v ' .
. .. , ) \ N . . @ 3
National Library Bibluoxl_}é ue nationale
. .. -of Canada du Ca aga . '
\ » ) . " r 4
- Canadian Theses Service  Service des theses canadiennes
Oltawa, Canada t
1A ON4 -
. »
' - 3
¥ 4
-
-
C \
‘ Y
NOTICE ' AVIS®

i—
The quality of this microformis heavily dependentupon the
quality of the original thesis submitted for microfilming.

Evety effort has been made to ensure the highest quality of
reproduction possible.

R pages are missing, contact the university which granted
the degree.

Some pages may have indistinct print especiall i the
original pages were typed with a poor typewriter ribbon or
if the university sent us an inferior photocopy.

Previously copyrighted materials (journal .articles, pub-
+ lished tests, etc.) are not{ﬂmed. -
B

Reproduction in fullorin part of this microfoim is governed
by the Canadian Copyright Act, R.S.C. 1970, ¢. C-30.-

5,

NL-339 (r, B8/04)

La qualité de cette microforme dépend grandement de la
qualité de la thése soumise au microfilmage. Nous avons

tout fait pour assurer une qualite supérieure de reproduc-
tion. ;

Sl manque des pages, veuillez communiquer avec
l'université qui a conferé le grade. 5

La qualité d'impression de cerlaines pages peul laisser &
désirer, surtout si les pages originales ant é1é dactylegra-
phiées a l'aide d'un ruban usé ou si l'universitg;nous a lait
parvenir une photocopie de gualité inférieure.

Les documents qui font déja I'objet d'un droit d'auteur
{articles de revue, tests publiés, etc.) ne sont pas
microfilmeés. ’

La reproduction, méme partielle, de cetle microlorme est
soumise 4 la Loi canadienne sur le droif d'auteur, SRC.
1970, ¢. C-80. '

—

. Canada




Permission has been granted
to the National Library of
Canada to microfilm this
thesis and to lend or "sell
coples of the film.

=

e

The author (copyright owner)
‘"has Treserved other
publication rights, and
neither the
extensive extracts from it
may be printed or otherwise
reproduced without his/her
written permission. -

theasis nor

L'autorisation a &té accordée
4 "la Bibliothéque nationale
du Canada 'de microfilmer
cette thése et de préter ou
de vendre des exemplaires du
£film.

d'auteur) s8e réserve las
autres droits de publicationy
ni la thése
extraits de celle-ci ne
doivent @&tre imprimés ou
autrement reproduits sans son
autorisation écrite.

L'auteur ]titulaire du dro;f

ni.. de longs

ISBN 0-315-40706-9



@ UNIVERSITE DOTTAWA
| UNIVERSITY OF OTTAWA

o



In memory of my father
Michael Hrycko
1927-1985



Y

"P4nt que tu ne cesses de monter, il y a toujoixrs des marches,
il y'en a toujours qui se dessinent, plus haut que tes pas.”

Fy
»

N\ . F. Kafka "Fiirsprecher" Die Erzéhlungen,
S. Fischer Verlag, p.330



' ACKNOWLEDGEMENTS

-

I would like to thank my research super\fisors, Professor-P. Morand and
Professor D.G. Williamson for their guidance, encquragcme.nt, patience and very
helpful discussions. I would also like to thank: Professors P. Anderson and R.
Fraser for helpful discussions; R. Capoor for the 300 Mg Hz proton and 13¢c NMR
spectra, Dr. J.-R. Brisson for providing two 13_C NMR spectra, Dr. C. Kazakoff
for mass spectya and accurate mass determination, Ms. C. Gwilliam for the amino
acid analysis, Dr. E.J. Gabe for the X-ray analysis, Dr. R. Williams for the circular
dichroism spectra. I would like to thank Dr. M. Song, Dr. G. Antoun and Ms. L.
Brglez for their encouragement and teaching related to the purification of the
enzynie. I would like to'express my gratitude to Nicholas Pitre for his patience, for
the draWiﬁgs of this thesis,'for his sense of humour and his constant support
throughout the course of this work.

I gratefully acknowledge the Natural Sciences and Engineering Research
Council of Canada for a 1967 Science and Engineering scholarship and the
University of Ottawa for very generous fellowships.



S - . v R
W - . . TABLE OF CONTENT
» :: - | | S ' . lo
' . SO Page No.
e
'ACKNOWLEDGEMENTS..........oovosssrmirnssinsisssssssssssssssesssses | i
TABLE OF CONTENTS........... SO | i
LIST OF FIGURES....oc.cccvooseossesmesosssssesssssesossses s X
LIST OF TABLES. ... i
GLOSSARY ......ovvifiummumicnserermmmnessseessssessmmmmennsosessesssssscses " xviii
ABSTRACT oo oo eseescoseessssesss s ssssssenes e xxi
" INTRODUCTION. ..o 1
A. Affinity Labeling Reagents..........oewroons e 1
B. Affinity Labeling of Hydroxysteroid Dehydrogenases........... 2
1. " 17B-Estradiol Dehydrogenase........cceeeerrenrerrarenreneens 3
2. Bifunctional Enzyme Activity.......... rerereseteasesbeneaeesesas 7
PART L.....ovoeeneeenrerersesmsmsssnsesressssssssesssssssssmssssssssssssssssssssnssssns 11
AFFINITY LABELING OF 173-HYDROXYSTEROID DEHYDROGENASE
RESULTS AND DISCUSSION......covivinrresiverirrerenesassseresseecssenanns 11
'A. Isolation and Purification of 17p-Hydroxysteroid -
Dehydrogenase.............. ertesrreeestss st natenateratennssane reerens I
B. Analysis of Steroids by Mass Spectrometry.......c..cccoeeeuene 16
C. Verification of Steroids as Substrates for 17-HSD............... 20
D. Synthesis of Haloacetoxy Steroids........ceeeveveeverveereereerernenes 30
E. Stability of Iodoacetoxy Steroids at pH 7.0..c...evvreerveaninnenes 34
) F. Stability of 17B-HSD at pH 7.0................ reerrraceesaeiensrennanes 41
G. Inactivation of 17B-HSD at pH 7.0 by Iodoacetoxy Steroids... 45
H. Stoichiometry of 14C-Carboxymethyl Incorporation............ 46



w A Page No. |
I. Amino Acid Analysis after Inactlvatlon of 178-HSD thh
Todo[2'- 14C]acetoxy StEroids. .ecve e esraens 68
J. Radioactive Peptide Maps after Inactwanon of 173-HSD w1th
Iodo[2'- 1‘1'C]acetoxy SEETOIS evveveeererereerreeeseeeeeeeemssessesesnenee 78
K. Summary......ccenneneieees e ceeeeseereseeresnas 81
PART IL...coiniiiiiiiniinncrcnenncnesenessessnnesssssessssessrasssberssessessssssenes ‘ 102
SYNTHESIS AND CHEMISTRY OF C-.1'9 FUNCTIONALIZED
STEROIDS
RESULTS AND DISCUSSION........... et 102
A. Synthesis of C-4 Substituted Androgens.........coeeeverrrevresreennes 102
1. Preparation of 4-Hydroxyandrost-4-ene-3,17-dione 6 and_
4-Acetoxyandrost-4-ene-3,17-dione 56.........cccovvevrervrennnns 102
2. Preparation of 4,173-Dihydroxyandrost-4-en-3-one 7....... 105
3. Preparation of 4,19-Dihydroxyandrost-4-ene-3,17-dione 63 106
i. Acid-catalyzed Opening of 19-Hydroxy-4f,5-epoxy-
5B-androstane-3,17-dione 62..........oovverrerreeersenerenns 106
‘' ii. Preparation of 48,5,19-Trihydroxy-5pB- androstane-
3;}7-dione 88 and 4¢.,5,19-Trihydroxy-5o.- androst- '
ane-3,17-dione 89..........coooviii e 113
iii. Acid-catalyzed Treatment of 4,5,19-Trihydroxy-
androstane-3,17-dione 88 and 89.........ccccoeen... 116
iv. Base-catalyzed Opening of 19-Hydroxy-4p, 5-epoxy-
" 5B-androstane-3,17-dione 62.......c..ovcreueecrueivneennee. 121
B. Reaction of 19-Hydroxy-4,5-epoxy-5p-androstane-3, 17-dione
62 with alkaline peroxide.........coeevervreensrsevrsnenscnivanncrecnns
C. Baeyer-Villiger Rearrangement.............ccvuvevvveervevresienerenens 140

1. Introduction

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

- il

123

140



a
\ v
w -
\ f
- - Page No
2. Reaction of 19-Hydroxy-4p,5-epoxy-5B-androstane-
.- 3,17-dione 62 with MCPBA........cccooevmevrrrerrerreenssnenen © 147
3. Reaction of 17f,19-Dihydroxy-5B-androstan-3-one 24
WIith MCPBA......ccc oot rnrrns st sneens 154
4. Reaction of 19- Hydroxyandrost-4 -ene-3,17-dione 4
with MCPBA ................................................................ 159
- ' 4 ____'_ _
EXPERIMENTAL......cccorrrereccerrnreereenns ceree s 162
A. Materials............... rrrersstessesraeessnnans eerreeeereeereeens NI 162
. 1. Radicactive Compoungs.......c..ccuereerersrcnserierscenssssscnnss 162 -
2. Non-radioactive Steroids........lvvreeersiriesicrnnnninesecsraens _ 162
3. COBNZYIMES. ueveirirrrenennesmsrectsivnens ensrsssseesesesnereossesness 163
4. Chromatographic and Electmphoretlc Chemicals............ 163
5. Scintillation FIuids......cccueeimnimnnnninnrenersenrvenne e v 163
6. Buffer Salts, Solvents and Other Chemicals..........ccueuue.. 164
B. Methods....cviiiiiinniiiinesseseseeienncseesennen, 164
1. GeNEral.uu.ucuciereicieiieeniieieiesiennsseasssessesbesesssesessnens 164
2. WOTK U cvsireeirriensenssssesstesiesrasensssesesesrsssansesssasans 165
3. Chromatography.....ccceecreerenierrcseruesressersssrereosnesessens 165
4. Acetylation (Method A)......cveereerireerecnerennemsaneeseranenens 165
5. Haloacetylauon (Method B)....ccucueecereenrnsereinrarssnserersene 165 -
6. Todo[2- 4C]acctylat10n (Method C)...vvvvvvvvevrenreeinnne " 166
7. Stability of the Jodoacetoxy Steroids in pH 7.0 Buffer....... 166
8. Preparation of Radioactive Substrates..........cccecveveneenneas 167,
9. Assay far Dehydrogenase ActiVity....coocvcvvecerrcecccenrenennn, 167
10. Expression of Enzyme Activity and Protein -
Determination.............. eteseererstenersebaasn b st anstsanerase 169
11. Crude Enzyme Preparation........c.weceevverensecerersaseene 169
12. Affinity Chromatography.......c.ceecveenveneennsesecnrnereasne W 170
13. ChromatofoCuSing.......ccoeeemerreerernrreneecccaseeenesvsnesneacenes . {171
14. Polyacrylamide-Gel Electrophoresis.......c..coceecreeeercnueane. 172
15. Protein Staining........ovcvevvseeseserescseesssonsossaserons o 172 -
16. Isoelectric Focusing Polyacrylamide-Gel Electrophoresis.. 172 -
[ 4 ' _— . {-r\ .



—— . e

& 4

" 17. Urea Isoelectric Focusing Polyacrylamlde Gel

. 21. Performic Acid Oxidation

» Electrophoresis

-------------------------------------------------------------

18. Carboxymethylation of Amino ACids.....c.ovveeeereecrreerenen.
- 19. Inactivation of 173-HSD by Haloacetoxy Steroids

20. Inactivation of 17B-HSD by Iodoacetoxy Steroids for .
Amino Acid Analysis or for Peptide Mapping

22. Stoichiometry of 1‘4C-Carboxyr'netlwl Incorporation

Preparation of Steroid Derivatives of Part L........c.cerreenn...
1. Preparation of 19-Hydroxy-53-andrgstane-3,17-
* dione 14

------------------------------------------------------------------

---------------------------------------------------------------------

3. Preparation of 17[3,19- D1hydroxy-5[3 androstan-3-

---------------------------------------------------------------------

4, Preparation of 17ﬁ-Hydroxy-5B—androstan-3-one 12.....

5. Preparation of 3[3,19-Dihydroxy-5B-androstan-17-one

15 and 3a,19-Dihydroxy-5B-androstan-17-ong 23........

6. Preparation of 19- Iodowtoxyandrost--‘-t-ene -3,17-
AIONE 29....cuvieeieriicrecrrecrecrensnninisrssesnseesesnestansnesensanes

7. Preparation of 19- Bromoacetoxyandrost— -ene-3,17-
dIONE 30....cueieivirecricirrreete et ser e

8. Preparation of 19- Acetoxyandrost 4-ene-3,17-dione 31...

ooooooo

---------------

-----------------------------------------------

reae

Page No.

173

: ...... VA

-----
-

176
178
179

179

180

181

181
182

9. Preparatlon of 19-Iodo[2'- H]acetoxyandrost—4 ene-3,17-

----------------------------------------------------------------------

10. Preparation of 19-Iodo[2'-14C]acetoxyandrost-4-ene-

3,17-dIone 33ttt

11. Preparation of 19 Iodoacetoxy[6,7- 3HJandrost-4-ene-
3,17-dione 29 [ Hj

12. Preparation of 19 -Todoacetoxy- 5[3 androstane-3,17-

13. Preparation of 19- Bromoacetoxy 5B-androstane-3,17-
"dIONE 35t s

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

183

183

183

184

184



vi

Page No.
” ™

14, Preparation of 19-Acetoxy-5B-androstane-3,17-dione 36... 185
15. Preparation of 19-Iodo[2’-14C]acetoxy-5B-androstane-

3,17-dI0NE 37 sesrseseae e seneaene s 185
16. Preparation of 6B3-Iodoacetoxyandrost-4-ene-3,17-
dIONE 38 e b 186
17. Preparation of 6B-Acetoxyandrost-4-ene-3,17-dione 39...... 186
18. Preparatlon of 63-Todo{ 2' 14C]acet_oxyandrost-'fl-eru-:—
17-dione 40.........oveeiievrereeeereneens ST 187
19. Preparation of 118- Iodoacetoxyandrost-4 ene- 3 17- "
dione Q... st . 187
20. Preparation of 1103-Acetoxyandrost-4-ene-3,17-
dione 42......ccveveeevrrnrerrnreenrrirennns J— evereeseanaenanes TS 1883
21. Preparation of 17B-Iodoacetoxyandrost-4-en-3-one 44...... kiiiad
22. Preparation of 173-Bromoacetoxyandrost-4-en-3-on 189
23. Preparation of 17B-Acetoxyandrost-4-en-3-one 46 4.......... 9
24. Preparation of 17f-Iodo[2'- 14C]acetoxyandrost— en-3-
| OIIE AT e vrerertesrestnseessstessenbesenssesestenessnstessesssseiasaesenanes 190
¢ 25. Preparation of 17p-Iodoacetoxy-5B-androstan-3-one 48...... 190
26. Preparation of 173-Bromoacetoxy-5B3-androstan-3-one 49.. 191
27. Preparation of 173-Acetoxy-5B-androstan-3-one 50........... 191
28. Preparation of 17B-Iodo[2’-14C]acetoxj/~5{3—androstan-3-
ONE Sl et e s en s e 192
29. Preparation of 3-lodoacetoxy-1,3,5(10)-estratrien-17-
ONE 52...ueiireriririrveunseerestisssesessesserenseeesessesessessrsesessens 192

30. Preparation of 3-Acetoxy-1,3,5(10)-estratrien-17-one 53.... 193
31. Preparation of 3—Iodo[2'-14C]acctoxy-1,3,5(1D)-estratrien—

\ 17-0n€ 54ttt eranrens 193 -
- & D. Preparation of Steroid Derivatives of Part I........ccoececvrrencnee. 194
1. Preparation of 4-Hydroxyandrost-4-ene-3,17\hone 6 and
4-Acetoxyandrost-4-ene-3,17-dione 56................... gererereees 194
2. Preparation of 17f3- Acetoxy-4-hydroxyandr03t-4 en-3-
F J one 61 and of 4,178- Dlhydroxyandrost 4-en-3-one 7............ 195
N



vii

Page No.
i. Ac1d-catalyzed Opening of 19—Hydroxy—4[3 5- epoxy -5B-
', androstane-3,17-dione 62.....cc.ccvrerrrrerurerersrcrssorirssivnirenis 196
a. Preparation of 19-Hydroxy-4f3,5- -epoxy- -5B- androstane- ‘
3,17-dione 62......... eeersrecssnbesasraeeisateeeessnareas s resreraans 196

b. Preparation and Treatment with Sulphuric Acid in
~ Acetic Acid of 19-Acetoxy-4p,5-epoxy-5f-androstane-
3,17-dione 77..occecriiriirennrecie st 197
C. Preparatlon and Treatment with Sulphuric Acid
in Acetic Acid of 17(,19-Diacetoxy-4[3,5-epoxy- ‘
5B-androstan-3-0ne 79.......cocrreerereeeecssusersainnn . 199
d. Treatment of 19-Hydroxy-4B,5- epoxy-5|3 androstane-
3,17-dione 62 with Sulphuric Amd in Dimethyl
Sulfoxide....c.ccivnnienmmnnrnnnmsnmiiona. 201
e. Treatment of 19-Hydroxy-4[,5-epoxy-53-androstane-
3,17-dione 62 with Perchloric Acid in .
Tetrahydrofuran.......ceceneescnrssnnin e, 202
-ii. Preparation of 4f3,5,19-Trihydroxy-5p-androstane-3, 17-
_dione 88 and 40.,5,19-Trihydroxy-5ci-androstane- 3 17-

dione 89, and their ACELates......ccurvererererermrerenssensaresrns 203
iii. Acid-catalyzed Treatment of 4f,5, 19-Trihydroxy-5B- -
. “androstane-3,17-dione 88 and 40L 5,19-Trihydroxy-5a-
androstane-3,17-dione 89 .....ccccvvciiiiirinninsiininncinnnnn. 206
a. Treatment of 88 and 89 with HCl in Acetone........... 206
b. Treatment of 88 and 89 with HCl in Methanol......... 208
c. Treatment of 88 and 89 with HCl in Tetrahydrofuran 208
d. Treatment of 88 with HCl in Acetic Acid................. 209
iv. Base-catalyzed Opening of 19-Hydroxy-4p,5-epoxy-
+ 5B-androstane-3,17-dione 62.......c..ooeuvvvviisninarniinnnnes 209

E. Preparation and Chemistry of 19a-Hydroperoxy- 4[3 5-epoxy-
2-0xa-50,10c-androstane-3,17-dione 100..........covevrereere 211



iv. Preparation and Treatment with MCPBA of 17,19~
Dihydroxy-4p;5-epoxy-5B-androstan-3-one 149.
Isolation and Acetylation of A-Nor-3,5-seco-5-0xo-
17B,19-dihydroxyandrostane-3- ca.rboxyhc acid 3,19-
1actone 150.....iiiniiiiiiiecrreene et

v. Preparation of A-Nor-3,5-seco-5,17-dioxoandrostane-
3-carboxylic acid 3,19-lactone 152......ccuveerirervrerrnnnnee.

viit

Page No.
1. Conversion of 19- Hydroxy -43,5- epoxy~5[3 androstane-
3,17-dione 62 to 19a—Hydroperoxy -4[3,5-epoxy-2- oxa-
_ SB 100-androstane-3,17-diong 100..........ccccoeceeveerecennnnen. 211
2. Treatment of 100 with Methy! Todide. Formation of
19a-Methylperoxy-4p;5-epoxy-2-oxa-5f,10c-androstane-
~ 3,17-dione 112, sereerrnireesreeresaesrsaes s areeans 212
3. Treatment of 100 with Sodium lodide. Formation of
43-Hydroxy-5,19a-oxido-2-0xa-5¢,10c-androstane-3 -
dione 113.....oeiiiiiniinineinienririnietinneseeseeseasnsseseveenrens 213
4. Preparation of 48-Acetoxy-5, 19a—ox1do-210xa-5a 10c- -
androstane-3,17-dione 114............... M errerresetnmieraesersesersonons 214
5. Treatment of 100 with Hydrogen Bromide. Formation of
43-Hydroxy-5,19a-oxido-2-0xa-50,100-androstane-3,17-
dione 113....ceiremeriririreieniienrensssssissnse e nenesesssees 215
6. Treatment of 100 with Acetic Anhydride in Pyridine........... 216
7. Preparation of 4-Bromo-19-hydroxyandrost-4-ene-3,17-
dione 102 and 4-Bromo- 19-acetoxyandrost—4 ene-3,17-
dione 103......coviiirieeiienniiie e ae b 217
F. Baeyer-Villiger Rearrangement........coeoeeevemneereieeeenvesnnnsnenn. 218
1. Reaction of 19-Hydroxy-4,5-epoxy-5B-androstane-3,17- .
dione 62 with MCPBA......ccocvceerreireceree v 218
i. Treatment of 19-Hydroxy-4pB,5-epoxy-5B-androstane-3,
17-dione 62 with MCPBA......cccccocevvirrrererirneenreerrens 218
ii. Treatment of 19-Acetoxy-4pB,5-epoxy-5B-androstane-3, o
17-dione 77 with MCPBA.........coovvvrreireerireerenee e 219
ili. Treatment of 19-Hydroxy-4a,5-epoxy-5a-androstane-3,
17-dione 147 with MCPBA...........cccoeevrrrrrecrererrennnne

220 .

221



ix

Page No.

- 2. Reaction of 17|3,19-Dih§droxy-5B-androstan—B-one 24 \
with MCPBA......... eesrseeiaeeaeeatesarees st it aa b Eeesr e R ae e e e 224

i. Treatment of 17,19-Dihydroxy-5B-androstan-3-
one 24 with MCPBA. Formation of A-Homo-178,19-
dihydroxy-2a-oxa-5p-androstan-3-one 154 and
A-Nor-3,4-seco-4,17B,19-trihydroxy-5@-androstane-

3-carboxylic acid 3,19-lactonelS8.......cccooiciiiiinnnan, 224
ii. Acetylation of A-Homo-17B,19-dihydroxy-2a-oxa-5f-
androstan-3-one 154.........coeeueene. ersvraaiaes reerersnesans L 226
iii. Oxidation of A-Nor-3,4-seco-4,178,19-trihydroxy-5f-
androstane-3-carboxylic acid 3,19-lactone 158........../.. 226
iv. Acetylation of A-Nor-3,4-seco-4,17p,19-trihydroxy-3(-
androstane-3-carboxylic acid 3,19-lactone 158............. 228
v. Preparation and Treatment with MCPBA of 17f,19-
Diacetoxy-5f-androstan-3-one 164.............ccccovnieinens 228
3. Treatmeny of 19-Hydroxyandrost—4—ene-3,I"I-dionc 4 with
T UMOCPBE oo me s st 229
CLAIMS TO ORIGINAL RESEARCH. ..ot 232 .
REFERENCES. ... eeeeeeiiviicrnrcrettiesiinesssesianasessssnsssssssssssaasssssssasasans 235
APPENDIX....ooiioittirirtrseesierscseoesssttosssrsssssssrssssssssessssisssssnissssnsnnesss 247



- -LISTOF FIGURES

P

Figure 1. Scheme for the Purification of the Soluble 17B-Hydroxy-
steroid Dehydrogenase from Rabbit Liver.......cccoocvviivvnnae.

Flgure 2. Affinity Chromatography of the Soluble 17B-Hydroxy-
steroid Dehydroger(ase of Female Rabbit LiVer...........cc.....

Figure 3. Chromatofocusing of the Soluble 17- ydroxysteroid
Dehydrogenase from Female Rabbit Liver..........ccoeveeenee.

Figure 4. Isoelectric Focusing Polyacrylamide-Gel Electrophoresis ‘

of 17B-HSD Forms Tand IML.v.vco.cecersemersevreesssnsssrmssseseenes

‘\\\
Figure 5. Radioactive Profile of 3-Iodo[2-14CJacetoxy-1,3 5(1&

estratrien-17-one 54 after 30 min at 25°C in 20 mM Tris-
Maleate Buffer, pH 7.0......coecereeertccnecieenseennnns

r

Figure 6. Radioactive Proﬁfe of 19-Iodo[2‘—3H2]acetoxyandrost-4-

ene-3,17-dione 32 after 3 h at 25°C in 20 mM Tris-Maleate
Buffer, pH 7.0u o eeeteetreeeeve e eer et seeeneas

Figure 7. Radioactive Profile of 19-Todo[2"-14Clacetoxy-5p-

androstane-3,17-dione 37 after 3 h at 25°C in 20 mM
Phosphate Buffer, pH 7.0

Figure 8. Radioactive Profile of 63-Iodo[2'- 14(3]acetcnq;androst 4-
ene-3,17-dione 40 after 3 h at 25°C in 20 mM Phosphate
Buffer, PH 7.0u.ceu i esesseseansis

Figure 9. Radioactive Profile of 17[3-Iodo[2'-14C]acetoxyandrost-4- '

en-3-one 47 after 3 h at 25°C in 20 mM Phosphiate Buffer, ™7 .«
39

PH 7.0ttt ses s sssesbesnesssasens

Page No.

12

13

15
35
36
37

38



Figure 10,

Figure 11.

Figure 12.

Figure 13.

Figure 14,

-, .

Figure 16.

Figure 15.

\

Figure 17.

Figure 18.

Radioactive Profile of 178-Iodo[2'- 14C]acetoxy 5p-
‘androstan-3-one 51 after 3 h at 25°C in 20 mM

Phosphate Buffer, pH 7.0........coceemmmeceerererseseioeereseenes - |

Stability of 173-HSD-I at 25°C, after Sephadex G-25

Filtration. Effect of NADP, NADPH and Iodoacetic Acid
on the Enzyme Activity

Stablhty of 17[3-HSD-HI at 259C, after Sephadex G-25

Filtration. Effect of NADP, NADPH and Jodoacetic Acid
on the Enzyme Activity

Stabilits/ of 17B-HSD-III at 0°C, in 20 mM Phosphate
Buffer, pH 7.0. Effect of 19-lodoacetoxyandrost-4-ene-

3,17-dione 29 and of 17)3- Iodoacetoxyandrost 4-en-
3-one 44

------------------------------------------------------------------------

X

Page No. .

40

472

43

44

Inactivation of I7[}-HSD-I by 5-Fold and 40-Fold of 6B-Iodo-

acetoxyandrost-4-ene-3,17-dione 38 at 25°C

Inactivation of 173-HSD-1 by 19-Iodoacetoxyandrost-4- -
ene-3,17-dione 29 at 25°C in the Presence and
Absence of 173-Hydroxyandrost-4-en-3-one 5

Inactivation-of 173-HSD-I by 19-Iodoacetoxyandrost-4-

ene-3,17-dione 29 at 25°C in the Presence and
Absence of NADP

-----------------------------------------------------------

---------------------

48

. 49

50

Inactivation of 17B-HSD-I by 1783-Iodoacetoxyandrost-4-

en-3-one 44 at 25°C

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Inactivation of 173-HSD-I by 6B3-Iodoacetoxyandrost-4-
ene-3,17-dione 38 at 25°C in the Presence and
Absence of 173-Hydroxyandrost-4-en-3-one 5

ooooooooooooooooooo

51

y 52



Figure 19.

Figure 20.

Figure 21.

Figure 22.

/

Figure 23.
Figure 24.

- Figure 25.

Figure 26.

\

X1

Page No.

Inactivation of 17B-HSD-I by 6B-Iodoacetoxyandrost-4-

ene-3,17-dione 38 at
of NADP.........ccounnen

259C in the Presence and Absence

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Inactivation.of 17|3-HSD-I by 11B-Iodoacetoxyandrost-4-

ene-3,17-dione 41 at

259C. s

Inactivation of 178-HSD-I by 3-Iodoacetoxy-1,3,5(10)-
estratrien-17-one 52 at 25°C in the Presence and
Absence of 17B-Hydroxyandrost-4-en-3-one S.......ocovveveenee.

Inactivation of 178-H

SD-I by 19-Iodoacetoxy-5[3-

androstane-3,17-dione 34 at 25°C in the Presence and

Absence of 30.-Hydro

Inactivation of 17p3-H

xy-5B-androstan-17-one 20.................

SD-I by 19-Iodoacetoxy-5p3-

androstane-3,17-dione 34 at 25°C in the Presence and -

Absence of NADP.....

Inactivation of 178-H

--------------------------------------------------------

SD-I by 17B-Todoacetoxy-58-

androstan-3-one 48 at 25°C in the Presence and

Absence of NADP.....

oooooooooooooooooooooooooooooooooo Btvevsvarsbtssinnnonine

Inactivation of 17B8-HSD-II by 19-Iodoacetoxyandrost-4-

ene-3,17-dione 29 at

25°C Alone and in the Presence

of 17B-Hydroxyandrost-4-en-3-one 5 or NADP..................

Inactivation of 17B-HSD-III by 17B-lodoacetoxyandrost-4-

en-3-one 44 at 25°C

---------------------------------------------------------

53

54

55

56

57

58

59

60



xiii
\
Page No.

Figure 27. Inactivation of 17B-HSD-III by 6B-Iodoacetoxyandrost-4-
ene-3,17-dione 38 at 25°C in the Presence and Absence of .
17B-Hydroxyandrost-4-en-3-00€ S...cvccveerevereenunreensansens 61

Figure 28. Inactivation of 17B-HSD-III by 6[3—Iocioacetoxyandrost—4—

ene-3,17-dione 38 at 25°C in the Presence and Absence of
INADP ..ot ereteeteereeseesseessssssssssnsssassastssasses 62

Figure 29. Inactivation of 173-HSD-III by 11B-Iodoacetoxyandrost-4-
ene-3,17-dione 41 at 25°C ..., 63

Figure 30. Inactivation of 173-HSD-II by 3-Iodoagetoxy-1,3,5(10)-
estratrien-17-one 52 at 25°C in the Presence and
Absence of 17B-Hydroxyandrdst-4-en-3-0n€ 5.........c.even... ‘ 64

Figure 31. Inactivation of 173-HSD-III by 19-Iodoacetoxy-5p3-
androstane-3,17-dione’34 at 25°C in the Presence and
Absence of 3a-Hydroxy-5B-androstan-17-one 20................. 65

Figure 32. Inactivation of 17B3-HSD-II by 19-Iodoacetoxy-5[3-

’ androstane-3,17-dione 34 at 25°C in the Presence and
Absence of NADP.......ccvviiiivnrnminne e 66

Figure 33. Inactivation of 173-HSD-III by 17(B-Iodoacetoxy-58-

androstan-3-one 48 at 25°C in the Presence and
Absence of NADP....... seerese s st 67

® .

Figure 34. Elution Pattern from Amino Acid Analysis of Hydrolysis
Products from Inactivation of 173-HSD-I with 6B-Iodo- _
[2‘-14'C]acetoxyandrost-4-ene-3,17-dionc 11| R 72

—

Figure 35. Elution Pattern from Amino Acid Analysis of Hydrolysis
*  Products from Inactivation of 17B-HSD-I with 19-Iodo-

[2-14CJacetoxy-58-androstane-3,17-dione 37....ccooois 73



Xiv
Page No. .

Figure 36. Elution Pattern from Amino Acid Analysis of Hydrolysis
' Products from Inactivation of 173-HSD-III with 19-Iodo-

[2-14Clacetoxy-5B-androstane-3,17-dione 37.............. 74

Figure 37. Radioactive Profile Before and After Oxidation from
" Amino Acid Analysis of Hydrolysis Products from 1 and 3 h

Inactivation of 173--HSD-III with 19-Iodo[2'- 14C]acetoxy-
androst-4-ene-3,17-dione33.......cocevneinninninnninnenaninne. 75

Figure 38. Urea Isoelectric Polyacrylamide-Gel Electrophoresis of

Inactivated 178-HSD-I with 19-Todo[2'-14Clacetoxy-
androst-4<ene-3,17-dione 33.....ovvriveenrnrrecrrrreeiereeeeennne 83

Figure 39. Peptide Map of the Chymotrypsin Digest of 1 h

Inactivation of 17B-HSD-I by 19-Todo[2'-14CJacetoxy-
androst-4-ene-3,17-dione 33.....coeevvvvrveeeenene ereeeaeeaeanaanes 84

~ Figure 40. Peptide Map of the Chymotrypsin Digest of 3 h

Inactivation of 17B8-HSD-I by 19-Iodo[2'-14C]acetoxy-
androst-4-ene-3,17-dione 33.......covvvvveeeereeeeireneeer e ecernnnene 85

Figure 41. Peptide Map of the Chymotrypsin Digestof 1 h
* Inactivation of 178-HSD-I by 19-Todo[2"-14Clacetoxy-5p-
androstane-3,17-dione 37.......eooeeoereeeeceeeeerrenee e e 86

Figure 42. Peptide Map of the Chymotrypsm Digest of 3 h

— Inactivation of 17B-HSD-I by 19-Todo[2'- 14 C]acetoxy -5B-
androstane 3,17-di0Ne 37..ovoeeiireerrecrrienecirnnetrascseesesetsnens 87

Figure 43. Peptide Map of the Chymotrypsin Digest of 3 h
Inactivation of 178-HSD-I by 6B3-Io 0[2'-14C]acetoxy-
androst-4-ene-3,17-dione 40..........Joeeco o e reeen e 88




XV

Page No.

~
W

Figure 44, Peptide Map of the Chymotrypsin Digest of 3 h

Inactivation of 173-HSD-I by 17B-Iodo[ 2.1 C]acetoxy |
androst-4-en-3- -one 47 : : 89

----------------------------------------------------

Figure 45. Peptide Map of the Chymotrypsin Digest of 3 h

Inactivation of 173-HSD-I by 17(3-Todo[ 2'-14C]acetoxy-5£3-
androstan-3-0ne SK.........ccvrvvenreninerinsninnnne e - 90

Figure 46. Peptide Map of the Chymotrypsin Digest of 1 hi

Inactivation of 173-HSD-III by 19-Iodo[2'-14C]acetoxy-
androst-4-ene-3,17-dione 33.....oieeeiiicreeereeessasssenens 91

Figure 47. - Peptide Map of the Chymotrypsin Digest of 3 h

Inactivation of 173-HSD-III by 19-Iodo[2'- 4C]acr-:toxy
androst-4-ene-3,17-dione 33......cccccovverrevvrrnrevnenerreneenns . 92

. Figure 48. Peptide Map of the Chymotrypsin Digest of 3 h .

Inactivation of 173-HSD-III by 19-Iodo[2'- 1"’C]aceto:-(y 5B-
androstane-3,17-dione 37........ceccverereriererimvirenverenrssennns 93

Figure 49. Peptide Map of the Chymotrypsin Digest of 1 h

- Inactivation of 173-HSD-III by 6f3- Todo[2'-] ]acetoxy- .
androst-4-ene-3,17-dione 40..........c.ccevevvererevernenn crrsssens 94

Figure 50. Peptide Map of the Chymotrypsin Digest of 3 h

Inactivation of 173-HSD-III by 6{3-Iodo[2'-1 4C]:r.lc:o::toxy—
androst-4-ene-3,17-dione 40..........cccoveeeeevrennenee, veerns 95



Figure 52.

Figure 53.

- xvi

Page No.

Peptide Map of the Chymotrypsin Digestof 3 h

Inactivation of 17B-HSD-III by 17B-Todo[2'-14Clacetoxy-
5B-androstan-3-one 51...... ............. ereeresreee e sneresnane 97

Peptide Map of the Chymotrypsin Digest of 3h
Inactivation of 173-HSD-I by 19- Todo[2'-] C]acetoxy—

““androst-4-ene-3,17-dione 33 in the Presence of NADP......... 98

—_—

F]gure 54

Figure 53.

Figure 55.

" Figure 56.

Figure 57.

Figure 58.

Figure 59.

Peptide Map of the Chymotrypsin Digest of 3h

Inactivation of 173-HSD-I by 6B—Iodo[2' C]acetox-y—
androst-4-ene-3,17-dione 40 in the Presence of NADP......... 99

Peptide Map of the Chymotrypsin Digest of 3 h
Inactivation of 17B-HSD-I by 19-Iodo[2'-}4CJacttoxy-
androst—4 ene-3,17-dione 33 in the Presence of NADP......... 98

Peptide Map of the Chymotrypsm Digest of 3 h

Inactivation of 17B-HSD-III by 19-Todo[2'-14CJacetoxy-
androst-4-ene-3,17-dione 33 in the Presence of NADP......... 100

Peptide Map of the Chymotrypsin Digest of 3 h

Inactivation of 173-HSD-III by 63-Iodo[2'- 14 Clacetoxy-
androst-4-ene-3,17-dione 40 in the Presenc_e of NADP......... 101

Proton NMR Spectrum of Compound 100..............ccceueu.ce. 128
Proton NMR Spectrum of the Product Obtained from the

Treatment of the rearranged Compound 100 with Sodium -
[odide......crcriiniceiecenieene e 129

Structure of Compound 100 Deterrmned by X-Ray
Crystallography.....cccoeveeeeeivinrineresressereesensesrereeseesnsnnenes 133



LIST OF TABLES -

Xvii

Page No.

i

TABLEI  Substrate Specificity of 178-Hydroxysteroid Dehydroge-

nase for Enzyme Forms I and III (w1th NADP or NADPH
as cofactor)

-------------------------------------------------------------------

" TABLEIl Ry Values (in methylene chloride : acetone, 6 : 4) for some
Hydroxysteroids

------------------------------------------------------------

TABLETII Steroid Denvatwes Synthesized.

--------------------------------------

—

TABLE IV Retention Time of Standard and Carboxymeth{g,flated
Amino Acids

-----------------------------------------------------------------

TABLEV  Radioactive Profile from Amino Acid Ahalysis of

Hydrolysis Products from 3 h Inactivation of 17[3 HSD-1
with Various Iodoacetoxy Steroids

ooooooooooooooooooooooooooooooooooo

TABLE VI  Radioactive Profile from Amino Acid Analysis of -

| Hydrolysi§ Products from 3 h Inactiv{iijl of 17p-HSD-III
with Various Iodoacetoxy Steroids

tededgerjateririsiccesartiararirnne

TABLE VII Acid-catalyzed Reactions of 43,5 ,1‘9-_Trihydroxy-5[3-

androstane-3,17-dione 88 and 40&,5,19LTW
5afandrostane-3,l7-dione 89......... s TR

TABLE VIII Compariso’ﬂ of the Spectroscopic Properties of
"Compounds 4, 62 and 100

et

oooooooooooooooooooooooooooooooooooooooooooooo

TABLEIX  Solvent Systems Used for the Various Steroids

21

27

32

71

76

77

120

126 .
169



xviii

. _GLOSSARY

A. Systematic! and Trivial2 Names of Steroids.

In this thesis, systematic'names! (according to the TUPAC-TUB 1967
Revised Tentative Rules for Steroid Nomenclature) will be used. Examples of
systematic and trivial names are given below. .-

Estrone : | 3-Hy;lroxy—1 ,3,5(10)—esUatﬁen-l7-0fle
Progesterone - 4-Pregnene-3,20-dione

Testosterone : 17B-Hydroxyandrost-4-en-3-one
Androstenedione . Androst-4-ene-3,17-dione

B. Numbering of the Steroid Skeleton.

o, bE]OW the plane T -"_'
f above the plang ==
¢ unknown stereochemistry ann

C. Numbering of the Imidazole Ring>.
» -

In this tiiesis, the nitrogen atoms of the imidazole ring of histidine

are denoted by pros ("Rear”, 1) and tele ("far", T) to show their position relative to
the side chain, according to the IUPAC-IUB Nomenclature and Symbolism for
Amino Acids and Peptides.

CH,CH(NH%)COO0~
4

NT
/3

T
Y
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D. Abbreviations and Symbols.

| Ala

Asp
br
CD.
Ci - -
M

Cys
4
d

dpm
DTT

le

Leu
Met

mA

- MCPBA

min

mol
mp

- L-Methlonme ' (

L-Alanine

L-Aspartic acid

Broad

Circular dichroism
Curie (2.22 x 1012 dpm)
Carboxymethyl

_ L-Cysteine
- Doublet

Chemical shift (in ppm)
Disintegrations per minute
Dithiothreitol

Extinction coefficient

Wave number (cm” Ly

Acceleration due to gravity
L-Glutamic acid

Glycine .
When follows a number, refers to the
tritiated molecule |

Hour ’
L-Histidine |
Hydroxysteroid dehydrogenase
Infrared
L-Isoleucine
Wavelength at maximum 1(1ten51ty 0

absorption
L-Leucine

Micro (1 0 ) \ '
Milli (10’ ) or multiplet i m 1H NMR
Milliampere
m-chloroperoxybenzmc\ac1d
Minute )

Molar

Mole

Melting point

Mass spectrum

nano
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NADP, NADPH _Nicotinamide-adenine dinucleotide
- phosphate (oxidized and reduced forms).
nm. - nanometer
NMR - Nuclear magnetic resopance -
Phe L-Phenylalanine . :
PPO R < 2,5-Diphenyloxazole .
q Quartet ’ ' <
R¢ Displacement of compound/Displacement
: - of solvent front ;
S ' Singlet
Ser L-Serine
sh =~ | \ggoulder ‘
sp. radioactivity ' Nk ecific radioactivity
THF : "7 Tetrahydrofuran .
Thr B L-Threonine o
tlc Thin layer chromatography
tr Triplet -
TRIS 2-Amin 2-hydroxymethylpropane-
1,3-diol .,
Tyr L-Tyrosine 41* '
uv - Ultraviolet
Val ' L-Valine .
\Y ' Volt
viv By volume -

W/v Weight in volume
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‘ ~ ABSTRACT -

vy <. .
Three forms of a soluble 17[3 hydroxystermd dehgérggenase *"’ '
(17B-HSD) with activity toward both androgen and estrogen substrates have been -
purified from female rabbit liver. The enzyme forms also exhibit 3o-hydroxy-

steroid dehydrogenase activity toward androgens of the 53-androstane series. The ',

binding sites of the enzyme forms I and I1I and the orientation of the steroid in the
A
binding site for 17B- and 30~ enzyme activity were mvestlgated using the affinity

labeling techmque Substrate analogues having the alkylating group at C-3, C- 6,
C-11, C-17 or C-19 of tpe‘S\\rmd have been synthesized. These analogues were

found to inhibit the T7B-enzyme activity of both forms of the hydroxysteroid

dehydrogenase. The radioactive iodoacetoxy substrate a}%gues synthesized werc
found to label primarily cysteine residues. A comparison of the radiocactive

peptide maps obtained from the alkylated 173-HSD with 14C-iodoacetoxy. steroid

derivatives indicates that the binding sites are different for the 178-HSD forms I

and III. The similarity of the radioactive peptide maps obtained upon alkylation of
the 17[3-HSD with 19-iodo[2"-12C]acetoxyandrost-4-ene-3,17-dione 33 and
19-iodo[2'- 14C]acetoxy 5B-androstane-3,17-dione 37 ~suggests that a smgle active

site would be responsible for the C-3 and C 17 activities of the 17- HSD enzyme

Attempts to prepare 4,19-dihydroxyandrost-4-ene-3,17-dione 63, a
precursor to a bifunctional affinity label, are described. One method examined to’

obtain this compound required the synthesis of 19-hydroxy-4f, 5-epoxy 5[3

"-..n__.

I
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androstane-3,17-dione 62. ItK was found that alkaline hydrogen peroxide treatment

of 19-hydroxyanElrost—4-erie-3,17-dione 4 could give the desired 4pB,5p-epoxide
or thydroperoxidir; steroid ciepending on the conditions used for the reaction. The
structure and chemistry of the hydroperoxidic steroid were investigated. Baeyer-
Villiger reactions of 19-hydroxy steroids were studied and found to involve the
participation of the 19-hydroxyl group. |



 INTRODUCTION

A. Affinity Labeling Reagents.

n

Fu

:
in order to establish tlie felationship between the structure and
biological function of an énzyme, detailed knowledge of the active site is necessary.
Affinity labeling is one of the techniques which has been used to obtain information
about the topography of the active sites of enzymes. Affinity labeling is the term
for a procedure in which covalent bonds are generated between the complexiﬁg

molecules, e.g. the affinity label or active site directed reagent and the protein,

Three distinct classes of affinity labeling reagents have been designed:
. T
1) classical affinity labeling reagents 4>%; - -

2) mechanism based irreversible inhibitors 7%,

3) photoaffinity lateling reagents *'%11,

The classical reagents are substrate analogues cgntaining chemically
reactive functional groups. The specific binding of these inhibitors to the active
site regions of the enzyme can lead to the formation of a covalent bond provided a
suitable amino acid residue is properly positioned for a reaction to occur. The

mechanism based inhibitors (k. or suicide inhibitors) are substrates which arc

chemically unreactive but which are converted by the enzyme to a highly reactive
molecule. This reactive product may react with an active site amino acid thus
irreversibly inhibiting the enzyme. The photoaffinity reagents, like the suicide
inhibitors, possess a masked group but in this case activation is via light |
absorption. Suicide inhibitors offer the advantage of being more stable than
classical reagents prior to enzymic activation. Also because of their specificity
they can be used to examine an enzyme in a crude system. The major difficulties
encountered in photochemical labeling studies are low incorporation of the label

and non specific labeling.

