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APSTRAC'J1 

A f ec1ture of typica l c c1rbollydra te/ a1:-rno,1i c1 reactions is the 

formation of complex mi z-cure s of i mi c1a zoles ( EJwong other pr oducts ) . 

'rhese i midazole mi xt ures have proved e;ifficult to sept11·ate in many cases • 

.A theory for cation exc hange cbromatogr apr:y of base s has been developed 

in this work: and applied to t he separa tion of imidazole mixtures . The 

technique used appears to be ca pable of separatin& mixtures of i midazoles 

more effectively ~han other previously used . 

D-Glucosone (D-arabo-hez osulose) wa s p:cc pe re d by the action of 

benzalde hyde on glucosazone ( d- ara bo- hexosephenylosezone) end its reection 

with ammonia investigated . It WE• s fo und that the reaction mixture 

included a number of imidazoles. These imidazoles ~ere separated by the 

ion exchange technique developed eaTlicr and a t ot c1l of sixte en oompo\lJlds 

giving a positive reaction wit h t be i.mi da zoJ,e-spec ific. Pauly rea gent 

(diazotisea sulp!wnilic aci d ) were dete ct e d . Fifteen of these oompounq.£1 

were isola ted and six we1·e ide:1tifiea by mass spectrometry and/or nucl88r 

magnetic resovance spectrometry . 

It was also intcnrJed to inve stigate the reaction of 4--0-methyl-D­

gluoose and ammonia . It was proposecl t o pr epare this compound by methylation 

of rrethyl- 2,3, ·'+- t ri-0-a cetyl- -D-glucopyr anoside with ,ne·thyl iodide in 

the presence of silver oxi de . Under t he se co nditions an acetyl mi gra tion 

from the 4-- 0 t o 6-0 position occurs with tile mathylation to give 

methyl-2, 3 , 6-tri-O-ac etyl•1l.- O- methyl- -D-gl ucopyranoside which may be 

hydrolysed to g ive 4-- 0- methyl.-D-gl ucose . It wa s intended to t;repare the 

starting mate :cial for this reaction (methyl- 2, 3 , 4.- t ri-O- a cetyl.- '. -D­

glucopyranoside) from D-glucose by 'i:;be f ollowing steps. 

(1) k etJi<lnolysis of D-·3l ucose catalysed by an h.+ cation exchange resin 

to give methyl- :· -D-gluco pyrunoside. 

(2) Blocking of the 6-0 position with tri phenyl c hl oro methane . 

(3) Acetylation with acetic anbyo.r i de to 2;ive r,1ethyl-6-0-triphenylmethyl-

2, 3, 4--tri-O-acetyl- . -D-glucopyranos i de. 

(4) 3emoval of the triphenylmet hyl blocking group to give the re quired 

methyl- 2 , 3, 11.-tri-0-acetyl- \·!, D-:~lucopyranoside. 

In fact at the t ime of this writ i ng the first three steps lwd been 

accomplis hed but attempts to remove the k i phenylroothyl blocking group 

while l eavinr, the ocetyl g:coups i ntact hac1 proved unsucces sful. 
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Ilfi'RODUO TIOt 

I 
Alkaline De s;radation of Sugc1x•s. 

1. 

Simple sugara unde: · ai.r;:.aline condi•cio ns, unGergo a s eries of 

re ~, ctions known as ·che Lobr? de Br uy,1-Alberda Van Elcenst ein :ceaction1 ' 2 • 

'I be trDnsfor:.~: ~ion convc!:--!.;s aldoses 'co ketoses and o·cher isomeric aldoses . 

The general mechanis:n is as outlined be lov1 ( fi g , 1). 

The important features are tha t the re&ctions are all reversible and that 

the assyrne·cry of carbon 2 in t he aldose is destroyed in t he ene~iola t e form so 

that tl1e epiraeric aldose - t b,) ·c is t he a l dose wit h opposite steriochemistry 

at carbon 2 will also be for med . 

In genera l t he trar.sfo rn1Bt i01. can proceecl a step furt he r that is the 

2- ketose can fo:r:--.r. a further enediolatFJ onion. whicl: v;il l gi-re rise to a :f\rct her 

series of products . 

Hcmever this second s ·ccp wii.l be; slower as t he e ne cJ. iolate form has two 

substituents in a cis position. I n fact v1 ic h hexoses :5- k:etoses v1ill not 

generally be fou nd althou~h invers ion of s ·cert; ochernis ·c..·y at carbon 3 will 

occur. This means a totbl of 6 s uca ~s will exist in e quilibrium alonz with 

the ions of three en1:;diols ( see fie . 1) . 

Fo:...· exam< l ta i f R= D- er ythr o--t · ihyd'.!.'ox_yp:...·op:rl. t hen t he six sugars wi ll 

be - D- glucose, D-f:,.ucto se, D-1'.:a nnos e , D-allos1:::, D-AlL1lose (D-psis cose) 

l• nd D-al trose. 

In general rnonasaccha :..·ises ·ui L . for :a group s of this t y1)e . Each 

group will consist of t wo 2- :(e-toses c1 nd f our al doses . Unde:r· alkaline 

conditions all m0mbr:::z•s of t hc:se g:.."o1J.::is will be in e ,~uilibrium . 

A number of side rea ctions wiil gene rally occur as well as this 

transformation. 

Aldolisation e nd D~eldolisa t ion . 

Under basic conditions an evol8te ion may add to a n aldehyde to 

yield cm ak.101 . 

The a/dol forme ci is che :r·a ctarised by a cerbonyl and a secondary 

(or primary) alcohol 1, 3 to one another . The react ion is r eversible 

and hence any compound of this t y, e: r,lby be de[:;aded by t his r11ecbanism. 

The forward reaction i s terrrnd aldolisation and the reverse dealdolisation. 

(see fig. 2) . 

ki:ost monosaccharides are i n fact aldols of this t ype and ·;.1ill 

undergo dealdolisation. 

An aldohGxose v-.oul d be expecteo to y ield a biose and a tetrose while 



2. . 
(fig. 1). Lotry de Bruyn - Alberds Van Ekenstein Reaction. 
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3 . 
a 2- ketohexose should y i eld t,;rn ·c:tioses. 

Hor,cver , sinc,J a}uoses anc.:]. 2··1, .-,·i:;osas ·.1ill 'ix~ L1 e ~1u ilibrium by virtue 

of tbe Lobr;y- de Bruyn-Alberden •Jan Ekensfoin 11 eaction, both sets of pi•o<luc·i:;s 

will be for mecl . Similarly r-,entoses YJill gi ve trioses ond bioses, trioses 

may elirninc,te for:ualdehycle to .;ive a b iose, ·cetroses r:'IBy give bioses o:!.1 

trioses encl forma lcJehyoe . AlColisotion on the otbe:c hano. ·,vill :cesult in 

the forwtion of th.8 la:c2,e1· su~m·s fro .. :l the smallt.::.· . 

The alc1olisation roE>ction in gene:cal ,::::;:,eates tv10 nevi Ds::.yrru,1etric 

cent:ces anc1 so tm combination of the forwa_d and rcve1°se reaction pc-:crnits 

fu.rt re11 isomerisation of the snga:cs ( see fif; . 3) . 

For1•10tion_of __ '?' -De sox.vosoncs 

If an ionised ~nol has an c1lcohol or ot l1f:r suitabl0 le0vin6 group 

in the(} position tlwn ~ elL:' ::. TJL,tio~1 m::,y occl'G~ . If the st,,:ctii1r; compou,:d 

was i~1 f act; on Emtc1iol tb-3,! tha i:-l"·'oducc will be the enol of a 

3 
desoxyosone (se c: fi e . /!.). In u.1nt~I·al ~· sugor can r~i vu :t ise to three 

<lifferent typE-:s of desox:roso11e ( s ~c:: fi:::; . J!.). :tlthouch for c1 trio5e t;,-pe 

II deso 2';yosones cannot be fo :C' r.:ad while types I and III ,.- iD be 

ec1uivalent, and for· D tetrosE-: tJp::; s II arii III will be e ,Ju ivalent . 

Substitution ri18 y Dl so block (01· cicciva·~~) tlle forr.:;;ition of some of these 

types . 

:aeactions of the Desox"oson,~ s -----~- ... - ---~----·· --- ·). · - --- . -

( i)Alr.aline fission . 

c1 lkaline solution to yiel c; El carboxylic acid a ,1d an aldehycJo (fig . 5) . 

In g:·Eernl an unsy,·,1ei:;rica l dic1:1:cbony l will bi:; a bl€: to unde1·go fis;:;ion 

to give ty;o sets of p:i.'oc]ucts cJ.e~ndillS ort which ca:..1 bor.yl farms the carboxyl 

function . 

( ii) Saccharir:i c Acid FormEJ tion 

( fig . 2). •rhe desoxyosones of tyi_Jcs I, II ari.l IF will ur..~ere;o t his 

reEJction in t he presence of Calcii.li ,! hyaroxide to yield rneta s a c c har inates, 



I+. 

( f i g . 2 . ) Lecb.anis1.1 of the a l dol Conccmsation fo:;..~ hexoses . 
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( fig . 4) ,f!> -El:i.rnination Eechanism 
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( fig , 5) Al kal i ne Fi ssion o f Di c:a rbonyls 
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7. 

isosaccharinates a nd sacchari nates respectively. 

1.rhe Effect of Substi"Gution ..... . . ---· 
0-Substituted suu3:r-s may be p:cevented from forming some or all of 

the desoxyosone types discussed above or alterne ·~ively may be activated 

towards a formation of so me particular desoxy osone. 

In general substitution of an oxygen will block fornwtion of 

a carbonyl £'unction on tbot oxygen but in m.sny csses will activate loss 

of the substLutea oxy:en. 

For ·chesc reasons 1-0 o:i.' 2-0 substituted sur,ars may a lso be 

p:i.1 evented fro;n under go i ng the full :i:·a ns;c of l •'Jb:··_y de l3ruyn-Alberc~ Van 

Ekenste in reactions . 

The effect s of various types of subs tj_tutiol"l i.n he,-;oses iA 

discussed below ( s ee also fi3 . 7). 

(1) lfon- redu.cinf.-; hexos~s 

'i'hese sugars l ack a f:i.1 ee carbonyl function ancl will tberefore 

be unable to forui the enr:diol at-:; ion wb.ir~h is the interm-:::diate in 

both the Lobry o.c Bruyn reactions E,r1d fo:L";nation of o/. dcsoJ-:yosoncs . 

They will therefore not r;ive rise to hexose de soxyosor.es or to 

any compounds arising from them . 

( 2) 1-0-sul;>sti tutf'd 2-J-eto hexoses -----· ·- - ···· .. ·-· ·--···- ---
These compounds are blocked fro::-: :'orn1i 1:g D~-doses o:: ·i:;ype I 

desoxyosones (both require a 1 carbonyl !unction) . Types II or III 

deso.xyosones may be formed but the substitution will favour formation 

of type III (1 desoxy). For example 1-0-methyl-D-fructose gives :!"J-~1 .uco-
1 

sacdwrinic acid when reec·i;cd with Calcium hyd:coxide !-. 

(3) 2- 0-substituted Bldohexoses ---· . ...... - .. _ ,,., . ______ .. ... ------
All th:i.1 ee types of desoxy osones contain a 2 carbonyl 

function and hence a 2-0-substituted a ldohexose should be blocked from 

forming hexose o<. desoxyosones . 

