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ABSTRACT

Chairman: Professor G.G.S. Dutton

Periodate Oxidation Products of Some Partially Methylated Hexoses and Hexitols

Complété periodate oxidation of 2,3-di-O-methyl-D-glucitol and 2,3-
di-O-methyl-D-mannitol produced 2,3—di;O—methy1~g-threose and 2,3-di1-0-methyl-
D-erythrose respectively. Reduction with sodium borohydride produced the
cofresponding tetritols, 2,3-di-O-methyl-L-threitol and 2,3-di-O-methyl-
vefythritol. .Incoﬁplete periodate oxidation of the two hexitols lead to the
formation of large amounts of the respective pentoses, 3,4-di-0-methyl-L-
'xylose and 3,4-di-O-methyl-D-arabinose.

Attempts to prepare 4-O-methyl-D-threose from methyl 6-O-methyl-of-
D-galactofuranoside and 2-0-methyl-D-erythrose from methyl 4-O-methyl-o-D-
mannopyranoside by periodate oxidation were only partially successful.
Although the oxidation proceeded smoothly, the cleavage of the oxidized
product‘could not be readily effected with mineral acid, methanolysis or
mercaptolysis without extensive degradation taking place. Reduction of
the aldehydes géneratéd by periodate oxidation alloﬁed the facile preparation
of the corresponding tetrifols. A scheme to correlate the original aldehyde
structure to the reduced tetritol is proposed.

The structure of an unknown component in the hydrolysis of methyl
2,3-di—O—methyl—a—QAglucopyranoéide in the presence of 2,3-di-O-methyl-D-

- glucitol was shown to Be 1,4—anhydro-2,3—di;0—methy1;2~g1ucitol.
- The papér éhromatographic characteristics of the prepared tetroses,
tetritols and pentoses in the two most coﬁmonly used solvent systems have

been recorded.
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INTRODUCTION

One of the most important methods for the determination of the
- structure of polysaccharides involves the preparation of the pblysaccharide
methyl ether and subsequent identification of the methylated monosaccharides
.Vresulting from its hydrolysis. These methylated sugars are often present
in extremely complex mixtures and partition chroﬁatography is the preferred
method for the separation of the components. Although many advances have
been made in chromatography (1), it is not possible.in every cage to separate
completely all the components nor to identify readily some of the sugars
which are resolved (2). Many techniqqes have been employed to identify these
.suéars.or Sugaf mixtures: paper electrophoresis (3), determination of hexose
or éentose structure (4), demethylation (5), complete methyléfion (6),
optical rotation (7), formation of an osazone to test for substitution at
C-2 (8), furanoside formation (9), okidation to the lactone and subsequent
;examination of hydrolysis rate, or IR spectra indicating lactone ring size
(10), formation of the trityl etherrat C-6 (11), and periodate oxidation of
the sugar or sugar alcohol (12,13,14). | |

. Periodate oxidation has been employed in both the structural deter-
minations of synthetic methylated sugars and in the identification of |
pérti#lly methylated sugars obtained from hydrolysed methflated polysaccharides.
Bell, for example, employed periodate oxidation in the determiﬁation of the
gfructure of such sugars as 2,6—di—O-methyl-Q—galactose_(15) and 3,4-di-0-
methyl—Q—galactose (16). ! |
Lemieux and Bauer (17) used periodateﬁoxidation'as a means of identi-

fication for mono-O-methylglucoses. Alkaline hydrolysis of the periodate



oxidation product of -any mono-O-methyl glucopyranosé yields a substance
which can be positively'distinguished by paper chromatography‘from the products
formed under the samé conditions ffom the other mono—O—méthylglucopyranoses.
Extension of the metﬂod to di and tri-O-methyl glucoses was diécussed. The
value of thé p%ocedure was illustrated by characterization of the O-methyl
. giucosesi derived from a water-soluble O;methy1ce11ulose. The Rf value of -

the product obtained froﬁ.the oxidation of 4-0O-methyl-D-glucopyranose was of
| the order expected for 2—O-methy1-g—erythrose. The reducing substance formed

from 2,3,6-tri-0-methyl-D-glucitol was assumed to be 2,3—di-0fmethyl—g—threose.

Stephen (18) in the structural investigation of Virgilia oroboides
~gum obtained a chromatographically fast running spot on periodate oxidation
- of 2;3,6—tri—0—methy1—Q—galactitol,.2,3—di-Okmethyl—g—galactitoi,'2,3-di-0—
methyl—gfarabinitol and 2,3—di;0—m¢thyl—2—g1ucitol assumed to correspond in
‘each case to 2,3—di—04methy1;g-threose: |
Dutton and Unrau iﬁ structural studies of mesquite gum (19) and a

number of synthetic polysaccharides: glucan (20), xylan (21), arabinan (22),
“thamman (23), galactan (24) and manﬁaﬁ‘(25) have employed periodate oxidation
extensively as a tool in the identification of the components of complex‘
mixtures of methylated sugars and the alcohols derived from them. In the
glucan study, these periodate okidationé produced reduciﬁg_fragmehts believed
to be partially ﬁethylated tetroses. In subsequent papers, reduction of the
reduéing fragments lead to the formation of a considerable number of
: methylated.tetritols which were subsequently analySed by gas liquid chromato-
v_graphy (G.L.C.). |

- A common factor in the wofk of Lemieux and Bauef (17), Stephen (18)
and Dutton and Uﬁrau Qas the production 6f methylated tet;dse or tetritol
fragmehts resﬁlting from the periodate okidétioﬁ of mixtures of methylated

sugars or their derived alcohols. Identification of the unreduced periodate
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oxidation products is desirable since the product provides more information
than does the derived polyol. For example, reduction of the reducing frag-

ments below yield the same tetritol:

CHO
HCo+
HICO+H
CH,OH .
CHO e, CHOH
H-+-OCH aBH, H-FOCH,
HHOocH, — = H1-OCH,
., CHO ~ CH,OH
CHO
H-FOCH,
H+OCH
CH,OH

2

Figure 1. Reduction of three periodate oxidation products to

one tetritol.

The studies mentioned above would have been facilitated by the exist-
ence of a well characterized series of reference compounds . This laboratory
has been engaged in a programme to synthesize these reference cémpounds.

The four-isomeric 2,4—di—0—meth}1.tetroses were syhthesized by Slessor and
Dutton (26)Aand in a continuation of fhis programme this thesis reports the
synthesis of 2,3-di-O-methyl-L-threose, 2,S—di—O—methyl;g—erythrose, 2,3-di-
lO—methyl—é—threitol, 2,3-di-0O-methylerythritol, 4-O-methyl-D-threose, 4-0-
methyl—g—threitol, 2—0—methy1-Q—erYthritol and the two pentoses 3,4-di-O-

methyi—g-xylose and 3,4-di-O-methyl-D-arabinose.
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HISTORICAL |

The generic name tetrose refers to the four carbon straight chain aldoses.
There arg'three possible approaches to the synthesis of tetrose derivatives:

1. Lengthening the éarbon chain of a lower sugar.

2. Fission of the carbon chain of a higher sugar.

3. Reaction of the tetroses themsélyes.

The Kiliani and Fischer (27) cyanohydrin synthesis is based on the
formation of cyanohydrins (28) from aldehydes ahd.ketones with hydrogen cyénide.
Fischer (29) showed that the a-hydroxy acids formed on hydrolysis of the cyano—r
hydrins ‘could be utilized for'thé préparation of higher aldoses by reduction of
their derived aldonic acid lactones. More recently, the nitromethane synthesis
has been used to lengthen sugar-chains. The addition of nitromethane to
aldehydes yields nitroalcohols which can be decomposed in acid solution to
yield hydroxyaldeh&des. This method, first applied to sugars by Pictet (30),
was thoroughly investiaged by Sowden and Fischer (31) as.a general methodAfor
lengthening the carbon chain of aldoses. The reaction of diazomethane with
aldonic acid chlorides results (on decompoéition) in the formation of ketoses
with one more carbon atom (32). Enzymatic action has also been utilized to
lengthen carbon chains of sugars (33,34).

| There ére three inherent problems in apPIYing chain lengthening by
nitromethane and Kiliani-Fischer syntheées to the formation of_£etrose
derivatives.Firstly, a new asymmetric centre is introduced alpha to the
~ aldehyde, resulting in an epimeric mixture which must be separated. Secondly,
the nature of the synthesis makes impossible the formation of a derivative sub-
stituted at C-2 unless fufther reactions are caffied out. ' The third problem
is the difficulty of working with glyceraldehyde.

The use of diazomethane is not applicable ;ince»aldoses are desired.

‘The use of enzymes would be involved since specific enzymeé would be difficult

to obtain and they might be expected to reject the compounds if derivatives



were.ﬁrepared before chain lengthening.

There are several methods.for‘shortening the chain length of mono-
saccharides. The classical Wohl (35), Ruff (36) and Weerman (37) degrada-
tions whicﬁ eliminate‘hydrdgen cyanide, carbon dioxide and sodium isocyanate
respectively,résult in the reduction of the chain length by one carbon atom.
More reﬁently,it was reported that aldose dithioacetals may be suitable
starting materials for the preparationiof lower aldoses (38,39). Oxidation
~ of the dithioacétals with monoperphthalic acid yields the disulphone which,
in an alkaline medium,loses bis-(ethanesulphonyl)methane yielding an aldose
with one less carbon atom{ Probably the most useful method is degradation
through glycol cleavage. Cleavage between two adjacent hydroxyls by
periodate (40),or the less fréquently used lead tetracetate (41), results in
“the formafion of two aldehydes. The use of these reagenfs has been fecently
‘re&iewedA (42,43).

‘The inherent problem with these degradative methods as a synthetic
tool is the necessity of preparing a suitable derivative. The classical
cléavageé that eliminate the anomeric ca?bdn require thatithere be no sub-
stituent at C-2. The glycol cleaving agents require blockage of all vicinal
" hydroxyls not to be cleaved in the reaction.

“Although utilizatibﬁ of the tetroses as‘thé starting ﬁaterial for
preparation of partially methylated derivati§es is a féasible approach,
little is known about tetrose derivatives and the tétroses needea wouid
normally have to be prepafed by the conventional means of oxidative cleavage
~of higher sugars.

