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ABSTRACT

‘The reaction of. 3,4-di~0-acetyl~D-xyla1 with 3 moles
of synthesis gas (CO-+2H2) under oxo conditions gave pre-
dominantly two isomeric 2, 3-di-0—acetyl;lv5-anhydro;4;decxy-
hexitols, by addition of a hydroxymethyl group at C-1 of
‘the—glycalu The structures of the two polyols, obtalned
by deacetylation of the reaction product and fractionation
by paper partition chromatography,.were completely esta-
blished., Formatlion of a palr of enantlomeric triol ethers
by perlodate cleavage and sodium borohydride reduction of
each. polyol showed that they were 1,5-anhydro-4-deoxy-
hexitols, having unbranched carbon skeletons, ﬁhis also
being shown by the proton resonance positions and inten-
sities in the n.m.r. spectra of the polyols. One of the
enantiomeric triol ethers, having the L~Configuration,
was: prepared from a carbohydrate of known structure,

1 4-anhydro-5-deoxy-D-arabino-hexitol, thereby establish-
ing the configurations at C-5 of the two isomeric 1 5-
anhydro-h deoxy-hexitols. Assignments of the D-arabino-
and L-xylo- configurations ‘to the two isomers conflicted .

82

with results of Gorin s who had previously assigned the

D~arabino- configurations to al 5-anhydro-u-deoxy-hexitol
which did not resemble either of our compounds. That these

were the D-arabino— and L-xylo- isomers of 1 5-anhydro-4-
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deoxy:hexitol was proved by theif conversion into a pair
of isomeric 1,5;anhydro-h,6-dideoxy-hexitdls which were
identical with those obtained by the reaction of 3,4-di-0-
acetyl- 2-deoxy-D-xylopyranosyl chloride with methyl mag-
nesium bromide, both series of reactions allowing no pos-
8ibility of configurational inversions. 'The polybl de~
scribed by Gorin was subsequently shown to be the alterna-

tive trans isomer, 1,5-anhydro-4-deoxy-grxylo-hexitol.

A concurrent study of the structures of the two
anhydrodeoxyhexitols was made byvnuclear magnetic resonance,
and,the stereochemistry.of the L-xylo- isomer could be
assigned from the multiplicitie;.of tﬁe C-4 proton signals.
The single C-4 proton in the deuterated analogue of the
2}5212; isomer (prepared by reacting 3,4-di-97acétyl-2:
xylal with carbon ﬁonoxide and deuteriunbwas‘shown to be
equatorial by 1ts resonance position, and its multiplicity
on deuterium-hydrogen decoupling, this providing evidence
fqpugig:AQQ@itiqn to the double bond of the glyecal on

‘hydroformylation.

The oxo reaction of 3,4,6-tri-9—aéetyl;2—galacta1

" has been'reinvestigated; and found to be entirely analogous
to those of other glycals, giving, on deacetylation, a |
mixture of‘2,6Qanhydro-3—deoxy-2fgalactb- and g-talo-

heptitols. These were lisolated and characterised, and theilr



stereochemistry established by correlation with the Qfgluco~

isomer, whose structure has been proved by X-ray analysis.

The reaction of 3,4-di-97acety1-g7xyla1 under hydro;
formylation conditions, leading to the formétion of alde-
hydes rather than alcohols, has been 1nvestigated. From
the reaction of the glycal with 2 moles of synthesis gas,
two isomeric 4 5-di-0-acety1 2,6-anhydro- 3-deoxy-aldehydo-
hexoses were isolated as their erystalline 2,4-din1tro-
phenylhydrazones. These were identified by conversion of
one of them, 4 s5-di-0-acetyl-2, 6-anhydro-3-deoxy-a1dehydo-

D 1yxo-hexose, to 1 5-anhydro-&-deoxy-D-arabino—hexitol,

whose structure had been established previously.b The two
aldehydo:hexoses were also obtalned when a mixture of 2,3~
di-o-acetyl l,5-anhydro-4-deoxy—D-arabino- and L-xylo-
hexitols were reacted with dimethylsulphoxide and N,N'-

diecyclohexylearbodiimide.
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GENERAL INTRODUCTION

In order to provide a background to subsequent dis--
cgssion of the application of the oxo feaction»to glycals,
a brief review will be made of the oXo reaction of olefins
' in general, and of the chemistry of the glycals, with parti-

cular emphasis in each case on stereochemical aspects.

The Oxo Reaection

The reaction of olefins with carbon monoxlde and
hydrogen in the presence of a cobalt catalyst 1s commonly
referred to as the oxo reaction, as early experlments using
ethylene as substrate led tq the formatlion of an appreclable”
quantity of dlethyl ketone. However; the reaction of ethy- -
iene is not typical, and in general aldehydes or alcohols:
are the major products. The stoichiometry.éf aldehyde

fqrmétion is as shown in equatilon l:
R.CH==CH.R + H2 +CcCO0 —> R.CHQ.CHR;CHO ' 1

This reagtioﬁ is often referred to'as hydroformylation;,'
'béing formaliy equivalentvto the addiﬁion‘of hydrogen‘énd"
a'formylvgfoup at ef@her end»of the double bond. Alcohol
formaﬁion in the oxo reaction (eduation 2) results from’the
further reductiqn of aldehydes formed by the hydroformylation
reaction: - o
.CHR.CH,0H 2

: \i'l," _ ‘ :
R.CHQ.CHR.CHO +1ﬁ2 R.CH2



As there is no'term in general use to describe the overall
conversion of olefins to alcohols (equation 1 + 2) 1t is
.proposed for the sake of convenience, to coin the expression
A"hydrohydroxymethylation" to describe hhe addition of hydrogen
and a hydroxymethyl group to the double bond, and abbreviate
this to "h&droxymethylation" in subsequent discussion. It

1s noteworthy that this second stage (equation 2) from a
‘mechanistic viewpgint is closely related to hydroformylation,'
.and indeed requires the presence of an appreciable partial
-pressure of carbon monoxidee, evidence that the active eata-.

iyst.is a cobalt cafbonyl.

Historically, the oxo reaction developed from the ‘
nell known process for hydrocarbon synthesls discovered by
Fischer and TropschB, in which hydroggn and carbon monoxide
 here passed over an iron catalyst under conditions of high
* temperature (400-450°) and moderate pressure. It was
observed that small amounts_of oxygen-containing products
' were often formed, and in 1929 Smith, Hawk and Goldeng
obtained an increased yield ofvoxygenated material when
.~ ethylene was added to the carbon monoxide-hydrogen mixture -
before passing it over a cobalt eatalyst'under Fiacher-
Tropsch conditions. Credit for the development of the oxo
feaotion as a commercial process goes largely to Roelen
and co-workers of Ruhrchemie A, G. in Germany before and

: . 5 o
during World War II . By changing the conditions of the
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Fischer-Tropsch synthesis to glve a higher pressuré and a
lower temperature, the reaction of ethylene with water gés
(equal volumes of carbon monoxide and hydrogen) was made
 to yigld a product cohsisting of proplonaldehyde together
with some diethyl ketone, no hydrocarbons belng formed.
Following World War Ii the oxo synthesls attracted wide
interest, in particular because of 1its wide rénge of aépli-
débility in the cohversion of olefins to aldehydes and al-
cohols, especially the latter. 1In general, temperatures
between 750 and 2000, and pressures of synthesls gas from
100 to 300 atmospheres are employed, higher femperatures
being usual when alcohols rather than aldehydes are the

desired products.

In step with the commercial development of the oxo-
process, much fundamental work has been carried out on this
éﬁd related reactions catalysed by the metal carbonyls, and
their chemlstry has been well reviewed from time to time6’7’8.
Déspite the accumulation of a considéréble'amount of know-
.ledge of these reactions, manyvof the finer points of the
complex mechanisms are still not known with certainty. In
"the following pages a brief survey will be made of current
views regarding the nature of the catalyst, and the probable
role which 1t plays 1in the converéion of olefins to aldéhydes,

and aldehydes to alcohols.
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(1) Nature of the Catalyst

In the early étages_of development of the oxo-éynthesis
In Germany the catalyst used was the conventioﬁal Fischer-
Tropsch suffaoe catalyst, cohsisting of a mixture of metallic
cobalt and Kieselguhr, together with small amounts of thorium
and magnesium oxides. It became evident to Roelen and co-
workers that all the components of the Fischer-Tropsch cata-
lyst with the exception of cobalt were superfluous, and that
the active catalyst was probably a soluble carbonyl of‘cobalt

formed by the 1n situ reaction of the metal witﬁ synthesis -

gaa, This was confirmed by subsequent investigations of
the reaction on a laboratory scalel’g. Adkins_and Kresk9,
who introduced the use of preformed dicobalt octacarbdnyl-
as catalyst, demonstrated that the hydroformyla;ion reaction
was insensitive to sﬁlphur poisoning, further_évidénce fof
'Jthe.homogeneoué nature of the catalysis. The fact that the
'0xo reaction 1s catalysed by a cobait carbonyl.COntributes
_to the cbmmercial importance of the procéss 8ince the form
~ in which cobalt is added is not too impoftant, aé would be
ﬁhe case with a conventioﬁal 80l11d phase catalyst. In
practice; crude organlc salts such as the octanoate or
ﬁaphthenate are often used. The divalent cobaltous ion 1s

first reduced to the metal by hydrogen,

H, —> 2 BHY + 2 e ; cott + 2e — co 3
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and the metal‘ﬁhen reacts with carbon monoxide to form di-

Eobalt octacarbonyl
2Co + 800 = Coy(C0), | 4

Hence, the presence of both carbon monoxide and hydrogen are

required to convert cobalt salts to the carbonyl.

A considerable amount of evidence has accumulated
»which indicates that cobalt hydrotetracarbonyl, HCo(CO)u,
‘rather than dicobalt octacarbonyl, 1s effective in initiating
the oxo reaction. The hydrotetracarbonyl 1is formed by reaction
of hydrogen with dicobalt octacarbonyl
002(00)8 + H2 = 2 HCo(CO)Ll 5
. This step 18 thus of fundamental 1mpoftance in that it in-

vbolves ‘the activation of molecular hydrogenl®

, Wwhleh 18 trans-
ferred from the gas to the liquid phase. Orchinband co-
WOrkersllvhave shown that the hydrotetracarbonyl 1s present
under oxo conditions in the absence of oléfin; but when olefin
is preSent.no cobalt hydgotetracarbonyl‘is detectable.(as the
cobalt tetracarbonyl anion [?O(CO)M] 7) until hydroformyla-

tion of the olefin is complete, when an appreciable amount of

the hydrotetracarbonyl agaln appears in the reaction mixture.

(11) Mechanism of the Oxo Reaction

Evidence for the mechanism of the oxo reaction as
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carried out under conditions of high temperature and pressure
is largely speculative, and 1s based on the results of re-
actions between olefins and cobalt hydrotetfacarbonyl at
atmospheric pressure and temperature. Early mechanistic

1,12,13

theoriles did not take 1nto account the'ndw well-proven’

intermediacy of cobalt hydrotetracarbonyl, and no longer
appear to be relevant. An early finding of importancel2 was
that the rate of hydroformylation varied inversely with in-
crease in the partial pressure of carbon monoxide at constant-
hydrogen pressure. The stoichiometry of the reaction of ole-
fins with cobalt hydrotetracarbonyl and carbon monoxide at
- room temperature was investigated by Orchin and co-workerslu’lS,
and with a moderate excess of olefin (1l-pentene) under 1

aﬁmosphere of carbon monoxide was found to be
-2 HCo(CO)4-+ CO + olefin —> 002(00)8 + aldehyde 6

The relative rates of reaction of wvarlous olefins under

15 was found to parallel thelr rates of

these conditions
hydroformylation under oxo conditionsl6. The reaction of
olefins with cobalt hydrotetracarbonyl at room temperature.
and below was further explored by Heck aﬁd Breslowl7’18, on
whose work current views regarding the mechanisms of the
‘630 reaction, separately discussed below for hydroformyla-

tion and hydrogenation, are. largely based.



(a) Hydroformylation

Subsequent to the generation of cobalt hydrotetra-
carbonyl by the hydfogenolysis of dicobalt octacarbonyl
(equation 5), the conversion of olefins to aldehydes 1is
regarded as'proceeding in thréé distinct stages; ‘1. forma-
tioh of a TT;complex between olefin and cobalt hydro-
carbonyl, which rearranges so that a carbon-metal sigma
bond is formed; 2. 1nsertion of carbon‘monQXide between.
“metal and carbon, and 3. hydrogenolyéis ofi%ge resulting

;GQmplex to give an aldehyde.

1. Heeck and Breslow17 consider that this firsg

stage involves at least three distinct steps, as follows
HCo(CO)Ll S HCo(CO)3 + CO T

R.GH=CHR

—=> RCH,.CHR.Co(C0)

R.CH=CH.R + H{o(C0); —> 2

jco

RCH,.CHR.Co(CO)3 + CO = RCH,.CHR.Co(CO)y 9

Their view that cobalt hydrotricarbonyl, rather than the

. hydrotetracarbonyl, 1s the reactive speciles 1s based on
evlidence that the formatlion of alkylcobﬁlt tetracérbonyls

is inhibited by carbon monoxide; more fundamenﬁally, initial
complexing with olefin would presumably require the partlci-

pation of a co-ordinétely-unsaturated carboﬁyl.
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2. Heck and Breslowl8 found that methylcobalt tetra-
carbonyl absorbed exactly one mole of carbon monoxide to
Agive a product with a strong band in the infrared at 1728
cm™1, assigned to the acylcobalt linkage, R.CO.Co. The
same Iinfrared absorptlion at reduced intensity was also
shown by solutions of alkylcobalt tetracarbonyls, indicating
that these complexes were in equilibrium with acyléobalt

tricarbonyls,

Co

RCHé.CHR?Co(CO)4;:3PLCH CHR.C0.Co(C0)5; = RCH,.CHR.C0.Co(CO),

2 2

10

Evidence has been obtainéd with analogous complexes of
manganeselg, using Clu;labelléd carbon monoxide, which in-
dicates that the 1nserted carbonyl was originally bonded
to the metal. The insertion reaction is thus essentially
the migration of an alkyl group from metal to the carbon.

atom of a carbonyl 1igénd.

3. The reaction of acetylcobalt tetracarbonyl with
cobalt hydrotetracarbonyl under room temperature conditions

afforded acetaldehyde and dicobalt octacarbonyl 1n good

yield18

CHO + Co_(CO)g 11

3

CHSCO.CO(CO)4-+ HCO(CO)M —> CH

This reaction is not, however, considered to operate under

oxo econdltions as, despite the fact that acétylcobalﬁ


http://dlcoba.lt
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tetracafbonyl 18 also reduced to aldehyde by hydrogen under'
pressure, the reaction is completely'inhibited by carbon
monoxide. To account for the final stage of hydroformyla-
tion, Heck and Breslow suggest the intermediacy of co-
ordinately-unsaturated acylcobalé tricarbonyls, which are
reduced to aldd@ydes by hydrogen or cdnverted to unreactive

12 adverse

tetracarbonyls by carbon monoxide. The well-known
effect of carbon monoxide on the course of the oxo reaetion

can therefore be attributed to this competition.

RCHE.CHR.CO.CO(CO)3 + Hy —> RCH_.CHR.CHO + HCo(co)3 12

co || i

HCo(C0) 5 +CO == HCo(CO),
RCH, .CHR.C0.Co(C0)

(b) Hydrogenation

A scheme which is analogous to that described above

. 20
17,18 has been proposed by Marko

for hydroformylation
for the subsequent hYdrogenation of aldehydes to alcohols
under oxo conditions (equation g). Co-ordinately-unsaturated
carbonyls are consldered to be the reactive intermediates;
thus, cobalt hydrotricarbonyl forms a T -complex with the
aldehyde, which rearranges to an alkoxycobalt tricarbonyl
(equation 13). Marko suggests that this 1s then hydro-
.genolyséd by molecular hydrogen to give the alcohol, or is
competed for by carbon monoxide, giving rise to an unreactive

tetracarbonyl
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H )
RC=
~ R.CHO + HCo(CO)3 —> ‘ —->R-.CH20.Co(co)3 13
J |
| HCo(co)31
R.CHEO.CO(CO)3 + Hy —> R.CH,0H + HCo(co)3 ’ 14
o
R.CHgo.CO(go)a

21,22 4y¢fer from

The vlews of Aldridge and Jonassen
those of other workers in that they regard hydroformylation,
and hydrogenation of aldehydes, to be heterogeneously
catalysed reactions in that the in situ formation of cobalt
hydrotetracarbonyl by the hydrogenolysis of dlcobalt
octacarbonyl (equation 5) 1s catalysed by cobalt metal,
which they consider to be present in equilibrium with the
soluble octacarbonyl (equation 4). Their concept of the
subsequent stages is, however, fundamentally similar to

17,18

0
those of Heck and Breslow and Mark02 .

(11i1) Effect of 0lefin Structure on Hydroformylation

(a) Effect on Rate of Reaction

All simple olefins have been found to undergo the
oxo reaction, although the rate of reactlion 1s observed to
be highly dependent on the structure of the olefin. Workers
at the U.S. Bureau of Minesl6 have made a comprehensive
study of the influence of structure on the rate of hydro-

formylation at 1100, using 26 olefinic hydrocarbons, and



- 11 -

a.50;fold variation was observed between the fastest and
slowest rates. The results 1n all cases appear to demonstrate
a clear relationshlp between reaction rate and degrée of |
steric hindrance about the double bond, the latter factor
presumably reflecting the ease of formation of an intermediate
complex with cobalt hydrotricarbonyl. Strafght chaln terminal
olefihs were observed to react most readily;_with little de-

_ crease in rate with inereasing chain 1ength The‘rate for
_straight chain 1nternal olefins was about one third that for
the terminal olefins; however, the exact-position of the
double bond, providiﬁg it was internal, had 11£t1e influence
on rate.  Branching of the carbon chain always resulted in

a ‘decrease in reaction rate, even for oléfins having a'single
methyl(group remote from the double boﬁd, as in M-methyl-l—'
penténe. The presence of a methyl group at one of ﬁhe carbon
étoms of the double bond reduced the rate 10-fold, for example
in going from.l-pentene to 2-methyl-l-pentene. The slowest
rates were observed with branched internal olefins: thus

the rate of hydroformylation of 2,3-dimethyl-2-%gtene,.in
which the double bond 1s completely substituted Ey methyl
groups, was approximately 1/50th that of an unbranched
terminal olefin. The rates observed for cyclilc olefiﬁs

are of interest 1in that, whereas cyclopentene and cyclo-
heptene reacted faster than the correspdhding acyclicvin-

ternal olefins, the reaction rate for cyclohexene was
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appreclably slower. This observation has been explained6
on the basis that Both cyclopentene and‘cycloheptene are

in a more highly strained state (strain énergies of 4.4 and
4,1 kcal/mole respectively relative to cyclohexene).
Traynham23 has polnted out that in épl known cases the more
strained 18 a cyclle structure, the.more reactive 1t 1s in
electron donating roles. One might therefore expect the T
electrons of cyclohexene to be less available for donation

to the vacant d orbitals of cobalt in complex formation.

(b) Effect on Mode of Addition

In the hydroformylation of unsymmetrical olefins,
avallable evidence indicates that the formyl group adds
to the least hindered side of the double bond undér normal
“cbnditions of high temperature and pressure, (although this
'is not necessarily the case for reactlons with cobalt hydro-
tetracarbonyl at rgﬁg temperaturelY), thus olefins having
the -structure R——CH==CH2 give predominantly the terminal
‘aidehyde. For example, the major product from the hydro-
pfofﬁylation of”isobutylene is isovaleraldehjde, together

‘with a small proportion of trimethylacetaldehyde24

. CH N LQH
. G=CH,+ CO+H, — H.CH,.CHO + (CHy) 3C.CHO
éu ' e o

f
W
UJ

- 96% 4%
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Of particular interest is the distribution of products
obtainéd from the application of the oxo reaction to cyclic
vinylic ethers, as these compounds are structurally related.
to the glycals. The hydroxymethylation of 2,3-dihydro-4H-
pyran (i) and certain of 1ts derivatives has been investi-
"gated recently by Falbe and Korte25. The reactlons were
performed under conditions (1900, 300 atmospheres of syn-
thesis gas (1:1)) leading to the complete conversion of
aldehydes to alcohols, thereby facilitating the identifi-
cation of réaction products. Reaction of 2,3-diﬁydro-4H-
pyran (1)»with carbon monoxide and hydrogen resulted pre-
dominéntly-in attachment of the hydroxymethyl group to
iphejgide_of the double bond adjacent to the ring oxygen
‘to give 2-hydroxymethyl-tetrahydropyran (2) in 78% yield;
in'additioh; a small proportion of 3-hydroxymethyl<
‘tetrahydropyran (3) was isolated, together with a smaller
amount.of tetrahydfopyran (4) resulting fromvhydrogenation

of the double bond

HoNorioly
Cogo( C08 CHOH ™0 o

v (2 (3)
- T8% 8% J%

Uhdér similar conditionsAz-h&droxymethyl—e 3-dihydro-
YH-pyran (5) gave exclusively 2, 6~bis-hydroxymethyl-
tetrahydropyran (6)
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17

o—

When the carbon atom 6f thé doublé/%ondvadjacent to the

ring oxyéén bore a methyl substituent, as in 2,6-dimethyl-
2,3-dihydro-4H-pyran (7),lthen the direction of addition

was reversed and 3-hydroxymethyl-2,6-dimethyl-tetrahydropyran
(8) was isolated, but in lower yleld

Comparable results have previously-been‘obtained
by the hydfoxymethylation of furan (9). This compound
. reacted as?a typlcal conjugated dlene, in that one double
bond‘was hydrogenated whille the other underwent the normal
reaction with carbon monoxide and hydrogen26; addition of
the hydroxymethyl group occurred at C-2, 2-tetrahydrofurfuryl
alcohol (10) béing isolated in 35% yield.

[ j ‘ ~ | :o: “CH:OH

O
(9) (10)
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However, when both positions adjacent to the ring oxygen
were blocked, hydroxymethylation occﬁrred at the alternative
site. Thus, 2,5-dimethylfuran (11) gave 2,5-dimethyl-3-
tetrahydrofurfuryl alcohol (12)27; | %

' rﬁﬂngH
H cj: ]ICH , Hs@’[ OI@H 20

3 N =
(11) (12)

A reaction which closely resembles hydroformylation
is the hydrocarboxylation of olefins 1n the presence of

nickel carbonyl

JE + ROH —— > — ;o2
| wi(co), ' - T-COOR COCH
Bird and co-worker528

found recently that strained Qlefins
such as norbornene (13) undefwent hydrocarboxylation at‘
‘atmosphéric pressure and temperaturé; By the use of
hdeuterated solvents (deuterium oxide, deﬁterioethanol and
deuterioacetic acld) it was shown that (13) was converted
into 3-gzgfdeuterio—bicyclo-[?.2.{]-heptane-2-g{g-carboxylic

acid (14). These workers suggest that, in hydrocarboxylation,

22
COOH

13)
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cis addition to olefins from the least hindered side is

probably general,

Two groups of worker529’3o

_ have investigated the pre-
paration of 6-methyl steroids by the application of the oxo
reaction to steroids having a double bond in the 135—position
.(15).' The product 1n each case was the 6~ -hydroxymethyl-

allosteroid (16), and i1t was concluded that "the oxo reaction

(15) (16)" CHOH

i

under hydroxymethylation conditions appears to take place

by a cis addition"2?,

The Glyecals

(1) Structure of the Glycals

The glycals, discovered in 1913 by Fischer and Zach3l§
owe their name to Fischer's observation that the first
(impure) preparations of D-glucal gave characteristic alde-
hyde reactions. When 1t was later realigzed that pure le—
cals are not aldehydlc compounds, the naﬁe was firmly

established. A proposal to systematlise glycal nomenclature,
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at pfesent under official consideration (¢f reference 32),
regards the glycals as 1,5-anhydro-derivatives of l-enols;
thus 3,4,6-tri-0-acetyl-D-galactal (40) would be renamed

3,4,6-tr1¥9¢aeety1«1,5-anhydro-Q-decxyﬁg-lyxo-hexose-l-enol.

Glycals are cyclic carbohydrates Characterised by
the presence of a CHf=CH linkage between carbon atoms 1 and
-2, They can be regarded forﬁally as derived from the corre-
sponding aldose by removal of two hydroxyl groups.from ad-
Jacent carbon atoms, (e.g..g-galactal (19) from gfgalactose
(18)), and in this respect differ from tﬁé'other well known
class of unsaturated carbohydrates, the giycoseens, which
strucﬁupally‘ére defived from the corresponding aldose by
-removal of a ﬁolecule of water. The latter group includes
thewso-called 2-hydroxyglucals (e.g. 25hydroxygg-galactél
(17)); or 1,2-glycoseens, as well as tﬁe 5,6-glycoseens

- which have an exoeyclic double bond‘bétween carbon atoms

5 and 6.
 CHOH OHOH ot
| HOA O\ - HO o
Sipo  ROH PHOH —=— OH 24
OH | ‘
an a9

Aldoses which are epimeric at C-2, such as D-glucose

| and D-mannose, give the same glycal, as asymmetry at C-2
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(and C-1) is lost on formation of the double bond; the name
of the resulting glycal is usually derived from that of

the more common of the two parent aldoses. Thus the eight
stereoisomeric hexoses of the D-serles can glve rise to
four "hexals"; D-glucal, Q-galgétal, D-allal and D-gulal
(no preparations of the 1;£ter two ar;'knbwn), and two
'‘bentals", (D-xylal and D-arabinal) are possible from the

four D-pentoses. With the exception of a novel "furanal”

reported recently32, all the known glycals are six-membered

ring structures derived from pyranose sugafs.

The structure of the best known glycal, 3,4,6-tri-
QFacetyl-Qfglucal (20 a) was worked out at an early stage33’3u.
The prese;Ee of a double bond was demonstrated by the addition

CHOR

) _
R (202) R=Ac

RO (20b) R=H

of two atoms of bromline or hydrogen; its position, between
carbon atoms 1 and 2, wés shown by the fact that cleavage

with ozone liberated D-arabinose, formation of the latter

pentose also providin;.evidence that the configuratlons of
carbon atoms 3, 4 and 5 are unchanged from those of D-

glucose. The structures of other glycais have been proved
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in a simllar manner. The presence of the double bond in
the six;membered ring of glycals results in carbon atoms
1, 2 and 3 and the ring oxygen atom being constralned into
the so;called half-chai@rconformation of the cyclohexene
ring. The presence of substltuents on the ri@g permits

I

the possibility of two half-chair conformastone

or the
glyeals; thus, in the case of}one conformation (21 a) for
3,4,6;tr1;gfacetylgg-g1uca1, substituents at C-3, C-4 and
CiS'ére in equatori;i or pseudo-equatorial positions,
whereas in the alternative conformation (21 b) these sub-
stituents are in the less stable axlal or pseudo-axial |

orientations. That 3,4,6—tr1-9-acety172-glucal adopts the

S

OAc
T atey

more stable half-chair conformation (21 a) ‘in solution

was oonfirmed recently by Hall and JohnsonBS. Using proton
magnetic resonance spectroscopy at high radio frequency
(100 Mc/s) these workers were able to measure the chemical
shift of each proton, and the coupling constants between.

adjacent protons, deftain of theilr assignments being confirmed
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by double resonance experiments, It was then posslble to
relate the coupling constants of adjacent ring protons to
their dihedral angle by application of Karplus!' equation36,
and thus arrive at the approximate geometry of the ring.
The results showed that the dihedral angle between C-H(3)
and C;H(M) is approximately 140°, and that between C-H(4)
and CQH(S) is about 1500, and therefore confirmed that the
glycal adopts the conformation (21 a) in solution. As the
latter dihedral angle was- less than 1800, some "flattening"
of the ring was indicated. No comparable measurements have
yvet been made of the conformations of the other available
glycals; certainly it 1s reasonable to predict that the
half;chair conformation of 3,4-d1-O-acetyl-D-xylal (22)
would be analogous to that found for 3,4,6-gfi-gracetyl—

D-glucal.

.ACO7‘\"A
AO l \\\12?

(22)

(11) Preparation of the Glycals

Despite the fact that over 50 years have elapsed since
Fischer and ZachST first synthesised 3 M4;6-tri-O-acetyl-D-

glucal, their procedure, with minor modifications designed
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to 1mprove yields, 1s still the.only one of significance
for the:preparation of glyecals, It appears probable37 that
Fischer's original intention on treating 2,3,4,6-tetra-0-
acety1;<x;2;glucosyl bromide (23) with zinc and acetic acld
was reductive dehalogenation to afford a derivative of 1,5-
anhydroig}glucitoli in actual fact a good yield of 3,4,6-
~tri;9;ac;£yl;2}glucal (20 a) was obtained,

Fg)Ac
-0

(20a)

(23)

A mechagism to explain glycal formétion has been suggested
by Prins38, and discussed by Overend and Stacey39. The
carbonium lon intermediate (25) resulting from ionisation
of the acetobromoaldose (24) can either react with solvent
to give the acetylated aldose (26), or can acquire two
electrons from the metal to furnish the carbanion (27),
which affords the glycal by elimination of an acetoxy
group from C-2, It is also conceivable that the carbanion
may acquire a proﬁon to give the 1,5-anhydroalditol (29),
although the latter do no@ appeér to have been detected as

products of this reaction.



(29)

Becagse of the i1mportance of glycals'as intermediates
in carbohydrate chemistfy, in particular-in the éreparation
of 2;deoxy sugars39, various modifications to Fischer's
ofiginal procedure have been introduced with the object
of improving the overall ylelds of the sequence: aldose —
acetobromoaldose — glycal —— 2-deoxy-aldose. A
standard method for the preparation of acetobromoaldeses
was passage of hydrogen bromide through a solution or sus-
pension of the aldose in acetic anhydride. A significant
improvement over the direct use of hydrogen bromide was
introduced by Barczal-Martos-and Kordsky O, who generated

the gas in situ by adding phosphorus tribromilde and water,

or more simply phosphorus, hromine and watf:: ,rblut&on
of the fully—acetylated aldose in acetiec anhydride. Good
Yields of several crystalline acetobromoaldoses were ob-
tained in this: way, without intermediate isolation of the

fully-acetylated precursors.



- 23 -

Various modifications have been made to Fischer's
’Qriginal‘procedure‘for reduction of the acetobromo-sugar
with ?iﬁdvand acetlic acld. Derlaz and coQWOrkersul in-
troduced the use of chloroplatinic acid which, added at
intervals to the reduct1on mixture, maintained a vigorous
reaction and enabled lower temperatures to be ewployed.
Significant improvements in the yields of 3,4;d1;9-aaéﬁyl;2¢

41 and_3,4,6-tr1-gfacety1{2-galacta142,were attained

arabinal
in this way. Iselin and Reichstein43 addéd sodium acetate

"to buffer the zinc;acétic acid mixture and to remove hydrogen
bromide fdrmed during the course of the reaction, and activated
thevzinc by addition of copper as the sulphate. The most con;
venient:general procedure'for glycalvpreparation is that of

44’“5, who combined the advantages

Helferich and co;workers
of the acétobromoaldose preparation of Barczal-Martos and
Korbskyuo, and the reduction procedure of Iselin and
ReichsteinuBs the conversion of aldose to acetylated glycalv
'1s.carried through in one stage without 1solation of inter-

mediates.

