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Abstract

Phenanthridinone and acridone are two important alkaloids that are widely present in many ac-
tive natural product frameworks. In this paper, the recent advances in the synthesis and bioactiv-
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ity of phenanthridone and acridone natural products were reviewed. Firstly, the biological activi-
ties of phenridone and acridone natural products, including antioxidant, anti-inflammatory, an-
ti-tumor, antibacterial and antiviral activities, were introduced, and their mechanisms of action
were described. Then, the chemical structure and classification of phenanthridone and acridone
natural products were introduced, and their synthesis methods were summarized, including tra-
ditional synthesis methods, new green synthesis methods and catalytic synthesis methods. Finally,
it points out the existing problems in the current research and the future development direction,
and provides a reference for the research in related fields.
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1. 5|15

A= Pigi(Alkaloids) & — K& EUR T H 2 2R EY, T ZAAET . MY WS
AN, BT, RAEDBEENZ, EHENEREHE, HPRSHAAEEN Z AR
PR, RVFZ AR R [2]. BN, MRATHREHEYIK GG 2 B A B i R 0 e
RAF, H TS5 OO IR IR S Z590[3] [4]; AT A 20 2515 30 0/ NBEB B A 1R 4 IO P es - W5 RAE A 5]
MBS FEA B A 43 B AR 2 P 0| W A= BRI, EIG PR B T8 97 & U RO # [6] [7]: M6 S RHE
VISR K ooy B AR B B RS IR (ZE ), R SRR SR A AR AR, IR B TR T e
$[8] [9]. H 1806 4F, ff[E 1k 2 5K i3 /R % 4N (Friedrich W. Sertiirner) IS F 743 B8 B B HH P HER (Morphine)
PSR, HETASHEY . Y. M R ARS8 3] 1 21,000 REEVIEAEYI[10] [11]. 4
BRI 2RI 2 2 ke, AT DAL T YRR . A FRVE R . MRS EAT RISy, (HECHE H 2> 2807 AR
A [12]. IR, VI MRS S0, . SRS, Sk
(WNBTHES . HRTIRAE): RS (W /NEERR . P ESE) s MR (AT IR, 2T EAEREE): IR (n
KAEH. A, FIMTF2%), AP BOKANGE . 238 BEEEORAE): H528 (0012 Lol s%) 25 2]
[13].

FENE li (Phenanthridinone) AT WE B (Acridone) A& ¥ 288 B 2 1 ML g i 25 A k(AL 1] 1), A5 S A i) —
J5, FUIHE g B2 ) A 2 A0S M T OB R AT SR W T A A A T I R I A AR A4 A A
(Amaryllis) 73 B3 2[14], HhVF 2 RAEDIE AR EE. Bilhn, PI34 & —Fp B A 40 fuid i 1t v]
FF4upaazh?nr) PARPs il fI[15]; ARC-111 VAL ZGBREME AT B K, FF4l ik B ¥ A -1
S 1) i T R S MR S P [16] o Y WE A S AR M) 3 AR AE T A B AR AR R [17], B A\ Gabriel 7€
1888 Ak 1Y ERE, B H F S AN e ML S CE T Z A T IR, K aiEE A EEmR
T 446 B 1Ly b A (Acronychiabaueri) 5 43 55 45 21 (1) 1Y 1w R 2 A5 P L i A AR (Acronycine) < K SR A W
Glyfoline. Amsacrine %, #[EIH 2 2 (P0/EFI[18] [19] [20] [21]: dbAh, MEMEEHEZ590MNA A TD 2
SRR 2 22] EARERISE, VF 2 JERERATIY nE B 2R A CAE e A e B . PUE . $t
PR, B S CNIRARIEIE 25 . I, IR AR R IXIERIRF= I A S A i 1
Xt F W 2T R A A 7 A R .
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Figure 1. Some representative phenanthridone and acridone compounds

E 1. —L£AFRRMMFERERFN IEERL S

2. SEMERFANNY CERESE R PR M E ME

FENEFA AT WE R 2B S VR B KA, Hoh V2 mnE R S AT KO IR 2
Y, AFBTT ANFREIR - I, £EIX BRI LR 13X — SR S W I AL WD PRI FUadt Fe AT fi L 4

