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Recent Advances in Transition Metal-Catalyzed Isocyanide
Insertion Reactions

Gao, Qiushan’ Li, Meng"* Wu, Wanqing™“
(“Key Laboratory of Functional Molecular Engineering of Guangdong Province, School of Chemistry and
Chemical Engineering, South China University of Technology, Guangzhou 510640)
(b Yellow River Institute of Eco-environmental Science, Zhengzhou 450004)

Abstract As a class of small organic molecules containing (NC) functional groups with high activity, isocyanide has been
widely employed in organic synthesis, materials science, as well as coordination chemistry. In recent years, the transition met-
al-catalyzed isocyanide insertion reactions have attracted much attention due to the convenient and simple operations, the effi-
ciency in the formation of diverse new bonds and good reaction selectivity. A series of highly useful chain or cyclic compounds
have been successfully constructed using this strategy, such as functionalized ketones, amides, nitrogen heterocyclic com-
pounds, etc. To study the most recent progress, the advances in transition metal-catalyzed isocyanide insertion reactions since
2017 to 2021 are briefly summarized according to different metal categories, and the future development has also been pro-

spected in this review.

Keywords transition metal-catalysis; isocyanide; insertion reactions; nitrogen heterocyclic compounds
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BEN 21 gk, B 4R ik 2 Ak
ML RN T, Sk 4 J b 1) S I 4 N s by AR 15
B TR, B AT 2 IR A 4716246065731 )
TEAZATISTIT & TAE, MU R T 13 &8 L i A
SN RS L, R R T Ak 2 161 B v R A OB 7
5, ORI RE T AW MR 2. MRME RS
AT .

HEl kT RIES 5 KNSR 8 RLE 4 8 i
W Z Ao N TS E BN 148
Tl R A 1) S S s N I RS Ba8ul 2013 4, SRl S (8al
FRVEAN IR T Lewis BRMEAL DL Rt I 4@ M4k 1 57 i 4
AN B G, Orru PN 52 5 1) Redox-
Neutral S S A1 G 2 5 (1 A0S S 7 TH R
) ST RN R BLHEAT T RS, [F14F, Lang SEEHbX] 48
THEAY 3 I 9 N OB e FE R AR T PE4EA 41, 2016 4F,
B4 RN U A SR E D 4 T R R R IE S 5 E
WU [FI4E, WEEEgsid 7 R e & @1k c—H
B REAL T T RE TR 2018 4, LR B HRIE 1 4k
AL NS 25 PR B BT 5, 2020 4F, Orru B8
I 4 T AT A SR A A S A 1) S R 4 N R B RIE A 3
Ji&. ST E AT A R LA SR AN (R 4 s AL 1
G NS T E AR IE, B R RN R B EEN, 1
ASCIRATIRYE &8 AN AR, XFin fE kI &Rtk
PSRN R B HEAT T R, g B B9 14T
HLEEGHE, &R B, 8. B, %, BURH.

1 SEEMHREEARN

AR AT T R . D BRI R
VI PO R ) AR e, RO A 1) S I AN OB AT TS B
J7iZ. 1986 4F, Kosugi WRAIAPILIRR., RIEFAHLE
WA R, SEIL T AL T SIS AN R, BRI
BT AN TR EUAR R 05 JE R R AT A ). AR I S AN
far, HL 7 AT A 2 1V R AR, R S N T
S i 1N R S ) R B oy B4R AR H.

TR AL ST A N OB [ R B B R  22, A/
T ARYE IS ENAL S AR F BRI, 50 52 I 6
NBRAURE . S 4\ A A B DA S AN R /A -4
=7 TR A 4.

1.1 SR
1.1.1  FAEHEN C(sp?)—Pd 4

FEAEAL IR R AN R S, R J e o R 2 S
AN C(sp?)—Pd B4k, XM T C(sp?)—Pd Hlalfk
A A B R 2 B AR 6 T B — e mfae
PE. o, G 07 a0 B e . B AR
A AL A ISR A B C(sp?)—Pd  H 4B
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DL 77 2, A R A e G 4 N SO B i FH 1R JE 30
=X

ne g Je FLAT AE AR VF 2 RAR =M% O i 22,
[ 2 254k = h B A LA . 2017 4F, VLM
WA R AT g S S O T T A AL T R 4 S i A
N-FR BRI IR 1) 22 2 AR B I B, i Bt & i 1
— RN ZHARE) 3-Z B AT AEY). fEFRAE I B %A
T, ANEE R TR s 2R A AL A 35 R IR) A A
Ak, AR KA FE A ke 58 7 B A Be R AR IR, AT RE 1)
RGEIFEANR: 05 5 s ) 5 BAN R S A 0 A B
FEALAA 3, B 55 T RS 4 AR B A
A& 4, ZHEARIRI S R A R E R A 6 45A
AR AR 7, BEeEEE S TH LI-EBEA
RN EAE R a4k 8, B o ik 8 22 p-H HRAE R
[H P24 9 FERERUR A, ZH R P iE i o T N R
AR E BRI 10, T AR S PR U FE R AR AR B L 5
R EAN A 4 S AL 53R (Scheme 1), HS—EHIZ, @
143 F A 47 B ) Buchwald-Harting 22 XABEC SN, H bR
FERAT LA — R A AR S AR DT T+ I 3-
RFE-1,4- AL FE[3,2-b]W AT ).

Pdy(dba); (5 mol%) g R?
NNHTs ‘BuOK (2.0 equiv.)  pN

R'’X + RNC + - X
R2 H,0 (3.0 equiv.) N
MeCN, 100 °C R R
1 2 5 10
X=1,Br,R"=aryl 35 examples
R? = aryl, heteroaryl; R = alkyl up to 85% yield
BUOK + KX Pd(0)
R'X
BuOK 1
XPd'-H R'Pd''X
V)
NR 3
( RNC
R" N R? 2
NR
NR
9 Pd"X NR ;
A 1y PO
1
Hzol 2 R NR
R NR
= 8 , 4
RN R
Il
R, XPd\TfJ\R1 NS
NR ¢
7 ‘BuOK T
NNHTs
R2
5

B 1 FEE A 2 U 3- RS ) 75 AR
Scheme 1 Synthesis of polysubstituted 3-amino pyrroles under
palladium catalytic system

2018 4, Shiri ZEMHRIE T 4L N IRE R, &7
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5 AR AR S . 12 S5 2 LKA DA i A Ak T 2 S
N C(sp?)—Pd SE1F 2 AL FE AL h a4k, wie e e d
PEMIE B T — R PSR HE AL & ) (Scheme 2). AHEL T 1%
Gi B BRI L 175755, 120716 B S A ] R B
H(EAEE VAR =W

(0]
Br Pd(OAc), (5 mol%)
17X 2

RIS : /N,R
Br Cs,CO3 (1.0 equiv.) | = H
11 2 DMF, H,0, 90 °C R 12
R' = aryl, heteroaryl 21 examples
R = aryl, alkyl up to 96% yield

BRI 2 AR — I RN 7 M ) s 2
Scheme 2 Palladium-catalyzed reaction of gem-dibromoalkenes
and isocyanides

2019 4E, Blackmond A Dechert-Schmitt 2525 & T
AL T 05 E A . BT S IS AN LB R R 1 1k
S, LA & EWCER G R T — RAIAXFRE) 1,2-
&Y (Scheme 3). W FLIERAZ I B BE W8 S HS 4 F 5=
i, AR AR N B S BEAE T T KA BEL R U T
s KSR E AR FEA G R, [FIR, %
R EIR(DFT)TH U B 5 — 7+ 5 i 4 A5 a4
18b fEEZARLL, ML T PN TSR] I, B A Bl
I AR 18a fURER BEAIK. IRAE, Se/INER A2 3R]

(i) Pdy(dba)s (5 mol%) o
dppf (10 mol%) JS( R2
4
NaOBu (1.3 equiv.) R d
13 2 17 toluene, 95 °C, 18 h 20

X =Br, Cl; R=1Bu (ii) 1 mol/L HCI 27 examples
R" = aryl, heteroaryl; R? = alkyl up to 83% yield

Pd,(dba); + dppf

R'X + RNC + R2znX

o NR NaO'Bu
R2 R2
R' -—R! L,Pd(0)
o NR RX
20 19 13
/”Ar
RN NR NR L”Pd\x
Il
)—RdlL , 14
Ar R Pd'L, "R2
18b 18a
an2§\ RNC
2
R2ZnX NR
17 X NR
I
A P A" PdIXL
16 C - 15
R
RNC
2

B3 R, FREAAE N SR
Scheme 3 Palladium-catalyzed reaction of aromatic halides,
isocyanides and organozinc reagents
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BRI EE A ALERGR], S 7 SR ABA B L.

2020 F, WRHAFIPREAMRIE ML N xR 7
MR TR I =2 BRI N, & T — RIS A HUAR Y
R T ER I AEA &Y (Scheme 4a). HlH2, MYt
L R I A8t S AT UL Y R B AT R IR B, W DASE I %
HURIR I W Ak & ) 1) B(Scheme 4b). 2021 4F, 1%
DR ST DLAR IR e B A i 2, Tl 42 S R 2% A, B

TUHIE T — R AU N- Tk A G 3 I 6T 4
(Scheme 4c).
(a) Pd(dba), (10 mol%) o

(0]
BINAP (20 mol%)
/ R1JLNJLR2

Cs,CO3 (0.6 equiv.) )

n-BuyNCI (1.0 equiv.)
toluene/H,0 (V:V =5:1)
R' = aryl, heteroaryl; X = Br, | 100 °C
R2 = aryl, vinyl, alkyl, etc.; R = aryl

R'X + RNC + R2COOH

21 2 22

35 examples
up to 96% yield

(b) Pd(dba), (10 mol%) .0
TCOOH BINAP (20 mol%)
+ RNC N.
I Cs,CO3 (0.6 equiv.) R

n-BuyNCI (1.0 equiv.) O
24 2 toluene/HyO (V:V =5:1) 25
R =aryl 100 °C 8 examples
... Upl0E3%yield
(c) RHN
| Pd(dba), (10 mol%) o]
+ RNG + RICOOH —BINAP (20 mol%)
Cs,CO3 (0.75 equiv.) @
NH 1
2 n-BugNCI (1.0 equiv.) )/'_R
26 2 27  toluene/H,0 (V:V = 5:1) 28
R' = aryl, vinyl, alkyl, etc. 100 °C 44 examplgs
R = aryl, Bn, alkyl up to 99% yield

B 4 L RENE A SR N-EJE 40 S 48 I AT
A R
Scheme 4 Synthesis of diketimine compounds and N-acyl an-
thranilamide derivatives under palladium-catalyzed system

2017 4, Beller il Maes &1 1& T 4R AL T 4EIR
g FFEA CO K =AM BER N, BREER T — &
1) 22 BUAR e e gk -2,4- — 4k 5 #)(Scheme 5). 1%
BABI T2 5 E s B F a1k, ASFHURHILE
TR IR S R DA e J ROR 1t A B R . (ELAS — $R K2,
IR E IR 2 RS TR COy SN BIEE AL 7
f§Z 5 RBER N, KA B )k ) B g A

Cey

24 examples
up to 96 yield
B 5 LSRN, R COa iR

Scheme 5 Palladium-catalyzed reaction of o-bromoanilines,
isocyanides and carbon dioxide

Pd(OAc), (3 mol%)
BuPAd2 (6 mol%)

Br
+ RNC + COp ———————
NH, Cs,C03 (2.0 equiv.)