(111) Reactlons of the Glycals

Practically all the reactilions of the glycals have
thelr counterpart in well knownreactions éf olefins in |
general, invdiﬁing addition across the double bond. In the
ma jority of cases the directlon of addition 18 1nf1uenced
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‘by“thevprpximity of the ring Qxygen‘atem, Glycals react as
typical vinyl ethers, and frequeﬁﬁly exhibit an interesting
resemblance to the six-membered cyclic vinyl ether, 2,3- dihydro_
MH pyran (l) Typical electrophilic addition to a vinyl ether
results in addition ofsthe‘electrophile to the carbon of the
double bond ,@ - to the ether‘oxygen; as the resulting catlon
is stabilised by the electron-rich oxygen. Acid-catalysed
formationvof the well known tetrahydrepyranyl ethers (30)

L6

thus proceeds as follows

(=P ~G F@ ~0

(1) B ’ (30)

The ring'oxygen-of'glycals 1s seeﬁ to exert a similar direct-
ing influence on the course of additions to the double bond;
moreover, steric factors due to substituents at C-3 appear |
'~ to have a marked effect in determining the distribution of
isomeric products Examples can be taken from a variety of

addition reaotions of glycals to 1llustrate these points.

_ Ionic additions of reagent of the general form HX
(where X =0H, alkoxy, halogen) to the double bond of glycals

are well known reactions for the preparation of 2-deoxy aldoses
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gnd“their derivatives; The aclid-catalysed addition of water

- to afford 2;deoxy sugars has beenAstudied in deta1139;
typ;cglly the conversion 1s effected in cold, dilute sulphuric
acid solution. It was considered by Isbell and Pigmanu7 that
under these conditions 2- deoxy-D galactose was formed from
E-galactal (19) via an intermediate sulphate ester which was
;ﬁbseguently hydrolysed on heating with barium carbonate;
however, this was dlsproved by Overend ana co-workersuB, An
alternative'mechaniép involving proton-catalysed opening of
the oxygen brldge has been suggestedu9. The accepted mechan-
1sm of electrophilic addition to vinyl ethersa6, exemplified
by the formation of tetrahydropyranyl ethers (30) (equation 27)
would appear to be applicable to thls and other lonlc addil-

tions of HX-type reagents to glycals.

Cis Additions to the Double Bond

The reaction of olefins wilth nitrcs§l chloride, with
thevformgtion of nitroso-derivatives, has been considered®®
pp.proqeed by an ionic mechanlism, with the nitroso group
gntering into combination as an electrophilic fragment ND+,
and phevchloriné as nucleophilic Cl~. Melnwald and co-
workers5l have obtained experimental evidence from a study
gf“the-reactions_Of norbornene and norbornadiene with nitro-
syl chloride which casts doubt on the ionic mechan1sm

(apparent cis addition, lack of incorporation of nucleophilic
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solvent). THey suggest a four-centre mechanism of addition
wiphvliptle or no carbonium lon character developinglin

the transition state

Serfontein and co-workers®2 have obtained highly crystalline
adducts by the reaction of nitroﬁyl chloride with various
acetylated glycals, Structural investigations by proton
magnetlc resonance spectroscopy confirmed that addition

to the double bond was cis. The fact that from 3,4,6-tri-
O-acetyl-D-glucal (20 a), 3,4,6-tri-gfacétyl;e-deoxy—E—
nitroso-é:-g}glucopyrénosyl chloride.(31) was obtained,
whereas the_'  -D-arabinopyranosyl chloride (33) resulted
from the addition of nitrosyl chloride to 3,4-di-gfacetyl-
D-arabinal (32),would seem to indicate that the C-3 acetoxy
groﬁp influences the diregtion of approach of nitroéyl

chloride to the double bond.

CHZOAC
NOC1l 8
Koae ) —— =
AcO A
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AcO

Cﬁc_ S ‘
@ (33)

The light-catalysed reaction of olefins with
phenanthraquinone to give 1,4-dioxane derivative553 was
applied to the glycals by Helferich®®. When 3,4,6-tri-O-
acetyl;g-gl%Cal (20 a) was thus reacted with phenanthra-
quinone—énd the resulting adduct deacetylated, phenenthrene-
hydroquinone-g—glucbside anhydride (34) was obtained, from
which Qfglueo;é (35) was liberated on ozonolysis. The fact
that hgigfméhnose was obtained from these reactions indicates
that addition of phenanthraquinone to the double bond of
the glycal took place exclusively from the least hindered

side

AcO
CHoH &
{20a) —O
HOH
OH

(35)
Similarly, cis hydroxylation of the double bond of

Q-gluhal (20 b) and 3,M,6-tri-9-acetyl-2¢glucél’(20 a) by
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osmium tetroxide, proceeding through the cyclic diester of
osmic acid (equation ;i) resulfted in predominaﬁt formation
of the cyclic intermediate at the least hindered. side of-
the double bond, and in both cases more D-glucose than
D;mannose‘was obtained on hydrolysis55 -

| |
~n7 —C—0__ SHA0 -{r—OH HO 31
ﬁ + CBC% —_— | OO, Ter + }35C)
C _

- . ’ /
_C Q=0 | —cl: OH HO

(b) Trans Additions to the Double Bond

Although less relevant in considering possible steric
effects likely to be operative in the hydroformylation of
glycals, a number of reactions involving ﬁé&gﬂ addition
acrossvthe double bond of acetylated glyCais are known in
which a similar directing influence appears to be exerted
by the 0-3 acetoxy substituent. The reactions in question
ere considered to proceed ﬁhrough cyclio 1ntermediates_which
open by rearward attack of a nucleophilﬁ:to give a trans
product. It 1s known that in cyclic systems the preferred

sterle course of trans'addition 18 such as to favour the

6
diaxial product5 . Thus, in the case of the glycals, where
nucleophilic addition 1s at C-1, trans dilaxial opening of

a cyclic intermediate requires that the latter be in a
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P -orientation (above the plane of the ring) (36). Con-
vgrsely,ﬂa‘trans-diequatorial product must arise from a

cyelie intermédiate (37) which is oriented below the plane

of the pyranold ring

The addition of mercurie sa;ts to olefins 1is usuall#
considered to proceed via a mercurinium ion (e.g. (38)),.
which reacts with nucleophilic solvent to give a trans
product57ﬁ From 3,4,6-tri-0-acetyl-D-glucal (20 a),
Manolopbulos and~co—worker358 obtain;a, on reaction with
merquric acetate in methanol, a crystalline compound identi-
fied as methyl 3,4,6-tri-gfacety1-2-acetoxymercuri-Q-deoky-

@ -D-glucopyranoside (39), the trans-di?’é’quaf_’orial product
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Tbe§e workers believe that the bulky C-3 acetoxy group tends
to shield the double bond from attack at the upper (@)
side, and the & -mercurinium ion (38) becomes important.

Rearward approach of methanol to C-1 then leads to (39).

. ‘Other reactions of 3,4,6-tri-O-acetyl-D-glucal
proceeding through analogous mechanism, in which the forma—
tion of an equal or major proportion of the kinetically
(C;évequatofial substituent) indicates the importance of
a cycllic intermediate at the least hindered (ck) side of
the ring, are with perbenzoic acid (via 1,2—epoxide)59,
with bromine (via bromonium 1on)6o, and with iodine and

)61,

silver benzoate (via iodinium ion

The 020 Reaction of Glycals

;_The reaction of glycals with carbon monoxide and

hydrogen under OXo conditions was first explored in 1956

by Rosenthal and’ co-workers . Glycals studled were

3,4,6-tri-0-acetyl-D-galactal (40) and 3,4,6-tri-O-acetyl-

g.g;uca;_(éo a); 1in each case saturated seven carbon com- -

pounds were obtained and characterized.

- CHPAC .
AcO /0O




a1

$hewoxo réagﬁion Qf glycals therefore represented an additlional
method for lengthening the carbon’ chaln of carbohydrates62.
Thg'prqducts obtained from these reactions were acetylated
alcohols, rather than aldehydes, and undoubtedly arose by
?hgw;nitial hydroformylation of the glycal double bond,
fpllowed by reduction of the formyl group to hydroxymethyl
(equations 1 and g). The structufes of the products thus
obtained were not established, but in the case of the reac-
tion of 3,4,6:trilg;écetyl;2:galacta1 it was thoﬁght?tﬁétg
hydroxymethylation had qccu;feq'at C@E of the glycal, to
‘give a branched:chqin carbohydrabe63; this glycal also
appeared to be unique in that only one product was isolated

from its reaction with carbon monoxide and hydrogen.

Isﬁwork_discussed in this thesis extends thése
earlier“investigations, to which further reference will be.
made 1n subsequent discussion, to é study of the oxo re-
action of the pental, 3,4-di-O-acetyl-D-xylal (22), and also
describes a further lnvestigation of tﬁé reaction of 3,4,6-

tri-O-acetyl-D-galactal (40).
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“* DISBUSSION

A. Hydroxymethylation of 3,4-Di-O-acetyl-D-xylal

Previous work63’64 has demonstrated that the oxo
reaction can be applied successfully to the acetylated
hexals (20 a) and (40), the major products of the reactions
belng acetylated alcohols having one wmore carbon atom than
the starting material; thus the reactions appeared to
follow the expected course and a hydroxym@thyl;lgroup was
added to one side of the double bond. It could-be antici-
pated that application of the same reactilion to the acety-
lated pentals would therefore résult in the formation of
di-g}acetyl derivatives of six carbon compounds. The ob-
Ject of the work described in fhis section was to investi-
gate the structures of products formed by the reaction of
3,4-d1-0-acetyl-D-xylal (22) with carbon monoxide and
hydrogen under.hydroxymethylation coﬁaitions, whereby, as
a result of the absorption of 3 moles of synthesis gas per
mole of substrate, the anticipated products are alcohols,

rather than aldehydes

|
o t CcO ———~Tﬁ% —CHE-CH-CEEOH 34

3 moles

-CH=CH-~ + 2H

In a later section (C) experiments will be described in
which 1t was attempted to terminate the reaction at the

aldehyde stage (equation 1), 'at the point where 1 mole of
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(1)

glycal had absorbed 2 moles of synthesls gas.

Reactants and Reaction Conditilons

(a) 3,4-Di-0-acetyl-D-xylal (22)

3,4-D1;9£acetyl-2-xylal (22) was first prepared
in 1929 by Levene and Mori65

, as an intermediate in the
synthesis‘of 2-deoxy—@5Q27xylose, using an adaptation of

the original procedure of Fischer and Zach31. Reduction

of 2,3,4-tri-0-acetyl-x-D-xylopyranosyl bromide (43) with

zinc and 50% acetic acid gave (22) in 60% yield. Essentilally

the same procedure has reéently been glven as a standard

method for the preparation of this glycal

. Overend and
conorkers67 have pointed outithe neceséit& of employing
low temperatures (-5 to -100) for the conversion of aceto-
bromoaldoses to glycals, particularly in the pentose serles,
in order to minimlse the simultaneocus formation of saturated

products ((25) ——9‘(26)). In view of this, the yield of

(22) reportéd_by Gakhokidze68 (80% from (43)) was remarkably

high as the reaction was performed at room temperature.
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Attempts to repeat this preparation, however, have resulted
only in the isolation of 2,3,4- tri-O-acetyl D-xylose in

rather good yield69

In this work, the procedure of Helferich and co;
workersusé in slightly modifled form, was used to prepare
3,4-d1-0-acetyl-D-xylal. Conversion of (41) to (22) was
thus carried through without isolatlon of the intermediate
compounds (42) and (43). Consistently satisfactory re-
sults were obtalned using thls procedure providing the
following precautions were observed:

(a) The entire preparation was carried thfough as quickly
as possible, especilally the final stage (43) — (22).

(b) The temperature of the zinc-acetic acid reduction
mixture was not allowed to exceed -10°; addition of solid
carbon dioxide was effective in maintalning a low tempera-
ture, both during the course of the reaction and the sub-
Ssequent filtration.

(¢) Normally, removal of zinc by filtration is extremely
slow; and aé some rise in temperature 1s inevitable during
this étage, undue delay 1s likely to lead to reduced yféﬁdS};
It waé found that filtration could be greatly speeded by
adding Cellte to the reaction mixture, and spreading a
layer of Celite on the 4ﬁlter paper before filtration.

(¢) The crude syrupy prbduct obtained by chloroform ex-

| traction of the flltrate was distilled without delay. The
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prodgct thus obtained crystallised spontaneously, and
suffered no apparent decomposition when stored for several

months in the refrigerator.

» Typically, by this procedure, 3,4-di-O-acetyl-D-
xylal (ée) was obtained from D-xylose (41) in an over;il
yield of about 60%. - The purity of the product obtained
by distillation was readily demonstrated by thin layer
phrpmatography, acetylated glycals being considerably
more mobile on silica gel than other components present
in a crude preparation. The most charécteristic region
of infrared absorption of (22) is a sharp, fairly strong
band at 1640 em~1, assignable to the C=C stretching vibra-
tion. The presence or absence of this band is therefore
of use in following the course of reactions involving

additions to the double bond.

(b) Reaction Conditions

Suitable conditions for tﬁe reaction of acetylated
glycals with carbon monoxide, hydrogen and dicobalt octa-
garbpnyl have been ﬁell establlished as a result of pre-
vious work6u. The early experiments of Adkins and Kresk?
sultably adapted the oxo reaction to a'laboratory scale,
and in general 1little deviation from these conditions 1is

observed in the experiments of subsequent workers. How-

ever, in the case of the reaction of acetylated glycals;
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lower témperatures than are often custom@}y have been used.
'Whereas'at,1300 glycals are largely converted to alcohols
by hydroxymethylation (equation g), with the majorlty of
olefins aldéhydes are formed predominantly at this tempera-
ture, and appreclable alcohol formation 1s obtained only
when the temperature 1s raised by 500 or more. The most
rapid reaction rafe is obtained when the ratlo of hydrogen

to carbon monoxide 1s high12

5 the limiting factgr would
appear to be the requirement that the partial pressure'of
carbon monoxide is suffieciently high to prevent decomposition
of the catalyste. In practice, 3,4,6-tri-O-acetyl-D-galactal
(40) has been observed to react normally with carbon monoxidé
and hydrogen when the 1lnitial partial pressures of the two
gases were 200 and 1700 p.s.l. respectively63} "For the
hydroxymethylation of'3,M-di—g-acetYI-g-xylal, a carbon
monoxide to hydrogen ratlio of 1:5 was employed, at a total

initial pressure of about 3000 p.s.i.

(¢) Removal of Catalyst

Wender7O hés described various methods for the
removal of dilcobalt octacarbonyl catalyst from oxo reaction
prbducts. When the i1solation of aldehydes is not required,
the preferred method is to replace unreacted synthesis gas
with hydrogen under pressure, when, on heating, the octa-

carbonyl 1is decomposed to metalllc cobalt. Alternétively,
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dicobalt octacarbonyl may be destroyed by heating the
vmixture on a steam bath, or shaking with dilute sulphuriQM

acid solution, until carbon monoxide is no 1onger evolved.

In working with the products derived from the acetylated

method for

glycals we have found the most conveny;Agi
separating reaction products from catalyst)is by filtration
through Florisil (a synthetic magnesia s1116a gel absorbent);
catalyst is eluted with petroleum ether, and reaction pro-
ducts.are subsequently eluted with a more polar solVent, )

such as a 9:1 (v/v) mixture of benzene and ethanol.

(1i)‘ Fractionation and Characterisation of Reaction Products

(a) Chromatographic Separation of Products

- Evidence that the anticipated hydroxymethylation of
tneldouble bond of 3,4-di-97acetyl-2fxylal'had occurred was
provided bybthe infrared spectrum o;ithe catalyét-free:
product iéolated from the reaction:\ the strong-absorption
at 1640 cm’l characteristic of the élycal double bond had

disappeared, and a band of moderate intensity had appeared

in the 3&00 cm -1 region (OH stretching) Thi;“layer
1chromatography showed the presence of a mixture with two
maJor components which were not well resolved, and indicated
that little would be gained in attempting to fractionate

the mixture as such. Attempted fractionation by gas-1liquid
%partition chromatography71 following complete acetylation
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of free primary hydpozy; groups,'gave one zone on a column
of‘gp%_81;icone G.E.S.F. 96 on firebrick at 1900, which was
opownmoo bo”a‘mixture‘of two oomponents by thin 1ayéf chromato-
graphy. Sgocossfu; separation of the mixture of products

from tbe”ogo.reaction was subsequently effected by deacety-

lation, and chromatography of the resulting mixture of polyols.

o | o |
Following_deacetylation by sodium methoXide in metha-

T2

ool P apd.romovallof sodium lons with AmberlitevIR-120(H+)

oot;oongchaoge resin, a syrupy product was obtalned, whose
;quorod_apeotrum;confifmed tho-complete'removal of O-acetyl
groups, and which showed.a strong, broad hydroxyl band.
Eyo;;mipary examinatlon by descending paper chromatography
:oveq;oq“phatothe_goacetylated product comprised mainiy

-two components, detectable on spraying with periodate-
Sohifg.yoagent?§f; With this spray reagent,-oompounds

having an o&;glycol group show as purple spoﬁs on a white
paokggognq?“byvvirtuevof their oxidation by periodate to

a dialdehyde, whiohbrestores the colour of the Schiff re-
agopt:““Afper deyelopment for about 40 hours, using a sol-
Venpdsyotemuof”water;saturated l;butanol contain%pg 5%
o?hgno;{“tho two major components of the mixﬁure‘were suf -
ficlently far apart to enable their sé?aration to be effected
on a preparative scale. A preparative‘separation of the

pwo oompooents of the polyol mixturéVWas oarried out by

Happlying,the materiél, in methanol solution, to several
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large sheets of Whatman's No. 1 paper prepared for descending
chromatography. The progress of the separation was followed
by detecting the positions of the zones on control chroma-
tograms which were developed in the same tank, and was
allowed to continue untlil the two components of the mixture
Wére near the boﬁ%om edge of the sheets, thereby achileving
méximum separation. Three narrow test stri%s were cut from
egéh large sheet and sprayed with tﬁe zone-locating reagent73
ingorder to ensure that the position of each zone was
dé@ermined accurately; the material so lost represented
from 5 to 10% of each component. The zones %hus located
were exhaustilvely extracfed with aqueous methénol; the two
fractlons thus 1soiated, both initilally in the form of
syrups, were found to be free from contamination by the

other on rechromatography of a portidﬁ?on paper.

Of the two chromatographically pure fractions re-
sulting from the above separation, the faster moving com-
ponent will be designated Fraction I, and the slower,
Fractlion II. |

(b) Characterisation of Fractions I and II

From an amount of 400 mg of the miXture obtained on
deacetylation of the oxo product, 150 mg of Fraction I and
180 mg of Fraction II were recovered from the ohromatograms.

;
Allowing for a loss of approximately 10% of the mate#ial
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initially applied (as a result of zone location), the com-
bined fractions therefore represented about 90% of the mix-

ture.,

& 2™

Fraction I , 0.47 -13° 102°

Fraction II - 0.41 _4y° -
(a) -in water-saturated 1l-butanol + 5% ethanol,
at room temperature

(b) -in; water

Fraction I, after crystallisation to constant melt-
ing point, gave an elemental analysis corresponding to aﬁ
emplrical formula of C6H1204. Acetylation of Fraction I
with acetle anhydride-pyridine gave a syrup which could
not be crystallised, although thin layer chromatography
showed the homogenelty of the product. This fraction was
characterised as the p-nitrobenzoyl derivative, m.p. 2150,
[oJD -50°. The elemental analysis of the crystalline
derivative corresponded to the replacement of three hydrogens

of Fraction I by three p-nitrobenzoyl groups.

Fraction II resisted attempts at erystallisation,
but readily formed a crystalline derivative, m.p. 80-810,
[CQ]D -410, on acetylation with acetic anhydride-pyridine.

This derivatlve gave an analysls corresponding to 012H1807’
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the triQQ-acetyl‘derivative of Fraction II. In order to
obtain Fraction II in a hlghly purified form, a pbrtion of
the crystalline acetate was deacetylated by the action of
methanollc sodlum methoxlde and the product was carefully
isolated in the usualvway to give a syrup which did not

crystalliée, but which analysed satisfactorily for C6H1204.

(111) Identification of Fractions I and II

(a) Periodate Consumption

Inférmation on the structure of a carbohydrate can
be gained from a study of its reaction with periodate ion7u.
The chief analytical application of this reaction is in
the determination of the number of adjacent hydroxyl groups
in the molecule, as each X -glycol group consumes one
molecular proportion of perliodate, the resulting fragments
being formaldehyde, formle acid or a substituted aldehyde

according to the location of the particular group undergoing

oxldation,
CH OH HCHO
2 +
CHOH IOM HCOOH
_— + - 36
?HOH ?HO —
R R

Other groups such as «-hydroxyaldehydes, o«-hydroxyketones

and o-amino-alcohols are also cleaved by periodaté.
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Various methods are 1n common use for following'tﬁg

reaction of viecinal hydroxyl groups with periodate 1on75,

usually involving titrimetric procedures and requiring the

destruction of appreclable amounts of material. The spectro-

photometric method of Dixon and Lipkin76

10'8 to 10"6 mole of sample, appeared to be eminently suit-

, requiring only

able for determining the number of vicinal hydroxyl groups

in Fractions I and II, limited amounts of which were availl-
able. These workers found that consumption of perlodate

may be followed spectrophotometrlcally at 223 mf&, at which
wavelength 1ts absorption 1s at a maximum . No inaccuracies
were introduced by the relatively small absorption of iodate
ion in thisfﬁpgion, nor by absorption of unconjJugated car-

‘bonyl compounds formed during the reaction.

Following this procedure, the decrease in absorbance

at 223 mu  of a solution of Fraction I (0.439 x 10"2‘l M on

the basls of a molecular weight of 200) containing an excess
of ‘sodium periodate (0.942 x 10’“ M) was measured over a
period of several hours. Each reading (A) on the Beckman

Model DU Spectrophotometer was accompanied by avreading

(B) of a control solution 0.942 x lO"Ll M with respect to

periodate lon, and also of a solution containing 0.439 x 1054M

of Fraction I (C). Thus (B+C)-A was a measure of the decrease

in absorbance due to consumption of periodate ion by Fraction
(BiC) -A
C

I. Then was the fraction of the known amount of

o}
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added periodate which was consumed by the carbohydrate at
any time, where CO was the measured absorbance of the perlo-
date solution at zero time (this changes slowly with time
because of variations in pH, temperature77). It was found
that A reached a constant value equivg}ent to the consump-
tlon of 0.90:mole of periodate ion per mole of Fraction I.

A similar serles of measurements with Fraction II gave a
value of O.95§moles of periodate per mole of substrate,

With due allowance for the micro scale of these analyses,

these results therefore showed the presence of two vicinal

hydroxyl groups in each compound.

(b) Structures of Fractions I and II

v Thus fgr, the information obtained on Fractions I
and II 1ndicaﬁed that both contained three hydroxyl groups,
two of which were viecinally situated. On this evidence,
and from a consideration of the likely mode of addition of
carbon monoxide and hydrogen to 3,M-d1-9-acetyl—27xylal (22)
it could be assumed that ﬁhe reaction had followed the ex-
pected course, and a hydroxymethyl greup had added to the
deuble bond. On this basis, four isomers (44) to (47) |

were possible, all of which contain two vicinal secondary

S

%)CFEOH (47)
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‘hydroxyl groups. in addition to one primary hydroxyl group,

and therefore could not be distingulshed on the available

evidence. Structures (U44) and (45), resulting from the

addition of a hydroxymethyl group at C-1 of the @ﬁycal,

are l1,5-anhydro-4.deoxy-hexitols, differing in the configura-
78

tion of carbon 5; 1in accordance with accepted nomeﬁclature s

"(44) and (45) are preferably drawn in the following way

CHOH
5 ‘ +—0
4 o1 CHH o)
3 2 '
- OH OH.
(44) (45)

- Hydroxymethylation at C-2 of the glycal would give either
of the branched-chain isomers (46) and (47), which are
1,5-anhydro-2-deoxy-2-hydroxymethyl-pentitols, differing in
configuration of the side chain at C-2.

‘It was possible to distlingulsh between the straight
chain and branched chain structures merely from a considera-
tlon of the resonance poslitions and relative intensitlies of
the proton signals observed in the nuclear magnetic resonance
spectra of Fractions I and II, measured in deuteriqm oxide
solution, In this solvent, hydroxylic proténs are rapldly

exchanged and are resolved into one sharp H-0-D signal; the



_ spectrum ishthereby:simplified Consideration of structures
| (MM) to (47) shows that in both straight chain and branched o
chain_isomers-are present (a) methylene protons octo an
- oxygen, -CHQ-O-, and (b) a methine proton o¢ to an oxygen -
-function,: - ¥ 85-@-.‘ In the straight chain isomers (44)
- and (45), a methylene group is also present which is flanked -
.'by two carbon atoms, (e) . --CHQ-C, whereas in the branched
N chain_isomers (46) and (47) a tertiary hydrogen, rather |
than a méthYlene group, is present, (d) '—éH-C.‘ It is"a
fnndamental to nuclear magnetic resonance spectroscopy that'
‘the-resonance position; or chemical shift} of a proton
depends upon its precise chemical‘enVironment. Ample'evidence
is aVailable to indicate.with certainty that protonsfof typesv
(a) and (b) above willlresonate'at a lower magnetic.field o
thaﬁ'ﬁili‘type (¢) ana (d)'protons;.because'theiinductive
effect of the adJacent oxygen atom will reduce the electron
hdensity around thesebprotons. Jackman79 tabulates typical
values for methylene.and-methine protons with an,'cn—oxygen'y
function.as’lying between 6.15 and 6.60 ’f ( 8??3 85 - 3.40 o
pm), whereas the corresponding protons in saturated. hydro-
carbons resonate around 8.5 7T (1.5 ppm), with deshielding
from- ,@ —substituents resulting in a comparatively minor

‘ shift to lower fleld.

Consequently, in D20 solution, it was anticipated that
the non-hydroxylic hydrogens of the straight chain isomers
(MM) and. (45) would exhibit two types of.signals~ a group



:»at lower field of relative intensity 7, corresponding to'
type (a) and (b) protons, and a higher field group of rela-'
tive intensity 2, corresponding to the two methylene protons;p
(c) - On the other hand with the branched chain isomers (46)
lfand (47) the 1ower field group would have a relative intensity |
- of . 8, whereas the single tertiary hydrogen (d) would resonate'
| at higher field with an intensity of 1. “The observed n m.r.

..spectra of Fractions I and II both showed the anticipated

: .separation of signals “into 1ower and higher field groups,

 (4in addition to ‘the single H-0-D peak at 8 &, 73 ppm)
’_both cases the area enclosed by the lower fleld group ‘of
| signals (<S__2 9 4 2 ppm) was 3. 5 times that of the group

at higher field (¢ 8 ' 1 1 2. 2 ppm) This clearly demonstrated
"that'both Fractions.I and II;were»isomeric 1,5-anhydro-4-‘ -
‘ 'deoxylhexitols (structures’(ﬁu) andi(QS)); :Additional infi
 formation regarding the stereochemistry of these compounds
can be derived fromla consideration of the multiplidities of
~the higher field signals, this aspect is discussed in more
detail 1ater.

Further confirmation that Fractions I and II were -
isomeric 1, 5-anhydro~4 deoxy-heXitols was based on the follow-vf
ing argument. Periodate cleavage of the : —glycol group
in all fbur,structures (44) - (47) would furnish a dialdehyde
“whichAOn'reduction wonldvgive-a strncture_having-three pri-

' ma%& hydroxyl'groups and an ether linkage. However, whereas
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from (44) éﬁdv(ﬂﬁ) a pair of enantiomeric tricl ethers (48)
andb(49) would be obtained, each having one centre of as&m~
metry (*), the same reagtions applied to either branched

Chain isomers, (46) or . (47), would result in the same op-

tically-inactive triol ether (50) being formed.‘

CHOH - - CHOH 0

! <« <«
¥ O-CHCHPH HOCHQ{}EQ?(:;_H (Hz
cHpH | CHOH - On
(k) (u8) o (h9) (45)

o | CHOH
(46) or (u7)  —> ——> QGHCHO-CHCHOH
o CHOH

(50)

Both Fractions I and I1 were separately treated in
this way, accordingvto a procedure similar to that described'
by von Rudloff and co_wovkers'o. A sample of_each_pblyol
was oxidised with a 50% excess of periodic acid until the
oﬁtical rotatiqns of the solutionsg were constant. 'After |
neutralising with barium ecarbonate the solutions were treated

with an aqueous solution of sodium borohydride; cations were

removed with~Amberlite-IR—léG(H+) resin, and borate ion'was 
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‘ | | _ 81 _
volatalised as the methyl ester . The product in both cases

- was a syrup.

The triol ether obtained from Fraction T had [06] p -19°,
and that from Fraction II hadE}JD +179. Both products had |
l1dentlical n.m.r. sSpectra, 'medsured in deuterium oxide solu-
tion, With a group of signals S = 3.5 - 3.9 ppm, and'a higher
field group at 6‘: 1.5 - 2,0 ppm,_the relative areas of the
two gfoups‘beihg in the ratio of 9:2. Hence the products
resulting from the period?te oxidation and sodiuﬁ bofohydride
~ reduction of the two polyols were clearly the enantioméric
D- (48) and L— (49) ﬂorms of 2-deoxy-3-0- (2-hydroxyethyl)-

glycero-tetritol.

It was noted.that; in the course of an investigation

of the products resulting from the hydrogenolysis of methyl

-D-gluco@?ranoside (51) under conditions of high tempera-

‘ture and pressure, and in the presence of a copper chromite
vcatalyst von Rudloff and co workersBO had isolated in addition

‘to several other products, a 2;hydr0xymethy1 4,5- dihydroxy-

’tetrahydropyran (52), (considered as a carbohydrate, (52) is a_

1,5-anhydro- Mtdeoxy hex1tol)

H.OH

other products 40
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The molecular structure of (52) (which later proved
tg‘be”a m1xture of sﬁereoisomers82) was demonstrated by
~perlodate oxldation to a dlaldehyde which was then reduced
wiph_sodium borohydride to an open chain triol ether (53),
Qhapacterised as the triaéetaﬁe. The structure of the triol
ether was proved in two ways: (a) ethyl iodoacetate was
condensed with diethyl L-mhlate in the presence of sodium,

and the resulting triester (SM) was reduced with 1ithium

aluminum hydride

| ?OOEt ?OOEt CH,0H
H O | A 4
ICH,.COOEt -+ ?He Na ?Hg L1ALH,  CH, 41
HO-C-H CH-O-CH, .COOEt CH-O-CH,, .CH,OH
COOEt COOES CH,OH
(54) (53)

' 8
(b) cleavage of the triol ether with boron trichloride 3

in acetic anhydride'and subsequent deacetylation gave ethane-

diol and 1,2,4-butanetriol

?HeoH | ; ?HQOH'

CH, . BOl; ' CH, B

I = — | +  HOCH(CH_OH 42
CH-0-CH,, .CH,0H CHOH 2" 4
CH,OH | | CH,OH

(53)
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The product (52) from the hydrogenolysis of (51)

was further investigated by Gor1n82

» who fractionated the
méterial by cellulose column chromatography into two iso-
‘meric 1,5-anhydro-4-deoxy-hexitols. Periodate oxidation
‘and borohydride reduction of both qomponents afforded the
same triol ether, which demonstrated that the configuration
of the hydroxymethyl group was the same 1n each case, and
therefore the two compounds différed in the configuration

of the vicinal hydroxyls on the ring. The triol ethers
obtained by Gorin were levorotatory ( EXDD -200, -160),

and were characterized as the tris-p-nltrobenzoates, melting

points 103-104°, 98-102°, specific rotations -26°, -22°.

