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Recent Advances in Total Synthesis of Prenylated Indole Alkaloids by
Transition Metal-Catalyzed Reactions as the Key Step
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Abstract The prenylated indole alkaloids are an intriguning and important class of natural products encompassing an indole
ring, or derivatives thereof (that is, spirooxindole or pseudoindowoxyl), decorated by one or more prenyl groups or the vestige
of a prenyl group. They comprise a large and structurally diverse family of natural products that display a diverse range of
important biological properties. Nature employs dimethylallyl pyrophosphate (DMAPP) and isopentenyl pyrophosphate (IPP)
as starting materials for the biosynthesis of numerous prenylated indole alkaloids. The indole core in these compounds is
typically derived from L-tryptophan, or less commonly from indole-3-glycerol phosphate. Prenylation is a ubiquitous process
common to almost all living organisms, and a key transformation in organic synthesis. In recent years, prenylated indole alka-
loids have constantly received intensive research from synthetic chemical community and pharmacologists due to their intri-
guing structural motifs and diverse biological profiles. To date, the development of straightforward and efficient protocols to
enable the synthesis of structurally diverse prenylated indole alkaloids is highly desirable and challenging. The recent advances
in the total synthesis of prenylated indole alkaloids by transition metal-catalyzed reactions as the key step are summarized.
Keywords transition metal-catalyzed; prenylated indole alkaloids; natural products; quaternary carbon stereocenter; total
synthesis
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Figure 1 Representative prenylated indole alkaloids
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RR ARG N, B E T = CR &AM PR R
Boc TRIFEE, BATER T S 0 JHE A 05| W A PR R SR 7
)(—)-Communesin F (LA FR 42 i(Scheme 8).
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o, @

P-N \
" &
(R)-Ls )J

[I(COD)CI], (2.5 mol%), Ls (10 mol%) : o)
9-BBN-octyl (130 mol%), DBU(20 mol%)

REVIEW

Condition A prenyl-OBoc (300 mol%), DCM; then piperidine H I:I ” OMe
CO,Me 87%, 1:9 (exo:endo) endo-56
QT\NrHFmoc [Ir(COD)CI], (2.5 mol%), Ls (5 mol%)
N — 1 1-benzyl-3-methylimidazolium chloride (5 mol%)
H 58 Ph3B (130 mol%), TBD (10 mol%) 0
prenyl-OBoc (300 mol%), DCM; then piperidine
Condition B N N OMe
77%, 20:1 (exo:endo) HHH
exo-56
CsOH+H,0, THF/MeOH
O then HBTU
35%
NTN  OMe °
HHH

)-) CsOH-+H,0, THF/MeOH

then HBTU

>N OMe 57%

N~z
HARH
endo-56

then HBTU

)_) CsOH+H,0, THF/MeOH
N“T°N OMe N-"N OMe
HuH HpaH

exo-56 endo-56

47%

(-)-epi-Amauromine (60)

Bz 7 Stark {384 F(—)-Amauromine, (—)-Novoamauromine F epi-Amauromine 4 %
Scheme 7 Stark’s total synthesis of (—)-amauromine, (—)-novoamauromine and epi-amauromine

2015 4F, Baran iR 48 Ir AL BVZBR

RIS AT AP CO)RL IR LRI S B, #4351 RER
72 SR LA H AL | W A )+ )-Verruculogen  FI(+)-
Fumitremorgin A H1 7% 3 1) OMe &[], 1@t J5 2L 1
s A, SEI T R SR W) S 1A Vs ok AR ) Bl (- ) -
Verruculogen #1(+)-Fumitremorgin A )4 & . A
2k & M Boe-L-t %R B 72 HR, SR FHRERE R &
B E Y73, 73 15 Ir(cod)OMel, EAL TN L FLF- 1
MARTBCAAR A T R A AL C—H BRI SN, A a]
PRAREAE Cu(OAc), fl O, IEH T~ &4 Chan-Lam X
SNE, BRI T 2 R R IR AT AR R C(6)BL It
OMe [, DL 65% IR B> 253 R 5H) 74. 74 25 #1
BRIk Boc PRFF S SAL DU T J:8(TBAF) i BREERE TIPS
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i, NG 6- AR ORI PR EMa s 5 E
W) 75 /X Pictet-Spengler [, f4EIMLAY)76. MWL
G 76 485 N-Fmoc-L-E A 77 4G, BEMLE
Y178, 78 #£ ZrCl/PhNO it S AWK FIIANT A
Y179 vh RS A o AL AU, AREEAE — ORI IERTE
KA R —FAUREAL S 79. 79 4REE7E OsO4 I
NMO [ B 264 T SEEIL T AUBRE Y SRR JE A S N, 15 2]
51 80, 80 71 TBAF [ S RERAF N BERRAL T 4k — 2%
Rk b (TBDPS) S, HEf SEERAL G 81 KA
N, SEPLT RARFEI(+)-Verruculogen 43 Py it 4
BRSIN, AR —R RS 3] T RIRF“PI(+)-Verruculo-
gen, SRJE RIRTZWI(+)-Verruculogen £8id 52 (1 ik $5
PE IR 3 M AL S L, SE R T 53 b — A RER = H(+)-
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[Ir(cod)Cl], (4 mol%)
Ls (16 mol%)

