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Mass Spectrometry 

The CIMS of compound 32 and 33 (Figure 3.26) is very similar to that of 

compound 25, but with the peaks two rnIz units lower. The peaks at rnIz 589 

and 571 can be attributed to [M+C2Hst and [M+C2Hs-H20t adducts. The 

molecular ion peak at rnIz 560 is not present, instead [M-Ht is seen at 559. The 

base peak at rnIz 143, and the rnIz 125 peak, confirms the presence ofthe furan 

. ring side chain. The other major peaks are rnIz 543 [MH-H20t, 529 [MH-

HOCH3t, 501 [MH-HOCOCH3t and [MH-HOCH3-COt, 483 [MH-H20-

HOCOCH3t and [MH-H20-HOCH3-COt, 465 [MH-(2)H20-HOCOCH3t and 

[MH-(2)H20-HOCH3-COt, 451 [MH-H20-HOCOCH3-HOCH3t, 433 [MH­

(2)H20-HOCOCH3-HOCH3t, and 423 [MH-H20-HOCOCH3-HOCH3-COt 

rile )TC183 .-
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Figure 3.26: CIMS spectrum of compound 32 and 33. 



Experimental 

Materials 

Refer to chapter 1, pages 29-33. 

Methods 

Microbial Transformation of Incanilin and Argentatin B 

Selection of Microbes 
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Several fungi were selected based on literature reports of 12~­

hydroxylation of steroidal compounds, these included: Ca/onectria decora, 

ATCC 14767 (Bridgeman etal., 1969; Bell etal., 1972a; Bell et al., 1972b, Ashton 

et al., 1974; Evans et al., 1975; and Jones et al., 1976); Coniothyrium hellebori, 

A TCC 12522 (Raspe and Kieslich, 1961); Gibberella saubinetii, A TCC 20193 

(Vezina et al., 1984; and Okada et al., 1960); and Rhizopus sl%nifer (sometimes 

called Rhizopus nigricans), ATCC 6227B (Jones et ai, 1976). In addition, 

several microbes that were available in the laboratory were also tried: 

Aspergillus niger, Mucor circinelloides (ATCC 15242), Nocardia corallina var. 

taoka (A TCC 31338), Rhodoloru/a g/utinis (A TCC 15125), and Seplomyxa affinis 

(ATCC 6737). 



148 

Screening experiments 

Over a period of five months, 18 small-scale biotransformations were 

performed using the nine microbes mentioned above, and the two substrates, 

incanilin and argentatin B. Crude substrates were isolated by Ken Tomlinson, 

from the resin extract of Partheniurn argentaturn x P. tornentosa AZ 1 0 1 (as per 

Dr. Dennis Ray, unpublished results). A two-stage fermentation method (Betts 

et aI, 1974) was followed: 

Stage I culture. Using aseptic technique, a one week old slant of each of 

the nine microbes was wetted with 5 ml of soybean meal glucose medium (SMG), 

the vegetable matter was scraped loose with a sterile loop, and each was poured 

into a 250- ml DeLong flask containing 50 ml of SMG, with the exceptions of 

Calonectria decora, Coniothyriurn hellebori, Rhodotorula glut in is, and Nocardia 

corallina which were carried out in com steep liquor medium (Holmlund et aI., 

1962), V8 juice medium (Jong and Edwards, 1991), yeast malt broth, and 

Nocardia medium (Rosazza, 1985) respectively. The flasks were covered with 

stainless steel caps and placed on an orbital shaker (1.5" stroke) set at 

approximately 220 r.p.m. and run at room temperature (23-28 C). 

After three or four days, depending on the growth rate of the culture, stage 

II cultures were inoculated. For each microbe, a 10% inoculum, obtained from 

the stage I cultures, was added to each of five or six 250-ml DeLong flasks, 

containing 50 ml of the appropriate medium (125-ml DeLong flasks with 25 ml of 
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medium were used for the Nocardia carollina cultures). After 24 to 48 hours, 

25 mg (12.5 mg for N. carollina) of inca nil in (dissolved in 100 J.ll ethyl 

acetate:95% ethanol, 1: 1, with 0.5% tween 20) was added to each of two, stage II 

cultures. Argentatin B was likewise added to two additional flasks, and the 

remaining flask(s) received only the ethyl acetate:95% ethanol (1: I) mixture as a 

control for comparison purposes. 

