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R. Alan Aitken Andrew W. Thomas

School of Chemistry, University of St Andrews, North Haugh, St Andrews, Fife, KY16 9ST UK
Fax +44 (0)1334 463808; E-mail raa@st-and.ac.uk

Received 23 October 1997

Dedicated to Professor Dieter Seebach on the occasion of his 60th birthday

Abstract: The 1,3-dioxolan-4-ones readily derived framhydroxy Table 1
acids act as convenient acyl anion equivalents by deprotonation -
alkylation followed by flash vacuum pyrolysis. Conjugate addition of R Yield of 3 (%) Yield of 4(%)
their anions to ethyl crotonate similarly giesnethyly-oxo esters and

by using chiral dioxolanones these can be obtained in up to 86% e.e. 3 HoC=CHCH, 94 264
b PhCH, 86 97

¢ PhCH,OCH, 51 63

We recently reported that ethyl mandelate acts as a convenient benzod  HOCH, 92b 75
anion equivalent for the formation of alkyl aryl ketones by € PhCH(OH) 86 —
MeCH=CHCH(OH) 30 —

deprotonation — alkylation followed by flash vacuum pyrolysEhis
procedure was not ideal however, requiring two equivalents of stronga Ty jsomer PhHCOCH=CHMe (27%) was also formed
base, proceeding poorly for certain electrophiles such as benzyl anib From hydrogenolysis of 3¢

allyl halides, and not being applicable to aliphatibydroxy esters. We

have now been able to overcome all these drawbacks by using 1,3-

dioxolan-4-ones and furthermore we have extended the method fdthough both mandelic and lactic acid are readily available in

provide chiral acyl anion equivalents. enantiomerically pure form, deprotonation at tikearbon results in

loss of the stereochemical information. However this problem was

elegantly solved some years ago by Seebach and coworkers using the

pivalaldehyde-derived dioxolanoneg and the principle of self

variety of electrophiles provided the produ8tsn moderate to good regenel.'ation of stereogeni.c centfésoccurred to us that, S0 long as the
pyrolysis of the 2-t-butyldioxolanones followed the same route as the

ield (Table 1). The outcome of the pyrolysis®fvas by no means g L . .
y .( ) ) . . pyroly . y : %,2-d|methyl compounds above, this might provide a new type of chiral
certain since a previous study of dioxolanone pyrolysis established that; . . . ; . )

atyl anion equivalerft.Using the racemic acids we first prepared the

depending on the substituents present, there may be either loss of CO 10 . .
) . . cis-dioxolanones? using the reported procedure and checked that the
give two carbonyl compounds or loss of £0 give an epoxidéIn the

event, flash vacuum pyrolysis (FVP) 8&-c at 600 °C and 18 Torr reactlons‘would take the.deswed course with simple a}lkyl hglldes as the
: . electrophile. As shown in Table 8a,b were formed in satisfactory
resulted in clean loss of acetone and CO to give the keddffeble 1). .
. . . L ield, and FVP at 650 °C afforded butyrophenBa@and phenylacetone
For 3a this was accompanied by some double bond isomerisation t . . ) . .
. . . . b, respectively. For a chiral acyl anion equivalent to be of any value, it
give the conjugated enone. Hydrogenolysis 3of afforded 3d in . o . .
. . . must be reacted with an electrophile in which a new stereogenic centre
excellent yield and the successful pyrolysis of the latter to give

hydroxyacetophenorid seemed to bode well for the pyrolysis3aff is formed. The reaction of with benzaldehyde and crotonaldehyde to

derived from reaction oflL with benzaldehyde and crotonaldehyde, give 8c,d was therefpre carried out. Unfortunatg ly, as before3tf,
.FVP was accompanied by a retro-acyloin reaction. Attempts to prevent

respectively. Unfortunately however, the loss of acetone and CO Iﬂ]is by alkylation of the hydroxy group before pyrolysis are currently in
these cases was accompanied by a thermal retro-acyloin reaction to give y aky y y group pyroly y

two molecules of benzaldehyde fro®e and benzaldehyde and progress.
crotonaldehyde fron3f. As a prelude to our later studies in the chiral Table 2
series,2 was found to undergo 1,4-addition to ethyl crotonate to gjive R1 R2 Yield of 8 (%) Yield of 9 (%)
which upon FVP at 550 °C afforded th@xo estei6 in excellent yield.

