Chinese Journal of Organic Chemistry

4

% *]L {t& % DOI: 10.6023/cjoc202209037 SZr5itR

REVIEW

[FNEERE R E R AR ERER
XXLE e FHppre  gzzderab

IERE TR S T2 B2 77 Rt 5 50 TR TS B A Sk =
CAER B TR KR =MW AL (GE%)  HL5E% 314019)

Jb5T 102488)

WE  DUNEERCN SRR A SN BERE A W B A R A S, AU o I A A 2 e OAE PR rh R L
TR RAPTR AR, T HAFAE I IR T B P A XE LU AR R E 1R, AR 2 T FE N SRR T 9 B TR AE T
JEU/NBERR ) 42 5 B A R BSOE L. R R/NBERR R R A B AR SRR S BT R ROR REAT T 4R, DI e R
BEWA T SRR P AOBT 25 I A AN R L F S 2%

RegE  UNEERSE Y DB GG PUREES; MRCER

Research Progress on the Synthesis of Protoberberine
Skeleton and Its Anti-inflammatory Activity

Liu, Xingzhou* Yu, Mingjia** Liang, Jianhua™**
(“Key Laboratory of Medical Molecule Science and Pharmaceutics Engineering, Ministry of Industry and Information
Technology, School of Chemistry and Chemical Engineering, Beijing Institute of Technology, Beijing 102488)
(b Yangtze Delta Region Academy of Beijing Institute of Technology, Jiaxing, Zhejiang 314019)

Abstract The protoberberine alkaloids, exampled by berberine, have abundant biological activities, which show excellent
anti-inflammatory effects in a variety of inflammatory diseases such as epilepsy and cardiovascular and cerebrovascular dis-
eases. Due to the challenge in separation and purification of protoberberines from natural resource and intrinsic low bioavaila-
bility, many researchers have devoted to the discovery of new total synthesis methods or structural modification. The total
synthesis, anti-inflammatory pathway and anti-inflammatory structure-activity relationships of protoberberine skeleton are

summarized for the discovery of de novo protoberberine chemotypes with anti-inflammatory activity.
Keywords protoberberine alkaloids; berberine; total synthesis; anti-inflammatory pathway; structure-activity relationships
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Table 1 Structures of representative protoberberine alkaloids

Compound R? R3 R’ R R!
Berberine (1) OCH20 OCHs; OCHs H
Coptisine (2) OCH20 OCH20 H
Palmatine (3) OCH; OCHs; OCHs OCHs H
Jatrorrhizine (4) OCH; OH OCH; OCHs; H

Pseudoberberine (5) OCH20 H OCHs OCHs
Pseudocoptisine (6) OCH20 H OCH20
Pseudopalmatine (7) OCH; OCH; H OCH3; OCH3
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Scheme 1 Two typical mechanisms of the Mannich reaction
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Scheme 2 Synthetic routes of constructing protoberberine skeleton by Mannich reaction
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Scheme 3  Synthetic routes of constructing protoberberine skeleton by P-S reaction
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Figure 2 Inhibitory effect of berberine on canonical inflammatory pathways
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Figure 3  Structures of protoberberine-alkaloid compounds targeting XBP1
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F 2 HLA XBP1 F/NEERRSSAL &) ECso BUE R

Table 2 ECso data sheet of protoberberine-alkaloid compounds
targeting XBP1

Compound  ECso/(nmol/L) | Compound  ECso/(nmol/L)

2 79.8 66f 184

60 81.2 67a 283
61 2.25 67b 289
(£)-64 220 67c 119
65a 210 67d 325
65b 230 67e 70.8
66a 113 68a 301
66b 346 68b 338
66¢ 174 68c 340
66d 48.9 69 135
66e 13.2 70 834

TEEATAY) 72, 61(FHYEXT HR) . 722 F172b (1) XBP1
TERCRL A AR IRE 1.2 1.2 f1 1.3 4%, EiE T 60
561 A 1 B A E N XBP1 St s 20 HE
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K et G, 6 ANk T A E& NI RE S
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Y FIARIRRR e, SRR P R RE A 2R
FHEAER, AT 3G 55 24 235000, Z A BACATE 8 S 5IN T
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WER R, HAERARRYE iR 6T, et T
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Figure 4 Structures of protoberberine-alkaloid compounds targeting COX-2
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Figure 6 Protoberberine-alkaloid natural analogues containing 13,13a-seco skeleton
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Figure 7 Structures of artificially modified protoberberine-
alkaloid derivatives
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Figure 8 Structures of protoberberine-alkaloid hybrid compounds
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Figure 9 Structures of protoberberine-alkaloid compounds relevant to pharmacodynamic evaluation studies
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NF-kBp65. i-NOS. IL-6 ] mRNA 7K-F. FBHLHIHF 52
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(NCT02365480). {3 A — 1 H35 H L 1 o] G5 /)N BE R
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Geboes 43 2%, {H % HoAth 5 2 i A= K 01 48 0 A 56 1) 4H 23
SR AP EYTC R E . EEX BBR FISEbH
BIE & 25 52 Pk R AT, JF 0T Redd s 3Ly b BHTE 45 i 21
2 P 2 A A

R3O RS B RN AL SRR
Table 3 Summary table of protoberberine-alkaloid compounds involved in vivo experiments
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68b, 69 DSS %5 & UC /N B 69 HAKJT 25 SASP ML, 18T 68b [57]
78 THRIFESFEHAK MM R, HEEE SO R E%%ﬁ¢ﬁ@%P&nﬂTmmm%ﬁﬂNomﬁm;wﬂ
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