Each day, starting one hour after the addition of substrate and continuing 

for a total of9-15 days, a 2-3 ml sample was removed by sterile pipet, from each 

biotransformation and control, and placed into a 10-ml test tube. The samples 

were partitioned with an equal volume of ethyl acetate, the organic layer was 

removed by Pasture pipet, dried by rotary evaporation, and analyzed for the 

presence of biotransformation products by thin layer chromatography (TLC). 

Various mobile phases were used to develop the plates, including: hexane:ethyl 

acetate (60:40 and 55:45), and dichloromethane:methanol (90:10 and 95:5). In 

this way, the control cultures were compared to the biotransformation cultures 

and substrates to determine if any metabolites had been produced form the 

substrate. 

Preparative Scale Biotransformations 

Two preparative scale biotransformations were performed. Mucor 

circinelloides and Rhizopus stolonifer were used to transform the substrate 
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incanilin. For each biotrasfonnation, stage I cultures were grown in two 1-L 

DeLong flasks containing 200 ml of SMG medium each. After 3 days, stage II 

cultures were inoculated: 100 ml of stage I culture was added to each of 6 

Fembach flasks containing 1 L of SMG such that 3 stage II flasks of M 

circinel/oides and 3 of R. stolonifer were produced. 

After 24 hours, 500 mg of substrate (dissolved in 4 ml of ethyl 

acetate:95% ethanol, 1: 1, with 5% tween 20) was added to each flask. The 

flasks were placed on an orbital shaker (2" stroke) at a relatively low speed (150 

r.p.m.) in order to reduce excessive foaming. All biotransfonnations were 

carried out at room temperature (23-25 C). 

After 12 days each flask was poured into a l-L centrifuge bottle and spun 

at 4000 X G for 15 minutes. Each liquid layer was decanted off, and l-L 

portions were partitioned, two times, with an equal volume of ethyl acetate, in a 

2-L separatory funnel. The cell mass was also extracted with an equal volume of 

ethyl acetate, vacuum filtered, reextracted with acetone, and dried in a vacuum 

oven. TLC's ofthe organic extracts, controls and substrates, were developed in 

DCM:methanol (95:5) to compare each ofthe extracts and detennine the 

presence or absence ofbiotransfonnation products. Based on these results the 

ethyl acetate extracts of the aqueous layer and of the biomass were combined for 

each biotransfonnation. 
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Isolation of Products from the Mucor circinelloideslIncanilin Preparative 
Scale Biotransformation (McInAc3) 

McInc2 column 1 

A 1.9 cm ID X 45 cm flash column was sluny packed in DCM with 25 g 

of recovered silica gel 60, 63-200 J..lm. The sample (the combined ethyl acetate 

extracts from Mclnc2, 0.72 g) was adsorbed onto 1.5 g of recovered silica gel, 

placed on top of the column bed (void volume approximately 42 ml), and capped 

with approximately 10 g of silica gel. The column was eluted with: 150 ml 

DCM, DCM:methanol (150 mI98:2, 200 mI95:5, 200 mI90:1O, 100 mI85:15), 

followed by 100 ml methanol. A total of 52 fractions (15 to 30 ml each) were 

collected. Based on TLC results (DCM:methanoI 95:5) like fractions were 

combined to yield 5 fractions (A-E). 

McInc2 column 2 

A small flash column (1.9 cm ID x 45 cm) was packed with 26 g of 

recovered silica gel 60, 40 J..lm. The sample, fraction D from Mclnc2 column 1 

(259 mg), was adsorbed onto 0.5 g of recovered silica gel and placed on top of the 

column bed (void volume approximately 44 ml). A silica gel cap was placed on 

top of the sample plug and the column was eluted with DCM:methanol (50 ml 

99:1,50 mI98:2, 50 mI97:3, 100 mI95:5, 100 mI93:7, 100 mI90:1O, 50 ml 

85:15), and 50 ml methanol. A total of 116 fractions (5 to 25 ml) were 
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collected, evaporated dry under the fume hood, and based on TLC results 

(DCM:methanol, 93:7), like fractions were combined to yield 9 fractions (A-I). 

Separation of Products by Several TLC Systems 

McInc2 column 1 fractions C and E, were run in several different TLC 

systems to see if improved resolution ofthe various components could be 

achieved. Normal phase plates were developed in three different solvent 

systems: DCM:methanol (90: 10), hexane:isopropanol (70:30), and DCM: 

methanol:water (112:88:1). Reverse phase plates were developed with the 

mobile phase, acetonitrile: 0.5 M NaCI(aq.)(40:60). 

