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CHIRAL PRECURSORS FOR SYNTHESES OF FURANOTERPENES
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Abstract.~ The synthesis of (25,4R,5R) and (2R, 4R,5R) -2~ (3=furyl)-
4,5- 1sopropyl1denediaxytetrahydrofuran (4 and S) Tand (28,4R,58) -~
-ethoxy«Z {3-furyl)-4-hydroxytetrahydrofuran {37) from ”dlaceto-
ne glucose” (6) is described. A new approach to 1-(R) and 1-(S)-
{3-furyl)~1,2-dihydroxyethane from L-serine and D—mannltol, respec
tively, is descrlbed. These compounds are convenient chiral precur
sors for syntheses of furanoterpenes.

INTRODUCTION

The B-substituted furan ring is a very common structural feature of many
natural products.1 Although some methods have been reported for the synthesis

of f-substituted furans,2

the synthesis of enantiomerically pure compounds of
type A (X,Y= OH, OH protecting group, O~functionalization, good leaving group,
C-alkyl substitution, etc, in cyclic or acyclic form), having a stereocenter

contiguous to the aromatic ring, has been almost neglected. It is evident that
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these compounds are important and critical "chirons" for the asymmetric syn-
thesis of natural products containing this structural and functional moiety
[see for example teupolin 1,(3)3].

Not surprisingly no chiral approach up to now has been reported for
the synthesis of this kind of furanoterpenes.4

To our knowledge, the only reported synthetic approach in this area
has been described by Zamojski and Jarosz.5a They prepared 1-(R) and the
methyl ester of the corresponding carboxylic acid in a very low e.e. (~7%)
by asymmetric photocycloaddition between furan and chiral alkyl glyoxylates.

Kato and coworkers5b

have also described the reaction of L-(-)-carvone with
lithium di(3-furyl)cuprate, but the stereochemical course of this process
was not studied.

The lack of a general and efficient method for the synthesis of these
"B-furochirons" prompted us to explore this subjet. In this communication
we describe the synthesis of (2§S,4R,5R) and (2R,4R,5R) -2-(3-furyl)-4,5-iso-
propylidenedioxytetrahydrofuran (4 and 5) and (2S,4R,5R)-5-ethoxy-2-(3-furyl)-
4-hydroxytetrahydrofuran (37), as potentially useful and key chiral interme-
diates in the synthesis of g,3 (+) -ipomeamarone 3,6 fraxinellone4a or ancis-
trofuran4c, some furanoterpenes with interesting biological activities. Other
wise the synthesis of 4, 5, 37, compounds with a defined absolute stereoche-
mistry at C-2 (see Scheme 1), could help the structural analysis of natural
products related to 2, where some difficulties have been claimed in the esta-
blishment of the stereochemistry at C—12.7 Even more, these compounds repre-
sent a new class of higher-carbon sugars.8 In addition, a new apprcach to (R)

and (S8)-(3-furyl)-1,2-dihydroxyethane 1 is described.

RESULTS AND DISCUSSION

In our retrosynthetic analysis (see Scheme 1), compounds 4 or 5 could
arise from "diacetone glucose” 6, following the routes a or b. In the route
a the key intermediate is the a-hydroxyketone A, in principle accessible by
simple operations from 6. In the route b, the critical intermediate is the
aldehyde B; the final steps leading to the B-furan synthesis should follow
the method described by Otera.9 The merits of 910 as common starting material
are obvious: it can be obtained in large gquantities, deoxygenation at C-3
and epimerization at C-4 are well documented in the literature and it con-
tains the basic framework and functionalization of 4 and 5.

In the route a the steps are: deoxygenation at C-3 in 5'11,12 selecti-

ve hydrolysisl3, protection at C-6, oxidation and deprotection.

14 11-13

Due to problems of solubility (see Scheme 2), the silylation of 7
gave a low yield (20%) of 8. Oxidation 15(PDC,methylene chloride, molecular
sieves) gave 9 (61% yield). Treatment of 9 with tetra n-butylammonium fluori-

de16 resulted in a complex mixture and we could not isolate the desired com-
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pound 10. In view of this, we decided to carry out this process with the xan-
thate group at C-3 and deoxygenate in the last step. With this analysis in
mind compound llll was easily silylated.16 Oxidation again as before, gave 13
(80% yield from 12). Deprotection of 13 was troublesome and we could not iso-
late 14. Using the pivaloyl group and repetition of the sequence (15 — 16
—» 17 —= 10) failed again in the last step.

In view of these unexpected facts, we analyzed the route b (Scheme 1).

