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Abstract : The radical cyclization of alkyl hex-2-enopyranosides provides a stereocontrolled route to fused 
furanopyranes. The intermediate radical is generated either via the reduction of the appropriate halide by tin 
hydride or via sulfonyl radical addition to ally1 hex-2-enopyranosides. The two methodologies are compared 
with respect to diasteteoselectivity. Stereocontrol is discussed on the basis of conformational preference in the 
transition state. 

Radical cyclizations on sugar templates have drawn a considerable interest over the past five years. l-6 
Most of these studies, undertaken for synthetic purpose, have not only opened new ways for the synthesis of 
optically pure compounds but also provided a lot of original mechanistic information. During the course of 
general studies on sulfonyl radical induced cyclizations of 1 ,6-dienes.7 the addition of tosyl bromide and 
allylic sulfones to hexenopyranoside-derived dienes has been explored.7c Carbohydrates constitute a potential 
source of substituted dienes of well defined spatial arrangement and thus formally allow a detailed insight of 
stereocontrol in radical cyclizations leading to polysubstituted compounds. Because of their reversible 
addition to alkenes, sulfonyl radicals,7d*8 like trialkyl stannyl radicalsPk9 are especially suited for the 
chemoselective functionalization of unsymmetrical dienes. In the typical cases of dienes 5a-d described 
herein, tosyl radical adds selectively to the terminal double bond anchored to the carbohydrate ring. Other 
reactions which similarly involve the intramolecular addition of a radical located on the sugar side chain to a 
double bond internal to the carbohydrate ring, were simultaneously investigated by other research group@ 
who generated the radical via the reduction of a halide by tributyl tin hydride. This topic is developed 
hereafter via the reduction of halides la-d. 

This paper is devoted to the stereochemical outcome of the cyclizations of closely related prochiral 
radicals that were generated by both methods and compares data gathered from two different research groups. 

RWdt.S 
Secondary radical8 bearing substituents of gradually increasing steric bulk were produced through the 

reduction of bromides la-c and of chloride Id. The results are summarized in Tables I-IV respectively. 
Halides la-d were used as 10: 1 mixture of CL and p anomers. However, only the results concerning the major 
c1 isomers will be discussed here. 

The reduction of la (Table I) led to a mixture of bicyclic products 2a and 3a together with side products 
arising from the p anomer. Their ratio was determined from 500 MHz lH NMR analysis of the mixture of 
isolated products. The stereoselectivity appeared not to be sensitive to the dilution when the reaction was 
conducted on 0.01 M to 0.05 M solutions. Since under this last dilution a significant amount of uncyclized 
reduced product (4a) was formed - especially at low temperature - no attempts were made to use more 
concentrated solutions. Lowering the temperature slightly enhances the stereoselectivity of the cyclization. 

Similar observations apply to the reduction of lb (Table II). The experiments were systematically 
conducted on 0.01 M solutions. They led to endo:exo (2b:3b) ratios that were in all cases lower than the ratios 
obtained from la. 
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Tablo 1. Exparlmvntxt Condltlonx and Rvtatiw Ratio of 2a, 3x, 48 for Ihe RadIoat Roduotion of lx 

la 

PhH (0.01 M) ; 8oOC ; 24h 

PhCH, (0.06 M) : WC : 2h 

PhCH. (0.01 M) ; 0°C ; 3h 

PhCH, (0.05 M) ; -75°C ; hv ; 4h 

PhCH, (0.01 M) ; -73°C ; hv ; 3h 

y*fd w 2a aa 4a 

88% 44.5% 35.5% notdvtacm 

56% 53% 32% 10% 

05% 54% 34% 2% 

47% 36% 16% 43% 

75% 53% 26% 16% 

I : n-&%4 (1.3 ~wiv) ; AIBN p.1 equhr). a) yWd of isdakd 2x+3x 

Tabk 11. ExprlmaW Condltion~ md R.Miw Rat30 of 2b. 2b, 42 for th. Radical Rodwtlan of lb 

lb 

PhH (0.01 M) ; 80°C ; 2Qh 

PhCH, (0.01 M) ; 0°C : 3h 

mcy (0.01 M) ; -73’~ ; 3h 

r;l. P. 
Yield (a) 2b 3b 

SB% 51% 49% 

93% 53% 45% 

94% 33% 33% 

I : rrBt@nH (1.4 squlv) ; AIBN (0.1 equhr). a) yield of isolated 2b+3b 

4b 

not detected 

2% 

29% 

Tabl. Ill. Expwbnw~tal Condlttons and Rotatka Ratio of 2s. 3e, 4c for the Radical Rvduction of Ic 

Mb 

1C 
PhH (0.01 M) ; 30°C ; 24h 

PhCH, (0.01 M) : 0°C ; hv : 3 h 92% 49% 49% 

I : n&&H (1.4 equiv) ; AIBN (0.1 vquiv). a) ybld of isolabd2c+30 

2% 

hbk IV. Experimental Conditions and Rhlivr Ratio of 2d. 2d, 4d for Ihe Radkal Rmrtion of Id 

Id Conditions I yield (a) Pd 3d 4d 

PhH (0.01 M) : 30°C ; 20h i/77% 16% 84% not detected 

PhH (0.01 M) : 25°C : hv : 7h i/69% 12% 76% 12% 

rnH (0.01 M) ; 80°C ; 20h ii170% 7% 93% not d&ected 

i : nd@nH (1.4 equiv) ; AIBN (0.1 equiv) ; ii : (Me&Gi)$H (1.2 equiv) ; AIBN (0.1 aquiv). a) yield ol isdabd 2d+3d+ld 

The compounds 2c and 3c. isolated from the reduction of lc (Table III), could not be separated 
chromatographically. Their ratio were determined from the NMR spectrum of the mixture, but their 
identification could not be established from these data. In any case, it is evident from these results that the 
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ratio 2&c is very close. to 50:50. 
Chloride Id exhibited a very special behaviour compared to the other members in the series, since the 

endo:exo (%I%) ratio was totally reversed, the exo isomer being very largely predominant (Table IV). When 
the reaction was conducted with tris trimethylsilyl silane as the reducing agent instead of tributyl tin hydride, 
not only was the formation of the reduced uncyclized product totally avoided, but the exo:endo selectivity was 
raised from 5.3:l to 13.3:l. 

The second part of the experimental data deals with the addition of tosyl bromide and methyl 2- 
tosylmethyl-2-propenoate (12) to the unsaturated a-glucosides Sat-c, bearing different hydroxyl protecting 
groups - either acetates, benzyl ethers or a methylene ketal -, and the galactopyranoside 5d. These results are 
reported in Table V for the addition of TsBr and in Table VII for the addition of methyl 2-tosylmethyl-2- 
propenoate. The addition of TsCl to Sa has also been investigated (Table VI.) 

The addition of TsBr was conducted at 18’C, in a pyrex vessel, on 0.016 M solutions of the reactants in 
methylene chloride or acetonitrile. The photochemical initiation was achieved by an external irradiation with a 
high pressure mercury lamp. In some experiments, traces of the dehydrohalogenated 1,2-adducta 8a-d were 
detected together with the cyclized adducts 6a-d and 7a-d. and variable amounta the hex-Zenono-l,S-lactone 
9a were also formed. It was difficult to separate this by-product, arising from the oxidative degradation of the 
starting material, from the major endo adduct. This led us to overestimate the stereoselectivity in our very first 
experiments on 5a.7c The formation of 9a was very sensitive to the solvent and to the quality of the sample of 
TsBr used in the experiment and it could be avoided in methylene chloride when using acid free, freshly 
prepared and carefully dried tosyl bromide. It appeared that when starting from the gluco derivative 5a the 
endo stereoisomer was favored over the exo isomer (72:28). The ratio was similar in the case of the galacto 
derivative 5d. the selectivity being 70:30. The stereochemistry was assigned from NOE difference 
spectroscopy. Whereas the configuration of C4 does not change the endo:exo ratio, the selectivity is 
influenced by the nature of the protective groups. A lower selectivity was obtained with the methylene ketal. 
The selectivity was nearly unchanged when TsCl was used as the reagent instead of TsBr (Table VI). 

The addition of methyl 2-tosylmethyl-2-propenoate (12) was conducted under different conditions (Table 
VII), but only the experiments performed at 80°C in the presence of a large excess of sulfone gave satisfying 
yields in cyclized adducts. This is in agtcement with the experimental conditions recommended independently 
by Withamgc‘d - who first initiated the use of this reagent - and by Chuang.8f*g We observed that a 
photochemical initiation at room temperature was inefficient. When the reaction was conducted in CC14 an 
important amount of 10 - previously isolated from the addition of TsCl and resulting from a chlorine atom 
transfer from the solvent - was formed in addition to the expected adducts 13-14 ; therefore this solvent was 
discarded. The use of a catalytic amount of TsCl in benzene led to a significant enhancement of the yield in 
adducts 13+14. 

