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Functionalization of 

cage compounds
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Introduction C–H functionalization

C–H bond activation vs C–H functionalization:

C–H functionalization on adamantane:
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C–O bond formation



C–O bond formation

Z. Huang, C. Wang, G. Dong Angew. Chem. Int. Ed. 2016, 55, 5299-5303.

M. Lee, M. S. Sanford Org. Lett. 2017, just published.

C–H funcionalization of adamantane:

- Directed:

- Undirected:
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C–O bond formation

Directing group screening:
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C–O bond formation
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Preparation of starting material

Desymmetrization of diacids:

7



Preparation of starting material

Desymmetrization of diesters:
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C–O bond formation

Optimized conditions:

Scope of cage compounds:
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C–O bond formation

Optimized conditions:

Scope of diamondoids:
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Proposed mechanism
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Proposed mechanism

- Cations like K+ can stabilize those intermediates

- Transition state of the C–H activation step:

Q. Li, S.-Y. Zhang, G. He, W. A. Nack, G. Chen Adv. Synth. Catal. 2014, 356, 1544-1548.

X. Ye, Z. He, T. Ahmed, K. Weise, N. G. Akhmedov, J. L. Peterson, X. Shi Chem. Sci. 2013, 4, 3712-3716.
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Proposed mechanism

The absence of Ac2O results in the decreasing of the yields.

L. V. Desai, K. J. Stowers, M. S. Sanford J. Am. Chem. Soc. 2008, 130, 13285-13293 (sp2).

L. Ju, J. Yao, Z. Wu, Z. Liu, Y. Zhang J. Org. Chem. 2013, 78, 10821-10831 (sp3).
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C–O bond formation

Control experiments:
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C–O bond formation

Control experiments:
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C–O bond formation

Directing group removal:
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C–O bond formation
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C–N bond formation



Heterocycles derived from adamantane

R. Hrdina, M. Larrosa, C. Logemann Manuscript in preparation
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C–N bond formation

Early attempts:

E. T. Nadres, O. Daugulis J. Am. Chem. Soc. 2012, 134, 7-10.
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C–N bond formation

G. He, C. Lu, Y. Zhao, W. A. Nack, G. Chen Org. Let. 2012, 14, 2944-2947.

R. Pearson, S. Zhan, G. He, N. Edwards, G. Chen Beilstein J. Org. Chem. 2013, 9, 891-899.

New variant to acylium chemistry: 
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C–N bond formation

Entry Conditions Result

1 PhI(OAc)2 (2.0 equiv.), Pd(OAc)2 (6 mol%)

toluene, argon, 60 °C, 20 h

Traces of 49

2 PhI(OAc)2 (2.2 equiv.), Pd(OAc)2 (6 mol%)

mesitylene, argon, 110 °C, 20 h

Traces of 49

3 PhI(OAc)2 (2.2 equiv.), Pd(OAc)2 (8 mol%)

HFIP, air, r.t., 24 h

-

4 Cu(OAc)2 (2.0 equiv.), PhI(OAc)2 (2.0 equiv.)

Pd(OAc)2 (15 mol%)

toluene, argon, 100 °C, 20 h

-
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C–N bond formation

C. Wang, C. Chen, J. Zhang, J. Han, Q. Wang, K. Guo, P. Liu, M. Guan, Y. Yao, Y. Zhao Angew. Chem. Int. Ed. 2014, 

53, 9884-9888.
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C–N bond formation

Entry Conditions Result

1 Cu(OAc)2 (2.5 equiv.)

PhI(OAc)2 (2.0 equiv.), Pd(OAc)2 (10 mol%)

toluene, argon, 130 °C, 20 h

Traces of 53

2 PhI(OAc)2 (2.0 equiv.), Pd(OAc)2 (12 mol%)

HFIP, argon, 60 °C, 18 h

-
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C–N bond formation

C. Wang, C. Chen, J. Zhang, J. Han, Q. Wang, K. Guo, P. Liu, M. Guan, Y. Yao, Y. Zhao Angew. Chem. Int. Ed. 2014, 

53, 9884-9888.
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C–N bond formation

The bulkier the „protecting group“ the lower the yield:

J. J. Neumann, S. Rakshit, T. Dröge, F. Glorius Angew. Chem. Int. Ed. 2009, 48, 6892-6895. 26



C–N bond formation

J. J. Neumann, S. Rakshit, T. Dröge, F. Glorius Angew. Chem. Int. Ed. 2009, 48, 6892-6895.
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