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Abstract. - New reagents for the stereoeeieetlve synthesis of Z-eubstf- 
tuted perhydrof uro/2,3bjf ursns are described. In the succes6ful approach 
tovarda the latter compounds, the key steps were the additfon of a xoxo- 
lithio-2a_aethoxy-3S-[ (pheuyleulfonyl)-nethyl]perhydrofuran to an aldehyde 
and a dilfthio-2alrathoxy-3~-[(phenyl8utfonyl)-Plethyl~perhydrofriran to a 
carboxyl derivative, respectively. 
The structures and conformations of the Z-tert-bufyl- and 2-isopropylper- 
hydrofuroi2,3bffurana vere exaxiued by xeans of R-NMR double resonance 
aud the 2IFNOS spectroscopy. 

Puaed ring cyclic acetate xeke up a structural part of xany oatural products. 

The insect-antffeedant aradirachtia for example contains a furo[2,3b]pyrae 

moiety, wtrile several cIetOdsne8 vfth insect-aatffeedant activity, end aflatoxfn 

contain a furo[2,3b]furan. Prompted by these important biologfcal actfvftiee, 

esny research groups have aimed exteasive efforts tovards the synthesis of furo- 

pyransl and Euro-f ueaus. 2 

RBSDLTS AND DISCUSSZON 

In our investigatlone involving the ayuthesis of clerodanes (c.S. dihydro- 

clerodfn A), the carbouyl compound B vas considered to be a proxiaing precursor 

for the fura-furan side chain C. Consequently. the introduction of a fuactfo- 

nalfted methylene-perhydrofuran tia addittoa of a stabtliaed carbanfoa to the 

catbonyl group of S vas investigated. lb this extent the dfthfane 1 aud the 

sulfoaea 2, 3 and 4 were chosen as CeaSenta, likely to lead to positive results. 
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Figure 1 
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In viev of the stereochemical problems to be expected In the built-up of a furo- 

furan aide chain in dihydroclerodin A, the symmetrical dithiane 1 seemed to ha 

the reagent to be preferred. followed by the eulfone 2. In the sulfone-acetals 3 

and 4, as an additional difficulty, an influence of the asymmetric centres in 

theee reagents has to be taken into account. 

In the syntheses of 1-4, y-butyrolactone vas used a8 starting material. By a 

modification of the procedure of Korte and Machleidt3 this was converted into a 

mixture of acetal-esters 5 in 53% yieid (Scheme I). ‘Ihe esters 5 were reduced 

quantjtatively to the alcohols 6, and subsequent Swern oxidatfoa4 resulted in a 

mixture of the aldehydea 7 and 8. Treatment of this mixture with trfethylamfne 

in refluxing benzene gave the rather labile aldehyde 8 in 48% yield. Dithlane 1 

was obtained in 55% yield by reaction oE aldehyde 8 with 1,3-propanedfthiol.’ 

Scheme I 

7 



Reaction of the lithiated dithiane 1 rlth 2,2-dimethylpropaoal (pivalaldehyde) 

in tetrahydrofuraa at -78’ in the presence of h~~thyl~oep~ric trianide gave 

adduct 9 in 00% yield. Attsmpte 8t cyclization of 9 to a furo-furan ring, ueing 

a number of acidic catalysts, were unsuccesef~t, end remval of the di thfaae 

mofety with lktney Nickel failed ae well. 

scheme IX 

B---r + 

Therefore, attentfon wee focueeed on 

11 

the allylic eulfone 2.’ The latter wae 

eyatheeized from the mixture of alcohol8 6 in three steps (Scheme 11). Ihe 

alcohols 6 were converted into the eulfidea 10 and IS. by reaction with 

dlphenyldieulf ide and tri-n-butyl~oe~~ae in pyridine.’ Separation of the dia- 

stereoteomeric eutphides was effectuated by mean6 of flash chromatography. 

Oxfdatfoo of the m&hides 10 and 11 with oxone @ in buffered methanol8 

yielded the corresponding aulfones ahm8t quentitatively. The unsaturated 

sulf one 2 VBB obtained in yields up to 68X by treatment of eulfone 3 aodfar 4 

with p-toluenesulfonic acid in benzene. However, it proved to be fapoaeible to 

isolate any etable product from the reactions carried out betweea pfvelaldebyde 

and lithiated 2. 

The expertsent tith dihydrofurane 1 and 2 having been unsucceed nl, the 

eulfooe-acetals 3 and 4 reslained to be iavestigated. A disadvaatage of the uee 

of these sulfoae-acetals wae illustrated by the addition of the lithiated 

eulfone-acetal 3 to pivalaldehyde,’ which yielded a cnapler aixture of the 

stereoisorric alcohole 12. Apart from that, elimination of the hydroxyl group 

took place during the reductfve desulfonatfon, and the alkeae 13 ues obtained in 

85% yield (Scbelle II?). 

Scheme IfX 
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In order to circumvent both problems, the g-ketosulfone 15s vas synthesized both 

by oxidation of the hydroxyl group in the adducts L4a, and by addition of the 

dilithiated sulfone-acetal 4 to pivaloyl chloride” (Scheme IV). Both routes 

gave yields of about 70%. 

Scheme IV 
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Reductive desulfonation of 1% with sodium smalgam in Wfered methanolLL 

yielded ketone 16a, as expected. Similarly, ketone L6b vas obtained from the 

trans-sulf one 4. Starting from the cis-sulfone 3 the COrrespondfUg ketones 2011 

and 2Ob were prepared, following the same procedures. 

