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Figure 1 (Color online) Visible-light-mediated radical coupling
cyclization of thiophenols and nitriles.
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Figure 2 (Color online) Copper-catalyzed tandem cyclization of
o-alkynylbenzonitriles with 2-iodoanilines.
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Figure 3 (Color online) SnCl;-promoted (3+2) annulation of
y-butyrolactone-fused cyclopropanes with nitriles.
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Figure 4 (Color online) Synthesis of indoles through Domino
reactions of 2-fluorotoluenes and nitriles.
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Figure 5 (Color online) Copper-catalyzed synthesis of indoles from
2-halotoluenes and nitriles.
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Figure 6 (Color online) Lewis acid-catalyzed synthesis of highly
substituted oxazoles.
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Figure 7 (Color online) Rhodium-catalyzed synthesis of oxazole
derivatives from nitriles.
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Figure 8 (Color online) Visible light-mediated synthesis of oxazole
derivatives from nitriles.

" R
2
Co(F20TPP) (1 mol%) o/$7
_CN _Co(F2oTPP) (1 mol%)
Ar * RW)J\CF:, o )Q\ CFs
16 h, DCE, 120 °C %
] under air Ar 8
,,,,,,,,,,,,,,,,,,,,,,,,,, oo B
8aR = OMe, 96%” =
8bR=F, 96% \_s
8cR = Cl, 9%
o 8d R = COMe, 87% | .
’ MeO,C S\ s

\
MeO,C SN CF; 8eR=CO,Me, 91%"°
8f R =NO,, 87%
8g R =CF3, 97% 8h 83%

b}
b &
b
Z
o)
\/;"
=
[}
g
S
o
o
2
o
"
T
4
/:;
]
m
@
z
5

Ph
o 9
pn. CF3 Ph +-CFs
S~z N Monocarbene cycle 2~~~
4 N, H'\\l N RVHTARN
N/CON Co
N R \\ — Ph \ \ \\
c : l /
o”' N
BH3

B9 (MR IR Bl A G & BT A4
Figure 9 (Color online) Cobalt-catalyzed synthesis of oxazole
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Figure 10 (Color online) Cobalt-catalyzed [3+2] cycloaddition of
nitriles and a-aryl-diazocarbonyl esters to synthesize oxazole deriva-
tives.
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Figure 11 (Color online) 1,3-Dipolar cycloaddition of nitriles with
tetrazoles for the synthesis of 1,2,4-triazole derivatives.
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KN(SiMe3), (3 equiv) AR Ar'!
TR toluene, 100 °C U

R 11aR=F,91%
11b R = CF,, 72% Me2N Q ¥ O S
W 11c R = NMe,, 92%

11d R = OMe, 85%

11e R = Me, 93% 11f 60%
Proposed Mechanism m
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2 J
Ar A2 O
A N Ar H,0 =
\ = ON | *=— pyu
Ar! Arl

B 12 (MR R BEAR 3R O [3+2] 3R I & I N-H 7 25 1,
%S

Figure 12 (Color online) Base-promoted synthesis of N-H free
pyrroles via net [3+2] cycloaddition.

XA Rt — BT

3 (@H2)IME L

20184F, Matsuo25"” {3l T LewisBR AL HI3-75 2
TR R0 R[4+ 215 0 B A i — S Pk e e 47 2B 4 T
F(E13a). %07 M8 1) = B R 5L = B0 R IR
(Me;SiOTE (2 equiv.)/WEA— PRI ER AL R, 7%
SRR EEER, M HADLewisFR W1SnCl, AICI,
BTiCL I BB A B AR 72 26 (0 7= 1 B J B AR A TG 2%
A0 B 38 1 — L= 2 b A5 R i s i
Z N, AT F RS FE3A Y, H A1 AR
(75 25 I 7 WA, e SZLewisFRHE AL FFR T R 2 Ho At
Rl o AN R 400 55 4 B P [ 4+ 203 0 R s 7
N LR S R uRY = A

b5, Pagenkopfs il T LewisBRfiEALIR T k%
G R0 R R B A I (421 A B DY S B T
W), PEERERI1% (K13b). 5 ERAFRRZ, M4EY
R T ERAS IR T BEit, SnCLAEAL I BUR B, HR
VIR 1S 2 E RS THG461; 775 N 18%~91%), ik
P25 (1) 05 7 I 7 R AT AR T 1 2 O A i

