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"cyclotryptamine alkaloids"
or "polypyrroloindoline alkaloids"
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(-)-idiospermuline

(-)-hodgkinsine (-)-hodgkinsine B (+)-psychotrimine
Steven, A.; Overman, L. E. Angew. Chem. Int. Ed. 2007, 46, 5488. (review) Psychotrimine: Matsuda, Y.; Kitajima, M.; Takayama, H. Org. Lett. 2008, 10, 125.
Hodgkinsine: Kodanko, J. J.; Overman, L. E. Angew. Chem. Int. Ed. 2003, 42, 2528. Newhouse, T.; Baran, P. S. J. Am. Chem. Soc. 2008, 130, 10886.

Snell, R. H.; Woodward, R. L.; Willis, M. C. Angew. Chem. Int. Ed. 2011, 50, 9116. Newhouse, T.; Lewis, C. A.; Eastman, K. J.; Baran, P. S. J. Am. Chem. Soc. 2010, 132, 7119.
Idiospermuline: Overman, L. E.; Peterson, E. A. Tetrahedron 2003, 59, 6905.

Takahashi, N.; Ito, T.; Matsuda, Y.; Kogure, N.; Kitajima, M.; Takayama, H. Chem. Commun. 2010, 46, 2501.
Foo, K.;: Newhouse, T.: Mori, |.;: Takayama, H.: Baran, P. S. Angew. Chem. Int. Ed. 2011, 50, 2716.
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lower order species: higher order species:
NHMe

NHMe

(+)-psychotriasine

H H
Me\ < N
”G_@
Q‘Q
/ 3

V/
Me H H MeHN
meso-chimonanthine

(-)-chimonanthine (+)-psychotretramine
+ several others

(+)-psychopentamine
+ many others (stereochemistry
not fully elucidated)
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Biosynthesis:

NHMe B NHMe NHMe NHMe |
te * C3a
A\ -—f;j—)>' A\ - ) - A\
N N N =N
* Na C7a°

-
]
]
]

ring-chain tautomerization

NHMe

NHMe

R2 Me”
i
]
i

=N i NHMe
N2 N i
R1 H H Me :
cis closed form predominant E e.g. (+)-psychotriasine e.g. (+)-chimonanthine e.g. (+)-psychotrimine

Review: Steven, A.; Overman, L. E. Angew. Chem. Int. Ed. 2007, 46, 5488.
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H subunit

< second quaternary center
C3a-C7a connectivity

N

|

Me .«—— Dimethylated peripheral
pyrroloindoline moiety

(=)-idiospermuline - Overman/2003

NH

o
/\;\( N
TsMeN Z SnBuj

Overman's retrosynthesis:

—

Idiospermuline: Overman, L. E.; Peterson, E. A. Tetrahedron 2003, 59, 6905.
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Overman's forward:

o]
0 4 steps 5 steps
_ _—
NH 64% 64%

deprotection
(1) benzylation (2) condensation with Li-dienolate oxidative diol clevage
oxindole (3) N-methylation (4) hydrogenation . . 2x reductions
dialkylation . .
/ PtO5 azide mitsunobu

l 75%, 4 steps

Staudinger,
TO Boc installation, dehydration,

Stille coupling directed metallation/iodination (CHsl),, reductive methylation,
de-Boc (TMSOTYf) debenzylation

Idiospermuline: Overman, L. E.; Peterson, E. A. Tetrahedron 2003, 59, 6905.
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asymmetric
Heck 7%
cyclization Me Me Me
g\

1) hydrogenation

2) RedAl
3) Na, NH;
Me
(prep HPLC)
47% 4.6% over
Me/ H | 22 steps
Me LLS
(=)-idiospermuline
M
e\HH(+) Mel_—l“ Me H H
E N _Z_N
N -
(]
Me” N<Me _N
! Me
— —_— H
— — -
similar o \;NMeTs similar :
steps ¢ steps X
39% from NN : N2 Ny
meso H H Me H H €
chimonanthie ) o L
TfO asymmetric Heck cyclization (=)-hoddgkinsine
= chiral resolution; 79%ee + 81%ee, 1:1 dr

(=)-hodgkinsine B
10 steps, 1.5%Y

Idiospermuline: Overman, L. E.; Peterson, E. A. Tetrahedron 2003, 59, 6905.

