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ABSTRACT

Selective oxidation of the primary hydroxyl group of 1,3-O-benzylidene-
D-arabinitol (1) with methyl sulfoxide-N, N’-dicyclohexylcarbodumide—pyridintum
trifluoroacetate (Pfitzner—Moffatt reagent), followed by debenzylidenation, provided
a route for configurational conversion of D-arabinose mto D-lyxose (4) The same
reaction-sequence was then used for the synthesis of the L enantiomers The sugars
prepared were purified by i1on-exchange column chromatography and characterized

byord,nmr,tlc,andglc.
INTRODUCTION

The configurations of various diastereoisomeric sugars are related through a
common alditol, for example, D-arabinose, b-arabinitol, and pD-lyxose This relation-
ship offers, 1n principle, a simple route for the synthesis of uncommon and labeled
aldoses from common ones Although Fischer’s proof of the D-glucose structure
provides a classical example of this type of mnterconversion of configuration, his
synthesis of L-gulose 1s neither direct nor practical, because it involves too many
intermediate steps Previous attempts to oxidize alditols directly to the aldoses
resulted 1n poor yields, and mixtures of products of higher oxidation-states!+2

The advent of the Pfitzner—Moffatt oxidation technique suggested the use of this
method for a facile configurational interconversion of the type described This method
efficiently oxidizes 1solated primary and secondary hydroxyl groups to the correspon-
ding aldehydes or ketones, under very mild conditions>. This report deals with the use
of the Pfitzner—Moffatt oxidant, dimethyl sulfoxide (Me,SO)-N, N'-dicyclohexyl-
carbodumide (DCC)-pyridimum trifluoroacetate, for the conversion of 1,3-0-
benzylidine-D-arabimito! (1) into p-lyxose (4) Once the reaction conditions had been
established, a ssimilar synthetic sequence allowed the preparation of L-lyxose, starting

from 1,3-0-benzylidene-L-arabinitol.
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TN S F. Departmental Development Grant Fellow



288 T A GIUDICI, J J GRIFFIN

Preparation of the aldehyde by Pfitzner—Moffatt oxidation of the isolated
primary alcohol group of 1 was technically difficult On the preparative scale, column
chromatography of the final reaction-product was required to give the pure syrupy
sugar, free from side products Similar difficulties undoubtedly impeded purification
of 3’-O-acetylthymidine-5'-aldehyde, the product of Pfitzner and Moffatt’s first
report® Explcit purification procedures were described in the synthesis ot 1,2 3,4-di-
O-1sopropylidene-a-D-galacto-hexodialdo-1,5-pyranose by oxidation of a C-6 primary
hydroxyl group* (compare ref 5) In the present report, imtermediates and final
products were obtamed in adequate yields and were characterized by glc, tlc,
formation of derivatives, nmr spectroscopy, and comparison of optical rotatory
data This new technique could be used for the interconversion of other saccharides,
between D-glucose and 1.-gulose for example and 1t could also facilitate the preparation
of uncommon, radioactive sugars

RESULTS AND DiSCUSSION

The success of this synthesis depends on two factors (@) the oxidation must be

limited to the aldehyde stage, (b) the oxidation should be selective for primary alcohol
groups The first point was convincingly established by Pfitzner and Moffatt when
they showed that their oxidation leads, even over prolonged reaction-periods3,
exclusively to aldehydes or ketones without any traces of the corresponding acids
However, competitive studies between the different classes of alcohols have not been
reported, and prior to this ivestigation the question of selectivity toward the primary
alcohol function of a sugar remained in doubt.

