
Switching Site-Selectivity with Light in the Acetylation of 
Sugars with Azo-Peptide Catalysts

07th December 2018

Group Seminar #441

Dominik Niedek

Institute of Organic Chemistry

Justus-Liebig-University 

35392 Giessen, Germany



Motivation

R. S. Stoll, S. Hecht, Angew. Chem. Int. Ed. 2010, 49, 5054-5075.
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“Beyond activity control: Throughout this review we have
focused on catalytic activity, encoding the ability of the catalyst
to enable and speed up an otherwise unfeasible chemical
reaction. However, one of the inherent challenges in catalyst
research is not only the mere enabling of a given chemical
transformation but also the complete control over its outcome
by developing suitable catalysts to dictate chemoselectivity,
regioselectivity, and stereoselectivity of the reaction.”



Motivation

B. M. Neilson, C. W. Bielawski, ACS Catalysis 2013, 3, 1874-1885.
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“Ultimately, photoswitchable catalysis will require the ability to
photochemically alter the selectivity of the catalyst in addition
to its activity. A system in which the catalyst’s intrinsic chemo-,
regio-, and/or stereoselectivity could be remotely
photomodulated will have numerous applications in tandem
catalysis, and is expected to provide unprecedented control over
polymer microstructure, as well as to simplify multistep
syntheses of complex small molecules.”



Motivation

M. Vlatković, B. S. L. Collins, B. L. Feringa, Chem. Eur. J. 2016, 22, 17080-17111.
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Even though progress in this field has been remarkable, major
barriers remain that need to be overcome. For example, a
photoswitchable catalyst capable of catalyzing two orthogonal
reactions is yet to be reported. Unlike redox-switchable and ion-
switchable systems, in which chemical waste is generated,
photoswitchable systems offer major advantages, as they use a
clean and noninvasive external trigger that allows
spatiotemporal precision.



Motivation

http://www.22-icos-florence.it/conference-program/

4

Session 2 - AUDITORIUM – Chair: ANNE NIJS

17:45 – PL2 (60’) B. L. Feringa - University of Groningen, The Netherlands
Dynamic Molecular Systems



State-of-the-Art

J. Wang, B. L. Feringa, Science 2011, 331, 1429-1432.
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(P,P)-trans 1: rac.
(M,M)-cis 1: (S) 48% ee
(P,P)-cis 1: (R) 50% ee



State-of-the-Art

J. Wang, B. L. Feringa, Science 2011, 331, 1429-1432.
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State-of-the-Art
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Concept to Control Regioselectivity in Acylation Reactions

B3LYP-D3(BJ)/6-311G(d,p) and DLPNO-CCSD(T)/def2-tzvpp//B3LYP-D3(BJ)/6-311G(d,p) (in parentheses) levels of theory.
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E-6

H0 = 0.0 (0.0) kcal mol−1

Z-6

H0 = 12.4 (10.5) kcal mol−1



Concept to Control Regioselectivity in Acylation Reactions

B3LYP-D3(BJ)/6-311G(d,p) and DLPNO-CCSD(T)/def2-tzvpp//B3LYP-D3(BJ)/6-311G(d,p) (in parentheses) levels of theory.
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Synthetic Strategy
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Synthetic Strategy
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Synthesized Catalysts

12



Acetylation of (4,6-O-benzylidene)methyl--D-glucopyranoside 1
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Catalyst 10[a] 11[a] 12[a] Yield[a] / % 

NMI 3.0 10.6 1.0 84 

4 6.4 3.8 1.0 81 

4 (365 nm) 4.8 2.6 1.0 90 

5 17.3 6.8 1.0 62 

5 (365 nm) 5.5 3.5 1.0 83 

6[b] 9.4 7.1 1.0 88 

6 (365 nm) 8.8 9.4 1.0 80 

[a] Yield and ratio determined via 1H NMR. [b] Reaction at 0 °C. NMI = N-methylimidazol. 

