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ABSTRACT: Rhizopus nigricans produces

1o-hydroxyprogesterone with a unidentified

byproduct, which is hardly separated. Results of chromatography, IR and NMR spectroscopy
identified the byproduct to be 1la-hydroxy-allopregnane-3,20-dione. R. nigricans was found to
transform progesterone into a monoform intermediate, 11a-hydroxyprogesterone, from which 11
a-hydroxy-allopregnane-3,20-dione and 6B, 11a-dihydroxyprogesterone were formed respectively

by 5a-reduction and 6f-hydroxylation.
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Progesterone®] 1la-hydroxylation< corticoste-
roid hormones®] §tAlol| FQ3 w222 (Fieserst
Fieser, 1959). Aspergilli®} Rhizopi] AMFFF-oll 4
Fo 54 848 Jehdd} (Kieslich, 1980; Biharis-,
1984).

Progesterone®] w|4E3 A& wkgol4 lla-
hydroxyprogesteroneo] 2]¢] oj2] FFo] ¥ ukg 2}
o] AAEEd AHEY FF9 FEE vYE
THe e 27 webd GekRlg dspergillus
ochraceus Wehmer®} Rhizopus nigricans YSF 128-2-
& 93 AHEE 6, 1la-dihydroxyprogesteroneahg
A48t (Monems, 1969), Cladosporium clado-
sporioides®} Aspergillus niger 171 2l8}ed |7q-
hydroxyprogesterone®] (El-Refai%, 1970; Sallam%
1976). Epicocum purpurascens, A. niger 1005} R.
nigricans REF 129 5-& 21-hydroxyprogesterone$-
F R AREE AAET (MonemS, 1969: Sallam
%, 1971). =3} 14a-hydroxypregna-14-diene-3,20-
dione (Njars, 1985), testosterone (Sallam3%-, 19
73), androstenedione (El-Refai%, 1973) % (esto-
lolactone (Sebek%, 1962)2) WA= H =L}

Rhizopus nigricans Ehrenberg progesterone
€ lla-hydroxyprogesterone £ 2 H1)7]&=d| &2
4 84S dehle #FE  llo-hydroxypro-
gesterone™} 6B, 1la-dihydroxyprogesterone ©]2]o]|
I 7R SAHEA S nl#E steroidE PAIEH

o} (Kim3} Kim, 1987). o] 2% wh-0] 38 452
11a-hydroxyprogesteroneo|™ 2jeFEo] 7 2 AlL
7] Wgoll 2 FE} o4 Folob g} Steroids 2
Feles gubA o g 7hcb-F o v) AA "o}

B ATtellA] 2 YA ake] @ vl steroidis 11
a-hydroxyprogesterone &2 H-E] 2] £2|7} 3| o7
Fug o B4 YL sbed Al ook g} o)
£ Y3lod= progesterone AF wh-gol A2 E Fu
stojo} 3l alebr] v]gal steroide) TAe] Ps] &
T5oh

B Aol M= R nigricansoll 2)8le] progesterone
o258 AR v)&ql steroidd chromatography,
IR % 'H-NMR spectroscopy S o]-&3te] £3 31
o, progesteronc®] Hshol] W 7+ A2 YA A

25 Wi
Mz 3 Wy

Progesterone Mg i

PDA 34 wiA) oA wlek® Rhizopus nigricans®)
E2L deke] 1 m/ (50X 10° cells/m/)E 50 mi2] <)
¥l 2] (Hanisch%, 1980) o %33}1 28T, 180 rpmY]
rotary shaker (Lab-Line 3579) ol A 14A]7} vl oF5}o]
TS Eulslsdch o] FAM 05 g (553 S 50
m/¢] vh-g-of (A wix]) el @3 F-A]o)| progesterone
(HFFE 005 g/NE FI3te] WA W =
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Fig. 1. Time course of progesterone transformation
{Kim and Kim, 1987).
A — A progesterone
®——@®: 1lo-hydroxyprogesterone
B—&: unidentified steroid
+—x: 6. 1la-dihydroxyprogesterone

