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 PREFACE

The work to be‘descfibed was undertaken as a
cooperative project of the departments of Chemistry,
Horticulture, and Agricultural Chemistry at Mibhigan
-State College, It wés initiated as a result of the
interest of Dr; 5. H., Wittwer in the reproductive
physiology of the corn planf. The primary aim of the
study was to isolate and characterize, if pﬁséible,-
the plant growth regulating substance or substances
which could be extracted from corn pollen with ether..

Barly in the investigation it was apparent
that fhe ether exﬁracts also contained a pigmeﬁt,-
which could be purified readily and which had not
previously been identified. Although the ldentifica-
tion of this pigment is only remotely related to the
© original aim of the experimentalbwork, 1t represents
another addition‘to man's store bf knowledge concern-
ing the corn plant, Fof this reason, the ildentifi-
cation of_fhis pigment Wiillalso be described. Thus,
the thesis will be divided into two chapters, the
first.dealing with the study of the growth regulators
in corn pollen, and the second concerning the identi-
fication of one of the yellow pigments‘in.the pollen,

The author wishes to express his sincere thanks
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to Dr, S. H, Wittwer for generously assisting with

the biological assays, without which a study of the
growth regulators in corn pollen would have been an
imposéibility, and to Professors H. M, Sell and

~ C..D. Ball for their friendly. counsel and encourage-

" ment,
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CHAPTER I
CHEMICAL STUDY OF PLANT GROWTH REGULATORS IN POLLEN

FROM ZEA LAYS
I. HISTORICAL PACKGROUND

- The concept of naturally occurring,plant growth
regulators is a compafatively recent development. It
began ﬁithﬂthe observations of Fitting (8), who in
1909 feported that ap?lication-of aquecus excvracts of

- the pollen of Phalasnopils amabills or of the pollen of

Aerides odoratum to the stigmas of the blossoms from

“either plant would cause the gynostemia to swell,

"Growth regulators from sources other than pollen,

Shortly after Fitting had described his experiments
with orchid pollen, Boysen-Jensen (3), (4) published
his experimentalfobservations of the decapitated

B

coleoptiles of Avena sativa seedlings. His work

showed tlééfly thét phototropié movemenﬁs'of the coleop-
tile occurred through a mechanism_involving production
at the site of illumination of some chemical subsbance
which was then transmitted down the stem to the elon-
gating cells,

Subsequent progress was slow until K8zl and co-
aq g &
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workers isolated auxin a (12), (13) and heteroauxin,

or 3~indoleacetic acid (16), from human urine. The
starting material for thls isolation obviously was not
a plant material, but Kl#gl and his associates soon
demonétrated that the'auxin {(or heterocauxinj content

of human urine probably arose from ingested foodstuffs
of vegetable origin (14). Later, these same investi-
“gatofé obbained suxin a and auxin b from corn oil (15).

The more'receht,isolation of 3-indoleacetic acid
from iﬁmature corn kernels by Haagen-Smit, Dandlicker,
Wittwer, and NMurneek (10) can leave no doubt that
B-indoleacetic.acid is indeed a growth reguiatof‘hormal-
1y present in plant tissues,

Unfortunately, the positién of auxin a and suxin b
has remained somewhat confused. Only Lbgl and hié
associates have reported isolating auxin a or auxin b
from any source. Hatural products which might serve
-as precursors for auxin a and auxin b In the plant are
‘not known. U¥No analyticél method independent of bio-
logical assay methods has been developed for auxins a
or b. The "acid stability test", which was devised by
K8gl and co-workers to demonstrate the presence of‘

auxin a in the tips of corn seedlings (17) has been




shown to be unreliable”. Tor these reasons, the
presence of auxin a and auxin b in plant materials is

disputed. by some workers.

Growth regulators from pollen,

Severa&minvestigators besides Fitting have stud-
ied the effects of application of pollen extracts to
various pidnt Tissues, Laibach (20) found that extracts
6f polleﬁ of orchidé would stimulate the eibngation of
the Avena coleoptile as well as initiate tThe enlarge-
~ment of the gynostemium and ovary of the orchid blossom.
Laibach and co-workers found that application of a
lanolin paste of the extract of orchid pollen to inter-

nodal cut surfaces of Coleus or of Tradescantia stems

would cause callus formation (22) and initiate root
development (23). La Rue (24) observed that s lanolin

paste of the pollen from Populus crandidentata or the

spores of BEgulsetum arvense delayed abscission of the
petioles of Coleus leaves from which the leaf blades
had been removed.  Gustafson (9) found that a lanolin

paste of the chloroform soluble material from corn

pellen applied to the cut surface of the pistil of a

Unpublished observation of A. J. Hasgen-Smit and

C. T, Redemann.
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Salpiplossis blossom would cause the ovary to swell,

And more recently, Mitchell and Whitehead (26) found
that application of the ethef extractible material
from corn pollen to the intact epidermis of the first
internodes of Phaseolus seedlings would cause cell
elongation at the site of application.

The studies of Mitchell and Whitehead indicated
thét the cellular responses to the corn pollen extract
‘were not identical with those which resulted from the
application of 5-indoleaceticiacid. Since the task
of collecting large quantities of corn pollen 1s not
_impbssibly difficult, it seemed that corn pollen should
be a frditful material to study chemically in the hope
of re-isolating auxin a or b, or perhaps of even lso-

lating a new plant growth regulator,.
IX., METHOD OF BIOLOGICAL ASSAY

Experimental details.

The first question fo be ahswered concerned the
cholce of an assay method. The ideal bilological assay
would be simple, rapid,and specific for one substance,

It was decided that an adaptation of the assay method
for growth promoting substances described by Laibach (21)

would be satisfactory, although it did not represent




the ideal assay method.
The procedure used was simple;‘for it consisted
of applying unilaterally to the first internodes of

bean seedlings ( Phaseoleus vulgaris, variety Tender-

ggggg) a lanolin sq}utionvof the test subsfancé. Four
mm. dlameter looﬁs of>#22 B. and 3. gauge nichrome wire
éerved as appllcators, permitting treatment of each
élant with between 5 and 10 mg. of lanolin solution.

The prééédure was also rapid. The maximum curv-
'aturééiwere reached within a perlod ranging from three
£§ tWenty-four hours, depending upon the intensity of
illumihatipn and the greeqhouse femperature at the
time. Intensé illumination and high'temperatures )
favored the more rapid résponse.

Thé specificlty of the assay hethod‘is open to-
question, The posSibilityFOf coﬁfusing the' responses
of the assay method tovmore than'one compound during
the course of the isolation studies seemed greaﬁ.
Since no ﬁore specific assay method was available,
however, this risk of confusion was accepted as un-
avoidable. |

Durihg the'eérly experimental work, Merck's
anhydrous U.S.P. lanolin was used as a diluent for the
material testéd. Lanolin had been used repeatedly as

a diluent for growth regulators by various workers .
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since the original:suggestion of Laibach (21), and we
accepted its use without.question. The observaticon that
every method of fractionation attempted seemed to result
in appreciable loss of activitylwés attributed to the
chemical instablility of the growth regulator, Finally,
) Quélitative'tests showed that the lanolin used contain—
ed appfeciable guantities of an oxidizing agent which
was probably responsible for the inactivation of the
growth regulator, It was found that repiacing the
lanolin with that portion of the lipilid from corn pollen
which was more soluble in petroleum ether than in 75%‘
eﬁhandl.(see_p.SO) avoided this loss. Since the
presence of the 6xidizing agent in lanolin was not
detected untll very nedrly all the isolation studies
had beent:ompleted,'no attempt Wili be made to establish

quantity vs. specific activity balances.

Interpretation of assays.

/ After a solution containing the propér concentra-
tion of a gréwth-stimulating substance has been applied
to the first internode of a bean seedling, the cells
on the same side of the stem to which the material
was applied develop more rapidly than those on the
opposite side, The resulting effect is a bending of

the stem away_frbm the site of application, or the




development of a "negative curvature'.

When awsolution.containing a concentration of
growth—promoting substance considerably higher than
that requirea to ﬁroduce a negative curvature 1is
appliéd to the first internode of a bean seedling,
anothér: effect may be observed. The rate of diffusion
- through the tissues, the rate of elongation of %the
plant cells, and the rate of conduction along the
vascular system of the plant interact 1is such a way
that the bean stem curves toward the side on which the
test substance was applied. fhis type of response is
spoken_of as a "pbsitive'curvature”. e
’b It is alSOPPOSSiblebfor a substance'which is a
growth inhibitor to cause positive curvature of the
stem of the bean seedling. If the compoﬁnd responsible
for this positive curvature is only an inhibitor, no

dilubtion, howsver great, will initiate a negative

 d

curvature in the assay plaﬁt; i it 1s a stimulator,
some ailution should give rise to a negative curvature,
Thus, bj assaying a series of dilutions of the test
substance, one nay distinguish a growth inhibitor from
a stimulator, |

Photographic evidence for the relatinship between

concentration and type of curvature produced by the

growth regulators in corn pollen ether extractive




is shown in Figure L,

Figure 1. Curvatures induced on bean seedling inter-

nodes six hours following application of ether
'éxtractive from corn pollen to first internodes.
Upper left: Plants treated with aTBO% solution
in lanolin., Upper right: Plants treated with a
33% solution in lanolin. Lower left: Plants
treated with a 50% solubtion in lanolin.

Lower right: Plants treated with undiluted material,




IT1I. SOURCE OF MATERIAL

Pollen collection,

Mitchell and Whitehead (26) had eﬁployed-the
bagging method of obtaining corn pollen from the tass-
els. As this method was rather laborious, another,
simpler method was desirable. The method of Anderson
(1) seemed like a suitable possibility, for it consist-
ed of'femoving the nearly mature tassels from the
plants Jjust before the anthers shed their pollen,
placing fhe tasséls on a clean sheet of paper indoors,
and shaking off the pollen after é»time. This mgthod
would permit a great quantity df pollen to be collected
with a minimun of effort.

Fifty tassels of sweet corn, Zea Mays ( variety

Golden Cross Bantam ) were collected and placed in-

doors on wfapping paper on the same day that 50 tassels
were bagged. On the following day, @he bags were
removed-from the plants, the pollen samples combined,
and the tassels which had remained indoors were shaken
over the paper on which they had been placed, and the
discharged pollen was separaﬁed by sifting. From

the 50 bagged tassels were obtained 18,5 gm. of pollen.
From the 50 tassels removed from the plants before

collection of the pollen were obtained 9.3 gm. of pollen,
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Thus, it appears that collection by bagging gives a
higher yield.of péllen per tassel than collection by
the "tray method", .

Following collection, each sample of the pollen
vras covéred'with efhjl ether ( about 50 nl,) and
permitted to stand 2 days at room temperature. The
pollen was filtered off from each ethyl ether cxtract
with suctioh and the filtrates individually evaporated
to dryness over a hot water bath, Almost twice as much
- residue remained in the flask containing the bag-
collected pollen extractive as did in the flask con-
taining the.tray-collected‘pollen extractive. When
the residues were applied to the bean plants, that from
the bag collected pollen produced a strong nggative
curvature, whereas that from the tray collected
produced only a slight negative'curvature. The srowth
regﬁlatory'substancés yere elther present in consider-
ably smaller concentrations in the tray collected
pollen than in the bag collected, or elso’théy vere
leSS'feadily extracted. This observation, combined
with the differences in quantity of pollen obtainable
by each method led to the adoption of the bag collect-
lon ﬁethod of litchell and ¥Whitehead in our further

WOrk.,
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Extraction of pollen.

