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Recent Advances in Inert Bonds Activation with Isocyanides
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Abstract Transition-metal-catalyzed C—H functionalization has attracted tremendous interest as a valuable tool for the con-
struction of heterocycles. As a unique building block, isocyanides have been widely used in the synthesis of various nitro-
gen-containing heterocycles through multi-component Passerini and Ugi reactions. This review highlights the recent progress
in inert bonds activation with isocyanides, including C—H bond or N—H bond insertion of isocyanides and radical oxidative
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annulation of isocyanides.
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Figure 1 Three coordination forms between metal and isocya-
nide
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S5 R — 2RO, T RBE s SR T
BRI E .

Bl s AT LA AR, I IR s A (A T B
T RN H A HU A B o s BRI TR —. A
KSR A T RS 5 A RN B A 2RIk
PGP, TSI 2 S IR TR AL R, IR A E T
RRIARE, JFdE R T ARZ ISR MEY. A3H
4G A OB LE, REMNA RS 5N
B AL BN HLEE LU R AEAT LA b R M.

1 RESSHIEMERIEA R

HRERENT RIES 5 M EEEE RN, BT
WZHEREYS C—H BN RN, XTI R
M, — R 2Rt PA(IT)/PA(0) 5 PA(0)/PAIDHLEEEAT 1)
(Scheme 1P, ST~ fi5 2 15 (4 MEAL 22 B 4 N RN,
BATTE AR A RIS I () Ab 22 B AT 7 R A 4.

1.1 &F C(sp’)—H BB KL

i 4 B AL I C(sp?)—H BEMITEAL S N BFIT i %2,
T AR R R IG T, O 2N TR RIS
W, RIS 50 C—H N VR 2 7
C(spY)—H BEMYR . LLF 3 B it 55 2 15 AR ) 2%
T B ARSI R T 70 2 Liih

Oxidant bl
/R 2
/,t Pd?/. c—H

Nu Ar Activation

Pd'/Pd0

XpPd'"” A

XPd''Ar

N/R
\
Nu Pd”)\Ar HX
_R
N
Nu—H /H\

1.1.1 - BAEAesdheh 6

1987 4, Jones WS4 ¢y SE 4008 T — 51l 49 1 S g
FRAN R VI AR IR S A AE A T, S
TR TT R C—H BN RN, 1528 7 WA
PI(Eq. 1). FEIXAN RN AR =2, e
FEUR R RS S S S, AR R B O,
Hh ).

2010 4, Chatani B84 PR A AL, 03 8 IE )
C—Br 8 AN R Y. LA 5 55 11 C—H TS A6 RY,
— BT G RS AT (B, 2). RN, K
PrRER 5 S G a0 2,6- BRI AR IE R, Aefeidt s
DA TR A5 vt 7 200 R 2 e I e 6 e I I AN e 1
AN B =8, 3k B ) 2 A 25 N E ST, uER T
C—H B I A0 ok 72 A2 A S N IR e T 20 B

2011 4F, Zhu 8L VR A A 1 1 2,
TEREMEA R B RS T 55 C—H/N—H B H A
NN, —BEAT WA YI(Eq. 3). X T RN
M, 75 5k 5 i AN b 36 e TG 350 R A Hh 2 5 s v, (H
NP IAEAE ZIE WP SR 4.

B, AERl SR L — Bl oA ) 1 ] 2 2
WS E C—H 8IS kg, KT —20 B r =i
i N (Scheme 2). ARATTLA N-FF A H i by 5 1) 3

BT AL T (5 A S

Scheme 1 Palladium-catalyzed isocyanide insertion reaction

[Fe]
Ph—H + :C=N—-R
hv

—_

Pd(OAc), (5 mol%)
PPh3 (10 mol%)

_R
X
Nu Ar
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Nupd"™4 ~Ar
HX
N/R
Il Nu—H
xPd''” TAr
RO PMe;
) : RNC""F' CNR 1
1 e—
i PMe;

()

Br H

1.2 equiv.
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't T [RhCp*Cly], (2 mol%)
N T Cu(OAc)y+H,0 (2.0 equiv.)
R'g H + N
Z>H R2 DCE, 130 °C, 20 h
o]
111 N
R'-—— N—Ts
Z (3)
NWRZ
12 examples

41% ~ 81% yield

B, 7eA T, Tyttt o 7 2230 s Be A7 I+ X) C
—HEEA )T AR, 0T 22204 I C—H T fE
B4k, SZIL T LS Y C—HEE B e P4k s N 1 5%
M, FTRE T C—HERG A TP AR G (P B AL
1.12  BERREALESH 696

2012 4F, AR PR AL Ak, DS s
FKALE W A, SEI T I 3= 1R L Tk T A
(Scheme 3). IH %) e 4% A R I8 v LTS 21— R A1 1)
WGIRSEAT AR, T NV rh 5 6 e I AR s S i 380 mT i) 2
RN, R IR A S P il s P it T — 2k Rk
WG T

L AR b, AT SR R vk, SEBLT
FEAEAL N =3 SRR AR 2 S A B B 5 e I 1)

BRI, TR T — 28 2- Tk B BOAR 10y Wil e 2 1k A5 )
(Scheme 4). % e NAT HI AUV I A, A8 %001 4%
PR T ABARIEEAT, X T e i A0 05 58 e i 2 T LA
FRBNAET W, IR RN A R, W BLSEERAS
[ AR = 16 R

