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Construction of core skeleton
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O 17 compounds O isolation
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n The Ambiguines: 17 Compounds m

ambiguine A; X=CI ambiguine B; X=CI ambiguine D; X=Cl ambiguine E; X=ClI
ambiguine H; X=H ambiguine C; X=H ambiguine J; X=H ambiguine I; X=H ambiguine F

ambiguine G; X=ClI ambiguine K; X=CI ambiguine M; X=Cl
ambiguine Q; X=H ambiguine L; X=H ambiguine N; X=H ambiguine O ambiguine P

The ambiguines were first reported by Smitka and Moore in 1992.
Isolated primarily from Fischerella ambigua, these alkaloids possess
the core structure.



n Isolation n

First Isolated From Year

Fischerella ambigua (A-F) 1992 (Smitka and Moore)
Hapalosiphon hibernicus (A, E)
Westiellopsis prolifica (D, E)

Hapalosiphon delicatulus (G) 1998 (Moore)
Fischerella ambigua (H-J) 2007 (Carmeli)
Fischerella ambigua (K-O) 2009 (Orjala)
Fischerella ambigua (P-Q) 2010 (Orjala)

Related References:

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.

Huber, U.; Moore, R. E.; Patterson, G. M. L. J. Nat. Prod. 1998, 61, 1304.

Raveh, A.; Carmeli, S. J. Nat. Prod. 2007, 70, 196.

Mo, S.; Krunic, A.; Chlipala, G.; Orjala, J. J. Nat. Prod. 2009, 72, 894.

Mo, S.; Krunic, A.; Santarsiero, B. D.; Franzblau, S. G.; Orjala, J. Phytochemistry 2010, 71, 2116.



1 ) Biological Activity > 6

HT, 5% R tambiguinesiiT T ¥ VG 5T

M. tuberculosis B. anthracis S. aureus M. smegmatis C. albicans Vero

ERDRATE RIEME SEEEKE AR DR ABBESIRE
Ambiguine A 6.7 1.0 1.8 14.8 <1.0 26.0
Ambiguine B NT 3.7 10.9 27.8 1.7 58.6
Ambiguine C 7.0 16.1 7.4 59.6 <1.0 78.3
Ambiguine E 21.0 3.6 1.5 1.4 <0.9 42.6
Ambiguine F 61.2 NT NT NT NT 57.9
Ambiguine G 53.7 >100 6.6 49.7 >100 40.8
Ambiguine | 13.1 >128 8.9 59.7 1.7 >128
Ambiguine K 6.6 7.4 4.6 23.7 <0.9 53.2
Ambiguine L 11.7 16.2 10.5 29.3 <1.0 44.6
Ambiguine M 7.5 28.5 4.7 25.8 1.1 79.8
Ambiguine N 271 30.9 S8 48.8 <1.0 118.4
Ambiguine O NT 13.8 NT NT NT 80.7
Ambiguine P >100 NT >100 NT 32.9 NT

Related References:

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.

Huber, U.; Moore, R. E.; Patterson, G. M. L. J. Nat. Prod. 1998, 61, 1304.

Raveh, A.; Carmeli, S. J. Nat. Prod. 2007, 70, 196.

Mo, S.; Krunic, A.; Chlipala, G.; Orjala, J. J. Nat. Prod. 2009, 72, 894.

Mo, S.; Krunic, A.; Santarsiero, B. D.; Franzblau, S. G.; Orjala, J. Phytochemistry 2010, 71, 2116.

Walton, K.; Gantar, M.; Gibbs, P. D. L.; Schmale, M. C.; Berry, J. P. Toxins 2014, 6, 3568.