The available Iiterature suggests that the rate-limiting step of the Me,SO-DCC
oxidation may be the nucleophilic attack of an alcohol (ROH) on the 10nic Me,SO-
DCC mtermediate 5 leading to the formation of the alkoxysulfonium salt 6, if this 1s
correct, the reaction should be susceptible to the steric requirements of the attacking
nucleophile, 1n this case the protected alditol Support for this view 1s provided by the
degree of steric preference shown by this reagent 1n the oxidation of 11a-hydroxy-
progesterone and 11 g-hydroxyprogesterone The equatorially ortented 11a-hydroxy!l
group 1s readily oxidized 1n the presence of either anhydrous phosphoric acid or
tnfluoroacetic acid as the proton source, the 11 f-hydroxyl group remamed com-
pletely unreacted under similar reaction-conditions®

H +

CeHyyN=C—NCgH,, RO—SMe,
o—sm

3 c2 6

5
Considering these results, 1t seemed reasonable to expect some degree of steric

preference in the proposed oxidation This report demonstrates the feasibility of the
conversion of D-arabinose via D-arabinitol into D-lyxose and also provides evidence
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for at lease partial selectivity of the Me,SO-DCC oxidant toward the primary alcohol
groups of certain monosaccharides

The 1,3-benzylidene acetal (1) of p-arabmitol was prepared by a literature
method?, with modification of the isolation procedure The melting pomnt of the
product agreed with the reported value, and the specific rotation ([«]Z3, +110°)
accorded with the value reported by Fluharty® but differed from that of Haskins
et al 7 who reported [«]3° —7 6° (¢ 20, pyridine) G lc of the per(trimethylsilylated)
derivative revealed a homogenous product, and a similar result was obtamned by
t1¢ Both procedures would have detected any unreacted alditol The yield of com-
pound 1 was low, and variations in the reaction conditions failed to increase it Use of
zinc chloride as the Lewis-acid catalyst led to the dibenzylidene acetal Other 1n-
vestigators!® have also recorded low yields for the monobenzylidenation of rL-
arabinitol, in contrast to the original report?

The purified product gave characteristic hydroxyl and phenyl absorption bands
n the 1 r and the n m r spectrum of a lyophilized solution 1n D,O revealed a singlet
(benzylic proton) shifted to lower fields (6 5 75) than observed® in the analogous
2-phenyl-1,3-dioxane structure (6 520) The deshielding of this acetal-ring proton
may be attnbuted to the presence of the axially oriented dihydroxyethyl group in
compound 1 A smmilar shift to lower field 1s observed for the benzyl proton of the
2,4-cyclic acetal ring 1n 1,3 2,4-di-O-benzylidene-L-arabinitol!® The available data
suggests that the chair conformation of 1, having an equatoriaily oriented phenyl
substituent and an axially oriented dihydroxethyl group, 1s favored over the alternative
chair conformation 1a

Ve
CH20R ([:H
HCOH HOCH
\k MepS0O
07\Ph DCC o Ph
HO. —_—
S N, HO
CF3COH
1R=H 3
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OH O OH
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CH,OH OH
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The mild, ambient-temperature reaction conditions and the essentially neutral
medium of the Me,SO-DCC oxidation are ideally suited for retention of the acid-
sensitive benzylidene protecting group present 1n the conversion 2—3 In our experien-
ce, pyridimmum trifluoroacetate 1s the most convenient proton source 1n the oxidation
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of 1 The storchiometry reflects the commonly employed ratios of reactants, and the
excess of DCC employed 1s converted 1nto the mnsoluble N,N'-dicyclohexylurea by
addition of oxalic acid, the latter 1s concomitantly converted to carbon dioxide and
carbon monoxide!! Although the oxidation step proceeded smoothly, 1solation and
purification of the resultant 3,5-O-benzyhdene-p-lyxose (3) proved considerably more
difficult As this product 1s partially water-soluble, extraction of 3 into an organic
phase could not be accomplished efficiently, and thus residual amounts of water-
soluble side products and Me,SO were not removed by partitioning at this stage
Evaporation of the ether phase gave a small amount (0 2 g) of a sohd that was not
N,N’-dicyclohexylurea, it showed a negative Schiff test, and i1t may have been the
(methylthio)methyl ether derivative 2

The crude, syrupy aldehyde 3 displayed in 1ts 1 r spectrum a strong carbonyl
band and absorptions due to the phenyl C-H out of-plane bending modes Tlc
indicated the presence of one major reducing component and a trace of a periodate—
benzidine-positive product mdicated by chromatography to be lyxose The latter
evidently arose from partial, but shight, hydrolysis of the acetal, either during the
oxidation or during 1solation D-Arabinose might have been formed by migration of
the acetal group during the oxidation, but this sugar was not present i the product
It is also possible that ketones could be formed by oxidation of the secondary
hydroxyl groups, but such products were not detected by chromatography.

