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c CA B S T R A C T .  H s'»

An in v estig a tio n  o f the b iosynthesis o f  

phenolic g lucosides vivo and v itro  has been 

carried out. Introdnctory oxporiments using the 

broad-bean (Vicia faba) showed that a r e la t iv e ly  

higli y ie ld  o f mono y3 -g lu eosid es was obtained when 

phenols were fed to gem inating broad-boon seeds.

The mono -glucosideo of quinol, resorcinol 

and catechol formed in  th is  way have been 

characterised- Phenolic and a lcoholic  glucosicle 

d erivatives o f both o and ji-'W'droxybeasyl alcohols  

wore pno(uced» the phenolic derivative predominating 

in  the la t t e r  case and o-hydroxybenzyl -g lueoside in  

the former, and not the u ra lly  occurring phenolic 

glue0sid e , s a lic in . A p ossib le  route for the 

formation o f s a l ic in  in  p lants Is  d iscussed.

With two trihyclric phenols, pyrogallo l, and 

l,2,i^-trihyclï*oxybenz©ht, a l l  the p ossib le  isomeric 

mono -g lu cosid os were obtained, wi th 2 ,3 -  

dihydroxyphonyl -g lu eosid e predominating with



pyrogailo l and 2 ,4-dlhydroxyphonyl y3 -g lucoslde  

with 1 ,2 ,4 - trlbydroxybenzone. A p ossib le  general

mechanism for the formation of glueosides in  vivo  

i s  considered in  the l ig h t  o f these r e su lts .

The acid -so lu b le  nucleotide content of 

broad-bean seeds was examined in  an attempt to find  

tlie glucose donor for these syntheses. ITo d e fin ite  

conclusion could be reached but tljere were some 

in d ication s that uridine diphosphate glucose (UDPG) 

was present.

The formation o f mono yS-glucosidcs from 

phenols and UDPG or precursors o f UDPG in  the presence 

of wheat germ or bean enzymes were studied. There 

appeared to be a c lo se  s im ila r ity  between the 

glucosides formed by the iji vivo and v itro  

syntheses.

o-IIydroxybeazyl -fructofuranosido was 

formed from sa lig en in , and sucrose in  the presence 

of i  ivcrtaso; but -fructofuranosyl transfer to 

a phenolic hydroxyl group could not be accomplished in  

t!:ic way.

Acidic d eriva tives o f the mono -g lu cosid es



of the dlhydrlc phenols were detected . An 

in v estig a tio n  o f the structure of the acid ic  

d erivative  o f resorcino l y9 -g lueoside suggested that 

the 6 -p o o itio a  o f  the glucose was substitu ted  ozid the 

substituent was ten ta tiv e ly  id en tif ie d  as a sulphate. 

The reactions o f th is  compound and in  particu lar  

the action  o f a lk a li wore d i f f ic u l t  to in terpret so 

a model compound ,6 ’- to s y l arbutin, was synthesised  

and i t s  reactions studied.
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A large propox tio a  o f tlie aaturally  occurring 

lOT. molecular weigïit phenols in  plante e x is t  as 

g l y c o S i C e c .  Bourcuelot ( l )  stated  timt glycoeiûos 

were présent la  205 out o f tîie £31 species of seed 

plants which he examiiied. The general structure of 

t -e sc  cQapoUii..o i s

CVAC«.> o
\

c.^  
/  ^C-W(ow)------

R: -GIIgOH.H.Ciy ,00: H, 

R’ Aromatic

n. n: -  1-4

With only one or tv/o exceptioar. the naturally occ^nrrlag 

glycosides have y@ - lin n s  and tiie sugar i s  in  the 

pyraaose riix, form. The glycocidcs most frequently  

encountered are D-glucosides hut D-aad ^ g a la c to se ,D -
ZZ -5  —  S»

îüa.iiioco ,D -f rue to se , L-rhaonoso ,D -fucose, D-ecylosc, D-rihose
2B' 1B9I 9BB ##

aild ^arabinosG  liavo a lso  beon ieolatecl* Dioaccharide 

g lycosid eG have beea extracted from plant m ateria ls,for  

GxamplG geatioM osides ( 6 - 0 - -D-giucopyraaosyl-D-
I * 8  SBC

glucopyranosides) and rutinooidos (o-O-^-Xj-rhaianopyranosyl*



h

D-Clucopyranoslcle^^ while t r i -  and tetracaccharides 

have been iso la te d  from steroid  g lycosides . The 

cardiac g lycosides are -Jiown to contain deoxy sugars 

whici are not encountered elsewhere in  nature .

Among the substitu ted  phenyl g lycosid es, 

arbutin, the mono* yS-glucoside o f quinol , i s  mown to 

occur in  conjunction wit: notnyl arbutin in  plants  

including the ilrhutus and Pyrus fa m ilie s .

The blackening o f the leaves o f certa in  v a r ie t ie s  o f 

pear i s  tîiouglit to be due to enzymic hydrolysis of 

arbutin with the subséquent a ir  oxidation o f the 

resu ltin g  quinol to give a dark product .

The glucoside o f sa lig en in , whiCi i s  found 

in  the bark, leaves and flowers o f S alix  and Populus 

sp ecies , i s  s a l ic in  (o-liydroxymethylpheayl y3 %D- 

glucoside ) . Rabate, in  h is  biochemical study of the 

Salicaceae , showed that s a lic in  was present in  a l l

members o f the faiaily as trc predominant g lycoside. 

S a lic in  i s  frequently encountered together with a 

C-beazoyl d er iva tive , populin. The 2-benzoyl 

d er iv a tiv e , tremuloidin has a lso  been extracted  

from the bar. o f Populuo tromuloidcs.



The p ossib le  fonction  o f phenolic g lycosides  

in  p lants has long been a subject for  speculation* 

Frey-Wyseling in  h is  review of the subject 

l i s t e d  the follow ing f iv e  p ossib le  functions of 

g ly c o sid e s;-  reserves o f sugars in  p lan ts, control 

o f osmotic pressure, s ta b ilisa t io n  of la b ile  aglyconos,
{ O

d eto x ific a tio n  and action  as plant hormones. P foffer
(9)su gested that they formed sugar reserves and Bridol 

found tîiat g lycosides disappeared during tlic gcrnination  

of seeds o f annual plants* However, Kerstou^^^ 

stated  timt during the iifold ing o f tiie leaves the 

glucose o f aescu lin  disappeared oÂXLy from t!ie wood and 

buds of g a lix  f r a g i l i s  and Aesculus carnea and not from 

the bark o f twigs although i t  comprised l&f» o f the store  

o f sugar in  the la tter*  Starvation experiments showed 

that the glucoside sugar did not form an important 

resei*ve* iTeevers stated  tiiat s a lic in  had the

function  o f a reserve substance and was hydrolysed by 

sa lic in a se  o f the emulsin complex* He a lso  showed that 

s a l ic in  accumulated in  the leaves during illum ination  

and was depleted during darkness* At the present 

time i t  i s  s t i l l  not c lear  whotlier phenolic g lycosides



are important sugar reserves* The glucosides are 

probably not but other g lycosides o f rarer sugars 

may be important storage compounds*

Another theory i s  that g lycosides are only 

waste products of tl-.e plant metabolism but when

the v a r ie ty  o f g lycosid ic  residues i s  considered tr io  

does not seem fe a s ib le . For example, phenolic 

d eriv a tiv es o f D-glucose , B -galactose, L-arabinoeo, 

D-xylose and rutinosc are a l l  found in  apple skin*sss

The d eto ::ifica tion  o f plienols in  the plant 'ey
(14, 15)g lu cosy la tion  may be o f importance • Phenols

are u sua lly  lip o p h ilic  but they a lso  contain hydrophilic

groups and are tîierefore surface a ctiv e  compounds.

In view o f th is  they could be deposited in  tlie tonoplast

membrane which contains lip o id s  and consequently upset

the function  o f the c e l l  vacuole. G lucosylation,

however, would increase the hydrophilic character o f

the phenol and tl.e glucoside would pass into the c e l l  
(7)vacuole . Support for the d e to x ifica tio n  theory 

would appear to be given by the fa c t that beans

tagerminate more read ily  in  a so lu tion  o f arbutin than

in  an egulmolar so lu tion  of q u i n o l . I n  th is  way



glucosiac formation in  p lants i s  sim ilar to glucaronatc 

formation in  animals. The formation o f glncnronatee 

has a lso  been demonstrated in  plant material 

flavone glucuronates having boon Iso la ted .

Glycosides might a lso  govern the b io lo g ica l 

r e a c t iv ity  o f the phenolic portion of the molecule 

by determining which enzsrme can attack the phenol.

Some support for  th is  idea i s  given by the 

strophanthidin g lycosides whici'. have widely d iffer in g  

b io lo g ica l a c t iv i t ie s  depending:: on the nature o f the 

g ly co sid ic  group ^8)^ in  th is  covwection i t  i s  a lso  

in tere stin g  to note that in  grapefrniit|,2-0-^-L - 

rîiaraaoeyl-D-glucosidc o f diosraetin imparts a b it te r  

flavour to the fr u it  but the 6 -0 - /3-L-rhamnosyl-D-
—• /  ÎÜ5 SS

/ 1 Q N ' Î
glucoside i s  ta s te le s s .

Glycosides are accompanied in  the plant by 

sp e c if ic  hydrolysing enzymes Imown as glycosidases  

which cleave the g lycosid ic  bond of mono- -g lycosid es  

to give the aglycone and monosaccharide. Disaccharidases 

have a lso  been extracted from plant t issu e  (ghaixius 

and Viburnum sp ecies) which hydrolyse g lycosides o f  

primverose -xlopyranosyl-D -glucose)
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rutinose and n-vinylphenyl 6 -0 - /3 -D -aplosyl-D -glucosldo—• / m 3S
to give disaccharide and aglycone, in  each case.

The f i r s t  in v estig a tio n  of the b iosynthesis  

of phenolic g lycosides was carried out by Ciamician 

and Ravenna who fed maize seed lings with a

Solution o f sa lig en in  and claimed that s a lic in  was 

produced* In further experiments they claimed tîxat 

concentrated aqueous extracts o f maize seedlings  

and whole germinated maize or french bean seeds a l l  

converted sa ligen in  to sa lic in *  They a lso

replaced sa ligen in  by quinol and benzyl alcohol and 

ten ta tiv e ly  ouguested that g lucosides were formed with
(2k)these compounds*

M iller obtained 2-chloroGthyl*y3-D-glucoside 

from potato tubers, g la d io li  coras and wîieat seedlings  

by exposing them to ethylene chlorohydrin and

2 ,2 ,2 -tr ich lo ro e tiiy l^ -£ -g lu co 8 id e  from several 

d ifferen t p lants treated with cliloral îiydrate 

With both ch loral hytoate and o-chlorophenol he a lso  

obtained gentiob iosides (^9 , 26 )

Miwa and coworkers infused le a f  d iscs

with D-glucose and quinol and found that arbutin was

( r i )



produced. With v a n il l in  and salicylaldéhyde the

corresponding aryl g lucosides were again formed.

Replacement o f D-glucose by c<-j>giucose-l-phosphate

gave increased y ie ld s  but grinding the leaves caused lo s s

o f a c t iv i ty . D ia ly s is  o f c e l l - f r e e  preparations gave

an in a ctiv e  preparation but a c t iv ity  was restored on

addition o f ’yeast nucleotide' and adenosine

trlphoGpha te  (ATP).

The. uptake o f  aqueous so lu tions of phenols
(15)by broad bean slioots has been studied by Pridhaa

who found that ca tech o l,q u in o l,resorcin o l and

phorogluclnol were a l l  converted to the corresponding

mono /3 -g lucosid es. He found that phenol was highly
(31)tox ic  to the plant but ITystrom e t  a l fed traces

o f phenol to barley and wheat leaves and obtained

phenyl /3 -D -glucoside. Recently T revelloni
*  (33)h"B extended the work o f Meyers and smith ' and

has shown that arbutin i s  produced when quinol i s

Injected  in to  lo cu sts  and that nj-arainophenol i s  a lso

glucosylated  under these conditions. smith and Turbert^^ *̂'^

used 4-me thylum belliferone in  the same way and

obtained the corresponding g lucoside. Dutton and



(35)Duncan have shown that o-amlnopheaol Is

glucosylated  in  both beetroot and cocin?oach. The 

glucoside o f indole a c e t ic  acid was found by Zonk^^^  ̂

to be formed ?5ien op icotylo  of Pisum op. wore treated  

with the a c id . Hnrborne and Corner iso la ted

D-glucose e s te r 8 o f ^-coumaric, c a ffe ic  and fe r u lic  

acids from Anitirrhlnuia ma.lus loaves whici. had been fed  

with the free  acids.

Tlie f i r s t  glucoside syntheses in  v itro  were 

accomplished by Bourcuelot e t  a l

synthesised g lucosides o f a lcohols from excess D-glucoooas
with y3 -g lucosidase and a lcohols. S a licy l -  

glucoside was synthesised in  th is  manner , and

th is  compound was a lso  found» together with sa ligen in

and ^ g lu c o s e , when s a lic in  was hydrolysed by enzymes
”  (5) (42)from powdered willow lea v es, ' almonds, and broad-beans .

j5“Hydroxyphenyl -£ -gen tiob iosid e has been synthesised

by incubating arbutin with d lalysed  protein  préparatlon s

from trembling aspen (Populus trem uloldes) and

sweet almond and broad-bcan seeds Courtois and

Leclerc found tliat the glucose from ^  -D~

glucosides could be transferred to a primary or
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Gocon&ary alcohol group but not to a ter tia ry  

group by almond. y3-glueosidaGo. Synthesis of

phenolic glucooides v itro  could not be accomplished 

by simple transferase systems.

In lp50, L eloir and assoc ia tes  

iso la te d  uridine diphospiiate glucose (U I> P G ) 

during an in v estig a tio n  o f the interconvei sioxi of 

oC-D-galactose-l-phosphate  and o(^-I^glueosc-l-phosp2iate.

, , uridyl
(1) U D P G i-roC-D-galactose--^z:± Ü D P Gal.-v glucose-

\  ^ transferase ^

u 1-phosphate l-phospliate

galac t  owaldena se
(2) U D P G  — ^ n D P Gal.

The second reaction requires the presence of 

diphOBphopyridine nucleotide (D P N ) and proceeds 

via an inter#Gdiate U-keto d eriva tive . U D P G i s  

formed enzymically from ^ "^^glucosc-l-phosphato and 

uridine triphospliate ( U T P

pyrophosphorylase
(3) Ü T P-v* oc-D-giucose U.D.P.G. -V pyrophosphate

l-phoophate

Many reactions rdth U D P G  have been studied*

For example, L eloir and Oardini showed that the



oyntfccsln o f cucrone v ia  UDPG-  can proceed by two 
<53-55),_

(U) a D P G 4- D-fructoce ~ ij D P + aucpose

(3) U I P G + B-fructosG- — U D P tsucrooc phosphate

6-phosphate

la  the la t t e r  reaction  free sucrose could be formed 

by the action  of sucrose phoaphorylase. _ Trehalose 

phosphate i s  syathcsieed  from U D P G  and D-glucosc- 

6-piios: - Polysaccharides have a iso  been

synthesised from U D P G,for example^ a yS-1, 3-glucaa  

was obtained from a mng-bean seedling preparation

ed U
(57)

IkUEia la b e llsd  U D .P G, aod starch has boon syat' osised

by Ii-ïïloir ^  a l

Sugar nucleotides can a lso  serve as g lycosyl

donors to non-carbohydrate accentor molecules. Liver

microsoaes have been shown to transfer the D-

glucopyronuronosyl moiety o f U D P Glucuronic acid

to a wide variety  of aromatic and a lip lm tic  a lcoh ols,
(58 . 09 )carboxylic acids and amines .

As t  e ^ g lu c o se  residue in  U D P G  has an
SaS

oq-linkage, the formation o f y0-lialied polymers or
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^ -g lu c o s id e s  must proceed with inversion  o f  • 

configu ration  in  contrast to sucrose syn th esis  

whore the -lia lia g e  i s  reta ined .

The a c id -so lu b le  nucleotide content o f p lan ts  

has been in v estig a ted  by several workers. Only 

n u cleo tid es with a u r a c il base w i l l  be considered  

hero. Gabib and coworkers examined tlie

n u cleo tid es present in  yeast and iso la te d  urid ine  

monophosphate (U M P - 5 ' ) ,  UDP G-  and U D P -N -SS
ucetylglucosam ine. U D P d er iv a tiv es  o f  D -glucose,

D -galactose, D -sylose and D-arabinose were iso la te d
“  "  (61 )from aung-bean seed lin gs by Oinsburg _et ^  .

Using a d iffe r e n t  ex tra ctio n  technique Bergvist^^^'^^^

studied  the a c id -so lu b le  n u cleotid es present in  wheat,

barley , and oat p la n ts , and found U M P -5 * , U D P G

and 0 T P.Bdelaan^^^^ a lso  examined wiieat seed lings

with s im ilar  r e s u lt s . The presence o f U D P G in
(65)banana f r u it  was shown by Rowan' ' .

I t  T/ao decided to in v estig a te  the structure  

o f the g ly co sid es  formed when so lu tio n s o f various 

phenols were fed to broad-beans (V icia faba) in  order 

to determine the p o ssib le  s p e c if ic i ty  o f  reaction .
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These p la n ts  were se lec ted  because o f ease o f  

germ ination and because tte  seeds were r e la t iv e ly  

large  and e a s ily  handled. I t  was then planned 

to in v e s t ig a te  the ac id -so lu b le  nucleotide content 

o f the broad-bean in  an attempt to lo ca te  U D P G  

which was considered to be the l i ’œ ly  glucose donor. 

F in a lly  i t  was hoped to carry out in  v itr o  syntheses 

o f phenolic g lu cosid es and to compare the structures  

of these compounds witii those obtained from the 

in  v ivo  experiments.
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MA I N S B  C T I 0 N.

A prellrainary In v estig a tio n  vas carried  out 

to determine which organ o f the p lant and wliich stage  

o f development gave maximum glucoside formation in  the 

presence o f aqueous so lu tio n s o f phenols. Cut alioots, 

dormant and germinated whole seeds aaci iso la te d  

eiahryos and cotyledons were te s te d . I t  vfas estab lish ed  

tiiat bean seeds which had been allowed to germinate 

fo r  24 h r . , before feed ing with the phenols, gave the 

h igh est concentrations o f phenolic g lu cosid es. Extracts  

prepared from tliio  source a lso  contained fewer 

in te r fe r in g  phenolic compounds thus f a c i l i t a t in g  the 

separation and ch aracter isa tion  o f  the g lu cosid es. 

however,even the germinated seed ex tra cts  contained a t  

le a s t  20 other phenolic compounds in  addition  to sugars, 

amlno-aclds e tc .

Experiments using aqueous so lu tio n s  o f quinol 

at d iffe r e n t  concentrations showed that 1,5,w/v gave 

a high y ie ld  o f arbutin with l i t t l e  o f  the blackening  

o f the t is su e s  which resu lted  with liigher concentrations.

The addition  o f D-glucose to tlie phenol
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so lu tio n  appeareâ to liave l i t t l e  e f f e c t  on the y ie ld  

o f g lu cosid e and consequently i t  was not included in  

the large -scale preparations. Aqueous methanol 

(90,3, w/ v ) was used fo r  the ex traction  o f  the t is s u e s ,  

as the g lu cosid es were so lu b le  in  th is  so lvent and as  

fewer contaminating phenolic co n stitu en ts  were extracted  

than w ith , for  example, water. The alcohol a lso  

in liih lted  the attack  o f the g lu cosid es by yG-giucosidase 

a ctio n . Only the formation o f mono y^ -glucosides a:id 

a c id ic  d er iv a tiv es  was studied; the formation o f  

gen tioM osid es a:ui other dioacciiaride d er iv a tiv es  

of the phenolic compounds v/as not in vestiga ted  nor 

were the g lu cosid es formed by su b stitu tio n  o f noi»e than 

one phenolic hydroxyl group. This was to a great extent 

due to the d i f f ic u l t y  experienced in  separating small 

amounts o f  d i-  or trisacch arid e d er iv a tiv es  o f  phenols 

from other coiapone?nts present in  p lant ex tra c ts .

I t  i s  a lso  d i f f i c u l t  to lo c a te  accurately  

glu cosid es with no free  phenolic hydroxyl groups on 

paper chroma to gleams. D iasotised  jg-ni tro a n il ine/NaOH 

reagent (A) does not normally react with 0 -oubstitu ted  

phenols and reagents such as s i lv e r  n itr a te  (g) and



potassium periodstocuprate  (P) are not s p e c if ic .Sgj ~

The mono ^ -g lu c o s id e s  formed were id e n tif ie d  

by paper chromatographic and electrop h oretic  comparison 

w ith standard compounds, where these were a v a ila b le , hen 

none wore a v a ila b le , chromatographic and electrop h oretic  

m o b ilit ie s  were used to decide whether a compound was 

mono y3 -g lu co sy la ted . Mono- and d i-g lu co sid es  are 

rea d ily  d istin gu ish ed  by these methods, arbutin has 

Rp 0.1+0 and 0.51 and ^-hydroxyphenyl y^-gentiobioside RpO.O? 

and 0 .17  (so lven ts  A and B r e sp e c t iv e ly ) . Melting
3SS * *

p oin ts and mixed m elting p oin ts were obtained when 

p o ssib le  although most o f  the g lucosides examined did 

not c r y s t a l l i s e  and were read ily  oxid ised  by a ir  to  

dark coloured products. The presence o f a g ly c o s ic ic  

l in k  was shown by the fa c t  that glucose and the parent 

phenol were produced on treatment with acid . Glucose 

was id e n t if ie d  by chror+atographic comparison with a 

standard in  so lven t B using spray B. Two solvent
S  *■

eystoïta (a arid B) and standard compounds were usedSK SS
to id e n tify  the aglycones. H ydrolysis with  ̂ g lu c o s id a s e  

confirmed the coiifigxiration o f the g ly c o sid ic  bond, 

the glucose and the phenol produced being again
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id e n t if ie d  by cbromatogrnpMc methods.

Tine prs no'ice o f a beaseae r ing , fr e e  phenolic  

hydroxyl groups and adjacent phenolic Iiydroxyl groups were 

shoïm by u .v . measurements using recognised methods
(66,67)in volv in g  pH change and add ition  o f complcxiag anions.

The mono ^ -g lu c o sid e  o f quiiiol, ^  arbutin, 

has w ell esta b lish ed  p rop erties and. can be read ily  

c r y s ta ll is e d . The formation and structure o f compound 

( I ) ,  arbutin , obtained by feed ing germinated broad-beaix 

seeds with gp inol, were therefore examined in  some d e ta il  

(Experiment 1 1 .)  A firm id e n t if ic a t io n  o f  t i l ls  

compound suppox*fcs the structures proposed fo r  other 

^d-glucosidos vhich were le s s  sta b le  or wore obtalnod 

in  low y ie ld  and tinus could be oxasiaod only by 

in d irec t methods. Compound (I )  extracted  from the 

bean seeds Vcib c r y s ta ll is e d  and id o n tif ied  as arbutin  

by determ ination o f melti.:ig a k̂l mi.xed .melting p o in ts , 

a n a ly s is  and u .v , and i . r .  spec tropho tome try (hai).(l ) a lso  

gave a pontaacetyl dcriv.ntive with blie same melting  

Gjid "jixed m elting p o in ts and i . r .  spectrum as authentic  

pentaace.tyl arbutin (p ig .,.2 . )  and a coxroct a n a ly s is . 

H ydrolysis o f (I ) w ith botn acid  and ^ -g lu c o s id a se



Figure 1 I.R.Spectra
Extracted Arbutin
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Figure 2. I .E . Spectra. 
Extracted Arbutin Pentaacetate
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gave gl'acose aM cu iaol only. ConpapiGoa o f  the 

paper chrooatojîraphic arvl e lectrop h oretic  behaviour 

o f authentic arbatin  and (I) sho'eed that the t?/o 

conipouada were id e n tic a l . (Table )

/vTbutin was obtained from t ie  seedn in  

larger  y ie ld  than any other glucoside 300nig. f i’om llO g. 

(dry weight) o f dormant hean seeds.

