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20-Amino and 20,21-Aziridinyl Pregnene Steroids: Development 
of Potent Inhibitors of 17ot-Hydroxylase/C17,20-Lyase (P450 17) 
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Abstract--In the search for potent inhibitors of P450 17, the key enzyme of androgen biosynthesis, the 20,21-aziridinyl- and 
20-aminopregnene steroids 1-11 were synthesized and tested toward rat testicular P450 17. Only the aziridinyi-substituted 
pregnenolones (1 and 2) and progesterones (3 and 4), respectively, showed inhibitory activity, which strongly depends on C20 
stereochemistry. The most active compound 1 [20(S)-20,21-aziridinylpregn-5-en-3[3-ol; IC~o 0.21 I.tM, progesterone 25 laM; K~ = 1.7 
nM, Km progesterone = 7.0 laM] is the strongest inhibitor of rat P450 17 described so far. Using UV-vis difference spectroscopy, 
complexation of the aziridinyl nitrogen to the heme iron, Fe 3+, of P450 17 was observed, which could not be reversed by high 
concentrations of substrate. Preincubation of the enzyme with 1 in the absence and presence of NADPH followed by charcoal 
treatment results in a strong decrease of enzyme activity within 30 s. However, a recovery of enzyme activity was observed: 90 
min after charcoal treatment 75% of the activity was restored. Copyright © 1996 Elsevier Science Ltd 

Introduction 

Androgens have been implicated in the development 
and progression of several diseases, most notably 
prostatic cancer. A promising alternative to the treat- 
ment with antihormones and L H R H  analogues might 
be the use of selective inhibitors of androgen 
biosynthesis? The appropriate target is the 17a- 
hydroxylase/C17,20-1yase (P450 17, CYP 17), a 
cytochrome P450 enzyme, which catalyses hydroxyla- 
tion of progesterone and pregnenolone in the 
17a-position as well as conversion of the C21 steroids 
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Chart 1. Mechanism of the P450 17 catalysed androgen formation. 

to the corresponding C19 androgens by a side-chain 
cleavage process (Chart 1). As with the other P450 
hydroxylases, the heme iron, Fe 3-, is responsible for 
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oxygen activation. The hydroxylation step is accom- 
plished by an oxene transfer, the lyase step probably by 
attack of a ferric peroxy species at carbonyl C20. 2 

Several categories of steroidal 3 ~ and non-steroidal 9-16 
inhibitors of P450 17 have been designed and the most 
potent of these to date is 17-(3-pyridyl)androsta- 
5,16-dien-313-ol (K~<I nM for the lyase activity of 
human P450 17)5 's The concept of drug design 
presented in this paper makes use of the P450 17 
substrates progesterone and pregnenolone. At the site 
of enzymatic reaction, N-containing functional groups 
were introduced into a supposed appropriate position 
to form a coordinative bond with the heme iron and 
thus prevent oxygen activation (Chart 2). In the case of 
another steroidogenic P450 enzyme, aromatase, a 
similar approach with 10~-aziridinylestr-4-ene-3,17- 
diones recently has resulted in potent inhibitors. ]7 

In the following paragraphs we describe the synthesis 
of compounds 1-11 and their in vitro activity toward 
the target enzyme P450 17. In the case of a very potent 
inhibitor of P450 17, compound 1, further studies on 
the interaction with the enzyme as well as on its selec- 
tivity (inhibition of other steroidogenic P450 enzymes) 
will be presented. 

5 -11 
Chart 2. Synthesized potential mechanism-based inhibitors of P450 
17; pregnenolone- or progesterone-type, X = H or Ac. 
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Results 
Synthesis 

The pregnenolone aziridines, 20(S)-20,21-aziridinyl- 
pregn-5-en-3[3-ol (1) and the 20(R)-isomer (2), were 
obtained as reported by Tzikas et al. ~s Separation of 
the diastereomeric mixture was performed by flash 
column chromatography (SiO2; CHzCIz:EtOAc 25:1) 
via their N,O-diacetyl derivatives. After saponification 
each of them was oxidized separately using a modified 
Oppenauer oxidation to give the 20(S)- and 20(R)- 
20,21-aziridinylpregn-4-en-3-ones 3 and 4 (Scheme 1). 
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Scheme 1. (a) Modified Oppenauer oxidation. 

