
THE PREPARATION AND ENZYMATIC C-1,2-DEHYDRO- 
GENATION OF ESTR4ENE-3,17-DIONE-I -‘H (83 x-d) 

H. J. BROOK 

with the technical asslstancc of 

P. A. WARC 

Worecrta Foundation for Expenmental Biology, Shm3bury. Muuchwcttc 0154 

(Rectrtnd In U.S. A. 4 Moy 1966; ncctprtdfor publtcarton 7 July 1966) 

Ab!ract--The -lion of 19-hydroryandrort4err3.I 7-&one-1-‘H (83 X-B, and estrkc-3.17- 
dione-I-‘H (63%~cr) from andr~t+cno-3,174onaI-‘H (83X49 IS kmbai. Ejtr4ma3.17- 
dional-*H (83 %-B, was cmvefcd IO carom uung a ruphng culture of B. @arrI’cw (ATCC 7055) 
wth low of 21:: of the tritium. showmg chrt the rtmpcafk prrfczena of the micrwrganism’~ 
CI.2dehydrogehlK for C-la-hydrogen l btwtlon ir the srmc u for the C-IO methyl analog. 

IN PREVIOUS communications the syntheses of Ifi- and I%-tritiated androstenedionc 

(aodrost-4-ene-3,17dione) were reported’ as well as their use in studying the 

mechanism of estrogen biosynthesis.’ 

It was found that during aromatization of these substrates by human placental 

microsomcs. the C-l&hydrogen was eliminated suggesting that there was enzymatic 

or C-19.oxygen participation in its removal.* 

19-Norandrostcnedione (cstr-4-cne-3,17-dione) and 19-hydroxyandrostenedione 
(lPhydroxyandrost-4cnc-3,17-dione) are other important precursors to estrogens in 

both mammalian and microbiological systems. While the role of the former compound 

is unknown, the latter compound, or a related derivative. is a very likely intermediate 

on the major pathway from C-19 compounds to estrogens in humans. The synthesis 
of tbesc compounds, labellcd stereoselectively at C-l, was undertaken to have them 

available for further studies on the mechanism of aromatization. The procedure 

described in this paper was chosen mainly because the distribution of tritium could 

be obtained readily, obviating the necessity of establishing it in the products. In 

addition, both products as well as other possibly useful ones could be obtained in the 
same synthetic sequence. 

The starting material, testosterone-I-‘H (83x-B) was obtained by reduction of 
I7@-hydroxyandrosta- I .4-dien-3-one with carrier-free tritium using Pd-C catalyst and 

dioxan.’ The mixture of A’- and A’-reduced products was chromatographed on a 
partition column to obtain testosterone- I ,2zH which was rcfluxcd with base to remove 
tritium at C-2. 

Before proceeding with the synthesis, it was ncussary to ascertain that the 
remaining tritium was essentially at C-l and was stcrcoselcctivcly oriented in the 

km position. To do this, a portion of the testostcronc-1,2-sH was oxidized to 

’ H. 1. Brodle. M. Hayano and M. Gut. J. Amtr. Ckm. Sot. 84, 3766 (1%2). 
’ T. Morarn. K. Rub. H. 1. Brodx. M. Hayano and R. 1. Dorfman. J. Anur. Chrm. Sot. 64. 37@ 

(IW2). 
’ cf P 0s1~k.i and H. Vandahaeghc. Rtc. Trm.. Chim. ‘79, ?I6 (1960). 
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androstencdionc which was then equilibrated with base to remove labile tritium. This 
material was reacted with chloraml (2.3.5.6tctrachloroquinone)’ to g~vc androsta-4. 
6dicne-3.17dionc with little loss of tritium. Reaction of the .I’.‘-dicne with DDQ 

(dichlorodrcyanoquinonc)’ gave androsta- I ,4,6-trtene-3. I7-dionc wrth tritium loss of 

20% (Table, No. 2). (Recrystalhzation data cstablrshing spcc~fic activitrcs of reactants 

and products for thus and the other transformations dcscribcd are given in the table.) 