'l.'hese are bl ocked from forming de soxyc, son.:,;:; of ~j--p .:..3 II o:- III 

but are activated towa11 ds forming type I desoxy-osones . Since the full 
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range of Lobry de Bruyn reactions as d iscussed previously may occur it 

is ir.unateria l vd1ether t;he s ta:ct i ng pi·oduct i s e 2-kctose or an aldose . 

However all the six hexoses norrrally i n e,~uil ibr iW11 under -t hese 

conditions will g i ve the sa;ne desoxyo so nc; e . g . glucose, fructose, 

mannose , allose , altrose and vllulose v,oul::: all gi ve D- erythro 3 

desoy..yhexosulose as tl1e type I desOX'JOsone . In t he pre sence of calcium 

hydroxide ,'3 - 0-substitutea hexoses •,7ill form metasacc llar inates5 . 

(5) 1~0-substituted hexoses 

A 1:.- 0-substituent will not block any of the normal LJ b:ry de 

Bruyn t:cansformat ions or deso.;:yoson0 fol"l',1td;ions discus sed above . 

However t he substituted o;:ycen ·,,ill b.::; act i vated a s c1 leaving ~;roup 

in the r - elimination rec1ct ion anc1 hence f'o:rrn;;d;ion of type II 

c1esoxyosonc s should be favoure;d . In foct it is f'ouna ti:ot 11.- 0 

subs t ituted hcxoses fo:;_•r,1 iso-sa cc:hDrii18tes with cr;lc.: ium hydr·oxic.~'? 

( 6) 6-0-substi tut_ec1 he;coses 

5- 0- a nd 6-0 - su·ostitution ,:ould not be cxpcc;cd to exert any 

direct effect on the fo:rrnation of i1e:cose o( c1esoY..yosones but :Lt is 

found tha t 6- 0- substitution t ends to act ivat'J dealdolisa cion of a 

hexose t o give two trioses . In the j_)l'e sonce of calcium l1._vd1·oxide -che se 

tries ~s will give rise to lac tic acia . 

Irni§;<r·.z.oles 

If ammonia i s used as tbe ::-,ase foJ.· 8.er;r~dotion of su,;a rs 

imida yoles a :i."e formed . }:his phenor..enon wa s o:;_•igi.ia lly observed by 

Windaus and F;.1oop8 who i s olated 4- (5) rne th_yl i midazole from a reaction 

mixture of glucose, szinc hydroxide and a r:rmonia . 

The mec hanism ap"fears to i nvolve a n a ldehyde t4n o,. - d icarbonyl 

end t wo molecules of aurnonia ( fig . 8) . 

A number of i mi do zoles have been i solated f:;_•om su£ar/ammonia 

reactions . A mechani sm i nvolving a d i carbony l c ompound and an aldehyde 

should permit the formation of a large number of different i mida z)les 

since a number of aldehydes may be for med (b;r dea l colisation, possibly 



( fig . 6) . Seccharinic Acid Formation fro~ -Deso:xyosones. 

Type I Desoxyosone 

+Ott --~ 
~ 

Type II Desoxyosone 

_-:-.. 
~- ·. 

COOt / 
I 
CH-o0 

\ 
I 
'-Hz. 
I 

(c .-?) 
U f=,_ 
I 

R 

Or\ 
I C' 

( .,r, r ~,.-::., 
..... _\.,,~ - ..... • .,.' \.✓ 

·- l / \ 1 
L. :::= 0 
\ 

(1--j 
I Z.. 

'R/ 

(OC' li 

. ~---' <.- · 

(c?·; 

\ 0 
f ' ' •• J _J_ -- · 0 . 
·- ·~. t \ 

(OOE) 
I 

CHOf-t 
I 

d--fc.. 
I 

1<. 

9. 

C;,V''1 
i L ~-- _. 

,. ✓ -./V 

isosaccharinate 

Type III Desoxyosone 

R 

01·/ .1. ~ ­
' YG 01 . .,_ -!. - 0 . 

\)_ 1 /)( _s. 
i.. . ==-o ..._--
·' ( cJ+) 

R 

~JX>H 

! ,,.._ 
( fJ . - C - -r,. __ ,. 

. •,:,. • u 

I 

0-h () 
. > -I t.,,., .... , . 

~,. ,· - ·_ .. 

Sac-Jherinat.:; 



10. 

( fi [:; . 7) The effect of Substitution on Desoxy osone For!:.18 tion 
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followed by epimerisation or by a l kaline fission of dica :;:bonyls), 

any of the three types of o(-deso:xyosone r,1EJJ be formed f or each 

grcup of rela ted sugars (i.e. glucose, tnal1lmose, fi'Uctose, allose 

altrose and allulose etc.) and by virtue of dealdolisation and 

aloolisation a considerable number of suc h groups may be present. 

11. 

In principle any co111bination of an eldehyde end a dicH:i:-bonyl should 

give e distinct i midsz0le. In mos t ceses the mi::,.'i;ure s of imidazoles 

formed are complex although substitution of the start ing nw terial may 

reduce the number of imidazoles forrred in significant amounts. 

3-0-substituted hexoses can give rise only to type I hexose 

aeso:xyosones although dealdolisa tion permits formation of other 

desozyosones from the fragments. Formalc1ehyde i s gene :.:ally the most 

common aldehyde anc1 hence quite good y ields of' a pa:..·-cicular ismid8zole (•.-•l 

can sometimes be obtained. 

e.g. 3-0-methyl D-Glucose 9 gives a good yield of 4(5) (D­

erythro-2,3,l1--trihydroxybutyl)imida 2.ole as the major basic product. 

2-0-methyl aldohexoses will be unable t o f orm hexose 

desoxyosones and the only i midazoles formed will be derived from 

dealdolisation fragments. 

The complexity of the mixtures formed in most cases, however, 

has meant that rrurny of the imida 20les formed have not yet been 

identified. 

Separation of the imidazoles from one another and from other 

bases has been a major pToblem. 

Cellulose and alwnina column cl1.rom atography have been used 

with some success but a number of imidazoles, pa r-t:;icularly those with 

longer polyhydroxyalky sidechains, have proved to be slow moving and 

hence difficult to separate by these means. 

The system D-glucose/ammonie was the first investiga ted and has 

been examined by a number of workers under a variety of conditions. 

However in 1965, sixty years aft e r Windaus and Knoop's original 

discovery of the formation of li-(5) - mt.:thylirnidazole only nine 



imi(l§.::3oles had been founc1 in the system lO . Of these only two ( 2-

hydroxymethyl-4(5)-rnetb.,J7lirni dazole a nd 2, 11• ( 2, 5) din~thlimid.,zole) 

were substituted in the 2 posit io n a.id these were also ·i:; ie only 

disubstituted imick_zole s found. Only t,;,o compounds (11-(5) (2, 3 ,11-• 

trihyroxybutyl) i mida z::ile ano 4 ( 5) (2:.1 - a;.•a bo-·cetr abydroxybutyl ) 

imida,zole) of six carbc;ms or l argei· \';ere conclusively identified. !t 

seems highly probably that a considerable nmiber of the irnidazoles 

forned in this system have yet to be isolated. 

Separation of imid!" zoles by ior. exchange chro1J1atography ha s 

been e mployed in this ,7ork . Using t bis techni que it appea:..· s possible 

to sepa rate complex rnisttires of i r11irl~.zoles ( including polyhydroX1Ja lkyl 

imide zole s). This technique was a. plied ':;o the reaction mixture 

of D-glucoso-::1J (D-arabino-hexosul ose and ammoni a . P.iftcen i mi dazoles 

were isola ted from this syster:i and five of t :1ese ·;:e1·e i dentified by 

mass spectr ometry a rrl nucle a:;_• magnet i c resona nee s pectrome ·cry. 

OTIIBR lIB'rEROCYCLIC COlv.u?OuI,DS __ .. - ··-4-----··------,.,. .. ---
I n addition t o imiaa ;.,'Jles hyr8zines 11, 12 131-ic.: r;, __ ,3 zines:12 

have been found in sugar/ammonia react ion mixtures. ·rhe probable 

mechanism of py.c azine formation involves the actual sugars 8 S starting 

ma t e:c ials ( fig 8) . 
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- --··----- CE;.-<(): A'.i:OG;H?hY ---------- ·-

·.rhe ::.'caction of reciucinb sugars wi th a1;wonia f o:cms a complex 

mix-cure which includes , a s well as neutrol and aci<lic compounds , 

imida c:ole s aad , to 3 le s ser cxten:c , pJrazines and .. yriC:ines . 

1~--

'l'he bs s e s ::-.:,y bs s :parc.1·:;-J d fI'OfJ1 -~he ncut:al a1,d a c idic coopoun~s 

on a cation exclu,nse ::."csin in th:s Ii fo,'.'t:1. ·r<1e bas-:::s will form 

pos i tivcly chorgcc1 cc:nji..1.f;a·ce ac::.C:s v;:1ich wi ll be :r·cta ined on the resin 

whil e -che l:.cutrals and acic'.3 ,r;:;;:-,,· 'u- ,;;a shod o:C-f . The '.x, sc s 1.1c1y tb:m c3 

r emoved fro;n th•::: :." .. -s in c~' cl1.1 ti .n ;:; with cmmcn~.a . 

Tb8 ind::.-.-i Jun l bEJ~~ c• s h~1v0 pr-,-:;vious~-:- hen s~~ porD cE..'l f':.0 om ·\;'.1is 

mi xture by c elluJ-ose o:." aluir.i:n:, colm1m ch:c0Lt:;-co1::>-'ay'.1y wit'.1 ve~:'ioac 

solvents . These metboc:s , or·.a aJ.so !'ilos c pa p ,:: av:i.d thi 0.1 lsyc:' sys-ceW1s, 

all appt:ar -co dcp ene 101:~:c:\;1 on ·c>:1 over-fl J.l p o:-8::..' or :10:1--pola :i'.' 

cherac-ce r of t hs ·;;hole r:.oL ,cL<: e c1:1·; a st:..0 c:11~ corr8 lat ion appea rs among 

the ~ va lues L1 ell tLese sy ::i tems , In ra-~ticuL)~c> s 1wmber of 

imicazoles arising f::.•orft sUf~o 1•/,Jm,;onie. reacb.ons hav-, l o·.-.. R~ va lt1.e::i i n 

R;. values cl epc:.\d l a1·gel;y 0:1 th•; suwie moJ~cu.lar propert:ieo foj_' all the 

above systews, -·~bt; u :::: ~ of ·::wo s 1_1_c ll G:-:,-i.;bods i.rt s.l,\ccession :ca:ceJ_y giv.:,s 

a much be:tter separation t (:3 11 tha ·c obtnL -_·Jd with a si.ng:t_,:; sys'cem. 

Ion exc'.:::1ns:; c rc.:-matography was con.s- i.e1e·i-ecl 1? 3 a lil')3 l1s of 

providing a nor e ge:1:-;;ral be, sis of s c~) ara tion . In pJ:i:.:.8ipl3 t he r·ate 

of elution of an i ::fr:'3 ;:o::i.e in t'.1is sys~ <2!rn sL".>l·.1.d c :·-::- c.;nd Qr incipal:..:, 

on the basicity of the i ,..,1iC:.a:-·ole nuc:.ct'.-:: , a,1d for a :·1y base , i ·~ should 

be possibl e to devise a set of condi~~iot,s i:;o g ive sny desired rate of 

elution. The rate of elution of a bas8 in 8rt.Y giv" :1 s c, t of conditions 

would be characteristic of that ba se. 

