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ABSTRACT

Green leaves of Betula papyrifera were extracted with aqueous
methanol. Thin-layer chromatograms of the acidic fraction of the
extract revealed a5 flavonoid-cohtaining Segment which inhibited the

endogenous growth of oat coleoptile sections. Chemical fractionation

ethers, as well ag methyl ethers of myricetin and gallic acid. A wide
variety of flavonoids, including those isolated, were tested for bio-
logical activity, Flavone and flavanone were strong growth inhibitors,
as were naringenin, fisetin and datiscetin. Although current literature
explains the inhibitory action of flavones by their apparent accelerating
effect on indoleacetic acid oxidase, the present results suggest that
the theory is untenable in g number of specific cagses. The relationship
between structure and activity is complex and cannot be determined from
the data available, buf the activity of flavanone and flavone suggest
that the carbon skeleton itself can play a significant role. The in-
hibitory action of flavanone was reversed by added indoleacetic acid,

while that of flavone wag not.
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=GENERAL‘INTRODUCTION

- Although the growth promoting actiVities of the naturally occurring _
..auxins, gibberellins and cytokinins have been studied for a number of
‘ years, endogenous inhibitors of plant growth have only recently.been :d

- f‘ldentlfled.

In 1963, Wareing'and CO-workers (1) published R

;'isolation from a very large batch:of leaves, so thatsthe quantity of

i’product isolated would be adequate for complete determination ofistructure;ﬁ*f~~ﬂ'

Exploratory work was‘bﬁgun'on a small batch of leaves from;white j_f?ffl

birch (Betula papyrifera) to establish whether 1nhibitory substances couldt*:

be found. Since previous workers had detected active materials:in“the ;ff;

acid fraction of plant extracts, that fraction was the starting point of
the present work.- The first new departure was to use thin layer chromato-
graphy to separate the components of the acid fraction. Then, in the con-
ventional way, segments of the chromatogram were subjected to an oat ‘

coleoptile bioassay procedure.' A ‘zone of strong growth inhibition was



@/

' {ﬁ=Based on the infrared data,':

_structure by synthesis.l

. ("

‘ present at high , and elution of this active zone yielded an impure

f material.- The infrared spectrum of this substance indicated that

: procedure was devised for isolating larger

'da'_iAddicott (2,3) reported the identification of a cotton leaf ab-,'

__r;the major fraction was aromatic, in contrast to that isolated by warean L
:_d;;quantities of the inhibitoryumaterial. While this work was in progress,t,f. o

5scission accelerating compound, abscisin II., Shortly afterwards Wareingvhi"'
i found that "dormin" was identical to abscisin I (h), and confirmed the T

In a sense, the original objective of the present thesis had been o

_ ‘7‘fulfilled.; Yet there remained the observation that the active fraction |
'frOm birch leaves was unlike the material of Addicott. Therefore, it was
. decided to continue this investigation.-iu,v : 2 ;

Ultimately, the compounds isolated, other than gallic and ellagic
acid, proved to be flavones, and none were of exceptional chemical
intérest. Nevertheless, the literature (5) indicated ‘that flavones
might play a role in regulating the growth of plants.- In addition, .
comparison of the infrared spectrum of the original inhibitory fraction
isolated from the birch leaves with those of several flavones: indicated

’

|t pop ot e e e e m i e n e e L
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that the active material was very similar to quercetin, Therefore, a
limited study was undertaken to determine the activity of a number of
flavonoid compounds.

This thesis beg:.ns with a review of the non-polymeric substances

,whioh have been detootod or :.solo.ted f.’rom throe ‘common ha.rdwoods » birch,

maple a.nd popla.z These genera prov:x.de a sample of the types of compoxmds
found in hardwoods in general and , thus s the review reveals the sn.gni-

'.fz.cance of the compounds 1sola.ted J.n th:.s work w:.th respect to both
) ta.xonom:.cal and ohem::.cal :Lnterest The second cha.pter describes the

/

| “actua.l procedures wh:.ch led to the isolatn.on and 1dentifica.tion of »
- several natural products from the birch leaf extx'a.ct The third cha.pter
| 'outlmes the bioassays performed on some twenty flavonoid compounds a.nd
| o evalua.tes the results :.n the 1:|.ght of current hypotheses concern:mg the
: "“mecham.sm of the b:.ological actinty of fla.vonoids 3 and the relatlon-' Wi
:sh:.p between their structures a.nd their activ:.ty.v | S
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CHAPTER I

—

REVIEW OF NON-POLYMERIC EXTRACTIVES
) | - FROM BIRCH, MAPLE AND POPLAR



In the study of 'Ehe composition of trees, the particular interest
of the investigator often governs the approach he takes. For example,
n.n the early part of this century, the sap of maple trees was analyzed

intensn.vely beca.use of z.te commercial v*alue. Commerclal value also

' underl:.es the work done by chemists associated with 'l:.he Pulp and Paper

J.ndustry. These latter workers in the past have invest:.gated ma.inly

~the polymeric constituents of wood s but more recently have 'begun to

give equal attention to the lw-molecular weight extractives, perhaps

B in the belief that these too will help exple.:m differences in phys:.cal

and chemical properties of various species. To many other organic

chemists, the extractives of certain species simply provide a rich source

of new compounds for- investiga.tion of structure and of chemotaxononw.
Other compounds of low molecular weight are of concern to plant physio-
1ogists as intermediates in metabolic processes » while nutr:.tiom.sts
have looked to leaves and needles as a source of v:n.tamln-rich fodder.
Even the mn.neral content of trees ha.s engaged the attention of geologists
who hoped that such information would be an aid in prospecting., Thus ’
results of work on the composition of trees are scattered through many
different bra.nches of the scientific literature s and to assemble and
correlate them would be a task of major magnitude. Therefore, the scope
of this review was deliberately limil:ed. Its purpose is to examine the
available data on the eﬁ&.ractives of only three genera, birch (Betula),

maple (Acer), and poplar (Populus), and to present a sampling of the

principal kinds of compounds to be found in hardwoods in general,
However, it must be recognized that a review of this type has two
limitations, First » the study of only three species as a sample contains



the inherent dn.sadvantage that, in many cases, espec:.ally those involving ’
the biogenetic or metabolic role of an individual compound, investiga-

tions often involve the use of a wide range of plants_. Hence, although
many points appear to be unanswersd here s it may be that problems have
been pursued more intensively with some species other than birch, maple
or poplar, and the answers lie outside of this sample, The pursuit of
such points was considered to be beyond the scope of this review.
Second, the variety of methods used in the isolation of compounds
is nearly as wide as the variety of materials sd isolated. Often the ._ )
" crude extracts are subjected to somewhat harsh conditions which could
conc.;eivably cause degradation or rearrangement. Usually the authors
have commented upon this point, but » in some cases, conclusions have '

to be accepted only with reservations.

A number of reviews of a less general nature have been published
Toese include an ea.z-ly review of birch extracts (Grasser, 1),=a
sap (Aires, 2), the chemical composition of birch bark (Jensen, 3),
plar;t pigments (Karrer and Walker, 4) and a brief review of the
phenolic glycosides of Salix (willow) including their discovery, the
elucidation of their structure and their synthesis (Thieme, 5).

The possibility of using leaves as a source of food for animals
1s quite appealing and has prompted a number of workers to measure the
ascorbic acid (vitamin C) levels in the various parts of trees. The
results have been compiled in several papers (6~9). From the point of
view of plant biochemistry, it has been found that the ascorbic acid

content of the yellow parts of awbumn maple leaves was higher than

C T



elsewhere in the leaf (8). The authors suggested that the yellow pigments
may play a part in the synthesis of ascorbic acid, bubt presented ho
supporting evidence,

With only one or two exceptlons s the carotenomds and related
compounds in birch, maple and poplar have been found exclueively in the
leaves, Carotene itself has been the subject of exbensive quantitative
analysis, both in comparative studies a.mong trees and as a seasonal
variable (10-15)., For example, Ltvov and co-workere (16) i‘ound that,
as maple leaves turned yellow and underwent a.bscz.ss:.on, the ca.rortene
content gradually d:i.mmished A relationship 'between plast:m plant
plgmente and the protein ca.rriere was sugges‘bed 'by the authors. They
hypothesized that the breakdown of the carotene in the fall is condition-
ed by the brealkdown of the protein complexes. Goodw:.n (17) ’obta.lned
some similar results in the leave of Prunus mgge. Quercus robur and Acer
bseudoplantanus, .He found that between June and November, 'bhe caroteno:.d
levels fell almost to zero in Quercus and Acer but the decrease in Prunus
was only to 50% of its original value. In all ce.ses R however, B-caroctene
and neoxanthin,the 5%-hydroxy (monoepoxide) derivative of violaxanthin (II),
disappeared first and their disappearance was accompenied by the formation
of lutein-5,6-epoxide (I). Another compound which formed only in the fall
has been tentatively identified by Grob and Eichenberger (18) as all trans-3
or 3%-hydroxy~-a-carctene, It was isolated by column chzfoma.tography from
the extract of yellow maple leaves but was not detected in the green summer
leaves, The development of thin-layer chromatography later enabled these

—

workers to investlgate the autumn pigments . ofmple in more detail, They
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R Gl
[CH=GH~G=GH ] ;-CH=Gli~{ CH=C~CH=CH] 3

5

I Xanthop}w'llepoxide’
‘ Lute.m—S 6-epoxide

N cHy Cily
[ CH=CH~C=CH] ,~CH=CH~[ CH=C-CH=CH]

2

11 Viol&xahthin _
- found that lutem(xanthophyll)and 1ts epoau.de j;t), | ”a.nd B—carotene R
neoxarrbhm and v:.ola.xaxrbhin (II) were present in the gz'een leaves and
their relative proportions vere essentially constazrb In fall, o~ and
B—c_aro’cene. disappeared and jbhe esters of both violaxanthin a.nd :xanthophyll
were formed (19,20). The esterifying acid of xanthophyll was later found
to bé,lino;eig acid, (21). This':esult conflicts with Goodwints (17)
since Grcl»b and Eichenberger- clainm th:’a.t neoxanthin remains in the autum
h;%.B&hmmmmﬂlmdﬁ@w&ﬁehwbwnuw&minmmew
Karrer (4,12) who -also noted that thé epoxide was readily converted bo
flavoxanthin (III) in a very weakly acidic medium. This latter compound
has not been detected in the ha.rdwoods under consideration here but
these results would lay some doubt” upon other reported isolations of
) flavoxanthin, especially if the workup involved aoidic conditions of -

any kind, Conceivably, ‘other acid:ic"componants in the same extract




\«mg

: ' H
(EH3 ?H3 C

o 3 :
@CH-CH=CH—C=CH—CH=CH—[ CH=C-CH=CH] 2

III Flavoxanthin

could also catalyse the conversion of xaxrbhophyll epox.lde to flavoxarrbhin
Violaxanthin also read:.ly rearranges and it, too might be a source of
"na.turally occurring! i‘lavoxanthin L

A compound very closely related to xanth'ophyll abscisin II s has

been isolated from the leaves of A, pseudoplantanus by Ware:.ng and co-

workers (126). (See General Introduction and Chapter II) It has also

‘been detected in a wide variety of.‘ plant t:.ssue, mclud:mg cabbage leaves 9

potato tuber, avacado seed, lemon fruit and b:.rch leaves ’ by opt:.cal
rotatory dlspersﬂ.on (127). The structure of abscn.sin II infers that it

is probably a decomposition product of the caroteﬁoids. It reaches

maximum concentrations in plants late in the grown.ng season and then

decreases during the winter until growth resumes and is believed to have
a vital role in the control of dormancy, '

The only repoz;b of the occurrence of cu&ehoids in the non-leafy
parts of trees is that of Euler (22) who detected carotene in the’ pollen
of birch and poplar, '

The distribution and seasoaal changes of the chlorophylle follows
that of the.carocenoids quite closely, and in many instances the compounds
ha.ve’ been studied together (17,24). For example, Moore (15) found that

during senescence in maple leaves, there was a.direct corz_'elatioa between
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Flavone

, the decrea.se in the contents of carotene and chlorophyll but he did

not present further ev:.dence to show that these decreases were caused by the

same processes.

Although the chlorophylls occur almost exclusively in the leafy parts
of trees, they have also been observed '1 very low concentra.tions in the
pith and ;quem rays of young shoots of poplar s b:l.rch a.nd alder (25)
Even in these t:.ssues 5 the chlorophy-lls appeared only J.n w:x.nter, thus |
supporting the hypothesis that chlorophyll 1s stored in the wood dur:.ng
that season, However, the tra.nsport of this substance m.tha.n the plant o
has’ not yet been demonstra.ted ‘ £ - REE TR

Among the genera under review, references to the 1eucoanthocyan1d1ns
a.nd related compounds are few and concern only the:.r detection, not |
isolation., Michaluk (26) chroma.togra.phed extracts of birch leaves and
bark a.nd identified some of these substances by theJ.r color react:.ons.
Racz and Fuzi (27) ran similar tests on the var:.ous parts of 154 ‘common
plants including birch, oak, poplar and w:.llow. Positive results were
obtained throughout the plants s and hence, these compounds were probably
not confined to only one part. A similar survey was made by Hayashi and
Abe (28). Two of the compounds detected were cyanidin monoglucoside and
chrysanthemin (zv).

