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ABSTRACT 

Oxidation of I,3 :4,6-di-0-benzylidene-o-mannitol in ethyl acetate with 
ruthenium tetraoxide gave the corresponding drketone as its hydrate, which was 
dehydrated to the free diketone. These compounds were treated with a variety of 
reagents containing hydride, oxygen, nitrogen, and carbon nucleophrles. Only m 
reactions with methylmagnesium iodide and with diazomethane was the symmetrical 
bis-adduct obtained. In all other cases, the reactivity of the two carbonyl groups was 
different. Hydride addition occurred with opposite stereoselectivity at each carbonyl 
group. With oxygen and nitrogen nucleophiles, cychc adducts were obtained, arising 
from bridging across the two carbonyl groups by one molecule of nucleophilic reagent. 
The configurations of the ring fusions were deduced by p.m.r spectroscopy, and the 
c&&-structure was preferred in compounds containing one five- and two six- 
membered rings. In the reactions with other carbon nucleophiles, complex mixtures 
were obtained due, at least in the case of the reaction with phenylmagnesrum bromrde, 
to elimination reactions_ 

INTRODUCTION 

In connectron with another investrgation, a range of 2,5-drsubstituted deriva- 
tives of I,3 : 4,6-di-0-benzylidene-D-mannitol (1) containing branched-chain and 
amino functions at positions 2 and 5 was required_ The synthetic utility of ketone 
intermediates in the synthesis of derivatives in these classes has been amply demon- 
strated’ and therefore a strategy was devised involving 1,3 :4,6-di-0-benzyhdene-D- 
t/lreo-2,5-hexodiulose, which could be reacted with a range of carbon or nitrogen 
nucleophdes. 

Of the available methods for oxidation of secondary hydroxyl groups in carbo- 
hydrates, those using dimethyl sulphoxide-acetic anhydride and ruthenium droxrde- 
potassium periodate were selected as being potentially most surtable. 

OOOS-6215/81/ oooQ-oooo/S 02.50, @ 1981 - Elsevier Scientific Publishing Company 



42 N. BAGGETT, P. STRIBBLEHILL 

RESULTS AND DISCUSSION 

Oxidation of 1 (ref. 4) with dimethyl sulphoxide-acetic anhydride gave three 

products, and structures were asssgned, on the basis of the analytical and spectro- 

scopic data, by anatogy with previous results’ and assuming no migration of benzylid- 
ene acetal groups and no configurational inversion. The major product was a methyl- 
thiomethyl ether (p.m.r. peaks at 7 5.31 and 7.59) of a dibenzylidenehexulose, and, 
because of the symmetry of the substrztte, it follows that this is I,3 :4,6-di-O-benzylid- 
ene-5-0-(methylthiomethyl)-D-fructose. 

The second product was shown by its elemental analysis and simple p-m-r. 
spectrum to be a symmetrical hydrate of a dibenzylidenehexodiulose which is assumed 

to have retained the 1,3 :4,6_arrangement of the acetal groups, and the D-rAl-eo 
configuration. Two diastereoisomeric structures are possible for this hydrate, which 
differ in the configuration of the ring fusions. This aspect of the structure will be 
discussed later. 

The third product was a syrup; the spectroscopic data were consistent with 
its being I,3 :4,6-di-O-benzylidene-l),5-di-0-(methylthiomethyl)-~-mannitol, but satis- 

factory analytical data could not be obtained. 
The formation of methylthiomethyl ethers in competition with oxidation is 

analogous with previous results using unhindered secondary alcohols’, and attention 
was turned to ruthenium tetraoxide6-7 as oxidant. Carbon tetrachloride or dichloro- 

methane is the best solvent for this type of oxidation*, but 1 is only slightly soluble 

in these solvents. Although 1 is more soluble in dichloroethane, oxidation failed to 
occur in this solvent. Ether, benzene, and pyridine were excluded because of their 
explosive reaction9 with ruthenium tetraoxide, leaving acetone and ethyl acetate as 
the only common solvents in which 1 is reasonably soluble. The use of acetone as 
solvent has previously given’ disappointing results, and oxidation of 1 in wet acetone 
overnight at room temperature gave only 4% of the diketone hydrate 2, together 

with another compound which appeared to be a monoketone, most probably I,3 :4,6- 
di-0-benzylidene-D-fructose (3). 

With ethyl acetate as solvent and potassium periodate as oxidant, 1 was con- 
verted efficiently into the diketone hydrate 2 (73% yield by direct crystallisation). 
Attempted oxidation of 1 using sodium hypochlorite I0 in ethyl acetate gave a complex 

mixture of products (t.1.c.) from which 2 could not be isolated by crystallisation. 
Crystalhsation of 2 from dry methanol yielded the methanolate 4, from which 

the acetate 5 was obtained. The hydrate 2 was converted into the crystalline diketone 
6 using a type 5A molecular sieve. 

Stereoisomeric structures are possible for 2,4, and 5, involving cis,ci.s-, cispans-, 

and frans,tmns-fusions of the rings. For 2, only one .&tram isomer is possible, but 

for 4 and 5, there are two possible cis,trans isomers. 
Consideration of the structures of I,3 :4,6-di-O-benzylidene-2-hexuloses, in 

which the stereometry at one of the rin g Fusions in the cyclic hemiacetal form is 
determined by the configuration, ~ Dives information about the relative stabilities of 
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cis- and rmns-fusions in this partrcular heterocyclic system. The i r. absorption at 
1740 cm-’ shows that 1,3 :4,6-di-U-benzylidene-D-fructose (3) exists as the free 
ketone; an mternal hemiacetal would have a tro/rs-fusion of five- and six-membered 
rings. The occurrence” of the internal hemiacetal, with two cis-fusrons between five- 
and six-membered rings, in I,3 :4,6-di-U-benzylidene-/3-L-sorbofuranose (7) indicates 
that the &s-fusion between five- and six-membered rings is more stable than the tt-nt~s- 
fusion in these oxygen heterocycies. The c&fusion IS more stable m other hetero- 
cycles’2. 

The relatively simple p.m.r_ spectrum for the hydrate 2 suggests a symmetrical 
structure and, because of the expected greater stabrlity of the &-fusion, the (2.5X?)- 
2,5-anhydro-I,3 :4,6-di-0-benzyfidene-2,5-di-C-hydroxy-D-r/~t co-hexxitol structure can 
be assigned_ Replacement of the hydroxyl group in 7 by a methoxyl group, to grve 
methyl 1,3 :4,6-di-0-benzylidene-P_r-sorbofuranoside (8). caused only a small 
change in optical rotation’ r, and therefore, because of the similarity in optical rotation 

of 2, 4, and 5, the c&c&structure may be assigned to each compound_ 
Inspection of molecular models reveals that the torsion angle between H-3 and 

H-4 is close to 90” in a cis,cis-Fused structure and close to iS0” in a tr-arzs,tt-ntrs-fused 
structure, so that a significant difference in the coupling constant between these 
protons would be expected _ I3 Because of the symmetry OF the hydrate 2, H-3 and 
H-4 are stereochemically equivalent and therefore rsochronous, so that no coupling 
is observed; in the methanolate 4 and its acetate 5, separate srnglet peaks were 
observed for H-3 and H-4. The absence of coupling indrcates” that the torsron angle 
is close to 90” and confirms that the compounds have cir,ci.s-fusron of the rings. 