1S A BR 33K 248 3 A L 45 b R AR P DA S A
EHEAGY TR, BEYUE. LA PUBMEYSEE
FRTOHOST B, T 2 A58 B v A0 v AR I 5 7 125 L
HEEGE L. 20184, WHS NG T —Fhia



FRERRE: L2 2025 4 BB 55 E B 12 1

(a) Matsuo, 2018 B o

O R2 R!
oCON tt MeSiOTF (2 equiv) R2
Ar MeCN, reflux, 2 h Ar N/ R
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(b) Pagenkopf, 2019 14 examples; 22-69% yi1elds
R

R2 " 2
R,CN + l:t SnCl, (1.5 equiv) /(\/ER
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Ar MeCN, 55°C, 3 h Ar N/ R

13
34 examples; 18-91% yields
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Figure 13 (Color online) Lewis acid-mediated [4+2] cycloaddition of
(a) cyclobutanones and (b) cyclobutanes with nitriles.
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Figure 14 (Color online) Synthesis of quinazolin-4(3H)-ones via the
reaction of 2-halobenzamides with nitriles.
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Rz Pd(OAC), (10 mol%)
i N\ bpy (12 mol%)
(a) Ar — N THF/HOAG (v:v = 3:1)

120°C,48 h

15R1
17 examples; 10-62% yields
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16
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Figure 15 (Color online) Pd-catalyzed syntheses of (a) S-carboline
and (b) y-carboline compounds.
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(a) Wu, 2016
KOBu _ KOBu(2equiv) _
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21 examples; 28-81% yields
(b) Wang, 2024 NH,
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N
/ &

15 examples; 42-84% yields

(d) Li and Walsh, 2024
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18

23 examples; 40-90% ylelds

(c) Wang, 2024
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L
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{:L

(e) Ma, 2023
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Ar/CN & R—‘ _ KOBu(1.5equiv) =
L P CPME "CPME, 120°C, 24 h
19

27 examples; 14-87% yields
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(a) 2-FHHEZE i mlﬂ%#@m(mzwgﬁﬁﬁﬁ&L
SR (o) 2-FHHE IR S R 5 A ol 1 - B O e I AR
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1-H

Figure 16 (Color online) Base-promoted syntheses of isoquinoline
derivatives from benzonitriles. Synthesis of: (a) 1-aminoisoquinolines
from 2-methylbenzonitriles, (b) 1-aminoisoquinolines from 2-methyl-
benzaldehydes, (c¢) 1-aminoisoquinolines from 2-methylbenzonitriles
and aromatic aldehydes, (d) isoquinolines from 2-methylbenzaldehydes,
(e) isoquinoline-1-ones from 2-methylbenzaldehydes.
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(a) Li and Walsh, 2024
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Figure 17 (Color online) Reaction mechanism of o-methylbenzalde-
hyde and aromatic nitriles under (a) LiN(SiMe;), and (b) KO'Bu
conditions.
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Figure 18 (Color online) Construction of pyridine derivatives by
[4+2] cycloaddition of (a) 2-alkylarylacetylene, (b) 3-phenylethynyl-
benzoheterocyclic ring and (c) 1,3-conjugated enynes with nitriles.
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Figure 19 (Color online) Plausible mechanistic pathway for the
synthesis of pyridine derivatives.
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CF3 OMe
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Figure 20 (Color online) Cobalt-catalyzed chemoselective n-6-n-type
tandem reductive coupling to access isoquinolines via carbocobaltation
of nitriles.
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Figure 21 (Color online) Base-promoted nitrile-alkyne Domino-type
cyclization for the synthesis of imidazoles.
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Figure 22 (Color online) Gold-catalyzed three-component [2+2+1]
cycloaddition to construct azole derivatives.
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Figure 23 (Color online) Transition-metal-free (2+2+1) cyclization of
alkyl nitriles and ortho-cyanoarylacrylamides.
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(@)Park, 2017 oy RE RO R R
® N
I CuTc (10 mol% Ph
Ar/CN + Rl A Mes 4 Il _Sulc (10 moik) RIC X
T MS 4 A, EtOAC CAN P
° i r
Ph 75 °C, 40 min 27

