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Silylene

calc.

exp.

* referring to cyclopentasilene/ M062-X/cc-pVDZ



Silylene – Kira

Kira, M.; Ishida, S.; Iwamoto, T.; Kabuto, C. J. Am. Chem. Soc. 1999, 121, 9722-9723. Kira, M.; Hino, T.; Kubota, Y.; Matsuyama, N.; 
Sakurai, H. Thetrahedron Lett. 1988, 29, 6939-6942. 4

Kira, M.; Kabuto, C.; Ishida, S.; Iwamoto T. 
Nature, 2003, 421, 725-727.

Ar at 10 K or 3-mehtylpentane glass matrix at 77 K

λ = 450 nm 

Ishida, S.; Iwamoto, T.; Kira, M. Organometallics 2009, 
28, 919-921

Iwamoto, T.; Masuda, H.; Ishida, S.; Kabuto, C.; Kira, M. 
J. Am. Chem. Soc., 2003, 125, 9300-9301.

Kira, M.; Ishida, S.; Iwamoto, T.; Meijere, A.; Fujitsuka, M.;
Ito, O. Angew. Chem. Int. Ed., 2004, 43, 4510-4512.

- and many more alkenes

Iwamoto, T.; Sato, K.; Ishida, S.; Kabuto, C.; Kira, M. 
J. Am. Chem. Soc. 2006, 128, 16914-16920..

Kira, M.; Ishida, S.; Iwamoto, T. Chem. Rec . 2004, 4, 243-253.Drahnak, T. J.; Michl, J.; West, R. J. Am. Chem. Soc., 1979, 101, 5427. 
Takeda, N.; Tokitoh, N.; Okazaki, R.  Chem. Lett., 2000, 3, 244-245.



Silylene  – Isomerization – Insertion  – Oxygen Atom Transfer to Silanone  – Outlook/Acknowledgment

Talk content

5

2. Task

1

1

1

1

1

1



6

Cyclopentasilene

calc.

exp.

M062-X/cc-pVDZ
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Silacyclopentene

calc.

exp.

* referring to cyclopentasilene/ M062-X/cc-pVDZ
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Silacyclopentene

diff.

exp.

exp.

ν(Si-H)= 2030-2080 cm–1
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11

Ishida, S.; Iwamoto, T.; Kira, M. Organometallics 2009, 28, 919-921. M. Karni, Y. Apeloig, J. Kapp, P. v. R. Schleyer, in The Chemistry of
Organic Silicon Compounds, John Wiley & Sons, Ltd, 2003, pp. 1. S. Nagase, T. Kudo, J. Chem. Soc. Chem. Comm. 1984, 141; S. Nagase,
T. Kudo, Organometallics 1984, 3, 1320.

2a) R=H 3a) R=H
2b) R=Me 3b) R=Me
2c) R=SiH3                   3c) R=SiH3

Barrier heights

2a) 3a) R=H = 43.0 kcal mol–1

2b) 3b) R=Me = 44.4 kcal mol–1

2c) 3c) R=SiH3 = 24.8 kcal mol–1

MP3/6-31G*

Energy difference

2a) 3a) R=H = +3 ‒ 4 kcal mol–1

2b) 3b) R=Me = ‒10.3 kcal mol–1

2c) 3c) R=SiH3 = thermoneutral

Eyring plot ΔH‡ =   18.49 ± 0.43 kcal mol–1

ΔS‡ = ‒20.32 ± 1.35 cal mol–1 K–1

B3LYP/6-311G(d) = 21.3 kcal mol–1

B3LYP/Lan12dz = 21.7 kcal mol–1

ΔEa

B3LYP/6-311G(d) = ‒0.7 kcal mol–1

B3LYP/Lan12dz = ‒3.0 kcal mol–1



Isomerization of Kira‘s – Silylene

12Su, M.-D. Phys. Chem. Chem. Phys. 2015, 17; 5039.

• hν
• 1,3[H]-shift
• ΔEa = 42.3 (44.0) kcal mol–1

• ΔHr =–19.2 (–18.8) kcal mol–1

• CAS(8,8)/6-311G(d) and 
• MP2-CAS-(8,8)/6-311++G(3df,3dp)//

CAS(8,8)/6-311G(d)
• reactant Frank-Condon region 

conical intersection
photoproduct

A model study on the photochemical 
isomerization of cyclic silenes



Isomerization of Kira‘s – Silylene

13Su, M.-D. Phys. Chem. Chem. Phys. 2015, 17; 5039.

reactant Frank-Condon region 
conical intersection
photoproduct



Isomerization of Kira‘s – Silylene

14Silylene  – Isomerization – Insertion  – Oxygen Atom Transfer to Silanone  – Outlook/Acknowledgment



Silylene  – Isomerization  – Insertion – Oxygen Atom Transfer to Silanone  – Outlook/Acknowledgment

Talk content

15

3. Task

1

1

1

1

1

1



16

Bridgehead Silane

Chen, W.; Wang, L.; Li., Z.; Lin, A.; Lai, G.; Xiao, X.; Deng, Y.; Kira, M. Dalton. Trans. 2013, 42, 1872-1878. Puranik, D. B.; Fink, M. J. J.
Am. Chem. Soc. 1989, 111, 5951-5952.