Ph 

Ph 

Ph 

a cls.crs-fuston b franS,tfanS-f USlOfl 
NH 

2R=R’=OH.X=0 11 R = R’=OH.X= N-NH2 or 1 

13 R = R’= 0H.X = NNHPh 
NH 

4R=OH.R’=OMe,X=O 

5R=OAc,R’= OMeX=O 14 R = R’= OH,X = yH 
NPh 

7 R = OH.R’= H X = 0 Wef.11) 19 R = R’ = OH,X = NPh 

8R=OMe,R’= H X= O(ref11) 24 R= OH,R’=d#thmnyl.X = 0 

There are three I,3 :4,6-di-0-benzylidenehexrtols, having D-J?UWJZO, o-gko, 

or t-ido configurations, which may be obtained from reductron of the symmetrical 
diketone 6. Only the D-nzmzno isomer is knownf 

Reduction of 6 with lithium aiuminium hydride, or of the hydrate 2 with 
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a crs-fusion b trans-fusion 

10 R = H,X = Nn 12 R = H,X = NH 

16 R = H.X = 0 15R=hX=O 

18 R = Ac,X = 0 17 R = Ac.X = 0 

sodium borohydride, gave the same product, whrch was unsymmetrical and must 
therefore be 1,3 :4,6-di-O-benzylidene-o-glucitol (9). Thus, the two initially identical 

carbonyl groups have been reduced with opposite selectivity. However, this identity 
is lost when one carbonyl group is reduced and It is therefore not surprising that the 
second is reduced with opposite selectrvity to the first. For 1,4-diketones, it has been 
suggested” that the second carbonyl group is reduced intramolecularly by the alkoxy- 
metal hydride formed in the intermolecular reduction of the first carbonyl group, 
thus accounting for the opposite stereoselectivity observed_ 

The reaction of a diketone with hydrazine could give a mono- or bis-hydrazine 
adduct. A cyclic monohydrazine adduct of the diketone 6 may have five- or six- 
membered rings, but if elimination of one or two molecules of water occurs, the 
structure must contain a six-membered ring. 

The reaction of the hydrate 2 with hydrazine hydrate gave three products, 
one of which (10) was shown by elemental analysrs to be a hydrated azine. The p_m.r. 
spectrum of 10 showed two singlets attributed to H-3 and H-4, indicating a torsion 

angle close to 90” and therefore a c&fusion of the ring. The major product 11 was 

apparently symmetrical, because of its simple p.m.r. spectrum when freshly dissolved, 
and the presence of OH and NH groups was suggested by the i-r. spectrum. However, 
the elemental analysis was intermediate between those for a di- and a mono-hydrate. 

The spectroscopic data for 11 do not indicate whether the rings are cis- or trans-fused, 
nor whether the two carbonyl groups are brrdged through a single nitrogen atom or 
through two nitrogen atoms. When a cooled solution of 11 was stored for 7 days, 
a third crystalline substance (12) was obtained. Satisfactory elemental analysis figures 
could not be obtained for 12, but the i-r. and p.m.r. spectra suggested it to be a mono- 
hydrate of the azine. The Jss4 value of -9 Hz in the p.m.r. spectrum of 12 indicated 
an an&disposition of H-3 and H-4, and therefore a trans-fused ring system can be 

tentatively assigned to this compound. 
The major product obtained on treatment of 11 with sodium borohydride stall 

contained one C=N group, was unaffected by sodium borohydride, and had a J3,s 
value of -9 Hz, indicating that the rings were trans-fused. 
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The reaction of the hydrate 2 with phenylhydrazine gave two isomeric adducts 
resulting from replacement of the water of hydration by one phenylhydrazlne mole- 

cule without further ehmmatlon of water. It is possible for a phenylhydrazine mole- 
cule to bridge the two carbonyl groups through one nitrogen atom (13) or through 
two nitrogen atoms (14); in each case, cis- or tl-n/Is-fusion of the rings must be con- 
sidered, so that there may be three isomers of 13 (assuming, as is hkely”_ that 
nitrogen inversion and bond rotation are both rapid) and four isomers of 14. 

In the five-membered ring structures 13, assummg that bond rotation and 
nitrogen inversion are rapid on the n.m.r. time-scale, both cis,cis- and tzmzr,tz-mzs- 

structures are symmetrical and should therefore show relatively simple p-m-r. spectra; 
the observation of complex spectra excludes these structures. The cis,fl-clns-fused 
structure 13 is also unlikely, because of the relative instability of a t/-n/u-fusion of 
five- and six-membered heterocycles. 

Inspection of molecular models shows that, of the structures (14) containing 
three six-membered rings, only the cis,cis- and tr-n:zs,tl-awls-structures allow all three 
rings to adopt chair conformations and hence are the most likely” forthe two products 

obtained. In the all-chair tr-nns,tl-n/zs-structure 14b, the torsion angle between H-3 
and H-4 is ISO”, whereas it is 60” for the all-chair cis,cis-structure 14~ Furthermore, 
a conformation with a 90” torsion angle between H-3 and H-4 can readily be obtained 
for 14a (but not for 14b) by partial flattening of the chair rings. 

The p.m.r. spectrum of the less-soluble phenylhydrazine adduct showed two 
singlets attributed to H-3 and H-4, and therefore this compound can be assigned the 
ci.s,cis-structure 14a; the more-soluble isomer LS tentatively asslgned the tt-mzJ,trmzs- 

structure 14b. The i.r. spectrum of each compound m ddute solution In carbon 

tetrachloride contamed peaks attributed to intramolecularly bonded OH groups, but 
the information does not allow structural assignments to be madeL8. Attempts to make 
acetate derivatives were unsuccessful. 

The reaction of hydrovylamine with the hydrate 2 gave two mono-oximes 

(A and B) which had no i.r. absorption for carbonyl, Indicating that cychsatlon 

analogous to hemiacetal formatlon had taken place between the oxime OH and the 
remaming C-O group. Each product gave an acetate. 

Two structures are possible for these oximes, which differ in the contiguration 
of the fusion of the “hemiacetal” ring to the 1,3-dioxane ring; the t~-~w Isomer 15 

has a torsion angle of - lS0” between H-3 and H-4, whereas in CIS Isomer 16, a 

torsion angle of 90” IS possible when the rings are some\+hat flattened to accommodate 
the C=N double bond. The p m.r. spectra of oxime A (crystallised from ethyl acetate) 
and its acetate both showed J3,+ to be - 9 Hz, consistent with the tl-rrizs-configuration 

15 and 17. The p.m.r. data for oxime B (crystallised from ethanol) were inconcluslve, 
because of accidental equivalence of peaks, but that for the acetate revealed sInglets 
for H-3 and H-4 consistent with the cis-configuration 18 and 16. 

The reaction of aniline with either the hydrate 2 or the free diketone 6 gave the 
same monoaniline derivative, which had no i-r. absorption for carbonyl and a simple 
p.m.r. spectrum, suggesting a symmetncal, bridged structure 19, which IS a mtrogen 
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analogue of that for the hydrate 2. By analogy with 2, 19 can be assigned the cis,cis- 

structure 19a. Acetylation of 19 caused decomposition and yielded acetanilide. 

Thus, in reactions of the diketone 6 or its hydrate 2 with reagents of the type 
NH,XH, the initial adduct cyclises by interaction of XH with the second carbonyl 
group, thereby preventmg further reaction with NH2-XH_ If a reagent of the type 
NH,R is used, cyclisation involving a five-membered ring occurs. Furthermore, 

the acetyl derivatives contained the group 0-C-OAc, and compounds of the type 
=N-C-Okc were not obtained, presumably because the =N-C-OH group 

would be attacked preferentially at nitrogen, leading to decomposition. 
The reactions of carbonyl compounds with Grignard reagents or organolithium 

reagents can proceed with opposite’g-‘o stereoselectivities. The reaction of each type 
of reagent with the diketone 6 was investigated. The reactions of methylmagnesium 
iodide with the hydrate 2 gave two products arising by the addition of one methyl 
and two methyl groups, respectively. The chemical shifts of the p.m.r. signals for 

methyl groups in these compounds were similar (r S-49 and 8.42) and consequentlythey 
can be assigned the same configuration at the tertiary-alcohol centres. The mono-C- 
methyl adduct had i.r. absorptions for hydroxyl and carbonyl groups, indicating that 
internal hemiacetal formation had not occurred, and it can therefore be assigned the 
structure I,3 : 4,6-di-0-benzylidene-S-c-methyl-o-fructose (20). It follows that the 

di-C-methyl adduct is I,3 :4,6-di-0-benzylidene-2,5-di-C-methyl-D-mannitol (21). 

