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Abaftact. A stereoselechve route for the preparatron of CIS and trans drrubshtuted (and trrsubshtuted) y- 

lactones starting from the readily available a-(phenylsulfonyl)-a,jSunsaturated esters 3 or a- 

(phenylsuljkyl)butenobdes 4 LF described T/us method IS based on the conJug& aa&on of organoalummum 

reagents (iUe3A1, Et# and EtzAlCN) to substrates 3 and4. Whereas the conJugate a&ithon to Mchael 

acceptors 3 occurs wrth compkte syn-selechvlty, the coqugate addihon to butenoltdes 4 LF usually anh- 

selechve. Thu methodology has been applud to the stereosek?chve and enantwsekchve synthesrr of (-)-cm 

cognac IachWk? 

Introduction 

h-&my natural products such as pheromones, flavor components or tetromc acids contam y-lactone 

subunits 1 Addlhonally these units are vetile mtermtiates in organic synthesis and are widely used as 

startmg mater& m the syntbesls of natural products 2 We have previously reported that (E)-y-hydroxy-a,& 

unsaturated phenyl sulfones (1) are prepared in one step by condensation of (phenylsulfonyl)@- 

tolylsulfmyl)methane with enollzable aldehydes 3 As a part of our programme of developing new 

stereoselechve methods m orgamc synthesis from these readily avadable Michael acceptors, in a recent 

prehmmary paper we deacnbed the use of substrates 1 m the stereoselectlve synthesis of CIS and trans 

subshtuted y-lactones 4 We hetern present dus work m &tad along with addmonal examples and its apphcahon 

to the enanboselechve synthesis of (-)-CIS cognac lactone (figure 1) Quercus la&ones (+)-Pm and (-)-CD 

whisky and cognac lactones, have been identified as key flavors of aged alcohohc beveragd such as whsky, 

brandy, wine and cognac However, although a considerable number of stereoselechve and enanhoselective 

syntheses of the trans-isomers have been reportedh, there are very few precedents concemmg the 

enanhoselectlve preparatum of the cf.s-Isomers 7 

Quems Lactones 

Wlllsky lactones R= n-butyl 

R 0 Cognac la&ones R= n-pentyl 

Pans 

(+)-W&W 
Figure 1 
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Discussion and results 

As a first step, the hydroxyl group of vmyl sulfones 1 was protected as MOM dertvattve The C-a 

deprotonahon of these a&unsaturated sulfones with n-BnLl or LDA* (1.1 eqmv , THF, -78”c, 30 mm ), 

followed by reachon with dry CO2 afforded the expected (E)-a,f&msaturated carboxyhc acids 2 m 60% 

overall yield9 (scheme 1) The carboxyhc acids 2 were readtly converted mto methyl eaters 3. by methylahon 

with MeIMaHCO3 in DMF (88% yteld after chromatography), or mto butenohdes 4. by lactomzatton under 

acld conditions (CF#O3H. EtOH. 70-9696 yield) Unlike esters 3 which were readdy punfied by flash 

chromatography. when butenohdes 4 were submltted to slhca gel chromatography a great amount of the 

&menc compound 5 was formed10 (e g 40% of Sb was obtamed from 4b) Therefore, butenohdes 4 were 

punfied by crystalhzahon or used w&out further punficahon 

Ph02S ,,SOTol Ref ehOfi_R &Ph02BqMLM’_ 3a, 88% 

R&&O 
3b, 87% 

1 OH 
HO& 

IV PhO&, 

2a, 60% 
2b. 80% 

- 
LA O 0 I3 

48, 70% 
4b, %% 

Scheme 1 

1) CHd~H3h. p205, CHC13, It, U) II-BULI 01 LDA, THF, -WC, then CO2, iii) MeI, NalKQ, DMF, r t , 
iv) CF$QH, &OH, r t 

With Mtchael acceptors 3 and 4 in hand, we focused our attention to the ad&hon of organometalltcs 

We observed a competence between 1.4 and 1.2~addlhon in the reaction of RMgBr and RLI with substrates 3 

On the other hand, although the reachon of 3 with BI@ILI m THF at CPC provided regtoselechvely the 1,4- 

adducts. this Michael addlhon occurred with very low facial stereoselecttvq Remarkably, reactton of 

sub&rates 3 with Me3AI took place exclusively through l,&ukhtton and with complete facml stereoselectrv~ty 

(scheme 2) The reachons were performed at low temperature (-20°C) by addmg the substrate 3 to a solution of 

a large excess of Me3Al(4 eqmv ) m CH2Cl211, to give stereoselectively and m excellent yield (93-9546) a 

mixture of both syn-adducts 6 eplmers at C-2 ( 1 16 mixture), which m turn were lactomzed by acid treatment 

(H2SO4, ether-H20,80-88% yield after chromatography) Whereas from adducts 6a only the trans,crr lactone 

8a was obtamed after acid treatment (82% yield), showmg that a thermodynamtc equhbration at a-position 

took place under these acid condltlons, m the case of adducts 6b a mixture of lactones 7b+Sb was isolated 

(88% yield) Thts mixture can be thermodynanucally equlhbrated to the most stable tranr,crr-lactone 8b under 

basic condlhons (Na2CO3, THF-H20, rt) The stereochemistry of a-sulfonyl-y-la&ones 7 and 8 has been 

estabhshed by analysis of their 1H-NMR data as It ~111 be later discussed In agreement with this assignment, 
the reductive ehmmahon of the sulfonyl group’* (Na-Hg. Na2HPO4, MeOH) on lactones 8 (or in mixtures 
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7+8) afforded exclustvely dtsubstttuted crs-lactones 9 (cls-9a: 90%, Jgy=6 SHzt3, cls3b: 72%. 

Jpu’4 8Hz) 
The very h@ sy~dmstereoaeltion, observed in the conjugate dd~hon of Me3AI to Michael acceptors 

3, IS consistent with a model based on a pnor chelatmu between the oxygen atoms of the MOM group and the 

electrophdlc alummum atom (figure 2) m the most stable conformationt4 of substrates 3. which would force 

the ad&tion of Me by the same side of the MOM group A slmllar StereochemIcal behavlour has been 

previously reported tn the addrtton of organoltthlums to a-tnmethylsllyl-y-alkoxy-a&unsaturated 

sulfones 8.15 

Me 

PhOfi-R LPh02S R u ) 

