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Abstract: Irr rbe presence oj K2CO3. a-bromo itcrones react with urtmmlic aldehydes in melhwwi to produce substituted 
tetruhydro$man-3-onu 3a-g A goodyiel& (5X6 lo 83%). The reactionpwcetds with initial fomtion of an U-ketoepkie. 
jwwedbyacMdan&l r&x&n, .cqwiitinarld~ion. 

Tetrahydrofuran-3-ones are attractive synthetic targets due to the number of natural compounds 

containing these sut~t~~~~res, such as asco@~ne,h &&mckpin A,zb mrcembrenokk~ and chiiemnes 

A and J3.u Synthetic approa chcs toward substituted furanones were well reviewed by Joullie and Semple in 

lm.3 A methodology involving condensation of 1,3dithiane, epoxides and carhonyl compounds has also 

been reported4 More recent furanone synthesis include conversion of a-, p- or w-alkoxy diazoketones via 

intramolecular reanangements catalyzed by rhodium (II) acetate 5, and a-alkoxyorganosilanes or a-alkoxyor- 

ganostannanes via elatmphilic apped carbony ylidesP Our interest in the synthesis of tekahydrofumn-3-ones 

arose from the resolution of an impurity during our process development studies for a pharmaceutical 

intcrmediatt. The experimental results suggested this impurity was directly derived from an a-bramo ketone 

and an aromatic aldehyde, and it was identified as a derivative of tetrabydrofuran-3-one. These labratory 

observations and literature reviews prompted us to explore a potential new synthetic method for tetrabydrofuran- 

3-ones. 

We present here our preliminary results on the preparation of substituted tetrahydrofuran-3- from 

readily available a-bromo ketones and aromatic aldehydes. 7 We also demonstrate that the essential synthetic 

intermediate is a-ketoepoxide for tis ecstdensation. This novel method allows for the direct mnstruction of 

wahydrofuran-3-one under mild, basic conditions. We believe it provides an efficient and straightfonvard 

access to t&ahydrofuran-3-0nes with potential synthetic applicalio~s. 

a-Bromo ketones la-c were easily prepared from the corresponding ketones following a known 

procedure.* As shown in Scheme I, condensations of a-bromo ketones la-c (I equiv.) with aromatic 

aldehydes ke (2 equiv.)) in the presence of K&03 (2 equiv.) in CH3OH afforded tetrahydrofuran-3-ones 

3a-g.9 All products were fully characterized spectroscopically (LHNMR, %NMR, IR and HRMS). The 

yields for these condensations, which were isolated and unoptimized, tanged from maderate to good (55% to 

83%) based on the a-bromo ketones. The tetrabydrofnranJ-one obtained from this amdensation m an 

unique structure with an exocylti double bond at C2 with 2 configuration, a spire-center at C4 and a racemic 

aromatic substitution at C5. This molecular structure was confirmed unambiguously by a single-crystal X-ray 

analysis of 3b (R = cyclohutyl, Ar = m-nitrophenyl). Crystals of 3b were obtained by crystallization from 

ethyl acetate, and the result of X-ray crystallographic analysis is depicted in Figure 1. 
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1 

la R=(tX-I&_CH 

lb R = (CIi&C$C 
lc R = (CH&ZjH 

2 

2a Ar = WI-NO&#., 
Zb Ar=p-NO&t& 
k Ar=p-BrCbH, 
26 Ar = o-&C& 
2e Ar = J&NC& 

3 

3a(67Q, la + 2a), x=C(CH& 
3b(75%. lb + 2p), X=C(CIQ 
k ~SSS. lc + 2n), x=C(cH& 
3dI80%, lb + Zb), X=C(CH& 
3tI68%,lb+k), X=C(CH,h 
3f (76%, lb 4 &I), X=C(CH&, 
aIm%,lb+k), X=C(CH& 

Scl@w I: Prqmrdioo of Subotltuted Tetrabyt-lrofiuan.3-on- 

FIgwe 1: ORTEP drawl- of a molcculc of 3b (rrcemic) 

crJ?Hd datr: C~OH~&<P~, ~~2~80~. ltlWXhiC. graCe @‘OUp c%C.U = 22.535 (3&b = 22.625 (3). C = 8.014 (3) J% 

fi = 105_&3 @)*, 2 = 8, D, = 1,434 glcd, p (Cu Ka) = 8.64 cm-l, R = 0.055. Rw = 0.063. 

Our studies showeji that suitable 8ubstfates [or tis conderrsatian were matic al&hydes with O-, m- OT 

p-electron-withdrawing g@ps, such us nib, halogen and nitrile groups in aldehydes 2mc For unsubstituted 

aromatic aldehyde (ben@dehyde) or aromatic aldehydea with electon-donating groups @-anisaldehyde). 

reactions with lb were slu/ggish or failed to occur. 

