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Abstract. - New reagents for the stereoselective synthesis of 2-substi-
tuted perhydrofurof{2,3bjfurans are described. In the successful approach
towards the latter compounds, the key steps were the addition of a mono-
1lithio~2a-methoxy~38-{ (phenylsulfonyl)-methyl}perhydrofuran to an aldehyde
and a dilithio-2u-methoxy-38-{(phenylsulfonyl)-methyl]perhydrofuran to a
carboxyl derivative, respectively.

The structures and counformations of the 2-tert-bufyl- and 2-i{sopropylper-—
hydrofuro{2,3bjfurans were examined by means of “H-NMR double resonance
and the 2D-NOE spectroscopy.

Fused ring cyclic acetals make up a structural part of many natural products.
The {ansect-antifeedant azadirachtia for example contains a furof2,3b]pyran
moiety, while several clercdanes with {nsect-antifeedant sctivity, and aflatoxin
contain & fure[2,3bjfuran. Prompted by these {mportant biological activities,
many research groups have asimed extemsive efforts towards the synthesis of furo-

pyranel and furo-f urans.z

RESULTS AND DISCUSSION

In our investigationa involving the asynthesis of clerodanes (e.g. dihydro-
clerodin A), the carbouyl compound B was considered to be a promising precursor
for the furo-furan side chain C. (bnsequently, the iatroduction of a functio-
nalized methylese~perhydrofursn via addition of & stabilized carbanion to the
carbonyl group of B was investigated. To this extent the dithiane 1 and the
gulfones 2, 3 and 4 were chosen as reagents, likely to lead to positive results.
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In view of the stereochemical problems to be expected in the built-up of a furo-
furan side chain in dihydroclerodin A, the symmetrical dithiane 1 seemed to be
the reagent to be preferred, followed by the sulfone 2. In the sulfone-acetals 3
and 4, as an additfonal difficulty, an influence of the asymmetric centres in
these reagents has to be taken {nto account.

In the syntheses of 1-4, y-butyrolactone was used as starting material. By a
modif {ication of the procedure of Korte and mchleidt3 this was converted into a
mixture of acetal-esters 5 in 53 yield (Scheme I). The esters 5 were reduced
gquantitatively to the aleohols 6, and subsequent Swern oxidationa resulted in a
mixture of the aldehydes 7 and 8. Treatment of this mixture with triethylamine
in refluxing benzene gave the rather labile aldehyde 8 in 48% yield. Dithiane 1
was obtained in 55% yleld by reaction of aldehyde 8 with 1.3-ptopanedithiol.5
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2-Substituted perhydrofuro{2,3b}furans

Reaction of the lithiated dithiane 1 with 2,2-dimethylpropanal (pivalaldehyde)
in tetrahydrofuran at -78" in the presence of hexamethylphosphoric triamide gave
adduct 9 fn 80X yield. Attempts at cyclizatfon of 9 to a furo—furan ring, using
a number of acidic catalysts, were unsuccessful, and removal of the dithiane
molety with Raney Nickel fafled as well.
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Therefore, atteation was focussed on the allylic sulfone 2-6 The latter was
synthesized from the mixture of alcohols & in three steps {Scheme 1I). The
alcohols 6 were converted into the sulfides 10 and 11 by reaction with
diphenyldisulfide and tri-n~butylphosphine in pyrtdine.’ Separation of the dia-
atereoisomeric sulphides was effectuated by wmeans of flash chromatography.
Oxidation of the sulphides 10 and 11 with oxone ® in buffered nethanols
yielded the corresponding sulfones almost quantitatively. The unsaturated
suifone 2 was obtained in yields up to 68% by treatment of sulfone 3 and/or &
with p-toluenesulfonic acid in benzene. Fowever, it proved to be impossible to
isolate any stable product from the reactions carried out between pivalaldehyde
and lithiated 2.

The experiments with dihydrofurans 1 and 2 having been unsuccessful, the
sulfone-acetals 3 and & remained to be lovestigated. A disadvantage of the use
of these sulfone-acetals was {llustrated by the addition of the lithiated

sulfone-acetal 3 to pivalaldehyde,g

which yielded a complex mixture of the
stereoigomeric alcohols 12. Apart from that, elimination of the hydroxyl group
took place during the reductive desulfonation, and the alkene 13 was obtained in

85% yield (Scheme III).
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In order to circumvent both problems, the B-ketosulfone 158 was synthesized both
by oxidation of the hydroxyl group in the adducts l4a, and by additfon of the
dilithiated sulfone-acetal 4 to pivaloyl ¢chlortdel® (Scheme IV). Both routes
gave yields of about 70%.
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Reductive desulfonation of 15a with sodium amalgam in buffered methanolll
yielded ketone 1l6a, as expected. Similarly, ketone 16b was obtained from the
trans-sulfooe 4. Starting from the cis-sulfone 3 the corresponding ketones 20a
and 20b were prepared, following the same procedures.

Upon experimenting with a number of reducing agents on ketones 16a, 16b, 20s,
and 20b, it was found that nearly complete stereoselective reduction of the
carbonyl group in 16a and 16b could be achieved by reactfon with lithium tri-
tert~butoxy-aluminohydride in tetrahydrofuran at 0°. Thus, ketone 16a yielded
the alcohol 17a, after which ring closure to the furo-furan 18a was achieved by
brief treatment of 17a with acid (yileld 95%, calc. from 16a). Upon determination
of the structure of this furo-furan (vide infra), it appeared that the relative
stereochemistry of the substituent at Cy and the acetal proton {s opposed to
that observed for dihydroclerodin.

