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Limrrep. of Imperial Chemical House, Mill-
bank, London, S.W.1,
WraGG BrusN: and -
Forry RAprey and Puinie Joux Curris and
all British subjects.
Welwyn,

of The Frythe.
mvention, for which we

hereby declare the

. pray thar a patent may be granied to us, and

the method by which ir is 10 be performed, to
be pamLulam du\.n‘)u‘ in and by the follow-
ing statement

This invention rclatc: 10 a4 new organic acid
hdvmg plant grow[h promoting  properties,

and 10 active derivatives thereof, in -particular

salts and esters. The invenrion further relates
to 4 method of producing the acid by a
metabotic - process. The invention
refates 1 compositions for agriculural use
containing the new acid or an active deriva-
tive thereof.

234 e

Price 3s.6d.]

" INDUSTRIES -
a British Company,
MARGARET .

Herdordshire, do.

further -

—oprical rotation [«]."%: 1527 {¢; 0.5 in
ethanol].

Muhvi acetyl znhhcrcllate—-—mclrmg point
130—181" C.-

-—pptical rotation [J]l 1)0
ethanol).

Infm red gbsorption Lurvc' (\"u)o] * mull ?—

ic, 0.4 in

Nujnl is a Registered Trade Mark} - of
material crystallised from  ethvl  acetate—

light petroleum ¢h.p. 60—80° C.) as shown
in the drawing accompanying Provisional
Specitication No. 19238/54. X-ray powder
diffraction lines ‘as shown in ‘Table I. The
intensities I of the lines on the “powder
photegraphs are. estimated by reference to the
strongest line: which is assxgned an intensity
of 10.
TaBLE I. :
X-RAY POWDER DIFFRACTION LINES OF
' GIBBERELLIC ACID
(ex cthyl aceiarte}

- . We. have found zha_t from & culuure of - Spacing Imensnv : Spduna Intensity.
Gibercha  tujikuroi - Sawada;  Wollenwebér .« 5 o R RN
¢ Fusariem moniliforme Sheldon: there may (.20 5 b 2.786 :
be exirdcted. a new organic acid having the - g 73 2b 2.687 1
property of promao: ing plant growth. This acid =~ 733 Sp - 2.549 2
is hereimafier termed gibberellic” acid. 6.69 . W' - 2485 >
" ‘The present invention therefore . provides a 6.01 LOSh 2418 W
new chemical compound. gibberellic acid. - 531 . 10h 2.150 1
such as is_obtainabic from a culture of 506 1 2.3058 i
Gibberella fujikurei, the acid bcing character- 434 3} 2.249 v
ised by the following properiies: — .60 .7 2172 1

- Melting peine 233—235 (% “vigorous gas. " 4.33 2 2.120 ]
cvolutin_n‘), . _ 4403 3 2.040 w
~Optical - Rowation | }.7%, 837 "¢, 1151 in 385 w 2003, W
methanol). o BT Bt B 3 1.971 W
Monemethyl  ester—-melting  poime 209— 35491 3. 1.936 - W
2100 T 338y To 1,920 W
-—upu«li’ rm,n.m' Prle 7S e, S dn 0 3214 1 1.863 w
cthianol}. : I X0 A w 1.853 W
p - Bromophenacyl - cstcr——-mch'ix_-lg point 2.993 13 1.780 w
218219 C. - 2NN l‘ 1.698 W
Hydrolysis with builing mineral acid—1_. w denotes \w:ak reflection.
mnle carbon diexide cvolved. R b denotes o broad dlffusc reflection.
TAceny! derivative—dnelting poing 233-— 7 The third tigure ‘beyond the decimal peint s

£ arely surnifican:.
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The wveniton  abwe” provides  functivnal
derivigives o1 gibberellic aad. which are salte
and thereot.  having  plant growth-
promoting propertics, I wamples of the esters
indude  alkvt esters and. spedificallve the
methyl. ethvl. dsopropyl. buwyl and  octyl
esters. Compounds in which the  alcobolic
hydroxvt  groups gibberellic.  acid  are
esterified  with  aliphatic or arsinau acids,

ONIQTS

of

speciticaliv acetic, butyric and benzoiv acids.

comprise an  additional npe of ever of
gxhhucllu acid. The salts preterably utilized
are the alkali metal salts and other salts such
ay the aikaline earth merai salts. c.g.. calcium,

The present invention also provides, mix-
tures having plant grewth-promoting  pro-

“perties comprising gibberellic acid, or an active

derivative thereof. and a diluent. The diluent

may be liguid or solid and may censist of or

contain plant nutriemis. partivularly sources af

nitrogen

Further. the present invention provides a
process ol pru\!uuuo gibberelic acid. or mix-
wres  containing said  avid. comprising
cultivating an actrve strain of  Gibberella ¢
fujtkurei in an aqueeus medium and. con-
tinuing the cultivation after aciive growth has
ceased. A

Gibberelne  acid mav be produced by

Gibberella fujikurei when grown as a surface
cultare or as x Jdeep. stirred and  aerated
culture in @ suitable agueons medium. A sult-
able medium must coni warbon - seurce
‘g, osuorose, glucese ot plveers at 2=-30
WAV an ammonum salt or 4 nitrate or
digest of protein c.g. pbpume  as nirrogén
source  to give a concentration’ of N in the
medium o 0.01—0.8 o coencenrration of
0N being gencrally suitable . d magnesiuni
salt e.os magnesium sulphare bepcabvdrare
iv0S v rhereahouts, which alve convententiv
adds  sulphate winch s alse pecessary but
which- mav be added in some other form *f
another  salt  of magnesium iy wed:n  a
phosphate  e.g.. potassium Jdihvidrogen phos-
phate at NS08 . 01 heing a suitable
conventration®. a poutssium salt ‘which may
be conveniently the phisphate, see above! and
traces I—=1.ppom. of meral
mm) copper. zine, manganese and  a
-1t ppans of metald of g oreivixdate,

Fermentatione can be converientdv carned
\"npcral'.n'c i the range 25233 O
al srains the | Taneus
e acid. Resilic of tess
W ovaneny of strains deoimdicas
strains isolated  fromy e seetiigs mbecied
with the * bakanace 7 disease are nore Likelv g
produce gibberellic acid than -reaias isolated
from other st plants such i ceton, matze
am! pincapple. OF strains toend o cagar cane
are active i produding arhberellic and.
awers are met Stranee o whivi
produ o che oakdoare dowicaliveome
abe
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H
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gibbere- i

o produce
crried vt op

However 1hat

o THINIS

FERR A SR S R EA NS S

of salty of
race -

none, and’ w hmhcr or nog . straid iy active can
he determineds ontv hy growing it and luung
the calture.

Strains
produse
* Sawada

“from the
cultures  at

Gabbereity fujikuroi which do
gibbercilic acid ure the - so-called
" and " Miyake ” strains obtainable
Centraalburcau  voor | Schimmel-

Banrn. Holland. "Four  strains
numbered 1001, 1o, 1135 and 1139 in our
collection of “moulds are also productive of
gibberethic actd. Samples of these strains have
been Jdeposited -with the Centraalburcau and
with  the 7 Commonwealth . Mycological
Institute, Key.. Surrey, Cultures of these
strains when ‘grown as described herein’ will
contain gibberellic acid.

A method of obtaining gibberetlic acid com-
prises generaily the following steps: —

Jir growth of a mould culture in an aqueous
medium:

“ii: filtration and cxtracrion of the medium
with an. adserbient

1;i clution:of the adsorbent:

punh\alwn of the acid nh!amcd by the

ciuten,

A preferred adsorbent is-activated charcnal

Giibberellic: acid has been preduced in sull
and in stirred culure using Raukin® Thom

of

medin containing sucrose  as the carbon
SUUTCL. . . :
To  obrain - maximuen vields in stirred

cultures iU is pecessary to carry fermentation
on tor what is'y long time by usual standards,.
Ths ivosiown- by the foliowing vield /time data
fin
comainng 4 - sucrose, initially adjusted to
pll 3.5 and af 23 C, -

)
. Tasey 1L
Hre fermemarion Yield ‘meg. /1
93- - 18
il e 33
41 '39
164 AR KA
i 187 - Y0S
212 . Q2
236 ' 138
2h2 . 160
R I C 189
33 193
412 249

Fhe time 11 whick mbherellic oid hcg'ns w

decumalate n A culiure of a suitable straie
Gibberells fuitkured and the final vield -:»t'
gibberelhe akd are :nfluenced by the con-

centrations of the carben source and nitrogen
seurce and by the ratie of these two concen-
trations in thé medium ased. :

The follow mo.[ xainples are given-in 1llus—
tratinn. :

A gibbercellic acid’ pruduunL strain of the
euld was grown mo 30 litre batches

of a
e Tolliveine ompositiop

Iy Yire batch of Raulin-Thom medium-
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magnestum ~ulpthate ' gy
potassium dihsdrogen phosphate 150 gnu
miner clewen: concentrate™ - . 6l mi
glucase monohvdraie .
amnmoniuy .1.,r'.uc ' .
waler ' : RIS

see helow

#The compesition of the minor clement con-
CEIHTAle Was! —— . -
FeSO,7TH.O . . gm.
(_ZUS(-):,QH_._(_) fi (llﬁ gm.
ZnSO THLO 1 on.

