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MICROBIOLOGICAL SYNTHESIS OF VARIOUSLY PROTECTED L-GLYCERALDEHYDES IN HIGH OPTICAL
PURITY
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Summary: Variously protected L-glyceraldehydes have been enantioselectively synthesized through a
sequence involving acylation of formylanion equivalents with glycolic acid derivatives followed by baker’s
veast mediated reduction of the resulting ketones.

Homochiral protected «a-hydroxy-aldehydes are useful starting material for the synthesis of many
biologically active derivatives. While some of them are easily achievable starting from natural low cost
chiral precursors, the preparation of other derivatives appears more troublesome. Thus, protected
D-glyceraldehydes are easily accessible starting from D-mannitol,! but, on the contrary, the
corresponding L-enantiomers are more difficult to achieve, especially with the two OH groups differently
protected. As anticipated by recent works by Reetz? and MacDonald,? the availability of a series of
protected glyceraldehydes would be of great utility in natural products synthesis, not only in view of the
possibility of chemoselective manipulations of the two hydroxyl groups, but also in order to better
modulate the stereoselection in addition reaction to the carbonyl.

Here we report the synthesis of a series of protected L-glyceraldehydes based on the acylation of a
formylanion equivalent followed by baker’s yeast mediated enantioselective reduction of the resulting
ketones.

Following this strategy, we recently prepared"' glyceraldehyde equivalent 4 with good yield and
excellent enantioselection, using bis—-p-tolylthiomethane as formylanion equivalent. However, when we
tried to utilize different protecting groups for the primary hydroxyl, yields dropped down, probably due to
the severe steric requirements of the bis—p-tolylthio moiety in the biological reduction.

Thus, in order to extend the range of employable substrates, we examined two alternative formylanion
equivalents: 1.3—dithiane5 and 2—tr1’methylsilyl—‘cl'\iazmle.6 The synthesis of 2-acyl-1,3-dithianes via the
condensation of lithium 1,3-dithiane with esters furnished unsatisfactory vields (20-45%)72 due to the
formation of considerable amount of tertiary alcohols derived by a second attack of the dithiane to the
intermediate Ketone. So, in order to optimise the vields of this conversion, we turned to the elegant
method by Weinreb, which employes methyl N-methyl hydroxamates as acylating aggents.8 When the lithium
anion of 1.,3-dithiane was treated with the hydroxamates 13-99. the corresponding 2-acyl-{,3—-dithianes
2a-g were obtained in yields ranging from 380 to 95%10 (No tertiary alcohol was detected in these
reactions) (Scheme 1). 2-hydroxvacetyl-i,3-dithiane 2i was prepared from the tetrahydropyranyl
derivative 2g by acidic hydrolysis (CF3CO0OH/H,0 3:1, R.T. ?1%) and it was emploved for the synthesis of
2j {Ac,0, EtgN, dimethylaminopyridine, CH,Cly, R.T.y 72%) 11112 and 2k (tBuMe,S5iCl, imidazole, DMF, R.T.,
59%). Finally, Ketone 2h was prepared (45% vield) by reaction of lithium {,3-dithiane with methoxymethyl
methoxymethoxyacetate,i4 rather than through the hvdroxamate method, since the preparation of ih

appeared to be troublesome.
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Table: Enantioselective Reduction of 2-Acyl-{,3-dithianes and 2-Acyl-thiazoles with Baker’s Yeast,

Entry Compound Rl Y Time Yietd? e.e.
1 2e CH,0Bz1 dithianyl 5d 50% (474) >95/P
2 2§ CHp0(4-11e0-CgHy)  dithianyl éd 274 <73%) >9gub
3 29 CH,0THPd dithianyl 3d 37vd cs10e >95%b
4 2h CHoDCH,0Me dithianyl 1d 824 (91%) >95%b
5 2i CH,0H dithiany! 5d 28% (354) >954b
é 2j CHy0AC dithianyl 1d sexf (714 87%b
7 2K CH,08 iMeo tBu dithianyl 2d <10% -
8 21 CH50AC thiazolyl 1d9 29% 8axc
9 2a Me dithianyl 4h 73% > 95:P
10 2b Et dithianyl 3d 527 (71) >o5ub
11 2c nHex dithianyl 8d 384 (70%) >954b
12 2d CFq dithianyl 2h 96% 4770
13 2m Me thiazolyl 2d 503 > 95C
14 2n nHex thiazolyl 3d 287 28%¢

a) Yields from non-recovered Ketone in brackets. b) Determined by IH NMR in the presence of Euthfc)y and
by comparison with the racemic compound. ¢} Determined through {4 N.M.R. of Mosher’s esters in presence
of Eu(FOD)5 and by comparison with a racemic sample; d) 3i was obtained. e) Yield from non recovered 2i; )
Partial hydrolysis to 3i had occurred; g) 20g of baker’s yeast and 20 g of glucose for each mmol of
substrate were used.

