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Baker's yeast reduction of methyl 3-oxohex-5-enoate 14b provides methyl (3R) -3 -  hydroxyhex-5- 
enoate 15b wi th  78% enantiomeric enrichment. Subsequent seleno- and iodo-lactonization of 
derived hex-5-enoic acids leads to valerolactones 18, 19, 25 and 26 which are suitable for the 
subsequent elaboration of a variety of mevinic acid analogues. The absolute configuration of the 
major enantiomer produced in the initial yeast reduction was determined by correlation wi th  natural 
(S) - (+)-parasorbic acid 23. 

The ability of the mevinic acids, most notably compactin l a  ' 
and mevinolin l b 2  as well as a number of closely related 
 compound^,^ effectively to inhibit the biosynthesis of chol- 
esterol in humans has generated a considerable amount of 
interest both in the synthesis of the natural materials as well as 
in the design and elaboration of simpler and possibly more 
potent synthetic analogues. The key structural feature common 
to all the mevinic acids is the P-hydroxyvalerolactone function 2 
which, in its open form, closely mimics mevalonic acid, a crucial 
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intermediate in the terpenoid biosynthetic pathway leading to 
cholesterol. The compounds act as potent inhibitors of the 
pathway by blocking a major rate-limiting enzyme, 3-hydroxy- 
3-methylglutaryl coenzyme A reductase (HMGCoA reductase) 
which is responsible for the conversion of HMGCoA into 
mevalonic a ~ i d . ~ . ~  

A commonly used tactic for incorporation of the key chiral 
hydroxy lactone function 2 in syntheses of both the natural 
compounds and synthetic analogues thereof is to employ the 
masked lactol 3 as an electrophilic species.6 This type of 
intermedate has often been obtained by carbohydrate degrad- 

ation ' 3 '  as well as from L-malic acid,' (S)-4-hydroxymethyl- 
butyrolactone," and from an asymmetric [ 1,3]-dipolar 
cycloaddition.'' Chiral as well as racemic material has been 
obtained using a Diels-Alder reaction as the key step l 2  as well 
as by other appro ache^.^" 3 3 1 4  Other viable intermediates are 
the chiral epoxy esters 4 which have been obtained from a 
variety of precursors and which undergo extremely efficient 
couplings with aryl cuprate reagents leading directly to mevinic 
acid analogues. Alternative open-chain precursors, based on 6- 
hydroxy P-keto ester systems have been obtained in optically 
active form using a number of chiral auxiliaries.16 The 
asymmetric Sharpless epoxidation has also been used to 
prepare some related chiral intermediates.' 

The design of synthetic analogues of compactin l a  and 
mevinolin l b  has been governed by two major considerations, 
namely the requirement for a hydroxyvalerolactone function 2 
and the desirability of having a much simpler array in place of 
the complex decalin systems present in the natural products. 
Initial work focussed on the preparation of a variety of 
mevalonate analogues, of which lactone 5 was a notable 
example in terms of its bioactivity.14 The related analogues 6, 
which lack a 4-methyl substituent and which therefore more 
closely resemble the mevinic acids, were generally most active 
when the substituent R was arylethyl or (E)-arylethenyl,'* an 
example being the lactone 7 which in its dihydroxy acid form 
displays 2.8 times the activity of natural compactin l a  in 
HMGCoA reductase inhibition." The requirement for rapid 
access to a wide range of chiral lactones 8 suggested that the 
seleno- or iodo-lactones 9 (X = SePh or I) could be valuable 
intermediates in this respect. We reasoned that the lactones 9 
should be available from the unsaturated hydroxy acids 10 
which, in turn, should be obtainable in optically active form by 
asymmetric reduction of the corresponding keto esters 11. The 

6 

5 

Q 
F 

7 



134 J.  CHEM. SOC. PERKIN TRANS. 1 1991 

Ar 
8 9 

11 10 

viability of these lactones in such syntheses has been emphasised 
by alternative approaches which were reported" prior to the 
completion of our studies.'l Thus, the optically pure 
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iodolactone 12 was prepared from a-D-glucose in 17 steps 
whereas its (4S,6R)-enantiomer with 70% enantiomeric 
enrichment was obtained from acetonedicarboxylic acid, the 
key asymmetric step being partial saponification of the 
corresponding dipropyl ester using porcine liver esterase 
(PLE).20 Others have also been more or less successful in 
achieving such an enzyme mediated preparation of chiral 3- 
hydroxyglutarate  derivative^.^^,^^ Very recently, a related 
enzymic hydrolysis by electric eel acetylcholinesterase has been 
used to prepare the cycloheptenetriol derivative 13 from which 
either enantiomer of a chiral trans-mevinic acid analogue 8 can 
be prepared by appropriate protection steps followed by 
oxidation, ring cleavage and coupling to an aryl c ~ p r a t e . ~ ~  

Results and Discussion 
Our studies began with syntheses of the 3-oxohex-5-enoates 11. 
Such esters can be prepared by a Grignard reaction between 
allylmagnesium bromide and a cyanoacetate followed by mild 
hydrolysis of the resulting enamino ester.25 Although this 
procedure is not particularly efficient, the yields were improved 
by using tetrahydrofuran (THF) in place of ether as the solvent 
for the Grignard step; the mitigating feature of the method is 
that it can be conveniently carried out on a large scale. Both the 

14 a; R =  Et 
b; R =  Me 
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15 a; R = Et 43% ee 16 a; R =  Et 
b; R = Me 78% ee b ; R = M e  

ethyl 14a and methyl 14b esters were prepared in this way and 
both could be isolated as pure regioisomers by vacuum 
distillation below 70 "C. Above this temperature, both 
compounds displayed a marked tendency to isomerize to the 
conjugated hex-4-enoate isomers 16. An alternative and more 
efficient approach to these esters is by the procedure of Hamana 
and Sugasawa26 in which the same cyanoacetates are 

condensed with allyltrimethylsilane in the presence of boron 
trichloride. However, this more expensive procedure was not so 
amenable to large scale preparations of esters 14. 

Of a number of possibilities for the asymmetric reduction of 
these P-keto esters, the use of baker's yeast 27 seemed to offer a 
number of advantages, notably cheapness and ease of handling 
as well as the innocuous nature of this 'reagent'. Using the 
method described in detail by Seebach and his colleagues,28 
incubation of the esters 14 with fermenting baker's yeast for ca. 
24 h at 30 "C led to the hydroxy esters 15 in 65-70% isolated 
yields. The use of tap water was essential; in deionized water, the 
reductions tended to stop at around 50% conversion. If the keto 
ester substrates were contaminated with varying amounts of the 
corresponding hex-4-enoates 16 (vide supra), this was of little 
consequence as no products arising from these compounds were 
isolated. Possibly these conjugated isomers react by a Michael 
addition process; although the fate of the resulting species is 
unclear, hydrolysis and decarboxylation to give volatile 
fragments would seem a distinct possibility. The initial yeast 
reduction products 15 were virtually free from impurities when 
isolated by a simple solvent extraction. Conversion into the 
Mosher's ester derivatives 29  and subsequent NMR analysis 
showed the ethyl ester 15a to have an enantiomeric enrichment 
of 43% (71.5 : 28.5) while the corresponding value for the methyl 
ester 15b was 78% (89 : 11). The higher ee value associated with 
the smaller methyl ester function follows a pattern typical of 
such yeast  reduction^.'^.^^ Attempts to increase the enantio- 
selectivity of the yeast reduction by the addition of ally1 
alcohol,30 by reduction of the corresponding carboxylate salt 
or by changes to the concentration or reactant ratios 3 2  were not 
successful. Our samples of the hydroxy ester 15b (78$//, ee) 
showed [XI,, -23.5' ( c  1.1; CHCl,). While our work was in 
progress, Tamm and his colleagues reported an alternative 
preparation of this compound by a kinetic hydrolysis of racemic 
methyl 3,4-epoxybutanoate catalysed by PLE, followed by 
coupling with vinylmagnesium bromide in the presence of 
copper(r) iodide.22 These authors quote [.ID -12.6" (c 1.3; 
CHCl,) but no enantiomeric enrichment value. However, 
conversion of the initial 3,4-epoxy ester into y-amino-P- 
hydroxybutyric acid (GABOB) gave material with an ee of 97%, 
based on the rotation of a recrystallized sample. Other than a 
fractional crystallization effect, we cannot offer an explanation 
for this discrepancy. 

