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ABSTRACT

‘Methyl 2,3—anhydr6—4;6—9—beﬁzylidene—cf—g—"
mannopyranosiaé was ‘allowed to react with carbon'moﬁoxide
énd methanol in the.preéencé of.di¢obalt ocﬁacarboﬁyl at .
4elevatéd;temperatures and pressures, The reéulting produét
' mix£ure contained"unreacted’époxiaé, methyl 3;97methyl—a.,
: E;altropyranoéide'and methyl 4,6—9fbehzylidene—va—2;‘
altr0pyranoside. | |

:Methyl 2,3-anhydro—4,G—Q;beniylidene— d—gé,.>
mannopyraﬁoside was allowed to react with carbon mono#ide
(990 p.s;i.) and hydrpgen (910 p.s.i;) in the.présence
of‘dicobalt octacarbéﬁYl at 1400,“The resuitinq product
mixture contained two-products.> The n.m.r. indicated that
the epoxide ring had ﬁot been opened. In one product, the
benzylidene ring was complétely removed and in the other
vcomponent the benzylidehg ring had'been partiaily altéred.

When Brigl's_anhydridé was éllowed_to react with
carbon moﬁoxidé (910 p.s.i{) and hydrogen (9§O p.s.i.) in
the presence of dicobalt<octécarbonyl at 106° for 30
minutes,‘the>resulting product mixture contained one
'majﬁr product and two minor products. .The minor_product.
was presﬁmed'to be a sugar and the major product (75-80%)

. had been characterized as 2,6—anhydro-g—glycero—g—gulo—

heptitol.
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. HISTORICAL INTRODUCTION

Synthesis of Sugar Epoxides'

Sugar epoXidés encoméass a particuiar_group
 of anhydro.sugars in which a liﬁkage of the ethylene
oxide.type is foﬁnd.»
:Thé eariiest‘reference for théjpréparatioh of
a sugér epoxide"was an.intermediate postula£éd>by fisﬁherl
' in‘hiS'preparétiOn df metﬂyl epi—glucosaminide‘(methyl—3—:
amino—3—deoxy—ﬁ?—g—altroside). The posfuiated intermediate
was methyl 2,3—anhydro—[3—2—manno§yranoside.  | |
The,first example of a sugar epoxide was given

2'in 1921. He found that when tetra-O-acetyl-f3 -D

by Brigl
glucopyrénoside was treated with phosphorus pentachloride
3,4,6-tri—9—ace£yl—Z—Q-Erichloroaéetyi~ﬁ —B—gluco-pyranosyl
chléride (1) was formed. Careful treatment of this compdund
with ammonia removed only the g—trichloroécetyl group form;
ing53,4;5-tri—9—acetyl—ﬁ?fg—glucopyranosyl chloride (2) and
on further mild treatﬁent(with ammonia this was converted
intoV3,4;6ftri—9—a¢etyl-l,2—anhydro—dwg—gluéopyrandsé {3).
Thié compound is a valuable synthetic intermediate. VIE
reacts with methahol to give methyl 3,4,6—tri—9—acetyl—[3—2
 gluéopyr$noside_and the 2—97tqsyl derivative (4) was:

impbrtant in establishing the chemistry of the 2,3-epoxides.
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OTs

"Helferich and Miller3

isblated a crystalline
methyl.anhydro—/?—g—hexoside after treating ﬁethyl_2,3,6f
tri—g—acetyl—4—9—to;yl—ﬁ%g—glucopyranoside (5) with |
éodiﬁm methoxide; this product was shown by Miller to

be methyl 3,4;anhydro—B-2—galactoside (6}. An anhydro
sugarbwas obtained from methYl 4;6—dif9—méthyl¥2,3—di-9_
tosyl—cz—2¥glu¢opyraﬁoside (7)) and under the.alkaline
cbnditiqns some methyl 4,6—di-9—methyi—a'—g—altroside (8)

was also produced..

CHZOAC

oTs

OTs



. The manner'in which these'réactioﬁs were.
.proceeding was now bééoming apparent and Robertson and
‘_Griffith4'showed.that'the produqts obtained from

methyl 3-O-benzoyl-4,6-0 benzylidene—2—9—£95y1—cz;g_
. glucopyranoside (9) -and methyl'Z—beenzoy1—4,6—9f-
'benzyliaene—3—9—tosyl—QTFE gluCopyrandside (loj‘by
' treatment with sbdium.methoxide'were methyl 2,3-anhydro-
4;6—9—beﬁzylidene-a —gfmannopYranoside (11) and a“—gf

allopyranoside (12) respegtivély.

(12)

- v._ Iﬁ éli ﬁhese feacfiong;théhformation of ‘an B
anhydro ring "has been accompanied bybinversion of configufaé
“tion at the carbon atom to which the sﬁlfonoxy.group was
attached. In the alkaline médium thé anion of the vicinal
trans-hydroxyl group can displaée the ﬁ—toluenesulfonoxy

gfoup to form the epoxide.:
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-

| - E—
OTS : _ o OTS

The Stereochemistry of Epoxide Formation

VThe‘Haworth ring fofmulae show configurational
changes but do not help in finding the ﬁerlc cause of
different reactivities or the reason why a reaction follows
a particular course.- It was not untll the introduction
of conformational analysis that intra-molecular interactions
became apparent_aﬁd an explanation could be given for 5such
behaviour. |

In the base catalysed'formation of an epoxide
" from. a trans'l,2—di01'mono—g—gftoluehesulfonate, the

. intra-molecular SNé type‘procéss in.a six membered ring
réquires the t@o groups to be in the diaxial pbsition.
The entering énd,departing anion and the.carﬁgn atoms to
which they are attached are then believed to.be cofplanér
and this permits maximum participation.

This condition is found in 1,6-anhydro-2-0O-methane

sﬁlfonyl-,B -D galacatose (13) and l,6—anhydrd—4—_0_—tosyi—B -D-
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maﬁnosé (14) ‘and they are éasiiy converted into‘2,3 - (15)

: : 6 ' . . .
and the 3,4 -taloepoxide (16) by mild alkali.

OTs -

(14) o B - ‘ (l6)

' The ma&érity éf E—foluéﬁe éﬁifonyl‘grdupsviginal
to a trans hydroxyl group are, however,‘iﬁ di~equa£orial
position, as for.eXaﬁpie in thé 2-(9) and thé-3—9—£qs?l
derivatives LIO) which are émdéﬁhly converted into.the‘ll
manno (ll) and élio—epoxidés (i2ff The easé‘Witﬁ which
these compounds reéct suggeéts structural modificatioﬁ

before epoxide formation.
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In a mohoéyclic system the.di—eqﬁatdriél gfoués
can pass' into the‘diaxiél éosition by a change in con-
formation of the ring from Cl to 1C but in the bicyclic
compounds (9% and (lok'the trans fused bicyclic system
cdntaiﬁingA4,6—9—benzylidene group shows figidity in the
chair form of the sugar’riné. Carbon -2 on the othér_hand,
can move to give the boat form (9a) withoﬁt.disturbing
‘the point'of ring fission andvthe twé grbups at C-2 and

c-3. aré now co-planar and in. a position to react’.

. Ph

S - '/}(Ol
\/ lOMe

OMe

OTs’



- Another method of sugar epoxide preparation is .
the deamination by nitrousvacid of an amino deoxy group

-with vicinal trans hydroxyl group.

“Reactions of Sugar Epoxides

Anhydrosugars- of the ethylene o#ide type are
4widely ufiiized in the synthetic chemistry of sugars.
The ethylene oxide ring is-very reactive and is split
by ‘a number of alkaliﬁe.and acid reagents with the. forma-
tion of the most varied derivatives.‘
Sugar epoXidés undergo addition by an acid;
Thé'epoxide oxygen remainé on one carbon Atoﬁ and the
attacking species on the other. |

Mills’®

.first suggested the applicability to
sugar époxides of Furst and Plattﬁer's rule that steroid
epoxides breék to give predominantly the axial isomer.
This in fact can be deménstrated only With rigid systems
since flexible-systems might intraconvert; | |

'peats has described the stereochemistry ring

opening by hucleophilic-reagents. It is only necéssary



to add tharfwithrécidic reagehté_the same-react;oﬁ occurs
bﬁt is?faéter beCause'protonétion‘of epéxide facilitatés.
‘the movements of electrons. In the early work, rhe‘

- reactions were hearly all with alkaline'reagents, and
'Vthe products were sugar derlvatlves which could be easily -
.characterlzed |

._X : | Xx- _ X~

>C—C< —= —C—C

N Y/

-0

"Y _ ) K Y'. N Y
v | |

'>C———C< - ~C—C—

|
‘C|>Hv o K}o | /) | I

0
A

OH

X may be OH, RO, NHy, RS, H etc.

o Y:may be CI, B;,. (RO)Z.P6 etc.

The Oxo Reaction

'The_Word "oxq",which originates.from the German
- term "OXierung" ﬁeanihg ketonization épplies to the
catalytlc addltlon of carbon monox1de and hydrogen to an
olefin (and more recently to olefln ox1des or epox1des)
The initial products are aldehydes with one carbon more

: thanvthe originél_olefin.



The stoiéhiometry of -aldehyde formation is as

shown in equation 3.
R.CH = CH.R + 'H, '+ CO-—+R,CH,.CHR.CHO 3.

This reactibn.iS'often féfefred to asrhYdro—
.formylatidn9 being formally equivalent to the addition
of hydrogen and a formylAgrQup at ‘either end of the
doﬁble‘bond. Alcohol formation in the oxo reaction
(equation 4)-réSults frqm the further reductioﬁ of

aldehyde fbrmed'by the hydroformylation reaction.
R.CH,.CHR.CHO + - Hy — = R.CH,.CHR.CH,OH . 4.

