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ABSTRACT 

Startmg from 1,3,6-tri-O-benzoyl-4-deoxy-cx-~-gf~cero-hex-3-enos-Zulose (6), 
for whch an efficient preparation (65%) from 2,3,4,6-tetra-0-benzoyl-2-hydroxy- 
glucal (I) has been elaborated, a study of preparatively useful reactlons 1s reported 
(L) synthesis of the a-haloenolones 7 and 8 by treatment with hydrogen hahde-acetIc 
acid, and theu- converslon, by solvolys~s with various alcohols, mto b-D-glycenosld- 
uloses (9, 10, and 13), (II) f ormatlon of acetals, phenylhydrazones (at room tempera- 
ature), and osazones, and (~1) transformation into the y-pyrone system with loss of the 
anomenc substituent (svmg koJlc acid dlbenzoate) or with Its preservation (glvmg 
6-alkoxy-allomaltol denvahves 29 and 30) The structural and configuratlonal 
asslgmnents were based on the mode of preparation and from spectroscopic data, 
most convemently from p m r spectra and chn-optlcal 
long-wave Cotton effect (the enone R-band) showed a 
anomenc configuration 

INTRODUCTION 

properties The sign of the 
distmct dependence on the 

ADeoxy-hex-3-enos-2-uloses of type II, which may be referred to as hexos- 
3-ecol-2-ones as they are denved formally from a mono-enol form of hexopyranose- 
2,3-dmloses, have been repeatedly encountered dunng the past 10 years’-’ 3, although 
nnmtenhonally m most Instances owmg to the high propensity of hexopyranos-Z 
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I II 

R = acyl alkyt R’= OR, NR, 

*Part V of a senes on “Sugar enolones” For parts I-IV, see refs 2,4,9, and 12, respectwely 
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glycosuloses to ehmmate ROH from the 3,4-posltlon (I-, II) With acylated 

glycosuloses, this ehmmatlon takes place even on slhca-gel chromatography I, under 
the conditions of acylatlon3 ’ 12, or of oxldatlon \wth methyl sulfoxrdezPs, or 
thermally dunng g 1 c 6 For preparative purposes, brief reffuxmg with moist sodmm 
hydrogencarbonate has proved most effective ‘-lo O-Aikylated glycosuloses, however, 
require more stnngent conditions, such as strong alKah, to effect this conversion’ 1 ’ 

The synthetic potential of these enolones, as for the preparation of 4-deoxy- 
hexoses functlonahzed via the carbonyl groups at C-2 and/or C-3 has not thus far been 
explored We were therefore prompted to examme those reactlons of preparative 
utdlty that may be performed on such enolones, m conslderatlon of their pronounced 
tendency’ s l2 for converslon mto the more stable y-pyrone system Although 

reactions mvolvmg sequential saturation of the alkemc and/or carbonyl double-bonds 

are currently being studied’ 4, we describe here a senes of conversions that retam 
the enolone structure, these compnse m part a repetltlon and detalled revlslon of 
earher studies by Maurer et al ’ 5 1 6 

RESULTS AND DISCUSSION 

The synthetic method utilized to prepare 1,3,6-m-U-benzoyl-4-deoxy-a-D- 
gl_vcero-hex-3-enos-2-ulose (6), the key enolone for all ensmng conversions described 
herem, developed from a detaled study of the solvent- and temperature-dependence 
of the addmon of chlorine to 1,5-anhydro-2,3,4,6-tetra-O-benzoyl-hex-l-emtol (I). 
At room temperature, the cm-manno Ichlonde 3 and Its jl-D-ghco Isomer 4 are 
formed exclusively, m about 1 2 proportion when tetrachloromethane 1s the solvent”, 
whereas m benzene or toluene a ratio of about 1 4 IS observed’ 3 At low temperature, 
however, the chlonnatlon product consists of the manno dlchlonde 3 and the 
benzoxonn-m salt 2*, (namely, the lomc precursor of 4) which, unhke 3 and 4, IS 
readily hydrolyzed to the glycosulose 5 by addltxon of water” l3 Thus, when low- 
temperatun: chlonnation of 1 1s followed by hydrolysis with water, rmxtures of the 
glycosulose 5 and the manno dlchlonde 3 (~20% 1x1 toluene, N 30% In tetrachloro- 