“siatd : - 1

MasO TH O 0.01 gm.
K.MeQ), . .01 gm
wiie i ml

The medium was stirred, aerated at a rawe
o {0 tires/minute and maintained at a tem-
perature of 25 (. The pH value of the
medinm wae adjusted 1o 4.5 before sterilizing,

Yichds of gibberellic acid ‘meg./L} at
various times during fumcmauun on media
containing ditferent concentrations of glucose
and ammonium  nitrale  arc  given in the
following wables. T

TasLg 111
Yield of (nbhcrdlk acid (mg. /1.

, (9 nmcntra.um of I\H,:\O fg /LY
Gligase Hours of. :
Menchvdrae {ermentation 1.2 24 48 - 9.6
1h 120 —
161 19 -
168 —
282 . G
REL HE _—
58 fi 146 44 49
330 1412 AES 204 C S
44032 130 312 204 4
[ B
: 138 — —
168 —_— —
183 63 34
210 4 b
%2 100 a R 8
. 338 i 71 s 7
: Hi —
id —
137 3 — -
14} 4t 3 2 —
18< 42 7 — —
MIE '-\
20
. T 123
' i34
1A2
189
244
: 164
) 3AN
408
44
445
3]
These results wamo a the vield of  gibberellic acid incrc;‘xz_actf with  increasing

i reases with 'h...Lﬂ\lnf’ ratio

gibberedtic acid
vield  of

or o ghinene/NFENO L e the

shmeose.
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Yich! on Gibberelbe acid - mg./i.
NH,.\'(.'_ HICIN 4N 024 0127
- Dexirose : _ '
. 16 RE) 211 310 148
N < 6t SINS 200
C 13 _— . R 118"
2 [ N R 50

() in media of -given glucose concentration
production of gibberellic acid commences
soonest in media of low NH ,NQO, concentra-
tion, _ . :

(d) in media of given NH ,NO, concentra-
tion production of gibberellic acid commences
soonest in media of low glucose concentration.

(e; Gibberellic acid is produced by the
fungus only during tmes when it is
accumulating  or  subsisting  upon  internal
reserves of fat and carbohydrate. that is to say
when net protein synthesis or active growth af

" the fungus has been checked by exhaustion eof

either the nitrogen or carbon in the nutrient.
The best conditions for production of the

“acid appear tn be those in which nitrogen is

the factor. which -limits active growth and

‘carbon i in escess though. of course. it is

_present in the nutrient to p

necessaty that sufficient nitrogen be originaily
mit adequate

_growth of the fungus before acid production

commences. , .

In general, high vields of gibbereltic acid are
obtained by growing the mould in a nutrient
containing  from  0.2—0.23° . ammonium
nitrate {or equivalent source of nitrogen’ and
from " 10—30" .- glucose {or equivalent source
of carbonj, ie.. from 0.07—11* N and from
151007 C. . :
Examrrr 1.

For still culture the Raulin Thom medium
was dispensed in one litre portions in carthen-
ware vessels and the cultures incubated for

_about-ten days at 25 . Incubation of stirred

‘N-hydrochloric

cultures lasted three 10 five davs at 25 . The
culture filtrate, of pH 4 or less ‘adiusted with
acid it necessarvi was
extracted with 10 g./L of BDH. activated
charcoal. The air dried charcoal - containing 20
te 307 meisture; was continuously cluted with
acetone, and  the cluare  evaporated  under
reduced pressure 1o give an aqueous concen
trate which was, extracied twice with ar Jeast
an equal volume of eihid acetate. The com.
hined ethyl acetate solutons were extracted
twice with 25 ol their volume of phesphate
hutfer pH 6.3 136 g, KH PO und 24 g
KOH in | i of wuer. The buffer extracts
were combined, adjusted o pll 3Ia and
extracled taice with an equai velume. of cthyl
acetate. On concentrating these extracts, crude
aibberelhs acid crvstalbsed, moviclds of about
A ey I

ride ackd was purified by

209210

. Inddrocarbon

adding an 'cqv.'xal_-.:'vé)l_um_c_-of light petroleum

{(60—80" C.) to "a_solution . in boiling ethyl
acetate. Repetition of this process gave pure

gibberellic acid ag jagged lathes decomposing

at 233-—235 (., optical rotation {2],'" + 86~
fc, 2.12 in ethancl). {Found: C, 65.9, 65.85:
H, 6.6, 6.55. Eq. wt., 342, C_:H.,0O, requires

C, 659; H, 6.4 -Eq. wi. {monobasic} 346).

The molecular weight has been confirmed by
the X-ray  method.” The unit. cell was
wetragonal and had -« & 10.905. ¢ 28.74
. The density was 1.34-0.01, whence the

molecular weight 78 molecules .per unit cell}
Y R : ) : ’

iy 345, -
. Direct extraction of the culture filtrate with

_organic. solvent will femove gibberellic acid

but-nov-so effectivelvias when charcoal is used
as in the above Example I.

The empirical formula for the acid and

o - Coox
derivatives - would “be tCH L, 04)0Y
: - . oY

where X may be hydrogen, alkyl .or aryl

radical or metal and Y '

acy! radical. - . - .

Gibberellic acd gives a methyl esier, m.p.

- Co-optical rotation (2] w0 . 75

<o Q5 in ethanol:: tFound: C, 66.65; H.

may behydrogen or-

95

65

70

80

85

6850 OMe. 8.5 € H.,0, requires C, 66.65;

Ho 670 OMe. %675 with either, diazo:

methane or methvl jodide and potassium

carbopate in acewone. * The p-bromaophenacyl
ester has mp. 218219 C. {Found: C,
37650 H. 500 Br, 14350 GLUH.,0 BrH.0

requires C,S7.75: 1. §.2: Br, 14.2", CAcetyl-

gibberellic acid. mips 2332347 €. (dec))
optical - rotation [ 2],7 - 152 {c. 0.5
cthanol:. Found: Gy 65.1: H, 6.35. C,H.,0.
requires Co 64.90 H. 6.2, prepared with

" acetic manhydridé in,. pyridine a1t room  tem-

in

95

perature. vields a inethyl ester, mop. 180— 100

IS1 €0 optical rotation fo o 150
04 in cthanoll (Found: G, 63.3;
CoH O requires €, 6565 H, 6.5 also
obtained by acetylating inethyl gibbergliate.

As turther examples of alkyl esters of

{c,

H, 67

gibberellic acid the following were prepared in - -

vach Case by interaction of the carboxyl group
ol gibberellic acid aud the appropriate diazo-
in & suitable . salvent:  ethyl
gibberellate . forms= "a - hemi-methanolate,
prismatic needles, mop. Fa0-=151 - ¢, “Found:.

Coon6 L Te CoHLO L VWCHLO reguires

"

AT %

110

X
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140 C.

_in which the ¢
. an hvdrowl group is acyl lated arc as follows: —
‘ethyl acetyl gibbereilate. mn.p.

- m.p. 2()2»—71}2

AR 6 .C.

: Clh_\i_

C, 66.2: H, + which on bcmg hc..ltul )
in T mv uddx the solvent-free ester.
*(Found. Cs 67 3. H, 7.2,
674, H, 70" isa-

mp. 135136
C..H..0, rcqu.ru .

Propyl gxbbereihuc forms a hemi- mc.manola ¢ -

ncedles, m.p. 1——~152 C. 'hmnd €, 66.5;
‘H, (J. H 1CH 0 requires G 66.5:
H,7 Bum gxbbudlate hemi-meth anodlate:

forms pr(smam necdles, m.p. 18
{Found: (. 67.6. H, 7 L H,.0., 1CH, o

rcquw:s C. 674 HLOTT OCM gxbhcrcnatc'
forms r\mmau\_ needles, mp 157—159 C.
{ med . 70.2% H, ‘s 3. ,.H 0., requires
C,70.7 H 8.4 :

l*urthu exal nplc:, of csters . formed by
acylation of an hydroxsl group in gibberellic -
acid are —butyryl gabberelim acid, m.p.
1927 {Found: C. 66.1. H. 7.0, C,.H.,0;
requxre& C 66.2. H. 6.8 ) prépared with
butyric .mh\dndc. in pyridine at room e
perature. and benzoyl mnbnrelhc ac1d. mp
204205 . C. lound C, 69.2 H, 59
C..H.,0., requires C. 693 H,. S.‘% )

<

prc-

p'&red thh benzoyl thor‘dc n pvrldme .n

room temperature. .
Examples of Jerwam es of vxhocrelm acid
carboxyl group is- esterified and

202.—204 (
66‘ H. 6.9 ,‘,H.,O requires
3, isopropyl asety 1g1b’oerellate
C. ‘Found: G, 66..>H
Q. requires C. 67.0: H. . butyl .
bhereltate. m.p. 147 ~—149 (‘ F ound
- H. 72 G, H..0. reqmrn(‘ £7.5
athvi  buty vryvigibberellate. mp
‘Found: C.
requires <. fw"‘._"-_; H.
henzoylgibberetiate m P
:,F«‘eu_nd:-(“ 0.5, 11 68

!Found C.
C. 66"4 H. tv

C.H,

[ H 0. '-'.3‘ “and,

‘02‘ o

“H 637 and uu\l 'uetyloxhwcrclla ¢
consists of &

whis colourless  syrup. D-Pe
1982027 C. (hath 1cmpcmturc/ . 107 -
I Found: G (w‘}ﬁ H. g4 G H“
requires C. -69.6: H. .