Mclnc2 column 3 

Based on results from the above mentioned TLC systems, fraction C, 

Mclnc2 column 1 (125 mg), was dissolved in 2 ml of water:acetonitrile (l : 1) and 

filtered through a 0.2 /J.m filter cartridge. A 0.5 ml portion was run on the 

Chemco low-prep system (refer to pages 30-31) with a small column (13 x 18 x 

300 mm), which was packed with 8.5 g of 40 /J.m octadecyl adsorbent (J.T. 

Baker). The column was eluted with 120 ml ofwater:acetonitrile (60:40). In 

total, 20 fractions (5-10 ml) were collected. 

McInc2 column 4 

The column above was left in acetonitrile and reused for McInc2 column 

1 fraction E (77 mg). The column was equilibrated with a series of water: 
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acetonitrile eluents with increasing water concentration, up to 75:25 

water:acetonitrile, until a steady baseline was achieved. The sample was 

dissolved in 0.5 ml of the eluent, water:acetonitrile (75:25), filtered, and injected 

onto the column. In total, 15 fractions (5 ml each) were collected, followed by a 

15 ml fraction and a 30 ml acetonitrile wash. 

Acetylation of Rslnc2 and RsCon2 

The Rhizopus st%nifer/incanilin biotransformation and control were 

acetylated to see ifthe resolution ofthe mixture components could be enhanced. 

The two samples, RsInc2 (l00 mg) and RsCon2 (45 mg), were each placed into 

separate 100-ml boiling flasks. To each flask was added, 0.5 ml of pyridine and 

1.0 ml of acetic anhydride. The flasks were covered with foil, swirled 

periodically, and left in the hood overnight. The reactions were analyzed, in 

situ, by TLC (hexane:ethyl acetate, 55:45). 

Microbial Transformation of Incanilin Acetate 

Acetylation of Incanilin and Argentatin B 

Samples ofincanilin and argentatin B (50 mg each) were placed into 

separated lO-ml pear shaped boiling flasks. To each flask, 0.5 ml of pyridine, 

and 1.0 ml of acetic anhydride was added. The flasks were covered with foil 

and swirled periodically. After 48 hours, the reactions were shown, by TLC, to 

be complete. The mixtures were transferred to 100-ml boiling flasks, flooded 

with approximately 50 ml of toluene. and dried by rotary evaporation, this was 
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repeated two more times. They were then left in a desiccator overnight, and 1-4 

mg samples were prepared for analysis by gas chromatography (GC). 

Incanilin acetylation 2 (lnAc2) 

In order to obtain enough incanilin acetate for a screening experiment, a 

2.0 g sample ofincanilin was placed into a 200-ml round bottom flask. Pyridine 

(4 ml) and acetic anhydride (8 mt) were added to the flask. The mixture was 

heated slightly to dissolve, covered with foil and left under the hood for 4 days, 

until TLC analysis (hexane:ethyl acetate, 55:45) indicated the reaction was 

complete. Approximately 100 ml of toluene was added, and the mixture was 

dried by rotary evaporation. This process was repeated 2 more times. 

Isolation of Incanilin Acetate, Column 1 

A 2.5 x 45 cm flash column was packed with 150 g of recovered 40 J.l.m 

silica gel 60. The acetylated incanilin mixture from above (2.3 g) was adsorbed 

onto 4.6 g of recovered silica gel and placed on top of the column bed (void 

volume approximately 250 ml). The column was eluted with 1.2 L of 

hexane:ethyl acetate (70:30) followed by a 200 ml methanol wash. A total of28 

fractions (25 to 75 ml) were collected, and like fractions were combined based on 

TLC analysis (hexane:ethyl acetate, 70:30) to yield 10 fractions (A-J). 

Fraction G (1.3 g) was shown by TLC to contain one major compound. 

GC indicated the presence of two components, 77.4% and 22.6% area 
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respectively. In an attempt to resolve the 2 compounds TLC's were run in S 

different systems: normal phase, hexane:IPA (90:10), hexane:acetone (80:10), 

hexane:ethyl acetate (80:20); and reverse phase, 100% methanol, 100% THF, and 

100% acetonitrile. In addition, crystallization from several solvents (such as: 

hexane, DCM, methanol, and 9S% ethanol), was attempted. 