ResorcJjaol y3 -g lu coeid c  v/ac not ava ilab le  

coraîaorcially so an atterajit was made to synthesise  

the pentaacetyl d er iv a tiv e  using the method o f Bembry 

a-'d Powell The y io ld  was casall, but de-

a c é ty la tio n  gave s u ff ic ie n t  reso rc ia o l -g lu cosid e  

fo r  cliroaatographic and electrop h oretic  comparisons 

w ith compound (I I ) , which was extracted from bean seeds 

which had been fed with reso rc ia o l. The synthetic  

product had the same Rp and values as compound (II )  

(Table I. ).

A nalysis o f freeze-d ried  compound ( I I ,), gave 

the correct molecular formula. Hydrolysis with acid  

and ^ -glucQ sidase y ielded  resorcln o l and glucose a?id 

the u .v . spec trim: showed a s in g le  sharp peak a t 271 m ^. 

There are few references to the mono



TABLE 1 .

Compound Solvent 

(Rp values)

Buffer 

(%^ values)

A. B . A . B. c . D.

Compound ( l) 0 .47 o,U3 0.22

/

0.16 0.00 0.00

Arbutin 0.48 0.45 0.22 0.16 0.00 0.00

Compound ( I I ) 0.50 0.47 0.43
i

! 0 .34 0.00 0.00

R esorclnol /? -  
glucoside ' 0.51 0.47 0.4iL

’

0.35 0.00 0.00

Compound
( i l l ) 0.61 0.59 0.40 0.41

j

0.00 0.00

Catechol /3- 
glucoside 0.62 0.59 0.41

1

' 0.45

1

0.00
1

0.00
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gluooBide o f catechol in  tlxe lite r a tu r e  

Some impure ca te c -o l 2 ^3?4f6-tetra-O-^acGtyl^ 

glucoside war acety lated  ana then de-acetyiatecl to 

give the g lu cosid e. Chromatographic and e lectrop h oretic  

comparioon o f th is  compound with compound (III )  

obtained from bean seeds ĵ êhowed that they were 

id e n tic a l (Table \ . Oomponnd (I I I )  was liyclrolysed

w ith both acid  and y3-glucosidase y ie ld in g  catechol 

and glucose.

Two mono g lu cosid es, compounds (TV) and

(V) in  the approximate proportions of 3 :1 , wore 

obtained when p yroga llo l was fed to broad-bean seeds 

(Bsperiaent 14). Compound (IV) gave a brown coloured 

complex v;ith molybdate ions and, load a high 

e lectrop h oretic  m obility  in  buffer G but was immobile 

in  a ceta te  buffer (^) o f the same pH. I t  was a lso  

v is ib le  as a brown spot on paper chromatograms 

treated  with molybdate and moved very slowly v/hcn 

these papers were developed vd.th so lven ts A and B.

Only compounds possessing an o-dihydrozy grouping 

w ill  complex iruler th  se co n d itio n s .(70/ compound (V) 

was unaffected  by the presence o f molybdate on paper



TABLE 2.

1 Solvea't Paper Rp values  

Compound IV Compound V

A. Normal 0 .37 0.52

molybdate 0 .0 3 * 0.55

B. ■ Normal 0 .37 0 .6 1

polybdate 0 .1 2  * 0.32

Buffer PS Mofl values

A. 1 0 .0 0 .5 6
;

0 . 1|6

B. 1 0 ,0 0.43 0.33

C. 5 .0 0 .6 9  * 0 .0 0

D. 5.0 0.08 0 .00

* Soot
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chronatograrao a;iû did not move oa electrophorcois  

in  buffer Ç (Table % )

Both, compounds y ielded  p yrogallo l and glucose  

on h yd ro lysis with acid  and ^-glucoG idacc.

Further p :oof o f the structures o f the compounds 

was obtained from th e ir  u .v .sp ec tra . Bathoclu’omic 

s h if t s  o f  the maxima o f both coapou;iàs were observed 

on add ition  o f hydroxyl ions but on addition  o f borate 

ions to t le s e  so lu tio n s a hypsochromic s h if t  was 

observed only with the spectrum o f compound (IV).

Borate ions complex with 2 - l̂^%^^roxy groupings and
'' (67)produce a s r i f t  towards the u .v . end o f the spectrum.'

Compound (IV) must t ie r o f  ore be 2 ,3 -  

dilydroxyphenjr'l ^ -B -.g lucoaido and compound (V), 

2 , 6-dihydro:{yphenyl ^ -J> gla icoside.

Extracts prepared a fte r  feeding 1 ,2 ,4 -  

triliydroxybenze.ne to broad-bean seeds contained ti rce 

corapoiuids (VI), (VII) and (VIII) resembling mono- y3 -  

glu cosid es on cîn?onatosraas , in  the approximate 

proportions o f 6 :2 :1 . Hydrolysis of compbunds (VI) 

and (VII) with both acid and y3-g lu cosid ase yielded

l,2 ,4-tril:ydroxybeasonc and glucose. In su ffic ie n t



TABLE 5>

Solvent

(VI)

Compound 
(Rp values )

(VII) (VIII)

A 0.51

1
i
1

0 .4 0 0 .3 3

A -V raolyMate 0 .5 5 0 . 06® 0 .3 4

B 0.40 0 .3 0 0.49

B + molybdate 0 .45 0 . 05* 0 .5 0

Buffer Mra value0

é 0 .4 6 0 .5 0 0.78

I B 0 .4 2

g 0 .0 0 0 .7 7 0.45

£ 0 .0 0 0 .0 5 o.kh

♦ brown c^ot v is ib le  before spraying.



(V III) could be extracted  i i  a pure s ta te  for  

liydroljrsis. This m aterial a lso  seemed to be more 

unstable tliaa (VI) and (V II).

Compound (VII) gave a brown complex on 

paper chromatograms buffered with molybdate ions 

and a high value was recorded on electrop h oresis

in  buffer C. Compound (VII) was stationary in  buffer

g  (Table 3  ) .

A s h if t  o f  the absorption maxima of both 

compounds (VI) and (VII) was observed on addition of 

a l t o l i  to th e ir  so lu tio n s . Subsequent addition o f  

borate ions induced a hypsociiromic s h if t  in  the 

spectrum o f (VII) thus confirming the presence of an 

o-dihydroxy grouping. The absorption maximum of

(VIII) disappeared on addition  o f a l l îa l i .

Oxidation o f a l l  three compounds with a 

so lu tio n  o f fe r r ic  ch loride follow ed by chromatographic 

examination, sliowed that only compound (VI) was not 

ox id ised  and therefore did not possess a p o ten tia l 

quinonoid stru ctu re.

Méthylation o f compound (VI) was carried out 

using diazo-aethaae; previous attempts to obtain a
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methylated phenol with g,g-dimethylformamide, methyl Iodide and 

s i lv e r  or hariura oxide were unsuccessful. Hydrolysis 

o f  the g ly co e id ic  bond o f  the aetîqriated product was 

follow ed by ciu?omatographic examination o f the products 

using 2 ,4 - ,  2 , 5-  aM 2 , 6-dimethoxyphenols as 

standards. A compound co-cîiroraatographing with

2 , 4-dimetho3(yphenol and g iv in g  tiie same blue colour 

with spray A was p r e s e n t .•

A control m éthylation and liydrolysis of

autl$)ntlc arbutin under the same conditions yielded

quinol monomethyl eth er. Bxami.iatlon fo r  methylated

d er iv a tiv es  o f ^ g lu c o se  showed that in  both experiments

only p a r tia l m éthylation of the sugar moiety liad 
(71)occurred' ;

Autlientic 2 ,5-dimethoxypheaol was synthesised  

as fo llo w s. The'sodium sulphonate o f quinol 

dim etl)yletner was obtained by d ire c t sulphonetlon of 

the dimethyl ether. The id e n tity  o f th is  corapouM 

was checked by preparing the ^ to lu id id e  d er iv a tiv e .

Fusion o f the sodiuia sulphonate with a lk a li ,  

chloroform extraction  anci chromatographic examination 

o f the products showed the presence o f ■ compound
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whic. sta ined  blue with the diaao spray A, and, had 

cliroaatographic properties tyi>ical o f a diiaethoxypheaol 

The eviderice strongly suggests tliat compouids

(VI) , (V II), and (V III) have the structures shown 

below:-

r r r
( ]

,OH

( V ( T
V V V

OH
I

OH

( v \ )

_£-Dihydroxy groupings arc more read ily  oxidised to  

ji-benzocpiaones than a corresponding Ô-dihydrox;’’ 

compound (^2 ) ,  This fa c t  may account for the apparent 

in s t a b i l i t y  o f compound (V III).

S a lic iu , the -g lu cosid e of sa lig en in , i s  

widespread in  plant t is su e s  but in  the course o f the 

present stu d ies  (Bxperiments 17-19)^ i t  was found that 

sa lig e n in  was converted predominantly to s a lic y l  

y<3 -g lu co sid e  (IX) (2-hydroxybenzyl -^ g lu c o s id e )  

by germinating broad-bean seeds. Compound (IX) was 

id e n t if ie d  by hydrolysis to sa lig en in  and glucose with  

both acid  and y3 -g lucosidase and by chromatographic and



Table 4.

I
Solvent Sp valneo

S a lig enin S a llc y l/3- 
___________I glucoaide

S a lic in Oomnoimâ Comaound
 ̂ ü a _ i

0 .89 0.560 .59 0.59 . 0 .55

0 .89 0.50

0.78 0.?30 . 1

Msa 7alneeBuffer

0.000.28 0.290.81 0.00

O.CX)0.270.000 .270.30

0.00OiOO0.000.18 0.00

0.000.000.000.000 .09
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e lectrop lioretic  exaalnation using authentic  

s a l ic y l  -g lu cosid e  as a standard. Authentic 

s a l ic y l  -g lu cosid e  and compound (IX) both gave a 

red colour with the diazo spray A. A small quantity
IBS! ““

o f s a l ic in  (X) was detected  in  the bean estra c t by

viewing the paper chromatograms under a short wave

u.v.lamp,when i t  appeared as an absorbing spot.

S a lic in  does not react with the diazo spray.

Separation o f compound ( x )  from the extract was

achieved by chroma tograpïiy in  solvent A, e lu tio n  o f

the band, containing both compounds (IX) and (X) and,

f in a l ly  fra ctio n a tio n  o f those two compounds by

paper e lectrop h oresis  in  buffer A. Compound (X) hasss
no fr e e  phenolic hydroxyl group and i s  therefore  

o lec tro p h o retica lly  iramobile. yg -G lucosidase 

h yd ro lysis  o f  t li is  compound y ie ld ed  sa lig en in  and 

glucose and the Rp and values o f  (X) were tlie same 

as those o f authentic s a l ic in .

Addition o f a lk a li to a so lu tion  of (IX) 

caused a bathociiromic s h if t  o f  the absorption maximum, 

îîeu tra lisa tio n  o f the a lk a lin e  so lu tion  o f (X) 

obtained a fte r  e lu tio n  o f the compound from
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TAIg,3 5 .

Conoound Absorption maximum Addition o f  
hydroxyl long

S aligen in 275m ^
S a lic in 268m 268m jjc

S a lic y l-  y3-gl ICO aide 27ÎHn ^ 297a ^
2 -hydroxybonzyl
alcohol 277m ^

^-liydroxyao thy 1 
phonyl y^glucocido 26ii® ^ 26i;m ^

j3-Hydro:;y'oa.n.zyl
y^-glUCOBlde 279m ^ 290a jA.
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eleobropitofetograas c.useû no change In the p o e ltlo n  

o f the absorption maxlmim (Table 5  ) ,  • o n ly  compouncl

(IX ) can therefore p ossess a free  phenolic hydroxyl 

group. 'This i s  a lso  supported by the reaction  o f

(IX ) but not (X) with the diazo reagent (A). Rebate 

and Raaart-Lucas showed that su b stitu tio n  o f  

phenolic hydroxyl groups resu lted  in  a Iiypsochroraic 

s h if t  o f the absorption maximum whereas su b stitu tion  

o f an a lco h o lic  hydroxyl group in  an aromatic ring  

îiad l i t t l e  e f f e c t .  As can be seen (Table 5- ) the 

spectra o f s a l ic y l  ^  -g lu cosid e  (IX) and s a lic in  (x )  

are co n sisten t with these observations. The stTOcturc 

o f  compounds (IX^ and (X) are therefore as shown below:

0""
(ü )  m

Ciamician and Ravenna(^2) stated  th a t s a l ic in  

\7as formed when sa lig en in  was fed to maize seed lin gs. 

In view o f the r e su lts  obtained with bean seeds i t  was 

decided to repeat th is  I ta lia n  work (Experiment 19)
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using laaizG seeds a t various stages o f  growth. In 

a l l  cases s a l ic y l  -g lu cosid e  (IX) was read ily  

formed but s a l ic in  could not ho d etected . Ciamician and 

Raveana id e n tif ie d  s a l ic in  in  th e ir  experiments by 

m elting p o in t, carbon and hydrogen a n a ly s is , the 

formation o f a reel colour wiUi sulphuric acid and 

enzymic hydrolysis to sa lig en in  and glucose. Ho 

c r y s ta ll in e  s a l ic y l  y3-g lu cosid e was ava ilab le  for a 

m elting point determ lnrtion hut th is  g lucoside i s  isomeric 

with s a l ic in ,  i t  g iv es  a red colour with sulphuric acid  

and y ie ld s  the same products on hydrolysis with

-g lu co s id a se . I t  seems probable, therefore, tliat the 

compound extracted by Ciamician and Ravenna was s a lic y l  

y<3 -g lu co sid e  and not s a l ic in .

'"hen willow shoots were kept in  an aqueous 

so lu tio n  o f sa lig en in  and then extracted , s a lic y l  

y<3-glucoside and s a l ic in  were found. The la t te r  was 

a lso  present in  a control ex tra ct, however. This r e su lt  

may imply that sa lig en in  i s  not the precursor o f  

s a l ic in  in  the w illow . I t  i s  p o ssib le  that sa ligen in  

fed ex tern a lly  docs not reach the correct s i t e  o f  

sy n th esis . Another p o s s ib il i ty  i s  that s a l ic in  i s
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foraod vjVS,.., siiiicliaic acid*. The "biosyntlietic patliuay 
o f the la t t e r  i s  (74-7^)
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SM iîlaic acid  i s  Imowa to be a prccursop o f  

protocatecliuic acid ( 3 , 4-dihydro%'bensolc acid) 

and i t  has been proposed that cinnamic acids are a lso  

formed from th is  same precursor Quercetin was

formed when T>-coui3aric acid  was fed to buck-wheat 

p la n ts . The flavonoid  skeleton  i s  'sM?ra to be ■

derived from the condensation o f tliree acetate u n its  

with a CgOj fracment synthesised  from sh ik ia ic  acid*

I t  i s  p o ssib le  that s a l ic y l ic  acid i s  formed 

in  the w illow  and g lu cosy la tion  o f the phenolic 

hydroxyl group occurs a t  that stage with subsequent 

reduction of the acid to the corresponding a lcoho l.

No reference to a glucoside o f s a l ic y l ic  acid  could 

be found but h e lic in , o-formylphenyl- â  -D -glucoside,/ 35
and v io lu t ln , o-carboxyraethylphenyl “6- 0-  

arab in osy l-y )-P -g lu cosid e , occur in  Snirea and V iola  

sp ec ies  resp ectiv e ly  Ibrahim and Towers

have shown that the fo llow ing re la tion sh ip  may e x is t  

between s a l ic y l ic  acid  and other aromatic acids in  p lan ts. 

(P ig. 5 ) .



In t ere onver g ion s o f  Aroimt i c  Acids 
in  P lan ts

OH

ac id

O2H

benzoic
acid

H

OH

OH

o-pyrocatechuic
acid

OgH

OH

HO

salicylic 
acid

H

gentisic
acid
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These reac tion e i^occur even in  thoce p lants which do 

not contain  these acids in  e ith er  free  or hound forms, 

Ibrahim and Towers therefore oug^est that

s a l ic y l ic  acid may be a common m etabolite o f p lan ts.

_2»Iîydro:iqrbenz,7 l  a lcohol was unobtainable a t  

the s ta r t  o f th is  study so i t  was synthesised  by 

reduction o f ^-hydrojjybenzoic acid with lithium  

aluminium hydride (LAH). The low y ie ld  obtained 

by th is  reaction  was probably due to tlie formation of 

an Insoluble compound between the reagent and sta rtin g  

m aterial which i s  then only slowly reduced.

S a ligen in  may read ily  be obtained from s a l ic y l ic  acid  

by th is  method in  99^ y ie ld .

When £-hydroxybenzyl alcohol was fed to bean 

seeds by placing, them on cotton  wool moistened with a 

so lu tio n  o f the phenol, the glucoside formed ?/as 

2 -hydrozymethyIpheny 1 -g lu cosid e  (XI). I f  bean

seeds were p a r t ia lly  covered with an aqueous so lu tion  

o f  the phenol, however, o-hydroxybenzyl ^  -g lu cosid e  

(XII) v/as a lso  obtained but in  lower y ie ld  than (XI ) .

Compound (XI) was v is ib le  on paper chromatoetraras 

and electrophoretograms (Table U ) as an absorbing
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band under a abort wave u .v . lamp but could not bo 

detected  witl. spray A. Compound (XII) on the other 

hand gave a piaii-purple colour T/ith spray A.

H ydrolysis o f  compound (XI) with both acid and 

y3 -g lu cosid ase  y ie ld ed  £-iiydi*osybensyl alcohol and 

glu cose. Coapound (XI) had sai absorption, maziaum 

of 266s  which was unaffected by a llia ii^ thus 

confirming tliat the phenolic l%^drozyl group was 

su b stitu ted .

£-Hydro:iybenzyl -g lu cosid e  was syn tlesisod  

by the biochem ical method o f Bourquelot and Herlssoy^^^^ 

using excess B -glucoso, yâ-glucosidase and the phenolic 

a lco h o l. -G lucosidase w ill  not ca ta ly se  the 

g lu co sy la tio n  o f phenolic hydroxyl groups.

The product gave the same pink-purple colour as (XiO 

with the diazo spray (A) and was liydrolysod with both 

acid  and yi3-glucosidase to ^-hydroxybenzyl alcohol 

and g lucose. The spectrum of the- compound Imd an 

absorption maximum a t 27'Mj*-î addition  o f alto?.li 

caused a s h if t  to 290a s h o w i n g  that the compound 

contaiaed a free  piienolie liydroxyl group. The Rp and

valu es of th is  compound and the extracted compound
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(XII) were ia e n ticn l (Table W ). la a tx fllc len t  

coiapound (XII) war. obtai^ied from bean eoeds for  

further charac t e r l sa tlon .

A couGicleratxon of tiie u .v .sp ectra  o f  

compounds (XI), syn thetic  (XII) a;xl j>-hydroxybenzyl 

alcohol shows that the absorption maziaura o f (XI) i s  

c lo se  to tliat o f  the parent phenol w h ilst that o f  

compound, (X li) i s  sh ifted  towards the u .v.end o f the 

spectrum. These r e su lts  are again sim ilar to those 

obtained with the glucosidet o f  sa ligen in  and agree 

witii the observations o f Rebate and Ramart-Lucas^^^ 

regarding the su b stitu tio n  o f phenolic and priiaary 

I'iydroxyl groups (Table S ) .

The tv/o g lucosides (h i) and (XII) must 

therefore possess the formulae shown

~ S



M-3.

Prom these r e su lts  i t  appears that véiea 

only a small quantity o f phenol was present in  the 

t is s u e s ,  g lu cosy la tion  of the phenolic hydroxyl 

group occurred predominantly, but as the ,concentration  

o f tlie phenol increased tlie a lco h o lic  group was a lso  

glueosylatod .

G lucosylation o f the phenolic hydroxyl 

group occurred when_2~hitropheaol was fed to oroad-fcean 

seeds. The g lucoside formed (X IIl) could be detected  

on paper chromatograms by reducing i t  to the amine 

with TiC lj and subaeguoatly spraying with S lir lich 's  

reagent (^-dime'thylaminobenzaldetiyde) , Hydrolysis 

w ith acid  and yG -g lu cosid ase y ielded  jg-aitrophenol 

and g lu cose. The u .v . spectrum o f the compound was 

scanned and a s in g le  sliarp peak found a t Sghmyu. 

Compound (X IIl) was o lectrop h oretica lly  immobile in  

a l l  bu ffers used. The attempted formation o f a 

glu cosid e o f 2 , 4-d in itrophenol using broad-bean seeds 

was unsuccessfu l. This may have been due to the 

in a b il ity  o f  the phenol to penetrate the t is su e s  or 

to the extreme in s ta b il i ty  of such a glucoside.

The experiments have shown that dihydric



phenols are read ily  converted to mono y^~glucosldes 

by broad-boan seeds. With the two tr iîiycr ic  phenols 

which were exaained i t  was evident liiat one Isomer in  

each case was formed p re feren tia lly  altiiough a l l  the 

th e o r e tic a lly  p o ssib le  isoiaers were present.

The enzymic hydrolysis o f  y9-glncosides i s  

imown to proceed v ia  hexose-oxygea f is s io n ,

Biinton and co-worhers and recently  Banfs and

a sso c ia te s  have shown tiiat acid-cabalysed

liyd ro lysis  o f aryl yd -g iacosld es a lso  involves f is s io n  

o f tlie hexose-oxygen bond with formation of a 

carbonitua ion .

CHiOM

OHOH
HOH o

OHOH OH

H

I
O-

CH^ûH

HO

CHzOH

oH
HOHHO

OH

i H o H

■ f a s t
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I f  enzymic sy a th esis  proceeds by a sim ilar mocfcaaism

then syn th esis  o f oligosaccharides aM g lycosides by

tpanaglycosylation  may a lso  involve attach  of an

acceptor molecule toy an e ie c tr o p h ilic  agent. Tims

cen tres o f  high e lectron  density  ^  phSiiate ion s,

w il l  toe glucoaylated most rea d ily . Using th is

assumption i t  i s  p o ssib le  in  many cases to understand

why certa in  phenolic groups are glucosylated  more

rea d ily  than others toy t ie  bean seed. For cxaanle,

p yroga llo l in  vivo gave 2 , 3~di>iydroxyphenyl y 3-

glucooide in  greater y ie ld  than 2 , 6-di'ydroxyphenyl^  -

g lu cosid e . This i s  to be expected because the

hydroxyl groups on 01 and 03 o f the ring are more

d isso c ia ted  than the hydroxyl on 0-2. Méthylation

stu d ies with p yrogallo l using e ith er  dimothy1sulplrnte

or methyl iod ide in d ica te  tliat the hydroxyl groups on

0-1 and 03  are the raost reactive towards e ie c tr o p h ilic  
(83)agents.

The formation by the bean o f s a l ic y l  y 3 -

g lu cosid e , in  preference to s a l ic in ,  from sa ligen in  

may a lso  bo due to e ie c tr o p h ilic  attack  on the most 

rea d ily  ion ised  hydroxyl group. Hydrogen bonding occurs
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in  sa lio sn in  as shov;:i bo lo r : -

thus f a c i l i t a t in g  proton rs lca se  fron tlie a lcoh olic

group by s ta b il is a t io n  of the a lk o x ile  ion. The

alcohol group in  sa lig e n in  i s  .imonn to be highly

rea ctiv e  ^  on heating s : lig c a in , 2 »2 *-iihy^roiydibenzyl
(39)ether i s  formed»

The phenolic hydroxyl gronp was glucosylated  

almost ex c lu siv e ly  in  the case o f ^--lydroxybenayl 

alcohol» With tills  compound i t  may again bo 

postu lated  tliat g lu cosy la tion  occurs predominantly by 

su b stitu tio n  a t the phono.te ion. The tendency of the 

compound to fo m  tills  ion is  greater than i t s  

tendency to give an. alkoxidc ion. Tl«e aesoncric 

e f f e c t  o f primary alcohol group i s  not l ik e ly  

to be strong enough to suppress, s lg n if ic a n tly , the 

Io n isa tio n  o f the phenol.