Discussion 
The tin hydride reduction of bromides la-e. like the cyclization of dienes 5a-d, gives the endo isomer as 

the major product. Both reactions proceed via the intramolecular addition of closely related prochiral 5- 
alkenyl radicals. Due to exclusive cis ring junction and to exclusive equatorial transfer of the bromine atom or 
of the alkenyl chain -the latter via an addition elimination sequence -, one or two stereogenic centres are 
totally controlled, depending on which method is used. On the other hand, the endo:exo selectivity is in 
agreement with the generally preferred lJ-cis ring closure observed with l-mono-substituted 5-hexenyl 
radicals. lo However, the 1.5-cis:rrunr ratio ia slightly but significantly lower than the 80~20 ratio reported for 
the cyclization of comparable acyclic radicals. 7a,f 
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Table V. Producta Rolativo Ratlo for the Radical Addition of TaBr to 6a-d 

yield (a) nokent 6 7 6 6 

(W 72% 26% traces 
6a: RpAc RpAc (eq) 70% 

not detectad 

(c) 62% 24% tlacas 14% 

5b: RpBn R,=Bn (eq) 42% (b) 11% 29% not detected not detected 

5~: b=Ri= -CH, (-I) 50% (W 85% 35% not detacted not detected 

Sd: &AC RpAc (ax) 50% (b) 70% 30% tracaa not detected 

I : TaBr (I eq.) ; CH&I, (b) or CH&N (c) (0.016 M) ; hv ; 7 - 24h. a) yield d Mated 6+7 

Tablo VI. Ralatlvo Ratlo of IO. 11 tar tha Radical Additlon of T&l to 6a 

Ayrk / “z:~::I, + h:n::< 

Cl Cl 
TS 

sa Wd (a) 10 T* 11 

55% 75% 25% 
I : TsCI (5equhr) : CH& (0.016 M) : hv ; 26h. a) yield of isolated lO+ll 

Table VII. Ralatlve Ratlo of 13, 14, 10 for tha Radical Addition ol 12 to 6a and 6d 

Conditions /yield (a) 1s 14 10 

i/97% 33% 25% 42% 
5e : RpAc qdc (eq) 

ii 177% 70% 30% 

5d : R+c R&c (ax) ii 162% 66% 34% 

1: T~cWWWO~e 12(3 equiv) : BP0 ; CCL . ii :TsCH,C(CHJCO,Me 12 (2 equlv) ; BPO; TsCl ; PhH. s) yield of isolated 13+14+10 

With simple models, the 1,5-cis control is well explained on the basis of the preferred “chair-like” 
conformation of the transition state, where the substituent on the radical centm occupies a pseudo-equatorial 
position.loavb As pointed out by Houk.lOc “ boat-like” conformations may be only slightly destabilized with 
respect to chair-like ones and they have to be considered in order to quantitatively correctly predict the 
stereoselectivity for many systems.lOc-e The exclusive involvement of boat conformers has been elegantly 
demonstrated by Rajanbabu in the cyclization of polysubstituted radicals derived from glucose.4a 
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Figure 1. Transition states leading ta 

Cl 6 
I endo products* 

C2 
Figure 2. Transition states leading to exo products* 
*CSC Chem 3D models of transition states; forming bond 2.27k the protections of OH functions have been omitted for clarity: the 
substituent on the radical centre is CH3 

If one looks at the possihle conformations of the axial side chain in the transition states leading to the 

endo products (Figure. 1). it appears that the chair-like transition states Cl, though hearing the alkyl or 

tosylmethyl suhstituent on the radical centre in a pseudo-equatorial position, is highly destabilized by non- 

bonded interactions between the endo H5 and the pseudo-axial H7. The same interaction is present in the chair 

conformer C2 hearing the suhstituent on the radical centre in a pseudo-axial position. Neither C1 nor C2 can 

he invoked to explain the formation of the major endo product and the minor exo epimer. respectively. This 

leads to the conclusion that the relative stability of the boat conformations B1 leading to the endo product - 

where the alkyl suhstituent occupies a pseudo-equatorial position - and B2 leading to the exo epimer - bearing 

the suhstituent in a pseudo-axial position - are likely to control the 2:3 and 67 ratios, in other words the 15 
cis:trans selectivity (Figure 2). It must be emphasized that, due to the eno-pyranoside moiety, the chair-like 

and boat like transition states differ by the conformation around the side chain pivots. In most cases, the two 
boat conformers hearing the suhstituent on the radical center in axial or equatorial position are less 

energetically different than the corresponding chair conformers. When both conformers can participate in the 

overall selectivity, it has been shown from theoretical calculations on other radical cyclizations 7ev10c that 

taking into account only chair-like conformers lead to overestimate the 1,5-cis-truns ratio. This probably 

accounts for the reduced selectivity in the cases described herein where the examination of models strongly 
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suggests that only boat conformers should contribute to the transition state. 
The endo:exo selectivity observed from the reduction of bromides la-c decreases in the series as the size 

of the substituent on the radical centre increases. The involvement of additional steric effects that destabilize 
the “endo transition state” (B1) with respect to the ‘exe transition state” (B2) where the substituent on the 
radical centre cannot have any interaction with the a substituents on the sugar skeleton is conceivable. This 
could be the case for lc (R=iPr) but it is less evident in the case for lb (R=Et). 

We were not expecting a difference in selectivity between the two cyclization protocols. The 
functionalization of dienes with tosyl derivatives exhibits a higher selectivity; this is particularly striking if 
one compares the results obtained from the reduction of lb to the addition of any of the tosyl derivatives to 5a 
and the differences are not consistent with temperature effects. No satisfying explanation can be put forward 
to account for these variations which rely on small differences in transition states energies. 

When the substituent on the radical centre is a phenyl group (la), not only does the selectivity favor the 
exo isomer but it is strongly influenced by the rate of hydrogen abstraction in the final propagation step. The 
rate constant for the hydrogen transfer from tributyl tin hydride to a secondary radical is 1.5 x lo6 mol-’ s-‘at 
25’C, ’ la and from bis trimethylsilylsilane only 1.4 x 105. ’ 1 b Radical cyclizations of stabilized radicals such 
as benzylic radicals is well known to be reversible. 1 2 Under experimental conditions where the final reduction 
is slow compared to the reversal of the intramolecular addition, the thermodynamic product is favored. This is 
likely to be the case with the benzylic radical derived from Id. The tenfold decrease in the rate of hydrogen 
abstraction when going from the tin hydride to the silane allows the exclusive formation of the 
thermodynamic exo product. 

Conclusion 
Carbohydrates can provide a variety of precursors for 5-hexenyl radicals of well defined stereochemistry 

which lead with a good regio and stereoselectivity to polysubstituted cyclopentanes. However, the 
rationalization of these experiments on the basis of the conformational analysis of the transition states 
involved in the cyclization step cannot simply rely on the concept of “chair-like transition state” generally 
satisfying for monosubstituted radicals. The radical cyclizations reported therein of a-anomeric sugar 
derivatives provide new examples where only boat conformers are involved in the transition state. 

Experimental Section 
Melting points are uncomxted. NMR spectra were recorded using CDC13 as solvent. Column chromatographies were carried 

