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Abstract-Culture filtrates of Fusoriun~ nlnnilifirnle contain 16u-hydroxy4 - )-kauraa-19-al (8) and 
l&x-hydroxy<-)-kauran-194c acid (9)-hvo diterpenoids related to the intermediates in the biosyn- 
thesis of gibbexellins. The previously described 7,13dihydroxykaurenolide (10) is an endogmic ~~~tabolite 
of the fungus. From the mycelium extracts three C_ ,,-sterols were isolated including the hitherto unknown 
5a Ha-epidioxyergosta-6HI 11 22-tricn-3fbol-12sne (19). The content of tbe oxidized kaurene deriva- 
tives in the mycelium was much lower than in the culture tiltrate. Among the fatty acids of the mycelium 
a new compound, 4-oxododtcanedioic acid (21) was isolated. 

THE fungus Fusarium monilijbrme Sheld. produces a number of diterpenoids belonging 
to the (->kaurane group.i4 Some are of particular interest as intermediates in the 
biosynthesis of gibberellins both in the fungus itselfc8 and in higher plants*-i0 In 
this communication we report the occurrence of kaurane diterpenoids in the culture 
tiltrates and in the mycelium cells of F. moniliforme. We analysed both the neutral 
fraction of metabolites extracted from the culture filtrate and the ethanolic extracts 
of the mycelium. The fermentations were carried out with the strain PC-7 grown on 
the medium recommended by Fusca et al ii 

The culture filtrate from a large-scale fermentation (500 1) afforded a neutral gum 
which was collezted after the following operations: (a) adsorbtion on the charcoal; 
(b) tiltration ; (c) elution of the adsorbate by aqueous acetone ; (a) concentration of the 
eluate and acidification to pH 2.5; (e) extraction with ethyl acetate; (f) reextraction 
of acidic products with phosphate buffer at pH 68; (g) washing and concentration of 
the organic layer. The gum was chromatographed on silica gel, the adsorbate/ 
adsorbent ratio being only 1: 6 The rough separation thus achieved in most cases was 
sutBcient for direct isolation of metabolites The known diterpenoids were represented 
by (->kaurene (l), ( ->isokaurene (21 (-)-kauran- 16a-01(3), 7-hydroxy-kaurenolide 
(4), 7,18dihydroxykaurenolide (!I), fujenal (6) and fujenic acid (7). All these were 
identified by comparison with known samples’ (constants and IR spectra as well as 
mass spectra). 

The fractions directly preceeding the elution of 7-hydroxykaurenolide 4 from the 
column contained a new substance which was separated from 4 by rechromatography 
on alumina This compound, CzoHJzOJ (@, had mp. 169-173” and [a]P -68”. 
Another new substance, C,,H,,O, (9), rap. 281-2833 [a], -92”, was isolated from 
the fractions which followed after the elution of 4. Finally, the elution of the column 
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with more polar solvent mixtures alforded a third new substance, CzoHzs04 (lo), 
which was later identified as 7,13dihydroxykaurenolide, a diterpenoid formerly 
obtained from the microbiological oxidation of .&viol in the culture of F. monili- 

fome.t2 

The IR spectrum of 8 displays characteristic bands of an aldehyde (2720 and 1720 
cm-‘) and tertiary OH group (3339 and 1130 cm-‘) but no C=C absorption_ The 
NMR spectrum of 8 places the aldehyde group in a tertiary position (1H singlet at 
6 9.65 ppm) and shows that one of three CH3-C groups must be adjacent to the 
tertiary OH (3H singlet at 6 1.31 ppm). The acetylation of 8 with Ac20 in pyridine 
proceeds very slowly. 