1) Stucwre D7

ambiguine A; X=ClI ambiguine B; X=Cl ambiguine D; X=ClI ambiguine E; X=ClI
ambiguine H; X=H ambiguine C; X=H ambiguine J; X=H ambiguine I; X=H ambiguine F

\ J

ambiguine G; X=CI ambiguine K; X=Cl ambiguine M; X=Cl
ambiguine Q; X=H ambiguine L; X=H ambiguine N; X=H ambiguine O ambiguine P

» 4-rings (A, B, C, H) or 5-rings, C11-NC, C12-vinyl, C12-methyl

> a “reverse prenyl” group at the indole C-2 position (tetracyclic ambiguines) OR seven-membered E-ring
(pentacyclic ambiguines)

> the same relative stereochemical configurations at C-10, C-11 (when C10, C-11 is sp? hybridized), C-12,
C-13 (when C-13 bears a chlorine) and C-15

» Dimethyl at ring B C-16 position



Total synthesis of ambiguines




» Synthesis of Ambiguines n

A-F G H-J K-O P-Q

Isolation

1990 1995 2000 2005 2010 2015 2020

Total Synthesis:

Baran, P. S.; Maimone, T. J.; Richter, J. M. Nature 2007, 446, 404.
Maimone, T. J.; Ishihara, Y.; Baran, P. S. Tetrahedron 2015, 71, 3652.
Sahu, S.; Das, B.; Maji, M. S. Org. Lett. 2018, 20, 6485.

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

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

ambiguine H ambiguine P

Biosynthesis:

Hillwig, M. L. ; Zhu, Q.; Liu, X. ACS Chem. Biol. 2014, 9, 372.

Hillwig, M. L. ; Fuhrman, H. A.; Ittiamornkul, K.; Sevco, T. J.; Kwak, D. H.; Liu, X. ChemBioChem 2014, 15, 665.

Hillwig, M. L.; Liu, X. Nat. Chem. Biol. 2014, 10, 921.

Micallef, M.L.; Sharma, D.; Bunn, B.M.; Gerwick, L.; Viswanathan, R.; Moffitt, M.C. BMC Microbiology, 2014, 14, 213.

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.
Liu, X.; Hillwig, M. L.; Koharudin, L. I. M.; Gronenborn, A. M. Chem. Commun. 2016, 52, 1737.

Hillwig, M. L. ; Zhu, Q.; Ittiamornkul, K.; Liu, X. Angew. Chem. Int. Ed. 2016, 55, 5780.



D Baran's Enantiospecific Synthesis of (+)-Ambiguine H

Baran's Retrosythetic Analysis of (+)-Ambiguine H

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

Baran, P. S.; Richter, J. M. J. Am. Chem. Soc. 2005, 127, 15394.
Baran, P. S.; Maimone, T. J.; Richter, J. M. Nature 2007, 446, 404.
Maimone, T. J.; Ishihara, Y.; Baran, P. S. Tetrahedron 2015, 71, 3652.



Baran's Enantiospecific Synthesis of (+)-Ambiguine H

Me

OH

3
A\
N
H1
LHMDS

Cu(ll)-2-ethylhexanoate

a. CICOCClj, Zn DIBAL-H, DCM
Et,0, sonication MsCl, py,
b. NaOMe, MeOH, A then AcOH : H20
>
61% 73%
- |_IMe // Herrmann's cat Me/

HCOONa, TBAB  Me H
Et;N, DMF, 80 °C

0O —— 3 Me
- Br S N
0% 65%
« NH () N
Me
Me H /
Me' N
t Y
BuOCI
prenyl-9-BBN N \<c| hv, Et3N
60% g;k 63%
R = tert-prenyl (+)-ambiguine H
AR Ar

DBU

N .
(l) N clJ a Z o. ;-)d
\W N ><0/ FI,
N N
\f Cl \\N A A .

7

o OO

Herrmann's catalyst

Nal, acetone, A |

then DBU, THF, A Me & o

87%

'
OMs
H Me

a. NaBHsCN,NH,OAc .~ Me
b. HCOOH, CDMT
cocl, o -
= N
60%
NH

(-)-hapalindole U

10 steps, 2.86% yield

Baran, P. S.; Maimone, T. J.; Richter, J. M. Nature 2007, 446, 404.