The absolute configuration of the major enantiomer of the 
hydroxy ester 15b was determined during our first investigations 
into ways to convert the hydroxy esters 15 into mevinic acid 
analogues. Hydrolysis of the ester 15b led to the hydroxy acid 
17, [.ID - 27.3" (c 1.0; CHCl,) which, upon selenolactonization 
under kinetic conditions3, gave a ca 10: 1 mixture of the 
selenolactones 18a and 19a but in only a modest 40% yield. In 

17 18 19 
a; R = SePh a; R = SePh 
b ; R = H  b ; R = H  

contrast, selenolactonization using thermodynamic conditions 
gave an improved 65% isolated yield of the same lactones, but in 
a ratio of 1:  1. The relative stereochemistries of these two 
lactones were determined by reductive removal of the selenium 
group using triphenyltin hydride 34 prior to separation of the 
resulting methyl-substituted lactones 18b and 19b by column 
chromatography. The less polar isomer exhibited resonances at 
6 4.38 (br quin, J/Hz: 3.7) and at 6 4.87 (ddq, J/Hz: 11.3,6.4 and 
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3.1) which were assigned to the 4-H and 6-H, respectively, on the 
basis of appropriate decoupling and COSY experiments. On the 
reasonable assumption that the larger methyl group will adopt 
an equatorial position, this is the trans isomer 18b which exists 
in the chair conformation 20. In contrast, the more polar isomer 
exhibited the corresponding resonances at 6 4.25 (dddd, J,IHz: 
9.1,7.6, 5.8 and 5.6,4-H) and 6 4.37 (ddq, J/Hz: 11.7,6.2 and 3.0, 
6-H). These data are consistent with this being the cis isomer 

?H Y4 

20 21 

19b which exists in the conformation 21, in which both the 4- and 
6-protons are in axial positions. The downfield shift of the 6-H 
resonance in the trans isomer (A6 0.5 ppm) is also consistent 
with a [1.3]-diaxial relationship between this proton and the 
4-hydroxy group. 

The absolute configurations of these lactones and hence of 
the initial yeast reduction product 15b were determined by 
conversion of both seleno lactone isomers into parasorbic acid, 
a metabolite of the mountain ash or rowan (Sorbus aucupariu 
L.). The natural material has an [.ID of + 206" ( c  1; EtOH) and 
the (6s)-configuration 23.35 Dehydration of the trans-hydroxy 
lactone 18b by treatment with phosphorus oxychloride in warm 
pyridine gave the dihydropyran-2-one 22 which showed [.ID 

- 112" (c 0.87; EtOH) and which is therefore the non-natural 
(6R) enantiomer. Similar treatment of the cis-hydroxy lactone 
19b led to a pyran-2-one which showed [.ID +98" (c 1.8; EtOH) 
corresponding to the stereochemistry of natural parasorbic acid 
23. Therefore, the absolute configurations of the lactones 18 and 
19 are as depicted and the major enantiomer produced during 
the yeast reduction has the 3R absolute configuration 24. 
Significantly, this corresponds to the natural stereochemistry of 
the mevinic acids and to that of the more biologically active 
analogues. ' The somewhat lower than expected optical rota- 
tions of the two synthetic samples is unlikely to be due to 
racemization and is more likely associated with the difficulties 
in handling and purifying small amounts of the volatile and 
sensitive lactones 22 and 23. The maximum rotations expected 

22 23 

from our samples were 159", based on the maximum value of 
the natural compound (+ 206") and an optical purity of 78% 
(vide supra).36 The synthetic utility of the seleno lactones 18a 
and 19a and higher homologues has been exemplified in an 
alternative strategy in which the initial yeast reduction product 
15b is homologated prior to lact~nization.~' 

We then turned our attention to iodolactonizations of the 
hydroxy acid (cf: 17) and some of its derivatives. Direct 
iodolactonization under kinetically controlled conditions 38 led 
to a poor yield (23%) of the iodo lactones 25a and 26a in a ratio 
of 3 : 1 (Scheme 1). However, such cyclizations were much more 
productive when carried out on the corresponding silyl ethers. 
Thus, the t-butyldimethylsilyl derivative 24b gave a similar 3 : 1 
trans-cis ratio of the expected iodo lactones 25b and 26b, 
respectively in 84% isolated yield. The trans isomer 26b could 
be separated by fractional crystallization from pentane. In- 
creases in the bulk of the silyl ether function resulted in higher 

24 
a ; R = H  
b; Bu'SiMe2 
c; Bu'SiPh2 
d; R = Pr',Si 

25 26 
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Scheme 1 

stereoselections; the t-butyldiphenylsilyl ether 24c gave a trans- 
cis ratio of 4: 1 which was improved to 5.5: 1 in the case of the 
triisopropylsilyl ether 24d. Although the isomers were not 
separated in this latter example, conditions for obtaining the 
trans isomer 2% (=12) have recently been reported.20 The 
relative stereochemistries of all the foregoing isomers were 
deduced from proton NMR spectra in exactly the same manner 
as outlined above for the seleno lactones 18a and 19a. Attempts 
to effect similar selenolactonizations of the silyl ethers 24 were 
not successful. 

The origins of the stereoselections observed in the 
iodolactonizations are not clear. Such cyclizations of 3-methyl- 
hex-5-enoic acid, under kinetic or thermodynamic conditions, 
lead to a preponderance of the cis-4,6-disubstituted lactone 
which is consistent with the involvement of a chair-like 
transition state.38 As the stereoselection of the present 
cyclizations increases in favour of the trans isomer with an 
increase in the bulk of the silyloxy group, complexation between 
the carboxylic acid function and the silyloxy group would 
appear not to be the controlling factor. Later work established 
that incorporation of substituents at the distal end of the 3- 
silyloxy acid increases the stereoselection of cyclization even 
further.39 It is therefore possible that the cyclizations proceed 
predominantly via a boat-like transition state, perhaps brought 
about by the steric demands of the bulky silyloxy and iodonium 
substituents. 