With l , 2 , 4*-triliydroxybensurie the r e su lts  are 

more d i f f i c u l t  to explain . Three mono /3 -g lu co sid es



Msore forced out 2 , 4-dll^rdrozyphenyly^glucoslde was present in  

the  ̂ ig h est concentration in  the seed, ex tra cts . I f  the 

precedlnfs arguam t i s  carried over to th is  phenol 

then 2 ,5 -  and. 5 ,4-dinydroxyphenyl glixcooides would 

"be expected to he produced hy attack o f an e lo ctro p h ile  

on the raost read ily  ion ised  hydroxyl groups ig  tliose 

on cartoons 2 aM h o f ti.e ring. However, tiiase la t t e r  

glu cosid es were present in  the lowest coaco.ntratlon 

in  the seed ex tra cts . I t  i s  not Impos s lh le , how ever, 

that a l l  three g lucosides were formed hut those 

p ossessin g  o - and 2̂ -dlîi.ydroxy groups the 2 , 5-  and 

35k~dlhydroxyphenyl y3-gluc.nsides were o x id a tive ly

decomposed chem ically and/or eazya ica lly  (jcf the 

actio n  o f FeCl^ on these g lucosides p su .̂).

Oxidases and peroxidases are known to occur widely 

in  p lant t is s u e s . I t  might fur tlie r be postu lated , from 

the redoat p o ten tia ls  o f  and j)-heazoqulnones 

(louq.. 0.732 a.id 0.693V. ro sp ectiv o iy ), tliat the 

3 , h-diliydroxyphe.iyl y 3»giuG0Glde would be more stab le  

to o x id isin g  agents tiian the 2 ,5 -iso a er . Tills 

explanation could account for the r e la t iv e  concentrations 

o f the three isomers ^  3»h-'^ 2,5-';^
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y3 -e‘l;icosic1© in  the oxtraots.

G lucooylatioa o f tha phenolic iiydrox'/l 

group a lso  occurred v/ith ^“Sdtrophenol; tlic presence 

o f tne Jiitro gi-onp s ta h i l i s e s  t ie  plionate ion in  th is  

case .

The r e su lts  o f th is  steidy cu'^gest that the 

g lu eo sy la tlo g  system o f  tW seed i s  u n sp ec ific  but 

that the reaction  laay be to some extent controlled  

by the reEictivity o f tlie liydroxyl groups. S ter lc  

considérations may also in  some cases play a part 

but theso e f f e c t s  were not apparent in  th is  present 

worn. v a lid ity  o f the ly p o th esis  needs to be

tested  by feeding a wider v a r ie ty  o f phenolic compounds, 

bearing in  mind the c o i^ lic a t io a s  which raay a r ise  due 

to in s ta b i l i t y  o f some g lueosides ajvî lack o f  

penetration  o f tiie t is su e s  by certa in  phenolic compounds.

I t  was slaowa that g lu cosy la tlon  occurred vâim 

phenols were fed to germinating broad-beaa seeds and 

therefore i t  was decided to in v estig a te  the imture 

of the glucose donor in  the seeds. Recent xiovlt liad 

shown that many g lu coaylatioa  reaction s involved  

urid ine diphospiiate glucose (UDPG) .



The sepax*at;lon o f ribonucleotides usloig an

anion-exchange re s in  and e lu tio n  with acid contain ing
/

increasing  concentrations o f a s a lt  of the acid  was

first developed by Goto Cabib et ^  (^0)
extracted  n u cleotides from yeast with etloaaol eaid

p rec ip ita ted  the® w ith mercuric a ce ta te . The

p r e c ip ita te  was then decomposed with ligS, ana

separation  o f the nucleotides achieved by the use of

a colron o f l)owcx-l (Cl“ form), which was eluted  with

in creasin g  ooijcentrations o f ^G1 and h a d . Ginsburg
(6 1 'and co-w oriars  ̂ / used a sim ilar leethod for

in v e stig a tin g  tiia nucleotides in  muag-beazi seed lings  

9J.X& Rowan with banazri n u cleo tid es. 3ergv.tst^^^^

extracted  wheat, M r ley  and oat p lan ts with ic e -co ld  

1Ĉ« percliiox’ic  ac id , adsorbed tire nao loo  tid es  on n o r ite  

and then elu ted  them with agiieous etiuinoi containing  

coac.aaisonia. Tne so lu tion  oas f in a l ly  adsorbed on 

Dowex-1  which was eluted  with a oolu t ion of formic 

acid  and sodium foriaate. Ideliaaii^^^*'  ̂ extracted the 

n u cleo tid es from wheat seed lings by preparing an 

Gthanollc ex tra ct, passing i t  througii a squat carbon 

column and e lu tin g  with aqueous ethanol. This method
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was tr ie d  w it. out cue cere 1 1 t i l s  pro re a t study.

The îaethoî.’ f i: ia lly  adopted was that o f Cabib

ot and an extract prep red o f bean seeds

wl'lcb had beeri allowed to gem inate for 6 days, A

Sim l i f i e d  e lu tio n  procedure was employed, however,

as the nucleotide o f main in te r e s t  was rjDPG. O.OOfW-HCl

was used i n i t i a l l y  as the eluent and then O.OIJ-HCI
«0*

w ith increasing conccntr tio n s o f NaCl(0,OIN-0.03N).

Fig* shows the absorbance a t 260m^ p lo tted  

again st the numbers o f the fra c tio n s  c o lle c te d .

The purine and pyrimidine n u cle i absorb strongly in  

th is  region o f the spectinim. Comparison o f th is  graph 

with those o f Cabib and o f Ginsburg and a sso c ia tes  

enabled the nucleotidos to be te n ta tiv e ly  lo ca ted :-  

peak I would be expected to contain adenosine 

monophosphate (M P-S’ ) and DPiî: I I ,  UîîP~5’ and guaaosino 

monophosphate (G?IF-5’ ): I I I ,  adenosine diphosphate 

sugar (ADP-^sugar) with some adeaocine diphospliate (ADP) 

and AHlP-3 :̂ IV, mainly ADP; V, UBP-sug rs with some ÎJDP 

and UMP-3 * : VI, UDP-sugaro and UBP.

Concentration o f the ex tracts was attempted by 

adsorption, Oil scuat crrbon co l irons, o f the nucleotides
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m

Figure 4 . Separation of nucleotides on a res in  column.
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but chromatographic examination o f the ethanol 

e lu a tes  o f  those columns did not reveal anji’ ODPG 

even a'îter conccnti>ation. There may have been 

In su ff ic ie n t  UDP0 present to he detected und.cr u .v . 

l ig h t .  I t  i s  nnown that acid w il l  lîyûrolyse 

n uclootid es a.&l a coaiJound with a higîier Ry

value than ODPG was v is ib le  under u .v . l iÿ t it  which 

may have been a iiydrolysis product.

Abdol-Wahab and El-Kiimwi published th eir

work on the a c id -so lu b le  n ucleotides o f  V.faba w h ilst  

th is  present study was in  progress. Perchloric acid  

ex tra cts  of h week-old bean p lan ts were used and. the 

procedure o f B ergvist follow ed. Ten nucleotides

in  a l l  wore id e n tif ie d  including a Tjpp sugar 

d er iv a tiv e  which was present in  low concentration. 

Comparison o f the graph shown in  Fig. Ly. wit!i that 

published by ■ bdel-r-^.hab and Sl-Kinawi sliowed th at, 

with the exception  o f peak 111 Milch i s  smaller in  the 

published graph, the r e la t iv e  concentrations o f  

n u cleotide fra ctio n s  were very sim ilar . The authors 

sta ted  that only a low y ie ld  o f nucleotides \7as 

o tained but in  a la te r  note claimed tîiat 2
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woek-oia soGcHiiOgs gavo a maxlaaa y ie ld  of ' .

n u c leo tid es. The UDF sugar d er iva tive  ,\?hich was 

probably in  the taain UDFG-, was not furthoz’ 

id en tif io d ; the concentration of th is  conpouad at 

d iffe r e n t  stages o f develapaoat was fouM to he 

as fo llow s

Dormant seeds 1 st 2nd 3ï*d hth week of
germination

UDFK 0 .08  . 0 .22 0 .50  0 .24  O.Sh^molcs

The concentration o f the UDF sugar 

d er iv a tiv e  reached a laaxiaua a fte r  tiie second week of 

germination and t li is  may explain  the poor y ie ld  o f  

UDPG in  the experiment described lie re in . Tlie bean 

seeds used in  the- current w r k  were 6 days old an.': a t  

th is  stage AMcl-waiiab ana Dl-himiwi found tlie lov/ost 

concentration of'UDPX’ . ' I t  seems probable tliat at

th is  stage o f germination the metabolic pool contains 

only very l i t t l e  UDPO and other UDPsugarc. Ginsburg 

and co-workers used 10 K ilos o f 6 day-old auag-boan 

seed lin g s and extracted  only *2.7m.moio8 nucleotides  

about one h a lf  o f v/iiich were ô er iv a tiv es  o f u r id in e’.

During tiie course o f the -mrk described in  

th is  th e s is  Cardlni and Yamaha publlslied a note
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r:corul%c forac: uicn of phenolic j.iicoolCoG from 

UDPO, monc-di- and tri-li^/dric phenolr and a ivhcat 

gem  c.rizy/nG. ?hic v;ac aii extension  o f c:u v a r iie r  

note in  which i t  nac etat&d tliat arbui-in nan

forned when qainol caa need ae a suhatnatCf Mono 

-g lu coeid es o f qninol, rcsoi'clnol^carechol, 

h ^ trihy  roxyhenacnc , phlorogluciiiol^pyrcgallol 

and nctho:c3"hrdpoquinone were a l l  to n ta tlv c ly  

Id en tif ied  by cliroaatographic n e-±.ode Ondy

In the caoG o i rcrorcilnol y3-g lrn oeld e ur n a s"^nndard 

conpcund availcihlc for coniparlcon,, ho ctm ctiirou  

were proposed foe t ie  glncoGldOG o f pf-'rogallol and 

1 ? 2 ) 4"̂  trilijrdro^y "benzene.

In the prenent etndy eomo of CaroInl and 

Yamaha work with wi ear per% (9^) !?(;(:,% repeated

nod extended# Tlie oinide rhoat ezizyno with ITDPG

and reeopcinol gave h o core :^po:king none ^ ^ g ln c o s id e  

which was characterised  by ciiromatography^naln_ two 

colvonL eye terns wlW: a r .oorc ln o l y^-glucoolde (I I )  

standai'd/ WkQLArhr.tia (I) nuc formed when quinol was used 

as an eccept^r and cateéhol «^glucoside ( i l l )  was 

obtained from catech ol. Iflth sa ligen in ,gIu oosy la tion
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TABLE 6 .

Phenol Enzyme Buffer (pH 7 .4 ) Compound
Produced

Qulnol

I l l

Trio-nCl

A cetate

A rhutia(l)

ReGorclnol I TriG-IICl R esorcinol
Aglucoside
' ( I I )

I II A cetate (I I )  I

Catechol I Tris-HCl Catechol p- 
glucoside  

( I I I )

Pj^-rogallol

1 ,2 ,4-Trihydroxy- 
hcnzeiie

I

I

Tris-ilC l

Tris-ilC l

2 ,3  diiiydrozy 
phG'iyl 
/3-glucosicle 
' C^)

2,4-dli:ydro:{y
phenyl
^ -g lu cosid e

(VI)

S a llgen ln I Tris-HCl

Acetate

S a lic y l p- 
glucoaide (IX)

(IX)

I II Tris-HCl

A cetate

(IX)

(IX)

o-Ilydroxyhenzyl

a lcohol
I Tris-HCl
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A

o f the a lco h o lic  group occurred e x c lu siv e ly  to g ive  

s a l ic y l  y3-g lucosi(le  (IX). Yamaha and Oardini 

sta ted  tiia t 'a compound migrating on paper l ik e  

s a l ic in '  pas produced under tiie so cond itions hut in  

the present study no evidence fo r  the presence o f  

e a l ic ln  could ho obtained. The formation o f s a l ic y l  

'-glucoaide iroa  UDPG and sallgenln . was in  keeping with  

the fin d in g  that i t  was the rtajor gjlucoside produced 

Mien sa lig en in  was fed to hroad-hean seeds.

P yrogallo l gave one glucoside which was 

cni’o:aatograpliically and e lec tro p h o re tica lly  id e n tic a l  

with the 2,5-diIjydroxyphenyl ^ - g lu c o s id e  (IV) 

obtained from the ^  $ lvo  experiments, M iila t 2 ,4 -  

dihydroxyphenyl ^ - g lu c o s id e  (VI) was ouualned with  

1 ,2 ,4 --trihydroxybe izene . In  botii Instances the products 

o f tne v itr o  experiments were the saiae as tlie major

g lu cosid es formed by the germinating bean.

No g lucoside fo i'sa tion  was observed \ihen. UDPG 

was replaced in  the d ig e s ts  by other p o ten tia l glucose  

donors sucli as csC-^-glucose-l-phosphate, m altose,

c e llo b io se  or excess D -glucose. (jof. Yamaha and
i' 2 5  ’i Cardini %
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The fo llo w in g  r e n c tio n c  can occur t l t h  p la n t  

enzyme systèm e

(3) UTP + ot -D -glucose-l-phocphato ^  UDPG+P-P
F  (OS)

(6) UDPG + Ar-OH -  •> UBP+Ar-O-G ' '
( 07 \

(7) UDP + ATP -k  VTP +ADP

an i t  has now been shown tliat incubation o f phenols with  

UTP, ATP, of. -J)-glucose-l-phosphate and wheat germ enzyme 

produces phenolic g lu co sid es . The mono ^-glucoG ldo  

o f  r e so r c in o l,c a te c h o l, aitl guinol were a l l  proauced 

by th is  system and sa lig e n in  gave s a l ic y l  ^ g lu c o s id e .  

The compounds were id e n t if ie d  by comparison with  

sta id arc corapouade.

ot—D -G lucosG -l“phospl)ate was rep laced  by 

o t -^ g a la c to s e - l -p h o s p h a te  in  an u n su c c e ss fu l attem pt 

to  s y n th e s is e  q u in ol g a la c to o id e .

The formation o f UDPG by reversa l o f  equation  

(6) was a lso  attempted by incubating arbutin separately  

with UDP and UTP but no UDPG was produced, although 

a compound chromatographlcally id e n tic a l with UFCP-5’ 

was formed. This sru-gestcd tîiat a nucleotidase was 

present in  the enzyme. Incubation o f  UDPG and ATP with  

the enzyme resu lted  in  complete d estru ction  o f these
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compounds. In  the presence o f  HaF, a pyrophosphatase 

in h ib ito r  , degradation, was not com pletely

in h ib ited  but in  t i i is  instance UmP-S’ and UDP, 

and AMP-5* and ADP were produced from UDPG and ATP

r e sp e c tiv e ly .

An enzyme was alsio prepared from bean seeds 

whicn cata lysed  the syn th esis  of phenolic g lu cosid es from 

UDPG. Several unsuccessfu l attem pts wore made to 

prepare th is  enzyme using gerraina.ted bean seeds, 

dormant embryos and germinated eabyyos. The enzyme 

was f in a l ly  prepared from whole doriaant bean seeds 

macerated in  an ’atomix’ to give a concentrated e x t r a c t .■

The mono -g lu co s id es  o f gu inol, catechol 

and reso rc in o l and s a l ic y l  -g lu co sid e  were a l l  

synthesised  by the bean enzyme aM id e n t if ie d  by paper 

chroma.tographic methods. Fractional p rec ip ita tio n

o f  the enzyme with ammonium sulpîuite did not apijear to  

increase the a c t iv ity  o f  t i e  enzyme.

Incubation o f  the bean enzyme wltit UDPG and ATP 

both with and without HsF allowed tliat a n ucleotidase  

was present but was le s s  a c tiv e  than in  wheat germ 

enzyme. Even when llaF was absent the o r ig in a l
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aucleotidG s c:'Uld s t i l l  be d etected , a fte r  20hr. 

incubation. UFiIP-5’ was tiie main product from UDPG 

and AMP-5’ from ATP. Therefore tiic r e la t iv e  

in a c t iv ity  o f  the bean preparation was probably not 

due to the presence o f  a nucleotidase but other 

in h ib ito r s  o f the g lu eoey la tin g  enzyme eg phenols 

could have been present. A more l i s e l y  explanation  

o f the low a c t iv ity  i s  that wheat germ i s  a richer  

source o f protein  than bean and therefore p o ssib ly  

a higher co n ce itra tio n  o f the g lu cosid e-syn th osls in g  

enzyme i s  present in  tlie former.

I t  i s  therefore suggested that ÜDM i s  responsib le  

fo r  the g lu co sy la tlo n  o f the phenolic compounds which 

were fed  to bean seeds and i s  presumably a lso  a substrate  

fo r  the formation o f the n atu rally  occurring g lu co sid es. 

Other UDPsugar- d er iv â tiv es  may give r is e  to other 

phenolic g ly co sid es  in  the p lan t.

A lcol.o lic g ly co sid es  were synthesised  in  

v itr o  by Bourquelot and co-workers (3^ *^ ) thout 

f i s s io n  o f *high-energy* bonds, ^  g lu cosid es o f  

g ly c e r o l, eth ylen e, and propylene g ly c o ls  and d isaccharides  

such as c e llo b io se  and gen tiob iose . The f i r s t
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Bln o f a phenolic glncoolf^e in  the ahccnce o f
( 8 2 )UDPG vme carried  out "by Pridham  ̂ , who o"btained

I'^esox'cinol cx ••glucoside rroia resorcin o l .m ito s e  and an 

A ' nircer enzyme. In the present study the fo rm tio n

o f a fru ctose-con ta in in g  d er iv a tiv e , (XIV) , o f  

sa lig e n in  v/as observed when th is  phenol vac incubated 

with sucrose and in vertase , The p o s it iv e  reaction  

of th is  conipound with the diazo spray ( A )  showed that 

the a lco h o lic  group o f sa lig en in  was su b stitu ted  in  

(XIV) and not the phenolic hydrozyl group* The Rp 

values o f (XIV) (îlxporiecnt %) were greater than those o f  

s a l ic y l  -g lu co sid e  (IX) in  both so lven ts A and B.

Coapound (XT/) was n.ot hydrolyceâ by y^-glucosM ase but 

Vi'ao liyêrolysed by y ea st Invertnse (a y^-fructofuranosidase) 

y ie ld in g  fru ctose  and se lig e n in . Hydrolyals with  

0 . 0M-H2S0 ij. was complete a fte r  5 rain; s a l ic y l  ^  -  

g lu cosid e was not hydrolysed under these con d ition s. 

Coiapound (XIV) could be detected  on paper chroma to grams 

with urea hydrochloride, a spray reagent which i s  

s p e c if ic  fo r  ketoses The evidence strongly

Bu^ggcGts that (xrv) i s  o-liydroxybenzyl-y^-fructofaranoside.

Attempts to form fructoeidoB from d i-  and t r i -
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hyclric phenols by the same method were unsuccearful» 

I.icubGtion o f di-and tr l-h y d rlc  phenols with y3 -  

glncD sicese and g x c jss ^ g lu c o se  a lso  did not y ie ld  

any g lu cosid es . Replacement o f D-glucose by other 

p o ten tia l glucose donors such as arbutin, m altose, and 

c e llo b io se  had no e f f e c t .  I t  appears, tticreforc, that 

in  most cases -g lu co a y la tio a  o f  a phenolic hydroBt^l 

group does not occur by a ’ simple* tran sferase reaction  

and i t  i s  p o ssib le  that the enori^y requirements arc too 

great unlcsr a ’high-enorgy* glucose donor, e g  UDPG 

i s  présent. However,, in  the case o f  A. nlf'or there

appears to be an enzyme capable o f  sy n th cc ls in s  phenolic 

o t-g lu co sid es  using' maltose or iso a a lto se  as glucose  

donors.

I t  was observed in  the prelim inary experiments 

that a c id ic  d er iv a tiv es  were formed, in  addition  to tlio 

g lu co sid es , when phenols wore fed to broad-boon seeds. 

These compounds (XVI), (XVII), (XVIII) and (XIX) were 

found when beans were treated with r e so rc in o l,ca tech o l, 

qainol and sa lig en in  re sp e c tiv e ly . A ll the a c id ic  

compounds liad lower Rp values in  so lvent A and s lig r  t ly  

hltiher values in  so lven t B tlian the corresponding
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TABLE 7 .

Compoimd
t
!

Solvent 
(Kp valueo)

A B
nJMt 35»

Buffer 
(MaA v a lu es)

A 0m  s a

R esorcinol 0 ,50 0 .47 0 .44 0.00

^ -g lu c o s id e  (I I )

(XVI) 0 .18 0 .54 0 .7 4 0.45

/j?butin (I ) 0 .47 0.45 0.22 0.00

(XVII) 0 .13 0.52 0 .48 0 .47

Catechol 0,62 0.59 0.41 0.00

y3-glucoside (I I I )

(XVIII) 0 .20 0.66 0 .86 0.52

S a lic y l 0 .50 0 .48 0.28 0 .00

y3-g lu c 08lde (IX)
!

!
(XIX) 0 .17 0.60 0 .39

i
0 .58
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g lu c o s id e s , and a ig r a te d  on paper e lec tro p h o re to g r a a s  

a t  pH v a lu e s  a s  low  as 3 * 5 «  Sim ple g lu c o s id e s  do not 

m igrate under a c id ic  c o n d it io n s . The r e s u l t s  showed 

th a t  th e se  d ér iv a  wives were s tr o n g ly  a c id ic .  The 

u .v .s p e c tr a  were s im ila r  to  th ose  o f  the ap p aren tly  

r e la te d  g lu c o s id e s .

Purtlior chrom atographic exam ination  o f  (XVI) ,  

showed th a t the p receace  o f  ’C eta v lo n ’ in  a so lv e n t  (A)
SSK

in crea se d  tlie Rp v a lu e  thus confirm ing the a c id i t y  o f  

tiie  compound

Aqueous and a lc o h o l ic  s o lu t io n s  o f  (XVI ), even a t  

loTif tem peratures, decomposed to  form r e s o r c in o l -  

g lu c o s id e  ( I I ) .

I n i t i a l l y  i t  was b e lie v e d  th a t the a c id ic  

d e r iv a t iv e s  o f  the g lu c o s id e s  wore p hosp h ates. Phosphate, 

c o n ta in in g  32p^ and q u ln o l were th e r e fo r e  fe d  to  broad- 

bean seed s in  an attem pt to  o b ta in  a la b e l le d  specim en  

o f  compound (XVI) .  However, no r a d io a c t iv i ty  cou ld  be 

d e te c te d  in  the a c id ic  compound which vms i s o la t e d .

A cid h y d r o ly s is  o f  compound (XVI) wi.lci; had been  

p u r if ie d  by sep a ra tio n  on two c e l lu lo s e  columns u sin g  

an a c id ic  s o lv e n t  B fo llo w ed  by a n eu tra l so lv e n t A,
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y ie ld ed  resorcin o l aaè g lucose. H ydrolysis was 

complete a fte r  30 a in . under the standard cond itions  

( 1 .5^-HCl;100^.) but 2hr. were required for complete 

h yd ro lysis  with 0.5H-EC1.

Treatment o f (XVI) with al^ iali caused lo s s  o f  

the a c id ic  grouping and the formation o f a compound 

which was chromatographlcally and e lec tro p h o re tica lly  

id e n tic a l with resorc in o l y3 -g lu co s id e . The la t t e r  

y ie ld ed  resorcin o l and glucose on iiydrolysis with both 

acid and -g lu co sid a se . H ydrolysis o f compound (XVI) 

w ith 0.5H-Ha0H a t 70° was complete a fte r  la in .  Compound 

(XVI) was not hydrolysed by oC- or /3 -g lu co sid a se .I
Compound (XVI) therefore appeared to bo a 

d er iv a tiv e  o f  resorcin o l ^  -((Lucoslde with an a lîc a li-  

la b i le  a c id ic  su b stitu en t. As (XVI) \,ao not iiydrolysed  

by yg -g lu co sid a se  i t  seemed probable that the su bstitu en t  

was on the glucose portion  o f  the m olecule. The 

a c t iv ity  o f th is  enzyme i s  strongly  a ffec ted  by small 

clianges in  the carboiiydrato component o f g ly co sid es.