There have been few reports of the synthesis of methylated tetroses
and,except for one report, all procedures havevemployed periodate oxidation.
In the first recorded'synfhesis of a methylated tetrose Gatzi and Reichstein

(44) methylated 1,2—OFisopropylidéne-g—threose. Mild hydrolysis yielded



3-0-methyl-L-threose. However, the physical constants of the compound were
not reported. Smith et al, (45, 46) in periodate oxidation studies of some
partially methylated sﬁgars, had occasion to synthesize two partially methyl-

ated tetroses. Periodate oxidation of 3—0—methyl—2-xylo$e and 2,3-di-0-
. methyl-D-arabinitol yielded 2-O-methyl-D-threose and 2,3-di-0-methyl-D-threose

respectiVely. Richards (47) oxidized methyl 6—O-methy1-Q—galactofuranosides
with sodium metaperiodate. The dialdehyde fdrmed_was hydrolysed to yield
'4—0—methyl—2—tﬁreose; The aerivative prepared to characterize the compound
'was the phenylosazone. This derivative destroys the optically active centre
at C-2 and hence is not a characteristic derivative of 4—O-methyl—2—threoée.
This compouﬁd has been resynthesised in order to prepare a chéracteristic
- derivative. Dutton and Slessor_(Zé) in their synthesis of the four isomeric
. 2,4;diFO—methy1 tetroses employed periddate oxidation of methylated sugar
alcohols. 2,4-Di-O-methyl-D- and L-erythroses were prepared from 4,6-di-O-
: methyl—g—glucitol gnd 3,S;di—O—methyl—g-arébinitol respectively. The 2,4-di-
‘O-methyl-D- and g—thredses vere prepared from 3,5-di-O-methyl-D-xylitol and
the miked alcohols produced on reduction of 1,4,6-tri-O-methyl-L-sorbose.
The method chosen to synthesize the partially methylated tetroses
reported in this studf was the periodate oxidat;on of suitably substituted

hexoses and hexitols. The reasons for this choice were:-

éa) the quantitative yields resulting from periodate oxidation (48)

(b) the-substrates required are known carbohydrates or readily
obtained from knéwn carbohydrates

(o) - periodaté oXidation has been extensively studied in relation
to its use in carbohydrafe chemistry and the conditions and

side reactions are well characterized.



METHODS OF SYNTHESIS

2,3-Di-O-methyl-L-threose.

The synthesis of 2,3-di—0—methy1-g-threose was achieved by periodaté
oxidation of 2{S—di—O-methyl;Q—glucitol. The glucitol was prepared by'the
sodium borohydride reduction of 2;S—di~0—methyl-2—g1ﬁcose.

2;3-Di—0—methy1-2—g1ucose was synthesized by the method -of Irvine
_ and Scott (49). The excess‘benzaldehyde present after the formation of
- methyl 4,6-0-benzylidene-a-D-glucoside was remdved conveniently by steam
" distillation. Addition of an excess of potassium carbonate to the reaction
mixture.to neutralize the zinc chloride and any benzoic acid formed by
oxidation of benzaldehyde prevents hydrolysis of the acetal during steam
: distillation. The hydrolysis of methyl 2,3-di-O—methyl-u-Q;glucopyranoside
to_2,3~di-0—mefhy1—2—glucose was extremely difficult and required prolonged
.heating with 2N. sﬁlfuric écid.v The reaction required thirty-six hours to
reach completion. Thin layer chromatography (T.L.C.) of the hydrolysate,
Figure 2, revealed a component running chromatdgraphically faster than the’

starting material and components running slower than the hydrolysis product.

<—Solvent front

2 3-Di-O-methyl-
D-glucose

/ Furfural type Methyl 2,3-di- UNKﬁOWN
of compound(?) O-methyl-u-D- (demethyl-
glucopyranoside ation?)

Figure - 2. T.L.C. on silica gel, developed with butanone-water
azeotrope, of methyl 2,3-di-O-methyl-o-D-gluco-
pyranoside hydrolysate.



Due to the complexity of the hydrolysis problem it was only investigatedl
in part. Itvis'important to note, however, that further gtudy of this pfoblem
should be undertaken. Hydrolysis of methylated polyéaccharides and sugars
has been e*tenéively studied. One 6f the assumptions that must be made in
polysaccharide.investigations is that little or no demethylation occurs
when>mefhy1ated poiysaccharides are hydrolysed. Demethylation and degradation
have been observed, however, and varioﬁs hydrolysis schemes have been presentedv
in order to minimize these occurrences. Hydrochloric acid,Aboth aqueous {50)
and methanolic, causes considerably more demethylation than sﬁlfuric acid.
Freudenberg and Boppel (51) found that when 2,3,6-tri-O-methyl-D-glucose
was treated with cohcenfrated hydrochloric acid af +5°  considerable
éemethylation to a mixture of di—O—methyl-Q-glucoses occurred. Smith et al
(52) reported the demethylation of 1,4¥di—0—methy1—érythritol to the extent
~of 1.3 % when refluxed for 18 hours with 3 % methanolic hydrogen chloride.
Treatment with aqueous formic acid-(53) is reported to result in less
degradation than a miiture of acetic and hydrochloric-acids. Croon and
Lihdberg (54) report the use of 72 % sﬁlfuric acid is superior to both
.methanolysis and formolysis, causiﬁg only about 5 % degradation énd demethyl-
ation of lesé than 0.5 %. Metﬁyl 2,3-di-0-methyl-a-D-glucopyranoside would
appear to provide avgood model compoﬁnd for a systématic investigation of
degradation and demethylation since the hydrblysis pro&uct is found in thg
hydrolysis of methylated glﬁcomaﬁnans and amylopectin. The starfing.material
and démethylation pfoducts are readily synthesized facilitating the detailed
study of the demethylation and degradation producfs.

The reduction of 2,3—di—0-methy1—§~g1ucoée.requifed prolonged
treatment with sodium borohydride (24 h.). This fiﬁding is in agreement
with the resistance reportéd in the reduction of 3-substituted aldoses (55)
with potassium borohydride. The effect is attributed to steric hinderance

of the borohydride ion as it approaches the 1,3 syétem.



Figure 3. Steric hinderance of substituent at C-3 to borohydride
reduction.

Two periodate oxidations Qere carried out with 2,3—di—O-methy1—Q—
~glucitol, an oxidation with one mole of periodate and an oxidation with
excess periodate. he products from the one mole oxidation are 3,4-di-0-
methyl-g—xylose and 2,3—di-0—methy1—g—thr¢ose. The oxidation with excess
periodate yields 2,3-di-0-methyl-L-threose. ‘The products from these

oxidations are discussed more fully in section D-3.
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CHO : CH,OH
- —-OCH, NCIBH4 - ,———OCH3.
- HCO- | R H3CO¢—
-~ CHOH . o H,OH

AF_i‘gure 4. .Synthesis of 2,3—di-O—methy1—}__;—threbsé. :
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2,3-Di-0O-methyl-D-erythrose

The synthesis of 2,3-di-0-methyl-D-erythrose was achiéved by periodate
oﬁidation of 2{S—di—O—methyl—g—mannitol.A The mannitol was prepared by boro- ,>
hydride reduction of 2,3-di-O-methyl-D-mannose, see Figure'S.

_Méthyl a-D-mannopyranoside was prepared.by the method of Smith and
Van Cleve,(SS)'which is a modification of the Fischer method (57). The
benzylidene condensation using benzaldehyde and fused zinc'thoride.has béen
used extensively for the preparation of methyl 4,6-0-benzylidene-a-D-glucoside
(58,59). The use of these reagents to preparé the corresponding methyl a-D-
mannoside defivative is complicated by the cis configuration of the hydroxyls
at C-2 and C-3 and the major product formed is methyl 2,3;4,6-di-0-benzylidene-
a;Q-mannoside (60). This'difficulty was ovércome by‘using a proéedure pro-
vided by Schwarz (61).v The methyl a-D-mannopyranoside was ground to a fine
powder and dissolved as rgpidly as possiblé'in’98;100 % formic acid. Benz- |
aldehyde was added and after five minuteg.the reaction mixture was poured
into a solution of potéssium éarbonate.- Sfeam distillation wés_again'used
~ to remove the excess benzaldehyae and‘the.methyl 4,6-O—beﬁzylidene-a—2—
mannoside was extraéted from the resulting aquéous phase with chloroform.
The methylation producf, methyl 2,3—di—0—m§fhy1—4,6~O~benzylidene—a-2_
mannoside on hydrolysis yields 2;3—di—0—methy1—2—mannose. Reduction of
the 2,3-difO—metﬁy1-Q-ﬁannose with sodium borohydride yielded crystalline
2,3,di-0-methyl-D-mannitol. |

Two periodate oxidafions weré‘cafried oﬁt\with the 2,3-di-O-methyl-
Q—mannitol in a similar manner to the 2,3—dif0—methy152—glucitol. Oxidation
- with oné mdle of peridéte yields 3,4—di—O—methylfg—afabinose énd 2,3-di-0-
methyl—g—erythrogé. Oxidation With egcesg pefiddate yields 2,3—di-0-methyl-
D-erythrose. The okidafions and their froducts will Be discussed in section

D-3.
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| H_OH
CHLCICHCL
MeOH/H" H CH,

~_CH,OH o |

oL 104 T NaBH. . JEA
+OH T > 40CH, T > +OCH;
~OH CH,OH CH,OH
CH,OH ~

F_igure 5. Synthesis of 2,3-di-O-methyl-D-erythrose."
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4—0—Methy1—2—threose.

The synthesis of 4—O—metﬁy1-2—threose Qas accomplished by the method
of Richards (47) employing minor modifications.'

_ 6-0-Methyl-D-glactose was prepared by methylating 1,2:3,4—di—0—iso—
propylidene—g;galactose. Mild acid hydrolysis yielded‘6—0—methy1-2—
~galactose (62). |
Methyl 6—O—methy1-Q—galactofuranosides‘were p?epared by reéc;ion

of 6-O-methyl-D-galactose with 0.0125 % methanolic hydrogen chloride (63).
The. methyl glycoéides were separated oné.cellulose—hydrocellulose column to
yield pure methyl 6-O-methyl-a-D-galactofuranoside, ﬁethyl 6-O¥methy1—6—2—
_vgalaétofuranoside and methyl 6-O—methylja—g;galactopyranoside. The
_ giYcosides wefe characteriééd by their proton mégnetic resonance spectfa

(64) and optical rotations. The P;nitrobenioate derivatives were prepared

from the fuianosidés. The methyl 6—O—methy1—a—24galactopyranoside crystal-
lized and a mixed melting point with an authentic sample waé undepressed.
The periodate oxidations to prepare 4-O-methyl-D-threose were per-

formed én mixed galactofuranosides father than on pure anomers. As a

result, large samples_éf methyl glycosides could be applied'po fhe column
for chromatography. The periodate (0.0076M) consumption for the mixed
furanosides was 0.91 moles after 53 houfs. Although this is a much 1ohger
time thén iﬁdicated by Richards t47) it is in agreement with the findings

of Hudson (65). Richards' shorter reéction time may reflect a certain.amount
- of methyl 6-O-methyl-D-galactopyranoside.