AL A AR 273 FdIA sk wke F
steroids®] $&& Kim$ (1990)2] w3} %514
shic
Chromatography

Thin Layer Chromatographyt Merk 60F-254
silica gel2 T 3% plate Aol 4] A5} ol &
A e 24

I. chloroform: cyclohexane: ethanol =46:46:8

IL. cyclohexane: acetone:chloroform=62:21:17

IIL. ethylene chloride: acetone=_80:20
2 59U} 7 steroidsd] A7 YH= 254 nme) UV
lampst KI/I, #Athg o} 8sle] shalslelcy. zt
steroids& chloroform, cyclohexane, ethanole] 46:
46:82 o] Fo]z] LwulA & o] &8}e] TLC rod (Iatron
SIII) Akell4] A W& F Flame lonization Detector
(Iatron Iatroscan TH-10) &4 A=k 31912 HPLC
(Kim¥-, 1990) = W& slo] xhg-shoc).
IR % 'H—NMR Spectroscopy

IR spectrum-& TLCAM| A H-2]5] A 88 s}
Al FolWl ¥ KBr pellet ol 3A1A <) 'H-
NMPF. spectrum-& tetramethylsilane2 5 EA 2
stef 1 3ty o] 58 &3 3912 chloroform$
|2 Abgslgic

dan o nF
R. nigricansll 2%} progesterone 3 u-<2] A

4E-& 1lo-hydroxyprogesterone, 68, 1la-dihydro-
xyprogesterone ¥ v &4l steroid2 TAH ™ Fig. 1
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Fig. 2. Chromatograms of progesterone (a), unidentified
steroid (b), 11a-hydroxyprogesterone (c), and 6
B, 77a-dihydroxyprogesterone (d). A: Chro-
matogram of HPLC (numbers indicate elution
volumes) B: Chromatogram of TLC.

2 progesterone 2. 25-E] R. nigricansol] 2|5+ A
5= o] EAE] A4 W3HE Yehdg (Kim3} Kim,
1987) WH&A1ZF 104]7F o] $-%-] u] &l steroid 7} &
3t wol AAEE o ¢ e, o] k-9 AA
Aol drF A3t o] EA9 identificatione 3]
L7

Steroids2| Chromatograms

Fig. 2= TLC®} HPLCol| 2)3}e] ¥-2] % steroids 2]
chromatogram-g 27t vepdich & 74$ 2% pro-
gesterone¥} 6B, 1la-dihydroxyprogesterone2 4-¢]
34 28 =¢9ev} 1la-hydroxyprogesterone® )
&l steroidy> SN AS chokslA Wi ARSI
£33 Table 19] §AH R, 3122 HE & & 3l
npe} zro] Fejr} Ak o] Rojx|x| girh 1B ¥
A9 S4L v § FAE Aoz A =) =g
Table 1o vtepd wpe} zto] mj#q) steroide ©hE
AAEAEF= 99 254 nme] UVE A {5314
%on g o] ¥del txelE C=C bond7} g& A
2.2 A2k ¥ut ol TLC Aol H2 453
€ K/LEA 42718 o w35 Y72o] Sallam
S (1970) 2] 23t} dxstg o v 2 vl steroide
l1a-hydroxy-allopregnane-3,20-dione .2 F3 5o
IR % '"H-NMR spectrag ©]-43}] o] B4 728
FFFoEH o]F FlstuAl st
IR Spectra

Fig. 3 ¥ Fig. 4+ 1la-hydroxyprogesterone 3 un-
known sample$] IR spectraS 7+t Lebdich 16007
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Table 1. 7The R, values and colours of the different transformation products.