The enantiomeric triol ethers obtained from Fractions
I and II, which for the sake of convenilence will be designated
as compounds III and IV respectively, were converted to
p-nitrobenzoyl derivatives according to the procedure of
Gorinaz. The levorotafory triol ether III from Fraction I
.gave a'crystalline derivative m.p. 102-1030, BXJD -280, which
did not depress the melting point 6f Gorin's tris-g}nitro-
84

benzoate~ ', and the dextrorotatory triol ether IV, from Fretion
II, furnished the enantiomeric derivative, m.p. 102- 103 s

with an equal and opposite specific rotatlion. As the previous
'wquhqf vqn.Rudloff and co-workersao had clearly demonstrated
the positions of attaéhment of the hydroxymethyl group and

the two secgndary hydroxyl groups to the tetrahydropyran
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ring of (52), these results provided additioﬁgi and con-
clusive proof that Fractions I and II were isomeric 1,5-

‘anhydro-4-deoxy-hexitols.,

. Oﬁé implication of the demonstrated relationship

between thé two isomeric anhydrodeoxyhexitols derived from
methyl CLlQ;glucopyranoside~(51) and Fraction I was that,
assuming no ;ﬁversion of configuration occurredtét'C-S of .

. the glycopyranoside ring of (51) during the hydrogenolysis

'_feaction, then Fraction I must have the D configuration at
;”fc:5 (44), and consequently Fraction II must have the L-
configurafion at this centie (45)., However, such an @ssump-
tion was not considered sufficlently Justifiable wilthout
- further confirmation, for two reasons: |
1. The hydrogenolysis reaction of von Rudloff and co-workers80
was carried out under extremely vigorous conditions, and in
general 1t has been found that these reactions are accompdnied
by considerable configurational change585’86;
2. Assuming the secondary hydroxyl groups of Fractions I
and II were unchanged in configﬁration as a result of the
oXo reactlon, then on the basis of the evidence described
above, of the two possible 1,5-anhydro-4-deoxy-hexitols,
~one of the two fractions must be 1,5-anhydrb-M-deoxY-B:arabino-
hexitol (44), and the other must be the corresponding Efzzl§-

isomer (45). Both the anhydrodeoxyhexitolsiisolatéd by Qérinae
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CH; CH,

H-G-OH Y. H-C~OH

(44) .FK}{#—H 0O (15) -H
e <
B | e
&HﬁOH | CHOH

were assumed to be of the 2-series as they were derived
from a D-glucopyranoside (51), and on the basis of certain
evidence, which will be discussed 1in more detall below, wee

assigned the D-arabino-(44) and D-lyxo-(60) configurations.

However, the properties of the isomer which was considered
to have the D-arabino-configuration (44) did not resemble
those of elther Fraction I or Fraction II.

(iv) Configurations of Fractions I and II

(a):Stereochemistry at C-5

The stereochemistry at C-5 of the 1,5-anhydro-i-
deoxy-hexitols I and II was established with certainty once
1t was known which of the enantiomeric triol ethers III and
v was 2-deoxy-3-9—(2-hydroXyeth&i)-Qfglycero-tetritol (48),
and which was the Efisbmer (49). Attempts were made ﬁo
obtain one of the optically-pure enantiomers by an unequi?ocal

route; this was realised by the preparation of the L-1somer
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(Hg) from a structuke of known stereochemistry, 1,4-anhydro-
5- deoxy:D;arabino-hexitol (59), obtained from the known com-
pound 3, 6-anhydro-2 deoxy-D 1yxo-hexose (58) on reduction
with sodium bonohydride. . The anhydrodeoxy-sugar (58) was
obtained by the procedure of Foster and co-workers87 from
methyl é;deoxy—cx-gfgalactopyranoside“(55), which in turn

was prepared from D-galactal (19).

v
y
1

(57)

D-galactal (19) was obtained from 3,4, 6-tr1-0 acetyl-
-galactal (40) on deacetylation with methanolic sodium metho-

xide88' transesterification of (40)(and other acetylated

H

g1y031889’66) undef these conditions 18 unuswally slow, taking

12 days for completion. D-galactal crystallised readlly from
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the»resldue remaining after neutralisation and evaporation

of solvent, upon extraction with ethyl acetate.

Preparations of methyl 2-deoxy- D-galactopyranoside

90

(55) have been reported by Tamm and Reichstein and by

Overend and co-workershz, in each case D galactal (14)

was“first converted to 2-deoxy-D-galactose by th addition
of water across the double bond in dllute sulphuric aeid
‘solutlon, and the sugar was then methylated in the presence
of hydrogen chlorlide, the more stable oc-glycoside (55)
being isolated in crystalline form. The latter workers

also observed the direct formation of (55) when D galactal
was treated with 3. 3% methanolic hydrogen chloride,‘and
Foster, Overend and Stacey91 obtalined the oc-methyl-glyoo-
side on a qualiﬁﬁtive scale when a solution of Qfgalaofal

in 0.4% methanolilc hydrogen chloride was alloweg to reach
rotational equilibrium over 43 minutes. The one step con-
version of D-galactal to methyl 2-deoxy-oc-D-galactopyranoside
was used on_a preparative scale in this wor;. The change

in optical rotation of a solution of D-galactal (19) in
methanol conq%ining 0.3% hydrogen chloride was followed,

and found to be constant after about 50 minutes. A syrup
was 1solated from this reaction which crystalﬂ@eed readily
on adding a small volume of acetone; the product was ldenti-
fied as (55) from its melting point of 112-114°, (Overend

and co-workerssl42 found 112—1130).
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The preparation of 3,6-anhydro-2- deoxy-D 1lyxo-hexose
(58) from (55) was carried out by the method of Foster and
eo-wquer587; these workers applied the known procedure

92

of Hawerth'and co-workers for the preparation of 3,6-anhydro-
sugars, 1lnvolving alkaline treatment of the 6-9723tolysulphonyl
derivatives of the methyl glycoéides; with formation of the
cerresponding methy; 3,6;anhydro-glycosides. Thus reaction
of”(55)‘with 1 melar equivalent of p-toluenesulphonyl chloride
under conditions favourable for unimolar sulphonylatioh93 gave
the syrupyA6:O;p;tolylsulphonyl derivative (56), which on
treatment with base was converted to methyl 3,6-anhydro-2-
deoxy cx-D-galactopyranoside (57), m.p. 76-77°, BX]25 +94°
(Foster and co-workersS? glve m.p. 80°, DXJ%5 +98°). As
proof of the confilguration of the triol ether'(49) ultimately
obtained from 1 Maanhydro-5-deoxy-D-arabino—hexitol (59)
essentially depends upon a knowledge of the configuration

at €-3 the anhydro-deoxy galactoside (57), it 1is necessary
tq<consider_the evidence for the structure of this compound:
(a)A (57) was characterised as the crystalline 4-O-p-
telysqlphonyl derivative87.

(b) When the syrupy 6;9;£}tolylsulphony1 derivative (56),
from which (57) was prepared, was heated with sodium iodide

in acetone solution, an equivalent amount of sodium p-
tq}uenesulphonate was obtalned, evidence that the tosyloxy
group of (56) is at the primary (C-6) poaitiongu.

(¢) The mechanism of formation of anhydro-sugars in basic
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mgdiumuishwe1lﬁestablished, and has,beeh revieWed by Peat95.
3,§:Aphydroisug§rs are of the hydrofuranol type, in which
ﬁbewanpydrofring 18 5-membered; both this typé and the
well known ethylene oxide (3§membefed) anhydrides are often
prepared by treatment of a tosyl derivative with base. The
reaction involves an intramolecular exchange of anions at
a carbonium lon, whereby a tosyloxy group is replaced by
anionio oxygen, and is most clearly illustrated with refer-

ence to the ethyiene oxlde type of anhydfide; Thus anhydride

formation involves inversion of configuration at the carbon
\étdﬁ bearing the potentlal leaving gréup (which may’aléo
'bérﬁalogen or other mineral acld ester group) , buttnp inver-.
sion of configuration occurs at the§hydroxylic carbon. It_
follows that the displacing ion must have a trans arrange-
ment wlth respect to the leaving group before an anhydride
ring can form. The same pfinciple holds 1n the fofhation

of 3,6—anhydrides as a result of replacement of a tbsyloxy
group at C-6 by nucleéophilic oxygen at C-3. As C-6 is not

asymmetric no lnversion of conflguration is apparent; however,
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thewformation st1ll requires a trans disposition of the
entering and leaving groups. For steric reasons the free
hydroxyl group at C;3 must be on the‘same side of the sugar
ring as the Side chain, C-6f_ Clearly, therefore, formation

of 3,6-anhydro-sugars unaervthese conditions results in no

Me . :

(56) | (57)

configurational inversion at C-3, and (59), obtained from
(58) on sodium bordhydride reduction, must have the Li-

configuration at C-4.

3,6~ Anhydro 2- deoxy D lyxo-hexose (58). was obtained,
on treatment of the anhydrodeoxygalactoside (57) with dilute
acid at room temperature, as a syrup, baD-F25° (reported
’BXJD-+2HO87). Foster and co-workers note that the anhydro-
sugar (58) exists in the aldehydo-form, readily restoring
the colour to Schiff reagent, and a carbonyl band at about

-1 was observed 1n the infrared specfrum_of the

1715 cm
product. In this respect (58) differs from the corresponding
derivatives of D-glueose and D-mannose, which exist in tqp

furanose form, an arrangement of two cis-fused 5-membered
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rings being in a less-strained state than a 3,6-anhydride
bridge across a pyranose ring. Such an arrapgement is not
possible in 3,6;anhydroﬁg-galactose and its 2-deoxy-derivative
(58), because of the orientation of the hydroxyl group at
-, |

o Reduction of (58) with sodium borohydride gave 1,4-
anhydro 5. deoxy-D-arabino—hexitol (59), as evidenced by the
disappearanceiof carbonyl absorption in the infrared. The
anhydrodeoxyhexitol (59), which does ‘not appear to have been
peported previously, had [Cé]D -+21 » and was a syrup._ It'
was characterised as the Egig-gfnitroben20y1~derivative,.
m.p. 159-160°, [012% _96°. (50) was oxidised with excess
0.1M periodic acid, under cohditions similar to those employed “
for the cleavage of Fractions I and II. By comparison: With
these previous reactions,iéhe oxidation of (59) was slow,’
as would be anticipated for a trans O¢ - glycol group-on-a :
| 5-membered ringTu._ Sodium borohydride reduction of the re- 1‘
sulting dialdehyde then gave 2- deoxy 3-0- (2-hydroxyethyl)—
nglycero tetritol (49); this had BkﬂD +17 ,.and formed a
'Ezigfg-nitrobenzoate, m.p. 101-102°,. BXJDj+27 , whose.

melting point was. undepressed on admixture with the p-

nitrobenzoate of the triolether IV obtained from Fraction II.

Thus, Fraction II must-have the L configuration at

C 5, and Fraction I, which on cleavage and reduction afforded
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the enant@omeric triol ether III, must have the D configuration

82

~at C-5. These results confilrmed Gorin's assumption that

no inversion occurred at. C-5 of methyl .Oc-P—glucopyranoside
(51) durlng the course of the hydrogenolysis of this compoundBo,
aﬁd.therefore-both polyols isolated from this reaction w@?é

of the 2—ser1es.

(b)_ Configurations. of Séébﬁdary Hydroxyls of Fractions I and II

An element of diségreement with Gorin's results still
prevented a combletely unequivdcal assignment of the D-
arabino-(44) and Eﬁfllg‘(45) configurations to the two an-
hydrodeoxyhexitoi;, Fractions I and II respéctively, Gorin82
1fouhd that his two polyols, which for the sake of convenience
will be dgsignated as X and ¥, consumed lead_tetraaceQate
at distinetly different rates, X belng oxidised four ﬁimes
faster thaﬁ Y in the initial stages. As both polﬁols were
otherwlse structurally.similar, this was taken as evidence96
- that X céntainéd a cis, and Y a trans O<C-glycol group.

- Assuming that the configuration at C-5 was D in both cases

(an assumption Justifled by our‘results)g a total of four

o possible 1somers, two cis and two trans, was then considered,

CH OH -

Qfarabino
(44)
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For polyols X and ¥, Gorin found specific rotations of'-BOo
and_+19° respectively. These values were compared with
those calculated by application of the principle of optical
superposition, first postulated by van't Hoff and later
applied to carbohydrates by Hudson?7 in the form of his
Isorotation Rules. - For each of the four possible 1someric
anhydrodeoxyhexitols (44), (60), (61) and (62), a value for
the molecular rotation was derived by reference to a pair

of stfuqtures~of known molecular rotations, whose individual
asymmetric centres “"cancelled out" except for those which
Were,also present in the anhydrodeoxyhexitol. This is best
illustrated by two exawmples, selected from the six tabuléted

by Gorin, which pertain to the D-lyxo-~(60) and D-arabino-(44)

i1somers.
| ﬂ; (o) AT (-a) HLOA.
(-0} HO-G-H | (-p) HO-G-+ (-b) HO~(+
(-c) 'HQ— H (-c) Hg_i..HO (-c) HO_C_H
(-d) HO-G—H ]  (+d)
) o o) e
(-e) H{é’ (-e) Hv_lcl;} (_’e)"
CFgDH o
(60) | (63)

Let the three individual centres of asymmétry in

1,5-anhydro-4-deoxy-D-lyxo-hexitol (60)5 at carbons 2, 3 and
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5, be aséigned individual contributions to the total mole-
cular rotation of -b, -c and -e. The corresponding contri-
butlons of the five asymmetric centres of methyl o-D-
tallopyranoside (63), whose molecular rotation, [M]T, is
+M,07OO, are +a, -b, -¢c, -d and -e, and in methyl @-D-
mannopyranoside (64), (ﬁﬁ]M = -13,390°), are -a, ;b, -C,

+d and -e. Therefore [M:lT +[M)y = 2(-b-c-e), so that [Mjﬂ,
the calcﬁlated molecular rotation of the D-lyxo- iéomer, 1s

| DW]T+-EM]M/2 = -4,660°, whence the calculated specific rota-
tion, [MJM, 1s -31 .

In a simllar manner the molecular rotation [M], of
the D-arabino-isomer (44) was obtained by halving the sum
of the molecular rotations of methyl o -D-altropyranoside
(65) ( [M]A = 24;4200) and of methyl @ -D-idopyranoside
(66) ( [MJI = -18,4300). This gave a value of +20° for
the specific rotation of the anrabino-iéomer (44).

‘H_ OCH, - HEO, H
| T~ G2 g R
(-b) HO?— (-b)  HO-(H (-b)
(+c) H'—i—OH O (+c) H—C%—_OH (+c)
p—& (+d) H—leOH (-d) HO—CJ
Hfi (-e) H""/// (-e)
 CHOH - &HZQH_ HOH

(44) G (66)
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Calculated values for the D-ribo-(61) and D-xylo-(62)
isomers, from the known molecular rotations of various other
methyl hexopyranosides and 1l,5-anhydrohexitols, were as

tabulated below,

Calculated [odp of isomeric 1,5-anhydro-

Observed [bﬂD : 4-deoxy-D-hexitols
X Y | D-ribo(61) _12-_1_1_}_{__0_(%3) D-xylo(62) |D-arabino (44)
-250° 19° | u® | 3:1° | 1060 | B
. o 670 20

Comparisons of the observed rotations of polyols X and Y
'with those calculaﬁed for the four possible stereolsomers
then led to the conclusion that polyol'X was probably 1,5-
anhydro-ﬁ-deoxy~27£z§9fhexitol (60), and that Y was probably
the D-arabino-isomer (44). This conclusion therefore dis-
égreeé with the assignment of the D-arabino- cénfiguration
to Fraction I, which had a specific rotation of -130.
Furthermore, Gorin's polyol Y was characterised as the
tris-p-nitrobenzoate, m.p. 115-119°, Bi]D 59°, whereas
Fraction I gave a p-nitrobenzoyl derivative with m.p. 2150
and [0y 500,

It_was then necessary to consider the possibility
that configurétional inversiorihad occurred during the course
of the oxo reaction of 3,4-di-O-acetyl-D-xylal. Certain
‘circumstancial evidence can be mentioned which indicated
that the D-threo-conflguration of the six-membered ring was

retained during this reaction. Thus when 3,M-di-9;acety1-
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D-xylal was reacted with only 2 moles of synthesls gas, a

quantity of unchanged glycal was isolated. The Egggg-arraqgement
of the o -glycol system in Fractlons I and II'was indicated
by_the fact ﬁhat nelther compound formed a denivative with
acetone, as 1t 1s known that a cis configuration is a pre-

requisite of 1sopropylidene acetal formation,

Some exploratory experiments were carried out with
a view to s&nthesising‘the D-arabino-(44) and E}zzlg—(MB)
isomers of 1,5-anhydro-4-deoxy-hexitol by an alternative
route from 3,4-d1-0-acetyl-D-xylal, whereby the possibility
of ring inversions was absent. The recently reported pre-

98 of a 2,6-anhydro-heptitol

paration by Coxon and Fletcher
by reduction, followed by deamination of 2,3,4,6-tetra-O-
acetyl- e»-D-glucopyranosyl cyanide suggested the possibility
of employilng a similar Sequence of reactions subsequent to
the introduction of a cyaneo- group at C-1 of the glycal.

It is claimed99 that hydrogen cyanide reacts with 2-alkoxy
derivatives of 2,3-dihydro-4H-pyran (1), in the presence

of a basic catalyst, with formation of 6-cyano-2-alkoxy -
tetrahydropyrans. However no reaction was observed over
several hours when 3,4-di-gfacetyl-27xylal (22) was dissolved
in anhydrous hydrogen cyanideloO in the presence of sodium
anuide; apparently the double bond of glycals is insuffi-

, eientiybactivated for this addition to take placelOl. It

was noted that 2-cyano-tetrahydropyran has been prepared
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by the addition of hydrogen chloride to the double bond of

2,3~ dihydro-hH -pyran (1), followed by replacement of chloride
by cygnide on refluxing with silver cyanide in etherloe}
11th1um aluminum hydride reduction of the cyano-.derivative
gave 2—am1nomethy1 tetrahydropyran. A similar preparation
of the cyano- derivative from 2-bromo-tetrahydropyran has

been effected by the action of silver or mercuriczcyanidelo3.

When 3,4-d1-0-acetyl-D-xylal (22) in cold benzene
so;gtién_was saturated with dry hydrogen chloride a syrupy
product was obtained on removal of solvent which exhibitéd
no absorption at 1640 cm'l, this indicating that quantitative
aqqitipn.of‘H01 had occurred across the double bond of the
glycal. Reaction‘bf the product with mércuric‘cyanide in
p?trpme?hane98 gave a dark coloured product whichléould
not be purified by chromatography. Although no absorption
wasnprgsent‘in the 2000;2300 cm—1 reglion of the infrared
§peqt?umloa, analysis showed the presence of 2.7% nitrogen
in thg chromatographed product. Refluxing the HCi- addition
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pro@gct‘with silver cyanidé in ether apparently resulted

in no reaction other than partial regeneration of (22).

Though these experiments were unsuccessful, they de—
monstrated the fact that hydrogen chloride adds readily
across the double bond of 3,441 -0~ acetyl D-xylal (22), with
formation of 3,4 di-O—acetyl 2 deoxy-Duxylopyranosyl chloride
(67). Davolll 05 has reported the similar addition of HC1



(22) NN k% > 46

(67)
(and HBr) to 73%3’,ll-di-@_-acetyl—__]?_:;arabinal (32); the product
was notvstable; and was not characterised. It was observed
that the addition product of hydrogen chloride to (22) also
tended to decompose on standing at room temperature (in
chloroform solution), and absorption at 1640 cm~+ reappeared
in the infrared spectrum. In this respect the glyecals
resemble 2,3;dihydro-MH-pyran (1) which quantitatively adds
hydrogen chloride and hydrogen bromlide, but the readily
dghydrohalogenatéd,products have not been 1solated, aﬁd are

106,107 -
normally reacted in situ . An alternative approach

to the problem in hand was based on this observed addition:
a methyl, rather than a hydroxymethyl group, was introduced
at G%i of the six-membered ring of 3,4—di-9;acetyli2-xylal
(22),»andvthe products thereby obtained weré identified
w}th those resulting from reduction of the terminal hydroxy-
mgthyligfoups of the two 1,5-anhydr9—h—deoxj—hexitols,
Fractions I and II.

‘The action of aliphatic or aromatic Grignard reagents

on specific functional groups of carbohydrates has been
108

developed by Bonner and co-workers” as a versatile tool
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fo;mtheﬂintroduction of alkyl or aryl groups into various
PQsitiQUS,ththe mblecule. In general, two typésxof reaction
are observedﬁ
1. qumal‘Grignard addition involving carbonyl functions,
sgch as lactones, esters and aldehydes,
2. Metathetleal reactions.

of the second type, reactlions of particular interest
are those of Grignard reagents with polyacetyl-glycosyl
halides. Structurally these compounds are hemlacetal halides
and therefore resemble o< -chloro-ethers, which have long
been known to react with Grignard reagents in the following

109

manner .

c1 “R!
R-CH 4+ R'MgX —> R_q§ + MgXCi oyt
R oR

Although the reactions of polyacetyl-glucosyl halides with
| Gfignard feagents has been a subject of interest since

110,111,112

“, 1t was not until 1945 that Hurd and Bonneri'3

1906
demopgtpated metathesis involving the hemiacetal halide,
éccopding to equation EZ, The observations of previous workers
Qf‘additioniproduct'formationlll, or reaction only of the
acetyl groups with Grignard reagen‘cllo was accounted for by
the fact that an insufficient amount of the reagent was used,

or that the reaction had been attempted at too low a temperature.
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quner};é‘ghowed that preferential addition of Grignard re-
gggpt occurs at the ester groups before the metathetical
reaction takes placé to any apprecilable extent; as each

ester function takes up 2 moles of Grignard reagent (equation
ﬂg), complete reaction of a'tetra-g-acetyl—glycosyl halide

(equation ﬂg) therefore requires the presence of nine moles

| 0
FWWQX |
g g L9 o
| g H-rﬁpkH
dy R - -¢4M§<

R
FM}%OH

of the reagent. Thus when 2,3,4,6-tetra~9;acetyl—cx-2;
glucopyranosyl chloride (68) was refluxed in ether with
12 moles of phenyl magnesium bromide, crystalline (2,3,4,6-
tetra-gfacetyl-65-E—glucopyranosyl)—benzeﬁe (69), accom-

R

panied by the syrupy ©x-anomer, was isolated after reacetyla-

tionll3.
CHOAc - CH OAc
1. AON.__. ==
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Betention of configuration during the formation and subse-
quent decomposition of the Grignard adduct to the ester
functiop (equation £§) formed the basis of Bonner's investi-
gation of thils reaction, which was undertaken to determine
whgther the formation of the same type of product by the
aluminium chloride catalysed glycosylation of aromatic

qompound3115

was accompanied by intramolecular isomerisa-

tions or inversions. That configuration is retained on de-
acetylation by Griémard reagents 1s also a fundamental re-
quirement of our experiment. This point is proved experi-
mentally by the fact that D glucose is obtained when 1,2,3,4,6-
penta-O-acetyl- (S-D-glucose is reacted with Grignard re-

112
agents .

The metathetieal reaction of Grignard reagents with
the acetylated halldes of D-glucose, D—Xylose and lactose
was. found by Hurd and Bonnerl13 to be an excellent general
proee@ure for the preparation of aldopyranosyl derivatives
of‘arqmatic (benzene, toluene, naphthalene) and aliphatic
_ (butane, isopropane) hydrocarbons. By the same procedure,

1?Q§pimgra»and co-workers have prepared the aﬁa;ogous phenyl,
| benzyl, methyl, ethyl, propyl énd butyl deriv5£ives of 2-
aminoiz;deoxy-g-glucosell6. The reaction, described below,
;Qf.ﬁ Grignard reagent with a 2-deoxy-glycosyl hallde, derived
from a glycél, is a hitherto unexplored aspect of this general

synthesis,
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Hydfogen chloride was added across the double bond
of 3,4-di40—acety1-D-xylal (22) (equation 46), and an ethereal
solution of the syrupy product (67) was added to a previously
prepared solution of methyl magnesium bromideFCOntaining a
two-fold exoess of the Grignard reagent (approximately 10
moles). Reaction and decomposition of the reaction mixture
was carried out according to the procedure described by
BonnerlOB, except that the product was isoléted at this stage.
in the deacetyléted form, as it was hoped to effect a
separation by oaper chromatography. _HOWevef, chromatograms
of tﬁe syrup which was isolated, on developing with a varety
vof different sovent systems, revealed only one compact zone
on spraying with sodium periodate - Schiffvreagent73.
Separation of'this component froﬁ any 1mpurities not revealed
by the spray reagenﬁ was effected by preparative paper |
chrométography, and the purifiedfmateriallwés then_supjected
to n.m.r. analysis. The‘spectrum'obtained in deutef;um
oxide solutlon clearly showed that the apparently homogeneous
product was a mixture of two compounds, both containiog a
C-CH3 grouping, (and therefore indicated that the attempted

R

reaction (equation 50) had succeeded).

OH
5CHaMgB
OAC H,CI ) 3 il > '5"9—
AcO - Ctg O
(67) HO




Th;s was apparent from the presence of a pair of overlapping
doublets (J=6 c¢/s) at high field, 8 = 1,14 and 1.17 ppm.
In addition po this absorption in the C-methyl region of

the spectrgm,‘a multiplet around 8'= 1.8 ppm was assignable
to Q:¢H2—q,'and a complex multiplet between 3.0 and 4.2 ppm
to the remalning hydrogens of the rings; the eﬁtire spectrum
was thgs“indicative of a mixture of the two anomeric forms
Qf'(a;deoxy;gfxyﬂopyranosyl)—methane. Retaining the previous
npmenclaturej-these were l,5-anhydro_4,6—dideoxy12-arabino—
hgzitpi”(7o), and 1,5-anhydro-4,6-dideoxy-L-xylo-hexitol (71).
?nevrelatiye intensities of the two methyl doublets showed
Fhat the two components were present in a ratio of about

3:20 ’

~_ Resolutionm of.this.mixture presented a problem which
was solved by gasé;iquid partition chromatography (GLPC) of
tbehacgty;ated anhydvpdideoxyhexitols. Acetylation of a
portion of the mixture with acetic anhydrideapyridine gave
a syrupy product which on thin layer chromatograpﬁy showed_
the presence of two barely-resolved components;vthis was
further verification_thatvthe initial product isolated from
the Grignard reaction was a mixture despite its apparént
homogeniety on paper chrométography. After preliminary ex;
periments to establish sultable conditions, 1t was possible
to resolve the mixture of anhydrodideoxyhexitol acetates

into two distinct zones by GLPC, using a column (10' x 1/'4")
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of 20% Silcone GE-SF-96 on firebrick at 180°, if the amount
Qf_mixture applied to the column in solution was sufficlently
smail.‘ Resolution was less satisfactory when a preparative

- separation was attempted (approximately 5 mg per injection),
aad it was necessary to collect fractions enriched in each
component and rechromatograph these 1in order to obtain each
component 1n a pure state, uncontaminated by the other
isomer. Each pure component gave an elemental analysis in
agreement with an empirical formula of CioHl6O5‘ The faster-
moving the ‘two components (relative retention time- 1.00),
[E*] -21 s was more dextrorotatory than the slower component
(relative retention time 1.10), which had a specific rotation
of -82 Groups of signals present in the n.m.r. spectrum
of_eaeh‘fractien, measured in carbon tetrachloride solutilon,
were readily assigned from their resonance positions and )
relative intensities (in parentheses) to C-CHs (3), C-CHp-C
(2), acetyl (6) and ring hydrogens with an C{-oxygen (5),

and confirmed the identities of the two components as iso-
meric 2, 3 di O-acetyl 1, 5-anhydrou4 6.-didecxy-hexitols.

On the basis that no lnversion of configuration was possible
as a result of the reaction of (67) With the Grignard re-
agent, one of the separated isomers had the D-arabino- (72),

and the other the L-xylo- (73) configuration,
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Ac,0/pyridine
(70) + (T2) - _2

 OAc
(72) (73)

 These same two anhydrodideoxyhexitol diacetates were
then éynthesised by an alternative route from the mixture
of two isomeric 2,3-di-O-acetyl-1,5-anhydro-4-deoxy-hexitols
(74) and (75), which formed the major part of the reaction
product from,the hydroxymethylation of 3,4-d1-9-acetyl-2—
xylal (22), and from which Fractions I and II were obtained
on deacetylation. This synthesis 1nvoived only the freé
primary hydroxyl groups at C-6, which were reduced to, methyl

groups by a series of reactions which have been applied

previously to the preparation of 6-deoxy-sugars, such as
117

| 1 |
.6-deoxy12-gluqose and 6-depxy-2-galactose 18, from the

parent;éldoses;




B ML o (7o) + (1))

OH
1. Ac20
2. QLPC
\%
(72) + (73)

A portion of the Syrupy mixture resulting'from the
oxo reaction of 3,M-di-gfacetyl-gfxylal (22) was treated
with an excess of E—toleunesulphonjl-chloride in pyridine
under standard conditions, and on working up the reaction
mixture a product was obtained which, from an examination
of the 1ntensities'of the characteristic resonancés in the
n.m.r. spectrum associated with the p-tolylsulphonyl group,
relative to those due to absorption by the acetyl groups,
“contained approximately 75% of the isomeric 6-0-p-
tolysulphonyl derivatives (76) and (77). The crude product,
in acetone solution, was then heéted in a séaled tube in
the presence of sodium lodide, wherebﬁ’the tosyloxy groups
- Were replaced by lodide to give the corresponding migture
of 6Qdeoxy-é:iodo-derivatives (78) and (79), and sodium
E}toluenesulphonate was_preciﬁitated. On cooling and fil-

‘ “ ol

patoluenesuiphonaté*&lsolated

tration, the amount. of sodium

agreed closely with the oriéinal estimation, from n.m.r.
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data, of the content of isomeric 6-Qf£;tolylsu1phohyl
dgrivat;yggl(Té):and (77) in the crude mixture. Isolation
of the reaction products (78) and (79) from residual sodium
;éQ}dgﬂwasuqqhigved by evaporation of the filltrate to dry-
qgsswaqq“extraction with ether. when the resulting product,
1nms1;gpt;y basic,methanol solution, waé hydrogenated at
a@mggppefic_pressure and temperature in the presence of
Raney nickel, according‘to the procedure of Freudenberg
apqnﬁasgh}g;;g,thdrogen was rapldly absorbed and the mix-
puremwasusimultanepusly'deaqetylated. From this reactilon |
a gy?qphwgsmisqlated which showed only one zone by paper
chromatography, identical in RF value to that of the product
obtained from the reaction of 3,4-d1-0-acetyl-2-deoxy-D-
xylopyrgpqsylvcplqride (67) with methyl magnesium broﬁide,
,andﬁwhiqh,waftervpurification by paper chromatdgraphﬁ, had
a n.m.r, spectrum which was essentially identical to that
‘pygvioﬁgly‘qbtained. That this was a mixture of the same
two _Q:H-‘arabino-t (70) and E}izlg- (71) forms of 1,5-anhydrd-
§?§;g;qso§yhe31§ol_was d;ﬁonstrated by acetylation of the
pgr;ﬁied product and fractipnation by GLPC into two compon-
?ﬂ??au_ﬁ%iD Té3? and ijb ;810, which had n.m.r. spectra

identical with those of the two isomeric 2,3-di-O-acetyl-1,5-
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~ Thus, the fact that the same two compounds were ob-
tained by elther route (equations 50 and 52) conclusively
.established that the secondary hydroxyl groups of Fractions

I and II had retained the D-threo- configuration present

in 3,4-d1-O-acetyl-D-xylal. It was then possible to state
with certalnty that Fraction I was 1,5-anhydro-4-deoxy-2-
arabino-hexitol (44), and that Fraction II was 1,5-anhydro-4-

deoxy-L-xylo-hexitol (45).