34 examples; 53-91% yields
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R =
= N T O/N Ar
> RIL —
H R ©/ cu m Ph
X® 2R3
Rt NR?R
=
S} 2
(b) Huang, 2023 oTf R2 Ris

CUBF (10 mol%) AR

i i
_CN S “Mes + — e 1
Ar * R1©/ f EtOAc,80°C,6h R o lis =
3 2 N Ar

5 44 examples; 39-88% yields
R

R

cu / ()/Cu”I R? R3 SZR
I~

Bl 24 (MEREEDIML 55 M. (a) KRR

(b) BRI & AT A4

Figure 24 (Color online) Copper-catalyzed synthesis of quinoline

derivatives from diaryliodonium salts, (a) aminoalkyne or (b) thioalk-
yne, and nitriles.
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VE R RN ZFEA I AT e A B A R C-HIh REAL 1K i 5 2
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oTBS _,

oTBS R? . 3
Ni(COD), (5 mol%)
S PMePh, (10 mol%) N\ _R?
(@) e Bl e /
5 (20 Mol%) =
CN R3 toluene, rt, 24 h 29 R2
23 examples; 45-89% yields
2
RO . R NicoD), (5mol%) Rz R X
®) X> % ‘ | PBujs (10 mol%) N\ R
= BPh; (20 mol%) X
R* toluene, 50 °C, 24 h N7 RS

30
13 examples; 31-94% yields

Bl 25 (M5 ) LewisfR VB OARHEAL (a) FRdk-05 i B
(b) B~ B 15 1 [ 22+ 205 I A 5 ¥

Figure 25 (Color online) Ni-catalyzed [2+2+2] cycloaddition of
(a) alkynyl-aryl nitrile and (b) alkynyl-alkyl nitrile assisted by Lewis
acids.
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VRS {4 SR ZEIE — 2 R RN (R [2-+2-+2 ) I sl (&
26a). WHEAE LA K T — R R A BRI ZE
BT OBRIRY), BT BB e T A, 1Tk
J7HEE A MENE Ay, TEBTE R T HEAR R B e
AARFRBACKI TLOIR. e AT w2 g i s 3R
FE AR AL I 25 3 — Z B R R S I [ 24242136
TR R, 1A 58 B4R AR P B2 T v A A £
W (HPLC) 7 & FE 0 9T 17 10 05 J 7= 1 () B 07 ik el 1)
PRI E s H s 1 AR o il e o P R R b S o}
TILFCED, MATEN E T 4ME R4 5 22
(AGY), VW T i TLCHR B 2R AT I A AR, R

(a) Hapke, 2016 Y.
X Z ya Ar

Y |
I |‘| [CPCo(COD)] (1-10 mol%) X~ Xx»N
_CN hv or MW/heating
Al OMe
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0-140 °C

31

11 examples; 14-93% yields
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oN . M Xaniphos @omo%) /P A
Ar — M Cs,CO; (1 equiv) N
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Me 32
49 examples; 10-99% yields
(c) Konno, 2021 R3
— RS CoCly(phen) (3 mol%)
N, R ZRBr, (10 mol%) &5 Ar
Ar” . Zn (10 mol%) SN
Rﬁ—z =—CF; DCE,80°C,3h i1
R R® CF; 33
31 examples; 6-98% yields
(d) Wu, 2021 R3
— 3 Co(OAc), (10 mol%)
N, 4 bpy (0 mol%) N Gl
Ar N Zn (0.5 equiv) <N
R! =R Znl, (0.5 equiv) R
R? THF, 80 °C R? Re 34

