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Chiral Sulfoxides in Asymmetric Synthesis: Enantioselective 
Synthesis of the Lactonic Moiety of (+)-Compactin and 
(+)-Mevinolin. Application to a Compactin Analogue 
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The lactonic part of (+)-compactin and (+I-mevinolin as well as a compactin analogue were 
synthesized in an enantioselective way from a j3,d-diketo sulfoxide easily obtained by the reaction 
of the trianion of methyl 3,5-dioxohexanoate with (-)-menthyl (S)-p-toluenesulfinate. The main 
reaction was the two-step stereoselective reduction of /?,&diketo sulfoxide without any protective 
group- 

Since their discovery at the end of the seventies, 
compactin (la) and mevinolin (lb) have attracted a 
growing interest for their biological activity as potent 
inhibitors of 3-hydroxy-3-methylglutaryl coenzyme A 
reductase (HMGR). As seen from their structure, the 
lactonic moiety, a masked dihydroxy acid, is closely 
related to the natural substrates of HMGR, which 
catalyzes the conversion of 3-hydroxy-3-methylglutaryl 
coenzyme A to mevalonic acid. This enzyme is one of the 
most important enzymes involved in the biosynthesis of 
cholesterol in the cells, and its regulation for the control 
of cholesterol level in the blood is of prime imp0rtance.l 

Many syntheses of these substances have been already 
reported and reviewed2 as well as the synthesis of new 
analogues in which only the lactonic part, which, in its 
open form mimics mevalonic acid, was retained, the 
southern lipophilic moiety being replaced by more acces- 
sible aromatic derivatives.2 

A large number of publications reported mainly the 
synthesis of the lactonic moiety of compactin with two 
asymmetric carbons in the (RS) configuration. Different 
strategies have been used: many started from the chiral 
pool [(SI-malic acid,3a L-glutamic acid,3b*C tartaric acid,3d 
or carbohydrate~~~-gI; others described asymmetric syn- 
theses [asymmetric Diels-Alder reaction,3b diastereose- 
lective aldol condensation,3' or enantioselective reduction 
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Figure 1. 

of /?,&diketo esters with a chiral Ruthenium catalyst3j 
or bakers' y e a ~ t ~ ~ J  1. 

We report in this paper a short and efficient asym- 
metric synthesis of a compactin analogue (+)-(R3)-2,  
based on the stereoselective reduction of (+)-(R) methyl 
3,5-dioxo-6-(p-tolylsulfinyl)hexanoate (4) as shown on the 
retrosynthetic Scheme 1. Compound 4 was prepared in 
one step by reaction of the trianion of methyl 3,5- 
dioxohexanoate with (-)-menthyl (SI-p-toluenesulfinate. 

The diketo ester 6 was readily obtained in one step by 
a known procedure4 from commercially available de- 
hydro acetic acid 5 (Scheme 2). The trianion of 6, 
prepared in THF at 0 "C with 1 equiv of NaH and 2 equiv 
of t-BuLi or sec-BuLi, reacted rapidly at 0 "C with (-1- 
menthyl (S)-p-toluenesulfinate5 to afford the correspond- 
ing diketo sulfoxide (+)-(R)-4. This new method is a 
convenient and short route to diketo sulfoxides which 
were obtained in our previous studies either by reaction 
of the anion of (R)-methyl-p-tolyl sulfoxide6 on a /?-keto 
ester, or dianions of j3-diketonesl on menthyl p-toluene- 
sulfinate, or dianion of (R)-(p-tolylsulfinyl)-2-propanones 
on an ester. IH NMR of compound 4 showed as 
expected6-8 that only the 8-carbonyl was entirely enolized 
(one vinylic hydrogen giving a singlet at 5.65 ppm). 
Therefore, following our previous results,6-8 the enanti- 
oselective reduction of the /I-carbonyl of the (R)-/?,d- 
dicarbonyl sulfoxide 4 was carried out with 2 equiv of 
DIBAL in THF at -78 "C. Only one diastereomer of the 
resulting [B(S),S(R)]-methyl 5-hydroxy-3-oxo-6-(p-tolyl- 
sulfinyl)hexanoate, 7, was detected by 200 MHz lH NMR 
of the crude product. The yield in isolated product was 
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(5) SolladiB, G.; Hutt, J.; Girardin, A. Synthesis 1987, 173. 
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only 44%, due to some product decomposition (about 15%) 
during the chromatographic purification on metal-free 
silica gel. However this yield is still acceptable because 
of the absence of any additional step to protect the other 
reducible groups. The (S) absolute configuration of the 
created hydroxylic center was deduced from our previous 
studies7s8 and will be confirmed in the known final 
product. 

