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ABSTRACT

A feature of typicsl carbobydrste/siiionis resctions is the
farmation of complex mixitures of imidazoles (swong other products) .
These imidazole mixtures heve proved difficult to separeste in meny cases.
4 theory for cetion exchange chromstograpky of bases has been developed
in this wori snd spplied to the sepsrstion of imidezole mixtures. The
technique used appesrs to be capable of sepsrsting mixtures of imidezoles
more effectively then other previously used.

D-Glucosone (D-srebo-~herosulose) wes prepered by the action of
benzeldehyde on glucosazone (d-arabo-hexosephenylosszone) snd its resction
with smmonie investigeted., It wss found thst the reaotion mixture
included a number of imidazoles. These imidezoles were separated by the
ion excheange technique developed esriicr and 2 total of sixteen compounds
giving & positive resction with the imidazole=specific. FPeuly reagent
(aiszotised sulphsnilic acid) were debected. Fifteen of these compounds
were isolsted and six were identified by mess speotrometry snd/or nuclesr
magnetic resovence spectrometry.

It wes slso intended to investigete the resction of L-O-methyl-D-
glucose and smmonia, It was proposed to prepare this compound by methylstion
of methyl-2,3,%-tri-O-acetyl- -D-glucopyranoside with methyl iodide in
the presence of silver oxide. Under these conditions an scetyl migretion
from the 4-0 to 6-0 position occurs with the methylation to give
methyl-2,3,6-tri-0-acetyl - ~0O-methyl-  -D-zlucopyrenoside which mey be
hydrolysed to give L-O-methyl-D-gluceose. It wes intended to prepere the
storting meterisl for this resction (methyl-2,3,L4~tri~O-scetyl- : =-D-
glucopyranoside) from D-glucose by the following steps.

(1) iethsnolysis of D-~zlucose cetalysed by su H' cetion exchenge resin

to give methyl- :- =D-glucopyrunoside.

(2) Blocking of the 6-0 position with triphenylchloromethane.

(3) Acetyletion with scetic snbydride to give methyl-6-0O-triphenylmethyl-
2,3,4~tri-O=acetyl- . =D-;;lucopyrsnoside.

(4) Removal of the triphenylmethyl blocking group to give the required
methyl-2,3, 4=tri-O-scetyl- riD-gluoopyranoside. |

In fact at She time of this writing the first three steps had been
accomplished but atterpts to remove the triphenylmethyl blocking group

while leaving the ocetyl groups intact had proved unsuccessful,
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INTRODUCTION 1.

Alkaline Dezredation of Sugars.

Simple sugers under slksline conditions, undergo s series of
resctions known es the Lobry de Bruyn-Alberds Ven Ekenstein reactionl’z
The trensfori: Sion converts aldoses Lo ketoses and other isomeric sldoses.
The general mechenism is as outlined below (fig. 1).

The importsnt feetures are thet the resctions sre 21l reversible and that
the assymetry of cerbon 2 in the sldose is destroyed in the enediolste form so
thet the epimeric sldose - thet is the 2ldose with opposite steriochemiatnyh
at cerbon 2 will eslso be foriaed.

In general the transformstion can proceed & step further thst is the
2-ketose can form 2 further encdiolste anion which will give rise to a furiher
series of procucts.

However this second step will be slower ss the enediolete form has two
substituents in 8 cis position. In fect wish hexoses 3-ketoses will not
generally be found althouih inversion of stercochemisiy at carbon 3 will
occur. This mesns a totel of § sugewrs will exist in equilibrium slong with
the ions of three entdiols (see fig. 1).

For exem; l¢ if R= D-erythro-trihyd-oxypropyl then the six sugers will
be - D-glucose, D-fiuctose, D-lsnnose, D-allose, D-Aliulose (D-psiscose)
and D-sltrose.

In genersl monsssccharises wili fora groups of this type. Esch
group will consist of two Z-itetoses snd four sldoses. Under slkaline
conditions all mzmbers of these grouns will be in ecuilibrium.

A mumber of side reactions will generslly occur as well as this
transformetion.

Algdolisstion and Dealdolisation.

Under besic conditions sn evolate ion may sdd to 22 eldehyde to
yield sn sldol.

The aldol forme: is cherscterised by 8 cerbonyl and s secondary
(or primery) slcohol 1,3 to one enother. The resction is reversible
and hence any compound of this ty, ¢ mey be derreded by this mechsnism.

The forward resction is termzd eldolisation and the reversc desldolisation.
(see fig. 2).

liost monosaccharides are in fsect sldols of this type and will

undergo desldolisation.

An sldohaxose would be expected Ho yield a biose end o letrose waile
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3.
a 2-ketohexose should yield tvio trioses.

Hoviever, sinc: sidoses and 2-“<toses will be in equilibrium by virtue
of the Lobry de Bruyn-islberden Van Lkenstein reaction, both sets of producss
will be formed. Similsrly pentosss will give trioses and bioses, trioses
may eliminste forumsldehyde to rive s biose, tetroses mey give bioses on
trioses and formsldehyde. Alcolisation on the othsr hand will result in
the formetion of the larger sucers frou the smeller,

The sldolisation reaction in gensvel crestes two new sssymaetric
centres and so the combinstion of the forward and reverse resction psimits

further isomerisation of the sugers (sece fig. 3).

Forration of & -Desoxyosones

If an loniscd ¢nol bsas sn aicohiol or other suitsble lesving group
in the p position then ('_’, elinfrotion may occwr. If the starbing compound
wes in fact on enediol then the product will be the enol of 8
desowosone3 (ses fig. 4). TIn ycnevsal & sugsr can give rise to three
different types of desoxvosone (sze fiz. ). Although for a triose type
IT desoxyoscnes carnnot be forued while types I end III will be
equivalent, end for a tetrose typss IT and ITI will be equivalent.
Substitution msy also block (ox activsete) the formation of some of these
types.

Resctions of the Desoxyoaon~s

(i)Alraline fission.
1,% <icarbonyl conpounds may undecrgo a hycrolytic cleavage in
elksline solution o yield &  cerboxylic scid end sn eldehyde (fig. 5).
In general an unsymetricsi dicerbonyl will be able to underge fisslon
%0 Zive two sets of products depending on which cserbonyl forms the carboxyl
function.
(ii) Ssccharivic Acid Forme tion
of -Dicerbonyls rsy undergo s ¥henzilic scid resrrangement®
(fig. 2). The desoxyosones of types I, II ard IIT will unlergo this

resction in the presence of Calciwn hydroxide to yield metssaccharinates,
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(fig. &)
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(figs 5) alkeline Fission of Dicarbonyls
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7

isosaccharinates and saccharinates respectively.

The Effect of Substitution

O=Subatituted sugars mey be prevented from forming some or sll of
theldesoxyosone tyres discussed sbove or sltermnstively may be activeted
towards o formetion of some particulsr desoxyosone.

In genersl substitution of an oxygen will block formstion of
a carbonyl function on thot oxygen but in meny csses will activate loss
of the substituted oxyren.

Por these reesons 1-0 or 2-0 substituted sugsrs may slso be
prevented from undergoing the full renge of Lobi'y de Bruyn-Aiberds Ven
Ekenstein resactions.

The effects of various types of substitution in hexoses is
discussad below (seze slso fig. 7).

(1)  Non-reducing hexoses

‘These sugars laeck & free corbonyl function and will therefore
be unable to form the encdiolets ion which is the intermszdiste in
both the Lobry de Bruyn resctions snd formetion of of desoxyosones.

They will therefore not give rise to hexose desoxyosores or to
eny compounds arising from them.

(2) 1-0-substituted 2-Istohexoses

These compounds sre blocked from Zormirng oldoses o type I
desoxyosones (both require s 1 carhonyl funchion). Types IT or III
desoxyosones may be formed but the substitution will favour formstion
of type III (1 desoxy). For exsmple 1-O-methyl-D-fructose gives D-gluco-
saccharinié acid when rescted with Celcium hydroxideh.

(3) 2-0-substituted sldohexosss

All three types of desoxyosones contsin & 2 carbonyl
function and hence s 2-0O-substituted aldohexose should be blocked from
forming hexose & desoxyosonecs.

