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Abstracl-The microbiological transformations of three IY-oxygenated enl-kauranes with Rhiropus nigticans. 

AspergilIus ochruceous and Calonecfria dccora have been investigated. The most common transformation 
observed is hydroxylation at the C-l and C-7 positions. For eni-kaur-l&en-19-oic acid allylic hydroxylation and 
hydration of the double bond also occur. 

The use of microbiological transformations in modifying 

substrate molecules has attracted increasing attention.’ 
In particular advantage has been taken of the specific 
hydroxylating ability of certain microorganisms to pre- 
pare synthetically or pharmacologically useful com- 
pounds.’ This approach presents a number of ad- 
vantages. The introduction of an hydroxyl at unactivated 
sites allows ready entry to sections of the molecule 
otherwise inaccessible, unutilised material from the in- 
cubation can often be recycled and in general the tech- 
nique is relatively simple. The main limitation however 
lies in the inability to predict for any one molecule the 
site(s) of hydroxylation. Experiments directed towards 
an understanding of the factors controlling the direction 
of hydroxylation, i.e. the relationship between structure 
and hydroxylation attern, have been undertaken for a 
group of steroids. ?J Towards similar ends we have 
initiated a study of microbiological hydroxylation of a 
number of diterpenes by Rhizopus nigricans, Culonectria 
decora and Aspergillus ochrclceous. In this report we 
present the results obtained for three ent-kaurene diter- 
penes with oxygenation at C-19. The substrates were 
chosen for the initial study because of the importance of 
1Poxygenated kauranes as precursors of the gibberellins. 

Presentation of results. As a summary of these results 
formed part of a preliminary communication4 this report 
is mainly concerned with a full description of the 
microbiological transformation and the evidence for 
structural assignments. Figures 1-3 illustrate the trans- 
formations of each substrate with the three microor- 
ganisms employed. The notation used refers to the 
position and type of modification of the substrate. The 
reactions required to establish the structure of a com- 
pound or for purposes of interrelations are presented in 
the Schemes. The arguments needed to prove the 
structures are trivial and therefore are not included. 
Accordingly description of the spectroscopic data is rele- 
gated in full to the experimental section. In those cases 
where identical metabolites were obtained from R. nigti- 
cans and C. decoru interreIationships were carried out 
with material obtained from large scale fermentations of R. 
nigricans. 

Nomenclature 
For the systematic names of the compounds in this paper 

the nomenclature proposed by Rowe’ has been used. In 
this system an ent-operator inverts the stereochemical 
designation of substituents. When reference is made to the 
configuration of substitutents in the text however we have 
followed the recent practice of specifying a- and fl- 

stereochemistry according to the structural represen- 
tations 

Mefabolism of ent-kaur-16-en-IPoic acid (1) (Fig. 1). 
The acid was most efficiently utilized by C. decora which 
converted it into the 7,lSdihydroxylated acid (5) in 30% 
yield. Minor quantities of the 7a-’ and 15a8mono- 
hydroxylated compounds (2 and 3) were also isolated. 
Reincubation of the monohydroxylated metabolites se- 
parately yielded the dihydroxy acid (S), confirming the 
position of hydroxylation in the latter. R. nigricans affor- 
ded a monohydroxy compound in 25% yield which was 
found to be identical with the known’ 7/3-hydroxylated 
compound (8). Variable amounts of the 16,17-dihydroxy 
acid (9),’ resulting from addition to the double bond, could 
also be isolated. In a separate experiment, this compound 
was shown to originate from the corresponding l&17- 
epoxide.” The l&17-dihydroxy acid (9) was the only 
metabolite which could be isolated from the incubation of 1 
with A. ochruceous. Trial experiments showed that in- 
cubation of the sodium salt of I with R. nigricans resulted 
in a cleaner mixture of metabolites although the yield of the 
7/J-hydroxylated compound (8) was not significantly in- 
creased. 