Before, we examined this chemistry in a simple model17

(see Scheme 3)
using compound lgls as the chiral template, readily available in enantiomeri-
cally pure form from L-serine. One carbon homologation with lithium methoxyme
thyl phenyl sulfide19 gave £2[3-(§U as a mixture of diastereomers in a 1:1.75
ratio, as it was deduced integrating the areas corresponding to H1 (s, 6 5.37
and 5.45). Compound l2[3'(§ﬂ is an interesting C4—chiral building block with a
plethora of versatile functional groups and defined stereochemistry at C-3. Fo
llowing the method described by Otera,19 we obtained easily and in good yield
20a and 20b. Compounds 12[3-(58—322 were obtained pure by simple chromatography
and we did not try to separate isomers.19 Finally treating 20b in benzene at
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Scheme 2

room temperature with p-toluenesulfonic acid, we obtained 21 (~20% yield) and
22 (65% yield) (see Scheme 4). The formation of 21 is explained following the
mechanism proposed by Otera.:Lg The unexpected side product 22, whose structu-
re has been inequivocally established transformating it into 23 and 24 (see

Experimental Part), could arise by an acid catalyzed thiocallylic rearrange-

mentzo(g_gg —= 20c)} {(Scheme 4), acid hydrolysis of the acetonide group 1in 20c
to give A, which in the acidic medium should be transformed into QZI, after

dehydration, ring closure and aromatization with loss of methanol.

Compound 21, contaminated with an unseparable aromatic impurity, was con
verted into 1-(R) by acid hydrolysis (CF3C00H, CH3CN, H20, room temperature,
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overnight, 90%). Compound 1-(R) showed spectroscopic and analytical data in
good agreement with its structure, but its physical data [mp 82—84“C;[a]§5
-19.0°(c 0.55, CHCl3ﬂ are different from the previously described5a [mp 55°C;
[0] 2° +15°(c 1.6, EtoH).

To clarify this guestion, we undertook the synthesis of 1-(S) by the
same method. As chiral template we used the easily available aldehyde g§.22
Reaction with lithium methoxymethyl phenyl sulfide gave a complex mixture of
diastereomers 26 (see Scheme 3), that without separation and after oxidation
gave 19 [3—(53 , as a mixture of two diastereomers, similar to ;g.[3—(§ﬂ
(t.l.c. analysis with different solvents, spectroscopic data). The microana-
lysis confirmed the structure. It was then clear that no overoxidation at the
sulfur atom took place. Following the same methodology ;g[3-(3ﬂ — 20a
[3-(s)] — 20b [3-(s)] —= 21-(5), we obtained 1-(5) [mp 79-81°C;[a] 2
+21°(c 0.2, CHC13)]. In view of these results, we think that the previously
reported physical data for 1-(R) should be reanalyzed.5a

With the experience obtained with the simple chiral templates 18 and 25,
we directed our attention to a more complicated system in order to obtain the
desired compounds 4 and 5.

Starting with compound 6 and following methods well documented in the
literature,23 the aldehyde 27 was easily obtained (Scheme 5). One carbon homo
logation with lithium methoxymethyl phenyl sulfide afforded 28 as a mixture

of diastereomers that, after purification, without separation and oxidation13

gave cleanly ketone 32.24

tandard methods.19

Compounds 30 and 31 were obtained following the s-
The epimer at C-4, 32 (see Scheme 5)was easily synthesized from g.zs Fo
llowing the same methodology compound 36 was obtained in good yield from 32.

With 31 and 36 in hand, we affronted the last step. Treating 31 in ben-
zene, at room temperature, with a catalytic amount of p-toluenesulfonic acid,
we obtained 4 [mp 60—63°C;[a]§5—19.3°(g, 1.1, CHCl3ﬂ . Using 36, under the sa-
me conditions, we prepared 5 in 35% yield [mp 59—62°C;[&]§5 -17°(c, 0.49,
crel, ] .

In the "H NMR (200 MHz) spectrum of 4, besides the furanic protons ( §
7.43, 1H, m; 7.39, 1H, t, J=1.7 Hz; 6.40, 1H, dd, J=1.7 and 0.9 Hz), H
at 8§ 5.95 (4, =4.3 Hz), H, at 6 4.82 (t, J =4.3 Hz,

5 appears

4,5 J4'3B=4.3 Hz), H
=4,3 Hz, J 2=11 Hz), H3a at 2.32 (dd4,

38,
J3a,36=14 Hz, J3a,2=4'3 Hz) and H2 at § 5.14 (dd, J2,3a=4'3 Hz, J2'3B=1l Hz)é3

This 1s in accordance with the observed values in 3-deoxy furanose compounds.

I4,5
at 6 1.82 (ddd, J

4 38

3a,36=14 Hz, J3B,4

Compound 5 , the epimer at C-2, showed similar chemical shifts, coupling cons-
tants and physical data to the observed for 4. This is not surprising and has
been pointed out by some authors7 in connection with the establishment of the
absolute configuration at C-12 in the large family of diterpencids related to
2, where epimers at C-12 have been isolated and analyzed.

Finally, compound 4 was submitted to acid hydrolysis (EtOH, HCl). We on
ly obtained one compound, 37, whose structure was established by careful ana-
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lysis of its 'H NMR spectrum. The ethoxy group at C~5 is cis respect to the
furan ring at C-2, as it is evident from the analysis of ;;_] 64,97 ppm, s,
J4’5=0 Hz ). This is in agreement with the coupling constants ( J4'52% recor
ded in the literature for o and B glicosides in related compounds.

