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Summary. The regio- and stereo-selective epoxidation of methyl 3,4dih~drobenzoate derivatives has been 
investieated. Perbenzimidic acid leads onlv to euoxides formed at the A'* 
rea enk 

bond. More electrophilic 
such as MCPBA also give prod&s of ihis type, as well as epoxides formed through-attack at the 

A 51B * bond. Reactions of the 3,4_dihydrobenzoates with thiophenate anion have been undertaken as a means 
of protecting the AIDE bond and thence controlling the regioselectivity of epoxidation. A synthesis of 
racemic methyl 6a-fluotoshikimate. has been achieved through the ring-opening of an epoxide of methyl 
3,4dihydro-3,4-isopropylidenedioxybenzoate. 

Aromatic compounds are ubiquitous in Nature and frequently arise through the so-called ‘acetate 

pathway’. In plants and micro-organisms an alternative biosynthetic route may also operate leading via 

shikimic acid (1) to aromatic amino acids. As part of our continuing interest in the synthesis of 

compounds related to shikimic acid’, we now report upon the regio- and stereo-selectivity of the 

epoxidation of methyl 3.4-dihydrobenzoate derivatives and the reactions of the products with electrophiles 

and nucleophiles. The main substrate for these reactions is the diene acetonide (2), which can be obtained 

by the dehydration of the hydroxy ester (3) using diethyl azodicarboxylate and triphenylphosphine2 

(Mitsunobu’s conditions3), or less efficiently with Martin’s reagent4. When reacted with 

m-chloroperbenzoic acid (MCPBA) the dieneacetonide gives a mixture of the two epoxides (4) and (5) in 

the ratio 8:3 and a small amount of the a-epoxide (6). The epoxides could not be obtained pure, thus the 

crude reaction mixture was treated with sodium thiophenate to afford the hydroxysulphides (7) and (8). 

These products, which can be separated, are derived from ring-opening of the epoxides (4) and (6) 

respectively, but no product from nucleophilic attack on the isomer (5) was detected. However, in later 

work we were able to show that this compound does indeed react with sodium thiophenate and forms the 

allylic alcohol (11). rather than expected hydroxysulphide (10). Sodium hydride alone does not effect this 

last reaction, thus participation of the thiophenate anion appears essential. A possible mechanism involves 

St.,2 displacement of the epoxide by thiophenol to form the sulphide (9), which then reacts with excess 

thiophenate to displace diphenyldisulphide and to generate the carbanion (10). This on protonation 

produces the conjugated hydxoxy ester (11). There are some precedents for displacements of this typ$. 
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(1) (2) (3) 

(4) (5) (6) 

Treatment of the dieneacetonide (2) with trifluoroperacetic acid caused deprotection and aromatisation to 

give methyl 3-hydroxyknzoate, but reactions with either vanadylacetylacetonate-‘butylhydroperoxide or 

monoperphthalic acid yielded the same mixture of epoxides as obtained from the reaction with MBBA6. 

However, when the less electrophilic perbenzimidic acid’ was used the a-epoxide (5) was obtained in 

quantitative yield. 
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The stereochemistry of the reaction can be explained if the approach of the reagent was assisted by initial 

complexation to the acetonide unit. Such an interaction might be enhanced in the dihydroxydiene (12)*. 

and in fact this compound when reacted with MCPBA gave the epoxides (13) and (14) in the ratio 1: 19*“. 

The reaction is complete within 10 hours compared with the three days necessary for the reaction between 

the dieneacetonide and MCPBA, and none of the 5&6&epoxide was isolated, or detected. To circumvent 

the formation of mixed products we considered using the susceptibility of the 3,4dihydrobenzoates to 

conjugate addition” by protecting the A13 bond prior to epoxidation. Thus we envisaged that reaction of 

the hydroxy ester (3) with sodium thiophenate should give the adduct (15). which after dehydtation, could 

be epoxidized and oxidized in one step to afford the sulphone (16). 

would then complete the synthesis of the epoxide (4). 

(3) 

I 
OH 

Elimination of benzenesulphinic acid 

-Hz0 
0 

“%, --_) 
OH 

[Ol 

(15) 

OH 

(14) 

0 

(4) 

In practice the reaction of the hydroxy ester (3) with sodium thiophenate progressed slowly at ambient 

temperature and, after 18 hours, furnished two hydroxysulphides (15) and (17), together with much 

unreacted starting material. The structure of the major product was established by a single crystal X-ray 

analysis of the deprotected 4-bromobenzoate ester (18, Ar==t-BrC&lJ. When the reaction time was 

extended to 4 days three products were isolated. Two of these were the expected hydroxysulphides (15) 

and (17), but now only in 9% and 5% yields respectively. The major product was the lactone (19) (12% 

yield), the structure of which was also confirmed by X-ray crystallography. 

Neither of the two hydroxysulphides (15) and (17) could be dehydrated under Mitsunobu conditions, so in 

an alternative approach to the epoxide (4) the dieneacetonide (2) was reacted with sodium thiophenate in 

expectation of forming the monosulphide (20). This could then be epoxidized and oxidized as in the 

previous route to give the sulphone (16), and then the desired product (4). The first step of this reaction, 

which was carried out at OOC, afforded the disulphide (23) as the major product (47% yield) and small 

amounts of the two monosulphides (22) and (24). When the reaction was repeated using thiophenol in the 
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presence of a catalytic amount of triethylamine the ci.r-monosulphide (21) was obtained in 59% yield, 

rather than the anticipated nuns-isomer (20). We consider that compound (20) is the initial product of the 

sodium thiophenate reaction, but under the basic conditions isomerisation to the allylic sulphide (22) 

occurs. A second Michael addition then affords the disulphide (23). The seemingly unusual relative 

stereochemistries of the monosulphide (21) and the disulphide (23) are occassioned by the fact that the 

presence of the acetonide function in both compounds determines that the phenylsulphide groups occupy 

‘equatorial’ sites. In order to minimise non-bonded interactions the methoxycarbonyl functions must then 

be ‘axially’ orientated. These conclusions are supported by ‘H nmr data including nuclear Overhauser 

effect experiments (see experimental section). 

HO CKOAI 

OH \ 

(18) (19) 

(22) 

(24) 
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Unfortunately oxidation of the sulphide (21) merely gave the sulphone (25) and the epoxide (26) could not 

be formed. Considering the likely mechanisms by which MCPBA could attack the dieneacetonide (2)” 

we reasoned that Michael addition would be disfavoumd for the corresponding acid (27). Hydrolysis of 

the dieneacetonide was achieved by treating it with pig liver esterase at pH7 in an aqueous medium 

buffered with phosphate. Oxidation of the acid with MCPBA gave the epoxide (28). which was converted 

into the epoxide (4) by treatment with diazome mane (an excess of the reagent must be avoided otherwise 

the pyrazoline (29) is produced by 1,3dipolar addition to the A’s2 bond). The overall yield for the two 

steps was 56%. 

