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Advantages and Challenges of Multicatalytic Strategie

ﬁ New types of reactivities (unattainable by use of either catalyst alone)

@;@ Improvement of stereocontrol

ﬁ Reaction efficiency and broad substrate scope

Compatibility of catalysts, substrates, intermediates and solvents

R. C. Wende, P. R. Schreiner, Green Chem. 2012, 14, 1821-1849Z. Du, Z. Shao, Chem. Soc. Rev. 2013, 42, 1337-1378 2



Combination of Organo- and Metal Catalysts
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Classification of Multicatalytic Strategies

A B

Cooperative Catalysis Synergistic Catalysis

C

Sequential or Relay Catalysis
9 y y Sequential Catalysis: addition of another catalyst,

reagent, or change in reaction conditions after
completion of the 15! catalytic cycle

Relay Catalysis: no change in reaction conditions

A+B INT I

R. C. Wende, P. R. Schreiner, Green Chem. 2012, 14, 1821-1849; Z. Du, Z. Shao, Chem. Soc. Rev. 2013, 42, 1337-1378 4



Cooperative Catalysis

A

Cooperative Catalysis

Z. Du, Z. Shao, Chem. Soc. Rev. 2013, 42, 1337-1378; R. C. Wende, P. R. Schreiner, Green Chem. 2012, 14, 1821-1849;
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Cooperative Catalysis — Brgnsted Acid/Chiral Urea
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Synergistic Catalysis — Definition

Synergistic Catalysis (MacMillan):

catalyst 1
A > A E—

catalyst 2
B > B' I

activated intermediates
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uncatalyzed traditional uncatalyzed synergistic
catalysis catalysis

C. Wende, P. R. Schreiner, Green Chem. 2012, 14, 1821-1849
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Synergistic Catalysis — Brgnsted acid/Rh-Catalysis

SiPhs
UL,

P
)1\2 BnO”™ "NH, OO (X mol%) CO,Me
Ph” ~CO,Me * o SiPhy _ BnOCHN. | pp
N” Rh,(OACc), (2 mol%) 0
)'\ toluene, 0 °C Ph™ NHPR
Ph” ~H

10 mol% cat: 87%
95:5 anti:syn, 96:4 er

2 mol% cat: 64%
98:2 anti:syn, 55.5:44.5 er

J. Jiang, H.-D. Xu, J.-B. Xi, B.-Y. Ren, F.-P. Lv, X. Guo, L.-Q. Jiang, Z.-Y. Zhang, W.-H. Hu,
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Synergistic Catalysis — Brgnsted acid/Rh-Catalysis
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Synergistic Catalysis — Brgnsted acid/Rh-Catalysis
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Synergistic Catalysis — Brgnsted acid/Rh-Catalysis
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Synergistic Catalysis — Brgnsted acid/Rh-Catalysis
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Relay Catalysis

Relay Catalysis

.

A+B INT I

R. C. Wende, P. R. Schreiner, Green Chem. 2012, 14, 1821-1849; Z. Du, Z. Shao, Chem. Soc. Rev. 2013, 42, 1337-1378 14



Relay Catalysis — Isothiourea/Pd-Catalysis

a) Tambar, 2011: Pd-catalyzed allylic amination and [2,3]-rearrangement
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b) Smith, 2014: Enantioselective organocatalytic [2,3]-rearrangement
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a) A. Soheili, U. K. Tambar, J. Am. Chem. Soc. 2011, 133, 12956-12959
b) T. H. West, D. S. B. Daniels, A. M. Z. Slawin, A. D. Smith, J. Am. Chem. Soc. 2014, 136, 4476-4479;
T. H. West, S. S. M. Spoehrle, A. D. Smith, Tetrahedron 2017, 73, 4138-4149 17



Relay Catalysis — Isothiourea/Pd-Catalysis

Synthesis of ammonium salts:
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Relay Catalysis —

Isothiourea/Pd-Catalysis
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Relay Catalysis — Isothiourea/Pd-Catalysis
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Relay Catalysis — Isothiourea/Pd-Catalysis
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Conclusions and Outlook

& The area has rapidly developed in the previous decade and continues
to expand

@ Compared to TM and Organocatalysis, it is still imited in number

& New types of transformations and catalyst
combinations are still to be explored

Application of this concept in total synthesis of natural products is
worthy of further investigation

Literature: R. C. Wende, P. R. Schreiner, Green Chem. 2012, 14, 1821-1849Z; Du, Z. Shao, Chem. Soc. Rev. 2013, 42,
1337-1378; A. E. Allen, D. W. C. MacMillan, Chem. Sci. 2012, 3, 633-658; S. M. Inamdar, V. S. Shinde, N. T. Patil, Org.

Biomol. Chem. 2015, 13, 8116-8162; C. Zhong, X. Shi, Eur. J. Org. Chem. 2010, 2999-3025; S. Afewerki, A. Cdrdova,
Chem. Rev. 2016, 116, 13512-13570. 22



Thank you! Any Questions?