Although the flavonoids constitute “one ol’ the largest classes of

pigments in nature and are found in nearly every known plant, very little
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IV Ohryoenthemin

is known about their phys:.ological functions. There is soms evidence:
thet they play a- s:.gm.fica.rrl'. role in the control of plant growbh and
| this will be d:.scussed at length :m Chapter III A number of rev:Lews |

| " have been wr:.tten on the flavono:.ds, of which the most exbensive are

those by Harborne (29) and Dean (30).~ Somewhere between 200-300

flavonoids have been reporhed to date, | Very few are known to occur :m

'bhe wood and bark of trees L but are generally found in the 1ea.ves a.nd

‘ flowers. In fact ’ w:.th respect to birch, maple and poplar, the only
‘report of the flavonoids being found in t:x.ssues other than the leaves

comes from Whemer (31) who detected 5 y7=d ihydroxyflavone (chrysin) and

its 7=O-methyl ether in the bark of severa.l species of poplar. The

, flavonoids which have been isolated i‘rom the leaves of the three hardwoods
oonsiet mainly of the glycosides. of 3,3%,415 ,7-pentahydrm;yflavone (quercetin)
.and\ 3,4%,5 ,7-tetrahydro;wflavone (kaempferol) (32—36)‘. Vitexin (V), sapona-
retin (the corresponding open ring form of vitexin) » nwricetin-B—diga.le.cto-
side (3,3%,4° 2555° ,7-hexahydro>qrf1avone) and orientin (3t%,41,5 ,7—tetra-
hydro:qyflavone-B—glucoside) have also been detected (37-42), From the data
available, no genera.l:.zat:.ons can be made about the occurrence of these
compounds. Certa.n.nly no exhaustive study on the subject has been done,

but it does generally appear that most s if not all, i‘lavonee exist in nature




in their glycosidic form. A compound closely related to the flavones wa.sk
recerrbly isolated from the leaves of Acer airzuense and it was assigned the
tentative structure VI (43). | |

A wide variety of non-flavondid glycosideé has béén fqmd distrib;rbed _
throughout the leaves ,A ba.?k and wood of the three hardwoodv species, Four
of the most common are salicin (VII), populin (6-bépzoy]:salicin) (virz),
tremuloidin (2—benzoylsa.iicin) and salireposide (IX). Salicin and poi:iﬁl:in
‘have been known for a very long time, having first been discovex;ed in the
bark of P.alba by Bracommot; in 1830 (44), while the other two have only
recently been isolated and cha_.ra.cterized (45,46). Since then, although

these four ‘compounds have been reported in the literature on numerous occasions ’

e
L
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VIII Populin: R=X
X Salireposide: .'R-=, OH
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: f'Qand thelr co-workers'

-,sf;?extractlon o -the bark and leaves wmth;hothwster

ﬁﬁfﬁfffjfThljlead salts are filtered and then the filtrate, after re oval of.
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.their occurrenoe has beon limxted to poplar species (31,35,36,45-5&)
The ma;]ority of the work in this field has been done by Pearl.':: Darling '

'-ffgthis extract with basi'zlea _subacetate to. emove the free acids

In ordor to olarlfy'thls'situation,

"1:;frearranges to populln (55,56)

:;“;.subacetate in the cold ylelded tremn101din}gbut at.elevated temperatures,:;ﬁfdff

: :_’because similar extracts 1nvolv1ng no hydroly31s or baszc condxtlons _

""5t»"was also isolated by Faber (48) from'the wood of P,tremuloides in an

L yielded populin (58) Thus, it wa.s tentatively postulated that’ opulin'_j,f' R

}was an. artifact of isolation. Later, thls 1dea'ﬁas'rejectedf(53)
], ymelded both populln and tremnloidin It might be noted that populln

: pextract 1nvolving neither hydrolysis nor ba51c conditions. Otherll_ _ﬁtu”hfn

"f5}glyoosides from the bark of poplar inolude grandidentatzn (X);(58) and

o 'A_""j'trichoca.rpin (XI) (59 60) Other closely related glycosides, mcluding

”7ftsa11coslde (61 62), salipopulin (63), triploside (54), and salicyloylpopu—V

,1031de (61) also have been isolated from.the buds and leaves of poplar
Theime (5), in addltlon‘to hls review on the glycosides of Salix, has
described the detection and isolation of a large number of phenolic glycosides
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X Grandidentatin.

XI Trichocarpin

, ) (includ:.ng those ment:.oned a'bove) from poplar.

In conjunct:.on w:.th the studies on glycos:.des s 2 1a.rge number of .

low-molecular weight acids and a.ssociated der:.vat:.ves has been detected .

R in var:.ous exbracte.‘ These aclds generally occur as glycosides a.nd '

| '-_--.hare hberated only afber sapom.i‘:x.ca.’c:.on, although very small amounbs |

g of the free a.cJ.ds exis‘b, proba.bly as a result of hydrolyszs wn:bhin the

- : ‘ﬂ'tree itself Pearl (50) ext.ra.c'bed poplar bark with hot wa.ter a.nd,

o ‘a.fter sapon:.fz.ca.tn.on, found p-comnarn.c acz.d ’ and salicyl and genisyl
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alcohols. The two aloohols cou.ld be formed by the hydrolys:.s of

‘ salicin a.nd sal:meposide.i However s in some ca.ses > gem.syl a.lcohol ‘

: ‘.;v,}_'-vhas been i‘ound when no sa.lireposide was present > poss:.bly beca.use the

. bark contained one or more other glyoos:.des of this alcohol Obher '
o egd}._"a.cids repor‘ced by Pearlz includeivamllic 5 syringic > p-hydroxybenzoic

v:m low.concenbrations a.s free acids but

S e.nd ferul:z.c ac:.ds,

‘,galn ALl

"V’Present m much lsrger a.mounts as. glycos:.des (51:52) F" on the

- _.'whether as esters , such :a.s. the benzoyl group :x.n sal:.repos::.de » or through
," their phenol:.o groups. Ba.s::.c hydrolysis of bcrbh acid and neutral
fract:.ons have yielded all of these acids and this finding suggests
vthat there is, in fact, a liberal distribution of both kinds of
b.’ . linkages., The same fractions were found also 'bo contain some. of the
B '-»sugars to which these acids had been linked. The sugars n;.ncluded |
»‘ -~ galactose, ara.binose s WaNNOse, :quose e.nd rha.mnose as well as glucose (64).
o The role of the lovr-moleolﬂar weight acids a.nd the:u' glycosides in
the foma.tion of lz.gn;m has been the subaect of considerable n.nvesb:.gation.
'Ih is postvﬂated tha.t, in trees 3 the var:.ous glycos:.des s mcluda.ng
. com.ferin and syrz.ng:m, are actua]ly formed outside the zone of
llgm.flcation and are then transported into this zone via the inner bark,
‘,Mugg (65) found several low-molecular we::.ght Pphenolic ma.termals in newly
. formed aspenwood s and these phenols 2 ‘one of which was sinapaldehyde, might

be considered as precursors of hgn:m Subsequently, Faber (48) investigated

the inner bark of P.tremuloides and found both coumaric and ferulic acids,
' These find:'_.n_gs are in harmony with the Freudenberg biosynthetic pathway
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’”ﬂto the i‘ormatn.on of ligm.n and the acids would represent an earlier _ o
P stage in the scheme than smapaldelwde. Neither con:.ferin nor syr:x.ngin
was found in the J.nner bark v | |

they reached a maximum in spring and then decreased stead:.ly unt:.l

| September. The wound exudates of B. B.alba were analyzed by Wolf (67)

and were found to contan.n citric and malic acids. Unfortunately, this line

" of study has not been pursued i‘urther with these trees although similar -

work has been done w1th other types of plants. Abramovitch, in one of a

ser:.es of papers on aspen heartwood (68), reported the isolation of some

o eteam-'nrolat:.le compmmds from a benzene extract of the wood ‘I'hese
: compounds included phenol, benzyl aleohol, B—phenylethanol, o-ethylphenol

and methylbenzoate.' Since no saponification steps had been :anluded
in the procedure, these compounds probably ex:.st :.n the plant in th:.s R
free state, although some hydrolysn.s poss::.bly could have occurred '

- during the d:.st:.llatlon.v Other volatile fractions from oa.k, birch >

poplar and cherry contained a var:.ety of aCldS R a.ldehydes and ketones (69) "
Chubinidze (70) showed that the levels of these compounds :Increased in s
the trees with 1ncreas:s.ng temperature and exposure to l:.ght L N
Like these low-molecular weight compounds > the fatty acids ’ alcohols » :
parai‘fms, etc. are also widely scattered through the various parts of
trees. Most of the work with these subetances has been done with the




RO wood and relat:wely l:.ttle mth the bark and leaves of 'birch maple and R
SR ._:’.__\.__':_.-poplar. 'I'h:.s does not, of course ’ necessarily reflect their actual i

distribution, In one of s series of studies on plant plast:.ds »
Eichenberger and Grob (71) analyzed the varlations of the fatty acid ,

content of maple leaves., They found that of the three major components,

linolenic acid was the most abundant, and l:.nolen.c and palmitn.c ac:.ds weref S

present in lesser amounts, In autunm, the levels of lz.nolenic ac:.d de- ‘

creased consa.derably but this decrease was countered by an. J.ncrease in o
the Cio = cll., saturated acids. In order to investigate metabolic o
processes, Hossfield and Hunter (72) divided aspen bark into four layers
and extracted each with petroleum ether. The awuthors measured the total
extractives from each layer but, mlfortunately, in isolating :md:.ndual

~ components, they used the whole bark Thus, no comparat:.ve study could

be made. They identified linoleic and lignoceric ac:z.ds and cery‘l alcohol S

The wor. k'up -"-nV°1VGd Saponlficatlon to i‘ree the ac:.ds, snd, s 'bherefore’

——

}dJ.d not penn:.t these worlcers to determine the manner in wh:.ch the acids f '

had been bound in the natural state Agaln by sapon:.f:.cat:.on, Jensen - ;‘ o

(73 s 7l+) found that extracts of the suberln from birch bark corrtalned“:

: eicosaned:.carboxyllc s B~ and fD-hydrquybehenJ.c R 9,10 lB-tr:.hydroxystearJ.c, |

18-hydro:cy-A9-octadecanon.c and A 9-octadecanedlca.rbo::yllc ac:.ds. :
| As ment:.oned previously, wood ha.s been a much r:.cher source of |

these matern.als than leaves, perhaps because oi‘ the function of the

- fatty acids in wood pulping, Generally, the ch:.ef fatty ac:.d components R

~ of aspen and blrchwood have been found to be ole:z.c and linole:.c ac:.ds s :
‘with mnch smaller amounts of the even-numbered saturated a.c:.ds C_u‘_ - 026

also present (75-80) Two reports mention hentriacontane 5 the 031 -




: paraffin (81) and a substance tentat:.vely 1dent:.fied as XII (82)

. Perlia (80) examined the seasonal variations of .some acids in b:.rchwood

and found that palmitic, stearic, arachidic and behenic acids all reached Gl
maximm levels between Janua.ry and June and then decreased to a minimum -

in September. Proplom.c acid did the opp/o_s’it/e, .whiﬂ.e butyric acid
j.ncrea.sed fz;om a minimun in March to a ma.:c::mmn in May, Since the free
aeids exist only in v.ery' low concentrations, thesé experimental procedures
also involved saponification. There has been some work done to determ:lne
the subsbances to which these acids are bound As mentioned prev:.ously,
Grob a.nd E:.chenberger (21) establ:.shed that linoleic acid was the "
es‘ber:.fying acid of xanthophyll Buchanan (77) detected glycerol among N
the fatty acids in the:.r wood exbract 9 and 1t was present in a proport:x.on o 1"
corresponding to the ex:.st.ence of triglycerides and not mono-or dlglycer:.des. ’

The natln'e of the individual glycerides of fatty acids in wood s as n.n a.ny

| other blolog:.cal ‘b:.ssue s is inherently a very d:.ff:.cult problem to solve . ks
o Fe:bs normally consist of mixed tr:«.glycer:.des a.nd > thus, fa.ts wn:bh say

elg,ht acidic. compona.nts could contain up. o 288 individua.l substances.

L Even with jusb a fravtlon of these substances present > 'bhe:u' sepa.ra.tlon S

_ presents a fomdable 'bask

'I'wo papers s one by Abra.mov:.tch (83) on the exbractlves of the :

heartwood of P,tremuloides, and one. 'by Pearl (8h) on the exbractlves of

'the whole wood of the same spec:.es o provn.de some mterest:.ng compar:.sons.



~in plants. S:.m:.la.rly, Abramovitch detected the C
.. saturated alcohols while Pearl found the Cay,5 Cog 2nd 027 alcohols. I’c.
- is difficult to Judge if these differences with respect to finding the

Pasich (86 87) and Jarolim reported the isolation of betulin i'rom ‘bhe 4’

|  '_ ‘1-'-:i‘g'Abra.mov:.tch extra.cted ’che heartwood with pet.roleum ether~_ “sepa.ra.ted the » |
,_-;ff;'-,free aclds w:.th alkali and then methylated them.