out on silica gel 60 (Merck 7734). HPLC analyses were conducted on Waters Nova-Pak Silica (4 p) column (3.9 mm x 15 cm) 
coupled to a UV detector (254 nm) or a refractometer, using ethyl acetate:iso-octane mixtures as eluent. Sulfonyl bromide was 
prepared according to known procedures and was dried under vacuum before use. For 13C spectra the sign * indicates that 
assignments may be reversed. 
Preparation of the halides la-d. These compounds were prepared according to the procedure of Ferrier14. The reaction was 
performed under argon atmosphere. In a typical experiment (preparation of la) 3,4,6-tri-O-acetyl-D-glucal(1.152 g. 4.23 nun00 and 
2-bromo-l-propanol (l g, 7.19 mmol) were dissolved in 20 mL of acetonitrile. The mixture was cooled to 0°C and BF3:OEt2 (0.18 
g. 1.26 mmol) was added. After 10 min. the reaction was quenched wilh aqueous NaH2P04. After exiraction with CH2C12, the 
organic layer was washed successively with aqueous NaH2PO4. and brine and then dried over Na2S04. Evaporation of the solvent. 
followed by chromatography (toluene:EtOAc, SO:1 to 4&l). afforded la (1.257 g, 3.59 mmol. 8%) as a 91:9 mixture of a: p 
anomers. 
la (a-anomer, mixture of epimers) : ‘H NMR (500 MHz): 5.92 (m, 1H) (H2), 5.86 (ddd, J = 10.5, 3.0, 1.2, OSH) (H3), 5.85 (ddd, 
J= 10.5, 3.0, 1.2 0.5H) (H3). 5.32 (ddd, J = 9.8. 3.0, 1.5.O.SH) (H4), 5.31 (ddd. I= 9.5, 3.0. l.S,O.SH) (H4). 5.09 (m, 0.5H) (H1). 
5.08 (m, OSH) (HI), 4.29-4.18 (m, 3H) (H6a. H6b, H8), 4.16 (m, 1H) (HS), 3.97 (dd, J= 10.9.6.2, OSH) (H7b). 3.88 (dd, J= 11.0, 
6.0, 0.5H) (H7b). 3.77 (dd, J = 11.0, 6.8,O.SH) (H7a). 3.77 (dd, J = 10.9, 6.8, 0.5H) (H7a). 2.12 (s, 3H) (CH3CO), 2.10 (s, 3H) 
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(CH3CO). 1.72 (d, .I = 7.0.1.5I-I). (CH3). 1.71 (d, I = 7.0.1 .SH) (CH3). CI MS (NH3) : 370 and 368 : f?td + NHd+ : 230 : w+NH3 
- (CH3CHBtCH2O)J+ ; 213 Rvi - (CH3CHBrCH2O)J+. 
lb (yield 95%), (a-anomer, mixture of epbners) : ‘H NMR (500 MHz) : 5.92 (m, 1H) (H2). 5.85 (ddd, I= 10.0,4.3,2.2,lH) (H3), 
5.31 (m, 1H) (H4). 5.08 (m. 1H) (Hl), 4.26-4.18 (m. w) (H6b. H6a). 4.18408 (m, 2H) (H5. HIi), 4.02 (dd, J= 10.6,6.0,0.5H) 
(H7h). 3.98 (dd, J = 10.8,6.0.0.5H) Wh), 3.80 (dd, J= 10.8,6.4,0.5H) (H7a), 3.76 (dd, J= 10.6,6.2,0.5H) (Ii7a), 2.13 (s. 1.5H) 
(CH3CO), 2.12 (8, l.SH) (CH3CO), 2.10 (a, 3H) (CH3CO). 2.00 (m. 1H) (H9a), 1.80 (m, 1H) (H9b). 1.07 (t, J = 7.5, 3H) (CH,). 
FDMS:366and364:M+;264and262:213. 
lc (yield 85%). (a-anomer. mixture of epimers) : ‘H NMR (500 MHz) 5.92 (d, J = 10.0, 1H) (HZ), 5.84 (ddd, J = 10.0, 5.0, 2.2, 
O.SH) (H3), 5.83 (ddd, J = 10.0, 5.0, 2.2.0.5H) (H3). 5.32 (m, 1H) (H4). 5.07 (hr s, OSH) (Hl), 5.05 (br s. 0.5H) (Hl), 4.27414 
(m, 3.5H) &Ma, H6h, H8, H5), 4.12 (ddd, J= 9.8, X8.2.2, OSH) (H5), 4.04 (dd, I= 10.8, 7.0,0.5H) (H7h), 4.03 (dd, J= 11.0.6.2, 
OSH) (H7b). 3.81 (dd, J = 10.8, 6.4, O.SH) (H7a). 3.79 (dd, .I = 11.0.6.8, 0.5H) (H7a), 2.06 (s, l.SH) (CH3CO), 2.05 (s, 1.5I-I) 
(CH3CO), 2.04 (s, 3H) (CH3CO), 2.02 (m, HI) (H9). 1.06 (d J = 7.0, 1.5H) (CH3), 1.04 (d,J = 7.0, l.SH) (CH3), 1.00 (d, I= 7.0, 
1SH; (CH3). 0.98 (d, .I= 7.0.1.5H) (CH3) : FD MS : 380 and 378 : M+ : 379 and 377 ; 337 and 335 ; 278 and 276 ; 213. 
Id (yield 88%). (a-anomer, mixture of epbners) : %I NMR (500 MHz) 7.22-7.17 (m, 5 II) (HAr), 5.91-5.88 (m. 1H) (H2). 5.85 
(ddd, J= 10.0,2.6,1.8,0.5H) 013), 5.77 (ddd, J = 10.2,2.6,2.0,0.5H) (H3). 5.31 (ddd, J= 9.8,2.6, 1.4.0.5H) (H4), 5.29 (ddd, J= 