 



Acetylation of (4,6-O-benzylidene)methyl--D-galactopyranoside 2

14

Catalyst 13[a] 14[a] 15[a] Yield / %[b] 

NMI 4.8 6.6 1.0 14 

5 8.3 30.1 1.0 48 

5 (365 nm) 11.1 18.0 1.0 75 

6 2.8 9.7 1.0 79 

6 (365 nm) 6.3 9.4 1.0 81 

6 (365 nm)[c] 7.0 7.6 1.0 77 

[a] Ratio was determined via NMR. [b] Yield was determined via NMR. [c] Reaction was carried out at 0°C. 

 



Acetylation of (4,6-O-benzylidene)methyl--D-mannopyranoside 3a
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Catalyst 16a[a] 17a[a] 18a[a] Yield / %[a] 

NMI 1.1 8.1 1.0 44 

6 2.3 1.1 1.0 62 

6 (448 nm)[b] 1.8 1.0 1.0 66 

6 (365 nm) 1.0 4.7 3.4 61 

6 (365 nm)[c] 1.0 7.4 3.2 66 

6 (365 nm)[b, c] 1.0 19.8 10.1 74 

7 1.7 1.0 1.1 68 

7 (365 nm)[c] 1.0 11.9 7.0 77 

[a] Yield and ratio determined via 1H NMR. [b] 10 min irradiation before adding Ac2O; reaction in the dark. [c] Reaction at 0 °C. 

 



Acetylation of (4,6-O-benzylidene)methyl--D-mannopyranoside 3a-d
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Substrate 16a-d[a] 17a-d[a] 18a-d[a] Yield / %[a] 

3a 2.3 1.1 1.0 62 

3a (365 nm)[b] 1.0 19.8 10.1 74 

3b 2.0 1.0 2.2 42[d] 

3b (365 nm)[b] 1.0 10.7 9.5 25[d] 

3c 3.9 3.6 1.0 75 

3c (365 nm)[b] 1.8 4.0 1.0 91 

3d 4.1 1.7 1.0 44[c] 

3d (365 nm)[b] 1.0 10.4 6.1 54[c] 

[a] Yield and ratio determined via 1H NMR. [b] Reaction at 0 °C. [c] Yield not determined exactly due to some decomposition 

of the methylidene protecting group. [d] Low conversion due to solubility issues. 

 



Acetylation of diphenylmethylene ketal protected quercetin 19
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Catalyst 20[a] 21[a] 22[a] Yield / %[a] 

6 1.0 1.6 2.0 68 

6 (365 nm) 1.3 1.0 1.5 73 

6 (365 nm)[b] 5.0 1.0 4.0 86 

6 (365 nm)[c] 7.7 1.0 6.1 80 

[a] Yield and ratio determined via 1H NMR [b] Acetone. [c] THF. 

 



Homemade catalysis device

Homemade catalysis device; a) closed lightproof catalysis device b) reaction vessel equipped with septum to inject reactants and reagents c) inlet of the catalysis
device with support for the LED and d) close-up view of the LED reaction vessel area: (right) Emission spectra of the UV LED (purple) and Blue LED (blue) used within
the photoreactor. 18



Investigation of Catalyst 6 via 1H and 13C NMR spectroscopy

1H and 13C chemical shift assignment for the E and Z isomer of catalyst 6 in DMF-d7 at 273 K.

19

E isomer Z isomer

Atom number δH [ppm] δC [ppm] δH [ppm] δC [ppm]

