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Recent Advances in Transition-Metal-Catalyzed Directing Group
Assisted Nitration of Inert C—H Bonds
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Cheng, Lihua®” Ma, Jiaoli***
(“ College of Chemcal Engineering, Guangdong University of Petrochemical Technology, Maoming 525000)

(® Guangdong Province Petrochemical Corrosion and Safety Engineering Technology Research and Development Center,
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Cheng, Huicheng*”

Abstract Aromatic nitro compounds are of great importance as chemical raw materials and organic synthesis intermediates.
Traditional electrophilic nitration is difficult to achieve regioselective nitrification. In recent years, transition-metal-catalyzed
C—H bond activation has developed rapidly. Most functional groups can be introduced into specific sites of aromatics through
the chelation of transition metals with directing groups. Directing-group assisted C—H nitration, which is catalyzed by palla-
dium, rhodium, ruthenium and other transition-metal, has made important progress due to its less byproducts, good regioselec-
tivity and environmental protection. According to different transition metal catalysts, the research progress on
transition-metal-catalyzed directing-group assisted C—H nitration is summarized, and the limitations of the research field and

prospects for future development are presented.

Keywords transition metal-catalyzed; inert C—H bonds; nitration; aromatic nitro compounds
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el A7 AR AL IR, T ELAE A 7Rt R AL
7, AL A IE R A, (3)E RERIR A
Bz, EEFE KNSR A RN — A BR TE 5 A VA
SR (AR R AT, TSR R B R 5 B RE AR,
17 EL 2% 5 36 A 875 e el il (4) 52 HOAR Sk 5 o7 B8 0 il
29, T eI RS, %GR AT VA RE X
— PR AR A S DT L SRR AL DT ISR AL ). B
b, KBEERE S AR KRS MR RK, 43R5 R
TR, Fe T XA AL A T % S, 3
H—KREE T 77 & IR & W AL B RL I v 7= W) ik
B ax O R AR R AL RAS IOV E 2. B, IR AN
5 DX PR M A 1 7 1 ) e A S s ()

HEIUHE, dEeRAEL T FERHE C—H
SV L SIS 1A NSRRI O, © RN DX 3 1k
T BB AR - JR S S pl o AP, T SRR,
TV < PR A 0 3 ) 22 A i B 4B S C—H B A S ST
FURUAS 7 B SE. ARE AN A A U e A AL AR, AL
BEAT 73 FRERIR T ) R BT B 1 1 C—H BN AL S ML)
R TURE R S L S NILER, A T AR ) SR PR
AR K il 5T 7 R AR

1 PEAER C—H B RN

2010 4F, XI3EZE AARR TG IRV E 1 v AR
WER IR S i B A1) C—H SRR BI(Eq. 1), ER
ISR FH B R AEAE D AR, 78 LA PR SRMI L B R 4 1) 3
FIEFT, MmOl Y C—H BRI N, P
7 R IR AT B — JT AL B AR 9. iz A
ABATZ M RYEE K RO R RE R A . B,
PEE i B A IR A 7 ikt — e T R N
T2 H H2E 2 5 10 S AL

(YD) et »e
AgNO,/K,S,0

N N/ gNO2/K25208 N N/

R DCE, 130°C,48h R _ )
H NO,

31 examples

R =H, Me, OMe, F, Cl, Br, CF3, CN, etc.
up to 93% yield

2013 4R, i@ 2R A T E— D AT 5T T R
MR RECRE . ISR PEMMRATIENE 3 A 1) C—H BEAR AL SN
(Eq. 2). o, £ UG REIE Dy T R BI, 5F 24E =5
CRRABHIMEAL T REAT, SR T XL — 1486 C—H
BEE AL SR FERRYE AR, STk T 1 (R A AL 7
VB K R KR I 2R ], WA — PR R — &
B AT A 5 FERRAL 5. 12 TTVEAS S AR e (o
BRI, BA Xt —, I HAA SR RV E Ly
G 1 R IR I B IS G
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Pd(OAc),
. | A DG AgNOleZSZOg | AN DG
L > R_
= DCE, 130 °C ! (2)
H Z>No,

R =H, Me, OMe, OBn, F, Cl, Br, CN, etc. 50 examples

DG = | N N’OMe ﬁ up to 93% yield
| /
> N/ /J\ R2 ¢ N~ N

2014 4, XEZE MBS SR K E] 2-75
HE Ntk G 1 (0 RS AL S B (Bq. 3). %R L R4k
(DCE) N, 110 CFRM. 48 h B SEEL 1 ke 5 )
GARAL C—H NI M. Ak, 2-ZRE LM e/ N G
[i1) 5 A 0 AT LASE AR A C—H SRS AL OB, LATE /K FE K
RNEHF, /£ 100 CF 5 MeOTf M 2 h, RIG7E
Na/MeOH 1A R F [F1A 15 min, Zibix gl LIRS
HOpLRR SR 2E . R, @ s N SR ERIE . C—H
B LA LB T =00, AT DA ISk R B A AR
RSN