Baran's Enantiospecific Synthesis of (+)-Ambiguine H

Me/
e ‘BuOCI Me RN
M prenyl-9-BBN < hv, EtzN
e NC N cl
N S > . — >
v 60% B 63%
(-)-hapalindole U %
R = tert-prenyl
-O- Me
- prenyl-9-BBN Me/ b - J /
Me Me + Me H
Me H / Me H / y Me R _N
‘BuOCl D ) \(CI
— //, “CI
Me \ NC Me \__\L\l\\c@ —_— ®';l hlcle — é
(7 el @Bc/< &
NH NH
B B R = tert-prenyl
Me Me
HMe /
Me' R>N Me N\
hv ;I‘L-/\m R N@
N Cl > N > N\ \\
i B B NH H
% % % e tert—prenyl ! |
R = tert-prenyl R = tert-prenyl (+)-ambiguine H

Baran, P. S.; Maimone, T. J.; Richter, J. M. Nature 2007, 446, 404.

Schkeryantz, J. M.; Woo, J. C. G.; Siliphaivanth, P.; Depew, K. M.; Danishefsky, S. J. J. Am. Chem. Soc. 1999, 121, 11964.



D Maiji's Racemic Synthesis of (*)-Ambiguine H

Maji's Retrosythetic Analysis of (*)-Ambiguine H

Baran
four steps
(*¥)-ambiguine H
Br T

Sahu, S.; Das, B.; Maji, M. S. Org. Lett. 2018, 20, 6485.
Baran, P. S.; Maimone, T. J.; Richter, J. M. Nature 2007, 446, 404.



D Maiji's Racemic Synthesis of (*)-Ambiguine H

a. Bz(OH)4, H2PdC|4
DMSO:H,0 = 4:1, rt
b. MS 4 A, CHClj, rt a. NaH, MOMCI, THF

)\/\)\/\ ethyl glyoxalate b. LiAlHg, THF Me ” At
Me” N-"on - e 0 > )\W

77% OH 70%

IBX, CH3CN Me || Me 'PrMgClI, THF
0 -78°C to rt
B0°C e N N * N 8°Cto
N >

. 50,Ph 63%

PTSA*H,O a. NaOH, MeOH, 85 °C
EtOAc, rt b. DMP, DCM, rt .
y > —_—
35% 57%

11.3% for four steps

(¥)-ambiguine H

13 steps, 0.77% yield

Sahu, S.; Das, B.; Maji, M. S. Org. Lett. 2018, 20, 6485.



D Maiji's Racemic Synthesis of (*)-Ambiguine H

PTSA-H,0
EtOAc, rt

35%

Sahu, S.; Das, B.; Maji, M. S. Org. Lett. 2018, 20, 6485.



Sarpong's Enantiospecific Synthesis of (-)-Ambiguine P

Sarpong's Retrosythetic Analysis of (-)-Ambiguine P

pentacyclic
ambiguines
Me
W
Ao Me NC S
oxidation 2 X . o
Me == Glefmetan R functionalization
—— > N
. - 7 ,)
chlorination

"’Me nitrile to isonitrile
NH Me interconversion

Nagata reaction C4-Friedel-Crafts o TR Cu(ll medlgted
cyclization ) cross-coupling
alkyltion
Me
(0]
\ N
i + + .\\Me
N
H TMso Me

Me

(S)-carvone

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



D Sarpong's Enantiospecific Synthesis of (-)-Ambiguine P

N
a. .\\Me
TMso Me
LiIHMDS, THF
_ 0,
78°Ctort Co,(CO)g
b. PDC, DCM, rt; BF3-OEt;
HCI, THF, 0 °C DCM
'
44% over 2 steps 88%

a. Et,AICN, TMSCI
pyridine, MeCN

AICl3, MeOH b. BusSnH, PhH, 45 °C
DCM, 0°Ctort then HCI, MeOH
S .