Fraction C (87 mg) was run on a prep plate in hexane:ethyl acetate 

(8S: IS). After air drying, a glass sheet was placed over the prep plate, leaving 

only the edge exposed. The edge was sprayer with cerium sulfate and heated 

with a heat gun. Three major bands were removed by razor blade and extracted 

in methanol (SO ml each) with stirring. Each band was filtered through a 

sintered glass funnel, and dried by rotary evaporation to recover the compound. 

GC analysis indicated that the major band contained 2 components 

(approximately 77% and 23% area). Based on these results, a sample of fraction 

G (labeled lA-II), and the major prep plate band from fraction C (IA-S) chemical 

ionization-mass spectrometry (CIMS), proton NMR, C13 NMR, and DEPT NMR 

analysis. 

Screening Experiment 

A total of six small-scale biotransformations of incanilin acetate were 

carried out. The microbes used were: Calonectria decora, Coniothyrium 

hellebori, Gibberella saubinetii, Mucor circinelloides, Rhizopus stolonifer, and 

Septomyxa affinis. The cultures were grown in I2S-ml DeLong flasks 
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containing 25 ml of SMG medium, except for C. decora and C. he/lebori, which 

were grown in com steep liquor and V8 juice media respectively. For each 

microbe, 4 biotransformation flasks and 1 control flask were prepared. To each 

biotransformation flask, 10 mg of incanilin acetate (dissolved in 200 III of ethyl 

acetate) was added, and 200 III of ethyl acetate was added to each control. The 

flasks were placed on an orbital shaker (1.5" stroke) at 200 r.p.m. and run at 26 C. 

The flasks were sampled daily (as before) for ten days. Unlike the 

previous screening experiments (in which the cultures were discarded after the 

sampling period), at the end of the sampling period, the contents of the four 

biotransformation flasks for each microbe were combined, vacuum filtered and 

partitioned (2 times) in 500-ml separatory funnels with an equal volume of ethyl 

acetate. The controls were likewise vacuum filtered, and partitioned with ethyl 

acetate (250-ml separatory funnels). The two organic layers for each 

biotransformation formation and for each control, were combined and dried by 

rotary evaporation. The biomass were also extracted with ethyl acetate, vacuum 

filtered and the extract was dried by rotary evaporation. The extracts were 

compared via TLC analysis (hexane:ethyl acetate, 55:45), for the presence of 

metabolites. 
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Crystallization of incanilin from a crude mixture 

A sample of the crude incanilin mixture (15 g) was extracted two times 

with hexane and the residue was recrystallized from methanol. A total of 4 g of 

cubic crystals were obtained. A second crystallization was performed on 

approximately 40 g of crude incanilin. The mixture was extracted with hexane, 

and dissolved in methanol in a 600-ml beaker. The volume was reduced by 

heating on low heat in a fume hood, after which the mixture was covered with foil 

and placed in a refrigerator. After 2 days, the crystals formed were recovered by 

vacuum filtration. The mother liquor was again placed into the refrigerator and 

after several days a second crop of crystals was recovered. The crystals obtained 

from both crystallization attempts were identical by TLC and were combined for 

a total of 17.6 g. 

Incanilin Acetylation 3 (InAc3) 

The crystals obtained above were dissolved in 105 ml of acetic anhydride: 

pyridine (2: 1), covered with foil and left overnight. Large cubic crystals were 

found to have formed in the morning so 35 ml each of pyridine and acetic 

anhydride were added to redissolve the incanilin. The reaction was monitored 

by TLC (hexane:ethyl acetate, 70:30), and after one week was seen to be 

complete. The reaction mixture was taken-up in 1 L of ethyl acetate, transferred 

to a 2-L separatory funnel, and partitioned 2 times with 10% aqueous HCI to 

remove the pyridine. The mixture was then washed with distilled water until 
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evaporation. 

Isolation of Incanilin Acetate 
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A flash column (9 cm ID x 64 cm) was slurry packed with 1200 g of silica 

gel 60 (40 J..lm) in hexane. The acetylated material (19.07 g) was adsorbed onto 

60 g of recovered silica gel and placed onto the column bed (void volume 

approximately 2000 ml). The column was eluted with hexane:ethyl acetate (4 L 

of70:30, 1 L 60:40, 1 L 1:1) and was washed with 2 L methanol. In all, 38 

fractions (200-300 ml each) were collected. Like fractions were combined, 

based on TLC analysis (hexane:ethyl acetate, 70:30), to yield 9 fractions (A-I). 