X7 X7
)\\ | Pd(OAc), )\\ |
0" °N AgNO,/K;S,08 0" °N )
H DCE, 110°C, 48 h NO,

X=CH,N
24 examples

R = H, Me, OMe, OCF3,
F, 39% ~ 95% yields

Cl, Br, CN, efc

2014 4, XlizZs RSN s B E M HE— Bk
BB RN TR & C—H BN (Eq. 4,
Condition A). %% N ] LLSEIL 2R R & W X IR E
— PRI A0 K A S B Tk, B JS, Sun R
AHIMIHGE T A EE R IR, BRI AR
A7 C—H RS AL S ¥ (Eq. 4, Condition B). 1% N H A
B TR RPIEE, R R, RIFHE e A 55
i, T BRIz S A, 1F# 8 sk e
JEAE i — 5% B b= oy — R4 = &)
M Zn/HCOH 7R &, A SR 5% C—H 4
TR P= W RE W ) I 3 SR 2R 2 AN 225, AT DA e Rt A 40
FREALAY. 2014 4E, Ranu RIS ER A
TR & NIRRT S T8
BIRARAL C—H #A 1L < Mi(Eq. 4, Condition C).

2015 4E, FETREAHHR T o FENENT E
HIEZS 55 C—H #E PR M (Eq. 5). fbATLA
AR BT FEFG AR RV . IRARIU T HE 4% (TBAB)
USRI, SEIL T PA(OAc), fEALIERE . MENE 53 S A%
RFARBFE SR C—H BERIEL RN, %R N
77 PdYPd"Y i R FR.
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BUHE
= 7N o
_;RZ N N\\N S TR
i N\\N X —_— R1_I
1 I 4)
R -
= NO,

R =H, Me, Et, OCH3, F, CI, Br, CN, etc.

Conditon A: Pd(OAc),, AgNO,/K»S,0g, DCE, 110 °C; 15 examples,
up to 95% vyield.

Conditon B: Pd(OAc), (cat.), NO, (101 kPa), DCE, 90 °C, 6 h; 22
examples, 36% ~ 88% yields.

Conditon C: Pd(CH3CN),Cl, (cat.), ‘BuONO, air, 1,4-dioxane, 90 °C;
28 examples, up to 92% vyield.

Pd(OAc), (10 mol%)

0 S TBAB (10 mol%) 0 S
R—— + t-BUONO ——————» R (5)
Ay PhCI, 80 °C, 24 h NO,

0, (101 kPa)
69 examples
R = H, Me, Et, OCHj, F, Cl, Br, etc. up to 89% yield
_.OMe
e N Ne  Ar
DG: \NTR \‘,\)\RZ Ny~

[FIAE, XiEZE IR IR0 T AR AL 8- F Lk oy
SRR sp’-C—H BRI M(Eq. 6). %N LAY
BT B AR AR AE T, s
J“T 8- Eﬁ%ui‘ﬂ% sp’ C—H %@ﬁﬁﬂcfir‘ i?&f”ﬁﬁ L3

H

NO
\ Pd(OAc), (10 mol%) 2
t
B BUuONO, O, (101 kPa N
R e = iy g P ©)
N DCE, 90°C, 48 h A
R1 H Me Ph F C| BI' N02 etc. 21 examp|es
R2=H, Ph, etc. up to 95% vyield

2015 4F, RIFERBALIF R T — R 2
b 2-75 B 2R FFREMEAR A7 C—H NI I 5 R(Eq. 7). X
Pl A Jse B LA AR v 1 DX I e, i LA AT AT 52
W, P L FREST L ERE. EXAMEIER
T, I BT R LR & A R T EUR L 2 I
K, BIBERN, AR EE A R R A AR AL TR A
BE AR, 2-7% LR 1 M It RE AR U M b AT S o

SIS

Pd(OAG),

Soviley-1
AgNO,, TCP

R = H Gl 130°C, 42 h O2N
-h 15 examples
R2 = Me, MeO, ClI, Br, CF5, NO,, etc. 43% ~ 97% yields

2013 4, ZEME BGOSR . AR B AN 2 R TG M I
B, R T —FE A K N-ZK5E LR A A T
15(Bq. 8). R MAETFNZEAF T LA &5 b 1 7= 26
BRI LW PR G, SEOGHAE Lh R AT B, B X ik B PR
25, FEAEPEREA AL AL B P= 4. 2015 4F, Xu 2R
T MRS K PA(OAC), fEAL 2 FN =24 55 T

320 http://sioc-journal.cn/

© 2019 Chinese Chemical Society & SIOC, CAS

XA A A B TV PA =5 O BE(TFE) R =3 4. 1R
(TFAY NI A, Bi(NO3)s*5H,0 NAHALIRF. %4
A TRk 5-E - N-H JL IR IR R 1 A K. &
FRACAEHE T RN IBEIE 2 TR K, 1% SALEE il i 7% 5
Hr I A 0 I % LR R AT .