Pearl extracted the L

-benzene and ssponified the meutral

: all the saturated fatty acids c12 - 028 except c27, whereas Abra.movi‘bch
v{;:‘reported ‘bhe 627 ac:.ds :x.n addlt:.on to most of the others._ In bdbh cases, ,
‘Athese are the f:x.rst repoz'ts of odd-numbered satura.ted fatty a.c:i.ds oocurr:mg

el

2, 26"‘““8,"

’ 027 and C,g compounds are significant, for they may be due to d:.fferences

in expermental technique,

Like thel long chain compounds » the 'berpenes and sberoids are also
widely distributed within the various parts of trees, Betulin (XIII)
was the first to be reported, having been isolated in 1963 by Steiner (35)
from the bark. of a number of species of birch., Shortly thereafter

'.-*"same sources s a.nd, in add:.tion, found a.lso lupeol (XIV‘), allo'betulln R
o (1VI) a.nd ,an un:.dent:.fled ester of betul:x.m.c acid (xv)- ‘»;_‘Lupeol also L

A.emoemm ;(81)_a.nd':in birchwood (82).

B "’Ia-ndgren and Sva.hn (89) lSOlated b°th o a.nd B" Sit°8ter°1 and a glycos:.de

oi‘ one’ of these has been reported by Perl:l.a (78), blrb this compound was

-’not completely chara.cterized Pearl a.nd Harrocks (824.) have coxmnented |

on th:.s work of Perlia. in oongunctn.on with their own resea.rch They

ieolated a sterol from the unsapom.fn.able fractn.on of a benzene extract
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of aspenwood This compound and i’c.s benzoate had optical ro‘ba:bions ‘

o : _;;_.He then pomted out; that the ms.ter:.al which Pearl
ad: found . was probably B-sitosterol also,

because the melting point
‘and. infrared spectrum of the acetate can vary considerably depend:mg
the method of crystalllzatz.on

»cry‘stalllzatlon.

Subsequently,

bark of P, prandidentata (55).

_:_y:.elded tremulone (XVIII) (93), o~

0~ and Beamyrin (XIX s XX), s a—e.myrenonol
"'i:_Q(JmI),

butyrospermol and le-methylenecycloartanol (XXII) (90 91)
: However )

b eaily naturally occurring substances or : ax'tifacts of 1solatn.on. o

Tremulone wa.e n.solated from a noneapon:.flable i‘ract:.on, bub :Lt is known )

f”"_j_that pass:mg OWgen through aqueous colloidal euspens:.one of ‘sterols
,‘:_'containing the 5-ene-3-ol system gives 1‘186 to the 3

»7~diol and 3‘°l'7'°n°’ |
NI A_.'der:x.vative .

| Such e.n oxldet:.on could ha.ve occurred during the eapon:.fi- |

cat:x.on sbep. Smlarly, J.t 1s poss:.ble that o~amyrenonol arises from

'bhe oxldatz.on of a-a.myr:.n. A compozmd wh:.ch has properties resembhng

= tremulone had been isolated much earlier by Mitsui (94) from sugar cane

Abramovmtch also showed that the

Pearl isolated B-sitosterol f_rom the Lo

Further work by Abramovitch with various exbracts of aspen heartwood L

Abramovitch questions wheoher tremulone and a»-a.mrrenonol a.re RS
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According to Abramovitch it would seem

The work of

existed:as such in_the sugar cane wax.

:1Folientriol (XXIII) folientetraolf(the‘corresponding 3&,123 l7a,203- _ |

.ifcompound) from birch leaves (95 96), and 12B 2OB—dihydroxy-3-oxo-25

*5ttfdammarene (3-oxo-folientriol) and 3-oxo-13(18)-oleanene (XXIIIa) from 1 o

© black alder leaves (97) have been reported by Fischer and Seiler.

L _Kojima (81) isolated friedelin and stigmaste” 1 (XXI Ib_c) from the leaves;;@,];j

':?;Of A, amoenum and Holub (98) identified ylangene,(XXIIId) (the structure of,'.

u"ﬁQuthe betulenols from caryophyllene.

'\tc_hwhich was subsequently determined by Hunter and Brogden, 128), a-betulenol 7235 3

;‘acetate, a- and B-betulenol (XXIV) and caryophyllene and 1ts monoxide
k'from the Oll of B, alba buds.j Holub expressed the belief that the 1 dt

‘ monoxide or Similar compounds may be intermediates in the biogenesis of

Again the question arises as to how these compounds exist in the

' ';Qnatural state.h Some have been isolated as free materials, such as.

;};;c those of Kogimo (31) who used alumina chromatography, but most have

been isolated from saponified extracts. ~Some headway has been made
. quite recently by Paasonen (82) who used acetone to extract birchwood.
He then investigated this extract with gas and thin layer chromatography

and found mostly the esters of the sterols and triterpen01d alcohols.

S
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v 3-°x°-13(18)-016anene o




__3"7He was a.ble to determme tha.t the solid esters > a:b least, were formed

o j?" :seasonal varia.t:.ons of a.mn.nes and am:.no ac:.ds. v In analyzmg ma.pla
. sap, Clements (99) i'ound, that durn.ng the early ta.ppmg sea.son, there S
‘v‘were traces of a.spa.z'b:.c a.nd glutam:.c ac:.ds ’ va.l:me a.nd leuc:.ne. o |

_ After mid-season, the concentra.tlon of glutamic acid :mcrea.sed sharply
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» then decreased as glutamine appeared The late-season sap conta:.ned

S 'large amotmts of glutamine and increasing amounts of" val:.ne and

i 'leucine. R Paralleling this study is a report by Plaisted (100) on

i changes in the amincacids of maple. leaves. The amount of protem P
B 'per leai‘ increased. dur:mg late spring and early summer, dropped to

e '“_-;a constarrb 1evel in summer and then decreased rap:.dly dur:mg senescence

Thls pattern was also followed by p-aminobutyric acid, serine a.nd . _7 E
vglycme. Aspartic and glutamic acids, as well as alam.ne > were found

"_to be a,t a max:.mum before sprlng and decreased steadily 'bhroughout the
grow:.ng sea.son, while glutam:.ne R phenylalan::.ne 5 threom.ne s leuc:me and
".-_ivallne J.ncreased ‘I‘hese changes appear to fn.t well w:.‘bh the results of

N Clement' s work Other amines and a.ma.noacids wh:.ch have been found

“"-.‘:_-:.,»_:.nclude aspargine in the buds o:E‘ P,basanlf'era (62), @-aHuHOalelc acid

S _-'.'},m both the green and .vellow leaves of A, Dlatamides (101),

"__i}'methylam:.ne and isoamylamme als° fron maple 1eaves (102)
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e

- ;

. The: f:.rst report of allant01c acn.d (XXV) 1n birch > poplar or

'”f}fmaple came from Fosse (103-105) Later, Eohevin (106) found that

O the flower and i‘ru:.t of AL pseudoplantanus contained both alla.ntoz.c

RN 'acld and allantoin (XXVI). The ac::.d was present in hlghel' concen- .V

trations than alla.nto:.n before ma.tur:.ty ‘mrt the reverse was true a.t

7 complete matur:.ty. These two. compounds accounted for 25% of the

total N in the leaves.- In a study comparing the types of n:.trogen

compounds transported by' trees, Wolffgang and Mothes (107) reported B
- that maple sap contained: allantoin and allantoie acid while alder sapk »
contained mostly citrulline » and elm hagd primarily asparagine. Virtanen -
' and Kari (108) compared the amlnoacids in pollen with those in the S
leaves and needles of a number of species of trees. Much more free
proline' was found in the pollen than in the green parts of the trees,
while hydroxyproline and pipecolic acid were found ‘excl..usiirely in the
pcllem.‘ TI'.e Iree (and so far ihe cnly) repert of alkzlcids cccuring
'in the three genera under review comes from Patcher s who isolated
- .gramine (XXVII) from the leaves of A, saccharides (109,110) This
compound was previously known to occur only in grasses, |

; A few other miscellaneous compounds have been isolated from birch,‘ .
maple and poplar. MAcertanin® was first mentioned in 1922 by Perkin
- and Uyeda (111) who isolated it from the leaves of A. ginna However, | o
the structure was not fully elucidated until 1952, Kutanl (129) proved.
that this substance was 3 ,6-d:.(galloyl)-l,S-anhydro-D-glch.tol Quebra.ch:.tol
(XXVIII) is a compound vhich is widely distm.buted in maple. It has been
either detected or isolated in & number of species (112;115;.), but there
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is no mention of its occurrence in birch or poplar -Th:.s dn.fference

may be s:LgnJ.ficant a.lthough perhaps 1ts detect:.on has been inadverbently
missed by workers in this field. Very l:rb'ble ha.s been reported on the
occurrence of sapom.n in these hardwoods. Heine (116 117) detected | |
saponins in the leaves of A, saccharides and the bark of A, platanoldes.ﬁ};-i'f g

but ‘did not isolate them, -

Most of the work dn.scussed in this rev:.ew s0 fa.r ha.s involved 'bhe

investigation of the non-polymer:x.c constituents of trees. Tlu.s in no

way reflects the emphasis of the work done to date. : Perhaps equal
attention has been focused on both the. general chemical compos:.t::.on of

trees and the study of the polymerlc mater:ale. However, since most of

th:.s latter work is of interest to industrial a.nd polmer chem:.sts a.lone PO

only brief mention of it will be made,

Maple sap was studled menelvely at the beginning of this century
and the literature comtains: -many reports on standardn.zed procedures
for the analysis of turbid:.ty, flavor, purity, etc. In addition,
:mvestiga.t:.one have been made on the sugar levels in saps (118, 119 » 123)



" a.nd the seasonal fluctuatn.ons of these levels (120-122) Bark exbrac-

e tn.ves > oi‘ course , have reee:ured cons:.dera.ble attention from the Pulp R

o "A?i.i“‘ﬂmaterlal extra.cted by ether, alcohol water, etc. s the tota.l penbosa.ns,?
v'lv"“'.-'»‘..,:,,.hexosans 9. cellulose a.nd 'bhe tota.l a.cids and. "a.sh" contents. . Wood s too,-
_.v';.}j__jhas rece:.ved the sa.me sort of treatment Most‘ of the f’tmdamental e
"'_"v;}__'_t".._"resea.rch has :mvolved the polysaccha.mdes and ol:.gosaccha.rides in the

: "':'"-"J._‘;:"‘}':var:x.ous parbs of the wood T:Lmell (124) a.nd Sha.rkov (125) have

32

 XNVIII Quebrachitel—— ot

: ';:}{and Paper :.ndustry. Usua.lly, measurements ha.ve been made on the tota.l 5

o -vproduced the ma:jor:.ty of the work in this field
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CHAPTER II

ISOLATION OF BIOLOGICALLY ACTIVE
SUBSTANCES FROM BIRGH LEAVES




‘Tffstudles have been made w1th auxlns, glbberelllns and klnlns.. However,'ﬁ

‘Tiqf; 1t was not untll qulte reoently that the study of natural growth 1n—'t'

';5fh1b1tors became w1despread One of the flrst reports of endogenous

.;;The nature of endogenous growth regulators has been a subject of Q’:ff;i&ﬁ

;;con51derable interest to plant phy31ologlsts for many years. Numerous;;p75'35?

| *f‘growth 1nh1b1t1ng substances came - from Hemberg in 1949 (l) The ether,l"~3'“'

textracts of dormant potato peellngs were partltioned 1nto neutral and .‘;jfga}:

;aoldlc fractlons, whlch were then chromatographed on paper. With an
‘Avena curvature bloassay, growth inhibiting material was detected in »

”'both fractlons. Subsequently, Hemberg found that there was a strong

correlatlon between the levels of 1nhib1tory materlal 1n the acldlc

' fractlon and the state of dormancy of the potato plant The content of;

: the 1nh1b1tor decreased regularly w1th the resumptlon of growth 1n

"sprlng (2—#) ‘Similar studies were made by Buch and Smlth (5) and they
, found that the relatlonshlp 1nvar1ably held Luckw1ll (6) extended |

hthls work to a. number of other plants, agaln using paper chromatographylib'

:1n conaunctlon with bloassays. He detected both auxins and 1nhib1tors;l
These techniques subsequently became qulte standard. In 1953, Bennet-.l
Clark and Kefford (7) referred to an."lnhlbltor—B complex", a growth o
” ,1nh1b1tory materlal they found in a01dlc fractlons of extracts from a.