BT, Reddy BTNV HIZEALLIARFF 9 sk, I
A oRZAE DI i A G W e, G5 R IR IR 480 R
AL, RIEIHEA LR LARIEERB NN, — 6k
T ORI /M54 A P (Scheme 5).
1.1.3  FAAE4 696

IRZ W) 3 1 LA SRR =) v # & A UEAE T, T
A C—H BEE A RNAE 31 g I NFUE IS A A
> 2012 AEFRATHAL T S TR TR S A
IR, AR R S I G W 2-7 B 34 )
T PEPE LA SN, B 5 2 o R R MR o T 2R
M. BATTAEREFT R R I, 3k T 0g R N-H A,
FIANIR], AT DA REPE A5 21 2-17 5l 3-407 ) TR A0 15k
Ay, JF H RS E . R IR 25— RV 1 44340
] DU H 15 21AH 3 (1) 3 2540 7= #)(Scheme 6).

FEUL T AR R b, FRATTER S SR 2% s
I ERH, TR T s T 28R S W ik

0 the only anion present

t-BuNC (1.5 equiv.)
Pdy(dba)s (2.5 mol%)

©fu\ N/OMe Pdy(dba); Ar. NH ,
H /
F Air K

L: t-BuNC Ar = CgH4F,

1,4-dioxane, 80 °C, air

N
Jo]\ t-BUNGC )OL'/H Lo

Ar Ar

! N Ar
1,1-migratory | | )
OM
© insertion OMe L ome
Acyl migration
_OMe
Cl” exchange j])\ (|3| /L o
Ar 'T'/ \Pld\N "
Il t-Bu )
L OMe

B 2 A N RIS 5 R 1 N

Scheme 2 Palladium-catalyzed aecrobic C—H activation reaction with isocyanides
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Pd(OAc), (5 mol%)
Cu(OAc), (1. Oequw)
H,O (5.0 equiv.)

\\
/N

TFA (1.2 equiv.)
THF, 70°C,1~8h R2
25 examples
m 58% ~96% y|e|d
R— + :C=N—R® —
R? Pd(OAc), (5 mol%)
RZ = H, alkyl Cu(OAc), (1.0 equiv.)
THF, 90°C, 3~8h
4 examples
45% ~ 78% yield
B3 AL N- CIEAE-3- M A R K 5 B

Scheme 3 Palladium-catalyzed oxidative synthesis of (N-acetyl) indole-3-carboxamides

PdCl, (5 mol%)

Na,COj3, air, DMSO
R2 rt.,6~48h
= 24 examples
RIS JOJ\ v CEN-R® 51% ~ 98%yield
0 _ s U—=INT - |
N" “CFs
PdCl, (5 mol%) \ \ R?
KOAc, air, DMSO
rt.,12~18h
7 examples
55% ~ 93% yield
B 4 AT N- M-3RI (1 35 1k

Scheme 4 Palladium-catalyzed oxidative synthesis of (N-acetyl) indole-3-carboxamides

erp

PdCl, (5 mol%)

Na,COg3, air, MeCN
rt.,12~48h
HO__R X=0 22 examples
N x 50% ~ 85% yield
R * :C=N-R®
XH (2.0 equiv.) R O /R3
Pd(TFA), (5 mol%) " w NH
Cs,COs3, air, MeCN Z N
60°C, 4 ~24h 17 exal-mples
X =NCOCF3 55% ~ 85% yield
i o AR IR S W 1WA BB fre A 45 ) 1)
B 5 AT oK

Scheme 5 Palladium-catalyzed synthesis of a-benzofuranyl and indolylacetamides

PEVEAB AT A R N(Eq. 4). 12N AON 75 75 B 1] A Pyl Iy — MR G R 25 S S R SO, 43k
R AR, TR R R RS BN A IE AR TR SRR 7- ORIV, JFORAS AN AR R

).
A3 — 3R, AT 2 e T R 2 S P i
AT 75 FEMEE ST Sl R s S R R e B, S I
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X
1 m Pd(OAc), (5mol%) R %CN
Rt Cu(TFA), ( 3.0 equiv.)

Z~N  + =N 2 Py
. DMF, O, (101 kPa) x7 N\

x\/\) 130°C, 4.5~ 18 h \§)

= X=CorN 13 examples

33% ~ 93% yield

Pd(OAc), (5 mol%)
Cu(TFA), (3.0 equiv.)
DMF, O, (101 kPa)

k2 130 °C, 6 ~ 38 h R?
2 7 examples
R = aryl or alkyl 42% ~ 74% yield
3 W O U R A I vk e e e Kt e A