The reaction of methylmagnesium iodide with the methanolate 4 gave 21 in 
low yield, whereas the ketone 6 gave 21 in 46 % yield together with 3 % of another 
bis-adduct. The unsymmetrical nature of the latter compound was indicated by the 
two p-m-r. signals (r 8.48 and 8.83) for C-methyl groups and therefore it must have 
the (2R,5S)- or D-&co-configuration 22. Axial Me-5 groups in 1,3-dioxane deriva- 

tives generally resonate to lower field than equatorial” Me-5 groups, so that the 
p-m-r. signals at r S-48 and 8.83 for 22 are due to axial and equatorial methyl groups, 
respectively. The p.m.r. signals at T 8.42 for 20 and at T 8.49 for 21 can be assigned to 
axial methyl groups_ 

The hydrate 2 and the methanolate 4 were not significantly affected by methyl- 
lithium, but the diketone 6 gave a complex mixture (t.1.c.). 

In the subsequent reactions, the diketone 6 was used rather than the hydrate 2 
or the methanolate 4, in view of the higher yields obtained in reactions with methyl- 
magnesium iodide_ 

The reaction of 6 with phenylmagnesium bromide gave 15 % of a product 
tentatively identified as a 1,3-0-be~iidene-4-deoxy-2,5-di-C-phenylhex-3-enitol 
(23); the configuration at C-2 and C-5 was not assigned. Such a product could arise 

by &ehmination prior to addition to the second carbonyl group. Attempted acetyla- 

tion of 23 gave a product for which satisfactory analytical figures could not be ob- 

tained, but which appeared to be a di-acetate; it had two p.m.r. signals for OAc 
groups and i-r. absorption for hydroxyl. 

The reactions of 6 with benzylmagnesium chloride and ethylmagnesium bromide 

gave compIex mixtures (t.1.c.). 
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Consideration of the structure of the intermediate product suggests a possible 
reason for the difference in reactivity with various Grignard reagents_ Assuming that 
the Grignard reagent adds into the axial position In all cases, addition of the alkoxide 
group to the carbonyl group is precluded, because this would involve a Imlzs-fusion 
of five- and six-membered rmgs. In the conformation of the intermediate which has a 
planar, zigzag carbon-chain, the alkoxide group IS Ideally arranged for abstraction 

of a proton and antiperiplanar elimination, as shown in Scheme 1. The other possible 
fate of the intermediate is to undergo addition of a second equivalent of Grlgnard 

reagent. Apparently, attack of the second molecule of Grlgnard reagent is the major 
route for the relatively small, methyl Grignard reagent, whereas elimination occurs 
with the more bulky, phenyl Grignard reagent 

Ph 

Ph 

Ph+OH 

Scheme 1 
23 

The reactlon of 6 with 2-hthio-1,3-dithlane produced a complex mixture of 
products from which 1,3-dithiane (61 “/o) was recovered, suggesting that the reagent 
reacted as a base, rather than as a nucleophlle, and abstracted protons. Extenstve 

chromatography of the remainder gave a chromatographically homogeneous syrup 
which appeared to be 1,3 :4,6-di-0-benzylidene-5-C-( 1,3-dithian-2-yl)-B-L-sorbo- 
furanose (24). It had i r. absorption for hydroxyl, but not for carbonyl, and the n.m.r. 
spectrum indicated two different benzylidene groups, one dlthiane residue, and one 
hydroxyl group. The peaks attributed to H-3 and H-4 were singlets, suggesting a 
torsion angle close to 90” and a &c&fusion of rings. Structure 24 could arise by 
addition of the dithianyl group to the less hindered, equatorial position followed by 
cyclisation of the alkoxide group onto the carbonyl group. Previous results” indicate 
addition into the less hindered position. 

The reactlons of 6 with diazoalkanes were also explored. Dlazoalkanes generally 
react with ketones to give mixtures of epoxides and homologous carbonyl compounds; 
epoxides preponderate if electron-wlthdrawing groups are present CL to the carbonyl 

group23. Carbohydrate ketones have given epoxides2A and also ring-expansion 
products”. 

The reaction of 6 with diazomethane gave mainly a bis-epoxlde, which was 
reduced by lithium aluminium hydride to the same compound as obtained by the 
addition of methylmagnesium iodide to 6. Thus, the bis-epoxide was 2,2l:5,5l- 
dianhydro-I,3 :4,6-di-O-benzylidene-2,5-di-C-hydroxymethyl-o-mann~tol (25). Two 
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minor products were also obtained from the reaction: one was a mono-epoxide 
resulting from addition of one diazomethane molecule, and the second had the 
elemental analysis for a bis-epoxide, showing that addition of two methylene groups 
had occurred, and i-r. absorption for carbonyl, suggesting ring expansion_ The 
structure (26) for this product was deduced from its p.m.r. spectrum; the peaks 
assigned to the methylene group gave an ABX pattern, showing that the methylene 

group was adjacent to one other hydrogen and was therefore not adjacent to either 
terminal position. In both the bis-epoxide and the product of methylene insertion, 
a long-range coupling, with J 2 Hz, was observed between the lower-field epoxide 
peaks and the lower-field terminal protons. This observation was taken to indicate 
similarity of constitution of the epoxide rings in the two compounds and therefore 

that methylene insertion had taken place in the ring without the epoxlde group. 

25 26 27 

The formation of these products is consistent with the previously proposed 
mechanismZ6. Following axial addition of diazomethane to the carbonyl group, 
three staggered conformations are possible (Scheme 2). In one, the N,t group is 
favourably placed, both sterically and electrostatically, above the ring-oxygen atoms, 
and antiperiplanar-elimination of nitrogen would give the epoxide. The remaining 
rotamers may be designated eso and e&o, with the Nz group directed either away 
from or towards the rest of the molecule. The eso rotamer should be the more 

F;2 _.-H 
H 

0 R 7 49 0- 
P 0 

Ph 

Scheme 2 
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favoured, and loss of nitrogen with participation by the electrons in the antiperrplanar 
bond would give insertion of the rnethylene group into the internal bond. 

Some support for the notion that the configuratron of the monoepoxide (27) 
is the same as in the other two products comes from the observation of similar, 
long-range coupling in their p.m.r_ spectra. 

The reaction of the hydrate 2 wrth diazomethane gave the same three products 

as were obtained from 6, which was also recovered unchanged after SIX days In contact 
with diazo(diphenyl)methane’7. 

Epoxides with either axial or equatorial methylene groups can be obtained by 
reaction of cyclic carbohydrate ketones with dimethylsulphoxonium methyhde”, 
whereas non-carbohydrate ketones give products having equatorial methylene 
groups. The reaction of 6 with dimethylsulphoxonium methylide did not give a brs- 
epoxide, and the only product had the formula C,, H1,O, and must have resulted 
from the addition of one methylene group to the substrate C1eHL806. However, 
it had i-r. absorption for hydroxyl (3420 cm -I), but not for carbonyl, and IS therefore 
not a simple mono-epoxide or homologous ketone. 

The foregoing data indicate that the two equivalent carbonyl groups in 1,3 :4,6- 

di-O-benzylidene-D-r/rrc@2,5hexodiulose do not generally undergo identical reactions 
with nucleophilic reagents_ Whereas symmetrical bis-adducts were obtained from 
reactions with methylmagnesium Iodide and wrth drazomethane, the reactions with 
hydride, oxygen, nitrogen, and other carbon nucleophrles did not grve symmetrical 
bis-adducts This behaviour can be Interpreted as an rntermolecular reactron of either 
of the Identical carbonyl groups with the nucleophilic reagent, followed by intra- 
molecular reactions leading to cyclisation or eliminatron. 