Upon experimenting with a number of reducing agents on ketones L6s, Mb, 29s, 

and 2Ob, it was found that nearly complete stereoselectfve reduction of the 

carbonyL group in 16a and 16b could be achieved by reaction with lithium tri- 

tert-butoxy-aluminohydride in tetrahydrofuran at 0.. Thus, ketone 16s yielded 

the alcohol 17a, after which ring closure to the furo-furan Ma was achieved by 

brief treatment of 17s vith acid (yield 95%. talc. from Ma). Upon determination 

of the structure of this furo-furan (vide infra), it appeared that the relative 

stereochemistry of the substituent at C2 and the acetal proton is opposed to 

that observed for dihydroclerodin. 

Inversion of the configuration at the neopeotylic carbon atom C2 was effectuated 

via toeylation of the alcohol Pa, folloved by a nucleophilic substitution 

reaction with potassium superoxide. 12 Consecutively, the furo-f urao 19a was 

obtained by acid catalyzed cyclieation (yield 52x, talc. from ketone &a), aad 

proved to possess the same relative stereochemistry as dihydroclerodin (vide 

infra). 

The corresponding Z-isopropyl-perhydrof uro[ 2,3b]f urans 18b and 19b were 

synthesized following the sama route ss described for 16a and 19a, respectively. 

A selectivity, efmilar to the reactions carried out with the traas compounds 16a 

and 16b, could not be schieved in the reduction of the cis compounds 2oa and 

20b. 



2-Substituted ~rh~drof~o[2,3~~fu~~ 

Determination of the etructures of Me and 19s 

The structure of the cosipouads 1% aad 19e we8 elucidated by maua of %i-NNR, 

Vit. by combining the result8 of double resoaaaee measurements aad of the ZD-NO?!, 

spectra of the respective conpcunds. 

The 2D-HOE (300 Mat) proton spectra of I& and 1% are shown in Fig. 2 and 3. 

respectively, in combination with the aornril spectra. 

Piguree 2 and 3 

In &s-fused aasubstftuted 21 (set Fig. 4), unlecular mdele sbow four coufor- 

matfons to be poesfble. Intercoaverslone between thase geometries appear aot to 

occur at room temperature. 

Of the four coaforaatfoas, two (2ti aad 2lb) have Cs symmetry; the retmining two 

(tic aad Ztd) possess ao eymstry efemsats, bat each ia the &rror fnvlge of the 

other. Upon BUbstitUtfOa of the proton in the b or b* position, % total of eight 

poselble conformations is obtained. 

Figure 4 

2le 2fb 2fc 2ld 
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The Isolecular structure of compound 18a 

Assignment of the lB-signals in the epectrum of compound 18a was based on direct 

evidence (aa fOC the t-Bu protons, He, Hd, the set Hbr I!f, I$kt, the Bet HCP DC’, 

Es, Bg,), on the results obtained upon irradiation of the various rmltiplets, 

and on the 2D-NOE spectrum, and is indicated in Fig. 2. The 2D-NOB spectrum 

shows the protons Be and Ha to be spatially near, so there can be no doubt about 

the cis junction of the rings. Also , a strong NOE is observed betveen Bd and He, 

between Hd and Hg, and between Hb and Kc. NOB’s between Hd and H,,, between Dd 

and H8,, and between Hb and He’ are conspicuously absent. 

Further, upon irradf8tfOn of the resonance frequency of He, the Hd multtplet 

turoa into a regular quartet (relative foteasitfes 1:3:3:1). 

The only condftfoo under which this deceptively simple pattern can occur is when 

of the four protoos If,, Hcl , % and Iis* three have very nearly ldentfcal 

couplings with Ad, while the fourth coupling constant is zero. Measurement8 of 

the torsion angles in a Draidfng molecular model of 21~. and application of the 

Karplus relation showed thi8 to bs a real pO88ibility. It should be noted that 

the equality of three of the four coupling coostant8 (the fourth being zero) 

completely rules out the ring geometries of C, symmetry, 21s and PLb. This is 

corroborated by the value of the COUplfng constant Jde (5.2 Bz), which appears 

too small for the torsion angle of zero degree8 correspondfng to a symmetrical 

structure. Actually, the value found fits the torsion angle measured in models 

of 21~ and 21d very well. I’urther, the results of the double resonance experf- 

mew8 showed the COUplfng COOStaOt8 JcdP Jc,d, and JEd to be nearly equal (ca 

9.0 Hx), while J8qd proved to be close to zero, as was confirmed by the simple 

ObserVatiOO that the %I multfplet doe8 not change upon irradiation on the Hd 

rmltfplet. As in geometry 21d the coupling constant Jo,d would ba expected to be 

zero, this leads to the conclusion that structute 21~ is the =cotrect representa- 

tion of the geometry of the rings, while the 2D-NOE spectrum proves the t_Bu 

group to occupy the pseudo equatorial position (a strong NOB between Hb and Hc 

being present). Compound 18a thus has structure 2Lc (see Fig. 4), with the &- 

Bu group in the b’ position. 

It should be noted that the multiplet originating from Hb has the fOCm of a 

quartet (relative intensities 1:l:l:l); this now can only cow? about under 

circumstances in which either Jbc - 2Jbc, ot Jbcl - 2Jbc. Eetfmatfon of tOCafOn 

angles and correlation oE the data obtained with the Earplua relation ahows that 

the only condition under which either of these tw pOa8ibflitie8 (vie. the 

latter, Jbc = 4.5 Hz, Jbc - 9.9 Hx)) can bs realized is when compound 18a has 

geometry 21c. 