L)
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Several criteria have been established to define affzmity label 1%

1) the affinity label should be a substrate for the enzyme,

2) the stoichiometry should be one molecule of label bound for each
active site of the enzyme and

3) the rate of inactivation in the presence of excess labeling reagent
should decrease upon addition of real substrate. '

- An additional terrn; catalytic competence, describes the ability of the
affinity labeled enzyme to catalyze its normal reaction on its covalently bound
ligand. For example, Engel and co-workers™, in studies on the 17B-hydroxy-
steroid dehydrogenase of human placenta, demenstrated that the affinity label
3-bromoacetoxy«1,3,5(10)—estratrien-i7-one satisfies the catalytic competence
criterion since this compound, which was covalently bound to the enzyme, was
converted to 1,3,5(10)-estratriene-3,17B-diol. This criterion will be satisfied only
when the affinity label, which contains a functional group capable of undergoing
reaction, reacts with a group which is not essential for catalysis and when the
covalently bound affinity label is able to achieve the orientation required for
enzymic-catalysis. |

-

ffinity Labeling of Hydrox roid Dehydr

Affinity labeling has been used cxténsively to study enzymes involved in
steroid metabolism. Steroid substrates are amenable to such studies because they
are rigid molecules possessing a variety of carbon atoms and functional groups able
to undergo addition and substitution reactions!®. Several sites on the steroid
skeleton may be converted to affinity labeling groups and eventually provide clues
about the topography of the active site of enzymes. The particular group of stéroid =3
metabolising enzymes which has been examined in this manner are the

—



hydroxysteroid dehydrogenases. The designation hydroxysteroid dehydrogénase
(ketosteroid oxido-reductase) has been widely adopted for the group of enzymes
which catalyze the ipterconversion of hydroxyl and carbonyl functions on the L

steroid skeleton and side chain. These reactions are represented by the following
equation:

Hydroxysteroid + NADP™ —— Ketosteroid + NADPH + H*
(NAD*) . (NADH)

1. 178-Estradiol Dehydrogenase.

. The human placental 17B-estradiol dehydrogenase (E.C.1.1.1.62) has
been extensively studied by affinity labeling. This enzyme uses either NAD or
NADP as cofactor and is highly seleetive for estrogen substrates!®. Crastes de

Paulet and co-workers Y18 synthesized haloacetate and haloacetamide
derivatives of 3-hydroxy-1,3,5(10)-estratrien-17-one and 1,3,5(10)-estratriene-3,

17pB-diol with the alkylating group at nine different positions of the steroid nucleus:
C-1,C-2 .}C—3 C-4,C-6,C-7,C-11,C-16 and C-Ifﬁmong all the derivatives, the
best affinity label was 3- ‘Logoacetoxy—l 3,5(10)- egtratnen 17-one", When the
gleacental enzyme was lnactlvated with 3-iodo[2'- 1"’C]acetoxy 1,3,5(10)-
estratrien-17-one in the presence of cofactor and subjected to chymotryptic
digestion to generate peptides, a single peptide was radiolabeled and the label was
recovered as N*-carboxymethyl-L-histidine®, However, when the estradiol
dehydrogenase was completely inactivated in the absence of coenzyme three amino
. acid residues were labeled, two cysteine and one histidine residues. The histidine

residue was located in the same peptide isolated in the presence of the cofactor



while the two cysteine residues were located on different peptides, designated as

Cq* and Cg* by the authors. These investigators concluded that the two cysteine'

peptides were part of the hydrophobic coenzyme binding site._

When 3-chloroacetyl pyridine adenine dinucleotide, an NAD coenzyme
amlogue directing the alkylating group towards the catalytic site of

dehydrogenases *!, was used as an affinity label, it was found to alkylate mainly the

Cj* cysteine residue along with C;* and Cg* residues. On the other hand, only the
cysteine Cg* residue was labeled when 3-chloroacetyl pyridine adenine

dinucleotide phosphate, an NADP analogue, inactivated the enzyme %%, Since this
label had a better affinity for estradiol dehydrogenase than the previous NAD

analogue it was concluded that C5* should be located nearer the cofactor site than

Cg*. It was also concluded'® that the histidine residue was located in the vicinity of

the A-ring of the bound steroid since the labeling of this histidine residue decreased
when the alkylating group was shifted towards the B- or C-rings.

¥

—

Chin and Warren Wr/omoacetoxyﬁ—memoxy—l,3,5(10)—

estratrien-17f-ol as an afflfi_ty label for the 1783-estradiol dehydrogenase of human
placenta, identified a histidine residue in the catalytic region of the active site. This
residue was thought to be different from the histidine residue located near position
C-3 of the steroid, previously demonstrated by Crastes de Paulet and co-

19,20

workers™<", since no modified cysteine residues were found in the presence or

absence of cofactor. Moreover, the fact that NT-carboxymethyl-L-histidine -

predommates early in the inactivation and NN -dlcarboxymethyl-L-hlstldlne

dominates later in the inactivation indicates, accordmg to the authors that a single
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\L histidine residue is being doubly alkylated. Warren's group 2 also synthesized
4-bromoacetamido-3-methoxy-1,3,5(10)-estratrien-17-one and found it to modify
lysine and cysteine residues of the placental 17f-estradiol dehydrogenase. -In the
presence of cofactor, they found that no cysteine residues were modified.
Similarly, 2-bromoacetamido-3-methoxy-1,3,5(10)-estratrien-17-one was
synthesized and found to carboxymethylate cysteine (65%), histidine (25%}, and
lysine (8%)%. The presence of 1,3,5(10)-estratriene-3,17B-diol was found to
inhibit the alkylation of cysteine and histidine residues suggesting that they may be
located in the region of the active site close to the steroid A-ring.

 Warren and co-workers 2?7 suggested, on the basis of Dreiding models,
that if 123-brorhoacetoxy-4-esfrene-3,17-dione alkylates the same histidine residue
previously identified using the 16a-bromoacetoxy derivative 33, this residue would
be located at the site of the catalytic event. However, the results indicated that a
different NT-carboxymethylated histidine residue was obtained with these two
analogues. These workers concluded that the histidine residue obtained with the
12f-bromoacetoxy derivative is not located in the region of the steroid where the
catalytic event occurs, most likely because the angular 18-methyl group would:
restrict access of the 12[3-bromoacetoxy group to the/3-face, D-ring region of thew‘
steroid. Alkylation of a histidine group in the A,B-rings region would then be
favoured. In fact, it was found that the same carboxymethylated histidine residue is
labeled both by 3—bromo[2'—14C]acethy-1 ,3,5(1 0)-estratrien-17-one and
12B-bromo[2'—14C]acetoxy-4-estrene-3,17-di0ne23. As mentioned, Warrenand -~

co-workers® demonstrated that the 16B-brorﬁoacetoxy derivative and the

123-bromoacetoxy derivative label different histidine residues to form

—_—
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" N™-carboxymethyl-L-histidine. However, the data obtained did not exclude the

possibility of also labeling a single histidine at different positions in the imidazole
ring by these two steroid deq'}vatives. Recently a tryvptic peptide of 17B-estradiol
dehydrogenase containing a histidine residue modified by 16[3-bromo[2‘-14C]—

acetoxy-3-metﬁoxy-1;3,5 (10)-estratrien-17B-ol and by 12B—br0mo[2'—14C]-
acetoxy-4-estrene-3,17-dione was sequenced?, Thus it was denfonstrated that
there are at least two different histidine residues present at the active site, one
located near the A-ring and the other near the D-ring gf the steroid. Interestingly,
the sequenced peptide contains two arginine residues. Inano and Tamaoki*’
employedQ;EZgroxy-l,3,5 (10)-estratriene-16,17-dione as an affinity label and
presented evidence for two catalytically active arginine residues.

The placental enzyme has also been studied with mechanism based

inactivators >'3%®_ Auchus and Covey* recently reported that a lysine residue
was modified when the enzyme was inactivated by the enzyme-generated
3-hydroxy-14,15-secoestra-1,3,5(10)-trien-15-yn-17-cne 1 .

OH 0

%
Yy

aY ~
HO (/—\\ HO
NAD  NADH . 1
The mechanism is assumed to be a Michael addition of the N 6-amino

group of a lysine residue (nucleophile) to the acetylenic ketone (potent
electrophile). This result contrasts with the histidine and cysteine residues
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modified by the haloacetoxy (or acetamido) steroidal affinity labels previously
described. Perhaps the higher pH (9.2 compared to pH 6.3 8% or 7.218in ¢
previous studies) deprotonates the lysine amino acid rendering it sufficiently
nucleophilic to compete wittl other nucleophilic residues in the active site.

u

2. Bifunctional Enzyme Activity,

-

In 1981, Strickler, Tobias and Covey™ suggested that the purified 17p-

estradiol dehydrogenase from human placenta also possessed 200-hydroxysteroid

dehydrogenase activity. Such enzymes possessing activities for two different
positions on the steroid molecule are often designated as bifunctional enzymes.
* Affinity alkylation studies were undertaken in order to find if the estrogen and

. ‘4-pregnene-3,20-dione oxido-reductase activities were occurring at a single active

site. 'Afﬁnity radioalkylation studies using 16oc-br0mo[2'-3 H]acetoxy-4-pregnene-
3,20-dione indicated a stoichiometry of two mol of steroid bound per mol of

inactivated enzyme dimer and indicated also that a N*,N"-dicatboxymethyl-L-
histidine residue was formed. Also, the fact that both the 17B-estradiol

dehydrogenase and 20¢-hydroxysteroid dehydrogenase activities were identically

inactivated suggested that only one site was responsible for both activities.
Moreover, the affinity labeling nucleotide analogue 5'-[p-(fluorosulfonyl)-

benzoyl]adenosine, which binds at/r.he cofactor site as a competitive inhibitor of

NADH, was found to decrease both 17B- and 200~ activities®, Further evidence
that both 17- and 20cc- activities were present in the same protein were revealed
by Thomas and Strickler? using 6f3-bromoacetoxy-4-pregnene-3,20-dione.

Afﬁnity'rad}()alkylation of the placental enzyme with 6[3-[2'-14C]bromoacetoxy-4-



pregnene-3,20-dione, indicated that cysteine (56%), histidine (22%), and lysine
(8%) residues were carboxymethylated. These results support those reported for
2-bromo[2'-14C]acetarnido—3-methoxy-1 ,3,2 (10)-estratrien-17-one
radioalkylation of the 17B-estradiol dehydrogenase?®,

g

Strickler's group® found that 3-bromoacetoxy-1,3,5(10)-estratrien-

17-one caused a loss of both the 173~ and 20c-enzyme activities of the human

placental enzyme. Both activities were recovered when the pH of the inactivated
enzyme solution was raised to 9.3. Based on their computer graphic model of
estrogen and progestin substrate binding, Strickler and co-workers predicted that

11a-bromoacetoxy-4-pregnene-3,20-dione could label amino acid residues in the

region of the enzyme active site which is also accessible to 3-bromoacetoxy-1,3;

5(10)-estratrien-17-one. Therefore the 17B,20a-hydrox¥steroid dehydrogenase .

was inactivated with 3-bromoacetoxy-1,3,5(10)-estratrien-17-one, reactivated and

affinity radioalkylated with 11oc-brorno[2'—14C]acetoxy-4—pregnene-3,20-dione to
determine if a common active site amino acid was modified by both steroid
derivatives. They concluded that both derivatives alkylate a common histidine

residue in the enzyme active site since an observed 5-fold decrease in the
production of radiolabeled N'-carboxymethyl-L-histidine in the reactivated
enzyme is found refative to control enzyme, i.e. enzyme which was treated

* similarly with 3-hydroxy-1,3,5(10)-estratrien-17-one and 11ca-hydroxy-4-
pregnene-3,20-dione. The initial alkylation by 3-bromoacetoxy-1,3,5(10)-

- estratrien-17-one prior to reactivation labels the histidine residue which then
cannot be radiolabeled by the 4-pregnene-3,20-dione derivative. :



Bifunctional enzyme activity at the same active site has also been

reported for the 30t,20[3?¥hydroxysteroid dehydrogenase from Streptomyces

" hydrogenans (E.C.1.1.1g53) 34941 and for the 3B,20c-hydroxysteroid oxido- .

oL
reductase from fetal blood 2. Affinity labeling has been used to examine tiis
bifunctional activity in both of these enzymes.

In studies on the 3¢,20B-hydroxysteroid dehydrogenase affinity

alkylation was initially accomplished with 21-iodoacetoxy-17a-hydroxy-4-
pregnene-3,11,20-trione* and the results indicated that a histidine residue was
modified. In a‘more extensive study 2a-, 6B-, 11a-, and-léd—bromoacetoxy—é’r-
prégnene—3,20—dione 444546 g g 21-13rorn_o.':lce:tamido-4-pr'f~:,c:;nene-3,20-dione47
were synthesized and these compounds were used to affinity alkylate the
SG,ZOQ—hydroxysteroid dehydrogenase. The following topography of the active
site could be deduced from these experiments: two different methionyl residues
were located near positions C-2 and C-11 of the A- and C-rings*, a cysteine |

residue was located near position C-6 of the B-ring *>*® and a histidine residue

near positions C-16 and C-21 of the D-ring*%47,

—

—
-

It should also be mentioned that bifunctional affinity labels have Zeen
synthesized and used to study hydroxysteroid dehydrogenases. 2,4-Bis
methyl)-3-methoxy-1,3,5(10)-estratrien-17-one was found to inactivate the

Q-

17B-estradiol dehydrogenase® enzyme of human placenta\a:;d
6B,21-bis(bromoacetoxy)-11B, 17-dihydroxy-4-pregnene-3,20-dione inactivates

30,20B-hydroxysteroid dehydrogenase®. Also, with this 3a,20|3-hydroxys;eroid

dehydrogenase, a mechanism based inactivation was performed with an enzyme-

N

¢



In this thesis, affinity labeling studies of two forms of the 17B-hydraxy-
steroid dehy&rogenase isolated from female rabbit liver will be described.

Previous studies in this laborz;t‘c:)‘é'y_52 have shown that multiple forms of this enzyme

are present in female rabbit liver and each of these forms exhibits bifunctional

enzyme activity. The enzymes catalyze the oxidation of both 17B- and 3a-hydro-

xysteroids. The 3a-dehydrogenase activity is selective for steroids of the

5B-androstane series. The 17B-dehydrogenase activity is highly selective for
A*-unsaturated steroids. The purpose of this study is to compare the steroid
binding features of the two enzyme forms and to examine the possibility that the

3a- and 17B-hydroxysteroid dehydrogenase share a common active site.
' The second part of this thesis deals with the introduction of a C-4
hydroxyl group in C-19 substituted steroids. The structure and chemistry of a .
hydroperoxidic steroid isolated from an epoxidation reaction of a C-19 substituted
steroid will be presented along with the results of Baeyer-Villiger rearrangements

with C-19 substituted steroids. _ -



PARTI

.

AFFINITY LABELING OF 173-HYDROXYSTEROID DEHYDROGENASE.

RESULTS AND DISCUSSION = -
‘ : X,

N

A. Isolation and Puriﬁcatién of 173-Hydroxysteroid Dehydrogenase.

[YR

The 17B-HSD enzymes were isolated from the liver of female New
Zealand white rabbits essentially by the procedure previously developed in our
/ laboratory®>*3, This procedufé is summarized in Figure 1. The principal
- modification from the published prgcedure is the elimination of the initial
Sephadex G-25 chromatographic sg) and the utilisation of histidine-HCl buffer
instead of imidazole-HCl buffer fo chrorna_tofocuﬁing. The enzyme prcgfiles

obtained by affinity chromatdﬁraphy and chromatofocusing are shown in Figures 2

and 3, respectively, Three 17B=}-IS‘I__), designated enzyfne fO{mS I, Il and III.
(Figure 3), were separated by chromatofocusing. Subsequent studies were
undertaken with forms I and I since purification of these enzyme forms was most
readily effected. The purity of the enzyme forms I and III was monitored by
polyacrylamide-gel electrophoresis at pH 8.3%* and by isoelectric'fo‘cusing
polyacrylamide-gel electrophoresis using a modification of the method of Hayes

and Wellner, Isoelectric focusing,polyacrylamide-gel electrophoresis of both
enzyme forms I and II is shown in Figure 4.

N —

~
It



LIVER
(female New Zealand white rabbit)

20% (w/v) homogenate in buffer

centrifugation 10 000g .
30 minutes”

-

SUPERMNATANT

cep’cfifugation 105 000g
90 minutes |

SUPERNATANT

AFFINITY CHROMATOGRAPHY
column of immobilizedProcion Red HE3?

CHROMATOFOCUSING
Calumn of Polybuffer Exchénger PBE 94

HOMOGENEQUS ENZYME

N

12

-pellet

pellet

Figure t. Scheme for\t)he Purification of the Soluble

- 17 B-Hydroxysteroid Dehydrogenase from Rabbit Liver.
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Figure 2. Affinity Chromatography of the Soluble 17R-Hydroxysteroid
Dehydrogenase of Female Rabbit Liver. — T

AJ The concentrated supernatant was applied at a ﬂow rate of 18 ml/h on a column of
agarose immobilized Procion Red HE3B (1.5 cm x 40 cm) previously equilibrated
with 10 mM Tris-HC], pH 8.0, 0.5 mM DTT. The column was eluted first with 150
ml of 10 mM Tris-HCl, pH 8.0, 0.5 mM DTT containing 1 mM EDTA and 5 mM
MgCl,. Then followed a 600 ml linear gradient of NaCl from0 M to 1 M in 10

mM Tris-HCI, pH 8.0, 0.5 mM DTT containing 1 mM EDTA and 5 mM MgCly.

The elution was continued with 2 200 ml linear gradient of NaCl from 1M to 2 M in
10 mM Tris-HCl, pH 8.0, 0.5 mM DTT containing 5 mM MgCly. Finally the

column was eluted with 400 ml of 2.5 M NaCl in 10 mM Tris-HCl, pH 8.0, 0.5 mM
DTT containing 10 mM MgCl,. Aliquots (1 pl) from the fractions collected were
assayed for 17c- (¢) and 17B-HSD activities (#) with 17a-hydroxyandrost-4-en-3-

one and 17B-hydroxyandrost-4-en-3-one 5 as substrates, respectively. The

enzyme activity and the concentration of NaCl are plotted along the ordinate and
the fraction number is along the abscissa. \

/

{
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Figure 3. Chromatofocusing of the roxysteroid

Dehydrogenase from Female Rabbit Liver.

The desalted and concentrated 17B-HSD activity fraction from the affinity

chromatography, in 0.025 M histidine buffer, pH 6.0, 0.5 mM DTT was applied on -
a column of PBE 94 Polybuffer Exchanger previously equilibrated with 0.025 M
histidine, pH 6.0, 0.5 mM DTT. The column was eluted with a solution of

Polybuffer 74 (diluted 10 times with deaerated distilled water) and fractions (1 mly
were collected. Aliquots (1 pl) from the collected fractions were assayed for

17B-HSD activity using 17B-hydroxyandrost-4-en-3-one 5 as substrate. The

enzyme activity and the pH of the column are plotted along the ordinate and the
fraction number is along the abscissa. .
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—Figure 4. Iscelectric Focu'ung Polyacglamlde Gel Electrophoresis of 17[}—HS
Forms I and 11T

Isoelectric focusing and staining were carried out as described in the Experimental

section B.16. The enzyme fraction (25 to 30 pg) was applied to the gel and

isoelectric focusing was carried out initially at 400 V for 30 min and then at 500 V
for 4 :
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B. Analysis of Stergids by Mass Spectrometry.

In the present study mass Spectrdmétxy was used to identify the
~ steroid products obtained after enzyme incubations and to confirm the structures of
the various steroid products synthesized. The main fragmentation patterns of

steroids are well documented and reviewed -,

'The spectrum of 5¢i-androstan-3-one 2 has a doubiet of intense peak-s‘ at
m/z 202 and 203%°. Labeling experiments have shown that these ions originate
from the cleavage of the C1-Cyg and C4-Cs bonds and from the loss of one and two
hydrogen-atoms respectively from the charged fragment. It is also known that for

saturated 3-ketones the patterns found from the mass spectrum analysis of one

representative of a given series may not be applied to other corrfpounds of that

type*’.

-H ({m/z 203)
~2H (m/z 202)

2

In contrast to their saturated counterparts, o,B-unsaturated 3-keto -
steroids exhibit characteristic mass spectral fragmentatlons of a general type which
are usually independent of nng substituents and are consistent from one class of
steroids to another®!. The bond cleavages giving rise to the major diagnostic ions
seen in the mass spectra of A*-3-keto steroids are illustrated below.
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For example, the prominent peaks in the high-mass region of
androét-4—en—3-one 3 are m/z 230 (M-42, loss of ketene from the A-ring), m/z 215
(M-57, loss of ketene plus a methyl radical), m/z 187 (M-85, loss of C-1, -2, -3, -10
and -19), m/z 149 (M-123) and m/z 12452, |

! r_/ .

i}

230 124 149 .

. /-
Hydroge’rfmigrations play an important role in the ring cleavages of

A%-3 keto steroids and Djerassi and co-workers®'2 ynraveltd these complex
processes by means of deuterium labeling. The m/z ion is formed from the A-ring
plus C- 6 and C-19 and two additional hydrogen atoms. C-8 and C-11 are the 4 '
major sources of the two itinerant hydrogen atoms®2. Metastable defocusing
indicated that the molecular ion was the sole parent of the m/z 124 jon®'. The

fragmentation can be visualized as occurring by the process shown below.
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This mechanism could also be written with the hydrogen atom migration from
C-11 preceding that from C-8. Unfortunately an attempt to differentiate between

these two processes was not successful®!.

b
T

m/z 124

The M-123 ion, resulting from the fragmentaion of the C6-C7 and

Co-C10 bpnds with the charge being retained by the hydrocarbon portion ( C- and

and D-rings), is also characteristic of A*-3-ketones. The molecular ion is the
unique progenitor and one hydrogen atom is transferred away from the charged
fragment®, This hydrogen atom transfer is not very specific; significant
contributions are made by C-8, C-9, C-14 and C-15. The M-85 ion is also
characteristic of A%-3-ketones and priginéte from the M-42 ion (loss of ketene) and

not from the molecular ion as shown by metastable defocusing®’.
An intere’s"ting feature is revealed in the fragmentation of
) .
19-hydroxyandrost-4-ene-3,17-dione 4. The base peak in the mass spectrum of 4

is due to elimination of the angular CH,OH group as formaldehyde®.
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The mass spectrum of 17B3-hydroxyandrost-4-en-3-one 5 has been

studied®$>% and the principal fragments are summarized below®’.

UH—"+

!

m/z 246 m/z 288 m/z 165

b e -

m/z 228 m/z 147

17-Keto stergids were studied extensively by Djerassi and co-workers®®

and loss of a methyl group and water are observed among other fragments.



C. Verification of Steroids as Substrates for 173-HSD.

Before using various steroid derivatives as affinity labels, it was
necessary to establish that the parent steroids (the underivatized steroids) were

substrates for the enzymes. The steroids of interest for our active site studies were

incubated with 173-HSD enzyme forms I and I, in 10 mM Tris-HCI, pH 8.0, with
NADP or with 0.1M Tris-maleate, pH 7.6 if NADPH was the cofactor utjlized.

The product and remaining starting material were isolated, separated by thin layer
chromatography and analyzed by mass spectrometry. Table I summarizes the
steroids which were incubated and the products obtained. Previous studies in our

laboratory had demonstrated that forms I and III of the rabbit liver 178-HSD

catalyzed the C-17 oxido-reduction of 3—keto-A4-androgens and estrogens and the

C-3 oxido-reduction of 5f3-androstanes. The present studies confirm this

specificity (Table I). The results in Table I also show that the presence of hydroxyl
groups at C-3 (3-hydroxy-1,3,5(10)-estratrien-17-one, 16), at C-4 (4-hydroxy-

androst-4-ene-3,17-dione, 6), at C-6 (68-hydroxyandrost-4-ene-3,17- dione, 10),
or at C-11 (11B-hydroxyandrost-4-ene-3,17-dione, 8) does not preclude the -
steroid as a substrate for the 173-HSD enzyme forms I and ITI and indicates that
these substrate analogues could be ls\uitable affinity labels. For 173-hydroxy-
androst-4-en-3-one 5 , 19—11ydroxyandrost—4-ene-3,17—dione 4 and 3o-hydroxy-
5B-aﬁ&rostan-l7—one 20 the incubation of the correspdnding tritiated compound

indicates that 5, 4 and 20 are substrates for both forms I and I of the 1.7[3-HSD;
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TABLE |

Substrate Specificity of 173-Hudroxysteroid Dehgdrogenase
for Enzyme Forms | and 111 (with NADP or NADPH as Cofactor).

Substrate o, Product .
OH
U ll"H

0J$£ 0 ,
~ OH 6 OH 7
C1gHog03 CigH2g03
302(M*), 287(M-15,CH3), | 304(M"), 289(M-15,CHy),
284 (M-18, Ho0), 2eo(r1 42,CH,0), 286(M-18,R,0).

217(M-85, CgHg0), 163(M-140),-1H).

0
L%\b
] 8

C1gH»603 CigH2og03
302(M"), 287(M-15,CHz), 304(M"), 289(M-15,CHz),
284(M-18,H0), 260(M 42,CoH,0), 286(M-18,H,0), 262(M- 42 ,CoHo0),
217(M-85,C5Hg0), I?Q(M 123) 219(M-85,CsHg0), 180(M- 123,- 1H).
: OH

- " i l"IH

0 ‘ 0
CH 10 OH 11

C1gH2603 C1gH2g03
302(M%), 287(M-15,CH 3), 304(M*), 289(M-15, CH=),
284(M-18,H,0), 260(M 42,CoH0), 286(M-18,H,0), 262(M- 42 ,CoHo0),
217(M-85,C5Hg0), 163(M- 141) 219(M-85,C5Hg0), 165(M-141),



22

&

TABLE I{continued)

o

Substrate

H 12

CigHz005
290(M*"), 275(M-15,CHxz),
272 (M-18, Ho0).

0
HO

U .
H 14
C19H2803 | N
304(M™}, 289(M~15,CHz),
286(M-18,H20), 274(M-30).

0

HO

16

CigH2202
270(MM), 25§(M—15,CH3).

Product

CigHz005
292(M"), 277(M-15,CH3)”
274(M-18,H,0),
256(M-36,M-2(H,0)).

0

HO

H H 15

C1gHz003 ¢
306(M7), 288(M-18,H,0),
276{M-30).

C1gH2402
- 272(MY), 257(M-15,CHz).



Substrate
T
3H
0
S [3H]

OH

HO

21 [3H]

~
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Previous studies in our Jaboratory had indicated that the 'activity of
cnzymé forms I and Il towards 5p-steroids was specific for 3a-hydroxysteroids®2.
This was again confirmed for both enzyme forms by incubating 3a-hydroxy-
[1 ,2-3H]5[3-andf;>s)an-3-one 20 [3H] in the presence of NADP and observing that it
was converted to [1,i-3H]55-arlqgos_tqng:§ 17-dione 21 (3H]. Similarly the
incubation of both enzyme forms with [1,2-3H]5{3~androstane-3,17-dione 21 [3H]
gave only the 3a-hydroxy derivative 20 [—3-H]. It waé also 6bserved that upon
inc.ubation with 3B-hydroxy-S[S-andro,sEan—&one 22, both engyme forms I and EI
failed to give 5B-androstane-3,17-dione 21 thus confirming the specificity of the

dehydrogenase for 3a-alcohols.

201-:3H] ‘\\3‘ | ) 7}% 22

3H
| o
! | |
21 [3H]

Ve )

8

Based on this result, it was expected that the incubation of 19-hydroxy-

583-androstane-3,17-dione 14, in the presence of NADPH, would give A :
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[

: / o
30,19-dihydroxy-5B-androstan-17-one 23. The mass spectrum of the product

B

allowed us to be sure that we were not isolating 3a,17,19-trihydroxy-58--
androstane because this compound would have a mass of 308 and the isolated
pfoduct had a mass of 306. However, the mass spectrum did not permit us to
distinguish between the product of reduction at the 3- or the 17- position. We
thereforé synthesized the known 178,19-dihydroxy-5p-androsfan-3-one 24% by "
first reducing the 17-ketone 4 with sodium borohydride to give 19.
’Hydrocenatlon of the double bond was done in 95% ethanol with I%palhdlum on
charcoal to afford .65% of 24 1 Y,

OH

HO

\

Sodium borohydride reduction of 19-hydroxyt5p-androstane-
3,17-dione 14, previously obtained from hydrogenauon of the unsaturated
compound 4, gave a mixture of two products. The major product (36%) was
determined to be the 33-compound 15 and the minor product (23%) was assngned
the 3a-configuration 23. This a331gnment is based on the half-band width (W/2) of

the proton signal at C-3". The broader signal at & 3.61 (W/2 of ca .16.7 Hz) is
~attributed to the axial-3f hydrogen atom because of two large diaxial and two
smaller diequatorial vicinal couplmgs. “With the 3B-alcohol, the equatorial

—
! g

——
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3o-hydrogen atom is submitted only to smaller diequa%'ial and equatorial-axial
. vicinal couplings thus giving a half-band width (W/2) of ca. 7.6 Hz.

, 0"‘
RN
HO - HO
H,/Pd/C
_—
0 0 ‘
4 . H 14
lNaBH4
HO
+ 'HO
H H
’ 23 (23%) 15 (36%)

Thin layer chromatography of the enzymatic product isolated after
1ncubat1on of 14 and the synthesized standards 24, 15 and 23 was carried out.

The Rf of the enzymatic product corrcsponded to the Ry of 3j3,19- drhydroxy—SB

androstane-17-one 15 as summarized in Table IL enzymatic product isolated
from the incubation of 19-hydroxy-5@3-androstane-3,17-dione 14 was also
analyzed by proton NMR. The half-band width at 6 3.61 is 8 Hz thus confirming
that the product generated by both forms of the 173-HSD is 3[3,19-dihydroxy-5p3-
androstan-17- -one 15. It was also observed that upon mcubatlon with 3o- or
3B,19- amydroxy-SB androstan-17-one, in the presence of NADP both forms of
the 17B-HSD gave 19-hydroxy-5B-androstane-3,17-dione 14. It is then concluded .
that the specificity of both enzyme forms I and III toward 3-hydroxysteroids is
altered when a hydroxymethyl group rather than a methy! group is present at C-19.
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TABLE 11

b

R¢ Values (in methylene chloride : acetone, 6:4) for some Hydroxysteroids.

STEROID | ‘ Re

OH
HO 0.50
0
H
24
0
HO 0240
HO
H 4
- 15
0
HO 0.29
H
HO H
23

<«

Product isolated from the ‘
enzymatic resaction 0.40



The hydrogenation of 19-hydroxyandrost- 4-ene-3,17-dione 4 is
accompanied by the formation of a second product whose structure was initially

assigned as 25 by Edwards and co-workers®.

The minor product was isolated in 6% yield in our case (cf. 10.5%%)
and had the same melting point as the one reported for 25. However, the high

resolution mass spectrum indicated a molecular weight corresponding to the

- formula C;H39O4. This represents the addition of CoHy to 25. '{I'he proton
NMR indicated that an ethyl group was present with a triplet at & 1.15 integrating
for 3 protons, and-a quartet at  3.61 integrating for 2, protons. Therefore the

~ reported structure® of 25 should be modified to 26. In agreement also with our
structure were the elemental analysis and the 3¢ spectrum. A Dreiding molecular

model of 26 clearly indicates that the So.-stereochemistry is much more favorable

than a 5B3- junction.
&




29

The synthesm of 3o-ethoxy-3p,19-0xido-5o-androstan-17-one 26 had
prekusly been achieved by treatment of 27 with tnphenyl phosphite-methyl

iodide followed by reduction with lithium aluminum hydndc .

CHCH,0

- The same authdrs reported that hydrolysis of 28 gave.l9-hydroxy-
5o-androstane-3,17-dione which, on treatment with ethylene glycol and p-toluene-
sulfonic acid gave 27. Furthermore, it was found that 19-hydroxy-5f3-
'androstane-?),17-bis(ethy1ene dioxide) did not react when treated w;th triphenyl
phosphite-methyl iodide. According to the authors’!, the reason why the reaction
did not proceed in the A/B cis series was not clear (steric factors or lack of

anchimeric asmstance of the C-3 ketal m01ety ).
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'D. Synthesis of Haloacetoxy Steroids.

The synthesis of the acetate and haloacetate derivatives of the steroids
estabhshed as substrates-for forms I and III of the 173-HSD (Table II) was carried
out. The synthesis with each steroid follows the general equation illustrated with
19-hydroxyandrost-4-ene-3,17-dione 4.

RCH2C0
RCH,CO,H + DCC -

+ DMAP 0-4°C

4 : : 29

7

Either iodoacetic acid or bromoacetic acid was used as acylating agent;
dicyclohexylecarbodiimide (DCC) served as a coupling agent and 4-dimethyl-
aminopyridine (DMAP) was found to greatly enhance the reaction rate. In initial
studies iodo[2~3H]acet_ic acid was used to synthesize radiolabeled 32. However, a
loss of radioactivity was observed upon acid hydrolysis of the alkylated enzyme
because of tritium exchange. The more stable iodo[2-14C]acetic acid was
subsequently used in the synthesis of the radiolabeled steroids. It is very interesting
to note that tritiated haloacetoxy steroids, for example, 6B—bromo-[2‘-3H]acetoxy-
4-pregnene-3,20-dione** and 11oc-bromo[Z'-3H]acetoxy-4-pregﬁene-3 20-dione®
were synthesized and reported to label histidine, methionine or cysteme residues in -
the active site of 20B-HSD. Also 21-bromo[2'- 3I-I]acetylam1no-4 pregnene-3 20-
dione?’, 16a-bromo[2‘-3H]apetoxy-3-methoxy-1 ,3,5(10)-estratrien-170-o01%

s
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and 1Goc-bromr:)[2'-3H]acet':)xy-4-pregnf:nf:-3,2.0-di0m335 were found to label
histidine residues. These results are surprising since it was found by Chin and

Wold™ that the rate of exchange of the methylene hydrogen atoms of
S-[3H]car_boxymethyI-L-cysteine was rapid (6 h) in 6N HCl at 110°C. After20h
in 6N HCl at 110°C, N6-[3H]carboxymemyl--L-lysine' did not lose any tritium but
N”- and NT-[SH]—carboxymethyl-L-histidine had lost 70% of their tritium,

All the steroid derivatives synthesized are summarized in Table IiI.
Attempts to synthesize the iodoacétoxy derivative of 4-hydroxyandrost-4-ene-
3,17-dione 6 were unsuccessful, precluding the utilization of this compound as an
affinity label. 11B-Hydroxyandrost-4-ene-3,17-dione 8 reacts very slowly to
form the iodoacetoxy derivative. This is explained by the fact that the 11§~
hydroxyl group is sterically hindered because of severe 1,3-diaxial interactions
with the two angular methyl groups, C-18 and C-19. We did not succeed in
" making the 14¢ labeled 11B-iodoacetoxy derivative 43 in quantities required for

Jabeling the 17B-HSD. '

~ The yields of the non radioactive derivatives were generally high but

" they were not optimized. Iﬁ contrast, the yields of the radiolabeled derivatives
were poor mainly because of losseé during the purification and because the
reactions had to be carried out on such a small scale. The non radioactive
derivatives were identified by the usual spectroscopic methods (mass spectrometry,
14 NMR and IR). Some compounds have already been reported: 31, 36%, 397,
42™ 4575 4675 5077, ‘5219, 537 54'%. The radiolabeled derivatives were

idélntified by mass spectrometry and their radiochemical purity was verified by tlc.
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TABLE 1]

Steroid Derivatives Synthesized.

R
0 Q
29 R= CCH,l 30 R= CCH,Br
. 0
| 31 R=CCHy  32R= CC3H2I
0
33 R= t':”“‘(:Hzl
ﬂ 1]
34R= CCHyl  35R= CCHBr
{ 0 Q
36 R= CCHy 37 R= c‘4CH2|

Il
=~ 38 R= CCH,|

0
1
39 R= CCHy
' q
40 R= !¢,

41 R= LCH,|
{ 0
42 R= CCH3
0 *
43 R= t':"“t:Hzr

y,9] A
a o
) o)
o fu =
) (@) L
3
() ) o . ()
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TABLE Il {continued)

Steroid

{70

-~

R

b oo
0 44R= CCHyl  45R= CCH,Br
J 0 0
46 R= CCH 47 R= c‘4CH2|
0

o . 1
OR | 48 R-= ECHz' . 49 R= CCHBr
i ) (ljl
* S0R= CCHy . 51 R=C'%CH,
0
Ay H '
' Ml
0 52 R= CCH,,)
0
[}
T4
54 R= -
. | C'“CH,!
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E. Stability of Todoacetoxy Steroids at pH 7.0.

~ Haloacetoxy steroids must be stable under the conditions used to
inactivate the e'nzyme. Hydrolysis of the haloacetoxy group must be avoided
~ otherwise non specific labeling of amino acids by liberated haloacetic acid may _
occur. Most haloacetoxy steroids used as affinity labels are reported to resist
hydrolysis at 25°C, overa wide pH range and for a relatively long period of time.

For example, 6B3- and 11o-bromoacetoxy-4-pregnene-3,20-dione are reported to

be stable for 24 h at 25°C in 0.05 M potassium phosphate buffer, pH 7.0%.
Similarly, 21-bromoacetamido-4-pregnene-3,20-dione is reported to be stable
over a period of 72 h at 25°C within a pH range between 3 to 10.5¥. In contrast to
the above bromoacetoxy steroids, 3-i0do[2’-14C] acetoxy-1,3,5(10)-estratrien-17-
one 54 was préviously reported to be completely hydrolyzed in approximately 30
min in 0.07 M phosphate buffer, 20% glycerol, pH 7.2'*. We also observed a
complete hydrolysis of compound 54 after 30 min at 25°C in 0.2 M Tris-maleate,
pH 7.0, 10% glycerol. However, we found that in the absence of glycerol, the rate
of hydrolysis decreased and about 40% of 3-iodo[2'-14Clacetoxy-1,3,5(10)-
estratrien-17-one 54 was still present after 30 min. The stability profile of
3-iodo[2‘-14C]aceto:{y-1,3 ,5(10)-estratrien-17-one 54 is shown in Figure 5.
Similarly, Figures 6 to 10 represent the stability profiles of the other iodoacetoxy
steroids synthesized. Most derivatives are stable for 3 h.at 250(:.’ atpH7.0. In
addition to 3—iodo[2‘-14C]acetoxy-1,3,5(10)-estratrien-17-one 54, the less stable

derivatives are 17B-iodo[2'-14C]acetoxy-S[S-androstan-3—one 51 and

17[3—iodo[2'-14C]acetoxyandrost—4-en—3-one 47.
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Figure 5. Radioactive Profile of 3-Todol2"-14Cacetoxy-1 .3.3(10)-estratrien-17-
one 54 after 30 min at 25°C in 20 mM Tris-maleate Buffer pH 7.0.

The incubation contained the following: 3-i0d0[2’-14C]acetoxy-l,3,5§10)-estra-
trien-17-one 54 (7 x 108 mol in 19111 of 95% ethanol) and 20 mM Tris-maleate
buffer, pH 7.0 (2 ml). The incubation was terminated after 30 min at 25°C by
extracting with chloroform (2 ml). The chloroform fraction was dried, applied on
a tlc plate and eluted in chloroform : ethyl acetate, 9: 1. After the elution, the tic
plate was divided in 0.5 or 1.0 cm sections and the corresponding silica gel was
scraped and the radioactivity measured. The height of the tlc, the origin being

located at 1 cm, is plotted along the abscissa and the radioactivity is alorig the
ordinate.
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Figure 6. Radioactive Profile of 19-Iodo{2'-3H2 acetoxyandrost-4-ene-3,17-
dione 32 after 3h at 25°C in 20 mM Tris-maleate Buffer, pH 7.0.

The incubation contained the following: 19-iodo[2' 3H2]acetoxyandrost-4—ene 3,

17-dione 32 (5 nmol in 20 ul of 95% ethanol) and 20 mM Tris-maleate buffer, pH

7.0 (1 ml). The incubation was terminated after 3 h at 25°C by extracting with

- ethyl acetate (2 ml). The ethyl acetate fraction was dried, applied &n a tlc plate and
eluted in methylene chloride : ethyl acetate, 90 : 10. After the elution, the tlc plate

was divided in 0.5 or 1.0 cm'sections and the corresponding silica gel was scraped

and the radioactivity measured. The height of the tlc, the origin being located at

1 c¢m, is plotted along the abscissa and the radioactivity is along t.he ordinate.
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Figure 7. Radioactive Profile of 19-Todo[2'-14Clacetoxy-5B-androstane-3.17-
dione 37 after 3 h at 25°C in 20 mM Phosphate Buffer, pH 7.0.

The incubation contained the followix}g: 19-iodo[2'-14C]acetoxy-5B—androstane-3,
17-dione 37 (5 nmol in-10 pl of 95% ethanol) and 20 mM phosphate buffer, pH 7.0
(1 ml). The incubation was terminated after 3 h at 25°C by extracting with ethyl
acetate (2 ml). The ethyl acetate fraction was dried, applied on a tlc plate and
eluted in methylene chloride : ethyl acetate, 90 : 10. After the elution, the tlc plate
was divided in 0.5 or 1.0 cm sections and the corresponding silica gel was scraped
and the radioactivity measured. The height of the tlc, the origin being located at

1 cm, is plotted along the abscissa and the radioactivity is along the ordinate.
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Figure 8. Radioactive Profile of 6B-Iodo[2'-14C]acetoxyandrost—4-ene-3.17-dione'
40_after 3h_at 25°C in 20 mM Phosphate Buffer, pH 7.0.

The incubation contained the following: GB-iodo[Z’-14C]acetoxyandrost-4-ene-3,
17-dione 40 (5 nmol in 10 pl of 95% ethanol) and 20 mM phosphate buffer, pH 7.0
(1 ml). The incubation was terminated after 3 h at 25°C by extracting with ethyl
acetate (2 ml). The ethyl acetate fraction was dried, applied on a tlc plate and
eluted in methylene chloride : ethyl acetate, 65 : 35. After the elution, the tlc plate

- was divided in 0.5 or 1.0 cm sections and the corresponding silica gel was scraped
and the radioactivity measured. The height of the tlc, the origin being located at

1 cm, is plotted along the abscissa and the radioactivity is along the ordinate
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Figure 9. Radioactive Profile of 17[1-'Iodo[2'-14C]acetox3@ndrost-4-en-3-éne 47
after 3 h at 25°C in 20 mM Phosphate Buffer, pH 7.0.

>

‘The incubation contained the following: 17|3-iodo[2'—14C]acetoxyandrost-4-en—3-
one 47 (5 nmol in 10 pl of 95% ethanol) and 20 mM phosphate buffer, pH 7.0

(1 ml). The incubation was terminated after 3 h at 25°C by extracting with ethyl
acetate (2 ml). The ethyl acetate fraction was dried, applied on a tlc plate and
eluted in methylene chloride : ethyl acetate, 90 : 10. After the elution, the tlc plate
was divided in 0.5 or 1.0 cm sections and the corresponding silica gel was scraped
and the radioactivity measured. ,The height of the tlc, the origin being located at

1 cm, is plotted along the abscissa and the radioactivity is along the ordinate.
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Figure 10. Radioactive Profile of 17[3-Iod0|2'-14C|acetoxy-SB-androstan—3~one ‘
after 3 h at 25°C in 20 mM Phosphate Buffer, pH 7.0.

The incubation contained the:following: 17[3-_iodo[2‘;14C]acetoxy-5[3-androstan-3-

one 51 (5 nmol in 10 pl of 95% ethanol) and 20 mM phosphate buffer, pH 7.0

(1 ml). The incubation was terminated after 3 h at 25°C by extracting with ethyl

acetate (2 ml). The ethyl acetate fraction was dried, applied on a tlc plate and

eluted in methylene chloride : ethyl acetate, 90 : 10. After the elution, the tlc plate
was divided in 0.5 or,1.0 cm sections and the correspondmg silica gel was scraped

~ and the radioactivity measured. The height of the tlc, the origin being located at

1 cm, is plotted along the abscissa and the radioactivity is along the ordinate.



~ F. Stability of 178-HSD at pH 7,0.