Diacety ibberelii Aud pr"n ared by al‘u\\
g m..h)emlh soid 1o reaet with mcm-_'
.mhwx;de i, pyridine av ruom :unpuamrc
for & days lurnxcfl nrisny, NP {86.3~1%87
¢ Vound fd 25, H mis. € H.0O, '

Methyl dmmul-
the avtion of
|ne on ¥ mrethanolic

requires C. 64 . H.
"(hh(,r{.”dkt Wi p.q '
oxcess wrbereal dias

od Eﬁ‘.'

wlution of & -diacets iobereliic  adid. Ic
crystallised from wwethviene Shtoride- tight
pmulu. a1 by f»i?-----\‘ﬁ Coroaid oo
sectne-light peirobuin Sp. BH—BU- ‘G
mu..wu. wr'..sm\. mp 166 R TR SR O
SFound - 65.1; H. 645 G H ). requires
(. GEES. u 635 :
An esample o the pnuoluu unh(ul

prepare the methy} esier of @ :’wrdha ac \d is
hown in e uHm\ ng exaniple
- pxampnr 11
Ay A mluvnr nf 207

X(\H

Cadded

- g henrene- _methanol mixtare ¢
o ']\klﬂ\x
52.—~153 “C..

in i

" ihe solution
- qhe solvents ware rapidly distitled off 1 <
CThe residy
67.2. _H., 7S

H,.0, requires :

me of beLuc*hr

actd in 7 m] ai mc'nannl WS (.UD!CL. e O
andd an Exeess
with  ~tirring. Yive hours after the

compleiion vl ke additon, the sojution was

p‘uccd on 4 water-bath and rapidly cvapm.ucd_

o drvness, The- residue was CTy: stallised fTom

Zlﬂ)LrC“dtL‘ melring at 208-—=2 210

C. ‘After 2 second ‘rvstalhaanon the . ester
melted at 7(‘9—»310 C.-and had an opthai
rowation o {#y 7 .'.’ ., when duc.rmmcd in

a 0.5 percent solution in gthanol.

B A mixture of ¥23.mg. of g\bbc.rellu.
.md 03 mb of methyl iodide, 0.7 g of
‘aphydrous potassivin carbonate - and 7 mlb, of
dry acetone was hedled under reflux for 3
“hours..
_vesidue washed with water and dried. Repeated
Lrysmlhsauon from a Mmisture: of ethy] acetate

- and henzene gave munyl mhhercllme mcltmg

g 26042057 C.
Of ourse, the wther cstcrs

‘T'he pnpdxanon of.an ester from. reamm
‘of the gabbureliic acid with an acyl-group- -
taining uunpmmd is illusirated by the foilow-
ing example. which shows the: qem.ral m.tnod
“ 0% prmar.mon of such. £STCTS.

EXAMPLE lll

Tea suhmun of 113 mg.
1.3 mlb of purc dry pvndrm was added 1
ml of acetic anhj,dr.Jt The mixture was left
for 45 hours ai T0o0: temperature and then
way placed on
TUCHO.
was Jissolved sodium bicarbo-
pate sofaw the
filirate acidified

resuhing Pt

and \'\\‘nh;\ 4 from 3 mivware of qhvl acetate
‘ll‘l hght pcuukmn Jbap. B0 €
e L-‘;,m”‘»uum acid

33234

with b deﬂmu acid.

as rhombs ms.lung at
C. \o.lc.u:mpm.u\m and. having an
npmd‘ rotation. of |+ A TRARENE b NS
mined ina 0.5 pereent mhmcm in ethanol:

11 sheuld e siressed that: orher esters Of
-gi'hlwc-.!.\ acid are within the scope ot .this
nvention, s tor example.
“phemt esters. The *nrq,umﬂ
way of thrauon _

i additon, it xhnuhl ‘he anted that various
wtlis vt gibhowellic add have been prc,parul

Are: mcrdv by

Parvwnlariy e | afkall aweral. atkatine carth
retal Akl amnenien, ity are of interest, as
for  exanaple: sondiant Lxhnuclldu suqm-
“hydrae, nieliniie gep. :n 23238 G
rdecomiposiidt SFoumd TR ML 613,
IO O NG HO- r(qu'ru (.. sTF Ho
612 e Gassivm ginberelate - ses uilwdrate.
indetinie s Al ,'_.’S;n—??‘) ¢ decomprsi-
tiond - Found o 4L ';"5'.(:;'-[-'{., 5.7, 20, HLOK,
3O requites o898 HL39 '. ul|LlL)l’n

ubbud!,m hvadrice. dnmnpmnmn at
R 1§ SV S R Spaund: CLOSET I—l_, £,
O, H, 0 L 1O iLqUHLb G, 3820 1,

af diazomethane in cther was .

give 139 mE.

as gcncmn) .
noted 'mrmuturc, can similarly be - preparc :
“of gtbbcréllix aud __

a water-bath and |

woturion fikered. and- \l’h..

giving

the glycol and

75

80

The acctone Was distilled off and the .

85

95

ate wis coliccted by mlmtum-

“when deter-

1o

115

120
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e e s o 1 ¢+ 2ot <1 e — - e
6.2 ¢ oand ammeniuwm leerL”dlL munn-_ mlmrc and ﬂ:hl‘-udlu dle is dddcd to the
hydrate. m.p l(w.-—-l,'-’() C. with decomposi- cultare solution in proportion of from 1—10
tion. (Found: C.-59.8; H. 70, C_ H_ON.
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. hyrate,

6 o eznn - .

IO rcqum.s( W.\ H, 7.1" ).

- The foltowing example illustrates a method
for preparing the ‘sodium salt of gibberellic
acid. 1t can be appreciated that the other
salts  generally  nowed  heretofore  can
similarly prepared. :
Exampre IV,

A solution of gibberellic acid ,94.03 mg.; in
methanol which had been freshly distilled over
sodium hydroxide ;3. ml.; was treated dropwise
with the calculated velume {1093 ml) of
approximately 0.02N carbonate-frec, aqueous
sodium hydroxide, the volume being caleulated
on the basis of a parallel ttration, to phenol-
phthalein, of an aliquot portion (58.:20 mg.) of
gibberellic acid which-required 6.76 ml. of the
alkali solution for neutralisation. The first men-
tioned solution of sodium. gibberellate was
rapidly evaporated under reduced pressure at
room temperature. The residual - sodium salt
was dried for 7 days in a vacuum desiccator
over phesphorus pentoxide: it consisted of

. transparent flakes, which disintegrate at ca.

160° C. 10 a white peweds becoming yellow-
brown at 210215 C. and melting at 230—
238" C. with decomposition,” of sodium
gibberellate sesquihydrate (Found: C, 57.4; H,
6.15. ZC,,H,,O‘,Na 3H.0 rcquxrcs C. 377
H, 6.12* :

I_*xamplcs of other metallic salts of gibber-
ellic acid are as folows: — rubidium gibberel-
late, m.p. 213—216’
C,.H.,O,Rb requires C. 3. 0; H.5.0".
glbbcrellatc dihydrate, m.p. 199 with pru ivus
decomposition (Found: C. 46,7 H. 5.1 Ag.
21.7 C, H.. 0 Ag, 2H.O requm.s C. 46.6. H,
5.0 Ag, 22.1".}. manganese gibberellate tri-

m.p. . 261—266 with -previous de-
composition  ‘Found: €. 37.5: H. 58
{C..H. 0, ..’\An. 3H.O requires C. 57.1. H.
6.0, Copper g\hhcrdldlg lnhydratc m.p.
245——24\ with  previous ~ decomposition
(Found: €. Se.0. H, 3.7 (C H.0O,
3H.O requires €, 56.4: H. 6.0 and lead
gibbercllate monohydrate, m.p. 215—218  ‘de-
composition:  ‘Found: €. 498 H. 350
{C. .H Q. .Pb, HO requires C. 49.8:
4 8 :

(nthrLth acid. and it functional deriva-
tives which are salts and osters particularly
acetyl gibherellic acid, diacetyl gibberellic acid.
butyrvl  gibberellic acid  and
gibberellic acid have the property of promoting
the growth of plants. as s shown by the Tol-

he

{Found: C, 3.1 H. 5.5,

3osilver -

» Cue

H.-

monobenzoyl -

lowing description’ot ¢xperiments on wheat and

‘pea seedlings and grass.