In an attempt.to reduce the extensive decomposition‘reported (47)

- on hydrolysis of the dialdehyde formed from the periodafe qxidationlof
methyl 6—O—methyi—a,B-Q—gélactofuranosides, a ﬁethanql&sis Qas employed.
Decomposition was still enc0untered,however,and the prodﬁct was‘isolated

chfbmatogréphically.as the dimethyl acetal of 4;O—methy1—2-threose; Acid
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hydrolysis yielded 4-O-methyl-D-threose. However attempts to prepare the
2,4-dinitrophenylhydrazone were unsuccessful and the compound was characterized

as the p-nitrobenzoate of the derived polyol.
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HCI
CH3OH
Figure 6. Synthesis of
- 6-0- methyl -D-galactosides
" -~ OH
| HZOCH:B HQOCH3
104
- 2104
OCH,
104
. l 4_.%
CH,
H o |
H . . . . .
CH,OCH;4 B - CH,OCHs

Figure 7. Modes of perlodate oxidation of 6-0- mOthyl—
: D galactosides.
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TYPICAL RING FORM

'H3CO\ ,OCH,

H* : ~H V H+
—— OoTon ——>
MeOH q . _

: . ‘Hzo.CH?’ NaBH4
o Y o
7 E CH,OH
H HvO NaBH., _ . HOL- 2 B
+OH T - OH
H,OCH5 | | R {,HZOCH;.;

- Figure 8. Synthesis of 4—O—methy1'—2—threose. '
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" 2-0-Methyl-D-erythrose.

The synthesis of 2—O-methy1—Q-erythrose was accomplishéd by periodate
oxidation Qf methyl 4-O-methyl-a-D-mannoside. Methyl 4-0-m¢thyi—a—2—
* mannoside was ;ynthesized by the procedure of Smith (66).

‘Attémpfs in this laboratory and another (67) to Synthesize'methyl
2,3—0—isoprqpylidene—a-Q—mannopyranosidé by the method of'Ault, Haworth and
_ Hirst (68) were unsuccessfulf A modifi&ation of the behzylidene condensation
provided by Schwarz (61) was devised iﬁ'a sucéessfui aftempt;po,synthesiie
this compound. Methyl a—Q—mannogidé was dissolved.in>98—100 % formic acid
- and acetone was -added to the Teaction miiture. The formic acid was neutra-
vlized after severél days of feaction by pdufing into a saturated solution
of‘pbtassium carﬁonate. A mixture-of methyl 2,S—O—iéopropylidene—u—g—
Jnannoside and methyl 2,3: 4,6—di—0—isopropylidene-d—g—mannéside was extracted
'from the aqueous phase with chloroform. Extraction of the mixture with
light petroleum (B.p. 30—60b) reméved the diisopropylidene derivative from
the monoisopropylidene derivative. |
During the Kuhn (69) methylation of methfl 6-O—trity152,3—0—isopro—
'pylidene—a—g-mannoside, T.L.C. monitbring revéaled detritylation in the
.prolqngéd treatment. _Column.chromatography was employe&,therefore?in‘order.‘
to obtain a pure saﬁple of mgthyl 4—O—methy1—a%2;mannoside. Périodate
oxidation of:4g0—me£hy1—u—2fmannoside produced a'dialdeh§de thch was
ektensively,degraded in all hydrolysis attempts. The best results were
obtained when formation of the dithioacetal was attempted. Howefer, insuffi-
cieﬁt material was.obtainedland CHaractefizafion waé.not possible. ‘The

'.dialdehyde was reduced and.hydroiysed to give'Q-O—methyl-g-erythritol.



- 18 -

H,

O | © |
A4 o , |
CH,OH HO
—_OCH3 CH3
~-OH. OH ~
CH,OH H,OH

CH;

H  HL/OCH,

(SR), (SR),

R =CH b

Figure 9. Synthesis of 2—O—methy1-2;¢rythritol.
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D-1. Unknown in the hydrolysis of methyl 2,3-di-O-methyl-a-D-glucopyranoside.

In the preparation of 2,S—di—O—methyl—g—erythrose,the presence of
lsmall aﬁounts of methyl 2,S—di—O—methyl-a—g—glugopyfahoside in the'2,3—di—0—
methyl-D-glucitol did not interfere with the periodate oxidation because of

its inability to be oxidized. The larger Rf value of the tetrose ailowed
its easy removal from the trace of giycoside. However, during the
oxiaation of 2,3—di—0—methy1—g—g1ucitol with one ﬁole of periodate to form
-'3,4-di—0-methy1-g-xylose it was necessary that no:trace oflmethyl 2,3;di—0—methy1
a-D-glucopyranoside femained, as the.Rffs of the 3,4-di-O-methyl-L-xylose
and the methyl 2,3-di-O-methyl-a-D-glucopyranoside are very similar in
”Tsélvent'A. The 2,3-di—0—methy1—2—g1ucoseVhowever,movés with nearly the
same Rf as its mgthyl glycoside ahd.in order to clearly see that the'
hydrolysis had taken place the sample was reduced aftér hydrolysis and the
 slower Rf of the polyol allowéd a clear 1ook.ét any remaining glycoéidg.
Resubjecting a sample which héd been treated in the‘abovevmanner
to further hydrolysis, resulted in a sample whi;h contained a unique,
chromatographically fast-moviﬁé component which was not the furfural type
of compound seen in previous hydrolyses of methyl 2,3—di—0—methylfq-g—g1uco—
pyranoside; Reduction of the.2,3—di—0-methy1—g—g1ucose with sodium boro-
hygride_pféduced no cﬁange in the unknown coﬁponents Rf indicating théf
~ there was no free hemiacetal function in fhe molecule. Due to the large
amognt of this substance ( 20 %), it Qas decidedlto determine its structure.
Isolation was achieved by subjecting the aqueous sample of 2,3-di-O-methyl-
D-glucitol to continuous chloroformlextractioﬁ.. The chldroférﬁ solution

on evaporation yielded a relatively pure fraction of the unknown compound.
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Proton magnetic resonance (60 mc.p.s.) studies on this.product as
initially isolated, pro?ided little information because of thé environmentél
similarity of the protons. It was not poésible howevér,to see a proton
. reésonance ét low'field whiéh is charécteristic of tﬁe anomeric hydrogen (70).
This would appéar to indicate that no acetal functionality existed ih the_
unknown‘comPOnéht.. Ad@ition of trifluoroacetic‘aéid shifted the hydroxyl
resonances to lower field but the spectrum was not appreciably improved.

Furfher purification of the unknown compound was achieved by
acétylation and subsequent gas liquid chromatography. Acetylétion was chosen
for several reasons:- | |

| (a) the influence an acetate has on the pbsition of resonance of
of the hydrogen joined fo the carbon Whose hydroxyl haé been
‘acetylated (71);

(b) the acetylation mikture‘of acetic anhydriae and pyridine can

be injected directly onto the colﬁmn of the gas cﬁromatograph
without work-up of the reaction (72); |

(c) the acetate blocking group can bé readiiy removed to yield

the starting material (73) and -
(d) a large body of information regarding the mass spectra of-
sugar acetates is available (74).

Proton Magnetic Resonance (p.m.r.)

The prdton magnetié resonance Spéctra of the acetylated unknown at
60 and 100 ﬁc.p.s. were considerably different tovthose of the unacetylated
'unknown.. Certain of the protons, those which were situated on carbons whose
 frée hydrokyl group.hadbbeen acetylated, were shifted to lower field. The
integral indicéted eight hydrogen atoms in addition to two methoxyls and
two acetafes. This would be consistent with a 16;5 of one mole of water

from 2,3-di—0emethy1—9—glucitol to form an anhydrb ring. There are several
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possibilities as to the structure of such a aehydratiqn.produét, an'époxide,

a five membered ring or a six membered ring. Of these three péssibiiities'

only the five membered ring is consistent with the p.ﬁ.r. spectra and the

_laék of chémical reaction (75).

The 100-mc.p.s.‘proton magnetic resonance spectrum of the agetyléted un-

knownin:chloroform,disclosed a septet at t 4.76Vconsistent with a protdn on

C-5 geminal to an acetate and coupled Qith three hydiogens (H-6,, H-6, and.
H-Q). The two C-6 hydrogens (H-64 and H-6,) were also shifted downfield |
to't 5.42 and 5.87 indicating that the C;6 hydroxyl was also acetylated. The-H—4
resonance at 1-5.91 could - be seen clearlyjéoupled to H-5. Irrédiation of
fH-Sband H-6 separately confirmed the coupling bétWeen these four hydrogens.
Since neither C-6 nor C-5 were invol?ed in the formation of a ring, there

must be a furan type ring between C-l-and C-4. Analysis of the ring structure
'éaﬁ_be carried no further since the environmental simiiarity of the remaining
“hydrogens introduces second order coupling and isotopic substitution would

be necessary to further assign the remaining four'hydrogens. The assignment

df H-4, however, allows one to evaluate the configuration at C-4. The

:coupling constant "J'" between H-4 and H-3 has a value of 3.7 c.p;s. This is
consistent with an envelope conformation for a five membered ring in which

C—4‘is below the plane of the ring and the molecule has the gluco configuration.

AcOHC H OCH,

Figure 10. Envelope conformation of gluco configuratioﬁ.
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(This splitting méy.be seen to océur in the 4,6 epoxide of isopropylidené-a—
Q—glucofuranosg (76)). This is, in addition{chemically sound éince formation
of the 1,4-anhydride of sorbitol and mannitol proceeds with reteﬁtion of
configuration (77). One may also be cgrtain that because of the relative
.stability of the mefhoxyl blocking group, no mig:ation of thesé functions
‘will have taken ﬁlace. Hence it is possible to assign the structure of the

_ unknown compound as 1,4-anhydro—2,3-di—O—methy1-Q-glucitol.