24 examples; 80-97% vyields

Bl 26 (M4 W ) < JR AL 1) BRI (R [2+2+42) 38
INAI L. (a) B BREE SR (b) & 1 TP R S R (o) B
SRR BRI (d) A R B S P R

Figure 26 (Color online) Transition metal-catalyzed [2+2+2] cycload-
dition of diynes with nitriles. Synthesis of: (a) naphthylisoquinolines,
(b) methyl isoquinolines, (c) trifluoromethyl isoquinolines, (d) more
widely substituted isoquinolines.
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Figure 27 (Color online) Mechanism of cobalt-catalyzed asymmetric
regioselectivity cycloaddition of diynes and nitriles.
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Figure 28 (Color online) Iron-cobalt catalyzed [2+2+2] cycloaddition
of alkynes with nitriles.
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Bl 29 (IZRSOR ) B il AL e S5 6 () (24 2+ 2R 2
Figure 29 (Color online) Cobalt-catalyzed [2+2+2] cycloaddition of
alkynes with nitriles.
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T I BRSO S, ABATTIEAT T LA K RS EG.

Ar
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, , AN,
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Proposed Mechanism
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Figure 30 (Color online) Copper-catalyzed [2+2+2] cycloaddition of
acetophenones with nitriles.
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Figure 31 (Color online) Palladium-catalyzed cascade cyclization of
benzonitriles with iodobenzenes.
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Figure 32 (Color online) Mn-catalyzed [2+2+2] cycloaddition invol-
. . 3 . . .
ving silyl C(sp”)-H functionalization.
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FIMEE 2 A%, IhAbh, ZRALE T AL E R R
SEHL T HREGEIEC(sp’ - HEE B fe MMk, A1 3- 4k
TeE e R IR S (1 1 — o Hems. B SR AT
Bl R TEMARGEAE T, MM W (LD TBP A 54
PRALRCT R E hEAM" (BuO)Y R, AR ST
AH B SRR AR RO A B C; HHE
N-(2-55 3 T 5 ) R M M o PO BB SRR i e, 77 A
FE L (AR D H AR D AR B b R 3 R S
S H G O S R A B, B S T e
B i3 5 L C(sp))-H B BET 1,6- 2R T 1% 72, 15
B R EHAE; fJa, HIRRER 7 IR~ EF, SR5
ZEMn" (‘BuO) Il (1 8 o T AL RBE T -4 F 7% 2 B
.
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6 T INERL RN

BT, FFHIN-2-F3E-[1,1-B 2K ]-3-3%)-N- 3 75
e (La)VE v JEURE, 38R AT G (b 1 2B b I
A ML RE H:[4,3,2-gh) FENE AT AE M RN A R IR 3R
W, 20174F, FhEERE ST R T — R T OGS
PRI, F T 1ETC 4@ 2 fF T4 A e 2 2 A
FR IR VE MR IR R B BEAL I e £ [4,3,2-gh] FEAT A4
YI(FE33a). OB A 1afl g JE H R F B AR A A R4,
7£5 WHELEDHIHES R, {fHBosin YAE AL,
FERUT I EALYI(TBHP) AEAE R, B LA IR
PAFEbR=. %7 RHA PR R
R, R TEG I m S a, WS Z IR
T RE RS, SRR, RN H A RS
G AR, el gk Ll1a ik, H2- 2
JiE B A b 2 I R IR, SE B 2 B A v e 5
[4,3,2-gh FERTAEDIIN & 1 T7 Z(BI33b). Bl fE, 1R
1O R ST AT AL R T R4 N (&1330)Ek
R IR N (B33 d) M R E I [4,3,2-gh ) FERTAEDY)
7%, 20194F, e 25 ks iia ey, FIH
(50 328 BRAR A I [ S e -3 (2 ) - - 1,1- — S e
1ERSCF; H A RO, BRI T ] Woe 3
{14 N- (418 L 1B 757 5 ) 7R s Ok A e DK A AN = 3 HF L
R T E(K33e). 1% MIE T 2 oK H H = 0 P 2
BRARL/ R N 4T, PAoh S S BT I 7 R iR
BEH R & SCR IR & ST 2By, Bl VT
R I I A NS e R A D B SR PRSI
SRR F BE AL L (4,3, 2-gh FERT A (EI336). 7RI
R S B Z A R HEAT B S R B B, R T
JIZ B R, X R B T 3R R
i, [FIRREAE A G oD B 5 NBERGES, (HJRr=
H 2 .