Further since ioi-1-•-::;xc henge chrornetoe;:caphy 6,)pcnc'!'3 on differenc 

molecular properties to the techniques rne:1~iomd earlier it sLou~d C-3 

possible to combine _it with one of them (e. g . thick pap :!:.' chromatograp hy 

or T.L.C.) to form an effc:,c -'; :i_ve t\-10 di m,J;_1 r.: iomil sysi:; c.,1. 



15. 

Howe're r , in ion- exchant,:o YIO:.' k th::; ~s t e s of e l,xcion will 

depend on a number of pc, rameters which r,ill vary over e wide range , so 

that it is highly desirable to be able to predict t he e lution rate 

of any compound under any set of conditions . 

The follO\;ing simpb theo:.:y ap po.:1 rs to t3 iiro good qualita tive 

agreement with experir.:~nt -a:1a Bppea:;..~s to be adequate for the pr edict ion 

of t he ability of a giv2n ~:-stcn to sepa r ate e givt:"n r.1ixture of 

bases . 



Cons ider a solut ion in e qu~ .1.ib .. it:.:a -;:ith a ca tion-exchnage 

resin (sing:..o function) and l et the catio~1 axchanGe capacity of i;he 

resin be C:a_ milliequivalonts per ml. of solution in e <:iuilibrium with 

the r esin . 

16 

Let the solution cont,1in n cs·i;ioDic species 'f.t ( i. "'-~;••
1
1'\) 

l et c. L· = the c harge of 'I-- 1 

( l moles/litre = the conccnti,ation of "1- .v in the solution. 

l e t {- ~ = the fractin:1 of the :::·er::in CEl!'acity utilised by Y- i. 
( t .(_ o ~-fl ::: o) 