Me02C OMOM MeO& 

PhOff +PhOzk 

OMOM a,=% 0 0 R 0 0 R 

3 6s. 95% b, 88% 

6b, 93% 7 8 

1 

IV 

Scheme 2 

Figure 2 
eis-9a, 95% 
cl!dlJ, 60% 

1) Me3AI (4 eq ), CH2C12, -20°C, II) H2SO4, Et2OIH20, WC, Ui) Na2C03, H2OiTI-F. r t , 

iv) Na(Hg), Na2HF’Oh MeOH, r t 

Scheme 3 shows the application of this methodology to the enanho6elechve synthesis of (-)-C&V cognac 

lactone The condensation of enantiomencally pure (S)-(phenylsulfonyl)@-tolylsulfrnyl)methane3b with 

heptanal, catalyzed by pqendtne (CH3CN, Ooc), afforded the (E)-y-hydroxyvmyl sulfone Lc m 93% yeld as 

a 1 8 1 mixture of S/R enantlomers (ee= 2846, determmed from their Masher’s esters) 3b As we have 

previously reported for other related y-hydroxy-a$-unsaturated sulfonest6, the enzymatic acetylahon of 

alcohols lc by using hpase PS and vinyl acetate (m IPr20 and in the presence of molecular sieves) was 

completely enantloselectlve, affording, after chromatographlc punftcahon, acetate (R)-1Oe (41%) and 

unreacted alcohol (S)-lc (56%) with opt~~I punhes higher than 95% and 98% respectively 17 (S)-lc was 

converted Into the Michael acceptor (S)-3e m 74% overall yield followmg the three step sequence shown m 

scheme 1 The treatment of (S)-3c with excess of MgAl(4 equv , inverse addmon) m CH2Cl2 at -2ooC led to 

the formation of a 2 9 1 mixture of only two adducts, epimers at a-position (syndc), showing that the 

conjugate ad&tmn occurred agam with complete facial sek~t~vity As in the case of adducts 6b, the mixture of 

adducts 6c was lactomzed under acid conditions (2 7M H2SO4. Et2O-H20,6O”c) to afford, exclustvely, the 

tran.s,cu -a-sulfonyl lactone fk (73% yield after chromatography) In agreement with the 4R,SS configuratmn 

of SC, the reductive ehmlnatlon of the sulfonyl group (Na-Hg, Na2HP04, MeOH) afforded (-)-CIS cognac 
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lactone (93% yteld), whose spectroscop~cal data were ldenttcal to the previously reported for thus compound7, 

and hence, showing that the conjugate addition of MgAl to 3c took place with complete syn-selecttvlty Both 

the rotary power7 [a]* -73’ (c 1, CHC13) and the study with Yb(hfch of thts compound confirmed Its 

very htgh enantiomenc punty (ea 90%) 

J 

Me02C OMOM 

f=hOpS ,,SOTol I,U 
- Pt@S R iii, Iv, v 

CI-I&X-&40 

W Ph02SaR 

(S)-lc 74% (S)-3c 

56%. eezz 98% 

R= pentyl 
+ QAc 

z 
PhO#+R 

(R)-1Oc 
41%. e&z 95% I 

vl 

88% 

(4s. 5spe 

(-)-cIs Cognac La&one 

(3s. 4R, 58)-8e OR. 4Sj-6~ 

1) plpenh= (2 eq ). CH3W 0°C. 5 h., U) Lqase P8. vmyl acetate, molecular sieves, 1Pr~0, 
fi. 16 h . 1U) cH2(OCH3)2, P205. CHQ, r t. 15 h., IV) n-BuLt, THP, -78’C. 30 nun, then 
COZ. ~1 MeL NaHCe. DME I t., 2 h. VI) M@l(4 q ). CH#&, -20°C. 2 h, Vu) H+O4. 
Etz01H20.60°C, 24 h, VIII) Na(Hg). Na2HFQ. MeOH. I t , 1 h 

Scheme 3 

On the other hand, the addtt~on of Me3Al to butenohdes 4, under the same expetymental conditions 

previously described for the acyclic Michael acceptors 3, afforded a mixture of trans,trans-lactones 11 and 

tranwrs-lactones 8 in excellent yteld (92~97%. scheme 4) As It was expected on stenc grounds the 

tnurr,,tranr-lactones 11 were obtamcd as the maJor rsomers (w-selechvtty) and thus an&-stereoselecttvlty was 

lugher in the case of 4b (R=Fr, 11bAk !B/7) than that observed from 4a (R= Me, lla&r 75125) The 

maJor isomers 11 were easily punt% by crystalltzatton In accordance with thts stereochemul asstgnment, 

the further eltmmahon of the sulfonyl group (Na-Hg)t* on lactones 11 gave the dtsubstmtted tranr-lactones 9 

(83-874 yteld, pans-9a J&= 7 6 Hzt3, tmns-9b Jw 6 0 Hz) 
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R a.9796 
b,92% 

4 trams-9P, 87% 

sa/lla=25/75 trams-9b, 83% 

8bIllb= 7193 

1) Me3AI (4 eq), CHzClz, -2O’C. ii) Na(Hg), NazHFQ, MeOH, r t 

Scheme 4 

We have also studled the conjugate addltlon of other organoalummum reagents, such as Et3Al and 

EtfilCN, to butenohde 4b. The results are summarized m scheme 5 Whereas the results obtained m the 

addltlon of E@Al(12b:13b=!Y7 3) were very slmllar to the obtamed in the ad&tton of MesAl, the addlhon of 

EtfilCN was less stereoselective (l&Mb= 30/70) and, unexpectedly, the major adduct was the frans,crs- 

la&one 15b (syn-selectivity) instead of the trans,tranr-lactone 14b (antr-select~vlty) It should be noted that the 

conjugate addition of a wade variety of nucleophlles to a-unsubstituted butenohdes usually takes place with 

very h@ oft se~ectwtyl* The lower an&selec~vlty observed m the conjugate addlhon of organoalummum 

reagents to a-sulfonyl-butenohdes 4 (always the syn adduct has been detected) could be due to the opposite 

facial selectivlhes induced by the stenc effects of R and Ph groups m the presumably most stable conformation 

around C-S bond (figure 3) The quite different stereochemlcal results obtamed from MqAl and Et3Al (antz- 

selectivity) or from EtzAlCN (syn-selechvlty) suggest that the balance between both stenc effects would be 

very dependent on the nature of the organoalummum reagent 

4b 

Scheme 5 

R’= Et 12b 13b 

R’= CN 14b 15b 

isomer fat10 T’ (“C) yleld% 
12b 13b = 9317 -78 80 

14b 15b = 30170 -20 91 

I Nu- 

syn-selectivity 

Figure 3 

Finally, a-phenylsulfonyl-y-lactones conshtute also useful mtermdates for the mtroduchon of carbon 

substttuents at a-posItion and hence, for the stereoselective synthesis of tnsubshtuted y-lactones after sulfonyl 

ehmmahon (scheme 6) The methylation of 7b+8b with NaH/MeI m DMF at 40°C afforded a 12 1 mixture of 

a-sulfonyl-y-butyrolactones 16b:17b m SO% ydd. The reductive ehmmatron (Na-Hg) of this mixture gave 

exclusively the czs,cu-lactone 19 18b in 68% yield Similarly, the methylatlon of llb was completely 

stereoselective yielding 19b (87% yield), which gave exclusively the fran.s,trans lactonelg 18b by sulfonyl 

ehmmauon (92% yield) Additionally, alkylation of enolate of lactone llb wltb methyl bromoacetate yielded 

exclusively 20b which, after treatment with DBU m CH2Cl2 at rt, afforded the butenohde 22b m 52% overall 
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yield The intermediate 21b, beanng the double bond m exocychc position, was detected by tH-NMR when 

the reaction was camed out by using a defect of base 

7b+Sb 16b 17b c&s,&-18b 

(16b 17bc 12 1) 

llb 

Scheme 6 

i) MeI, NaH. 

