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Introduction to Organometallics
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C—C Activation in Total Synthesis
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- Transition metal "M" is involved in the C-C cleavage process

- Small ring systems play an important role: release of ring strain facilitates
the metal insertion

- The organometallic intermediate can undergo subsequent reactions to
produce a functionalized product

- Oxidative Addition is one mechanism that is classified as a C—C Activation

- The cleavage and reorganization of C—C bonds in C—-C Activation as a
synthetic strategy for complex molecule synthesis

- Few examples of C—C Activation as the key step in total synthesis

- Even fewer examples in asymmetric synthesis of products

(+)-asteriscanolide (-)-cycloclavine
Liang, Y; Jiang, X; Yu, Z.—X. Deng, L; Chen, M.; Dong, G.
Chem. Commun., 2011, 47, 6659 J. Am. Chem. Soc., 2018, 140 (30), 9652

Souillart, L; Cramer, N. Chem. Rev., 2015, 115, 9410
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Synthetic Challenges:
- Isolated from Asteriscus aquaticus L by San Feliciano in 1985 - uncommon [6.3.0] carbocyclic system
- First total synthesis was reported in 1988 by Carlos Correia - 5 cis stereocenters
- As a sesquiterpene, it has the potential for the treatment of - Construction of 8-membered carbocycle is the
cardiovascular disease and cancer most challenging (based on previous synthesis)

Liang, Y; Jiang, X; Yu, Z.—X. Chem. Commun., 2011, 47, 6659
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e aka: SMEAH, Synhydride, Vitride
MeO/ ® \O H ° Similar reducing effects as LiAlH,4
"Né“ “AI© e Nonpyrophoric, longer shelf-life, 0.2 atm CO + 0.8 atm N,
MeQ  ‘O° H and better solubility [Rh(CO),Cl] (5 mol%)
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Liang, Y; Jiang, X; Yu, Z.—X. Chem. Commun., 2011, 47, 6659
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Me toluene, 90 °C
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Liang, Y; Jiang, X; Yu, Z.—X. Chem. Commun., 2011, 47, 6659
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ethyl acetate, 0 °C benzene, 0 °C
86% yield over 2 steps
NaH, PMBCI TBAF
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DMF, 50 °C THF, 40 °C
82% vyield 90% vyield

Liang, Y; Jiang, X; Yu, Z.—X. Chem. Commun., 2011, 47, 6659



Dess—Martin, NaHCO3

>
CH,Cl,, 25 °C
1. Py, DMAP
DIBAI-H - THF, diphosgene, benzene, 30 °C -
CH,Cl,, =78 °C 2. PhSeH, 30 °C

84% vyield over 2 steps

Liang, Y; Jiang, X; Yu, Z.—X. Chem. Commun., 2011, 47, 6659
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CH,Cl,, 25 °C
1. Py, DMAP
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» [e]
CH20|2, -78 °C 2. PhSeH, 30 °C
84% vyield over 2 steps
n-BuzSnH, AIBN . DIBAI-H
benzene, reflux CH,Cl,, -78 °C

Liang, Y; Jiang, X; Yu, Z.—X. Chem. Commun., 2011, 47, 6659



CH3SO,CI, Et3N - H,, Pd/C
CH,Cl,, 25 °C EtOH, 60 °C
85% over two steps dr = 66:34
DMP, NaHCO4, - +
CH,Cl,, 25 °C B
Hs 1H
PMBO Me
46% yield 24% yield

1. TMSOTT, 2,6-lutidine

CH,Cl,, 25 °C
S0y hElloy . 2.1 M HCI, Et,0, 25 °C
CH3CN/CCly/H,0 (1:1:1), 25 °C 48% brsm
59% yield

(+)-asteriscanolide

Liang, Y; Jiang, X; Yu, Z.—X. Chem. Commun., 2011, 47, 6659






(—)-Cycloclavine
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(-)-cycloclavine
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Asymmetric Rh-catalyzed A l

C-C Activation

- Isolated from seeds of Ipomoea hildebrantii vatke in 1969,
and later from Aspergillus japonicas in 1982

- First enantioselective total synthesis was accomplished in
2017 by the Wipf Group.

- Exhibits promising insecticidal and antiparasitic properties

Deng, L; Chen, M.; Dong, G. J. Am. Chem. Soc., 2018, 140 (30), 9652
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Synthetic Challenges:

- penta-cyclic core with a unique [3.1.0]
structural motif
- Sterically congested cyclopropane ring

- 3 contiguous stereogenic centers; 2 adjacent
quaternary carbons
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Deng, L; Chen, M.; Dong, G. J. Am. Chem. Soc., 2018, 140 (30), 9652
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Deng, L; Chen, M.; Dong, G. J. Am. Chem. Soc., 2018, 140 (30), 9652
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[Pd(allyl)CI], (5 mol%) Boc
Xantphos (15 mol%) BOCN/\/ Rh(cod),BF, (3 mol%) N H
BocNH,, Cs,CO3, 1,4-dioxane; (@) (R)-DTBM-segphos (3.6 mol%)
> 74 : >
then allyl acetate; then 1M HCI | 1,4-dioxane, 90 °C
92% yield A 95% vyield, 97.5% ee
Mechanism? cut-and-sew reaction
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Addiiee Eliminatic
[Rh] Migratory [Rh]
TsN3;, DBU . Insertion
CH3CN, 25 °C
92% yield

Deng, L; Chen, M.; Dong, G. J. Am. Chem. Soc., 2018, 140 (30), 9652
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Rh(cod),BF,4 (3 mol%)
(R)-DTBM-segphos (3.6 mol%)

1,4-dioxane, 90 °C
95% yield, 97.5% ee
cut-and-sew reaction
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Boc,
N\ H >ﬁ
Rhy(R-DOSP)4, M€ Cl . NaN3
slow addition of alkene DMF, 60 °C
O hexane/CH,Cl,, 40 °C 93% vyield
N 85% vyield, 5.8:1 d.r.

Deng, L; Chen, M.; Dong, G. J. Am. Chem. Soc., 2018, 140 (30), 9652
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Deng, L; Chen, M.; Dong, G. J. Am. Chem. Soc., 2018, 140 (30), 9652
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C—C Activation in Total Synthesis

McCabe, S. R.; Wipf, P. Angew. Chem.,
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(+)-asteriscanolide (-)-cycloclavine
Liang, Y; Jiang, X; Yu, Z.-X. Deng, L; Chen, M.; Dong, G.
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|Is C—C Activation always necessary?
Let’s take a look at some other ways to synthesize these molecules....