Hodgkinsine: Kodanko, J. J.; Overman, L. E. Angew. Chem. Int. Ed. 2003, 42, 2528.




Trimeric Natural Products

.. ‘- Shenvi Lab Group Meeting
_Ruben Martinez Hodgkinsine — Willis” Retro and Forward 4/25/2016

Willis' retrosynthesis:

NHCO,Me
N
ﬁ Me”
4
N\
N
H
N (0
(-)-hodgkinsine B Allyl

Key points: -oxidative dimerization
-Trost allylative desymmetrization
Overman 2003, Willis 2011 ! -diastereoselective quaternary arylation

ke

Willis' forward:

directed lithiation/bromination
Boc removal

Trost allylation

PIFA oxidative dimerization Boc installation

RedAl reduction

Me, S ve M N
NH M H =
CO,Me NN Nz N
2 steps 2 steps 2 steps
E—— B ——— _—
N\ 22% 76% N 95% BRSM N
N Me e
H >99% ee
>40g scale, ] ] Boc/
no chromatography meso-chimonanthine Br
Hodgkinsine: Kodanko, J. J.; Overman, L. E. Angew. Chem. Int. Ed. 2003, 42, 2528.
Snell, R. H.; Woodward, R. L.; Willis, M. C. Angew. Chem. Int. Ed. 2011, 50, 9116.
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Me
\N,Boc
3 steps
. _— Boc-
o 77% I\Ille 65% deprotect
N NBoc LAH
Na/NH;
(0]
\ diastereoselective ":
Pd catalyzed allyl
quaternary arylation
-B -B
Me N ocC N ocC
\
NH
2 steps 2 steps
— —_—
92% 76%

\

N —)-hodagkinsine B

H Boc protection one pot { eaduinsine 2

allylation \ NBS/H,0 then NaBH,4 \ 10 steps LLS, 7,9%Y BRSM
no chromatography no chromatography 4x chroma, 6x isolation steps

Hodgkinsine: Snell, R. H.; Woodward, R. L.; Willis, M. C. Angew. Chem. Int. Ed. 2011, 50, 9116.
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NHMe Takavama's rac-retrosynthesis Key points: -pyrrolindoline aminative cyclization
psychotriasine
subunit
|
N N
— — W —
=N ~/f— NH
I N H me N ° Bro i

i i

(+)-psychotrimine

(+) - Takayama, 2008 E@ E@ E@
(%) - Baran, 2008 | NH |
(+) - Takayama, 2010 N N
(+) - Baran/Takayama, 2011 N—Boc : NO, : H .
Takayama (+): 16 steps, 13%Y CN J
+

):
Baran (): 5 steps, 45%Y Br Br
):

Takayama (+): 26 steps, 7.8%Y

Collaboration (+): 9 steps, 7%Y Br

Takayama's (+) retrosynthesis: Key points: -Ireland-Claisen stereochemical transfer

Psychotrimine: Matsuda, Y.; Kitajima, M.; Takayama, H. Org. Lett. 2008, 10, 125.

Newhouse, T.; Baran, P. S. J. Am. Chem. Soc. 2008, 130, 10886.

Newhouse, T.; Lewis, C. A.; Eastman, K. J.; Baran, P. S. J. Am. Chem. Soc. 2010, 132, 7119.

