AR RS R 2, DAZEE o A WSO SR A A I ) 48 %
TREREIEE 3). Ik, BRI S R, G
IR EA S, AL C—H Bk JOnJH, BIX
L — MG T A R &

2 #ig

FATLL AgNO, N A JE, K,S,05 N Ak 7,
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H BB, L A SR, S RSBl T
Ak & X 3 5 — M 45 T AR 2K st &4,

3 SCIEER4Y
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SEZIG BT FH v 70 0 A5 P R 22 B Ak 3 v 790) F6) b v
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RGP 25 F R SCHR[ 1] 6 k.
3.2 XWHE
3.2.1  ARAEAR RORAMZ C—H 4 AL RS 4] &A1 Al
A AB RIK A A B %k

TE—% AR R SEE I 0.3 mmol %K, 0.03
mmol R, 0.6 mmol WASER4R, 0.6 mmol L ARERET,
3.0 mL DCE, #% 5 MNEAWTE 110 CHKM Tk
KB 72 h RNiEIEE, AAEER, RNBETIA 10
mL "ELE, WUEHIEE AR, R ERE =T
AR I N A B R LBs(VIV="6/1)].

2-T B AL (22) " 2R 95%. KRB R AR, mup.
105~106 ‘CCCERE" m.p. 105~106 C); '"H NMR
(CDCls, 500 MHz) §: 7.54~7.60 (m, 4H), 7.68~7.70 (m,
2H), 7.94~7.96 (m, 3H); *C NMR (CDCl;, 125 MHz) §:
118.5, 123.0, 123.6, 124.1, 129.1, 129.3, 130.4, 132.3,
133.1, 145.5, 147.5, 152.5; IR (neat) v: 1547 (NO,) cm ™ ;
GC-MS (EI 70 eV) m/z: 227 [M'].

2'2- I -6- MY FEAB AL AR 68%. fita
44, m.p. 106~109 C; '"H NMR (CDCls, 500 MHz) J:
2.57 (s, 3H), 2.62 (s, 3H), 7.29~7.31 (m, 1H), 7.35~7.44
(m, 3H), 7.50~7.52 (m, 1H), 7.60~7.62 (m, 1H), 7.66~
7.68 (m, 1H); *C NMR (CDCls, 125 MHz) ¢: 17.3, 18.2,
115.5, 122.3, 126.5, 128.4, 131.5, 132.4, 134.5, 135.7,
139.6, 142.5, 145.4, 150.7; IR (neat) v: 1550 (NO,) cm L
GC-MS (EI 70 eV) m/z: 255 [M'].

31 3- 6B Q) FEEK 90%. KD
MEREAA; 'TH NMR (CDCls, 500 MHz) J: 2.47 (s, 3H),
2.51 (s, 3H), 7.33~7.50 (m, 4H), 7.75~7.77 (m, 2H),
7.90 (d, J=8.5 Hz, 1H); *C NMR (CDCl;, 125 MHz) &:
21.3,21.6,114.9, 118.7, 121.4, 123.6, 124.3, 129.1, 130.6,
133.0, 139.2, 144.6, 146.1, 152.7; IR (neat) v: 1551 (NO,)
cm s GC-MS (EL 70 eV) m/z: 255 [M].

4 4- D R ECEQA)! M AR 81%. Rt
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Table 3 Preparation of o-phenylenediamines 3 via reduction of
o-nitro azoarenes 2 by Zn/HCO,H system

— R
@N:N N Zn, HCO,H . @NHz

R—— v
= NO, MeOH, r.t., Ny Z NH,

2 3

Substrate 1 Product 2 Yield®/%

NH
N¢N/© ©: 2
@[ NH, 88

NO, 3a

2a

N NH,
el e

NO, NH,

2b 3b

NH.

N¢N/©\ \©: 2
\C[ NH, 82

NO, 3c

2c

NO, 3¢

2d

NH; 75

N\\N/©i j\/jLNHZ
2k

“ Reaction conditions: 2 (0.3 mmol) in the presence of Zn (6 equiv.) and
HCO,H (2 mL) in MeOH (2.0 mL) at r.t. for 4~6 h under a N, atmosphere.
b Isolated yields.