The major products obtained from these iodolactonizations 
have the same absolute stereochemistry of the mevinic acids and 
their biologically most active analogues. One way to gain access 
to such compounds from the iodo lactones is by direct, radical- 
mediated coupling reactions with a variety of stannanes. For 
example, treatement of the stereochemical mixture of lactones 
25b and 26b with allyltributylstannane (AIBN, toluene, 80 O C ,  
16 h) 40 followed by column chromatography gave an 
isomerically pure sample of the trans-butenyl lactone 27a. A 
similar coupling 41 with P-tributylstannylstyrene led to the 
phenylpropenyl derivative 28a. Both products were cleanly 
deprotected by treatment with hydrogen fluoride to give the 
corresponding hydroxy lactones 27b and 28b, respectively. Both 
coupling reactions proceeded in unoptimized yeilds of ca. 40%; a 
more efficient method for the elaboration of a wide variety of 
mevinic acid analogues is to convert the iodo lactones into the 
corresponding epoxy esters 29a and 29b (cf: 4 by treatment with 

Ph 

27 a; R = Bu'SiMe2 28 a; R = Bu'SiMe2 29 a; R = Bu'SiMe;, 
b ; R = H  b ; R = H  b; R = Pt3Si 
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sodium carbonate in methanol.42 The epoxy esters were isolated 
in 93% and 85% yields, respectively. Such derivatives, differing 
only in the type of hydroxy protecting group, have been found 
to give essentially quantitative yields of mevinic acid analogues 
by coupling with a range of benzylic Grignard reagents in the 
presence of copper(1) bromide-dimethyl sulphide complex.' 

Experimental 

are in Hz. 
General Details.-For general details, see ref. 43. All J values 

Methyland Ethj~l3-o.uohex-5-enoate 14a und 14b.-Large scale 
preparations were carried out using the method of Anderson 
and co-workers by reaction between the appropriate cyano- 
acetate ester and allylmagnesium bromide. Yields were im- 
proved when THF rather than ether was employed as the 
solvent. In a typical run, methyl cyanoacetate (35 g) gave methyl 
3-oxohex-5-enoate 14b (13 g) which showed b.p. 63-64 "C at 3 
mmHg: 6, 3.36 (2 H, d, J 6.3, CH,CHCH,), 3.54 (2 H, s, 
COCH,CO), 3.79 (3 H, s, C02CH3), 5.065.40 (2 H, m, 
CH,CH) and 5.61-6.39 (1 H, m, CH,CH) (Found: C, 59.5; H, 
7.2. Calc. for C7HlOO3: C, 59.2; H, 7.1%). 

Somewhat smaller quantities of these esters were prepared by 
Lewis-acid catalysed addition of allyltrimethylsilane to the 
same cyanoacetates according to the procedure of Hamana and 
Sugasawa. 26 Isolated yields were typically 65-70?;. 

Methyl (3R)-3-Hydro.xyhex-5-enoate 15b.-A suspension of 
methyl 3-oxohex-5-enoate 14b (5.87 g) in tap water (425 ml) was 
maintained at 30 "C and treated successively with sucrose (78 g) 
and dried baker's yeast (52 g). The resulting mixture was stirred 
gently for 24 h at this temperature and then cooled, treated with 
Celite (30 g) and suction filtered. The solid was thoroughly 
washed with water and the filtrate extracted with chloroform 
(4 x 100 ml). The combined extracts were dried and evapor- 
ated. Subsequent chromatography of the residue over silica gel 
eluted with 20% ether in hexanes gave the hydroxy ester 15b as a 
colourless oil (4.04 g, 69%), [.ID -23.5" (c 1.1; CHC1,) [lit.,22 
[.ID - 12.6" (c 1.3; CHCl,)]; v,,,/cm-' 3470, 1728 and 1644; 6, 
2.20-2.65 (4 H, m, 2 x CH,), 3.16 (1 H, br s, OH), 3.75 (3 H, s, 
OCH,), 4.16 (1 H, apparent quin, J6.8, CHOH), 5.02-5.33 (2 H, 
m, CH2CH) and 5.68-6.14 (1 H, m, CH,CH); mjz 127 (8504, 
C7H1102,  M - OH), 126 (16, M - H20) ,  103 (30, C4H703, 
M - C3H,), 85 (100, C,H,O, M - CO,CH,) and 67 (73, 
C,H,, M - CO,CH, and H,O) (Found: M +  - C,H,, 
103.0389. Calc. for C,H,O,: M, 103.0394). 

Methyl (3R)- and (3S)-3-[(R')-3,3,3-TriJEuoro-2-methoxy-2- 
phenylpropionyloxy]hex-5-enoate.-A solution of (R)- (  + ) - X -  

methoxy-X-(trifluoromethy1)phenylacetic acid [( + )-MTPA] 
(0.094 g, 0.4 mmol) in freshly distilled thionyl chloride (1.7 ml) 
was heated at reflux for 18 h and then evaporated. To the 
residue was added a solution of the hydroxy ester 15b (0.029 g, 
0.2 mmol) in dry carbon tetrachloride (1 ml) and dry pyridine 
(8 drops). The resulting solution was stirred at ambient 
temperature for 48 h and then a second equal portion of the acid 
chloride was added. After a further 16 h, the solution was diluted 
with water and extracted with ether (2 x 5 ml). The combined 
ether solutions were washed with 2~ HCl and water then dried 
and evaporated. Chromatography of the residue over silica gel 
eluted with ether-hexanes (1 : 10) afforded the Mosher's esters 2 9  

(0.043 g, 66%) as a yellow oil, vmax/cm-' 1741 and 1641; 6,(400 
MHz) 2.42 C1.78 H, ddt, J 7.1, 6.6 and 1.0, (R)-CHCH,], 2.52 
C0.22 H, ddt, Jca .  7.0,6.5 and 1.0, (S)-CHCH,], 2.61-2.72 [2 H, 
m, (R) and ( S )  CH,CO,], 3.53 C2.34 H, q, J H , F  1.0, (R) -OCH,] ,  
3.54 C0.66 H, q, JH,F ca. 1.0, (S)-OCH,], 3.57 C0.66 H, s, ( S ) -  
OCH,], 3.66 C2.34 H, s, (R)-OCH,], 5.03-5.18 (2 H, m), 5.33- 

5.81 (2 H, m), 7.2G7.41 (3 H, m) and 7.51-7.53 (2 H, m); mjz 189 
(loo%, C9H8F3O3), 127 (21, C7H1 and 91 (7, C7H7). 

(3R)-( - )-3-H~?droxyhex-5-enoic Acid 17.-Aqueous sodium 
hydroxide (30 ml; 2 ~ )  was added to the methyl ester 15b (2.48 g, 
19.7 mmol) and the mixture stirred at ambient temperature for 
24 h. The reaction mixture was then washed with chloroform, 
acidified to pH 2 using 2~ HCI and continuously extracted with 
chloroform for 18 h. The resulting chloroform solution was 
dried and evaporated to give the acid 17 (2.45 g, 96%) as an oil, 
[.ID -27.3" (c 1.0; CHCl,) or [.ID -26.5" (c 2.1; CHCl,); 
vmaX/cm-' 3360, 1710 and 1642; 6,2.15-2.77 (4 H, m, 2 x CH,), 
4.1 3 ( 1  H, apparent quin, J6.3 CHOH), 5.00-5.33 (2 H, m, CH,), 
5.6&6.11(1 H, m, CH) and 6.25 (2 H, br s, O H  and C0,H); mi; 
112 (5%, C,H,O,, M - H20) ,  89 (94, C3H503, M - C3H5) 
and 71 (100, C3H302)  (Found: M +  -C3H5, 89.0245. C,H,O, 
requires M, 89.0238). The compound was at least 95% pure 
according to TLC and the NMR data. 