When the epoxide (4) was reacted with hydrofluoric acid in pyridine racemic methyl 6u-fluoroshikimate 

(30) was obtained in 49% yield as a colourless oil, together with 3% of the isomers (31) and (32) in the 

ratio 4: 1 [methyl 6a-fluoroshikimate has also recently been synthesised by Professor J.K.Sutberland’s 

group at the University of Manchester12]. 

0 

OH 

(30) (31) (32) 

ExWrimental 

U.V. spectra were recorded on a Perkin-Elmer 402 instrument for solutions in 95% ethanol. ‘H. N.m.r. 
spectra were obtained at 270MHz and 4OOMHz and t3C n.m.r. spectra at 67.8 MHz using tetramethylsilane 
as internal standard in deutericchlorform solution, unless stated otherwise. The instruument used was a 
JEOL MNGXFT spectrometer. Mass spectra were measured on a VG 707OE instrument. All solvents, 
other than ethanol, were distilled prior to use. Light petroleum refers to petroleum ether, b.p. 60-8O’C. 

Methyl 5~,6~-epoxy-3a,4a-isopropylidenedioqxyclohexenoate (4) and methyl la,2a-epoay- 
3a,4a-isopropylidenedioxy-cyclohex-5-en-I$-oate (5)- (a) With MCPBA-A solution of the dieneacetonide 
(2)(466mg, 2.22 mmol) in dichloromethane (15cm3) was heated and stirred at 4OT with m-CPBA (480 
mg, 2.77 mmol). After 12h. the reaction mixture was allowed to cool, and was washed with 10% aq. 
sodium sulphite, saturated sodium hydrogen carbonate solution, and brine, dried (MgSO& and 
concentrated under reduced pressure. The resulting yellow oil was chromatographed with 10% ethyl 
acetate - light petroleum to yield a colourless oil, found by tH n.m.r. to be an 8:3 mixture of the epoxides 
(4) and (5). RF = 0.65 [50% EtOAc - light petroleum]; U, 172Ocm-t (GO). 
Methyl 5f3,6~-epoay-3a,4a-isopropylidenedioxycyclohmwoate (4) has 

3 
(400 MHz) 1.38 and 1.39 (2 x 

3H, 2s. CMe& 3.65 (IH, ddd, J5,6 = 3.5, Js,4 = 2.0, J5,3 = 0.5 Hz, 5-H), 3. 1 (3H. s, 0CH3), 3.98 (lH, ddd, 
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JL c = 3.5. Ja = 1.5. Jh4 = 0.5 Hz, 6-H), 4.56 (1H. dd. Is4 = 7.0. J 2 = 2.5Hx, 3-H), 4.79 (lH, m, JdJ = 
= 2 8 J = 0 5 J = 0.5Hz 4-H) 6.81 (1H. d&J= = 25, Ja,e = 1.5, Jra = 0.5Hz. 2-H). 

N&EDS bii for (4). 4&m the efkrxide’mixture 

Signal irradiated 
(Chemical shift 6) 

Observed n.0.e. (46 enhancement) 

5-z [;6;; 4-H (9) 6-H (10) 

3-H (4:56) 
5-H (7) 

2-H (9) 4-H (9) 
4-H (4.79) 3-H (11) 5-H (7) 

(b) With monoperphrhulic acid - The dieneacetonide (2) (IOOmg, 0.48 mmol) in ether (3cm3) was treated 
with an etherial solution of monoperphthalic acid (0.49 mmol). After stirring for 5 days at ambient 
temperature, the reaction mixture was washed with saturated sodium hydrogen carbonate and brine, dried 
(Na2S04). and evaporated to afford a yellow oil. This was chromatographed (eluting with 1:lO EtOAc - 
light petroleum) to yield, initially, unreacted (2) (32mg). Further elution afforded a colourless oil 
comprising the epoxides (4) and (5) (25mg, 34% cotrected yield) in a 3: 1 ratio. 
(c) Wirh vanadium (IV) 2,4-pentadionate oxide - t-bury1 hydroperoxide - A solution of the dieneacetonide 
(2) (122mg, 0.58 mmol) and vanadium (IV) 2,4pentadionate (0.4mg. 0.26 mol%) in benzene (1 cm3) was 
stirred at ambient temperatute, under nitrogen. A solution of r-butyl hydroperoxide in toluene (3M. 
0.48cm3, 1.44 mmol) was added, and after 12h., the solvents were evaporated to leave a golden-coloured 
oil. This was taken up in chloroform (5cm3) and washed with 10% aq. sodium sulphite and brine, dried 
(MgS04) and concentrated under reduced pressure. The resulting oil was chromatographed with 1:lO ethyl 
acetate - light petroleum, to yield a 3: 1 mixture of the epoxides (4) and (5) (6Omg, 46%). 
Methyl ?a,2a-epo~-3a,4a-isopsopylidenedioxycyclohex-5-en-l~-oate (5). - The dieneacetonide (2) 
(62mg, 0.30 mmol), potassium carbonate (0.07g) and benzonitrile (ca. 0.03 cm3, 0.3 mmol) were stirred in 
methanol (5 crns) at CPC, and 30% aqueous hydrogen peroxide (ca. 0.04 cm3, 0.35 mmol) were added 
dropwise. After 2.5h.. 10% aqueous sodium sulphite (co. 2 cm3) was added and the organic material 
extracted with dichloromethane (x 3), dried (MgS04) and the solvents evaporated to leave a colourless 
semi-solid. This was chromatographed, eluting with 10% ethyl acetate - light petroleum, to furnish an oil 
which crystallised on standing as needles of the title compound (67mg. quantitative) m.p. 60-71“C; R 
0.79 (10% EtOAc - light petroleum]; I),, 172Ocn~t (GO); (4OOMHz) 1.38 (6H, s, CMei), 3.80 (fH, s, 
0CH3), 3.88 (1H. d, J ? = 2.OHx, 2-H). 4.48 (lH, ddd, J43 = .O, J4J = 2.5, J46 = 1.5Hz. 4-H). 4.77 (lH, 
br dd, J 4 = 70 J =?OHx,3-H) 5.86(1H ddd,Js,= 10.5,Js4=2.5,J 
Js 6 = l&S, J6’4: ?&-Ix,6H); s, 25.75 and 27.49 (2.q. C(CH3)2); 51.55 5?- 

20.5Hz,5-H),64O(lH,dd, 
(s, C). 52.78 (q. 0CH3), 54.71 

(d; 2-C), 70.11 (d, 3-C). 70.55 (d, 4-C), 110.73 (s. C(CH3)Z), 121.12 (d, 6-C). 131.72 (d, 5-C), 168.63 
(C=O); m/z 227 (MH+. 44%), 211 (9), 169 (loO), 137 (34) (Found: C, 58.5; H, 6.3, CItHt40s requires: C, 
58.4; H, 6.2%). 