Compound 9, as follows from its IR spectrum, must be a hydroxy acid (3300-2900, 
1710 and 1130 cm- ‘)-again with a tertiary OH-group. It gives a methyl ester, 
C2 lH3403 (9a), but cannot be acetylated under the usual conditions The IR spectrum 
of 9a retains the band of the tertiary OH at 1130 cm- ’ ; a 3H-singlet in the NMR 

spectrum of 9a (6 1.31 ppm) shows the presence of a CH,-C-OH grouping 

The NMR spectra of 8 and 9a display the signals of two angular Me groups (6 0434 
and 092 ppm for 8 and 078 and 1.12 ppm for 9a) which closely resemble those of 
C4-CHJ and Cl0 -CH, in the derivatives of (-)-kaurene with an axial carbonyl- 
containing function at C& ’ 3 All these data suggested the close relationship between 
8 and 9. In fact, the hydroxy aldehyde 8 on oxidation with chromic acid gave the 
hydroxy acid 9 as the main product The IAH reduction of its methyl ester, 9a, 
afforded the previously described13 (-)-kauran-16u,19diol (ll), identified by its 
m.p, [a],,, IR spectrum and mass spectrum. Dehydration of 9 with POC& in pyridine 
gave rise to a mixture of (-)-kaur-lden-19-oic acid (12) and its A15-isomer (13) 
which were tentatively identified as the corresponding methyl esters (12a and 13a) by 
GLC and by the IR spectrum of the mixture.2* l3 Consequently, 8 must be 16a- 
hydroxy4->kauran-194 while 9 is 16a-hydroxy<-)-kauran-19sic acid 

These assignments were con&med by the mass spectra of 8,9 and 9a as compared 
with those of 3 and ll.+ In all cases strong peaks M-H20, M-H20-CH,, M-R 
and M-H20-R am observed (R represents an axial substituent at C.,) together with 
a prominent ion M-58 which corresponds to the splitting of the ring D with its 
oxygen function at Cl* In the region of lower masses abundant ions at m/e 123 and 
109 are common to all five compounds; they are believed to originate from the ring A 
(ions a and b, respectively). 

The third compound, 10, had rap. 259-262“ and [a]n - 1.7 f3”. Its IR spectrum 
shows a y-lactone ( 1758 cm- 1 in RBr-pellets or 1765 cm- ’ in dioxan), a double bond 
(1655 and905cm-‘) andtwo OH groups(3600-30541130and 106Ocm-‘). TheNMR 
spectrum of this la&one (in pyridine) reveals the presence of two angular Me groups 

I 
(6 @77 and 1.13 ppm) and a terminal -C=CH2 grouping (6 5.17 ppm). On prolonged 
acetylation 10 gave a diacetate, CzsHS20, (lOa), which was identical with the 
previously described sample l2 according to its IR and NMR spectra 

l For details = k L Kalinovsky, E P. Scrcbryakov, B. M. Zolotarev, A, V. Siolin, V. F. Kucherov 
and 0. S Chizhov, Organic MUSJ Spectrometry in press 
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1: R = Mc,A16 3: R-Me 
2: R = Me, A” 8: R-CHO 

12: R = COOH, Al6 9: R-COOH 
12a: R = COOMe, Al6 A: R=COOMe 
13: R = COOH, A” 11: R = CHIOH 
13a: R = COOMe. A” 
15: R = CHO. Al6 
17 : R = CH,OH, AIs 

R& gJp+ 

&I-z h-m 
4. R = Mc,R’ = R” = H 6: R = CHO 
5: R=CHJOH,R’-R”-H 7: R==COOH 

10: R=Mc,R’=OH,R”-H 
101: R=Mc,R’-OAc,R”-AC 

16 iona: R = Me 
ionb:R=H 

The treatment of 10 with dilute H1S04 gave a hydroxy ketone(mp. 179-182’) with 
the CO group in the Imembered ring (Y”d 1741 cm-‘). This compound must be 
identical with the formerly obtaiued12 ketone 14, The mass spectrum of lO(M+ 332) 
contains an intense ion at m/e 109 (ion b) which is also observed in the mass spectra of 
7-hydroxykaurenolide 4 and its derivatives This suggests the absence of additional 
substituents in the ring A of the dihydroxy lactone 10 as compared with 4. All this 
evidence proves the identity of 10 with the previously isolate@ 7,13dihydroxy- 
kaurenolide. 