Scheme 6 Palladium-catalyzed regioselective C—H cyanation of indoles

XN
NN XX ¢ [RhCp*Cly], (2 mol%) F = \/j
1 \></le l \ AgSbF, (8 mol%) N
NN P O @
R P or (Yn | /’\ Cu(TFA), (2 equiv.) CN
n=1,2 DCE, 130 °C, air 17 examples 3 examples
X=C,N 47% ~ 90% yield 48% ~ 64% yield
N N | X | A
‘ ~ ‘ ~ ~ ~
N N N N
CN CN CN CN
80%, 3 h 64%, 5 h 48%, 5h 52%, 5 h
l’ o \\ l’ - Y
\ [ * o t Het! R?
 Het [RhCp*Cly], (2 mol%) « H HN”
N AgSbF; (8 mol%) N X" NH Pd(OAc), (5 mol%)
+ t-BuN= Iy i N
X Cu(TFA), 2 equiv.) - CN AN\ R 082C0s (15 equiv,) Ri‘\ j‘\ 5)
R—— DCE, 130°C, air R—— H O,, toluene, reflux aNa 1
! AT + 3~10h NOR
____:’ _________________________________________________________ . C—N—R2 30 examples
R (C=NTR 42% ~ 97% yield
R? * X
XN [RhCp*Cly], (2 mol %) R1'_/\/C\> ) .
R1:T/IN/\> Cu(TFA), (2.0equiv.)  SNZ N SEL T 2-Q2-F AR I R R R A N SO, A3 3] —
N + tBuN=C: A
) Li,CO, (1.0 equiv) A\ RN E R A P (Scheme 8).
H \ DCE, 130 °C, air v
] B 12 T C(sp’)—H BMBENRE
RS 31examples R

32%~ 85% yield

B 7 FEAEAL T 7-5A% 051 R PR P k- S B A S Y
Scheme 7 Rhodium-catalyzed regioselective C—H chlorination
of 7-azaindoles
1.1.4 A RITNA YA R

2011 4F, RO N-J5 SIS
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1T C(sp”)—H B (K155 i B il LA S dol = 5 e 4 )
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Ru(DMPE),H, IAAAE T, AILL 98% A% L 2433 7-
FHIE 50 (Scheme 9). % N& TS T NG G )
SRR

Chin. J. Org. Chem. 2015, 35, 588~602



Chinese Journal of Organic Chemistry

REVIEW

HaN Pd(OAc), (5 mol%)
AN g2 THF, 50 °C, 16 h
H R®
/
HN
=N
RN /=

= H \XRz

17 examples
41% ~ 90% yield

LN Pd(OAc), (5 mol%)
2 ,  CU(TFA) exH;0
= - t C=N-R® ———
NN\, THF, 50 °C, 16 h
R R?
/
HN
=N
N /)
S \ \'R1
6 examples

40% ~ 53% yield

B 8 AL T BB IRAL S R
Scheme 8 Palladium-catalyzed oxidative C—H amidination
2012 4F, Takemoto 25" 4l T 4671 C(sp®)—H 4
FERAEAG N 55 S I 00 FR I FA A B . i 7 B2 10 JsUR
K, —HHT —RIIGIEEATAY)(Scheme 10).

1.3 ETF C(sp)—H(HIZ)BI3EN L

2005 4 Yamamoto BREZVF1 de Meijere 20 ")
GY MARSTARTE T 5 A0 R IR S S b 1) 43 1 TR R
RN, A BT e A7 A 9)(Scheme 11). Yamamoto
WU, A A =) Cu,O/Phen B, 1T LASEIR
Hulee 55 5 AR SN, 448 F dppp 1E A EAGRIINE, W]
DL s W PIEBE . 1M de Meijere MERZH SEIR T ZEAK
AL AR AE ] N IS A k. ISR, de Meijere iR
HPMET 1 equiv.if) CuBr 28 Hge R4 Hh 1) ik g il 7 2%
AT N, AH I = 2.

2009 4F, Inoue VAL P FIAL £ WA IO |k
Sl BV EC S R A AL, (kT AR AT A
S R SRR B N A B s AT AE ) (Eq. 6). R[]
JEW R BRAPEAR R, A RUT 6 5 i o] BUR AR 2R ARl Je
M.

2013 4F, T SO A PR HE A R A PR A
A 1) AgoCOs 43 AR IE T Bk 15 53 55 IR B0 I e s B,
ey AU VR S BT — R A 2R A & W) (Scheme  12).
FALE T LART IR IE, %N 4R SN o, HANFE 2
P A,

BT, SRR ARE T AgOAc AL N bk

! PMe,
Cat. A N\ ! ( | H
B ! Me,P—Ri—H
Nsc.  140°c, 24h N | A
: 1 Me:Pt gy

€2
98%NMR yield

I?Mez
Me,P-Ru—
PMe
| 2

V4 ; :5 i;
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H
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Scheme 9 Ruthenium-catalyzed synthesis of indoles
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B iR 5 R
H Lei’s work
Pd(OAc), (10 mol%) R H
N AdPBuU-n (20 mol%) LN Ar R—=— H
R o Cs,CO3 (1.2 equiv.) R 7/ N Ag,CO3 (10 mol%) Z/—g\
e +r — R
. NC toluene, 100°C 15 exampies o g NMP.80°C, Th N
34% ~ 85% yield N~ 18 examples
X 40% ~ 98% yield
R2- T PAILX| | e
- > RT/ /(‘3 Bi’s work
N"TA
X=8Br, | RI—— R2 R R2
------------------------------------------------------------ Ag,CO3 (10 mol%) m\
: 0,
) Pd(OAC)z (10 mol%) cN R 1,4-dioxane, 80 °C N R
_ R" AdPBu-n (20 mol%) O ~ 30 ~ 120 min » H |
= Cs,CO;3 (1.2 equiv.) examples
RIS = 20H3(c§ seaun] R = O R'=H, EWG 71% ~ 96% yield
i ivi .6 equiv.
4