2.1. FENERRKML SR EMTEM

FARFEWE B S E el S HAT A AR IR PR ATIT & T3 20 4 RUEHRIE ARSNGB A, HF
2 IXFEWIA R IR nM IR EEVE I N A Gl {E[23] [24]. AT, Fellm PRI F 52 3 — e A MIRF L 52
Wi, ELFE KA PEZE AN B IR I H AR S R [25] . DAt FEATAAC SR & SO, JE X st 4T 12
Wi, VAU IR AT TN R, OSBRI T 10 . XM TE A B T a5
MIKEE, SEIFAEVRIRIR, FFRE& S In AR AT . JE RS O BT (KA RSk, B FE ST BT AL
T IRIX LR, HESD R IR AENE BRI S LW S AT E R i — 2D 0T R, D 5 A BRI PR 82 FH 813
FARCEGE=10) /B8

2.1.1. EEY

2023 4, Liu iR [2614R1E T IENEEATA Y HCK20 (W& 2)FM B/ o i 2P R84 L Eow
£ 125 uM LR, HCK20 (L)% FLh a2 2241 SEIGUESE 7 HCK20 (1)%F 2 Fak sk m A,
FEIf R REEK R . B BFREBKEH . JHREIRA . D BERERRBA DREEKE, BA REMPUEEE, FR/MIRIK
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FEEMIC)T 15 £ 60 pM 2 [a]. WFFTIE KB HCK20 (1) 7] e i BH W 55 Bk 15 5 5% = 45 & 25 (1 (PBPs) 1 3
Be, DRI 2N R Y se B ME BB B NE, MW BEER B P2 AR R EH . hAh, BRI T HCK20
SHARPUAE RBS TR, DAOEsRPTA KR E BRI B RIER .
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Figure 2. Structure of phenanthidone derivative HCK20
2. FEEERTTAES HCK20 4544

2.1.2. ¥miE

FENE IR A NN T KU AN — N E g IR S &Y. LR, EWNAMNFZ IR
AR X R 25 K Bt Bl a8 7 — RYVATAA, A BB EA RS &Y.

PARP H R #A0 — Fl bl 278 7 e e VA T $E A . 7E 2012 4F, Wahlberg 25 A\ [2713R3E T JERERR/E A
PARP Stk 85 1 Bl (R4 1) o 32X —H0a /R FH B 5 OE T 20 R XS 25 WY 97 RV T I U e B FL 2
B BARTE, AL R A PI-34 (4)%F PARP HIHMHI1E LT PI-97A (5) (FEWL 2 1).

Table 1. ICsq values of three compounds on PARP1 and PARP2 inhibition
1. =EMEAYSBIST PARPL #1 PARP2 HIHIAY ICs 1&

PAPR1 PAPR2
Compound 1Cs (UM)
Phenanthridinone 0.033 0.088
PJ-34(4) 0.017 0.023
PJ-97A(5) 0.048 0.210

~ Olaparib(3)
IC50=1.1 "M

© NH
o NH ‘E :N! Eo
X )
N— PJ-97A(5)

|
PJ-34(4)

Figure 3. Structure of compounds 2, Olaparib (3), PJ-34 (4) and PJ-97A (5)
3. 1LA% 2. Olaparib (3). PJ-34 (4)F0 PJ-97A (5)R945#4
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2023 4, Bondar % [28]7E2E T 55 X PARP il 7] PJ-34 (445 ZE0ll EBH S R T — R AU AL
FEBERR KA SV 3) PP e AT IME S PARP-1 # R ) H e G . e, &% 2 740 PARP-1 3%
PEJT R AR T Olaparib (3)F1 PJ-34 (A) IR . Wehl, AN 2 38 F I H X Fehas 240 B e P 3 0k,
X AR B A SR o IX LS I SRR T AENE A1 PARP I AR S RE 10 T F R LE S F A 1