Pure compound 3 was obtamned by column chromatography on silica gel, 1t
failed to crystallize but it was homogeneous by t1c¢ Debenzylidenation of 3 gave
homogeneous D-lyxose (4) The nmr spectrum of D,0O-exchanged, chromato-
graphically pure 3, in chloroform-d, revealed a characteristic aldehyde-proton signal
(4 9 65) and a deshielded benzylic proton (6 5 55) It 1s expected on conformational
grounds and by analogy with compound 1 that the favored conformation of 3 is the
one depicted

Acid-catalyzed hydrolysis of 3 gave crude D-lyxose (4) that by t1c and glc
contained a small proportion of D-arabinitol As the starting material (1) used was
devoid of the free alditol, the occurrence of the latter 1n the final product must have
been due to mncomplete reaction at the oxidation step Both benzyhidene derivatives, 1
and 3, possessed similar but not identical mobilities on tlc, and were not un-
equivocally resolved during routine t I ¢ analysis of crude 3 Efforts to crystallize 4
from the crude reaction product failed, ana column chromatography on silica gel did
not afford completely pure product However, 1on-exchange chrematography of the
borate complex of the product, according to a modified literature method, afforded
homogeneous 4, the alditol was apparently retained on the resin column'®

The final product 4 was characterized extensively by physical methods, mn
particularbynmr and ord data The chromatographic analyses, particularlyglc,
also support the identification The nmr spectra of each of the four common
pentoses 1n D,0 are quite characteristic, particularly the J; , values and the chemical
shifts of the anomeric protons The observed pair of doublets at § 5 01 and 4 87 for 4,
corresponding to H-1o and H-1f respectively, identify 1t as «,f-lyxopyranose The
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measured anomeric-proton ratio of H-1a 70% is in good agreeinent with the reported
value 1n the same solvent, and further supports the configurational assignment!3

Earlier we postulated the posstble formation of D-arabinose m this synthesis,
however, the n mr spectrum of 4 prior to, and after column chromatography, did
not show signals at § 525 (H-18) and 4 51 (H-1a) (it values &6 534, and 4 60,
respectively)!3 that would have corresponded to the anomeric-proton doublets of an
equilibrated D, O solution of a known sample of D-arabinose under similar conditions
The only significant difference between the n m r spectrum of 4 prior to chromato-
graphy, and the spectrum of the chromatographed product, was a higher proton
count for the former sample and additional bands in the 6 4 1—, 4 region This result
1s consistent with the presence of some D-arabinitol in the crude product The variance
m the anomeric assignment given to the low-field doublets i the spectra of the
respective sugars, namely d 5 08 (H-1a) for D-lyxose vs 6 5 34 (H-1 f) for p-arabinose,
was established!® by equlibrating the sugars mm D,0 Lemieux and Stevens!'®
rationalized the n mr parameters for D-lyxose in D,O by assuming that it exists
equally in both the 1C and C1 chair conformations Crystalline f-D-arabinose is
known from X-ray analysis, to exist as the pyranose i the 1C conformation!®,
during mutarotation in D,0O the 64 51 (it &4 60)*3 doublet 1s produced and 1s
assigned as H-1«, and no other signals arise 1n the region J 5 5-4 5 (except the HOD
signal) The n m r data for 4 thus firmly establish the lyxopyranose configuration

As expected'®, no Cotton effect was observed between 200 and 600 nm 1n the
ord spectrum of a mutarotated solution of 4 The plamn dispersion-curve observed
1s readily distinguished by 1ts rotational magnitude from the simular curve for a
mutarotated solution of p-arabinose The specific rotation, [x]%3, —13 8°, for com-
pound 4 1s 1n good agreement with reported values In the 205-190-nm region, the
curve for D-lyxose appeared to reach a maximum, however, this result is not reliable
because the absorption occurs very near the limit of the instrument’s range Theord
data presented establishes the D enantiomeric configuration of the lyxopyranose
structure

