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Abstract: The mode of transformation in Beauveria bassiana (ATCC 7159) of ketones 5-9 

and 16 has been studied and compared with that of C-6--C-4 2, which through raspberry 

ketone 1 gives rise to C-6--C-2 tyrosol 3. Of the fed materials, only product 5 behaves as 2, 

i.e., is a good substrate for a formal Baeyer-Villiger chain-shortening transformation, which 

provides the secondary carbinol 10 enriched in the (S) enantiomer. Stereochemical analysis of 

the products obtained in the incubation of an authentic sample of (S) 5, obtained with baker's 

yeast upon reduction of the corresponding unsaturated ketone, indicates that the Baeyer- 

Villiger degradation leading to 10 occurs with kinetic preference for the (S) enantiomer and 

retention of configuration at the migrating carbon atom. Copyright © 1996 Elsevier Science Ltd 

INTRODUCTION 

4-(4-Hydroxyphenyl)-butan-2-one 1, referred to as raspberry ketone, is the impact flavour of raspberry 

fruit. ~ It has been recently shown in cell-free extract of raspberry fruits and in tissue cultures that the C-6--C- 

4 framework of 1 is formed through the intermediacy of a C-6--C-5 [~-ketoacid, originated by condensation of 

p-coumaryl-CoA and malonyl-CoA, followed by decarboxylation to the unsaturated ketone 2. This material 

is subsequently converted into 1 by a NADPH-dependent reductase. 2 In a study 3 designed to obtain the 

natural 4 modification of raspberry ketone 1 we submitted to the action of several microorganisms the 

unsaturated ketone 2, prepared by condensation of 4-hydroxybenzaldehyde of extractive origin with acetone 

derived from sugar fermentation. In all instances we observed the formation from 2 of 1, accompanied by the 

saturated carbinol 4, generally enriched in the (S) enantiomer. In the explored instances, there is no formation 

of the unsaturated carbinol, at variance with what occurs with structurally related substrates, s The microbial 

screening included also Beauveria bassiana (ATCC 7159). This microorganism mediates the conversion of 2 

into 1, accompanied by an amount of 4 which increases with the incubation time. However, continuing in the 

culture, carbinol 4 is oxidized back to the ketone 1 and the latter, in a subsequent step, is quantitatively 

degraded to C-6--C-2 tyrosol 3 (Scheme 1). Deuterium labeling experiments 6 indicated the retention at 

position 1 of 3 of the two deuterium atoms located at position 3 of the C-6--C-4 framework of 1, suggesting 

that the fragmentation of the carbon skeleton of 1 thus observed occurs by a Baeyer-Villiger type oxygen 
7 

insertion into the 2,3 C-C bond and hydrolysis of the acetate ester. 
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Scheme 1 

Studies on the steric outcome of microbial Baeyer-Villiger degradation of racemic synthetic ketones have 

been recently reported, showing the preparative interest of this transformation, s 

RESULTS AND DISCUSSION 

We now present the results of an investigation on the mode of degradation of ketones 5-9, structurally 

related to 1, by growing cultures ofB. bassiana. 
O 

HO ~ R '  R O ~ ~ O  

5 R = M e ; R ' = H  8 R = H  
6 R = H ; R ' = M e  9 R = M e  
7 R= Et; R'= H 

Under the experimental conditions in which 1 is quantitatively converted into 3, only product 5 yields in B. 

bassiana in ca. 40% yield carbinol 10, [eq2°D+ 21.6, shown by GLC analysis on Megadex 5 to possess 0.65 

e.e.. The homologous materials 6 and 7 were recovered unchanged, whereas the C-6--C-3 methylketones 8 and 

9 provided respectively ca. 3% and 10% of the C-6--C-1 benzyl alcohols 14 and 15, close to the carbinols 10 

and 13. Product 10 obtained from (RS) 5 was assigned the (S) absolute configuration because of its 

conversion, via the 1-phenyl-1H-tetrazolyl derivative 11 and subsequent hydrogenolysis, 9 into the known ~° 

(S) carbinol 12, 0.65 e.e., [Ot]2°D+26.6 (c = 5.3 in benzene) (lit I° +41). 