NOEDS Data for (5). from the epoxide mixture 

Signal irradiated 
(Chemical shift, 6) 

Observed n.0.e. (S enhancement) 

2-H (3.88) 
4-H (4.47) 2-H (4) OMe (37) 

Methyl S~-hydroxy-3a,4a-isopsopylidenedioxy~a-phenylthiocyclohexenoote (7) and methyl 
5a-hydroxy-3a,4a-isopropylidenedioxy~~-phenylthiocyclohexenoate (8) - A 60% dispersion of sodium 
hydride in mineral oil (6Omg) was washed with 40-60 petroleum ether and protected by a stream of Nz. 
THF (5cm3) was added and the suspension cooled to 0°C. Thiophenol(0. 15cm3, 1.43 mmol) was added 
in one portion and the resulting white suspension stirred for 15 min. before a solution of the three 
component epoxide mixture (4). (5) and (6) (3OOmg, 1.45 mmol) in THF (5cm3) was added. After 1.5h., 
the reaction was washed with 10% aqueous sodium hydroxide (5cmsx3). The aqueous phase was 
t-e-extracted with dichloromethane and the organic portions combined and dried (Na2S04). Evaporation of 
the solvent gave a yellow oil which was chromatographed [ 1:2 ether - light petroleum (b.p. 30-4CPC) to 
yield (7) as a white solid (158mg,35%) mp. 126OC, R 
171Ocm-’ (GO); 

0.56 [50% EtOAc-hexane]; u, 3680-3200 (OH), 

3 
(4OOMHz) 1.37 and 1.48 (2 x 3Hy 2s CMq) 2.45 (1H d J = 7.0 Hz, OH), 3.74 

(3H,s,0CH3),3. (1H,ddd,Js4=9.0,J50H= 703 ’ =‘45Hz 5-H) 429’(1#tJ =90 J = 
7.OHz, 4-H), 4.40 (lH, d, Ja5 = 45 6-H) 46O(lH dd.65 =7d J :35Hz j_H)‘64!&lH’d4~ = 
3.5 Hz, 2-H). 7.30 and 7.55 (5H. irk. SP~);~IZ/Z @.i.) 33zeM+, iti), 226 (3&. l&(33) (FOUi: t!?60.7; 
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H, 6.0. Ct7HVOsS requires: C, 60.7; H, 5.6%). 
Benroute denvative: m.p. 108-l WC, RF 0.36 [1:2 Et20 - light petroleum (b.p. 3&W’]; U, 
171517OOctn’ (2 GO); 6H (4OOMHz, C,D& 1.20 and 1.40 (2 x 3H, 2s. CMe2). 3.34 (3H. s, OCHs), 4.42 
(lH, dd, 5s 4 = 7.0.5s =3.5Hx,3-H),5.09(lH,dd,J,t5=9.0.J4 =7.OHx,4-H).518(1H,d,J s= 
4.OHz 6-H) S56(lF&d,J54= 9 0 J = 4 0 Hz. 5-H) 6 96 [d,$bscured by Ph), 2-H]. 6.68,7.662,7.56 
and 7.g9 (1dH: 4m, SPh and &ZOPh);5$z (RI.) 440 (M’, 440.1278. hHm06S requires: 440.1291,2%) 
331 (l), 202 (25). 105 (56). 91 (100). 
NOEDS data for methyl 5B-benzoyloxy-344a-isopropylidencdioxy-6 

Signal irradiated 
(Chemical shift, 6*) 

Observed Resonance (96 enhancement) 

2-H 5-H 6-H 4-H 3-H 

14 3 - 
13 13 

;3 4 - 15 ;0 16 

Signal irradiated 
(Chemical shift, 8) 

Observed n.0.e. (% enhancement) 

2-H 3-H 5-H 4-H 6-H 

2-H (6.78) 6 - 
3-H (4.74) 8 6 
5-H (4.58) 

7 
9 7 

4-H (4.37) 
6-H (4.02) 78 

Benzoute derivative: m.p. 131-132“C. RF 0.42 [ 1:2 Et,O-light petroleum (b.p. 30-WC)]; u,, 
1715-17OOcm-’ (2x 0); 6, (4OOMHz) 1.44 and 1.54 (2 x 3H, 2s, CMe& 3.63 (3H, s, OCHs), 4.22 (lH, 
dd, J63 =2.5, Ja = l.OHz, 6H),4.53 (lH, brm,4-H),4.86(1H,ddd, J34= 5.0, JJ2=3.5. JJ~= l.OHz, 
3-H). 6.11 (lH, id, J54 = 3.5, Jssa =2.0Hz, 5-H), 6.85 (lH, d, Jz3 = 3.5 I&,2-H), 7.22-7.62 and 7.93 
‘I;;yl2n~ SPh and OCOPh); m/z (EL) 440 (M+. 440.1311 C&HuOdS requtres: 440.1291,2%) 311 (2), 