The cholice of a solveﬁt with Which to extract
th§ pollen was based primarily on the findings of other
workers. Gustafson (9) had used chloroform to extract
the ovary-enlarging factor from corn pollen. Wittwer
(33) had used 95% ethanol to extract the stem cell-
elongating fdcth, while Mitchell and Whitehead (2¢€)
had used ethyl.ether. Since ethyl ether extracted a
Vsmaller portion ofvthe total weight of the pollen than
did 95% ethanol, and since it was more readily removed
from the extracts than chléroform, it was selected as
a solvent.

.Iﬂ a typieal extraction, 2 kg. of freshly collect-
ed .pollen were placed in a 5 1. Florence flask within
6 hours of the time of collection. The pollen ﬁas
covered with peroxide-free ethyl ether and permitted
to stand for a day at room_temperature. Pefiodically
during éxtractioh the ether was kneaded into the
dough-1like polleﬁ mass with a stout plass rod. The
extract was then decanted and replaced with frésh
ether, and the entire process repeated. This extract-
ion and decantation was subsequently repeated at daily
intervals until ten fresh portions of ether had been

used for each flasl of pollen, The combined ether

Pl

extracts were concentrpted by distilling off the ether
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through a Vigreux colummn, the lést traces §f solvent
being removed by evacuating the flask containing the.
extract. In this manner, there were obtained 126 gn.
of éther extractible lipid from 6,26 kg, of Golden

Cross Bantam and 304 gm, from 7.89 kg. of Ohio M-15

hybrid field corn. This ether extractible lipid will
be referred to in the future as "ether extrqctive®.
The activity of the crude ether extractive

obtained from both varieties of corn was about equal,

although the bean assay suggested that the extract of

the pollen from Golden Cross Bantém might be slightly
‘more activé. Sihce a larger quantity of pollen from
field cofn was a?ailable than from sweet corn,<£he
majofity of the experiments to be described were carried
out on extracts from Ohio M-15 hybrid field corn.

Iv. STABILITY TESTS

Previous experience had suggested that the growth
regulators in éofn pollen were of a somewhat fugitive
nature, In order to obtain definite information con-
»cerning the risk of losing the growth regulators in the
course of isolation processes, a series of experiments

was carried out,
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'Thermal stability.

One-hundred mg. of the crude ether extractive
were placed in a stoppered test tube and heated at
100° for 6 hours, A sample of the heated material
produced about‘the’same result on the bean assay as
did the material not heated. This observation was
interpreted to indicate that the growth regulators
were nét appreciably sensitive to heating in the
absence of water.

A similar experiment was_ carried out with a
sample of the corn pollen ether extractive to which
had beeﬁ added an equal‘volume of water. The growth
regulator proved moderately heat—stabie, even in the

presence of water.,

Stability toward irradigtion.,

Irradiation of a sample of the crude ether ex-
tractive from corn pollen for # hour with the light
from a quaftz mercury vapour arc lamp ﬁlaced 4 inches
awgy resulted in no defectable loss of growth regulatory
activity, Apparently, the growth regulators were not
sufficiently sensitive to irradiation to make it
imperative to carry out laboratory operations in the

dark.




Stablility toward acids,‘

The ¢rude ether extractive contained amounts of
orgénic acids detectable with moistened wide-range
indicator paper, If some'rearrangeﬁent, oxidation,
or hydrolytic cleavage of the growth regulator moleculs-
into an inactive substance were promoted,by acids, it
seemed possible that these naturally occurfiﬂg acids
could cbntribute to a loss of activity.

Three hundrgd mg. of crude ether extractive were
suspendéd in 3 ml. of 6 N hydrochloric acid. The
. mixtﬁre was then permitted to»standkwith oqcasional
shaking at rooﬁ temperature for 20 hdurs. At the end
of this time, the oil was taken up in 10 ml. of ether,
The residue left after evaporation of the ether caused

but very little curvgture when applied to the bean

assay plants; the material not treated with acid
caused a strong poéitive cﬁrvature. Taken along’with
information obtained later_aﬁout the relative insolu-
biiity of the growth régulators in aeids, this result
suggests the Wisdom of avdiding prdlonged contact of
the thracts with strong acids, Admittedly, it does
not demonstrate that contact with any acid whatsoever
would harm the corn pollen growth regulator or regulat-

OIS
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Stability toward alkalis.

A test for stability of the growth regulators in
the presence of aqueous'alkali was carried out by
suspending 300 nig. of crude ether extractive in 3 ml,
of 1 N sodium hydroxide and heating for 6 hours in a
water bath maintained at 95°, The material obtained
by ether extraction of the coldbalkaline:solution and
subsequent evaporation of the ether was not active as
a gréwth regulator toward the bean plant. However,
acidification of the aqueous phase with dilute hydro-
chloric acid, folloﬁed by ether extraction and evapo-
ration Qf the ether phase to dryness ieft a residue
which produced a strong response even following twenty-
: five fold dilgtion with lanolin, Since éxperiments to»
be described later showed that the growth regulators in
the crude ether extractive were not base—ébluble
substances,'it appears that treatﬁent with hot aqueous
alkalili changes the growth regulators into other

compounds having growth-regulating activity.

Stability toward oxidizing agents.

Mitchellrand Whitehead (26) stated that no
difficulty was. experienced in obtaining highly active
extracts from corn pollen by extraction with ordinary

ether, Nevertheless, the possibility that the compounds
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would be ihactivated by traces of peroxides in ether
used for extraction seemed great.

A 3%_aqﬁeous solutlion of hydrogen peroxide was
selected aé representing an oxidizing agent which was
readily'available; and which would gquite prébably cause
many of the same types of oxidation that organic per-
oxldes present in solvents might produce.

Three hundred ﬁg. of crude ether extractive from
corn pollen were suspended, with shaking, in 1 ml., of
3% aquedus hydrogen peroxide., The suspension was per-
nitted to-stand at room temperature for B'days. Then
the resulting suspension was shaken with 10 ml. of
ethyl ether and the phases were separated, The residue
which remailned after evaporation of the ether under
vacuum ?roducéd a slight positive cu:vature when
applied to the first internode of a bean seedling.
Diluted 5 fold ahd‘also BS'fold, it produced no curva-
ture at all. Apparently, the treatment with dilute
hydrogen peroxide had inactivated the growth stimulator
present. As a consequence of this findiné; only ethyl
ether which had been freshly freed from peroxides was

used in further work.
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V. METHODS OF ENRICHLENT

Salt formation,

Since the growth regulators with which we were
dealing had been extracted from the pollen with ethyl
ether, any growth regulators in the crude extract would
necessarily be ether soluble. This solubility in
ethyl ether offered a possible simple means of enfich-
ment of the extracts by dissolving the material in
ethyl ether and then shaking out the ether solution with
aqueous solutions of different strength acids or bases.

About 3.5 gm. of crude ether extractive were
suspended in 7 ml. of ethyl ether. Fifteen mg. of the
bright yellow solid failed to disgsolve., This was
filtefed of £ with the aid of suction, and after it
had been sucked as dry as_possible,_it was assayed
for growth regulating activity on the bean plants.
Because this substance produced only a slight curv-
ature (much less than did a sample of the filtratei,
it is assumed that the main activity arose from the

oily filtrate'  adhering to the particles rather from

the solld material itself,
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Salt formstion with bases.

The filtrate remaining was dissolved in 25 ml,
of‘ethyl ether and then shaken out with 20 ml, of a
saturatéd solution of sodium bicarbonate. Little
carbon dioxide was evolved. Thé aqueous phase was
acldified to litmus with hydrochloric acid and shaken
out. with two successive 10 ml. portions of ethyl ether.
‘The combined ether extracts of the acldified bicarbo-
‘nate extract ylelded only 300 mg. of oil oﬁ evaporation{
This Qil induced very slight curvature of the bean
seedlings. The etﬁer solutior containing those
matefials which were insoluble in agueous sodium bl-
carbonate wﬁs shaken out with two sucéessiveVSO ml .,
pértions of 1 ¥ sodium hydroxide, folilowcd by 10 ml,
of a Qaturated solution of sodium chloride in water
and then by 5 ml. of water. The ether phase, which
contalned néutral'and basic constituents, was evaporat-
ed to drynéss and assayed. It induced strong curvature
‘in the bean plant.. |

The sodium hydroxide extracts and the salt wash

!

solution were combined, acidified to litmus with
hydrochloric acid, and extracted with three successive
10 ml, portions of ether., On evaporation of the ether

there remained behind less than 200 mg. of material

producing very slight curvature on the bean plant.
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This first series of gssays indicates that al-
though some of the growth promoting"substances pres-
ent in corn pollen might be carboxylic aclds, there
are present in the ether extractive significant amounzé
of growth regulating substances which are either ﬁeutral

or basic in nature.

Salt formation with acids.

In a second and somewhat similar study, 500 mg.
of crude ether‘extractive was dissolved in 10 ml, of
ethyl ether, filtered, and shaken out with 10 ml, ofﬁv
1l N hydrochloric acid. The ether phase was'dried over
anhydrous sodium sulphate and evaporated to dryness.
Bean assays indicated the presencé of grdwth regula ting
activity in the residue from this ether solution.

Next, the acid extract was made just alkaline to
litmus by the addition of 6 N sodium hydroxide and
exbracted with three 8 ml, portions of ethyl ether,
Evaporation of the combined ether extracts to dryness
left about 10 mg..of material., Since this small a
quantity of materiai was very difficult to assay, it
was diluted with 0,07 mg. of lanolin and applied to
the test plants. No curvature was produced. Since
ﬁhe total volume of the diluted material was only a

fraction of the volume of the starting material, this
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test demonstrates that if any of the growth stimulat-
ing substances present in the pollen extract is basic
in nature, it is but an Insignificant portion of the
total grdwth stimulating substances.

Since only a very small fraction of the total
. material contained in the crude ether extractive:
is soiuble in either acid or base, the use of partition
between ethyl ether and acid or between ethyl ether and
5ase seemed of little value in effecting even a
partial purification of the growth regulator.

The observed solubility behavior, combined with
the fact that treatment of the crude ether extractive -
with hot'sodium hydroiide solution transforms it into
a material soluble in base suggests that the growth
regulator sought could be an ester, a lactone, an
amide, or a nitrile., However,. the simultaneous pres-
ence in the ﬁblecule of such functional groups as

alcoholic hydrOxyls or methoxyls or carbonyl groups

is not eliminated from further consideration.

Reaction with sodium bisulphite.

If by chance there were a highly reactive carbon-
vl group in the molecule, the possibility of con-
centrating the growth regulator by shaking out an

etheral solution of the ethyl ether extractive with
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sodium bisulphite solution seemed promising.

Accordingly, 500 mg. of the crude ether extract-
ive were dissolved in 8 ml. of ethyl ether and shaken
eut with two successive 8 ml., portions of 40% sodium
bisulphite. After separation of the two phases, the
‘ether solution was eVaporated to dryness and assayed.
Tt showed 1little, if any, change in activity. The
éodium bisulphite solution'was made strongly alkaline
by the addition of 15 ml. of 10 N sodium hydroxide.
After standing at room temperature for 15 minutes, |
the alkaline solution was extracted with two 10 ml.
portions of ether; the ether phase was then washed
with 5 mli, of water;andvevaporated to dryness. There
remained about 10 mg. of residue., After dilution with
100 mg. of lanolin, this residue was assayed by the
bean test., It induced no curvatures in the bean
plants,

Cne may conclude that if a part of the growth
regulatory effect of a crude ether extract of corn
polleh is due to a compouhd containing a functional
group capable of reacting with sodium bisulphite, it
is a minor pert. If a sodium bisulphite'addition
compound formed, it was not regenerated by treatment

with cold sodium hydroxide solution. Therefore, the
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use of sodlium bisulphite as a concentrating agent

was not further considered.

Distillation.

The possibilities of utilizing distillation
as a method of enrichment of the growth regulator
content_of the crude ether extractive :were next to be

investigated.