49% over 3 steps

ambiguine P

[ PDC: pyridinium dichromateJ Johnson, R. E.; Ree, H.; Hartmann, M.; Lang, L.; Sawano, S.; Sarpong, R. J. Am. Chem. Soc. 2019, 141, 2233.




D Sarpong's Enantiospecific Synthesis of (-)-Ambiguine P

a. CS(Im),, DMAP
DCM, 45 °C

b. BusSnH, AIBN
PhMe, 80 °C

RhCI(PPh3)s, acetaldoxime
PhMe, 130 °C

a. NaHMDS, methyl formate, THF

b. NaBH,, MeOH

c. Tf,0, 2,6-di-tert-butylpyridine
DCM, -78 °C

43% over 2 steps

a. Ac,0, HCO,H

DCM
b. COCl,, Et;N
DCM, 0 °C

>
96% over 2steps

>

57%, (66% brsm)

r

S
I

CS(Im),

I
AcO” OAc
PIDA

Y

Y

28% over 3 steps

a. TMSCH,Li, THF

b. PPTS, DCE \
120 °C, uwave
c. TBAF, THF PIDA, KOH
100 °C, pwave H,0, dioxane
> _—

52% over 3 steps

KO'Bu, DMSO

8902
150 °C, pwave dioxane
—_— > —_—
77% 28%, dr = 1.5:1

ambiguine P

22 steps, 0.02% yield

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



D Rawal's Enantiospecific Synthesis of (-)-Ambiguine P

Rawal's Retrosythetic Analysis of (-)-Ambiguine P

oxidation

Electrophilic
ambiguine P Substitution

[4+3] Cycloaddition M
. N B
/) N M

H

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



D Rawal's Enantiospecific Synthesis of (-)-Ambiguine P

KHMDS, THF
— Me -78 °C, then
’ O Comins' reagent

oTf

89%
Me

TMSOTf, DCM
-78 °C
57%

a. DDQ, THF, H,O,rt

b. Boc,0, Et;N,DMAP
DCM, rt

c. LiAl(OMe)sH, THF

-40°Cto 0°C
>

88% over 3 steps

OEt
SnBuj;

LiCl, DMF,40 °C N\ OTBS Me
TBSCI Me HO
then HCl, DCM, rt Me THF, -78 °C N

> _—

Me

81%

NaAuCl+2H,0
1-propanol, rt
.

56%

a. Martin sulfurane

Martin's sulfurane

DCM, 0°C NBS, H,0
b. MeONa/MeOH DCM/pyridine
THF, reflux -40 °C
> —_—
87% over 2 steps 62%, 2:1 dr

(-)-ambiguine P

16 steps, 2.29% yield

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



D Rawal's Enantiospecific Synthesis of (-)-Ambiguine P

NBS, H,O
DCM/pyridine
-40 °C

(-)-ambiguine P

- 62%, 2:1 dr

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



Construction of core skeleton




B The Hapalindole family E

. hapalindole G: X=CI, R=H
hapalindole O hapalindole H hapalindole U: X=H, R=H

H ambiguine A; X=ClI
hapalindole V: X=CI, R=OH

ambiguine H; X=H

hapalindole J: X=H
hapalindole A: X=CI

hapalindole C: X=H hapalindole Q ambiguine B; X=CI

hapalindole | hapalindole K By
? P hapalindole E: X=CI ambiguine C; X=H

Isolation:

Moore, R. E.; Cheuk, C.; Patterson, G. M. L. J. Am. Chem. Soc. 1984, 106, 6456.

Chang, C. W. J. Prog. Chem. Org. Nat. Prod. 2000, 80, 186.