Steroids R/X 100 with solvent system Colour after treatment UVay
; 1 11 111 with K1/, absorption
Progesterone 89 90 86 brown +
11a-hydroxyprogesterone 64 75 6l deep blue +
Unidentified steroid 67 75 64 grey
6B.11a-dihydroxy- 36 38 45 pale brown +
progesterone
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Fig. 3. /R spectrum of 11a-hydroxyprogesterone.
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Fig. 4. /R spectrum of the byproduct to be identified.

cm F2o)M sharpdt F4- peaks C=C bond9
stretchingel] 2}%F 7 o]} unknown sampledl| & ©]¢}
e F peaky) Vel tA] 9o m g <fe] AR
#geld 4 gl 34007 cm F2olA Yehbe F
peake —OH9| stretchingol] 2§ 7le=z F
sampleol] A fAbE 9|24 Hepdg 4 5 i
16807 cm #2¢] peakt >C=09] stretchingell
9sted F48 AHolw 1la-hydroxyprogesteronedl] 4]
= ¥ peakd splittinge] doixk 2} unknown
sampled| A& <t peak® veEPyttl o) 1la-
hydroxyprogesterone2} 3 % 20 $1* 2] carbonyl”]

Assignments (No. of Proton)

a. 069 3) b. 0.75-2.10 (17)
e 120 3) d. 213 (3)
e 220-270 3) f. 574 (1

Fig. 5. 'H-NMR spectrum of progesterone (Aldrich
Library of NMR Spectra)

Foll A 38]1%19] carbonyl”]7} 491312 C=C double
bond 9] °3&-& wro} L F peak?] splittinge]
ot Zo=F He|rd unknown samples lla-
hydroxy-allopregnane-3,20-dione 2. & ¥ 7% 3 %
20 $1A)¢ll Sl carbonyl?] FHel& o]9} 2o 32
7 gomg o4 F5 peak?} vephdtly gxie ¢
sl

H—NMR Spectra

Fig. 5 Aldrich Library of NMR Spectraol] 4
£-5]o] 9l progesterone2] 'H-NMR spectrum 3} 7}
carbonel] A= o] gle 447 YellE chemical
shift datae]c}.

Fig. 63 Fig. 7€ llo-hydroxyprogesterone}
unknown sample2| '"H-NMR spectra¢]c}. 5.8 ppm
#1212] chemical shifti= 4912 9] il A= g}
= g4 dedsl=d] 11a-hydroxyprogesterone 3=
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Fig. 6. 'H-NMR spectrum of 1 1 a-hydroxyprogesterone.
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Fig. 7. 'H-NMR spectrum of the byproduct to be
identified.

22 unknown samples|& ©] peaks} veh}x] o
3tttk ©)= unknown sample-- 11a-hydroxy-allopre-
gnane-3,20-dione 2.2 & 7% 49)x1¢] gliof Hr}x)
FAE 0.9-2.80 ppmell AA vehbs 2] peakol
sid=]7] wiEolth. Fig 52 progesterone NMR
spectrumel| 4] 1191%)9] &xo AZH F4E b
peakel #F3tx"k Fig. 69 1la-hydroxypro-
gesterone®] 11$4]%]¢] ghAo] 238 $4%E 40 ppm
Fell A 2 peakE el AE e o)folch 1.
32 ppmeA] Yl sharpdt peaks 189129 =
aoll AgEo] Qe 379 Fie g7 Aol
unknown sample®] 739l B]3le] downfieldZ o &
7k olFHe] AUES & 4 stk ©l& unknown
samples 1la-hydroxy-allopregnane-3,20-dione 2.2
% 7% lla-hydroxyprogesterone-& 4$]%2] C=C
double bondell 93t ring current2] deshielding
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Fig. 8. Time course of 11a-hydroxyprogesterone trans-
formation.
®——@: 1la-hydroxyprogesterone.
B—N: lla-hydroxy-allopregnane-3,20-dione
*——%: 6f, 1la-dihydroxyprogesterone
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Fig. 9. /7a-hydroxylation of Sa-pregnane-3.20-dione
as a function of reaction time.

effect® Ql5ted downfield Z208 o]% 3}¢]7] &
22 #gd 4 gl
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Ao} sl 49 peak area®t A 529 peak
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