
PLANT HORMONES-I 

ISOLATION OF GIBBERELLIK A, AND C;IBBERELLIN A, 
FROM PHASkOI_C.S MU~TiF~ORI;‘S 

J. ,MKMII.I.AN, J. C. SFA’IOS and P. J. St:‘rt~ 
Imperial Chcmicd Industrirv Lrd., Akcrs Research Laboratories, 

Wcl\\yrr, Eicrrs 

Abstract -The isolation of the growth-promoting acids. gihbcreliin A, and gibkrcllin A,, from 
immturc swd of Phu.r~~/us ~~ulr#wus is dcscrrbcd. The structure of gibbcrclhn A, is cstablishcd 
3s V by dcgradarion ;rnd by its prcpiralion from g~bbcrcllin A,. 

Fo~*K gibbcrellins have been isolated from the fungus, Gihhcrc>/lu fujiikuroi: gi&crellic 
acid (I), gibberellin A, (II), gibberchin A, (III), and gibbtmllin A, (IV&l 
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The growth responses induced in piants by these fungal metabolitcs are essentially 
normal responses. This fact and other more specific arguments” 4 fed to the sugestion 
that the gibberellins or physiologically similar substances are growth-regulating 
hormones occurring in higher plants. This sugestion, supported by the isolation’ 
from many plant sources of crude extracts with gibbercllin-like biological properties, 
has now been confimcd by the isolation of two pure hormones, gibbercllin A, (II) 
and a new gibberchin, gibberellin As (V). 

Since our brief note6 on the isolation of ~ib~rellin A, from immature seeds of 
&7.wfJk~ mu/rt$‘~Jrw, this gibber&n has been isolated from seed of P. rutgaris by 

* For review SEC P. W’. Brinn, J. F. Grove and 1. MacMillan. Zhr Gibbwrllins, in ikchmcistcr. &og. C’hrm. 

org. .Vor. Prod. 18, 350 (IY60). 
* M. Kadlcy. h’orurr. Lund. 178, 1070 (1956). 
a P. W. B~INI. .yvmp. Ser. Fkp. Nol. II, I(16 (195I). 
’ F. Lana. .~uorrr. 6. #or. k7l. 6.3, 61 (I%%). 
b J. MncM~ffan and P. 1. Surer. .V~rurx?~sot.d~~~rm 45.46 (19%). 
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West et 01.~. ” and from water sprouts of Cirrus un.shrti by Karawada and SumikiO. 

In addition to gibbcrellin A,, West cr al. isolated a second active acid, bean factor II, 
which they were unable to charactcri/.e fully due to lack of material. Bean factor II 
is now known to be identical (Wcste and below) with gihbcrcllin A, (V), a growth- 
promoting acid whose isolation from the seed of I’. mu1riforu.s has been briefly 
describcd’O by us. WC now wish to rcprt our work in full. 

l’hc extraction and purilication procedures were followed by bio-assay using dwarf 
(Mctcor) pea seedlings as described by Radlcy”. The crude acidic extract from 
immature seed of f’. mdt~~hwtt.s was chromatographcd on a column of celitc-charcoal 
(cf. ref. 7) and was clutcd stepwise kvith water containing increasing proportions of 
acctonc. i!lution with 55 per cent acetone in water gave gibbercllin A, which was 
scparatcd, by further chromatography on cclitc-sllicic acid, from tracts of an un- 
known acid. m.p. 207-209 . Gibhercllin A, was idcntilicd by clcmentary analysts, 
infra-red spcotrum. optical rotation and con\crsion to the methyl cstcr which was 
idcntilicd by mixed m.p. and infra-red spectrum. ‘I he mclting point (Kotlcr) of 
glbbcrcllin A1 is \-aria&, usually 256 260’. and is not a good criterion of purity; a 
higher melting modification, m.p. 285 2X7 . was obtained on one occasion. Gibbcrcl- 
lin A, ~a\ isolated in a y~cld of ;rhout 2.0 mg per kilogram of fresh weight of seed. 