The molecular structure of compound 19a 

A88fgzM88flt of the IH-signals in the spectrum of compouod 19a was carried out in 

the aame way as for compound 1% and is indicated in Fig. 3. 

For compound 19~ as well, the 2D-NOE spectrum shows the proton8 He and Bd to be 

spatially near, proving a cis junctfon between the rings. 

As opposed to the result8 obtained with compound 18a, irradiation of the 

resonance frequency of He yields direct evidence that the basic structure of the 

CfOgs fo 19a hi8 C, symmetry, witoeesfng the fact that here the Hd multiplet 

turos into a trfplet-like structure, which could be fully reproduced starting 
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from the following coupling con8t8nts: Jcd = Jgd - 9.2 Fk, Jc,a - 2.2 Ik, and 

Jg’d - 3.2 Br (the difference between J,rd and Jgld betng due to an asymmetry 

induced in the nMecule caused by repulsion between lib, and I+, , vlde infra). 

Heasureaent of the torsion anglee in Draiding raDdel8 of 2la and 21b, and corre- 

lation of the values obtained with the Karplus relation shows geometry 21b to be 

by far the most probable possibility. This is confirmed by the magnitude of the 

coupling constants Jbvc (9.9 Hz) and Jb,=, (6.0 Hs). 

lo Pig. 3 it is seen that a strong NOE is observed betveen Ad and Be, betveen Hd 

sad Ii g, and between I$,, and I&t. The NOE’s between IId and Act and between Ed and 

H I are weak. while a NOE between Hbt and EC de absent. These data inevitably 8 
lead to the “closed” synmetric geometry 21bb, the proximity of Ebl and Kc, 

showing the +-butyl group to occupy the (least hindered) pseudo equatorfsl 

position. The axial position of Hb , is confirned by the wlues of the coupling 

Constants Jbtc and Jbgcs fvide aupra). however, as noted before, due to 8 

repulsive interaction between Hb* and Hf. a twist is induced in the mlecule, 

aa can be inferred from the fact that in 1% the coupling constant Jde has 

al-et the s8me value as in 188 (4.9 and 5.2 Ifi, respectively), indic8ting about 

the szxne torsion angles between the respective C-H bonds. Were 198 to have a 

fully symmetrical geometry, the torsion angle would be zero and Jde consequently 

would be expected to be larger (and the coupling constants Jctd and Jgld would 

be equal). This deformation from symmetry c8n take place in two directions 

(yielding torsion angles between the bonds to Iid and He that have the 88tte 

absolute magnitude, but opposed signs); however, the values found for the 

coupling constaats Jcsd (2.2 ttz) and Jgtd (3.2 E&) show the torsion angle 

between the bond8 to Rd and ii,, to be about 30’ smaller than the torsion angle 

between the bond8 to q and Rg,. Deformation of the symmetric geometry ia this 

direction will be favoured over the alternative, as in the former case there 

will be less steric interaction between the t-butyl @oup and s. 

In eumm8ry, compound 198 is concluded to have structure 21b (see Fig. 4), with 

the t_hu group in the b position. 

The molecular structure of compounds l8b and 19b 

Ihe structural analysis of the iso-propyl compounds was carried out in the same 

way as for the tertiary hztyl compounds I& and 19n. As the line of reasoning 

and the result8 obtafned vere the satue as for the &-Bu derivatives, i.e. 

compound 18b proved to have geometry 21~ (with the i-Pr group in the pseudo 

equator ial b’ position), and compound 19b has geometry 2Lb (with the i-Pr group 

in the pseudo equatorial b position), no details will be given here, except for 

the following tuo n-marks. 

Both in 18b and in 19b the rotation of the i-h: group is (within the 111-Nt4R time 

scale) fully hindered, witnessing the fact that the trm methyl groups within the 

iso-propyl group have clearly different chemical shif es. Therefore, the normal 

i-Pr coupling pattern is not observed; instead, each of the methyl groups splits 

into a doublet. 

As in the LBU derivative i9a, the structure of 19b appears to deviate from C, 

symmetry, albeit to a lesser extent. This can be inferred from the facts that a 

coupling .,de Of 5.1 ti2 is found. 
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EXPERIMRHTAL 

Boiling points and melting points are uncorrected. Abutine ‘H-IJHR spectra were 
recorded on a Varlan EM-390 spectrometer. Chemical shifts are reported in ppla 
downfield relative to tetramethylailane (6 scale). ClXl3 was used as a solvent 
unless stated otherwise. The double resonance and 2D-NOE measurements were 
carried out on a Rruker CXP-300 spectrometer. Mass spectral data and accurate 
mass measurements were obtained using AEI-MS-902 and VG Micromass 7070F spectro- 
meters. gleaental analyses were carried out using a Carlo Rrba Elemental Analy- 
ser 1106. Flash chromatography was preformed on silica gel 230-400 mesh. Other 
silica gel used was 70-230 mash. Light petroleum refers to petroleum ether b-p. 
40-6O’C. 
Aqueous solutions ware usually extracted three times with ether. Combined 
organic extract8 were dried on magnesium sulfate prior to filtration and evapo- 
ration of the solvent under reduced pressure. 