From the biogenetic point of view the hydroxy aldehyde 8 and the hydroxy acid 9 
represent the hydrated formsof(-)-kaur-l6-en-19-al(1S)aud(-)-kaur-16cn-l9-oic 
acid (12), which were shown6* s to be intermediates in the process of transformation of 
(->kaurene 1 into gibberellina However, at the moment of writing neither 15 nor 12 
have been isolated from the culture filtrates-possibly, because of the high rate of 
metabolisation of these compounds in the culture of F. mmzilz~me. The hydration 
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of the A16double bond seems to make the substrates 15 and 12 unsuitable for further 
enzymic reactions and thus brings about relative accumulation of the corresponding 
hydrated forms, 8 and 9, in the culture filtrates The formation of 7,13dihydroxy- 
kaurenolide 10, presumably from 4, is analogous to the formation of gibberellins Al 
and A3 from A4 and A,. However, in the series of kaurenolides this type of hydroxyla- 
tion is much less pronounced than the alternative transformation of 4 into 5. 

The analysis of diterpenoids and other metabolites of mycelium was carried out in 
accordance with the procedure of Cave11 and MacMillan2 For this purpose the 
strain PG-7 was grown on Fusca’s medium and the fresh mycelium was extracted 
with ethanol. The extract was divided into three acidic (bicarbonate-, carbonate- and 
alkali-soluble) fractions and one neutral fraction. This fractionation was rendered 
difficult by the high content of surface-active substances The bulk of mycelial products 
was found in the alkali-soluble part of the acidic fraction and in the neutral fraction, 
both of which were subject to column chromatography on silica gel. 

The main diterpenoids of the mycelium were (-)-kaurene 1 and 13epi-(->manoyl 
oxide (16), the former representing about 5 y0 of the total extract. Other diterpenoids 
were isolated in much smaller amounts They were represented by (->kauran-l&x-o1 
3, fujena16 and l&-hydroxy4 ->kauran-19-oic acid 9. We were unable to isolate the 
acid 12 (its presence in the alkali-soluble acidic fraction was only detected by GLC 
analysis) or the corresponding alcohol, ( -)-kaur- 16-en- 19-o1(17), which was recently 
found in the mycelium of F. monili$orme. l4 These results as well as those of Cavell and 
MacMillan2 prompt us to suggest that only early and intermediate stages of the 
gibberellin-kaurenolide biosynthesis take place inside the mycelium cells (e.g. the 
alternative cyclization of geranyl-geranyl pyrophosphate into 1 or 16) while the later 
oxidative and skeletal transformations are performed by the enzymic systems on the 
outer side of the cell walls. 

Another direction of the mevalonate metabolism in the mycelium of F. monilifome 
is represented by C,,-sterols. 14* ls In our case three sterols of the ergostane group 
were isolated all of which contained the oxygenated ring B. The less polar sterol, 
C,,H,,O, (18) was identified as Su,r(r-epidiox;y-5cr-ergosta-6,22dien-3~-ol (“ergo- 
sterol peroxide”) on the basis of IR, NMR and mass spectra both of the sterol itself 
and its acetate (18a). As the mp. and [aID of 18 differed slightly from those in the 
literature,16* ” we carried out photosensitized oxygenation of ergosterol” which 
gave a sample of ergosterol peroxide identical with 18 in all respecti 

The second, more polar sterol was isolated in much smaller amounts On the basis 
of its mass spectrum (M+ 440) this sterol was assigned the bmtto-formula C2sHmO4 
(19). A group of intense peaks belonging to M-C9H17 suggested that 19 should be 
placed into the A22ergostene series, since this type of fragmentation (rather than 
M-side chain-2H) is observed in A22-sterols’8 The IR spectrum of 19 contains the 
bands corresponding to an OH group@440 and 1080 cm- ‘, disappear on acetylation), 
a conjugated ketone (1680 cm- ‘) and oletic unsaturation (1640,970 and 945 cm- ‘). 
The presence of a C=C-C=O chromophore was confirmed by the W spectrum of 
19 (n 232 and 313 nm). The position of the X,X* band suggested that stero119 is either 
a Al-en-3-one or Asen-7-one or else A9(’ ‘) en-1Zone since these systems exhibit a 
maximum between 230 and 235 nm.’ 9 The nature of the two remaining 0 atoms could 
not be deduced from the IR, W and mass spectra and hence it was supposed that 
these atoms form a peroxide bridge between C5 and Cg. In order to check this assump 
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tion 19 was hydrogenated over Adams catalyst in AcOEt-AcOH medium,2o upon 
which the TLC analysis revealed the presence of three new substances. The main 
product, isolated by plate chromatography was identical with the previously des- 
cribed2’ 5%8aepidioxy-5aergost-9(1 I)-en-3j3-ol-l2-one by its mp., R,, W and fR 
spectra Therefore!, the most probable structure for sterol 19 is 5a,8aepidioxy-5a- 
ergo&-49(11X22-trien-3bl- 12-one.+ 