The (9) configuration (steric series L) was unambigously assigned to dibenzyl glyceraldehyde 5 by
comparison of E)‘]D of its semicarbazone (-40.2°) with literature polarimetric data for the (R) enantiomer
+ 4120, thus proving the (S) configuration of 6 and 7 too. For the other products, configuration is most
likely to be (8) as well in accordance with Prelog’s rule, which is usually respected in this type of

reduction.2!

Scheme 2
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5: R1= R? = Bz); é: R1=Bzl; R%= Ac; 7: R1= Bal; R?= MeOCH;;
8:R!= pMeO-C4Hyi RZ= Bzl; 9: R1= MeOCH,; R%= Bzl
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2-acyl-thiazoles were synthesized by reaction of 2-trimethylsilyl-thiazole with acyl chlcn*idtas13 in

50-40% yield (Scheme 1).
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a:R1 = Me: b: R! = Et; ¢: R! = nHex; d: R1 = CFg: e R! = CH,OCH,Ph; : R! = CH,0~(p-MeO-CgHp)i g: R! =
CH,OTHP ; h: R! = CH,OCH,OMe; i R} = CH,OH: )k R! = CHy0Ac: k: RY = CHy0SiNe, tBu
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1: Rls CHpOAc; m: Ri= Mei n: Ri= nHex

The course of baker’s yeast mediated reduction of 3-hydroxy-2-oxo-propanal equivalents 2e-1 was
studied under the previously described conditions.? For comparison, we performed also the reduction of
some 2-alkanovl derivatives (see entries 9-14).164118 The results, showed in the table, indicate that the
use of 1,3-dithiane instead of bis-p-tolylthiomethane permitted a broader range of a-alkoxy—aldehyde
equivalents to be achieved. On the contrary, the reduction of 2-acyl-thiazoles gave poor results. Only in
the case of R1 = Me yields and enantioselectivities were satisfactory.

So, among the compounds studied, 1,3-dithiane seems the formylanion equivalent of choice for the
synthesis of protected glyceraldehydes 3 as well as other a—-alkoxy-aldehydes. However, in some
particular cases, big-p-tolylthiomethane is still to be preferred as in the case of trifluorolactaldehyde
derivatives (in entry 12 the excellent yield is unfortunately accompanied by a not high e.e,) or when
preparation of 2-acyl-1,3-dithianes is not straightforward (this is the case of methoxymethyl derivative
2h).

Finally it is interesting to note that the tetrahydropyranyl protecting group was completely cleaved
under the reaction conditions (entry 3). Moreover even an acetyl group was partially hydrolysed (entry 8).

With a good method for the emantioselective synthesis of alcohols 3e-l in hand, we examined the
conversion of some of them into a series of protected glyceraldehydes (Scheme 2). This was accomplished
without difficulty by protection of the secondary alcoholl? followed by cleavage’ of the dithioacetals with
HgO, BF3-Et50 in THF/H204 or with Mel, CaCOj in aqueous acetone.’3 The former method worked well in
the case of his-p-tolylthio derivatives (80-90% yields) while, in the case of 1,3-dithianes, longer reaction
times and higher temperature were required with consequent lowering in yields (40-50%). Thus for this

reaction the latter method was better suited (50-80% yields).
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In conclusiom, by the here presented procedure we were able to prepare a series of L-glvceraldehvdes
bearing protecting groups cleavable under acidic (methoxymethyl), basic (acetvyl), reducing (benzyl) or
oxidative (p—me'chcmy;:)her'ny1)22 conditions. Studies directed to the applications of these synthons to the
synthesis of biologically active compounds are in course.

We wish to thank Miss Rossella Bortolo for her collaboration in this work and C.N.R. and Ministero
della Pubblica Istruzione for financial support.
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