methane) a e mvanably obtamed. complete separation reqmres column chromato- 
graphy Ho Never, the h!ghly crystalhne enolone 6, which 1s rea&lj formed from 5 by 
elm-unatlon of benzolc acid, IS convemently separated from 3 by fractional recrystal- 
lization Thus, for a high-yeldmg route to 6, the most favorable procedure mvolved 
chlonnatlor of 1 m toluene for 5 mm at - 30”, followed directly by hydrolysis 
(addltron of water) and ehmmation (refluwng with moist sodmm hydrogencarbonate 
m toluene), ati steps bemg performed m one contmuous operation In tlus way, the 
hex-3-enos-2-ulose 6 was readdy obtamed m 65% yield (based OL 1) Given the ready 
avadablhty , ” of 1 compound 6, IS thus the most accessible hexose-3-enol-2-one** 

*Apart from 3, only 2 was detectable by p m r spectroscopy at -30” m the nurture obtamed by 
low-temperature chlonnatlon of 1 m toluene-d 8 Consequently, an xomc precursor of 3, analogous 

to the mtermedlate 2 must have a very high tendency to pve 3, If It E formed at all 
**The large-scale preparation of 6 from D-&COSe has been succesfully used as an mtroductory 
excerclse for laboratory courses m advanced orgamc chemistry 
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The enolone system m 6 IS remarkably msensltlve towards acid, and debenzoyl- 

atlon at C-l could be effected by treatment wtth trlfluoroacetrc acrd at 60”, to give the 

I-hydroxy analog 11 Srmrlarly, the anolnenc substltuent m 6 may readily be replaced 
by halogen by treatment with hydrogen chloride in acetyl chloride or hydrogen 
bromide in acetic acid The corresponding halides 7 and 8, readily isolable m yields of 
>6Q%, proved to be versatile intermediates, as for the preparation of the hydroxy- 
enolone 11 by hydrolysis with silver carbonate m aqueous acetone and, m partrcular, 
for the synthesis of enolone glycostdes by alcoholysrs Methanolysls was studred m 
detatl On strmng m methanol at 30”, 7 or 8 were readily converted mto approxr- 
mately 8 1 mrxtures (p m r ) of the j?-glycostde 13 and its cc-anomer 12, both rsolable 
by frachonal recrystalhzatlon 1x1 pelds of 67 and 3%, respectively Under somewhat 
more forcmg condmons, however, as by refluxmg 8 m methanol, the rmxture of 
glycosrdes formed contamed substantral proportions of the 2,2-dlmethyl acetal 14, 
isolable by column chromatography on sthca gel m 7% yield Thrs conversron was 
accompanied by the loss of enolones 12 and 13, which decomposed durm,o extended 
exposure to slhca gel to form y-pyrones and other, highly-polar products (see later) 
Thus, for preparation of other glycosrdes of the enolones, such as the ethyl-&D (9) 
and benzyl-j&D derivattve (lo), treatment of 8 with ethanol and benzyl alcohoi at 30” 
was the procedure of choice, affording the products m yields of 78 and 69%, 

respectively 
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At room temperature, the aldosulose 5, the enolone 6 and also its glycosldes 10 
and 13, readdy gave the correspondmg (2,4-dlmtrophenyI)hydrazones, characterized 
by p m r spectroscopy and by their high spectic rotations However, on bnef heatmg 
with, for Instance, phenylhydrazme m acetlc acid, formation of the phenylhydrazone 
was accompamed by loss of the anom-nc substltuent and a phenylosazone 19 was 
obtamed from any of the enolones 6-13 as well as from the glycosulose 5, wtuch also 
ehmmated benzolc acid under these condltlons 

Cl--L3BL 

(c!zo+ 
EZO 

Y--UrlAr N---NHAr N--NHAt- 

lb 16 17R= Me 

18 R = PhCi+ 

‘Ph 

Ar = Z,4-dmltrophenyl 

The relevant ‘H-n m r -spectral parameters for a11 of the enolones prepared 
(6-13) and also for their (2,4_dmltrophenyl)hydrazones (16-18) are recorded m 
Table I and are consistent with the structures asslgned The sallent features compnse 

a smglet for H-l, a generally well resolved sextet for H-5, and, most charactenstlcally, 
a doublet for the alkemc proton (H-4) The open-cham structure for 19 was smularly 
deduced from Its p m t spectrum which, m accord with those of other osazones18, 
showed presence of singlets for a chelated and a non-chelated ammo proton at 6 12 73 