(4 R,6 R )- and (4 R,6 S) -4- H j d r  o ~ y -  6-phen~?lselenorneth~?l- 
tetralz~?drop,vran-2-one 18a and 19a.-Benzeneselenenyl chlor- 
ide (0.18 g, 0.94 mmol) was added portionwise to a stirred 
solution of the acid 17 (0.1 1 g, 0.84 mmol) in dry THF (10 ml) 
maintained below - 70 "C using a solid C0,-acetone bath. The 
resulting orange solution was stirred at this temperature for 0.5 
h and then allowed to warm to ambient temperature during 0.75 
h. The solvent was removed under reduced pressure and the 
residue chromatographed on silica gel using ether as the eluant 
to give an inseparable mixture of the selenides 18a and 19a (0.10 
g, 42%) as a colourless oil, v,,,/cm--' 3400 and 1725; 6H 1.57- 
2.51 (2 H, m), 2.64 (2 H, apparent d, J4.05, 3-CH2), 2.97-3.38 
(2 H, m, PhSeCH,), 3.52 ( 1  H, br s, OH), 4.35 (1 H, apparent 
quin, J 3.5, 4P-H), 4.90 (1 H, m, 6a-H), 7.21-7.29 (3 H, m) and 
7.43-7.59 (2 H, m): mjr  286 (96"/,, M + ,  C,2H,40,80Se), 171 (34, 

C5H502), 77 (91, C,H,) and 73 (100, C,H,O,) (Found: M + ,  
286.0083. Cl,H140380Se requires 286.0106). 

The isomer ratio could not be determined very accurately 
from these data, but was approximately 10: 1 in favour of the 
trans isomer [vide infra]. 

In another run, 2 equiv. of benzeneselenenyl chloride were 
used with ether in place of THF as the solvent and triethylamine 
(0.5 ml) was added after warming to ambient temperature. The 
resulting solution was then stirred for 72 h prior to work-up as 
above and gave an approximately 1 : 1  mixture of the two 
isomers in a combined yield of 65%. 

C,H,"Se), 158 (47, C6H680Se), 111 (54, C6H702), 97 (59, 

(4R,6R)- and (4R,6S)-4- Hj,drox~~-6-methyltetrahydropyran-2- 
one 18b and 19b.-A solution of triphenyltin hydride (1.73 g, 5 
mmol) in dry toluene ( 5  ml) was added to the mixture of seleno 
lactones 18a and 19a (1 : 1) (0.47 g, 1.6 mmol) obtained by the 
latter route (prolonged reaction in ether in the presence of 
triethylamine) and the resulting solution was heated at reflux for 
2.5 h. It was then cooled and evaporated under reduced 
pressure. Careful chromatography over silica gel eluted with 
ether gave first the (4R,6R)-trans lactone 18b (0.053 g, 25%) as a 
colourless oil, [%ID = +23.1" (c 1.0; CHC1,); v,,,jcm-' 3405 
and 1725; 6,(400 MHz) 1.41 (3 H, d, J 6.4, 6-CH3), 1.72 (1 H, 
ddd, J 14.4, 11.3 and 3.2, 5P-H), 2.00 (1 H, dddd, J 14.4, 3.7, 3.1 
and 1.6, 5a-H), 2.62 (1 H, ddd, J 17.2, 3.6 and 1.6, 3x-H), 2.72 (1 
H, dd, J 17.2 and 3.6, 3P-H), 2.85 (1 H, br s, OH), 4.38 (1 H, br 
quin, J 3.7,4P-H) and 4.87 (1 H, ddq, J 11.3, 6.4 and 3.1, 6a-H);  
6,20.4 (CH,), 36.4 (CH,), 37.3 (CH,), 61.5 (CH), 71.9 (CH) and 

M - CH,), 97 (6, C,H,O,, M - CH, and H,O) and 44 (100, 
C,H,O) (Found: M +, 130.0627. C,H ,,03 requires 130.0630). 
Secondly, a mixture of the two isomers was eluted (0.04 g, 19%) 
with a trans-cis ratio of 1 : 3 and finally the more polar (4R,6S)- 

170.5 ( co ) ;  m/z  130 (4%, M + ,  C6H1003), 115 (8, C5H703, 
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cis lactone 19b (0.046 g, 22%) was eluted as a colourless oil 
which showed [.ID - 20.7" (c 0.92; CHC1,); v,,,/cm-' 3409 and 
1726; 6,(400 MHz) 1.41 (3 H, d, J 6.2, CH,), 1.57 (1 H, ddd, J 
13.8, 11.7 and 9.1,5P-H), 2.29 (1 H, dddd, J 13.8,5.6,2.9 and 1.3, 
5a-H), 2.45 (1 H, dd, J 17.1 and 7.6,3P-H), 2.87 (1 H, ddd, J 17.1, 
5.6 and 1.3, ~ E - H ) ,  3.57 (1 H, br s, OH), 4.25 (1 H, dddd, J9.1, 
7.6,5.8 and 5.6,4a-H), and 4.37 (1 H, ddq, J 11.7,6.2 and 3.0,6a- 
H); 6c 21.3 (CH,), 39.2 (CH,), 39.3 (CH,), 63.4 (CH), 74.0 (CH) 
and 171.8 (CO): m/z 130 (lo%, M', C6H,,03), 115 (34, 
C5H703,  M - CH,), 97 (18, C5H502, M - CH, and H,O) 
and 44 (100, C2H,0) (Found: M +, 130.0626). 

(6R)-6- Me/hyl-5,6-dihydro-2H-pyran-2-one 22.-Phosphorus 
oxychloride (0.056 g, 0.4 mmol) in dry pyridine (1.5 ml) was 
added to a stirred solution of the (4R,6R)-trans-hydroxy lactone 
18b (0.049 g, 0.4 mmol) in pyridine (0.5 ml) at 0 "C. The resulting 
solution was stirred without cooling for 15 min and then heated 
at 65 "C for 50 min. The mixture was cooled, ice was added and 
the mixture acidified to pH 2 with 2M HC1, saturated with 
sodium chloride and then continuously extracted with ether for 
12 h. The residue obtained after evaporation of the dried ether 
extract was chromatographed over silica gel using ether- 
hexanes (2 : 3) as eluant to give the (R)-lactone 22 (0.023 g, 61%) 
as a colourless oil, [aID - 111.5" (c 0.87; EtOH), which 
exhibited spectral data (IR, 'H and I3C NMR and MS) 
identical to that displayed by an authentic sample of parasorbic 
acid 23 isolated from Rowan berries.35 

(6S)-6- Methyl-5,6-dihydro-2H-pyran-2-one (Parasorbic Acid ) 
23.--In exactly the same manner as in the foregoing reaction, 
dehydration of the (4R,6S)-cis-hydroxy lactone 19b (0.032 g, 0.3 
mmol) gave the (S)-lactone 23 (0.018 g) which showed [.ID + 
98" (c  1.8; EtOH) and was otherwise identical to parasorbic 

(3R)-3-[t-But~yl(dimethyl)silyloxy]hex-5-enoic Acid 24b.- 
Imidazole (4.53 g, 67 mmol) was added to a stirred solution of 
the R-hydroxy acid 17 (1.24 g, 10 mmol) and t-butyldimethyl- 
silyl chloride (3.58 g, 24 mmol) in dry dimethylformamide (25 
ml). The solution was stirred at 45 "C for 3 h and then cooled, 
diluted with pentane (60 ml) and washed with water (3 x 15 
ml). The separated organic phase was dried and evaporated to 
provide the crude silyl ester which showed v,,,/cm-' 1717 and 

H, s, C(CH,),), 0.90 [9 H, s, C(CH,),], 2.16-2.64 (4 H, m, 
2 x CH,), 4.19 [l H, quin, J 5.4, CH(OH)], 4.93-5.25 (2 H, m, 
CH,CH) and 5.5s6.12 (1 H, m, CH,CH). 