I f  carbons 2 ,3 , or 4 , are su b stitu ted  by aethoxy or 

tosylox;'’ groups, the r e su ltin g  g lycosid e  cannot be 

hydrolysed by ^  -g lu co sid a se . The e f f e c t  o f
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su b stitu tio n  a t carbon 6 i s  normally not so marked,

but i f  a large group such as benzoyl or to sy l i s

present the rate o f h ydrolysis i s  extremely slow.
»

Clianges in  tlie structure o f the aglycono nonaally  

have only s l ig h t  e f f e c t s  on the rate  o f enzymic 

h yd ro lysis .

The u.v.spectrum  and the p o s it iv e  reaction  

with the diazo reagent (A) confirmed that {XVI) 

possessed  a free  phenolic hydroxyl group.

The presence o f sulphur in  the molecule was 

demonstrated by sodium fu sion  follow ed by a p o s it iv e  

n itrop ru ssid e t e s t .  A lkaline h yd ro lysis ami paper 

e lectrop h oretic  examination o f thv iiydrolysis products 

In buffer F , sliowed that an a c id ic  compound which eould  

be detected  w ith  BDH Universal in d ica tor  spray (g) was 

p resen t. I t  behaved l ik e  sulphuric acid  on paper 

chroaatograras and electrophoretograas.

A determ ination o f tiie ash content o f  compound 

(XVI) gave 16.7/^  ̂ resid u e . A flame t e s t  on t li is  showed

tliat sodium and probably some potassium ions were present 

A stroa£ily p o s it iv e  sulphur t e s t  was obtained with the 

residue using tlie n itroprusside reagent a fte r  sodium



fu sio n . Chroraatographic examination o f the residue  

again showed the presence o f a fragment which co -  

chroaatographed with sulphuric acid . Assuming the 

residue to he composed o f  sodium sulphate, anc compound 

(XVI ) to be tlie sodium s a l t  o f the -sulphonate o f  

reso rc in o l ^  -g lu c o s id e , M.,W. 374, the residue would 

be 19ji> The ane.lysis f ig u res  fo r  sulphur and sulphate  

in  (XVI), however, wore very much lower than the 

ca lcu la ted  fig u res  for a phenolic g lucoside sulphate.

Tlie p o s it io n  o f tlie su b stitu en t on (XVI) was 

determined by a Kulin m éthylation o f  the co ipound f ollowed  

by h yd ro lysis o f  the a l l ïa l i - la b i le  su bstitu en t and 

f in a l ly  h yd ro lysis o f  the g ly co sid ic  bond. The t r i - 0 -  

methyl glucose obtained was id e n t if ie d  chroma tograph lcally  

as 2 ,3 » 4 -tr i-0 -a e th y l-p -g lu c o se . A trace o f 2 ,3 ,4 ,6 »  

t e tra-O -m ethyl-g-glucose was a lso  detected  from the 

resorc in o l ^  -g lu co sid e  Impurity. A control 

m éthylation o f resorc in o l ^ -g lu c o s id e  y ie ld ed  only

2 ,3 ,4 ,6 -te tra -0 -a e th y l* ^ -g lu co se .
A second attempt to obtain a la b e lle d  sample

o f  (XVI) was carried  out and fed as sulphate, 

together with reso rc in o l, to brond-bean seeds, but the
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Compound Oolvoat(Rc values \ Colour

à  B
with spaay B

P

2 ,3 ,4 - tr i-O -  

me tiiy l-D -glucose

0 .70 0 .74 0 .73 y e l io ’w- 

. bromi

2 ,3 ,6 —t r l —j§— 

me tb y l-g -g lu co se

0 ,68 0 .75 0.71 pink-

brown.

2 ,4 ,6 —t r i —2 “ 

me ti:y l-£ -g lu c  o se

0 .66 0.70 0 .70 red-brotm

2 ,3 ,4 ,6 -tetra -O -  

me tliyl-D -glueo se

0 .80 0 .85 0 .86 ■ pinlî-rsd

S letiy lation  

produc ts

0 .70

0 ,80

0 .74

0.35

0.73

0.86

yellow-brown

pink-red
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(XVI) produced was xiot rad ioactive . Autoradiographs
35of beau cotyledons ai ter  2 days ia  the sulphate 

so lu tion  showed that the ra d io a c tiv ity  was lo c a lise d  

around the periphery of tlie cotyledon (P ig. 5 - ) .

Further autoradiographs o f longitud inal sectio n s o f  

bean cotyledons a fte r  8 days in  the rad ioactive  

so lu tio n  showed that even a fte r  that time very l i t t l e  

penetration  o f the rec io a etiv e  sulphate had occurred (F ig .5 .)  

This suggests that the sulphate was not absorbed 

s u ff ic ie n t ly  in to  tne bean tiseu eo  to be m etabolised.

To summarise; hydrolysis o f  (XVI) under 

a lk a lin e  conditions read ily  y ielded  resoi’c in o l 

p  -glucosideyjanci under acid ic  cond itions resorcinol «vtvA 

glucose.(and an acid  fragment) Clancy and Turvey (^^2) 

obtained raetjianol, glucose anc. sulphate on acid  

hydrolysis o f a met'nyl glucoside sulphate. Percival^^^^^ 

stated  that a lica li-ca ta ly sed  hydrolysis o f sulphates o f  

v-and |3-methyl glueopyranosides and galactopyranosides 

gave the corresponding methyl 3,6-anliydrohexosides.

He a lso  said that u n less tne removal o f a sulphate group 

led  to the formation o f an aalydro ring,She 

hydrolysis o f the sulphate group proceeded slOY.’ly .
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i )  a fter  2 days.

i i ) a f t e r  8 days#

Figure 5#

Q

9

Autoradiographs of broad-beau seeds fed with
35Sulphate#



7o

Tke al.'Sili;ic hydrolyriD o f eo3,3o\m: (XVI) 

does not appear to obey civv̂ -c o f these ru le s , for  the 

su b stitu en t, which would appear to be on C-6 o f the 

hexose, i s  removed y ie ld in g  a primary alcohol group#

The i* r . spectra o f resorcin o l  ̂ -g lu cosid e  

(I I )  and compound (XVI) were scanned (P ig .6 .)#  ' ïïo 

strong; peaks for sulohato groups were v is ib le  but the 

spectrum o f (XVI) possessed add itional peaks not 

present in  (II), a t approx. 830, 930, 1,400 and 1,750 cia**̂  

Lloyd aM Lodgson (^04 ) carried out i . r .  stu d ies on 

sulphate e s te r s  and found a peak due to the C-0-8 

bonds in  the region 820 -  350 cm*"̂  and a second
•j

ch a ra cter is tic  peak at 1,240 cm"" . -

From these r e su lts  i t  can be f in a lly  concluded 

that the d eriva tive  o f resorcin o l ^ -g lu c o s id e  formed 

by bean seeds has an a c id ic  substituent on the 6 -p o sitio n  

of tho sugar moiety. This su bstituent i s  removed by 

a lica li and an a cid ic  fragment rc sembling sulphate r e su lts ,  

dulphur i s  d e f in ite ly  present in  the molecule but 

quantitative a n a ly tica l data for th is  element were 

unsa118factory . Some support for the presence o f  a

sulphate group in  (XVI) i s  given by the i . r .  spectrum.
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I t  i s  p o ssib le  therefore that compound (XVI) i s  the 

sodium s a lt  o f resorcin o l 6 ^ - sulphonyl- ^ -^-glucoBiae  

although a t present i t  i s  d i f f ic u l t  to in terp ret some of  

i t s  reaction s in  the l ig h t  o f the published data on other 

sugar sulphates. I t  must be CTpnasised,hov;ever, that 

compounds o f th is  type with large ^  -lim ced aglycoae groups 

have not been previously studied.

A sulphoglycosy1 g lycero l compound has been 

found recen tly  in  A lfa lfa  by Benson and ascociates^^^^^ • 

They suggest that the widespread occurence o f su l )hosur;ars 

in  nature may in d icate  the p a rtic ip a tio n  o f sulphate 

f ix a t io n  in  certa in  phases of carbohydrate metabolism.

The to sy l d er iv a tiv es o f carbohydrates have 

sim ilar p roperties to the sulphates and conscgueatly  

i t  was o f in te r e s t  to study the reactions of a 6*- to s y l  

d erivative  o f a phenolic glucoside under a lk a lin e  

con d ition s. 6-Tosyl glucose d er iv a tiv es  on a l.n lln o  

hydrolysis y ie ld  d er iva tives o f 3 ,6-anhydrO"^D^glucose.WPt
The mechanism of th is  reaction  i s  as shown overleaf
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HO

OŸV A- \AcxOH R.OH +

Tîie reaction  therefore proceeds by allQ^l-ozygen 

f is s io n  with the formation o f a carbonium ion unlike the 

hydrolysis o f carbozylic acid  e s te r s  which generally  

involves acy1-oxygen f is s io n .  The presence o f an 

un su bstitu ted  iiydroxyl group a t 0-3  i s  e s se n tia l for  

liydrol'uranol ring formation.

b*-Tosyl arbutin (x .)  was therefore synthesised  

from molar proportions o f toluenesulphonyl ch loride  

and arbutin in  pyridine using Chloroform as d ilu en t.

Peat ^  £ l  have recently  shown that d irect

Qulphonation o f aldohexoses occurs mainly at C-6. 

Compound (XX) had the correct molecular formula and 

the presence o f a free  phenolic hydroxyl group was 

indicated  by reaction  with the diazo spray (A) and a
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Gliift o f the absorption maximum from 286my- to 302my- 

on add ition  o f a lr ia li. ^ -G lu cosid ase did not 

liydrolyse (XX) thus showing that the substituent was 

on the glucose moiety.

Méthylation o f compound (xx) using the Kuhn 

procedure followed by hydrolysis gave a compound which 

was chromatographically in d istin gu ish ab le  from 

tri-O -m ethyl-D -glucose, thus confirming that the to sy l 

group was substitu ted  on C-6 of the glucose  

portion .

The treatment o f compound (XX) by LAH in  an 

attempt to obtain a G-deoxy compouni as further proof 

o f the structure o f (XX) (^^9) unsuccessfu l. Acid 

hydrolysis o f the product yielded 3,6-anîjydroglucose and 

quinol. The examples o f  th is  reductive desulphopylation  

which are quoted by Peat arc o f methyl glucooicle

d er iv a tiv es  and i t  may be that tlic phenyl group has 

a s te r ic  e f fe c t  o f the reaction .

A lkaline hydrolysis o f (XX) ^under the same 

conditions as those employed for (XVI)  ̂ and chromatographic 

examination o f the products showed that the glucorido, 

arbutin, was produced together with szaall amounts o f
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3.6-aiihyùroGl'(îcose arid quinol. I t  appears, therefore, 

that the reaction  fo llow s a s iia ilar  course to the 

allcaline h^rdrolysis o f (XVI ) and involves eleavace

of the to sy l group with subséquent formation of a 

primary hydroxyl group. This acchaaisa , g iv ing  tiie 

e f fe c t  o f  acyl-oxygen f is s io n ,  i s  .nomi to operate when

the to sy l group i s  substitu ted  on an 'iso la ted *
\

primary hydroxyl group; however in  th is  case fa ir ly  

d rastic  conditions o f hydrolysis are apparently required. 

In the a lk a lin e  hydrolysis o f (XVI) and (XX) i t  i s  

therefore postu lated  that some s te r ic  hlm-ranoe by 

the phenolic group occurs thus In liib itin g  the formation 

o f the arüiydro ring or zaakln;] the aniydrohexo side very 

unstab le. In the case o f (XX) some anhydro ring  

formation apparently occurs together with hydrolysis o f  

the g ly co sid ic  bonds. Arbutin,when treated with

al-'sill_, yieldeiglucose and not 1 ,6-anh^'dro-^glucose 

although the normal product o f a lk a lin e  hydrolysis  

of many su bstitu ted  phenyl ^  « ^ g lu co sld es  i s

1 .6-anhydro-D-glucose ^ ^ .as
Foster _et ^  hydrolysed phenyl 6 -0 -

toluene ^ su lp h o n y l od -p -g lu cosid e under allcaline
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conditions and obtained phenyl 3,6-anîriydro-D-glucoside 

but no reports iiave been found in  the lite r a tu r e  concerning 

the corresponding ^  -isom er and i t s  reactions or o f  

any 6 - to sy l aldohexosidc with a b u lly  ^  -Jinked  

aglycone group.

In view o f tl?e re su lt  obtained on LAH treatment 

and subsequent h ydrolysis o f (XX.) the products of 

acid hydrolysis o f (XX) were in v estig a ted . I t  was 

found that 3 ,6-aahydroglucose, glucose and quinol were 

a l l  formed. The presence o f 3 , G-a-'ïIiydroglucooe was 

confirmed by ciirofaatographic examination in  solvent BSB
a i;l e lectron h oresls  in  buffers A and G against a standard,' a
(D-Glucose and i t s  d er iva tives in  ring forms do not 

normally complex v/ith aolybdate ions however

3 ,6-anhydro-g-glucose has an Mgorbitol value o f 0 .33 .

The presence o f an anhydro ring la  the molecule 

enables the coapouid to e x is t  in  a boat form so that 

a complex can be formed across the 3;ydroxyl groups on 

C-1, C-2 and G-4. In the IG conform ation,the two 

iiydroxyl groups on 0-2 and C-h o f  3,6-aahydro-D-glucose 

are in  a x ia l p o s itio n s  and consequently the formation 

of a boat form with three a x ia l hi^droxyl groups w il l
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not require as much energy as a aoftaal chalr-boat 

transform ation).

Tosyl groups are reported to l)e stab le  to 

d ilu te  aqueous mineral acid s. On th eo retica l  

grounds when to sy l e s te r s  are treated  with acid i t  

i s  p o ssib le  tiiat bond f is s io n  could occur in  the 

same manner as in  a lk a lin e  hydrolysis _ie by a lk y l-  

oxygen bond f is s io n  anliydro ring formation

r e s u lt .

? ' S® g I ©c v \ - 0 — &  — « .  C « - 0 - &  — S -  c « ,

j -  '  A  ̂ ^  i -
^<xsV

-V

\Vîw th is  apparently uoes not occur with other to sy la  tes  

i s  not understood,however. Clancy and Turkey have

shown recen tly  that the rate o f liydrolysis o f a sulphate 

group i s  greater than tiiat of the g ly co sid ic  bond.

Quinol and 6 -to sy l glucose may be foi’aed by cleavage 

of the g ly co sid ic  bond but no trace of the la t te r  

d erivative  could be detected  in  the hydrolysate, o f (XX).
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Hydrolysis o f the 6 ’- to s y l  group could a lso  y ie ld  

arbutin which would be further hydrolysed to g ive  

quinol and g lucose. In tlic second case the 

liyd rolysis would fo llow  an analogous course to  

r liu ilin e  h yd rolysis.



E X P E R I M E N T A L .



<èO

QBilERAL l̂ETHODS.

Paper chromatography.

Paper chroraatography was carî’led out on 

Whatman No.l or ITo.3- papers using the desceniilag  

technique and the fo llo r d ’ig solvent systems) a l l  

proportions given are by volume u n less otherwise 

sta ted .

A B u tan -l-o l, ethanol, water ( i|0 ; ll;1 9 )

B Ethyl a ce ta te , a ce tic  ac id , v;ater. (> ;2 :2)̂ *'*̂

C Btliyl a ceta te , a ce tic  ac id , formic acid ,

water (9 :1 .5 :0 .3 :2 )

D Ethyl a ce ta te , pyrid ine, water (2 :1 :2 ,

organic phase).

E ButS'Of-l-ol, a ce tic  ac id , water (2 :1 :1 ,

organic phase)

P B u ta n -l-o l, pyrid ine, water (10:3:3)

G Amyl a lcoh o l, a c e tic  ac id , water (h :l: 5)

H B u tan -l-o l, etîianol, water (3 :1:1) containing

’C etavloa’ (3/S,w/v)

£  Ethanol,ammonia, water (80:li-:l6)

g  Ethanol, M-ammonlum aceta te  buffer (|^Î3-7)

(75:30)



L Fthanol, y-amnnrxlixn acetate buffer (pH7.5)

(75:30)

^ Pr •i'aa~2-al, hydrochloric acid , water (6 .5 :10 )

containing 0.2g.m ol. HCl in  lOOal, 

HjN-dimetliylforaamide (20;' in  bcnse’ie ) .=B
station ary  phase and petroleum ether (60 -80®) 

as the m obile phase.

2  NjH-dimethiylsulphoxide (20;' in. "benzene ) and

d i- is o  propyl other.

Papers "buffered with 0;2M-sodium "borate were dipped 

in  the so lu tio n  and tiie so lu tion  t. en allowed to  

dry a t room temperatiire* The name procedure imo
—3employed to o*btaia VmolyMate^ papers uslzig 8*1x10 M-

C7o> ^
ammonium molyMate solution*

The rates o f  movement o f phenolic compounds 

wore ca lcu lated  as Bpvalues

Rp = d istance travelled  by tlic substance*
dlstaiîce Ibraveïîed the so lvent feront *

Mobil ItioG o f carbohydrates were expré sc ed as

va lu es.

Hq , d istance travelled  by substance* 
distance tra v e lled  lÿ g lu c ^
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ps r-e r e leo  trophor g o i s .

Paper electrop h oretic  examination o f compounds 

was carried out nsi'ag ?,batman N o.l and No.3. papers for  

30 ;aia. a t 55V/cm. Tiie buffers used were 

A 0.2M-3odi'ia borate (pH 10.0)

B 0.05V- g lycine (pHlO.O)

0 8 .1  % 10"^M-am.eo:aium molyMate (pH 5*2)*̂ "̂ ^

^ 0.2M-sodium acetate (pH5.2)

jj C.py-sodium acetate (pH3.5) ^

F 0.2M-sodium phosphate (pH 7 ,2 )
^  C \ ^ b >

G 0. IN-sodium iiydroside.

The m o M lities  o f compouMs were o^jrosoed as 

^ÜA values r e la t iv e  to  the movement o f sa lic j/'lic  acid . 

Snray reagents.

The follow ing spray reagents were used to d etect  

compounds on paper chromatograms and electrophoretograas • 

A M azotioed n -n itro o n ilin e  so lu tion  andJ5J -*»

jj*®30cliuQ hydroxide (Phenolb)

B n -an isid in e hydrochloride followed by

heating a t 100^ for 5 isin* (Reducing
ĈX*8)

sugars)

£  S ilv er  n itra te  in  acetone and e-fâianolic

sodium hydroxide (Polyiiydroxy compounds



T> ï’orc -Jopic acid  and ammonium molyMateust
&.>lutioa followed % M ating  to 85 ' 

a.'id than spraying wit!: a so lu tio n  o f
c\ '̂)

quinol (Hiosphateo)

J  1130 Uaivopeal Indicaiop adjustM  to

SSÎ Ô*5 -9 .0  by addition  o f  d l l .  ammonia
( . .  % ■ ■ ■

so lu tio n . (Acids)

^ M tast'iua poriodatocuprato so lu tio n  and

jposaziiline in  a c e t ic  acid  (Polyhydrosy
, V C'3*)esxapounde)



BXPBRIMB.NT 1 = In veotiga tloa  o f the portion o f the
niant y ie ld  la.; ' tliO h lfite st  
CO iccntratlon o f glucoolde.

Tiie cut ende o f "bean ohoots were allowed  

to stand in  (a) an acueous eo lu tion  o f resorclnol 

( 0.5/*,w/v) and (h) an aqueous so lu tion  containing  

rerorclnal ( 0 .5 ,  ./v )  and g -g iu cose (0.5, »w/v).

The experiment was repeated using whole bean seeds 

whici had been soaked _n tap water for 2k lor. and then 

transferred to layers o f cotton  wool soaked in  the 

so lu tion s (a) and (b) described above.

A fter 1 ,2 ,3 , and k days resp ectiv e ly  

ex tra cts  were prepared by grinding the t is su e s  in  cold  

aqueous methanol, a fte r  removing the te s ta s  from the 

whole seeds, and f i l t e r in g  at the pump. The c lear  

yellow  so lu tio n s obtained were concentrated using a 

rotary evaporator and examined on ppper cliroraatogr.ams 

usinfi so lven ts A and B.
SS3 3 5

Both whole bean Goeds azid shoots produced 
high concon .rations of rcsorciaol^glucoGide, which 

stained pinlc with spray A and co-chrooatograj^ed with 
a standard compound* The shoots,however, contained many 
more contaminating^ phenolic compounds than the so da.

The e f f e c t  o f the added glucose on the y ie ld  o f glucoside



\7'.o n e g lig ib le  in  a l l  cases.

In aclGition to resorclnoly^glucoside, a second 

compound (wi) sta in in g  the same colour with the dlazo  

spray (j|) as re sore inoiy^gluco side was observed. This 

compound had a lower Rp value in  so lvent A and s l ig h t ly  

higher Rp value in  solvent B tiian the mono glucoside and 

appeared to be present nly in  the ex tracts from tlie seeds#

BXPT. 2. The Portion o f the seed y ie ld in g  the h ighest
I

concentration o f g lucoside.

Tlie followin^^ were placed between layers o f cotton  

wool soaked in  an aqueous so lu tion  o f resorclnol (lj5,w /v).

( i )  Dormant bean seeds.

( i i )  Germinated seeds ( ie  kept moist a t room 

temperature, for 2h hr. ) ,

( i l l ) .  Cotyledons (te s ta s  removed; ^  germinated Boeds.) 

( iv ) .  Embryos, (ex seeds kept moist a t  room 

temperature for three days)

A fter 3 days metlianol ex tracts  were prepared,as 

described in  Experiment 1, and examined on paper 

chromatograms using so lven ts A and B- The in ten s ity
SS SB

of r e so rc ln o ^ —glucoside was greatest on the c h r o m a torrams 

of the extract from 2k hr.germinated seeds.
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EXl^.3. The e f fe c t  o f varying; the concentpation o f  

the phenolic so lu tion  

Bean eeeda soaked in  water for  24hn a t room 

temperature '^ere p i ced on cotton wool soaked in  aqueous 

so lu tion c o f quinol (concentrations rna^ging from 0.5% ,w/v 

to 5% ,^/v) with and without ^ g lu c o se  (i;J ,w /v).E xtracts 

were prepared a fter  3 days and examined on paper 

chromatograms using arbutin ( 2 -bydroxyphenyl 

y3-D-glucopyranoside ) as a standard. Darkening o f the 

cotyledons ha., occurred in  the more concentrated so lu tio n s. 

A compound which co-cliromatographed with arbutin was 

detected  together with a le s s  in tense phenolic spot 

having a s l ig h t ly  higher Rp value in  solvent B and lower 

value in  so lvent A than arbutin. The increase lA 

concentration o f  the phenol did not appear to liave a ffected  

the rate o f  formation o f the g lucoside.. The presence o f  

glucose appeared to increase the y ie ld  s l ig h t ly .

The experiment was repeated using seeds that had 

been germinated for 6 days on damp cotton  wool. The r e su lts  

obtained were sim ilar but glucose did not increase the 

y ie ld .appreciably in  t l i is  case.



S7.

KX?T»h« Q-opali'intloa o f  bmno taador anaerobic

Coma a c t iv ity  water wae uocd to oaM up oolutiono  

of Qîiiaol (1 ,w /v) with aiv3 without ^-clucooe (1 ,w /v ). 

Doroont beau ooedo were pieced in  thcoc s o lu t l  xoo and tîio 

beaiüorn stored la  tiio dark, pone o to r iilo o d  cotton  xjool 

woo placed on top o f tî Æ so lu tion s to prevent the bon no 

froa f lo a t in g . A fter 3 dayo aotM aol ex tra cts  woro 

prepared qM csani;nod ch roan tocrophi c a l ly . , à ooapound

Wi.ich co-cijpoaatographod with arbutin woo present 
but o ;ily a trace o f  comp ound @  could b e do too tod .

PXPT.5. Extra c t ion o f  tîio beoa with d i feront so lven ts.

Bean oeodr wcro aos.'̂ <̂  in  water fo r  2tor. a.nû then 

transferred to cotton  wool soc?a3d In an aqueous so lu tion  

o f resorcln o l (1, ,w /v) fo r  3 days. The beans wore then 

divided in to  three 'ppoupe sM  water,dimethyl fo r  ;asjido 

ami Ktôthanol used as d i f f  d 'e s t  cz tra c tia g  agents. 