° "  

10 R = OH 
11 R = Ph-lH-Tetrazole 
12 R = H  
13 R = OMe 

Information on enantiomeric preference and stereochemistry 

RO ~ ' f ~ O H  

14 R = H  
15 R = M e  

of the above reported chain-shortening 

Baeyer-Villiger conversion of 5 into 10 was obtained from transformation experiments of (S) 5. The material, 



Baeyer-Villiger degradation of arylalkyl-ketones 3131 

possessing 0.54 e.e., [ct]20 D +27 (c = 1 in CHCI3) was obtained jl by baker's yeast mediated reduction of the 

unsaturated ketone 16. Under our experimental conditions, product 5 was produced from 16 together with a 

3:1 mixture of carbinols 17 and 18 (ketone/carbinol ratio: ca. 3:1, see experimental) proved to be 

enantiomerically pure by 1H NMR with chiral shift reagent [Eu(tfc)3]. 

0 OH 

16 17 R=Me;R'=H 
18 R =  H; R' = Me 

C-6--C-5, (S) 5 (0.54 e.e.) in B. bassiana provided C-6--C-3 (S) 10 possessing 0.78 e.e., whereas the 

survived methyl ketone shows 0.44 e.e. and (S) configuration. These results thus show that (i) the enzymatic 

degradation process occurs with kinetic preference for the (S) enantiomer of ketone 5 and (ii) the 

fragmentation of the carbon skeleton proceeds with retention of configuration at the migrating carbon atom. 

Similar stereochemical features emerged in Acinetobacter sp. during the oxidation of cyclic ketones to the 
12 

corresponding lactones. Indeed, also in these circumstances, the insertion of oxygen into the C-C bond takes 

place with retention of configuration and kinetic preference for the (S) enantiomer. 

The stereochemical analysis of the transformation by B. bassiana of the above set of compounds was 

completed with the assignment of the (S) stereochemistry to carbinols 10 and 13 obtained from 8 and 9, 

respectively. The e.e. values, determined by GLC analysis, resulted 0.83 and 0.94, respectively. The absolute 

configuration of 13 was determined by correlation with 10, through methylation of the latter with CH2N2. For 

sake of comparison, 8 and 9 were submitted to the action of fermenting baker's yeast which provided 10 and 

13 of(S) absolute configuration and 0.91 and 0.98 e.e., respectively. 

The unsaturated ketone 16, precursor in baker's yeast of (S) 5, was recovered unchanged when incubated in 

growing cultures of B. bassiana, which effectively reduced ketone 2 to a mixture of 1 and 4. 

Thus, the microbial enzyme(s) presiding in B. bassiana over the Baeyer-Villiger degradation of raspberry 

ketone 1 into tyrosol 3 show a rather narrow tolerance towards substrate structural modifications, since 

among ketones 5-9 only 5 is significantly oxidized. Moreover, product 16, the a-methyl analog of 2, is not a 

good substrate for the enzymes mediating the saturation of the double bond ct to the carbonyl. In this context, 

it is worth mentioning that B. bassiana effectively saturates the double bond of aliphatic cx,[3-unsaturated 

methyl ketones, whereas in the case of (x-substituted cyclo hexenones the reduction was hindered by bulky 
13 

substituents. Moreover the saturated ketones obtained in the first instance hold S absolute configuration. In 

B. bassiana the Baeyer-Villiger degradation of 5 occurs with the same stereochemical features shown in 

Acinetobacter u2 in the ring opening of alkyl-substituted cyclohexanones and cyclopentanones, i.e., kinetic 

preference for the (S) enantiomer and retention of configuration at the migrating carbon atom. 