The ketone in compound 7 was only 9% enolized (one 
doublet at 4.12 ppm, J = 3.4 Hz, corresponding to OH). 
It was diastereoselectively reduced in the next step with 
diethylmethoxyborane and sodium b~rohydride,~ giving 
in quantitative yield the syn-diol8 (de > 98%), which was 
finally transformed to the corresponding acetonide 9. 

The relative syn configuration was confirmed by 13C 
NMR of the acetonide: the two methyl groups at 20.0 

J. Org. Chem., Vol. 60, No. 24, 1995 7775 

Scheme 3 

K 1) Raney Ni, 73% 

2) CO3K2, 78% 0 0 0  

K 0 0 0  

M e o w  
OH 

11 

I 

1)Benzylation , 
2)AcOH/H20 I 

v 
4 

EH,OBn 

13 

Scheme I l l  

OAC 10 

1) Swem, 81% 
2) Ph3P=CHPh,65% 

I 3) Hp, Pd/C, AcOEt,96% 

0 O K 0  

Me0 Ph 

12 

and 30.2 ppm are characterictics of a syn-diol acetonide 
according to literaturelo (the values for an anti-diol 
acetonide are between 24 and 25.5 ppm). 

Pummerer reaction, desulfurization, and acetate hy- 
drolysis of the intermediate allowed finally a high yield 
transformation of the sulfinyl acetonide 9 into the hy- 
droxy ester (3R,5S)-ll (Scheme 3). Finally the primary 
alcohol of compound 11 was transformed by Swern 
oxidation into the corresponding aldehyde which was 
submitted to a Wittig reaction with benzyltriphenylphos- 
phonium ylide and the resulting olefin (a 85/15 ZIE 
mixture) catalytically reduced with PdX to the ester 12. 

Acetic acid hydrolysis of the acetonide led finally 
directly to the 4(R),6(R) lactone 2, a compactin analogue 
showing all the characteristics described in literature.'O 

This method can be easily extended to the synthesis 
of all the four possible stereomers of molecule 2 by using 
a (R)  or (SI configuration at sulfur and reducing the 
corresponding /?-hydroxyd-keto sulfoxide into a syn-diol 
(as in this paper) or an anti-diol (with tetramethylam- 
monium triacetoxyborohydride, a reagent we used al- 
ready for nonactic acid synthesis8). We would like also 
to point out that protection of the primary hydroxylic 
group in the intermediate 11 with a benzyl group would 
allow the formation of the functionalized lactone 13 which 
can be used for the total synthesis of compactin itself or 
mevinolin. 

(9) Chen, K. M.; Hardtmann, G. E.; Prasad, K.; Repic, 0.; Shapiro, 
M. J. Tetrahedron Lett. 1987, 28, 155. 

(10) Rychnovsky, S. D.; Griesgraber, G.; Zeller; Shalitzky, D. J. J. 
Org. Chem. 1991,56, 5161. 
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Experimental Section. 

Methyl 3,5-Dioxohexanoate (6). The dioxo ester 6 was 
synthesized according to l i t e r a t ~ r e . ~  The crude product was 
distilled under reduced pressure (91 "C/0.6 mmHg) to afford 
a colorless liquid in 83% yield. The lH NMR indicated the 
presence of 83% of an enol form. 'H NMR (200 MHz, CDC13): 
enol, 6 15.08 (br s, lH), 5.60 (s, lH), 3.73 (5, 3H), 3.33 ( 8 ,  2H), 
2.06 (s, 3H); ketone, 3.73 (s,5H), 3.56 (s,2H), 2.24 (s,3H). 13C 
NMR (CDC13): enol, 6 190.7, 187.7 168.6, 101.1, 45.5, 53.0, 
24.9; ketone: 202.2, 197.4, 57.8, 49.7, 31.3. 