Though not an essential part of this proof, 1t was
of»interést to identify individually the two isomeric di-
acetates (72) and (73) which were separated by GLPC. . Iﬁ
is known that primary hydroiyl groups react with p-toluene-
sulphonyl chloride at a much faster rate thén do secondary
hydroxyl.groupsllg; it 18 therefore possible to preferentlally
sulphonylate a reactlve primary position even when other
vacant hydroxyls are present. The procedure of unimolar
sulphonylation, employing an amount of the sulphonyl chlorilde
in slight excess of that required for esterification of the

120

one reactive site, was first introduced by Ohle and Dickhduser”

and 1ater'impfoved by Levene and Raymond93. Geherally the
reaction rate is lowered by cooling, thereby further reducing

the possibility of acylatlon of the sécondary hydroxyls.

1,5-Anhydro-4-deoxy-L-xylo-hexitol (45), (Fraction II
 from the chromatographic separation of.the deacetylated

.

>
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hydroxymethylation product from 3,4-diégfécetyl-27xy1al) waé
subjected to unimolar tosylation (1.1 molar equivalents of
p-toluenesulphonyl chloride), with céolingvin ice; after 18
hours acetic.anhydride was then added in order to acetylate
the secdndary hydroxyl groups and facilitate isolation of

' the_prdduct. The resulting syrup, which showed absorption

in the infrared spectrum characteristic of both acetyl. and
p-tolylsulphonyl groups QS==O stretching and aromatic C=C
stretching vibrations),.ﬂut not of ﬁydroxyl, was nbt further
purified. ib contained approximately 80% of 2,3-d1-0-acetyl-
1,5-anhydro-4-deoxy-6-0-(p-tolylsulphonyl) -L-xylo-hexitol (77),
as Judged by the amount of sodium tholuenesuithnaEé ‘which
was formed when the crude derivative was subsequently heated
-1in a seéﬁéd tube with sodium iodide in acetone, during the
conversioﬁ of (77) to the 6-deoxy-6-iodo-derivative (79).
Reductive dehalogenation of (79) in the presence éf Raney
nickellel, and simultaneous deacetylation, then gave 1,5-
anhydro-4,6-dideoxy-L-xylo~hexitol (73). Following reacety-
lation, this was readily identified by GLPc‘withlthe faster-
ﬁbving of the ﬁwo components present in the ﬁixture of anhydro-
'dideoxyhexitol diacetates obtained By‘the_two alterna@ive,
routes described préﬁiously. Thus the more dextrérotatbry

of the two ( [OﬂDJ-Qlo) was 2,3—di-g-acetyl;i,S-anhydro-M,6-
dideoxy-L-xylo-hexitol (73), and the isomer having ﬂgiﬂD _820

was the corresponding D-arabino- isomer (72).
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(v) Identities of Polyols X and Y52

From the results discussed in the previous pages, 1t .
was clear that Gorin's assignmen’c82 of the Q-arabino; con-
figuration to the dextrorotatory 1,5-anhydro-4-deoxyhexitol,
(referred to previously as Poiyol Y), isolated ffom the
products of hydrogenoIYsis of methyl cxygfglpGOpy:anoside

0 A
(51)8 s was lincorrect. From a consideratlon of the‘available

evidence, 1t was possible to deduce the identify 6f this
compound. It was known to be of the D-series, ahd Gorin's
study of the relative rates of lead tetraaceﬁate consumption
indicated a trans arrangement of the x ~glycol group of Y.

Coﬁsequently, 1t was considered that poiyol Y was, 1in fact,

the alternative trans-isomer, 1,5-anhydro-4-deoxy-g-xylo— T
nexitol (62), and therefore the enantiomer of Fraction II,
the L-xylo-isomer (45)..

o

Through the kind cooperation of Dr. Gorin in supplying

a sampleiof the tris-p-nitrobenzoyl derivative of his polyol,

it was possible to prove this point. Debenzoylation of the
derivative with refluxing methanolic sodigm methoxide géve
the syrapy polyol, which was found tokmwgga specific rotation
of +40°, equal and opposite to that of the L-isomer (45),
and which had a n.m.r, spectrum in deuterium oxide solution
identical with thaﬁ“of (45). The syrupy compound formed a:
crystalline tri-0-acetyl derivative, m.p. 80-82°, Eij +40°,
whose 1nfréred spectrum was ldentical withsthat‘of 2,3,6-tri-
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0-acetyl-1,5-anhydro-4 deoxy-L-xylo-hexitol, m.p. 80-81°,
[, -u1°,

Comparison of a sample of the cerystalline, 1evorota-
tory anhydrodeoxyhexitol (Polyol X), also isolated82 from
the hydrogenolysis reaction of (51), with l,SQenhydro-h—
deoxy-D 1lyxo-hexitol (60), one of the products obtained
from the oxo reaction of 3,4-di O-acetyl-D-arabinal (32) 2
confirmed Gorin's assignment of the structure of this com-
pound. It is noteworthy that the tnxaspecific rotation of
each polyol (X and ¥Y) was some 20-30° lower than the values
calculated from an application of the rules of optical

superposition (page 62).

(vi) Proton Magnetic Resonance and Stereochemistry of

Fractions I and II

It was previously noted (page 44) that the resonance
positions and Intensities of the high fileld signals attri-
buted to the C-4 hydrogens of (44) and (45), provided evi-
dence for'their straight»ohain anhydrodeoxyheiitol structure,
”rather than the branched chain structures (46) and (47). 1In
the case of one of the isomers, 1l,5-anhydro-4- deoxy-L-xylo-
hexitol (45), additional stereochemical information could
-be gained from an inspection of the multiplicities of the
signals in this reglion, as well as from the resonance posi-

tions of the individual C-4 protons, which was, in complete
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agreement with the structure assigned on the basis of the

chemical evidence described in the’preceeding pages.

Present knowledge of the relation between configura-
tions and conformations of carbohydrates and thelr nuclear
magnetic resonance stems from the ploneering work of Lemieux,
Knllnig, Bernstein and SchneiderlaB. Two factors of impor-
tance are.the angular dependence of spin-spin coupling con-
stants,. and the dependence of chemical shifts on molecular
geometry3 During their investigations of various acetylated
pyranose sdgars,;Lemieux and co-workers ooserved that the

splittingiof‘tﬁe anomeric prokon H., which 1s readily dis-

1
cernable being at lowest fleld, was dependenﬁ on the re-

lative orienﬁépion of Hy, with which it was coupled. When

H1 and H2.Wefe Ezang-diaxial,'the Spin spin conbling constant
JHl’q2 was two* to three times larger than when the neighbouring.
"'hydrogens were in other orientations (axial- equatorial or
equatorial equatorial) Thus a large coupling constant was
associatedAwith a dihedralsangle (%ﬁ) of 1800; and a smaller
‘coupling constant with a dihedral angle of 60 This ex-
perimentally observed angular dependence of coupling constants

was later generalised by Karpluslgu 36

In the course of the same investigation‘on acetylated
' 12
pyranose sugars, Lemieux and co-workersl 3 observed a 4dif-
ference in resonance positions for chemically identical hydro-

: gens which was related to their orientations in spaoe. Thus
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7
in 1,2,3,4-tetra-0-acetyl- @ -D-xylose (80), the equatorial
- hydrogen at C-5 was at lower ;ield than the C-5 axial
hydrogen; similarly, equatorial anomeric hydrogens invariably
resonated at lower magnetic field than thelr axlal counter-

parts. The portion of the spectrum of (80) due to the methy-

lene hydrogens at the C-5 position was of particular in-

terest, as it was possible to derive parameters for the

chemical shifts and spin coupling constants for the individual

equatorial (A) and axial (B) hydrogens attached to the same
carbon atom, when treated as an ABX system125. Values ob-

tained were: J g = 12 ¢/8; Jpy = B c/s; J,x= 3.2 c/s.

More recently, Woo, Dion and Johnson 126 havevmade
use of the relationships established by Lemieux and co-workers
in deducing the complete configurations of methyl chalcoside
(81) and of chalcose (82), degradation products of the anti-

biotic chalcomycin; Thelr assignment of the configurations

123
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HO CHQO
. OcH, E

. ORF
(81) , | (82)

at 0}3 and 0;5 of (81), from the multiplicities of the

C;M proten signals, will be deScribed, as'the.stereochemisﬁry
of the C-3 - CQMV- C-5 fragment of this molecule closely
resembles the corresponding portion of 1,5-anhydro-4 deoxy—
E-xylo-hexitol (45), and therefore provides a model on which
AtQ base a discussion of the high field portion :of the spectrum
of the latter eompound. With‘reference to Figure 1A, which
shows the signais of the C-4 methylene group bf‘hethyl chal-
coslde measured in pyridine solution; the lower field group
around. 8 = 2.05 ppm was assigned to the equatorial hydrogen
.(Hue)’ and the broad group of signals at O = 1.00 to 1.58
_ ppm,ipartially obscured by the Cfmeehyl doublet, to the'
eeXial hydrogen (Hua)‘ Eaeh group of signals was considered
as an ABX systemlg5 resulting from coupling between Hue, Hua
and one of the neighbouring protons ‘on C-3 or C-5, the re-
sulting lines then being fufther split‘by a feurth hydrogen
(en’C;S or C;3). On the basis of the obeervations of Lemieux

and co-workers123 the spin-spin coupling between the two C-4



hydrogens would be expected to be large, of the order of

12 c/s; additional coupling of each proton with neighbouring
protons on 093 and'C-5 would also be large if a‘diaxial re-
lationship exlsted, otherwise it would be smali. The ob-
gerve@ splitting of Hhe into two quartets indeed showed the
anticipated large céupling (12.5 ¢/s) with the gemlnal H),
but gave no addiftlonal information on the relatlve orienta-
tion of H, and H5. However these could be deduced from the

3

width of the higher field H, signal, 34.5 c¢/s, this being

Ua
practically equal to the sum of three coupling constants

(Jﬂé,hé Iyg,3 and JMa,Me) with which the axial C-4 hydroggn

was coupled to the equatorial C-4 hydrogen and to the two- -

neighbouring hydrogens on C-3 and C-5. Thus, as Jha Le was
T : R

12.5 ¢/s, Jua,3 + an’5 must be 22 ¢/s; this 1arge.value

cqqlq only be rationalised if H and'H5 were both axial.

3
Values of 11 ¢/s for both Jha,Sa and Jua,3a satisfactorily

accounted for the observed spﬁﬂtting vattern of H, 3 the two

ba

equatorial-axial interactions of H were assigned J values

Le
of 2.1 and 5.0 ¢/8 to account for the observed multiplicity

of the lower field group.

The C;M portion of the n.m.r. spectrum of 1,5-anhydro-
Q;dgqu;g}zzlg;hexitolv(45), measured in deuterium oxide
solgtionukFigure 1 B) is seen to bear a close resemblance
to the corresponding portion of the spectrum of methyl chal-

coside (81); the main point of difference is that the chemical
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shift between axial and equatorial hydrogens at C-4 of (45)
is less than was the case with Hy, and Hy  of (81), con-
sequently there is no separation between the lower field

and highér field groups of signals. The splitting of the
equatorial hydrogen signal around 8 = 2.0 ppm clearly shows
the large spin-spin coupling to the geminal hydrogen (an,ue‘
approximately 12.5 c/s), and further small splittings by
coupling to the adjacent hydrogens on C-3 and C-5 to give

a total of 8 lines. The width of the signal of the axial
hydrogen on C-4 (about 35 c¢/s) leaves no doubt that H3 and

H

5 are both axial, as the sum of thelr coupling constants
with Hua is approximately 22 c¢/s, as was the case with methyl

chaleoside.

The corresponding portion of the spectrum of 1,5-.
anhydro-4-deoxy-D-arabino-hexitol (44) (Figure 1 C) was not
amenable tTo simizér analysis; a multiplet was observed be-
tween O ;31.38 and 2.15 ppm which could nét be separated

into axial and equatorial signals.

Deuterated Analogues of (44) and (45)

Several methods are known for simplifiying, or otherwise
modifying, proton magnetic resonance spectra in order to
facilitate their assignments, and a number of these experi-
mental technique§ have been discussed by Hallle7. As an

example of a simple ald to spectral refinement may be
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mentioned the measurement of the spectra of polyols in
deuterium oxide, whereby hydroxylic hydrogens are exchangeq
bymdeuterium. A more versatile, though less readlly avail-
able technique i1s the replacement of carbohydrate ring hydro-
gen-atoms by deuterium, Although deuterium has a nuclear
spin‘its coupling with adjacent ring hydrogens is so small
that their signals are mereiy broadened and show no resolv-
able coupling with the deuterium. Consequently, although
proton resonance spectra are on the one hand simplified

by the substitution¢of deuterium for hydrogen in the mole-

. cule, there is at the same time a loss of resolntion in ‘the-
8ignals of_remaining hydrogens whicn are édjacent=to the -
deuterium.atoms. This disadvantage oan be overcome by the
technique  of double resonance, or spin decouplingleT. Very
few'examtles of the use of deuterated analogues as an aid
_to'the assignment of carbohydrate spectra have as yet been

128 129,130

reported s and double resonance experiments have

bqeh-oonfined to the removal of spin coupling between inter-
‘acting proton335’131. The experiments discussed below, wnere-
| by specific deuteration was combined with hydrogen- deuterium
" decoupling, would therefore appear to be the first example

‘gf tpis potentially powerful technlque for the simplification

of n.m.r. spectra.

By the substitution of.deuterium'for hydrogen in the

previously described oxo reaction of 3,4-di=9-acety1424xylal
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1(22), 1t was possible to prepare the deuterated analogues
((83) and’ (84)) of the D-arabino- (44) and L-xylo- (45)
1somers of 1,5-anhydro-4-deoxy-hexitol, in which one of
the hydrogens at C-4 and both of the hydrogens attached.at
C-6 were replaced by deuterium, In order to reduce the
 amount of deuterium gas required the experiment was per-
ﬂformed'bn-a reduced scale, using about 2g of the glycal,
and the internal volume of the~ﬁ1gh pressure bomb was re-
“dGuced to approximatelylzo ml by the use of a small glass
"lIiner, contained in a hollow metal insert which fitted
closely inside the bomb. Otherwise, reaction conditions

were similar to those described previously. After removal

CDOH

>

(22) + 2D, +co ©°2(C0)g . -

OH
(83 (8w

of catalyst, and deacetylation with methanolic sodium meth-
oxlde, a syrupy. product was obtained whose infrared spectrum
’sho;ed absorption in the reglon of 2200-2300 em-1 (C-D
»strétching). Chromatography on paper revealed two maln com-
ponents with Ry vaiues corresponding_to those of the normal

anhydrodeoxyhexitols (44) and (45); these were separated on a
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prepareti&e scale as descrlbed previously. The two chromato-
- graphically pure@components which were obtained had specific
rotations of -11° (Rp = 0.46) and -U45° (Rp = 0.40). The
slower-moving, more levorotatory of the two formed a cry-
stalline acetate with melting point (80-82°) and specific
rotation (-420) very similar to those of the oorresponding
derlivative of (45). The two fractions were therefore 1,5~
_anhydro-&-deoxy-D-arabino-hexitol 4,6, 6-H (83) and 1,5-

(8&).

anhydro-u-deoxy-ggxylo-hexitol-M,6,6-H3

The n:m.r. spectra of the deuterated isomers, measured
in deuterium oxide solution at 60 Mc/s, showed in both cases.
anticipated separation‘of the fing hydrogen signals into a-
low field muléiplet of relative intensity 6, and a signal
at higher field correéponding to the one hydrogen attached™
at C;&, thereby providing additional confirmation that the
two components separated from the reaction were (83) and
(84). The chemical shifts of the C-4 hydrogens (Figure 2)
are of particular interest, in that they can be 1nterpreted
as providing information on the mode of addition of carbon
monoxide and hydrogen to the double bond of 3, 4 ~di-0-acetyl-

D-xylal It has already been shown, on the basis of the‘ 

- 123

eyidence obtained by Lemieux and co-workers ,» and also by

analogy W1th'the fully assigned spectrum of methyl chalcoSide126,
that the equatorial hydrogen at C-4 of 1,5-anhydro-4 deoxy L-

xylo-hexitol (45) resonates around § =2.0 ppm, whereas the
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chemlcal shift of the axial hydrogen is about 1.5 ppm. There-
fore it can be assumed that the single C-4 proton signal of
(84), the deuterated analogue of (45), at about & = 2.0 ppm
(Figure 2A) 1s due to an equatorial hydrogen, and consequently
the deuterium atom at C-4 is in an axial orientation (85).

This assumption is supported by the fact that the width of

(85)

the signal at _8 = 2.0 ppm is only aboﬁt 9 ¢/s; a single
axial hydrogen at C-l4 would be coupled with the two axial.
hydrogens at C-3 and C-5, and would therefore have a bandp

width of the order of 20 c/s

Most convineing evilidence for the equatorial orientation
of H4 was provided by the deuterium»decoupled spectrum of, 1H
(85), also measured in deuterium.oxide solution. Whereas
in the normal spectrum (Figure 2A), lines resulting ffom o
'fhe coupling of Hu with H3 énd Hslwere broadened by additional
coupling with the gem-deuterium atom, and an unresolved

'envelope' was observed, deuterium=hydrogen spin decoupling

effectively resolved the signal into.a sharply-defined quartet
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gure sy resu ng from the splitting o {by or
(Figure 2B) lting f th litt f Hy, (by H

3a
HSé) into a doublet, which was further split by the other
axial hydrogen. The two coupling constants of 2.3 and
5,1‘0/5 which fit this observed splitting pattern could
only be accounted for by the fact that Hu was in a gauche
relationship to the two axial hydrogens at C-3 and C-5.
Hence the deuterium attached at C-4 and the CDQOH group
attached at C-5 were cis, and the deuterated anhydrodeoxy-
hexitol (85) must have been formed by a cis addition to

the double bond of 3, M;di-O—aoetyle;xylal. This evidence
for cis addition in the oxo reaction of glycals therefore
supports ‘previous experimental evidence obtained with other

29,30

unsaturated compounds ’ and is compatible with currently b

acceptable theories of the mechanism of this reaction17 18

which were discussed in ‘the General Introduction.z

N _ On this evidence 1t was supposed that the isomeric
deuterated anhydrodeoxyhexitol (83) must also have the

deuterium atom at C-4 and the -CD,OH group at C-5 in cis

2
relationship (86); indeed, the chemical
- ‘ EEDﬁ
shift of the single proton at C-i, D

.8: 1.55 ppm, could well be HC>
assigned to an axial hydrogen as in e

” ..._)

(87). However the high field portion (85)

of the'spectrum of the normal D-arabino- '

isomer- (44), (Figure 1C), did not permit the assignment of

chemical shifts to the individual hydrogens at C-H; furthermore,
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the width of the C-4 signal (Figure 2C) is much less than

~would be anticipated for an axial hydrogen coupled with an

HO O
H
HO D
H D2®H
(87)

axlal hydrogen at C-3 and an equatorial hydrogen at C-5,
as in (87). The splitting pattern of the C-4 hydrogen in
(83) which was revealed on hydrogen-deuterium decoupling
(Figure 2D) showed a barely resolved triplet. Thus the
coupling constants of H4 wlth, the two adjacgnt hydrogens
at C;3 and 0;5 must be very small, and on the basis of

127

Karplus' parameters this indicated that the dihedral

angles between H4 and H5, and Hu and H3 were both not far
removed from 900. These data were not consistent with a

normal chair form (87) for (83).

B. Anhydrbdeoxyheptitols from 3,4,6-Tri-0-acetyl<D-galactal

| ”Inv1957 Rosentha . and Read63 described the reaction of
3,4,6;tri;gfacetyl-2-ga1actal (40) with carbon monoxide and
hydrogen under oko conditions. Followling deacetylation of
the catalyst-free reaction product, one compound, m;p. 158~

o 0 : .
159 , ByﬂD+38 , was 1solated by cellulose column chromatcgraphy
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wbiob, fbom its empirical formula and those of its crystalline
benzoyl and -nitrobenzoyl derivatives, gave indication that

a bydroxymethyl group had been added to the double bond of

the glycal during the course of the oxo réaction. From a
study of the oxidation and over- oxidabion of this produot

by periodatel32, resulting in the total consumption of 6

. moles of oxidant and the liberation of 2 moles of’ formic

acid and one of formaldehyde, it was concluded that the.

hydroxymethyl group had probably added at C- 2 of the glycal

giving rise to the branched chain carbohydrate (88) Of un__b“r'

known conffguration at C-2. The work described in,this-%;fif57 |

H2O§c o ~ CHOH
A . CO/Hé - H "‘"'
OAc > > OH
S CHOH
(40) (88)

section comprises a further investligation of the oxo reaction

of 3,4,6-tri-O-acetyl-D-galactal.

(1) Reaction Conditions

(a) 3,4,6-Tri-O-acetyl-D-Galactal (40)

The first recorded preparation of (40) by Levene and

Tipsonl33 used the procedure of Fiseher31; other'modifioations:‘
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134

pgye_been_described by Bates and co-workers s and by Overend

gnd gogwquersw . In this work the convenient! procedure

45

of Belferiqh and ¢oéworkers was used for the preparétion
gf_3,4,6;§r1;9;acetyl;2}galacta1, and on: one occasion a
good overall yield (76% from D-galactose (18)) of pure
glycal was Qbfained on distillation of the crude reaction

product. However, other attempts at purification, following

. CHOH . CHPAc |
H : 1.  Ac O/H+AC | Zn/AcOH 55
HOH ——2 Onc  J——> (b0o) =
2. P/Brp/H,0 V5.
Ai Ac
(18) (89)

preparation by the same prdéédune,'resulted in rapid de-
composition with evolutlon of acetic acid when the crude
product, known to contain a high proportion of the glycal,
Wés heated under vacuum. Little improvement was obtained

45 yas modified by preliminary

when the procedure of Helferich
isolation and purification of the intermediate 2,3,4,6-tetra-
O-acetyl-oc-D-galactosyl bromide (89). In cases where distilla-.
tion resulted in deéomposition, it was found. possible to effect

é purification of small amounts of the crude product by chromator‘

graphy on a column of Florisil,
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(b) Reaction Conditions and Product Isolation

Conditions employed for bhe reaction of 3,456-tri-
O-acetyl-D-galactal (40) with 3 moles of syntﬁesis gas
(co 4~2H2) were in geﬁeral similar to those used by
Rosenthal and Read63, and to those previously described
in Section A for the cofresponding reaction of 3,4-41-0-
acetyl-gfxylél (22). Previous work on the oxo reaction of
glycals has 1ndicated that the acetylated hexals are some-
what less reactive than the pentai derivatives, therefore .

a slightly higher reaction temperature (1350) was used.

Reactlion products were separated from catalyét and
isolated as previously described 1n Section A, to give a
syrupy product whose infrared spectfumvshowed that addition
to the double bond was chplete (absence of C=C stretching
vibrations around 1640 cm’l), and which showed a hydroxyl
band of moderate intensity at 3400 cm'l. The spectrum was
therefore compatible with the presence of one or more sugar
aleohols. No attempt was made to fractionate the product
in the acetylated form, as thin layer chromatographj showed
a mixture of components which»was not well resolved. The
product was then deacetylated with methanolic sodium
methoxide72 to give a partially crystalline material which
was examined by paper chromatography, using the previously

described solvent system of water-saturated l-butanol containing
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5%‘ethepoi; When development of the chromatogram was in-
terrupted at the point where the solvent front was neer the
. lower edge, only one major zone of low mobility was appareﬁt
on spraying with periodate-Schiff reagent73. However on
developing the chromatograms for increasingly longer perilods
_the apparently homogeneous main zone became resolved into
two distinect comﬁonents, which after development for about
60 hours at room temperature were near the ieading edge of
the paper and sufficiently separated to justify an attempted
fraetionation on a preparative scaie. Fractionation of a

- portion of the deacetylated product was carried out by
essentially the same procedure used to separate the anhydro-
.deexyhexitols derived from 3,4-d1-0-acetyl-D-xylal (Section
A)f Recovery of the two fractions, which we}e present in
approximately.edpal amounte; represented about 75% of the
material_applied to the chromafograms. For the purposes

of subsequent discussion the faster-moving of the two Will

be referred to as Fraction A, and the slower as Fraction B.

(i1) Characterisation of Fractions A and B

BF values of the two fractions were measured on paper
with»the same solvenﬁ system used for their separation, con-
- firming that each was chromatographically pure. Both frac-
tions were obtained in crystalline form, and gave elemental

analyseé corresponding to the anticipated empirical formula
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(07H140 ) required by the addition of a hydroxymethyllgroup
to the glycal double bond.

(a)

(b))
m.p. Rp EzﬂD(
: 0 ' o
Fraction A 158-9 0.24 24

Fraction B - 168°. 0.21 68°
(a) 1in water-saturated l-butanol + 5%
ethanol at room temperature

(b) 1in water at room temperature

Fractions A.and B were both charadterised-as crystal-
iine p-nltrobenzoyl derivatives, prepared by reaction with
p-nitrobenzoyl chloride in pyridineae, whose analyses were
compatible with the esterification of four hydroxyl groﬁps

in each case.

(111) Structures of Fractions A and B

It was possible to detérmine the molecular strucﬁﬁres
 of Fractions A and B by a similar approach to that used in

| determining the structures of anhydrodeoxyhexitols I and II
(Section A). However, the ﬁroblem of determining the absolute
stereochemistry of the two Fractions was not amenable to solu-

tion by classical methods.

In view of the earlier investigation carried out by

63

Rosenthal and Read on the'identity of the singlé polyol,
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isolated from the oxo reaction products of 3,4,6- tri-O-acetyl-
Q:galactal, which was thought to have a branched-chain struc-
Eﬁre (88), it was of particular interest to establish the
configurations of Fradtions A and B obtalned from the saﬁe
reaction. As with the hexitols (Fractions I and II) derived
from the oxo reaction of 3, M-di-O-acetyl-D-xylalrxit was
again assumed that four isomeric compounds, (90) - (93),
were theoretical,possible by the addition of a hydrogen
atom and a hydroxymethyl group at either end of the double

bond of (40). Consideration of these four possible strucgures

(90)
N o
‘..(|:H2OH I ! Cll-lEOH‘ Ly
| <|;H2 .(I:HZOH- CHOH <|3H2 o C'HQOH CHZOH,
CHC—0—GH  H-C—0—CH ~ H-C—O-CH;C-H

90 S 0 A o
CHPH CHEH HOH CHOH - Cl—le»H, :»CHQOHV

L N ()

‘shows that the afgument previously applied in deciding
‘between branched and straight-chain structures for Fractions

I and II was equally valid in:this case. Periodate cleavage
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of the oc-glycol group of any one of the fdur\isoméric
polyols (90) - (93) and reduction of the dialdehyde so
'formed would afford a tetrol ether which would be?oﬁtically

- active, having one asymmetric carbon atom (%) if formed
from one of the straight chain heptitols (90) or (91), but
WogidﬁbeAdevoidwoﬁmasymmetry and‘therefore optically in;
aotiveH§96)qif derived from either of the branched isomers
(92) and (93).

~When Fractions A and B were separately oxidised
with an excess of perlodic acid, and the resulting dialdehydes,
a?ter~nentraiisation”of the_reaction medium, were reduced
in aqueous solution with sodium borohydride, syrupy products
were obtained after working up the reaction in the usual
waywwhionwhad_equai and opposite rotations;bthe tetroi
ether from Fratction AMWasAdextrorotatOry' ( BzﬂD +21°),
and4tnatmfrom“FractionhB was levorotatory ([}X]D —230).
_ Qonfirnation of_the“strnctures of the tetrol ethers thus
obtained was provided by their n.m.r. spectra, measured.
in deuterium oxide solution. These were identical and
showed a multiplet at lower field ( S = 3.50 - 3.85 ppm)
and a group at higher field (&= 1.47 - 1.02 ppm) which
nad”the“appearance of a quartet of lines}-fThe relative
intensities of the two groups of non;hjdroxylic hydrogen'
~ signals were in the ratio of 10:2, consistent with the 2~

deoxy 3-0 (1 3 dihydroxy 2 propyl)-glycero tetritol structure



T 9T -

of tetrol ethers (94) and (95), but not with the structure
~of the tetrol ether (96), which would have been formed had
either Fractions A or B been branched chain structures,

as (96) contains only one hydrogen attached to a carbon
atom without an oc-oxygen function, and eleven other non-
hydroxyllic hydrogens which would resonate at lower fie1d79.
Apart from the relatlve intenslties of the low and high
field groups of signals, the.close similarity between the
spectra of the tetrol ethers obtained from these reactions
and those of the enantiomeric 2-deoxy-3-0-(2-hydroxyethyl)-

v giycefo—tetritols (48) and (49) previously derived froﬁ
the'straight chain anhydrodeoxyhexitols (44) and (M5) is
worthy of note. The tetrol ethers from Fractions A and B
,wgré characterised as the tetra-O-p-nitrobenzoyl derivatives,
pfepared and lsolated in the usual way. The derivative of |
Fraction A, m.p. 150-151 , E;ﬂD1—23°, had an infrared spec-
trum identical with that prepared from Fraction B, which '
had m.p. 150-151°, BxﬂD -23°, these data providing further

evidence for the enantiomeric nature of the two tetrol ethers.