OTBS 9-BBN-n-CgHy3 (1.1 equiv.) TBSO
Br / KOBu (1.1 equiv.)
toluene (0.15 mol/L), r.t.
+
N BocG 56% yield, 93% ee
N
H BocHN
61 62

1.77g, 5.0 mmol scale

O, @

P-N |
T°

Boc

N O

il O (1) NH,-H0
(2) Boc,0, LIHMDS
O N H
6

NBoc 81%
\

(1) KO'Bu, allyl iodide
(2) KOH
(3) OsO4, NMO, NalOy; then NaBH,4
65% for 3 steps
Phthalimide
PPhs;, DIAD
75%

KOtBu, Mel;
then CSA

85%

Br

Phthalimide
PPhs, DIAD |80%

(1) OsO4, NMO, NalO4
(2) Pinnick Oxidation
then CH,N,

75%

N,H4°H,0; then Ac,O

90%

(1) Pd(OAc),, (o-tol)sP, EtzN
2-methyl-3-buten-2-ol
(2) MsCl, EtzN
39% for 2 steps

(1) LiAIH,
(2) MsCl, Et;N
(3) TFA, DCM

65% for 3 steps

(-)-Communesin F (10)

B8 KRS AH MR LA X R A B —)-Communesin F

Scheme 8 Yang’s Ir-catalytic asymmetric total synthesis of (—)-communesin F

Fumitremorgin A [] 4 B (Scheme 9).
1.3 ETEEEBREENLTIAXEN SRR

2017 4F, Sarpong BRAZHPYE T T — 2K A0 IR IR
7700 S5 TG FE 5 WA W0 (- )-Stephacidin A K H 7] & 47
4 R 2R, LR S NLAE X6 A 50 R R AR 4 v |
W C(6) 17 1) T4 1 A4 S S LA B Al A R R A S . At
TR & B SR 52 B AR5 R 5 R, 7T BLER F(+)-Mal-
brancheamide B, (+)-Malbrancheamide C, (+)-Noto-
amide F, (+)-Notoamide I, (+)-Notoamide R, (+)-Asper-
gamide B DL - FAA(+)-Waikialoid A 25 KIRF=HI1 4
B, HBESEHL T S I NG| W A e ) SR e R
Ji. 5 RIS A S A e A R AR R B AR 1Y) [R) R P )
PR TR, & U A 2 M BL Simpkins TR 5 K
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HIAA D) 8815y Sk v 44 J5UR), 1 F) 44 88 A AR
Je M D-THZR 83 Miih ikl B 83 5 -HELE R
N, TR = SR R AR FH R R AR BB AL R, AR 5
YRZLTE LDA BIBRME SRR T, TR o AT S 0ol 2
thI i, B EEEA S 84, F SRR AR M
TPER OB, HETT 54664 85 RA B4R &, BRIk &Y
86. 86 1Ly WilR — o H i g — W Ak EE(TMSOTH
S, ZEIVRBEIR N—OH A7 8 & A i 2 ik 1
BT, BEEZH RGNS, L 65%M [ IR
BT xREERAA 87, 87 £ Sml, ISR Nk JE
N—O f#, 1328 IR A1) 88. Sarpong P4
DIb &4 88 A JERL, TE N-TRAR T It W fZ(NBS) A J B
RFFI G N RBETI Z IR R v, e Bk
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REVIEW

Ir[(cod)OMe], (5 mol%) 5 CO,Me
phenanthroline (10 mol%)
CO,Me CO,Me B2Pin, (4.0 equiv.), hexane, 80 °C ~ MeO7% \\  NHBoc
TIPSCI then Cu(OAc),, O, N
WHBOC a9 QﬂHBoc TIPS
N o N 65%, C(6):C(5) = 8:1
H 7y TIPS 73 one pot gram scale 74 -~
TBDPSOO
" >(M\CH0 Ezg TBAF
e75 © (3)75
0,
O~ __N ? CO,Me 0 'Elmoc 45% for 3 steps
Z (1) ZrCly, PhNO FmocN CIJKQ CO,Me
O (@NHE,  M© AN 77
Me 2 —2 N " MeO \ NH
Me ©69% for 2 steps H O 87% N
M
OOTBDPS TBDPSOO™ )0~ H Ve
MeO
e 79 78 TBDPSOO Me
76
0s0,, NMO
9 M Me
9% °~~"cHo ONCN >=\_ 0
Me . - = Me ) 2 N
81 H — En
(1) TBAF o _ o
(2) 81 MeO N prenyl bromide
Me — oo MeO N Me
30% for 2steps 0-0 Me ’
MeO single diastereomer \H \ HO—O Me
Me Me
Me Mé
80 (+)-Verruculogen (82) (+)-Fumitremorgin A (12)