(+)-@)-Methyl 3,5-Dioxo-6-(p-tolylsulfinyl)hexanoate 
(4). To a suspension of NaH (2.2 g, 1.2 equiv) in dry THF 
(250 mL) was dropwise added at 0 "C a solution of methyl 33- 
dioxohexanoate (6) (12.1 g, 0.0765 mol) in THF (25 mL). The 
mixture became rapidly a thick white suspension. At 0 "C, 
tert-butyllithium (10 g of a 1.5 M pentane solution, 2.04 equiv) 
was then quickly added with a cannula over a period of 15 
min. The solution turned yellow, orange, and finally deep red 
as the addition progressed. The (-)-menthyl (S)-p-toluene- 
sulfinate5 (11.31 g, 0.5 equiv) in solution in THF (35 mL) was 
then dropwise added within 20 min. Stirring at 0 "C was 
continued for an additional 40 min until all the sulfinate was 
consumed (TLC). The reaction was quenched with saturated 
NH4Cl (10 mL), diluted with AcOEt (250 mL), and then 
acidified to pH 1 with 1 N HC1 (170 mL) and concd HzS04. 
The aqueous layer was extracted with AcOEt (3 x 150 mL). 
The combined organic layers were washed with brine (100 mL), 
dried over MgS04, and filtered before concentrated. The crude 
oily residue was purified by rapid chromatography on metal- 
free silica gel" (hexane and CH2C12) to give an orange oil which 
was crystallized (CH2Clddiethyl ether) to afford 4 as pale 
yellow prisms (7.73 g, 68%). [ a l ~  = $261 (c = 0.98; CHC13); 
mp = 55-56 "C. lH NMR (200 MHz, CDC13): This product 
was entirely enolized; 6 14.51 (br s, lH), 7.51 (A fragment of 
an (AB12 system, 2H, JAB = 8 Hz, Av = 37 Hz), 7.32 (B 
fragment of an (AB12  system, 2H, JAB = 8 Hz, Av = 37 Hz), 
5.65 (s, lH), 3.72 (5, 3H,), 3.69 (A fragment of an AB system, 
lH, JAB = 14 Hz, Av = 17 Hz), 3.58 (B fragment of an AB 
system, lH, JAB = 14 Hz, Av = 17 Hz), 3.35 (s, 2H), 2.40 (s, 
3H). '3C NMR (CDCls), 6 188.9, 167.4, 179.6, 142.4, 139.6, 
130.2, 124.1, 102.8, 64.9, 45.3, 52.6, 21.6. Anal. Calcd for 
C14H1605S: C, 56.74; H, 5.44. Found: C, 56.67; H, 5.53. 
(+)-[5(S),S(R)1-Methy15-Hydroxy-3-0~0-6-@-tolylsulfi- 

ny1)hexanoate (7). To a solution of the P,d-diketo sulfoxide 
4 (5.88 g, 0.0198 mol) in THF (350 mL) was dropwise added 
(15 min) at -78 "C a solution of DIBAL-H (40.5 mL of a 1 M 
solution in toluene, 2 equiv). Stirring was continued for 15 
min before adding MeOH (80 mL). After 1 h, the solution was 
stirred 0.5 h at room temperature and then evaporated to 
afford a fine orange powder which was dissolved in AcOEt (300 
mL), and saturated disodium L-tartrate dihydrate (20 mL) was 
added, This mixture was stirred overnight at room temper- 
ature and then acidified to pH 4 with concd HC1. The aqueous 
layer was extracted with AcOEt (2 x 150 mL) and saturated 
with NaCl and extracted with AcOEt (150 mL). The combined 
organic layers were washed with brine, dried (MgS041, and 
concentrated to  afford a solid residue. The crude product was 
purified by rapid chromatography on metal-free silica gel1' 
(AcOEt/CHzC12: 111) and the resulting solid recrystallized 
(CH2Clddiethyl ether) to give colorless crystals (2.61 g, 44%, 
de > 98%, 9% of enol form identified by a doublet at 4.12 ppm, 