Staden [ PA[29]4&IE T = 0E B 28 A= VB AE 17559 20 M 3 T ) N AE AN AME IR AR, 0 R IR R A 28
R [ g (Caspase) By 0SB A 2 3 R, 7T LLBOE AT Caspases (41 Caspase 3. 6 1 7)1 j5 2] Caspases (41
Caspase 8. 9 A1 10), A5l KAMMEAILT:. & 4 Prox, 1, 7-deoxypancratistatin (7)1 C-1 [R5 ALIL
H(6) 1B IR T 24 (OS)4M il & Saos-2 A1 U-2 (OS) R B H A 24 M BT 5 /E H (1Cs0 23 14 0.25 uM A1 0.1
uM). HE— SRR R R R I, FENEERAE VI ¢ PR BRI A ST AR S G AR S N B SR E L ¢
A5 4L JENEBH 1 Narciprimine (9)#11 Arolycoricidine (10)7E A # kA A Mg, 1T 540 S 10 22 3 54k 3E
WE B AR RAR LG, FHROTAER A, BRI TE 40 i 235 A 50 b B 286 [30]. Xt T e AR I 41 T fe 2
FPUGTEAE H RN %

OH OH
RL A_ _OH A~ _LOH
o ~"~oH ° oH O O R?
% NH % NH % NH
o} o} o}

6. R1=CH,OAc Narciclasine(8) 9. R1=R27OH, Narciprimine
7. R1=OH 10. R'=H, R?=OH, Arolycoricidine

Figure 4. Active phyridinone alkaloid constituents in lycoraceaeplants

Bl 4. ArrRHEY T A0 E M TENE B A MR o

BEAh, W FIE R BLAS HIAE T RT DAAE — 5E REJE LSk Lo A W )3 P o K ek 72 9 AENE B S 2E 1k
VEIBE I DU 2930t T 5 2 PR SRl

213 HimEEN

HIV RS EE — N2 i, JLAERE SO0 B S50 25 B 5 21 T 4 o Jik DR 41 m b ) 285G 7 32
fIYE . 2007 4F, Patil S5[3114RIE 1 — RFVH L HIV-1 B S BE0HIRIK & 5 B A BLEE —BER 11 (IC 5
= 2.7 nM)LEAR N (I SERE B — B ER 12 (1Cso = 65 nM)BEA RL(ML 1K 5), X R WIFENEH 2 Gt b A AR kI e AR
XTSRRI AE RGP TS XA R S SR 07 B4 BB G IS VAL S AR IR SR AR P AR 1K)
LA Ko

HO

11 12
IC5o=2.7 NM IC5,=65 NM

Figure 5. Structure of compounds 11 and 12
B 5. & 11 70 12 pgsi

2010 4F, Aoyama iR@ZH [32]7E LAIERE B % 0o 2R 4K BA U B 220 B (HCV) i P 4 A 41
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WHger, AR T A BTSSR S 13 i 14 (WLIE] 6). IXPIFML-G I ECso (B 2012078 3.7
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—L\ o —M\ 0
o Za®

13
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Figure 6. Structure of compounds 13 and 14

[E 6. 1k&4 13 1 14 BULEH

WETEBCRR Y], FEE B ZRAE DU R 25 W ROBT K b B 2 SRR NI /0, el e T A LA 3t HCV
WL ST . X AR RGBT A R it 7 A SRR .

2.2. RMEREZAL & MR EMiE

2.2.1. BAREEM

Akpan 55[33]4F 5T IV e A 0E BT AP0 8 B 68 T A0S RO T Tk Je PR 33 v 41 1 Y R E AT
PR D9 T kR K SRR BE PP A . BT TR, Y WEANY g B AT AR A D9 AT LT JE k) LA R e K
AT ZHE A BN TN RETRETEE . DhRERI LK o B A AR EATTRE NS I B <
JEAI L, TR, AT I < e P SRRV B AR TSR AN, By S 2 A SR 1 AR T e
FIAE N S DLERS R 5 TR I U o BRI, WY AN g §R AT A= T DO I < ) ) o T e A% 77
PRBCAEEE . PRI, YA B B AT AR AR — BT R BT T PR o X SR TS A T A L A B
JE& et g LA E R L