1,4-Dioxane, 80 °C
29 2 30
R = alkyl
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2R B AT R R 2 ﬁﬂﬁuﬂ;‘?ﬁﬁ:éﬂﬁﬁﬂ%&f‘
AT — &5 2 BRI AR EF'@%]]ZHQ%EE%*DEP
K4k &Y)(Scheme 6), JaE b —IU\Iﬁ K iR BE R
A HEADF YL RE 7T

(i) Pd(OAC), (10 mol%) 0o

EtsN (2.0 equiv.) NHR

toluene, 100 °C
34
18 example

(ii) HCI
n=0
CN R'=anyl, alkyl R="Bu 1 700, yleld
+RNC + R'NH, —
Br Pd(OAC); (10 mol%)
PPhs (10 mol%)

‘ NH,R
CH3CH,ONa (2.0 equiv.)

DMSO, 100 °C NHR'
n=1
R" = aryl, R = alkyl

32 2 33

26 ex:;?nples
up to 92% yield
B 6 AUMEAL AT IR — T AT A AN 1 H-ei R & &

&
Scheme 6 Synthesis of phthalimide derivatives and 1H-in-
denes under palladium catalytic system

TR I, DTG 7 1 B3 05 3 i o R A2 IO
] DL DA & 31 R WS 5 B 45 2HH B B AR P2 )
34; EiMLEY3S A BN EEER TN FE AEE
P72, AR REAERHE R R AL R . Rl kA&
SE, AR AR et B B R = 4).

b /5, Shiri S8R g 1 AR R AL N HUARR) 2- S ik
PR — 20 -5 1 I AR IDE B B, i e A A B
ot AL I FE A 3 T — R 1 I B 2 IR g R AR )
WEER IR AT A YI(Scheme 7). %I N B A FEA . 75
A . tbAh, VR I A R R FR g N T

OH
RNC, 50 °C X N—R
_RNC,S50°C_ _
14 examples =
up to 98% yield N Y
37
cHO OCONHR
H
Pd(OAC), (1 mol%)| 2 RNC, reflux SN Nk
N ¢l Cs2COs (2.0 equiv.)| 9 examples N
36 1,4-Dioxane, H,O |up to 90% yield
38
NHAr

RNC + ArNHz N R
8 examples
up to 94% yield

R = alkyl 39

B 7 AN AT YIS R
Scheme 7 Synthesis of quinoline derivatives under palladium
catalytic system
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FAAEYD, P R A B 5 MR A5 A 1 2- kAT AR
WS — 57 F G AEIEOR R, S T S B U ) v
AT 39 (14 L.

2018 4F, T AR AIONE Ugi s B E0 M AL S i
N SARGE G, ST P 238 e M| R IR A S Ak 5 4 1Y)
G Hi(Scheme 8). 1% J . I [ . 2% 1A AR X 187 B2, G 7 Al
FATATECARFIES IR, AR 2R AL b s S S # e IR 4F 2
5 BL, 100555 BT RME AR, TCERE TR

MK F.
CHO ; H3PO, (20 mol%)
+ RNC +R'NH, —MM >
B MeOH
40 2 4
R = alkyl, R?= aryl
R RINC HO
HN. O Pd(OAc), (5 mol%) NH-R
—_— v
NRYKaCOs (12 equiv) @ N-R
H MeCN, O,, 80 °C & 1
Br R
42 R' = alkyl 43
24 examples
up to 82 yield

B8 AL I R AL A A
Scheme 8 Synthesis of isoindolones under palladium-catalyzed
system

2020 4, G0 AR SEROTLA AR, o A AR Sk b A Ak
Tk 2 A 7 i D TR, P T 2 AR AT L g I [3,2-¢ ]
WAL 54 (Scheme 9). 3745 55 Kk Bl (¥ S8 A0 0 A 31,
B Jm R A1 Sl ﬁ%%u&?ﬁ*%?ﬁﬂiﬁﬁ iy i

A, Il A B H bR, i 1% 077 0T P [E]
CAREATRN 7
P R? Pd(PPh3), (5 mol%) N HN-R
Cs,CO3 (2.0 equiv.
x/ + RNG 222 3 ( 0qUIV) \\ r2
R toluene, 110 C3; N, @
[ X=0,NR R
44 2 45

R'=H or Me 26 examples
R? = aryl, alkyl; R = alkyl up to 78 yield

B9 4L P HR S 0

Scheme 9 Palladium-catalyzed reaction of internal alkynes and
isocyanides

[ e 2 e 57 3 pa AL S A N S B SR, 2021
5, LI AR N SRR e 1 AR AL AR R T QR IR R
PR M B B 231 S i O B B B, e A B e 1
— RIS AT A, 5 2 ATRE AR o, 2
DA 7 R RN, 12N i ] <
JEA-E T RE, SCEL T A A R WA, AR
TIE A A 49, % b A I A RS AR AR AT LK AR
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JRTFAL, AR R A4 48 BlHb R A4 50, AR 50 I
[l B[ 5 AV ERRC AL, 457 F N IRIE R AE A1 2 ) 4k
52, M UIBSER AT AN 1,4- SEONFRONET, Ak 52
2R ARAS B N BERESE Y 53 FFRC AR, M iEAE
Bl 0 1 P R A R R AR Ak S AL R . 24 AR AR
Otk DU RRIR A 7, HR a4 52 R A58 — 7 e i
PIERAEN, BEIEE B-H T bR FE 15 215 I T W i 2544
(1I0S IR AL 40 55 FI3E HEAE )R (Scheme 10). LEAF,
BRI A V. fi 5 5 25 iR R AR OBE, 1Ak S iE
Tt 3k — 20 Ak v LA AN [R] B 68 [ EUAR 110 W] o ik e 37
AW

Pd(OAc), (10 mol%) P
PPh; (20 mol%), KOAc NR
1,4-Dioxane, 100 °C
H,0, Ar, 12 h 53
CHO 14 examples, up to 78% yield
+ RNC — o]
6 Br ) Pd(OAC), (10 mol%) R
PPhj (20 mol%), KzPO,
R =alkyl THF, Ar, 80 °C, 10 h
28 examples, up to 98% yield 55 \l\\lR
(0]
CHO
(e
Br

Pd(0
o R "
] "
@ NR C,
Pd °
(OAc), ;
Rd" Rd"
\ \
RN X KOA(/ Br
RNC
2

54 47
Pd"
RNC—7 K3PO, \
2 0
R

CHO
KOAc O @ "
Pal
(el D8 X
ag"R
53

52 Pd'

N o
G o
NS

BT 10 AL A SRR P A S5 M ) e 2
Scheme 10 Palladium-catalyzed reaction of o-bromobenzalde-
hydes and isocyanides

BT SRS RO, A R A RN B R
S TG G A A AT DA S e i AN R R2E Y, HR A
[ 25 g pe g it — D 1R I+ I BLI JR 255 1. 2017
G, RORANEE 4 i SRS TR AL S T (e T AR
(1) 57 6 R0 5 BB A VDAL OB, I T — &R
S-HEMRATAEY(Scheme 11). 1% N HAT K 4T HIJEY)3E
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VERVE REHIR BAE, %073k, 807 ALY # e A
KRN, IFUL R EF B F5 17 BCRAG 2) H AR .

RZ

Rl [ coo,Et Pd(OAG), (10 mol%)
‘\/C% NC o Al —_PPha(20mol%)
@ N Cs,C0; (1.2 equiv.)

N toluene, 80 °C
hs
56 57

R', R2=H or Me; R® = H or Boc

R’l R2

__\-COO,Et
DR
N Ar

R3

33 examples
up to 91% yield

B 11 R B B A S I AN O A e
Scheme 11 Palladium-catalyzed reaction of functionalized iso-
cyanides and iodobenzenes

2018 ¢, IR PILIH 731 pa AR DT 5 57
NIERL H SRR RSS Ullmann 4G, @&
J T TR I 5 A S E R IR e 45 ) 1 2% 146 & ) (Scheme
12). [HAERERE, B UER A & i
IKARAF R34 T B RIS A SEBE AT A2 49).

(i) PA(OAC), (2 mol%) @
K,CO3 (1.2 equiv.)
I DMSO/H,0 (V:V = 10:1) @ N
@ 23°C,Ar,05~4h
@ (ii) Cul (20 mol%), 0.5 h 0“N @
CN
17 examples
up to 98% yield

59 60

B 12 AR SENE RIR IS5 ) 1 A AL S P 0 5 ik
Scheme 12 Synthesis of heterocyclic structures containing both
phenanthridine and carbazole scaffolds under palladium catalytic
system

FEREVE N —Fp A RBCAR, 8 F1FPERC R A7 A 55 5
BCAE, R b S EA (0 S J 4 N S R AN o R e e A
ELACNMERY). 2017 4, RsmANE+ )P DU E e fl = i
D7 A N R KL, HRIE TR T RIS S 5 1)
ASKER AN NG, 383 22 6 AR S S T 7 F-
O 3,4- "SR ERAT AR £ (Scheme  13a), JF
LR B ee (2R 90% LA F. Bl 5, FIHZE
(PEOE S IR AR o A T S e o]
TREATAEYI(Scheme 13b), FEYI ee (HIAF] 99%.

2- 75 F W MR R 2R AL S AN T I AR AE TR AR
PRIZ5H) -, TR B 2 AN X R AR A H R R TC AR
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BHLE SR 5itR
PMOAQ (10 mol%) 5
L (20 mol%) EtO,C :
COE Cs,CO;3 (1.0 equiv.) @ T @
PivOH (0.6 equiv.) N
H,0 (1.0 equiv.) Ar
g2 dioxane, Ar, 80 °C, 1h 63 ,
32 examples
up to 92 yield
NC 1 COEt
H oY COREt Pd(OAC), (5 mol%) R\
R+ Ax (R)-L" (10 mol%) Z
F:e H Cs,CO3 (1.2 equiv.) Fe H Ar
PivOH (0.6 equiv.) H
toluene, 75 °C @
64 65 66
i 35 examples
R'=alkyl, aryl; X = Br, | up to 99% vield, 99% ee
B 13 AL B RRAL S IR 5 2k s A 11 5 S
Scheme 13  Palladium-catalyzed reaction of functionalized isocyanides and aryl halides
2021 4F, ZURMAROLL N-Jit H-2- S ALK F A CFR!
26 IURE K RBOYIR, SILT AL T AAIMT RN o
S - S _ ° \
P 1) 2- 55 5 W MR IR ) 37 26 0 1) & F(Scheme 14). v B + R Cs,CO3 (1.0 equiv.) R2
4 BT R R B O WG B JEAh, S 67 1 PIVOH (0.6 equiv)
R? J A1 ot 48 Dy 75 BRI, Ao s B 2% AR T AT BASE B 70 4 72
R' = H/F; R? = aryl, vinyl 70 examples

B PIAS TR 2,3- 57 BE R IR AL A Y R

B

R’ —aIkyI aryl; R2=
R® = COOR*

d(OAc), (7.5 mol%)

L (15 mol%)
Cs,CO3 (1.2 equiv.)
PivOH (1.2 equiv.)
toluene Ar, 60 °C

Me, Br, CI

o

R 5

~ '

N)b :
oC 5

R3O
69

30 examples
up to 93% yield, 95% ee

B 14 SRR T 2-05 R Mem B AT AP 1 S
Scheme 14 Synthesis of axially chiral 2-arylquinazolinone
derivatives under palladium-catalyzed system

[FAE, AR BiKFE £ WECTSZI T & 2 6 H 5
FHEF OB LH- 3 W51 W AT AR 40 1 e o B e B 14 S R
(Scheme 15). 171K I B2 A 1T A IERN, JECAIE FH G
B, HRFRE 1 mol% i Ab 77 REAR 17 th S 3 (AL,
PEIR. HLIE S0 22 W44 28 Hh 8ot 22k R A0 S B AL
o BRI FEVE I P I OGRS T 5 2R3
AL AT REAAE A B, T A A AE P LU 2R 8
FFRri AR IR T I — R34 P B EE AR H.
2664
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up to 99% yield, 99% ee

AR 15 s =
fiijast ik ya
Scheme 15 Synthesis of 1H-isoindoles with trifluoro (or
difluoro) methyl chiral center under palladium catalytic system

B AR B IEERSILUG I . D73, CO M
HERIEEHD, K St BE AR AN RN 5 ARTE IR 1,2-X0H fiE
g &, SEEL T AR T TR -E T PR B )
LW REAT AP & Bi(Scheme  16). 1% S B AT 1R 4 1
JEDE FIPEAIE e e A1, BEAb, I P A B X
¥ WIS B R A% E R, W] AR B — 2D IAME
PR, IS IF A A A AT A M RO R R SR A T A
a7 ELEREE V.

e G oL B i AP S B0 P R AL e S AN
SN, 2ot i A AN R B AR AL 2 iS4\ S
WAHVFZRE. 2016 4F, TLMelE, (HPHMAFPHRIE 748
AL Johe P S ok IR P AR S A 11 5 BRI S .

