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Abstract: The synthesis and radical reduction of thiocarbonyl derivatives of methyl 3,6-a&&0 

pyranosides has been studied in the a-D-gluco, a-D-manno and B_D-gaiacto series. A cyclic intermediate is 

proposed to explain the fact that bis-deoxygenation only occurred in the galactose series, providing a 3 step 

synthesis of the desired product B. 

An important goal in carbohydrate chemistry is the synthesis of biologically active deoxy sugars.’ 

Amongst the known methods of synthesis, the deoxygenation of appropriately functionahsed secondary 

alcohols has received increasing interest due to the recent development of radical deoxygenation of 

thiocarbonyl derivativ& and the direct displacement of sulphonates by highly nucleophilic hydrides.3 

Needing to prepare the new bicyclic compound 1 as either its a (la) or B (Ib) anomeric form, we decided to 

investigate its synthesis by reduction of the two hydroxy groups of one of the readily accessible methyl 

3.6~anhydro-pyranosides. 

Diols 2 and 3 were prepared from methyl a-D-glucopyranoside and methyl a-D-mannopyranoside 

respectively using known methodologies!~ and subsequently tosylated to j6 and 5, or thioacylated’s to 6 

and 2 (scheme 1). We also developed a short and convenient method for preparing substituted 3,6-anhydro 

pyranosides as ilhtstrated with the synthesis of compounds 11 and 12 from methyl a-D-glucopyranoside g 

(scheme 2). It is based on the regioselective formation of phosphonium chloride 9 described by Y. Chapleur 

et a1.9 
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9 can be transformed in two more steps to the peracetylated hexafhuxophosphate lo which can be 

subsequently reacted with sodium methoxide to perform simultaneous deacetylation and ether formation to 

diol2.10 

scheme I 

a)Ref8;b)TaClpyrldineF4T,8SK;e)NaHim#ude CS, thenMelMFdx.,~;d)PhOCSCl wri&e C$q RT, 68% 

We found that 9 itself can undergo the same intramolecular substitution: after having prepared it as 

described in reference 9, the crude reaaicm product was reacted with sodium m&oxide providing crude 2. 

Mesylation and thioacylation with phenyl chlorothionofonnate in py-ridine gave respectively 11 and 12 in 

58% and 43% overall yield from #, after recrystallisation and without any isolation of the intermediates. 
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WCfimttliedtheludtlctionafsulphonates $5 and fi by hydride substitution. However, all our 

attempts to reduce these pmducts gave either the recovemd start& material (aodium botohydride, DMSO 

led) or the dials 2 and 3 (LiRt.$H, THP tuflu~~~~. We then tried the radical deoxygenation of the 

methylxandmtetj andthephenoxytbiocarbonylderivatives ~and~.Inafiratexperimat,~wasnacted 

with 3.5 equivalents of tri-n-butylstannane in refhrxing toluene with a catalytic amount of AIBN 

(azo-bis-isobutyro&ile).s A rapid reaction took place giving a complex reaction mixture from which only 

the tin derivative 13 could be isolated (scheme 3). No trace of the expected reduced product jg was 

detected. Reductions of 6 or 2 using the same conditions gave similar results. Radical reaction induced by 

triethylborane at ambient temperatu@ showed no advantage. 

The formation of the part-reduced product 13 can be interpreted on the basis of the mechanism 

proposed by Barton et al. for this type of reaction. u 13 is a Z-deoxy sugar indicating that the tri-butylstannyl _ 

radical adds first to the sulphur atom of the C=S group in position 2, leading to the radical &. If the 

reactions occurring at positions 2 and 4 are considered as independent, one could imagine that after the 

reduction at position 2, a second mole of tri-n-butylstannyl radical adds to the C!=S bond at position 4, 

generating &. Depending on the reaction conditions and substituents X, this type of intermediate is known 

to evolve in various ways, including the desired homolytic C-O cleavage or the reduction to &&I2 In the 

case of the reduction of a diol derivative bearing the same substituent X at both positions, the observed 

difference of reactivity between the two thiocarbonyl functional groups remains unexplained if we consider 

them as completely independent. Therefore, we believe that in an assisted mechanism, the radical in &I is 

trapped by the radicophilic remain@ C=S group, leading to the cyclic intermediate &&which can then be 

reduced to 14d viu &. The transformation of 14d into &f and eventually to 13 is done by the accepted 

mechanism12. 