Steam distillation,

The first type of distillation studied was steam
distillation., A knowledge of the behavior of the
growth regulators in the presénce of steam,was import-
ant for two reasons, First, this information would
indicate the possibility of separation of the growth
regﬁlator from the crude éther extractive by steam
distiilation. Second, it Would show whether ény risk
of loss of the growth regulator was inyolved in
concentfﬁting’solutions containing both - the‘growth
regulators and residual water,

Cne gram of the crude ether extractive was placed
in a 50 ml. distilling flask with 206 ml, of water.

The contents of the flask were boiled over a free

flame, the vapour issuing from the side-arm of the
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flask being collected in an ice-cooled receiver. When
approximately 10 ml. of distiiia%e had been collected,
the distillation was discontiﬁued and the distillete |
was shaken out with 5 ml. of ether. Evaporation of
the e%her left behind about 10 mg. of a fragrant oil.
This o0il, after dilution with 50 mg. of lanolin,'showed
no activity toward the bean assay. The boiler residue
- was applied directly to the assay plants. .It showed
ﬁarked growth’fegulatofy'activiﬁy. .Tﬁis experiment
demonstrates that the growth regulator 1s so involatile
ahd the proportion of volatile material in the crude

ether extractive is so small that steam distillation

would be of little value in purification of the growth

regulator.

Molecular distillation.

In view of the success achieved 1n the molecular

distillation of such relatively non-volatile materials
as vitamins A and D, it seemed worth while to attempt
distillation of the growth regulators frém corn ?ollen
ether extractive in a small short-path still,

A pot-tjpe still similar to that designed by
Washbufn (28) was constructed. The distillation path

length was approximately 1 cm, in the first model.
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Two gm. of crude ether extractive from corn
pollen were placed in a small Claisen flask fitted
with a 1 inch long water cooled condenser and a
receiver., The material was distilled at a bath
tempe rature of 70° and a pressure of 2 mm., in order to
remove the last traces of volatile solvent. Less than
one drop of materlial distilled under these conditions.
This small quantity of distillate showed no activity.

The residue was transferred'with the aid of a
medicine dropper to the boiler of the short path still,
The condenser of the still was then filled with dry
ice, the still attached to a dry ice tragp and mercury
vapour pump, and the pressure within the still was
lowered to 10”%mm. A heated oil bath was then raised
about the bottom of the still, and the temperature of
the bath was gradually increased. At suitable inter-
vals, the bath Would be lowered, and after the still
had cooled to room temperature, the vacuum would be
releaséd and samples of both boller content and
distillate removed for assay. The stili would then
be re-connected to the vacuum system, and the distill-
ation process resumed, The results of this experiment
are listed in Table I.

Since the distillate obtained with a bath temper-

ature between 135% and 195° did not seem as potent as
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; TABLE I
DISTRIBUTION OF ACTIVITY FOLLOWING DISTILLATION OF
| CORN POLLEﬁ ETHER§EXTRACTIVE>AT 10-4mm. PRESSURE

PATH LENGTH: 1 cm.

Bath Estimated  Activity of  Activity of

temperature  weight of boiler residue distillate
distillate

Below 25° None Low et T

250 to . 70° 500 mg. Low High

70° to 115° 250 - Low

115° to 135° 100 High Very low

135° to 195° 200 | Very low Medium

the boiler charge at the beginning of the 135° to
1950 distilla tion, 1t appears that a considerable
amount of decomposition toolk place at this hiéh a
temperature.

Suﬁseguent to the first attempt af»molecular
distillation of the ether extractive, the path length
of the pot-type still was shortened to approximately
1/2 em. A 1 gm, sample of crude ether extractive
was, as before, stripped of solvent in a small Claisen
flask and then transferred to the short path still,

Fewer fractions were collected than in the first
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attempt at molecular distillation.. The results of

this second experiment are presented in Table II,

TABLE II |
'DISTRIBUTION OF GROWTH REGULATORY ACTIVITY FOLLOWING
DISTILLATION OF ETHER EXTRACTIVE FROI CORN POLLEN

AT 10~%m. PRESSURE

PATH LENGTH: 0,5 cm.

Bath temperature Activity of  Activity of
boiler residue distillate

Starting material Strong = @0 @m-emeeee-- |
Below 150° _ Strong Wealc
150° to 170° Medivm  lledium

Inspection of Tables I and II ieads to two
conclusions, Thé first is that the growth regulators
in the ether'extractivé may actually consist of more
than one compound. The second is ‘that eﬁen with ;he
distillation path length reduced to 0.5 cm., the use

of a pot-type of molecular still at a pressure of

1074 ; P61
mm. leads to:considerable decomposition of the
‘higher bolling of the growth regulators.
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The use of préssures far below 1074 m., in the
still might enable a pot type apparatus to be employed
satisféctorily. Pressure measuring devices suitable
for use at'éuch‘high vacuums are costly, though, and
none of fhe pumps locally available would have a

satisfactory pumping speed at pressures below about

‘lo”émm.

The difficulties Involved in the use of a pot-—
type molecular still might well be overcome by substi-
tution‘of a falling—film type of still or a centrifugal
type of still for the pot type (L1). At the present
time, a representative of nelther of these types of
apparatué is avallable on the campus. Furtihermore,
the cost of purchasing one or the labour involved in
the construction were so great as.to malke it highly
desirable to find a satisfactory méthod of isolatibn
not aependent on moleculaf disﬁillation. For this
reason, -our attention was turned to additional possible

isola tion procedures,

Solvent disgstribution.

Distribution of the growih repulatory material

£

between btwo lmmiscible organic solvent phases nroved

vartial

"

lon than-4&ld distillation. Five groups of
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solvents employed in preliminary experiments were
petroleum ether and aqueous acetic acid, carbon
disulphide =znd acetic acid, petroleum ether and
a@ueous acetone, bénzene and aqueous ethanol, and
petroleum ether and aquebus ethanol.

In each of these exploratory experiments,

590 mng. of crude ether extractive were dissolved in

7.5 ml, of the hydrocarbon or carbon disulphide.

This was subsequently shaken out with an equal volume
Co

of the aqueous or acildic phase,  Following scparation,

the phases were evaporated to dryness under reduced

pressure. and the residues;assayed. ‘The results are

presented in Table IIT,

Those solvent combinations of which acetic acid
was one componént were tried several times on larger
samplés of crude ether extractive. However, each
attempf; even when all evaporations were carried out
under an atmosphere of nitrogen in vacuo, resulted in
donsiderable darkening of the product and apparently
in appreciable loss of activity. Therefore, acetic
acid was finally discarded from consideration as a
possible solveht.

The petroleum ether and aqueous acetone combi-
nation was also eliminated., The reason for this

action was that the acetone extracted only one or two
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'DISTRIBUTION OF GROWTH REGULATORS IN CORN POLLEN

ETHER EXTRACTIVE BETWEEN IMMISCIBLE SOLVENT PAIRS

Solvent combination

Phase containing
most of activity

Phase containing
most of lipid

Carbon disulphide
and glacial acetic
acid

Petroleum ether
(B.P., 35-70°) and
95% acetic gcid

,Petroleum ether and
60% agqueous acetone

- Petroleum ether and
80% ethanol

Benzene and 60%
ethanol '

Acetic acid

Acetic acid

Petroleum ether

Agqueous ethanol

Aqueous ethanol

Cgrbon
disulphide

Petroleuwn
. ether

Petroleum
ether

Petrole unm
ether

Benzene

percent of material from the crude ether extractive,

leaving most of the active material together with most

"of the extraneous substances.

Petroleum ether and 80% ethanol as well as

~f . .
bengene and 60, ethanol showed considerable promise,

Each of these combinations would permit about 2 ten-fold

concentration of the growth regulator,

Further, the

substances ‘extracted by each solvent combination were
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not identical, so that by employing-ﬁhe two solvent
combinations in suécession a considerable enrichment
in activity should be obtained. |

The possibllity remained that 80% ethanol was
not the optimum concentration to employ. Accordingly,
‘a series of four distributions beﬁween petroleum ether
and agqueous ethanol were performed, a different con-
centration of ethanol being used in each experiment.,
Approximately 500 mg. of crude ether extractive were
dissolved in 5 ml, of petroleum ether. The resulting
solution was éhaken out with five successive 1 ml.
portions of aqueoushethanél of‘the chosen concentration.
AThe»combiﬁed ethanol extraéts were évaporéted té dry-
ness under vacuum, weighed, diluted five fold with
lanclin, and assayed. ‘The petroleum ether‘residues
were evaporated to dryness under vacuum,‘ﬁeighed, and
assayed undiluted, The results of these‘experiments
are presented in Table IV,

From Table IV, it may be seen that an agueous
solution df ethanbl dontaining much less ﬁhan 75%
ethanol extracts the growth regulator from a pétroleum
ether solution incompletely. The difference in- |
aﬁountnof contaminating material extracted by 50%
and by 75% ethanol appeared to be so small that it

did not seem-wogpy while to carry out further éxplﬁfa—




TABLE IV
DISTRIBUTION OF CRUDE ETHER EXTRACTIVE FROM

CORI POLLEN BETWEEN AQUEOQOUS ETHANOL AND PETROLEUM ETHER

% Ethanol Wt, of Wte of Activity of Activity of
agueous pet., ether agueous’ - petroleum
phase vhase phase ether phase

0 20 mg. 435 mg. Some Much
25 8 - 503 Some Much
50 40 516 luch Slight

75 - B3 413 Much . None

tory experiments using concentrations of ethanol inter-
mediate between 50% andA?B%. Therefore, 75% ethanol was
adopted for use in further petroleum ether and agueous

ethanol solvent partition studies,

Multiple counter-current extraction,

Because the simple solvent distribution experiments
had been successful in concentrating the growth regu-
lators in the ecther extractive, the multiplé counter-
current solvent extraction method of Craig (2)

seemed worth trying. The apparatus for performing
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exactly the same type of an extraction described by
Craig was unobtainable, but an equivalent process was

carried out with apparatus already on hand.

Petroleum ether and 75% ethanol.

The first study dealt with the distribution of .
crude ether exbtractive between petroleum ether ( B.P.
25-65°) and 75%'ethanol. As a preliminary step of
this_trial, two volumes of petroleum ether were shaken
out with one volume of 75% ethanol; so that the result-
ing sél#ents were mutually saturated. These saturated
solﬁents were employed exclusively in the rest of
the experiment.

One gm. of crude sther extractive was dissolved
in 10 ml. of the petroleum ether. A small amount of
insoluble pigment was filtered fo, and the filtrate
ﬁas shaken out with 5 ml. of the 75% ethanol in an
18 mm, X 150 mm. test tube., The ethanol phése we.s
removed with the help of a me¥icine dropper to |
ahother test'tube of the same size, and 10 ml, of
petroleun ether was added. Ei#e ml, of fresh 75%
ethanol were added to the petroleum ether phase in the
original test tube, and both tubes were shaken to
insure mixing of the solvents. This process was then

repeated, transferring the original 75% ethanol
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phase to fresh petrolsum ether‘each time and the orig-
inal petroleum ether to a fresh portion of 75% ethanol,
until a total of ten test tubes were involved in the
scheme, and the original ethanolic phase had been
extracted with ten porfions of petroleum ether, while
the original petroleum ether phase had been extracted
with ten portions of 75% ethanol. The intermediate
tubes in this counter-current scheme had, of course,
been exbracted with fewer than ten portions of solvent
which had already been used one.orimore times in the
solvent extraction.