Moy Pd(OAc), (5 mol%) NO

2H
N N~R2 Bi(NOs)s*5H,0 (2 equiv.) B N
N TFE/TFA (2 mL, V:V = 3:1) X ®)
R 90°C, 24 h, Ar O2N R

R' = H, Me, MeO, CI, NO,
R? = Me, Et, Bn, etc.

19 examples
up to 92% yield
2016 4F, Kapur Z5U"HRIE T4 MEAL 2-F M e /E N
SHERN C—H AR ) N (Bq. 9). 5%
AgNO, NTHALIRF . K,S,05 A% ALF 80 “CHJ DCE
S, AT DURRSZEL T B C—H AL AL . 1E
T = 2R E SR . NoHyY/AcOH AFE RG22, 7] LA D)
AR TR A, SR AR T AR IR R S .

H N Pd(OAc), (cat.)
R:—\ T\j __A% g (;[ \( =
= H N~ K»S,0g, AcOH NO
DCE, 80 °C
17 examples
R =H, Me, OMe, Ph, F, Cl, Br, |, etc. 54% ~ 92% yields

2017 £, Z R SORIE T —Fho A 1
1,2,3- = M S i) 19 X 3k 438 P O 06 408 7 il 4% ) I8 (Eq.
10). 1% LL PA(OAC), AT, BEV K NaNO, A
IR, LARIGFERFFRER— BRI 1,2,3-=P1)
THEAL =1, AR R S 050 o 11 X Sl 36 1 AL,
kB, A RIFME A 2, N 1,2,3- = M4
BT AP AR — o S

K5S,0g (2.0 equiv.)

R //
@ w
AN
DMSO, 120 °C, 18 h

,R%2 = Me, MeO, F, Cl, Br

Pd(OAc), (10 mol%)
NaNO; (1.5 equiv.)

R2
R //l

X
PPN (10)

S \
N=N NO,
21 examples
up to 92% yield

2017 4, fkE47%PURIE T PA(PPhy), 1L ot
B IR 2R I AEAL O (Bq. 11). JEE AL FE, 1%
SN AT CAEr i — R VBT AR RS I 20, B AR =410
SEFEIT X 2R S R AR S,
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N Pd(PPh
R1@)g + AgNOy Sk R (11)
Z O;§:O MeNO, = O:§:O

R2 R2

14 examples

1 -

R2 =H, Me, CF3, Ph, F, CI, NO,, etc. 25% ~ 80% yields
R% = Me, Ph, Tol, etc.

HATRIE R Pd ffk T w2 A4 Bh i C—H MR
AT DL R s RPN 4 Scheme 1 s, 55
—Fise PA(I)/PA(IV)HEAL I I N I FE: 155, At
AT RN R B BC AT, 8 st B () o - it ST R B A% P4
FEAIRR A, SRR IEIS B AR R PA(IV)Y)
Bl B; Bn, W0F B B E T B RS A, R
TR AR R T AR A — A OB I 2 i
PA(I)/PA(ID) AL OB FR: B 2, 00 1 770 A e 2 JER
YilcAr, I e R B SO S M C, R e
Wi F B EEATE T PA(TI-PA(IT)EL PA(11)/PA(IV)
Vi, feda, I A S RO S R R AL T,
() BF A A A 7 P A

2 {EERER C—H #REILR M

2011 4F, B AR BESE RS T 1 BEAN 4
AL e S R R RS AL OM(Eq. 12). & BT RIEYREIR
U O A% S B SR, T R T R BRI L 2,
R 1,2,3- =&KX RN ARE] T B EEREH. A8
SR R, 1258 7 B A A ) R,
WE AR ZE. SN ATRES T T DU eI RR IS R A
PpR) ) S RIS FE.

2013 4F, EHEREUR M P2 HRIE T LLID YRR T 9 i
iR F Cu(OTH), fELLIEIE S RIF C—H #AEih B

% j@

PdIV/ L
Pd(OAc)2

@DG
NO,

DG

L/
ON “NO,

| A /OAC :

Cu(OAc), _ N’C/u
AQNO3, 02 H/Q (12)
1,2,3-TCP ~NO;
130°C, 17 h
21 examples
R=H, Me, OMe, CF3,  yp to 88% yield

F, Cl, Br, CN, etc.

(Eq. 13). BARZNAE SR AT N, B ZAL TR
RIEALTR, RIS AEREE KRR C—H SRR~
BEAL, MR G DAL B BE T e PR AR X 2.

e
¢ D

10 examples
7% 51% yields
= H, Me; R? = Me, Boc;

Cu(OTf), (1.5 equiv.), KNO,

CH3CN/DMSO, rt.,, 12 h

R3 H, Me, OMe, CI, NO,, etc.
R* =H, Me, Cl, etc (3

2014 4, GooBen MR ZIF % T CuNO5(PPhs), 1
A E BRI e XX S [l (1) 55 36 C—H 441 A7 A1k S M. (Eq.
14, Condition A). %M LL AgNO, 1E A% R IE,
NMO 1ENEALF, £ 50 C&AM4 T I SzHl T 753040
P C—H BRI L. Z— RS AME F T 05 25 H ke