We have not found an easy explanation for the stereospecific formation
of the B-glucoside. F. Fraser-Reid reported the formation of mixtures of the o, B-
anomers (1:1) in related 5—deoxy—a-D—xylofuranones263 but it is also known the
exclusive formation of the B-glicoside in the hydrolysis of analogous 3,5-dideoxy-o-D-ri-
bofuranoses.zae It has been pointed out27 that in furanoses two hydroxyl
groups on adjacent carbon atoms are more stable when trans rather than cis;
in egquilibrium, therefore, the anomer having 0-1 and 0~2 trans predominates
(B for xyloses and riboses, as it is the case in 37).

In summary we have described for the first time and using the "chiron"
approach,28 the synthesis of some furan type higher-carbon sugars and chiral

precursors for syntheses of some natural furanoterpenes.

EXPERIMENTAL

Melting points are uncorrected and were determined in a Kofler apparatus.
Optical rotations were measured with a Perkin-Elmer 141 polarimeter with a 1-dm
cell. Elemental analyses were carried out in Madrid with the help of a Perkin-
Elmer 240 analyzer. IR spectra were determined on a Perkin-Elmer 257 spectrome-
ter. 1H NMR spectra were measured on a Varian EM 390, Varian XL-300 or a Bruker
AM-200 spectrometer using tetramethylsilane as internal standard. Mass spectra
were obtained with a AEI MS 50 spectrometer. For column chromatography, the

flash~chromatography technique on silica gel was used.29

6-0-(tert-Butyldimethylsilyl)-3-deoxy-1,2-O-isopropylidene —g-D~glucofurano-
se {8). To a suspension of 3—&eexy—1,2~9-isoprpopylidene—D—glucopfuranose13 {7}
(1.6 g, 8.1 mmol) in dry pyridine (30 mL) was added tert-butyldimethylsilyl chlo
ride (1.2 g, 8.1 mmol)., The reaction mixture was stirred for 24 h, diluted with
methylene chloride, washed with cold 0.5 N hydrochloric acid and brine, dried
and concentrated. Flash-chromatography (90:10 hexane-ethyl acetate) gave 508 mg

12>5;9.4'Q {c 1.1, CHCly); IR vy, (film): 3600-

3100, 2980, 1460, 1370, 1365, 1075; H NMR (50 MHz, CDC13) §: 5.70 (d,1H, J=4 Hz,
H-1}, 4.65 (t, 1H, J=4 Hz, H-2}, 4.15 (m, 1H, H-4), 3.55-3.70 {(m, 3H, 2H-6, H-5),
2.40 (br s, 1H, OHJ}, 1.80-2.20 {(m, 2H, 2H-3), 1.40, 1.25 [5, s, 6H, C(CH3)2],0.80
[E: 9H, (CH3)3Si]; MS m/e: 303 (M-15, 30), 269 (17), 267 (12), 243 (16), 204
(12), 203 (82), 185 (47), 173 (14), 159 {(17), 143 (36), 117 (87), 89 (4%9), 75
{100), 59 (61), 43 (71).

Anal., Calcd. for C15H3QSiOS: C, 56.54; H, 9.49. Found: C, 56.20; H, 5.31.

(20%}) of {8) as a viscous oil: [a}
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6-0-(tert-Butyldimethylsilyl)-3-deoxy-1,2-0-isopropilidene -a-D-xylo-

hexofuran-5-ulcse (9). To a suspension of PDC30(413 mg, 1.1 mmol) and 1.0 g

of powdered molecular sieves (4 i) in dry methylene chloride (10 mL) was a-
dded a solution of 8 (240 mg, 0.75 mmol) in 7 mL of dry methylene chloride.
After stirring overnight at room temperature, ether was added and the mixtu
re was filtered over Celite 545. Evaporation and flash-chromatography affor
ded 148 mg (61%) of 9: mp 74-75%C; [a]2® —57% (c 0.5, cHCl,): IR u . (KBI):
2960, 1730, 1385, 1370, 1255, 1140, 1030, 840; 'H NMR (90 MHz, CDCl3) Sz

5.85 (d, 1H, J=4 Hz, H-1), 4.65-4.90 (m, 2H, H-2, H-4), 4.45 (s, 2H, 2 H-6),

2.40 (g4, 1H, J=14 and 5 Hz, H-3«), 1.80 (m, 1H, H-38), 1.55, 1.35 [s, s, 6H,
clcHy),], 0.95 [s, 9, (cHj),Si]; MS m/e: 301 (M-15, 11), 259 (12), 201 (71),
171 (12), 155 (12), 117 (100), 85 (66), 43 (37).

Anal. Calcd. for C15H288i05: Cc, 56.90; H, 8.92, Found: C, 57.02; H,
9.00.

