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History of the Baeyer-Villiger Oxidation

Discovery of the BVO in 1899 by Adolf von Baeyer und Victor Villiger

Oxidation of acyclic/cyclic ketones to esters/lactones
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A. Baeyer, V. Villiger, Ber. Dtsch. Chem. Ges. 1899, 32, 3625-3633; A. Baeyer, V. Villiger, Ber. Dtsch. Chem. Ges. 1900, 33, 858-864; H. Caro, Angew. Chem. 1898, 11,

815-846.



Facts and figures

 Tolerance of many functional groups

 Migratory aptitude :
tert. alkyl > Cy > sec. alkyl > Bn > Ph > prim. alkyl > Me

* Retention of configuration

* Oxidants: CF;COOOH > mCPBA > CH;COOOH >> H,0, > ‘BuOOH
 NO universal standard protocol

e Stoichiometric amount of oxidizing agent necessary:

- Org. peracids: highly reactive, BUT expensive, labile, formation of
stoichiometric amount of the corresponding carboxylic acid

- Hydrogen peroxide: less reactive, poor solubility, BUT cheap,
non-toxic and easy to handle

G. J. ten Brink, I. Arends, R. A. Sheldon, Chem. Rev. 2004, 104, 4105-4123; E. Butkus, S. Stoncius, J. Chem. Soc., Perkin Trans. 1 2001, 1885-1888; W. V. Doering, L.
Speers, J. Am. Chem. Soc. 1950, 72, 5515-5518; R. B. Turner, J. Am. Chem. Soc. 1950, 72, 878-882; H. Suemune, H. Maruoka, S. Saeki, K. Sakai, Chem. Pharm. Bull.
1986, 34, 4629-4634.



Reaction mechanism
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=> Exclusively formation of Criegee product

A. Baeyer, V. Villiger, Ber. Dtsch. Chem. Ges. 1899, 32, 3625-3633; G. Wittig, G. Pieper, Ber. Dtsch. Chem. Ges. 1940, 73, 295-297; R. Criegee, Justus Liebigs Ann.
Chem. 1948, 560, 127-135; W. V. Doering, L. Speers, J. Am. Chem. Soc. 1950, 72, 5515-5518; W. V. Doering, E. Dorfman, J. Am. Chem. Soc. 1953, 75, 5595-5598.



(Asymmetric) organocatalytic BVO
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Asymmetric organokatalytic BVO
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S. Xu, Z. Wang, X. Zhang, X. Zhang, K. Ding, Angew. Chem. Int. Ed. 2008, 47, 2840-2843; S. Xu, Z. Wang, X. Zhang, K. Ding, Eur. J. Org. Chem. 2011, 110-116;

D. K. Romney, S. M. Colvin, S. J. Miller, J. Am. Chem. Soc. 2014, 136, 14019-14022.



Substrate library
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Substrate library
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M. Uyanik, M. Akakura, K. Ishihara, J. Am. Chem. Soc. 2009, 131, 251-262.



Substrate library
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Synthesis of petide catalysts

* Synthesis in solution via EDC/HOBt
* Protecting groups:
- Amines: tert.-butyloxycarbonyl (Boc) or benzylamides (Bn)
- Acids: benzyl- (Bn) or methylester (Me)
* Deprotection:
- Boc via HCl/dioxane
- Bnvia Pd/CandH,
- Me via LiOH or NaOH (optimization still in process)

A. El-Faham, F. Albericio, Chem. Rev. 2011, 111, 6557-6602.
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New catalysts — C,-Diacids
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Synthesis of chiral cyclohexyl-spacer
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M. Kaik, J. Gawronski, Tetrahedron-Asymmetry 2003, 14, 1559-1563.
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New catalysts — Monoacids

~ o 9y
o )ﬁ/N
H
NH Ph (0] NH o
[ ]'"NH HOgC\_ 0 [ ] HOgC
i Lk
K TNe )\A vﬁN

14% (12 steps)!); not tested 15% (12 steps)!); not tested

ONH HOLC _ N9 6
o wm i”JYHI?O*

40% (10 steps)Y); up to 10%ee? 6 steps (in progress)

10 steps (in progress)

O o)

<I?H
o w

6 steps (in progress)

lisolated yield
2test substrate 4-tert.-butylcyclohexanone, ee determined via chiral GC without internal standard