The stability of the 17B-HSD enzyme forms Dand III was studied in 20
mM phosphate buffer, pH 7.0 at 25°C. In the absence of DTT, removed by
centrifugal gel filtration™ on Sephadex G-25 medium column, there is a rapid loss
of dctivity of both enzyme forms I and III as illustrated in Figures 11 and 12. The
addition of iodoacetic acid does not affect the enzyme activity whereas the presence
of NADP or NADPH prevents the loss of activity with both enzyme forms I and .
III. We found that changing the incubation temperature from 25°C to 0°C
prevented the loss of enzyme activity (Figure 13). However, at 0°C 19-iodo-

acetoxyandrost-4-ene-3,17-dione 29 or 178-iodoacetoxyandrost-4-en- 3-one 44

did not inactivate the enzyme over a period of time. It was therefore decided to
carry out the inactivations at 25°C even thoﬁgh the enzyme is less stable at that
temperature.
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Figure 11. Stability of 17B-HSD-I at 25°C, after Sephadex G-25 Filtration. Effect .
of NADP, NADPH and Iodoecetic Acid on the Enzyme Activity.

Enzyme (0.75 nmol), after Sephadex G-25 filtration, dissolved in 20 mM
phosphate buffer, pH 7.0 (127 ul).and EGME (3 pl) was incubated alone (#), in the
presence of iodoacetic acid (15 nmol) (o), NADP (15 nmol) (+) and NADPH (15
nmol) (s). At various time intervals, duplicate aliquots (1 to 3 pl) were assayed for
17B-HSD activity using 173-hydroxyandrost-4-en-3-one 5 as substrate. The -

enzyme activity is plotted along the ordinate and the time interval is along the
abscissa.
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Figure 12. Stability of 17B-HSD-TIT at 25°C, after Sephadex G-25 Filtration.
Effect of NADP, NADPH and Todoacetic Acid on the Enzyme Activity.

Enzyme (0.75 nmol), after Sephadex G-25 filtration, dissolved in 20 mM
phosphate buffer, pH 7.0 (127 pl) and EGME (3 pul) was incubated alone (), in the
presence of iodoacetic acid (15 nmol) (), NADP (15 nmol) (+) and NADPH (15
nmol) (v). At various time intervals, duplicate aliquots (1 to 3 1) were assayed fqr

17B-HSD activity using 17B-hydroxyandrost-4-en-3-one § as substrate. The

enzyme activity is plotted along the ordinate and the time interval is along the
abscissa. ,
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Figure 13. Stability of 173-HSD-111 at 0°C, in 20 mM Phosphate Buffer, pH 7.0.
Effect of 19-lodoacetoxyandrost-4-ene-3,17-dione 29 (+) and of

17B3-lodoacetoxyandrost-4-en-3-one 44 (o).

Enzyme (1 nmol), after Sephadex G-25 filtration, dissolved in 20 mM phosphate
bufter, pl 7.0/ (127 ul) and EGME (3ul) was incubated alone (+), in the presence
of 19-i0doacetoxyandrost-4-ene-3,17-dione (45 nmol) (+) or 17B-1odoacetoxy-
aridrost-4-cn-3-one (45 nmol) {e). At various time intervals, duplicgte aliquots (2 -
to 6 pl) were assayed for 17p-HSD activity using 17B-hydroxyandrost-4-en-3-one
5 as substrate. The enzyme activity is plotted along the ordinate and the time
interval is along the abscissa.
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G. Inactivation of 178-HSD at pH 7.0 by Todoacetoxy Steroids.

~ Initial studies were undertaken in order to determine the appropriate

concentrations of iodoacetoxysteroids for inactivation of the 17B-HSD. We found

that an iodoacetoxy steroid to enzyme ratio of 5 : 1 resulted in an effective

inhibition of enzyme activity. As an example, inactivation of enzyme form I by a* -

5~ and 40-fold excess of 6B-iodoacetoxyandrost-4-ene-3,17-dione 38 is shown in

Figure 14. The inactivation of 17B-HSD enzyme forms I and III by the various

iodoacetoxy steroids synthesized is illustrated in Figures 15 to 33. In 20 mM
‘phosphate buffer, pH 7.0 and at 25°C both enzyme forms are inactivated by most

of the iodoacetoxy steroids tested. However, it was observed that when 17[3-HSD

enzyme form I is inactivated with 17B-iodoacetoxyandrost-4-en—3‘-one 44 (Figure
17), the inactivation profile is different from the profile obtained with enzyme IlI
and with other iodoacetoxy steroids. When the latter experiment was repeated the
profile shown in Figure 17 was again obtained., These results could be due to the
presence of the affinity label at the steroid position undergoing reaction and
suggests that placement of the affinity label at this position should be avoided.
Acetoxy steroids were utilized as controls in order to take into account the loss of

- enzyme activity exhibited when the enzyme alone is submitted to the same
conditions. Therefore the inactivations are expressed.as percentage of control.

The effects of added steroid substrate and cofactor (NADP) were also
studied. If the affinity label (the iodoacetoxy steroid) sits in the enzyme active site
the addition of substrate, in the presence of affinity label, should decrease the rate
of inactivation since the substrate will also compete for the active site, The same
reasoning applies if the cofactor is acided along with the affinity label to the
incubation. If the iodoacetoxy steroid sits in the cofactor binding site, it will
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comg_ete for this site with added cofactor. Therefore the rate of inactivation should
decrease.. Since we found that the cofactor protécts the enzyme against inactivation
in the absence of the iodoacétoxy' steroids(Figures 11 and 12) it was necessary to
incorporate the cofactor with the acetoxy steroid as control. Generally, the
substrates prevent slightly or not at all the inactivation by iodoacetoxy steroids
whereas prevention of inactivation by the cofactor is much more extensive. The
data suggests that the affinity label may be occupying the cofactor site, or part of
it, due to the hydrophobic chargcter of this region of the enzyme active site. Sucit
an example of the binding of a steroid in the hydrophobic region normally

occupied by the adenine portfon of the pyridine nucleotide hag been reported for

the 17B-HSD of human placenta'>!®. In one case however, the cofactor did not
prevent the inactivation. Figuré 24 illustrates that the inactivation of 173-HSD

enzyme form I by 17B-iodoacetoxy-5f-androstan-3-one 48 is not prevented by the
cofactor NADP.

H. Stoichiometry of 1‘4C-Carboxymethvl Incorporation.

- The stoichiometry criterion implies that one ﬁlolecule of label should be
‘bound for each active site of the enzyme. For example, affinity alkylation of
30,,20B-HSD from Streptomyces hydrogenans with 17—[2'-3H]br0moacetoxy-4—
pregnen-3-one requires one mol of steroid to completely inactivate one mol of
enzyme®. Because this experiment requires a large amount of enzyme, we were
not able to determine the stoichiometry for both enzyme forms I and 1T with all the
iodoacetoxy steroids. In fact, the stoichiometry was successfully determined only
for 178-HSD-III with the 19-iodoacetoxy derivative and it was found to be 0.71

mmol of steroid/mmol of enzyme after 30 min of inactivation (30% of enzyme



inactivated) and 1.1 mmol of steroid/mmol of enzyme after 120 min of
inactivation (85% of enzyme inactivated). The experimental details are

summarized in the Experimental section B.22.
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Figure 14. Inactivation of 17B-HSD-I by 5-Fold (+) and 40-Fold (+) of 6B-Iodo-
acetoxyandrost-4-ene-3,17-dione 38 at 25°C.

Enzyme (0.75 nmol), after Sephadex G-25 filtration, dissolved in 20 mM

phosphate buffer, pH 7.0 (127 pl) was incubated at 25°C with 6B-iodoacetoxy-
androst-4-ene-3,17-dione (3.75 nmol (+) or 30 nmol (+) in 3 pl of EGME)

Identical incubations containing 6-acetoxyandrost-4-ene-3,17-dione 39 (3.75
nmol or 30 nmol in 3 pl of EGME) were performed as control. At various time

intervals, duplicate aliquots (1 to 20 ul) were assayed for 178-HSD activity using

17B-hydroxyandrost-4-en-3-one 5 as substrate. The percentage of control is
plotted along the ordinate and the time of incubation is along the abscissa.
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Figure 15.- Inactivation of 173-HSD-I by 19-Todoacetoxyandrost-4-ene-3,17-dione

29 at 259C in the Presence (o) and Absence (+) of 17B-Hydroxy-
androst-4-en-3-one 3.

Enzyme (0.75 nmol), after Sephadex G-25 filtration, dissolved in 20 mM
phosphate buffer, pH 7.0 (127 pl) was incubated at 25°C with 19-iodoacetoxy-
androst-4-ene-3,17-dione (3.75 nmol in 1 gl of EGME) and with EGME (2 pl) or

with 17B-hydroxyandrost-4-en-3-one (3.75 nmol in 2 ul of EGME). Identical
incubations (with and without 17B-hydroxyandrost-4-en-3-one) containing

19-acetoxyandrost-4-ene-3,17-dione 31 (3.75 nmol in 1 ul of EGME) were
performed as control. At various time intervals, duplicate aliquots (1 to 20 pl)

were assayed for 173-HSD activity using 17B-hydroxyandrost-4-en-3-onc as

substrate. The percentage of control with (¢) and without (+) 178-hydroxyandrost-

4-en-3-one is plotted along the ordinate and the timé of incubation is along the
abscissa. ‘
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Figure 16. Inactivation of 173-HSD-1 by 19-Iodoacetoxyandrost-4-ene-3.17-dione
- 29 at 25°C in the Presence (+) and Absence (+) of NADP.

Enzyme (0.75 nmol), after Sephadex G-25 filtration, dissolved in 20 mM
phosphate buffer, pH 7.0 (127 pl} was incubated at 25°C with 19-iodoacetoxy-
androst-4-ene-3,17-dione (3.75 nmol in 3 pul of EGME) alone or in addition with
NADP (1.5 nmol). Identical incubations (with and without NADP) containing
19-acetoxyandrost-4-ene-3,17-dione 31 (3.75.nmol in 3 il of EGME) were
performed as control. At various time intervals, duplicate aliquots (1 to 25 pl)

were assayed for 17B8-HSD activity using 17B-hydroxyandrost-4-en-3-one 5 as

substrate. The percentage of control with (+) and without (+) NADP is plotted
along the ordinate and the time of incubation is along the abscissa.
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Figure 17. Inactivation of 178-HSD-I by 17-Todoacetoxyandrost-4-en-3-onc 44
at 25°C .

Enzyme (0.75 nmol), atter Sephadex G-25 filtration, dissolved in 20 mM
phosphate buffer, pH 7.0 (127 pl) was incubated at 25°C with 17[3-iodoacetoxy-
androst-4-en-3-one (3.75 nmol in 3 ul of EGME). Identical incubations
containing 17B-acetoxyandrost-4-en-3-one 46 (3.75 nmol in 3 pl of EGME) were
performed as control. At various time intervals, duplicate aliquots (1 to 8 pl) were
assayed for 173-HSD activity using 173-hydroxyandrost-4-en-3-one 5 as

substrate. The percentage of control is plotted along the ordinate and the time of
incubation is along the abscissa.
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Figure 18. Inactivation of 173-HSD-I by 6B-lodoacetoxyandrost-4-ene-3.17-

dione 38 at 25°C in the Presence (o) and Absence (+) of 17B-Hydroxy: .~
androst-4- en-3-one §. '

Enzyme {0.75 nmol), after Sephadex G-25 filtration, dissodved in 20

phosphate buffer, pH 7.0 (127 pl) was incubated at 25°C with 6B-iodoacetoxy-
androst-4-ene-3,17-dione (3.75 nmol in 1 pl of EGME) and with EGME (2 ul) or

with 17B-hydroxyandrost-4-en-3-one (3.75 nmol in 2 pl of EGME): Identical
incubations (with and without 17B-hydroxyandrost-4-en-3-one) containing
6B-acetoxyandrost-4-ene-3,17-dione 39 (3.75 nmol in 1 ul of EGME) were
performed as control. At various time intervals, duplicate aliquots (1 to 20 ul)
were assayed for 173-HSD activity using 17B-hydroxyandrost-4-en-3-one as

substrate. The percentage of control with (o) and without (+) 17B-hydroxyandrost-

4-en-3-one is plotted along the ordinate and the time of incubation is along the
abscissa. ‘ I
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Flgurc 19. Inactivation of 17B-HSD-I by 6B-lodoacetoxyandrost-4-cfie- ? 17-
dione 38 at 25°C in the Presence (+) and Absence (+) of NADP.

Enzyme (0.75 nmol), after Sephadex G-25 filtration, dissolved in 20 mM

phosphate buffer, pH 7.0 (127 1) was incubsted at 25°C with 6B-iodoacetoxy-
androst-4-ene-3,17-dione (3.75 nmol in 3 ul of EGME) alone or in addition with
NADP (1.5 nmol). Identical incubations (with and without NADP) containing
6f3-acetoxyandrost-4-ene-3,17-dione 39 (3.75 nmol in 3 pl of EGME) were
performed as control. At various time intervals, duplicate aliquots (1 to 20 ul) -
were assayed for 173-HSD activity using 17B-hydroxyandrost-4-en-3-one 5 as

substrate. ‘The percentage of control with (+) and without (¢ NADP is plotted
along the ordinate and the time of incubation is along the abscissa.
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o Figure 20. Inactivation of 17[3- HSD-I th}IB Iodmcetoxv‘mdros't 4-ene-3.17-

dione 41 _at 259C.

[+]

Enzymc (0 75 nmol), after Sephadex G- 25 filtration, dissolvc‘d in 20 mM

phosphate uffer, pH 7.0'(127 pl) was incubated at 25°C with 11B-iodoacetoxy-
andro®-4;ene-3,17- dione ( 30 nmollin 3 ul of EGME). Identical incubations

containing | {[3 acetoxyandrost-4 ene-3,17-dione 42 .(30'nmol in 3 il of EGME)
were performad 46 control. At vanous time intervals, duplicate aliquots (1 to25

‘ ul) were, assayed for 173-HSD a(.tlvxty using 17B-hydroxyandrost-4-en-3-one 5 as

substrate. Thie percentage of control is plotted along the ordmate and the time of
mcubmon is glong the abscissa. —_—
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Figuré 21. Inactivation 04 170-HSD-T by 3-lodoacetoxy-1,3.5(10)-estratrien-17-

dne 52 at 25°C in the Presence (o) and Absence (+) of 17B Hydroxyv-
androst-4- en-3-one 5. o

Enzyme (0.75 nmol), after Sephadex G-25 filtration, dissolved in 20 mM

phosphate buffer, pH 7.0 (127 ul) was incubated at 25°C with 3- iodoacetoxy-1,3,”
5(10)-estratrien-17-one (3.75 nmol in 1 pti of EGME) and with EGME (2 pl) or

with 17f-hydroxyandrost-4-en-3-one 5 (3.75 nmol in 2 pl of EGME). Identical
incubations (with and without 17B-hydroxyandrost-4-en-3-one) containing -

3-iodoacetoxy-1,3,5(10)-estratrien-17-one 53 (3.75 nmol in 1.yl of EGME) were
performed as control. At various time intervals, duplicate aliquots (1 to 15 ul)

were assayed for 17[3-HSD activity using 17B-hydroxyandrost-4-en-3-one as

substrate: The pergentage of control with (o) and without («) 17B-hydroxyandrost-
4-en-3-one is plottéd along the ordmate and the time of mcubahon i1s along the,

| @bsmssa
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Figure 22. Inactivation of 178-HSD-I by 19-Todoacetoxy-5B-androstane-3.17-

dione 34 at 25°C in the Presence (o) and Absence ;*.) of 3a-Hydroxy-
S5B-androstan-17-one 20.

Enzyme (0.75 nmol), after Sephadex G-25 ﬁltratlon dissolved i m 20 mM

phosphate buff;L{ pH 7.0 (127 pl)was incubated at 25°C with 19/ iodoacetoxy-5p-
androstane-3,17-dione (3.75 hmol in 1 pl of EGME) and with EGME 2ul)or

with 3o-hydroxy-5B-androstan-17-one (3.75 nmol in 2 pl of EGM!%) Identical
incubations (with and without 3a-hydroxy- SB—androstam 17-one) containing
19-acetoxy-5B-androstane-3,17-dione 36 (3.75 nmol in 1 pl of EGME) were '
performed as control. At various’time intervals, duplicate aliquots (1 to 25 pl)
were assaygd for 17B-HSD activity using 17B-hydroxyandrost4-§1-3;one 5§ as,
substrate. The percentage of control wlig:n(e) and without (+) 3&-hydroxy-5[3-

androstan-17-one is plotted along the or¥finate and the time of incubation is along
the abscissa. ' -
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Figure 23. Inactivation of 173-HSD-1b
r dione 34_at 259C in the Présence (+) and Absence (+) of NADP.

Enzyme (0.75 nmol), after Sephadex G-25 filtration, dissolved in 20mM
phosphate buffer, pH/7.0 (127 pul) was incubated at 25°C with 19-10d0acetqa:y- '
5B- androstan_e,}fl‘fdlone (3.75 nmol in 3 pl of EGME) alone or in addition with
NADP (1. S ‘nmol). Identical incubations (with and without NADP) containing
19-acetoxy-5[3.androstane-3,17-dione.36 (3.75 nmol in 3 pl of EGME) were
performed as control. At various time intervals, duplicate aliquots (1 to 4 pl) were .

assayed for 17B-HSD activity using 17B-hydroxyandrost-4-en-3- oné’s as

substrate. The percentage of control with (+) and without (+) NADP is ploned
along the ordinate and the time of mcubatlon is along the abscissa.
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Figure 24, Inactivation of 173-HSD-I by 17B-Iodoacetoxy-583-androstan-3-one 48
at 259C in the Presence (+) and Absence (+) of NADP.

Enzyme (0.75 nmol), after Sephadex G-25 filtration, dissolved in 20 mM *
phosphate buffer, pH 7.0 (127 ) was incubated at 25°C with 17B-iodoacetoxy-
5B-androstan-3- one (3.75 nmol in 3 pl of EGME) alone or in addition with NADP
(1.5 nmol). Identical incubations (with and without NADP) containing \
17(3-acetoxy-5B-androstan- 3-one 50 (3.75 nmol in 3 p.i of EGME) were
performed as control. At various time intervals, duplicate aliquots (1 to 3 pl)were

assayed for 17B-HSD activity using 17B-hydroxyandrost-4-en-3one 5 as

substrate. The percentage of control with (+) and without (+) NADP-is plotted™
along the ordinate-and the time of incubation is alontT the abscissa. The values are
the mean of duplicate experiments. T
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Figure 25. Inactivation of 173-HSD-III by 19-lodoacetoxyandrost-4-enc-3,17-

dione 29 at 25°C alone (+) and in the Presence of 173-Hydroxy-
androst-4-en-3- one § (o) or NADP (#).

Enzyme (0.75 nmol), after Sephadex G-25 ) filtration, dissolved in 20 mM
phosphate buffer, pH 7.0 (127 pl) was incubated at 25°C with 19-iodoacetoxy-
androst-4-ene-3,17-dione (3.75 nmol in 1 pl of EGME) and wiih EGME (2 pl). _
Similar incubations were performed containing in addition 17pB-hydroxyandrost-
4-en-3-one (3.75 nmol) or NADP (1.5 nmol). Identical incubations (with and
without 173-hydroxyandrost-4- en-3-one or NADP) containing 19-acetoxy-
androst-4-ene-3,17-dione 31 (3.75 nmol in 1 pl of EGME) were performed as
control. At various time intervals, duplicate aliquots (1 to 20 pl) were assayed for
17B-HSD activity using 17B-hydroxyandrost-4- en-3-one as substrate. The

percentdge of control alone () or with 173-hydroxyandrost-4-en-3-one (o) or

with NADP (+) is plotted along the ordinate and the time of incubation is along the
abscissa, . .
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Figure 26. Inactivation of 178-HSD-III by 17B-lodoacetoxyandrost-4-en-3-one 44
at 25°C .

Enzyme (0.75 nmol), after Sephadex G-25 filtration, dissolved in 20 mM
I phosphate buffer, pH 7.0 (12// nl) was incubated at 25°C with 17B-iodoacetoxy-
androst-4-en-3-one (3.75 nynol in 3 pl of EGME). Identical incubations
. containing 17B-acetoxyandrost-4-en-3-one 46 (3.75 nmo! in 3 il of EGME) were
"performed as control. At various time intervals, duplicate aliquots (1 to 15 pl)
were assayed for 17B-HSD activity using 17B-hydroxyandrost-4-en-3-one 5 as

substrate. The percentage/of control is plotted along the ordinate and the time of
incubatioer1g the abfscissa.

/
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Figure 27. Inactivation of 178-HSD-ITI by 6B-Iodoacetoxyandrost-4-ene-3,17-
dione 38 at 25°C in the Presence () and Absence { +) of 17(3-Hydroxy-

androst-4-en-3-one 5.

Enzyme (0.75 nmol), after Sephadex G-25 ﬁltration, dissolved in 20 mM

phosphate buffer, pH 7.0 (127 pl) was incubated at 25°C with 6B-iodoacetoxy-
androst-4-ene-3,17-dione (3.75 nmol in 1 pl of EGME) and with EGME (2 pl) or

with 17B-hydroxyandrost-4-en-3-one (3.75 nmol in 2 pl of EGME). Identical
incubations (with and without 17B-hydroxyandrost-4-en-3-one) containing
6B-acetoxyandrost-4-ene-3,17-dione 39 (3.75 nmol in 1 pl of EGME) were
performed as control. At various time intervals, duplicate aliquots (1 to 20 pl)
were assayed for 173-HSD activity using 17B-hydroxyandrost-4-en-3-one as

substrate, The: percentage of control with (o) and without (+) 17B-hydroxy-

androst-4-en-3-one is plotted along the ordinate and the time of incubation is along
the abscissa.
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Figure 28. Inactivation of 178-HSD-I1] by 6B-IodoacetoxvanggostA-ene—3,17—
dione 38 at 25°C in the Presence (+) and Absence (+) of NADP.

Enzyme (0.75 nmol), after Sephadex G-25 filtration, dissolved in 20 mM
phosphate buffer, pH 7.0 (127 pul) was incubated at 25°C with 6B-ipdoacetoxy-
androst-4-cne-3,17-dione (3.75 nmol in 3 pl of EGME) alone or irf addition with
NADP (1.5 nmol). Identital incubations (with and without NADP) containing
6f3-acetoxyandrost-4-ene-3,17-dione 39 (3.75 nmol in 3 ul of EGME) were

- performed as control. At yarious time intérvals, duplicate aliquots (1 to 20 pul)
were assayed for 173-HSD activity using 17B-hydroxyandrost-4-en-3-onc 5 as

substrate. The percentage of control with (+) and without (+) NADP is plotted
along the ordinate and the time of incubation is along the abscissa. -
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Figure 29. Inactivation of 178-HSD-III by | ]'B—Iodvoahtoxmndms[-tl-cnc-?,,i7-
dione 41 at 25°C. an '

Enzyme (0.75 nmol), after Sephadex G-25 filtration, dissolved in 20 mM
phosphate buffer, pH 7.0 (127 ul) was incubated at 25°C with | 1B-iodoacetoxy-
androst-4-ene-3,17-dione (30 nmol in 3 ul of EGME). Identical incubations
containing 11f-acetoxyandrost-4-ene-3,17-dione 40: (30 nmol in 3 pl of EGME)
were performed as control. At various time intervals, duplicate aliquots (2 to 16
ul) were assayed for 17B-HSD activity using 17B-hydroxyandrost-4-en-3-one 5 as
substrate. The'percentage of control is-plotted along the ordinate and the time of
incubation is along the abscissa.

\
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[Figure 30. Inactivation of 178-HSD-III by 3-lIodoacetoxy-1.3.5(10)-estratrien-17-
one 52 at 25°C in the Presence (o) and Absence ) of 178-Hydroxy-

androst-4- en-3-one 5.

Lnzyme (0,75 nmol), after Sephadex G-25 filtration, dissolved in 20 mM
phosphate buffer, pH 7.0 (127 pul) was incubated at 25°C with 3-iodoacetoxy-1,3,
5(10)-estratrien-17-one (3.75 nmol in 1 pl of EGME) and with EGME (2 ul) or

with 17B-hydroxyandrost-4-en-3-one (15 nmol in 2 pl of EGME). Identical

.incubations (with and without 17B-hydroxyandrost-4-en-3-one) containing
3-iodoacetoxy-1,3,5(10)-estratrien-17-one 53 (3.75 nmol in 1 pl of EGME) were
performed as control. At various time intervals, duplicate aliquots (1 to 20 pl)
were assayed for 17B-HSD activity using 17B-hydroxyandrost-4-en-3-one as

substrate. The percentage of control with (o) and without (+) 17[3-hyﬁroxy-

androst-4- en-3-one is plotted along the ordinate and the time of incubation is along
the abscissa.
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Flﬁure 31. Inactivation of 173-HSD-III by 19-lodoacetoxy-53-androstanc-3.17-
dione 34 at 25°C in the Presence (o) and Absence () of 3a-Hydroxy-

: [i-androstan- 17-one 20.

Enzyme (0.75 nmol), after Sephadex G-25 filtration, dissolved in 20 mM
phosphate buffer, pH 7.0 (127 pl) was incubated at 25°C with 19-iodcacetoxy-

5B-androstane-3,17-dione (3.75 nmol in 1 pi of TGME) and with EGME (2 pl) or
with 3a-hydroxy-5B-androstan-17-one (3.75 nmol in 2 pl of EGME). Identical
incubations (with and without 3a-hydroxy-5[3-androstan—l7-o_nc) containing
19-acetoxy-5{3-androstane-3,17-dione 36 (3.75 nmol in 1 ul of EGME) were
performed as control. At various time intervals, duplicate aliquots (1 to 30 pl)
were assayed- for 17B-HSD activity using 178-hydroxyandrost-4-en-3-one 5 as

substrate. The percentage of control with (e) and without (+) 3a-hydroxy-503-

androstan-17-one is plotted along the ordinate and the time of mcubatlon is along
the abscissa.
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Figure 32. Inactivation of 178-HSD-IIT by 19-Todoacetoxy-SB-androstane-3.17-
dione 34 at 25°C in the Presence (+) and Absence () of NADP.

Enzyme (0.75 nmol), after Sephadex G-25 filtration, dissolved in 20 mM
’ ]
phosphate buffer, pH 7.0 (127 pl) was incubated at 25°C with . 19-iodoacetoxy - -

5B-androstane-3,17-dione (3.75 nmol in 3 pl of EGME) alone or in addition with .
NADP (1.5 nmol). Identical incubations (with and without NADP) containing _ .-
19-acetoxy-5p-androstane-3,17-dione 36 (3.75 nmol in 3 ulof EGME) were . -,

performed as control. At various time intervals, duplicate aliquots (1 to 3 pl) were

assayed for 17B-HSD activity using 17B-hydroxyandrost-4-en-3-one 5 as

substrate. The percentage of control with (+) and without (+) NADP is plotted
along the ordinate and the time of incubation is along the abscissa.
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Figure 33. Inactivation of 17B;HSD-III by 17B-Todoacetoxy-5@3-androstan-3-onc
48 at 25°C in the Presence (+) and Absence (+) of NADP.

Enzyme (0.75 nmol), after Sepﬁadex’G-ZS filtration, dissolved in 20 mM .
phosphate buffer, pH 7.0 (127 pl) was incubated at 25°C with 17B-iodoacetoxy-
5B-androstan-3-one (3.75,.nmol in 3 ul of EGME) alone or in addition with NADP
(1.5 nmol). Identical incubations (with and without NADP) containing
17B-acetoxy-5p-androstan-3-one 50 (3.75 nmol in 3 i of EGME) were
performed as control. At various time intervals, duplicate aliquots (1 to 3 ul) were
assayed for 17B-HSD activity using 178-hydroxyandrost-4-en-3-one 5 as
substrate. The percentage of control with (+) and without (+») NADP is plotted
along the ordinate and the time of incubation is along the absciss.g./ ‘
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1. Amino A01d Analysis After Inactivation of 173-HSD wnh
( * lodo[2-1%Clacetoxy Steroids. © -,

[

-

Amino acid residues, modified by iodo[l"'a‘]acetoxy steroids were
identified by oomparing the high pressure liquid chromatography (HPLC)

- fractions containing rad10act1v1ty to the retention times of standard carboxy-
methylated amino acids. Standard carhoxymethylated amino acids were first -
synthesized and their retention times were determined as sumniarized in Table v,
Amino acid analysis was then performed on the 6 N HCI hydrolysis products of the

N 17B-HSD inactivated with iodo[2'—14C]acetoxy steroids. The elution patterns

4

- from amino acid analysis of hydrolysis products from inactivation.of 17B-HSD are

illustrated in Flgures 34,35 and 36 for 6B-iodo[2'- 1"‘1'C].f;lcetoxyandrost 4-efe-3,

~ 17-dione 40 with enzyme form I and for 19-iodo[2'- 1‘d’C]acetoxy 5B-androstane-

3,17-dione 37 with egzyme forms I and TII, respectively. In all three cases, the
major peak of radicactivity coincides with the retention time of S—cagboxymethyl—

L-cysf‘eir}e. Similarly, the radioactive profile of inactivated 17(3-HS enzyme
. form I with 19-iodo[2"-14Clacetoxyandrost-4-ene-3,17-dione 33 is shown in
‘Figure 37. 1t should be noted in Figure 37 that only one radioactive peak
corresponding to S-carboxymethyl-L-cysteine is found, after I or 3 H, when the‘

17B-HSD enzyme form III has been inactivated with the 19-iodoacetoxy derivative
'33. The difference between 1 or 3 h inactivation is in the amount of ra‘dioac'tivity -
| ‘incorporated. To confirm that the radioaeti?ity was really due to S-carboxy-
methyl- L-cysteme we carried out a performic acid oxidation. It was reported by
Takahashl80 tha_uhe product of performic oxidation of S- carbo:bymethyl L-
cysteine is S-carboxymethyl-L-cysteine sulfone, which has a shorter retention time
than S-carboxymethyl-L-cysteine. As illustrated iri Figure 37, the radioactivity is

Y,



shifted to a shorter retention time upon performic acid oxldatlon thus confirming
' that the modlfled amino amd is S- [14C]carboxymethyl Igcysteme - =
\

The radioactive proﬁles from amino acid analysiﬁ\of hydrolysis
products obtained after inactivation (3 h) of 17B-HSD enzyme forms I and III are
summarized in Tables V and VI, respectively: In most cases, the majority of the
radipactivity coincidgfs with S-carbole-L—cysteine. But in so :
Nn,NT-d”icarboxyme'thyl-L-histidine‘ is found to account for 25% of the
radioactivity when, for example, 173-HSD-1 is inactivated with 17B-iodo[2'-

acetoxyandrost-4-en-3-one 47. One possible explanation for the formation of
N7 NT-dicarboxymethyl-L-histidine is that a single alkylation of the active site
histidine predisposes it to a second alkylation of the 1m1da§1e ring>4, We see
that for both enzyme fonns I and I11, the unsaturated iodoacetoxy steroids 33, 40
and 47 give mainly S-cﬁrboxymethyl—L—cysteine although with the derivative 47
we notice a more complex profile. The complexity of the profile of carboxy-
methylated amino acids increases with the saturated iodoacetoxy derivatives 37
and 51. There are minor differences between the enzyme forms I and Hi; when we
compare their radioactive profiles on inactivation by the unsaturated derivatives

. 47,40 and the saturated derivative 51. The difference is in the proportion of
labeled amino acids for the denvatwes_:_ll and 51. For the derivative 40, the
difference is in the labeling of two other amino acids, besides cysteine for enzyme
form III, whereas for the enzyme form I only cysteine is found labeled. Two
radioactive peaks, with retention times of 6.50 and 19.00 min, did not correspond
to ahy of our standards. It is possible that the unknown derivative with a retention
time of 6.50 min could be glycolic acid since the unknown is eluted at a position

similar to that reported for glycolic acid by Sweet and Samant®,

k



Glycolic acid was found to be the major radloactwe peak (80%) when 17[2'- 3H]
bromoacetoxy-4-pregnen-3-one inactivated 3o 20[3 HSD from Streptomyces
hydrogenans thus showing that this bromoacetoxy denvatwe reacted with an

aspartic or g tam1c acid residue at the active site of the f:nzyme"‘9 To confirm if
the unknown resudue at 6.50 min is glycolic acid we would need to add authentic
tritiated glycolic acid to the [14C]hydrolysatc before amino acid analysisand_ —

determine whether the [3H] and [14C] peaks co-elute. since glycolic acid does not
react with ninhydrin.

As we previously mentioned in the introduction, histidine and cysteine -
are the most frequent amino acids found to react with haloacetoxy steroids.

Histidine, cysteme and lysine remdues were identified in the active site of the

17B-estradiol dehydrogenase from human placenta!®®, Similarly, hlsd/ inesA7,

45,48

cysteine™** and methionine** residues were found in the active slte of )

30,20B-HSD from Strepromyces hydrogenans. .

€
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- " TABLE }V

| RETENTION TIME OF STANDARD AND CARBOXYMETHYLATED AMINO ACIDS.

1.

AMINO ACID . RETENTION TIME
* (minutes)

L-Histidine - 81.23
N",,NT-DicgrboxymethyI-L-H‘i;t;c;ne 4.64
N™-Garboxymethyl-L-Histidine . 2289
N‘-Carboxymethyl-L-HIsti-dine 34.39
L-Cysteine ) 34.79’
S-Carboxymethyl-L-Cysteine. | | 9.70
L-Lysine_ | | | 75.81
NO_Carboxymethyl-L-Lysine ~ — . 30.48
L-Methionine. | ) - 41.94

Carboxymethyl-L-methionine 18.53
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Figure 34.

Enzyme (10 nmol) after Sephadex G-25 ﬁltratlon was inactivated with
6|3 iodo{2'- 14C]acctoxyandrost—«‘-l -ene-3,17-dione (50 nmol) for 3 h at 25°C and
hydrolyzed as described in the Expenmental section 20. Standard carboxy-
methylated histidine and cysteine were added to the sample mixture prior to amino
~—acid analys:s The retention time is plotted along the abscissa. The ninhydrin

absorption is along the ordinate (full line) as well as the radioactivity (dotted line).
The ninhydrin absorption peaks for the standard carboxymethylated amino acids

+  are not drawn but indicated by letters.
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Flgure 35. Elution Pgm:m erm Amino Acid Analyglg of Hyiirolyms Prgducts _
- - PAR XVy-

. Enzyme (10 nmol) after Sephadex G-25 filtration, was inactivated with
19-IJodo{2'- 4C]acetoxy 5B-androstane-3,17-dione (50 nmol) for 3 'h at 25°C and
hydrolyzed as described in the Experimental section 20. Standard carboxy-
methylated histidine and cysteme were added to the sample mixture prior to amino
acid analys1s The retention time is plotted along the abscissa. The ninhydrin
absorption is along the ordinate (full line) as well as the radioactivity (dotted line).
The ninhydrin absorption peaks for the standard carboxymethylated amino acids
are not drawn but indicated by letters.
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Figure 36.

Enzyme (10 nmol) after Sephadex G-25 filtration, was inactivated with

-19-Todo[2"-14Clacetoxy- -5p-androstane-3,17-dione (50 nmol) for 3 h at 250C and
hydrolyzed as described in the Experimental section 20. Standard carboxy-
methylated histidine and cysteine were added to the sample mixture prior to amino
acid analysis. The retention time is plotted along the abscissa. The ninhydrin
absorption is along the ordinate (full line) as well as the radioactivity (dotted line).
The ninhydrin absorption peaks for the standard carboxymethylated amino acids
are not drawn but indicated by letters.
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Figure 37. Radioactive Profile Before and After Oxidation from Amine Acid

. Enzgme (10 nmol) after Sephadex G-25 filtration, was inactivated with 19-Iodo-
C]acetoxyandrost—4 ene-3,17-dione (50 nmol) for 1 and 3 h at 25°C,
hydrolyzed and oxidized as described in the Experimental sections B.20 and B.21.
The radioactivity i is plotted along the ordinate and the fraction number is along the
abscissa. S
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TABLEY

Radioactive Profile from Amino Acid Analysis of Hydrolysis Products
from 3 h Inactivation of 17B-HSD-1 with Various lodoacetoxy Steroids.

.

Stéroids Retention time  %Radio- Carboxymethy- %Reco-  %Radio-
' (minutes)  activity lated amino acid very activity

, after oxi-
_ 0 0 _ dation
\Yen, Lo
T2 3.50 0 60 100
33 9.70 60 CM-Cys 0
]
] 350 . 0 . 93 ~90
0o - a 4.64 6 N™, NT-Di-CM-His
n“‘miojgﬁ 6.50 8 -
9.70 71 CMCys 0
37 19.00 4
0 ) 34.39 4 NT™-.CM-His
| ' P'M
' OC CHpl 350 0 / 86 ~77
464 - 25 NZ, N*-Di-CM-His
" 6.50 16 ~6
9.70 45 CM-Cys 0
0 .
0 '
ha
PC*CHyl 350 0 91 ~90
464 18 N™, N%-Di-CM-His
6.50 21 ~5
51 .. " 970 44 CM-Cys
0 19.00 8 ‘
H
0 : 74
74 CM-(}ys
0 : 100 ~90
98 CM-Cys 0

or



Steroids Retention time

14.,, |
CH,CO

b
e

OC CH]

ngs?
0

f:'"cw 350~

{minutas)

3.50

 6.50

9.70

3.50
4.64
6.50
9.70
19.00
22.89

4.64
6.50
9.70
19.00

3.50
4.64
6.50
9.70
19.00
34.39

3.50
9.70

3.50
4.64
6.50
8.70

TJABLE VI

Radloag_tua_ar_o_fl_a fram Amino Acid Analysis of Hydrolysis Products
from 3 h Inactivation of 173-HSD-Il with Varlous Iodoacetoxy Steroids.

%Radio- Carboxymethy-

activity lated amino acid very

CM-Cys

N¥, N*-Di-CM-His

CM-Cys

NT-CM-His
NT, N*-Di-CM-His

CM-Cys

N7, NT-Di-CM-His
CM-Cys
NT-CM-His

CM-Cys

N7, N®-Di-CM-His

CM<Cys

100

96
<

82

95

a9

89

1)

%Reco- %Radio-

activity-
after oxi-
dation

~99

~90

~83

O~
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J. Radi ive Peptide Maps After Inactivation of 178-

Iodo[2'-14Clacetoxy Steroids.
Since cysteine is the major amino acid modified by the different
iodoacetoxy steroids, the following question needed to be answered: are these
cysteines located at the same or at different positions in the enzyme active site?

-
- — .

Preliminary work was done to determine the number of cysteine

residues present in each form of the 173-HSD. However, we were not able to
determine the number of cysteine groups using the electrophoretic method of
Stan-Lotter and Bragg®. This procedure is based on Creighton's method*and
involves the reaétion of cysteine-cdntaining denatured and reduced polypeptides
with iodoacetic acid or iodoacetamide thus introducing acid carboxymethyl groups
or neutral iodoacetamide groups, respectively. Then by using various ratios of
iodoacetamnide : iodoacetic acid, a spectrum of polypeptide molecules is generated C
having 0 to n acidic carboxymethyl groups, where n is the number of cysteine
residues per molecule of polypeptide. These species are separated by gel
electrophoresis based on charge and the number of cysteine groups is determined
‘ by counting tﬁé'b'ands corresponding to the n+1 species present. It was hoped that
having found the number of cysteine groups by this method, we could first
inactivate the enzyme with the [14C]-iodoacetoxy steroid, then apply Stan-Lotter
and Bragg's method to determine how many radioactive cysteine groups have been
modified. It was possible to establish conditions which prevented the formation of

carbamates since we got one major protein band of inactivated 173-HSD-I with
19-iodo[2‘-14C]acetoxyandrost—4—ene-3,17-dione 33, after overnight urea -
denaturation (Figure 38). When the urea was not treated with the mixed-Bed resin,

multiple bands were found when urea isoelectric focusing gel was performed with

o ’ ad

- ?
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pure 173-HSD enzyme.' However, we were unable to obtain only one band when
the enzyme wds treated with iodoacetic acid or iodoacetamide.

¢~ -

" The purpose of peptide mdpping was to get more information about the
Igcation of the labeled cysteine residues and to compare the active sites of enzyme
forms L and III. Peptides were generated b'y treating the inactivated enzyme with

. chymotrypsin and the peptidés were separated by electrophoresis and chromato-
graphy on cellulose sheets. _These maps show only the radioactive peptides. The
maps obtained for both enz.yme forms I and III are shown in Figures 39 to 52.
Similar maps are obtained aftef 1 or 3 h inactivation, as illustrated by compngpg
Figures 39-40, 41-42 an_jd 49:50. However, comparison of the peptide maps for
enzyme fdrm I with ﬂlose for enzyme form Il indicates différences in the active

site regions of these enzymes. The similarity#ef the peptide maps of enzyme form I

inactivated with 6B~iodo[2'-14C]acetoxyandrost-4-ene-3,17-dione 40 (Figure 43)
and 19-iodof2T-I4C] acétoxyandrost-4-en¢-3,17-dione 33 (Figure 40) suggests that
both of these analogues inactivate the same or neighbouring cysteines.

Examination of Drieding melecular models for both,compounds 33 and 40 clearly

indicates that the 19-iodoacetoxy group is free to rotate and may reach a position

* which is also accessible to the 6p-iodoacetoxy grpﬁp‘ W_ith‘ enzyme form III, this

similarity is less apparent (Figures 47 and 50) but the same dominant spot is present
in both radioactive peptide maps. e .

¢ - : T
We previously found that inactivation by substrate analogues is
preyented to a greater extent by NADP than by steroid substrate. This sn*ggests that
- »

these analogues may be reacting with a cysteine residue present in the cgfactor

binding site. To verify our hypothesis, 17B-HSD enzymes were inactivated with

-
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6B-iodo[2'- 14C]acetoxyandro§t-4-ene 3, 17 dione 40 and 19-iodo{2' 44C]ﬁk:etoxy¢
androst-4-ene-3,17-dione 33 in the presence of NADP (Figures 53 to 56)
However, there is almost no difference i in the radioactive peptide m'lps (Flgures 40
and 53, 47 and 55) for both enzyme forms when they are inactivated, in the
preser;ce or absence of NADP, with the 19-iodoacetoxy steroid 33. Similarly,
when both enzyme forms are inactivated’in the presence or absence of NADP with
the 6B-iodoacetoxy steroid 40 (Figures 43 and 54, 50 and 56), only very minor
differences can be detected. From this result, we may postulate that the cysteine
residue is possibly located nearer the cofactor'binding site than the substrate
binding site. These results indicate that no alternative binding site is accessible to
the affinity label thus it is competing with the NADP cofactor for the same site

. geontaining the reactive cysteine. - '

Initially, 19—iodo[2'-14C]acetomndrost-4-ene-3,17-dione 33 and
19-iodo[2'—14C]acetoxy-5[3-androstane-3,17—dione 37 were designed to react with

amino acid residues located in the site of the 17B-HSD and 3a-HSD, respectively.
The objective was to find out if one or two sites were responsible for both 3- and

17-HSD activities. Sweet and Samant®® proposed two models for steroid binding at
the active site of 3¢.,20B-HSD. The first model represents a single steroid binding
cavity with two cofactor (NADH) sites, one located near C-3 thus delivering the
3[3-hydride and the other Iocatt;,d near C-20 thus éelivering the 200-hydride. In
this model the steroid substrate is restricted to a single enzyme-substrate complex.
The second model represents two different enzyme-substrate complexes: thére is
only one site for the cofactor (NADH) delivering the 3f3- or 20c-hydride. The two
engyre-substrate gomplexes are related through 1800 rotation of the steroid at th

e

active site. The rad%ac@eptide maps obtained upon inactivation of it}iS/rI
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with both compounds 33 and 37 (Figures 40 and 42) are similar thus suggesting

that both analogues may share the same active site. This similarity is less apparent

for I7B-HSD-III (Figures 47 ahd 48), one peptide (indicated by an arrow) is

present when the 173-HSD-III is inactivated with the unsaturated analogue 33 and

is absent when the enzyme is inactivated wi‘g the safurate_d analogue 37. The
peptide maps obtained when 17B-HSD-1 is inactivated with both 17Bsiodo{2'-14C]-
acetoxy-5f3-androstan-3-one 51 and 17[3'-iodo[2'-14C]acetoxyandrost—4—en-3-one

47 (Figures 45 and 44) are similar. With 178-HSD-II, however, tié same —t

conclusion cannot be made, the peptide maps being different and more difficult to

compare (Figures 52 and 51).

™~

K. Summary.

In summary, the purpese of this investigation was to obtain information

on the topography of the 173-HSD enzyme forms I and I1I isolated from female
rabbit liver utilizing the affinity labeling technique. Besides the comparison of the
active site of both enzyme forms I and I, the possibility of one or two active sites

responsible for both 3¢- and 17B-hydroxysteroid dehydrogenase actiyities was

also raised. ~ \

4 | We found that all substrate analogues synt.hesized@étivated both forms /

~ of the 17B-HSD enzyme reacting primarily with one or more cystegne residues /
present in the enzymes. The fact that inactivation by the substrate analogues is
preve a greater extent by NADP than by steroid substrate suggests that the
cysteine ;ﬁaue is néarer the cofactor binding site than the substrate binding site. )

—



Substrate analogues with 1odoacetox-y groups located at C-6 or C-19 likely label

the same or ne bouring cysteine mmdues as indicated by the similarity of the
\

peptide maps obtained when both C-6 and C-19 derivatives reacted with 173-HSD
enzyme forms I and III. The similarity of the peptide maps obtained following
inactivation with 19-iodo[2'- 14C]acetoxyandrost 4-ene-3,17-dione 33 and
19-iodo[2'- 14C]acetoxy 5[3~;:c;§ostane-3 17-dione 37 suggest that a smgle active

site would be responsible for the C-3 and C-17 activities of both enzyme forms of

the 17B-HSD.