FEAZS N, 38 R 4 O A R E 7T LA 1) S B =
OB T S B AR PR ON, BRI S R

(R ) Y E TR L 1H-57 5] W

ety & SIOC, CAS Chin. J. Org. Chem. 2022, 42, 2659~2681
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Pd(TFA), (10 mol%)

NC 9
| + Ar—l + CO + R%R3NH PPh; (20 moIA:.)
R Cs,CO3 (1.0 equiv.)

toluene, 90 °C
73 74 75 76

R = methyl, phenyl
R? = H, alkyl; R® = alkyl, aryl

N
DOE:
_R®
N

R !
3
77 R
75 examples
up to 99% yield

B 16 AL TR -CIRREE ) B AT R &
i

Scheme 16 Synthesis of acetamides derivatives substituted with
five- to seven-membered cyclic ketoimines under palladium cat-
alytic system

Pd(PPhs),Cl, (5 mol%) R

[3,4-b] I L 1% i A7 A6 90 F1(E)-5- M0 Ji% Wi v i 77 26 4
(Scheme 17), JG & LIRS TR B KA KA Rk
LRI A A P07, [RIAE, A PR B0l b py 5
REREE . — 7 T S I AR Bk O JERE, SR B AL s B
Femg, ST T 2 BRI AL AT B K

2018 4F, 1R ZH B DL QR b I A T 5k Jk A0 R 431
SHERNEY), KET —MER 2,3-5 GERIL AR 00 &
HATAEYIH T, ZNOE A R AR
T ECEIZAEA . BT RIS T B Aa AFUK iR S 72
SEL T 3-F IR BRI R AT A R, ZA A
FagE, FEANE N 264 N 0T LAk — 5564k C3 A7 B
W WS s T A (%) 2R S R IR 417 A2 (S cheme 18).

BT 5 T 5 5 1 U 4 0 A7 A TG A8 4 i R e A
PiE I, 2R BE A R S BV 4 AL I S B
NN ARGE AN /b, 2017 4, Bazgir ZFP2@E S 4L
NR

PPh; (10 mol%), CsF (2.0 equiv) RHN—( [[ ©

X

H,0 (3.0 equiv.), DMSO, r.t.
R', R = H or alkyl; R® = aryl, alkyl

R3 R1 R2
79

R3—=— ( R2 + RNC — 32 examples, up to 89% vyield

1
78 R 2
X = Br, OCO,Me; R = alkyl

Pd(PPhj3),Cl, (5 mol%) RN
DPPF (5 mol%), CsF (0.5 equiv.) N 0

R
N

H,0O (3.0 equiv.), DMSO, 110 °C
R, R?=H; R® = aryl
13 examples, up to 82% yield

R® R?
R‘l
80

BRI 17 A bR P S R 15 A 57 5 ) S

Scheme 17 Palladium-catalyzed reaction of propargyl carbonates and isocyanides

R1

Z
@ (i) Pd(PPh3)4 (5 mol%)
o NF  KaCOs (1.0 equiv)

H,0 (1.2 equiv.)

81 DMA, 80 °C, 12 h
.

RNC (if) HCI
2

R' = aryl, heteroaryl;
R =Bu, 1,1,3,3-tetramethylbutyl

DMF, 180 °C
18 examples
up to 86% yield

H R2—
CuTc (10 mol%) == fe)
10) 0, (101 kPa)

R toluene, 90 °C N Rt
3 examples o
up to 82% yield 84

3
15 (1.0 equiv.)

K,COj3 (2.0 equiv.) N\ R
toluene, r.t.

(e}
3 examples
up to 78% yield 85

B 18 SRAEA AT BRI AR PR AN S 1) S 2

Scheme 18 Palladium-catalyzed reaction of o-alkynyl allyl ethers and isocyanides
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ik SR

T KPR -2 R ) P R R T . 2-TROR
A 0 S 5 1 22 2H 0 AR IR RO L DA B T 22 AR Ry
fiTEX)(Scheme 19). 1% NAYTFEAE 5 mol% M BE R4
FEAG SR AT N B AT AT, AN 75 A A AT A T A4 B 0 571,
EAERAE, HIE=Y) 89 Hh B FIELE KW i 5 )
BLEIRIVE A, (k7 B s k. thAh, BARE
L — RN 73 ¥ NI TT LU By I [2,3-c] itk i
t&9.

i NC.__CN ﬂ 0
HN™ "NH * I * R ‘HJ\W -
_/ MeS~ “SMe Br
86 87 88
R = aryl, cyclohexyl, alkyl
1
Ne  NH: RNC R
sc O Pd(OAc), (5 mol%) S\
1 NH,
g r1 DMF/EtOH, 80°C, 8 h MeS X
MeS |
R = aryl, alkyl R,N CN
89 90
28 examples
up to 74% yield

B 19 AR 2 UL AT A0 &
Scheme 19 Synthesis of polysubstituted thiophene derivatives
under palladium catalytic system

2018 F, Yorimitsu ZEP3HRIE T HUMELL T 2% 55 S AR Bk
ARUT 22 53 S FOABIR SR, BL 62%~96% I 73 B 45
BT B L 210 A P (Scheme 20), %A A WTEBR 1 2%
PE AT DR PR A L BRI ). Gl LB
S8, AEE N Zn(OAc), FEMR R H A 2 AE Ak 5
SR AR 92 FRALBE A RAR, ATt T
FNERE, (BB ERAEAR AR BOAE AN . (1S — 12
M2, 2SR RHE 5175, Pk, HIEY)
TR, B AR 2% 57 FERIE R B A & A SR

[Fl4E, Ogawa SFBYARE T —Mh & R B A7 SR B
(IR I LA DB 73, %710 A5 Rl de bk
AT B S AN 0T R TR RO SRR, A mimn B ) AL
B WIRIIEEEML . RIERITRAEAN . p-C RS2
327 HErr=#)(Scheme 21). EBEIE, A FREUR
HINIRS 5 OB, RIS AR % PRI,

B J5, Ogawa Ml Kawaguchi 555148 48 | AL AL
ST DU 7 FE RN R R A AR S L. DAY 95 4 5 A
AN BR Bl B R, 38 I s 1 S LS4 R A )
WRZER a- LR A, SRISARZ R I = P ) A 1
FEBR TS5BS, 8077 B e 1A —
T RIEHN Y, T B 07 B0 1 0 5 R A X
T SEEA. LA, TR B T SR e e T
UF M5 T1% )R LA 5 (Scheme 22).
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Pd(PPhgs)4 (2 or 5 mol%)
dippf (5 or 10 mol%)

Zn(OAc), (25 mol%)
K3PO4 (25 mol%)

Y, Y NR
z =z SMe

9 2 MeCN, 90-110 °C 95
Y=CH,N;Z=0,S 23 examples
R =Bu up to 96% yield

v NR P N\
EAM Pd—P E“»’SMG
=7 SMe
95 91
Zn-SMe
RN
+ §Me
Y= I?i-/P AN—Pd—P
Q;Z P =Z P
94 92
Zn
Y. + _
N\ —_
RNC [ﬁr ',Dd P Zn-SMe
2 Z P
93

B 20 AR A D7 S AR 57 M 1 s
Scheme 20 Palladium-catalyzed reaction of heteroaryl sulfides
and isocyanides

R! N
Pd(PPhs), (5 mol%) _ L

11— 2 + +
RT="R" " RNC * (ASh2 G ene, 140°C, 20 A TR
96 2 97 o
o 13 examples
R', IIR aryl, alkyl up to 89% yield
R ='Bu

B 21 AR, R A I e R
Scheme 21 Palladium-catalyzed reaction of internal alkynes,
isocyanides and disulfide

Pd(OAc), (5 mol%) J‘f
toluene, Np, 100 °C  Ar” DAr

R = alkyl 100
| 14 examples
PbAr, + RNC up to 91% yield
99 2

Pd(PPh3), (5 mol%)

NR
Ar
toluene, Ny, 100 °C Ar

R =aryl NR
101
13 examples
up to 86% yield

B 22 AEEAL DU 5 R A0 S G 1) e
Scheme 22 Palladium-catalyzed reaction of tetraarylleads and
isocyanides
2021 4, ZIRBAHPOIL) = 55 BRI S5 N kL, 4k
AR IE 1R A VI & OB J7 ¥ (Scheme 23). A
MRS, 2R H e R AL TR, SR A ) A — 20
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TRBEENT ) 103, ZR A SR FIER, 15
BRI 104, $RTT 2563 I [ SR
B PR AT P R DA B S A 7R R 0T T B L Y e 4
TR EEL AL, FERAEAIART, itk Rk
LT RO 57 0 e i B ML RCR B, T 5% H 1 2 Y
AR5 22 5 Mg B B ROCR B 22

[RhCI(nbd)], (10 mol%)

(p-MeO-CgH,)3P (20 mol%) NR
CgHsg, Ar, 70 °C,18 h A~ DAr
R = alkyl 103
5 examples, up to 71% yield
BiAr; + RNC —
102 ) Pd(OAc), (20 mol%) NR
0 CeHg, Np, 70°C, 18 h Ar Ar
R = aryl, alkyl NR
10 examples, up to 88% yield 104

B3N 23 AEREE M AL = 05 BT RN I IR R
Scheme 23 Palladium or rhodium catalyzed reaction of tri-
arylbismuthines and isocyanides

B AL S 4 N SRR g — 2R i R A SR e
wJEERGEYE C(sp?)—Pd HIEA, B85 &4 RIS HITIH
. 2017 5, TR mBEEHRIE 7ML AT
75 HEER AN 2 15 A SE A B IR BN, AR 1% B, I XS
JEEA AN FR) U 42 T DA 2 531 S B, 7 2 i 5 6 e A
H Y& FU(Scheme 24). AR AL FE WY I 1) 55 FE 0
PR AN IMAA R T — 07 A& AL k. (EA5—
PERIAE, 2L BN R I e 2 57 B I S i A TR I ek S

fis.