Those fractions shown by TLC to contain incanilin acetate (via comparison to a 

known sample) were combined for a total of 15 g of material (fraction G). 

Preparative Scale Biotransformations of Incanilin Acetate 

Two preparative scale biotransformations of incanilin acetate were 

performed. The two fungi were selected based on the results from the screening 

experiment described previously. The first biotransformation (SaInAc2) was 

performed using the fungus Septomyxa affinis. A total of 4 g of incanilin acetate 

dissolved in 5 ml 95% ethanol, was added to 8 L of stage IT S. affinis culture. 

The culture was grown in soybean meal glucose (SMG) medium, and was divided 
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between 6 Fembach flasks (1 L medium each) and 5, 2-L DeLong flasks (400 ml 

each). 

After 10 days the entire biotransformation, divided into 8 portions (1 L 

each), was partitioned in four 2-L separatory funnels with an equal volume of 

ethyl acetate; the aqueous layer was vacuum filtered and partitioned again with 

ethyl acetate. The cell mass was extracted with approximately 1.2 L of ethyl 

acetate, vacuum filtered and extracted with 1.2 L of acetone. The extracts were 

evaporated to dryness in vacuo and analyzed by TLC (hexane:ethyl acetate, 55:45, 

and DCM:methanol, 90:10) for the presence of biotransformation products. The 

aqueous layers and cell mass were freeze-dried. 

For the second biotransformation (GslnAc2) incanilin acetate (5 g) 

dissolved in 3.5 ml ethyl acetate, was added to 10 L of Gibberella saubinetii stage 

II culture. The culture was grown in SMG, and divided between 6 Fernbach 

flasks and ten 2-L DeLong flasks. After 10 days the culture was vacuum filtered 

and the filtrate (9 L) was divided into 1-L portions and partitioned with 1 L of 

ethyl acetate followed by 1 L of ethyl acetate:methanol (9: 1) in five 2-L 

separratory funnels. The biomass was extracted 2 times with approximately 
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1.2 L of ethyl acetate:methanol (9: 1), followed by 2 extractions with acetone. 

All organic extracts were dried by rotary evaporation. All aqueous layers and 

cell mass were freeze dried and, subsequently, extracted with acetone to see if any 

substrate or metabolites remained. The extracts were analyzed by TLC (hexane: 

ethyl acetate, 55:45) for the presence of metabolites. 

Isolation of Biotransformation Products 

SaInAc2 column 1 

A 4.2 ID x 55 cm flash column was slurry packed with 300 g of 40 /lm 

recovered silica gel 60, in hexane (void volume approximately 500 ml). The 

sample (5.4 g) the combined ethyl acetate extracts from SalnAc2, was taken-up in 

DCM:methanol (1: 1), and adsorbed on to 15 g of 40 /lm recovered silica gel 60. 

The sample plug was placed on top of the silica gel bed and covered with a cap of 

silica gel 60. The column was eluted with hexane:ethyl acetate (l L 85:15, 1 L 

70:30, 1 L 60:40, 500 ml 40:60), 500 ml ethyl acetate, 500 ml ethyl acetate: 

methanol (1:1), and washed with 500 ml methanol. In all, 42 fractions (50 to 

200 mt) were collected. Like fractions were combined, based on TLC results, 

(hexane:ethyl acetate, 55:45), to yield 9 fraction (A-I). 

SaInAc2 column 2 

A 2.5 cm ID x 55 cm flash column was slurry packed with 150 g of 40 /lm 

recovered silica gel 60, in DCM (void volume 250 ml). The sample (SalnAc2 
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column 1 fraction G, 1.67 g) was dissolved in DCM:methanol (1:1) and adsorbed 

onto 4.5 g of silica gel 60. The sample plug was place on top of the silica gel 

bed and covered with a cap of silica ge1. The column was eluted with 200 ml 

DCM, 1 L DCM:methanol:formic acid (80:20:0.5), and washed with 250 ml 

methanol. A total of 19 fractions (50 to 150 ml) were collected and like 

fractions were combined based on TLC results (DCM:methanol formic acid, 

80:20:0.5), to yield 5 fractions (A-E). 