I e B LA FRABA R e A PR s AL, 3
A e T A IR IR, DA SR
SRR, xR LA AT RSN R (E134): I fiEfk
M fac-Tr(ppy)s17E A WGBS T 2 = AR BMR S
[fac-Ir(ppy)s*]. SCF;[H HIZEA (SCF) M"Y 5 &44;
“SCF, 5 B 14 1 18] 1 FH 28 0 B E  1 1h 326 o )
B, 1% RS 2 T SR IR, 1580 W% 5 H%C; T
f& 5 HEECH KRR A4 TN 75 IR, 1931 H 2t
A AD, 1% FF A AR 75 5 R T R e A R AR A,

(a) Sun, 2017

o
5 W white LEDs
R > N * H2N R“ eosin Y (2 mol%)
L~ CN RZ R? TBHP (4 equiv) \ /
£ ‘
R co R

DCM, Ar,
1a

(b) Sun, 2017 28 examples; 45 81 % ylelds

5 W blue LEDs N’
+ BICH,CN  _fac-ir(ppy)s 2 mol%) | — o
CN R2 R3 Na,COs3 (2 equiv) / \ R3
DMSO/MeCN (v:iv = 1:1) CH,CN
1 Ar,rt,32h R'\= 40

(c) Sun, 2018 30 examples; 33-87% yields

o R?
5W blue LEDs N
R1C 3 N +  'Bu-CO,H €osin Y (2 mol%) o
Z CN R? (NH4),S,05 (2 equiv) / \ /
DMSO, Ar, 12 h By
ia Ri= 4
(d) Sun, 2018 30 examples; 58-82% yields

/

5W blue LEDs N
N + CF4S0,C1  Rulphen)sCly (2 mol%) o
Na,COs (2 equiv) p R?
MECN, Ar, 12 h / \
CFy
RI\= 42

(e) Ji, 2019 30 examples; 49-82% yields

RZ
6 W blue LEDs N
N SCF, fac-r(ppy)s (2 mol%) o
CN R2 MeCN, 24 h \ K
/
SCF3

(f) Pi, 2025 22 examples 42 75% yelds

15 W blue LEDs
N R4 N N = _Ir(ppy)s (2 mol%)
CN RZ R® BF, DTBMP(1Zequ|v)/ \ / F<3
e

1a

35 examples; 21-70% ylelds

Bl 33 (M2 ROR ) AT oA %MM%ﬁmsuwﬁwm
AV B U (a) BE1E; (b) ZH ;5 () T #4k; (d) =
AL (e) =9 I LARIEEAL; (f) MEfZAL

Figure 33 (Color online) Visible-light-mediated synthesis of pyrido
[4,3,2-gh] phenanthrene derivatives: (a) esterification, (b) acetonitrile,
(c) tert-butyrylation, (d) trifluoromethylation, (e) trifluoromethylthiola-
tion, (f) amide.

R C TR TE, ARSI AT fac-
Ir(ppy)s]; #o)e, EMIZ5 A0S B 7 A 5 FE e
P

B 7RIS B BIAE, BTN ORISR
T sk Y G A ) V(BT SR I T ) TR A T e e
BT R, 20184, 2R &R R T — R AL
(2- T HE-3- 05 B R IR e AT A2 M 5 TG I A4 B H ik
PRI BL(EI352). %% N EACu(OAc), (10 mol%)
AT AR F BT BR(TBPB, 2 equiv)fE %
7], NIEEARILNE 5 [4,3,2-gh) FERE$2 4L T —Fh E
PR A AR, R R E e dln sz, A
FEAZ RN PR 2 T e = A AR . 5T Lk
AL AL 2, %R AT IH 2 B HE SR LR,
TBPBYENFAAE F 25 5 ¥ 24 9 FE [ bl i A0 2 R
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Bl 34 (MZHRFE B A BE 5H[4,3,2-gh FEAT AP 7T B8
(1 5 LML

Figure 34 (Color online) Possible mechanism for the synthesis of
pyrido [4,3,2-gh] phenanthrene derivatives.