Moore, R. E.; Cheuk, C.; Yang, X. Q. G.; Patterson, G. M. L.; Bonjouklian, R.;Smitka, T. A.; Mynderse, J. S.; Foster, R. S.; Jones, N. D.;
Swartzendruber, J. K.; Deeter, J. B. J. Org. Chem. 1987, 52, 1036.

Bornemann, V.; Patterson, G. M. L.; Moore, R. E. J. Am. Chem. Soc. 1988, 110, 2339.



B Synthesis of the Core Skeleton m

1990 1995 2000 2005 2010 2015 2020

Muratake, H.; Natsume, M. Tetrahedron Lett. 1989, 30, 1815.

Muratake, H.; Natsume, M. Tetrahedron 1990, 46, 6331.

Muratake, H.; Natsume, M. Tetrahedron 1990, 46, 6343.

Muratake, H.; Kumagami, H.; Natsume, M. Tetrahedron 1990, 46, 6351.
Sakagami, M.; Muratake, H.; Natsume, M. Chem. Pharm. Bull. 1994, 42, 1393.
Vaillancourt, V.; Albizati, K. F. J. Am. Chem. Soc. 1993, 115, 3499.
Fukuyama, T.; Chen, X. J. Am. Chem. Soc. 1994, 116, 3125.

Kinsman, A. C.; Kerr, M. A. Org. Lett. 2000, 2, 3517. hapalindole G: X=Cl, R=H
Kinsman, A. C.; Kerr, M. A. Org. Lett. 2001, 3, 3189. hapalindole K hapalindole U: X=H, R=H
Kinsman, A. C.; Kerr, M. A. J. Am. Chem. Soc. 2003, 125, 14120. hapalindole V: X=Cl, R=OH
Baran, P. S.; Richter, J. M. J. Am. Chem. Soc. 2004, 126, 7450.

Baran, P. S.; Richter, J. M. J. Am. Chem. Soc. 2005, 127, 15394.

Baran, P. S.; Maimone, T. J.; Richter, J. M. Nature 2007, 446, 404.

Maimone, T. J.; Ishihara, Y.; Baran, P. S. Tetrahedron 2015, 71, 3652.

Chandra, A.; Viswanathan, R.; Johnston, J. N. Org. Lett. 2007, 9, 5027.

Chandra, A.; Johnston, J. N. Angew. Chem. Int. Ed. 2011, 50, 7641.

Rafferty, R. J.; Williams, R. M. Tetrahedron Lett. 2011, 52, 2037.

Rafferty, R. J.; Williams, R. M. J. Org. Chem. 2012, 77, 519.

Rafferty, R. J.; Williams, R. M. Heterocycles 2012, 86, 219.

Lu, Z.; Yang, M.; Chen, P.; Xiong, X.; Li, A. Angew. Chem. Int. Ed. 2014, 53, 13840.
Liu, Y.; Cheng, L.; Y1.1.6, H.; Che, W.; Xie, J.; Zhou, Q. Chem. Sci. 2016, 7, 4725. hapalindole C: X=H hapalindole Q

Sahu, S.; Das, B.; Maji, M. S. Org. Lett. 2018, 20, 6485. hapalindole E: X=ClI

Dethe,D. H.; Das, S.; Kumar, V. B.; Mir, N. A. Chem. Eur. J. 2018, 24, 8980. \ /




B Natsume's Enantiospecific Synthesis of (-)-Hapalindole O

( 3
OEt
Me a. SnCly
Me.| OH . :
b. BF5+OEt, 2. DIBAL-H a. LiAIH,
c. NBS = b. CS(Im),
* \\ d-NaN; " OEt c. AcOH
—_— —_—
N 0
Srus \ 13% 92% 8%
g J
(-)-hapalindole O
' \

(¥)-hapalindole J (*)-hapalindole M (¥)-hapalindole H (¥)-hapalindole U

Muratake, H.; Natsume, M. Tetrahedron Lett. 1989, 30, 1815.