EXPERIMENTAL 

Getrerai methods. - Concentratrons were effected in sacuo below 40”. Melting 

points are uncorrected_ T.1.c. was performed on Silica Gel (Merck, 773 1) with detectron 
by iodine vapour or vamllin-sulphuric acrd. Column chromatography was conducted 
on Silica Gel (Merck, 7734). 1-r. spectra were recorded for hquid films or NUJO~ mulls 
with a Pye Unicam SP 200G instrument, and for dilute solutions with a Perkin- 
Elmer 125 instrument_ Optical rotations were determined with a Perkin-Elmer 141 
automatic polarimeter (I-dm tube) at 21 O_ N.m.r. spectra (internal Me,Si) were 
recorded at 100 MHz with a Perkin-Elmer RI4 spectrometer. Chemrcal shifts are 

. . 
grven u-r p-p-m., and the couplings given are first-order spacings. 

Oxidation of I,3 : 4,6-~i-O-beil~~Li~~e~le-~-mannitoI (1) II it/l nrrheni~rm retraoside 

- (A) To a stirred solution of 1 (1 g) in alcohol-free acetone (30 ml) and water (20 

ml) were added potassium carbonate (93 mg), potassium periodate (1.68 g), and 
ruthenium dioxide (20 mg). After 20 h, t.1.c revealed that all of 1 had reacted, givmg 
two products_ Propan-2-01 (10 ml) was added, and, after 30 min, the rmxture was 
filtered, the acetone was evaporated, and the product (0.73 g) was isolated by extrac- 
tion with chloroform (100 ml)_ Elution from silica gel (50 g) with tetrachloromethane- 
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ethyl acetate (1: 1) gave, first, 1,3 :4,6-di-0-benzylidene-D-tlzreo-2,5-hexodiulose 
hydrate (2), m-p. 144145’, b]p + 58.5” (c 1.04, 1: 1 chloroform-methanol), v”,!‘?’ 

3320 cm-’ (OH). P. m.r. data (CDCI,): r 2 6 (m, 10 H, 2 Ph), 4.43 (s, 2 H, 2 PhCH), 
5.57 (s, 2 H, H-3,4), 5.64 and 5.9s (ABq, 4 H, J,,, 12 Hz, H-1,1’,6,6’), and 6.04 
(s, 2 H, OH) (Found: C, 64.7: H, 5.4. GOHZOO, talc.: C, 64.5; H, 5.40A). 

Eluted second was I,3 :4,6-di-0-benzylidene-D-fructose (1 SO mg), m p_ 17 l- 
172”, [cL]~ -62” (c 0.75, chloroform), ~2:’ 3480 (OH) and 1740 cm-’ (C=O). 

P.m.r. data [(CD&CO]: r 2.6 (m. 10 H, 2 Ph), 3.78 and 4.40 (2 s, 2 H, 2 PhCH), 
4.91 (s, 1 H, H-3), 5.36 and 5.58 (ABq_ 2 H. J,,, 16 Hz, H-l, 1 ‘), and 5.65-6.40 
(m, 4 H, H-4,5,6,6’) (Found: C, 67.1: H, 5-S. C,,-,H,,O, talc.: C, 67.4; H, 5.7%). 

(B) A solution of 1 (2 g) in ethyl acetate (30 ml) was stirred, and water (30 ml) 
followed by anhydrous potassium carbonate (IS6 mg), potassium periodate (3.36 g), 

and ruthenium dioxide (40 mg) were added. The reaction was monitored by t.l.c., 
which showed that the same two spots as in (-4) were present after 24 h. Potassium 
periodate (3.36 g) and potassium carbonate (1 S6 rng) were added and, after a further 
24 h, the oxidation was complete (t.1.c.). Propan-2-01 (10 ml) was added and, after 
stirring for 30 mm, the mixture was filtered, and the ethyl acetate layer was washed 

with water (20 ml), dried (MgSO,), and concentrated. The residue was crystallised 
from ethanol, to give 2 (1.46 g, 70%), m-p. 14p145”. 

(C) When oxidations were attempted with I.2-dichloroethane as solvent, or 
ethyl acetate as solvent and sodium hypochlorite as oxidant, a mixture of products 
was obtained (t.1.c.). 

Osidntion of 1 n itfr dimethyl srrlphoside md ncetic nnfq dridc. - A solution 

of 1 (5 g) in dimethyl sulphoxide (SO ml) and acetic anhydride (40 ml) was stored at 

room temperature overnight and then concentrated to dryness. Benzene was twrce 
evaporated from the residue, which was then eluted from silica gel (200 g) with 
tetrachloromethane-ethyl acetate (4 : l), to give three homogeneous fractions (in 

addition to mixtures): (I) a syrup (272 mg); p m r. data (CDC13): r 2 55 (m, 10 H, 
2 Ph), 4.46 (s, 2 H, 2 PhCH), 5.28 (s, 4 H. 2 OCH$), 7.85 (s, 6 H, 2 SMe), and 
5.36-6.40 (m, 8 H, hexitol chain); (2) 2 (375 mg); (3) 1,3 :4,6-di-0-benzylidene-5-0- 
(methylthiomethyl)-o-fructose (0.93 g), m-p. 132-133 O, b],, -63” (c 1.06, chloro- 
form), v:$’ 1740 cm-’ (C=O). P.m.r. data (CDCI,): r 2.6 (m, 10 H, 2 Ph), 4.02 
and 4.50 (2 s, 2 H, 1,3- and 4,6-0-benzylidene methines, respectively), 5.31 (s, 2 H, 
OCH?S), 7.S9 (s, 3 H, SMe), and 5.12-6.40 (m, 7 H, skeIeton protons) (Found: C, 
63.6; H, 5.5; S, 7.9. C,?HI,OBS talc.: C, 63.45; H, 5.8; S, 7.7%). 

I,3 : 4,6-Di-O-berq IiRene-D-threo-2,5-heso&trlose. - A solution of 2 (1 g) 
in dry benzene (100 ml) was heated under reffux and the condensed solvent was 
percolated through molecular sieve type 5A in a Soxhlet thimble. Ahquots of the 
solution were withdrawn at intervals and examined by n.m_r. spectroscopy. After 
3 days, when the signals for the hydrate had been replaced by signals for a new compo- 
nent, the solution was cooled, dry light petroleum (b-p. 60-80”) was added, and the 
title compound was collected; m-p. 195-196”, b]u -93” (c 1.7, chloroform), \typ’ 
1730 cm-’ (C=O). P. m-r_ data (CDCI,): r 2.60 (m, 10 H, 2 Ph), 4.05 (s, 2 H, 2 
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PhCN), 4.87 (s, 2 H, H-3,4), 5.38 and 5.47 (ABq, 4 H, J,,, 17 Hz, 2 CHJ (Found: 
C, 68.0; H, 5.2. CZ0H1806 talc.: C, 67.8; H, 5.1X)_ 

(2S,5S)-2,5-Anhydro-I,3 : 4,6-di-0-benzylidene-_ 7-C-lzydroxy-S-C-metboxy-D- 

threo-he_rifol (4). - Two recrystallisations of 2 or 6 from dry methanol gave 4 
(80x), m-p. 173-174”, [u],, f71” (c 1.1, chloroform), Vale’ 3500 cm-’ (OH). 
P.m.r. data (CDCL, or C,D,): ‘c 2.50 or 2.75 (m, 10 H, 2 ?h); 4.38, 4.40 or 4.72, 
4.85 (2 s, 2 H, 2 PhCH); 6.15 or 6.10 (s, 1 H, OH); 6.50 or 6.70 (s, 3 H, OMe), 5.47, 
5 57 or 5.61, 5.74 (2 s, 2 H, J3V5 0 Hz. H-3,4); 5.39 and 5.94, 5 60 and 5.94, or 5.54 

and 6.07, 5.60 and 6.36 (2 ABq, 4 H, J,,, 12 Hz, 2 CH?) (Found: C, 65.8: H, 5.6. 
C,,HZzO, talc.: C, 65.3; H, 5.7%). 