1 3.73 51.9 3.68 51.6

2 - 172 - 172

3 4.48 53.9 4.43 53.9

4 3.1-2.9 26.4 3.1-2.9 26.4

5 - 138.2 - 138.2

6 7.43 129.3 7.38 129.2

7 7.34 128.4 7.30 128.4

8 7.25 126.7 7.22 126.7

9 7.14 - 7.10 -

10 - 166.2 - 166.1

11 - 135.8 - -1

12 8.16 128.9 7.92 128.5

13 7.99 122.5 7.01 119.7

14 - 154.1 - -1

15 - 148.4 - -1

16 8.022 124 6.96 122.2

17 8.022 119.7 7.67 119.1

18 - 143.3 - -1

19 10.63 - 10.34 -

20 - 172.4 - 172

21 4.7 51.9 4.59 51.8

22 1.73 39.7 1.62 39.7

23-26 1.8 -0.8 39.8 – 26.1 - -

27 8.42 - 8.40 -

28 - -1 - -1

29 4.87 54.9 4.78 54.9

30 3.3 36.5 3.2 36.5

31 - -1 - -1

32 6.81 127.6 6.79 127.6

33 7.56 137.9 7.54 137.9

34 3.65 137.9 3.65 137.9

35 9.2 - 9.02 -

36 - 166 - 166

37 - 79.8 . 79.8

38 1.38 27.9 1.34 27.9



In situ irradiation NMR spectroscopy

1H NMR spectra (600 MHz proton resonance frequency) of a 1.3 mM solution of catalyst 6 in DMF-d7 at 273 K prior to irradiation (upper trace) and during
continuous irradiation (lower trace) with UV light (λ = 375 nm).

20



In situ irradiation NMR spectroscopy

Amide signals in 1H NMR spectra (600 MHz proton resonance frequency) of a 1.3 mM solution of catalyst 6 in DMF-d7 at 273 K prior to irradiation (lower trace), of a
mixture of E and Z isomer produced by an short irradiation interval and during continuous irradiation (upper trace) with UV light (λ = 375 nm).
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In situ irradiation NMR spectroscopy

Aromatic resonances in 1H NMR spectra of a 1.3 mM solution of catalyst 6 in DMF-d7 at 273 K prior to irradiation (lower trace), of a mixture of E and Z isomer
produced by an short irradiation interval and during continuous irradiation (upper trace) with UV light (λ = 375 nm).
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In situ irradiation NMR spectroscopy

Resonances of protons in the 𝛼 position of the peptide bonds in 1H NMR spectra (600 MHz proton resonance frequency) of a 1.3 mM solution of catalyst 6 in DMF-d7

at 273 K prior to irradiation (lower trace), of a mixture of E and Z isomer produced by an short irradiation interval and during continuous irradiation (upper trace) 
with UV light (λ = 375 nm). 23



In situ irradiation NMR spectroscopy

Molar fraction vs. time profiles for E (cyan) and Z (red) isomer of a 1.3 mM solution (left) and a 0.7 mM solution (right) of catalyst 6 in DMF-d7 during continuous
irradiation with UV light (λ = 375 nm) at 273 K. (top)
Molar fraction vs. time profiles for E (cyan) and Z (red) isomer of a 1.3 mM solution of catalyst 6 in DMF-d6 during thermal fading after irradiation with UV light (λ =
375 nm) followed by continuous irradiation with blue light (λ = 448 nm) at 273 K. (bottom)
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In situ irradiation NMR spectroscopy

Kinetic profiles of the E→Z photoisomerization of catalyst 6. Left: stacked plot of 1H NMR spectra in DMF-d7 at 0 °C for the amide protons NH19 (located between
the azo- and Pmh moieties) and NH35 (located at the Boc protecting group). Right: relative concentration profiles of the E- and Z-isomers with respect to the amide
proton NH19 at the timescale of 1 hour. 25



Computations

Computed acetylation transition structures. Acetylation of (4,6-O-benzylidene)methyl--D-mannopyranoside 3a at B3LYP-D3(BJ)/6-31G(d); transition state for the
2-acetylation resulting from E-6 and 3a (left) and transition state for the 3-acetylation resulting from Z-6 and 3a (right)
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Computations

Computed acetylation transition structures. Acetylation of (4,6-O-benzylidene)methyl--D-mannopyranoside 3a at B3LYP-D3(BJ)/6-31G(d) and
B3LYP-D3(BJ)/cc-pVTZ//B3LYP-D3(BJ)/6-31G(d) (in parentheses); transition state for the 3-acetylation resulting from E-6 and 3a (left) and transition state for the
2-acetylation resulting from Z-6 and 3a (right) 27
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