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Symmetry of Dimeric Natural Products

Lian, G.; Yu, B. Chem. Biodiversity 2010, 7, 2660–2691. Greer et al. J. Nat. Prod. 2004, 67, 1141–1146. 

Bai, W.-J.; Wang, X. Nat. Prod. Rep. 2017, 34, 1345–1358. 
2

Molecular bilateral symmetry: molecules that contain a C2 (sigma plane or axis), Cs or C2v point groups
• Survey of ~3,000 (1996-2004) articles found bilateral symmetry in ~7% of natural products
• An additional 10% of the 3,000 articles included molecules regarded as “derivatized dimers”
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Nature’s Impetus for Dimeric Natural Products

Lian, G.; Yu, B. Chem. Biodiversity 2010, 7, 2660–2691. Bai, W.-J.; Wang, X. Nat. Prod. Rep. 2017, 34, 1345–1358. Kotammagari, T. 

K; Gonnade, R. G.; Bhattacharya, A. K. Org. Lett. 2017, 19, 3564–3567. Yuan, C.; Du, B.; Deng, H.; Man, Y.; Liu, B. Angew. Chem. 

Int. Ed. 2017, 56, 637–640.
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Why do dimeric NPs form?

• Bind 2 distinct sites

• Increased potency & 

selectivity

• Post-dimerization 

functionalization may 

facilitate niche function

• Balances enthalpic cost 

(oligomers) with potency



Dimeric Natural Products as Pharmaceuticals

Sun, J.; Yang, H.; Tang, W. Chem. Soc. Rev. 2021, 50, 2320–2336.
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Clinical treatment of Hodgkin’s disease,

testicular, ovarian, breast, head, & neck

cancer, and non-Hodgkin’s lymphoma.

5-10x more potent against cell lines

sensitive to protein kinase C agonist

12-o-tetradecanoyl phorbol-13-acetate.

Inhibits the growth of 25 cancer cell

lines at low nanomolar to picomolar

concentrations.

Cytotoxic against murine mastocytoma

with an IC50 of 150 ng/mL.

Lead for treatment of septic shock.



Strategies for Late-Stage Dimerization

Sun, J.; Yang, H.; Tang, W. Chem. Soc. Rev. 2021, 50, 2320–2336.
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Rapidly formed complexity

Synthetically useful reactions but relatively limited in complexity generation

Strategy Result



Brief Examples of Cationic & TM-Dimerizations

Smith, M. J.; Reichl, K. D.; Escobar, R. A.; Heavy, T. J.; Coker, D. F.; Schaus, S. E.; Porco, J. A. J. Am. Chem. Soc. 2019, 141, 148–153. 6

*Imidodiphosphoric acids and N-trifyl phosphorimides also surveyed.*



Brief Examples of Cationic & TM-Dimerizations

Buter, J.; Heijnen, D.; Vila, C.; Hornillos, V.; Otten, E.; Giannerini, M; Minnaard, A. J.; Feringa, B. L. 

Angew. Chem. Int. Ed. 2016, 55, 3620–3624.
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Remote quaternary benzylic carbon critical for 

P selectivity (oxidative coupling w/ (tBuO)2

affords 40:60 dr favoring M diastereomer)

Natural isolate is 40:60 mixture of P:M

Point-to-axial chirality transfer

Tetra-ortho-substituted biaryl coupling



Cycloaddition: Preuisolactone A

Novak, A. J. E.; Griggleston, C. E.; Trauner, D. J. Am. Chem. Soc. 2019, 141, 15515–15518.
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The isolation of natural products

that feature multiple stereocenters

and complex topologies and yet are

racemates is unusual in Nature.



Cycloaddition: Preuisolactone A

Novak, A. J. E.; Griggleston, C. E.; Trauner, D. J. Am. Chem. Soc. 2019, 141, 15515–15518.
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Step 1: [5+2]     Step 2: retro-Dieckmann (H2O)     Step 3: Vinylogous aldol



Cycloaddition: Preuisolactone A

Novak, A. J. E.; Griggleston, C. E.; Trauner, D. J. Am. Chem. Soc. 2019, 141, 15515–15518.
10

How did a cycloaddition strategy facilitate this synthesis?
1. Established key C–C bonds in a stereospecific manner

2. Aligned reactive functionality for cascade processes (increased propinquity)

Hint 1: includes benzilic acid rearrangement.

Hint 2: think of the first step as just NaOH.



Conjugate Addition: Homodimericin A

Feng, J.; Lei, X.; Guo, Z; Tang, Y. Angew. Chem. Int. Ed. 2017, 56, 7895–7899.
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Conjugate Addition: Homodimericin A

Feng, J.; Lei, X.; Guo, Z; Tang, Y. Angew. Chem. Int. Ed. 2017, 56, 7895–7899.
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Conjugate Addition: Homodimericin A

Feng, J.; Lei, X.; Guo, Z; Tang, Y. Angew. Chem. Int. Ed. 2017, 56, 7895–7899.
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Cascade conjugate addition established:

• 1 new ring

• 3 stereocenters (racemically)

• Functional handles



Conjugate Addition: Homodimericin A

Feng, J.; Lei, X.; Guo, Z; Tang, Y. Angew. Chem. Int. Ed. 2017, 56, 7895–7899.
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Radical Dimerization: Dideoxyverticillin A

Kim, J.; Ashenhurst, J. A.; Movassaghi, M. Science, 2009, 324, 238–241.
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Radical Dimerization: Dideoxyverticillin A

Kim, J.; Ashenhurst, J. A.; Movassaghi, M. Science, 2009, 324, 238–241.
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Radical Dimerization: Dideoxyverticillin A

Kim, J.; Ashenhurst, J. A.; Movassaghi, M. Science, 2009, 324, 238–241.
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When Dimerization Strategies Fail: Sceptrin

Baran, P. S.; Zografos, A. L.; O’Malley, D. P. J. Am. Chem. Soc. 2004, 126, 3726–3727.

Nguyen, L. V.; Jamison, T. F. Org. Lett. 2020, 22, 6698–6702. 
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Psylloborine Class and Biogenesis

Sherwood, T. C.; Trotta, A. H.; Snyder, S. A. J. Am. Chem. Soc. 2014, 136, 9743–9753.
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Attempted Dimerization Strategy

Sherwood, T. C.; Trotta, A. H.; Snyder, S. A. J. Am. Chem. Soc. 2014, 136, 9743–9753.
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“Intramolecular Dimerization” Strategy

Sherwood, T. C.; Trotta, A. H.; Snyder, S. A. J. Am. Chem. Soc. 2014, 136, 9743–9753.
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Conclusions for Dimeric Natural Products

Sun, J.; Yang, H.; Tang, W. Chem. Soc. Rev. 2021, 50, 2320–2336.
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Exploiting symmetry leads to:

• Strategic disconnections

• Facilitate elucidation of a biosynthetic pathway

• Shorten step count/atom economy

• Aid in biological studies

• Establish absolute configuration and structural assignments



Relevant Literature
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