1, ... 1- cR 
~ V - = 

\.. ·fl (_1< 
n 
~~~= 

t = f. 

\ (b~r c'efi tcition f i, ) (1) 

(\ r(\ 

fl :z: ~Ci +ft~-tC--L = 0 
i s 

(s~1ce ~ol~tion (2) 

cl·::: ctrically neut r al) 

( 3) 

If)(~ is a posit i vely c hG r gcd B r,6nsted acid let -:B ;J be its 

conjugate bas~ end l et C 'c r,!ole-:/lH -..~a = cc··.ce.nt :~ation orf3.t i n 

the solution . If 'f- i. i s not a posi·t iv.::17 cha r ~ d Brp::.sted acid let 

(, /c: = 0 . 

l et )( I -- H30 + 
a 1::1 V 'i. ·, 2 ~ 

. < l, r. 

L ;·~ v- .::: C~' CI ( ~-) C, 
Ct 

(i. e . \{~ = .3cid dissociation constant of 'f. t..) 

let C.\ -:-.: (. i. 4( ~ (5) 

t bn 

CS,. _ ¼ ( V. ,._( ., 
, \. - ·c., I 1' \,; r \ ) ( 6) 

Co~sider the special case where 

~~-= \ \ \/~ ~. l ~ ~ 6 n 
ana assurne that in this c3sa 

C:..~ -=-c-A L{~ 
c, .f- 1 

(?) 



,,here ~i, is a constant 'ef i, 
then (~ 

l, = ~ ~f, (\C ~+C.0 {from (7) C:: (6) ) 

and Cl_ = CR tt. (definition} 

also 

let P· = (. ~ 
l, .. - ~-

then pi. 
from (7) 

(. . 
\. rjl_t_ (. ~ - -1"( ) 

ti C~- -- -L 

C, ~~ \·1. = ti t:. c., 
., ._ I L .._, 

f_~J· JL _-::_ I 
l,~\ °"(._ . ~ 

then ~ -= h<:s c, 
ana from (8) 

cl~ __ (5 ( ,~·L +C ~ 
C, d.. C_R ___ -

(8) 

(9) 

The function P,i dete:cmi ne s -c:1c ehrtion r 2. t c of y.J_ on an ion­

exchange column. '.l' he onl y func tion:; of}(L on which p~ depends arec}J 

17. 

and Kt. • I n f actr)..l will r..o t diffe r vr::,17 s;:C'eatly for related compounds 

.:1 nd the separat ion depeno.s lar6e l y on I<. 1, • :au·c p: p(.:.(Ki:.. +C.. 1) and 

therefore if Lt 7 7 l('e, . ~) ~ is vL.~tuall y i ndependent of ¥--i, ana ~\ 
) ) 

is fully sensit ive ·co change s i n k ~- only if l<J 77(., 

As sume that d...~ is consta fft fa:.~ l.-=~•"/1 e :1d asswne fw.~ther tha,c 

f or these values 

d.-n -= Q(::- .. - - = d,_ ::: K-R. + , 
h-1 ;z._. KR 

where Kn. i s the acid qi.ssooiation c onstant of the cat ion exchange 

f unctional group . (e. g. for a poly sty:::-enesulphonic acid :cesin such 

as Dowex 50 W 

let 

but 

he nce 

. 
' . 

KR.. y~ o.a 
~-~ =O---,_ ~ to 

( :!.O) 



and from (9) 
Vi. ~ ZS t ~-" 

also if \(r.., 7 7 l 

~~I 
and then \/~ :a,f., L~V\, 

C '> (t< t,-+C ,) 
.., - • ----------

C ,n,. (, 

(11) 

(12) 

If the solutio .-:, is bcir.z. run down a column of ion exchange 

/ 
resin then if ·the peak of the compound A has run a volume v~ while 

a total volw:-ie V has bc:;cn run tb:cough t be r esin. 

then - J?~-­
f)t, -+, Yih!::C(.. f:' ~ is calculatc c1 

/ 

for th8 conditio,1s actually oc ·.;i.;_ri i'.i:<, c1 t Volw11e Y~ . ':i:'he sharpness 

of the peak may be enhanced by c1n incrca sing gradi edc in.f I running 

down the column. Howev8r t:1i s ' .. ,ill only occur if the actual values 

of} I a11 c reasonably high. 

For imidq:oles l(~ i s tyi:iically 10-6 to 10-8 hence fo:c1 

reasonable sepax·ation pH ·c:arrnot be l r1 ss 'dwn about 6 and it can be 

this low only for the more acciciic: i1 ,1i dE• zoles. ( C \ / / K ~ 9 
) C ~ o-6 ( ) po-or sepa:cation • Assu,ae 1 =..1.. bu·; from 7 

f 1 =· C, f'. ~\-~i~ 
1 ::-.\ Cs 1 

if Dowex 50':·✓ used as :;,,~,min ·c'.1:m (f.._l =I) c:J...2 .. -

f L f:.. _ d,-"'. 1\ 5_ b 
\-= I . -b 

hence -5, Cs < b y.. 10 (13) 

also Kl -i.. 10-~ fo~ t ypical imidozoles 

hence "---~ -+Cl <, ;);_, -~---- -c, 
p~ ~ 

where 
I.?._ 

1 ~i><f J 
for Dcr,;e;c 50'il 

Cs 2: Pt -'f.0•7 
·-~--- · 

51 assume L., ~-. \. i 
then J_. 

-::.:.. ' 



? 
I - p~ 3 \, 

but for satisfactory rete \7e may rc:.:quire pr, 7 

then C ~ / 1" i<. 10-;t 

_&, L. \ · ~ X 10 --3 ( from ( 13)) 

this justifies assumption that f / (<. I -~ also sincet/ is srnall 

at all time s whe:1 eluJuion is occuring at a rea s onable 1·ate there will 

be no point i n sta::::·ting witt1f I ::: I an:3. so developing a gradient i nf1 

Foi· sepa:cetion of imi~ z,les on a Da,,-wx 50 ::.·esin tim3 may be saved 

by ste:cting wit h th·J resin i.:o r a o _. less i11 ec.:uili')rium with the 

\resin Furthe r una,,r t '.--.e se coDd:itions i ,,,< I .1- ,,,, • I ~ \ 'Jl '- · 1 ~--R • • ~' ""; 

_Cf{lTEHJJ,_ ron SFPAAA ~IO"-! 

I n e;-e:l'le .ra,l for u sei of elt-.-:;ini;; cor: :: i tio:·1s the- peak of any 

compouno '/.. ~ v1il 7_ be ell.\t ,.:c"'. fr.C'm a co) umn of io::.··e :x:01") '3 ,-,_ry-, I'esi.n 

after a totol -.::olunv:i \J~ ml. has oec;i run. Tb.is value V~ will be 

characteristic of Jwhe c ::,mponii.c: fo :c ony 3i-:c:1 cor::1it ions . V' will 

depend on K~ • T. 10 compounds XL t, ,1d t; Viill be sc:;ia::cated if i\(~ -\t; \ 
zJt · where Q is some c'i~"bitrary l i •-~i t dcpendinc.; or. the degree of' 

separation requir '.)c1 J the r i."ce c-"-.: w!1i.-::h th.; c 0h 1•nn is ru:\ ,t:10 size of 

fractio:1s collec ted etc . \/: is cJ monotone a ~c..,.0.t'lsing funct ion of 1( i. 

(i a\. or the more acidic 

f1 v~ - y1j J c ~ 
thor, \ v, ( K;) -- vye k j,} \ ~t 
We mPJ Ye.Ci'lire i:hnt separation to the extent of \ V;_ -v;\ zt 

occurs whenever \ K L - \< J- \ _2,: J 

in particular if Kc - \<j. :.= J 
v· - v-di ~ ~ . 

mh• • ' .;f - (-:r.;-_J':; .,\ ~ ~ ~ 1s 1s sa ~isficd L ~~~} / ~ 



then c\ 

and the quantity 

is the lower limit of tbe difference in \\i. for s epEi r at ion. 

now vl and Ki are re l ated by the e quat ion 

(1 !i-) where \/:;{. = volume of 

but from (12) 

'==- C.5 (Kt+ C,') 

if 

po 

t hen 

c~c 1 

=- Cs . 
C-R C. \ 

- G. 
c_'R 

:= r5. ,<t + po 

- is \1 t + \?O 
\+ sKL+\>0 

but in practice \Qo<< I and therefore either 

or po <4( 1 S l<~ 

~\,. -: is K,i + oo (L.1) 
\ +-7s K~. r -

then substituting i n (14) 

but \Jo L<, \ 

the column 

(16) 

20 . 



As an inclex of s epara tion t ake 

. .- d..J: 
6 ~ Y:. ),¥!. i 

th8 t is .r::::-- ... ~/ • ·,,b.ere O 1 
is the u ·· .!\I. 

- c;i ✓ 
lea s t diffe.rence in I<~ for s a ·ci sfeutOJ:';y sei_)vratim1 

·v.· .i..i~ K~ JV t hen 1 ( I ·t /s \(t ):t 

(17) 

(18) 

Provided t hat the coh11nn i s :run a·~ a sufficirmt::.:r l ow 

loading the peakswill be :iarr rm anC. ·c.vo compounds will b":l :..·e~oJ ved 

by a minimum volwne f i f the p::.'ot:, o.,_·t iooa1 diff e:ence. i n. Ki:. for 

these compounds is g:ceate1· tt1c1n ~/ 

In the speoicil case whe:ce }'s _
1 

f'o- are constant, 

then \} ~ 0-'f l~$ K~ + fo} :::: '\JR 

or when fo ~<. \ , 
\J~.(is K~-~\ =-VR 

. \-t 'tsl(,'- ) 
~ 

: • \Ji_. Ys\<.~
1 

+? 0 Y(-=- \/fl"' ·t ·;J> K~ \JR 
'Ys ¼.~ ( \)~ -- '✓Rl ·=- '\Jez -- % '-J( 

21. 



The upper limit of voluue for :cesolut ion occurs by virtue of 
f1" 

the \/;~-) Pod\/ te:cm in 6 1 and in all oases t his u!BY be 
() 

expressed by the condition. 

(1 
where O<C\< \ 

'£hen in general H will be adequate t o ;re1_ufre 

\ \'-'cp1- ~~°ts ( V) ~-"' 
0 . ~o-c\ \/ ~ v R < J j_ ( ✓. ':i :-n(,{\ . '6 0 <h . ~, .,rO 5l J 

(21) 

to ensm.1e i.1 easona b:...e:: seperation of compounds of :ceasonably different 

l/ • 
h.i..., values . Ro·,,:ewr if it i s 0esired t o calculat e conclitions for 

a specific rninimurn dec:'ee of separat ion c quation (18) should be used . 

The ion- excba nge techniquc described a bove wa s tested on a 

mixture of i midayoles mac1e up for -chis purpose . The mixtu:ce 

norr.inally contained pow.· c or:1fonents but the f.'ur i ·cy of sorne of these 

,,as highly quest ionable arid in fact ten products we1·e se1,ie :..1 a·c e e. . 

23. 

-. ·I + The mixture was s sparatea on an N \-\ 4 f orm poly s t;T .. ·enesulphonate 

resin eluting wit h a rmnonium bicarbonate buffer-s with 'ls ranc ing 

from \Ob to \•bJRfl ani1 f\-\ r anging f :~om i-o ·co C\-~ 

Fr actions were collected and exar:1 i ne d by 12aper 

chromatography .A total of ten cor"pounds -,;er e detected by this 

procedure and tl1ese compounds were l a r gely separated by the ion 

exchange procedure . 



THE REACTIOI'-1 OF D- GI .UCOSOI:E Al''D JJ:; ONH. ---•--•w---- ••--•--•- ""•-•--• --••••------•---
D-Glucosone was p,'.' t:.;pa1·ec1 f2.~om D-,r;:: l ucosc in t,;o steps . 

Glucose was fi:.: ::,t converted t o the pi1on_ylos:, :: 0:,. ·: b;I' the action of 

phenylh;frlr c ··•- .; and the phenylosazonc vws then converted to D-glucose 

with bonzelde hyde 13 ( see fi g . 9) . 

The glucosone prepBred was t hen rei:l c ·~ed with ammonia i:l nd the 

bases from t he roaction mixture viC J:e in-,:3stig::i Led by a combination 

of ion-c::~hange c'.1rorilatograp:-_ and paper chromstor~r aphy. 

Glucosona is c1 1 , 2 dicarbo:-iyl compound end is rather 

reactive , so that it m::.3ht be expected to fo::tm a r ange of products 

with arrrnonia :..·ec. dily . Fu:..··chr~:c, ·c'.:G::"; 8:'-.; r:o bl c;l~i;1.g g:coups on t he 

24. 

molecule onu so ~).ucosoi"le y;oula b:.: expected ::o l'.t1der.go t'.:.'.: f'.1.:..l r.:rng e 

of L:,bry- de-Lruyn transforraa-cions and the va:..·ious ~ir}c.: r eactions 

discussed in t he i :c .. ::coo.uct ion . It wo'1.ld b::: eXJ:)ected t hat a numbe:c 

of the products f o::Y.3 ::1 would be imidazolc :J sh~-:; a rn.:: :'J3 r of 1 , 2 

occur L1 tli:..: r cactio i.1 r,:ixtu:-_• ::: . 

A co:r_:J l c:z: T!lixtlAr ~ o:::' ii'llidazoles was i n f nct f ound iVl this 

reaction rr:ixturc . A t ot al of f lneen bo s "2_c n oW1p'.Ju 1·,,} ::i -:-;h i ch gave 

positi V ::) tests wi t b t'.Y] irr.idazo 1 e -specif;· c-d iaz.ot LS eel S'Ul phaY17lt.c. acU 

identified all proved to be i mi d8zoles . 
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I. Preparation of D-Arabo- Hexosephenylosazone 
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EXPERil ENT~ 2R .. . 

Chroma to grc1 J2!1y 

Solvent A 