13



Postulated mechanism for the peptide-catalyzed Baeyer-Villiger Oxidation
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G. Peris, S. J. Miller, Org. Lett. 2008, 10, 3049-3052; G. Peris, C. E. Jakobsche, S. J. Miller, J. Am. Chem. Soc. 2007, 129, 8710-8711;

D. K. Romney, S. M. Colvin, S. J. Miller, J. Am. Chem. Soc. 2014, 136, 14019-14022.
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Confusing results PN

HO OH
8% %Lﬁ
O>~NH o d T b oﬁm 7
O TR
,crude” catalyst after hydrogenation: catalyst after column chromatography:
* colorless solid e colorless solid
* clean NMR (CDCI;, acetone-d;) * clean NMR (D,0, acetone-d,)
13C-NMR*:175.3; 173.2; 171.0; 156.5 13C-NMR*:175.3; 173.4; 171.0; 156.4
* high resolution mass * high resolution mass
e |R**:3324;2980; 2937; 1653; 1518; e |R**:3326;2979; 2935; 1648; 1535;
1391; 1366; 1246; 1162; 1050 1393; 1367; 1251; 1166; 1051
* soluble in acetone, DCM, CHCl, * soluble in acetone, H,O
* R;=0,38 (EtOAc) * R;=0,08 (EtOAc)
* noeefor BVO e upto62%ee for BVO

*13C-NMR (150.9 MHz) in acetone-d,
**ATR
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Peptide self-assembly triggered by palladium?
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Fig. 5 (a) Structure of cyclic peptide 8 (CP3). (b) Proposed model for the
formation of the molecular pom poms formed by self-assembly from this
cyclic peptide. Reproduced with permission from ref. 38. Copyright 2013,
Wiley-VCH Verlag GmbH & Co. KGaA.

Zou R., Wang Q., Wu J., Wu J., Schmuck C., Tian H., Chem. Soc. Rev., 2015, 44, 5200-5219.
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Peptide self-assembly triggered by palladium?
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Zou R., Wang Q., Wu J., Wu J., Schmuck C., Tian H., Chem. Soc. Rev., 2015, 44, 5200-5219.
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Synthesis of Boc-L-Asp(OMe)-OH &)

/[COOH 1.4 equiv. SOCl, /[COOMG
HN" ~COOH MeOH, -10°C, 3 h CIH3N~ ~COOH
91%
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CIH3N™ ~COOH Dioxane/Ho0 (2:1) BocHN”™ ~COOH

0°Ctor.t., 48 h
83%

e Deprotection via saponification (LiOH, NaOH)

* No further need of palladium or other transition metals
* No possibility of forming a complex

* No peptide self-assembly triggered by palladium
 Formation of ,free” secondary and tertiary structures

e (Clear results for the BVO

F. K. Brown, P. J. Brown, D. M. Bickett, C. L. Chambers, H. G. Davies, D. N. Deaton, D. Drewry, M. Foley, A. B. McElroy, M. Gregson, G. M. McGeehan, P. L. Myers, D.
Norton, J. M. Salovich, F. J. Schoenen, P. Ward, J. Med. Chem. 1994, 37, 674-688; K. Ramalingam, R. W. Woodard, J. Org. Chem. 1988, 53, 1900-1903.
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Summary and outlook
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Summary and outlook oo

 Optimization of the 1,2-trans-diaminocyclohexane
desymmetrization

e Peptide catalysts with chiral cyclohexyl spacer provide promising
results

e Synthesis of Boc-L-Asp(OMe) in gram scale

e Synthesis of cyclohexanone derivatives and corresponding BVO
products

» Separation of the enantiomers via chiral GC or HPLC

* Further intensive investigation of the C,-peptide catalysts
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Summary and outlook
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* Synthesis of a new more active catalytic moiety
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* Synthesis of numerous peptides using ,, Otto” (automated system)
and chiral cyclohexyl spacer
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* Further investigation of the confusing results for some of the
C,-catalysts (What happened on the column?)
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Summary and outlook B

* Synthesis of new pyrazine derivatives for peptide-based catalysts
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Thank you for your attention!
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Any questions???

http://dunnwrightestates.com/wp-content/uploads/2013/06/questions.jpg
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