3 Scheme 

x- SMo or OPh 

/ 
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Having proposed && as a possible intcrmcdiam, it was postulated that its formation would be uulikely 

from the comsponding galactosc derivative 17 (scheme 4), where the substituent in position 4 is equatorial 

and hence not in a position to intercept the incipient radical at the 2position. We fkst prcpamd diol 16 from 

commerciaby available methyl-@-D-gakmpymnoside 15 using the conditions described by G. 0. Asp&U 

et al. in the a scries.13 Sub6equcnt thioacylation afforded u. As expected, these methyl 

3.6~anhydro-g-D-galactopyrsnoside derivatives were shown by ‘H NMR to adopt the boat conformation (for 

instance, the fact that H-3 appears as a shrglet is consistent with the dihcdml angles in this conformation), 

due to the strong 1,3 and 1.5 diaxial interactions which would exist in the chair wnfotmation. Reduction 

with tri-n-butylstsnnane gave the desired reduced compound lb, thus satisfying our rcqukd synthetic 

objective and our mechanistic conclusions. 

Scheme 4 
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Eknerimental Part: 

General Procedure. 

Evaporations were conducted under diminished pressure at 40-50%. Plash chromatography was 
performed on Mcrk silica gel 60 (0.042-0.060 mm) cluting with the indicated solvent system. Gptical 
rotations were measured with an optical Activity AA-10 automatic 
recorded with a Varian VXR-4OOs, in CDC13 with Me$i as internal 

larimcter. NMR spectra were 
& d. FTJR spectra were reconkd 

on a Nicolct 205XB spectrometer. GC/MS were detcrmincd on a VG 707OE spcctmmeter using a OVl 
column. T.1.c were performed on Polygram SIL G/UV254 fluorescent plates using the indicated eluent, and 
visualised by spraying with a mixture of H2S04:a-naphthokthanolthanol, 10:1:89 and heating with a hot air 
dryer. Compounds 2.2 and 4 were prepared as described in the references quoted in the text. 
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Crude methyl 3,6-anhydro-a-D-glucopyranosi& 2. 
The previous crude materiaJ 2 was taken up in dry methanol (25Omt) and 27.5% w/w sodim me&oxide 

solution in methanol (23g, 117mmol) added. The rmxture was mfhued for 2 hours tbtD cooled to rocan 
temperamre. Triethylamine hydrochloride (158) was added to neutmlise excess sodium methoxidt and the 
mixture evaporated to dryness giving 26g of a brown syrup whose tic (chlorofomn methanol, 10: 1) showed 
diol~asbeingthemainpmduct. 

Dimesykrte 1. 
Methsne sulphonyl chloride (458g, 0.4mol) was added dropwise over 30 minutes to a solution of the 

previouslyprsparadcrude~inpyridine(4ooml)andthemixtunstirredatroomtemperatnre foronehour. 
The mixture was evapomted to dryness and the residue c.hased~thtih (2 X 2OOml~).~~ 
(3OOml) was added to the thick brown residue and the muture 
which was filtered, washed with water and dried giving 9.17g of a light brownsl57-158.50C. The 
filtrates were extracted with dichlommemane (2 x ltpml) and the combined orgtulic layers washed with 
water (lOOml), dried over MgSO, and evapomted to dryness giving an oil which after Wuration with 
methanol provided a further 1.6 of solid. Recrystslhsation of the combined two batches in refhuing 
ethanol:methanol 955 v:v ave 9.558 (57.5%) of 11. m-p.: 158&Z. [u]nas +700 (c 0.8, 
chloroform)* (Litt d m p*l&l”*j~ + 66O (c 1 chlorotirm)* v 
972 895 846 cn& ‘H ‘NMR (&Cl 8 3 63 (s 3H OMe) 4 04 {dd lrJ=ll 0 2 9 Hz H-6 
1H ‘J=li.O Ha HA 

(XBr): 3435,1359,ll;~l$ 

) 4.62 (dd ld J=2:9 H&a& H-5) 4.65 (dd iH is.1 s e&h, H-3) $ 
. , 

H-i), 4.89 (dd;l, lH%5.2,2.9,0:8, H-4), 5.06 (d, lH, J=3:0 Hx, H-i). &MS m/x: 113, 127, ;75.3&y2!52 
272,318,350 (M + NH.++); Anal. calcd. for CaH1,&Sz: C, 32.53; H, 4.85; Fourtd: C, 32.3; H, 4.97. 