Metabolism of ent-16-oxo-l7-nor-kauran-1Poic acid 
(10) (Fig. 2). The keto-acid was efficiently hydroxylated 
by R. nigricans and was converted into three major 
metabolites, 11. 12 and 13, resulting from mono- 
hydroxylation at the 7a-(30%). la-(30%) and 78-(5%) 
positions respectively. Interestingly the same metabolites 
were produced by C. decora but with a marked change in 
the relative proportions (15%, 5% and 40% respectively). 
Proof for the structure of the la-hydroxy compound (12) 
was obtained by the sequence of reactions shown in 
Scheme 1. The 7~ and 7P-hydroxy compounds (11 and 
13)’ were interrelated as shown in Scheme 2. Hydroxy- 
lation of 10 by A. ochruceous occurred at C-13 with and 
without reduction of the 16X0 to give the known” 
compounds 14 and 15 each in 5% yield. Variations of 
incubation times. substrate loading and nutrient com- 
position failed to increase significantly the yield of these 
potentially useful 13-hydroxy-ent-nor kauranes.” 

Metubolism of ent-lPhydr~~~y-16-oxo-17-nor-kaurane 
(16) (Fig. 3). The ketol on incubation with R. nigricans 

was converted into the 7a-(17) and la-(18) hydroxylated 
compound each in 20+X yield. Somewhat lower yields of 
the same compounds were obtained with C. decom al- 
though a greater percentage of the mixture consisted of 
more polar metabolites. The structure of the la-hydroxy 
compound (18) was confirmed by the interrelation shown 
in Scheme 3. In the preliminary communication4 we 
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Fig. 1. Microbiological transformations of ent-kaur-Ken-19-oic acid (1) and chemical modifications carried out to 
determine the structures of new compounds. Reagents: (a) CrOJpyr., (b) Ac*O/pyr., (c) Me+ZO/CuSO,. 

Fig. 2. Microbiological transformations of enr-Woxo-U-nor-kauran-1Poic acid (IO). 
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Fig. 3. Microbiological transformations of enf-1Phydroxy-E-oxo-l7-nor-kaurane (16). 
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Scheme 1. Proof for the structure of 12 from R nigticnns. Reagent: (a) N,H+/KOH, (b) H,CrO,-hQe,CQ (~1 
DCIIAcOD, (d) HBrlBr,, (e) CSHSNIA. 
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Scheme 2. Interrelationship of 7-hydroxy kauranes. Reagents: (a) OsO+INaIO,, (b) HKrOd-MeKO. (cl NaBH4, (d) 
CH2Nt, (e) LiAIH,, (f) (Ph)3PCHJ. 
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Scheme 3. Interrelationship of I-hydroxy-enr-kauranes. Reagenti: 
(a) CHIN,, (b) LAH, (c) N,H,/KOH. 

reported that the only product identified from the in- 
cubation of the ketol with A. ochruceous was the 168- 
hydroxy compound (19) resulting from microbiological 
reduction of the 16-carbonyl. Repetition of this incu- 
bation on two other occasions yielded a mixture of 
compound in which 19 was present only in minor 
amounts. The major metabolite (20%) isolated was iden- 
tified as the 7a-hydroxylated compound (17). 

EXPELRIMEYTAL 

General details are as previously given.” 

Generaf fermentation conditions 
(a) Srorage. Cultures of AspergilIus ochraceous,t Colonecfria 

decorat and Rhizopus nigricanst were kept on slopes prepared 
from potato dextrose agar and new slopes and fermentation 
cultures started using spores taken from such a culture. 

(b) Growfh. Moulds were grown in glucose-malt medium 
(400 ml in I litre conical flasks) in shaken culture until a sufficient 
mass of mycelium had developed (H days). One litre of this 
medium contained 2g each of beef, malt and yeast extract; 2 ml 
of corn steep liquor: 2 g of sucrose and 5 g of glucose. 

(c) Shaking apporotus. The shaker used during these ex- 
periments rotated horizontally at 150rpm and had a throw of 
2 cm. 

(d) Feeding of substrafes. Substrates (IO&ZOO mg./400 ml cul- 
ture) were dissolved in sufficient EtOH so that the final concen- 
tration of EtOH in medium was about 2% (8-10 ml /4OO ml 
culture). This soln was added in two or three equal portions 
about I2 hr apart. 