0.90, acetone), mp = 120-121 "C. 'H NMR (200 MHz, CDCl3), 
6 7.52 (A part of an ( A B 1 2  system, 2H, JAB = 8 Hz, Av = 33 
Hz), 7.35 (B part of an ( A B ) 2  system, 2H, JAB = 8 Hz, Av = 33 
Hz), 4.62 (m, lH, X part of an ABX system), 4.21 (d, lH,  J = 
2 Hz), 3.71 (s, 3H), 2.90 (AB fragment of an ABX system, 2H, 
JAB = 13.4 Hz, JAX = 9.4 Hz, JBX = 2.4 Hz, Av = 59 Hz), 3.47 
(s, 2H), 2.79 (d, 2H, J = 6 Hz), 2.42 (9, 3H). "C NMR (CDCls), 
6 201.5,167.2, 141.8,139.2,130.2, 124.0,63.5,60.4,49.6,49.0, 
52.5, 21.4. Anal. Calcd for C14H1805S: C, 56.36; H, 6.08. 
Found: C, 56.30; H, 6.21. 

J = 3.4 Hz).  ID = +213 (C = 1.48; CHCl3), [UID = +153 (C = 

Solladie et al. 

(+)-[3(R),S(S),S(R)I.Methyl 3,5-Dihydroxy 6-@-tolyl- 
sulfiny1)hexanoate (8). A solution of the hydroxy sulfoxide 
7 (1.089 g, 3.65 mmol) in a THF/MeOH mixture (35 mU7 mL; 
5:l) was cooled at -78 "C. After rapid addition (2 min) of a 
solution of 1 M EtzBOMe in THF (4 mL, 1.1 equiv), a white 
precipitate appeared. Stirring was continued during 20 min 
before addition of NaBH4 (178 mg, 1.3 equiv) at one time which 
led to  a homogeneous solution. After 4 h at -78 "C, AcOH (4 
mL) and saturated NaHC03 (60 mL) were added at room 
temperature until pH 7. The aqueous layer was extracted with 
AcOEt (3 x 150 mL), and the combined organic layers were 
dried (MgS04) and concentrated. The yellow oil was then 
submitted three times to  azeotropic distillation with MeOH 
(3 x 50 mL). The product was then purified by rapid 
chromatography on treated silica gel" (AcOEt) to afford a light 
yellow oil, which crystallized at low temperature (4 "C), (1.09 
g, 99.4%, de > 98%). [ a l ~  = -1-220 (c = 1.03; CHC131, [a$ = 
+219 (c = 0.49; CHCls), mp = 92-94 "C. 'H NMR (200 MHz, 
CDCls), 6 7.47 (A part of an (AB)z  system, 2H, JAB = 8 Hz, Av 
= 39.6 Hz), 7.27 (B part of an ( A B 1 2  system, 2H, JAB = 8 Hz, 
Av = 39.6 Hz), 5.05 (br s, lH), 4.43 (m, lH), 4.27 (m, 2H), 3.61 
(8 ,  3H), 2.83 (AB part of an ABX system, 2H, JAB = 13.2 Hz, 
JAX = 9.8 Hz, JBX = 2.5 Hz, Av = 30 Hz), 2.43 (d, 2H, J = 6 
Hz), 2.35 (s, 3H), 1.76-1.49 (m, 2H). 13C NMR (CDCld, 6 
172.9, 142.2, 140.3, 130.6, 124.5, 68.1, 66.5, 64.2, 42.7, 42.2, 
52.3, 21.9. Anal. Calcd for C14HzoOsS: C, 55.98; H, 6.71. 
Found: C, 56.23; H, 6.72 

