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one A ring structure. three acids 13.14 and IS shown by 
their spectra to have the 4 - en - 3 - one A ring structure 
and two saturated keto acids 16 and 17. 

The chemical and spectroscopic propcrtks of I1 were 
almost identical with those of the acid 9. It was apparent 
from the UV, IR. PMR and mass spectra that the com- 
pounds had identical A ring structures. Treatment of I1 
with acetic anftydride/pyridine gave a mono-acetate; 
oxidation of II with Jones’ reagent’ gave a ketone iden- 
tical with 12. The JR (peak at 1704cm “) and PMR (2 
proton multiplet at 2.7&2.5&S) spectra of 12 indicated 
that the ketone group was at C-12. The PMR spectrum of 
II (triplet at 3.986) indicated’ a I2a-hydroxy group, a 
conclusion supported by the mass spectrum (intense 
M-18 peak). The mass spectrum of 11 also enabkd the 
kngth of the side chain to be determined: this mass 
spectrum and that of compound 9 both contained an 
intense peak at m/c 267. corresponding to the loss of the 
elements of water from the molecular ion and loss of the 
side chain by cleavage of the 17-20 bond.” In the case of 
11. the loss of 115 + 18 mass units indicated that the 
compound had an unchanged bile acid side chain. Its 
structure was therefore 12~hydroxy - 3 - oxochola - I.4 
- dicn - 24 - oic acid and that of compound 12 was 3,12 - 
dioxochola - 1.4 - dien - 24 - oic acid. The methyl esters 
of 13. I4 and 15 gave UV, IR. PMR and mass spectra in 
accordance with the 4-en-3-one A ring structure. Com- 

pounds 13 and 14 were easily acetylated and oxidised (to 
a ketone identical with 15 in the case of 14). The 
presence of a secondary hydroxyl group was confirmed 
in each case by IR spectra; position and configuration 
were established from PMR and mass spectra. The PMR 
spectra of 13 and 14 each showed a triplet at 4.056 
indicative’ of a 12~ hydroxyl group. This conclusion was 
supported by the presence of an intense ion at M-18 in 
the mass spectrum of each compound (as methyl esters). 
Intense ions at m/r 269 (13. M-18-87 and 14. M-18-115) 
and m/e 285 (IS. M-115) corresponded to the loss of the 
side chain usually observed” in the mass spectra of 
a&unsaturated ketones of cholanic and bisndrchotanic 
acids. Thus I4 and 15 had the normal biJe acid side chain 
and I3 had the same bis-nor side chain as 9 and its 
oxidation product 10. 

Compound 13 was therefore I2a - hydroxypregn - 4 - 
en - 3 - one - 20 - carboxylic acid and compound 14 was 
12~ - hydroxychol - 4 - en - 3 - one - 24 - oic acid. 
Compound 15 was 3.12 - dioxochol - 4 - en - 24 - oic acid. 
The methyl esters of 16 and 17 were shown. using Jones’ 
reagent, to be oxidation products of the starting material. 
The methyl ester of 16 was obtained by oxidation of 
methyl deoxycholate under very mild conditions; more 
vigorous oxidation gave the methyl ester of 17. Physical 
constants and spectroscopic data confirmed that 16 and 
17 were. respectively, the known compounds 12~ - 
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hydroxy - 3 - 0x0 - 5/I : cholan - 24 - oic acid” and 3.12 - 
dioxo - 5s - cholan - 24 - oic acid.” 

The crude mixture of metabolites also contained 
several compounds classified as phenols from their UV 
spectra and chromatolgnphic bchaviour. Further work is 
necessary to characterisc these compounds. It had been 
established previously” that, under anaerobic comii- 
lions, oxidation of deoxychoiic acid by either Pstu- 
domonas NCIB 10590 or Closf~~~rn pa~put~~c~rn is 
coupkd to reduction of nitrate. fn order to investigate 
this p~nome~n under aerobic conditions the experi- 
ments described in this paper were repeated using am- 
monium chloride ins:cad of potassium nitrate as a 
nitrogen source in the microbial growth medium. The 
pattern of metabolitcs produced was not signiftcantly 
altered. However, under anoxic conditions, sign&ant 
difTerences were observed in the pattern of mctabolitcs 
formed: when potassium nitrate was used as a nitrogen 
source the pattern of steroidal metabolites was virtually 
unchanged. with 2 and 9 the major products as before. 

but no phcnolic products were detected. The nitrate ions 
were reduced to nitrite in the course of the fermentation. 
When ammonium chloride was used as a nitrogen source, 
no steroidal products were formed and only phenolic 
mctabolitcs were detected. It seems likely, therefore. 
that under anoxic conditions different pathways were 
used in the prcscncc and in the absence of nitrate ions. 