When the conden@& between lb and 2a was quenched after 2 h, an intermediate was isolated and its 

structure chaTacteiized as Iruns-a-kebeptide 4 (J a b = 1.61 WZ).~~ The reaction of 4 with another equivaknt 

of aldehyde 2a resulted id furanone 3b in 79% yield. 
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4 

(Ar=m-Nitrophyl) 

On the basis of above observations, this condensation can be ra&uGzed as a succe8sion of IMzen’s 

wncknsution between the a-bromo ketone and first equivalent of aldehyde to yield an a-k~tofzponid~ then an 

&bi reucfion between the a-ketaqoxide and a second equivalent of aIdehyde. followed by 5-&f-e.t~ c~~IizafL?# 

of the ddol adduct to release oxirane ring strain, which then fonus tetrahydrofuranone. ring. D&y&&n under 

basic conditions then stereospecilicaly introduces conjugated system (Scheme II). 

Br 

SchcmcII: Ropw3cdMccbMfwo for Tctrabydroliwan-3-o 

In summary, we have developed a convenient synthetic method for direct construction of highly 

substituted tetrahydrofuran3-ones from two independent compounds under basic conditions. Construction of 

tetrahydrofuran ring, introduction of quaternary carbon and establishment of conjugated olefin with Z 

configuration were all achieved in a single synthetic operation. we dso disclose the importance of a- 

ketoepoxides as synthetic intermediates for this condensation. which can be viewed as versatile synthetic 

~ECWKXX for tetrahydrofwan-3-ones. 
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A typical ProQedure pas fallows: A mixture of bromomethyl cydobutyl ketone lb (0.89 g, 5.0 mmd) 

and 3-nitrobenzaIdel@ie 2a (1.82 g, 12.0 mmd) in CH#H (10 ml} was stirred until all 3-nimbenzalde 

hyde dissdved. To p stirring solution was added pow&xi K~COJ (1.66 g, 12.0 mmol) 89 a single 

portion under N2. The mixwe was stirred at Mom temperature under N2 and a pmcipitate formed 

slowly. After 60 h, iH20 (10 ml) was added to the reaction mixture and stirred for an hour. The 

remthing suspension has filtered through a funnel with medium porosity and washed with &O (3 x 10 

ml). The solid was #irred in CH3OH (15 ml) for 30 min. and was filtered again, The collected solid was 

dried in vacua to 

T 

38 IL42 g, 1.90 g theor., 75%) as a pale-yellow solid: mp = 175178 qC; 1l-I 

NMR(m=,C,, 13) 6 8.65 [s. 1I-I). 8.31-828 (m, lH), 824 (s. LH}, 8.13 (dd. U-I), 8.04 (d, 

lH)., 7.69-7.67 (m,iZH), 7.53 (t. lH), 6.52 (8, lH), 5.66 (s, lH), 2.65-2.55 (m.lH), 2.35-2.15 (m, 

2H), 213-2.04 (m, ib), 1.81-1.61 (m, 2w); 13C NMR (100 MHz, CDCl3) 8 201.26, 148.60,148.55, 

147.68, 139.36, 13$.+, 135.29, 132.17, 13Os2O. 129.60, 124.40, 123.80, 122.63, 121.35, 103.38. 

88.22,52.00,29.54,~ 27.35, 15.48; IR (KBr) v,, 1725,1533, 1349 cm-l; ElMS, mle (relative 

intensity) 380 (M+, 12), 352 (18), 189 {Sl), 172 (46), 163 (base), 89 (64); HRMS, m/e c&d. for 

CM &I206 380.1008, found 38O.lCMX. 

SpectmI data for uqnpound 4 : ‘H NMF! (400 MHz, CDCl3) 8 8.20 (d, J = 7.92 Hz, 1H). 8.15 (8, 

E-II). 7.62 (d. J = 7.H Hz, 1I-I). 7.57 (t. J = 7.92 Hz, lH), 4.06 (d, J = 1.61 Hz, lH), 3.45-3.54 (m, 

2H), 2.28-2.42 (m, ZH), 2.15-2.28 (m, 2I-Q 2.01-2.11 (m, H-0, 1.86-1.98 (m, 1H); l3C NMR (100 

MHz, CDC13)I 20$.2, 148.6, 137.8, 131.6, 129.9, 123.8, 120.7, 62.0, 56.8,41.4, 24.2, U-1, 18.1; 

IR (neat) v,, 17051 1535, 1218 cm-l; ElMS, mle (relative intensity) 247 (M+, 7). 231(5). 219 (23) 

83 (39}, 55 (100); J&MS. ntk c&d. for CljH13NQ 247.0845, found 247.0857. 
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