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Abstract : The conversion of meso-2,3-butanediol (1) into 2-butanol (3) by Lactobacillus brevis, via
diol dchydratase-catalyzed reaction 1o 2-butanone (2), was shown to occur with complete
discrimination between the two enantiomorphic-enantiotopic 1-hydroxyethy! groups of 1.
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Diol dehydratase {(RS)-1,2-propanediol hydro-lyase: EC 4.2.1.28] is an adenosylcobalamin-dependent
enzyme which catalyzes the conversion of 1,2-propanediol (both enantiomers) and 1,2-ethanediol into

propionaldehyde and acetaldehyde, respectively [Eq.(a)].}+ 2
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First isolated from Klebsiella pneumoniae ATCC 8724 (formerly known as Aerobacter aerogenes)
grown anaerobically in glycerol media,3 it was then characterized* and shown to be present in other strains of
Klebsiella sp. as well as in bacteria of Enterobacteriaceae and Propionibacteriaceae.’

Extensive studies of the stereochemistry of the vicinal interchange rearrangement outlined in Eq.(a),
together with evidence for the homolytic cleavage of the Co-C bond of the coenzyme as an essential early event
in the enzymatic reaction,! have led to a number of mechanistic proposals, involving highly reactive radicals.2
To account for the stereochemical course of the reaction (Fig. 1) it is generally assumed that at the active site of
the enzyme the substrate can be accommodated in two binding modes, each for one of the 1,2-propanediol
enantiomers and both demanding the same points of attachment (complexes I and 11).62

Of the several vicinal diols, which have been shown to function as substrates (and inactivators) for the
diol dehydratase,?b 7 meso-2,3-butanediol (1)7¢ is the only compound other than 1,2-alkanediols.3 Both
pathways (a) and (b) of Fig. 1 can be taken, a priori, by meso-2,3-butanediol (1), since both the enantiomorphic
groupings (CH3-CHOH-), each corresponding to that of (R)- or (S)-1,2-propanediol, are present in its
molecule. Experiments based on product characterization from specifically labeled meso-2,3-butanediol (1)
have so far been precluded by a substrate inactivation of the holoenzyme which was found to be rapid and

irreversible.7¢
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Figure 1. Proposed minimal mechanism for the diol dehydratase reaction (cf. ref. 2a. For stereochemical details
see also ref. 6). The two binding modes that precede coenzyme homolysis and hydrogen abstraction are
illustrated as complexes I and IT (AdoCbl = adenosylcobalamin; By, B, = basic centers).

In the course of our studies on the origin of 2-butanol in wines and distillates® we found that a strain of
Lactobaciflus brevis (LB 19) from our collection was able to produce 2-butanol (3) in satisfactory yields
through diol dehydratase-catalyzed conversion of compound (1) into 2-butanone (2),10 followed by enzymatic
reduction of the ketone to the secondary alcohol [Eq. (b)].}! This prompted us to investigate the action of the

diol dehydratase on meso-2,3-butanediol utilizing growing cultures of Lactobacillus brevis LB 19.

CH CH
/K/CHa diol R/Y 3 dehydrogenase R/Y 3 (b)
O

dehydratase
OH
1: R=CHj3 2: R=CHg 3: R=CHj
4: R=CDs 5: R=CDs 6: R=CDs3

We report here experimental evidence that the enzyme distinguishes between the two stereogenic centers
of (1). The (2R,3S)-[1,1,1-2H3]-2,3-bu(ancdiol (4) to be fed to L. brevis LB19 was prepared according to
Scheme 1. The intermediate 9 was obtained as the predominant diastereoisomer (anzi-syn ratio ca. 9 : 1 as

determined by GC analysis)!? and purified by flash chromatography before it was converted into chemicaily

pure 414 by hydrogenolysis.
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Scheme 1. Synthesis of 4 : a) 3 steps, 56%, see ref. 12; b) CITi(O-iPr);, CDsLi, diethyl ether, -78°C, then
addition of 8, 0°C — r.t., 75%, see ref. 13; ¢) H,, Pd/C (10%), EtOH, r.t,, 1 atm, 98%.

After the microorganism was inoculated and grown anaerobically in a synthetic medium containing 4, 2-
butanol was isolated from the broth and transformed into its phenylcarbamoyl derivative.!5 A comparison of the
1H-NMR spectrum of this compound!3 with that of a sample of non-deuterated 2-butyl phenylcarbamate (Fig.
2) revealed the selective presence of deuterium atoms at the 4-position in the molecule of the former (as in 10)
and, by inference, of the diol dehydratase product (5) giving rise to the deuterated 2-butanol (6) [Eq. (b)]. In
fact, the proton signals of both the methyl groups were present in the IH-NMR spectrum of 10, their intensity
ratio being 92 to 8 in favor of CH3-CH(O-)- (and the inverted ratio was found for the corresponding signals in
the 2H-NMR). Considering the purity in specific isotopic labeling of the metabolized meso-2,3-butanediol (4),14
the deuterium distribution observed in the 2-butyl phenylcarbamate (10) appears to be consistent with a
complete discrimination between enantiomorphic-enantiotopic groups in the diol dehydratase reaction. Thus,
the two 1-hydroxyethyl moieties of 1 are distinguished and treated differently, the (R)-CH3;CHOH- group being
converted into CH3CHj- and the (S)-counterpart into CH3CO-. On the basis of the model system represented
in Fig. 1, this fact is in agreement with a choice of the enzyme in favor of the pathway (a) starting from a

complex of the type I (where a methyl group replaces Hp) (Fig. 1).
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Figure 2. TH NMR spectra (300.133 MHz, CDCl3, & range: 0.8 - 1.9 ppm) of the phenylcarbamoy! derivative
of 2-butanol: (a) from a commercial source and (b) from biotransformation of 4.
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The sterilized synthetic medium!® (300 mL) containing compound 4 (300 mg) was inoculated (1%
inoculum prepared from lyophilized cells of L. brevis LB19) and kept at 30°C in anaerobic conditions for
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