20b 21b 22b 

DMF, 40’C. Ii) Na(Hg), NqHFQ, MeOH, r t , iii) BrCHzC02Me. NaH. DMF, 40°C 

iv) DBU (1 5 eq ), CH2C12, r t 

Stereochemical assignment by tH-NMR 

Table 1 1H-NMR data m CDCl3 of y-buty-rolactones (6 m ppm and J m I-k) 

Compound 

7b 
lib 
8b 

c-9b 
t-9b 
9a 
11s 
12b 
13b 
15b 
14b 
17b 
18b 
19b 

t,t-18b 
c,c-18b 

6% ~I+I 6H, Ai5H, 

4 25 3 22 3 76 
3 60 2 94 3.80 
365 3’42 4.49) 069 

2 55 3 95 
236 3 66 

3 71 335 4.98 
3 65 2 77 4.10) 066 
3 65 2 91 

_* _* 
3.85) 
4.08 0 21 

4 31 4 31 
4 50 3 76 

4.49) 
4.30 0 19 
4.72 

2 76 3.98) 0 76 
3 16 3 60 

2 21 1 66 3 78 
2 78 248 3 60 

J4 

65c 
89t 
15t 

43t 
101 t 
60t 

_* 

16t 
96t 

11 ot 
71c 

JBY JY& 

4oc 10.8) 
70t 8.8 
53c 103 
4ac 10.2) 
60t 8.0 
7lc 
83t :z 
59t 7.8 
28c 10.3) 
64~ 10.0) 
63t 7.0 
55c 107 
47c 
89t 
93t 
42~ 

AJ,a 

40 

42 

27 

30 

62 

59 

c = cls, t = trans * The signals could not be detected m the mixture 12b + 13b 
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For the stereochemlcal assignment of these compounds the values of Jpy, Juh and &, are especially 

slgmficant Thus, as It IS usual m alkyl substttnted y-lactones 19, for each pr of dmstereomers it IS observed 

that J~yc~s < J& frans (compare the pans Wlla, 8b/llb, c-9b/t-9b, 12b/13b, 14b/lSb, 16b/19b and 

c,c-18b/t,t-lib) It IS also mterestmg to note that m the case of butyrolactones wrth R=*Pr, whereas m all 

crs,,p-compounds the value of Jys IS high (J+ 10 2- 10 7 Hz m compounds 7b, 8b, c-9b, 13b, 15b, 16b. 

17b and c,c-18b) m the trans ptv isomers Jya 1s much smaller (J+j= 4 3-7 6 Hz m compounds llb, t-9b, 

12b, 14b, t,t-18b and 19b) Thus effect can be easily explatned takmg into account the conformatlonal 

equhbna around Cy-Q bond The most stable conformation for each stereochemistry (conformahon avoldmg 

Me/R’ 1,3-syn dlaxml mtera&ons) IS deplcted m figures 4 and 5 

Concerning the chemical shifts of a-sulfonyl-y-butyrolactones2o it IS observed a strong desheldmg 

effect induced by the phenylsulfonyl group m H, m the dlasterolsomers beanng both groups (PhS@ and H,) 

m syn-relationship. compared to the dlastereoisomer with both groups m ati-relation&p (A+=0 2-O 9 ppm 

m the pairs of isomers 8b/llb, 8a/lla, 12b/13b, 14b/15b and 16b/17b) This effect IS probably due to 

the important parttapahon of the conformation bearmg PhS@ and Hym a 1,3-syrr dlaxml arrangement (figure 

6) 

trans p.y-Isomers 

J,a= 4 3-7 6 Hz 

Figure 4 

c~s @,y-Isomers 

Jyb= 10 2- 10 7 Hz 

Figure 5 Figure 6 

EXPERIMENTAL 

Melhnlir 
mts 

IH-NMR and 
were determmed with a Gallenlmmp apparatus m open capdlanes and are uncorrected 

C-NMR spectra were recorded m the Ff mode on a Bruker WP-200-SY instrument coupled 
to an ASPECf 2000 computer. transforming 16K data point Both chemical shifts (ppm downfield from 
internal tetramethylsdane) and coupling constans (Hz) were obtamed by first order analysts of spin patterns 
Mass spectra (MS) were recorder at electron impact (EJ. 70 eV) or by FAB Mass data are reported m mass 
units (m/z) and the values in brackets regard the relative intensity from base peak (as 100%) Infrared (IR) 
spectra were recorded on a Phlllps PU-9716 spectrometer Elemental analysis were performed by the 
Umversrty Autonoma of Madnd Mcroanalttycal Laboratory with a Perkm-Elmer 2400 CHN Elemental 
analyzer Optical rotations were measured with a Perkm-Elmer 141 polanmeter 

All solvents were destdled before use Tetrahydrofuran was dned from sodmm-benzophenone under 
argon Dlchloromethane was destllled fmm calcium hydnde and chloroform was desblled from &05 All 
comercral reagents were purchased from Aldrich and used without further punflcatlon Flash 
chromatography was performed by using srhca gel SDS 60 (230-400 mesh) 

alcohol 
Alcohols 1 were prepared following the general procedure described m ref 3 The optically pure 
(S)-lc was obtamed by enantioselective enzymatic acetylation of (i)-lc followmg the general 

procedure described in ref 16 

General procedure for the preparation of carboxylic acids 2 
To a solutton of alcohol 1(2 mmol) in dry chloroform (6 ml) was added dlmethoxymetane (40 

mmol) and phosphorus pentoxlde (20 mmol) at rt The mixture was sttrred for 15 h at rt. Then. a saturated 
aqueous solitlod of sodium carbonate was added and the mixture was extracted with &chlorom&ane (3x50 
ml) The combined orgamc layers were dned (Na2SQ4) and evaporated The crude product was punfled by 
flash chromatogmphy (hexane-ethyl acetate 3 1) affordmg the MOM denvahve m Z-97% yield 
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A solution 2 4 M of n-BuLl (or LDA) m hexane (1 1 equrv ) was slowly added to a solution of the 
: denvahve m dry THF (5 ml) at -78°C under argon The solutson was kept at -78oc for 30 mm and then 

dry CO2 was bubbled dunng 5 mm After lh at -78°C 5% HCl(5 ml) was added and the nuxture was 
extracted with dlchloromethane (3x50 ml) The combned organic layers were dned (Na2S04) and 
evaporated The crude product was Qssolved m Qchloromethane (20 ml) and It was washed urlth a saturated 
aqueous solution of Na2Cqj(20 ml) The aqueous phase was acidfled to pH=2 by ahon of 10% HCl and 
it was extracted with dlchloromethane (2x30 ml) The combined orgamc layers were dned (Na2SO4) and 
evaporated to give carboxyhc acids 2 which were used without further punficabon (the yields are m&cated 
below for each case) 

(E)-4-(Methoxymethoxy)-2-(phenylsulfonyl)-2-pentenoic Acid (2a) 
Yield 60% (360 mg of 2a were obtamed from 424 mg of la) IR (CHCl3) 2980, 1720, 1450, 

1320,1150, 1030 and 920 cm -1 lH-NMR (CDCl3) 8: 8 90 (sb, lH, COZY), 7 95-7 87 (m, 2H. PhSO2), 
7 70-7 48 (m, 4H. PhSo;? and CH=C). 4 94 (m. lH, CHO), 4 67 and 4 62 (AB system, 2H, J= 7 2 Hz, 