When wheat seedlings are grown in water

inc reased varbon

parts per miltion of solwion, the seedlings grow.
tadler than untreated- plants. Increases in height
. are comimnon, the increase:

of the order of 30+,

65

being duc to (a) a great incréase in lcngth of

the mesocotyl and “hy a smaller increasce in the
iength of luter internodes and of leaves. ‘The

lcaves, allhuugh larger, are narrower than those -

of untreated plants. “The cnlarged planty are
paler in. colour than ‘untreated plants in solu-
iions of Jow nutrient<status but this Lﬂul can
be offset by increasing-the - concentration of
nutrients in the culture solution,

Results from four * e\perlmcnts, where gib-
berellic acid way supplied in the culture: solu-
tion at § p.p.m., are summarised in Table V.
It will be seen lhat {d) fresh weight and dry
weight of shoots” are fairly Lnnsxstemlv in-
creased: (b) fresh . “e_lght and dry ‘weight of
roots are reduced, pardicularly in the low-level

-autrient. The original .data from which Table
-V was compiled also showed that the weight in-
areases in the sheet are usually far greater than
the losses in weight of .thé roots, su [hdl the net
effect of gibberellic acid on the whole plant is
to increase fresh weiglit and -drv weight. 1f the
shoots alone are considered, the dry ‘weight in-
<reases are due partly to”redistribution of dry
matter between root agd shoot, and partly due

to greater dry matter “synthesis by the plant.

The carbon, nitrogen. phosphorus and ash von-

tents of equal weights ¢f marcrial from tréated -

and untreated plants-d¢’ not differ. greatly,
though there appears pgssibly to be an increase
in the percentage carbon Content. and a slight

- fall in ash, nitrogen and -phosphorus: In any

casc: there is an undoubted great increase in
the carbon assimilated per phml This' s a
poirt of some interest; it could be due to the
treated plants having a greater leaf’ area in
‘which plmtm)nthcsls could take place or it
would be due to an increase in the rate of car-
bon assimilation per unjt area of leaf. In ex-
periments where the necessary estimates’ of
“leaf arca have been made it appears that the
Mumlauon is due to in-
creased leal arca There dre ualitative dif-
ferences in the carbon, components of the
treated plants. For exaniple the total .carbo-
“hyvdrate soluble in 80 ethanol iy increased by
about 75 over controls. and by chromato-
graphy of sap expressed fmm ¢violysed plams
it has heen found that the sucrose content is
increased by about 25 - “and fructose and
‘glucose’ concemtration By -about 1007, Tt
appuars therefore that. ash result of the trcal-
ment,
sugar constituent of the Pplants,

glucose replaces syctose as the main _
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‘Paotassiuny gibberellaie sesquibydrate:

"M()H . s

. Tanpe V.
WHEAT  mean percemage increase or decrease per u,cdlmg, after 3
weeks growih resulting from: gxhhgrcli.g acid treatient,
Nutrient o : : - o
Expt. level Height FW shoot’ .. DW shoot FW root DW root
'(;0 . ](“\' — 24:5::5:' ——
Gl Joaw .9
€32- low =217
' high 11
G3 low 17
high 3

noet statisticallv analysed
fresh weight
dry weight

Fw
Dw

The effect of gibberellic acid on pea \ecd~
lings growing in water
smkmo than the effect vn wheat seedlin igs. The
height of the plant is greatly increased—in
some experiments the scediings produced have
been five tifnes the height of wontrol plants;
This is due to a great increase in the length
of internodes. The plants are much paler in
colour than control planis.

The effects on the chemical composition of

pea seedlings is similar 0 the eflects o wheat

scedlings. There iy a great increase in fresh

weight of shonts and a smaller. but <till con-

siderable increase in dr\ welght, hcsh \\clgh'

“# ., statistically significany (P -
statistically significant (P .

culture iy even more

" shightly. In the root

. J; .
L2 REARsy g T

roviy fall

ln- Py
and drv wexgm i
gxhbtrdlu acid reatiment.

in the amount of carben. nitrogen. ash, phos-

Compouond

tr—chre—ter—in
as 4 result o
There s an increase.

TABLI:‘ V1L
Applied through rauts

.-

‘phorus and potassium per plant in the aluwl:.'

1heugh iy terms, of pereentage of dry weight
the coment of all these exe cept carbon fell
all these fall in amount.
The amount of yarb( h\amlc sulublc in 80"
cthanol increased. a» a result of gibberellic
acid wreauneny, by.about 30 ml\mg the plant
as a whole. by 4. if the shoots only were

~considered. As in the case of w heat, the glucc)sc _
content of expressed sap was machdly in- -

creased.
Reduved root growth is not necessarily ob-

tained under all conditions. For example when

gibbereilic acid is applied to pea shoots, in a

‘lanoline paste, increased \acxgm of both roots

and sheots iy obtained. .
The offecr on pea s(.u.llmg,s of some dana-

tives of g:bberulu acid iy shovn in. Table V1.

Applied. through leavcs::.

Acetyi gibberebic acid
Diacetyl gibberellic acid
Methyl acetyl gibberelfuie
Monobenzoyl gibberellic acid.

Calcium gibberetlate sesquibydrate’

Applicd through roois i culture wmlmn umu.n'no :;hc

10 p.p.aoe
Applivd th

OA . gibbercilic acid.

" high (l(,tl\lt\’ ’cqu(.l w (;A)
high actjviry
mnd_erarc ACUVHY
high activiry

high activity .egual o GA,
high activity .equal w G,

high activity (cqual w0 (JA\
hxgh amwty ' .
slight .met}

high activity 'Lqu.zl o GA)

Ethyl gibberellate moderate activity nactive

Buyl gibbereliate maderate activiry inactive

Butyl acerylgibbereliaie bigh activity inactive

iso-propyl acervigibberetiuie maoderate. acuivity inactive

iso-prepyl -gibbereiluse high activiry inactive

Butyryl gibberellic aad high' activity high activity cqudl w (:
" Ouiyl gibberellase moderate activiry “inactive

Ethyl acervlgibberellae high activity - inactive

Phenyl acetylgibbercilate high activity not ested

Sodium gibbercllate sesguihidraie - high activity higl activity sequal tn (, As

h\gh activity ‘equal 0 GA®
high activity equal Lh(1~\

vompoumd gt o CoRcentration of

rough leaves i doses o ll'!_v,’plzlm 002wt alconoel

45

50
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beredlic acid plus fertliser

§ ' . \1(”]

“The Jurmc of activit
derivatives appears o mn off with
substitution. -For example, when

increasing
gibberelic

-acid is esterified with higher alcohols the degree

of -activity falls ofl as may be seen in IdhlL
VI, though the octyl éster still retains some

activity. On the other hand, although acetyl

gibberellic acid is as active as gibberellic acid
itseif, ay this substituted acid is esterified with
alcohols of higher. molecular weight so the
activity of the ester falls off, as will be noted
in Table V1, unti] it is negligible. in this parti-

cular case, in octyl acety! gibberellate. Again,

although diacety] gibberellic acid - is guite
active, the methyl ester is substantially inactive.

Where a derivative is active when applied
through the roots but not when applied through

~the leaves this may in fact be due to hydro-

tysis of the derivative in the. soil \1eldmg
free gibberellic acid.

The fact that great increases in vield «
dry matter may be obtained by trcatment nt
wheat and pea secdlings with .very small quan-
tities of gibberellic acid is of considerable
practical importance. lxpcrmems in which

grass crops were treated” with glhbcrcllu acid

have confirmed  that similar increases "in dry

matter yield can be obuined under field con-

dmon\ ]
a pasture trial it was found that appli-

_cations of gibberellic acid {1—4 oz/acre; as an
aqueous spray brought about an increase in the

dry mauer yield i\f'hubagc, ar the first cut.
'\u. following ‘Lable VIE. . 2,3 and 4
0. u\hbcrcllm acid facre were apphLd along
with 0, 3 and 6 owts fertiliser™ per acre to
1/60uth acre plots en 13th April’ 1954 and
the plots harvested on 11 May. 1954,

Tasrg VIL

Mean Dr\ Martter Yiekds of Herbuage ‘cwts/acte

Gibberellic Acid .\(rl/.!\ el

Feriliser

owtfacrey 00 1 2 3 4
0 1003 1641 183y 1006 INT2
3 1475 1987 22116 2165 2185
6 18.20 2172 2181 2242 2327

. - ¥
The fertiliser was.one comaining 12 N,
12 total PO 1LY water soluble: and
Iy K.