Inversion of the configuration at the neopentylic carbon atom Cy was effectuated
via tosylation of the alcohol 17a, followed by a nucleophilic substitution
reaction with potassium smpex:oxide.12 Consecutively, the furo~furan 19s was
obtalned by acid catalyzed cyclization (yileld 52%, cale. from ketone 1l6a), and
proved to possess the same relative stereochemistry as dihydroclerodin (vide
infra).

The corresponding 2-isopropyl-perhydrofuro[2,3b}jfurans 18b and 19b were
syathesized following the same route as described for 18a and 19a, respectively.
A selectivity, similar to the reactions carrfed out with the traans compounds léa
and 16b, could not be achieved in the reduction of the c¢is compounds 208 and
20b.
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Determination of the structures of 18a and 19a
The structure of the compounds 18a and 1928 was elucidated by means of IB-NRR,
viz. by combining the results of double resonance measurements and of the 2D-NOE

spectra of the respective coumpounds.
The 2D-NOE (300 MHz) proton spectra of 18a and 19a are shown In PFig. 2 and 3,
respectively, in combination with the normal spectra.

Figures 2 and 3
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In cis-fused unsubstituted 21 {see Fig. 4), molecular wodels show four confor-
mations to be pogsible. Interconversions between these geometries appear not to
occur at room temperature.

Of the four cosformations, two (2la snd 21b) have C, symmetry; the remaining two
(2lc and 21d) possess no aymmetry elements, but each Is the mirror image of the
other. Upon substitution of the proton in the b or b’ position, a total of eight
possible conformations is obrained.

Figure 4
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The molecular structure of compound 18a

Assignment of the lB—aignala in the spectrum of compound 18a was based on direct
evidence (as for the t-Bu protons, Hy, Hy, the set Hy, Re, Hp+, the set H,, H.v,
Hg, Hg')' on the results obtained upon irradiation of the various mltiplets,
and on the 2D-NOE spectrum, and is indicated in Fig. 2. The 2D-NOE spectrum
shows the protons H, and Hy to be spatially near, so there can be no doubt about
the cis junction of the rings. Also, a strong NOE is observed between Hy and H.,
between Hy and Hs, and between H‘b aund Rc' NOE's between Hy and Hc,, between Hd
and ch, and between Hy and H.. are conspicuously absent.

Purther, upon irradiatfon of the resonance frequency of Hys the Hy multiplet
turns ianto a regular quartet (relative fatensities 1:3:3:1).

The only conditfon under which this deceptively simple pattern can occur is when
of the four protons H., H.y, HB’ and "8' three have very nearly 1dentical
couplings with Hy, while the fourth coupling constant is zero. Measurements of
the torsion angles in a Dreiding molecular model of 2lc, and application of the
Karplus relation showed this to be a real possibility. It should be noted that
the equality of three of the four coupling constants (the fourth being zero)
completely rules out the ring geometries of C, symmetry, 21a and 21b. This is
corroborated by the value of the coupling constant Jge (5.2 Rz), which appears
too small for the torsion angle of zeroc degrees corresponding to a symmetrical
structure. Actually, the value found fits the torsion angle measured in models
of 2lc and 21d very well. Further, the results of the double resonance experi-
ments showed the coupling constants J.g4» Jc'd’ and Jgd to be nearly equal (ca
9.0 Hz), while Jg'd proved to be close to zero, as was confirmed by the simple
observation that the Hge wmultiplet does not change upon Iirradiation on the Hy
multiplet. As ju geometry 214 the coupling constant Jerd would be expected to be
zero, this leads to the conclusion that structure 2lc is the correct 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 NOE between Hy and Hc
being present). Compound 18a thus has structure 2lc (see Fig. 4), with the t-

Bu group in the b' position.

It should be noted that the multiplet originating from Hy has the form of a
quartet (relative intensitfes 1:1:1:1); this now can only come about under
circumstances in which efther Jy, = Zch. or ch. - 2ch. Estimation of torsion
angles and correlatfon of the data obtained with the Karplus relation shows that
the only condition under which either of these two possibilities (viz. the
latter, Jy. = 4.5 Hz, Jpe = 9-9 Hz)) can be realized is when compound 18a has
geometry 2le.

The molecular structure of compound 19a

Assignment of the lﬂ-»signals in the spectrum of compound 19a was carried out in
the same way as for compound 188 and {s indicated in Fig. 3.

For compound 198 as well, the 2D-NOE spectrum shows the protons H, and Hy to be
spatially near, proving a cis junctfon between the rings.

As opposed to the results obtained with compound 18a, f{irradfation of the
resonance frequency of H, ylelds direct evidence that the basic structure of the

rings in 19 his C; symmetry, witnessing the fact that here the Hy multiplet
turns into a triplet-like structure, which could be fully reproduced starting
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from the following coupling constants: J.4 = Jgd = 9.2 He, Jorg = 2.2 Bz, and
Jg!d = 3.2 He (the difference between J vy and Js‘d being due to an asymmetry
induced in the molecule caused by repulsfon between By, and He., vide iafra).
Measurement of the torsion angles in Dreiding models of 2la and 21b, and corre-
lation of the values obtained with the Rarplus relation shows geometry 21b to be
by far the most probable possibility. This is confirmed by the magnitude of the
coupling constaats Jy., (9.9 Hz) and Jyrer (6.0 Hz).