For the aerobic transformations described in this paper 
it is possible to postulate a dcgradativc pathway by 
considering the nature of the products formed and by 
comparison with the known pathways of microbial 
degradation of other steroids. 

Tbc Ant step is probably oxidation of the 3a-hydroxyl 
group; no products containing this group have been 
detected and Hayakawa” notes that all microbial 
mctabolitcs of Me acids having a double bond at Cl-C2 
or C4-CS. also have a kctonc group at C-3. Since no 
products having a doubtc bond only at Cl-C2 have been 
isolated it stems likely that dchydrogcnation at Cl-C2 
occurs after dehydrogcnation at C4-0. 
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Hayakawa” postulates that for side chain ckavage to 

lake place tbc bile acid must first be transformed to a 
4-cn-3-01~; tbc results quoted above support this pos- 
tulate. In the case of 12a-hydroxysteroids there appears 
to be a further restriction on side chain ck43vage: no 
products of side chain cleavage between C-17 and C-TO 
retaining a 12cr-hydroxyl group have been isolated. It is 
probabk that for bile acids having a 12@-hydroxyl group, 
enzymatic cleavage is sterically hindered and that the 
hindrance is removed when the 12o-hydroxyl group is 
ox&cd or epimeriscd. The epimerisation at C-12 is not 
without precedent; a l2a-hydroxysteroid oxidoreduc- 
tase has been isolated by Skalb~gg’~ from ~3e~omo~~~ 
fcstoslcroni. 

Under aerobic conditions, degradation of the steroid 
nuckus and formation of phcnolic products probably 
occurs by the pathway described by Sih.16 Tbc key step 
in this pathway is 9ahydroxylation, an oxygen requiring 
step. It is noteworthy that phcnolic products arc not 
formed when the de~~t~n is carried out a~erobi~ly 
using nitrate as an electron acceptor; the formation of 
phemlic products when ammonium chloride is used as a 
nitrogen source is unexplained. 

It has been suggested by Hill et al.’ that microbial 
transformation of bile acids may be important in the 
aetiology of breast’ and colon’ cancer. In order to in- 
vestigate this possibility tbc metaboiites described in this 
paper are being subjected to preliminary screening by the 
Ames” procedure. 

UV spectra were recorded in MeGH on a Pye-Unkam SPl8UO 
recording spec~rophotomrfcr and IR spectra in KBr discs on a 
Pye-U&am SPlXlD s~c~op~~orne~r. Tk PMR spectra were 
ob&cd in CDCI, on a Varian HA-100 at 100MHz_ Micro- 
analyses were done by Butterworth Mkroanaly&al Consultnncy 
Ltd.. Teddington. Separation by glc was achieved at 260” using 
3% OV-I? on 80/100 mesh “Su@oport” in a 1.5mx3mm 
silaniscd glass column. Retention timeJ were measured r&live 
to Sff&olestm at a Bow-rare of 3Ocm’ min-’ niuogcn in ii 
Hewlett-Packard HP5470 instrumcn~. Silyl ethers were prepared 
by dissolvh the previously dried sampk in b~~(~cthyls~yl- 
aceranide (BSA) and heating al W for 2Omin. All acidic com- 
pounds were mcthylalcd before in&ring inlo lhc glc. Purification 
was achieved by column chromatography on Kksclgcl60.?@-230 
mesh A!TTM (E. Merck. Darmstadt). fractions were elutd wilh 
incrusing concentrations of CH,OH in CH&&. Tk analysis and 
separation was performed on O.Zmm layers of Kiesclgel GF, 
DC-Fcrtigplatten (E. Merck. Darrnsud~) in ihe solvent system 
CH,OH:CH& I :9. UV-absorbii compoDcnts were detected 
by observation u&r light of 254 or 34Onm wavelen& and all 
components were finally visual&d by spraying the plate with 
anisaldehvde rcattcnl and hutitu aI 110’ for IOmia.” Isoni- 
codnk a& hyd& spray rea& was used to distinguish 
between 4-crt.30~0 (immediate intense yclbw cob@ and lit 
dicn-3oxo-steroids fcalourkss, becoming yellow). 

