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Å complete 'rr,c system on silica ge-r G and. polyamid.e-ce1lu-

lose layer lras developed- for the separation and id-entificatÍon
of phenolic glycosides of the Salicaceae. Rerative humidity
was founcl to be a very importa¡.t factor in obtaining reprod_uci-

biliff of the sil-ica ge1 Tl,C separation system"

A screening process for saricaceae phenolic glycosides

has been esiablished."

For large scale extraction
blend-er extraction in conjr:.nction

cess was d-eveloped.o

l_t_

The u-lira-violet absorption characterj-stics of phenolic

glycosid-es have been determined ancL the u]tra-violet absorption
spectra of Sah-x phenolic glycosid_es were recorded"

'Ihe bark and l_eaves of S. petiotari.s (S. graci].is var.
textori-s) col-lected in the middle of June L96j, .hrere shown to

contain salicin, salire,ooside, tremuloidinu grand-iileniatj_n,

picein, tri-andrin and fragilin, and. trace amounts of populin

and vimalin. Salireposide, salicin ancl pi-cein were isolated.

frorn bark extract, anil tremuloj-d.in and sal-icin were isolated
from leaf extracts. The nelting points, ultra-violet and infra-
red absortrltion spectra for the j_solated gl¡rcasides have been

record.ed.

of phenolic glycosid.es, a

with a soxhlet extraction pro-

sericans ) collected at the end of June Lg6j, .rrere shoi^¡n to
tain salicin, triand.rj-n anrj. sal_id.rosid.er and tra.ce amounts

vimalin and- fragilin"

The ba.rk a"nd" leaves of S" inter.ior. (Ë" fluviatilis E"
con-

UI
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tiisi;Qry ald- Cl_Ínicat llse oÍ' ifill-ow

uåncient med.icine men macle a concoctioi-r. fro, the bark
of willow trees and- gave it to patients to red-uce fever. The

botanical- name for iriirtow is sarix and. froiir this we cleri.ye
the n,arne for sal-icyrate d-rugs, of r,¡hich the best knou-n Ís
acetvrsalic¡rf iç acid (Aspirin) " hlillow bark or brew mad_e

fro¡a the bark was the .å,mericacr rnd.ian r s aspirin or pai-n

ki].].er" (r)

lhe leaves irave bee' used. to cure nalignant boils ancl

scald-s, artd- the clecoction of tne r,,riil_ow tv,rig or bark has been

used for the rerief of pain, rowering of fever, rireu.matisru,

a¡rd- as a tonic and astringent. (zr3) t¡rilov,r bark has been
emproyed as a bitter ancl as a.n astringent arrcl was includ.ed
in i;he British Fharmaceutj_caJ_ Cod_ex (lgOl to I93Ð. (+) The

main phenolic glycoside of wirloir, salicin, has bee' used_ as

an anti-rheumatic and was incl-ud-ed in the united. ÍJtates phar-
:racopeia (1882 to rg56) ¿¡ra the irrationa-r- 30rmulary (Lg16 to
L955) " (5) rn the British pharmacopoeia (ree5 tu L932) and

the Briiish pharciaceutical_ Cod-ex (190T to ]-gIS) sal_icin -!ras

also suggested for the treatnent of acute rheu-rnati_sm and.

influenza. (+)

Bqt?niç?1. Dçscri,otion

Wj-l-l-ow is a member of the natural_ order Salicaceae
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wlrj-ctr. i-s the on]-y farnily in tne Íjal-icales. This fa¡l.rly con_

sj-sts of iwo genera, which are sal-ix (1,¡ilow) and. po.pulqs;

(Poplar). Tliere are a-bout 5oo species of sal-ix a¡rd_ about

L5O species of Po,ou]-us. (6)

Ëalix is composed. of trees or shrubs, aments ascenoÍng

or divergent, rarely drooping; braets entire or inerely toothed.,
e¿:.ch flower r'¿ith I to 4 basal ¿'Ianclsi stamens l_-r2; styre 1

(or none) with 2 siuple or bifid stig:rias; end buos with l_

scale. (Z) 
"diltows 

are mainly founcl in the northern mod-erate

and" subarctic zorre of Europe, j,üorth .a.merica and rlsia. [hey
have nainly terete bra:rches. The reaves vary from narror,"rly

linear to orbicul-ar, The bud-s are covered_ by a single scale,
with an ínner usually adherent menbrane. $he flowers ¿re di-
oecious catkins and usually d,evelop before or witlt the leaves.
Tüil-loi¡ has erect catliins a.¡:d- ís ad_apted for pollination by

insects " Tn relati-on to trris, nectaLr is secreted by suraj-l

scp-lss at the base of the flov¡er. lviale fl_or^¡ers aye scented.

a:rd the polJ-en is sticky. (g)

some species are among' the more abund_ant plants of high
northern ratitud-es" lhey have subtemanean creeping siems

with only the yoirng shoots projecting fron the soir" (g)

In ldorth America fifty-four species of vrrillow have been

reported.. (?) Besj-d-es ihe introcì.uced species a:rd. varieties,
28 speci-es ancL 5 varieties of r,¡ill_ow have been found natj_ve

to I{anitoba. (g) Eabl-e l- of the Appendix lists the speeies

and" distri-bution of willow species indigenous to l4anÍtoba. (g)
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salix petiolaris srn. (s. gracilis Ànder.ss, va.r. textoris
I'ern. ) (g)

Ë. petiol-aris- is a shrub with slender ascending or

olive-brown tough and- glabrate branches l-J metres high;

aments a.ppearing r¡ri th the leaves on leaf¡r ped.uncles, flower-
ing from near mid-d,l-e to base and apex; staminate aments

e].l.ipsoid--oìcovoid, L-2 cnn long, L-L"j cmo ihick; capsules

up to 9 mm. long; the ma.ture leaves glabz:ate or rarely silky,
4-10 cmo long and up to 2 crrlo broad, strongly serrate-dentate

except at base, witb. gland_-tipped teeth. (fO¡

This s,oecies grorrs on thickets, mead.oi^¡s and. shores in
the southern three-quarters of lifanitoba. (g)

Plate I is the photograph of S" petiolaris growing in
the month of June L965.

sarix intçrior Rowlge (s. longifolia Muh]-: s" fluviatÍris
ATutt. var" sericans (mees) ¡oivin) (g)

Sn interÍo-r is also named. Sandbar 1,tril1ow. It is an

extensivel¡r colonial stoloniferous shrub or smarl tree up to

!.! metres (usually only t-4 ni. high, with marry grayish stems;

branchlets glabrou-s, bror^trn; leaves glabrous, fírm, veiny, fin-
ear to narrolrly lanceolate, acuninate, remotely d.entate with
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sharp teeth; the blacles in maturity mostly :_-I4 cm. long and.

5-10 mrn, broad, taperin¿l to short petioles! leaf¡r la,teral_

shoots abund.ant, often continuing fo:r: some tine to bear fo¡er
second-ary aments; ainents slend-er, r,rith pale decid.uous ye]-low-

ish bracts; stamj-nate arnents z-4 cïrrc long, t}le second.ary later
ones smaller; stamens 2, the fil-aments crispubescent at base;

pistillate aments lengthening to B cm"; capsules slend-er,

scattered, 7-9 r.-" long, thi-nIy silky, often glabrate, r¡¡ith

nearly obsolete styles" (ff)

They grord in th.e l¡ild state on r,r¡et ground an.d- shores

throughout the southern three-quarters of Ii{anitoba. (g)

PLate 2 is the photograph of Ë. interior growing in
the month of Jule L965.

Phyto chenical Investigation

lhe stucl¡' of the phytoc?remi-stry of wil-lovrs began in
earnest at the beginninE of this century" At that tj-me, hror-

kers thought that because of the bitter taste of rittolr¡ bark

it contained alkal- oid,s , ( 6 )

The glycosid-es which are present in l.ril-lor¡r sp€cies have

been foi.md mainly to be phenolic glycosid_es. The¡r ¿yç simple

,ohenol s with the suga.r mol-ecules linked -bhror.:.g'h the ;ohenolic
hydroxyl groups. Some a.Te fIavonoid gl¡,-cosid,es whicti possess
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a structure containing the flavonoi d- slcel-eton (c5-c5-cfi 

"

Sal-icin v¡as the first phenolic g'lycosÍd.e isolateo- froro

will-ow species and- also'rhe first grycoside to be fould. in
nati;re" (6) rt was d-Íscovered- in i-B2B by Buchner in the bark

of salix aJ-ba and s. incang. (er¡ rt was al-so isolated a

year later by leroux fron s. hel-ix in the form of white bitter
tasting crystals. (23)

The glycosidic character of salicin, v¡hich was origin-
a]ly thought to be an aJkaloid-, hras clarified by crassic work

of ?iria in l-845 . ( 6 )

Tlre definite structure of sali-cin, as shown in Fígure

1, was worked. out in l-906 by Irvine and_ lìose. (12) Cheinically,

salici-n is a B-Ð-glucoside of 2-hydroxyhenzy! afcohol; the

sugar is bonded. to tJ:re phenolic hyd-roxyl group of the agrycone.

Fizure l. Structl¿re of Sal-icin

ËaJ-icin has been forrnd in 28 dífferent Sa]-ix species.

(f7-27) ft al-so appears to be the major glycoside component

of the barks of severaf Po'nu]-us species investigated by Pearl

et al. (ZA-52) ltterefore sal-icin is regard-ed as the chief
glycoside of the Salicaceae" Recently it was also identified

ClJr0i{
-\ CTÌrOH

o*ffi:
OH
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by fhieme (==) in al-r barks of r-r Eu-ropean wÍllor,v species of
central Gernany, but it r¡¡as lrresent only in snaft concentr.a-

tion and never Ïras the maín glycosid_e. (Z=)

Salici-n Ís afso fou-nd- in the leaves and inflorescences
of some wi]-l-ow and ,ooplar species, (7tr33) Besid_es the Saj_i_

caceae fai.rily, j-t ruas al-so isolated- from other pla:r.ts of
d-ifferent fanilies " (S+rfi)

An iso-saf icin has been isol-ated by Trrieuie i n Lg66

from the flowers of Filipendu_l_a u_l-naria. ßA)
chenically, isosaJ-icin (Figure 2) is an isorier of sa-

lj-cin; tire sugar rnoiety is bond-ed to tire alcoholic group of
2-1ry d-roxyb enzyl aI cohol.

Cr{20H

Fi-gr¿re 2. Structure of Isosalicin

A m¡mber of acylated salicin d-erivaiíves were found. in
sal-ix species" ltrey are Fragilin, salicortin, pop-uJ-in and.

TreuuJ-oiclÍn.

Fragih-n (Fi-gure 3) j-s a partia.tl¡r ¿s.trylated salicin
isolated- from tlte l¡ark of Ë. fraÂil_is in L964 by Îhieme. (ll)
Chenii-call¡r, fragi]in is a mono-acetyrated saricin; the acetyl

trourÐ is bonded 'úo tire 6-lrosition of the glucose nrolecu-l_e of
salicin"
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Figure 5. g_lructure o{ Fragilin

saricortin was isol-ated- from the bark of s, purpurea

in l-964 by lhiene. (Zg) This gtycosÍde was at-so found. i-n the

barks ancl leaves of other salix and populi¿s species" (+g)

The chenical structure of sa-Licortin has not been clarified.
It is knor¡n tiiat it is a d.erivative of sal.icylsalicin as shown

in Figure {.

Figure 4. Structr¿re of Salicyl-FalÍcin

Populin (tr.igure 5) is monobenzoyl saticin which was

d.iscovered in 1B5o by Braconnot (zg) in the bark of ?o,oul-us

tremura" fhe presence of populin in reaves and- branches of

0
it

CHr0-C-CH
, ,o-{"'w'v-vn'3t/ \,
\, n?An

G--1
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several wi-l-row species uas reportect in L935 by Rabate. (+o)

chenaically, poirurin is a î-benzoyl salicin; tle benzoyl group
i s att¡-ched- to the 6-position of the g-lucose raorecule of sati-
cin.

CiI2OIiJ- 0 t--\
{"n-,-, çnzo-ü{ \
L.- I l,'o-{- \:/\,'- V \\- HoA\-J ou

oHl

Fignre 5 " Structure of Po'Oul_in

lremuloidin (ligure 6) is an isomer of popurin i¡rhich

\,¡as isol-ated. from the bark of por¡urus tremu_l_oid.es in ].!!B by

Pearl- and- Darling" (zarzg) rt has arso been forurd in ihe
leaves of severar wj-l-l-ovi species by Tliieme (6), but no tremu-
loid.in had, been detected. in the bark of investigated .willow

species " (6r55) chemically, tremu-r-oid-in is a z-benzoylsaJi-
cin; the benzoyr group is attached- to the 2-position of the
glucose molecul-e of salicin"

Fie"ure 6. Structure of Tremu].oidin
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Other phenolic glycosid.es

side, Grandidentatin, Triandrin,

including Picein, Sal_irepo-

Vinalin and Sati-drosid-e have

been j-solated- -flr'oar Sal-ix specj_es.

Picein (Figure 7) is a 4-hydroxyacetophenone glucoside
which was first isolated. ín LB94 by Tanret froro bhre need-}es

of Pj-cea exelsa (pinaceae). (+f ) ft was found. in several
v¡ill_ow species by Rabate. (Zjr4O) Crremicall_y, picei-n is a

B-D-glucosid.e of 4-hydroxylacetophenone.

CHq
It
ñ_a\V-V
-(

-"/\-{' rltt¡\l
CHcOH0i r'-t '

V\r\ "?/r,"tr-{
OH

Fizure Z" Structure of picein

sah-reposid-e (¡'ieure g) \¡ras isor-ated. by 't{attiez (+z)

in L95l from the bark of Sal_lx repens. It v,¡as aJ_so foirnd_ in
the bark of several other wirl-or,r and popl&r species, but ha.s

not been for,ind in the reaves of saJ_ix species . (6 r35) chemi_

cally, salireposj-de is a benzoylated z rJ-drltyd_roxybenzylarcohol-
2-B-D-glucopyrar'r.osicle, the benzoyJ_ group bonded_ to the 6-,oosi_

tion of the glucose mol_ecllle.
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Fizure B. Slructure of SAlireposide

Grand-identatin (l'igure 9) was isolated. by Pearl and.

Darling in 1961 from the bark of Populus grandidentata. (45)

ft was al-so fou::-d- in the baric of several wiJ-low species by

Ti:ieme, but none tùas reported in the leaves " (ArlZ) Cnemi-

cally, granctidentatin is a cis-cycl-ohexa¡-edj-ol (t .Z)-1-F-D-
( 2-p-counaroyl glucopyran o side .

CHoOH
t¿-o-{
\

H?/on

0
I

0=C-CH=CH

Fizure 9, Structure of Grand.identatin

Trianclrin (Fieure 10) was isolated. by Thiene in L962

from the bark of Sal-ix triancÌra " Uq) It has al-so been id-en-

tified in the bark of several other wj-l-lor'r species " (6,Zl)

Chenrjicaf ]-y, triandrin i-s 5 (  -iiyO.roxyphenyl ) -2-propene-1-o1-

1-p -D-gluc opyrano sid e .
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CH=CH-CHZ-0

Fizure 10" Structure of Triandrin

vimarin (Fieure t-l) is a methylated triand.rin deriva-
tive which was isolated. by lhiene (27) ir" Lg6+ from the bark
of salix vininal-is. rt was al-so identified in the bark of
several other salix species. (5zr+a) chemical_Iy, vj_mali-n is
3 ( 4 -o,e tno 4r1rhenyl ) - 2 -pro p en e -1 - o1 -r- - p -D- gIuc o pyran o s i d e,

-CI{2-0 -¡

Fieure 11. Structure of VimaJ-1n

salid.roside (¡'igure r-2) was first for.i¡rd. by Brid_et and

Beguin (+¡) in L9z6 in the bark of sal-ix triand.ra. rt was

also isolated by urierne from the l-eaves and bark of Ð"

triarrd"ra (46,+a) in L964, and from the bark of mountain

cranbeffy (vaccj-nium vitj-s-idaea) in 1966. (+l) cheroica].:-y,

CH=CH2\ltl
\"'

öcn3



salidroside is
sugar moiety is
cone.

-L2-
a glucoside of 4-hyd_roxyphenylethanol; the

bound to the al cohol ic group of bhe agly-

pH2-CH2-o ._

OH

Fizure 12. Structure of SaJ-idrosid.e

All- of th-e above phenolic glycosides are forrnd_ in
salix specì-es. rr'r. most eases these have also been isolated
or identified j"n Poirul-us species. rn other words, the pheno-

lic g:lycosides found ì-n poprars coul-d al_so be isol_ated_ from

wíll-olus" Other phenoric glycosides that have been f'ound. in
poplar are as follows¡ sal-icylpopulin (6), Trichocarpin (+e¡,

Salicyltremul-oid.in (+e) anct Tremu_lacin (+g) 
"

Recently îhieme has reviewed aIl phenol_ic glycosid.es

of the salicaceae (6), a:rd has suggested. a method of isola-
tion and_ determination of lrhenolic glycosid_es (4gr5O). Çhar_

acterízation of the j-nd"i-viclual g'lycoside is mad.e possible by

determination of rnerting points, specific rotation of these

compour:ds and their acetylated. derivatives, j.:nfrarecl absorp-

tion spectra a:rd by identification of hyd_rolytic products.

Tabl-e 2 of the Appendix l-ists the melting points and- specific
rotation of sau-caceae glycosi-d.es and. their acetylated
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derivatives. rn !'igrres l- to ll- of the "Àppendix, the ínfra-
red- absorpti-on spectra of salj-x phenolic glycosid-es are re-
corded. Ta-bles 3 and 4 of the Append_ix record the irJ,d_yoly-

sis prod-ucts of fermentable glycosides and. acetylated glycosides.

For identification of the glycosid-es present in various

Salix (or Poi¡UJ.us) species, a paper chromatography method is
d.escribed-. The sol-vent system contains n-ButanoL/Xylene/

.A,cetic acj'ð.fWatey (0t4:2¡8) an¿ l{il-lonrs Reagent is used_,

fotlol^¡ed. by heating at 95oC. The R¡ values and. different
colour spots of the glycosides are sufficient for their d.iff-
erentiation. (4gr5O) tire R1 values and d.ifferent colour re-
actj-ons of the salicaceae glycosid.es are recorcled j-n Tabl-e 6

of the Appendix.

Tiriene a]-so suggested a clua;rtitative analysis method

for the phenolic glycosides. (fZ) It is a colourimetric

anal.ysis based on the red. colour which appears r¡¡hen an aqueous

sol-ution of the glycoside j-s heated. with lÍiJ-J-onrs reagent.

Individual glycosides can be d.etermined. in the ptant extract

in amourrts up to JOO p.gm" with a precision of !5y'" utt"r peper

chromatograpnic separation and. elution. By this method,

the seasonal and cond.itioned- variations of the phenoiic gly-

cosid-e concentratj-on in the leaves and bark of the European

(Central Germany) Salix species have been investigated and

/ -_ \reported." (Þf,¡

lfillow barks and- leaves are rich in tannins. Tire

highest content has been reported in Sal-ix caprea which

contains an average of I3.5 per aent j-n tÌ:-e bark (>'¿) and
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8.0 per cent in the l-eaves (i=¡)" Therefore in .i,he leather
industry, r^rillow bark extracts àTe comnonly usecl_ as ta-rrning

agents" vliri-ow is also used as rahr material for the pufp

anci paper industry.