The dioxolanonesl and 2 were readily prepared by acid catalysed
condensation of mandelic acid with acetone and lactic acid witl
dimethoxypropane, respectively. Alkylation d&f with LDA and a

a Ph Pr 95 60
b Me PhCH, 58 56
Me e Me 1o ¢ Ph PhCH(OH) 33
o d Ph MeCH=CHCH(OH) 63 —
o LDA o FVP, 600 °C
0 — 0 h)]\
1)\« RX P\()\« - Me,CO P R
R 0 R 5 -CO 4
1R'=pn | LDA 3 Bul Bu!
2R =Me \ Me~F~co.ai o\ LDA o\ FVP, 650 °C Q
2 (#)- o0 o] S )
Me e o 1.-‘ R2X RWH _ButcHo R! R
o)< FVP, 550 °C o RZ 0 -Cco 9
0O —M‘gg—’ Me CO ,Et 7 8
- Me
Me —002 Me
Me 0 £t 6 (92%)

Despite a great deal of work on these systems, 1,4-additionf3to
5(53%) unsaturated carbonyl compounds has been little examined. As
mentioned above, reaction of the anions of eittheor 7 with
crotonaldehyde results in almost exclusive 1,2-addition. The main other
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conjugate addition studied in detail by Seebach and coworkers is tfadicated an e.e. of 86% in favour of ttf®-(-)-enantiomer which was
nitroalkene$ Following the successful formation and pyrolysidb in agreement with the value obtained by the CLSR method.

give 6, the enantiomerically and diastereomerically pure dioxolafibne \ye have thus shown that the dioxolanones can behave as among the
was prepared from§-mandelic acid and pivalaldehyde using the most straightforward and effective chiral acyl anion equivalents
literature metho@. This was added to LDA at —78 °C and then allowed reported so far. Work is currently in progress to improve the yield of the
to warm to —20 °C before recooling to —78 °C and adding ethykonjugate addition reactions (the balance of material in the formation of
crotonate to givell as a 4:3 mixture of two major diastereomers. Thiss 11 and 15 is accounted for by recovered starting materials), to
was initially subjected to FVP at 600 °C which did result in loss ofoyercome the problem of the retro-acyloin reaction for 1,2-adducts to
pivalaldehyde and CO to give the desired prodidn 65% yield, but  carbonyl electrophiles, and to extend the range-bf/droxy acids and

this was accompanied by the atiformed by loss of ethene and, more glectrophiles which can be used.

seriously, both products were formed with low e.e. Conversidr3 té

its methyl ester with CbN, and comparison with the literature optical
rotatiorf indicated an e.e. of 4% in favour of th®-énantiomer. A
dramatic improvement was obtained by lowering the furnac
temperature to 500 °C which ga¥® as the sole product in 91% yield
and determination of the enantiomeric purity of this'HyNMR using References and Notes

the chiral lanthanide shift reagent (CLSR) Eu(hfigve a value of 33% (1)  Aitken, R. A.; Thomas, A. WSynlett1997, 293—294.

e.e. We interpret these results in terms1df being formed with (2) Cameron, T. B.; El-Kabbani, F. M.; Pinnick, H. W.Am. Chem.
essentially complete selectivity for th8) Stereochemistry at the CHMe S0c.1981 103 5414-5417.

centre but as a 4:3 mixture of epimers at C-5 of the ring. The condition(%)
required for the pyrolysis result in partial racemisation of the product.
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PH D CO,Et Me~ Enders, D.; Mannes, D.; Raabe,Synlett1992 837-839; Enders,
10 D.; Kirchhoff, J.; Mannes, D.; Raabe, Gynthesisl995 659—

666; Fernandez, R.; Gasch, C.; Lassaletta, J.-M.; Llera, J.-M.

o ijw Tetrahedron Lett.1994 35, 471-472; Enders, D.; Syrig, R,;
Pn)l\/\co JEt - Bu'CHO ] Raabe, G.; Fernandez, R.; Gasch, C.; Lassaletta, J.-M.; Llera, J.-
Mo -Co FVP.500°C M. Synthesid996 48-58.
12 (65%) (5) Calderari, G.; Seebach, Belv. Chim. Actd 985 68, 1592—1604.
o * rj\/\ (6) Seebach, D.; Naef, R.; Calderari,T&trahedronl984 40, 1313—
P n/l%\co H P y” TCOoEt 1324. _ _
Ne Me (7) Blanco, L.; Rousseau, G.; Barnier, J.-P.; Guibé-Jampel, E.
13 (25%) 12 (91%), 33% e.e. Tetrahedron: Asymmetr}993 4, 783-792.