If the test tube containing the Qrigihal petrol-
euﬁ ether phase at the end of this process 1s desig-
nated as tube #l, and the test tube contaihing the
petroleum ether phese which had been ektracted with
nine portions of 75% ethanolic extract from the
original petroleum ether phase as tube #2, and so on,
the tube containing the original 75% ethanol phase

becomes tube #L0. This designation will be used in

‘ reporting the results of assaying the residues obtain-.

ed from vacuum evaporation of the contents of the
various test tubes,
Immediately after evaporating the solvents,

50 mg. of lanolin were -added to the contents of each
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of the last eight test tubes in order to bring the
volume up to a sufficiently large value to permit
assaying. The results of the assays are presented in
Table V., Under the conditions ofvthis experiment,
the greater part of the growth regulators migrated to

tube #10.

TABLE V
GROWTH REGULATING ACTIVITY OF FRACTIONS FROM COUNTER-
.CURRENT DISTRIBUTION OF ETHER EXTRACTIVE

BETWEEN 75% ETHANOL AND PETROLEUM ETHER

Fraction from Curvature produced
tube # in bean test
1 None
2 None

. 3 -None
4 None
5 None
6 None
7 None
8 A Positive
) | Positive

10 Very strong positive
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Benzene and 65% Ethanol.

A second multiple céﬁntercurrent solvent extraction
experiment was carried out on the crude ether extract—A
ive from corn pollen, using bengzene and 85% ethanol
which:had been mubtually saturated,  Flve ml. of benjene
and 5 ml, of 65% ethanol were employed instead of 10 ml.
of petroleum ether and 5 ml. of 75% ethanol. Otherwise,
the experimental detalls were identical with those of
the experiment just descrived. The results of the
assays carried out on the residues obtained by evapo-
rating the.solvents ffom the consténts of the wvarious

test tubes are shown in Table VI,

Precinitation.

Since none of thé active residues obtained from
the multiﬁle counter-current solvent extractions were
crystalliné; it seemed evide@t that yet other purifi-
. cabtion means would have tobe studled 1if anj of the
growth regulators were to be isolated in a pure form.
The use of preciplitating agents of various sorts
elther to separate non-active substances from the
concentrates or to separate the active substances was

an obvious possibility to consider,
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TABLE VI
GROWTH REGULATING ACTIVITY OF FRACTIONS FROM
COUNTER-CURRENT DISTRIBUTION OF
ETHER EXTRACTIVE BETWEEN BENZENE AND 65% ETHANOL

Fraction from tube # Curvature produced in
' bean test '

1 (Original bengzene) Wone

2 | : None

3 : None

4 | _ - Positive curv.
o , | Strong positive

curvature

6 Positive curv,
7 Negative curv.
8 None

9 ' None
10 (Original ethanol) , None

Digitonin precipitation.

The first reagent tested for precipitation of
The plant growth regulators in the crude ether ex-
tractible was digitonin. One half gm. of the ether
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extractivévwas suspended in 12 ml. of ether,—and the
insolublekparticles of solid were centrifuged off,

The clarified ether solution was dissolved in 5 ml;

of absolubte ethanol, Thereupon, a saturated solution

of digitonin in-alcohol was added unbil no Purther
precipitate fd?med. The digitonide which separated

‘was filrst filtered off; then;the filtrate was evaporated
to dryness under vacuuwn, Both the.digitonide and the
residue from thé.filtrate vere applied to-the bean.

tést plants., The residge frbm the filtrate caused

about the same amount of curvature as did the original

crude ether extractive, while the digitonide produced

‘no curvature. Apparently, then, the growth regulators
were not compounds which would be precipitated by

digitonin,

The use of digitonin at first seemed a practlcal
means of removing contaminating sterols, for an early
attempt at chromatogréphic adsorption of the crude
ether‘extractive indicated thaf the sterols and the
growth régulators were adsorbed in approximately the
same region of a column of silica gel. However, la ter
experiments showedAthat by the use of solvent dis-
tribution methods, the growth regulators could be

freed from all impurities which would be precipitated




by digitonin. This observation led to abandoning the

use df the relatively costly digitonin.

Lead acetate precipitation.

Partition experiments had indicated that the
plant growth regulatoré-were nowv adidic gubstances,
and therefore would not be expected to form the usual
types of heavy metal salts, Wevertheless, the posSibil-
ity of utilizing insoluble salt forﬁation.aé a means
of femoving contaminating substances from the enriched
growth regulators seemed worthy of consideration.
thonoibgically, these studies preceded the
studies of multiple countercurrent solvent distribution.
Therefbré; the tests were carried oﬁt on ether extract-
ive which had been snriched by extraction from a
petroleum ether sélution with 75% ethanol, vacuum
evaporation of the (unneutralized) ethanolic solution
to dryness, solution of the residue in petroleum
ether, extraction of the pétroleum-ethef solution
with 90% equeous acetié abid, vacuum evaporation of
the aquebus acetic acid solution to dryness, partial
solutlion of the residue in acetohe, and evaporation of
the acetone solutidn. One gram of the acetone soluble

residue Was subsequently dissolved in 3 ml, of 95%
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ethanol. To this solution was added 10 drops of a
saturated aqueous solution of lead acetate. The

copious orange colored precipiltate was centrifuged

off an 10 more drops of lead acetate. solution were ;

added. Little additional precipitate formed. This |
| solution was re-centrifuged to effect clarification
and decanted“from the solid phase,

The decanted solution weas made alkaline by the
dropwise addition of 5 drops of concentrated ammonium
hydroxide, A large volume of orange colored precipil-
tate:formed. This was centrifuged off and 5 more
drops of concentrated ammonium hydroxide were added.
little’additiéﬁal precipitate formed. The resulting
suspension was re-centrifuged, and the clear liquid
decanted‘from the solid. Each of the two lead salts was

regenerated by suspension in 2 ml, of water followed by

the addition of 10 drops of glacial acetic acid and
extraction with 4 ml, of ethyl ether, The ether sblﬁ-
tions were evaporated to dryness under vacuum, 1/2 ml.
of water was added to each residue, the evaporation was
repeated, and the final residues diluted in lanolin

were applied to the asséy seedlings. The greater part
of the ﬁctivity appeared in the material regenerated
from the lead salt precipitated by neutral lead acetate.

Neutralization with acetic acid of the ammoniacal
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supernatant liquid from the basic lead salt precipi-
tation, followed by ether extraction and»evaporation
of the ether left a residue possessing little or no
activity toward the bean test. Thus, i1t appeared
that tﬁe growth regulators had actually formed insol-

uble lead salts.

Unreliabllity of method.

Attempts to repeat the above experiment seemed
unpredictable. At one time, the growth regulators
would be found to have.formed an insoluble lead salt;
at another time, they would not.

The first suspected source of trouble was thé
cOnéentrdtiOn of the alcoholic solution from which
the lead salt had been‘precipitated. When the experi-
ﬁent was repeated, precipitating the lead salt from
sdlution in absolute ethanol with a solution of lead
acetate in absolute éthanol, it was found that the
growth regulators formed lead salts insoluble in'
absolute ethanol. Addition‘of water to the &thanol
solution caused the formation of additional precipi-
tate, but the gctive substances were not in this pre-
cipitate, Apparently, the presencé of alcohol in
the solution from which the lead salt had been pre-

cipitated was not a source of irregular behavior,
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The second source of troublg.Was thought to be
the use of acetié gcid in the preliminary enrichment
prior to the precipitation.' Difficulty was still
experienced, however, when the distributiqnﬁbeﬁween
petroleum ether and 90% écetic.écid was omitted.,

The third source of error was the method of
regeneration of the lead salt. It wa.s thought that}
perhaps the excess of acetic acid used to regenerate
the lead salt might also be a good solvent for the
- growth regulator; preventing its beilng extracted by
 the.ether. ~Substitution of hydrochloric acid, in
Which the regulator had been shown to be relatively
insoluble,.resulted in no improvement., Similarly,
the use of hydrogen,sulphidekés a means of ré;

generating the lead salt did not eliminate the difficul—

ty.

The fourth source of irregularity to be consider-
ed was the solvent distribution between 75% ethanol and
petroleum-ether, ﬁhich was carried out pribr tolall
the attehpts at salt precipitation. The ethanolic
phase resulting from such a distribution proved to be
weakly acidic, and it seemed remotely possible that

sonie sort of a modification in the structure of the

growth regulator could take place during evaporation
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of this solution., The extent.to which such a decompo-
sition occurred would probably be a function of the
temperature to which the solution was heeted during
evaporation, and the length of time required for
concentration.

Two gm. of crude ether extractive were dissolved
in 20 ml, of petroleum ether. The undissolved pigment
was filtered off, and the filtrate was subsequently
shaken out with five successive 10 ml, portions of
75% ethaﬁol. The resﬁlting ethanolic phases S
combined, and then divided into two equal portions.
Cne portion was evaporated to dryness ;Q"vacuo;fnitro-
gen beinguintroduced through the custqmary capiliary.
The other was edjusted to a pH of about 7 by the
addition of 0.01 N sodium hydroxide and evaporated to
‘dryness similarly. The residual sodium salt was then
taken up in 2 ml. of water, acidified by the addition
of 3 drops of 6 N hydrochloric acid, and extracted with
2 ml, of ethyl ether., The residue from evaporation
of the ethyl ether was diluted ten fold with lanolin
and applied to the test plants. The substance remain-
ing from evaporation of the 75% ethanolic solution
not neutralized before evaporation was also diluted
and applied to the test plants. The diluted residue

obtained from the ethanol phase vhich had been neutral-
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ized before evaporation produced approximately the
same magnitude of positive curvature as did the orig-
inal crude ether extractive, The diluted residﬁe from
the ethanol phase not neutfalized prior to evaporation
produced only a negative curvature when applied to the
test plants. This observation was interpreted.as
an indication that some chemical change took place
during evaporation of the 75% ethanol solution of growth
regulator if this solution waé not first neutraliéed.
A second observation confirmed .this supposition,
Addition Qf aquebus lead acetate to a 75% ethanol |
solution of the residue from‘evaporatibn folloWing
neutralization of the VS%Iethanol extract resulted in
precipitation of a colorless lead salt,.which on
regeneration- with hydrogen sulphide gave no active.
substance, Addition of aqueous lead acetate to a 75%
éthanol solution of the resiude from evaporation with-
oﬁt neutralization of the 75% ethanol extract resulted
in the precipitation of an orange colored solid, which
on regenéfation,with hydrogen sulphide ylelded d sﬁb- \
stance which would exert a regulatory effecﬁ on the
growth of the bean internode,

As a consequence of this observation, the 755
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ethanol solution was neutralized with dilute sodium
hydroxide before concentration in all further experi-
ments.

Prior to finding that the regulators were
undergoing some élteration_in their structure during
concentration of the 75% ethanolic phase from the
solvent partition, several attempts were made to use
-éther than lead salts as a means of concentrating the
growth regulator.  Since all these experiments weré
carried out on material Obtained from evaporatibn,
without neuﬁralizatidn, of the 75% ethancl concentrate,
~they probablybrelate to degredation products’ of the
growth regulatqrs rather than to'the‘intact substances.
vTherefore, the experiments will not be described in
detail., Table VII sumarizes the types of salts studied,
tdgether with the observed behavior of the growth

regulator(s).

Chromatographic adsorption.

A ?otal of approximately two dozen attempté at
isolation of the growth régulatérs f}om the ether
extractive by chromatographic adsorption were made,
Obviously, these studies did ﬁot exhaust all the

possible combinations of adsorbent, solvent, . and




TABLE VII

APPARENT SOLUBILITY OF SALTS OF GROWTH REGULATORS

FROM CORN

POLLEN ETHER EXTRACTIVL

Salt Solvent Remarks
Lead salt Ethanol Active salt insoluble in
absolute ethanol
Lead salt Ether Active salt insoluble in
(ethyl) ether
Lead salt Water Active salt insoluble in
water
Sodium salt Water Sodium salt very soluble in
, water
Calcium salt Water Caltcium salt soluble in
water
Lithiuwm salt Water Yo precipitate with lithium
acetate
Lithium salt  Water Ho precipitate with 1ithium
acetate and ammonium hydrox-
ide

Thallous salt ‘Water

Cadmiwn salt Wa

95% Bth-

Plcrate
: anol

50% Bth-
anol

Zine salt

o precipitate with thallous
acetate

No precipitate with cadmium

chloride

=

Mo precipitate with c

acid

picr

Precipitate froms with ZnCl,.
Zinc salt of regulator
appears soluble.
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processing of the ¢t wrior to adsorption., They
although a

will not be describe
surmary of the results of the adsorption studies is

presented in Table VIII.