2.2.2. MSEHEN

2021 4, Doggett VRZH[34] BTG A— FR BN BE B AT A V0 FE 4R 3 AR A S50 0E B T % 5 % B
(Toxoplasma gondii) 1 HMHI/E A . W50 Sl i SRBe & B, - Acridones i =5 1 BRI S 3 5 14 (Tachyzoites)
BA R AsEYE, A TR 57 MITAEYIN ECs Wiy 0.030 nM % 485 nM, HH11L44) 15 (ECs =
0.03 nM) R4 SR B if (O K] 7), 75 B BE /KR BE T T $ il Wit =5 7% OG5 . 5 2R B R e, R ANy
WE BRI T. 5 % A (3K bel A A AIEMR ARG, JE6fhE I wEli i SE 455 4 (5 2 bel 1 Qi 7 5.
481 7 Acridones XJ 5 J U HIEIALE o« X IR T8 R AR U9 5 T A 4R T E B (S BN

“.
F O
OCF,4
JOCOLLY
15

EC5,=0.03 NM

Figure 7. Structure of compounds 15
7. LAY 15 BILEH

223 HMAEEN
2022 4, Yadav SE[35]FEXTHY ERHSRAL A 1E N AR R U 254 (1 52 S JL AR PRk R I £k v 2
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F|, Acronycine HAA N WEM B 48 5 — F BL-2H-IL A Rl -G (0 254, JFRIH RAF IR FETE[36]. Fih=
A IR IA A &) 5 5 Acronycine Z5FIARBLIAL S kA7 LLER, Rl FRJEIE I AU & — AN E L YY)
SER SR R I 35 (R AR TR

H AT O HRIE T 9 T0Y g B A= Vit 2 iR A R, T NS 20 s 5 1) jE e RO BF 9 o I
WY E i A2 ) B NS A LR AG B i T r EAS B, SR 7 RROLIE 8). fEIX 7 FRAEMITR A,
2-Methoxycitpressine 11 (16)#1 Acrimarine E (17)%}id %A P-gp 1) K562/R7 A\ ILH A+ P-gp /S 1124
YA S0HIAE FA[37] [38]. AN SR 25 rb 23 B8 (R Y g W A= M0 ) 40 MR 23 ME PR R B, 6 KKU-M156 Al
HepG2 A R LA R B &ym . Hrh, (L& 18 F1 19 X4 BEE A 1.43~8.4 pg/mL (W5 Rl i
RIBRIH A FF1E[39] W= KB b 73 B2 4 Fhy we Wi A= 0, AT T X MCF-7 #1 HepG2 41 i &
AR P A AR MCR-7 TR0 T HepG2 4l . JLrbr, fb&4 20 a £ 20 b X 410
HREAE N 0.22~0.54 puM KPR FRAH A AR 35 SR I HE S35 A A M 2 o AW 0 B0, Y g 3 (4] B 17y B-F2 5%
A-FREE RN n- B L BOAONS 4 i 25 1 22 50 B #2[40] .

o) O OH R
o —
SOOI Oe® Cr

R=
HO N 0~ HO H o~ =
o | o
- 16 - 17

RS
8 1
7 2
(T s
6
3 N7 R?
| R

20
a: Rl = OMe, R?2 = OH, R% = OMe
b: R = OMe, R? = OMe, R® = OH
c.Rl= prenyl, R2=OH, R®=OH

Figure 8. Structure of acridone derivatives 16-20
8. RYNEERATHES 16-20 ML

3. FENEERFIAY NERTSE R SR =R & LT %
3.1. SEREREFIAY VEERSE R PR M4 HaFrfiE

I AT R 7 SRS A R B A, AR DR ORBR SR AR AE TR R IR A MR A i 1
T IS W) T BRI RS DL MR AR 25 R 7 T I 28 B — i 6/6/6 1) =TT F
KR — MR IR P T 45445 £ CO AT C10 Ars A — MRS LA . X3 T INES M Z R AE T
IR ARG 5 1)L B DL RUR P E R Az B AN o