It was previously emphasized by Murdock and co-workers?, with

173-HSD from human placenta, that the majority of residues modified by steroid

derivatives were cysteine residues. Since Crastes de ‘Pa}llet and co-workers'® have
shown that most of these cysteine residues are nonessential for catalytic activity or
are located in the cofactor binding region of the enzyme, recent studies? were
directed toward evaluation of the involvement of the minor histidine residues

present in the active site also lgReled with affinity reagents but to a lesger extent. In

order to get a more complete understanding of the 17[3-HSD active site of both

enzyme forms I and III studies should be oriented toward the isolation, sequencing
and comparison of the radioactive peptides obtained by the various iodoacetoxy
steroids. _ ( '

1
Mot



Figure 38. Urea Isoelectric Polyacrylamide-Gel Electrophoresis of
Inactivated 173-HSD-I with 19-Todo[2'-14Clacetoxy-

androst-4-ene-3,17-dione 33.

Enzyme (2 nmol) was inactivated with 19-iodo[2‘—14C]acetdxyandrost-4-ene—3,17—

dione for 3 h at"25°C. The inactivated enzyme was treated with 8 M urea

overnight. The solution was concentrated with a Centricon apparatus and applied

on an urea polyacrylamide gel (described in the Experimental section B.17),

i_s(;)glectﬁc focusing was carried out at 4°C for 30 min at 450 V followed by 4 h at
V. . ‘ .
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Figure 39. Peptide Map of the Chymotrypsin Digest orf 1 h Inactivation -
of 17B-HSD-1 by 19-Todo[2"-!4Clacetoxyandrost-4-ene-
17-dione 33. |

Electrophoresis (450 V, 1 h) was carried out at pH 2.1 in the first dimension.
Elution in the second dimension was done in isobutanol : acetic acid : water :
pyridine, 60 : 12 : 48 : 40. The peptides were located by autoradiography. The
location of the tracking dye N-epsilon-mono-dinitrophenyl-L-lysine monochloride
}indicated by an arrow.

¢
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Figure 40. Peptide Map of the Chymotrypsin Digest of 3 h Inactivation

of 173-HSD-I by 19—Iod012'-14C|acetoxyandrost-4-enc-3,
17-dione 33- —

L

Electrophoresis (450 V, 1 h) was carried out at pH 2.1 in the first dimension.
Elution In the second dimension was done in isobutanol : acetic acid : water :
pyridine, 60 : 12 : 48 : 40. The peptides were located by autoradiography. The
location of the tracking dye N-epsilon-mono-dinitrophenyl-L-lysine monochloride
is indicated by an arrow. : . |
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Figure 41. Peptide Map of the Chymotrypsin Digest of 1 h Inactivation

= 17-dione 37.

Electrophoresis (450 V, 1 h) was carried out at pH 2.1 in the first dimension.
Elution in the second dimension was done in isobutanol : acetic acid : water :
pyiridine, 60 : 12 : 48 : 40. The peptides were located by autoradiography. The
location of the tracking dye N-epsilon-mono-dinitrophenyl-L-lysine monochloride
1s indicated by an arrow.

. , = \ .

of 173-HSD-1 by 19-Todo[2-14¢C |acetoxy-SP-androstane-3,
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Figure 42. Peptide Map of the Chymotrypsin Digest of 3 h Inactivation

of 17B-HSD-1 by 19-Todo[2"-14Clacetoxy-58-androstane-3,
17-dione 37. .

Electrophoresis (450 V, 1 h) was carried out at pH 2.1 in the first dimension.
Elution in the second dimension was done in isobutanol : acetic acid : water :
pyridine, 60 : 12 : 48 : 40. The peptides were located by autoradiography. The .
location of the tracking dye N-epsilon-mono-dinitrophenyl-L-lysine monochloride
is indicated by an arrow.
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Figure 43. Peptide Map of the Chymiotrypsin Digest of 3 h Inactivation
of 173-HSD-1 by 6B-Iodo[2-14Clacetoxvandrost-4-en6-3.
‘ 17-dione 40. / S

Electrophoresis (450 V, 1 h) was camatrtﬁt/pb}iﬁ—&mﬂ;@%n.
Elution in the second dimension was done in isobutanol : acetic acid : water :
pyridine, 60 : 12 : 48 : 40. The peptides were located by autoradiography. The
location of the tracking dye N -epsilon-mono-dinitrophenyl-L-lysine monochloride
is indicated by an arrow. ‘
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. of 178-HSD-I by 17B-Todo[
one47.

Electrophoresis (450 V, 1 h) was carried out at pH 2.1 in the first dimension.
Elution in the second dimension was done in isobutanol : acetic acid : water :
pyridine, 60 : 12 : 48 : 40. The peptides were located by autoradiography. The
location of the tracking dye N -epsilon-mono-dinitrophenyl-L-lysine monochloride
is indicated by an arrow. o
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Figure 45. Peptide Map of the Chymotrypsin Digest of 3 h Inactivation
~-of 178-HSD-1 by 17B-Todo[2'-14Clacctoxy-58-androstan-3-

one 51,

Electrophoresis 1450 V, 1 h) was carried out at pH 2.1 in the first dimension.

“Elution in the second dimension was done in isobutanol : acetic acid : water :
pyridine, 60 : 12 : 48 : 40. The peptides were located by autoradiography. The
location of the tracking dye N-epsilon-mono-dinitrophenyl-L-lysine monochloride
is indicated by an arrow. %
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Figure 46. Peptide Map of the Chvmotrypsin Digest of 1 h Inactivation
o6f 17R°HSD-TI by 19-Todol2'-14Clacetoxyandrost-4-ene-3.

17-dione 33.

Electrophoresis (450 V, 1 h) was carried out at pH 2.1 in the first dimension.
Elution in the second dimension was done in isobutanol : acetic acid : water :
pyridine, 60 : 12: 48 ; 40. The peptides were located by autoradiography. The

location of the tracking dye N-epsilon-mono-dinitrophenyl-L-lysine monochloride
is indicated by an arrow.
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" Figure 47. Peptide Map of the Chymotrypsin Digest of 3 h Inactivation

of 178-HSD-II by 19-Todo[2-14Clacetoxyandrost-4-ene-3.
- | 17-dione 33. -~ .. ' ' -

Electrophoresis (450 V, 1 h) was carried out at pH 2.1 in the first dimension.
Elution in the second dimension was done in isobutanol : acetic acid : water
pyridine, 60 : 12 : 48 : 40. The peptides were located by autoradiography. The
location of the tracking dye N-epsilon-mono-dinitrophenyl-L-lysine monochloride
is indicated by an arrow. |
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Figure 48. Peptide Map of the Chymotrypsin Digest of 3 h Inactivation

of 17B—HSD-III by 19-Iodo[2'-14C lacetoxy-53-androstane-
3.17-dione 37.

Electrophoresis (450 V, 1 h) was carried out at pH 2.1 in the first dimension.
Elution in the second dimension was done in isobutanol ; acetic acid : water
pyridine, 60 : 12.: 48 : 40. The peptides were located by autoradiography. The
location of the tracking dye N-epsilon-mono-dinitrophenyl-L-lysine monochloride
is indicated by an arrow. )
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Figure 49. Peptide Map of the Chymotrypsin Digest of 1 h inactivation

of 17-HSD-II by 6@-Todo[2'-!4Clacetoxyandrost-4-ene-3,
17-dione40. |

Electrophoresis (450 V, 1 h) was carried out at pH 2.1 in the first dimension.
Elution in the second dimension was done in isobutanol : acetic acid : water
pyridine, 60 : 12 : 48 : 40. The peptides were located by autoradiography. The
location of the tracking dye N-epsilon-mono-dinitrophenyl-L-lysine monochloride
is indicated by an arrow. * '
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 Figure 50. Peptide Map of the Chymotrypsin Digest of 3 h nactivation
of 173-HSD-IM by 6B-lodo[2"-14Clacetozyandrost-4-ene-3,
17-dione 40,

Electrophoresis (450 V, 1 h) was carried out at pH 2.1 in the first dimension.
Elution in the second dimension was done in-isobutanol : acetic acid : water :
pyridine, 60 : 12 : 48 : 40. The peptides were located by autoradiography. The

location of the tracking dye N-epsilon-mono-dinitrophenyl-L-lysine monochloride.
is indicated by an arrow.
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Figure 51. Peptide Map of the Chymotrypsin Digest of 3 h Inactivation
of 17B-HSD-TTT by 178-Todo[2"-14Clacetoxyandrost-4-en-3-

one 47,

- Electrophoresis (450 V, 1 h) was carried out at pH 2.1 in the first dimensiqn.
wa.. ...~ Elution in the second dimension was done in isobutanol : acetic acid : water ':=r~.~..,“\
pyridine, 60 : 12 : 48 : 40. The peptides were located by autoradiography. The RNy
location of the tracking dye N-epsilon-mono-dinitropheny!-L-lysine monochloride
is indicated by an arrow.
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Figure 52. Peptide Mag_ of the Chymotrypsin Digest of 3 h Inactivation
of 17B-HSD-TIT by 17B-Todo[2"-14Clacetoxy-5B-androstan-
3-one 51, ' :
'Electrophoresis (450 V, 1 h) was carried out at pH 2.1 in the first dimension.
Elution in the sedond dimension was done in isobutanol : acetic acid ; water : L

pyridine, 60 : 12 : 48 : 40. The peptides were located by autoradiography. The
location of the tracking dye N-epsilon-mono-dinitrophenyl-L-lysine mo’nochlorid(:
is indicated by an arrow. -
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Figure 53. Peptide

BAWP -

Map of thé Chymotrypsin Digest of 3 h Inactivation

of 178-HSD-I by 19-Todo[2-14Clacetoxyandrost-4-ene-3.

17-dione 33 in the Presence of NADP,

Electrophoresis (450 V, 1 h) was carried ouf at pH 2.1 in the first dimension.
Elution in the second dimension was done in isobutanol : acetic acid ; water
pyridine, 60 : 12 : 48 :' 40, The peptides were located by autoradiography. The

location of the tracking dye N
is indicated by an arrow.

'

-epsilon-mono-dinitrophenyl-L-lysine monochioride

\



99

pH2.1

(+)

BAWP 3>

Figure 54. Peptide Map of the Chymotrypsin Digest of 3 h Inactivation &

of 173-HSD-I by 6!3-Iod0[2'-14g lacetoxyandrost-4-ene-3,

17-dione 40 in the Presence of NADP.

Electrophoresis (450 V, 1 h) was carried out at pH 2.1 in the first dimension.
Elution in the second dimension was done in isobutanol : acetic acid : water :
pyridine, 60 : 12 : 48 : 40. The peptides were located by autoradiography. The
location of the tracking dye N-epsilon-mono-dinitrophenyl-L-lysine monochloride:
is indicated by an arrow. '

&
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Figure 55. Peptide Map of the Chymotrypsin Digest of 3 h Inactivation

of 17B-HSD-III by 19-Todol2'-14Clacetoxyandrost-d-ene-3,
17-dione 33 in the Presence of NADP.

A

Electrophoresis (450 V, 1 h) was carried out at pH 2.1 in the first dimension.
Elution in the second dimension was done in isobutanol : acetic acid : water :
pyridine, 60 : 12 : 48 : 40. The peptides were located by autoradiography. The
location of the tracking dye N-epsilon-mono-dinitrophenyl-L-lysine monochloride
is indicated by an arrow. -
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Figure 56. Peptide Map of the Chymotrypsin Digest of 3 h Inactivation
f 173-HSD-IT -Todo 2'—14Clacetoxyandrost-4-ene-3.
17-dione 40 in the Presence of NADP,

Electrophoresis (450 V, 1 h) was carried out at pH 2.1 in the first dimension.
Elution in the second dimension was done in isobutanol : acetic acid : water :
pyridine, 60 : 12 : 48 : 40. The peptides were located by autoradiography. The
location of the tracking dye N-epsilon-mono-dinitrophenyl-L-lysine monochloride
is indicated by an arrow.



PART II

SYNTHESIS AND CHEMISTRY OF C-19 FUNCTIONALIZED STEROIDS.

-

RESULTS AND DISCUSSION

A. Synthesis of C-4 Subsﬁtuted Androgens.

1. Preparation i 4-Hydroxyandrost-4-ene-3,17-dione §_and
4-Acetoxyandrost-4-ene-3.17-dione 56.

As previously mentioned in Part I, 4-hydroxyandrost-4-ené—3,17~
dione 6 was initially synthesized 1n order that the iodoacetoxy derivative could be
made and used to map the A-ring region of the 173-HSD active site. The synthesis
of the 4-hydroxy compound 6 has previously been achieved by acid-catalyzed
opening of the 4,5-epoxides 55%, {‘

)
2804 AC,0/PY
—_— " e
CH5CODH o
OCCH-
55 &+ p . 6 27% 560

We successfully repeated this reaction involving tréatment of the
4,5-epoxides 55 with sulphunc acid in acetic acid. ’I‘he 4,5-epoxides 55 were

obtained as a mixture (ca . 4 1, by I NMR analysis) of 43, 5[3 and 4,50



\Z

103

Q
epoxides by treatment of androst-4-ene-3,17-dione 18 (see p.23 ) with alkaline
hydrogen peroxide. Thé compound isolated in 27% yield was identical with the
known®*# 4-hydroxyandrost-4-ene-3,17-dione 6. The yield is rather low butis
consistent with the yield (10-15%) obtained by Brodie and co-workers®. The 13C
NMR spectrum was also éssigned (see details in the appendix). The 4-acetoxy

compound identical with the known®’ 4-acetoxyandrost-4-ene-3,17-dione 56 was'
obtained simply by treating the 4-hydroxy compound 6 with acetic anhydride in
pyridine. The reason for making this compound 56 was to use it as a control in the

affinity labeling work with the 17B-HSD.

In the presence-of nucleophiles, three different modes of epoxide

opening have been observed® and are illustrated below. /

. ——— e, —

m X "0 '
— —_—
0 K o mode 1] 0

‘,J x DH
HX
{ —_— .
B mode g
Ho * | _
. X x ‘
HX ~H,0
v—;_.- .
&' mode AR 0 :
OH ' ‘
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It remains difficult to understand the factors which are responsible for
these differences since they seem to include not only the nature of the epoxide but
-also that of the solvent and the acid employed. It is possible that the diosphenol 6

may have arisen via dehydration of the initially formed diol 57 (o mode).

However, in this case, the intermediacy of the diol 58 (B mode) cannot be ruled

outr.

0 ) o -
OH
HQSU4 0
, L ~ DH
g : CHzCOOH 57
55 | OR
‘ P/ —H2D 58 H
g -
OH = OH
— c— . U H
. oL _

4-Hydroxyandrost-4-ene-3,17-dione 6 and its acetate 56 are both
potent inhibitors of the biosynthesis of estrogens. For example, these compounds
inhibit the conversion of androst-4-ene-3,17-dione 18 to estrogens in human |
placental and rat ovarién microsomes®*®, These compounds (6 and 56) were
found to be effective in controlling estrogen-dependent reproductive and
neoplastic processes***’. It has also been shown that they act as suicide inhibitors

of aromatase889.90,
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2. Preparation of 4.173-Dihydroxyandrost-4-en-3-one 7.

In order to complete the enzymatic work, it was necessary to -

synthesize 4,17(3-dihydroxyandrost-4-en-3-one 7 since this compound would be (
the product obtained upon incubation of the 4-hydroxy compound 6 with the

17B8-HSD. We found that when the 17B-hydroxy-4,5-epqu compound 59 (which
was obtained as a mixture, ca . 6.8:1 by IH NMR analysts, of 4[3,50- and 40,50
epoxides) was treated with sulphuric acid in acetic acid, the desired diosphenol 7

-was not formed. However, when the 17B3-hydroxyl group was acetylated,

treatment with sulphuric acid in acetic acid gave a product, isolated in 85% yield, .

with identical properties®* 9 to the known 17B-acetoxy-4-hydroxyandrost-4-en-

3-ohe 61. Treatment of the 17B-acetoxy derivative 61 with potassium carbonate
- afforded the diosphenol 7, albeit in low yield (16%).

H,S04
)7
—chstaom O |

OH

OH

99 o+ f3

UCCH

HQSU4
CH3CUUH




——

| 106
. n . i . | S
3. Preparation of 4,19-Dihydroxyandrost-4-ene-3,17-dione §3.

i. Acid-catalyzed Opening of 19-Hydroxy-4B.5-epoxy-50-

androstane-3,17-dione 62.

We were interested in synthesizing the derivative of compound 6
with a 19-hydroxyl group 63. The purpose was to eventually synthesize a
bifunctional affinity label with iodoacetoxy groups at C-4 and C-19,

0
HO

OH
63

There are few reports on acid-catalyzed reactions of 19-substituted

4,54poxy-3-ketones. Hosada and Fishman® obtained the 2¢-hydroxy compound
64 in 20% yield upon aqueous sﬁlphuric acid treatment of the 19-hydroxy-43,58-

epoxide 62 (o' mode of ring opening). The same reactiin\;:as also found® to

produce 3-hydroxy-1,3,5(10)-estratrien-17-one 16 (12%)along with the
20-hydroxy compound 64.
g | ,
HO HO .
HO,,
208 HyS04 .
0 : acetone  HO 0 .

62 ' 16 12% 64 23%

-
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\%\> | Thée reaction of the 19-alcohol 65 and the 19-aldehyde 70 with dimethyl

sulfoxide in the presence of an acid catalys% been described by Morisawa and
fo

Tanabe®. The major product 67 obtained forboth 65 and 70, was suggested to
arise via the initial acid-catalyzed opening (ct"'mode) of the epoxide by dimethyl
sulfoxide®. Under these conditions, an epoxide 71 should normally be converted (\\’

to an a-hydroxy ketone 72%.

iy
L N
0
OCCH4
HO -
DMSO, H,S04 ,[::Iifirh )
0 ] N2:120°CJ0h HO :
65 66 188
HO
HO 0
) + +
HO W 0
OH
67 44% 68 9% 69 14%
0 N
- OCCH /
oM o ‘ -
DMSO HO
CF<COOH '
a +
0 N,,120°C,12 h HO " HO
0 2
70 66 16% 67 33%
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_ 0 DMSO ) Ofé ~Me,S HO 0
R R H o R R - -H R

71 | | 72,

Mastalerz and Morand®® reported that when the 4B,5B-epoxy-aldehyde

73 was treated with concentr?ted perchloric acid in tetrahydrofuran, yp to 49% of
the diosphenol 74 was formed aloxf with other products. According to the

authors®, the nature of the A/B ring junction of compound 75 remains uncertain,
but they suggested that the cis-ﬁjsio§ is most likely, by analogy with 1-hydrinda--

nones. " r/

75 7%

N -
Since the nature of the solvent may affect the mode of epoxide opening,

we decided to treat the 19-acetoxy-483,5B-epoxide 77 with sulphuric acid in acetic

N
!

I : |
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.
A

acid, in order to see if the 20t~ or the 4-hydroXy derivative would be obtained. The

product obtained was the 2a,19-diacetoxy- compound 78 arising from the o mode

of ring opening. This result i is similar to that obtamed by Hosada and Fishman®* _-
when compound 62 was treated with aqueous sulphuric acid‘in acetone. The

20,,19-diacetate 78 was also hydrolyzed to the known® 2¢(,19-diol 64. -

CHsCO
H2804 CH3ED'~"!
0
CHzCOOR 0
_‘D <
70 44?/ l K 2[:0 3
- HO
* HOu,
0
64
/ s
k/ ‘We found that the 20c-acetoxy compound 80 was also obtained when

17B,19-diacetoxy-4PB,5-epoxy-5p-androstane-3,17-dione 79 was treated with

sulphuric acid in acetic acid. This last reaction indicates that with sulphuric acid in

acetic acid, the o mode of opening of a C-19 substituted steroid occurs whether

there is a carbonyl or an acetoxy group at C-17.
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0 .C‘HS | UCCH3
CH3CU e
H2SU4 . CH3_|E|:D""-’.'
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————y "

CH=COOH 0

80

The sulphuric acid catalyzed reaction of Morisawa and Tanabe® was
repeated with 19-hydroxy-4B,5-epoxy-58-androstane-3,17-dione 62.
Surprisingly, none of the 4-hydroxy derivative 63 was obtained and the major
product was not found to be the 2,3-dihydroxy compound 81 but the cycljzed |
product 82, Fur‘thermore' 8% of the 2a-hydroxy derivative 64 was also isolated: o

The overall yield of this reaction is low mainly because repeated chromatography
(see details in the experimental section) is necessary to purify the mixture of
products. 3-Hydroxy-1,3,5(10)-estratrien-17-one 16 was found to be identical (llé
and 1H NMR) with authentic material. Similarly, the proton and 13C NMR spectra
obtained for thie second compound are in agreement with the compound 81, -

2,3-dihydroxy-1,3,5(10)-estratrien-17-one®. In the proton NMR spectrum. the
resonances at & 4.95 and 4.98 both integrating for one proton and exchanging with .
D50 are assigned to C-2 and C-3 hydroxyi g£oups. Two singlets intégrating for
one proton each at 3 6.58 and 6.79 were assigned to C-1 and C-4 hydrogen atoms.

20,19-Dihydroxyandrost-4-ene-3,17-dione 64 was identical'(lH NMR) with

authentic material previously obtained by sulphuric acid opening of the \/

{
19-acetoxy-4f3,5B-epoxide 77.

-
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‘HO
0 N2,H2504

120°C, 10h

62 1g 16 218 1t 16%

64 8% 82 25%

Finally, 28,19-oxidoandrost-4-ene-3,17-dione 82 has a LH NMR

spectrum {8 0.90 (s, 3H, 18-CH3y), 3.76 (q, 2H, 19-CH,), 4.29 (d of d, 1H, 20.-H),
/s
L

and 5.78 (br s, 1H, 4-H)} similar to the spectrum reported® for 2B-hydroxy-4-
androstene-3,17-dion-19-oic acid 2,19-lactone 83. The compound 82 was further"
characterized by the usual techniques (MS, IR, UV) since it has not been reported
before. The 13C NMR spectrum was assigned and is summarized in the appendix.

-

83
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The slightly. different composition of products obtained. in our gtudies '
compared to those of Morisawa and Tanabe®® may be explained by the fact that
different starting materials were used in the two studies (carbonyl instead of
acetoxy group at C-17). Furthermore, even if we followed the procedure given by
Morisawa and Tanabe, the ratio of products obtained may be influenced b'y the

scale (1 g in our case compared to 4 g by Morisawa) on which the reaction is
performed.

We examined the behavior of the 19-hydroxy compound 62 when
treated with concentrated perchloric acid in tetrahydrofuran in order to compare

its behavior with that of the 19-aldehyde-4p,5B-epoxy compound 73 during the
same treatment. Furthermore, this reaction with the 19-aldehyde 73 is a good

method to obtain a respectable yield (49%) of the 4-hydroxy derivative 74%.
Reaction of the 19-hydroxy compound 62 produced the diosphenol 63 in 35%
yield. This compound 63 $hows the characteristic ultraviolet absorption of

diosphenols at 280 nm'®. The proton on the 4-hydroxyl groupwresonates at & 6.31
and is exchanged with D,O. Two other compounds, 16 and 82, were isolated and

identified by comparison with authentic material. However, at least four othef
compounds were present in the reaction mixture but could not be purified.
Because this method requires long and careful chromatography to obtain pure

4,19-dihydroxy compound 63, we examined another route to synthesize this
compound.

/

»
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Conc. 0
- HC104 Hu,
- +
THF HO 0
" H
62 16 8% 8_2 4%
HO '
+
0
OH -
63 35%

ii. Preparation of 43.5.19-Trihydroxy-58-androstane-3.17-dione 88
and 4¢.,5,19-Trihydroxy-So-androstane-3.17-dione 89.

The dehydration,of 4,5-diols (85, 86) obtained from the oxidation
of an unsaturated compound 84, may be effected by acid or base, and give the

diosphenol 87 as product!®,

CgHi7
0s0y4 Acid or
—_— e
0" . HoOp O - Base 0~
hg OH OH ..
84 85 4B, 5p . 87

—- 86 4, S
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Thus we treated the 19-hydroxy compound 4 with osmic acid in -
pyridine and obtained the triols 88 and 89.

-0

HO N HO | . CHyLD
—_— —_—
0 Pyridine g 0
OH OH
4 . Ho © CHyCO
1 0 :
88 4p,5p 90 403, 5P )
89 4o, S 914¢, S |

{/

In order to assign the configuration at C-4 and C-35, it was necessary to
purify compounds 88 and 89. Since the latter are not adequately separated on tic,

the mixture of alcohols 88 and 89 was acetylated, in the hope that the Ry values of

the acetates formed would be distinct, thus facilitating their purification. However,
the mixture of acetates 90 and 91 was homogeneous on the basis of }lp and was
found to be a ca . 17%.3 mixture by 1H NMR. The mixture of triols 88 and 89 was
then purified by column chromatography. The first compound eluted from the

column, isolated in 29% yield, was assigned the 4§3,5B-configuration on the basis of

Fl
its circular dichroism spectrum. It was observed by Djerassi and Closson!®?, that

inversion of configuration at C-5 in the steroid skeleton is accompanied by a major

change in the Cotton effect'®™ associated with the 3-ketone group: the positive

Cotton effect of a 3-oxo-50.- steroid (A/B-trans) contrasts with the weakly negative-

effect of a 3—oxb-5[3- steroid (A/B-cis). This difference has been frequently used
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for establishing the stereochemistry at C-5 in 3-oxo-steroids'®. The circular

dichroism spectrum of the first compound eluted from the column indicates a

maximum at 300 nm with a Ae = +5.7 whereas the circular dichroism spectrum of
the more polar compound indicates a maximum at 295 nm with a Ag = +8.3.
Therefore the first compound was assigned the 4f3,5B-configuration 88 since its Ae

was smaller than the more polar compound which was assigned the 4a.,50.-

configuration 89. Similar differences in the maximum of absorption (ORD-

spectra) were reported by Kubota and co-workers'®: the 4a,50-diol 86 had a

positive Cotton effect at 297 nm wheras the 403,53~ diol 85 showed a negative
Cotton effect at a higher wavelength, 299 nm. ¢

The more polar compound 89 eluted from the column was not eluted in

- pure form. As indicated by tlc, it was contaminated with traces of compound 88

which were successfully removed by washing the mixture of compounds with

methylene chloride. Thus 4c,5,19-trihydroxy-5a-androstane-3,17-dione 89 was
NN

obtained as a homogeneous compound by tle. However, the proton NMR spectrum

of the 40,,19-diacetoxy derivative 91 (also homogeneous on the basis of tlc) -

indicated, besides the resonances at 8 5.47 (s,1H, 4B-H) and at §.4.54 (d, 2H,

ST

19-CH,), a resonarice_ ,at\*\‘S 3.64 integrating for two protons which could not be
assigned and which; suggested the presence of an impurity. Even after examination

of the 13C NMR spectrum of the 4ar,19-diacetoxy derivative 91, we could not
identify the impurity, The presence of this impurity expléins why the observed
values for the elemental analysis of compound 89 are different from the theory.
Because we succeeded in purifying only a limited amount of material 89, we could
not recrystallize or try to further purify this cémpound.
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iii. Acid-catalyzed Treatment of 4,5.19-Trihydroxyandrostane-3,17-
dione and

We first tried to dehydrate the mixture of 48,5B,19- and 40.,50,19-

triols 88 and 89 Dby dissolving the compounds in acetone in the presence of traces
. of HCL. The reaction was followed by tlc for a period of 30 min and only one
product, less polar than the starting mixture and UV negative, was formed. After
23 h, the starting mixture of alcohols 88 and 89 had been completely converted to
two products. The first product was isolated in 56% yield and the mass spectrum
indicated a molecular ion at m/z 318 in agreement with the loss of one molecule of

water. The product is not the diosphenol 63 since it does not have an ultraviolet

absorption in the 275 nm region'® or a hydroxyl group re&naicgﬁ at 5 6.3
exchangeable with D»O (¢f. diesphenol 63). The proton NMR spéc rum indicates

that the C-19 methylene group is probably in a ring since the coupling coRstant is -
7.6 Hz, which is similarto the value found for compound 26 (see p.28) ‘The

structpre 92 is preposed for this compound. The 13C NMR resonance at § 205.7 is
attributed to the C-3 ketone and the resonance at & 103.6 is assigned to C-4. The
stereochemistry at C-5 is suggested to be q, based o(n the examination of Drieding

molecular models. When the A/B ring junction is cis, i.e. with a 5p-H, the

19-alcohol is too far from C-4 for cyclization to occur.
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We note that the infrared spectrum of compound 92 indicates only one
carbonyl absorption at 1730 emL, Similarly, only one carbonyl absorption was

found® for the 3,17-diketone 93. ' Cﬁ\

93 o -

We propose the following mechanism to explain the formation of )
compound 92. ' .

88 4p,5p
89 4&,59

Jo§)
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According to this mechanism, the C-5 tertiary alcohol is protonated and
lost as a water molecule. The diosphenol 63 thus obtained would be in equilibrium
with the 3,4-diketone 94. The 19-hydroxyl group would then cyclize at C-4
affording the compound 92. When the reaction was repeated with more starting
material (290 mg instead of 80 mg) we were able to isolate 4% of the diosphenol 63
which was identical with authentic material. We suggest that the cyclization of the
19-hydro£y1 group occurs as illustrated by route "a" rather than route "b" since if
compound 95 was the product, the 13¢ NMR resonance for C-5, a methine group

adjacent to a carbonyl group, should be around & 59'% rather than at § 48.1 as we
found for 92.

The second product obtained upon treatment of triols 88 and 89 with
HCl in acetone was isolated in 19% yield. The mass spectrum shéwed a molecular
ion at m/z 376. This corresponds to the addition of 40 mass units to the starting

material which has a mass of 336. The proton NMR spectrum with two resonances

at 5 1.40 and & 1.47, both integrating for three protons, clearly indicates that one
molecule of acetone had been added by foyming an-isopropylidene derivative,
Furthermore, the proton NMR spectrum suggested that the 19-methylene group is

in a ring since the coupling constant for the quartet integrating for two protons and

4

resonating at § 3.94 is 9.3 Hz, as opposed to 11-12 Hz for non-cyclized C-19

methylene protons. That only one ketone was preseht was confirmed by the B¢

NMR spectrum where only the C-17 ketone was found resonating at & 220.6.

Therefore the structure 96 is assigned to the second product obtained from the
treatment of the mixture of triols 88 and 89 with HCl in acetone. The stereo-

chemistry of the 4,5-isopropylidene group has to be o, as indicated by Drieding

molecular models since a B-arrangement prevents the cyclization of the 19-alcohol
at C-3.
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In order to eliminate the formation of the isopropylidene derivative 96
and hopefully favour the formation of the dioéphenol 63, different solvents were
used in thepresence of HCl to effect the dehydration of the triols 88 and 89. The
results are) summarized in Table VII. When the reaction is carried out iri methanol
or tetrahydrofuran the cyclized compound 92 is formed and some unreacted
~ starting material remains but none of the diosphenol 63 is present when the -

reaction is terminated. However, when the reaction is performed in acetic acid,

with the 4[3,58,19-trihydroxy compound 89, 100% of the 4,19-dihydroxy
derivative 63 is obtained. ] 4

/

In summary, the best method to synthesize 4,19-dihydroxyandrost-4-
ene-3,17-dione 63 is not via the acid-catalyzed opening of the 19-hydroxy-4[3,503-

\

epoxide 62 but by dehydratibn of the 4B,5B,19-trihydroxy compound 88 with HCI
inaceticacid.
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TABLE VI

”

. Acid-caetalyzed Reactions of 43,5,19-Trihydroxy-5p-androstane-
3,17-dione 88 and 40@,5,19~Tri_hgdrnxQ-Sm-androstane-S,I?-diune 89.

0
HO . Ho
—_— - + +
0 0
HO CH OH
88, 89 92 63
‘88, 89 Conc. HCI 36% 4 % 223%
' Acetone, 20 h
88, 89 Conc. HCI 56% . 192
Acetone, 23 h
88, 89 Conc. HCI 208 - -
Methqno], 22 h '
88, 89 Cone. HCY- 35% - -
THF, 21 h
88 Conc. HCI - 100% -

CHzCOOH, i16h-

¢
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iv. Base- lyzed Qpening of 19-Hydroxy-4[,5-epoxy-53-androstane-

The base- catalyzed openmg of the 19- hydroxy~4[3 5[3 epoxide 62 was

also examined since Mann and Pietrzak'% recently reported the formatlon of
4-methoxyandrost-4-ene-3,17-dione 97 in 62% yield when the 4,5-epoxides 55 .

were refluxed in alkaline methanol for 3 h.,

NaUH / MeQOH
| 0

UCH3

59 ' . 97

- We found that when the 19-hydroxy-4[3,5[343(poxide 62 was similarly
refluxed in alkaline methanol for 3 k extensive decomposition occurred, giving _—___
mainly very polar material which we did not succeeded in purifying. We we ‘able
to isolate from this reaction traces of 4—methoxy-19-hydrox.y§mdrost-4-ene-3, |
dione 98 (7%) and 4-methoxyestr-4-ene-3,17-dione 99 (6%). The 4-methoxy
compound had a proton NMR spectrum and melting point identical to the known®®
4-methoxyestr-4-ene-3,17-dione 99. The proton NMR spectrum of compound 98 Y

has a singlet integrating for three protons at & 3.63 assigned to the C-4 methoxy ]
group. The methoxy group is also found at § 60.5 in the 13C NMR spectrum, along

with resonances at § 220.3 (C, C-17), 194.5 (C, C-3), 149.8 and 149.0 (C C-4 and
C-5). T

¢



HO

NGGH/MBU@

A, 3h

HO

0" .

UCH3/

98
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ne-3,17-dione 62

kali roxi

‘As we previously mentioned, the 19-hydroxy-403,53-epoxy
compound 62 was first synthesized to peﬁnit_ examination of }he acid-catalyzed
opening of the epoxide to generate the 4-hydroxy derivative 63.

0 0
HO HO
Acid
. 0 3 0
' 62 OH 63

19-Hydroxy-4B,5-epoxy-5B-androstane-3,17-dione 62 had previously
been obtained in 65% yield by Morand and co-workers'® by treating a solution of
19-hydroxyandrost-4-ene-3,17-dione 4 (200 mg) in methanol with 0.2 N NaOH
and 30% hydrogen peroxide at 0-4°C for 16 h. Howeverpwe found that the '
reaction is complete after 60 to 90 min, ‘similar to Fishman and Hosada's finding®.
When the reaction is performed on a larger scale (~1 g), and left for 12 h or more
- at 0-4°C, the yield of epoxide 62 decreases drastically and a rearranged product
100 is isolatéd in ~20% yield. Another rearranged product, different from 100,
was also isoiated when the 19-hydroxy compound 4 was treated under slightly
different conditions (0.4 N NaOH instead of 0.5 N NaOH, and 15 h 15 min instead
of 12 f). The structure of this later product will be discussed in section C.2.
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0 0
HO~ NaOH / HO
308 H,0
22 > + 100
0 MeOH
. 0
4 62
02g - t=16h'"® 65% ~
0-4°C
1.0g t=16 h Traces ~208
0-4°C
0 i
HO o HO
NaQH /
30Z H.,0
0 272 0 + 100
0 MeOH 0
62 | 62
20g t=12 h 3% 858
0°%C —=21°C

We confirmed that the 4B,5pB -epoxide 62 is an intermediate in the
formation of the rearranged product since, upon treatment with 30% hydrogen
peroxide in basic methanol (see éxperimental section E.1), 85% of the rearranged
product 100 is isolated. The mass slﬁectrum of the rearranged product 100
indicates a molecular weight of 350 corresponding to'the addition of three atoms of
oxygen to thé starting alcohol 4. The fragment at m/z 334 corres%onds to the loss
of 16( i.e. of one atom of oxygen ) which is characteristic of '

hydroperoxides!®110.111.112,
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The proton NMR spectrum also suggested the presence of a hydroperoxy group
with a signal at 8 8.16 which disappears upon addition of D50. The spectroscopic
data of the rearrange'dlproduct 100 are summarized in Table VIII as well as those

of compounds 4 and 62. The signal for hydroperoxidic protons are in'the range 3

- 8-9'3, The proton NMR spectrum of the rearranged product 100 suggests that
one atom of oxygen is inserted next to a methylene group because of the presence

of a multiplet integrating for two protons at § 4.12. This is confirmed by the

methylene resonance at & 73.3 in the 13¢ NMR s‘ijectrum. Both the infrared and
. the I3C NMR spectra suggested that the C-17 ketone had not been modified.

~ However the A-ring is modified as indicated by the resonance at 6 168.2 in the 13C

NMR spectrum. This latter resonance is in the range of lactones.

Iodide is known to cleave peroxides. For exagggle, the reduction of

6pB-hydroperoxycholest-4-en-3-one 101 gave a mixture of 60.- and 6[-alcohols,

isolated in 50% yield along with a very small amount of the A3 6-dione!™.

= CgHi7
Nal
—_— +
a 0 0
DOH OH ' 0
' o + [ - OH
101 S0% 3%
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:  TABLE VI \ |
Comparison of the Spectroscopic Properties
of Compounds 4,62 and 100
0 0
HO HO
1] 0 0
4 . 62 100
Malecular C19H\2603 ‘ C1gH2604 CIQHQGDG
Formula
IR {cm~1)
17-C0 1735 _ 1735 - 1735
13—[30 1665 1710-1700sh * 1705
“ 3315
" THNMR (8)
C-19 3.98 , 3.97 4.32
(Jab) (10.6 Hz) (11.0Hz) (10.5 Hz)
C-18 0.89 0.88 0.86
C-4 5.94 2,90 3.45
4.12
(m, 2H)
B8.16
. (br s, 1H, exchanges with D,0)
13¢ NMR (8)
c-19 65.5 64.8 68.9
C-18 13.7 13.7 13.7
C-17 2204 220.0 2197
C-4 126.9 60.0 55.2
C-5 167.2 68.8 66.7 ;
c-3 200.3 2059 168.2 (C-07

733 (CHz0)
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To verify the presence of a hydroperoxidic group, the rearranged product 100
wag dissolved in a solution of potassium iodide in 95% ethanol; the clear solution
turned deep yellow (liberation of iodine), thus confirming the presence of a
hydroperoxy group. The cleavage of the hydroperoxide group was repeated on a

&£
larger scale in order to identify the product formed. The product isolated showed

asignal at §3.10 in its proton NMR spectrum which disappeared with DO and
o
confirmed the conversion of the h’fzdroperoxide group to a hydroxyl group. The

proton NMR spectrum of the rearrangéd product 100 and of the product isolated
after the cleavage of the hydroperoxide function are shown in Figures 57 and 58,
respectively. The hydroperoxide function of the rearranged product 100 could

also be methylated by treatment with methyl iodide and silver oxide!!®. The proton
NMR spectrum of the isolated product indicated a singlet at & 3.80 integrating for 3
protons, in agreement with a methyl peroxy group replacing the hydroperg)xide
proton resonance at 6 8.16. The rest of the proton NMR spectrum was identical to
that of the starting material 100. '

An epoxide function was assumed to be present in the rearranged
product 100 because of a singlet in the proton NMR spectrum, resonating at § 3.45
and integrating for one proton (cf. 8 2.90 for 62). In order to find out if the
epokide function( was still present, the rearranged product 100 was treated with
2% hydrogen bromide in acetic acid. We had performed this reaction before on
the 43,5B-epoxide 62 and isolated 4-bromo-19-hydroxyandrost-4-ene-3,17-
dione 102 in 71% yield. | '

f-'h ——
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0
HO
HO
HBr
| —
0 ~ CH4COOH
0 | . Br
62 102 718
o l
CH-CO
— 4 " AC,0/Py
Br/’
103

The-mass spectrum of 102 indicated the addition of a bromine atom
(M+2 peak almost equal in intensity to the molecular ion because of the presence of

a molecular ion containing the #!Br isotope) and the ultraviolet absorption at 262

nm confirmed the nucleophilic opening of the protonated epoxide by bromine and r
elimination of a water molecule to give the unsaturated compound 102. We
observed an uneven coupling of the C-19 methylene protons in chlorofoim

solution: the 19-pro-R hydrogéh atom appears as a doublet at  4.12 (J 2103 Hz)

whereas the 19-pro-S hydrogen atom appears as a doublet of doublets at §3.92
(J=10.8 Hz, J=5.4 Hz). However, upon addition of DO, the usual quartet pattern
of the C-19 methylene was restored indicating that the uneven coupling was due to
coupling to the C-19 alcohol proton. When the proton NMR spectrum was - -

obtained in dirﬁef‘hyl sulfoxide, the uneven coupling was not observed. The
assignment of the chemical shift of the 19R- and 19S-hydrogen atoms has been

reported by Caspi and co-workers!"®. The assignment was made for the

{
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\

195,192H alcohol 105 which was obtained from the reduction of the aldehyde 104
W
by the horse liver alcoho! dehydrogenase (HLAD).

N ’ .
N4 H
G HO="S~D
HLAD
———
CH0 NADH CH50™"
104 105

-

Compound 102 was subsequently treated with acetic anhydride to
afford the acetate 103. The mass spectrum indicated the addition of the acetoxy

group which was also confirméd in the proton NMR spectriim by the signal at &
2.00 integrating for three protons. Similar opening of the 4p,53-epoxide 106 with
40% hydrogen bromide in glacial acetic acid and chloroform was reported by |

Shaw and Stevenson'!®to give the 4-bromo derivative 107.

CgHy7 CgHy7
HBr/CHC
e —
0 1 CHiCOOH g
Er

106 107

When the rearranged compound 100 was treated with hydrogen
bromide, two products were formed and neither of them contained a bromine atom
as indicated by the absence of the characteristic M+2 peak in their mass spectra.
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‘The major product isolated had a molecular weight of 334, corresponding to the
cleavage of thE peroxide group. Furthermore, the proton and 13c NMR spectra of
this product were identical to those obtained for the product generated by the
. reduction of the peroxide by sodium iodide. | ' Rt

Acetylation of the rearranged product 100 was also performed. Two
products were formed and the mass spectrum of the major product isolated
indicated a molecular weight of 374, corresponding to the loss of one molecule of
water and addition of an acyl group.

In summary, we were not able to identify the rearranged product 100 |
with the information available from the various spectra. Furthermore,-the
reactions that we performed to confirm the presence of a hydroperoxy group and
an epoxide gave products which we were unable to identify. The rearranged
product is 4n ameo\rplﬁls solid which is not very soluble in common organic
solvents. The prospect of getting a suitable crystal for X-ray analysis seemed
highly hampered by this low solubility of the rearranged compound. With
patience, we were able to obtain small needles of the rearranged material from a
95% ethamnol solution. An appropriate crystal was obtained upon very slow cooling
of a solution of the compound in 95% ethanol. The structure was determined by
Dr.E.J. Gabe at the National Research Council of Canada and the crystallographic
parameters will be reported in due course. The structure of 100, 19a-hydropero-
xy-4f,5-epoxy-2-oxa-50,100-androstane-3,17-dione, is illustrated in Figure 59 .
The compound possesses a 6-membered A-ring and a 19a-hydroperoxy group.
The B-,C- and D-rings are not modified compared to the 19-hydroxy-4[3,53-
epoxide 62 . A mechanism is proposed to explain the formation of compound 100
and is illustrated below.
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carbon atom -
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Figure 59. Structure of Compound 100 Determined by X-ray Crystaliography.
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+ "0OH

108

_i/

The epoxidation of the polarized double bond with hydrogen peroxide

in aqueous alkaline media, first reported by Weitz and Scheffer'"’, would be the

initial step since it was found that the 4B,SB-epoxide 62 is cleanly converted to the
rearranged product 100. The nucleophilic addition by a Michael type mechanism,
involving the attack of a hydroperoxy-carbanionic intermediate was proposed by
Bunton and Minkoff!8, A second attack of the hydroperoxy nucleophlle on the

C-3 carbonyl group of 62 may rearrange, via 108 or other intermediates, to give
the hydroperoxide 100.
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The characteristic arrangement of the A-ring in 100 occurs in natural

products, for example in limonoids. Limonoids are a series of degraded Cas

triterpenes which have been isolated from various plants belonging to the families
Rutaceae and Meliaceae '*°, Limonin 109, the characteristic bitter principle of

citrus species, is one of the most extensively studied limonoids'*, The proton and

13c NMR spectrums of other limonoids, for example, methylobacunocate 110 and
121

obacunone 111 'were reported by Druyer and co-workers

Knowing the structure of the rearranged product 100, it is now possible
to understand what happened on treatment with methyl iodide. Simply, the hydro-
peroxy group was methylated and-]9a-hydroperoxy-483,5-epoxy-2-oxa-583,100.-
androstane-3,17-dione 112 was obtgined. The proton NMR spectrum of 112 was
identical to the starting material 100 except for the signal at & 3.80 integrating for
three protons which replaced the hydroperoxide proton resonance at § 8.16 in
100. The 3o NMR spectrum indicates the methyl peroxide resonance at § 62.2.
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- 0
0 DCH3
CH=l, Ag,0 §
—_—
OSBEtOH g7 ]
100 ‘ 112 57X

Similarly, the product obtained when the peroxide 100 was treated
with sodium iodide or with hydrogen bromide is identified as 113. The peroxide |
function is first cleaved. Then follows a cyclization of the 19a-oxygen atom at C-5

thus opening the epoxide and generating a 4B-hydroxyl group. This 4B-hydroxyl
group is acetylated to give 114 ~ |

0—0H 0
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The 13C NMR data (suxﬁmarized in the appendix) of compound 113 are in

agreement with the proposed structure, namely a methine resonance at 8 70.4,

which is atmbuted to C-4 and a quaternary carbon at & 85.4, which is a351gned to
C-5.