Ta Fig. 3 it 1s seen that a strong NOE is observed between Hy and H,, between Hy
and Hs, and between Hy. and H,.. The NOE's between Hy and H,: and between Hy and
“8' are weak, while a NOE between Hy: and H, ia absent. These data inevitably
lead to the “"closed” sgymmetric geometry 21b, the proximity of By and Ry
showing the t-butyl group to occupy the (least hindered) pseudo equatorial
position. The axial position of Hy: is coofirmed by the values of the coupling
constants Jb'c and Jpter (vide supra). However, as noted before, due to a
repulsive interaction between Hy and HE' a twist 1g induced in the mlecule,
as can be ioferred from the fact that in 198 the coupling constant Jde has
almost the same valve as in 18a (4.9 and 5.2 Bz, respectively), indicating about
the same torsion angles between the respective C-H bonds. Were 19a to have =
fully symmetrical geometry, the torsion angle would be zero and J4, consequently
would be expected to be larger (and the coupling coustants J,.4 aod Jg'd would
be equal). This deformation from symmetry can take place in two directions
(yielding torsion angles between the bonds to Hy and He that have the same
absolute magnitude, but opposed signs); however, the values found for the
coupling constants Josg4 (2.2 ®&z) aund Jg'd (3.2 Hz) show the torsion angle
between the bonds to Hd and Hc’ to be about 30° smaller than the torsion angle
between the bonds to Hy and Hg,. Deformation of the symmetric geometry la this
direction will be favoured over the alternative, as in the former case there
will be less steric {nteraction between the t-butyl group and H,.

In summary, compound 19a is concluded to have structure 21b (see Fig. 4), with
the t-Bu group in the b position.

The molecular structure of compounds 18b and 19b

The structural analysis of the iso-propyl compounds was carried out in the same
way as for the tertiary butyl compounds 18a and 19a. As the line of reasoning
and the results obtained were the same as for the t-Bu derivatives, i.e.
compound 18b proved to have geometry 2lec (with the 1{-Pr group in the pseudo
equatorial b' position), and compound 19b has geometry 2@b (with the i-Pr group
in the pseudo equatorial b position), no details will be given here, except for
the following two remarks.

Both in 18b and in 19b the rotation of the i-Pr group is (within the "H-NMR time
scale) fully hindered, witnessing the fact that the two methyl groups within the

1

iso~propyl group have clearly different chemical shifts. Therefore, the normal
i-Pr coupling pattern 1s not observed; instead, each of the methyl groups splits
into a doublet.

As in the tBu derivative 19a, the structure of 19b appears to deviate from Cg
gymmetry, albeit to a lesser extent. This can be Inferred from the facts that a

coupling Jy, of 5.1 Hz {s found.
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EXPERIMENTAL

Boiling points and melting points are uncorrected. Routine ig-nMr spectra were
recorded on a Varian EM-390 spectrometer. Chemical shifts are reported in ppm
downfield relative to tetramethylsilane (& scale). CDCl3 was used as a solvent
unless stated otherwise. The double resonance and 2D-NOE measurements were
carried out on a Bruker (XP-300 spectrometer. Mass spectral data and accurate
mass meapurements were obtained using AEI-MS-~902 and VG Micromass 7070F spectro-
meters. Elemental analyses were carried out using a Carlo Erba Elemental Analy-
ser 1106. Flash chromatography was preformed on silica gel 230-400 mesh. Other
ailica gel used was 70-230 mesh. Light petroleum refers to petroleum ether b.p.
40-60°C.

Aqueous solutions were usually extracted three times with ether. Combined
organic extracts were dried on wmagnesium sulfate prior to filtration and evapo-
ration of the solvent under reduced pressure.

Methyl 2-methoxy-perhydrofuran-3-carboxylate (5)

To a mechanically stirred suspension of 80% sodfum hydride (31.5 g, 1.05 mol) in
ether (1 L) was added dropwise a mixture of methyl formate (60 g, 1.0 mol) and
y-butyrolactone (86 g, 1.0 mol). 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 nL) was added dropwise and the reaction mixture was stirred
for 1 h. After careful neutralization with sod{ium hydroxide, the reaction
mixture was filtered and the filtrate was cooncentrated carefully. Water was
added and the mixture was worked up as usual to afford 93.9 of the crude ester.
vVacuum distillation (88-92°C, 13 mm Hg) afforded esters 5 (85.6 g, 53%) as =2
colourless oil.

ly-wMr: 6 2.1-2.3 (m, 2H), 2.9-3.1 (m, 1H), 3.37 (s, 3H), 3.75 (s, IH), 3.8~4.2
(m, 2H), 5.1-5.2 (m, 1H).

The mass spectra of both isomers were {dentical: mfe (¥): 159 (0.4), 145 (3),
129 (23), 100 (33), 69 (100), 59 (15).

2-Methoxy-~perhydrof uran-3-methancl (6)

Esters 5 (40.0 g, 250 mmol) were dissolved in dry ether (100 mL) and added
dropwise to a mechanically stirred suspension of LiAlH, (6.13 g, 188 mmol) in
ether (600 mL). After refluxing for 3 h the mixture was cooled and water (6 ulL),
4N sodium hydroxide (6 mL) and water (18 mL) were added successively. The
mixture was dried by adding magoesium sulfate directly. After filtration the
solvent was evaporated carefully to yield the alcohols 6 (32.8 g, 99%) as a
colourless oil.

lp-wMR: 6 1.3-2.5 (m, 3H), 2.9-3.2 (m, 1H), 3.36 (s, 3H), 3.4-3.6 (m, 2H), 3.7-
4.0 (m, 2H), 4.9-5.0 (m, 1H). MS: m/e (Z): cis: 104 (21), 101 (67), 71 (79), 61
(100), 44 (81), 31 (44); trans: 131 (2), 104 (19), 101 (47), 71 (56), 61 (100j,
44 (71), 31 (27).