3.2. FEMERERR RSB

SENE WAL SV E i 2 A& 7R AT ik B (LI 9). ldn, mTLUE TS Schmidt =k s ORi[41]
Ullmann J¥i[42]. Beckmann FHE N [43]. BUGEER - By 8 HE[44]F1 431 N EHE N [45) KA . BEAk,
I IE ] (1) 5 BT DA IE ik B AR R R S [46]« R EE R AR [A7] 1) N SR A0 DL S oAt A% G2 07 [48] R S8 .
SRTT, IXELZ M AR AEE— SR IR, RN BT 7R EAA M P Bk & oS i aa phRl,  IF HLs Al
R EAK. BEERRIHER, XEAL G 7 LA IR AL 220 . Te il B s S AR e Ab T 5 R A%
GOTEFTHA. R AR B A2, BB RS, PR, A, ~n

Y
MR
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Figure 9. The typical synthetic route of phenanthridone compounds

E 9. FENEERRM SRR S MR

3.2.1. NIRRT Mg R

2018 4, Cho HIFFo/N[AERBERST 2 1F T, FIF 5958 KoCOs BRINMHEAL T N-77 5:-2-1R At 21
YN A OB, A3 T SERE A SR (LA 10). B FCHIBAR %07, AEUAR A A R T & R U
FENERA, FHrmER A S 60% LA Fo N TIRTGZ S EINLE], BEICNEIEAT T B EE RS . A R
RPN B B EERF, 0 2,2,6,6-PU0 IR IE-1-3E 4005 . Galvinoxyl Al 2,6- U] 3L-4-F 2Ky, X
AT 15%~29% =2 o IX — 55 FUESL Tk Mol I B HEIE T, IF3CHe 17 HAM SR H 0 B R
WEE L5 SRR, (O % S R0 S50 A 70 e AT RO AR a3E PN e i A S R, AT 96 W B S FL AT AR A 4 it
TR HE R st

R
o
K,CO5 NH
N + Ph—I
H DMF, 150 °C, 2h
Br

microwave irradiation

2la: R=H 25a:R=H 85%
21b: R= Me 25b: R= Me 89 %
o
R
NH

(@] K,CO3 ©)/_|;: 6-exo/endo-trig

N —_— r —_—

H - KBr
Br (SET)

21 22

K,COg3
- KHCO,
o

Figure 10. Weak base promotes endoamine formation of pyrimethanone skeleton
under microwave irradiation
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322, (RAHELELBERS FRERE C-H FEL

2015 4, Dominguez R4 [S01E it 3 AR H AR AL T S i, BIHIT R T AL B RS 27 9 B
PeFF RN . BRG] T —Ff PCN BRSO LAY 27 VRN TERIARIE, LR R R AL 77 6
B (0.05%) AT T N-HUAR [V FH L i 26 1) B4 07 FAU RN, A i T — R FERE B 254 & 0 (WL 15
11). WHFE R, 1EIZEFE, KIERNILEFI G 8 0 ROR,  FF 5 e 5 1 1 i 7 28 s i i)
SEARDLBREZ AN K, BA T 2 00iE Y. R T A A AR S R AR SRR, AR A vk
TG TR T T KRR 0 8, Hag e 7 S 85 R = . - BEENE R SRR Db A P it
T—MATE BB

Me Me

! !

N_ _O N__O
24(0.05 Mol %) O

Br KOAc -
DMA/H,0 (9:1) O
130 °C, 20h
26 28

Figure 11. Low load palladium catalyzed direct intramolecu-
lar C-H arylation

B 1 ReBERENS FAER C-HFENL

3.2.3. PA(INEL &1L AY C-H/N-H SBERFEL R B

2019 4=, Semeril PREIZH 51188 F XU P ()2 BFEREC &4 31 M40 I B BE C-HIN-H 351k M,
R HSEEL TR N-HBE D5 kG 29 s th, A& R T JSERE B (L & 12) B0 N s A R 8 5%
PERBL, TEFHEATI, Cs,COzENIK, 1T LL 96% MUK HbRr=4. Bhot, WFRIEIRER T ARIKD
FE M, RBLZFPEUR I N-F 55 W% 29 A5 MR AT A4 30 #R ] LRIt %4k R FEne i . 8t ix
T, FAEE] T —Fhm A BEEE B 7%, JRRE— B RS Z A iR At T R

STN

H—<‘ pa-<!