PdCl, (10 mol%) o
Cu(OH), (40 mol%)
NH,CI (2.0 equiv.) Ar® CAr
toluene, air, 100 °C, 16 h 106

13 examples, up to 85% yield
ArB(OH), + RNC —

105 2
R = aryl, alkyl

PdCl, (10 mol%) 0
Cu(OH), (40 mol%)

A N
toluene, air, 100 °C, 16 h H
20 examples, up to 75% yield 107

B 24 SAEIL 5 RS S 21
Scheme 24 Synthesis of diaryl ketones or aryl amides under
palladium-catalyzed system

[F)4F, 2R 7 A% A 2H 38036 et 0 A A0 T O ik U
TR 1) < Jm R Bl IONE, SRBIL T 22 AR JE R R I AT
V)G . FEZR S, BERRARAE 2R A 3R
e e TR A4, B8 S 0 0 TR B MK 45 2 H AR 724
(Scheme 25). 1% AL idE H T 55 FE s FE DR, oAt
77 e B4 0 a0 T AR T A 4 = G A P A RE AE A
HE SR A R R 2

2018 4F, AR, MTHREEDIgkalf fg T AR fEAL
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(i) Pd(OAC), (5 mol%)
Cu(OAc), (2.0 equiv.)
4A MS, DMF, 100 °C

RI-B(OH), + RNC — R'—COOH
108 2 (II) Hzo 109
- ) _t 23 examples
R'=aryl, vinyl R='Bu up to 96% yield

B 25 AEAEAL T3/ SRR K A
Scheme 25 Synthesis of aryl/alkenyl carboxylic acids under
palladium-catalyzed system

5 BERER I RN A 2 O R I i ) = 2H o PR R R,
G T — R 2,3- B e e Rk i 477 242 ) (Scheme
26). ZREMIEATAR . YU PLEE . TR
PR R PR B 5 2 A 25, Rk Eh o=
BT 42— P, % N R FH AR )
{H 23 [R50 S S B R it B B R, 24 R 1- 28
FRVE RS, SN IS e B AR

B(OH), (e}
R1
i’ Pd(PPh3)4 (5 mol%
+ RNC + H ( 3)a ( ‘0)
Cu(OAc), (2.0 equiv.)
NH, DMF, 100 °C

110 2 111 '
R = alkyl; R" = aryl, alkyl

112
33 examples
up to 97% yield

B 26 ALMEALTTHERINMR . SR A& SR K Y L I 14 S 2
Scheme 26 Palladium-catalyzed reaction of arylboronic acids,
isocyanides and anthranilamides

2019 £, FRxKEREAIONRGE 1AL T e S
HRER ARG SN, 8 1 AR BRI BE AR v (] 4 5 —
W AEIERIEA . KRR L & R
RSP, DIh a5 & R IICR SeBl T 2 BURUA AL
S A R(Scheme 27). R FESKIR R IN, 0T

Pd(OAc), (5 mol%)
P(o-tol)3 (10 mol%)

1 —
R-= + RNC + RECOOH Ag,0 (1.5 equiv.)
113 2 14 PhCI, Ny, 30 ~ 50 °C, 5 h
R, R? = aryl, vinyl, alkyl
R = alkyl R
)0 0
(o}
R1HN—R
H
115
29 examples

up to 90% yield
B 27 bR, RIFRURIR I SN
Scheme 27 Palladium-catalyzed reaction of alkynes, isocya-

nides and carboxylic acids
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Bt 3 A AR e e AR 82 R #4083 AR s i I S i AR ¢ A
SR

B U4, T I < e M A e S B T A S S A e
TG, B SAA HLE BT A 5 2 D RE AT I B
HHFE. 2017 4, PAKLMP RGN LR THEMELT
AN 95 BRI AR I S I, 308 e A5 I e R 1) )
IR S A S T IE NS RE, @AE T — &R
HI| N-BEJE 5 FEARE R AT A=Y (Scheme  28). £ 1 B 26 A
N, ZEY Rt — P Sy N-BEEE R
B-EFEW .

o)
o CP(%OPAC))z((f (;nol%_)) | NHR
u V)2 (1.0 equiv.
e e

116 2 DCE, 80 °C 17
21 examples
up to 75% yield

B 28 AL AL IR THE R 7 i 1) e

Scheme 28 Palladium-catalyzed reaction of enamides and iso-
cyanides

2021 4, BRI5IL. H A AEWERIE T AR AL A IR B
F R By A0 7 s ) SE AL IR SO, R i T — R A L s I
[2,1-c][ 1,417 H B4k & ¥ (Scheme 29a). 113 — 11
e, ZRNAE AR VR, BT A
R.BHIG, ZUREAS R Bk, 2-iEng 57 B, BT
SEHL T Lewis FRECHL AL 25140 N AN RIS AL AL 6 [ 1,2-
a]VEWR IBRATT A= 0 1 & i (Scheme 29b).

© @
)
N b Pd(OAC), (10 mol%) X
| Ar + RNC X
ot MeCN, O, (101 kPa), 80 °C \Ar/
0" SNR
118 2 119
26 examples

X =C, N; R =aryl, alkyl up to 92% yield

(b) R = alkyl
Pd(OAc), (10 mol%)

N/
= MeCN, O, (101 kPa), 70 °C @ N/ NHR
N/ 20 examples, up to 85% yield 121
+ RNC
NH, -

R= tBU N_ 2
120 2 TMSCI (1.0 equiv.) @
MeCN, 70 °C N H
18 examples, up to 92% yield 122

Bz 29 IS I [2,1-c][1,4] 28 FELEmEE AL g [ 1,2-a]
R AT AL 5

Scheme 29 Synthesis of pyrrolo[2,1-c][1,4]benzoxazine and
pyrrolo[1,2-a]quinoxaline derivatives under palladium catalytic
system

B 1 2SI e i ik S A5 T SR B R
o368 1o Ho A 7 AR SR AL R S TN C(sp?)—Pd
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P E A #OE, BIansEZ et . IR N4, 2018
F, A g DD S 4 DL AR B A v ke T R i R S I N R
Bh, R T HUEAL TR A R B 2- 2 bk K AT AE )
WIHTT %, SERA MR R 543 S =i
PEL RS R RS . WTRERIALEE S AR R 7
BEEREVEF T, M ARYE A AL s P AR Fl, 1%
VIR 5 ) 123 TR RS RIS EC AL AR B R 124, BE
Ja KA R ACEAZ A A U FEAE B AR 125, RHEE —
ST RSB NAS B AL A 126, ZH AAIR
PREEAL IR R (a4 127, 55 22080 JE T kA2 R )7
V) 128 FERECEM L. Rl E, R 1,3-
UL R A AR E 1 B AR 129(Scheme 30).

R1
XH Pd(PPha), (10 mol%) X

Z 1 dppp (20 mol%)
R' + RNC : N
Cu(OAc), (2.0 equiv.) @
NH, MeCN/toluene (V:V = 1:1) N N,R
100 °C, 9 h
123 2 129

31 examples
up to 78% yield

X=0,NTs

B 30 AEAEAL 2 B 2- SRR bk S LA AR P 5 B
Scheme 30 Synthesis of polysubstituted 2-aminoquinolines and
their derivatives under palladium catalytic system

2019 F, W EAE . FRMNS. JoiEREgERRiE T
FOAEAL T BRI RN 2 S B AR R IAL [ B, Bk T
AR AL A, 1% S HR S Mg (] IR A ST e A A
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FEUR, T R EA . R R AL
FRUNR: 15, BRWREA—4r 1 RS RE 44 11380
BJR B RBL, B G RA R — TR ERIEEEAN, BE
Wt -C BRI EIE RS 2] H b4 (Scheme 31).

RS 1 R?
Rl
P 0 N
1 PdCl, (10 mol%
R = + RN #, | Y NHR
| DCE, 80 °C NG
N\Rz R3
130 2 134
30 examples
R', R® = aryl, alkyl; R? = aryl; R = alkyl up to 86% yield

Ph  RNC N pn Ph
[Pd] _ A H NC__
C=NR? S [P T YEN g JTO=R
pr” N P N ph” N
Ph bh Ph
131 132 133

B 31 A AR A S i 11 5 52

Scheme 31 Palladium-catalyzed reaction of alkynyl imines and
isocyanides

EAERRZ, ZRNAFHINRIEER, g-H
T BRSO SR A AT B VIR IR 2 5 R ML
Gb, BEFRPIRT AR H] T 2R I R AR RO &, itk —
AR T %A T VEAE W) 70 7RSI AR ) S A AL
B, ZUREALR R SE0g, 200 SEIL T 4-BkFE-2-
KL AT A YOI 2-5 J-4- S B R AT A2 15T
B K.
1.1.2  FHEHEN C(sp’)—Pd 4

5RMEHA C(sp?)—Pd HIEMAR KB FEARLL, 7
E4f A C(sp®)—Pd AR IEAH XS B>, FETHN
R C(sp?)—H, C(sp’)—H FE NtEME, HEZ S5idi
SBECALN) n-fA R, DA S HMESEIE A, HhAh, FEFE SR
R fF R C(sp’)—Pd VA AR, 85 RS T
(41 B-H VH BRI AN 731 ] 0 S5 g 4 NS

2019 4, LRI AN SCEEH R e T — M
AR S G e a4, B P (RBT JTV5, 1% 7 R i S g M e )
PrAE S T AR B AL AT DL S Y g 0 ) B L AL
A e R R T A, S 22 e G O AR 4 AN T AR A5 2
H AR r=¥)(Scheme 32). ALEE SLLGIE B BRI FIAATE & )
32 BEMBUR A A2 F) SR

2021 £E, Sharma “EMTHRIE 148 bR AL LI 5 i A1
PRI M 1) ER DR FR A S B2, e B RBRE F) e A I s e
S IE R ESAE N . AR CEP IR, DU e L
WEERMR T C2. C3 ALXUE e HIAL I KA & 1)
(Scheme 33). {HAFVE A, B0 AR T M XU T
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N-O PdCl, (10 mol%) l\f’o
I 0 NaOAc (3.0 equiv.) 0
+ RNC \
DCE, 110 °C, 12 h N,R
135 2 136
R = alkyl 18 examples

up to 53% yield
B 32 AL 3-05 5L -5 (4 H) - AN 5 1 = 8

Scheme 32 Palladium-catalyzed reaction of 3-arylisoxazole-
5(4H)-ones and isocyanides

R! Pd(OAc), (5 mol%)
/ O ul 0,
= + R2 Ad,P"Bu (10 mol%)
@ N CsOAc (5.0 equiv.)
NG "1 DMF Ny 100°C, 12h
137 138

R'= aryl; R2 = Me or Ph

28 examples
up to 85% yield

B 33 AfiEAh 2,3- UK AL A P HI A R
Scheme 33 Synthesis of 2,3-disubstituted indoles under palla-
dium-catalyzed system

I, % SBEE ] AE— 2D SEIUANKE R ELAL.