4,5-Dihydrof uran-3~carbaldehyde (8)

To a stirred solution of oxalylchloride (7.4 mL, 85 mmol) in dry dichloromethane
(150 mL) at -78°C uander nitrogen, was added dropwise dimethylsulfoxide (13 uL,
185 mmol) in dichloromethane (30 gmL). After stirring for 5 min the alcohols 6
{(10.2 g, 77 mmol) in dichloromethane (60 mL) were added dropwise. Stirring was
continued for 15 wmore min and triethylamine (54 mL, 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.
The 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 some triethyl-
amine, was dissolved in benzene. The solution was refluxed gnd 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 1ight petroleum/ether (3/1) afforded aldehyde 8 (3.64 g, 48X) as white
crystals mp 49-51°C. No satisfactory elemental analysis could be obtained, due
to the instability of this compound.

1y-NMR: & 2.80 (br t, J = 10 Hz, 2H), 4.65 (r, J = 10 Hz, 2H), 7.47 (s, 1H),
9.65 (8, LH). MS: m/e (X): 98 (100), 97 (35), 69 (48), 41 (60), 39 (57).

3-(1,3-Dithian-2-y1)-4,5~dihydrofuran (1)

To a solution of aldehyde 8 (724 wg, 7.4 mmol) in dry chloroform (30 mbL) at 0°C
under nitrogen, was added 1,3-propanedithfol (750 pL, 7.5 mmol) and boron tri-
fluoride etterate (90 pL, 0.73 mwol), The solution was stirred for 1 h and
poured into a diluted solution of sodium bicarbonate. The water layer was
extracted with dichloromethane. The combined organic extract was washed with
brine, dried, filtered and concentrated.
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Plash chromatography on silica gel eluting with light petroleum/ether (10/1)
afforded dithisme 1 (762 mg, 55%) as white crystals. An analytical sanple was
obtained by recrystallization {n light petroleum/ether; mp 71-73°C. Elemental
Tualysis: cale. for GgH 08q2 51.02% C, 6.42% H; found: 50.57% C, 6.47% H.
B-NMR: & 1.7-2.3 {(m, 21!{ s 2.73 (br t, J = 9 Hz, 2H), 2.8-3.0 (m, 4R), 4.37 {t,
J =9 He, 2R), 4.80 (br s, 1H), 6.45 (br s, 1H). MS: w/e (X): 188 (100), 155
(22), 114 (25). Calc. for Cghy,0Sy: 188.0330; found: 188.0330.

1-(1,3-Dithian~2~y1)-1-(4,5~dihydrofuryl)-3,3-dimethyl-butan-2-one (9)

Ditﬁiane T (110 ng, 5.§§ macl) and Kemmtky!pﬁospgodc triamide {100 ul) were
dissolved in dry tetrahydrofuran (5 aL) under nitrogen. The solution was cooled
to -78°C and 157 n-butyllithium in hexane (420 pL) was added. The mixture was
stirred for 15 min and pivalaldehyde (60 uL, 0.55 mmwol) in tetrahydrofuran
(2 oL) was added. The solution was stirred for 30 min and quenched with agueous
ammonium chloride. The reaction mixture was allowed to warm to room temperature
and the usual work up afforded a residue (220 mg), which was purified by flash
chromatography on silica gel with light petroleum/ether (9/1) to give dithiane 1
{16 mg) and dithiane 9 (129 mg, 85%).

lywr: 5 1.11 (s, 98), 1.8-2.1 (m, 3H), 2.6-3.1 (m, 6H), 3.53 (s, 1H), 4.47
(br t, J = 10 Rz, 2H), 6.62 (br s, LH). MS: mfe (Z): 274 (16), 259 (13), 187
(100). Calcd. for C) 38,450,852 274.1061; found: 274.1062.

2ﬂ-!§etho§-3ﬂ—!%ghcnglthio%-nethxl;-gerhxdrofuran {10) and 2«-methoxy-38-[(phe-

nyithio)-met -perhydroturaa {1

Tri-n-butylphosphine wl,, 0.24 wol) was added dropwise to a stirred solution
of alcoholmixture 6 (19.5 g, 0.15 wol) and diphenyl disulfide (64.0 g, 0.29 wol}
in pyridine (200 mL) at room temperature. The reaction mixture was stirred for
20 h, teken up in ether (700 wl) and washed with 2N sodium hydroxide. The water~
layer was extracted twice with ether. The combined organic extracts were washed
with brine, dried and concentrated. The residue was dissolved in 1light petroleum
(200 mL) aend set aside to crystallize in a refrigerator. The mixture was
filtered and the crystals were washed with cold 1light petroleum. The filtrate
was couceatrated and chromatographed on silica gel with light petroleum/ether
(20/1) and afforded cis sulfide 10 (5.83 g), trans sulfide I1 (10.16 g) and a
mixed fraction of 10 and 11 (13.86 g) as colourless oils. The total yield was
3.85 g (90%).