OCH20), 3 38 (s. 3H, CH30) and 146 (d, 3H, J= 6 6 Hz, CH3) 13C-NMR (CDC13) 6: 162 4, 158 5, 
139 4, 133 7, 129 0. 128 4, % 0.715,65 9.55 7 and 19 9 MS (FAB) 301 (M++l, 11) 

(E)-4-(Mcthoxymethoxy)-5-methyl-2-(phenylsulfonyl)-2-hexenoic Acid (2b) 
Yield 80% (525 mg of 2b were obtamed from 480 mg of lb) m p QQ-100°C IR (CHCl3) 3000, 

1720, 1450, 1320, 1155, 1030 and 910 cm ml 1H-NMR (CDC13) 8 7 93-7 88 (m, 2H, PhSO2). 7 67-7 49 
(m, 3H, PhSO2). 7 46 (d. lH, J= 9 0 Hz, CH=C), 4 63. (s, 2H, OCH20). 4 55 (dd, lH, J= 6 0 and 9 0 
Hz, CHO), 3 36 (s, 3H. CH30), 193 (m, lH, CH(CH3)2), 0 98 (d, 3H. J= 6 8 Hz, CH3) and 0 91 (d, 

3H, J= 6 8 Hz. CH3) 13C-NMR (CDCl3) 8 163 1, 155 0, 139 4, 136 0. 133 7, 128 9, 128 4, 95 8, 
78 9,55 6,33 0, 18 3 and 17 7 MS(FAB) 267 (M+-MOM, 100) 

(2E,4S)-C(Methoxymethoxy)-2-(phenylsulfoayl)-2-nonenoic Acid [(S)-2c] 
Yield 93% (662 mg of 2c were obtamed from 536 mg of lc) [a]% -12’ (c l,CHCl3) IR 

(CHC13) 3020,296O. 1770.1610, 1450, 1330.1170.1150 and 920 cm-l lH-NMR (CDCl3) 8 8 73 (Sb, 

lH, COOI-I), 7 96-7 87 (m. 2H. PhSO2). 7 69-7 46 (m, 4H, PhS02 and C=CH), 4 82 (dt, lH, J= 8 0 and 
40 Hz, CHO), 464 (s. 2H, OCH20). 3 38 (s. 3H, CH30), 184-l 17 (m, 8H, (CH2)4) and 0 94-O 81 

(m, 3H, CH3) 13C-NMR (CDC13) 8 162 8, 1574, 139 2, 1342, 133 4, 128 7, 1282,957,748,553, 
33 8,31 1,24 4,22 1 and 13 7 MS (FAB) 295 (M+-MOM, 38) 

General procedure for the preparation of a&unsaturated esters 2 
To a soiutlon of the carboxyhc acid 2 (4 mmol) m dry DMF (25 ml) was added powdered NaHCgj 

(16 mmol) and methyl iodide (80 mmol) The solution was stirred at rt for 4 h under argon Then, water (20 
ml) was added and the mixture was extracted ~th ether (3x50 ml) The comhned orgamc layers were dned 
(MgSa) and evaporated The crude ester 3 was punfled by flash chromatography (the eluents and the yields 
are m&cated below for each case) 

(E)-Methyl 4-(Methoxymethoxy)-2-(pheaylsulfonyl)-2-pentenoate (3a) 
Fluent: he-ethyl acetate 5 1 Yield 88% (1 1 g of 3a were obtamed from 12 g of 2a) m p 56- 

57 5°C IR (CHCl3) 2945.1725, 1450, 1440, 1320, 1160 and 1030 cm-l lH-NMR (CDCl3) 8 7 95- 
7 86 (m, 2H. PhSO2). 7 69-747 (m, 4H. PhSO2 and CH=C), 492 (m, lH, CHO). 460 (s. 2H, CH20), 

3 71 (s, 3H. CO2CH3). 3 37 (s.3H. OCH3), 140 ( d. 3H, J= 6 6 Hz, Cm-CH) 13C-NMR (CDC13) b 
161 2, 157 2, 139 6, 134 0. 133 4. 128 7. 128 3. 95 8, 710. 55 5, 52 4 and 197 Anal Calcd for 
Cl&i@6S C, 53 49. H, 5 77 Found C, 53 42, H, 5 77 

(E)-Methyl 4-(Methoxymethoxy)-5-methyl-2-(phenylsuifonyl)-2-hexenoate (3b) 
Eiluenk hexane-ethyl acetate 7 1 Y leld 93% (127 g of 3b were obtamed from 13 g of 2b) m p 

68-6yC IR (CHC13) 3020.2970.2900.1725. 1620,1440,1430.1320, 1220. 1150, 1040 and 920 cm-l 

lH-NMR (CDCl3) 6 7 93-7 88 (m, 2H. PhSO2), 7 70-7 53 (m, 3H. PhSO2), 7 47 (d, lH, J= 8 6 Hz, 
CH=C). 4 58 (s, 2H, OCH20), 4 55 (dd, lH, J= 8 6 and 5 6 Hz, C=C-CH), 3 71 (s, 3H, CH302C), 3 34 
(s, 3H. C&OCH2), 195 (m, lH, CY(CH3)2). 100 (d, 3H, J= 6 8 Hz, CH3) and 0 95 (d, 3H, J= 6 8 
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Hz, CH3) 13C-NMR (CDCl3) 8 1615, 154 6, 139 8. 136 2, 133 4, 128 8, 128 3, 96 1, 78 5, 55 6, 
52 3,33 1, 18 5 and 17 7 MS (EI) 299 (2, M+-‘Pr), 283 (13), 269 (22), 201 (20). 141 (13). 125 (34). ?7 
(40) and 45 (100) Anal Calcd for Cl6H2209 C, 56 12, H, 6 47 Found C, 56 30. H, 6 31 

(2E,4S)-Methyl 4-(Methoxymethoxy)-2-(phenylsuifonyl)-2-nonenoate [(S)-3c] 
Eluent hexane-ethyl acetate 4 1 Yield 89% (132 g of 3c were obtamed from 142 g of 2c) 

[CZ]~~D= -41” (c 1, CHC13) IR (CHCl3) 2910,2860, 1730, 1620, 1450, 1330, 1220, 1160, 1040 and 

910 cm-l lH-NMR (CDC13) 8 7 93-7 88 (m, 2H. PhSO2), 7 67-7 49 (m, 3H, PhSO2), 4 77 (dt, 1H. J= 
7 9 and 4 1 Hz, CHO), 4 61 and 4 59 (AB system, 2H. J= 7 0 Hz, OCH20), 3 70 (s, 3H. CO2CH3), 3 36 

(s, 3H. OCH3). 176-l 27 (m, 8H, (CH2)4) and 0 92-O 85 (m, 3H. CH3) 13C-NMR (CDCl3) 8 1613, 
156 7, 139 8. 134 6, 133 4, 128 8, 128 3, 96 2, 74 7, 55 7, 52 4, 34 1, 313, 24 7, 22 3 and 13 8 

General procedure for the preparation of a+urlfonylhutenolides 4 
To a solutum of acid 2 (2 mmol) m absolute ethanol (6 ml) was added tnfluoromethanesulfomc acid 

(9 mmol) The solution was shrred at room temperature durmg the ttme indicated below for each case Then, 
water (5 ml) was added and the mixture was extracted with dlchloromethane (3x25 ml) The combined 
orgamc layers were dned (Na2SO4) and evaporated to gve crude butyrolactones 4 which were used wlthout 
further punficauon 