Thi-eme, who has been inves'bígating the European salix
species for the last fe-w years in Germany, has isorated.

several- new phenol-ic glycosictes (6r1jr48), and in the unj_ted

States Pearl- and Darling and, their co-workers have also found

many phenolic gtycosides in popul-us species (za{z), fhere
are many salix species ind-igenous to jsorth å.merica, but of
these very fe'¡¡ have received. any serious chernical investiga-
tion, especialry those of the Canadian prai_rie region. There-

fore the Phytochemical rnvestigation of lvjanitoba u/illow
Species represents an attenipt to isolate ancl characteríze
the pl':.enol-ic glycosides present end to stud.y the tanni_ns

contained in severa.l sarix speci-es native to ivjanitoba.

Previous to tiris stud-y, the method- of ciroice for the

identification of the phenolj-c glycosid.es ïras paper chroma-

tography. The d-isadvantages of this separatioïr r¡rere the time

involved and the lncompleteness of the separation of some

grycosid-e mi-xtures. [irerefore a complete system for the thin
layer separation of phenoric glycosi-d.es was developed-.

simultaneousry a rapid screening proced.ure for the

phenolic glycosid-es present in sarix (or populus) species

was also investigated.



EXPERTi4ENT¿, I



_15

f . Mé.Ï¡ìRIIIJS

,5ol-vents

Äcetone, Á,. S. C " (!.isher Scientif ic Co " )

Acetic ¿\cid , 99 .B/o, C. p, ( C. I..i.,. )

Benzene, A.S"C" (Fi_strer Scientific Co. )

I-Buta:rol, Ä.S.C. (Fistrer ijcientific Co" )

Eth.anol, U.íJ.p" (C"f.f. )

Ether, Ä, S. C. (Fisner Scientif j_c Co . )

Ethy1 Acetate, À"S.C" (Fistr.er Scientific Co, )

Fornij-c l\cid-, 90.B/o, Reagent (;"1, Baker Chen" Co. )

Isopropanol, Reagent (lritisit Ðrug }iouses)

lviethanol, Á-"S.C. (Fisher Scientific Co, )

Iiethyl Etiryl Ketone, purified. (;",I. Baker Cheni. Co.)

Xylene, Reagent (¿'.t. Baker Chem. Co" )

Chemi-ca-Ls

3u5-Dínitrobenzoyl chloride (ivfatheson, coleman & Beu_)

le¿id ËubacetzLte, Ä.S.C. (f isher Scientific Co. )

Flercu-ry, AnaJ-a^B' (lritisn Drug t{ouses)

lfj-tric Acid, Fur-ning (t"tay and" Baker ltd..)
Silver lrTitrate B.P. (nriiistr Drug Ï{ouses)

Sod-ir¡n Bromid-e B,P. (lr:-tisn Drug Houses)

sodiun }lydroxide u.s.p. (ttall-inckrodt chenicaJ- irüorks)
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Sodiul rlhiosul-phate, A. C. S. (Fistrer Scientif ic Co. )

Sulfuric Acid, Reagent (General Cheidcals)

Á.d-sorbents

CelluJ-ose Poruder, TIC (Gerard. pleuger, Belgium)

Cellulose Pourder, standiard grad_e (r,¡tratrrian)

It/iagnesium Ëilicate, vüoelm (iuI. ![oelm, Eschwege, Germany)

Polya¡rifls, Tüoel-n (iri" ltioeJ-m, Esch.vrege, Germany)

Polyamide, "r'üoelm, TIC (yi. l,troeJ-m, Eschwege, Germany)

silj-ca Gel, Äd.sorption chromatography (sritistt Drug Houses)

silica Gei- G, 'rrt (R.s. co. - 'vüarner-chil-cott r,ab. rnst,)
Schleicher æ Schul_l ZO47.b, lvfgI, Chroilatography paper

(Schleicher & Sci:ul_l- Co" )
-dhatman r'io. flvrIvl Chromatography paper (vfhatnan Co. )

Instriments

Beckman rR-B rnfrared, spectrophotometer (Beckman rnstnruents
fnc., U"S.A")

Ultrascan Record.ing Spectrophotoneter (riil ger & rdatts, Englarid )

Equipment

Chromatographic Pyrex Glass Jars, jO x 60 crju, fittec] with
stainless steel- rack, glass rods arid troug.h (canadian

traboratory Supplies)
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'ILC llevelop'i ng fa:ik (Ðesaga, Germany)

Treeze Dryer (lyo,ohitizer) (vi-rtis Researcir Equipment, u.s"i..)
long ',,ilave wL-22 (Blacrr tight famp) (urtra violet prod.u_cts

Inc.u U.S.A.)

iÌinco Rotary Evaporator (g.inco rnstrument co. , rnc " , u. s. ¿,. )

short llave sr-2577 (uttra vioret ramp) (urtra viotet proo_ucts

Inc., U.S.A, )

TIC Spreader, model 2OO-l-l- (Vflarner-Chi]-cott laboratory l¡.stru-
ment Division - formerly Research special_ties co., u"s"A,)

stea¡r lleated, soxn-ret Extractoy (l_arger scale) (Quiclcfit,
EngJ.and.)

stean lleated Flash Evaporator (quici<fit, Engla*d)
syringe Driver (9. Braun ålcparatebau, lvielsungen, Gernany)

liiçmas ¡Ioover capillary lrelting point Apparatus (¿.H. ,rirouas
:, ._
Co. , U. S"A. )

'rowers -{utornatic }rractj-on üol-lector (¿.w. lowers & co. l,td,,
EngJ-and )

lfaring irigh speecL Blend-or (triaring prod_ucts corp., u.,s"A.)
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I]. PÁ-PER CI.IROIVJATOGfu\P}IT

Pearl and Darlins s,rstems

Pearl- and. Darl-ing separated sal_icin, pop-uJ_in, tremu-

loid.in a¡d salireposide -r.rith n-Butanor-/pyridr-ne f r,[ater (Bpvf)

(LOz7z5, v/v), Ethyla cetate/pyrídíne/trúater (EpW) (BtzzL, v/v)
and Et1tyl-acetatef Acetjc acid/'Water (g¿tf) (9zZtZ, v/v) on

trlhatman ivo. Jluur''l paper. TJ:ey used a mod-ified- sil-ver spray a.rrd_

d.iazotized. p-nitroaniline spray for the detection of the g]_y-

cosides " çzA,Z9)

lhe autl:or carried out d.escencling paper chrom¿itography

lvith the above sorvent systems usin¿; the presaturated_ ruethod-

(i-.e. allowing the paper to saturate with solvent vapour in
the chromatograpir.ic tank overnight prior to d.evelopnent ) . The

modified silver spray v,ras used" as a d.etection reagent.

Results and Ðiseussion

Tabl-e 1" Rr Value of Phenolic Gl-ycosid.es

EAI/r (9:2:2) 
i

R"p""t"d-l-D"t""fi
n¡(ze ,29)lnined R.1l

!0"60 IoÕ7 j

lnn¡ '.r.tO i

o.B5 I o.uu It_to.B4 I o.B5 
i. r .*J

BPlf (l-0 : 5: 5 ) PPi,l (e:e:1) P¿l'r ( 9: 2: 2 )

Glycosid e Reported-
R¡(28,29)

Deter-
ni-ned- R1

Reported-
Rr(28,29)

Deter-
mined R¡

Deter-
nined- R.1

Reported.
R¡(28,29)

Salicin
SaJ-ireposid.e

Tremu]-oidin
Populin

0 "52
0. 6B

o "77
0. 6g

0. 58

0"80
0"85
0. 82

0.50
o.73
0. B0

o,79

o "45
o "67
0,78
0"78

0"60 | 0"37

I o.To
o.B5 I o.uu
o"84 | o.ei
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ltie R¡ values f'or the phenolic glycosid-es r.eported_ by

?ea.rl- and Darting (zgrz9) could- not be dr.r.pricated_ in this
laboratory, as outlined- ín labl-e J- fnieir,e al_so repoz"tecl that
he had sirnil-ar diffic'ul_tJ¡ trJ¡ing to duplicate the systenrs of
Pearl et aI. (iO¡, Ihe reason for this coul_d. possibly be that
the deveroping cond-itions of pearl and_ co-workers (fo¡ i^reïe

not completery' forJ-owed-, sÍnce Ín pearl and. co-lirorkersr re-
port ikre conditions were not clea_rJ-y d.efined.

according to the R¡ values reported by Fearl et ar_.

(zerz9) it r¡as rlÍfficul-t to separate popu-lin and. trerüuloid.in
by these systens. ¿LLso arr- of the glycosid_e spots were clistri*
buted over the high R1 region of the chromatogralr, th.e R¡ of
salicin being greater than 0.5. Therefore if one cì.epend.ed_

upon the porarity of phenoh-c glycosid.es or referred_ to tlr.e

resolution poi^rer of the glycosides on the Thierne system, it
can be presr.rmed that al-t knor,rn phenolic glycosicl_es wil_l be

distributed. beti,ueen Rg 0.5-1.0, fn other words, mafi.y pheno_

.Lie glycosÍd-es will- overlap on ttre chromatograrns of the sol_
vent systems deveroped by pearl and co-workers (lo¡.

Another disadva.ntage of the pearl systems forxrd in
this laboratory r'rås that the separated- spots tailed on the
chromatogr¿ìn. liris was especiarly noted. r,¡ith glycosides hav-
ing higlrer R¡ val-ues.

upon modi-fication two syste:ls with better resolution
have been for.urd" rhese are Ethyl acetate/xylene/Acetic Lcl,d/
Í/ater (nr¿w) (ro:e:r-:5) ano. Ethyr aceta¡- e/acetíe $.cid_/lrrater
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(BnW) (f4;r:5) using ot-escending paper

rean ifo" 5]M paper r,¡ith presaturation

obtained are snorrrr in fable 2"

chromatograpÌr_;v on l.lhat-

techniclue, Th"e resuJ.ts

Q.L1

0" 20

0. 58

Glycosid-e

TabLe 2

Separated. on T{hatman 5IW{ Paper

0.09

0,1-4

0.45

0. 70

EK$.W (rO: Z:r:5 ) E*,W (r4¡r:5)

unfortrrnately tlr.e glycosid-es naving a higher R¡ value

showed. soae tailing.

Thieme Systems

Aecord-ing to Thíeme, ascend-in6^ chrorüatography v,ias used

o1r. Schleicher & Schul-t paper ?O41b, lvigl. Solvent A [n-Butano]/
þtene/*cetic acid-/li/ater (624:2¡B)] is reported. to be suitabl_e

for sinrple grycosid.es, and- sorvent B In-But anor/ xy'tene/rå.cetic

acLd./"ttater (2å8:2¡B)] is used. for the acetylated- glycosid-es.

iliillonr s reagent was fomd. to be the besi to bring ou-t the

spots" The grycosid.e formed a yellow or red spot after being

sprayed i¡¡ith lvlillonrs reagent a::.d being heated. to gjo7.

Sa]-icin

Picein

SaJ-ireposid e

Tremul-oidin



Sol-vent systerri "& took

from the origin, and system

2L-
l-1 to L2 hours

B required about

to yun 30 cm.

half of thís time"

!.esu1ts and Discussion

Reported
Þ^rLÏ

BXA!,'I (E:B:2:B)

Deiernined-
R¡

Reported
R5

Determined.
Þ¡¿rr

The Rg varues are given by fhieme (4e,5ç) (.{ppendix

Table 6) ar:d. represent the average of at l_east ten determi-
nations.

The authorts resur-ts as sholrn in Tabr-e 5 were co[ec-
tec] fron a single chromatogran only, but the resurts l¿ere

acceptable ancl the R¡ lras a rittle lower tiran was re;oorted..

The R5 val-ue of populin in system À was fowrd to be slightry
higher than'uremul_oldin.

i{Lil-l-onrs reagent -¡¡as prepared accord.i-ng to B.p" Lg61.
Thieine used a different niethod of preparaiion. (+g) I,Iitl_on's
reagent B.P. contains more nitric aci_d_, which gave the spots

Tabl-e 5. Rr Value of ?henol_ic G.]-ycosid_es

Glycosid e

Sa].icin

Picein

Salireposid e

PopuJ-in

Tremuloid in
Grand identatin

o "26
Tì 7'Z

o. 7s

o "92

o. 90

O. BB

o.22 I o I o

o"30 lolo
o.74 I o"rl I o"o9

0"86 I o"54 I o"5l
o.B8lo"44lO"46
0,84¡O.eBlo.za
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a brighter col-our ihan 'Jhienets j¡iir-r-onrs reagent. picein

shoi,¡ed up rnuch better l.¡ith the B.-D. reagent. ilor.,r-ever it was

afso nruch easier 'uo burn or char flle paper if it r.ras lreated.

higher tnan 95oc. or longer than ro minu-tes wfien e:eploying

the ll"P. reagent.

The paper chromatograas d-eveloped by iviillon r s reagenl,

coul-d. not be used as a perna-nent recorcl, since thre col_our of
the spots fa"d.ed after l to 2 days. ]i,'ven spots d-everoped at
ioon ternperature sbrorrred a red-u-ction in colour after heating"
.4.1-so the r¡irole paper chromatogram turnecl grey and_ becarne frag-
iJ.e after tl.¡o monthst storage"

According to Thieme (50¡, -bhe advantage of },lil-ronrs re-
agent was that tlee red or yellow col-our of'the spot depend.s

ulion the substitution position of the aglycone" A yer]-ow or
brorrn-yel-row colour is rrrod-uced r'¡ith aj-l- 2-substituted ag]:y-

cones after heatin6" A]-l glycosides tirat are substÍtuted j_n

the 4-position of the aglycone or acicl substituted- glycoside

give a red colour" Glycosides i,uith a free pirenol group col-our

at room temperature. These colours give valuable informati-on

for identification.

Glycosid.es wi-th free phenoric groups can also be d-etec-

ted. witir díazotizeù sulfanilamj-d.e solution" Picein, whj-ch con-

tains 4-hydroxyacetophenol'r.e as its aglycone can al-so be d.etec-

ted wj-th 2, {-d-initro,rrhenylhyd-razine.

The R¡ values of the cleavage products of phenolic gly-
cosides detected- with solvent systems A and. B on paper
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chroroatography have also been reporied_ by Thieme (4gr50)
L("A.irpendix labl-e 5) "
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III" THIN-IAN'R CITRO}LA,ÏOGRÁ-PHY

Introduction

Prior to this study, the best method_ for the identifi_
cation of the ¡:henolic gtycosid-es hras -bire paper clrromatogra-
phic ruethod_ whicir. was o.eveloped by Thiene. (fO¡

.i.lowever, Thiemers method had several d_isadvar:_tages. rt
can be seen from the Rt var ues in sorvent systems A a.nd B
(á.ppend.ix Tabl-e 6) that several of the glycosicles coul-d not
be separated- completely from each other. I-or example, sal_id-
roside (Solvent Ä, Rf=O.24; Solvent B, Rf=O), salicin (Solvent
Ä, Rf=0"26; Solvent B, Rf=O), ancl picein (Solvent A, Rf=O"17i

sorvent B, Rf=o) ha,ve R1 values so crose that separation ca-n"-

not be obtained.. This i-s also true for sal-icortin (solvent á.,

Rf=O"50; solvent B, Rf=0.05) and. fragil_in (solvent A, Rf=O.50;

Solvent B, Rf=O"06). Grandid.entatin (Solvent A, Rf=O.BB;

Solvent B, Rf=0.28), tremuloidin (Solvent A, Rf=0.90; So]-vent

B, Rf:O"44), and populin (So1vent A, Rf=0.92; Solvent B, Rf=
o.54) separation courd not be obtained by solvent system Jr,

although these three glycosides couJ-d. be separated in system
B. It is especialty ctifficul-t to d.ifferentj-ate between sal-i-
cin, saJicorti-n, fragilin, popuJ-in arid trenuloid.in, since al]
five glycosides gave the same yelloi,r spot when trea.tecl with
l,iiilJ-onrs reagent.
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"A.nother d-isadvantage of Thieme t s n:Lethod is tire t j-'rne in-

volved- wnicir requj-res l-l to L2 Ìrours to cleveloir 10 crr.r" of
chromato gra.rn"

Prior to th.is stud-y, no data nað- been reportecl regarcÌ-

ing the Ttrc separation and id.entifica'cion of phenoric grycos-

id-es. However, recently Pearl- et o.l o (67168) report the use

of [lc j-n the id.entifÍcatlon of salicin, populin, tremu]-oid.in

and. salireposj-d-e employing silica gel layers, anci usÍng jO,/"

sul-furic acid. to locate ttr-e spots of cirro¡latogram.

lI,0 is conrmonl-y employed as a ra¡rid- and- sensitive airaly-

tical method", therefore a complete systeirL for the trrin-rayer
cnromatographic separation trras d-eveloped.,

Since the phenol-ic glycosicles are very simiJ-ar in pola-

rity, a,ird because of the humid.ity effects ancL other influences

of the silica gel layer, the sepa:ration on a silica gel G

layer was not satisfactory at first" fherefore the polyamid.e

systen: for ll0 was al-so d.eveloped, simui_tarieously.

Eleven Salix ;ohenolic g:lycosid-es* '¡,rere available as

reference compou:rds: sa]-icin, popu-]-in, salireposid.e, tremul-

oiclin, grandid-entatin, piceinu triandrin, fragilin, vimalin,
salicortin and sal-idrosid-e.

* Thieme kinclly suppliecr the following; picein, triandrin,
fragilin, vinalin, salicortin anrl saliclrosid-e.

Pearl kind-ly supplied the fotloi,ring: salicin, popuJin,

tremuloid-in, salireposide and grandid-entaiin.
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Sili-ca Ge]- G ILC Systeui

Silica GeI G layer Preparation

Initially, 'ùite silica gel G layer was coated. by tire
stand-ard method. (according to stah:-) " (6r) ThÍs layer d.id-

not give satisfactory resurts with solvent systerrs having a

high water concentraiion. lirerefore the slurry method- of
Fike and. sr.inshine (62) hras substituted- for the preparation

of plates.

The silica gel G sJ-umy and the chronatoplaies !üere

prepared in the fol-lowíng man-nert 2oo g. of the desired sil-i*
ca ge]- G (Research Speciarties Co.) rìras stirued into FOO rn]-.

of vrater" The mixture was stj-rred (o" siraken) mechanj-calry

for 0.5 hour and then al-lowed. to stand r.¡ntil need.ed_. Just

prior to the coating operation the slurry rrras sÌ:aken vigorous-

J-y to resuspend the siJ-ica gef. Fifty-five mJ-. of the slurry
i¡as used. to coat five 20 x 20 crf,. glass plates ¡¡ith 300 ]a

silica ger G. The coated plates rrere arl-owed- to stand until
the sluruy set (about l-0 riinutes) a:r.d were dried in the air
overnigLrt,

lhe dried.olates rùere r¡arked with a,orobe at L5 an.

from the front ed.ge as the starting point o and. a cha¡:.nel was

cut 15 cm, above the starting point¡ äs sho-wn in Fig'ure L3,
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Direction of
spreader

also
Direction of
d.eveJ-opment

.-- Çlnannel:

L5 cm"

_)

J-ocati-on of spots
(probe rnark)

f5 mm"

Fj-zure 15

The plates for two-d.imensional separatior'L were marked.

differently. tne spot uìoon irririch the sample was to ire placed

i^¡as located- in the lower right hancL corner l-5 mm. frorii the

front ed-ge amd 1l rnrn, from the right side of th.e;olate" 'Iwo

charrnels vrere i;hen cut onto t?re plate using a tenplate" One

channel was l-5 cm. above the application point and- the other

was 15 cmo ]-eft of the applicatíon poini, as sirown Ín Figrre

L4.
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Direction of the first
run of the development

l_

Channel

Direction
of spread.er
and of the
second nm
of the d-e-
velopment

location of spot

Fieure 14

These channel-s 'hrere cut deeply to prevent the solvent front
moving d.uring tire over running time. The plates were nolr

ready for use,

ResuJ-ts and- Di-scussion

The silica ger G [lc plates r,rere pz"epared by stahrrs
stanoard- r¡e tirod using an aír cÌried. layer, hornrever, grarrd.id.en-

tatin and picein coul-d onry be separated usi-ng high water con-
taining (about 4%) solvent systems. y/hen this kind of sotvent
system was used-, the sirica gel G layer woulcl flake or fly
off rrrhen sprayed. v.¡ith reagent or r¡hen renoved. frora the d.e-

veloping chamber.

fhis difficulty was overcome by using the slurry yiegrod
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for the,oreparation of the silica gel G;olates. This kind of
layer gives very good- ad,hesion and- rnore resistance to flaking
in high water contai-ning systems. It was also very convenient

to make chrorratoplates at a:ry time after tne slu_rry Í¡as pre-
parecl. That is, the slurry coul-d- be usecl for up to three
months after its preparatj-on for the manufacture of silica ge.l

G chromatoplates sinply by shaicing to cause resuÊpension.