H-NMR 10: & 1.6-2.5 (m, 3H), 3.06 (t, J =7 Hz, 28), 3.31 (s, 3H), 3.7-4.1
(m, 2H), 4.81 (d, J = 4 Hz, 1W), 7.1-7.4 (m, 5H). MS: mfe (X): 224 (17), 192
(20), 123 (40), 115 (153, 83 (100), 55 (83). Cale. for cuﬂmozs: 224.0871;
iom}d: 224.0869.

H-NMR 11: & 1.5-2.4 (m, 3H), 2.9-3.0 (m, 2H), 3.33 (s, 3H), 3.9-4.1 (m, 2H),
4.86 (s, 1H), 7.1-7.4 (m, S5H). MS: w/e (%): 224 (22), 123 (42), 83 (30), 55
(100). Calc. for CuRmOzS: 224.0871; found: 224.0870.

28-Methoxy~3B-1(pheaylsulfonyl)-methyl]-perhydrofuran (3) and 2e-methoxy-3f~
phenylsulfonyl)-methyIT-perhydrofuran
A mixture of sulfides 11 and 23.09 g, 103 mamol) was dissolved in methanol
{200 oL) and sodium bicarbonate (50.4 g, 600 mmol) was added. To the resulting
suspeasion, a suspension of oxone ® (123 g, 400 mmol KHSO.) in water (400 mL)
was added in 2 h. The solids were filtered off and the filtrate was extracted
four times with dichloromethane (150 mL). The combined organic extract was
washed with brinme, dried, filtered and concentrated. Flash chromatography on
silica gel, eluting with 1light petroleum/ether (1/1} afforded cis sulfone 3
(3.56 g), trans sulfone & (7.39 g) and a mixed fraction of 3 and & (14.62 g).
The total yleld wam 25.57 g (97%).
lH«NMR 3: 6 1.5-2.7 (m, 3H), 3.21 (s, 3#), 3.1~3.6 (m, 2H), 3.8-4.0 {(m, 2H),
4.75 (d, J =4 Hz, 1H), 7.5-7.7 {(m, 3H), 7.9-8.0 {(m, 2H). MS: mie (%): 256
(0.2), 225 (5), 115 (22), 83 (83), 55 {(100). Cale. for 0128160&8: 256.0770;
Eouud: 256.0777.
H-NMR 4: & 1.5~2.7 (=, 38), 3.0~3.3 (m, 2H}, 3.29 (s, 3H), 3.8-4.0 (m, 2H),
4.78 (br s, 1H), 7.6~7.7 (m, 3H), 7.9-8.0 (m, 3H). MS: mfe (X): 225 (2), 115
(22), 83 (46), 55 (100). Calc. for CyoH 50,8 (M-H): 255.0691; found: 255.0705.

3-{(Phenylthio)-methyl}-4, 5~dihydrofuran (2)

A mixture of sulfones 3 and & (14.62 g, 57 mmol) and p-toluene-sulfonic acid
monohydrate (100 mg) were dissolved in benzene (100 mL). The solution was
refluxed gnd the condensed vapor was led through a column filled with molecular
sieves 4 A, After refluxing for 24 h the mixture was coocled, poured inte diluted
aquecus sodfum bicarbonate and worked up as usual. After flash chromatography
eluting with light petroleum/ether {1/1) and recrystallization in ether, sulfone
2 (8.65 g, 68Y%) was obtained as a white solid (mp 94°C). Elemental analysis:
cale. for Cl Hy 0481 58.91% C, 5.39% H, found: 58.62% C, 5.65% H.

lg-nMR: & 2.%6 br t, J = 9 Hz, 2H), 3.87 (s, 2H), 4.34 (t, J = 10 Hz, 2H), 6.09
(br s, 1H), 7.5-7.6 (m, 3H), 7.9-8.0 (m, 2H). MS: m/e (X): 224 (5), B3 (100}, 55
{11).
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(E)-1-(28-Methoxyperhydrof ur-3f-y1)~3,3-dimethyl-1-butene (13)

Cis sulfone 3 (995 wg, 3.9 mmol) was dissolved in dry tetrahydrofuran (40 mL)
and cooled at -78°C under nitrogen. A solution of 15% n-butyllithfum in hexane
(2.7 mL) was added to the solution. The mixture was stirred for 15 min and
pivalaldehyde (380 uL, 3.5 mmol) in tetrahydrofuran (5 mL) was added dropwise.
After stirring for 2 h the reaction mixture was quenched with aqueous ammonium
chloride. The mixture was allowed to warm to roomtemperature and worked up as
usual. Flagsh chromatography eluting with 1light petroleum/ether (1/1) afforded
the diastereomeric alcohols 12 (1.222 g, 92%). A sample of this alcoholmixture
{717 wg, 2.1 mmol) was dissolved in dry wmethanol (30 mL) at -15°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. Further work up as usual afforded alkene 13 (439 mg, 852) as a
colourless oil, which was analyzed without further purification.

ly-NuR: 6 1.02 (s, 9H), 1.7-2.1 (m, 2H), 2.4-~2.8 (m, 1HW), 3.31 (s, IH), 3.7-4.1
(m, 2H), 4.72 (d, 1H), 5.33 (dd, J, = 7 Hz, J, = 16 Hz, 1H), 5.58 (d, J = 16 Hz,
1H). MS: m/e (X): 183 (0.4), 153 %11), 124 &4), 109 (100). Cale. for 511“1902
{M-H): 183.1385; found: 183.1390. Calc. for Cioty70 (M-OMe): 153.1279; found:
153.1278.