. ! -
Asthough substantial morcases in dry matter:

\u‘d were obrained . without application of ter-

tiliser. the grass plants were vellow and much-
an.mll; aeak. However the plants an the gib
foonrfucre
wire norial meappearan. ¢

In geneeal. it has beer tound that.
2o obtarn the st heneiosal resuits fron the
aroath-promoung properies of - gibherellic
autid. Hothe i sheaid Be aceom
pansed byt e et s b Juiantities

trearmint wn

fidt

ot "lbl\LrLth .md

~ 1 distribution of "2

plots.

in vrder

ot plant nuirients. particularly nitrogen. which -

miay be derived frem i mixed fertiliser as above

or trom a source of nitrogen such as urea, sul- .

phatc of ammoniz gnd pitrate of dmmonia. A
stitable rate of .application of nitrogen .which

_will substantially reduce or prevent the yellow--

ing of the foliage on stimulation of growth is
from 40-=80) 1h.-N/atre. A preferred combina-.
tion is one in which the ratio of active com-
_ pound o nitrogen s from 13320 o 1: 6400

One of ithe mot, important aspects of the

present_invention’ _in*reation to increased pro-
duction of grassis that’ applicatiops of gib-
berellic acid or an-active derivative to grass
land in the early.spring, autumn or winter will
cause the grass to’grow under conditions of low
‘light intensity antl low temperature, i.e., con-
ditions under which grass could not be stimu-

lated into- growth- merely bg application of a‘M"_

fertiliser: As a resuly, it s wssiblc to. extend:
the grass grnwmg season and so -obtain an
earlier * bite 7 for livestock or: an carlier cut
for hay or sﬂage- The simultaneous applica-
tion of fertiliser leads of course to carlier use of
the fertiliser in the: edrlier growth .
The gibberellic Jacid or an active dcnvatm.
thereof -may be apphLd in a dry form, i€, as.
a powder, in aum\xurc with a diluent Whth
may be inert. saina clay. fullers ‘earth,
kiesclguhr or hme or which may ‘contain a’
plant nutricnt, €.g..mixed fertiliser or sulphate -
or nirrate of ammania. Altemamc]y it may be
applied as a spray..the active comstituent thefi’

being dispersed .in ‘water. The aqueous dlsper— :

sion may additonally contain plant nutrients
such as urea ur an ammonium sale.
Prefcrably the active vonstituent is so apphcd
_that its main effect:is achicved by absarption’
hroyeh the. tn]mge rather than through the
“roots sinee in the dauer circumstances it may

_depress the rate of root growth. Preferably

therefore i1 is applied a~ a spray, more pre-
~ferably as a fow volume spray. say ar avrate of
1 or 20 gallons ul sprav 1o the acre 1o give
oz facre of pbhm.lllu aud
or equivalent of active derivative.

A convenient method of preparing. an
dqu(,(llh dxspcrxum of "gibberellic acid or an
.aetive derivative is to dissolve the acidor de-
rivative in i water- mlsgblc solvent and pour
the solution with stirring into water. ¥

Aftheugh we have described  processes for
iselating pure gihbergllic- acid friomcyltares of

Gibbherella Tujikuroi, =ude pure materral® being

required  for du‘mi(.il'an.ilv\is ahd® peneral
identitication ot the ..md towill be obvious
that for. agricuitaral pumnsc\ it will’ not be
pecessdry o isolate e pure ackd. 1 crude con-
entrage being adequate for treatment ol plants

ot ol groyud in uhnh rl s are "IHWlnl' vr are

T Prow L.
\\ Hat we claim as w—
-l Cnibberelic aoud =~
- Punctonad deritanives u.lm Iy are \.1“\\ and

Ny
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lhc thu.c of -activity

substitution. -For example, when gibberellic

R -acid is esterified with higher alcohols lhc degree

s - of- actmt) falls off as may bc seen in I.Jblt.
V1, 1hough the octyl ester still retains some
activity. On. the othcr hand, although acervl
gxbh;rclm acid is"as active as gtbb:.rclhu acid

itself, a$ this substituted acid is esterified with -

i_o. alcohols -of "higher. molecular weight so the™

amvuy of the ester falls off, as” will be nnu,d'--'

- -in Table VI, unt it is ncghgxblc. in this parti-
cular case, in octyl acetyl glbberellate -\gam
although diacetyl gibberellic, acid is quite

~ 15 . -active; the methy) éster is substantiallv inactive.
"¢ . Where a denvame is active when applied
" ".through the roots but not when applied through -

~the leaves this nigy in fact be due to hydro-

o Iysxs of -theé derivative in the 5011 \xeldmg
20 - free g1bberellxc acid.-

~“The fact that great increases in’ neld of

dry matér may be obtained by’ treatment of
\\heat and pea secdlings with very” small quan-

: tities” of gibberellic acid iy of considerable -

25 pr&cu-.ai importance. fxperlmems in which ..

. -Btass crops were treated” with gibberellic acid -
K haw: ‘confitmed . that similar increases’ in drv -
©matter. v1c1d can be ohumcd undcr ‘u.ld con-

oo dumns._ )
- 30 '.-‘ In.a pasture’ trml it \xas mund that appli--+
< cations of gibberellic acid {1—4 0z/acre) as an

aqueous spray brought dbout an increase in the .

dry mauer yicld of: hcrbagc '1r the first cut.
{Sec following. Table VIE),

._1/60u1h acre ploti on 13th Apnl 1954 and
" the plats. harvested on 11 May, 1054

UL Take VHL :
: \h‘m Dry Mauu Yiekds of Herbage Jewts/acte)
o ()lbbtre“ll. 3\ud lnz/.nru s

i

S Fcn_;hsc_r
Coewt/acre) s 0

18,39 1016".;}{72

ield- wWere obiained: without, dpphunnn of -fers
-tiliser; the prasy phms were vellhind and mech-

. bmell;c acid plus fertiliser.
'5_5 were normal Andppearance

JIn "Lnual -4t has been found” lhal. in nrdu_:~

w ebtain the st benefiial results from. the
grnu.lh -primeting - propertics . ol
Catid, lr(.annt.m with the atid shoald hL HIRRIT I
B ,,.amu! b\ lr

of “gibbercliic "acid
*. derivatives appears to fall off with increasing

1, 2,3 and' 4~
'35 oz gilibereltic avid facre \urc apphul along -
with. 0, 3 and 6 cwis feriliser®. per acre o

-.2216. 2065 2183
<2181 - 22: 2:42. "":'27

i oug' suhsmmml mcrm:,cs iy dr\- mmcr 3

ranically. weak. Howeverthe plants on the gib

f L\u/.mrv;, pims; ncu.ﬁs‘fr) ln :sn!.m. 1[1c pure nud a LflldL‘ *ciin-

- gibberellic

et “with de it nnal quantities -

of phmt nutrie ms pamm..:rh mlmgcn, which
‘may be derivied frem a mived feniliser as above

or from 4 source of fpitrogen such as urea, sul- .
phate of ammomia gnd nitrate of ammonia. A .
suitable rate of Japplication of ‘nitrogen which 65
_will substantially reduce or prcvent the yellow- =
ing of the foliage on stimulation of growth is
from 40-—%0 th.-N/atre. A preferrcd combina-

tion iy one in which the ratio of dctive com-
“pound to fitrogen i from. 1:320 1o 1 640:. 70 -
One of the mbst .mpurl.!'u aspe;ts of the

* present_invention _in* relation to increased pro-,
duction of grass- “is that _applicatiops of gib- .
berellic- acid ‘or n‘-active derivative to grass

. land in the early. spring, autumn or winger will” 750

cause the grass t0’grow under conditions of. low
‘light intensity andl low temperature, i.e., COn- A
-ditions under which grass could siot be_ stimu-
lated into growth- merely “bey application:; of. a_;__
~ fértiliser: -'&s a rf-_sul;, it is zmsxblc o éxtend
the grass: grn'xx ing scason and’ so -obtain’ an .’
edrlier “ bite ” fof livestock oran earlier cut
" for hay or snlagc The sxmultaneuus applxca-
“tion of fertiliser leads of course 1o earlier use of
- the fertiliser, in thé edrlier growth.. : 85
~The glbberclhc i or an active dc.nvatnc
thcrenf -may be applied-in a dry form,i i€, as:
a powder,. in adxm\mrc \mh a* diluent whxch
may be’inert) eg. . ullcr’, -
kigsélguhr - hmc_'or \\hu.h ma-‘

i

‘contain:
plant nutrient, ¢.g.. 4nived fertiliser or sulphatc
or nitrate of ammania. Alternatively it may be
-applied as-a sprav.’the active tonstituent theti -
bemg dispersed in ‘water. The aqueous dzspcr- -

sion may additonatly contain plant numems 95_-;'_ oo

such as urea or an amemonium salt.
" Preferably the: .nuvc constituent is so apphcd o