(a) R?

2 Cu(OAG), 10 mol%) N o
X N)K/ . e TBPB (2 equiv) —
I g 4 — ae e i ™ 3
R v re mo RO Tacizocc iz g o\ Roen
R=/ 45 R*

® 24 examples; 40-81% yields

o o R

N
' N i F'h)J\O’OT( PhCI (2 mL) = 5
Ry J o r R CHs  Ar, 100°C, 12h & R3
TBPB (4 equiv) ‘{ N CH,
RA= 46

11 examples; 46-78% yields

Proposed mechanism

o
Mo = +
Ph” O \ﬁm {%o-
PhCOO+ / 'BuO*/+CHs
CH,CN “CH,CN
PhCOOH/BUOH/CH,

Bl 35 (W% ORIl ) 4 A O N- (AR IR IR 55 56 ) DR 0 R e
BRI, (a) A RRFIR I ILE I (4,3,2-gh) FEREAT AL
; (o) HEEHUCINENE I [4,3,2-gh) FEBERT AW
Figure 35 (Color online) Copper-catalyzed cascade cyclization of
N-(o-cyanobiaryl) acrylamides. Synthesis of: (a) nitrile substituted

pyridine [4,3,2-gh] phenanthridine derivatives; (b) methyl substituted
pyridine [4,3,2-gh] phenanthridine derivatives.

AE M, BEJE T OIS HEATIE A O S R U
SEE L, e S E BN, XA S A
342840, BT AT A 1 H AR ) ER R U T e S U
e H TSR SN ST IR A
EmMZh AR B, HITZAAE T I
BV, B C YA LA — DR R AL SR
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ik, AT R T OIE TR R R O e e
[4,3,2-gh]FEWENT AN I BT R A6, FE T — & )R
W& M 22 (JE135b). HSX it 7 5 AR i )
ANFI(E23), 24755 5B 75 BRI, ERZ H
N5 2 f§a-C-HEE B HEARS KA [2+2+2] 30 I
MAFAEAL A J7 FE 0, R R A S 5 0T B AR A
C(sp*)—HEEE S I A FIE I I [4,3,2-gh] JE0E. X 4
TAEF ST AT — AN R 5 e e i) L8, it
FHOCER R B T SO X R — AN BRI S AT 3,
X AT HE AT LALE S B T s A R T

Bt JE, ZRE !k s T AR - TR
2B HE -3 -0 R R JH AT A T TR s T e 1) S S AR R B BR
b B (E36). [N LAAg,O (5 mol%) A fi 4L 7],
(NH,),S,05 (3 equiv.) NEALFA, FIRA & Fh & Ik HL
RIIIERE I [4,3,2-gh) FERESR AL T —/ME RN BZ. 1%
SOOI K IH 2 3 B IR 1R, o-BRERTE S AL 74 A
IPEAR K E A, RS SR EEAT B B SR

WS FE AR AT C(sp ) -HER TR AL IR T N-(AB AL B 75
B IRmERE AL, AT DAFh 3 3- 5 -1, 1-B K ]-2-
EIX RN, 20194F, DR HRIE T Mn(I) A 5
BT 8 2 Thie s W IR e 5 5 IR 0 SR B S, T4
FRH S e B2 S (&137). 1% 528 LAMn(OAc);-2H,0
(3 equiv.) AT, JEFE HABG NI, BI AT R e 2 A
R ED). YR IE M R AF, FoR 2, VAL
R 75 FEBI AR 1 SE1E & JBMn AL T P24 55 3k | 3
WG Je)E 5 mEdt. LA REMEE, P ERTKA
HH gt — 2 5 I 95 S AT L C(sp”)—H B ER AL 1 4 A il 2%
FEW. IR N R 2 — B2, ER T I R ) e
P, 23 I A 55 BL A C(sp?)—HEE ST 15, 24 8] 7
AETERUR B I, M 2= AR & 4. Lk a] Woeskiid
T 4 AL I N-(AT IR I 5 28 ) TR M T e e TR A e
L —FEAFLEIX 2 1] 75t