E3X 9 Baran 384 KI(+)-Verruculogen Fl(-+)-Fumitremorgin A {45 %
Scheme 9 Baran’s total synthesis of (+)-verruculogen and (+)-fumitremorgin A

Yk 89, IN#E 70 CRA CO)BIRMR I
“Y 90, FEH — 5 T S HR(DIBAL-H)iL £ PEIE 7
oA —AN N B f% 15 21 R IR =4 (+ )-Malbrancheamide C
(91), 91 FHAESEIELE N A Bao(pin), KAWL N, 3
1M 5 K& &ACHE H AR EAR, T SE B R AR 7= 4
(+)-Malbrancheamide B (92)/f] & % 1E#& LA 88 1A
Bl B el NIS e IR & AR, DL 82%H)
SRR EAGE] C6) LM A 93 BLA 9%M5 AR
COVLMEA B =4, SR JE e S I = 82, BA
J a8 FH R K AL R4S 2 2540 57 94, 94 1 DBU K
AT, 7 CuCL ALFIRM T, Bk &Yk 4
X B TR 2 S AL ) R B SR A AR R B, 15 BB A A
Y 96, SNEFE 170 CrEilRs&ME T, REDT NN
B K AR 7= W) 5 1 I 22 W] Wk AE 0 B (+ )-Stephacidin A
(Scheme 10).

Sarpong VR — 5 IR IR¥)(+)-Stephacidin
A K, fEEKIN IR CEREFRIFYE 120 equiv.ff) %
A B, WS IR B R EE, 13 2R R P2 (+)-
Notoamide I, T7E TR 2R LERAE R 5 30 equiv. I
TERMER B, WS EIRIR AW+ )-Aspergamide B. ifi
Ja AT IR F=H)(+)-Aspergamide B &, £ =L
BRI 26 AF T 5 R A AR, 1521 5[y Ar AR A0 L L

Chin. J. Org. Chem. 2024, 44, 1160~1180

© 2024 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

R [ R AR 72 ¥ (4 )-Notoamide F, 415 K AR =4 (+)-
Aspergamide B RAKE, AR5 WA A7 32 AL 1 7~
) (+)-Notoamide R, IR =4 7 IR I FE 5] ok 28 )
(+)-Notoamide R f#H Davis 5% b, WA PATS 2R
SR =W MR IR S AL IS (4 )-Sclerotiamide. XT T KK
SR s, VR MRIRT=W)(+)-Aspergamide B
K, LMK Michael MR N H & — 543 3 (+)-Asper-
gamide B 5K, JRiEd X FHE R EATH T T H A
MISZARA 22 AR IR P2 W)(+)-Avrainvillamide &,
Z2WIX Michael MR EH & 5, W] LA43 H(—)-Ste-
phacidin B. KZR*¥)(+)-Aspergamide B F1(+)-Avrain-
villamide %8 X %, 13 2RI (+)-Waikialoid A.
Sarpong HUZ IR A A 226 B 71580 1 S X0
TG WA= Wtk (+)-Stephacidin A K H K — R4 7
TR JE Mg Wk A R R R ) R A R, SR, X —
A T B e Hofh(+)-Stephacidin A Z5H9AH G IK
PACH =P AR A OB R B8 E 1R, 1% TAER TR
SRR 2 BRI G B DA B B0 E AR YR A A i R B AT
BL145 5 & U (Scheme 11).

2022 4F, PRAaHE PR PO FH A A BBk i o o7 75 55
A B ERARR I B FRA SONE, RS T R R S A
AR5 W AE 0T — )-Spirotryprostatin A HH R 1) 55 FE 2
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N o

(1) pivaldehyde, CH(OMe)3, TFA
(2) LDA, THF; then prenyl bromide

69% for 2 steps

oy
CO,H
83

Me
Me NBS OMe_ me OMe. Me
_CHCl3, 23°C NH Sm|2 LiCl, THF N
T ee%
N .