Gibbzrcllin A,, m.p. 260 261 . [%I;; -77’, was clutcd from the cclitc charcoal 
column uith 65 70 per cent acetone in water and was further purified by chroma- 
tography on cclitc silicic acid; it was isolated in a total of 37 mg (ca I.0 mgikg of 
fresh wei&t of seed). 
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Elcmcntary analyses of gibbercllin A, and its methyl cstcr (VI), m.p. 190-191”. 
[ ztr:; 75’, indicated the molecular formula. C1BHZz05r for the acid. The infra-red 
spctrum of the acid showed absorption attributable to hydroxyl (3436 cm’ I), 
;t-lactonc (I 765 cm ‘). carboxylic acid (1734 cm ‘), cxocyclic methylcne ( 1659, 
893 cm I) and civ-disubstitutcd olcfinic (1624, 694 cm’ I) groupings. These assign- 
mcnts wcrc confirmed by the infra-red spectrum of the methyl ester and account for 
all the oxygen functions. 

* <‘. A. Wcs-sr and K. Wurnshlgc. Planf. fhysid. (Supplcmen~) 33. xxvii1 (19%). 
’ (‘. A. H’c\l and B. 0. Phmncy. 1. Amer. C’htm. .%a-. 81. 2424 (1959). 
” C’. A. WCS!. Pcnonal communicwon. 
’ A. Karauada and Y. Sumiki. Bull. A@-. C’hrm. Ser. Japon 23, 343 (19s~). 

lo J. Siac!4~llan. J. C. Scaton and I’. J. Sutcr. Pror. (‘hem. Sot. 32s (19S9). 
” M. Radlcy. Ann. &or. 22. 297 (1958). 
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The presence of two olclinic double bonds was confirmed by hydrogenation of 
the methyl ester which absorbed two molecules of hydrogen and gave a tetrahydro- 
derivative (VII), presumably (see ref.’ and below) a mixture of C-8 epimers. Hydro- 
genation caused the disappearance of bands 1659, 1624 and 697 cm l and a marked 
decrease in intensity of the band at 893 cm-‘; thcsc changes are consistent with the 
above olefinic assignments. 

Treatment of gibberellin A, with dilute hydrochloric acid gave a kcto-acid (VIII) 
showing absorption at 1740 cm I, ascribed to a saturated five-ring carbonyl group, 
in addition to bands at 1770 (;p-lactonc) and 1695 (carboxylic acid) cm- I; the methyl 
ester (IX) showed carbonyl absorption at 1775. 1734 and 1721 cm *. The acid VIII 
and methyl ester IX showed absorption bands at 674 and 678 cm-l respectively, 
ascribed to a cis-disubstitutcd double bond. The rearrangement of gibbercllin A, to 
a kcto-acid (VIII) appears to bc analogous to the Wagner-Mcenvcin rearrangcmcnt’* 
of gibbcrcllin A, (II) to the kcto-acid (X).13,1a 

Boiling collidinc converted the monomesylatc of the C-8 epimcric mixture of 
methyl tetrahydrogibbercllatcs into an unsaturated ester (Xl) which showed two 
pairs of carbonyl bands in the infra-red and is presumably a C-8 cpimcric mixture. 
Hydrogenation of XI alTordcd the methyl ester (VII) of tctrahydrogibbcrcllin Aa; 
a slight diffcrcncc in melting points and insigniJicant differences in the infra-red 
sp-ctrum are ascribed to different proportions of C-8 cpimcrs in the two samples. 
Gibbcrcllin A, is thus a 2-deoxygibbercllin A, containing a cis-disubstitutcd double 
bond. 

The complete absence of hydrogcnolysis products in the catalytic reduction of 
gihbcrcllin A, methyl cstcr indicated the absence ofa double bond allylic to the lactonc 
hydroxyl function (cf. gibbercllic acid”). The olcfinic double bond was located as in 
V by dehydration of the methyl cstcr of the rearrangement product X of gibbcrellin 
A,. both directly with phosphoric oxychloridc and indirectly via the p-tolucnc- 
sulphonyl derivative. The methyl cstcr IX obtained was identical with the methyl 
ester of the rcarranpemcnt product VIIJ of gibbcrcllin A,; acidic hydrolysis of JX 
gave the free acid VIII. In addition to IX, trcatmcnt of the methyl cstcr of X with 
phosphorus oxychloridc gave the corresponding 2-chloro-d~rivativc. 

Structure V for gibbercllin A, was confirmed by dehydration of gibbcrcllin A, 
via the methyl ester of the mono-p-tolucnc sulphonyl derivative. ‘J’hc product, 
gibbcrcllin A, methyl ester. yicldcd gibberellin AS on alkaline hydrolysis. 