.
Such participation of the 19-oxygen atom has previously been observed

by Kocovsky and Cemy'#!®, They investigated the behavior of the 19- methoxy
or 19- acetoxy epoxides 115,116 and 117, 118.

w. -115:R=CHz 117 :R=CHs
| 116 : R=CHxCO " 118 :R=CHZCO

They found that the cleavage of the 2a,3a-epoiide 115 with

hydrobromic acid yielded a mixture of the cyclic ether 119 (48%) as a product of

methoxyl group participation and the bromohydrin 120 (52%), arising by normal
diaxial opening of the epoxide ring by bromide anion as external nucleophile.
Similar products were also obtained when the 19-acetoxy derivative 116 was
treated with hydrobromic acid, albeit in this case, the prppo}tidn of bromohydrin
was now §‘§%_ In the case of the 5o,6-epoxides 117 and 118, only the bromo-
RS . X

hydrin wés-bb‘taihe_d upon: treatment with hydrobromic acid.

)

] .
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Finally; there is still the reaction of the hydroperoxide\lﬂl) with acetic
anhydride for which the products are not identified. A product was isolated which
was homogeneous by tlc but shown by 13C NMR to be a mixture of products. As

indicated by the methine resonances at § 114.1 (111.5) and 5 137.1(134.5),a |
double bond is formed in the products. The mass spectrum indicates a molecular
ion of 374 which corresponds to the addition of one acyl group (42) to the
hydroperoxide 100, but which is also accompanied by the loss ofsone molecule of
water (18): 374=350+42-18. Velluz and co-workers!? r%ported that unsaturated
bis-hydroperoxides rearrange to lactones wﬁen'they are treated with acetic
anhydride in pyridine. The acetylaﬁon of the saturated bis#hydroperoxide 121
afforded the diester 122 wheras treatment of the unsaturated bis-@dropéroxide
123 with acetic anhydride gave the lactone 124. The identification of the products
obtained upon acetylation of the hydroperoxide 100 must await further woik.
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HOO
HOO

HOO-
HOO

123 ' 124

In summary, we found an easy method to convert an o, B-unsaturated
ketone to a hydroperoxy-oxa-epoxy derivative, in one step and high yield.

Furthermore, this reaction opens the door to steroids of unnatural configuration.

Such "retro” steroids (93,10c) have previously been synthesized by sequences

requiring many steps'%,
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- C. Bg\g}er-Vi]liger Rearrangement.

1. Introduction. |

In our first attempts to identify the structure of the rearranged

product 100, we scrutinized the literature to find out what was known about

/' - -
Baeyer-Villiger rearrangements related to steroids. The second approach was to
“~

apply conditions of Baeyer-Villiger rearrangement to the 19-hydroxy-4B,5[-

epoxy compound 62 in the hope of‘is‘olating products which would help us to
elucidate the structure of the hydroperoxide 100.

It is known that the outcome of the Baeyer-Villiger oxidation of

o.,3-unsaturated ketones is dependent upon the nature of the ketone and the
reaction conditions used'?s, Several A*-3-keto steroids have been subjected to

Baeyer-Villiger oxidation reactions. In\l 962, Caspi and co-workers'? found that

the reaction of peroxybenzoic acid with 11(3-hydroxyandrost-4-ene-3,17-dione 8

in the presence of anhydrous perchloric acid in chloroform gave A-homo-3a-oxa-

11B-hydroxyandrost-4-ene-3,17-dione 125 in 60% yield, which was accompanied

- by the A-homo-epoxide 126 and traces of a compound tentatively assigned as the

D-homo-lactone 127. In contrast, Pinhey and Schaffner'?® reported that the
oxidation of cholest-4-en-3-one 84 with trifluoroperoxyacetic acid (A) gave only

the aldehyde 128. When the same reaction was repeated using peroxybenzoic acid
in the presence of anhydrous perchloric acid (B)'?, low yields of 4a,5-epoxy-5a.-

cholestan-3-one 129, 4-oxa-A-homocholest-4a-en-3-one 130, Sa-formyl-4-oxa-

- cholestan-3-one 128 and of Windaus acid 131'® (a known degradation product of

A3 -ketones) were isolated together with some unchanged starting' material 84. -
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The compound 128 was oxidized to the acid 132 and found to be identical with

authentic material thus confirming the stereochemistry at C-5. .

HO

84 128
(B)
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It was also shown by Pinhey and Schaffner'® that the aldehyde lactone
128 resulted from the acid-catalyzed rearrangement of an intermediate epoxy

lactone. Mazur and co-workers!3! obtained a similar result by performing the

oxidation of 17[-acetoxyandrost-4-%n-3-one 46 wiﬂl_pérokybenzoic acid with dry
(A) and aqueous perchloric acid (B).” '

. 0AC - _
-
(A) _ ' '
- ———— 0= + 0
0 - HCIO4 b & . Y |
‘ 46 . _ S g n

OAc

- (B) 9
H,0 y — | Hooc
HC10,, | CHO

HoOC '
~a
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Levine'? reported the formation of the epoxy lactone 134, obtained

from the alkaline hydrogen peroxide oxidation of A-nor-17B-hydroxyandrost-4-
en-3-one 133, presumably via the epoxy ketone.

OH

Il

0 133

2g 30% H,0, / NaDH

16 h
| 0
0 OCHs .
134
49 mg 9 mg : 123 mg

As pointed out by Levine!?2, the insertion of an oxygen atom into a
S-membered ring with alkaline hydrogen peroxide is not surprising since
Westerfeld' reported a similar oxidation with 3-hydroxy-1,3,5(10)-estratrien-
17-one 16. Insertion of oxygen in the steroid D-ring with acidic hydfogen ,

peroxide was also reported by Jacobsen and co-workers!34135.136,

0

108 Hy0,

HO NaOH HO

16 3 Days }/ 202
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Oxidation of the propionate ester of 17B-hydroxyandrost-4-en-3-one
135 +with hydrogen peroxide in the presence of catalytic amou\gs of selenium
dioxide yielded a 7-membered lactone 13637, Two assumptions concertiing the
mechanism leading to 136 were made!®’: .

a) the 4-oxa compound 137 is an intermediate in the formation of

136; , -
b) attack of hydrogen peraxide on the C-3 ketone of 135 leads to £
gem-3,3-dihydroperoxide 138.

In fact, the 4-oxa compound 137 was converted to 136 with hydrogen

peroxide in the presence of selenium dioxide. Evidence for the second assumption
arises from observations of Velluz and co-workers'2#!3.13 that the gem-3,3-

dihydroperoxide 123 (see p.139) rearrange§ to the enol lactone 124,

’

|
OCCH,CH, ~, DCCH,CH,

H,0, / NaOH

-
0 Se0,cat  NO2C
135 | 0 136

HOO
HOO

138
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Finally, Reusch and LeMahieu'* reported that the oxidation of 4¢.,5-

epoxy-Sa-cholestan-3-one 139 or 4[3,5-epo_xy-SB-choIestan-B-one 106 with
alkaline hydrogen peroxide gave the lactone carboxylic acids 132 and 140,
respectively. '

Ho0o 7 NaOH
—_— e i -
Reflux

24h

Hp02 / NalOH
—_—
Reflux
0 0 0 1>
' 0 24 h COOH
106 200 mg 140 180 mg

The Baeyer-Villiger oxidation of simple o, B-unsaturated cyclic ketones

141 and 142 has been investigated by DeBoer and Ellwanger'4! using trifluoro-
peroxyacetic acid and m-chloroperoxybenzoic acid under a variety of reaction
conditions (e.g. temperature, reaction time, acidity, amount of oxidizing agent).
Oxidation reactions with m-chloroperoxybenzoic acid gave the simplest product

mixtures (- and (8- epoxy ketones, enol lactone). In contrast, oxidation using

trifluoroperoxyacetic acid gave a variety of products resulting from reactions of
the initially formed products with more trifluoroperoxyacetic acid or with
trifluoroacetic acid which was produced during the reaction.
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141 ' 142

Finally, Trost and co-workers!* found that treatment of a gem -
disubstituted cyclobutanone 143 with basic hydrogen peroxide in methanol

solution at room temperature allowed smooth conversion to the y-butyrolactone
144 which could be isolated in 82-100%‘y-ield.

: 0
N O ) 0
~_ 0
R — & — R + TOH

143 _ 144

Since all these reports indicate that the Baeyer-Villiger reaction is
highly dependent on the nature of the ketone and of the oxidizing agent, we decided

to study the behavior of 19-hydroxy-48,5-epoxy-5p-androstane-3,17-dione 62

with m-chloroperoxybenzoic acid.
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2. Reaction of 19-Hydroxy-483,5-epoxy-58-androstane-3.17-dione : 62

- with MCPBA.

. After treating the 48,5p -epoxy diketone 62 with m-~chloroperoxy-
+ benzoic acid for 4 days, only one product (40%yield) was formed and it was
identified as 19~hjrdroxy-4[3,5-epoxy-17a-oxa-D-homo—5[3-androstane-3,17—dione |

145. Also, 29% of unreacted starting material was isolated. The evidence for the
insertion 6f oxygen in the D-ring is the following: the C-18 methyl resonance, in

the proton NMR spectrum, is shifted downfield at § 1.32, in agreement with the
insertion of an oxygen atom at the 172 position'®. Similarly, the C-18 methyl
resonance in the 13¢ NMR spectrum, is shifted downfield at & 20.1 again in

agreement with published data'*, All 19 carbon resonances were assigned and
they are summarized in the appendix. As pointed out by Dave, Stothers and
Warnhoff'** melting point, tic, and even proton NMR spectra are unreliable
criteria of purity of any ring expansion products. The best criterion of purity for

ring expansion products is the 13C NMR spectrum 5.

HO, | HO
MCPBA
0 4 Dags 0

62 29% 145 40%
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Similarly, treatment of 19-acetoxy_-4[3,5-epoxy-5B-androstane-B,17-
dione 77 with m-chloroperoxybenzoic acid afforded 19-acetoxy-4B,5-epoxy-17a-

oxa-D-homo-5B-androstane-3,17-dione 146 in 89% yield. The acetate group of
compound 146 was cleaved by treatment with potassium carbonate aﬁd the
resulting alecohol was identical (mass spectrum, 1H NMR spectrum, melting point
~and Ry on tlc) to the previously -synthesized alcohol 145. The yield of the product
146 was higher than ﬂ1at obtained for compound 145 and, along with compotind

146, it was possible to isolate traces of a mixture of two overlapping spots by tlc
which was not investigatd further.

q 0
CHCO
MCPBA N
0 L 3 Days
77 48 - 146 B9%

The insertion of an oxygen atom in the D-ring was also observed when

19-hydroxy-4oc,5-epoxy.—Sa-androstane-S,17-dione 147 was treated with
méchloroperoxybenzoic acid. In this case, 19-hydroxy-4a,5-epoxy-17a-oxa-D-
 homo-5a-androstane-3,17-dione 148 is isolated in only 16% yield. Againthe

proton NMR spectrum indicated a singlet at § 1.31, integrating for three protons

and assigned to the C-18 methyl group next to the 17a-oxygen atom,
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147 | 21% - - 148 16%

The above results indicate that the E’éeyer-Villiger rearrangement is
specific to the D-ring with the isomeric epoxides 62 and 147. It was then decided
to repeat the same reaction on 17[3,19-dihydroxy-4.[3,S_-epoxy-SB-andrqstan-3-one
149 which does not have a C-17 carbonyl group. This cox_hp_ou_nd was obtained in

47% yield from 19—hydroxyandrost—4-ene-3,17-dione 4 by treatment with sodium
borohydride and subsequent epoxidation with alkaline hydrc':genAperoxide.

HO B

NEBH4
— 19
K MeOH g
A0
4 0-4°C Ho0o
NaOH
0-4°C
OH
HO
149 473
0
0

It was found that compound 149 reacted very slowly with m-chloro-
peroxybeqzoic acid. After 11 days, three products were formed and some

!

A\

DH . f—'\_‘.
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starting material was still present. The least polar compound was isolated after
two column chromatographies (see experimental section F.1.iv). The compound
appeared homogeneous on the basis of tlc but was found by 1 3CNMRtobe a
mixture of isomers (ca. 10 : 1) The .prot_on NMR specirum indicated that the

" epoxide function was lost because of the absence of a resonance at § 2.88.

Furthermore an oxygen atom had been introduced next to a methylene group as
indicated by the'multiplet integrating for two protons at 3 4.12. However, the
structure of this substande could not be assigned. Similarly, we were unsuccessful

*in identifying the most polar compound. The compound of intermediate polarity

was found, by mass spectroimetry, to have ém%gcular weight of 306. The

clemental analysis agreed with loss of CH, from the starting epoxide 149, thus '
indicating an empirical formula of C1gHyO4. The proton NMR spectrum
indicated the C-18 methyl group at & 0.81, the 170-Hat 53.63and a quartet

integrating for two protons centred at 8 4.44. The infrared spectrum was
consi§tent with a lactone (1745 cm'l) and a saturated ketone (1705 cm'l)'., The
presence of a saturated ketone and of a lactone were confirmed by resonances at d
210.6 and 3 172.1, respectively in the 13¢c NMR spectrum. Based omr these data,
the second product is proposed to be A-nor-3,5-seco-5-0x0-17f3,19-dihydroxy-
androstane-3-carboxylic acid 3,19-lactone 150. In agreement with this structure,
only one acetate group was introduced when 150 was treated with acetic
anhydride in pyridine. The 17(3-acetoxy derivative 151 shows a triplet resonating
at 8 4.58 and integrating for one proton, in the proton NMR spectrum, which is
assigned to the 17a-hydrogen. And, as expected, the quartet intégrating for two
protons, assigned to the 19-methylene, is centred at 0 4.42 ag in the starting 4
material 150. ’
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Imtlal Baeyer-Villiger rearrangement occurs with insertion of an

oxygen atom at position 3a, accordmg to the mechanism proposed by C%s‘::geet 46
- Then fdllows the opening of the epoxide, generatmg a 6-membered ring lactone
with a formyl group at C-5. A second insertion of oxygen atom occurs, i
Participation of the 19- -hydroxyl group triggers the elimination of the formyl .
group to give 150. A similar sequence of reactions wz? initially proposed by

Pinhey and Schaffner?® in order to explain the formation of Windaus acid 131 (sec
p.141). ' ]

-

f
As previously mentioned, a rearranged product different from the

hydroperoxide 100 was 1solated when the 19- hydroxy compound 4 was treated
with hydrogen peroxide and base in methano! under sli ghtly different conditions of
time and amount of sodium'hy_droxide used to generate the hydroperoxide 100.
This product is identified as A~nor—3,5-seco-5,17-dioxoandr0stane-3-carboxylic
‘acid 3,19-lactone 152 based on the following evidence.

1Sh 30min - O
) R 152 26%
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The high resolution mass spectrum and the elemental analysis indicated a
formula of C;gH404 corresponding to the loss of one carbon and two hydrogen

atoms and the addition of one atom of oxygen. The presence of a saturated ketone
was deduced from the carbgnyl absorption at 1710 cm" "1 in the infrared spectrum

as well as from the resonance at 3 210.1 in the 13C NMR spectmm The proton

| NMR spectrum indicated a resonance at 6 0.94 unchanged from the C-18

resonance of the starting material 4. That one methylene group was next to an

oxygen atom was indjicated by a quartet at 8 4.48 integrating for two protons. Also
in agreement with the proposed structﬁre, the compound did not react when treated
under acetylating conditions. The isolation of this compound 152 occurred when
we repeated the reactiort with the unsaturated compound 4 in order to get more )a‘f ‘ |
the rearranged product 100. This fact illustrates the sensitivity of the Bgeyer-
Villiger reaction to small variations in feaction time and concentration of base, for

example.

The keto-acid functionality, as illustrated in compound 153, has also

tfeen obtained by treatment of a 5B- 3-ketone with potassium superoxrée“”r and by
treatment of androst—4-ene 3,17- dlone 18 with lithium peroxide and water'®, R
Milewich and Axelrod' published a large scale preparation of A- n0r33 5-seco

acid which is based on NalOy4-KMnOQy oxidation of a derivative of 17B-hydroxy-

androst-4-en-3-one 5. Such keto acids may be prepared in a number of Ways‘”
(chromium trioxide cleavage of double bonds, ozonolysis of enol lactohes with

pericdic acid, etc.) and they have been used to prepare heteroasteroids!5%13!,
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3. Reaction of 17[3,19-Dihvdroxy-5B-:mdrostaﬁ-’a"'-bnev‘gﬂ j'v\}'ith
MCPBA. : '

The reaction of 173,19-dihydroxy-5p-androstan-3-one 24 with
m-chloroperoxybenzoic acid was studied in order to find out if again the insertion
of an oxygen atom at the 3a position would initiate a rearrangement involving the
cyclization of the C-19 alcohol, as.in compound 150. Thus treatment of the diol 24
with m-chloroperoxybenz;)ic acid afforded two products in 46% and 35% yield,

_respectively. The elemental analysis of the first compound indicated the addition
~of one’atom of oxygen. The proton NMR data indicated that this oxygen was

. introduced in the A-ring next to a methylene group because of the resonance of a

multiplet at & 4.16 int/eg{-ating for two protons. The C-19 methylené group wat
still present 4§ mcated by the quartet centred at & 3.72. From comparison of the
13C NMR chemlcal shlfts with data obtained by Dave Stothers and Wamhoff 143

f/0r A- homo 2a- oxa-SB cholestan-3-one 155 and A-homo-3a-oxa-53- cholestan 3-
/ one 156, we concluded that;the first product isolated in 46% yield is A-homo—

17B,19-dihydroxy-2a-oxa-5P-androstan-3-one 154. (The 13C NMR data are listed
in the appendix.)

I

A ) . v - N
T : ' 4
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OH OH
HO ‘ HO
MCPBA d
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H g H
. 24 154
CgHy7 . CgHy7
g 0
0
g H H

155 ‘ 156

The elemental analysis of the second product also indicated the addition
of one atom of oxygen. The presence of a lactone was indicated by the infrared

absorption at 1730 em L. A quartet centred at  4.37 and integrating for two -

protons suggested a methylene group next to an oxygen atom. Also, a broad

doublet at § 3.72 integrating for two protons was present. The 13C NMR data

confirmed the presence of a lactone with resonances at & 172.8 for the carbonyl

| group and § 71.4 for the methylene group next to the oxygen atom. However the
methylene group at 8 60.9'was at higher field than normally found for the C-19

alcohol (8 64-66). Two hydrexyl groups were still present in L%ecbnd product

since upon treatment with acetic anhydride in pyridine, the product obtained
showed two singlet resonances integrating for three protons each at 6 2.01 and

-

. W
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d 2.04 in its proton NMR spectrum. Based on the 13c NMR data, we propose two
possible structures for the second product, 157 or 158. The structure 157 would
be obtained follow{ng insertion of an oxygen atom at the 2a position and cyclization
of the 19-alcohol. Structure 158 would necessitate the insertion of the oxygen at
the 3a position and cyclization of the 19-alcohol. '

-In order to differentiate between the two structures, oxidation of the

second product was performed according to Ratcliffe's method'*2(chromium
trioxide-pyridine complex). The reaction was done on a small scale (40 mg) and,
after column chromatography, only 9 mg of product was obtained. The mass -

spectrum showed a molecular ion at m/z 318 indicatin'g that the 17p-alcohol had

been oxidized jointly with the other free alcohol. An aldehyde function was

present as indicated by the resonance at 8 9.76 in the proton NMR spectrum. It is
cxpécted that if an aldehyde is formed in 157 that a methylene group would be
adjacent to it whereas in structure 158 a methine group would be adjacent to the

aldehyde group. The chemical shifts of a methylene group adjacent to an aldehyde

function were reported around & 50 in the monoterpenes 159 and 160", and at &
45.9 in 1611, |

~
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it6 19.9 : 29.1 . 199

N RS_AZ2CHO & H M/CHD
25-7(124.3 371 511 251 438 374 50.1 )
1315
159 201.9 160
1% _tHo |

/\\/

138 459

161

The 13C NMR spectrum obtained did not indicate the presence of any

methylene groups in the § 40-50 region except for a resonance at & 35.6 attributed .

to the C-16 methylene group. Even if the compouﬁd isolated was homogeneous on
the basis of tlc and proton NMR, some resonances were doubled in the 13¢ NMR

spectrum. For instance, the C-19 methylene group appeared at § 69.4 and 69.0.
This latter information confirms that structure 162 must be éssigned to the product

since C-5 is an asymmetric carbon o to the aldehyde group, thus an epimerizable

centre. Such an epimerization cannot occur with a structure like 157. Evidence in

favor of the structure 158 also comes from the fact that saturated S¢t- or 5B-3-keto
steroids generally give a ~1:1 ratio of isomeric ring products (2a-oxa and

| 3é-oxa)“‘5'155. Since the first compound was identified as the A-homo-2a-oxa

derivative 154, it is more plausible that the second product derives from the

A-homo-3a-oxa derivative as is the case for the structure 158.

T~
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The reaction of 178,19-diacetoxy-5B-androstan-3-one 164 with
m-chloroperoxybenzoic acid was then studied to confirm that when the 19-alcohol
is not available, two products should be formed, in approximately equal ratio and
correspond to the insertion of an OXygen atom at the 2a and 3a positions. The
product formed was homogeneous on tlc but the 13¢ NMR spectrum indicated that
a 1:1 mixture of both isomers 165 and 166 had been formed, in agreement with

what was expected. The 3¢ resonances were assigned in comparison with known

values for 2a and 3a-oxa steroids'“S and they are reported in the appendix.

0
OCCH4 .
1] 1 Tl
CHxCO CH=CO CHzCO
MCPBA @ 0
0 T b
H g H H

164 165 166
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In summary, we have documented the participation of the C-19
hydroxy! group upon insertion of an oxygen atom at the 3a position when the _

steroid has a 5B-configuration, i.e. preferential lactonization involving C-3 and
C-19.

4, Reaction of 19-Hydroxyandrost-4-ene-3.17-dione 4 with MCPBA.

Keeping in mind this tendency of the C-19 hydroxyl group to participate
in Baeyer-Villiger rearrangements, the reaction of the unsaturated C-19 alcohol 4
with m-chloroperoxybenzoic acid was studied. Three compounds were isolated
from this reaction. The least polar compound could not be identified. The high
resolution mass spectrum of the compound of intennediafe_ polarity indicated-a

molecular formula of C19Hpg05 corresponding to the addition of two atoms of

oxygen to the starting material 4 (C1§H26O3). Examination of the proton NMR

spectrum showed a quartet at & 4.57, integrating for two protons and a singlet at &
3.60 integrating for one proton and exchanging with D50. A lactone absorption -

band was also present in the infrared spectrum at 1740 emL. However, based on
these data alone, we cannot offer a structure for this second compound. The small
amount of material isolated (7 mg) is the limiting factor for not doing more
elucidation \;vork at this moment.

The more pdlar compound was found to have the same molecular
formula as the second compound, indicating the addition of two atoms of oXygen. -
The presence of a lactone was indicated by the infrared absorption at 1730 cm™!

and by 13c NMR resonance at 8 171.4. Besides a quartet centred at & 3.88,

integrating for two protons and assigned to a methylene group next to an oxygen

)
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atom, the proton NMR spectrum showed a doublet at 6 3.27, integrating for one -
proton and exchangmg upon addmon of D20 which was assigned to a secondary

- alcohol. Finally, a very fine doublet at 8 4.97 became a singlet after the addition of
D50, thus indicating that it was coupling with the hydroxyl proton. From these

data and the 13C NMR spectrunt, the structure of this third compound is proposed
to be A—homo-3a—ox'a-19,5-oxido-4§—hydroxy-5B-androstane-3,17—dione 167,
The stereochemistry of the hydroxyl group at C-4 has not been determined.

0 0 0 0
4 _ OH 167 . OCCHx
' 168
. The methine resonance at § 101.1 is attr1buteh-4 in good

agreement for values of alcohols next to oxygen atoms. For example, the

‘resonance of C-11 in 169 was reported at 8 108.915 anzY the resonance for C-3 in
compound 170 was reported at § 96.6'5".

169
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Finally, the acetylation of compound 167 was performed and the
product 168 obtained is in agreement witl} the proposed structure 167 rather thaﬁ
the other possible structure 172. The tertiary hydroxy group of the structure 172
would not be acetylated with acetic anhydride in pyridine. The product obtained
after treatment of 167 with acetic anhydride in pyridine is homogeneous on the

~

basis of tlc but is a mixture of epimers ( 40~ and 4f-acetates) by proton NMR

analysis (ca . 1:1).

In summary, we examined some reactions of C-19 substituted androgens

and participation of the C-19 hydroxyl group has been documented. The lactones

synthesized could be modified to methyle_né lactones. The q-methylene-8-lactone

group which is found in several naturally occurring terpenoids is a highly efficient

- biological alkylator'®®, Several estrogen derivatives containing the c-methylene-

d-lactone group as part of the D-ring were prepared as anti-tumor agents and found

highly toxic towards carcinoma cells in culture!*®.
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EXPERIMENTAL

A. -Materials

1. Radioactive Compounds.

19-Hydroxy[6,7-3H]ar1drost-4-ene-3,17~dione 4 [3H] (sp. radioacti-
vity 45.0 Ci/mmol), 30t-hydroxy[1,2-3H]§B-andrqstan-l7-one 20 [3H] (sp. radit'?-
actiVity 45.0 Ci/mmol), 17[3-hydroxy[1,2—3H]androst-4-en-3-one 5 [3H] (sp.
radioactivity 51.5 Ci/mmol), iodo[2-14C]acetic acid (sp. radioactivity 56.0

Ci/mmol), iodo[2—3H]acetic acid (sp. radioactivity 58 mCi/mmol), 17c-hydroxy-

[1,2—3H]androst—4-en-3—one (sp. radidactivity 50.0 Ci/mmol) were purchased from
New England Nuclear.

2. Non-radioactive Steroids.

19-Hydroxyandrost-4-ene-3,17-dione 4 was a generous gift from
Dr. J.M. Koekenoer, Africans University, Johannesburg, South Africa.

11B-Hydroxyandrost?4—ene-3,17-dione 8, 6B3-hydroxyandrost-4-ene-3,17-dione
; 7
10, 17B-hydroxyandrost-4-en-3-one 5, androst-4-ene-3,17-dione 18, 33-hydroxy-

5B-androstan-17-one 22, 5B-androstane-3,17-dione 21, 3a-hydroxy-5B-andros-

" tan-3-one 20 and 3-hydroxy-1,3,5(10)-estratrien-17-one 16' were from Steraloids
or Sigma Chemical Company.
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3. Coenzymes. .
e
\/ Pyridine nucleotides (NADP and NAbPH)' were purchased from
Boehringer Mannhei}]ﬁ;npany}
) . .

Polybuffer exchahger PBE 94 and Polybuffer 74 for chromato-
focusing were obtained from Pharmacia Inc. Matrex Gel Red A was purchased
Erdm Amicon Company. Ampholyte pH réngc 5-7 from LKB was obtained from
Fisher Scientific Company, as well as the ammonium persulfate. Aérylamide,
bisacrylamide, TEMED and mixed bed resin AG 50-X8 CD, 20-50 mesh were
from Bio-Rad Laboratories. Urea, 99.5% was from BDH Chemical Company.
/_‘ The urea solution was purified by mixing with mixed bed resin AG 50-X8 CD.
The resin was removed by filtration and the treatment was repeated. Silica gel N,
for thin layer and preparative chromatography, was from Machery Nagel und Co.
Fluorescent indit;ator, activated zinc silicate was from Bakér Chemical Company.

Silica gel for column chrpmatography, flash chromatography type 20-45 microns,

was from Terochem Laboratories. Davisil silica gel (Fischer Scientific Company),

_60-240 mesh, was used occasionally for column chromatography. Thin layer
chromatography was performed on Merck pre-coated silica gel 60 F-254 plates.
Cellulose sheets 13255 were from Eastman Kodak Company. N-Epsﬂon—mono-

*» dinitrophenyl-L-lysine monohydrochlonde was from Mann Research
Laboratories. '

™

5. Scintillation Fluids.

»

2,5-Diphenyloxazole (PPO) was purchased from BDH Chemical
~Company and ACS, aqueous counting scintillant was from Amersham Company.

Q
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6. Buffer Salts, Solvents and Other Chemicals.

All salts, solvents and chemicals were high purity or reagent grade.

o]

B. Methods. ' ‘ —

1. General. *
= '
Melting pomts were determined .on a Hoover Uni-melt apparatus and
are uncorrected. Opt1cal/ﬁz§1;ns were measured with a Perkin-Elmer 241
_ polarimeter and are for chloroform solutions unless otherwise specified. ‘%Clrcillar |
~ dichroism spectra were obtained with 95% ethanol solutions on a Cary 61 spectro-
. photometer. Ultraviolet spectra were obtained with 95% ethanol&ﬁ‘laions ona .
_Varian DMS 90.spectr0photom::ter. Infrared spectra were recorded on a Perkin-
Elmer 783 infréfe& spectrophotometer using chloroform solutions unless
otherwise sp'ecified. Proton magnefic reéonance spectra werz_a' recorded onna
Varian XI.-300 instrument using dguterochlofofonn as sclvent, unless otherwise
specified and chloroform as an internal standard (7.240 ppm). 13¢ riuclear
magnetic resonance spectra were obtained on a Varian FT-80 instrument with
“deuterochloroform as sg‘Went and internal standard. The 13C nuclear magnetlc
resonance spectra (12YMHz) of compounds 91 and 162 were recorded by Dr.
J.-R. Brisson on a

ker AM-500 instrument using deuterochloroform as solvent,
Mass spectra yére obtained from a V.G. 7070-E double focusing instrument.
Microanalyses were carried out by M-H-W Laboratories, Phoenix AZ, U.S.A. All
solyents were distilled prior to utilization. The light petroleum usegd was of boiling
r’ange 30-60°C. The water for all the mampulatlons involving. the enzyme.s was

deionized and glass distilled.

A

- ' (\
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) 2. Work up.

+ Work up involved pouring the reaction mixture into water,
extractmg with methylene chloride and washmg the extracts with water (and with
5% HCI if pyridine was present). The ext‘l'act;\s were then dried with anhyd’rouq
sodium sulphate and the solvent remos§ed on a rotary evaporator.

3. Chromatography. ‘ w
; - % I

s

Chromatcﬁraphy refers to medium pressure column chromatogra-
phy using ca. 30 g of adsorbant for every 100 mgf steroid bemg separated. The
column was packed with a slurry of silica gel in methylene chloride. The material

to be separated was introduced onto the column as a solution in methylene chloride
and eluted with the appropriate solvent. - ,

‘ ' >
4. Acetylation (Method A).

Y The general procedure for the acetylation was to-dissolve the steroid
in pyridine ( for example 50 mg in 1 ml of pyridine) and to add acetic anhydride (2
ml) and stir overnight at room temperature. Work ug(n

was as described in 2.

~

L

5. Haloacetylation (Method B).

The ‘procedure for the bromo- or iodo-acetylation was accomplished
by sequential addition of cooled (0-4°C) methylene chlpride solutions of iodoacetic
acid, "dicyclohexylcarbodiimide and of 4-dimethylaminopyridine to a stirred
solution of steroid in dry methylene chloride in an ice-water bath. The reaction

mixture was stirred for 1 to 5 h. The progress of the reaction was followed by tlc
: ~N
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and terminated whefi"éfl the starting material was consumed. The product was

directly applied on a column of silica gel and purified. ) )

6. Jodo[2-14Clacetylation (Method C).

The iodo[2-14C]a9p_t_c_>J_gy steroids were synthesized as descri.bled in
Method B. The steroid (1.5 x 10'5 mol) was dissolved in dry, methylene chloride
(300 ul). Iodof2- 14C]ace,tic acid (50 to 200 uCi), dicyclohexylcarbodiimide (1.9 x
107 mol) and 4- d1methylam1nopynd1ne (2.5x 10‘5 mol) all in dry methylene |
chloride (300 pl) were‘used as described prev1ously The purification was on
preparatlve tle 20 cm x 20 cm x 0.75 mm) prcv1ously washed with methanol and :

drled in the oven at 110°C. The punty of the radioactive product was verified by
thin layer chromatography and was greater than 99%.

The jodo[2-14C]acetoxy steroids (5 x 10-2 mol, in 95% ethanol)
were added to 20 mM phosphate buffer, pH 7.0 (1 ml). The solution was incubated
at 259C for 180 min, then the steroid-was extracted with 2 ml of ethyl acetate. The

- —ethyl-acetate fraction was separated, dried under a stre"am‘Bf nitrogen, diluted with™—

" non-radioactive iodoacetoxy steroid and applied on a tlc plate (20 cm x 10 cm x

0.25 mmy). The solvent systems used for the elution of the tlc are specified for each _
derivative in the corresponding Figures 5-10. After elution the derivative was
visualized under UV or by spraying with 5% sulfuric acid in methanol and heating.

—The silica-gel was divided into sections of 1.0 or 0.5 cm. The silica gel of each

section was scraped and the radioactivity measured.

—
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8. Preparation of Radioactive Substrates.

The purity of the radioactive steroids was verified by tlc in the

solvent system benzene : acetone (4:1,v/v)for 17[3-hydroxy[1,2-3H]androst-4- )

en-3-ope’$ [PH] and for 3a-hydroxy[1,2-3H]-5p- androstan-17-one 20 [3H].
Methylé e chloride : acetone (§ :4, v/v) was used for 19-hydroxy[6,'7—3H]androst-
4-ene-3,17-dione 4 [3H]. For enzyme assays, the stock solutions of the radiocactive
steroids were diluted with non-radioactive steroids in methanol to a final specific
activity of 4.5 uCi/umol. The final steroid concentration was 0.1 pmol/ml; The
solutions were stored at -20°C. S

9. Assay for Dehydrogenase Activity.
For assays with hydroxysteroid substrates, the incubation mixtures
contained the following: radioactive steroid substrate,’;’/nmol in 30 pl c:f
methanol; NADPY, 0.5 pmol in 0.7 ml of 0.1 M glyciﬁe-NaOH buffer, pH 9.5 and
enzyme%raction, 1-3 pl. The final volume was made up to 1 ml by the addition of
0.15 M KCIl. Samples were incubated at 37°C for 30 min. The amount of enzyme
added to each incubation mixture was adjusted so that the extent of substrate
oxidation was less than 40%. Incubations in which the enzynie was omitted were
carried out as control. For assays with ketosteroid substrates, the conditions and
‘the coreentrations were the same as above except that NADPH was the cofactor
d0.1M Tris-maleate buffer, pH 7.6 was used instead of the glycine buffer. The
hcubatiens were terminated by extraction. of the steroid substrate and product
m the incubation medium with 2 ml of ethyl acetate. The ethyl acetate was
rempoved and evaporated to dryness under a stream of nitrogen. Non- radioactive
stefoid standards in methanol were added and the mixture was applied on tic (20

——

cm x 10 cm x 0.25 mm), previously dried at 110°C, and the elution was in

-
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" benzene : acetone 4:1, y/v). The steroids were detected under an ultraviolet

lamp. The spots were scraped off the ﬁlate into scintillation vials containing 0.4 ml "\;_

of methanol and 8 ml of scintillation fluid (8 g of 2,5-diphenyloxazole in 2 liters of
toluene) was added to each vial. The radioactivity was measured in a Searle Mark
111 liquid scintillation counter. ‘ { '
i} " For assays with non-radioactive steroids, the 1ncubat10n mixture -
contained the following: NADPH, 0.5 pmol in 0.7 ml of 0.1 M Tns maleate, '

pH 7.6; 0.3 ml of 0.15 M KCl and 45 nmol of steroid in 95% ethanol The enzyme
6-20 i (0.14 nmol in 10 mM Tris-HC, pH 8.0, 20% glycerol, 0-5 mM DTT) was
then added. Separate incubations (15) were performed for each steroid to be tested
as substrate and incﬁbaied at 37°C for 90 min. The incubations were terminated by
extraction of the steroid substrate and product from the incubation medium with
2 ml of distilled ethyl acetate. The organic layers were combined and the solvent
removed under reduced pressure. The residual material was diluted with.methanol
and methylene chloride and applied on preparative tlc plates (20 cm x 20 cm x 0.75
mm) previously washed with distilled methanol and dried at 110°C. The solvert
systems used for different steroids are summarized in Table IX. A mixture of
starting material and product was applied on one side of the tlc plate, 3 cm away
from the applied incubation mixture, as a reference. The reference steroids were
visualized under ultraviolet light or were sprayed with a 5% solution of sulfuric
acid in methanol (protecting the rest of the silica gel with a glass plate) and the plate
was ﬂlén carefully heated on a heating plate. The silica gel cotresponding to the
starting material and to the product was separately scraped and extracted twice
with methylene chloride : methanol (6 ml : 1 ml) and centrifuged. The solvent was
evaporated under nitrogen, diluted in apbroximately 1 ml of methylene chloride :
methanol (1 : 1) and filtered using a microfilter adapted on a syringe. The samples

were again dried under nitrogen and analyzed by mass spectrometry.

s

&
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Solvent Systems Used for the Various Steroids.

Steroid | " Methylene Chloride ; Ethyl Acetate

6[3—Hydro:&yandrost-4'—ene-3,17-dione 10 _ : 40:60 |

1 1B-Hydrox-yandrost—fl-ene&,17-dioné 8 | 40:60
3-Hydroxy-1,3,5(10)-estratrien-17-one 16 g 40:60
4-Hydroxyandrqst-4-ene-3,17-dior_-1_g§Q“ 50:50
30,19-Dihydroxy-5p-androstane-3,17-dione 23 60 : 40
3B,1\9-Dihydroxy75B—androstane—3,17-di0r1e 15 60 : 40
17B-Hydroxy-SB-aridrostan-}cEe 12 . 30:70 .
19-Hydroxy-5B-androstans-3,17-dione 14 20: 80

10. Expression of Enzyme Activity and Protein Determiingtion.

) The percenf conversion of _substrate (S) to product (P) was calculated
according to the formula [P/(S + P)]100. The enzyme activity is expressed as
units/ml. Cne unit of activity is defined as the amount of enzyme catalyzing the MT
‘oxidation or reduction of 1 pmol of steroid substrate per min under the specific
condition of the assay. The protein concentration was determined by the

. Coomassie Blue dye binding method!®,

11. Crude Enzyme Preparation.

All procedures for the purification of the 17B-HSD were carried out
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l'at 0-4°C. Af@)mlale New Zealard-white rabbft was sacrificed by cervical
dislocation, the liver was removed and immersed in an ice cold solution of 10 mM

Tris-HCI, pH 8.0, 0.5 mM DTT. The gallbladder was removed and the liver was
minced. with scissors and a 20% (w/v) homdgénate was prepared in ﬂF@a,buffer k no

s

.using a Sorval Omni-Mixer for one min at maximum speed. The ho oéeﬁate was

centrifuged at 10 000 g for 30 min in a Sorval RC2-B centrifuge and the supermna-
tant obtained was centrifuged at 105 000 g for 90 min in a Becknian ultracentri-
fuge. This supematant was thexln concentrated by ultraﬁltratlon inan Amicon
Diaflo apparatus equipped with a YM-10 membrane. -

12. -Affinity Chromatograpﬂy.

An affinity column (1.5 cm x 40 ¢ii) of agaro:sé. immobilized
Procion Red HE3B was equilibrated by washing with at least ten bed volumes of 10
mM Tris-HCI, pH 8.0, 0.5 mM DTT. The concentrated enzyme fraction (S0 ml to
80 ml) was‘centrifuged prior to application on the column to remove arfy insoluble
material. The flow rate of application and of subsequent elution was of 18 ml/h. |
The column was eluted first with 150 ml of 10 mM Tris-HC], pH 8.0, 0.5 mM DTT .

containing 1 mM EDTA and 5 mM MgCl,. Then followed a 600 ml linear

gradient of NaCl from 0 M to 1 M in 10 mM Tris-HCl, pH 8.0, 0.5 mM DTT,
containing 1 mM EDTA and 5 mM MgClz. The elution was continued with a 200

ml linear gradient of NaCl from 1.M to 2 M in 10 mM Tris-HCl, pH 8.0, 0.5 mM
DTT cdntaining 5 mM MgCl,. Finally the column was eluted with 400 mlof 2.5 M

NaCl in 10 mM Tris-HC], pH 8.0, 0.5 mM DTT containing 10 mM MgCl,.

Fractions (5 ml) were collected and asséyed for 17a- and 17|}ff-ISD activities. The

fractions having 17B-HSD activity (usually present in the 2.5 M NaCl) were
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pooled. Cold glycerol was added to a final concentration of 20% ({z/v) ‘anci the
ffaction was concentrated bj}"-ultra’filtr‘ation. The concentrated sample was dialyzed
against 8 liters (2x 4 liters) of 10 mM Tris-HCl, pH 8.0, 0.5 mM DTT, 20%
glycerol. About 50 ml of 0.025 M histidine buffer, pH 6.0; 0.5 mM DTT was
add—eﬁmyo.thé enzyme fraction and the fraction was centrifuged to remove the

insoluble ‘material. The fraction was again concentrated by ultraﬁltratio_n.'

13. Chromatofocusing;.

The previously cpncentraied sample (~10 ml) was applied to a
column (1 cm x 30 cm) packed with Polybuffer Exchanger PBE 94 that had been
previously equilibrated with 0.025 M histidine buffer, pH 6.0, 0.5mM DTT. The -
column was eluted with a solution of Polybuffer 74 (30 ml of Polybuffer‘74 was
adjusted to pH 5.0 with 1 N HCI and diluted to 300 ml with deareated distilled’
water, DTT was added to give a final concentration of 0.5 mM) at a flow rate of 18

ml/h and 1.0 ml fractions were collected and aésayed for 173-HSD activity. The
pH gradient developed during the elution of the column was monitored t;y' placing
fractions of the eluant in an ice bath and rﬁeasuring the pH within 2 h of collection
using a Fischer Accumet pH meter, model 520. The fractions corresponding to
each peak of enzyme activity were pooled, diluted with an equal volume lof 10 mM
Tris-HCI, pI—i’S.O, 0.5 mM DTT, 10% glycerol and concentrated by ultrafiltration.
Each enzyme fraction was further dialyzed against 100 ml of 10 mM Tris-HC], pH
8.0, 0.5 mM DTT, 10% glycerol. The final concentration of glycerol was adjusted
to 20%. The pure enzyme fractions were stored at -78°C. Enzyme purity was __
"assessed by polyacrylamide-gel electrophoresis and by isoelectric focusing
polyacrylamide-gel electrophoresis. '
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14, Polyacrylamide-Gel Electrophoresis.

" Polyacrylamide-gel electrophoresis was carried out as described by

Davis**. The acrylamide monomer concentration was 10.5%. The gels were

subjected to a current of 3 mA/tube for 45 min prior to the addition of the enzyme.

The buffer used for electrophoresis was 0.02 M Tris, 0.2 M glycine, pH 8.3. - -

E;i"c)mophenol blue (0.01%) was used as the tracking dye. Electrophoresis was
carried out at 4°C at an initial current of 2 mA/tube for 15 min, then at 3 mA/tube.

15. Protein Staining.

“

The gels were first fixed in 12.5% trichloroacetic acid for 30 min in
a water bath at 60°C and then stained with 0.2% aqueous Coomassie Brilliant Blue
R-2'50\in 45% ethanol-10% acetic acid for 30 min at 60°C. Destaining was carried
out first in 25% ethanol-10% acetic acid at 60°C for 30 min and then at room

temperature overnight. The gels Were stored in 10% acetic acid.

N
16. Isoelectric Focusing Polyacrylamide-Gel Electrophoresis.