Apart from the evidence thus obtained from their de-
gradations to optically active compounds, the n.m.r. spectra
of the two polyols A and B (Figure 3) were also indicative

of the fact that both had straight chain, rather than branched
chain structures. Measﬁ}ed ih deuterium oxide.solution,’the

spectra of both A and B showed separation of signals_into a
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higher field group within the regioén of S = 1.3 - 2.1 ppm
(area= 2) and a complex multiplet wiﬁh a relative area of
8 around & = 3.2 - 4.3 ppm. The observed intensities were
compatible only with structures (90) and (91), as in D0
solution either of the branched chair polyols (92) and (93)
would have only a single hydrogen (C-CH-C) resonating in !
the higher field region, and nine other less éhielded hydro-
gens. Neither spectrum (Figure 3) showed any spin-spin
multiplicities of value in distinguishing between the two

structures (90) and (91).

On this evidence it could be concluded that both
Fraction A and Fraction B were 2,6-anhydro-3-déoxy-hept1tols,
and therefore differed only in-configuration aé C-2. Thus
one of the two fractions was 2,6-anhydr6-3w§¢oxy-2-ga1acto-
heptitol (91), forming the tetrol ether 2-deoxy-3-9-(l,3-
dihydroxy-Q-propyl)-Egglycero-tetritcl (95) on cleavage wiﬁh.
perlodate and reduction with sodium borohydride, and the
other fraction was the corresponding D-talo-isomer (90), from
which the tetrol ether (94) having the 2-configurétion was
obtained. | ) |
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"Taon

(91)

(iv) Stereochemistry of Fractions A and B

(a) Periodate Consumption and Acetalation

_ Determination of the amount of perfodate ion con-
sumed by both Fractions A and B, by the previously des%ribed
Spectrbphotometric method76, conflrmed the pr?sence ih each
compound of one X -glycol group, one molar equivalent of.
periodate ion reacting in each case. The rates of re;ction
with periodate ilon relative to those previously deter%ined
for the two anhydrodeoxyhexitols (44) and (45) were of in-
| terest, the reaction being much faster for the two anhydro-
deoxyheptitois A and B than for (44) and (45); in which a
Eggggiarrangement of secondary hydroxyl gfoups was preseht.
This is cléarly shown 1in the table Onﬂthe next page, which

compares the mole fraction of periodate lon consumed against

time for anhydrodeoxyhexitol (45) and anhydrodeoxyheptitol B,



which were reacted under identical conditions.

- 100- -

Time

47 min,

l;Sﬁhrsi

1 min. 3 hrs. [10.5 hrs.| 17 hrs.| 24 hrs,
(a) | 0.63 | 0.97 0.87
(b) o.uo: 0.59 0.95 0.88

Moles of Periodate Ion Consumed per Mole of Substrate

for (a) 2,6-Anhydro-3-deoxy-heptitol (Fraction B);

(b) 1,5-Anhydro-l-deoxy-L-xylo-hexitol (45).

The exact mechanism by which the carbon-carbon bond

connectling the adjacent hydroxyl groups of an c{-glycol is

broken has not been established conclusively, but a cyclic

135

ester structure such as (97), first proposed by Criegee ~~,

is generally considered to be an intermediate in the proc-

Th

€88

. The well known difference in rate of periodate

(97)

oxidation between cis and trans oc-glycol groups attached

: o136
to a six-membered, Ping

_ , o L , 137
formational grounds by Honeywman and Shaw .

has beén rationalised on con-

Variations

observed in the rate of périodate consumption of a number

of pyranosideée derivatives, in which only one CK-QiYCOl group
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of known conformation was avallable for oxidatlon, were con-
sistent with the fact that the rate was dependent on the
relative ease of formation of a cyclic intermediate such

as (97). Attachment of such a 5-membered cycllic structure
onto a pyranoid ring would require the C-O bonds of the
cx;glycol group to be constrained 1ntoja greater‘degree of .
épplanarity for both cis-(axial-equatorial)(98) and trans-
'(equatorial;equatorial)}(99) diols. In the latter case
(99), as the two'carbon atoms of the diol sysﬁ@@ are rotated
in order to bring the two'attachedvoxygen atoms closer to-

gethér, the ring bebomes ﬁore puckered; consequently themgg;a}fh

(98) | (99)

L

axial substiltuents on the ring are brought closer together
and considerable ehergy is required to overcome the resulting
repulsions. Thégfeverse applies with gig_(axial-equatorial)ﬂ
systems (98), where a similar operation results 1n-the ring
becoming less puckéred,‘and inﬁeraﬁomic repulsions are not

appreciably changed, Formation of a cyclic intermediate there-

fore proceeds readily. The rapid rates of beriodatevoxidation
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of,Freotions A}and B relative to those of anhydrodeoxyhexitols
(44) and (45) thus demonstrated the cis configuration of the
eeoondery-hydroxyl groups at C;M end C-5 of the two anhydro-
deoxyheptitols.

A similar explanation for the more ready formation
of . the O isopropylidene derivatives of an c&-glycol group

situated on a six-membered ring when the hydroxyl groups

' . are cis,.rather‘than-trans, has been proposed by Angyal and

Meo&baald}38. Here the difference in energy required to

assume a greater degree of coplanarity for the -6—C— groups
'of”(98) and (99) is such that under normal conditilons the

QTiSOpfopylidene derivative of a trans diol does not form.

It should be noted, however, that complete coplanarity of
the five atoms of the 1,3-dioxolane type ring of Q;isopropylidene
derivatives is not, as was once supposed, necessary for thelr

140. Additlonal evidence for the presence of

formation’ 3>
pwo_aoqacent secondary hydroxyl groups having a cls arrange-
ment in one of the anhydrodeoxyheptitols was provided by its
ready reaction wlth acetone, subseduent evidence showing that
the mono-O isopropylidene derivative so formed did not engage
elther of the primary hydroxyl groups 1n the molecule. The
'results obtained could be interpreted in terms of the possible

stereochemistry at C-2 of 2,6;q@hydro-3—deoxy-heptitol B.
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The reactilon of Fraction B with acetone at room tempera-
ture, catalysed by a trace of sulphuric acid, gave an oil from
which the reaction product was readily removed,by-extraction
with boiling carbon tetrachlorlide, 1n whicﬁ fhe unreacted
polyol was insoluble. The latter could then be subjected
to further treatment with acidified acetone, thereby enabling
the product to be obtained in good overall yiéld. The cry-
stalline derivative, m.p. 104-105°, E?ﬂb-fleog,gave an ele-

B

mental analysis in agreement with the emp#fical formula

(ClOH1805) required for the mono-O-isopropylidene derivative
- !

(100) of a 2,6-anhydro-3-deoxy-heptitol. The presence of

two free hydroxyl groups was shown by conversion of (100)

(100) | A(;Oe)

maadi;gzgtolyéufphonyl derivative (101), m.p.»1359ﬁv,[bﬂD 422,
It was then possible to confirm that both hydroxyl groups of
the mono-g—isopropﬁiidene derivative (100) not involved in
acetal formation were primary. When the'di-gfggtolysulphonyl
derivative (101) was heated in a sealed tubé with sodium lodide
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in‘acetoné solution for 26 hours at 1189; the amount of
SOdium’E;toluenesulphbnate which Was‘subsequently'isolated

by filtration was eduivalent to the replécémgnt Of“two.tdsj-
lox& groups by”iodide, ﬁo givé the l,7-dideoxy- derivative '_
(102)>(which was not obtained inisufficient amount for chara-
cﬁ?risation).  It is well known that primary'ﬁosylexy grdups
ére fepiaced by 1odlde under these conditions, whereas those.
at secondary'positions are generally unreéctivegu. .These
reacﬁions therefore demonsﬁrated the preséncé.of two adjacent
secondary hydroxyl groups having a cis relationship, in addi-

tion to two primary hydroxyls, in Fraction B.

In order to obtain the separation of an amount of
sodium E}toluenesulphbnaté eduivalent ﬁo_the replacement
of both primary tosyloxy groups of (ldl), it was neceséary
to employ a longer time and‘a higher temperature than is
| usual for this reaction. However, the formation of an
appreciable amount of sodium p-toluenesulphonate was obs-
served within minutes of the start bf the reactioﬁ, while
the temperature was still below 1000, and iﬁ a separate ex-
periment carriéd out under the same conditions, but at a

temperature of 100°, sodium B-toluenesUi?:fﬁﬁé%@ﬁﬁ%ﬁiéﬁiétéﬂ”‘

after 25 minutes equivalent to the replacemént of one tbsYloxy.
group by iddide. Iﬁ was appérenﬁ therefofe, that whereas one
pf'the primary tosyloxy groups of (101) W?S rébladed’by iodide'
_ with‘unusuél ease; thé other wasvreplacedAWith diffidulty.
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It has been shown that the proximity’af'an aeetal ring
can render an otherwise reactive primary tosyloxy group rather
1nert to ‘the action of sodium iodide. Thus Whereas 2, 6 di-O-}
p tolylsulphonyl-D-ga1actose was readily converted to the
:6 deoxy-6 iodo- derivative in good yvield, the reaction of
the corresponding 3,4-97isopropylidene.derivative (103)
with sodium iodide under identical conditions resulted in:

-.',‘I

only 18% replacement of the prihary tosyloxy group by iodidelgl.

Similarly, replacement of the'ﬁrimary‘tosyloxy-grqup'in 1,28

3,M;di—Q-isopropylidene-6-972-tolyi%ulphony;-cxegfgalactoSe
(104§ requires heating with sodium lodide in acetone for

36 hours at 12501%8. The structural similarity'ef (101)

to (103) and (104) 1s apparent; hence, by an@iogy,,it_may
be concluded that, of the two primary tos&lexyvgroups of
(101), that at ¢-7, adjacent to fhe acetai'ring, was the
one whichvreacted slowly wWith sodium iodide at 118°, and
‘that the C-lvﬁosyloxy group reacted very readily at 1000.

|
o

{
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It waslthen of interest to speculate on the likely orientation
of the}reactive terminal tosyloxy group of (10l1), which ﬁust
be either equatorial (in 2,6-anhydro-3-deoxy-u,5-Q-isopropyli—
dene-l,7;di-O-p-tolysulphoﬁyl-D-galacto-heptitol (ﬂOS)) or

axial (in the corresponding derivative (106) having thef;fﬁ

taio- configuration).

CFEgNS

(105) | | (106)

Evidence is available which demonstrates that an
axially-disposed primary'tbsyloxy group will react with sodium
- 1odide with greater ease than an equatgrial group, when both
are 1n similar envirbnmentslqg. ‘The bicyclic diécetals of
hexitols; by cis fusion of two six-membered rings, give
structures possessing two té&minal hydroxymethyl groups
which can be axlal or equatorial, debeﬁding on the configura-
tion of the parent hexitol. Thus 2,4:3,5-d1-O-methylene-D-
glucitol (107), in the preferred conformation2C, has the
terminal C-6 group axial and the C-1 group equatorial. It
has been shown that, on reaction of the 1,6-d1-972-to%y1—

sulphonyl derivative of (107) with sodium lodide, the axial
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' (167)

tosyloxy group at C-6 was replaced more readily than the
14 | | T

equatorial C-1 group 3, Similarly, the replacement by

; iodide of the tosyloxy groups of 2,4:3,5-di-97methylene-.

1,6-d1-0-p-tolylsulphonyl-L-iditol (both equatorial) was

very slow at 1000144, whereas with thevoorresponding deri-

vative of Qfmannitol, both (axial) tosyloxy grbups reacted

145 o o
rapidly; 5. On the basils of these data, 1t was consldered:

that (101) may have had the C-1 tosyloxy group in an axial
orientation (106), in which case Fraction B would be 2,6-
anhydro-3;deoxy-2-té1o-heptitol (90). Subsequent evidence
- showed that this—épeculation was, in fact, corréct. It
would have been of interest to compare the same reactions
of the corresponding derivatives of Fractibn A;.howéver,‘
this compound, being sparingly soluble in acetoﬁe, did not
form an Qgisopropylidene derivative in sufficlent amounts

‘for characterisation and derivatiéation.-,‘ .
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(b) Stereochemistry at C-2

Attempts were made to solve the problem of the con-“
figurations of tﬁe enantiomeric tetrol ethers obtained
froﬁ'Fractions A and B, (and hence the absoluﬁe.stereo--
chemistry of the two anhydrodeoxyheptitols), by the prepara-
tion of one. of thém from a suitable structure whose configura- -
tion at the potential asymmetric cenfre (C-3 of the tetrol
ethers) was known (a procedure which had previously been
sucéessful in proving the structures of‘the anhydrodeoky-
hexitols (44) and (45) by correlation with (59)). By the
same approach, possible structures which wouid afford a
2-deoxy-3-gr(1,3-dihydroxy—2-propj1)-glycero-tetritoll(109)
were: |
(a) . 2,6-anhydro-B-deoxy-heptitéls (108) ’aﬁﬁéﬁﬁthan Fractions
A and B, and - |
(b) 3,6-anhydro-2-deoxy-heptitols (110),
both by periodate cleavage of the c-4 - C-5 bond and sub~

sequent reduction., At the time this lnvestigation was

CHZOH | | CH,OH
-\\\ EFQDH' CFEI :

A o | CHOH ,(EH-\ |
CHOHO s SH—o-CH — &HOHO 59
Hy . CHOH CHOH ‘._T§Q’OH
| | | S .

CHOH &l—goH
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undertaken no other compounds of the former type (108)~were
avallable whose stereochemlstry had been established, and

a search of the literature failed to reveal any known 3,6-
anhydro;z-deoxy-heptitols (11@). Howeﬁer, it wés considered
that a possible synthetic rou%e to the 1atter type of
structure (110) would be the application to a 2,5-anhydro-
hexose (111) of a known procedure (the Fiécher-SoWden
nitromethane synthesislu6) for the~preparatioﬁ of homblo-
gous 2-deoxy-aldo$es, the product (112) on reductidn then
affording the required 3,6-anhydro-2-deoxy-heptitol (ilo)?
whose configuration at C-3 would be the same as C-2 of (ill)s

thus
CHO
CHO_' VH2_ . T o o
Fischer- Red _— S
CSHoH —M-—)CHOHOM (110) — (109)

&HOH .Sowde‘n (:::_(y
A

&FQQH (Eﬂé)H

(111) : : (112)

(¢) Attempted Syntheses of 3;6-Anhdyro-2-deoxy-heptitols (110)

Of the 2,5-anhydro-hexoses, the beSt known is 2,5-
anhydro-D-mannose (chitose)(115); an amorphous material,
2,5-anhydro-D-mannose has been known for many yearslu7, but

only comparatively recently has its structure;beén establishéd"
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beyond doubt148 149

s confirming the previous conclusions
of Levine and LaForgelSo. The formation of (115) by the
g;t?qus‘éq;d deamination of 2-amino-Q;deoxy-Q-glucose (113)
involves an inversion in configuration at.C-z, and is con-
sldered to proceed via an intermediate diazonium salt
(1114)9 5 subsequent elimination 1s accompanied by rearward

attack of the ring oxygen at C-2, resulting in rearrangement

of a six- to a five-membered ring. 2,5—Anhydro-25g1u008e

(117) s the epimer of (115), is also known and has been ob-
tained by tﬁe analogous deamlnation of'2~amino-2-deoxy-2-
mannose hydrochloride (116) by the action of mercuric

151 ' : © A

oxide » again with 1nversion at C-2
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Though less-readily available, 2,5-anhydro-D-glucose
(117) was selected as being a more sultable starting material
for the attempted preparation of a 3,6-anhydro-2-deoxy-
heﬁtitol (110) than 1ts epimer (115) for two reasons:
(a)'.it 1s reported to be a highly-crystalline solid,
whereas (115) is an ill-defined syrup, and (b) the pre-
paration of its precursor, 2-amino-?-deoxy-Qfmannose hydro;
chloride.(ll6) from D-arabinose (118), acco;oing to Equation
63, would afford a s;;ies of intermediate compounds ((119),
(120) and (121)) which would provide useful models for
following the subsequently planned conversion of (117) to
3, 6-anhydro-2 deoxy-D-manno—heptitol (124), also via the

.(l

nitromethane synthesis for 2-deoxy-sugars (Equation Eh5

The preparatlion, described by Sowden and Oftedahll52

of 2;amino-2—déoxy_D-mamnose hydrochloride (1l6j from D;
arabinose (118), by way of D-arabino-tetraacetoxy 1- nitro-
l—hexene (121) (Equation 63) proceeded smoothly, with forma-
tion of highly-crystalline intermediates.‘ However, the
attempted conversion of (116) to 2,5-anhydro-27gluoosé (117),
by the method of Levi'ne151 involving the action of mercuric
oxide, did not give the anticipated crystalline anhydro- |
Sugar (117); an.amorphous brown solid was obtainéd which(

could not be purified.
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‘”‘Attention_WQS'then turned to the use of the more

accessible 2,5-anhydro-D-mannose (115); this was made by

the method of Grant >, who investigated the stability of

(caNg NG gHNg oG
CHO HG-OH  HO-C-H H-(-OBe ACO-GH
HO-GH HO-(H | HOGH ACO-G-H  AO—C-H
HG-OH ™ —o4 H—&-—OH | p—c-oad H-(-OBc
H-G-OH He-oH  HG-OH H-(-OAc H-G-OAc
éHZOH " CHOH HOH/) N HOAc ?sz
(118) (119) - (120)
.(iHNOZ f CI—&N\ CHNG, - &3
H-C-NHSAC |ACEHN-C—H
AcO—C— |HO | HO—&—H
— Hcoal T - —OH H—c—OH (116)
(‘J—OAc H-C-OH H-C—OH |
éHZOAc‘ K &HOH / HOH
(121) (123) - (122) (un)



(115) under various conditions,and established optimum
coﬁditions for its preparation-in a reasonably high state
of purity. This was confirmed by the formafioﬁ of a con-
siderable yield df the -EfnitrOphenylhydrazone derivative
of (115) from the syrupy product. When the aﬁhydro-sugar
(115) thus prepared was reacted with nitrométhane in the
presence of sodium methoxide under anhydroﬁs conditions,
.according to the general pro@edure of Fischer and SoWdén146;
the immediate formation of a copioué amount of white solid
'Was_observed, presumed to be the anticipated ggifsodium
salts of niltroalcohols (125) and (126). Following de-
~ionisation by passage of an aqueous solution of the product
through Dowex 50@;) resin, & syrup was obtalned whose in-
frared spectrum (Figure 4A) closely resembled that (Figure
MB) of the mixture (119) of 1—deoxy-l;nitro-g-mannitol and
1;deoxy;l-nitro-guglucitol previously obtain;a durihé the.
preparation of 2;amino_diéoxngfmannose hydrochloride-
(116) (Equation 63). Infrared evidence, and the fact that
thin layer chromatography of the product showed it to con-
sist es;entially of two closely-mcving cownponents, indicated

that the first stage of the attempted synthesis of 3,6-anhydro-

S
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“Nitroalcohols

"
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Infrared Spectra of: A and C — nitroalcohols and acetylated nitroalcohols from 2,5-anhydro-g-mannose

B and D - nitroalcohols and acetylated nitroalcohols from D-arabinose

. Figure 4
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of the product with acetlc anhydride containing a trace of
‘sulphuric acid gave a mixture of acetates whose infrared
spectrum (Figure 4C) also closely resembled that of the
mixture (120) previously obtained by the acétylatioh of
(119) (Figure 4D), showing absorption characteristic of
N'O2 stretching vibrations at 1550 and 1365 cm'l. When

the acetylated material was refluxed in benzene solution
with sodlum hydrqgen carbonate, the infrared spectrum of
rthe product which was lsolated was virtually unchanged
from that of the acetylated reactant. Elimination of
acetic acid, to glve the required nitro-olefin,igpv}i
treatment with mild baée would presumably have been clearly
apparent by a shift to lower frequenciles of the asymmetrié
and symmetric stretching vibrations of the NO2 g?oup on
gonjugationlSu, as was evlidenced by the two bands at 1510
cm'l and 1350 cm—l In the infrared spectrum of Qfarabino-
tetraacetoxy-l-nitro-l-hexene (121). Prolonged refluxing
in benzene solution with sodium hydrogen carbonate, and
similar treatment with the stronger base sodium acetate,
faileq to bring about the required elimination. This approach
to the synthesis of a 3,6-anhydro-2-deoxy-heptitol, which
apparently showed some promlse in the earller stages, was

: therefore abandoned as an alternative structural proof, de-

scribed below, became available.
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(d) Correlation with 2,6-Anhydro—3-deoxy—gfgluco-heptitol (130)

It was subsequently possible to establish the stereo-
chemis?ry‘of one of the enantiomeric tetrol ethers previously
described, and hence the absolute configurations of both
Fractions A and B,,by correlation with the tetrol ether
derived from a 2 6-anhydro 3-deoxy-heptitol (108) of known
stereochemistry. Rosenthal and Koch155 have investigated
the oxo reaction of the commercially-available 3,4,6-tri-
>O-acetyl-D-glucal (20 a). The products from this reaction
were found to be completely analogous to those obtained
from the reactions of 3,4,6-tri-O-acetyl- D-galactal (40)
and 3, 4 di-O-acetyl-D—xylal (22). When the catalyst-free
mig@upe of isomeric 4,5,7-tri-gfacetyl-Q,6-anhydro-3-deoxy-
heptitols (127) and (128) resulting from the oxo reaction
of (?Q“?)”Was reacted with p-bromobenzenesulphonyl bromide
in pyriqine,‘one of the isomers, (127), was readily isolated
eshthe crystalline QPE-bromobenzenesulphonate. X-ray
analysis of the crystalline derivative156 establlshed that
1t was the l-O—p-bromobenzenesulphonyl derivative (129) of
M?5,7ftrifgfacetyl-2,6-anhydro-3-deoxy-gfglgco-heptitol
(127). Deacetylation of the catalyst-f;ee oxo product and
f?actionetionvby paper chromatography gave two isomeric
anhydrodeoxyheptitols. One of these, 2,6;anhydro-3-deoxy—
E;EEEEthePtit01 (130) was also obtained from the 1-0-p-

bromobenzenesulphonyl derivative (129), of known configuration,
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by standard procedures

2,6-Anhdyro-3-deoxy-D-gluco-heptitol (130) was

subjected to periodate oxidaﬁion'and the resulting dialde-
hyde was reduced with sodium borohydride, using the pro-
cedure descfibed previously, to affordIE—deoxy-B-Q-(l,3-
dihydroxy_Q-propyl)ggfglycero-tetritdl (95). This was
dextrorotatory;"( ExﬂD‘+26o)5.as was the tetrol ether
CHOH
HOH

H- E'z ,
| é_ﬂﬁ\?g HOH CH, &——— Fraction A 67
HG-OH HC—O——— H " -
Ho-cpj ' &F&OH H,OH
G |
é"r&OH (95)
© (130) o
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from Fraction A; (95) formed a tetra—gfg~nitroben20yl deri-
vative, m.p. 151;1520, whose melting point was not depressed
on admixture with the corresponding derivative of the‘tetrol
ether from Fraction A, and the two p-nitrobenzoates had the
same specific rotations and infrared spectra; Therefore
Fraction A must have the D configuration at c -2, as had

the D-gluco isomer (130), this being the only asymmetric
centre surviving in the tetrol ether (95) formed by cleav-
age of the C;M - C-5 bond and reduction. As 1t could be
safely assumed that the secondary hydroxyl groups at Cc-4

and C;5 of the ahhydrodeoxyheptitols were unchanged in
configuration from those of D-galactal, the structure of
Fraction A was therefore establlished as 2,6-anhydro-3- deoxy-
D-galacto-heptitol (91). As Fraction B differed from
;gaction A only in configuratior.at C-2, this must be 2,6-
anhydro-3 deoxy-D talo-heptitol (90).

(v) Steric Aspects of Hydroxymethylation

The reactions of acetylated glycals with carbon
ﬁonoxide and hydrogen to give, as major products, an
approximately equal ratio of the two possible prodﬁcts re-
sulting from addition of a hydroxymethyl group at G;l of
fhe élycal would appear to be general; this 1s supported
by the fact that essentially similar results are obtained
by the 0X0 reaction of 3,4,6-tri O-acetyl-D—glucal (20 3)155
~and 344ﬁ4) acetyl D arabinal (32)122, That hydroxymethylation
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occurs at the carbon of the‘double bond & to thé riﬁg oxygen
of the!glycals 1s consistent with the findings of other
workers regarding the application of the oxo reaction to
cyclic vinyl ethers such as 2,3-dihydro-4H-pyran (1)25

and furan (9)26. However, in view of the strong steric
depgndence of the oxo reaction when applied to olefins in
general, and the apparent steric factors involved in addi-
tion reactions of glycals, both of which were discussed in
the General Introduction, it is surprising that approxi-
mately equal amounts of two straight-chain products are
always obtalned, as a result of cis addition to bothAsides
of the glycal double bond, rather than a preponderénce of
the isomer which wogld result from addition at the least-

hindered side.

17

Héck and Breslow found that, at oxo reaction
temperatures, the fofmation of alkylcobalt tetracarbonyls
from olefin and cobalt hydrotetracérbonyl (Equations 7 - g),
in what is assumed to be the first stage of ‘the oxo reaétion,
is rapidly reversible. These workers found that the product
distribution obtained by reaction of olefins with cobalt
hydrotetracarbonyl at low temperature was often not the same
as that found under normal oxo conditions: for example,
whereas i1sovaleraldehyde 1s the major préduct ffém'the’oxé

reaction of 1sobutylene (equation li)’ at 1ow_temperature

frimethylacetaldehyde, resulting from addition to the more
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These findings were explained by the fact that, as the.
initlal addition to the double bond 1is reversible, the
product distribution at high temperature is a reflectlon
of the relative stabllities of the adducts, rather than
their initial concentrations, the terminal aldehyde béﬁhg

more stable yet forming less readily.

A simllar explanatlon could account for-the observed
ispmerﬂ@istribution from the oxo reaction of glycals.
Assuming that additlon to the least-hindered side of the
double bond is favoured,‘ahd that the first stage of the
p¢a¢t;onvieads to glycosylcobalt-tetracarboﬁylsf&ccording
tglthe generally accepted mechanism,it‘would be reasonable
to suppose that the adduct so formed (e;g. (131) from 3,4-
di;g;acétyl;gfxylal) would be less stable than the alterna-
tive, kinetically lgss;favoured adduct (132) with the
;QQKGQ)Avgroup in equatorial orientation%and would revert

more réadily to the glyecal.

AcO AcO
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C. Hydroformylation of 3,4-Di-O-acetyl-D-xylal

In section A it was gshown ﬁhat the reaction of 3,U4-
di;g;acetyl;grxylal with 3 moles of synthesis gas gave a
mixture conszfing predominantly of the 2,3-di-9;acétyl-1,5-
anhydfo-u-deoxy-hexitols (74) and (75), from which (44)
and (45) were obtained on deacetylation. ;An'g_pfiori
assumption regarding the oxo reaction of élycals is that
the initial products are aldehydes, resulting from the
hydroformwlaﬁion of the double bond, and that these sub-
sequently undergo hydrogenation to afford the observed
products. On this basis 1t was reasdhable to assume that
" termination of the reaction at the point Where only 2 moles
~of synthesls gas had reacted would give a product consisting
predominantly of aldehydes; for example the anticipated
products from the hydroformylation of 3,4-di-9-acetyl-9¢
xylal (22) would be the isémeric 4,5-di-0-acetyl-2,6-
anhydro-3- deoxy-aldehydo-hexoses (133) and (134).

HOH

[@ @“

(133) (134) - o (s)

(22)
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A certain amount of evidence has been obtained pre-
viously to show that aldelydle compounds are present in products
obtained by the oxo reaction of glycals; for.example, this
has been 1ndicated by the reducing power of reactlon products
to Somogyl's reagent157. From the reaction of 3,4,6-tri-
5gfébetyl-2-glu¢al (20 a) withvcarbon monoxide and hydrogen64,
a single ;;ystalline component was isolated, in addition to
the acetylated alcohols (127) and (128), wh%?h was though
to be an Qfacetylated-anhydrodeoxy-aldehydo-heptoée, glving
(130) on deacetylation and reduction. Additional evidence
for the presence of an aldehydo-compound in thé'hydroformy-
lation product of (20 a) has been obtained®8 on 1ts reac-
tion with ethyl mercaptan, as a homogeneous s8yrup was
isolated by chromatography whose n.m.r. spectrum was con-

sistent with an acetylated thiloacetal.

(1)~ Reaction Conditions and. Product Isolation

Conditions for the reaction of 3,4-di-O-acetyl-D-
xylal with 2 moles of synthésis gas ((22)———%(133)-%(134),
Equation 68) were similar to those previousl§ described
for its hydroxymethylation (Section A), except that a lower
temperaturé (115°) was employed for the reaction, to favour
the formatlon of aldehydes. Once absorption of synthesis'
gas commences, as evlidenced by a decrease in the pressure
| indicated on.the guage attached to the reaétﬁon yessel,

it rapidly overshoots the hydroformylation stage,and it was
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necessary to carry out a preliminary experiment under iden-
tical conditions in order to detérmine the point equivalent
to the absorptlon of 2 moles of gas, when the reactlon was

quenched by'immersion of the reaction vessel in ice.

The reaction product was isolated in a similar
ﬁanner to that described previously. Cétalyst was re-
moved from the reaction mixture by elution from é Florisil
column with petroleum ether. The fractilon which was then
eluted with benzene;isopropyl alcohol welghed on1y 10.0‘g
(from 12.0 g of (22)5 after evaporation of solvent and:
therefore dld not represent the whole of the reaction pro-
duct. A further 2. 5 g of a mobile syrup was isolated from =
the petroleum ether eluate; this crystallised on standing,
and was identified as 3,4~di-gfacety1-2¢xy1a1 by compari-
son of its thin layer chromatogram and—infrared spectrum
against an authentic specimen of the glycal. It was ap-
parent, on thin layer chromatography of the main fraction
- eluted from Florisil with benzene-isopropyl alcohol, that
it alsQ contained an appreciable quahtity of the unreacted
glycal, this beilng further indicéted by a sharp peak at
16&0 cm"1 in the infrared spectrum of this fraction. In
addition to B,MQdi;Qfacetyl-Qfxylal, thin layer chromaﬁo-
graphy revealed the presence of a compaét mixture of other
components, (closely resembling in mobility and general

appearance the mixture resulting from the hydroxymethylation



Qfﬂ(?E)’(Sectiqn A)). This wixture of reaction products,
hg;ngmwe};dseparated from thé faéter-moving glycal, was
readily isolated by chromatography.cn§a columnvof alumina.
Amportionmof the main fraction thus séparated gave 3,4-
q;;g}éqety;;g;xylal and réaction préduCts in the ratio
gf"2f3._iTak;£g into account the additional_amountuof
glycal eluted from Florisil along with the catalyst,‘the
composition of the mixture obtained from the reacﬁion was
phergfg?e apprqximately 50% uﬁreacted 3;4-d1-9¢acety1—2-

Xxylal and an equal amount of saturated products.