(%) 5=0-substituted h-zoses
These are blocked fiom forming desoxycSonss of Lypes II ox III

but are activsted towsrds forming type 1 desoxyosones. Since the full



8.

ronge of Lobry de Bruyn resctions as discussed previously mey occur it
is immeterisl whether the starting product is e 2-ketose or su sldose.
However gll the six hexoses normelly in esuilibrium under these
conditions will give the ssme desoxyosonc, e.g. glucose, fructose,
mennose, allose, altrose and slinlose woull sll give D-erythro 3
desoxyhexosulose as the type I desoxyosone. In the presence of calcium
hydroxide 3-O-substituted hexoses will form metesacchierinstes®,

(5) L-O-substituted hexoses

A l~0O-substituent will not block 2ny of the normal Iobry de
Bruyn trsnsformstions or desc:yosonc foirmsbtions discussed sbove.
However the substituted oxysen will be sctivated as & leaving group
in the (} -eliminstion resction and hence formation of type IL

' 0

ourdd thiat -0

-

desoxyosoncs should be fovourcd. In foct it ig f
substituted hexoses fora iso-soccharinates witi celeium hydroxide?

(8) 6-0-substituted hexoses

5-0~ and 8-0-substitution would not be expcci:ed to exert any
direct effect on the formetion of lisitose o desoxyosones but it is
found thet 6-0O-substitution tends to sctivete dealcdolisstion of »
hexose to give two trioses. In the presence of celciun hydroxide these
tricg:s will give rise to laciic acid.

FORFATION OF IWIEROC/CLIC COPOU:DS

Tnidezoles.

If smmonis is used as tie bese foi degrradstion of sugers
imideyoles are formed. This phenomenon was origiaslly observed by
Windaus snd anops who isolated %4 (5) methylimidgzole from a reaction
mixture of glucose, szine hydroxide snd srmonia.

The mechanism sppesrs to involve an aldehyde an o\-dicerbonyl
end two molecules of aumonis (fig. 8).

A number of imidogzoles have been isolsted from sugar/ammonia
feactions. A mechsnism involving & dicarbonyl compound and sn aldehyde
should permit the formstion of 2 large number of different imidezdles

since & number of sldehydes may be formed (by dealéolisetion, possibly
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7) The effect of Substitution on Desoxyosone Formetion
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followed by epimerisstion or by slksline fission of dicsrbonyls),
any of the three types of o(-desgoxyosone rwy be formed for each
greup of related sugsrs (i.e. glucose, mesumose, fiuctose, allose
altrose and sllulose etc.) snd by virtue of desldoiissetion and
elaolisation & considersble number of such groups mey be present.
In principle any coubinstion of en eldehyde snd & dicerbonyl should
give o distinct imidszole. In most ceses the mixtures of imidezoles
formed are complex slthough substitution of the starting meterisl mey
reduce the number of imidazoles formed in significsnt smounts.
3=-0=-substituted hexoses cen give rise only to type I hexose
desoxyosones although desldolisation permits formation of other
desoxyosones from the fragrents. Formsldehyde is genewslly the most
common aldehyde and hence quite good yields of a peiticular ismidszole (s
can sometimes be obtasined.

€.5. 3-0-methyl D-Glucose” zives & good yield of w(5) (p-
erythro-2,3, =trihydroxybutyl)imidezole as the major basic product.

2-0-methyl sldoliexoses will be unsble to form hexose
desoxyosones snd the only imidszoles formed will be derived from
desldolisstion fragments.

The complexity of the mixtures formed in most ceses, however,
hes mesnt thsat msny of the imide mles formed have not yet been
identified.

Separstion of the imidazoles from one snother and from other
bases hes been & major problem.

Cellulose and slumins colurm chrom atogrsphy heve been used
with some success but s number of imidszoles, particulsrly those with
longer polyhydroxyslky sidechsins, hsve proved to be slow moving snd
hence difficult to sepsrate Ly these meens.

The system D—glucose/ammonia wes the first investipgsted and has
been examined by s number of workers under s variety of conditions.
However in 1965, sixty yesrs sfter Windaus snd Knoop's originsl

discovery of the formstion of 4(5)-methylimidezole only nine
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imidgnoles had been found in the system 10, of these only two (2-
hydroxymethyl-i(5)-uethylinidazole snd 2,4 (2,5) dinsthlinidszole)
were substituted in the 2 position sud these were also the only
disubstituted imide gzoles found., Only two compounds (4(5)(2,3,4~
trihyroxybutyl) imidszole end 4(5) (L-srebo-ieirshydroxybutyl)
imidszole) of six cerbons or larger were conclusively identified. It
seems highly probably thet s considerable nuiber of the imidszoles
formed in this system have yet to be isolated.

Sepsrsetion of imide zoles by ion exchenge chrometography has
been employed in this work. Usine this technique it appeers possible
to sepsrate complex mistures of imiAzzoles (including polyhydroxyalkyl
imidezoles). This technique was 2,pliec¢ %o the reaction mixture

of D-glucosonn (D-arsbinoshexosulose and ammonis. Iifteen imidazoles
were isolsted from this systen aud five of tlhese were identified by

mess spectrometry snd nuclesr msgunetic resonsnce spectromeiry.

OTHER HETEROCYCLIC COMPOULDS
In addition to imida:zoles hyrszines 11,12 0 L,,..?;?zinestlz
have been found in suger/smionis resction mixtures. The probesble

mechsnism of pyrszine formstion involves the esctusl sugsrs os sterting

materisls (fig 8;.
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SEPARATION OF DIDAZOLES FY CATION RACH.NGE L

_CHRO AOGRPHY

|

The reaction of reducing sugers with ammonis forms a complex
mixture which includes, ss well as ncutral end scidic compounds,
imidaroles and, to o lesser cxtent, pyrazines and yridins

The bsses moy bs scparated from She neutral and acidic compounds
on & cation exchange »esin in the H forum. The baszs will form

positively charged conjurete acids which will be retained on the resin

while the nzutrels and scids msy b washed off. The hsses mey thzn bs

removed from ths #isin by cluting with cmmonia,

(=5

The indi-iduel beszcs have provious!: been gapersied from this
mixture by celluloce ox eluming column chronstograply with venrious
solvents. Thcse methols, ord also most pepy» and thin layc: systems,

a3ll appear to depend lorgely en Th: overall pola> or nou-polar
cheracter of th: whole rolocvlie anl a shireny coxrazlation appears among
the Re values in all these systems. In pabicular & nvmber of
imidgzoles arising firom suﬂ“*/nmmonia reactions have low Rp wvalves in
all thesc systoms and hencs exe Gifficuls Go s2psratz. e ther, sines the
R4 velues depend largely on the cume molecular properties for sll the
above systeus, “he uce of Two such mzthods im succession vsrely givs
a8 much better sepsration tian thet obboiced with a single system.

Ton exclhons: chrimategraphy was congideved ¢z & meons of
providing & more gonersl bosis of scpsrstion. In puiicipls the rate
of elution of an imifanole in this sysiem shoauld écorend principelly
on the bagicity of the imidsrole mucleus, and for any base, it should
be possible to devise o set of conditions 5o give suy desired rste of
elution. The rate ofhelufion of & basc in any givra szt of conditions
would be chsracteristic of that base.

Purther since ion-:xchsngze chromstogrephy dopends on different
molecular propertics to the techniques meniionsd earlicr it skould b=

possible to combine it with one of them (e.g. thick pspor chromstography

or T.L.C.) to form sn effecciive two dimcnciomsl sysitcia.
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However, in ion~exchangs work the zstes of elution will
depend on a number of parameters which will vary over s wide rasnge, so
thet it is highly desirable to be able to predict the elution rate
of any compound under sny set of conditions.

ve good qualitaetive

-

The folloving simplz theory sppears
sgreement with experinent and sppesrs to be adequste for the prediction

mixturzs of

o
(fe]
{ sl
<
5

of the sbility of a givan g;'zsten to sepasraste

bases.
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THEORY OF ION-EXCEAIGE SI'viRATICH OF BASHES

Consider a solution in ecuilibrivm with a cation-cxchnege
resin (single function) and let the catica cxchange capacity of the
resin be Cy milliequivelents per ml. of solution in equilibrium with
the resin.