n- Butenol (!1-00 ml.) w2os mixed wi tl-1 glacbl a cetic acid (100 ml . ) 

and water ( 100 1.-J . • ) • 

Sol.vent B 

Ethyl acet ate ( 300 ml.) was shaken with c') -s cial. acetic acio (100 ml) 

and water ( 300 ml.) in a 1 iitre separating funnel. 'l\-✓0 pha ses 

separated on standing . '.Lhe lower phas0 •,;a s r c;1°, cted and the uppez­

pbase used as thC:: solven-'.;. 

Silver nitrate (10 gr . ) ·., ,,1s di f'f~ oJ.vecJ i.1 na~e-:· (c. 70 rnl.), a r.;ueous 

a r,'ll:i.onia ·was added until tho p:c·-,cipitate. O.ri gi Y"tall, formeiJ was 

completely dissolv3d a,1d t'.10 so:.1.ution \WS r,wd::: up to :.1.0'J ml. Tlic 

reagent was sprayr~c::i. on-Go the GJ:·iecJ pnpc:c chl·omDtor;r-a r;i ,,hich ,w s then 

heated. Polyhydro:xyalkyl compounr't s ( or other suitable reducing 

agents) g&ve dark spots. 

Diazotisc d Sulp ha·,.ilic. Acid 

Sulphanilic ecia so:iut.ion (9 g . p.l. i n Ii'-J-·iCL 20 nl. ) w 2 R !i:ixed 

witt1 sodium nit:catc solution ( 25 g . p . l., 20 ml.) 10,% s odium 

carbonate solt:.·'; ion u~ ml . ) "iiE!S then 8 0C.Cd . Tbe :.:ea8ent 1"'9 S stable 

for onl~; a short ti,,1e (c . 10 •.~ imr';:::,s) . Ir;iidazoles [;rwe a red, ora:-is e 

or yellow spot with this rec:i :_:C:.mt . 

General Conditions 

Descending paper chro1,iato_zra phy ·d1:1 s usea tru.,oughout this work. 

one of the solvents above were us --: d. 



PREPAR:\TION OF D-GLUCOSONE 

Reagents 

1Zrea Phosphate Spray ..Reagent 14 

O:cthophosphoric acid (S . &. 1.75, 6 ml.) ';,'.3s added to \?a-cer­

saturated n-Bu·canol (100 ml . ). A solu·i; ion of uree (3 g. ) in eth 0 aol 

27. 

(5 ml . ) vrns ada'3d . The rea [;ent was spi·ayed onto the clried chromatogram 

which was then wari,1ed . Ketoses [:'.'.Elve a blue spot . 

Nickel liyd:co)..rylemine 3p:-:-a:\' Reacent .15, 

Solution A 

Hydro:x:ylami n-:; hyd:coc'.1loride (30 g.) a~1a soaiuu acet a ·Ge (50 g. ) were 

dissolved i n Y,ater (100 ml . ) anc: tl!u s olu ,;io;1 -.-:as filt01·ed. The clear 

filtrate constituted the rea ge1Yc. 

Solution B 

1'Tickel nH:cate (5 z . ) 1, 0s dis solvcc1 i1, wate:..' (:LOO ml . ) 

The driea cbror .. atog,ca.m was sprayed -.. it.Vi sol1..,:cinn A_. dried 

at 110°c for 5 minutes and then s prnyed with solution B. .:\.n 

()(- dicc1rbonyl compound gave a ::..'co. or o:cun2:e scot . 

Reactions 

D-Avabo-Eexose phenylosa zone 

D (+) Glucose ( 200 g. ) was dissolved i n water (1.5 1) in a 3 ncck:od 

3 litre flask er:1uipped with a tr.echc,nical stir. c:;:- and 8 reflux 

condenser. Phenylhydrazine ( 1+50 rd . ) a :il glacial acetic acid 

(250 ml. ) were added . 'I'he mixtu.re was then :ceflu.xed gently for 30 

minutes anc. allowed to cool ove1·nir:,b t . 

The reaction mixture was f iltered ant the preciJ_..,ita te 

washed with 10;~ acetic acio. (2:x:500 ml.) and wa·cor (4.x11) . The 

precipitate v,as th"rn recrystallised from 50,; a ~1ueous pyridine (3 1) 

the recrystallised product washed with a;:,solute ethanol (3x250 ml.) 

and diethyl ether (2x250 ml.) ano finaily dried in a vacuum oven to 

give D-Arabo-hexosepbenylosa_zone ( 250 i , ) wit11 a melting point of 

199-201°c. 

A further recrystallisation from absolut e ethanol lowered the 

yield to ·150 g . and raieed the m. p . to 20 1j_- 205°C . 
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D-Arabo- hexosulosc (D-G-lu:::oson") 

D.Arabo - hexosephenylosa zonc (,,i . p. 20/i,.- 5°c, 20 g . ) suspendeci i n 

absolut e ethanol (eoo llll.) was pou:r-...:c. L :co ·::Qt3:,__1 ~1. 1. ) i n a 3 litre 

3 necked fla sk fit t ecl with a s";irrer a ti.'i rerx.x conde,:ser . 

Benzalce.hyce ( 32 ml. ) ano glacia l Dc-::;·c::.c ocid (12 ml . ) w,cl1 G a dded 

and the mi xture :!'.'efJ.~xed for 4 h81"".'s; . 'i''. !a cohdev.iser was then 

reversed end co1'1d'2nsate (c. 6CCl mJ. . ) r.• ,:-; s dis·ci:;.l ,;d off the r e~i ction 

eii xcu:ce a v e; :;_• about 1 r:ou:,_, ·,;it:·i p,;_mv.ltaneous ~, ddition of wate:.' (1 1. ) 

·:' he mixtu:ce r::-s then s i-.phorte.cl into o 3 lit:re bea-ker. a.nd c1 11owec1 to 

cool ove :~· night . 

The rrri."i+uve w11.s fi ffered > the fi 1tv-ate c.o ncerltcct:tei! to a~t 

~-00 ml . a~ 40--45°c Emc'. tr ::H1 ext :.~acted wit'.1 dieth>1l ether (G x ?5 ml.) 

The aque ous phas e ·;:;as wDrcc ' to 60° C to :.·emove J.issolveu ether and 

then shak :m fo:..· 10 mi·· 1.1tes with ac ~L-a ce-'i cha1·coa l (5" g.) • ..:he 1.1ixture 

was filte:..'f'O D'.'""ld -r l-\e f .i.lt:r·ate CO'("iCeY'ltl'.3-ted., at 35-40°C, to c: thick 

syrup ·,1hich V.'"S c.issoJva o L 1 85"",% eth:~ 1107. (12.10 wil.). The s:ol.ution 

was filtered c :1c1 t'.1.e fil·~:~a t e concentreted., at" 35"-40°C, to a thi:1 

syrup ·,d1ich wc1 r; dis s::-- '.vea ir .. wa'.;e :v ( 200 "'l., ) B.r1 0. then :c:ha!<:eVl wi.:c :1 

Amh::;:cli.t0 IR 1 20 W cation exchange resin (5 g.) and Il¼i Otr anion 

cxchance r 0s i n ( 2 g. ) . Th'3 n ixtu::•,J ·i:a& filtered a .V\cl the ft ltrate 

Conce1.1t '.1 P•:_,-e r7 -'-1.,0 "' c, v_-_~ _,_p ( 3 ,. \ ,··hi· c '-- P"' S :Jr.J· ~.::i b·· r er.'"'atec1 - ,:, .._. o ~,1 ,:, , ; " , ': . c, U . -~ j ' _ "'-

evapcra-tion from methaM1 (5 X \ 
I • 

The first occ1...1r(;d at ~+o. 20 e:n-1 £0.ve r, cl.ark ~pot with silve.r nitrate . 

a brown spot ,,,.- ith urea pilos phc, ·c0 , ~n o:..· :>. ac,J-:red s p ot ·,1 i th nickel/ 

hydrozylami ne ,ni& a ye llo-."/ s;_:>o i~ ,,,ith !)--)rni.c:: i<': in:~ hydr.0cbJovide. 

The sBcond ocr:u ~i'ed at R+ 0 . 5 anc.. £;8V-: 3 dark s pot with silV'et" 11i.t:ra te 

but a ppea r ed to g i ve no r eaction with the othe.r r.eage~ts. 

The fina l p::.· oC:.uct frc :"1 th:ree r;.1::.s as above was combin:;d a 11d 

dbsolvea in 75fo aqueou s et l1a ·10L A solid cr3rst'.:illi!c:ed out. ~h3 

t hick sy:..1 \.'.p ( 4 g.) \-;hich wa s d:•fo -'l by r opea ced c,·EJpo:c•a tion fror.1 



methanol (5 X ) . 

This product gav~ only a singl 0 spot on paper chromatogra phy. 

·rhis was the ccmpounc. runr..ing at R·. 0.20 anJ .g.::i -re the sane colour 

reactions es before . This pro0uct was therefore take n to be pure 

D-Glucosone . 

2~. 



SEP Act.AT I ON OF L.,:IDl~ZOLES 

A mixture of histac:iine rli hydrochloride (75 i;1g . ) I+( 5 )-(D-eryt hro-

2 , 3, 4- trihydroxybutylir1idazol0 ( 1;.0 mg. c',oubtful puri-!:y), 11- (5) 

hydroxyme t hyli.r:J.ida zole (15 mg . ) and 2- i::ethylirni8.a zole (10 mg. ) was 

dissolved in a. sma.11 volume ( c . 10 ml . ) of wa ·i;er . 

30 . 

AG 50 Vt/X2 E:+ caticr. exchange resin (70 g . wet weis ht) was 

washed v1ith 3H al!'monia (100 ml . ), distilled we ter ( 6 x 500 ml . ) and 

. 00'?il~ pH8 . 0 ammonium carbomJte bufi'e:c ( 200 ml . ) . 'l'he resin was slurried 

with . 007J,: pH 8 . 0 amrnoniwn carbone te buffer ( 200 ml.) and p oured into 

a co l umn (20 x 230 ma. ) . 

The imidazole s olution wc1:, oilu·c€..d to 100 !ill. and a solution 

of carbon dioxide in El cet one was added to adjust the plI to G. 5 . 

'fhe pH ·Nas furt her adjusted to 6 . 0 with 10_,i D-cetic acid . '11his solution 

,,as run through the colwnn and followecl by 81il!,1onium carbonate buffer 

solutions of : - 0 . 007 I_.DE 8 . 0 ( 800 ml. ) , 0 . 0071·~ pH 9 . 0 ( !+00 ml . ) , 

0 . 03 I,·; pH 9 . 0 (ItOO ,,11 . ) , 0 . 3I.: pn 9 . 2 (!+00 1rJ. . ) and 0 . 7 ~,-: pE 9, 2 

( 400 ml . ) . 

10 ml . f'ractions were collected anc examined by paper 

chror,.atogra phy using solvent A. 'l'he imidazoles were located by 

spraying with diazotised sulp~-:,n:i :. ic acid . A tct8.l of ten compounds 

were located (see table I) and in most cases the ion excha nge 

proceau:;.~e provided complete s epen,rtion. 
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TABLE I 

:2:ESULTS OF SEPA:.M.TIQ!lr OF D-IDAZOLE !..rrx?lJRE 

' ! fractions 
Compound No . j located i n 

1 7-111- 1· 

2 26- .35 I 
3 42-56 

4 80- 118 

5 116-135 

6 145-155 

7 140-165 

8 180-200 

9 220-250 

10 220-250 

Rf Colour of Probable 
(Solvent A} 3pot (Diazotiseq I dentification 

Sulph . Acid) ' 

0 .12 . Yellow 

0.32 Oran::;e 

0. 20 Red 

0.15 Red 

0 . 02 Yellow 

0.12 Red 

0 .06 Red 

0,53 -fellow 

0 . 21 Red 

o.o7 Red 

i 
I 

! 
!1-( 5) hydroxymethyl 
i midazole 

2-i·:ethylimidB zole 

Histamine 
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Sulp nanilic acid solution (9g . p . l. iu nr He ~ 0 . '75 ml.) was mixed with 

a queous sodiwn nit:cate ( 25 r, . p . l. 0 . 75 ral. ) at o0 c fm~ 5 mi nutes in a 

25 ml. volumetric fl& sk. 

A fu.rther ql·.::nt ity of t he so<'iium nHrate solutiou (3 ml . ) was 

added and the r,1ix·~u.:;.•e D l lo·,rnd to s t3 nd fol' 5 minutes . 'rhe solution 

was made up to v0Jur;1·.:: with cold distilled wate:i:- and allowed to dand 

i n an ice ba ch fo:c' a t loa s ·i:; 20 ;:;-1iirtc3 b'.Jfor3 use . A fr0sh batch of 

the ::.·ea gent was r..-,£JC::: up ev0ry d3y . 

D-Glucosonc (70 mg . ) ,~·cs dissolve '} in 25°/4 aqueous a}1'!l00ni'.l (7 ml.) and 

pl ac8d i n a Yi£Jt8!' bc3-tb ot 37°c . Prom tim-~ to t i me sample s (0 . 1 r,il.) wer.~ 

taken anc1 th3 i,,1 :i.dazolg level d,rcermiviecl as below. 

Diazotised sulphanil i c oc;.a i ·c- sc;-:::rc ( 0 . 3 r:11. . ) was 1'1b: ~d fo ::.· .so s3c on d 3 

with 101, aqueou s sodi\.\m carbonate (2. u ml.) in a stoppered tes t t t1.be. 

Distilled water (0 . 3 L'7- . ) an~ t h'J :c, ampL (0 . 1 nl.) ·.·:eee adc1ecl Gnd t'.13 

optical density £Jt 11.B0 nm. i n c1 1 era . gbss m~ll , was dc·cer;.~ined using 

a Unicam SP500 Spee tl~ophoto:netcr . _c,_ bh:11:, uning c'}.stilled ,wtcr , v,a s 

freshly prepared for e 8ch actern1L1a-c ion . 