As dcscrrbcd in the next paragraph, there is 3 similar amount (17%) lost when 

androstcnedionc-l-3H is converted microbiologrcally to androsts- 1,4dicnc-3. I7- 

dione-I-sH and it is no doubt due to stcreoselcctive tritium abstraction at C-12. 

On treating the tricnc wrth acid, a “dienone-phenol” rearrangement occurred to give 

3-acctoxy-l-methyltstra-l.3,5(l0).6:tetracn-I7-one in which the C-l-hydrogen (tri- 
tium) is drsplaccd by the C-IO methyl group. ’ 4 Tritium (95 ‘%) ~3s rcmovcd in these 
opcrattons (Table. No. 3). If the original C-I,2-trrtiatcd matcrral contained twice as 

much tritium,’ the original catalytic introduction of tritium at C-l.2 probably caused 

about 3 “/A cxchangc of tritium into noncnolizing positions. Another batch of androst- 
cncdionc-I-*H prepared from a separate reduction and carried through the same 

procedure to the I-methyl-A’-cstronc acetate showed complete loss of tritium.’ Thus 

introduction of tritium by catalytic hydrogen cxchangc during reduction does not 

appear to occur to any appreciable extent with 17/I-hydroxyandrosta- I .4-dice-3-one. 

To establish the orientation of tritium at the C-l position, another portion of the 

androstcncdtonc-I-‘H was dchydrogcnatcd 31 C-I.2 by incubation with a rcspirrng 

culture of B sphueric~~ (ATCC 7055). The loss of trrtrum in the androsta-I.4dicnc- 

3,17dionc product was 17% (Table, No. 4). The dchydrogcnasc prcfcrcntially removes 

the Iz-hydrogen and the loss of tritium csscntially rcprcscnts the amount at that 

position.1.4 
The equilibrated testosterone (I), shown by the above opcratrons to contain 83% 

l/I- and 17% Iz-tritium, was dcconjugatcd to 17fi-hydroxyandrost-S-en-3-one by 

treatment wrth potassium-t-butoxidc in diglymc for three hours followed by rapid 

aicidificatton with acetic acid.’ The product consisted of an 80: 20 mrxturc of A6- and 

Acandrostcncdioncs as judged by the relative intensity of the carbonyl bands at 

1710 and 1660 cm-‘. Although careful chromatography wnh ethyl acctatc-hcnzcnc 

mixtures on a silica gel column yielded the pure ZP-compound. scparatron w3s facih- 

tatcd by reducing the crude material with lithium aluminum hydride to give an 80: 20 

mrxturc of Lb- and .I’-androstcnc-3,l7dtols. Selective dchydratron of the allyhc 

hydroxyl with hydrochloric acid in aqueous methanol g3vc 3 mixture of 17/Shydroxy- 

androsta-3.5-dicnc and unrcactcd 3fl.l7/f-hydroxyandrost-5-cne (Ila). These vvcrc 

easily separated by silica gel column chromatography. 
After acctylatron of the .16-dlol, the diacct;rtc Ilb was convcrtcd to Sr-bromo-3.17- 

b E. J Agncllo rnd G D. IAubuh. 1. Amrr. Chrm. SW. 82.4293 (1960). 

L D. Burn. D. N. I(rrk and V. Pctrow. Pwc. Chrm. Ser. 14 (1960). 

* E. C‘&,PI. P. K. Grow and Y. Shlmwu. 1. Amrr. Chum. Sot. 86.2463 (1968). 

’ The IOU of trmum from androstcncdtonc.l.2-‘H on bw cquil~br~um was not detcmvnaJ wth this 
partwlaf prcparatlon. tlnuevcr. 0th~~ prcparotwn~ show that 40 60’; of the trcttum 1s In cx- 
changeable posIttons. See Ref. I and M. Gut and M. Hapno. Ah-ones m Tracrr .4ftfhodulqt,v 