Xanthate of 6-0-{tert-butyldimethylsilyl)-1,2-0-isopropylidene -a-D-
glucofuranose (12). To a solution of xanthate Tll)11TT}1 g, 3.5 mmol) in
dry dimethylformamide (20 mL) was added under argon tert-butyldimethylsi-
lyl chloride (572 mg, 3.8 mmel) and imidazole (516 mg, 7.6 mmol). The reac
tion mixture was stirred at room temperature for 24 h. Water was added and
the product extracted with ether (3x100 mL); the combined ether extracts
were washed with water, dried (Na2504), evaporated and purified by flash-
chromatography (80:20 hexane-ethyl acetate) to give 1.2 g (80%) of 12: 0il;
[0]35—17.3Q (c 1.1, CHCl3); IR umax(film):3550—3200, 2950, 1465, 1385, 1375,
1200, 1175, 840; TH NMR (90 MHz, CDCla) §: 6.05 (4, 1H, J=3 Hz, H-1), 5.95
(a, 1H, J=4 Hz, H-3), 4.65 (4, 1H, J=3 Hz, H-2), 4.30 (m, 1lH, H-4), 3.70-
3.90 (m, 3H, 2 H-6, H-5), 2.60 [s, 3H, oc(s)scaaj, 2.50 (br s, 1H, OH), 1.55,
1.30 [5, s, 64, c(cu3)2|, 0.95 Lg, 9H, (CH3)3Si]; MS m/e: 309 (31), 201 (17},
171 (12), 117 (100), 91 (35), 75 (91), 43 (33).

Anal. Calcd. for C,,H,,S,8i0_.: C, 48.11; H, 7.54; S, 15.09. Found: C,

1773272 6
48.30; H, 7.79; S, 14.80.

Xanthate of 6—9—(tert—butyldimethylsilyl)—l,Z—Q-isopropylidene—a—D—leo_

hexofuran-5-ulose (13). Oxidation of 12 to 13 was carried out as described for
the preparation of 9. For 13 (82%): Viscous oil; [a]§5—15.8Q (¢ 5.6, CHC13);
IR umax(film): 2940, 1740, 1470, 1385, 1375, 1190, 1070, 840; 1H NMR (90 MHz,
CDCl,) &: 6.30 (d, 1H, J=4 Hz, H-1), 6.10 (4, 1H, J=3 Hz, B-3), 5.20 (d, 1H,
J=3 Hz, H-4), 4.75 (d, 1H, J=4 Hz, H-2), 4.45 (s, 2H, 2 H-6), 2.55 [s, 3H,
oc(s)sca3], 1.55, 1.35 [s, s, 6H, C(CH3)2], 0.90 [5, 9H, (CH,),8i]; MS m/e:
423 (M+1, 10), 365 (65), 257 (13), 211 (17), 199 (45), 190 (12), 186 (1l1),
171 (56), 159 (13), 117 (26), 91 (86), 75 (100), 43 (55).

Anal. Calcd. for C17H30523106: c, 48.34; H, 7.10; s, 15.16. Found: C,
48.01; H, 6.85; S, 14.99.

Xanthate of 1,2-0-isopropylidene-6-0O-(pivaloyl)-a~D-glucofuranose (15).
To a solution of xanthate 11 (1.95 g, 6.2 mmol) in dry pyridine, cooled at
—1OQC, under argon, was added recently distilled pivaloyl chloride (0.82 mL,

6.8 mmol). The reaction mixture was warmed to room temperature and stirred
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for 16 h, diluted with ether and washed with ice-cold 0.5N hydrochloric acid
and brine, dried (Nazso4) and evaporated. The residue was submitted to flash-
chromatography (20:80 hexane-ethyl acetate) to afford 2 g of 15 (80%): 0il;

25

o Q

[ In + 13.9° (¢ 6.?, CHCl;); IR vu . (film): 3600-3200, 1730, 1715, 1480, 1380,
1375, 1200, 1070; 'H NMR (90 MHz, CDCl,) §: 6.15 (d, 1H, J=3 Hz, H-1), 5.95 (4,
1#, J=3.5 Hz, H-3), 4.70 (4, 1H, J=3 Hz, H-2), 4.20-4.40 (m, 4H, 2 H-6, H-5
H-4), 2.90 (br s, 1H, OH), 2.60 [s, 3m, oc(s)scna], 1.55, 1.35 [s, s, 6H
clcHy),], 1.25 [s, oH, (cHy),8i); MS m/e: 361 (1), 347 (1), 129 (7), 88 (13),
84 (100), 57 (51), 43 (26).

Anal., Calcd. for CTGHZGSZO?: C, 48.72; H, 6.64; 8, 16.12. Found: C,48.40;
H, 6.31; 8, 15.89.

Xanthate of 1,2-0~isopropylidene-6-0- (pivaloyl)~a-D-xylo-hexofuran-5-ulo-
se (16). Oxidation of 15 to 16 was performed as described for the preparation
of 9. For 16: Viscous oil; [2]2°-68.1% (c 5.6, cHCly); IR v _ (£ilm): 2900,1740,
1385, 1375, 1150~1200, 1080, 1020; 1H NMR (%0 MHz, CDC13) 5?a§.20 (d, 1H, J=3
Hz, H-1}, 6.10 (4, 1H, J=3.5 Hz, H-3), 4.95-5.065 {m, 38, 2 H-8, B—;}, 4.75 (4,
1H, J=3 Hz, H-2), 2.55 [s, 3H, oc(s)scua], 1.55, 1.35 {s, s, 6H, c(caa)Z], 1.;5
[s. 98, oclo)ctcny)]; Ms m/e: 347 (1), 331 (2), 249 (12), 226 (8), 191 (15),
143 (55), 85 (64), 57 (100).