Methyl 2_methoxy-perhydrofuran-3-carboxylate (5) 
To a mechanically stirred susoension of 80% sodium hydride (31.5 R. 1.05 mol) in 
ether (1 L) was added dropwise a mixture of methyl f&mate (60 g, -1.0 mol) and 
y-butyrolactone (86 g, 1.0 1101). Stirring was continued for 20 h. The solid 
material was filtered off and washed with hexane and ether, after which it was 
suspended in dry methanol (300 mL). A solution of hydrogen chloride (67.7 g) in 
dry methanol (400 mL) was added dropwiae and the reaction mixture was stirred 
for 1 h. After careful neutralieation with sodium hydroxide, the reaction 
mixture was filtered and the filtrate was concentrated carefully. Water was 
added and the mixture was worked up as usual to afford 93.9 of the crude ester. 
Vacuum distillation (88-92’C, 13 mm Rg) afforded esters 5 (85.6 g, 53%) as a 
colourless oil. 
1R-WMR:6 2.1-2.3 (m, 2H), 2.9-3.1 (m, Mf, 3.37 (6, 3Hf, 3.75 (8. 3H), 3.8-4.2 
(m, 2H). 5.1-5.2 (m, 1H). 
The mass spectra of both isomers were identical: m/e (X): 159 (0.41, 145 (31, 
129 (23), 100 (33). 69 (loo), 59 (15). 

2-Methoxy-perhydrof uran-3-methanol (6) 
Eaters 5 (40.0 g, 250 mmol) ware dissolved in dry ether (100 mL) and added 
dropwise to a mechanically stirred suspension of LiAlA4 (6.13 g, 188 mmol) in 
ether (600 a&). After refluxing for 3 h the mixture was cooled and water (6 mL), 
4N sodium hydroxide (6 mL) and water (18 mL) were added successively. The 
mixture was dried by adding magnesium sulfate directly. After filtration the 
solvent waa evaporated carefully to yield the alcohols 6 (32.8 g, 99%) as a 
colourleas oil. 
‘R-NMR: 6 1.3-2.5 (m, 3H), 2.9-3.2 (m, la), 3.36 (8, 3H), 3.4-3.6 (m, 2H), 3.7- 
4.0 (m, 2H), 4.9-5.0 (m, IH). HS: m/e (X): cis: 104 (21). 101 (67). 71 (791, 61 
(loo), 44 (81)) 31 (44); trans: 131 (2), 104 (19f, 101 (471, 71 (56)) 61 (100). 
44 (71). 31 (27). 

4,S-Dfhydrofuran-3-carbaldehyde (8) 
To a stirred solution of oxalvlchloride (7.4 mL. 85 mmol) in drv dichloromethane 
(150 mL) at -78’C under nitrogen, was added dr-opwfae dimethylaulfoxide (13 mL, 
185 mmol) in dichloromethane (30 I&). After stirring for 5 min the alcohols 6 
(LO.2 g, 77 mmol) in dichloromethane (60 mL) were added dropwise. Stirring was 
continued for 15 more min and triethylamine (54 a&, 390 mmol) was added 
dropwise. The stirred reaction mixture was slowly warmed to room temperature, 
water was added and the mixture was extracted three times with dichloromethane. 
‘ihe combined organic extract was washed with brine and dried. The solvent was 
evaporated and the residue was filtered through a short column of silica gel. 
The filtrate was concentrated and the residue, still containing soma triethyl- 
amine, was dissolved in benzene. The solution was ref luxed apd the condensed 
vapor was led through a column filled with molecular sieves 4 A. After 48 h the 
mixture was cooled and coocentrated. Flash chromatography on silica gel, eluting 
with light petroleum/ether (3/l) afforded aldehyde 8 (3.64 g, 48%) as white 
crystals mp 49-51’C. No satisfactory elemental analysis could be obtained, due 
to the instability of this compound. 
lH-NMR: 6 2.80 (br t, J - 10 Iis, 2H), 4.65 (t, J - 10 Hz, 2H), 7.47 (8. IH), 
9.65 (s, 1H). MS: m/e (X): 98 (loo), 97 f35), 69 (48). 41 (60), 39 (57). 

3-(1,3-Dithian-2-yl)-4.5”dfhydrofuran (1) 
To a solution of aldehyde 8 (724 mg, 7.4 mmol) in dry chloroform (30 I&) at O’C 
under nitrogen, was added 1,3_propanedlthiol (750 us, 7.5 mmol) 2nd boron tri- 
fluoride etterate (90 uL, 0.73 ml), The solution was stirred for 1 h and 
poured into a diluted solution of sodium bicarbonate. The watrr layer was 
extracted with dichloromethane. The combfned organic extract was washed with 
brtne, dried, filtered and concentrated. 
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Flash chromatography on silica gel eluting tith light petroleum/ether (10/l) 
afforded dithiane 1 (762 mg, 55%) as vhite crystals. An snalptical sample was 
obtained by recrystallization in light petroleum/ether; mp 7l-73.C. glmsntal 

f 
aalyefs: ealc. for C8R OS2: 51.02% C, 6.42% R; found: 50.57% C. 6.47% H. 
R-NnR: 6 1.7-2.3 (m, iH$, 2.73 (br t, J 

J - 9 HE* 2H), 4.80 (br 8, IR), 
= 9 Ha, 2~), 2.8-3.0 cm, 4~1, 4.37 (t, 

6.45 (br s, 1R). ns: ale (x): 188 (loo), 15s 
(221, 114 125). Calc. for CSH120S2: 188.033Q; found: 138.0330. 