The crude ester was dissolved in a mixture of methanol (100 
ml) and THF (35 ml) and treated with a solution of potassium 
carbonate (3.29 g) in water (35 ml). After 1 h at ambient 
temperature, the mixture was concentrated under reduced 
pressure, cooled to O"C, acidified to pH 4 with 1~ aqueous 
potassium hydrogen sulphate and extracted with ether (3 x 40 
ml). The combined extracts were washed with saturated brine 
and then dried and evaporated. Chromatography of the residue 
over silica gel eluted with ether-hexanes (1 : 5 )  then gave the acid 
24b (1.71 g, 74%) as a colourless oil, [.ID - 19.6" (c 1.2; CHCl,); 
v,,,/cm-' 2692,1710, and 1641; 6,O.Ol (3 H, s, SiMe), 0.03 (3 H, 
s, SiMe), 0.84 (9 H, s, C(CH,),], 2.15-2.57 (4 H, m, 2 x CH,), 
4.15 [l H, quin, J 5.4, CH(OSi)], 4.91-5.20 (2 H, m, CH,CH) 
and 5.42-6.02 (1 H, m, CH,CH): m/z 203 (13%, C9H,,03Si, 
M - C,Hs), 187 (31, C,H,,O,Si, M - C4H9), 115 (33, 
C,H,,Si), 101 (27, C4H,0Si), 75 (100, C,H,OSi) and 73 (57, 
C,H,Si) (Found: M +  - C3Hs, 203.1 104. C,H,,O,Si requires 
203.1 102). 

1639; 6 H  0.04 (6 H, S, 2 x CH,), 0.24 (6 H, S, 2 x CH3), 0.86 (9 

(3R)-3-[t-Butyl(diphenyl)silyloxy]hex-5-enoic Acid 24c.- 
This compound was prepared in exactly the same manner as the 

foregoing method by silylation of the hydroxy acid 17 (0.57 g, 4 
mmol) using t-butyldiphenylsilyl chloride (3.02 g, 11 mmol) and 
imidazole (2.10 g, 31 mmol) in dimethylformamide (15 ml). 
Subsequent saponification of the resulting silyl ester (1.50 g) 
using potassium carbonate in methanol (24 ml), water (8 ml) 
and THF (8 ml) then gave the acid 24c (0.41 g, 51%) as a 
colourless oil, [.ID -20.7" (c 1.0; CHC1,); v,a,/cm-l 1713, 1632 
and 1589; 6, 1.01 [9 H, s, C(CH,),], 2.20 (2 H, br t, J ca. 6.3, 
CHCH,), 2.41 (2 H, d, J6.3), 4.19 [l H, quin, J6.3, CH(OSi)], 
4.77-5.07 (2 H, m, CH,CH), 5.36-5.91 (1 H, m, CH,CH), 7.23- 
7.48 (6 H, m, aryl CH), 7.57-7.85 (4 H, m, aryl CH) and 11.44 (1 
H, br s, C0,H); m/z 311 (25%, Cl8H1,0,Si, M - C,H,), 269 
(1 5 ,  C1 5H ,03Si, M - C4H, and C3H6), 199 (100, C1 ,H1 '0%) 
(Found: M +  - C,H,, 311.1082. C18H190,Si requires M, 
3 1 1.1093). 

Methyl (3R)-3-[Triisopropylsilyloxy]he.~-5-ertoate.-Smida- 
zole (3.71 g, 55 mmol) was added to a stirred solution of 
triisopropylsilyl chloride (5.05 g, 22 mmol) and the hydroxy 
ester 15b (3.14 g, 22 mmol) in dimethylformamide (6 ml). The 
resulting solution was stirred at ambient temperature for 48 h 
and then worked up as in the foregoing reaction to give, after 
chromatography over silica gel eluted with ether-hexanes 
(1 : 20), the corresponding silyl ether (5.67 g, 87%) as a colourless 
oil, [.ID -23.9" (c 1.3; CHCl,); vmaX/cm-' 1739 and 1646; 6, 
0.68 (21 H, br s, 6 x CH,CH and 3 x CH,CH), 1.86-2.20 (4 H, 
m, 2 x CH,), 3.28 (3 H, s, OCH,), 3.99 [l H,p, J6.3,CH(OSi)], 
4.554.86 (2 H, m, CH,CH) and 5.2c5.70 (1 H, m, CH,CH), m/z 
257 (85%, C13H2503Si, M - C,H7), 145 (100, C,H,,OSi), 117 
(22, C,Hl30Si) and 89 (21, C3H,0Si) (Found: M +  - C3H7, 
257.1568. C, ,H,,O,Si requires M, 257.1570). 

( 3 R) - 3 - ( Tr iisopropy lsily lox y )  hex- 5 - eno ic A c id 24d.-A sol- 
ution of potassium hydroxide (0.19 g, 3.4 mmol) in methanol ( 5  
ml) was added to the foregoing ester (0.52 g, 1.7 mmol) and the 
resulting solution stirred at ambient temperature for 20 h and 
then diluted with water (15 ml) and washed with ether. The 
aqueous solution was then acidified to pH 2 using 2~ HCl and 
extracted with ether (3 x 15 ml). The combined extracts were 
dried and evaporated. Chromatography of the residue over 
silica gel eluted with ether-hexanes (1 : 10) gave the acid 24d 
(0.36 g, 74%) as a colourless oil, [ K I D  - 12.0" (c. 0.97: CHCl,); 
v,,,/cm-' 1723 and 1640, ijH 0.82 (21 H, br s, 6 x CH,CH and 
3 x CH,CH), 2.13-2.50 (4 H, m, 2 x CH,), 4.13 (1 H, quin, J 
6.3, CHOSi), 4.84-5.16 (2 H, m, CH,CH), 5.50-6.05 (1 H, m, 
CH,CH), and 9.70 (1 H, br s, C0,H); mjz 243 (85%, 

C,H,,OSi) and 75 (55 ,  C2H70Si) (Found: M +  - C,H7, 
243.1397. Cl2H,,O3Si, requires M, 243.1415). 

C,,H,,O,Si, M - C3H7), 131 (100, C6H,,OSi), 103 (39, 

Unchanged methyl ester (0.10 g, 19%) was also isolated. 