TABLE I 

D AI R LI AUD OPTICAL-ROTATION DATA FOR HEX-3-ENOPYRANOS-2-ULOSES AND RELATED COMPOUNDS 

conlpound H-2 11-4 545 N-5 6-CHzb OMe [& (cXorof~rn2) 

(4 (4 (=I (degree5) (c, degrees) 

6 6 69 703 18 533 462 - 125 
7 621 693 20 537 466 - t61 
8 664 697 20 523 467 - t104 
9 5 12 692 30 509 470 - - 108 

10 5 17 693 30 510 465 - -98 
11 549 691 20 535 461 - -18 
13 5 02 691 35 510 467 3 59 -110 
14 4 80 602 20 486 448 3 57, 3 42, 3 39 -94 
16’ >7 3d 645 20 540 465 - +452 
17’ 564 635 35 504 464 3 so -334 
18’ 5 68 646 35 507 465 - -343 

(1, 25) 
(0 8, 20) 
(0 8, 23) 

$7, z; 

:A’,, ?; 
(I 3 20) 
(0 1,201 
(0 1,201 
(0 1,251 

“In CDC13, unless otherwlse mdlcated, &scale, couphng constants III Hz bathe expected octets for 
H-6 and H-6’ were usually onIy partially resolved =In Me,SO-& , (2&dm~trophenyl)hydrazone 
residues gave signals at -11 6 (s, 1 H NH), 10 9 id, 1 H, J 2-3 Hz, H-3), 8 2 (dd, 1 K, H-5) and 
7 4 (dd, 1 H, K-6), the latter two overlapped with the benzoyl protons “The signal was hldden by tnose 
cf the aromatlc protons 
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and 10 81 m methyl sulfoxlde-d,, together with an OH-doublet at 6 5 56, all of these 
signals dlsappeanng on deuteratlon or on addltlon of tnfluoroacetlc acid 

Reeualuatzon of Maurer’s fiirdzngs - When comparmg the results described 
here, on the chlormatlon of 1 and subsequent hydrolysis, with those reported by 
Maurer ’ 5 ’ 6, the dlscrepancles, particularly \wth respect to the structures assigned, 
are rather serxoLs Hence, It seems appropnate to reevaluate Maurer’s expenmental 
data and to rationalize his a przorz assumptions and, m fact, erroneous conclusions, 
the latter are understandable, consldermg the techniques available 40 years ago It 
appears peculiar, however, that these rather obvious mconslstencles eluded the 
evaluation of Maurer’s work by several competent revlewers1g-21, despite the fact 
that IsbellZ2 m 1944 had provided the mechamstlc framework for understandmg the 
reactions involved 

The bghly crystallme product ansmg from chlormatlon of 1 and subsequent 
heating with moist sodium hydrogencarbonate m benzene, shown here to be tn-O- 
henzoyl-enolone 6, was assumed by Maurer to be a tetrabenzoyl derlvatlve (“Tetra- 
benzoyl-glucoson”) on the basis of elemental analysis He assigned to it the 1,2- 
epoxlde structure 20, mamly on account of its conversion into dibenzoylkoJlc acid 
with pyndme and mto an osazone with phenylhydrazme” 
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Fig 1 Structures asslgned by Maurer I5 l6 to the product (20 now shown to be 6) arwng from the 
chlonnatlon of I and subsequent hydrolysis, and products of subsequent transformations 

However, neither of these chemical comersions are conclusive, nor are the 
analytlcal data, as, fortmtously, the carbon and hydrogen values for the tetrabenzoate 
20 (or its isomer 5) and the tnbenzoate 6 are so close as to be w&hm expenmental error 
Undoubtedly, Maurer retained some reservations as to the validity of structure 20, 
as he noted the unusual stab&y of the epoxlde rmg towards acetic anhydnde, a 
solvent from which the product may be recrystallized’6 Nevertheless, all ensumg 
conversions were thought to occur from a product of structure 20, the reaction mth 
hydrogen hahdes, for example, bemg accompanied by ehmmatlon of benzolc acid 
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from the 4,5-pos~hon to yreld the I-halo-enolones 21, which m turn gave the cor- 
respondrug glycosrdes 22 and 23 on treatment wth alcohols 