_that its main effect-is achiéved by absorprion =~

lhruuﬂh the foliage rather’ than through the 7 -

T ooty since in thc -{zmcr Lmumstanucs it may. 100 A

.- depress_ the rage of. oot grumh__ P.rcfv.rably
therefore it is “ppliéd as a spray. moré pre-

ferabl» as a low volume spray, say’ at wrate nf
or 2 ‘a.al!nns of - 'spras_ to, the:aére. xto gx\'

lh.n:-fur_ .zgmuhur.ll purpnsc\ it \ull ‘ot

{u xzrm'. -
W’H.u we Ll.ll]]) Ny
l (nbhu(.lh\. aid = - :

2. 1 umumml dmtamts u.lmh arc ~.m~ md

* ok Bhtuis st
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promnnm., dLll‘rll\

3 Acylaned uhhcrcﬂu acid wherein the acyl”

group is acetvl, butyrvl or bengoyl,

- esters of gibbereilic .tud lnum? pldm g,rnwd) '

4. Alkvl esiers of Llhh(.r(_‘]llc. acid wherein

the alkyl group comtaing 4p to f-xs:hr ‘carben

-~ Aloms.

-5, Sals of uhhucllw acid.

6. Alkalj
salts of gibbercllic acid.

7. Derivatives of gibherellic acid as’ hert.-
mbu'(m ‘described with reference e Table V1L

- R A Culwre broth of Gibbéretla funkurm-_._ .

mmammg gibherellic acid.

9. A process of produ\.ma mbhcrclm acid .
comprising cultivating an active strain of Gib-~’

--berelta fujikarol 'iIn an aqueris medium and

t
w

30-

35

45

90

95

100,

. zrmnl‘ oy

. nitrogen’

-and the filtrdaie

S LIMITED, a

continuing the cOltivation after active grnw'h‘
‘has ceased.

10. A process. asclaimed in Claim ¢ \vhcrcm
the rativ of carbon souice to m‘ro_gcn sourée in
the agueous medium is greater or less than that

metal. and  alkaling can’l mf"al'

ratio i M ich thev are taken. up in active

the fungus s thar one or other is
in C’.\CC“ when. active growih ceases.
‘1L.- A process as Llam)m i Claim 10 in

'wh,Lh the carbon source is in oxcess.

A process as claimed in Claim .11 in

_wh.ich the nutrient contains from .2—0.3%

ammonium nitrate {or equivalent source of
and frem <3¢~ glucose mono-
hydrate :or equivalent sourse ot carbon).

13. A’ process as ‘claimed in any -one of

Claims 9—12 wherein- the culidre i filtered
is extracted with an adsorbent.
14. A process as claimed in Claim 13 in
which the adserbent iy activated charcoal. =
3. A process of producing gibberellic acid
substandally  us hercinbefore
reference ro Example L

. 16. A prodess of producing an active ester
_'pf gibberetlic anid substantially as hereinbefore
“described with reference v Example 11.

17. A process of producing an active acvlated
derivative of gibberellic acid subsnnnad\ as

dcscribcd with o

hereinbutore desiohed with reference to
wnple [H- :
IS0 process i ;‘mduung an active salt of

gxbhudm acrd substantially as hereinbicfore

described with reference 1o h\ampk Iv.
18 Compounds produced
claimed i any one of Clajms 15--18
200 A compesition for promoting plant
growih Coniprising g .umpnuml as claimed in
any onc of Clais 1--7 and 19 and a diluent,
~21 A compuaition as claimed in- (Lum 20
uy \khuh the dilucar 1§ inert.

“diluen:.

-23: A process ot nrnducmg a composition as

¢laimed in Claim 22 in which the compound is

firse disseived in 4 water-miscible sulvent, the

solution then being Jdispersed in water.

24. A solution in « water-miscible ﬁolvcm of-

a compound as dalmd m any one of (,l.ums
I—7 and 19. :

25. A um;pnsmon as Janmd in (‘lalm 20

- in ‘which the difuent u-rnpnscs a source " of
nitrogen for the meh w be treated.

L6 A compesition ay claimed in Claim 25.

Y a prou.ss'

A compusition claimed in (Iaxm 20 in -
: wh!d the compound is dlsperscd in wa(cr as -

Ex-

v

[y

55

65

- 70

in which the diluent comprises a mixed u;-'-'

- tiliser.
27. A gnmptm'mu as claimed in C laim’ 25
in which the source of nitrogen is urea.
8. A composition as claimed in.-Claimy 2*
- in° which the source df mtrogen
'dmn‘ommn salt.

" 25. A compesition as claimed in Claim 22
“and in Claim 27 or 28 in which the source of -

nitrogen ‘is dissulved in the water.

3. A mmpomn(m for promoting plant_"

growth as -claimed i an'. one of Claims 25—
29 in whxdl the activ ¢ vompound and the
s souree of nitrogen are present in such a pro-

portion that the ratio of active compound to

nitrogen 1<; from 1:320 16-1; 640,
* ALFRED 0. BALL.

__...A.gr:m for the Appiicants. -

I’RO\'ISION.\I, SPECIFICATION |

No,

192323 AD. 1954

Gibberellic Acid and Derivatives theréof

method of prnduung the ‘acid bv a muabnhc” _'

INDUSTRIES
under

We. IMPERIAL

company-

o -.Hl;Mh Al
arganised

the”

laws of Great Briwain, of Imperial Chemical-

House; Miilbank, London, S.W .1, and Prroy

. WRAGG BRIAN and MARGARET EDITH RADLEY -
and Potare lmw Crerls and (n ORGE WYNNE

Erson, all British subjeets of The Frythe,

Welwwn, Hertordshire, do herebyy dcd.m this
following

mun'mn .- be dcsc ribed in lhu
statement ; :
Thiy invention refsties to 2 pew nrmrm ackd

" having plant growth pronoting propertics, and
{0 clm\.nnu thereof. in pardendar “sals and

esters.. lhc Cinvention further relines te a

. Fusarium mc)mhformc bhcldvn ]
extracted a new organic acid: hd\mg the pro- .
_ perty: of promoiing plant’ growth. This acid is L

process.

We have tound thar from cul turcs’ of Gib- .
105

Wollenweber{
‘there may be

berella  fujikuroi | {Sawada;

hereindfier ermed gibbereltic ‘acid, . *
The present invenition therefore provides-a
mew vhemical compourid. gihberellic acid, such
~as is-obrainable: from a culture of Gibberella
tunl\unm the acid being er.uumcd by lh\
alh wing Properties - :

AT

is an-

80

110



i harely signihcant.