The formation of the anhydro-dcrivatik-es IX and V from the appropriate sulphonic 
esters supports the rcviscd structure I for ring A of gibbcrcllic ;Icid.“*” Kitamura 
er 01.‘~ have briefly reported ring A anhydro-derivativcs of gibbcrellin A, and of 
methyl tctrahydrogibbcrcllatc and have assigned the structure XII to them. Our 
results show that these dcrivativcs should be regarded as A”-encs. 

All compounds with a AZ-double bond show absorption maxima at 22&225 rnp 
(F, lJcO)+iuc possibly to trans-annular interaction between the double bond and 

**J. F. <;rovc. J. MxMlllan. 1’. I’. C. Mulholland and W. D. Turner. J. Chrm. Ser. 3049 (1960). 
Ia N. Takuhashi. Y. Scra. H. Kitamura. A. Karawada and Y. Sumlki, BUN. Agrtc. Chcm. Sot. Jopon 21. 

75 (IY5’). 
I’ 1%. I:. (‘ross. J. Chmr. So<. 3022 (IY60). 
” R. I: C:ross. 1. F. Grow. J. MatM&m, J. S. MofTal~, T. I’. C. Mulholland, J. C’. Scaron and N. Sheppard. 

Pwr. Chmm. A-or. 302 (lY5Y). 
” Ii. Klramura, N. Tnkahashi. Y. Seta and Y. Sumiki. Bull. Agric. Clrm. Sot. Japon 22. 434 (1958). 
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the lactone carbonyl group-and show a large AM, (. -380) compared with the 
corresponding saturated compounds. 

Gibberellin A, and the bean factor 11, described by West and Phinney’, have 
been shown to be identical by direct comparison of their infra-red spectra. Gibberel- 
lin A, also shows the same differential growth-promoting activity as bean factor 11 on 
the dwarf mutants, J-l, d-3, and d-5 of Zea mais (see Table 1): 

TAME I. RE~AUVE AcrIMnF;S OF GIRBFRELLIC ACID. WIBFXELLIS A,. AND BEAN FACIUR 

11 FOR ‘IlIt! MUTAhTS, d-1. (f-3, ASD d-5 OF &I I?UliS 

Mutant of ’ Gibbcrcllic ’ Gibbcrcllin Bean factor 
zcll muis acid A. I II 

-_. -.-. -. -- -__ _.- .-.-. .- _ .__- _._____ 

d-l ! 100 I 10 I 5 
cl- 3 100 I 500 I 300 
d-5 100 100 90 

EXPERIMENTAL 

The following chromatographic materials wcrc used: activated charcoal (B.D.H.), silica gel 
M.F.C. (liopkins and Williams). and celitc 545 (Johns-Mandcvillc). Unlw o~hcrwisc stated, ultra- 
viokt spectra wcrc dctcrmincd in ethanol, optical rotations in methanol. and infra-red spectra as 
“Nujol” mulls using a Grubb Parsons G.S.2 spcctrophotornctcr. “Light petroleum” refers to the 
fraction of b p. 60.80’. 

By the term “worked up as usual” is meant washed sucuzssively with dil hydrochloric acid, sodium 
hydrogen carbonate solution, and water. dried with sodium sulphate and evaporated. 

Immature seed (87.3 kg) of Phawolus mulrijlorus wcrc deep-frortn and then cxtractcd with 70% 
aqueous ethanol (2 :< 40 I.) for 24 hr a~ room temp. The filtered extract was concentrated at 4&50 
in a climbing film evaporator and the aqueous concentrate (3.0 I.; pH 5.4). after adjustment to 
pii 3 with 2 N HCI. was extracted with ethyl acctatc (I2 x 1 I.). Concentration of the ethyl aartatc 

cxmct IO ca. SO0 ml gate fumaric acid (8.0 g), idcmificd by m.p. and infra-red spectrum after sub- 
limation at 150 ,I0 * mm and crystallization from water. The ethyl acetate mother liquors wcrc 
then extracted with phosphate buffer (20 :< 100 ml. pii 6.2). washed with water, dried, and cvaporatcd 
giving a biologically inactive gum (37.5 g). The phosphate buffer extract. after adlustmcnt to pH 3 
with 3 N iKI (360 ml). was cxtracled with ethyl acctatc (I4 x 250 ml) which. on rccovcry, gave a 
biologic;llly-acti~c acidic gum (14.6 g). Attempted preparation of a crystalline Lyclohcxylamine 
salt, by addition of cyclohcxylaminc IO the acidic gum in acctonc, produced a gum; dissolution of 
the Iartcr in water, acidifmtion with 3 N HCI. and recovery in ethyl acctatc gave a gum (12,Og) 
which IS rcfcrrcd IO below as the crucfe ucidir extrucf. 