" Historically, the>oxo reaction develdped from
the well-known process-for hydrocarbon synthesis diécovered
:by Fischer and Trppschlofin which hydrogen and carbon
monoxiae at moderate pressure was passed over an iron
"catalyst. It was observed that smallAamounts Qf oxygen

- containing products were often formed and in 1929 Smith,

Hawk and Goldehll dbtained an increased yield‘of oxygenated
.material‘when-ethylene-was added to éarbon monoxide-
hydrogen mixture before passing it over a cobalt catalyst
,vﬁnder:Eischer—Tropsch conditions. Cfedit_for the deveiop—
ment of the oxo reaction as a commeréial proéess goes largélyA-”

to Roelen and coworkers of RuhrchemieA.G. in Germany before
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‘and dufing World wWar II 12, By changih§vthe conditiohs
of the Fischer—Tropschxsyﬁtheéis,using a higher p:essufe
-and a lowér temperature.the.reaction of ethyiene with';
“water gas ‘(equal Voiume$ of carbon monoxidé andfhydrogenl
‘was ﬁade.to yiéld auproduct'consiSting of propionaldehyde
: together‘with sdme'diéthyl ketonej no hydrocarbon being
_formed; Following.World War fI.the oxd.synthesis attracted
wide interest, iﬁ partidularibeéaﬁse of its wide‘rénge of
':applipébility in the conversion of olefins to aldehydes
and-alcohols.' In génerai,'tempefatures between 75° and
200° aﬁd pressures of synthesis gas erm‘100 to 300
atmospheres are émployed,.higher.temperétures being used
when alcohols rather than aldehydes are the desired
_‘productS;

~In step with the commerciél development of the
OXO0 process, much‘fundamental work has been carried out
on this and related reactions catalysed by the metal
carbonyls, aﬁd their chemistry has been well reviewed
from time to time 13+ 14, 'Despite_the_accumulation of
. .a considerable amoupt‘of knowledge of-these reactions,
m&ﬁy of the finer pointé of the complex‘mecHanisms«are
still ﬁot known with certainty. | |

A brief survey will be made of current views
regarding the nature.of the cataiyst and the probable role
WhicH it plays in the conversion of olefins to aldehydes,

and aldehydes to alcohols.
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‘Nature of the Catalyst

. In thé early Stageé-bf development of the Oko
. Snythesis in Germany the catalyst used was the conventiénal
,Fischef?TrOPSCh catalyst, consisting of a mixture of
metéllic cobalt and kiéselguf, together witﬁ.small.amounts
g ofvtthiUm'and manganeée oxidés, It became evident to
Roelen and coworkers thét all the compoﬁen£S'Of the
Fischer—Trbpsch catalysﬁ; withlthe excepfion of cobalt.
‘ Weré'supérfluOﬁs}.and that the active catalyst was probably
"a,sOIuble carbohyl of cobaltvformed by the iﬁ situ reéction'
of the metal with syntheéesAgas.- This was confirmed by
subséquent investigatiohs of thelreaction on a iaboratory
' scale. .Adkins and Kresk 13 who introduced the use of
preforméd dicobalt octacarbonyl as catalyét,.demonstrated4
'.that'the hydroformyiation‘reaction was insensitive to
sul fur: péiéoniﬁg."The facf that the oxo reaction is
' catalyéed:by_a4cobalt carbdnyl contributes to the commercial
* importance of the process since the.form in which cobalt
‘is added islno£ important; as would be the case with a
conventioﬁél solid phase catalyst. :In practice crude
organic Salts;such as théAoctanoate or napthénate are
often uéed.~ |

The divalent cobaltous ion is first reduced to
the metal by hydrogen

Hy —= 2HY + 2e , Cott + 2e —2Co
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‘and the metal thén féacts.with carbon mqnogide to form
dicobalt octaéarbonjl |
“2c0 + 80 ——= Co, (CO) 4

Hence the éfesencgvof both carbon ménoxide.and hydrogen
A‘are,required to convert gobalt»salts'to the carbonyl.
| A considerable améunt of eQidence has'accumulated
:Which indicates that the‘cobait'hydrotetragarbdnyl, HCo(CO)4
':father than dicobalt octacarbonylf is"effective in initiating
the oxb reactioh. The hydrotetracarbqnyl is formed by the

_ reaction.of hydrogen'With dicobalt bctacarbonyl.

Co,(CO)g + Hy ————= 2 HCo(CO), 5.

.Thié step is thus of fundamental importance in
. that it involves the activation of molecular hydrogen which
is. transferred from the gaéito“the liquid phase. Orchin and

.16

coworkers héve shown that the hydrotetracarbonyl is present

under oxo conditiéns in thé absence of olefin, .but when
olefin is present nq.cobal£ hydrbtetracarbonyl is détectablé‘
tias the cobalt tetracarbonyl’anion (Co(CO)4)_) until
hydrofofmylétion of the olefin is complete, when an

. appreciable amount of the hydrotetracarbonyl again appears

in the reaction mixture.
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'Meéhanism‘of the Oxo Reaction

Evidence for tﬁé meéhanism of the éxo_réacfibn
as carried ou£ under conditions of'high temperature and
‘. pressure is lérgely.speculativé and iS'bésed on. the
freéults on rgacfipns'betweeh>oléfins'and.cobalt hydrotetra—.
. cafbgnyl at atmoépheric pressure anditempérature; Early
.mechanistic.theories.17"18.did‘not,takevinto*account the -
now well prqvén intermediacy.of cobalt hydrotetracarbonyl
and no longer appear to.bé relevant. An early finding §f
importance was that. the rate of hydroformylation varied
inversély with increase'in partial pressure Of carbon
monoxide at constant hydrégen‘ﬁressure.

The.stoichiométry of:thé reaction of olefins
"with cobalt hydfotétracarbonyl and carbon monoxide at

room tempefature was investigated by Ofchin and coworkers 19, 20

. and with a moderate excess of olefin (l—penteneﬁ under 1
.étmosphere.of carbon monoxidevwas found to be -

L2 HCO(CO)4 + ¢04 + olefin —— C0,(CO)g + aldehYde' 6.
' The feaction of olefins with cobalt Hydrotétracarbohyl at

room temperatdre and below was further explored by Heck'and'_

. Breslow 21s 22 , on whose work .current views regarding the
-mechanisms of the oxo reaction, separately discussed below

for hydroformylation and hydrogenations are largely based.
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(a). Hydroformylation

>Subsequent to the generatlon of cobalt hydro-
tetracarbonyl by the hydrogenoly51s of dlCObalt octacarbonyl
(equatlon 5) the conver31on of olefins to aldehydes is
regarded as proceedlng in three dlstlnet stages.

1. Formatlon of a 1T —complex between olefin
'andICObalt.hydrocarbonyl which rearranges so that a
_carbon-metal 81gma bond 15 formed.

2. Insertion of carbon monox1de between metal
‘and carbon, and |
| 3.'-Hydregenolysie'of the resulting comblek to
give an aldehyde.
l;: Heckand.Breslow21 consider that-this first stage‘

involves at least three distinct steps'as follows:

HCo(CO), == HCo(CO)3 + CO | 7.
R.CH = CHR -
R.CH==CH.R + HCO(CO) y— | —eRCH,, . CHR.Co (CO)
' | UHCO(CO) 4 .
R.CH,CHR.Co(CO)3 + CO __=  RCH,.CHR.Co (CO) 4 - 9.

'Their view that cobalt hydrotricarbonyl, rather than the
hydrotetracarbonyl, is the reactlve species is based on the
evidence that the formation of alkyl cobalt tetracarbonyls

“is inhibited by carbon monoxide, more fundamentally initial

[00]
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complexing.witﬁ olefin would pfésumaﬁlyirequire the
.participaﬁion of a co-ordinately unsaturated carbonyl.
T2, Heck.énd Breslow?? found thét methYl_dobalt tetra;
carbonyl absorbed exadtly-oﬁe mélé of‘carbon-monoxidé to
give ‘a product with a stroné bond_iﬁ the.iﬁfraréd at
172é cﬁ-l"assignedaﬁo thé acylcobalﬁ linkage R.CO.Co. "

RCHp.CHR.Co (CO) 4 === R.CH,CHR.CO.Co (CO) ;2= RCH,.CHR.CO.Co. (CO) ,

10.
3. The reaction of acetyl cobaltvtétracarbonyl.with
cobalt hydrote£racarbohylvundér‘room temperature conditions
.afforded acetaldehyde andvdicobalt octacarbonyl in good
yield. | - ' | |

| CHjco.cO'(c0)4_.+ HCo (CO) 4 —— CH3CHO + Co,(CO)g 11.

ib) -Hydrogenation

| A scheme Which'is analogous to that descfibéd
4abové~for hydroformylation hasibeen proposed by Mark023
fof subsequent hydrogenation of_aldehyaeé td alcohol_ﬁnder
oxo conditions (eéuation 4)..4Coéo£dihatély uﬁsaturéted

carbonyls.are‘considered>to be the reactive intermediates
. B o
R.CHO + HCo(CO)3— [R—C =0 :|——'.-’;?...CH20.CO (CO) 3

|

HCO (CO 12.
Heoleo) 31
R’.CHZQ.Co(c0)3_+ H,—e R.CH,OH + HCo(CO) 5
fheo
R.CH,0.Co (CO) 4 13.



' Application'to Carbohydrate Chemistry

~The oxo reaction was first applied to unsaturated

24 who synthesised a

carbohydrates by Rosenthal and Read
seven carbon sugar alcohol by the.hydroformylation of
‘f'3 4,6-tri-0- acetyl D -galactal.

Rosenthal and Abson25 26

have élsohéhbwﬁ'
.3 4- dl -0~ acetyl -D- xylal to react in a slmllar‘manner and
l also to form the aldehydo anhydro xylohexose and lyxonexosev
as well as hex1tols if reactlon condltlons are carefully
7controlled

Rosenthal and I\och27 have also preoared annydro
.hekitols from the hydroformylatlon of 3,-—d1—9—acetyl—2f

arabinal..

Applications of Oxo Reaction to EpoXides

“Eisenmaanzg and coworkers have_stadied the effect
of modified 0x0 reactions oo:propylene oxide. They haye'
foand thatlpropYIene.oéide reacts witﬁfcarbon monoxide
and methanol in-a temperature ranée from’llOoto 1900 C.
and a pressure range from 800 to 1, OOO p.s.1l. w1th dlCObalt
octacarbonyl as catalyst methyl B hydroxy butyrate in
‘yields varylng from 20% to 40% with minor yields of the
lfmetho#y and 2-methoxy propanols, |

‘CH4e CH——CH, + CO + CH40H —>——& CHy - CH- CHZCOOCH3 14.
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They haVe fnrther found'that in-theiabSence of-oarbon
monoxide in methanol soiution, cobalt octacarbonyl
‘catalytiCally rearranges epoxides to Petones.
Thus propylene ox1de reacts at room temperature

to glve a 70° yield of acetone.

