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AEiSTRACT 

Oxrdatlon of some partrally O-acylated sugar derrvatrves wrth methyl sulfoxrde 
m the presence of sulfur trroxrde and trtethylamme IS described Wrth a few excep- 
trons, compounds possessmg a free pnmary, secondary, or anomenc hydroxyl group 
are smoothly oxrdrzed, and when an acyloxy group IS surtably sttuated or,/3 ehmmatron 
also occurs The last condmons have perrmtted the synthesis of a variety of cc,@- 
unsaturated carbonyl compounds, namely, derrvatrves of 4-deoxy-6-aldehydo+ 
three-hex-4-enodraldo-1,5-pyranose, their L-erythro analogs, and 3-deoxyglyc-2- 
enono-1,5-lactone It appears that the a-three and a-erythro rsomers adopt the Hl 
conformatlon, and the &threo and p-erytl~ro Isomers adopt the Hf conformatron, 
and that the anomenc effect contnbutes Importantly to these tendencres The overall 
rates and extent of the oxtdatron-ehmmatron sequence are strongly dependent on the 
concentratron of suifur tnoxrde and of trrethylamme, and on the order of mrxing of 
the reagents Under the reactron condltrons selected, the rates are 1argeIy msenslttve 
to the posrtron of the hydroxyl group and to the rmtral, relative drsposmon of the 
proton and acyloxy group ehmmated Although the benzoyIoxy (but not benzyloxy) 
group was readdy ehmmated m some Instances, m others the reqmsrte, mrtral oxrda- 
non step could not be effected 

INTRODUCTION 

Oxrdatron of carbmols with methyl sulfoxrde1-3 IS promoted by a variety of 
reagents, for example, N,N’-dicyclohexylcarbodrimidel, acid anhydrIdes ‘, amino- 
acetylene@, and sulfur trroxtde-tnethylamme’, and these sometrmes drffer importantly 
m their effectiveness For example, attempts to oxrdrze the primary hydroxyl group 
of 1,2 3,4-dl- O-rsopropyhdene-o-galactopyranose with methyl sulfoxrde-acetic 
anhydnde yrelded mainly the 6-U-(methyIthro)methyl denvattve ofthe compound8-10, 
whereas the aldehyde IS by far the major product when N,N’-drcyclohexylcarbodr- 
rmrdel’ or sulfur trroxrde-trrethylammelo IS the promoter. Use of the latter wrth some 

*Holder of a NatIonal Research Council of Canada SchoIarsIup (1968-70) 
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partially 0-acetylated sugar derivatives results not only m formation of carbonyl 
products, but also in rapld ehminatron of fi-acetoxyl gro~ps’~. The present arttlcle 
deals with certain charactenstlcs of this o~datlon-ehmmation sequence, describes 
a variety of cr&unsaturated carbonyl derivatives synthesized through its use, and 
exammes their conformatlonal charactenstlcs 

RESULTS AND DISCUSSION 

1. Oxrdatzon of primary hydroxyZ groups - A D-gluco and D-galacto Isomers 
Aldohexopyranose denvatlves contammg a free, pnmary hydroxyl group and a 4-0- 
acetyl group undergo oxldatlon-ehmmatlon Thus, methyl 2,3,4-trI-o-acetyl-ar-D- 

galactopyranoslde and methyl 2,3,4-tn-0-acetyl-c+ and j?-D-glucopyranoslde yield 
the correspondmg Pdeoxy-6-aldehydo-hex4enodlaldopyranos~des possessmg either 
the /3- or a-L-threo configuratIon (1 or 2, respectlvely)‘0*‘2 Related compounds m 
these series (3-S) have now been synthesized, respectively, from 1,2,3,4-tetra-o-acetyl- 
a- and j?-D-glucopyranose, 1,2,4-tn-0-acetyl-3-O-methyl-~ and j?-D-glucopyranose, 
methyl 2,3,4-try-0-benzoyl-a-~glucopyranoslde and phenyl 2,3,4-tn-0-acetyl+D- 
glucopyranosrde The fourth compound furmshes an example of the successful elum- 
nation of a 4-benzoyloxy group under these conditions 

Based on p m r. spectral data, the cr-L-threo isomer (2) appears to exist m the ET: 
conformation (9), whereas its anomer (1) adopts the XT,’ conformation12 (10). Thus 

d&erence could account for the fact that H-4 and H-2 of 2 exlublt long-range cou- 
plmg* (about 1 Hz), whereas the corresponding protons of 1 do not The p m r 
spectral data for compounds 3-S (see Table I) show these same characteristics 
Thus, signal H-4 m the spectrum of 4,6, or 8 IS a quartet contammg a spacmg of about 
1 Hz attnbutable to long-range coupling with H-2 By contrast, sxgnal H-4 of 3, 5, 
or 7 shows coupling only with H-3, and hence appears as a doublet** Together with 
other data in Table I [for example, J1 2 of the cr-L-rho isomers IS much smaller than 
that of the B-L anomers (see also, refs 14 and 15)], these fmdmgs dlustrate the general- 

*A recent descnption of the conformahonal dependence of long-range H-H couphng IS gwen by 
Barfield”. 
**The specific assignment of sqmals m the spectra of 3 and 4 was greatly facdltated by reference to the 
spectra of 5 and 6 An upfield shaft of H-3 m the latter spectra pernutted a clear dfierentiation between 

that signal and H-2, and, hence, between H-l and H-4. This choice was not possible ctrectly for 3 and 
4, because of the greater symmetry of their spectra. 
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bR 

1 R=R=Ac R”=Me 

3 R = R’= R’=Ac 

5 R= Me,R’=R=Ac 

7 R=R=EIz,R*=M~ 

t)R 

2R=R=Ac,R-=Me 

4 R = R =R”=Ac 

6 R= R=R*=Ac Me, 

C~R=R=AC,R”=P~ 

11 R = R’= AC, OR”=H 

12 R=Ac R=Me 16 R=R=Ac 

15R=R=Ac 

ity already cued, namely, that, among glycals of thus class, the conforrnatron IS depen- 

dent upon the configuration at the anomeric center Because these same spectral 
differences are found among the related 4,Gmsaturated 4-deoxy hexuromc acldsr’, 
they provrde a basts for asslgrnng anomenc configuratton m unsaturated ohgosac- 
chandes formed from glycuronans (polyuronides) by enzymrc ,&elrmmatron12 

