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-:ABSTRACT:

Acetylatlon of an equlhbrated-f 'olutxo “of* D-erythrose in". pyridine"yields a:
: -D;erythrofuranose. If D=

mvestlgatlon of the structure and st'ereochemlstryz of 'these compounds is: pr&sented
The dimerization aid trimerization of 2,4:0-éthylidéne-p-erythrose is also studied.-

- “INTRODUCTION

p-Erythrose has not yet beén obtained crystalhne and the physical data‘reported
by other wc;n-kers1 3-are contradlctory. This may. be because of the ready dlmensatlon» .
of’ D-erytl:u-ose1 As we needed D-erythrose for degradanon ‘experiments, and com- .
merclal s"' ples were lmpure, a study onthe homogenelty and ethbnum propertles_,;
of the various forms of this sugar has been undértaken.

RESULTS AND DISCUSSION:

- ‘When 4 '6-05ethyhdene-D~glucose is: oxidized ‘with sodium - metapenodate _
a crystalhne d;mer” ‘of 2 4-0-ethyhdene—D-erythrose, blS(2 4-O-ethyhdene-D—ery-

*Dedicated to: Professor. Dextér Frenchi'on the coéasion of his 60th birthiday:
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indicated - a" diaxial armngement8 .

':".-suggest that 1 has the structure: and stereochemlstry depxcted (see Scheme) :‘The
) '1H-n.m.r. spectrum of the other compound revealed the presence of three. O-acetylz_
o groups and three. O-ethyhdene groups, mdxcatmg that the compound isan acetylated‘
".".'tnmer of D—erythrose. o

Bt The total ‘number of protons shown by the n.m.r. spectrum ‘as: well as the
: 'consxderably longer retentxon—tlme on g.l.c., is- also in agreement wnth the foregomg




-Erythrose was synthe515ed by two methods Whe
-in pyndme and treated at once ‘with- acetlc anhydude at least four omponents
'observed ong. 1.c. (Fig. la), 1rrespect1ve ‘of the’ mode of synt e51 i -
- of a monomeric and a polymenc group of components. G.l-‘_c', i alysrs of D-erythrose,
obtamed from any of the two synthetlc methods, did: not (aﬁer eductlon Aand acetyl— :
atlon) show threitol tetraacetate.’ ThlS observatlon proves that'no 1sornenzat10n had'
taken place. When p-erythrose was dxssolved in pyrrdme and acetylated after 30 mm, :
only the two components thought to be monomeric were observed by g,l.c.(Frg lb) ;
The- 1H-n m.r. spectrum of D-erythrose in: pyrldme-ds, .water or acetate: buﬁér (pH '.
4. 5) showed s1gnals from the anomeric protons of ‘a- and ﬂ-D-erythrofur nose and’
also srgnals arising. from other types of. anomeric: proton.v In’ deuterated' acetatei
buffer, the ratio between monomeric and. polymeric. forms of. D—erythrose mcreased_'.
when the sample was:heated and. then: raprdly cooled, mdrcatmg that ‘as; expected
the equilibrium.is displaced in solution towards the monomers..

D-Erythrose was acetylated under condmons smtable for obta.lmng good :

Recorder response
Recorder responsa

1 - 3 -
120 130 270 . 120
: * Temperature (%} : : :

Fxg 1. G.Lc. analysis of p-erythrose (3 A OV-1,35 mlmtrogenlmm, program rate 0° mrn) acetylated o
in a solution of pyzidine; lsolated compormds are numbered. @ Drrect addxtron of aeeuc anhydnde'
_~(b)addmona.ﬁer30mm : ; S e R



