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Overview and Definition

Definition (strict):
A cascade reaction is a process in which several bonds are formed in sequence
without isolating intermediates, changing conditions or adding reagents.

cascade reactions

"domino”, “tandem”, “sequential’, “one-pot”, "one-flask"

( designed sequences / lucky discoveries )

l nucleophilic l l electrophilicl [ radical J pericyclic [metal catalyzed J (Diazo initiated )
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Pro and Conftra

Practical Advantages:

- Atom economy

- Reduction of time, labor, waste and resources
- ,Green Chemistry*

Academic Considerations:
- Fast access to structures with increased complexity
- Aesthetic appeal to synthetic planning

Disadvantages:
- Synthesis of precursors often far from trivial
- Few examples of catalytic enantioselective cascade reactions




Classic Examples

Gaich-Group Seminar
Magnus Pfaffenbach

Robinson's one-flask total synthesis of tropinone

o (0]
(0]
H L NH,Me
H + Ca\ o ;»
\o Hzo, rt
(o]
(o]

succindialdehyde
acetone

dicarboxylic acid

Mechanism:

HO

Me
CO,H

HO,C

HCI, heat
17%

- CaCl,
-2C0,

£,

tropinone

atropine

Me
\
N

A,

tropine

cocaine O

R. Robinson, J. Chem. Soc. Trans. 1917, 762-768.
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Classic Examples

The total synthesis of progesterone involving a polyolefin cyclization
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Johnson et al.,

a) J. Am. Chem. Soc. 1971, 93, 4332-4334;

b) J. Am. Chem. Soc. 1978, 100, 4274-4282.

(on the basis of the Stork-Eschenmoser hypothesis)
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The endiandric acid cascade
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Nicolaou et al., J. Am. Chem. Soc. 1982, 104, 5555-5557.
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The total synthesis of Cg

11 steps

flash vacuum pyrolysis

>
1100 °C, 0.01 mmHg
(-3 HCI, - 12 Hy)
0.1-1% yield

Ceo
Buckminsterfullerene

Scott et al., Science 2002, 295, 1500-1503.
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Nucleophilic Cascades

The squarate ester cascade in the total synthesis of (¥)-hypnophilin and (¥)-coriolin
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Paquette et al.,
a) Org. Lett. 2002, 4, 71-73.
b) J. Am. Chem. Soc. 2002, 7124, 9199-9203.
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Nucleophilic Cascades

(¥)-coriolin (¥)-hypnophilin

(¥)-ceratopicanol

Paquette et al.,
a) Org. Lett. 2002, 4, 71-73.
b) J. Am. Chem. Soc. 2002, 724, 9199-9203.
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Electrophilic Cascades

Biomimetic synthesis of dihydro-proto-daphniphylline
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Heathcock et al., J. Org. Chem. 1992, 57, 2544-2553. 10
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1,5-hydride shift
—
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dihydro-proto-daphniphylline

(proposed biogenetic precursor to the Daphniphylum polycyclic alkaloids)

Heathcock et al., J. Org. Chem. 1992, 57, 2544-2553.

11
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Electrophilic Cascades

Total synthesis of jamtine through a Pummerer / Pictet-Spengler cascade
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Padwa and Danca
a) Org. Lett. 2002, 4, 715-717. 12
b) J. Org. Chem. 2003, 68, 929-941.
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Radical Cascades

Nitrogen-centered radical cylcization in the total synthesis of 13-deoxyserratine
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Zard et al., Angew. Chem. Int. Ed. 2002, 41, 1783-1785.



Radical Cascades
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Total synthesis of lubiminol through a cyclobutane fragmentation / ring expansion cascade
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Crimmins et al. J. Am. Chem. Soc. 1998, 120, 1747-1756.
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Pericyclic Cascades

A heterocyclization/Diels-Alder reaction/rearrangment cascade in the total synthesis of stenine
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Ginn and Padwa, Org. Lett. 2002, 4, 1515-1517.
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Pericyclic Cascades

Electrocyclization reactions in the synthesis of (-)-colombiasin A

THF, 110 °C 6-electro tauto-

microwave cyclization merization
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air, 25 °C 2) BF;
R  —
80% HY Me

48% (2 steps)

intramolecular Diels-Alder,
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(-)-colombiasin A

Harrowven et al. Angew. Chem. Int. Ed. 2005, 44, 1221-1222.

16
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Transition Metal-Catalyzed Cascades

A tandem carbonyl ylide formation/1,3-dipolar CA approach to the synthesis of (-)-colchicine
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Schmalz et al. Org. Lett. 2005, 7, 4317-4320.
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Diazo Compound Initiated Cascades

Domino Wolff / Cope rearrangement / Norrish type | fragmentation / recombination process

MeO (o) h\|/-|(2|54 nm, 45(1 V)V MeO (0]
< g lamp, quartz <
N2 THF, rt
> > il
Wolff Cope
H
MeO
~ (o]
72% Y
0 w-——— MeO
Norrish |
H \

Stoltz et al., J. Am. Chem. Soc. 2003, 125, 313-316.



Thank you for your attention!
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Questions?
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