The 21-nor compound, 21-nor-20-aminopregn- 
5-en-3[Lol (5), was synthesized by reaction of androst- 
5-en-313-ol-1713-nitrile ~9 with A1CI3/LiAIH~ (Scheme 2). 

The synthesis of the 20-amino compounds 20(R)- 
20-aminopregn-5-en-313-ol (6) and the 20(S)- 
isomer (7) was accomplished as described. 2° Each were 
acetylated by Ac20/pyridine and the resulting N,O-dia- 
cetyl compounds 8 and 10 and the N,N,O-triacetyl 
compounds 9 and 11 were obtained by flash chroma- 
tography (SiOz; (1) toluene:ether 6: 1, (2) 
CH2C12:EtOH 9:1; Scheme 3). 

CN ~ N H 2  
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5 

Scheme 2. (a) AICIjLiAIH4, dry THF, N~. 
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Scheme 3. (a) AczO/pyridine. 

Biological properties 

The compounds were assayed using an enzyme 
preparation from rat testes and the procedure recently 
described. 14 Table 1 summarizes the results of the test 
compounds. From the ICso values it becomes apparent 
that the aziridine compounds 1-4 are highly active 
inhibitors of P450 17. They are at least twice as active 
as ketoconazole, 2' which was used as a reference. In 
contrast to the aziridines, the amino compounds 5-7 
and their N-mono- or N-diacetylated derivatives (8-11) 
show only very weak activity: Exact ICso values could 
not be obtained because of limited inhibitor solubility. 
The aziridines exhibit a wide variety of inhibitory 
potencies depending on the C20 stereochemistry. The 
20(S) isomers 1 and 3 are more powerful inhibitors 
than the corresponding 20(R) isomers 2 and 4: In the 
case of the pregnenolone compounds 1 and 2, the S 
and R isomers differ by a factor of 162, whereas in the 
case of the progesterone aziridines 3 and 4, the factor 
is 30. The most active compound is 1, being 319 times 
more potent an inhibitor of the enzyme than ketocona- 
zole. Compound 1 is the most potent inhibitor (ICs0 
0.21 pM, K, = 1.7 nM) of rat P450 17 described so far. 
Surprisingly the ratio substrate concentration/KM=3.5 
is not seen for compound 1 (0.21/1.7=0.12) and 
compound 3 (1.2/2.1 =0.57). The reason for this obser- 
vation is unknown at this time. 

The chemical nature of the complex formed between 
the 20S aziridine 1 and rat testicular P450 17 was 
studied using UV-vis difference spectroscopy following 
standard procedure. 2z-24 Figure 1 shows that 1 induces 
a type II spectrum having a peak at 425 nm and a 
trough at 390 nm and that this effect depends on the 
concentration of 1. This indicates coordination of the 
steroidal nitrogen atom to the heme iron of P450 17 
with the formation of low spin iron. The less potent 
aziridines 2 and 3 also induced type II spectra similar 
(but with smaller AA values) to those induced by 1. 
Interestingly, the type II spectrum generated by 1 (5 
~tM) was not reversed by a high concentration of 
substrate (Fig. 2), suggesting that 1, after binding to 
the steroid site and coordinating with the heme iron, 
forms a rather tight complex with the enzyme. 