i-(l,3-Dithian-2-yl)-l-(4,5dfhydrofuryl)-3,3-dfnethyl-butan-2-one (9) 
Dithfane 1 010 IQ, 0.49 -1) and hexamsthylphosphoric trfamide (100 @Lj vere 
dtssolved In dry tetrahydrofutan (5 mL) under nitrogen. Ihe 8alution was cooled 
to -78’C and 15% n-butyllithium in hexane (420 vL) was added. The mixtwa was 
stirred for 15 min and plvalaldehyde (60 pL, 0.55 mrol) in tetrahydrofuran 
(2 mL) was added. The solution was stirred For 30 mfn and quenched with aqueous 
amnnaium chloride. The reaction mfxture was allowed to uarm to room temperature 
and the usual vork up afforded a residue (220 mg), which was purified by flash 
chromatography on silica gal with light petroleum/ether (9/I) to give dfthiane 1 
(16 mg) and dithiane 9 (129 mg, 85%). 
*.lf-t@iR: 6 1.11 (6, 9R), 1.8-2.1 (m, 3Hf, 
(br t, J - 10 Rx, 

2.6-3.1 (m, 6R), 3.53 (8, IR), 4.47 
2R), 6.62 (br 8, ii?). HS: m#e (Xl: 274 (16), 259 j13), 187 

(100). Calcd. for C13H2202s2: 274.1061; found: 274.1062. 

2~-Method-3~-~~pbenylthio)~ethyl]-perhydrof~an (10) and 2a+athoxy-3&](phe- 
nylthfo)-methyl]-perhydrofuran (11) 
Tri-n-butylphosphXne (59 I&, 6.24 mol) was added dropviae to a stirred solution 
of alcoholmixture 6 (19.5 S, 0.15 ml) and diphenyl diaulflde (64.0 g, 0.29 ml) 
in pyridine (200 a&) at room temperature. Ihe reaction mixture *as stfrred for 
20 h, taken up in ether (700 mL) and washed tith 2N sodium hydroxide. The water- 
leper was extracted twice with ether. me combined organic extracts were wushed 
w&h brine, dried and concentrated. The residue vas dissolved in light petroleua 
(200 I&) and set aside to crystallize in a refrigerator. ‘ibe mixture was 
filtered and the crystals were washed with cold light petroleum. The filtrate 
was concentrated and chromatographed on silica gel vlth light petroleum/ether 
(20/l) and afforded cis sulfide 10 (5.83 S), traaa eulfide 11 (10.16 g) end a 
mixed fraction of 10 and 11 (13.86 S) as colourless oils. Ihe totai yield was 

t 
9.85 g (90%). 
R-NMR IO: 6 1.6-2.5 (III, 3X), 3.06 (t, J = 7 Ra, 2H), 3.31 (6, 3R), 3.7-4.1 

(n, 2H), 4.81 (d, J - 4 Ra, la), 7.1-7.4 (m, 5R). MS: m/e (X): 224 (17), 192 
(20). 123 (40). 115 ClS), 83 (loo), 55 (83). tile. for C12H1602S: 224.0871; 

i 
ouud: 224 .O869 f 
X-NMR 11: 6 1.5-2.4 (m, JR), 2.9-3.0 Cm, 2H), 3.33 (s, 3’11). 3.9-4.1 (a, 2X), 

4.86 (8, Ia). 7.1-7.4 (n, SH). MS: m/e f%): 224 (22), 123 (42), 83 (30), 5.5 
(100). C?lc. far C12R1602S: 224.0871; found: 224.01170. 

2~-~thoxy-36-f(pbenylsulfonyl)-methyl]-perhydrofuran (3) and 2aa_methoxy-3@- 
(phenylsulf onyl)-methyl] -perhydrof uran (4) 

A mixture of sulfides 11 and 12 (23.69 g, 103 ntmol) was dissolved fa methanol 
(200 a&) and sodium bicarbonate (50.4 g, 600 nsapl) was added. lb the resulting 
suspeaafon, a suspension of oxone @ (123 g, 400 mmol KRSO ) in water (400 mL) 
waa added in 2 h. Ihe solids were filtered off and the fi trate was extracted j 
four times with dichloromethane (150 mL). The combined organic extract was 
washed with brine, dried. filtered and concentrated. Flash chromatography on 
al lica gel, eluting with light petroleum/ether (l/l) afforded cis aulfone 3 
(3.56 g), traos aulfone 4 (7.39 g) and a mixed fraction of 3 and 4 (14.62 g). 
The total yield was 25.57 g (97%). 
‘H-RMR 3: 6 1.5-2.7 (m* 3R), 3.21 (s, 3R), 3.1-3.6 (m, 2A), 3.8-4.0 (m, 2H), 
4.7s fd, J - 4 Ha, LB), 7.5-7.7 (m, 3R), 7.9-8.0 <P, 2R). MS: m/e (X): 236 
(0.2), 225 (5). 115 (221, 83 (83), 55 (100). Calc. for C12R1604S: 256.0770; 

f 
ound: 256.0777. 
II-NMR 4: 6 1.5-2.7 fm* 3R), 3.0-3.3 (In, 2X), 

4.78 (br 8, lHf, 7.6-7-f (m, 3H), 
3.29 fs, 381, 3.8-4.0 (m, 2R), 

7.9-8.0 (m. 3R). Rs: m/e (X): 225 (21, 115 
(22), 83 (46). 55 (100). Cslc. for C12H1504S (M-H): 255.0691; found: 255.0705. 