.“‘Comparison of the reaction product, separated»from
upygacted glycal as described above, with the product pre-
viggsly obtained by the reaction of (22) with 3 moles of
synthesis gas (Section A), showed that the two were practi-
qa}lynindistinguishable on the basis of thin layer chfoma-
tpgramswand_infpared spectra. However a differende was
found in the low field region of the n.m.r. spectfa, as
én}ywypg product isolated from the above réaction'showed
'§ §;ng;e.p¢ak at & =9.35 ppm, characteristic of aidehydic

protons’

59.1_On thefassumption that this was due to the
pregggcgqu’cpmpounds ((133) + (134)), and that the remainder
of the mixture comprised their reduction ﬁrOducts ((74) +
{?5)); the intensity of ﬁhe low field absorptibn rélati§e 
to the ppmbined intensities of the acetoxy-hydrogen signals
in the region of (9~: 2.0 - 2.2‘ppm indicated thét approxi-

mately 20% of aldehydo-compounds were present in the mixture
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Results of thin layer chromatography clearly preoiﬁded
the possibllity of effecting a separation of the mixture

by chromatographic procedures.

1(ii) ‘Reaction.uwiths 2] M-Binitrophenylhydrazine

Confirmation of the presence of aldehydlc components
in the main fraction from the attempted hydroformylation
reaction of 3;M-di—ggacetyl-gfxylal was sought by reacting
a portioh of the product with.a test soiution of 2,4-dinitro-
phenylhydrazine, which was prepar%ﬁ, in the usual way- 60,
by dissolving the reagent in aqpeous sulphuric acid and di-
luting with ethanol. Immedlate precipitation of a yellow
80l1id was indeed observed; this changed to an orange oll |
on standing. However, a control experiment in Which pure
3, 4 di:O;aoetyl-D-xylal known to be present in the hydro-.
formylation product, was separately treated in the same
way also resulted in the precipitation of an orghge SOIid
in considerable amount. Clearly, under these cohditions;
isOlation of any derivatives resulting from the reaction
with 2, & dinitrophenylbydrazine of aldehydo—hexoses present
in the mixture would ‘have been complioated by:the presenoe
of derivatives originating from the glycal. The nature
of the latter product was not investigated further, but is

presumed to result from one or both of two known_reaotioms

of glycals under aqueous acid conditions, namely the addition
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of water across the double bond leading to 2-deoxy-aldoses39,
and their ready isomerisation to pseudofglycalsl6l, -Add1i-

tional complications such as deacetylation would be antici-
pated under these strongly acid conditions, indicated'by

the observed change from a solid to an oil.

Conditions were therefore established for reacting
_the hydroformylétion product with 2,M-dinitrbphenﬁlhydfaziné :
in the absence of strong'acid; A solution of the reagent

in ethanol, saturated at the boiling point, was added in
portions to a solution of the reaction product in ethanoll
containing a trace of acetic acid; also heated to the bbiling
point on a steam bath. Reaction was 1ndicated by.thé-féct_
that after each addition the orange-coioﬁﬁ‘faded to yellow;
when the colour no longer faded after heating for several
minutes, indicating that a slight excess of the hydrazine

was present, water was added to turbidity. On standing,

a pale yellow solid separated, which was readily isolated

by filtration. Under the same conditions 3,4-di-gfacetyl-
Q}xylal did not react,.and pnly unchanged 2;M-dinitrophenyl—
hydrazine was isolated foliowing dilution of ‘the mixture

with water.

Thin layer chromatography of the yellow solid obtained
from this reaction revealed the preSence of two major com-
ponents, together with traces of others. The two major pro-

ducts of the reactlon, the faster moving of which wlll be

L
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designated Fraction X and the slower, Fraction Y, moved
very closely together on silica gel using a variety of
déveloping solvents., The absence of éolourless impurities
in the mixture was demonstrated on spraying thin layer
chromatograms with a sulphuric-nitric acid reagent.and
heating. From an amount of 1.2 g of.thé main fraction
ffom the oxo reaction, 0.4 g of 2,4-dinitrophenylhydrazones,
consistiné essentlally of Fractions X and Y, was 1solated.
On the assumption that X and Y were derivatives of isomeric
_di;ggaﬁetyl-anhydf%deoxy-a1dehydo-hexoses (133) and (134),
and'thaﬁ derivatis;tion was roughly quantitative, the
welght of hydrazones 1solated therefore indicated the
‘presence of approximately 15% of éldehydes 1n'the mixture.
The n.m.r. spectrum of therproducﬁ obtained by-reaction
with 2,M-dinitrophenylhydrazine confirmed 1ts compositlon
as a mixture of fwo 2,4-dinitrophenylhydrazones of acety-
lated anhydrodeoxy—a1dehydo-hexoses. The readily-assignablel6l
low fieid signals due to —ﬁH and protons of the dinitrophenyl
group showed identical chemlical shifts for both lsomers ex-
cept for the aromatic C-6 proton, which has a large split-
ting (J = 9-10 ¢/s) by coupling with the gzzgg-hydrogen.

A pair of overlapping doublets (J = 9 ¢/s) at S =17.87

‘and 7.95 ppm demonstrated the presence of a mixture of
‘1sters; this also beilng shown by 3 acetate signalé at

high field. The doublet at & =7.85 ppm (J=6 ¢/3) was

assignable to the N=C_H group and confirmed that the
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derivatives were of aldehydes rather than ketones}

(a) Separation of Fractions X and Y

When the mixture of 2,4-dinitrophenylhydrazones was
heated with a small volume of ethanol, partial solution
of the mixture 6ccurred, leaving a granulér yellow solid
which was not readily soluble in ethanol. Upon 1solation
and examination by thin layer chromatography; the insoluble
portion showed only one zone corresponding to the slower-
moving of the two components (Fraction Y) présent in the
mixture. The méterial thus isolated crystallised readily
from chloroform-hexane as fine yellow needles, m.p. 225-
226°, EX]D -60°, and gave an elemental analysis in égree—
ment with that required for a 2,4-dinitrophenylhydrazone
of a M,5;di-Qfacétyl-Z,6-anhydro—3~deoxy-a1dehydo-hexose
((133) or (134)). The n.m.r. spectrum of this fractibn |
differed chiefly from that of the mixture in showing two
acetate.peéks of equal intensity ( § =2.13 and 2.17 ppm) ;
a doublet (J=9 c¢/s) at 8‘:7.85_ppm, assignable to the
.0;6 proton of the E,M;dinitrophenyl group, confirmed the
homogenelty of the prcduct. Thus, fractional solution of
the mixture afforded a conveniént procedure for the Separa-
tipn‘of Fraction Y from'Fractign X in appreciablg amounts,
thereby’facilitating its further examination. Treatment'

of a larger quantity (6.8 g) of the main fraction (from
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the reaction of (22) with 2 moles of synthesis gas) with

2, 4 dinitrophenylhydrazone as described previously gave 2 Y
g ef’the mixed hydrazones, from which 0.9 g of pure Fraction
'¥_was obtained by trituration of the mixture with warm

ethanol, and recrystalllization of the insoluble bortion.

Isolation of the other derivative, Fraction X, from
the alcohol soluble residue, which contained both Fractlons
annd Y, presented a difficult problem because of the simi-
lar mobllities of the two fractions on chromatography.

It was possible to isolate a small amount of the faster-
@Qviﬁg component, X, suffieieﬁt for characterisation, by
chromatography on thick plates of silica gel using the
teehnique of multiple development, with chloroform as de-
ve;oping solvent. The derivative isolated in this way

had m.p..l320, EiﬂD -le; and also analysed satisfactorily

for C,gH,gN,0 A quantitative determination of the amounts

9°
of the two isomeric 2,4-dinitrophenylhydrazones in the mix-
ture, by chromatography on silica gel in the same way,

{ .
showed that X and Y were present in the approximate ratio

of 1:2.

(b) Identification of Fraction_Y

An adequate amount of. Fraction Y beingeavailable,
1t was possible to convert this 2,M-dinitrophenylhydrazene
to the free aldehydo-hexose, which was then identified by
deacetylation and reduction to the corresponding anhydro-

deoxyhexitol of known structure. ConversionAof Fraction Y
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pqmthevfregkaldehydefwas effected by equilibration-éf the
hydrazone with an excess of pyruvic acid, following a proced-
Jg@mgﬁappl;ed'pbeattox and Kenda1116? to the hydrolysis of
?hg ??H:dinitrqphenylhydrazonefof a steroildal ketoné. The
g,4;d;pitrophenylhydraZOne of pyruvic acid so formed was
read;lymremoved from the reaction mixfure,ﬁy filtration,

and by extraction with sodium hydrogen carbonate solution,

A syrupy product‘was isolated from this reaction which
was not completely characterised; however, the fact that 1t

was apnaldehydo-compbund159

was shown by the presence of

a sharp signal at &8'=9.35 ppm in its n.m.f. spectrum,
measured in deuterlochloroform solution. It 1s thought

tbat the product probably existed as a mixture of free and
hydrated aldehyde, as the intensity.éf this low field signal

" prelative to the remainder of|the.spectrum was only about half
that required for a 4,5-diO-aketyl-2,6-anhydro-3-deoxy-
aldehydo-hexose ((133) or (i3h)). Additionél evidence for
this was the preéence in the infrared spectrum of'baﬁds
assignable to both aldehyde (C=0 stretching at 1700 om

in addition to acetate absorption at 1740 cm'l)‘and hydroxyl
groups. That the latter were not atresult of deacetylation
during and subsequent :to the exchange reaction with pyruvic
acld wasvshown by the,fact that when a portion of the syrupy
product was reacted with 2,4-dinitrophenylhydrazine, the ori-

ginal crystalline derivative, Fraction Y, was obtained. .Wolfrom
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163,164 ' _ .
have observed the ready formation, by O-

apd qo-workers
acgtyl—aldehydo-sugars, of crystalline hydrates and alecoholates,
which bavé been shown to be aldehydrol (135) and hemiacetal

(136) derivatives; their formation accounts for the wmutaro-

T HOH :H\ A RoH T
HO—C—OH <20 g@ T SRO—C—OH 44
(13) (136)

tation of aldehydo-sugars in aqueous and aleohollc solutions}

The aldehydic productf%hus isolated was readlly
identified as M,B-di-9}8cetyl-2,6-anhydrof3-deonyaldehydo-
D-lyxo-hexose (133). A portion was reacted with sodiém '
borohydride in aqueous methanol, whereby the aldehydé éroup
was reduced to hydroxymethYl,.and simultaneous hydrolysis
of the acetyl groups was effected in the basic medium. The
product isolated from this reaction was subJected to chroma-
tography on paper alongside control spots of the anhydro-
deoxyhexitols (44) and (45),. (Section A), and thereby iden-
‘tifled with the faster-moving isomer, 2,6;anhydro-3-deoxy-£-k
arabino-hexitol (44). The aldehydic precursor theréfore had -
the E:lgzg—cohfiguration (133), and Fraction Y was 4,5—d1-§;‘

acetyl—2,6-anhydro-3-deoxyea1dehydo-971yxo-hexose-2,M-dinitro-

phenylhydrazone. It followed that Fraction X must be the

corresponding derivative of 4,5-d1-9-aceﬁyl-2,6-anhydro-3-deoxy-

aldehydo-gfxylo—hexose'(134), as the other major component
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(45), préviously isolated from the hydroxyméthylation of

3,4-d1-0-acetyl-D-xylal, had the Efxylo-configuration. Thus

| gHo HLOH - CH
- ~H  HO-G—H
CH CH,  HGOH &
Fraction Y ~—>|AO-C-H - _—'> HO-(l}-H = H2 -] 70
H-C-OAc F+{}4DH N H
CH, B _&Hz | éHZOH _.
D-1yx0-(133) - D-arabino- (L)

o L CH,
“Fraction X  e=——> 2

AO-C-H .  = gl\\ﬁ )
 . éFE= FE . - ﬁEHé)H,
D-xylo- (13%) - L-xylo- (45)

It 1s of interest that, whereas the anhydrodeoXy;f
hexitols (44) and (45), previously isolated from the hydroxy-
methylation df 3;4-&1-0-igetyl—D-xylal were pfesent in

.nearly equal proportions, the amount of the 2-1yxo-hexose

' (133) isolated (as Fraction Y) from the intermediate stage
of the reaction was considerably greater than the amount )
of its isomer (134). It has been shown that the rate of
“hydroformylation of olefins depends.on the accessibillity
of the ddubie-bondl6, and 1t 1is reasonable to suppése-that

a similar effect will operate in the hydrogenation stage,
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which 1s also consldered to proceed via an intermediate
7T;eomplex With cobalt hydrotricarbonylgo, It 1s suggested
therefore, that the carbonyl group of (134), being in equa-
| torial orientation to the ring, is more accessible for com-
plex formation, and (134) is more rapidly femoved from the
reaction mixture by hydrogenation that is (133);'in which

the formyl group 1ls presumably axial.

A A

O.

Ad HﬂD Ad
() | - (133) l &;o 72
1 ‘ !
sy (1)

(111) Aldehydo-hexoses by Oxidation of Hexitols

The attempted hydroformylation experiments described
above clearly showed that the oxo reaction of 3 4.di O—acetyl-
D-xylal was not a satlsfactory source of aldehydo—hexoses
(133) and (134), as these were apparently too readlly reduced
to alcohols and did not accumulate in the reactlon mixture.
Some expefiments ﬁere therefore carried out with a view to
preparing (133) and (134) by oxidat;on of the more accessible
mixture of di-O-acetyl-anhydrodeoxyhexitols (74) and (75),

resulting from the hydroxymethylation va(22) as descrilbed
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in Seetion A, Few methods are avallable for the oxldation
of alcohols which stop short at the aldehyde stage; two
recently described, and somewhat similar procedures which
were 1ﬁvestigated are those of Kornblum and co-workers

and of Pfitzer and Moffattl0®

165

Kornblum and co-workers have obtained good;yiéias
of aldehydes‘gy the oxidation of a variety of benzylic and.
stralght chain aliphatic tosylates, on heating with a mix-
ture of sodium hydrogeh carbonate andqdimethylsulphoxide.
The limlitations of the oxidation, whiéh initially involves
displacement of the tosyloxy group by dimethylsulphokide,
with formation of an intermediate dimethylsulphoxonium
sa1t167 ‘were shown by the non-reaction of neopentyl tosylate.
An attempt to oxidise the terminal tosyloxy group of a
carbohydrate, 1,2-0-1sopropylidene-6-0-p-tolysulphonyl-D-
glucose, did nqt give the anticipated aldehydo- compoung
‘but the 5,6—carbonatel68 The mixture of‘di-g-acetyl-l,S-
anhydro-4.-deoxy-hexitols (74) and (75) comprising the
hydroformylation product from (22) (Section A) was tosylatéd
wlth B—ﬁoluenesulphonyl chloride in pyridine to give the
previously described crude mixture of isomeric 6-0-p-
tolylsulphonyl derivatives (76) and (77) (equation 52).

- This was then“reacted for 5 minutes at 1509, in an atmos-'

phere of nitrogen, with a mixture of sodium hydrogen car-

bonate and dimethylsulphoxide, according to the procedure



gf'qunplum and“co-workers. From this reacﬁion a dark
gq;qgred syrup was isolated whose infrared spectrum was
virtually unchanged from that of the mixture of 6-0-p-
tolylsulphonyl derivatives (76)-and (77).

Results of a more positive nature were obtained by

_ thg prqqedure of Pfitzer and Moffattl66

whiéh also involveé
the_reaction'of dimethylsulphoxide. These‘WOrkefsg@Ound"
that complex alcohols (nuéleoside derivativeé, steféids)

were rapidly and selectively oxidised to the éorresponding
aldehyde (or ketone) on treatment with N,N'-dicyclohexyl-
carbodiimide (DCC) and dimethylsulphoxide at room tempera -
ture, in the presence of certain acids. A solution was
prepared of the mixtufe of (74) and (75) (from the hydroxy-
methylation of B,M;di;g—acetyl—gfxylal) in dimethylsulphoxide
qqppaining a trace of anhydrous phOSphoric acid and an ex-‘
Q?SS“Qf.DCQ'. After standing for one day at room temperature,
dgring which time a crystalline precipitate of N,N'-dicyclo-
hexylurea formed and dimethylsulphide was evblved,'the mix -
ture was filtered, diluted with ethanol and treated with

a hot ethanolic solution of 2,4-dinitfophenythdfazine, as
described previously.‘ On diluting with watér a Yellow solld
precipitated. This was collected by filtratioﬁ and separated
 from co-precipitated N,N'-dicyclohexylurea by solution in a
small volume of chloroform, in which the.ureé was insbluble,

Examination of the yellow product by thin iayer_chromatography
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réyea;gd_the presence of two major componénts, which were
;;Q;atedubylchrqmatography on thick plates of siliea gel,«
using multiple development with chloroform, and identified
with Fractions X and Y, the 2,4-dinitrophenylhydrazones

of the D-xylo- and D 1lyxo- isomers of 4,5-d1-0-acetyl-2,6-
anhydro-3-deoxy- aldehydo-hexose respectively, by melting:

point and mlxture melting point, and thin layer chromato-

graphy.

bThe amount of mixed 2,4-dinitrophenylhydrazonés ob-
tained by this reaction was equivalent to the oxidation of
approximately 35% of the di-O acetyl—ahhydrédeoxyhexitols
(74) and (75), and comprised about 60% of the D 1lyxo- (¥)
_and about 30% of the D-xylo— derivative (X) That the
aldehydo-hgxoses“thus isolated were products ofvthe'oxi—
dation reaction was confirmed by running'se@arate dontrol.
experiments under the same‘conditions, in one of which the
hydroxymethylatlon product, and in.the_Other the carpodiimide,
were omitted. _ Neither of these gave derivatives on subse-

quent treatment with 2 4 dinitrophenylhydrazine.
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EXPERIMENTAL

- General Considerations

High pressure reactions were carried out using.an
Aminco 2 9/16" 0.d. Micro Series reaction vessel of man-
'ganese steel (Americal Instrument Co. Inc;, Silver Spring,‘
Md.). Infrared (I.R.) spectra were measured on Perkin-
Elmer Model 21 and Model 137 (Sodium Chléride) spectro-
photometers.- Nuclear magnetic resonance (n.m.r.) spectra
were recorded at 60 Mc/s on a Varian A60 spectrometer;
resonance positions are recorded in ppm from tetramethyl-
silane as reference, set at zero (external.with‘DQO, in-
ternal”with other eolvents). Double resonance_speotra
were measured on a Varian D. P. speotrometer;falso at 60
Mo/sarusing a Heteronuclear Decoupler (NucleariﬁagnetiCjRe-_
'eomahoelspecialties); modules operating at ca 9;2 Me/s .
~were used to provide the deuterium frequency.'_Gas-iiquid
partition chromatography (GLPC) separationsfwereieffeCted»:
~using an'Aerograph "Autoprep" Model A- 700 (WilkenS'Instru;‘
ment Co. Inc ), employing a column (10' x l/'4") of 20%
Silicone GE-SF 96 on firebrick, at a temperature of 18@
_.mith»helium as the carrier gas at a flow,rate_of-MO»ml/,
miéﬁteg;_Samples were injected directljioﬁto'the’oolumn
using‘a 6" needle Water saturated l-butanol containing

5% ethanol at room temperature was employed as solvent for
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paper partition chromatography; Rp values recorded are with
reference to this solvent system. Polyols were detected$wfth;
sodium periodate-Schiff reagent73. Thin layer chrcmatography-
(TLC)vwas on plates of Silica Gel G (acc. to Stahl), and
zones were located by spraying with the general purpose re-
agent of sulphuric acid containing 5% fuming nitric acid,' 
and heating at 1300. Melting polints were determined on a
Kofler block and are uncorrected. Analyses were performed
in the laboratories of Dr. A, Bernhardt, Mulheim (Ruhr),
West Germany, and by the Microanalytlcal Laboratory,
University of British Columbia.
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Experimental Section A

3,4-Di-0-acetyl-D-xylal (22)

In a 500 ml, 3-necked flask equipped with an efficlent |
stirrer_and a'thermometer{ acetic anhydride (200 ml) was
cooled to 0° and 70% perchloﬁic acid (1.2 ml)'was added
dropwise. 'The solution was then warmed‘to room témperatufe
and P}xylose (50 g) was added in portioﬁs during,the course
of 1f£our to thé stirred mixture at such a rate that the
temperature did not rise above 30°. Red phosphorus (15 g)
was added after cooling the reaction mixture to below 20°
in an ice;water bath, followed by the dropwlse addition
of bromine (30 ml) and then of watér (15 ml) to the con-
tinuously stirred mixture with control of temperéture at
or below 20°, Afterlsténding at room temperature for 3
hours the réaetion mixture was filtered, and the filter
paper was washed with a little glécial acetic acid. ' The
deep yellow filtrate, contéining_2,3,4»tri—g~écetyl-c<ﬂ9-
xylopyranosyl bromide, was immediatel& added to a reduction
mixture, previously prepared as follows. A solution Qf
sodium acetate trihydfate (200 g) in water (290 ml) and
glacial acetic acid (206 ml) was cooled to -10°, and zine
~dust (110 g)‘and cupric sulphate pehtahydréte‘(ll g) dissolved
in water (40 ml) were added. When the blué colour had dis-

appeared, the above solution of 2,3,4-tri-O-acetyl-cc-D-
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Xylopyranosyl bromide_was gradually added over a period of
;'hopr‘tovthe mixture, which was maintained at -100 by
cooling in an-acetone-solid 002 bath, and which was vigor-
ously stirred by an efficlent Hirschberg-type stirrer. Stir-.
ring was continued for a further 3 hours with the temperature
gtM:iQQ, Celite was added, and the mixtﬁre was flltered
through a layer of Celite into a suction flask containing
-ca SQO g_gf crushed ice, fragments of solid carbon dioxide
being added to the mixture during filtration.to prevent undue
risg in temperature. After washing the filter wiﬁh cold 50%
aqueous acetic acid (ca 150 ml), the filtrate was extracted
with five 100 ml portions of cold chloroform. The combined
chloroform extracts were washed with five 100 ml portions
9f i@e;gold water, cold aqueous sodium carbonate until free
of acid, three 100 ml portions of cold water, then dried
dygp_anhydrgus calcium chloride, filtered and evaporated
ggng_;educed pressure té a syrup, which was immediately
d;stilled under vacuum. The fraction b.p. 115-1200/1.4 mm
(26 g) qustallised overnight in the refrigerator:; Eiﬂig

7312°W(Q, 2.3 in chloroform). One spot by TLC (benzene-

1

methanol, 96:4 v/v); I.R., strong band at 1640 em ~ (C=C

stretching).

Dicobalt Octacarbonyl

A slurry of cobalt (II) carbonate.(15-g) in anhydrous

benzene (60 ml), contained in the Pyrex glass liner of a
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'p}gh pressure reaction vessel was shaken with carbon mono-
xide (1600 psi) and hydrogen (1600 psi) at 180° for 2 hours.
After cooling to room temperature the unreacted gases
(ecombined pressure about 2400 psi) were vented and the dark
brown solution was filtered to remove unreacted cobalt (II)
éafbonate.v The filtrate was dlluted with an equal volume
of petroleum ether (b.p. 30-60°), and on standing at 510O
in'a well stoppered flask, orange crystals of dicobalt octa-
carbonyl were precipitated, yield about 10 g}' The cfystailine
product could be stored under the mother liguors at -100 for

several weeks without undue decomposltion.

Hydroxymethylation of 3,4-di-Q-acetyl-D-xylal

Typical experimental conditions for the absorption
of 3-mdles of synthesls gas were as follows. lTo a solution
of 3,4-d1-O-acetyl-D-xylal (5.6 g) in anhydrous benzene (25
ml), contained in tgé glass liner of a high pressurebreaction
vessel, was added dicobalt octacarbonyl (i.S‘g). The étop-
pered liner was then inserted into the autoclave; which was
flushed with carbon monoxide. Carbon monoxide was then added
to a pressure of 500 psi, followed by hydrogen;td a total
pressure of 3000 psi, and the reactants were heated, with
rocking, at 125—1300 for about 2 hours. After cooling to
room temperatureAovernight,'unreacted synthesis gas pressure

was released and the dark coloured solution was transferred
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to a short (8 x 8 cm diam.) column of Florisil, previously

prepared.as a slurry 1n anhydrous benzene. Elution with

petroleum ether (b.p. 30;600) was continued until cataiyst

was completely removed and the eluate*was_colourless; and

the reaction product.was then eluted with benzene ethanoi ,

(10'1, V/V) Evaporation of solvent under reduced pressure
Iy

gave a syrup: (6340 g)\consi4ting principally of a mixture
of 2, 3 di-O-acetyl 1,5-anhydro-4 deoxy-hexitols.'

o To the syrupy product (4.4 g) dissolved invanhydrous
methanol (50 mi) was added, with cooling, a solution of

sodium (O;é g) in annydrous methanol (50 ml), .and the mixture
was set aside at about 50 for 1 day. Fragments of solidwoaroon
dioxide were then added until the solution was neutral to
pH indicator paper, and solvent was removed under reduced -
pressure. The resulting 801id residue was dilssolved in
water (50 ml) and sodium ions were removed by passage of"

the solution through a column of Amberlite IR-120 (H')

cation exchange resin, which was then washed with distilled
water. The combined effluent and washings (total volume
about 250 nl) were then reduced to a syrup (2.75 g) by
evaporation under reduced pressure at about 45°, The pro-
'duct, which exhibited a strong band at around 3400 em”™ -1
(O-H stretching) in the infrared, showed two main components
on;paper.chromatography. A portion (0.40 g) of‘the_deacety-

lated mixture, dissolved in a small volume of methanol, was
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applied equally to siff sheets (57 x 46.cm) of Whatman No. 1
filter'paper, prepared for descending chromatography. After
equilibrétion and develépment for 40 hours, the two_zones |
were locéted-by spraying tests strips, cut fﬁﬁm each sheet,
with‘aqueous sodium periodate-Schiff reagent, and separately
éxtractéd with hot aqueous methanol (1:1, V/V) to afford
Fraction I (6.15 g);;gF 0.47, and Fraction II (0.18 g), Ry
0.1, | |

jCharacterisation of Fractions I and II

Fraction I (1,5-anhydro-M-deoxy-g—arabino-hexitol (44))

Fraction I, Rp 0.47, isolated by paper chromatography,
was dissolved in methanol, decolourised by filtration through
a 1ayer of Celite-Darco 60, and crystallised by the addition
of 1sopropyl ether to incipient turbidity'and co@ling in
the refrigerator. Recrystalllsation from the éame solvents
gave a product, m.p. 1027, E?ﬂ —13 (¢, 6.3 in water).

N.m.r. signals (D,0): wultiplet 3.2 - 4.2 (7); multiplét

1.35 - 2.2 ppm (2). Calc. for CH c, 48.64; H, 8.16.

129
Found: C, 48.35; H, 8.10.

1,5-Anhydro;4-deoxy-2,3,6-tri—Qfgfnitrobenzoylﬁg-

arabino-hexitol

Fraction I (31 mg) and p-nitrobenzoyl chloridé (freshly
distilled, 330 mg) were dissolved in anhydrous pyridine
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(lhml)‘and-the solution was heated at 80-90° for 1 hour.
After.qopling, the mixture was stirred with a saturated
aqueous soiution of sodium hydrogen carbonate (5 ml) for
3vaiputes, The light coloured solid which separated was
§xtracted with chloroform, and the extract was washed with
satupated sodium hydrogen carbonate sclution and with water,
andvdried‘over magnesium sulphate. Removal of splvént gave

a syrup which crystallized from ethyl acetate-petroleum

ether (b.p. 30-60°); m.p. 215° [0d20 50° (c, 1.0 in chloro-
.fqrm),»nCalg.-for 027H21013N3: C, 54.60; ﬂ, 3.60. Found:

C, 54.56; H, 3.86. |

Fraction II (1,5-anhydro-4-deoxy-L-xylo-hexitol (45))

The component, R, 0.41, was obtained as a syrup,

o F
after filﬁration through charcoal, which could not be
grystalliéed. Purification by formatlion of a crystalline
tri;g;acetyl derivative, as described below, followed by
deacetylation with methanolic sodium methoxide, afforded

a colourless syrup; B@];o ~44° (¢, 6.4 in water). N.m.r.
signals’(D2O)= multiplet 2.9 - 4.15 (7); pair of quartets
1.75 ; 2.2 (1); multiplet 1.15 - 2.2 ppm (1). Calec. for
céniéod: ©, 48.64; H, 8.16. Found: C, 48.36; H, 8.39.

2,3,6-Tri-0-acetyl-1,5-anhydro-4-deoxy-L-xylo-hexitel |

Fraction II (70 mg) in pyridine (1 ml) and acetic
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ggpydp;demﬁimml} was heated for 20 minutes on a steam bath
with exclusion of moisture. The solution was kept at room
ﬁempgratureApvernight and then poured into ice-water (about
§QM@1): “After 1 hour the aqueous solution was extractéd
w;thuthoroform, which was successivély washed with 5%
ggg?ogsAthassium hydrogen sulphate solutlion, saturated
gog;um bydrogen_carbonate solution and water, and dried
over magnesium sulphate. Removal of solvent gave a syrup
'(llO mg) which soon crystallisﬂd Recrystalliéation from
ether-petroleum ether (b.p. 30-60°) afforded the pure tri-
acetate; m.p. 80—81 H Byﬂéz - 1° (¢, 0.8 in chloroform).
Cale. for 012H18°7’ c, 52.55; H, 6.62. Found: C, 52,82;
- H, 6.58.