DG —
G Pd(OAC), @E o o Pd”;@
“HoAC d” / 29}

O

7/ * N02
+HX NO
No2 G }\ 2

o O\Pd'”
dIII
— f
or

Go OPd”
/Pd'V
O,N IO o D

Y

B 1 AR T K 7 KR S R

Scheme 1 Proposed mechanism for the palladium-catalyzed chelation-assisted C—H nitration of arenes
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BIHE

WRIE IR, T BT HInd30 . AN TCRM R RE S
H. BEJ5, Tan 4P L Cu(OAc),*H,0 ML
KoHPO, ABRIIZME R, SN 48 h DL ZE [ 7= 545 31 4
Kr B 3 4K 74 ¥ (Eq. 14, Condition B). # % T
GooBen ™ i ) s N A4 2 75 B 24 B O 4 B, 1% O N Ak
Z K H NaNO, 1E N REAGR, FXBONBEM. TERRPE S
BRI ZAE T, BARF=idEat KA BT DA R A RSB RE JE 2K
HER Kb &4

0 O
XN N 14
SeasE S el

/H N NO,

R =H, Me, OMe, CI, CF3, NO,, efc.

Condition A: CuUNO3(PPh3), (cat.), AgNO, NMO, 50 °C, 48 h; 22
examples, 43% ~ 81% yields.

Condition B: Cu(OAc),, NaNO, K,HPO,, 60 °C,12 h; 20 examples,
55% ~ 76% vyields

BARZIS SV FRIE AR, H 30 SR A R B
HLERLN Scheme 2 Frik!#2: 4k Cu(Il) 5 e B 4t
TR =M% A5 A, 3T RED C—H iithrs
TR Cu(W B; BJE, TERLIRFIAER 4T,
Pofh B s AP AU B Cu(OAc), {2k B 4k
A RAHER Cu(IIDZEW) C; i, YIFh C bR kR4
H Fr i A& — 4.

o (0]
CuX, N HX
N | -Hx cu!
Na H "N /
H A X \
(0]
1
NO." Cu
C/’\|l| 2 ©7)‘\/'\Il“
u Cu!
NG ) [ N
B NO,
C

B2 A v 2 R AT AL A A S AL 3
Scheme 2 Proposed mechanism for copper-catalyzed chela-
tion-assisted ortho-nitration of benzoic acid derivatives

2014 4E, Rodrguez ZFPMRIE T HSER AN AL R,
T B AR Ak, N-Tok 2 2 e C—H 8R4k ) B2(Eq. 15). %M
AENENEAH, £ 25 100 C/B 1 h giiF) 53]
A=, AE R % S B 52 e P AR 7 B 1 5 2 K
X IE BV 22 A AR B R R S A A AT 7 i AL
PR, AT B B 2R I SR A A Rt O A 2R AL =4, T[]
AL EAR P 2 i JEC A ) R AR R S A Ak = P VR 5 4.
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PG NHPG
S : 0 NO,
R+ + HNO, Cu(NO3),- XH,0 (10 mol%) R O
Z 5 . (15)
CH3CN, Oy, 100°C, 1 h =
PG =Py, Tol, Ns, COPh, efc. 54 examples
R =H, Me, OMe, CI, CF3, efc. up to 99% yield

2015 4, Sadhu 252Ut ] N- 75 HE-1-5% FE- 1 H- Y me-5-
FAE RN, RI—FhA 25 AL 1) 75 i BT AH AL
S(Eq. 16). ESRRMAET, A48 A RS IR kA1)
YENALIR, 5 CuCly2H,0 —2fiiHE, £ 1,2- & okt
RN 11 h, RIS 72046 C—H BRI M. 7R
TRMEZAE T, A =] DAR AR 7K i DA = 1 7= R A5 3
QIR R AT A,

N

I
N
T

\
Z

20 mol% CuCly- 2H,0
35 mol% Fe(NO3)3' 9H20

24

\O DCE, rt.
R2
N=N
NN
Cr NH @ (16)
25 examples
up to 96% vyield R?

R'=H, Me, OMe, C|, F, etc.
R2 = H, Me, OMe, CI, F, NO,, etc.

2015 4F, #ear &l R R AT B A AL
7, 10%] Cu(NO;3),23H,0 =y 8 Ak N- 75 JE 1 fie 47 firg
R BA(EQ. 17). %7730 DR GF s 52 %A B RE 4], —
FR A P 24 Jee R0 T s T e JEG A 08 T AR 82, EL 2 £ B
S RS AK TR P= 0. DR s T e R S D 5 0 s mT LA
B BN(E) NG =Y. ZE Rk RR
JERMA M AR B . SRS A5 PRI AT B i AT . HUERRIF 7T
R BUT B ER R 7 Se K AR, AR TR
AN E S S5 WA L.
L \—.R1 . 10% Cu(NO3)*3H,0
CHsCN, air, 80°C, 2 h

t-BuONO

=
5,0
R’ H
NO,
R'=H, Me, MeO, F, etc.
R2= alkyl, halidearomatic, heteroaromatic

20 examples

up to 98% yield an

2016 4F, FME K. 5KF0 K Ribas = AMREL 573
RIE 7 MK R A 5 AL C—H BERS AL SR (Eq.
18). 2 M &R R PV Y e e R T e v R BRI
C—H #i1k J2 M (Eq. 18, Condition A). 7E =R &1ET,
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Z LA NaNO, AR, = LR A E A &
BIRER AN, LA R F I = 2R AN Rty 7 —
AUV ERATAED). VIR b 5 AL, AR
BRERIR | 7 57 C—H BERALT=. Z 7Bk T LART
(i e S5 s PR T A B B 1 R AL B A
B AN RE 52 RO AR 0 S o o5 k7 0 S 201 P 2 57
1 Fe(NO;3)3*9H,0 1E M AV F RS A7 STEL T nde ik
PR e kIR I 5 A2 C—H #R 1L % M. (Eq. 18, Condition
B). M4¥IN CuCly2H,O 1 AL, 3= 2 AT — Joh
B AL 1S B 57- A 8- K L v R R . A,
Fe(NO3);*9H,0 [ g 215 A {1 i3k 71 A Ak X 77 ) 00
YEF. Ribas MR PR JE Tl 1 M mR Ik i e bk 3
b C—H BRSAL S M (Eq. 18, Condition C). 1% N H
BUT SR EE AASALRF) ERON AR S RN 18
h, LARE = R REMIR 5 AR 7 AL — eI IR 4.
2SI SN il LR AN, (L DX I PR M R B e
A He P 2.

H N02 02N
0 O O (18)
RN o2 R1J\N i 2+R1J\N N 2
AT RS e,
NS

R'= Bu, Ph, Tol, etc. RZ=H, Me, CI, etc.

Condition A: Cu(NO3),, NaNO,, PivOH, PhI(TFA),, CH;CN, r.t., air, 1
min; 11 examples, 61% ~ 86% yield.

Condition B: Fe(NO3)3 9H,0, TFE, 100 °C; 20 examples, 48% ~ 82%.

Condition C: Co(NO3), 6H,0, AcOH; 16 examples, 16% ~ 78% yield;
rt., 18 h'yield. .

Condition D: CuCl,, -BuONO, air, CH3CN; 35 examples, up to 80%
yield; r.t., 1~2h.

Condition E: ZnSO,4 7H,0, t-BUONO, air; 13 examples, 45% ~ 89%
yield; CH;CN, 110°C, 9 h

2017 4F, Koley ZB s 7 —F sy Sk A AL 8-
FEWEMRIEIZ 5-f C—H # A1 )% (Eq. 18, Condition D).
% B DL A R BT B A A RSO AR, S
mol% I F A AT, EZR TR T N5k 2+
750 B e i L IR A A AL R BE. 2017 4F, {4 TR
2] P2V BF 0 s R T e £ A9 T A A el 4 SR R SR A
YIrt, RILT — A2 NEAMASEIR 45 TR e (i AL
Wk 5,7-HRE XU AL SN (Eq. 18, Condition E). 1% N 4t
AW 22, A 2SI T B B (I 7E B 1 2% A T A
MR BRI A R B . 3K 2 T AR TE 1) A e AR A S
C—H BB, BN —ANFEE IR A B 5L v kAT
AW B LR,

ZIE RN T I B R AL ER R AT ¥ (Scheme
3R, O a B RURMIECAL . A A AL =
MEBEEY A; BEJG, DIFh A TERRMEA Bl it & 4R
BRI AR P AR BB TR AN M SR S
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B; fRJa, SRR AL AR A B p Ak X i b A ik G o
H SRR T E R C, @ A TR . i
@D PR TR, R A e E s A

NO,

X
R M;[\l @ NO, )kN
(o3 /\N\ // M = Co, Fe, Cu, Zn M;.’”
Xn-1 /\'N\ /
Xp
A
(@]
o RO
M2
1Ny
Xn—1 B

BIR 3 8- Ik I 5 ) 5-H C—H BEfiE AL S RIHL IR
Scheme 3 Proposed mechanism for the nitration of C-5-H of
8-aminoquinoline amides

2017 4£, Chandrasekharam 2PV FH 24 FUBEEAE Jy
5 ) 2 R AR A AL C—H B4R AL A AL R M. (Bq. 19). 7RI
£ 83 CHISIRIFAT T, 1% R LA TMSN; s s
1,2- 5 L N R SEI T X3 T — M AR A A AL
M. AZTTIEAS S BUAREE & A R ), B A X T — M,
HHEA G Y E SR,

H Cul (20 mol%) H A
o N AT TMSN,, t-BuO,H N r
R T CIch,CH,CL reflx LA o (19
_— O 2 2Cl, refiux N02
R =H, Me, OMeg, CI, CF3, etc. 32 examples
up to 86% yield

2017 4, Chandrasekharam Z£PYJF % 7 —FhidE M H.
o VR (A 2- T 2 T I I R R S s e 3 o) FHT 4B 5
77 FERE A RN (Bq. 20). 7R SU5R I, ARATE H B =
B R EALHE NEALTT . Fe(NO5);*9H,0 1E R4
Ag,0 ENEALF, 75 DCE H a3 24 h, DU s X 35
EFEVESTIL 7 2-05 B IR FFME M I AL OB, 1% ROBLANY
BRI, T OHLE A BB 52 R e AL B G
Scheme 4 ffi7n, 15k, S4LH5 2-05 B0 A BLALAS 2
4 A, 0 B B A R S R AR B R 4 (1) T
&9 B; R, Mk B &P T RIS/ S TR
SEIE R H BB B -+ A C, #oFh C Bl Ja 9 A7 A5 T F
ISR R AR IS T F D, &5, kD %
JRFACAE R B AR AL = . B T o R IR S
E Wi C—H fl N—O L =4
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B P
H CuCly(20 mol%) O,N 7.
N — Fe(NO3)'6H20 N —
N ) T \ » (20) H I
\ Y _ Ag,0, DCE, refux \ ¥
X R™92 X R X cul TN
open air, 24 h R:— N H R-— NO, 22)
X=0,8 21 examples = N, CH3CN, O, (101 kPa) Z N,
R = H, Me, Et, OMe, CI, CF, etc. 52% ~ 78% yields + DG 90 ‘C,12~24 h DG
t-BuONO 30 examples

CI\ CI No2
Cu” Cl

¢
oo C“@_
@3539 @@

[;I%:C> GMI<3:>%i>

BR 4 CuCl, AL IR 57 e 4B C—H B b S RIALEE
Scheme 4 Plausible mechanism for the copper-catalyzed chela-
tion assisted ortho-nitration of arenes

2017 4, Sarma ZESHRIE T — i 52 O AR k4L
HE R0 [l 0 55 R AR C—H BN AL SN (Eq. 21). %%
B DAL A AT . REER R ARHALIRF, DA HIAL
BIRFEPEAN R ARSI T 9= -2- 3 ) -9 H-IHE M R B A
R Ak, MR SERE T ZRR C—H 4 = & Ik
PRI S

1 1
—\R =R
RICNTN / cuCl(15mol%) L NN/
| |
~N  Fe(NO3)39H,0 (30 mol%) N 1)
t-amylalcohol NO
7 IN

N)\\B 100°C, 12h N)\\X

X e
R =H, Me, Et, OMe, CN, Br, OH, etc; 8 examples
R' =H, Me, t-Bu; R% = H, Me, OMe 52% ~ 96% yields

2018 4F, LRI T — Rl 2R 1A S
5| W C—H SR AT A 22 K% S M (Eq. 22). fEIRAT
AEFMT, ZRL LN G IR R — Bk e R 3-
-2 LN e, FLA ey X AR £ AN 2 ) SR A L
e A WEAR P D L b S5 B 7 R SRR S 1 2,
ALl 3-MEH-2- A HE NG . 2% S I o A S R AN AT A
AR BRI S N2 2E B Cu(TIDAF, Xl e ) 3 A7 db AT 25
IR BRI BRI R 3- s b el 4, PR 22id C—H
AL B3 H R AN B IE B B 50 PR AR R E bR
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42% ~ 5% yields
DG = 2-py, 2-pym
R =H, Me, OMe, ClI, Br, CHO, etc.

2018 4F, FMINTHEEEDTRE T — P A v R A
55 FEMRARAE C—H BERY AL X M. (Bq. 23). 1% i LL
CuCly*2H,0 AT, AR T 28] ERREk il 2
TR p-TSA AT, LA 2R R~ R A i
TREATT HEMR. %A AT R X Sk B, T
HERT RIFHEREHBE AN, MR C—H R
b BB A LS PR AL TS SERATAEY), X IR R
(A e RTRA 7.

H o, R
N N\ CuCly-H,0, p-TSA
N R3+ Fe(NOg)g9H,0 —————————>
R—r P o) toluene, 110 C
2
NO, H Il?

NN\ Nogs 20 examples
R \[g up to 90% yield (23)

R' = H, Me, OMe, CI, CO,Me, etc.
R2 = H, Me, MeO, efc.

3 fTHE4AFRE C—H BT RM

2016 4F, SKAEFEMALY KIRIE T @it Ruy(CO),
AL TS RS C—H RS AL [ B (Bq. 24). fhfiT LA
Cu(NOs),*3H,0 MiiFkikl, Oxone Al AgTFA {E A%
7, NRISZEL T e S a0 95 98 C—H BRI AL A b s BE
NFIX— )5, 3R] DU R — 25 & N
HOFEAR IR A e R IR AL, AR
FEAR NG| RN 2R E L S5 2 IR R, I — 3 77 AT LA
faiHE . R RS LA T 2R M 259 Vismodegib %
CDK/CK1 XU F)(R)-DRF053 1] E k.