Adsorbents used.
Table VIII shows that

A study of the

in
only two adsorbents tried possessed sabtisfactory

data

adsorption characteristics. Anhydrous sucrose

(dried>over phoé horus pentoxide) is too weak an
fadsorbent"to be used for chromatographic adsorption
of;the growth regulators. Aluminum oxide ("Alorco"
apﬁivaﬁéa alumina, F-20 grade), “Special Filtrol"

aﬁd “Suﬁvf'Filtrol" all proved to be such powerful

adéofbénts that only a small fraction of the total
growth regulators present could be eluted, Calcium
caﬁbonate'reacted;with the organic aoids present in
thg'grade ethef extractive, evolving carbon dioxide
| This latter

the column packing.

and brealing
culty could perhaps have been avoided by suitably
However, the

diff:

treating the extrsct before adsorption.
adsorptive capacity of calcium carbonate seemed too
small to Warrantjfurther ekperimenfation with this
adsorbgnt} Caleium sulphate and silica gel both proved
2 .¢ adsorbents: The silica gel used

P
50,

to be sul




TABLE VIII
BEHAVIOR OF VARTOUS SOLVENT AND ADSORBENT COMBINATIONS IN CHROMATOGRAPHIC ADSORPTION OF CORN

' POILEI\I ETHER EXTRA.CTIVE

Starting material "Adébfbeﬁt‘ ”i _Solyent »_ Qevploperw. Elggntj :‘LOcatibp;Qf"activity

——— —

Crude ether extractive Silica gel  Pet. ether  Pet. ether Acetone Top 1 1/2" of column

n

Pet.ueﬁhérrsbluble part Silica~gel oo " om oo Con
| “from ‘di_‘s‘tribﬁtidn with | o T )

80%:eth;ﬁol

80% Etﬁanoi éoiublé part Silica gel L TC; oW " . "
from distribution with | ) ’ ) ' ' ‘
‘pet.'éther ‘

Crude ether extractive Alumina " n oo u e e e e e e ele e

Cru&e ether extragtive Q;CO?' . : " " we . e d e e e . e e ;

75% Ethanol soluble part Silica gel . " n ﬁ n Ethanol & Top 2" of column
from distribution with -7 T ethyl I
petroleum ether o ' ‘ ether

Material from top section Sili¢a'ge1 Benzene" 80% Benzene Ethanolv& Center of column
of preceding‘column ‘ T 20% Ethyl ethyl

acetate ether

A



TEBLESVIII] Continued ' o

Starting material

~ :Adsorbent  Solvent  Developer Eluent = Location ofaactivity

- —

Ether extractive

n

75%-Ethanolhsoiuble from Sucrose
distribution v th pet.
ether -

Ether extractive

n.”

4]

n

Sucrose - Pet. ether ~ Pet. ether Ethyl ether Not locallized

Alumina o woooo ACetone,'then v e e e e o -

acetic acid (Not recovered)

Ca0y -~ woon woow ., .... Colum broke
oo nm Pet, ether  Not localized

Calcium " " ' " " _Ether & Part in percolate,
sulphate ) i ) - ethanol part at toﬁ.

"Super Filtrol " * .: - " Acetone, then Little could be

o a ) ethanol eluted
"Special LI n "™ Acetone, then None could be
CFRlteorr ethanol eluted -

M



TABLE VIII, Continued

Starting material Adsorbent .  Solvent "DeveloPer Eluent - Location of'aCtiﬁity '

Eluate from top of Silica gel Pet. ether Benzene Ethanol & A‘k Tocalized at top 1" of column

 silica gel chro=sii- ‘ | g ethyl ethei-
cnatogram | o

75% Ethanol ?ngb;é, , " n " " Pet., ether Ethanol & Localized at top 1" of columm
ﬁart from Eounter— ) ) ) ¢£hy1 ether ‘
currentrsolvent‘ext.

75% Ethanol soluble part Pég: n Benzene Benzene ~ Ethanol & Localized at top 1 1/2" of
,from counter-current J  v- ' : - ethyl ether ) column )
solvept extraction '

Regenerated insoluble n " " L Ethanol None recovered

 lead salt ) |

‘Regenerated insoluble = " - v Benzene & Ethanol = None recovered

lead salt - . ethyl '

acetate

&1
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(Davison, through 325 mesh) was so finely divided
that a solvent could be passed through a column of the
material,only with great difficulty. Admixture of
two parts of the silica gel with threé parts, by
weight, of "Hyflo" filter aid produced a mixture
which still possessed -good adsorptive properties, yet
which would permit a~solutidn to pass resdily through

a column of the packed material,

Solvents employed.

Petroleum ether gave satisfactory resulis as a
developer for use with the calcium»suiphate ¢olumn.
Benzene or a mixture of.benzene and ethyl acetate
served as a satisfactory developer for use with silica

gel.

BExperimental observations.

Several:facts learned from these experimental
efforts are not evident in Table VIII.

'The‘first‘of these 1s that the location of the
growth regulator on the adsorption colurm could not
be correlatéd invariably with a colored zone. Color-
ed zones did appear, but the growth regulator might or-
might not be located iﬁ the same part of the adsorbent

as one of the colored compounds.




51

The second’is’that the localigation of the growth
regulators on the column improved with partial purifi-
cation of the extrabts prior to adsorption. On most of -
the adsorbents studied, the growth regulators were
adsorbéd from a solution of the crude ether extractive
over a rather wide band, If the ether extractive were
enriched by some method,‘suoh as a distribution between
.75% ethanol and petroleum ether prior‘to adsorption,
the zone on which the regulators were adsorbéd was made
considerably narroﬁer.

The third, and perhaps the least encouraging,
observation was that none of the eluates containing
most of fhe-growth promoting activity, even after re-

peated adsorption, showed any tendency to crystallize.

They were generaily very viscous glass-lilte substances,
‘ which did not crystallize even following such measures
as cooling in a bath of solild carbon dioxide, SCPatchiﬁg,
or even permitting to stand undisturbed in the refriger-
ator for a period of weeks.

If the growth regulators had shown some tendency
to crystallize, chromatographic adsorption undoubtedly
would have proved a useful method of isolation,
Tor the growth regulator(s) appeared to have been

concentrated about 500 times by the best of these
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adsorption schemes,

. Bven 1if the growth regulators studlied were not
solids, chromatographic adsorption would have been
valﬁable provided that sufficiently accurate assay
méthodsAwere available. The photographs shown in
Figure{i ( p. 8) illustrate that the bean aséay method
employed was not sufficlently accurate to detect small
changes,in concentrétion. It would be difficult to
tell by the bean assay alone whether a repeated
adsorption had increased the purity of a partly -
'pﬁrified growth regulator, for example, ffom 20% to
33%, or Whether the adsorption had resulted in a
purity deéreise from 33% to 20%.

If the increase in growth regulatory activity
&uring the concentration processes were. correlated
_With'somé property éf ea&h concentrate, such as its
apparent molecular weight, its nitrégen content, or
its adsorption spectrum, it is altogether'poésible.
that solfent partition methods,‘cdmbined with chromato-
graphic adsdrption could lead to the isolation of the.
pure compound, even if this substance should be a
ligquid at room temperature.

The difficulty of manipﬁlating small quantities

of liquid is so much greater than that involved in
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handling small quantities of crystalline solids that
it seemed highly desirable to deﬁise some method of
transforming the growth regulator into a crystalline
substance and subéequently isolating this substance,
Such a derivatiﬁe could easily be purified, and it
might possibly yield a great deal of information con-
q?rning the chemical nature of the original growth
regulator.

The information thus'féf obtained eliminated
certain possibilities from thé structure of the cori-
Eound, although it did not point To any one type of
structure which would be likely to form a solid deriva-
tive., In order to establish with a gveatér degree of
certainty whether alcoholic hydroxyl groups or carbonyl
groups were present in the compound, several experiments

were deviged,

Reaction with Girrard's reagent P.

The failure of the growth regulator‘to react
with sodium bisulphite still did not exclude the possi-
bility that at ieast one of the érowth regulators
present was a ketone, or even a relatively uvnreactive
aldehyde, The possibility of forming a water—soluﬁle
derivative bf any ketone or aldehyde present in the

ether extractive by causing it to react with Girrard's
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reégént P (acetylhydrazidepyridinium chloride) (8)
seemed a helpful way of deciding whether the chief
growth fegulator was a carbonyl compound.{ Accordingly,
1 gm, of crude ether extractive was dissolved in a
solution of 1 ml, of glacial acetic écid in 10 ml. of
95% eTthanol. To this was added 1 gm. of Girrard's
réagent P. The resulting solution was heated under
a reflux condenser for 30 minutes, cooled to room
temperature, and édjusted to a pH of about 7 by the
addition of a saturated solution of.sodium carbonate.
The insoluble material which separated was then taken:
up in 30 ml.'of ether. The residue obtained by evapo-
ration of the ether from this extract showed good growth
regulatory activity in the bean test,

The aqueous phase containing any pyridinium salts
which might have formed in the reaction With Girrard's
reagent P was made 0.5 N in'hydrochlofic acid and @ .
pérmitted to stand at room temperature for 1 hour,

It was subsequently shaken out with 30 ml. of ethyl
éther. Evaporation of ﬁhis ether'extract left a few
milligrams of residue which possessed no growth
regulating power, |

While these experimental results do not prove

conclusively that the growth regulétors are not
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aldehydes or ketones, they indicate tlm t such such

is probably the case.

Reaction with phthelic snhydride.

The relatively great solubility of the growth
regulators in alcohol, as compared with their solu-
bility in hydrocarbons, would seem to suggest that
"the material might be an al cohol, The device of
causing an oil soluble and water insoluble alcohol
to: react with phthalic anhydride, formiﬁg alkall
soluble hydrogen phthalates, was used by Stephan (31),
(32) with considerable,success. This method enabled
Stephan, as well as many investigators since‘Stephan's
time, to separate alcohols from mixtures with other
compounds. It therefore seemed that the formation of
hydrogen phthalates might prove a helpful means of
detecting alcoholic hydroxyl groups in the growth
regulator molecules, . ’

Consequently, 500 mg. of thé crﬁde ether extract-
ive was dissolved in 5 ml., of toluene, and -to the
resulting sqlution was added 500 mg. of finely powder-
ed phthalic anhydride. This mixture contained in a
tightly stoppered test tube was placed in a ﬁater bath
and heated at 90° for six hours. At the end of the

heating period, the tube was removed from the water
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bath; cooled, and the toluene solution was shaken out
with two successive 3 ml., portions of 1 N sodium
hydroxide, followed by 3. ml, of water, The resulting
toluene solution, containing many~crystals of phthaliec
anhydride; was evaporated to dryness and the residue
was applied to the internodes of young bean plants.

No growfh regulatory efféct could be noticed. It would
appear, then, thaﬁ the phthalic anhydride had trans-
formed the growth regulators into basé soluble
comﬁounds;

In order to confirm this observation, the wash
water, combined with the sodium hydroxide extracts,
W%S shaken out with two 5 ml. portions of ethyl ether
to remove any growth regulatbrs,ras such, The alkaline
solution remaining was then heated at éOO for another
six hours to effect hydrolysis of the hydrogen phthal-
ates, acidified, and extracted with three 5 ml, portions

‘of ethyl ether. The ether extracts of the hydrolysis

products were diluted with 100 mg. of lanolin to aid
‘adherence and applied to the first internodes of young
bean seedlings,., The plants developed distinct positive
curvatures.