5-Methyl-3-(phenylsulfonyl)-2(5H)-furanone (4a) 
Reaction time 1 h Yield 70% (333 mg of 4a were obtamed from 600 mg of 2a) IR (CHCl3) 

3000, 1770. 1445, 1320, 1150, 1090 and 1000 cm- 1 lH-NMR (CDCl3) 6 823 (d, lH, J= 1 5 Hz, 
C=CH), 8 15-8 07 (m, 2H. PhSO2), 7 77-7 32 (m, 3H, PhSO2), 5 20 (dq, lH, J= 15 and 7 0 Hz, CHO) 

and 152 (d, 3H, J= 7 0 Hz, CH3) 13C-NMR (CDCl3) 8 164 5, 162 5, 137 6, 135 9, 134 6, 129 3, 
128 8,77 5 and 17 8 MS (EI) 238 (M+, 3). 174 (11). 131 (35), 97 (100) 

5-Isopropyl-3-(phenylsulfonyl)-2(5H)-furanone (4h) 
Reaction time 6 5 h Yteld %% (511 mg of 4h were obtamed from 656 mg of 2h) m p 105- 

106 5°C IR (CHC13) 2980, 1780, 1455,134O and 1170 cm -1 lH-NMR (CDCl3) 6 8 24 (s, lH, C=CH), 
8 12-8 09 (m, 2H, PhSO2). 7 73-7 54 (m, 3H, PhSO2). 487 (d, lH, J= 5 9 Hz, CHO), 2 10 (m, lH, 

CH(CH3)2) and 101 (d, 6H, J=6 5 Hz, CH(C!&)2) ‘SC-NMR (CDCD) 8 164 5, 160 5, 137 8, 137 0, 
134 6, 129 3, 128 8.85 6,318, 17 8 and 17 5 Anal Calcd for Cl3Hl404S C, 58 63, H, 5 30 Found 
C, 5847, H, 543 

General procedure for the conjugate addition of Me3Al to Michael acceptors 3 
A solution of the Michael acceptor 3 (1 mmol) m dry dchloromethane (7 ml) was slowly added to a 

solution of Me3Al (4 mmol. 1 M solution m hexane) m dry dlchloromethane (3 ml) cooled at -20°C under 
argon The mixture was stirred for 1 h at -20°C Then, water (5 ml) and 5% HCl (5 ml) were added The 
organic phase was separated and the aqueous layer was extracted wtth dtchloromethane (2x50 ml) The 
combined orgamc layers were dned (Na25Q) and evaporated The residue was dissolved m ether (15 ml) 
and 2 7 M H2SO4 (12 ml) was added The mixture was stlrred at 60°C for 24 h The organic layer was 
separated and the aqueous phase was extracted with more ether (2x50 ml) The combned orgamc layers were 
dned (MgS04) and evaporated The product was puntied by flash chromatography 

(3R*,4S*,5R*)-4,5-Dihydro-4,5-dimethyl-3-(phenylsulfonyl)-2(3H)-furanone (8a) 
Eluent hexane-ethyl acetate 3 1 Yield 82% (208 mg of &I were obtamed from 3 14 mg of 3a) m p 

58-60°C IR (CHCl3) 2980, 1765, 1445, 1220,1150, 1080,1010,960 and 940 cm-l lH-NMR (CDCl3) 

8 7 99-7 91 (m, 2H. PhSCQ), 7 79-7 53 (m, 3H, PhSO2), 4 98 (q, lH, J= 6 6 Hz, CHO), 3 71 (d, lH, 
J= 4 3 Hz, CH), 3 35 (dq, IH, J= 4 3 and 7 1 Hz, CH), 133 (d, 3H, J= 6 8 Hz, CH3) and 1 21 (d, 3H, 

J= 6 8 Hz, CH3) 13C-NMR (CDCl3) 6 167 3, 136 8, 134 5, 129 0, 78 7, 71 1, 35 3, 15 5 and 14 1 
Anal Cakd for Cl2H14O4S C, 56 68, H, 5 55 Found C, 56 66, H, 5 63 

(3R*,4S*,5R*)-4,5-Dihydro-5-~sopropyl-4-methyl-3-(phenylsulfonyl)-2(3H)-furanone 
(3b) 
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Eluent he-e-ethyl acetate 6 1 Yield 88% (242 mg of a 125 1 mixture of 7b+8b were obtamed 
from 342 mg of 3b) This mixture was eqmhbrated to the most stable lactone 8b by treatment in basic 
condltlons (5% Na2CO3 m a 3 1 soluuon of water THF at rt for 24 h) IR (CHCl3) 2980. 2%5, 1765, 

1450, 1325, 1155 and 990 cm- 1 lo-NMR (CDC13) 8 7 9t3-7 89 (m, 2H, PhSO2), 7 79-7 53 (m, 3H, 
PhSO&, 4 49 (dd. lH, J= 5 3 and 10 3 Hz, CHO), 3 65 (d. 1H. J= 15 Hz. C&W&Ph), 3 42 (ddq, 1I-k 
J= 15, 5 3 and 7 2 Hz, CH), 188 (dh, 1H. J= 10 3 and 6 4 Hz, CH(CH3)2), 1 17 (d, 3H, J= 7 2 Hz 

CH3), 1 10 (d, 3H, J= 6 4 Hz, CH3) and 0 97 (d. 3H, J= 6 4 Hz, CH3) 13C-NMR (CDCl3) 8 167 2, 
136 9, 1344, 129 0, 1288,88 1,73 0,344,27 8. 19 5, 17 5 and 13 7 Anal Calcd for Cl&I1804S C, 
59 55, H, 6 42 Found C, 59 30, H, 6 50 

(3S,4R,5S)-4,5-Dihydro-4-methyl-5-pentyl-3-(pheny~sulfonyl)-2(3H)-furanone [(-)-8c] 
Eluent hexane-ethyl acetate 6 1 Yield 73% (226 mg of (-)-& were obtamed from 370 mg of (-> 

3~) [cz]~~D= -43” (c 1, CHC13) IR (CHCl3) 2980,1790, 1610, 1470, 1350, 1180. 1110 and 970 cm-l 

lH-NMR (CDCl3) 8 8 01-7 90 (m, 2H, PhSQ), 7 78-7 55 (m, 3H. PhSO;?), 4 81 (ddd, 1H. J= 4 7,6 2 
and 9 8 Hz, CHO), 3 69 (d, lH, J= 3 3 Hz, CiSC?$‘h), 3 36 (ddq, 1H. J= 3 3. 9 8 and 7 7 Hz, CH). 
172-l 23 (m, 8H, (CH2)4), 120 (d, 3H, J= 7 7 Hz, CH3) and 0 96-O 82 (m. 3H, CH3) 13C-NMR 

(CDCl3) 8 167 6, 137 0. 134 7, 129 2, 83 1, 72 3,35 1, 315,30 0. 25 4, 22 4, 14 4 and 13 9 Anal 
Calcd for Cl6H2204S C, 6194, H. 7 09 Found C, 6194, H, 6 % 