Finally, the most polar and the most abundant of three mycelium sterols, 
C2,H4,0J (a), was identitkd as cerevistero122 on the basis of its np, [KC],, IR, 
NMR and mass spectra; its diacetate @a) was identical with an authentic specimen 
of cerevisterol diacetate. Tbe common feature of all three sterols (18,19 and Zo) is the 
prominence of the M-CqHI, peaks in their mass spectra 

R-H 19 

R = AC 

21: R-H 
21a: R-Me 

The acidic fraction of the mycelium extract contains a number of common fatty 
acids We found among them lauric, myristic, palmitic, steak, oleic and linoleic 
acids which were identified as the corresponding methyl esters upon GLC analysis. 
The main lipid component of the mycelium is palmitic acid (about 40 % of the total 
extract). We could not detect the presence of behenic, tetracosanoic and cerotic acids 
which were found in the mycelium of the ACC-917 strain2 Presumably, the nature 
of the fatty acid utilized to form the cell walls is morphologically unimportant for 
F. mnilzjbme and can vary from one strain to another or depends on the conditions 
of cultivation. 

In addition to monobasic fatty acids we isolated in considerable amounts aselaic 
and suberic acids, identified by their mp.p., IR spectra and retention times of the 

l The tractionq containing 19, on TLGamlysis rhowed the pmencc of a compound whose R, coincided 
with that of 5qtbx-epidioxy-5a+rgo8ta-c$~l 1~22-trieo-3~lZo in several syatcms 
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methyl esters. They are likely to originate from oleic acid as a result of its oxidation 
by the fungus The third dicarboxylic acid, C,2H200S (21), mp. 11 l-l 12.5”, [a], = o”, 

vmu 1710 and 940 cm-‘, was isolated in smaller quantities. The IR and UV spectra 
of the corresponding dimethyl ester (21a) revealed the presence of a keto group 
(v 1705 cm-‘, A_ 278 nm). In the mass spectrum of 21~ (M+ 272) the base peak is 
at m/e 130; this peak (ion C) must be due to the AcLaferty cleavage which is very 
typical of fatty keto acids 23 The NMR spectrum of 21a displays no peaks corres- 
ponding to CH3 -C groups and thus excludes the possibility of branching. Conse- 
quently, 21 is formulated as Coxododecanedioic acid 

The Fusca’s medium used in the cultivation of the PG-7 strain contained soy flour 
which is a good source both of fatty acids and sterols However, the bulk of soy fatty 
acids are unsaturated species (more than 85 Y0 of the total acid content) while palmitic 
acid is reduced to some 10% and that of lauric and myristic acids does not exceed 
01 %.24 Hence it can be safely assumed that the greater part of saturated C12-C1s 
acids found in the mycelium of F. nwnilifonne are produced by the fungus. Sterols 18, 
19 and 20 are believed to be endogenic metabolites of F. moniliforme since none of them 
were ever found during the careful analysis of soy sterols.25 It may be, however, that 
ergosterol peroxide 18 is a fungal artefact as in the case of other pigmented fungi.26 

EXPERIMENTAL 

All m.ps were determined on a Bdtius hot plate, [uk, values: with a Hilger polarimeter (manually). 
IR spectra: UR 10 instrument (Zeiss, Ienah in KBr pellets unless stated otherwise UV spectra: Unicam 
SW00 instqunenf in EtOH. NMR spectra: Varian A-60 instrument. Mass spectra: MX 1303 instrument, 
all-glass inlet system, temp range 130-190”. Column chromatography: silica gel KSK (60-100 mesh) and 
neutral alumina grade 11 and lIl/lV. GLC: (a) ail-glass column, 1 = 2 m, loo/, SE-30 +@5% neopentyl- 
glycol succinate on silanized chromosorb W, Hz/N, p = 2.5 atm. t = 17&180” (for 1,2 and 16) or 22&225” 
(for 3,8,9a, 12a and 11): (b) LKhM-8 stainless steel instrument* 1 = 2 m, 17 % polyethyleneglycol succinate 
on chromosorb W, H,/‘N, p = 3 atm, t = 185” (for fatty acids). Light petroleum: boiling range 4&70. 