9.8, 2.6 1.4, 0.5H) @I4), 5.13 (br s, 0.5H) (Hl), 5.12 (dd. J = 8.0, 5.4, 0.5H) (H8), 5.04 (dd, J = 7.6, 5.8, 0.5H) (Hg). 4.98 (hr s, 
0.5H) (Hl), 4.23 (dd, J= 12.0. 5.2,0.5H) (H6a), 4.18 (dd, J = 10.4,7.6,0.5H) (H7a). 4.13 (superimposed m, IH) (H5, H6a), 4.11 
(dd, J = 12.0, 2.2, OSH) (H6b), 4.08 (dd, J = 10.6, 5.4, 0.5H) (H7a). 3.99 (dd, J = 10.6. 8.0, OSH) (H7b). 3.95 (dd, J = 10.4, 5.8, 
0.5H) (H7b), 3.96 (superimposed m, 1H) (H5, H6b), 2.12 (s, 1.5H) (CH3CO), 2.10 (s, 1.5H) (CH3CO), 2.08 (s, 1.5H) (CH3CO), 
2.05 (s, 1.5H) (CH3CO). FD MS ; 370 and 368 : M+: 332 : Bvi-HCI]+. 
Tin Hydride reductions of la-d. Tbe reactions were performed under argon atmosphere. In a typical experiment n-Bu3SnH (273 
mg, 0.939 mmol) and AIBN (7 mg, 0.042.mmol) were added, at room temperature, to a 0.01 M solution of la (0.3 8.0.85 mmol) in 
degassed benzene (85 mL). Tbe mixture was heated under reflux. After 6 b, additional amounts of n-Bu3SnH (50 mg, 0.171 mmol) 
and of AIBN (7 mg. 0.042 mmole) were added. After refiuxing during 24 b, the reaction mixture was cooled at room temperature 
and the solvent was evaporated under reduced pressure. Tbe residual oil was dissolved in acetonitrile (50 mL). Tbe solution was 
extracted five times with bexaue (50 mL). After evaporation the residue was ilasb-cbromatogmpbed (n-bexane:EtOAc, 61). Tbe 
minor products arising from the 8 anomer were separated from the major compounds 2a and 3a (combined isolated yields : 205 mg, 
0.752 mmol, 88%). The reaction was performed similarly at 0°C and -78°C in toluene, using photochemical initiation with a 
medium pressure mercury Iamp. 
2a : *H NMR (500 MHz) 5.37 (d, J= 4.0, IH) (Hl). 4.86-4.76 (m, 1H) (H4). 4.33 (dd, J = 12.0,5.0. 1H) (H6a), 4.13 (dd, J= 12.0, 
2.0, 1H) (H6b). 3.99-3.94 (m, 1H) (H5), 3.98 (dd, J = 8.2, 8.0, 1H) (H7a), 3.65 (dd, J = 10.3, 8.0, 1H) (H7h). 2.56 (m, 1H) (H8), 
2.23-2.14 (m, 1H) (H2). 2.08 (s, 3H) (CH3CO), 2.07 (s, 3H) (CH3CO), 2.03 (ddd, J = 12.2. 6.2.4.2, 1H) (H3eq). 1.38 (ddd, J = 
12.2, 12.0, 1H) (H3ax), 0.95 (d, J = 7.0, 3H) (CH3) ; 13C NMR (75 MHz) 170.98 (C-O), 170.10 (GO). 102.00 (Cl), 71.40 (C7), 
69.70 (CS), 66.90 (C4). 62.70 (C6). 38.70 (C2*). 35.00 (C8*), 25.70 (C3), 21.13 (CH3CO), 21.10 (CH3CO), 10.9 (CH3). 
3a : *H NMR (500 MHz) 5.43 (d, J= 4.7, 11~) (Hl), 4.84-4.76 (m, 1H) (H4), 4.28 (superimposed dd , J = 8.4, 1H) (H7a). 4.27 (rid, 
J= 12.0,5.6, 1H) (H6aL4.15 (dd. J= 12.0.2.2, lH)(H6b), 3.99-3.94(m, 1H) (H5), 3.46(dd, J= 8.4,4.4, lH)(H7h),2.23-2.14(m, 
2H) (H8, H3eq), 2.09 (s, 3H) (CH3CO). 2.06 (s. 3H) (CH3CO). 1.95 (m, 1H) (H2). 1.54 (ddd, J = 13.8.8.2, 8.0, 1H) @I3ax), 1.06 
(d, J= 7.0,3H) (CH3) ;13C NMR (75 MHz) 170.95 (C=O). 170.10 GO), 100.60 (Cl), 73.10 (C7), 69.40 (C5). 66.50 (C4), 63.10 
(Ch), 42.10 (C2*) 37.70 (CS*), 29.00 (C3), 21.10 (CH3CO), 20.90 (CH3CO), 18.10 (CH3).: FD MS 2a + 3a : 272 : M+; 271. Anal. 
Cakd for Cl3H2OC6 : C, 57.34 ; H, 7.40. Found : C, 57.43 ; H, 7.48. 
Reduction of lb. The reduction of lb (200 mg, 0.547 mmol) , perfod at 80°C. led to 150 mg (0.525 mmol, 96%) of cyclixed 
products. The minor products arising fmm the 8 anomer were separated from the major compounds 2b and 3b by flash 
cbromatograpby (n-bexane:EtOAc, 61). 
2h : ‘H MMR (500 MHz) 5.36 (d, J= 3.8, 1H) (Hl), 4.83476 (m, 1H) (H4). 4.33 (dd, J= 12.0.4.8, HI) (H6a). 4.12 (dd. J= 12.0, 
2.1, 1H) (H6b), 4.02-3.95 (m, 2H) (HS, H7a), 3.69 (dd, J = 10.4, 8.1, 1H) (Hfb), 2.41-2.33 (m. 1H) (HS). 2.29-2.23 (m, 1H) (H2), 
2.08 (s, 3H) (CH3CO). 2.06 (s. 3H) (CH3CO), 2.02 (ddd, J = 12.2, 6.7.4.5, 1H) (HJeq), 1.40 (q, J = 12.2, 1H) (H3ax), 1.50-1.30 
(superimposed m, 2H) (H9a H9h). 0.95 0, J = 7.5, 3H) (CII$: 13C NMR (100 MHz) 170.90 (GO), 170.00 (GO), 101.90 (Cl). 
71.30 (C7). 69.60 (C5). 66.80 (C4). 62.70 (C6). 42.60 (C2 ), 37.20 (Clc*), 25.40 (C3). 21.10 (CH3CO). 20.80 (CH3CO), 19.80 
(C9), 12.50 (CH3). 
3b : ‘H NMR (500 MHz) 5.37 (d, J= 4.5, 1H) (Hl), 4.X34.76 (m, 1H) (H4). 4.26 (superimposed m, 1H) (H7a), 4.27 (dd, J= 12.2, 
4.8, 1H) (H6a), 4.15 (dd, J = 12.2, 2.7, 1H) (H6h), 4.02-3.95 (m, 1H) (H5), 3.53 (dd, J= 8.9.4.5, 1H) (H7h). 2.16 (ddd, J= 13.2, 
6.3, 5.2, 1H) (H3eq). 2.10.1.99 (m, 1H) (H2). 2.08 (s, 3H) (CH3CO). 2.05 (s, 3H) (CH3CO), 1.98-193 (m, 1H) (H8), 1.55 (dt, J= 
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13.2, 6.4, 1H) Wax), 1.50-1.30 (m, 2H) @I94 H9b), 0.98 (1, J - 7.2, 3H) (CH3’;. 13C NMR !‘OO MHz) 170.90 (GO), 170.00 
(C=C), 100.60 (Cl), 70.10 (C7). 69.50 (C5). 66.60 (W, 63.10 (CS), 45.30 (C2 ), 40.30 (C8 ), 29.70 (C3), 26.30 (CL’), 21.10 
(CH3CO). 20.80 (CH3CO), 12.40 (CH3). 
Rcdnctfun d le. ‘Hte similar reductiou of lc (300 mg. 0.791 mmol) at 80°C led to 225 mg (0.751 mmol. 95%) of cyclixed products. 
TheminorpnductsarlsingPromtbeBemmerwere~frrmtbemajorcompoundskandkbyflash chrornatogrsphy (n- 
hexane:UOAc, 6:l).lbe identities of h and k could not be established from NMR data; their ratlo 4255 was detmulned from ‘H 
NMR. In the following, tbe signals assigned to the major and the minor isomers are identitled by M and m respectively whenever 
theyaredistinct. 
2c, 3c : ‘H NMR (500 MHz) 5.35 (d, J= 4.0, 1H) (Him), 5.30 (d, J = 4.8. 1H) (HlM), 4.85477 (m, 2H) (H4), 4.33 (dd, J= 12.0, 
4.6, 1l-B (H6a), 4.27 (dd, .I= 12.2.5.8, Hi) @Ma). 4.22 (dd.l= 8.6,E.O. HI) (H7am). 4.15 (dd, J= 12.0.2.4, HI) (H6b). 4.12 (dd, 
J= 12.2, 2.0, H-I) @Mb). 4.02-3.96 (m, 5H) (J-I5, H7b. H7aM), 2.25 (m, 1H) (H8M). 2.22-2.04 (m. 4H) Wm. Hz, H3eqm). 2.08 (s. 
6H) (CH3CO), 2.05 (s, 6H) (CH3CO), 1.82 (m. 1H) (HfeqM). 1.63-1.55 (m, 3H) (H9, H3axm). 1.42 (q. J = 10.3, 1H) (HJaxM), 
O.% (m. 6H) (CH3), 0.88 (d, / = 7.2,3H) (CH3M), 0.82 (d, I = 6.6,3H) (CH3m). 
Reduction of Id. The reduction of Id (104 mg, 0.28 mmol) at 8OoC led to 72 mg (0.215 mmol. 77%) of cyclixed products. The 
major isancrs 2d and 3d were isolated by Bash chromatography (n-hexane:AcOE& 4: 1). Analytical pure samples of 3d and cmicbcd 
2d were obtained by ptepamtive HPLC. 
3d: 1HNMR(500MHx): 7.40-7.10(m,SH)(HAr), 5.56(d.J= 5.5,lH) (H1),4.9O(ddd,J=8.0,5.8,5.6, 1H) (H4),4.49(dd.I= 
9.0, 7.5, 1H) (H7a), 4.28 (dd, J = 12.0, 5.8, HI) (H6a). 4.21 (dd, J = 12.0, 3.2, 1H) (H6b). 4.10 (ddd, J = 8.0, 5.8, 3.2, 1H) (H5), 
3.92 (dd, J= 9.0, 7.2, 1H) (H7b), 3.46 (ddd,J = 7.6, 7.5, 7.2, 1H) (HE), 2.41 (dddd, J = 7.5, 5.8, 5.6, 5.5, 1H) (H2), 2.19 (dt, J= 
14.4, 5.6. 1H) (H3eq). 2.13 (s, 3H) (CH3 CO), 2.10 (s, 3H) (CH3CO). 1.72 (dt, J = 14.4.5.8, 1H) (H3ax). (The stereochemistry is 
confvmed by NOE experiments). FD MS : 334 : hf+; 274 : W-CH3CO2HI+t Anal. Calcd for Cl8 H2206 : C, 64.66, H. 6.63. 
Found : C, 64.65 ; H, 6.85. 
2d : ‘H NMR (500 MHz) 5.57 (d, JQ 3.8, 1H) (Hl), 5.00 (ddd, I= 10.0,9.3.5.1, 1H) (H4), 4.78 (dd, I= 10.0.4.8, 1H) (H7a). 3.69 
(ddd, J = 9.0.4.8.3.8, 1H) (HE), 2.12 (s, 3H) (CH3CO). 2.09 (s, 3H) (CH3CO). The signals of tbe major isomer overlapped the 
others signals. 
Ally1 4,6di-0~cetyl-~ideaxy-a-~~~-bex-2~nopyran~ide (5s). ‘Ibis compound was prepared according to known 
prcccdures,14 in 75 46 yield from 3.4,6-lri-0-acetyl-Dglucal, via a Fenier reaction. mp 4243°C (pentane). lH NMR (400 MHz) 
6.00-5.83 (m. 3H) (H2, H3, HE), 5.38-5.28 (m, 2H) (H4, H9b), 5.22 (dq, J= 10.4.1.2. 1H) (H9a). 5.09 (s large, 1H) (Hl), 4.30402 
(m, 5H) (HS, H6a, H6b, H7a, H7b), 2.13 (s, 3H) (CH3), 2.08 (s. 3H) (CH3); 13C NMR (100 MHz) 170.75 (GO), 170.26 (C=O), 
134.05 (CE), 129.21 (C2*). 127.71 (C3*). 117.51 (C9), 93.60 (Cl), 69.25 (C7), 66.91 (C5), 65.23 (C4), 62.91 (C6). 20.93 (CH3), 
20.75 (CH3). Anal. Calcd for C13H1806 : C, 57.78 ; H, 6.71. Found : C, 57.82 ; H, 6.74. 
Addition of TsBr to 511. In a typical experiment, 50 (0.54 g. 2 mmol) WBS allowed to react with TsBr (0.46 g. 2 mmol) in 125 mL 
of dried and degasscd CH2ClZ. The Pyrex vessel, was placed in a thermostatic bath at 15°C under inert atmosphere and was 
submitted to extcrnat irradiation with a hi8h pressure mercury lamp. ‘Ibe reaction was monitored by TLC. After 24 h the solvent was 
evaporated under reduced pressure at room temperature and the residual syrup was immediately chromatographed (CHCl3:Et20, 
64) to avoid further degradation. ibis led to 480 mg of 6s and 9s (Rf 0.52). 120 mg of a mixture containmg 6a, 9a and 7a and 100 
mg of 7~ (Rf 0.48) (70% overall yield), in that order of elution. The presence of 9a was detected by ‘H NMR, and an authentic 
sample was synthetlxcd according to a literature protocol15 to confum identification. An accurate measurement of the products ratlo 
was made possible by HPLC analysis of a prefrltrated crude reaction mixture using isoOctane:EtOAc (7~3) and a flow rate of 2 
mUmin. 
Acetic acid 6-acctoxymetbyl-4-bro~-~(tduene-4-sulfonylmethyl)-h~ahydr~furo[~-b]py~n-S-yl~~r @a, 7a). 
6a : ‘H NMR (400 MHz) 7.80 (d. J = 8.2,2H) (HAr), 7.40 (d, J = 8.2,ZH) (HAr). 5.33 (d, J = 4.1, 1H) (HI). 5.17 (t, J = 10.3. 1H) 