(1) HoNOBnN, n-BulLi N
(2) DIC, HOB, 85 |

59% for 2 steps /( OB”
Hoj ;o TMSOTf CHZCI2l65%

=4.6:1

OBn
\N/\N/ 87, Major
70 °C, 74% ~
TMDAM
OMe Me Me, Me 1) By(pin)y, Me, Me

N NH DIBAL-H TMDAM

Z toluene (2) CuClp*H0

1 0,

o) H N 70/ 18%

90 (+)-Malbrancheamide C (91)

)-Malbrancheamide B (92)

OMe M
N . NIS, CHCl3, 23 °C;
/ BF3'OEt3
o==N" T 82% (C5-isomer, 9%) ©
88

N 0O Me Me
7 NH
170 °C, 1,2-dichlorobenzene
(@) |

| 89% N

96

(+)-Stephacidin A (7)

OMe Me

(1) Bo(pin),, TMEDA, MMeCN,
NH H,0, Me,CO, hv (flow 40 min)
(2) H,0,, MeCN, pH = 8.7 buffer

H 6
93 7

| 55% for 2 steps

Me
= {Me 93
cl

\ CuCl,, 93

N 0 Me Me
. NH
Me g/‘\/ 4
69% 0 '

DBU, MeCN
O Me

OH

B 10 Sarpong 484 [ (+)-Malbrancheamide C, (+)-Malbrancheamide B F(+4)-Stephacidin A ] 4> & il
Scheme 10 Sarpong’s total synthesis of (+)-malbrancheamide C, (+)-malbrancheamide B and (+)-stephacidin A

B FrEdG, a5 2R A, SRBL T R
Y)(—)-Spirotryprostatin A [JANKITFR G B 7. g 26
FELL 2-fif-5 FEAR LD % 104 A1 1,4- T R 105 i af i
Bl Ol B AR WO F AR IR (PMB) (RS BEI
Ak, HRIE A 106, B 106 F5 SEIFMERT R
TR A6 A 13 B, ARG W% 5 208 R IR BRI
N, 53T R AP 107, 107 4 R 5 R— Y,
13 218 b BT A4 T PR T RE B AL A ) 108, 7E Cul/
LiN(SiMes), F 3-THe-2 Fff S5 4F T, AFPEIE R
BN SaHIE, (LaY) 108 K A4 (AL AR R 5 i
FAA W5 HAY, R IR (4 H B S BE, LA 80% T S 8=
RAGB] T S Z BT AR O 11 S B S A S| o v TR]
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109, FfiJ5 109 TEFGERBR M 2518 T B0 RR AT 25k I At gk ik
AR R AR HS B A SR IR SE, LA 58% M) I 7=
HAGF) T OB ARRIRE AL I Wk (R 4A 110. 110 4R 2E7E =
SRR TR PMB R, I B R S AL D) T
R EY) 111, S 111 £ Pinnick ik &
FRES AL A3 2 FI G 112, 112 7EARB/ AR RN 261 R
FRe s, RME AR A EY 113, 113 5
Fmoc-L-fliZ B4 &, WRWEBikk Fome £y, 1M & A=
SRV, #3 BRI A b FAVRIE LAY 114,
Jei L 43 7 B 3 A BN R B K RN I, & DL
15 B IRSISEIL T AR =) 5 I A P o 2 P il — ) -
Spirotryprostatin A [ A% FR & BB 7T (Scheme 12).
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(+)-Notoamide | (6)

MnO, (120 equiv.)
Wet EtOAc, 23 °C
32%

(+)-Stephacidin A (7)

MnO, (30 equiv.)
Dry EtOAc, 23 °C

TFA, MeOH/THF
76%

(+)-Waikialoid (102) (-)-Stephacidin B (8)

97:101 (n:n = 8:1)
Et;N/MeCN (V:V = 1:10, 3 mmol/L)

29% \

Et3N, CH;CN, 23 °C, 3.5 h,
~ 95% yield by NMR analysis

(+)-Aspergamide B (97) (+)-Avrainvillamide (101)

EtzN/MeCN (V:V = 1:5, 4 mmol/L.)
91% (1) NaBH3CN, AcOH
(2) DMDO in (CH3),CO, MeOH; Me,S
O (3) chloranil, THF
6.3% for 3 steps

N
OMe Me
(+)-Aspergamide B dimer (103) (+)-Stephacidin A (7)

B 11  Sarpong MR [FI(+)-Stephacidin B+ (+)-Waikialoid S H ISP A KT TR B ik
Scheme 11  Sarpong’s asymmetric total synthesis of (4 )-stephacidin B, (+)-waikialoid and its congeners
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BHLE SR 5itR
(1) (S)-tert-Butanesulfinamide
(1) AlMe3 I _o _ Ti(OEt),
o] (2) PMBCI (2) Vinylmagnesium
' (3) DMP bromide, DCM /@i
+ _ =
O 80% for 3 steps MeO EME’ 67% for 2 steps
MeO NH, ) PMB
104 105 106 107
BnBr, NaH
95%
Cul(10 mol%),
LiN(SiMe3),, THF; N o
MeO HCI, DMSO then 3-butyn-2-one, N, ~g”
© 58% 13.5 g scale
dr=3.2:1 MeO 80%, £:Z=311 MeO
PMB
110 108
(1) TfOH, DCM
(2) 0sO4, NMO, THF/H,0/'BuOH:; then NalO,
65% for 2 steps
NaClO,, NaH,PO,4
CO,Me
THF/H,O/'BUOH FOMe 2
2-methyl-2-butene NBn o NH 0
then TMSCHN, : Pd/C, EtOH -
MeO 71% MeO N 20 96% MeO \ A0
H
112 113