General procedure for the conjugate addition of organoaluminum reagents to butenolides 4 
A soluhon of the butenolrde 4 (1 mmol) m anhydrous &chloromethane (7 ml) was slowly added to a 

solution of R3Al(4 mmol) in anhydrous dlchloromethane (3 ml) cooled at -20°C under argon The mixture 
was stirred for 30-60 mm Then, water (5 ml) and 5% HCl (5 ml) were added The organic phase was 
separated and the aqueous layer was extracted with dlchloromethane (2x50 ml) The comhned orgamc layers 
were dned (Na2S04) and evaporated The crude lactones were purified and separated by flash 
chromatography (eluents and yields are indicated below for each case) 

(3S*,4R*,5R*)-4,5-Dihydro-4,5-dimethyl-3-(phenylsulfonyl)-2(3H)-furanone (lla) 
Reaction ttme 1 h A 3 1 mixture of lla+Sa was obtamed Eluent hexane ethyl acetate (5 1) Yield 

97% (246 mg of lla + 8a were obtamed from 238 mg of 4a) IR (CHCl3) 2985.2920,1765,1440.1320, 

1155, 1080 and 960 cm-l lH-NMR (CDCl3) S 8 OS-7 92 (m, 2H, PhSO2). 7 77-7 55 (m, 3H, PhSO2), 
4 10 (dq, lH, J= 83 and 62 Hz, CHO), 3 85 (d, lH, J= 10 1 Hz, CHSO2Ph), 277 (ddq, lH, J= 10 1, 
8 3 and 6 6 Hz, CH). 145 (d, 3H. J= 6 2 Hz, CH3) and 137 (d, 3H, J= 6 6 Hz, CH3) 13C-NMR 

(CDC13) 6 167 1, 137.1, 134.5, 129 6, 129 2, 81 1, 70 4, 39 7, 18 9 and 16 9.MS (EI). 254 (M+, l), 

190 (54), 175 (34), 141(26), 77 (78) and 69 (100) 

(3S*,4R*,5R*)-4,5-Dihydro-5-isopropyli4l;mb;thyl-3-(phenylsuIfonyl)-2(3H)-furanone 

Reaction time 30 mm A 12 5 1 mixture of llb+8b was obtamed Eluent hexane-ethyl acetate 6 1 
Yield 92% (259 mg of llh + 8b were obtamed from 266 mg of 4b and 4ml of 1M Me3Al m hexane) m p 

87 5-89°C IR (CHC13) 2990.2950, 1760, 1450, 1320, 1150 and 1020 cm-l lH-NMR (CDCl3) 6 8 O2- 
7 90 (m, 2I-L PhSqZ), 7 72-7 53 (m, 3H, PhSo2), 3 80 (d. 1H. J= 8 9 Hz, CWO2Ph). 3 80 (dd. lH, J= 
6 6 and 7 Hz, CHO). 2 94 (m, lH, CH), 191 (m, IH, CE(CH3)2). 138 (d. 3H, J= 7Hz, CH3). 0 98 (d, 

3H, J= 7 0 Hz, CH3) and 0 93 (d, 3H. J= 6 7 Hz, CH3) 13C-NMR (CDCl3) 8 167 1, 136 7, 1343, 
129 4, 128 9, 89 2, 70 4, 34 6. 31 1, 18 8, 18 3 and 16 8 Anal Calcd for Cl4Hl804S C, 59 55, H, 
642 Found C, 6004, H, 674 

(3S*,4R*,5R*)-4,5-Dihydro-4-ethyl-5-isopropyl-3-(phenylsulfonyl)-2(3H)-furanone 
(12b) 

Reaction time 30 mm Temperature -78’C A 33 1 mixture of 12b+13b was &tamed Eluent 
hexane-ethyl acetate 5 1 Yield 80% (237 mg of 12b were obtained from 266 mg of 4b and 4 ml of ~t3Al 
1M in hexane) m p 92-93’C IR (CHCl3) 2980, 1765, 1450. 1330, 1180, 1150, 1090 and 1010 cm-l 

lH-NMR (CDCl3) 6 7 9S-7 94 (m, 2H, PhSoZ), 7 76-7 55 (m, 3H, PhSO2). 3 85 (dd, lH, J= 7 6 and 
5 1 HZ, CHO). 3 85 (d, lH, J= 6 0 HZ, C&302Ph), 2 91 (m. 1H. CH), 194 (m, lH, J= 6 9 Hz, 
WCH3)2), 169 (m, 2H, CH2), 100 (t.3I-k J= 7 3 Hz, CH3), 0 99 (d, 3H, J= 6 9 Hz, CH3) and 0 97 
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(d, 3H, J= 6 9 Hz, CH3) 13C-NMR (CDCl3) 6 167 5, 137 0, 134 4, 129 4, 129 1, 89 0. 69 2, 40 0, 
32 2,27 4, 18 5, 17 6 and 10 6 Anal Calcd for Cl5H20O4S C, 60 81, H, 6 76 Found C, 60 42, H, 
6 81 

4,5-Dihydro-4-cyano-5-isopropyi-3-(phenyisuifonyi)-Z(3H)-furanone (15b+14b) 
Reachon hme 1 h A 2 3 1 mlxture of 15b+14b was obtamed Eluent hexane-ethyl acetate 7 1 

Yield 91% (34 mg of 15b and 15 mg of 14b were obtamed from 49 mg of 4b) IR (CHCl3, mixture of 
15b+14b) 2960, 2240, 1780, 1585, 1450, 1330, 1150, 1080 and 1000 cm-l Anal Calcd for 
C14H2004NS C. 57 14, H, 544, N, 476 Found C, 5679, H. 5 10, N, 458 

(3R*,4S*,SR*) (15b) m p 148-149°C lH-NMR (CDC13) 8 8 02-7 93 (m, 2H, PhS02). 7 86-7 61 
(m, 3H, PhSo;?), 4 49 (dd, lH, J= 6 4 and 10 Hz, CHO), 4 31 (dd, lH, J= 6 4 and 16 Hz, CHCN), 4 31 
(d, lH, J= 16 Hz, C@O2Ph), 2 20 (dh, lH, J= 6 5 and 10 0 Hz, CH(CH3)2), 1 23 (d, 3H, J= 6 5 Hz, 

CH3) and 1 13 (d, 3H, J= 6 5 Hz, CH3) 13C-NMR (CDCl3) 8 164 5, 135 7, 129 7, 129 5, 114 7,84 4, 
685,331,314,194and174 

(3S*,4R*,5R*) (14b): lH-NMR (CDC13) 8 8 10-S 02 (m, 2H. PhSO2), 7 85-7 60 (m, 3H, PhSO2), 
4 50 (d, lH, J= 9 6 Hz, CHSO2Ph), 4 3 (dd, lH, J= 8 3 and 7 0 Hz, CHO), 3 78 (dd, lH, J= 9 6 and 8 3 
Hz, CHCN), 2 12 (dh, lH, J= 7 0 and 6 7 Hz, CH_(CH3)2), 1 12 (d, 3H, J= 6 7 Hz, CH3) and 1 09 (d, 
3H, J= 6 7 Hz, CH3) 

General procedure for aikylation of y-butyrolactones 

To a sduuon of the y-butyrolactone (1 mmol) m DMF (5 ml) was added sodmm hydnde (2 mmol) at 
rt under argon The reactton was stirred at rt for 10 mm and then the correspondmg alkylatmg reagent (4 
mmol) was added The mtxture was stn~ed at 40°C for 24 h Water (5 ml) was added and the mixture was 
extracted with ether (2x20 ml) The combined organic layers were dried (MgSO4) and evaporated The 
residue was punfred by flash chromatography (the eluents and yields are lticated below for each case) 