Methyl 3,6-anhydro-2,4-di-0-phenoxythiocarbonyl-a-D-~u~py~n~ide (12). 

Phenyl chlorothionoformate (12g,6Anmol) was added dropwk over 15 minutes to a solution of crude 
diol2 (prepared as above on half the scale from 4.85g of methyl~D-ghtcopyranoside s) in 1OOml pyrkhne 
andthe~luti~stirredattoomtemperaturefor2hours.The~waeevaporatadtodrynessandthe 
residue chased out with toluene (2 -X 1OOml). The residue was partitioned keen wa$r&yd 2 
dichlommethane (1OOml). The aoueous laver was reextracted with dichlommemane 
combined organic‘ lay& were w&d with 0.5N HCl (lOOml), water (lOOmI), dried over MgSO, and 
evaporated to dryness. Trituration of the residue with 1OOml of rhethyl ether gave 5.5g of a brownish solid; 
m.p.: 150-65°C. Recrystallisation from ethylacetate (40ml) in the pmsence of charcoal gave 4.85g of 12 
(439s) as a white crystalline solid; mg.: 168-70°C; [a]n2” +88O (c 1, CH Cl ); IR v (KBr): 3437, 1311, 
1281, 1268, 1232.1193 cm-l; ‘H NMR (WC&) 8 3.66 (s, 3H, OMe), 4.1i(& lH, l”y.0, 10.7 Hz, H-6 , 
4.27 (dd, lH, J34.9 Hz each, H-3), 4.31 (d, lH, J=10.7 Hz, H-6 ), 4.79 (dd, lH, J=2.7 Hz each, H-5). & 
(ddd, lH, J=5.2,2.7, 1.0 Hz, HA), 5.23 (d, lH, J=3.3 Hz, H-l),% (dddd, lH, J34.6,3.3,0.8,0.8 Hz, H-2). 
7.05 to 7.5 (m, lOH, Ar-H). CJMS m/z: 113,160, 176,203,219,236,265,295,417,449,466 (M + NH4+); 
Anal. cakd. for t&H&Sz: C, 56.24, H, 4.49; S, 14.30; Found: C, 56.4; H, 4.49; S.14.3. 

Methyl 3,6-anhydro-2-deoxy4-O-(tri-n-butyis~nnylthiomethyl)-~-D~~~hexopy ranoside @J 

To a degassed (argon bubbling) solution of 12 (0.7 g, 1.56 mmol) and AJBN (60 mg, 0.36 mmol) in 
toluene was added tri-n-butylstmnane (1.5 ml, 5.4 mmol) and the mixtured stirred at reflux for 30 minutes. 
The solution was then concentrated to dryness and the residue purifii by chromatography (ethyl acetate: 
cyclohexane, 1:3) to give 13 as a clear od (370 mg, 48%). [u! 23 -390 (c 0.36, CH Cl ); JR v 

I* 8 NMR (CDU3) 6 683to 1.6?&!?$ 2957, 2929, 2871, 2832, 1147, 1114, 1075, 1027, 910, cm- , 
n-Bu), 1.93 (m, 2H, H-2). 3.50 (s, 3H, OMe), 3.97 (dd, lH, 5=10.4,3.1 Hz, H-6 ), 4.17 (d, lH, J=10.4 Hz, 
H-6,,,&, 4.26 (dd, lH, J=5.6, 2.7 Hz, HA), 4.30 (ddd, lH, J=5.6, 3.6,2.0 Hz, E3), 4.40 (dd, lH, J~3.0 Hz 
each, H-5), 4.96 (dd, lH, J=7.6, 5.5 Hz, H-l), 4.99 (dd, 2H, J=42.0, 10.5 Hz, OCHaS). asqnmem 
confii by 2D NMR (COSY). RIMS m/z: 121, 151, 177, 219, 235, 265, 291,333, 361, 393,439 (M - 
(C!.++,+)); Anal. c&d. for C&&,O$Sn: C, 48.50; H, 8.14; Found C, 49.0; H, 8.0. 

Note: the same reaction from 6 and 2 gave mixtures from which only 13 could be isolated. 
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Methyl 3,6-anhydro+D-galactopyranoeide (16). 