Methyl 6a-hydroxy4aJa-isopropylidenedioxycyclohexenoate (11) - Sodium hydride (7.6mg. of 60% 
dispersion) was washed with light petroleum (b.p. 30-4OT) and dried in a stream of nitrogen. THP 
(0.51~~) was added and the stirred suspension cc&d to 0°C. Thiophenol(l0 ul. 0.19 mmol) was added 
and stirring continued for 20 mitts. before a solution of epoxy ester (5) (4Omg, 0.18 mmol) in THP 
(2.5~~) was added dropwise. After 1 h., a few drops of water were introduced and the solvents were 
evaporated under reduced pressure (the last traces of water removed under high vacuum) and flash 
chromatography of the resulting oil (gradient elution with 25% to 50% EtOAc - light petroleum) afforded 
the tide compound as a colourless oil (9mg, 23%). RF 0.34 [50% Et@-light petroleum]; u,, 3620-2220 
(CO2H,OH) 1705 cm-t (GO); S, 1.35 and 1.36 (2 x 3H, 2s. CM& 2.55 (lH, ddd. Jgem = 18.0, J 
5.5, Js ,, = 3.0 5a-H), 2.66 (1H. ddd [partially obscured by OH], J,, = 18.0, Jse ,, = 5.0, Jse 6 = cd-l; . 
Sg-H),?.67 (lH, brs, OH), 3.79 (3H. s,OCHs), 4.41 (lH,dd, 534 = 6.5, J ,2= 2.5Hz, 3-H). 4.54 (lH.ddd, 
~~~~~~~d~~J~~~=3.OH~4-H),4.71 (1H,d,Jz,=2.5Hx,2-Hj,7.10(1H,dd.J~jo= 5.5, 

Me hyl3a,4a-dihydroxycyclohexa-ZJ-dieneoote (12) - The diene ester (2) (86mg, 0.41 mol) was stirred at 
56T for 1.5h. with 50% aqueous acetic acid (4 cm3). The aqueous acid was partially removed on a rotary 
evaporator, and the product evaporated to a yellow oil under high vacuum. Trituration with ethyl acetate 
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afforded the title compound as a white solid (36mg. 53%). The mother liquor was flash chmmatographed 
with 50% EtOAc - light petroleum to give a further 23mg of (12) (33%. overall yield 86%) m. .98.5’T 
(lit.,2 91-92°C); RP 0.15 [50% EtzO) - petroleum ether]; u,,,, 3560-3140 (OH), 1715 cm-’ (C =B ); s, 
((CD, CO) (3H, s, OCI-Ia), 3.80 (lH, br s, OH), 4.12 (lH, br s, OH), 4.15 [obscured by OH], 4-H), 4.40 
(H-I, 3 
10.0 &-&I), 6.88 ( fH, b 

=6.5 J3 = 3.5 Hz, 3-H), 6.11 (1H,dd,Js6= lO.O,Js,= S.OHz, 5-H), 6.39 (lH, brd,J6 = 
rm, 2-H); m/z (ELI.) 170 (M’, 23%) 152’(100), 138 (78) (Found: C, 56.5; H, $9. 

Calc. for CsHtoO, : C, 56.5; H, 5.9%). 
Methyl 3a,4a-dihydroxy-Za,2a-epoxycyclofiex-S-en-I~-oare (13) and methyl 
5a,6a-epoxy-3a,4a-dihy&oxycycMexoute (14) - A solution of the dihydroxydiene ester (12) (28mg 0.16 
mmol) and m-CPBA (3Omg, 0.16 mmol) in dichloromethane (5cm3). was stirred at ambient temperature 
for 12h. Removal of the solvent under mduced pressure left a white gum which was chromatographed 
with 50% ethyl acetate - light petroleum, to furnish a 1:l mixture of the title compounds (16mg, 52%) as a 
white semi solid. RF 0.49 [EtOAc]; u,, 3600-3180 (OH), 1720~~* (0); The 5,Gepoxide (14) has S, 
((CD,)@ - DaO) 3.74 (lH, br dd, JsVa = 2.5 Js 4 = l.SHx, 5-H). 3.83 (3H, s, 0CH3), 4.00 (lH, dd, JsJ = 
2.5, Ja3= l.SHz, 6-H), 4.09 (lH, brd, Jd3 =3.dHz. 4-H). 4.32 (lH,ddd, Jsl = 4.0, J34 = 3.0,Jss = 
1.5Hx, 3-H). 7.17 (lH, dd, Ju - - 4.0.52 6 = 1.5Hx, 2-H); and the 1,2cpoxide (13) has &.t 3.81 (3H. s, 
OCH3),3.91 (1H,brd,J~=1.5Hz,2-k),4.04(1H,brd,J34=3.0HZ,3-H),4.18(1H,ddd,J~~=3.5,J~~ 
= 3.0, J4 2 = 1.0 Hz, 4-H). 6.27 (lH, dd, Js 6 = 7.0, Js d - - 3.5&., 5-H). 6.48 (lH, d, J6> = 7.OHz.6H). 
Reactioris of the hydroxy ester (3) with so&m hydrkkthiophenoi - (A) - A 60% dispersion of sodium 
hydride (40mg) was washed with light petroIeum (b.p. WC) (3cm3x3) and dried in a stream of 
nitrogen. THF (2cm3) was added and the suspension cooled to OOC in an ice bath. ~iophenol(O.1 ems, 1 
mmol) was added in one portion and the white suspension stirred for 1 h., before a solution of the hydroxy 
ester (3) (228mg. lmmol) in ‘DIP (3cm3) was added dropwise. The ice bath was removed and the reaction 
stirred at ambient temperature for 18h., after which time the solvent was evaporated, and the resulting 
brown oil applied to a silica column. Elution with 1:2 ethyl acetate - light petroleum gave methyf 
Sa-hydroxy- 3a,4a-isopropyli&~dio~edioxy-2B-phenylt~o~clo~n-l B-oate (15) as a white solid (127mg. 
50% corrected yield) m.p. 84.5-85T (ether-light petroleum); RF 0.45 150% EtCIAc - light petroleum]; u,,,, 
3570 (OH), 1270 cm-t (C-0); 8, (4OOMHz) 1.39 and 1.52 (2 x 3H, 2s, CM+), 1.95 (lH, ddd, J cm = 14.0, 
.k&$ ~~~~~~~~~~~~~~!~H~~~~~~~~= 14.0 J6a.t = 6.5,36 _s = 6.OI-k 68-H), Z.;ecr (lH, d, 

=65 J =45Hz 8-H) 348(1H dd J =60 J 
= 4.5Hx, 2-H),‘3.71 i3I-I. s, OdH3), 4.l?(lH, br m, 5-H):4.4k?lH,‘dd, id3 = 6.6. Jds - 3.&,?H).b:S? 

= 6.0 J3 4 = 6.OHz,3-H), 7.24-7.34 and 7.47 (5H, 2m, SPh); S, 25.27 and 27.29 (2q, 
&!l$liJ?2i 61 (tk-C) 40 80 (d 1-C) 5036 (d 2-C) 51.96(q OCH ) 65 23 (d 5-C) 75 38 and 76 92 
(2d,3-, 4k),‘109.&4 (s, C (&13)&, 127.65 (d, kmatic’p-CH), 129.12 Ld 132.42 (kl, a&m&c o-m&I) 