"varlety of etlolated seedllngs and roots. Shortly thereafter, a number

: ;lof other workers reported the detectlon of Mgrowth inhlbltors" in a

’“wide range of plant tlssue. These‘lnclude buds (8-13), leaves (14=17), B
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' tfruit (16 18—22), seeds (23 25) and sap (26) Some of the procedures ;
Ulﬁltused were quite s1milar to that of Bennet-Clark and Kefford and thus,jy’:;,_’

-y {itffthe various workers claimed to have detected the same material. The
vnffterm "growth 1nh1bitor" might be misleading. That a compound is ; -

o classified as such means only that it inhibited the growth of some plant lffgi;
'_p:tissue in: bioassays, and E 1n no way implies that the material 1s a L
\;{\naturally occurring growth regulator. Only 1n some of the cases mentioned.fgc'
‘hjabove (8 11-13, 17, 2&, 25) was the "growth 1nh1b1tor" detected on the

1chromatogram shown to be related to the state of dormancy of the plant

Some controversy as to the nature of these 1nh1b1tory materials began

o to arise. Housley and Taylor (27), in examining potato peelings, T
1isolated a substance chromatographically which corresponded to 1nh1b1tor-Brf

l'_However, when large quantitles of the peeling extracts were worked-

'

g .up, ‘the fraction which had the strongest 1nh1b1tory action and which
:.corresponded to the 1nhib1tory zone on the chromatogram was found to be f’ |

‘ﬂisimply a mlxture of. fatty acids. The authors claimed that the growth

1nh1b1tion of "B" was really the toxic effect of- these aclds. Koves and ';"

_‘Varga (22 28) and Varga (19,_20 29, 30) reported "BM to be a mixture
ifof coumarin and phenolic acids, including salicylic, 01nnamlc, ferulic
v.and o-. and B~ coumaric acids. Jones ~and co-workers (31-33) subJected

. paper chromatograms of peach extracts to various spot tests and found ‘

1nhib1tor-B to consist of organic cyanides.

It is quite p0351ble that some of the compounds which are claimed

to be "inhibitor—B" do, in fact, act as growth retardants, but there

was also considerable evidence for the existence of a true, endogenous

dormancy inducer. Lane and Bailey (34) detected an inhibitor
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corresponding to WgW in the buds of silver ma.ple s and then, in en
extens:.ve ‘series of tests aimed at 1dentify:mg th:.s ma.terlal eliminated
‘as poss:.bn.l:.tles most of the prev:x.ously ment:.oned substances. Barlow (35)
’ extracted the shoots of plum and showed tha'b the ixﬂubitor isolated by
‘W.-,‘Tpaper chromatography a.cted on whea.t coleoptiles :.n a reversible manner ,

.e growth resumed ai‘ber the sections had been washed free of the

. dnhibitor,

Ware:.ng and h:.s co-workers ha.ve done cons:.dera.ble work w:.th a.
‘ growth :mh..b:.‘oor from the leaves of sycamore. The um:.b::bor was f:x.rs*b
: deteoted 1n 1958 (36) and subsequerrb 1nvest1gat:.ons showed tha'b t}us g

o ma:ber:.a.l was very closely associated w::bh the onset of dormancy in

. the’ pLs.nt (37, 38) The inh:.bl’cor, wh:.ch chromatographica.lly corz-es-'_ |
ponded to "B", wa.s i‘inally 1sola’ced s,s a pure compound in sui‘i‘ic:.ent_'vf": o

i qua.nt:.ty for 1dent1f1catn.on (39) I'b was found to be identical mth; S

a.bsclsn.n II, an a.bsc:.ssion accelerator J.solated recently from cotton’ f ,'f*‘ij e
.,pla.nts by' Addicot‘b and hlS co-workers (40, 41) | s
Ano’oher compound » naringenin (l,., 5 5 7= trihydrcocyflavanone) has, e
. 'also been clo ly assoc:.ated m‘bh dorma.ncy. 11-, was 1solated in , |
1959 by Hendershott and Walker (42) from dormant. peach buds, and is: one
of the few flavono:.ds for wh::.ch growth regula.tory activ:.ty has been |
demonstrated convinc:mgly. o

In view of these findings, the acidic componants of birch leaves
“have been examined for the possible ex:.stenee of other endogenous growth
regulators, and to study further the physiologn.cal role of the flavono:Lds.

selected for the work because they are eas:.ly accessible,



. METHODS AND RESULTS

The green lea.ves of Canad:.c. m.te b:.rch ‘Betu]a ."a: »

' extracted w:.th aqueous methanol The methanol from th:Ls solution was

[ removed by evaporat:.on and the remaining aqueous m:ixture was a.cidified

i stances by means of thm layer chromatography (TLC) a.nd bn.oaesays. R

e a.t:x.c sea.rch was :.n:.t:x.ated to find a solvent system which would cleanly
8 _'separa.te a max:lmum number of componanrts of the a.c:.d mixture Over 200

= . " wa.ter. e.cetone. .1 l l 5. 'l'o test the va.r:.ous fra.ctions for b:.olog:.cal |
act:.vity, the chromatogram was div:l.ded into twexrty sections and either _ j‘

eluted w1th methanol or tested d:Lrectly on the oat coleopt:.le bioassay

as descr::.bed by Nitsch and Nitsch (hB) Two problems were :imned:.ately
. .encountered The recovery of ma.ter:xe.l from the s:.llca. gel wa.s very low
‘ ?"(~50-75“'), and the silica gel itself (S:.l:Lca. gel H), or some contamnant
' _w;thm it, had a tox:.c ai‘fect on the coleoptn.le sect:.ons. These f_a.cto_rs _

made such an a.pproach unsu:.table. Chromatography on a silica ‘gl coluhm
was likewise unsultable. The s1lica gel was thoroughly wa.shed before

use and the eluates were f:.ltered extensively This part:.a.lly removed
the tox:.c:.ty problem, but aga:x.n, the recovery of matern.al was low and the
resolut:.on, even with solvent modifications » Was too poor for the results

of the bioassays to be conclusive. Thin layer chromatography on micro-
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. :‘and extracted w:.th butanol Th:.s, in turn, was exbra.cted w:.th sod.’uzm
» N:bicarbonate 5 acn.d:.f:.ed a.nd re-exbracted w:l.th buta.nol It was or:.g:.nally# N
| '~r'mtended to .mvestigate this ac:.d:.c fract:x.on for growth regulatory sub- ,

' -"S:Llica. gel TLG 1s a. simple but poweri‘ul sepe.ra.tory technique. A system- ,

- 1ndividual systems were tested The best one was 'benzene' ethylacetate.‘ |



crystalline cellulose (44) gave significantly better results. It is
non-toxic to stem growth, and similar to, but more convenient than,
paper chromatography. The search for a suitable solvent system was
'based on those'used with‘paper.‘ The test was found to be n-butanol:
i-propanol: water: NH OH (conc) 5 5:1:1., This gave two distinct
1nhib1tory fractions, at Ry 0,55 = 0 65, and Re 0.70 - 0.80 (fig.l),
_The material in these two zones was eluted from the chromatogram.with
'j methanol The substances 8o obtained were impure- but their infrared
i’spectra were recorded, as shown in figs, (2) and (3) The spectrum
:‘,of the first fraction, Rf 0 55 - O 65, ie similar to that of an

. unsaturated fatty acid (OHH stretching, 3.'?.5Ocm.""1 carbonyl stretching,

o 1705cm?1, conjugated Cc=C stretching, 1615cmf1) The spectrum of the

| second fraction, Rp 0 70 - O 80 suggested that the major portion
‘was a flavonOid - The spectrum of quercetin is shown in fig. (4) for
comparison. The two are not identical but the similarity is close,

An attempt was made to isolate larger quantities of this substance
by chromatography of the acidic mixture on a cellulose column However,
the resolution deteriorated conSiderably even with solvent modifications
and the 1nhibitory fraction corresponding to the flavonoid substance
could not be detected by'bioassay. It was subsequently decided to
examine the ketonic fraction of‘this acidic mixture by other physical
and chemical methods and to test the various components for biological
activity,

The ether-soluble fraction of the mixture was treated with Girard®s

Reagent~P to remove the non-ketonic constituents. The water-soluble
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" WORKUP OF BIRCH LEAF EXTRACT

Leaves
| Aqueous MeOH Extract

Acidic Fraction (A)

7

Ether Insol. (C)
Ether Sol. (B) I‘

MeOH Insol.,
Girards Reagent _ . Ellagic Acid

Water Sol, Fract. (D)

Acidification A
’ | Further Hydrolysis I
Ether Extract (E) BuOH Extract (F)
Methylation o ' Querletin
| | |
Tetra-0-Methyl Ellagic Acid Hexa=O-Methyl Myricetin

Unknown -

Tetra-O-Methyl Quercetin

Tri-O-Methyl Gallic Acid
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ketonic mixture was hydroyzed under mild conditions and then extracted
with ether. This extract was msthylated w:.th d:.azomethane and s ai‘ter'
it had stood at room temperatura i‘or a short time 5 & wh:.te sol:x.d pre- |
cn.pitated Th:.s matemal was qu:.te dn.i‘f:.cul’c to pur:zi‘y due to its o
insolubil:.ty in most solvents, It was crysball:.zed i‘rom a 1arge volums o
of dlchloromethane. Mass spectroscopy (i'lg.5) indz.cated that :1.1; had a
molecular welght of 358 and isotopic analysis fit. the emplr:.cal formnla
C1gHy),0g. This was confirmed by elemental analysis > and a search oi‘ the 2
;l:.tera.ture suggested that this compound was the tetra-&-methyl ether of el]ag:.c.
acid (I). 4 sample of this compound was prepared by treat:.ng aubherrb:.c | |
. ellagic acid with diazomethane, and it proved to be idertbn.cal with the " isolated
compound , | o

Evaporation of the supernatant liquid from which the ellaglc acid '
derivative had been obtained, yielded a br:.ght yellow substance wh:.ch was
easily erystallized from alcohol, Again, mass spectroscopy (f:.g.é) a.nd |
elemental analysis suggested the formuls 015H603(QCH3) 41'. " The material |
corresponded to 5-hydroxy-3,3%,.4* 7—tetra1nethomfiavone as reported in the
literature and this was coni‘u'med by syzrbhes:.s.
| When the mother liquor from this compound was evaporated s an o:.ly
mixture was obtained fram which nothing more could be crystallized. This
0il was chromatographed on silica gel glv:mg one fairly well resolved spob.
It was eluted with dichloromethane > bub attempts at crystallization were not ‘
successful, because of its low melting point. The infrared spectrum indicated
that this compound was the methyl ester of a cai'bonrlic acid. It was sapon-
ified with sodium hydroxide and the reaction product was purified by colum
chromatography and crystallization from ether. It was identified » by
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its infrared spectrum and mixed melting point as tri-o-methylgallic acid.
- The water-soluble ketonic mixture was hydrolyzed further and

. extracted with butanol. The ether-soluble portion of this fraction:;v'

: 5l75yie1ded a yellow, solid substancc wnich could not be purified.>_;3.h;ji”’

"*hfﬁthat 1t was quercetin itself It was treated w1th acetlc amhydr:!.de:_t.:''.‘A»."‘-'vf."_':“fvv":f"}':,{"‘i %

”3fftand sodium acetate to give an ea31ly crystallized white solid.

: }QHowever, the infrared spectrum of the crude substance indicated

T'Similar treatment of authentic quercetin y1e1ded an identical

L ;; compound which was shown by mass spectroscopy (flg.-7) to be the

z,flavone)

1‘ftetra-acetate of quercetin..3

The mother liqnor Of the quercetin fraction was evaporated toffﬁfﬁff'

dryness and shaken w1th water. This extracted a white suspension';ftﬁ{:f?’j“f*°
- from the oily residue. Mass spectral (fig. 8) and elemental analysisffiifif;c{;

- data gave the compound a tentative formula °15HL°2 (OCH )6' Thetf;;}ff?fg?“'
- infrared spectrum was found to be. 1dentica1 with that oi' Hergert,'g(57) e Lo
~ for the hexa-o-methyl ether of myrlcetin (3,3',4',5 5!,7.hexamethoxy_ii‘b*ﬂ,”,ﬁ'

'shaken w1th methanol dissolv1ng most of the material After several

.washings with methanol a light yellow residue remained undissolved.

This substance could not be purified by crystallization, chromatography

or sublimation. Consequently, 1t was acetylated to glve a white solid

which was purified by successmve precipitations frcm boiling chloroform.; -
Infrared spectrum showed that this was ellagic acid 1tself.
After treatment of the acidic fraction with Garard's Reagent and -
/

diazomethane, another compound was 1solated from the same fraction as

5-hydroxy-3,3',4',7-tetramethoxyflavone. Unfortunatexy, the amount of

The ether-insoluble portion of the original acidic fraction was;fi.gﬁffs”‘
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were not successful However,
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'material obtained ( ~60mg) was too sma]_'l. for a complete elucidation of

A- may suggest that 1ts level in the leaVes varies agm.f:.cantly Infrared

o and mass spectra are shown in figs. (9) and (lO)

substantiated by elemental analys::.s 3

The mass spectrum |

5 metho:qu groups. These data correspond to a hexahydrox;yflavone. o

Methylat:.on of the snxth hydroxyl group would account for the impurity

at mfe = 402
: 3385cm .