Both crystalline and syrupy 4 were homogeneous by t 1 ¢ , neither D-arabinose
nor D-arabinitol Ry 0 26 (A4) were detected The compounds 1n question are resolved
by t 1 ¢, but the difference 1n the respective mobulities 1s not large and reliance on this
single criterion could be misleading The glc separation of the per(trimethylsilyl)
ethers provides a better criterion for the 1dentification and the purity of compound 4
The mutarotated syrup 1solated by column chromatography, and also the crystalline
product were examined, and they showed a characteristic reversal of o  anomeric
ratio!. The former product showed a doublet, the major peak R,, 0 41 corresponding
to the derivative of the « anomer, integration of peak areas gave an « § ratio of ~7 3,
This value 1s 1n good agreement with the n m r. result obtained for the mutarotated
product The freshly prepared O-trimethylsilyl derivative of the crystallized 4 exhibited
an anomeric ratio of ~1 9 and identical retention-times. The crystalline product thus
consists almost entirely of the # anomer, this conclusion is also supported by the fact
that the « anomer has a lower m p The possible side products p-arabinitol (R,, 0 51)
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and D-arabinose [R;, 0 49 (B) and Ry, 0 68 («)] were not detected in the final product

The combined evidence firmly establishes that not conversion of D-arabinose to
D-lyxose was achieved The yield (71% overall) obtamed from the conversion steps
was adequate and can probably be improved The synthesis of L-lyxose paralleled the
one described for the D enantiomer in all major details As expected, the ord
spectrum murrored the one obtained for the D 1somer The preferential oxidation of a
primary alcohol group, 1n the presence of a free secondary hydroxyl group, has been
demonstrated, and further investigations to fully quantitate this aspect of the synthesis
are m progress The method described may find useful applications 1n the study of
carbohydrate metabolism

EXPERIMENTAL

General methods. — Melting points were determined on a Reichert micro
melting point stage and are uncorrected Ir spectra were recorded with a Perkin—
Elmer 237B Spectrophotometer for 1% dispersions 1 potassium bromide (disc)
Specific rotations and o r.d spectra were measured on a Cary-60 spectrophotometer
thermostated at 250 +01° N mr spectra were obtammed at ~30° with either a
Vanan T-60 or an HA-100 spectrometer Unless otherwise stated, spectra were
obtained for equilibrated ~30% solutions in D,O a 10% concentration of sodium
4,4-dimethyl-4-silapentanoate-2,2,3,3-d, (TSP deuterated) (Merck) was employed
as the internal standard (6 0 00) and lock signal T 1c was effected on glass plates
coated with a 250-um layer of Siica Gel G (Brinkman), the developing systems
employed were (A) 451 butyl alcohol-acetic acid—water, and (B) 4 6 3 pyridine—
butyl alcohol-water Visualization was achieved with erther sulfuric acid, 1odine
vapor, Schiff, or periodate-benzidine sprays G 1c was carried out with a Hewlett—
Packard model 5750B gas chromatograph equipped with a thermal-conductivity
detector, disc integrator and a column (243 8 x 0 635 cm) packed with 10% (w/w)
Carbowax 1540, supported on 80-100 mesh, acid-washed DMCS-treated Chromsorb
W Operation was 1sothermal at 130°, unless otherwise stated Hehum was the carrier
gas at the flow rate of ~60 ml/min at 40 1b 1n ~ 2 pressure All of the carbohydrates
were chromatographed as their trimethylsilyl ethers, prepared according to a standard
prozedure'” or by using TRI-SIL reagent (Pierce). The retention tines reported are
relative to that of the per(trimethylsilyl) ether of pD-mannitol (R,, 1 0) used as the
mternal standard Dimethyl sulfoxide was dried by distillation under diminished
pressure and stored over activated Linde Molecular Sieve, Type 4A Elemental
analyses were performed by Galbraith Labs , Knoxville, Tenn