Let the solution contein n cstionic species XL (i,sr.l‘-c-)ﬂ)
end m™ snionic species Y= ({,-: oy W}

let £, = the cherge of K

 { woles/litre = the concentration of %o in the solution.
let §U = the frectinn of the resin caracity utiliscd by ) 4
(t <o ={i-=0)
“CT = fila
79_,(. = | (by cecivition £, ) (1)

-

et et = (since solukion (2)
i} Z \,.c-t +%{%_“C“’ o \ 51 o]

2
is clzctrically neutral)

™ Y

1etC5*‘§i2‘LC(= 7.:;%-% C-% (3)

If X; is & positively charged B rfusted scid let B;, be its
conjugste basz end let "C mole~/lit7e = cerecentmetion of B¢ in
the solution. If X{ is no% & positivcly cherced Brdrsted scid let
cc= 0.

let X, = H207T

axl V"* L L Lt €N

los Kg = %C_' (%)

o b
(i.e. Kb = scid dissociastion coastant of K )

let Csi =C74Ce i
then N
Co =S (KerC)  (From(s(s) | (g

Consider the specisl case where
Z=1\ Ve ¥ L4 &
and sssume that in this cacc
C oL‘f Vi:itet4n (7)
I
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where (h{ is a constant Yo

f M};’_(K;J,q (from (7) & (8))

o
=
&
o
(@)
1

and C":' = C_RSt (definition)
let P; - C,:i
then PL = " g (KerCp) (@)
also from (7) ¥ K
v e L
}{::;\J“%" ) é‘T C=i =

W fodidl =]

end from (8)

The function PL determines the elwtion rato of)(i on an ion-
exchenge colwmn. The only functiorgof¥, on which pf, depends ared\f_
and K{_. In factdly will not differ very grestly for releted compounds
end the sepsration depends largely on I(:, . DBug p:, DC(KL +C 1) and
therefore if Cg?'? K'(,) Po  is vistueily independent of Kﬁ,and P
is fully sensitive to chsnges in Ki only if Ky >7Cy

Assume thet d_,: is constant for 1,':2}-::?1 end assume further that

for these vslues
d—n "'50“1:““‘ :&2 o3 KR‘]"E
ot “Kr

where KR is the acid dissociation constent of the cstion exchsnge
functionsl group. (e.g. for s polystyrenesulphonic escid resin such

ea Dowex 50 W Ki ":-'-, 0.2

let oL '-‘-__-._;l:_'z s g =An = _E;L—H
b T o e HUR
A = Gy = {-t.»(_i‘ £, KRy

LT K‘-R )
= KR5 +(KR+)N —F10)
Kr,
T Kptl=-§
" ‘( N
hence OL‘ o M .

Ker -8




snd from (9) . , : (11)
;rqSiEn Pl =k gjcflg“ijj'g

elso if W 77 | or if ft\ 4&(1
A= |
and then C;Q_é[(\r\
PL =Cs (!([,-fC,)
12
Cal e

If the solution is beingz run down s column of ion exchange
: () - 1 o
resin then if the pesk of the compounu”}(.. hes run & veolume VL while
e totel volume V hss been run throuzh tie resin.

”,
then %;_‘* = Pr_ vihere Pu is calculated
\

( PLH
-
for the conditions sctually ocuuring at Volune \/{' . The sherpness
of the peak may be enhsnced by sn increasing gradient inl_h running
down the column. [Howevzr this will only occur if the sctusl values
of‘j:‘ are reasonably hizh.
For imidezoles [({ is tynicsily 1076 50 1078 hence for
ressonable separstion pi cannot be Lless then about 6 and it caen be
this low only for th: more accidic iuidegoles. (Cy 27 KL

poor separa‘t'icn). Assuae (C, =10"° bus from (7)

L da i
;l = (—l 2 -‘CL' =
=4 S o= wid o b G
if Dowex 50% used as resin than 9&; L= | G R BES -o'\_h s

{ £ 2 didi < b

V= .
hence -j—' CS < 6 x10 © (13)
also KC ﬁ jO -l for typicel imidszoles

hence Ef‘,_ﬁ_ ft_c__l S &

where A F -2 -_}‘
C v I O_] for Dowvex 50d

Cs > B =07
Lot
assume gi L&

then J =
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Cs Z "BL Pl
but for setisfectory rete we mey require P{ Q™%
then Cs > 5 %102
5y < 1.gx 1073 (from (13))
this justifies essumption thet ¥, ¢< 1.2 slso since§| is swall
st all times whea elution is occuring st o reasonable rate there will
be no point in starting w:i.th‘ﬁ = | and so developing a gradient in&l
For separstion of imids zmles on o Dowex S0 resin tims mey be saved
by sterting with th: resin wore or less ian equilibrium with the
fesing Further undsr these conditions il L< |1+ K’R Jod =
and equ-tion (12) holés.
CRITERTA  FOR SEPARATION
In general for ¢ set of elviing coniitious the pesk of any
compound Xl“ will bz elutzd from a column of ioi~exchanTa regin
after 2 total volime \f; ml. hes becu run, This volue \/; will be
charecteristic of the cumpound for any given corditions, \/,,, will
deperd on K. Tuo compounds X; and Y:; will be sepsrated if ivl ""Y,‘
Z,?‘ - where R is some srbitrery 1iait depending on the degree of
separstion 1*ec;uirchthc rcee o4 whiszh tha eolvmu is run,tie size of
fractions collocied ete.V, is o monotone d=creasing function of I
(thkat is if kdj_'_)_- Ki then VL 2\/} @ o, or the more scidic
compou~d is alvays eluted first). If w2 reguire
fVe-Vel 2 b |
thau \Vb (_\Q;) o V},(. K 3,)\ ZQJ

We mry veguire thet sepsration to the extent of \.\/,:_"Vél ZQ,

occurs whenever ‘KL = l‘\/é. \ i C}

in particuler if Kf - K} ra}

Vj - Vi 24
1

—_—

T - .
This is setisfied if — { o} 2 7o



then ra\ Z _ﬁ%
( A

)

and the quantity -___%;J-r,_‘.\;
%)

is the lovier limit of the difference in KL for sepsration,

now \/\“ and X{ are related by the equetion

Vi,
S_Ei é‘\f = \,’R (14) where Vg = volume of

the column

but from (12)

pt, — ES (K{.‘*’CI\

CQL..[

. -Cs
anid 'PO = ..C_E.
Cr

men PL = Y5 Ki +Po

L e
Wl YK+ Po

but in practice po<<1 and therefore elther -)/C, s w &4

or Po LK YSKL

,9~ = T K ,

then substituting in (14)

A%
l TEEK AV KPOAV
. 0O

Vi VC (16)
o XS Kt = \/ & (}t\\/ o
%\_“:’aﬁ K AV ?\ 3}\0

differenuiatilﬂ (18) wor K¢

. X K: \ = "‘w
% dV Qi (I3 Ry po) =L
jc?—@?‘ AR

| . o Y
but PO L6 ) o S either 5 e LN op Po 4 W;—



1_!

J })5 d\/ % dVL Y‘S K¢ *\'30
(_ﬁt d K \ Vs ¥ )

As an index of sepsration tale

. N

(< d_..;

A KAE&K' p

thet is g - }( where d is the

least difference in K; fm satisfactory seperation

when > ‘ — ?’ K A\/

B o 5<h75\<)
R(?’S(V;) Ki +pol Vi ))
' |~ Vslv: ) KL /

\iy\ RN

) (17)

A/ vm«\

(D/Z 6, = 9\ (?’s (V) Ki +‘?':>(\»'u))

f""YS ( \fs J_kl.

(1f Y‘: is ¢ monotone increasing function of \/

then c{/ = § {SK d\/

o (\ ‘\'YSKL

E Yo (vOKe +Polv: )
& = VR~ {rov

il (18)

RANATR R
where g Xs Ki B +Po) AV = \/K

\+ )’5

Provided that the colimn is run &% & sufficinntly low
loading the peakswill be narrow and two compounds will bz resolved
by & minimun volume ,f if the propostiopal differsence in K, for
these compounds is grester than é

In the speu.fu. csse where YS fo ere constent,

shen \[¢ (—,S;Sg—g + Po) =\g,

or when Po £5 0

fﬁ KL""PO] :
ARy =VR

VL YS K + PQ e \,& is y‘: K \!?\
—ys Xt (\,L \!‘.\) \l\\ PQ\J\.