i i T 5 AT < e 2 o S A i A R G A < e
(A4, PRIEAE & AL 22 vh i e AL 0. 2021 4F, 3
i T R0 2L 1481 R P 00 A s PR 6 T s i A 1 0 Rt
BEAIAUT e M5 9 R, R e 1A AR A RO AR e A o ki
FE—G AL SR, 3o T Bt B 1 LA e TR
(I AN S I TR AN « K A SEAZ 3 B LA B8 ST B
SGPUR, AT ER RIFECEME T — RIESH T
HL R IR R4 AP (Scheme  34). 1% RN AU

Pd(C(I;Igg,CNI)j()OTf)Z o)
COSEL L (20 r?mgf% R
R1 " RNC cm;(, 'ngyégzo
140 2 nfor2 14R1HN °
39 examples
up to 76% yield, 96% ee

R' = aryl, alkyl; R = Bu

BRI 34 AEMEAL 7 IS A5 5 B0 S R

Scheme 34 Palladium-catalyzed reaction of aryl thioesters and
isocyanides
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iR SR

Y& FYEERL T, ELP= 0 A I i 2 [ o] Dod i A7 A A s
IOk SR G ORI . MESE . PRIE B AU S AR AR 1k
G, FIRORRR R AR PR BN, PR B A BT B
A
1.1.3  FhF46 N C(sp—Pd 4

2018 4F, WOl FE I EWILIub . SIS FRER
BONERL, KT —FE s B N-BE R B AT A
YIHHT 777%(Scheme 35). WL 7R R RN E AR
%%%*%%Lﬁﬁ%iﬁ%ﬁﬁﬁ%¢@%lu‘ﬁ
P ) A 5 i e s 7 2B bR ISR ()44 145, Bl fE— T
SIEIERIEN, S H RS EIRE=Y) 147 JERRE
WA, Rl =) 147 3@ IR SR A FE AR PR A pk H
FRPEW 148, ZAR F R R R AN [R) I A Ry S0 5 AN ok 2 R
UbAh, Z R EA R R 5 BRIk
SR =

- Pd(dppf)Cl, (20 mol%)
R'-= + RNC *+ R2CO,Na
c CO-Na MeCN, 60 °C, 2 h

142 2 143 148
R' = aryl, heteroaryl, alkyl, R? = aryl, alkyl 21 examples
R = benzyl, 2,6-dimethylphenyl up to 89% yield
PdL,Cl,
R2C02Na
143
PdL, (OCOR2)2
144 1
2
R?CO,Na RECOH
L,—Pd°
R—— Pd”

2
R1_/< 145 OCOR
RNC
2
R20COQ,
I_
R2 _ Pd

B 35 ARAE Lot . SRR IR BA M SR
Scheme 35 Palladium-catalyzed reaction of terminal alkynes,
isocyanides and sodium carboxylates

2019 4F, VLMl I SEEORTE 1 — {538 i 20 e
el SEREFIBR A B 2 BB R IR ROBE. 122 % B 22 06
SR AN ISR LB IR . FE I 4 %
BRI B BRI R BRI AR, SEEL T PR
C—C. C=N B [F] i #) 2 (Scheme 36). {EHF K,
% B AR = IAE A [ 2644 T 0] DU AR R 2 oA R 2R AL

BRI ED, Bl 2-Z Mk, 2 BRI S Al gy
R ) = RS, X — P UE I T 1% BAAE & b 2
me%%ﬁ.

2670 http://sioc-journal.cn/

© 2022 Chinese Chemical Society & SIOC, CAS

PACl, (10 mol%)

.R? o
.’ R\NH + RNC + RO— AgTFA (20 mol./o)
“._.R? K,COj3 (2.0 equiv.)

149 2 150 MeCN, 100 °C, 6 h

X =Cl, Br, I; R', R? = aryl, alkyl, heteroaryl
R3 = TIPS, SiMe,Bu, TES; R = alkyl

151
42 examples
up to 90% yield

B 36 FOfEALlE. SR AT ) S
Scheme 36 Palladium-catalyzed reaction of amines, isocya-
nides and alkyne halides

1.2 SRS

B T b ST IR 3 5 I 4 N B A S A 1)
TEAL SRS N BE, 7 b — 2 LA E T ) s vy S i S
AT N A S 2RI N, O ) Bl 3K
FEHFM: () MEER T R EN; Q)T M
i B B SRAL A P A A sk

2017 4, VLMl AR SESHR0E T AL T 05 2
AR TR RS IS (R AN S, st o ¥ 7] 9 8 4% 1T DA v ik
TR 1 ) e G e 3 P gt 2 46 & P (Scheme 37).

AIREM RSN GN N SRR E R R, Oy
FE TR TR A R LR A A S N AR R R AR 153,
ERE RIS 1,118 40 A 15 20 A a4 154,
2 H S B B IR, SR 154 20 F B
NG BIHIAR R 155, B 5 AEKVER R R4
FRAS 2] HARRY S-S B MR B AT A2 156; 1T 2445
N,N-— FAEE R e A s R0, A al 44 154 @il 401
FRIEIERE I L — 1 CO BRI A 158, b5
RAE T — 50 1 5 G043 N UG IR 1 B2 4 N A9 3 45 2k
R 160, o RIFELEKIME R N R A i A3 21 B
BRI 5-0 2 LML B AT A9 161.

R, SRS Ak SR E T T =M
T 2 LR 1) 48 2 358 A BRI 2 IS 110 B T S . 12 e B
B RIS X S0E P, seis DL A6 2 R AT YR
SR 15 BB 1) 2- FEEMRAT A= ) (Scheme 38). {E15
R, ZRNA, 2B 5T NIEEE
DIREE, MR T RN R P50, oSN
F gt 758 Z T etk

2020 4, ISR ML AAE T, R M KNS
MRIEERERY), AP SEE RIFECRG R T — &5 5-&
H-1,2,4-0E MR AL A W)(Scheme 39). 1% N AT PASZE
SRR & B B OB BRI, RA L
ERIERe S 5 N, 1F 38 I R AT B2 O 5 R
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R 0

/OH + RNC

Pd(OAc), (10 mol%)
AcOK (1.5 equiv.)

H,O (3.0 equiv.) R

PA(OAC), (10 mol%) RN 1

AcOK (1.5 equiv.) IN/EO
_—
H,0 (3.0 equiv.) I

R DCM, rit., 12 h DMF, r.t, 12 h R
22156 | 152 2 15 161 |

examples R1 = 1, het I: R = alkyl examples

up to 87% yield aryl, heteroary any up to 86% vyield
/\ AcO
0 o Pd(CNR
/NR
R! R

07 PdOAC(CNR),

157
-CO

154 PdlIL ACO
RNC " Pd (CNR),
L, Pd/l\
=
154

0
COOPd
= R s ‘(CNR),
R' PdOAC(CNR),
158 R'-==—COOH [ pallL
RNC + Pd'L, "
Pd( OAc (CNR),,

Pd'L, O

R1;/(

PdOAc(CNR),, RN
159

|| R
Pd''L,, PA(CNR),
AcO’
160

N N o
AcOH OAc AcOH
+ H,0O +H,0
RN=< Pd(CNR

O
O

161

B 37 SEAEAL T RER A7 MG 1A S

Scheme 37 Palladium-catalyzed reaction of alkynyl carboxylic acids and isocyanides

R’ Pd(OAc), (10 mol%) R’
= K,COj (2.0 equiv.)
+ . _R
@ RNC 357 (1.0 equiv) N" N

DMSO, 100 °C, 0.5 h

|
NHCOCF, COCF,
162 2 163
R" = aryl, alkyl, H 34 examples
R = alkyl up to 86% yield

BI= 38 FEE A -k JE- Q0B R R S G 1Y) e
Scheme 38 Palladium-catalyzed reaction of isocyanides and N-
acy-o-alkynylanilines

on Pd(PPhs), (5 mol%) o R
N mo N~ ;
iy + RNC Kcosejo — 1 )—NH
R'" NH, 2C0; (3.0 equiv) oy "~N
toluene, r.t., air
164 2 165
R' = aryl, heteroaryl, alkyl 24 examples
R = alkyl up to 92% yield

B 39 A RS AN R B 8L
Scheme 39 Palladium-catalyzed reaction of amidoximes and
isocyanides
Gy RAGE T A NI TCTEAEARE S5 N R AE RO
[F4E, MR fR/NF. ZRL B SEBIRGE T HfE L
T RIES 5 FUEMER YRR, SE T — RS
oA 1,3-B8%-6-lR G, SR PIEEA R+
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LU RS LSRR R, H BRI B R
BRI, A BN TEME 22008, He T L s
5%, fEEIR AT REM R PSR : KRS M4
T AR S e A S AR M 167, 2 FR S SRR
BCALIE 25— 1R R AR B A P B AA 169, Bifi 5 &K AE
— 0T AR AS B R A 170, 2%
TRWT RTINS B B ik R S AR R AR 171, R
P KA VSR BUE O M R AR 172, &5
TEZR RN N &3 2 B bR =4 173 FEREB0E 1 —
WA 4k 241 AL JE 2R (Scheme 40).

2017 4, VLM, XIHEPERERRGE TR T2
C(sp®)—H B ReAb S S 1) 75 J55 5 R0 7 43— S Mg ) o
PRI RE, #e 38 1 — F 41 2 BRI g AL A ) (Scheme
41a). %N AP R S U P W 2R R 24U B 1 A A
B, AT EFANMNEANF]. UL SZI0IE B a1

S I e N SO P A 1) (1) 2 B R R R 175 72 S I 1) O
HE =Y. [RIAE, AR R PO DAY — R L e R
WL 1,8- IR AA[5.4.0]+ —B-7- 1 AL FH 4[]
TR, 8 5 le A 0 B E B R OBE, R ) S IR
T U [ N (Scheme 41b). Fifif5, ZRE 44k 52 Kk
J& 7 REAL T S R AT R 43 R ik R TS T AL B Rk g 5
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Bl
NHR (a) N Pd(PPhs), (3 mol%)
N-O PdCl, (10 mol%) N0 Ly, CsF (3 0 equw)
o RNC NH
| O, anc -PPCOONa (20 moi%) s A toluene 100 °C /
@ ; TCE, 85°C, 6 h @
R R!
166 2 173 174 2 176
1_ o 28 examples - 26 examples
R-HagiR=ayialy up to 98% yield R =alyl up to 90% yield
RHN
NHR PdCI, N-O. OCO\N
N/ O PhCOO' @ : o |
PhCOO R' @
167 166
175
PhCOOH Ph ( t-;) """""""""""""""""""""""""
Pd'- NR R
PhCOO’ 0”9 oocph AcO~ Pd(PPhg), (5mol%) g2 “NH
N / o) b, Pd" u\ DBU (2.2 equiv.) _
N @ Noo R1”™N * RNC > | R
@ o) \ ) ! toluene, reflux, 4 h RN A
‘. ,RZ N
R! Rl O -
172 168 177 2 179
R = arvl. alkyl 23 examples
ryl, alky up to 89% yield
OAc
QOCPh PhCOOH Bl
RN‘\C\\ pq" N~
? Pd'-00CPh R1J'\
"o N-O R
R ~ /=0 _.R®
0OCPh
17 RNYF;d” R? 178
! 15
N-O, ' C
\ o © OPiv PA(PPhs), (5 mol%)
RNC \ DBU (2. 2 _ DBU (22equiv)