(+)-[3(R), 5(S),S(R)]-Methyl syn-3,5-(Isopropylidene- 
dioxy)-6-@-tolylsulfinyl)hexanoate (9). The dihydro sul- 
foxide 8 (1.17 g, 3.89 mmol) and catalytic p-TsOH (15 mg, 
0.13% w/w) were dissolved in acetone (62 mL) and 2,2- 
dimethoxypropane (6.25 mL). Stirring at room temperature 
(3 h) was continued until all starting material disappeared 
(TLC). All solvents were removed, the crude product was then 
diluted in CHzClz (100 mL), and saturated NaHC03 (10 mL) 
was added. The mixture was stirred 15 min at room temper- 
ature and diluted with water (50 mL). The aqueous layer was 
extracted with CHzClz (2 x 50 mL), and the combined organic 
layers were washed with water (100 mL), dried (MgS041, and 
concentrated to afford 9 as sharp colorless needles (1.3 g, 98%). 
[ u ] ~  = +195 (c = 1.37, CHCls), mp = 110-111 "C. lH NMR 
(CDCl3), 6 7.43 (A part of an (AB12 system, 2H, J A ~  = 8 Hz, Av 
= 42.2 Hz), 7.21 (B part of an (AB)2 system, 2H, JAB = 8 Hz, 
Av = 42.2 Hz), 4.47-4.31 (m, lH), 4.30-4.14 (m, lH), 3.53 (s, 
3H), 2.43 (m, 2H), 2.32 (AB part of an ABX system, 2H, JAB = 
15.6 Hz, J a  = 7 Hz, JBX = 6 Hz, AV = 37.5 Hz), 2.26 (s, 3H), 
1.49 (dt, lH,  Jgem = 12 Hz. 3J = 2 Hz), 1.40 (s, 3H), 1.27 (s, 
3H), 1.27-1.05 (m, 1H). 13C NMR (CDC131, 6 171.2, 141.9, 
141.8,99.8,130.3,124.1,66.0,63.7,65.0,41.3,36.2,51.9,30.2, 
21.7, 20.0. Anal. Calcd for C17H2405S: C, 59.98; H, 7.11. 
Found: C, 60.04; H, 7.33. 

(3R,W-Methyl ~ ~ ~ x y ~ S s - ( ~ p ~ p y ~ d e n ~ o ~ ) -  
6-(p-tolylthio) hexanoate (10). Anhydrous sodium acetate 
(4.4 g, 10 equiv) was added to the sulfoxide 9 (1.80 g, 5.28 
"01). Acetic anhydride (130 mL) was then added, and the 
mixture was refluxed for 10 h at 135 "C. After cooling, the 
brown heterogeneous solution was filtered over Celite and the 
solvent removed by azeotropic distillation with toluene (4 x 
50 mL). The resulting solid deep brown was diluted in CH2- 
Cl2 (50 mL) and filtered on Celite. The crude product was 
purified by column chromatography on silica gel (CH2C12) to 
afford 10 as an orange brown oil (1.98 g, 97%), a mixture of 
the two isomers at the (26 position in a 54/46 ratio which were 
not separated; one is solid and the other liquid. 'H NMR (200 
MHz, CDCl3), 6 7.35 (A part of an (ABh system, 2H, JAB = 8 
Hz, Av = 56.2 Hz), 7.07 (B part of an (AB12 system, 2H, JAB = 
8 Hz, Av = 56.2 Hz), 6.00 (d, lH, J = 5.4 Hz, major isomer), 
5.94 (d, lH, J = 5.4 Hz, minor isomer), 4.30-4.15 (m, lH), 
4.10-3.90 (m, lH), 3.64 (s, 3H), 2.45 (AB part of an ABX 
system, 2H, JAB = 15.8 Hz, JAX = 7 Hz, JBX = 6 Hz, Av = 36.5 
Hz), 2.28 (s, 3H), 2.01 (9, 3H),1.74 (dt, lH, J,,, = 12,8 Hz, 3J 
= 2.4 Hz, major isomer), 1.65 (dt, lH, Jgem = 14.4 Hz, 3J= 2.4 
Hz, minor isomer), 1.38 (s, 3H, major isomer), 1.34 (s, 3H, 
major isomer), 1.36 (s, 3H, minor isomer), 1.34 (s, 3H, minor 
isomer), 1.46-1.22 (m, 1H). l3C NMR (CDCl3), 6 171.6, 170.2, 
170.0, 139.1, 139.0,128,6, 128.2, 99.9,99.8,134.7,134.3,130.3, (11) Hubbard, J. S.; Harris, T. M. J. Org. Chem. 1981, 46, 2566. 
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130.2, 83.3, 83.1, 70.8, 70.1, 66.0, 65.9, 41.5, 33.1, 32.6, 51.2, 
30.3,21.7,21.5,21.4,20.0. And. CdcdforClgHz~O6: c, 59.67; 
H, 6.85. Found: C, 56.00; H, 5.00. 
(+)-(3R,SS)-Methyl6-Hydroxy9yn-3,5-(isopropylidene- 