76

Consumption of Perilodate Ion

- Fraction I

~ Absorbance readings at 223 mum were measured at in-

@g;y@lsqu a Beckmann Model DU Spectrophotometer (1 cm silica
cgi;g) of an aqueous solution containing 0.439 x IO'AM of
Fraction I and 0.942 x IO—MM of sodium periodate (Reading

A). Simultaneous readings were made of a solutlon containing

-4

0. 439 x 107 M of Fraction I only (B), and of a solution con-

-4

taining O. 942 X 107"M of sodium periodate (C). The following

values were obtainedt
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(a) (B C)-A(B)
Time (hrs) (B ¢)-Ald Moles periodate/
| C, molel:substrate .
1.5 0.142 0.150  0.32
3.5 0.207 0.218 0.47
11.5 0.399 0.420° 0.90
22 0.381 | o0.401 _ 0.86

(a): decrease in absorbance due to consumptlion of periodate

(b): fraction of known amount of periodate consumed

Fraction II

In a slmilar manner, absorbances of solutions ‘
' -4 B
0.453 x 10 M with respect to Fraction II and 0,942 x 10 QM
with respect to periodate ion were measured, to give the

following values:

Time (hrs) | (B C)-A(a) (B Cl:ﬁﬁP) Moles periodate/
Co - mole substrate
1.5 | o.177 0.192 0.40
3.0 0.263 0.284 | 0.59
10.5 0.423 0.457 _ 0.95
24 , 0.392 . 0.424 7 0.88
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Enantiomeric 2-deoxy-3-97(2—hydroxyethy1)—glycero—tetritols

Fraction I, Rp 0.47 (47 mg) was diésolved in an aqu-
eous solution (5 ml) conbaining periodic acid (150 mg, 50%‘
excess) and immediately transferred to a polariméter tube
which was protected from light. The optiecal rotation of
the solution fapidly assumed a constant value. After 6
hours the sblution was removed from the tube, neutfalised
by'thevaddition of excess barium carbonate, and filtered
into a solution of sodlum borohydride (50 mg) in water (3
ml). Aftér_étanding;at room temperature for 1 l/2 hours
the sblution was'made slightly acld to pH indicator paper
"by the dropwise addition of acetlc acid, Amberlite IR-120
" (H') resin (5 ml) was then added, and the mixture waé stir-
red for 1 hour. Filtration and evaporation under reduced
pressure gave a solid residue, which was repeatedly eva-.
porated with methanol to remove borate ion as‘thevmethyl
ester. The resulting trilol ether (III) (44 mg) was a
syrup; Dkﬂ§3'-l9o (@,‘2.0 in water); n.m.r. signals'(D2O)=
~multiplet 3.5 - 3.9, with sharp signal at 3.72 (9); multi-

plet (apparent quartet) 1465 - 2.0 ppm-(2).

The triol ether (III) was characterised as the tris-
E—hitrobenzoyl derivative: a portion (18 mg) was heated
at 90° with p-nitrobenzoyl chloride (160 mg) in anhydrous .

~ pyridine (0.6 ml) for 1 hour. Removal of excess p-nitro-
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benzoyl chloride and pyridine by stirring with saturated
sodium hydrogen carbonate solution, extraction with chloro-
form, washing with sodium hydrogen sulphate solution, sodium
hydrogen carbonate solution and water, drying over magnesium
sulphate and removal of solvent gave a syrup (80 mg) which
was erystallis=d from ethyl acetate petroleum ether (b.p.
30 60°); m.p. 102- 1030' {EXjD -28° (e, 1.1 in chloroform)
Cale. for 027H230 3N3 C, 54.30; H, 3.99. Found: C,
54,575 H, 3.95. The melting point of this derivative was
undepressed on admlxture with the corresponding derivative
of the triol ether obtained, by a similar procedure to the
above, from the polyols isolated from the hydrogenolysis
products of methyl o<-2fgluc0pyranoside82.

Fraction II, R 0.41, (30 mg) was‘converted by perio-
date oxidation and sodium borohydride reduction as described
above to a triol ether (IV) (27 mg), which had [b{]g5-+l
(¢, 1.7 1n water); n.m.r. spectrum identical with that de-
seribed above for triol ether (III) from Fraction I. A
portion (13 mg) of triol ether (IV) from Fraction II was
converted to a tris- p-nitrobenzoyl derivative on heztlng
with p-nitrobenzoyl chloride (0.13 g) in pyridine (0.5 ml),
and 1lsolated in the usual way:; the product (55 mg) on cry-
stalllisation from ethyl acetate-petroleum ether (b.p. 304

O .
60°) had m.p. 102-103°; 'Bxﬂgu +26 (¢, 1.4 in chloroform);
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infrared spectrum identical with that of the tris-p-nitro-
benzoate of triol ether (III). Cale. for CorHp30y3Hs*
¢, 54.305 H, 3.99. Found: C, 54.63; H, 4.09.

2-Deoxy-3-0-(2-hydroxyethyl)-Efglycero-tétritol (49)

D-@alactal (19)

| 3,4,6;Tri-QEacetyl-Qfgalactal (40) (7 g) was dissolved
in'awsqlution (approximatez& 0.01 N) of sodium methoxide
;p_anhydrous methanol,‘and the solutlon was képt at room
temperature for 48 hours. Removal of solvent under reduced
pressure gave a syrup, from which Qfgalactal was isolated
as white orystals on extraction with boiling ethyl acetate. .
RecrystalliSaLion from the same solvent gave (19)(2.5 g),
‘m.p. 100:102°

MethYl 2-deoxy-o<72-galactopyran081de (55)

o To a solution of D-galactal (2.5 g) in anhydrous

- methanol (22 5 ml) was added a 2% (w/v) solution.of hydrogen
'ghloridg in methanol (2.5 ml). A portibn of the solution

was transferred to a 2 dm polarimeter tube and the change

in thical rotation was observed at intervals; no further
changgﬂwas‘observed after 90 minuteS'from Ehe addition of
hydrogenmghloride. After 2 hours the recbmbinéd solutions.
 w§peWnegtpa1;squby the addition of silvef carbonate, filtered

and evaporated to a syrup (2.7 g). Addition of a small volume
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oﬁ»@éetone.resplted in the separation of crystals which were
isolated and recrystalliszd from ethyl acetate; 1.0 g; m.p.
112-114°,

Methyl 3,6—anhydro-2-deoxy—cx-gfgalactopyranoside (57)

‘ To an ice-cold, stirred solution of methyl 2-deoxy-
cgég;galactopyranoside (i.@ g) in anhydrous pyridine, a
cooled solution of R;toluenesulphonyl chloride (1.0 g) in
anhydrous pyridine (4 ml) was added over a period of 50
minutes, and thé mixture was set aside at Oo for 20>h9urs.
Water (0.5 ml) was added to the stirred solution at Oo;
which»after 30 minutes was then poured into ice-water (100
ml). The mixture was extracted with chloroform, and the
combined extracts were washed with potassium hydrogen sul-
phate solution, sodium hydrogen carbonate 801ution and water,
dried over magnesium sulphate, filtered and evaporated tg
a syrup (56) (1.46 g). This was dissolved in ethanol (53
ml); measurement of the éptical rotation of this solutilion
gave a value of B33%3 +—93o (¢, 2.6 in ethanol) for the
642;§-tolylsu1phohyl derivative (56). To the recombined
ethanolic solution was added 1N sodium hydroxide solution
(4.3 ml), and the solution was heated at 60° for 1 hour,
neutralised with solid carbon dioxide and evaporated to
dryness. The product was repeatedly extracted with boiling

acetone and after removal of solvent under reduced pressure
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the residue was redissolved in ethyl acetate. Filtration
and evaporation of solvent gave a syrup (0.65 g), which
distilled at 130O (bath temperature)/o 1 mm as a colourless
liquid which soon crystallised, yield 0.47 g of methyl 3,6-
anhydro-2- deoxywc<-D~galact0pyranoside (57), which was re-
crystalliszd from ether; m.p. 76~ 77 ; [b{]2u+-9h (¢, 5.7

in water).

3,6-Anhydro-2-deoxy-D-1lyxo-hexose (58)

_ To a solution of the methyl glycoside (57) (0.28 g)-
in water (6 0 ml) was added 2N sulphuric acid solution (0.6
»ml),_and“tbe mixture was left stand at room temperature

for 110 minutes. Neutralisation with barium carbonate,
filtrap;en and removal of water by freeze-drying gave a
uoe;ou;less_syrup, which was redissolved in water, filtered;
enq“egain eyaporeted by freeze-drying. The residue was
d}ssg;ved‘inﬂwarm aeetone, filtered and evaporated under
reduced pressure to a clear, colourless syrup. Yield of
3, 6-anhydro 2- deoxy-D 1yxo-hexose, 0.26 g; - BX]D 250

(¢, 5.1 in water). I.R. spectrum (liquid £film):  sharp

peak at 1715 — (aldehyde C=0 stretching).

1,4-Anhydro-5-deoxy-D-arabino-hexitol (59)

To a solution of the anhydro-sugar (58) (95 mg) in

water (1.0 ml) was added dropwise a solutioﬁ of sodium
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borohydride (50 mg) in water (1,0 ml). After 1 hour, Amber-
lite 13;120 (H*) resin was added in small portions until
Thydrogen was no 1onger}evolved; more resin (93_3 ml) was
then added and the mixture was stirred for 30 minutes.
Filtration and evaporation under reduced pressure gave a
s0lld resldue which was repeatedly evaporated with methanol
to afford 1,4-anhydro-5-deoxy-D-arabino-hexitol (59) as a
colourless syrup (86 mg); [3X]%5-+210 (¢, 1.7 in ethanol).
The anhydrodeoxyhexitol was characterised as the tris-p-

ﬁitrobenzoyl derivative.

1,4-Anhydro-5-deoxy-2,3,6-tri-0-p-nitrobenzoyl-D-

arabino-hexitol

A portion (25 mg) of (59) was heated with.gfnitro-
benzoyl chloride (0.25 g) in pyridine (0.7 ml) and the pro;
auct was isolated in the usual way. The resulting syrup

(114 mg) crystalliséd from chloroform-petroleum ether (b.p.
30-60%); m.p. 159;1600; [oa§2 ~96° (e, 0.7 in chloroform).

. Cale. for 027H21013N33 C, 54,465 H, 3.56., Found: C, 54.61;
H, 3.86.

2-Deoxy-3-0-(2-hydroxyethyl) -L-glycero-tetritol (L49)

1,4-Anhydro-5-deoxy-D-arabino-hexitol (59)(55 mg) was

dissolved in a solution of periodic acid (96 mg, 1.3 moles)
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;nwwgterﬂ(530 ml), -The golution was tfansferred to a polari;
mgte;hpube protected from light and 1ts‘rotation.was 6bserved
at“;nbgrvals and found to be constant after 3 1/2 hours.
After.spanding in the dark overnight the soiution was neu-
tralised with barium carbonate and then filtered into a
solution of sodium borohydride (70 mg) in water (4 ml).

Aftep 2 hours the solution was neutralised with acetic acid,
deionised by stirring with Amberlite IR-120(H") resin,
filtered and evaporated under reduced pressure td a resldue
fwhich was repeatedly evaporaﬁed with methanol to afford a
syrup (51 mg), [kx]gu +17° (e, 2.0 1n waﬁer), whose n.m.r.
bspectrum (Déo) was identical with that described for triol
ether (III), and with that of triol ether (V).

) A portion (30 mg) of (49) was converted to a tris-
E-nit;obenzoyl derivative in the usual way.: Crystallisationb
from ethyl acetate-petroleum ether (b.p. 30-60°) gave a
product, llyﬂgh-+27o (¢, 1.1 in chlorofofm},7whose melting
point 6fhi01;102o was undepressed on admixture with the tris-
g;nitrobenzoate of the triol ether (IV) @erived from Fraction
II. ”The Infrared spectra of both nitrobenzoates were iden-
tical. calq. for Cp7H, 0 .M C, 54,305 H, 3.99. Found:
'C, 54.61; H, 4.00.



- Attempted preparations of 2—deoxy;3,u—di-g-acetyl-

Q-xylopyranosyl cyanlde

(a) By addition of HCN to 3,4-di-O-acetyl-D-xylal (22).

Hydrogen cyanlde was generated by additionlpf a Saturated _
 solution of sodium cyanide to 50% sulphuric acid solut1ont90;
thé‘gas was dried by.passage through a serles of célcium
}chlofide tubes surrounded by water at 30-&00,_aﬁd then com;
densed‘intq a 50 ml flask, protected from-atméspheric moiéture,
containing 3;4-d1-9:a¢etyl-27xylal (0.52'3) and sodium cya-
nide (10-15 mg), by passage through a .coll surrounded by an
ice-salt mixture. After the addition of about 5 ml of HCN,
the flask'was sealed by a calcium éhloride_tubq,;thé solu-
tion was‘stirred at 0O for 5 hours, andiﬁhe“hydrogen cyanide
was then allowed to evaporate ovefnight. Thé'i;R;'Spectrum
of the residual syrup was unchanged from'that of 3;M-di-97

acetyl-D-xylal.

(v) By reaction of 3,M-di-g;acetyl-gf%ylopyranosyl chloride

with Hg(CN)g. 3,4—Di-gfacetyl-gfxylﬁpyrahosyl chloride (67):

& cooled solution of 3,4-di-O-acetyl-D-xylal (2.5 g) in an-
hydrous benzene (20 ml) was saturated with dry hydrogen
| chloride. After standing for 1 hour, the solvent was re- -

moved under reduced pressure at 300 to give a colourless oll.
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| I,Rﬁ_spectrum (1iquid film): disappearance of absorption
at 1640 em™1 (0=C stretching).

To a solution of (67)(1.5 g) in anhydrous nitromethane
(5 ml) was added mercuric cyanide (1.7 g), and the mixture
- was stirred at room temperature for 24 hours with exclusion
of moisture. The dark coloured solutioﬁ was reduced in
volume under vacuum, methanol (15 ml) was added and the mix-
ture was poured into water (MO ml) and}ice‘(30 g) containing
sodium chloride (2.5 g). Extraction with chloroform, wash-
ing with water, drying over sodium sulphéte and evaporation
" of solvent gave a dark brown syrup, which waé chromatographed
through a column of neutral alumina using benzene-ether-
methanol (70:30:1, v/V) as developing solvent to afford a
nearly colouriess syrup. T.L.C. (benzene-methanol,’96=4
- v/v); complex mixture: I.R. spectrum (liquid film); no
absorption in 2000-2300 cm—l region (C=N): N, approxi-
mately 2;6%.

-In‘a similar experiment, a solution of (67) (1.1 g)
in anhydrous benzene (7 ml) was added dropwise to a re-
fluxing suspension of silver cyanide (0.7 g) in anhydrous
ether (15 ml). After 5 hours the mixture was cdoled, filtered
and evaporated to a syfup which consisted of a mixture of
unreacted (67) and 3,4-d1-O-acetyl-D-xylal (identified by
I.R. band at 1640 cm™t, and T.L.C.). |
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2,3QDi-g-acetyl—1,5-anhydro-M,6-dideoxy-g-arabino-

hexitol (70) and 2,3-di-O-acetyl-1,5-anhydro-4,6-

- dideoxy-L- xylo-hexitol (71):

!(@) By reaction of (67) with methyl magnesium bromide.

To a stirred solution of methyl magnesium bromide in dry
ether, prepared by the slow addition of methyl bromide gas
tola stirred suspension of magnesium (3.2 g) in dry ether

(50 ml), under an atmosphere of nitrogenj was added drop-
wise over 45 minutes a solution of 3,4—d1-97acety1—2-deoxy-
2;xylopyranosyl chloride (prepared by the addition of hydrogen
;ﬁlopide to 3,4;d1-gfacetyl-2¢xylal (2.5 g) as described
abpve) in dry ether (30 ml). After refluxing for 5 hours,

tbg solution was cooled and added slowly to a:mixture of

ice and water (approximately 750 ml) containing acetic acid

(5 ml). The aqueous phase was filtered through Celite,
neutralised with éN NaOH solution, and evaporated to a wﬁite
solid. The reactlon product‘was separated from inorganic
mater;al by repeated extraction, filtration and evaporation
With ethanol, aﬁd subsequently with acetone, to y;eld a

yellow syrup (0.95 g). Paper chromatography showed one zone
(Rp 0.69) on spraying with periodate-Schiff reagent. A
portion of the product (0.33 g) was purified by chromatography
on paper to give a mixture (0.22 g) of anhydrodideoxyhexitols

(70) and (71). N.m.r. signals (D20)2 complex multiplet
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3.0 - 4.2 (5); multiplet up-field from 2.2 (2), C-CH,-C;
pair of oveflapping doublets (J = 6 ¢/s) at 1.14 and 1.17

ppm (3), C-CHs.

A portion of the purified mixture of (70) and (71)
(lOO mg) was acetylated with acetic anhydride (1 ml) and
pyridine (1 ml) at room temperature overnight. Isolation
of the product in the usual way gave a syrup - (110 mg)
which was fractionated by GLPC to yileld two pure components
(72) and (73), the latter being identified as 2,3-d1-0-
.acetyl l 5-anhydro-4,6-dideoxy- L-xylo-hexitol by independent'
synthesis from l,5-anhydro-4-deoxy-gfzzlgfhexitol (45) as

described below.

2, 3_Di-o-aoety1_1,5-anhydrolu,6_d1deoxy_g¢arabino-'

hexitol (72) . relative retention time 1.10; colourless

liguid; E&geﬂ -82° (¢, 1.0 in chloroform). Calec. for
101031605‘ C, 55.543 H, 7.46. Found: C, 55.61; H, 7:55.
N.m.r. signals (CCly): multiplets at 4.75 - 5.0 (2), 4.4 -
u 65 (1), 3.35 - 3.9 (3); two sharp signals at 2.02 (3) and

-C; doublet

2.06 (3),'-OCOCH3, multiplet 1.5 - 1.85 (2), C- ~CH,,

(3 = 6 ¢/s) 1.13 ppm (3), C- CH3 L

2,3-Dia0-acetyl-l,5—anhydr0~4,6-d1deoxy-L-xylo-hexitol

(73):_ relative retention time 1.00; colourless liquid,

I .
[052 -210(c, 0.9 in chloroform). Cale. for CloH16o5' C,
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55.54;VH, 7.46. Found: C, 55.47; H, 7.42. N.m.r. signals
(c014): multiplets at 4.65 - 5.0(2), 3.8 - 4.2 (1) and 3.0 -

on multiplet (2), C-CH,-C; doublet (J = 6 c¢/s) 1.20 ppm

, C-CH_.
(3) 3

(73) from 1,5-anhydro-4-deoxy-L-xylo-hexitol (45)

To an 1ce;cold solution of (45) (70 mg) in anhydrous
pyridine (0.5 mi) was added over 20 minutes a solution of
g;toluenesulphonyl chloride (105 mg, 1.1Imoles) in anhydrous
pyridine (1.0 ml). After 18 hours at 5°, acetic anhydride
(1.0 m1) was added and the mixtﬁre was stood for a further
12 hours at room temperature. Isolation of the product in
the usual maﬁner gave a syrur (140 mg) which contained
approximately 80% of 2,3-di1-O-acetyl-1,5-anhydro-i4-deoxy—
6;9}E;tolylsulphonyl—Efﬁzlgfhexitol (77), as judged by the
amount of sodium p-toluenesulphonate liberated therefrom,.
The crude product in acetone (2 ml) was heated wiﬁh sodium
iodide (140 mg) in a sealed tube at 100° for 3 hours. After
cooling, sodium p-toluenesulphonate (58 mg) was removed by
fi;tration and the solutlon was evaporated under reduced
pressure to a solid residuei Extraction with refluxing ether
and évaporation of solvent éave a syrup+ (125 mg). The crude
6édeoxy:6:iodo;derivative (79) was dissolved in methanol (10

ml) containing 5N sodium hydroxide solution (0.5 ml), and
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shaken with hydrogen at atmospheric pressure and temperature
in the presence of Raney nickel (15 mg) for 30 minutes.
Filtration, hegtralisatioﬁ with solid carbon digxide‘and
eveporaﬁ;on under reduced pressure gave a:Whitefeolid, which
wes‘ecetylated by heating at 100° for 3fhohr5’w1th acetic
anhydride (2 m1) end,anhydrous sodium‘eeetate‘(o.ﬁrg)._ ise_ [
ietion-qf the_product in the ﬁsuallwéy.geree2,3-di-greeety;-;
1?S;anhydro;h,6-dideoxy;£f§zlg-hexitql-(73) as a syrup (50'
mg), which showed one zone on GLEC wnose'retentibn’time |
Wae identical with the faster-moVingcempoﬁent~of-the'miXtdre
ef‘aoetates prepared as described abover: Theginfrered'sﬁec-
trum of a portion of the product thus purified by GLPC was
~identical with that of the latter zone, Which waS'ﬁhus_

identified as the L-xylo isomer (73).

(b) From (74) and (75) obtained by reaction of 3,4-d1i-0-

acetYlﬁg-xylai with carbon.monoxide and hydrogen

o 3 M Di-O-acetyl—D-xylal (5.6 g) in anhydrous benzene

(25 ml) was reacted with carbon monoxide (1100 psi) and
hy@rogen (2200 psi) at 130° for 3 hours in thevpresence of
dicobalt eetacarbonyl (1.5 g), and the product-wes separated
from cetalyst as previously described to give’a eyrﬁp (6 1 g)
consisting chiefly of two isomeric 2,3~ di O-acetyl 1, 5-anhydro-.
Y -deoxy-hexitols (74) and (75). A portion of the product

(1.5 g) was.deacetylated'with'methanolic sodium methoxide.
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Iselation in the usual way and fractlonation by preparative
paper ehromatography gave l,5—anhydro-M-deoxyfg-arabino—
hexitol (44) and 1,5_anhydro-u-deoxy;grzzigfhe;&tol (45),
1dentical with the fractions obtained in a previous ex-

periment.

| To a further portion of the oxo product (1.5 g)

in anhydrous pyridine (6 wl) was added p-toluenesulphonyl
chloride (1.8 g). After sténding at room temperature for
18_hours the product was isolated in the usual manner to
yileld a syrup (1.6 g) whose n.m.r. spectrum indicated approxi-
mately 75% of 2,3-di-O-acetyl-1,5-anhydro-4-deoxy-6-0-(p-
tplylsulphonyl);hexitols ((76) + (77)) to be present. The
product (1.5 g) in acetone (12 ml) was hezted with sodium
1odide (1.5 g) at 100° for 3 hours in a sealed tube. After
cooling, sodium E}toluenesulphonate (0.52 g) was removed
by filtration, the filtrate was evapofated to dryness and
repeetedlylextracted with boiling ether. ‘The crude mixture
of 2,3-di-0-acetyl-1,5-anhydro-4,6-dideoxy-6-1odo-hexitols
((78) + (79)) (1.0 g) was dissolved in methanol (40 ml) con-
taining‘SN sodium hydroxide solution (2 ml), and shaken with
hydrogen at atmospheric pressure and temperature in the
presence of Raney nickel (100 mg) for 30 minutes, when ab-
sorption of hydrogen (46 ml) was complete. After standing
e@‘reom temperature for 2‘hours the solution was filtered,
neutralised with solid carbon dioxide and evaporatednte a

white solid. Repeated extraction, flltration and evaporation with
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agetqne gave a pale yellow syrup, which was further purified
by‘preparative_paper chromatography to yleld a colourless
syrup (0.20 g); one zone on paper chromatography of identical
‘ Bﬁ value (0.69) to the mixture ((70) + (71)) previously ob-
tained by reaction of (67) with methyl magnesium bromide.
N.m.r. spectrum (D20)= esgentially identical with that
descrilibed above for the mixture of anhydrodideoxyhexitols
(70) and (71). |

A portion of the purified product (110 mg) was acety-
lated with acetlc anhydride-sodlum acetate to yleld a syrup
(140»mg) which was fractionated by GLPC into (74) and (75),
identical with the two fractions 1solated as desecribed above
on the basis of retention times, specific rotations ( [}{]%u
';810 and -23° respectively (¢, 1.2 in chloroform)), and n.m.r,

and infrared spectra.

Identification of "Polyol Y" from Hydrogenolysis of
' 80,82

Methyl <<-D-glucopyranoside

The trisup-nitrobenzoate of this compound (170 mg),
kindly supplied by Dr. P. A. J. Gorin, was debenzoylated |
by refluxing with 0.1N methanolic sodium methoxide (30 m1)
ﬁqr 1 hour. Filtration to remove methyl p-nitrobenzoate,
and isolatlon of the product in the usual way gave a colour-
less syrup (38 mg); Eyﬂ +40 (¢, 2.2 in waten), (pfeviously
reported value82vwas'-+l9 ). N.m.r. signals dbéo): multi-

plet 2.9 - 4,15 (7); pair of quartets centered around 2.0
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(1)5 multiplet ca 35 c/s wide centered around 1.5 ppm (1).
The spectrum was identical with that of 1,5-anhydro-4-

deoxy-L-xylo-hexitol (45).

2,3,6-Tri-gfacetyl-l,5—anhydro-4-deoxy;R-xylo-hexitol

The anhydrodeoxyhexitol obtained on debenzoylation
as described above was acetylated at room temperature for
18 hours with acetic anhydridev(l ml) and pyridine (1 ml).
Isolation of the prodgct gave avsyrup.which crystalli&ed
from ether—petroleumlether (b.p. 30-60°); m.p. 80-82°;

_ Duﬂgg-ruoo (¢, 2.0 in chloroform). The infrared spectrum
of the product was identical with that of the tri-O-gcetyl

derivative of the levorotatory L-isomer (45).

Reaction of 3,M-Di-g-acetyl—97xylal with Carbon

Monoxide and Deuterium

3,4-Di-O-acetyl-D-xylal (1.8 g) in anhydrous benzene
(8 ml) was reacted wiﬁh carbon monoxide (1000 psi) and
deuterium (800 psi) at 130° for 3 1/2 hours in the presence
of dicobalt octacarbonyl (0.4 g). After cooling overnigﬁt,
unreacted gases were vented, and catalyst was removed by'
filtration through a short column of Florisil as described
previously, to afford a syrupg(l.B g) on removal of eluting
solvent under reduced pressure. A poftion (0.8 g) of the

| product was deacetylated with methanoiic’sodium methoxide
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and on working up in the usual way a syrup (0.56 g) was
isolated whose infrared spectrum showed the presénce of
deuterium (C-D stretching in 2200-2300 cm™t region).

Paper chromatography showed 2 main components of simllar
mobilities to (44) and (45), chromatographed alongside as
controls.. Fractionation of a portion (0.48 g) of the mix-
ture of deuterated hexitols by paper chromatography gave

- the two components, whilch were separately purified by further
chromatography on paper. The two pure fraotioﬁs were sub-

jected to n.m.r. analysis as described below.

l,5-Anhydro-u-deoxy-g-érabino-hexitol-u,6,6-H§ (83)

‘ Rp 0.46; D3333 -11° (¢, 3.1 in water). N.m.r.
signals (D,0): multiplet 3.3 - 4.07 -(5); unresolved signal
centered at 1.53 ppm (1), C-CPH-C. On removal ofvéoupling,
between hydrogen and deuterium the latter one proton signal

showed as an unresolved triplet.

1,5;Anh§iro—4-deoxy—gfxylo—hexitol-h,6,6-H§ (cis)(84)

Rp 0.40; .[&353 -45° (e, 2.4 in water). N.m.r.
signals (Déo); multiplet 3.0 - 4,15 (5); unresolved signal
centered at 1.96 ppm (1), C-CDH-C. On removal of coupling
betweenﬁhydrogen.and%deuteriumutheflatter»onewprotbn~
signal wés‘resolved into a quartet whose spacing was

congistent with a pair of lines separated b& 5.1 c/% which
/7
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were each split into two further lines 2.3 c¢/s apart.

2,3,6-Tri-0-acetyl-1,5-anhydro-4-deoxy-L-xylo-

> —
hexitol--il,6,6--Hq (eis) .

The deuterated anhydrodeoxyhexitol (84) (37 mg) was
acetylated with acetic anhydride (1 ml) and anhydrous pYridiné-
(1'ml1). The product was isolated in the uéual way and |
crystallis=d from ether-petroleum ether (b.p. 30-60°), m.p.
82°; [ g“ -430’ (¢, 1.3 in chloroform).
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Experimental Section B

3,4,6-Tri-g-acetylgg—galactal (40)

(a)}u‘ug;galactose (55 g) was added portionwise over U5
minutes, with control of temperature between 35-400, to a
stirred solution of acetic anhydride (200 ml) containing
TO% perchloric acid (1.2 ml), and the solution was stood
overnight at room temperature, or at 40° for 2 hours.

Red phosphorus (15 g) was added to the stirred .solution,
.followed.by the dropwise addition of bromine (29 ml) and
"then.of water (15 ml), the temperature being kept through-
out at or below 20° by cooling in an ice-water bath. The
mixture was then warmed to room temperature and allowed
tpvstand er 3 hours, then filtered with suction, the re-
sidue belng washed with a little glacial acetic acid. .The
amber coloured solution containing 2,3,4,6-tetra-O-acetyl-
cx-D-galactopyranosyl bromide was immediately added drop-
wise to a zinc-acetlic acld reduction mixture containing
gqgium_acetate and copper sulphate,vmaintained at -5 to _1o°,
prepaygd_as described under B,M-di-gfacetyl—gfxylal; sub-
.sequentvreaction and isolationvof crude 3,4,6-tri—gfacetyl-
E;gglactalvwas also carrled out as described for the isocla-
gion,of‘the pental. The crude product was purified by frac-
tional distillation under high vacuum. The fraction b.p.

135-139 © /6.5 mm (46 g) crystallised slowly on standing in
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the refrigerator; Bﬂﬂ%g -15O (¢, 7.0 in chloroform); ngo
1.4671; one zone by T.L.C. (benzene-methanol, 96:4 v/v).
(b) 2,3,4,6-Tetra-0-acetyl- x-D-galactopyranosyl bromide
(%9) was 1solated during the preparation of 3,4,6-tri-g-
écetyl;gggalactal on one occasion., Chloroform (150 ml)
was add;a to the hydrobromination reaction mixture after
standing at room temperature for 2 hours, and the mixture
was flltered through a layer of glass wocl, the reaction
flask and filter funnel being washed with an additibnal
30 ml of chioroform, and vigorously extracted with two
portions (400 ml and 150 ml) of ice-cold water. The chloro-
form layer was added to a stirred saturated aquéous'solution
'of sbdium hydrogen carbonate in a 1 L beaker, and the mix-
ture was transferred to a separatory funﬁel and thoroughly'
shaken. The separated chlorofdfm layer was stirred.for 10
minutes with dry silicic acid (5 g); filtered and evaporated
under reduced pressure to a pale yellow'syrup. This was
dissolved in ether (300 ml) and shaken with charcoal (5 g),
calcium chloride ( 5 g) and sodium hydrogen carbonate (0.5 |
g); filtered, and the solvent removed under reduced pressure
until-about 75 ml of ether remained. On standing‘iﬁ the
refrigérator the product crystallized, and was recrystallised
from ether;petroleum ether (b.p. 30-60°). Yield 89 g of
(89), m.p. 82-83°.
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In cases where attempted distillation of crude 3,4,6-
ppgfg-acetylig-galactal under reduced pressure resulted in
Q9compqsition, purification was effected by chromatography
on a column of Florisll, prewashed with anhydrous benzene,
The first zone to be eluted (one spot by T.L.C.) was
;dentified as 3,4,6-tri-g-acety1-2-galactal by comparison

of 1its infrared and n.m.r. spectra with those of an authentic

sample.