':Presumably cobalt carbonyl Co Co(CO)4)2 formed

‘_by the dlsproportlonatlon of Coz(CO)8 1s reactlng with

Sepox1de to form the anlon of 2- hydroxy ethyl cobalt carbonyl
: and then a hydrlde Shlft forms the ketone w1thvel1m1natlon

of cobalt carbonyl anion.

_ 0]
R-CH—CHR + cO(co)z__ﬂ>R__

—CHywR + Co(CO),
Lenel 29 has noted that unsymmetrical epoxides.
~undergo the oxo reaction with dicobalt octacarbonyl<to give

_mlxtures of hydroformylated products at 100° and at 100
atmospheres pressure. ‘ :
| Heck 30 has. been able to 1solate‘B -hydroxy-acyl
cobalt tetracarbonyls as thelr (trlphenyl phosphlne)
o derivatives from the reactions of carbon monokide and cobalt
'hydrocarbonYl with ethylene;‘propylene and cyciohexene |

oxides at 0° C.
o .

H;c——~CH2 + HC0 (CO) y —=HOCH,CH,CO (CO) 4 o 15.



- 18 -
HOCHy.CH;.Co (CO) 4 + CO ———3 HOCHy.CH».COCO(CO)4 -~ 16.

HOCH,.CH,.C0.Co(CO) g + P (CgHg) 3 ——pm

- HOCH,.CH,.COCO(CO) 3 P (CgHg)y + CO ~ R 17.

He has “been able to demonstrate that esters are formed by.

t"the reactions of ~epoxides with- carbon monoxide and alcohol

~using sodium cobalt carbonyl as the catalyst.

e

/\ > | NaCo(CO)4 |
HyC-CHy + CO + CH30H ———% HOCH,.CH,. COOCH3 55% 18,
0 | o
NaCo (CO) ,
CH3— H—‘CHZ + CO + CHBOH '_“_—“""OH
'CH3———-CH———CH2 COOCH3 19.

'Yokokawa;VWatanbeAaﬁd Tagegami have applied the classical

oxo reaction to ethylene and propylene oxides using dicobalt
octacarbonyl in toluene with reaction'temperatures-of 80° c.

and 150-160 atmospheres of catbon monoxide and hydrogen.

- They have 1solated/3 hydroxy proplonaldehyde and B -

hydroxy butyraldehyde, respectlvely.
Further work on acceleration and_inhibition‘of

the hydroformylation‘of epoxides has been performed by
31,32,

' these workers™ The compounds ethylealcohol, n-

butylalcohol; ethylene,'chlorohydrin, acetone, promote

the earbonylatiOn of epoxide.



' Orchin 3;'and‘cowoirker's have'reﬁbrtéd that the
'Q“fmajor'produCE'teSultind fromxthe stoichiometric hyﬂré—.'
'.'formylatloﬁ of cyclohcxene oxlde is not the expected 2—

. hydro cyclohexano carooxaldehyde but ltb dlmer ) The 

:Jgflmpllcatlons of tno above work for. the ﬁechanlsm of the

hydrofornyWatlon reactlon are undcr stuay

jf{Récentlf‘Réééﬂthé1 and‘Kdnj ‘héve aoolied a
mddifiea Qxa_reéctibﬁito'S.6~anhydro—l 2—O—150propyl;aene
- a;D—giﬁé;fﬁradoéﬁ (1) to y1eld 6- dOOY§ 2—b— o
;isooropy . - Q- D glupo heptodlalae-l 4 FuranObe 3,/—.

Dy;. aI‘OSG ( A )

HC=0 oo
i 2
Co H, [ 2 ] I
—_— S e [MO-C— O —= HO-C— .0
co, (COlg
% | |
OH /o | ‘ o /O
o+CH" o+CH' O CH
3 | He |° HG O
H.C B 3 ,-“ 3
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DISCUSSION

Reaction of Methyl 2,3~Anhydro—4,6—O—behzylidene—a -D-~

mannopyranoside with carbon monoxide and~methanol

(l) SynthCSJz of Methyl 2,3~ Anhydro 4, 6 O-~benzylidene~.@ —D;

manno. r1n031de.35

D (1.

CHOH ,OCH, pTSCl,  ~ OCH_.
——4»
pyrldme
$CH
OCH,
R . Na OCH,
CHZOH
1/2 hour

OCH2

CH
my P 1

Methyl- @ —D—glucopyran051de was first conve"ted 1nto methyl -
4,6-0- bbnzylldene a —D glucopyran031de (I) by the action of
v-ben :aldehyde in the presence of zinc chloride,
The benzylldene group is stable o bases but
 readily cleaved by acids or catalytlcally by.hydrogene

In ordev to form 2, 3-epoxides, ﬁhe 4,6—posi;ions of the
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sugar molecule.wefe first blocked by the;benzylidene
group.‘

in the second step, the benzylidené—derivativé
(1) was.cohverted into ng—tosyl derivati?é (I1) by pre-
ferential tosylatibn using eqﬁimolar mixture of p—tolﬁene-
sﬁlfony; chloride and substrate in pyridine at 0°. |

In the laét sﬁep‘of the syntﬁesis the 2—9—£st1_

derivative (iI) was treated with sodium methoxide in

. methanol to afford methyl 2,3fanhydro—4,G-beénzylidéne—a -

Q—mannopyranoside,(III). The epoxide ring is readily formed

through the displécemént of a tosyl ester function by a
neighbouring trans hydroxyl group under the influence of

sodium methoxide in methanol solution. If the conditions

of treatment with alkali are made»somewhat more drastic,
the epoxide is attacked in turn by'thé methoxide ion.
Nucleophilic-displacement occurs with ring opening to give

methyl 4,G-Q—behzylidene—3—9—methyl—a -D-altropyranoside.

Reaction of Methyl 2,3—anhydro—4,6—9—benzylidehe—df—Q—

.. mannopyranoside with Carbon Monoxide and Methanol in the

" presence of Dicobalt Octaéarbonyl.

The objective of the first part of the investiga-
tion was to apply a modified oxo reaction to methyl 2,3-
anhydro-4,6-0-benzylidene- @ -D-mannopyranoside (III).

In the first set of experiments the substrate
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was reacted with carbon,mondxide and methanol -as shown

- below.
'In the secohd set bf conditions (to be discussed

subsequently) carbon monoxide and hydrogen were used.

--In .both cases.dicobalt octacarbonyl was usedjas,
catalyst. It was.hbped to produce a branchedfchain ester

(IV) or branched—chain_sugar (V).as illustrated below.

CO/MeOH -
COZSCO)8

3

(1

i

When methyl é,3?anhydro—4,649;benzylidene~ a-p-
manﬁOpyranoside waS‘reacted_witﬁ 1920 p;s.i. carbon monoxiae
-(measured at room temperature) ahd methanol for two hours,
| a mixture of three major components (shown below) were
obtained which were sepérated by column chromatoéraphy.

using alumina as absorbent and benzene-isopropanol (96: 4)
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"aé‘developer and were confirmed by'T.L.C. as subsequently

described.

CcO

_—_— .
Me OH
COZ‘ co )8

In ﬁhe first twolexperiments 153 of the material
Visolatéd from the product'mixture'was characterized és
"-‘ﬁnreacted epoxide.(III)-by'direct comparison with the
~ starting matérial (m.p;;_mixed m.p., identical I.R. and
'n;m.rf). - | | _
| | This demonstrates that the substrate is partially
resistant to the reaction conditiéns. COﬁpound (VI) was
characterized as methy; 3¥Qemethyl—a —g?altropyranoéide by
.direct qpmparison with an authentic sample of méthyl-3f9—

methyl-a —Q—altropyranoside4 prepared according to the
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vprocedure of Robertson and Grlftlth4 (same.ttfjb’and
n.m.r. and I R.). | |
| _The presencevof.compound (VI)'indicates that
there has been ac1d catalyzed methanoly51s of the substrate;
VVﬂ Presumably the catalyst d1cobaltoctacarbonyl or H. Co(CO)4,
(whlch could be produced in srtu durlng the reactlon) was
the reagent whlch promoted methanoly51s of the substrate
In order to test thlS hypothe51s, the substrate was allowed?
to react w1th carbon monox1de and methanol 1n the absence
h‘of catalyst under the same condltlons of temperature and
pressure as used in the flrst experlment No methanoly51s
-~‘took place as ev1denced by the fact that the startlng
materlal was’ recovered quantltatlvely. |
| 'i ‘Acid catalysed hydroly51s of - epox1des presumably

36

follows SNl- carbonlum ion mechanlsm_ and may be

represented as follows: 4

,.
. >C—C< +lH+'——;——e@> >C—C< | fast equilibrium
T e e e T R
IO S
>C—~—C<_-——~—¢>”>?-—+—C<<.' . slow rate determining
OH :
+ : . » : : N
>C—C< + ROH ———=>C—C< “+ H
o4 . . . . - . OR
 fast concluding steps

_R.= CH
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The cleaving of the benzylidene gfoﬁplto form
',substance (VI) might be due to the abetraction of the
.proton by‘the.catalyst from the solvent (methaﬁoi) and
, this'cleavage}might.be aeceunted erAby_catalytic'
,hydfogenOIYSis. | o
- Compound (VII) was characterlzed as methyl 4,6-
. —benzylldene a -D- -altropyranoside by direct comparison
.(m.p., mixed m. Pes identical n.m.r,vand identical I.R.)
with an authentic sample37 The’ﬁresende of component
(VII) 1nd1cated that there seemed to be some hydroly51s
: whlch opened the epox1de with Walden 1nver51on at C 2
In:experlment (4) (Table I) the same substrate
was ‘again reacted_with cérben'monoxide and methanol at a
higher temperature (210°) and éressﬁre (3,000 p.s.i.) for
~a period of 8 hours. Under these drastic conditions no
starting material reﬁained after the.reaction.and the |
product.consisted'of intractable material which could not

be separated by T.L.C.

