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Progress in the Synthesis of Analogues of Bistetrahdro-
isoquinoline Antitumor Alkaloids

Yang, Yang®  Guo, Ju®*  Liu, Zhanzhu*”
(“ Key Laboratory for Green Chemical Process of Ministry of Education, Wuhan Institute of Technology, Wuhan 430205)
( Institute of Materia Medica, China Academy of Medical Sciences & Peking Union Medical College, Beijing 100050)

Abstract Since the first tetrahydroisoquinoline alkaloid (THIQ), naphthyridinomycin, was found by Canadian scientist
Kluepfel in 1974, nearly hundred members of this family have been reported. Such THIQ has attracted the research interest of
many chemists and biologists due to its excellent biological activity and complex chemical structure. Especially, as an out-
standing member of THIQ family, Ecteinascidin 743 (ET-743) has been commercialized in the European Union for the treat-
ment of soft tissue tumors and ovarian cancer. Due to the extremely low content of natural products of bistetrahydroisoquino-
line including ET-743 and the complexity of its chemical structure, the modification of its chemical structure has attracted
more and more attention. Based on this, the recent advance in the synthesis of bistetrahydroisoquinoline analogues is reviewed.
Keywords antitumor activity; bistetrahydroisoquinoline alkaloid; analogue; research progress
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Renieramycin G

Cribrostatin

R = (E)-OCO(CH3)C=CHCHj

Saframycin A, Z = CN, R = CH;COCONH
Saframycin S, Z = OH, R = CH3;COCONH
Jorumycin, Z = OH, R = CH3CO,

OCH;
CH,

Ecteinascidin 743

B 1 {t&%) Renieramycin G, Cribrostatin, Saframyeins £l Ecteinasicdin 743 f) 4514
Figure 1 Structures of renieramycin G, cribrostatin, saframyeins and cteinasicdin 743
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PERISE A E Y. A SR AT R0 1% X U S 57 e bk
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1 WS FEMSH A EE R & R H
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BEERR BT HEA Z R EY S MR ) 2 A
FAMLHI, 5182 T T KA 245 % SR T 0, Bl
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& 1996 4E, Corey N JeiE T ET-743 (A4 K,
It )5 Fukuyama Zhu!'"", Danishefsky® 254k iE T
ET-743 Hia& s, ok Har, MR EOa 24 3R
HIRTE T %K RREWWE MG & &Rl " 7
ecteinascidins ZXUMIRI & AR 7E L, 1999 4F, Corey /M
BN SEARIE T —Fh ecteinascidins 5104 phthalascidin
650 (Pt-650), AWML EEE AT ET-743 B2 i £,
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— DA R T A E W) R A I P MR s . BE S
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PERI LA IR TR W) 2 KB T e H R 24,
4K, Cuevas BRI e iRiE 7@
Cyanosafracin B &% ET-743 HIWTFE, BE 5%k
J% Echavarren {841 Y 41 T @it Cyanosafracin B
PG ET-743 SO KA I IE. AN TR
HIRIE ISP E T IESRAL, %07 152 DAGH @ it
AR NP7 A 1K B Cyanosafracin B N JEEL, #E—0 4
B ET-743 K S05 A R AZRAUN). 1% 07756 e 42 1
7, AT LAE RO g I E bR PR R AT 2 AR
PEWFFC. [, Danishefsky Z5P™HRIE T —Fir 2 i@ it
43 N I Mannich Jso A8 2 T SR A R DY &1 5 mee ik
ecteinascidins MUY 5. Z AU B4 = S5 R AR T
ET-743 H 1) =/ VY& e bk s 44 1 A6 R A DU AL
Mhehite, H APFIE I EREURIEAR 5 RV ET-743
ARAR, HALZF R T #IE T Saframycin 28 U&7 4
MK, X AE 2BV A B AR T B, WO B3
e, 2 EYHIA g A2 LG Al ) D kAL
G FIDRE AR A IR 2 R as Rk, I8 I e
GG E A EY) 3, AW 3 FRdE I i Ly R R4
H & Dess-Martin &40 i1 4, P8 4REH 4% 1 Mannich
KNSR E AL E B G 5 (Scheme 1). 2008 4F
Danishefsky 2% 720 T /R 560 0B T — R 511%K
VUSS MMk ecteinascidins ZEI I AEMiE 1, H125 A
W BRI, 1ZRTUE T M ecteinascidins ZRAUY)
C-21 fr eI E AL, & By ErE, Tt
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B 1 e smam

Scheme 1 Synthesis of compound 5
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HsC ) COZPY ocH,
: NN (1) LIAIO'Bu)sHITHF (1) H,SO,/TFA
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Pd(OH),/C
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—_— >
TFA/AcOH
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—_—
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B2 a4 K6
Scheme 2 Synthesis of compound 14