(2R,5S)-2-C-Aceto_~_~-2,.5-nnlI~dro- I,3 : 4,6-di-O-ber~~?Iide?~e- 5-C-metl~os~ -D- 

threo-/ze_ritoZ. - A solution of 4 (0.5 g) in acetic anhydride (8 ml) and pyrldme (10 
ml) was stored at 0” for 18 h and then poured into Ice-water (50 ml) The product 

was collected, and recrystallised from ethanol to give the title compound (0.41 g, 
74x), m-p. 108-log”, [x]~ + 34” (c 1, chloroform), vale’ 1745 cm-’ (C =O)_ 
P.m r. data (CDCI,): T 2.6 (m, 10 H, 2 Ph), 4.36, 4.45 (2 s, 2 H, 2 PhCH), 5.18 and 
5.63, 5.56 and 6.01 (2 ABq, 4 H, J,,, 12 Hz, 2 CH,), 5.58, 5.20 (2 s, 2 H, H-3,4), 6.51 

(s, 3 H, OMe), and 8.10 (s, 3 H, AC) (Found: C, 64.8; H, 5 8. C,,H?,O, talc : 
C, 64.5; H, 5.65%). 

Reactions of I,3 : 4,6-di-O-bmq iidcne-D-threo-2,5-kxoditdose lgrdranfe (2). - 
(A) WitJz plze/lyl~z~?drazitze. A solution of 2 (5 g) in ethanol (150 ml) containing 
phenylhydrazine (3 g) was stirred for 30 min and then cooled to 0” for 30 min. The 
resulting solid (5.1 g, 85 %) was collected, and then fractIonally crystalllsed from 

ethanol. The less soluble derivative 14a had m-p. 157-I 58 O, [x] ,, + 122 o (c 1, chloro- 
form), vL:J (c 0.01~) 3552 (OH) and 3339 cm-l (NH?). P.m.r. data (C,D,). 72.8 

(m, 15 H, 3 Ph), 4.86 and 4.93 (2 s, 2 H, 2 PhCH), 5.30 and 6.06 (ABq, 2 H, J,,, 
13 Hz, H-1,1’), 5.56 and 6.14 (ABq, 2 H, J,,, 12 Hz, H-6,6’), 5.74 and 5.82 (2 s, 
2 H, H-3,4), 5.91 (s, 1 H, NH), and 4.50 and 4.78 (2 s, 2 H, 2 OH); shaking the 
solution with D,O removed the peaks at r 4.50 and 4.78, and diminished the peak at 
‘c 5-91. P-m-r. data (CDCI,): inter alia, T 5.54 and 6.09 (2 s, 2 H, H-3,4) (Found- 
C, 67.8; H, 5.8; N, 6.0. C,,HZ6Nz06 talc.: C, 67.5; H, 5.7; N, 6.1 %)_ 

The more soluble derivative 14b had m-p. l65-166”, [XI,, + 115” (c 1, chloro- 
form), vzz. (cO.Olhl) 3564, 3572 (sh), and 3517 (OH), 3351 cm-’ (NH)_ P.m.r. 
data (C,D,): ‘I; 2.7 (m, 15 H, 3 Ph), 4.50 and 4.90 (2 s, 2 H, 2 PhCH), 5.82 (s, 2 H, 

H-3,4). 5.38 and 6.30 (ABq, 2 H, J,,, 12 Hz, H-1,1’), 5.94and 6.36 (ABq, 2 H, J,,, 
12 Hz, H-6,6’), 4.15 (s, 1 H, NH), and 6.40 and 6.61 (2 s, 2 H, 2 OH); shaking the 
solution with DzO removed the peaks at 5 6.40 and 6 61, and dlmmished the peak at 
~4.15 (Found: C, 67.2; H, 5.6; N, 64. CZBH,,N,OG talc.: C, 67.5; H, 5.7; N, 6.1 “/o)_ 

(B) Wit/z Iz~~dros~Ila~wirze. A solution of 2 (2 g) in a solution of hydroxylamine 
hydrochloride (1 g) and sodium hydroxide (0.5 g) m ethanol (80 ml) and water 
(10 ml) was stirred at room temperature for 1 5 h and then poured into ice-water 
(300 ml). The resulting solid (1.7 g, 86%) was collected, and eluted from silica gel 

(100 g) with tetrachloromethane-ethyl acetate (2 : I). Fractions contaming material 
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with RF 0.75 \\ere combined and concentrated to a syrup which was shown to be a 

mixture by p.m.r. spectroscopy in acetone-&. The syrup was crystallised from ethanol 
to give oxime 16, m-p. 222-223”. P-m-r. data [(CD&CO]: r 2.56 (m, 10 H, 2 Ph), 
3.94 and 4.20 (2 s, 2 H, 2 PhCH), 5.67 (s, 2 H, H-3,4), 5.13 and 5.40 (ABq, 2 H, 
.J gem 14 Hz, H-1,1’), and 5.68 and 5.96 (ABq, 2 H, J,,, 14 Hz, H-6,6’). After 24 h in 
solution_ a spectrum similar to that of the original, syrupy mixture was obtained. 

Crystallisation of the syrup from ethyl acetate gave oxime 15, m-p. 117-120”. 
P-m-r. data [(CD,)2CO]: r 2.56 (m, 10 H, 2 Ph), 3.98 and 4.10 (2 s, 2 H, 2 PhCH), 
5.87 (s, 2 H, H-1,1’), 4.99 and 5.56 (ABq, 2 H, J3,3 9.0 Hz, H-3,4), and 5.1s and 

5.43 (ABq, 2 H, J,,, 14 Hz, H-6,6’). A solution of a mixture of 15 and 16 (1 g) in 
pyridine (20 ml) and acetic anhydride (16 ml) was made up at O”, stored at 5” over- 

night and then at room temperature for 3 h, and poured into ice-water (200 ml). 
The resulting sohd was collected, and eluted from silica gel (100 g) with carbon tetra- 
chloride-ethyl acetate (1 I 1) to give, first, the acetate 18 (320 mg), m-p. 159-160”, 

b],, -151’= (c 1; hl c oroform), RF 0.88 (tetrachloromethane-ethyl acetate, 2 : 1 ), 
v milr 175s cm-’ (C=O). P-m-r. data (CDCl,): r 2.57 (m, IO H, 2 Ph), 4.21 and 4.30 
(2 s. 2 H, 2 PhCkf), 5.30 (s, 2 H, H-l,1 ‘), 5.35 and 5X0 (2 s, 2 H, H-3,4), 5.1 1 and 
5.57 (ABq. 2 H, J,,, 13 Hz, H-6,6’), and 7.99 (s, 3 H, AC) (Found: C, 640; H, 5.3: 

N, 3.1. GIH,,NOi talc.: C, 64.2; H, 5.15; N, 3.4%). 
Eluted second was the acetate 17 (37 mg). m-p. 233-234”, [=I,, -195.5” 

(c 0.75. chloroform), R, OS0 (tetrachloromethane-ethyl acetate, 2: I), w,,,~~ 1755 
cm-’ (C=O). P .m.r. data (CDCI,): T 2.56 (m, 10 H, 2 Ph). 4.18 and 4.24 (2 s, 2 H, 

2 PhCH), 5.24 and 5.41 (ABq, 2 H, .J,,, 13 Hz, H-1,1’). 5.06 and 5.63 (ABq, 2 H, 
fs,* 9 Hz, H-3,4), 4.6s and 6.00 (ABq, 2 l-l, J,,,, i3 Hz. H-6,6’), and 7.84 (s, 3 H, 
AC) (Found: C, 64.0; H, 5.0. CIIHI,NOi talc.: C, 64.2; H, 5.15%). 

The oxime 16 was acetylated as described above, and the reaction was mono- 
tored by t.1.c. The major product was the faster-moving acetate 18, R, 0.58 (tetra- 
chloromethane-ethyl acetate, 2 : 1). 

(C) WithaniZine. A mixture of 2 (1 g), benzene (30 ml), and amline (0.6 g) was 
heated under reflux for 21 h, and then cooled and concentrated_ The syrupy residue 

was crystallised from benzene-hght petroleum to give the mono-aniline adduct 19a 

(240 mg), m-p. 165-166”, [XI,, + 103.5” (c 1, chloroform), RF 0.88 (benzene-ether, 
9:1), v::: 3530 cm-’ (OH). P.m.r. data (CDCI,): r 2.53 (m, I5 H, 3 Ph), 4.33 
(s= 2 H, 2 PhCH), 5.51 Cs, 2 H, H-3,4), 5.56 and 6.03 (ABq, 4 H. J,,, 13 Hz, 2 CH,), 
and 6.31 (s, 2 H, 2 OH). 

