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Ab&act-(-)-Kaur-l6-en-19-oic acid, recently shown1 to act as a p recursor for the biasyathesia of gibberel- 
linainGlbbcrc~~~~f,haabasnfoundinthbmyccliumofthefuneus. Otherdatactedmycclialconstituents 
in&do: gibberellins A,, A, and ApI f&u& 17-hydroxykaurenolide, ccrotic, tstraccwanoic and bchenic 
acids, and an unide&ikd liquid, C&&a. 

A RECENT paper,’ describing the utilization of (->kaur-16-en-19-oic acid (1) as a precursor 
for the biosynthesis of gibberellins in Gibberdafijikuroi, prompts us to record the isolation 
of this acid from the mycelium of the fungus. 

In contrast to the culture filtrates, the mycelium of Gibberellajkjikuroi has received little 
attention. Yabuta et aL2 have reported oxalic acid, adenine and betaine, ergosterol and 
probably fungisterol among the mycelial constituents while Dmannitol and Darabitol were 
isolated by Borrow et uZ.~ 

In the present work, an ethanolic extract of the moist mycelium of G.fijihoi ACC 917 
(mutant M 419) was fractionated in the usual way. (-)-Kaur-16-en-19-oic acid (1) was 
obtained as the sparingly soluble sodium salt in an aqueous sodium hydroxide extract. 
The m.p. (155-158”) of the free acid was lower than the reported values of 165-7,’ 169-1715 
and 179-181,5 but the infrared spectrum of a chloroform solution was identical to that of an 
authentic specimen and the proton magnetic resonance spectrum of deuterochloroform and 
deuteropyridine solutions showed the appropriate s* 6 features. The methyl ester was obtained 
as an oil although previously reported as a crystalline solid, m.p. 71-73”’ and 88-89”.s The 
liquid ester appeared to be homogeneous by gas liquid chromatography on a 2% QF-1 
column with the same retention time as the methylation product from a sample of the authentic 
acid and it gave the known5 (-)-kaur-X-en-19-ol(2) on lithium ahuninium hydride reduction. 

The occurrence of (-)-kaur-l&en-1Poic acid in G. fujikuroi, together with the results of 
Geissman et al.’ suggest that the acid is an obligatory intermediate in the fungal biosynthesis 
of the gibberellins. The acid may play a similar role in higher plants; it has been isolated 
from Ricirwcarpus stylow. and PhebaZium rude BartL6 and has been detected’ by TLC in the 
grain of Hordeurn vuZgure, known* to contain gibberellin AJ. 
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(I) R=CO# (3) R==OH 

(2) R=CH:OH (4) R=H 

(5) R-H 

(6) R=OH 

Gibber&in h(3), 9-ft gibbereilin A#Qp gibberellin A9(4),9 fujenal (7)12 and 7-hydroxy- 
kaurenolide (8),13 known diterpenoid metabolites from culture filtrates of G. fuj~~ur~j, were 
also found in the mycelial extract. Although gibber&in A3 (6) is the major diterpenoid in 
the culture filtrate, none was detected in the mycelium. 

A mixture of cerotic (IO?& tetracosanoic (45%) and behenic (45”@ acids was also 
isolated together with an unidentified liquid, C&H3@s. 

EXPERIMENTAL 

Melting points, determined on a Kofler hot-stagq arc cumed. Unkss stated otherwise, ix. spectra were 
determined for chloroform sohitions on a Unicam SP.200 and p.m.r. spectra for C!DCls solutions, with 
tetramethyi &lane as internal standard, on a Varian A60 spectrometer. Kieseleged G. IE. Merck] was used 
for TLC (O-3 mm) and PLC (I*0 mm). In GLC a column of 2 % QF-1 on Gas Chrom. A (80-100 mesh) was 
used, at the temperatures indicated in the text, with a Pye IO4 Model 24 instrument. 