Chin. J. Org. Chem. 2019, 39, 1913~1922

© 2019 Chinese Chemical Society & SIOC, CAS

http://sioc-journal.cn/ 1915



BIHE

HIR AR 2R EEY 7, 5 2,45-—H%
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1) CH3l/K,CO4H3C H3C VLOEt H3C OJI\/ Pht
2) -BULiTHF __ mma, (1) LIAIH4/Et,0
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L 3 o o Pht
21 22
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J\/Pht (1) Pd/C, H, HsC No
(1) POCI/CH,CN (2 ) FmocCI/DCM NFmoc 18, TFA
3) Dess-Martin Q
ASe)
4 PHE
(1) HCOOH/HCHO 1)S HyC
OH H3C oH (1)Swern

—_—

(2) DBU/DCM

(2) TMSCN/ACOH

BR 3 EM 27 (Pr622)H 4 A
Scheme 3  Synthesis of compound 27 (Pt-622)
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AcN FzNNH, - R,0/THF HN (2) PhNTf,/DMAP/
OH NaBH,/MeOH OH Cs,CO4/MeCN
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PA(PPhs)s/KsPOs 14 =0 c (1) HCIEtOAc  H3CO,C
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NH,
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H
° o 32

(1) BF 3OEty/t-BUONO/THF

he (2) Pdy(dba)s/NaOAc/
N~J=CO,CH, MeCN/THF

N—|—CO,CH; MOMCI 5
H 7 BnO \
0 43
HyC

(1) L-Selectride/THF H KOH/1,4-dioxane
e —— H _—

(2) CSA/toluene

H
H,/Pd/C/MeOH

(1 ) OSO4/K3[F9(CN)6]/K2003
HlOg/ THF
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IEZALEY) 48 1B AR

Scheme 4 Synthesis of pentacyclic skeleton compound 48
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G4 36, 1 Boc BRETRILEY) 36 WEBEIZ I A,
SR 5 PR AL A M B Ty e b (1) 5L 11 (] B o i 44 et
&Y 37, WaEt 37 KGR E 2 B 25,
F NaBH, &£V HIE J5E AR e ERIBRIER LG 38,
&%) 38 £ TFA BIERF, &BkI e 1 &/ =
AT G B, B PhNTE X8 3 00T = 5 FH R R
WL EY) 39. thE1Y) 39 5 = HERER =l S e e =K
FEBE AL T kB R A Suzuki-Miyaura N6 A
V) 40, FRRALEH 40 1) Boc fR7 I 40 il H AR B R IR
PRI A 41. ALEY 41 F =40 T 0 S L BE
it S RO i = 5 2 B S B A - e B i 1R A, 7 A e
A o e P e AN 28 7K IR LA W e i 42, AL &4 42
My 2 L 1) = 9 R R TR 4 B Fl AR P R B B &
43. (L&Y 32 EAEER T BRIEH NI ER RIS
NG 43 TEAEAL T K AR Heck NASALAY) 44, X2
ZAINE SRR TR R AR — P V. G 44 DA
K;[Fe(CN)g] Ayt S8 A0 1 F DY A R SR A 0B 45 1,2-—
L&Y 45, (LEH) 45 F Hs1Og AL RO 1T VEAS,
HA5THNMAE KIS EY) 46, 1LEY) 46 ZfEN
SRR EY 47, (LAY 47 75 H 2K P [E1R
SN BT RN R ERS, IF S E BT IARKEIE
T B &) 48. 12%5277/2—&735/\, BRI
ANtEr, ARZITIER AT AR G R 228 DY S g AR
E R IE L Pictet-Spengler [N KA FLIAE 42, 1
il Heck WA B A 44 KAL) i FLAAE 48,
FORRE Al MIERTHRE R A B EAA A FEEUR

FEATEEDD, NZBARIBOR R I LT RE T8 1)
Ji Al

AR /0N 1R A ZEL S 420 b o b 2H 0 S e A= 4 sl 3
1T T WAL, R T R & BT 283 LA A H A R 2
RIE R JEAENCR E AW B S, %R RAR LB
e o JEORE, R R AL R T B A R b
/Baeyer-Villiger 655 8 B S BAKIRAE RIS b5 N HJE
ARSI F = BUCR AR 49, th& 49 5FAHE 2
M R B e B VE R Pictet-Spengler 25— e M 1S IU A+
MR 50, LA 50 248 Swern A0 15 VU S 5 MR R 51. 1k
A1 51 5RFECL L-BERRR A FE RS )\ OB R B 3] 4k
AW 52 KAH IR Pictet-Spengler [ 45 KA 53
54. (LB 54 & N-F AL, Bt Boc (R IE1514L &4 56,
WEHY) 56 45> T Strecker [ N ThihAg & T HI
BEAEN) 57, Z%A BOTEE MR A UK 2R 7E %
FERRMRS, "PEZETT R A — e BRI E
M T 2R, %ISR R AR =) B AT A RN
(LR 20T TS L 2 SR AE 5l (Scheme 5).