Assumption of the HG or Hf conformation involves, m each instance, a pseudo- 
axial onentatlon for the anomerzc substrtuent, an mdrcatlon that the anomerrc effect 
is operattve m these glycals* Such an orientation should be favored addrtronally m 
such compounds, as compared with then saturated analogs, by the absence of an 
unfavorable mteractzon with H-5 However, the drsposition of the 2- and 3-acetoxyl 
groups appears also to be an important factor, this IS suggested by the characteristics 
of the product (11) obtained from 2,3,4-tn-O-acetyl-1,5-anhydro-o-glucrtol, a glycal of 
this senes m which the I-0-substztuen~ has been replaced by a hydrogen atom Thus, 
the p m r spectrum of 11 (see Table I) shows long-range couplmg between H-2 and H-4 
(as well as between H-l and H-3), constrtutmg evidence that this compound IS m the 
Hi conformation Probable stabthzmg factors m this msrance are the qzzasz-axial 
orientation of the allylrc 2-acetoxyl group (the “allyhc effect”, which amounts to 
about” 0 8 kcal mol-I) and the ehmmatton of a 2,3-gazzclze mteractzon that would 
be present in the H: conformatzon Presumably, then, m the /?-L-thee Isomers, 
these factors are mmor m comparison to a relatively stronger tendency for the ano- 
menc 0-substrtuent to be oriented axtally The latter, therefore, amounts to a value 
of at least 1 7 kcal mol-’ m these half-chair, six-membered-rmg compounds 

B D-manno Isonzers Related oxtdations have been conducted m the D-nranno 
series with derivatives havmg an unprotected, primary hydroxyl group and a 4-0- 
acetyl group, this work furmshed 4,5unsaturated 6-akiehydo products havmg the 
2,3-L-erytlzro cotiguration, and, also, mformation about the effect of conhgurational 
mversron at C-2 on the conformatton of these kinds of glycals 

On treatment with the Pankh-Doermg modrhcatton of the methyl sulfoxlde 
oxrdant7, methyl 2,3,4-tri-O-acetyl-a-D-mannopyranoside ytelds crystalhne methyl 
2,3-d~-O-acetyl-4-deoxy-6-aIde~zydo-8_L-erythro-hex-~enod~aldo-1,5-pyranoade (12) 
This product was characterized by analysis, by chemical tests, by the fact that it 

*A strong onentatton effect 1s observed m glycals m which the anomenc carbon 1s allyhc to the 
double bondI 

Curboh~d Res ,24 (1972) 67-85 
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affords erythntol tetraacetate after ozonoIysIs, and by Its spectral charactenstxcs 
In the p m r spectrum of this compound (see Table II), the vmyhc proton (H-4) 
signal 1s a quartet contammg a spacmg of 1 6 Hz that arises from long-range coupling 
with H-2 Also, the I-, 2-, and 3-proton signals show relatively small sphttmg, suggest- 
ing that these protons are attached quasz-equatonally and, hence, that the anomenc 
methoxyl group IS qzzasz-axially attached Accordmgly, compound 12 may be asslgned 
the H: conformatlon A molecular model suggests that this conformation can accom- 
modate two extreme arrangements about the C-2,3 bond, as m 13 and 14 Of these, 
the Iatter appears more hkely to permit the pamcularly strong (1 6 Hz) long-range 
H-2,H-4 couphng observed_ 

:J&_ _-xc_, 
H-3 c-1 

13 14 

Analogous results were obtamed with 1,2,3,4-tetra-O-acetyl-a-~mannopyran- 
ose, the correspondmg, crystalhne glycal(15) bemg Isolated m 72% yield The p m r 
spectral charactenstxcs of this product (see Table II), mcludrng strong (2 0 Hz) 
H-2,H-4 coupling, again Indicate that the j-L-erythro configuratlon 1s associated with 
the Hf conformatlon and the arrangement about the C-2,3 bond deplcted m 14 

When oxldlzed m the same way as for Its anomer, 1,2,3,4-tetra-0-ace@/%D- 
mannopyranose ylelded 1.2,3-tn-O-acetyl-4-deoxy-6-aIdehydo-or-~-erytlrreno- 
draldo-1,5-pyranose (16) The structure of this product was determmed chemically 
and spectroscoplcally, as described for the compounds already dlscussed Particularly 
noteworthy m the p m r spectrum of 16 (see Table II) IS the evidence of long-range 
couphng both between H-l and H-3 (1 1 Hz) and between H-2 and H-4 (0 6 Hz) 
InspectIon ofDrerdmg models mdlcates that these couplings are posslbIe m the Hi 
conformatlon, but not m the alternative half-chair confonnatlon, and it also appears 
probable that the relative dlsposltlon of the 2,3-substituents 1s as m compound 14 

Hence, there IS overall a close parallehsm between erythro and three dlastereo- 
Isomers, m that a-~ anomers favor the Wi conformatlon, whereas B-L anomers 
assume the Hz conformation In all instances, a marked tendency 1s observed for the 
anomenc C-OR bond to assume a pseudo-axial orientation 

2 0xzdat:on at tlze aizonzeric ceizter - Onodera et al *’ have reported that the 
oxidation of 2,3,4,6-tetra-0-acetyl+D-glucopyranose with methyl sulfoxlde-phos- 
phorus pentaoxlde sves a 20% yield of methyl 2,3,4,6-tetra-O-acetyl-D-gluconate 
With acetic anhydnde as the promoter, Kuzuhara and FletcherI obtamed conversion 
of 2,3,4,6-tetra-O-benzyl-a-D-glucopyranose mto the correspondmg lactone, whereas 
other oxidants (chromic anhydnde2’, oxygen-platmum2’, or N-bromocarbanude”) 

Carbohyd. Res ,24 (1972) 67-S 
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have been found unsatisfactory for oxidation of these and related derivatives at the 
anomenc center 

As reported earherl’, when 2,3,4,6-tetra-0-acetyl+D-glucopyranose 1s treated 
with methyl sulfoxlde-tnethylamme-sulfur trloxxde, oxldatlon and ehmination both 
occur readily and afford, m 8 1% yield, 2,4,6-tn- 0-acetyl-3-deoxy-D-erythro-hex- 
2-enono-1,5-lactone (17)* Characterlzatlon of this product by chenucal and spectro- 
scoplc means IS now described m fuller detail Under the same reaction con&tlons, 
2,3,4,6-tetra-0-acetyl-B-D-mannopyranose also yzelds 17, providmg additional sup- 

port for the structure proposed for this product In 
0-ace@-a-D-xylopyranose was found to undergo 
afford the correspondmg 1,5-lactone (18) 

the aldopentose senes, 2,3,4-tn- 
rapld oxldatlon-ehmmatron to 

I4 'OAc 

17 R= CH20Ac, R’=Ac 
18 R= H, R’=Ac 

21 R= CH,OAc, R’= 2,3,4,6-tetra-0-aCetyl-B-o-g(uccpyraflO~y~ 

The p m r spectrum of 17 (see Table III) suggested that this compound exists 
largely m the Ni conformatxon (19), the observed value of 5 2 Hz for J4,5 IS more 
consistent with a quasz-dlequatorzal than a qzzasz-dlaxlal orlentatxon for these two 

protons Slmllarly, a qrrasl-equatorial orlentatlon for H-4 IS supported by the ob- 
served value of 4 6 Hz for J3 4, which corresponds 24 to a dihedral angle of about 45” 
between vlcmal allyhc and vmyhc C-H bonds Although both the 5-(acetoxymethyl) 
and 4-acetoxyl groups are qzrusz-axial m the Hi conformatlon, there are no substltuents 