21.
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E(sk\/)c.\f

\ 2(5 Vu)*”a/s(\!) -?\’R,

The upper limit of volume for resolution occurs by virtue of
the V{{-éjl’ocl\l term in &7 and in sll ceses this may be
expressed by the condition.

o
QVR 2 g fadV where O < 0 &

Then in general it will be sdequate to re'uire

| (* %(V) AN
Olpoc\‘!u K<§ (\/cﬂ?_"‘) (21)

to ensure reasonabie scparation of compounds of ressonably different
. .

V\L values. However if it is desired to calculate conditions for

& specific minimum degree of separstion equation (18) should be used.

SEPARATION OF A I TDAZOLE § IXIURE

The ion=-excheange technique described sbove wes tested on o
mixture of imidejyoles mede up for this purpose. The mixture
nominally contesined pour components but the puriity of some of these
was highly questionable asnd in Tact ten products were sepsrated.

The mixture was scparated on an NHZ form polystyienesulphonate
resin eluting with ammonium bicarbonste buffers wii;h{s renging
from ‘Ob to i'G’IUOq and \’3\-\ renging from 8-0 to Q-

Fractions were collected snd exemined Ly paper
chromatography A total of ten coupounds were detected by this
procedure and these compounds were lergely seperated by the ion

exchange procedure.



THE REACTION OF D-GLUCOSONE AN A1TONTA

D-Glucosone was prepared from D-glucose in two steps.
Glucose was fivst converted to the plienylognczen: by the action of
phenylhydre ~—-:and the phenylosazonc woas then converted to D-glucose
with benzeldehyde 13 (see fig. 9).

The glucosone prepered wes then rescied with smmonia snd the
bsses from the rcsction mixture were invsstignied by e combinstion
of ion-crichangs chrowetogrep! eud paper chromstosiaphy.

Glucosonz is a 1,2 dicarbouyl compound snd is rather
reactive, so that it might bs expected to form & range of products
with smionia recdily. Further, therz avre ro bleskidng giroups on the

molecule snd so zlucosone vould b: expected io tndergo thz fall range
of Lobry-de-Lruyn transformstions ancd the verious gids resctions
discussed in the introduction. It would Lo expected thet e number
of the products fori:zd would bs imidezolcs sin- s & nuder of 1,2
dicarbonyls (including the sharting waterial) would bs exprcted to
cccur in the reaction mixturs.

A complex mixtur: of imidazoles was in fuct found in this
resction mixturce. A tofal of fifteen bssic compounds which gave
positivz tests with th: imidazole-specific-diazotised sulphanilfc acid

reagent were isolated and five of these comporrids which 3/3r.

identified all proved to be imidezoles.



D-ara bo-hexosephenylose zone

fig, 9

Preperetion ot Li-Glucosone

I. Preparation of D-Arsbo-Hexosephenylosszone

2 ™ - NN

;’!‘ju -AHL 2: Hc'i)

HC oM ; / C= ;

] NH,NEH - o — - SN
qotw 2 NHHH ﬁ > s B L
g Seor 4D
Koo QUM

C Hl()H c H{J’ }
D-plucose

phenylhydraszine D~arabo~hexzosephenylosszone

II. Proparation of D-Glucosone

e f £

LEN-N-() &9 |
ol R Gae = HeH 42 pow N
“;_E’*;H H ot H n
HCod H ‘{-OH

CHpoH C Hy0H

D~glucosone
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EXPERTI ENTAL 26,

Chromatogranhy

Solvents
Solvent A

n-Butenol (400 ml,) wes mixed with giscial scetic scid (100 mlL.)
and water (100 il.).

Solvent B

Ethyl scetete (300 ml.) wss sheken with giscisl acetic scia (100 mi)
and weter (300 ml.) in 8 i litre separsting funnel. Two phases
seperated on standing. The lower phasc vas re.:cted and the upper
plhage used as the solvens,

Sprey_lesgents

Armoniasl Silver MNityrat:

e

Silver nitrste (10 gr.) sas diesolved iu wele» (c. 70 ml.), acueous
siuaonie was sdded until tho pracipitate originally formed was

-

completely dissolvzd and the solution wag wedz up to 100 ml,

The

reagent was sprayed onto the dried poper chromatogren wshich was then
heated., Polyhydroxyslkyl compouris (or other suiteble reducing
agents) geve derk spots.

Diszotised Sulphanilic Acid

Sulphenilic scid solwution (9 g.p.l. in I¥HCL, 20 nl.) wes wmixed
with sodium nitrate solution (25 g.p.l., 20 ml.) 10% sodium
carbonate soluiion (40 mi.) wes then acied. The weazent vos stebls
for only e short tiwe (c. 10 wimu'es). Imidezoles gave a red, orange
or yellow spot with this resgent.

Genersl Conditions

Descending paper chromastosrephy was used throughout this work.

Unless otierwise steted Whetiens lio. 1 chro storrephy pesver and

one of the solvents ahove were us~d.



PREPARATION OF D-GLUCOSOINE 27

Reapents

Ures Phosphate Spray Resgent 14

Orthophosphoric seid (S.6. 1.75, 6 ml.) wss sdded to waior-

saturated n-Butanol (100 wl.). A solution of ureé (3 g.) in ethgaol

(5 wl,) wes added. The resgent wes sprayed onto the dried chrometogrem
which wes then werned. Keloses zeve o bluz spot.

Nickel hydroxylsmine Sprey Respent 415,

Solution A

liydroxylemince hydrochloride (50 z.) end sogiww acetaie (50 g.) were
dissolved in weter (100 ml.) end “he solusion was filtered. The clear
filtrete constituted the reagent,

Solution B

Nickel nitrste (5 z.) wes dissolved iu wstexr (100 rdl.)

The dried clironatogram was sprayed with solubion A dried
8t 110°C for 5 minuteg and then sprayed with solution B, An
OX- dicerbonyl compound geve s Zed or orenge syob.

Reactions

D-Avabo-tiexosephienyloss zone

D (+) Glucose (200 g.) was dissolved in weter (1.5 1) iu e 3 necked
3 litre flask equippec with e wechenical stir..r end & refiux
condenser. Phenylhydrszine (150 nl.) ané glacisl scetic acid

(250 ml.) were sdded., The mixture was then refluxed gently for 30
minutes snd allowed to cool overnight,

The resction mixture wes filtered snd the precipitste
washed with 106 acetic acid (2x500 ml.) snd water (4xil). The
precipitete wes then recrystellised frow 50c squeous pyridine (s 1)
the recrystallised product washed with sbsolute ethanol (3x250 ml.)
end dicthyl ether (2x250 ml.) and finally dried in s vacuum oven %o
give D-Arsbo-hexosephenylosszone (250 z.) with o melting point of
199-201°C,

A further recrysiallisation from sbsolute cthonol lowered the

yield to 150 g. snd reieed the 1.p. to 204-205°C.
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D-Arabo-hexosulosc (D-CGiuzosons)

- - . 5 -0 5
DrArabo-hexosephenylosazone (w.p. 204~5 C, 20 g.) suspendsd in

%

absolute ethanol (€00 wl.) wes pourcd info Totar {1 1.) in a2 3 litre
3 necked flask fitted with 8 shirrer and reflux condenser.
Benzaléchyde (32 ml.) ané glacial scebic ocid (12 wl.) wore added
end the mirvturc refluxed for 4 houws. D0 condenser was then
reversed end condensate (e. 600 ml,) was distillcd off the yeochion
oixcure over about 1 hour with simultanecus sddition of waten (1 l.)
The mixture vwos then siphoded into o 3 litre beaker and allowed to
cool overnight.