(e) Isolafion procedure. At harvest, the mycelium was re- 
moved by filtration, the filtrate and washings were acidified with 
2 M HCI and extracted with EtOAc (2 x 0.5 the volume of the 
aqueous layer). The combined EtOAc extracts were washed with 
water, dried (NazSOs) and evaporated to give the “crude 
metabolites”, 

Metabolism of ent-kaur-l6-en-19-oic acid (1) 
1. By C. decora. The acid 1 (4OOmg) in EtOH (20 ml) was 

incubated with C. decoru (2 flasks) for 4 days. The residue 
obtained after work-up crystallized from EtOAc as plates of 
enl-78,158-dihydroxy-kaor-I6-en-19-oic acid (5, 123 mg), m.p. 
283-28X”, [&,troH - 168” (c, 0.2) (Found: C, 72.0: H, 9.1. 
C,H,O, requites: C, 71.8; H, 9.0%). NMR (CsHsN) S: 1.17 (s, 
20-H,), 1.34 (s, l8-HJ). 4.14 (m, WllZ I8 Hz, 7-H) 4.38 (br, s. WI12 
4 Hz, IS-H). 5.16, 5.38 (s, 17-H&. MS: m/e (%), 334 (M-. 30), 3 16 
(35). 301 (IO), 298 (1 I), 276 (35), 122 (45), 121 (60), 120 (45), 119, 
(55). 109 (65), 107 (55), I05 (65), 95 (45), 93 (65), 91 (100). 

+A. ochraceous (CM1 130970); C. decoro (CBS 132.35); R. 
n&icons wild strain. 

Preparative tic of the mother liquors afforded a further quantity 
of S (21 g) and 2 (9 mg) and 3 (6 mg). The 7a-hydroxy acid (2) 
cyrstallized from EtOAc as prisms, m.p. 248-251”, undepressed 
on admixture with an authentic sample. The l5a-hydroxy acid (3) 
crystallized from benzene as plates, m.p. 2W208” (lit.” 214-216”). 
NMR (CsHSN) 6: 1.18 (s, 20-HJ), 1.34 Is, 18-H,), 4.13 (br, s, W,j2 
4 Hz, 15-H), 5.17, 5.47 (s, 17-HZ). MS: m/e (%), 318 (M’, 50), 303 
(25). 300 (50), 285 (SO), 273 (l2), 272 (18), 260 (IOO), 257 (35), 245 
(25), 243 (25), 239 (25), 235 (20), 189 (35). The hydroxy acid 3, 
(20 mg) was oxidized by the method of Ratcliffe and Rodehorst” 
to give the keto acid 4, (I8 mg) which crystallized from MeOH as 
plates, m.p. 185-190”, undepressed on admixture with an authen- 
tic sample.” The two hydroxy-acids (2 and 3) on incubation with 
C. decoru for 6 days were converted to the dihydroxy-acid (5) in 
20% and 30% yields respectively. 

Trunsfotmations of ent-7&15/3-dihydroxykaur-It&en-19-oic 
acid (5). The dihydroxy-acid 5, (XI mg) in pyridine (2 ml) was 
treated with CrOJpyridine (100 mg in I ml) for 1 hr. Recovery of 
the product afforded a pale yellow gum which was acetylated to 
give the aceroxy-kero-acid 6, (55 mg) which crystallized from 
ether-n-pentane as needles, m.p. l6&168”, [&IDE’ ” t 18O”(c. 0.7) 
(Found: C, 70.6; H, 8.5. CZ2HnOs requires: C, 70.6: H, 8.1%). IR: 
~~‘,‘,~‘~3500 (OH), 1735 (15-CO and acetate), 1690 cm-’ (car- 
boxylic acid), A,,, 236 nm (c 6900). NMR (CHCI,) S: I.05 (s, 
20-H& 1.30 (s, 18-H& 1.95 (s, acetoxymethyl), 3.12 (m. WllZ 
IO Hz, 13-H). 5.06 (m, W,,, I9 Hz, 7-H), 5.30,5.98 Is, 17-H3. MS: 
m/e (%), 374 (M’, 3). 332 (15). 314 (IOO), 304 (15), 286 (IS), 268 
(25), 253 (15), I60 (40). The dihydroxy-acid 5, (100 mg) in acetone 
(20ml) was treated with CuS04 (log) for 24 hr. The product 
recovered (100 mg) crystallized from acetone as plates of the 
acetorride (7), m.p. 26&268*, [Q],,~“” - 142” (c, 0.2). (Found: C, 
73.9; H. 9.2. CZ3HU04 requires: C, 73.8; H, 9.2%). IR: v:::‘J 3500 
(OH), 1680 (carboxylic acid), 895, 875cm ‘. NMR (CHCIJ 6: 
1.02, 1.26, 1.45, 1.51 (s, tertiary methyl protons), 2.83 (m, W1,2 
IOHz, 13-H). 3.72 (m. Wllz 20Hz, 7-H), 4.05 (br s, W1,2 4Hz, 
15-H), 5.04, 5.16 (s, 17-H*). 