1-Phenylsulf onyl-1-(2xc -methoxyperhydrof ur-38-y1)-3,3~dimethylbutan-2-one (15a)
A. Sulfone 4 (1.08 g, 4.2 mmol) was dissolved In dry tetrahydroturan (10 mL) at
=78°C under nitrogen. A 15% solution of n-butyllithium in hexane (2.9 mL) was
added and the solution was stirred for 15 min. Pivalaldehyde (430 pL, 4.0 mmol)
in tetrahydrofuran (5 mlL) was added dropwise. After stirring for 15 min the
reaction mixture was quenched with diluted aqueous ammouium chloride. Work up as
usual afforded 1.40 g residue, which was dissolved 1in dry dichloromethane
{25 mL)y. Pyridinium chlorochromate (200 g, 9.3 mmol) was added and the mixture
was gtirred for 20 h. The conversion was not yet complete, additional pyridintum
chlorochromate (1.0 g, 4.6 mmol) was added and the slurry was stirred for 5 more
h. Ether was added and the suspension was filtered through a short silica gel
column. Concentration and chromatography on silica gel with light petroleum/
ether (2/1) gave B keto sulfones 15a (0.98 g, 73%).

MS 1somer 1: mfe (%): 309 (1.6), 199 (23), 167 (27), 141 (29), 139 (s1), 83
(56), S7 (100).

MS {somer 2: mfe (%): 309 (0.8), 199 (17), 167 (32), 41 (29), 13% (s1), 83
(65), 57 (100).

B. A 15% golution of n-butyllithium (4.3 mL) in hexane was added dropwise to a
solution of sulfone 4 (1.08 g, 4.2 mmol) {n dry tetrahydrofuran (5 mL) at 8°C
under nitrogen. The mixture was stirred for 20 min and pivaloylchloride (350 utL,
2.8 mmol) In tetrahydrofuran (5 ml) was added dropwise. The mixture was stirred
for 2 h and quenched with aqueous ammonfum chloride. Work up as usual and flash
chromatography as described under A afforded B keto sulfones 15a (696 mg, 72%).

1-(2¢-Methoxyperhydrofur-3g-yl)~3,3-dimethylbytan-2-one (16a)

To a solution of a mixture of § -keto sulfones 158 {1.50 g, 4.6 mmol) {n tetra-
hydrofuran (5 mL) and methanol (20 mL) of roomtemperature, was added disodium
hydrogen phosphate (2.65 g) and 5% sodium amalgam (8.2 g). The suspension was
stirred for 1 h and concentrated. The residue was stirred up in ether and
decanted. This procedure was repeated three times. Water was added and the
layers were sgepavated. Further work up as usual and flagsh chromatography on
silica gel with light petroleum/ether (5/1) afforded ketone 16a (884 mg, 96%) as
a colourless oil.

ly-NMR: 6 1.10 (s, 9H), 1.2-1.6 {(m, 1H), 2.1~2.6 (m, 4H), 3.30 (s, 3H), 3.90
(t, J =7 Hz, 2H), 4.63 (s, 1H). MS: m/e (X): 200 (0.9), 169 (29), 100 (100), 83
(85}, 57 {95). Calc. for C11H2003: 200.1412; found: 200.1412.

1-(2a-Methoxyperhydrof ur-38-y1)-3~methylbutan-2-one (16b)
Ketone 16b was prepared as described for ketone 16a, by addition of dilithiated
sulfone 4 to methyl fsobutyrate and subsequent desulfonation to give ketone 16b
in 80% yield, as a colourless oil.

H-NMR: & 1.08 (4, 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 (s, 1H). MS: m/e (%): 186 (0.3), 185 (1.6), 155 (48),
143 (58), 126 (25), 111 (33), 100 (49%9), 83 (100), 71 (92). Cale. for C oH1803¢
186.1256; found: 186.1241. Calc. for CyoHy703 (M-H): 185.1178; found: 18 .111}37.

1-(2a -Methoxyperhydrof ur-38-y1)~3,3~-dimethylbutan-2~al (17a)

Ketone 16a (884 mg, 4.4 mmol) was dissolved In tetcrahydrofuran (5 mL) at 0°.
Lithfum~tri-tert-butoxyaluminohydride (6.7 mmol) was added and the mixture was
stirred for 30 min and diluted with ether (30 mL). Subsequent careful additions
of water (1 al), 4N sodium hydroxide (1 mL) and water (4 mlL) to the well stirred
reaction mixture were followed by adding magnesium sulfate directly to the




2-Substituted perhydrofuro[2,3bjfurans

resultiog mixture. Filtratfon and evaporation of the solvents afforded alcohol
7s (883 mg, 99%) as a colourless oil. The diagtereomeric purity was 97%.

B-NMR (CClz): 6 0.83 (s, 98), 1.3-1.6 (m, 3H), 2.0-2.3 (m, 3H), 3.15
{t, I =6 He, 1H), 3.26 (s, 3H), 3.7-3.9 (m, 2H), 4.62 (d, J = 2 Hz, 1H). MHS:
mle (X): 201 (1), 171 (14), 145 (15), 113 (100), 87 (43), 69 (47). Cale. for
€11H2104 (M-H): 201.1491; found: 201.1493.