(3S*,4S*,5R*)-4,5-Dihydro-3,4-dimethyi-5-isopropyi-3-(phenylsuifonyl)-2(3H)- 
furanone (16b) 

Fluent hexane-ethyl acetate 8 1 Yteld 80% (237 mg of a 12 1 mixture of 16b and 17b were 
obtamed from 282 mg of 7b+8b and 568 mg of MeI) m p 172-173°C IR (CHCl3) 2940. 1770, 1440, 

1310, 1160, 1150, 1070 and 980 cm- 1 1H-NMR (CDC13) 8 8 17-8 09 (m, 2H, PhSO2). 7 71-7 53 (m, 
3H, PhSO2), 3 % (dd, lH, J= 4 7 and 10 5 Hz, CHO), 2 76 (dq, lH, J= 4 7 and 7 1 Hz, CH), 2 07 (dh, 
lH, J= 10 5 and 6 5 Hz, cH_(CH3)2), 155 (d, 3H, J= 7 1 Hz, CH3). 150 (s, 3H, CH3), 1 11 (d, 3H, J= 

6 5 Hz, CH3) and 0 93 (d, 3H, J= 6 5 Hz, CH3) 13C-NMR (CDCl3) 6 171 6, 137 3, 1343, 131 4, 
1287, 860, 72 6, 43 8, 298, 205, 202, 178 and 105 Anal Calcd for Cl5H2004S C, 6079, H, 
6 80 Found C, 60 43, H, 6 70 

(3S*,4R*,5R*)-4,5-Dihydro-3,4-dimethyl-5-isopropyl-3-(phenyisulfonyi)-2(3H)- 
furanone (19b) 

Eluent hexane-ethyl acetate 8 1 Yield 87% (257 mg of 19b were obtamed from 212 mg of llb and 
568 mg of MeI) m p 64-66°C IR (CHC13) 2980,2960, 1755, 1450, 1310, 1145, 1085, 1010 and 980 

cm-l lH-NMR (CDC13) 6 8 01-7 93 (m, 2H, PhSO2), 7 75-7 51 (m, 3H, PhSO2), 3 80 (dd, lH, J= 4 3 
and 8 9 Hz, CH), 3 16 (dq, lH, J= 8 9 and 6 9 Hz, CH), 195 (dh, lH, J= 4 3 and 6 8 Hz, CH(CH3)2), 
149 (s, 3H, CH3), 1 22 (d, 3H, J= 6 9 Hz, CH3). 105 (d, 3H, J= 6 8 Hz, CH3) and 0 90 (d, 3H, J= 6 8 

Hz, CH3) 13C-NMR (CDCl3) 6 1718, 134 4, 131 1, 128 6, 87 9, 70 4, 36 5, 30 2, 19 3, 16 0, 14 2 
and 13 0 Anal Calcd for C 15H2OO4S C, 60 79. H, 6 80 Found C, 60 91, H, 6 99 

(3R*,4R*,~R*)-4,5-Dihydro-3,4-dimethyl-5-isopropyl-3-(methoxycarbonyimethyl)- 
\ 2(3H)-furanone (20b) 

Eluent hexane-ethyl acetate 8 1 Yield 81% (28’7 mg of 20b were obtamed from 282 mg of llb and 
612 mg of methyl bromoacetate), m p 103 5-105°C IR (CHCl3) 3030,2990, 1770, 1755, 1455, 1320, 

1155. 1090. 1010 and 915 cm- 1 1H-NMR (CDC13) 6 8 05-7 89 (m, 2H, PhSO2), 7 80-7 55 (m, 3H, 
PhS@), 4 04 (dd, lH, J= 6 6 and 8 4 Hz, CHO), 3 69 (s, 3H, CO2CH3), 3 25 (dq, lH, J= 8 1 and 7 1 
Hz, CH). 3 13 and 3 05 (AB system, lH, J= 17 4 Hz, OCH20), 186 (m, lH, CH(CH3)2), 1 17 (d, 3H, 
J= 7 2 Hz, CH3), 1 05 (d, 3H, J= 6 9 Hz, CH3) and 0 98 (d, 3H, J= 6 6 Hz, CH3) 13C-NMR (CDC13) 
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8 170 6, 169 7, 134 7. 133 6, 131 1. 128 8, 89 1, 72 2, 52 5, 35 8, 34 0. 313. 18 8. 17 1 and 13 6 
Anal Cakd for Cl7H22O6S C, 57 61, H. 6 26 Found C, 57 43, H, 6 34 

General procedure for the desulfonylation of a-suifonyibutyrolactones 

To a mtxture of 1 mmol of the correspondmg a-sulfonylbutyrolactone and 4 mmol of anhydrous 
drsodmm hydrogen phosphate m 10 ml of dry methanol was added at rt 15 g of pulverized 6% sodium 
amalgam (freshly prepared) The suspenston was shrred at rt durmg the hme mdtcated below for each The 
mtxture was poured mto water and tt was extracted wtth drchloromethane (2x15 ml) The combmed orgamc 
layers were dned (Na2SO4) and evaporated The &tone was purdied by flash chromatography 

(4R*,SR+)-4,5-Dihydro-4,5-dimethyi-2(3H)-furanone (cis-9a) 
Reachon ume 2 5 h EIuent hexane-ethyl acetate 10 1 Yield 95% (108 mg of cis-9a were obtamed 

from 254 mg of 8a) The spectral data were rdenhcal to those prevrously reported m the hterature (see ref 
19) lo-NMR (CDCl3) 8 4 67 (dq, lH, J= 6 and 6 8 Hz, CHO), 2 5-2 8 (m. 2H, CflCH3. Cm), 2 l-2 4 

(m, lH, CH2), 130 (d, 3H, J= 6 6 Hz. CH3) and 103 (d, 3H, J= 6 8 HZ, CI-Q) 13C-NMR (CDCl3) 6 
1769,769,369,334. 153and 139 

(4S*,5R*)-4,5-Dihydro-4,5-dimethyi-2(3H)-furanone (trans-9a) 
Reactron hme 15 h EIuent hexane-ethyl acetate 10 1 Yield 87% (99 mg of a 3 1 mtxture of trans- 

9a and cis-9a were obtamed from 254 mg of 8e + lla The spectral data were tdenhcal to those prevtously 

reported m the hterature (see ref 19) lH-NMR (CDC13) 8 4 15 (dq. lH, J= 7 8 and 6 3 Hz, CHO), 2 O- 

3 0 (m, 3H, CH2CI-I). 14 (d, 3H, J= 6 Hz, CH3) and 1 1 (d. 3H, J= 6 Hz, CH3) i3C-NMR (CDC13) 8 
176 1,83 4,38 2,37 2. 19 1 and 16 7 

(4R*,5R*)-4,5-Dihydr-5-isopropyi-4-methyi-2(3H)-furanone (cis-9b) 
Reactton ttme 6 5 h Eluent hexane-ethyl acetate l@ 1 Yield 60% (85 mg of cis9b were obtamed 

from 282 mg of 7b + 8b) IR (CHC13) 3000, 1760, 1475, 1190, 1170, 1010 and 950 cm-l lH-NMR 