Consequently, the effect of compound 1 on enzyme 
activity was evaluated. After preincubation of 1 with 
enzyme in the presence of NADPH for various time 
intervals, unbound inhibitor was removed by charcoal 
treatment and enzyme activity was determined after 20 
rain [Fig. 3(a)]. At a concentration of 1.25 laM (which 
causes ca. 100% inhibition in the usual enzyme inhibi- 
tion test), compound 1 decreased enzyme activity by 
50-60%. This effect was achieved within 30 s. A 
similar experiment with ketoconazole (50 laM) did not 
show any 'inactivation' of the enzyme (data not shown). 
The loss of enzyme activity caused by 1 is not 
dependent on the presence of NADPH [Fig. 3(b)] and 
was not prevented by the presence of the nucleophile 
cysteine (0.5 mM, data not shown). Lower concentra- 
tions of 1 in the preincubation mixture resulted in less 
pronounced effects (dose-dependent), whereas higher 
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Table l. Inhibitory activity of 20-substituted prcgnene compounds toward ra¢ testicular P450 17" 
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Compd Pregn- 17 13-substituent C-20 ICs. (gM) h* RP value d 

I t -5-en-3-ol ~ , . .  S 0.21 319 
2 -5-en-3-ol , ~ H  R 34 2.0 

m,.t, ' ' 

3" -4-en-3-one r ' - ~ , ~  S 1.2 59 
4 -4-en-3-one ~l~'~ ~' R 36 1.9 

5 -5-en-3-ol / ~ N ~  - > 125 f 
, %  

6 -5-en-3-ol R > 125 
7 -5-en-3-ol ,j~K-~H~ S > 125 

. ~ , .  

8 -5-en-3-OAc ~NHAc R > 125 j 
10 -5-en-3-OAc ~ S > 125 f 

%.H 

9 -5-en-3-OAc \ ~NAe2 R > 125 
11 -5-en-3-OAc ,~/~H S > 125 ~ 

ketoconazole 67 1 

"Microsomal fraction. 
~'Substrat: progesterone, 25 I.tM. 
qnhibitor concentration required to inhibit en~me activity by 50%. 
dRelative potency, calculated from the IC~,, values and relative to ketoconazole. 
~K, value (1) = 1,7 nM, KI (3) = 2.1 nM (K,, for progesterone = 7.0 ~tM). 
tat a concentration of 125 btM the inhibition values were between 5 and 30c~. At highcr concentrations the compounds were not soluble. 
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Figure 1. Type I1 difference spectra. The sample and reference 
cuvette contained rat testicular P450 17 (protein concn 1 mg/mL) 
and progesterone (62.5 pM). After addition of 1 the spectra were 
recorded. 
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Figure 2. (A) Type 1I difference spectrum of 1 (5 pM). Addition of 
excess substratc to reference and sample cuvette did not reverse the 
effect. (B) + 157.5 p.M after 1 rain. (C) + 157.5 ~tM after 10 rain. (D) 
+315 ~M after 10 rain. 

concen t ra t ions  did  not  cause a comple t e  loss of  enzyme 
activity: even at a concen t ra t ion  of  125 laM the ' inacti-  
va t ion '  did not  exceed 70% (da ta  not  shown). 

In o r d e r  to find out  more  detai ls  about  the na ture  of  
this ' inact ivat ion ' ,  especial ly to e luc ida te  the quest ion 
as to whe ther  the s teroidal  inhibi tor  is bound  
covalent ly to the enzyme,  a fur ther  study on the revers- 
ibility of  the inhibi tor  enzyme in terac t ion  was 
pe r fo rmed .  Af te r  p re incuba t ion  of  1 with the  enzyme 
for 15 rain and removal  of  the inhibi tor  with charcoal ,  
enzyme activity was de t e rmine d  af ter  var ious  t ime 
intervals (Fig. 4). Af t e r  5 rain the loss of  enzyme 
activity was g rea te r  than 70%. Interest ingly,  recovery of  
enzyme activity could  be observed  with t ime: Af t e r  90 
rain the loss of  enzyme activity caused by 1 was only 
25%. 

For  the evaluat ion  of  the  selectivity of  P450 17 inhibi-  
tion, c o m p o u n d  1 was tes ted  for inhibi t ion of  the 
rc la ted  P450 enzymes,  P450 a rom (a romatase ,  es t rogen 
synthetase,  CYP 19) and P450 scc (choles terol  side 
chain cleavage enzyme,  desmolase ,  C Y P  l l A 1 )  using 
our  s t andard  procedure .  2s Inhibi t ion was observed  only 
at high concen t ra t ions  (human  p lacenta l  P450 arom: 
21% at 12.5 laM, bovine adrena l  P450 scc: 36% at 25 
~tM), indicat ing the specificity of  I toward  P450 17. 