—-N
o B(OH)2 PPH; ©

31 (1 mol %)

CH @
N-T 8 4 >
1 H Methanol, Open air
R R2 Cs,CO3, 15 h

29 30 32 R?
yields up to 96%

Figure 12. Tandem C-H/N-H activation catalyzed by binuclear Pd (1) phenylhydrazine ketone complexes
[ 12. W% Pd(I1)Z AR & 4RI B BX C-HIN-H 5B R B

SRT,  IXLERR AL HA AN OB TG . R BAE R 77 BN ARG s S AR LA A
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TR A VEA LA R BORCAER T AERAEAL I 1131 mol%Ek 0.05 mol%) T il & JENE R, {H2
P I R EH AR 28 5 ) 5 Bl W e 2 00 & O SN il 4 DRI, EROL2 IR, PRI BIA
U HLRRASA R BT i A AT U

3.2.4. k18 Pd L C-H BN R M

2019 4, R TR ZAFRI IR [52] B YRS 1 FE K AR op 2 T L me Sl B IR AR ALK N-T5 2E-2-
S FEMENE 33 55 2-TAK FH IR 34 A5 IR A AL B2 380 (IR 2 0.1 mol% Pd) N 7E7K R A IAL S W Rl Dy SE B
TXTEERE S LI 13), I HAGRIZAEA SN A AT R T A8 AR S 3 I AL R AT SE A ORI
TR S ST B ar AL A I BRI R SR — 2D GRS i T R4 (12

N
X [
(j U COH PA(OAC)2 (0.1mol %)

Ag,0 (0.7 equiv)
120°C,3h 35

93 %

Figure 13. Palladium-catalyzed C-H bond activation cyclization to
phenidone in aqueous phase

13, KHEHEEHEL C-H BIFWIML A BLIEEERR

3.2.5. EEIERBEE R R[53]

Ligand-Promoted
Divergent SyntheS|s or O O
NHR N
phenanthridinone acridone

Rl Pd(OAc)2: K2C03 Pd(OAc)2, K2CO3

oTf
 CSRTBAL __depm KF KF oA XN s
+ R3' Re .l R
MeCN (10% 2O) NHR! ™S T mecn.CO N
Pd(OAC)2: choa
I:E oo S v Ly
NHR <O MeCN, CObaIIoon

80 °C, 12h
55 %
MeCN : H,0, 2,3-methylenedioxy-10-
Pd(%él?gr’BKAiC% CO balloon methyl-9-acridanone 5(41)
! 100 °C, 12h Acridone Alkaloid

80 % 61 % 55 %
N-methylcrinasiadine(42) N-isopenthylcrinasiadine(43) N-benzylcrinasiadine(44)

CPhenamhridinone Alkaloid)

Figure 14. Palladium-catalyzed one-pot multicomponent reaction (MCR)

E 14, BEXHN—RZHE S R (MCR)
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1 2015 4, FEAITNE R 2 T RS ALRAT 1 — T — 8 2 4100 NV (MCR) B FE R o % F7C
KT — AR 2 Ao BTk, B AT R RIS RAN CO i N DXk £ 4E, AR
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Figure 15. Pd/Cu co-catalyzed double C-H carbonylation of diphenylamine
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Figure 16. The synthesis of acridone catalyzed by boron trifluoride ether was promoted by microwave
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Figure 17. The Dash research group’s modular and flexible three-step synthesis strategy
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Figure 18. Larock group (4 + 2) cycloaddition reaction
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Figure 19. Larock group (3 + 3) cycloaddition reaction
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Figure 20. Base controlled (4 + 2) cycloaddition reaction
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