(8) Typical Experimental Procedures
Preparation 06 A solution of21° (4.0 g, 30.8 mmol) in dry THF
(4 cn?) was added to a solution of LDA (33.8 mmol) in dry THF
(25 cn?) at —78 °C under nitrogen. After 30 min a solution of
ethyl crotonate (3.87 g, 33.8 mmol) in dry THF (4% mvas then
added and the mixture stirred at —78 °C for 2 h and at RT for 2 h
before adding to saturated aqueous,8HExtraction with ether,
drying and evaporation followed by Kugelrohr distillation
afforded5 (4.0 g, 53%) as a colourless liquid, bp (oven temp.) 150
°C at 0.005 Torr (M, 244.1317. @H,iOs requires M,

F\ipéijOH‘; 244.1311) D/ CMTL 1775:8,, 4.16 (2 H, 0. 7, CHoMe), 2.72
—co (1 H, half AB pattern of dJ 14, 3, G4,CH), 2.38 (1 H, m,
o CH,CH), 2.13 (1 H, half AB pattern of d,14, 10, Gi,CH), 1.60
J (6 H, s, 2xMe), 1.48 (3 H, s, Me), 1.29 (3 H] ¥, CH,Me) and
Me” > co 1.03 (3 H, dJ 7, CHMie); 8 174.9 (C=0), 172.7 (C=0), 109.8
Me (4ry), 82.1 (4ry), 60.8 (OC}), 37.6 (Me), 36.2 (CH), 29.1 (Me),
16 (94%), 86% e.c. 28.0 (Me), 22.7 (CH), 15.4 (Me) and 14.6 (Meyz(El) 244 (M,

5%), 159 (8), 130 (26) 113 (80) 59 (50) and 43 (100).

Preparation o5 A solution of14° (1.0 g, 6.3 mmol) in dry THF
When the dioxolanon&4 formed from §)-lactic acid was deprotonated (3 cnP) was added to a solution of LDA (6.9 mmol) in dry THF
using the same procedure and ethyl crotonate added, the corresponding (10 cn?) at —78 °C under nitrogen. After 30 min the mixture was
product15 was formed, this time essentially as a single diastereomer. allowed to warm to —20 °C for 30 min and then recooled to —78
Upon FVP at 550 °C this gave an excellent yield of ethyl 3- °C. A solution of ethyl crotonate (0.79 g, 6.9 mmol) in dry THF (3
methyllaevulinate168 In contrast to12, this compound has been cmP) was then added and the mixture stirred at —78 °C for 2 h and
prepared before in enantiomerically pure form by an enzymatic at RT for 2 h. Work up as above followed by flash column
method? Comparison of the sign and magnitude of the optical rotation chromatography (Si§ hexane—ether, 7:3) gaté (0.86 g, 50%)
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as a colourless liquid, {F0.65 (mainly as one diastereomer)
(Found: M+H, 273.1693. ¢4H,505 requiresM+H, 273.1702);
[a]?°5+6.1 € 0.6 in THF);8,,5.20 (1 H, s, CH), 4.13 (2 H, 77,
CH,Me), 2.68 (1 H, half AB pattern of d,15, 4, G1,CH), 2.6—
2.4 (1 H, m, GIMe), 2.15 (1 H, half AB pattern of d, 15, 10,
CH,CH), 1.38 (3H, s} 7, Me), 1.25 (3 H, ) 7, CH,Me), 1.07 (3
H, d,J 7, CHVe) and 0.96 (9 H, s, Mg 8¢ 175.0 (C=0), 172.2
(C=0), 109.0 (CH), 81.5 (4ry), 60.7 (GH 36.0 (CH), 35.4
(CH), 34.8 (4ry), 23.3 (Mg, 20.0 (Me), 14.8 (Me) and 14.2 (Me);
m/z(Cl) 273 (M+H', 62%), 229 (10) and 187 (100).

Pyrolysis of5 FVP of5 (1.66 g) at 550 °C and Fotorr using the
apparatus reported previouklygave a colourless liquid at the
furnace exit which proved to be ethyl 3-methyllaevulirg(6.99
g, 92%);6 anddc identical to literature dath.
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Pyrolysis 0f15 FVP of15 (91 mg) at 550 °C and Forr using
the apparatus reported previoddlgave a colourless liquid at the
furnace exit which proved to {8)ethyl 3-methyllaevulinatd6
(49 mg, 94%)3, anddc as for6; [0]2%,—40.5 corresponding to
an e.e. of 86% [Lit%, [a]2%5—47.2 €, 1.1 in MeOH)];*H NMR
using Eu(hfcy (MeCO signal) also gave an e.e. of 86%.
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