Preparation of 1,3-O-benzyhdene-D-arabinitol (1) — A slow stream of dry
hydrogen chloride gas was passed mto a suspension of D-arabinitol (400 g,
0 263 moles) 1n distilled benzaldehyde (33 ml) for approximately 3 h, and then the
mixture was allowed to solidify Following to the literature method?, trituration m
the cold with dilute sodium hydrogencarbonate and then water gave a white sohd
(15 8 g). Concentration of the aqueous phases under dimmished pressure yielded an
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additional 8 7 g of crystalline solid The combined crops were dried in vacuo over
phosphorus pentaoxide, and extracted with ethyl acetate in a Soxhlet apparatus The
cooled extract gave the product as a crystalhne mass of needles, yield 24 2 g (38%),
mp 1495-1505° (it mp 151-152°)7, 1KBr 3400-3200 broad (OH), 1080 (Ph-O),

max
TAN £O UGS S

740, 680 cm™' (Ph), C=0 absent, nmr data 6755 (5-proton singlet), 575 (i-
proton singlet), 4 29 (2-proton doublet), 4 00 (3-proton multiplet), and 3 80 (2-prcton
doublet)

Anal Calc for C,,H,;c05 C,5999,H,671 Found C, 5985, H, 6 65

The high yields (>80%) claimed 1n the literature were not achieved The
specific 1otation, 1¢]23, +11 0° (¢ 1 3, abs ethanol) was in agreement with the data of
Fluharty®, but differed from that recorded in pyridine by Haskins ef a/ 7 The com-
pound was chromatographically homogeneous by tlc, Ry 057 (4), 10dine and
periodate-benzidine positive, by comparison bD-arabmnitol had Ry 026 (4) and
D-arabinose Ry 022 (A) The per(trimethylsilyl) ether showed a single component
(Ry; 119) by gl c, the p-arabinitol derivative gave R, 0 51

3,5-0-Benzyhdene-p-lyxose (3) — To a stirred solufion of 1,3-O-benzyhidene-
p-arabmmtol (1, 1 5 g, 6 4 mmole) 1n anhydrous dimethyl sulfoxide (30 ml) containing
N,N’-dicyclohexylcarbodumide (5 13 g, 24 9 mmole), was added anhydrous pyridine
(0 5 ml) and trifluorcacetic acid (G 24 ml, 3 23 mmeole) The mixture was stirred for a
total of 18 h at ~25°, and then filtered The filtrate was diluted with anhydrous ethyl
ether (30 ml), treated with a solution of oxalic acid (1 6 g) in anhydrous methanol
(5 ml), and stirred for 1 h until evolution of carbon dioxide ceased The resultant
suspension was filtered and the solid residue was 1dentified as N, -dicyclohexylurea
(55¢g) byitsir spectrum, and m p (225-226°)

The filirate was diluted with an equal volume of water and a small residue of
N,N’-dicyclohexylurea was filtered off Following partitioning of the phases, the
ether layer was discarded (negative Schuff test) and the aqueous layer (pH ~5,
positive Schiff test) was concentrated under diminished pressure at 25° to a clear syrup
of the crude aldehyde 3, which was subsequently dried 1 vacuo over phosphorus
pentaoxide, yield 1 3 g (85%), AXEf 3350 (-OH), 2870 (-CHO), 1725 (C=0), 800 cm™*
(Ph) Tlc showed one major component (Schiff and i1odine positive) Ry 0 54 (4),
R 065 (B/, and a trace of a slower (Schiff and periodate-benzidine posttive) com-
ponent, Ry 0 31 (A4), R 042 (B), migrating as lyxose by chromatography, a control
sample of D-arabinose had R 022 (4), R 031 (B)

Chromatographic purification of 3,5-O-benzylidene-p-lyxose (3) — A solution of
crude 3 (0.25 g) in 2 ml of chloroform was applied to a silica gel (EM-PF254) column
(35 x 1 cm) which was eluted with 49.1 chloroform-isopropyl alcohol by using a high
pressure (Miton Roy) mmi-pump, and fractions were assayed by t1c (solvent B),
Schiff and sulfuric acid reagents) The fractions containing 3 were pooled to give
0 20 g of a clear syrup (809, recovery), n mr data (chloroform-d, D,O exchanged)
69 65 (l-proton doublet), 750 (5-proton singlet), 555 (l-proton single:), 4 30
(2-proton doublet), and 4 00 (3-proton multiplet)