The miztuve was filtered, the filtvale concentedled to about
400 ml. 2% 40-45°C oné tron extracted with diethyl ether (6 x 75 ml.)
The squeous phase wss worne” %o 60°C to —emwove dissolved ether and
then shalcan for 10 mirutes with aciisied chsrcosl (5 g.). Jhe mixture
wes filteicd and the filtrate concentrated, ot 35-4%0°C, to = thick
syrup which wos dissolved i ©5% eth-nol (210 wml.). The solution
was filtercd sad the filirate concentrated, at 35-40°C, to a thin
syrup which wes @issc.ved in wasew (200 ml.) and then shaken with
Ambzrlite IR 120 HY cation exchange resin (5 g.) and IRLB OH™ anion
exchenge resin (2 g.). The nixture was filtered and the filtrate
concentrated to » sy (3 n.) which vas dried by repeated
evepcration from methanol (5 X ).

Poper charomstngranhy with solvent A rzvealed two spots.
The first ocevred at Rp0.20 end gave o dark spot with silver nitrate
a brown spot with urea piosphete, an orange-red spot with nickeb/
hydroxyleminz end a yellou spoi witn p-inisidine hydeochlowvide.

The second ocruved at Rp 0.5 and gev: s dark spot with silver nitrate

but sppeared to give no rcoction with the ofher reagents.

The finsl procuct fren three runs as above was combinsd and
dissolved in 75% aqueous etheanol. A solid crystallised out. Ths
mixture wes filscoed end the Tiltoste eveporstad, ot 55-40°C, %o o

thick syrvp (& g.) which wes drizd by repeated eveporetion frow
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This product gevc only a single spot on paper chromatography.
This was the ccmpount runring et R-. 0.20 and g
This procuct was therefore tesken to be pure

reactions as hefore.

D-Glucosone,
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SEPARATION OF TiiTDAZOLES

A mixture of histemine dihydrochloride (75 wg.) 4(5)-(D-erythro-
2,3,4 trihydroxybutylinidezoiz (%0 mg. Coubtful purity), & (5)
hydroxymethylinidazole (15 mg.) snd 2-nethylimicazole (10 mg.) wes
dissolved in a smell volume (c. 10 ml.) of weier.

AC 50 ¥/X2 It caticn exchsnge resin (7C g. wet weight) wes
weshed with 3Il smmonia (100 ml.), distilled woter (6 x 500 ml.) and
.00711 pHB.0 ammonium csrbonste buffer (200 ml.). The resin wes slurried
viith .00717 pH 8.0 swnonium csrbonate buffer (200 ml,) and poured into
a column (20 x 250 mn,).

The imidezole solution was @iluted to 100 wl. end a solution
of carbon dioxide in acetone was added to adjust the pil to 8.5,

The pH was further sdjusted to 6.0 with 10, scebic acid. This solution
was run through the column and followed by sumonium carbonate buffer
solutions of :- 0.007 pE 8.0 (800 ml.), 0.007: pH 9,0 (400 wml.),

0.03 ¥ pH 9.0 (400 ml.), 0.3 pa 9.2 (400 wl,) and 0.7 1 pE 9.2

(400 ml.).

10 ml, fractions were collected ané examined by psper
chromatography usinz solvent i. The imidszoles were located by
spraying with diszotised sulpk-ni’ic acid. A tetal of ten compounds
were loceted (see table I) end in most cases the ion exchange

procedure provided cormplete sepsration.
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Compound No.

TABLE I
AESULTS OF SEPARATICN OF I7IDAZOLE LIXTURE
i fractions | Rf Colour of Probable

located in

(Solvent A) Spot (Diszotised Identificetion

SU.].{J h . Acid )

7-1h

26-35

h2-56

80-118
116=-135
145-155
140-165
180~200
220-250

220-250

|
_i
L

Tellow

Orange

Red
Red
Yellow
Red
Red

Tellow

1.(5) hydroxymethyl
imidazole

Z=‘ethylimidazole

Histamine




D-GLUCOSONE/Al CINLy REACIION e

DIAZOTISED SULP. AL ILIC %LIL REAGENT FOR L JIDAZ lL“JRJI)u 10N

Sulpnenilic scid solution (9g.p.l. in IN HC, 0.75 ml.) wes mixed with
aqueous sodiwn nitrate (25 g.p.l. 0.75 ml.) st 0°C for 5 minutes in a
25 ml. volumetric flask.

A further quontity of the sodium nitrate solution (3 ml.) wes
added snd the mixbture allowed to steznd for & minutes. The solution
was mede up to volum: with cold distilled wster and allowsd to stand
in an ice bath for at lcoast 20 minvtes bofors use. A fresh batch of
the reagent was made up every dsy.

KIMETIC STUDY OF T3 FITACTICH

D-Glucosone (70 mg.) wos dissolved in 25% aqueous ammonis (7 wl.) and
placed in o wotor bath ot 37°C. From tims to time samples (0.1 ml.) were
taken and thz imidazocle level determine? sz below.

IMIDAZOLE DETERNITATION

- - e

Diazotised sulphanlllc ocid woagent (0.8 pl.) was mix:d for 20 se2conds
with 109 aqueous sodium carbonate (2.0 ml.) in o stoppered test tube.
Distilled water (0.5 rl.) snd the rampls (0.1 ml.) vere added and ths
optical density ot L8O nm. in e 1 cm. glass cell, wes deleruined using
8 Unicam SP500 Spestrophotoneter., A blanlz, using distilled water, was
freshly prepsred for each determinstion,

RESULTS (See Fijp. 10)

v — e -

From the greph it can ks czen thel the imidazole level is more or leas

constent st e maximum level between 20 hours snd 70 hours., Hence thz
reaction time of 2% hours used in the msin reaction shculd ensrie
maxirum imidszole formation.

PHREPARATIVE REACTION

o st T—

D-Glucosone (4 g.) was dissolved in 25% aqueous amwonia (400 ml.) in

2 1 litre stoppered flask. The flssk was kert in a weter bath at 37°C
for 24 hours. lic mixture was then sveporated to dryness. Distilled
water (3x)00 ml.) wes edded with evaporation to dryness after cach
addition. After the finel eveporsiion the mixturc wes dissolved in

distilled wote. (200 ml.) end passcd thiough a colwin of Anber rlite



33.

IR 120 HY cetion exchange resin, The colunn wes washed with water

(245 1.) until the weshings were colourlesz. The combined washings were
evaporated to dryness to give thie neutral snd scidic non-voistile
resction products (2.5 g.).

The column wes then eluted with 25. squeous emmonia (4 l.) until
the effluent was colourless egnd gave no reaction with diszotised
sulphanilic scid. The elusic was evaporsted to dryness and distilled
weter (3x400 ml,) edded with eveporstion to dryness sfter esch
addition to give the non-voletile basic compounds (1.0 g.)

Samples of the totsl reasction mixbure and the two fractions
obtsined sbove were exsmined by psper chromatogrephy with solvent A.
Amnmoniacal silver nitrete and diszotised sulphanilic scid were used as

locsting resgents. A total of seven spots werc observed (see tsble II).



fig. 10 Development of Imidazole Concentration

1

with time in Glucosone/Armonis Reaction

A
-0 ES—
no further change
4 in opticel density
’~ sfter 70 hours
40 1
X
0-D .30-
.20
A
O
! . ¥ T T
8 s e} s 20
tl-me (‘f\fs.)
¥Opticel density of imidazole/diazotised sukphsnilic
scid dye (see p. 32)
TABLE II

Spote detected in Glucosone/Ammonis Resction lixture
by Paper Chromatogrsphy (p. 33)

P of Compound | fraction found | AgNO3 Diszotised
in Reaction Sulph. Aeid Resction
0.06 Basgic Black Spot Red Spot
0,14 Basic Black Spot Red Spot
0.18 Non~Basic Blsck Spot Nil
0.2l Basie Black Spot Red Spot
0.35 Basic Nil Feint red spot
0.40 Non=Basic Black spot Nil
0.53 Basic Nil Feint red spot




ION EXCEANGE SEPARATION CF BASES

A column (20x250 mm.) of Bio-Red AGHOW/X2 nth cetion exchenge resin

wes prepered as previously (p. 30). A seturated solution of carbon
dioxide in acetone (50 ml.) wss sdded to & solution of the bases in
water (150 ml.)