54k, SinghZ! IR T AR AL ) 2- S -3-
10135 A5 AR A S5 B A BB AR [ 2K 96 [b][1,6]-2%
ML RE B 7 R (E138). 1% B 4 PA2- S k- 3- i 4 S
K, i 1d Sonogashiraff I S B G il 2- 48 £, Ik gz k-3 -
&, SRIGFEPA(OAcC), (2.5 mol%), =K IL [ (PPh;,
5 mol%) ALK R T, [N 5~60 minR[IA] A Bl 2 Rl
RIGZEIE[B][1,6]-ZEMEIE A, ZR DR T —FhA
TR, AR & — Rl R, S
SR G FO BRI AS R BRAR = 4. 24 LU i R s %
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/

R2
o N
J\% 2 Ag,0 (5 mol%) = o
R1L N + R"HOH NH,),S,0z (3 equiy] W, R?
F CN R? R® v=1: N
o acetone/H,0 (viv=1:1.3) 5.
R! R*
47
o

30 examples; 33-66% yields

B 36 (MR a-BiiR 52- W 3E-3-Pa B AT E
e AR B S

Figure 36 (Color online) Decarboxylative cascade cyclization of
a-keto acids with 2-cyano-3-arylaniline-derived acrylamides.

= X
R'T P R'G
- BOH), _ TN R
CN * Rzl_ Mn(OAc); - 2H,0 (3 equiv) S S\
=
- toluene, Ar, 80 °C, 12 h N/ \ 7

O 48aR = OMe, 74% 48e R = OMe, 63%
= N 48b R =F, 73% 48fR=F, 73%
x 48c R = Cl, 69% 7N 48gR=Cl,60%
O ) O R 48d R =COMe, 47% s, 48h R = Ph, 60%
; >
N

B 37 (M ROEIE) Mn(IID) /S 13- 5 U1, 1 - IR AL -
2-J1E 55 75 TR 1) DR IR A S 2

Figure 37 (Color online) Mn(Ill)-mediated cascade cyclization of
3-isocyano-[1,1'-biphenyl]-2-carbonitriles with arylboronic acids.

(a) SR'
N CN Pd(OAC), (2.5 mol%)
R + Nas . PhaP (5 mol%) _ o Sy SN
NN 228 + RX —BuF, 80°C, Ar LA AA,
X 5-60 min N R
R? 49
19 examples; 75-85% yields
SZ'\ " s
=
i NYSSN
FCA "o NT PR
N
RZ
® KRS
oN Pd(OAc), (5 mol%)
REC Y R PhsP (10 mol%) 7 Sy S N
Iy NS K,COs (2 equiv) LN NN 2
N MeCN, 80 °C, Ar N'go R

R2 ®
9-24h 13 examples; 65-83% yields

Bl 38 (MZERCEIRD) (a, b)FEMEALAI2-IK Z IR IEmEI-3-fiE &
BRI [D][1,6]-Z=MEBEL 54

Figure 38 (Color online) (a, b) Pd-catalyzed synthesis of benzo-
[b][1,6]-naphthopyridines from 2-phenylethynylquinoline-3-carboni-
triles.

