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Origin and Motivation

2013

After one year of OVAT optimization
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Origin and Motivation

Krische et al. 2010:

Y. J. Zhang, J. H. Yang, S. H. Kim, M. J. Krische, J. Am. Chem. Soc. 2010, 132, 4562–4563
A. Khan, R. Zheng, Y. Kan, J. Ye, J. Xing, Y. J. Zhang, Angew. Chem. Int. Ed. 2014, 53, 6439–6442.

A. Khan et al. 2014:



3

Origin and Motivation
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Origin and Motivation

I. Khan et al. 2018:

I. Khan, C. Zhao, Y. J. Zhang, Chem. Commun. 2018, 54, 4708–4711

What is the reason for this lack in VEC diversity?
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Origin and Motivation
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What is the reason for this lack in VEC diversity?



Palladium Catalysis to Generate Spirocyclic Compounds

B. M. Trost, Z. Zuo, Angew. Chem. Int. Ed. 2021, 60, 5806–5810.
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Palladium Catalysis to Generate Spirocyclic Compounds

Z. Chen, Z. C. Chen, W. Du, Y. C. Chen, Org. Lett. 2021, 23, 8559–8564.
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Our Contribution to the Availability of VECs

Access to spirocyclic carbonates
with different ring sizes (n=1,2,3)
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Results of the DoE Optimized Key-Step

Jan

Luisa



10

3 People, 2 Years of Work, 1 Scheme, 0 Publications (for now)

a) n=0: mCPBA (3.4 eq.), EtOAc (0.1 M), reflux, 24 h; n=2=3: mCPBA (1.6 eq.), EtOAc (0.5 M), reflux, 3 h b) n=1=2=3: Tf2O (1.1 eq.), Pyridine (2.0 eq.),-20 °C, 30-
60 min. c) n=1=2: DBU (5.0 eq.), THF(dry), reflux, 30 min.; n=3: DBU (2.0 eq.), THF(dry), r.t., 18 h d) n=1=2=3: DMP (1.5 eq.), tBuOH (1.5 eq.), r.t., 18 h e) n=1: 
CH3P(Ph)3Br (1.2 eq.), MeLi [1.6 M] (1.2 eq.), THF(dry),-78 °C to 0 °C in 2 h to r.t., 16 h,  n=2: CH3P(Ph)3Br (1.2 eq.), KOtBu (1.2 eq.), THF(dry), 0 °C to r.t., 18 h; n=3: 
CH3P(Ph)3Br (1.2 eq.), MeLi [1.6 M] (1.2 eq.), THF(dry), 0 °C to r.t., 2 h.
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3 People, 2 Years of Work, 1 Scheme, 0 Publications (for now)

a) n=0: mCPBA (3.4 eq.), EtOAc (0.1 M), reflux, 24 h; n=2=3: mCPBA (1.6 eq.), EtOAc (0.5 M), reflux, 3 h b) n=1=2=3: Tf2O (1.1 eq.), Pyridine (2.0 eq.),-20 °C, 30-
60 min. c) n=1=2: DBU (5.0 eq.), THF(dry), reflux, 30 min.; n=3: DBU (2.0 eq.), THF(dry), r.t., 18 h d) n=1=2=3: DMP (1.5 eq.), tBuOH (1.5 eq.), r.t., 18 h e) n=1: 
CH3P(Ph)3Br (1.2 eq.), MeLi [1.6 M] (1.2 eq.), THF(dry),-78 °C to 0 °C in 2 h to r.t., 16 h,  n=2: CH3P(Ph)3Br (1.2 eq.), KOtBu (1.2 eq.), THF(dry), 0 °C to r.t., 18 h; n=3: 
CH3P(Ph)3Br (1.2 eq.), MeLi [1.6 M] (1.2 eq.), THF(dry), 0 °C to r.t., 2 h.

Most Problematic Step:

• Volatile product, distillative work-up tricky
• Sensitive with respect to the base
• Known low reactivity compared to 6-membered

cyclic Ketones



Palladium Catalysis with VECs

I. Khan, C. Zhao, Y. J. Zhang, Chem. Comm. 2018, 54, 4708 − 4711
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Mechanistic Proposal:



Small success, followed by big problems?

I. Khan, C. Zhao, Y. J. Zhang, Chem. Comm. 2018, 54, 4708 − 4711
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• high conversion
• low ee and de 
• four of eight possible stereoisomers 

found via HPLC, but separation poorly 
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Enhancing the Scope in Vinyl Ethylene Carbonate (VEC) related chemistry
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Enhancing the Scope in Vinyl Ethylene Carbonate (VEC) related chemistry



Summary & Outlook 
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• New route to spirocyclic VECs with comparably cheap starting materials and standard transformations

• DoE optimized one pot epoxidation and cyclisation as key-step

• Allylic alcohols are fairly abundant which offers a great platform for derivatization beyond s-VECs

• To the best of my knowledge the first synthons for “direct” transfer of a spiro center.



Outlook 

A. F. Zahrt, J. J. Henle, B. T. Rose, Y. Wang, W. T. Darrow, S. E. Denmark, Science 2019, 363. N. I. Rinehart, A. F. Zahrt, J. J. Henle, S. E. Denmark, Acc. Chem. Res. 
2021, 54, 2041–2054.
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I’ll make you an 
offer you can’t refuse

Potential Cooperation with the Denmark Group

• Goal: Find the right ligands and conditions for 
appropriate selectivity.

• Procedure: Subject Test-Set of ligands to each s-VEC
and give them the data for their ML 
workflow…
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HPLC Fractions Chromene Catalysis
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