R1
X R!
| /}\l ™

Rus(CO)42 (10 mol%) ~N
+ Cu(NO3),-3H,0 - (24)
rR2-L | Oxone (1.5 equiv.) =
X AgTFA (1.5 equiv.) Rz—_\ |
1_ TBA-OAc (0.5 equiv.) NO,
R'=H, Me, OMe, efc. DCE, 95 °C 33 examples

R2=H, Me, OMe, Cl, Br, CF3, etc. up to 81% yield

S ALEEN Scheme 5 Fian, oA S RYIE
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97 E C—H G BRIE S 1 Ru 590 A; BE)E, &
REAE RS 3E [ 1 3E%F Ru-Ca, [0 o BEXHALER K51
EWAE R M B, BB A AW
Cu(CF;COO)NO; H] RefE Yt B 114k, AR
BRENEAEY C; Ba, EAY C 5 MEVIEATH A
R AR S, RN 2 AW A A

O,N

$\\

b

NO,

o
CU(NOz)z [ ]
AgNO3; —» AgNO,

B 5 Rus(CO)y, AL S BRI C—H S R SIALEE
Scheme 5 Plausible mechanism for Ruz(CO),,-catalyzed meta
C—H nitration of arenes

B G, %A ARE T 5 5 95 C—H ]
AL A4k [ B (Bq. 25). EARBRTE AL R R T, KR H
AgNO; 1E NIRRT, O, M PhI(TFA), 1f 3L L.
TERRYEZCAE TS, AL VKR AR 3R 2R . 72
ZrCly/NaBH, HIEJE6F T, LA A IR R & ).
WAL, 1% J7 338 BT AN T 2549 5> Diazepam Al
Fluvoxamine /& HfiAk, X2 5 KU REAL T7 2 e A g
S,

N/OMe Nl/OMe
| 7.5 mol% Ruy(CO
N AGNG 6 Ruy(CO)q2 N
R * A8 onITFA), (1 equiv.) R
_ 2 . Pz (25)
DCE, O, 100 °C
H NO,
R = H, Me, tBu, OMe, Cl, Br, CO,Me, etc. 27 examples
up to 76% yield

B, Z SR S I Ee  6-75 ) C—H
AL S NL(Eq. 26). e 11 FASE R, 1R
BRI RS BEL A I A S A2 b A S S ) SR B PR 3R
AFRLERACH) 6-75 KRS R A% R B & — 1L/
13BN 1. AEFRAZ TR T p-38 S
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BT AR, Xt — B B HZ AR S L.

N F R

N N N

N

ﬂ/ b T )

N 7.5mol% Ruy(CO)y, N~Z N

R | PMess, PhI(TFA), &~
N DCE/HFIP, 100°C R |

H NO,

R' = H, Me, ‘Bu, OMe, CI, CO,Me, etc. 20 examples
RZ = Me, Pr, Bn, etc. up to 78% vyield

4 ENFIE C—HBHLRM

2013 4F, ZEMA R RS T LR ER AN N A 3k
LR, PhI(OTs)OH 48 4 751 48 14 4 ik w5 1) 0 )2
C—H BALAI AL [ Bi(Eq. 27). SL¥e4E LW Libdh
HA, - 6 340 2 U PR T 5 TR R A 0 R DA /= 11 7 2R B
ter=. F538 LARAL, TR KA R B B T4
BIRENURI S B0, oAb, mEng . nik s Hofth 5 2 4 IR th g
EA AR, (EE RN RS ok, P
A FHEAT B AR AZ 4 A2 BURTTE PEAE 46 77 RhCp*CI(OAC) 5
JERA 2-FR LML e AR O A PA 4 J A L R AR i S SRR (T)
R A SRE, Y0RE A S EALAE B = RS 10 R
HHATVER, 2l alfA B R AR RS A0 AE i (] € A
—4rF PhI, HJa, ¥ C 5 2T EAL 2 %1k
NEEALTE, R TR A

[{Rh Cp*Clz},]

PhI(OTs)OH, AcOH
y o+ NaNO, ———————»

4AMS, 80 °C, 16 h

24 examples
40% ~ 88% yields

)
2-PhPy
HOAc

R =H, Me, tBu, OMe, CI, Br, CO,Me, etc.

RhCp*CI(OAC

NaOTs + product
NaOAc x}/

Cp*. T Cp*
« oo |t N
/ N/Rh\N02 / N
= OTs =
A

C i

X

B 6 AL E C—H fib = B
Scheme 6 Plausible mechanism for the rhodium(Ill)-catalyzed
C—H nitration of arenes

Cp Ph 7+ /\
\ ,CI\|'\ PhI(NO,)OTs

AN
| NRR 0
—

OTs”

http://sioc-journal.cn/ 325



BIHE

5 HitTEESBEELTRE C—HERURN

2017 4F, Das Z5IF & T 2- LML E 11 4 5 ) 5 4]
) C—H 4L R Bi(Eq. 28). %N LA AgNO, NREAL,
WA, AR RNETR, THFE A, 72 Co(OAc),*4H,0
LT 80 CM 6 h, ERINSLIL T T 1m 5 B 140
C—H B B X FAE WL R BAA T2 1)
JE A B, RS TR R R T 52 1 AR A e P DX 5 1
AT LA FH T A iE AL S G A ik, O B B
()41 B 22 I R AT LE D I A R AL T — NS i
JiiE. AT R TTIERE S, AR e i e e A g
IR D2k T R ], W] LA B4R B R A 2K -1,2-
TEENAEY). PR ST, (ERE A X
SN R TR R IR R AT 1.