Anal. Caled. for C16H24SZO?: C, 48.98; H, 6.17; S, 16.31. Found: C, 48.63;

H, 5.99; S, 15.85.

3-Deoxy—1,2—9-isopropylidene—6—g—(pivaloyl)-a—D~§xlg—hexofuran~S-ulose
(17). To tributyltin hydride (1.4 mL, 5.5 mmol) in dry refluxing toluene (15 mL)
under argon, was added over 1 h the xanthate 16 (1.46 g, 3.7 mmol) in toluene
(30 mL}. The solution was refluxed for 16 h to effect complete reduction. The
solvent was then removed at reduced pressure. Flash-chromatography of the residue
gave 771 mg (70%) of 17: mp 87-90°C; [a]2® -61.5% (c 1.2, cHCl): IR vy ( KBr):
2900, 1725, 1140, 1030; TR MR {90 MHz, CDCl,) $: 5.95 (d, 1H, J=3.5 Bz, H-1),
5.00-4.60 (m, 4H, 2 H-6, H-4, H-2), 2.45 (dd, 1H, J=15 and 5.5 Hz, H~38), 2.05
(m, 1H, H-3a), 1.55, 1.40 [s, s, 6H, C(CHj),], 1.30 (g, 9u, oclo)clcug) ]; s
m/e: 271 (M-15, 10), 143 (100), 85 (73), 59 (35), 43 (27).

Anal. Caled. for C, H,,0.: C, 58,73; H, 7.75. Found: C, 58.57; H, 7.37.

(1§§,3§)-Biﬁ—Isopropylidenedioxy~1—methoxy—1-phenylthio-butan—z—one
lg[3-(§)]. To a solution of methoxymethyl phenyl sulfide (3.7 mkL, 25 mmol} in
dry tetrahydrofuran (30 mL), cooled at -789c, under argon and stirring, n-BuLi
(18.7 mL, 30 mmol, 1.6 M in hexane) was added dropwise. After 1 h a solution
of l§18 (4.4 g, 25 mmol) in dry tetrahydrofuran {20 mL) was added slowly. Af-
ter 1 h, at —789C, sat. agueous solution of ammonium chloride (20 mlL) was added

and extracted with ether (3x50 mL}. The organic extract was washed with brine,
dried (Nazso4) and evaporated. The oily residue was purified by flash-chromato-
graphy (95:5 hexane-ethyl acetate) to give 5.6 g (B83%) of 12[3"(§)]‘ Oil;IR U o
(film): 3060, 2990, 1735, 1580, 1385, 1375, 1220, 1070, 850, 750; MS m/e: 282
m*, 1), 232 (53, 231 (5), 153 {100), 110 (12), 109 (20}, 101 {10), 73 (14), 45
{13}, 43 (24).

Anal. Calcd. for C14H18504: c, 59.56; H, 6.43; S, 11.33. Found: C, 59.52;
H, 6.40; 8, 11.50.
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Ethyl (zLE)—(4R)—4,5—Isopropylidenedioxy—3-[{gg)-(methoxy)(phenylthio)
methyl]—2-pentenoate {20a) . To.a suspension of sodium hydride {400 mg,10 mmol,
60% dispersion in mineral ¢il) in dry tetrahydrofuran (8 mL) was added under
argon a solution of ethyl diethylphosphonoacetate (2 mL, 10 mmol) in dry tetra
hydrofuran (10 mL) at 09C. After stirring 1 h, a solution of 12{3~(§)} (1.9 g,
6.7 mmol) in dry trtrahydrofuran (15 mL) was added at room temperature. After
12 h the reaction was diluted with ether, washed with water, dried (Na2504)
and evaporated. Flash-chromatography (98:2 hexane-ethyl acetate) gave 2.2 g (93%)
of 20a: 0il; IR vmax(film): 2990, 1720, 1655, 1585, 1440, 1385, 1375, 1200-1250,
1150, 970, 750; MS m/e: 337 {(M-15, 4), 277 (4), 243 (100), 185 (41), 157 (23},
153 (89), 139 (80), 125 (67), 111 (23), 97 (57), 69 (26), 43 ({(57).

Anal. Calcd. for CygH,4805: C, 61.35; H, 6.86; S, 9.08. Found: C, 61.50;
H, 7.09; S, 8.80.

Compound 20a is a mixture of 2 ans E isomers {1:1); each isomer appears
as a mixture of two diastereomers (1:1.5) due to the stereocenter supporting the
methoxy group {[SHA: E (s, 6.75; 6.65); 2 (s, 6.15; 6.05)]; [6HB: E (s, 5.65;
5.50); Z (s, 5.55; 5.35)1 (the assigned pair of values in E/Z for HA or Hy can
be interchanged)} as could be observed in the 1H NMR (90 MHz) spectrum,

We did not try to separate these isomers and proceeded with this mixture.