(4RS,6SR)- and (4RS,6RS)-trans- and cis-4-Hydroxy-6-iodo- 
methyltetrahydropyran-2-one 25a and 26a.-Anhydrous sodium 
hydrogen carbonate (0.95 g, 11 mrnol) was added to a stirred 
solution of a racemic sample of the hydroxy acid 17 (0.049 g, 0.4 
mmol) in dry acetonitrile at 0 "C. After 5 min, iodine (0.29 g, 1.1 
mmol) was added and the resulting mixture stirred for a further 
3 h. It was then diluted with ether (40 ml) and washed with 10% 
aqueous sodium thiosulphate, until the excess of iodine was 
removed, and water (1 x 15 ml). The separated organic solution 
was dried and evaporated to leave the iodo lactones 25a and 26a 
(0.022 g, 23%) as an unstable red oil. NMR spectral data 
indicated an isomer ratio of 3 : 1 in favour of the trans isomer, 
but the material was too unstable to permit further purification 
and/or isomer separation. The sample showed vmax/cm-l 3397 
and 1729 and m/z 256 (2%, M + ,  C6H9103), 129 (7, C6H9O3, 
M - I), 127 (3, I), 115 (5 ,  C,H,O,, M - CHZS), 111 (42, 
C6H702,  M - H 2 0  and I), 58 (29, C3H60) and 43 (100, 
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C 2 H 3 0 )  (Found: M f  255.9599. C6H9031 requires M, 
255.9597). The major trans isomer 25a exhibited 6,(250 MHz) 
1.77 (ddd, J 14.2, 11.2 and 2.4, 5-Ha,), 2.13 (br d, J ca. 14.2, 
5-He,), 2.62 (apparent d, J 3.6, 3-CH,), 3.32 (dd, J 10.8 and 4.4, 
CHaH,I), 3.38 (dd, J 10.8 and 5.6, CH,H,I), 4.37 (br quin, J ca. 
3.3, 4-He,), and 4.59 (dddd, J 11.2,5.6,4.4 and ca. 3.0, 6-Ha,) and 
6c 8.6, 35.8, 38.2, 62.4, 74.1 and 169.9. The minor cis isomer 26a 
showed &H 1.66 (ddd, J 13.6, 10.8 and 9.7, 5-Ha,), cu. 2.42 
(obscured, m, 5-H,,), 2.44 (dd, J 17.2 and 7.7, 3-H), 2.83 (dd, J 
17.2 and 5.7, 3-H), ca. 3.33 (m, CH21 and OH), 4.18 (m, 6-Ha,) 
and 4.26 (m, 4-Ha,): 6c 6.4, 37.6, 39.1, 63.2, 75.8 and 170.0. 

(4R76S)-trans-4-[ t-Butyl(dimethyl)sifyfoxy] -6-iodomethyl- 
tetrahydropyran-2-one 25b.-Anhydrous sodium hydrogen 
carbonate (1.23 g, 15 mmol) was added to a stirred solution of 
the acid 24b (0.12 g, 0.5 mmol) in dry acetonitrile (1.6 ml) cooled 
in an ice-bath. After 5 min, iodine (0.37 g, 1.5 mmol) was added 
and the mixture stirred for a further 4 h. It was then worked up 
as described in the foregoing experiment to give a 3 : 1 mixture of 
the trans and cis factones 25b and 26b (0.15 g, 84%). Fractional 
crystallization from pentane then gave the pure trans isomer 25b 
(0.06 g) as colourless needles, m.p. 55-57 "C, [.ID - 10.3" (c 2.1; 
CHCl,); vmax/cm-' 1740; 6, 0.09 (6 H,  s, 2 x SiCH,), 0.88 [9 H, 
s, C(CH,),], 1.75 (1 H, ddd, J 13.9, 11.4 and 2.3, 5-Ha,), 2.09 (1 
H, dddd, J 13.9,4.2, 3.7 and 1.6 Hz, 5-H,,), 2.58 (2 H, d, J3.2,  3- 
CH,), 3.39 (2 H, d, J4.8, CH,I), 4.33 (1 H, br quin, J ca. 3.3,4- 
He,) and 4.58 (1 H, ddt, J 11.4,4.8 and 3.7, 6-Ha,); 6, - 4.9, 8.8, 
17.9, 25.8, 36.4, 38.8, 63.2, 74.1 and 169.2; mjz 313 (8%, 

and CH2CO), 145 (57, C5H903Si) and 101 (100, C4H90Si) 
(Found: C, 39.2; H, 6.5. CI2H2,IO3Si requires C, 38.9; H, 6.3%). 

The cis isomer 26b showed the following NMR data: 6,0.09 
(s, SiCH,), 0.88 [s, C(CH3),], 1.70 (m, 5-H), 2.32 (m, 5-H), 2.44 
(m, 3-H), 2.77 (m, 3-H), 3.39 (d, J4.8, CH,I), 4.1W.25 (m, 4- and 
6-H); 6c -4.8, 7.3, 17.9,25.8, 37.8, 39.7, 64.0, 75.6 and 169.4. 

C8H14IO,Si, M - C4H9), 271 (13, C6H,,I02Si, M - C4H9 

(4R,6S)-trans- and (4R76R)-cis-4-[ t-Butyf(diphenyf)silyfoxy]- 
6-iodomethyltetrahydropyran-2-one 25c and 26c.-Using the 
foregoing procedure, iodolactonization of the (R)-t-butyl- 
(dipheny1)silyloxy acid 24c (0.16 g, 0.44 mmol) afforded an 
inseparable mixture of the lactones 25c and 26c (0.20 g, 87%) in a 
trans-cis ratio of 4:  1, as a pale yellow oil, v,,,/cm-' 1741 and 

13.8, 1 1.6 and 2.0, trans-5-Ha,), 1.67 (0.2 H, ddd, J 13.6, 10.9 and 
8.9, cis-5-Ha,), 1.95 (0.8 H, dddd, J 13.8, ca 5.2, 2.9 and ca. 1.5, 
trans-5-He,), 2.12 (0.2 H, m, cis-5-He,), 2.31 (0.8 H, dd, J 17.6 
and 4.0, trans-3-Ha,), 2.39 (0.2 H, dd, J 17.2 and 7.6 Hz, cis-3- 
Ha,), 2.48 (0.8 H, ddd, J 17.6, 3.1 and ca. 1.5, trans-3-He,), 2.54 
(0.2 H, ddd, J 17.2, 5.6 and ca. 1.5, cis-3-He,), 3.17 (0.4 H, m, cis 
CH,I), 3.23 (1.6 H,  d, J 5.2, trans CH21), 3.87 (0.2 H, m, cis-4- 
Ha,), 4.07 (0.2 H, m, cis-6-Hax), 4.2 1 (0.8 H, m, trans-4-He,), 4.63 
(0.8 H, dtd, J 11.6, 5.2 and 2.9, trans-6-Ha,), 7.21 (6 H, m) and 
7.51-7.60 (4 H, m); 6,(c = cis; t = trans) 7.2 (c), 8.5 (t), 18.8 (c), 
18.9 (t), 26.7 (c), 26.8 (t), 35.8 (t), 37.7 (c), 38.4 (t), 39.2 (c), 64.1 (t), 
64.7 (c), 74.2 (t), 75.1 (c), 127.8 (c + t), 130.0 (c + t), 132.7 (c + 
t), 135.4 (c + t), 168.8 (t) and 169.1 (c); m/z 437 (9%, 

C,8H2103Si), 269 (8, CI5Hl3O3Si), 225 (100, Cl,H130Si) 
and 199 (71, C,,H,,OSi) (Found: M f  - C4H9, 437.0082. 
C18H18103Si requires M, 437.0072). 