3-[(Phenylthfo)~athyl]-4,S~ihydr~furan (2) 
A mixture of auffones 3 and 4 (14.62 gl 55 ~1) and p-toluene-suffonfc acfd 
monohydrate (100 mg) were dissolved La benzene (100 I&,). The solution was 
ref luxed gnd the condensed vapor was led through a column filled vi th molecular 
sieves 4 A. After refluxing for 24 h the mixture was cooled, Fured into diluted 
aqueous aodium bicarbonate and worked up as uauai. After flash chromatography 
elutiag with ltght petroleumlether (l/l> and recrystallization in ether, sulfone 
2 (8.65 g, 68%) was obtained as a white solid (rap 94.C). glemsnta’l aaelysls: 
talc. for Cl Hl 03S: 58.91% C, 5.39% H. found: 58.62% C, 5.65% R. 
%i-?BR: 6 2.b6 tbr t, J - 9 Rz. 2H), 3.87 (s, 2H), 4.34 (t, J - 10 Ha, 2R), 6.09 
(br s, lH), 7.5-7.6 (m, 3R), 7.9-8.0 (m, 2H). MS: m/e (X): 224 (S), 83 (100). 55 
(11). 
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(E)-l-(2B-~thoxyperhydrofur-3B-yl)-3,3-dimethyl-l-butene (13) 
Cis sulfone 3 (995 mg, 3.9 mmnl) vas dissolved in dry tetrahydrofuran (40 mL) 
and cooled at -78’C under nitrogen. A solution of 15% n-butyliithium in hexane 
(2.7 mL) was added to the solution. The mixture was stirred for 15 min and 
pivalaldehyde (380 sL, 3.5 ~1) in tetrahydrofuran (5 mL) was added dropvise. 
After stirring for 2 h the reaction mixture was quenched with aqueous ammonium 
chloride. The mixture was allowed to warm to roomtemperature and mrked up as 
usual. Flaeh chromatography eluting with light petroleum/ether (I/l) afforded 
the diastereomeric alcohols 12 (1.222 g, 92%). A sample of thfs alcoholmixture 
(717 mg, 2.1 mwl) was dissolved in dry methanol (30 mL) at -1S’C. Disodium 
hydrogen phosphate (1.60 g) and 5% sodium amalgam (5.12 g) were added and the 
reaction mixture was stirred for 24 h. Ether was added and the suspension was 
decanted. This procedure was repeated three times. Water was added to the 
organic solution and the layers were separated. The waterlayer was extracted 
twice with ether. Putthet vork up as usual afforded alkene 13 (439 mg, 85%) 8s a 
colourless oil, which was analyzed without further purification. 
iR-NMR: 6 1.02 (9, 9H), 1.7-2.1 (m, 2H), 2.4-2.8 (m, IH), 3.31 (6, 3H). 3.7-4.1 
(m, 2H), 4.72 (d. LH), 5.33 (dd. J - 7 Hz, .I 
1H). HS: m/e (X): 183 (0.4). 153 tll), 124 

= 16 Hz, lH), 5.58 (d, .I = 16 Hz, 
(24). 

(M-H): 183.1385; found: 
109 (100). Cslc. for CllH1902 

153.1278. 
183.1390. Calc. for CloWL70 (M-OMe): 153.1279; found: 

l-Phenylsuffonyl-l-(~taethoxyperhydrofur-3~-yl)-3,3-dimethylbutan-2-one (lb) 
A. Sulfone 4 (1.08 g. 4.2 mmol) was dissolved in dry tetrahydrofuran (10 mL) at 
ri8’C under nitrogen. A 15% solution of n-butyllithium in -hexane (2.9 mL) vas 
added and the solution was stirred for 15 min. Pivalaldehyde (430 CL, 4.0 mmol) 
in tettahydrofuran (5 mL) was added dropwise. After stirring for 15 min the 
reaction mixture was quenched with diluted aqueous ammonfum chloride. Work up as 
usual afforded 1.40 g residue, which was dissolved in dry dichloromethane 
(25 mL). Pyridinium chlorochromate (200 g, 9.3 mmol) was added and the mixture 
was stirred for 20 h. ‘Ihe conversion was not yet complete, additional pyridloium 
chlotochromate (I.0 g, 4.6 mmol) was added and the slurry was stirred for 5 more 
h. Ether was added and the suspension vas filtered through a short silica gel 
column. Concentration and chromatography on silica gel with light petroleum/ 
ether (2/l) gave P keto sulfones 15a (0.98 g, 73%). 
MS isomer 1: m/e (X): 309 (1.6), 199 (23), 167 (27). 141 (29), 139 (61), 83 
(56), 57 (100). 
MS isomer 2: m/e (X): 309 (0.8), 199 (17), 167 (32). 141 (29f, 139 (61), 83 
(65), 57 (100). 
8. A 15% solution of n-butyllithium (4.3 mL) in hexane vas added dropvise to a 
yolutlon of sulfone 4 (1.08 g, 4.2 meal) in dry tetrahydrofuran (5 mL) at R’C 
under nitrogen. he mixture was stirred for 20 min and pivaloylchlorfde (350 sL, 
2.8 mmol) In tetrahydrofuran (5 ml.) was added dropvise. ‘ihe mixture vas stirred 
for 2 h and quenched with aqueous ammanturn chloride. Work up as usual and flash 
chromstography as described under k afforded S keto sulfones 15s (696 mg, 72%). 