Femtentation, extraction and fractionation 
Fusmium monilifonne (strain PG-7) was cultivated in aerated fermentation tanks at 26” until maximum 

gibberellin formation (7 days). The medium:” sucrose: 50 g soy flour: 10 g (NH&HPO,: 400 mg 
(NH&SO,: 170 mg K&O,: 400 mg ZnSO,: 50 mg FeSO,: 50 mg water: 1 I, initial pH 3.5. 

Tk mycelium was separated from the culture filtrate and washed with water. The culture filtrate was 
treated 89 described to give 126 g of dark-brown neutral gum. Part of the mycelium (22 kg) was extracted 
at 20” with three portions of EtOH (40. 30 and 25 I.. 3 x 24 hr) in an enamelled reactor with stirrer. The 
extracts were combined and concentrated to 1.5 L, diluted with water (1.5 1) and the aqueous residue was 
extracted with ether (5 L + 9 x 05 L). The combined ether extract after wnantration to 1.3 1. was succes- 
sively treated with 2 % HCl(3 x @15 L), 5 % NaHCO, (5 x @15 L), 5 % Na&O, (5 x 02 L) and, finally, 
with 10 % NaOH (5 x 0.5 l.). For better separation of emulsions the extraction with NaOH was alternated 
with washing of the organic layer with sat NaClaq (5 x 02 I.). The organic layer gan on evaporation 
106 g of brown gum which on standing deposited 58 g of waxy matter consisting mainly of palmitic acid 
The rest was considered as “mycclium neutrals”. Bicarbonate, carbonate and alkaline layers were acidified 
to pH 24 each and extracted with ether (5 x @2 1 5 x 0.2 l. and 5 x 03 L respectively) to give three 
acidic gums: bicarbonate-soluble (103 &, carbonate-soluble (3.5 g) and alkali-soluble (5Ql g). 

Chromatography ad iso&rion of metabolites 
A. Culture ffltrate, neufrd gum The gum (126 9) was mixed with 130 g silica @I and placed on the top 

of a column packed with 650 g silica gel Fractions volume: O-5 L 
Fractions 2-l I (light petroleum; 472 g) gave a crystalline mixture of 1 and 2 in proportion -4: 6 
Fractions 1&2g (light petroleum: 430 mg) after rechromatography on alumina gave 16, rap 94-%“. 
Fractions 38 and 39 (light petroleum + 5% AcOEt; $15 g) afforded 410 mg of pure 6, mp. 16168”. 
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Fractions 4U6 (light petroknm + 5% AcOEt; 470 & after fractional crystallization gave 3, mp. 
213-216”(210 m& and 7, mp 213-ZIP (11 mgl 

Fractions 5660 (light petroleum + 10% AcOEt: 3.71 g) gave a crystalIine mixtme, mp 176182”. It 
was rechromatographed on 150 g cf alumina (fractions volume 200 ml). Fractions 8-12’ (light petrokum 
+ 7.5% AcOEt) gave 470 mg of crystal5 mp. 168-176”. Two recrystaUizations from AcOEt-bexane 
afforded pure 8. rnp 169-173” (needks~ [K];* -68” (c 056 in acetone); v,: 3330,2720,1720,1130 cm-r; 
6 (in CDCls): 084(3H, s& 092(3H, s), b31(3H, s) and 965 ppm(lH, s); mass spectrum: M* 34, m/e 286, 
275. 271,2S7, 246, 217, 123, 109. (Found: C, 7859; H, 10.20. C20H3102 requires: C, 78.95; H, 1051”~. 