Discuss ion  

The s t ructure  modif ica t ions  p e r f o r m e d  at C20 (and 
C21) of  the p regneno ione  or  p roges t e rone  ske le ton  
resul ted  in c o m p o u n d s  with very s t rong di f ferences  in 
inhibi tory potencies .  Only  the aziridinyl c o m p o u n d s  
were powerful  inhibi tors  of  P450 17. As  expected,  thei r  
inhibi tory activities marked ly  d e p e n d  on the s tereo-  
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chemistry at C20. This result reflects the significance of 
the relative positions of the aziridine nitrogens with 
respect to the position of the heine iron after the 
inhibitors are bound to the enzyme. Differences in 
inhibitory potencies are also observed between the 
pregnenolone aziridines and the corresponding proges- 
terone derivatives, the former being more potent. This 
observation is unexpected since progesterone is the 
preferred substrate for the rat enzyme. The inhibitory 
potencies of these aziridines versus the human P450 17 
(pregnenolone is the preferred substrate) should be of 
interest. Our finding that the 20(S)-aziridinyl steroids 
are potent inhibitors is in accordance with a recent 
abstract reporting effective inhibition of rat and human 
testicular P450 17 by 20(S)-oxiranyl steroids without 
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Figure 3. Time-dependent 'inactivation' of rat testicular P450 17 by 1 
(1.25 pM [*]) in the presence of NADPH (a), in the absence of 
NADPH (b); control [©]; the enzyme activity remaining following the 
preceding preincubation intervals was determined in the usual 
manner (after 20 min). 
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Figure 4. Recovery of enzyme activity (preincubation 15 min, 
charcoal treatment for removal of inhibitor, determination of enzyme 
activity after different time intervals). 

giving concrete inhibition values. 26 In contrast to the 
20,21-amino steroids, the corresponding 20-amino 
compounds are only very weak inhibitors of P450 17. 
This finding might be due to the differences in basicity 
and/or to the different configurations in space due to 
the divergence from the tetrahedral arrangement at 
C20 in the case of the aziridines. The finding that 
N-acetylation is not an appropriate means to increase 
the inhibitory properties of the amino-substituted 
steroids is not surprising, since the process of N-acyla- 
tion results in a delocalization of the ~ electrons of the 
nitrogen and the newly introduced acetyl group(s) 
might have adverse steric effects hindering the inter- 
action with the heine group. Interestingly, acetylation 
of the aziridinyl compounds 1 and 2 also led to a 
dramatic decrease of inhibitory properties (unpub- 
lished results)• 

The results of the mechanistic studies performed with 
compound 1, which is the most potent inhibitor of rat 
testicular P450 17 described so far, are very intriguing. 
In contrast to the 10[3-aziridinylestr-4-ene-3,17-diones, 
which show slow binding properties, jv compound 1 
binds very fast to the enzyme. There is a coordination 
of the steroidal nitrogen atom to the heme iron as 
shown by type II difference spectra. No covalent 
binding could be observed: the interaction of I with the 
enzyme is reversible. However, 1 forms a tight complex 
with the active site of the enzyme (i.e., in contrast to 
other reversible inhibitors of P450 enzymes) it shows a 
very slow dissociation from the active site. Presently 
further experiments are being performed with 1, deter- 
mining the inhibition of human testicular P450 17 in 
vitro as well as in vivo activity (reduction of the plasma 
androgen concentration). 