TABLE III 

P M R DATA FOR 3-DEOXYGLYC-2-ENONO-I,%LACTOhE DERIVATIVES 

Con~pound Chemical shifts and spacmgs” 

N-3 N-4 Fi-5 tH-6 En01 Ester 
acetate acetate 

17* 6 43 (d) 560(q) 4 71 (m) 430(o) 223(s) 21O(s),215(s) 

(4 6) (4 6, 5 2) 
18C 662(q) 5 45 (m) 4 56 (5,5’) (m) - 2 28 (s) 2 10 (s) 

(10,59) (23,31,59) (10,23,31,130) 
21b 6 59 (d) 4 65 (4~5) (m) 4 26 (m) 2 29 (s) 2 02-2 14 (5 s) 

(2 0) 

Thermcal shfits (no parentheses) are m p p m (s), spacmgs (Hz) are m parentheses, d, dc,blet, 
m, multlplet, o, octet, q quartet, s, smglet ‘Chloroform-das solvent ‘AcetIc acid-d4 as solvent 

*See refs 22 and 23 for analogous reactions 

Carbohyd Res ,24 (1972) 67-85 
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orlented unfavorably m opposltlon to the former group, and the latter, bemg a: qllyhc 
ester function, probably favors the axial dlsposltlon, as m related glycal denvatlvek I7 

The p m r spectrum of the 5-carbon, unsaturated lactone 18 provides elen 
clearer evidence that this product exists m the H,’ conformation Thus, the spm-spm 
couplings of 2 3 and 3 1 Hz (see Table III) exhibited by the C-4 and 5 protons mdlcate 

that H-4 1s gauche with respect to both H-5 and H-5’, and hence 1s qtrm-equatonal 
It 1s noteworthy that H-3 and H-5 of 18 are long-range coupled (1 0 Hz, see Table III), 
whereas this IS not true of 17 Possxbly, Gus difference means that the Hz conformation 
(20) contributes importantly to a fuller representation of 17, but that onIy the Hz 

conformation need be considered in depicting 18 

-0 =o 
0 

19 20 22 

Treatment of 2,3,4,6,2’,3’,6’-hepta-U-acetylcelloblose with the methyl sulfoxlde 
oxidant afforded the crystallme, unsaturated lactone 21 Among evidence supporting 
the latter formulation 1s the fact that ozonolysls of the compound, followed by boro- 
hydride reduction, gave 2-O-&D-glucopyranosyl-D-erythrito125 Although the p m r 
spectrum of 21 was only partially resolved (see Table III), slgnal H-3 of the la&one 
residue (at 6 59 p p m ) 1s a doublet of 2 O-Hz spacmg, that IS, it 1s much smaller than 
.7 

324 for 17 and 18 This narrow spacing IS not mconslstent with the posslblllty that 
the glycal residue of 21 favors the Hi conformation Perhaps this contrasting behavior, 
relative to 17 and 18, 1s associated with the presence m 21 of a Pether substltuent, 
which thereby removes possible stablhzatlon of the Hi conformation by an allyhc- 
ester effect 

Treatment of 2,3,4,6-tetra-O-benzyl-D-glucopyranose with methyl sulfoxlde- 
sulfur tnoxlde-trlethylamme afforded the saturated 1,5-lactone, Just as found by pre- 
VIOUS workers’ ’ who used methyl sulfoxlde-acetic anhydnde as the oxidant That is, 
the 3-benzyloxy group 1s not ehmmated under these conditions More surpnsmg, 
however, was the finding that 2,3,4,6-tetra-0-benzoyl-D-glucopyranose, and also the 

D-manno tetrabenzoate, are totally rmreactrte, even towards mtral oxrdatlon* 
3 Oxldatlon at a secondary posttron - Oxldatlon of 1,3,4,6-tetra-0-acetyl 

a-D-glucopyranose with methyl sulfoxlde m the presence of either sulfur tnoxlde- 
tnethylamme” or acetic anhydrlde26 27 1s accompanied by the ehmmatlon of two 
molecules of acetic acid The product IS di-O-acetylkojic acldt6 27 (22), and a mecha- 
nism that reasonably accounts for Its formation has been presented by Chlttendenz7 

*The free hydroxyl group adjacent to an 0-benzoyl substltuent m a denvatwe of epr-mosltol IS 
reportedJS to be reslstant to a vanety of oxidants, mcludmg the reagent used here 

Carbohyd Res , 24 (1972) 67-35 
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In the present study, 22 was also synthesized from 1,3,4,6-tetra-O-acetyl-a-~~-galacto- 
pyranose and -mannopyranose and, m addltlon, all of the reactxons were accompamed 
by formatIon of a mmor product With the D-glfcco and D-nzanno isomers, this product 
was identified as the unsaturated lactone 17 The latter could conceivable arise from 
the intermediate ketone (23) vza enohzatlon, mlgratlon. and ehmmatlon, as illustrated_ 

However, Its mam orlgm undoubtedly hes m mlgratlon of the 1-O-acetyl group to 
the 2-posltlon prror to oxidation, under the condltlons normally employed m these 
reactions Thus, when a solutlon of 1,3,4,6-tetra- O-acetyl-a-D-glucopyranose m 
methyl sulfoxlde-tnethylamine was kept for 8 h (I e , much longer than usual) before 
add&ion of the sulfur trloxlde, the lactone was the maJor, and 22, the minor, product 
Conversely, when all three components of the oxidant were pre-mlxed and the carbo- 
hydrate then added (see later), koJlc acid dlacetate was formed almost exclusively_ 

CH,OAc 

*cOqOAc-AcoQ++3 _AcOig$2L.-O~o 

OAc H OAc 

23 17 

The 4-hydroxyl group of methyl 2,3.6-trl-O-benzoyl-a-D-galactopyranoslde 
was found m the current study to be completely resistant to oxidation, although the 
compound undergoes oxldatlon and ehmmatlon with methyl sulfoxlde-acetlc anhy- 
drlde26, and IS oxidized by ruthenium tetraoxide2’ This behavior parallels that of 
the 2,3,4,6_tetrabenzoates dlscussed, and illustrates that the Pankh-Doermg modl- 
fication, like the Pfitzner-Moffatt reagent, IS relatively sensmve towards the structure 
of the intended substrate 