Extra&m of the m.vce&m. The moist m~lium (3.24 kg) from ~~~~IIa f~j~~ro~ ACC 917 (mutant 
M US), kindly provided by P~uti~is Div~ion, ICI. Ltd., was soxhlet-extracted for 2Ohr with ethanol. 
Concentration of the aqueous ethanolic extract to 500 ml under vacuum and at 40-45” gave an oily solid 
which was collected and worked-up as described WOW. The filtrate was extracted with ether (10x 85 ml) 
which was concentrated (500 ml) and successively extracted with 2 % HCI (6 x 50 ml), 5 F< NaHCOs (5 x 20 ml) 

9 B. E. Ckass, R. H. B. G&T and 3. R. HANSON, Te~r~e~o~ 18,451(1%2). 

10 N. TAKAHAW, Y. SETA, ii. ~ww~A and Y. SUMIKI, Bull. Agr. C/tern, Sot. Japan 21,3% (1957). 
11 J. F. GROW, J. MACMILLAN, 'I'. P. C. MU~~LLAND and W. B. TuRMCIR, J. Chem. Sot. 3049 (1960). 
12 B. E, CROSS, R. H. B. GALT and J. R. HANSON, 3. Chem. SW. 5052 (1963). 
rj R. H. B. FALT and J. R. HANSON, J. Chem. Sot. 2944 (1963). 



Plant hormo=VI 1153 

andS%NaOH(Sx#)ml). Theaeextmcts gave respectively the following fractions : (A) an oil (40 mg) contain- 
ing many compounds (TLC) and not exammed further; (B) an acidic gum (890 me); and (C) a complex 
mixture (TLC) of weak acids (104 mg) which was discarded. Recovery of the ether solution gave (D) a neutral 
oil (990 mg). 

The oily solid was washed with ether and the insoluble solid m.p. > 300” (Found: COG; H, 1.6 %) was 
discarded. The ether washings (750 ml) were extracted in turn with 2 % HCI, 5 % NaHCGs, 5 % NasCGs 
(emulsions), and 5 % NaOH to give, respectively, (a) an oil (140 mg) whiih was discarded, (k) an acidic gum 
(510 mg) which was combined with fraction B, (c) a gum (55 g, Fraction E) and (d) a fraction F consisting 
of an insoluble sodium salt (170 mg) and a gum (245 mg). A neutral oil (6.6 g, fraction F) was recovered from 
the extracted ether solution. 

Isolation of (-)-&our-&en-19&c acid. Acid&zation of an aqueous solution of the sodium salt, Y_ 
(nujol mull) 1640 and 1625 (M), 1650 and 860 (=CH&xn-1. gave (-)-kaur-&en-19-oic acid, recovered 
in ether and crystalhxed from aqueous methanol in needles m.p. 155-158”, not raised by sublimation and/or 
repeated recrystallixation. The i.r. SW, Y,, 1685, 1655, and 882 cm-r, was identical with that of an 
authentic specimen. T values, 9.05 (IO-CHs), 8.75 (4-CH,), 794 (15-H& 7*38(13-H) and 524 (17H& pyri- 
dine)8~91,8~70,799,ca.7~50and523. Afurther125mgoftheacidm.p.155-158”wasobtainedbychromat~ 
gtaphy of the gum (245 mg) from fraction E on silica (14 x 25 cm) and elution with light petroleum, b.p. 
60-80”. containing 1020% ethyl acetate. 

Methylation of the acid with CHsNx gave a gum, puritied by molecular distillation at 80” and 0.1 mm 
pressure, Y_= (liquid 8hn) 3020,1723,1658 and 88Oan-1 r values, 9.16 (RI-CHs), 8.83 (4-CHs), 7.93 (&Hz), 
co. 7.40 (13-H) and 524 (17-H& ‘lhe retention time (10.5 min) at 149” was identical with that of the methyla- 
tion product of a sample of the authentic acid. 