A. Celtre:chcrrroul. The crude acidic extract (I.O..2.0 g) was adsorbed on silicic acid (5.0 g) by 
evaporation of an acetone solution and placed on top of a column (40 x 3 cm) of cclite (60 g): 
charcoal (.3O g). The column was cluted in 200 ml fractions, first with water then with water contain- 
mg acrtonc increasing m ST: steps. Bio-assay showed that fraction 12. eluted with 55:; acetone, 
porcc?iscd most of the biological activity. 

Thr~c fractions wcrc wvorkcd up by evaporation of the acetone and extraction of rhc aqueous 
rcsiduc with ethyl acc~atc (4 Y. 50 ml); recovery gave gums which wcrc further chromatographcd 
as follows. 

B. (‘elite: Jilicic ocid. The fractions from (A), adsorbed on sdlcic acid (2.0 g), wcrc placed on 

l WC arc ~ratcful IO Dr. C. A. WC%I and Professor B. 0. Phinncy. Univcnlcy of (‘allfornia. LOS Angel=. ror 
makmg Ihc compansonr ofglhbcrcllin A, and bean factor II and for rhclr pcrmlss,on to quote the= results. 
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Iop of a column (18 x 1.5 cm) of CCIIIC (IOg):silicic acid (Sg) and &ted in SO ml fractions of 

chloroform containing crhyl au’(a~c incrrasing in 501 srcps. 
f.~Arion of,~ihbrcl/in A,. Fraclion I2 (4&Z-O mg). obraincd as in A from the crude acid cx~ract 

(I .O g). crystalhzcd from crhyl acrta~c ligh1 petroleum in Ill-dcfincd pla~cs or prisms (IS .IX mg) 

m.p. 256 2cx)’ (drvomp), of glbbcrclltn A,. (Found: C. 65.3; H. 6.9”;; cquiv. (po1cnriomelric). 

3% Calc. for C,,H,,O,: C. 65.5; H, 6,9O,; hf. .34X); [a]:,’ . 35 ff, I.02 in ethanol). The infra- 

red spectrum was idcmlcal with 1ha1 of an au!hcnfic spccimcn. The methyl cstcr. prcparcd with 

diau>mcthanc. had m p. and mlxcd m.p. 23 2 2.34 and showed mfra-red absorption Idcnrlwl with 

1har of an aurhcmlc spccuncn. 

Frac1;ons 12. from 3.5 g crude acidic cxtr3ct. and from uhrch gibhcrclhn A, had been removed 

by crys1alliration ucrc combined with 1hc 101al fractions I2 from 3.5 g of crude acidic cxlracl. and 

u-erc chrornalogrzphcd on crlilc:silroc acid as in B. The followmg fractions ucrc collcc~cd: 

(I) IO”, crhyl acclatc clu1cd arclaic acid (5.0 mg) m.p. and mixed m.p. 100 103 ‘. 

(2) 20-30:: c1hyl acc1a1c gave a solid which cryslallirrd from c1hcr in prisms (2.0 mg) m.p. 

207 209 of an unidcnrifcd acid; pm.1 3480. ca. 2700, 1718. 1684, ca. 1670. 1637, 1610 cm”. 

(Pcrkin-Elmer lnfracord 137); i.,,, 25Y (E I:> 964). 

(3) 40.503, crhyl acc1alc clurcd gibbcrcllm A,, cryslallving from acclonc ligh1 pctrolcum in 

prisms (33 mg) m.p. 285-287 ; rcvyslallimlion from the same solvenr. and seeding ellh a spcu-imcn 

m.p. 235 240 . gave prisms m.p. 250 25.5 : xyding rhc crystallizauon of 1hc laIIcr ulth Ihe form 
m.p. 285 287 did 1101 raw Ihc m p.; all forms had 1hc same infra-red spectrum (Pcrkin Elmer 

lnfracord 137). 