 Mass Spectra
The massISpectrum of the‘acetylated unknown compound was determined
iand the fragmentation patterns are consistent with an assigned structure
of 5,6—di—0-acet}1—1,4;anhydro—2,3-di—0—methy1—2—g1ucitol. Although 'it is
not possible to provide absolute identification of pééks since no labelling
7eXperiments were carried out; the volume of pdblished spectra (74,78)
allows assignmenfs and interpretation, all of which-aré consistent with
the proposed structure. In additionm, it is not_poésible to assign the mass
spectrum to any othér conceivable strucfure.' |

vThevmass spectrumvof 1,4;3,6-dianhydro-2,S—di—O—méthyl-Q—glucitol
was determined‘and the assignment of peaks as a result of previOus work,
allows .one to indicate the correlation of known'spéctra witﬁ those of
compounds not previously subjected to mass spectral analysis. The major
peaks at m/e 58 and 69_can be seen to arise in other similar typeg.df
compounds in which the strﬁctﬁre of these peakg has been assigned. The
peak m/e 58 assigned as characteristic of methyl 3,67anhydro—2,S—di—O—methyl—
furanoside (78) sugars is seen to occur in the methylated dianhydrohexitol

and presumably arises from the same functionality in the molecule.
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TABLE 1

Molecular Ion Peaks for 5,6-di-O-acetyl-1,4-anhydro-
2,5-di-0-nethyl-D-glucitol

m/e Species _ Source Ref.
. i p ’ . . . - . .
43 o CH3CO acetylium ion. - - (79)

-base peak in all published
spectra for acetates.

i :
45 CH,=0-CH3 C-3, C-2 contribute to this (80)
‘ peak.
' o |
58 CH30 C — CH, c-2, C-1 C(78)
+ .
+ . i
71 : CH30=CH-CH=CHg  C-3-C-2-C-1 . (78)
A ' ocHs ] = .
87 _ CH30;c=c\\ . C-3 - C-2 ' (81
. " H B _ |
131 ' szgggiifii:zzgj C, = C4 1loss of C-5 - C-6 (82)
| I wox ]t L ,
142 AcO——;j C-6 — C-3
. H’R§1‘“‘H ~ also M-CH3COOH, CH,=CO, MeOH
| CH3' ]
153 M-CH3COOH, CH3OH, CH30
184 - . © M-CH3COOH, CH30H .
- i
203 M-CH,0CCH3
216 - M-CH3COOH
o217 M-CH3C00"
o . ‘+
233 . M-CH3CO

244 M-CH;0H
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‘- Figure '13.‘vSource of m/e 58 peak.

The peak'm/e 69 éssigned as chéracteriétic of 1,4:3;6;dianhydro~2-0—
ﬁethyl;s-g-glucose}(78)'can‘be éeen as weil in the S,S—anhfdrofuranoside
. and the 1;4:3,6-dianhydro—2,S~di—0—methyl—g—g1ucitol and this arises from
the five membered anhydro'rings.» As-mentioned,the_absolute assignment of

these peaks requires isotopic labelling-this has not been carried out.

. .
- .
Cecasnser

Figure 14. Source of m/e 69 peak. S -
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TABLE 2

.Molecular Ion Peaks for 1,4:3,6-dianhydro-2,5-di-0-
‘ methyl—g-glucitolv

‘m/é | ' o Species ' . Source
. H, . :
58 : - .CH3-0-C-CH, S ClandC2 C5and C 6
. . . ) + ) .
. ) . |
59 ' O=CH2—CH=O _ C3and C 4

C1-C4 and C 3 -C 6

" @ |
. O/CHZ

69-

109 | M- OCH2 -CHOMe
o1 | o § \\\7
142 ": . "~ M-CH30H

143 | M—éHao-

174 : M
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D-2. A Solﬁtion fo hydrolysis problems.

‘ -Thelextreme difficulty encbuntered in the hydrolysis of the periqdate
oxidized methyl 6—O—methyi—Q—galactofuranoside$'and methyl 4-0-methyl-o-D-
mahnopyranoside indicates thét this proceduie at préséht cannot be used as a
~valuable tOOi in the identification of'unkﬁown paftially methylated sugar
moieties. The degradation during acid hydrolysis is extreme and‘it is
_ questionable if one could evaluate the structure of an unknown component or
mixturé of components using this methbd. It is, howeyer, well known that

facile hydrolysis can be accomplished after reductioﬁ of the aldehydic
functions formed by periodéte Qxidatibn. A problem Stili exists howevef,
tsinée one must evaluate the amount of a compoﬁnd'that may be presentvinran
‘unknown miXtﬁre as well as its structure.

The techniques neédedlforvthe eVaIﬁation of structure and quantity
are presently availagle and néed only be»applied to a éeries of compounds to
;how their general applicability. As noted, reduction of three different
isomers 1eads'to formation of the same fetritol. 'However, if reduction weré
carried out employiﬁg sodium borodeuteride; the redu@ed end of the molecule.
"would be . substituted with bn¢ deuterium. Mass spectral analysis of this
compoﬁnd, as its acetate 6r silyl efher, would clearly indicate the nature of
the substitution of the deuterium in relation to the methyl ether function.
Using the previous- eXample one could find-thé.eXistencé of characteristic.
fpag@ents. | |

The remaining problem is the evéluatiéﬁ of tﬂe quahtity of an
“unknown or known compound! The proposed proceduie ié determination of the
‘molar fesﬁoﬁse féctor-(M.R.Fi) for a cdmpoUnd when if is passed thrqugh..
the gas chrdmatﬁgraph. This allows one tq'give a quantitative estimate

.of the amount of a compound in a mixture.
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H_C_%DCC')_CC }EXISTENCE OF THIS FR'AGMEvNTA

H—-OAc
CH,OAc"

H }-’ODC?-CC} EXISTEN&:E QF BOTH

H I"?[SACSAC} THESE FRAGMENTS

CHDOACc

HTOAc

H1OCH,
CH,OAc

}EXISTENCE OF THIS FRAGMENT

Figure 16. Characte;istic'fragments from 1abelled.isomeric
' tetritols.
The standard procedure for determining the M.R.F. for a compound
is to weigh a sample and add an internal standard to which all samfles'will
‘be related. A problem aiises.however, when new or unknown compounds are to
be used. If the amount of material avaiiéble is very small, is a syrup or
a mixfure, then lérge efrors can occur as a result of inaccurate weights.
For example,with a syrup it is Vefy difficult to remove all the soivent in
which;fhe'compoundbwas dissolved.
| To get around the previous problem it waévdecided to measure M.R.F.'s
by weighing the sample eluted. The combonent Qas collecfed‘in a capillary
‘tube after injectién énd resolution on the gas chromatograph. Hence the
.sample weight-would not only givé a molar response factor with pegard to

some internal standard, but would also give an absoluté‘response factor.
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There are two possible sources of error in this procedure.

It is possible

that degradation occurs on the column so that a specific amount is lost on

each injection. ‘This does not appear to be a significant factor with the

amounts that could be measured. A twenty fold change in sample size did not

show a signifiéant fluctuation attributable to thermal degradation. The

second possible source of error was the possibility of incomplete collection

of the sample. Only in the case of the disilyl ether of ethylene glycol

did this factor appear to influence the amount of the sample collected. As

previously mentioned,sample size variation did not affect the response

factor found and this is also an indication of total collection.

The response factor is calculated using the moleculaf'weightAof the

sample collected and;in the case of an unknown, this would be obtained from

the mass spectrum. A large percentage of the weight of sample is due to the

TABLE 3

Molar Response Factors for some Sample Compounds

" Compound Av.R.F. Mol.Wt. .M.R.F.(abs.)

as Silyl ether (at ATT 4) _ gm/mole area/mole x108
peak area/wt in ug

gth_yiene_ glycol C 1,109 ¢ 115 204 5.33 x 10°3"

Butaneé 1,4-diol .395 + .003 234 1.69 x 10-3

Erythritol . : 367 & .015 410 - 0.895x 10-3

2-0-Methyl erythritol .331 £+ .003 ‘ 352 0.940x 10-3

» 4—0—1\/‘Iethy.1 threitol . ~ .303 ¢ 011 | 352 0.861x 1073

. :
- may be some loss of silyl ether during collection.

silyl ethers, hence only small amounts of unknown compounds

are required in

order to determine the molar response factor; For exampie, 2-O—methy1—eryth—

xitol has a'molecular weight of 136,while its silyl ether derivative has a
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molecular weight of 352. Assuming that three. apprpiimately 1 mg samples are
required for the accurate determination of the MLR;F.,then only 1.2 mg. of
2-O—mefhyi erythritol would be required. _fn addition,the maés spectrum
coUld.easily be obtained from one of the samples collected for the M.R.F.
The presence'of small or large.amounts of‘impurity would not interfere with
the determination of the M.R.F. since their weight would nét be considered.
The obvious éxtension of this.technique to fields other than
cérbohydrates should prove invaluable to workers dealing with sﬁali’quantities
of compounds, where accuracy is hampered by difficulties in hahdling:

techniques, lack of pure standards or complicated reaction mixtures.
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" 'D-3. Review and Discussion of Periodate Oxidation -

Fleury and Lange (83) pointed out that the reduction of periodic
acid studied by.Malaprande (84) could be considered selective for hydroxyl

~ groups attached to adjacent carbon atoms. The carbon chain is broken and

| bho

f10; ——3> + 4103+ HO

]THO

‘Figure 17. Periodate oxidation of adjacent hydroxyl groups.

two aldehyde groups are produced.

H-C—OH

H-C—OH

The scopé of the reaction was extended to the oxidation of 1,2-di—ketbnes
and a—hydroxy ketones by the work of Clutterbuck and Reuter (85). Nicolet
-and Shinn (86) exténded the redction to the oxidation of a series of
q—aminq acids and found that those containing an oa-hydroxy-amine structure
‘were oxidized rapidly. |

Compounds containing tﬁree or'more hydroxyl groups on adjacent
‘carbon atoms are oxidized by n-1 moies of periodate, where n is the number
of adjacent hydroxyls, and are cieavéd to yield two aldehyde groups and n-2
moles of formic acid. The formic gcid may be estiméted by titration and

can provide information about the arrangement of hydroxyl groups.

- H-C—OH | | ‘lHo | -
_ o : - + ' _
H-C—OH + 210; ——3> HCO,H +210; +H,0
H-C—OH - HO

Figure 18. Formation of formic acid.
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If a primary alcohol group is involved in the oxidation, then form-
aldehyde is produced. The amount may be estimated and used to determine.the
number of periodate o*idizable primary hydroiyls._

o CH,O

CH,OH - o |
«10, —> + - +|0O5 +H,0 |
H-G—OH | |
HO

Figure 19. Periodate oxidation'of a primary hydroxyl

Although the exact course of periodate oxidation is unknbwn,the most
widely accepted interpretation is that suggested by Criegee (87,88). It is
assumed that a cyclic ester is formed and the formation of a cyclic inter-

mediate -has been confirmed by kinetic (89) and polarimetric measurements (90,

915.