General  methods  
Exper imenta l  

Melting points were determined with a Kofler 
hot-stage apparatus (Reichert, Wien) and are uncor- 
rected. 'H NMR and '3C NMR spectra were recorded 
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with TMS as an internal standard at 400 or 100 MHz, 
respectively, on a Bruker AM-400 spectrometer; 
chemical shifts are presented in ppm; the following 
abbreviations were used: s (singlet); d (doublet); m 
(multiplet). IR spectra were recorded on a Perkin- 
Elmer 398 IR spectrophotometer as KBr discs. MS 
were recorded on a Finnigan MAT 311 or MAT 90 
spectrometer. Column chromatography was carried out 
on columns packed with Macherey-Nagel silica gel 60 
(40-60 gM). 

20(S)-20,21-Aziridinylpregn-4-en-3-one (3).20(S)-20,21- 
Aziridinylpregn-5-en-31~-ol, 1 (100 rag, 0.31 retool), was 
dissolved in 10 mL of dry toluene. After additon of 
3.38 mL methylpiperidone, the mixture was heated 
under reflux until 1-2 mL toluene was collected via a 
Dean-Stark trap. Al-isopropoxide (112 rag, 0.56 mmol) 
was added and the mixture was refluxed for 4 h. Al-iso- 
propoxide (44.7 nag, 0.22 retool) was added once again 
and refluxing was continued for 2 h. The mixture was 
cooled to room temperature and was diluted with 20 
mL of ether. The solution was washed with water and 
brine, dried (Na2SO4) and was evaporated. The crude 
product was purified using flash column chroma- 
tography (SiO:, 40-60 ~tM; CHzCI2:EtOH 9:1) to 
obtain 43 mg of 3. Yield 44%; white powder; mp 
136-139°C; 1H NMR (CDC13): 8 0.82 ( 3H, s, 
C18-CH3), 1.20 (3H, s, C19-CH3), 5.72 (1H, s, C4 
= C H - - ) ;  13C NMR (CDC13): 8 199.3 (C-3), 171.2 
(C-5), 123.8 (C-4), 55.6, 55.1, 54.1, 42.9, 38.7, 38.0, 
35.7, 35.4, 33.9, 32.9, 32.0, 30.3 (C-20), 25.7 (C-21), 
24.5, 23.3, 20.7, 17.4 (C-19), 13.4 (C-18). IR (KBr): 
3400-3500 (br), 3290, 1670, 1615; HRMS: calcd 
313.2405 (C21H31NO), found 313.2251. 

(CDC13): ~3 0.62 (3H, s, C18-CH3), 1.01 (3H, s, 
C19-CH3), 3.49 (1H, m, C3, all), 5.34 (1H, s, C6 
: C H - - ) ;  13C NMR (CDC13): fi 140.8 (C-5), 121.2 
(C-6), 71.3 (C-3), 56.1, 56.0, 53.3 (C-20), 50.3, 42.6, 
41.8, 38.1, 37.1, 36.5, 31.7, 31.5, 31.1, 26.6, 24.4, 20.6, 
19.1 (C-19), 12.2 (C-18); IR (KBr): 3340-3320, 2920, 
1600, 1460, 1450, 1370, 1060 cm-l; Anal. calcd 
C2oH33NO (C,H,N). 

20(S)-20,21-Aziridinylpregn-5-en-31~-ol (1). Compound 
1 was prepared according to ref 18. Additional analyt- 
ical data: 13C NMR (CDCI3): 8 140.9 (C-5), 121.2 
(C-6), 71.6 (C-3), 56, 55.7, 50.5, 42.8, 42.3, 38.2, 37.3, 
36.6, 31.9, 31.7, 31.6, 30.6 (C-20), 25.9 (C-21), 24.6, 
23.4, 20.7, 19.4 (C-19), 13.3 (C-18); HRMS calcd 
315.2562 (C21H33NO), found 315.2551. 

20(R)-20,21-Aziridinylpregn-5-en-3p-ol (2). Compound 
2 was prepared according to ref 18. Additional analyt- 
ical data: 13C NMR (CDC13): 8 140.9 (C-5), 121.2 
(C-6), 71.3 (C-3), 55.9, 55.7, 50.3, 42.8, 42.0, 38.3, 37.2, 
36.5, 31.8, 31.7, 31.2, 30.5 (C-20), 25.1 (C-21), 24.5, 
22.7, 20.6, 19.2 (C-19), 13.0 (C-18); HRMS calcd 
315.2562 (C21H33NO), found 315.2546. 