134.57 (s, aromatic C-S), 173.42 (s, C=O); m/z. @I.) 338 (M+, 100%). 171 (78). 110 (16) (Pound : C 604, 
H, 6.6 C,,Ha205S requires: C, 60.4; H, 6.5%). 
NOEDS data for ( 15) 

Signal irradiated Observed n.0.e. (8 enhancement) 
(Chemical shift, 8) 

2-H (3.48) 1-H(21) 3-H(5) 
3-H (4.55) 

aromatic o-H(S) 
2-H(5) 4-H(32) 

Continued elution yielded an oil, found by ‘H n.m.r. to be a 1:l mixture of starting material (3) and methyl 
5a-hydroxy-3a,4a-isopropylidenedioxy-2B_ (17) (113mg, 23% corrected 
yield). The RF 0.31 [50% EtOAc - petroleum ether] was coincidental with that of the hydroxy ester (3). 
Methyl 5a-hy~o~-3a,4a-isopropylidenedioxy-2B_- I a-oate has S, (4iWMHz) 1.38 
and 1.51 (2 x 3H, 2s, CM%), 2.00 (lH, d, JoHs = 8.OH2, OH), 2.46 (3H, m, 1.6~, W-H), 3.21 (lH, dd, 
Jz 1 = 11.5, J = 9.OHz. 2-H), 3.69 (3H, s, OCHa), 3.82 (lH, br m. 5-H). 4.01 (lH, dd, 132 = 9.0,13,4 = 
S&Hz, 3-H),T29 (lH, dd, Id3 = 5.0, Jds = 7.OHx, 4-H). 7.28-7.33 and 7.56 (SH, m, SPh)i S, 25.97 and 
27.92 (2q, C(CH3)& 32.00 (t, 6-C), 44.73 (d, I-C), 50.29 (d, 2-C). 52.00 (q, 0CH3), 67.08 (d, 5-C). 76.04 
and 77.37 (2d, 3-,4-C), 109.75 (s, C(CHa)z), 128.31, 128.79 and 131.61 (3d, aromatic CH), 135.12 (s, 
aromatic C-s), 172.86 (s, GO); m/z 339 (MI-I+, 79%), 281(41), 171(100). 
(B) - A 60% dispersion of sodium hydride in mineral oil (18Omg) was washed with pentane (3cm3 x3) and 
protected by a stream of nitrogen. Anhydmus THP (5cm3) was intrcxluced and the suspension stirred at 
WC. Thiophenol (0.45cm3, 4.4 mmol) was added and, after 30 mins., a solution of the hydroxy ester (3) 
(10.6g, 4.4 mmol) in THP (5cm3) was added slowly. After four days at ambient temperature, a small 
amount of water (ea. 3cm3) was added and the product extracted with chloroform. The solvent was dried 
(MgS04) and removed to leave a yellow oil which was flash chromatogmphed, eluting with 1:2 EtOAc - 
light petroleum to yield initially endo-3,4-isopropylidenedioxy-exo-2-phenylthio-6-oxabi~coxabicyclo 
[3.2.l]octan-7-one (19X as a cream coloured solid (148mg. corrected yield 12%). m.p. 87-WC (from 
ether-light petroleum); RF 0.64 [50% EtOAc - light petroleum]; u,, = 1760 (C=O), 1575cm*’ (C=C); 81.t 
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(d, aromaticp-C), 129.50 and 131.78 (2d. aromatic o-, m-C), 132.13 (s, aromatic C-S), 175.41 
m/z (EL) 306 (M+. 70%). 291 (100) (Found : C, 62.7; H. 6.0. Cl 

91 
1804S requires: C. 62.7; H, 5.9%). 

Continued elution afforded the following compounds (in order o elution): methyl 
Sa-hydroxy-3a,4a-~opsoproWlidenedioxy-2~-phenylthiocyclohexan-I~-o~e (15) as a colourless solid 
(125mg. corrected yield 9%,); and an oil containing methyl Sa-hydroxy-3a,4a-isopropylidenedioxy-2b 
-phenyfthiocycMexun-la-curboxykzte (17) (5% corrected yield) and unreacted (3) in the proportions 1: 1 
( 125mg) RF 0.24. 
Methyl 5a-(4a-bromobenroyfo~)-3a,4a-dihy&o~-2~-p~nyit~~clo~~te (18, Ar==4-BrC ) - To 
a solution of the phenylthiohydroxy ester (17) (45mg, 0.13 mmol) and p-bromobenzoyl chloride ( SHd Omg. 
0.14 mmol) in dichloromethane (3cm3) under nitrogen was added freshly distilled triethylamine (19u1,O. 13 
mmol). After 5 days at ambient temperature, the solvent was evaporated and the residue chromatographed 
eluting with 20% EtOAc-light petroleum to yield the p-bromobenzoate (18, Ar=+BrC&$) as a colourless 
solid (19mg, 30%) m.p. 140-142“C, RF 0.73 [50% EtOAc - light petroleum]; u,, 3640-3280 (OH), 
1730-172Ocm-’ (GO); S, 2.05 (2H, br s, 20H) 2.15 (lH, ddd, J rm = 14.0, JW 1 = 8.0, Jb,, 5 = 3.5Hz, 
68-H). 233 (IH. ddd, Jgm = 14.0, Jap,5 = 7.0, Jaal = 4.5Hz, 6a-k), 3.44 (IH, br m, I-H), 3.71 (4H, br s. 
FHHzd2;“), 4.28 (lH, dd, J3 2 = 6.0, J3,4 = 3.OHz, 3-H), 4.40 (lH, dd, J4 5 = 3.5, J4 3 = 3.OHz, 4-H). 5.44 

m/z b65 
, s6a=7.0,Js4=3.$J 5 ho= 3.5Hz, 5-H), 7.25-7.60 and 7.92 (Sk, 2m, SPh and OCOC,H,Br); 
anil 463 (MI-I’ -18,2%),‘385 (l), 383 (I), 294 (4), 279 (5), 203 (RIO), 202 (100). 201 (54). 200 

(54). 
Reaction of the dieneacetonide (2) with sodium hydriakthiophenol - Sodium hydride (30mg of a 60% 
dispersion) was washed with pentane (3x2~~1~) and dried in a stream of nitrogen. THF (2cms) was added 
and the suspension cooled in an ice-salt bath. Thiophenol (ca. 0.1cm3 
solution of the dieneacetonide (81) (213mg, 1.01 mmol) in THF (2cm 3 

was added, and after 30 min. a 
) was added dropwise. This was 

stirred for lh., after which time a few drops of water were added, and the reaction mixture diluted with 
diethyl ether and dried (MgS04). The solvents were evaporated and the residual brown oil 
chromatographed with 20% ether-light petroleum (b.p. 30-40°C) to effect a partial separation. The more 
lipophilic product was columned twice more, and crystalliscd from hexane to give a fluffy colourless solid 