Fractions W-25 (light petroleum + 10% AcOEt) gave 2.05 g of pure 4, ap 187-189”. 
Fractions 61-69 (tight petroleum + 10 % AcOEt; 690 g) gave 372 g of pure 4 rap 187-1909 
Fractions 7&77 (light petroleum + 10% AcOEt) a&r fractional crystaltization from acetone gave 4 

(456 mg lap. lS%lSSq and 9(14 mg mp 272-2770). 
Fractions 78-101 (light petroleum + 15% AcOEt; 10.21 & were viscous dark-orang: gums which 

deposited crystals on standing Two recrystallizations from a&one gave pure 9 (135 mg) nip. 281-283’: 
bk? -92” (c @51 in MeOH); v _: 3300-2900, 1714 1130 cm-‘; mass spectrum: M+ 320, m/e 307 287, 
275, 262, 247, 217, 123, 109. (Found: C, 75.12; H, 10+21. C20H,20, requhw: C, 75.01; H, lcroO’&. The 
methyl ester(9a) was obtained with freshly distilkd Cl&N,, mp 153-156’; Y_: 3360, 1720, 1130 cm-t; 
S(in CDCl& 078(3H, s), 1*12(3H, s), l-31 (3H, s) and 369 ppm(3H, s); mass spectrum: M+ 334, m/e 316, 
301,276 275,257,217, 123, 109. 

Fractions 126-140 (light petroleum + 25% AcOEt; 1462 B, were recrystallimd from AcOEt to give 
ptue5,m.p215_217”(9~05g). 

Fractions 183-W (light petroleum c 70% AcOEt; 2.81 & partly solid&d on standing Recrystalliza- 
tion from AcOEt gave 36 mg of pure 10. np. 259-262”. [a];’ - 1.7 f3”(c l-51 in pyridine); v,: 3600-3050 
(centred at 3260), 1758, 1650, 1220, I 130, 1060 and 905 cm-’ or 3530 and 1765 cm-’ (in dioxau); 6 (in 
pyridine):O77(3H,s), 1~13(3H,s),440(1H,t’?)and517(2H,m);massapectnam:M+332,m/e314,299, 
296,286,271,268,253,137, 109. Diacetate 101 (AC&--pyridine, Zo”, 16 days) was separated from the mom 
polar product on a silica gel chromatoplate (loose layer, benzene-AcOEt 9: l), mp 213-216” (from 
acetone-bane); v_: 1762, 1728, 1655, 897cm-‘; 6 (in CDCIr); O-97 (3x, s), 1.27 (3H, s), 2*01(3H, s), 
2.12(3~~~470(1~~~ = 6c/s~5~05(1~5~19(1~~d5~82ppm(1~d~ = 6c/s).Lit:1*mp.261-2630 
for 10 and 216-217” for Ma. 

B. Mycefium extruer, nearral gum Brown gum recovered after separation of the soiidified palmitic acid 
(47.5 g) and 150 g silica gel were mixed and placed on the top of a column packed with 580 g silica gel. 

Fractions volume: 1 I. 
Fractions 1 and 2 (light petroleum; 5.70 g) gave pure 1, mp. 48.ti9.5”, [a]n - 78”. 
Fractions 10-18 (light petroleum + 10% benzene; 260 9) were re&romatographed on alumina to 8ive 

515 mg of pure 16, mp 94-979, [KID - 35”. 

Fractions 4%57 (bucne; 1.59 gI gave a wax consisting of palmitic and oleic acid in proportion w 7: 3. 
Fractions 6&7O(benzene + 10% AcOEt; 1.05 & were ~~~ornato~ap~ on ahnina to give 93 mg 

of 18, mp. 177-182” (from AcOEt-hexane), [K]:: -25.7” (c 284 in acetone); v_: 3525,3410, 1380,1050, 
980 cm-‘; 6 (in CDCI,): @75-l-02 (18Hx 3.91 (IH, m), 5.10-523 (2H. m), 622 and 648 ppm (2H. AB 
quartet, J, = 8.5 c/s); mass spectrum: M+ 428, m/e 410,395,376,303,285,243,213. Lit:16* ” mp. 178”, 
[a&, -36”. Acetate, 18a (Ac,O-pyridine, 2U’, 2 days) mp 201-203” (from aq MeOH), v,: 1738 1645, 
1380, 1247 cm-‘; 6 (in CDCl,): 0.75-1.05 (18H), 2.13 (3H, s), 488 (lH, m), 5.10-5.26 (2l-L m), 622 and 
648 ppm (2H, Albquartet, Jm = 9 c/s). 