4 Soi?le characterrstm of the oxmatron-ellnlrnatroiz reactron - The reactlon 
conditions used m this study were essentially those described by Parlkh and Doermg7, 
although, in searchmg for optimal yields, several variants have been tested As 
stressed by these workers, the order of addltlon of the reagents IS Important, m 
their procedure, the substrate 1s dissolved m methyl sulfoxlde, tnethylamme IS added 
(but IS only sparmgly mlsclble), and then a solution of the sulfur trloxlde complex 
m methyl sulfoxlde IS introduced, whereupon the reactlon mixture becomes homo- 
geneous This procedure IS associated with the evolution of much heat, and Intense 

darkening of the solutlon When the order of addition of the last two reagents was 
reversed, no oxldatlon occurred, although this was found not to be due to competltlve 
sulfatlon of the hydroxyl group However, It was possible to effect reactlon by pre- 
mlxmg the three components of the oxrdant and then introducing the substrate, as 
already noted for the preparation of 22, under these condltlons, the sharp rise In 
temperature and the darkenmg of the reactlon mucture were largely obviated Also, 

the procedure was equally efficient in promotmg reaction, because the rates of con- 
version of methyl 2,3,4-tri-O-acetyl-or-D-glucopyranoslde into 1 under the two sets of 
condltlons were essentially equal 
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Fig. 1 Optical rotatory measurement (at 546 nm) of rates of ox~dat~on-elnnmatmn [Methyl 2,3,4- 
tn-0-acetyl-a-D-glucopyranoslde (1 mmole) plus (A) 15 mmoles of tnethylamme (TEA) and 
6 mmoks of sulfur tnoxlde-pyndme complex (SPC), (B) 15 mmoles of TEA and 3 mmoles of SPC, 
(C) an addItIona 3 mmoles of SPC Introduced at 15 mm mto B, (D) 10 mmoles ofTEA and 6 mmoles 
of SPC, (E) 5 mmoles of TEA and 6 mmoles of SPC Methyl 2,3,4-tn-O-acetyl-a-D-mannopyranoslde 
(usmg reactant proportlons as m A) m anhydrous methyl sulfoxlde (F), with trace of water added (G) ] 

In the present study, it was found necessary to use a 6 1 ratlo of sulfur tnoxlde- 
pyridme complex to substrate, m order to aclueve complete reaction; thus 1s a much 
bgher ratlo than that employed by Pankh and Doermg’ With a ratlo of only 3 1 
and the react:on termmated after the same interval of time, oxidation was mcomplete, 
and lt could not then be forced to completion by doublmg the proportion of the com- 
plex at this stage of the reaction (see Fig 1) These results mdlcate that the mltlal 
rate of oxldatlon IS strongly dependent upon the concentration of sulfur trloxlde*, 
and that the mammal yield of the carbonyl product 1s obtainable only d the total 
quantity of sulfur trioxide IS added at the outset The pyndme moiety appears to 
play no umque role, as It was replaced satlsfactorlly by extra tnethylamme How- 
ever, unless an excess of the base was present, no oxidation occurred_ In fact, as 

Pa&h and Doermg’ have shown, a very high proportlon of methylamine** 1s reqmred, 
111 our experiments, we preferred to use a mmmum of 15 moles of the base per mole 
of the alcohol, to ensure rapid completion of the reaction (see Fig 1) The exclusion 
of moisture from the reactlon nuxture was also bghly beneficml (see Fig 1) In some 

*By contrast, when methyl sulfoxlde oxidation IS promoted with acetic anhydnde, there I?, an m- 
ductlon penod, and the kmetnzs appear to be zero-order1g 
**Tnet.hylamme was replaced sausfactonly by its tnmethyl, propyl or -butyl analog, altHough not by 
sodmm ethoxlde 
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Instances, about half of the normal volume of methyl sulfoxtde was replaced by dtluent 
benzene or N,N-drmethylformamrde, wrthout nottceable effect on the reactron 

In addition to the effects of the reaction conditions on the progress of these 
reactrons, the possrble Influence of the stereochemrstry of the substrate was exammed 
It was, however, found that, asrde from those few mstances already noted m whrch 
oxtdatron of partrally 0-benzoylated denvatrves fatled to occur, the effects of struc- 
tural vanatxons on the rate were mmor Thus, there was relatively httle drfference m 
the reactlon rates of primary and secondary alcohols Also, approxtmately equal 
rates were found for each of the followmg diastereorsomenc pairs methyl 2,3&n- 
0-acetyl a-D-ghtcopyranosrde and -gaIactopyranostde, 2,3,4,6-tetra- O-acetyl-o-gluco- 
pyranose and -mannopyranose, and 1,3,4,6-tetra-0-acetyl-cr-D-glucopyranose and 
-mannopyranose That IS, no drfferences m rate were observable occastoned by dtffer- 
ent onentatton of the hydroxyl group, or by dtfferent ortentatton of the leavmg 
groups, whether trans-e,e, frans-a,a, or cwa,e, mitrally It IS, nevertheless, possrble 
that there are drstmct stereochemrcal drflerences, but that these were obscured under 
the reactron condrtxons used, the latter havmg been specifically selected to ensure 
efficrent oxrdatron~hmmatron 

EXPERMENTAL 

General - Evaporatrons were conducted under drmmrshed pressure at a bath 
temperature below 60” Infrared spectra were recorded, for KBr discs or for solutions 
m carbon dlsulfide, wxth a Umcam SP200 Infrared spectrophotometer Mass spectra 
were measured wrth an A E I MS902 Instrument operating at 70 eV P m r spectra 
were recorded with a Varlan HA-100 n m r spectrometer (internal standard, tetra- 
methylstlane), the apparent couplmg-constants (m Hz) reported are the directly 
observed lme-spacmgs Mlcroanalyses were performed by Dr C Daessle, Montreal 

Thm-layer chromatography (t 1 c ) was performed wtth Kreselgel G (Merck) 
as the adsorbent, and the followmg solvent systems A, ethyl acetate, B, 4 1 benzene- 
methanol, C, 9 1 benzene-methanol, and D, 1 1 benzene-ether Compounds were 
detected with rodme vapor, 10% sulfuric acid, or (2,4_dmrtrophenyl)hydrazme m 
phosphorm acrd-ethanol, where apphcable, they were detected by vrewmg the plates 
under u v light 

Measrrrement of rates of oxrdatron-el[imrtatron - The compound was drssolved 
in dry methyl sulfoxtde, tnethylamme was added, and the solutron was made up to a 
speafic volume with methyl sulfoxlde Pyndme-SO, complex m a specific volume of 
dry methyl sulfoxlde was then added, and optrcal rotatory measurements were made 
on the reactron mrxture at chosen Intervals By usmg 1 mmole of substrate to 15-20 
mmoles of trrethylamme and 6 mmoles of pyrrdme-SO, complex, most of the reactrons 
exammed m thts study proceeded to completron m 10-20 mm (see FI,O 1) 

