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Intramolecular Diels-Alder Reaction
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Another Way
Transition-Metal-Catalyzed C-C Activation
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Asymmetric Intramolecular Type-ll
Cyclobutanone/2m Couplings
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Proposed Mechanism
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Enantioselective Type Il Cycloaddition of Alkynes

[Rh/L*]
| | cut

Type Il desymmetrization metal-stabilized exo-cyclic olefin
anti-Bredt olefin up to 99.7:0.3 e.r.

Hou, S.-H.; Yu, X.; Dong, G.* et al. J. Am. Chem. Soc. 2020, 142, 13180
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Optimization of the Reaction Parameters

o Me 0 O Me
[Rh(COD),INTf, (7 mol%) e Z
| | L1 (8.4 mol%)
' +
Me 1,4-DFB (0.5 mL) Me Me
120 °C

) w w
s Ts (E) Ts (2
1a 2a 2a'

.......................................................................................................................................................................

F><O

F o
0 PPh, PPh,
< |O o PPh, PPh,

F
(R)-Hg-binap (L6)

(@) PAr2 O
< ‘ (R)-difluorophos (L4)
@)

t
DTBM: Bu

Ar = DTBM, (R)-DTBM-segphos (L1)
: Ar =DM, (R)-DM-segphos (L2) OMe
i Ar=Ph, (R)-segphos (L3)

.......................................................................................................................................................................




Optimization of the Reaction Parameters

entry? Change from the “standard condition” yield (%)° of 2a erbof 2a yield (%)? of 2a’
1 none 70 96.5:3.5 11¢
2 [Rh(COD),]BF, instead of [Rh(COD),]NTf, 64 84:16 10
3 L2 instead of L1 33 89:11 6
4 L3 instead of L1 24 97:3 6
5 L4 instead of L1 51 98.5:1.5 9
6 L5instead of L1 27 80:20 7
7 L6 instead of L1 20 85.5:14.5 4
8 1,3-DFB instead of 1,4-DFB 62 96:4 11
9 1,2-DFB instead of 1,4-DFB 66 96:4 11
10 1,4-dioxane instead of 1,4-DFB 64 97.5:2.5 14
11 toluene instead of 1,4-DFB 67 96.5:3.5 14
12 1 mL 1,4-DFB instead of 0.5 mL 70 96.5:3.5 11

aA|l reactions were run on a 0.1 mmol scale for 48 h. PYields are isolated yields; the er was determined by chiral HPLC. <The er
of 2a’ was 97:3. DFB = difluorobenzene.
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Scope of Substrates with Nitrogen and Carbon Linkers
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Scope of Substrates with Nitrogen and Carbon Linkers
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Scope of Substrates with Nitrogen and Carbon Linkers
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Scope of Substrates with Oxygen Linkages
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Scope of Cyclobutanones with Existing Stereocenters
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Scope of the Olefin Derived Substrate
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Synthetic Utilities
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Synthetic Utilities
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Summary

Strain Release through Metal Coordination
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Writing Strategy

Importance of chiral bridged scaffolds

2

Challenge of synthesizing bridged rings

2

Methods of synthesizing fused and bridged rings

Challenge of synthesizing chiral bridged rings
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The First Paragraph

Chiral bridged scaffolds are commonly found in biologically important
natural products and drugs. However, compared to fused rings, much fewer
cyclization approaches have been developed for constructing bridged rings,
often due to enhanced angular and torsional strains in reaction transition
states. For example, while the Type | Diels-Alder reaction the intramolecular
[41T+2T17] cyclization using Cl-tethered dienes is powerful for building fused
rings with numerous enantioselective versions achieved, the corresponding
Type |l reaction introduces a twisted alkene at bridgeheads, known as
an anti-Bredt olefin, due to the C2 linkage. As exemplified in the formation of
6-6 bridged rings, the corresponding Type Il Diels-Alder reaction proves to
be highly challenging and requires special and forcing conditions (e.g., high-
temperature gas-phase reactions). As a consequence, asymmetric

synthesis of bridged rings via Type-II cycloadditions has been even rarer.
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Writing Strategy

Summary of this work
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Explanation of the mechanism
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Outlook for this work
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The Last Paragraph

In summary, an enantioselective Rh-catalyzed intramolecular Type I
cyclization between cyclobutanones and alkynes has been developed,
which provides a convenient entry to chiral [3.3.1] bridged bicyclic
scaffolds. The reaction is redox neutral and strong acid/base-free, thus
tolerating a broad range of functional groups. The products bearing a
reactive exocyclic enone moiety can be readily functionalized. It is thus
anticipated that this method could be wuseful for preparing
bioactive and complex alkaloids or terpenes. The stabilization of an anti-
Bredt olefin in a strained [3.3.1] scaffold via metal coordination, as
revealed by the mechanistic study, could have broad implications beyond
this work. Efforts on extending the substrate scope to construct other

bridged rings and exploring other coupling partners besides alkynes are

ongoing.
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Representative Examples

To the best of our knowledge (#EFATTHT %), the challenge of enantioselective
preparation of more common [3.3.1] bicycles (6/6 bridged rings), found in
numerous bioactive terpenes and alkaloids, remains to be addressed. (‘51

i k)

It is also known that (1A% WILSHS) binding of strained olefins to low
valent metals changes the hybridization of olefin carbons (toward sp3) and
alters the bond lengths/angles from those in free olefin, resulting in strain
release.

As exemplified (%] 1) in the formation of 6-6 bridged rings, the
corresponding Type Il Diels-Alder reaction proves to be highly challenging
and requires special and forcing conditions.
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Hydrogenolysis of the Norbornadiene Ligand of Complex 8 Leads to Presumed Complexes 9 and 10
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Buchwald-Hartwig—=Miura a-Arylation
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Hosomi-Sakural Reaction
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