RESULTS (See Fi 8, 10) 

From the greph it can t-; ::: -.;en t ho b the i,ni da zole l eve l is mor0 or lc;:;s 

constant at a rnaxi mum level beh,ecn 20 hours ona '70 hours . Hence t h~j 

reaction time of 2'+ hours used i n the ir.ain reaction should en::::1:.:~'; 

maximum imidazole for ro2t ion . 

PREP Ai.i.A'rIVE REAC'l'IO~ r 

D-Glucosone ( ~- g .) was di.ssolvea 'i:n ~ aqqeous am:ooonia (400 ml.) in 

a 1 litre stoppei·ed flask . :rhe f lo sk ·;-:as kci; t in a water bath a t 37°C 

for 2~- hours . The mixture YW s the 11 e vapor a t ed to di:ynoss . Distilled 

water (3xl~0 ml.) was added with evJpor a ·cion to dryness a:f"ce:r ea ch 

addition. After the fina l eva portrdon the r:,ixturc wa s dissolved in 

distille d wate.: ( 200 ml.) £Jnd pa sscd th,:ough a colui cn of Ar.1berlite 
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IR 120 .tt+ cation exchange resin. The colur.m was washed with water 

(2.5 1.) until the wa shings ;-,ere colourless . The combined washings were 

evaporated to dryness to give t he neutrel and acidic non-volatile 

reaction products (2.5 g.). 

The column wa s then eluted with 2510 aqueous ammonia (It- l.) until 

the effluent was colourless and gave no reaction with diazotised 

sulphanilic acid. The elua ·co was evaporated to dryness and distilled 

water (3x400 ml .) a dded with evaporation to dryness after eaoh 

addition to give the non-volatile basic compounds (1. 0 g .) 

Sar.iples of the total reac~ion m:lxture an4 t he t wo frac 'cions 

obtained above were examined by paper chromatography with solvent A. 

Arnmoniacal silver nitra ·i;e and diazot ised sulphanilic acid were used as 

locating rea gents. A total of seven spots were observed (see table II). 



fig. 10 Developtrent of Imida zole Concent r a tion 
with time in Glucosone/Arrmon:i.8 Re action 

,;a. 
no furt her change 
in optical density 
a f'ter 70 hours 

.,t< 
(J .Q .30 

. '2.0 

0 s 

icOptical density of i midazole/di azotised s ukphnnilio 
acid dye (see p. 32) 

TABLE II 

p 

Spots detected in Glucosone/Ammonia Ree ction Mixture 
by Paper Chromatography (p. 33) 

of' Compound fraction found AgN03 Diazotised 
in Rea.ct ion Sulph. Acid Reaction 

-
0.06 Basic Bl a c k Spot Reel Spot 
0,111- Ba.sic Bl ack Spot Red Spo t 
0.18 Non-Basic Ble ck Spot Nil 
o. 24- Basic Bl Bck Spot Red Spot 
0.35 Basic Nil Faint red spot 
0.4() Hon-Basic Black spot Nil 
0.53 Basic Nil Faint red spot 

20 



ION EXCHANGE SEPARATION OJ.;., BASES 

A colunm (20x250 nun.) of Bio- :z?.ed AG50W/X2 H i1 + cetion exchano·e r e sin + I::., 

was prepared as previously (p. 30). A saturate~ solution of carbon 

dioxide in acetone (50 ml.) ·was added t o a solution of the bases in 

wat er (150 ml. ) 

rhe acetone and excess carbon dioxide were rerao·.·ed by 

distillation at 20o0 . The pH vff,s lo1,:ere c1 to 6 .5 with a small further 

quantity of the carbon dioxide i n c1 cetone and to 5 . 9 with 10,·o acetic 

acid. '.rhe totol volume was ODde up to 200 ml. with distilled wate r 

and an oliquot (eo ml.) wa s i.'U r: tln·ough tho column . Th•..:l column v1o s 

the eluted with a mmonium carbonDt o bu i'fo:.•s of :- 0 . 0071'~,pH 7.5 (450 11u..); 

0.00'7 t~ , pHB.3 (GOO ml . ); 0.007 l'.I , pH 9 . 0 (500 ml . ); 0 . 02 id, pH 9.0 

(500 nu .), 0.061,:, pH 9. 0 (~DO nu. . ) ; 0 . 0 2 :; :, pH9.0 (350 ml . ) ond 1.01- t, 

pH 9.0 ( 400 ml.). 10 ml . fro ct ion s wei.'e collecte d . 

rrhe column was t hen r egenerated by washing with 4N ammonium 

acetate ( 500 ml .) and distilled wa te:..· ( 2 1.). 

A sample ( c. 1 rnl.) of eve I',Y second ( or fifth after -~he first 

50 fractions) fraction was concentr·atec ( c 10X) and. examir.::;-::;. :,.Y pa!_)e r 

chroma tography with solvent A using diazotis c 2 su1pPanilio acid es a loca~i~~ 

reagent. A total of sixtee n imida zolic cornpo1.mds were detected (see 

table III). 

The following groups of fractions wer e then combined:- /+1-89, 

90-120, 121-130, 131-139,140-160, 161-17~., 175- 188 , 189- 200 . 201-210, 

211- ~5 0 and 251-300 . Each of the combined groups \iere concentrated 

to a small volume (c. 5 ml . ) . 

The 41-89 group was dissolved in water (50 ml.) and ca!'bon 

dioxide in a cetone (30 nu .). The a cetone and excess carbon dioxide 

were removed by evaporation at 20°0 . 'l' he pH was lov;ered to 8 .0 with 

carbon dioxide in acetone and 5 . 9 1,ith 1q-a ace tic acid . The solution 

wa s run through the column and f ollowed by a::1moniwn car bona i:;e buffers 

of:- 0.007M, plf7.7 (500 ml .); 0 . 007, pE 8 .0 (500 ml . ); 0 . 007 1.f. pH 8 .3 

( 500 ml.) ; O. 00711'.[, pB 9. O ( 4£)0 ml . ) • 10 rrJ. . :f".cactions were collected 
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and examined by paper chror,iat ograpb.y as before . 36. 

Compounds I,II,III &nd IV were de·:;ected in fractions 20-65 , 

4-0-55, 55-65 and 55-70 respectively. 

The groups of fractio ns 1G- 50 , 51- 60 and 61-70 were r ecombined 

and concentra t ed to c. 5nu . each . 

The thirteen concent~ted solutions;- s.,, (fract ions 16-50 

from 2nd run), S2 (51-60 from 2nd run) , S3 (f::.'actions 61- 70 from 2nd 

run) , S1,. (fractions 90-120 from 1st run), s5 (fract ions 121-130 from 

1st run), S 0 (fractions 131-139 from 1st :i..un), s
7 

(fractitms 11+D-160 

from 1st run), s8 ( fracticns 161-1'711. fror,1 1st run), s9 (fractions 

175-188 from 1st run) s10 ( fr c1 ctions 189- 200 frorn 1 s t run) , s11 

(fractions 201-210 from 1st 1nun) s12(fract ions 211-250 from 1st run), 

end s13 (fractions 251-300 from 1s t run) were each s eparated by 

descending t hick paper chror:i.etography on V{hatemns No. 3;1;;\f papers wi·~h 

solvent A . :Mairker spots were run on either side of the b::i na 

containing the mixture and the s e were sprayed with diazotised 

sulphanilic acid to locate t he compounds . The strips containing 

each compound were then cut out and eluted with wate:t . The isolated 

compounds were examined by paper c hron!El togr Bphy with solvents A and 

B. Fifteen of the sixteen compounds were isolated by this means 

(see table rv). 

Compounds I, IV, VI, XI, XII, XIII and X\T were examined 

by mass spectrometry and I, IV and VI by w.clea::c 1na gnetic resonance 

spectrometry. The results obt ained. wc1'e as g i ven below . 

• 



:Compound No-. -i'r'actions -'Im t 
t , aetected in solvent A 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

n 

XII 

llII 

nv 

XVI 

L __________ -· [ , 
' 

I 

li!)-80 

50-85 

70-90 

S0-130 

90-105 

i 100-130 

I 
i 
I 
I 
I 
I 
i 

I 
I 
I 
I 

:'..25-135 

135-1/+0 

14-0-155 

140-160 

14D-1G5 

160-190 

170-195 

190-220 

2~D- 260 

0 .16 

0.60 

o.n 

0 . 31:. 

1.15 

0 . 68 

1.00 

1. 30 

0 .51 

0 .75 

1.01 

1.60 

0.20 

1.50 

0 . 29 

Colour ~,7ith ----·-­

Diazotised Sulpha nilic 
Acid 

·- ·-- --··---------·-·------
red 

red 

r8d 

red 

red 

red 

re-3 

red 

red 

r e d 

red 

red 

red 

orange yellor; 

red 

red 

, _____ ,_;,... _________ _ 

* see ove..v-leqf 
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r-----~-·--•---------- -.. ··-------·--···- --·---·---·---- ....... - .... -~ -----
tompouna. Yo . ; Conoent:cated . .i.' otol Yi el C: .. -{I 1;

1 
• ::.1I "' ,Colour 

i s olu ~ions isolc1te0. 1 ( ri1~. !So1.,,ent A i Sol:Yent B w ith 
, frou1 , :Dia zotis ed 
11 i ; Sul pb.D nilic 

I I ____ l ____________ I ___ ____ _ · ______ __ :___ 1Aci'.:__ ___ _ 

I I 
1 I 

I s , s 2, s 3 20 0~13 o.oo r e d 
' 

II S1 ,S2, 
,,.. 0 . 02 0 . 37 rud 0 

III r, S 
" 2 , 3, 3 0 . 72 0 . 53 r ed 

rv S2 ,S3 ,S4,S5, 25 0 ,.., ,, 
• .:.O 0 . 10 r ed 

V S 1i- 21 0 . 97 0 . 85 l"'C O 

VI Sl:_,,S5 , 22 0 . 6·7 0. 60 r ed 

VII S5,S6 , G 0 . 86 0 . 78 l"'Cd 

VIII s 6 2 1.17 U. 95 red 

IX S7 (j 0 % 0 . 3 3 l'C'.l 

XI s5 , s7 ,ss , 13 0 , 76 0. 511- r ed 

XII S3, S9,S10 ' iii- :1 .. 02 0 . 91 r c:l 
• 

XIII 8s ' 80 ' 810 ' 10 1 . l:.11. 1. 28 l'0cl 

:xltV 810 , 811 ' 5 0 . 11 o.o;; ora ng;;; 

xv 8 12 , 8 "!. . 36 1 . 29 r ed 

YYI 812 1813 7 0 . 22 0 . 15 red 

--- .. ------- ___ ., - _ ,,. '- ·-- - · ....... •~·- --·- ·--~-.. .-._ .. 

,t:· R = -che rat io of the dist8nce rui.1 by a compound to the distance 
Im 

run by i midazole under the same condi"Gions . 

-



Oc;mw_9µnd I 

Mass Spectrornetl"J 

Peaks at 272 

213 

199 

131 

153 

13 \'.J 

97 

0111½.6 H206 

0 R • . 0 
9 -' •13 l'2 11-

Q8 1s_1K2 O~-

08 Hg '1" J. :2 03 

07 Hg H2 02 

06 II7 i-T 2 02 

l~cta sts bJ e. :pea1zs we.re foiAVld fc1' 

2l,.2 ( ?) E._g ~ 199 

2/,2 272 , ---- ~ 213 

101, 19D(S) , 213? ~ 139 

170 , 181,199, 213(5) ~ 153 

272 -=!> 213, 272 -;,. 1SJ D, 2 4,-"P.,. -) 1.13 •J 21 _; ~ I43.S-1 '2.13 ~ 153, 

181 y 153, 181 ~ 139. 

mm indicated a ra t~o of ·cer-c ia,.·::,,· to soconc'Dry p:~·otons o::' 3: 2 . 

CompouLd IV .. ... - . ~ .. 

'rhe mass spcctYw.m eave ":wo se,:ies of pr::c,ks . 

Series I Se:e i E: :::i II 

200 08 H1~·2 04- 1'70 0 7 1½.cP2 03 

191 CG I-In 1~·2 02 97 Cl:. h 5 i':2 0 
;;I 

12'7 c5 H? N2 o2 
69 C3 lI5 N2 

111 05 E
7 

N
2 

0 

109 o
5 

H
5 

N
2 

0 

1,iet ::i sta bl e F 38 !--,.. ·:;·:;re a lso fourirl fo :..· 

170 ?> 97 , 97 p 69 200 ~ 127 , 127 -> 109 

The NJ-.'.R spectrum wa s inconclt...sive ond r;ave o pr obc"bl e rBtio of 

secondDry to terti1.1ry protons of 2 : l. 

Cornpoµ1_1.t'i _ ?I 

The hiass Spectrur,1 gD ve peaks a t: -

170 

111 

97 

39 . 



Compound VI (con'ta .) 

82 

81 

69 

l{etastable pee.ks were founc.l fo:::- t~ t:i.~ansititms 

