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Abstract N-Aryl phthalazinones are important nitrogen heterocycles widely existing in the natural products and drug mole-
cules. Meanwhile, N-aryl phthalazinones are also very significant substrates for organic synthesis. In recent years, with the
development of C—H bond activation catalyzed by transition metal, the synthesis of nitrogen heterocycles via the C—H bond
cleavage of phthalazines derivatives has attracted attention of chemists. In this paper, the recent progress of the transition met-
al-catalyzed C—H bond activation reaction of phthalazines is reviewed by classifying different coupling components, and the

reaction mechanism is discussed.
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Figure 1 Selected examples for phthalazinone bioactive molecules
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Scheme 2 A plausible mechanism for Ru-catalyzed regio-selective annulation of N-aryl phthalazinones with propargyl alcohols
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Scheme 5 A plausible mechanism for Rh-catalyzed C—H/N—H annulation of N-aryl phthalazinones with alkyne
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Scheme 14 Rhodium-catalyzed spirocyclization of N-aryl phthalazinones with maleimide
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Scheme 17 A possible mechanism for Rh-catalyed annulation of N-aryl phthalazinones with S-nitroolefins
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Scheme 19 A possible mechanism for Rh-catalyzed annulation of N-aryl phthalazinones with allenes
2694 http://sioc-journal.cn/ © 2022 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2022, 42, 2682~2702



Chinese Journal of Organic Chemistry

CsOAc (50 mol%) i XX
0O 7 g DCE, rt., 16 ~ 18 h, air RT
P R Q
O ON . 311\er4 [CP*RhCl,], (2.5 mol%)
R'=— { R
___NH
N>
0 AgSbFg (10 mol%) N
32 33 RUC
DCE, 110 °C, 14 ~ 16 h, N, =
o)
N
N OH
R* COOMe
o) COOEt
34a, R® = Me, R* = COOEt, 86%; 3 4 0
34b R3 = Ph R*= COOEt 69% 34c,R3= Me, R* = COOE, 81% 34d, R"=Me, R SSOMG' 68%
’ ! ! 2
R
F o)
o)
N
N N_A_O
N
N COOEt I COOEt
o)
35a, R? = Me, R* = COOE, 83% 35b, R? = H, 68%; 35¢, R? = Me, 65%; 35d, R2=F, 66%  35€, R3 = Me, R* = COOEt, 15%

B 20 AN IR AL N-JT SRR 2 5 1K) [4+ 1)/[4+H 20 L i
Scheme 20  Additive-driven Rh-catalyzed [4+ 1]/[4+2] annulations of N-aryl phthalazinones

R3CO0O"
—R2 Nucleophilic
R4 2 R1 addltlon
NH o<
=/
O 114

OoJ

O 111 o 34
[4+1] annulation
path b ] OAc” product
_ [Cp*RhC|2]2
0
\+R2 AGSDFYCsOAC
N N 152
I LN
R1.—/ '{‘Ho HR“ AGCICSCl N R
R )
OME R® [Cp*Rh"X,] LA NH
X = SbFg or OAc
path a 0 =z ) RZ HX 6 O 32
(0] /+R2 N N X ' R4 C-H metallation
NN R N H
R0 ! R* = P
7 NH / Rh--O R3
o R ©cp
11D N— Rh
confirmed by 'H NMR & HRMS
. HX O 11A

O ¢pr O Migratory N— Rh‘Cp*

11C insertion I
\ 0 R4

1B

Nucleophilic
addition & Carbene
- o} 2
dehydration TRz insertion
XN
(0] & R R1:—\ '}‘ RY s
o N. R
N NN Z th N N
R | |
AN~ Ré
o R®

[4+2] annulation product

B 21 TG R AL N-JT REBRR S S K [441)/[44 20 L RE AL
Scheme 21 A plausible mechanism for additive-driven Rh-catalyzed [4+1]/[4+2] annulations of N-aryl phthalazinones

Chin. J. Org. Chem. 2022, 42, 2682~2702 © 2022 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 2695



BHUE FRGHRE
R' R2
Q N .
2 [Cp*IrClyl, (2 mol%) o
NH o o AgSbFg (20 mol%)
| ¥ X
N DCE, 100 °C,14 h \ ©
| —R3 N>
(@] = R' R? LR?’
o] S )
36 37 38
o) o) o o
AN N
'?l o N A 0 l}j X o)
N R u
© cl 0o 0.
38a, 89% 38b, 93% 38¢, 82%
Ph
o 0
% 0
N N S0 NTS
E o) N N
0 o)
o)
38d, 86% 38e, 81% 38f, 86%

B 22 HfiEh NS RN 13- R-2- AL SR A C—H S A/ R B
Scheme 22  Ir(IIT)-catalyzed C—H bond activation/annulation of N-aryl phthalazinones with 1,3-diketone-2-diazo

4 HTEREEKAS

H5ERANEUAFNIE, a-PIEEAB M L8 E T
B, ZeR-REAE. AERANT IS E S BN o-BRE
AR LS 51 C—H IR AL R M AT T AR M,
2019 4, Sakhuja AR ZH I HGE T 47 (ID)AEAL V-5 FEBK I
39 5 a-BRFELERIH SLE 40 () C—H Bk N, 15
BV EH BRI 41, AR XS SN 26 A T de i B, 41 HH Bk
FEAE S PP 55 R N AR R 1) A7 N Joik AT S8 00 e (5P A
1b), MBAETF FRRFELE T, WA BT W RATAEY) 42, 4
DL= 30 Bk A s 7, DL F EAR(DMSO) A T
FEUR, TG A MG IRAT AE ) 43 (Scheme 23).

EZE ST RE M R BIALIE N B0k, = A [Ru-
0 = i ‘ -0 2
-R? R3)kés\ Q
R b N N 40 S N
O NH H [RuCly(p-cymene)], T I{IH
5 (5 mol%)
KPFs (50 mol%) 0
39 M

EtOH, 80 °C, 12 h, N,

Cly(p-cymene)], 55 KPFq 580, TE A A IS L 25 &
YI[Ru(PFs)x(p-cymene)]o. [Ru(PFe)a(p-cymene)], f4t 39
HRORERAR AT A C—H BEVE AL R B, 19 2] Foo ) ik
12A. o-BRESABR I 3248 40 2K 25 DMSO TR IR R =5
12A Fiefir, 15317 Fiafk 12B. )5, 12B iR EiTs
i N C—Ru %, 172N EA 12C. &5, 12C
N—Ru ##F C—Ru YR 7, ARl B AT 1 1) 2%
Y5 BER Y 410 BTk, RGN 41 ik
B AT BB BAR I L F EAL Y 12D, 12D RAEST W
SEAZINE, THER HaoS 193] 42. 7E BF;-OEL HITEA T, 41
5SS R AR EIR R MR AS R HAR=Y 43

(Scheme 24).
o) ::—RZ
N
N N2
(0] R
42

R1
Lawesson's reagent

+R2 toluene, reflux, 12 h
0| Lt
R3 HsC” " "CHj
BF5+OEt, R =
150 °C, 12 h L

B 23 E7fEAL N-JF BB SR A S 51 C—H BE 1 RON
Scheme 23 Ru-catalyzed C—H bond activation of N-aryl phthalazinones with sulfur ylides
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