The scetone and excess carbon dioxide were removed by
distillation at 20°C. The pH wes lovered to 6.5 with a smell further
quantity of the cerbon dioxide in acetone and to 5,9 with 10 acetic
acid. The totsl wvolume was mode up to 200 ml. with distilled watenr
and an aliquot (B0 ml.) was run through the colunm. The column wos
the eluted with smnonium cerbonste buifers of := C,007:,pH 7.5 (450 wl.);
0,007 %, pHB.3 (600 ml.); 0,007 ii,pH 9.0 (500 ml.); 0.02 M, pi 9.0
(500 ml,), 0,08k, pH 9.0 (400 ml.); 0.02 il, pi9.,0 (350 ml,) and 1.0k,
pH 9,0 (400 ml.). 10 ml, frections weres coilected.

The column was then regenersted by washing with A smmnoniun
acetate (500 ml,) and distilled water (2 1.).

A ssmple (c. 1 ml.) of every second (or fifth after the first
50 fractions) frection was concentrated (c 10X) end exsminol Ly paper
chromstography with solvent A using diszotiscl sulphanilic acid es a locating
resgent. A total of sixtecn imidazolic compounds were detected (see
table III).

The following groups of fractions were then combined:- 41-89,
90-120, 121-130, 131-139,140-150, 161-17), 175-188, 189-200. 201-210,
211-250 and 251-300. Esch of the combined groups were concentrated
to a small volume (c, 5 ml.).

The 41-89 group was dissolved in water (50 ml.) snd carbon
dioxide in scetone (30 ml.). The acctons and excess corbon dioxide
were removed by evsporstion et 20°C. The pH was lowered to 8.0 with
carbon dioxide in acetone and 5.9 vwith 10e scetic scid. The sclution
wes run through the column snd followed by smmonium carbonaie buffers
of:- 0,007, pH7.7 (500 ml.); 0.007, pi 8.0 (500 ml.); 0,007 L.pH 8.3

(500 wl.); 0.007M, pE 9.0 (450 ml.). 10 ml. fractions were colliected



and examined by peper chronstography as before. 36.

Compounds I,II,III snd IV werc detected in fractions 20-65,
%0-55, 55~65 and 55-70 respectively.

The groups of fractions 16-50, 51-60 and &1-70 were recombined
and concentrated to c, Sml. sach,

The thirteen concentrsted solutions:-51 , (frections 16-50
from 2nd run), Sy (51-60 from 2nd run), S3 (fractions 61-70 from 2nd
run), S), (frections 90-120 from ist run), S; (frections 121-130 from
1st run), Sg (fractions 131-139 from 1st zun), S? (frectiens 1,0-160
from ist run), Sg (fracticns 161-17). frow 1st run), Sg (frections
175-188 from lst run) S4o(frections 189-200 from lst run), S,4
(frections 201=-210 from 1st run) Slz(fractions 211-250 from 1st run),
end 315 (frections 251-300 from 1lst run) were cach separated by
descending thick peper chromstogrephy on Whatemns No. &I{ papers with
solvent A. M®rker spots were run on either side of the band
conteining the mixture snd these were sprayed with diszotised
sulphenilic scid to locste the compounds. The strips conteining
each compound were then cut out snd eluted with water. The isolated
compounds were exsmined by peper chromatography with solvenis A and
B. Fifteen of the sixteen compounds werc isolsted by this meens
(see tsble IV).

Compounds I, IV, VI, XI, XII, XITI and XV were examined
by mass spectrometry snd I, IV and VI by mpiclesr meinetic resonance

spectrometry. The results obteined were as given below.



TABLE III:- COMPOUNDS DETECIED Ii FRACIIONS FROM ION-FXCHANGE 57,
‘Compound To. frsctions -y 7 Oolous waikh }
; i detected in soivent A | Diszotised Sulphanilic i
f i | . Acid
T —

I | 40-980 j 0.16 red

IT | 50-85 . 0.60 red

III | 70-90 L 072 red

v % 50-130 ; 0.3 E red

v | 90-105 | 1.15 i red

VI § 100-130 | 0.68 red

VII ! 426-135 1,00 red

VIII ! 135-140 1,30 ved

IX 140-155 0.51 z red

¥ t 14,0-160 1.40 ; red

XI 140-165 0,75 ved

¥iT 160-190 1.01 | red

XIII 5 170-195 1.€0 i red

X1V l 190-220 0.20 !1 orange yellov

x| ooiseais 1 1.50 red

XvVT ' 240-260 E 0.29 1 red 1

| : |
x see ovevlegf



PABLE IV:- COPOULDS_ISOLATED IR0 GLHCO30KE/4 1 0ITs RIACTTON

, " 2ia N
Compound No.' Concentiated lotol Yield Ry, * * Colour
; solutions isolated \ e Solvent A 1305."911& B with
. frou. ] i : Diszotised
! .; ! ' Sulphenilic
Ji : ACid
‘ | | |
I | 8,82,33, |20 | 0415 | 0.00 ; red
I} ! l _
II | 8132, | 8 i 0.62 P 0.57 * red |
¥ A i i | e
IIE ! 85,93, 3 ; 0.72 i 0.52 | red i
v i 85,835,855 i 25 | 0.26 | 0,10 | red |
v | &, o | 0,97 | 0.85 | wcd i
P ! ; ' ; ;
d i i \ i
VI | 8,485, ;29 ‘0,87 | 0,60 | red
i ' t I
VIiI | 85,8, L6 . 0,86 | 0,76 ! wed
[ ! y ! '
| 1 :
viIr ! 8g P2 | 1.17 - U.05 ¢ red
! L 3
IX | Sy b e | 056  0.35 | red
X1 36’37’38’ il 15 | 0.76 0.5%- | red
, \ { e
XI1 | 8558558405 L1 !1;02 | 081 t red
XIT . 83808, | 10 R i 128 ! red
- i 4 - | =
ALV ' 84025445 5 , 0.11 0,05 | orangs
i - H
. ; ' 819, @ H 1.36 o 1.29 . red
1 5 * '
~ | ' “ »

22 RI = the retio of the distsnce rui by a compound to the distence
m

run by imidazole under the same conditions.




Compound T

Mass Spectrometiy

Pesks at 272

213

07

Ci4 Hg ¥508

C,.H_.¥ 0

g Hyqlg Oy

Cg Hg I3 Oy
CB Lig 1-32 02

C, Hg K, 0

Ietastadle peaks were found for

272 > 213, 272

181 = 153, 18

> 100, 24 >

1 % 139,

1573 i

39,

ah2(9) 272 > 189
akz, 272 » 213
101,199(8),213? > 139

170,4181,199,213(3) = 153

03, 213 — 195, U3 —> 153,

MR indicsted e ratio of teritiary o sccondsry protons of 3:2.

Compour.d IV

The mess spectrum gave “wo series of pesis.

Series I

200 Cg Hy Ny O)

191 G4 Hy
127 g H,
111 O, H,
109 O, H

letastable Faol~

170 > 97,

97 » &9

=ore also found foo

200 S 127,

-

Seriens IT

127 = 109

The MR spectrum was inconclusive snd geve o probeble ratio of

secondary to tertiary protons of 2:1.

Compound VI

The lkisss Spectrum gove pesks at:-

170
111

07

07 HJ_ON 20 3

0

He W

Cly ;5 2



Compound VI (con'td.)