‘and *H-nim.r:- data (Tables L and II) The structure of 4 was deferniined as'-_ :
--"follows The slufts of H-1; (85 91) -and H-2. (6 5: 15) mdlcate that: both C-l and: C-2_-'g
carry: an acetoxyl group13 Proton H-3 exhibited eight linés:céntered at’8.3.41: ‘The
R pattern anses from- couplmg w1th H—2 and ‘the non—eqmvalent protons (H—4) of an '
: uncoupled methylene - group.: 'Ifhese ‘results- are’ analogous to those- observed for‘-
 2,4-dj- O-acetyl-l 3-O-ethyhdcne‘L-eryl:l:mtol14 The'fesonance of -H-1" as a doublet'- :
_at:d: 4 77 is‘in accord with the. value expected for a. proton in‘a:1 3-droxane or1,3-
-'dloxolane rmg” 16, but the downﬁeld shift: of H-2 rules-out the latter structure The
resonances of' H—2’ 'and H-3 at.5'5.61:and & S 73, lmply that C=2".and’ C-3’ carry.an. -
_acetoxyl group, and the elght hne pattem of H-3' anses m a manner analogous to,, _
,,that of H-3.: Sl :
" The magmtude of the coup]mg constants for H~ H-2 and H—3 (Jl 5 7 5 and ‘
.Jz 3 10 Hz) is in accord ‘with'a 1,3-dioxane nng with dlamal relationships between - -
. 'the protons Thus, as 4 ongmates from D-erythrose it should have the conformauon )
- deprcted in the Scheme:.:: s .
- By similar reasomng, 1t was. estabhshed that 5 Was the C—l eplmer of 4 Thev
A{observatlon that' H-l' -and H-3'in 5 resonate 0.4-0.6 p.p.m. - downfield from- H—l' -
-~‘and H-3 in. 4 may "be attnbuted to amsoh:oplc deshxeldmg13 from the acetoxyl group.'_v
»'atC-l. SRR -
- :In. the 1H-n m.r. spectrum of compound 6 the sxgna.ls for H— H-2 and H-3':_
~=fappear at-8 '6.32, "6 4.23,and:8 5.12, in accord ‘with. the. presence of acetoxyl groups -
atC-1. and C-3 ‘but not at C-2, thus ruling out a 1;3-dioxane ring. Proton H-3showed -
the characteristic éight-line pattern’ arising from coupling with. H-2:and  the H4 -
- protons ‘The chemxcal shift for H-l' ‘was in agreement witha proton imal 3-(hoxolane‘f a
; -nng, however, this srgnal was ‘not. resolved into a doublet in any of" the solvents used ‘
,i(chloroform-d ‘pyridine-ds;-or: benzene-ds) :On ' the: basis of ‘these observations, and"'
“as 6 is an isomer of 4 and:5, the structure’ shownin: the: Scheme:'is: proposed for. 6. -
?Thesma.llvalueof.fl 2z (< 2Hz)requ1redthatH—1 andH-Zbemthetransdlsposmo 910’

General ‘methods' — Concentratron was- conducted under drmmrshed pressure’-
: ;if,below 407 Meltmg pomts are corrected Tl i was performed on thca gel HF 254"
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(Merck) with solvents (4) 3:1:1 ethyl acetate—acetlc acxd—-water, and (B) 3: 2 ethyl__
acetate—petroleum ether (b.p.: 40—60°) Compounds ‘were’ detected w1th the spray
reagents p-anisidine hydrochloride or 50 % sulphuric acid: Column. chromatographyf
was performed on silica gel (230-400 mesh; Merck). G.L c. was effected ona: Vanan‘
Aerograph 2700 fitted with a flame-ionization detector and-a 1.8 moX: 2 mm id:-
glass column containing 39, OV-1 on Varaport 30 (100—120 mesh) Acetites were -
analysed ‘at 120-275° with a program rate of 10°/min; ‘and alditol: acetates - iso-
thermically at 140°. G.l.c.—m.s. analyses were recorded at 70 eV. thh a Varian MAT
CH 7 instrument equipped with the Spectro System 100 N 100/81 MS and fitted
with a Varian Aerograph.1740. G.Lc.-m:s. of compounds 2 and ‘3 were obtained
at 160°, and those of compounds 5§ and 6 at 225°. High-resolution mass spectra
were obtained with an AET MS-920i mstrument at the Institute of Medical Blochermstry,
University of Gothenburg. '

Lr. and 'H-n.m.r. spectra were recorded with Perkm—-EImer 337 and Vanan
HA-100D (100 MHz) spectrometers, respectively. Optical rotation was: measured
at room temperature on a Perkin—Elmer 141 polarimeter. Preparative, liquid chro-
matography was performed on a Waters ALC-202 instrument fitted with two steel
columns, each one of 30 cm X 0.6 cm i.d. containing Waters’ “u’’~-Porasil. The
solvent used was 86:14 dichloromethane-butanone, the flow rate was.1 ml/min,
and the compounds were detected with a refractometer unit connected to a recorder.
The samples were injected as 10-159/ solutions in chloroform. Injection: of 25 pl -
yielded approximately 2 mg of the desired compound and each Tun was complctc
after 15 min. :