MeO

H
(-)-Spirotryostatin A (1)

O

88%
N O,
(1) MeMgBr
(2) TsOH*H,O  MeO

Fmoc-L-Pro-OH, BOP-CI
then piperidine

79% for 2 steps

B 12 LSt if(—)-Spirotryprostatin A XS FR &
Scheme 12  Shen’s asymmetric total synthesis of (—)-spirotryprostatin A

1.3 ETHESERELTIAXER R

2021 4, W PEEEHABIET Sc(OTH:-FHXA
AR AR R, SEIL T A AP Wk — R IR W8 7 22 4 5
i (R AN X6 AR R B Michael L, FA5R T RIRF=H) 5+
T3 M FE A 05| W A W (— )-Dihydrospirotryprostatin B 1
KB MIBIA R T 0. AR Bk,
N-FUT B IE-L- 088 115 5 L-Jif B2 7 G £h 18 £h 4
A FH = CBR(TFA)BER Boe T4, #EAHZKE
fif 19 3 —FRURERAL 590 116, 1L&9 116 4k 8:7E N-SE AR
T BRI Z(NCS)HIEM AR AE TR, L 83%H) W™ 28
101 XMk Rem:, 13 2501005 Wk — FRUR B 40 & 9
117, S8J5 117 1E Sc(OTH)s-TFPERU G AL & A0 1) 2% 14
T, L 80%MIFZ AN 2.6 1 1 HIAEXTMRIESEME, 153 T X
BT RN B =) 118. 118 38— 25 5 B LA BE
N, 13RIBEEAEY 119, SR J57E Burgess ik AI[N-(— 2
SRR ) 2 H R TR 2% A R K, 45 3 A e Ak &
Y 120, FJEAE =S AMEK GRS, S T A
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Y 120 TRXUEE SRk, EAALL 8 B RN, TR e AR
SEPL T R I B 5] W AR ) 5% (— )-Dihydrospirotrypro-
statin B [{IANKF FR A Bi(Scheme 13).

14 ETEESBIREN/NSHXRR ALK

2012 4, ZBHIRBAHPSHRIE 73T 57 500G 55T
BBkt E AgClOs(FR AR )N T AN R v be a4k
SR, LS T R AR = H)(—)-Formylardeemin Fl
(—)-Ardeemin HAHARZE K O MR, JEI S SRR
SEEAL, ST RARPEMIII A IR A R B s 2k ALk
J B4, hE 122 78 NBS A1 PPTS(MNE X FH AR iR
EYPER T KA, 15265 123, 123 4k4E
TER T HG RS AgClos BIEFIT, R4S RR
I F ARG TR A N, BL 91 % 7= 2 75 3 G gt
rhE] A 125, 125 @i TMSI iR Boc {7, 52 ER
127 4i 45, 1930BER 128, 1b& 4 128 4k 8 5 g K AEIE
BRREAL B: 3 DL JE SR E R IR N, 15 3] —ER IR
BRAL A0 129, 16 A4 129 78 n-BuLi(1E T 348 s 2%
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H (1) L-ProOMe<HCI, EDC-HCI
= COOH o) TFA, DCM
| NHBoc (3) NH3 (ag.), MeOH
N 65% for 3 steps
H
115

NCS
_ THFH0
83%, dr=1:1

O
HH
N
o
\ :
H O ) H
117

o Sc(OTf)3 80% yield
chiral N,N-dioxide ligand Lg, | 4r= 2.6:1
~L-N. Na,CO3 3-butyn-2-one
R

Burgess, toluene
100 °C

70%

RhClz+3H,0, EtOH
EtOH, 46%

(-)-Dihydrospirotryostatin B (121)