Takahashi, N.; Ito, T.; Matsuda, Y.; Kogure, N.; Kitajima, M.; Takayama, H. Chem. Commun. 2010, 46, 2501.
Foo, K.; Newhouse, T.; Mori, |.; Takayama, H.; Baran, P. S. Angew. Chem. Int. Ed. 2011, 50, 2716.
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NHMe
Baran's retrosynthesis: Key points: -tryptamine oxidative amination-cyclization
-LaRock indole synthesis
MeO,CHN
N | NHCO,Me
- | :\/ HN :\/
\ ) N\ rac-psychotrimine > N N\
N H H Me N
N H
\
/ A N co,Me Br
NHMe NHMe sl N C0zMe S 2
(+)-psychotrimine Key points: -diastereoselective oxidative amination-cyclization
N
= MeO,CHN NHCO,Me
() - Takayama, 2008 N s
() - Baran, 2008 N :T-I e I MeO,C
(+) - Takayama, 2010 N H
(+) - Baran/Takayama, 2011 / Y S i A\
N— N
Takayama (+): 16 steps, 13%Y Me H
Baran (£): 5 steps, 45%Y Br
Takayama (+): 26 steps, 7.8%Y (+)-psychotrimine
Collaboration (+): 9 steps, 7%Y

Psychotrimine: Matsuda, Y.; Kitajima, M.; Takayama, H. Org. Lett. 2008, 10, 125.

Newhouse, T.; Baran, P. S. J. Am. Chem. Soc. 2008, 130, 10886.

Newhouse, T.; Lewis, C. A.; Eastman, K. J.; Baran, P. S. J. Am. Chem. Soc. 2010, 132, 7119.

Takahashi, N.; Ito, T.; Matsuda, Y.; Kogure, N.; Kitajima, M.; Takayama, H. Chem. Commun. 2010, 46, 2501.
Foo, K.; Newhouse, T.; Mori, |.; Takayama, H.; Baran, P. S. Angew. Chem. Int. Ed. 2011, 50, 2716.
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Takayama's rac-forward

| ; “ ; /\NO
/ 2
N 2 steps N Fe/HCI
I —_— CN N N
90% NHMDS NO,
° 55%
Br CN CN NH2
B Strecker then Br Br
DDQ oxidation Nitro Michael | -
- reductivel cyclization
NMeNs
| : ‘ : Boc,0O E@
N 7 steps N 2 steps \ N NH iPr,NEt \ N NH,
B B -
57% w 55% N—Boc  MeCN Y
N, N N, 83%
N
| N Me N Me Br over Br
2 steps

Boc, Lithiation/I5, Nitro
alkene Michael, Fe reduction,
Nosylation, methylation, deBoc

Cu-promoted
N-aryl coupling/cyclization
RedAl reduction

selective Boc protection

Psychotrimine: Matsuda, Y.; Kitajima, M.; Takayama, H. Org. Lett. 2008, 10, 125.
Newhouse, T.; Baran, P. S. J. Am. Chem. Soc. 2008, 130, 10886.
Newhouse, T.; Lewis, C. A.; Eastman, K. J.; Baran, P. S. J. Am. Chem. Soc. 2010, 132, 7119.
Takahashi, N.; Ito, T.; Matsuda, Y.; Kogure, N.; Kitajima, M.; Takayama, H. Chem. Commun. 2010, 46, 2501.
Foo, K.; Newhouse, T.; Mori, |.; Takayama, H.; Baran, P. S. Angew. Chem. Int. Ed. 2011, 50, 2716.
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Takayama's (+)-forward
Ireland-Claisen NMeNs
chirality transfer
OH 17 steps
5 steps 2 steps
o —_—
Br 66% 9%
74%ee 36%
96%ee e N
after N 3 “Me
methyl esterification, radical bromination, recrystallization R=CONH, :l for XRD |
de-esterification, chiral alcohol coupling, R=CN chiral. established
benzylic alkylation (indoline) 99%ee after recrystallization cor;figuration
Baran's rac-forward MeO,CHN
NHCOZME NMeNs
2 steps
NIS, TEA 52%
2- |odoan|I|ne Cu-coupling
Bis-denosylation
7% 5%
H COZMe H cone Y
direct oxidative |ndole-an|I|ne I_aRock indole synthesis
coupling / cyclization (endgame same as below) NHMe
Baran + Takayama's collaborative (+) forward
NHCO,Me
NHCOzMe
I Cu-coupling, N
MeO,C NIS, 3 steps RedAl z
PPTS HN 33% reduction
z CoMe N N2
2 iodo w2 < 2 steps N H H Me
aniline N 79%
66% N2 /
CO Me
>20:1 dr B H H 2 H
r COZMe N‘Me
diastereoselective direct oxidative indole-aniline LaRock, ester hydrolysis
coupling / cyclization Barton decarboxylation