Devel-opment of Chromatogra¡r

An arcoholic sol-ution of the sampre was applied to the

startirig point of the prepared- chromatoplate. TIre spot was

dried and t¡re plate subjected. to humj-d.ity contror. .A.fter the
humidification, the plate was transferred directly to the de-

veloping tank in¡hj-ch ¡¡jas prepared. l:], tire super-saturated

¡iethod-. (6r)

'Ihe chromatogram 1¡¿s jnr¡red-ia-bely d.evelopect in the sol-
vent concerned (preferably at zztroc"). .rhe sol_vent front
was all-owed to migrate 10 crio or l-5 cn. from the origin. lhe
time requi-red. for tire solvent to reach the top of the layer
was noted. and the plate was l-eft foy a further r! minutes in
the solvent (over nrnning tine). (6Ð a.fter development in
this wây r tire ;olate wa.s removed., tlr.e sol-vent arlowed to eva-

porate, arrd the glycoside spot developed. r,¡ith 4% s:¿-juyíc acid

in anhyd"rous ethanol.

For the tr',¡o-d.imensionaJ- chromatogranrs e âtr alcoholic
sol-ution contai ning sarnple r,ras aplrlj_ed. to the pre_rnarked
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startÍng point. If an extract or unknor"rn sarnple T¡¡as a,o;olied ,

the reference s¡*,ple lras applied. on tire pa.ral]-el f::,ee space

near tlie ed.ge to narce the comparable chrornatograur. The d.e-

veropnent d-istance frori the origin to the sorvent front i,ras

L5 cm. in eAch direction.
,A.fter the ;orate was deveroped. in the first d-irection,

i-t v¡.as d-ried, and re-humictified, before d-evelopment in the

second direction" Following this ít was ireated. as described_

previousJ-y"

Results and Discussion

Por spotting the saLnple solution on the chronatoplate

a melting point capillary i,rhich had been pulled. out to a fine
point in a Bunsen flarne r'¡as u-sed. rt r,ras folrrcl to be easier
to control- and- nore convenient to l.¡ork i,¡ith than a mícropip-
ette.

The amourt of solution appliecl can be controlled by

the síze of tire spot on the dried. layer. For exarnple one L
solution on 500 ¡ thickness of silica ger G rayer gave one

spot of 5.0 nrn, d,iamçf,ç¡.

The hlmid-ity contror and- over running time r/¡ere sugges-

ted by Dallas (ez) in the "General proced-ure for Obtaining

Reprod-ucibJ-e R¡ Values'r of 'IlC separation.

a.ccording to Dallas, this procedure should, resurt in
reproducible R¡ values and ttÄbsol-ute" Rf, values" Unfortunately
from this r¡ork no 'fÄbsolutett Rf was obtained., but agreeabre
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results lrere obtairred"

The ad-va:rtages of ttover ru^.i-'gÌ' techniorue are | (63)

the d,istance frorn origì-n to sol-vent front j_s accurately pre-
determined, and the Rg vptues across the plate become more

consiant. lhis makes comparisons with coritrol- substa:rces more

reriable, but ulfortunately does not coyyect the strong ,ed_ge

effect'r of tlr.e solvent system.

rn this work, it was found tirat the humidity effect is
a uost important factor for flre separation of the phenolic
grycosides orr sj-lica gel rayers" lhe results are shown in
Figures 15 to 18" I{umidity is al-so important for the repro-
ducibility of the R¡ varues, This wi]-]- be di-scussed l_ater.

[he saturation of the atmosphere in the d.eveloping

chamber i'v-ith sol-vent vaiJour, ¿;rrd. room temlreraiure were al_so

fo-r-rnd to have rnoderate effects uroon ttie R¡ values. The room

tempera'r,ure variation especiarry affected the runnÍng time

a¡.d the sol-vent front stability" rf the temperature d-iffered
\¡ery much there was a direct effect upon the separation.

ifhen ciromatoplates l\¡ere pre-saturated in the so.l_vent

vapours before development, it was fou¡rd_ that better separa-

tion of phenolic glycosides resulted,
Ir/iu.l-tiple development in a single solvent system also

procì-uced better separation.



i{umid ity Control

The plate r/'ias spottecl and then placed for 16 hours in
an enclosed, filter paper lined normal_ developing chamber r,drich

contained. 100 nil-. of either a saturatecL aqueous sod-iul bromide

solution (r,rhicir g'ave a relative humidity of jg/") , or a saturated
sol-ution of sodirm thiosuJ-phate (whicir produced a rel_ativ.e

Resul-ts and Discussion

under regular l-aboratory working conditions, the R1

val-ues of the glyeosj-d-es shoi,ued a large variation using ,uhe

same sorvent system. [his resulted- bec,ause t]re air clrying

tiire and- room relative huilidity d-j-ffered., vihich caused d.j-fferent

activity on the th.in layer. In order to get coroparable re-
sults, tire layer vras standardized und-er constant rel_ative

humidity conditions.

Fj-rst the rel-ai;ive humiclity was controlled. at 58% by

using a saturated sod-iun bromide aqueous sorution, bui this
rel-atj-ve huroidity produced activity of ihe layers wir-ich was

not ciuiie suitabl e f or the pirenolic glycosid-e separation"

itiitll a r,,¡id.e variety of cliffering solvents al-i¡ost the same re-
solution effect i-n separating the glycosides r^ras obi;ained..

'rhis Eave a fairly acceptable separation, but the glycosides

¡Àlere not.as ruid.ely se;oarated- as luas d-esired-. [he results are

shor¡n in Figure 15. No single system completely separated.
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each of the reference glycosides"

];íhen the relaiive humidit¡¡ i^ias changed_ froro jg% to 7g%

good separation rres found on the chronatoErafls of the pheno-

lic glycosj-<i,es. The results are shor¡n in Figuz.e L6.

'rhe only disad.vantage of this system is the rong time

required- to control the hr:mid_ity"

'rhe chromatograms of phenoli-c glycosid.es are quite sen-

sitive to the rerative humid,ity" rt was found that, when a

prate was exposed to the air for too long a period- of time

before beir:g' developed. Ín the high humidity system, tailing
resu]-ted,.

Due to this fact and- some other unkn.or¡¡n factors, even

uncler the com;olete humidity controt cond itions, it was im-
possible to get 'rÀbsol-utett Rf val-ues for the phenolic glycos-

id.es.

Th.e abor¡e might e,.rplairr why sirica gel TLC separation
gives variable results. \,,hen used only for id_entifica.tion

purposes, especiall¡r i^lhen reference coapolrnds are avaifabler
the rigicl hu-mid.ity control is not necessary.

Since hrmidÍt¡r control recluired a great dea1 of time,

the conditions l^r€r€ nod-ified in the following method io speed

up the proced.ure. The relative humidity of the raboratory

ranged from 60-80%, and no special treatment is necessary

in this range. The se,icaration results are shoun in Figure

L7 " fnstead- of the 78% reLative h.umid-ity control f or 16 hours,

one can leave the spotted chromatoplate i n a water
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Fiqure 15. Trvo-d irnens i onaL Chronat,ogra_m of SaLix Phenolic

s o I *e¡rts : ( i ) lìthyr acetate/Etìier/I'orni c -tc i cì/tfat er ((¡7 : to: 4 : 5 )
(z )ttttrer/Iiet,hyr ethyrke{one/Formic Ác irì/it'atcr ( ?: 1 : 1 : 1)

conditions: Iì.T , 22 "c, rt. jg/., 15 crn. f or each directio¡r.
Reagent: 4d; Sulf uric acid in rtrl¡vrl . Et,ìr¿rnol .

Glycosides : (f )Salicin, \Z)l)opulin, (l)Satireposide, (/r)Tremuloirtin,
(5)GranrÌidentatin, (6)i,lcein, (7)Trianclrin, (B)Irragilin,
(Ç)Vimal in , ( 10)Sa1 icortin.
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!'igure 16 . Tr'o-rl i-mensioq+l chr-o_¡¡rat..ogr_am of sal ix pheno I ic
.Glygosi-de.s on Silica .qel, g Layer

to

Solvcnts, (t)Ethylacetat,e/),{ethylet}rylketone/For¡nic Âcirl/\\rat,er (ts:3:1:1)
(e )ntnyf acetate/Xyl ene/tormi c ,tc id/.t,ate r (j5, t:2:2)

conditions: Il.T. 2!ì 'c, H. ?Bún, 1J cm. f or each direction.
Ilea¡¡ent : 4$ Sulf uric acict in Anhvd. Ethanol.
Glycosirles: (f )salicin, (Z)I,opuLin, l1)salire¡16sj¡lç, (t)Trenruloidin,

(f)Granttirtentatin, (6)i,icein, (7)Triandrin, (s)nragitin,
( 9 )\¡inral in, ( i o )sal icor.{. in.

@c
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@



Irlgure I,Z.

- 77¡

T-wo :d i ¡r e_n s í_o na 1_-C h r c.jla t o g r am o f S a I i x 
-l:'h 

e n o I i s
Glycgside? oD S_il-ica_ggÌ G Layer

o,,___\L'

Solvents: (1

(z

Conrlitions:
Iìeagent: 4$

Glyc os irì es :

)etnyt acetate/trfetlryt ethylketone/l¡orrni c {c idl\{ater (tj rl: 1 : 1 )
)t,-tt,ylacet,ate/Xylene/!'orni c -,tc id/l,iater (J]1, t :Z z2)
n.T. 22'c, R.ll. 72,1, Ij cm. for each direction.
Sulfuric ac jrì in Ânhyrl. Ethar¡ol.
(t )*"oticin, (Z))'o¡:uIin-, ( j)-*ol j.reposirte, (4 )tremutoirtin,
(5)Grand.icìentatin, (6)i'icein, (7)TrianArin, (8)t'ragiIin,
(9)\'irnal in, ( to)salicortin,
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vapoirr saturated- tank (ruhich 'hras prepared. as mentioned. and

contained" onl y '',rater). The ciiroma,top1-ate then r¡as al_lowed

to stand. in the saturated tank f or 40 rninutes.

This resul ted- in a separation of the phenolic gl}rcos-

ides which was al:nost comparable with the separ"ation. i,¡hich

nias received. under 7B% reLative humidity control conclitions
(lrigures 16 and 1B)"

lhe water content of the sÍrica gel layer on the plate
can be controll-ed. by the d-uration of tirne whj-ch ttre plate
spends in the satrrated- rr¡ater vapour cliamber"

The room relative humidity was determined" by a dry and

wet bulb thermometer"

Development of a Suitable Sol_vent System

Al-l solvent systems l¡Iere screened by running reference

compound chromatograms on sma].l chromato,olates (j x 20 cm" )

r^¡h.ich llrere prepared. as clescribed above.

rn each case, the simplest solvent or composi-tion was

first irÍed " Î]re R¡ values and resolution poT¡rers r^rere com-

pared and, then modified to im.irrove the separation characteri-
stics of the solvent system as desired.

solvent systems were investi¿¡ated under regular rabo-

ratory lrorkíng conditions" îhe hu-mid.ity r^ras control-l_ed at a

specific temperatu-re (ZZt lo0. ) "

Before humidity control was enployed-, BJ different sor--

veni's or solvent inixtures had been investigated. and the
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Fi-gure 18. Ttuo-,ìir"r"inr.I crt.ogu.tog.*n, of s*li* ph"rroIi"_

GIycos¡ides ql.r Sil ica geI G Layer

%

2

, --J

%

so Lve'ts : ( 1 ) Iìthyt ac e tate/Lrethyt ethyr ketone/Formi c
(Z)ntnyfacetate/Xylene/ Formi,c Acid/lVater

conclitions: B.T.22'c, 40 min. in water vapour eatd
Beagent: &# Sulfrrric acid in .Ânh.r,d. Et,hanol.
Glycosirles : (r)saficin, (Z)nopuli', (l)Salireposide

(5)Granctidcntatin, (6)piceirr, (?)rriana:
(9)vtnatin, (ro)saricorrin.

Ac irl/lYater ( r 5: l: 1 : 1 )

ß¡ rt z2:2)
. chanrber.r lJ cm. run.

, (4

rin,
)Tren'uloiclin
(8)t¡ragilin
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chromatograns rrere record.ed_.

uncLer 58% rerative iru:nidity cond-itions, 7i d-iffe-rent

solvent systems chronatogra:ins r,rere c-levelopecl anci record-ed..

The best solvent systems v¡hich t{ere obtained fro¡¡r the

above exlreriments ivere trj-ed- and- further' ¡rod.ifj_ed vnð,er 78%

rel-aiive hrxaidity cond-itions, untit e:rcel_l_ent separation of
the lrhenolìc glycosides r.¡es received.

Resul-ts and_ Discussion

under 58j6 reLative hr.rmid-ity control- the acceptable sol-
vent systems lvere found io be:

(i) Ethyr aeetate/xyrene/Formic ac:-.df'vtrater (3ir:*zz2)
( ii) Ethyl acet,atefEther/Foraric acid.f \/ater (67 t 42 4t5)
(iii) wletnyr ethyl ketone/xytene/'itater (31 z:-zz)

(i") Ether/lviethyl ethyt ketone/Formic acid./Water (Zrr:t:t)
(n) Ethyl acetate/Ether/Formic ac::d/.u[ater (rT:r:t;i_)

a'll ten phenolic glycosides cannot be compretely sepa-

rated with these single systems.

lwo-d.imensional- chromatograrrs using sol-vents (ii) and_

(irr) gave good resol-ution of all glycosid.es, but the separa-

tion of lor''¡ Rf gl¡rsesides such as sali-cin, picein, triand.rin,
grandidentatin, vi-ina,fin ancl saJ-icortin renained too near eachr

otirer (Figure l-5 ) .

Tire chief ad-vantage of the 58% reLetive Ìl.naid.ity condi-
tion lrras iliat poiruJin and treuuloictin separated. in each solvent
system ancl were easy to id-entify fro::l each other.
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und_er 787, reLa.tive hunidity conditions the folloviing

solvent systems i\rere used:

(i ) Ethyl aceta.te/Xytene/Formic acidf t¡'¿7u, (35 z:-zlzl)
(vr ) Eth¡rt acetate/rvrethyl ethyl ketone/Formic acíð./tt[ater

(t5 t3: I: l- )

(vii) ntnyr aee'cate/irtethyl ethyl ketone/Formic acid-,/tr^/ater

(ts z5 ¡ 1:1)
(viii) iUetfryf ethyt ketone/13 enzene/\:tater (fe:f :f )

under the 78% reLative humidity contror system, the
ten reference compound.s r^rere separated by a singre system,

although some glJrcoside spots touch each other, but at 1 of the
gfycosides l^Iere easily id-entified by the developed spot colours.

0n two-dimensionar- chromatograms, the reference gry-
cosid.es r^¡hich rdere completely separated. are: salicin, salir"e-
posid-e, grand"id-entatin, picein, triandrin, fragilin, vimalin,
salicortin and sal-id.roside. Onl¡r po;oulin and- tremuloid-in ivere

not completely separated from each other by u-sing EXFW

(35r]-zZt2) and EIr,tF!,t (l¡¿5:l:1) systems. The se,,oaration

chromatograms are shown in Figrre 16 " Alr ten phenolic gly-
cosid-es 'hrere separated by EXFÌ¡ (:5zttzzz) and EjrlF\*tr (t5¿5:l:r).
The chromatogratns are shovrn in Figure ZI"

The best solvent system was found to be EXF\¡I (5irl-t2zz)
whj-cir possessed 'r;he strongest mobirity. The chromatogram

spots were a},1'ays very compact"

The d-isadvantage of rnethyl ethyl ketone containing
systems was that longer spots \¡rere formed, (Figure 20)"
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{i.ggqe 19. Chroma_toßram _ojf Salix Phenol.ic Glycojicl_eg

on_ Silic_a ße.l G La)'eI

- SoLvent, front -

- Start,ing Foints -

I
I
@

@
/61

õ

o
o

So lvent, : Eth¡'lacet,ate/Xyl ene/I¡ormi c Ac irl/ìrater (Jj, t :2 :2)
Condition.s: R.1l . 22 c' 40 min. in ryater vaporrr satd. charn¡er, 1! cru. run.
[teagent: &ff Sulf uric Âcirl in ,l,nhyd. F]thanol.
Glycosirles: (t)saticin, (z)r'opulin, (l)salir-eposide, (4)Tremuloittin,

(5)cranaidentatin, (6)picein, (Z)trlan,trin, (g)FragiIin,
(9)vinrat in, (ro)salicortin,
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J¡igrrre 20 Chr:or¡ia!qårarn of Sal jx,-phenolic GIycos irles

- Solvent front -

E

oI
G
G
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o
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- S t,art, ing po ints

So lvent,: ÀlethyÌ ethylket one/Renz.ene/\t'ater ( f g: t : f )
conditions: R.T. 22 c, &0 min. in water vapour satd. chamrrer, 1J cn. run.
Ileagent; &l SuIf rrric ac irl in Anhyrl. Ililranol .

Glycosirles: (f)saticin, (2)poputin, ll)s.lireposide, (4)trennuloiclin,
(5)cranaitlentati', (6)picein, (z)r'ria'rlrin, (8)!.ragilin,
(9)vinaIin, (to)salicoirin.



Ðigure 21.

á,.\n)vv

Tr!'o-dinensional .Chlo_rnqtograrn of Salix phen!¡t ic

solvents : ( 1 ) Ethylacet,at,e/Ifeútryl et,hytketone/Forriic Âcid/rvater
(:.315:1:1)

(Z) IÌthytacetate/Xytene/Formic Acid/ry¿¿", Bjrt:222)
condÍtions: Il.'l' . 22 'c, H. 784, tj cm. f or each direction.
Ileagent : 4# Srrl f uri c åc irl in Anhyd . Ethano I .

G)ycosidu's: (t)salicin, (z)J'o¡,¡];¡j, (l)s"ì.ireposirle, (â)Trernuloi<lin,
(i)Granrridentatin, (6)l'icein, (z)Trian<rri¡r, (B)I,ragirin,
( ! )\rirnaì in, ( t o )Sat ic ort, i¡r,
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-A.lso the slrots d.evelol:ed i¿.j th sulfu'ic acio r.eage.t i_isplaLyec.
a ciu-ll yeJ-lowish coJ-our.