Preparation and characterization of 2 4—0—elhyhdene-D-erythrose and D-ery-
throse. — 2,4-O-Ethylidene-D-erythrose. Periodate oxidation of 4,6-O-ethylidene-D-
glucose* (103 g) afforded 74 g (95%) of 2,4-O-ethylidene-D-erythrose as a colour-
less syrup that was crystallized from about 100 ml of 3:2 pentane-abs. ethanol.
The product, an amorphous white solid, had m.p. 117-123°, [a]p —43.2° (c 1.0,
water, 2 h) and R 0.77 and 0.65 in solvent 4. (Lit.>~7 m.p. 149-150°, [«], —43.5°%;
m.p. 145-148°, [a]p —23.1°; m.p. 65-80°, [a]p, —37.8°, respectively.) In another
preparation, the syrup was dissolved in ethyl acetate and the solutidn kept-at: room
temperature. A solid having identical t.l.c. behaviour as the foregomg product, but
with a melting point of 130-135°, was formed. :

1,3-Di-O-acetyl-[ bis(2, 4—0-ethylzdene-D-erythrose) cyclzc acetal] (1) 24-0- :
Ethylidene-p-erythrose (208 mg, m.p. 117-123°) was acetylated with pyndme (8 ml)
and acetic anhydride (3 ml) overnight at room temperature. The solution was poured

into ice-water and the mixture was extracted with chloroform. The organic phase
-was washed successively with M hydrochloric acid (2 x:30 ml), M sodium hydrogen-
carbonate (2. X 30 ml) and water (2 X 20 ml), and .dried (sodium :sulphate),
filtered, and evaporated. Recrystallization (246 mg) from ethanol gave 1:(130 mg,
46%), m.p. 170-171°, [oc]D —58. 0° (c 0.8, ethanol) (ht2 mp 171 5—172° [a]D _
—59°). - :

Acetate of a trimer of 2 4-0-ethyhdene—D-erythrose The mother hquor from
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";rhe rystalhzatlon ot‘ 1 contamed two: components (R,.- 0'50_and 0.40 solvent B)
:,After’separanon on a’“column:of silica gel ‘with: solvent B as eluent; the first-eluted - -
. ¢ompound “was ‘foiind .identical. with 1. The" other compotind - -gbtained’ (40- mg,.
*amorphous) ‘Wwas chromatographxcally pure (tlc and glc.)- and showed i.r. peaks _
'~at vccu 2990 2930 2860 1777 1755-1740,: 1365;- 1230 1118, 1050 and 890 cm™ ;-
NI data (CDCl_,,) -8.1:33 (d, -6H,-J 5.0 Hz, ethyhdene ‘methyl groups), 1.41 (d .
-‘_3H J 5.0 Hz, ethylidene’ ‘methyl); 2.07;:2. 09. and 2.17:(3 s, ‘9H, OAc); 4.61,.4.69, 4.79
‘(3:q, 3H,: J 5.0 Hz, ethyhdene methme groups), 5 97 (d lH J 2. 2 Hz, anomenc '
‘ proton), and S. 88—5 95 (m, 1H).
. D-Erythrose.:-(a) 2 4-O-Ethyhdene-D~erythrose (3 0 g, m. p.v 130-135") was
hydrolysed2 in sulphuiic acid (0 125M, 250 ml) for45 min at95° thh nitrogen bubbling
through the solution, which was kept overmght at room temperature Neutrahsauon
(barium: carbonate) filtration- (Celite), and evaporatxon “of . the. filtrate left an oil
(1.75 g,-77%) showing [«]y —32.5°% (c 1.0; water, 72 h). (Lit.1~3 [oe)p —30°% [«]o
—41°, and [a]p —18.5°, respectively); n.m.r. data (C;D;sN): 6 6.98 (d, -lH,.J.Z.l

Hz, B anomer) and 6.66 (d, 1H, J 4.3 Hz, « anomer) in the ratio 1:4 (1.5 h).
' -(b) 2,4-O-Ethylidene-D-erythrose (55.0 g, m.p. 117-123°) in sulphuric acid
(0.125Mm, 400 ml) was treated as in (@), yielding a syrup (41 0 g, 91%) having [oz]D

' —20. 5° (¢ 1.2, water, 72 h).