These structural assrgnments must all be revrsed, and the alleged compounds 
20-23 m fact possess the structures 6-9, and 13, respectively For the same reasons, 
the enolone structure 9 @Et and NHPh instead of OR) needs to be assrgned to the 
products of supposed structures 24 and 25, whrch were obtained1 6 by treatment of the 
I-haloenolone wrth ethanethrol and amhne, respectively 

Confguratronal and conformatronal charactemtm - The anomem coti- 
guratrons of the enolones 6-13 may be deduced from p m r data, but not from the 
chemical shrfts of H-l, as these are practically identical for both anomers (for example 
6 4 98 for the a-glycosrde r* I2 m comparrson wrth 6 5 02 for the /? anomer 13) 
However, the J4,* couplmg constant showed a charactenstrc dependence on the 
configuratron at C-l, bemg -2 0 Hz for the c( anomers and 3 O-3 5 Hz for tne B 
anomers (see Table I) A smnlar result has been observed for other 3-enoL2-ones**’ 2 
and strongly mdrcates a sofa conformatron havmg H-5 perpendrcular to the nng (A) 
for the a: as well as for the fl anomers The Iatter, however, &play some devratron 
from A towards the alternative conformatron (B), as Judged from the larger J, 5- 
values and, thus, smaller H-4-H-5 dihedral angles 

B _ P 
H 

- 
a a 

EiZO 0 

A e 

Asrde from the J4,5 couphng constants, rnformauon as to the configuratron at 
the anomenc carbon atom may be denved from the specific rotations of the respectrve 
(2,Pdmnrophenyl)hydrazones, which exkrbrt large positive rotations for the CL 
compounds (15, 16) and equally htgh levorotatrons for the /3-glycomdes (17 and 18) 
(compare Table I): m accord wrth previous Zindmgs on analogous products12 

The anomenc configuratrons of the 3-enol-2-ones may also be determmed from 
the sign of the long-wavelength Cotton ef:ect, namely the enone R band m the 335-m-n 
regron resuhmg from an n --f x* transrtror. -4s Illustrated, for example, by the crrcular- 
drchrolsm curves of the anomenc methyl enolones 12 and 63 (Frg 2), the excrton- 
spht, Cotton effects m the 210-250 nm regon, ansmg from enone z 4 T-C* and benzoate 
charge-transfer trans~trons, are very srmrlar m agn, shape, and mtensrty, whereas then 
enone X-bands show a &stmct drfference m sign, bemg poatrve for the p anomers, and 
negatrve for the cc compounds Thrs correktron 1s also borne out by analogous effects 
with the ethyl &glycoside 9 (.4.s337 -t-O 84), the benzoyk-D denvatrve 6 (dasa4 - I.29 
m methanol), and the halo-cc-n derrvatives 7 and 8 (-0.66 and -0 3, respectrvely, 
m 1 &&oxane) 

When trymg to ratronahze these data m terms of the octant rulez3, the 
chrroptrcal behavror 1s not consrstent wrth an octant-dragram proJectron as m Frg 3, 
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Fig 2 Qrcular-dlchrolsm spectra (methanol solutlon) of methyl 3,6-dkO-benzoyl4deoxy-a-D- 
gllvcero-hex-3-enopyranond-2-ulose (12, dotted hne) and Its /3 anomer (13. sold Ime) 
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Fig 3 Octant-rule projectIons of 3 6-cb-O-benzoyl4deoxy-a-D-hex-3-enos-2-ulose denvatlves 6-S 
(R = OBz, Cl, and Br) 

because, for the c+compou3ds, the quasi-ax&, anomenc substltuent IS placed m the 
lower-n&t, rear octant and, consequently, should sve a posltlve sign for the enone R 
band Thus IS the more surpnsmg as aal substltuents vlcmal to the carbonyl group 
usually outweigh the contnbutions of all other atomsz4 and therefore dominate the 
sign of the long-wave Cotton effect The observed “mverse” enone R bands are thus 
obviously governed by other, less-tan@bIe stenc factors, a posslblhty bemg the 3-O- 
benzoyl group, whxh may adopt different spat& arrangements for the CL and /I 
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alkoxyallomaltols 29 and 30, respectively, isolable m yzelds of up to 40% In this 

H 

27 R = Et 
29 R = Et 

28 R = Me 
30R = Me 

conversion, proton&Ion occurs at the exocychc methylene group, as was readily 
shown by pelformmg the reaction 28 -+30 m deutenum oxide, which afforded a 
methoxy-allomaltol (30) specifically monodeuterated m the C-methyl group, thus 
susialting the previous 1 ’ mechanistic ratlonahzatlons for this converslon 