l2-Oxos1e~oids were prepared by Ire&g an acetone solution 
of rhc hydroxystcroid with Jones’ chromic acid reagent’ al C. 
Acidic steroids were mclhylatcd with BF+mcthool. Mps were 
determined on a KolUcr ho1 suge micro- and arc uncor. 
rcctcd. 

Drgradario~ under aembic conditiorrr using porusrimm nitmte as 

a nhgtn source 
The cells obtained by ccntrif~tioa of a ten litre culture of 

Pseudomo~r NCIB lOS90 were used to imxulate 1001 of 
medium of composition radium deoxychola~e (1001). K,HfQ, 
ll6Onl. KH,POA I4Onl. KNO, (lOOn). FcSWHA’ (0.25 n), 
ZnS&?H@ -(O.u 8). GnSO,4H;O CO.5 8) MgSOljHIO (IO h. 
distilled water IO 1001. (6011 pH 7.2). The culture was incubated 
at 2E’ with an aeration of 2 IJmin-’ and agitation 100rev min. ‘. 

The fermentation was tcrmina~cd after I6 b by acid&at.ion to pH 
4 with HCI. Extraction with dichlorometharu (4 x S I) gave, after 
drying over hQS0, aod evaporation, 43.4 of tiny residue. ‘l&s 
residue was dissolved in warm CH&& (SOOcm’): on coding. 
unchanged I (IO-5 g.l cryslallised out. 

Acidic compounds were extracted from the CH& solution _ 
inIo 6% NafiCO, (5 x 3OOcm’). Acid&&on of Ibe aqutoca 
extract to pH 4 with HCI. folbwtd by extraction with EtOAc. 
yielded 16.6 g of acidic residue. Half oi this residue wu malbyl: 
aled. using BFJCH,OH. and the other half was dissolved in hot 
ethyl acetate. On cooling. Ibe later solution yielded large prisms 
of 9 Og). Tbc mlhyhtul mixture gave cryslllr of the wtkyl 
ester of t (3.4~) from CH,/CH& aml the residue left after 
c~~~t~n was separated by repertd preparative dc in 
trimethylpcntanc:ac&c acti: ethyl acctrtc, 45:10:45, ID yield 
the following acids as their methyl csIcrs: 11 (9 mg), 12 (3 m@. 13 
(IO rn8). I4 (7 mgl. IS (2 mg). 16 (I2 mgb 17 (2 ITI@. 

The ruulnl fraction (16.90) on standiM in CH&I, yielded 
large prisms of 2 (7.60). The rem- mixture of neutnl 
steroids was repeatedly chromaIographed on a column of silica 
gel to give 4 (3Ompf and 5 (15Omg). Further separation, using 
preparative UC (CH,OH:CH~~) gave 6 (3 ay). 7 (1 mp) and t 
(I mg), and 2 mg of a tar. A, 218. 275nm (226, 295 nm in 
aqutour NaOH). 

Lkgmdation under aerobic coadititw wing ammonium chhidt 

as a nitmgtn ~oufw 

TIK experiment was repeated on a one litrc se&: all tbc 
comtiIucnts were in the fpmc relative proportions except potas- 
sium nitrate. which was replace& by ~~~~ chlorii Cl@. 
The fermeaWion was lermirutcd and ex~rocled as before to give 
an acidic fraction, I54 mg and a neutral fraclion 91 m& Spectral 
and chromalographic analysis revealed no phcnolic rnetabolites 
or products different from those described above. Tht major 
producls were a&n compounds 2 and 9. 

platen wrder anoxic coaditions 

Two fermentatins, OIK l&c each. were carried ouI under 
strict anoxic conditions. The relative proportions of sodium 
deoxycholaIc and mineral salIs were as dcscrited above; in one 
case KNO, was used as a nitrogen source. and in the oIhcr 
ammonium chloride was used. The fermentaIion3 were Icr- 
m&ted afrer 14 days. Extraction gave residues of S3Omg pnd 
692mg respectively. Where nitrogen was present as NH&. 
unchngcd s~artirqt material (WJmg) was recovered together 
with a mixture of’very small amounts of plunolic compounds. 

