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The Prins reaction of a chiral alkylidene morpholinone derived from (1R,2S)-ephedrine and 3-methyl-2-oxobutanoic acid proceeds with good
diastereoselectivity to generate a spiro bis-acetal. Lewis acid mediated diastereoselective reductive cleavage of the spiro acetal and subsequent
removal of the ephedrine portion generates a a-hydroxy-y-methoxy carboxamide which is readily converted to (S)-(+)-pantolactone with high

enantiomeric excess.

The asymmetric synthesis of pantolactone continues to betion of the racemate, microbial or catalytic asymmetric

an area of active interest due to its utility as a building block
in the synthesis of natural products and their analotues
and the biological activity of pantothenic acid ang){
panthenof In addition, pantolactone has found application
as a chiral auxiliary in asymmetric synthe$i&nantiomeri-

reduction of 3,3-dimethyl-2-oxobutyrolactohand asym-
metric functionalization of linear or cyclic precursdrs.

We chose to examine a synthesis of pantolactone that
focused on the precursor hydroxy acid rather than function-
alization of the butyrolactone skeleton. The advantage of such

cally enriched pantolactone has been obtained by severaln approach would be the ready access to pantolactone

procedures. These include chemigabr enzymatié resolu-
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analogues. Herein, we describe a new approach to the
enantioselective construction of tlhey-dihydroxy butyric
acid moiety, the precursor to pantolactone. The procedure
involves a stereoselective Prins reactiai an a-alkoxy
acrylamide as the key step.

Acylation of (1R, 29-ephedrine hydrochloride with 3-methyl-
2-oxobutanoyl chloride generates the hemiacktahich is
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readily dehydrated to the chiral acrylami2€ in good yield as a mixture of diastereomers. Presumably, J@Gbrdinates
(Scheme 1). This served as a starting material for this study.with the exocyclic oxygen (O1, Scheme 2) in the spiro acetal
3 to generate an endocyclic oxocarbenium ion which is
_ inaccessible for reduction by E3iH due to steric reasons.
Scheme 1 Facile reduction of the methylenedioxy acetal followed by
reaction with water generatdsReplacement of RBiH with

CH, CH,
Ph . : : -
1R2S ephedrine HCI EtgN, DMAP CHa\N/'\( CFLCOOH CHS\N)\(Ph the sterically Ioess_ demanding JBiH is beneficial and
+ ———— —_——
(CHa),CHCOCOsI  OHch A0 oo 5 S furnishesb in 96% yield (ds>95/5). Lewis acid coordination

(72%) OH  (g6%) | to O3 in 3 followed by acetal cleavage (Scheme 2) would
generate a free hydroxymethyl group in the product. How-
ever, this reaction path was not observed since there was no
evidence of the corresponding product. Reasons for the
Initial investigations on the Prins reaction @f were regioselective Lewis acid coordination $are unclear at
conducted with aqueous formaldehyde as the electrophile.Present. It is plausible that the reaction is governed by the
Sulfuric acid catalyzed reaction & with aqueous form- stability of the more substituted endocyclic oxocarbenium
aldehyde in dioxane at 85 °C generated the spiro bis- 10n- The opposing dipole of the amide carbonyl may also
acetal 3 (41%) as a single diastereomer. However, this be a stabilizing factor. The stere_zochemlstry of the newly
reaction was capricious and frequently generated unwanteddenerated stereocenter was assigne® &sm a NOESY
products in significant amounts or failed to gi#eChanging experiment that. mdmatedgmonentatlon of the hydrogens
the solvent to acetic acid was beneficial, and the Prins @ €2 and C6 in morpholinon& (Scheme 2). The stereo-
reaction of2 with paraformaldehyde in acetic acid at-75 se!ectlwty is an outcome of a stgreoelectromcqlly cpntrolled
80 °C in the presence of a catalytic amount of concentrated @xial reduction of the intermediate oxocarbenium ion.
sulfuric acid consistently generate&lin 70—72% yield MorpholinoneSis a protected version of the requisitg/-

(Scheme 2). The stereochemistry at the spiro acetal stereodihydroxy butyric acid precursor to pantolactone. Dissolving
metal reduction ob proceeds rapidly (10—15 s) at78 °C

_ to generate the-hydroxy-y-methoxy butyramidé in 62%

Scheme 2 yield (Scheme 3). Conversion 6fto (S)-pantolactone was
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'7?9‘;2/')" O % achieved by a one-pot reaction sequence. The primary

i hydroxyl group in6 was liberated by demethylation with

OCHg BBr; in CH,Cl, at —78 °C. Subsequent acid-catalyzed

5 lactonization at-15 °C, which presumably involves a very

facile intramolecular acyl transfer from nitrogen to oxygen,
furnished (S)-(+)-pantolactone in 68% yield and 96%ee
from 6 ([a]?% = +51.6 (c2, H,0); lit.*? [o] % = +50.1 (c
2, H0)).

The simplicity of the above synthetic sequence makes it

center is assigned by analogy to other reactions of the
oxocarbenium ion intermediate in the ephedrine-derived
template'® It is noteworthy that several alkylidene morpholi-

nones varying in substitution on the double bond are also . . )
readily availablé® These should serve as substrates for the viable for the synthesis of pantolactone on a preparative scale.
In this regard, it is noteworthy that several grams of the key

Prins reaction in the synthesis of pantolactone analogues inintermediate's can be prepared readil
which an alkyl group replaces tigemdimethyl functionality. Prep y:

Having constructed the requisite 2,2-dimethyl-4-hydroxy |aé?oiznﬁgjssIgzgﬁnaiu?;\fgjegecg\rf lsglr;:]hezsnc;fvgsl)—;z?;%—_
portion of the target butyric acid, we next investigated the y employing '

reduction of the spiro acetal to generate ¢hieydroxy acid

funCt'ona“ty- (11) Determined by GC analysis of the Mosher ester derivative with
Treatment of3 with PhSiH/TIiCl, in CH,Cl, at —78 °C R-MTPA. Column: BP1 (nonpolar) 100% dimethylpolysiloxane; 0.53 mm
; id; nitrogen as carrier gas (3.8 mL/min); injection temperature 280
followed by an aqueous workup generated the hemiadetal column temperature 140C—280 °C at 10°C/min; tr(minor) 9.54 min,
tr(major) 9.87 min.
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