EXPERIMENTAL 

General methods - Melting pomts were determined on a Bock Monoskop and 
are uncorrected Spectral measurements were effected with Perhm-Elmer 125 (I r ), 
Perkm-Elmer 141 (rotations), Jasco J-20 (c d ), Vanan A-60A and XL-100 (p m r ), 
and Vanan MAT 311 A (m s ) instruments T 1 c was performed on Kleselgel 60 
Fts4 plastic sheets (Merck, Darmstadt) and was used to monitor the reactions and to 
ascertain the purity of the products Developers employed were A, 10 1 tetrachloro- 
methane-ethyl acetate, B, I I chloroform-dzchloromethane, and C, 19 1 dlchloro- 
methane--ethyl acetate The spots were made visible by u v light or by spraying with 
80% aqueous sulfurrc acid and charnng for 5 mm at 120” Column chromatography 

was performed on Kleselgel 60 (70-230 mesh, Merck) 
1,3,4,6-Tetra-O-benzo~l-a-o-arab~no-lzexop~r~~~os-2-uIose (5) - Chlorme gas 

was passed through a cooled (- 30’) soiutlon of 1,5-anhydro-2,3,4,6-tetra-O-benzoyl- 
D-arubmo-hex-l-enitol (1, 1 45 g, 2 5 mmol) m toluene (50 ml) until a greemsh color 
perslsted (~5 nun) After stlrnng for another IO mm, the excess of chlonne was 
removed by bubbling mtrogen through the solution Water (2 ml) and sodium 
hydrogencarbonate (300 mg) was then added with vigorous stirring and the mixture 
was allowed to warm to room temperature Flltratlon, drymg (sodium sulfate), and 
evapora’ron to dryness m U~CUO left a residue, wIuch was apphed to a column 
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(2 x 20 cm) of s~hca gel that was rapldly eluted with 2 1 cyclohexane-ethyl acetate The 
fast-movmg fraction, on concentration and filtration of the resultant crystals and 
washmg with ethanol, afforded 190 mg (12%) of the manno lchlonde 3, m p 156-l 58” 
(ht ’ 3 I56-158*) Evaporation of the fractions contammg 5 (RF 0 03 m A, 0 14 m B) 
afforded an amorphous sohd, which was dned zn uacz.z~ over phosphorus pentaoxlde, 
yield 0 95 g (63%) of 5, Identical with respect to specific rotation, and I r - and 
p m r -spectral data with the product described prevlously’“*l 3 

1,3,4,6-Tetra-O-benzoyZ-or-D-arabzno-hexopyranos-2-zfZose (2,4-dznztrophenyZ)- 
hydrazone (15) - An ethanohc solution of the glyculose 5 (600 mg III 30 ml) was 
mixed with 8 ml of 0 1~ (2,~chmtrophenyl)hydrazme m phosphonc acld-ethano12’ 
The preclpltate formed was recrystalhzed twice from ethanol, yield 360 mg (46%) of 
6 as yellow needles, m p 167-169”, [c&O + 139” (c 0 2, chloroform), p m r data 
(Me,SO-d, t2 drops of CF,C02H) 6 8 55 (d, 1 H, J 2 5 Hz, H-3’), 8 2-7 3 (m, 
23 H, 3 Ph, H-l, H-5’, H-6’), 6 40 (d, 1 H, J3 4 9 Hz, H-3), 5 91 (t, 1 H, J3 4 = J4 5 = 
9 Hz, H-4), 5 05 (m, 1 H, H-5), and 4 66 (m, 2 H, 6-CH2) 

Anal Calc for C40H30N4013 (774 7) C, 62 01, H, 3 90, N, 7 23 Found 
C, 61 94, H, 3 84, N, 7 25 