M062-X/cc-pVDZ

calc.

exp.
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diff.

exp.

exp.
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Silanone
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R2Si=O:

Arrington, C. A.; West, R.; Michl, J. J. Am. Chem. Soc. 1983, 105, 6176-6177. Becerra, R.; Bowes, S. J.; Ogden, J. S.; Cannady, J. P.; 
Adamovic, I.; Gordon, M. S.; Almond, M. J.; Walsh, R., T. Phys. Chem. Chem. Phys. 2005, 7, 2900-2908.

Iwamoto,n T.; Masuda, H.; Ishida, S.; Kabuto, C.; Kira, M. J. Am. Chem. Soc. 2003, 125, 9000-9001. Ghadwal, R.; Azhakar, R.; Pröpper, 
K.; Dittrich, B.; John, M. Chem. Comm. 2013, asap. Khabashesku, V. N.; Kudin, K. N.; Margrave, J. L.; Fredin, L. J. Organomet. Chem.
2000, 595, 248-260. Khabashesku, V. N.; Kerzina, Z. A.; Baskir, E. G.; Maltsev, A. K.; Nefedov, O. M. J. Organomet. Chem. 1988, 347,
277-293. Y. Xiong, S. L. Yao, M. Driess, Angew. Chem. Int. Ed. 2013, 52, 4302; A. C. Filippou, B. Baars, O. Chernov, Y. N. Lebedev, G.
Schnakenburg, Angew. Chem. Int. Ed. 2014, 53, 565; S. S. Sen, Angew. Chem. Int. Ed. 2014, 53, 8220.

Experiments in matrices :

Si=O : ν = 1150-1300 cm─1
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Silanone

calc.

exp.

* referring to silylene; ▲ referring to O3

M062-X/cc-pVDZ
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Silanone

exp. N2O

exp. 18O3
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*

Arrington, C. A.; West, R.; Michl, J. J. Am. Chem. Soc. 1983, 105, 6176-6177. Becerra, R.; Bowes, S. J.; Ogden, J. S.; Cannady, J. P.; 
Adamovic, I.; Gordon, M. S.; Almond, M. J.; Walsh, R., T. Phys. Chem. Chem. Phys. 2005, 7, 2900-2908.
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Computations

Xiong, Y.; Yao, S.; Driess, M. Angew. Chem. Int. Ed. 2013, 52, 4302-4311. 24

Problem : high polarity tendency to oligomerize with „no activation barrier“
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Computations
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Computations

Silylene  – Isomerization  – Insertion  – Oxygen Atom Transfer to Silanone  – Outlook/Acknowledgment



Summery/Outlook

27

* 14 d at r.t., dark / T(evap)= 60 °C
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Outlook
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• photochemical fate of the silanone

• crystal structure of silanone

• role of dispersion interactions
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What happen to the side products during the treatment with ozone
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• Professor Schreiner

• Dr. Reisenauer

• Dennis, Philipp

• Group…

Silylene  – Isomerization  – Insertion  – Oxygen Atom Transfer to Silanone  – Outlook/Acknowledgment



NBOs and WBIs:
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Survey of geometries, WBI and NBO of Silanone and Dimethylsilanone  

Used level of theory M06-2X/cc-pVDZ or B3LYP/6-311++G(d,p) 

 

NBO charges 

level of theory M06-2X/cc-pVDZ B3LYP/6-311++G(d,p) 

compound: Si O Si O 

Silanone 2.10481 -1.10402 2.20221 -1.20558 

Dimethylsilanone 1.96633 -1.06398 1.93222 -1.11207 

Silanone 18% (17.47%) 83% (82,53%) 15% (15.00%) 85% (85.00%) 

Dimethylsilanone 20% (19.63%) 80% (80.37%) 18% (17.58%) 82% (82.42%) 

 

Wiberg Bond Index (WBI) 

level of theory M06-2X/cc-pVDZ B3LYP/6-311++G(d,p) 

compound: Si-O Si-O 

Silanone 1.3539 1.2315 

Dimethylsilanone 1.4392 1.3780 
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Survey - Silanone
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Survey – side products
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Survey – side products