(H4), 4.36 (dd, J= 9.8, 7.1, 1H) (H7S). 4.30 (dd, J= 12.5,4.4, 1H) (H6a), 4.01 (dd, 55 12.5, 2.3, 1H) (H6b). 3.97 (ddd, J= 10.3, 
4.4, 2.3, 1H) (H5). 3.88 (t, J= 9.8, 1H) (H7R). 3.87 (t, J = 10.3, 1H) (H3), 3.75 (dd, J= 13.8, 2.7, 1H) (H9S). 3.20 (dd, J= 13.8, 
11.8, 1H) (H9R), 3.07 (m, 1H) (HE), 2.73 (ddd, J= 9.9, 5.7.4.1, 1H) (H2), 2.45 (s, 3H) (CH3Ph), 2.18 (s, 3H) (CH3CO). 2.10 6, 

3H) (CH3CO); 13C NMR (100 MHz) 170.74 (GO), 169.30 (GO). 145.39 (=C), 135.99 (=C), 130.23 (=CH). 127.90 (=CH), 
101.25 (Cl), 69.79 (C5*), 69.52 (C4*), 69.33 (C7). 62.04 (C6), 55.91 KY), 48.01 (C2*), 47.49 (C3*). 35.14 (CE), 21.68 (CH3Ph). 
20.77 (CH3). 20.66 (CH3). Anal. Calcd for C20 H 25 0 SBr : C, 47.53; H, 4.99. Found : C, 47.09; H. 5.06. 8 
7a : ‘H NMR (400 MHz) 7.80 (d, J= 8.2, 2H) (HAr). 7.40 (d. J= 8.2, 2H) (HAr). 5.29 (d. J= 4.5. 1H) (Hl), 5.13 (t, J= 9.5, 1H) 
(H4), 4.32 (dd, J = 12.4, 4.6, 1H) (H6a). 4.30 (m, 1H) (H7S), 4.04 (dd, J = 12.4, 2.4, 1H) (H6b). 3.95 (ddd, J = 9.5,4.6, 2.4, 1H) 
(H5), 3.86 (t J = 9.8, 1H) (H3). 3.81 (dd. I= 10.0, 3.8, 1H) (H7R). 3.18 (ABpart of a ABX spectrum, JAB = 14.0,2H) (H9S,Hit), 
2.83 (m, 1H) (HE), 2.57 (ddd. J= 9.8,4.5, 2.2, 1H) (H2), 2.42 (s, 3H) (CH3Ph). 2.08 (s, 3H) (CH3CO). 2.05 (s, 3H) (CH3CO); C 
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NMR (100 MHz) 170.56 (Co), 169.17 (CeO), 145.27 (=C). 136.12 (=C), 130.12 (=CH), 128.04 Wl9.99.95 (Cl), 70.84 (C7), 
69.73 (CS), 69.36 (C4), 62.05 (C6). 59.37 (CY), 51.30 (C2). 50.75 (C3). 37.65 (C8), 21.59 (cH3pb). 2O.59 (Qi3). Anal. Cakd for 
C2#2508g: C, 47.53; H, 4.99. Found: C, 48.55; H, 5.45. 
Addition of Methyl 2-tosyhdhyl-Zpmpenoate (12) to k. 
Metbcd (a+ * . a soiuth containing ga (195 mg, 0.73 mmol) and 12 (550 mg, 3 eq) in 20 mL of carbon tetracbloride was beated at 
retlux, under argon, in tbe presence of benzoyl peroxide (0.2 eq added by successive portions). At?er 15 h. sepadon by column 
chromatography (CHCCr3:Et20; 6~4) led to 140 mg of 10 (Rf 0.55). 12O mg of 13~ (Rf 0.43) and 90 mg of 1411 @f 0.38). 
Method (b)8f: a solution containing Sa, (270 mg, 1 mmol), 12 (510 mg. 2 eq) and TsCl(48 mg, 0.25 eq) in 10 mL of benzene was 
heated under argon in the presence of benzoyl peroxide (0.2 eq). The reaction, monitored by thin layer chromatography, was 
refluxed for 12.5 h. After tbe addition of 50 mL of ethyl acetate, the solution was washed twice with 10 mL of water and then dried 
over Na2S04. The residue was separated by chromatography (CHCi3:Et20, from 9: 1 to 64). This led to 250 mg of 13a, 100 mg of 
a mixture of 13a and 14a and 50 mg of 14a (77% overall yield). ‘lbe ratio 13a:14a (70~30) was determined by HPLC analysis of the 
crude reaction mixture (i.rooctane:EtOAc, 64.2 mlJmn) 
13a : ’ H NMR (4OB MHz) 7.82 (d, I= 8.1,ZH) (HAr), 7.37 (d, I= 8.1,2H) (HAr). 5.98 (6, 1H) (H12a), 5.54 (s. 1H) (H12b), 5.42 
(d, J-4.2, 1H) (HD.4.83 (t,J=9.3, lH)(H4), 4.18 (dd,.f= 8.7.7.5, 1H) (H7S). 4.15 (dd,J= 12.3, 5.0, 1H) (H6a). 3.98 (dd,l= 
12.3,2.5, 1H) (H6b), 3.89 (dd, J = 10.4, 8.7, 1H) (H7R). 3.83 (ddd, J = 9.3, 5.0,2.5, H-0 (H5), 3.77 (s, 3H) (CCH3). 3.74 (dd, J= 
14.1, 5.3, H-0 (H9S). 3.56 (dd, I = 14.1,9.2, 1H) (H9R). 3.08-2.97 (m, 1H) (H8), 2.72-2.65 (m, 1H) (HlOb), 2.46 (s, 3H) (CH3Ph), 
2.17-1.97 (m, 3H) (HlOa, H2, H3), 2.06 (s, 3H) (CH3CO), 1.91 (s. 3H) (CH3CO); 13C NMR (25 MHz) 170.65 (CEO), 169.92 
(C=O), 166.99 (COOCH3), 144.91 (=C), 137.38 (Cll), 136.36 (=C), 129.92 (=CH), 127.72 (=CH), 125.99 (C12), 100.81 (Cl), 
69.92 (CS), 69.91 (C7). 68.28 (C4). 62.39 (C6). 54.03 (C9). 51.83 (OCH3), 43.01 (C2). 39.07 (ClO), 35.98 (C8), 34.32 (C3), 21.52 
(CH3Ph), 20.72 (CH3CO). HRMS Bki-CH20CCCH3]+calcd forC22H2708S : 451.1426. found : 451.1413. 
14a : ‘H NMR (400 MHz) 7.79 (d, J = 8.1.2H) (HAr), 7.38 (d, J= 8.1.2H) (HAr), 6.14 (6, 1H) (H12a). 5.58 (6, 1H) (Hl2b), 5.42 
(d, .f= 5.6, 1H) (Hl), 4.79 (dd, J = 9.1. 6.3, 1H) (H4), 4.35 (dd,.fJ= 9.5.6.6, 1H) (H7S). 4.18 (dd, J = 12.2, 5.1, 1H) (H6a). 4.07 (dd, 
/ = 12.2.2.6, 1H) (H6b), 3.90 @id, J= 9.1, 5.1, 2.6, 1H) (H5), 3.77 (6, 3H) (OCH3), 3.58 (dd, .f= 9.5. 5.0, 1H) (H7R). 3.16-3.08 
(m, 2H) (H9S. H9R). 3.04 (m, 1H) (H8). 2.58 (dd. J = 14.2, 5.2, 1H) (HlOa), 2.46 (6, 3H) (CyjPh). 2.40 (dd, J = 14.2, 8.7, 1H) 
(HlOb), 2.15 (m. 1H) (H3), 2.08 (6, 3H) (CH3CO), 2.05 (m, 1H) (H2), 1.91 (6, 3H) (CH3CO); C NMR (25MHz) 170.55 (C=O), 
169.93 (GO), 166.61 (COOCH3), 144.97 (=C). 137.81 (Cl]), 136.26 (=C), 129.92 (=CH), 127.73 (=CH). 126.60 (C12), 99.58 
(Cl), 70.93 (C7). 69.45 (C5), 68.41 (C4), 62.99 (C6). 58.87 (C9). 51.77 (OCH3), 45.41 (C2), 37.69 (C8). 36.70 (ClO), 36.56 (C3), 
21.45 (CH3Pb), 20.70 (CH3CO), 20.69 (CH3CO). HRMS [M-CH3C02H]+ crdcd for C23H2808S : 464.1505, found : 464.1489; 
BvlCH2OCOCH3]+calcd for C22H2708S : 451.1426. found : 451.1426. 
10 : ‘H NMR 7.81 (d, J = 8.1. 2H) (HAr), 7.39 (d, J = 8.1.2H) (HAr), 5.41 (d, J = 3.9, 1H) (Hl), 5.15 (t, J = 10.0, 1H) (H4), 4.41 
(dd, J= 9.3,7.9. 1H) (H7S). 4.36 (dd, J= 12.5,4.3, 1H) (H6a). 4.03 (dd, J= 12.5, 2.0. 1H) (H6b), 4.04-3.99 (m, 1H) (HS), 3.91 (t. 
J = 10.0, 1H) (H3). 3.89 (t. J- 9.3, 1H) (H7R), 3.71 (dd, I= 13.5, 2.4, 1H) (H9S). 3.21 (dd, J= 13.5, 11.7, 1H) (H9R), 3.10-3.00 
(m, 1H) (H8). 2.56 (ddd, J = 10.0. 5.4, 4.1, 1H) (H2), 2.46 (s, 3H) (CH3Ph). 2.08 (s, 3H) (CH3CO), 2.07 (s, 3H) (CH3CO); 13C 
NMR (25 MHz) 170.68 (GO), 169.87 (GO), 145.36 (=C), 135.98 (=C), 130.21 (=CH). 127.93 (=CH), 100.91 (Cl), 69.60 (C5). 
69.40 (C4). 69.19 (C7), 61.27 (C6). 56.80 (C3). 55.% (C9), 47.76 (C2), 34.99 (CS), 21.67 (CH3Ph), 20.76 (CH3CO), 20.59 
(CH3CO). HRMS see lO+ll. 
Addition of TsCl of Sa. A solution containing 58, as a 9:l mixture of a and 8 anomers, (540 mg, 2 mmol), TsCl(l.95 g, 5 eq) and 
AIBN (65 mg 0.2 eq) was irmdiited for 25 h. A flash chromatography (pentane:EtOAc, 4:l to 1:1) led to 470 mg of lO+ll (in a 
75:25 ratio determined by ‘H NMR) and 45mg of a minor product arising fmm the 8 anomer. 
11 : ‘H NMR (400 MHz) 7.75 (d, J = 8.4, 2H) (HAr), 7.33 (d, J= 8.4, 2H) (HAr), 5.32 (d, J= 4.4, 1H) (Hl), 5.04 (t, J= 9.5, 1H) 
(H4), 4.27 (dd. J = 12.5,4.5, 1H) (H6a). 4.26 (dd, J= 9.9.7.0, 1H) (H7S). 4.01 (dd, J= 12.5, 2.4, 1H) (H6b), 3.94 (dad, J= 9.5, 
4.5.2.4, 1H) (H5). 3.79 (t, J= 9.5, 1H) (H3). 3.78 (dd J= 9.9, 3.7, 1H) (H7R). 3.13 (AB Part of a ABX spectrum, JAB = 13.9,2H) 
(H9S. H9R). 2.90-2.81 (m, 1H) (H8), 2.44-2.38 (superpimposed ddd. J = 4.4, 2.2, 1H) (H2). 2.41 (s. 3H) (CH3Ph), 2.04 (s, 3H) 
(CH3CO), 2.02 (s,3H) (CH3CO); 13C NMR (50 MHz) 170.85 (GO), 169.53 (GO), 145.49 (=C), 135.96 (=C), 130.28 (=CH). 
128.18 (=CH), 100.03 (Cl), 70.51 (C5). 70.01 (C7). 69.63 (C4), 62.22 (C6). 59.89 KY), 59.27 (C3). 50.61 0). 36.82 (C8), 21.79 
(CH3Ph), 20.87 (CH3CO), 20.75 (CH3CO). HRMS (lO+ll) [M-CCOCH3-HCl]+ c&d for C18H2106S : 365.1059, found : 
365.1049. 