2 WOSFEME LSRR

T4 Ecteinasicdin743 £ X 25 U & S Mk
AR AR A (AR 2R S R LU L R AR A, S A
HEAT S L AR RO 2RI IE AL O T 2RI R
WEIR AR = B — DB ER LN 2. RN 2 MR
BT T T AT A, o, Avendano BRERZH AT
T4 RESERIE T Ecteinasicdins 2RI FIILIHI &

H.C CHO
COOHS steps OH 3 3steps OH swern °
NBoc oxidation NBoc
HO Hg,CO H300 ——— > H3CO
OAlly! OAllyl
OB OBn

L-tyrosine

Ho o
CO,CHs, HsC S
"y SfePS D/\r _51/ACOH/DCM 1 N
oC
T THco T TR MO CO,CH;
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B 5

Scheme 5 Synthes1s of pentacyclic skeleton compound 57
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VIR 25 R RS i 3 B R AL A ) 59b =3 ZR 45 R [ N-2,
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Scheme 6 Synthesis of tricyclic skeleton compounds
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Scheme 7 Synthesis
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BATC RIS 7 —Fh L L — Ry i I Y A 57
W TR L R 28 ) R 5 9, A R s 4 A R T

H,CO = LCOOCH3)
NH
70
N

OBn >

\\\ HaCO COOH
H5CO

71

H
HO 2
L-dopa

/

s LiAIH/THF
—_—
AcOH/DCM

, enciomap H3C0

HsCO

L-dopa
NH
A\
N
COOH e H
79
N NH, S COOH
N
H . N NHBoc
L-tryptophan H
80
B9 &Y 76a.

(-)-renieramycin G+ (—)-Jorumycin. (—)-Saframycin A
e LA A0, i BB R R 75V R Ty b R P
XX R ALY & BT T, AT — RIS
F R, TR RGBT TE T I LE R AR S iR
TEPERIR R R,

FRATH 2 R HEMS £ LG40 L-dopa AR HE R,
o U SR R 70 AR EIR 71 AN R T
(Scheme 8), A FI DB K T AT 126 02 ok g o G i o

OCHs

N—|]-CH
3_Pt-CH,

78 F1 81 HIE %

Scheme 9 Synthesis of compounds 76a, 78 and 81
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(AR IR R 72, X R4 OB P IR, SR eIt L
R I¥ Pictet-Spengler S SEHL>F WA, TR
LAY 73, Bat C-21 DL R IE, 153
Histb &9 74. ATHEA PP IRTER T BRI EE,
FENF AL T R AT dol, Sk s 12%
(Scheme 8). %P LIPIRET . BRAE . AR
A . SR Al B Atk &4 74 kit — 45
B B T — RFIN VYA 5k 25 1 TR L4 76.
TR T HIE M I B RGN T B G
MR R, KIZEE D B IR G0 55 45
1, C-21 A N FEAL & VD0 AL i Ve T AR AR
&H, Xt C-22 i IS M ge 0 s A BRI
M, JE I RE— BT, RATRIL T — e FRED
76a, IV IR R AR I, H C-22 i NEE K
AR S PR ) S e R B s, R A RO R AT )
fith b, FRAT S S &0 762 34T T B 454k,
3BT I T PSS B R B R i M ) A
FIZAUICST, %R 2R DA L-dopa AEHAJFRL, dHidH
HAME NG 77, FEERGE) 77 1 C-22 Ai %
B AT M EEATAE AR B R P HARLEY) 78(Scheme 9),
T A A0 A R LA P SR T A 35 B R B Bt
PR . [RIES, FRATRR I Z IR S5 RE A, A
B AR ARG FERR L-tryptophan AT FRNH&HHIE &
T — ] W I R R R A5 I Rk & 810
(Scheme 9), FFi@H AN FE N R R HEA R
U B AR R B v . DA R AR R IS AR 2SR 2R
MR RO Rt — 2 PR AW SR R TR B B A AT
iy Vit 1 ) R A A 245 B T kA

3 &EWRIE

2 1974 4F Kluepfel 5 )\ Streptomyces lusitanus H 53
BB 5 — A B RS M DU SR R R SR P I R,
et Sk 22 VR ZH 0 R DU & SR R R R AR PR AT T
JHIZ RN B FE, AR 253 E [ LI 77 T 5 1
HE R, T H AR HAL S A BT T R G,
5 T ET-743 AE AL — DRI TR RE 7 I 3
VRN GP B9 1 R AR =W D b, gk — P 1
LR SR =W E N Im R 250 K8 R 8. B, %1
X R IR VYA 7 bk ) 4b 7 A % B BT S
WA 7 W R, gl B 3 [ 0 3 A e
StlotzP” i B 41 £ Science E R E M — & K T
(—)-Jorumycin A=A B TAF A 453X 0 & R P bk oK
RO FH—RW G T a2 KA H G, HX ISP
S W BRI SR 77 ) (1) &5 A6 AL D AN T A DA B ) 285055
SR a3 A S STITEASY A S I A s w e b ]
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