H-C-OH  H= | H—Lo
ao; —> | YoR—> .
H-C—OH . HC H-«Tzo

r

Eigurel 20. Course of periodate oxidation.

Inzagréément with the concept of the above oxidation mechanism, is
the fact.that the viciﬂal cis-hydroxyl groups in cycloheXanediol are oxidized
more rapidly than phe trans hydroxyl groups (92). Similérly,methy] qldohexo—
: pyranosiaes with cis—hydrokyl groups such as methyl a-D-galactopyranoside

and methyl a-D-mannopyranoside are oxidized faster than glycosides with trans-
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‘hydroxyl groups, as occurs in methyl a-D-glucopyranoside (93). In cases

whére the trans q—giycol groups are held ;igialy épart by a fixed stereo-
chemistry, as in 1,6—anhydro—B—Q-glucofurangse (80)»6r methyl 4,6—0—benzy_
lidene-a-D-altroside (89), no oxidation takes place \becaus‘e‘ of the difficulty
in.forming the'cyclic‘ester.. In this work, the periodate oxidation of méthyll
6;0-methy1-g—galactofuranosides proceeded at a much slower rate than normal

for a périodate oxidation probably because of the steric requirements of the
tians vicinal hydroxyls oxidized.

Steric and perhap;lelectronic factors influence‘the rate of attack

‘of periodate on vicinal hydroxyls. Smith énd,co—workers (95) have shown

ifhat fhe pdsitioﬁ ofbcleayage of phenyl B—Q;glucoside and methyl 6-0O-trityl-
a-g—glucbside when oxidized with one mole of periodate is subject to .steric
effects causing preferentiél cieayage befween C-3, C-4 and C-2, C-3 respectively.
lhowever,interference by buiky substituents does not appear to fully account for
- the retarded'oxidative rate of the l,6—di-O-trityl-g—fructofuranosides, as the
cqfresponding 1,6-ditosyl derivative reacts readily aﬁd quantitatively (96).

Schwarz (97),in his examination of the steric effects in the oxidation

of heXitols with periodate, has shown that there is'preferential attack at threo-
_ glycol groups. This was aécomplished by investigation of the intermediate éom—
pounds formed when galactitol (I), mannitol (II) and glucitol (III) were
oxidized Qith 0.1 molés of periodate. For examplg‘chroﬁatographic examinatién
of the oxidation products resulting from galactitol indic%ted fbrmation‘of a
tétroée tggrthreose) (oxidation at '"b'M) while oxidation of mannitol gave mainly
» glyceraldéhyde (oxidation at '"'¢'"'}) and only a trace éf tetrose. In addition, a
trace of péntose waé found;indicating some 6Xidétion at "a''. .A similar
boxidation 6f glUcitol gaVe results suggesting comparable'quantities of glycer-
:aldehyde and erytﬂrose, as well as traces of Xylose and arabinose. These results

were confirmed by-studies preformed by:Cour;éis and Guernet (98).
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“H,OH H,OH H,OH
‘j—éH ....... E H LH | HjH § i
HO—=H ™ HO—H o THOSEH Y
HOTH o p H——OH H——OH
H——OH H——OH H——OH
.............. é Hé..o.};l.} CHZOH éHaOH

Figure 21. . Positions of periodate oxidation in various hexitols.

Courtois and Guernet (99) extended the study made by Schwarz to
include an expanded range of concentrations and compounds. The concentrations

Q

of periodate were varied ffom 5 to 40 % of the quantity reducible with an
éxéess of oxidant. The compéunds studied were glycerol, erythritol, mannifol,-
“ glucitol, galéctitol, mannose, glﬁcose‘and galactose. They found that attack
énAthe hexoses was more regular thanratfack on the polyols. Attack started
preferentially at the reducing end and gave initially the corresponding pentose.
The degradation scheme was Similar to thét Qf Perlin.and Brice (100) for the
1ead fetraacetafe oxidation of hexoses, i.e. Eexose — péntose —> tetrose.
The small amount of formaldehyde formed indicated that there was little attéck
between C-5 and C-6 at low concentrations of periodate. |
Periodate oxidation of erythritol lead to preferential attack at one
extremity;. The giycefaldehyde producedwas then oxidized from the reducing end
in preferepce to the remaininé erythritbl. This sequence of oxidation was also
observed fbr glycerol. Oxidation yielded glycolic aldehyde which was subse-
quently attécked at a faéter rate than the initial attack on glycerol itself.

The attack of periodate on the hekitolsloccurred most rapidly at the

carbon-carbon bond joining hydroxyls in a threo configuration, as outlined
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previously.' The egtended range of periodate concentrations,however,allowed
Courtois and Guernet to show that the composite aldehydes formed from the
initial attack were then attacked more rapidly than the polyol ffom which they
wére derived. |

'In'the present study, periodate oxidations were carried out,ﬁsing one
mole of periodate to oxidize 2,3—div0—methyl—2—glﬁcitol and 2,3-di-O-methyl-D-
mannitbl. ‘The hydroxyls on C-4 énd C-5 are>in the erythro configuration and
hence, might be expected to oxidize more slowly than tﬁe terminai C-5, C-6
_position;’ This represeﬁts an analogous situation to fhe oxidation of erythritol
performed by Coﬁrtdis_and Guernet t99)} Thé fﬁrther oxidation of the pentose
ithus formed is complicated by two factoré: the presence of a methyl group on
C—3land the cyclization of the aldehyde and the free hydroxyl at C-5 of the
newly formed pentose to form:a pyranose ring form. ‘One might expect the oxidation
Aof the pentose.for@ed to occur mbrg giowly than oxidation of the hexitol (101).
'The methyl ether on C-3 of the pentoseimight also be expected to interfere with
oxidation between C-1 and C-2 of the_fentose.in a manner similar to the éteric
hinderance of borohydride reduction (55). In an gnalogous argument, one'might
expect the C-3 methyl of the polyol to interferewith oxidation Eetween C-4 and
C-5. The formation of a considerable amount of pentopyranose structure priof
to oxidation has been shown in this work by the formation of the corresponding
formyl ésteré, 4—O—formy1;2,S-di-O—methyi—g—threose and 4-0O-formyl-2,3-di-0-
methyl—gfgrythrose frpm the complete oxidation of the respective hexitols.
dxidation with one mole of péridéte of 2,3—di—0-methy142%glucitoi and 2,3—di;0—
methyl-D-mannitol gave felatively high yields of the pentose products: 3,4-di-

O—methyiég-xylose and.3,4—di—O—methyl—g—arabinose respectively.
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22. Periodate oxidation of 2,3—di-O—méthy1—Q—glucit01.
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CH,OH CH,OH
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Figure 23. Periodate o;(idation of 2,3-di-0-methyl-D-mannitol. "
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. The periodate oxidation of cafbdhydfates can be cdmplicated_by
incomplete (102) or over oxidation (103). Incomplete okidatioh usually results
from formation of formyl esters or blockage of one of two vicinal hydroxyls by

the cyclic acetal.(104) of the Sugar formed.

H, OH

H | H, OH
OCH; OCH,
Figure 24. Inhibition of periodate bxidatiqns.

Over oxidation results from the oxidation of the C-H bond of an active

mefhylene such as occurs in a malondialdehyde (105).

HCHO |~- HO CHO - ROH + CO
FQ_C)_ __lSZi___3> FQ_C)_ f%lgzﬂ____;> : 2
HOo HO '+ 2HCO.H

Figure = 25. Periodate oxidation of a malondialdehyde.

‘Over oxidation may be further complicated by the formation of elemental iodine

(106,107).

H |
+ 310; ——>» HCO,CH,+CO,+3HCO,H + I,

HO @H H@A CH,

»Eigure '26. Formation of elemental iodine on periodate oxidation.
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The oxidation of ketoses is complicated by two different courses of oxidation

(108, 109).
- CH,O
@ o+
CO.H
, L*::gg | 3 2HCOH + CH,0
CH,OH H—-OH - + CHO-CO,H

H+-OH HOH
f+—["C>F1 ' Cj;fi
&HQOH. ® - |
"H-~OH —> 3HCO,H +CH,O0

Figure 27. Course of periodate oxidation of ketoses.

As discussed previously, periodate oxidation of partially methylated
sugars and sugar élqohols can lead to the fbrmation of fragments which{ if
identified, aid in the structural elucidation of the parent compound. However,
one may look at periodate oxidation also as a preparative tool. While partially
methylated derivatives have been prepared in this way , the preparation of
Q—erythrosebfrom 4,6-O—benzylidéne-24g1ucitol (110), and L-xylose frqm |
2;4—Benzylidene—2—glucitol has been reported (111). Periodafe‘oxidation-has
also beén applied to sugar phosphates (112,113), benzyl ethers of sugars
(114) and.O;isopfopylidene sugars (115,116).

FormYl Ester

- Measurement of the acidity produced in the periodate oxidation of

carbohydrates is confined mainly to the estimation of formic acid. .One of the
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more difficult problems encountered in obtaining a valid formic aci& assay is
the.formation of forméte esters. The formate is formed from the cyclic, hemi-
acetal structufg which is the eﬁuilibrium form of most sugars in solution. The
oxidétion of Q—glﬁcose proceeds with consumption of thfee moles of periodate to
aﬁ intermediaté product, 2-O-formyl-D-glyceraldehyde. The rate of further
okidatién is'dependent.on the rate of hydrolysis of the formyl ester (117).

H, OH

N

H //O

0
= H-4-OCH
H,OH -

rate deternnmng.step |42C)
in further oxidation

HO

2103
2HCOH + CH,O <&——— H-OH
H,OH

Figure 28. Periodate oxidation showing formate ester formation.

The isolation of the 44b—formyl'esters of 2,3-di-O-methyl-D-erythrose
and 2,3-di-O-methyl-L-threose provides further proof that oxidation occurs to
"a considerable extent between C-6 and C-5 of the respective hexitols. The
péntéées thusformedAaré then oxidized, resulting in the 4-O-formyl derivatives.
The natﬁre of the position of the formyl proton producés a very low Tau (t)
valueknuciear magnétic resonance signal which allows one to confirm the
pfesénce of this grouping. In éddition, the signal for the hydrogen on the

__aldehyde may be observed at an even lower 1 value.
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|

FORMIC ACID

'CHCI; SPINNING

M WMM b’#
W _ W -~
I !' ]
0.0 1.0 2.0

Figure 29. P.M.R. spectrum of formyl and aldehyde hydrogens.