Me&y2 2,3-dt-O-acetyl-bdeoxy-6-aldehydo-/3-L- threo-hex-Cerrodral- 1’,5-pjr- 

anoszde (1) - Methyl 2,3,4-trr-0-acetyl-a-D-galactopyranoside (see later) was 
oxrdlzed by the procedure used for the D-glrrco rsomer12 The tnacetate (0 32 g) was 

drssolved m methyl sulfoxrde (3 5 ml), and tnethylamme (1 5 ml) was added To this 
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MethyZ 2,3-dr-O-acetyl-4-deoxy-6-aIdehydo-cr-L-threo-/lex-4-enodraIdo-I,5-pyr- 

anosrde (2) - Methyl 2,3,4-trl-O-acetyl-j?-D-galactopyranoslde (0 32 g) was 
oxldlzed as already described,, and processmg of the reactlon mixture yxelded a chroma- 
tographlcally pure syrup (0 19 g, 73%) havmg [aID f-31 9” (c 3 3, chloroform) 
Its u v and p m r_ spectral charactenstics (see Table l) were mdlstmgulshable from 
those of 2 obtamed by the oxldatlon of methyl 2,3,4-tn-O-acetyI+D-glucopyran- 
oslde12 The (2,4_dlmtrophenyl)hydrazone prepared from the syrup had m p 
167-168”, undepressed on admlxture with that from 2 prepared by the other method 

Z,2,3-Trr-O-aceiyZ-4-deoxy-6-aldehydo-a-~-threo-hex-4e~~odzaZdo-I,5-pyru~~ose 
(4) - 1,2,3,4-Tetra-O-acety&j&D-glucopyranose3’ was dissolved III methyl sulfoxlde 
(5 ml), and trIethylamme (2 7 ml) was added Pyndme-SO3 complex (1 43 g, 
9 mmoles) m methyl suIfoxlde (15 ml) was then added, and the mixture was shaken 

After 15 mm, cold chloroform was Introduced, and the mixture was subJected to the 
four-stage extractxon previously descrrbed for the preparation of 1 A syrupy product 
(352 mg, 85 5%) was obtamed that had [a] 546 + 10 5” (c 2 4, chloroform), RF 0 73 
(solvent A) The product was chromatographed on a column of sdlca gel with ethyl 

acetate at a flow rate of 60 ml per h, IO-ml fractions bemg collected Fractions 22-26 
were found by t 1 c to contam a u v -active compound (303 mg, 65%), It had [a&46 
+ 16 6” (c 4, chloroform), I,, MeoH 245 nm (E 2750), It decolonzed acldlfied potassmm 
permanganate solutlon, and a sol&Ion of bromme m carbon tetrachlonde, YE; 1753 
(GO acetyl), 1715 (C=O), and 1662 cm-’ (coq C=C) Its p m r spectrum IS described 
m Table I 

Anal Calc for C,,H,,Os C, 50 4, H, 4 9 Found C, 49 9, H, 5 3 
Senzrcarbazone of4 - To a solution of 4 (57 mg) In ethanol was added drop- 

wise a solutlon of sodium acetate (44 mg) and semlcarbazlde hydrochlorrde (50 mg) 
m water (2 ml), and the solution was warmed gentiy for 30 mm Concentration re- 
sulted m the formatlon of crystals These were filtered off, and recrystalhzed from 

ethanol, m p 205-207” 
Anal Calc for C,,H,,NjOs C, 45 5, H, 5 0, N, 12 2 Found C, 45 7, H, 5 3, 

N, 123 
I,2,3-Trr-O-acetyl-4-deoxyuy-6-aldehydo-P-L-threo-hex-4-enodlaldo-1,5-pyranose 

(3) - I ,2,3,4-Tetra-O-acetyl-or-D-glucopyranose 32 (696 mg, 2 mmoles) was oxidized 

as described for Its p anomer, affording an oll(483 mg, 87%) Chromatography on a 
column (20 x 2 cm) of slhca gel with ethyl acetate as the eluant gave 3 as a slightly 
colored oil, [a]n + 111” (c 2 4, chloroform), A$:” 246 nm (E 4205), It decolorlzed a 
solution of bromme m carbon tetrachlorlde, VEX 1750 (GO, acetyl), 1715 (HC=O), 
and 1668 cm-’ (C=C, coq ) The p m r spectrum IS described m Table I 

Anal Calc for C,,H,,Os C, 50 4, H, 4 9 Found C, 50 9, H, 4 7 
Semrcarbazone of 3 - Compound 3 (75 mg) was treated with semlcarbazlde 

hydrochlonde as described for its a anomer The resultmg crystals were recrystalhzed 
from 70% ethanol, m p 190-192” 

AnaZ Calc for C,3H17N30s C, 45 5, H, 5 0, N, 12 2 Found C, 45 8, H, 4 7, 
N, 120 
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1,2,4-Trr-O-acetyZ-3-O-methyZ-6-O-trztyZ-~-D-gZucopyranose - 1,2,4-Trz-O-ace- 
tyi-3-O-methyl-6-O-trztyi-j?-D-giucopyranose was prepared essentzally by the method 
described earller33 On prolonged standmg, the mother hquor of the D-acetate yzelded 
plate-lrke crystals (3 86 g), [oiJu +79 5”. Recrystaibzatzon from ethanol yzeided pure 
title compound (3 29 g, 19 5%), m p 145”, [cI]~ f92 2” (c 2, chloroform) 

Anal Caic for C32H3409 C, 68 3, H, 6 0; Found C, 68 3; H, 5 7 
1,2,4-Trz-0-acetyl-3-0-methyZ-j?-D-glucopyranose - A solutzon of 1,2,4-tn-O- 

ace@-3-O-methyl-6-0-tntyl-fl-D-glucopyranose (5 69 g, 0 01 mole) m glacial acetlc 
aced (20 ml) was cooled to 5”, and 32% hydrobromzc aced m giaczal acetzc aced (3 5 ml) 
was added After 45 set, the preczpztated bromotnphenylmethane was filtered off, 
and washed with acetzc aced (10 ml) The titrate was zmmedzately poured mto zce- 
water and chloroform The chloroform extract was washed twzce wzth zce-water, 
drzed (sodzum sulfate), and evaporated under dzmznzshed pressure to a syrup Crys- 
tailzzatzon and recrystalhzatzon from ether-hexane gave long, needle-shaped crystals 
(1 87 g, 60 5%), m p 121-122”, [a]u tl3 2” (c 3, chloroform) 