Efk, mp. 93~94 CCCEME" m.p. 89~91 C); 'H
NMR (CDCl;, 500 MHz) d: 2.45 (s, 3H), 2.50 (s, 3H), 7.33
(d, J=8.0 Hz, 2H), 7.45~7.47 (m, 1H), 7.62 (d, J=8.0
Hz, 1H), 7.70 (s, 1H), 7.82~7.85 (m, 2H); *C NMR
(CDCls, 125 MHz) ¢: 21.2, 21.6, 118.1, 122.7, 123.6,
124.1, 129.7, 129.9, 133.5, 141.4, 142.9, 1432, 14728,
150.7; IR (neat) v: 1549 (NO,) cm™'; GC-MS (EI, 70 eV)
m/z: 255 [M'].
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3'3- L E-6- A A K (2e): FEE 68%. KRl
JRWAK; 'TH NMR (CDCls, 500 MHz) 6: 1.27~1.36 (m,
6H), 2.73~2.83 (m, 4H), 7.35 (d, J=8.0 Hz, 2H), 7.49
(dd, J=8.0, 2.0 Hz, 1H), 7.64 (d, J=8.5 Hz, 1H), 7.73 (d,
J=1.5 Hz, 1H), 7.87 (d, J=8.0 Hz, 2H); “C NMR
(CDCls, 125 MHz) d: 15.0, 15.4, 28.7, 28.9, 117.7, 121.1,
122.9, 124.4, 129.1, 129.4, 131.9, 145.6, 146.3, 150.7,
152.8; IR (neat) v: 1553 (NO,) cm '; GC-MS (EL 70 eV)
m/z: 283 [M']. HRMS calcd for Ci6H,7;N;0, 283.1321,
found 283.1328.

A4 L FE 2B E IR 2D FEE 83%. KRt lH
&, mp. 121~123 ‘C; '"H NMR (CDCl;, 500 MHz) ¢:
1.30~1.37 (m, 6H), 2.76~2.83 (m, 4H), 7.38~7.48 (m,
4H), 7.71~7.80 (m, 2H), 7.92 (d, J=8.0 Hz, 1H); *C
NMR (CDCl;, 125 MHz) : 15.0, 15.3, 28.6, 28.9, 118.3,
123.0, 123.2, 123.7, 128.5, 128.7, 132.4, 143.4, 147.6,
147.8, 149.1, 150.9; IR (neat) v: 1548 (NO,) cm™'; GC-MS
(EI, 70 eV) m/z: 283 [M+]. HRMS caled for CH7N30,
283.1321, found 283.1330.

3/ 3- R N6 A e AR 79%. K
PR, "TH NMR (CDCls, 500 MHz) d: 1.33~1.35
(m, 12H), 3.02~3.11 (m, 2H), 7.42~7.48 (m, 4H), 7.72~
7.78 (m, 1H), 7.93 (s, 1H), 7.93 (d, J=8.5 Hz, 1H); "°C
NMR (CDCls, 125 MHz) J: 23.6, 23.8, 34.0, 34.3, 118.4,
121.7, 123.7, 127.3, 131.1, 143.6, 147.8, 151.0, 152.2,
153.7; IR (neat) v: 1554 (NO,) cm '; GC-MS (EL 70 eV)
m/z: 311 [M'].

4'4- " RN 2-THEHREUOR(2h): TR 65%. KR
B4, m.p. 126~128 C; '"H NMR (CDCls, 500 MHz) ¢:
131 (d, J=7.0 Hz, 6H), 1.34 (d, J=6.5 Hz, 6H), 2.98~
3.10 (m, 2H), 7.39 (d, J=8.0 Hz, 2H), 7.53 (dd, J=8.5,
2.0 Hz, 1H), 7.64 (d, J=8.5 Hz, 1H), 7.76 (d, J=1.5 Hz,
1H), 7.87 (d, J=8.5 Hz, 2H); *C NMR (CDCl;, 125 MHz)
5:23.6,23.8, 34.0, 34.3, 118.4, 121.7, 123.7, 127.3, 131.1,
143.6, 147.8, 151.0, 152.2, 153.7; IR (neat) v: 1545 (NO,)
cm '; GC-MS (EI, 70 eV) m/z: 311 [M"]. HRMS calcd for
C1sH2 N30, 311.1634, found 311.1625.