dioxy) hexanoate (11). (1) Nickel Raney was added by 
portions to a solution of compound 10 (1.29 g, 3.37 mmol) in 
MeOH (90 mL, 0.04 M). The reaction at room temperature 
was followed by TLC (AcOEt/ CHzCl2 kl). The mixture was 
carefully filtered on Celite and the solid washed with MeOH. 
After evaporating the solvent, the product could be purified 
by rapid chromatography on silica gel (AcOEt/CH&lz 13) to 
afford white crystals (0.641g, 73%) of (+)-(3R,BS)-methyl 
6-acetoxy-3,5-(isopropylidenedioxy)hexanoate. [ah = +12 (c 
= 0.92, CHCl3); mp = 49-50 "C. 'H NMR (200 MHz, CDCM, 
6 4.32 (tdd, lH,  J = 12 Hz, J = 6 Hz, J = 3 Hz), 4.17-4.05 (m, 
lH), 4.04-3.94 (m, 2H), 3.67 (s, 3H), 2.47 (AB part of an ABX 
system, 2H, JAB = 15.7 Hz, JAX = 6.7 Hz, JBX = 6.2 Hz, Av = 
39 Hz), 2.06 (s, 3H), 1.61 (dt, lH, J,,, = 12.6 Hz, 3J= 2.4 Hz), 
1.45 (s,3H), 1.37 (s, 3H), 1.33-1.13 (m, 1H). I3C NMR (CDCld, 
6 171.8,171.5,99.7,67.7,66.1,67.6,41.7,43.2,52.3,30.5,21.5, 
20.2. Anal. Calcd for ClzHzoOs: C, 55.37; H, 7.74. Found: 
C, 55.41; H, 7.81. 

(2) An aqueous solution of KzC03 (927 mg/6 mL) was 
dropwise added to a stirred solution of the preceding compound 
(706 mg, 2.7 mmol) in MeOH (70 mL). The colorless solution 
turned to light yellow with a white precipitate. After stirring 
at room temperature for 3 h, water (50 mL) and solid NHlCl 
were added until pH 7. AcOEt (50 mL) was added and the 
aqueous layer was extracted with AcOEt (3 x 50 mL), then 
saturated with solid NaCl and extracted again with AcOEt (3 
x 50 mL). The combined organic layers were dried (MgS04) 
and evaporated to afford 11 as a colorless liquid (459 mg, 78%). 

4.33 (tdd, lH, J = 11.4 Hz, J = 6.4 Hz, J = 2.6 Hz), 4.00 (m, 
lH), 3.67 (s, 3H), 3.53 (AB part of an ABX system, 2H, JAB = 
11.5 Hz, J m  = 6.0 Hz, JBX = 2.5 Hz, AV = 26 Hz), 2.47 (AB 
part of an ABX system, 2H, JAB = 15.6 Hz, JAX = 6.9 Hz, JBX 
= 6.1 Hz, AV = 39 Hz), 2.18 (br S, lH),  1.50 (dt, lH ,  Jgem = 
13.2 Hz, 3J= 2.8 Hz), 1.46 (s, 3H), 1.37 (9, 3H), 1.40-1.21 (m, 
1H). 13C NMR (CDCls), 6 171.8, 99.5, 70.1, 66.0, 66.3, 41.6, 
32.4, 52.1, 30.4,20.2. Anal. Calcd for C10H1805: C, 55.03; H, 
8.31. Found: C, 54.92; H, 8.19 
(+)-(3R,5ZZ)-Methyl7-Phenyl-3,5-(isopropylidenedioxy)- 