of methyl 2~,6~-diphenylthio-3a,4a-isopropylidenedioxycyclohe_um-l j3-oate (23) (204mg, 47%) m.p. 
125.5-126.5’C (from hexane); RF 0.67 [0.3 EtOAc - light petroleum]; u,, 1725 cm-t (C=Q; S, 
(4OOMHz) 1.37 and 1.49 (2 x 3H, 2s. CMei), 1.77 (2H. m, 5a-,58-H), 3.00 (lH, dd, J 3 = 9.5, Jr1 = 4.5hZ, 
2-H), 3.16 (lH, brd, J, 2 = 4.5, Jt 6 = 4.OHz, I-H), 3.42 (lH.ddd, Jes8 = 10.5, Jasa =k5, J6 1 =4.OHz, 
6-H), 3.79 (3H, s, CC&), 4.40 (lk, dd, J3 2 = 9.5, J3 ‘, = 5.OHz, 3-H), 4.43 (lH, m, J.,> = 3.5Hz, 4-H), 
7.26.7.39 and 7.46 (lOH, 3 x m, 2SPh); & 26.14 and 28.66 (2q, C(CH3)2), 29.47 (t,5& 43.04 (d, l-C), 
50.10 (d, 6-Q 51.57 (q, OCHs), 53.44 (d, 2-C), 74.36 and 75.25 (26,3-,4-C), 108.56 (s C(CH3)2), 
128.~04, 129.04 and 132.97 (3d, aromatic CH), 133.16 and 133.63 (2s, aromatic C-S), 171.23 (s, GO); &Z 

430 03.) @I+, 100%). 320 (17), 156 (18). 153 (8) (Found: C, 64.3, H, 6.2. CuH2604S2 requites: C, 64.2; 
H, 6.05%). 
NOEDS data for (23) 

Signal irradiated 
(Chemical shift, 8) 

Observed nOe (96 enhancement) 

5a-H, 58-H (2.30) 
2-H (3.00) 

o-Ph(l%) 
o-Ph(4%) 

4-H(78) 
3-H(2%) 
5a-H(2%) 

6H(4%) 

The more hydrophilic fraction obtained from the partial chromatographic separation was found to 
comprise a mixture of methyl 4a,5a-isopropylidenedioxy-6a-phenylthiocyclohexenoate (24) and methyl 
4aJa-isopropylidenedioxyaS-phenyfthiocycfohexenoute (22) in a 1:5 ratio (74mg. 22%). RF 0.62 [ 1:2 
EtOAc - light petroleum]. An analytical sample of each was obtained by repeated chromaotgraphy of the 
mixture, eluting with 20% ether-light petroleum (b.p. 30-4ooC). The less polar a-allylic sulphide (24) was 

1710 cm.‘(C=O); 8” 1.26 and 1.28 (2 x 3H. 2s, CMQ, 2.20 (lH, ddd. J 
S&-H), 2.27 (lH, br m, [obscured by 58-H), 3.77 (3H, s, OCH3). 4.3kpn 

3.0 Hz, 2-H). 4.65 (lH, dd, J3,4 = 6.5, J ,z = 3.5Hz, 3-H). 4.84 (lH, ddd, J45 = 
4-H). 7.01 (IH, brd, J6 B= 3 5Hz AH) 7 25-7 60 (5H m SPh)* S, 24 ?8 

28.61 (1.5C), 43.66 (d, 2-6). 52.b3 (q: O&,);), 72.41 (d. 3-C) 76 81 (d kc), 
108.25 (s C(CHs), 127.63 AND 129.16 (2d, aromatic CH), 129.68 (s, 1-C). 132.21 (d, aromatic CHj, 
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133.75 (s, aromatic C-S), 140.59 (d, 6-C). 165.60 (s. GO); m/z (IX.) 320 (M+,.320.1073. C,7H~O.,S 
requues 320.1080,78%). 262 (30). 153 (74), 1 lO(100). The more polar B-allyhc sulpmde (22) was also 
obtained as a colourkss oil: u 1710 cm- 
J 

(GO); s, 1.27 and 1.30 (2 x 3H. 2s, CMci). 2.50 (1H. ddd. 
= 18.0. JS .+=4.0. JS s=?SHz. 58-H) 2.57 (1H ddd J 

3% (3H, s O&Is, 4.52 (bH, d, J 
1.5k 2_H) 4 82 (1A a ;;~f4los96 = 7.0. J5a.4 = 2.0% 5cW. 

= 1 X-Ix, 3-H). 4.65 (lH, br 
m, 4-H), 7.i7 (lH, dd. J6.5a = 7.a,3J= B = 3 5 6I-i) 7.2G7.52 @Him, SPh);3&~ @I.) 324l (M+, 320.1084. 
C,,H 0,s requites: 320.1080 lOO# 262 (52) 218 (40) 
Met~~3a,4a-isopropyl~~~o~-2Bphenylthibcycloher;S-en-l~~~ (21) - To a solution of the 
dieneacetonide (3) (21Omg, lmmol) and thiophenol(O.21 cm3, 2 mmol) in chloroform (1 ems) was added 
triethylamine (ltlpl). After stitring for lh. at ambient temperature the reaction mixture was diluted with 
ether, washed successively with 5% aqueous NaOH, water and bring, and dried (Na$I04). The solvents 
were removed under teduced pressure to leave a white residue which was purified by flash 
chromatography [eluting with 1:6 ether-light petroleum (b.p. 30-4O”C)] to yield the tide compound as a 
colourless solid (188mg, 59%). Recrystallisation of a sample from petrokum ether gave long, translucent 
needles, m.p. 100.5 - 1OloC. Rp 0.34 [20% Et,0 - petroleum ether]; u_ 17354~~r (GO); S, 1.38 and 
1.39 (2 x 3H, 2s. CMei), 3.72 (4H. sand m, OCH3, I-H), 3.81 (lH, dd, J 1 = 5.0, J 3 = 5.5I-k. 2-H). 4.62 
(lH, dd. J3 = 5.5, J - 5 5Hx, 3-H) 4 76 (lH, br m. 4-H), 5.91 (lH, d& J5 6 = l&O, JSA = 3.0. JS1 = 
2.5I-Iz.5~I-$,6.12(l~dd,‘J6J= lO.O:J,, = 3.OHx, 6-H). 6.92 and 7.41 (5I-I. 2m. SPh); 26.39 and 27.77 
(2q, C(CH3) 

1 
,42.34 (d, 1-C). 50.21 (d, 2-C). 52.08 (q, 0CH3), 71.44 and 75.23 (2d.3-, $ - C), 109.73 (s, 

C(CH&, 1 5.64,127.64,128.07,129.08 and 132.33 (5d, 5-. 6, aromatic CT-I), 134.48 (s, aromatic C-S), 
171.65 (s, GO); tn/z (ELI.) 320 (M+. 100%). 245(23) (Pound C. 63.9; H. 6.35. C,7Hm04S requires C, 63.7; 
H. 6.3%). 
NOEDS data for (21) 

Signal irradiated Observed nOe (% enhancement) 

(Chemical shift, 8) 

rHm($i;l;-H (7 40) 

5-H (5:77) 
3-/4-H (4.70) 
2-H (4.02) 
1-H (3.74) 

O-H m/p-H 6-H 5-H 3/4-H 2-H 1-H 

10 - 
9 

1 
2 : 

20 5 
2 
6 1 

15 11 : 
5 18 

13 - - 11 

Methyl 3a,4a-isopropylidenedioxy-2~-phenylsulph (25) - The phenylsulphide 
(21) YUmg, 0.40 mmol) was heated at 40°C with m-CPBA (0.22g. 1.29 mmol) in dichloromethane 
(6cm ). T.1.c. analysis after lh., showed that all the starting material has been converted to two spots of 
product RP 0.59 and 0.48 [50% EtOAc - light petroleum]. After 3 days only the more hydrohilic product 