/so/u/ion cf,gihtwr/lin A,. The combined fracllons I4 (IYS mg). from the chroma1ography of 

4.0 g crude aodic cx1ract as in A. ucrc rcchromarographcd as in B. After clu1lon with SO ml chloro- 

form and 50 ml 5”, ethyl acc1alc. clurion with IO?, c1 hyl acclatc (4 i: Xl ml) afforded ,oihbcrdlin A,. 

cryslalhring from acctonc Ii@1 pclroleum m prisms (27 mg) m.p. 260 261 (for charactcrlzarion 

and dcgrzdalion SEC below). 

The combmcd fraclions 15 (301 mg) from 7.0 g crude acidic cxlracl wcrc rcchromaragraphcd as 

in R. L(luGon with Xl ml of 5 and lop, crhyl BCCI;IIC and crysralliza1lon of 1hc rrTovcrcd gum from 

crhcr ga\c glbbcrcllin A, as prisms (IO mg) m.p. 256-260 

(;ihbereNin A a : &riw!itrs and ciqsyricriion 

Cithherrllin A,(V). Gibbcrelhn A, crysralliad from cthcr or acctonc-hgh1 pc1rolcum in colourlcss 

prisms m.p. 260-261 , [x:1: -- 77 (c, 0.5) (Found: C. 68.7; II, 7.1. C,,H,,O, rcquircz: C. 6Y.I ; 
II. 6.7::): I’,,, 3436, 2700 (broad), 1765, 1734, 1659. 1624, 893 and 694 cm I: i. (shoulder) 225 

m,r. (log E 3.15). 

(;rhhcrcl/in A, melh!l es~cr (VI). Excess cthcrcal diazomethanc was added IO a solution of 

glbbcrcllin A, in mcrhanol. The nrurh,sl ester, obraincd by c\aporallon. crysralhrsd from crhcr or 

acc1onc light pclrolcum in prisms m.p. I91 I93 , [z]$ 75 (c. 0.5) (Found : C’. 6Y.S; 11. 7.2. 

C’,,H,,O, rcqulrcs: C. 69.75; II. 7,0”.); vDISX 3475. 1754. 1730, 1659, 1624. 893 and 697 cm ‘, 

i. (shoulder) 225 m/l (log c 3.2X). 

f!,vdr~cnunon o/gihkrr//m A, mcrh,)d csrcr (VII). The mcrhyl cs1cr (4.23 mg) in glacial acclic 

acrd (5 ml) with Adams’ catalysl absorbed 0 57 ml hydrogen at 25 antI 740 mm 112 ( 1.X double 

bonds), Af’rcr fillrarion. the sohcnl was cvaporalcd and 1hc rcrrcrh~~fro~~rrr~i1.e (Vll); probably a 

C-X cpimcrrc mlxrurc) cryslallilrd from clhcr-light pcrrolcum In rods (4.0 mg) m.p. 205 207’. 

IG: . 30 (c. 0.3s); t’ D1.I 3571, l?74, and 1706 cm I. For analysts see followmg sccllon. 

Trcurmmr yf ,qih/wrdlin A, wrrh dilute- hydrochlortc urid. Gibbercllin A, (9.5 mg) in crhanolic 
hydrxhlorlc acid (I 0 ml) (ethanol : wa1cr :conccnlratcd hydrochlorrc acid, 3 : 2: I) was hca1cd a1 

100” for 2 5 hr. Afrcr cvaprallon of the .solvenr in ~ucuo, 1hc rcslduc was crys1atiiccd from XzIOIKI 

light pctrolcum gking the keto-uritl (VIII) as prisms (2 mg) m.p. 263 265 ; v~.. 1770. 1740. 1695. 

h74 cm ‘; 1,,, 221. 275 m/r (log r 3.17 and 2.0). I:or analyses see following secllon. fifcri/irufbn 

u-l1h dlar_omcrhanc gave Ihe nterhvlesrer (IX) which crystallirrd from cthcr IighI pcrrokum in prisms 

nip. I58 I60 ; r’,,, 1775. 1734, 1721. 67X cm *. For analyses see following sccrion. 