(Z,E)—145)-4,S-Isopropylidenedioxy—3-[(gg}—(methoxy)(phenylthio)methyl]—
2-penten~1-ol (20b}. To a solution of 20a {(1.87 g, 5.3 mmol} in dry ether (30
nL), was added, under argon and at ~3OQC, DIBAL (22 mL, 22 mmol, 1.0M in hexa-
ne). After stirring 2 h at this temperature, methanol (10 mL) was added. The
reaction was warmed to room temperature, filtered through Celite 545 and eva-

porated. Flash-chromatography (90:10 hexane-ethyl acetate) gave 1.6 g of 20b
(99%) : 0il; IR umax(film): 3600-3100, 1590, 1010-1070, 880; MS m/e: 220 (35),
218 (52), 189 (18), 154 (12), 128 (33), 111 (100), 110 (76), 109 (69), 97 (65},
83 (22), 69 (63), 55 {49), 41 (33).

Anal. Calcd, for C16H22305: c, 61.92; #, 7.15; S, 10.31. Pound: C, 61,67;
H, 7.43; s, 10.18.

Acid treatment of 20b. To a solution of 20b (1.2 g, 3.8 mmol) in dry ben-
zene {10 mL) was added a catalytic amount of p-toluenesulfonic acid. After sti-~
rring for 12 h at room temperature, the reaction was diluted with ether, washed

with ice-cold 5% aqueous bicarbonate solution, brine, dried (Na2504) and evapora
ted. Flash-chromatography (95:5 hexane-ethyl acetate) gave 130 mg (~20%) of 21

[oi1; "B NMR (90 MHz, CDC1,) 6: 7.40 (m, 28, H,, H,), 6.40 (p, 18, Hy), 5.05
{dd, i#, J=6 and 7.5 Hz, H-1), 4.20 (dd, 1H, J=6 and 7.5 Hz, H-2), 3.75 (t, 14,
J=7.5 Hz, H-2'), 1.48, 1.43 [s, s, 6H, C(CHy),]; and 551 mg (65%) of 22 [oil;
{R vmax (film): 3600-3200, 1590, 1510, 1485, 1440, 1160, 1070, 1030, 880, 745;
H NMR (90 MHz, c1>013} 8: 7.50-7.20 {m, 7, S“Csﬂs' Hy, H,, ), 6.40 (m, 1H, Hg),
4.25 (t, 1H, J=6 Hz, H-1), 3.80 (d, 2H, J=6Hz, 2H-2), 2.10 (s, 1H, OH); MS m/e:
220 (v*, 25), 189 (16), 128 (11), 111 (100), 110 (83), 109 (26), 83 (31),
69 {42), 55 (42), 39 {(19). Anal. Calecd. for C12H12302: ¢, 65.44; H, 5.49; s,

14.53. Found: C, 65.64; H, 5.55; S, 14.34],

Treatment of 22 (100 mg, 0.45 mmol) with Raney nickel in ethanol at reflux
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for 1 h, gave after filtration, evaporation and flash-chromatography (80:20
hexane-ethyl acetate) 25 mg (50%) of 2-(3-furyl)-1-ethanol (32)[ IR v (£i1lm) :
3600-3100, 2940, 1510, 1043, 880; 'H NMR (200 MHz, CDCl,) 6: 7.32 (m, 1H, H,),
7.25 (m, 1H, H,,), 6.25 (m, 1H, Hg), 3.72 (m, 2H, 2 H-2), 2.61 (t, 2H, J=6.5 Hz,
2 H-1), 1.39 (br s, 1H, OH),
Anal. Caled. for C.HgO,: C, 64.27; H, 7.19. Found: C, 64.00; H, 7.32].
Acetylation of 22 (100 mg, 0.45 mmol) (2.mL of acetic anhydride, 4 mL of
pyridine, room temperature, 24 h) gave quantitatively, after flash-chromatogra
phy (hexane) gﬁ[ oil; IR Umax(film): 2930, 1745, 1585, 1510, 1240, 1030, 875;
L4 NMR (90 MHz, CDC1,) 6: 7.50-7.25 (m, 7H, S-CgHy, H,, Hy,), 6.40 (m, 1H, Hp),
4.35 (m, 3H, 2 H-2, H-1), 2.00 (s, 3H, CH;CO0); MS m/e: 262 (M*, 2), 202 (8),
H),S05: C, 64.11; H, 5.38;

153 (40), 111 (60), 43 (100). Anal. Calcd. for C
S, 12.20. Found: C, 63.80; H, 5.20; s, 12.42].

14 3*

(R) = (3-furyl)-1,2-dihydroxyethane 1-(R). 100 mg ( 0.58 mmol) of 21 (conta
minated with a small , unseparable aromatic impurity) was treated with acetoni

trile (4 mL), water (1 mL) and three drops of trifluoroacetic acid, at room tem
perature for 20 h. The mixture was treated with solid sodium bicarbonate up to
pH 7, diluted with methylene chloride, dried (Na2504), filtered and evaporated.
Flash-chromatography (60:40 hexane-ethyl acetate) gave 69 mg (90%) of 1-(R): mp
82-84%; [a]2%-19.0% (c 0.55, cHC1,); IR u . (Nujol): 3600-3100, 1510, 1470,
1155, 1100, 1040, 870; TH NMR (200 MHZ, cbCl,) &: 7.45 (m, 1H, H,), 7.40 m, 1H,
Hy ), 6.40 (m, 1H, H,), 4.77 (dd, 1H, J=7.3 and 3.9 Hz, H-1), 3.79 (dd, 1H,
J=12 and 3.9 Hz, H-2), 3.70 (dd, 1H, J=12 and 7.3 Hz, H-2'), 2.09 (br s, 2H,
OH); MS m/e: 128 (MY, 24), 97 (100), 69 (33), 41 (41).

