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Abstract-The reactions of the 4-acetyldioxolane with terpenoid Grignard reagents are
shown to proceed predominantly through the o-chelaion model to give the syn-triol
derivatives in ~70% sdectivity. A nove and efficient protocol to effect the
stereoselective methylation onto the terpenoid-derived 4-acyldioxolanes has been
developed which affords the desired anti-terpenetriolsin high stereopurities.

In conjuntion with the asymmetric synthesis of gymnoprenols (1)1 and terpeneriols (2)2 which have
attracted much interest as water- soluble hydrated terpenoids, we became intrigued by the reactions of (R)-

2,2-dimethyl-4-acyl-1,3-dioxolanes (3, “glycerketone acetonides’) with organometallic reagents (Scheme 1).
However, the stereochemistry of the organometallic addition reaction onto ketone (3) remainslargdy

unexplored, whilethe similar addition reaction onto glyceradehyde acetonide has been extensively studied

and highly stereoselective protocols have been developed which afford either the syn- or anti-adducts. 3

Disclosed herein are the stereochemica f eature of the addition reaction of ketone (3) with akylmetals and a
novel procedure which affords the desired syn-terpenetriolsin highly diastereofacial selectivity.
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At first, we examined the diastereosd ectivity of the methyl ketone (3&1)4 with the Grignard reagents prepared
insitu from homoprenyl bromide (4a) and homogeranyl bromide (4b) (Scheme 2). Thus, the Grignard

reagent generated from 4a in THF reacted with 3ain THF at —70 °Cto afford 80% yield of the tertiary alcohol
(5a) as a70 : 30 mixture of the diastereomer as determined by NMR anayses. > Hydrolysis of the mixture

gavetheterpenetriol (2a) as amixture of the diastereomers which are distinguishable by 'H NMR spectrum
(CDCl,). Onthebasis of comparison of the observed §-values due to the 3-Me with the reported val ues, led

the mgor diastereomer (6 1.13) was assigned to the undesired syn-isomer with (3R)-configuration, and the
minor one (6 1.20) to the desired anti-isomer with (39)-configuration. A similar reaction of 3a with the

4b-derived Grignard reagent provided a diastereomeric mixture of adduct (5b) in the same ratio (70:30),
again, favoring the undesired syn-isomer.®
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The stereochemical trend is of mechanistic interest, since the predominant formation of the syn-isomersin the
present Grignard reections is in stark contrast to the selective formation of the anti-isomer often observed in
similar additions onto glyceradehyde acetonide (6) ,3 thus revealing that the steric courses of the two reactions
are different. While the anti-selective additions onto aldehyde (6) have been wdll rationaized in terms of the
B-chelation model (A) (R=H), the anti-sdlectivity observed in the present additions onto ketone (3a) is best
explained as aresult of the a-chelation mode (B) (R=Me), similar to the a-chelaion mode (C) previously
proposed for the syn-selective Grignard reaction onto o-(methoxymethoxy)akyl methyl ketones. Thus, it
appears likely that the g-chelation species (A) (R=Me) involved in the present reaction would suffer the steric
repulsion between the methyl and 4-hydrogen as depicted bel ow.
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With the generd stereochemicd trend in mind, we next turned our attention to the methylation reactions of




4-acyldioxolanes (3) other than 3a using a variety of methyl-organometdlic reagents. Thus, we first
examined the reaction of the ethyl ketone (3 b)8 with a series of methyl-metdlic species as a modd reaction
(Scheme 3). As expected, the simple additions of MeMgBr and MeLi resulted in the selective formation of
the desired anti-7, ° athough the selectivity was still moderate.  Unfortunately, most of the combined uses
of MeLi/Lewis acid examined did not provide incressed selectivity, while the addition of Znl, led to the
opposite selectivity. Interestingly, the reaction with the cuprate species showed dightly enhanced selectivity.
Most significantly, the combined use of MeL.i (4.0 equiv.) and SnCl, (1.0 equiv.) in dichloromethane was
found to provide over 95% of anti-selectivity . Thisnovel methylation protocol deserves specia comment.
The use of alarge excess of MeLi relative to SnCl, and the use of dichloromethane as solvent are essential for
obtainig high yield and/or selectivity. While the exact role of SnCl, is unclear at present, it seems that it not
only coordinates to the ketone to form the a-chelated species, but aso reacts with MeLi at least partidly to

generate anew Me-metdllic species, thus leading to the high anti-selectivity.
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MeLi/Znl, (THF, >95%, 40:60); MeLi/BF;0Et, (ether, 96%, 61:39); MeLi/TiCl, (toluene,
30%, 81:19); MeLi/Ti(O-i-Pr), (CH,Cl,, 80%, 85:15); Me,CuLi (THF, 83%, 90:10);
MeLi/SnCl, (CH,Cl,, 91%, >95:<5).

With the newly-devel oped methylation protocol in hand, we next carried out the stereocontrolled synthesis of
terpenetriols via methylation of the terpenoid-derived 4-acyldioxolanes (3¢ and 3d) (Scheme4). Thus, the
requisite ketone (30)10 was prepared via reaction of glyceraldehyde (6)with the Grignard reaction generated
from bromide (4a) followed by the Swern oxidation of the resulting acohol (8).10 Application of the
methylation protocol using MeLi/SnCl, to ketone (3 ¢) was found to afford the anti-isomer of 5a asthe single
sterevisomer as judged from *H and **C NMR comparisons’ with the syn-enriched mixture obtained above;
any appreciable amount of syn-5a was not detected in the spectra.  Indeed, deprotection of 5a furnished the
desired anti-terpenetriol (2a) in diastereo- and enantiomerically pure form. Further gpplication of the
methylation protocol to ketone (3d),10 prepared andogously from glycerddehyde (6) and bromide (4b),
provided anti-5b, agan, as the single sterevisomer. Hydrolysis of 5b afforded the desired anti-
terpenetriol (2b) in high diastereo- and enantio-purity.

In summary, we have shown that the reaction of (R)-acyl-1,3-dioxolanes (3) with adkylmetals proceeds
predominantly through the a-cheation modd, in contrast to the p-chelation mode previously proposed for

most of the smilar reactions of glyceraldehyde acetonide. Furthermore, ahighly anti-diastereoselective
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protocol for the methylation onto ketones (3) has been developed and successfully applied to the highly
stereocontrolled synthesis of anti-terpenetriols(2). Further gpplication of the novel methylation protocol for
the asymmetric synthesis of other tertiary alcoholsisin progress.
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