NC toluene, 100 °C

@Z/Pd”l_ X
I
|

B 10 SEHEAL I INAT AR A

Scheme 10 Palladium-catalyzed synthesis of indole derivatives

4 examples
36% ~ 74% yield

Q

X=Br, |

Yamamoto's work

CUQO (5 mol%) EWG2 R
phen (10 mol%) Y\
dioxane N EWG'
) 100°C, 1.5h H
R———EWG 16 examples
. | 11% ~ 75% yield
EWG?
CN._EWG' R
dppp (15 mol%) I\
" N~ EWG'
ioxane N
100°C,0.5~25h 19 examples

18% ~ 79% vyield

Meijere’s work

RZ R
R2—=—R3
KOt-Bu or CsOt-Bu I\,
+ N R
CN. R or 5 mol% Cu cat. H
~ 10 examples

53% ~ 98% yield
35w § O PRl TR | 9
Scheme 11 Cycloaddition between isocyanides and alkynes
N PFg
NN
Ph,P—Pd—Pd—PPh,

¢ ¢ R
_ N N 7\ )<
R—R2 | /Z—S\
LBU But NCToNTN

e L'
DCE, 80 °C, 16 ~18 h
N=C:

8 examples
13% ~ 90% yield
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B 12 ARG T AT AR A K
Scheme 12  Silver-catalyzed synthesis of pyrroles
PN FER 5 S BB AL SR, e R A 3 T I R
IR AL A (Eq. 7). IR LA IR R 4 PR

fe ST LR B R A AR AL
HO o R o
R" R? AgOACc (20 mol% 2 3
R AgORc (20 mol%) g MN/R )
+ 1,4-dioxane, 80 °C H
:C=N-R3 -
:C=N-R 05~1h 27 examples
R® = PhCH, or Ts(CH3)CH 31% ~ 94% yield

1.4 EF N—H BrENRL

BRCL BRI 428 C—H BRI A RN Ab,
A R MA —2e VA ) N—H B3N OB, SRR
mﬁﬁ//'\ﬂii; 41, 2012 4F, Ruijter W4 PR T

FABR AT A 5 R R IR AN R Y, ST —
) 2- N BE AR I 2Tk MR Ak & ) (Scheme 13). %)%
N YA IE N B AR T2, 5 2R 7 I e i DA A 488
IS AR IER Y 2 S 38 T LAAT B AH NI ).
HET, %6752 N T-25%) 5 Norastemizole F
Astemizole 15 K.

2013 4F, Grimaud WEZHEHRIE T 76K F1 NaNO,
IFAAE N, DRGSR A&
Y)(Scheme 15). RN AHLEE T R EA S A, 1A
S LEZE PO g T R E AR R, FIA 11 equiv.
MR IR 4, TENE KRR, k2] T B =2
(Scheme 14). Je NP8 i 7 75 2 1 R EE 1) ) 4.

2014 4, TATRBHPING BRI ER K, KT
—RANAF Z 5 (1) R RS Ui A N,
HZ 50 RN, mr=2e g 2] 7 — R AV FRPY AR
R4S )(Scheme 15). %R NZ I T—4 C—O
BEFIPIAS C—N BB K, HA R 1) E fe F e A E R
Gl EZ R EivkSI=e
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NH N
AN 2 AN

RIM Pd(OAC), (1 mol%) R1—C[ S—NH
= Z X \R2

XH Z-MeTHF or toluene s
M ) 4 AMS, O, (101 kPa) X=NH,NR", Oor S
C=N-R 75°C,2~72h 28 examples

54% ~ 99% yield

/%NH Ej\)L

99% 92% 79%
\\//

@[ )< @? J< @ A
69% 85% 94%

F
H f®/ F
N
Pd(OAc), (1 mol%) N
S )—NH
NH, 2-MeTHF, 75°C, 18 h N
o]

o 4 AMS, O, (101 kPa)

+
JQ e Jo
/ 80% yleld
L 1
Norastemizole, R = H

\R Astemizole, R = CH,PMB

B 13 AL SRR 5 5 1) S A A I S
Scheme 13 Palladium-catalyzed aerobic oxidative coupling of
bisnucleophiles and isocyanides

Grimaud's work

; NaNO,, H,0 Are_NHR'
ANH, + RINC + AcOH

0°Cin CH;CN 0

7 examples
59% ~ 92% yield

Zhu's work
Cs,CO3 (1.1 equiv.) 0 )
e -
N2 BF4 acetone/H,0O A N/R
R + RNC B H
P 0°C, 20 min Z
20 examples

20% ~ 80% yield

B 14 TmMEAL T ISR SIS
Scheme 14 Metal-free synthesis of arylcarboxyamides

b lr i, AT 5 13 (BRI A &
YIRS A, AL T FRIBCH) N—H. AT
O—H BEMHBEA RN, — BRI T 254701 W 2-
S HE-1,3,4- W8 M QL1587 772 (Scheme  16). [RIH, 4R
PRI N-BACIE AN, JRAT T8 T DA il — 2K
2- P Jfe W e B, XS SR A T 0 5 B T A
LAERAS.
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+ 1C=N-R° Cu(0,CR%), (2.0 equiv.)