Reaction of 3,4,6-Tri-O-acetyl-D-galactal with Carbon

Monoxlide and Hydrogen

‘Reactilon conditions and product isolation procedures
were in general similar to those employed previously with
3,4:Qi}9;ace§yl;2:xylal. A solution of 3,4,6-tri-O-acetyl-
gégalacta; (15 g) and dicobalt octacarbonyl (3.5 g) in an-
hydtqus_benzene (50 m1) was shaken with carbon monoxide
(1300 psi) and hydrogen (1900 psi) in a high pressure re-
action vessel at 130-135° for 2 1/ hours. On cooling to
;qom;temperature the decrease in preSsure was approximately
equivalent to the absorption of 3 moles of gas (CO-+2H2).
After pressure was released, the reactlon mixture was trans-
Afgpréd to a column (14 x 8 cm diam.) of Florisil and cata-
lyst was eluted with petroleum ether (b.p. 30-60°). Elution

with benzene-ethanol (9:1, v/v) and evaporation of solvent

gave a syrup (13.5 g).
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i Deacetylation with 0.1N sodium methoxlde in methanol
N éturqgm temperature for 18 hours, neutralisation with solid
carbon dloxide and evaporation of solvent gave a water-
soluble product which, after delonlsatlon with Amberlite
IR;IEO (H*) resin and freeze-drying, afforded a partially
crystalline product consistlng principally of a mixture of
_twp polyols 1n approximately equal amounts. Isolation of
phe two ma;n components of the mixture was carried out by
preparative paper chromatography to givé Fraction A (RF 0.24)
and Fraction B'(RF 0.21). From an amount of 0.43 g of crude
mixture, 0,16 g of A and 0.14 g of B were iSolated.

Characterisation of Fractions A and B

Fraction A (2,6-anhydro-3-deoxy-D-galacto-heptitol (91))

o Fraction A, Rp 0.24,.was dissolved in methanol,
g}ar;fied and decolourised by flltration through a layer
Qf‘CgliteZDarco 60, and crystallised by the addition of
isopropyl ether to turbidity; wm.p. 158-159°; [}23%7 +24°
(¢, 0.8 in water). Calc. for C.H,;,0.: C, 47.18, H, 7.92.
Foun&:  C, 47.505 H, 8.07.. N.m.r. signals (D,0): multiplet
3.25 - 4,13 (8); multiplet 1.32 - 1.87 ppm (2).
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2,6-Anhydro-3-deoxy-1,4,5,7-tetra-0-p-nitrobenzoyl-

D-galacto-heptitol

—
—

Fraction A (35 mg) was heated with p-nitrobenzoyl
chloride (0.30 g) in anhydrous pyridine (1.5 ml) at 90°
fdf 1 hour. Isolation §f thempgoduct in the usual way gave
a sciid (95 . mg) which was recryétallised from ethyl acetate-
petroleun ether (b.p. 30-60°); m.p. 210-211°; Dmﬂ§3 -12°
(c; 2.0 in chloroform). Cale, for CagHpg0y7Hy s €, 54.28;
H, 3.38; N, 7.23. Found: €, 54.61; H, 3.50; N, T.47.

‘Fraction B (2,6-anhydro-3-deoxy-D-talo-heptitol (90))

The slower-moving component, Rp 0.21, wés crystallised
in a2 similar way from methanol-isopropyl ether; m.p. 16805
27 [e) - *
x + 6 . ‘ . ; g :
[ ]D 68° (c, 1.1 in water). Cale. for C/H,) 0. C,
47,185 H, 7.92. Found: C, 46.94; H, 8.22. N.m.r. signals
(Dg0) ¢ multiplet 3.36 - 4.33 (8);5 multiplet 1.53 - 2.13

ppm (2).

2,6-Anhydro-3-deoxy-1,4,5,7~tetra-0-p-nitrobenzoyl-

D-talo-heptitol

A portion of the crystalline Fractlon B was converted
to a tetra-O-p-nitrobenzoyl derivative in the usual way to

give a solid which was recrystallis=d from chloroform-

petroleum ether (b.p. 30-60°); m.p. 129-130° (softening at
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113-115°); E>5D +23° (¢, 0.8 in chloroform). Calec. for

Q35H26017Nu= c, 54.28; H, 3.38; N, 7.23. 'Founqz c, 54.59;
H, 3.45; N, 7.70.

2,6-Anhydro-3-deoxy-4,5-0-isopropylidene-D-talo- -

heptitol (100)

Fraction B (55 mg) in anhydrous a@étone (2'mi) con-
taining 4% sulphuric acid was stirred at room temperafure
for 20 hours with exelusion of moisture,. Neufralisati@n
“with 5N sodium hydroxide solution, filtration tc remove
sodiumvsulphate and evaporation gave an oil. This was ex-
haustively extracted with bolling carbon tetrachloride,
which on evaporation under reduced pressure gave a crystal-
~line residue:of the mono-isopropylidene derivative (100)

_ (23 mg). Further treatment of the Ccﬁﬁ— insoluble residue
with acidified acetone as désbribed above affofded an
additional amount (21 mg) of the derivatiﬁe.' The combined
products were fecrystalliséd from carbon tetrachloride;
m.p. 104-105°; Bxﬂgl +12° (e, 1.6 in chlorofdrm). Calc.
for clb'ngoS: C, 55.03; H, 8.31. Found: C, 54.82; H,
T.97. '
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2,6-Anhydro-3-deoxy-4,5-0-isopropylidene-1,7-d1-0-

(p-tolylsulphonyl)-D-talo-heptitol (106)

To a solutlon of the mono-isopropylidene derivative
(100) (33 mg) in dry pyridine (1.0 ml) was added p-toluene-
sulphonyl chlcride (66 mg). After standing for 18 hours
at room temperature in a stoppered flask the solution was
stirred wiﬁh water (0.1 ml) for 20 minutes. More water
was added until the solution became turbid, and on standing
erystals (50 mg) pf the d1-O-p-tolylsulphonyl derivative
fqrmed. The prodﬁct was recrystalliszd from methanol;
m.p. 135°; Bxﬂ§3 ~42° (¢, 1.7 in chloroform). Calc. for
CouHi3p0gSy* C, 54.785 H, 5.74. Found: €, 55.08; H, 6.01.

Reaction of (106) with Sodium Iodide

(é) When a solution of the di-O-p-tolylsulphonyl deri-
vative (106) (8.4 mg) and sodium lodide (25 mg) in acetone
(0.4 ml) was heated in a sealed tube at 118° for 26 hours,
sodium E}tqluenesulphonate was precipitated in an amount
(6.4 mg) equivalent to the replacement of both tosyloxy
groups of (106) by iodide.

(b) When the sealed tube reaction (8.0 mg of (106) in
gceﬂéﬁé (0.5 ml) eontaining sodium iodide (23 mg)) was
carried out at 1000, an appreciable quantity of sodlum p-
toluenesulphonate was precipitated within minutes. After

25 minutes the amount isolated (2.8 mg) was approximately
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equivalent to the replacement of only one tosyloxy group

of (106).

Consumption of Periodate Ion

Fraction A

Absorbance readings at 223 mm were measured at in-

tervals (Beckmann‘DU, 1l cm celis) of an aqueous solution

containing 0.457 x 10~"M of Fraction A and 0.917 x 10™'M

of sodium periodate (Reading A). Simultaneous readings
) L

were taken_of a solution containing 0.457 x 10" M of Frac-
@ion A (B), and of a solution containing 0.917 x 107%M of
sodium periodate (C).
Dy e a®
Time (B+C) -A S Moles periodate/
. y CO : ‘ ‘mole substrate
1 min 0.289 0.312 - 0.63
17 hours 0.401 0.433 - . 0.87

(a): decrease in absorbance due to consumption of
' periodate

(b): fraction of known amount of periodate consumed

Fraction B

By a.similar procedure, but at a 15-fold dilution,

'corresponding values obtained with Fraction B were
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‘ : (B+C) -A
Time (hrs) (B+C)-A e e Moles periodate/
: CO mole substrate
1 0.463 0.473 0.88
2 0.477 0,487 0.91
9 0.478 0.490 ©0.92
23 0.503 | 0.511 0.95

Enantiomeric 2—Deoxy-3-9¢(l,3-dihydroxy-2-propyl)-

glycero-tetritols (94) and (95)

Fraction A (53 mg) was dissolved in a solution (5
‘ml) containing periodic acid (80 ﬁg, 50% excess), and the
course of the oxidation was followed by observing the
change in optical fotation of the solution, cbntained in
a 2 dm polarimeter tube protected from light. After 2
houfs the solution was neutralised with barium carbonate
gnd filtered into a solution of sodium borohydride (50
mg) in water (3 ml). After 90 minutes at room temperature
the solution was neutralised with acetic acié, delonised
byrstirring with Amberlite IR-120 (H+) resin, filtered and
evaporated to a solid which was repeatedly evaporated with
methanql to afford a syrup (52 mg); D*ﬂ +21° (¢, 3.7 in
water)., N.m.r. signals (D,0Of multiplet 3.50 - 3.85, with
sharp signal at 3;68 (10);5 multiplet (apparent quartet)

1.47 ; 1.92 ppm (2).
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S The dextrorotatory tetrol ether was characterised
as the tetra-O-p-nitrobenzoyl derivative; a portion (21
mg) was heated with p-nitrobenzoyl chloride (0.2 g) in
pyridine (1 ml) and the product was isolated in the usual
manner as a syrup (85 mg) which solidified slowly on stand-
ing under methanol at room temperature, and was recrystallised
from ethyl acetate; m.p. 150-151°; [oﬂ +23° (¢, 0.9 1n
chloroform). Calc. for C35HogO17Ny: C, 54.13; H, 3.63;
N, 7.21. Found: C, 54.46; H, 3.55; N, T7.29.

Fraction B (49 mg) was similarly converted by perio-
date oxidation follbwed by sodium borohydride reductlon,
wlth isolation of the product as describedbabove, to a
levorotatory tetrol ether (49 mg); [ba -23° (e, 3.2
in water), whose n.m.r. Spectrum.(DQO) was identical with
that'described above for ﬁhe dextrorotatory enantiomer,

A portion (21 mg) of the product was converted in the usual
manner to a tetra-O-p-nitrobenzoyl’derivétive which was
crystallized as described above; m.p. 150-1510; DXQEM 23°
(¢, 1.1 in chloroform). Calc. for 035H28017Nu ¢, 54,133
H, 3.63. Found®™ C, 54.55; H, 3.71. The infrared spectra

of the two tetra-gfnitrobenzoates'were identical.
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Attempted Synthesés of Optically Pure:Tetrol Ethers

(a) Attempted Synthesis of L-isomer (95) from 2,5-Anhydro-

D-glucose (117) -

D-Arabino-teﬁraacetoxy-l-nitro-i;hexéne (12)

To a suspension of D-arabinose (25 g) in anhydrous
methanol (50 ml) and anhydrous nitromethane (90 ml) in a
‘500 ml, 3—necked1f1ask fitted with an efficient mechanical
stirrer was added a soiution of sodium (5.25 g) in anhydrous
methanol (175 ml). The mixture was stirred at room tempera -
ture for 20 houfs,with exclusion of moisture, and the re;
‘sulting solid mass of sodium aci-nitroalcohols was collected
by filtration and washed with é small volume of cold metha-
nol and with petroleum ether (b.p. 30-60°). The solid re-
sidue was immediately dissolved in ice-cold water (200 ml)
and deionlised by passage through a column cOntaining Dowéxf
50 tH') resin (200 ml). The effluent and washings (total
500“m1) were concentrated under reduced pressure tp a brown
syrup, which was twice evaporated to dryness with absolute
ethanol. On standing over P205 the resi&ue;éolidified to
a cerystalline mass which was washed with cold ethanol to
glve a mixture of nitroalecohols (119) (16.5 é). I.R. (1liguid

Cf1lm): 1550 em™l (s), 1365 em™! (m) (NO, stretching).
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| The mixture of nitroalcohols (16.5 g) was dissolved
1n_acet1c‘anhydride'(200 ml) containing 2 drops of concentrated'
sulphuric acld, and the solution was heated for 1 hourbon a |
steém-bath.v Isolation of the product in the usual way gave
a syrupy mixture of acetylated nitroalecohols (120). I.R.

(1iquid film): 1565 cm™t (s), 1375 cm™! (s) (NO,_ stretching).

2
The product was dissolved in benzene (6001m1), sodium hydrogen
carbonate (50 g) was added and the mixture was refluxed for

2 hours. Filtration of the cooled mixture and removal of
solvent under reduced préssure gave a pale yellow cr&stalline..
mass. Recrystallisation from ethanol gave Pfarabino-tetra-
acetoxy_l;nitro_l-hexene (121), (16.5 g)5 m.p. 113-115°.

I.R. (Nujol): 1510 cm™ (m), 1350 cm™* (m) (NO, in con-
Jugation with C=C).. :

2-Acetamido-1,2-dideoxy-1l-nitro-D-mannitol (122)

) ~ To gfaraﬁino-tetraacetoxy-l-nitro-l-hexene (15 g)
in a 500 ml filter flask was added methanol (150 wl); the
mixture'was cooled in ice and saturated with anhydrous
ammonia, when the nitroolefin dissolved. After warming
to room temperature over 8 hours with protection from moi -
sture,'the solvent was evaporated in a stream of dry nitro-
gen; The resldue was filtered with the aid of cold absolute
ethanol and recrystalliQed from ethanol to afford 2-

acetamido-1,2-dideoxy-l-nitro-D-mannitol (122) (4.4 g);
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m.p. 171-172°, A mixture of (122) and its epimer (123)

was obtalned from the mother liquors.

2-Amino-2-deoxy-D-mannose hydrochloride (116)

A solution of (122) (4.4 g) in 2N sodium hydroxide
solution (10 ml) was added dropwise at room temperature to
concentrated hydrochloric acid (9 ml) with vigorous stirring.
The resulting solution was brought briefly to boiling point,
cooled to Oo, saturated with hydrogen chloride, and filtered
to remove sodlum chloride. After dilutlon with water (10
ml)(the solution was filtered through a layer of Celite-
Darco 60 and concentrated under reduced pressure to a
syrup, which was stood overnight under vacuum, over KOH,
to remove residual hydrogen'chloride. The product was
crystallided by dissolving in methanol (10 ml) containing
2-3 drops of water and adding acetone to turbidlty.
Scratphing, Qooling'and periodic additions of acetone
afforded 2;amino;Q;deoxy-g-mannose hydrochloride (3.2 g)}

_[0932 ;3.50 (c, 4.3 in water).

Attempted Preparation of 2,5-Anhydr8127glucose (117)

To a solution of 2-amino-2- deoxy—D-mannose hydrochloride
(3 g) in water (50 ml) was added mercuric oxide (16 g) and
the mixtgre was heated on a bolling water_bath for 30 minutes,

The cooled mixture was filtered, saturated with hydrogen
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sulphide, refiltered through Celite-charcoal and evaporated
under reduéed-pressure to a syrup. This did not crystalluﬁﬁ
on dissolving in a small volume of methanol; considerable
darkening of the product ensued on standing and only a

brown amorphoué~solid was obtained.

(b) Attempted Synthesis of D-isomer (94) from 2,5-Anhydro-

- D-mannose (115). 2,5-Anhydro-D-mannose (115)

A solution of 2-amino-2-dedxyﬁg-glucose hydrochlorilde
(15 g) in water (100 ml) was cooled i;.aﬁ ice-salt bath
until a quantity of ice had formed in the gélution. To
this was added sodium nitrite (6.0 g) dissolved .in ice-cold
water (35 ml) containing glacial acetic acid (1 ml) "™ The
resulting solution was. kept near its freezing point for

1/2 hours and then stood in the refrigerator for 24

hours. Glacial acetic acid (1.5 ml) was added and the |
solutioﬁ was vigorously aerated at room temperature for
30 minutes to remove nitrous acid, and then evaporated to
a moblle syrup under reduced pressure at 250. The product
was dehydrated by several extractions with.10-15 @1 portions
of anhydroué acetone, dissolved in methanol, filtéred and
evaporated to a syrup, which was twice evéporated ﬁb dryness
under reduced pressure at 250 with anhydrous benzene. The
rgsulting_2,5;anhydroﬁg-mannose (10.5 g) was characterized

as?%he p-nitrophenylhydrazone, m.p.'i79;181°.



Attemptéd Preparation of Acetylated Nitroolefin

- Té-a stirred soluﬁion of 2,5-anhydfo-2;mannbse (10 g)
in anhydrous methanol (30 ml) and anhydrous nitromethane
(A@\ml) in a 250 ml, 3-necked flask was added a solution
ofvsbdium (2.5 g) in anhydrous methanol (g@ ml), with
‘immediate formation of a white solid. Affér stirring at

room temperature for 3 hours with exclusion of moisture

the solid was collected by filtration andgéiéhed with a
small volume of cold methanol and witﬁﬁ%etroieum ether
(b.p. 30;600)} The solid was dissolved‘in ice-cold water
(100.mi) and deionised by passage through a column of
_Dowex;50 (H*) resin. Evaporation of the combined effluent
and washings under reduced.pressure gave a syﬁup which was’
~dried by azeotroping with benzene-ethanol. The product
(7.5 g) did not crystallise oh standing over P 0g. I.R.
(1iguid £ilm): 1550 em™® (s), 1365 en™t (m) (NO, stretch-
| ing); T.L.C. (water-saturated ethyl methyl ketone); two

_closéi&-moving zones.

The mixture.of nitro-alecohols (7.5 g) was dissolved
in»acetic_énhydride (100 ml) containing 2 drqpé’of‘sulphuric
.acid:and the solution was heated on a steam bath for 1 1/2
 hours and stood overnight at room'temperaturé. Isolation
df the product 1ﬁ the usual way gave a Qﬁ?uﬁ (10.0 g);

-1 (s) (wo,

I.R. (1liquid film): 1565 em™t (s), 1375 cm
stretching). This was dissolved in.benzene (200 ml) and
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the solution was refluxed‘with sodium hydrogen carbonate
(Eo‘g) for 11 hours. The 1nfrared spectrum of the syrupy
product isolated by filtration and evaporation of solvent
was unchanged from that of‘the mixture of acetylated nitro-
alcohols. No change in the infrared spectrum was observed
on further refluxing in benzene solution with anhydrous

sodium aeetate.

| 2-Deoxy-3-97(l,3-Hihydroxy-2-propy1)-Efglycero-tetritol

(95) from 2,6-Anhydro-3-deoxy-D-gluco-heptitol (130)(3)

- Oxidation of 2,6-anhydro-3- deoxy-D-gluco—heptitol
(130) with an excess of periodic acid, followed by reduction
Qf the resulting dialdehyde with an aqueous solution of
sodium borohydride in water, and 1isolation of the product
“as described previously gave 2-deoxy-3rg-(1,3;dihydrdxy-2-
propyl)-E}glycero-tetritol (95); Bi]%2-+260 (¢, 2.9 in
water). The tetrol ether (95) formed a tetra-O-p-nitro-
benzoyl derivative, m.p. 151-152°; E?ﬂ +22° (e, 1.2
.1n chloroform). The melting point of this derivative was
undepressed on admixture with the corresponding derivative
of the dextrorotatory tetrol ether prepared from Fraction A,
( [bﬂD +23%), and the infrared spectra of the two p-
nitrobeﬁzoates were identical. |
(a)

The structure of 2,6-anhydro-3- deoxy-D-gluco-heptitol(130)
had been established by correlation with=4,5,7-tri-0-acetyl-2,6-

anhydri ; -deoxy - 1-0-p-bromobenzenesulphonyl-D-gluco—heptitoll 6
129 ,. whose sTructure had been proved b¥ X-ray analysis 56,
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Expefimental Section C

Hydroformylation of 3,4-di-O-acetyl-D-xylal

| 3,4-Di;gfacetyl—27xylal (12.0 g) and dicobalt octa-
carbonyl (3 g) were dissolved in anhydrous benzene; the
volume of the solution (60 ml), contained in the glass
liner of a high pressure reaction vessel, gave a'net void
of 200 ml. After flushing with carbon monoxide, additional
carbon monoxide was added to a pressure of 600 psi, followed
by hydrogen (2400 psi); on eduilibration ﬁhe initial gas
pressure was 2930 psl at room temperature. The bomb was.
then héated with shaking‘to a temperature of 1150. The
pressure increased to a maximum of 3730 psl after 35 min-
utes from the attainment of a constant temperature, and
then began to fall. After an additional 30 minutes the
reaction vessel aﬁd contents were rapidly cooled to room
temperature by immersion in ice, when the pressure had de-
creased by 220 psi, to 2710 psi, equivalent to the absorp-

tion of 2 moles of synthesis gas (H.+ CO). Unreacted gas

2
pressure was released, the reaction mixture was transferred
té a column of Florisil and catalyst was eluted with pet -
roleum ether (b.p. 30-60°). Elution with benzene-isopropyl
aicohol (9:1, v/v) and removal of éblvent then gave a

syrup (10.0 g). An additional quantity of a mobile syrup

(2.5 g) was subsequently recovered by filtration and
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evaporation: of the petroleum ether fraction; after decomposi-
tion oquatélyst on standing at room temperature. The latter
fraction, identified as 3,M-di-gfacetyl—£:xylai (I.R. spec-
trum and T.L.C. (benzene-methanol, 96:4, v/v) alongside an
authgntic specimen) crystalliéed on standing in the re-

frigefator.

- T.L.C. of the main fraction (benzene-methanol, 95:5.
v/V) alongside 3,M—d1-g-acety1-27xylal and the mixture of
di;g;acetyl—anhydrodeoxy-hexitols previously obtained by
the hydroxymethylation of'(22); showed two well separated
zones corresponding to both controls. Chromatography of
§ portion (1.5 g) of the main fraction on a column of
neutral alumina, using benzene-methanol (95:5, v/v) as
dgveloping solvent, gave 3,4-d1-gfacetyl-2fxylal (0.55 g)
and a mixture of reaction products (0.93 g). The latter
fraction showed a n.m.r. signal (CClu)at § - 9.35 ppm ~
(CHO) (intensity relative to acétate absorption around
‘;8”? 2 ppm consistent with approximately 15% di-O-acetyl-
deoxyankydro—aldehydo-hexoses (133) and (134)).

Reaction with 2,4-Dinitrophenylhydrazine

'A portion (1.2 g) of the reaction mixture eluted
from Florisil with benzene-isopropyl alcohol was dissolved
in ethanol (20 ml) containing 2-3 drops of acetlc acid,

and the solution was heated to boiling point on a steam
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bath. To this was added portionwise a hot, saturated

solution of 2,H-dinitrophenylhydraéiﬁ #4n. ethanol, until
the orange colour imparted to the‘sblution,no 1ongef faded
to yellow. On diluting with water to turbidity, and standing
in the refrigerator, a yellow solid (0.39 g) separated,
which was collected by filtration and dried over calcium
chloride. T.L.C. (benzené-methanol, 95:5, v/v); 2 closely
moving'cbmponents, Fraction X (faster-moving) and Fraction
Y (s;gwer-moving), plus traces_of others; no additiohél
zones revealed with sulphuric-nitric acid Spray reagent.

| N.m.r. signals (CDC13): singlet 11.07 (1), N-NH-; doublet
(J = 3 ¢/8) 9.04 (1), aromatic H3s quartet 8.30 (1),

aromatic H5;vpair of overlapping doublets (J = 9 c¥s),

7.87 and 7.95 (1), aromatic Hgs doublet (J = 6 cff8) 7.58
(1), N CH-; multiplet 3.15-5.35 (5); 3 sharp signals at
2.07, 2.12 and 2.16 ppm (6), OCOCH,, superimposed on

multiplet (2), C-CH,-C.

2

Fraction ¥ (4,5-Di-Q-acetyl-2,6-anhydro-3-deoxy-

- aldehydo-D-lyxo-hexose 2,4-dinitrophenylhydrézone)

' When the mixture of derivatives from the reaction
with 2, u dinitPOphenylhydrazine was triturated with warm
vgthgnol (253 ml), partial_dissolution occurred and a
granular yellow solld separated. Thils was isglated by
"filtration, washed with a little cold ethahol, and
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'rgprystallized as fine yellow needles from chloroform-
hexane; m.p. 225;2260; E@ﬂ%g -60° (¢, 2.5 in chloroform).
One spot by T.L.C. (benzene;methanol, 95:5, v/v) corre- .
sponding %o slower;moving of two components present in
mixture. N.m.r. (CD013)= differed from mixture of X and
Y descfibed above 1in showing doublet (J = 9 q&s) at 7.85
(1), aromatic 0;6 proton, and two sharp signals 2.13 and
2.17 ppm (6), OCOCH3. Calc. for Cl6H18NuO9: C, 46.83;
H, 4.42; N, 13.66., Found: C, 46.60; H, 4.64; N, 13.77.

l,5-Anhydro-4-deoxyﬁg-arabino-hexitol (44) from Fraction Y

An additional amount (0.9 g) of Fraction Y was pre-
pared by reaction of theAmain fraction from the hydroformy-
lation of (22) (6.8 g) with 2,4-dinitrophenylhydrazine, and -
isolation as described above. A portion (0.4 g) in chloro-
form (3 ml) was added to a_mixture consisting of freshly
distilled pyruvie acid (4 ml) and a 10% solution of hydrogen
bromide in acetic acid (0.2 ml). The solution was heated
at 40:500 for 1 hour and then stood overnightigffﬁbom temp-
erature. A yellow crystailine solid (0.2 g) was isolated
bypfiltration, washed with a2 small volume of c¢old chloroform,
andAidentified as pyruvic acid 2,M-dinitrophenYIhydrazone
(m.p., I.R. spectrum)., The filltrate was extracted with two.
10 ml portions of chloroform, and the extract was washed
with three 10 ml portions of saturated sodium hydrogen car-

bonate solution to remove dissolved pyruvic acid 2,4-dinitro-
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phgpylhyqrazone, and then with water. After drying over
'maghesium sulphate and filtering, solvent was removed under
reduced preséure to afford a syrub (llo‘mgéﬁfecovery‘nét
quantitativé). N.m.r. (CC14)= singlet ét:9.35 ppm (CHG)J'
o I:R.»(liqﬁid film): carbonyl bands at 1740 cm'lf(ester)
‘and 1700 em™> (aldehyde); band at 3400 cm™l (OH).

~ When a portion (20 mg) of the aldehydo-compound was
reacted in ethanol solution with 2,M-dinitrophenylhydrazine
as desgribed previously, a erystalline prdduct seﬁﬁ}ated on
vggoling which was identified as Fraction 'Y (m.p.; T.L.C.,

n.m.r.).

A portion (35 mg) of the aldehydo-product from the
ezchange reaction with pyruviec acid was diésolved in metha-
‘nol (2 ml) and adde§VQr9pwis¢’tQ'a'ngution of sodium boro-
hydfide (30 mg) in water (2 ml). After standing overnight
at room temperatufe the solution was neutralised by the
addition of acetic aclid and deionised by passage through
a small column vaAmberlite IR-120 (H+) resin. The com-
bined effluénﬁ and washings were evaporated to a solid
‘resldue which was repeatedly<evaporated to dryness with
methanol'to afford 2 syrup (8 mg). One spot on paper
chromatography, alore and when superimposed on 1,5-anhydro-
4-deoxy-D-arabino-hexitol (44), two spots when‘Supérimpqsed

on the slower-moving L-xylo-isomer (45).
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Fraction X (4,5-Di-9¢acetyl-2,6-anhydro-3-deoxy—a1dehydo-

D-xylo-hexose»2,h-dinitrophenylhydrazone)

.
—

The alcohol-soluble portion of the’mixture of hydr&zénéé
remaining after 1lsolation of Fraction Y aswﬂescribed abéve'
was évaporated to a syrup. A portion (45 mg) was applied in
chloroform solution as a narrow streak near the lower:edge
of a plate (20 c¢m wide x 45 cm long X 0.8 mm thick) of silica
gel G, and fractionated by multiple ascending development,
using chloroform as developing solvent, with ailr drying be-
tween successive developménts. The fasteeroving of the
two major components was cut out, eluted with chloroform-
ethanol (1:1, v/V),ﬂfiltered and evaporated to a syrup
which was crystalliéed from chloroform-hexane as fine needles;
m.p. 132°; [e<ly -16° (c, 0.4 in chloroform). N.m.r. (cDC15) !
one acetoxy signal at 2.05 ppm. Calc. for 016H18NM09: C,

- 46,835 H, 4.42., Found: C, 46.903 H, 4,10.

Di-g-acetyl-anhydrodeoxy-gldehydo-hexoses (133) and

(134) by Oxidation of Di-g-acetyl-ahhydrodeoxyhexitols

(74) and (75)

(a) To a portion (0.88:g) of the syrupy product from the
‘hydroxymethylation of 3,4-d1-0-acetyl-D-xylal (section A),
in anhydrous pyridine (5 ml) was added B-toluenesulphonyl

chloride (1.0 g), and the mixture was stood at roém temperature
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for“20 hours. Isolation of the'product in the usual way
gave a syrup (1.0 g) containing the 6-0-p-tolysulphonyl
derivatives (76) and (77). I.R. (liquid film); bands at

1180 em™~t

(S=0 stretching) and 1600 cm~1 (aromatic); no
hydroxyl absorption. The product (1.0 g) in anhydrous di-
methylsulphoxide (5 ml), was added dropwise to a mixtufe

of dimethylsulphoxide (20 ml) and sodium hydrogen carbonate
.(3 g), through which was passing a stream of nitrogeni;and
which was maintained at 150° in an oil bath. After 5
minutes the mixture was cooled, filtered, and solv?nt was
rembved under reduced pressure to afford a brown syrup,

whose infrared spectrum was unchanged from tlat described

above,

(b): To a solution of ﬁhe hydroxymethylation product
comprising di—gfacetyl-anhydrodeoxyhexitols (74) and (755
(0.37 g) in anhydrous dimethylsulphoxide (6 ml), was added

" anhydrous phosphoric acid (0.1 ml) and N,N'-dicyclohexyl-
carbodiimide (1.8 g). After standing at room temperature
under anhydrous conditions for 24 hours the mixtufe was
filtered, and the crystalline residue of N,N'-dicYclohexyl-
urea was washed with absolute ethanol to glve a2 total volume
(filtrate +washings) of 30 ml. To a portion (15 ml) of this
SOlﬁtion, heated on a steam bath, was addedva hot, saturated
solution of 2,M-dihitrophenylhydrazine in ethanol, until an

+

orange colbur'peﬁSisted on boiling. Dilution with water to
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tnrbidity and cooling gave a yellow solid which was collected
by filtration and dried. Separation of 2,4-dinitrophenyl-
hydrazones from co;precipitated N,N'-dicyclohexylurea was
effeoted by extraction of the former with a small volume

of cold chloroform, filtration and evaporatlon to a yellow
solid}(165 mg). Preparative scale TLC of a portion (30 mg)
of the mixture of hydfezones afforded two pure components;

M 5 di-O acetyl 2,6-anhydro-3- deoxy - aldehydo-D lyxo-hexose

2 M-dinitrophenylhydrazone (17 mg), m.p. 225-226°, and the
'2 M dinitrophenylhydrazone of the corresponding D-xylo-
isomer, (9 mg), m.p. 132°, both identified with the two

vfractione (Y and X respectively) described previously.

When the same experiment waéucarried odt‘with omgssion
of the mixture'of acetylated anh&dfodeoxyhexitols, no pre-
clpitate was 1solated following dilution of fthe reaction
mixture with water. Similarly, a control experiment in
which N N'—dicyclohexylcarbodLimide was not present aid
not result in the isolation of any reaction produot following

treatment with 2, 4 dinitrophenylhydrazine.
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