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A Short Trip to Physics Lecture

2K. Bian, C. Gerber, A. J. Heinrich, D. J. Müller, S. Scheuring, Y. Jiang, Nat. Rev. Methods Prim. 2021 11 2021, 1, 1–29.

AFM
Atomic Force Microscopy

STM
Scanning Tunneling Microscopy

➢Density of electronic states is decisive for
molecule image

➢ Structure of molecule determines image
contrast



Breakthrough in AFM

3
L. Gross, F. Mohn, N. Moll, P. Liljeroth, G. Meyer, Science 2009, 325, 1110–1114, D. Martin-Jimenez, A. Ihle, S. Ahles, H. A. Wegner, A. 
Schirmeisen, D. Ebeling, Appl. Phys. Lett. 2020, 117, 131601. 
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Determination of Organic Structures 

4

L. Gross, F. Mohn, N. Moll, G. Meyer, R. Ebel, W. M. Abdel-Mageed, M. Jaspars, Nat. Chem. 2010, 2, 821–825. Application in characterization of asphaltenes: B. Schuler, G. Meyer,
D. Peña, O. C. Mullins, L. Gross, J. Am. Chem. Soc. 2015, 137, 9870–9876; B. Schuler, Y. Zhang, S. Collazos, S. Fatayer, G. Meyer, D. Pérez, E. Guitián, M. R. Harper, J. D. Kushnerick,
D. Peña, et al., Chem. Sci. 2017, 8, 2315–2320; B. Schuler, S. Fatayer, G. Meyer, E. Rogel, M. Moir, Y. Zhang, M. R. Harper, A. E. Pomerantz, K. D. Bake, M. Witt, et al., Energy and
Fuels 2017, 31, 6856–6861; L. Zhang, P. Chen, S. Pan, F. Liu, V. Pauchard, A. E. Pomerantz, S. Banerjee, N. Yao, O. C. Mullins, Energy & Fuels 2021, 35, 13610–13632.

or

Substructures from NMR dataChemical formula from HRMS

C16H10N2O2



Determination of Organic Structures 
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Comparison of experimental adsorption position (left) with DFT-calculate-
ed adsorption geometries for 1 (middle) and 2 (right) 



Assigning the Absolute Configuration by Visual Inspection 

D. Ebeling, M. Šekutor, M. Stiefermann, J. Tschakert, J. E. P. Dahl, R. M. K. Carlson, A. Schirmeisen, P. R. Schreiner, Nat. Commun. 2018, 9, 1–8. 5

• 2018 Ebeling et al. Assigning the absolute Configuration of [123]tetramantane by visual inspection
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Expanding the scope to Lauren… what?

J. Sun, D. Shi, M. Ma, S. Li, S. Wang, L. Han, Y. Yang, X. Fan, J. Shi, L. He, J. Nat. Prod. 2005, 68, 915–919; P. Chen, J. Wang, K. Liu, C. Li, J. Org. Chem. 2008, 73,
339–341; P. R. Schreiner, A. A. Fokin, H. P. Reisenauer, B. A. Tkachenko, E. Vass, M. M. Olmstead, D. Bläser, R. Boese, J. E. P. Dahl, R. M. K. Carlson, J. Am. Chem.
Soc. 2009, 131, 11292–11293; D. Ebeling, M. Šekutor, M. Stiefermann, J. Tschakert, J. E. P. Dahl, R. M. K. Carlson, A. Schirmeisen, P. R. Schreiner, Nat. Commun.
2018, 9, 1–8;
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natural sesquiterpene
from Red Alga Laurencia tristicha

Structure revised 
after synthesis

Planar benzyl moietyMethyl[3.1.0]bi-
cylcohexyl moiety

Spiro center and 
quarternary carbon Oxygen heteroatom



The Literature Path towards Laurentristich-4-ol

P. Chen, J. Wang, K. Liu, C. Li, J. Org. Chem. 2008, 73, 339–341. 7

Initial proposed structure

Structures confirmed by XRD



Synthesis of the Starters
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Eschenmoser fragmentation: J. Schreiber, D. Felix, A. Eschenmoser, M. Winter, F. Gautschi, K. H. Schulte-Elte, E. Sundt, G. Ohloff, J. Kalovoda, H. Kaufmann, et al., 
Helv. Chim. Acta 1967, 50, 2101–2108; A. Eschenmoser, D. Felix, G. Ohloff, Helv. Chim. Acta 1967, 50, 708–713, D. Felix, J. Schreiber, G. Ohloff, A. Eschenmoser, 
Helv. Chim. Acta 1971, 54, 2896–2912; P. Chen, J. Wang, K. Liu, C. Li, J. Org. Chem. 2008, 73, 339–341;B. M. Trost, M. J. Bartlett, A. H. Weiss, A. J. von Wangelin, 
V. S. Chan, Chem.: Eur. J. 2012, 18, 16498–16509. Weinreb keto synthesis: S. Nahm, S. M. Weinreb, Tetrahedron Lett. 1981, 22, 3815–3818. 

• Synthesis of 2-Iodo-5-methylbenzene-1,4-diol 10:

• Synthesis of 6-heptyn-2-one 11:

Eschenmoser fragmentation Weinreb keto synthesis



Walk the route

P. Chen, J. Wang, K. Liu, C. Li, J. Org. Chem. 2008, 73, 339–341. 9



Leaving the path already?