FUREAT NS, 3 AT 15 B R 2R I [b][1,6]- 25
I TR (=) IS E Y e v/ K et 7/ I B B VR '
S B R IE[D][1,6]1 25 0E-1(2H)-TH. B

TF Ry s B ARG RN B 2+ & . AR
i RSN 2 R T 52 R SE I AR, HBk R
MBI IR TR . R, TFREZ IR
RUZRIE ., AR RGeS0 TS a1 g
WREAEEERHT TR X

7 BEHRYE

Zi LR, HT SRR UEMERS] R,
T MRVEESEEE T Z IR, DARIEE T
(1) J5 ARSI B 5 I 11 e R AB G A2 H AR A 7 34
M. ARICVEESS T I T4E(2016~20254F) k5 T
75 & NG AR S A, CAREAS R R B2
RT3 2K, BRGNS (4+2)F 40 SR
QA2+ IRL I (2+2+2) IRk 5N F 43T N 3R
RL FHFEAIRIR T RN BREEEE. L
RO R NS, 25 R 305 S TE A HLA B 38 1,
ARLRIR RN BIVF 2 N ECT 0] LI 90 SR A
FH G BETT A5 SR ms R BB, AN AR I S 50 B R R
WK E TAENA RITVES, (R T 299102 UL K
B 2 4 55 AT KR

BT RO AR, BATE DT R 0 R
FEENGE T LT T CeNE I T RICHSE
O RE. NEF RIS FRERET 52
1% 4 )& Bl LewisfiRi#E 17 o- L {3 (o-coordination), 4 5#
ToRHBRIE TR RN, R TSR ; C=N
) AT DL 0 U 4 )8 #3E 1T r- LAV (r-coordina-
tion), M€ 3t I 42 8 1,208 N 5 L I C IS
B R VE 2 SR AR G b B 5, A RO i 47
TECH S5 B BRI RCE O B, BE S R ER TE K
PR

S IR I T 05 G BRI R AR U i Jg s T
ETEA LA IO %, AEZ AT A 7E — e 75 2L
PRI (1) 350 I RATS 75 ZEAH X 7 22 (4 5 2 5% 1
AyasE s SR, BRI T E Re T 52 1 A AE 5 I
DIRe P e (2) RMRECN R —, Z 50K
BRI 2 R B ke, 580 BN = 2 4
e BT A, DR TR R AN R S AL A A
SR AN (5+2)MME B (2+2) A R R 52 (2+1)
IR RE) K TSR I 2 R e b S B
R (3) IR R 2B T A BUS I 4 )8
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Recent progress on annulation reactions of aromatic nitriles
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Abstract: Aromatic nitriles are one of the most inexpensive and readily available raw materials in the chemical
industry, and also a class of important synthetic intermediates, which can be widely used in the fields of
pharmaceuticals, agricultural chemicals, dyes, perfumes, and functional materials. Due to the existence of a polar
unsaturated carbon-nitrogen triple bond conjugated system in aromatic nitriles, the nucleophilic reactivity of lone-pair
electrons on the nitrogen atom, the m-coordination reactivity of carbon-nitrogen triple bond and the electrophilic
reactivity of the carbon center all endow it with unique and interesting reactivity. For example, nitriles can participate in
many organic reactions, including intermolecular or intramolecular alkyl insertion, nucleophilic addition, radical
coupling addition, 1,3-dipolar cycloaddition. These methods can be used to synthesize various nitrogen-containing
aromatic heterocyclic compounds with high synthesis efficiency, and can be applied to the synthesis of related natural
alkaloids and their derivatives as well as bioactive compounds. In this review, according to the classification of
reactions, the recent progress on annulation reactions of aromatic nitriles under different catalytic conditions in the past
decade is reviewed. The universality, mechanism and application of reaction substrates are discussed in detail, and the
development prospects and limitations of this field are also summarized.

Keywords: aromatic nitriles, carbon-nitrogen triple bonds, nitrogen-containing heterocyclic compounds, annulation
reactions

doi: 10.1360/SSC-2025-0179

3355


https://doi.org/10.1360/SSC-2025-0179

	基于芳香腈的环化反应研究进展
	引言�  引言�
	(3+2)环化反应� 化反应�
	(4+2)环化反应� 化反应�
	(2+2+1)环化反应� 化反应�
	(2+2+2)环化反应� 化反应�
	三组分(2+2+2)环化反应� )环化反应�
	二组分(2+2+2)环化反应� )环化反应�

	分子内环化反应� 化反应�
	总结与展望� 与展望�


