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AEsTRAc-r 

The conformations of the peracetylated aldopentose dimethyl acetals having 
the D-rib0 (l), ~-am&m (2), D-x& (3), and D-Zyxo (4) configurations have been 
studied in chloroform-d solution by n.m.r. spectroscopy at 100 and 220 MHz. The 
arabino derivative 2 adopts a planar, zigzag conformation almost exclusively, whereas 
the other three examples adopt conformations in which parallel 1,3-interactions 
between substituents, that would be present in the extended forms, are relieved. In the 
Zj~xo derivative 4, rotation about C-l-C-2 from the extended form is involved. The 
ribo derivative 1 tends to adopt a sickle conformation through rotation about C-2-C-3 
to bring C-1 out of the approximate plane of the other atoms in the chain; the xylo 
derivative behaves similarly, but with rotation about C-3-C-4 to bring C-5 out of 
the plane. The derivatives l-4 exhibit mass-spectral fragmentation pathways very 
similar to 1 hose of the peracetylated aldose diethyl dithioacetals. 

lNTRODUCfiON 

Studies on acyclic derivatives of sugars in solution by n.m.r. spectroscopy have 
shown that the sugar chain tends to adopt a favored conformation having the chain 
of carbon atoms in a planar, zigzag arrangement’, unless such a conformation would 
generate a parallel 1,3-interaction between oxygen atoms, in which case the favored 
conformation is one in which this interaction is alleviated by rotation about one of 
the carbon-carbon bonds to bring the molecule into a bent or “sickle” coirforma- 
tion’*3-5. This concept has been found valid in several complete configurational 
series of derivatives, including the peracetylated aldopentose diethyl dithioacetals5, 
the aldehydo-pentose tetraacetates l, the acetylated methyl 5-hexulosonates6, and the 
pentononitrile tetraacetates’, and in several partial series, including acetylated 

*For Part VI, see Ref. 1; for Part VII, see Ref. 17. 
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diphenyl dithioacetals’, acetylatedg and nonacetylated3 glyculose arylosotriazoles, 
tetraacetoxy-trans-l-nitro-l-hexenes’O, aldose diethyl dithioacetals’ ‘, acetylated 
alditols “, acetylated (polyhydroxyalkyl)-thioamides and -thiazoTes’3, and (poly- 
hydroxyalkyl) quinoxaline derivatives4. Similar considerations apply in the crystalline 
state, as shown especially by the extensive studies by Jeffrey and associates on 
alditols14 and other acyclic systems; details are given in a review article15. A correla- 
tion has been pointed out 16*17 between the relative propensities of acyclic sugar 
derivatives to undergo oxolane ring-forming reactions under conditions of kinetic 
control, and their tendencies to adopt either the extended or the sickle conformation; 
similar factors may possibly account for the observed’ 8 order of reactivities (ribose > 
xylose > lyxose > arabinose), whereby the aldopentoses are converted into 2-furalde- 
hyde by the action of strong acid. 

The present report describes a comparative conformational study, in solution, 
of the acetylated dimethyl acetals of the four aldopentose configurations. Observa- 
tions in this series are shown to be in full accord with the principles earlier delineated, 
wherein the extended conformation is favored only when it does not lead to a 1,3-inter- 
action between substituents. 

DISCUSSION 

Preparation of acetylated aldopentose dimethyL acetals. - The four tetra-O- 
acetylaldopentose dimethyl acetals, having the D-ribo lg (l), L-arabino (2), D-xylo lg 

(3), and D-lyxo I9 (4) configurations, were prepared from dithioacetal precursors by 
treatment in methanolic solution with mercuric chloride in the presence of cadmium 
carbonate. The starting dithioacetals were selected on the basis of their availability. 
The known tetra-0-acetyl-L-arabinose diethyl dithioacetal” and tetra-O-acetyl-D- 
xylose diethyl dithioacetal’ ’ were used for preparing compounds 2 and 3, respectively. 
The general procedure’ ’ used for preparing tetra-0-acetyl-L-arabinose diethyl 
dithioacetal was used for converting D-ribose di-isobutyl dithioacetalz2 and the 
D-lyxose analog23 into their syrupy tetraacetates, which were then converted into 
the dimethyl acetals 1 and 4, respectively by the techniquez4 described for the corre- 
sponding D-glucose derivative. Use of the literature procedure” actually described 
for the peracetylated aldopentose dimethyl acetals in the D-ribose, L-arabinose, and 
D-xylose series led to complex mixtures from which the desired acetals could not be 
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separated pure. In contrast, the method24 used here led to simpler mixtures in which 
the required acetals greatly preponderated over side products. The acetals could he 
separated readily, either by crystallization or by column chromatography. The 
D-ribose derivative 1 was obtained analytically pure for the tist time, as a distilled 
oil. The L-arabinose derivative 2 was obtained crystalline, and had physical constants 
in accord with those recorded 1 ’ for the D enantiomorph. The pure D-xylose derivative 
{3), obtained as a distilled oil, had a specific rotation (+3.9” in chloroform) substan- 
tially different from that recorded’ ’ (-I- 30.6” in chloroform). The D-lyxose analog (4) 
was obtained as a distilled oil having a specific rotation in accord with the literature 
value. 

The mass spectra of compounds l-4 are all very similar, and parallels can be 
drawn between the fragmentations observed and those recorded2’ for the acetylated 
aIdose dithioacetals. Thus, there is observed a weak, molecular-ion peak (m/e 364), 
and a peak at m/e 333 corresponding to M+. - *OCH3. A series of peaks observed 
at m/e 217, 145, and 73 can be assigned to fragmentations from the molecular ion by 
c!eavage at C-2-C-3, C-3-C-4, and C-4-C-5, respectively. Other significant ions are 

observed at m/e 43 (CH,CO”), 75 (MeOCH=&Me), and 305 (M+ - - - OAc), together 
with an ion, m/e 259, that can be assigned to a 3,4-diacetoxy-2-(acetoxymethyl)tetra- 
hydrofurylium fragment. These fragmentation modes are summarized in Chart I. 
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Chart I. Mass-spectral fragmentation modes for acetylated aldopenrose dimethyl acetak. 

N_m.r. spectra. - The spectra of the act&& l-4, measured in chloroform-d at 
-3O”, confirmed that the compounds were pure and contained no side-products 
giving rise to detectable peaks. Each compound showed a high-field group of closely 
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spaced singlets near z 8.0 for the 12 protons of the acetyl groups, and a pair of non- 
equivalent, S-proton singlets near z 6.7 for the two methoxyl groups. At lower field, 
there was observed a 3proton multiplet near z 5.8 and a second 3-proton multiplet 
between 7 4.5 and 5.0. The former multiplet was assigned to H-l and the C-5 methylene 
group, and the latter to H-2, 3, and 4. At 100 MHz, the spectra of the L-arabino (2), 
D-Z’xo (4), and D-Q~O (3) derivatives could be analyzed readily on a &k-order basis, 
but it was necessary to obtain a spectrum at 220 MHz to permit first-order analysis 
for the D-ribo derivative (1). In each example, the H-l signal was observed as a doublet 
in the same spectral region as that of the C-5 proton signals, so that the H-l signal 
sometimes overlapped the eight-line pattern (the AB portion of an ABX system) 
near ‘t 5.8 caused by H-5 and H-5’. In the multiplet at low field (H-2, 3, and 4), the 
lowest-field signal in each example was a quartet assigned to H-3; the quartet assigned 
to H-2 was at highest field in this group, except for the D-arabinose derivative 2, for 
which the H-2 quartet was immediately upfield of the H-3 signal. The H-4 signal 
showed, in each case, the expected multiplicity for the X-proton of an ABX system 
coupled also to H-3. The spectral regions for the six protons on the chain is illustrated 
in Fig. 1 for the L-arabino derivative 2, and in Fig. 2 for the D-rib0 derivative 1. The 
first-order coupling constants determined from these spectra are recorded in Table I, 
and Table II gives the chemical shifts determined from the spectra. 

TABLE I 
CHFMICAL-SHIFl- DA-l-An FOR COhfPOUNDS 1,2.3, AND 4 IN CHLOROFORhl-d 

Compound Configuration Chemical shifts (t) in chloroform-d 

H-l H-2 H-3 H-4 H-5 H-5’ OMe OAc 

I rtbo 5.51b 4.76b 4.~8~ 4.64b 5.58b ~Y.87~ 6.66, 6.73 7.96, 7.99 
(2), 8.01 

2 arabino 5.75 4.80 4.55 4.94 5.79 5.99 6.70, 6.74 7.94, 7.96, 
8.00 (2) 

3 xyI0 5.72 4.88 4.55 4.82 5.71 6.04 6.68, 6.72 7.95, 7.97, 
S.O& 8.01 

4 Zp-0 5.64 4.88 4.59 4.66 5.78 6.01 6.64, 6.71 7.94, 7.98 
(2), 7.99 

‘First-order values from 100-M& spectra at ambient temperature, unless otherwise stated. ‘From 
ZZO-MHz specrnun at ambient temperature. 

J 

4.4 45 46 4.7 48 4.9 5’0 

JJL/iJj~~ 
” 57 58 59 &I Sl T 

Fig. 1. The low-field portion of the lOO-MHz n.m.r. spectrum of tetra-0-acetyl-L-arabinose dimethyl 
acetal (2) in chloroform-d at ~30”. 
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TABLE II 

FIRST-ORDER COUPLING-CONSTANTS’ FOR COMPOUNDS 1.2,3, AND 4 MEASURED IN CHLOROF0RhI-d 

conlpound Configuration Coupling constants, Hz 

J 1.2 J z.3 J 3.4 J4.5 J 4.6’ . JS.Y 

1 ribob 6.5 3.9 5.5 25 6.3 122 
2 arabino 6.7 2.6 a.3 2.9 5.1 123 
3 Xyro 5.5 4.7 5.4 4.3 5.9 12.0 
4 ryxo 5.6 6.5 3.3 4.4 6.3 11.6 

“From lOO-MHz spectra at ambient temperature, unless otherwise stated. bFrom 220-MHZ spectrum 
at ambient temperature. 

Fig. 2. The low-field portion of the 220-MHz n.m.r. spectrum of tetra-O-acetykxibose dimethyl 
acetal (1) in chloroform-d at ~30”. 

Conformational signzjhnce of the n.m.r.-spectral data. - Following the rationale 
of earlier arguments l*‘, that is, by assuming that (a) rapid equilibrium between 
rotameric conformations exists in the derivatives l-4, (6) antiparallel protons exhibit 
spin-spin couplings of 8-9 Hz, and (c) gauche-disposed protons are coupled to the 
extent of 2-3 Hz, the following interpretations were made. 

Arabinose derivative 2. The key spin-couplings that define the shape of the 
backbone chain, namely, J2,3 and J3,4, are 2.6 and 8.3 Hz, respectively, indicating 
that H-2 and H-3 are exclusively gauche and that H-3 and H-4 are exclusively anti- 
parallel. The contribution of the gauche arrangement of H-3 and H-4 is negligible, 
as is the contribution of the antiparallel arrangement of H-2 and H-3, because the 
couplings observed are extreme values. The J 1,2 coupling (6.7 Hz) indicates that the 
antiparallel disposition of H-l and H-2 is preponderant if’ not exclusive; the fact that 
it does not reach the magnitude of J 3 ,4 can be interpreted as suggesting that (a) about 
70% of the antiparallel form exists in equilibrium with one or both gauche rotamers, 
(b) electronegativity factorsz6 decrease the value of J1 ,lan,i, or (c) there is some tor- 
sional distortion, along C-l-C-2, away from the fully staggered arrangement. Detailed 
quantitative interpretations bti,ed solely on the concept of rotameric equiliixia, such 
as have been advanced1 3 in similar situations, scarcely appear justified, unless ade- 
quate consideration is accorded the other two possible factors just mentioned, The 
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20 

values of J~,~ and 34,5P (2.9 and 5.1 Hz, respectively) indicate that one proton at C-5 
is gauche to H-4 and that the other one, although not exclusively antiparallel to H-4, 
is preponderantly so. 

The spin-coupling data for compound 2 thus accord with a favored conforma- 
tion in which the chain is fully extended, as shown in 2a. This arrangement has no 
par&e1 I,3-interactions of substituents. The rotameric states shown along C-2-C-3, 
and along C-3-c-4 appear to be populated almost exlusively, but some distortion or 
freedom to occupy other states appears possible along C-l-C-2 and along C-4-C-5. 
Accepting the probability of a rotameric equilibrium, it may be speculated that the 
form having one C-5 proton antiparallel to H-4 exists in about equal proportion with 
that form having O-5 antiparallel to H-4 (the other possible rotamer would experience 
an unfavorable Id-interaction between O-5 and O-3). Undoubtedly, there are minor 
distortions from the idea1 planar, extended form, but the n.m.r.-spectral technique is 
a tool insuEcient.Iy sensitive to detect such distortions. 

Lyxose derivative 4. The J2,3 and J3,4 spin-couplings (6.5 and 3.3 Hz, respect- 
ively) indicate that H-2 and H-3 are preponderantly antiparallel (although a contri- 
bution of about 30% of a form having H-2 and H-3 gauche-disposed appears pro- 
bable) and that H-3 and H-4 are almost exclusively gauche. Taking into consideration 
the remaining couplings, the planar, extended conformation 4a can be regarded as a 
major contributing conformation, but the low value (5.6 Hz) of J1,2 indicates that 
there is a substantial population (possibIy up to 50%) of rotameric states wherein 
H-l and H-2 are not antiparallel. This behavior can be attributed to the fact that, 
in the conformation 4a, a parallel 1,3-interaction exists between O-3 and one of the 
methoxyl groups at C-l; this destabilization can be relieved by rotation about C-l- 
C-2 to afford the conformation 4b. The somewhat low value for Jz,s indicates, 
furthermore, that an alternative, if quantitatively less significant, route for relief of 
this interaction is by rotation about C-2-C-3. The values observed for J4,5 and J4,5, 
indicate that the conformer having H-4 antiparallel to one proton at C-5 is prepon- 
derant, but that another rotameric state (presumably also having O-5 gauche to H-4) 
makes a substantial contribution to the conformational population. 

4a 4b 
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Ribose derivative 1. The spin couplings observed are in no way consistent with 
an extended conformation, because this would place H-2 and H-3 antiparallel, and 
the observed value of J2,3 is only 3.9 Hz. Such a conformation would have a parallel 
1,3-interaction between O-2 and O-4. ‘The couplings observed accord best with a 

Me0 

H 
‘. 

*cl* 
OAC 

la 

favored conformation consisting of the sickle arrangement (la) derived from the 
planar form by rotation about C-2-C-3 to bring H-2 and H-3 into a gauche disposition 
without generation of a 1,3-interaction between C-l and O-4. In addition, other, 
nonextended conformers evidently contribute appreciably, as the J3,4 value (5.5 Hz) 
is consistent with significant population of a rotameric state in which the 0-2-O-4 
interaction is relieved by having H-3 and-H-4 gauche; furthermore, there is probably 
some contribution from forms not having H-l and H-2 antiparallel. 

X’Zose derivatke 3. As with the ribose derivative 1, the spin couplings observed 
for 3 exclude the possibility of an extended conformation; such an arrangement would 
require H-3 and H-4 to be gauche, whereas the observed J3,4 value is 5.4 Hz. The 
extended conformation would give rise to a parallel 1,3-interaction between O-2 and 
O-4. The derivative 3 evidently favors sickle conformation 3a, derived from the 
AcO, ,H 

extended form by rotation about C-X-C-4 to all eviate the O-2-0-4 interaction without 

creation of a new interaction between O-2 and C-5. Again, in resemblance to the ribose 
derivative, contributions of other nonextended forms are evidently involved in the 
total conformational population of compound 3; thus, the J2,3 value (4.7 Hz) indi- 
cates some extent of population of a conformer having H-2 and H-3 antiparallel, and 
the J1,2 value (5.5 Hz) shows that H-l and H-2 are not excIusively antiparallel. It can 
be expected that a dynamic equilibrium exists in which conformation 3a is populated 
extensively, but not exclusively, and that other participating conformational states 
are populated to the extent that 1,3-interactions and, to a lesser extent, gauche 
interactions between substituents are minimized. 

General correlarions. - The foregoing data are entirely concordant with those 
established for the corresponding dithioacetal analogs’. They show that the extended 
conformation is strongly favored in the arabino series, whereas, in the 2~x0 series, 
this conformation experiences destabilization through a parallel 1,3-interaction, 
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involving the end of the chain, that causes some predisposition toward a nonextended 
conformation. This effect becomes still more severe in the ribo and xylo series, where 
the extended form is strongly disfavored; sickle forms having C-l and C-5, respect- 
ively, out of the plane of the other carbon atoms of the chain become the major 
species in conformational populations wherein avoidance of parallel 1,3_interactions 
appears to be the major influential factor. These data further support rationalizations, 
extended to considerations of transition-state energies, that correlate the ease with 
which acyclic sugar derivatives adopt nonextended conformations (thus orienting 
the groups more favorably for ring-forming reactions) with their relative tendencies 
to undergo irreversible cyclization to form the oxolane ring”. Qn treatment of 
pentose dialkyl dithioacetals with p-toluenesulfonyl chloride in pyridine, only the 
arabino derivative does not give a 2,5-anhydride16. Similarly, in the acid-catalyzed 
methanolysis of 1,2- 0-isopropylideneli- 0-p-tolylsulfonylaldopentoses to give 2,5- 
anhydroaldopentose dimethyl acetals, it is again the arabino derivative that exhibits 
the greatest reluctance to form the 2,5-anhydro ringl’. It is tempting to speculate 
that, in the acid-catalyzed dehydration of aldopentoses to 2-furaldehyde, an acyclic, 
protonated aldehydo-aldopentose is the immediate precursor in the ring-closing step 
between O-2 and C-5, and that the observed’ * order of reactivity (rib0 7 xylo 7 Zyxo 7 

>arabino) reflects the relative ease with which these intermediates can reach the 
necessary transition-state geometry. 

General methods. - Solutions were concentrated by means of a rotary evapor- 
rator at temperatures not exceeding 40”. The progress of reactions was monitored by 
t.1.c. with silica gel Merck F2s4 and 3:1 dichloromethane+ther as eluant, and the 
homogeneity of all products was verified by use of the same system. Non-crystalline 
products were purified on columns of silica gel Merck (Type 7734, 50-200 pm) with 
the same eluant. Melting points were measured with a Leitz hot-plate microscope, 
and are corrected. Optical rotations were measured by use of a “Quick-Polarim&e” 
(Roussel et Jouan). N.m.r. spectra wert recorded at 100 MHz by MM. Bouhet or 
Nardin at the Centre d’&udes NuclCaires de Grenoble (Service de Chimie Organique 
Physique) and at 220 MHz by The Canadian 220 MHz NMR Centre, Ontario 
Research Foundation, Sheridan Park, Canada. Mass spectra were determined by 
M. Gueraud at the Centre d’&udes NuclCaires de Grenoble, under the direction of 
M. Ulrich. 

Terra-0-acetyl-D-ribose di-isobutyl dithioacetal. - Prepared from the non- 
acetylated precursorZZ by the procedure described”, and purified by column chro- 
matography, this product was obtained, in almost quantitative yield, as au oil, 
[a]gb 1-21.5” (c 1, chloroform). 

Anal. Calc. for C21H3608SZ: C, 52.47; H, 7.54; S, 13.34. Found: C, 52.29; 
H, 7.40; S, 13.45. 

Tetra-0-acetyl-Wyxose di-isobutyt dithioacetal. - This product, prepared20 
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from the non-acewlated precursorz3 as in the preceding experiment, was obtained, 
in almost quantitative yield, as an oil, [a]g4 t35.5" (c 1, chloroform). 

Anal. Calc. for C21H3608S2: C, 52.47; H, 7.54; S, 13.34. Found: C, 52.63; 
H, 7.53; S, 13.52. 

Tetra-0-acetylaldopentose dimethyl ace&s. - General procedure. The tetra-O- 
acetylaldopentose dialkyi dithioacetal (10 mmoIes) was dissolved in abs. methanol 
(45 ml), cadmium carbonate (35 mmoles) was added, and a sol&ion of mercuric 
chloride (60 mmoles) in abs. methanol (35 ml) was slowly added, with stirring, at 
room temperature. After completion of the addition, the mixture was maintained 
with stirring at reflux temperature, and the progress of the reaction was monitored 
by t.1.c. 

T’he optimal time of reaction was judged to be 3 h for the arabino, Zyxo, and 
ribo derivatives, and 24 h for the xylo derivative. At the appropriate time for each 
reaction, the mixture was cooled and filtered, and the filtrate was evaporated in the 
presence of cadmium carbonate. The resultant paste was leached with chloroform, the 
solids were filtered off, and the filtrate was successively washed with 10% aqueous 
potassium iodide and water, dried (sodium sulfate), and evaporated to a product that 
showed, by t.l.c., the anticipated acetal, together with at least two side-products. 

Purilkation was effected by column chromatography, to furnish the desired, pure a&al. 
Tetra-O-acetyZ-D-ribose dimethyZ acetal (1). From 4.0 g of tetra-O-acetyl-n- 

ribose di-isobutyl dithioacetal was obtained 2.35 g of an oil showing, by t.l.c., three 
components, having RF 0.60,0.44, and 0.35. Resolution on a column containing 60 g 
of silica gel gave, after passage of 120 ml of the eluant, the pure acetall: yield 1.36 g 

(45%), bo.os 120-130”, [a]g4 +20.4” (c 1.3, chloroform), RF 0.60, np 1.4370 [lit. lg 
[a];’ + 18.0” (in chloroform)]. 

Anal. Calc. for C,,H,,O,,: C, 49.44; H, 6.63. Found: C, 49.72; H, 6.46. 
A mixture (627 mg) of the two slower-migrating components was eluted by 

passage of further eluant to a total of 200 ml. 
Tetra-0-acetyZ+arabinose dimethyl acetaZ (2). From the diethyl dithioacetal 

precursor2o (3.22 g) was obtained 2.58 g of an oil that, by t.l.c., showed 3 components 
(& 0.48, 0.30, and 0.17). Crystallization from ether-petroleum ether gave the acetal 
2; yield 1.84 g (76%), m.p. Sl-82”, [a];* -22.5” (c 1.2, chloroform); RF 0.48 (lit. lg 
for the D enantiomorph, m-p. 77”, [ali +23” in chloroform). 

Anal. Calc. for C15H24O10: C, 49.44; H, 6.63. Found: C, 49.46; H, 6.66. 
Tetra-0-acetyl-D-xyle dimethyl acetaZ (3). From 3.46 g of the diethyl dithio- 

acetal precursor” was obtained an oil (2.74 g) showing at least 5 components (RF 0.79, 
0.70, 0.59, 0.32 and 0.27). Column chromatography of this mixture on 60 g of silica 
gel gave, after passage of 90 ml of eluant, the unchanged starting-material (I& 0.79, 
301 mg). Passage of 105 ml of solvent eluted a mixture (736 mg) of the components 
having RF 0.79 and 0.70. The pure acetal 3, & 0.59, was obtained after passage of 
130 ml of eluant; yield 869 mg (29%), bo.05 120-130”, [a]g2 t3.9” (c 1.5, chloroform); 
?z;” 1.4410 (lit. l g [aID + 30.6” in chloroform). 

Anal. Calc. for C1,H,,OIo: C, 49.44; H, 6.63. Found: C, 49.36; H, 6.65. 
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The components having RF 0.27 and 0.32 were eluted as a mixture (520 mg) 
after further elution to a volume of 175 ml. 

Tetra-0-acetyl-D-Z~x~yxose &methyl acetal (4). From 3.54 g of the di-isobutyl 
dithioacetal precursor was obtained 1.87 g of an oil that contained 3 components 
(I& 0.52, 0.26, and 0.23). The desired product (4) was obtained by elution from a 
column of silica gel (40 g) after passage of 85 ml of eluant; yield 1.23 g (46%), 
bo,04 120-130”, [a]g3 +21X’ (c 1.1, chloroform); R, 0.52; IZ$~ 1.4403 (lkl’ [a]:’ 

+X.6’ in chloroform)_ 
Anal. Calc. for C15Hz401,,: C, 49.44; H, 6.63. Found: C, 49.38; H, 6.80. 
The other two components (469 mg) were eluted in admixture by passage of 

solvent up to 125 ml. 

ACKNOWLEDGMENT 

The authors thank Dr. J. D. Wander for valuable discussions on this problem. 

REFERENCES 

1 D. HORTON AND J. D. WANDER, C&I&~. Res., 15 (1970) 271. 
2 D. HORTON AND M. J. MILLER, J. Org. Chem., 30 (1965) 2457. 
3 H. S. EL Kmmm, D. HORTON, AND T. F. PAGE, JR., J. Org. Chem., 33 (1968) 734. 
4 W. S. CHILTON AND R. C. KRAHN, J. Amer. Chenz. Sot., 90 (1968) 1318. 
5 D. HORTON AND J. D. WANDER, Carbohyd. Res., 10 (1969) 279. 
6 S. J. ANGYAL AND K. JAMES, Amt. J. Chem., 23 (1970) 1223. 
7 R. W. BINIZEY A?ID W. W. BINKLEY, Curbohyd. Res., 18 (1971) 459. 
8 D. HORTON AND J. D. WA~?)ER, Curbohyd. Res., 13 (1970) 33. 
9 H. EL Kmum.~, D. HORTON, AND J. D. WANDER, J. Org. Chem., in press. 

10 J. M. WILLIAMS, Carbohyd. Res., 11 (1969) 437. 
11 D. HORTON AND J. D. WANDER, unpublished data. 
12 S. J. ANGYAL, D. GAGNAIRE, AND R. LE FUR, to be published. 
13 J. B. LEE AND B. F. SCANLON, Tefrahedron, 25 (1969) 3413. 
14 G. A. JEF~Y AND H. S. Km, Carbohyd. Res., 14 (1970) 207. 
I5 P. L. DUREI-IE AND D. HORTON, ddvan. Curbohyd_ Chem. Biochem., 26 (1971) 49. 
16 J. DEFA~ AND D. HORTON, Curbohyd. Res., 14 (1970) 128. 
17 J. DEFAYE, D. HORTON, AND M. MTUESSER, Curbohyd. Res., 20 (1971) 305. 
18 E. R. GARRETT AND B. H. DVORCHIK, J. Phurm. Sci., 58 (1969) 813. 
19 H.ZINNER,B.RICHARD, M. BLESSMAN, AND M. SCHL.~, Curbohyd. Res., 2 (1966) 197. 
20 M. L. WOLFRAM AND M. R. NEWLIN, J. Amer. Chem. Sot., 52 (1930) 3619. 
21 M. L. WOLFROM, M. R. NEWLIN, AND E. E. STAHLY, J. Amer. Chem. Sot., 53 (1931) 4379. 
22 H. ZINNER, Chem. Ber., 83 (1950) 275. 
23 H. ZINNER, H. BRANDER, AND G. &hmmz, CIzem. Ber., 89 (1956) 800. 
24 M. L. WOLFROM AND A. THohTpsoN, Mefhods Curbohyd. Chem., 2 (1963) 427. 
25 D. C. DEIONGH, J. Amer. Chem. Sot., 86 (1964) 3149. 
26 P. L. DURETI-E AND D. HORTON, Org. Magn. Resonance, 3 (1971) 417. 
27 J. DEFAYE, Aduun. Curbohyd. Chem. Biochem., 25 (1970) 181. 

Curbohyd. Res., 21 (1972) 407416 