Anal Calc for C,3Hz009- C, 48 8, H, 6 3 Found C, 49 2; H, 6 1 
1,Z-Dr-O-acetyl-4-deoxy-3-O-me~~zyZ-6-aIdehydo-cc-~-threo-hex-4-eno~zaIdo-1,5- 

pyranose (6) - 1,2,4-Trr-0-acetyl-3-U-methyl-j?-D-giucopyranose (0 320 g, 1 mmole) 
was lssolved m methyl sulfoxzde (3 5 ml), and tnethyIamme (1 5 ml) was added, 
followed by pyrzdmeS0, complex (0 98 g, 6 mmoles) dzssolved zn methyl sulfoxzde 
(10 ml) After 15 mm, the mzxture was poured znto cold chloroform, and processed, 
to gave a syrup (0 193 g, 74 5%), [&I,, - 69 8” (c 1, chloroform), IZ~$),OH 246 nm (E 3,76U), 
vKBr 1750 (C=O, acetyl), 1708 (H-C=O), and 1645 cm-’ (C=C, conJ ) The compound rnitI 
decolorlzed a soIunon of bromme m carbon tetrachlonde The p m r spectrum 1s de- 
scribed m Table I 

The (2,4_dmztrophenyl)hydrazone of 6, prepared m the usual way, was recrys- 
talhzed from acetonztrzle; m p 127-129” 

Anal. Calc. for Cz7H1sN401 o- C, 46.8; H, 4.1, N. 12 8. Found. C, 467, 
H, 44; N, 13 2 

1,2,4-Trr-O-acetyZ-3-O-metZlyZ-a-D-gZucopyrartose - 1,2,4-Trz-O-acetyl-3-O-me- 
thyl-6-O-tntyl-a-D-glucopyranose33 (2 99 g; 5 3 mmoles) was dzssolved m acetzc aced 
and cooled to 5”, 32% hydrobromzc aced m acetic aced (1 5 ml) was added, and the 
mzxture was shaken for 45 set The resultmg bromotrzphenylmethane was filtered 
off, the filtrate was zmmedzately poured mto me-water (250 ml), the suspenszon was 
filtered, the Gltrate was extracted wth chloroform (3 x 50 ml), and the extracts 
were combined, successively washed with cold water, cold sodium hydrogen carbon- 

ate, and cold water (2 x 100 ml), dried, and evaporated to a syrup (0 948 g), [oL]~ 
+ 124 5” (c 1, chloroform) Thzs syrup was chromatographzcally pure (RF 0 42 m 
Solvent A, 0 3 1 m Solvent B) 

I,Z-Dr-O-acetyZ-4-deoxy-3-O-methyZ-6-~dehydo-~-L-~eo-hex-4-enodLaZdo-~,S- 

pyranose (5) - l&l-Trz- O-acetyi-3- O-methyl-a-D-giucopyranose (320 mg) was 
oxzdzzed m the way described for zts anomer, to yreld 5 as an 011 (194 mg, 67 5%); 
[c& +242” (c 3 3, chloroform); Azzzz 247 nm (E 2,150)) vz 1755 (C=O, acetyl), 
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1715 (H-GO), and 1660cm- ’ (C=C, coq ) The p m r spectrum 1s described m 
Table I 

A crystalhne (2,Pdmltrophenyl)hydrazone was prepared, m p 140-143” 
2,3,4-Trz-O-acetyZ-I,5-anJzydro-6-O-trztyZ-~-gIzzcztoZ -l,5-Anhydro-D-gluclto134 

(8 9 g, 0 05 mole) and chlorotrlphenylmethane (1 48 g, 0 05 mole) were slowly 
added to anhydrous pyndme (150 ml) and, after 24 h, acetic anhydnde (80 ml) 
was introduced slowly mto the cooled mncture, which was then kept for 18 h at 
room temperature Water was added to turbidity, the mixture was poured mto ice- 
water (1 1 liters), and the granular precipitate formed was SItered off, washed, and 
au-dried Two recrystalhzations from ethanol gave pure product (17 52 g, 65 9%), 
m p 92-93”, [LX],, + 82” (c 3 4, pyridme) 

Anal Calc for C3,H3,0s. C, 69 9, H, 5 9 Found C, 70 4, H, 6 2 
2,3,4-Trr-0-aceiyl-I,5anhydro-D-ghrcrtol - Removal of the tntyl group from 

the foregoing anhydride (1 I 9 g, 0 02 mole) was effected with cold acetic acid-32% 
hydrobromic acid (5 ml) for 60 set at 5” The 011 obtamed after treatment urlth Ice- 
water and extraction mto chloroform was crystalhzed from anhydrous ether-hexane 
with the aid of vigorous scratching, yield, 5 9 g Recrystalhzation from ether-hexane 
gave pure product (5 32 g, 80 5%), m p_ 111-113”, [OiJ, +49 9” (c 3, chloroform) 

Anal Calc for C12H1808 C, 49 3, H, 6 2 Found C, 49 0, H, 6 2 
2,3-Dz-O-acetyZ-I,5-anJzydro-4-deoxy-6-aldehydo-L-t~eo-hex-4-enztoZ (11) - 

Oxidatton of 2,3/I-tri-O-acetyl-1,5-anhydro-D-glucitol (0 61 g), as described for the 
preparation of compound 1, gave a chromatograpIucalIy pure oil (0 384 g, 79%), 
AMcoH 245 nm (E 4,050), [~]b + 170’ (c 2 4, chloroform), v=i 1750 (C=O, acetyl), 
If;; (HC=O), and 1663 cm-’ (C=C, coq ) 

The crystalline (2,4-dlmtrophenyl)hydrazone was prepared, and thrice recrys- 

tallized from ethanol, m p 185-186” 
Anal Calc for C16H16N409 C, 47 0, H, 3 9, N, 13 7, mol wt ,408 Found 

C, 47 2; H, 3 7, N, 13 4, M+ 408 
Phenyl 2,3-dz-O-acetyZ-4-deo~-6-aldehydo-a-L-threo-he~-4-enodzaZdo-Z,5-pyr- 

anoszde (8) - Oxldatlon of phenyl 2,3,4-tri-O-acetyl-&D-glucopyranoside35 (0 764 g, 
2 mmoles) to give the title compound was conducted m the usual way lvrth methyl 
sulfoxlde (25 ml), triethylamme (3 ml), and pyrrdme-SO, complex (1 97 g, 12 mmoles) 
Chromatography of the resultmg 011 on a column (2 x 30 cm) of silica gel with ethyl 
acetate as the eluant gave a glass (0 487 g, 76%), [a],, - 107” (c 2, chloroform); 
E”zgH 248 nm (8 3,450); ed 1725 (C=O, acetyl), 1716 (HC=O), and 1668 cm-’ 
(C=C, coq ) The p m r spectrum IS described m Table I 

Anal CaIc for C,,H,,O, C, 60 0, H, 5 0, Found C, 60 5, H, 5 1 

MetJzyl 2,3-dz-O-benroyl-4-deoxy-6-aIdehydo-~-L-t~eo-hex-4-enodzaZdo-I,5-pyr- 
anoszde (1) - Oxidation of methyl 2,3,4-trr-O-benzoyl-a-D-glucopyranos~de36 
(0 54 g) yieIded an oil (268 mg, 70 5%), [~]b +253” (c 3, chloroform); AT;“I” 250 nm 
(E 4,850); vz; 1740 (GO, benzoyl), 1715 (C=O, aldehydic). 1650 (C=C, coq ), 
1600, and 1580 cm-’ (C=C, a romatrc) The p m r spectrum IS described m Table I. 