Fractions PO-92 (benzene + 40 % AcOEt ; 280 mg) on standing deposited a little of crystalline material. 
Recrystallization from aq EtOH aflorded 19148 mgj, mp 242~246O(needks); v_: 3440,3350,1680,1640, 
1390, 1370, 1290, 1080,980 and 945 cm-‘; I._: 232 and 313 mn (e 13,700 and 130, respectively); mass 
spectrum : M + 440, m/e 42s. 42Z 407,315,297,273.217.69. Acetate (AC&-pyridii 20”. 2 days) was eluted 
from an aiumina chromatopfate as chromatographicatly pure oil, vm_: 1741. 1680. 1643. 1247 cm-‘: 
mass spectrum: M ’ 482 m/e 422 

Fractions 104-113(bcnzene + 70%AcOEt;092g)after tworecrysmtlizationsbrom MeOHgave255mg 
of pure cerevisterol, 20, mp 254-256”, [K];’ -79.9” (c 1.35 in pyridine); v,: 3430,1660,1390,1380,1170, 
lO~975and945cm~1;d(inpyridine):0S~l~2(18H),422(1~m),4~(lH,fJ = 2c/s)and5~12ppm 
(2H, m); mass spectrum: M+ 430, m/e412 397,394,305,287,269,251,215. Lit? mp. 256259q [K]~ -83”. 
Diacctate 21a (AC+pyridioe, 2W, 5 days) mp. 168-1709 (aq MeOH), v,: 3435, 1730, 1705, 1255 and 
1235. was fully identical with an authentic sample of cerevisterol diacetate. 
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C ~yceli~ extract, ~l~-~~~~ acidic gzm~. The gum (M1 B) and 160 g silica get were mixed and 
placed on the top of a c&imn paeked with SO0 g silica &cl (IBM Fractiotm volume: US L 

Fractions I-4 (tight petrokuuu) gave 430 ntg of pure 1. Fractions 22-28 @enxeue; 8.12 B) 8ave a wax 
which was treated with CHINt and GLC an&&. By comparison with authentic samplea the following 
acids were identitied: lautic (-5”%), myristic(S-IO*%, pahuitic(4&%S”~ oleic(2@-25% stearic(- loo/@ 
and linoleic (S-loo&. 

Fractions 29-34 (benzene: 120 81 deposited 36 mg of crystals which were e from AcOEt- 
hexane to f$ve pure 6, lap. 165-1689 Fractious 35-37 (benzene + 5 % AcOEt ; 890 m& 8ave 24 mg of pure 
3 rap 212-21f?. 

Fractions S3-70 (benzene -I- 10 % AcOEt ; 68 @ after oue cryxtallixatiou &from acetone gave a&tic acid, 
mp. 106-1089 Fractions 75 and 76 in the same manner afforded 32 mg of pure auheric acid, 

Fraction 80 (benxene c 25% AcOEt; 380 mg) was partly cryatailine. The crystals were m 
from AcOEt to 8ive 45 mg of pure 23, mp 11 I-l 12S*, [u]A* = 0”; vcnr: 3584 304Q 171Q 1235,188Q 948 
cm-r. (Found: C, 5945; H, 840. C,&&,O,, requires: c, 59111; H, 82O*& Treatmen t of 21 with tiesMy 
distilled CH,NI gave the dimethyl ester, m.p 35-36”. v-: 1730 and 1705 cm-‘; d_: 278 tllll (e 385); 
6 (in CD&): 3+61(6H, 8); mass spectrum: hi+ 272, m/e 24t,209,185,157,13Q IlS, 98,87. 

Fractions 114 and 115 (benzene + 70% AcOEt ; 105 mp3 after two stool from MeOH gave 
28, mp 252-253“. 