SaInAc2 column 3 

A small flash column (1.9 cm ID x 45 cm) was slurry packed with 70 g of 

40 J..lm, recovered silica gel 60 in hexane (void volume approximately 117 ml). 

The sample, (0.69 g), Saln Ac2 column 1 fraction F, was adsorbed onto 1.4 g of 

40 J..lm recovered silica gel 60, placed on top of the silica bed and capped with 6.5 

g of silica ge1. The column was eluted with hexane:ethyl acetate (500 ml 70:30 

followed by 200 ml 60:40) and washed with 150 ml methanol. A total of 33 

fractions (25 ml each) and the methanol wash, were collected and like fractions 

were combined based on TLC results (hexane:ethyl acetate, 55:45) to yield 6 

fractions (A-F). 

SalnAc2 preparative plates 1 and 2 

The sample (380 mg), SalnAc2 column 2 fraction B, was dissolved in 

ethyl acetate (approximately 5-10 ml), applied by Pasteur pipet to 3 preparative 
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plates, and developed once in DCM:methanol:formic acid (80:20:2). Three 

bands were visualized with cerium sulfate and removed via razor blade. The 

bands were extracted, with stirring, in 50 ml methanol each and vacuum filtered 

through sintered glass funnels. The extracts were dried by rotary evaporation 

and analyzed by TLC (DCM:methanol:formic acid, 80:20:2). 

The middle band (188 mg) from above, was dissolved in ethyl acetate, 

divided between 3 preparative plates, developed once in DCM:methanol:formic 

acid (80:20:0.5), and a second time in DCM:methanol:formic acid (80:20: 1.5). 

The 3 bands were observed under UV (254 nm) and removed with a razor blade, 

each was extracted as above and analyzed by TLC. The middle band (labeled 

SaIA-l, 60 mg) was sent in for spectral analysis. 

SaInAc2 preparative plate 3 

The sample (146 mg), Saln Ac2 column 3 fraction B, was dissolved in 

approximately 5 ml of ethyl acetate and adsorbed on to 3 prep plates. The plates 

were developed in hexane:ethyl acetate (55:45). Four distinct bands (labeled I 

through 4, with 1 being closest to the origin) were visualized with cerium sulfate 

and heat and removed via razor blade. Each band was extracted, with stirring, in 

methanol (50 ml), vacuum filtered, and evaporated dry in tared I50-ml beakers 

under the fume hood. The 4 bands were analyzed by TLC (hexane:ethyl acetate, 

55:45), and a 36 mg portion of band 3 (labeled SaIA-2, 70 mg) was sent for NMR 

analysis. 
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Methylation SaInAc2 column 2 fraction C 

A 74 mg sample of SaInAc2 column 2 fraction C, was placed into a 25~ml 

double~necked boiling flask, along with 75 mg of anhydrous K2C03, 1.5 ml of 

anhydrous acetone, and 150 III ofiodomethane. The flask was attached to a 

condenser and the second neck was stoppered. The reaction was gently refluxed 

on a heating mantle for 3.5 hours, when the reaction was shown by TLC 

(hexane:ethyl acetate, 55:45) to be complete. 

The liquid was transferred by Pasteur pipet to a tared 25~ml pear~shaped 

flask and was dried by rotary evaporation. The residue was dissolved in ethyl 

acetate (1 ml) and washed 4 times with an equal volume of distilled water. The 

ethyl acetate layer was dried by rotary evaporation to yield 68 mg of material. 

SaInAc2-methylation preparative plates 1 and 2 

The sample (68 mg), the methylated material from SalnAc2 column 2 

fraction C, was dissolved in ethyl acetate (3 to 5 ml) and adsorbed onto a.prep 

plate. The plate was developed in hexane:ethyl acetate (30:70). Five bands 

were visualized with cerium sulfate and removed by razor blade. All five bands 

were extracted, with stirring, in methanol (50 ml each), vacuum filtered, 

transferred to 150~ml tared beakers, and evaporated dry under the fume hood. 

Bands 3 (30 mg) and 4 (38 mg) from the previous prep plate, were shown 

by TLC analysis (hexane:ethyl acetate, 35:65) to be mixtures containing the major 
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constituent from the methylation of SaInAc2 column 2 fraction C. Each band 

was dissolved in ethyl acetate (3-5 ml) and adsorbed onto a prep plate. The 

plates were developed in hexane:ethyl acetate (40:60). Five bands were 

removed from each plate, extracted with methanol (50 ml), vacuum filtered, and 

evaporated dry in tared 150-ml beakers. Like bands were combined based on 

TLC analysis (hexane:ethyl acetate, 35:65) to yield six bands(l-6). Band 1 

(SaIA-6) 23 mg, and band 3 (SaIA-IMe) 42 mg, were dissolved in chloroform-d 

and sent for NMR analysis. 