Tne EI'IFì,,û (t=zf:r :1)
to ¡tT':J.it (:-jzl¡I:t) nut the
::ncl sone tailing was noted..

The only disadvantaige of the ruiror-e sirica gel separa-
tion systeiri wa.s that irre sor-vent systenis r,rere a r_it,cre too
comlrricated . This wa.s d.ue bo trre f act th¿it trre phenoric gfy_
cosid.es are very simil_ar in irolarity.

rn genera.r, a two-ctinensionaJ- chroiuatogr¿ìJiì sr:ouJ_d. be
d'eveloped in tlro compretely ciifferent solvent systerns. rlow-
ever' the aut¡ror founo- th¿Lt i-f ,che saue solve't systears r^rere

used. changing onr¡i the ìru¡¡iidity concÌitions (5s% and r87,"),
better L:'esol-ution a,.nd clistribution of the phenolic gtycosid.es
were girren than if two clífferent so]_vent systems i_n the same
humidi-i;y condition were used,. lrris was *oi onJ_y sir:iprer but
also solved the probler.r of completery selrarating populin ¿nd.

tremu-Loidin (isomers of each other).

i)etection Reagents

$everal re:Lgents have been tried.¡
(t) tviill_onrs reagent (5o,55¡
(ii) Kedde reagent (64)
( iii ) z ,7, 5-Tripire'yrteirazor-ium ci:-roric-e ( r,r,c ¡ G+)
(iv) Antii,-rony triclitorid.e in chr-oroforr¿ (6rr64)
(-t) Acimoniacal- sllver nitrate reagent (6¡)

system had simil_ar resoli-r.tion poh¡er

R¡ value of glycosides uas higher
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(vi) Silver nitrate ('Irevelya.n) reagent Ge¡
(vii) 4"/" Ëul-furic acicl in anhyd_rou_s etha:rol_.

Long and. slr.ort r,¡ave ultr¿L-vi oret l-i6Ì1t absorpticn i^Ia.s

aJso ¿sed, 'üo d-etec'ç spots on d-evel-opeil chromatograjns,

ReFults ¿Lnd Discussion

l;iil]-onf s reagent was used by Thieme (4gr50) as a l_oc_

ating reagerrt for ;oaper chronatography a.nd was used_ in the

authorrs labor:ltory. rt was found- to be significantly l_ess

sensitive tìran t.he sulfu-ric acj-d. reagent on silica ge1 G la¡rers.

lhe other d-isadvantage of tilis reagent is tiiat the

col-oured- spo-Ì;s jlatl-e after l to 2 days, and- it i-s a strongly
corrosíve reagent, conse(jr-ì.ent1y it is not convenient to work

r,¡ith"

I(edde reagent ruas f'ound to be an excellent aicl irr the

id.entification of some glycosides" For exanÞfe, picein gave

a purple colou-r, grand-ictentatin yerloi^i, triand.rin a.rrd. sari-
cortin brown-orange imrred"iatel¡i ¿¡tr"r being sprayed- l.¡ith this
reagent. other glycosides could noû be d-etected_ on sil-ica
gel layers.

Af 't ez" spraying nith 2 r'2 rJ-triphenylt etrazoLíuini chloriile
(rtc), gra.nuidentatin ðave a yelrow s1rot, a.ird salicortin a

recr rose cofour, bu-t other g"]-ycosictes could. not be cletec'r,ed.

on the silj.ca gel layers.

¿l.fter spraying lritir an'uiinony trich]-oride in chroroform

and- neating to ltOoc, for 20 rninutes, salireposide gave afi
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orange spot, tri:incrrin ¿nä vimarin purple, frag:-t in bror,mi_s?L

yelloiv and s..licortin showed. a yellow sicot. 'rne o'uher a]_y-

cosid-e spots i¿iricli were col-ou-rless after sltraying r;nd- heating

aj-]- shol¡ed purple corour' u::oer long-wa-ve ultra-viol-et light"
Ami¡oniacai sil_ver nitrate reagent must be freshf_y pre-

p¿rred" After this reagent iuas sprayeci- on tne piate it stoocÌ,

at roollL temperature for 10 ninutes" ,Jal-j-reposid.e and triand--

r"iir gave élrey spots, salicortin gave a brown spot. 'Iire plate
'irlas then spraJred r,rith iV/2 alcoholi c sod-iun hyd.roxide sol-ution

and- stored ¡¡-t rcom te,iperature for 20 to j0 rinutes. AII_

glycosides gave clark broln'r spots against a tight brown back-

gror:nd. The grey d.eveloped spots gave black spots.

üiJ-ver nitrate (TreveJ-yan) reagent wa-,s rr.sed- by Peart

et al-" (2er29) as a locating reagent on th.eir paper chroma-

to6ranis. ¿l"fter spraying the chromatoplates, no gl¡rcosid-e

spots appeared. After 5 to l-O niinutes the plates ',rere slrrali-

ecl with I¡i/2 atcoholic socliurn hyd"roxid.e solution ¿-nd- left at

room teml:erature for 10 to l-5 rninr¿tes" Àl-1 glycosi-d-es sho',.,'ed

clark brown spots (salireposid.e enù trj-anctrin lrere daricer)

against tne brorinish 'backgrorind. For amitoniacal- silver nit-
rate ¿:,nd. sil-ver nitraie rei',gent, more alcohol-ic alkaline sol--u-

tion can be sirrayed" if necessary. later tne i¡late cam be

sprayed- u¡Íth fO% a ueous sodirun thiosul-fa.te solution to give

cl-earer spots against a. light brotv-rl backgror-;rnd-.

4% Suffuric acid- in anhyd.rous etha:iol- r^¡as fourrd- by the

author to be the best rea.gent for phenolic glycosicÌes on
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sÍl-ica ger layers. -A.fter -tire cnroma.togrartr i,¡as develoired, the

i:late l¿as heateil- at ll-OoC. for lO minutes. lhen,cjte hot plate
ïúas slrrayed. -øitl: tire reageirt ciirectly . Triant¡-rin ancL vimal-in

procluced blu-e colour spots, salireposide oraJlge, gra:rd_id entatin
yellow (¡ut the colour faded. after a fero minutes) ano sal-i-
cortin brownish yellow irirliediately. á.fter the plate irad- been

he¿'ted- a further L5 minu'r,es at r10oc. all- ereven reference

glycosides gave a specific col-our: salici_n, ;oo;or-rlin, tremu-

loid-in and fi:agirin gave red col-ours, sarireposide orange,

grar.dì-d-entatin yelloiri-brordn, picei-n and- sal id-rosid-e orange-

bro-wr., triandrin brown-bl-ue, vinali-n grey-blu-e and- sal-icortin
orange-red. 

"

This pre-heated tre¿itinent was fourrd to be superior to
spraying fol l-owed by heating" Using the pre-heated treatment

it was easy' to l-ocate triandrin, viniarin, salireposid.e and

granch-d entatin.

Picein and granclicì-snf,¿trin reclui-red. longer heating to

obtain a clear spot. .A.fter heating foy 30 minutes or longer

al-J- col-oured spots became dark.

I'iethanol ancl 95% etnanol coulci also be used as solvents

for this reagent, but anhydrous etha-rrol gave spots of mu-ch

brighter colour"

The sensitivity of the su-l-furic acid reagent was deter-

¡rined by using O,L/" ethanolic soJ-ution of the -ben reference

glycosides a:r.d- ru¡ning a chromatograsi on the plate. the

d-etection l-imit of ali- of the glycosid"es exce;ot granciid-eniatin
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ancì picein r¡¡as 0"2 þg in d-aytigirt. These ti,;o glycosides

cou-l-d- be detected. j_n concentrations of 0.4 :ug" ff the gfy_

cosicles ú1/'ere d.etected- witTi the help of a long lrave ul_tra-
vioret right after Íre;;ting, salireposi_d_e, triand_rin .incl virra-
l-in co-ul-d be detecteci i¡r concentrations of o"t pg. The other
glvcosid-es I'rere d-etectable in concentrations of 0.2 ¡tg.

the advantages of this reagent includ-ed the simplicity,
convenience and higir sensiti-vit¡r; as r,rell as these, al_l of the
glycosid-çs developed a specific col-our wÌrich vras easily located
and- i-d.entified-.

under lorrg-wave ur-tra-violet light only granclid.entatin

r4ias detectable as a fl-uorescent spot. All grycosid.es courd_

be cletectect with short-wave ulira-viol-et ri6ht, eitir.er by

their fl-uorescerr.ce or absorption of ultra-viol_et ]-ight, but
tiris metirod. was not sensitive enough to locate ,che prrenoric

glycosio.e chromatograms.

Pure Po]-yamid e tra.ver

The initial experinients were carried_ o'ut on a pÌrï,e

polyanid-e layer wirich l,¡as pr"efiared. by suspend_ing þ g. poly_

amide i'loeln Tlc in 45 rn]-" ethanor. firis suspension w-as then
coatecl onto 1'trc plates to a deptii of JOo p. using a Research

Specialties Co. spread,er. The layers rrere air dri_e*:ir¡iï,{71.*,

.a:)'

.t,:i"
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Pol)ramid.e-Cet]-u-t-ose (2: t- w-/w) layer

F.ìve graús of Polyamide i'/oel-m TLC ivas ni¡red. lr¡itti 2.5 g"

of cellulose fI,O pol'rcler (Ger¿:rd. Pleuger) " 'Itre rnixture vras

sus,oended in 50 ßl-" etnanol- in a L25 nt. glass stoppered.

Erleirmeyer flask" It i,'¡as shaken vÍgorously for at least 5

uiinutes" Ihis suspension u¡ås then s1trea.cl over five 20 x 20

cú. glass plates to a depth of 500 u. 'ILre plates l.rere J.eft

to clry in the air. the dried pJ-ates i{ere uarked- and pre-

pared- the salîe as the silica ge1 G TLC 1:lates.

ll.esul-ts and- Dj-gcussion

Separation of' tire phenoli-c glycosid-es witir high resolu-

tion was obtaÍned" on pure polyamid.e layers. 'Ihe results are

sho-,,an in Figrme 23.

UnfortunateJ-y this pure polyami-de J-ayer had- several

disadvantages. The first of these is that the layers hiere

very i'reak and. cracked- (t o flaking), but it i,¿as stil] satisfac-
tory for one-d-imensionai- separation. '-iowever, vrhen aplr-l ied.

to two-d-iniensional separations, 'che cr-ried- d.eveloped. layer

easily fJ-aked. off on sroraJiÍng vrith the col-ouring reeigents.

The author for¡r.d tnat cornbined. poJ-yarnid e TIC ancl cellu-
lose'IJ,C powd-er (e:f w/w) gave a inu-ch better adhesive layer

tha"n di-d pure polyamíd-e. Tne¡'e ìrrÐ-s rfo cracking of the layer"

-AIso tiris polyamid-e-cellu-Iose layer g¿ìve abou-t 't,ne saïle
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resolrr"tion pol¡er as ciid- the lJure polyarcid-e layer (rrigures

24 and 25) "

'Iire l'/oe].rir Conpany suggested_ tLr¿,.t 45 .nL. of chf_oroform_

metl:ranol (zz1) strould be usecl fo:: pre;oaring the ilure polyainid_e

slurry" ì-iowever, the autlior fo-,md- tLn.t ethanol- g¿.ve a better
layer, ¡Jecause tire nixture solvent evaporated. too cluickly
lvhich mad-e the Ìayer craclc more. Al-so tne ciúoroforü dis-
solved and collsecuentl¡i i,r¡ou*Lcl i:ave ruined- tlre operating teil-
pIate.

lhe disad.vaniage of botii of trrese types of rayers riras

res'bricted. to the f¿'.ct that acicl spra¡ring rergents coul-d not

be used- "

Ðevelopment of Chroälatograms

'r-he cnroüiatoplate lìras preparec] and- developed. t]r-e saile

âs i¡,Iâ.s describecl for silica ge]- ]-ayers, 'but no huliciification
i'üas lfecessa.ry for these plates.

A.fter development, the plates r^¡ere sprayed. anci tiie

spots located- r¡ith reagents"

Developtrer:.'c of a Suitab]-e Solvent S.vstem

The sol-vent systerl rras cieveloped und.er the sane cond.i-

tions a.nd- in ine s¿1re rlaraner as wele 'r,he sì-lica gel G solveni
systens e>rcept tirat humid.ity control proced-ures were fou-nd to

be u-nr.recessary.
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Solvents, (t ) \yater/Ether lzA: r )
(Z) tittryfaeetat,e/Äcetic Acirì/\tader (ryrt rt)

Condit.io¡rs: l¿.T. 22 c, Ij cn. for each direelion.
Reagents : Iietltle reagent-l{i l l on's reegent.
Glyco-"irtes: (f)saLicin, (Z)populin, (:)solireposide, (4

(5)Gran¿irtentatin, (6)picein, (7)Trianrìrin,
( 9 )vimat in, (ro )sat icortin.

)Trenruloidin,
(B)ttragitin,
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Fig.ure 2J. T*ro-dinensionaJ. chromatogranl- of salix p[enolic
G I yc o s i d e s o! *l_: l l¡am i {_e¡c e I I rr I o s e I4y-e¡

So lvent,s : (1 ) Water
(z) Bthylacetate/Acetie Äcict/\yater (ZJ rt:t)

Conrlitions: R.T. 22'c,1J enr. for each clirection.
fl.engents : Iierìrlc reagent,-Silver nitrate reagent.
Glycosides: (l)salicin, (Z)t'o¡rulÍn, (l)snfireposide, (4)Trerruloitti¡,

(5)cranrtidentntin, (6)t.'icein, (?)Trianttrin, (s)Fragilin,
(9)vi,natin, (l o)saricortin.

(D
ott

€

0
0

2

--_1



I¡isure 24. chro¡riat,ogram of sl.1lx rhenoric Gtyeosid.es-
on ])olyaraide-cel Lrrl oge Layer

- Solvent Front -

o\
catI

g
o
o

- Starting. ints -

SoLvent: Bt,h¡'l¿s eíaLe/Itornric Âcid/\later (ZJ rt rt)
Conditions: R.T. 22'C, J4 minutcs f or 1J cm. run.
Reagenrs : Iiedde reegr:itt*SiLver nitrate reagent.
Glcosides: (r)saticin, (Z)po¡rutin, (l)srtire¡rosirte, (a

(J)Grancìirlentatin, (6)llcein, (.7)rrianctrin,
(9)rrinralin, (to)saì icorti¡r.

lo

)Tremuloit'lin,
(B)IragiJ.in,
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Figure 25 . 9!¡prq¿gg.¿rry_ if Sç1 Íx Phenol ic Glycos ides.

on l'o lyar"¡ id_e-eel lrrL os e LBI:er

-Solvent Front-

OO

Solvent: lYat er/Ether (2A:l)
Conditions: lt.T. 22"C, 60 rninutes f or
Ileagents : Keclde reagcnt-S i lver nitrate
Glycosirles¡: (t)Saticin, (2)populin, (l

(5)CranairÌent,atin, ( 6 )t'ice
(g)vimatin, (to)saticorrin

$ooo'

15 cm. run.
reagent.

)Saf irepos ide, (r,

]", 
(Z )r"ianctrin,

)TrenruloicÌin,
(B )I¡ragi ì. in,

-S tart, ing
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First, plates coated. v¡itii a pure polyaniid_e layer were

used-. Tirese liere l-¿;.ter r¡rodified. by using a porya.rnicie_cetl_u_

lose (e:r) layer in order to iriprove T,Tte ad_hesi_on of iÌre layer
'üo tile plates.

ilater ano- eth¡rl¿sstate Ìüere cltosen as tÌre fund-amerital_

sol-vents of tvro ciifferent solvent systems. iiÍetiryf eihyl icetone

also lras tried"
Du-ring 'r,ire course of d-evelopnent of the best sol_vent

separation, 27 different solv'ent systens rdere investigated
a.nd- the cÌ:ronatograas trrere r"ecord.ed. in each.

EqguJts ancl Discu-ssion

lire best sol-vent systeir-rs r.rere foi.ind- to l¡e tire fol-l-oi,¡-
i ncr.

/. \
t r ) tlater

(ii) itrthylaceta'ae/Acetíc aeia_ittater (Zj**)
(iii) Ethylacetaie/ I+cet:. c ac::d./.vtater (9Lz5x4¡

lhe resoJ-u'r;ioJ} powers for tire separation of i,he phenolic
glycosides of solvents (ii¡ and. (iii) r^r,ere fo.u.ncl to be cl_ose

to e¿'c' other. 'rhe glycosid-esr R¡ vahlcs r¡ieïê fo-r,'d. to be

sligirtly higiier in s¡rsteLir (iii) tira' in systen (ri).
Àt first taíling ivas noted on ti:e lclates run in solvent

(i), tlierefore etlter was conbined wi tii tire r,¡a-te:r: to cornpact th-e

spots" lïor,iever, tu.ili;rg still_ occuryed.. Tire iailing on the
plates was frnally fou¿l.d- 'uc be .Lu.e ,üc ,r:;he f¿.ct 'vhat the silver
nitrate reageilt r,¡as noi sensitive enough, arrcl ,uh.e tailing on
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the plates i^¡as crue onl¡r to overl0adi:rg tiie chronatograra of
ten pir.enor-ic grycosides as shov¡ri in -u-igures 22 arLd- 23"

lloth of 'r,hese aqueous anrt or.ganic solvent systems crid.
not completery sepa.rate the 'ce* reference gÌycosides using
one-d-imensionar- d-evel0pnent on polya'id e-cer_1ur_ose 1ay ez,.
Ivery glycoside wa,s id-entifj-ecl b¡i using -birese two sol_vent
systems (aclueous a.nd- or.ganic). This is beeause in ti¡o of the
sorvent systeL,s the¡. gave a completeJ-y r.everse and dj-ffez.ent
separation resul_t as showü in l+igures Z+ and- 25.

lhis gave es¡reciaJ_]y good results on the tr,,¡o_dimen_
sional separatiolL jùap as shor¡¡n in trj_gures 22 anrf Zl'.

Detection Reagents

Tire fol_l_orrring reagents tüere emptoy.ed.:

(i) l,lil_lonrs rea.gent (n0,55¡
(ii) potassir.m perm,j_n.ganate ,'I. S, (nS)
(iii) rA.ntimony trichloricle (6L,64)
(i-r) 2r3 r5-Tripir.eny't etyazoL..r.r.m c'lorÍde G+)
(-.) Kedd.e reagent (64)
/__: \tvai "4.ni¡ioniacal_ silver nitra.te reagent (6]2)

(vii) ,sitver nj_trate (Trevelyan) reagent (66)

Resul-ts and- Discussion

lnl^^ -f ^¿'rne o-e-rection of phenoli_c substa.nces on polyamicle layers
i-s usual-ty done by examining the chronatograns r.rnder ultra-
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vioret 1ight. The chronato8raas are iL:.en sprayecl i.¡j_ti-i fl-uo-
regcent reagent arrci tne colour of tne fluorescence is again
deter¡rined- under ultra-viol_et light " (66)

l.l:Le reagents usecl- for" the d,etection of ¡chenolic gly-
cosides on poryamid-e-cellul-ose layers were restricted 'b¡r f,þs

aci-d- sensitivity of ti:Le lroryamicle. The usu aL aíazotized re-
agents, and acid- glycosidic reagents incl-uding a:rtireony iri-
chl-ori-cìe cou"l-d not be used- due to spoirage and reaction r,¡ith
the layers.