Isoelectric focusing in polyacrylamide gel was carried out by a
modification of the method of Hayes and Wellner>®. Polyacrylamide gels (0,6 cm
x 9 cm) were prepared from a solution containing acrylamide (8%,w/v).
N,N-methylene bisacrylamide (0.24%,w/v), LKB ampholytes 40%, w/v, pH 5-7
(5%, v/v), ammonium persulfate (0.024%, w/v) and N,N,N',N'-tetramethyl-
ethylene diamine (0.24%, v/v). The cathode sélution was 0.02 M NaOH and the
anode solution was 0.01 M phosphoric acid. Before the application of the protein
samples the gels were run at 4°Cfor 15 min at 200 V, then for 30 min at 300 V and

—

finally for 30 min at 400 V. The NaOH solution was temoved from the cathode *.

- compartment and the gel surfaces were rinsed with distilled water. Protein
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samples containing glycerol (20%, w/v) were applied on the gels and overlaid with
. the NaOH cathode solution. Isoelectric focusing was carried out at 4°C for 30 min
'at 450 V followed by 4 h at 500 V. Staining was as described above.

17. Urea Isoelectric Focusing Polyacrylamide-Gel Elgctrgphorésis. >

The procedure was similar to the one described for isoelectric
focusing polyacrylamide-gel with the following modification. A solution of urea,
previously purified by .treating the solution twice with mixed-bed resin, was added
to the acrylamide solution. The final concentration of urea was 8 M. The
electrophoresis, staining and destaining was accomplished as described above.

]

18. Carboxymethvlatidn of Amino Acids. | -

LY

The carboxymethylation of L-histidine was performed according to
the method of Crestfield's!. Acetyl-L-histidine (225 mg) was dissolved in 7 ml of
water and iodoacetic acid (270 mg) dissolved in 0.03 N NaOH (3.5.ml) was added.
The pH was adjusted to 8.1 by the addition of 1 N NaOH and the volume was
adjusted to about 25 ml with water. Solid sodium bicarbonate (113 mg) was added
and the solution was heated under reflux for 3 h. Hydrolysis of the acetyl group
was achieved by adding 25 ml of concentrated HCI and 70 ml of 6 N HCl and
refluxing for 6 h. The solvent were removed under reduced pressure. The
carboxymethylation of L-cysteine, L.-lysine and L-methionine was done in a
similar manner but without the hydrolytic step.

19. Inactivation of i7B-HSD by Haloacetoxy Steroids.

Inactivation with the various steroid derivatives was carried out in
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20 mM phosphate buffer, pH 7.0. In a typical expeﬁmeﬁt, the purified enzyme
(4.5 nmol, in 10 mM Tris-HCl, pH 8.8, 10 mM DTT, 20% glycerol) was applied on
a Sephadex G-25 medium column previously equilibrated in 20 mM phosphate =~
'lbuffer, pH 7.0. Phosphate buffer 20 mM, pH 7.0 was added to have a final volume
of 750 pI and centrifugal gel filtration™ was performed at 4°C in order to remove
the DTT. The resulting enzyme solution was equilibrated 15 min at 25°C anda
fraction of this enzyme (0;75 nmol, 125 ul) was mixed with 3.75 nmol of
haloacetoxy steroid-in 3 il of ethylene glycol monomethyl ether and 2 ui of 20 mM
phosphate buffer, pH 7.0. Aliquots were removed (at 15 or 30 min intervals) and
assayed for enzyme activity as previously described. DTT was pres::it in the
incubation mixture when the enzyme activity was measured in order to stop further .
. alkylation. Incubations in which the haloacetoxy steroid was replaced by the

appropriate acetoxy steroid served as controls.

20. Inactivation of 173-HSD by Iodoacetoxy Steroids for Amino
Acid Analysis or for Peptide Mapping.

L -

Inactivations were performed as described above. Enzyme (10
nmol) was inactivated with a 5-fold excess of [14C]iodoacetoxy steroids (50 nmol,
in ethylene glycol monomethyl ether) in 20 mM.phosphate buffer, pH 7.0 at 25°C.
The reaction was stopped by the addition of 2-mercaptoethanol (2 x 104 mol) and
incubated for 1 h at 25°C. The 'reaction mixture was then dialyzed against 1N
NaOH (8 liters) containing 2-r_1;1ércaptoeﬂ1ahol (3 mM) for 4 h to facilitate the

cleavage of the steroid ester bond and against water containing 2-mercaptoethanol

(3 mM) until the radioactivity in the dialyzate had retumed to background values.
For amino acid analysis, the dialyzed inactivated enzyme was

lyophilized and acid hydrolysis was performed in 6N HCI containing *

2-mercaptoethanol in evacuated sealed tubes at 110°C for 22 h. The HCI was

bl -d
L -~



evaporated under vacuum aﬁdﬁle sample wad dissolved in 10 mM HCl and
centrifuged prior to amino acid analysis. Standard carboxymethyl-L- histidine and
S-carboxymethyl-L-cysteine 'were added to the hydrolyms products obtained from &
5 nmol of inactivated enzyme and amino acid ana1y31s of this mixture was - -
performed with a Waters cation exchange amino acid analysis column (P/W 8000
sulfonated styrene- dwmylbenzene, sodium form particle) connected to a Varian
5400 liquid chromatograph and a Varian UV-visible 100 detector. The eluting
gradient was 0.2 M sodium citrate, pH 3.27 (from Pierce concentrate) to Il\;i,.pl-l
- 74 (Varian #2 sodium buffer). The ninhydrin solution was prepared from Pierce
lithium acetate buffer. The analyzer effluent was collected at 0.2 minintervals
following the ninhydrin reaction and counted in 10 ml of ACS aqueous countin%;;
scintillant. The counts were corrected for ninhydrin quenching.
¢ . )
For pe‘f)tide mapping, the inactivated enzyme solution was dialyzed
.against 8 M urea (previously treated with mixed Bed resin) in 0.01 M Tris-HC], pH
8.0, 3 mM 2-mercaptoethanol overnight. The resulting-denatured enzyme solution
was flushed with nitragen for 20 min. Iodoacetic acid (1 x 10 mol) in IN NaOH
(20 ul) was added and the reaction was left under nitrogen for 80 min, in the dark.
The sarnple was extenswely/ dlzlyzed against water containing 3 mM 2kq1ercapto-
ethanol and lyophilized. The carboxymeth)(lated enzyme was treated with 4% .

(w/w) chymotxypsin in0.1 M NH4HCO3 (1 ml) for 16 h at 37°C. After

lyophlhzatlon the chymotryptic digest was dissolved ﬁl 120 pl of pH 2. 1 buffer
(aceuc acid : formic acid : water, 64 : 16 : 720, v/v/v) and centnfuged 'to remove
the insoluble material. Chymotryptic digest (70 ul) and the tracking dye
N-epsilon—mono-dinitropheﬁyl-L-lysine monochloride were applied on a cellulose
sheet. Electrophoresis was performed for 1 h at 450 volts. The cellulose sheet was
dried and the elution in the second dimension was done in isobutanol : acetic acid :
water : pyridine, 60 : 12 : 48 : 40. Peptides were located by autoradiograph;f.
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21. Performi id Oxidation.

Performic acid—Was prepared by mixing 5 volumes of 30% H»05

with 95 volumes of 99% formic acid and incubating the mixture at 25°C for 2 h.

~ Oxidation of am‘inq acids was done by adding performic acid (250 pl) to a solution
of amino acids in 99% formic acid (125 ul) and 1ncubatmg at 37°C¥or 3h. The
formic acid was evap’orated under vacuum and amino acids analys1s was performed— :

as previously described. ) | —

22. Stoichiomefry of 14C-Qarboxymethyl Incorporation. ~

Enzyme (10 nmol) was inactivated with 19-iodo[2'-14Clacetoxytey

androst-4-ene-3,17-dione 33 under the conditions described in section B.20. Z
reaction _;va-s stopped at time intervals and dialyzed against water until the
radioactivity in the dialyzate had returned to background values. A control was |
done by ificubating the steroid 33 with 2-mercaptoethanol for 1 h at 259C before
addi;ig the enzyme. After the addition of the enzyme, the incubation was continued

, for 3h at 25°C. The dialyzed inactivated enzyme‘ was lyophilized and dissolved in

70% formic acid. The radioactivity and protein concentration were determined.

———
»

o
C. Preparation of Steroid Derivatives of Part I

1. Preparation of 1'9-Hvdrbxv-SB-gmdrostaneJ.17-dione 14.

- 19- -Hydroxyandrost-4- -ene- -3,17-dione 4 (2. O&g, 6.62 x 103 mol)
was dissolved in 40 ml of 95% ethanol and was added to a solution of 10% '
palladium on charcoal (0.59 g) in 95% ethanol ( 5 ml) previously sa_turated with
hydrogen. The reaction was stirred under an atmosphere ?)?hydrogen at room

_ /
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temperatiire. After 3'h, the intake of hydrogen stopped. The solution was filtered .
and concentrated i;,adér reduce pressure to a clear oil. The product could be
’ crystalllzed in methanol but it was still impure. Column chromatography using

'methylene chlorlde ethyl acet&te 90 : 10 as eluant afforded 3 -ethoxy-38,19-,
‘oxido-5a-androstan-17-one 26 (6%). mp 137-138°C (lit® mp 137-138°C); IR
Yina 2940, 2870, 1735 (17-CO) cm™}; THNMR 8 0.80 (s, 3H, 18-CHy), 115
(&5, 36, {)CHzgﬂa),é.a (g, 2H, OCH,CHy), 4.01 (q, 2H, 8, 3.87, 8 4.15, J,=9
Hz, 19-CHo); '3CNMR & 13.6 (CHg, C-18), 15.6 (CH3, OCH,CHy), 21.0 (CHp, -
C-11), 21.6 (CHy, C-15), 29.9 (CH, [C-4]), 30.0 (CHy, C-6), 30.6 (CHp, C-7),
31.5 (cﬁz, C-12), 31.7 (CHy, [C-2)), 33.8 (C, C-10), 35.5 (CH, C-8), 35.7 (CHy,
C-16),38.8 (CHy, [C-11), 393 (CH, [C-9]), 47.5 (C, C-13), 49.2 (CH, [C-5)), 51.4
(CH, C-14), 57.1 (CHy, OCH,CH3), 67.0 (CHy, C-19), 97.9 (C, C-3), 220.7 (C,
C-17); MS m/z 332 (M*), 317 (M-15, CHg), 303 (M-29, CHCHy), 287 (M-45,
OCH'ZCH3); HRMS caled ;;r C21H3203:' 332.2343, found: 532.2331. Anal.

Caled for CyyH3,03: 'C, 75.85; H, 9.71. Found: C,76.06; H, 9.63. The column

was then eluted with methylene chloride : ethyl acetate, 70 : 30 and wm}methylene

chloride : ethyl acetate, 50 : 50 to afford 19- hydroxy -5B-androstane-3,17-dione

———— -

14 (84%). mp 201-204°C (large transparent crystals from slow evaporation of _
methylene chioride) (lit. 69 mp 208-209°C); IR 7, 3630 (sharp, OH), 3460

(broad, OH), 2940, 2860, 1735 (17-CO), 1710 (3-CO) em™1; C.D. A= 300
om, A€ = +5.8 ; HNMR 8 086 (s, 3H, 18-CH), 3.8T1q, 2H, 8, 3.68, 8, 3.94,

s

mk ' -
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J;,=108 Hz, 19-CH,); 13CNMR & 13.7 (CHy, C-18), 20.4 (CHy, C-11), 216
(CH,, C-15), 243 (CHy, C-6), 25.8 (CHy, C-7), 30:6 (CH,, (17, 318 (CH,,
C-12),35.0 (CH, C-8), 35.7 (CHy, C-16), 36.1 (CH, [C-51), 36.7 (CHy, [C-2)),
39.0 (C, C-10), 41.1, (CH, [C-9]), 41.4 (CHy, C-4), 47.7 (C, C-13), 51.7 (CH,
C-14), 64.5 (CHy, C-19), 212.8 (C, C-3), 2207 (C, C-17); MS m/z 304 (M*),

289 (M-15, CHj), 286 (M-18, H,0), 274 (M-30, CHOH).

2. Preparation 78.19-Dih X rost-4-en-3-on

To a cooled solution (0-4°C, ice-water bath) of«iﬂzmydroxyandrost-
4-ene-3,17-dione 4 (1.14 g, 3.77 x 10°3 mol) in mefhagol (200 ml) sodium
borohydride ( 284 mg, 7.5 x 10™> mol) was added/ Stirni

. b

the reaction was neutralized with acetic aci&. Following the work up, 17(3,19-di-
hydroxyandrost-4-en-3-one'19 , slightly contaminated with starting material 4,
was isolated (1.18 g) and characterized as its diacetate. The acetylation was

performed w1th acetic anhydride (Method A) and column chromatography (usmg ‘

| Dav1511 silica gel) eluted with ether afforded 17p,19- d1acetoxyandrost—4 er&?; one

172 (807 mg, 55%) as a clear oil. 'HNMR & 0.81 (s,3H, 18-CH3), 1.98 (s, 3H,
COCH3), 2.02 (s, 3H, COCH3), 4.39 (q, 2H, 8, 4.14, 8, 4.64, T, = 11.2Hz, .
19-CHy), 4.56 (ir, 1H, 170:-H), 5.89 (5, 1H, 4-H); 13CNMR § 12.0 (CHz, C-18)

209 (CH3, COCH3), 209 (CHj, C-11), 280 (CH3, COCHy), 23.3 (CHj, C-15),
27.3 (CHy, C-16), 31.6 (CHy, C-7), 32.9* (CH,#C-6), 33.5% (CHy, C-1), 34.5

)

\

Y.
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(CHy, C-2), 35.9 (CH, C-8), 36.8 (CH,, C-12), 41.7 (C, C-10), 42.4 (C, C-13),
50.5 (CH, C-14), 53.9 (CH, C-9), 66.7 (CH,, C-19), 82.1 (CH, C-17), 126.7 (CH,
C-4), 165.4 (C, C-5), 170.6 (C, QQCI-I3). 171.0 (C, COCHy). 199.2 (C, C-3); MS
m/z 388 (M"), 346 (M-42, COCHg), 328 (M-60), 316 (M-72).

oA

3. Preparation of 17&,19-f)ihydroxy~5ﬁ-androstan-S-one 24. -

1'9-Hydr‘oxyandrost-4-ér1e-3,17-d‘ione 4 (2.00¢g,6.6 x10-3 mol) was
treated with sodium borohydride as previously described in part C.2. The crude

product, 17f3,19-dihydroxyandrost-4-en-3-one was hydrogenated as described in
part C.1. Column chromatography eluted with methylente chloride : ethyl acetate,

. 60 : 40 afforded 17[3,19-dihydroxy-5B-androstan-3-one 24 (1.3\'1 g,65%). mp
1;45°C (recrystallized from ethyl acetate) (1it.%° mp 183-185°C); [alp +25° (c
0.24) (lit.* [olp +26%); IR Yy, 3620 (OH), 3360 br (oH), 2940, 2860, 1710
(3-CO)em™; THNMR 8 073, 3H, 18-CH3), 3.64 (tr, 1H, 17c-H), 3.80 (g, 2H,
8, 3.65, 8, 395, 1,,=10.7 Hz, 19-CHy); MS m/z 306 (M*), 288 (M-18, H,0),
276 (M-30, HOCH); HRMS calcd for 619H3003T 306.2187, found: 306.2201.

\

4, Preparation of 173-Hydroxy-53-androstan-3-one 12. |

17p-Hydroxyandrost-4-en-3-one 5 (3.00 g, 1.04 x 102 mol) in
pyridine (10 ml) was added to a suspension of palladium on charcoal (10%) (0.31
g) in pyridine (5 ml) previously saturated with hydrogen. After stirring for 7 h at
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room temperature under hydrogen, the intake of hydrogen stopped. Work up
afforded 17B-hydroxy-5B-androstan-3-one 12 (89%). mp 141°C t(needles from

acetone : hexane, 1: 1) (lit.'®? mp- 142-142.5°C); IR Yrmax 3600rb(sharp, OH),
3450 (br, OH), 2940, 2870, 1705 (3-CO) cm'I; MS m/z 290 (M), 275 (M-15,
CH,), 272 (M-18, HyO); HRMS calcd for CyqHz05: 290.2238, found:

(\'290.2239'. _ ' : j'

: 3
5. Preparation of 33,19-Dihvdroxy-5B-androstan-17-one 15 and
3a.1 9-Dihydroxy-5[}-androsfan- 17-one 23.

To-a cooled solution (0-4°C, ice-water bath) of 19-hydrgxy-5p-
androstane-3,17-dione 14 (0.20 g, 6.58 x<10'4 mol) sodium borohydrrig(}e (25 mg)
was added. The reaction was terminated after 2 h 45 min by adding a few drops of
acetic acid and water. The products were extracted with methylene chloride and
purified by column chromatography. Elution with methylene chloride : ethyl

acetate, 60 : 40 afforded 3[,19-dihydroxy-5B-androstan-17-one 15 (73 mg,
36%). mp 179-180°C ( recrystallized in ethyl acetate); [o]py +148° (é 0.23,
methanol); IR Y, 2840, 2960, 1730 (17-CO) cm™}; 'HNMR 8 0.82 (s, 3H,
18-CHg), 3.70 (g, 2H, 8,3:54, 8 3.86, 1=10.9 Hz, 19-CHy), 3.61 (m, 1H, wi2

ca. 7.6 Hz); MS m/z 306 (M™), 288 (M-18, H50), 276 (M-30, HOCH); HRMS
caled for 619H3003: 306.2187, found: 306.2167. Further elution with

= méthylene chloride : ethyl acetate, 50 : 50 afforded 3¢,19-dihydroxy-583-
androstan-17-one 23 (45 mg, 23%). mp 190-191°C (recrystallized in ethyl

acetate); [alp +989 (c 0.15, methanol); IR 'ymax‘2940, 2860, 1730 (17-'CO)

cml; THNMR & 0.84 (s, 3H, 18-CHy), 3.72 (g, 2H, 5, 3.56, &, 3.89,

-
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T,=10.9 Hz, 19-CHy), 3.61 (m, 1H, Wi2 ca. 16.7 Ha); MS miz 306 (M), 288

(M-18, Hy0), 276 (M-30, HOCH); HRMS calcd for C19H3003:X06.2187,

_\
found: 306.2160. -

e .

- 6. Preparation of 19-Jodoacetoxyandrost-4-ene-3.17-dione 29.

T19-Hydroxyandrost-4-ene-3,17-dione 4 (0.20 g, 6.74 x 104 mol)
was treated with iodoacetic-acid (0.20 g_, 1.1x 1073 mol) (Method B). Column
‘_ _ chromatography using methylene chloride : ethyl acetate, }90 : 10 as eluant afforded
19-iodoacetoxyandrost-4-ene-3,17-dione 29 (63%). mp 127°C (colorless or

light yellow plates from methylene chloride : ether ); [alp +162° (¢ O.Zi ), UV
Amax 238 nm (€9 139); IR vy, 2940, 2860, 1735’(17-(30 and 19-COCH, 1),
1670 (3-CO), 1625 (sh) em™; THNMR 8091 (s, 3H, 18.-CH3), 3.62 (s, 2H,
19-COQ_HZI), 4.46 (q, 2H, 3, 4.23, &, 4.69, J ;;,=11.3 Hz, 19-CH,), 5.93 (s, tH,
4-H); MS m/z 470 (M*), 343 (M-127, 1), 301 (M-169, COCH,I + H), 284

(M-186), 271 (M-199, 169 + CHOH); HRMS caled for CyyHo7Ogl: 470.0947,
found: 470.0969. '

'S A

ration of 19-Brom xvaridrost-4-ene-3.17-dione 34.

19-Hydroxyandrost-4-en-3,17-dione 4 (0.20 g, 6.62 x 104 mol)
_was treated with bromoacetic acid (0.20 g, 1.44 x 10-3 mol) (Method B). Column
chromatography using methylene chloride : ethyl acetate, 90 : 10 as eluant afforded
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7~
- 19-bromoacet_oxyandrost—4-ene-;§,17-'dione':";0’ (96%) as a clear oil. [a]p +164°
(¢ 026); UV Ap,, 238nm, (€9 009); IR .. 2940, 2860, 1735 (17-CO and
19-COCH,Br), 1665 (3-CO), 1620 (sh) cm™!; 'HNMR 8 0.91 (s, 3H, 18-CHy),
3.76 (s, 2H, 19-COCH,B1), 4.50 (q, 2H, 5, 4.26, 8y, 4.74, J;,=11.3 Hz, 19-CHy),

93 (s, IH4-H); MS m/z 424/422 (M*, 81Br-79By), 284, 271 (M-151,
CHOCOCH,Br); HRMS caled for CyyHy704Br: 422.1085, found: 422.1086.

8. Preparation of.19-Acetoxyandrost-d-ene-3.17-dione 31.
| | X
19-Hydroxyandrost-4-ene-3,17-dione 4 (0.10 g, 3.31 x 10"4 mol)
was treated with acetic anhydride (Method A),. Work up afforded 19-acetoxy- -
androst-4-ene-3,17-dione 31 (100%) as a clearﬁl This compound was

previously crystallized by Edwards and co- workerssg. IHNMR 8 0.90 (s, 3H,
18-CHz), 2.00 (s, 3H, 19-COCHz), 4.41 (d, 2H, 3, 4.15, 8, 4.66, 1,;,=113 Hz,

19-CHy), 591 (s, 1H, 4-H); I3CNMR 8 13.9 (CH3, C-18), 20.9 (CH3, COCHj),
21.0 (CHy, C-11), 21.7 (CHy, C-15), 31.0 (CHy, C-12), 31.6 (CH,, C-7), 32.9*
(CHy, C-6), 33.6* (CHy, C-1), 34,6 (CHy, C-2), 35.7 (CH,, C-16), 35.8 (CH,
C-8), 41.9 (C, C-10), 47.5 (C, C-13), 51.2 (CH, C-14), 54.1 (CH, C-9), 66.6 (CH,,
C-19), 126.9 (CH, C-4), 164.6 (C, C-5), 170.4 (C, COCHy), 198.8 (C, C-3), 219.5
(C,C-17; MS miz 344 (M*), 302 (M-42, COCH3),272 (M-73, CHOCOCH3).
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]
9. Preparation of 19-Todo[2'-3Hlacetoxyandrost-4-ene-3.17-dione
32.

19-Hydroxyandrost-4-ene-3,17-dione 4 (10 mg, 3.31 x 10“_5 mol)
was treated with iodoacetic acid (6 mg, 3.33 x 10™ mol) and iodo[2->Hlacetic acid
(5 mCi) (Method C). Purification by column cHromatography using chloroform :
ether, 1 : 1 as eluant afforded 19-iodo[2‘-3H]acetoxyandrost—4’-ene-_ 3,17;dione 32
(64%, sp. radioactivity 45 mCi/mmol). MS m/z 470 (M),

10. Preparation of 19-Todo[2'-*4Clacetoxyandrost-4-ene-3,17-
dione 33. ‘ o

19-Hydroxyandrost-4-ene-3,17-dione 4 (4 mg, 1.32 x 10'5 mol)
‘'was treated with iodo[2—14C]acetic acid (200 pCi) and with iodoacetic acid (0.8
mg, 3.8 x 106 mol) (Method C). Preparative tlc eluted with methylene chloride:
ethyl acetate, 60 : 40 afforded 19-iodo[2--14C]acetoxyéndrost—4lene-3,17—dione 33
(41%, sp. radioactivity 13 mCi/mmol). MS m/z 472/470 (M*, 14c-120),
404/402 (M-68). | |

11. Preparation of 19-Iodoacetoxy|6,7-3H landrost-4-ene-3,17-
dione22|3ﬂl. \ ‘-

19-Hydroxy[6,7—3H]androst—4-ene—3,17-dione 4 [3H] (100 pCi) and
non-radioactive steroid (1.66 x 107 mol) were treated with iodoacetic acid (1.6 x
107 mol) (Method C). Purificationby column chromatography using chloroform
: ether, 50 : 50 as eluant afforded 19-i0doacetoxy[6,’7-31-l]androst-4-ene-3,17-dionc
29 [3H] (75%, sp. rac}ioactivity 32 mCi/mmol). m/z 470 (M™).
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12. Preparation of 19-Todoacetoxy-5B-androstane-3.17-dione 34.

19-Hydroxy-5p-androstane-3,17-dione 14 (203 mg, 6.68 x 107

mol) was treated with iodoacetic acid (200 mg, 1.07 x 1073 mol) (Method B).
Column chromatography using methylene chloride : ethyl acetate, 90 : 10 as eluant

afforded 19-iodoacetoxy-5p-androstane-3,17-dione 34 (71 mg, 23%) as a light

 yellow oil. [adp +59° (¢0.37); IR ¥,,,, 2930,2860,1730 (17-CO and
COCH,1), 1710 (sh, 3-CO) em™l; THNMR § 0.88 (s, 3H, 18-CHz), 3.69 (d, 2H,

J=19 Hz, 19-COCHD, 449 (6, 2H, 8, 445, 8, 4.52, I;=12.7 Hz, 19-CHo); MS
m/z 472 (M), 454 (M-18, H,0), 345 (M-127, ), 327 (M-145), 304; HRMS
caled for Cy HogO4l: 472.1102, found: 472.1109.

13. Preparation of"}9-Bromoacetoxv-SB-androstane-?:.17-dioné 3s.

19-Hydroxy-5B-androstane-3,17-dione 14 (201 mg, 6.66 x 1074
mo]) was treated with bromoacetic acid (200 mg, 1.4 x 10-3 mol) (Method B).
Column chromatography using methylene chloride : ethyl acetate, 90 : 10 as eluant

afforded 19-bromoacetoxy-53-androstane-3,17-dione 35 (245 mg, 96%) as a clear

oil. IR . 2640,2879,1740 (17-CO and 19-COCH,Br), 1715 (3-CO) cmL;
IHNMR & 0.88 (s,3H, 18-CHz), 3.83 (d, 2H, J=2.9 Hz, COCH,Br), 4.35 (g, 2H,

8,4.20, 8 4.51, J,,=114 Hz, 19-CHy); MS miz 426/424 (M, 81Br-7"Br);

HRMS caled for CoqHygO4Br: 424.1241, found: 424.1265.
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14. Preparation of 19-Acetoxy-53-andros ne-3.17-dione 3

19-Hydroxy-5B-androstane-3,17-dione 14 (88 mg, 2.95 x 10" mol)

was treated with acetic anhydride (Method A). Work up afforded 19-acetoxy-5p-
androstane-3,17-dione 36 (100%) as a clear oil (1it.%° mp 165-167°C, crystallized

with methanol); ey +72° (¢ 0.18); IR Y, 2940, 2860, 1735 (17-CO and

s

19- COCH3) 1710 (sh, 3. CO); IHNMR 5 0.87 (s, 3H 18-CHgy), 2.06 (s 3H;

19 -COCH3),4.25 (q, 2H, 5, 4.09, O, 441, J,=11.2 Hz, 19-CHy); MS m/z: 346

(M), 273 (M-73, CH,OCOCH3); HRMS caled for CyyHaOy: 346.2136,
found: 346.2144.

I5. Preparation of 19-Todo[2'-14Clacetoxy-5B-androstane-3.17-
dione 37. L ' =
19-Hydroxy-5B-androstane-3,17-dione 14 (5 mg, 1.64 x 10> mol)
was treated with iodo[2-14C]acetic acid (50 uCi) and with iodoacetic acid (0.9 mg,
4.83x 10 mol) (Method C). Preparatlve tlc eluted with methylene chloride :

ethyl acetate, 90 : 10 afforded 19- 10d0[% 14C Jacetoxy-5B-androstane-3,17-dione
37 (4%, sp. radioactivity 50 mCi/mmol). MS m/z 474/472 (M*, 14c.12¢),

347/345 (M-127, . T



ion of 6B-1 xyandrost-4-ene-3;17-dione "3"

6B~Hydroxyar{drost-4-ene-\3;17-dione'10 (20 mg, 6.62 x 107> mol)

. was treated with iodoacetic acid (20 mg, 1.07 x 104 mol) (Method B). Column’

. chromatography using methylene chloride:: ethyl acetate, 85 : 15 as eluant afforded
6B-iodoacetoxyandrost-4-ene-3,17-dione 38 (18 mg, 57%). mp 160-161°C

(small cl"y-gtals from ether : hexane); [y +43° (c 0.09); UV A‘max 233 nm
(815 897); IR Yy, 2950, 2860, 1735 (17-CO and 6B-CQCH,)), 1680 (3-CO)
cml; THNMR 8 0.94 (s, 3H, 18-CHz), 1.34 (s, 3H, 19-CH3), 3.67 (g, 2H, 5,
13.63, 8, 3.72, J,,=10.5 Hz, 6B-COCH,]), 5.45 (tr, 1H, 6a-H), 5.94 (s, 1H, 4-H);
MS m/z 470 (M), 344 (M-126, 1), 302 (M-168, COCH,I); HRMS calcd for
Cy1Ho704L: 470.0947, found: 470.0999. | |

17. 'Pr'eparation of 63-Acetoxyandrost-4-ene-3.17-dione 39.

6B-Hydroxyandrost-4-ene-3,17-dione 10 (10 mg, 3.31 x 107 mol)
was treated with acetic anhydride (Method A). "Work up afforded 6B-acetoxy-
androst-4-ene-3,17-dione 39 (100%). mp 195-196°C, decomposes (lit.”* mp
200-204°C); UV lrnax 234 nm (e 11 914); IR Ymax 2950, 2920, 2860, 1735

(17-CO and 63-COCH3), 1675 (3-CO) cm™l; THNMR 8 0.94 (s, 3H, 18-CHy),
1.29 (s, 3H, 19-CH), 2.05 (s, 3H, 6B-COCHs), 5.46 (tr, 1H, 6-H), 5.95 (s, 1H,

4-H); MS m/z 344 (M), 302 (M-42, COCHj,), 287 (M-57).

Yy
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18. Ergpaga!;. ion of ﬁlj-IQdQIZ'~l4g;|gg§tgxyandms:-4-gng-3,] 7-

6B-Hydroxyandrost-4-ene-3,17-dione 10 (5 mg, 1.65 x 10~ mol)
was treated with iod0[2-14C]acetic acid (50 pCi) (Method C). Column chromato-
graphy eluted with methylene chloride : ethyl acetate, 85 : 15 afforded 6[B-iodo- |
[2- 14C]aceto:q,ranclrost—4 ene-3,17-dione 40 (22%, sp. radloactmty 56
Cifmmol). MS m/z 472/470 (M, 14c.12¢y),

Preparation of 118-Iodoacetoxyandrost-4-ene-3,17-dion

11B-Hydroxyandrost-4-ene-3,17-dione 8 (20 mg, 6.65 x 107 mol)
was treated with iodoacetic acid (20 mg, 1.07 x 104 mol) (Method B). Column
chromatography eluted with methylene-chloride : ethyl acetate, 75 : 25 afforded
- T1B-iodoacetoxyandrost-4-ene-3,17-dione 41 (7 mg, 21%). mp 168°'C (crystals

from ether : methylene chloride); [opy +132° (¢ 0.12); IR ., 2940, 2860,
1740 (17-CO and 11B-COCH,Y), 1665 (3-CO) em™!; ITHNMR & 1.08 (s, 3H,
18-CHg), 1.31 (s, 3H, 19-CHz), 3.65 (s, 2H, 11B-COCH,1), 5.51 (brd, 1H, J=2.9
Hz, 11a-H), 5.69 (s, 1H, 4-H); MS m/z 470 (M*), 302 (M-168, COCH,]), 224
(302-18, H,O); HRMS calcd for Cy1HoqO4yl: 470.0947, found: 470.0969.



5.69 (s, 1H, 4-H); MS m/z 344 (M*), 302 (M42, COCH3).

188
ion f]lq-A‘ X ni'q-4-'ne— 17-dion

11B-Hydroxyandrost-4-éne-3‘,17-dione 8 (10mg,3.31x 107 ‘mol)
was treated with acetic anhydride (Method A). Work up followed by column

chf'omatography afforded 11B-acetoxyandrost-4-ene-3,17-QiQne,“42 (8 mg, 67%).

mp 190°C (lit” mp 193-194°C); IR y_,  2980-2940, 1740 (17-CO.and
11B-COCH3), 1670 and 1640 (3-CO) cm™!; THNMR & :1.03 (s, 3H, 18-CHj)

1.27 ('s,SH, 19-CH,), 2.03 (s, 3H, 11B-COCH3), 5.47 (br\d, 1H, J=3.1 Hz, 110-H),

21. Preparation of 17[3-Todoacetoxyandrost-4-en-3-one 44.

17B-Hydroxyandrost-4-en-3-one 5 (0.50 g 1.7x 10-3 mol) was

treated withijﬁoacetic acid (522 mg, 2.8 x 10~3 mol) (Method B). Column
chromatogra «hy using methylene chloride : ethyl acetate, 90 : 10 afforded

17B—iodoacetoxyandrost—4-en-3-or_le 44 (0.40 g, 51%). mp 138-139°C (crystals

in ether : petroleum ether); [&]p +82° (¢ 0.27); UV Kmax 240 nm (g 15 960);
IR Yyyax 2950, 1730 (17-CO and COCH,Y), 1665 (3-C0),1620 cm™!; 1H NMR &
0.86 (5. 3H, 18-CHz), 1.17 (s,3H, 19-CHy), 3.67 (d, 2H, J=5.5 Hz, 17B-COCH,I),

4.64 (tr, 1H, 170-H), 5.71 (s, 1H, 4-H); MS m/z 456 (M*), 441 (M-15, CHy), 414 '

(M-42), 371 (M-85), 288 (M-168, COCH,]); HRMS caled for CyHogOsl:
456.1153, found: 456.1140,
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.
.18

22. Preparation of 17B-Bromoacetoxyandrost-4-en-3-one 45,

17B-Hydroxyandrost-4-en-3-one 5§ (0.50 g, 1.7 x- 1073 mol) was
treélted with bromoacetic acid (0.50 g, 3.6 x 10-3 mol) (Method B). Column
chromatography using methylene chloride : ethyl acetate, 90 : 10 as eluant afforded

17B-bromoacetoxyandrost-4-en-3-one 45 (497 mg, 70%). mp 137°C (crystals

from acetone : hexane) (lit”s mp 142°C); [alp +87° (c0.23); UV A__ 239

nm (€ 11016); IR ¥, 2940, 2860, 1730 (17-CO and COCH,Br), 1660 (3-CO),
' oy

-1610cml; 'HNMR § 0.85 (s, 3H, 18-CHy), 117 s, 3H, 19-CHy), 3.81 (4, 7, ~

,7=1.6 Hz, 17B-COCH,Br), 4.66 (tr, 1H, 170:-H), 5.71 (s, 1H, 4-H); MS myz
410/408 (M*, 81Br-TBp), 368/366 (M-42), 325/323 (M-85); HRMS calcd for
Cy1HygO3Br: 408.1292, found: 408, 1305. '

23. Preparation of 17B8-Acetoxyandrost-4-en-3-one 46.

17[37Hydroxyandrost-4-en—tf::r;j(5.00 g, 1.74x 102 mol)in -
pyridine (50 ml) was treated with acetic anhydride (100 ml) (Method A). Work up

afforded f7[3-acetoxyandrost—4-en-3-one 46 (5.56 g, 97%). mp 138-139°C (lit.”

‘mp 13§;5-14OOC); [l +889 (¢ 0.6); THNMR & 0.82 (5,3H, 18-CH3),1.17 )
(s:3H, 19-CHy), 2.02 (5,3H, 17B-COCHy), 4.58 (tr, 1H, 170-H), 5.71 (s, 1H, 4-H);
I3CNMR & 11.9 (CHz, C-18), 17.3 (CHz, C-19);20.4 (CH,, C-11), 21.1 (CHj,
17B-COCHz), 23.4 (CHy, €-15), 27.4 (CHy, C-16), 31.4 (CHy, C-7), 32.7 (CHy,

b
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C- 6), 33.8 (CHy, C-2), 35. 3(CH, C-8), 35.6 (CH,, C-1), 36.5 (CHy, C12), 385
(C, C-10), 42.4 (G, C-13), 501 (CH, C-14), 53.6 (CH, C-9), .4 (CH, C-17),
123.8 (CH, C-4), 170.9 (C,17- COCH3), 171.0 (C, C-5), 1994((: C-3); MS m/z
330 (M*+), 288 (M-42). o

h

24. Preparation of 17B—Iodo[2'~14Clacetoxvandrost-4-er1-3-0ne 417,

17B-Hyd’roxyandrost‘-4-en-3-one 5 Gmg,1.74x 107 mol) was -
treated with iodo[2-14Clacetic acid (52 pCi) and iodoacetic acid (1.5 mg, 8.06 x
10'6 mol) (Method €). Preparative tlc eluted with methylene’chloride l ethyl

‘acetate, 97 : 3 afforded 17[3-1odo[2' 1"'C]aceto:acyandrost 4- en -3-one 47 (2%, sp.
radioactivity 14 mCl/mmol) MS m/z 458/456 (M+ l4c. 12C) 4%5/414 (M-42).

25. Preparation of 178-Todoacetoxy-58-androstan-3-one

.l‘. V /’
Lo 17B-Hydroxy-5B-androstan-3-one 12 (210 mg, 7.24 x 10°4 rnol)
was treated ‘with iodoacetic acid (200 mg, 1.07 x 1073 mpl) (Method B) Column

chromatography using methylene chloride : ethyl acetat%, 90 : 10 as eluant afforded

17[3-idcfoacetoxy-SB-anarésfan-B-oric 48 (248 mg, 75%). mp- 112°C (needles
f_ Ny
from ether); [o]p +28° (C0.29); IR Ymax 2%:2870, 1715(3-COand

17B-COCH,D) eml; THNMR § 0.83 (831 18-CHz), 1.01 Gs, 3H, 19-CHz), 3.67

(q, 2H, 7=9.6 Hz, 17B-COCH,), 4.64 (tr,AH. 170-H); 13CNMR & -5.0

(17B-COC£21), 12.0 (C-18), 20.6 (C-11), 22.6 (C-19), 23.4 (C-15), 25.3 (C—6j,

’:.\\
- N

by

- i "~
- . .
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264 (C-7), 27.0 (CX16), 34.9 (C-10), 35.3 (C-8), 36.9 (C-12), 37.0% (C-2), 37.1%"
(C-1),40.7 (C-9), 423 (C-13), 43.1 (C-4), 44.2 (C-5), 50.7 (C-14), 84.1 (C-17),
168.9 (COCH,]), 213.0 (C-3); MS m/z 458 (M*), 443 (M-15, CH), 289

(M-169, COCH,I); HRMS calcd for Cy H31O4l: 458.1310, found: 458.1310,

.-

arm———

26. Preparation of 17f-Bromoacetoxy-5B-androstan-3-one 49.

17B-Hydroxy-5B-androstan-3-one 12 (203 mg, 7.0 x 104 mol) was
. treated with bromoacetic acid (215 mg, 1.55 x 10-3 mol) (Méthod B). Colur_l__m
chromatography using methylene chloride : ethyl acetate, 90 : 10 as eluant afforded

17B-bromoacetoxy-5B-androstan-3-one 49 (86%). mp 111°C (cn"yst in ethef :

hexane); [y +126° (c 0.33); IR y__ 2940,2868:T730 (17B-COCH,Br),

aY
1710 3-CO) em™l; IHNMR 8 0.82 (s, 3H, 18-C 3H, 19-CHs), 3.81

(s, 2H, 17B-COCH,By), 4.67 (tr, 1H, 170H); MS m/z 412/440 (M*, 81By-
79BR), 397/39 (M\15 CHs), 342R40 (M-70), 290 (M<120, COCH,Br), 272

(200-18, Hy0); HRMS  calcd for C1Ha O3Br: 410.1448, found: 4101468,

\ '
1
— t

y

27. Preparation of 173-Acetoxy-5B-androstan-3-one 50.

- .

17B-Hydroxy-5B-androstan-3-one 12 (100 mg, 3.45 x 1074 mol)
was treated with acetic anhydride (Method A). Work up afforded 178-acetoxy-

( |
5B-androstan-3-one 50- (98%). mp 141-142°C (lit.”” mp 142-144°C );
y
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(o] +220 (¢ 0.24); IR ymax 2940, 2860, 1730-1710 (17B-COCHj and 3-c0'}-
eml; THNMR § 0.79 (s, 3H, 18-CHy), 1.01 (s, 3H, 19-CHg), 2.02 (s, 3H,

17B- COCH3) 4.59 (t.r 1H, 17a-H); MS m/z 332 (M), 317 (M- 15 CH3)

290(M42, COCHg), 272 (290-18; H,0); HRMS calcd for €5H3,05:
332.2343, found: 332.2319, '

“»

28. Ergg?rfflpn of 1 Zﬁ—lodol2—14Q|acetoxy—Sﬁ-androstan-S~0ne
o ]

AT = o o
% T |
17B-Hydroxy-5p3- androstan 3 ’Bne 12 (5mg, 1.72x 107 mol) was -
treated with 10do[2-14C]acenc acid (140 pCi) and iodoacetic acid (0.9 mg, 4.84 x
106 mol) (Method C). Preparatwe tlc eluted with methylene chloncﬁ“ ethyl

acetate, 97 : 3 afforded 17B- 10d0[2' 14C]ace:toxy 5[3 androstan-3-one 51 (6% Sp.
radioactivity 46 mCi/mmol); MS m/z 460/458 (W lac.12¢,

——

29. Preparation of 3-lodoacetoxy-1 10}-estratrien-17-one

3-Hydroxy-1,3,5(16)-estratxien-17-one 16 (10 mg, 3.7 x 107 mol)
was treated with iodoacetic acid (10 mg, 5.38 x 107 mol) (Method B). Column
chromatography using methylene chloride : ethyl acetate, 95 : 5 as eluant afforded
 _?-’iodoacetoxy—l,3,5(10)-33tratrieh-17-one 52 (40%). mp 145-146°C (needles in

ether : hexane) (lit® mp 134-135°C); [alp +112° (c0.33); IR v, 2940,

2860, 1735 (3-COCH5I and 17-CO); IHNMR §0.89 (s, 3H, 18-CHjy), 3.87‘(8, 2H,
3-COCH,), 6.82 (s, 1H, 4—H§)47_6.83 (d, 1H, J=8 Hz, 1-H), 7.29 (d, 1H, J=8 Hz,2-H);
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. | , .
MS m/z438 (M™), 270 (M-168, COCH,I); HRMS caled for CooHo3041:
438.0685, found: 438.0682. ' “a %

C s
)

30. Preparation of 3-Acetoxy-1.3,5(10)-estratrien-17-one-53.

3-Hydroxy-1,3,5(10)-estratrien-17-one 16 (0.3 g, 1.1 x 103 mol)
was treated with acetic anhydride (Method A). Work up afforded 3-acetoxy-1,3,
5(10)-estratrien-17-one 53 (94%). mp 125-126°C (lit”® mp 125-127°C); 'H

NMR § 0.89 (s, 1H, 18-CHy), 2.27 (s, 3H, 3-COCHy), 6.79 (s, 1H, 4-H), 6.83 (4,

1H, I=8.5 Hz, 1-H), 7.27 (d, 1H, J=8.5 Hz, 2-H). -

o~
//‘
——

31. Preparation of 3-Todo[2-14Clacetoxy-1,3.5(10)-estratrien-17-

one54. - \/ -

3-Hydroxy-1,3,5(10)-estratrien-17-one 16 (5 mg, 1.85 x 10- mol)
was treated with iodo[2—14C]acetic acid (187 pCi) and iodoacetic acid (1.1 mg, 5.9
x 106 mol) (Method C). Preparative tlc eluted with methylene chloride : ethyl
acetate, 99 : 1 afforded 3-iodo[2‘-14C]acetoxy-1,3,5(10)—estratrien—17-one 54

(4%, sp. radioactivity 46 mCi/mmol). MS m/z 438 (M%), 270 (M-168, COCH,1).
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- oo
. 4-Acetoxyandrost-4-ene-3.17-dione-56.