Anal Calc for CZ1HX80, C, 65 7, H, 4 7 Found C, 66 1, H, 4 1 
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The (2,4_dmltrophenyl)hydrazone of 7 was prepared, it crystallized, with 
dficulty, from ethyl acetate-ethanol, m p 206-208” 

1,2,3- Trz-O- acet)l-4-deoxy-6- aldehydo-a-L-erythro -hex-4-enodzaldo-l,5-pyr- 
anose (16) - To 1,2,3,4-tetra-0-acetyl-/3-D-manr~opyranose~’ (0 696 g, 2 mmoles) 
dlssoIved m methyl sulfoxlde (10 ml), was added tnethylamme (3 ml) Pyndme-SO, 
complex (1 98 g, 12 mmoles) m methyl sulfoxlde (15 ml) was then added, and the 
rmxture was shaken After 15 mm, chloroform (100 ml) was added, and the resultant 
solution was processed, yleldmg an OII Crystalhzatlon from ether-hexane gave pure 

16 (0 424 g, 74%), m p 92-93”, [aID +49” (c 2, chloroform), IFzFH 247 nm (E 2,980) 

The product decolorized acldlc potassmm permanganate solution and bromme solu- 
tion, and gave posltlve Schlff and Tollens tests, YE: 1752 (C=O, acetyl), 1708 (C=O, 
aldehydlc), and 1652 cm-’ (C=C, coq ) The p m r spectrum IS described m Table II 

Anal Calc for C,,H,,O, C, 500, H, 4 9; mol wt , 286 Found- C, 50 2; 

H, 5 0, Mi, 286 

0zono~yszs of compound 16 - Compound 16 (250 mg) was subjected to ozono- 

lys~s as already described The acetylated product, crystallized from ethanol, was 
tetra-O-acetylerythntol, m p and mixed m p , 88-89” 

1,2,3-Tn-O-acetyl-l- deoxy-6-aldehydo-P-L-erythro-hex-4-enodraldo- I,5pyr- 

anose (15) - 1,2,3/LTetra-O-acetyl-a-D-mannopyranose (prepared from the 6-trltyl 

ether33) (700 mg) was oxldlzed as described for Its anomer Crystalhzatlon from ethyl 

acetate-hexane ylelded compound 15 (415 mg, 72%), m p 116-l 17”, [a]o +284” 

(c 1, chloroform), AZ::” 248 nm (E 3,670), Schlff and Tollens tests posltlve; VEX 1750 

(GO, acetyl), 1700 (GO, acetyl), 1700 (C=O, aldehydlc), and 1650 cm-’ (C=C, coq ) 
The p m r spectrum IS described m Table II 

AnaZ Calc for C12H1408 C, 50 0, H, 4 9 Found C, 49 8, H, 5 1 

MetlzyI2,3-dz-O-acetyyl-4-deoxy-6-aldehydo-~-L-erythro-hex-4-enodzaIdo-I,5-pyr- 
anoszde (12) - Oxldatlon of methyl 2,3,4-tr~-O-acetyl-cr-D-mannopyranoslde38 

(640 mg, 2 mmoIes) gave crystallme 12 Recrystalhzatlon from ether-hexane ylelded 

pure material (0 362 g, 70%), m p 57-59”, [aID t 244” (c 2, chloroform), EEzH 249 nm 

(E 4,050) It gave positive Schlff and Tollens tests, decolorized bromme solutlon, and 

reacted with (2,Pdmltrophenyl)hydrazme, v,,, KBr 1706 (C=O, aldehydlc) and 1650 cm-’ 

(C=C, conJ ) The p m r spectrum 1s described m Table II 

Anal Calc for CllH1407 C, 51 2, H, 5 4 Found- C, 51 3; H, 5 4. 

2,4,6-Trz-O-acetyl-3-deoxy-D-erythro-hex-2-eno~zo-I,5-iacto?ze (17) - 2,3,4,6- 
Tetra- 0-acetyl-/3-D-glucopyraranose3 ’ (3 48 g, 10 mmoles) was dissolved m methyl 
sulfoxlde (20 ml), and trlethylamme (15 ml) and pyndme-S03 complex (9 87 g, 
60 mmoles) m methyl sulfoxlde (30 ml) were added sequentially After 30 mm, 

chloroform (150 ml) was added, and the nurture was processed m the usual way 

The syrup obtamed was subJected to short-path, vacuum dlstilatlon, to yield a 

chromatographically pure syrup that decolonzed bromme solution; [a]n + 108” 

(c 3, chloroform); AgEH 219 nm (c 8,100); ~2: 1755 (C=O, acetyl) and 1670 cm-’ 

(C=C, conJ ) The p m r spectrum IS described m Table III 

Anal Calc for C12H1408- C, 50 3, H, 4 9, Found C, 50 2, H, 4 7 
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Ozonolyszs of compound 17 - Compound 17 (500 mg) m carbon tetrachlorrde 
at 0” was subJected to ozonolys~s as already descrrbed The syrup obtamed was treated 
with pyndme-acetrc anhydride for 24 h, and the solution was processed to yreld 
tetra-0-acetylerythntol, m p 87-89O, mtxed m p 87-88” 

Preparatzon of 17 from .?,3,4,6-tetra-O-acetyZ-D-mazznose - 2,3,4,6-Tetra-O- 
acetyl-a-D-mannopyranoseSO (3 48 g) was oxldrzed as described for 2,3,4,6-tetra-O- 
acetyl+D-glucopyranose, to yreld 17 as a chromatographtcally pure od(2 22 g, 77%)) 
[aID + 107 5”) lynx 218 nm (E 7,900) The spectral charactenstrcs of thus compound 
were mdrstmgmshable from those of 17 obtamed by oxtdatton of the D-glztco 
Isomer 

2,4-Dz-O-acetyZ-3-deox~~-D-grycero-hex-2-enono-I,5 iactone (18) - Oxtdatron 
of 2,3,4-trr-0-acetyl-a-D-xylopyranose 41 
55%) [a], + 130 2’ (c 2, chloroform)} 

(0 546 g, 2 mmoles) yrelded an 011 (0 231 g, 
whrch was drstrlled ztz taczto to grve chromato- 

graphically pure 18, [a],, + 139 9”) the compound decolonzed bromme sol&on, 
n%a2 218 nm (E 6,150), mnx vKBr 1750 (C=O, acetyl), 1710 (C=O, CO~J ), and 1650 cm” 