Reaction of Methyl 2,34anhydro¥4,6—9—benzylidene-‘1—9—

mannopyranoside with Carbon Monoxide and Hydrogen.

When methyl 2,3—anhydro—4,6—9—benéylidene—g'—Q-
mannopyranoside was allowed to react with 990 p.s.i. of
carbon monoxide and 910 p;s.i‘ of hydrogen (measured at

room temperature) at a temperature of 140° for 5 hours in
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the presencé of preformed. dicobalt oCtacarbonyl aé
~ catalyst only two components which were separated by

G.L.C._were obtained as' shown below: = .
<CH2 OH

| | ‘ OH OCH3 :
am | S vy 4+
CH,OCHPh
0
P
OH OCH3 |

. (1X)
Compound (VIII) was characterized .as methyl 2,3-anhydro-gq -

E—mannopyfanoside by direct comparison with an authentic
sample38 (m.p., mixed m.é._and idénﬁical_n.m.f.).

This demonstrates that the epdxide ring had not
;'beeﬁ épened but there had been ¢atalytic hydrogenation of
tﬁe benzylidene group or hydrolysis. of thé blbéking group.
| | An attemét Wasvmaae to characterize compound (IX).
N.M.R. indicated'tﬁat the eboxidé hydrogéné (H(z) and H(35)‘-
fwéfeﬁstill inﬁact and thus the epéiide ring had not been
Opened. There had beeh partial redudtion of benzylidene
riﬁg as indiéated by a’singlet 2,77 equal to 5 protons
~and assigﬁed to éhenyl group. |
Aﬁ attempt Qas made to characterize (IX):by

'Comparing its Rp on T.L.C. with Rp's of a mixture of the
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;mono-g-benZYl ethers obtaiﬁed by thé‘ﬁono,beﬁzylatién'of
compound (?II)._ Compound (IX) had the same Rf‘as one of

" the components of the latter mixture. | o

:This demonstrates}that epoxide ring had not beén
: opened‘and-bepéylidene grbup‘has beén‘partially reduéed.
. The fact that hydroformyla£ion did not'take place
ih tﬁe‘ébove expériment may be'accountéd for by aﬁ éxamina—
tion of ‘the stereochemlstry of methyl 2 3- anhydro 4 6-0-

"benzylldene—a -D- mannopyran081de

H

P 2
R

If we examine the model of the subétrate we see

Ph

that in orderAto have aIWéldeﬁ in?ersidn at C=3 the Co(cdl4—
anidn,shpuld_attack opposite to the oxygen to have a
.‘transdiaxial'ring opening. From the model we can visualize
more clearly thata —OCH3 which rotates musf-hinder the |
.-iattack'at the "reactive poéition" (temperature 19001, Since
the a —methyl‘group protecté_C—B the éhdnces-of‘havihg a
vhydroformylatlon is small. ‘ | | | |

- Hughes and Speakman39 have studled the benzoate.
'dlsplacenent reaction of two 1,2,4,6- tetra ~0-benzoyl- 3 O-

toluene p-solfonyl @ -and ﬁg_—g-glucopyranoses (X) .



PhCO

. R =
a = @ anomer
b =B anomer

~(X)

Reactidn of the B -anomer with sodium benzoate
'in dimethyl'formamide gave a single crystalline prduct,'

_ namely, l,2,3,4,6¥penta¥97benzdyl—czeg—allopyranose.

OBz OBz
(X1

Oon de—béniéyiétion thé' péntébenzoate (X;)_gaye

D-allose idéntified<by comparison with an,éuthentic samplef

VaTheAiéolatibn of a singlelpenta>benzdate-suggests
a straight forward SN2 displacement without neighbquring
group assistance with £he Waiden inversioﬁ at 3 pbsition.

| By . contrast thé (1-anomer ﬁailed to uﬁdergo ther'
displacement réaétion. The‘axial'benéoate_gréup at pdsit;on
1 in the a ;anOmer prdbably.hinders~tﬁe épproééh of benzoate
ion to posifibn 3. A similar reason may accouﬁt for fhe
lack of reactivity of methyl 2,3-anhydro—4,6—9—benzylidene

@ -D-mannopyranoside.

]
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Reaction of l,2-anhYdro—0 —Qfglucopyranose triacetate.

(Brigl*s anhydride) with carbon monoxide and hydrogen

in the presence of Dicobalt Octacarbonyl.

§

. Synthesis of 1,2-anhydro-@ —Q—glucopyranose.triacetate

(Brigl's anhydride)40'_4l._

A Very important substance in the chemistry of

‘sugar synthesis is l,2-anhydro—3,4;6;tri—9—acétYlfa.—Q—

f'gluCOPyranose first.prepared by Brigl by a sequence of

"reactions from penta—Q—aceﬁyl-lg—QFglucopyranose.(XII).

The action of phosphorus penfachloride,upon (XII) gavé

"rise to 2—9—£richloroacéty1—3,4,6—tri—9—acetyl—/3—9—

'gluéopyranosyl"bhloridé‘(XIII) which on ammonolysis in

ether at 09 C gave 3,4,6—tri—g—acetyl~/3—g-glucopyranosyl

chloride (XIV). Further treatment with ammonia in benzene

converted this derivative into 1,2-anhydro-~3,4,6-tri-O-

acéty1~a —g4glucopyranose (XV) (Brigl's anhydride).

Cl. NH
E1h3
Hooe
. . |
o ococCly H ny, OH
(X11) | (xuny Benzene  (xiv)
: - CH_OAc
2 "
Was X!
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,3,4,6-tri—g—acetyl-ng—trichloroacetyl-[3—2:
gluc0pyranosyl chloride (XIII)‘was.obtained,from-ﬁ;—ge
' glucopyranoee penta-acetate'(XII) by the action of
phosphorus pentachlorlde. |

| The conver51on of compound (XII) into (XIII)
'presents}two striking p01nts:

. (i) Phosphorus pentachlorlde appears to react by
'two dlfferent mechanlsms.

First replacement of the l-acetyl group by
chlorlne yielded phosphorus oxychloride and acetylchlorlde
~.as by-products. Secondly, only the 2-0O-acetyl group
appears to be attacked. The Iatter*fact may be related-
to the configuration at C2)-

The halogen in position 1 may also favour
substitutlon by its -I effect, although this 1nvolves the
aesumption that the reaction at the l-position precedes
chlorination;

, Chlorination bf phosphorus pentachloride shouId
lead to. phosphorus trlchlorlde as another product and
cthls ‘was 1solated in good yleld from the reactlon mixture.
'~ The phosphorus pentachlorlde as such has no chlorlnatlng
action, thlS presumably arises by dissociation: PClS:;f:
'PC13 + Cly wthh according to Smlth and Lombard occurs
to appreciable extent under_the reaction condltlons used>

in the present workr_ The action of chIorine’on the acetoxy
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group is.catalyséd by acid chlofides;. The isolation of
phoéphorus trichloride favours this hypothesis and it
‘has been found that f} —B—glucOpyranbée penta-acetate
is uhaffected'by'the trichloride. The properties of
3,4,é-tri;g-aceﬁyl—2—9—trichloroacetyl-13fg—glucopyranosyi
Ehloride (XIIi) ére extraordinarily adVanfageousAfofv
éyntﬁesis. | ‘
 . The chlorine atom at C-1 of (XIII) is not very
réactiée whereas. the more‘réactive trichloroacetyl gron
.at C-2 can be removed rapidly by -the careful actionvdf
ammoqkiin an etherial solution affording compound (XIV) .
' It is important ﬁq.folldw caréfully Brigl's detailed
>experimental procedure-for'theAcoﬁversionbof-(XIII)'into
(XIV) outlined in his ofiginal-paper rather than the
method outlined in reference?l if pure compound (XIV) iS
#d be obtained from compound (XIII).
| By further ammonolysis of compound (XIV), it
is‘conﬁérted into 3,4,6-tri49;acetyl—l,2;anhydro— ¢-D-
glucopyranose (XV). |
The ethylene bxidétringvin Brigl's anhydride
is readily cle§§ed asiéxemplifiea by .the immediate .
reaction of (XV)'with water atvréom temperature'to'afford
3,4,6-tri-O-acetyl-@ D-glucopyranose. Substance (XV)
also reécts readily with methanol to form a méthyl glycoside

~with simultaneous Walden inversion at C-1 as shown below.



I'HYdroformylation of l,2-anhydro—3,4,6—tri—9—ecety1—1f—9—

.'glucopYranose.
:“Bridl}sdanhYdfide7(XV) was allowed to reacf with
f@éfboﬁ monoxide (900 p.s.I;) and hydrogen((§90 p;e.i.)'in
theipresence ofAdicobalt—ocﬁacarbouyl at lOO%IlbO for 30 |
‘minutes. . The productVCOusisted'Of two main components_ae
Apevidenced by T{L;C. using sIIica gel as absorbent and
benzene—acetone (9:1)>as’developer.\ Sodiumpborohydiide
reduction of the_product mikture_gave eSsehtially‘one
Xproduct (XVII) (paper chrometography ISIng - water—"‘
saturafed‘buﬁanoi contdining 5% ethanol as developer)
-'Reacetylatlon of the reduced product (XVII) gave essentlally
-”one substance (XVIII) (T@L.C. and V P. C Y.

-_Dlrect comparlson of compound (XVIII) with en
'authentlc sample of l 3,4,5,7- -penta-0- acetyl 2,6~ anhydroe
.g-glycero—gfguégfheptltol42 showed both compounds to be

the same (identical n.m.r. and no depression in mixed m.p.).



| L (xvin)
(XX) v " (XIX) Ac2 O - Pyridine

‘CHZOAC

O, cH_0Ac

OAc
| OAc

De—g—acetylétiéﬁ of.the'product.mixture with
sodium’methoxide»in methanol afforded a mixture of

cdmpouhds. Preparative paper chromatographic separation

A*..of thié mixture (using water-saturated l1-butanol plus 5%

ethanol as developer) gaVé one- slow moving zone (positive
test with 2,4-dinitrophenyl-hydrazine) in 17% yield and
oné‘diffuseizohé which wasisectioned into twé zones. The
middle zone‘(XIX) isolated in‘50% yield was directly
combafed with an aﬁthentic sampie of 2,6—anhydro—£—glzcero?