(3.0 equiv.)

1 ’“]IY%X ,
.- N/)\N/R
H

/\I Sx o

A M COR!

N~ "N 'N
RE R
36 examples
up to 96% vyield

toluene, air, 110 °C

t-BuNC A i N
XN N/ N:Ph
P Ph—LL* aIXH
H AcO” U()\CsN
B « t-Bu
C ®
N |N/* Ph
! N—Ph ) N~
AcO-Cu(ly~:C. Qu—$OAC \
N—t-Bu N=But - CuH
/ ARG
D CuO + H,0
(\ [1,3]acetyl
N O
)\ transfer |
Pz _Bu-
Pyt
Ac oE SN-Bu-t Ph Ac

B 15 125 T AR AR IUIBARIR K75 A%
Scheme 15 Copper-mediates synthesis of unsymmertrical tet-
rasubstituted ureas

Pd(OAc), (5 mol%)
0,, toluene, 80 °C

Y /%NH

1)(1 /H\2 4~31h R?=H, Ac
R™ N R 45% ~ 94% yield
: .
R3—N=C: R1YO . /R3
Pd(OAC), (5 mol%) N‘\N%N
0,, toluene, 80 °C \R2
1~27h R? = alkyl, aryl

48% ~91% yield

B 16 HLAEAL T A 2-50 05 1,3 4- 08 L5
Scheme 16 Palladium-catalyzed synthesis of 2-amino-1,3,4-
oxadiazoles

2 RESS5HBEHERIFRE

ZHE R SE RSN EE T VA Y A s i S L BURS]
L7 I B E RN B R N, Ao 21 SV 1) S 2 A 5
FER S, 5 RS BAH R IR AP, R
s B AR I R N PE, A RS 5 A RN,
IARIER %, FRNALEE H B 200 1 ises b a4
(K953 FELEUAR s 389 2R 07 B TR A S B 5 /- LEE P (Scheme
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ik SR

17). R SCEF KT I A7 R R 3 P ) B 2R 35 DA B s 2 S
5 77 TH IIF TR, AR AN [ A 24 SR (R T 28 7 50, i
J5 T A ST 25k

21 EFCBHEMHE~SEEHE

05 R — 28 LI 1) e R R, RIS M4
JEARFIAEAE T R 07 A 2. 2012 4, Tobisu Al
Chatani HAZHPWFST T Mn(TI)AESE R I I S I 5 0
BRI I G IR N, A I T — RN GEme i A=
(Eq. 8). N H, 753k JUFR DL R b3 S A iR 14 vy LTS 3]
B .

B, FATHRBAPIFE T Mn(ID)/O, 514 F, 4
LI 5 05 H sl SER IR (1) [ FH B N, s fe
BT — RH 2 BUREMAT A YI(Eq. 9). ENLEEIFFH,
BATTRIh oy 2543 2 05 56 [ 3L S TEMPO [N sk ™=
Y.

22 EHFCXBEMHE~EBBHEX=BrI,S, Si)

2013 4, Studer WAAPVRIN, EMEALER BuNI
VEFS, BEAIE RIS S Togni WA, ML
FERER G TN T = 560 AL AR I (Scheme  18). &
N SEH Togni IR FF7 4L T = SUFIE [ ik, bR LS
SEIE R AR R AR N, [RIAE, L PO
5y #3 ] Ruppert-Prakash i 7l (TMS-CF;) i &, 7
PIDA/BQ/NaOAc MIFRR T =/ =5 L A tE, AR5
5 G AT B L B IR N, S5 I A 3 6- — g6 T O
HARHIFERE AT (Scheme 18).

2014 4, A = UUBUZ BRI S i ok, A
Umemoto X FI1E K = i F LA IR, 72T HLIRD R
MEALCSVE TR, ah A3 7 6- = U R R FE e
HAT4EMI(Eq. 10).

2014 4, Studer WA ZE FT T 4RI IEAE EPR
W, IR IR FIE IR, wHa AR R AR

O = - .
//EJ ~C ~C
NC N>R N>R N>R

SETl

O =
+ JE— +) —_—
Ny, O -C

C<g N R

Nitrilium

SET SET

.
- L
O N N"OR

B 17 BORILRZ 5 A bR SN LR
Scheme 17 Mechanism through biphenyl imidoyl radical

= 2
A 7 g
10 o Mn(acac); (3.0 equiv.) SN .
R'-— + R—B(OH 1 (8)
5 (OH), o R
NC: toluene, 80 "C, N5, 1 ~2h AN, 2C
R = aryl, heteroaryl, alkyl N R
25 examples
51% ~ 84% vyield
R2 0o R O
Mn(acac),-2H,0 (2.0 equiv.) 3 N
N 3 TN R 9)
RIS R® * R-B(OH), toluene, Oy, 80 °C, 2 h R\ @d
N NC (2.0 equiv.) =
R = (hetero)aryl, vinyl R Isolated
42 examples
42% ~ 99% vyield
= g R?
1
\+R2 Na,HPO, (2.0 equiv.) N
S + R R ¢ (10)
R _ S } DMA, 60 °C, 24 h N” 7 CF,
H ! BF
NG CFy ¢ 17 examples