Thin layer chromdtography for monitoring'carbohydraie reactions.

One of the mosf useful techniques that has been developed in this
laboratory is the monitoring:of carbohydréte feactions with thin layer chromato-
. gréphy tTLC) (1i8).' Miéroscope slides devéloped in large weighing Bottleé
éllow one to rapidly féllow the course of a reaction. The reaction mixture ﬁay
bé applied'diréctly to tﬁe TLC plaﬁe and eXcéss reagénf may then be inacfivated,
For exahpie, hydrolyses may be applied and the excess acid neutralized with a
éhalliamount of pyridine, or,when following borohydride reduétions, the excess
sodium borohydride is destroyed on fhe_plate with acetic acid. uQne may follow

virtually any reaction provided the concentration is such that a small number
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of applications of the solution are all that is'required to produce a

detectable spdt. The use of é destructivé spray, suéh as 5_%Initric acid in
sulfuric acid, allows one to detect all Qfganic compounds Which}are'relatively
involatiie; 'In this laboratory, all thin layer chromatograms were rTun on
silica.gel plafesiwhich were conditioned at 120°C for one hour and stored in

the open room.
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‘Table 4: Paper Chromatographic Characteristics of Known

and New Tetroses, Pentoses and Tetritols.

2-0-Methyl-D-threose

2-0-Methyl-D-erythritol

3-0-Methyl-D-threose
4-0-Methyl-D-threose

4-0-Methyl-D-threitol

2,34Di-0-methyl—g¥threose

- 2,3-Di-O-methyl-L-threose

2,37Di—0—methyl—Q—erYthrose :

2,3-Di-O-methyl-L-threitol
2,3-Di-O-methylerythritol

2,4-Di-O-methyl-D-erythrose
2,4-Di—O—méthyl-g-e?ythrose
2,4;Di—0-methy1—D—threo;e
2,4-Di-O-methyl-L-threose
3,4—Di—Ofmethyl—Q—arabinose

3,4-Di-O-methyl-L-xylose

RF or RG/sol. 23£a]D _ ‘ Ref.
R, 0.58/a [-28]°° (C, 2.0 in Hy0) 31
R 0.165/a © [+12°] (C, 0.8 in Hp0)
RF 0.46/c
‘(not characterized) , 30
(=]

Rg 0.80/b [+3°]18 (C, 2 in H0) 32
R 0.23/a [+4.7°] (C, 1.2 in H,0)
RF 0.51/c

(not characterized - 33
‘RF 0.83/a [+12°] (C, 1.6-in MeOH)

RF 0.80/c | -

R; 0.69/a [-55.3] (C, 1.13 in MeOH)

Rg unknown (+7.6°] (C, 1.4 in MeOH)

RF unknown”™ | -

. 21° .

RF 0.70/a [+60.1] (C, 1.4 in MeOH) 34
R 0.64/a | |
R, 0.70/a [-61.4°1%Y (C, 4.9 in MeOH) 34
RF 0.64/a R

' 1 (<] 21° .

RF 0.66/a [+14.8°)] (C, 1.17 in MeOH 34
RF 0.57/a |

p 0.66/a [-14.3°]%1 (C, 5.7 in MeOH) 34

F 0.57/a '
R, 0.195/a [-117°], (C, 2.4 in H,0)
RF 0.49/c ‘ |

.55/a [-29°], (C, 2.1 in H,0)

RF .65/c

' RG values are relative to 2,3,4,6—tetra—0-méthy1—Q—glucose.

Solvent ' (a) refers to butanone-water azeotrope _
(b) refers to butan-l-ol-pyridine-benzene-water (4:2:1:1)

(c) refers to .

butan-1-ol-ethanol-water (4:1:5)

*
RF unknown due to the lack of a proper detection reagent.
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EXPERIMENTAL

Gas Liquid Chrométography

All analytical runS'fof thé detefmination of M.R.F. were carried out
in an identical manner. The gas chromaﬁogfaph used was an F.and M.720
temperature prégrammed, dual column gas chromatograph equipped with a disc
integrator. ‘The injector port was 270°C, the detector Block was 290°C. The
bridgé power was set at 150 milliaﬁps. The helium flow rate was 6.8 sec/10 mls.
‘and the copper column was 8 feet (') x 1/4, packed with 20% SF-96 silicone |
- fluid on 60-80 mesh "Diataport-S'. ‘The column was Tun isothermally at 130°C
for siX minutes-thén programmed at 3° per minute. The programme stopped at
220°C.and held at this point. The gas chromatogfaph was employed routinely
to 'analyse reaction miXtures; prepare samples fér the mass spectrometer and
determine purity bf prepared samples. Samples were examined as acetates,
silyl ethers and methyl ethers, generally using SF-96 as the liquid phase.
Preparative G.L.C. was performed using an 8'1by 1/2 inch column packed with

20% SF-96 on 80-100 mesh "Diataport S'.

Silylation of Samples for Gas Chromatogfaphy

Samples silylated for separation on tﬂe gas chromapograph were pre-
pared by the method.of‘Sweeley et al.(119) with some‘increase in the concen-
' trafion of sugar depending on the number of free hfdroxyL groups. Removal.
of the silyl ethers from the separated products wasvaccomplished by refluxing
_thé s;mple in ﬁethanol—Water folléwéd by evaporation under reduced pressure

to obtain the starting material.

Periodate Oxidations

The course of periodate oxidations was followed by pipetting samples

into an excess of pH 6.98 buffer (120) énd sufficient 10% potassium iodide to

.
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_reduce all periodate to iodate. The liberated iodine was titrated with

standardized sodium thiosulfate using starch as the indicator.

Evaporations were carried out under reduced pressure at a bath
temperature of 35-45°. Optical rotations were equilibrium values measured
on either a'BendiX ETL-NPL Automatic Pelarime;er (Type 143 A) or a Rudolph

Polarimeter (Model 219) at 21 + 2%, Melting points'are uncorrected. Mass

spectra were obtained at 70 eV on an Atlas MS-9 Mass Spectrometer.

Synthesis of 2,3-di-O-methyl-L-threose

Methyl 2,3-di-O-methyl-a-D-glucopyranoside was synthe51zed by the
‘method of Irv1ne and Scott (49). The preparation of the benzylidene compound.
- has been modified to avoid losses in the work-up of the reaction mixture.

Methyl 4,6-benzylidene—d-Q-glucoside

Methyl o-D-glucopyranoside (144 g.) was added to a mixture of
finely powdefed; fused zinc chloride (116 g.) and freshly distilled benz-
aidehyde (420 g.) and the mixture was shaken for ninety (90) hours at room
temperature. The reaction was monitored by‘running thin layer chromatograms.
The solution was poured in a fine stream iﬁto rapidly stirred ice and water
(2 1.). The benzylidene compound and‘the Benzaldehyde sepafated'as a slurry.
The ice water was decanted and sufficient sodium carbenate was added to
neutralize any femaining zinc chioride.and.rendef the solution slightly basic.
The fesulting mixfure was transferred to a round bottom flask and the benz-
aldehyde was removed by steam dlstlllatlon Insoluble zinc carbonate was
filtered from the hot solution and the methyl 4,6-0- benzylldene a- D glucoside
crystallized from the cooled filtrate. The.product was recrystallized
successively from water and,65—110f petroleum, (178.5:g:) yield 85% m.p.

'163—164° [a]D +115.3 (¢, 1.2 in CHCIj). eLit.lel), m.p. 161-162°, [a]D'+117.5
(€, 1 in CHCl,). | | |
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Methyi 2,3-di-0O-methyl-a-D-glucopyranoside

Methyl 2,3-di-O-methyl-a-D-glucopyranoside was recrystallized from
ethyl acetate-petroleum ether (65-110°) m.p. 84-85°. [a]D +142.9 (C, 2.5

in EtOH). Lit. (122) m.p. 83-85°. [a]y +143.1 (C, S in EtOH).

2,3—Di—0—methy1-2-g1ucitoi

‘The hydrolysis of methyli2,3—di-O—methyl—a-g—glucopyranoside
resulfed in some decomposition as discussed in “Methods.of Synthesis'". As a
résult it'was not possible to crystallize 2,3-di-O-methyl-D-glucose. Recently
hqwever, a sample of 2,S—di-O—methyl—Q—glucOse started to crystallize spontan-
éously and it has been possible to isolate the B anomer of Z;S—di—O—methyl—Q—
_ glﬁcose. Recrystallization from anhydrous acefone gave 2,3—di;0—methyl—8—
Q-gluéose m.p. 112° [a]D +6.4 —  59.6° (C, 2.1 in H,0). Lit. (49) m.p. 110°
[a]D +10.6 — +64.4° (C, 5.0 in Hp0).

Non-crystalline 2,3-di—0-methyl—2—glucose (3.0 g.) was dissolved in
water (50 ml.) and sodiuﬁ borohydride (0.6 g.) was added. The solution was
neutralized with acetic acid after 36 hours. The solution was passed through
a column bf Amberlite IR-120 (H+) resin to:remove sodium ions. The elﬁant
- was evaporated to dryness under reduced pressure and the solid tboric acid)
and syrup were dissolved in methanol and evaporated to dryness three times.
The syrupy non-reducing product (3.{ g.) could not be induced to crystallize,

[al, +15 (C, 3.0 in_HZO); Lit. (123) [a], +13 (C, 2.54 in H,0).

2,3-Di—0—methy1-1,4,S,6—tetra—O-Efnitrobenzoy}—grglucitol

2,3—Di—0—methy1~g-glucitol thO mg.) was dissolved in anhydrous

) pyridine and freshiy distilled;Bfnitrobenzoyl.chloride (400 mg.) was added.
The reaction mixture was heated on a steam bath for one hour after which a
few drops of water were added. The mixture was allowed:to éool for fifteen “

minutes. The cool solution was poured into a stirred saturated solution of
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sodium bicarbonate. The reaction product, 2,3—di—0—methy1—1,4,5,6—tetra-Q-E;
nitrobenzoyl—g-glucitol separated as a yelldw gum (453 mg.) which was
crystallized from acetone-methanol, m.p. 88-91°. Found: C, 52.3: H, 3.8.