D—gulo—heptitol42:and shown to be the same (similar n.m.r.,
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' m.p.-and.identical RF's).  The faster movinélsegment of .
the diffuse zonelalso'had a similar n.m,r, to that ofz

. .compound (XiX) bﬁt_was not érystaliine. Paper chroma-

~ tographic separation of the latter using ethyl aceﬁate—v
acétic acid-water-formic acid'éé developer showed that
this segment contained'aboutIS%.of a third component |
but was mainly (XIX), Subétance (XX) appeared to be é
'suéar.precﬁrsor of tHe heptitol as evidehced>by the

fact that sodium borohydride reduction of . substance (XX) -
gave a compound with the .same Rp as substance (XIX). -

A poésible'mechanism for the formation of
compoﬁnd‘(XVII),vié as follows. 1In the first step it is
“suggested.thatiprotOnétiQn of the epoxide takes place
followed by cobalt tetracarbonyl anion attack on C-1 to
affqrd the intermediate'(XXI). Carbon monokide insertion:
betweeh cafbon ;l and,cdbalt'might then be envisaged to
afford the acyl derivative (XXII). Reduction with hydrogen
cobalt tetracarbonyl might then be expected to afford the

anhydro heptitol (XVII).



XVII o XX
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EXPERIMENTAL

- GENERAL CONSIDERATIONS

B Hydroformylation apparatus_

‘:;.The_high pressure hydroformylation;and hydroxy.
o methylation reactionsausing carbon monoxide and hydrogen
ﬁwere carrled out in an Anlno Micro Serles auto clave{
{2~ 9/16"- outs1de dlameter) made of manganese steel. lhis
:reactor is sold by the American Instrument Company Inc.,

- Silver Sprlng, Maryland u.s. A

Infrared Spectra.
| All 1nfrared spectras were measured on Perklns
cfElmer; Model 21 and Model 137 (sodlum chloride) spectro-
h;;.;' vphotometers.» |

'Proton Magnetic Resonance Spectra

Nuclear Magnetlc resonance spectra were determlned
- 6 , _
o at 60 x 10~ H, on a varian A 60 spectrometer and at 100 x

“10° Hy on a ‘varian HA-100 spectrometer.

i'Gas”Liquid Partition Chromatography
| o _Gas liguid partitiOn chromatographyfseparations
were effected on Aerograph, Model A-700 and Model A-1520
instrnmentspsold by Varian Associates, Palo Alto, California;
'ﬁ.S.A.' Detectors were of the thermal conductivity-type and

the carrier gas was helium.

Paper Chromatography

. All paper chromatography was descendlng.v The"i
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}solventrsystém'was l-butanol saturated ﬁith.water.at Oé
or water. saturated (foom temperature) l—butanoi éontaining
5% ethanol. :The addition of.ethanol prevents separation
B of_wéfer from the sélvent.mixturé in case the chroma-
togram is run at a temperature lower than’thaf used for
théipreparation'of the solvent.  Reported Rp ?élﬁes afe
' wifh referenée to fhis solvent system unless ofherWise
indicated. .Polyols werefaetected with a-sodium-pefiodate
séhiff'reagent44, |

Thin Layer Chromatography

Thin layer éhromatography was on plates of
silica gel G and alumina (according'to Stahl) containiﬁg
13% caicium.sulfate as-a binder. Zones were located by
spraying with concentrated sulfqric acid, containing 5%

concentrated nitric acid followed by heating to 130°.C.

Catalyst

Dicobalt octacarbonyl was obtained from Alpha
Inorganics Inc., Beverly, Mass., U,S.A;

Melting Poiﬁts» _ ' T ‘_ -

'All melting points were uncorrected and were
taken on the Microscope Heating Stage, manufactured by

Leitz A.G.,>Wetzlar, Germany.

Elemental Analysis
Elemental analyses were performed in the'Micro—
analytical Laboratdry, Department of Chemistry, University

of British Columbia, Vancouver, Canada.
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Preparation‘of‘Methyl 4,G-Q—benzylidene—a_—g—glucopyranoside35

MethylA4,6—9—benzyiidene—a -gfglucopyranoside
was prepared using a modifidation of the procedure de;cribed
by Richtmyer37.

. A mixture of 120.g of meﬁhyi—a Qg—glucopyranoside,

:90 g of freshly fused_and’pbwdeféd zinc chloride (anhydroué)
- and 300 ml of benzaldéhyde (reagent.grade) was shaken'in_a
glass bottle for 16,houré;

The mixfure was pouredbslowly with stirrihg into
2.5 litres of cold water. The material was inoculated with
seed crystals and the mixture was refrigeratéd.overnight.
Petroleum ether was .then stirred 5 hours.with the mixture
© to aid in removing excess benzaldehyde and. the. product was
separated on a Buchner funnel; washed twice with 20 ml of
éold Qater, twice with 200 ml of petroleum ether (35-60°),
and again with 200 ml of cold water. The produét was'dfied
vovernightvin the air. and fhen in a vacuum oven at 70°;>
yield of the crude benzylidene compound satisfactory for
the next step 128 g (70%) m;p. 16141636.

Méthyl—4,G—beenzylidene;a_:g—giucopyranoside'
'was.pﬁrified,by redrystallizatioﬁ from chloroform-petroleum

. ether (30-60?) needles m.p. 162—1649; literature m.p. 162-164°,

. Preparation of Methyl 4,6—9—benzylidene—2—9fg—tolylsulfony1

a -Q—glucopyrandside,

Methyl 4—6—9—benzylidene—0 -D-glucopyranoside was
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'dissleed in dry pyridiﬁe and fhe mixture was cooled in

an ice bath and rapidly stirred while a'sdlu?ion of p-toluene-
.solfonfl chloride (25 g) aléo-dissolved in dry pyridine

(80 ml) was added over a period of 30 minuﬁéé.' The solution
:.Qas’allqwed to. stand 24 hours at féom temperature and was
'tthén shakéniwith a mixtu:e‘df.ZOO.ml_of water and 206_ml
i of.behzene; The.ﬁénzene-layervwasﬁremoved and the aqgueous
layerﬂwas éxtractea<again with é.further.50 ml of benzene.

-The.exfracts-were cbmbined and washed-with'S%

hydrochloric acid, with.sodium—hydrogen carbonate solution
v and finélly with water. The benzene extract Was dried over
magnesium sulfate'and evaporated to dryness. The residue
was dissolved in hot ethancl and. from thié.solution, methyl-
4,6—g-benzylidene-2f9724t01y1sulfonyl¥a —Q—glucopyranosidé
‘§eparated} Yield:2lrg,.m.p. 153-154; literature m.p. 152-153.
Preparation of Methyl 2;3—anhydro—4;6—9;benzylidene~O -D-.
45 '

mannopyranoside

Methyl 4,6-0O-benzylidene 2—9—tolylsulfonyl;a ~D-
glucopyranoside (5 g) was dissolved in methanol (OOCL 125
. ml) containing. sodium (2;9 g) and .the solution was then

.refluxed for 30.minutés- »Afterhcéoiing and di1ution with
wafer,'long needles (2.25 g) m.p. 147-150° separated
recrystallization from aqueous methanol réised the m.p.

to 149-151°.
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The above cdmﬁound was verified by mixed melting
point with an authentic sample obtained‘fnom.Dr; L. D.
Hall, (Department of Chemistry, U.B.C;) which gave no.
melting'point depression and also verified by an n.m.r. -
‘sPectrum.fJ- |

Four separate pxo runs were performed onAtheA
aboVe sugar epoxide, using dicobalt;ocfacé;bonyl as a
catalYét;

The procedure for”carfyiﬁg out the OXO run was

pased on the work of Rosenthal?? and Adkins46- The whole

work is described“in.Tablesfl and II. ...

Reaction of Methyl 2,3-anhYdro~4,6f9—benzylidene—a -D~

. mannopyranoside with Carbon monoxide and Methanol in the:

presence of Dicobalt Octacarbonyl. SR

\ -

To a mixture of methyl 2}3—anhydro'4,6-g-
benzylidene—a'—E—mannopyranéside (3 g) in dry, purified'
benzenev(l4 ml), ahhydrous”méthanol (9.5 ml).coﬁtained in
a 300 ml shaker bomb was added dicbbalt octacafbonyl (0.5 g).-
1After flushing the bomb Withiéarbon mOnoxide,_catbon monoﬁide
(1920 p.s.i.) wés.added and the reactants heaﬁed with
rocking at 190° for 2 hours. An observed pressure drop.
of 40 p.s.1i. at 26° waé'noted.. The bomb was then cooled
. overnight and thé gases were vénted.

The réactioh product consisted of a'aark browﬁ

solution.:
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Half the product mixtﬁre was heatea at 80° for
20 minﬁtes.to decompose the.cataIYSt. ‘The oxo product
was evaporated on the flash evaporator. The residue
was dissolved in chloroform. The product was decolorized
by treatment'with Darco Active charcoal and was evaporated.
The hydrbformylatiqn mixture of the first‘half gave a
‘total weight of 1.10 g. '
| Inball‘Subsequénf‘discussioné unless otherwise
'Vspecified all thin layer chromatography wofk was performed
on silica and alumina (0.10 cm) plates (2%" x:7%") which
were run in benzene-isopropénol.(96:4) and were developed
using éulfuric acid ; nitric acid spray and heat.:

A T.L.C. plate (siiica) was prepared by.épotting
side by side ' |

(i) . The initiai eboxide.sﬁgar_

(ii) Oxo product solublé in chloroform

1 o 2
Very Heavy Spot. ~ Three Major Spots
Rp = .92 g . (i) Heavy Spot Rp = .92

(ii) Heavy Spot Rp = .64
(iii) Very Heavy Spot
RF = .26

The.oxo'prodﬁct was separated into slightly
impuré fractions by column éhromatography, Oxo product
(0.8 g) was added to the top of alumina column (17.5 x

3.4 cm. diameter) by dissolving it in a mixture of 4 ml
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of isopropanol and chloroform (1l:1). The following
- mixture {200 ml) of benzene—isopropanol (96:4) was added
and the fractions were collected.