N
Rl—@ @ + AgNO,
H 0,, THF, 80°C, 6 h
N
R:_(j @ u31texgazrg/plgs|d
Qi upto 92% vie (28)

R =H, Me, OMe, CI, Br, CF3, etc.

Co(OAC),-4H,0 (10 mol%)

2018 4, Kapur ZPIF & T —Fh ] 5043 U0 B A
3-EUAIS Mk 2 £ C(sp®)—H # AN AL ) Bi(Eq. 29). 1%
25 M Co(NO3), * 6H,0 1AL AL A
B AU T Be(TBN)ME AR HR IR, FA R AF A i 52
PE. FIF A BEERE) -Boc fE RS IEE, $#m 7%k
6 BOSH. TERFIIR B2 AE T, R 3-BUR A R
V¥ RE LA 25 A )T IR P SO B AR 1 2- 2E-3- L
ARIGIEATAR, 2R RN — Pl i 2- 2 J2 | W () Bk
2.

R1

X N Co(NOg),-6H,0
R2-— H+ tBuWONO — — — — _~
= N Kzszos, 02, THF, r.t.
\
Boc

R' = Me, Et, Bn, etc.
R? = H, Me, CI, Br, NO,, CN, etc.

R2

TN
R'5— NO, 26 examples (29)
Z N up to 72% vield
Boc

2017 4F, PN RSRR AT B NS EETR . BRI
(ER SR AE ML, 5 RO SZI T 2-7% Jak I R e J 8
WIERE C—H B LR N (Eq. 30). %R T
Z, XGRS, WIS E K. =)
A CAHEAT Z PR e, RIS A I /K A TT A7 3 2-(4,5-
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TENEME-2- K )-A- SR, BRI PR K
T LARAL D 2-F Bk -5- TR IR IR EAE RN, 8
Ao T A B v A R T R A 2, R AR R R AT
B AL .

(@) //I R2 fo) //J_QPZ
R1J\N S Ni(acac), R1J\N P
| _—
H +tBUONO ¢, ) air 80 © Ho (30)

N“ 0 N“ 0
-/ -/

R'= aromatic, alkyl, heteroaromatic

33 examples
R2 = alkyl, halide

40% ~ 92% yield

2016 4£, Chandrasekharam Z£U°% B 2075 HG
BRI RS AL IR, SEBL T AR TN 55 2 il it I e
77 AL AL S S (Bq. 31). 1% N P=AE 25 Fl B A Hh 45
FIOC S 7= A5 B I SRS P2, (B2 AR /D & X7
AR B P24, 2 5 S B A 5 5 O JER A 3 BRI By B A e
P, AT E ARG AL T — R A ST vk
2018 4F, mikpOR ] N-FR AR 2 — B L i (N HPT)
RESINFR & BRI S ST P B N I AR AT ) 26 A
TR B SEBLZ R N, (Eq. 32). Fe(NOs);+9H,0 2 E]
AR I RN AR B OCE A . 12208 s B A J st B
BT RRS LR HEAT 10 155, RS S RN EWIR 2,
P e AT T AL TR B B, ARG, JdId v i
AR AR E AR TN e, Eid 20y
RIS AR A AL =4

HN/R HN/

H Fe(NO3)39H,0 o NO2
i AN R —— R1_I (31)
R P DCE, reflux _
open air

R = COPh, COPYy, acyl, acroyl, tosyl
R'=Me, MeO, F, Cl, etc

26 examples
up to 91% yield

NHAC NHAC
NHPI %

X
R—— | +Fe(NO3)y9H,0 ————— R——
[+ FetNOs)s9H, DCE/HFIP L~ (32)

air, 50 °C

29 examples
R = H, Me, {-Bu, OMe, CI, Br, CFs, efc. P

up to 90% yield

6 HiLFRE

TV < PR A S 1 B AT B 19 5 ke C—H B A AL S
[ BER A X IR L — PRSI A DT e RO E AL, WT A
B2t 42 ) B A B B A B AE AR 1 ) B N 2% A T
17, HEACEIERNE . YA S BE ) e R 2 By
AER, IEE R AL T R B A9 C—H B
WIRNETE, Dol 7 mERSRE. B2, JikC—H
SRR A S NATIAAAE R (R I R, U AELE 97 R 2r AR
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VR AR AL 7 T R S ZE LU LA T AT (1)
IR 2 BN R 7 SO 3 RV R SO, A LA 32
PR, SO RN T B2, (2) H AT R
A% 5 T ) <z o A 0 DR i A R A B B 1) oL U < e i
AR, FARBNEURERIET . AR Teis YR B R et
AL IR AT IRIUAL s e 43 4 S Rt P8 ) B A M
TR AR AR T[T T,
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