(+)-psychotrimine

Psychotrimine: Matsuda, Y.; Kitajima, M.; Takayama, H. Org. Lett. 2008, 10, 125.

Newhouse, T.; Baran, P. S. J. Am. Chem. Soc. 2008, 130, 10886.

Newhouse, T.; Lewis, C. A.; Eastman, K. J.; Baran, P. S. J. Am. Chem. Soc. 2010, 132, 7119.

Takahashi, N.; Ito, T.; Matsuda, Y.; Kogure, N.; Kitajima, M.; Takayama, H. Chem. Commun. 2010, 46, 2501.
Foo, K.; Newhouse, T.; Mori, |.; Takayama, H.; Baran, P. S. Angew. Chem. Int. Ed. 2011, 50, 2716.
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OH
HO resveratrol trimer
caraphenol A
Snyder, 20 1 4 https://en.wikipedia.org/wiki/Red_wine#/media/File:Pouring_a_glass_of_red_wine.tiff
Snyder's Total Synthesis Key points: -iterative strategy BnO
-takes advantage of multiple skeletal rearrangements
- 9-member ring established using Friedel-Crafts cyclization OMOM
OBn OTBDPS
OBn OTBDPS

OBn
AT
0 O = Bno .
BnO 74% [ 3 steps OBn 65% / 6 steps OB
O OH BnO n
Bn
BnO \\\

Corey-Chaykovsky
Meinwald rearrangement
Grignard addition BnO

Caraphenol A: Wright, N. E.; Snyder, S. A. Angew. Chem. 2014, 126, 3477.
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BnO
OBn OMOM
Fries rearrangement
OH silyl ;?c?tgction oBn % >
BnO OBn o

67% 17 80% BnO O O OBn
steps

L)
%,
2
7

\\\“ W 0
Atropisomerism
established via Q /@
OBn equilibration

OBn

Friedel-Crafts 60% / 4 steps

73%/ 2 steps
caraphenol A

OBn

Caraphenol A: Wright, N. E.; Snyder, S. A. Angew. Chem. 2014, 126, 3477.
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dehydrozaluzanin C  gequsa

| oxidation +
:
Segusa Diels-Alder, isomerization
oxidation gochnatolide C
allylic
oxidation

o allylic \ o
oxidation
Diels-Alder, isomerization T
(-)-ainsliatrimer A (-)-ainsliatrimer B
Lei, 2013

Ainsliatrimers A and B: Li, C.; Dong, T.; Dian, L.; Zhang, W.; Lei, X. Chem. Sci. 2013, 4, 1163.
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Harinantenaina, L.; Takaoka, S. J. Nat. Prod. 2006, 69, 1193
,/»

- Cinnamosa fragrans

"It is noteworthy that this is the first drimane sesquiterpene trimer
found in nature"

viscosamine

W,

\-I-

N TFA
Timm, C.; Kock, M. Synthesis 2006, 2006, 2580.

NT O\

TFA =<

Liao, D.; Li, H.; Lei, X. Org. Lett. 2012, 14, 18.

Mem)\/

R R Me

tocopherol trimers

Me Me Me
R= ;"‘\/\)\/\)\/\)\Me

Liu, Y.; Wray, V.; Abdel-Aziz, M. S.; Wang, C.-Y.;
Lai, D.; Proksch, P. J. Nat. Prod. 2014, 77, 1734.

HO \Me
HO < \\\OH o

Ho™ N\~

stemphylanthranol B

"The first naturally occurring trimeric
anthracene derivatives"