2. By R. nigricans. The acid 1 (600 mg) in EtOH (16 ml) was 
incubated with R. nigricans (4 flasks) for 3 days. The products 
obtained were separated by preparative tic to give (a) 8 (170 mg) 
which crystallized from MeOH as cubes, m.p. 255-263”, un- 
depressed on admixture with an authentic sample,’ [a]DCHC’j - 
46’ (c, 0.2) and (b) 9 (tie mg) which was purified by conversion to 
the methyl ester. This was shown to be identical with an authen- 
tic sample.’ 

3. By A. ochraceous. The acid 1 (400 mg) in EtOH (8 ml) was 
incubated with A. ochruceous (2 flasks for 4 days). The product 
obtained was recrystaHized from MeOH to give 9 (97 mg) iden- 
tical with an authentic sample.9 

Metabolism of ent-16-oxo-17-nor-kouran-l9-oic acid (10) 

I. By R. nigricans. The acid 10 (5.2 g) in EtOH (100 ml) was 
added in three equal portions (12 hr apart) to cultures of R. 
nigricans cultivated in a lOlitre Biotec fermentor. After 4 days 
the fermentation was terminated and the metabolites (5,l g) 
recovered in the unusual way. Fractional crystallization of the 
mixture from EtOAc gave 11 (I.3 g) as prisms, m.p. 28&Y. (lit.’ 
2%-Y). Recrystallization of the mother liquor residues from 
MeOH afforded ent - l/3 - hydroxy - 16 - 0x0 - 17 - nor - kaurun - 
19 - oic ucid (12, l.4g) as prisms, m.p. 27&Y. [~~]o~~*“-46~ (c, 
0.4) (Found: C, 70.9; H, 8.8. ClyHmOl requires: C. 7 1,2; H, 8.8%). 
IR: v$” 3470 (OH), 1720 (CO) 1680cm-’ (carboxylic acid). 
NMR (CSHSN) S: 1,35, 1.48 (s, 18-, 20-HT), 3.65 (m, WI,? 25 Hz, 
1-H). MS: m/e (%), 320 (M’, 301, 305 (5), 302 (25), 274 (20), 130 
(IO), 123 (100). Preparative tic of the residues afforded a further 
amount of 12 (270 mg) and 13 (IO0 mg) which crystallized from 
EtOAc-n-pentane as plates, m.p&tv$mixed m.p. with an authentic 
sample 245”, (lit.’ 239-41”), [a],-, - 25”, (c, 0.1). The authentic 
sample was prepared by OsOl/NalOl oxidation of an authentic 
sample of 8. 

2. Hp C. decora. The keto-acid 10 (800 mg) in EtOH (40 ml) 
was incubated with C. decora (4 flasks) for 5 days. Preparative 
tic of the residue (890 mg) yielded fractions consisting of (a) 
13 (280 mg) which crystallized from acetone-n-pentane as plates, 
m.p. 247-9” undepressed on admixture with an authentic sample, 
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the strain of C. decoro, to Mr. R. Hilton, Department of Botany, 
University of W. A., for the strain of A. ochraceous and to 
Associate Prof. J. R. Cannon of this Department for R. nigricans. 

One of us (P.RJ.) obtained valuable experience in microbial 
methods as a guest of the Dyson Perrins Laboratory, Oxford. 
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