4'A-TOE T 2P IR AR QD) PR 58%. AR
B4, m.p. 132~135 C; '"H NMR (CDCls, 500 MHz) J:
0.95~0.99 (m, 6H), 1.38~1.42 (m, 4H), 1.64~1.68 (m,
4H), 2.69~2.78 (m, 4H), 7.33 (d, J=8.5 Hz, 2H), 7.48 (d,
J=9.0 Hz, 1H), 7.63 (d, J=8.5 Hz, 1H), 7.71 (d, J=1.5
Hz, 1H), 7.85 (d, J=8.5 Hz, 2H); *C NMR (CDCl;, 125
MHz) d: 13.8, 13.9, 33.1, 33.4, 35.2, 35.7, 118.2, 123.5,
123.6, 129.2, 132.9, 143.5, 146.4, 147.7, 147.9, 150.9; IR

Chin. J. Org. Chem. 2015, 35, 647~654
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(neat) v: 1548 (NO,) cm™'; GC-MS (EL 70 eV) m/z: 339
[M"]. HRMS caled for CyHpsN30, 339.1947, found
339.1959.

3',3,5",5- VU F Jk-6- T IR B R (2)): 723 63%. frh
@4, m.p. 119~121 C; '"H NMR (CDCls, 500 MHz) o:
2.42 (s, 6H), 2.43 (s, 3H), 2.45 (s, 3H), 7.16 (s, 1H), 7.21
(s, 1H), 7.46 (s, 1H), 7.51 (s, 2H); >C NMR (CDCl;, 125
MHz) §: 16.9, 21.2, 21.4, 115.1, 121.3, 130.2, 133.6,
133.9, 138.9, 140.8, 143.4, 152.6; IR (neat) v: 1556 (NO,)
cm '; GC-MS (EI 70 eV) m/z: 283 [M]. HRMS calcd for
C16H,7N30, 283.1321, found 283.1329.

3',3,4" 4-J0 F - 6- T AR AR 2K 77 28 74% .45
Ak, mp. 118~121 C(SCEAMAE" mp. 119~
121 C); '"H NMR (CDCl;, 500 MHz) 6: 2.34~2.42 (m,
12H), 7.29 (d, J=9.0 Hz, 1H), 7.41 (s, 1H), 7.69~7.73
(m, 3H); *C NMR (CDCls, 125 MHz) 6: 19.7, 19.8, 19.96,
20.0, 119.0, 121.6, 124.1, 124.9, 130.4, 137.6, 139.5,
141.5, 142.9, 143.9, 145.1, 151.1; IR (neat) v: 1552 (NO,)
em'; GC-MS (EL 70 eV) m/z: 283 [M'].

2-fi B -4- F A AR AR 2n) A 4- FF A RE-2- T L 4
BAERn)EEYCn : 2n'=2 1) °FE 42%. Kt
#&; '"H NMR (CDCls;, 500 MHz) ¢ for 2n: 3.92 (s, 3H),
7.02~7.05 (m, 2H), 7.51~7.56 (m, 2H), 7.66~7.71 (m,
1H), 7.91~7.96 (m, 3H); *C NMR (CDCl;, 125 MHz) 6
for 2n: 55.7, 114.4, 118.6, 124.0, 125.8, 129.2, 129.8,
131.7, 132.9, 145.6, 147.1, 163.2; IR (neat) v: 1550 (NO,)
em'; GC-MS (EI, 70 eV) m/z: 257 [M"]. HRMS calcd for
Cy3H,1N;05 257.0800, found 257.0793.

2-it§ 3 -4 F LB A (20) A 4- -2l S B U
0VEEWI(20 > 20'=1: 1.2): F=F 70%. Ok HHR
#4; "H NMR (CDCls, 500 MHz) J: 2.45 (s, 3H, 20), 2.49
(s, 3.6H, 20), 7.33 (d, J=8.0 Hz, 2H, 20), 7.46 (d, J=7.0
Hz, 1.2H, 20), 7.52~7.56 (m, 4.6H, 3.6H for 20"; 1H for
20), 7.62 (d, J=8.5 Hz, 1.2H, 20'), 7.66~7.67 (m, 2H,
20), 7.70 (s, 1.2H, 20’), 7.65 (d, J=8.5 Hz, 2H, 20),
7.91~7.94 (m, 3.4H, 2.4H for 20'; 1H for 20); BC NMR
(CDCls, 125 MHz) o: 212, 21.6, 118.1, 118.5, 123.5,
123.7, 123.9, 124.1, 129.2, 129.9, 130.1, 132.0, 132.9,
133.5, 141.8, 143.1, 143.2, 145.5, 147.5, 147.8, 150.7,
152.5; IR (neat) v: 1551 (NO,) cm ™ '; GC-MS (EL 70 eV)
m/z: 241 [M+]. HRMS calcd for Ci3H;{N;O; 241.0851,
found 241.0859.