Ally1 4,6-di-0-benzyl-2~dideoxy-a-D~~~~~-hex-2-enopyran~ide (Sb). This compound was prepared from 5s according to the 
protocol developed by Szeja. l6 Benxyl chloride (0.87 mL, 4 eq) wax added slowly at 5oOC, over 6 h , to a mixture of 5s (0.51 g, 1.9 
mmol), 3.8 mL of 50% NaOH, 0.1 mL of ferf butanol and 0.12 g of tetrabutyl ammonium hydrogenosulfate in 4 mL of txznzene, 

VigOKXISly stirred at 50°C. Stirring was continued at 50°C for 4 h after the end of addition; the solution was diluted with 16 mL of 
benzene and the aqueous layer was extracted with two portions of 15 mL of benzene. The combined organic layers were washed 
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with a satumkd solution of NaCi and dried over Na2SO4 Purif~tion by chmatogfaphy @entane:Et#), 75:25) led to 550 mg 
(80%) of Ally1 4,cM1-O-benzyl-23_y-a-D~~~~ro-hex-2~~p~~~ (Rf 0.61) and 80 mg (15%) of Ally1 6-O-benzyl-2,3- 
dideoxy-a-D-eryrhro-hex-2-enopyranoside (lQO.12). 
5b : ‘H NMR WI MHz) 7.32-7.20 (m, 1OH) (HAr). 6.04 (d I- 102. 1H) (H3). 6.02-5.78 (m, 1H) (H8). 5.74 (d, I= 102. 1H) 
(H2). 5.32 (dth J= 18.5, 1.7. 1H) cH9a). 5.12 (m, 1H) (H9b). 5.04 (s, 1H) (HI), 4.60435 (m, 4H) (CH2Ph). 4.32-3.95 (m, 4Hj 
(H7a, H7b. H4. H5), 3.72-3.66 (m. 2H) (H6a, H6b); 13C NMR (50 MHz) 138.03 (=C). 137.93 (=C). 134.36 (C8). 130.64 (C3*), 
128.21-127.48 (=CHX 126.39 (C2*), 116.96 (C9). 93.73 (Cl), 73.18 (C4), 70.86 (C7). 70.20 (C5), 69.06 (CH2Ph), 68.88 (CH,Ph,. 
68.70@5). Anal. C&d forC23H26O4: C. 75.38; H, 7.15. FOUWI: C, 75.57; H, 7.12. 
Addition of TsBr to 5b. Addition of TsBr (470 mg. 2 mmol) to 5b (733 mg. 1 eq) led after ilash chromatography on silicagel 
@entane:EtOAc, 1O:l to 6:l) to 150 mg of 6b, 180 mg ofa mixture containin bb, 7b and 170 mg of 7b. lH NMR (400 MHz) of a 
sample of the crude. reaction mixture- Bltered on a short pad of silica, revealed a 71:29 ratio for 6bTm. 
6b: 1HNMR(4CKlMHz)7,78(d, J=8.2,2H)(HAr),7.48-7.15 (m, 12Hj (HAr), 5.34(d, 1=4.2, lH)(Hl),486(d,l= 10.2, IH) 
(CH2Ph),4.68 Cd J= 12.1. IH) (CH2Ph),4.57 (d,J= 10.2, 1Hj (CH2Ph),4.52 (d, J= 12.1, 1Hj (CH2Ph), 4.3O(dd, 539.2, 7.8. 
lH) (H7a), 3.92 (m. 2Hj (H3. H4), 3.86 (dd. J= 10.8,2.6, 1H) (H6b). 3.85 (m. 2H) (H5, H7b). 3.81 (dd, J= 13.9, 5.2, 1Hj (H9.3). 
3.67 (dd, I - 10.8, 2.0, 1Hj (H6a). 3.29 (dd, J= 13.9, 11.6. lH) (H9R), 3.11-3.01 (m. 1H) (H8), 2.85 (ddd, J = 9.8, 5.7.4.2, 1H) 
(H2), 2.47 (s, 3H) (CH3”j; 13C NMR (108 MHz) 145.24 (EC), 137.57 (=Cj, 137.51 (=C), 136.28 (=C), 130.19 (=CHj, 128.50, 
128.43, 128.16. 128.10, 128.02, 127.92 (=CH), 101.55 (Cl). 77.25 (C5*). 75.51 (CH2Ph), 73.79 (CH2Ph), 72.18 (C4*), 69.49 
(C7**), 68.42 KS**), 55.92 0). 51.38 (C3). 48.59 (C2), 35.33 (C8), 21.68 (CH3Ts). 
7b : ‘H NMR (400 MHz) 7.80 (d, J= 8.2,2H) (HAr), 7.40-7.10 (m, 12H) (HAr), 5.34 (d, .l= 4.6, 1H) (HI), 4.85 (d, J= 10.4, 1H) 
(CH2Ph), 4.63 (d. J= 12.0, 1Hj (CH2Phj, 4.51 ;d.J= 10.4, IH) (CH2Phj. 4.50 (d. J= 12.0, 1H) (CH2Ph), 4.26 (dd, I= 9.8.6.8, 
lH) (H7a). 3.91 (t. J = 9.1, 1Hj (H3). 3.81 (1 J= 9.1, 1H) (H4), 3.80-3.65 (m, 4H) (H7b, H6a H6b. H5), 3.20 (AEI part of a ABX 