Were KNO, was used as a nitrofcn source the residue, after 
separation in10 neutral (126 mg) and acidic (rol mg) fractions and 
purification by preparative TLC, gave crystals of 9 (8 ml) ud 2 
(Sm@. Chromatographk analysis showed rhc same pattern of 
products as that produced in the 1001. aerobic fermentatioa. 
Cobrimctric analysis, usiw rhe method described by Gowan” 
showed that all the &ale present at the start of the fermcnulion 
had been reduced to &ire. 

Necdks from McOH/CH&. m.p. M-16?‘. (Found: C. 75.22; 
H. 8X C,&O, requires 75.M~ H. 8.61%): A,. 245 nm (log e 
4.17): lR fKBr disc) l600. 1616. 1660. 3340. 348Ocm-‘; NMR 
#XX&) 6 0.86, 1.22 (6H. IWO s, C-18 and C-19 proIons), 3.4s (IH. 
4 tine m. J=S, IOHz, C-12 proton). 3.82 (IH, t. J=SHt. C-l? 
proton), 6.03 (IH. I, slight splitting, C4 mton). 6.19 (IH. d. 
shoving furtbcr splittin& J = IOHz, C-2 proton). 7.00 (IH. d. 
J = IO Hz. C-l proton); mass spccwm, m/r 302 (125); 122 (100). 
284 (IO), 266 (8); glc R$ 3.4 fOV-IT). 

12~-H~roxyorrdroJta-l,Cdim-3,1?-dio~ (4) 
Prisms from ~~H~CH~l~, m.p. 222-223’. (Found: C, 75.56: 

H. 8.16. C,&O, requires: C. 76.00: H. 8.00%); A,. 244 nm fios 
e 4.17); IR (KBr dii) 1600. 1618. 1660, 1740. MOOcm-‘: NMR 
(CD&) 80.94. I.23 (6H. two I. C-18 and C-19 protons). 2.38-L4S 
(2H. m. C,, protons), 4.14 (IH. 1. J = 3 Hz, C-12 proton). 4.63 
(IH. s, OH). 6.06 (IH. I. slight splittin& C-4 proton). 6.20 (IH, d, 
showir\g further splitting. J = IOHr, C-2 proton). 6.% flH. d. 
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j = IOHz. C, proton): ma5s spectrum m/r 300 (22.5). 282 (100). 
I21 (95,; gk R, 2.7 (OV-IT). 

Nccdks from McOH (CH+&. m.p. 21 l-213’. (Found. C. 75.82; 
H. 8.80. C,&O, requires: C. 75.50; H. 8.61%); A, 241 nm (log 
c 4.19); IR (KBr disc) 1610.1655, l722.345Ocm”: NMR (CDCI,) 
6 0.98. I.22 (6H. IWO I. C-18 and C-19 orolons). 2.3CL2.50 (2H. m. 
C-16 protons). 3.70 (IH. 4 line m. J -j Hr. IOHz. C-12 prolon). 
5.77 (IH. s. Cc proton): mass spectrum m/e 302 (50). 2S4 (17.5). 
I24 (100); gk R, 2.2 (OV-17). 

12u-Hydroqardro~~4enn-3.17-d~ne (7) 
242 nm; mass spectrum m/r 302 (20). 284 (90). 124 (100); 

glzr2.3 (OV-17). 

12~.l7~-~ydroryandrorl4-n-3-ore (8) 
243 nm; mass spectrum mle 304 (I I). 2.86 (6). 268 (5). I24 

(I&c R, 2.9 (OV-17). 

