Cyclophane Natural Products

Magnus Pfaffenbach
Gaich Group Seminar
October 16, 2014



Overview

HO
A\
\ [
OH
(0]
SeS®
Cylindrocyclophane A
Cylindrocyclophanes Cavicularin HO
e Haouamine A
Me
Natural cyclophanes HO

with bent benzene rings

Longithorones

HOO HO

Riccardin C

Streptorubin B

Pyrrolophanes
Hirsutellone B Cyclic bisbibenzyl

For a comprehensive Review, see: Tanja Gulder and Phil S. Baran Nat. Prod. Rep., 2012, 29, 899.



General Information

- Cyclophane = cyclo, phenyl, and alkane
- Original definition (1951) = Two phenylene moieties held together face-to-face by an aliphatic chain
- lUPAC = Substrates bearing (1) a cyclic or a system of cyclic units having (formally) the maximum number of
noncumulative double bonds and (2) atoms and/or saturated or unsaturated chains, with or without
heteroatoms, as alternate components of a macrocycle.
- Characteristics:
- Macrocyclic structures with immense strain
- Bent and battered benzene rings
- Restricted conformational flexibility
- Main synthethic challenge:
- Merging both ends of a linear precursor while introducing strain
and in many cases chirality into the macrocycle
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Rigidity of Cyclophanes

Constitution of the handle
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—>» Angle strain + van-der-Waals H-H interactions increased
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- Bent benzene ring
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- Distorted styrylamide system
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Strain-Induced Chirality

® configurationally unstable

% configurationally stable
increase in molecular strain

>

HO twisted out of plane by 15°

o Q o Q . Q - boat-like configuration
\J 9 . )
e O 5 O M O HO
) O HO O : :o O ::0

Riccardin C P-Riccardin D M-Riccardin D Cavicularin
configurationally unstable configurationally stable high atropisomerization barrier
achiral molecule at rt separable atropenantiomers locked configuration

obtained as single enantiomer
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D. C. Harrowven, Chem.—Eur. J., 2011, 17, 10906-10915. (c) T. Gulder and Phil S. Baran Nat. Prod. Rep., 2012, 29, 899.



Cylindrocyclophanes - Smith Il

- First cyclophanes isolated

from a natural source (1990)
- C2 symmetric structure

- High in-vitro cytotoxicity
- First total synthesis 1999
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Cylindrocyclophanes - Smith Il
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Cylindrocyclophanes — Alternative Approaches
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Highly Functionalized Benzene Rings

R o)
Photochemical Wolff | | + N R?
Rearrangement
RZ
OMe R4
R1
2 CO,Me
Diels-Alder RN~ o | |
+
RN °
R4 COZMG
Cr(CO)s RL

Sals
Dotz Reaktion
RS
Vollhardt [2+2+2] (), + ||
Acetylene Cycloaddition
R2

22

CpCo(CO),
ﬁ

R1
R2 CO,Me
R3 CO,Me




Streptorubin B - Thomson
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- Prodiginine antibiotics
- Meta-bridged pyrrole
- Deeply red colored

10:1 favored
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syn-Streptorubin B
relative stereochemistry:

syn = nBu + bispyrrole on same side

D. X. Hu, M. D. Clift, K. E. Lazarski and R. J. Thomson, J. Am. Chem. Soc. 2011, 133, 1799-1804.



Longithorone A - Shair
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Mark E. Layton, Carl A. Morales, and Matthew D. Shair, J. Am. Chem. Soc. 2002, 124, 773-775.



Longithorone A - Shair
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Chirality Transfer:

1) Stereogenic centers control atropisomerism

2) Removal of the stereogenic centers

3) Back-transfer of atropisomerism to
stereogenic centers in NP

1) TBAF, THF, 0 °C
2) Phi(0), MeCN, 0 °C

Mark E. Layton, Carl A. Morales, and Matthew D. Shair, J. Am. Chem. Soc. 2002, 124, 773-775.



Hirsutellone B - Nicolaou

Gaich-Group Seminar
Magnus Pfaffenbach

Hirsutellone B

- Anti-tuberculosis activity

- 6,5,6-Fused tricyclic core

- Bthydroxy-lactam

- 13-Membered para-cyclophane
- 10 Stereogenic centers
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Nicolaou, K. C.; Sarlah, D.; Wu, T. R.; Zhan, W. Angew. Chem. Int. Ed. 2009, 48, 6870-6874.
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Hirsutellone B - Nicolaou
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Hirsutellone B — Nicolaou / Uchiro

1) KOH/ALLO5 aizar o
CF,Br, DOM 2) S=CCl, DMAP 1) DMP, 92%
t-BuOH, 0 °C —_— OMe >
3) AIBN, BuzSnH 2) NHz MeOH
2) LHMDS, H,0, 120 °C
NCCO,Me LR Me™ 0 50% Me'
61% 2 steps
14 Ramberg-Backlund 15 16
ring-contraction
Cul, Cs,COs4 1) TBAF
phenanthroline 2) DMP
—_—
toluene,o1 60 °C 3) KOH, t-BuOH .
42% reflux Me\' 3
4) HCI, H
A ) E Ullmann i-PrOH, 60 °C
Q H et 77%, 4 steps
Me 17 macrocyclisation (7% # Hirsutellone B

15
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Haouamine A - Baran
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Phil S. Baran and Noah Z. Burns J. Am. Chem. Soc. 2006, 128, 3908-3909.



Haouamine A - Baran
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Haouamine A - Baran

@ point chirality

m planar chirality
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Noah Z. Burns, Irina N. Krylova, Rami N. Hannoush and Phil S. Baran J. Am. Chem. Soc.,2009, 131, 9172-9173.
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Riccardin C and Cavicularin - Harrowven
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David C. Harrowven, Timothy Woodcock, and Peter D. Howes Angew. Chem. Int. Ed. 2005, 44, 3899 —3901.



Riccardin C and Cavicularin - Harrowven
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1) TsNHNH,, NaOAc, 91% Riccardin C
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TTMSS = tris(trimethylsilyl)silane
(reagent of the choice for the reduction of functional groups after a radical mechanism

David C. Harrowven, Timothy Woodcock, and Peter D. Howes Angew. Chem. Int. Ed. 2005, 44, 3899 —3901.



Thank you for your attention!
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Questions?

21