spectrum, JAB = 14.0.2Hj (H9R, H9S). 2.85-2.78 (m, lHj (HR), 2.58 (ddd, J= 9.2.4.6.2.3, 1H) (HZ), 2.48 (s, 3H) (CH$ir); 13C 
NMR (50 MHz) 145.10 (=C), 137.33 (=Cj, 137.32 (=C), 135.81 (=C), 130.01-127.53 (=CH). 100.20 (Cl). 76.36 (C5 ), 76.43 
(CH2Ph), 73.52 (CH2Ph), 73.20 (C4*), 69.72 (C7**), 66.53 (C6**), 59.25 (C9), 54.07 (C3). 51.56 (C9, 37.71 (C8). 21.57 
(CH3Ph). HRMS 6a+7b calcd for Cl5H2lO4 79Br : 344.0623 found : 344.0630; m/z (46) 91 (100). 113 (3.41). 114 (3.88). 129 
(4.21) 131 (2.46). 159 (4.13), 205 (5.01), 219 (2.80) 344 (0.49) 346 (0.48). 
Ally1 4,6-0-mctbylene-a-D+&ro-hex-29nopyranoslde (5~). 3-f%acetyl-1,5-anhydm-2-deoxy-4,6-O-methylene-D-ribo-hex-1- 
enytol was preprued in five steps from methyl a-D-glucopyranoside, according to procedures previously described for related 
compounds, 17a-d In the ultimate step this compound was converted into k viu a Ferrier reaction (cf 5a). 
SC : ‘H NMR (208 MHz) 6.13 (d. J= 10.0, IH) (H2). 6.10-5.90 (m, IH) (HlO), 5.83 (dt, J= 10.0, 2.4, 1H) (H3), 5.50-5.20 (m. 2H) 
(H9a H9b), 5.20 (two superimposed d, J = 6.1.6.4, 2H) (Hl,H7e), 4.74 (d. J = 6.1, 1H) (H7a). 4.40-4.00 (m, 3H). 4.00-3.40 (m, 
3H). 
Additlon of TsBr to k. According to tbe previously described protocol, 5c (160 mg, 0.8 mmol) was allowed to react with TsBr 
(190 mg, 1 eq). After 7 h, chromatography (CHC13:Et20, 64) led to 95 mg of 8c (Rf 0.67). 20 mg of a mixture of 6c and 7c and 40 
mg of 7c (Rf 0.57). 
6c : ‘H NMR (400 MHz) 7.78 (d. J= 8.2,2Hj (HAr). 7.38 (d, J= 8.2,2Hj (HAr), 5.26(d, J= 4.2, 1H) (Hl), 5.08 (d. J= 6.4, lHj 
(H’leqj, 4.62 (d, J = 6.4, 1Hj (H’lax), 4.34 (dd. J= 9.2, 7.7, 1Hj (H8S), 4.12 (dd, J= 10.6, 5.2, 1H) (H6eq). 3.84 (t, J= 9.9, 1H) 
(H3j, 3.84 (superimposed n 1Hj (H8R). 3.81 (dd, J = 13.9. 2.8, 1Hj (HIOS), 3.73 (at, J= 10.0. 5.2, lH) (H5). 3.43 (t, J= 10.0, 
lHj (H6axj, 3.36 (t, J= 10.3. 1Hj (H4). 3.19 (dd. J= 13.8, 11.6. 1Hj (HIOR). 3.07 (m, 1H) (H9). 2.74 @id. J= 9.9. 5.8, 4.2, 1H) 
(H2j, 2.44 (s, 3H) (CH3Ph); 13C NMR (100 MHzj 145.31 (=C). 136.08 (=C). 130.19 (=CH), 127.86 (=CH), 101.49 (Cl), 94.07 
(C7j. 80.23 (C4),69.57 (C8j. 68.18 (CS), 65.17 (CS), 55.61 (CIO). 48.09 (C2), 46.CH (C3), 35.26 (C9), 21.65 (CH3Ph). 
7c : ‘H NMR (400 MHz) 7.76 (d, J= 8.2.2H) (HAr). 7.35 (d, J= 8.2, 2H) (HAr), 5.27 (d, J= 4.4, 1H) (Hl), 5.11 (d, J= 6.4, 1H) 
(H7eqh 4.68 (d, J= 6.4,lHj (H’laxj, 4.32 (dd J= 10.0.6.6, IH) (H8S). 4.16 (dd, J= 10.6, 5.1, 1Hj (H6eq). 3.87 (dd, J= 10.0,2.8, 
lH) (H8Rj. 3.80 (t, J= 10.3, IH) (H3j. 3.75 (dt. J = 9.6, 5.1, 1H) (H5), 3.42 (superimposed m, 1H) (H6ax). 3.44 (t, J= 10.3, 1H) 
(H4j, 3.26-3.18 (AB part of a ABX spectrum, 2H) (HIOR, HIOS), 2.80 (m. 1H) (H9). 2.68 (m, 1H) (H2), 2.48 (s, 3H) (CH3Ph); 13C 

NMR (lo0 MHz) 145.34 @Cc). 135.77 (=C), 130.15 (=CH), 127.88 NH), 100.55 (Cl), 93.99 (C’I), 79.62 (C4). 69.69 (CS), 68.19 

(C6). 66.46 (C5). 59.15 (ClO), 51.19 (C2). 50.48 (C3), 38.09 KY), 21.66 (CH3Ph. 

Ally1 4,6-0-acetyl-2,3-dideoxy-a-D-threo-hex-2-enopyranoside (5d). This compound was prepared in 52% yield from 3.4.~ui- 

O-acetyl-D-galactal, according to the procedure previously applied to the synthesis of 5a. 
5d : ‘H NMR (200 MHz) 6.156,Ol (AB part of a ABX spectrum, .lAB = 10.1, 2H) (H2, H3), 5.90 (m, 1H) (H8), 5.32-5.17 (m, 2H) 

(H9a, H9b). 5.10 (d, J= 3.6. 1H) (Hl), 5.01 (dd, J = 5.1, 2.4, 1H) (H4). 4.33 (m, 1H) (HS), 4.29-4.01 (m. 4H) (H6a. H6b, H7a. 

H7bj. 2.06 (s. 6Hj (CH3COj; l3 C NMR (25 MHz) 170.30 (C=O), 170.29 (GO), 134.07 (C8), 130.59 (C3), 125.30 (C2). 117.69 
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(C9), 93.07 (Cl), 68.90 (C7), 6683 (CS), 62.81 (C4), 62.80 (C6). 20.77 (CH3CG). Anal. Cakd forC1306H18: C, 57.77 ; H, 6.71. 

Found: C, 57.66 ; H, 6.72. 