Niil-]-onr s reagent on polyarai-d.e-cellulose rayers ca.u_sed

phenolic glycosides to ;orod-uce cor-our spots oÍ' ilre same: âs

descrj-bed- u-tder silica ge1 G detection reagents. iToiuever,

af ter heating, the ]a.¡rç¡ ,r-¿s spoiled, but ttre spot coul_d- still_
l:e rocatecl. irÌ-ost of the reference glycosj-d-es were locatecl by

iteating the iolates to 95oC" foy 2 to J minu-tes. Under tliese

cond-itions tire lay'er l.ras d.arraged- less, IÏor.rever, picein re-
o;uired a longer heating tine to d-evelolr on the polya¡rice-

ceJ-luJ-ose Iayer"

Potassi-r;m permanga-rr"ate T.s. coul-ct be used- for the cle-

tection of saJ-icin, sa.t ireposide, gra:rdid.entatin, trieurd_rin,

vimalin anct salicortin. Äll of ti:e spots shor+ed a yellow

colour, but the spots r¡rere d-ifficuJ-t to l-ocate on the clrroma-

tograrii"

Antinony tríchl-orid-e causecl trre Ia-yer to become tra¡_s-
parent after iieating eJ:r.al tne spots r{eï"e difficu_l_t to }ocate"

2, J, J -'Iripnenyt t e tr az ol-j-.u_il cirl- or j_d_ e - s o d ium hyd_ro xicl e

reagent, lrhen sprayed. onto the chrorlato.oleLte, caused- salicortin
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to produ-ce a red rose c.ol-oured- spot, crid- gra¡.d-id.eritatin a

yellow spot. ¿Ifter heatj-ng, tite other glycosid.es becarne red.

i-n colour. It r,ras difficult io d-istinguish these glycosioes

cn tire cnrona.togran ciu-e to tire red.di sii co]-cur of ,6he bacic-

grou:rd- and- to tire l-ack of sensitivity of the reagent.

The Ked-d.e reagent gave siuilar results on pol;i¿rnide*

celluJ-ose layers to ttrose obtained on sitíca gel G layers,
that is, granc)-iclentatj-n gave a yerlor,r colour, picein purpls,
trj-and-rin anc, salicortin orange-brolun, After heatj-ng to rl_Ooc.

for 1,0 ¡iinu-tes, ttre backgroi-md becalie brol¡nish purpre. The

other reference glycosid.es gave purple spots after heating

and- previously' d-eveloired spots \(ere a.Iso clarker. rt rra.s diffi*
cult to l-ocaie tltis reiLgentrs s;oots on the chroroato gtar,1.

;im.rnoniacal- sil-ver nitrate-sod_iu:li hJ¡clroxid.e reagent

and silver nitrate ('rrevelyan)-sod-iurn hydroxj-de reagent arso

gave sinLilar res-ul-ts to tnose obtained on sitj-ca gel G layers"
l{oi,'¡ever, the background beca¡re red.clis}r-brou.n iri col-our after
the plate was sprayed" with l0% sodiu¡i thiosul;chate solution.

The iied.de reagent can be used in conjunction i,.,'ii;ir the

sil-ver ¡ritrate-sod"ium hydroxide reageirt. The Kecrd-e reagent

was used- first, fol].owed by the sil-ver nitrate reagent" This

coi¡bined- treatment gave much. better results for tne id-entifi-
cation of grand-id-enta.tin, picein, triandrin a:id_ salicorti_n"

Al1 gtycosides gave the såme coror.rr spots with tire combined-

reagent that they d-id. l,,rith tir,e silver nitrate-sod-ium hydroxide

reagent, but the backgror.rnd. af ter being sprayed r,rith sod.ium
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thiosulpharte beca¡le nuch lighier atrci the s1:oi,-s t^tere cl_earer,

unfortu-natery this comJrined. tre¡,tr:en.t i,,ras stil_l noi
sensiti¡re enough for i:henolic glycosid.e id-entification. Tire

o-etec'cion linit of salireposid-e, grarncri-dentatÍn, tria'd_rin
and- salico:r.tin i¡itir thís reagent r,va.s 2 p.g. liíth pícein anCr

viinalin it was l0 FS, Salicin, po;cu]-in, trernu]-oidin and. fra.gj _

lin coul-d onry be d-etected irr a concentration of 20 pg.

Àlterna.tivel¡r, the author fo-und that i,',hen the Kedde

reagent was used in conjurrction wiilr lriilronrs reagent, fairly
good. results fo:r: the icl"entification of phenolì_c grycosides on

polya:li.ì-e-cel-lulose layers rr-ere obtained,. Tire tre:i.tnent con_-

sisted of using the Keclde reagent first to Locate picein,
grandident¿tin, trianci_rin anCL salicortin. Then the chroniato_
gram \i¡as spra¡re6] i¿ith l,[i]_l_onf s reagent.

under this combined treatment, the ra¡rer !¡as damaged

less by the strong acid. and no furtirer heating w-as necess¿ìry

to detect picein. The cleteciion sensitiuity was also accept_
ab1e.

The Stabilitv arrd Chan of the Reference Phenolic G]-tvcosid_e

During bhe period- of Tl'C systen development the atcohol-ic
solution of' the refe:r"ence glycoside l,ras found to ?rave several-
extra spots on the chromatogràrn of the single glycoside sol_u_

tì-on, after the so].uii on .aad been stored at room temperature

Sol-ution (in..tlcohot_)
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for a perj-ocl of a fely inonihs.

Tire saricin derivatives such as popurin, tremuloid-in,
fragilin and- salicortin sno-v¡ed- saJ-icin a.ncÌ other spots on this
clrz'orüatogram" rt was especiarly inter.es,oing to note t}¿t
trerouloi-ci.in (isomer of populin) a^l_so contained a fairly high
concentration of _oopuJ-in.

The fresirJ-y preparecr popurin, tremuloid-in, fragilin
end salicortin solutions ¿¡ere hea,ced at 60-64og. for 24 hours.
The¡r Tvere then subjected. to 'IlrC. It was found- that tremuloicì.in,
f:ragilin a:ra saricort j-n ga.ve a salicin spot, b.u.t popuJ_in i,,ias

not d,etected- in the trernuloid-i-n that irad- l¡een placed on the
cnrouiaiograrn. 'rherefore most of tne phenolic glycosid.es are
not very stable iri alcoholic solution.

Column Cttomatograplr.y

Thieme (fO) successfulfy used- a polyamide product c¿rlled

it'iiramid (',¡¡g leu¡a-u¡erke) for the separation of pllenotic gry-
cosid-es from wil-l-ow ex'r;racts by corurrr chromatograirh¡r. r¡[ater

Tras Lrsed to elute the col_u:¡n. 'jìhe combined_ fracticns were

further separated- witll a cel-lulose colunn to isol-ate glycosicles
iraving cl-ose solubirity characteristics. n-ButarroL/::,ytene/

"¡'{a.ter 
(4r0;e¡ was used as the nobile phase for the cel_lul-ose

colu.mn. ( io ¡

Pea.rl- and Darling (29) arso isol_aiecl a rnixture of sal_i-
cin, populin a¡.d. tremuloid,i-n from a poplar er.:tract by coluam
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clrror¡iatography using a dry packed cor-urn of cer-r_ur_ose por,rd-er

(h/hatn:an stand.¿':rd. grad-e) ano- eluti ng r,¡ith ethyrace tate/ ace'cLc

acid-fwater (9zZzZ) as a d_evetoper.

The author used polyarnid.e (lúoe1ra) ano] ecrploy.ed_ the pro_
cedure i^¡hich rr'as surggested by ,jrhierrie" (fO¡

trhe pot yamicle corurrr v¡¿Ls prelrared_ using 10 gm. poryanid_e
(t'/oefm) which had been extracted, twice l,{ith. boiling iaetha¡ol
a-trä had been rinsed. l¿iilr irot r,tater. The pr-rri-fiecl lrolyar:rid-e \,ras

resuspend.ed. in w?¿ter aind poured- into a z x 40 cü.!. col_uün,

Fou-r hr-mdred lrg. of crucle prrenolic glycosj-d-e hrere d-i-ssol-ved- in
metha:rol, and mi>led l^¡ith 0.5 E. of r:olya*uid_e powd.er. [ire nrix_

ture v¡as d-ried- in a vacuu-in d.esiccator. The ciried. nÍxt-ur.e uas
poured- onto the top of the prepared- col-rxLin ¿rrcl tÌre col-unn rras

el-uted- tritir i,rater.

îh.e author also triecl a eel]-ulose (urhatm:,.n standard_

grade) colw:n. lhe sample l{as treateci as clescr.ibeci above.

Ethylacetate/acettc/water (9tZzZ) was used as a d_eveloper

accor'ding to Pearl_ and Darling. (29)

Several other sol-vent systems and. ad.sorbents iliere tested..
(i) Polyami<i-e (idoeln) colunur. elutecl- r¿ith ethylacetate,
(ii) Polyaruide (hloel-m) colu:on el-utedL v¡ith rn¡ater sati.¡rated

eth;rf ¿sstate.

(iii) Polyamide (l{oern) co}u¡::n eruted- with petroleum et.ner/

metnanol/n-butanol (g:f :f ).
(iv) liagzresium sil-icate ("1'/oetrrr) colu¡m el-uted v.¡ith water

saturatecl ethylacetate.
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(-¡) ilÏagnesium silic;,.ie (l'uoefnr) coluinn eluted- witn bertzenef

meti:a:rol (gt:fl).
(vi) sitica ge1 (¡¡r¡) column el-uted- witii ethylace tate/

xylene/isopro;oanol (Io: z: 5).
A gradient erurtion techniciue nas al-so ap¡:rlied_ to a

nagnesium siiicate (y/oerrn) cohur¡:r i,,¡nich consistecl of 40 g.

ad-soz'bent in a 2"5 x 50 cn. colu¡nÌL. The d-evelopers tÌ:.at r,rere

used in Seo.uence r¡i¡er,e as follows: (i) Renzene/rriethanol (Bi,f)

(90:ro) +oo mr.: (ii¡ Br,r (s5:r5) +oo rú., ancr (iii_) ¡pi (eo¡zo)

B0O i:rl-.

TÌre efuted fr¿;"ctj-ons lrere collected_ by or.lr auto¡:atic
fraction col-lector. Twenty-five nil-. of elu-ate i'/ere col-lected
in eacÌr f'raction.

lhe fractio,n eluates fror-L eec-û col-r¡-r,n were d.eternined.
.b¿v the TIC idei:itificaiion systeni.

The aqueoÌrs elu¿Ltes frori bhe porya¡rid.e colur¡n li.ere

first d-ried in a ryophili zer zno- r,¡ere applied_ to Tlc.

Resul-ts and_ Discussion

/tccor<j.irrg to tnieme (i5 rDO) ttre best t^ray to purify and.

separate phenolic glycosides j-s colurin chroriatograpiry carriecl
out iri a ;oolyalride columrt. tsesicies ihe preliminary fractiona-
tion of phenolic glycosid-es iire ct arj_fication of flre prant
er'tract and 'che re;:ioval of the tannÍr:,g lrrincì-ples a:ril ï-l-avonoi¿

glycosides occurrecr sirnultaireously by th.is proceoure.

The polyarnicie (ltioetn) gave sinilar resolution results
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as l;iiramid- (r¡gB leuna-'vrerice), bu-t t?re two proou-cts have sligntly
d-ifferent retention por..rers,

The disadvantages of polya-ilicle chror..latogra,phy for the
separatÍon of i:iienolic gtycosides r¡rere that the early fn¿_c-

tions contained too jTra^rly grycosides, such as saJ_icin, salid.-
roside, ,oicein, fragilin and saJ_icortin ,¡hich came off simul_
taneously. lria-rrcirin anii. vinal-in i{ere also very near to this
initíal c::or,'¡ded. .rea and- in nost ca-ses .,j.ere uixed- rvith them.

Tl:erefore j-t i,¿as clifficuft to isol-ate these phenotic glycosides,
Itleani,¡hile the l-ess sol-uble g']ycoside, especial-ly salir.eposide,
was d.istribu-ted- in too nalLy fractions. Ano'cher c[isacivanta,ge

r¡üas 'uhat the fract.ì onated- aqueous el_uate coul_d not be left for
too long a tirne at roon tenperature. This causecl hyd,rolysis
of tire glycosid-es and r,,¡as often accompanied_ by rnou-lcl growth.

'lherefore severar organic solvents and. different ad_-

sorbents Í¡ere tried, but tire polya¡ride iøith w.ater sysiep hacl

tÌ:e i¡est resolution of a]-t those tried.
the cel-l-ulose colu:iur system of pearl aLnd_ Darling (zg)

al-so did not give good_ ser:aratio¡r.

îhe gradient elution ii: a nagnesiuli sil-icate column

gave acceptabl-e results" 1Ìre glyeosid.es rruiicli had the higher
R1'o.n silica g-el'rJ.rc T,{ere eruted'rhroug-}r the corumn first.

lhe sj-lica ge1 col-ur¡n gave resol-ution effect which was

siroj-la.r bo the nagi:iesium silicate col_unm"

For the further separa'r,ior: c¡f the gtycoside niixtu-res

obtained from the polya:nid-e aqueous f¡,actions it was foimd-
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tria'u a poiyaiaicre coituiur witir v,'ater saturated. e'clrylaceta-te as

a liro'bile ;cii:rse gave inucn better sepa.i:-ation than aic_ a cell u-
lose colu¡¡n. 'riris g¿;ve aluiost the sjúr.e res.u-l-ts a,s,cire ti,¡o-

d.imensional separation on ltol¡r¿¡1i6le 'JlC. tire u.sed ;colyamid_e

can be r'egenereted b¡r l:oi-ling w,itir rretiranot ald water"

Tne magnesir¡-n s-ilicate "Jrd. silica ge1 systerls vrere also
usable for i;he fu.rtÌrer separ¿ti on of irhenolic g-lJ¡coside mix_

tures ¡¡nicir had been obtaiired from i:olyai,ride aqueous fractions.

Both leaves .*r"ci 
.bari< of salix petio]-aris (Ê" gra-cj_lis

var. tex'r,o_rig) i,rere 'u-sed. for screening procedures. Tl:ese
'riÍere cofiected" Ín the Fall- of 1964 from trees groi.ring rrear

S'conel,ralI, luiani-'coba.

i¡.fter ¡,arves'bing, the leaves ancl bark were separated-,

oven cLried- (i.uider 7ooc. ), ancl the bark powdered- usins the

Titzpatrick Ha:nn'rer l,iilt" The sami:les were siored in. se¡rarate

plastic bags at rooü teurperatu-re untir read.y for investiga-
tion.

T" ScreeninR for Alkaloid.s

It[ethods

len grarns of bark polvd,er (or leaves) 'rere nacerated.

witir 50 ïr1" of ammoniacal aJ-cohol (fO mf . strong a.nmonia in 90
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in-l-. of 95iá et.'anol-) (5Ð ap¡;roxil-Lately 5 hours in a percola-
tor" Àfter l;he extraet r¡es col_tected_ ,,nd_ repercolated_ r;vii;h

50 mr. of 95'fi etnanol, the percol-ates lvere acidified. ¡¡ith clil-
ute hyd-rocirloric acíd- (5¡) , a¡iCL tne solvent l¡as reiljoved un<j.er

vacu-um" To the resul_tant sympy resid.ue, 10 ml_. of r¡¿a,uer was

ad-ded. 'Ihis acid.ic mi-xiure l¡¿rs extractecr. v¡ith 5 x l-O ml. ben-
zefie, tiie benzene layer being d.isca.rd.ed-. the a.queous poriion
was riad-e al-kel-ine rvith atilnonia, a.rd. ihen extractecL i,iith 3 x 5

ml. of chlorofoÏ"m. []:.e ch-l-oroform extract was tra;rsferred- to
a d-isti-lling ftasl< to r,rrhicn rr¡as aiì.ded I ur. of tlå n:¡rd-rochlorÍc

acicl" Ttre organic sorvent r.¡as reriioved. on a Rinco rotar¡r eva-
porator u-irtil- 'r,he organic ancL aqueou_s volum€s h-eï,e approxi_
niately eo,ua1. Ihe nor¡ral alkalorctal tests inrere perforned- or]

i;he acid.ic ao¿ueous ex-cract as foll-ows: Two d_rops r^rere placed.

on a cl-ea't niicroscopic sl-id-e a;rd. the appropriate reagents i^/ere

adcLed" Tire resultant precípitate r,,¡as exailined for the pre-
sence of ai_kaloids.

The aqueous extract of leaves ano- bark weï.e tested. t¡ith
the f olloi,¡ing f ive alkaJ-oid-al reagents: Dragend orff r s ( 54 ) ,
I{ager's (r>) 

' i[eyerrs (rÐ , silicotungstic acid. so]-ution (s>)

and- l'fagnerts (5+).

Besults and- Di scussion

Iairere are ]L0

from uill-ow species.

firrn the absence of

reports of al-kaloids iraving been isol_ated

lire resul_ts of tnese tests tend_ to con_

a]-kal-oirta]- raaieriaj_ in wilt ow species.
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E>ltra.ct Dragen-
dorffrs

Ilagerr s
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Silicotung-
stic acid-

i\ieyerrs t/agner I s

iSark

Leaves

ilagnerrs rea.gent gave a brown-red. precipitate" l,ieyer.rs

reagent l¡ec¿:rie c]-oud-y a'r first b'u-t clea-red- on being nixed-

r.ra -'ì I

rlrtiru-r (J6) has reported that plant extracts of sar-ix

babyl-onia irave given positive tests f'or the presence of al-ka-

loict, but no furtner infor¡iatj-on about this nas appeared."

The contradj-ctory resul_ts of rl.rtnur' $e) uigh,c be cj-ue

to interference by some other pJ-ant ¡rateriat .

II " Screerij-ng for Saponins and. 'Iannins

liethods

Preparation of ltr;ctract - ilalf a. g*rrìrn of dry samples

were mixed with 5 ml-. v¡ater ancl iLeated at l-OOoC. for IO mj-nutes.

lhis mixture r,ras fi l-tered iry nega.i;ive pressure ancL washed. with
t¡¡ater to give a fil-trate of a,oproximately 5 mr. Tlris fil-trate
Ïras examined. for saponins and tarmins as f orl_olrs:

Foa.m fest for Saponins (nl) - One ml. of tir.e filtrate
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r^ras vigoror.rsly shr¿ikei: in a test tube (ZO x J-OO c'r.rr. ) a¿i.;- tnen

al'l or¡ed- to st¡,rii.il " lhe neigìrt of th"e foarä le.yer r,^ras neasured

a-fter 15 ninu,tes"

l,Ticrochenica]- lests -íor Tannins (AO) Separa.te C,rops

of the a.qu-eous extra-ct Ì/rere o.istributecl oir- a üricroslid.e ;ncl-

treated with I d.rop ea.ci'l of i;i'le f ol-l-oiving reagents: Feruic

clr-lorid.e T"S. (S¡), tsasic lle¿r.d- "Acetate sol-ution (55), Potass-

ium dichromate 'I.S. (n>) anð, L% Gelatin solution.

Results a¡rd. Discu.ssion

The Foain Test for the cletection of salronins developed

by Reichstein a^zrcl ,ù,bisch (57), r¡ihich requires 1 ml-. digitonin
solu.tion (t rtrg. digitonirl. Ín 5lal. water) as a reference stan-

d-ard., und.er these conclitions, prod-uces a f'oatiL Layer 2-l crû.

niglt Ín the reference sol-ution.

Bark ¿rnd- le¿Lves extracis each procl-ucecl a foani layer

less than 0.5 cÍr, high. rlhese results inclicated- l-ittle or no

saponins in the plant rna.terial- examinecl.