BSR40 600 S 5 1 S5

Scheme 40 Palladium-catalyzed reaction of isoxazolones and
isocyanides
R AT AP SN (Scheme 41c). 5 _EiR e NASF] ) A2,
BT 5 RN HE RN, LEFHBRSREIN 2H-0t
W% -2 V. Ji o [ ) 4 44k 292 P Tk L e ) e e 15 1) A
Fterbal =y 181, BEJS R E R IE A A A AL
FEIEFRAIR. BUAN, 12771500 AT AR R A T AR IR i
ARG S R BONE,  BE 8 DR S — 2R 51 AL R M e =K
T4,

2021 4, W HIEREHBILLIE NS . P21 R s A E
JE R R, FEARHEAL AR T B 57%~91% I3 7 B 15
BT 5-Z FEKMEAL G W) (Scheme 42). 1% S5 R}HE H 5
5 FBAE TR R HL AT DLSE I ve SR A 45
1.3 RBEEAFTE/AREEHE

BRI B S N R R AR, AR R
AR A A T DA T g SR A e i R
FEAR A A, W SR L2 AN W] LA B = s
A R Ji v [ 4K 2017 48, BT PRAAOURIE | AL
TR AR ZFE AR V- PR R A P 7 M R 34 S
JS2, 1% S L 735 A Ao T A S PR S J ) 2 A%
BEYCA b A PR 187, B JE AR AURR AR R R
187 B ALFAL N 2- -3 2 -3 H-I5| R SEAL B 1)
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g e
R1

180 2 182

21 examples
R'=H, aryl, aryl; R? = aryl, heteroaryl up to 79% yield

toluene, reflux

B 41 AT 7 JE I m 5 I A 7 5 £ s
Scheme 41 Palladium-catalyzed reaction of aryl oximes or
oxime esters and isocyanides

_OH Pd(OAc), (5 mol%) NR?
N ) __PPhs (10 mol%)
Py + RNC + R2NH,
R1” NH, "DMSO, 100°C, 6h J\ NHR
183 2 184

R' = aryl, heteroaryl
R? = aryl; R = alkyl

B 42 FAEALRENS . R i SR
Scheme 42 Palladium-catalyzed reaction of amidoximes, iso-
cyanides and primary amines

27 examples
up to 91% yield

(Scheme 43).

A8 R e B S vy HLANER U, 7 SROREAAR 2 AR
Gy W SRR A 3R, DRI — M A T B B A
2020 4, HEHAIREHCOL EEN AV N- =T
PR SRR, SCEL T EAEA T 70 2 5 0 R e 2k
WEWHIE R, Y 45 % R (Scheme 44). JEA)

Chin. J. Org. Chem. 2022, 42, 2659~2681



Chinese Journal of Organic Chemistry

REVIEW

R PdCl,(dppe) (5 mol%) R
PPh; (10 mol%)

0,
NH, dioxane, Ny, 120 °C ﬁ R

LiOH (3.0 equiv.)

186 187
R = alkyl; R = aryl, alkyl R
0, OH
60°C 7~ NH
N R
188
17 examples
up to 80% yield
B 43 A A 2-TE B IR IRAT AR 1Y N-FR R I R A0 57 6 1 I

L\L
Scheme 43 Palladium-catalyzed reaction of N-tosylhydrazones
derived from 2-acylanilines and isocyanides

2
N, Pd(OAc), (10 mol% R
2 + RNC (OAc), ( o) ,&
R'” "R? 1,4-dioxane, 4 A MS C\\N,R
189 2 Ar, 60 °C, 12 h 190
21 examples
1 R2= 3
R R =alkyl, aryl; R”= COR up to 92% yield
Pd(OAC), (10 mol%) ,
NNHTfs Cs,CO;3 (1.5 equiv.) i
+ >
R1”OR2 1,4-dioxane, 4AMS R ~Cy R
191 2 Ar, 60 °C, 12 h 192
R'= aryl; R?= aryl, alkyl, H 25 examples
R = alkyl up to 89% yield

B 44 LA IR A AP0 5
Scheme 44 Synthesis of enoneimines under palladium-cata-
lyzed system

A IS R AN SN o R o L ST R d R v
HE S F T RS I OUR) % 26 R 3t — 25 A ML 512 56 F
DFT 15 3% 0 s o R T2 40 6 A= BRORN B 5 55 5 i 13
FEF N 12 SN () S A0 0RO B B, AN vt
FEH M AL N A, X5 Z AT SCRRRIE 2R 8L
97 ) PAY/PA LG IR AN ] 1.

HRRAEML, RS ik EE
RBLHEA. 2018 4F, T BRI A R e T T
2- 75 UK P I AN S5 I O AR IR S B, Ay B R A A I -
AGH)-FRATAE SR T —Fh¥r B #% (Scheme 45a). Utk
A, Y 193 b R2 HUCHE, TR A
(1 e WA R P S AT A ). IRAE, 2 IR NI SL S50
KAR g, DB S RN A a-7 53 L H g A
ARE R ERL, Bt T — R 5 DY EA K M 2 4 &4
(Scheme 45b). X P F 7 V5 HRA B )& FH P, (2
I8 NS A AR 7 B0, 5 3 P W % B v

2 BEMRBOBARN

B AR P LT A DU, S VILER TR,
BEEATE RS 5 T8, (HE B ERM 515, fERA L
HABCRKLS. B AT CRIE R BRI 2
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(a) 0
_R! d(PPhg)q (5 mol%)
N
@ H o " RNC T oue . 1n )\ -R
N3
2 194
; 193 18 examples
R', R = alkyl, aryl up to 86% yield

PPhs (10 mol%)
NC + R3 + R4—N -
MeO)KﬁRZ R°NH; 3 DMF (dry), Ar, 90 °C
R
195 196 197

R' = alkyl; R?, R® = alkyl, aryl
R* = Ts, carbonyl

o R
N
R‘j P
R2 N NH

198
25 examples
up to 99% vyield
B 45  HLAEALMEREIE-4(3 H)- B S ATAE DA DY UK I A
TEYIH A R
Scheme 45 Synthesis of quinazolin-4(3H)-one derivatives and

tetra-substituted imidazolone derivatives under palladium-cata-
lyzed system

Ni(0)/Ni(ID) P AL A& FA AN Ni(D/Ni(I) RO AL EER. eAh,
BT AR TR PR, BRI B H 2 S R AN W ik
.

2018 4F, ZRHSEIOCHRIE T ARME L N ERIRFI P 4 T

S G R B, S T — RYIMEREE-2,4,5-
=R E ). ﬁma“ BRI S5 S P4 T i
[F B4 N R ROE . MLERBF SR B SR e e A A R
PEAE TG HEAR LA 200, B S SRR, P TF5
JiE o Sl SRR A FRRE I — o IR IR A B R AR 201, 55
e RS T I 3 R IR 46 N\ & A5 B A R
()44 202, & fmd it id 5T BRAE R B FR =4 203 FRE
TMER. BANMRAT AT TR A S 1 AN
YRk SEAE AL IE PR (Scheme 46). 4FAIHI 2, 17K R A 6
PRANAE A S L F Rk, 1t ELI v A N A 0 — A
TETEELZE A 200 AR, ATTREIE SRR G, (et
FE MR,

2020 4F, Maes. Orru DL N-JREERE PRAL A1) F

WG RE R, KRR T R AL T U s E FE[4,5-d ]
%amngi%M%ﬁ&.ﬁkmimm%%*aT
PLgE— P43 3] N1, N3 AARBUR A =Pk C5 £ Z 0L
REF=H, T ERE—SATAE . (EE - H T RER s M
AR B N-JRMERE KRS AN RO AL, R KR
SHE TR 3R N A R aA 206, B S PR AR R
Mgt BAE A FIaA 206 GEIT T IR B AL
KIF, R4 FEAR R Lok 208, &
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BIHEFE SRR
R
/R1 o} O HN
. RN R? 1 Rl
R )SL R2 + RNG —acac), (3mol%) N>=N/ oy I NHz irNe Ni(OAc)y4H,0 (5 malth) “N" N
\H H/ acetone, 50 °C, 4 h RN S O)\N N/)\Rz anisole, air, 50 °C O)\N N/)\RZ
1 ~16 h '
199 2 203 R 3~16 R’
40 examples 204 2 210
R', R2, R = aryl, alkyl up to 92% yield 1R2R= 42 examples
BNt e . ploe o e R.R% R =aryl, alkyl up to 99% yield
RN & s S
N C\ Eg 1 R'I
RNC CNi'Z “>=NR Y NH
2 //C A A
4 I . 7
RN R2 NiX, 07 NN R2
201 / /R R1
) . O HN 204
R NilX R~ ;
: N s s R _Ni'_NR ;1‘ tji NT ] Nix
R HN\< SNt >—NHR RlNJLN’Rz j\ 07 NTNTR? N HN”
S 200 N\Z H H R'N” 8™ °NR R'10 044\N N R?
Ni R 199 202 o T R! 205
i(acac), 0, R Ni"'{NR o NR \Path B RNC
Y R = 2
S N N
R’ JL R? o N’( 5 2\ | /)\ ) O NR
“NTONT R R R* 07 °N” N7 R R P§
H H RN ! R2 208 R! 209 °N HN™ "NiX
199 Nie N/ PPN
=N o 07 NTNTR?
RNZ S R )Jj[Ni” NR R! 206
203 NH
OJ\N | N’( Path
2
Bk 46 AR LB IR I R S B KT 07 R
Scheme 46 Nickel-catalyzed reaction mechanism for thioureas HX

and isocyanides
Je I I R R AR B AR DR RE I R, — R
R T A L I R AR SR AL IR A, B84 B
[Fl44 206 22 B-H V1 KR 15 2 AN R 5 B — ML 4544 1 v
[ 724 209, % A48 73 5~ IR AE B H BR 7= )
(Scheme 47). {EF—1RHE, B T AR EH 2-25 5
fiE, oAt ek oy B G A e A A T iz S M &R

[FIAE, BREWE, 5P AEISHRIE B AL TR
PR T AT 25 S i A LA (1) = 2 00 BB A S MY,
o DX IO SR I B B T — R AN T R 2R A &
Y)(Scheme 48). 1% J WA F AR A 26 0 Jiie B v R4 213 15
APVERRGR B R e G R AR, AR 4L T B bRod 1
TV BGHT HRIBARR B, AT 3 AR T BR AR AL 26 N S 8 5 K
ARG IR A, D TR SR R

W5, ZURALOHRIE 1 AR i A e R BRI AR T 2
SRR S, 8 T — RIIA R B bk B At
Y. SRR, BRI T AR S A R KK
il SRE, A T DAL B UM R e SRR IR WLER SRER 3R
W% S B [ 2 PR REAT Y, AT RE R SR AR A
N AERRMEAL SR AT e R A W S Y G SR
TR S T e R AR P AR 220, — 7 TR IEIT
R4l N1 210 A o ()44 222, EeE KA p-H WERAE
JSURR i o R =4 223 FARE MR, 1% (R e A
€, RRAEK B ME F T % A 9 HH B2 Ik i 7= ) 224
(Scheme 49). [HAFEZRIE, T [N AL B fe Ak
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B 47  HRAEAL N-FRIEE RN 52 1) e
Scheme 47 Nickel-catalyzed reaction of N-uracil amidines and
isocyanides

R3 (i) NiCl"DME (10 mol%)