3
Umemoto's reagent (1.5 equiv.)
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22% ~ 89% yield
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Studer's work

2 Togni reagent (1.5 equiv.)
BuyNI (5 mol%)

1,4-dioxane, 80 °C, 3 h

26 examples
52% ~ 85% yield

Zhou's work
TMS—CF;
= PhI(OAc), (2.1 equiv.)
\—JRZ BQ (0.2 equiv.)
g1 N NaOAc (2.1 equiv.)
ZNes NMP,r.t,4h 15 examples

41% ~ 87% yield

B 18 JCib S m AL T & AR AT AL &
Scheme 18 Metal-free synthesis of fluorine-containing phe-
nanthridines

Tongi A F WV, 15 21— 5 H 35 AR A | kAT A= 4
(Eq. 11).

FsC—1—O
R3
H R2 O
"
B
R1A BugNI (20 mol%), K,CO;4
ZNC: 1,4-dioxane, 80 °C, 5 h
R3 CF,
H N\ R? H N\ R2
R N—cF, or R N—cr, (1)
Z N N
H
9 examples 18 examples

30% ~ 73% yield for R%= alkyl  45% ~ 75% yield for R3=H

A A 5 — 2 LG 1 R AT AR, 2013 4F, fiT A
U ORI PR AR 4 B 5 R R AR SN, B9 T
RS S I 5 e S AR ) PR RO SN, A T
RANBERBUR I IERERT Y. 1% N A5 — ek
SINSFHEE A IR N, BH— @i S
(Scheme 19). Xf 1~ — L85 5t WAL P [R1 A o] FH T B A
S i, Studer MBAIHVRIN, BRIREE G AR
IR T 4E NiCl, 808 L& B M4, 153
6- A S AR W FEmE AT A= 4. R 2 BU & sk ms, i 77
U % T 6-REEUIR I R R AR
JEnERTAEY). AR, Ao ZE 2 R P A [ e
PRk, A =G S B E R kL, AR R 6-— R LKk
AR FERERT A (Scheme 19).

A, ARG R AT WA A, S
LT ORRERE Y C—S B 1 (h R, BRI S i
HRIER T 6- 77 FEBUR I FERE RATAEDI(Eq. 12).
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Yu's work

[fac-Ir(ppy)s] (1.0 mol%)
Na,HPO,4, DMF
+ Blue LED
R—Br 26 °C,Np, 10h

27 examples
R = alkyl and perfluoroalkyl 52% ~ 92% yield

R? NiCl, (5 mol%)
or metal-free
Cs,CO3, dioxane, 100 °C

20 examples
Rl NiCl,, 40% ~ 80% vyield
R¢=CFom1(n=1,3,4,6,8,10,12) metal-free, 33% ~ 77% yield

R? [fac-Ir(ppy)s] (2 mol%)
K,COs, DMF

5 W blue LED

18 examples
58% ~ 91% yield

B 19 SR T & R IR A SEE AT LN &
Scheme 19 Metal-catalyzed synthesis of 6-perfluoroalkylated
phenanthridines

Z 2
\TR SO,CI
1|\ 3|\ 2
Rn_/ + R~
NC: &
=

2

Eosin Y (5 mol%)
KoHPO, (1.5 equiv.)

5 W blue LED

MeCN, air, r.t.

(12)

16 examples
51% ~ 79% yield

FHLE T I OR I S i A U, 0 T4 2k e I 2R S ) 7
I IRFIEE . 2014 45, 145 o BRI A TR 5 Lk
(106 A6 2% | N, AT 4 ) 5 95 3w A AR ) ) R
Umemoto & 710 2 W, 7 i 22 BUAX I S s bk 477 25 )
(Scheme 20).
23 ETCHEMA~EBEHE
23.1 FIA C(sp”)—H 42w 2 = 4 A d ik

2013 4F, Studer ALY VR IR, 17 FeCly AL 4 AT
I, AT A AR R RE B R, A eI R A R Rk
JJE, AERCT BERRAR I SERE AT AP (Eq. 13).

B, 5k 0 ] A 2E T8RN Ry R A 2 0 S i
TR NN- IR R AR R TRk, ) R 0™ AR A
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RZ O R? O
N
RIS R*  Ir(ppy)s (1 mol%)
! NC Na,CO;, MeOH
+
+ 3 W white LED
26°C, Ny, 24 h
7R4
37 examples
53% ~ 90% vyield
R? O
LY RS R® 0O
R
! NC Ir(ppy)2(dtbbpy)PFg 3
(1 mol%) R1'7\ \ R
AN
O O NayHPO,, MeOH
13 W white LED CF3
S BF, r.t, Ny, 24 h 30 examples
FsC 28% ~ 94% yield

B 20 AP ULGAEHE T MRS A A K A

Scheme 20 Visible light-promoted synthesis of isoquinolines

FeCl3 (0.4 mol%)
+ .
o TBHP (2.2 equiv.) =

MeCN, 90 °C, 24 h —R®
H N X
| 7R 20 examples

45% ~ 72% yield

PRI ] i, D S R T 6- B A FERE SR AL
£r#)(Scheme 21).

Zhang's work

FeCl3 (10 mol%)
TBHP (2.5 equiv.)