Characterization of Fraction I (Methyl 2}3—anhydro 4,6~

beenzylidene—ﬁ —g-mann0pyranoside5;

‘Fraction I (0.80 g)

(1) Rp = .92
(ii) Crystalline,m.p. = 145-147°
'»(iii) Mixed m.p. with Methyl 2,3-anhydro 4,6-0-

" benzylidene-@ -D-mannopyranoside = 146-147°

(iv) . same I.R. as the authentic sample
(v) N.M.R.
Hy "Hjp Hj Hy Hg Hg Methine OCH; Benzylidene

5.14° 6.56 6.88 5.77 6.25 6.36 4.51 6.60 4.51
J1,2=0 J2,3=4.0 J3,4=0 J4,5=5
| rThé céﬁpéund‘had an identicél n.m.r. spectrum to
-.that of authentic sample of methyl 2,3—anhydro 4,6-0-

benzylidene-a —Q—mannOpyranosideQ

Fraction II (.154 g) (Methyl 3—9~methyl—0f—E—altropyranoside)
(i) Ry = .26 » | )
S (i) Syrup '

(iii) (@ )20 + 142 in chloroform (C = 2.45)
D

’ 15 3
Literature ( Q@ )D + 140.3 (C =42.45)
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'The-qompdund had an ‘identical n.m.r. to that .

, of authentic sample of methyl 3-0-methyl-a -Q;-altropyranoside.4

Fraction III (.183 g)

Two spots Rp = .26
On T.L.C. (Silica) = . .56
‘.Developér iéopropandl‘and benzene (4:96)

Mixture - no .conclusion could be drawn.

Fraction IV '(.160 g)

(Methyl 4,6—9—benzy1idene—ﬁ —g—altropyranoside)
(1) Rp = .64
(1i) M.P = 166-169°
Mixed>m.p. with authentic éample =_167—l69O
wa’(authentic sampie)= .64 | |
The.compound Had én identical n.m.r. td'that of

authentic sample of methyl'4,6—9—benzylidene—af—Q—altropyranoside.37

Synthesis of Methyl 4,6-0-benzylidene-a —Q—altropyranoside37'

A solutioﬁ of 1.30 g of,poﬁassium hydroxide in
35 ml of water was boiled with 1 g of methyl 2,3-anhydro-4,6-
.grbenzylidenchz—g—allOpyranoside for 48.hours; The solution
was codied and,filteréd;to remove anyAﬁndissolvéd starting |
méﬁerial and then partiaily neutialized with 3 ml of 6N
'sulfﬁric acid. |

The agueous solution was extracted successively

with 5 ml, 2.5 ml, 1.5 ml and 1.5 ml of dichloroethane and
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‘the‘combined‘extracts weré‘washed with 5 ml of water.

The layers_were separated,caréfuily,The.dichloroethané

. layer was dried with granulér.calcium chloride, while

. the aqueous layer.was‘returned to. the main aqueous solution.
‘This équeous édlution was éxtracted 8 times with 1.5 ml |

"portiohs of dichloroethane,{the combihed extracts were

washed with 2 ml of water and the layers wefe separated

carefuliy.

The dichloroethane extract was dried over
"calciumvéhloride and the water layer was returned to the
imain aqueous solution. The process was repeated. Finally
‘.the main aqueous solution was ethacted 15 ﬁimes with 4 ml
~portions of dichloroethane and the dichloroethane extracts
" were combined and saved, without being washed to be used in
. making the first .extract of a succeeding‘run.

The dried dichloroethane extracts were treated
with a small amount of deéolorizing carbdn,.filtered and
COncentratea‘under reduced pressure to a'thin syrup. Ether
A-aﬁd petroleum ether were added and thé product (1 g) Was
: separétedrin crystalline form.',The méterial Was recrystallized

from methanol yield (.8 g) m.p. 168-170°; the literature
m.p. of methyl 4,6-O-benzylidene-a -D-altropyranoside is

. 169-170°.
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. "Synthesis of Methyl 4,649—benzylidene 3-0-methyl-a -D-
; :

altropyfanoside

Methyl 2,3-anhydro-4,6-O-benzylidene=-@ -D-
mannopyraﬁoside (1 g), m:p. 146-147°, was heated in a
sealed tube with methyl‘alcohoi-(ZO ml) containing sodium
(1 g) for 24 hours at 1009..‘ 

After cooling and dilution with water, the
.tmiktﬁre was'éxtracted.féur timeslwith ctherorm. The
yéombined extract was'dried éverrsodium sulfate and .

evapofated to dryhess,. A clean yellow giasé (0.7 g) whiéh
“.crystallized s?ohtanebuély was obtained. It was crystallized
. from aqueous ethyl alcoﬂoi (yield 70%), ﬁ,p. 129~l300,
“literature m.p; l30‘l3ldf | | |

Partial Hydrolysis of methyl 4,6—9—benzylidené—3—9—methyl-a’—2

altropyranoside

Methyl 4,6-O-benzylidene 3-O-methyl-a’-D-altroside
(1 é), m.p. 133°9, was dissolved in a mixture of acetone
(66 ml), water (29 ml) -and N- hYdrochloric'acid (5 ml) and
thévsolution wés boiled until of constant rotation (2 hours)
(@ ) =4+ 1499,
D ‘

- After neutralization with barium carbonate and
filtration the acetone was evaporated. The aqueous solution
- was extracted with chloroform to remove .benzaldehyde and

evaporated to dryness. The residue was extracted three

~times with boiling acetone. The combined extracts were
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.evaporated to dryness. The product methyl‘3—9:methyl—a3-
D-altropyranoside was obtained as a syrﬁp which could not

be crystallized.

Product Determination by Thin Layer Chromatography

Three preparative .silica containing 1% phoéphor
(0.25 cm ﬁhickneési plates (7%" x 7%"). were prepared and
thé producti(0.070 g) in methanol solution was lined equaily
on éach_plate. The plates were run ih.standard beﬁéené-
isoprppanol (75:255.‘ Bands on the plates were identified
under U.V. : |

The bands containing the major products weré
idehtified and carefully scraped from the plates. The
silica was washed séverél:times with chloroform and the
product waé isolated by evaporation of the chloroform solvent.

The first zone (2z1) (.010 g) was crystalline,
m.p. 145-147°, Rp = .92. This zone was confirmed as starting
maferial (methyl 4,6—9—benzylidene«2,3—anhydro—é-—2—manno—
‘pyranoside) by mixed melting point-(l45—l469); The .compound

had an identical n.m.r. and I.R. as that of starting material.

"Characterization of Zone II

'”The Zone II (;017-g).was'characterized as methyl
4,6-0-benzylidene- g -D-altropyranoside.
‘m.p. = 169-170°

mixed m.p. with authentic sample = 168-170°
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.The compound had an identical n.m.r. and I.R. to

~ that of authentic sample.

Characterization of Zone III (.027 g)

(Methyl 3—95methyl-a égfalthpyranoside);
This compound was-cohfirmed by the direCt comparison
'with the authenfic sahpleﬁ“ |
(1) - Ry = .26 | o
(ii) ‘Rp (authentic sample) = .26

(ii1) (@ )2 = 140° in chloroform (C

2.45) .

(iv) (a )go = 142° in chloroform (C = 2.45)

It had exactly similar n.m.r. to that of authentié
sample. |

Two mofe modified oxo reactions were carried out
on aifferent conditions as shown in Table I and were followed

exactly the same procedure as previously.
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. TABLE I

Reaction of Methyl 2,3-anhydro-4,6-0O-benzylidene-a -D-

mannopyranoside* with carbon monoxide and methanol

Initial .
"Experi-  CO Methanol Time CO2(CO)8
ment Pressure vol Temp. 1n wt . .
No. in p.s.i. in ml oc Hours in g Product Yield
1 1920 . 9.5 . 190 2 0.5 Unreacted
' epoxide 143
Methyl 3-0-
methyl-a =D- A
altropyranoside 30%
Methyl 4,6-0-
benzylidene-ag -
D-altropyrano-
side 26%
2 2960 - 20 190 3 0.5 same
3 3000 . 0.6 210 8 0.6 no major product.

Product decomposed.

* 3 g of substrate used in- each experiment.
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TABLE TI

‘Reaction of Methyl 2,3-anhydro 4,6—9~bénzylidené-a -D-

,mannOpyranoside with carbon monoxide and hydrogen.

Initial Initial -
Experi- co . Hy . Time ‘
- ment  Pressure Pressure in €0, (CO) ’ ,
-~ No. in p.s.i. in p.s.i. Hours 2 8 Product Yield
4 . 990 140 4 0.5 g. Methyl '2,3-
- : : anhydro- a -D- :
mannopyranoside = 40%
Methyl 2,3-
.anhydro 6-0-

benzyl-a -D-
mannopyran®side 45%
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' Reéction-df Methyl 2,3-anhydro 4,6—9—benzy1idene—(z—g—

mannopyranoside with Carbon monoxide and Hydrogen in the

- presence of Dicobalt Octacarbonyl.

To a mixture of methyl 2,3-anhydro 4,6e9~benzylideneé
}Q'—Q—ménnOPYranoside (3:35 g) in‘dry purified benzene (15 ml)
| Lcoﬁtained in a 300 mi»shaker‘bomb was added dicobalt octa-
carbonyl (.5 g). After flushing the bomb with carbon
monoxide, carbon}monoxide (990 p.s.i.) and hydrogen (910 p.sfi.)
were added and the reactants heated with rocking at 140° for
5'hours@ The bomb was then cooled overnight (pressure drop
of 180 p.s.i.) and the gaséé were vented. The reaction
miXture consisted of a dark brown solution.

.vHalf.thefproduct mixture was heated at 80° for
:20 minutes to decompose cétélyst. The solvent from the oxo
produc£ was evaporated on a flash evaporator. The residue
‘was dissolved in chloroform. Thé product was decoiorized
by treatment with Darco Acﬁiye Charcoal and the,solvent
was evaporated,_ The hydroformylation mixture of the first
half gave a:total weight of 1;5 g.