It is certain that these curvatures were not
produced by phthalic acid, for no curvatures resu;ted

from application of a paste of phthalic acid in lanolin
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to the bean internodes.‘ It therefofe appears very
probable thgt the growth.regulatoré in c;rn pollen
" contain at least one primary hydroxyl gfoup in each .
molecule, for the period of heating with phthalic
anhydride was tob short to permit the appreciable
conversion of a secondary or a ﬁertiary alcohol to

a hydrogen phthalate (25),

Reaction with 3-nitrophthalic anhydride.

Since the positioﬁ of afomatic nitro compounds
adsorbed on a column of alumina dyed with morin may
be seen with‘the gid of the fluorescence extinction
phenomenon (2), the possibility of converting the
alcohols in the crude ether extractive into 3-nitro-
phthalates seemed a hopeful method of’enrichment. The
sdlubility-ofrthé 3-nitrophthalates in aqueous alkali |
would permit separation of the 3-nitrophthalates from
the larger part of the lipid material., The 3-nitro-
phtﬁalates could“then be separated from each other by
chromatographic adsorption, the separated 3-nitrophthal-
ates saponified; and the saponified products assayed
in order to détermine which of the crystalline pro-
ducts were the-S-nitro hydrogen phthalates of the
growth. regulators,.
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When 3-nitrophthalic anhydride was substituted ’
for phthalic anhydride in the procedure just outlined,
the activity no longer remasined in the materisl more
soluble iﬁ toluene than.in aqueous alkali, However,
saponification of‘the resulting 3~nitrohydrogen
phthalate mixture did not yileld a material which would
show a growth regulatory effect on the bean seedling.
It is altogether possible that the presénce of the
nitro group of the 3-nitrophthalic acild, in the
alkaline medium,-resulted in the.oxidaﬁion of the
growth’regulator,Awhich has already been shown to
be subject to oiidative destruction, |

x

Preparation of p-phenyla.obenzoates.

Tﬁe p~phénylazobenzoates of all alcohols are
bright colored esters,*and,thej are reported (29)
to be easily hydrolyzed. If the alcohol fraction of .
the ether extractive from corn pollen could be convert-
ed into p-phenylazobenzoates, then the possibility
seemed great that these substances could readily be
purified by chromatographic adsorption.

Pive gm. of crude -ether extractive were carried
through the single partition between 75% ethanol and
petroleum ether dsscribed on page 30, followed by a

single partition between benzenec and 65% ethanol.

Fi

—_
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The resulting solution in 65% ethanol was neutralized

o
!

to a pi of 7 by the addition of 0.0l N sodium hydrox-
ide, ,and was evaporated to dryness under reduced
pressuré, the e%aporation being interruptealwhen the
_volume‘was about 1/10 of its original Value, in order
to permit checking the pH of the solution. The add-
ition of a few drops of 0,01 N hydrochloric acid
brought the pH back to 7.0 from 7.5. The evaporation
was then contiﬁuéd to dryness. The residue was sub-
sequently dissolved in 5 mi, ofvanhydrbus pyridine
and 0,8 gm, of p-phenylazobenzoyl chloride was added,
The solution was then permitted to stand'at room
temperature for 24 hours, vAf the end of this period,
15 ml., of 6 ¥ .hydr'oc‘hloric acid was added, and the
orange colored precipitatetwhioh formed was filtered
off from the solution immediately,

A portioniof the mixed precipitate‘of p-phenyl-
azobenzoic acid and p—phenylazobehzoatés was hydrolyzed
by refluxing forvlo minutes with a 1 N solution of
~sodium hydroxide in 95% ethanol;’ At ﬁhe:end of this
time, the alcoholic solution was dooled, diluted

with an equal volume of water, and acidified to Congo

red paper with 6 N hydrochloric acid., The resulting

suspension of orange colored solid was shaken out with
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three equal volumes of ether, and the ether extraéts
were evaporated to dryness, the residue being mixed
with an equal volume of lanolin before application to
the bean plants. This hydrolysate from'the p-rhenyl-
azobenzoates induced a strong positive curvature in
the test plants.,

The remaining pbrtion of the mixture of p-phenyl-
azobenzoic‘acid and p-phenylazobenzoates was diséolved
in‘benzene and passed through a chromatographic ad-
sorption column packed with "Alorco F-20 Grade"
activated élumina. The adsofption on alumina appeared
to be very strong., The separate bands did not begin
to move down the column until the developing solvent
had been changed from benzene to ethyl acetate,
Furthermore, the alumina appeared to permit poor
resolution of the p-phenylazobenzoates. It was very
difficult to elute the adsorbed derivatives from the
alumina, hot 95% ethanol containing acetic'adid fail-
ing to remove thém oompletely.

A trial adsorption on silica gel, as recommend-
ed.by Réich (292), indicatéd that silica gel (ih this
instance.mixed with 1.5 times its weight of "Hyflo
Super-Cell") would be a very suitable adsorbent for
the particular p-phenylazobenzoates under consider-

ation.
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Vi. METHODS OF ISOLATION

Isolation of pure p-phenylazobenzoates.

Considerable diffiéulty was experienced in ob-
tainiﬁg;pure p-phenylaéobenzoatgs in the earlier
experiments. The troﬁblekproved to be due partly to
the fact that the concén%raﬁe treated with p-phenyl-
azobenzoyl chloride contained enocugh water to result
in the formation of appreciable quantities of p-phenyl-
azobenzolc acid, and the acid would then be adsorbed
over such a large portidh of the adsorption columns
that all the esters were contaminated with p-phenyl-
azobenzoic acld, By taking care to dry the concen-
trate well before preparing the esters, this difficulty
was bvércome to é considerable extent. Several p-phenyl-

azobenzoates were obtained pure, among these being.

the ﬁephenylazobénzoates of two of the growth regu-
lating substances in corn pollen ether extractive;

The followlng procedure is'typical of one of
-the more successful ventures., Fifty gm. of crude
ether extractive were dissolved in 400 ml. of 35-70°
petroleum ether, and the insoluble pigment was filter-
ed off. With the aid of large separatory funnels,

a "multiple counter-current solvent extraction" ..
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(see page 32) was carried out. Two hundred mi. por=_. -
tions of 75%.ethanol and 400 mi. portions of petroleum
ether, b.p. 35-70° were employed in each-extraction.
A total of ten fresh portions of petroleum ether were
employed. The 75% ethanol phase from the separatory
funnel containing the material most readily soluble in
aqueous ethanol was adjusted to a pH of about 7 with
O.bl N sodium hydroxide and evaporated in vacuo.
Thé,pH was checked after 75% of the solvent had evapo-
rated, and a few drops of O;Ol N hydrochloric acid
were then added to return the pH to about 7 before
contihuing the-evaporation. There remained about
150 mg.yof non-volatile residue which shall, for
bon&énience, be called "“residue A", | |

The 75% ethanol phases from the funnels contaln-
ing the three portions next most feadily soluble in
ethanol were combined and treated in the same fashion.
The 500 mg, of subsfanCe obtained from evaporation of
these extracts shall, for convenience,be called
"residue B".‘

Both'residues,A and B were dried for 24 hours
in a vacuum desiccator over phosphorus pentoxide,
and subsequently each was dissolved in 25 ml, of
anhydrous pyridine. »Each solution was next cooled in

‘an ice bath. When the temperature had fallen to 5°,
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1.0 gm, of p-@henylaéobenzoyl chloride Was added to
.the.solution of residue A and 3.5 gn. to that of resi-
due B. Thereafter, the flasks were tightly stoppered
and placed in‘the refrigerator, where they remained at
_5° for one hundred hours. By this time, numerous
orango crystals had formed in each flask, These were
filtered off from the contents of each flask, rinsed
with 10 ml, of water, and dried in a vacuum desiccator
before further;tfeatment.

The pyridine insoluble material formed from
bresidue A was dissolved_in 160 ml, of chloroform free
from ethanol, and the resulting solution was divided
into two equal parts, Xach half was adsorbed on a
4% x 175 mm., chromatographic adsorption column packed
with a mixture of 1 part silica gel and 2 parﬁé
"Hyflo-Super-Cell", The chromatograms were developed
by passing chloroform through the column'until the
bottom colored jzone had completely passed through the
column into therpercolate. This required about
400 ml. of solvent for each column,

Pollowing development of the chromatogram, the
packing was extruded from each column, There appear-
ed to be two separate zones of adsorbed colored com-
pounds on the column, although these zones were some-

what indistinctly defined. The packing was cut into




64
two almost equal sections in an effort ﬁo separate
these different zones, and each section was eluted by
stirring the adsorbent into 250 ml. of 95% ethanol
and filtering., On evaporation, the eluate from the
top section yielded about. 50 mg. of orange colored
needles, which following recrystallization from ethyl
acetate proved ts be p-phenylazobenzoic acid. The
eluate from the bottom section of adsorbent yielded
150 mg. of.orange needles which also proved to be
p-phenylazobenzoic acid.,

The percolate, on evaporation, yielded 320 mg.,
of orange needlés.A These, after three successive
recrystallizations from ethyl aéetate, reached-the
constant melting point of 203-204°, Unlike p-phenyl-
azobenzoié acid, they were insoluble in dilute base,

When 5 mg. of the purified p-phenylazobenzoate

was boiled for five minutes with 3 ml, of 50% ethanol .

1 ¥ in sodium hydroxide, the product completely dissod-
| ved. Acidificatipn“of thevdooled solution to a pH
of 4 with 10% hydrochloric'aéid produced a‘voluminous
precipitate. The acid solution was shaken out with
three éuccessiver5 ﬁl. portions of.ethyl ether and the
combined ether extracts were evaporated to dryness,
The residue which remalned, diluted 1,000 fold with

lanolin produced a response in the assay plants about
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equal to thét caused by application of the crude ether
extractive. Since the p—phenylazobenzoate had been
recrystallized to a constant melting point,'it seems
unlikely that this growth regulatory activity was due
tozi'trace of impurity present in the p-phenylazoben-
zoate, ﬁﬁfortunately, as earlier experiments have
shown, alkaline hydrolysis of the intact growth regu-
lator changes it into another substance still having_'
growth'regulatory properties. Since the ratio of the
activity of this hydrolysis product to the activity
of the unchanged growth regulator is not known, it
cannot be said with certainty what portion of the:
totél@ growth regulatory activity of the 50 gm. of
crude ether extréotive is represented by the 320 mg,
of p-phenylaiobenzoate'isol&ted.

It is certain, however, that the activity of
the saponified p-phenylagzobenzoate is not due to an
artifact arising during the alkaline treatment of
p-phenylazobenzoic acid. A saturated paste of p-phenyl-
azobenzolc écid in lanolin 1s completely without
effect on the bean'seedlihg, before as well as after
heating with alcoholic sodium hydroxide.

The pyridine iﬁsoluble p-phenylazobenzoates
from residue B weighed about 500 mg. They were dissolu

ved in 1 liter of benzene and the solution was divided
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into four equal parts, Hach port was adsorbe
43 x 175 mm. colusmn of the 1:2 silica gel and "Hyflo" -
mixture, development being cdrried out"y passing

1 liter of bengene through cach column.. “he resulting
'chromatogram appeared to consist of a very broad orgnge

'

zone extending from the bottqm‘of‘the adsorbent to
within 55‘mm. of the top, together with a 50 mm, broad
zone at the top of the adsorbent, Hxtrusion of the

-
12

packine and elution with 95 ethanol showsd the bobtom
- g )

zone to consist almost entizely of p-phenylazobenzoic

[

acid. The material from the top zone waé~light orange
in color, had a'melting point range of about 500, and
Was obviouslj quite'impure. However, alkaline hydroiy—
sis of the crude eluate followed by assaying showed
that the active sﬁbstance\in these chromabtograms was

associated with the narrow zone at the top of the-colunn.