D. Preparation of Steroid Derivatives of Part 11,

| An&rost-4-ene-3,l7—dione 18 (1.00g,3.50x 1073 mol) was
dissolved in 40 ml of methanol and cooled in an ice-water bath. Ice-cold 20%
sodium hydroxide (2 ml) and 30% hydrogen peroxide (3.4 ml) were added and the
mixture was stirred for 30 min at 0-4°C. Then the mixture was left for 22 h at
5-79C. The reaction mixture was added to ice-cold water. After 15 min, the
product was filtered and washed with water. The product was a mixture of
4p,5-epoxy-5B-androstane-3,17-dione and 40, 5-epoxy-5a-androstane-3,17-dione
(ca. 4:1, respectively, by g NMR) (60%). JHNMR & 0.88 (0.89) (s, 3H,
18-CHj3), 1.17 (s, 3H, 19-CHj3), 2.98 (3.04) (s, 1H, 40-H (4BA)); MS m/z 302

(M), 287 (M-15, CHz), 284 (M-18, HyO), 274 (M-28). The mixture of epoxides
was then dissolved in a cooled solution of sulphuric acid in acetic acid (2 : 98) and
the reaction was stirred at room temperature for 45 min. The reaction mixture
was then poured in ice-cold water. The product was filtered and dried.
Recrystallization of the product in ethyl acetate was not successful to remove the
more polar impurities. Purification by column chromatography (using Davisil
silica gel) eluted-with hexane : ether, 50 : 50 afforded 4-hydroxyandrost-4-ene-
3,17-dione 6 (27%). mp 202°C (liti®* mp 203.5-206°C, 1it.* mp 199-202°C);
THNMR & 0.90 (s, 3H, 18-CHy), 11%(@5 19-CHy), 6.07 (s, 1H, 4-OH); 13C

P
NMR & 13.7 (CHz, C-18), 17.1 (CHz, G-19), 20.2 (CHy, C-11), 21.7 (CH),
C-15), 22.7 (CHy/C-1), 29.8 (CHy, C-12), 31.3 (CHy, C-7), 31.7 (CHy, C-6), 34.6
(CHp, C-16), 34.7 (CH, C-8), 35.7 (C, C-10), 37.8 (CH,, C-2), 47.4 (C, C-13),

L |
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50.9 (CH, C-14), 54.2 (CH, C-9), 139.0 (C, C-4), 141.3 (C, C-5), 193.4 (C, C-3),
220.6 (C, C-17); MS m/z 302 (M*), 287 (M-15, CHj), 274 (M-28), 260 (M-42);
HRMS calcd for C1gH,gO3: é02.1875, found: 302.1870. 4-Hydroxyandrost-4-

ene-3,17-dione. 6 (30 mg, 9.93 x 10-3 mol) was treated with acetic anhydride
(Method A). Work up afforded 4-acetoxyandrost-4-ene-3,17- dione®” 56 (100%).
IH NMR § 0.90 (s, 3H, 18-CHz), 1.25 (s, 3H, 19-CHg), 2.22 (s, 3H, 4-COCH3);

13C NMR 8 13.7(C-18), 17.6 (C-19), 20.3 (4-COCHy), 20.3 (C-11), 21.7

(C-15), 23.9 (C-1), 29.7 (C-12), 31.2 (C-7), 33.3 (C-6), 34.6 (C-16), 34.7 (C-8), |

35.7(C-10), 39.1 (C-2), 47.5 (C-13), 50.7 (C-14), 53.7 (C-9), 139.2 (C-4), 155.0
(C-5), 168.6 (4-CQCH35), 190.5 (C-3),220.3 (C-17); MS m/z 344 (M), 302

(M-24, COCHzy), 287, 274, 260.
s _

and of 4,173-Dihydroxyandrost-4-en-3-one 7.

17B-Hydroxyandrost-4-en-3-one 5(1.00 g, 3.47 x 10-3 mol) was
first epoxidized with 30% hydrogen peroxide in alkaline methanol as previously
described in section D.1. The i‘ésulting mixture of 48,5B3- and 4a,50-epoxides

(83%, ca. 6.8:1, by IH NMR) {{H NMR & 0.75 (0.76) (s, 3H, 18-CHz), 1.14 (s,
3H, 19-CHy), 2.96 (3.02) (s, 1H, 4o-H (48-H)), 3.63 (tr, 1H, 170-H)}; MS m/z
304 (M), 289 (M-15, CHz), 286 (M-18, Hy0), 276 (M-28)} was treated with

acetic anhydride (Method A). Treatment of the acetoxy derivative (0.30 g, 8.67 x
104 mol) with sulphuricl acid in acetic acid for 47 min, as described in section D.1,
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a'ffo-rdped 17B-acetdxye4~hydroxyandrost-4-en-3;bne 61 £254 mg, 85%). mp
192-193°C (lit?? mp 194-196°C; 1it** mp 184-186°C); ITHNMR & 0.81 s, 3H,.
18-CHg), 1.16 (s, 3H, 19-CHg), 2.03 (s, 3H, 173-COCHgy), 4.58 (tr, 1H, 17c-H),
6.05 (s, 1H, exchanges with D0, 4-OH); MS m/z 346 (M%), 331 (M-15, CHy),

318 (M-28), 304 (M-42, COCH3), 302. 17B,—Acetoxy-4—hydroxyandf0st-4-en-3-

one 61 (99 mg, 2.86 x 104 mol) was dissolved in 95% ethahq] (8 ml) and
potassium carbonate (255 mg) was added. The reaction mixture was stirred at
room temperature for 2 days Work up and column chromatography eluted with

methylene chloride : ethyl acetate, 80 : 20 afforded 4,17B-dihydroxyandrost- 4-en-
3-one 7 (16%). IHNMR § 0.77 (s, 3H, 18-CH3), 1.16 (s, 3H, 19-CH3), 3.62' (tr,
1H, 17a-H), 6.05 (s, 1H, exchanges with D0, 4-OH), MS m/z .304 M*),289
(M-15, CHjy), 286 (M-18, H,0).

L]

3. Preparation of 4,19-Dihydroxyandrost-4-ene-3.17-dione 63.

i. Acid-catalyzed Opening of 19-Hydroxy-4B.5-epoxy-53-
R androstan-3.17-dione 62.

8

a. Preparation of 19-Hydroxy-43.5-epoxy-5B-androstane-3.17-
!

)

dione 62. ' o
- N
19-Hydroxyandrost-4-ene-3,17-dione 4 (5.00 g, 1.65 x 102 mol)
was dissolved in methanol (150 ml) and the solution was cooled in an ice-water

bath. Ice-cold 10% NaOH (18 ml) and ice-cold 30% Hy 05 (30 ml) were added

b
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2945, 2860, 1735 (17-CO), 1710-1700 (3-CO); 'HNMR § 0.8 (s, 3H,
Hy), 2.90 (s, 1H, 40-H), 3.97 (q, 2H, 8, 3.78, &, 415, I ;=11 Hz, 19-CH,);
CNMR § 13.7 (CHj, C-18), 21.4 (CH,, C-11), 21.4 (CH,, C-1), 21.6 (CH,,
C-15), 29.2 (CHyp, C-12), 300 (CHy, C-6), 31.3 (CH,, C-7), 32.1 (CHy, C-2), 34.6
(CH, C-8), 35.6 (CH,, C-16), 41.6 (C, C-10), 46.8 (CH, C-9), 47.6 (C, c-'1js_)_,‘__5_1.0
(CH, C-14), 60.0 (CH, C-4), 64.8 (CH,, C-19), 68.8 (C, C-5), 206.0 (C, C-3),
220.0 (C, C-17); MS m/z 318 (M*), 300 (M-18, H,0), 288 (M-30, HOCH), 272,
271,

< b.
19-Acetoxy-4P.5-epoxy-53-androstane-3.17-dione 77.

¥

19-Hydroxy-4p,5-epox§=5B-androstane-3,17-dione 62 (2.00 g,
6.29 x 10-3 mol) was treated with Qtic anhydride (Method A). Work up afforded
19-acetoxy(-?B;5-epoxy;5 B-androstane—3,}7-dione 77 as an oil which was

crystallized in methanol (2.15 g, 95%). mp 145-146°C; {o]p +189° (c 0.43); IR

Y 2940, 2860, 1735 (17-CO and 19-COCHg), 17101700 sh (3-CO) cm™!; 1H

NMR & 0.87 (s, 3H, 18-CHg), 2.1 (s, 3H, 19-COCHg), 2.90 (s, 1H, 40-H), 4.40
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(q, 2H, §,4.22, 8, 4.57,1,=11.5 Hz, 19-CHp; 13CNMR 5 137 (CH3, C-18),

21.0\CH3, COCHz), 21.4 (CHy, C-11), 21.5 (CHy, C-15), 21.6 (CH, C-1), 29.2
(CHy, C-12), 29.6 (CHy, C-6), 31.2 (CHy, C-7), 31.8 (CHy, C-2), 34.6 (CH, C-8),
35.5 (CHy, C-16), 40.8 (C, C-10), 46.6 (CH, C-9), 47.6 (C, C-13), 51.1 (CH,
C-14), 60.3 (CH, C-4), 65.3 (CHy, C-19), 683 (C, C-5), 171.0 (C, COCH3), 205.5
(C, C-3),219.5 (C, C-17); MS m/z 360 (M"), 318 (M-42, CH;CO); HRMS caled

for C»1HnaOs: 360.1929, found: 360.1911. 19-Acetoxy-4B,5-epoxy-5p3-
21*°28%~5

androstane 77 (0.82 g, 2.27 x 10-3 mol) was treated for 10 min with a cooled
mixture of sulphuric acid and acetic acid (2 : 98, 19 ml). Work up and column
chromatography (Davisilsilica gel) eluted with hexane : ether, 50 : 50 afforded

e

20,,19-diacetoxyandrost-4-ene-3,17-dione 78 (402 mg, 44%). mp 140-141°C ~

(needles from ether) (lit.* mp 141-142°C); IHNMR § 0.89 (s, 3H, 18-CHgy),

2.05 (s, 3H) and 2.14 (s, 3H.L?,a- and 19-COCH3; 4.46 (q, 2H, 3, 4.22, 5b 4.71,

——

™ 3
Jab=11.4 Hz, 19-CHy), 5.74 (q, 1H, J=6.6 Hz, J=13.6 Hz, 28-H), 5.93 (s, 1H, 4-H);

I3CNMR § 13.7 (Cfi3, C-18), 20.5 (CH,, C-11), 20.8 (CHg, COCH3), 20.9

(CH,, COC_HB_), 21.5 (CH,, C-15), 30.8 (CHy, C-12), 31.4 (CHy, C-7), 32.1 (CH,,

C-6), 35.3 (CH, C—8); 35.5 (CHy, C-16), 39.7 (CH,, C-1), 44.2 (C, C-10), 47.3 (C,

C-13), 51.0 (CH, C-14), 54.9 (CH, C-9), 66.3 (CH,, C-19), 70.9 (CH, C-2), 125.1

(CH, C-4), 164.4 (C, C-5), 170.1 (C, COCH3), 170.6 (C, _CQCH3), 193.6 (C, C;B),
219.5(C, C-17); MS m/z 402 (M), 360 (M-42,COCH3); HRMS calcd for

’f Cry3H30g: 402.2034, found: 402.2043.

" —
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20,19-Diacetoxyandrost-4-ene-3,17-dione 78 (106 mg, 2.63 x 10-4 mol) was
dissolved in 95% ethanol (5 ml) and potassium carbonate (355 mg) was added. The
reaction was left stirring at room temperature for 15 h 30 min. Work up and
column chromatography eluted with methylene chloride : ethyl acetate, 50 : 50

afforded 2c,19-dihydroxyandrost-4-ene-3,17-dione™ 64 (39 mg, 47%). 1y
NMR § 0.88 (s, 3H, 18-CH3), 3.47 (br s, 1H, exchanges with D50, 2a-OH), 4.05

(g, 2H, 8, 3.98, 8, 4.12, 13,104 Hz, 19-CHo), 4.68 (q, 1H, J=6.2 Hz, J=133 Hz,
2B-H), 5.99 (s, 1H, 4-H); 13CNMR 3 13.7 (CHg, C-18), 20.5 (CH,, C-11), 216
(CHy, C-15), 30.8 (CHy, C-12), 31.5 (CHy, C-7), 32.9 (CH, C-6), 35.5 (CH,
C-8), 35.6 (CHo,'C-16), 42.7 (CHy, C-1), 46.2 (C, C-10), 47.5 (C, C-13), 51.0
(CH, C-14), 54.9 (CH, C-9), 65.7 (CHy, C9), 69.6 (CH, C-2), 123.5 (CH, C-4),
167.9 (C, C-5), 200.1 (C, C-3), 220.0 (C, C-17); MS m/z 318 (M*), 300 (M-18,

H,0), 288 (M-30, HOCH), 274, 270; HRMS calcd for CgHpeO4: 318.1824,
found: 318.1823. '

17B,19-Dihydroxyandrost-4-en-3-one 19 (6.64 x 1073 mol) was
treated with 30% hydrogen perc-)xide in alkaline methanol as described in section
D.3.a. The resulting 4p,5B-epoxide was treated with acetic anhydride (Method A).
Work up afforded 17,19-diacetoxy-4f,5-epoxy-5B-androstan-3-one 79. 3

NMR & 0.77 (s, 3H, 18-CHzy), 2.02 (s, 3H), and 2.11 (s, 3H) 17f3- and 19-COCH3,
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2.88 (s, 1H, 4-H), 4.20 (d, 1H, J=11.5 Hz, 19-CH2), 4.56 (br d, 2H, 1'9—CH2 and

170-H); MS-*\m/z 404 (M), -17B,19-Diacetoxy-4f,5-epoxy-5B-androstan-3-one
V,_.:;w—(Q-ZG"mg, 1.80 x 10‘3 mol) was diss_o_l_ved in a mixture of sulphuric acid in
acetic acid (2 : 98, 15 m]) and the solution was stirred for 50 min. A sticky yellow
precipitate slowly formed.after the reaction mixture was poured on ice. This oily
precipitate crystallized in methanol affording 20,178,19-triacetoxyandrost-4-en-

3-one 80 (85 mg, 14%). mp 192-193°C; [y +98° (¢ 0.24); UV Aoy 239
nm (¢ 10 189); IR ..., (KBr) 2960, 2870, 1735(17B- and 19-COCHy), 1685
(3-CO) em™!; THNMR & 0.81 (s, 3H, 18-CHy), 2.02 (s, 3H), 2.05 (s, 3H), 2.14 (s,
3H) 2B-, 17B- and 19-COCHz, 4.46 (q, 2H, 8, 4.22, &, 4.69, =112 He,

19-CHy), 4.57 (tr, 1H, 170-H), 5.75 (q, 1H, I=6.5 Hz, 2p-H), 5.91 (s, 1H, 4-H);

3¢ NMR 3 12.1 (CHs, C-18), 20.8 (CHy, C-11), 20.9 (CHg, COCH3), 209~
(CHs, COCHg), 21.1 (CH3, COCHy), 23.2 (CHy, C-15), 27.3 (CHy, C-16), 31.6
(CH,, C-7), 32.3 (CHy, C-6), 35.6 (CH, C-8), 36.7 (CHp,.C-12), 39.8 (CH,, C-1),
42.4 (C, C-10), 44.2 (C, C-13), 50.5 (CH, C-14), 54.8 (CH, C-9), 66.6 (CH,,

C-19), 71.1 (CH, C-2), 82.1 (CH, C-17), 125.0 (CH, C-4);T65.0 (C, C-5), 170.2
(C, COCHg), 170.7 (C, CQCH3), 171.1 (C, COCH3), 193.% (C, C-3); MS m/z

446 (M), 404 (M-42, COCHs), 386, 344, 326, 318, 314, 302.
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Treatment of 19-Hydroxy-4 -androstane-3,17-dion

2 with Sulphuric Acid in Dimettiy] Sulfoxide.

19-Hydroxyandrost-4-ene-3,17-dione 4 (1700g, 3.31 x 10"3 mol)
was dissolved in dimethyl sulfoxide (70 ml) and concentrated sulphuric acid (3 pi)
was added. The reaction was heated at 120°C, under nitrogen for 10 h. The
reaction mi:&ure was poured into water (~150 fni) and the sticky precipitate was

_ filtered (347 mg) and the remaining aqueous phase was extracted with methylene

chloride. The methylene chloride extracts were combined and the solvent was first
removed with a rotary evaporator, then the remaining dimethyl sulfoxide was
removed under vacuum. At this point, it was necessary to heat the solution with a
bailing water bath in order to remove the solvent. A first chromatography of the
residue thus obtained using a Chromatotron (Model 7924 T, Harrison Research
Inc.) équipped with a 4 mm plate and eluted with petrolcum ether : ether, 60 : 40
afforded 3-hydroxy-1,3,5(10)-estratrien-17-one 16 (69). IH NMR § 0.89 (s,
3H, 18-CHy), 4.48 (s, 1H, exchanges with D50, 3-OH). 6.56 (s, 1H, 4-H), 6.62 (d,

1H, J=8.2 Hz, 1-H), 7.13 (d, 1H, J=8.2 Hz, 2-H); MS m/z 270 (M*). Further
elution of this plate with ether : methylene chloride, 90 : 10, followed by methylene
chloride afforded 2¢x,19-dihydroxyandrost-4-ene-3,17-dione 64 (identified by B3
NMR and MS, which were identical to those reported for 64 in section D.3.i.b.).
Further purification of the fraction obtained when the plate'-\;/és eluted with
petroleum ether : ether, 20 : 80 was done again using the Chromatotron equipped
with a 2 mm plate. Elution with petroleum ether : ether, 40 : 60 afforded 23,19-
oxidoandrost-4-ene-3,17-dione 82 (24%). mp 162-163°C (recrystallized from

ether); [o]py +281° (¢ 0.52);-UV Ay, 242 nm (€ 16 255); IR Yy, (KBr)

*2940,2850, 1735 (17-CO), 1670 (3-CO), 1600 cm!;
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IHNMR & 0.90 (s, 3H, 18-CHg), 3.76 (q, 2H, 8, 3.49, & 4.04,1,,=7.5 Hz,
| | .
19-CHy), 4.29 (d of d, 1H, J=1.9 Hz, J=6.3 Hz, 20-H), 5.78 (br s IH, 4-H); 13C

NMR & 13.8 (CHé, C-18), 21.0 (CH,, C-11), 21.7 (CHyp, C-15), 28.1 (CH,, [C-6,
C—7]),\31.4 (CH,, [C-12]), 35.7 (CH,, C-16), 35.7 (CH, C-S), 42.3 (CHy, C-1),
44.5 (CH, C-9), 47.4 (C,C-13), 50.6 (C, C-10), 51.3 (CH, C-14), 69.5 (CH,,

C-19), 80.9 (CH, C-2), 123.4 (CH, C-4), 167.3 (C, C-5), 196.8 (C,C-3),219.3 (C,
C-17); MS m/z 300 (M), 271, 270 (M-30), 357, 243; HRMS calcd for

%191-12403: 300.1719, found: 300.1736. The sticky precipitate first obtained was

purified on the Chromatotron equipped with a 2 mm plate. Elution with petroleum
ether : ether, 70 : 30 afforded 3-hydroxy-1,3,5(10)-estratrien-17-one 16 (15%)
and elution with petroleum ether : ether, 60 : 40 and 55 : 45 afforded

2,3-dihydroxy-1,3, 5(10)-estratrien-17-one's> 81 (16%). 'HNMR & 0.89 (s, 3H,
18-CHg), 4.95 and 4.98 (d, 2H, exchanges with D50, 2- and 3-OH), 6.58 and 6.79

(s, 2H, 1-and 4-H); 13CNMR 3 13.8 (CHj, C-18), 21.6 (CH,, C-15), 26.0 (CHy,

C-11), 26.6 (CHy, C-7), 28.7 (CHy, C-6), 31.5 (CH,, C-12), 35.9 (CH,, C-16),

38.2 (CH, C-8), 44.0 (CH, C-9), 48.1 (C, C-13), 50.4 (CH, C-14), 112.5 and 115.5
(CH, C-1 and C-4), 129.0 and 132.3 (C, C-5 and C-10), 141.5 and 141.6 (C, C-2
and C-3), 221.6 (C,C-17); MS m/z 286 (M™).

—

e. Treatment of 19-Hydroxy-4B.5-epoxy-58-androstane-3.17-dione

62 with Perchloric Acid in Tetrahydrofuran.

19-Hydroxy-4[3,5-epoxy-5B-androstane'-?,,17-dione 62 (333 mg,
1.05 x 10'3) was dissolved in tetrahydrofuran (10 ml) and 35% perchloric acid
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(1 ml) was added. The solution was stirred at room temperature for 21'h. Work |
up and co®imn chromatography eluted successively with the following mixrégs;of
methylene chloride : ethyl acetate: 95:5; 90: 10; 75:25; 70:30; 60:40:\80 ;
50; 40 : 60 and 30 : 70 first afforded 3-hydr6xy-1 ,3,5(10)-estratrien-17-one 16
(8%) ('H NMR identical to the one reported in sectian D.3.i.d.). 2B,19-Oxido-
androst-4-ene-3,17-dione 82 was isolated in 4% yield (spectral data identical to
those reported for 82 in section D.3.i.d.). 4,19-Dihydroxyandrost-4-ene-3,17-
dione 63 was isolated in 35% yield. mp 213-214,°C (needles from ethyl acetate);

[o]p +212° (€ 0.25); UV Apy,, 280 nm (e 9046); IR vy, 3450 (OH), 2940,
2860, 1730-(17-CO), 1670 (3-CO), 1640 cm™l; THNMR & 0.89 s, 3H, 18-CHy),
3.95 (q, 2H, 5, 3.87; R 4.03,] ab;lo's Hz, 19-CH,), 6.31 (s, 1H, exchanges with
D50, 4-OH); MS m/z 318 (M*), 300 (M-18, H,0), 288 (M-30, HOCH), 287.

ii. Preparation of 4B,5,19-Trihydroxy-5B-androstane-3.17-dione
nd 4¢,5,19-Trihydroxy-5¢t-androstane-3.17-dion

their Acetates. -~ . e T

<

S e

| 19-Hydroxyandrost-4-ene-3,17-dione 4 (300 mg, 9.93 x 104 mol)
was dissolved in pfﬁdinc (1 ml) and benzene (5 ml). Osmic agid (250 mg, 9.83 x
104 mol) in benzene (5 Ihl) was added to the solution. Fhe reaction was stirred at
room temperature for 24 h. The color of the solution rapidly changed from dark
yellow to dark orange and ﬁhally dark bro@%'l'he‘osmate ester was cleaved by
adding a solution of sodium bisulphite (1.50 g)in water (20 m!) and pyridine (3
ml). The resulting two-phases solution was vigorou;.ly stirred for 30 min. The

color of the solution changed from dark brown to orange. Work up and column
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chromatography eluted with methylene chloride : ethyl acetate, 63 : 37 afforded |

starting material 4 (22 mg, 7%). The second compound eluted was 4p,5,19-tri-

~ hydroxy-5B-androstane-3,17-dione 88 (96 mg, 29%). mp 195-196°C; [o]p
+96° (¢ 0.20); CD Ay aginm (Ae +5.7); TR Y, (KBr) 3440(br, OH),
2940, 1725 (3-CO and 17-CO) ém™!; 'HNMR 8 0.86 (s, 3H, 18-CH3), 2.89 Gs,

1H, exchange;with D50, SB-OH),' 3.27 (d, 1H, exchanges with D50, 19-OH), 3.59

(tr, 1H, becomes a d with D50, J=11.2 Hz, 19-pro(R)-H), 3.76 (d, 1H, exchanges

-
with D0, J=2.6 Hz, 43-OH), 4.34 (d, 1H, J=11.5 Hz, 19-pro(S)-H), 4.44 (d, 1H, R

becomes a s with D50, J=2.6 Hz, 40-H); 13CNMR 8 13.8(CH3,C-18),208  °
(CH,, C-1 1),\23.8 (CHy, C-15), 25.8 (CHy, C-6), 27.6 (CHy, C-7), 30:8 (CH,

S [c-1y), [31 6 (CHy, C-12), 34.0 (CH, C-8), 34.0 (CHy, [C-2]), 35.7 (CHy, C-16),
43.6 (CH, C-9), 43.9 (C, C-10), 47.5 (C, C-13), 52.1 (CH, C-14), 63.6 (CHy, '\J
C-19), 73.6 (CH, C-4), 83.3 (C, C-5), 209.4 (C, C-3), 219.6 (C, C-17); MS m/z  \_.
336 (M*), 318 (M-18, HyO); 306 (M-30, HOCH); HRMS calcd for CgHpgOs: "

336. 1929 found: 336.1912. Anal. caled for C19H2805 C,.67.81; H,‘8.39.
Found C, 67.71; H, 8.33. Further elution of the column with methylene chloride
- ethyl acetate, 60 : 40 afforded mainly 4(1,5,19-mhydroxy-5a-androst_ane-3,17-
dione 89 which was cont@minated with the 4f,5 ,19-tri/al 88. Addition of .

- methylene chloride to this; fraction removed all the traces of 43,5[B,19-triol 88 and
left 4(1,5,19-trih§droxy-5q—gndrostane-3,17-dione 89 (11mg, 3%) which was

homogeneous on the basis of tle. mp 223-224°C; {a]p +128° (c 0.165,
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methanol); IR- ¥, (KBr) 3400 (br, OH), 2940, 1740 (3-CO and 17- CO) cm!

CD x 295 nm (Ae +8.3); I NMR 8 (pyridine-ds) 0.76 (s, 3H, 18-CHy), 3.60
1

(s, 1H), 3.82 (s, 1H),*4.21 (g, 2H, 3, 4.13, 8y, 4.29, J;,=9.0 Hz, 19-CH2), 4.83 (br |

s, 2H, exenan'ges;wim D,0, 4a- and 50-OH), 5.03 (s, 1H,4B-H); MS m/z 336
S ‘
(M™), 318 (M-18, H,0), 306 (M-30, HOCH), 302, 287; HRMS calcd for

C1~9H2805: 336.1929, found: 336_.1930. ‘Anal. Caicd for C19H28052 C, 67.81;
H, 8.39. Founft: C, 69.02; H, 8.63. | ‘

4[3 5,19-Trihydroxy-5[- androstane 3,17-dione 88 (26 mg, 7. 74 X
107 mol) was‘ treate w1th/acet1c anhydride (Method A). Work up afforded

- %4f,19-diacetoxy- Sﬂéydroxyandrostane 3,17- dlone 90 (100%). 'H NMR & 0.87

(s; 3H 18- CH3) 2207 and 2.21 (s, 3H, 4f3- and 19-COCH3y), 4.46 (s, 2H, 19-CH,),

5.64 (s, 1H, 40-H); MS m/z 420 (M™).

- 40,5,19-Trihydroxy-5a-androstane-3,17-dione 89 (2.4 mg, 7.14 x
1070 mol) was treated with acetic anhydride (Method A). Work up afforded

4a,,19-diacetoxy-So-hydroxyandrostane-3,17-dione 91 (100%). 'HNMR § 0.86

(s, 3H, 18—CH3) 2.12 and 2.20 (s, 3H, 4a- and 19-C6CH3) 3.64 (br s, 2H), 4.54

I

(d, 2H, J=6.8 Hz, 19- CH2) 5.47 (s, lH 43-H); 13¢ WMR & 13.8 (CHy4, C-18),
20.6 (CHg, COCH3) 20.9 (CH,, C-11), 21.2 (CH3, COCH3), 21.6 (CH,, C-15),
24,5 (CH,, C-6), 28.8 (CH,, C-7), 29.1 (CH,, [C-1]), 29.7 (CH,), 31.7 (CH,,
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C-12), 34.2 (CH, C-8), 35.7 (CHy, C-16), 37.1 (CHp), 43.9 (C, C-10),45.5 (CH,
C-9),47.6 (C, C-13), 51.2 (CH, C-14), 64.3 (CHs, C-19), 70.6 (CH, C-4), 78.5 (C,
C-5), 79.4 (CH), 169.7 (C, COCHS3), 170.5 (C, COCHy), 2027 (C, C-3), 2203 (G,
©C-17); MS mjz 420 (M*), 402 (M-18, H,0), 378 (M-42, COCH), 360.

e

S~

Treatment of 19-hydroxyandrost-4-ene-3,17-dione 4 (130 mg, 4.30
x 107 mol} with osmic acid (125 mg) in pyridine (0.8 ml) and benzene (15 ml) was

repeated as prewously described. A mixture of 4a,5,19-trihydroxy-5a- ~—

androstane-3,17-dione 89 and 4p,5,19- tnhydroxy 5B-androstane-3,17- dlone 88

was isolated (124 mg, 86%). The mixture of triols 88 and 89 (104 mg, 3.08 x
104 mol) was treated with acetic anhydride (Method A). Work up afforded a

‘ homogeﬁgoué compound on the basis of tlc but which was a ca. 1 : 2.3 mixture (by
IH NMR) of 4p,19-diackioxy-5B- hydroxya?d.rostane?} 17- dione 90 and 40,19-di-

_ acetoxy So-hydroxyandrostane-3,17-dione 91. IHNMR 5 (0 86) 0 87 (s, 3H,
18-CH3), 2.05 (2. 06) (s, 3H) and (2 07) 2.08 (s, 3H) 40~ and 43,19- COL?,, 4,46

(s, 2H, 19-CHy) (4.54, d, 19-CHy), (547) 5.63 (s, 1H, 4o H); MS myz 420 (M),
378 (M-42, COCH3), 360, 344, 318, 305. :

iii. Acid-catalyzed Tredtment of 4(3.5.19-Trihydroxy-58-

andrdstane-3,17-di0ne 88 and 4¢,5,19-Trihydroxy-5o.-
androstane-3,17-dione 89.

a. Treatment of 88 and 89 with-HCI in Acetone.




—_ | 207

Aamixture of triols 88 and 89 (290 mg, 8.63 x 10~4 mol)was
"+ dissolved in acetone (10 ml) containing 2 drops of concentrated HCI. The reaction
was stirred at room temperature for 20 h. The solvent was evaporated under a

stream of nitrogen and the residue was purified by column chromatography.
Eluti?,with methylene chloride : ethyl acetate, 85 : 15 afforded 4o-hydroxy-
4[5,19-oxido~5a-angrostane-3,1?-dione 92 (100 mg, 36%). mp 188-189°C

(recrystallized in ether); [alp +349 (c 0.16); IR Yimax 3490 (br, OH), 2940,

2890,'1730 (3-CO and 17-CO) em™}; THNMR .8 0.87 (s, 3H, 18-CH3), 4.03 (q,

\HﬁSa 3.80, 8, 4.26, J;,=8,3 Hz, 19-CHy), 433 (s, 1H, exchanges with D0,

40-OH); 1’CNMR 8 14.1 (CH3, C-18), 21.1 (CH,, G-11), 21.8 (CH,, C-15),
224 (CHZ, [C-6]), 28.1 (CHy, [C-7]), 31.7 (CH,, C-12),32.9 (CHy, [C-2]), 35.2
(CH,, [C-1]), 35.8 (CH,, C-16), 36.0 (CH, C-8), 46.6 (C, C-10), 47.9 (C, C~13)
48.1* (CH, C-3), 49 9* (€H, C-9), 50.5 (CH, C-14), 70.1 (CH,, C- 19) 103 6 (C,
C-4), 205.7 (C, C-3), 220.0 (C, C- 17); MS m/z 318 (M*), 290 (M- 28), 281,
272. Anal. Calcd for CygH5604: C, 71.65; H, 8.24. Found: C:71.70, H, 8.47.
Further elution with methylene chloride : ethyl acetate, 80 : 20 afforded
4a,5—isoprOpylidenedioxy-3a—hydroxy-3I3,19— oxido-50-androstan-17-one 96
(73 mg, 22%). mp 225-226°C; [a]p +70° (c 0.16); IR Ymax 3280 and 3310

\
(OH), 2995, 2940, 2880, 2860, 1730 (17-CO) cm™!; 'HNMR § 0.82(s,3H,

18-CHz), 1.40 (s, 3H, 4a, 501 -isopropylidene-CH3) and 1.47 (s, 3H, 40,50
-isopropylidene-CH3) 3.66 (d, 1H, J=1.6 Hz, 4B-OH), 3.94'(q, 2H,8,3.90, 8y, :

3.98,13,=9.3 Hz, 19-CH,); I3CNMR 5 13.7(CH3, 018)?2\/1.0 (CH,, C-11),
!
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21.5 (CH,, C-15), 23.3 (CHy, [C-1]), 25.4 (CH,, C-6), 26.6 (CH,, C-7), 26.8

(CH3) and 27.2 (CH3) 40.,50. -isopropylidene-CHz, 31.5 (CH,, C-12), 33.7 (CH,
[C-2]), 34.9 (CH, C-8), 35.7 (CH,, C-16), 39.7 (C, C-10), 43.4 (CH, C-9), 47.6 (C,
C-13), 50.8 (CH, C-14), 67.6 (CH,, C-19), 83.3 (CH, C-4), 97.2 (C, C-5), 109.7 ——

(C, C-3),220.6 (C, C-17); MS myz 376 (M), 361 (M-15, CHj), 318, 301, 288,

283, 272. The last compound eluted was 4,19-dihydroxyandrost-4-ene-3,17-dione
63 (12 mg, 4%). The 'H NMR and MS were iflentical to those reported for 63 in
section D.3.i.e. When the reaction was performed-as described above but for 23 h
with a mixture of triols 88 and 89 (80 mg, 2.38 x 104 m 1), the yields for the
products 92 and 96 were 56% and 19%, respectively. )

b. Treatment of 88 and 89 with HCI in Methanol.

A mixture of triols 88 and 89 (200 mg, 5.95 x 10" mol) was
dissolved in methanol (6 ml) containing 1 drop of concentrated HCl. The solution

was stirred at room temperature for 22 h. Work up and column chromatography
o
were as described in section D.3.ifi.a. 4a-Hydroxy-48,19-oxido-5tt-androstane-

3,17-dione 92 was isolated in 20% yield.

c. Treatment of 88 and 89 with HCl in Tetrahvdrofuran.

A mixture of triols 88 and 89 (180/11'1g, 4.76 x 1074 mol) was
. dissolved in tetrahydrofuran (6 ml) and 1 drop of concentrated HCl was added.
The solution was stirred at room temperature for 21 h. Work up and column

chromatography were as described in section D.3.iii.a. 4a-Hydroxy-4B,19-d)-cido-

So-androstane-3,17-dione 92 was isolated in 35% yield.
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d T ent of 88 with HCl in Acetic Acid.

48,5,19-Trihydroxy-5p-androstane-3,17-dione 88 (33 mg, 9.82 x
10‘5 mol) was dissolved 1n 5 ml of a mixture of acetic acid : HC1 (20.0 ml : 0.5 ml).
The solution was stirred at room temperature for 16 h. Work up afforded
4,19-dihydroxyandrost-4-ene-3,17-dione 63 (100%). The 1H NMR and MS were
identical to those reported for 63 in.section D.3.i..

~+

iv. Base-catalyzed Opening of 19-Hydroxy-483.5-epoxy-58-

androstane-3,17-dione 62. . )

19-Hydroxy-4B,5-epoxy-5f-androstane-3,17-dione 62 (1.00 g, .
3.15x 1073 mol) was dissolved in methanol (125 ml) and sodium hydroxide (1.50 g
in 10 ml of water) was added. The solution was heated at reflux for 3 h. Most of
the solvent was removed under reduced pressure. Water was added to the reaction
mixture and'extracted with methylene chloride. The residue obtained after the
evaporation of the solvent was purified on a Chromatotron with a 4 mm plate. A
gradient of petroleum ether : ether was used to elute the plate (100% petroleum
ether : 0% éther to 100% ether, the amount of ether was increased in increments of

5%). The first compound eluted was 4-methoxyestr-4-ene-3,17-dione 99 (60 mg,
-6%). mp 155-156°C (needles from ether : hexane) (it mp 154-156°C); 'H

NMR & 091 (s, 3H, 18-CHz), 3.61 (5, 3, 4-OCH3); 13C NMR & 13.9 (CHs,

C-18), 21.7 (CH,, C-15), 25.7 (CH,, C-11), 26.0 (CH,, C-6), 26.5 (CH,, C-1),

© 29.4 (CHy, 52-/12), 31.4 (CH,, C-7), 35.8 (CHj, C-16), 37.0 (CH,, C-2), 39.7 (CH,

C-8),42.5 (CH, C-10), 47.7 (C, C-13), 49.7* (CH, C-9), 50.2* (CH, C-14), 60.2
(CH3, 4-OCHj3), 147.3 (C, [C-4]), 149.1 (C, [C-5]), 194.2 (C, C-3),
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220.1 (C, C-17); MS my/z 302 (M™); HRMS ‘calcd for 58191-12603: 302.1875,

found: 302,1879. The second conpound eluted was 4-methoxy-19-hydroxy-
“androst-4-ene-3,17-dione 98 (7%). mp 191-192°C (recrystallized form ether);

[o]p +1489 (c 0.105); UV lmax 256 nm (g 12648); IR 2940, 2850, 1730

"'Ymax

(17-C0), 1670 (3-CO) em™L; THNMR & 0.89 (s, 3H, 18-CHy), 3.63 (s, 3H,

b's

/(OCH3),3.96 (q,2H, 8, 3.89, 8, 4.02, 1,3,=10.8 Hz, 19-CH,); 13CNMR & 138
(CH3, C-18), 20.7 (CH, C-11), 21.6 (CHy, C-15), 23.8 (CHy, C-6), 30.4 (CH,,
C-12), 31.6 (CHy, C-7), 32.5 (CHy, [C-1]), 35.2 (CHy, [C-2)), 35.4 (CH, C-8),
35.7 (CHy, C-16),43.8 (C, C-10), 47.5 (C, C-13), 51.2 (CH, C-14), 54.2 (CH, -
C-9), 60.5 (CHz, 4-OCHs), 65.8 (CH,, C- 19), 149.0 (C, [C-41), 149.8 (C, [C-50),

194.5 (C, ch)\ 220.3 (C, C-17); MS m/z 332 (M™), 302 (M-30, HOCH), 301.
Anal. Calcd for C20H2804: C, 72.24;‘H; 8.49. Found: C, 71.25; H, 8.34.
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androstane-3.17-dione 100.

19-Hydroxy-4p3,5-epoxy-5B-androstane-3,17-dione 62 (2.00 g,
6.29 x 103 mol) was dissolved in methanol (70 ml) and the solution was cooled in

an ice-water bath, Ice-cold 4 N NaOH (15 ml) and ice-cold 30% H5Oy (44 ml)

were added to the stirred solution. The solution was kept in ice for 4 h then left
stirring without adding more ice, overnight (12 h). The reaction was te ni

acidification, the aqueous phase was extracted with methylene chloride to afford
19a—hydroperoxy-4B,S-epbxy—Z-oxa—SB,10a—androstane-3,17-dione 100 (1.86 g,
85%). mp 187-188°C (needles from 95% ethanol); f&iipy +27° (c 0.79); IR

Yax 3315 (OOH), 2940, 2865, 1735 and 1705 (3-CO and 17-CO) em™}; 'HNMR
8 0.88 (s, 3H, 18-CHy), 3.45 (s, 1H, 40-H), 4.32 (q, 2H, 5, 4.04, &, 4.60,
Ya=10.5 Hz, 19a-CHy), 4.15 (m, 2H, 1-CHp), 8.16 (br s, 1H, exchanges with D70,
192-O0H); 13C NMR & 13.7 (CH3, C-18), 21.3 (CHp, C-11), 21.7 (CHy, C-15),
23.7 (CH,, [C-6]), 24.8 (CHy, [C-T]), 31.4 (CHy, C-12),33.3 (CH, C-8), 344
(CHo, C-19), 35.5 (CHo, C-16), 38.8 (C, C-10), 47.3 (C, C-13), 48.5 (CH, C-9),
5176 (CH, C-14),%5.2 (CH, C-4), 66.7 (C, C-5), 68.9 (CHp, C-192), 73.3 _
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(CHZ, C-1), 168.2 (C, C-3),219.7 (C, C-17); MS 'm/z 350 (M™), 334 (M-16, O),
332 (M-18, H»0), 289, 288, 278, 2717. Anai. Calcd for CigH,60g: C, 65.10; H,
7.48. Found: C, 65.20; H, 7.52.

2. Treatment of 100 with Methyl odide. Formation of

19a-Methylperoxy-40.5-epoxy-2-oxa-503,10ca-androstane-3,17- |

dione 112.

19a—Hydroperoxy-4|3,5-epoxy-2—oxa;S B,10¢-androstane-3,17-

"~ "dione 100 (102 mg, 2.91 x 1074 mol) was dissolved in 10 ml of 95% ethanol. It

was necessary to heat gently the ethanol solution to get all the steroid into solution.
. Methyl iodide (540 mg, 3.80 x 1073 mol) and silver oxide (500 mg, 2.16 x 1073

mol) were added and the solution was stirred at room temperature for 16 h. The
solution was again heated gently and the gray-brown precipifaie was filtered. The
solvent was removed under reduced pressure. The residue was purified by
chromatography using methylene chloride : ethyl acetate, 90 : 10 as eluant.
19a-Methylperoxy-48,5-epoxy-2-oxa-5[3,10c-androstane-3,17-dione 112 was
obtained in 57% yield. mp 127-128°C; [o]p +47° (¢ 0.52); IR Y.y (KB)

» 2940,2960, 2870, 1735 and 1725 sh (17-CO and 3-OCO) em); 1H § 0.88 (s, 3H,

18-CHy), 3.40 (s, 1H, 4a-H), 3.80 (s, 3H, 19a-O0CH3), 4.27 (q, 2H, 5, 4.02, &,

4.52, 1,4,=10.9 Hz, 192-CHy), 4.12 (m, 2H, 1-CHo); 13CNMR 8 13.6 (CHz, -
. C-18),21.6 (CHy, C-11), 21.6 (CHy, C-15), 23.7 (CHy, [C-6)), 24.5 (CHy, [C-T)),
31._,{3“((::};12, C-12), 33.5 (CH, C-8), 33.9 (CH,, C-19), 35.4 (CH,, C-16), 38.4 (C,

C-10), 47.2 (C, C-13), 47.5 (CH, C-9), 51.4 (CH, C-14), 54.6 (CH, C-4),
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62.2 (CH3, 0OCHy), 66.7 (C, C-5), 67.7 (CHp, C-19a), 69.8 (CH,, C-1, 167.3
(G, C-3), 2196 (C, C-17); MS m/z (364 is absent, M*), 334 (M+H-31, OCHj),

332, 289, 288, 278, 277. Anal. Calcd for CraHag0¢6: C, 65.89; H, 7.75. Found:
65.76; H, 7.62.

3. Treatment of 100 w1th Sgdlgm Iodide. Formation of

19a-Hydroperoxy-4B,5-epoxy-2-o0xa-53,100-androstane-3,17-
dione 100 (320 mg, 9.14 x 10~4 mol) was dissolved in a solution of 95% ethanol
(10 ml) and ether (8 ml). To the resulting milky solution, sodium iodide (800 mg,
534x 103 mol) and 2 drops of acetic acid were added. The solution turned dark_
yellow and was stirred at room tempv.aratuﬁfcil‘s;a After the work up, the residue
was purified by column chromatography. Elution withynethylene chloride : ethyl

" acetate, 90 : 10 afforded a first compound (3 mg). mp 178-180°C decomposes;
IHNMR 5 0.87 (s, 3H, 18-CHjy), 3.53 (s, 1H, 4-H), 4. 29 (g, 2H, 8, 3.99, 3, 4.58,

J=11.0 Hz), 5.22 (q, 2H, 8, 5.19, 8, 5.26, ) ;,=11.4 Hz), 5.82 (q, IH 2 5.80, 8,

5. 85, Jab—ll 4HZ) MS m/z 316 (](\/I+), HRMS calcd for C19H2404 316 1628

found: 316.1678. Elution W1th methylene chloride : ethyl acetate, 85 : 15,
afforded A-nor-3,5-seco-5,17-dioxo-19-hydroxyandrostane-3-carboxylic acxd
3,19- lactone 152 (9 mg). The physical properties of 152 are described in section
F.1.v. Finally, elution with methylene chloride : ethyl acetate, 80 : 20, gave
4B-hydroxy-5 19a-oxido-2-0xa-5a,10a-androstane-3,17-dione 113 (47 mg, |
16%).

Y
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mp 74-75°C; [alp +99 (c 0.32); IR me (KBr) 3450 (br, OH), 2540, 2870,
1735 (17-CO and 3-0CO) em”l; THNMR 3 0.8 (s, 3H, 18-CHz), 3.10 (4, 1H,
exchanges with D50, J=2.9 Hz, 4B-OH), 3.97 (m, 2H, 1-CH,), 4.35 (q, 2H, 5,
4.19, 8, 452, J,1,=12.6 Hz, 19a:CHy), 4.41 (d, 1H, becomes a § upon addition of
D,0, 40-H); 13CNMR § 13.7 (CH3, C-18), 21.5 (CH,, C- 11), 21.6 (CH,
C-15), 22.1(CH,), [C-6]), 24.6 (CHp, [C-T)), 31.4 (CH,, C-12), 33.2 (CH, C-8),
35.6 (CHy, C-16), 37.1 (CHy, C-19), 46.0 (CH, C-9), 46.9 (C, C-13),47.9 (C,
C-10), 51.6 (CH, C-14), 64.1 (CHy, C-19a), 68.6 (CHy, C-1), 70.4 (CH, C-4), 854

(C, C-5), 174.1 (C, C-3),219.9 (C, C-17); MS m/z 334 (M*), 277. Anal. Calcd
for C1gHyeOs: C, 68.22; H,7.84. Found: C, 68.02; H, 8.00.