170 ~ 97, 97 ~ 69, 111 ~ 82 , 82 -> 81, 

}; o meaningful data could be obtained f ;_•on X,;R speotrUrn. 

Compound XI 

The InBss spectrum gave peaks at:-

142 

124-

112 

111 

95 

82 

81 

0
6 

H
8 

N
2 

0 

C 5H 8:r;:· 2o 

and 

1.l~, 111 ~ 82 

14-2 (?J, 12~., 112 ~ 95 

1:eta stable pea ks wern found for 12/1• -> 95 Eind 112 ~ 95 

Compound XII_ 

The mass spectrum gave peaks at 

112 Cs-Hi N 2 0 112 -> 111 

111 05 H7 N2 0 112, 82 ... 81 

82 04 H6 N2 112, 82 ~ 81 

81 c
4 

H
5 

N
2 

The ratio of the intensities of 112 82 was about 1 3 .. 

q~~ound XIII .. 

The mass spectrum ga ve the peaks for 

112 

111 

82 

81 

the ratio of intensities of 112 82 was a bout 1 O. 9 



Compound 1."V 

11:olecul ar ion e t 82 = 04- E5 1,;2 

and spectrum i dentifi..;d to a knov, n 3pect:i.·u,'.1 fo l' m0chyl 

i mi dazole . 

~-
41. 



RESUL .1'3 .,'J:-,1) DIB CUSSIO;V --· --- -- ..... _ ·--·- -~ - -

_Q£rnEou~J;_ :·~.,, 4-( 2 !. 5) bis ( tetrahycJ:;.~oxybutyl) i mida zol e 
-·- . - . -- .. - .... .. -· ---. -· ·- . -- ... - . 

The formula c11H16:;\ 2 06 contains f i ve uouble bond e quivalents . 

An imidazole ring conte i n s t hree doubl~ bond e clui va lent s and woul d 

also co nta in both l\"s en-::t 3 C's . 'i'his l eaves sidechains cOi:taining 

i n total B C' s , G O's ai1d 2 doL~ble bo nd equivale1;ts . ·rhis would 

probably mean t hat -:;he sid,sc hains •,18re ori 0i na ll;r s 1:1tura ted and 

conta ined 8 0' s (i.e . fully hyc1::cox:,rla t c~o) but hod unders ono a 

42 . 

double deny · .. ·a tion to g ive t he pe ll k fou:1d . ( ':i:his behavious i s normal fo:• 

imidazole s ·.,ith reaso::-w bl y l a:rgc polyhycro:v.ya lk:;l s :i.dech :- i ns and 

indeed molecular ions a re :carely found i·,it h suc h compounds or with 

carbohydrates in gener a l . ) . 

Losses of up t o 3 - cElrbon fra gments i n s i nE,l e s teps 

( 272 ~ 199 , 213 ~ 139) b:.rt no los s es of :f'.ra Qneats lDrger then 

this were observed . 

'fhi:? probably i r..d ic:., t -:; ::: 'c~,at llO s:Ltlechai 11 wa, longer t han 

a lso t he 10 :i:1 s pecfa"'l.~1;; indicateci a ratiJ of secondary : 

tertiary protons of 2: 3 . If th::l'C w:;:rc e totr ~- of n sidechains then 

there 'Nould be n - CH
2

o::i g;_•oups and 8- n :cl-!OH 3rou9s giving 2 n 

secondary protons ancl 8- n tertia..r._y pl'o t ons . The :cet io 

2n: 8- n = 2: 3 i rr.j?lied n = 2 

ana hence there -.-,ere t,.vo sidr:.:c'.13 i r.s . But since neither sidcchain; 

was l onger than Ii- carbons c1nci since t h,, tv10 sidec h,3 ins tota:1.J.ed 8 c a:'.'bo~:~ 

both sidec hains must have contaL·ted J1• carbons and since the re was a 

1:1. ratio be-tvrnen sidechc1in; carhons aud oxyg:ens ea c h must in fact 

h8 ve been 8 tetra hyd:i.'oxybut~:l 1~rouf, . Eence conpour;d I \W s a bis 

( t etra hydro:zybutyl) i taida zol e . Of the ·b,-,o possi hlc compounds 

2,11.( 2 , 5) - bis (tetrah,Jc, :'.' oxybut,Yl):i .'·' i c18 zolc anJ ',, !5- bi s ( tetrahydroxybutyl) 

imida zole , the la·~te:;.,:' w·ould :.."::: qui:'.'e :; 10 Cc~ :;__•bon precurf'. OI e nd so !:lay 

be as sur;ied tc be highly unlil-'::e l y to hBvc been forued . Hence I was 



essumed t o be 2,ii-(2,5)-'J i s (-tet;_•ab.y.-::r· ox-ybutyl) irnidazole . 

The detailed ma ss s pec t:curn YJa s 0xplc1ined as i n fi [; . 11. 

Com-oou11.d IY 

This was probab,_y a mixture of two compounds a s the two series 

o f peaks epp=:arcd to b e urr.ndetec1 . As a r 3s,1.lt , ·,, ith the smnll 

quantities of co1:-:pcund DY3ilnblc i ·c was not po·:;s ible to satisfactorily 

det e r rnin0 the s ·c:·-.:tctu:::•:::: . 

The mass r.p~ctr-urn i ndica ted o,: irniifazole of f orll1Ula 

c
7 

H
12

N
2 

0/i. which weiuld gi'."3 r ise to -ch-3 peak a ·c :L'i'O by dehyc1r•ation . 

S i_vigl -e step Jos s cf fra.p,rryents of ~I? to :3 carbo11.s: i n J.en.gth 

o::::cur~a without appeari_"'g to break dowVl Hi..e imida :zol.e n.14.clec.1s. T.hi& 

indicated thvt t b.e imiclazole co:nta.in-ea a 4- carbon sicfochain 8nr:: henc'3 

·cherc wEJ s onl y one si-decha in wh.i._c h wol.~la b ) o tet:tahydrox,ybutyl g::-oup. 

Compou::-,.d VI was tbe:re.fov.-e icieutifiea as 4(5) tetrahydr.oxybutyli1'711dazole. 

The detaiJ. -:--d ma ss s p~c tJ:.,_-:,1 ,.-:c1 s 1~r:::i l. c1 i ned as in fig . ::L L 

Cqrr,?9unrl)CT. U 5) .. ( 2 . :.'i ··di hyoro'l(ypropyl) jm.:i dazo le ~ 

'l'h;.; mEJsB sp~cr;:~·,.m p,JoL B t 1 1j~ (c ,..:; E_;_0N2 o2) co·.:-responds -·~o 

an i mi dazol e ·,dtt1 sah1.:_:,._, t <::d si e.echains tot1:; ll- :i.llJ 3 ca r ".Jons and 2 o~::ygen.c; . 

Tha singb st cp los s of' 2 e;:, J'8 0n ·:·. end ~ oxyg~:ns (14,2.? 82) 

implied that th::; c ot11pou:1.d hsc1 :::1 3 -- c si r'.)or:. s {decbai n snc1 tha ·i; t he 

2 oxyE-::ns w.::;re locat or:: 0:1 the 2 c8..Ybons fu:ctbcst fro :.1 t ho im:i.dn zoJ.·:; 

nucleu:;1 . 

Compound XI ',ws t herefore i i,entif:i,,d a s 1:-(5) - (2, 3-

d i hydroxypropyl) i r:i_~JJazole . 'l''.:'-, ce ta iJed mass spectrum,ws axplained 

as i n fig . 11. 

C_o~p~u;:-ids __ pI /!-( 5) -( 2::-hyc.:coxyethyl). i 1_,i_da iole_ and :XIII 

2..: ~YQ~o_)~~n~ ~!?-Y±. --: .. q _5.) ··r:_,_?~~~-\mir1~-~o~e ~ _ 

Both these compounds gave molecuhr io,1s a t 112 ( C 5I-J:s H2 0) 

a nd s i milar fra gi":lent at ion p8tterns . Hov;evc r coc,pour..a XII g twe a much 

hi gher ratio of peak inte:.--1si ti,::s at 82 : :l-12 t:1an did XIII i ndicating 

that the l o ss of forl1131C::.cbyile (112 - 82) occtE~ca u ucti more :>:'e.'.lr::'.i\y 

for XII than XIII . 



The formula C 5Hg H2 0 could r epresent 0 (1-hydr oxyethyl) 

:i.mida z.ole, a (2- b,ydroxyethyl) ir,1i dazole 0 1· a hyd:.~o::cyrnethyl­

metbylimida zole . However , a (1 - hydroxycthyl ) i mi dazole could not 

lose fornw ldehyde while a ( 2- hyc1r oxyethyl ) i rnidazole would be 

expected to lose fonna ldehyde nore readily than a hydroxymethyl­

methyl imida zole . 

In fact the c hromBtog:c'aphic data woul d i ndicate that XII 

was probably 4-(5) -{~ hydroy.yetbyJ.) i rnida zole ( expected RL.:J in solver;~:_:1 

A & B 0 . 99 & 0 . 80 , found 1.02 and 0 . 9:1.) while .Yl.II wac; p;0 ,:,bbly 

2- hydro:x;ymetbyl- li-( 5) me t hvlinr5 .. d6-z,ole (expe;cted Rrr,/ s 1.37 & 1.11, found 

1.44 and 1.28) . 

The mo ss spectra ·were expla ined Gs i n f i g . 11. 

Compound X:,.T l.1-(5) - methvlimidazole 
···- - .. 

The molecular ion a·~ 82 c, 1~6 li .1 1r.,1.sc have been a ~thyliiM i.Ja"Z.ofe + C, 

Of the two possible methyl i.1nica:zo] ec 2.-methyl.i~ida zole g.i.ves a yellow spot 

with dia zotised sulphar.1:i.lic a cid at ·;1rm' s of 1. /1-/1. and L 1:l with 

Sol vent s A ano B r espect i vely while /i..( 5) - rnethylimiclazole e ives a red 

spot et Rrm ' s of 1 . 35 and 1.12. 

Compound X:J gave a :ceC, spo·c at "21hi' s of 1.36 anc1 1. 29 and so 

was identified as 4-(5) - methyli1,1idazoL~ . 



fig 1~ Mass Spectra of Ident ified Imid8zoles 

I 2,4(2,5)-bis (tetrahydroxybutyl) imidazole 

OY' 

-f'I 
JI•·+ II '"z. ·R.,.., ',,t''CHOH .5 " 

H t·OfbH CoH 

'2..71. 

VI ~(5)-tet ra hydroxybutylimiGa zole 

rv 
~CHO 

1;,c'1,ol•I 

~
14 

6. ' . 
I-:= , ·1_ !-t -Ci!~Ofr 
+ . \ ( ·-H -/IJ .. # - 1"..i 

~CHOI 

(* 

.. indicates that a metastable peak was found for t he transition 

P. "l' . 0 . 

45. 



-~ig. 1~ contin-..1c.d 

XI 4(5)-(2,3-dihydroxypropyl) imidazole 

H 
-,-J 

II-+ J 
,,,,,,.-, J1/ 

0/ I' 
I l 

CHOU 
! -

C ti ,,.OH 

-Hi.O 
----• 

' ··--7 

;,;( 

XII 4( i:-,)-( 2·-!::t·drc:~ye-1-:!-:yl) imida zole XIII 2-hydroxymethyl-4-(5)­
wethylirnida zole 

~indicates t hat; a metast ab l e peak wes found for the tro:-;.sition 

4-6. 



47. 

Ths six compounds ident ified from the reaction mixture are shown 

in fig. 12 along wi"bh th.e:lr pr()bable precursors in the reaction mixture, 

The most common aldehyde appears ·to be formaldehyde and this 

would arise :f':rom a veriety of reactions including a l ka lir;.e fission of 

D-Glucosone :itself and of any othe:c . .. - keto- a ldehydes formed in the 

reaction mixt\.u."e . Ar:,binose coula arise fror,, alkaline fiss ion of 

D-Glucosone and this is a precursor of compound I. 
Glycolaldehyde ( precursor of compound XIII ) ma y b e formed 

by deeldolisation of e rabinose or by alkaline clearage of 

hydroxypyruraldehycle whic h woul C: be forrnod by dealdolisation of 

glucos-:ne . 

The dicarbonyl pr e cu:t'scrs of the i rnida zoles identifiec! include 

glucosone itself ( compounds I ahd VI) 3- desoxypentosulose ( compound 

XI), 3-desoxytetrosulose ( cornpounc1 XII) and py.cuvaldc hyde ( cornpounds 

XIII and XV). ·r hc 3- desox:,•osoaes could ari se by the;. - elimination 

mechanism ( see i ntroduct ion) o,i pentoses, tet:::-oces and t 2.•ioses 

respectively these 51A~~,s be i ng forrne0. by a ldolisation/ defi ldol~t.icm 

reac t ions. The full r.ie chonism for i r.l i C:.a zol~ forrno tion i n the 

glucosone/ amrnonie reaction woul d bo expeded to i nclude the p ~hways 

shown in fig. 13. 



48. 
Precursors of L nida zoles Identified in D-Glucosone/A1rr,1onia 
Sys-cam. 

Imida zole 

.-f..l 

)1-_N ]I , 
(~~1,JHJ3H ( Cf~~ 
Cl-/- 1,oH CHt°H 

I 2, 4-( 2, 5) bis ( tetra hy0roxybu~yl 
imida zole 

<----

,e_ ___ _ 
'--. 

Precursors 

(Ho 
(. 0 

( C:.'10..i)J 
I 

CH20H 

D-glucosone 

c;ttO 
' cO 

( t.HOH)3 
I 

CH-z.Of1 

CHO 

+- ( 
1
CHOH}J 

C1i10H 

D-Arabinose 

+- HCHo 

4( 5)-( tetr~ ~yc::-oxybuty l) i ri::..:1azole D-Glucosone formal deh~·cle 

11-( 5 )-( 2, 3-dihydroxyprc py 1) 
imidazole 