C3gH300, gNy Tequires C, 52.0; H, 3.6 %

42,3—Di—0—methyl—g—threose

To non-crystalline 2,3—di—0—methyl-g—glucitol'(Z.OZVg.) in water
(1000 ml.) was added three molarequivalents of soeium metaperiodate (6!12 g.).
The oxidation was allowed to proceed for 4 hours. The excess periodate and
the iodate produced werenremoved by the addition of an excess of 10% barium
acetate. The solution was filtered and then de-ionized with Amberlite IR-
IZQ (H+) aﬁd Duolite A-4 (OH_); The neutral solution was evaporated to
_ give e_mobile syrup (1.35 g.) containing two compenents RF 0;67 and 0.59
solvent A, T.L.C. Attempts to separate the formyl‘ester componeﬁt on a
,cellulose—hydroeellulose coiumn using solvent A were unsuccessful due to
ester hydrolysis. The syrup was disSolved in water and one drop of pyridine
was. added. The product was eVaporated to yield pure 2,S—di—O—methyl—g—threose,'

[aly *12° (c, 1.6 in MeOH). Found: C, 48.4; H, 8.3. CgHi,0, requires

o

C, 48.6; H, 8.2

2,3-Di-O-methyl-L-threitol

-2,3-Di-0O-methyl-L-threose (100 mg.) was treated Qith excess sodium
borohydride (200 mg.) After 16 hours, the ekcess berohydride wasAaecompOSed
with a slight excess of acetic acid. The solution was deionized by passing
through a column of Amberlite IRFIZb (H+) -Evaporation of the resulting
solution followed by evaporatlon of methanol (10 m1.) three times removed
» borlc acid, yleldlng a colourless syrup (65 mg.) of 2 3-di- O methyl L-threitol.
[a]D +76° (c, 1.4 in MeOH). Found: C, 48J2;'H,.9f5. CgHy 40y fequlres o

48.0; H, 9.3 %
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2,3—Di—0—methy1-1,4-di—O;B;nitrebenzoyl—g—threifol

A portion of the 2,3-di-O-methyl-L-threitol (30 mg.) was dissolved
in pyridine (1 ml.) and treated with p-nitrobenzoyl chloride (100 mg.) in

the usual mahner, to give 2,3-di—0-methy1—1,4Fdi~0—E;nitrobenzoy1—g-threitol.

o

m.p.. 143-144°, Found: C, 53.3; H, 4.6. C,qHp00;oN, requires C, 53.6; H, 4.5

1,4-Anhydro-2,3-Di-0-methyl-D-glucitol

A mixture of methfl 2,3-di—O—methyl—a—Q—glucopyfanoside'aﬁd 2,3-di-
O-methyl-D-glucitol (3 g.) was treated with 2N. sulfurie acid (100 ml.) at
100° for 24.hours. The reaction was neutrallzed with barium carbonate and
the neutral product was filtered and subsequently deionized by passing
through successive columns of:Amberlite IR-120 (H+) and Duolite A-4 (OH).
The ﬁeutral solution,was reduced with an excess of sodium borohydride for
24 "hours. The excess borohydride was destroyed with acetic ecid. Sodium
ions were reﬁoved by passing the solution down a column of Amberlite IR-120
(H ) and the boric acid was removed by evaporation to dryness of the water
solutlon followed by three evaporatlons of methanol solutions. The 1,4:
anhydro-2,3-di-O-methyl-D-glucitol was removed from the 2,3—di—0—methy1—g-
~glucitol by continuous ehioroform extracfion of an.aqﬁeous solution of the
mixed polyols. . The chioroform solution was evaperated under reduced pressure
tQ give a highly enriched fraction of l,4—anhydro—2,3—di—0—methyl~2—g1ucitol
(0.8 g.). |

The enriched frection'was acetylated using.acetic anhydride (2 ml.)
in pyridine (10 ml.). The reaction after 16 hours was concentrated under
reduced pressure to a volume of approkimately 3 mls.. This solution was
subjected to separation on tﬁe preparafive G.L.C. column to glve a pure

fractlon of 5 6 di-O-acetyl-1,4-anhydro-2,3-di-O-methyl- -D-glucitol (0.5 g.)
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A portion of fhe 5,6—di—0-acétf1—l;4—anhydro—2,3-di—0—methy1—2;
~glucitol (0;2 g.).was deacetylated using a trace of sodium methoxide in
mefhanol. The sodium ions were removed by treatment of the methanol
solution with Amberlite IR—120>(H+) and water. The solution was‘evaporated
under reduced pressure to give syrupy 1,44anhydro—2,3—dijO?methy1~Q-

~glucitol (0.13). Found: C, 49.9; H,.8.4. CgHy605 requires C, 50.0; H, 8.4%.

1,4—Anhydro-2,S—di—O-methyl-S,6—di—O—E;nitrobenzoyl-Q—glucitol

A portion of the pure 1,4—anhydro;2,3—di—0—methyl—2—glucitol (0.05 g.)
was dissolved in pyridine (1.0 ml.) and treated with p-nitrobenzoyl chloride
(150 mg.) in the usual mannef, to give 1,4—anhydrd—2,3—di—0—methy1—5,6-di40—

p-nitrobenzoyl-D-glucitol. m.p. 114°.

1

Found: C, 53.5; H, 4.7; N, 5.5.

C,4HpoN,0;) Tequires C, 53.85; H, 4.5; N, 5.7%.

- Synthesis of 2,3-di-O-methyl-D-erythrose

Methyl a-D-mannopyranoside

D-Mannose (180 g.) was added to 3 % methanolic hydrogen chloride

" (150 ml.) and ethylené dichioride (300 ml.). The mixture was refluxed on a
steam bath for six hours. During the courseipf the reaction, a two phase
1iquid system formed, the lower layér of which formed:a crysfalline mass .

The cooled mikture was filtered and washed~wi£h a little ice—éoid methanoi,
followed_by ether. The mother liquors and methaﬁoi Washings were evaporated
fo:dfyness under reduced préssufe aﬁd fresh 3 % methanolic hydrogen chloride
(75 ml.) and ethylene dichloride (150 ml.) were added. The mixture was
refluxed for a further three hours and a second crprOf crystals was isolated.
The ﬁethyi o-D-mannopyranoside (154 g.) was recrystalli;éd}from ethanol water,
m.p. 190-191°. [a]) *77.3 (c., 1.2 in H,0) Lit. (56) m.p. 191-192° [a]}

+79.0 (c., 1.0 in H,0).
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Methyl 4,6—O-benzylidene—a—g—mannopyranoside.

Finely powdered methyl a—g—mannopyranOSide fSO_g.) was dissolved:

'vaé rapidly as possible in 98-100 % formic acid‘(ZSO mi.) and freshly distilled-
benzaldehydeA(ZSO mi.) was immediately added to the solution. Affer Being allowed
to‘stand five minutes, the solution‘was pouréd with stirfing info a mixtufe of
water (11.) and anhydrous potassium carbénate (685 g.); The excess benzalde-

hyde was removed by steaﬁ distillation of the resulting solution. The aqueéus

- phase was extracted with chloroform in:a continuous éxtractor. The methyl .
4,6—O—benzylidene—u-gamannoside (23.0 g.) was recrystallized from benzene,

m.p. 143-145°. Lit. (124), m.p. 147-148°.

‘Methyl 4,6-0-benzylidene-2,3-di-0O-methyl-a-D-mannopyranoside

Methyl 4,6~benzylidéne—a—Q—mannopyranbside (5 g.) was dissolved in
~dimethyl formamide (SO ml.) and méthylated by. Kuhn's_method (69) using methyl
~ iodide (20 ml.) and silver oxide (20 g.)Aaddéd in portions three times during
the reaction, at the.start, at 8 hours and at 32 hours. Aﬁethyl 4,6-benzy-
lidene-Z,S;di—O-methyi—a—g—mannopyranoside (4.3 g.) was isolafed as a syrup
which couldvngt be induced to crystallize. '[Q]D +60.7 (c., 2.4 in CHCi3).

Lit. (124), [a], +62.7 (c., 1.178 in CHCl3).

2,3-Di-O-methyl-D-mannitol

Acid hydrolysis of methyl 4,6-benzylidene-2,3-di-O-methyl-a-D-
mannopyranoside (3.0 g.) followed'by reduction with sodium borohydride yielded
crystalline 2,3-di-O-methyl-D-mannitol )1.8 g.). The polyol was recrystallized

from ethyl acetate, m.p. 101-102°. Lit. (125),m.p. 101-103°.

2,3—Di-0—methy1—Q—erythrose'

To 2,3—di—0—methy1—9—mannitol (1.00 g.) in water (500 ml.) was
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added fhfée molar equivalents of sodium metaperiodate (3.06 g.). The
oxidafion was allowed to proceed fqr four hours. The reaction was worked
up in the usual manner wi;h barium acetéte. The ﬁéutral solution was |
evaporated to give a mobile syrup (885 mg.) containing two components, solvent
A. (TLC Silhic,a_ gel). The faster running 4-0-formyl-2,3-di-0-methyl-D-
"~ erythrose could'be.converted to the slower component, Z;S—di—O—methyl—Q—‘
erythrosé by treafment with mild base. The pure 2,3—di-O—mefhyl—g-efythrose'
was separated as a mobile syrup from'tface impurities by column chroﬁato—
_ graphy on-a cellulose-hydrocellulose column using»sqlvent A. [a]D -55.3°

(c., in MeOH). Found: C, 48.4; H, 8.3. CgH;,0, requires C, 48.6; H, 8.2%.

2,3-Di-O-methylerythritol

;A gample of 2,3-di-O-methyl-D-erythrose (50 mg.) was reduced with
sodium borohydride (100 mg.). The reaction was worked up in thelusual manner
affer 16 hours. Evaporation of the neutral solﬁtion gave Z,S—di—O—methyl— |
erythritol (35 mg.). Found: C, 48.3;‘H, 9.25. CGHI;O“ requires C, 48.0;

H, 9.4 %. | |

2,3—Di-0-mefhyl—1,4—di—O-E;nitrobenzoylerythritol-

Treatment of a portion of the syrupy 2,3-di-O-methylerythritol
(25 mg.) with p-nitrobenzoyl chloride (100 mg.) in the usual manner gave

. 2,3-di-0-methyl-1,4-di-O-p-nitrobenzoylerythritol. >m.p. 178°7 Found: 53.5;

o

H, 4.4.V‘C20H20010N2 requires C, 53.55; H, 4.5

Synthesis of 2-0-Methyl-D-erythritol

Methyl 2,3-isopropylidene-a-D-mannoside.

: Methyl,a-Q-mannopyranoside (25 g.) was dissolved in 98-100 %,formic
acid (100 ml.) and acetone (750 ml.) was added. The reaction was allowed to

proceed for fourteen days. 'Drierite' (30 g.) drying agent was added on thé
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(fourth day to aid in maintaining anhydrous conditions. Undissolved methyl

a-D-mannopyranoside and '"Drierite'" were removed by filtration. The solution

%

was neutralizea by pouring into a slight excess of 15 % sodium hydroxide.