3.2.1  EJRATE AR R RS H EAR e R AL
L4 b B Ak aB R
HY 0.3 mmol AR AZECRIE T 2 mL HEEH
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AE| 10 mL FJEBEHMS, SRFIN 117 mg 2687 1 2 mL
I, AR &0 N FEESEE RN, TLC R M
FERURE (4~6 h), RN, FREPTIMA 5 mL S5
fie, Fl 5 mL MORIEHKGEG IR TEBIE S, RED
S ETIRAl, R FIAATMENR LR ZER(V/V=1/1).

1,2- 2K B 3a)" pE R 88%. M E 4K, m.p.
102~104 ‘CCCHERMAE™! m.p. 103 C); '"H NMR (CDCls,
500 MHz) &: 3.38 (br s, 4H), 6.72~6.76 (m, 4H); °C
NMR (CDCls, 125 MHz) 6: 116.8, 120.3, 134.8; IR (neat)
v: 3352 (NH,) cm ™ '; GC-MS (EL 70 eV) m/z: 08 [M].

3-FEE-1,2- 9K @) PR 78%. B A [ A4,
m.p. 71~72 CCCERE" m.p. 70.5~71.0 C); '"H NMR
(CDCls, 500 MHz) d: 2.23 (s, 3H), 3.36 (br s, 4H), 6.63~
6.70 (m, 3H); *C NMR (CDCl;, 125 MHz) 6: 17.4, 115.0,
119.1, 122.1, 123.3, 133.4, 133.9; IR (neat) v: 3413 (NH,)
cm '; GC-MS (EI, 70 eV) m/z: 22 [M].

4-FHE-1,2- K 5 (3e)") P2 82% (from 2¢); 81%
(from 2d). ¥4 [E 4K, mp. 87~89 CCCHME m.p.
87~89 °C); '"H NMR (CDCl;, 500 MHz) J: 6.63 (d, J=
7.5 Hz, 1H), 6.53~6.56 (m, 2H), 3.30 (s, 4H), 2.23 (s,
3H); °C NMR (CDCls, 125 MHz) §: 20.7, 117.1, 117.4,
120.5, 130.0, 131.8, 135.0; IR (neat) v: 3422 (NH,) cm ';
GC-MS (EI 70 eV) m/z: 22 [M'].

3,5- THIFE12-2F TG R T5%. B0
&, m.p. 127~128 C; '"H NMR (CDCl;, 500 MHz) o:
2.19 (s, 3H), 2.21 (s, 3H), 3.24 (br s, 4H), 6.47 (s, 1H),
6.49 (s, 1H); *C NMR (CDCls, 125 MHz) d: 17.4, 20.6,
115.6, 122.5, 123.6, 128.7, 130.5, 134.2; IR (neat) v: 3456
(NH,) cm™'; GC-MS (EI, 70 eV) m/z: 36 [M].

4,5- T HIFE-12-% T REQGK)N: PR 74%. #E A [E
&, mp. 126~128 CCCHR!"" mp. 127~128°C); 'H
NMR (CDCls, 500 MHz) : 2.20 (d, J=11.0 Hz, 6H), 3.21
(br s, 4H), 6.48 (d, J=10.5 Hz, 2H); *C NMR (CDCl;,
125 MHz) d: 17.4, 20.6, 122.5, 123.6, 128.7, 130.5, 134.2;
IR (neat) v: 3451 (NH,) cm ™ '; GC-MS (EI, 70 eV) m/z: 36
[M'].

i Bh#1 Bl (Supporting Information) =4 2a~20 #
3a~3k WIRZREILIR TS, IX SRRl a] L5 3 A T Y
¥fi (http://sioc-journal. cn/) | F %K.
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