+ DBU (1.0 equiv.)
o DMF, 100 °C, N,, 12 h
U r? 20 examples
H™ON 42% ~ 87% yield
"Q4

TBHP (2.0 equiv.)
NaOAc (0.5 equiv.)

130 °C, air, 5 h

20 examples
42% ~ 87% yield

'Il4 (as sol.)
R

B 21 6-BEEHUR IR R AT &

Scheme 21  Synthesis of phenanthridine-6-carboxamides

232 FIA C(sp’)—H 42w L = 4 A d 3k
2014 45, JIT GRS ZH R 204 R 4 POHRE T —
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K h Csp’)y—H BRI NGS5 RV, R H b2k
NG, IR 5 i T AE RN IR B E e
R sEEL C(sph)—H SEMIGAL, 7= AR R B [ b3,
T ST R IR SOV 5, 15931 6-Fe SEIURIR FERE R AT
4:H)(Scheme 22).

Wang and Ji's work

17 examples
24% ~ 89% yield

BPO (2.2 equiv.)
Ny, 100 °C

X =0, 19 examples, 40% ~ 81% yield
X =Y =C, 17 examples, 30% ~ 76% yield

+
H X
-
B 22 6-HedEARRIAERE AT L & Rk
Scheme 22  Synthesis of 6-alkyl phenanthridines
Bl 5 S LA SAE ] Cu,O/DTBP, R JE T

—RKHH AR ERAR, ARSI EAPYI R R T
CuF,/DCP #l Cu,O/DCP W) H LS| KRR, (kT B

AR G = i e N, 53T
AITFERE AT 4 (Scheme 23).

— &5 6-Ar L

Liu's work

CuF; (5 mol%)
DCP (3.0 equiv.)
110 °C

H_ OH

R><R'

Cu,0 (5 mol%)
DCP (3.0 equiv.) Il

33 examples
55% ~ 99% overall yield

B 23 WML T 6-FedEBUR I TERE AT ED 5 R
Scheme 23 Copper-catalyzed oxidative synthesis of 6-alkyl
phenanthridines

BE—2B 11, RSP ST R BIAE. Mn(TIT) (1)
YERTR, TDME 13- 3kEEA a9, midwidd C—H 8
A Ek B, ARG I R AR R R R N, £33 6-Jt
BRI I FERE R AT AEY(Eq. 14).
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O O
R3 Mn(OAc)3*2H,0 (3.0 equiv.)
X MeCN, 110°C, 4 h
X=HorF -CH3COOH

o S (14)

07 R?
21 examples

30% ~ 80% yield

24 EFCCHEME~EEHE

FIUFH MR SO, 3] LLOERE C—C B W3 = A A
IR . 2014 4E, TSGR PRI o- BRI R
SRR RN, 7 AgyCO5/K,S,05 AR 2 i it i 2
RNAR T B A A, K55S Rk AR N, 73
B 6-f7 BEEEUR A MEnE AT 424, Jlik TEMPO A1 BHT X
SN AMAIVE I BA R EPR 8256, F W I s VA2l E
2L HLEEEAT 1) (Scheme 24).

Ag2COj3 (10 mol%) R'g
NayS,05 (2.0 equiv.)

DMSO, 100 °C, Ny, 6 h

18 examples
+ 37% ~ 85% yield

|

° ;
X COOK [Ag)[Q] X °
R? — | R
% oxidative radical N

decarboxylation

B 24 WAL T 6-BREEIARHIFERE AT LW & Bk
Scheme 24 Sliver-catalyzed synthesis of phenanthridine-
6-carboxamides

Jamison A4 STR FH G HEAL BT SR, MBIt iR
IR &, (EMREE SRR aEA R 44 R 7= A AH
MR H R, a5 AT B R R N, 1
2 22 AR E R IR RAT A (Eq. 15). 1D T &
T [y H R R LS ORI I R A B W S AR I &%
T AN ] P FR R A1 B AT AR 1 e Wi

X
N\//Z X=N

FG'4 S N

= PhI(OAc),» 1@[ L Fo?
NC FG' (15)
Iy IV _
+ , Tl 2N AIkyI/

FG

HOOC-Alkyl X,Y,Z=C,NR

25 EFC—NEME~EEHE
5 B sk A A BR AR I 1R VR R T I AR ek
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JHEERAR. 2014 4F, RSV PR HTZ R N AL
= BPO IAEHI R EA N D7 3 B i, AR 6-05 %%
BRI FERE AL S WI(Eq. 16). BLEEUE 7L RO F S i
T P I 45 v 18] 4 10 23 LA L 40 2 57 R (1 AR B B
PHASANT 38 4 (R I R

t-BuONO (3.5 equiv.)
BPO (20 mol%)
DMEDA (20 mol%)
NaOAc (1.1 equiv.)
PhCF3, Ar, 70°C, 3 h

+ Ar—NH;,
(3.0 equiv.)

(16)

31 examples
26% ~ 99% yield

(AR, AR G W0 — 2B (1 B B AT T
B, ARFEILRBAPY 2R a2 ORI i A
V53 S FRAE T I AR S G L T S (0 1 R R O
N, 1338 T 6-EeEIUAR M FERE AT A Y (Scheme 25).