D-Lyxose (4) — A solution of crude 3 (1 0 g, 4 2 mmole) 1n 0 05M sulfuric acid
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(30 ml) was kept for 5 h at 35°. The hydrolyzate was brought to pH 5 5 by the addition
of AG-1-X8 (HCOJ) resin The resin was removed by filtration, and the filtrate was
concentrated to a low volume under dimmished pressure and extracted three times
with ether. Further evaporation afforded crude 4 as a light yeliow syrup, which was
dned over phosphorus pentaoxide, yield 0 56 g (3 73 mmole, 88%) G 1c indicated
the presence of approximately 1% of arabinitol (R,, 0 51) T 1c gave a stmilar result;
the major component 4 had R, 031 (4), Ry 042 (B), and gave positive pertodate—
benzidme and Schiff tests, and a trace contaminant had Ry 0 25 (A4), Rg 0 31 (&), and
was periodate-benzidine positive, Schiff negative.

Chromatography and analysis of D-lyxose (4) — A solution of the crude,
syrupy 4 (0 250 g) 1n 2 ml 0 1M boric acid was applied to a column (1 5x40 cm) of
AG-1-X8 (borate) resin (Bio-Rad) according to the method of Zill'® Elution was
performed with a Holter (model R1-175) pump and a solution of changing borate
concentration, giving a linear pH gradient between 7 5 and 90 Fractions (8 mi) were
collected automatically and monitored for reducing saccharide by the Park colori-
metric assay'® Positive fractions (40-55) were pooled, concentrated n vacuo at 25°,
neutrahzed with Dowex-50 X8 (H*) resin, filtered, and evaporated m wacuo to
dryness Methanol (20 ml) was added and evaporated off i vacuo, and the procedure
was repeated 3 times The resultant light-colored syrup (0 21 g, 84%) was dried over
phosphorus pentaoxide, dissolved in hot ethanol (3 ml), seeded, and kept at 4°
Gradual crystallization occurred After 24 h, an equal volume of 1sopropyl alcohol
was added and the mixture was again kept at 4° for ~1 week The ciystalline 4 had
mp 115-116° (it 117-118° for the B anomer)?%:2! The 1t spectrum was identical
with that of a known sample The product was homogeneous by t1c (solvent
systems 4 and B) Glc of the per(trimethylsilyl) derivative of crystaliine 4 gave
Ry 041 (o) small, 057 (B) large, o« B ratio 06 9 5, the mutarotated syrup gave
Ry 041 (o) large, 0 57 (B) small, « B ratio 6 53 3 The o r d. spectrum of the mutaro-
tated syrup showed a plain dispersion curve to 200 nm, [«]23, —13 8°, [e]%3, —82 5°
(equil, c 1 65, water), it [u]3* —140° (¢ 7 7, water)?° A control of D-arabinose had
023, —105° [a)25, —550° (equil, ¢ 10, water), plain dispersion curve The nm t
spectrum of 4 (lme positions established relative to calibration side-bands) gave
6501 (l-proton doublet, J, , 40Hz, H-1a, 70%), 487 (l-proton doublet, J, ,
1 4 Hz, H-18, 30%), and other signals in a narrow band at § 3 54 1

A solution of crystaliine 4 (0 1 g) 1n 1 ml of water was treated with 2,4-dmitro-
phenylhydrazine (0 13 g) in 5 mi of abs ethanol according to a conventional pro-
cedure?? Recrystallization of the orange-colored solid from 85% ethanol-water
afforded a crystalline product m p 170-171°, after drying at 80° over phosphorus
pentaoxide.

Anal. Calc for C,;H,,N,O; C, 40.01, H, 427, N, 1696 Found C, 4020,
H, 449, N, 17.11.

L-Lyxose — The enantiomeric 3,5-O-benzylidene-L-arabinitol, prepared from
L-arabinitol, showed a specific rotation [¢]23; —111° (¢ 10, abs. ethanol) and
mp. 148-149° It was treated with the Me,SO-N,N’-dicyclohexylcarbodumide
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reagent 1n a manner analogous to that for the D enantiomer and i1solated in like
manner All of the physical parameters, and their and n m r spectra, were :dentical,
except for the positive plamn ord curve observed, [¢]23; +140° [x]25, +83°
(equil, ¢ 1 60, water)
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