GslnAc2 column 1 

A 4.2 x 55 cm flash column was slurry packed with 500 g of 40 J.lm, 

recovered silica gel 60, in hexane (void volume approximately 835 mI). The 

sample consisted of the combined ethyl acetate and ethyl acetate:methanol (9: I) 

extracts from GsInAc2 (5.06 g), was adsorbed onto 15 g of 40 J.lm recovered silica 

gel 60, placed on top ofthe column bed, covered with a silica gel cap, and eluted 

with hexane:ethyl acetate (3 L 70:30, 1 L 1: 1), and washed with 600 ml methanol. 

In all, 33 fractions (100 to 300 ml each) were collected. As always, like 

fractions were combined based on TLC results (hexane:ethyl acetate, 55:45), to 

yield of7 fractions (A-G). 
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GslnAc2 prep plate 1 

GslnAc2 column 1 fraction D (0.174 mg) was dissolved in ethyl acetate 

(10 ml) and adsorbed onto 4 prep plates. The plates were developed two times 

in hexane:ethyl acetate (55:45). Each plate was covered with a glass sheet, 

leaving only the edge exposed. The edge was then sprayed with cerium sulfate 

and heated with a heat gun, visualizing 6 bands on each plate. Each band was 

removed by razor blade, extracted with methanol (50 ml), filtered through a 

sintered glass funnel, and dried in vacuo. The fourth band from the bottom 

(GsIA-2, 20 mg) appeared similar in Rf and color reaction to SaIA-2. The two 

products were compared by TLC, by GC analysis, and by IR spectroscopy. 
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Summary and Conclusions 

Microbial Transformation of Incanilin and Argentatin B 

During the course of this investigation 18 screening experiments were 

performed on crude samples of the substrates incanilin and argentatin B isolated 

from guayule resin. Two preparative scale biotransformations were performed 

on incanilin with the fungi Mucor circinelloides and Rhizopus stolonifer. 

Multiple normal phase and reverse phase columns were run in order to isolate the 

products of these biotransformations with little success. 

Acetylation of Incanilin 

It was assumed that closely related compounds in the substrates were 

resulting in additional metabolites contaminating the product mixtures and 

making it difficult to isolate the desired products. Because of this, the crude 

incanilin was acetylated and isolated by flash chromatography. NMR analysis 

revealed the major product to be a mixture of two isomers, incanilin acetate and 

argentatin A acetate. In addition, a new, previously unreported triterpenoid, 

cycloart-25-ene-3-one-16,24-diol, was isolated and identified by spectral analysis 

as the acetylated compound, cycloart-25-ene-3-one-24-ol-16-acetate. 

Biotransformations of Argentatin A Acetatellncanilin Acetate 

Based on the results of six small-scale biotransformations, two preparative 

biotransformations ofthe incanilin acetate/argentatin A acetate mixture were 
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performed, Gihherella saubinetii and Septomyxa affinis. A total ofthree 

metabolites (two isomers each) were isolated from the two biotransformations. 

The 3-hydroxy metabolites, 20,24-epoxy-Ianost-8-ene-3,25-diol-16-acetate and 

20,24-epoxy-cycloart-3,25-diol-16-acetate, were isolated from both the S. affinis 

(70 mg) and the G. saubinetii (20 mg) transformations. This is consistent with 

literature reports for microbial transformations of steroids by G. saubinetii, in 

which 613, 1213, and 1513 hydroxylation, cleavage of 16-acetate, reduction of C-11 

ketones to lla.-hydroxys and reduction ofC-3 ketones to 3a.-hydroxys have been 

reported. 

Three metabolites were isolated from the S. affinis transformation. In 

addition to the 3-hydroxy product, two metabolites that resulted from oxidative 

ring cleavage of ring A were identified. The first metabolite, 20,24-epoxy-3,4-

seco-lanost-8-ene-4,25-diol-16-acetyl-3-oic acid (22), and its isomer, 20,24-

epoxy-3,4-seco-cycloart-4,25-diol-16-acetyl-3-oic acid (23), were identified as the 

products of scission of the 3,4 bond with the addition of two hydroxy groups 

across the bond, resulting in a carboxylic acid at C-3 and an isopropyl function at 

C-4. The second metabolite, compound 30 (and its isomer 31), consists of the 

ring fission product with reduction of an addition bond producing a cis double 

bond. The position of this double bond has been assigned to the 1,2-position for 

biogenetic reasons and based on the UV Arnall of the methylated product of a third, 
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closely related metabolite (34). This metabolite (34) was isolated by Galal 

Maatooq and Lisa LeGrandeur who repeated the S. affinis biotransformation. 