1,3,6-Trz-O-benzoyZ~-deoxy-cc-D-glycero-Izex-3-enopyranos-2-uZose (6) - Dry 
chlonne gas was passed through a cooled (-30”) solution of the glycal 1 (6 2 g, 
10 7 mmol) m toluene (200 ml) for about 5 mm, whereupon water (1 5 ml) was added 
with vigorous stn=rmg followed by portIonwIse addition of sohd sodmm hydrogen- 
carbonate (15 g) The mixture was allowed to warm to room temperature and was 
subsequently heated for 2 h at 70” The browmsh salts were SItered off and the f&rate 
was dned (sodmm sulfate) and evaporated to dryness m ULZCUO Benzene, and finally 
ether, were evaporated several times from the iesldue The crystalline residue, 
contammg l5-20% of the manno d&londe 3 (RF 0 68 m C, versus 0 60 for 6), was 
usually free from 3 after two recrystalhzations from ethanol, yield 3 1 g (65%) of 6 
as felted needles, m p. l28-130”, [cY];~ + 3 6” (c 1, chloroform) and +9 4’ (c 1, 
acetone), c d data (methanol) LIE - 1 29 (334 nm) 

Anal Calc for C2 ,HZ008 (472 4) C, 68 64, H, 4 27 Found- C, 68 74. H, 4 24 
For a product (“Tetrabenzoyl-glucoson” of alleged structure 20) prepared 

s~rmlar!y, Maurer and Petsch’ 5 reported m p 132” and [a]r + 7 05” (c 0 32, acetone) 

I,3,6-Trz-O-benzoyl-deoxy-a-D-glycero-hex-3-enopyr~os-2-uiose (2,4-dznztro- 
phertyZ)lz~?drazone (16) - An ethanohc solution of the enolone 6 (500 mg m 50 ml 
after shght warmmg) was mlxed with 10 ml of 0 1~ (2&dmltrophenyl)hydrazme m 
phosphonc acid-ethanol’ 7 The yellow crystals, which soon started to preclpltate, 
were filtered off after 3 h and recrystalhzed from ethyl acetate-ethanol to gve 510 mg 
(72%) of 16, m p 249-150”, [alp +452” (c 0 12, chloroform) 

Anal Calc for C33H24N4011 (652 6)- C, 60 74, H, 3 71, N, 8 58 Found 
C, 6066, H, 363, N, 848 

3,6-Dz-O-benzoyZ~-deoxy-D-glycero-hex-3-enos-2-ziZose 1,2-bzs(phenyZhydrazone) 

(19) - A suspension of the enolone 6 (250 mg, 0 5 mmol) m 75% aqueous acehc acid 
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(20 ml) was heated on a steam bath until a clear solution was obtamed, whereupon 
phenylhydrazme (0 25 ml) was added gradually The yellow precipitate that separated 
on coolmg was filtered off after 18 h and was recrystalhzed from ethanol, yield 200 mg 
(67%) of yellow crystals, m p 189-190”, [a]p --43 7” (c 0 1, pyndme), p m r data 
(Me,SO-d,) S 12 73 and 10 81 (two s, 1 H each, NH), 8 15 (m, 4 H, ortho-H of 
PhCO), 6 9-7 9 (m, 17 I-I, 2 Ph, m- and p-H of 2 PhCO, H-l), 5 72 (d, 1 H, J4 5 
9 Hz, H-4), 5 56 (d, 1 H, .I, oH 5 Hz, OH), 5 20 (m, 1 H, H-5), and 4 50 (m, 2 H, 
6-CHz), addition of tnfluoroacetic acid or deuteratlon removed the OH-doublet at 
5 5 56 and the low field NH-singlets 

Anal Calc for C,,H,,N,O, (548 6) C, 70 06, H, 5 14, N, 10 21 Found 
C, 7005, H, 5 13, N, 1009 

The same product (19) was also obtamed from the tetra-U-benzoyl-hexos-Z- 
ulose 5, from the halo-enolones 7 and 8, and also from the glycenosldulose 13, when 
they were subjected to the foregomg treatment 

3,6-Dz-O-benzoyZ-4-deoxy-a-D-glycero-hex-3-enopyranos-2-ulose (11). - 
A Aczd hydrolyszs of the enolone 6 A solution of 6 (300 mg, 0 64 mmol) m tnf’luoro- 
acetic acid (3 ml) was kept for 3 h at 70”, and then evaporated to dryness zn vacua, 

and toluene was evaporated several times from the residue The latter was crystalhzed 
by tnturatlon wrth ethyl acetate-hexane to gve 105 mg (45%) of 11, m p 117-l 18”, 
blE” - 18” (c 1, chloroform), -4 (3 mm) + - 12” (24 h) in 9 1 l+dloxane-water 
(c 1), c d data (CH,CN) de - I I5 (333 nm), RF 0 13 (C, as compared with 0 60 for 