Anal. Calcd. for C6H803: C, 56.24; H, 6.29. Found: C, 56.43; H, 6.59.

(1RS,2RS,3R)-3,4-0-Isopropylidene-1~-methoxy-1-phenylthio-2,3,4-butanetriol

(26) . Following the same method as described for the preparation of 19
[3-(8)], but using the aldehyde 25,2% we prepared 26 (70%): 0il; IR u__ (£ilm):
3600-3100, 1590, 1470, 1385, 1375, 1220, 1070, 850; MS m/e: 284 t,3), 175 (10),
153 (32), 143 (12), 117 (20), 110 (42), 101 (93), 85 (14), 75 (50), 61 (23), 43
(100) .

Anal. Calcd. for C14H20504: c, 59.14; H, 7.09; s, 11.25. Found: C, 58.86;
H, 8.80; s, 10.94.

Compound 26 appears in t.l.c. and 1

H NMR as a complex mixture of anti and
syn isomers. We did not try to separate them. Oxidation of this mixture as des-
cribed for the preparation of 9 gave 12[3—(5)] (65%) as a mixture of diastereo-
mers, similar in its spectroscopic and analytical data to 12[3-(§)]. From 19

[3— (5)] and following the method described for the preparation of _2_09;,1_)_[3-(3)]
we obtained 393,2[3-(§)]. The reaction with p-toluenesulfonic acid in benzene,
as for 299[3—(5)] afforded 21-(8), which was submitted to hydrolysis in the same
conditions giving finally 1-(8) [ mp 79—819C; [a]lz)5+21g (c 0.2,CHCl3)] identical
to 1-(R) in its spectroscopic and analytical data.

(6§§)-3—Deoxy—1,2-g—isopropylidene—6—9—(methyl)-G-C—(phenylthio)-a—D—gluco—

furanose + (6RS)-3-deoxy-1,2-0-isopropylidene~6-0-(methyl)-6-C-(phenylthio)-g~L-

idofuranose (28). The reaction between 3123 and lithium methoxymethyl phenyl sul
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fide, carried out as described for the synthesis of 19, gave 28 (65%) as a mix-
ture of a-D~gluco and g~L-idofuranose isomers (ratio not established)} that wi-
thout separation, was submitted to further reaction. For 28: Oil; IR vy, (film):
3600-3200, 3040, 2990, 1585, 1440, 1385, 1375, 1080; MS m/e: 326 m*,2y, 278 3,
245 (4), 159 (10), 157 (15), 143 (65), 109 (10), 101 (13), 85 (73), 73 (11), 43
(100} .

Anal. Calecd. for CqgHy5805: €, 58.88; H, 6.80; S, 9.80. Found: C, 58.54;
H, 6.54; §, 9.43.

(6RS) ~3-Deoxy-1,2-0-isopropylidene-6-0- (methyl) ~6-C~(phenylthio} ~o-D~-xylo-

hexofuran-5-ulose (29). Oxidation of 28 as described for the preparation of 9
gave 29 (70%) as a mixture of two diastereomers (1:1)(6HA: s, 5.50 and 5.45)
that we did not try to separate. For 29: 0il; IR umax(film): 3060, 2990, 1735,
1590, 1385, 1375, 1220, 1070, 1020, 850; MS m/e: 324 wt, 2), 217 (1), 187 (26),
153 (100), 143 (23), 129 (15), 85 (34), 59 (26), 43 (27).

Anal. Calcd. for C Hzososz ¢, 59.25; H, 6.22; 5, 9.86, Found: C, 59.16;
H, 6.54; S, 9.55.

16

Ethyl (6§§)—3,54Dideoxy—1,Zhguisopropylidene-s-g-[(methoxy)(phenylthib)
methle:d—D-leo-hept-S—(Z,E)-enofuxanuronate {30) . Following the method pre-
viously described for the preparation of 20a, 29 was transformed into 30 ( 60%

vield), a mixture of isomers Z and E {1:1; see compound 20a}. For 30: 0il;

IR umax(film): 3040, 2990, 1715, 1650, 1580, 1440, 1385, 1375, 1220, 1150, 1080,
1020, 360; MS m/e: 379 (mt-15, 2), 363 (2), 285 (100), 227 (34), 211 (28), 197
{29), 165 (23), 139 (18), 109 (18), 85 (46), 59 (43), 43 (89).

Anal. Calcd. for C20H26805: ¢, 66.90; H, 6.64; s, 8.11, Found: C, 60.67;
H, 6.68; 5, 8.48.

(65§)—3,5—Dideoxy~7-hydroxymethyl—1,2-Q~isopropylidene-5-g—[(methoxy)(phg

nylthio}methyl |-o-D-xylo~hept-5-(Z,E)-enofuranose (31). Following the method pre

viously described for the preparation of 20b, 30 was converted into 31 (70%):
0il; IR Umax(film): 3600-3200, 3060, 2940, 1650, 1585, 1440, 1380, 1370, 1215,
1070, 1020, 850; Ms m/e: 320 (3), 304 (5), 261 (4), 242 (14), 211 (39), 185 (9},
167 (13), 153 (100), 135 (24), 109 {(22), 85 (20}, 79 (14), 69 (20), 59 (30), 43
{23).