Because the tbtal naterial obtained from this top zone
amounted to only 15 mg., it was not in#estigated in
great detail, Since it appeared to be very soluble
in cold ethylvacetaﬁe, whereas the active p-phenylazo-
benzoate obtained from residue A was not, and since

Fal

the two substances were adsorbed on different narts
£ coluwms packed with the seme =2dsorbent, 1
lilely that the active matericl found in residue b

1s a different substance from thav found in residue A.




Inasmuch as both residue A and residue B received
identical treatmeht with pyridine and p-phenylazobenzo-
y1 chloride, it is unlikely that onebof these substances
should be a partisl esterification product and the
_other.a'complete'esterification product of the same
alcohol. It seems rather more probable that the
original crude ether extractive. containedlat'least
two'differenf substances having growth regulatory action
on the elongating bean stem. This supposition is in
agreement with the fesults of the attemptea shorf-
'path distillatioh of the ether exbtbractive.

The pyridine solutions resulting from formation
of the p-phenylgzobenzoates werevcombined, diluted
with 756 ml, of ﬁéter and acidified to a pH of & by the
addition of 10% hydrochloric acid. Extraction with
five successive SO‘ml. portions of ether followed by
evaporation of the solvent from the 'combined ether
extracts left a residue consisting mainly of p-phenyl-
azobenzolic aéid; By taking the residue up in 200 ml,
of ethyl ether and shaking the solution out with 100 wl,
of a saturated agueous solution pf’sodium‘bicarbonate,
most of the interfering acid-was removed., Evaporation
of the ether from the solution'of p—phenylazobénzoates

and other non-acidic substances left 1,200 mg. of
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orange colored semi-sqlid residue,

This product was“dissolved in 200 nl, of benzene
and adsorbed on a 44 x 215 mm. column packed with a
mixture of 1 part silica gel and 2 parts "Hyflo",
Development with chloroform resulted in the formation
of several distinct colored zones of adsorption. The
percolate was collected in separate portions, corres-
ponding approximately to these zones, as the adsorbed
materials were washed through the column, Designating
the first portion of percolate collected as ffaction
#L, the second as fraction #2, etc., the quantities
of}gpercoiate, together with the welght of non-volatile
material.obtained following evaboration of the perco-
lates are showﬁﬁin Table IX. TFraction #6, the last
of these, was obtained by passing acetone through the
colum to renove most of thé adsorbed material,

Hydrolysis of fractions 1 throﬁgh 6, as preﬁious—
ly described for the other p-phenylazobenzoates, showed
compounds having growth regulating activity to lié
princiﬁally in fractions 1, 2, 3, and 6, Only in
fraction 2 was this effect guite strong. After
reprystallizétion from ethyl acetate, the p-phenylazb-
benzoate fromrfraction 2 melted at 117—1190. Whether

this p-phenylazobenzoate represents a different alcohol

from that corresponding to the p-phenylazobenzoate




69
TABLE IX
QUANTITIES . OF SUBSTANCE OBTAINED FROM CHROMATOGRAPHIC

ADSORPTION OF PYRIDINE SOLUBLE p-PHENYLAZOBENZOATE

Fraction Volume of Weight and appearance

i# - eluate of residue

l} ' 300 ml. 166 mg. yellow oll

2 180 - 173 mg. red-orange
crystals

3 ' - 270 | 19 mgl orange wax

4 o 550 . 19 mg. orange wax

S5 v 475 288 mg., red crystals

6 ' 645 500 mg. red-brown gum

melting at 203-204°, or whether it is only a partial
esterification product of the same compound is a

matter which can be settled bnly by further study of

the problem,

| The fractions other than ffaction #2 seemed too
weakly active to warrant further éonsideration.
However, 1t is remoﬁely possible that these fractions
contained yef other éfowth regulatérs which would be
worthy of study”if large quantities of pollen extract

were avallable.
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VII. PROBABLE STRUCTURE OF GROWTH REGULATOR FORMING

p-PHENYLAZOBENZOATE MELTING AT 203-204°

The p-phenylazobenzoate melting at 203-204°

" appeared to be obtainable in larger quantity than the
other esters obtained from the ether extractive.
Therefore, further efforts were directed toward
elucidating'the constitution of this p-phenylazoben-

zoate,

Elementafy,analysié..'

‘Analysis of the p-phenylazobenzoate showed it
to contain 71.2% carbon, 4.0% hydrogen, and 12.9%
nitrogen. Its molecular weight, by the Rast method

(using camphor as a solvent), was found to be of the

v A

order of 527. These values are in agreement with
those calculated for a compound having the empirical
fq?mula,052H25N5O4, which would contain 71.0% cgrbon,
4.3% hydrogen, 12.9% nitrogen, and have a molecular

‘welght of 542,

Probable empirical‘formula.

Now, if there were only one esterified hydroxyl
group in the molecule, thirteen carbon atoms, nine

hydrogen atoms, two nitrogen atoms, and one oxygen
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atom would belong %o the p-phenylazobenzoyl residues,
and the growth regulator itself would have the empiri-
cal formula CgH gNs0z. LIf there were two esterified
hydroxyl groups in the mo;ecule, twenty-six carbon
atoms;-eighteen hydrogen atoms, four nitrogen atoms, .
and two oxygen atoms would belong to the p-phenylazo-
benzoyl residue§,~and the growth regulétor would have
the empirical formula CgH,NOg.

If::the p-phenylazobenzoate having the empirical
formula CzoH,-N504 contained one esterified hydrqul
group in each mélecule, sappnification should yield
458 mg, of sodium p-phenyl@zobehzoate for each gram
of éster; if two esterified hydroxyl groups were
present in the molecule, saponification should yield
916 gm. of sodium p-phenylazobenzoate for eé;h gram
of ester. As sodium pfphenylazobénzoate has a maxi-
mum ébsérption‘ofrlight at a wavelength ofV§§50 R,
it should be possible to thermine by spectrophoto-
metric measurements at this wave length the quantity
of sodium p-phenylazobenzoate formed on saponification
of the#ééter aﬁd conséquently the number of p-phenyl-
azobenzoyl residues assbciated with each molecule of
the growth regulator.

When 1,12 mg. of the p-phenylazobenzoate were
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saponified by boiling for 10 minutes with 1 ml, of a‘
50% ethanolic solution I N in sodiﬁm hydroxide, and
the hydrolysate was cooled and made up %o a volume
of‘i0.0 ml, with 50%'ethanol, the resulting solution
was found to contain 0,99 mg. of sodium p-phenylazo-
benzoaﬁe. This would correspond more élosely to the
1402 mg. of sodium p-phenylazobenzoate theoretically
obtainable frbm 1,12 mg. of the ester having two
p-phehylazobenonl residues in each molecule than to
the 0.521 mg., obtainable from 1.12 mg. of the ester
having one p-phenylazobenzoyl residue in each molecule.
Apparently; the empirical formula of the growth regu-

lator is CSHﬁNOQZ rather than 019H15N50’

Methoxyl content.

A methoxyl determination indicated that there

were no methoxyl groups in the molecule,

N-Methyl group conteht.

Similarly, an N-methyl determinétion showed that
W-methyl groups were absent from the structure of the
D—phenylazobenzoate, and therefore that N—methyl groups

A

were absent from the molecule of the growth regulator,




~ C-Methyl group content.
A C-methyl determination indicated that the

molecule containedlab¢ﬁt 0.5 C-methyl groups.
However, an equivélent quantity of p-phenylazobenzoic
acid also appeared to contain 0,5 C-methyl groups.
Therefore, thejappargnt C;methyl content of the
p~phenylazobenzoéte may be attributed to interference
arising from the presence of the p-phenylazobenzoyl
residués rather than to the actual presence of a

C-methyl group'in the growth regulator molecule.

Function Q£ the oxygen atoms.

Since there are two residues in the molebule
capable of acylation, one may:-conclude.élther:that
the molecule cohtains4two hydroxyl groups ( the
'ﬁitrogenﬂafom being involved in some relatively

unreactive étructure).or else that the molecule contains

one hydggxyl group and one primary or secondary amino
group.  Since the intéct growth regulator appearé to

- be nearly neutral in na%ure ,'it is improbable that

- The molecular structure inclﬁdes a primary or a second-
ary amino group. It is therefore likely that the
.molecule of growth regulator contains two hydroxyl

groups.
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Function of the nitrogen atom.

Sihce'both oxygen atoms of the growth regulator
molequle can be accounted for on the Basis of the two
hydroxyl groups present, the possibility of the nitro-
gen's being present as a part of an acyclic amide,
én oxime, a nitro group, a nitroso group, or anvamine
oxide may'be excluded from further consideration.

The experimental evidence thus far presented

does not exclude a nitrile from the list of possibifi—
ties. Howéver, wheﬁ.the p-phenylazobenzoate was.
saponified in 50% alcohol 1 N in potassium hydroxide,
a strip of moistened red litmus paper placed in the
vapour arising from the boiling solution showed 304
change in color. This test indicated that the nitro-
- gen 1in the growth regulator was probably not involved’
in a nitrile structure.

‘As a result of a process of elimination, i%¥
~appears that the mitrogen of the growth regulator
molecule is quite probably a part of a tertiary amino
structure, and that this group is modified through
resonance to show few of the basic properties

characteristic of many amines,
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Possible structural formula of the growth regulator.

Admittedly, the magnitude of the molecular
weight of the p-phenylazobenzoate introduces consider-
able unqertainty into the number of hydrogen atoms
present in the growth regulator molecule. From just
the”elementary‘analyses and molecular weight data,
one could easily conelude that the regulator might
be an.aliphétic compound. The molecule, however,
has been shown to contain two hydroxyl groups, no
M-methyl groups, and probably a tertiary amino group.
Therefore, allvaliphétic structures mﬁst be excluded,
for 1t is not possible to devise a stable six carbon
atom acyélic molegule which would fulfill all these
fequirements.

Furthermore, it is not possible to devise an
isocyclic structure having fewer than six carbon atoms
in the}ring Whichhyggl@ agree with the reguirements
of the quantitative analytical data.

Any of the dihydroxy anilines would have apgreed
with the formula CGH7K02, ahd would have fulfilled
the rest of the requirements sel by quantitative
analytical data, In the event that the amino group-
and the hydroxy groups were unfavorably oriented, it

is altogether possible that one of these groups would

vylazobenzoyl

have failed to react with the p-phen

i kS
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chloride, However, all the dihydroxy anilines would
be expected to be readily solubie in cold dilute
aqueous allali., Since this condition 1s contrary to
the experimentally observed behavior of the growtl
regulator, the dihydroxy anilines may be excluded from
the iist of probable structures,

Several possible structures containing a five
membered heterocyclic ring could be dfawn.' However,
if one makes the assumpbion that the empirical formula
C6H7N02 is indeed correct, then he must eliminate the .
five membered heterocyclic compounds from further
’consideration, for the empirical formula, combined with
the‘few structural requirements already outlined, does
not agree with any possible compound having a fivé-
membered heterocyclic ring. B |

One remaining poséibility is that the growth
regp;ator is made up of a‘substituted pyridine ring,
having the one spare carbon atom attached to another
of the carbon atoms in the pyridine nucleus. The
structures shovm in Figure 2 would have the proper
empirical formula,

Since the Cfmethyl deternination showed the
absence of a C-methyl group from the molecule of the

regulator, structures I through XIV, Iinclusive, may be

regarded as qulte unlikely.