3-11-Acetoxy-20(R)-acetaminopregn-5-en (8). Compound 
8 was prepared according to ref 19. Additional analyt- 
ical data: 'H NMR (CDC13): ~5 0.71 (3H, s, C18-CH3), 
1.01 (3H, s, C19-CH3), 1.07 (3H, d, 2J=6.36 Hz, 
C21-CH3), 1.94 (3H, s, NCOCH3), 2.03 (3H, s, 
OCOCH3), 3.96 (1H, m, C3aH), 4.59 (1H, m, C20-H), 
5.19 (1H, d, 2j=8.5 Hz, - - N H - - ) ,  5.36 (1H, d, 2J=4.8 
Hz, C6 : C H - - ) ;  MS m/e (CI): (M+), 341 (M + -60),  
326 (M+-60-15), 282 (M+-60-59). 

20(R)-20,21-Aziridinylpregn-4-en-3-one (4). Yield 
36%; white powder; mp 124-127°C; 1H NMR 
(CDCI3): 8 0.85 ( 3H, s, C18-CH3), 1.20 (3H, s, 
C19-CH3), 5.72 (1H, s, C4 = C H - - ) ;  13C NMR 
(CDC13): 8 199.4 (C-3), 171.2 (C-5), 123.2 (C-4), 56.3, 
55.2, 54.2, 43.1, 38.7, 38.4, 35.8, 35.6, 34.0, 32.9, 32.2, 
30.4 (C-20), 25.4 (C-21), 24.6, 23.1, 20.8, 17.5 (C-19), 
13.2(C-18); IR (KBr): 3400-3500 (br), 3300, 1675, 1615 
cm-l; HRMS: calcd 313.2405 (C21H31NO), found 
313.2324. 

21-Nor-20-aminopregn-5-en-311-ol (5). Androst-5-en- 
313-ol-171~-nitrile 19 (250 mg, 0.84 mmol) was dissolved in 
5 mL of dry THF. This solution was dropped over 45 
rain into a solution of A1CI3 (280 rag, 2.1 retool) and 
LiAIH4 (80 mg, 2.1 retool) in 10 mL dry THF (under 
N2 atmosphere). After stirring for 2.5 h at room 
temperature, once again LiAIH4 (80 mg, 2.1 retool) was 
added and stirring was continued for additional 2 h. At 
0°C 1 mL of a NaOH soln (20%) was added. The 
mixture was suspended twice in 20 mL of ether and 
solids were filtered off. The resulting solution was 
washed with water, dried (Na2SO4) and evaporated. 
The crude product was purified using flash column 
chromatography (SIO2, 40-60 laM; CHzC12:MeOH 9:2) 
to give after recrystallization (MeOH) 97.3 mg of 5. 
Yield 38%; white crystals; mp 135-40°C; 1H NMR 

3-11-Acetoxy-20(R)-diacetaminopregn-5-en (9). Compound 
9 was obtained together with 8). 19 In contrast to the 
literature, 9 was isolated (LC) and characterized. Yield 
43%; white crystals; mp 152-54 °C; 1H NMR (CDC13): 
6 0.63 (3H, s, C18-CH3), 0.98 (3H, s, C19-CH3), 1.36 
(3H, d, 2j= 6.84 Hz, C21-CH3), 2.03 (3H, s, OCOCH3), 
1.56 and 2.34 (3H, two s, NCOCH3), 3.73 (3H, m, 
C3~H), 4.58 (1H, m, C20-H), 5.37 (1H, d, 2J=5.1 Hz, 
C 6 : C H - - ) ;  IR (KBr) 1730, 1700, 1365, 1250, 1035 
cm '; MS role (CI): 444 (M*), 402 (M+-42), 341 
(M*-42-61); Anal. calcd C27H42NO4 (C,H,N). 

