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Introduction——Isolation

Tetracyclic hapalindole-type natural products

Ambiguine A Hapalindole G Ambiguine H Hapalindole U

Fischerella ambigua

Representative pentacyclic hapalindole-type natural products

4 Bioactivity )

Cl
> antibacterial e
> antimycotic et
CN
> insecticidal N md
H
k > anticancer ... / Ambiguine D Ambiguine J Ambiguine G Ambiguine P

Smitka, T. A.; Bonjouklian, R.; Doolin, L.; Jones, N. D.; Deeter, J. B.; Yoshida, W. Y.; Prinsep, M. R.; Moore, R. E.; Patterson, G. M. L.
J. Org. Chem. 1992, 57, 857—-861. 4



Introduction——Biosynthesis

Me

/\)\/\/I\lﬂ\e i
PP NF Z e 7 "Me
GPP 5
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NC C3-alkylation Cope Prins-type
©; N : A rearrangement cyclization
N\H ) NC _ _ =
1 N
Int |
Me AmbP3 AmbO1-4
> N /\/\ > >
Friedle-Crafts PPO Me Friedle-Crafts Ring closure
alkylation IPP alkylation and oxidation
Hapalindole U Ambiguine H Ambiguine |

(1) Li, S.; Lowell, A. N.; Yu, F.; Raveh, A.; Newmister, S. A.; Bair, N.; Schaub, J. M.; Williams, R. M.; Sherman, D. H. J. Am. Chem. Soc.
2015, 137, 15366—15369. (2) Hillwig, M. L.; Zhu, Q.; Liu, X. ACS Chem. Biol. 2014, 9, 372-377. 5
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2. Total Synthesis of Ambiguine P and G

Vv Sarpong, R. (Ambiguine P, 2019)
VvV Rawal, V. H. (Ambiguine P, 2019)
VvV Rawal, V. H. (Ambiguine G, 2021)
Vv & B (Ambiguine P, 2025)



Total Synthesis of Ambiguine P———Sarpong (2019)

Retrosynthetic Analysis

Pentacyclic Oxidation

ambiguines

Chlorination

Common intermediate

(S)-Carvone Indole 7

Olefination

\v/

\ Nitrile to isonitrile

Directed C12

functionalization .

Me
©f\> \\‘
Me + + —Me &
) N v
H TMSsO Me

interconversion
0
Me
M} 1,2-addition
N <
N HO Me
6

Cu(ll)-mediated

cross-coupling

Friedel-Crafts

cyclization

Nicholas

alkylation

Johnson, R. E.; Ree, H.; Hartmann, M.; Lang, L.; Sawano, S.; Sarpong, S. J. Am. Chem. Soc. 2019, 141, 2233—-2237.




Total Synthesis of Ambiguine P———Sarpong (2019)

Construction of the pentacyclic core

Babler-Dauben

M oxidative transposition 0 Nicholas reaction
e
3. PDC, DCM, r.t.; 4. Co,(CO)g;
2. LIHMDS; then 7 o then 1 N HCI then BF;-OEt,
THF, —-78 °C to r.t. THF, 0 °C DCM
A\ 44% yield .
889 Id
8 Me over 2 steps % yie
TMso Me
7

Friedel-Crafts

alkylation
6. Et,AICN, TMSCI
5. AICl3;, MeOH pyridine, MeCN o
DCM, 0 °C to r.t. 7. BuzSnH, PhH
45 °C; then
2 N HCI, MeOH
10 5 49% yield 11

over 3 steps

Johnson, R. E.; Ree, H.; Hartmann, M.; Lang, L.; Sawano, S.; Sarpong, S. J. Am. Chem. Soc. 2019, 141, 2233—-2237.



Total Synthesis of Ambiguine P———Sarpong (2019)

9. NaHMDS
methyl formate, THF

8. RhCI(PPh3);
acetaldoxime

>

PhMe, 130 °C 10. NaBH,4, MeOH

57% yield

11 13
Barton—-McCombie
deoxygenation
11. Tf,0 12. TCDI, DMAP

2,6-di-tert-butylpyridine DCM, 45 °C 14. TMSCH,Li, THF

o

-
DCM, -78 °C 13. Bu3SnH, AIBN

PhMe, 80 °C

15. PPTS, DCE
120 °C, ywave

28% yield
over 3 steps 14 43% yield 3 15
over 2 steps

Johnson, R. E.; Ree, H.; Hartmann, M.; Lang, L.; Sawano, S.; Sarpong, S. J. Am. Chem. Soc. 2019, 141, 2233—-2237.