The aqueous mixture formed two iayers and the exéess acetone was removed by
evaporation under réduced pressuré. The solution was extrécted with chloro-
form (3lx 500 ml.) and ethyl.ether (3 x 500 ml.). The extracts were combined
-and evaporafed to yield a syrup which was dissolved in water. Extraction of
the water wifﬁ 30-60° petroleum (3 X BOQ‘ml.) removed all the methyl 2,3;4,6-
di—O—isopropylidehe;a—g—mannopyranoside. The aqueous phase was evaporated
uﬁder redﬁced pressure to.yield é syrup. The syrup wés dissolved in hot
ethyl acetate and on cooling methyl 2,3—O—isopropy1idene—a;Q-mannopyranoside

(10.92 g.) crystallized out. m.p. 107-108°. Lit. (68), m.p. 105°.
Methyl 4-O-methyl- -D-mannopyranose '

. Methyl 4-O-methyl-o-D-mannopyranoside was prepared by the method of
'Smith (66).' There was however, detritylation during the methylation and the
methanolysis product was purified by column chromatography on a cellulose-
hydrocellulose column using solvent A. Methyl 4—0—ﬁethyl—a—g—mannopyranoside
-crystallized from butanone on prolonged standing m.p. 10£-102°. Lit. (126),

m.p. 101-103°.

2—O—Methy1—2—erythri£ol

.Methyl 4-O-methy1—a-2—manhopyranoside (0.8 g.) in wéter (200 mi.)
was pxidizéd with 1.5 mole equivalents of sodium metaperiodate (1.2 g.) for
twenty-four hours. The reaction was worked up with béfium éCetate in the
usual manner?l The neutral solution Was-reducéd with an excess of sodium
borohydride for 24 hours and‘the excess borohydride was aestroyed with acetic
acid. SodiUm.ions were removed by passing the solutioﬁ:aown a column of

. + . . : s .
Amberlite IR-120 (H ), the boric acid was removed by repeated distillations
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of methanol. Mild acid hydrolysis of the hemiacetal gave a sample of 2-0-
methyl-D-erythritol (0.39 g.) [a]D +12° (c, 0.8 in H,0). Found: C, 44.2;

H, 8.8.  CgH;,0, requires C, 44.1; H, 8.9 %.

o

2—O—Methy141,3,4—tri—O-R;nitrobenzoyl—g—erythfitol

Treatment of a portion of 2-0-methyl-D-erythritol (50 mg.) with.
p-nitrobenzoyl chloride (200 mg.) in pyridine (2 ml.) in the usual manner
' gavé 2-0—methy1?1,3,4—trifO—E;nitrobenzoyl—Q—erythritol m.p. 218-220° mixed

m.p. with authentic sample 219-220°.

Synthesis of 4-O-methyl-D-threose

6—O-Methy1—g—ga1a¢tose

6—O—Methy1—2—ga1actose was Synthesized by the methylation _of
diééetong galactose followed by mild acid‘hydrolysis; After recrystallization
from ethanol it had the following constants, m.p. 128° [a]b +115° (c., 2.1
‘in Hp0). Lit. (62), m.p. 128° [a]y +114° (c., 2.1 in Hp0). .

Methyl 6—O-methyl-d—g—galactofuranoside

‘Methyl 6-O-methyl-B-D-galactofuranoside

Methyl 6-O-methyl-a~D-galactopyranoside

A two.percent metﬁanolic solution of 6—Ofmethy1?2-galactose (5 g.)

, containing‘0.0IZ to 0.013 per cent hydrogén chloride was refluxed 18 hours
until the free sugar content was very low, as indicated by tests on a sample.
with Fehliﬁg's solution. The hydrogen chloride was removed by the adaition
' 0f.si1Ver oxide. The filtered solution was evapofated to dryness and chromato-
~graphed on a cellulose-hydrocellulose column with solvent A to yield‘three
fractions. Fraction one, (2.475 g.) methyl 6-O—methy1—B—Q-galactofuranosidé
[a]D_ = 117° (c., 4.7 in MeOH). Fraction two,(0.735.g.} meﬁhyl 6;o-methy15a-
Q-galactofuranoéide. [d}D' +957 (c., 1.96 in MeOH)}. Fraction thrée (O.lSi_g.)

methyl 6-O-methyl-a-D-galactopyranoside, m.p. 132-134° mixed m.p. with
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authentic sample m.p. 132-134°.

Methyl 6-O-methyl-2,3,5-tri-O-p-nitrobenzoyl-g-D-galactofuranoside

Treatment of methyl 6—O~methy1—a—Q—galactofuranosidé (50 mg.) with
E-nitfobenzoyl chloride in the usual manner gave methyl 6-0-methyl-2,3,5-tri-0-

p-nitrobenzoyl-o-D-galactofuranoside. m.p. 107-110°. Found: C, 53.1; H, 3.8.

N4

C29H25015N3 requires C, 53.2; H, 3.85

Methyl 6—O—methy132,3,5~tri~O—£;nitrobenzoyl¥B—Q—galactofuranoside

Treatment of methyl 6—O—methy1-B-Q—galactofuranoside (50 mg.) with
p-nitrobenzoyl chloride in the usual manner gave methyl 6-O-methyl-2,3,5-tri-0-

E;nitrobenzoyl-BJQ—galactofuranoside. m.p. 82-85°. poun& C, 53.0; H, 3.75

T o

4—O—Methyl—Q;threose—dimethylacetal'

Methyl 6-0-methyl-aB-D-galactofuranoside (3.0 g.)-waé oxidized
with i.S mole equivalents of sodium metaperiodate (75 mls. ~0.3M) in water
(1;2 1.). The reaction was allowed to proceed for thfee.days. _Excéss
sodium metaperiodate and iodate were removed in the usual manner with barium
acetate and Amberlite IR-120 (H+). Evaporation of the deionized solution
. gave 2.873 g. of the periodafe oxidized product.. This mixture was subjected
to a methanolysi; with 3 % methanolic'hydrogen chloride for 24 hours and no .
slow moving component on TLC (solvent A) remained. Chromatography of this
mixtﬁre (1.67 g.) on the cellulose-hydrocellulose column Qith solventAA
~gave a fraction (0.63 g.) with properties coﬁsistanf wi£h the dimethyl acetal
of 4-O-methyl-D-threose, having three methoxyl and two free hydroxyls in its

N.M.R. spectra. [a]D +5 (c., 0.8 in MeOH).
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4-0-Methyl-D-threose

Hydrolysis of this fraction with dilute sulphuric acid (.SN) gave
4-0-methyl-D-threose. [a], +56(c., 1.3 in Hy0). Lit.(47), [e] +3° (c., 2

in HzO) .

4-0-Methyl-D-threitol

Reduction of a portion of periodate oxidized furanosides (1.0 g.)
with sodium borohydride, followed by mild acid hydrolysis gave a sample of
4-0-methyl-D-threitol. [a], +4.7° (c., 1.2 in H,0), Found: C, 44.1;

H, 8.7. CsHy,0y requires C, 44.1; H, 8.9%.

4-0-Methyl-1,2,3-tri-O-p-nitrobenzoyl-D-threitol

Treatment of 4-O-methyl-D-threitol (50 mg.) in pyridine (1 ml.) with
p-nitrobenzoyl chloride (150 mg.) in the usual manner gave 4-O-methyl-1,2,3-"

(-]

tri-O-p-nitrobenzoyl-D-threitol m.p. 129°. Found: C,v53;3 H, 3.6. CygHy10;3N3

' requires C, 53.5; H, 3.6.

Controlled periodate oxidations

Controlled periodate oxidations were performed on 2,3-di-O-methyl-D-
- glucitol and on 2,3—di—0—methyl—Q—mannitol.v One mole of sodium metaperiodate

was allowed to react completely with each hexitol.

.

3;4—Di—0—methyl—é—xylose

2,3—Di-0—methy1—2—g1ucitol’(l.lL g.) was added to a solution (175 mlqj
containing one mole equivalent Qf sodium metaperiodate tl.lZ.g.) and allgwed-
to react for twenty-four hours. Removal of the ions in'thé usual manner
yielded a neutral solufion which on T.L.C. in solvent A showed onevmajor
and three_lessér spots. The méjor spdt was’isolated by cqiumn chromatography,

Solvent A, to give a fraction, 3,4—di¥0—methy1—g—xylose (0.74 g.) which could
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not be induced to crystallize, [oc]D -14.6° (c., 2.1 in MeOH). Lit. (128)
D isomer +13° (c., 1.6 in MeOH).

Methyl 3,4-di-Oémethyl-a—g—xyloside

A portion of the 3,4-di-O-methyl-L-xylose (2.O_g7) was refluxed‘with
% ﬁethanolic’hydrogen chloride for twenty-four hours; The solution was
neutralized with silver oxide and evaporated to give a syrup of thé two
possible glyosidés. The glycosidés were then purified by preparétive G.L.C.
td giveAa crystalline sample of methyl 3,4—di—O-methYl—a—g—xylose, m.p.
87-80°. Lit. (127), m.p. 89-90°. Found: OMe,~48ii5. CgHy 05 requires OMe,

48.35 %.

3,4—Di—0—methy1—Q—arabinbse

2,3—Di—0—metHyl-Q~mannitol (1.15 g.j'was added to a solution
cqﬁtaining one‘mole equivalent of sodium metapeindate and allowed to react
for twénty—four hours; The neutral solution obtained by the usual work-up
.shoWed on T.L.C. chromatography in solvent.A one méjor and three lesser
spots. The major spot was isolatedvby column chromatography using solvent
A té‘give a fraction, 3,4¥di-O—methyl—g-arabinose (0.83.g.) which. could not
~ be induced to crystallize. [d]D- -118° (c., 1.3 in H,0). Lit. (128) [o],

+125° (c., 2.4 in Hp0) (L-isomer).

3,47DijO-methyl—Q—afabonamide

3;47Di—OemethyIQQ—arabinose (50 mg;).was oxidized four‘days with
bromine wafer. The iactpne was recovered in the usual manner. The lactone
(40 mg.) was dissoived in methanol (5 ml.) saturated with ammonia. The
reaction}waﬁ allowed fo stand overnight at 0°C. Removal of the solvent gave
" the amide which wasvrecrystaliizgd'from acetone. m.p. 132-33°. Lit.>(128),
m.p. 133° (L-isomer). Found: C, 43.45; H, 7.9. C7H;5N;05 rgquires C, 43.5;

H, 7.8 %.
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