82 c} }Aﬁ .\2
T e

81 C"- -15 le

69 05 Hﬁ 1\?2

etasteble peaks were found for the trensitions
70 -=» 97, ©7 > 689, 111 & 82, 82 » 81,

o mesningful dete could be obtsined firom LR spectrum,
Compound XI

The msss spectrun geve pesks at:-

143 Cg Hyolg Op end
12), Gy Hy N, O 142, 111 > 82

113 C 5H gl g0 14,2 @), 124, 112 > 95
111 G i N 0

95 By Hy T

82 Gy, ilg T
81 CI:. 1'15 I‘Tz

Metastable peaks were found for 12h =200 end 112 > 05
Compound XII

The mess spectrum gave peaks at

112 C HgN, 0 112 5 111
134 Cs Hy Ng O 112, 82 » 81
82 G, Hg N, 112, 82 -» 81

81 34- 5 1~.2
‘];ha ratio of the intensities of 112 : 82 wes about 1 : 3.
Compound XTII

The mass spectrum gave the peaks for

112 Gy Hy Ny O
111 Cs Hy Ny O
82 Gy, Hg Vg
81 G, Hy Ny

the retio of intensities of 112 : B2 was about 1 : 0.9



Compound XV
llolecular ion et 82 = Gy, Eg Iy
and spectrum identificd to & known spectrun for methyl

imidazole.,



EPSULTS_)_DIs QUSSIOK L2,
ICENTIFICATION OF PRODUCSS
Compound I ,(2,5)bis( tetrabydroxybutyl) imidezole

The formla Cliﬂisi'{2 Og conteins five double bond equivalents.
An imidszole ring conteins three double bond equivalents sud would
8lso contein both I's end 3 C's. This leaves sidechsins coutaining
in totsl 6 C's, 6 O's and 2 double bond equivalents. This would
probably mean that the sidechsins were originelly setursted and
conteined 8 0's (i.e. fully hydroxylated) but hod undergone o
double dehy .otion 4o give the peak found. (This behsovious is normsl fou
imidazoles with ressoncbly large polyhydroxyalkyl sidechring and
indeed molecular ions sre rarely found with such compounds or with
carbohydrates in general.).

Losses of up to 3 - carbon fragments in single steps
(272 = 199, 213 > 139) but no losses of fregments larger then
this were obsexved.

This probebly irdicstzs that no sidechain was longer then
L carbens.

algo the MR spectmus indicated a retio of secondery
tertisry protons of 2: 3. If thure wore a totrl of n sidechains then

N . .
there would be n—CI-IBOH groups znd 8- n ’CHOH srouns giving 2 n

secondary protons and 8-~n tertiary protons. The ratio

2n: B8-n = 2:3 dimplied p=2
and hence there were two sidzscizins. B3But since neither sidechsing
wes longer then ) carbons and since ths two sidechains totalled B cambols
both sidechsins must have conteined ) cerbons and since there was a
1:1 retio between sidechaiung cerbons aud oxygens each must in fact
have been a tetrehydroxybusrl group. Ience compounid I wes & bis
(tetrahydroxybutyl) imidezolc. OF the two possible compounds
2,1(2,5)-bis (tetrahycroxybubyl)iridazole snd ',5-bis (e trahydroxybutyl)
imidszole, the lattes would requize o 10 celbon precursov and so may

be essumed tc be highly unlikely to hsve been forued. Hence I was



assumed to be 2,4(2,5)-bis (Hetrshyiroxybutyl) inidazole. 43.
The deteiled msss spectrum was explained os in fig. 1i.
Comnound TV

This was probsbly a mixture of two compounds as the two series
of peaks appeared to be unrelated. As a r=sult, with the smell
quantities of ccipound avoilable it wss not possible to satisfachorily
determing the sgitructurs,

Compound VI~ 4(%) - (tebrshydroxybutyl) imidezols

The mass spectrum indicated ou imidazole of forimula
07 H12N2 Oh which wenld gi—z rise to thz peak at 170 by dehydrstion.

Single step logs cf fragments of up to 3 carbons in length
cccurcd without appearing to break down the imidazole nucleas. Thig
indicated thet the imidazole contained 2 4 csxbon sidechisin and hencz
there wos only one sidechain which would b: o tetvahydroxybutyl group.
Compound VI wes “herefove idemtified ss 4(5) tetrahydroxybutylimidazole.

The deteil-d mess spsctrva was oxolained ss in fig. 11.
Compound XI W(5)--(%.3-dihydroxypropyl) imidazole.

The mass spocimwm pesic et 10,2 (GS ﬁiONZ 02) cerresponds o
en imidszole with sstuvroted sicdechains tofellinz 3 cexbons snd 2 oiygens.

The singls step loss of 2 corbhont and 2 oxygens (1!4-2.*9'82)
implied thet ths compound hsd a 3 - carbon sidechain snd that the
2 oxygsns wore located on the 2 carbons furtheat froa the imidnzol2
nucleus.

Corpound XI was therefore identifind as w(5) - (2,3-
dihydroxypropyl) imidazole, @ detailed mags spectrum wes explained
ag in fieg. 11
Compounds XII 4(5)-(2~hydroxyethyl) iuidezole snd XIIT

g-hydrozmagcthyl - 4(5)-msthylimidszole.

Both these compounds geve molecular ions at 112 (C sHg Ny O)
snd similar fregnentation patterns. However coupound XII pave a much
higher ratio of peek intensitiscs at 82:112 than did XIIT indicaving

thet the loss of formaldehyde (112 - 82) occured uuch more rescCily

for XII than XIIT.



R hye
The foruuls C 51{8 Nz 0 could represent a (1-hydroxyethyl)

imidazole, & (2-hydroxyethyl) imidszole or s hydroxyuethyl-
methylimidszole. However, o (il-hydroxycthyl) imidszole could not
lose formsldehyde while a (2-hydroxyethyl) imidezole would be
expected tc lose formmeldehyde wore readily then s hydroxymethyl-
methylimidezole.

In fact the chrometographic date would indicete thet XiI
was probably 4(5)4¢ hydroxyethyl) imidszole (ecxmpected Rray in solvernis
A&DBO0.29 & 0,80, found 1.02 and 0.91) while YLLI was piobably
2-hydroxymethyl-4(5) methvlimidazole (expected Rr,'s 1.37 & 1.11, found
1,4 and 1.28).

The moss spectrs were expiained as in Tig. 11l.
Compound XV 1(5) -methylimidszole

The molecular ion et 82 C) Iig Iy st have been 2 methylim idazole
Of the two possible methylimidazoles 2-methylimidazole gives s yellow spot
with diszotised sulphanilic acid at 3p,'s of 1.4k ond 1.11 with
Solvents A snd B respectively while 4(5)-methylimidszole gives a red
spot ot Ry.'s of 1.35 and 1.12%.

Compound XV gove o rec spot at Ry,'s of 1.36 and 1.20 and so

was identified ss %4(5)-methylinidszole.



fig 11 Mass Spectra of Identified Imidazoles

I 2,4(2,5)-bis (tetrshydroxybutyl) imidszole
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" indicetes that o metssteble pesk was found for the trensition
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fig, 11 continucd

46,

Xt 4(5)-(2,3-dihydroxypropyl) imidezole
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indicetes that a metestable peak wes found for the transition
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D=CLUCOSONE/A}IONTA REACTION

Ths six compounds identified from the resction mixture sre shown
in fig, 12 along with their probable preoursors in the resction mixture;

The most coumon eldehyde sppesrs to be formsldehyde snd this
would erise from & variety of resctions including slksline fission of
D-Glucosone #self snd of any other..-keto-sldehydes formed in the

reaction mixture. Arsbinose could srise from slkaline fission of

D-Glucosone and this is a precursor of compound I.
Glycolaldehyde ( precursor of compound XIII) may be formed

by deeldg@lisation of ®rabinose or by slkeline clesvage of
hydroxypyruraldehyde which woulé be fonucd by desldolisstion of
glucos me.

The dicarbonyl precursars of the imidszoles identified include
glucosone itself (compounds I shd VI) 3-desoxypentosulose (compound
XI), 3-desoxytetrosulose ( compound XII) ané pyruvaldehyde (compounds
XIII ond XV). The 5-desoxyosones could srise by the /',- climinstion
mechenism (see introduction) on pentoses, tetroces ond trioses
respectively these Sugars being formed by aldolisetion/desldolasation
resctions. The full nechanisin for inicazole formotion in the
glucosone/smmonis reaction would be expected to include the p- hways

shown in fig, 13.



fig. 12

L8,
Precursors of ILnidezoles Identified in D-Gluco sone/Aimonia
System,
Imidazole Precursors
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fige 13

49,
Formation of Imidazoles from D-Glucosone
(Partisl reaction scheme)
i i
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I= 2,1(2 5)-1is(tetrahybroxybutylimidazole VI=L(5)-(tetrahydroxybutyl)

iuddazole
XI= 4(5)-(2,3~dihydroxypropyl)imids zole XII= 4(5)-(2-hydroxyethyl)
imide zole

XIII= 2-hydroxymethyl=i(5)-nethylinidszole XV= L(5)-methylimidazole
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The compounds identified here have all been found in glucose/
sumonia systems with or without seration of the mizture’®. In fect
although D=Glucosone may undergo some resctions more resdily then
D-Glucose and other sugers there is no resl resson to suppose that the
ms Jority of the fifteen compounds isolsted in this work would not ealso
be formed in significent quentities in such systems ss D-Glucose/
ammonis., It moy well be, therefore, that the applicetion of the ion
exchange technique used here to the reaction mistures from such
systems could yield considersble new informotion sbout the composition of
these mixtures.