heptanoate (12). (1) DMSO (0.320 mL, 6 equiv) was dropwise 
added at -75 "C to a solution of oxalyl chloride (0.200 mL, 3 
equiv) in CHzClz (5 mL). After 10 min the alcohol 11 (156.9 
mg, 0.718 mmol) diluted in CHzClz (5 mL) was slowly added. 
The heterogeneous mixture was stirred for 1.5 h and the 
temperature raised to  -40 "C. The flask was cooled at -50 
"C before adding NEt3 (1.2 mL, 12 equiv) and then stirred at 
room temperature for 1 h. CHzClz (4 mL) was added to get a 
homogenous solution. After completion (TLC) the reaction was 
first quenched with CH&12 (20 mL) and saturated NHlCl(20 
mL) and then neutralized with 10% HCl(2 mL). The organic 
layer was washed with water (3 x 50 mL) and brine (20 mL) 
and then dried (MgS04). Evaporation of the solvent afford 
(3R,5S)-methyl 6-formyl-syn-3,5-(isopropylidenedioxy)hex- 
anoate (slight yellow oil, 125 mg, 80.7%) which was used in 
the next step without further purification. lH NMR (200 MHz, 
CDC13), 6 9.53 (s, lH), 4.41-4.19 (m, 8H), 3.65 (s, 3H), 2.46 
(AB part of an ABX system, 2H, JAB = 15.8 Hz, JAX = 6.9 Hz, 
JBX = 6.0 Hz, AV = 35 Hz), 1.81 (dt, lH, Jgem = 12.8 Hz, 3J = 
2.8 Hz), 1.45 (s, 3H), 1.41 (s, 3H), 1.4-1.2 (m, 1H). 13C NMR 
(CDC13), 6 201.4, 171.5, 99.9, 74.3, 65.9, 41.5, 31.2, 52.3, 30.2, 
19.9. 

 ID = $9.7 (C = 1.85, CHC13). 'H NMR (200 MHz, CDCls), 6 
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(2) To a solution containing benzyl triphenylphosphonium 
bromide (204 mg, 1.13 equiv) in dry THF (5 mL) was added at 
room temperature a solution of nBuLi in hexane (1.5 M, 0.320 
mL, 1.15 equiv). After stirring for 10 min the preceding 
aldehyde (90 mg, 0.416 mmol) diluted in dry THF (10 mL) was 
dropwise added to the red-orange Wittig reagent. The reaction 
was stirred for 4 h at room temperature to afford a yellow 
solution with a white precipitate. Then CHzClz (50 mL) and 
a saturated solution of NHdCl(60 mL) were added until pH 6. 
The aqueous layer was extracted with CHzClz (2 x 50 mL), 
and the combined organic layers were dried (MgS04) and 
concentrated, and the crude product was purified by column 
chromatography on silica gel (CH2C12) giving (3R,SS)-methyl 
7-phenyl-syn-3,5-(isopropylidenedioxy)-6-heptenoate as a 851 
15 ZIE  mixture of a slight yellow oil and white crystals (79.1 
mg, 65.5%).'H NMR (200 MHz, CDC13), 6 7.40-7.21 (m, 5H), 
6.62 (d, lH, J = 11.4 Hz, Z and E isomer), 6.61 (d, lH,  J = 
16.4 Hz, E isomer), 6.16 (dd, lH, J = 16 Hz, J = 6.2 Hz, E 
isomer), 5.60 (dd, lH, J = 11.4 Hz, J = 8.6 Hz, Z isomer), 4.81 
(ddd, lH,  J = 11 Hz, J = 9 Hz, J = 2.6 Hz, Z isomer), 4.62- 
4.52 (m, lH, E isomer),), 4.5-4.3 (m, lH, Hx of ABX system, 
E isomer), 4.32 (m, lH, Hx from ABX system, 2 isomer), 3.67 
(s, 3H, Z isomer), 3.69 (s, 3H, E isomer), 2.48 (AB fragment of 
an ABX system, 2H, JAB = 15.6 Hz, JAX = 7 Hz, JBX = 6 Hz, 
Av = 40 Hz, Z isomer), 1.65 (dt, lH,  Jgem = 12.8 Hz, 3J = 2.8 
Hz, 2 isomer), 1.50 (8 ,  3H, 2 isomer), 1.44 (s, 3H, 2 isomer), 
1.47-1.38(m, lH,Zisomer). 13C NMR(CDCl3),6 171.9,142.3, 
99.7, 137.1, 133.3, 132.1, 130.2, 129.3, 129.1, 128.9, 128.3, 
128.1, 127.1, 66.3, 66.2, 41.8, 37.1, 52.3, 30.8, 20.5. 