was detected. The reaction was diluted with dichloromethane, washed successively with 10% aq. sodium 
sulphite, saturated sodium hydrogen carbonate solution, and brine, and dried (Na2SO4). The solvent was 
removed under reduced pressure to yield a pale yellow oil, which solidified on standing to give the 
phenylsulphone (25) as a cream coloured solid [ 125mg. 89%], m.p. 108-109°C (From ether-light 
petroleum; RP 0.48 [SO% EtOAc-light petroleum]; urnax 1730 (GO), 1655 (C=C), 1310 (SO2 
asymmetric), 115Ocm-t (SO2 symmetric); S, 1.06 and 1.31 (2 x 3H, 2s, CMei), 3.55 (lH, dd, JZ3 = 9.0, 
J , =4.5Hz, 2-H), 3.79 (3H, s.0CH3), 3.87 (lH, brd, 1-H),4.76(1H, brdd,4-H).5 .18 (lH,dd, J32= 
825 J = 6.5Hz. 3-H). 6.01 (1H. ddd, JS 6 =9.5, JS4=3.5, J = 1.5Hz, 5-H), 6.12(1H,ddd, J6>=9.5, 
Ji ~‘=‘f%z, 6-H). 7.47-7.68 and 7.95 (5d, 2m, SO#h); S, 2d:d9 and 26.80 (2q. C(CH3 
52.26 (q. 0CH3), 65.58 (d, 2-C). 72.81 and 73.04 (2d,3-, 4-C). 109.07 (s, C(CH3)2), )d 

,42.32 (d, 1-C). 
127. 1, 128.14 and 

135.02 (4d, aromatic CH, 5-, 6-Q 142.99 (s, aromatic C-S), 170.08 (S, C-0); m/z 353 (MI-l+, 7%), 337 
(4), 295 (54). 157 (100) (Pound: C, 57.4; H, 5.5 Ct,HaoO,S requires: C, 57.95; H, 5.7%). 
3a,4a-Isopropylidenedioxycyclohexa-IJ-diene-l-carboxylic acid (27) - The dieneacetonide (3) (212 mg, 
1.0 mmol) was stirred in acetone-water (1:9, 20cm3) at ambient temperature, and to the cloudy white 
solution was added pig liver esterase (3OOu1, 120U). O.OSM. pH7 phosphate buffer [Na$-lPO,. 12HzO 
(3.201G). KH2P04 (0.4848) in 250cm3 of HZO] was added periodically to maintain the reaction at pH7. 
After 2h.. the stazting material had reacted complete9 (t.l.c., 50% EtOAc-hexane), the solvents wem 
evaporated and the white residue taken up in 5Ocm of water. This was acidified to pH3 with 2M HCl 
and the product extracted with ethyl acetate. Reacidification of the aqueous portion and extraction was 
carried out twice mom, and the combined extracts dried (MgS04) and evaporated to a yellow oily solid. 
This was taken up in chloroform and washed with water, dried (MgS04) and concentrated to a yellow oil 
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(195mg, 99%) which solidified on standing. A sample was purified by flash chromatography eluting with 
7030: 1 hexane-ethyl acetate-formic acid to furnish a white solid (m.p. 92-94‘T). R 0.3 1 [7@30: 1, 
hexane-EtOAc-HCOzH]; II 3850-2270 (OH), 1695cm-’ (GO); S, 1.41 and 
CMe2), 4.66 (lH,dd.J,,s =“bt”o,J,, =4.OHx, 4-H), 4.85 (lH, dd, J34=9.0, J3 

F .43 (2 x 2H, 2s. 
=3.5Hx, 3-H), 6.07 (H-f, 

dd,Js =10.0,&4=4.&Iz,5-H),6.54(lH,d,J 
JU =9.5, J 

= lO.OHx, 6H) ‘6 88 (1H &s. OH). 7.00 (lH, dd, 
= l’.OHz 2-H); m/z 139 (MH+, lO&& 138 (32), 121’(30) (Pou;ld : C. 60.9; H, 6.2. CmH,204 

requires: C,L%l.2; H, 6:1%). 
Methyl 5~,6~-epoxy-3a,4a-iso~ropylidenedioxycyclohe+nca&? (4) - The diene acid (27) (106mg. 
0.5mmol) in chloroform (3cm ) was stirred overnight wrth m-CPBA (lOQmg, O.Smmol) at ambtent 
temperature. Removal of the white precipitate of mchlorobenxoic acid by filtration, and evaporation of 
the filtrate under reduced pressure afforded a white gum (1lOmg) of 
5~,68-epoxy-3a,4a-isopropylidenedioxycyclohexe~ic acid (28) Rp 0.38 [60:40:1 light 
petroleum-EtOAc-HCOZH]; S, (2OOMHz) 3.70 (1H. dd. J5 6 = 3.5, JS ., = 2.5 Hz, 5-H). 4.01 (lH, dd, J6,5 = 
3.5, Js,ZH = 1.5Hx, 6-H), 4.62 (lH, dd, J3,., - 
2.5Hx, 4-H). 6.98 (lH, dd, JV =2.5, JZa= 

-7.0, Jst=2.5kz.3-H),4.83 (lH, brdd, J43 =7.0, J~J= 
1.5Hz,2-H), 8.70 (lH, br s, C@H). This was contammated 

with co. 10% m-chlorobenzotc acid, but was reacted without further purification. The gum (1lOmg) was 
dissolved in ether (5cm3) and treated with an etherial solution of diazomethane. ‘Ihe ensuing reaction was 
monitored frequently the t.1.c. and when complete, the solvent was allowed to evaporate. The resulting 
yellow oil was chromatographed with 10% EtOAc - light petroleum to yield the title compound as a 
colourless oil (69mg, 56% overall yield) RF 0.28 [ 10% EtOAc-light petroleum]; II 1720 cm-’ (GO); S, 
1.37 and 1.41 (2 x 3H, 2s. CM%), 3.67 (lH, dd, J5,6 = 3.5, J54 = 2.OHz.5-H), 3.8!@H, s, 0CH3), 4.00 
(IH, dd, Jb = 3.5, Jaz = 1.5, J 4 = 0.5Hz. 6-H), 4.58 (lH, dd, J34 = 7.0, J32 = 2.5Hz, 3-H). 4.81 (lH, m, 
J =70 .? =20 J =05 4 =0.5Hz,4-H) 681 (1H ddd,‘Jt3=25’J 6=l.5,J24=0.5H~ 2-H); 
$25.94 jn4ds27.79 i2&~3)$t6.05 (d, 6-C); 49.24 (d;5-C), 52.22 (q;O&13), 70.81 and 71.24 (26, 
3-,4-C), 111.00 (s C(CH3)$, 127.47 (s, 1-C). 139.99 (d, 2-C), 165.39 (s, GO); m/z 211 (M+-15.31%), 169 
(100) 137 (58) (Pound : C, 58.4; H, 6.25. CtIHt,Os requires: C, 58.4; H, 6.2%). 
I-Methoxycarbonyl-2,3-endo-epoxy9,4-exo-isopropylide~~edioxy-8, 9-diazabicyclo [4$,0] non-8-ene (29) 
