Fatty acids as substrates for new catalytic transformations
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Established transformations of unsaturated fatty acids use the double bond In its original position

Most of the hitherto realized reactions of unsaturated fatty acids
deal with the double bond in its original position [1,2]. Mainly
the “classical” olefin reactivity Is used for additions, metathesis
and oxidation reactions, leading to e.g. amines, dicarboxylates,
hydroxy acids and epoxides.

Our concept: Fast double bond migration followed by selective functionalization

We approach the development of new transformations
by utilizing the mobility of the double bond within
unsaturated fatty acids. In the presence of certain
acids or transition metal complexes, it should be
possible to move the double bond along the chain and
establish afast equilibrium of positional isomers (1).
A suitable reaction could then be found to selectively
trap one single isomer out of the mixture (2), e.qg. via
addition reactions. This way, new functionalized
products of high value and useful properties are
accessible (3).

Only few examples of this in situ 1Isomerization of
fatty acids followed by direct functionalizations are
described, but they suffer from low yields and tedious
product purification [3,4].

Intramolecular iIsomerization-lactonization

Applying our new concept, we screened a broad range of catalysts
for their ability to migrate the double bond of our model compound
10-undecenoic acid. Simple Bragnsted acids (TsOH, HBF,,
F,CCOOH), Lewis acids (AuCl,, Aul, CuF,, AgBF,, FeCl,, FeCl.)
and even ruthenium hydride complexes showed no activity. We
finally discovered that the use of triflate counter-ionsis crucial for
visible catalytic turnover, and thus we obtained y-undecalactone in
up to 55% yield at 160 °C without solvent. [5] After optimization of
conditions and catalyst system, we were able to isolate the product
In 71% yield when using 10 mol%o silver triflate in refluxing
chlorobenzene.
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Theyields of known lactonization protocols starting from fatty
acids are low and usually involve the use of large quantities of
corrosive and hazardous mediators.[6] Our reaction methodol ogy
offers the catalytic use of non-toxic silver salt without the need for
such reagents.

Oleic acid as the ultimate benchmark

We next approached the even more challenging transformation of
oleic acid to y-stearolactone. With its 33 possible double-bond
Isomers, this substrate can be seen as an ultimate benchmark for
tandem isomerization-functionalization processes.
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Under the optimized conditions we directly obtained this product in
33% yield. With a catalyst loading of 15 mol%, y-stearolactone was

Isolated in aremarkable 51% yield.
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Synthesis of lactams via iIsomerization

An extension of this ring-closing methodology would be the access
to lactams via double bond migration-intramolecular addition of
unsaturated long-chain amides.
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Direct access to long-chain amides

First we thrived for an access to these compounds. We were pleased
to find that fatty acids can be easily converted into the desired
amides by reacting them neat with amines in the presence of 3 A
molecular sieves.

Literature and Further Reading (see also www.chemie.uni-kl.de/goossen)

[1] Biermann, U.; Friedt, W.; Lang, S.; Luhs, W.; Machmlller, G.; Metzger, J. O.; Rusch gen. Klaas, M.; Schafer, H. J.; Schneider, M. P
Angew. Chem. 2000, 112, 2292-2310; Angew. Chem. Int. Ed. 2000, 39, 2206-2224.

U1 S W N

Behr, A.; Westfechtel, A. Chem. Ing. Tech. 2007, 79, 621-636.

(2009).

Meier, M. A. R.; Metzger, J. O.; Schubert, U. S. Chem Soc. Rev. 2007, 36, 17/88-1802.

Ahmed, M.; Bronger, R. P. J.; Jackstell, R.; Kamer, P. C. J.; Van Leeuwen, P. W. N. M.; Béller, M. Chem. Eur. J. 2006, 12, 8979-8988.
Goolden, L. J.; Ohlmann, D. M. Silver Triflate catalyzed Synthesis of y-Stearolactone from Oleic Acid, submitted for publication

[6] @) Showell, J. S.; Swern, D.; Noble, W. R. J. Org. Chem. 1968, 33, 2697-2704. b) Granata, A.; Sauriol, F; Perlin, A. S.; Can. J. Chem.
1994, 72, 1684-1690. c) Stern, R.; Hillion, G. Patent FR 1987/2623499.
[ 7] Goolsen, L. J.; Ohlmann, D. M.; Lange, P. P. Synthesis 2009, 1, 160-164.

R'_N o
2 O RO
W i . At oR
H OR ~ - = e
A CO /H,/R',NH ‘ ‘ o .
y H\H/:H/H
— 0 n
O O m n OR
. OH O
lipase ‘ ‘ Se0,
O or = ~ H
m n H,0, ‘BUOOH S ~_,OH
— COOH X
— COOH
/H/ catalyst X\H
Z=y  _COOH \_ H
/H/ catalyst @ X
e
— COOH term. WCOOH

The protocol could even be extended to other carboxylic acids
and a broad variety of primary, secondary, aliphatic and aromatic

amines|[7].
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These compounds are currently tested as substrates for our
Intended lactam synthesis, where we want to apply catalyst
systems for both isomerization and amide addition to the migrated
double bond.

Ongoing work on isomerizations

Recently, we discovered a superior rhodium-based isomerization
catalyst, which is able to establish an extremely fast equilibrium
of ethyl oleate iIsomers with aloading of just 0.5 mol%.

Moreover, we are further investigating new types of tandem
reactions comprising a double bond migration with subsequent
derivatization, such as Michael additions of various
nucleophiles.

The ultimate goal would be the application of this new

methodology to naturally occurring polyunsaturated fatty acids or
even triglycerides.
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