Reduction of the ester (65 mg) in ether (10 ml) with lithium ahnninium hydride (110 mg) as describcds 
gave (-)-kaur-ldcn-19-o1(12 mg) m.p. 138-140” (recorded m.p. 141-142”) with a retention time in GLC at 
174” identical to that of an authentic specimen. Both specimem contained an impurity of shorter retention 
time, possibly the endo isomer, (-->lcaur-15cn-19~11. 

Isokztion of F@naI and Iahtyiorrrion of Gibberellim A,, A,, and Ag 

The combbred fractions B (1.4 g) were chromatographed on a column (40 x 3 cm) of celite (60 g): charcoal 
(30 g) as descrii.14 Elution in 280 ml fractions, first with water then with water containing acetone increasing 
in 5 per cent steps gave 21 fractions. 

Fraction 16, eluted with 75 % acetone, was rechromatographed on silica (15 x 2 cm). Elution with chloro- 
form gave a gummy solid (12 mg), Y- 1762,1720,1655 and 885 cm -1, shown to contain gibberellin As by 
TLC comparison with an authentic specimen in the solvent system, di-isopropyl ether: acetic acid (95:5)*s 
and by GLW of the methylation product at 200” which showed a single symmetrical peak with the same 
retention time as gibberellin As methyl ester. Ehrtion of the silica column with chloroform containing 80-90 % 
ethyl acetate gave a solid (10 me), v,, 3400,1760,1705,1655 and 880 cm-‘, shown to contain giiberellin A.I 
and A, (a) by the comparison with authentic specimens in the solvent system@ di-isopropyl ether:acetic 
acid (95 : 5) and benxene: acetic acid : water (8 : 3 : 5) and (k) by GLCr6 of the methylation product at 200” 
which sho;red two peaks with the correct retention timea for the methyl esters of gibberellins & and A,. 

Fraction 19, eluted from the charcoal:celite column, with 90% acetone gave a gum (120 mg) which, after 
chromatography on silica and elution with chloroform, gave fujenal(93 mg), as needles m.p. 166-8” from 
ethanol, Y- 2700, 1850, 1782, 1712, 920, 900, 885 and 865 cm-t [&68’ (C, 0.17 in acetone); TLC. R 
value 0.85 in d&isopropyl ether : acetic acid (95 : 5). 

Idmti$cation of Bekenic, Tetracosanoic and Cerotic Acids 

The oil (5.5 g) in fraction E was recrystahixed from acetone or methanol in needles, m-p. 73-74”. v- 
1705,725, and 715 cm-t shown to be a mixture of behenic (45’%), te tmcosanoic (45’h and cerotic (loo& 
acids by GLC of the methylation product at 186.5” and co-chromatography with samples of the authentic 
methyl esters. The mass spectrum of the mixture of acids showed the appropriate parent ions. 

Isolation of 7-Hya?oxykaurenolide and tke Neutral Oil C2a3.503 

The neutral oil (990 mg) from fraction D was chromatographed on silica (12 x 2 cm). Ehrtion with benxene : 
ethyl acetate (9: 1) gave an oil (780 mg) which was molecularly distilled at 118” and &2 mm pressure. (Found: 
C, 59.5.59.7; H, 8.3,8.6%; M/e, 404. C&&,Gs requires C, 59.4; H, 9.0%; M, 404) Y- (liquid 8hn) 2950 
and 1745 cm-‘. 
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Elution of the silica column with benzerwethyl acetate (4: 1) gave a gum (134 mg) which was purified by 
PLC in benzene: ethyl acetate (7 : 3) ; elution of the silica from R, value 0+45-0*55 gave 7-hydroxykaurenolide 
(30 mg) m.p. 180-3” raised to 187.~188T’ by recrystallization from acztone:light petroleum (b.p. 60-80”) 
Y- 3595,3495,1760,1650 and 885 cm-‘. 

Fraction F (6.6 g) consisted mainly of the neutral oil CzOHJsOs. 
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