Coixontration and, chronatofjrophio exanination o f the ests>act8 

showed that a l l  the o%ti%iots contained o in ila r  concentrations 

o f  recorcinolyd-clucosldo but mny more plienolic C'^anouatlà 

wore pi»O0Gnt in  t îe aqueous ex tract.



ijptPT.6 . Ia.1ectlon o f uhenols in to  the p lant.

Well developed bean p lants ,ap>rox.l2 Ins. in  

h eigh t, were used. A f in e  cap illary ,connected  to a 

reservo ir  f i l l e d  with an aqueous so lu tion  o f resorclnol 

( i; î ,w /v ), was Injected  in to  the vascular bundle o f the 

stem and the p lant l e f t  fo r  5 days.Methanol extracts  

were then prepared o f portions o f tlie stem and leaves  

and examined on paper chromatograms. No resorclnol could 

be detected  in  the ex tra cts  but reso rc in o l^ g lu co sid e  

was preaentin  the ex tra cts  from the regions o f the stem 

d ir e c t ly  above and below the point o f in jec tio n . A 

trace o f the glucoside was observed in  the extract from 

the le a f  d ir e c t ly  above the in je c tio n  s i t e .  Tiiere was no 

evidence fo r  the presence o f compound f^vT)♦
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INVISSQIGATIOIÏ OF MOHO-GLUCOSIDE FORMATION. 

General Methods

EXPT.7. Production o f g lucosldee hy the

broad bean.

let.M ethod. Beans were allowed to soak for 2h hr. 

in  tap water a t room temperature; they were then 

transferred to a tray and placed between layers o f  

cotton  wool soaiced in  an aqueous so lu tio n  ( i;S,?//v) 

o f the phenol for  three days. I f  nece sary , water was 

added during th is  period to replace that lo s t  by 

evaporation.

2nd.Method. Dormait bean seeds were placed in  an

aqueous so lu tio n  o f  the phenol (l/î,w /v ) for 2h hr».

They were then removed, washed w ell and aerated  

continuously fo r  3 days in  water a t room temperature.

Extracts were prepared in  both cases  

by removing the te s ta s  and grinding in  cold aqueous 

methanol (9O0,v/v) in  an 'Atomix’ . The th ick  s lu r r ie s  

obtained were centrifuged (3 ,000  r .p .m .;15 min; 5. ) 

and the c lea r  yellow  liq u id s  decanted o f f .  Tiiese were 

concentrated to small volumes,keeping the temperature 

below 50", using a rotary evaporator. At th is  stage  

the ureseace o f glucos des was confirmed by paper



cliromatogra phic examination and the ex tracts then 

resolved using c e llu lo se  columns. Solvent A was used 

to develop the columns and 25 ml. fra ctio n s were 

c o lle c te d  using an automatic fra ctio n  c o lle c to r . The 

fra c tio n s  containing the glucooides were combined and 

concentrated using a rotary evaporator « 50°).

Small sca le  preparative separations were a lso  

carried  out in  some instances using Vdiatman ITo.3* paper 

and so lven ts A amd B.
4 M  4 M

BXPT. 8. Hydrolyais o f g lucosldes with/»»p:lucooidase.

Hydrolyses using /y-glucosidase were carried out 

in  0.02M -  sodium acetate "buffer (pH 5 .5 ;27 l2  days)

Toluene was added to each d ig est. Control experiments 

using boiledyg-glucosldas^Tere a lso  prepared in  each case.

EXPT. 9. Acid Hydrolysis o f g lu cosid es.

The glucooides were heated (100°; 4 h r .) with  

1. 5N-HC1 in  an ig n itio n  tube connected to an a ir  condenser. 

The so lu tion s were then evaporated to dryness over sodium 

iiydroxide in  a vacuum desiccator and the so lid s  thus 

obtained d isso lved  in  a l i t t l e  water.

The hydrolysis products from Experiments 8 and 9



were examined on paper chromatograms and compared with  

standard compounds- The phenolic aglycone v/as detected  

by spray A a fte r  the so lu tion  hdd been separated on
8SI

Whatman No.3. paper in  so lvents A and B. The sugar89 89
moiety was detected on Whatman No.1 .paper with spray B 

a fte r  a long development with solvent g  ,

EXPT. 10. U ltr a -v io le t  snectra o f the g lu cosid es.

The u .v . spectra o f the glucooides were measured 

in  aqueous so lu tion s u n less otherwise sta ted . ' The presence 

o f free  phenolic hydroxyl groups were detected by a 

bathochromic s h if t  o f the absorption maximum in  the 

presence o f 0*002N- . g-Dihydroxy groupings

were revealed by a hypsochromic s h if t  on addition o f  

G.002M -  boric acid to the a lk a lin e  so lu tion s (*^).

EXPT.11 Formation o f Arbutin by the broad bean.

A methanolic extract was prepared from approximately 

GQig. o f bean seeds fed w ith an aqueous so lu tion  o f quinol 

(l;;»w/v) )n cotton wool. The pale yellow  syrup obtained 

wac shown to contain a compound (I) which co-chromatographed 

with authentic arbutin and gave the same purple colour with  

spray A. The syrup was fractionated  on a c e llu lo seSS—
coliinin and crysteX s o f  conipound ( l )  (0»^Og.)D p* 200*5



<^a

were obtained, R ecry sta llica tio n  from water produced 

compound. (1) m.p. 199 (s in ter s  167)» Commercial 

arbutin, on r e c r y s ta llisa t io n  from water has m.p,

198.5 (s in te r s  16? ) . Mixed m.p. 193 • (Found :

0 .4 9 .7 ; H ,6 .3 . Gale, for ÇÆ ,0^ .HO: € ,4 9 .9 ; H,6.4:3
1 2  l b  /  2

in  water (c ,1 .8 )  L it . value L®^^~80.3°3 

Hydrolysis o f  (I^ withyS-glucoGidase and

1. 5N-H0I gave quinol and glucose.

The Rp and values o f  compound ( l )  and

arbutin are shown in  Table I

The u .v . absorption spectra o f authentic and extracted  

arbutin showed absorption imxima a t 20lmy^a.od 278 

r e sp ec tiv e ly . Infra-red spectra o f the two as Ifujol 

mulls were superimposable , as seen in  P ig . l .

The pentaacetyl d eriva tive  o f compound(I)was 

prepared using sodium acetate and a ce tic  aniiydride no 

acety latin fi agents. R ecry sta llisa tio n  o f the product
o  O

from methylated sp ir ito  gave the acetate m.p. 146.5-147. 

(L it.v a lu e  145-146) Mixed m.p. 146.5

[pound: 0 ,5 4 .3 ; H ,5.6: Calc, fo r  ^2^26^12’
0 ,5 4 .7 ; H ,5 .4 /'0  lü frâ-red  spectra o f the pentaacetyl 

d eriv a tiv es  o f  both authentic arbutin and compound(J ) 

were superimposable (Pig. 3. )



EXPBRIMENT 12 The formation o f resorcln ol
glucoside by broad bean aeeda.

100 broad bean seeds (approx) were soaked in  

water for 4  h r ., and then transferred to a tray  

containing cotton  wool eoaxed in  an aqueous so lu tion  of 

resorcln o l (i;S,w /v). An extract was prepared a fter  

5 days and transferred to tlie top of a c e llu lo se  column.

A phenolic compound (I I )  sta in in g  pinic vrfLth spray A 

was then e lu ted . The syrup obtained a fter  concentration

lyas d isso lved  in  water, made a c id ic  by addition o f a ce tic

acid (2N ) extracted four times with ether to remove 

tracer o f reso rc ln o l, and the aqueous so lu tion  f in a lly  

concentrated and stored in  the refr igera tor . Xûioa a few 

drops of ethanol were added to tr io  aqueous so lu tio n  a 

cloud iness was observed, however, no so lid  separated so 

the so lu tio n  was again concentrated to a meringue. This

f/ao d isso lved  in  water (2 ml. ) and freeze-d ried . A

brownish-white so lid  was l e f t .  [Found; 0,49*8;

H,5*8. Calc, for  G12H16O7 .H2O: 0 ,4 9 .7 : H,6.2>t].

Compound (II)  and resorclnol <̂3 -g lucoside had 

sim ilar Rp and values in  2 so lvent and 4 buffer

systems (Table \. )•

Hydrolysis o f compound (II)  with yg-glucosldase  

y ie ld ed  resorcln o l and glucose. Acid Hydrolysis of ( l i )



gave the same products.

Tlie u .v . spectrum ohor/ed a s in g le  sharp peak 

Resorclnol has 276nfj~.

EXgERIMBET 13.
The formation o f catechol 

glucoside.

All ex tract o f beans fed with an aqueous 

so lu tio n  o f catechol {l%t w/v) vms prepared and 

fraction ated  on a c e llu lo se  column. A compound (I II )  

sta isiiag  red-pink v/ith spray A was obtained. Attempts 

to obtain a c r y s ta llin e  specimen fa ile d  so compound

(I I I )  was d isso lved  in  water, ( 3 m l.) and freeze-dried .

The Rp and MgA values o f  compound (I I I )  a/id 

authentic catechol ^  —glucoside were sim ilar (Table I ) •

Hydrolysis o f  compound (I I I )  with ^ -g lu c o s id a se  

yield ed  catechol and glucose. ■ Acid hydrolysis gave tlio 

same products.
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BXPBRIMEMT 14». The formation o f pyrogallo l
glucosides by the bean.

A methanolic extract o f beano fed  v/ith an 

aqueous so lu tio n  o f pyrogallo l (l;;?,v//v) was prepared. 

Chromatographic examination o f the extract cho’vod that 

two phenolic compounds were present, compound (IV) 

sta in in g  a prussian-blue colour, and compound (V) 

a green colour with spray

TÎ1C mai,n extract was then resolved by 

chromatography on large sheets o f paper and compounds

(IV) and (V) eluted  and examined on p la in  and aolybdate- 

treated  papers using so lven ts A and The Rp values

o f the two compounds arc l i s t e d  in  Table 3.. ,

Compound (IV) ran as a brown spot on tlie molybdate- 

treated  papers and had a high m obility  on paper 

electrophoretograms using buffer £ . Tlie Mĝ  values of 

both compounde are shown in  Table 3. .

Hydrolysis o f both compounds (IV) and (V) 

with yg -g lu cosid ase  gave p yrogallo l and glucose. Acid 

h ydrolysis a lso  y ie ld ed  p yrogallo l and glucose in  both 

oases.
The u .v . spectra o f the compounds were scanned* 

Compound (IV) s h o w e d syCrajA; addition o f a llcali



caused a bathochromic s h if t  to give ' X  283mf*. , and 

on further addition  o f boric acid a hypsochromic 

s h if t  to X  QQx. 277ffl|i-was observed. Compound (V) 

had XgiQg 276m^ sh ift in g  to X  gùlia|A. under 

a lk a lin e  conditions but no sa tis fa c to ry  spectrum 

could be p lo tted  with borate.

EXPERIMENT vS The glucosides obtained
from 1 .2 .4 - tr  iljydroxybongene.

Bean seeds wore aerated in  water for 3 lir. 

and then transferred to cotton wool soaked in  an aqueous 

so lu tio n  of 1,2,4-trihydroxybenzene (O.S^sjw/v). The 

tray was kept in  the dark for 3 days before an extract 

was prepared in  the usual way.

Chroraatography o f the extract in  so lvents A 

and 2  showed that tliree compounds had been fofraed 

sta in in g  blue-green (VI), pale-blue (VII) and pale-blue

(VIII) with apray A. The proportion o f concentrations 

o f the three compounds v/as approx. 6:2:1 as 

determined by v isu a l estimatiom . o f chromatograms.

A small sca le  separation of the three compounds was 

carried  out on th ick  paper and compounds (VI) and (VII) 

obtained fa ir ly  pure in  a freeze-dried  condition .



Compound (VIII) was further p u rified  by 

cliroaatographic methods and freeze dried.

Tlie Rp and Mqa vnlucs o f the three compounds 

are l i s t e d  in  Table 3  . Compound (VII) was 

v is ib le  as a brovm spot before treatment with spray 

^^when raolybdate-troated paper wac used for  

cliromatograpliy^ and had a r e la t iv e ly  high Msa vnlno 

in  buffer C but was stationary in  buffer

Hydrolysis o f compounds (VI) and (VII) with 

-g lu cosid ase y ie ld ed  1,2,4-trihydroxybenze.ae and 

glucose. Acid liydrolysis gave tlie earns products.

The u.v.spectrum  o f compound (VI) showed 

X  oax. e liift in g  to 292m |a_ in  the presence o f

a llca li; compound (VII) liad X  280m|i_ sh iftin g  to

29ln  on addition  o f a lk a li;  compound (VIII) had

271m |4. .

The three compounds were each spotted onto 

two sh eets o f Whatman No.3 paper and the startin g  lin e  

o f one Biieet sprayed with aqueous M-FeCl^ so lu tion . 

The tv̂ o papers were then developed with solvent A 

A #  detected  with spray Compound (VI) had Rp 0,50

on both papers but (VII ) and (VIII) could not be ■



detected  on the paper sprayed with PeGl^.

Compound (VI) (lOmg.) was shaken with  

HjN-dimothyl forraamide (0 .2 m l.) , methyl iodide
~  "  c \« )
(O.Oiijnl,) and barium oxide (0.05g* ) for C hr.

The mixture was centrifuged and the c lear so lu tion

heated with ^-raetftanolic HOI (30min. concentra ted

and then heated with aqueous H-HCl (3 h r .,100°).

Chromatographic examination o f the so lu tion  sîiowed

that no methylated phenol was present. Barium

hydroxide was replaced with s ilv e r  oxide and the

e^eriraeut repeated but again unsuccessfully.
Dlasomethane was prepared by adding slowly

with shaking N~nitrosometliylurea (5g. ) to KOH (lOg. )as
d isso lved  in  water (15m l.) and ether (50ml.) a t 0 .

The ether layer became yellow  and was decanted o f f  and
M

dried over KOH p e l le t s  (2 h r .,0 ° ) .

Preezo-dried compound (VI) (lOng.) was 

d isso lved  in  dry methanol (10m l,) and excess 

dlazomethane in  other (10m l.) added. The f la sk  was 

kept a t  0° overnight. G lacial a c e tic  acid was then 

added dropwiso u n til the yellow  colour disappeared.

The so lu tio n  was concentrated to dryness, heated with



2l|“MoOil/KCl (Ihr. ,1 0 0 °), aad evaporated to drynose

over I'TaOH In a vacum d essica tor . The dark residue

was d isso lved  in  chloroform and compared

chrooatographically with 2 ,4 - ,  2 ,6 - ,  2,5-dimsthoxyphenol

using the two phase solvent systems H and P. Tîioss ss
methylated compound co-chromatographed with 2 ,4 -  

dimethoxyphcnol (see Table 9 ) .

TABLE q

Compouiid Solvent 
Rb, v a lu es .

I

Colow with 

spray Asot

Methylated \ 
compound (VI) /

2 ,4 — )
dime tiioxyphenol

0.36 0.48 pale-blue

2 ,5 -
dlmethoxyphenol 0.08 0.21 pale-b lue

2 ,6—
diiaethèxyphcaol 0.33 0.38 deep-blue

A portion  o f tile residue was hydrolysed wltîi acid  

n eu tra lised  and the so lid  d isso lved  la  water and 

examined chromatographlcally in  solvent A against

standard t r l -  and tetra-O -racthyl-^glucosoo. P a r tia lly
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metiiylated sugars only were de tec tod ,1a the 

hydrolysate by spray

BXPERIMEriT &t) Flotlr/latloa o f CLulaol
""with diazonethane.

Arbutla (0 .5 g .) was d isso lved  la  dry methanol 

(lOnl^ and dlazomethane la  ether (15ml.) adced. The 

so lu tio n  was l e f t  overnight (0 °). Excess dlazomethane 

was decomposed by addition  of g la c ia l a cetic  acid  

drop by drop. The so lu tion  was then evaporated to 

dryness, heated with 2|I-MeOH/HCl (100®, 1 h r .) and 

evaporated to dryness over ifaOH In a vacuum d eslc  ator.

Chromatography o f  the product in  so lvents ÏÏ 

and P again st standard guinol laonometiiyl ether sliowod 

that the two gave the same colour with spray A and had 

id e n tic a l Rp values in  both solvent systems.
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EXPSRIMBHTiY The glucooide; obtaioed from sa llg en in .

A methaaolic extract was prepared Pram beano T/I-icb 

iiad been fed with sa lig en in  (0-lTydro:tybenzyl a lco h o l). 

Cliroraatoeraphic examination ohowed tlie ppeoence o f a 

compound (IX) , sta in in g  pink with spray ^ which 

co-chromatographed witii authentic s a l ic y l  /3 -g lucoside  

(o-l%'droxybenzyl -D-glucopyranoolde) . The extract was 

therefore fractionated  on a c e llu lo se  column and the 

criToma to Graphic and e lec  trophorec t ic  behaviour o f (IX) 

examined. S a lic in , (o-hydroxymetliylphe:iyl 

y^-^ glucopyranoside), sa lig en in  and s a lic y l  y/3-glucoside  

were used as standards and the papers viewed unf^er u .v . 

l ig h t  before spraying. S a lic in  con iot be detected by 

spray A but i t  i s  v is ib le  under u .v . as an absorbing spot.tMB
Hydrolyolo o f freeser-driecl compound (IX) with  

x^^glucosidase y ielded  e a l l  enln and glucooe. Acid hydrolyoi; 

gave the same products.

Tlie u.v* epectrum of compound (IX) ohowed a 

Dingle peak addition o f a llm li caused a

s h if t  . Authentic s a lic y l  /3-glucosldc

behaved s im ila r ly . G alicin  has ^niaz# 268m|u n̂d i s  

unaffected by addition o f  allcali; the absorption

maximum i s  275m^for sa ligen in .
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In o3?dor to e s ta b lish  #m t compouacl (la:) mis tî,e 

zaajor coapoucat produced a fte r  foefliag beano with  

aa ligon iii, fixrthor chPO'OQtogrophic examination o f  tiie 

ex tract ©ac ca/ rieü  out uoing lo t i ,  hliataan l îo .l  Oîid 

Ho. 3. paper0 . . The chromatograas were developed ia  , 

so lv en ts a:id D. and viewed u.n2.cr u .v . 11; h t aad 

sprayed with opsayc £  aad £« A tvaco o f  aa absorli-og 

©pot (X) could be detected u:Kler u .v . l ig h t  whleîi 

eo-cîironatogra h&SL with s a l ic in  in  a l l  tbrc- so lven ts, 

vlisea the gapers wore sprayed witi- g  . h )wever,G03)ound

(IX) Goulü W Qcon to cover a laoot tî^o earjo ai^a.

The ex tra ct wan ti.orefo:'0 streaked onto T l̂iataao

ifo .3 . papers-'wl.ic^i wore developed In colvont ^  and tlie

abeorbia. ba:%I , togotd%er with s a l ic y l  y^-tiliacocidc (IX)

elu ted  wit-, water. The oolu tioa  mac eoi^eatratod aaO.

strsalajd onto two eioctropiioretograao which were

ficvclopod in  buffop The00 were a lso  viewed undor u .v .

l ig h t  a«ici. tine abG;.)rbing bo:'id (X) Mq/iO.O eluted  with water.

The u .v , spoctruQ o f th io  so lu tion , whiel iwïc a lk a lin e , 
î:)ad7^  2S?n|4., addition  o f  acid  had ao e ffec t, an the

c -îcctrua,
’B iodem inorolitc' (carbonate fora ) was added to tîîo 

aqueous so lu tio n  whieî m s  then fi,îtcrov' a:ad freoso-dried .



N O S .

^ -G lu cosid ase hydrolysis o f coinpound (X) y ie ld ed  

sa lig e n in  and glucose.

The Rjji and values o f conpounds (IX) and (X)

and those o f the standard compounds are l i s t e d  in  Table

EXPE]%I!miT \8 Willow shoots  fed with
sa lig en in .

The cut ends of 4 willow shoots (S a llx  

dapluioides) were placed in  an aqueous so lu tion  

(I'JU w/v) fo r  2 days a t  room temperature. An aqueous 

mothanolle ex tract o f the whole shoot was then prepared 

and ci-romatographed again st a control extract prepared 

from N7lllow Bl'ioots placed in  water under the same 

con d ition s.

S a ligen in , s a l ic y l  ^ -g lu c o s id e  and s a lic in  were 

a l l  present in  the experimental ex tract but o f these only 

s a l ic in  could be detected  in  the con tro l.

Tlie experiment was repeated using willow shoots 

placed in  an aqueous so lu tion  o f sa lig en in  (l^ ,w /v) for  

2 days. Chromatographic examination o f the extract 

revealed the presence o f sa lig en in  and s a l ic y l  y3-g lucoslde  

wnich were not present in  the control ex tract.
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SGligonla.

Itoiso üec-âlin,,8 wore i.oonb.- teii with an aqooouo 

so lu tio n  o f  oa llgon ln  (1 ’,w /v ) fo r  3 days a t  25°

A motlmnoilc ex tract v: s  theoproporeâ aad concentra ted  

to a oyrup a- rooa toapoi’atu re. Paper oh^smtocra -hy 

o f th in  ex tra ct aga in st s a l ic ia  uci.og so lven ts  A and BÆfP
am  paper eloctrophoroGlc ia  lAiffer ^  olio^ma no abcorblng 

spot uMor u .v . which corrocpondod to o a lic ii i .  Spray A 

detected  a coa;ou.m staliii.og pink ■’H'aioh bshavod 

id o a t ic a lly  with compound IX) and standard s a l ic y l  

^ «g lu ooo id o  on cl'ironjatOLa>aao oad cIectz*ophoretosraas.

The experiment was repeated ueing G  day old  

m is e  GoedliapB which, were l e f t  on cotton  wool soaked 

in  an aqueous oolu tlon  o f  aa iig ea in  (l,j,w /v ) for 2- rr. 

Ti'-e ex tra ct m s  prepared as before and chromatOi.,rasG 

dcvolo:)8d in  so lv ea ts  ^ and g  against tiie cane 

otaadard conpounds. The papers wore vio'.ed u.idcr u .v . 

l ig h t  before opmj-lvxg t  one I s l f  o f  the pnpop together  

with the oa .llc in  staada3?d was tlian sprayed witl; Q anc tljo 

other h a lf ,  contai dog the s a l ic y l  ^ -g lu o o s id o  standard 

with opray
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Maize seed lin gs were f in a l ly  l e f t  for 3 weeks 

on cotton  wool soaked in  the sa lig en in  so lu tio n  nnri 

a fte r  t! i s  time an extract was prepared and examined on 

cliroraatograrao. Again no dark band corresponding to  

s a l ic in  was v is ib le  under u .v . l ig h t  but a compound 

sta in in g  pink with spray A and co-chromatographing 

with a s a l ic y l  g lucoside was present!

TABLE to

1 1 
'SOLVEOT
! !
!

i

S a lic in

1 Rt7 VAI.UES.
1

S a lic y l /3-

1

1 Dark band

1
j
; Pinlc band........  ' i1 glucoside I from maizeI ?rom maize{ 1 .......... .

- ............. ...... ......................j—  1
1
u
I !

0. 48

i  1

0. 53
i

0. 21 0. 53

» 0. 51 0. 54 0 . 46 * 0 . 56

;
i

I 0. 31 ^
I
! 6 - 3 3

1
0. 76 11

I
0. 84 1 

!



\ O h

EXPERIMEfiT 3.0 The glucoGldos obtained from
2  •hydrox/'beazyl a lcoho l.

A methanolic ex tract r/ao prepared from bean

seeds which had been allowed to. germinate between la y ers

o f  cotton  wool soaked in  an aqueous so lu tio n  o f

£-liydroxybenzyl alôohol (0 .5 ^ ,w /v). The extract was

concentrated and examined on paper chromatograms, each

paper was viev/ed under u .v . l ig h t  then cut in  h a lf  and

one iia lf  was sprayed with ^ and the other with spray g .