OnJ.y a tz'íterpenoic) (e,oifriecLel-inol) iras been reported.

frosì tlre ba.rk of S. iaponica" (fa¡

Tannins in iuiJ-lo¡/ are rei;orted. to roe soJ.uble in hot

water' " (ng) Tirere:flore, lvater ex'ur¡-Lcts i./ere uisecì. i-n 'cests for
t¿,:urins "

l,'l.any colour reactions have been suggestecL by l{ass and.

Hilt (00) as seleciive for the cletection of tannins.
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labl-e 5, Col-our Reaction of Extracts

Colour
Bark Extrac'u

Reagent

Ferric Cli-lorid_e T, S.

Basic I¡eacl ¿i,cetate
Solution

Potassirm d ichromate
T. S.

l% çela.tin Sotutj_on

The resul ts
sence of ta:rnins in
coloi-rr rea.cti_ons as

Reac'oi-on

leaves Extract

greeTl

yelJ-ow

broi,m

grey

l
I

Sreen

Jrel].ow

brown

grey

for botrl bark
'l,he species

presetlted- in

a:rd l-eaves incLicabe

exa.rnined- as ind_icatecl

Iable 5.

tiie
i_ -.-_t).y

" -/tÕ-

-t,¿v

t-l^ ^
U flU

I-i--I" Screeninå@

lriethod.s

Preparatj-on of E:ctr¿rc! - [en Erams of poitrdered_ bar]r
(or leaves) rvere extractect in a soxiil-et aropara,rrlrs ,¡itn 95%

etha.rrol for l-0 Ìrours. lire etire,:rot rúas recoverecl, a-ncì. the
syrupy resiilue ta]ten up r,,¿ith. B0 rul_. i¿¡a.ter. The resulting nix_
ture w¿s extra-cted- wiil: iirree lo lú_. portions of benzene a.nd-

tlre lsenzene layer d-iscarded. The aqueous sol-utj-ol v¡as treated.
rvi-tir 10 r¡l-" of strong read. sul¡acetate sotution (=ç), tlre pre_

cirritate was filtered cff anci l'¡asi:ed with a snal_l volu_rue of
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v¡ater" 'rl:re c]-ear filtz'ate r¡as saturatecL i¡-ìt.ì:r hyo_rogen sul_-

fi-de, aal- t.rre z'esul tin8 i:.::ecipi iate fitterecl off , the fil-
ttaie ìda.s concerltrateci to a.bout l-O LLrl-. a¡rd e:ltr.actecl- l"¡ith

five 10 ll-" ;oorti-ons of eth¡rlaceiate j.n a separa,cor¡r fu.nnel.

The final et?rylacetate solution was concentratecl io a.bout z

nl-, rn¡hich io¡as u-sed fo-r bhe clete:rilination of phenolic glycos-
id.es "

Determination of Phenol_ic Glycosides - One c1ínensional

llc r'ras 'used foz' 'uhe deieruina'uion of lrhenolÍc glycosicles.

fire concentra.tec. eth¡rlaceta.te extracts and_ reference glycos-
id-es r^¡erie spotted- on tÌr.e sarre silica gel G or' 1:olya.:mid_e-

cellu-l-ose¡ and- i;hen the plate r1¡as d_eveloped_ as described. in
the ll,c section. the cornpou:tils T¡¡ere located_ on the sirica
Eel G layer u¡i'ch 4",4 s:ul-fuyi-c acid- in a:rhyd.rous e'chano_1, lled-d-ets

reagent ancl silver nitrate-soclium iryd.roxid.e reagent l,rere usecl

on polyailj-oe-cell-ulose layers" i'[i]-lonts reagen'ù -r,¡as u-secl to

confir'n tne ¡theno]-ic glycosid_es on bo-bh types of l-a.J¡e::s. The

glycosid-es were id-eniified- by comparison of 'che cyøracte'ri-
strc colour .orocLuced by the reagents anci by the R¡ values of
chroruatogra¡ls l"¡itn refer,ence coropou.nd.s.

Resu-lts and. Discusstgn

liltil-lzing the colour d-evelolrnierri anC- tl:.e chroruaioðr'a-

pnic behaviour of tne spots as criteria ancl rel-aiing io refer-
ence 1¡henolic glycosio-es run on the same ptate, it was d.enon-

stratecl tha-b S. i¡etiolaris contained_ sal_icin, salireposicì_e,
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trenuJ-o-id-iir¡ gra^rldid-entatin a-nd picein. rn ad.d_iiion, several
lurknol'¡n spots r.^rere d-etected- on ilre chroriratogr.asÌs"

'rhe leaves of s, æ.!.r*olaris containeci salicin, gra,ncLi-

d-entati-n a.nd 'ui:elLr.uloidin, and. several_ unkno-rne slrots r^rer:e also
:flou,¡rd. on the ci'lroinatog,rarns.

Extraction Pro ceclurq s

Prelíminarl¡ ExperimentÊ

several methocls for extraction of crud,e phenor ic gry-
cosides T,./ere 'r;ried, using 95% et]nanol in every case.

[he bark and ]-eaves of s. petioraris, corlected_ in the

Fall of 1964, were u_sed. in tliese trials, as described..ur1cier.

screenirÌg proced_ures.

liethod I (io¡

Älcoirol 95/" (rooo rLr") was a<i.d-ed to powcrerecl bark (zoo

8') in a irigh s;oeecl ularing Blenclor. Ihe blencler i¡¡as opera'ued

for 5 minutes, then the arcohol- extract r,ras d-ecanted_ ancl the

resid.ue was extractecl r^¡ith a second volu¡re of al-cohol (5OO r¿. ).
The extracts r,re-re conlbined, tire alcohol T¡ras reiloved- uncl-er

Vacul-lllì in a Rinco rotar¡' evapor.ator anci. the syrupy resid-u_e was

talcen up with three 100 uù. portions of hot i+ater.

.Àf ter standing over.night, the aqueous roixture was f il-
tered- through cotton trool-, 'r,he filtr¿ite was co:.lcentrated. i.tnd.er
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e:rtractert- 
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ffil n portions).
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150 dl., a.rci the

etlr¡rl ¿sstaì;e i-rr a

concentra"ted. sot u_tion i,¡as

se"oaratory fu-rrnel (five J-5O

Re sult s g4 -J¿ç_gt¿Ë_qr94

lhis method was suggested by

traction arrd separation of phenolic

ly, this iuethori_ w¿.s not carriecì. out

euuJ-sifj-catioit d-uring the attempted
L-L.
ú?J" úe "

TirÍeme (fO¡ for ti:e ex-

glycosid-es. ilnfortu¡ra.te-

to a conclusion because of
extraction v¡ith ethylace*

lr{et}rod If (29)

lSark powder (zoo s") hras covered wibn 9i% etlnano]_, a,ird.

after standing at roorn terirperatu-re for one lr-eek, the su_perna-

tani lio"uic'i- lre;s ileca'rted., and- -¡he bark luas coverecl with fresh
alcohol-. After another rrveek tire solvent r,,r¿¡.s changed. again.
The co:.lbined al-coirolic extracis lrere fi].iered. ancl the al-conol

was rerûoved- und.er vacuum" Tire r=esid_ue was stirred. ,¡¡ith JOO

ml o -l'¡ater at room ier:rperature ancl al-lorved- to sta"nci overniglit 
"

the aqueous e:ctract i,¿¿is fi.liereir tirrougir fil_ter papeï. Tjre

slightly turbid pale bror,rn sol-uLtj-on 'was clilu-beil to 5OO i¡l-. arrd.

ireated- v¡iiir an excess of strong solu-tion of lead subacetate
(n>) at roon ieüirrerature and 'uhe resurting .oresipita.-be v,ras

filtere<l off " The filtra;.te was saturatecl with. hyd,rogen su.lfid-e
and fil-tered to give a colourless sol-ution. lhis solirtion was

evaporated urrder vacuu:n tc about l5o rd_. then extracted- v¡ith
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etnylacetate (n x t5O rl1.). The conibined ethylacetate ex_

tra.cts i{ÊJ'€ coilcen'ürated- un',1-er reilu-ced. pressure to about zo

iirl. T.iris brorr'n coloureci concen-'ûr::.ted_ extr¿ict l/as ke.ot in a

f'reezer overnight .,r.ni, the crrrcle glycosÍd_es h¡erê d_eposited_.

Resul-ts and Discussi_on

'Ihe d.eposited v,rhi{s crystals }üere separatecL to yield-

0"557 E. of cr"u<i-e glircosioe, shoivn to contain salicin, sali-
reposj-d-e, .¡riceiri and- t::eiluroicÌin by 'r.r,c (silica get G) arrd a.

number of unicientified si-r.'bstances.

Tilis proced.ure rias suggested by peart a;rcl Da_rling (Zg)

fo:: i;he extraction of tremuloi-clin, ;oopurin a:rd. sal-icin. lhe
d-isadvan'üage of this ü¡et.[ocÌ is tire long tirre required ín the

maceration process.

Both I'ietlr.ocl I and l.iethod" ff are cold extraction pro-
UçÞÞl:,Þ â

I{ethod- Ifï

tsark por,rder (eOO g,) l,r¿i-s extracted witii. benzene in a

soxhret apparatus for l0 nours, the benzene extract was d_is-

card.ed- ernd- tnen the powdered. d.rug r.ias extr¡,r,ctr:õ. vtít.:_ 95%

ethanol- for L2 hou::'s. Tire solvent it¡as .renoved- u:rcler red-uced.

pressu-f'e ancl-Lhe syrupJ¡ residue was taken up in 500 ¡1j_. water.

The aqueous ttixture r¡¡as 'r,re¡,;ted at rooui terrrperature with leacÌ

subaceta.te and- hydrogen sulfide as ci-escribed. ín I'iethod- rf .
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lhe cleay' fílt¡'ate r+as evaporated.

abou'i, 150 nl-. a¡rcl then extr¡,lciecl

mJ-" ) . ÎÌre co::;lcinecj- e;çtr¿rcts r/vere

tnen pJ-aced- i:i:L a freezer.

uncì.er red_ucecì ì)ressuï.e to

irit?i etnylace'oate (5 x f5O

reciuced- to about J-l rnJ-, ,

Resul-ts and Ðiscussion

Tne cr¡rstals d"eirosited. fror¡r tire extract were separated-

to yie]-d- 0.584 g'. of crucle glycosid-es"

Tlc (silica gel G) showed the p'esence of flre same gly-
cosid.es as clescribed in l,,ietirod II.

The ad-vantages of this procedure ere its siroplici_ty
a-rrd th.e renoval of much of the non-glycosid.ic naterial_ by a
preliininary' benzene extraction. Ihe benzene extr¿.ction niakes

the later ethyracetate extraction siep easier by renroval of
material-s causi:rrg ernuJ_sj_fication

lhe dÍsadvantage of this rüethoci- is ihat it is not
su-itabl-e for use v'rith freskr plan'u materia_l, because of tjre
high lv¿;ter content of the fresn plant 

'ater.ial-.

I'1etÌrod IV

Barlc powder (eOO E'.) iÁras extracted rri,cir 9j% etlLanot
in a soxhlet apparatus for lO nouLrs airC- the alcoholic extract
i,[es evaporated. u:rder red-uced. pressure. Tile r.esidue was taken
llp in 500 nl. water at roor¡r tenperature:,,.r:-cL then extracted_

r,¡j-th benzene in a liquicL-lic¿uid- co-r1.'r,inuous extractor apparatus
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(see Plate Ð ciesigned- by tire a¡.thor. *,fter lo hours, ex-
traction, r,he benzene layer r.ias o-iscarcied-, tire sepa.raied.

aqu-eous poz'ti-o:: l¡as cril uted to ¡:.boui lco iirl. , ,cire:n treated_

witir lead. subacet:,r.te and_ hyd.roðen su-tf id_e as bef ore. tne

col-ourless filtrate was evapor.ated. rmder rec-uced_ pressïire to
about f50 ûLl. The corrcentrated- aqr-reor-ls solur.tion w¿s extrac-
ted rvith ethytacetate in the continuous extr¿icto r f or 24

hours "

The etirylacetat'e extract was concentre.ted und.er vacu-r;rll

and crude glycosid.es d_eposited" after cooJ-ing-.

Results anil Discussion

lhe cructe glycosid-e trreci¡ritate (z"z s.) was shol.in to
contairr the s.:irrle glycosid-es as before by ,rl,c (sitica ¿;el G) "

l{eihods rrr and fv are hot extraction processes. Fz,om

tire two-dimensional rI,c chronatogt-Ðtl¡ o/l silica ge]- a.nd poly-
anide-cellul-ose layers, alnost i<lentica]. resu*Lts \^/ere obiained

fron tne cold ancl hot llrocess extracts. The soxhlet metirod

(trot extraction) was fo'u:rd- niore convenient than -bire cold. ell-
'uraciion process, anci ttle extraction of phenolì_c gl¡rcos-ìd_es

r¡IâS ríiOre cOmplete.

Ihe extraction steps l¡ere niad-e rn.ore conve¡rien'ü and- rnore

eomplete by th-e use of a liquid--tiquid- continuous extractor.
Tile autir.or' designed apparatus tu-as constructed. from stand"arc]

quickfit u:rits (d-is'citling ireacr with ad-apters, condenser and

two distil-ling f]-asks) as strolnizi tn ?Late 3" -A. long, narrow
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Plate 5. liqu-id-liquid continuous extraction arcparatus
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fun,lel, r-:racie froin B i¡¡r" d.i-ametei' glalss tubing, iras u-sed- in
ine colu¡:n for receivir;g the soJ-ven'rJ ciro.1_:rs f'rom the cond.enser

ano- delivering tÌre sol-veni to ihe boitoro of the vessel-. j3e-

sides tLre usua-r ad.vantages o"i a continuous extrarctor, the

apparatu-s t"Ias especiallir convenient ancì. aclairtable to any vol-
une of extractiorr fluÍd- as d.esired. À magnetic stirrer was

used io assist tire extraction.

I'iethod. V

Sarir powder (zoo g.) r,,ias extracted. and treated. in the

same malrïLer as in }Ìethod IV ultil the benzene extr:action step.
After benzer:e extraction, the aqueous layer (abou-t 7co ül_")

T^Ias extracted- with etir.ylacetate in the continuous extractor
foT L2 hours. the ethylacetate extr¿Lct was evalrorated. uncler

vacu.um to reûiove solvent, tire resid-ue was stiruecL anr] clissol*

ved. in su,fficient t+ater tnen treated. r,,rith leacl su-bacetate ancl

hyd-rogen sulficie as before. The aqueoÌrs portion remaÍning af-
ter e>ctraction r¡¡ith ethylaceiate lras al-so treated- l.¡ith l-ead.

subacetate -nd Ìryrl-rogen sulfide. Tlre trn,o colou-rless filtrates
Tilere each evaporated u¡-der red,ucect pressrre in. a quichfit flash
evaporator to abourt 40 nù. [ne concentratecÌ aqueous sotutions

lrere coo-l-ed iir tire refrigerator and an¡r c::ystals dei¡osited-

llere filiered. off ano- rinsed. witïr silal]- amolrrts of 'rrater. I¡in-
ally botli concentrated. ao,ueous soiutiorrs were co¡:bined. and-

continuousl¡r extracted- wit¡i eth;vlacetate as describecl in
I'ieti:od IV.
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Results Discu-ssion

The autiror fou'd. this was tile .best procedure of tirose
attem-¡:tecì- for. tiie extraction and. separati_o' of phenoJ_ic g,Iy_
cosides. An eihyraceiate extraction. was ad-d_eci to trris pro_
ce'ss before read t'eati..ient because so,oe glycosid_es such as
salire;cosid.e, po-ourin, tremu-r-oid.in and. gra.rtd,identatin (rrigirer
mol-ecular veight, more highry substituted ¡nor_ecu-r_e) are not
very sol-uble in i'¡ater, but are o,uite sol_ubl_e in ethylacetate.
TJrj-s additional etìi¡,lacetaie extraction avoided. possj_bl_e l_oss
of gJ-ycosides cluring f ifiration steps a¡cr, also provided a
prelimi-nary fraciio¡'ation into gÌycosid.es sol_uble and_ l_ess

sol-ubl-e in water.

The ad-ditionar acivanti,:ge of a speedy e>rtraction rlrocesse
compara'ble witÌr that of Thiene (50) i,ras achieved in tire foll_ovr_
ing manner': Tire will-cw l¡a-rk or leaves were harvestc=d. ano_

separa,ted, then inacerateci tyi 95% eilrariol for 5_4 irours. Ihe
mi-xture was grou-ncL in a hi¿"h speed. br_ender (i/aring). [he a.L_

coitol-ic extract was d.ecanteo ancl th.e resiiLue was er,r;racted.
'wit?r fresli 957í, afconoL in soxhr,et appa,ratuLs for ro hours then
ti'ie al-coirol-'i c extracis were combirred. and. -oreated- as clesci:ibed_

above.

Because 'úarlnin j-s also solu_ble in arcoirol, trris process
is si-r-itable fo' ta:rurin extrarction, and Rosentnaler (69) has
suggested a l-eao- r¡etiiocl for -;he lcurification of talnin. Trre

lead- precipi-tate (tan:rate) fro¡r tiris e>rtraction i¡ethod rsas

ancÌ
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therefore lrsed- foi: ta.rrnin estination.

lire scireüre ilor 'cire large scale extraction of plrenolic

glycosid.es and tanrrins is shown in I'igu.res 26 anð_ 27,,
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Figure 26. E5i;rac'cj-on of pirenoliq Gf,irc s

Fresh irlant materi a].

I i:iacerated tn 95% etha:ro] for(r) i 3;3"3"ilíå;.åí?ï1"åi*3un#ä
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Fi]-'o rat e <'-------- 
--.----------È 
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*'--""'
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rtq*uo.r= solution
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,/' \..:¿/ >¿
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t--: \ú

Filt rate
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Figure 26. ExtTaction of Phenolic Gl_l¡cosicies (contrd.)
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TLgu"re 27. E;<traction of 'Iannins

Yel-lov¡ precipitate
from Figure 26

I

I washed. v¿ith vra,cer and.
ú resuspencted in v¡ater

Yel-l-ow suspension
I

I saturated with hyci-rogen
I suJ-fi_de a-nd_ fittered
v

C]-ear filtrate
I

,1, evaporated, u:rd.er vacuum\y

Concentratecl solu_iion
i

J extracted with ethylacetate
---\d\

u.nd-er vacuum

*.queous por.tion
d iscarded

Ethylacetate extract
I

II evallorated_
,1,

Cr.ud.e tannins
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The L,arge Scale Extractio of Pheno ^ 41, ços1d-es and [aian_j-ns

T" Sal-ix 'petiol-aris (S. eracilis var. textorig)

Tjre samples i^¡ere collected on June lJ, Lg6j from the
4-7 yea.-x-old- tr.ees grol,ring nea.y Stonelrrall, a scral_t tol.rnship

about 20 miles north-r,,¡est of \rüinnipeg¡ l,Tanitoba.

Fresrr bark (reoo g") and fresr:r reaves (eroo s,) were

maceraüed separately in 95il et]nanol- or¡erniðht. fhe samples

r/'Iere then cut vrith a hi-g'h speecl blend_ey (hlaring), and_ pro-
cessed. as described in I'iethoct V (Figure 26) .

.4.fter a periocl of extraciiori (Figure 26, step nr.i:llcer

, the concen'r,rateo- aqueous sor-ution was further concentra-
¿:rd th-en extracted with ethylacetate a.gai:n.