‘An n.m.r. spectrum was obtained on a smear of the
oxo product. |

Thin layer'chrdmatography work was performed on

silicé_and aluminé (0.10 cm) plates (2%" x 7%").Qﬁich were .

‘run in benzene-isopropanol (82:18) and were developed using
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sulfuric acid-nitric acid spray and heat.

A T.L.C. plate was prepared by spotting side by.

side

(1)

~the initial sugar epoxide

(ii) methanbi soluble oxo product

T 2.
Véry Heavy Spot. - . Two Heavy Spots
Rp = .92 _ - © Rp = .28 |
| Rp = .72,

. Preparation of 2,4—Dini£rophenylhydrazone derivatives of

Oxo Product.

An
dissolved in
acid and the

- a .steam bath.

amount of 100 mg of the oxo product was
2 ml of ethanol containing 1 drop of acetic
solution was heated to the boiling point on

To this was added portionwise a hot saturated

solution of 2,4-dinitrophenylhydrazine in ethanol until

- the orange coldurvimpartedatd the solution no longer faded

to yellow. On diluting with water to turbidity and

standing in the refrigerator, é.yellow solid separated

which was collected by filtration m.p. 235-237°. The m.p.

. of authentic 2,4—dinitrophehylhydrazone derivative of

pure benéaldehyde by the same procedure as above was 235-

'238°, mixed m.p.; 238-240°.
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T L.C. was performed on 5111ca (. lO cm) plates

(2%" X 7%") in chloroform. Both 2,4 dlnltrophenylhydrazone

','derlvatlves gave ‘identical Rp = .43.

Gas—quuld Chromatography of Trimethyl Sllyl Derlvatlves (TMS)

" of the Oxo Product47

 The fo:mation of the TMSfderivative“in pyridineh
. . containing heﬁamethyldisilazane and trimethylohlorosilane
took place very rapialy at room tempetature.: A

100 mg of.oxo oroduct was treated with.lo ml of

anhydrous pyridine (kept over KOH pellets), .2 ml of hexa-

o methyldisilazane and 1 ml of trimethylchlorosilane. The

" reaction Wastcarried.out in aaplastic‘stoppered.flask. Thei
‘mixture was shaken_vigofOusly’for about 30-seconds and was
- then allowed to_stand for S'minutes or longer at toom-
temperature pfior to chromatography. |

' The accurately measured aliquot drawn into a
' Hamilton sjrihge, was injectedrinto the chromatograph.
Each injection'consisted of about 1 mliof,solution.' ?hev
column which was made up of copper tube (12' x 3/8") was
packed with chromoeofb W (manufactured by F and M)Acarrying
- los (wt) siliconbgum ruhbef'SE—SZ (manufactured by F and M
b_Scientific, A&ondale, Penn., U.S.A.) and operated at250O
The carrier’gas was helium, detector‘temperature 3100,.injected

temperature 260°, filament current 150 mA.
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1'. The gas chromatograph wés an Aerogfaph A-700
instrument using thermal conductivity detectors. ,Twé'
'major'zones were isolated. 1In both céses the loss due
to aerosol formation was coﬁsiderable.

ZJone A = (Methyl 2,3—anhydro—a'—gfmannépyranoside)
Retention time = 39 miﬁutes |

Amdunt

Zblmg,.
This zone was collected as a light yellow syrup which
.crystallized overﬁight, m.p. 77—790, mixed m.p. -of Zone A
'with an authentic sample, - 78-79°.
It had an identical n.m.r..to that of an authentic
sample of methyl 2,3-anhydro-@ -D-mannopyranoside..
Zone.B |
Retention time = 19 minutes.
It was obtained as a syrup which coula ﬁot be crystallized.
An attempt was made to characterize by comparing
its RF oh T.L.C. with the Rp's of a mikture of mono—beenzyl
ethers bbtéined by the moﬁobenzoylation of‘£he zoné A; ZonéAB

had the same R, as that of one of the components of the

F
1at£er mixture. .In ofder.té study the effect Qf OXO reaction
- on benzylidene grouﬁ, the oxo.product aliquot (10 ml) was
injected into chromatograph. Each injectionvcbnsisted of
about 1 ml of solution. Thrée zones were obtained. and were
characterized as benzene, benzaldehyde and tbiuene, Theizones

were confirmed by comparing the retention times with

authentic samples.
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- Synthesis of MethYl 2,3-anhydro-a —Q—mannopyranoside38'

MethYl 2,3-anhydro-4,6-0-benzylidene-a -D-
mannopy#anoside (5.0 g) was heated with methanol (30 ml)
and-.OiN'sulfuric acid (lOO‘ml);under reflux until ali
the.solid had dissolved:(one—half hbur). Methanol was
‘removed by disﬁillation and thevremainiﬁg.solutioh
exfracted_with benzene. The aqueous layer was neutrélizéd
wiﬁh barium_carboﬁate and the filtrate évaporgted éo
‘dryness, The syrup was dissblvéd,in ethahol and ethyl
acetate (100 ml of each) and filtered through neutral
alumina'(ZO g) Which was'washed with 200 ml of the»same
rsolvent. The combined filtrates Were:evaporated ﬁo.a
"syrup, which crystallized from.chloroform, light petroleum,
to gi&e.the methyl 2,3-anhydro—2@ -D-mannopyranoside (2.90 g,

'87% yield) m.p. 81-82°.
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EXPERIMENTAL SECTION B

Synthe51s of 1, 2—anhydro-(1—Q—glucopyranose triacetate
0, 41

“(Brigl's anhydride)

Preparation of B —Qfglucopyranose penta—acetate

A suspen51on of 50 g of anhydrous sodium acetate'
in 70 ml of acetic anhydride in a2 liter, round bottomed
'flask was heated over,a'flame to the»borllng point in an
.efficientrfume hood. About 3 g of anhydrous (Z—ETglucobyranose
fromra 100 g supply Was added and the flask without shaking
was heated carefully at the‘point nearest the sugar 1aying
on.the bottom. Initiation of the reaction was indicated
‘by continued boiling after removal of the flame, the
flask was placed on a cork ring and'the flame was extinguished.
The remainder of the sugar was then added. in small portions
at a rate which maintained the boiling temperature of the
mixturef The flask was gently shaken.
After the addltion of all the sugar and after
the reaction had subsided, the solutlon was brought to a
.fuil boil. It was then'cooled and,poured withrstirring

‘ nonto 2 liters of cracked'ice. After standing 3 hours with -
‘occasional_stirring, the crystaliine material was filtered
With suction and washed with cold water. Yield 169 g (74%).

 Purification was effected by recrystallization
from 1 liter of hot‘95% ethanol followed by filtration with

| decolorizing carbon. -The product was filtered as‘soon as
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" the temperature of the crystallizing material was»cooled
to room temperature.  Further recrystallization in the
_same manner produced.puré 3 -D-glucopyranose penta—acetate
m.p. 130-132°.

Preparatibn'of.3,4,6¥tri—g—acetyl-Z—g—trichloro acetyl—/3—

Q—glucopyranosyl,chlbride

‘ ?ure fineiy powdered; dry B ég—glucopyranose
,penﬁé-acétaté‘(78 g)>waé ﬁixed thoroughly witn 177 g of
powdefed phosphorus penﬁachloride in a 500 ml roUna
- bottomed fiéék equipped_with a reflux condenser.

Fofty ml, of carbontetfachloride was added and
the readﬁion miﬁture was prdtected from aﬁmospheric
moisture.with a tube.coﬁtaihing calcium chloride.. The
mixture was healted in a fume.hdod on a.steam bath for about
30 minutes,;the-mixture became partially liquid and_voiatile
components began to‘reflgx with the evolution Of'hydrogen
'chloride, At the end of the.reaction period, a clear
yelléwish.solution was,obtained. The solution was e&apérated
~under reduced pressure (Water'éspiratpr) until the bath
temperature had fisen to about 850. The thick éyrup was
diésolved in 160 mi of.dry>ether and cooled overnight at
-10°. The érystalline precipitéte was céliéctea'on a
. Buchher funnel, pressed to a firm cake.and washédbfirst

with 20 ml of cold methanol and then with 20 ml of cold
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'dry ether yield, 36 g (38%) of crude produCtjm.p; 131-
1389, The compound was sufficientiy pure_after two -

- recrysta11ization from ether to be used in the folioWing

'L preparatlon, m.p. 140- 142

Preparation of 3, 4 6-Tri-0- acetyl B D glucopyranos?l
"Anhidrous ether (200 ml)>containedhin'a 500 mid7

.erlenmeyer flask was saﬁurated with dry émmenia at rdom
'teﬁperature, The solution was'eooled'to Odclend 1o'g of
‘1fiuely powdered, dry.3,4,6-tri—9—acetyl—249—trichlore;
écetyl—/3—2:glucopyranosyl'chioride was addedf _The‘
'miXture was shaken.vigerousiy te brihg about solution as
‘reﬁidly as possible. rAlmost'immediately.after splufioh
.weS'complete, the‘product began to crystaliize. The
solution Qas coe_led_to»Oo for's minutes hefore cellecting‘
the precipitate which was'Washed with ether.

| 3 4,6-tri-O- acetyl ﬁ? -D- glucopyranosyl chlorlde
T is dried under reduced pressure over phosphorus pentaox1de
and potass1um hydrox1de, yleld 6.0 g_(93o) m.p.11565158

'h_[ a )go + 28 (Cﬂ.chloroform)

Preparation of l,2—anhydro—(l—g—gluCOpyranose>triacetate'

Dry ‘and finely powdered 3,4,6—tri~9—acetyl—13—9f
: glucopyranosyl chloride (10 g) was added to 50 ml of
dry benzene contalned 1n a 3- necked 150 ml flask equlpped

»w1th a stlrrer (sealed shaft) a gas- 1nlet tube Wthh extended
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was filled with cfushed potassium hydroxide pellets. A
‘:stream of dry ammonia. was passed through.the stirred
‘°.soiution for 3 ‘hours at room”temperature. The pre01p1tated
vf’ammonlum chlorlde was removed by flltratlon and the flltrate
was evaporated to about 20.ml,,.The.solutlon wasupassedv

. rapidly through a bed ef drYjsilicie acid which was pre-
pefed by pouring a-slurfy‘of 5 grqf.dry'silicic acid in’
.aboht 10 ml.of.benéene:into,a'2.¢m (epproximatefdiameter)
":ehromatographic tube. The bed Was washed with 50.ml of
dfydbeniene and the total eluate was. evapofated udder
reduced pressure to a. thlck oil. Dry petroleum ether

- (20 ml) was .added and on rubblng w1th a. glass rod, the
:product was soon crystalllzed.. Yield 6.5-7.0 g of 1,2~
anﬂjdro—(l—gfglucopyfanose triacetete m.p..49—549, Material
" which melted at 55-56° could be obtained by recrystallization
ffdm three'parts of ethers and one part of iow‘boiling o
epetroleum ether.