- The epoxy acid (28)-m-chlorobenzoic acid mixture (279mg, cu. 0.6 mmol of (28) by ‘H n.m.r.) was 
dissolved in diethyl ether (5cm3) and swirled vigorously whilst an etherial solution of diazomethane was 
added dropwise. Addition was continued until the yellow colour persisted indicating a excess of 
diazomethane. The excess reagent and ether were allowed to evaporate to leave a pale yellow oil (331 
mg). This was columned with 20% ethyl acetate-light petroleum, to furnish the title compound as a 
colourless solid (116mg, cu. 70%) m.p. 115-I 16°C; RF 0.48 [50% EtOAc-light petroleum]; u,, 1725cm-’ 
(C=O); 8~ 1.12 and 1.26 (2 x 3H, 2s, CM%), 2.66 (lH, ddd, J6, - 10.0 J6 = 3.0 Hz, 
6-H), 2.92 (lH, ddd, J32 = 3.5, J3‘, = 1.0, J3> = l.OHz, 3-H), 3:3??$;,‘,‘,&$~3:60 (lH, dsd J = 16 5 

= 11.5Hz, 7endo-H), 366’(lH, ddd, J5,4 = 5.5, JS 6 = 3.0, JS3 = 1.0 Hz, 5-H). 3.78 (lH,‘b/;yJ,, = ’ J 7mdo,6 
5.5Hx. 4-H), 3.97 (lH, br d, 523 = 3.5Hz,2-H), 4.16 (1H: dd, J rm = 16.5, J,cXo6 = lO.OHz. 7exo-H); S, 
26.13 and 27.81 (2q, C(CHs)Z): 35.79 (d, 6-C), 52.78 (q. OCHsj.53.20 and 54.86 (2d, 2-, 3-C), 69.19 and 
71.56 (2d, 4-, 5-C), 79.37 (t, 7-C), 91.89 (s, 1-C). 109.24 (s, CMQ), 169.65 (s, GO); m/z 269 (MH+. 
lOO%), 225 (21), 183 (43), 151 (85) (Pound : C, 53.3; H, 6.2. N, 10.1. C12H1605N2 requires: C, 53.7; H, 
6.0; N, 10.45%). 
NOEDS data for (29) 

Signal irradiated 

(Chemical shift, 6 

‘lendo-H (3.60) 

Observed nOe (% Enhancement) 

7exo-H 2-H 4-H 5-H 7endo-H 3-H 6-H CMe2 

23 
35 3 

15 16 - 

;2 -. ;5 - 
_ _ 

4 3 - 3 6 - 

Methyl 6a-jluoro-3a,4aJfl-trihydroxy-cyclohex-I-enoate (30) - The epoxy ester (4) (38mg, 0.18 mmol) in 
dichloromethane ( Icms) was stirred at OT in a polythene tube, and anhydrous hydrogen fluoride pyridine 
(cu. 70% HP, 0.5cm3) added dropwise via a polythxne pipette. After 15 minutes the reaction mixture was 
added dropwise to aqueous calcium acetate (0.125g in 5cm3), and the resulting fine white precipitate 
removed by filtration through a short pad of celite. The filtrate was shaken with dichlommethane 
(3x2cm3) and the combined extracts washed once with brine, dried (NatSOd) and concentrated to a 
colourless oil (1.4mg, 3%). ‘I-l N.m.r. showed this to be a 4: 1 mixture of two fluoro alcohols (3 1) and (32) 
: methyl 6a-f7uoro-5fbhydroxy-3a,4a-isopropyliabe- dioxycyclohex-1 -enoate (31), the major isomer, has 
S, 1.26 and 1.49 (2 x 3H, 2s. CMe2). 3.85 (3H, s, OCHs), 4.27 (lH, ddd. J~,F = 10.5, Jsa = 6.5, J5,6 = 5.5 
Hz, 5-H). 4.30 (lH, dd [partially obscured by 5-H) J3,* = 3.5Hz. 3-H). 4.75 (HI, ddd, J4.5 = 6.5, J4,3 = 2.5, 
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J4 F = 2.0 Hz, 4-H), 5.25 (lH, br ddd, J 
J * = 2 0 J 

P = 46.0, JaJ 
= 1.0 Hz 2-H). methyl (_&a 4a Sa 

= 5.5, J6.a = l.OHz, 6-H). 6.94 (lH, ddd, J= = 3.5, 

6$i-Sa-Fi~~-6$-h~~~-3~,4=-~~~~~~yl~~~o~-~clo~-I-enoare (312, the minor isomer has S, 
1.44 (6H, s, CM%). 3.85 (3H, s, GCHs), 4.41 (lH, br ddd, JdBF = 8.0, Jd3 = 6.5, J4,s = l.SHz, 4-H), 4.59 
(1H. brdd,Jb =6.5.Jc, =2.5Hz,6),4.81 (lH,ddd,Js4= 6.5,Js3=2.0.J3~= l.OHz.3-H),5.49(1H, 
br dd, Js P = 4’8.0. Js 6 = $.SHz, 5-H), 6.83 (1H ddd, J 
and aqueous phase were combined and lyophilised, an %F 

‘= 2 5 J = 2 0 J 4 l.OHz 2-H). The washings 
the &&g wl&e?&id flash ‘chromatographed on 

silica with 10% methanol-chloroform to furnish the title compound (30) as a coloudess oil (17mg. 49%). 
R 0.33 [ 10% MeOH-CHCls]; u, 3720306O(OH). 1710 cm-t (C=G); 
AH), 3.69 (lH, dd, Jd3 ? 

(4OOMHz) 2.70 (3H, br s, 
= 9.0, J.+s = 4.OHz, 4-H). 3.82 (3H. s. GCHs), 4. 

9.0, Js 6 = 6.OHz. 5-H), 4.49 (lH, br dd, Js2 = 
3 (lH, ddd. J E = 17.0, Js4 = 

6.OHi6-H). 6.95 (lH, dd 
50 J =4OHz,3-H) 523(1H brdd ? =48.0 J’ = 

J = 5 0 J = 1 O&, z&) s;, (CDsOD) 52.97 (s’ GCH;),?!6.70 (dd y = 
2.0,3-C), 70.23 (dd. J4 F = ’ 7?Hz, 4-#3.41 (dd, Js FL 21.2Hz, 5-C). 90.15 (dd, J,jS = 173.2 Hz:6-v), 
130.67, (d,Jt F = 18.7 Hz, l-C), 142.19 (dd,JzF= 5.5Hz, 2-C). 167.40 (s. C=O); m/z (C.I. ammonia) 224 
(MNH4, 224.6932; CsH,sO$JFtequims: 224.0934,47%), 204 (14). 188 (15), 80 (100). 
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Note 
We did not observe kinetic resolution during our experiment using pig liver esterase to effect the 
hydrolysis of the dieneacetonide (2). but when the epoxy ester (5) was treated with this reagent system 
partial resolution to afford the corresponding acid, [aID 8 +12.8’(c 0.17, CHCls); m.p. 93-95.5’C, was 
noted. The yield of this product was only 19%: v,, 3600-2300,1705 cm-‘; 8 R 1.40(6H, 2s. CM%), 
3.95(1H, d, J=2.0Hz, 2-H), 4,51(1H, m, 4-H), 4.81(1H,dd, Js4=7.0Hz, J3 =2.OHz, 3-H). 5.91 (lH,dd, 
Js 6=10.0Hz, Js 4=2.5Hz, 5-H), 6.38( lH, dd, J6,s=10.0Hz, J6,.&2.GHz, 6-H); m/z (-ve FAB, H&)-glycerol) 
21’2(M+,7%), 167(12%), 109(13%). 
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