3-l~-Acetoxy-20(S)-acetaminopregn-5-en (10). Compound 
10 was prepared according to ref 19. Additional analyt- 
ical data: 1H NMR (CDC13): 8 0.73 (3H, s, C18-CH3), 
1.01 (3H, s, C19-CH3), 1.26 (3H, d, 2.1=6.4 Hz, 
C21-CH3), 1.94 (3H, s, NCOCH3), 2.03 (3H, s, 
OCOCH3), 3.98 (1H, m, C3aH), 4.60 (1H, m, C20-H), 
5.27 (1H, d, 2J=8.56 Hz, - -NH- - ) ,  5.37 (1H, d, 
2j=4.84 Hz, C 6 = C H - - ) ;  MS m/e (CI): (M÷), 341 
(g+-60), 326 (M+-60-15), 282 (M+-60-59). 

3-l~-Acetoxy-20(S)-diacetaminopregn-5-en (11). Compound 
11 was obtained together with 10.19 In contrast to the 
literature, 11 was isolated (LC) and characterized. 
Yield 28%; white crystals; mp 165-67°C; 1H NMR 
(CDCI3): 8 0.73 (3H, s, C18-CH3), 1.02 (3H, s, 
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C19-CH3), 1.43 (3H, d, 2j=6.74 Hz, C21-CH3) , 2.03 
(3H, s, O C O C H 3 )  , 2.32 and 2.36 (3H, two s, 
NCOCH3), 3.95 (1H, m, C3~H), 4.60 (1H, m, C20-H), 
5.37 (1H, d, 2J=5.05 Hz, C 6 ~ C H  ); IR (KBr): 
1730,1705,1360,1250,1030 cm 1; MS m/e (CI): 444 
(M+), 402 (M+-42), 341 (M~-42-61); Anal. calcd 
C27H4~NO 4 (C,H,N). 

Biological methods 

The microsomal fraction (containing P450 17) was 
prepared from rat testes as described recently? 4 The 
determination of enzyme activity and ICs0 values, 
respectively, was performed according to our 
procedure: 14 t h e  microsomes were incubated with 
excess progesterone (25 gM), NADPH (500 gM) and 
inhibitor in phosphate buffer (temperature: 32°C, 
termination after 20 min by addition of 1 N HC1. 

After extraction of the steroids, fluorocortisol acetate 
was added as internal standard. The samples were 
submitted to HPLC (RP-8 column, CH3OH:HzO 1:1, 
v/v and detected by UV. Peak areas (fluorocortisol, 
progesterone, 17a-hydroxyprogesterone, androstene- 
dione, and testosterone) were determined using a data 
evaluation software. 

In the test for 'irreversible' inhibition, a preincubation 
was performed using the same experimental procedure 
without substrate. The test compound was separated by 
charcoal treatment and after 20 min the enzyme 
activity was determined as described above. In the test 
for recovery of enzyme activity, a 15 min preincubation 
was performed. After charcoal treatment the enzyme 
activity was determined after time intervals from 5 to 
90 min. 

The UV-vis  difference spectra were recorded using a 
Perkin-Elmer  Lambda 2 two-beam spectrophotometer 
with the corresponding computer software program 
PECSS. Rat testicular microsomes were suspended in 
0.1 M sodium phosphate buffer containing 20% 
glycerol and 0.5% sodium cholatc (pH 7.2) to a final 
concentration of 1 mg protein/mL. At 22°C the 
enzyme suspension was distributed between two 1 cm 
pathlength cuvettes and a baseline was recorded from 
350 to 500 nm. Difference spectra were then recorded 
at appropriate intervals following the addition of 
steroids dissolved in ethanol to the sample cuvette and 
an equivalent amount of ethanol added to the refer- 
ence cuvette. The final concentration of ethanol in the 
cuvettes did not exceed 2%. 

Statistical limits. The IC5,, values and the enzyme 
activity data are mean values of at least three experi- 
ments. The deviations were within _+ 10% and +5%,  
respectively. 
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