P. Chen, J. Wang, K. Liu, C. Li, J. Org. Chem. 2008, 73, 339–341; K. Xiang, P. Tong, B. Yan, L. Long, C. Zhao, Y. Zhang, Y. Li, Org. Lett. 2019, 21, 412–
416. 10
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First Crisis

G. A. Molander, C. R. Harris, J. Org. Chem. 1998, 63, 812–816; P. Chen, J. Wang, K. Liu, C. Li, J. Org. Chem. 2008, 73, 339–341. 11

• Molander and Harris in 1989: Sequential Ketyl Olefin Coupling/-Elimination Reaction



First Crisis
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,,Carbonyl first‘‘-Mechanism

➢ Alternative Mechanism: ,,Alkene first‘‘

• Molander and Harris in 1989: Sequential Ketyl Olefin Coupling/-Elimination Reaction



Principles in SmI2- reactions

G. A. Molander, J. A. McKie, J. Org. Chem. 1992, 57, 3132–3139;T. K. Hutton, K. W. Muir, D. J. Procter, Org. Lett. 2003, 5, 4811–4814; E. Prasad, R. A. Flowers, J. 
Am. Chem. Soc. 2005, 127, 18093–18099; D. V. Sadasivam, P. K. Sudhadevi Antharjanam, E. Prasad, R. A. Flowers, J. Am. Chem. Soc. 2008, 130, 7228–7229; R. A. 
Flowers, Synlett 2008, 2008, 1427–1439 ;S. Maity, A. Nimkar, S. Hoz, J. Org. Chem. 2019, 84, 1994–1998; S. Hoz, Acc. Chem. Res. 2020, 53, 2680–2691. 12

➢Increase of reducing power

➢Increase in rate of reaction

➢Influence on product ratios and 
diastereoselectivities

HMPA

conditions Product/%. time %de for
30

Combined
yield (%)

8 equiv. 
HMPA

30 <15 
min

>99 90

4 equiv. 
HMPA

30 <15 
min

>99 89

2 equiv. 
HMPA

30 (98), 31 (2) 2 h 96 91

none 29 (33), 30 (62), 
31 (5)

36 h 92 95
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➢H2O, MeOH and glycols: 
complexation to Sm

➢
iPrOH, tBuOH and TFE: no
complexation

Proton Donors
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➢H2O, MeOH and glycols: 
complexation to Sm

➢
iPrOH, tBuOH and TFE: no
complexation

Proton Donors

➢Increase of reducing power

➢Increase in rate of reaction

➢Influence on product ratios and 
diastereoselectivities

HMPA

➢Role of additives in SmI2 reductions is important in planning and optimizing reactions



Time for change
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Entry SmI2/
equiv.

HMPA/
equiv.a

Proton Donor/
equiv.

T/°C Conversionb/% 26:28:38b

1c 5.0 4.0 tBuOH, 2.0 0 to r.t. 100 11:89:0

2d 4.0 5.0 none 0 100 1:99:0

3e 5.0 4.0 tBuOH, 2.0 −70 100 73:16:11

4e 5.0 4.0 none −70 93 86:14:0

5d 4.4 4.5 none −70 100 42:54:5

6e 2.3 none H2O, 340 0 27 67:7:26

a related to SmI2, b determined by 1H-NMR, c 0.25 mmol substrate 22; d 0.10 mmol substrate 22; e 0.05 mmol substrate
22.



Time for change
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Entry SmI2/
equiv.

HMPA/
equiv.a

tBuOH/
equiv.

T/°C t/min Conversionb/% 8:19:39b

1c 5.0 4.0 2.0 0 n.d.d 100 24:76:0

2e 4.0 5.0 2.0 20 n.d.d 100 44:56:0

3f,g 3.3 4.0 none −78 90 100 65:25:10

4f 3.1 6.0 none -60 30 100 73:1:26

5f 3.0 6.0 none −60 60 100 88:2:10

6f 3.0 6.0 2.5 −60 90 100 78:8:14

a related to SmI2, b determined by 1H-NMR, c 0.5 mmol substrate 7; d not determined (reaction run until decolorization); e 0.25 mmol
substrate 7 and gradual addition of a SmI2-HMPA solution; f 0.05 mmol substrate 7; g average of 4 experiments



Time for change
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Entry SmI2/
equiv.

HMPA/
equiv.a

Proton Donor/
equiv.

T/°C Conversionb/% 26:28:38b

1c 5.0 4.0 tBuOH, 2.0 0 to r.t. 100 11:89:0

2d 4.0 5.0 none 0 100 1:99:0

3e 5.0 4.0 tBuOH, 2.0 −70 100 73:16:11

4e 5.0 4.0 none −70 93 86:14:0

5d 4.4 4.5 none −70 100 42:54:5

6e 2.3 none H2O, 340 0 27 67:7:26

7e 3.0 4.0 TFE, 3.0 −60 88 86:4:11

a related to SmI2, b determined by 1H-NMR, c 0.25 mmol substrate 22; d 0.10 mmol substrate 22; e 0.05 mmol 
substrate 22.



The journey continues

P. Chen, J. Wang, K. Liu, C. Li, J. Org. Chem. 2008, 73, 339–341. 16



Once again …?

P. Chen, J. Wang, K. Liu, C. Li, J. Org. Chem. 2008, 73, 339–341. 17

➢The first attempt was a failure …

➢
1H-NMR of crude mixture indicated
problem with dehydration step

➢Using another model

➢All tested conditions were successful



My Journey so far and what is up next?
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➢Finish the synthesis and assign the absolut configuration!
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