HO, OH
CHs
XIII
HO
N
XVII

HO CHEOH CHoOH

XTI XXII XXIIT . XXIV

-PFigure 2, Dihydroxy'pyridines haﬁing the formula CgHy105.
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It will be recalled thet the growth. regulators
in corn pollen ether extfactive reacted with phthalic'
anhydride ﬁnder conditlons sufficienﬁlﬁ‘mild to cause
né‘appreciable reaction between phthalic anlrydride
andka'tjpical secondary or tertiary alcohol, Tt is
improbable  that compounds haviné thé étructures I
through XIV would react under these conditions, while
compounds of stfuctures:XV through XXIV would quite
probably react. Thus there are not just one,’but two
reasons for‘eliminating structures I through XIV from
further consideration,

it is a commonly observed fact that alpha- and
gamma- pyridones either do not form colored substances
‘with aqﬁeous'ferrié chloride solution or else form
yellow to orange cdioréd produéts, whereas beta-
pyridones produce blue to green'colorsvwhen treated
with ferric'ohloridé (27). A 5 mg. sample of‘the
p-phenylazobenzoate was boiled with 2 ml. 6f a 50%
solution of gthgpol 1 N in ﬁotassium hydroxide. for
five minutes, and:the resulting solﬁtion was cooled,
made acid to‘litmus with 6 ¥ hydrochloric gcid, and
shaken out with three 3 ml, portions of ethyl ether,
Evaporation of the ether extracts left behind an

orange colored residue which produced only an orange
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color when treated with either aqueous or alcoholic
ferric chloride, Thus, the ferric chloride test
- suggests ﬁhat the growth regulator might be either an
alpha-or a gammé—pyridone. |

A further observation adds support to this
supposition, It has been observed (27) that most
beta-?yridones are acidic substances, forming water
sdluble sodium salts, whereés the alpha- and gamma-
pyridoﬁés are not., Thus, the lack of any tendency
of the growth’rééﬁlator to be extracted from a soiution
in ethyl ether’by aqueous alkali would favor the
possibility of the regulator's being an aipha- or a
{gamma—~pyfidone;

It is true -that these teéts are not very
rigorous, but they do makelstructures Xv, XVII, XXI,
and XXIV seem more improbablé than structures XVI,'
XVII, XIX, XX, XXII, and XXIII. |

| '.From this latter groupﬂof possibilities, struc -
tures XVIII, XIX, and XXIII may be elihinated by the
following considerations, According to Gibbs (7),
mildly alkaline aqueous solutions of the gréat majbr—
ity of phenols héving unsubstituted hydrogen atorns
in the .. position para- with respect to the phéenolic
hydroxyl will react with 2,6-dichloroguinonechloroimide

to form brightly colored compounds, When 5 mg. of the
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p-phenylazobenzoate were saponified as described on
page 79, and the residue was suspended in 3 ml., of
sodium'tetrabofate buffer (pH 9.2), treatmegt with
5 drops of a saturated aqﬁeous solution of é,6-dichloro-
quinoneéhloroimide-resulted in no color production,
Apparently, then, the one phenoiic hydrozyl group is
in a position péfa-ﬁto-some substituent or to the
ring nitrogen atom. This would be the case with a
compound having the molecular stru;ture indicated by
either formuls XVI, XX, or XXII. : -

Skraup found (30), in studying a large number of
pyridones, . hydroxy-quinolines, and‘pyridine and quino- -
line carboxylic acids, that only those compounds
having a hydroxyl or a carboxyl group in the alpha-
positibn wlith respect to the ring nitrogeh would
produce a rcd to ' orange color on treatment with aqueous
ferrous sulphate, When a 5 mg. portion of the p-phenyl-
azobenzoate was saponified as described on page 79,
_the ether soluble saponification products produced
a distinct orange coloration after treatment with a
drop of 5% aqueous ferrous sulphate, As a check of
this observation, a solution of the orange colored
sodium salt of p-phenylazobenzolic acid, as well as a

drop of an alcoholic solution of p-phenylazobenzoic

-
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acid were treated similarly. Neither of these sub-
stances produced an olrange colored product in any way
resembling that formed from fhe saponification products
and ferrous.sulphate;,‘The outcome of this test would
suggest that the most}ﬁfobable structure of the growth
regulator encountered was that shown in formula XXII,
'However, it 1s altogéther possible that a gamma-
pyridone haﬁing a hydroxymethyl group in the alpha
position mimht also produce an orange color similar
to that observed for alpha-hydroxy or alpha-carboxy
pyridines. Until informatioh'concerning the behavior
of alpha—hydroxymentyl pyridines toward ferrous sulph-
até is obtaihed;, formula XVI must also be considered

as a possibility.
VIII. CONCLUSIONS -

Admittédly, none of’the experimental wofk
described leads to a positive conclusion regardiﬁg the
structﬁreﬁ of the growth regulatory substances present
in the crude ether extract of corn pbllen. However, -
1t does permit the following statements to be made:

1. There exist, in all probability, more
than one ether soluble plant growth regulator

in corn pollen.
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2o Most of the ether soluble growth
regulators in corn po11én'are neutral substances.
In this respect they differ from auxin a, auxin b,
and heteroauxin, the three plant growth stimu-
lating acids which have been ‘isolated from
plants or plant products.

3. One of the growth sfimulating substances
in corn pbllen,is a nitrogénous alcohol, quite
possiblyv2fhydroxy-5—hydroxymethyl_pyridine, a
compound which has not yet been‘synthésized in
the laboratory.

A conclusivelsolution‘of the problem of the nature
Cof all the.plant growth regulators in corn‘pollen must

necessarily awailt much further study.
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CHAPTER II

ISOLATION OF QUERCETIN FROM THE POLLEN OF ZEA MAYS.

It is a‘commonplace observation that the pollen
of most flowering plants is colored yellow, Yet the
idéntity of the compounds responsible for this color
has been determined for less than a half dozen species

of plants.
I. NATURE OF THE PROBLEM

Although the pollen from corn, Zea Mays, is
readily obtainable (6), the exact nature of its
pigment, or pigments, has remained unknown., Vinson (8)
obtained a yellow*crYstalline substance, which he did
2not identify, from corn pollen; Uber (7) studied the
absorption sﬁectrum of corn pollen, buﬁ he concluded
that‘he was unable to correlate}his observations
with the chemical coﬁposition of the pollen. Eecauss
of thié lack of knowledgé concerning the pigments‘of
corn pollen, the yellow solid which separated on
evaporation of the ether extracts of the pollen from

Zea Mays, varieties CGolden Cross Bantam and Ohio K-15,

was studied in considerable detail.
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II. CHEMICAL STUDY OF THE PIGMENT

Purification of the pigment.

Fifty gm. of the crude ether extractlve ( see
page 12) were stirred into.250 ml. of petroleum ether
( bep. 35-70° ) and the flask containing the suspension
of yellow pigment was then permitted to stand at 5°
for 24 hours, At the end of this time, the pigment
was collected on a Blichner funnel and washed with
50 ml. of petroleum éther. The filter cake welghed
2,25 gm. The entire gquantity of crude pigment thus
obtained was dissolved in 100 ml. of boiling
95% ethanol, and filtg?ed to remove insoluble impuri-
ties. To thé i;luyate was édded dropwise a hot
éolutioh of 10 gm. of neutral lead acetate in 25 ml,
of 95% ethanol; Enough 12 N sodium hydroxide was
added to adjust the pE of the solution to 8 or 9.

After the alcohblic Suspension of the lead salt
had cooled to room temperature, the orange solid was
collected on a Blchner funnel énd'washed with 25 ml,.
of 95% ethanol. When the filter cake was sufficiently
dry to be handled wilth a spatula, it was dissolved in
25 ml, of boiling glacial acetic acld, and the solutin
was diluted with 75 ml, -of water., Upon cooling,
lemon yellow crystals formed. These were filtered off,

recrystallized three times from 50% aqueous acetone and
: a
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dried over phosphorus pentoxide in a vacuum at 90°
for '72>hc')urs._ M.P, 312-315° (dec.). The reported
m,p. of qﬁercetin is 313-314° (dec.) (3).
fnel. Caleulated for CygH)o0y: C, 59.6%; H, 3.3%;
" Mol Wt., 302,
Found: C, 59.,7%; H, 3.6%; Mol. Wt. (. Rast,

in camphot), 288.

Qualitative tests.

The purified yellow pigment reduced Fehlingfs
solution. The substance formed a green iron salt when
treated with aqueous fefric chloride. Reduction of
the pigment ﬁith'magnésium amélgam in ethanolic
' hﬁdrochloric acid led to the production of a bluish-~
red pigment extractible in amyl alcohol, All these
properties suggest that the compound is a flavonol,
"They are‘all in agreement with fhe published charagter-_

istics of quercetin (4).

Acetylation of pigment.

—e

Five hundred and ten mg,. of the purified pigment
were bolled under a reflux condenser with 10 ml, of
acetic anhydride and 5 mg., of concentrated sulphuric

acid for 1% hours. The reaction mixture was then




~poured into 20 ml, of methanol, and the volatile

components of the reaction mixture were evaporated
in vacuo. The residue was recrystallized three times

o R i
from hot 95% ethanol. Decolorizing carbon was added

during the first recrystallization.

After drying over phosphorus. pentoxide at 920°
in a vacuum, the 150 mg. of colorless silky needles
obtained melted at 199-199.5°, The repofted melting
point of quercetin pentacetate is 200°(2). The aéetyl-
ated product shdwed no melting point depression when
mixzed with an authentic sample of quercetin
pentacetate.

Anal. Calculated for guercetin pentacetate,
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CosH20012: G, 58
Mol. Wt,, 512,
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Found: €, 58.4%; H, 4,190; Acetyl, (From
C-riethyl determim tion), 41.9%; llol. Vit.

(Rast, in camphor), 530,

LMethylation of pisment.

Five hundred mg. of purified pigwment were
dissolved in 60 ml. of acetone. To this solutlon were
added 6 ml. of water, 5 ml, of dimethyi sulphaté, and
6

e, of powdered sodiuwm carbonatbe wononydr;“ . The

¢
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mixture was boiled under a reflux condenser for 1z
hours, cooled, and poured into‘lOQle. of wahar,
After sbanding at 4° for one hour, the sluryy,waﬁ
filtered through-a suction filter, The fiiteryéake
(350 mg.) was recrystallized three times from.hoév
75%.acetone. A small guantity of decolorizing carbon

vas added auring the firé recrystallization,

The product melted at l61~161.50 after drying
over phosphorus pentoxide at 90° in‘a vacuumn, The‘
reported m.p. of quercetin S,V,Bf;4'—tetfamethyl
ether is 159-160° (1).

¥o depression of melting point was noted when 

e}

this methylated pfoduct was mixed with an authentic‘4
sample of quercetin S,?,S‘,é‘-tetramethyl‘ether.
Anal; Calculated for quercetin tetramethyl
ether, CpgH; 0,: ¢, 63.7%; H, 5.,1%;
Hethoxyl, 34.5%; Mol., Wt., 358,
AFound:wC,»SS.S%g H, 5.3%; Methoxyl; 34 ,5%;

(Rast, in cawmphor), 349,
ITII. CONCLUSION
It is evident that the yeliow c¢ther soluble

pigment in corn pollen is indeed quercetin. It was

isolated in yields of about 0.2%, both from the pollen
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of sweet corn, variety Golden Cross Bantam, and
from the pollen of ggggfg-;g; a hybrid field cofn;’
It was idéntified not only by.quaiitative'tests, but
also by conversion .to the 5,7,5!,4'—tetfamethyi
ether and to fﬁgvpentacetate. ,Inasmuch as quercetin
has been lsolated from the hﬁské of Emerson's brown‘
husked type of malge (5), it is not surprising ﬁhat

it should also be present in maize pollen.
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