Muratake, H.; Natsume, M. Tetrahedron 1990, 46, 6331.

Muratake, H.; Natsume, M. Tetrahedron 1990, 46, 6343.

Muratake, H.; Kumagami, H.; Natsume, M. Tetrahedron 1990, 46, 6351.
Sakagami, M.; Muratake, H.; Natsume, M. Chem. Pharm. Bull. 1994, 42, 1393.



B Albizati's Enantiospecific Synthesis of (-)-Hapalindole Q

Br Br
Me TIPS BnsSnOMe Me Na naphthalenide
N
" CloPd[P(0-tol)s] CH5CHO
/ > { >
L 51% N, 81%
Me OAc Me (0] TIPS
J
a. NH,OAc
NaBH,CN
b. CS(Im), +
>

(+)-hapalindole Q
62%

Vaillancourt, V.; Albizati, K. F. J. Am. Chem. Soc. 1993, 115, 3499.



B Fukuyama's Enantiospecific Synthesis of (+)-Hapalindole G

P
. Cl
a. LDA, Ti(O'Pr), Me
b. Ac,0, d0
c. DBZU i a. Pd(OAc),, PPh3, CO  Me \
d. TFA-MsOH b. DPPA, allyl alcohol Me o
>
(0]
60% 60%
HJI\O/\/
\ J
( )
a. NaBH,, MeOH a. Na/Hg
a. LICHSMe(SOMe) b. Ms,0, Py b. HCO,H, Ac,0
b. HgCl,, HCIO,4 c. LiNg c. COCl,
> > >
69% 72% 76%
(-)-hapalindole G
N\ J

Fukuyama, T.; Chen, X. J. Am. Chem. Soc. 1994, 116, 3125.



Kerr's Enantiospecific Synthesis of (-)-Hapalindole Q

p
o. Me
L
CHO Ph N Me
_0
. = Me DMF/MeOH (1:1)
N\ N + (5% HO)rt o e
N\ 35%
Ts b e
Ts
93% ee endo:exo=85:15
L J
Me M
b. DPPA K j’ HO «NHCO,Me
MeOH . f,, E@ 0s0, HO
- \ —_— .
67% N 75% N
Ts \
endo:exo=85:15 L=
a. NalOy4
b. PhsPCHsl, KOBu
THF, rt
c. PhsPCHjsl, KO'Bu a. TBAF
PhMe, 60 °C b. CS(Im),
—_—
52% 50%

(+)-hapalindole Q

Kinsman, A. C.; Kerr, M. A. Org. Lett. 2000, 2, 3517.
Kinsman, A. C.; Kerr, M. A. Org. Lett. 2001, 3, 3189.
Kinsman, A. C.; Kerr, M. A. J. Am. Chem. Soc. 2003, 125, 14120.



B Johnston‘s Racemic Total Syntheses of (*)-Hapalindoles A, K, G

- N\
Ph
a. (COcClI ~
. E:H N)2 t8uooc” N~ “Ph o)
(o) . 21N2 (o) Me
c. Rh(OAc), Me a. KOH, Et;NBnCl Me Me,
HO d. Mel, 'BUOK  Me b. "Bu;SnH, AIBN Me
e. IBX, DMSO c. DDQ N—coo'Bu
— D [
Br 8% Br 47% >—Ph
Ph
L J
.
N b. AICl3*NaCl o : 2 oTBS Cl .~
H 3 Me = coMm
c.TsCl. DIEPA M€ Pd(Phs)s °
N e \ c. DIBAL-H A Et,AICI
d. TBSOTf T
Z . "
cocl 70% 'Ts 87% Ts el
g

a. DIBAL-H, Tf,0, Py

b. TBAF
c. LiAlH,
d. DMP ( N
e. LHMDS
/\/o\n/c' 5 steps
o fukuyama
» T e »
L (¥)-hapalindole A (¥)-hapalindole K )

(*)-hapalindole G

Chandra, A.; Viswanathan, R.; Johnston, J. N. Org. Lett. 2007, 9, 5027.
Chandra, A.; Johnston, J. N. Angew. Chem. Int. Ed. 2011, 50, 7641.