1580: 6H(400 MHz) 0.97 [9 H, S, C(CH,),], 1.49 (0.8 H, ddd, J 

C,8H,8IO,Si, M - C4H9), 395 (6, C1gH16102Si), 313 ( 5 ,  

(4R,6S)-trans- and (4R,6R)-cis-4-( Triisopropyfsilyloxy)-6- 
iodomethyftetrahydropyran-2-one 25d and 26d.-In exactly the 
same manner as above, iodolactonization of the (R)-triiso- 
propylsilyloxy acid 24d (0.1 11 g, 0.388 mmol) gave the factones 
25d and 26d as an oil (0.13 g, 81%) in a trans-cis isomer ratio of 
5.5 : 1 which were inseparable by column chromatography; the 
mixture showed vma,jcm-' 1743; FH(400 MHz) 1.06 [l8 H, d, J 

3.8,3 x (CH,),CH], ca. 1.08 [3 H,m, 3 x (CH,),CH], ca. 1.64 
(0.15 H, m, cis-5-Ha,), 1.78 (0.85 H, ddd, J 14.0, 11.4 and 2.3, 
trans-5-Ha,), 2.20 (0.85 H, dddd, J 14.0, 3.9, 3.3 and 1.4, trans-5- 
He,), 2.43 (0.15 H, dddd, J 13.3,4.6, 3.0 and 1.5, cis-5-He,), 2.52 
(0.15 H, dd, J 17.2 and 7.9, cis-3-Ha,), 2.64 (0.85 H, dd, J 17.6 and 
3.9, trans-3-Ha,), 2.66 (0.85 H, ddd, J 17.6, 3.4 and 1.4, trans-3- 
He,), 2.87 (0.15 H, ddd, J 17.2, 5.7 and 1.5, cis-3-He,), ca. 3.38 
(0.30 H, m, cis-CH,I), 3.41 (1.7 H, d, J 5.1, trans-CH,I), 4.21 
(0.1 5 H, m, cis-6-Ha,), 4.3 1 (0.1 5 H, m, cis-4-Ha,), 4.46 (0.85 H, 
m, trans-4-He,) and 4.64 (0.85 H, dtd, J 11.4,5.1 and 3.3, trans-6- 

38.5 (c), 39.1 (t), 40.0 (c), 63.5 (t), 64.4 (c), 74.1 (t), 75.6 (c), 169.2 
(t) and 169.5 (c); m/z 327 (9%, C,oH2010,Si, M - C3H7 and 
CH,CO), 201 (43, C9H1703Si), 157 (100, C8Hl,0Si) and 129 
(30, C,H,,OSi) (Found: M +  - C3H7 and CH,CO, 327.0277. 
C1 ,,H2J02Si requires 327.0279). 

Ha,); 6, 7.0 (c), 8.5 (t), 12.0 (t), 12.3 (c), 17.7 (c), 18.0 (t), 36.7 (t), 

(4RS,6RS)-trans-6-( But-3-en~d )-4-hydro.q~tetrahydropyran- 
2-one 27b.-A solution of allyltributyltin (0.48 g, 1.1 mmol) in 
dry toluene (2 ml) was added to the iodo lactones 25b and 26b 
(0.27 g, 0.73 mmol, trans-cis ratio 3 : 1). The solution was stirred 
for 5 min then azoisobutyronitrile (AIBN) (0.018 g) was added 
and the resulting solution heated to 80 "C for 16 h. The cooled 
reaction mixture was evaporated and the residue chromato- 
graphed on silica gel using ether-hexanes ( 1  : 5 )  as the eluant 
to give the intermediate alkylated lactone 27a (0.062 g) which 
showed v,,,/cm-' 1737 and 1641; 6, 0.09 (6 H, s, 2 x CH,), 
0.96 [9 H, s, C(CH,),], 1.2G2.08 (4 H, m, 2 x CH,), 2.2&2.57 
(2 H, m, CHCH,), 2.74 (2 H, apparent d, J4.3, 3-CH2), 4.56 (1 
H, quin, J 3.6, 4-H), 4.83-5.16 (1 H, m, 6-H), 5.19-5.52 (2 H, m, 
CH,CH), and 5.91-6.44 ( 1  H, m, CH,CH). 

The foregoing silyl ether was dissolved in acetonitrile (2 ml), 
the solution cooled to 0 "C and treated with aqueous hydrogen 
fluoride (407;; 1 ml). After 4 h at this temperature, the solution 
was concentrated under reduced pressure and the residue 
partitioned between chloroform (10 ml) and water ( 5  ml). The 
separated organic layer was washed with water (2 x 5 ml) and 
then dried and evaporated. Chromatography of the residue over 
silica gel eluted with ether afforded the trans factone 27b (0.029 
g, 31% overall), as an oil, v,,,/cm-' 3410, 1725 and 1642; 
6,(400 mmHg) 1.58-1.90 (3 H, m, 1 -CH, and 5-Ha,), 2.07 (1 H, 
dddd, J 14.5,3.5,3.2 and 1.6, 5-He,), 2.12-2.37 (2 H, m, CHCH,), 
2.58 ( 1  H, ddd, J 17.7, 3.7 and 1.6, 3-He,), 2.73 (1 H, dd, J 17.7 
and 4.7, 3-Ha,), ca. 2.74 (1 H, br s, OH), 4.38 (1 H, br quin, J ca. 
3.8, 4-He,), 4.73 ( 1  H, dddd, J 11.4,7.7,4.9 and 3.2, 6-Ha,), 5.01 (1 
H, ddt, J 10.3, 1.7 and ca. 1.1, CH,H,CH), 5.07 (1 H, apparent 
dq, J 17.0 and 1.7, CH,H,CH) and 5.82 (1 H, ddd, J 17.0, 10.3 
and 6.6, CH,H,CH); 6, 28.0, 33.7, 34.9, 37.6, 61.6, 74.3, 114.5, 
136.3 and 169.8; m/z 152 (8%, C,HI2O2, M - H,O), 128 (30, 

73 (100, C3H502) (Found: M f  - H 2 0 ,  152.0833. C9HI2O2 
requires M, 152.0836). 

C 6 H 8 0 3 ) ,  115 (43, C S H ~ O , ) ,  97 (48, C 5 H 5 0 2 )  92 (92,C7H8) and 

(4RS76RS,2'E)- trans-6-( 3'- Phenyfprop-2'-enyf)-4-hydrox~)- 
tetrahydropyran-2-one 28b.-A solution of P-stannylstyrene 44 

(0.42 g, 1.1 mmol) in dry toluene (1 .O ml) was added to the iodo 
lactones 25b and 26b (0.2 g, 0.54 mmol, trans-cis ratio 3: 1) 
followed by AIBN (0.014 g). The resulting solution was stirred 
at 80 "C; after 12 h, a further aliquot of AIBN was added. This 
procedure was continued for 72 h and then further aliquots were 
added every 24 h for 96 h. After a total of 168 h, the solution was 
cooled and evaporated. The crude silyl ether 28a (0.1 1 g) was 
isolated by rapid filtration of the residue through silica gel 
eluted with ether-hexanes (1 : 5) .  