MeMgBr, DCM
85%

EAR 13 i LH A 1(—)-Dihydrospirotryprostatin B AN #x Ak

Scheme 13

R, 54 E KRR EDRBL, LL 92%H = B
FEERAF RN 130. 1A 130 4 n-BusP IG5 & %A
HETAAL, 4R827E PDC AL TR A BE A A0 A PR 2
M, 193 KIRF=)(—)-Formylardeemin; KR =H)(—)-Ar-
deemin I3 i KSR 7= #)(—)-Formylardeemin 755 AL AN A
PR () JRORE 2% A T It e P I 2L [4143 1) (Scheme 14).
2017 4F, Tokuyama BRAEZHBVA J& T —Fhif v Al &
BT AgNTEHCH = 51 F Be i 96 0 e 4R £6) - S IRARS &
ML 5| DR AT A4 C(3)BL -5 P ek Joe (00 4 A A s B,
PRI HSEI T R SR =) S A5 s Wk AR )+ )-Novo-
amauromine F(—)-epi-Amauromine H 5 5 5 M 3 J [4]
MIEIN, SEEL T RIRF=H) 53 A AR AR S 20 O (1) &
WM. SRk B WA 133 K, 18
1.2 equiv.fEACIRF NBS 1R F &4 BANEWEIA I
CORLAIRANS L, 13 2IRAAL S 134a A1 134b, 134a
A1 134b 33— 1 5 40 1.2 equiv. (] NBS 14 1F N4k %
AL, 13 EI16 A 135a F1 135b. 135a 1 135b 4y
AAE AgNTEHON =5 e B 9 S0 e 4R 8 ) F1 e T8 S b e
SN 2% A T R AR IRAR N A IS AT A o C3) ML
S G TSR P I SRR OB, D SR B T R AR =4
S I35 22 15| W A W (+ )-Novoamauromine  F1(—)-epi-
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Xie’s asymmetric total synthesis of (—)-dihydrospirotryprostatin B

Amauromine HJAHARIES:ZER P ORI E, BId )5S0
MR Boc &L, SRR T EATH M A BT A
(Scheme 15).

2023 4F, Tifg QIRBANOMRE T —Fh R TR(Ag-
HMDS) i A6 P R ER BE 77224 140 FOE TS 141 () 5 00
R AR ML [3 2030 N, i — P
N, R R SR BT R AR 7 ) S T A R A ] R A )
(—)- Spirotryprostatin A OB I B R T M L B
U, IS — LA S AL S N, BRI SEB T ORAR
)(—)-Spirotryprostatin A AXFFRAE R 7T, AT &
B A NIRRT AED) 140 50 IZ 1L 54 141 1
HR(AgHMDS)FIFPERL A Lo AL FIIVER T, KA mxT
MRS JERTBE SR 13- BRI N, AR T
KA A 142, FMLEY) 142 5 Fmoc-L-fli 2B
77 4iEr, WRWEMLER Fmoc TRIFHETTZME, 133 —HRIRGE
&) 143, A5 H =9I o B3 BT e A A2, 7
BRI ERCE Y 144; 144 TEERR/BETR 125 1F
TR R A A, TR AR S SR RN, AR R
BRI N-FREEAF B A 145, SRJ5 145 7E0F HZRRERR
MIVE T BRI EE R 2, 19307 G EAEY) 146, K
Ja H Sml i JFE B BRI 146 H 1 N—O ##, #isehk 1
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BH=E ERSHR
COMe BU3Snf< 124 | Me
NHBoc  NBS, PPTS Br AgCIO,, Cs,COs, o
{ CH,Cl, \=COMe 124, DCM COMe
9 N~ N 91% "N
Eoc 85% Boc Boc ’ Boc Boc
122 123, exo:endo = 24:1 125
., 0 TMSI, MeCN | 90%
FmocHN OH
(1) HCHO, NaBH;CN 127
(2) EtoNH, THF CoMe _HATU127, Et;N, DMF
83% for 2steps 80%

129

n-BuLi, o-azidobenzoic
anhydride, 92%

Me N3
\ Me 1) n-BuzP
PDC
‘N\”) 9% for 2steps

\ \
Me CHO
130

NHFmoc

Me

(-)-Formylardeemin (131)

85%

(-)-Ardeemin (132)

B 14 ZF5BHHAN(—)-Formylardeemin F1(—)-Ardeemin ASXFFRA K,

Scheme 14 Qin’s asymmetric total synthesis of (—)-formylardeemin and (—)-ardeemin

NBS (1.2 equiv.)
DCM

NBS (1.2 equiv.) Br.
DCM

N
H

Boc

135a, 42%
AgNTf,, prenyl-Si(i-Pr)s,
DTBP, MS 5A, DCM

42%
Boc

136

0-CgHaCly, 200°C
88%

N
H
(-)-epi-Amauromine (137)

E3 15 Tokuyama 4 ZH #(+)-Novoamauromine HI(—)-epi-Amauromine A%} Fx

135b, 33%

AgNTf,, prenyl-Si(i-Pr)s,
DTBP, MS 5A, DCM
35%

76%

(+)-Novoamauromine (139)