l-(~-Methoxyperhydrofur-3~-yl)-3,3-dimethylb~tan-2ane (IQ) 
To a solution of a mixture of g -keto sulfones lh (1.50 g. 4.6 mmol) in tetra- 
hydroeuran (5 mL) and methanol (20 mL) of roomtempkratur~, was added disodium 
hydrogen phosphate (2.65 g) and 5% sodium amalgam (8.2 g). The suspension was 
stirred for 1 h and concentrated. ‘fbe residue was sttrred up in ether and 
decanted. lhis procedure was repeated three times. Water was added and the 
layers vere separated. Further work up as usual and flash chromatography on 
silica gel with light petroleum/ether (5/l) afforded ketone 16s (884 mg, 96%) a8 
a colourleas oil. 
‘I+NWR: 6 1.10 (s, 9H), 1.2-1.6 (m, LH), 2.1-2.6 (m, 4H), 3.30 (s, 3H), 3.90 
(t. J - 7 Hz, 270, 4.63 (8, 1H). MS: m/e (%): 200 (0.9), 169 (29), 100 (loo), 83 
(85), 57 (95). Calc. for C11H2003: 200.1412; found: 200.1412. 

1-(2a-Mathoxyperhydrofur-38-yl)-3-methylbutan-Z-one (16b) 
Ketone 16b was prepared as described for ketone 16a. by addition of dillthiated 
sulfone 4 to methyl fsobutyrate and subsequent desulfonation to give ketone 16b 
in 60% yfeld, as a colourless oil. 
‘H-NMR: 6 1.08 (d, 6H), 1.0-1.6 (m, 2H). 2.1-2.8 (m. 3H), 3.30 (s, 3H). 3.90 
(t, J - 7 Hz. 2H), 4.64 (6, IS). hS: m/e (X): 186 (0.3), 185 (1.6), 155 (48), 
143 (58). 126 (25), 111 (33). 100 f49), 83 (loo), 71 (92). Celc. for C H 
186.1256; found: 186.1241. Calc. for CIOH1703 (M-H): 185.1178; found: 18 1’O ‘p 

03: 
.ll 2. 

l-(Za-Methoxyperhydrof ur-3P-yl)-3,3-dimethylbutan-2-o.t (17s) 
xefone l&a (884 mg, 4.4 mmol) was dissolved In tetrahydrofuran (5 mL) at 0’. 
Lithium-trf-tert-butoxyaluminohydride (6.7 wl) vas added and the mixture was 
stirred for 30 mfn and diluted with ether (30 mL)- Subsequent careful additions 
of water (1 mL), 4N sodium hydroxide (1 mL) and water (4 ml_) to the well stirred 
reaction mixture were followed by addtng magnesium sulfate dfrectly to the 
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resultfag aixture. FEltratfoa and evaporatton of the aolveata afforded alcohol 
t7a (883 mg. 99X) as a co2ourleirs oil. Ihs dfastsreomeric purity was 97%. 

II-NW (Cct4): 6 0.83 (8, 9E), 1.3-1.6 (II, 3Il), 2.0-2.3 (9, 3H), 3.15 
(t, J - 6 Rs, la). 3.26 <st 38), 3.?-3.9 fm, 2H), 4.62 (d, J = 2 EIz, Hi). MS: 
m/e (X): 201 (I.), 171 (14), 145 (15), 113 (lo@, 87 (43), 69 (47). mlc. for 
C11H21~3 (M-E): 201.1491; found: 201.1493. 

li-(2a-Kethoxyperhydrofur-3j3-pl)-3-nethylbuta~2-o1 (176) 
Alcohol 17b was prepared fron ketone Mb se described for We. Alcohol l.7b was 
gbtafned as a colourleaa oil fa 95X yield and vfth a 93% diaatereomaric purity. 

%NHR (C 06): 6 0.92 (d, 38), 0.94 (d, 38). 1.1-2.6 (a, SE), 3.37 (8, 3H), 3.8.. 
4.0 (m, 2 ?i ), 4.86 (d, J = 2 he, Ifi). MS: m/e (X): 187 (21, 157 (38). 133 (SO), 
113 (94), 73 (100). 69 (68). Qlc. for C$jf1903 (M-B): 187.1334; found: 
187.1337. 

Zn-tert-Butpl-~,3.3~,4,5,6a~-hexahydrofuro-[2,3b]-furaa (Ma) 
Ketone 16a t468 ma. 2.3 -11 was dissolved in tetrabtirofurea (10 !aLiLI at O’C. 
Li thiun-tri-Bert-b<toxpalumliohplride (1.2 8, 4.7 nrmoi) was added -and the 
mixture wa.s stirred for 2 h. After careful addition of 4N hydrochloric acid 
(2 PG) the mixture YBS stirred for 30 min. Work up sa usual and flush cbroPsto- 
graphy on aflica gel with 11&t patroleua/ether (6/l) gave furo-furan 1& 

f 
376 mg, 95%) as a colourleaa oil. 
IENMR: 6 0.92 (a, 9R), 1.2-1.4 (m, lR), 1.6-1.7 (m, Ii?), 1.9-2.0 (n, 2A), 2.8- 

2.9 (a, lH), 3.52 fdd, J - 5 Hz, J2 = LO Hz, fH), 3.3-4.0 (m, 2H), 5.62 (d, 
J w s Pz, Iii). 
MS! a/e (XI: 169 (0.5), 155 (l), 113 (100), 69 (92). Calc. for C10S1702 (*HI: 
169.1228; found: 169.1227. 