DMA, 25°C,05~1h
RI"XY"N0Ac * RNC + RéznCl
(ii) 1 mol/L HCl, 25 °C

R2
211 2 215 0.25h

R = aryl, heteroaryl, alkyl; R?=H or Me;
R®=H oralkyl; R*=alkyl; R =Bu

R3
4
RIS R
RZ O
217
41 examples
___________ upto98%yield ..
R3
Ni(0) R N0Ac
R3 R2
R1/\)\r(R4 21
RZ NR
216
R® R AcO_
1l
l R1\)\H/NI” 'i“
RZ NR R Y R

R2

R3
R1WR2 215 212
RZ O

R3 (IDAc
217 R1WN“| aNG
4
RéZnCl 2 LR 2

214 213

B 48 SRMEIETIAEEEER TG . Sl A be ik a2 1) S B
Scheme 48 Nickel-catalyzed reaction of allyl acetates, isocyn-
ides and alkyl zinc reagents
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, Ni(cod), (10 mol%) e}
R IMes-HCI (20 mol%) 1
I * RN R\TJLN’R
" NaO'Bu (2.0 equiv.) g2 H
V(IBUOH): V(H,0) = 10:1
218 o 224
100 °C,12h 27 examples

1 R= CR2 =
R', R = alkyl; R“ = H or alkyl up to 99% yield

R2
in >
NaO'Bu NI R! !
218

n+2 H R‘I

R H-Ni—I ¥
— RZ
»¥=C=NR V

R1

I—Ni™
n+2 219
Hzol RzH Ni—1
R?\\( H\<R1
; (0] zzNzR * R2
R\HJ\N/R H o
Rz H \ NR RZ27—Ni—I
224 ’ ¢ R1220
|
. n+2
RzJ—Nilll ‘—/
R’ 221 RNC
2

B 49 HRAEALKE AT £ PRI 0 R
Scheme 49 Nickel-catalyzed reaction of alkyl iodides and iso-
cyanides
i AR A p-H OV BRIE LS, £ —E R B
T RN HIR A

FERE LA b, 12 PR A 6T DL A 5 T ORI S i A TR
B ORI T — R R o AL SIBE R S 3T
77 #:(Scheme 50). JEC I3 R S5 K T4 FHEUAC G 2K
FARREAR R Tz MR 2R, HoR R IR 25 34 B 2% 3
W, OMRREA A, BRI, PR, RA R
BUR BT 5 S i A < M e e e P BB A A S .
JrE FE TR 72 i 1) S REAN R B, VR A2 R R A il it
ORI SRR sh i, &0 7 —4
Ni(0)/Ni(ID L FE.

R’ Ni(cod), (10 mol%) R’

H
NaO'Bu (2.0 equiv. N.
CI + RNC (2.0 equiv) R
o)

toluene, 100 °C, 5 h
225 2 226

16 examples
12 R =1
R'= aryI, alkyl, R= BU, Ad up to 84% yleld

B 50 BRAEAL NSRRI 1 SR
Scheme 50 Nickel-catalyzed reaction of secondary benzyl
chlorides and isocyanides

3 safELRBIEARKE

LT HAt Bt e R AL, BHHEALFIRA B, I
IR AL ATAEOR, R S ulR] Al A 7 QAL
KL T — R 3 A Rl (B H R B R R4S B
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BRI, SR AL T IS R N R IE 2 1991 4E,
Yamamoto ZE8ILYRAR I 2 FH A1 4 T S i A JE R, i
I SRR A B IR E SRR T R TR
NN 50T PRI A S A% P AN SR 9 ok ik R A o 4
BT RRIEATAEY). BZ R BSCRAN 27%, HIMT)
i AR 2

2017 4, Bazgir SORRIE | VU /KBS BRES fHE AL T 2RI
(] WK P BRI S5 106 (R IR A OB, BRI AR T — R A1 2 HL
R A AR HF[4,5] K M F[1,2-a][1,3,5] =R &
(Scheme 51). 1% RS 5 i AR ERCLT, et R TG Al
75 3 G Y REIR 2 5 N

K;S,03 (1.0 equiv.)

N
S—NH

N >=NH + RNC -
H K>,COj3 (1.0 equiv.)

HoN DMF, 80 °C, 24 h
227 2
R = aryl, alkyl

:\:?HHQ

)=

RHN
228
11 examples
up to 68% yield

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

B 51 B AR I [ DRI FIURT R i 4 S
Scheme 51 Cobalt catalyzed reaction of benzo[d]imidazo-
guanidines and isocyanides

[F) 4, 20 MR AR M S S5 7O A e gk 3 1) )
R A 1100 0 R IO e AN S JRS PRI R S . 1% Je S ad - 8-
ZSEMEMR ) TR EF SEIL T 05 5 C(sp?)—H Wk, BArh
HERITFPKRESRT 3-I K 7 05| W5 AT 49
(Scheme 52). {AfF—HEM2, H)7EEMilE C4 7 FoAVH
AORECAAE AR, Winkhe . EoE ., MEMEEE, RN
WAREIREAT. BEJE, OGR4I Sundararaju PR
AP ARTE 7 SRABL ) I R

Co(OAC); (10 mol%)

0]
TBPB (2.0 equiv.)
N + RNC -
H N | Na,COs3 (3.0 equiv.)
N 1,4-dioxane, Ar, 110 °C
229 2
R = aryl, alkyl 0
(ZL
\
N N

230
28 examples
up to 90% yield

B 52 Bl 5 TR IR S5 G 10 S 7
Scheme 52 Cobalt-catalyzed reaction of arylamides and isocy-
anides

N/

http://sioc-journal.cn/ 2675



BIKE

SEAEHHER RS E X, THSR
WLE e R BRI AR . 2017 4F, 28R -
VENR S IG5 TSR RS AL S M A
(1) =2 AR BRI L, = A T AS R B IR AT A
Y. SEUENT RS S BEY IR FIFEANE, i
DFT TH5AEE I A 8l Ge g (2 i i 9 2 B4 & Y
B R -R O B R AE, IF Bz AR B
gt SR (EPR) IG5 B 1k — B IuE L. BT H i)
SEE TR R, (EE R TR S AL BN T e
SIS e OO AR BIE R AT 232, 1R S R
S RME Y A - B AR AA 233, BEJSE
KA 1,212 B3l N AR T8 B3 i %
iR AR 236, f o i B SEAZ B G [A]
FEY) 239, AR PEE TR AA R B AR Y 240
(Scheme 53a). JEANH FE 5258 A AN % P o 21k 5 5 Jik
S TG RERE IR 2 A2 ORE, S SRR TR AR BB e 25 T 1% S B
A,

B G, 2R UK s e e Bk, R FR AR R
I 5 mol% )k A 7R i mT DL S IR gt R 0T A= 4 1)
4 i (Scheme 53b). [FI4E, %R @14k S48 T REEE
B BAMAE YA 5+ 5 1 AR B (Scheme  53¢). 5
ZHTRIEA )02, R AR AR B — Tk — 0 Ji A [l
50T MR stz R gk s Moz b 4k, HANE
Y[ M S AR AN R =40, 2 R P e ik e i A R IR
Vi, JOSAE K B FH R S 2 A UK R ot e i A6 45 24
KA TE IR 05 5 e i A A, IS R AR i —
AR BIMEAE R 3- P B AT A4, IeAb, it ik
—PLES, AR R AT LU i AR AL BRI 0 s e i A
T P9t 255 A0 P ) S BRI IS A 542,

[ ) FH A U I R A, 2021 4F, 28R 1R
NSO I S AR A S T A 0 TR A8 e m U R
i RO S A A AW L, AT — R
W I -4 (D)~ Y0 i 4k & ) (Scheme  54a), %254k & 45 i
AT BRL 1R A T DA SIZ B g 53 2% P 2 M R A A 0 11 5 .
Ak, MRS RAER RGN Co ALyl NFUERT, it
% V2 e 1 ) A g s M IR 2R B AT AR ) (Scheme
54b). EAREEM R, ERMNTHE, B LA
RELRE BRI EE A, HEfttEmeth A2
HE R %

B, SRR B s BT AE I e G A0
S B ENERL, KR T Al TR A AT AR
Y& T J712(Scheme 55). HAS— 4RI, iZJ79%LL
KA, 1R KA NI R AR i — 2 1) 58
VIE B2 5 PR 7K AR A A 38 A A PR AT e Ao 3 12 ) 17 10
TR DS R Dk, R N T A =
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R' o NR
(a) O‘é’N3 . RNG + H CoC,04 (5 mol%) 87 L R?
Ry R?" RS MeCN,80°C,6h O N N
R3
231 2 237 240
37 examples
1 2 3 =
R', R4, R® R =aryl, alkyl up to 96% yield
Q‘s,l\_l-Q=NR CoC,04(MeCN), <—— CoC,0,
Ry IN-ge RNC o
“H R2 \\S,N3
239 1250
/ CoC,04(RNC), Ry
232 \ 231
R' o NR RNC
s? R? R! ,0
{ . 0 o
o o e
R \
240 K 0w ol
U
O\\S,N—C(:NR 233
R N-p3
Q “H T 2R R N,
2381 R \
N,
H . T
R?" °R3 ‘N:C;Eom-"‘ll
237 70, _§=0
R!' ,0 — — L 072
9 # 1
,Se R R 234 R
O’ N=C=NR N H
co'L, “(‘: é‘f
236 \ LS‘COl”’r'
- ~
5¢S'N
ri ©
235

2
OH CoC704 (5 mol%)_ OR™ @
27 —_—

3 Ng o
.S + RNC + R )\\ ,S’R
R! \\O R 80°C,6h H N “O
241 2 242 243
29 examples
R', R=aryl, alkyl; R? = alkyl up to 99% yield
© R = alkyl
CoC04 (s mol%h) L NG N,
e — -
R AN
H,0 O NHR
1 2
R'SONs | ecN, 80 °C, 8 h 245
244
+ 15 examples
o
RNC up to 88% yield
1
2 R = aryl R2 O°S'R
CoC,04 (5 mol%) ,\/ | N\ 0
—_—

NH
MeCN, 80 °C,6 h X

NR
246
19 examples
up to 97% yield
B 53 HifIBRS ARG R SRR 1 R
Wi

Scheme 53 Cobalt-catalyzed reaction of sulfonyl azide, isocya-
nides and different nucleophiles

[F4E, MR R0 ETHRE TR HS L)
RIRNE A B AL = BB RN, Rz N, B
57 5k B Je o A S35 A 7R Aol 3~ R I P 1] 4, 7
i 1 — 2 50 i 5 ORI R 26 4k & %) (Scheme 56).
JERAD 0 JE S 98 e B A5 A o 420 AT 5 2 g DGR S
FFRENS LArb 25 2 RAFICRAF ) B Fr 4.
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(a)
CN 1 O‘\s’ N; Co(acac), (5 mol%)
+ + —_—
" RINHz ™ 227555 Toluens, 80°C, 12

247 248 249
R', R2= aryl, alkyl, heteroaryl
NH

250

37 examples
up to 98% vyield

I o, 9
+ RINH, * ) _N3 Co(acac), (5 mol%)
toluene, 80 °C, 12 h

E CN R2" ™0
NC

251 252 253
R', R?=aryl, R® = aryl, alkyl
R3

Z N
|

NR' 0
/)\ _S—R?
N N (I'I)
254 H

9 examples
up to 98% yield

B 54 B AR EEE R TG AR & 2 A S
M

Scheme 54 Cobalt-catalyzed reaction of o-isocyanobenzoni-
triles, amides and sulfonyl azides

RZ
e . Co(OAC)#4H,0 (5 mol%)
@ N\_g! oo H,O rt, 12h
N
H
255 2

R'=H, aryl, alkyl, heteroaryl; R? = H or Ph
R® = aryl, alkyl, heteroaryl

R2
JCONH % RS

SN ST
Gry
N

256

33 examples
up to 98% yield

B 55 BB ERAT AR I i AR B AL S P I R
Scheme 55 Cobalt-catalyzed reaction of tryptophan-derived
isocyanides and sulfonyl azides

4 SREURBIOBARN

BRI EAE N 57 T B B A, BE b
L= EAA BRI AR, R
S A SN R SRE AR X D, 3 B AR R S IR
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N2 H CoBr, (5 mol%
J * RNC *+ ._N._, #’
R1” “CO,R? R3""“R* MeCN, 80 °C, 12 h

257 2 258
R"=H or Me: R R* R = aryl, alkyl
R®= H oralkyl

NR

RZOOC% LR
“N

R'" R4
259

31 examples
up to 96% yield

BR 56 HhfE L EAIRME . SRR 1 SR
Scheme 56 Cobalt-catalyzed reaction of diazoates, isocyanides
and amines

WHEFEEA 13-, w5 & FAm AR A4
IR S5 SR 25 T i A 5 A 8.