Addition of TsBr to sd. Addition of TsBr (235 mg. 1 nunol) to sd (270 mg, 1 es) led, after WY (cHQ,:Et2Q from 

91 to 3:7 ), to 30 mg of unreacted sd, 80 mg of 6d (Rf 0.45 (CHC13:Et2G, 64)). 90 mg of a mixture amtainmg 6d and 7d, 

together with traces of the dihydmhabgeuated 1,2-adduct 8d (detected by ‘H NMR by the pmsence of two dt, at 6.75 and 7.10 pfsn 

respectively, characteristic of the ethylenic protons in tbe a-8 unsaturated sulfone) and finally 40 mg of ‘Id (Rf 0.40 (CHC13:&20, 

64)). The ratio of 6d:7d was determined by HPLC analysis Woctane: EtGAc; 64; 2 mumin) of a sample of the crude reaction 

mixture, filtered on a short pad of silica. 

6d : 1HNMR(400MH37.79(d,J=8.2,2H) (HAr),7.4O(d,J=8.2, 2H)(HAr). 5.38 (d,J=3.9. lH)(Hl), 5.35 (brd,J= 3.5, 

lH) (H4). 4.35 (dd. J= 9.3.8.2, 1H) (H7S). 4.27 (hr t, J= 6.7, 1H) 015). 4.13 (dd, I= 10.8, 3.5, 1H) (H3). 4.11 (dd, J= 11.5.6.0, 

lH) (H6a). 3.99 kid, .J = 11.5,6.7, 1H) (H6b). 3.86 (dd, J= 10.5.9.3, 1H) (H7R). 3.74 (dd, JP 13.9,2.8, 1H) (H9S). 3.26 (dd, JE 

13.9, 11.9. lH) (H9R). 3.14-3.05 (m, 1H) (H8), 2.68-2.62 (ddd, J = 10.8, 5.8, 3.9, 1H) (H2), 2.46 (s, 3H) (CH3Pb), 2.17 (s, 3H) 

(CH3CO), 2.05 (s, 3H) (CH3CO); 13C NMR (25 MHz) 170.37 (t&O), 169.75 (C=G), 145.22 (=C), 135.95 (=C), 130.11 (=CH), 

127.78 WH), 101.26 (Cl), 68.73 (CS), 68.40 (C7). 67.55 (C4), 62.46 (C6). 56.17 (C9), 45.04 (C2). 43.14 (C3). 34.66 (C8). 21.56 

(CH 
1 

Ph), 20.62 (CH3CO), 20.50 (CH3CO). 

7d : H NMR (400 MHz) 7.81 (d,J= 8.2.2H) (HAr), 7.38 (d, I= 8.2.2H) (HAr), 5.35 (d, .f= 1.3, 1H) (HI), 5.32(d,J=4.3, 1H) 

(H4), 4.29 (dd, J= 10.1, 7.3, 1H) (H7S). 4.25 0, .f= 6.3, 1H) (H5). 4.11 (dd, .f= 11.5, 5.9, 1H) (Haa), 4.01 (dd, J= 11.5.7.0, 1H) 

(H6b). 4.02 (dd, I= 11.0.4.3, 1H) (H3). 3.82 (dd, I= 10.1, 3.6, 1H) (H7R). 3.26 (dd, J= 14.0.6.6, 1H) (H9S). 3.21 (dd, .f= 14.0, 

6.9, 1H) 019R). 2.81-2.73 (m, 1H) @IS). 2.52 (ddd, J = 11.0,4.1, 1.3, 1H) (H2). 2.46 (s. 3H) (CH3Ph), 2.16 (s, 3H) (CH3CG), 2.05 

(s, 3H) (CH3CO): 13C NMR (100 MHz) 170.43 (C=G), 169.72 (C=G), 145.32 (=C), 136.09 (=C), 130.21 (=C!H), 128.14 (=CH), 

100.21 (Cl), 69.90 (C5). 68.98 (C7), 67.51 (C4). 62.40 (C6). 59.63 (C9). 49.51 (CZ), 46.84 (C3). 37.40 (CS). 21.67 (CH3Ph), 20.62 

(CH3CO), 20.55 (CH3CO). 

Addition of methyl 2-tosylmethyl-2-propnoate to 5d. Reaction of 5d (100 mg, 0,4 mrnol) with 12 (190 mg, 2 eq) in the presence 

ofTsCl(0.25 eq) and benzoyl peroxide (0.20 eq) at refiux in benzene led after chromatography (CHC13:Et20, 9~1 to 46) to 30 mg 

of recovered 5d, 15 mg of 13d (Rf 0.43 (HCCl3Zt2Q 6:4)), 50 mg of a mixture of l&l and Ud, and 15 mg of 14d (Rf 0.40 

(CHC13:Et20; 64)) - 63% overall yield -.‘Ibe 66:34 ratio of 13d:14d was determined by HPLC analysis of the crude reaction 

mixture (iroocIane:EtOAc, 64: 2 mL/min). 

13d : ‘H NMR (400 MHz) 7.84 (d. J= 8.0.2H) (HAr), 7.37 (d. J= 8.0.2H) (HAr). 6.29 (s, 1H) (Hl2a). 5.55 (s, 1H) (Hl2b), 5.40 

(d, J= 4.2, 1H) (HI), 5.05 (1 J= 2.06, 1H) (114). 4.11 (dd, J= 11.0, 4.9, 1H) (H6a), 4.07 (dd, I= 8.0, 6.8, 1H) (H7S), 4.05 ( 

super@o.sed m, lH) (HS). 3.95 (t. I= 8.4, 1H) (H7R). 3.93 (dd, J= 11.0, 7.0, 1H) (H6b), 3.76 (s, 3H) (GCH3), 3.75 (dd, J= 13.7, 

4.3, lH) (H9S). 3.53 (dd, J= 13.7, 10.1, 1H) (HOR), 3.07-2.98 (m. 1H) (H8), 2.53 (d, J= 14.6, 1H) (HlOa), 2.46 (s, 3H) (CH3Ph), 

2.19-1.97 (m, 3H) (H2, H3, HlOb), 2.14 (s, 3H) (CH3CO), 2.04 (s, 3H) (CH3CO); 13C NMR (100 MHZ) 170.70 (c--O), 170.14 

(C=Q, 167.23 (COOMe), 144.91 (=C), 136.86 (Cll), 135.65(=0. 129.98 (=CH), 129.84 (C12), 128.01 (=CH), 100.49 (Cl), 70.64 
(C5), 69.94 (C7), 66.03 (C4). 62.67 (C6). 55.00 KY), 52.08 (0CH3). 41.42 (C2), 34.89 (CS). 34.26 (C3), 33.70 (ClO), 21.66 
(CH3Ph). 20.81 (CH3CG). 20.79 (CH3CO). HRMS FICH2GCGCH3CH3C02H]+ c&d for C2OH23O6S : 391.1215, found : 
391.1214. 

l4d : ‘H Nh4R #OO MHz) 7.81 (d, J= 7.8.2H) (HAr), 7.37 (d. J= 7.8.2H) (HAr), 6.28 (s, 1H) (Hl2a). 5.59 (s, 1H) (Hl2b), 5.42 

(d, J= 3.8, lH) (HI). 5.01 (s br, 1H) (H4). 4.25 (dd, J= 9.3.5.8, 1H) (H7S), 4.12 (dd, J= 10.9, 4.7, 1H) @%a), 4.05 (dd, J= 7.2, 

4.7, lH) (H5), 3.93 (dd. J= 10.9, 7.2, IH) (H6b), 3.77 (s, 3H) (GCH3). 3.66 (d, I= 9.3, 1H) (H7R), 3.21 (AB hart of a ABX 

spectrum. JAB = 13.9, JAX = 7.9, JBx = 3 2, 2H) (119S, H9R), 3.07 (m, 1H) (H8), 2.59 (d, J= 13.9, 1H) (HlOa), 2.46 (s, 3H) . 
(CH3Ph). 2.14 (s, 3H) (CH3CG), 2.17-2.00 (m, 3H) (H2, H3, HlOb), 2.04 (s, 3H) (CH3CO); 13C NMR (100 MHz) 170.73 (C=O), 

170.38 (C=o), 167.15 (COOCH3), 145.16 (=C), 136.78 (Cl+, 136.35 (=C), 130.20 (=CH), 129.06 (ClZ), 128.09 (=CH), 100.25 

(Cl). 70.11 (C7), 70.06 (C5). 65.05 (C4), 63.3O(C6), 60.06 (W, 52.06 (OCH3). 42.58 (C9, 38.31 (Cs), 36.64 (C3), 32.51 (ClO), 

21.72 (CH3Ph). 20.89 (CH3CG). 20.85 (CH3CO). HRMS [M-CH3CG2H]+ c&d for C23H2808S : 464.1505. found : 464.1489. 
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