The J.nfrared spectrum shows hydro;qyl absorption at

vhich is too high for a 3- or 7-h;7dro:qy.f.‘lavone. A 5-hydroxyl

and attempts to isolate more from a second sample of leaves SEFS
the samples were not collected at exactly R

failure to find the compound in the second sample ’

z‘shows a parent peak at m/e = 388 with slight impurities at m/e = 1;02 and
» 374. Isotopic analys:.s indicates an empirical formula c20H20°8' ' This J.S"

which also indicates the presence of
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group shows no absorption. ‘The peak, however, does fit for a hydroxyl on
the "B" ring of a flavone. The absorption at 1623cm™+ corresponds
to the carbonyl group of a 5-methoxyflavone (45). There are no
appropriate mfrared spectra in the litera.ture with which this |
compound mlgh'b be compared

The bn.ologica.l activn.ties of the flavones are diacussed :I.n

' Chapter III




ok

DISCUSSION -

| The isolation of hexa-o-methyl myricetin is quite interest-
ing. Although myricetin itself is widely distributed throughout the
plant world it has been detected in birch only once, as the 3-
digalaotoside, in Betula verrucosa and B. pubescens (50) and has not

yet been detected in poplar or maple.' Methyl derivatives of myricetin
are much rarer than the parent compound in plant tissue. Thepre exists
in the literature only one report of a naturally occurring 5-0emethyl
ether of mwricetin. Egger (51) isolated such a compound from the
petals of rhododendron in 1962 This, then, is the first reported
f‘isolation of naturally occurring hexamethyl myricetin from plant
i-material However, the isolation of this compound perhaps is

- not so surpriSing in the light of the finding of Oemethyl

vderivatives of both quercetin and ellagic acid from the same leaf

: extract.

Ellagic acid is one of the most conmon yellow pigments in the plant
world., It generally occurs as a mono- or polyglycoside and is often found
in conjunction with myricetin and gallic acid.- An extensive survey of the
distribution of ellagic acid has been compiled by Bate-Smith (52). Although
it occurs in common trees such as alder, beech and cak, it has not pre-
viously been detected in birch, poplar or meple. Ellagic acid is
essentially insoluble in ether and was correspondingly isolated from the
ether-insoluble fraction of the acids mixture. However, the tetra—O-methyl

ether derivative came from the ether-soluble fraction, suggesting that,




LI R

IO R=CH

;as with quercetin, it was methylated to a certain extent to begln with.
Only two methyl ethers of ellagic acid are known as natural products,

the dlmethylether (1I1) whlch was isolated from the roots of Euphorbl .

formosana (57), and the trimethyl ether (III) from the bark of

- Bugenia maire (58).

The 1solatlon of a gallic acid derlvative 1s not surpr1s1ng in ‘

_pattern could not be determlned. Thls materlal is believed to be a

- precursor of ellagic acld since oxidative coupling of the esters of

galllc ac1d, followed by lactonlzatlon gives thls compound.

25,

- view of the presence of ellagic acid. Agaln, the or1ginal methylationI,_>"
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EXPERIMENTAT,

Melting points were determined on a caln.bra:bed Fisher-d'ohns

apparatus. Infrared spectra were recorded on a Unicam SP100

spectrophotometer.’ Mass spectra. were measured by the Morgan,:
Schaffer Corp., Montreal, on a Hitachi Periin-Elmer RMU-60 mass

spectrometer operating at 70 ev. Elemental analyses were done by

* Beller Mikroanalytisches Laboratorium, Gottingen, W. Germany, and

Schwarzkopf Mircoanalybieal Laboratory, Woodside, N.Y. TYields of

| the isolatedv compounds are expressed as percentage of dry weight of
| phe leaves. Dn.azomethane was prepared from N-methyl-N-nitrogo=p=

_toluenesulphona.mide according to Vogel ( 53) Acetylations were done
B .accerding- to Shriner (54). |

LEAF EXTRACT, ACID FRACTION (A)
Green leaves of Canadian white birch (Betula papyrifera), 258 kg
wet we:.ght, were collected in July, 1965 at the Petawawa Forest Experiment

Station, Chalk River, Ontario. They were immediately placed in 807 aqueous _

methanol, After two days of intermittent agitation at room temperature,

the aleoholic extract was filtered and evaporated under vacuum at 50°C

~until most of the alcohol had been removed, The remaining agueous

solution was acidified to pH 3 with HCL and extracted with n-bubanol,

The butanol fraction was extracted with 5% sodium bicarbonate and the
extract was a.cidified to pH 3 with HC1l and re-extracted with n-butanocl,
This butanol extract (A) contains the acidi.c fraction, and all subsequent
work was done ‘with this material. - Dry weight, 182 kg.




CHROMATOGRAPHY AND BIOASSAYS

Thin leyer and column chromatography with silica gel was done in
the usual manner. TIC with mieroerystalline cellulose was done as
described by Wﬁlfrom'gz al (L4). Micrcerystoiline cellulose and waber
were blended together in proportions of 1:4 w/w. Tae slurry was placed
under vacuum for a few minutes Lo remove the air, and then it was spread
on glass plafes,‘at & thickness of.l.O mm for preparative work, and
allowed to‘dny at room temperaturs for 24 hours. Fraction (A) was
applied to the chromatograms as a methanol solubtion and the plates were
developed in the system l-buianol: 2—propanol:'H20: NHAOH (cone)::5:5:1:1.
The chromatograms were divided into 20 eqﬁal sections and eluted with
methanol. The elustes were placed in 10 ml beakers and evaporated to
dryness at a slightly elevated témperature. The oat coleoptile bioassays

were conducted in these beakers exactly as described by Nitsch (43).

DIPHENIC ACID. §,6-DIHYDROXY~k,k?,5,5~TETRAMETHOXY ~, Di-f-LACTONE

{IETRA~O-METHYL, TLIAGIC LCID)

Extract (A) was evaporated to dryness under vacuum at 60°C and
divided into ether-scluble (B) and ether—insolublc (C) fractions.
Fraction (B) was gvaporaved o diyness and dissolved in methanol. It was

treated with Girard®s Reagent-P according to Vogel (55) and the reaction
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miziure was pourcd into water. The water-soluble fraction (D) was acidified

with HCl to a concentration of 0.25N and sllowsd to stand at room temper-
ature for 1 hour. It was then extracted four times with ether. The
ether fraction (B) was dricd over I\Ia.QSO‘Lr and methylated wlth excess

CHzN2 atv -20°C and, «iter reaching room vemperature, a white solid
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ﬁrecipitated. It was removed by centrifugation, crystallized from
dichloromethane and identified as tetra-O-methyl ellagic acid, MePe 330°C.
Anal: Calcd. for clSHiAPS: C, 60.39; H, 3.95; 0, 35.75

Found: C, 60.45; H, 4.00; O, 34.64 .
Mass Spee: Req'd: P, 100; P+l, 19.91; P+2, 3.47
' Found: P, 100; P+l, 19.70; P+2, 3.35
Yield, 1,96 gm, 0.0011%.

i’:HYDROH "‘3 ) a3 3 * 2 er ¢ 3 7-‘I'ETRAI‘4ETHOXYF LAVONE

The supernatant fraction (E) was evaporated ﬁo a small volume and
a yellow solid separated. It was filtered, crystallized from ethanoi
and identified‘as 3,3',&',7-tetra-quethoxyquercetin, m.p. 157.0-157.5°C.
Anal: Caled. for CigthygOnt C, 63.67; H, 5.07; 0, 31.25; h(oan), 34.62

Found: C, 63.44; H, 5.03; 0, 31.24; (OCHB), 34,20
Mass Spec: Req'd: P, 100; P+l, 21.1; P+2, 3.51

Found: P,.loo, P+l, 21.2; P+2, 3;h8‘

Yield, 7.4 gm, 0.0041%.

TRI-O—METﬁYL GALLIC ACID

o - The mothef liquor from fraction (E), after removal of the quercetin
derivative,'was subjected to thin layer chromatography on silica gel H,
using the solvent system, dichloromethane : methanol H 20 ¢ 1. The
fraction at R, 0.35-0.45 (colorless; blue fluorescence under U.V, lamp)
+was eluted with dichloromethane. It was dissolved in methanol and heated
at 50°C for two hours with 5% aqueous NaOH, The reaction mixture was
acidified with HC1 to pH 3 and then extraéted with ether. The ether extract

was chromatographed on é silica gel column, using ether as the solvent. The
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fluorescent fraction was collectéd and the solid material crystallized
from ether, giving 3,4,5-trimethoxybenzoic acid, m.p. 168<169°C, The

infrared specirwn of authentic material was identical, mixed melting

point was unchanged., Yield, ~ 60 mg,

The aqueous fraction (D) was acidified further with HC1l, to a cone
centration of 0.5N, and thenstirred for 24 hours ‘at 15.0;’0. It was ex~-
tracted with l-butanol and the extract was evaporated under vacuum at 50°C.
The solid residue was éhaken with ethor, and when the ether-solulls fraction
(F) was dried over Na,S0, and evaporated to a small volume, a bright yellow
solld precipitated. Attempts at purification were unsuccessful. Crystal—
lization from alcchol or acetone caused 'apparent decompositién. ~ However,
the infrared spectrum of the crude material wé.s similar to that of quercetin,
This substance was acetylated to give a white solid (G) which was cerystal=-
lized from methanol, m.p. 192;-196°C. - Authentic quercetin was treated in
a similar mamer to yield a substance identical to (G). The molecular
weight peak of the mass spectrum showed that this compound was the tetra-
acetate of quercetin. Yield, 23 gm, 0.026%.

3.3%.4%.5.5%  7-HEXAMETHOXYFTAVONE

The mother liquor of (F) was evaporated io dryness to give a viscous
yellow—i)rovm tar, This was shaken with water for two hours and a whife
suspension formed; The suspension was decanted and the solid phase cent—
rifuged. It was crystallized from ether and identified as the hexa._-O—
methyl ether of myricetin, m.p. 154.5-155,0°C,

Anal: Caled. for G, H,,04: C, 62.67; Hy 5.52; 0, 29.32; 6 (OCH,), 43.26

2172278
Found : G, 62.56; H, 5.54; 0, 31.72; (OCHB), L5 .57
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Mase Spec: Req'd: P, 100; P+, 23.35; P42, 4.2L

. Found: P, 100; P+l, 22.86; P+2, 4.17
Yield, 0.97 gm, 0,00053%.

. 6,6—DIHYDROXY;5,5°,5,5'-TETRAHYDROXYDIPHENIC ACID, §'-DI-LACTONE

. {ELLAGIC ACID)

Fraction (C) was shaken with methanol repeatedly until only a light
yellow solid residue remained undissolved. It was removed by centrifuga-
tion but all attempts ét purification by crystallization, sublimation
and chromatography were unsuccessful. The compound waslacetyiated to
give a white solid which was purified by successive precipitations
from boiling chlorofo:m, and then was identified as the tetréacetate
of ellagic acid, m.p., 310°C (dec). |
Anal: Calecd. for 022“14012‘ C, 56.21; H, 3.01; 0, 40,81; ,4(00H3), 36.6

Found:‘ C, 55.90; H, 2,98, 0, 40.73; (OCHB)’ 36.4
Yield, 1.35 gm, 0.00074%.

UNKNOWN

Fraction (ﬁ) was evaporated to a small volume and a yellow solid
erystallized out (before the separation of the quercetin derivative).
It was recrystallized from ethanol, m.p. 230-231°C,
inel: Galed. for CpgffOg: C, 61.91; H, 5.21; 5(00H,), 38.70

Found : C, 61.19; H, 5.42; (OCH;) , 34.62
Mags Spec: Req®d: P, 100; P+1, 22.24; P+2, 3.90

Found: P, 100; P+l, 21,99; P42, 3.81

L
e
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CHAPTER IIT

FLAVONOIDS AS PLANT GROWTH REGULATORS
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INTRODUCTION

The preliminary work described in Chapter II indicated that a
flavonoid compound, possibly quite similar to quercetin, was found to
be a significant inhibitor of oat colepotile growth, Nafingenin’
reportedly has a similar effect. ILittle ig known about the actual
physiological properties of the f;avonoids, but from these results it
seemed possible that they might Play an active role in the growth
regulation of plahts; Thercfore, in addition to those isolated in this
work, a wide variety of‘other flavones was tested for their biological

activity.

Early work with natural plant growth regulators has been focused
on determining the correlation between their action in bioassays and
the fluctuations of their céncentrations in the plant during the
corresponding growth phenomenon. Indole-3-acetic acid (IAA) was first
discovered in experiments with grass shoots. The acid was found to be
responsible for localized growth promofion (e.g. curvature) in the plant.
Similar investigations of dormant plant material first yielded abscisin
II, believed to be a major factor in the control of dormancy. The
physiological role of the flavonoids in plant growth regulation has been
the subject of considerable investigation for the past decade, but no
conclusive evidence has yet been advanced to show tha£ they éctually play
a significant part in the growth cycle. Certainly, relationshipsisuch
as those which have been demonstrated for TAA and abscisin II are scarce.
Hendershott and Walker (1) isolated naringenin (table I) from the dormant
flower buds of peach. This substance did act aé a growth inhibitor in
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" TABIE T - GONT®D -

NARINGIN:  Naringenin~7-rhamogzlucoside
HESPERIDIN: .