3.12-~xoprcgno-l.+dicll-Mcorbor~~ acid (IO) (methyl esra) 
Chromic acid (0.65 cm’. Jones’ reagent) was added dropwise IO 

a solution containing 300 mg of 9 in acetone (5 cm’, distilled from 
KMnO,)andmethykncchbridc(cm’)atC.Thcmixturc washeldar 
4’ for I6 h after which lime oxidation was shown 10 be complete by 
tic. Excess reagent was decomposed with propan-2ol (I cm’) and 
the mixme poured inlo ice-water. The product was isolated in 
methykoc chloride amJ recryslalliscd lo conslant q .p. lo give 
prisms (420 mg) m.p. 20&2@2”. (Found: C. 74.67: H.8.01. CUH& 
requires: C. 74.59; H. 8.11%); A .,, 2U nm (Log e 4.18): IR (KBr 
disc) 1603. 1623. 1657. 1692. l727cm ‘; mass spectrum m/e 370 
(13). 283 (IS). 121 (100); gk (Me ester) R, 5.7 (OV-17). 
12o-Hydroryc~la-l.Cdicn-3-ore-2Coic- acid (II) 

Prisms from McOHICH~l~. m.p. (Me ester) 242-244’. (Found: 
C. 74.76; H. 9.18. CaHwO, requires: C. 75.00; H. 9.00); A, 
(methanol) (Me ester) 2U nm (bg e 4.17); IR (KBr disc Me ester) 
3450. 1734. 1660. 1618. lt@Zcm-‘; NMR (CDCl, Me ester) 6 0.78. 
I.04 (6H. Iwo s. C-IS and C-19 protons). I.28 (3H. d. J = 6 Hz. 
2lCH,) 3.70 (3H. I. C-2COCH,). 4.00 (IH. I. J = 3 Hz. C-12 
proton). 6.02 (IH. rligh~ splittins. I. C4 proton). 6.15 (IH. d. 
further splitting. J-IO Hz. C-2 proton), 6.96 (IH, I. j = IO Hz. C-l 
proton): mass spectrum m/e 400 (2.5). 382 (27.5). 267 (55). I21 
(100); glc R, 12.06 (OV-17). 

3.l?-l)ioxochola-l.Cdin-2Coic acid (12) 
Needks from McOH/CH&lI. m.p. (Me ester) 2&2l(r; An 

(methanol) (Me ester) 2U run (log e 4.15): IR (KBr disc Me ester) 
1730. 1704. 1660. 1622. 16OOcm-‘; mass spectrum (Me ester) m/e 
398 (12). 283 (II). 121 (loo). 

12a-Hydroxyp~4n-3-one-~ca~x~~ (13) (mefhyl ester) 
Needles from McOH/CH,Cl,. m.p. 231-233’; A, (methanol) 

241 nm (log e 4.19): IR (KBr disc) 3450, 1702. 1655. 1613cm’ ‘; 

NMR (CDCI,) (Me ester) 6 0.60. 1.22 (6H. IWO I. C-18 and C-19 
protons). I.24 (3H. d. J = 6 Hr 2lCH,). 3.64 (3H. I. 22-OCH,). 
4.00 (IH. I. j = 3 Hr. C-12 proton). 5.82 (IH. I. C-14 proton): 
mass spectrum (Me ester) m/e 374 (2). 3% (38). 269 (63). I24 
(loo). 

12a-H~rorychol4m~3~one~2~o~ acid (10 (methyl ester) 
Needles from MeOH/CH,& m.p. 23&23y; A,. (methanol) 

241 #og e 4.18); IR (KBr disc) 3460.1735.1660.1618cm ‘: NMR 
(CDCI,) 6 0.79. 1.05 (6H. IWO s. C-18 and C-19 protons). 1.30 (3H. 
d.J=6Hz.2ICH,).3.72(3H.s.22-OCH,):4.ll(IH.1.J ~3Hz. 
C-12 proton). 5.77 (IH. s. C4 proton); mass spectrum mle 402 
(4). 384 (39). 269 (721. I24 (100) 

3.12-LXox(~hol4en-24-oic acid (IS) (methyl ester) 
Nccdks from McOH/CH+&. m.p. l&198”: A_, (methanol) 

241 nm (log e 4.17); IR (KBr disc) 1736. 1706. 1665. 1624cm-‘; 
mass wctrum m/e 400 (9). 285 (16). I24 (100). 
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