4-( 5 )-( 2-hyd:,c cyct hyl) imida zole 

- -tl 
11 II 

,,,..· ·, N/-..(H Of/ 
CH3 H L . 

;__ .. 

' 
f~O 
lO 
I 

CH~ 
c'HoH 
cfi1 01--/ 

+ 

3-Desoxype:ntos-ulose fo.rnra 1 deb_yci!e 

/ ____ ·--
- , 

CJ-10 
C.0 

c.r+i.. 
f 

CH-,,oH 

+ HCHO 

3-Desoxytct:cosulose forl/laldehyde 

(----

CHO co 
I 

2-hydro:xymet hyl-4-( 5 )-met t1y limiC:a zol c 
'~1 

pyrura ldehyd.e glycola ldd ,yc'-e 

)CV 
(l-(3 ij 

4(5 )-methylimida zole 

1-~ . ·---­
' 

CHO 
' co 
I 

CHJ 
pyruvalC:. JhydcJ 

1--fCHO 

forme l3ehyde 



Formation of Imidazoles from n·-Glucosone 
(Partial rea ction scheme) 

Cl<io 

(~~+Hcoofl 
c1-f1.0H 

(HO 
I 

(.0 
' Uh 

C.HOH 
c'~hOH 

fHO Hfz_O 
<..O - __,, 
I / 

c.H1oH 

+ -Hcf.10_,,~ 
CHO _,,,,_... 

' (1--/0H 
<~Hz.Oil 

Cito 
f co 
I 

CHi 

Hcoot-1 
+ 

CHO 
' CJ-11.{}H 

49. 

b1+.~~~> tit,/ 
-31¾_ 0 '~t~J\:~01-1 
~ 

I: 2, 11 (2, .5~ --1'1s (tetrah_)ercxybut yl i r,-J c1&.-'Z01e VI:.--4-/_5 )-(te trnhydr oxybutyl) 
i u idazole 

XI= /i.( 5)-( 2 ,3-dihydro:x.ypropyl) imicla zole XII= ~-( 5)-( 2-hydroxyetlzyl) 
irnida zole 

Illl= 2-hydroxyrrethyl-J+( 5)-methylirnida zole XY= L:-( 5 )- -methylimida zole 



50. 

The compounds identified he.;:e have all been found in glucose/ 

ammoni ;;1 systems with or without aeration of the mixture10 • In fact 

althoug h D-Glucosone may u.,idergo some reactions more readily than 

D-Glucose and other sugars there is no real reason to suppose that the 

majority of the fifteen compounds isolated in this work would not also 

be formed in significant quantities in such systems a.s D-Glucose/ 

armnonia. It may well be, therefore , that the application of the ion 

exchange technique used here to the reaction mistures from such 

systems could yield considerable new informa tion about the composition of 

these mixtures . 

No attempt was nw de in this work to investiza·ce the non-

irnida zolic products in the Y.e~ct~on ~iYt~re.Howe~er the total yields 

of the isoJatea imidezoles is less than half the weight of Hie basi.c 

fraction which was investigated. ('l'he total weieht of bases was 1 g. 

and in the aliquot which was investigated the weight was 4-00 mg . 

The total yield of isolated imidazoles wes 150 mg.) . 1·1hiie the 

recovery of these compounds rnay not have been absolutely quontitati'.re, 

losses in recovery could account for only a smell portion of this 

difference in weights . The bui k of this difference must then represent 

bases which were not detected by the diazotised su2.-phanilic acid 

rea gent. In fact a c onsiderable quimt ity of dark colcured material 

which gave no reaction with diazotised sulphanilic acid was eluted in 

the first li,.O fractions during the ion exchang-e separation of the 

base mixture . 'rh:.::sc were presumabJy non-ir-'ioazol i c. bas-es less ba~ic 

than imidazoles. While no attempt was ll'l8de to investir;ate this 

fraction it was noted that it had been effect ively separnted from the 

imidazoles. Investigation o f the non- i~iaazolic bases formed in this 

and in other systems would appear to be a furth ::r pos s :..bili_ty for future 

work . 



SECTION II 

51. 

It has been observed tlwt substitution affects the mode of 

alkEJline degradation of carbohydrates. 3 - 0 - substituted glucoses have 

been observed to give quite high yielcls of l._(5)-(D-erythro-2,3,li.­

trihydroxybutyl) imida zole 
9

• :i:'his wa s consistent v: ith the fac·c that 

3-0-substituted sut,o rs give raetasaccha:cinates with cc.1lcim,, hydroxide 

since in both cases the 3-desoxy - 2- ke·coaldehyde woulo be re r~uired as 

an intermediate ( see fig. 111.) . 

It was proposed to stucy the reaction of ammonia ond 4--0-

methyl-D-glucose prepared by the r,1ethod of Bouv-mg, Lindbe:cgh and 

·rheander 16 • 'I'his method utilises the migration of an a cetyl group 

from the /i..-0- to 6- 0 - positio,1 when r,1etbyl-2,3,4 - tri- 0- acetyl- ·. -

D-gluco i_:.,yranoside is triethyla t ecl with methyl iodide &nc"~ silve::..· oxide 

in dimethylfort11amicfo (sec f'if,;. 15). '.Che product fr01n t l1is reaction 

( - r.iethyl-2,3, 6-tri-O-acetyl-11.- 0- rnethyl-_p -D-glucopyr:moside) y ields 4--

0-metbyl-D-glucose on hydrolysis . 

It was proposed to prepare t he s ta rting material 

( -methyl- 2, 3 , 4--tri-O-acetyl- (1.1 -D- gluco-py~noside) fror,1 D-glucose, 

forming the !f;-roothyl-glucosia e by acid ca telysed me thanolysis, 

blocking the 6-0-positiox~ with t:cityl chlo:i •iae ci cetylating cind 

removing the t .1:ityl r,roup. I n fn ct all steps up to the detritylalion 

,1ere successfully carried out . Ilowev,~r ottcrnpts t o det:..·itylate the 

- me:thyl- 2 , 3 , /1.-tri-O-acetyl-6-0-trityl- (} -D- gl.uco pyr•e 110s ide with 

hydro gen bromide in acetic acid a ppeai·ed to cause deacety lation as well 

as &etritylation. Because of this the products were generally water 

soluble end when isolated ana sub jectea to an 0-ec etyl anaylsis (by 

saponificat ion) proved to have only a bou-i.; 10-201;, of the expected 

0-acetyl value for - metbyl- 2 , 3 , ft-tri-0-E, cetyl- f.> -D-glucopyrcln"~~-r1.u • 



De ::.r:,da t:Lon _of _3-0- l<etl~-D- caucosc 

CHO , 
µ(OH 

I 

MeOCH 
H( Otl 
rl co11 

l H1.0H 

CHO 
I 

CO!l-1 
11 

fH 
1-f (.Cit-I 

I 

f-f CO~ -/ 
I 

Cr-J '1/.0[ ·J 

52 

coo0 
! 

Cff Orf , 
CH~ 

f 
HCOH 
,1 c oH 

tHrz.OH 



------------------------ - -

53. 
fig. 15 

1+-0-Lethyla·i;ion of ~.·:et byl- 2 , o , l1-- ti,i-O- acetyl- f.,-D- gl ucoprEinoside 

Met hyl-2, 3 , 4.- ti,i- O- a c et~,1- (3 - D- c l.ucopy:;.:a 11oside 

(A)lJ i-H+ 

Methyl-2 , 3, 6-tri-0-Acctyl-4-0-metcyl- f-, -D-glucopyranos ide 



EXPE:.]D .El ff.AL ·- ---·-- 54-. 

B - l ::ETHYL-D-GLUCOPYR.A2ms:wE --r'--·-------------

D(+) Glucose (500 g.), Dowex 50W H+ cat ion exc hange resin 

(120 g ., methanol washed) and r>1ethanol ( 1200 ml.) were placed in a 

2 litre flas k e c1uipped with a reflux condens er and stirre:;.•. The 

mixture was refluxed for 2~. hours . The reaction mixture was filtered 

to remove the resin which v,as wa s hed with me thanol (3x100 ml.). 'l'he 

combined filtrate and wa shings were c oncentrated to c. 750 ml ., 

allowed to cool overnight a nd t han fiHere cl . The residue (-400 g .) 

·which consisted of a mixture of cl ano '(3 metbyl glucosides was 

slurried i n met h.anol ( 60 ml.) td; 10°c, arr: then f iltered to i i ve 

~ - methyl-D-glucoside (95 f!, , ) as the residue . This wa s r ecrystallised 

f r om ethanol (1000 ml.) . T:i-:: r.:; c;:cys~,9 lli:::or} p:.·odu c'.:; hd a :nelt ing 

point of 165-7°C and to,. J D 200 of + 151 °. 
The combined mother lic1uors were then concentrated to a thick 

syrup (c 200 ml .). This was di ssolved in hot eth8nol (500 ml.) and 

a solution of potassium acetate ( 200 g, ) in hot ethanol (1000 ml.) 

was added . The mixture was cool ed ovQ ..:·night in a refrigerator. The 

~ - methyl-D-glucoside/potassium a cetate complex (195 g . ) crystal~isea 

out and was removed by filt ra tion anJ washed with ethanol and acetone. 

The complex was dissolved in bot 1i1e ·~hanol ( 600 wl .) and a 

solution of D-tartaric a.cid (110 g . ) in bot ethanol (600 ml .) was 

added. After 1 hour the mixture was filtered through celit e 501 to 

r emove the precipitated pota ssium acid tartrate and the filtrate wa s 

concentrated to a thin syrup ( c . 150 ml.) and cooled • . @, - methyl-D­

glucopy~anoside ( 60 g.) crysta llised out and this was recrystallised 

f'rom ethanol to Give a p:.:•oduct ( ~.O g.) of m. p . 1os -111°c a nd [c:(J D200 

=: - 3li-. 8. 

J - ,.mfJk:6.Q.-1r~r!EJ2J:,_J1iETHYL- 2.3,!r-'.I'RI_::9..::.:iQ.l;;TYL-D-GLUCOPYRANOSIDE 

{d-Methylglucopyranoside (35 g . ) wtic; dissolved i n pyridine (200 ml . 

distille& o·ver P 2 05 ) and triphe,w lchloror.1ethane (53 g,) wa s adder). 

The mixture wa s allowed to stand for l.,S hours cmd t hen dry pyridi ne 

(300 ml.) and acetic anbydride (.~oo ml.) were added. 



~-
A:f'ter D f'urt he:...· 72 hours t h0 i;1ixcure was poured onto a ir.i .. xtt:::~ 

of ice and 1,ate:...· ~7000 ml .) .o-,ro a] lowed to at ·cain room temperatur0 . 

The aqueous phBse ·;:.3n r 'c';rno7rJcl and ..,,as:wcl witl1 diethyl ether (6x750 ml . ) 

The combi nec eth0reo:. :)hascs were addea to the solid material from the 

r ea ction 1r,ixture wl1ich dissolv:1d . The ethereal solution was washed with 

saturated a queous socl::..ur., bis:~~2..pha ·cc ( 3x20 ml. ), saturated aqueous sodium 

bicarbona te (~..:x:20 :nl . ) ana ·.vater (1ix20 r,11.) and then dried ovel" 

anhydrous sodiu..-n su::1.ph1::te before bcin;;:: evapo:cated to a syrup ,~hich was 

taken up in rnet banol ( 200 ol.) . 

A prccipits te (100 g. ) fo:r.rr:Jd v,hich was removed and wa shed ·with 

a srr.all amount of r;:-:/.:;bnol . 'rl1e soli d materia l i.-ms recrystolli~~a fror1 

absolute ethanol to give ne c- '.:'les ( /i..S g . ) of the p:coc:.uc:: ·c m. p . 1311--8°0 

G,l) ~oo = + 21, .• 5° (:b clilo::-ofo.~•m) . 

.A sa l!1pl3 (0 . 50 g. ) of the natm:-ie.l was dissolved in ethanol 

(20 rnl . ) and 1.0 M sodi.um hyar oxide (5 ml.) . 

The solution was heated t o ·.:,oiling i?Oin·c , cooled and titrated wi-ch 

c . 0 . 1 I< hydroclil.Qric acid . it b~ anl~ \"/c)s t ! 'eBted s i milarly. Th3 blank 

took 4-3 . 2 ml. of ocid V! l1ile 'ch() s :1 !:--pJ::; re c;nircd 20 . ~- ml. thenc •J the 

sample contained 5 . 3 ·WI E of acetyl gi'oups per g . cornpat•ed ni t h a 

theoretical value of 5 . ~r,E/g . 
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