The crude silyl ether 28a (0.1 1 g) was dissolved in acetonitrile 
(3 ml), cooled to 0 ° C  and treated with aqueous hydrogen 
fluoride (40%; 1.5 ml). After 3 h at this temperature, the solvent 
was evaporated and the residue partitioned between chloroform 



J .  CHEM. SOC. PERKIN TRANS. I 1991 139 

(25 ml) and water (10 ml). The separated organic layer was 
washed with water (1 x 10 ml) and then dried and evaporated. 
Chromatography of the residue over silica gel using ether as the 
eluant then gave the trans lactone 28b (0.033 g, 35% overall) as 
an oil, v,,,/cm-' 3405, 1720 and 1598: 6,(400 MHz) 1.75 (1 H, 
ddd, J 14.4, 11.5 and 3.1, 5-Ha,), 2.00 (1 H, dddd, J 14.4, 3.6, 3.1, 
and 1.4, 5-H,,), 2.60 (5 H, m, 3- and 1'-CH, and OH), 4.36 (1 H, 
br quin, J 3.7, 4-H,,), 4.84 (1 H, dtd, J 11.5, 6.0 and 3.1, 6-Ha,), 
6.21 (1 H, dt, J 15.9 and 7.2,2'-H), 6.51 (1 H, d, J 15.9, 3'-H), and 
7.1CL7.37 ( 5  H, Ph); 6, 35.2, 38.6, 38.8, 62.6, 75.5, 123.8, 126.2, 
127.5, 128.3, 137.0, 137.7 and 170.6; m/z 214 (9%, C14H1402, 
M - H,O), 117 (33, C,H,) and 97 (100, CsH502) (Found: 
M' - H 2 0 .  214.1006, C14H1402 requires M, 214.0999). 

Methyl (3R,5S)-3-[t-Butyl(dimethyl)silyloxy]-5,6-epoxy- 
hexanoate 29a.-Anhydrous sodium carbonate (0.075 g, 0.75 
mmol) was added to a stirred solution of the iodo lactone 25b 
(0.24 g, 0.6 mmol) in methanol (7.5 ml). The resulting mixture 
was stirred in the dark for 16 h at ambient temperature and then 
evaporated and the residue partitioned between ether (40 ml) 
and water (10 ml). The separated organic phase was dried and 
evaporated. Chromatography of the residue over silica gel 
eluted with ether-hexanes (1:3) then gave the epoxy ester 29a 
(0.153 g, 93%) as a colourless oil, [XI,, -23.2' (c 1.0; CHCI,): 
v,,,/cm-' 1736; 6,(400 MHz) 0.07 (3 H, s, SiCH,), 0.08 (3 H, s, 
SiCH,), 0.88 [9 H, s, C(CH,),], 1.69 (1 H, ddd, J 14.3, 6.9 and 
4.8, 4-HaH,), 1.82 (1 H, ddd, J 14.3,5.6 and 4.7, 4-H,Hb), 2.47 (1 
H, dd, J 5.0 and 2.7, 6-HaHb), 2.56 (1 H, dd, J 15.0 and 5.6, 2- 
H,H,), 2.63 (1  H, dd, J 15.0 and 7.3,2-HaH,), 2.77 (1 H, dd, J 5.0 
and 4.2, 6-H,Hb), 3.08 (1 H, ddt, J6.9, ca. 4.4 and 2.7, 5-H), 3.68 
(3 H, s, OCH,) and 4.37 (1 H, ddt, J 7.3, 5.6 and 4.8, 3-H); 6, 
-4.9, -4.6, 18.0,25.8,40.3,42.3,46.5,48.9, 51.6,67.6 and 172.0; 
in/: 243 (3'?,, Cl2H,,O3Si, M - OCH,), 217 (25, C9H1704Si, 
M - C4H9), 185 (18, C9H1303Si, M - CH,OH and C4H9), 
161 (30, C,H,,O,Si), 157 (24, C,H,,O,Si), 143 (58, 
C,H,,O,Si), 115 (51, C5Hl10Si), 89 (67, C,H,OSi) and 75 
(100, C,H,OSi) (Found: M' - C,H,, 217.0889. C,H,,O,Si 
requires 21 7.0895) (Found: c ,  56.7; H, 9.7. Cl,H2604Si requires 
C, 56.9; H, 9.6%). 

If the reaction was terminated after a shorter period, 
according to the length of time varying amounts of the 
intermediate iodohydrin could be isolated using the same 
chromatographic system as above. The iodohydrin showed 
v,,,/cm-' 3463 and 1738; 6, 0.10 (3 H, s, SiCH,), 0.12 (3 H, s, 
SiCH,), 0.92 [9 H, s, C(CH,),], 175-1.96 (2 H, m,4-CH2), 2.61 
(2 H, d, J 7.2, 2-CH,), 2.87 (1  H, br s, OH), 3.27-3.49 (3 H, m, 
CH,I and 5-H), 3.75 (3 H, s, OCH,) and 4.41 (1 H, quin, J6.8, 
3-H); rn/z 345 (lx), CgH18104Si, M - C,H,), 271 (18, C6H12- 
I02S1), 253 (28, C7HlOIO2), 145 (72, C5H,0,Si) and 101 
(100, C,H,OSi) (Found: M +  - C,H,, 345.0032. Cl9Hl8IO4Si 
requires M, 345.0021). 

Methyl (3 R,5S)- and (3 R, 5 R)- 3- [ Tr iisopropylsilylo.uyl-5,6- 
epoxyhe_uanoate 29b.-Using exactly the same method as in the 
foregoing reaction, treatment of the iodo lactones 25d and 26d 
(trans-ci.r 5.5:  1) (0.10 g, 0.24 mmol) with sodium carbonate 
(0.028 g, 0.27 mmol) in methanol (3.5 ml) gave the epoxy esters 
29b (0.064 g, 85%) as a colourless oil, v,,,/cm-' 1738; 8, (400 
MHz) 1.05 C0.45 H, m, anti-(CH,),CH], 1.06 C2.55 H, m, syn- 
(CH,),CH], 1.066 [ 15.3 H, br s, anti-(CH,),CH], 1.073 C2.7 H, 
br s, s-yn-CH,),CH], 1.69 (0.85 H, ddd, J 14.3,7.2 and 4.0, syn-4- 
HaHb), 1.73-1.85 (0.3 H, m, anti-4-CH2), 1.94 (0.85 H, ddd, J 
14.3,6.1 and 4.3 Hz, syn-4-HaHb), 2.47 (0.85 H, dd, J 5.1 and 2.7, 
syn-6-HaHb), 2.49 (0.15 H, dd, J 5.1 and 2.7, anti-6-HaHb), 2.6& 
2.73 (0.3 H, m, anti-2-CH2), 2.67 (1.7 H, apparent t, J6.3, syn-2- 
CH,), 2.76 (0.85 H, dd, J 5.0 and 4.1, syn-6-HaHb), 2.79 (0.1 5 H, 
dd, J 5.0 and 4.1 Hz, anti-6-HaH,), 3.05 (0.15 H, dddd, J 6.6, 5.1, 
4.0 and 2.6, anti-5-H), 3.1 1 (0.85 H, dtd, J 7.2,4.1 and 2.7, syn-5- 

H), 3.67 (3 H, syn and anti OCH,) and 4.474.54 (1 H, m, syn 
and anti-3-H); 6, 12.5 (syn), 12.6 (anti), 17.7 (syn), 18.1 (anti), 
40.2 (syn), 40.7 (anti), 41.9 (syn), 42.9 (anti), 46.5 (syn), 47.3 (anti), 
48.7 (syn), 49.1 (anti), 51.5 (syn and anti) OCH,), 67.6 (anti), 68.0 
(syn), 171.7 (anti) and 171.9 (syn); m/z 273 (60%, C13H2504Si, 
M - C3H7), 217 (64, CloH2103Si), 199 (24, C,oH1902Si), 171 
(53, C9Hl,0Si), and 75 (100, C2H70Si) (Found: M +  - C,H,, 
273.1521. C,,H,,O,Si requires M, 273.1522). 
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