Hesperetin-7B8-rutinoside

PHLORETIN:  27,4,4" 6'-Tetrahydramminydrochalcons

PHLORIDZIN:

ZQB-Glucoside of Phloretin

3 5 7 3 3
FLAVANONE . =
PINOCEMERTI o | om
NARINGENIN OH | oH OH
HESPERETIN oH | . om O |+ ocH,
PINOBASKIN oH | o | om
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ISOFTAVONES
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BIOCHANNIN A oH |  oH ocH,,
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bioassajs and its content in the plant decreased during winter until
dormancy was broken. More recently, Bagni and Francassini (2) found that
naringenin, when applied at concentrations of lO-hM, completely blocked
the formation of buds in the roots of Cichorium int'@us, and even'at lower
concentrations the bud formation was significantly reduced. Phloridzin

has also been J.mpl:.cated in the control of dormancy in apple (3,4).

Sarapuu (5-7) studied young a.pple shocrbs throughout. the winter and found
that it accumulated dur:mg the summer until the onset of dormancy and then
decreased steadn.ly unt.il growth resumed in spring Hagan and co-workers (8)
reported that in grapefruit, a number of flavonoids, includ:.ng naringenin,
naringin, hesperidin and neohesper:.d:.n, reached maximum levels in July and
then decreased rapidly until late November. These fluctuat:.ons in the
levels of naringenin » phloridzin a.nd the flavones in grapefruit all
parallel those which have been found for abscis:.n II, It is interesting
to note also that both nar:.ngenm and abscisin II rea.ch maximum levels in
dormant peach, so that both compounds might be closely a.ssoclated with
this dormaney (9). Whether or not these two compounds are interrelated and
whether or not a similar relation exists witvh’ o»‘ther‘ flavonoids remains to be
seen, Analogous experimental dat'a have also asso‘ciated the flavonoids with
the induction of flowering (10), the movement of tendrils (11), disease
resistance within plants (12), and the ability of plants to root (13),

The reported findings on the action of naringenin prompted a number
of workers to investigate the growth effects of many other flavonoids., This
problem has been studied from two aspects: Their in vivo action, mainly
in assorted bioassays; and their in Vitro action, generally with IAA-oxidase.

Closely paralleling this work are a number of studies on the Physiological
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propefties of simpler phenols and phenolic acids., Comparison of these
'zfepoz'bs reveals a significant relationship, and the two must bé Ydiscussed
togsther, _ .

The first experiments were conducted in 1961 by Stenlid (14),
who tested the effects of some flavonoids on the growbh of wheat roots,
It is generally believed (15) that roots conmtain a supra-optimal amount
of IAA which acts as a growth inhibitozf. Therefore, the addition of more
of this auxin 'increas;es the inhibition while decreasing its level 7;)romotes
root growth, The flavones were tested alone for their effect on the endog-
enous systgm, and in conjunction with additional auxins and sugars, all
of which are known to inhibit root growth. Above certain concentrations,
all of the flavones acted as inhibitors. Below these critical levels - A
(unique for each substance) some compounds » pinobaskin, pinocémbbin;'

and genistein, significantly accelerated the root growbh'.' The others

had little or no effect, With the addition of the various auxins and sugars,

the inhibition normally caused by these compounds were relieved to a

considerable extent by nearly all of the flavonoids. In a similar experiment

with anthocyanins (16), it was found again that almost all of these com-
pounds alleviated the auxin- and sugar~induced inhibition of root growth.
The flavonoids which behave in this way are acting in a manner similar
to known antiauxins and possibly some sort of é.ntagonistic effects can
be inferred. But it must be broader than a simple antiauxin effect since
the sugars are also involved, |

Nitsch and Nitsch (17,18) tested the modifying effects of a wide
variety of phenols, phenolic acids and flza.’\}c;gs on the IAA-induced growth
of oat first .internode sections, They found that the monophenols
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9=, m~, p-cresol and phenol itself inhibited the growth as dld the
metadiphenol resorcinol. The orthodiphenols catechol and protqcatechuic
and caffeic acids were synergistic. Méthylation of the various hydroxyl
groups géve no clear-cut results, With the flavones and anthocyanins, the

presence of a 3-hydroxyl group gave the compounds growth-promoting affects,

€.8. quercetin, kaempferol, fisetin and rhamnetin, while, without a 3~

hydroxyl group, the activity depended upon the substitution in the mgn
ring. In such a case, the activity paralleled the pattern of the simpler
phenols. Again, methylation gave inconsistent results. The authors as—

cribed these effects to the action of the phenols and flavonoids on

_ IAA-oiidase, some acting as synergists, others as antagonists of the

enzyme. It is tempting to speculate that the 3-hydroxyflavones - act
by one mechanism, but, without the 3-hydroxyl group, act by another
similar to that of the phenols; In_compgring these results with those
of Stenlid on IAA-induced root inhibition, naringenin, genistein, : ﬁp
Quercetin and apigenin behave as might be expected, but hesperetin, which
8ave a marked reduction in the root inhibition, acted as a synergist to
the IAA-induced stem growth.

Other more recent studies have been made on the physiological effects
of phenols. Maksimov and Radkevich (19) tested the activities of a
number of phenols on the residual growth of corn coleoptlles. Over a
concentration range similar to that used by Nitsch, phloroglucinol and

Pyrogallol had auxin-like activity, while catechol, gallic acid and

hydroquinone inhibited the coleoptile growth. Bilbao (20) tested the

effect of some phenolic acids on the germination of wheat and barley,

He reported that p-hydroxycinnamic and ferulic acids inhibited germination,
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while the effects of P-hydroxybenzoic and vanillic acids were much
| less pronounced, ‘ _ .

| As mentioned above, Nitsch and Nitsch hypothesized that the flavonoid
and phenolic activities are due to their action on the auxin-oxidase
énzyme, There has been considerable work done with thie system, much
of it independent of the investigations already discussed. In 1947
Tang and Bonner (21) reported that the IAA-oxidase activity in etiolated
prea buds was reduced by exposure to l:.ght. Subsequently, Hillman and
Galston (22) accumulated experimental data indicating that this phenomenon
was due to a specific substance in the plant, and they showed that this
'materiale was present in higher concentrations in plants grown in red
light than in those grown in darkness. Mumford (23) attempted to isolate
such a substance and obtained }(h—hydrommnamolybmglucosyl)-
~kaempferol (I). It was shown that kaempferol itself was much more
active than (I). Mumford suggested that this was because p-hydroxycinnamic
acid is an excellent IAA-oxidase co-factor., Further work (24) showed that
two major compounds present in "dark-grown®” plants were a kaempferol
hexaglucoside and a glucoside of P-hydroxycinnamic acid He suggested
that red light "riggered! an exchange reaction’between these two species
to give (I).

This work inferred that the fla.vonoids.affect plant growth through
the IAA-oxidase system, Similar results were obtained by Fuyura (25) and
boﬁh’ he and Mumford conducted further tests with the flavones on mung-bean
TAA~oxidase. Munford found that although kaempferol is a strong inhibitor,
methylation of either the L%~ or 7-hydroxyl group reduced this activity
considerably, He also reporlied that naringenin and apigenin~7-glucoside
act as enzyme co-factors. Fuyura showed ,' however, that kaempferol, actually




72

ekhibiteq synergistic properties at low concentrations (10-6M) while

at higher concentrations it acted antagonistically. These two reports are
not directly comparable since Mumford used dichlorophenol in the controi
medium as a co-factor.

This work prompted Stenlid to pursue the matter further (26). He
tested a wide vafiéty §f flavones, flavanones, isoflavones and anthocyénins
on IAA-oxidase from pea roots, and found that almost all of them affect
the enzyme in one way or another. All compounds with 3t,,'-dihydroxyl .
groups inhibited the destruction of IAA, while those with only a
4'-hydrole group increased the actiﬁity of the enzyme. The only
exception to this generalization was morin which acted as.an enzyme
antagonist. In addition, Stenlid reported that a 7—hyd{9§y1 group
strengthens the stimulatory properties of A'fhdeSkyflavonoids,Abut in
itself, e.g. 7—hydroxy-2—phenyl-benzopyryliﬁm chloride, did not make the
compound active. . .

A similar study was made by Pilet and Gaspar (27) with respect to
the action of hydroxybenzoic acid on the IAA-oxidase isolated from the

roots of Lens culinaris. They found that p-hydroxybenzoic acid increased

the rate of IAA destruction while the meta and ortho isomers had
significantly less effect, Varga and Koves (28) reported veﬁy similar
results. The experimental technique employed by these workers involved
an enzyme system to which IAA and the test compound  had been added.‘ After
set periods of time, the residual TAA was measured. Zenk and Muller (29)
used a differént approach, employing the endogenous oxidase system in
"dark-grown" Avena coleoptiles to which was added carboxyl-labeled IAA.
They measured the 14CO2 which was subsequently evolved, and found that,
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as in the results of Pilet (27) and Varga (29), phloretic, p-hydroxy-
benzoic and p-coumaric acids were sﬁrong enzyme synergists. Cafi'eic‘,
sinapic, ferulic and isoferulic acids were antagonistic to the system.

As indicated earlier, most of the work described s0 far has been
concerned with the hypothesis that flavonoids regulate plant growth
through their action on IAA-oxidase s but the physiological role of the
flavonoids in growth processes has been examined from other angles as
well, Somewhat related to the work above, Schwertner and Morgan (30)
have investigated the role of IAA-oxidase in abscission control in cotton,
and how it is affected by various phenols and flavones. Thej found that,
in experiments conducted both with and without exogenously applied IAA,
p-coumaric acid, B-methylumbelliferone (7-hydro:qy—5"-methylcoumarin) »
resorcinol and p-hydroxybenzyl alcohol all acted as enzyme co-factors
and also significantly increased the abscission of cotton leaves,
Conversely, a number of substances s including catechol, caffeic acid
and quercetin acted as enzyme aﬁtagonists and also decreased leaf
,'abscission. The aclztion‘ of the test materials on the enzyme agreé well
with the other reports. These results seem to suggest that IAA-oxidase
functions in wivo to regulate the abscission process and that this
activity can be modified by the presence of phenols and flavones in a
manner which is perhaps quite well defined by structure'. Phillips (31,32)
studied the effect of naringenin on several growth and dormancy systems
and found that it could ir;duce a light requirement for the goermination of
lettuce seed, but thatlthis requirement; in turn, could be reversed with
the addition of gibberellic acid. Since gibberellic acid alone stimulates
growth » Phillips postulated that this reversal of the induced light



Th

requirement is due to a neutralization of an inhibitory sys{'.em by the
gibberellin and thatlthe state of 'dormancy in a plant is determined by
the balance between these two factors, The inhibitory system in this
case might involve naringenin., Tronchet and Vuillemin ,(33) measured

the differences in the flavonoid content betwéen gibberellin-treated
and untreated plants. They reported that the levels of flavonoids in the |

treated plants were relatively high, especially in quercetin glucosides »
whereas the untreated plants contained much larger amounts of polyphenols
and cownarin. This line of investigation, however, has not bsen pursued.
Parups (34) ha.s investigated the effects of the flavonoids on more
. spécii‘ic growth processes. He found that some flavonols and hydroxy é.ci.ds
promoted lignification inplants while flavones (wunsubstituted at the
3-position) and methoxycimmamic acid retarded lignin synthesis. Also,
since the growth and development of plants dépends s in part, on the
synthesis of protein, Parups (35) attempted to determine the effect of
certain flavones on this process. This was done_; by measuring their
effect on the incorporation of 1eucine-u"c into the protein of potato
tubers and Escherichia goli, He found that the Ai‘lavones inhibited this
process anywhere from 58-94%., As a rule, the aglycones héspezjetin,
naringenin, and phloretin were more effective than their corresponding
glucosides., It might be expected that since the glﬁcosides are more
soluble, their entry into the cell would be easier and thus they would
exert a stronger efféct . However, the data infer ‘that the unsubstituted
material is the active form and the glucosidic groups must first be
hydrolyzed by the plant. It is Jnown also that the transport of MO acids
through cell membranes may be inhibited by flavones., Thus, Parups conducted
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similar experiments with cell-free E. coli. hoping that this would
num:?j permeability and tra.nsport' problems. But he found that
hesperetin and its glucdside actually stimulated protein synthesis, and
although the glucoside of phloretin still inhibited the incorporation
of leuciﬁe to the same extent as with potato, the aglycone was a strong
accelerator of the process in E.coli. Again, results such as these
indicate that many unknown factors are involQed. The results are interestQ
ing in the light of recent work with both IAA and abscisin II. Armstrong
hés reviewed the literature on the mechanism of IAA activity (36). It
has been found that increased synthesis of all major RNA fréctions is
initiated by the treatment of a number of different culture tissues
with IAA, and that this auxin-induced growth is quite sensitive to
specific inhibitors of RNA and proiein synthesis. Absecisin II is also
thought to be involved in the formation of RNA and DNA. Overbeek (37)
found that the synthesis of theée two substances in extracts from
Lemna minor cultures was considerably suppressed by abscisin‘II. This
work might indicate the nature of plant growth. regulator activity in
general, and further investigation of thelphysiological role of the
flavonoids at this level might Be worthwhile.

As mentioned earlier, it has been hypothesized that the flavonoids
act as plant growth regulators through their effects on IAA-oxidase.