4. Preparation of 48-Acetoxy-5,19a-0xido-2-0xa-50u100-.
androstane-3,17-dione 114.

| 4[3-Hydroxy—5,l9a—oxid0,—2—oia—5(x,10a¥qndrostane-3,17-di9ne
113 (42 mg, 1.26 x 104 mol) was acetylated (Method A). 4B-Acetoxy-5,19a-
oxido-2-oxa-5q, 100c-androstane~3 17-dione 114 (39 mg, 9.84 x 10° -3 mol) was

isolatéd in 78% yield. IR Ymax (KBr) 2960, 2920, 2860, 1760, 1740 cm“1 1y
NMR § 0.8 (s, 3H, 18-CHy), 2.22 (s, 3H, 4B-COCH3), 3.95 (g, 2H, 1-CH,), 437 -
(q, 2H, 8, 4.26, &, 4.47, J,1,=12.6 Hz, 19-CHy), 5.58 (s, 1H, 40-H); 13CNMR 3

13_.9 (CHj3, C-18), 20.7 (CH3, COCHj3), 21.6 (CH,, C-11), 21.7 (CH,, C-15),
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22.7 (CHy, [C-61), 25.9 (CHy, [C-7]), 31.6 (CHy, C-12), 33.7 (CH, C-8), 35.7
(CHy, C-16), 36.4 (CHy, C-19), 45.9 (CH, C-9), 47.3 (C, C-13), 47.9 (C, C-10),
51.4 (CH, C-14), 64.1 (CH,, C-19a), 68.7 (CH,, C-1), 70.0 (CH, C-4), 84.0 (C,

C-5), 168.1+ (C, C-3), 169.8+ (C, CQCH3) 2194 (C, C-17); MS m/z 376 (M™),
334 (M-42), 333, 277.

SMMUMWMM
4B-Hydroxy-5.1 xido-2-0xa- - - .

113.

1 9a—Hydroperoxy-4B,S-epoxy-Z—oS(a-S B, 100-andro stane-3,17-
dione 100 (391 mg, 1.12 x 1073 mol) was dissolved in acetic acid (1.5 ml) and
placed in an ice-water bath.- A solution of hydrogen bromide (0.1 ml) in acetic acid
(6 ml) was added and the reaction was stirred fof 1 h. Water (30 ml) was added
and the pale ;/ellow residue obtained after the work up was purified by column
chromatography. The first compound (36 mg) was eluted with methylene chloride
: ethyl acetate, 80 : 20. mp 215-2169C (recrystallized in ether : ethyl acetate); IR

Ymax 1733,1710 shcm® 1 1H NMR 5 0.94 (s, 3H, 18-CHgy), 4.40 (tr, 1H), 4 49
(d, 1H, J=12.2 Hz), 4.88 (q, 1H, J=6 Hz). Anal. Found: C, 60.98; H, 6.63.
Elution with methylene chloride : ethyl acetate, 78 : 22 afforded 4f3-hydroxy-5,

19a-oxido-2-oxa-5a,100-androstane-3,17-dione 113 (43%). The physical data
are described in section E. 3.
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6. Treatment of 100 with Acetic Anhydride in Pyridine.

19a-Hydroperoxy-4f3,5-epoxy-2-oxa-5f3,10a-androstane-3,17-
dione 100 (50 mg, 1.43x 104 mol) was treated with acetic anhydride (Method
A). Work up followed by column chromatography eluted with methyléne chloride
: ethyl acetate, 92 : 8 and 90 : 10, afforded two compounds. The least polar
coﬁpound (31 mg) was a clear oil, homogeneous on tlc but a mixture of isomers

(ca. 1:1.8) by THNMR. IR ¥z, 3500 br, 2940, 2860, 1740 br, 1670 eml; 1H
NMR 8 0.87 (0.88) (s, 3H, 18-CHg), 2.11 (3.14) (s, 31, COCH3z), 3.51 (3.53) (s,
1H, 40:H), 3.95 (4.06) (d, 1H, 1=10.0 Hz), 4.59 (d of d, 2H, J=10.1 Hz), 4.71 (d,
1H, J=7.2 Hz), 5.46 (d, 1H, J=13.5 Hz), 7.15 (4, 1H, J=7.2 Hz), 7.28 (s, 1H); 13C
NMR 3 13.5 (CHz), 20.5 (20.1) (CHs), 21.7 (20.6) (CHz), 23.4 (22.8) (CH),
25.1 (24.8) (CHp), 31.2 (31.1) (CHy), 32.8 (32.0) (CH), 35.4 (CH,), 40.5 (C),

46.4 (CH), 48.3 (47.3) (C), 52.1 (51.9) (CH), 56.7 (55.6) (CH), 65.8 (65.5) (C),
69.0 (68.4) (CHy), 114.1 (111.5) (CH), 137.1 (134.5) (CH), 166.9 (C), 219.4 (C);

MS m/z 374 (M™), 333, 332. Further elution afforded 14 mg of a second
compound. IR 'Yniax 3500, 2940, 1735 br cm‘l; IHNMR § 0.87 (s, 3H,

18-CHz), 2.05 (s, 3H, COCHg), 2.08 (s, 3H, COCHy), 3.39 (s, 1H), 4.27 (g, 2H, 3,
4.03, 8, 4.51, ] ;,=11.4 Hz), 6.86 (tr, 1H); MS m/z 434 (M), 374, 333, 332, 331.
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102 and 4-Bromo-19-acetoxyandrost-4-ene-3,17-dione

19—Hydroxy-4[3,5-epe)ﬁy-5B~androstane-3,17-dione 62 (200 mg,
6.29 x 104 mol) dissolved in acetic acid (3 ml) was cooled in an ice-water bath. A
| solution of HBr in acetic acid (0.2 ml of HBr in 12 ml of acetic acid) was added to
the stirred steroid solution. After 15 min, the reaction was terminated by adding
cold water (100 ml). 4-Bromo-19-hydroxyandrost-4-ene-3,17-dione 102 (171

mg, 71%) was isolated as a white precipitate. mp 163°C; [a]p 42149 (c 0.285);
UV Aoy 2620m (e 12136); IR 1y, 2940, 2860, 1735 (17-CO), 1680 (3-CO)
em'l; THNMR 8 0.90 (s, 3H, 18-CH), 4.02 (g, 2H, 8,392, 8, 4.12,1,,=10.6

Hz, 19-CHy); 1°CNMR § 13.8 (CH;, C-18), 21.1 (CHy; C-11), 21.6 (CH,
C-15), 30.1 (CHy, C-12), 31.6 (CH,, C-7), 32.2* (CH,, C-6), 33.2* (CHy, C-1),
34.9 (CHy, C-2), 35.4 (CH, C-8), 35.7 (CHy, C-16), 47.4+ (C, C-10), 47.6~ (C,

C-13), 51.0 (CH, C-14), 54.0 (CH, C-9), 65.8 (CH,,-€19), 124.1 (C, C-4), 163.7
(C, C-5), 191.2 (C, C-3), 220.1 (C, C-17); MS m/z 382/380 o, 817y,
352/350 (M-30, HOCH), 301 (M-81, Br), 300 (M-82, Br+H); HRMS calcd for

C19Hp503Br: 380.0980, found: 380.0987. 4-Bromo-19-hydroxyandrost-4-ene- '

3,17-dione 102 (30 mg, 7.89 x 107 mol) was treated with acetic anhydride

(Method A). Work up afforded 4-bromo-19-acetoxyandrost-4_—ene-3,17-dione a

103 as an oil (23 mg, 67%).’ mp -155°C (crystal from methanol); UV lmax 260
nm (g 8 607); ly NMR. S b.91 (s, 3H, 18-CH3), 2.00 (s, 3H, 19-COCH3), 4.42 (q,

2H, 8, 4.15, 8 4.69, I;=11.0 Hz, 19-CH,); 13C NMR § 13.8 (CH;3, C48),

'd
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20.9 (CHj, COCHy), 21.1 (CHy, C-11), 216 (CHy, C-15), 30.1 (CHy, C-12), 31.5

" (CH,, C-7), 32.3* (CH,, C-6), 32.9% (CH,, C-1), 34.5 (CH,, C-2), 35.4 (CH,
C-8), 35.6 (CHy, C-16), 45.5 (C, C-10), 47.5 (C, C-13), 51.0 (CH, C-14), 54.1

'(CH—C 9), 66.5 (CHy, C 19) 124.4 (C, C-4), 162.1 (C, C-5), 170.5 (C, CQCH3),

190.4 (C, C-3), 219.5 (C, C-17); MS m/z 424/422 (M+, 81Br-79Br), 364/362
(M-60), 353/351 (M-71), 352/350 (M-72), 336/334 (M-88); HRMS caled for
CyqHy705Br: 422.1085, found: 422.1085. |

-~

_ F. Bagyer-Villiger Rearrangement.

l&ammﬂmm&ﬁ.icmxy_iﬁ_amwh
62 with MCPBA.

i. — - - - -503- -3.17-

dione 62 with MCPBA.

19-Hydroxy-4p,5-epoxy-5B-androstane-3,17-dione 62 (180 mg,
5.66 x 1074 mol) was dissolved in chlgfoform (4 ml), MCPBA (180 mg) was added
. tpcrature. After 32 h, 60 mg of MCPBA
'i\,\_ were added and the reaction was terminated after 4 days. Work up was followed

and the reaction was stirred at room te

by—column chromatography using successively the following selvents: methylene
chloride : ethyl acetate, 85 : 15, 80 : 20 and 70 : 30. Starting\material 62 (53 mg,
29%) wds récovered and 19-hydroxy-4j,5- epoxy-l?a‘iroxa-D- omo-5[3-
androstane-3, 17 -dione 145 (77 mg, 40%) was isolated. mp 252-253°C

(Uansparent plates from slow evaporation of ethyl acetate); [alp +62° (¢ 0.18);
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IR Yax 3660 (OH), 3440 br (OH), 2950, 2870, 1720 (17-OCO and 3-CO) em™!;
IHNMR 5 1.32S, 3H, 18- CH3) 2.93 (s 1H, 4wH) 3.90(q, 2H, 8, 376 5y,

4.043 J1;=11.4 Hz, 19-CHy); K 8 198 (CHy, C-15), 20.1 (CHz, C-18),21.6
(CHy, C-1), 229 (CHy, C-11), 28.4% (CHyC6), 28.9* (CHy, C- 16), 29.8 (CH,,
C-7), 32.1 (CHy, C-2), 37.5 (CH, C-$), 392(CHQ}C‘12) 41.3 (C, C-10), 45.8-
(CH, C-9), 46.0+ (CH, C-14), 604 (CH, C- 4), 64.8 (CHy, C-19), 68.5 (C, C-5),

82.4 (C, C-13), 171.0 (C, C-17), 205.5 (C, C-3); MS m/z 334 (M*), 319 (M-15,
CHg), 316 (M-18, H,0), 306 (M-28, CO), 304 (M-30, HOCH); HRMS calcd for

{{l, 7.84. Found: C, 68.42; H, 7.84.

/

77 with MCPBA, ¢

_ " 19-Acetoxy-4p,5-epoxy-5B-androstane-3,17-dione 77 (211 mg,
5.87x 104 mol) was dissolved in chloroform (8 ml) and MCPBA (254 mg) was
added. After stirring for 70 h at room temperature, 50 mg of MCPBA were
added. The reaction was stopped after 6 days. Column chromatography using

_ successively the following mixture of solvents: methylene chloride : ethyl acetate,
90 : 10, 85 : 15 and 80 : 20 afforded 9 mg of starting material 77 (4%) , 16 mg of a

mixture of product (overlapping spots on tic) and 196 mg (89%) of 19-aceto‘xy-4[3;

5-epoxy-17a-oxa-D-homo-5B-androstane-3,17-dione 146. mp 69°C; [o]py +48°

(021 JANMR 5 131 5, 3H, 18-CHz), 2.10 (s, 3H, 19-COCHS),
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‘- 292 (s, 1H, 40-H), 4.34 (g, 2H, 5, ﬁ 8,8y, 4.49, J;1,=11.4 Hz, 19-CHy); MS m/z
| 3_7-6 (M™), 348 (M-28, CO), 335 (M-41), 321 (M-55), 316 (M-60). Anél. .Calcd '
—.\for Cy1Hpg0g: €, 66.98; H, 7.50. Found: C,66.84; H, 7.28. 19-Acetoxy-4B,5-
| 'epoxy-l7a-oxa-D-homo-5B-androstane-S,:17-dione 146 (40'mg, 1.06 x 104 mol)
dissolved 21_95% ethanol (7 ml) was stirred with K5CO3 (190 mg) at room
temperature for 18 h. Work up followed by column chromatography eluted with
methylene chloride : ethyl acetate, 55 : 45 afforded 19-hydroxy-4f,5-epoxy-17a-

oxa-D-homo-5f3-androstane-3,17-dione 145 (16 mg, 46%) identical (MS and g
NMR) to 145 (section F. 1. i.).

iii. Treatment of 19-Hydroxy-4a.5-epoxy-5a-androstane-3,17-
dione 147 with MCPBA.

19-Hydroxy-40,,5-epoxy-50-androstane-3,17-dione 147% (56 mg,
1.77 x 1074 mol) was dissolved in chloroform (3.5 ml) MCPBA (81 mg) was
added and the clear solution was stirre% at room temperature. After 1 day, 61 mg.
of MCPBA were added. The-reaction was terminated after 6 days. Column
chromatography eluted with methylene chloride : ethyl acetate, 70 : 30 afforded 12
mg (24%) of starting material 147. Further elution with rﬁethylene chloride : ethyl |

acetate, 50 : 50 afforded 19-hydroxy-4a,5-epoxy—17a-oxa—D-h0mo:50t_-
androstane-3,17-dione 148 (16%). mp 229-230°C; IR y_,, 3620 (OH), 3420
br (OH), 2940, 2880, 1710 (3 and 17-CO) cml; ITHNMR & 1.31 (s, 3H,

18-CHg), 3.15 (s, 1H, 4B-H), 3.90 (q, 2H, 5, 3.84, & 3.95,1,,=10.3 Hz, 19-CH,); _
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© MS m/z 334 (M), 316 (M-18, H,0), 306 (M-28, CO), 304 (M-30, HOCH).
Anal. Caled for CygHyOs: C,68.22; H,7.84. Found: C,67.81; H,7.71.

iv. Preparation and Treatment with MCPBA of 178.19-Dihydroxy-

4[3.5-epoxy-5B-androstan-3-one 149. Isolation and Acetylation

of A-Nor-3.5-seco-5-0x0-1703.19- dlhvdroxvandroqtane 3-
carboxvlic acid 3,19-lactone 150y

19-Hydroxyandrost-4-ene-3,17-dione 4 (2.10 g, 6.95 x 10°3 mol)
dissolved in methanol (80 ml) was cooled in an ice-water bath. Sodium '
borohydride (0.33 g) was added. The reaction, was terminated after 90 min by thc
-addition of acetic acid (5 drops). The residue obtained after the removal of the
solvent was disso_l_ved in methanol (30 ml) and cooleci in an ice-water bath. Ice-cold
10% NaOH (10 ml) and 30%.hydrogen peroxide (12 ml) were successively added
and the reaction was stirred for 30 min at 0-4°C. Work up and column
chromatography. eluted with methylene chloride : ethyl acetate, 65 : 35 afforded

17B,19-dihydroxy-48,5-epoxy-5B-androstan-3-one 149 (1.05 g, 47%). mp .

155-156°C (crystals from ether) (L1t % mp 150-153°C); [o ] +136° (¢ 0.275);
IR ¥y, 3600 (OH), 2940, 1710 (3-CO) em™!; THNMR & 0.74 (s, 3H, 18-CHg), -
2.88 (s, 1H, 40-H), 3.62 (tr, 1H, 17a- D, 3.96 (q, 2H, 8, 3.73, aﬁm, Jap=11.4
Hz, 19-CH,); 13c NMR § 11.1 (CH3,C -18),21.3 (CH,, C-11), 21.8 (CH,, C-1),

23.2 (CHy, C:15), 30.0 (CHy, C-16), 30.1 (CHy, C-6), 303 (CHy, C-7), 32.2

(CH,, C-2), 35.1 (CH, C-8), 36.5 (CHZ,C -12), 41,7 (C, C 10), 43.0 (C, C-13),
46.8 (CH, C-9),
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50.8 (CH, C-14), 59.9 (CH, C-4).+64.9 (CH,, C-19),69.1 (C, C-5), 81.4 (CH,
C-17),206.2 (C, C-3); MS m/z 320 (M*), 302 (M-18, H,0), 290 (M-30, HOCH),

289. 17p,19-Dihydroxy-4p,5-epoxy-5B-androstan-3-one 149 (114 mg, 3.56 x
‘ 10“.1 ﬁlol) was dissolved in chloroform (5 ml) and stirred at room temperature
with MCPBA (120 mg). The reaction was stopped after 11 days and purified by
column chromatography. Elution with methylene chloride : ethyl acetate, 70 : 30
3R and 68.5 : 32.5 afforded a mixture of two compounds by tic (63 mg) which was
purified again by column chromatography eluted with methylene chloride : ethyl
" acetate, 73 : 27 and 72 : 28. The least polar compound isolated was not identified

and was found by 13C"NM.R to be a mixture of isomers (ca .10:1) despite thefact it

was homogeneous on tlc. mp 69-70°C; IHNMR & 0.73 (s, 3H, 18-CHy), 3.27 (s,

* 1H, exchanges with D,0), 3.73 (g, 2H, §, 3.57, 8, 389, J,=8 Hz, 19-CHp), 362

(tr, 1H, '170c-H), 4.12 (m, 2H). The second compound, more polar, was not
obtained in a pure form. The first column was further eluted with methylene
chloride : ethyl acetate, 65 : 35 to afford a third compound (20 mg) homogeneous
on tlc but that could not be identified . Firfly, the second compound was obtained
when the reaction was repeated with 149 (342 mg, 1.07 x 10-3 mol). Column
chromatography eluted with methylene chloride : ethyl acetate, 73 : 27 afforded

A-nor¢3,5-seco-5-oxo-17|3,19-dihydroxyandrostane~3—carboxylic acid
3,19-lactone 150 (68 mg, 21%). mp 162-163°C (recrystallized in ethyl acetate :

ether); IR ... 2940,2860,1745 (3-0CO), 1705 (5-CO); 'HNMR § 0.81 G,
3H, 18-CHy), 3.63 (tr, 1H, 170-H), 4.44 (q, 2H, 8, 4.39, & 4.48,J,=11.8 Hz,

19-CHy); I3CNMR & 113 (CH;, C-18), 22.9 (CH,, C-11), 23.2 (CH,, [C-T)),

¢ 23.3(CHy, C-15), 28.2 (CHy, [C-16]), 30.3 (CHy, [C-12]), 31.1 (CHy, [C-1]),
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36.0 (CH, C-8), 36:4 (CHy, C-2), 38.4 (CH,, C-6), 43.0 (C, C-13), 50.4 (CH,
C-14), 51.5 (CH, C-9), 51.7 (C, C-10), 69.0 (CH,, C-19), 81.1 (CH, C-17), 172.1
(C, C;-I—B), 210.6 (C, C-5); MS m/z 306- (M*), 288 (M-18, H,0); 279, 278 (M-28,
CO); Anal. Calcd for C18H2604: C,70.54; H, 8.56. Found: C, 70.38; H, 8.46.

A-Nor-3,5-seco-5-0x0-1 7B,19-dihydroxyandrostane-3-carboxylic acid
3,19-1actoile 150 (22'mg, 7.19 x 1070 mol) was treated with acetic anhydride
(Method A). Work up afforded A-nor-3,5-seco-5-oxo-17B-acetoxy-19-hydroxy-
androstane-3-carboxylic acid 3,19-lactone 151 (23 mg, 91%). mp 183-184°C;

[ -16° (¢ 0.095); IR 7, (KBr) 2960, 2910, 2880, 2860, 1735 (3-OCO and
178-COCH3y), 17?15 (5-C0) cm™l; 'H NMR § 0.86 (s, 3H, 18-CHy), 2.03 (s, 3H,

17[3¥COCH3),4.22 (q, 2H, 8, 4.38, &, 4.47, ;=118 Hz, 19-CHy), 4.58 (tr, 1H,

170-H); MS m/z 348 (M;“), 330 (M-18, H,0), 320 (M-28, CO), 306 (M-42,

COCH3); HRMS caled for C5gHygOs: 348.1957, found: 348.1932:

T —

- carboxylic acid 3.19-lactone 152.

19-Hydroxyandrost-4-ene-3,17-dione 4 (1.00 g, 3.31 x 1073 mol)
was dissolved in methanol (17 ml) and cooled in an ice-water bath. Ice-cold 4 N

NaOH (2.ml) and 30% H»O, (4 ml) were successively added and the reaction was
| stirred in an ice-water bath, without adding more ice, for 15 h 30 min. Water (30
ml) was added to the reaction mixture which was extracted with methylene

chloride to afford 19-hydroxy-4pB,5-epoxy-5B-androstane-3,17-dione 62

[
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- (60 mg, 6%). The remaining aqueous phase was acidified with HCI and extracted
with methylene chloride. The residue obtained after evaporation of the solvent was
purified by column chromatography. Elution with methylene chloride : ethyl
acetate, 85: 15 af{orded A-nor-3,5-seco-5,17-dioxoandrostane-3-carboxylic acid

3,19-lactone 152 (265 mg, 26%). mp 223-224°C; [o]p +50° (c 0.415); IR
Ymax 2940, 2860, 1735 (17-CO and 3-OCO), 1710 (5-CO) cm™); IHNMR &
0.94 (s, 3H, 18-CHy), 4.43 (q, 2H, §, 4.38, 5, 4.48, 1 ,=13.2 Hz, 19-CH,); 13C
'NMR 8 138 (CHg, C-18), 21.6 (CHy, C-11), 22.5 (CH,, C-15), 23.1 (CHy,
[C-71), 28.1 (CHy, [C-11), 30.1 (CHy, [C-2]), 31.2 (CHy, C-12), 35.4 (CHy, C-16),
35.5 (CH, C-8), 38.1 (CHy, C-6), 475 (C, C-13), 50.6 (CH, C-9), 51.4 (CH, C-14),
51.6 (C, C-10), 68.8 (CHy, C-19), 172.0 (C, C-3), 210.1 (C, C-5), 219.0 (C, C-17);
MS m/z 304 (M*), 286 (M-18, H,0), 277, 276 (M-28, CO); HRMS calcd for

‘ \ p
C1gHn404: 304.1668, found: 304.1660. Anal. Calcd for C18H2404: C, 71.01;
H, 7.95. Found: C, 70.71; H, 7.91.

-

2. Reaction of 17[3,19-Dihydroxy-5B-androstane-3-one 24 with
MCPBA.

i. Tr nt of 17(3,19-Dihydroxy-5B-androstane-3-one 24 with
MCPBA: Formation of A-Homp-17f,19-dihydroxy-2a-oxa-53-

e 5B-androstane-3-carboxylic acid 3,19-lactone 158.
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To a solution of 17B,19- dlhyd )xy\-SB aﬁ?lx%stan 3-one 24 (0. 10 g,
3.27 x 1074 mol) dissolved in chlorofonti (3 ml) was added MCPBA (0.10 g) and
the reaction was stirred at room temperdtur

or 2 days. Purification by column
chromatography, eluted successively with methylene chloride : ethyl acetate, 65 :
35,60 : 40, 55 : 45 and 50 : 50 first afforded A-homo-17f,19-dihydroxy-2a-oxa-

5[3-androstan-3—one 154 (48 mg, 46%). mp 199-200°C; [\oc]D +570(c 0.12); IR
Ymax 2940, 1725 (3-0CO) cml; THNMR & 0.72 (s, 3H, 18-CHg), 3.72 (q, 2H,
8, 3.51, 8y, 3.94, ;p=11.1 Hz, 19-CH,), 3.64 (tr, 1H, 170:-H), 4.16 (m, 2H,
2-CHy); I3CNMR § 11.2 (CHg, C-18),20.9 (CH,, C-11), 23.3 (CHy, C-15),
©25.1 (CH,, C-7), 29.0 (CI—IZ‘, C-16), 30.5 (CHy, C-6), 33.6 (CH, C-8), 33.7 (CH,, |
[C-11), 35.6 (CH, C-9), 36.4 (CHy, C-4), 37.1 (CH,, C-12), 409 (C, C-10), 41.1
(CH, C-5), 43.0 (C, C-13), 51.3 (CH, C-14), 62.3 (CHy, C-2), 65.2 (CH,, C-19),
81.6 (CH, C-17), 1762 (C, C-3); MS m/z 322 (M*), 304 (M-18, H,0), 294
(M-28, CO), 292 (M-30, HOCH). Anal. Calcd for C19H3004: C, 70.75; H, 0.38.

Founél: C, 70.88; H, 9.34. The second compound eluted was A-nor-3,4-seco-4,
178,19-trihydroxy-5 B-androstane-3-carboxylic acid 3,19-lactone 158 (37 mg,

35%). mp 108-110°C; {olp +4° (€ 0.10); IR Yy 1730br (3-0CO) em'l; 1H
NMR & 0.71 (s, 3H, 18-CHg), 3.61 (tr, 1H, 170-H), 3.72br d, 2H, 4-CHy), 437
(q, 2H, 8, 4.28, §, 4.46, 14, =11.8 Hz, 19-CH,); 13CNMR § 11.1 (CHz, C-18),
21.3 (CH,, C-11), 22.4 (CHy, [C-1]), 23.1 (CHy, C-15), 25.4 (CHy, [C-6] ), 274
(CHy, [C-7]), 27.8 (CHy, [C-16)), 30.4 (CHy, C-12), 35.8 (CH, C-8),



. 226.
~.

-

367 (CHy, C-2),37.0 (C, C-10),39.8 (CH, C-5), 42.7 (C, C-13), 45.8 (CH, C-9),
51.2 (CH, C-14), 60.9 (CHy, C-4), 71.4 (CH,, C-19), 81.5 (CH, C-17), 172.8 (C,
C-3); MS m/z 322 (M*), 304 (M-18, H,0), 294 (M-28, CO), 292 (M-30,
HOCH), 291, 279, 274; HRMS calcd for CygHgo04: 322.2136, found: 322.2119.
Anal. Calcd for C{gH3004: C, 70.75; H, 9.38. Found: C, 70.61; H, 9.35.

ii. Acetylation of A-Homo-178,19-dihydroxy-2a-oxa-53-andros-

A-Homo-17f,19-dihydroxy-2a-oxa-5f3-androstan-3-one 154 (4
mg, 1.24 x 107 mol) was treated with acetic anhydride (Method A). Work up
afforded A-homo-178,19-diacetoxy-2a-oxa-5B-androstan-3-one (100%) as a

sticky material. TH NMR 3 0.77 (s, 3H, 18-CHz), 2.02 (s, 3H) and 2.06 (s, 3H)
17B-and 19-COCH, 4.15 (q, 2H, 8, 3.91, 8, 4.39, I, =11.5 Hz, 19-CH,), 4.18
(m, 2H, 2-CH)34.58 (tr, 1H, 170-H); MS m/z 406 (M*, absent), 364 (M-42,

COCHy), 346, 304, 291, 286,

androstane-3-carboxylic acid 3,19-lactone 158.

The oxidation was carried out as described by Ratcliffe'5? with
A-nor-3,4-seco-4,17p3,19-trihydroxy-5pB-androstane-3-carboxylic acid
3,19-lactone 158 (40 mg, 1.24 x 104 mol) dissolved in 10 m! of methylene

N\
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chloride and to which was added to the following solution: pyridine (0.32 mi) in
methylene chloride (1 ml) was cooled in an ice-water bath; Cr(V@)ﬁde (0.204 g)
was added in one portion and the solution was stirred for 5 min then allowed to
warm at room temperature over a period of 60 min. After stirring this latter
solutiog with the steroid solution for 20 min , anhydrous diethyl ether (50 ml) was
added and the suspension was filtered through a short column of Florisil and
washed with methylene chloride. The combined ether and methylene chloride
extracts were washed with 10% aqueous HCI, dried over sodium sulfate and the
solvent removed under reduced pressure. Column chromatography eluted with
methylene chloride : ethyl acetate, 90 : 10 afforded A-nor-3,4-seco-4,17-dioxo-
19-hydroxy-5a,B-androstane-3-carboxylic acid 3,19-lactone 162 (9 mg, 22%),

homogeneous on the basis of tlc. IR Ymax (KBr) 2940, 2880, 2860, 1735 br cm’l;

ITHNMR & 0.85 (s, 3H, 18-CHj), 4.34 (q, 2H, 5, 4.31, &, 437, J ;p=11.7 Hz,

19-CH,), 9.76 (s, 1H, 4-CHO); 13CNMR § 13.7 (CHs, C-18), 20.9 (CHy, C-11),
21.1 (CHyp), 21.5 (CH,, C-15), 24.0 (CHy), 25.4 (CH,), 26.1 (CH,), 28.2 (CHy),
28.8 (CHy), 29.4 (CH,), 31.5 (CH,, C-12), 35.2 (CH, C-8), 35.6 (CH,, C-16),

37.3 (C, C-10), 44.4 (C), 46.8 (CH, C-9), 47.4 (C, C-13), 51.1 (CH, C-14), 52.0
(CH, C-5), 69.0 (69.4) (CH,, C-19), 202.8 (CH, C-4), 220.0 (C, C-17); MS m/z

- 318 (M*),300 (M-18, H,0), 290 (M-28, CO), 272; HRMS calcd for C1gHyeOy:

318.1824, found: 318.1835.
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iv. Acetylation of A-Nor-3 .4-seco-4.17ﬁ.19~trihydroxv-5_[3-
-androstane-3-carhoxylic acid 3,19-lactone 158.

A-Nor-3,4-seco-4,17[3,19-trﬂ1ydroxy-5[5-androstane-3-carboxy1ic
acid 3,19-lactone 158 (5 mg, 1.49 x 10- mol) was treated with acetic anhydride

(Method A). Work up afforded A-nor—3,4-sec6-4,17|3-diacetoxy-19-hyd:oxy¥5B—
androstane-3-carboxylic acid 3,19-lactone 163 (100%) as a clear oil. 1H NMR o

0.75 (s 3H, 18-CHjy), 2.01 (s, 3H) and 2.04 (s, 3H) 4- and 17B- -COCHg, 4.16 (d,
2H, 4-CHy), 4.37 (q, 2H, Ba 4.27, 8, 4.47,J ;=118 Hz, 19-CH,), 4.55 (tr, 1H,

170-H); MS m/z 406 (M"), 364 (M-42), 346 (M-60), 318,

-

v. Preparation and Treatment with MCPBA of 17[3.19-Diacetoxy-

L

5B-androstan-3-one 164,

178,19-Dihydroxy-58-androstan-3-one 24 (150 mg, 4.90 x 10~4
mol) was treated with acetic anhydride (Method A). Work up afforded

17B,19-diacetoxy-5B-androstan-3-one 164 (100%) as a sticky material. (lit:% mp
127-128°C); 'HNMR 8 0.79 s, 3H, 18-CHy), 2.02 (s, 3H) and 2.05 (s, 3H), 17B-
and 19-COCH3, 4.24 (q, 2H, ﬁa 4.07, 5b 4.40,] a‘t;=11'1 Hz, 19-CH,), 4.59 (tr, 1H,

17a-H); MS m/z 390 (M™), 331, 330, 317, 302. 17B,19-Diacetoxy-58-
androstan-3-one 164 (197 mg, 5.05 x 1074 mol) was dissolved in chloroform
(5 mi). MCPBA (250 mg) was added and the reaction was stirred for 2 days at
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room temperature. Column ¢hromatography eluted with methylene chloride :
ethyl acetate, 92 : 8 afforded a homogeneous compound by tlc which was however
aca. 1.1 mixture (by 3¢ NMR) of A-homo-17[3,19-diacetoxy-2a-oxa-5p-
androstan-3-one 165 and A-homo-17|3,19-diacetoxy-3a—o;ca-5 B-andros_tan-3-one

166 (64%). mp 72-73°C; [o]py +28° (¢ 0.27); IR Ymax 2940, 2860, 2840, 1735

br (3-OCO and 17B,19-COCH3); 'HNMR § 0.77.(s, 3H, 18-CHg), 2.02 (5, 3H )
 and 2.06 (s, 3H) 17B- and 19-COCHg, 4.11 (m, 2H), 4.26 (br q, 2H, 5,3.93, &,
4.59,19-CHp), 4.42 (tr, 1H, 170-H); 13CNMR § for 165 12.2 (CHs, C-18),
20.7 (CHy, C-11), 24.9 (CHy, C-15), 26.5* (CHj, C-7), 27.6 (CHy, C-16), 27.7*
(CHp, C-6), 34.1 (CH, C-5), 35.4 (CH, C-8), 363 (CHy, C-4), 37.1 (CHy, C-1),
37.1 (CHy, C-12), 39.7 (C;-C-10), 40.7 (CH, C-9), 42.6 (C, C-13), 51.1 (CH,

C-14), 62.7 (CH,, C-2), 66.8 (CH,, C-19), 82.3 (CH, C-17), 175.7(C, C-3); 13¢C

NMR for 166 12.1 (CHs, C-18), 20.5 (CH,, C-11), 23.3 (CH,, C-15), 26.2*
CHgrC-7), 27.5 (CHy, C-16), 27.7 * (CHy, C-6), 28.8 (CHy, C-1), 34.1 (CHy,

C-2),35.4 (CH, C-8), 37.1 (CH,, C-12), 38.5 (CH, C-5), 39.6 (C, C-10), 40.9 (CH,

C-9), 42.6 (C, C-13), 51.1 (CH, C-14), 66.7 (CHy, C-19), 69.9 (CH,, C-4), 82.3
(CH, C-17), 175.5 (C, C-3); MS m/z 406 (M™), 346, 333, 304. Anal. Calcd for
q23H3406: C, 67.93; H, 8.43. Found: C, 68.13; H, 8.66:

3. Treatment of 19-Hydroxyandrost-4-ene-3.17-dione 4 with MCPBA.

19-Hydroxyandrost-4-ene-3,17-dione 4 (0.20 g,76.62 x 1074 mol) was
dissolved in chloroform (4 ml, previously mixed with 4 ml of 35% 1TCIO4 and



230
. A
separated). MCPBA (0.20 g) was added and the solution was stirr@ at room

temperature for 3 days. Work up was followed by column chromatography eluted
successi\}ely with methylene c@de : ethyl acetate 90 : 10 and 85 : 15 to afford

4 mg of a homogeneous compound by Ll(f which could not be identified. IR Ynax
2940, 2880, 2860, 1730 cm™l; IHNMR § 0.87 (s, 3H, 18-CH3), 3.50 (m, 1H),

3.72 (m, 1H), 3.83 (q, 2H, 5, 3.69, &, 3.97, .~ 9 Hz). Further elution with

methylene chloride : ethyl acetate, 82 : 18 afforded a second compound (7 mg,
3%). mp 218-219°C (crystals from ether); IR Ymax 2940, 2860, 1740 (17-CO
. and 3-0C0),1718 shem™!; THNMR 8 0.93 (s, 3H, 18-CHy), 3.60 (s, 1H,

« éxchanges_ with D»0), 4.57 (g, %H,B 4.5008,, 4.65, J,1,=12.1 Hz); MS m/z 334
(M), 306 (M-28, CO), 305, 288, 287, 276; HRMS caled for C1gHyg05:
334.1773, found: 334.1789. The last compound eluted was A-homo-3a-oxa-5p, -
19-oxido-4&-hydroxy-5f-androstane-3, 17-dione 167 (36 mg, 16%). mp -
248-249°C (crystals from ethyl acetate); [a]D +750 (c0.32); IR v, 3350 br
(OH), 2940 2880 2860, 1730 (17-COQ, 3-0CO) crn‘1 Iy NMR o 0.88 (s, 3H,

18-CH3), 3.27 (d,M1H, J=4 Hz, exchanges with D,0, 4£-OH), 3.8 (q, 2H, 5, 3.77,
Bb 3.99, I ,,=8.5 Hz, 19-CH,), 4.97 (d, 1H, J=4 Hz, becomes a s upon addition of

D50, 46-H); 13CNMR & 13.9 (CHy, 18-CH), 215 (CHs, C-15), 22.1 (CH,,
C-11), 23.8% (CHy, C-7), 25.3* (CHy, C-6), 26.2* (CHy, C-1), 31.7 (CH,, C-12),
32.6 (CHy, C-2), 35.6 (CH,, C-16), 35.7 (CH, C-8), 39.7 (C, C-10),
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42.3 (CH, C-9), 47.8 (C, C-13), 50.3 (CH, C-14), 73.4 (CH,, C-19), 87.4 (C, C-5),
101.1 (CH, C-4), 1714 (C, C-3), 219.9 (C, C-17); MS m/z 334 (M"), 316 (M-18,
H,0), 306 (M-28, CO); HRMS caled for CygHpgOs: 334.1773, found: 334.1753,

Anal. Caled for C{gH405: C, 68.22; H, 7.84. Found: C, 68.28; H, 7.94.

A-Homo-3a-0xa-5,19- -oxido-4&-hydroxy-5@3-androstane-3,17-dione 167 (13 mg,
3. 8 X 10 -5 mol) was treated w1th acetic anhydride (Method A). Work up afforded

an eplmenc mixture (ca . 1: 1 by In NMR) of A-homo-3a-0xa-5,19- oxido-4a-

and (-acetoxy-5@3-androstane-3,17-dione 168. mp 211-212°C; IR Ymax (KBD)

2940, 2860, 1740-1735 (17-CO, 4-COCH3) em™L; TH NMR 8 0.87 (0.89) (s, 3H,
. L - &

-

18-CHg), 2.06 (2.11) (s, 3H, 4-COCHg), 3.76 (4.14) (q, 2H, 8, 3.73, 8, 3.79, ‘
<« N

Ja,=8.7 Hz, 19-CH5) (q, 2H, 3, 4.05, Sb 4.24,1,,=8.6 Hz, 19-CHy), 5.84 (6.19) (s,
1H, 4-H); MS m/z 376 (M), 335, 334 (M-42, COCHjy), 333, 306 (M-42-28, CO);
HRMS calcd\‘fo_r C21H2806: 376.1878, found: 376.1910.

/i
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CLAIMS TO ORIGINAL RESEARCH

I -

A. Two forms of a 17B3- hydroxyéteroid dehydrogenase have been

purified and the topography of their binding sites was studied using
the technique of affinity labehng

B. The following new steroi
and used in the affinity Jabeli

© 0 NS RLN
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rivatives were prepared, c‘naractenzed
studies:

38,19-Dihydroxy-58-androstan-17-one 15
30,19-Dihydroxy-5B-androstan-17-one 23 9
19-Iodoacetoxyandrost-4-ene-8,17-dione 29

19- Bromoacetoxyandrost-4 -en -3,17-dione 30
19-Iodo[2'- H]acetoxyandrost—4— ne-3,17-dione 32
19-Iodo[2'- 14 C]acetoxyandrost—4~ene 3,17- dione 33
19-Iodoacetoxy[6,7- I-I]andros;-f-l -ene-3,17-dione 29 [ H]

19-Todoacetoxy-53-androstane-3,17-dione 34
19-Bromoacetoxy-5f-androstane-3,17-dione 35
19-Ioda[2'- 1‘ﬁj’C]acetoxy 5[3 androstane-3,17-dione 37

. 6B-Todoacetoxyandrost-4-ene-3,17-dione 38

. 6B-Iodo[2-14Cacetoxyandrost-4-ene-3,17-dione 40
. 11B-Iodoacetoxyandrost-4-ene-3,17-dione 41

. 17B-Iodoacetoxyandrost-4-en-3-one 44

. 17B-Iodo[2‘-14C]acetoxyandrost-4-en-3-one 47

. 17[3-Iodoacetoxy-5[g¥androstan-3-one 48

. 17B-Bromoacetoxy-5p-androstan-3-one 49

: 17B-Iodo[2'-14C]acetoxy-SB-androstan-3-one 51

3a-Ethoxy-3p,19-oxido-5c-androstan-17-one 26 and not

ards and co-workers®) was isolated from the hydrogenation of

) 30§1ydroxy-3]3,-19-oxido-5a-androstan-17-one 25 (as reported by
d

19-hydroxyandrost-4-ene-3,17-dione 4 along with 19-hydroxy-58-
androstane-3,17-dione 14,



. The acid- and base- catalyzed opening of 19-hydroxy-4[3 5-epoxy-
5B- androstane-3,17-dione 62 was examined. ‘

. ~4B,5 ,19-Trihydroxy-53-androstane-3,17-dione 88 and 4¢,5,19-
trihydroxy-5o-androstane-3,17-dione 89 were prepared.
Acid-catalyzed treatment of 88 and 89 was examined.

. 19a-Hydroperoxy-4p,5-epoxy-2-oxa- 5[3 10o-androstane-3,17-
dione 100 was synthesized. The reactions of sodium iodide,
hydrogen bromide, methy! iodide and acetic anhydride with 100
were investigated.

. The Baeyer-Vﬂhger rearrangements of 19-hydroxy-4 5-epoxy
steroids were examine

. The following new compounds were prepared and characterized:

4,19-Dihydroxyandrost-4-ene-3,17-dione 63 |
19-Acetoxy-4B,5-epoxy-5p-androstane-3,17-dione 77
17B,19-Diacetoxy-4(3,5-epoxy-5B-androstan-3-one 79

20,17B,19-Triacetoxyandrost-4-en-3-one 80

2[3,19-Oxidoandrost-4-ene-3,17-dione 82

4o-Hydroxy-4f3,19-oxido-5a-androstane-3,17-dione 92

40.,5- Isopropylidenedioxy-3(x-hydroxy-3B 19-oxido-Sa~
androstan-17-one 96

. 4-Methoxy-19-hydroxyandrost-4-ene- 3 17-dione 98

19a-Methylperoxy-4[3,5-epoxy-2- oxa—SB 10c-androstane-
3,17-dione 112

10. 4p- Hydroxy-5 19a-oxido-2- oxa-50t IOOL-androstane 3,17-dipne
113 / —

11. 4B-Acetoxy-3, 19a~ox1do—2-oxa-5a 10a-androstane-3,17-dione

114

12. 4-Bromo-19- hydroxyandrost—4 ene-3,17-dione 102 ¢

13. 4-Bromo-19-acetoxyandrost-4-ene-3, 17 dione 103 ’

14. 19-Hydroxy-4[3,5-epoxy-17a—oxa—D-homo—5B~androstane-

3,17-dione 145

N hAWD=

o o0
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19-Acetoxy-4p,5-epoxy- 17a—oxa—D homo-SB androstane-3 17-

~ dione 146

19-Hydroxy-4¢.,5-epoxy-17a-oxa-D- homo—5a—androstaue-
3,17-dione 148

A-Nor:3,5-seco-5-0x0-1703,15- dlhydroxyandrostane 3-
carboxylic acid 3,19-lactone 150 .
A-Nor-3,5-seco-5-0x0-17B-acetoxy- -19-hydroxyandrostane-3-
carboxylic acid 3,19-lactone 151
A-Nor-3,5-seco-5,17-dioxoandrostane-3-carboxylic acid
3,19-lactone 152 : —_—
A-Homo-17B,19-dihydroxy-2a-oxa-5@-androstan-3-one 154
A-Nor-3,4-seco-4,17[3,19-trihydroxy-5B3- androstane 3-
carboxyllc acid 3,19-lactone 158
A-Homo-17pB,19-diacetoxy-2a-oxa-5B-androstan-3-one 154

- (diacetate)

A-Nor-3,4-seco-4,17-dioxo-19-hydroxy-5a- and 3~
androstane-3-carboxylic acid 3,19-lactone 162
A-Nor-3,4-seco-4,17B-diacetoxy-19-hydroxy-5p-androstane-
3- car oxylic acid 3,19-lactone 163
13C NMR assignments of A-homo- 17B,19-diacetoxy-2a-
oxa—SB androstan-3-one 165 and A-homo-17[3,19-diacetoxy-
3a-oxa-SB-androstan-3-one 166 were made.

A-Homo-3a-oxa-5,19-oxido-4¢- and B-acetoxy-53-androstane-
3,17-dione 168
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~ APPENDIX -

In this appendix, the 13C NMR spectra of the steroids wnthesnzed are
summanzed The assignment of 13¢ peaks in terms of number of attached v

hydrogen atoms has been made using the pulse sequence DEPT'® (Distortionless
Enhancement of NMR Signals by Polarization Transfer) Several reviews! 3166167
. and publications!“ 145161 ITOITLITZITM iy the field of 13C nuclear magnetic
~ resonance of steroids facilitated the assignment of the 13C NMR spectra. Bracketq
are uscd to indicate carbonlsgpénces which are tentatxvely,@smgned an asterisk is
used to indicate carbon resonance assignments which can be interchanged (when
more than one pair is involved‘@e symbol « is used).

Compound 17uas obtained following treatment of 19-hydroxy-

androstl4-enpt3,17-dione 4 with lead tetraacetate!”® and 19-nor-androst-4-ene-
3,17-dione 173 was obtained after treatment of androst-4-ene-3,17,19-trione with
potassium hydroxide in methanol.

K
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