R

Scheme 15 Tokuyama’s asymmetric total synthesis of (4 )-novoamauromine and (—)-epi-amauromine
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TR =) 57 I ) B AL M| o A= ) (— )-Spirotryprostatin A
FRIAN S R BT 8 (Scheme 16).
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(156)7E NaH 2% T AT kA ) 8, ATEL 72% il
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OMe
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QCOCI
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Ar = 3,5-Bu-4-MeOCgH,
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(1) Zn, HOAc, CH,Cl,
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OH " g59% yield for 2 steps

=0
N\
OBn

145

MeO

TsOH, Nay,SO,4
toluene
92%

Smly, H,0, THF
80%

MeO MeO

(1) 77, Et3N, CH,Cl,, r.t.
(2) piperidine (20 mol%) | 79% for 2 steps
CHzclz, r.t.

MeO

(1) TFA, CH,Cly, rt.
(2) K,CO3, Mel, DMF

82% yield for 2 steps

146 (-)-Spirotryprostatin A (1)

B 16 T IR (—)-Spirotryprostatin A ANXFFRA K
Scheme 16 Wang’s asymmetric total synthesis of (—)-spirotryprostatin A

Chin. J. Org. Chem. 2024, 44, 1160~1180

© 2024 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

http://sioc-journal.cn/ 1175



BIKE

ik SR

18-crown-6 &A1 N HEATILFEMER 7 I AL IS, PAPY
WL 45% U ZE 45 B (+)-13-epi-Fumitremorgin B
(159). MiJ5, @ikxt 159 MEEE C—H it &R B
&, A FtmOx1(#k/o-Fi 13 — FR AR AL i S8 34 & 1) 1
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o MeOH, H,0 o 149, DCC, 'Pr,NEt, HOBt, CH,Cl, p CO,Bn
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N N 96% for 3 steps
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(1) Pd(OAc),, oxone
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MeCN, 60 °C, 55% for 2 steps

156
%\Br

(0}
N
"/H Rh(PPPhj3);Cl
N PPhg, toluene; TFA
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(0] o
A\ 45%
MeO N MeO N
B H Me Me
155 158
(1) NBS, THF/H,0O
(2) prenyl chloride, KOH
18-crown-6, PhH
o 45% for 2 steps
N N fe)
- - FtmOX1, L-ascorbate, N
H H a-KG, (NH,),Fe(SOy),
o) DDQ, MeCN ¢} Tris buffer, pH 7.5 H
55% 9 O
MeO N Me ° MeO N Me 62% N
0-0 Me HO—O Me MeO
\H \ M Me
€
Me Me |
Mée Me

Me™ Me
(+)-13-Oxoverruculogen (11) (+)-13-epi-Verruculogen (160) (+)-13-epi-Fumitremorgin B (159)
Ez 17 Ting AR (+)-13-Oxoverruculogen AXFHR A ik

Scheme 17 Ting’s asymmetric total synthesis of (+)-13-oxoverruculogen
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JO R
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—NRIRFEW) S I I ok A= 0 — )-Spirotryprostatin A
T R, T2 KR = %) (—)-6-Methoxy-spirotryprostatin
B i#id 43 F- HoRU () S A 1S B (Scheme 18).
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Wi 2E Wk +)-Notoamide I, (+)-Notoamide F, (+)-Noto-
amide R Fl(—)-Sclerotiamide HIAXIFR4 & Ak 7T, 1%
PR NGRS 174 Kk, S FRHE o fbidE
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Z e i
Cul (4 mol%), 163, EtsN, DMF A\
N
R Boc

164a: R = H, 92%
164b: R = OMe, 92%

o)
D—{ CsF, DMF
H NH, CO;, (gas)
o _
166 Oy _oH
R N ! HN\’(‘\/> PMes, L-Glutamic acid | H/N\(D 166, DCC //
2!
Boc 5 Toluene/DMF ¢ N { {
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0 167b: R = OMe, 70% i 165 i
/J\ DMAP, DCM
Z 169
0 r o . 0
N N X N | N N
| N MeMgBr N | - N\’(‘:> TsOH-H,0 R N N
R I,E\!loc DCM R Boc | Boc )
| o (o
o) \OH - 172a, R = H, 73%
— - 172b, R = OMe, 76%

170a: R = H, 85%
170b: R = OMe, 88%

MeO

(-)-Spirotryprostatin A (1)

(1) OsO4, NMO
THF/t-BuOH/H,O
(2) Microwave, EtOH

R =MeO
Pd/C, H,, EtOAc

95%

R = H: (-)-Spirotryprostatin B (2), 58% for 2 steps
= OMe: (-)-6-Methoxy-spirotryprostatin B (173)
58% for 2 steps