- Y

Moo oa wLunhn in beiling cthyl aceraie,

10 : NiAl - S
. Alclting poiit 233223 vigorous The inventon aiso provides derivatives of
: was evalution "ihhcrc‘lig dvid. in ]mr\icu'.;sr salts and esters
Optival Roation Pefr N3 01 thereof. Il .
© i anethanoelt The presemt invennr ' wprr-\ ides xm\lurc
3 Monomethvl ester mp. 207 - 206 having.plant growth promoting properiies com- 65
- Brumophun aester mp 2IN=21Y prising gibbereiiic acid. or an active denvative
Hydrolysis with boiling 1 nivic carben dixide thercot. and 2 dituem. o
minerai acid evoived Furthere the, preseny imventen providey a
Aveyl derivauve W }‘ JWL2i dec process of “producing gibverellic wcid. or mix-
10 Methy! acetyl : mrc~-m.npi;,iin'ix]u'wici aad. trom a culwre of 70
' gxthrLHd ' mup ISO—IN1 Giibberelly fuitkured
Inlra-red .1t~~nrpunn curve as shesn in the - Gicbe acid s prudu\CJ by Gibberellu
accompanying  drawing fuilkurol wien grwn as a surlace culwre or
Xoray powder diffraction sines as shoswn 0 as a deeps) stirred and aerated culture in
15 ‘Table L. stntebic aqueeus amediom.’ A suitable medium 75
must contign +o.arbon seurce. e.8. sucrose.
Taumy L i glucose  or ghverol at 210 M/ an
N-ruy Powder Dittraction Lines of Gibberellic  ammoniti salt or @ nitrate or.a Jigest of pro-
S At ex ethyl acetate; lein e, peptone s nitregen source (tu give
Spacing d 7 Intensity U 17 Ca coneentration of Nin the medium of 0.01—  gg
: iy .. a cuncentraven of 0.4 being gen-
20 1020 Sh crally suitwble,. o magnesium salt {e.g. mag-
8§73 2hb nesiunn sulphdie heptahydrate at 0050 or
%IF'?.'-BB 3b ticreaboeuts, whick Jlsu umwmtn[l) adds sul-.
6.69 w phate whict 15 also necessary but which may be 85
6.01 S b ~added in some other form o another salt of
25. $.31 URY magiiesium s used:, a phosphate ‘e.g. potas-
: — 306 3 sium dibvdrogen phosphate at .03—0.5". .
: 4.54 3 1.1, beinga suitable concentration}, a4 potds-
.4.60 7 sium salt which may be conveniently the gg
4.33 3 phosphate, sec above, and traces ca. 1—10
30 4.03 3 p.p.cof metals of salts of iron. copper, zinc,
3.85% W maneganesc and a trace 1—10 p.p.m. of metal)
iTH 3 of a molybdate.
3.391 o Fermenrations can be mmcmeml\ carried 95
3339 i b Cout 4t 4 tempefature in the range 25—33° C.
35 3214 I Gibberellic acid has been produced in still
' REIAN W and in stirred . culture using Raulin Thom
2993 1} Cmeditre coRtaining  sucrose  as  the  carbon
2.2 14 sourcte For sfill culture this medium was dis- 100
, 2786 1 pensed in one litre portions in earthware vessels
40 2687 1 and the cultdres incubated for about ten days
2346 2 at 28 lncubation of stirred cultures | lasteéd
2483 2 hree to five days at 25 . The culture
2.41% Ww Jitrate, © of spHWor  less  adjusted - with 105
2.330 1 - N-hydrochlofic acld if necessary), was ex-
45 2304 1 racted  with 10 g/1. of RBDH. acti-
2.249 oW vated charcoal. T'he air dried charcoal {con-
2172 1 taining 20 10 307 moisture} was continuously :
2,120 - 1 cluted. with atetene. and the eluate evaporated 110
' -2.040 w under reduced*peessure to'give arr aqucous con-
50 2.003 w centrate which was extracted twice with at
1.971 W lcast an equal volume of cthvl acetate. The
1936 w combined ethy acetate solutions were exrracted
1.920 w twive with 23 < of their volume of phos: 115
1563 w |'1h.uc buffer pH 6.2 136 g KH PO, and 24
55 1.853 W - . KOH in 1 L af water;. The buffer extracts
1.780 w . were combined. ud)usud to pH 3.8, and ex~ -
1.69x W . tracted twice =with an equal volume of ethyl
: avetate. On concéntrating these.extracts, crude 120
w.denotes o weak reflection “pibberellicacid crvstallised in yields of abow
B denates o broad ditfuse refleciien o mg. /1 Thevrude acid was purified by add-
A ‘The third figure bevond the decgial point - tng anequal volume i light- petroleuny (60—




- 10

15

4§ s

" C. H.
'nhta-ned by acerviating *N:thv. gxhberel‘ate

Y ot this process gave pure gibherchin

chw
avid as jageed hllh(.s gecnmpmin;, dt 233—
235 ({082 e, 212 in ethanol; (Found
C. 659, 6555 T1L 6.6, 6,35, BEg wi., 335, 342,
-w”.-;() requires (. 6590 H, 6.4 Eq. wr,
“{monoebasic. 345 The molecuiar weight has
hecn confirmed by the x-ray-niethod: The unit
cell was rerragonal and had o & 10905,
¢ 28740, the density was 134 001

whence the molecular weight (8 moleuulcs per
unil celi s 245,

Gibbercllic acid gives a methyl ester; m.p.
207209 Found. €,
8.5, C.H,, 0. requires C. 66.65: H, 6.7..0Me,
\nrh either. “diazomethane or meth)l
iudidt and potassin  carbonate -in’ acetone.
The p- brcmmphcmul ester has m.p. 218
219 . Found: C, §7.65: H, $.0: Br. 14.35.
C_.H_.0 Br. HO rcyuires C._ §7.75; H, 5.2
Br, 14.2+ ).
234 fdech. Found: C, 65.1:
Cy,H,.0; requires C, 64.9:
pared with acetic anhydride in pyridine at
room temperature. vields ¢ methyl ester.-m.p.
le-—lSl iFound: €, 65.3: H, 67
rtqwrg\ C. 65.65; H. 6.5,,), also

H, 6235

Direct extraction of the culture filtrate with
urganic soivent will remuve gibberellic acid
bur nat so effectiveiv as when charcoal is used.

To obtain maximum yields in stirred
cultures it is necessarv to carry fermentation
cn for what iy a long time by usual standards.
This is shown by the followi ing vield/time
data for 100 dre hatch of Raulin-Thom
medium  containing .4

sucrose, initially
ad;u&ted to pH 15 and at 2% C.

Hrs. fermentati o Yteld mg / L)
.9 lS
117 o 33
141 3y
164 ’ - 82
187 T L
212 92"
236 138
262 160
" 284 189 .
331 193
402 - 249.

Gibberellic acid. and cerain of irs deriva-
tives such as salts and csters particularly the
mcth)l ester, has the property.of promoting
the growth {11 'ﬂdlh ay
following description of experiments on whcar
and pea sccdhna\

When wheat scedlings are gruwn in water
culture and gibberellic acid is added o, the
culture sejution o proportiens of from 1—10

66.65: H, 6.85: OMe.

solution at § p.p.m..

Acetylgibbereltic acid. m.p. 233—
H. 6.2}, pre-’

synthesis by ‘the plant.
phosphorus and ash contents of equal weights:
of material from, treated and untreated plants .

is shown by the .
“gbont [0

8611 : S L

puarks per miliion of solution, the secdlings
grow taffer than untreated plants. Increases in
height. uf the order of 3t are common. the
increase—being doe 10 ‘a; a great increase in
jength of the mesocotyl and (b a -smaller
increase in the lengih of later internodes and
of leaves. The leaves, -although lurger. are
narrower than those of untreated plauts. - The
enfarged plants are paler in colour than un-

rreated  plangs -in solutions of ‘low  auurient

stgtus. but this effect can be vffset by increasing
the concentration of nutrients in the \.UJUH'L
solution.

Results  from fuur 'cxpcr'unems, whcrc
gibberellic acid was supplied .in the culure
are summarised in Table
2. It will be seen that {a) fresh weight and dry
weight of shoots are f.nrh consistently in-

- creased: (b) fresh weight :and dry weight of

roots are reduced, particularly in the low-level
nutrient.” The original data from which Table
2 was compiled also showed that the weight

increases in the shoot are usuallv far greater -

than the losses in weight of ghe roots, .so that

the net effect of gibberellic acid on the whole '

plant is to increase fresh- weight and dry

weight. If the shoots alone are. considered, the
dry weight increases are due pardy 6 re-

distribution of dry matter between root and
shoot, and partly due to greater dry matter
The carbon, nitrogen,

do not differ greatly, though there appears
possibly to- be anincrease in the percenzage

carbon content and a slight fall in-ash, nitrogen .
- and phosphorus.In any- case, there is an. un-.
“doubted  great

increase * in the i
assimilated per plant. This is a point &f some
interest: it could be due to the treated plants

having a greater leaf -area in which photo-

synthesis could take place or it could be due
to an inirease in the rate of carbos-assimila-
tion per unit area. of leaf. In experiments
where the necessary estimates of leaf area have

been made it appears that the increased carbon |

assimilation is due. to increascd leaf-area.

There are qualitative differences in the carbon .

components of the treated plants. For example
the toral carboliydrate soluble in 80+
is increased by about 75%. over controls, and

bv chromatography of sap expressed from:

cytolysed plants, it "has been found that the
sucrose content is increased by about 25°%,
and fructose. and glucose: concentration by
It appears therefore that, as a

result of the treatment; glucose replaces

sucrose as the main sugar constituent u! the.

plams

carbon -

ethario!l .

60

65

70

75

80 .

85

95

100
105
110 -

115



10

15

20

25

30

35

40

45
50

55

_Brmed that similar. increases in dry

T : - ~ TRRALL I

“TaBLE . .
~ WHEAT: mean percentage increase o1 decrease  per .sccdling._:- alter 3
' weeks growth resulting from gibberellic acid treatment.
. Nutrient _ : . - . - _ o
Expt - level Height FW shoot DWW shoot, FW root - DW roui”-
GO Jow I ¥ | — 5 — - )
high. - 80 — —_ :
Gl * low 86¥ 3 9 247
. - high ' D AT 13%8 .
G2 low 21 120
high -1 25
G2 low 17 4 C3s
high i85 2 -2 s )
# satistcally signiﬁcar'_l_x PooL )
¥ 7 statistically significant (P . .08;° R
not statistically analysed FW fresh weight -
' DW . dry weight.