(3) The reduction of the preceding olefinic compound (30.4 
mg, 0.104 mmol) dissolved in AcOEt (6 mL) was carried out 
with hydrogen and 5% PcUC (25 mg). After stirring for 24 h 
the solution was filtered on Celite, washed with CH&, and 
concentrated to give 12 as a colorless liquid (29.3 mg, 96%) 
which was used without further purification. [ah = +23 (c = 
1.45, CHC13). 'H NMR (200 MHz, CDCM, 6 7.32-7.13 (m, 
5H), 4.26 (tdd, lH, Hx of ABX system, J = 12 Hz, J = 6.5 Hz, 
J = 2.6 Hz), 3.88-3.75 (m, lH), 3.68 (9, 3H), 2.82-2.61 (m, 
2H), 2.46 (AB fragment of an ABX system, 2H, JAB = 15.4 Hz, 
J m  = 6.7 Hz, JBX = 6.3 Hz, Av = 41 Hz), 1.93-1.63 (m, 2H), 
1.56 (dt, lH, Jgem = 12 Hz, 3J = 2.6 Hz), 1.43 (9, 3H), 1.40 (s, 
3H), 1.33-1.12 (m, 1H). I3C NMR (CDCls), 6 172.1, 142.6, 
99.5,129.2, 129.0,126.4,68.2,66.6,41.9,38.5,37.2,31.7,52.3, 
30.8, 20.4. Anal. Calcd for C17H2404: C, 69.84; H, 8.27. 
Found: C, 69.05; H, 8.55. 
(+)-(4R,8R)-4-Hydroxy-6-(2-phenylethyl)-tetrahydro- 

W-pyran-2-one (2). The ester 12 (27 mg, 0.092 mmol) in 
acetic acid (2 mL) and water (0.5 mL) was heated at 92 "C for 
2 h. After 2 h at room temperature the solution was then 
diluted with CHzClz (20 mL) and water (10 mL) and neutral- 
ized with saturated NaHC03. The aqueous layer was ex- 
tracted with CHzClz (4 x 10 mL), and the combined organic 
layers were washed with brine (10 mL) and dried (MgS04). 
The crude product was purified by column chromatography 
on silica gel giving 2 (16 mg, 81%) as white crystals which 
was recrystallized (CHzCldhexane). [ah = +71 (c = 0.94, 
CHCls), mp = 108 "C, lit.lo mp = 106-107 "C, [ah = +67.2 (c 
= 0.67, CHC13). lH NMR (200 MHz, CDCls), 6 7.09-7.44 (m, 
5H), 4.71 (m, lH), 4.37 (m, lH), 2.96-2.64 (m, 4H), 2.17-1.69 
(m, 4H), 2.46 (m, 1H). 13C NMR (CDC13), 6 171.3, 141.7, 129.2, 
129.1, 126.8, 75.7, 63.3, 41.7, 39.3, 38.0, 31.8. Anal. Calcd 
for C13H1603: C, 70.89; H, 7.39. Found: C, 70.78; H, 7.12. 
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