--(¢) -Oxidation of D-glucose with lead tetraacetate! (procasmg as just described) -
ylelded p-erythrose having [a], —30.8° (¢ 0.9, water); n.m.r. data (D,0): § 5.26
(d, 1H, J45Hz ocanomer) and524 (, 1H; J32Hz,ﬁanomer)m the ratio 1:3
(72 h). -
Preparatxon and characterlzatwn of acetates of D-erytbrose — D-Erythrose

(1.65 g) was treated with pyridine (10 ml) and" acetic anhydride (10 -ml), and the
mixture processed as described for compound 1. The dark oil obtained (3.0 g, 90%)
was fractionated (2.8 g) on a column (90 x 2.5 cm)-of silica gel with 2:1 petroleum
ether (b.p. 60-70°)-ethyl acetate as eluent. After elution of compounds 3 and 2
the solvent ratio was changed to 3:2 and combinations of further fractions, were
based on g.l.c. analysis (3% OV-1 at 225°). Minor fractions (0.36.g) not containing
the ‘main components were neglected. The main . fractions are listed as follows in
order of elution (weight of each and the isolated compounds are given in parentheses).
Fraction I (0.63 g, 3), I1.(0.06 g, 2 and 3), IT1 (0.21 g, 2),IV (047 g, 6), V (0.77 g,
S and 4), and VI (0.06 g, 4). Compounds 2 and 3 were obtained chromatographically
" pure (t.1c. and gl.c.) and 4 crystallized from VI in carbon tetrachlonde—cyclohexane.
Preparative, - liquid chromatography of IV and V" gave 6" ‘and’ 5, respectively, in
- essentially . pure .state. Compounds 2 and 3, after deacetylatron by the Zemplén
- procedure, showed [a]p ——33 6° (c 0 9, water 48 h) a.nd [a]D ,0.7° (c 1 0 water,
48 h), r&spectrvely. o
- UL L2 3-Trz-0-acetyl-a-D-erythroﬁ;ranose (2) Thxs product was amorphous, [a] D
. 4-56.3° (¢ L1, ‘chloroform); Ry 0.50 (solvent B); vESl+ 1747, 1362,-1218,.1110, 1062,
1010, and 932 cm‘?, mje 43(100), 55(1), 73(2),. 84(2), 85(9), 101(2), 102(2), 103(8),
. 115(1), 116(1), 144(1), 145(5), and 187 (M OAc, 2)




mje 43(100), 61(1),: 73(2), 85(9), 86(1), 102(1), 103(2), 115(7), 116(4),
’ 145(2), 158(2), 173(7), 187(14), 188(2), 275(2), 289(3); ‘and 433 (M'P )
... Anal. Calc. for C;0H,5044: C, '48.8; H, '5.7. Found: C 48.9;-H, 5.8:% - &
4(R),5 (R)—Dzacetoxy—6(R)-acetaxymethyl Z(R) {, 2,3 tnacetoxypropyl)-l 3—dz- '
oxane (5). This compound was amorphous, -[a]p “+71. 3°" (c 1.5, ch]oroform) Ri
0.26 (solvent B); v¢S4 1740, 1360, 1220, 1005, and 600 cm™ 1 fe: 43(100), 61(2),
73(3), 85(21), 1034), 115(11),- 116(6),-127(22), - 128(2), - 145(4), 158(3), 173(11),
187(25) 188(3), 275(2), 289(4), and 433 (M * .~ OAG, 0.6). = o »

“Anal.’ Accurate -mass calc for- C18H25016 (M S OAc) 433 135 Found
433, 135 o
4(R)-Acetoxy-5 S)-(, Z-dzacetoxyethyl)-z-(l 2. 3-tnacetoxyprapyl)-l 3-dloxolanev—
(6). This compound ‘was amorphous, [«]s 4-39.3° :(c 1.8,.chloroform); R’ 0.34
(solvent B); vSSl: 1740, 1360, 1215, 1165, 1050, 1010, ‘and. 600 cm~1; ‘mfe 43(100), -
57(1), 61(2), 71(3), 73(2), 85(8), 86(1), 103(4) 113(2), 115(8);116(5), 127(5), 128(1)- i
145(3), 158(3), 173(17), 187(9), 275(8), 276(1), and 433 (M+- — OQAc; 0: 6).: '
. Anal. Accurate mass calc. for C13H25015 (M —: OAc) 433 135 Found _
433135. : Tl e
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