Yu's work

FeCl,- 4H,0 (10 mol%)
phen-H,0 (40 mol%)
TBHP (5.0 equiv.)

NH,NHCOOR? Ethyl acetate, 80 °C

25 examples
24% ~ 89% yield

Fe(acac), (5 mol%)

R TBHP (3.0 equiv.)
NC: PhF, 80 °C, Ny, 12 h
+ ’ 2 20 examples
NH,NHCOOR® 52% ~ 93% yield

R2
TBAI (20 mol%)
TBHP (5 equiv.)

NC: MeCN, 80 °C

16 examples
31% ~ 77% yield

+
NH,NHCOOR®

B 25  6-HRIEIU TR RAT B A
Scheme 25 Synthesis of 6-carboxylated phenanthridines

BT, L WA R AT BLA Eosin B {E00t
AL, P E WL B i, Ra LR
iR, 28 FR I AT B FERE R AT A, [N o5k
Bk IR DUR IR R A T LA 3 45 10 AR L 1) 7 4.
RN RGNS, A NG, R 2
X N(Eq. 17).
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®EHR

‘-ll}

=

& R?  Eosin B (5 mol%) /7|R2
LS K,COj3 (3 equiv.) SN .
R ———— R (17)
NC: 5 W blue LED = N//C\R3
+ DMSO, air, r.t.
3
R”=NH,NH, 23 examples
3= Aryl, alkyl, acyl, ester 45% ~ 93% yield

2.6 EF P—H/Si—H/O—H i B hE

B IR Bk B RSN, SO A AR R S AR
AT LAUR A S IRIE R G 1 N, 2014 4F, Studer B84
(238 T RIS T A 3 equiv.[f) AgOAC 112 5 7~
AN IS B R, 5 RPN R, ST 6 A
BEIUAR P FERE R AT A, X TR N, B B AR SR
IME DAL — AN ARSI S B2 T i L
AR, A BRI Mn(OAc); 18 M4k, [H
FENT DAL 1 PR i AR i, T A S SEmE 28 AT
AW, AR R AL R T — AN BT AR B A
FEMNAR R, LR AgOAc 1E AL
Fis BRI R AE Ry AT, AT = A AN IR B E El 2, kg
BRI R TG e A R IR I N, 4931 6~ AR R FERE 2K
M. SubEI, A7 A R R AR O & BT AL S
N, N AFAE T 2 equiv. ) AgNO; 1E b 51 % 7l

(Scheme 26).
=
N ~
/ C //

19 examples
40% ~ 91% yield

Wu's and Tang s work

X o2
X
fR 4%#
RI- Mn(OAc); (3.0 equiv. ) {
NC: ' ~C //O

toluene, 40 °C N
X=C,N &3

P7R4 14 examples
H R 45% ~ 90% yield

Studer's work

@(O

= NG AgOAc (3.0 equiv.)
+

0]

DMF, 100 °C, 4 h

Ji's work

+R? = 1l 2
' AgOAc (20 mol%) X —R
Phi(OAC), (3.0 equiv.) _, S
C: R e P//O

DMF, 100 °C, 3.5h g

Nt
. R
X=C,N R3
p % R3R*=Ph, OEt, OMe 19 examples
R 30% ~ 75% yield

Bl 26 6-BEIRIEHU QR FERE AT AP B K
Scheme 26 Synthesis of 6-phosphorylated phenanthridines

2014 4F, TG UEA R I, 75 TBHP (it F

600 http://sioc-journal.cn/
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M= CIEREE A TN R E R, RIESBORIL S
R, AT 6-= LB 3E e AT A (Eq.
18).

/ |
7R2
1
X TBHP (7.0 equiv.)
R + H-SiEty ———8 ™
Z>Ne: Ny, 95 °C
/:RZ
AN S
R'—— (18)
~C...
PN siEt,
20 examples

46% ~ 75% yield

2014 £F, T A L2 SR A A R (AN A
(M, kWi O—H By~ AR H g, ARG
N R A B B, KA RS E R
M= AR T H R, 3 T S ORI S kA R G e Y
13 21 e RE bk A R SERE RATAEY)(Bq. 19). MT5E
BV, S PRiRAN.

/O% n-BuyNI (0.2 equiv.)

/56\ t-BuOOH (3 equiv. )
W.

% (19)
R® o
=N

23 examples
35% ~ 85% yield

CH4CN, Ny, "CH,CN, Ny, 80°C

3 IL.\—I:I 'ﬁ E

g bprid, eRAEHRRIE S S IR AL
S A5 BNCR AR, IF Bty b N T 2471
CAR IR 7> IO E . AR, H AT AT AR A7 AE
— B R AR (DRI S S Csp’)—H LR Y
RIEARFATRE, AEAKN— KPR, LTS )
e, mAFbs: TAEENTEHRR, Q) HATIARSCHT S
KL LDt ML I B AL Y, e — L8 i
SIEMELRAR S SR, R (3)4
JEAE T 562 5 AR PR C— H%&M&Vﬁﬁ%ﬁ
IU, WRERFSEANG (4) AR B A A IC A s s i 2 AT 1)
@%m%ﬁ AZ A EE AT 255 1T 165 (5)RE
TR I S 32 T AR RAR 7 M I 4 e A
29031 R IRTAEAL, R ARSR E BT SETT 1h).
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