Preparurion o/gihlkreNin A, uncf IIS r.4vira:iw.r frum ~~ihhtwliin A, 

7lw monomcrhune sulphonare of rhc merhyl r~~ruh~~r?~~ih~r~Ilu~rs (C-8 epimtvrc mixfurc). The 
mixIurc of C-8 cpimcn (200 mg) and mcthanc sulphonyl chloride (0.1 ml) in pyridmc (25 ml) were 
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allowed IO stand at room tcmp for 65 hr. The solvent was evaporated under rcduad prcssurc and 
the residue was dissolved in ethyl acctatc which was worked up as usual. The rcsiduc was added IO 
a column of alumina (I6 >: I.5 cm) in bcnT+ne and cluted with benzene containing inlzcasing pro- 
portions of chloroform giving (i) I : I bcnrrnc:chloroform; a colourlcss gum (80 mg); (ii) 45: 55 
bcnzcnc:chloroform; the mononurhon~ sulphonare crystalhting from acTtone-light petroleum in 
prisms (60 mg) m,p. 194-197’ (Found: C. 56.9; H, 6.8. C,,H,,O.S rcquircs: C, 57.1: H. 6.80,); 
I’,,, 3559. 1778. 1724. 1351. 1176. 935cm I. 

77teunhyrfro-esrer (XI). The above monomcthanc sulphonarc (20 mg) was rcfluxcd in dry collidine 
for 6 hr. The solvent was removed under reduced prcssurc and the rcstduc was dissolved in ethyl 
acaztate and was worked up as usual. The crystalline rcsiduc u hen rr~rysrallircd from acttone -light 
pcrrolcum gave rhc unhytfro-ester (XI) as prisms (IO mg) m p. IS@ I85 (Found: C. 69.1; f1. 7.6. 
C,,lf,,O, rcquircs: C. 69.3; II, 7.6”;). I’~.~ 1525. 3505. 1777. 1762. 1734. 1714cm-I; i.,,, 221 m/r. 
(log F 3.12). 

Ifyrfr~~enarion 4 the unhydro-essrer (XI). The anhydrocsrcr (I744 mg) in glacial acetic acid 
(5 ml) with Adams’ catalyst absorbed I.04 ml of hydrogen al N.T.P. (0.9 double bonds). The solution 
was filtcrcd, the solvent was rcmovcd. and the rcstduc was crys~allrrcd from cthcr- light petroleum 
giving rods m.p. 212-215 . [xl’; ; 27 (c. 0.37) (Found: C, 68 65; H. 8.35. C,.II,,O, requires: 
C, 68.9: Ii, 8.1 S<). idemtcal (mixed m.p. and infra-red spectrum) with rctrahydrogibbcrcllm A, 
methyl cttcr. 

The p-rolurne sulphotwwre of rhe keto-ester. The kcrotstcr (X. 350 mg) and p-tolucnc sulphonyl 
chloride (250 mg) wcrc allowed IO stand in dry pyridinc (IO ml) for 80 hr. The solvent uas ccaporarcd 
under rcduad pressure and rhe residue was dl.ssolvcd in ethyl acztalc and worked up as usual. The 
crystalline residue ws rccrystallirrd from aatone light perrokum giving the p-toluenc suiphonure as 

nrrdlcs (245 mg) m.p. 208 210 (Found: C. 62.5; H, 6.4. C,,II,,O.S rcqutrcs: C. 62%; H, 6.2”;): 
I*~.~ 1789. 1739. 15Y7. 1370. 935 cm ’ (Infracord). 

77~ anhytfro-kero-ester IX. (a) The p-toluenc sulphonate (100 mg) was rcfluxcd in collidine 
(IO ml) for 6 hr. The solvent was cvaporatcd under reduced pressure and the residue dissolved In 
ethyl acetate and worked up as usual. Crysrallizttion of the residue from acTton+-light petroleum 
gave the unhytfro-hero-ester (IX) as prisms (60 mg) m.p. 160,164 ]z]z 55 (c, 0.8) (Found: C. 
6Y 6; H. 7.1. C,,ti,,O, rcquircs: C. 6Y.75; fI. 7 0::) identical (mixed m p. and infra-red spectrum) 
with the methyl cstcr IX of the acid VIII. obtained by treatment of gibhcrcllin AS wcth dilute hydro- 
chloric acid. 