“The eﬁcu of z{bherellig acid on pea secd-

. hings growing in water culture is even more

striking than “the -effect on wheat seedlings.
The height of the plant i greatly increased—
in some experiments the seedlings produced
have . been five times. the height of control
plants. This is due te u great increase in the
length of internodes. The plants are much paler
in colour than control plants. —

The utfects on the chemical wmposmon of
pea secdlings is similar to the effects on: wheat
scedlings. There is a great increase in fresh
weight of shoots and a smaller, but still con-
siderable increase in dry weight. Fresh weight

and dry weight of roots falls as a result of

gibberellic acid treatment. There s an increase

" the amount of carbon, nitrogen. ash. phos-

phorus and putassium per plant in the shoots,
though. in terms of percentage of dry weight
the content of all these except carbon fell
slightly. In the roots all these fall in amount.

The ampunt of carbohydrate soluble in 80
ethanol increased as a result of gibberellic acid
treatment, by about 30
a whole, by 40>, if the shoots only were con-
sidered. As in the casc of wheat, the glucose
content -of e\prcsscd sup - was warkedly in-
creased.

Reduced root grawth is not necessarily ob-
tained under ali conditions. For example ‘when.

-gibberellic acid iy applied w pea shoors, in 4.

lanaline paste, increased weight of both roots
and shoots is obtained.

The fact that great increases in yield of dry
matter may be obtained by treatment. of wheat .

" and pea seedlings with very small quanuucs of
- gibberellic acid s of ‘considerable practical -im- -

portance. Fxperiments in -which grass crops
were treated with gibberellic aciid have con-

matter
vicld can be obtained under field conditions. .

12 total PO
taking the plant as

In a pasture trial it was found that applica-»

J==4 oz/acre) as an 60

- aqueeus spray brought abmu 4an increase in
the dry matter yield of herbage at the first Lut .

tinns of gibberellic acid

see tollowing table 3). 0,°1,-2, 3 and 4 oz.

zt‘vbutllm aud/a‘.re were. applicd along with -
65

0, 3 and 6 cwis* fertiliser pér acre 10°1 /6()Oth
acre plots on 13th.April f9$4 and thc plnts
harvested on llth May, 1954
. TaBE 3 - '
Medn I)n Matter Yields of Hcrbage
v {cwts/acre): : 70
- (nbberelhc '\ud (oz/acre) '
Fertiliser -
Tewtfacrey - 0O 1 ? 3 4
0 10.03 1641 18.39 19.16 1872 , :
3 14.75 1987 22.16. 21.65 2185 75
6 1829 - 21.72 718—] 22;42 23 27

# The fertiliser way one wmsuung 12 %N,
{119 wawr \ulublt) and
15 K.O. ) _ _
Although substantial increases’in dry matter
yield were obuained withour application. of
ferrliser; the grass plants were yellow and
mechanically weak. The plants on the gibberel-
lic acid plus fertiliser (6. cw t/nue, plots were
normal in appearance. -

In general. it has been [ougd lhdt in order
1o obtain the most beneficial results from the
of gibberellic. -

growth-promoting .properties..
acid, treatment with the acid should be accom-

panied by treatment with additional quammes'

of plant nutrients such. as fcruhzer §

ALF R} D () BALL-
Agent for the Applicants.
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PROVISIONAL SPECIFICATION
No. 34129 AD,

1934

Gibbereliic Acid and Derivatives thereof

We. IMmprrIAL  CHEMIAL  INDUSTRIES
Limrrep, a Company organised under the
laws of Great Briwin, of Imperiad Chemical
House. Millbunk, London, S W1, and Prrey
WrAGG Brian and Martariet Evira Raviey
and  Parmr Joun  Cerris and GEORGF
Wynne Bison, all Britsh subjects, of The
Frythe. Welwyn. Hertfordshire, do  herchy
declare this invention to be described in the
following statement: —

This invention relates 10 a new organic acid
having  plamt grwth promoting  preperties
and 1o 3 methad of producing the acld by a
inetaboliv process. _

In our copending Application No. 19238/54
we  have deseribed o new  organic acid.
gibherellic  acid.  having  the  property of
promoting  plant growth. We  have  albso
deseribed o process of preducing the weid by
caltivaimg & species of  mould  Gibberella
fuitkurad in a suttable agueous medium.

We have now found that net all strains o
e fungus produce gibberellic acld, Resulis
of fusts carried o ona variety of strains do
indicate however that strains isolated from
rice seedlings infected with the “ bhakanac ™
discase are more likelv e produce gibberellic
acid than strainy isolued from orher host
plants such as otton, maize and pineapple.
O strains found op sugar cane some  are
active in producing gibterellic acid. uthers are
net Strains of the {ungus which produce the
morphologically  indistinguishable
fromy strany winch prodoce nope. and whether
OF DeEdosiran s acine aan be determingd
eriv by growing noand resting the culare.

The prosent inventoa tierefore provides a
culture of  Gibberclis  fupkurol  containing
gibberellic acid.

Strainy of Gibbereils fujikuroi which de
produce  gibberelliv acid are the” so-called
© Sawada ” and ** Miyake ™ strains obtainable
from. the Centraalbureau voor Schimmel
cultures - at Baarn., Hollupd. Fouy  straim
numbered 1001, fordd, 1135 and 1139 in our
collection of moulds are also productive of
gibberellic avtd Samiples of  these  strains

dond  are

have been Jepesited with the Centraalbureaw
and  with the Commonwealth -Mycologicat
Insgre. Kew, Surrey. Cualtures of  these
strains when grown as deseribad in Applica-
tiom No. 1923X/54 will contain gibberellic
acid which may be extracted also g Jescribed
i thar applicmion,

We huve also found that the ume at which
gibbercllic acid begins 10 accumulate in a
culture of a suitable strain of Gihberella
fujikure: and the final vield of gibberelic acid
are influensed by the concentrativns of the
carbon source and nitrogen scurce and by the
ratio of these two conventrations in the medium
used. :

The tollowing Exampies are given i iflus-
tration. i

A gibherelliv addd produciag strain of ‘he
mould wep grown i 30 e batches of a
mediunt o the ollowing compositos:

magnesiuni sadphate 3 opm.
patassiunt Jiinadrogen phosphate 150 am.

minor clement concentrate® 60 mi.
y - L IS 1!.‘. . -

glucose smonehundratt ) (oo
ammonium nitrate Y

water § G L

FThe wompositivn of the minor elemen:

COneentirdate wds

FeSOUH O 0.1 gm.

CusO, jH O C 0415 om
S0y T QO g

MaSOTH O 001 gm

K Mo}, i1 gm
W ater o oml

The medium was stirred, aerated as a rate
of 10 jires/minute and mainiained ar a wm-
perature of 25 C. The pH value of the
medium was adjusred o 4.5 before sterilizing.

Yieidy of gibberellic acid ‘mg./1) at various

times Juring Jepmentation on media contain- -

g ditferent concertrations of  giucose and
ammoniwn hitrate are given in the following
tables.
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Yield of gibbereltic acid (mg./1.) o

Concentration of NHNO, {g./1.)

Glucose Hours or
Monuvhydrate fermentation 1.2 2.4 4.3 9.6
le: ., 120 —_—
" l()l 19 —
" 195 —_—
» 212 : 59
» . 219 4H) . : —
» 258 6l 146 44 49
.- ' 330 102 114 204 -5
. 402 139 312 204 4
4 138 — —
“ 168 —_— —
N 183 64 34
210 4 S
282 100 71 3 8
30s 107 71 5 7
2 1o —_
" 114 —_
137 S — —
161 41 5 -2 —
- 185 42 7 —_ —

These resulty show that (a) yield appears to
increase with increasing glucose concentration
in the medium: (b) the optimum nitrogen con-
centration increases with the increasing glucose
concentration, 2.4 g. NH/NO,/l. being
optimal with 16", glucose, 1.2 g. NH NO /1.
being oprimal for 47, and 2'  glucose (of
course the actual optima may lie beiween the
values tested 7OV in media of any given
glucose conventration production of gibberellic
acid  commences soonest i omedis of  low
nitrogen concentration.

Similar results are obtained with a glucose
monohydrate concentration as high as 207
w/v. Tests carried out on whear and pea

- seedlings as described in our copending appli-

cation No  19238/54 show that the mono-

-~

acetyl derivative of gibberellic* acid referred
to in that application is as effective as
gibberellic acid itself in promoting plant
growth, : : '

In our copending application we have de-
scribed processes for isolating purc gibberellic
acid from culrures of Gibberella fujikuroi, the
pure material being required for chemical
analvsiy and general identification of the acid.
[t will be obvious however that for agri-
culural pufposes it will not be necessary to
isolate the pure acid, a crude concentrite being
adequate for treatmént of plants or of ground
in which plants are growing or are to grow.

ALFRED O: BALL, O
Agent for the Applicants. :

ERRATUM

Page 7, delete line 33

THE Patent OFFICE,

2th December, 1957,
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