At present, we do not know if 1 and 5-9 are substrates of a Baeyer-Villiger degradation in the above 

mentioned microorganism, but we determined that in B. bassiana c~-n-butyl and c~-n-pentyl cyclopentanones 

are not converted into the 5-1actones obtained from these substrates in Acinetobacter. ~2 Finally, from a 

naturalistic point of view it is worth mentioning that raspberry ketone 1, produced in 0.02-0.37 ppm u4 in the 

raspberry fruit at the moment of ripening and possessing an extremely low perception threshold, is degraded 
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to the primary metabolite tyrosol 3 by the microorganism B. bassiana, not producing endogenously 

raspberry ketone, through a chemical reaction such as a Baeyer-Villiger degradation. Additionally, the 

operation is performed by means of an enzymatic system showing an extremely narrow substrate specificity. 

AKNOWLEDGMENTS: We are grateful to Prof. H. Veschambre (Universit~ de Clermont II, Aubiere, 

France) for providing the strain of Beauveria. We thank Mrs R. Bernardi for GC analysis and suggestions. 

EXPERIMENTAL: 'H NMR spectra were recorded with Bruker CXP-300 or ARX-400 instruments in the 

FT mode. GLC analyses were performed on a DANI 8610 equipped with PTV injector and FID detector. 

Two different chiral capillary column (MEGA, Legnano, Italy) were utilised. For the separation of 

compounds 10 a 25 mt x 0,25 mm Megadex 5, film thickness 0.25 Bm, was adopted, while for compounds 5 

and 13, which are not separable into their enantiomers on this column, a tBDA-~-cdx, of the same size was 

used. Temperature programs for Megadex 5:40 °C, 20 °C/min, 130 °C, 2 min, 1 °C/rain; carrier gas H2, 0.8 

bar; retention times for compounds 10, S 31.00, R 31.25. Temperature programs for tBDA-[3-cdx: 40 °C, 20 

°C/min, 140 °C, 2 min, 1 °C/min; carder gas H2, 0.8 bar; retention times (min) for compounds 5 and 13 

respectively: 5, R 39.05, S 39.36; 13, S 18,59, R 18.99. 

Preparation o f  Substrates: Products 5-7 were obtained upon catalytic hydrogenation (10% Pd/C, 

EtOH/AcOEt) of the corresponding unsaturated ketones.ll Product 5, 'H NMR (CDCI3) 5 1.08 (3H, CH 3, d), 

2.09 (3H, CH 3, s), 2.53 (1H, CH2, q), 2.74-2.97 (3H, CH 2, CH, m), 5.85 (1H, OH, broad), 6.74 (2H, Ph, d) 

and 7.00 (2H, Ph, d). Product 6, 'H NMR (CDC13) 8 1.03 (3H, CH 3, t) 2.41 (2H, CH 2, q), 2.69 (2H, CH 2, 

dd), 2.73 (2H, CH2, dd), 5.15 (1H, OH, s), 6.74 (2H, Ph, d) and 7.02 (2H, Ph, d). Product 7, ~H NMR 

(CDCl3) ~i 0.89 (3H, CH 3, t) 1.58 (2H, CH 2, m), 2.01 (3H, CH3, s), 2.55-2.87 (3H, CH 2, CH, broad signal), 

5.25 (IH, OH, s), 6.74 (2H, Ph, d) and 7.02 (2H, Ph, d). Methyl ketones 8 and 9 were obtained according to a 

reported procedure from the corresponding phenylacetic acids. 15 

Microbial Transformations in B. bassiana: 5 ml of T1 medium were seeded with the microorganism and 

incubated for 4 days at 30 °C. The biomass was suspended in 4 ml ofT3 medium and 2 ml of this suspension 

were inoculated in 50 ml of the same medium and shaken at 180 rpm for 24 h at 30 °C. 5 ml of this culture 

were inoculated in 50 ml of fresh T3 medium and incubated for 3 days in the same conditions. 3 ml of the 

content of the flask were inoculated in 50 ml of MPGB medium and shaken at 180 rpm at 30 °C for 24 h. At 

this point 50 mg of substrates 5-9 and 16 dissolved in 0.5 mL of EtOH were added and the mixture stirred at 