Such a theory involves inherent assumptions. It would be expected that

a substance which acts as an IAA-oxidase synergist would inhibit the IAA-

induced growth of plant stems and reverse the IAA-induced inhibition of root
growth, whereas an enzyme antagonist would have opposite effects. A
comparison of the data presented by Nitsch (17,18) and Stenlid (14,26)

does reveal that a large number of compounds behave in this way (Table II).
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TABLE II
COMPOUND EFFECT OF COMPOUND L
TAA-OXTIDASE IAM-TNDWCED . IAA-INHIB.X
ACTIVITY SIEM GROWTH = ROOT GROWTH
CATECHOL - S+
RESORCINOL ~ + | -
CAFFEIC ACID - |
SINAPIC ACID - ) &
p-OH-EENZOIC ACID  + -
p~COWMARIC ACID 4 ' -
FERULIC ACID - -
NARINGENIN + ‘ - o+
GENISTEIN + | -
APIGENIN | + - +
QUERCETTIV - + -
FISETTN - +
KAEMPFEROL - +
MORTIV - -

(+) = Promotes the indicated activity
(=) = Inhibits or reverses the indicated activity
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The list of exceptions, however, is not campletely insigxrjficant. Ferulic
acid, hesperetin, pinocembrin and biochannin A do not act according to
- ‘the. hypothee:.s. Two of these are methylated derivatives o;f.' compounds
-_}.z-_f,;_;’whz.ch do hehave a.s expected, and these results serve “bo emphasize that

: _f.”?'there ar a-v-‘nA r :'of fac‘tors in operat.:x.on, some perhaps involved with

methox:y'l groups _ which ha.ve not yet 'been fully character:.zed.

results raise some doubt-s agamst the va]idi‘by oi‘ the hypothesn.s by

:.nferrlng that the flavon01ds a.re act:mg as a simple :x.nterference factor

of any la.nd However, :.n new of the reporbed action of naringen:.n in
'peach_ a.nd the.' s'budn.es of Mwn.ford a.nd Fuyura (23—25) ’ ::b :x.s apparent

v ‘bhat some flavones do exert physiolog:.cal ai‘fects > and the resul‘bs of
' Stenlid wn.th the sugars mlght be taken as con.ncldental o

Another po:mt at wh:.ch theee sbudles are a:.med n.s the ques’o:.on of

Generally,

-.normal phys:.olog:x.cal processes and are not ree.ly endogenous regulators oo e

relat:.onsh:.p between structure and act:.vity. A 1ack of experment.al data |

';does not permt any conclusive results, bub with those avai]able :..t s

: 'seems apparent that a 3—hydroxyl group g:.ves a flavone enzyme arrbagomstic
' -‘.propertn.es regardless of the rema:.ning eubst:.tubn.on pattern. Beyond this y :
litt.le else can be said wrbh any degree of val:.dn:by. ‘ -
The next questlon which must be raised is the effect of flavono:x.ds

on the endogenous growth of plant ‘bissue. To assume ’ohat such compounds

control the growth 'hhrough their action on the naturally occurring oxidase
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system within a plant further implies that those substances which are

antagonistic towards the enzyme Wlll promote endogenous stem growth and

inhibit the root growth,‘etc. The very existence of”endogenous‘IAA—oxidase :

“Aven coleoptile sections and measured the ;'l*co2 which was evolved. They;fﬁxfi

‘and Jerhaps in_alspecific manner.‘ This latter fact would need to be

_,irmed;with further experiments on IAA labeled at different positions.A
Unfortunately, at this pOint, the experimental data on. the effects': o

‘o the flafOHOIdS and phenols on endogenous plant tissue growth are 1n-f, .f'h

;sufficientffor discussmon. Only Stenlid (14) has 1nvestigated this aspect, ?'H

'u51ngithe_root growth test and the results obtalned are . far from conclu31ve;d:7

Naringenin, apigenin and biochannin A, all of which are enzyme synergists,

lexhibited'no effects on the endogenous root growth Hesperetin was an.

jj{;enzyme,antagonist but also promoted root growth while pinocembrin, also ’“f
Jfgﬁa root stimulator, did not affect the enzyme activ1ty 1n v1tro._ﬂy B
'vrﬁit"lt might be argued that the use of a root growth bioassy is not valid. _'d
”’:'nghe inhibition of root growth is caused by supra-optimal concentrations
'tvof IAA but the mechanism through which this 1nhibition occurs : |
| is stlll unknown. It has been suggested that the mechanism is
significantly different from that of the growth promoting effects operative

at lowerconcentrations. If this is the case, it does not seem unreasonable
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that the results from such a bioassay would be incdonsistent with those
from stem growth experiments. This would apply to both residual and
IAA-induced growth. |

Thus, 1t 1s the purpose of thls report to 1nvestigate more thoroughly

A xthe effects of the flavonolds on endogenous growth systems, and w1th

‘{r:these addltlonal data, to further examine the IAA-oxldase hypotheszs.

' ffbAlso, the relatlonshlp between the structure of flavonolds and thelr

:r%rfreffects on endogenous growth will be examlned 1n detail.




MATERTALS AND METHODS

Twenty flavonoids were tested for their biological activity on oat
coleoptile sections. The tests were conducted without the addition of
any auxins or co-factors such that the growth system would remain
completely endogenous. The flavonoids encompassed a wide range of hydro-
xylation patterns, from flavone itself to the hexahydroxyflavone myricetin.
‘Ina number of cases, the hydroxyl groups were methylated and the effects

of these methyl groups were also studied. The compounds and their o

'f,:structures are listed in Table III.t Of the twenty flavonomds tested,

| 'ffiflavanone, -hydroxyflavone and its O-methyl ether, 7—hydroxyflavone,

and the methyl ethers of quercetin and myricetin are not known to occurdb
.1n nature.“ Flavone has been found 1n only one family of plants, the |
7:Pr1mula species, and, within this group, 1ts distribution is quite ‘
extenSive._ However, it is found in the plant as a heterogeneous white B
‘d:substance depOSited on the leaves and stem of the plants and it is :1'77rl

.etherefore believed to be produced only by an aberrant biosynthetic

| "':,pathway The distribution of both quercetin.and myrlcetln is exten51ve,

. these being two of the most common flavones known.‘ Apigenin als0’is"

distributed in a- conSiderable number of plants._ It was first 1solated
from parsley seed in 1901 and to date, at least Six O—glyCOSides as
well as a larger number of C-glycosyl derivatives have been deseribed

in the literature. Acacetin, the 4-O-methyl ether of apigenin is fairly

common too, having been detected or isolated from Linaria, Robinia and
Ammi species and in the heartwood of various Prunus species. The

47 ,7-di-0-methyl derivative, however, has been reported only once, in



Flavone

Flavanone

ai~f: TectochryB1n

Aplgenln

‘J»ff:Acacetln e

'7-,AFiséﬂin

Datiscetin

" Quercetin

Morin

Myricetin

Naringenin

TABLE III

    3-Hydroxyf1avone-f  }”
'fﬂiig_Methoxyflavonelﬁ[ "  

}," 7LHydroxyflaVOnepaiﬂL" f . S
5  f“ ,7—Dihydr0xyflavone ;;fsﬁlJljf  wn>‘%
-ﬁ“gﬁi5-Hydroxya7-methoxyflavone o
.',k'149,5,7..'1*mhydro:qyf1avone o

,7-Dihydroxyhh'-methoxyflavone

, 4‘5-Hydroxyhh9 7;d1methoxyflavone .
fB,B*,h' 7-Tetrahydroxyf1avone B

2?,4',5,7LTetrahydroxyflavone '

; 3,3?,h?,5,7-Pentahydroxyflavone

5-Hydroxya3,3?,4? 7¥tetramethoxyflavone

v‘2?,B,A?,5,7—Pentahydrexyflavone
'S-Hydraxy—z?,3,h?,7—tetranmthoxyflavone
“:3,3',h’,5,5',7—Hexahydroxyflavone‘

3537541 ,5,5% ;7-Hexahydroxyflavone
47,5 ,7-Trihydroxyflavanone
5 5 7-Dihydroxy-/, t-methoxyf lavanone
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birch buds. Chrysin is the simplest flavone that can be formed
through the shikimic acid pathway. Chrysin and tectochrysin are not
" widely dlstrlbuted in the plant world but have been found in the wood

of a number of. Pinus and Prunus species. The 2'-hydroxyflavones are

- rare also. Only two, morln and datiscetln, are known with certalnty to

_ exist. Morln appears in the wood of several SPGCIGS of Moracea and

datlscetln has been detected only in: Datlsca cannablna.' Fisetin, the

5—deoxy derivatlve of quercetln, has a somewhat s;mllar dlstrlbutlon,.,

»,hav1ng been found in Betea, Rhus, Querbracho and Gledltschla. Narlngenln

| “‘,‘was flrst 1solated from Cltrus in 1885, but 1ts dlstrlbution seems to be

‘_11m1ted also, occurrlng malnly 1n specles of Prunus.
A more complete dlscu581on of the occurrence and propertles of these
d: flavones can be found in the llterature clted earller.
» w: None of the compounds used in thls work has prev1ously been tested for
’ 1ts physmologlcal activmty on an endogenous stem growth bloassay. The
only other reported use of an endogenous bloassay test is that ofvStenlid
7(10) He used the wheat root bloassay on a few of the compounds tested
in this work 1nclud1ng narlngenln, chrys1n, aplgenln, morin and quercetln;
Flavone, flavanone, datlscetln, 7-hydroxya and 3—hydroxyflavone and its
- O-methyl ether, and the ethers of quercetln, myrlcetln and morln have not
previously been tested in any way for their blologlcal growth effects.

The need for a thorough series of experiments‘involving the effects
of the flavonoids as endogenous plant”tissue growth was emphasized earlier,
The use of the particular bioessay employed in this work was prompted by |
two factors. The flavonoid growtn inhibitory fraction originally

separated from the extract of birch leaves was detected by means of this
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assay. In addition, the oat coleoptile bioassay, as described by

Nitsch and Nitsch (39) is a simple but very sensitive test, especially

towards growth inhibitors.

The flavones were tested for their activity over a range of con-
centrations from 0. 00001 ma/mt (~1o‘"9M) to 10,0 mg/ml (~10~%M), Since
most of compounds tested were 1nsoluble in water or the buffer-sucrose
medlum used in the tests, the solutlons of the flavones were prepared
with common organlc.solvents,,ecetone,_d;chloromethane, methanol,
pyridine,.which werelsﬁbseqnently,removed byhevaporation. Control
experiments were run simulﬁaneously,'Both with'thevorganic solvent
reSidues end with the buffer;SucroSe soiﬁtion alone. The resuits
with these control tests 1nd1cated that the solvents contained no
residues smgnlflcantly toxic towards the coleoptlle sections.
Therefore, thls method of quantitative appllcatlon of the test
materlals was quite satlsfactory. Four to siX runs were made with
each flavone and the results, expressed as a percentage of the growth
of the controls, were averaged. These are presented in graphical
form in the next section. |

Five flavones, apigenin, naringenin, fisetin, flavone and flavanone
were tested also for their biological actlvity on oat coleoptile

sections in the presence of exogenously applied IAA.
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RESULTS AND DISCUSSION

Of the twenty flavones tested, only five exhibited distinct
biological activity within common "physiological concentration" ranges.,
These are flavone, flavanone (figs. 1,2), naringenin (fig.S), datiscetin
and fisetin (figs. 12,13), all of which acted as strong inhibitors of
residual coleoptile growth. However, both fisetin and flavanone acted
as moderate growth accelerators at very low concentrations. The activities
of both flavone and.flavanone have not previously been observed in any
biological test of this type, and these results are viewed with éomé"surprise.