Acetyfarion of 8 and 9. The bydroxy aidehyde 8 (20 mg, was treated with AC& (1 ml) and pyridine 
(&2 mI) and left at room temp for 16 daya Usual working up and puri8catiou on 18 of alha 8ave 3 mng 
of crystalline acetate, mp. I3F142”, v-: 271Q1730~172S and 1265 cm-‘. 

The hydroxy acid 9 under &u&r conditions remains unaifected. 
Oxidation of 8 to 9. ‘The hydroxy aldehyde 8(31 m& in pure acetone (2 mi) was treated with sii& excess 

of 8N CrO, in HaSO, (2D”, 3 hr). MtOH was then added and the soln concentrated in vacuum The 
reaction product precipitated with water, had mp 229-237”. Two recrystallization from acetone gave 
14 mg of pum 9, mp. 278281’. 

LAH-reduction of 9a A mixture of 9a (30 m& and IAH (208 mg) in 30 ml abe ether was heated for 2 hr, 
and the excess of LAH was destroyed with MeOH The solvents were evaporated, the m&due diluted with 
5 % HCI (SO ml) and extracted with ether (3 x SO ml). The extract gave 26 mg of solid which was chromato- 
graphed on I.2 g silica 8eL Elution with benxene-A&Et (4 : 1) atTorded 15.4 mg of t 1, m.p 199-203” (from 
benzene& [u]i3 -41°(c 1-S in EtOH), Y ,:36~,33585and1120cm-‘;oaasss~:M~306,m~e288, 
zlra, 123, 109. Lit:“3 mp 28O-2oiq [& -43”. 

De&Jr&on of 9 with POCI,. The acid 9 (100 mg) was treated with POCl, (OS ml) in 2 ml pyridiue and 
the mixture was heated 1 hr at 609 The volatile products were removed in vacuum and the residue was 
dissolved in SO ml AcOEt and washed with 2N HCI (3 x 5 ml) and sat NaClaq (3 x 5 ml). The crude 
product was pnrifibd on a silii 8el cbromatoplate to give 26 mg of amorphous solid, mp. 90-9Y. When 
treated with CHzNz it &ave a mixture of 1211 and 13a in proportion ~rl:(i(GLC-data); v_: f742 1560, 
930 and 875 cm-‘. 

Acid-caratyzed rearrungernenr of Ht. Tbc lactoue 10 (10 mg) was di&ved in 1 ml EtOH and then 
refluxed with 0 1 ml dil(1: 5) H,SO. and 2 ml water for 1 hr. The soln was slightiy concentrated in vacuum 
and extracted with AcOEt (3 x 10 ml). Purification of the crude reaction product on a silica gel chromato- 
plate (CHC& + S% MeOH) gave 14 (2-l mg), mp 179-182”, v_. . 3430-3384 1752 (sh), 1741 and 1060 
cm-‘. Lit:‘2 mp 186-187”. 

~~rose~i~jzed oxyge~r~o~ of ergosrerol. The reaction was carried out in &OH with Oa and aoain 88 
described.” From 396 mg ergosterol215 mg ergoaterol peroxide were obtained with mp 176-184”. ‘This 
compound was identical 6th 18 (mp. R,, IR-epectrum). 

~ydr~~~~ of 19. The reaction was carried out as described2o in an apparatus for mycrohydro8mm 
tioa Sterol t9(3si rn~a~ Ads pl~o~dc~5m~io2.S~~OEt-AcOH mixture(19: 1)wereahaken 
under H, for 12 hr. The catalyst was removed and the reaction products were separated on a small aiumioa 
chromatoplate (benzene + 15% AcOEt). The thickest of three zones (R$Olf02S) was eluted to give 
1.7 mgofcryatala, mp. 179-18P(from aq MeOf+ v_, ~34?0,1680,164Q 137Oaud 106Ocm-*;A,232 
and 315 rrm (e 12,900 and 95, reapeetively) This compound was identical with an autheotie aample of 
Su&epidioxy-Sa:ergost&(l l)cn-3&ol-12-one” prepared on alkaliuesaponificationof thecorresponding 
acetate. 
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