6), ~2:;: 3400 cm- ’ (OH), p m r data, see Table 1, m/e 368 (M+). 367 (M-H), and 
350 (M - HzO) 

The well-formed crystals of 11 contamed varying amounts of ethyl acetate or 
of benzene, when recrystallized from these solvents, and were not entneIy freed from 
solvent by drymg z?z LWCUO The relatively sharp m p appears to be unaffected by this 
salvation 

Anal Calc for CZOHX607 0 3 EtOAc C, 64 50, H, 4 70 Found C, 64 37, 
H, 4 57 

B Hydrolyszs of the chloro derzvatzve 7 tczth szlver carbonate To a solution of 7 
(2 0 g, 5 2 mmol) m acetone (100 ml) and water (8 0 ml) was added sliver carbonate 
(1.4 g) and the mixture was stirred for 24 h at room temperature m the dark The 
nuxture was filtered and the filtrate was processed as Just described (A), yeldmg 1 2 g 
(60%) of 11, IdentlcaI m all respects wth the product already described 

3,6-Dz-O-benzoyl-Z-chloro-1,4-dzdeoxy-a-D-glycero-hex-3-enopyranos-2-ulose (7) 
- A solution of 1 0 g (2 I mmol) of the enolone 6 m 5 ml of acetyl chlonde saturated 

with dry hydrogen chloride gas was kept for 12 h at room temperature, and then 
evaporated to dryness zn VCICUO Tnturatlon of the residue with chloroform-hexane 
Induced crystalhzation, to afford, after recrystalhzatlon from the same soIvents, 
440 mg (54%) of 7 as fine needles, m p 13O-131”, [a]? f61 3” (c 0 8, chloroform), 
-1-77” (c 0 8, acetone), c d data (l&dloxane) LIE -0 66 (333 nm), p m r data, see 
Table 1 
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from ethanol, peld 170 mg (68%) of yellow crystals, m p 209-Z l”, [a]? -334’ 
(c 0 16, chloroform) 

Anal Calc for C17H22N4010 (562 5) C, 57 65, H, 3 94, N, 9 96 Found 
C, 5746, H, 406, N, 982 

MetityI 3,6-dr-O-be~lzoyl-4-deoxy-8_D-glycero-heranosrd-2-ulose 2,2-d1- 
naethyZ acetaZ(I4) - A suspension of the bromide 8 (2 0 g, 5 mmol) m abs methanol 
(25 ml) was boiled under reflux for 20 min and subsequently refngerated overnight 
The crystallme product (0 8 g) was filtered off, and the filtrate was neutralized by 
add&on of sohd sodmm hydrogencarbonate and then evaporated to dryness The 
residue was dissolved m chloroform, washed with water, dned (sodium sulfate), and 
again the solution was evaporated to dryness The syrup obtamed crystallized on 
tnturatlon with httle methanol to afford another 0 75 g of product Both crops 
comprised an approximately 10 1 mixture of the methyl glycoslde 13 (R, 0 54 m C) 
and the dimethyl acetal 14 (RF041) On elutlon of the combined crops from a 
column (3 x 25 cm) of s111c-a gel with 50 1 dlchloromethane-ethyl acetate, only 14 was 
obtained because of decomposltlon of the methyl gtycoslde 13 upon contact with 
slhca gel The fractions contammg 14, contammated by some of the decomposltlon 
products from 13, &ere combined and evaporated to dryness, yleldmg a crystalline 
residue Recrystalhzatlon from methanol afforded 130 mg (6 5%) of 14 as prisms 
having m p 124”, [c&’ -94” (c 1, chloroform), m/e 396 (M - MeOH), 369 
(M - HCO$ZHz), 368 (M - HCQCH,), 323 (M - PhCO), 263 (M - HCO,CH, and 
PhCO), and 105 (PhCO, base peak), p m r data see Table I 

AmI Calc for CZ3HZ408 (428 1) C, 64 48, H, 5 65 Found C, 64 42, H 5 70 
Ethyl 3,6-dr-O-benzoyI-4-deoxy-B_D-glycero-irex-3-enopJ ranomi-2-rrlose (9) - 