B 18  FkLM IR EIZH 1 (—)-Spirtryprostatins A, B Fl(—)-6-Methoxy-spirotryprostatin B FIANXS FR & ik
Scheme 18 Zhang’s asymmetric total synthesis of (—)-spirtryprostatins A, B and (—)-6-methoxy-spirotryprostatin B
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(0] (1) LDA, prenyl bromide; Y — 0
Wl then aq. H,SO4; then (Boc),0 (1) TFA 1L
o (2) HoNCH(CO,Me),, HATU, DIEA /" H (2) AcOH SSNH
N~ 56% for 2 st N "]TNYCOZMe 90% for 2 steps N\n)\
o for 2 steps o
U Boc O  COMe I CO,Me
174 175 176
[
/@f\g JFer, 67%
N
OBn BnO 175 Boc o
NH co,me N OMe
-PrMgCl "
47% L/N_% L/N—Q\ o)

180

catalyst 181 (20 mol%)
PhSiH; (1.2 equiv.)
then DMP, 82%

OBn

177

-

catalyst 181

183 OCO,Me
(1) Pd/C, HCO,NH,4
(2) CuCl,
0,
65% for 2 steps 184
heat, 180 °C
87%
DIBAL-H
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B 19 2B IR 1 (4-)-Noatamide I, (+)-Noatamide R, (4 )-Noatamide F F1(—)-Sclerotamide AR A %
Scheme 19  Li’s asymmetric total synthesis of (+)-noatamide I, (+)-noatamide R, (+)-noatamide F and (—)-sclerotamide

1178 http://sioc-journal.cn/

© 2024 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Chin. J. Org. Chem. 2024, 44, 1160~1180



Chinese Journal of Organic Chemistry

REVIEW

17 ETHECRBREXNXERN

2023 4, i B HEHEEET Ni(Cl04)-6H0-FE
WA AR 2R, ST e IR BB e it 3-IRARAR
A | P oA A= g | k- 2- ] H D) 42 PR AS 6 PR AR A S A%
FOR L, X IR B A AR IR BV T B IE SR R
HRL ARSI Rl B, SEIR T R AR S I S R A
YIk(—)-Debromoflustramine A H1 B 1) 75 FE Fh F 1t
L IR, JE I R SR A AL, BT T e A
R AL, A BRI 2 DLRARE AL AL 54 185 FME T
FEANGENEY 124 FiRaa R, R Ni(Cl04)
6HO AITFPEXU G AR LR AR I [ BL 261 T, R ARRAR
AR A Y CONLIN I 7 M A ) B, L 82%
(1) R BELF= 2670 94% [N e B4, 19 218 ) S IR 1)
R E A A 186. W fE AR S I R A 1
N, BEAEGYNER . ZE PR B R, 1524
#4188, )5 188 i Red-Al I8 J5 205k FH R HIlis, iiF
MRAEIM IR, B2 SEIT RIRF=4) 57 IS5 Mk A= )
fi#(—)-Debromoflustramine A FJHEALANIT FK A li(Sche-

Ni(Cl04)2*6H,0, Lg

N3
Br. Ve 2,6-lutidine, 4 A MS
EtOAc, r.t.
o + A
N Me)\/\SnBu3 82%, 94% ee
H
124

185

\@ N
N NTN0

-N. _O- -0,
R H-N,
Lg
R= 2,4-Me2CGH3

R

(-)-Debromoflustramine A (189)

me 20).

2 ZR5RE

T < e A 1) S B S N R ST T R AR 7 ) e A
SEmg YOG B S AR S AT R 5 3, B
BRI MR T 2 5FE, X RIR IR SR 25 5E
gikgfeite. AEIRG IR MR UE DL EH G B RN
R, BATEEN IR L. AL — s AR
03 T AR 7 40 7 I P WA A ol 14 45 BRGEAT T ] 22K
RFRES, U] e RO 5N R IR 7 W) S s B s W A= 40
i PR S I B, TSR 2 S T 2 M5 WA A M Bt 7 1
MRME RN, SJERIRETT I RZE R T . 5
3 FROT LA R SIS B2, R R &
P A 28 /R HE AR, SIS 32 0 58 s e 2 A ik
e A O T, o NS R T R, R e R R
(M-H) AL, HEAT W5 e 017 A= (AL 7 oA 2 4, ey X 38K
HEREPEHBLENG| W b 5N M A B e I 22, B
Je BIF 71 F A PN 7

\Me Me N3
s prenylbromide
NaH, DMF

90%

(1) PPhg, THF; then H,0
(2) CICO,Me, NaHCO3, toluene
77% for 2 steps

Red-Al, toluene, 110 °C
62%

Bz 20 ¥ EHF RS FI(—)-Debromoflustramine FIANKTFRA K

Scheme 20 Xie’s asymmetric total synthesis of (—)-debromoflustramine A
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