To a cold (CPC) solution of 15 (3.88 g, 20 mmol) in pyridme (160 ml) were successively added carbon 
tetrabromik (6.66 g, 20 mmol) and triphenylphosphine (10.54 g, 40 mmol). The reaction mixtum 
stirmd4hoursatroom~ and1houret6ooc.Aftcradditionofmthsnol(loOml),thc~~u~~ 
was evaporated to dryness and the residue purRled by chromatography (chloroform: methanol, 1O:l) to gi;$ 
asolidwhich,afterreqstaE&onfromdichlo mme&sne gave 16 (2.11 g, 60%); m.p. 1141X. [al 
-108O (c 1. water), [u]D (KBr): 3403 11% 
1082, 1065, 1049,976,938 cm- ; ‘H NMR (CDCls) 8 3.8 (s, 3H, OMe), 3.66 (dd, l”# J=4.8,0.8 &, OH): 

-48O f” 1, MeOH), (ht.r4 [a] l* -115 (c 1, water)); JR v 

4.25 (d, lH, J34.6 Hz, OH), 3.97 (dd, lH, J=9.5,3.2 Hz, H-6,.& 4.01 (dd, lH, Jw4.6 Hx each, H-2), 4.15 (d, 
lH, J=9.4 Hz, H-6 

& 
,4.22 (d, lH, J=4.8 Hz, H-l), 4.26 (m. lH, H-5). 4.44 (dd, lH, 334.8, 2.0 Hz, H-4), 

5.49 (s, lH, H-3). m/z: 162, 1076, 180, 194 (M + NH,+); Anal. calcd for C,H120+ C, 47.73; H, 6.87; 
Found: C, 47.4; H, 6.90. 

Methyl 3,6-anhydro-2P-di-O-phenoxythiocarbonyl-~-D-galactopyran~de (17). 

Following the same procedure 85 for 2, starting from 12.48 g (71 mmol) of l6, gave 17 (22.23 g, 70%); 
m.p. 1424OC. [u]on -112“ (c 1, CH&l 

d 
; IR v (KBr): 1311, 1271, 1202, 1188, 1071 cm-l; ‘H NMR 

(CDCl ) 8 3.50 (s 3H OMe) 4.10 (dd 1 J=lOy3.3 Hx H-6 ), 4.44 (d, lH, J=lO.O Hz, H-6 ), 4.71 
(m, 1H: H-5), 4.85 (s,‘lH, H-5). 5.05 (i, lH, J=5.0 Hx, H-l!, 5.5$9d, lH, J=5.0 Hz, H-2), 5.76 (d,B, J=l.7 
Hz, H-4). CJMS m/z: 113,128,146,160.176.220,233,263,280,295,312,330.417,449,466 (M + NH,+); 
Anal, calcd. for ~lH&7Sz: C, 56.24, H. 4.49; S, 14.30: Found: C, 56.2; H, 4.47; S. 14.2. 

Methyl 3,6-anhydro-2,4-dideoxy-@D&o-hexopyranoside (Ib). 

To a &gassed (argon bubbling) refldg solution of 17 (2.24 g, 5 mmol) and AIBN (200 mg, 1.2 
mmol) in 40 ml of toluene was added dropwise tri-n-butylstaMane (3.3 ml, 12 mmol) over a period of 30 
minutes. The mixture was stirred at reflux for a further 30 minutes and the solution was CoIKmtreted under 
atmospheric pressure to a msidual volume of 6 ml. Tbe residue wassurified by chromatography (ethyl 
acetate: cyclohexane, 1:2) to give lb (330 mg, 46%) as an oil, [a]n -151” (c 1.18, CH Cl ); ‘H NMR 
(CDCl,) 8 1.78 to 2.06 (m, 4H, H-2xd H-4), 3.40 (s, 3H, OMe), 3.75 (da, lH, J=9.4,3.2 I-& h-6 

ti 
,4.29 

(dd, lH, J=9.4, 1.1 Hz, H-6&, 4.47 (m, lH, H-5). 4.56 (ddd, lH, J=6.0,4.0, 1.7 Hz, H-3), 4.7 (d, lH, 
J=6.0 Hz, H-l), assignment confirmed by 2D NMR (CGSY). r3C NMR 8 36.4,37.9,55.7,72.8,73.05,74.1, 
98.5. RIMS m/z: 58, 69, 75, 84, 101, 113, 127, 144 (M+).Anal. c&d. for C,H1203: C, 58.32; H, 8.39; 
Found: C, 57.9; H, 8.5. 
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