A suspension of the bromide 8 (4 3 g, 10 mmol) m dry ethanol (90 ml) was stlrred for 
5 h at 25-30”, to afford a clear solution after about 34 h, from which crystals slowly 
separated After refrigeration overnight, the suspension was filtered and the product 
recrystalhzed from ethanol, yield 3 0 g (78%) of 9 as fine needles havmg m p 106 , 
[# - 108 2” (c 1, chloroform), -99” (c 1, acetone) c d data (methanol) AE +0 84 

(337 nm), p m r data, see Tabie I 
Anal Calc for CzzH,,O, (396 3) C, 66 66, H, 5 09 Found C, 66 67, H, 4 96 
The ” Athyl-Produkt” obtained by Maurer and BohmetG on refluxmg their 

“ Brom-zucker ” of alleged structure 21 (X = Br, revised structure 8) in ethanol 
(10 mm) appears to be 9 on the basis of the reported m p 106” and [z];’ -97 7’ 

(c 1 1, acetone) A product prepared under these condltlons contamed a minor 
component (RF 0 42 in C versus 0 55 for 9), conceivably the 2,Zdlethyl acetal of 9, 
whch was only mcompletely removed by two recrystalllzatlons from ethanol 

Benzyl S,(i-dr-O-be~z=o~I-4-deox~-~-D-glycero-hex-3-enopyranosse (10) - 
The bromide 8 (1 2 g) was stirred m benzyl alcohol (15 ml) for 5 h at 30-35” and, after 
refrigeration for 3 h the preclpltate was filtered cff and recrystallized from ethanol to 
afford 0 85 g (69%) of 10 as needles havmg m p 115-l 16”, [r]h5 -98 3” (c 0 7, 

chloroform); p m r data., see Table I 
Anal Calc for C2,HZ206 (442 4) C, 73 29, H, 5 01 Found C, 73 19, H, 4 90 
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On treatment with (2,4&mtrophenyl)hydrazme m phosphonc acxd-ethanol”, 
compound 10 afforded the highly crystailme (2,4dm~trophenyl)hydrazone 18 m 86% 
yreld, m p 197” (after recrystalhzatlon from ethyl acetate-ethanol), [c&’ -343” 
(c 0 1, chloroform) 

An& Calc for C33Ht6N4010 (638 6) C, 62 07, H, 4 10, N, 8 77 Found 
C, 61 92, H, 406, N, 8 73 

Z-Et?zoxy-3-hydroxy-6-methyI-4H-pyran-4-one (6-ethoxyallomaltol) (29) - A 
solution of 9 (1 0 g, 2 5 mmol) m pyndme (40 ml), to which 0 4 ml of plpendme had 
been added, was kept for 12 h at -2O”, whereupon t 1 c (C) mdlcated almost complete 
conversIon of 9 mto a mixture of 29 (RF NO 3) and more-polar, as yet umdentlfied 
products (RF 0 02) Toluene (3 x 30 ml) was evaporated from the product to sve a 
crystalhne resrdue that was recrystalhzed from ethanol, yield 145 mg (34%) of 29 as 
fine needles havmg m p 174”, p m r data (CD(&)- 6 6 17 (s, 1 H, H-5), 4 44 (q, 
2 H, Et-CH,), 2 26 (s, 3 H, 6-Me), and 1 4.5 (t, 3 H, ethyl-Me), m/e 170 (Mf), 142 
(M-CH,=CH,), 114(M-CO), 86 (M-2CO), 71 (M-CH,--CO), 68 (86-HH,O), 
and 43 (86-CH3CO) 

A~QZ Calc for CsH,,,04 (170 2) C, 56 46, H, 5 88 Found C, 56 45, H, 5 75 
2-Methoxy-3-hy~roxy-6-methyZ-4H-pyran-4-one (6-methoxy-aliomaltol) (30) - 

Treatment of the j3glycoslde 13 with pyndme-plpendme as already described for 29 
afforded 30 m 27% yield, Identical by m p (169”), rmxed m p , and spectral data mth 
the product obtained from the r anomer I2 12, m/e 156 (M+), 127 (M-CHO), 
113 (M - MeCO), and 43 (CH,CO) 

When performlpg the converslon 13 -30 m pyndme (24 h at 25”) with 
subsequent addmon of deutenum oxide, a methoxy-allomaltol specifically mono- 
deuterated m the C-methyl group 1s obtamed, as mdlcated by its mass spectrum 
m/e 157 (M+), 128 @I - CHO), 114 (M - MeCO), and 44 (CH,DCO) 
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