A similar reaction of the anhydrous diketone 6 (1 g) with amline (0.6 g) also 

gave 19, (430 mg, 34%), m-p. 165-166”. 

(D) Wit/z lzydz-azzme. A mixture of 2 (1.75 g), ethanol (10 ml), and hydrazine 
hydrate (0.25 g) was stirred for 1 h at room temperature. The white solid was collected, 
and recrystallised from ethanol to give a mixture (1.5 g, SG”j,), m-p. 125-127”, which 
was extracted with chloroform (20 ml). Insoluble material was filtered off, to give 
the azine 10 (66 mg), m.p 146-147”, \z:t* (c mhr) 3610, 3575, 3422 (OH), 3390, and 
3303 cm-r (NH). P-m-r. data [(CD,)lSO]: r 2.6 (m, 10 H. 2 Ph). 4.08 and 4.39 
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(2 s, 2 H, 2 PhCH), 4.69 and 5.90 (2 s, 2 H, H-3,4): 5.85 (s, 1 M, NH), 5.32 and 5.69 

(ABq, 2 H, J,,, 14 Hz, H-l, I’), and 5.98 and 6.28 (ABq, 2 H, .I,,, 13 Hz, H-6,6’) 
(Found: C, 64.9; H, 5.2; N, 7.4. C2,H,,N,0, talc.: C, 65.2; H, 5.5; N, 7.6%). 

Light petroleum (50 ml) was added to the chloroform extract, to give the 
azine 11, m-p. 116-I 17”, v::$” 3410 (OH) and 3350 cm-’ (NH) P.m.r. data [(CD,)l- 
SO]: r 2.6 (m, 10 H , 2 Ph), 4.48 (s, 2 H, 2 PhCH), 5.01 (s, 2 H, 2 OH), 5.24 (s, 1 H, 

NH), 6.08 (s, 2 H, H-3,4), and 6.26 (s, 4 H, 2 CH,) (Found: C, 63.9; H, 5.9; N, 7.2. 
CzoHzzN,06 talc.: C, 62.2; H, 5.7; N, 7.25%). 

A solution of 11 in chloroform was maintained at -5” for 7 days. crystals 
formed. Light petroleum (30 ml) was added, and, after I day, the crystals were 
collected, to give the azine 12, v~~J (c mu) 3618, 3566 (sh) (OH), and 3385 cm- * 

(NH). P.m.r. data [(CD,)ISO]: T 2.6 (s. 10 H, 2 Ph), 4.1 I. 4.23 (2 s, 2 H, 2 PhCH), 

4.32 (s, 1 H, NH), 5.23 and 5.75 (ABq, 2 H, J 3.LF 9 Hz, H-3,4), 5.37 and 5 67 (ABq, 

2 H, Jgem 12 Hz, H-6,6’), and 6.09 (s, 2 H, H-1,1’). 
Reduction of byfrazirw derivative 11 II itI1 so&ml borol~~*dridc. - To a solution 

of 11 (1 g) in ethanol (50 ml) was added sodium borohydride (0.5 8). The mixture 
was stirred overnight and then concentrated under diminished pressure. The re- 
suiting solid was partitioned between saturated, aqueous ammonium chlonde (50 ml) 
and chloroform (50 ml). The chloroform layer was washed with water, dried (MgSOS). 
and concentrated under diminished pressure to a syrup (770 mg) which contaIned 
several components (t.1.c.). The syrup was eluted from silica gel (50 g) with benzene- 
ether (4: l), to give a product, m-p. 189-l 90”, v::$” 3260 cm-’ (NH). P.m r. data 

(CDCl& T 2.6 (m, 10 H, 2 Ph), 4.30 (2 s, 2 H, 2 PhCH), 5.30 (d, I H, J, s 8 Hz, 

H-3), 5.52 (s, 2 H, H-l, 1 ‘), 5.80 (dd, 1 H, J3.& 8, J,_, 11 Hz, H-4), 5.85 (dd, I H, 
J 5.6.e 5, Jgem 11 Hz, H-6e), 6.20 (t, 1 H, J5,60 = J,,, = I1 Hz, H-6a), and 6.78 (dt, 

1 H, Js.ec 5, J4.i = Js.611 = I1 Hz, H-5) (Found: C, 67.9; H, 5.6; N, 7.6. C,0H20N20a 
talc.: C, 68.2; H, 5.7; N, 7.9%) 

Reactions of I,3 : 4,6-~i-O-bc~~~~~li~e~rc-D-threo-2,Elreso~i~rloscr (6), it 5 /IJ ch-crtc 2, 

ad its metlzanolate 4. - (A) With metlrJ imagmsium iodide. (i) A solution of 6 (6 g) 
in dry benzene (150 ml) was added to a solution of Grignard reagent made from 
magnesium (1.95 g) and iodomethane (11.4 g) in dry ether (100 ml). The mixture was 
heated under reflux for 1.5 h, and then poured into ice-water (200 ml), filtered, and 

extracted with ethyl acetate (2 x 100 ml)_ The extract was dried (MgSO,), and con- 
centrated under diminished pressure, and the syrupy residue was crystalked from 

chloroform-light petroleum to give (2R,5R)-1.3 :4,6-di-O-benzylidene-2,5-dl-C- 
methyl-D-tlzreo-hexitol (21; 1.8 g, 28 %), m p. 117-l 18”, CT],, -66’ (c 1.1, chloro- 

form). P.m.r. data (CDCI,): T 2.5 (m, 10 H, 2 Ph), 4.48 (s, 2 H. 2 PhCH), 6. IO 
(s, 2 H, H-3,4), 6.68 (s, 2 H, 2 OH), 6.13 and 6.34 (ABq, 4 H, J,,,, IO Hz, H-1,1’,6,6’), 

and 8.49 (s, 6 H, 2 Me) (Found: C, 68.3; H, 6.7. C,2H,,06 talc : C, 68.4; H, 6.8’X). 
The mother llquld was concentrated to a syrup (4.1 g) which was eluted from 

silica gel (150 g) with tetrachloromethane-ethyl acetate (4: I ), to give 21 (I .O g, 

15%) and (2R,5S)-I,3 :4,6-di-O-benzylidene-2,5-di-C-methyl-D-~~o-hexitoi (22; 

180 mg, 3x), m-p. 150-152”, b],, +28” (c 1, chloroform)_ P.m.r. data (CDCI,): 
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T 2.65 (m, 10 H, 2 Ph), 4.45 (s, 2 H, 2 PhCH), 5.89 and 6.01 (s, 2 H, H-3,4), 6.09 

and 6.27 (ABq, 2 H, J,,, 12 i-Iz, H-6,6’), 6.16 and 6.34 (ABq, 2 H, J,,, 11 Hz, 
H-1,1’), S.45 (s, 3 H, axial Me), 8.83 (s, 3 H, equatorial Me), and 6.32 (s, 2 H, 2 OH) 
(Found: C, 67.9; H, 6.7. CZZHZ606 talc.: C, 68.4; H, 6.8%). 