I Î O  compound could be detected  with the diazo spray (A)

but a compound (XI) was v is ib le  as a strongly absorbing

spot under u .v . and could be detected  with spray G.88
The main ex tract was then resolved on large  

aî.eets o f  %atman No. 3 . paper. Compound (XI) was located  

under u .v . l ig h t  and elu ted  with aqueous methanol (90;<,v/v) 

from the appropriate s tr ip s . The u.v.spectrum  o f  th is  

so lu tio n  was scanned and a s in g le  sharp peak'^yax. 255m|-u 

observed. Addition o f a llca li did not produce a 

bathochromic s h if t .

H ydrolysis o f compound (XI) w ith /3-g lucosidase
. /

y ie ld ed  jD-îiydi*oxybensyl alcohol and glncooe. Acid
hydrolysis gave the s me products. The Rp and
values of (XI ) are listed in Table VV,
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EacpERiangrai.

^-Hydroxybenzyl a lcohol (0 .0 5 g .)  vjac d isso lved  

in  0.02M sodium aceta te  huffer(pH5.8» 2 a l . ) aad
SS

D-glucoce (0 ,2g) added together with y^-glucooidase 

( 0 . 0 5 s ) T h e  f la sk  was iricuhat^ for  48 hr. a t 27° •
I

Chromatograms o f t lo  d ig e st  a fte r  that period showed the 

prose ICC o f  a compound (XII) s tn i iing pln dsh-purple  

with spray ^ .

The whole d ig e st  was then resolved on large  

sh eets o f rdiatman No.3 . paper, and (XII) elu ted  from the 

s tr ip s  with aqueous methanol (90>t,w/v). Tliis so lu tion  

was evaporated to dryness and tine so lid  d isso lved  in  

absolute etiianol. The u .v . spectrum o f th is  so lu tion  

showed 279®^ sh if t in g  to 290m^ on addition  o f

a lk a l i .

H ydrolysis o f an aqueous so lu tion  with  

^ -g lu co sld a o c  y ie ld ed  n-hydroxybenzyl a lcohol and glucose. 

Acid h yd ro lysis  gave glucose but the alcohol could not bo

d etected . Tîie Rp and Mĝ  values o f th is  compound are 

shown in  Table
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Ttie fo llo w in g  o^KjrLmonts were oot up

( i )  6 lo a n s  ©ore Goalîoü in  tap  raîtor fo r  3 h r . ,

tran o forred  to  o p c t r i  d io li and p a r t ia l ly  covorod w ith  aa  

aqaeouo. o o lu t io a  o f  a lc o h o l ( l  ' , t / /v ) .

( i i )  6 ’boaac, o ia i la r ly  oooked in  w ater, were 

p laced  on c o t to n  wool dampened w itli the saae o o lu t io a  

o f  p h en o l,

,i f to r  incubation a t £5° fo r  2 dayo aethanolic  

cx tra ctc  wore propanod and concent;:®tod, Ghromatograzdiy 

o f tîïeoo GXtracto i: i  oolvents A  and g  followed by 

e:saTiaatlon o f  t io  papers under u .v . l ig h t  and spraying 

w ith cpray ahowed that ex tract ( i i )  contained a

strongly  absorbing band (compound XI) M t no compound 

©' ic... reacted with the d iaso spray ^ , Extract ( ! )  ' 

hov?over, contained (XI) aM a lso  a trace o f  n coapoiiad 

(X II) s ta in in g  pink ©Itli spray ^  and co-chroaatorrcphing  

with g lucoside from E:^rim ont

(Table " ) ,

These oxp oriaea to  wore: rep ea ted , the in cu b ation  

p eriod  belTig inereaoed  to  4  da^/n. Gliromatographlc" '
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examination o f  the ex tra cts  prepared sliowod the 

presence o f compound (XI) in  both ex tra cts  and 

o f an increased amount o f  (XII) in  ex tract ( i ) .

TA3IiE.«\

Compound Solvent Buffer
I1 (Rji va lues) (Msa va lues)

I
. ! A B à s

(XI) : 0 .49 0.52 0.00 1 0,00

(XII) 
from (?>' 
glu cosid ase

Q.it2 0.47 0.43 0.00

(XII)
from

bean
extract

I

0 .43 0 .47 o.4it 0.00

\
^Hydroxy 
[ benzyl 

a lcohol
1

0.92 0.86 0.53 0.00
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EXPERIMENT . The glucoside obtained
from p-nitrophenol

A methanolic extract v/ae prepared from 20 bean 

seeds which had been fed  with an aqueous so lu tio n  o f

o-n itropheaol (l>»,w/v) for 3 days. Chromatographic 

examination o f  the ex tract in  so lven t B, showed the 

presence o f a compound (XIII) which could bo detected  

08 a yellow  spot by spraying tlie chromatogram with an 

acid  so lu tio n  o f TiCl_g;  ̂ heating (50°, 15 min) and then 

dipping in  an a lco h o lic  so lu tio n  o f E h rlich 's reagent
C « l >

(2 -dimethylaminobcnzaldeliydc) . The compound did not g ive

a colour reaction  with spray A.

Compound (X III) was separated from the extract  

by chromatograpliy on th ick  paper. The Ep and Mqa values  

of (X III) were ; -

Solvent Buffer.

Hp values values

à  ^

Compound (X IIl) 0 .60 0.71

n-Ni trophenol 0 .91 0.95

Hydrolysis o f  th is  compomid (X III) with  

-g lu co sid a se  y ie ld ed  ^-nltrophenol and glucose

à  R  

0.00 0.00

0.79 0 .00
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Acid hydrolycis gave the name r e s u lt .

The u .v . epectrum o f (XIII) had 294ra^

and was unaffected by the addition  o f  a lk a li .  

2 “Nitropheaol has "X niax. 311®^

EXPSRIMEIIT 1 4  2.4-D lnitrophenol fed  to
bean seeds. ■

-5Bean seeds were fed with a 5 x.10 M so lu tion  

o f 2 ,4-d in itrophenol on cotton  wool for 3 days. A 

metimnolic ex tract was prepared and examined 

ciiroma tographlcally  in  so lvent B but no phenol couldsss
be d etected . The experiment was repeated using  

so lu tio n s  o f 1^10"*% and 1 concentration but
8SB %%

no 2 ,4 -û in itrophenol could be detected ia  the extracts*



ua..

I'XPBRIMmJTas. Atteaptod d etoctioa  o f U.D.P.G.
la  bean eecdo.

C f c o )

The fra ctio n a tio n  technique o f Cahih e t  a l .  

was need. A ll expei’imeatal procedure war c rried  out 

at 0° un lcrs otherwise sta ted .

6 day-old peeled hern eecds ( l ,4 5 0 g .) were 

extracted  with absolute ethanol (1.51 •) The so lu tion  

was heated to the b o ilin g  point.n llow ed to cool and then 

centrifuged  (2,000 r .p .m ., 15 n in .) 5N-Titric acid  was

added u n t il  the o o lu ti rn was cid  to Congo rod paper 

and tiie so lu tio n  again centrifuged . Mercuric acetate
CV3b>

so lu tio n  (33 m l.) vmc added and the so lu tion  l e f t  

o v e r a i£ it . The p rec ip ita te  was f i l t e r e d  o f f ,  suspended, 

in  M -ammonium aceta te  so lu tio n  (300 m l.) and l e f t  a t9B
room temperature for  2 hr. Mercuric aceta te  so lu tion  

(18 ml.) was again adCod together with an equal volume 

of ethanol (600 m l.) ,  the so lu tion  was stirred  w ell and 

l e f t  fo r  2 lir. The p rec ip ita te  vote f i l t e r e d  of-., suopended 

in  v; ter  (1/j.Qral̂  and HgS bubbled tiorougl for 2§ hr. Ai'tcr 

f i l t r a t io n  the so lu tio n  war aerated for 3 hr. f i l t e r e d  

again and the pH adjusted to 7 .5  wltli d ilu te  ammonia.

A column o f D e-acid ite  *PP’ (SRA 6 3 , 100-200 

mesh, 2-3^ cross-lin lced . Cl” form) diameter 3 cm., heigjit
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18 cm., wac washed f i r s t  with g-HCl and then d i s t i l l e d  

water u n t i l  the ahcorhnace a t 2G0m^ell below O.O3 . The 

nu cleotide so lu tio n  was then passed down the column a t  

a flow rate  o f 6 ml/min. and tlien the column again washed 

with water u n t il  the absorbance f e l l  below 0 .06 . The 

elu en t and receiv in g  v e s se l were co lled  in  ic e .

As the nucleotide o f main in te r e s t  was U .D.P.G ., 

the r e s in  column was e lu ted  su ccessiv e ly  with 0 .002N-KC1; 

O.OIK-HCI; O.OlN-mCl in  O.OIH-HCI; 0.02N-NaGl in  O.OIJ-HCI;
9 #  S S I 8 8  3 8

0.03N-ifaCl in  O.OliWICl. 50 ml. fra ctio n s  were c o lle c te dm s8
and each eluent passed through the column u n t il  the 

absorbance o f tlie e lu a te  a t  260m^*dropped to 0.05; in  a l l  

3 l i t r e s  o f e luate  were c o lle c te d . The graph o f  

absorbance a t 260ra|iagainst ml. o f e luate  i s  shown in  

P ig . i+-

The fra ctio n s  from the f i r s t  peak using  

0.03N-NaCl in  O.OIN-HCI as eluent were combined and 

concentrated by adsorption on a charcoal column follow ed  

by e lu tio n  with a so lu tio n  o f ethanol-ammonia-water 

(40ml. o f  S5JÎ Eton  ̂ 1 ml. conc. PH3 made up to 100 ml. 

w ith water ) Fractions m l.) wore co llec ted  and the 

so lu tio n s  were immediately adjusted to pH 5 .6  by the 

ad d ition  o f a c e t ic  acid . The fra ctio n s  from tlie second



peak were s im ila r ly  co;iceatrated. Chromatojjrapl ic  

e x a iin a tio a  o f the e lu a tes  from the carbon columns 

was carried  out using a ce tic -a c id  v/ashed VOiataan N o .l. 

papers la  so lven ts K, L , and M witii U.D.P.G., U.D.P. 

and U.M.P. as standards. Ho absorbing compounds 

co-chromatographing with tliese standards wçre present. 

U .v. spectra o f  the combined e lu a tes  showed a shoulder 

a t approx. 255mjN.but no d e f in ite  peak.

EXPSHIFÎEHT Xb. Preparation of wheat germ
enzyme.

The method of Cardlni and Yamaha was used 

for ex traction  of the wheat germ.

Commercial v/lieat germ (lOOg) was suspended 

in  0 .05  M phosphate buffer (pH 7.0; 300ml. ; 0 ° .)  witli 

oocasional s t ir r in g . The extract was centrifuged  

(l6 ,000g; 20 ffl.n,; 0 ° .)  and the supernatent dec nted o ff  

and d ia lyscd  against buffer overnight 5° ) . A crude 

p rotein  ex tract (ENZYME I ) was thus obtained.

This ex tract was fractionated  by adding; so lid  

ammonium sulphate and tlie protein  fra ctio n  p rec ip ita tin g  

between 0 .2  and 0 .5  saturation  centrifuged o f f .  The 

p r e c ip ita te  was re-d isso lved  in  0.05^-phosphate oufier
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(100al.:pH 7 .0  containing O.OIM- ethylene  

diam_ne te tr a -a c c t ic  acid  (EDTA) and O.OlM-cyoteine) 

and the so lu tio n  d ia lysed  against a neutral so lu tion  

o f  10-^^-EDTA and 10“% -cyste in e  (21. ;5°;2hr. ) . Tlie 

d la ly sa te  was further fractionated  by addition  o f  

saturated ammonium sulpliate so lu tio n  (pliy.O) and tlie 

p rotein  p rec ip ita tin g  between 0 .2  and 0.33©ol. 

red isso lved  in  the phosphate -BDTA-cyoteine buffer  

(ENZYME I I  ) . The pH o f ' t h is  so lu tio n  was adjusted to 

4 .7  with H -acctic acid  and 0.05 v o l. o f saturated  

am oaiua sulphate so lu tio n  (pH4.7) added. The 

p r e c ip ita te  was discarded and 0.02 v o l. o f  saturated  

aramoniuia sulphate s o lu t i  n added to the supernatent.

The p r e c ip ita te  obtained a fte r  cen trifu g in g  was 

redisGolved in  tlie phosphate-SDTA-cysteine buffer  

(EHZYME I I I ) .

These three enzyme so lu tio n s were stored a t  

5° fo r  up to one week , a fter  that time new ex tracts  were 

prepared as required.
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EXPjSRIMIiSTT 37. Preparation Of
aorioA piglucosides.

The enzyme extractc  were incubated with phenols

and U.D.P.G. in  tlie follow ing proportional-

lOmg. phenol.

S . U.D.P.G.

0.1ml enzyme

0.1ml b u ffer.

Theybuffer used was T ris (hydrosymethyl)-aminomethane-UCl
C O -S )

(Trio-HCl)-pH 7 .4 , 0.05M-soditia aceta te  buffer was used 

i n i t i a l l y  but t i l ls  was le s s  sa tis fa c to r y . A con tro l, 

without U .D .P.G ., was included in  each case and a few 

drops o f to lue ic placed in  a l l  the tubes which were 

incubated a t  37. The enzyme used in  each experiment 

i s  shown in  Table 6 . sam d es  were removed a fte r  

0.5ÎJ?., 2 hr. and 5 .hr. and spotted on. paper chronatogra is 

which were developed ’with so lven ts A and B. TIic papers8S SS
were viewed under u .v . l lg l it  before sprayinf.; i-dth spray

à  •
The phenolic compounds used as acceptors and tlio 

glu cosid os produced are l i s t e d  in  Table 6 . The 

la t t e r  were id e n tif ie d  by comparison with standard 

compounds in  botî so lvent systems.
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EXPSRIHEilTa.8. Replacencat o f U.D.P.G. by
a ltern a tiv e  glucose donors.

Enzymes II  and I I I  were combined and incubated 

w ith reso rc in o l and tiie follow ing p o ten tia l glucose  

donors. (The same substrate concentrations wore used 

as in  the previous experiment(Ho 3L%).

ot- D -glucose-l-phosphate.3S
Methyl o c -^ g lu co sid e .

Maltose

C ellob iose

U.D.P.G.

Samples were removed a fte r  0 .5  hr. and 2 hJ>. 

and examined on paper chromatograms using so lven ts  

A and B. R esorcinol yd -g lu cosid e  was formed only 

when U.D.P.G. was present.

T&PERILŒ-iT Formation o^ glxMOBldes from
U.T.P. and o<--g-glucoso-l-nhooohate

Adenosine triphosphate (A .T .P .,2 .4  mg.) » 

urid ine triphosphate (6 .T .P ., 1 .4  mg.) <<.^D-glucose-

l-phosphate (G -l-P ,,2 .1  mg) and catechol (1 .3  mg.) 

wore Incubated with enzyme I (0 .1  m l.) and tris-HCl 

buffer (pH 7 .4 , 0 .1  m l.)Acontrol reaction  containing  

only catechol,enzyme and buffer wan a lso  prepared. 

Magnesium cliloride (0.5mg. ) and sodium flu orid e  (2mg. )
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were added a-id a few drops o f toluene placed on top 

o f both, so lu tio n s  b  fore  tlie tubes wore incubated a t  

37°. S‘ nples were removed a fte r  2, 8 and 24 hr. and 

examined on paper chromatograms using so lven ts ^ and 

B and a c a te c .o l y3-glucoside standard. A fter 8 hr. 

a trace o f coapound(lll) , sta in in g  pink w ith spray A
SB

and co-cliTomatographing with the stand rd g lucoside, 

was present in  the incubation, the c one entra t i  on of 

( I I I )  Jiad increased a fte r  20 hr.

The experiment was repeated using quinol and 

sa lig e n in  in  pi: ce o f catech ol. Small amounts o f  

phenolic compounds were detected a fte r  2 Iir. incubation  

whicn co“Cliromatographcd with arbutia and s a lic y l  

yS-glucoside standards, ia  both ^ aad B. A fter 24 hr. 

there was a marked increase in  concentrations o f these  

compounds in  the d ig e s ts . There was no evidence for  

any g lucoside formation in  the control so lu tio n s.

cT^-D-glucose -1-phosphato was replaced by 

.^^-D-galactose-l-phosphate and incubated with quinol, 

the other subst: a tes  and conditions remaining unchanged 

Ghroiaatographic examination o f t il ls  so lu tion  did not 

reveal the presence o f a galactosido,how ever.
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EXPERIMENT 3 o . Reversal o f g lu cosy la tlon

Arbutia (3«0mg.) ,  enzyme I (0 .1 m l.) and 

tris-E C l b iiffer (pH 7.4» O .la l .)  were incubated with  

a) U.D.P. ( 0 .5  mg.) and b) U.T.P. (0 .5  mg.) as 

described in  the previous experiment. Samples were 

removed immediately on a ix i® -, and a fte r  1 ,2 ,3  and i6  h r ., 

and examinedon paper chromatograms in  so lvent Ij with  

U .D .P ., U.T.P. and U.D.P.G. as reference compoundc.

Tiie papers were viewed under u .v . l ig h t  but no 

absorbing spot correspondin’̂  to U.D.P.G. other than 

the standard, was present.

IüXPERI?,!EUT %%. Huclcotidaoeo in  the wheat germ.

The fo llow ing reaction  mixtures were prepared;-

-fo; U.D.P.G. A.T.P. Enzyme I i ; r i 8 - : : c i
■baffer

ITaP

1. 0.5mg. — 0.1m l. 0*1ml.

2. 0.5mg« 0.1ml. 0.1m l. 2.0mg.

3. O.Smg. 0.1m l.

4 . 0 .5mg. 0.1m l. 2.0mg.

5. 0.8mg. 0.1ml 0.1ml

6. 0.8mg. 0 .1ml. 0.1m l. 2.0mg.

Each so lu tio n  was covered with toluene a%i the 

tubes incubated a t 37̂ ) for  24 hr. Chromatographlc
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cxaminntlon o f the solutioun was carried out using  

so lven t L and the papers examined under u .v . l ig h t .

Compounds co-chromatographing with U.D.P. and U.M.P.-5*' 

were shown to ho present in  so lu tion  2. No u .v . absorbing 

compounds were present in  tube 1, and 5 and 4 contained  

only U.D.P.G. No compounds v is ib le  uinler u .v . were 

present in  5» but compounds which co-cioromatographod 

with A.P.P. and '.M .P .-5 ' were present ia  6.

EXPERIMENT3a.• ’Simple’ transferase reaction s.

Qulnol (3.0m g.) , D-glucooe (26 mg.) and 

almond y^-glucosidase were d isso lved  in  0.05M-sodiua 

aceta te  buffer (pH 5 .6 , 0 .2 m l.) and incubated a t 27° 

fo r  24 hr. Ciiromatographic examination o f the so lu tion  

did not reveal the presence of any arbutia. The experiment 

was repeated and samples removed a fter  8, 24hr, and 3 days 

but there was no evidence that any g lu cosy la tion  had 

occurred.

Resorcinol and 1 ,2 ,4-trihydroxybenzene were 

used in  p lace o f quinol and the experiment repeated.

Ho g lucoside formation was evident however.

1 ,2 ,4-Trihydroxybenzene (1.4mg.) was incubated 

separately  with nrbutin (I4.0m g.) and c e llo b io se  (29mg.) 

using ^ -g lu c o s id a se  in  0 . 05M-sodium acetate buffer
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(0 .2 m l.) ÎÎO evidence o f g lu cosy lation  was obtained.

BXP2RI&1ENT 33  Preparation o f a glucooide-synthesisinp:
enzyme frora bean seeds._______ ___ _

Dormantbean seeds (35g) were extracted , a fte r  

removal o f  the te s ta s , with 0.05M-piioâphate buffer  

(105m l.) in  an ’atomix’ . The slurry obtained was l e f t  

to stand (2 h r .5 °), centrifuged (l6,000g;0°;?Cmin. ) a-id 

the supernatent liq u id  decanted o f f  and d ialysed  

again st O.OSM-phosphate buffer (500m l.;5°).

R esorcinol was then incubated with th is  enzyme 

together w'ith U.D.P.G. in  tris-H Cl buffer using the 

same concentrations and conditions as in  Experiment a.?. 

Samples were removed a fte r  0 .5 , 5 , and lOfer and 

examined chromatographlcally using so lven ts A and DtSt 3%
with reeorcin o l -g lu cosid e (I I )  as a standard. A trace 

of a compound sta in in g  pink with spray ^ and co- 

chromatographing with resorcin ol ^ -g lu c o s id e  in  hotJi 

so lvent systems was present a fte r  30 min. The 

concentration increased with prolonged incubation.

This experiment was repeated replacing  

resorcin o l with q u iao l,ca tech o l, and sa lig en in .

Compounds were produced which co-cliromatagraphed with  

authentic arbutia (I) , catechol y3 -g lu cosid e (I II )



and s a l ic y l  y^glucoside (IX) resp ec tiv e ly  in  both 

so lv en ts  A andB. The coaceiitratioa o f glucoside was
30Ê

much greater a fte r  lOhr. incubation.

1 ,2 ,4-Trihydrozybenzeae and p ryga llo l were 

a lso  used as acceptors but no evidence o f g lu cosy la tion  

was obtained with these compounds.

The enzyme was p u rified  by fra ctio n a tio n  with 

so lid  ammonium sulphate and the fra ctio n  p r e c ip ita t i’og 

between 0 .2  and 0 .5  saturation  was red isso lved  in  

0.05M-phosphate buffer containing 0.001L|-EDTA and 

O.OOlM-cysteine. ter  d ia ly s is  against a neutralss
so lu tio n  o f 1G”^ - ”EDTA and 10’̂ '*'^-cysteine, (l6hr. ; 5°) 

th is  enzyme was incubated with resorcin o l and UDPG 

(see  Experiment 27)» A small amount o f I’esorciriol 

P -glueoside was present a fte r  Ihr.

EXPERIMENT 54 Incubation o f sa lig en in  with y erst
lavertase and sucrose

Saligen in  (lOmg.), sueroso(20mg.)and

in v er ts  se (H5H concentrate; 0.2m l. ) and C.lM-sodiuia

phospliate buffer (pll 7 .5; 0.2m l. ) were incubated a t 25°.

A con tro l so lu tion  containing b o iled  invertase and buffer
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m s a lso  prepared and incutoated at 25°. Samples 

wore removed a fter  5 mln. and examined on ppper 

chromatograms v/hicn were developed with solvent A.

One chromatogram was sprayed witj.. ^ and tiie other with  

uroa hydrocliloride. Both spray reageats revealed a

compound (XIV) whlc: Md Rp 0.68 and did not co- 

chromatograph witn s a lic y l ^ -g lu c o s id e , RpO.59. The 

compound was purified  by fractionation  of the d igest  

on t. lck  paper chromatogi’ams (solvent A). The product 

obtained was d issolved  in  water (0#2ml. ) and incubated 

in  O.lM-phosphate buffer (30min.;25^;0 .2m l.). Samplesss
were removed and examined ciiromatographically using 

D-glucosej D'-fructose and sa ligen iii os standards.ns
Compound (XIV) was completely hydrolysed a-id fructose  

and sa ligen in  v/ere detected by sprays ^ and ^ respectivols^. 

On incubation of compound (XIV) with 

-glucosldase no hydrolysis was evident a fter  2 days. 

Hydrolysis witli O.Ol -̂HgSOi  ̂ (100°) was complete 

a fter  5 rain. Cironatographic examination of the solution  

showed the presence o f sa ligen in  .S a lic y l ^ -g lu c o s id e  

(IX) was not hydrolysed under these conditions.



EXPERIME.iT 3 S. Formation o f an acid ic
con pound ~by bean seeds.

Bean seeds wore fed with an aqueous solu tion  

of resorcinol (l;«,w/v) and an extract prepared as 

previously described . Cliromatographic examination

o f th is  extract revealed the presence of resorcinol 

y3 -g lucoside ( I I ) and also of a compound (XVI) 

sta in ing  the same colour with spray A. (Experiment 1 ).

The approximate proportion of (II)  to (XVI) was k tl-  

Tiie Rp and values of compound (XVI) are shovm in  

Table 7 together witli those o f resorcinol j i  -g lucoside.