180 rpm for 48/120 h at 30 °C. The incubation mixture was extracted with 2x25 ml of ethyl acetate. The 

separated organic phase, once dried, was evaporated under vacuum to give a crude extract which was used 

directly for GLC analysis. Composition of the media: TI, corn step atomised 12 g/l, D-glucose 10 g/l, agar 30 

g/l, pH 5.5. T3, bacto-triptone 10 g/l, K2HPO 4 1 g/l, D-glucose 30 g/l, FeSO4-7H20 0.01 g/l, MgSO4.7H20 

0.5 g/l, ZnSO4.7H20 0.3 g/l, KCI 0.5 g/l, pH 7.2. MPGB, D-glucose 20 g/l, peptone 5 g/l, malt 20 g/1. 

Conversion of(S)  5 into (S) 10. Incubation of (S) 5, 0.54 e.e., 250 mg, obtained by baker's yeast reduction 

of 16, tl in B. bassiana cultures, 250 ml, affords after 72 h upon CH2C12 extraction (3 x 100 ml) and column 

chromatography of the residue products 5, 180 mg (71%), 0.44 e.e., and the carbinol 10, 80 rng (38%), [o~]2°D 

+ 25.9 (c = 1 in CHCI3), shown by GLC to possess 0.78 e.e.. 

Conversion of 10 into 12. Carbinol 10, 1.2g (7.9 mmol) in acetone (50 ml) was stirred 48h with 

chlorophenyltetrazole, 1.4 g (8 mmol), in the presence of finely powdered K2CO3. The filtered reaction 
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mixture was taken to dryness and the residue upon column chromatography provided the 5-phenyltetrazolyl 

derivative 11, 1.3 g (57 %). 1H NMR (CDCI3) ~5 1.15 (3H, CH 3, m), 1.8 (IH, OH, br s), 2.68 (2H, CH 2, t), 

3.95 (1H, CH, m), 7.25 (2H, Ph, m), 7.48 (5H, Ph, m) and 7.75 (2H, Ph, m). The latter product, 0.5 g 

(1.7mmol) dissolved in EtOH was hydrogenated at r.t. in the presence of 10% Pd/C, 50 mg, in a Parr 

apparatus. After 48 h the filtered reaction mixture was evaporated and chromatographed to provide carbinol 

12 in 95% yield, with 0.65 e.e., [t~]2°0+26.6 (c = 5.3 in benzene) (lit. I° +41). 'H NMR (CDC13) 5 1.21 (3H, 

CH 3, d) 2.13 (IH, OH, broad), 2.71 (2H, CH2, m), 3.99 (1H, CH, m) and 7.12-7.31 (5H, Ph, m). 

Conversion of  8 and 9 into 10 (14) and 13 (15). Incubation of 8-9, 250 mg in B. bassiana cultures, 250 ml, 

affords, after 72 h upon CH2C12 extraction (3 x 100 ml) and column chromatography of the residue products, 

10, 13, 14 and 15. 10, 99 mg (39%), 0.83 e.e.., [ot]z°D +26.6 (c = 1 in CHC13), 'H NMR (CDCI3) 8 1.23 (3H, 

CH 3, d), 1.98 (1H, OH, s), 2.57 (1H, CH 2, dd), 2.73 (1H, CH 2, dd), 3.99 (1H, CH, m), 6.28 (1H, OH, s), 

6.75 (2H, Ph, d) and 7.03 (2H, Ph, d). 13, 127 mg (50%), 0.94 e.e.., [ot]2°o +30.9 (c = 1 in CHCI3); 'H NMR 

(CDC13) ~ 1.22 (3H, CH 3, d), 1.54 (1H, OH, s), 2.61 (1H, CH 2, dd), 2.73 (1H, CH 2, dd), 3.79 (3H, CH 3, s), 

3.99 (1H, CH, m), 6.84 (2H, Ph, d) and 7.13 (2H, Ph, d). Compounds 14 and 15, isolated respectively in 3 

and 10% yield, resulted identical by GC/MS, with samples obtained upon NaBH 4 reduction of the 

corresponding aldehydes. 