Total Synthesis of Ambiguine P———Sarpong (2019)

End game

Peterson-type Hofmann
olefination rearrangement

16. TBAF, THF 17. PIDA, KOH

> >

100 °C, pwave H,0, dioxane
52% yield

over 3 steps

16 17

18. Ac,0, HCO,H

DCM 20. KO'Bu, DMSO 21. Se0,
.—>
19. COCl,, NEt; 150 °C, ywave dioxane
DCM, 0 °C
77% yield o
96% yield 20 (-)-Ambiguine P 21
over 2 steps 28% yield
dr=1.5:1

Johnson, R. E.; Ree, H.; Hartmann, M.; Lang, L.; Sawano, S.; Sarpong, S. J. Am. Chem. Soc. 2019, 141, 2233—-2237. 0



Total Synthesis of Ambiguine P———Rawal (2019)

Retrosynthetic Analysis

Oxidation .
Ambiguine P > —
Electrophilic
substitution 22 23
[4+3] Me/
cycloaddition N_® .
) © + X
7 N Me
H Me
24 25

Xu, J.; Rawal, V. H. J. Am. Chem. Soc. 2019, 141, 4820—-4823.



Total Synthesis of Ambiguine P———Rawal (2019)

Failed [4+3] cycloaddition

Me Me : Me Me
2. Pd(dppf)Cl,, Cul, LiCl
""1/ 1. KHMDS ""1/ DMF, 40 °C ""'/ 3. KHMDS, TBSCI ""1/
- > 0 - OTBS
@) THF, -78 °C OTf then 2 N HCI THF, -78 °C
Me Me Me
28 29

Me then Comins' reagent Me DCM, r.t.
26 27
. OEt ,
89% yield )\ 81% yield
SnBuj
B Me . B )

"'u/
OH OTBS
2 ©j\>—<"Me 4.TMSOTF T

N Me DCM,-78°C

H |
\ G--)ull\/|e
57% yield |_ C:N Me

]
]
]
]
]
]
(5

30

............................................................. z?t-------------------------------------------------------J

12

Xu, J.; Rawal, V. H. J. Am. Chem. Soc. 2019, 141, 4820—-4823.



Total Synthesis of Ambiguine P———Rawal (2019)

Construction of the pentacyclic core

Me Me
'uu/ "'n/

O 5 NaAuCl,2H,0 O 6. BF5Et,0, MeOH 7. DDQ
Me Me o
1-propanol, r.t. DCM, 0 °C THF/H,0, r.t.
wille ""I'Me
N Me H Me
56% yield 81% yield 96% yield
31 32 33

8. Boc,0, Et;N, DMAP o 9. LiAl(OMe), 10. Martin sulfurane
DCM, r.t. THF, -40to 0 °C DCM, 0 °C
95% yield 97% yield

Xu, J.; Rawal, V. H. J. Am. Chem. Soc. 2019, 141, 4820—-4823.
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Total Synthesis of Ambiguine P———Rawal (2019)

End game

11. MeONa/MeOH o 12. NBS, H,0
THF, reflux DCM/pyridine (1:1)
-40 °C

87% yield
over 2 steps

halogenation and
cyanation at C-23

62% yield |_
(-)-Ambiguine Q (-)-Ambiguine P dr=20:1 IntV Int IV Int 1l

14

Xu, J.; Rawal, V. H. J. Am. Chem. Soc. 2019, 141, 4820—-4823.



Total Synthesis of Ambiguine G——Rawal (2021)

Retrosynthetic Analysis

Stable, removable

Pd-catalyzed

coupling
)
38
[4+3]
cycloaddition ©j\>_@v.|v|e
7 N Me
H
24

Me

Cl

41

Electrophilic

substitution 39

l,,ll

R

o N\
§:2

(S)-carvone oxide

Hu, L.; Rawal, V. H. J. Am. Chem. Soc. 2021, 143, 10872—10875.

15




Construction of the diene 45

O]
‘\\(;) Me N E Me
1. TSNHNH , THF
0 ~10 °C; -78 °C \hll
N

Me Me H ~
(S)-carvone oxide B 42
OEt
SnBuj
Cl Cl
Me 3. NaHMDS, THF, then
.,,,,/ Comins'reagent
OEt 4. Pd(dppf)Cl,
Me Cul, LiCl, DMF Me
45 44

72% yield
over 2 steps

Hu, L.; Rawal, V. H. J. Am. Chem. Soc. 2021, 143, 10872—10875.

Me

""I

)

Total Synthesis of Ambiguine G——Rawal (2021)

Bng\/

N

then
CuCl,, acetone

z=Z

L Me ~

48% yield
dr>20:1

2. NCS, PPh, o/
-
THF o

68% yield 43

16



Total Synthesis of Ambiguine G——Rawal (2021)

Cl [4+3] cycloaddition
Me
OTMS
w4 A\ 5. TMSOTf 6. BF;-Et,0, MeOH, DCM
+ mMe > >
OEt N Me DCM, -78 °C then TBAF, DDQ
Me
45 46 46% yield 67% yield
40
— _ _ Air oxidation
7.DIBAL, DCM then KHMDS
+ q
then Et,AICI P(OMe);, air
47 <1:10 438 M =K or Al
Tautomerization 8. NBS, DCM; PPTS 10. BF 3-Et,0, Et;SiH
> > '
9. Pd(dba),, P'Bu, DCM, —-40 °C
Zn(CN),, Zn, NMP, 110 °C
63% yield
dr=13:1

84% yield

49 62% yield
over 2 steps

Hu, L.; Rawal, V. H. J. Am. Chem. Soc. 2021, 143, 10872—-10875.