(CDCl3) 8 3 95 (dd, lH, J= 4 6 and 10 2 I-k, CHO), 2 75 (dd, lH, J= 7 4 and 6 7 Hz, CH2)), 2 55 (ddq, 
lH, J= 6 9,46 and 0 7 Hz, C@ZH3), 2 21 (dd. lH, J= 67 and 0 7 Hz, CH2). 191 (dh, lH, J= 10 2 
and 6 6 Hz, CH(CH3)2), 109 (d, 3H, J= 7 Hz, CH3), 0 99 (d, 3H. J= 7 Hz, CH3) and 0 91 (d, 3H, J= 

6 6 Hz, CI$j) i3C-NMR (CDCl3) B 176 9,89 1,38 9,32 2,28 1.20 1, 17 7 and 13 4 

(4S*,5R*)-4,5-Dihydro-5-isopropyi-Cmethyi-2(3H)-furanone (trans-9b) 
Reaction ume 3 h Eluent hexane-ethyl acetate 10 1 Yreld 83% (118 mg of trans-9b were 

obtamed from 282 mg of llb) IR (CHC13) 2990,1760, i465,1265,1170,1005,980 and 910 cm-l lo- 

NMR (CDC13) 6 3 86 (dd. lH, J= 6 and 6 Hz, CHO), 2 71 (dd, 1H. J= 8 3 and 17 Hz, CH2). 2 36 (dh, 
lH, J= 6 6 and 8 2 Hz, CHCH3). 2 18 (dd, lH, J= 7 9 and 17 0 Hz. CH2), 185 (m. lH, CH(CH3)2), 
1 16 (d, 3H, J= 66 Hz, CH3). 101 (d, 3H, J= 67 Hz, CH3) and 098 (d, 3H. J= 67 Hz, CH3) 13C- 

NMR (CDCl3) 6 176 6.92 0,37 2.32 4,315, 19 2, 18 6 and 17 3 MS (EI) 142 (0 78, M+), 114 (23) 
99 (100). 84 (21). 71 (61) and 56 (16) 

(-)-(4S,SS)-Cognac Lactone [(-)-9c] 
Reachon ume 1 h Yteld 93% (188 mg of 9e were obtamed from 310 mg of &) [a]*% -73” (c 1, 

CHC13) tH-NMR (CDC13) b 4 44 (m, 1H. CHO). 2 67 (dd, lH, J= 16 7 and 7 8 Hz, CH2), 2 57 (m, 
lH, CI-I), 2 17 (dd, lH, J= 16 7 and 3 8 HZ, CH2), 120-l 68 (m. 8H, (CH2)4). 0 97 (d, 3H, J= 7 0 Hz, 
CH3) and 0 87 (t, 3H, J= 6 9 Hz, CH3) W-NMR (CDCl3) 6 176 9.83 7.37 5.33 0,316, 29 8, 25 5, 
22 5, 14 0 and 13 8 The spectral data were rdenucal to those prevtously reported m the hterature (see ref 
7) 

(3S*,4R*,5R*)-4,5-Dihydro-3,4-dimethyi-5-isopropyi-2(3H)-furanone 
(cis,cis-18b) 

Reactton ttme 2 h EIuent hexane-ethyl acetate 101 Yield 68% (106 mg of cis,cis-18b were 
obtamed from 295 mg of 16b + 17b) IR (CHCl3) 2995.2900, 1760, 1460, 1175,985 and 955 cm-l 

lH-NMR (CDCl3) b 3 80 (dd, 1H. J= 4 2 and 10 6 Hz, CHO). 2 78 (q. 1H. J= 7 2 Hz, CHCO), 2 48 
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(dq, lH, J= 4 2 and, 7 1 Hz, CHCH3). 186 (dh. lH, J= 10 6 and 6 5 Hz, CH(CH3)2), 1 15 (d, 3H, J= 
6 5 Hz, CH3), 1 OS (d, 3H, J= 6 5 Hz, CH3), 0 89 (d, 3H, J= 6 7 Hz, CH3) and 0 83 (d, 3H. J= 7 1 Hz, 

CH3) 13C-NMR (CDCl3) 6 179 2,87 4,414,36 7,27 8,20 2, 17 4,9 7 and 7 8 MS@) 128 (6, M+- 
‘Pr), 113 (100). 100 (20), 97 (6), 84 (26), 69 (30) and 56 (69) 

(3S*,4S*,5R*)-4,5-Dihydro-3,4-dlmethyl-5-isopropyl-2(3H)-furanone 
(trans,trans-lllb) 

Reacuon hme 2 5 h Eluent. hexane-ethyl acetate 10 1 Yield 92% (143 mg of trans,trans-18b 
were obtamed from 295 mg of 19b) IR (CHCl3) 2990, 1760. 1420, 1360, 1220. 1010,980 and 920 

cm-l lH-NMR (CDCl3) 8 3 78 (dd, lH, J= 4 7 and 9 3 Hz, CHO), 2.21 (dq. 1H. J= 7 0 2nd 110 Hz, 
CH), 188 (m, 2H, CH and CH), 123 (d, 3H, J= 7 1 Hz, CH3). 1 14 (d, 3H, J= 6 5 Hz, CI-@), 104 (d, 

3H, J= 6 9 Hz, CH3) and 0 98 (d, 3H, J= 6 8 Hz, CH3) 13C-NMR (CDCl3) 6 178 0, 89 4,43 5,41 3, 
30 7, 19 2, 17 0, 16 4 and 13 3 MS(GC) 156 (15, M+), 128 (7), 113 (lOO), 85 (15), 69 (40) and 56 
(86) 

J-Isopropyl-3-(methoxycarbonylmethyl)-4-methyl-2(5H)-furanone (22b) 

To a solution of 20b (177 mg, 0 5 mmol) m dry dlchloromethane (5 ml) was slowly added DBU 
(112 pl, 0 75 mmol) at rt under argon The solution was stirred for 1 h, then 5% HCl (5 ml) was added 
The orgamc layer was separated and the aqueous layer was extracted wrth dlchloromethane (2x20 ml) The 
combmed orgamc layers were dned (Na2SO4) and evaporated The residue was punfied by chromatography 
(hexane-ethyl acetate 5 1) to give 22b (68 mg, 64%) IR (CHCl3) 2990, 1770, 1750. 1445, 1320, 1180, 

1065, 1010 and 990 cm-l lH-NMR (CDCl3) 6 4 75 (sb, lH, CH-0), 3 70 (s. 3H, CH30). 3 35 and 3 31 
(AB system, 2H, J= 16 9 Hz, CH2), 2 14 (dh, lH, J= 2 4 and 7 0 Hz, CH(CH3)2), 198 (s, 3H, CH3), 

1 18 (d, 3H, J= 7 Hz, CH3) and 0 72 (d, 3H, J= 6 9 Hz, CH3) 13C-NMR (CDC13) 6 173 5, 169 8, 
162 3, 1217.87 5,52 2, 29 7,28 6, 19 7, 13 5 and 12 5 MS (EI) 212 (6, M+), 181 (lo), 170 (47), 138 
(29), 110 (100) and 82 (9) HRMS Calcd for CllH1604 212 1039 Found 212 1039 
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