2a-Isopropyl-2$ ,3.3a~,4,5,6a~-he~ydrofuro-[2,3bl-furaa (Ia) 
Pure-f uran 1Bb wss prepared from ketone le as describe2 for I&. Furo-furan I#!& 
vaa obtained aa a colourlesa oil la quantitative yield. 
LL+NMR: b 0.88 (d, 0.99 38). 3H), (d, 1.1-1.4 (IN. 2H), 1.6-2.1 (m, 1.7-3.0 3S), 
(m, La), 3.3-4.0 (a, 3H), 5.63 (d, J - 5 Rt, la). MS: ale (%): 156 (O.l), 155 
(3), 113 (92), 69 (lOO), 56 (34), 55 (34). Gale. for 
Found: 113.0591. 

c6%02 (E-iPr): 113.0603; 

2~-tert-Buty~-h,3.3s~,4.5,6a~-hexahpdrofurcrf2,3b~-futan fE*) 
Alcohol 17s (883 ng, 4.4 nmol) and triethylsaine (610 pL, 4.4 ml) vare 
dissolved in dry dtchloroaethane (20 mL). To thlo aolutfoa 4diaethplsmiuopyrl- 
dine (1.07 g, 8.8 masol) and p-tolueneaulfonyl chloride (I.67 gr 8.8 mmol) were 
added successively. The reaction mixture vaa stirred for 20 h and adsorbed on 
silSca get. Plaab chroraatographp oa eil*ca gel with Iif@ petroleum/ether (5/l) 
gave the corresponding tosylate (1.328 8, 3.7 maoI), vblcb wan dissolved in dry 
dimethylaulfoxide (5 aL) and dry 1,2diaathoxyethaae (5 mL). The mixture ws6 
kept below 35’C, when 18rram-6 (2.5 8, 9.5 mmol) and pvtaaafur superoxide 
(18.6 ~1) were added. The cloudy mixture was stirred for 1 h sad Water, sodium 
borohjdride fL.4 g, 37 mol) and 4N hydrochloric acid were added carefuftyf The 
acidic solution wsa stirred for 15 min and poured late a saturated solution of 
sodlm bfcarboaate. Wrk up as uaual and flaah chromatography oa silica gel 
eluting with light petroleunfether (7fl) yielded furo-fursn 19s (396 mg, 53X) 8% 
a colourless oil. 
LR Nl4R: 6 0.87 (6, SE), 1.5-2.3 (P, 4R), 2.6-3.0 (at, la), 3.7-4.0 (m, 3H), 5.68 
(d, J - 5 Ek, la). 
MS: n/e (X): 169 (0.1). 155 (3), 113 (100). 69 (90). Calc. for CLoH1,02 (K-H): 
169.1228; fouad: 169.1230. 

2fi-XsoPrOPyf-Zct,3,3a~,4,5.6a~ttelahydrofuro-[2,3bI-futan 119b) 
Furo-furaa i9b was prepared aa dasctfbed f 1% f 
1% was obtained a8 a colourleae oil in 40ryield. 

ram alcohol 17b. F'uro-furan 

fR-@W: 6 0.84 (d, 3H), 0.97 (d, 38), 1.1-L-3 (m, 2H), 1.6-1.8 (m, 2R), 2-O-2.2 
(m, lW), 2.7-3.0 (m, la), 3.5-4.0 (III, 3R), 5.70 (d, J - 5 Hr, LB). 
MS: m/e (X): 156 (O.l), 155 (3). 113 (97), 69 (LOO), 56 (35), 55 (35). Calc. for 
C6E902 (H-iPr): 113.0603; fouad: 113.0596. 

1-~2~-~tho~~rhydrof~-3~-y~)-3,3~i~chyl~ta~-2~sa (ZOs) 
Ketone 20* was prepared as described for ketone Ma G addition of dflitbfsted 
sulfooe 3 to pfvstaplcbloride and subsequent deeulfohatfon to give ketone 2fk+ as 
pi colourless oit in 61% overaS yield. 
LR-RMR: 6 1.14 (a, 9H), 1.5-1.8 (ID) LH), 1.9-3.0 (n, 4B). 3.27 (a, 3H), 3.7-4.1 
(m, 2R), 4.90 (d. J - 4 Ha, 1R). MS: mfe (X): 200 (0.7), 199 (O.7), 169 f23), 
143 (93), 100 (L9), 83 (100). 57 (53). Calc. for CLLHzo03: 200.L412; found: 
200.14L6. 
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1-(2@-~thomyperhydrofur-38-yl)-3-methylbutea2-one (Mb) 
Ketone 2gb was prepared as described for ketone 16, by addition of dilithiated 
sulfoae 3 to meihyi-isobutyrate and subsequent desulfonation to give ketone Mb 
as a colourless oil in 32% overall yield. 
%-NMR: 6 1.07 (d. 6U). 1.2-2.2 (m, 2H). 2.4-2.9 (m, 3H), 3.23 (8. 3H), 3.6-4.0 

(0.3). 185 (1.8), 155 (40), (m, 2H), 4.86 (i,-J 0.4 Hz, 1H). IiS: m/e (X): 186 
143 (50), 126 (21), 111 (35), 100 (47). 83 (100). 
186.1256; found: 186.1256. 
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