" An 1mproved synthe51s of 3,4,6-tri- O acetyl 1,2~ anhydro—CI-

D- gluCOpyranose (Brlgl's anhydrlde)

Crude 3,4,6—tri-9-acetyl—[3—Q—glucopyranosyl -
echloride, (7.4 g), m.p. l30—l33o, was suspended in 60 ml
'_ df,dry benzene and.2 ml of diethylamiﬁe by shaking for a

half hour. The solution was filtered'through a bed of 5 g

‘of dry silicic acid and the filtrate was evaporated to a



syrﬁp, 1.43 g. The syrup’#apidiy.cfystailized from ether
*Skelly’sol&e.B and 1.3 g of."Brigl's Anhydride", m.p.-
56.5-57° was obtained. fhe precipitate on the silicic'
acid béd was collected and reacted‘fﬁrther in 60 ml of
Benzene and 5 ml of diethylamine.er,one hour. As above,
4.49 g of the syrup was .obtained which aeposited 3.22 g
 of crystéllé, m,p. 55—56°'froﬁ ether.Skelly solve B. The
total yiela of "Brigl's Anhydride" was 70%. . |

Reaction of 1,2-anhydro- @-D-glucopyranose triacetate

:(Brigl?é'anhydride) with Carbon monoxide and Hydrogen in

- the presence of Dicobalt Octacarbonyl,

To a‘ﬁixture of l,2—anhydro—CZ~2;glucopyranose
(1.20 g) in dry purified benzene (10 ml) contained in a
.300Jm1 shaker bomb was added dicobalt octacarbonyl (.5 g).
- After flushing the bomb‘with carbon monoxide, cérbon
monoxide (910 p.s.i.) and hydrogen (990 p;s.i.)‘weré
1addéd'and the reactants heéted with rocking at 106° for
a half hogr,‘ The bomb was then cooied and the gases
Were vented._iTﬁe reactionlmixtuﬁe consisted of a dark
‘brown solution.- |
| AApproximately.half the product mixture was removéd
from the bomb and then placed 6n a florisil continuoﬁs |
‘inW chromatography éolﬁmn'(l7.5 x 3.4 cm diam). The
.catalyst was eluted with petroleum ether (30-60°) . When

the eluate was no longer coloured the hydroformylation.
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produéts were eluted ﬁsing a.benzene4me£hanol (98:2)
mixture; .The colourless eluate was colléctéd in tared
flask! (100 ml) and the solveﬁt was femoved by evaporation.
| 'The.productvwas a syrﬁpy material (;447 g) which
was soluble in.methanol;’ ] |
 vA.thin layer chromatog:aphy.workAwas performed
on silica-(d.iolcm)'piates (25" x 7%") using Benzené—
acetone (91:9) as developér ahd.sulfuric acid-nitric acid
.spray:and heét'as.detector,'
.. There were three zones having Rp's of ;30,'.36,
.38‘on T-L.C. one of which was major and other two minor.
| . An-amount of 0.70 g of the oxo product was
acetylated wifh acetic anhydride and pyridine as usual.
T.L.C. bf the acetylated Ox0 produét gave one spot Rp = ;64.
it had an n.m.r. which waévalmbst similar to that of an
authentic sample42 of 1,3,4;5,7—penta~9-acetyl—2}6fanhydro—
'Efglyéero—g—gglgfheptitol.

Preparation of 2,4-Dinitrophenyl hydrazone derivative of

OX0 product,49

An amoﬁnt of .015 g of the oxo product was
dissolved in 2 mi methanol containing one drpp of acetic
acid and the solution was heated to boiling boint»on a
steam bath.' To this Qas added éortionWise a hot saturated
solution of 2,4—dinitrophenyl hydrazine in ethanol until

the orange colour.imparted to the solution no longer faded
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7 to yellow. . On dilution with water and standing in the

refrigeratpr deposited a yellow solid which was accidehtally

- lost.

'~ . Gas Liquid Partition Chromatographic separation of the

acetylated polyols derived from the oxo product.

: -~ The oxq‘produpt.(éoo mg) was. reduced with sodium’
fborohydride (ZOOImg):in methanol.(ZO ml)l After twé hbﬁr$
the reactibn.mixfure was filtered, diluted with water
E(ZOIﬁl)‘andvaeidnized with .amberlite IR 120H ion exchange
resin. _ﬁvaporation of the sélvént yielded a crystalline
masslfrom which methanol (20 ml) was evaporated five times
 tojfemoved'boraté esters.. Removal of the solvent gave a-
iight brown syrup (40 mg) which was acetylated with acetic
,_anhydride,(l4ml) and.pyridine (1 ml) as usual. To the'
syrup acetate mixture was added anhydrous ether. Crystals
’(40 ng) wereisolated,m.p.'90—920.

The compound was compared with authentic sample

of l;3,4,5,7—penta-9—acetyl—2,6—anhydro—g—glycero—g—gulo—
»hepfitol and was shown to have identical'p,m.rQ; infrared
,spectra_anaino depression‘in mi%ed melting pbinf (90-520)€
»~ .The~crystals-w¢re dissolved in anhydrous ether
.and were injecfed into G.L.C. apparatus as ethyl étherv
solution. The column which was ﬁade up.of copper tube
(12' x 3/8") was packed with chromésorb W (manufactured

by F and M Scientific, Avondale, Penn., U.S.A.) and operated
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: ét:ZSOQ. The carriér_gaé‘was helium. (200 ml/min),
-detector temperature 315°, injector temperature 2900e

' - The gas chromatogfaph.was an A-700 instrument
':ﬁsiné thermal conduétivity detectors. One shafp méjor
-peak (étlleast 95%)‘was o#sérved'at retention time 23
minutes and traces of two other substances.

| - The compound.ffomithe.main zoné was'compared‘

with an authentic sample of 1,3,4,5/7—penta—9—acetyl—2,6—v

“aphydro—g-glycero—g-guld-heptitol and shown to have thé

.same .retention. time of 23 minutes.

Product Determination by Paper Chromatography

The oxo product (300 mg) was de-O-acetylated by
dissolving the OXO0 product in 10 ml of anhydrous methanol
and fheh addingAle ml 6f'2meethanolic sodium methoxide
aﬁd‘leaving the mixture_at.SQ:overnight. Carbon dioxide
 -was'bubbled through.thevcoid solution for 0.5 hours to
.. destroy the sodium.methoxidey.methanol and methyl.acetate
were removed by concentrationkunder.reduced.pressure and
‘the. residual syrup was dissolved in water and deionized by
‘passage tﬁrough AmberliteviR-lZO. Th; solutién was con-
'Centrated‘under reduced pressure to a fairly thick syrup
(125 mg).

The Syfup Qas'dissolved in a small volume of
methanol (3 ml),»wés'applied'equally to four sheets (57 x

46 cms) of Whatman No. 1 filter paper, prepared for descending
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<g}eHroﬁatogfe§hy cabinet'setureted Qith eluent vapeufs
'fer,G hours. Develeper used Was'water—saturated butanol
wiﬁh 5% ethanol for»6'hbure; Aftef equilibration aﬁd
' development for 60-hours, the thfee.zonee were loceted‘
' by séraying tests,_eﬁrips, cut from each sheef,.with
aqueoes eodium periodaﬁe—sehiff reagent and-seéarateiy
..,vextracted with hot aqueous methanol (1:1 Vv/V) to afford
.“rFraction I (0.015_eg)‘l7% Rp. = .15.
| | Zohe II wae'diffﬁsedAandAwae sectioned.into
tWQ fractions o | | .

| -Fraction II (.038 g) Rp = .18

Fréci:ion IITI (.026 g) Rp = ,20

Characterization of Fraction II

(2,6—anhydrof9—glyeero—D—gulq—heptitol)
' The compound was dbtained as a syrup which

" crystallized on-standing, m.p. 203f205°~ The reported

m.p. of 2,6—anhYdro-Qvgiycero—g—gulo—heptitol is 204-205°,
- Mixed m.p. of fraction II with authentic 2,6~

-anhydro~2—glyCéro—Q—gulo—heptitol was'203¥2059,

'Fraction IT had an identical n.m.r. to that of
-the authentic sample. (Fig. I).

Fraction I " (.015 g)

was obtained as a syrup which could not be

crYstallized.
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. ﬁeduction ofAFraction I with sodium borohydride
gave Fraction II which was characterized by pé?er |
'chromatogram with identical Rp ofAﬁhe component, m.p.
203-204°, (Fig. II). | ) |
- Fraction III Wag égain subjecfed to paper
'_.Ehfomatbgraphy u$ihg-ethyl acetate acetic acid;water—
fOrmic acid'(18:3:4:l) as deveioper._ If consisted ofi

;mainly Fractibn (Ii)vandta_t;ace (less tﬁan 5%) of a
"afthirducomponént which was not characterized. THe combined

‘'yield of Fraction (II) was 75580%.
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Fig. 1 - Nuclear Magnetlc Resonance Spectrum at 60 mc’ of 2, 6 anhydro D glycero D—
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Figure II - NuclearMagnetic Resonance Spectrum at 100 mc of 2,6—anhydro—Q—g1Xcero—g—
gulo-aldehydo-D-heptose. (Fraction I)