(ii) A solution of the hydrate 2 (4 g) in dry tetrahydrofuran (100 ml) was added 
to a solution of Grignard reagent made from magnesium (1.1 g) and iodomethane 
(6.5 g) in dry ether (200 ml). The mixture was stirred overnight at room temperature, 

and then heated under reflux for 30 min. poured into ice-water (200 ml), filtered, and 

extracted with ether (2 x 100 ml). The combined extracts were dried (MgSO,), and 
concentrated under diminished pressure to give a red syrup (2.75 g). Crystallisation 
from tetrachloromethane gave a solid which was a mixture (t.1.c.; ethyl acetate- 
tetrachloromethane, 1 : 1). Fractional recrystallisation from benzene and light 
petroleum gave the more soluble component I ,3 : 4,6-di-O-benzylidene-5-C-methyl- 

D-r/lr-ec-Z-hexulose (ZO), m.p. 124-126”, [a],, -78” (c 1, chloroform), v::?’ 1750 
(C=O) and 3470 cm-’ (OH)_ P-m-r. data (CDCl,): T 2.6 (m, 10 H, 2 Ph), 4.01 and 

4.52 (2 s, 2 H, 2 PhCH), 5.15 and 5.74 (ABq, 2 H, f3S4 3 Hz, H-3,4), 5.51 and 5.66 

(ABq, 2 H, J,,, 12 Hz, H-1.1’), 6.12 and 6.33 (ABq, 2 H, J,,, 12 Hz, H-6,6’), 

8.42 (s, 3 H, Me), and 7.5 (bs, 1 H, OH) (Found: C, 67.8; H, 5.7. C,,HZ20s talc.: 
C, 65.1; H, 6.0 %)_ 

Other fractions of the product were combined, and eluted from silica gel 

(200 g) with tetrachloromethane-ethyl acetate (4: I), to give the di-C-methyl deriva- 
tive 21 (271 mg), m-p. 117-IIS”, [~]n -66” (c 1.1, chloroform). 

(iii) A solution of the methanolate 4 (1.5 8) in dry tetrahydrofuran (150 ml) 

was added to the Grignard reagent made from magnesium (0.37 g) and iodomethane 
(2.21 g) in dry ether (150 ml). The reaction mixture was processed essentially as for 

that from 2, to give a syrup (1.29 g, 87X), which, after chromatography, gave 2 
(425 mg) and 21 (128 mg), m-p. 117-I 18 O_ 

(B) With methyl-iithkm. (i) A solution ofketone 6 (2.2 g) in dry benzene (100 

ml) at 0” was stirred while a solution of methyl-lithium [made from lithium (1 g) 

and iodomethane (10 g) in dry ether (60 ml)] was added, keeping the temperature 
below 5”. The mixture was then heated under reflux for 1 h, poured into ice-water 

(100 ml), filtered, and extracted with ethyl acetate (2 x 100 ml) The dried (MgSO,) 
extracts were concentrated to a red syrup which was a complex mixture (t.1.c.; 
tetrachloromethane-ethyl acetate, 1 : l)_ Elution from silica gel (120 g) with this 

solvent failed to give any pure fractions. 
A solution of the hydrate 2 (1.5 g) in dry ether (150 ml) was added to a solution 

of methyl-lithium [made from lithium (1 g) and iodomethane (10 g) in dry ether 
(60 ml)]_ The mixture was stirred overnight at room temperature, heated under 
reflux for 2 h, poured into ice-water (100 ml), and extracted with ether. Crystallisa- 
tion of the product from chloroform-light petroleum gave 2 (1.2 g, 80%). 

When the methanolate 4 (1.4 g) was treated with methyl-lithium as for 2, the 
only product isolated was 2. 

(C) With phenylnmgt~esitrm bromide. A solution of 6 (5 g) in dry benzene 
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(200 ml) was added to a solution of Grignard reagent made from magnesium (I .96 g) 

and bromobenzene (12.6 g) in dry ether (100 ml). The mixture was heated under 
reflux for 3 h, and then poured into ice-water (100 ml), filtered, and extracted wrth 

ethyl acetate (2 x 100 ml). The combined and dried (MgSO,) extracts were concen- 
trated to a syrup, which was eluted from srlica gel (170 g) with benzene-ether (9 : 1) 
to give, in addition to several unidentified components, 1,3-0-benzylidene-4-deoxy- 

2,5-di-C-phenylhex-3-emtol (23; 732 mg, 13 %>, m-p. 169-170”, [aID + 153 o (c 1, 
acetone), v,,, 3460, 3360, 3 180 (OH), and 1660 cm-’ (C=C). P.m.r. data [(CD,),- 
CO]: r 2.7 (m, I5 H, 3 Ph), 4.20 (s, 1 H, H-4), 4.28 (s, I H, PhCH), 5.75 and 6.01 

(ABq, 2 K J,,, 11 Hz, H-l, I’), and 6.15 and 6.28 (ABq, 2 H, J,,, 12 Hz, H-6,6’) 
(Found: C, 74.1; H, 6.1. CZsHz40, talc.: C, 74.2; H, 6.0%). 

Treatment of 23 (50 mg) with acetic anhydride (8 ml) and pyridrne (IO ml) 
in the usual way, gave a diacetate (40 mg), m.p. I 1 I-I 12”, v,,,~~ 3550 (OH), 1740 
(C=O), and 1650 cm-’ (C=C). P.m.r. data (CDCI,): T 2.S (m. 15 H, 3 Ph), 4.01 
(s, 1 H, H-4), 4.18 (s, 1 H, PhCH), 5.04 and 5.76 (ABq, 2 H, f,,, I 1 Hz, H-l, I’), 

5.82 and 5.95 (ABq, 2 H, J,,, 13 Hz, H-6,6’), 5.93 (s. 1 H, OH), and 7.89 and 7.97 
(2 s, 6 H, 2 AC). Satisfactory analysis figures were not obtained for this compound. 

(D) Otlter Grigttard reagetm. In separate reactrons, 6 (5 g) was treated with 
Grignard reagents made from benzyl chloride or ethyl bromide. Syrupy products 

were obtamed which could not be put-rfied by column chromatography 

Reaction of diazomethatte witb /,3 : 4,6-di-O-bett~~lidette-D-threo-2,5-itc~_~-oriittlose 
(6) - A solution of diazomethane in ether, prepared from N-methyl-N-nitroso- 
toluene-4-sulphonamide (IO.75 g) in ether (80 ml), was added to a stirred solution of 

6 (5 g) in dry benzene (200 ml) at O-5”. The mixture was allowed to attain room 
temperature, and stirrmg was continued overmght. The yellow colour had then 

disappeared, and the solvents were evaporated under diminished pressure_ The 
resulting, colourless syrup (4.8 g) was eluted from silica gel (150 g) with benzene- 

ether (19 : 1) to give, first, 2,2r : 5,.5r-dianhydro-1,3 :4,6-di-0-benzylidene-2,5-di-C- 

hydroxymethyl-D-mannitol (25; 2 76 g, 54x), m p. 154-155”, [~]o -35” (c I, 
chloroform)_ P.m.r. data (CDCI,): T 2.7 (m, 10 H, 2 Ph), 4.37 (s, 2 H, 2 PhCH), 

5.80 (q, 2 H, J,,, 12, 4J~~~ 2 Hz, 2 H, H-1,6), 5.87 (s, 2 H, H-3,4), 6.28 (d, 2 H, 
J gem 12 Hz, H-1’,6’), 6.73 (q, 2 H, Jgem 4, +JHFI 2 Hz, 2 epoxide-H), and 7.18 (d, 2 H, 
J gem 4 Hz, 2 epoxide-H) (F ound: C, 69.4; H, 5.9. C,,HI,20, talc.: C. 69.1; H, 5.S %). 

Eluted second was (6R)-6,6’-anhydro-I ,4 : 5,7-di-0-benzylidene-3-deoxy-6-C- 

hydroxymethyl-D-three-2-heptulose (26; 649 mg, 13 %). m-p. 136-I 38 O, [=I,, -42’ 
(c 1, chloroform), v,,, 1720 cm-’ (C=O). P.m r. data (C,D,): r 2.8 (m, 10 H, 2 Ph), 

4.59 and 4.80 (2 s, 2 H, 2 PhCH), 6.02 and 6.35 (ABq, 2 H, J,,,, 18 Hz, H-1,1’). 
6.23 (dd, 1 H, J,,, 12, 4JHH 2 Hz, H-6), 6.50 (dd, 1 H, J,,, 12 Hz, H-6’), 7.10 and 

7.45 (AB part of ABX system, JAB 15, JAx 8, JBx 4 Hz, H-3,3’), 7.16 (dd, 1 H, J,,, 4, 

4JtiH 2 Hz, epoxide-H), and 7.79 (d, 1 H, J,,, 4 Hz, epoxrde-H’) (Found: C, 68.9; 
H, 5.8. CzzHzz06 talc.: C, 69.1; H, 5.8%). 

