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Abstract : A stereoselective deuteriation of glycerol acetonide is used to prove by means of deuterium NMR
spectroscopy that the cyclisation of glycerol tosylate into glycidol is a pure SN2 mechanism.

It has been proved recently in the laboratory that natural abundance deuterium NMR spectroscopy was
able to afford the deuterium to proton ratio (D/H) on each site of different moleculesl,z, particularly for ethanol.
The results obtained allowed us to infer the origin of different alcohols3:4 and to determine the mechanisms of
some proton transfers which are likely to occur during fermentation3-8.,

As glycerol is the second metabolite of these biotransformations, the deuterium NMR study of this
compound should also provide informations concerning the biomechanical pathways?. Unfortunately the
glycerol molecule is symetrical and the deuterium NMR spectrum appears as a broad singlet. The problem is
then to find a derivative for which the five protons of the glycerol should be individualized and identified. The
glycidyl acetate presents these characteritics when synthesized from glycerol according to the methodology
described in scheme 110, The reactions shown into this scheme suppose that the cyclisation of glycerol tosylate
into glycidol is a pure SN2 process. Such a mechanism is widely accepted for this type of reactions1 112, but it
was important to examine whether or not other mechanisms could occur and to what extend.

Thus, the intervention of a SN process would mix the origin of HA, HB or Hp and H( protons of
glycerol (see scheme 1). The aim of this paper is to give an answer to this question by means of deuterium NMR
spectroscopy. The scheme 2 describes the methodology used for this purpose. S-glycerol acetonide was
obtained from D-mannitol!3.14, The former was then partially deuterated according to a well known
stereospecific enzymatic reduction procedure15. Equilibration of the (1R, 2R)-[1-2H] acetonide 1 gave a "quasi-
racemic” mixture of 1 and 1' (IR, 25)-[1-2H] acetonide!9,
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Scheme 1- Stereoselective synthesis of glycidyl

acetate from glycerol
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Scheme 2- Synthesis of a "quasi-racemic”
mixture of deuterated (2R,35)-(3 2H]-2,3-
epoxy-1-propyl acerate 3 and (IR 2R)-[1 2H]J-
2,3-epoxy-1-propyl acerare 3.
*ADH': alcohol dehydrogenase

If the wransformation of the glycerol tosylate into glycidol is a pure SN2 cyclisation,only the deuterated
derivatives 2 : (2R, 3S)—[3—2H]-2,3-epoxy propan-1-ol and 2' : (1R, 2R)-[1-2H]-2,3-epoxy propan-1-ol are
obtained. In this hypothesis, only the corresponding methyl esters 3 and 3’ are synthesized from the non

stereospecific enzymatic transesterification (100% conversion)17.



Deuterium magnetic resonance

The deuterium NMR spectra of the "quasi-racemic" 3,3' mixture then obtained and the natural abundance
deuterium spectra are shown in figure 1. The presence only two peaks at & =2.48 ppm and § = 4.25 ppm
proves very clearly that the cyclisation step is purely SN2. If not, two other peaks at 8 =2.65 ppm and § =3.77
ppm should have appeared on the spectrum.

The attribution of the methylene groups is easily deduced from the analysis of the proton NMR
spectrum. Looking at, for example, the structure of S-glycidyl acetate, the following proton NMR parameters
are found (see scheme 1) :

8C or 3p = 2.48 or 2.66 ppm JcD=-4.8Hz cpoxy methylenic group

dA or B =3.77 or 4.25 ppm JAB=-123Hz exocyclic methylenic group
Therefore, it follows that the peak at & = 2.48 ppm corresponds to compound 3 whereas the peak at § = 4.25
ppm is due 3’ acetate. Furthemore, this experiment gives an unambiguous attribution of the diastereotopic
protons of each methylenic carbon leading to a complete assignment of the deuterium and the proton spectra.
Therefore, the 2H chemical shifts for S-glycidyl acetate are (see scheme 1) : A = 4.25 ppm, 8B = 3.77 ppm,
SC =2.48 ppm, 8D = 2.66 ppm, SE = 3.07 ppm.(the reference used is hexamethyldisiloxane: HMDS).
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An additional proof for the total SN2 epoxidation mechanism was afforded when using the preceding
enantioselective deuterium incorporation in the racemate of the solketal.Following the reactions of scheme 2
without the APTS racemisation step of the solketal,the deuterated glycidols 2 and 2" : (2R,38)-[3-2H]-2,3-
epoxy propan-1-ol respectively,should be obtained. The stereoselective transesterification with vinyl acetate as an
acyl donor catalyzed by porcine pancreatic lipase (PPL) should produce a non racemic mixture of the
corresponding acetates 3 and 3" (see below).

The figure 1C shows the deuterium spectrum of this mixture when the reaction is stopped at 55%
conversion. Two peaks at & = 2.48 ppm and & = 2.66 ppm are present with the relative intensity of 0.66 and
0.34.These values represent exactly the enantiomeric composition found for the acetates obtained in the same
conditions from a non deuterated racemate glycidol. So it can be concluded that the absorptions at 8 = 2.48 and
& = 2.66 ppm are due respectively to the esters 3 and 3",which were synthesized from a pure SN? cyclisation of

the precursor glycerol tosylate.
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