The significance of their biological activity is considerable and will be

. discussed in some detail later. The 3-methoxy derivative of flavone (fig.s)

also appeared to give a moderate growth promoting effect at a very low
concentration, but, above this level CV’lO-BM), it inhibited the coleop-
tile growth considerably. Quercetin (fig.l4) had a slight inhibitory

effect above 10-5M and myricetin (fig.l18) behaved in a similar manner,

except that the inhibition was more pronounced at higher concentrations.
~ Since these two compounds have essentially no activity when presént in

K smaller amounts, the type of growth inhibition exhibited by these

compounds probably can be attributed to a toxic effect. Tectochrysin
(fig.7) gave a weak but constant growth iﬁhibition over the entire con-
centration range while morin (fig.16) accelerated the growth slightly,
also to a constant level over the whole fange. These effeéts could be
due either to limited solubilities of the substances in the test medium,
or to their limited uptake by the plant tissue. The remaining compounds

were all inactive in the bioassays. -
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The oat coleopt:.le b:.oassay gave results which were genera.lly con-

B sistent from one test to. a.nother. Four tests%re run i‘or each compound

when the pPhysiological effects were large s six were run when the effects
wora not pronounced., Due to the hlgh reproduc:.b:.lity obtained in these
tests, the results can be discussed and interpreted with a reasonable
degree of confidence, However, two points must be raised Since ' .
such a large proportion of the compounds did not show any net growth
effects ,l'it could be argued that the lack of activity was due to the
lﬁited solubility or uptake of lthe ﬁaterials in question. However,

' there is no reason to assume that more of these flavones should be

active in the first place, Also, if any of these "inactive™ compounds
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had pronounced physiological activity in a naturally occurring system,
the activity probably would have shown up in & mamner similar to that

of morin and tectochrysin. Second, the at, coleoptiie test'_ié niot,

as sensitive to growth accelerators as the first internode test, and
perhaps"‘bhe growth promoting effects of ‘some of the flavones were

. significantly moc.:lified. This is a valid .point and emphasizes a limitation
to the experimental procedure. However, the sensitivity of this coleoptile
bioassay to groi«rbh promoters is quite sufficient for the purpos.e of this

work and it will become apparent in tlie ensuing discussion that thi.s
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llm:.tatn.on has l:.ttle bea.r:.ng on the overall resul'bs. |

i The exper:.mental resulte obtan.ned from th:l.s work can be exa.mmed'
: i‘rom two aspects 'bhe:.r bearing on bhe IAA-o:u.dase ’cheory, and the | .
rela.t:.onshn.p ‘between 'bhe structure of the flavono:.ds and thelr effects -

o on the endogenous growbh system. The IAA-ox:Lda.se theory, a.s d:.scussed

prev:.ously, states that some flavono:.ds act as plant grow'bh reg«ﬂ.atorsv
and exert th:.s :.nfluence through their act:nrlty on an IAA-o;uda.se
enzyme system w:.th:.n the plant A compound wh:.ch act:.vates th:.s emyme
‘1n vitro should :th:x.bit the resn.dual growth of plant tlssue s and a
compound wh:v..ch is an enzyme antagon:.st would st:x.mulate the t::.ssue growbh
Examination of the data from the growbh experlments conducted by Stenlid
(26) reveals a considerable number of cases which are inconsistent with
. this hypothesis (Table IV). Morin » an enzyme 1nh1b1tor and na.r:.ngem.n s
an enzyme sjnergist > behave in the manner predicted in the coleoptile
growth assay‘. However, quercet::.n and myricetin, both enzyme arrtagonn.sts )
have no growth promoting efi‘eets -on the coleoptiles, Fisetin » & strong
enzyme inhibitor, also strongly inhibits the coleoptiles, and apigenin »
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TABLE IV —

EFFECT ON:

IAA-OXIDASE ENDOGENOUS
STEM GROWTH
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an enzyme synergist, does not effect the coleoptile growth to any extent.
It becomes quite evident from these results that the relationship between
the action of the flavonoids ‘on in vitro IAA-oxidase and their effect
upon endogenous stem growth is obscure, if it exists at all., The studies

~ of Mumford (23), Fuyura (25) and Zenk and Muller (29) do suggest that .

) there 1s an IAA-oxldaee syetem n.n growing pla.nts and 'bhat its activity

: can be mod:.fied by lmempferol and 1ts der:.vatlves H the stud:.es of N:ubsch
| ', '} (18) and Stenlid (26) show qu::.te convn.ncingly tha:b ihe beha.vn.or of’ several |

| flavones towa.rds 1n vitro IAA-o:uda.se a.ndIAA :.nduced' stem growth is |

: closely rela ed, '}and"the experimente endence presented here certa:.nly

">.~t~v-does demons'brate 'bhat some fla.vones influencen endogenous coleopt:.le growth e

L ap:.genin_ were 1ma.ffe :ed by the exogenous a.uxin The activity of aplgenin

4n thls case does confllct with the results of Nltsch (18)1“}Thls might
‘b-v‘be due to the absence here of the glucoside group ’. bub this anomalous
' 'beha.vior has little bearing on the overall diecussn.on. "‘he presence of
IAA removed ’che strong :thib:.tor act:.on of fisetin and th:.s flavone '
actually promoted growth to a slight exbent, agree:.ng with Nitsch, The
growth inhibition of flavanone was also destroyed. If the behaviors
of flavone and flavanone in the presence of exogenous IAA reflects their

probable behavior on an in vitro IAA-oxidase system, this would further
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emphasize the lack of relationship between the effects of the flavones
on endogenous growth and in vitro enzyme actIVltY.i Thisllatter point
however is purely speculative.»

One poSSibility does emerge from all of these studies. Stenlid (lh)

:*';hhas suggested that the flavonOids might have two different roles in

e ;égrowth regulation, one which affects the activity of exogenously applied

ﬂand the other,g.z

o not necessarily related to the first ‘is ‘perative only on endogenous k

L:growth systems.i This latter effect could»conceivably:be_exerted through

system, but this ould yet have to be

fdemonstrated., Such an approach is quite appealing and”is worth

E A detailed examination of the results from this work the effects

lyof the flavonOids on a purely endogenous system, reveals that few, fh: f_
..1f any, concluSions can be reached as to an explicit relationship

vbetween structure and the growth regulating effects of the flavonOids..

With the three hydroxylated flavones which act as strong growth inhibitors,f

,the only common structural feature is a 7-hydroxy1 group., This particular o

group may be a maJor factor in their actiVities, but in itself is not

sufficient .as 7—hydroxyflavone is completely inactive. The strong

- inhibitory effects of flavone and flavanone indicate that hydroxyl
- groups are not actually a necessary requirement for biological activity,

 and suggests quite conVincingly that the molecular skeleton is intimately

assoc1ated with the phySiological properties of the flavonoids. That
these two substances act as inhibitors within the range of vphysiological

concentrations™ infers that the effects are not of a toxic nature. Even
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at higher concentrations there was no visible evidence of toxicity.

It might be argued tnat, since flavone and flavanone have no hydroxyl
group substituents, the mechanism through which they inhibit the -
coleoptile growth is‘significantly different from mechenism of hydroxy-
flavone activity. One fact counters thls ‘argument. Naringenin was

found to be the strongest growth inhlbltor of all the compounds tested.
1However, aplgenln, which structurally 1s s0 closely related to naringenin,

'bfyhas no act1v1ty at all These flndlngs tend to conflrm that the skeletal

*]fistructure of a substance plays a maaor role 1n determlnlng 1ts physmologlcal

zrf,act1v1ty., But the substltuents play more than a 81mple modlfwlng role.

":ﬁThe presence of a 3- or 7-hydroxy1 group completely destroys the activity

"gof flavone-; Although flsetin is a strong growth 1nh1b1tor, insertlon of

'“f;a 5—hydroxyl group, as 1n quercetln, also removes 1ts effect.' The '

>Tff5subst1tuents in the "B" rlng play an equally 1mportant role.- Datiscetin

""fls a strong 1nh1b1tor but 1ts h'-hydroxy derlvatlve, morln, 1s a weak

,:fngrowth promoter. The presence of an addltlonal group at the 5' posltlon,

: myrlcetln, in turn, destroys thls growth promotlng effect The structural

'u~frequ1rements for blologlcal act1v1ty 1nvolve one addltlonal factor,

“rMethylation of the hydroxyl groups gave completely mlxed results. The
7-0-methy1 ether of narlngenln 1s 1nact1ve at hlgh concentratlons and
acts as a weak growth stlmulator at lower concentratlons. Conversely
the methylatlon of morin removes its growth promoting ability. Although
3-hydroxyflavone is inactive, its methylated derivative is a growth
promoter below 10-5M but is an inhibitor above this level, perhaps due
to toxdcity. On the other hand, methylation of both myricetin and

quercetin removes their toxic effect which are evident at high concentrations.
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It is guite obvious from these facts that a number of complex and
interrelated factors are involved in these growth regulatory activities.

Neither skeletal structure, type of substituent nor substitution

pattern are independently involved. It is impossible at this point tec

derive any generalizations, but this is not surprising, considering the
complexity of the "simple™ growth system used in these fests. The
mechanism through which the flavonoids exert their effects must first
be characterized,‘probably1at a more fundamental level, before questions
as to structural effects can bg answered. Of course, this is true also

for the other plant growth regulators, the auxins, gibberellins and kinins,
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EXPERIMENTAL

Melting points were recorded on a calibrafed Fisher-Johns apparatus.
All solvents were redistilled before use and all test materials were
recrystallized, 5-Hydro:qy;3,39,l..? sT-tetramethoxyflavone and 3,3t ;4' 29351,
7-hexamethoxyflavone were obtained as described in Chapter IT. The
other flavonoids used in this work were obtained commercially, except
for those which were prepared as described below. Diazomethane was
prepared according to Vogel.(40).

=METHOXYFLAVONE .

One gram of 3-hydroxyflavone was dissolved :.n 200 mls of absolute
ether (diethyl efher) . The solution was cooled to =20°C and an excess
of diazomethane solution was’ sldwly added, The reaction mixture was

allowed to warm to room temperature and was then ovaporated to dryness

under vacuum at 40°C, A solid residue remained and it was crystallized

from ethanol, m.p. 113-1L4°, Lit, 114°C (41). Yield: 1.04 gu, 96%.

o—=HYDROXY-/,? . 7~-DIMETHOXYFTAVONE

One gram of 49,5 sT=trihydroxyflavone was dissolved in 25 ml of

| pyridine., The solution was cooled to —-20°C and treated with diazomethane

as described above, After evaporation, the solid residue was crystallized

from ethanol, m.p. 131.5°C, Lit. 131°C (41). Yield: 1:10 gns, 93%.

41 . 5=DIHYDROXY~7-METHOXYFTAVANONE

Neringonin, 2.72 gns, was dissolved in CH.CL, and cooled to <750,

Diazomethane, 0.01 moles, was slowly added with vigorous stirring, The
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solution was evaporated under vacwim and the solid residue crystallized

from CH2012, m.p. 151-152°C, Lit. 152°C (41). Yield: 2.22 gms, 77%.

BIOASSAYS

Seven solutions in a concentration range from 10 mg/ml to 0.00001
mg/ml were prepared with each flavone using an appropriate solvent. 1 ml
of each solution was placed in a 10 ml beaker and then evaporated to
dryness under vacuum for 4 hours. Thfee control beakers ﬁere prepared
in a similar manner, using the solvént alone, Two mls of a solution
containing 2% sucrose and a buffer at pH5 (kzﬂPdh 1.794 gu/ml + citric
acid monohydrate 1.019 gm/1) were put into each beaker. Three other
control beakers contained this sucrose-buffer solution alone.

Oat seeds, var. Brighton, were soaked in tap water for two hours
and then planted on wet vermiculite in plastic trays. These were
exposed to red light (39) for 4 hours, covered with a thin layer of dry
vermiculite, and then grown in the covered trays at a 45° angle for 3 days
in darkness. Coleoptile sections, 4 mmllong; were cut 3 mm from tﬁe tip of
each shoot and ten of these were placed in each beaker. The beakers were
covered with "parafilm" and incubated in darkness for 20 hours with a
gentle, random horizontal agitation. All work was done undef green light
(39) and the temperature was kept constant at 26°C. After 20 hours, the
sections were placed on a calibrated transparency on an'overhead projector,
and the lengths of the section were measured from their projected images
on a screen. Four to six runs were made with each flavone. The results
were calculated as % growth of that of the controls and these were averaged

for all runs. The results are plotted as molar concentrations.
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CLAIMS TO ORIGINAL RESEARCH

A thin-layer chromatographic/method was devised to give maximum
separation of the components of the acid fractioﬁ of a methanol
extract from birch leaves.

Eluates from two zohes of the chromatogram shoﬁed some inhibitory
activity towards the residual growth of oat coleoptiles. One zoﬁe

probably contained a'fafty: acid, and was presumed to inhibit

growth by virtue of its toxicity. The other zone appeared to- -

contain one or more flavonoid compounds.

Large~-scale fractionation, using chemical techniques of an extract
of birch leaves, &ielded quercetin, ellagic acid and O-methyl ethers
of gallic acid, ellagic acid, quercetin, and myricetin.

The isolation of hexa-0-methyl myricetin represents the first time

it has been isolated from any plant material,

Evidence indicated that the ellagic acid ether isolated from the

leaves had been at least partially methylated in its original

state. Thus, this is the first reported iéolation of a methylated

.derivative-of ellagic acid from species of Betula.

Twenty flavonoid compounds were tested for their effects on the
residual growth of oat coleoptiles. These included the first plant-
gfowth‘bioassaysof any kihd conducted with the followipg compounds:
flavone, flav#none, datiscetin, 7-hydroxyflavene, 3-hydroxyflavohe,
3-methoxyflavone, and the methyl‘etheré of quercetin, myricetin

and morin.

In these bioassays naringenin, fisetin, datisceiin, flavone and

flavanone were found to act as inhibitors of growth. This was the
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first observation of such activity by the latter three compounds, -
When added indoleacetic.acid was present in the bioassay medium,
the inhibitory effect of flavanone was completely removed, and
the response to fisetin was altered. The responses towards
flavone, apigenin and naringenin were essentially unchanged.

The results of the bioassays were examined in the light of a
current theory on the mode of action of flavonoids which suggests
that they act on the indoleacetic acid-oxidase'enzyme. The
present evidence leads to the conclusion that while the theory
may be valid for some active flavones, it does not hold for all;
and another mechanism must be sought.

The biological act;v;ty of flavone and flavanone 1nd1cates that
the presence of phenolic hydroxyl groups-is not always necessary
in compounds that are inhibitors.