(C=C, conJ ) The p m r spectrum 1s described m Table III 

Anal CaIc for CaH, e0, C, 50 5, H, 4 7 Found C, 50 0, H, 4 9 

2,6-Dz-O-acetyZ-3-deoxy-4-0-(2,3,4,6-tetra-O-acetyZ-~-D-gZzrcopyranosyZ)-D-ery- 
thro-hex-2-enono-Z,5-Iactone (21) - 2’,3’,6’,2,3,3,6-Hepta-0-acetyl cellobxose4’ 

(1 91 g) dtssoived m methyl sulfoxtde (10 ml) was added to tnethylamme (4 5 ml), 
followed by a solutton of pyrtdme-SO, complex (3 1 g, 0 02 mole) m methyl sulfoxtde 
(10 ml) After 30 mm, the mixture was processed m the usual way, to give an 011 of 

RF 0 79 and 0 57 (solvents A and B) that subsequently crystalhzed Recrystalhzatlon 
from ether-hexane gave pure 21, m p 128-129”, [alz, f27 9” (c 3, chloroform), 
AMeoH 214 nm (e 7350) The 1 r spectrum showed a weak band at 1663 cm-’ The 
pm; r spectrum IS described m Table III 

Anal Calc for Cz9H3eO16 C, 502, H, 52. Found C, 505; H, 49 

Ozonolyszs of compormd 21 - Compound 21 (300 mg) was dissolved m dry 
carbon tetrachlorrde, and the solutron was cooled to 0” Ozonolysls, reduction, and 

processing m the usual way afforded crystals of 2-0-P-D-glucopyranosyl-D-erythntol, 

m p 184-185”, mtxed m p 185” 

2,3,4,6-Tetra-O-benzyZ-D-glucozzo-1,SZactozze - To a solutlon of 2,3,4,6-tetra- 
0-benzyl-a-D-glucopyranose43 (0 54 g, 1 mmole) m methyl sulfoxlde was added 
trrethylamme (1 5 ml), followed by a solution of pyrrdme-SO, complex (0 987 g) 
m methyl sulfoxrde (10 ml) After 20 mm, the mrxture was processed m the usual way, 
to give an 011 (0 47 g, 87%), [a],, +79’ (c 3 3, chloroform), ht l2 [a],, + 79 9” The 
I r spectrum m carbon drsulfide showed an absorptton band at 1754 cm-’ (C=O, 
8-lactone) 

2,3,4,6-Tetra-O-benzyZ-N,N-dzmethyZ-D-gZuconamzde - To a solutton of the 
precedmg lactone (3 g) m cold, anhydrous ether was added cold drmethylamme 
(4 ml) The sol&on was kept for 3 mm at room temperature, and evaporated, 
and the product was crystalhzed from cyclohexane, yield, 2 7 g (84%), m p 100-102” 
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mlxed m p lOO-103”, [a], +34 9” (c 3 3, chloroform), ht lg m p lOl-103”, [ol]n 
+35 1” 

Oxidation of 1,3,4,6-Tetra-O-acetyl-a-D-glucopyranose to dr-O-acetylkoJlc aced 
(22) - 1,3,4,6-Tetra-O-acetyl-a-D-glucopyranose44 (3 48 g, 0 01 mole) was dissolved 
m methyl sulfoxlde (20 ml), tnethylamme (15 ml) was added, and pyndme-SOS 
complex (9 54 g, 0 06 mole) predlssolved m methyl sulfoxlde was Introduced with 
stirring The temperature rose to 37”, and the solution turned yellow T 1 c of the 
mixture after 20 mm (solvent C) showed two components (RF 0 50 and 0 74) that were 
revealed by u v hght and with lodme (only the minor, faster-movmg compound was 
detected by spraymg with sulfuric acid), no starting-matena1 was present The 
murture was diluted with chloroform and processed m the usual way, affordmg a 
crystalhne product that was recrystaIhzed from ether-hexane Two further recrystaI- 
hzatlons from isopropyl ether gave pure 22 (1 4 g, 61%), m p lOO-lOlo, undepressed 
on admlxture with dl-0-acetylkoJlc acid; [a]n 0”; A”GgH 252 nm (E 10,600); $!,z 
1781 (C=O, enol AC), 1760 (C=O, acetate), and 1678 cm-l (doublet GO, C=C) 
The p m r spectrum (m CDC13) contained the followmg signals 7 05 (l-proton smglet), 
6 05 (l-proton smglet), 4 90 (l-proton smglet), 2 30 @-proton smglet, enol AC), and 
2 15 (3-proton smglet, OAc) 

Anal Calc for_C1,HLOOs C, 53 1, H, 4 5, mol wt , 226 Found C, 53 5, 
H, 44, M+ 226 

The mother hquor was evaporated to a syrup (0 347 g) that did not crystalhze 
‘ills matena1 had spectral characterlstlcs mdlstmgmshable from those of 17 prepared 
by the oxrdatlon of 2,3,4,6-tetra-0-acetyl-cl-D-glucopyranose 

Oxldatron of 1,3,46-tetra-O-acetyh-D-gaIactopyranose - Treatment of the 
tetraacetate (3 48 g) m the way described for the D-glzlco isomer gave dl-O-acetyl- 
koJlc acid (22) (1 276 g, 56%), m p IOO-102”, mlxed m p 100-102” The I r , u v , and 
p m r spectra were mdlstmgulshable from those of the authentic compound A 
mmor, umdentlfied product was obtamed from the mother hquor 

Oxldatzon of I,3,4,6-tetra-O-acet~~~-~-D-mannop~ranose. - The tetraacetate 
(3 48 g) was oxldlzed m the way described for the D-gllrco and D-galacto Isomers 
to ave di-O-acetylkojlc acid (1 58 g, 69%); m p lOO-102”, mlxed m p 100-102” 
The I r , u v , and p m r spectra were mdlstmgulshable from those of an authentic 
sample. 

A mmor product (0 376 g), obtamed as an 011 from the mother Irquor, was 
identified as 17 by Its spectral characterlstlcs 

Eflect of prolonged treatment of I&4,6-terra-O-acetyh-D-ghicopyranose mth 
tr lethylanme - 1,3,4,6-Tetra-0-acetyl+D-glucopyranose (3 48 g, 0 01 mole) was 
dlssoIved m methyl sulfoxlde (20 ml), trlethylamme (10 ml. 0 10 mole) was added, 
and the nuxture was shaken vigorously for 8 h Pyndme-SO, complex (9 54 g, 
0 06 mole) predlssolved m methyl sulfoxlde was then added After 20 mm, t 1 c 

(solvent C) of the mixture showed the presence of only one component, moving faster 
than the starting mater&, the rmxture was processed, to yield a chromatographlcally 
pure 011 indrstmgulshable from unsaturated lactone 17. 
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