1-{ 2a-Methoxy perhydrof ur-38~yl)-3-methylbutan-2-01 (17b)

Alcohol 1/d was prepared from ketone 16b as described for 17a. Alcohol 17b was
?btained as & colourless ofl ia 951 yield and with a 93X diasterecmeric purity.
B-NMR (C.D ) & 0.92 (4, 3H), 0.94 (d, 3H), 1.1~2.6 (m, BH), 3.37 (s, 3H), 3.8~
4.0 {m, 2?1), 4.86 (d, J = 2 hz, 1H). NS: m/e (%): 187 (2), 157 (38), 133 (50),
113 (94), 73 (100), 69 (68). Cale. for CygHy404 (M-H): 187.1334; found:
187.1337.

Zx~tert-Butyl-28,3,3a8 ,4,5,6af-hexahydrof uto-{2,3b] ~furan (18a)

Ketone 16& (468 mg, 2.3 mmol) was dissoclved in tetraghydrofuran {10 mL) at 0°C.
Lithiw-tri-tert-butoxyaluminohydride (1.2 g, 4.7 nmol) was added and the
mixture was stirred for 2 h. After careful addition of &N hydrochloric acid
(2 al) the mixture was stirred for 30 min. Work up as usual and flash chromato-
graphy on silica gel with 1ight petrolem/fether (6/1) gave furo-furan 18a
{376 mg, 95%) as a colourless oil.

‘R-NMR: & 0.92 (s, 9H), 1.2~1.4 (m, 1H), 1.6~1.7 (m, 1H), 1.9-2.0 {(m, 2H), 2.8~
2.9 {m, 1H), 3.52 (dd, J = 5 Hz, I - 10 Hz, 1H), 3.8-4.0 (mw, 28), 5.62 (4,
J » 5 Hz, 1lH).

MS: m/e (X). 169 (0.5), 155 (1), 113 (100), 69 (92). Cale. for CyqH,,0, (M-H):
169.1228; found: 169.1227.

hwlaogrop_zl-g 23,3288 ,4,5 l6a%-henhﬁrof uro-{2,3b} ~furan (18h)
uro-furas was prepared from ketone as descr for 18a. Puro~furan 18b
was obtained as a colourlesas oil in quantitative yleld.

lg-NMR: 6 0.88 (d, 3H), 0.99 (4, 3H), l.1-1.4 {m, 2H), l.6-2.1 (m, 3H), 1.7-3.0
(m, 1H), 3.3-4.0 (m, 3H), 5.63 (d, I = 5 Bz, 1H). MS: m/e (X): 156 (0.1}, 155
(3), 113 (92), 69 (100), 56 (34), 55 (34). Cale. for CgHy0,y (M~4Pr): 113.0603;
Found: 113.0591.

28~tert-Butyl-2x,3,3aB ,4,5,6aB-hexahydrofuro—-{2,3b]furan (k%)

Alcohol d; Zgﬁj ng, t-t wmol)  and trieéﬁﬂmﬁne {610 uL, 4.4 mmol} were
diasolved in dry dichloromethane (20 mlL). To this solution 4~dimethylaminopyri-
dine {1.07 g, 8.8 mmol) and p-toluenesuylfonyl chloride (1.67 g, 8.8 mmol) were
added successively. The reaction wmixture was stirred for 20 h and adsorbed on
silica gel. Flash chromatography on silfica gel with light petroleum/ether (5/1)
gave the corresponding tosylate (1.328 g, 3.7 mmol), which was dissolved in dry
dimethylegulfoxide (5 aL) aad dry 1,2-dimethoxyethane (5 ulL). The mixture was
kept below 35°C, when 18-crown~6 (2.5 g, 9.5 mmol) and potassium superoxide
(18.6 mmol) were added. The cloudy mixture was stirred for 1 h and water, sodium
porohydride (1.4 g, 37 mmol} and &N hydrochloric acid were added carefully! The
acidic solution was stirred for 15 min and poured imto a saturated sclution of
godium bicarbonate. Work up as usual and flagh chromatography on silica gel
eluting with light petrolewm/ether (7/1) ylelded furo-furan 19 (396 mg, 53%) as
a colourless oil.

lp NMR: 6 0.87 (8, 9H), 1.5~2.3 (m, 4H), 2.6-3.0 (m, 1H), 3.7-4.0 (m, 3H), 5.68
{(d, J = 5 Hz, 1H).

MS: m/e {X): 169 (0.1), 155 (3), 113 (100), 69 (90). Cale. for C 08179 (M-H):

169.1228; fouand: 169.1230.

2f~Tsapropyl-2a,3,3af té,s,ﬁaga-hexahgrofnro-; 2!3b! —furan (19W)

Furo-furan was prepared as descr row alcohol 17b. Puro-furan
19b was obtained as a colourleas oil im 40X yfeld.

lg-NMR: & 0.84 (d, 38), 0.97 (4, 3®), 1.1-1.3 (m, 28), 1.6-1.8 (m, 2H), 2.0-2.2
(m, 1H), 2.7-3.0 (m, 1H}, 3.5~4.0 (m, 3H), 5.70 (d, J = 5 Hz, 1H).

MS: m/e (X): 156 (0.1), 155 (3), 113 (97), 69 (100), 56 (35), 55 (35). Cale. for
C4Hy0, {M-1Pr): 113.0603; found: 113.0596.