Anal. Calcd. for C18H24505: ¢, 61.35; H, 6.86; S, 9.08. Found: C, 61.21;

H, 7.03; s, 8.10.

(28,4R,5R) -2~ (3~Furyl)-4,5~isopropylidenedioxytetrahydrofuran (4). To a so-
lution of 31 (151 mg, 0.42 mmol) in dry benzene (5 mL) was added a catalytic a- .
mount of p-toluenesulfonic acid. After 15 min at room temperature, solid sodium
bicarbonate was added and filtered. Evaporation and flash~chromatography (95:5
hexane - ethyl acetate) gave 4 (34 mg, 40% yield): mp 60—64QC; [a]gs--19.3Q (c 1.1,
CHC13); IR Umax(KBr): 3215, 3090, 3040, 3000, 1490, 1420, 1340, 1210, 1100, 910,
850; Tg mMr (see the text); MS mfe: 210 M*, 11), 195 (47), 152 (59), 135 (87},
107 (50), 95 (53), 85 (19}, 79 (22}, 77 {12), 59 (54}, 43 (100)}.
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Anal. Calcd. for C11H1404: C, 62.84; H, 6.71. Found: C, 62.99; H, 6.36.

(25,4R,58) ~5-Ethoxy-2- (3-furyl)~4-hydroxytetrahydrofuran (37). Compound
4 (15 mg, 0.04 mmol} was treated with HC1/EtOH (3 mL) for 2 h. Neutralization
with silver carbonate, filtration, evaporation and flash-chromatography (85:15

exane - ethyl acetate) gave 37 (9 mg, 64% yield) as the only detected compound.
For 37: 0il; [«]2°-88.4% (c 0.79, CHCL,); 'H NMR (300 MHz, CDCl,) &: 7.40-7.38
(m, 2H, H_, H_ ,),6.39 (m, 1H, Hy), 5.30 (dd, 1H, J=7 and 8.5 Hz, H-2), 4.97 (s,
1H, H-5), 4.35 (dd, 1H, J=1.5 and 3.8 Hz, H-4), 3.75, 3.46 (dgq, 2H, J=7 and 10
Hz, -OCH,CH,), 2.24-2.19 (m, 2H, 2 H-3), 1.79 (br s, 14, OH), 1.19 (t, 3H, J=7
Hz, —OCHZ~C§3); MS m/e: 198 m*, 23, 153 (25), 138 {4}, 134 (8), 124 (14}, 123
(11}, 95 (100}, 82 (55), 81 (64}, 68 (15), 67 (23}, 65 (10}, 47 (14), 41 (15}.
Anal. Caled. for C, 4H,,0,: C, 60.59; H, 7.12. Found: C, 60.32; H, 6.88.

(6RS) ~3~Deoxy-1,2~0~isopropylidene~6-0- (methyl) ~6~C~(phenylthio)-a-D-ga-

lactofuranose + (6RS)-3~deoxy-1,2-0O~isopropylidene-6-0~ (methyl)-6-C~{phenyl-
thio}-B-L-altrofurancse (33}. This compound was prepared by the same method

as described for the synthesis of 28, but using in this case the aldehyde 23%5

Compound 33 showed similar spectroscopic and analytical data as reported (see
above) for 28.

Following the same methodology we effected the epimeric sequence 33—
34—» 35——» 36. Each one of these compounds gave satisfactory spectroscopic
and analytical data,in full agreement with the described for the corresponding
C-4 epimers. As before, the mixtures of isomers were processed without separa-
tion.

(2R, 4R,5R) ~2-(3-Furyl) -4, 5-isopropylidenedioxytetrahydrofuran (3). Follo

wing the same method for the preparation of 4, we obtained 5 (35% yield) from
36. For 5: mp 59-62°c; [a]2°-17.0% (c 0.49, cHCl,); IR v, (film): 3100, 3050,
1485, 1430, 1210, 1100, 910, 850; 1H NMR {300 MHz, CDCl3) 8: 7.43 (m, 1H' Hm)
7.40 (m, 1H, H_,), 6.41 (m, 1H, Hy), 5.91 (d, 1H, J=4.2 Hz, H-5), 5.15 (dd, 1H,
J=4.3 and 11 Hz, H-2), 4.82 (t, 1lH, J=4.2 Hz, H-4), 2.32 (4d, 1H, J=4.3 and 14
Hz, H-3 ), 1.84 (ddd, 1H, J=4.2, 11 and 14 Hz, H-3;), 1.56, 1.35 Lg, s, 6H,
clCHy), 15 MS m/e: 210 (u*, 17}, 195 (74), 152 (64), 135 (100), 107 (66), 95
(653, 85 (23), 79 {32}, 77 (19), 67 (15), 59 (67), 43 (85).

Anal. Calcd. for C11H1404: C, 62.84; H, 6.71. Found: C, 62.70; H, 6.52.
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