No a%ttempt was made in this work o investigste the non-
imidazolic products in the reaction miwture,However the total yields
of the isolated imidzzoles is less then half the weight of the basic
frection which was investigsted. ({'he total weight of bsses wes 1 g.
and in the aliquot which was investigaved the weight wes 400 mg.

The total yield of isoloted imidazoles wes 150 mg.). While the
recovery of these compounds mey not have been absolulely quontitative,
losses in recovery could sccount for only a smell portion of this
difference in weights. The bulk of this difference must then represent
bases which were not detected by the diszotised sulphanilic scid
resgent. In Tact a considcrable quentity of dark colcured material
which geve no resction with diszotised sulphenilic scid was eluted in
the first 40 frections during the ion exchenge separation of the

base mivture. Those were presumably non-iridezolic bases less basic
than imidazoles. While no sttempt wes made to investigste this
fraction it wes noted that it hed been effectively sepsrated from the
imidszcles. Investigation of the non-imidazolic bases formed in this
end in other systems would appear to be a furthcr possibility for future

work.



SECTION IT

% = 0 - ¥ETHYL-D-GLUGOSE/IMMOITA ”

It has been obscrved thet substitution sffects the mode of
alkaline degradstion of csrbohydretes., 3 - 0 - substituted glucoses have
been observed to give quite high yields of 4(5)-(D-erythro-2,3, 4~
trihydroxybutyl) imidazoleg. rthis wes consistent with the fact that
3=0=gubstituted sugsrs give metessccherinates with celeiwa hydroxide
since in both ceses the 3-desoxy-2-ketosldehyde would be recuired as
an intermediste (see fig. 14).

It was proposed to study the resction of emmonis ond 4-0O-
nethyl-D-glucose prepared by the method of Bouving, Lindbergh end
Thesnder 106 This method utilises the migretion of an acetyl group
from the /4~0- to 6-~0 - position when nethyl-2,3,4 - tri-O-scetyl- . -~
D-zlucopyrenoside is methylated with methyl iodide and silver oxide
in dimethylforusmide (se. fig. 15). The product from this resction
( - r-;ethylﬂz,-'5,G—'tri-O—acetyl-l,w()-:nethyl-_p -D—glucopyranoside) yields 4~
O-methyl-D-glucose on hydrolysis.

It wes proposed to prepsre the sterting materisl
( -methyl-2, 3, h=tri-O-scetyl- (3 -D-glucopynnoside) fron D-glucose,
foz:flling the :’p—‘.:mthyl—g_r_lucoside by scid catalysed methanolysis,
blocking the 6-0-position with trityl chloride acetylating and
removing the tuoityl group. In fact ell steps up to the detritylalion
were successfully csrried out. ilowever attempts to debtritylate the

—mothyl-2, 3, -tri-O-scetyl-6-0-trityl- f) -L-glucopyraioside with
hydrogen bromide in scetic acid appesred to cause deacetylation es well
as Getritylation. Beceuse of this the products were generally water
soluble snd when isolated and subjected to an O-scehyl snaylsis (by
sapcnification) proved to have only sbout 10-204 of the expected

O-scetyl value for -metlyl-2,3, b-tri-0-scetyl- (} -D-glucopyranncidc,



Fig, 1h
e radation of 3-O-ethyi-D-Clucose
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fig. 15

h=0-i_ethylation of liethyl~2,J,~tri-O-acetyl- ﬁ-D—glucopranoside
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Methyl-2,5,6-tri-0-Acctyl-L~0~met hyl= (3 ~D-glucopyranoside



EMPTAL DL 5l

)5 =l BTHYL~D~-GLUCCPYRANOS TLE

D(+) Glucose (500 g.), Dowex 50 H' cation exchsnge resin
(120 g., wethsnol wsshed) snd methenol (1200 ml.) were placed in a
2 litre flask equipped with a reflux condenssr and stirrer. The
mixture wes refluxed for 24 hours. The resction mixture was filtered
to remove the resin which was weshed with methenol (3x100 ml.). The
combined filtrate end washings were concentreted to c. 750 ml.,
allowed to cool overnight and then filtered. The residue (400 g.)
which consisted of a mixture of ol ané (3 nebhyl glucosides was
slurried in methenol (60 ml.) et 10°C, ai¢ then filtered to give
A\ wethyl-D-plucoside (95 o.) as the residue. This was recrystallised
from ethenol (1000 ml.). Tic rocryssellised producs hed o melting
point of 165-7°C ena [t ] Dzo° of + 151°.

The combined mother liquors were then concentrated to a thick
syrup (c 200 ml,). This was dissolved in hot ethanol (500 ml,) and
o solution of potassium scetote (200 g.) in hot ethanol (1000 ml.)
wes added., The mixture wss cooled overnight in s refrigerstor. The

B -methyl-D-glucoside/potassium acetate complex (195 g.) crystsliised

out and wes removed by filtretion snd weshed with ethsnol and scetone.

The complex was dissolved in ho% wethsnol (600 ml.) and a
solution of D-tartsric scid@ (110 g.) in hot ethenol (600 ml.) was
sdded. After 1 hour the mixture wes filtered through celite 501 to
remove the precipiteted potessium zcid tsrtrete and the filtrate was
concentrated to & thin syrup (c. 150 ml.) snd cooled. ﬁ ~methyl-D-
glucopyrsnoside (60 g.) crystelliised out snd this wes recrystallised
from ethsnol to give s product (L0 g.) of m.p. 108-111°C and Eiﬂ Dzoo
= = 3h.8.

[ - METHL.=6.0-TRIPHENYLIETHL-2, 3, | -TRI -0-ACEIYL-D-GLUCCPYRANOSIDE

ﬁ-laiethylglucopyranoside (35 g.) wos dissolved in pyridine (200 ml.
distilled over P2 05) and triphenylchloronethene (53 g) wes added,
The mixture was sllowed to stsnd for 48 hours end then dry pyridine

(300 ml,) and acetic anbydride (700 ml.) were added.
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After o further 72 hours tho mixture wes poured onto e mixtuvrs
of ice snd wster (7000 ml,) »ré allowed to stitein room tempersturs,
The aqueous phase vas removed snd veshicd with diethyl ether (6x750 ml.)
The combined ethereo’l phascs were sdded to the solid meterial from the
reaction mixture which dissolvud. The etheresl solution was washed with
ssturated squeous sodiuvm bisilphate (3x20 ml,), saturated squeous sodium
bicarbonate (420 ml.) end woter (4x20 ml.) and then dried over

anhydrous sodium sulphzte before being eveporated to a syrup which was
taken up in methanol {200 ml.).

A precipitate (100 g) formz2d which was removed and washzd with
a small smount of mathanol, The solid materisl wes recrystslliscd from
sbsolute ethanol to give necdles (45 g.) of the product m.p. 134-8°C
E,{'l %Oo = + 24.5° (in chlozofomm).

A seuplz (0.50 g.) of the meterial was dissolved in ethenol
(20 ml.) end 1.0 M zodium hydroxide (5 ml.).

The soluvion was heated to boiling point, cooled and titrsted wit
c. 0.1 ¥ hydroclleric scid. A blank wes trested similarly., Th» blank
took 43.2 ml. of scid while thz esrpis recuired 20.4 mt. thence the
sample containcd 5.5 W E of acstyl groups per . compared with s

theoreticsl value of 5..LrE/g.
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