Eluted third was (SR)-5,5’-anhydro-I,3 :4,6-di-0-benzyhdene-5-C-hydroxy- 
methyl-D-t/zreo-2-hexulose (148 mg, 3 %), mp. 173--175”, [~]n -97” (c I, benzene), 



56 N. BAGGETT, P. STFUBBLEHILL 

1’ milX 1720 cm-’ (C=O). P. m-r. data (C6Hs): r 2.6 (m, 10 H, 2 Ph), 4.63 and 4.79 
(2 s, 2 H, 2 PhCH), 5.80 and 5.94 (2 s . 2 H, H-3,4), 5.70 and 6.25 (ABq, 2 H, J,,, 
12 Hz, H-1,1’), 6.02 and 6.39 (ABq, 2 H, J,,, 12 Hz, H-6,6’), and 6.84 and 7.54 

(2 bs, 2 H, 2 epoxide-H) (Found: C, 68.1; H, 5.5. CzIHz,06 talc.: C, 68.5; H, 5.5 %)_ 
Redaction of (ZRJR)-2,2r : 5,51-dianlz~ dro-I,3 : 4,6-di-0-benzyiidene-2,5-di-C- 

II) droxynzetfz~ I-D-threo-hesitol. - (A) A solution of the title compound (376 mg) in 
dry ether (50 ml) was added to a stirred suspension of lithium aiuminium hydride 
(100 mg) in dry ether (20 ml). The mrxture was heated under reflux for 0.5 h, water 

(5 ml) was added, and the product was extracted with ether. to give 1,3:4,6-di-O- 

benzylidene-2.5-di-C-methyl-D-mannitol (325 mg, S6 “/,), m-p_ and mixture m-p. 
117-l 18”, f-lID -66” (c 1, chloroform). 

(B) A solution of the title compound (500 mg) in ethanc! (50 ml) containing 
a suspension of 10 “/, palladium-on-charcoal (250 mg) vdas shaken under a slight 
overpressure of hydrogen. After 73 ml of hydrogen (215~? excess over that calculated 
for hydrogenolysis of the benzylidene groups) had been absorbed, the catalyst was 
removed and the filtrate was evaporated to a syrup which contained at least three 

components (t.1.c.). Elution from srlica gel (30 g) gave, first, 1,3 :4,6-di-o-benzylidene- 
2.5di-C-methyl-o-mannitol (34.6 mg), m-p. and mixture m-p. 117-l 18”. 

The other two compounds were not characterised, but each had peaks in their 

n.m.r_ spectra attributable to C-Me groups and no peaks attributable to epoxide 

groups. 
Redaction of I,3 : 4,6-di-O-befl~~~Iidrne-D-threo-2,5-he_~orlirrlose (6) and its 

Ig drate (2)_ - (A) A solution of 6 (1 g) in dry benzene (50 ml) was added to a stirred 
suspension of lithium aluminium hydride (0.2 g) in dry ether (50 ml). After 2 h, the 
mixture was poured mto water (10 ml), filtered, and extracted with ethyl acetate 

(2 x 50 ml)_ The combined extracts were dried (MgSO,) and concentrated, and the 
syrupy residue (348 mg, 34%) was crystallised from chloroform-light petroleum to 

give I,3 : 4,6-di-0-benzylidene-D-glucitol, m-p. 154-l 55 O, [u],, -34.5 o (c 1, chloro- 
form)_ P.m.r. data (CDCl,): r 2.55 ( m, 10 H, 2 Ph), 4.32 and 4.45 (2 s, 2 H, 2 PhCH), 
and 5.65-6.60 (m, S H, hexitol chant) (Found: C, 66.7; fi, 6.25. Cz,,HzzO, talc.: 
C, 67.0: H, 6.2%). 

(B) To a solution of2 (1 .O g) methanol (50 ml) was added sodium borohydride 

(0.5 g), and the mixture was stirred overnight. The solvent was evaporated and the 
residue was partitioned between chloroform (2 x 50 ml) and saturated, aqueous 

ammonium chloride (100 ml). Concentration of the dried (MgSO,) organic layer 
gave a residue which was crystallised from ethanol to give a product (543 mg, 56x), 
m-p. 154-155”, which was identrcal to the product in (A)_ 

Actiofz of 2-lithio-i,3-ditbiane on 1,3:4,6-di-O-be~~~ylidene-~-threo-2,5-I~exodi~~lose 

(6). - To a solution of 1,3-dithiane (3.53 g) in dry tetrahydrofuran (30 ml) at -SO” 
was added butyl-lithium (29mM) in hexane (11.1 ml), and the solution was stirred 
for 1.5 h at -80”. A solution of 6 (5 g) in dry tetrahydrofuran (100 ml) was added 
dropwise, and the mixture was stirred for 0.5 h at --SO” and then allowed to attain 

room temperature_ After 2 h, the dark-red solution was poured into water (200 ml) 
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and extracted with ethyl acetate (2 x 100 ml) to give a red syrup which was eluted 
from silica gel (250 g) with benzene to give 1,3-dithiane (2.16 g, 61 %)_ Elution with 
benzene-ether (9 : 1) gave a mixture (2.49 g), a portion (600 mg) of which was eluted 
from silica gel (100 g) with carbon tetrachloride-ethyl acetate (19 : I), to give a 
chromatographically homogeneous syrup (41 mg, 2.8 %). [XI,, +46” (c 1, chloro- 
form), v,,, 3540 cm-’ (OH). P.m.r. data (CDCI,): T 2.6 (m, 10 H, 2 Ph), 4.40, 
4.47 (2 s, 2 H, 2 PhCH), 4.85 (s, 1 H, SCHS), 4.95, 5.53 (2 s, 2 H, H-3,4), 5.49 (s, 
2 H, H-1,1’), 5.61 and 5.97 (ABq, 2 H, J,,, 12 Hz, H-6,6’), 7.2 and S-0 [2 m, 6 H, 
S(CH,),S], and 6.09 (s, 1 H, OH). The singlet at r 6.09 was removed by shaking the 
solution with DzO_ Satisfactory analysis figures could not be obtained for thus syrup. 

A second product (147 mg), m-p. 165-167”, [~]n +106” (c 1, chloroform), 
was isolated, but not characterlsed. 

Action of ~ir~lefl~~lsr,lsrtIpRo_~o~li~~~~~ methylirle on I,3 : 4,6-di-0-be~rs~lm&we-o-threo- 
2,.Wze_~odidose (6) - Trrmethylsulphoxonium iodide (11 g) and sodium hydride 
(1.25 g) were stirred together under a nitrogen atmosphere, and dry dimethyi sulph- 
oxide (50 ml) was slowly added. A solution of 6 (6 g) in dry dimethyi sulphoxide 
(100 ml) was then added. The resulting, red solution was stirred o;lernight at room 

temperature, poured into water (200 ml), and extracted wrth ether (3 x 100 ml), 
and the combined, dried (MgSOS) extracts were concentrated. The syrupy residue 
(6.0 g) was eluted from silica gel (150 g) with benzene-ether (9 : 1) to give a product 

(1.86 g, 31%) having n1.p. 176-178”, [z]~ -27” (c 0.98, chloroform), rmnx 3420 
cm-’ (OH). P m.r. data (CDC13): r 2 6 (m, 10 H, 2 Ph), 4.37,4.51 (2 s, 2 H, 2 PhCfY), 
5.55 and 6.01, 5.56 and 6.07 (2 ABq, 2 H, J,,, 13 Hz, 2 CH,), 5.56 and 6.45 (2 bs, 
2 H), 5.59 (s, I H), and 7.50 (s, 1 H, OH; removed with D,O) (Found: C, 6S.4; 
H, 5.8. C,,H,,O, talc.: C, 68.5; H, 5.5%). 
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