The extract was therefore fractionated on large  

sheets o f Whatman No.3 paper using solvent B. A broad 

band containing both compounds ( I I ) and (XVI) was eluted  

with aqueous metlianol (90?Spw/v) and the solution  concentrated 

( < 5 0 ° ) . This was then resolved oa paper using solvent 

^ and compound (XVI) eluted from tlie appropriate s tr ip s .

The so lu tion  was concentrated ( <  50°) and stored in  the 

refrigerator (5 °). Shortly a fter  however, a further 

chromatographic examination of the purified  compound

(XVI) showed that small amounts of resorcinol -

glucoside were present. Compound (XVI) was therefore 

again puril'ied by paper cliroaotography using solvent
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A and the product obtained a fter  e lu tion  r/as freeze-  

d ri.d  aid stored in  the refrigerator .( 5 ° ) .

The u.v.spectrum of resorcinol has ^  271m^

a id that of compound (XVI) has~X 270-271m^.

The experiment was repeated and extracts o f bean 

seeds fed with aqueous so lu tions o f ( ! )  quinol (l,.,w /v)

(ii)c a te c h o l (l; ,w/v) and ( i l l )  sa ligen in  (i;5,w/v) for 

tiire. days wore prepared and examined chromatographically 

in  solvents A and In a l l  the extracts low

concentrations o f compounds were present which 

resembled the corresponding mono -g lu cosid es, in  that 

they stained the same colour with spray A, Those 

coapj'jnds were therefore iso la ted  from the plant extracts  

by chromatography and e lu tion  from thicic papers ttsing 

so lvents B cmd A as described for compound (XVI). The 

Rp and Mĝ  values o f the three mono yS -g lu cosid es and 

compounds (XVII), (XVIII) , and(XIX), resu ltin g  from 

quinol, canechol and sa ligen in  resp ectively  are siiomn

in  Table 7- •
The u .v . spectrum of (XVII) shov;ed a peak at

2u5ra^l arbutin has \  266m^. S a licy l yo -

glucoside aiid(XIX) liave "X •



Examination o f the structure of 
coniPQtuid ~ CxfI y

EXPI'UIMEITT 3 6 . General In vestiga tion s.

The compound (XVI) appeared to be more stable  

than (XVII), (XVIIl), or (XIX) and was therefore chosen 

for further in vestiga tion s. Compound (XVI) (lOOmg.) 

was therefore iso la ted  from a plant extract prepared 

from 180g. (dry v/eigiit) bean seeds. As the separation  

was on a large sca le two c e llu lo se  columns were used, the 

f i r s t  was eluted with solvent B and the second with 

solvent A. The compound was freese-driedj la  the
«3S

presence of water, resorcinol -glucoside was rapidly  

formed.

A more d eta iled  study o f tiae chromatographic 

and electrophoretic behaviour o f compound (XVI) was 

undertalîba. . Cliromatography in  solvent H ^  solvent ^  

containing ’Cetavlon’ , showed tliat the Rp value was 

Increased in  th is  solvent system.

Compound Solvent 
(Rp values)

Buffer 
(%A values)

A i D

Resorcinol p -
glucoside (I I ) 0.48 0.48 0.01

Compound (XVl) 0.15 o . i a 0.50
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Electrophoresis in  huTfers o f low pH values 

showed that compound (XVI) was a r e la t iv e ly  strong acid

which had a high value even at pH 2.6$

The i . r .  spectra of resorcinol y3 -glucoside  

(II)  and compound (XVI) as smears deposited on 

evaporation from methanol were scanned.

32SXPEaiIi[ErTT37- Introduction o f P into
troàd'Tôâh seeds.

32Phospliate (ImC.j carrier free in  dil.HCl^

pH 2-3 ) was d ilu ted  to 150 ml. with d is t i l le d  water.

A portion o f th is  so lu tion  (50 m l.) was taken and quinol

(0 .5 g .) d issolved  in  i t .  Dormant bean seeds were

then allowed to soak in  th is  so lu tion  for 3 days, washed,

w ell with water and an extract prepared by crushing in

methanol. A control extract was prepared from bean

seeds l e f t  in  a further portion (50ml.) o f the 
32Phosphate so lu tion . The extracts were streaked onto 

Whatman No.3. papers which were developed with solvents  

^ and B. Arbutin and compound (XVII) were located by 

spraying str ip s  cut fr  m the sheets. The d istr ib u tion  

of ra d io a ctiv ity  was measured by counting; lem.square 

of a further s tr ip  using a Geiger-Muller end window



tube with an EKCO scalar (type N592A). Graphs were 

p lo tted  o f counts per rain, against s tr ip  number for both 

extracts and the areas covered by arbutin and compound

(XVII) narked. ElectrophoretOfp?ans in  buffer E wore 

examined in  the same way.

As no correlation  between the a c t iv ity  and the 

p o sitio n  o f compound (XVII) could bo found a further 

experiment was devised. Bean seeds were allowed to 

soak in  a portion (50ml.) of the ^%hosphate so lu tion  

overnight. Quinol (0 .5 s .)  was then dissolved in  tlie 

so lu tion  and the whole l e f t  for 3 days. An extract 

tras prepared and examined on paper ciiromatograms against 

the two previous ex tracts . No increase in  the concentration  

of compound (XVIl) was apparent on sprcylng with A and 

on counting the s tr ip s  no re la tio n  between the p osition  

o f compound (XVII) on the ciiromatograms and the degree 

o f rad ioactiv ity  was observed.

EXPBielME.JT 38. Hydrolyses of compound (XVI ).

Incubation o f y3 -g lucosldase with a so lu tion  

o f compound (XVI) containing some resorcinol , 

glucoside showed that the la t te r  was hydrolysed but



compound (VJl) v/as unaffected. Incutetion with 

-g lu e 0 8Ida00 alBo did not liydrolyoe (XVI ). 

hydroly o iô  with acid under standard 

cjnditioiXG yielded  resorcinol and glucose. Pw ther  

examination o f (XVI) under conditions of acid hydrolysis 

was carried out using d ifferen t concentrations of 

sulphuric acid, d ifferen t temperatures and removing 

samples a fter  p ,10 ,lb ,30 m ln,, 1, l | ,  and 2 lir.

The samples were neutralised  by BaCOj and spotted onto 

a Whatman Iîo.3* paper whici.:. was developed vrith solvent 

The re su lts  are summarised in  T a b l e ^

Normality Tem.oerature Result Products.

0 .3  80^ Hydrolysis Resorcinol
complete <̂ v̂-cr glucose
XV>r.

1 .5  100° îiyarolyeis Resorcinol &
complete a fter  ^-glucose 
30 rain.

iillcalxne i'jydi’o ly s is  o f compounû (XVI)

(0.5N-NaOH; $0°; 4 5  min.) followed by neutra lisation  with 

IR -120 (H’* form) and chromatographic examination with 

so lvents A a:id B showed that only resorcinol fi —
as =5 /

glucoside was present in  the so lu tion . Tlie hydrolysis 

was therefore repeated and samples removed and neutralised
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a fter  1 ,5 ,1 0 ,1 5 , 20 aM 45 min. I t  was found that 

compound (XVI) was completely hydrolyséd a fter  1 rain.

The in i t i a l  so lu tion  contained a proportion o f  

resorcinol -g lucoside (5:1 approx., XVI:II ) ; a fter  

1 rain, the concentration of the la t te r  increased and 

i t  was tlie only detectable phenolic compound present.

hydrolysis with 0.5N-HaOH (60°; 10 rain.), 

treatment with IR -120 ( H* form) and further hydrolysis 

of the so lu tion  with 0.5N-Hg80^ (80°; 1 h r .) gave 

resoi'cinol and glucose.

Compound (XVI) was treated with 0.5N“Na0H 

(60°; 10 rain.) and the solution  neutralised  as before 

and f i l t e r e d . This so lu tion  (0.5ml) was then 

incubated with ^  -g lucosldase and 0.05M-sodium acetate  

buffer (0.5ml*ÎPH5.2; 27°; 2 d a y s.). Clororaatographic 

exaalnation o f the d igest a fter  that time showed that 

complete hydrolysis had occurred y ie ld in g  resorcinol 

and glucose.

W.TPERIMBI1T 3q Investigation  of the acid ic
coraponeat o f (XVT?

sodium fusion of compound (XVI) followed by 

addition  of a d ilu te  so lution  of sodium nitroprusside
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gave a transient purple colouration. A control te s t  

was carried out as fo llow s. An extract from lieans 

germinated on damp cotton wool was separated on thick  

papers which wore developed with solvent B, The s tr ip s

having Rp values between 0 .5  and 0 .6 , co- respondi:og to

compound (XVI), were eluted  and theft concentrated to 

dryness. Sodium fusion , followed by addition of 

nitroprusside, gave no reaction  for sulphur.

Compound (XVI) was treated with O.SN-NaOH 

(A.R.; 60°; 10 rain.) neutralised  with IR-120 (H* form, 

a n a ly tica l grade) and f ilte r e d :  Electrophoretic

examination o f t ills  so lu tion , compound (XVI ),

0.01N-Hg30i^ and s a lic y l ic  acid in  buffer P and spraying 

with E showed the presence o f a fragment from the

hydrolysate sta in ing  pinlc and having the same

value as sulphuric acid . Further examination o f the 

so lu tion  in  t ie  same buffer (||) against O.OlN-solutions 

o f phosphoric, oxalic and sulphuric acids showed that 

a l l  t ir e e  acids and the compound produced on alkaline  

ly d ro ly s is  of (XVI) had sim ilar Mĝ  values.

Chroma tographic examina.tion o f the hydrolysate 

on Whatman N o .l, paper with solvent J (W hr.development) 

and d etection  of ac id ic  compounds by spray E a lso  showed 

the presence o f a fragment stain ing pink and



co-chromatographing with sulphuric acid . Oxalic 

acid and phosphoric acids move with lower Rp values  

tliaa sulphuric acid in  th is  so lvent.

A determination of the ash content o f 

compound (XVI) was carried out. A crucible was weighed 

to constant weight and compound (XVI) (4.2rag.) 

introduced. The heating was continued u n til the 

crucib le a ^ i a  reached constant weight. The weight o f  

residue was 0.7mg._^ A flame te s t  on th is

residue showed that i t  contained sodium and some 

potassium. Sodium fusion  of the residue followed by 

addition o f nitroprusside gave a strong purple 

colouration. A te s t  fo r  nitrogen with ferrous sulphate 

fe r r ic  chloride and acid was Negative.

The residue obtained from ashing (XVI) on a 

nickel spatula was d issolved  in  d is t i l le d  water (0 .5m l.) 

contal;ii:ig IE-120 (H* form) and examined chromatographically

with solvent J using solu tions o f sodium sulphate, 

compound (XVI) and O.Olg-Hgl^^ as standards. Spray 

g  showed tioat the sodium s a lt  o f the acid gave a 

rea ilin g  spot. Compounds sta in ing pink with the 

indicator spray (g) and co-cliromatographing with 

sulphuric acid were present in  both ashed (XVI) and a



eolu tion  o f (XVI) but in  a lower concentration  

in  the la tter*

Analyses of compound (XVI) gave the follow ing  

percentages of sulphur î -  1.:>1,0#62 a-id the percentage 

o f sulphate as determined by Dr.Rees was 2 .8 .

gKPERIMDvlTAo.> Méthyla tio n  of com pound XVI.

Preeze^dried (XVI) (llmg. ) was metîiylated

using the method of Kuhn et a l with g,^-dimethylformamlde

(0 .48ml. ) , W thyl iodide (0.08ml. ) and s ilv e r  oxide

(90mg.) . The dry chloroform solu tion  f in a lly

obtained was concentrated and the resu ltin g  solution

heated with 0. OSg^methanolio NaOH (0,3ml. ; 70^; 5 nln. ).

The so lu tion  was neutralised  with IR-120 (Ĥ  form) and

the liq u id  f i l t e r e d  and concentrated. An equal

volume of methanolic HOI (U^,w/v) was added and the

mixture heated (100^; 30 min: 50^; 12 h r .) and then

evaporated to dryness. Aqueous N-HGl was then added andss
the so lu tion  again heated (80^; 3 h r .) .  The acid was 

neutralised  with (HCO^"form) and the

resu ltin g  so lu tion  of methylated sugars examined 

chroma tographically with solvents A,B .F and g and 
detected with spray B. The follow ing compounds were



used as staM ards:- 2 , 3 , 4'", 2 , 3 , 6- ,  and 2 , 4 .6-  

tri-O-methyl-D-glucoGo., A trace of a compound m Ich 

co-chromatographed with 2 , 3 , 4 , 6- totra-^O-methyl-D-glucose 

was present but tlie major product was chroma tographically  

indistinguishame from 2,3,4-tri-^ -m ethyl-D -glucose  

in  a l l  four solvent systems aM stained the same 

yellow-brown colour with spray B# •

A compound sta in ing  deep red wltl spray A 

and co-cliromatographing with resorcinol monome11%̂ !ethor 

in  solvents A and B was a lso  shown to be present.
3S S3

A "better chromatograoblo separation fcf 2 ,3 ,4 -  

and 2 , 3 , 6-tri-O -aethyl-D -glucose was sought and solvent 

G tr ied . Horever, the Rp values found were 0,51 aM

0 .6 3  resp ective ly . In buffer A "both compounds have

®SA values o f 0 .0 . Buffer G was a lso  used and the 

paper treated with a chromium trioxide/potasslura  

permanconate spray reagent. 2 , 3 , 6-tri-G -m etliyl-B- 

glucose showed c lea r ly  as a yellow spot on a pink 

"baclsground "but the other methylated sugars could not 

be detected . Both r^hatman N o.l and No.3» papers wore 

used but with no improvement in  detection .
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EXPERIMS’iTAvW Méthylation o f resorcinol
I "#II i m iiiiu I n  rnmmn <■■  ..................   » ii— w»iii,n im ii« i # , i,i « # « * »

jS-glucoside ( l l ).

Resorcinol û -g lucosids (25ms.) was
' CK\Ŵ.

methylated by the method of Kuhn e t  a l . N,#» 

dime thy ].formamide {1.2m l), methyl iodide (O.Wl* ) 

and s ilv e r  oxide (hOOmg. ) wore added and the same 

procedure followed as in  the previous experiment 

om itting the treatment with methanolic NaOh. 

Chromatographic examination of the products in  

solvents A and B showed that only a compound co-=a ;t8
chromatographing with 2 ,3 ,4 ,6-tetra-O-methyl#^gluGose 

was present.

35EXPERIMENT A*21. Introduction of Sulphur
Tn 'broaa bean seeds.

35S as sulphate (liaC;0.9al.;pH7.0) was 

dilixted to 100ml. with d is t i l le d  water. A (w rtloa  

(800ml) was talten and further d ilu ted  to 500ml (8 0 0 ^ ). 

Dormant bean seeds (lOOg. ) were allox'/ed to soak ia  th is  

so lu tion  overnight. Eeoorcinol (3g .) was then 

disso lved  in  tlie so lu tion  and the whole aerated for  2 

days. TÎ10 beans were then removed, washed w ell with 

water and l e f t  on damp cotton wool for a further 24 hr.
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Chromatographic examination  of an extract with solvent 

A showed that compounds (II) and (XYI) were both 

present. The rad ioactiv ity  present on a str ip  

(1cm.wide) o f the chromatogram was therefore 

counted as described previously (Experiment ^7- ) and a 

graph p lotted  of s tr ip  number against counts per min.

The rad ioactiv ity  was concentrated near the orig in  of 

the chromatogram.

The experiment was repeated using bean seeds

germinated for 24 hr. before.applying the so lution  of
35resorcinol and sulphate. After 2 days 0 bean 

cotyledons were removed, washed w ell with water and 

an autoradiograph taken using a piece of thin polythene, 

to prevent wetting of the X-ray paper. The 

autoradiograph was developed a fter  20 hr. (Pig. 5 )

Further autoradiographs o f bean seeds were taken a fter  

8 days in  the aerated radioactive so lu tion . Longitudi?ial 

section s of 6 beans were cut and l e f t  in  contact with the 

X-ray paper for 30 hr. before development, two sections  

arc shown in  Pig 5 . An extract which was prepared 

from the same batch o f beans and exajaincd chroma tograph­

ic a l ly  with solvent ^ contained both compounds (I I )  and (XVT) 

An autoradiograph of th is  chromatogram showed that there 

was no rad ioactiv ity  in  the region of compound (XVI).



Preparation of ;o-livdroxrc• onyl 
6 - 0 - t o l u e a e - p - u u l p h o n y l -  /3  - D -

ill ucopyrago q id e . / ^

Arbutin (2 .7g. ) , nulphoa.;T chloride

(2 .1g . ) and pyridine (0.6m l.) wore mired and tlie 

Golution d ilu ted  with dry cliloroform (5ml.) The 

fla.GK une snaucn a t room température for 4 hr. end water 

(3mlo) then slowly added. Tie resu ltin g  organic 

layer wan coprrated and sliaken suococcively with d i l .

H 2 SO g  ̂ water, aqueous iTaHGÔ , anc water and f in a lly  

dried over aniiydrous The solution  was

concentrated under reduced pressure, cooled and a 

white so lid  obtained. After recr y sta llisa tio n  from 

aqueous methanol f in e  white cry sta ls  o f compound (XX) 

were obtained in  low y ie ld , m.p. 69-70^ [^Pounds 0 ,52 .7 ;  

11,5.3; a ,7 .3 . Ĝ ç̂ IIggSOg. CH3OH roquires 0 ,52 .4;

H,5 .7; S,7.2>S]

Conpoiina (XX.) gave t  e same pupple colouration  

as artnitin with spray A. The % and values o f  

arbutin and conpound (XX) are sliown below: -

Gompound

(m )

Arbutin ( I )

Table \3  ,

Rp values
Am

0 . JO

0 .4 0

I
0.86

O.Aj.5

Mcia values 
£   £

0.00

0 . 2 '-

0 .0 0

0.00
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Compound (]%) had ^  28Gm ^  sh ift in g  

to 302ia|n  ̂ on addition of a l'ca ll.

Incubation with ^  -glucosidaoG did not 

iiydroiysc compound (iü-)* Ilydrolyuie o f an aqueous 

methanolic so lu tion  of compound ( ;C ) Tdth HCl 

yielded  a sugar moiety which was detected with 

sprays B and 0 , having the same Rp value (0.45) 

in  solvent B as 3> 6-anhydro-p-glacose.22 sst
Allialiiie Iiydrolyoio of (%)[) with 0.5jT-Me0H/ 

îîaOH (70°; 15 miii, ) was followed by n eutralisation  

using IR-120 (II form) and cjcamination on paper 

chromatograms. A phenolic co mound was detected  

with spray A iiaving the same Eg value as arbutin inSS *
the so lu tion . Electrophoretic examinatlon  using  

buffer A showed tiiat t i l s  phenolic compound and 

arbutin had id en tica l values. Gprays B aiid C

detected a low com entrât ion of glucose and a compound 

which was chroma tographically indiotinguishable  

from 3>6-aMydro-D-glucose in  solvent B* The 

iiydrolyeate was therefore fractionated by 

chromatography on th ick  paper and tlie suspected 

arbutin component eluued and concentrated. hydrolysis 

o f th is  compound with acid yielded glucose and a



trace o f 3,6-anliyciro-D-clucose but the phenol could 

not he detected.

Compound (xX) (60mg#) and LAH (5mg. ) were 

disBolvod in  dry tetrohydrofuran (TIB?;2ml.) and 

heated at 65^ for 12hr. More LAH (6mg. ) v/ao added 

a fter  that time and the so lu tion  heated for a further 

2hhr» After décomposition of excess LAH by ethyl 

aceta te , ice-water (1ml.) was added dropwise and tlie 

orgaiiic layer separated and concentrated to dryness.

The so lid  was triturated  twice with cold ethanol, 

f i l te r e d  through Vlhatman No. 50 paper and the solution  

concentrated to drvnesB. The so lid  was hydrolysed 

with acid  and the products examined on paper 

ciiromatograms using solvent B with D-glucose, 6-deoxy- 

D-glucose and 3,6-anhydro-^glucose as standards.

A compound was dot do ted with spray B from tlie liydrolysis 

which co-chromatographed with 3.6-anhydro-^glucose.

ITo 6-dooxy-D-glucose wan apparently present#
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TABLE \H.

•olvent Oomuouncl
ill? values

D-Slucoae 6-deoxy-
D-glucoBe

3,6-aaiiyoro-
D-glucoce

Hydrolysis
product*

I
Buffer

AS!
c

0.12 0.32 0.43 0. i3

1.00 0.72 0.84 0.34

1.00 0.00 5.00 5.00

coiA
method of Kulm ot a l .  usi-ig H,N-ûi;;ietliylforraamiûe 

(0.45ml. ), metliyl iodide (0.16ml. ) and s ilv e r  oxide 

(O .lo g .) . The metliylntcd compound vjas then îieatcd 

witli g-metlmnolic NaOlI (30°; 2 hr. ) the so lution  v/as 

then neutralised  with IH-120 (H“̂ ) and concentrated to 

dryness. 2H-flotlianolic liOl \?as then added, the solution  

heated (100°; 2 h r .) and evaporated to dryness. 2N-aqueous 

HCl was added and the so lution  am lh  heated (100°; 3hr. ) .

Tiie acid  was neutralised  with IRii-400 (carbonate form) 

and the so lu tion  f i l te r e d , concentrated and oxamiaod 

on paper chromatograms using solvent A. 2,3,^k- 2 ,3 ,6 -

2,4,6-Tri-O-metIiyl-i^SlxicoGes and 2 ,3 ,4 ,6 - betra-;0- 

me t'ly l—D—glue ose were used as standards. A compound,



viv\.

sta in in g  yellow-brovm with spray B, and co-Sjl
ciiroma tographing witn 2 ,3 ,4 - tri-O-mc tliy 1-D-gluco se

“* SC

was present#
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î't  :t (+4- Epc'xxt'ûtiaa of n-acctorsn: cmyl - mia.'w»* #rmw
4x3, i -  .. -  to tra-S -acety l Â-

__UOJBlUG.

Ar-tutia (0. :;g. ) m- ùGQt^^%oC. by hrmtlnj 

v;iti- a ce tic  mnhyürlde (f .y a i» )  aM sM lm  acetate- 

(0...54, ) .  A will to cry a ta illn s  ooiid  wan obtained,

a .p .lis6 ,y -i4 7  [  Pound: C,5̂ 4..ü;îi, 3»6. Cale» for

or., l 6 - nontg.  
0-aooty I-A -sl’.icooc.
-  •'> «k##c4*y ^.j#40a@ a,Tr:#,.k ,(gg, iH tA x t» rM i»r ''3Aw6#u.vL%w#

3-Olucoi c %5S») wan acc-*vlotcsl in  te c  ucnic-l
«H»

•oa.;- o l t.; a^-iydrouo DOlii'S acotato (%. ) a:id a cetic  

Q.Tbyürldo (2531.) . A a s lid  (4 .2 c .)  tjcs obto i  nofi 

o' lei, ■ea'- rccryst-aiiioeC from tac -i-.r»saol,

(L it.va lue liO-l.'!®)» [_Fou.kl; C,é.3.3: II,;:.6» O alc.îbr

*̂ 16'%2̂ 11= n,„*6; . la  CisCl  ̂ ( c ,7 ) .

M t. vulac 3. 3]

mmmm&jiÈ:. SEsamâ^-^oeçoss^
- 4 -

. Æ m gsiao  .(*«). /

Eccoï*ci::iol (2 .2 g .)  , 1 , 2 , 534 , 6-peata-g- 

ccetyl-r.—sl'ueoce (7»5c») &!»d r o d io tlllM  ohoGphor*as
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oxychloride (0 .6m l.; containing water Ifijtr/v ) X7cre 

d isso lved  in  dry benzene and heated under re flu x  fo r  

3 hr. ilf te r  cooling  the reaction  mixture was extracted  

with ic e -c o ld  water. The benzene layer was slialcen 

with N-NaOH and water and then dried over CaClg. The 

so lu tio n  was evaporated to dryness under reduced 

pressure and the r e su ltiîig  white so lid  recr y o ta lliscd  

from ethanol. Tine c r y s ta ls  (1 .35s*) melted over a 

range and appeared to be a mixture o f two compounds, 

one o f which was read ily  soluble in  benzene and afforded, 

yellow  c r y s ta ls  from th is  so lven t, and the other only  

s l ig h t ly  so lub le in  benzene, D e-acety lotion  o f small 

portions o f these so lid s  with sodium in  methanol showed 

that only tlie former y ie ld ed  a compound which stained  

red with spray A. Small samples o f th is  compound were 

therefore de-acety lated  when required as a standard for  

compound ( I I ) .