'rhe airpro::imate ruater content of sarnples li¡as d.etermined-

oven d-rying at 9O-95oC. foi. 2 d,ays.

ResuJ-ts and liscussion

L7)

l-a¡l

bJ'

Cru<le glycosid_es

(+f .e g'. ¡ i\rere cleposited

e;çtracts, Salireposid_e

fied aqueous solution in

The rnother l_iquor

bark e:rtract a.nd. 36.5 E"

The tota.l yiei_d of

from bark (77.t g") a:rd. fron l_eaves

ancl separated- from the ethylacetate
(4,2 g") l{as se,oarated- from the puri-
stelr Iþ of bark extractj-on.

yielded L1"5 E" of resii.ue fro¡r the

froru the ]-eaf extract.

crude gli¡cosíd-es (including
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separatecl crystaJ-s and- uio'cher ]i-o;uor resid.ue) amounted to 8.7/"
in bar'.k a.nd- 5"6% in reaves, both on the basis of tire ori8inal
d-ried- material-s" 0,r tire sa.me basi-s, t.e bark yielded 6.1 s.
crud-e tarinin (0.6%) and tire l_eaf yie]-d_ed. 2.=; g. crude tairnin
{o. z/,) "

Tire i'¡ater content i.ras LZ,B"/" Ín the bark and. jL.714 tn
IJIC -L C AVC S "

II" ericans

lire sarnples r"¡ere collected on June 50, A96]> frort {-J
year-old trees which were growing on the Red_ River barric at
Dt.Arcy Drive, Winnil:eg f9, iuianitoba"

fhe bark a:rd l-eaves were processed. exactly as clescr,ibed.

abo'ue for S, r:etioJaris.

ResUlts and Discussion

i[o g]ycoside crystals r/üere obtained- from t]re final_
ethylacetate extract but only a bror,m syrupy resiciue a.t tire
bottom of the receiver.

The nother liquor yieldect 15.4 g. from ilre bark extract
and 7,8 g. frorn the l-eaf extract.

Tire total yield of cr.ud.e gJ-ycosides a¡lo-unted to 6"0"/"

in bark and- 3"2/" iir leaves, basecl on the weight of tne dried
sa:irpl-e. I,he crud-e tannin yield_s rdere L"75 g. from bark (O"7%)

aird- 0.8 g. (0"+%) froci leaves. 'rjre l,rater content was 49.e"t6
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in the l¡ark a¡.d 6Z"Af6 in the leaves.

The tannin resur ts f'orL both salix s¡recies Ì,¡ere ¡,ucrr
lower tÌran those nor:r:ally :.eportecl in other salix species ¡^¡itjr
other e;ltra.ction n ethod s. (SZ r51¡

lhe method e:riployed_

able fo:: tannilr extraction
r1ecessa"T..y in this area.

ITI "

in th.is laboratory nay not be suit_
a¡rd- separation and_ further lv.ork i-s

Th.e sample was coJ-J-ected on

year-old trees grouiing on pairicia
shore of lake l/inniireg, Irlanitoba"

Five hrrnd-red_ grams of fresh
same ma.riner as d,escribed. above, but
were extracted. The ¡rie1d of crud.e

again obta".ined- as a syrupy residue"

Àu-gust 6, L96j from 4-6

Beach on the south-east

bark i,ùere processed" in the

oiúy phenolic glycosid.es

glycosid es (= "l%) ï,ras

Se J-ycosid.es

Thin-l?yer CÌ.iromatograirhy Separation ¿urd Identification

The notirer lio.uors of grycoside ethylacetate exiract hrere
applied on two-dinensional_ TIC b¿r using different sol-vent sys_
tens on siiica get G rayers, a:rd- the porya¡iide-cerrurose rayer

s¡lstem r¡ras used. fo¡. confirmati-on.

sulfuric acid (+%) in anhydrous eti.lanor rvas u-secr as the
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primary cletection reagett'r and líed-cLe reageni anci- ivÍitlorlrs re-

agett 1{ere used. for confj-r.mation, the cirromatograns i^iere pre-

parecl and. cleveloped- as d.escl'ibed- in thin-layer chrometogTaÍl

d.eveloprnent section, jpage 29" The id-entity of .ìnd-ividual

phenolicglycosiclest',lasd.eternined.b¡rthechatacteristiccolour

,orod-uced with the rea.gents and- their R¡ values as described.

before ('flC section) "

Resul-ts and Di-scussion

O¡ the basis of ti:e colours proC,-uced, r¡ith the reagents

al1cl the chromatographic behaviour in releitionship to the re-

ference lrirenolic glycosid-es, botn barli antl leaves of S.

petj-olaris (Ë" glac_4iÊ val. textoris) were snown to contain

salicin, picein, triarrdriil, fragili-n, grarid,identatin, salire-

poside, tre:iiuloid.i-n and- traces of polruJin. The chrocratograms

aTe repro,C-uced in Figures 28 artd. 29, artc- almost the SaTlle uTl-

known spots were fou-ttd- orr 'ühe chronatograil of leaves and- ba.rk,

but no salicortin and salídrosid.e has been detected- in these

samp]-es.

Both bark (includ.ing the bark whicl:r was collected from

Patricia Beach) and- J-ea.ves of S. l;1Í-er!gr (Ë. I]:¿yiat¿fls vas.

sericans) were shor,irn to contain salicj-n, trianO.rin, fragilint

vimalin ancl- salid.rosid-e, and almost the sahle uirk¡rorvn spots

r¡rere also fou:rd- on the cirrorirato¿ralûS of th.e leaf a.ncl bark

sanples, but no salireposicle, grancì-identatin, populin, iremu"-

loid.in, picein and- salicortj-n could be fou-nd- in these sa.niples"
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tissrs-¿8. Trvo-D--chro-rnatof,rary of llarl< Flxtract of S et,io'Laris

on Silica get G Laver
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co¡rclitions: tr) n.tt. 56fi, (:¿) 40 min. in rvater var)our sat,<r. chaurSer,

Ìì.T. 22-c, 15 cnr. fo¡r each direction.
Reagent: &¿i Sulfrrric acirl in Ánh-v*rl. llthanol.
Glycosirles: (t)salicin, (2) l'oprrlin, tI)salire¡rosirìe, (t)Trenr¡loi¿in,

(5)GranctirtentatJn, t 6)t,icein, (Z)t"ianrlrin, (i;)Fragilin,
(9)Vinralin, (10)Salicorti', ( r1)Salirl¡.osidc.
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l¡igure 29. Trvo:D-chrornatogram of Leaf llxtraet of

S. I¡et,iolanis o¡r Si I j ca gel G Layer
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Solvents: (t ) a (z) Iìr0Ac/Xytene/ncool/u20 (,Jjrt:Z:2)
conditions: (t ) n.tt. j\4, (z) tr0 min. in rvater vapour satcl. cìrarnber,

Il.T. 22"c, 15 cm. for each cìirectio¡r.
Reagent: äl *culfuric acirl in -.\nhvcì, Iithanol.
Glycosicles: (f)Saljcjn, (2)po¡;u)-in, (l)Salire¡iosirle, (4)Trenuloirìin,

(5)Gran<tir:ìentatin, (6)licein, (Z)f.ianrtrin, (g)Fragilin,
(9)\rimalin, ( 10)Salicortin, (11 )Salirtroside.

tlnk¡roryn spods: llhe unnrunìrered s¡rots.



- 74 -
The cnronatogreÍLs are shown in Fì_gures 30 to jZ"

The thin-Iayer cÌrromatographic cnaracteristi cs of tbe
uinknoun spots present in the l-eaf e:<i;ract were reasonabl y

simílar to t?icse of bark extr¿ct in ea.cn of the two species"

Iio¡'¡evei.', there a1-r¡iea.r'ed to be variation j_ii il:e concentration
of sorle of the ulknown spots in leaf extract l;hen ccmpared

to the -Lmknoi,in spots d-etected_ Ín ba.rk erity.ac,r"

Sonie of tl:e u¡knoi.¡n spots Ìrere sta_i_riecj_ 'bJ, tl-,.e g]-ycos*

ide cletectj-ng silver :r'eagent, a:rd- j-t is rikely 'tnat ,the,se

spots reprîesent g-1¡zcosides whicn cannot be ictentified, at pre-
car *

Preliininar tion of Phenolic Gl-l¡cosid.es

During the exbraction process, tlie highly concentrateð.
l-ess t¡ater solu-ble glycosid-es coul_cl be deposited_ in tlie l_ead.

f.ree aqueous sol-utioirs. I'o:r e:ranri:re, sarirer:osíde rvas d.e-

posi-ted in ti-r.e barlc e;ctract of S. petiolaris.
lhe nore i,¿ater sol-ubl-e glycosicles such as sal icin aJ_so

crystallized. out of the ethylacet¿;te extract from S. petiol-aris
leaves. Tliese glycoside cz'ystats l.¡ere sepå.l.¿ited" with a

Buchner fu-Lrnel nncÌer red-uced- pressure e,rrcl- l¿asl:ed. '¡¡ith a sniall
airiou-irt of solvent ttren d-ried. sepa.ratel¡r. Tjre constituen,u g]-y_

cosid-es irere deterriti¡red" by 'I'JiC aud- 'cire fr¿¿ctions later puri-
fied- furtirer.
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Figure- J1. Two-D-chrornatoåram of Leaf Ext,ract of s. int,eri'or

Solvents: (t) ¡. (2) Et0Ac/Xytene/iIC00t^/H2o (.r5rt:2:2)
Condjtions: (f) n.tt. 6gfr, (Z) t0 min. in rçater vapour satr!. chamber,

Iì.T. 22 c, lJ cn. f or eacl¡ direction.
ßeagent: &l Sulfrrric aciti in ,Lnhyd. Ethanol.
Grycositles: (t)salicin, (2)I'opuìin, rl)salire¡roside, (4)Treruuloidin,

(5)cranaidenta{.in, (6)picein, (Z)Trianrtrin, (B)Fragilin,
( 9 )\'Írqal i n, (tO )sat icort'in , (t t )S af io ros irt e.

UnÌ<nown spots: lTnnumbererì s¡rots

(from Red River bqrrl<\ on -qilica gel G Layer
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Resul-ts and Discussion

rn rrrost câ¡^€s th.e ci:ude glycosj-d-es separated in tiris
IIran-rî-er r,rere almost pure. (¡or examp]-e, salireposid-e [¡"r]
a:rd- salicin If"f ] separaried fron S. i:etiol-aris). They

shoi,red orlty or.u spot r^ritrr 'rlc (silica ger G). Iiowever, the

crud.e glycosid-es separa-bed from the ethyracetate extract of

Ë. petiol-aris bark i,¡as a m.i x'rure of salicin and. pj-cein pre-

su:nabry becau-se both glycosid-es have sinilar solubi]-it.tes

a¡ro- are present in about equal concentration in the sainÐle.

C ol-u¡¡n Chromato g,raph:v

iA.n attempt r^¡as nad.e to selrarate pure 1-.henolic gl;;cos-

id-es by colu¡a-n chropatograpkr¡r.

Crude gli¡cosid.e (includ-ing separated- glycosicres and-

mother liquor residue, 2 g" ) from bark extract of S. petio]-a-

ris was dissolved. in 5 rd-. methanol_ aniL iiii:led_ i,vith 0"5 g"

polyarni de poi,rder (lloekr) then d-ried- in a vacuu:m d.eslccator.

The d-ried rr:ixture i,rras poured- onto'r,he top of a polyaniid-e

column prepared from 40 g. polyainide powd_er (-woetm) j-n a

1.5 x 50 col-urrin, then d-eveloped in the same rranner as d-escribed.

in the pol yarij-de col-t-r.r¡n cironatograi:hy section. i\linety-five
fractions of '2-5 Tttr. aoaueous eluate Ì,rer:e col-lectecl, lyoplr.itized.

to o-ryness in a freeze dr¡'s¡ (Virtis) anO- exanined by TIC

(sir i"u. -"t c).

fhe crud-e glycosides (Z g.) frorn l-eaf ertract o:fl S.
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petiol-a.riS trrIeI€ separatecl ancì de'cerinined exac'cly as ci-escríbed-

above foL: 'olie bark.

lhe rliother liquor residues, ?,7 g, frour bark and 3'6

g. fro¡.r leaves of S. petiolarj-s T^rere also applied- serlarately

on a. polyamicle colu:m prepared- fro¡r 20 g. potyanid-e (r,'foekn)

por;,id-er tn a 5"J x 30 cm. colu:inr äs clescribed- above'

The gl¡rcosid-e rilixture (salicin, picein, etc', r s') ob-

tained fz.on fractions 11 to t5 of the polyarrid-e water colunrr

systerl of S. -r:etiolarj-s barir was aFpl ied to a second- polya,nricle

colrru:n ¿nO. eluì;ed- with t^late:i: sati;r-ra'¡ed etirylacetate ¡ Ð.lfd- 60

fractions of 25 nL. 'l^/ere coll-ected and" e>lanined by fLC. ,[n

atteml:t to separate tire glycosid-e ¡rrixti-rre (san,.e source aS

above) ,r¡as a.lso naci-e on 1rui-i. layer (tnict layer) of sitica

gel G aird. polyaüride-cell-ulose.

Resu*L-Us anci- Discussion

fn the barh e;':-bract of S. petiolaris, salicin ancL ¡ricei-n

ïíeïe fomd. to be 'uhe lrain glycosides, and. \"Iere clistribu"ted. in

fr.actions ) t,o L4. T}:.ese tr,¿o glycosid.es are presen't in about

the saule concen,r,ration in tlie bark ¿rnc1 the nixiúLre represenis

ab9ut 75"fr (f .lO g.) of the to-r,al crude gly'coside. A siual-l-

amor-r-rrt of fragilin. it¡¿'is also fo'u-nd- iir fractions 9 to L4, traces

of viroalin were cletected- in tlle ili-xtr;r'e frorc fractioris t4 to

18, ai:icl suiall arnourrts of triandrin in fractions 14 to 19.

lrenru.loiclin .¡¡as pz'esent (abou-r O.I% of t.tre total c1¿cÌe gty-

cosid-e) iir fractions 32 to 40 and traces o:fl populin'¡¡ere found-
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in fractions 40 to 50" The po,ouJiir uay possible forn fz.om

treirruloidin dur-ring 'uhe Írrocess of extractìon. (ZO¡ Snrall

a"rnounts cÍ-' gra.nciclentatin r^rere four:-d. in fractio¡is tj4 to 58 anci

sal-ireposide was present (about 2/o of tne total- c::u.d.e glycos-

ide) in fracticns 56 to 95"

rn tire extract of leaves of s. rretiolaris, sa^Licin was

fou¡id to íre the i¡r¿rin glycosid_e (about 6j/" lt.tO g.l of the

iotal- cz'ude glycosid"e) and- ¡ras found cl-istributed in tlie fyac-
tions B to 15 (ttre greater part in fractions g and. ro). .A.ppro-

ximately 2'/" of 'r,ire crucle glycosid.es T/üas 'ureruul-oiclin, isol-ated.

fro¡n f-ract:'-ons 50 to 44 and srila].]- a;tou:rts of grand-identatin.

Ï/ere detected- in f'r'actions 44 to j6, picein in fractions g

to L2, fra.gilirr in fracti ons 9 to L3, virna.l_in Ín fr.actions

L2 to tBu tríand-rÍn in fractions a3 to 19, lropulin in fractions
78 to 50 and salireposid-e in fractions 67 to BO were f'ound in
trace anounts onl-y" The saine resol-u-tion resu,its i.vere foi-ind.

in both long (+O *. polya:nid-e) ancl short (ZO g. polyamide)

col-u:nns rihen eluted by ihe r^¡ater s¡rstem. Only the phenolic

glycosid-es lrel:e fractionated in fewer fracticns (abou'u harf
of the nurnber) ttra:r tlie J-ong colu¡rr. For the preliniinary

fractionation ana purification of phenolic glycosid_es, ihe

sirort col-u¡rr lvas found to be qu-ite acceptable.

Salicin and. pice j-n n-i;itures vrere seilar:-i'ueö lcy irolyamicte

colu-mn eluted i:y water sabur.iteil eth-ylacetate" Salicin (0.t5

g") ffas isola,ted. fro¡i.L fraciions t4 to 24,uncl pícein (O.fZ g")
.i/'Ias separated- in fractions J0 to 42, but it r,,ias ilopossible
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to separate these two glycosid-es cornirletel y' with tiris colu¡n

and- elution Sys'üero, becatse tiLej-r solubi-lities aTe too si¡rí-
1 .:v

Thick layer cÌlroiï:itogral)hy (sílica gel- G and polyaniii-e-

cellulose) r^ras also tried- in attempts to separa,te tÌ:.ese two

glycosiCles. Sil-ica gel G layer r'¡as fou¿rc1 to possess higher

load.ing capacit¡,- and gave better resoltltion resul-ts tha.n the

polyamid-e-cellulose layer, but Lhe separation band of silica

gef G tirick layer taited and d.ic1 not separate when ilol'e than

þO iLig. o-Í'the crucle glycosides \nlê1'o. applied on a 20 x 20 cn"

chro:aratoplate. This is a useful tecllLriclue for the o,uantitatj-ve

examination"

Purification of Isolated Pirenolic Gl-ycosid-es

[he cz'ucle glycosicles after separation b¡r t]re prelimÍn-

ary processes 't\¡ere s11arûj-ned by TIC (silica geJ. G) .

,I,ne follolring almost purie g].ucosides ',,rere recrlrstallized

using ¡t¡a.ter and- r,r¿-,ter saturatecl ethylacet¿.te aS Solveniss

Bct (salireposid,er sep¿tr:.ted from aqlleous sol-ution of S.

petiolaris lcaric extr:rct), lpl (trer,ru-loidin, separatecL froro. S"

petiolarís leaves b¡i polyar.,iid-e cofutilt ltith l¿ater system), Lcl

(salicine separated- frorn ethytacetate extract of S' 'letiolaris
leiaves), LpZ (salicin, fron sane source as l,pf ), tspI (salicin,

separateci from S. petiolaris barlc by polyamid-e colix¡n wiih

water saturatecl etirylacetate system) , Bp2 (picein, from saine

\sou.rce as -b^r J .
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The glycosi-d-e frac'r;ion ',,.¡as ci-ssor-ved. i' sufficient

boiling sol vent tiien cooled in a refr.ígeraÍo.^, ,Jhe cteposited
cri¡stals 'we_t.e separa.tecl by Buchlrer fi_urnel and- ciried.. Tile
purifieci glycoside r,¡as ilren sr.rbjected_ i;o further ,rlc (silica
gel G) and mel-ting point cleterninatior,ls as checks of lrurity.

Resul_ts and_ Discussion

Tire j-sol_ated. glycosides r^rere recr¡rsf,¿llizecl at least
tirree tÍmes from r,vater a¡d. r;.¡ater saturatecl eth¡if¿sstate u-rrtil_
the ilel-ting point a-*cl Tlc exailinatio's hrere acce¡rtable.

First recrystar-rization fron r¡ater trren water satur_
atecL ethy'laceta.te was fou:rd io gÍrre the best z"esults for z,e_

crystarltzation of phenolic gl¡rcosides, but aqueo.-rs alcohol_
ruixture was also fou:td- to be useful.

Th-e d-etermineci ¡'elting points ancr_ repo:rted i,.ierting

"ooints of 'che glycosirj.es -,,,iere as sl.Lor^¡n in Table 6.