(b) The kcto+%lcr (X, I80 mg) was dissolved in pyrldine (IO ml) and rcfluxed with phosphorus 
oxychlorldc (3 ml) for 2 hr. After cooling the solution was poured over ice and cxrractcd with ethyl 
accta~c. The cxtr.ct was worked up as usual. Fractional crystallir;ltion of the r&due from acctonc- 
light pclrokum gave (I) fine nccdks (30 mg) m.p. 225 (Found: C. 62.9: H. 6 6: Cl, 9.35. C,,H,,O,CI 
requires: c’. 63 I; H. 6.6; Cl. 9.1 T/,. (ii) prrsms (YO mg) m.p. I60 I64 identical (mixed m.p. and 
infra-red spcztrum) with the anhydro-kcto ester IX. Hydrofysis of the tttcr IX with boiling hydro- 
chloric acid for 2 hr gave the kcto-acid VIII which crystallized from aatone-light pctrokum In 
prisms m.p. 264 [z]; - 61 (c. 0.6) (Found: C. 68.55; H. 68. C,,H,,O, requires: C. 69.1; 14. 
6.77,) identical (mixed m.p. and infra-red spectrum) with the acid VIII. obtained by treatment of 
glbbcrcllin A, with dilute hydrochloric actd. If,wfr~enurron of the cstcr 1X (IS.0 mg) in glaoal aa& 
acid (5 ml) with a palladium charcoal ca~alysr gave rhc dth,@o-derivative. crys~alhzing from acetone - 
light pclrolcum in prisms m.p. IY&lYl ‘, [z]: . 50’ (Found: C, 6Y 0; H, 7.6. C,,H,.O, rcquircs: 
C, 69.3; H. 7.69;). 

p-‘lbluene sufphonurion o/Cqihhercllin A, methyl ester. Gibbcrellin A, methyl ester (500 mg) and 
p-tolucne sulphonyl chloride (300 mg) wcrc dissolved in pyridinc (5 ml) and allowed IO stand for 
50 hr. Ethyl aatatc was added and the solution was worked up as usual. The rcsiduc uas added 
lo an alumina column (16 y I.5 cm) in bcnrrne and clutcd wtrh benzene containing increasing 
proporlrons of chloroform giving (i) 9: I bcn7cnc:chloroform. the cii-p-rolucne sulphonule as a glass 
(120 mg) (Found: C. 61.15; II. 5.6. C,,fr,O,.S requires: C. 60.9; H. 5.8). (ii) 4:1 bcnrcnc: 
chloroform. the mono-p-roluene sulphonurc as a glass (322 mg) (Found: C. 62.8: H. 6.3. C,,H,,O.S 
rcquircs: C. 62.8; H. 6,2”,) (lir) I: I bcnzcnc:chloroform. gibbcnllin A, methyl ester (70 mg) 
m.p. 234 ‘. 

Gihbereflin A, merhy/ ester. The above mono-ptolucne sulphonate (300 mg) was heated under 
rcflux in collidinc (IO ml) for 5 hr. The neutral product wz~ crystallized from acetone light petroleum 
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givingRibbrrl/in A, methyl csrcr (VI) as prisms (98 mg) m.p. 191-192”, [z]‘; --79’ (c. 0.63) (Found: 
C 69.8. H 7.37,). * ., 

On hydrogenation in glacial acetic acid with Adams’ catalyst, the ester absorbed I.9 moles 
hydrogen giving tetrahydrogibbcrcllin A, methyl ester (probably the C-8 cpimcric mixture) which 
crystallized from aoctone-light petroleum in prisms m.p. 206 208 ‘. 

Gibhcrellin A,. Cibbcrcllin A, methyl ester (70 mg) was dissolved in methanol (2 ml) and heated 
at 100, for 2 hr with aqueous potassium hydroxide (2 ml of 10?O). Water was added and the methanol 
was removed under reduced pressure. The rcsuhing solution was washed with ethyl acetate. acidifKd 
with dil. hydrochloric acid and cxtractcd with ethyl acetate. After drying (sodium sulphatc) the 
extract was evaporated and residue crystallircd from ether giving glbbcrcllin A, as prisms (20 mg) 
m.p. 260-261’ [xl: - 76’ (c, 064) (Found: C, 69.0; H, 6.9%). 
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