(+)-Ambiguine G

17



Total Synthesis of Ambiguine P——2Z& £ (2025)

Devised synthetic route

Ambiguine P 56

Prins-type :

alkylation

Fei, Y.; Fan, B.; Liu, Z.; Ba, M.; Cui, Z.; Yang, P.; Li, A. J. Am. Chem. Soc. 2025, 147, 18391—-18396.

18



Total Synthesis of Ambiguine P——2Z& £ (2025)

© 1. PANHNH,-HCI, HOAc 2. 'tBuOCI, 'Pr,NEt . 3. NaO'Bu, 52
Me > > O A\ 4 >

A\
“'M then DBU
Mé N me © N Me
58

57 70% yield 63% yield

over 2 steps

4. Mg(NTf), then KHMDS

P(OM9)3, 02

6. 'BuOCI, 'Pr,NEt

>

55% yield 70% yield

dr=4.3:1 43% yield

Ambiguine P

Fei, Y.; Fan, B.; Liu, Z.; Ba, M.; Cui, Z.; Yang, P.; Li, A. J. Am. Chem. Soc. 2025, 147, 18391—-18396. +



3. Summary

Content
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Summary

Cu(ll)-mediated

/ cross-coupling

/ \
Friedel-Crafts ©j> .
N Me\_S__ Nicholas

alkylation H

reaction
Sarpong (2019)
Ambiguine P (21 LLS)

Pentacyclic
scaffold

/ - -
\ 1N

cycloaddition

[4+3]

Rawal (2019 & 2021)
Ambiguine P (12 LLS)
Ambiguine G (10 LLS)

Prins-type
cyclization

------ Cope
/.

rearrangement
Friedel-Crafts
alkylation

Li (2025)
Ambiguine P (7 LLS)

21



Thanks for your kind attention!



mechanistic blueprint:®

carvone (3
{ }K Base
T

indole (2) J

Baran, P. S.; Richter, J. M. J. Am. Chem. Soc. 2004, 126, 7450—7451.

Cu(ll)-mediated oxidative coupling of indole with (S)-carvone

23



Babler—Dauben oxidative transposition

o
A Cr—i{r
1 3a
= ‘(‘-—HB
— — Fath A
0 H
'.."I:- _,.-'::' = _j'
A0
{} |_-:I AT ':I:.-:I
{'J':i.l'l.r'li.l'
Al ] \ {}D
H™ ™y Fath B _ B 3e
| - {1
N
ib .:'*- I'i
I:}__‘p. o
Al
AT
B . i 1
i,
Al B
if

(1) Babler, J. H.; Coghlan, M. J. Synth. Commun. 1976, 6, 469—474.
(2) Dauben, W. G.; Michno, D. M. J. Org. Chem. 1977, 42, 682—685.




Nicholas reaction

OR*
3
Coy(CO)s
) -
R %
R‘1
_ R3
@
@
R2 Co(CO)3 -~
S
R’ Co(CO)3
Nu
R
R? Co(CO),
Co(CO);

L
- oR*
X))
R? Co(CO)s3
= Co(CO)s
Nu'\RS _
®
R2T XX Co(CO);
1 Co(CO),
Nu
oxidation . R
R2

Lewis acid

Nu

-

25



Rh(1)-catalyzed nitrile hydration

0 OH A
o — et SN
Ph” “NH, Ph” ~NH [Rh(IMes)(Ph-CN),]* -
|
- PhCN
2 PhCN
H L.Rh---N=C—Ph
.-'N * —)
LnFth:\ “}—Ph H ;N—Dk
S Y oMy,
\Y CegHs
L,Rh---NH
'EEHECN I"l ‘I" Flh
N-0O
Y
CeHs Ml

Lee, J.; Kim, M.; Chang, S.; Lee, H. Y. Org. Lett. 2009, 11, 5598—-5601.
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Possible mechanism for the amide-directed C12 functionalization

27



Possible mechanism for the ring opening of hemiaminal ether

28



Investigation of the
Cope/Prins/Friedel—Crafts
Cascade

Conditions
+
20
Me
Me -
19 26
Entry Conditions 20 + 25 (%) 20:25

1“ 150 °C 0" -
2° Sc(OTH),,% 70 °C, 15 h 42 1.2:1
3¢ Bi(OTf);, 70 °C, 15 h 36 1.3:1
4° Zn(OTf),, 70 °C, 24 h 45 3:1
5 Zn(NTE)," 70 °C, 72 h 62 7:1
6° Ca(NTE),? 70 °C, 120 h 51 2:1
7° Mg(NT%,),,* 70 °C, 72 h 68 10:1
8¢ Mg(NTH£,),,” 70 °C, 36 h 59 10:1
9 Mg(NTf,)," 80 °C, 24 h 49 4:1

“BHT (3.5 equiv) was added. o-DCB was used as a solvent. bCompound 24 was obtained in 52% yield. “DCE was used as a solvent. %20 mol %.
30 mol %.