Tabl-e 6. Gf.ycosid_es

Deterlnined nr. i:.
On

l¡o
Reporied rû.p. (iO)

llcl ( Sali::epo sid e )
Lpt (IrenuJ-oidin)
Lp2 (saticin)
Lct (saricin)
Bnr (Sal-icin)

fa*

Bn2 (picein)

205.5-206.o
208. 0-209. 0

L99 "5-200.o
.r99 "5-200.5
L99 "7-20A "2
L9+ "5-Lg5 ,O

206 "o-2a7 "o
207 .0-208 "O

201. 0

201_ " o

201.0
L95 "O
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CÌraracte::ization of Phenolj-c Gl:'¡cosides

'Ihe sê1)aTa'r;ed- and pui:i-ii-ed- glycosides [.,¡ere subirritted

to rnixed. rrrelting point o-etei:iüination. anci uf tra.-viol et and_

infr¿-red eibsorp'rion d-eteri"inati-on 
"

Tire ul-tra-violet absor.:tion spectye. of isolated" .,:'lr¡-

cosi-cies were record-ed, using aqueous solutíons.

The infra-red- absorption spectra of isol¿,"ted- glycosictes

wetre record-ed-" Potassiuin bromide d"iscs l/ere pr.epared_ using

400 nig. potass-lum bronid-e to cii1r.lte I m6" of santple"

R.esul-ts a:r.d- Discussion

The u-ltra-violet abso:rption spectra of Salj-ë phenolic

glycosides at:e shoi¡n in FigtLres 13 to 41"

Sal-icin (Fi3r.r"re 74) anù fragitin (acetylated salicin,
Fig',r-re 19) siror,veci the sane absorptional beha-viour ¿rnd- &a.ve

rna>rimui¡iL a-bsorbances a't ZLZ t4t atlrd 268 ltlr;.. Salicortin (safi-

cin derivative, Fj-gure 41) al-so iras a sinilar spectruin lrritir

naxinuil absorba^i'lces at 2LZ rL'y" and 270 :rirp.

Po¡rulin (Figure 51) ano- t::er¡uJ-oid-in (isoiner of looi:ulin,
-- \!-igure 75 ) ltave n:axina a'ri 22O myt 232 ßry- anÕ- a bro¡¿d- naximirrir

beti,¡een 268 to 274 rùy. Iir the popu,'in s;oectn:irr, the 22A rny

peaÀ is higher tha'rr. tne r:eak at 232 :ri.y, and" vice versa in 'uhe

treräu-lo id-in si; e c trun "

'IriancÌrin (Figure 57) ai:rcl- vi-mal-in (irrethyl ateci trianclrin,
Figure 40) al-so ilave siruil¿rr absorl:tion characteristics lvith
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ilraxiniríû at 261 nu anc luhat rni-ght be a false maximu:l at 2o7 xru,

a,icl- oni y sl i¿htly d.j-ff c.ren'r, iltensit¡r of tile ;oeaks. fn the

triand.rin specln-¡¡L tne pe¿r.ir at 207 nu is Ìrigìre:: than the

peak at 26I 'tn, :,,iì.d v-ice verse in -i;¡e virnalin spectri;:i.

Salireposide (Fi-gu-re 36) gave ilaxinur:: absorbances at

228 nu anõ 2BA, n:u, tire f i rst absorption peak bein6 higher iha:r

tire secono "

Gre,ndict-errtatin (I,i3ure Æ) showed, naxiirirr¡r absorbances

at 2L2 n.u, 227 ¡ru and 511 niu, the la'çter ìreing iiignez' than

tire otl:.ers.

Picein (Fig-urre 38) snor^¡ed. rnaxi-rna at 2l-4 mu- and 264

rnu-e tir.e second- peak being li.i-gner than bhe first,
Saticj-roside (pigu-re 42) shol¿ed- naxi¡nur¡r absorbances at

221- mi-r and- 275 rcu, e.nd- the spectru:l r,ras o,uite siruì-lar to

sal-icin.

'Ih-e ultra-viole'r, absor;:tion spectra a.rC tne infra-red
absor,otion s1:ectr¿r. of -bire isol-ated- gl ycosJ_cles are shonn in
the Figrre n'umbers of labJ-e 7,

'Iable 7

fsolatecl GJ-ycosid-es UV A,bsor'ptj-on Spec'ora fR Absorlrti-on Spectra

BcI (Satire;oosid.e)
+ t^ - . - - \I¡irl ( l-'rei_r.tlOl_o-t_TLJ

- 
f ^, ^. . \Ln2 (üAIr_CrnJ

r--

Bpf (saticin)

Figure 45

Figure 4.4

Figure 46

-ts-igure 47

Fi¿ure 48

Figur e 52

FiguL:e 53
Figure 49

Figure 5t
Figure 50Bpz (Picein)
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fne nii:ced ineltrng poì-nts of ts"1 * sarir.eposid.e, rpl

+ trenu-Lorc'ì-in, lp! * saJicln, Bp1 + sali_cin atrcl tso2 + picein
-ì^rer'e not d"ep::essed-. j\lso accoro.ing Ì;o ,ùl.r_e rl,c clroilatograohic
beliaviour, ul-tra-vior et absoz.,ation spec,ura and- irrfra-red ab_

sorption spectra as conpareo. r,¡i-tir ilrose of tire reference
phenolic glycosides, 8"1 isolated. crJ¡stafs rvere id-entj_cal_

rvith sarireposider rpl r,ras id-enticar- i^rith trenur-oid_in, Lp2
and BpJ. I4lere iclentical I'ritir saticin avrd Bp2 was identicaJ- wi¿1r
picei-n"
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Õ'z

I o A complete TLC system on silica gel G and. polyamid_e-cellu-

l-ose layer vra-s d.eveloped for the separation and- identifi-
cation of phenolic g]-ycosides of the sarícaceae. Retative

humidity was formd- to be a very important factor in ob-

taining' reproducibirity of the sil-ica get lLC separation

sys t em.

2o A screening process for Sal-icaceae phenolic glycosides

has been establ-ished."

3. For large scale extraction of phenolic glycosidesr a. blen-
der extraction in conjunction with a soxhret extractíon
process v¡as d-eveloped..

4. the ul-tra-viol-et absorpti on characteristics of phenolic

glycosid.es have been d.etermined and_ the ul_tra-vioJ-et

absorption spectra of Sal-ix phenolic glycosi_des r¡rere re-
corded..

5, The bark and- leaves of S" petiolaris (S. gracilis var.
textoris) collected in the mid-d.le of June 1965, r/üere

shown to contain salicin, salireposid.e, tremuloidin,

grandid-entatin, picein, iriand.rin and_ fragilin, and trace

amounts of populin and vimal.in" A nrmber of unknown spots

ïTere also d"etected,. Sali-reposide (Bcf), salJ-cin (Bp1)

and piceiri (epZ) hrere isolated from bark extract, and

tremuloid-in (lpl) a:rd sal-icin (!p2) were isolated from

J-eaf extracts, The meltì-ng points, ultra-viol-et and
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infra-red" absorption spectra for the isol_a-ted glycosid-es

have been record_ed..

6" The bark and. l-eaves of s" interioq ls. fl-uvi.atilis rer.
serica,r:s ) cotlected at the end_ of June Lg65 from the bank

of the Red River at Fort Garry, idinnipeg, and. from

Patricia Beach (fate ]rÍinnipeg) trere shor,rn to contain

salicinr triandrin and salidrosid-e, and trace amounts of
vimalin and" fragilin" ¿. number of unknoitrn spots were also
d-etected-, but these coul-d not be identified with reference
compound-s,
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Tabl-e l- 
" l{ill-oru Species rn lrtanitob4 (g)

DistriÌ:ution location
I;joist gro-r.rrd_ and shores
soutÌrern L'ianitoba

I¡ioist ground and sirores
southern three-quart ers
i'fanitoba

l4oist ground and shores j-n
southern three-c,uarters of
Manitoba

llet grounci and shores
tirrougho'u-t southern tnree-
ciuarters of l'.lanitoba

of

l_n
UI

!1ayes lìiver, IVel son Ri_ver,
York Factory, Ctrurchj_l1

York ïactory, Churchj-lf

I\e janiJ-inÍ lake, rrlueltin
Iake , )SaraLzon L,ake

ChurchiJ-l-, Cocirr¿Lne River,
iVe jairilini ¡ake, Ba,raLzon
lake

iVelson lìiver, York Factory,
I&rife lake, ChurchilJ-

Pl-ains of l.{anitoba, York
Factory, ChurchiJ-J-

GiJ-J-am, ChurchiJ-J-

'vlet ground,
in sou-thern
of i[anitoba

Dr:'y to moist
out sou-thern
of itfanitoba

bogs and shores
'i;lr.r.e e-c¿uart ers

ground- tirror-rgh-
three-quarters

Botanica"l ifarne & Synonyins

Salix amygci-aloi'l"es Ànclerss,
Peach-l-eavecl rriill_ ov¡

S. serissima (laitey) Fern.
Autumn-r,fill-ow

S" lucida I'iuh]-"
( Inc. var . angu-stif ol-ia A.ncters )SÌrining lrliltow

S" interioz' Ror+Iee
( S. Iongif ol j-a iuruhf . ; S " fJ-u-
viati]-is I'[utt. var. sericans(ilees) toivrn)

Sandbar l/i]-]-or,,¡

S. vestita Pursir"

S. reticu-l-ata l.
S" herbacea l.

S. arctophila Coccerell-

S" cordifolía Pursh var"
callicarpaea (lrautv) jl'ern.

S " braci-rycar;oa r{.utt.
(Incl .var.nexiae Ball-)

S. brachycar;oa var. a:rtimima
(Schneici. ) Raup

S" inaccall-Íana t?or,¡lee

,S " lutea i'futt.
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lable ]-" ll,tri1-]-or,,¡ ÍJpecies in lilanüo-þ_A (contrcr)

S" nyrtillifofia And_erss. fvet groi-Lnd-, bogs,
alnost t.hror"ighout
province

S. pseudomonticol_a BaII
(S" barclayi- Ànderss, )

S. pyrifolia .Anderss,
(S. baJ-samifera Barratt)

tsa]- sa¡a- i,,üi]-l_ow

q. cal-cicol-a !-ern. rt ùuieg.(S. richard-sonii I{ook.taã,
i¡acouniala tsebb )

S, al-axensis (Anderss. ) Cov.

S. canciid-a Flugge
'Toary 

-lVil-loi,¡

S. bebbiana Sarg.
(S" rostrata Riõharcls, )

S. pediceJ-l.aris ?ursh var.
þypogtauca Fern.
(S. iriyrtilloid-es of .ù1" auth"

S. athabascei-rsis Raun
(s. fattar Raup)

S" petiolaris Str"
(S" gracilis ¿\ndersso varo
textoris Fern. )

S. petiolaris va.r" rosmari-
noÍdes (¿naerss. ) Scimeid.

S. huri]-is liarsh"
Gray l¡iilJ-oi,,¡

S. hur¡ilis var. microphylla
(ilnd erss. ) F?{r.
( S. tristis rfit " )

S. d isco]-or lviiih]-.
Pussy viil-low

shores

j'ioist rr,'oods and- si¡.ores in
soi-,.tirern tl:rree-quarters of
lïanitoba

'Iitickets, bord.ers of rtioocls,
ant1 stio::es tlroughout the
provj-nce

Yorir Factory, Ciru-rchiJ.J-,
t{ay Island

IÕror,¡n in ititanitoba only from
ChurchilI

Bogs, thickets, and. shores
throughout the provinee

Thickets, swarnps, and shores
throughout the province

ifet groumcl and_ acid bogs
tirroughor.Lt ihe province

Sidney, Carbercy, Riverton,
I'iacBride River, York Factory

Thickets, mead.ows and- shores
in soutlr.ern three-quarters
of lianitoba

Sirni]-ar ha.i¡i-bats in the
southern half of l"ianitoba

li:ickets, prairie, and roek
outcrops in the southern
hal-f of ltfanitoba

Dry prairie and. r'ock ou_t-
crops of southern }\,ianj-toba

Da.np -bhicicets and" shores in
southern two-third-s of the
province

_¡
a_L_t(l
-Lt^ ^L t] e
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14.19_À. idill-ow Fir¡ecles in li'lanitoba (con'ctd-)

S. scoul-eriana. -Barrait

q. planifolia Pursh
(S. sirJ-oroptLyJ-la Anderss.
var. d.enud-ata A.nd.erss" )

S. peJ-J.ita ¿Inclerss.

S. arbuscu-l-oides And-erss.

Iïeison River at lligir Rock,
FJ-ì.n Fl-on, Reindeez' lake

îhici<ets a.nd_ shores almost
throu6-hout the province

Only the norti:ern half of
lvianitoba

iVelson River, ChurchilJ-
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lable 2o êtion of sa aceae

$lyc.osid_es and Their. Acet;yl.ated Derivãtives

Acet lated Derivatives
Glycosid e

Sa]-icin
( Sal-icosid.e )

Populin

Salireposide

lremuloid in

Grand-identa-
tin

Picein
(Piceoside )

Triand,rin

FragiJ-in

Vimalin

Salicortin

Sal-i-d rosid e

Salicylpopu-
]-in

Sa1icyÌtre-
muloid in
Tricocarpin

IIl" l3 0

(oc: )

20L

181-185

206-207

207-208

20L-202

L95

L77-L79

L77-r79

1d.7-1 t_L

L4L-r42

159-160

L9r-L93

191.5-
L93.5

L34-L56

r27 -azg

, ,20tø/D

132-L33

L2B

L28

'tt1--l 16

L67-L6g

L7 2-L73

IOB

L32-L35

õfÕo-Õ /

90-92

no crystal

L36-L37

136-L37

LLo I

-5.86

-10,9

+35 "9

-8"37

-28"6

-37 '2

-Zlo I

-57 "3

-20.8

+8. 85

-l,Q Q

rrropo (oc, ) { f-lfro(cncrt)

-62"5(water)

-to 
.7

LJS I

(Bo% acetone)

-55 '6(Bo% acetone)

_1 ) 2
LLO )

(Ba% acetone )

-66,3
(methano]-)

-QO 'I
vJov

(water )

_60,5
(r^¡ater)

-7Q. 
.7

JVO I

(water )

-60,6
(methanol- )

-164 "2(water)

-32 "L(i^¡ater )

*50"8
( acetone )

-30,g
(acetone)

-ILr¡' - 4
tv e J

(nethanol)

-L26.5
(methanol)
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Tab].e _5. Fermentative llydrol.fzable Glycosides and []re_ir

ìf--.I -,-l.,ur.rr

i

If--
Glycos ide

Sal-icin

Picei-n

Triand-ri-n

Vinal-in

Sa]-idrosid e

Trichocarpin

GJ-yeoside

Populin

Tremuloid-in

Fragilin

Salireposid e

Grandid.entatin

SaJ-icortin

SalicyJ-popuJ-in

Salicyltremu-
loidin

Glucose

G]-ucose

Glucose

G]-ucose

GIucos e

Glucose

Salicin

Sa]-icin

Salicin
GentisinÍc al-cohol-2-
gluc osid e

Grand.id entin ( cis -CycIo-
hexanediol-(f u2)-L-
gJ-ucoside

Sa].icin

Salicin

Salicin

.A.glycone

2-Flyd,roxybenzyl alc ohol-

4-Iiyd-roxyac et ophenon e

{-I{yd,r oxycinnamíc alcohoJ-

4-Methoxycinnami-c aJ-cohol-

{-Hydroxyphenyl ethanol
( Tyrosol )

t'richocarpinin
(Gentisj-níc acj-d benzt'l e

Acid

Tab1e 4. Ily9.rol-ytic Products gf Acylated _Glycosid.gs by
Alkaline l{l¡drolysis (From Thieme ) (qAr lO)

l

I
¡

È

Benzoic acid

Benzoic aci-d

.4.cetic acid

Benzoic acid

{-Hyd.r oxycinnamÍc acid.
(p-Coumaric acid,)

acl_
ica

c l-c[

d+
cid

benz¡rl ester )

Deacylated Glycosid.e



TaÞl-e 5 "
VaIue

-aA

Colour Iìeaction of iI d.ro tic Prod-ucts

Col-our
Reaction i¡rith
Díazotizeð"
Su]-fanil-amide
So]-ution

red

ye11ow
brown

red

yelJ-ow
brown

red.

red

yeJ-low

yelIor^l

broun

of a]-icaceae Glycosides

IlydroJ.ytic
Products

Gentisinic
al-coh oI-2-
glucosid e

Grand id ent in
Not identified
hyd-roxyI-acid
Gentisinic
a]-coho]-

cis-CycJ.oher-
anedioJ-- (:-rZ)
{-Hyd,roxyphe-
nyJ-ethanol
2-Hydroxyben-
zyJ.alcohol-

4-Hyùroxycin-
namic alcoho]-
{.-Hyd.roxyc j.rr-
nami-c acid.
Salicy1 sali-
cin
{.-Hydroxyace-
tophenone
Salicylic acÍd-

4-Methoxycin-
namic a]-cohol
Trichocarpinin

T

1

\! sx¿w+
l(6 z 422¿B)
Rr values

i

']f \¡- Â 1lIåå
!¿¡d¡I

(zzarzzB)
R¡ values

Co]-our
Reaction

r¡iith
Mill-onr s
Reagent

ô a'rO

o "22
o,46

o "57

0,78

o, 87

0" 87

0" 90

o. g0

o"92

o*95

o,96
0"96

o "97

o "55

0" 68

o "67

0.71

o "62

0" 84

ôo?

o*94

a\ aA

red

yeJ-low
brown

red-

red

yeILow

red

yeJ.lor,u

red,

yellow
brown

yelJ-ow
brown

ye]-lot¡r

ô^o yel1ow

0,48 yelJ.ow

Paper: Schleicher and Schu-l1- 2045b MSI
Ascending method "

# n-l3utanol-Xyl ene -llc et i c acid -'l¡,Iat er .

Fron Thieme

Benzoic



-95

TaþJc*6" Rf varue and. corour R.eaction of saricaceae

Sal-icín

Po,oulin

Salireposid.e

Tremuloid in
Grand.id-enta-
ti:r
Picein

lriand.rin

Fragilin

VÍmalin

Salicortín

Sal-id-rosi,d-e

Salicyltre-
nuloid in
Trj-chocarpín

Glycos id es
BXAI/åf

(e t +:2: B)
R¡ valu-es

BXAlf#
(zze:2¡B)
R¡ values

Col-our
Reaction

with
Itfillon I s
Reagent

Colour
Reaction nith

Diazotj-zed_
Sulfanil-amíd e

So1uti-on

red

red

red

brovm(¡-ro min. )

red

yeIIow

red

o "26

o"92

0"79

0.90

O"BB

^ 
7.2

0,41

0.55

o "72

0.50

o"24

ô aAvoJa-

0" 80

Q "54

0" 11

o.44

VolÕ

0

o

0,06

0.14

0" 05

0

0" B1

yelJ-oiv

yel1ow

yellow

yeJ-1ow

red

red

red.

yeJ-1ow

red

ye11ow

red-

yeJ-J-or^r

yelIow0.29

Paper: Schleicher ancl Schull ZO43b T4gI
Ascend j-ng method .

* n-Butanol-Xylene-Acetic acid.-Water
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Figu-Te_1-. IR-Spectrum of Salicin

t;:¡.¿ntî1cf ri:l

Figure 2. IR-Spectruur of PopuIin

Figure J . J]ì.-S pec.{,rum of_ S.a_l irepos ide
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Figure 5. IR-Spectrrrm of Grandirlentatin

Figure 6. Ift-Spectrum of Picein
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IJ 456

Figure ?. -L&:fug!¡L:qun of rrianrìrin

.Figure B.
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IR-Spe_gtrurn .of VinaLin
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