1~{ 28-Me thoxy perhydrof ur~38-yl)-3,3~dinethylbutan-2-one (20a)

Ketone 20 was prepared as described for ketone 10a, by addition of dilithiated
sulfoae 3 to pivalaylchloride and subsequent desulfonatifon to give ketone 2 as
8 colourless oil in 61% overall yleld.

lp-NMR: & 1.14 (s, 9W), 1.5-1.8 (m, 1H), 1.9-3.0 (m, 4H), 3.27 (s, 3H), 3.7-4.1
(m, 2H), 4.90 (d, J = & Hz, 1H). MS: m/e (I): 200 (0.7), 199 (0.7), 169 (23},
;gg 1&9136)’ 100 (19), 83 (100), 57 (53). Cale. for CyjHypg04: 200.1412; found:
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1~(2B~Methoxyperhydrof ur~3f-yl)-3-methylbutan-2-one (20b)

Xetone 20b was prepared as described for ketonme 16s, by addition of dilithiated
sulfone 3 to methyl-isobutyrate and subsequent desulfonation to give ketone 20b
as a colourless oil in 32X overall yield.

IR-NHR: 5 1.07 (d, 6H), 1.2~2.2 (m, 2H), 2.4-2.9 (m, 3H), 3.23 (s, 3H), 3.6-4.0
(w, 2H), 4.86 (d, J « 4 Hz, 1H). MS: wm/e (%): 186 (0.3), 185 (1.8), 155 (40),
143 (50), 126 (21), 111 (35), 100 (47), 83 (100), 71 (93). Calc. for C10H1803:
186.1256; found: 186.1256.

ACKNOWLEDGEMENTS

The authors wish to thank J.J.M. Vervoort and C.P.M. van Mierlo for helpful
suggestions in carrying out the 2D-NOE measurements, M.A. Posthumus and C.J.
Teunis for mass spectroscopic data, and H. Jongejan for carrying out the
elemental analyses. J.V. wishes to thank the Netherlands Organization for
Scientific Research (NWO) for financial support.

REFERENCES

la. S.¥. Ley, D. Santafianos, W.M. Blaney and M.S.J. Simmonds: Tetrahedron
Lett., 28, 221 (1987).

b. D. Pflifeger, B. Muckensturm, P.C. Robert, M.T. Simonis and J.C. Kienlen:
Tetrahedron Lett., 28, 1519 (1987).

c. Y. Ueno, 0. Moriya, K. Chino, M. Watanabe and M. Okawara: J. Chem. Soc.,
Perkin Trans. I, 1351 (1986).

2a. Y. Kojima and N. Kato: Agric. Biol. Chem., 44, 855 (1980).

b. Y. Kojima and N. Kato: Tetrahedron, 37, 2527 (1981).

c. M. Jalali, G. Boussac and J.Y. Lallemand: Tetrahedron lett., 24, 4307
{1983).

d. M. Jalali-Naini and J.Y. Lallemand: Tetrahedron Lett., 27, 497 (1986).

e. M. Pezechk, A.P. Brunetiere and J.Y. Lallemand: Tetrahedron Lett., 27, 3715
(1986).

f. S.L. Schreiber and K. Satake: J. Am. Chem. Soc., 106, 4187 (1984).

g. J.Yoshidaa, S. Yano, T. Ozawa and N. Rawabata: J. Org. Chem., 50, 3467
(1985).

h, T. Nakata, $. Nagao and T. Oishi: Tetrahedron Lett., 26, 6465 (1985).

i. B.B. Snider and R.A.H.F. Hui: J. Org. Chem., 50, 5167 {1985).

j. S. Torii, T. Inokuchi and T. Yukawa: J. Org. Chem., 50, 5875 (1985).

k. J.J. Cailot, A. Doutheau, J. Gore and A. Saroll: Tetrahedron Lett., 27, 849
(1986).

1. S.L. Schreiber and K. Satake: Tetrahedron Lett., 27, 2575 (1986).

m. T. Matsumoto and T. Sei: Agric. Biol. Chem., 51, 249 (1987).

n. E.B. Villhauer and R.C. Anderson: J. Org. Chem., 52, 1186 (1987).

Reddy: J

o+ G» Mehta, H.S.P. Rao and K.R. . Chem. Soc., Chem. Commun., 78
(1987).

p. C.P. Gorst-Allman and P.S. Steyn: J. Chem. Soc., Perkin Tramns. I, 163
(1987).

3. F. Korte and H. Machleidt: Chem. Ber., 88, 136 (1955).

4. K. Omura and D. Swern: Tetrahedron, 34, 1651 (1978).

5. D. Seebach and E.J. Corey: J. Org. Chem., 40, 231 (1975).

6. H. Kotake, T. Yamapato and H. Kinoshita: Chem. Lett., 1331 (1982).

7. 1. Nekagawa, K. Aki and T. Hata: J. Chem. Soc., Perkin Trams. I, 1315
(1983).

8. R. Bloch, J. Abecassis and D. Hasson: J. Org. Chem., 50, 1544 (1985).

9. H. Kotake, K. Inomata, H. Kinoshita, S. Aoyama and Y. Sakamoto: Hetero-
cycles, 10, 105 (1978).

10. K. ¥Xondo and D. Tunemoto: Tetrahedron Lett., 1397 (1975).

11. B.M. Trost, H.C. Arndt, P.E. Strege and T.R. Verhoeven: Tetrahedron Lett.,
3477 (1976).

12. T. 1to, N. Tomiyoshi, K. Nakamura, 5. Azuma, M. Izawa, F. Maruyama,
M. Yanagiya, H. Shizahama and T. Matsumoto: Tetrahedron Lett., 23, 1721
{1982).