S. ajfinis has been reported to catalyze I-dehydrogenation of 3-keto-~ 4_ 

steroidal compounds and to degrade the side chain of compounds such as 

progesterone and deoxycorticosterone via oxidation of the I7-hydroxyl group, 

often followed by expansion of ring D, generating a six membered lactone ring. 

Examples of microbial ring cleavage ofterpenoid substrates have been 

reported for a number of monoterpene compounds. In addition, B-ring scission 

has been reported for the steroid ring system. Microbial transformation of 0.­

pinene and p-pinene, by Pseudomonas PL-strain, leads to one of the main 

degradation products (-)-3-isopropylheptanedioic acid (Kieslich,1976). One of 

several degradation pathways oflimonene (in fact the main pathway) 

(Krasnobajew, 1984) goes by way ofperillyl alcohol, and produces isopropenyl­

pimelic acid. Transformation of p-cymene by Pseudomonas PL-strain (Kieslich, 

1976) to 4-methyl-2-oxo-pentanoic acid has also been shown. Degradation of 

the steroid nucleus has been reported via B-ring cleavage of3-keto-~1.4-steroids, 

by way of9a.-hydroxylation, followed by a reverse aldol reaction. The resulting 

9a.-hydroxy ~ 1.4-3-keto steroid is unstable and decomposes to a 9,1O-secophenol 

product. 
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12J3-Hydroxylation 

Unfortunately, the desired 12J3-hydroxy metabolite was not identified 

from any of the biotransformations. It is possible that another microbe may be 

capable of performing this biotransformation, such that additional screening 

experiments would be beneficial. It is also possible that the cyclopropyl group, 

or /18,9 bond and the 3-keto group are hindering this reaction from occurring. For 

instance, 12J3-hydroxylation by C. decora has been reported to be infrequent with 

3-keto-/1 4 -steroidal substrates (Charney and Herzog, 1967). Reduction of the 3-

keto group and/or hydrogenation of the /1 8,9 bond may enhance 1213-

hydroxylation. 

In any event the search for coproducts from guayule continues and 

guayule triterpenoids are still one of the more promising classes of compounds for 

the development of a high value coproduct. 



Appendix 

Glossary of Terms for Plant Tissue Culture 

Auxin - a class ofphytohonnones that promote cell enlargement, and callus 

growth or root fonnation (depending on concentration). 
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B5 - Gamborg's B5 growth medium, the B5 vitamin fonnulation is often used 

with other media fonnulations. 

BRF - Bioresources Research Facility, University of Arizona, Tucson, Arizona. 

Callus - A disorganized mass of actively dividing cells. 

CCM - Castela callus medium. 

DTT - 1,4-Dithiothreitol, a reducing agent. 

Cytokinin - a class ofphytohonnones that promote cell division, and callus 

growth or shoot fonnation (depending on concentration). 

Explant - excised piece of plant tissue used to start a tissue culture. 

HPLC - High perfonnance liquid chromatography. 

IAA - Indole-3-acetic acid, a naturally occurring auxin. 

IBA - Indole-3-buteric acid, an auxin. 

Kinetin - N6 -furfuryladenine, a synthetic cytokinnin. 

MMS - Modified Murashige and Skoog's plant tissue culture medium. 

MS - Murashige and Skoog's plant tissue culture medium. 



NAA - a.-Naphthaleneacetic acid, a synthetic auxin. 

Phytagel - Gellan gum, a solidifying agent for plant tissue culture media. 

Phytohormones - Plant growth regulating compounds. 
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PVP - Polyvinylpyrrolidone, absorbs phenolics and reduces enzymatic browning. 

6BA - 6-benzylaminopurine, a synthetic cytokinin. 

Suspension culture - actively growing plant cells and cell aggregates, grown in a 

liquid medium and aerated on a shaker. 

2.4-D - 2,4-Dichlorophenoxyacetic acid, a synthetic auxin. 

2ip - 6-y-y-dimethylallylaminopurine, a synthetic cytokinin. 

While 's medium - A low salt medium designed for root cultures. 

WPM - McCown's woody plant medium. 

Zeatin- a naturally occurring cytokinin. 
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