Baker's Yeast Reduction o f  16. In an open beaker containing 2 1 of tap water at 38 °C were mixed 1 kg of 

commercially available baker's yeast (Eridania, Italy,), 200 g of D-glucose and 5 g (28 mmol) of 16. The 

fermentation mixture was stirred for 48 h at 25 °C. The crude reaction mixture was filtered through a pad of 

celite and extracted with ethyl acetate (3 x 250 mL). The residue upon evaporation of the solvent was purified 

by chromatography on silica so as to obtain 3.2 g (18 mmol) of 5 (S) [~]2° D + 27 (c =1, CHC13) and 1.1 g (6 

mmol) of a 3:1 mixture of 17 and 18. Using this type of conditions (presence of glucose) we obtain better 

transformation yields (85%) without depriving too much the optical purity (e.e. 0.54 versus 0.58).11 

Baker's yeast reduction of  8 and 9. The same conditions adopted for the B. Y. reduction of 16 were followed 

for the preparation of substrates 10 [ct]2° D + 29.2, e.e. 91% and 13 [~]2° D +32.2, e.e. 98%. 

REFERENCES 

1. Schinz, H.; Seidel, C. F. Hel. Chim. Acta 1957, 40, 1839 and ibidem 1961, 44, 278. 

2. Borejsza-Wysocki, W.; Hrazdina, G. Phytochemistry 1994, 35, 623. 

3. Fronza, G., Fuganti, C.; Mendozza, M.; Rallo, R.; Ottolina, G.; Joulain, D. Tetrahedron 1996, 52, 4041; 

Fuganti, C.; Mendozza, M.; Zucchi, G.; Joulain, D. Flavor & Fragrance Journal in press. 

4, US Code of  Federal Regulations 1985, 21, 101.22a.3. 

5. Fogliato, G.; Fronza, G.; Fuganti, C.; Lanati, S.; Rallo, R.; Rigoni, R.; Servi, S. Tetrahedron 1995, 51, 

10231. 

6. Fuganti, C.; Joulain, D.; Mendozza, M.; Minut, J.; Pedrocchi-Fantoni, G.; Piergianni, V.; Servi, S.; 

Zucchi, G. J. Agric. Food Chem., in press. 

7. Walsh, C. T.; Chen, Y.-C.Y.J. Angew. Chem. Int. Ed. Engl. 1988, 27, 333. 

8. Faber, K. Biotransformations in Organic Chemistry Springer Verlag, Berlin, 1992, p 189 and references 

therein. 

9. Beyerman, H. C.; van Berkel, J.; Lie, T. S.; Maat, L.; Wessels J. C. M.; Bosman, H. H.; Buurman, E.; 

Bijsterveld, E. J. M.; Sinnige, H. J. M. Rec. Tray. 1978, 97, 127. 



3134 F. DONZELLI et al. 

10. Arcus, C. L.; Hallgarten, P.A.J.Chem.Soc. 1956, 3, 2987; Fluka Cataloque, 1995/96, 1175. Beil., 6, IV, 

3192. 

11. Kawai, Y.; Saitou, K.; Hida, K.; Ohno, A. Tetrahedron: Asymmetry 1995, 6, 2143. 

12. Alphand, V.; Archelas, A.; Furstoss, R. Biocatalysis 1990, 3, 73. 

13. Kergomard, A.; Renard, M. F.; Veschambre, H. J. Org. Chem. 1982, 47, 792. 

14. Gallois, A. Sci. Aliment. 1982, 2, 99. 

15. Fusco, R.; Cagianelli, G. 1l Farmaco 1948, 3, 125. 

(Received in UK 26 July 1996; accepted 19 September 1996) 