2017 4F, PA-FREUIVH R R THREL T o-FR/
F TR PR AME I b S B, i e s — R
BCAr S 11T Am N R . USRI L S 0
WO, mrrRMAR T 3,5,5- ZHUR DR EEER 1L 54
(Scheme 57). AN RIS K IN, ABAL R TR 2K
PR B 1 BEAEAH R 25 A N AR R AR SO, F 8 A ol e e
ORI AT AR, BhAh, I Z T VR AT DLSE L S A B IR
BRI (£ )- R 2R Bl 1) 1] 6 i, X U0 11 & BT V2
TERIRF=H) 46 17 171 L F 7 .

1 R!
R’ R2 AgNO3 (10 mol%) O R2
X T RN, tol 60 °C W
MeO,C NC oluene, R3’N\//
260 261 262
R'= aryl, alkyl; R? = alkyl 33 examples
R3 = alkyl, aryl up to 98% yield

B 57 R T o755 S8 TR AA R RN
Scheme 57 Silver-catalyzed reaction of methyl a-isocyano-
acetate and primary amines

WEIE I S5 7 2 M oy IO AR, (B S
HOTEBRED, G RAERAL, BHRYiE Y6 R %
PRI 2018 4F, BRMEAEEIR fE TR T DUR LE -5
i O JORLE B g — R R 7. SEERUER] C3
Jo C4 AL AN A RE A HUAR P e W R - 5l 240 3 AV K 110
VPR R B ORI B R, e Ah, i A 22 R AR R i e
W -REREFWEHRE T ZRMAER. AR
SRR R B S S DR R A AR k1) A
264, B RA R IEIE R N A B A4 265, RiE
T EE B W R IR B B AR T (A4 266, R HE ]
IR F N AR AE plHP (B AA 267 RIRE— IR FH, &
AL B A P28 268, 1% ] A 3 — 2B
Mumm =S 2] B A7) 270 (Scheme 58).
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BHLE
Rl ; R i R
Ag,0 (5 mol% -
+RNG —ao (Mol [N
< 0 pyridine (1.0 equiv.) /&
rZ N 1,4-dioxane, 80 °C,6h R2? H 0
263 2 270
R"=H, alkyl, aryl 42 examples

R? = alkyl, aryl; R = aryl, alkyl up to 97% yield

1 .R N'
R 7 HJL'_\I R2 I}l NR R2
I+ Ag 264
O" 269 267
i \ RNC
]
o J f<
! R RW
R P
X T
H 266 265

B 58 AL S -5 - A0 S G ) e

Scheme 58 Silver-catalyzed reaction of isoxazol-5-ones and
isocyanides

2019 4, G, EAEFEEEERIE TRMEL T S5k
PRI B B I ) AR AN S B PR SR, DA 45 28 RATHY
ey AR R T — RIZEIF[B)FIRT A K A 1i(Scheme
59). I BRFER AP IAAA L RFGER AL 7T
WHEAFAEILRE. SLIGSE AR W, 12 B 5% AR AR fi] 5,
B E PR 22, AN T 3 P A v 03I Y 3 S
NS I ORI AR SR . X A R R AR
(7 G MBI G, L 0 PR e e e S A 7 e e PG FE A A 2%
PER AR R AR

RHN
HO AgF (10 mol%)
— DBU (30 mol%)
+ RNC ———— >
— A 1,4-dioxane, 80 °C
- Ny, 12 h
271 2 272
2 3pd 19 examples
R = CH,CO,R%, CH,CONR°R" CH,Ts up to 89% yield

B 59 R TRI[PIZRTEN AR

Scheme 59 Synthesis of benzo[b]fluorene derivatives under
silver-catalyzed system

2020 4, B EIRBABILL = HER LT 2-F R
FORWERERI N ERL, KR T — MR T & s A
MR AT AR k. 1% B AR i o AN
Ji A ] DLt — A B = g R B 5 Wk 5 [ 1,2-¢ ]
MRS, PR SR RAF. RN TR B & 1R
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PR AT, S FIIRITIEAA I . 05 B R AR e 38 Re iR
RAEFAL, @I SIS, 1R T RE R BT AR an
T HAEEERCKRERREEH T AR =HMERL
AR 276, I 2- e 0 HE 2R PR A Ml I 80 A il & S
Ji N 277, BEJE A SR A% N B FE A 3 BUAR Hh TR 4
278, ‘B KA 1L1- R IT R4 N\ A i T FE AR R ) ik
279, i Jaid FUEAS 2 E AR 280 FEREBUE MR
F(Scheme 60).

FsC N,

3
N, CHO Ag,CO3 (10 mol%) R
JU o+ +RINH————> N
H™ > CF, NC 4A MS, toluene, r.t. @ N/)
273 274 275 280
31 examples

1
R' = alkyl, aryl up to 98% yield

=
NC

H
R1NH2
* [CF3CNyJ" 2.,5
)\ 276
\/v[ NC
NC

278

E 60 MM ER LI, 2-57 FUHK HEEAR I R B
Scheme 60 Silver-catalyzed reaction of diazoethanes, 2-iso-
cyanobenzaldehydes and amines

5 RECRBHEARN

2017 4F, PEKGESEFBHRIE TR T 2-FR-1,3-
PA O A0 S S AR R SO e e A N R A AL
PG R R R, DL RIS R T — R 512 B B
At & W(Scheme 61a). IR4F, 4L BRI IEIR 2k
AR SRS, KB T =M ER LK 55 AN 18 5
S AR, 2R 07 R i 9 AT, AR Bl
R SEAZ AR TR S I S e o R A, s B 2 BLAE A = 4
FERUAR A BRIV % 8% PR SSAT A= (Scheme  61b); 24K Ffi
S R, ORI R JE e 23 N ISR FUAM A e R
BT =R G IR S AL A P (Scheme 61¢).
2019 4, R ERIREABR R T RML T SR
EY TG AL 2 4RI N, A TR E A 2 mol%
IR I3 I SAG B — SR A T LU & RRAS [R] AR S
IRAEYI(Scheme 62). RPN R SCEG R B, B T RS
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@ 0 Rhy(OAC); (5 mol%) OH

R! N H,0 (3.0 equiv.)  R! 0

+ RNC
R2 2 acetone, 60 °C, 6 h R2 NHR
o o
281 2 282

R', R2=H, alkyl, aryl 18 examples

R = alkyl up to 81% vyield
(b) CN [Cp*RhCl,], (5mol%)

AgOTf (5 mol%)

H  oluene, N, 130 °C ‘

283 2 284 285

) 27 examples
X=0, NR up to 83% yield
e
© R [CP*RNClyl, (5 mol%) R

AgOTf (5 mol%)

D®
toluene, Ny, 130 °C =N

1
N 2

r/ 2 . N R

CF3 NC

286 287 288 CFs3
6 examples
1= CR2 = 3
R'=aryl, Me; R” = CO;R up to 70% yield

B 61 FEHEAL SIS S IR N

Scheme 61 Rhodium-catalyzed coupling reaction involving
isocyanides
R’l
[Cp*RhCl,], (2 mol%) N~
R'—N; + RNC + R? I
s ROH toluene, 130 °C R. )\ /RZ
H 6}
289 2 290 291
R'=R3CO, Ts; R = aryl 30 examples
R? = aryl, alkyl up to 89% yield

B 62 #MESENEY . TR &M
Scheme 62 Rhodium-catalyzed reaction of azides, isocyanides
and alcohols

BAEY). BREEELGYHRE

6 fAfELRBIEARKE

2019 4, ZRME ., BRAFSSEETHRGE 1ML T A0 R
FEOR TR TR B85 R0 200 2K PR B2 i ML S B, #%E T — 2R 51
% HUR 1) — A IR AT A2 ) (Scheme 63). R B K
B — A EE B R AN R LR
Mumm HEH 7T AR IR E 2 AN RMPIR. EHS
TEEMRZ, BR TIRNE. WRIGE. B A IR 5T A2 F &0 2 Y
W, WA PETT AT AR R I R R R RE e A T %k
JV7.

2020 4%, Orru PR BSHRIE T ML T 40 5 HIE R
R AR AL B, BL 10 mol%e ) M R 1 4
Fs 2 equiv.I = ZBONTE, BEME LR SICR & R C3
A EUAR v IR -4 - B 25 Ak 5 W) (Scheme  64). BIF 5T K 3N,

i SR T SR R T A R e R TR R SR R, T 5 A
Y 0 7 6 Pk D) 75 A T SR A T A SRR B ) N T

BT IZRNAR R,
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0 _~_ CuOAc (10 mol%)
oMe + e} [ dppe (10 mol%)

@ Ph)]\O’N\") PhONa (3.0 equiv.)
NC THF, 30 °C, 24 h

292 293

CL,

O)\N
294 ~o-
21 examples
up to 76% yield
B 63 A R0 4 FR I e ) Je L
Scheme 63 Copper-catalyzed reaction of o-isocyanides and
o-benzoylhydroxylamides

O
Cu(OAc),"H,0 (10 mol%)
OR' + R2NH, 2
Et3N (2.0 equiv.) )
NC anisole, 150 °C or r.t.

295 296 20 min 297

32 examples
12 2 _
R' = Me, Et; R* = aryl, alkyl up to 99% yield

BT 64 A A1 e UL AR BRI M 1Y) Js L
Scheme 64 Copper-catalyzed reaction of o-isocyanobenzoates
and amines

PE. BEAh, 553 A BRI X s i ik AT — S R,
RIS LA S R TR, RO B S R A

7 B4

ARk, WA LS R LR R AR E, AR
SRR RIETANRNHA T AFRREZR AR b
AL SRS RN SR A 426, Bk 1
AN, FREmASERE . R/ R ARt 2
WHF. S —J7 i, Ed R, B R, B B RN
F14 7 I 4 NS Bt B D SR B T A R 2R B D e AL S I
B, CHREGRNSTHED, B, k.
R, (B H AT Z U A/ LU R P (DI e
e PR S B AR N S AN RRBTE T it — 2D s (2)
B RS RIS YRR AR SN R e (3)BRA I I < )
AL A IS T SN SRR AR, B, B, 4
5, (DU LI A S I 38N S L R ST A AR
T, WRIRP“WIE S 230 T DIRERBIT R 4.
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