BXPERIMEIT H-Y- Preparation o f a -aeetoxyphenvl
2 .3 .4 ,6 -to tr a-0-ace1yr  
/3-D-gluGosldeT

Impure catechol glucoside te tra a ceta te  (],% . )
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dry pyridine (10ml. ) and a ce tic  aniiydride (4 n l.)  

were refluxed  together on an o i l  bath for  5 min.

A fter coo lin g  the reaction  mixture was poured in to  

ice-w ater and stirred  w e ll. The so lid  obtained was 

f i l t e r e d  and r o c r y s ta llise d  from methylated s p ir i t s ,  

m .p.136 .5 -137° • [Found ; 0,55*0; H,5*5.Calc, for  

°22®26°12* 7; H,5* 4:^

EXPERIMENTJxS. Preparation o f
p-hydroxyben£yi alcohol .  ''

Lithium alumini na hydride (Li\n) (3*7g*) was 

d isso lved  in  dry other (50m l.) and the so lu tion  

transferred to a throe-necked f la sk  f i t t e d  with a 

condenser and s t ir r e r . j)-Hydroxybenzolc acid (1 3 .5g .)  

was a lso  d isso lved  in  dry ether and added slow ly by 

moans o f  a dropping funnel. The f la sk  was cooled in  

ice-w ater u n t il  the addition o f acid  was complete and 

the mixture then refluxed for Ihr* Ethyl acetate (5m l.) 

was added to destroy excess LAH followed oy water 

(approx.200m l.) . The ether layer was separated a»«l 

evaporated to dryness. The resu ltin g  white so lid  was 

r e c r y s ta llise d  twice from water.m .p.113°* (L it.va lu e



124 '̂ ) m.p, authentic u-Bydroxybenzyl alcohol 114°; 

mixed m.p. 114°. j^ound C ,S7.7;H ,6.5 . Calc, for  

®»^7.7;H,6.5/i.^ The compound had an 

absorption maximum o f  277sij^ in  u ater ,2 -hydroxybenzaldelTyde 

had 'Xj3Q2j ,282a|a in  water. Pape,r electrophoreeie  

o f  the alcoîiol in  b u fier  D showed tliat i t  was 

h o m o g e n e o u s 0 . 2 0 ) and i t  gave an orange-pinl: 

colour with spray A. ^-Hydroxybenaoic acid  has 

^BA and sa lig en in  has 0 .2 0 . The a lcohol

was a lso  chroma tographically  homogeneous Rp 0 . 86 , 

2 -îiydroxybenzoic acid  has Rp 0 .9 5  and sa ligen in  

Rp 0 .8 9  (so lven t B).

EXPERIMSilT M - P rem ratioa o f 1 .2 .4 -
trihydroxybengene '

1 ,2 ,H-Triacetoxybengene (5 g .) , methanol 

(10m l.) and conc. HCl (10m l.) were refluxed for  Ujp. 

Tlie mixture vnxs tlien d is t i l l e d  under reduced pressure 

( < ,30° ) .  The colour o f  the so lu tio n  changed from 

dark green to brown and on cooling  a brown so lid  

separated. This was r e c r y sta llise d  from other, 

m .p.136° .  (L it. value UK) » 5 °.)
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-'XPTAl-Bi.'T So. Pronaratlon o f 2 .5 -
^laethoxylJenzene sùlnlionlc acid .

Conc. (3n l. ) was e.dclod to quinol

dlm etbylethor (6g. ) and tiie mlxturo boated on an 

o i 1-bath under reflu x  for  1 hr. Tlie dnrk green 

Golutlon obtained wîn> cooled and then poured in to  

ice-w ater. SaïîCOj was added to pïï6-7,the eo la tion  

heated to b o ilin g , saturated with NaCl and f i l t e r e d  hot. 

On cooling the so lu tio n  deposited vûiite c r y s ta ls .

Sodium fu sion  slowed the presence o f sulphur in  

th is  compound.

The ^-tolu3,dide of the sodium sulphonate o f

2,5-dinethosybenzcne was prepared and ro cry o ta lllsed  

from hot water, m.p. 203 (L it. value 202-203 ) .

SXPSRIME-jT̂ l-  PreM ration  o f  2 .5 -
"~dIaethosyplieno1.

2 ,5-Dimethoxybenzene eulphonie acid , sodium 

s a l t ,  (6g. ) was fused with NaOîï (lOg. ) and Kdi (4g. ) 

in  an iron cru cib le . Tlie so lid  was d isso lved  In water, 

^nalphuric acid  added to pH 5-6 and the liq u id  extracted  

with eth er . Concentration o f the ethereal so lu tion  

y ie ld ed  an o i l .  Chromatographic examination o f th is  

compound ia  so lvents A and N showed the p'reseace o f
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a phenolic compound stalnizig blue witif spray A 

together with im purities from fu sion , The compound 

was tiier-efore iiirther p u rified  by c3.romatogragiiy 

in  so lven t ^  and used as a standard fo r  the 

examination o f the metîiylated .phenol obtained  

from compound (VI).



VMc-8.

B I B L I O G R A P H Y ,



\Uc\

1. K.Bourquelot qiiotea by C.Beguin. phnrm.H elv.
Acta. 1, 90, (192b)T

2. j.B .P rldhaa in  *PhgAollc3 in  P lants in  H ealth
and D isease * p .ÿ . ~̂ org^ aoa~
Press LtdT' London ( I 960)

3 . R.J.M cIlroy in  'The Plant G lycosldes’ Edr/arcl
Arnold & Co. . Loxodoa (1^.51).

4 . R.Knim, l.Trisclunann & H.Low. Ber. 38,1492 (1953);
20, 203 , (1957).

5 . J.Rabaté. B u ll .80c . eh ia «B lo l. l 7 .  439 ,(1935).

6 . I.A .P earl & S .P .D arling. J . Org.Chea.24.751.
T1B 9 ):--------------

7 . A.Frey-WysslIng. ïïaturwisç. J^ ,500, (1942)

8. w .P fe ffer . p flaazen . P liysio l. 1 ,492 ,(1397).

9 . M.Briclel. Rev. Gen. S o i. Par. Apol. 37.134. (1926).

10. G.Kerston. P lanta. _§!, 677 ,(1934).

11. Th.7»'eevers. R ec.Trav. Botaa. iTcorlaad .41.101. ( 1 9M)

12 . W.Straub. Biochea. 82,48, (1917).

13 . H.W.Siegelaan. J . B io l. Chea. 215, 647, (1935)

14 . A.Hutchinson, C,Roy,& G.H.H.Towers. Nature . 181.
841, (1955).

15 . J.B .Pridhaa. Nature . 182, 795 , (1958).

16 . J.B.Pridhaa & M .Saltaarsh. Biochea. g .  74 .42P .(I960).

17 . C.A.Marsh. Biochea. J .J^ ,58  , (1955).

18. P.C.Uhle & H .C .E lderfield . J . Or/:;. Chea. 8 .162 .(1943 ).



\6o

19. R.M.Horowitz & B .G en till. Arch.Blochera.
Blophys. 22, ly i r iT i t o l ) .

20. j.R abato . Coant. Rcaû. 204. 153, (1937).

21. H.XmasGhi & T.Yafaaaoto . Arch. Biochea. Biopiiys.
22, h67, (T iM ).

22. G.L.Ciaiaiclan & C.Ravenna. A t t i .  R.AOcad. L in cc i.
18, 419,(190?J7"

23. G.L.Ciamiciau & C.Ravenna. A t t i .  R .A ccad .L licei.
13, 594, (l90 i}T

24. G.L.Ciaraician &.G.Ravenna. A t t i .a .  A ccad.Lincei.
22, 3 , (1 9 1 6 7 7 ^ “

25p L. P. M iller . Oontribs« Boyce Tliomoson In st .
12, 25, (T^TJ.

26. L .P .M iller . Coatrihe.Boyce Thorapson I n s t .
12, 163 , (1941 ) .

27» L .P .M iller . CcntribB.Boyce Tîioiapson la s t .
Ig , 359, (Ï^ÛÏÏJT

28 . L .P .M ille r . C o a tr ih s . Boyce Thompson l a s t .
M m s F T T i # 3 ) : — -------------

29 . L .p .M ille r . S c ien ce  ÿg,  42, (1940)

3 0 . T.Miwa, S.Kakamura & A .S h ih a ta . Zâso Kogafci
Shiapojituaa. 12» iiS, (1 ,̂57 ) ,

31 . e.W .N ystroa , N .B .T o lb ert & S.H.Wender. P lan t
P ijysio l. 2^, 142 , (1959).

3 2 . J .u .T ro v e llo n i. Arch. Biochea. Biophy3. 89. 149 (I960).

3 3 . G.M.Meyers, & J.R .Sm ith. Biochem.J . 56. 493 .(1954).

34. J . a.sm ith  & H.B.Turbert. Nature. I 8 9 . 600 , ( I 961 ) .



V 5 \

35. G . J.D utton & A.M.Dunoon. Biochea.J .  77. 18P, (I960).

36 . M.H.Zenk. Nature. I 91 , 493» ( I 961) . \

3 7 . J.E.Harborno & J.J.C orner. Arch.Biochem.Biophys.
22, 192, (iT sry.

38 . E.Bourquelot & M .Bridel. Qoapt. Rend. 158. 892 ,(1914).

39 . E.Bourquelot,M .Bridel & A.Auhry. Conpt.Refid.lGO,
214 , 674, (1915 ) .

40. E.Bourguolot & M .Bridel. Coapt. Rend. 168 , 253 ,(1919).

4 1 . E.Bourquelot & II.Hericsey.Coapt.Rend. 156, 1790.
CÎ9T3 ). '

4 2 . J.D.Aaderson,L.Hough & J.B.Pridliara. Bioch@m.J.
11, 564, (195ÏÏ7. ■“ .

4 3 . J .B .Pridhaa. Anal. Chea. 2g, I I 67 , (1957).

Wl-. J .E .C ourtois & M .Leclerc. B u ll. 3oc. C h ia .B io l.
iS, 3Ô5 , (1956)7

4 5 . C.E.Cardlnl & T.Yamaha. Nature. 182» ii|i.i6 ,(l958 ).

46. R.CaputtOjL.P.Leloir, R.B.Trucco.C.E.Cardini & 
A .C .P alad in i. J . B io l. Chea. 179. 497, (1949).

4 7 . G.E.Cardini; A .C .Paladini,R .G aputto, & L .E .L elo ir .
Nature. 165. 191, (1950).

48. E.E.Trucco. Arch. Biochea. Biophys. 34. 482 ,(1951).

49. A.ffunch-Petereen,H. M. K alclar, B.Cutolo,& E.B.B.Smith.
Nature. 172. 1036,(1953).

50 . E .B .B .Smith, A.Munch-Petereen & G .T .M ills .
Nature, 172, 1038, (1953).



\ Sa-

51. E.l?.Noufeld, V.Glnsbuï‘ü ,E .\ï.I’utî3an,D.Panahiez',
& W.Z-.Hascid. Aren.B iochea.hiooîxVB. 69,

^

52. A.Munch-Potersen. Ac ta . Chen. Sc and. J ,  1523,’ (1955).

53. L .P .L elo ir  & C .E.Cardlnl. J.Aa.Chea.Soc. 75.

54. L .P .L e lo ir , C.E.Cardlnl & J.Chiroboga.
J .B io l. Chera. 214, 149, (1955).

55. C.E.Cardlnl & L .P .L elo ir . J .B io l. Chea. 214 .157 .(1955).

56. L .P .L elo ir  & E.Cahih. j .A a .Chea. Soc. J2, 54^:5,(1953).

57. M.A.R.de F eiœ te,L .P .L elo ir  & C.E.Cardlnl.
Nature. 187, 918, (1963).

58. G .J.Dutton. Biochem. J . 693, (1956).

59* J.A xelrod , J .A .Ia sco e , & G.M.Torakin.
J . D io l. Chea. 232, 835, (1958).

60. B.Cabih, L .P .L e lo ir , & C .E .CarH nl. J.Biol.Chera.
1055, (1953). '

61. V.Ginshurg, P.K.Sturapf, & W.S.HaEfid. J .B io l .Chera.
223, 977, (1956).

62. R.Bex’g v is t .  Ac ta . Chea. Pcgnd. 10. 1363, (1956).

63. R .B ergvist. Acta. Chea. Scand. 11, 1457, (1957).

64. J.Edelaan. J .Bxot. Bot. 10. 178, (1959).

6 5 . K.S.HOWan. Bi ochea. Bioplxy a. Acta. 34 .270 .(1959).

66. Q .H .flnnsfield.T.Swaia & C.G.Nordstrom. Mature.
122 , 23, (1953).

6 7 . T.Swain. Ghera. & Ind. 1430, (1954).



1S5

68. T.Berabry (& G.PoweLl. J . Aia. Choa. Soc♦ 6h, 2419, ( 1945).

69. B .H elferich , O.Lang & B .B cto itz -E illeb ro ch t.
J .fu r  Prak. Ghcm. 138. 275, (1933).

70. J.B.P-ridliaa. J .Cliroaatog. 2, 605, (1959).

71. L.Hough & J.K .N .Jones. Chea c.- IM . 38O, (1952).

7 2 . L .P .P ieaer & a .P ie se r , in  *Orgaaic Chemistry* p .754.
George Ilarrao 6 Co. Ltd .London (1955).

73 . J.Rahato & M.Raisart-Lucae. Bull.Soc.Chira.Praace.
2 , 1616T1I93$7.

74. P.R.Swinv/asan, M.Katagari & D .B.Spriasoa.
J.Aia.Chea. Soc. U>  4943, (1955).

75 . S.M itsiihashi & B.D.Davis. Biochem. Biophys. Acta.
12, 54, (1954).

76. H.Yariiv «a C .O ilvarg. J .B io l. Chea. 213, 787 .(1955).

77 . S .il .Gross. J . B io l. Choia. 235. 1146, (1958)

78 . D.R.McCalla & A.C.Neish. C ■'aad.J.Blochem.& P hysio l.
2 2 , 537, (1959)7

79 . B.T/.Uudorkill, J.E.V/atitin & A .C.Neish. Canad.J.
Biochem. & Physiol .  22» 219, ( l9 5 7 ).

80. R .1 .Ibrahim & G.H.N.Towers. Mature, 184, 1803,(1359).

31. W.G.Brown, in  *Orgaaic R eactions*. V ol.VI. P .469
J .Wiley & Sons. Inc.New Yor::. (1951 )

82. J.B.Pridhara. Chea.& Ind. 1172, (19'^1).

83 . A.H.Maddy. Nature. 184. 1397, (1959).

84. M.A.Jenajr'n. Rev. ^  Pure & An;. Chea. 11,92 , (196I ) .



%S4

85. 9 .9 .Spriofiiorii & P.E.KOGlilojiû. /ua.Oîiea,9oc.A’o str .
p .3777 119557:-----------

86. C.A.Buaton, T.A.Lewis, D.R.Llev/ellyn & C.A.Vex’iion.
j . Chea. so c . 441.,, (1955).

87. B.E.Banks, Y.Meinwald, A.J.Rhind-Tutt, I .S h c ft  &
C.A.Vernon. J .Ghea. Soc. 3240, ( ly 6 l ) .

88. C.Graebe 6 H.Heso, Ann. 340, 252, (1904).

89. ' Cheniist r.y of Carbon Compounds ' 11 IB, p. 7 3 5
Elsevier Publishing Co .Amsterdam. (1956).

L/O. w.Z.IIasrid, E. P. Neuf eld  & D .S.Poingold. Proc.
Nat. Acad. s c i . 905, (19597.

91. W.E.Coha, J.Ag. Chem. Soc. 22» 1471, (1>50). |

92. J.P.Henderson & G.A.Lc Page. Chea. R.evs. 58.645. (1958).

93. M.P.AMel-Walifib & 8 .A.El-Xinnwl. Acta.Ghem.Ccand.
11, 1653, (1959)7 "

94. M.F.AMel-Wahab & S.A.El~Kina®i. Acta.Chen.Scand.
1667, (1960)7

95. C.E.Cardlnl & L .P .L elo ir . Cicncia c in v est. 13.
514, ( iw r r . -----------------------

I
96. T.yamalia & C.E.Cardlnl. Arch. Blochom.Blonliys.

%» 127, ( i9 6 0 ). i

97. P.Bray & W.K.Jolclik. Nature. 172. 1008, (1953).

98. J.M.Clark. J .B io l. Cliea. 255. 421, (1958).

99. P.A.Iaherwood. B r itish  Medical B u ll. 10. 202,(1954).

100. D.A.Rces. Nature. 185, 309, (I960).

101. B .H elferich & S.Grunler. J . fur Pra](,Chon.l43, 107.
TÏ937T:



\ 5 5

102. M.J.Clancy & J.R.Turvey J .Chen.Soc. 2 S 3 5 ,( l9 6 l) .

103 . E .G .V .Percival. Quart. Revc. 369, (1949).

104 . A.G.Lloyd & K.S.DodgBon. Biociiem.Biopliys.Acta.
M» 116 , ' ( 196Ï ) .

105 . M.Lepage, H.Daniel & A.A.Benson. J.Amer.Chcra.Coc.
§2., 157 , (1961)7

106. R .a.Tipoon. Garb. Chea. 8, 107, (1953).

107 . S .P eat. Garb. Chea. 2, 37, (1946).

108. S .P eat, J.R.Turvey, M.J.Clancy, & T.P.W illiaras.
J .Chea. See. 4761 , ( i 960) .

109 . ii.Sclimid & P. Karrer. Hclv .Cfcla. Acta. 32.
1371 (T # 9 ) .

110. A,Dyfvorraan & B.Lindherg. Ac ta . Chea, Scand.
h , W T  TÏ950T:—

111. A .B .Poctcr, W.G.Overend & G.Vaughan. J.Chera.Soc.
3625 , (1954).

112. G.E. Ingold *étnucture & Mecbaalsra in  Organic
Chentisti*y*~*P. ? # .  g!.Bc11 & Sons Ltd.

Loncion,“ (îy p 3 ).

113 . E.J.Aourae, D.H.Hutson, & H.Weigel. Chea.A Ind.
1047, TÏ9597.—

114. p.Andrews, L.Hougii & j .E .  ' î . Jones. J .Chem. Soc.
27W:, (1>727T^

115 . E .L .H irst & J.E .N .Jones. D iscuss,F arad .Soc.7,
-27^77195^77 —

116 . E .L .H irst & J .K .1Î.Jones, in  *Mocom Methods o f
- p â ü î  S3§jL2S-lJ2* p .275, 

Springer V e r la g .B e r lin .I I .(1 9 5 5 ).



XSfc

117 . F.A.Ioherwood & M.A.Jerayn, Biocliers.J . 4 8 , 515,(1953.).

118 . L.Hougli in  'Methods o f  Biochemical /a ia ly s is ’ .
p. 205 .1n-’ erocionce P u b lish ers.In c .

hew York. ' (l9fj4)'.

119 . H.A.Laidlaw & C.B.Wylara. J .Ghem. Goc. >67» (l> 55 ).

120. S.Ledorer •: M.Lederer in  'Chromatofu*aphy' p .198 .
E lsev ier  Publlsh in ,\ Co. Amcrstei'dnm.

(1957).

121. A .C .P alacin i & L .P .L e lo ir . Biochem.J. 2l> 426 ,(1952).

122. B.Wickuepg . Acta. Ghem. 3caad. 12. 6 1 5 » (1958).

123 . C.A.V/aciiraeister. Acta . Chem. Scand. >76,(1951).

124. R.Consuen & W.M.Staaier. Nature, lo g . 733, (1>52).

1 2 5 . In 'Bata fo r  Biochemical Research' . Clarendon P ress.
Oxford (l9 5 § ).

126 . J.S .Praim  & J .A .M ills . Aust.J .Chera. l f . >5, (1959).

127 . T.Swain. Biochem. J . 22, 200, (1953).

128. L.Hough, J.K .N.Jones & W.E.Tadman. J .Chem. Soc.
1 702T T Ï9#7 .

129 . W.E.-rrevelyan, P .P .Proctor & J .S .H arrison .
Nature. 166. (1950 ) .

130 . G.8 .Hanes & F.Isheiw/ood. Nature. 164, I I 0 7 , (19 f>).

1 31 . T.G.Bonner. Chera.& Ind. 345. ( i9 6 0 ).

132 . A.Robertson & R.B.Waiers. J .Chea. Soc. 2729, ( I 930) .

133 . R.Kuhn,H.ii.Baer & A .Seehiger. A ^ , o lj., 236 ,(1953).

134 . R. Kuiin,H. Tr 1 schman & I.Low. /ar^ew. Ghem. 67. 32, (1353) ,



135. . M .N lerenstein. J . Aiwx=. Chea. Soc. 52, 4012, (1930).

136 . R .C aputto,L .P .L eloir,G .E .C ardial & A .C .P alad iai.
J . B io l. Cheia. 134. 333, (1950).

4

137 . H.Ohle & H .T hiel. Ber, 66, 525, (1933) .

138 . N.G.Oajrlord in  'Reduction with Coaglex Metal
H alides'*̂  p .32,' » In tersc iea ce  
Puhllehers. Inc. Rev; York. (Ï956).

139 . ÎÆ.Healey & a .RoMnEon. J .Chem. Soc. 1625 .(1954).

140 . A .I.V ogel in  'P ra c tica l Organic Chemistry'
Longmans . Green & Co. London (1943).

I/4I .  J .B .Q a lle r t . J . Org. Choa. 25. 75, (1958).
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The Form ation of Phenolic Glycosides by Germ inating Broad-bean (Vicia faba)  Seeds.
By J .  B. P r id h a m  and M. J .  S a I iTMARSH. {Chemistry Department, Royal Holloway College, University 
of London, Englefield Green, Surrey)

The m ajority  of the  naturally  occurring low- 
molecular-weight phenols are present in p lant 
tissues as glycosides (Baruah & Swain, 1957). 
D-Glucosides are most common although other 
monosaccharides and short oUgosaccharide chains 
are also found as phenolic derivatives in plants. 
Previous studies on the biosynthesis of glucosides 
have been reviewed by Pridham  (1960). H utch in­
son, Boy & Towers (1958) and Pridham  (1958), for 
example, have infiltrated plan t tissues w ith various 
phenols and dem onstrated the form ation of the 
corresponding glucosides.

I t  is now shown th a t glucosides are formed when 
broad-bean seeds are allowed to germ inate between 
layers of cotton wool which have been soaked in 
aqueous solutions (1 %, w/v) of various di- and tri- 
hydric phenols. Catechol, resorcinol, quinol and 
phloroglucinol give the corresponding mono-jS- 
glucosides and 2:3- and 2:6-dihydroxyphenyl-j8- 
glucosides are produced on infiltration w ith pyro- 
gallol. 2-Hydroxybenzyl-jS-glucoside is the m ain 
product when saligenin (2-hydroxybenzyl alcohol) 
is used as the substrate.

Cardini & Leloir (1957) found th a t phenohc 
glucosides can be produced when uridine diphos­
phate glucose is incubated w ith phenols in presence

of a wheat-germ extract. This work has been sub­
stan tia ted  using enzyme preparations from the 
bean. Phenolic glucosides apparently  cannot be 
synthesized by transferase reactions involving a 
phenolic acceptor molecule, a potential glucose 
donor (e.g. sahcm or cellobiose) and )3-glucosidase.

The variety  and complexity of the  naturally  
occurring p lan t glycosides suggests th a t these com­
pounds are biochemically im portant. The possible 
function of these- compounds in  vivo is under 
consideration.

We thank Professor E. J. Bourne for his advice and 
encouragement and one of us (M.J.S.) is indebted to the 
D.S.I.R. for a scholarship.
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