' Racemic synthesis of (*)-hapalindole J, U, O

-
Me
Me OH
fuming Me
SnCly Me
+ A\
N\ 61%
OoTBS Me
w4
Me
OTMS Me OH
fuming
— SnCly
+ \ Me
N e 36%
Me
\_
the core skeleton of
(¥)-ambiguine A

Rafferty, R. J.; Williams, R. M. Tetrahedron Lett. 2011, 52, 2037.
Rafferty, R. J.; Williams, R. M. J. Org. Chem. 2012, 77, 519.
Rafferty, R. J.; Williams, R. M. Heterocycles 2012, 86, 219.



B Li's Racemic synthesis of ()-hapalindole H

Me Me - N
Me)\/\/gL a. NH3
L B(OH b. Et3N, HCOQAC o
( )2 C. Mg, NH4C| DDQ, 80 C
Br CHO MeOH X -
{ - 58%
37%
\
SO,Ph b g

a. Herrmann cat
HCO,Na, 80 °C

b. Et3N, triphosgene

>

66%

(¥)-hapalindole H

Lu, Z.; Yang, M.; Chen, P.; Xiong, X.; Li, A. Angew. Chem. Int. Ed. 2014, 53, 13840.



B Zhou's Synthesis of (+)-Hapalindole Q and (-)-hapalindole D

B(OH a. Pd/C, Na,CO
9 l2, TMSN, 0 s DME/H202 603°C
pyrridine, DCM | A\ b. Ho. PA/C ’ COOMe
> + . Mo, \
N >
COOMe 83% COOMe $0,Ph 74% N
SO,Ph
\\§
( )
Ha, 'BUOK HO“"Q 2' ';,Agg CeCly o
Ru-(S)-Xyl-SDP/(R,R)-DPEN (S,R,R) £ “coome| Burgess reaagent
- D - O
95% N 64% N\
SO,Ph

6 steps
T

30%

(+)-hapalindole Q

\

8 steps, 6% 7 steps, 15%

(-)-hapalindole D

Liu, Y.; Cheng, L.; Yue, H.; Che, W.; Xie, J.; Zhou, Q. Chem. Sci. 2016, 7, 4725.




B Dethe's Enantiospecific Synthesis of (+)-Hapalindole H

4 \
Br
a. Pd(PPhs),, TBAB
A Et;N, HCOONa
" BF5+Et,0 DMF, 80 °C
H —_— b. NaH, PhSO,CI
)[ + 71%. dr >19:1 c. m-CPBA
1, >
29%
HO Me
\_ J
——TMS
a. nBuLi, AlMe;
BF3‘Et20

b. K2003, MeOH

c. Na/Hg, Na,HPO,4

d. H,, Quinoline
Lindlar catalyst

e. IBX, CH3CN, 80 °C

a. NH,CHO, HCOOH
microwave

b. Burgess reagent
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56% 2.7

(+)-hapalindole H
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» Conclusion

ambiguine H

ambiguine P

Baran: 10 steps, 2.86% yield
without using protecting groups
v' a Cu-mediated coupling reaction

| v Reductive Heck cross coupling

v Danishefsky protocal

Maiji: 13 steps, 0.77% yield

racemic

v Brensted acid-catalyzed——PTSA-H,O
v Cascade Prins-type cyclization

Sarpong: 22 steps, 0.02% yield
Sequential Indole Functionalizations
v" C2-Nicholas alkyltion

v' C4-Friedel-Crafts cyclization

v directed C-12 functionalization

Rawal: 16 steps, 2.29% yield

[4+3] cycloaddition reaction-inspired strategy
v" NaAuCl,-H,O

v NBS, H,0
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