1.d11cJ by S. Roth&Id. Vol. I; p 60. Plenum (1%3). 
* H J Wlngold. M. Hayano and V Stcfano\tc. J. 8101. (‘km. 238. 1960 (1963) 
* II J Rmgold and S. K. Halhotra, 7ifrahr&on IMIIW~ 669 (1962). 
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dracctoxy-6&hydroxyandrostane (III) with N-bromoacetamide.lo This compound 
decomposed on thin-layer plates but could be purified by silica gel column chroma- 

tography. 1 t was converted to 5x-bromo-3& I7/%diacetoxy-6,19_epoxyandrostanc 
(IVa) using lead tctraacetate, calcium carbonate and iodine in benzene. Of the many 

conditions reported for effecting this conversion, ‘l the conditions outlined above and 
detailed in the cxpcrimcntal worked best in our hands. Both the calcium carbonate 

and iodine contributed to the improvement of yield. The use of UV light (Hanovia- 

“Barbadas”) increased the production of by-products. 

B spar* ‘ ., 

7 7 - .- 

Following hydrolyses of the bromocther diacctate IVa with potassium carbonate in 
4ueous methanol to the corresponding diol IVb. oxidation with chromic oxide io 
acetic acid gave the 3,17diketooe V which on standing dehydrobrorninatcd to give 

6,19tpoxyaadrost4cne-3.17dione. The crude bromocther diketone V was cleaved 
with zinc and acetic acid by the method of Uebenuasscr CI 41.” to give 19-hydroxy- 
androst-4-cne-3.17dione (VI). This was oxidized to the 19-oic acid with chromrc 

oxide and sulfuric acid m acetone and dccarboxylatcd by heating with 2 N methanolic 

hydrochloric acid18 to give 19-norandrostenedione VII. 
As was described above, when androstenedione-I-‘H was debydrogenated to 

.I’*‘-androstadienedione with 8. sphrvricw 17% of the tritium was lost, corresponding 

** V. Grtntilk, D. K. Mel. V. Petrow, 1. A. Suurr-Webb ~cl D. M. WIIlwnson. 1. Chrm. Ser. 410s 

(19S7). 
I1 For a review see K. Hwkr md J. K~lvo&. A%-. CAtm. (InIcrn. Ed.) 3. 52s (1964). 
I# H. Ucbawlucr. K. Htusla. J. tilvodr. Ch. Mcysuc. P. WAnd. G. Anner utd A. Wewan. 

Hdr. Ckm. Arra 46, 344 (1963). 

“XL1%1, 

IWU~. S. Noguchl rnd M. Nuhtkawq Chrm. Phwm. Bull. Tokyo 8.84 (1960); Chrm. Abstr. 

* 
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to the amount in the C-la-position. In the absence of a C-10 methyl group, C-1,2- 
dehydrogenation of 19-norandrostcnediooe givcs,at least formally. thcA1+ompound, 
which raprdly isomerizes to estronc (VIII). When 19oorandrostcnediooc (VII) was 
mcubated with B. sphuericus. the estrone isolated had 21 Y0 less tritium (Table, No 5). 
The abxncx of the C-10 methyl group did oot inhibit the enzymatic reaction itself 
or substantially change the stereochemical requirement for C-la-hydrogen (tritium) 
abstraction. It would appear that the enzymatic dehydrogenation is useful in dcter- 
miniog the distribution of label at C-l in 19-nor compounds synthesized by alternate 
methods involving hydrogen addition to C-l and in providmg information on the 
stereochemrstry of the reactions themselves. 

EXPERIMENTAL 

The synthesis of 19norandrostcncdionc from cndrostaKdionc was fin1 unicd out on non- 
mdiosctive rnctcrul. The physrul conrt8nts for the intcnnali~ta md hrul products reported refer 
IO rnstcnal obmncd in this sequence. The idcntma of the cc4nzspondmg mdioutive compounds II 
through V UC tnlartd from the surulanty of the ractions employed end chromrtogrcphrc &u. 
Addittonnl evidcna for structures VI md VII vu obuincd ns shown in the ~pcritncnul. The 
physial dote reported for the rmuobiolog& roE11orts, qUibbrIiON and utronc ratae fonrution 
were obttinal directly from the mdioutivc nutcruls sina they wcsc of much lower spcctfic raivity. 

IR spcctn’ (KBr) on a Pcrkin-Elmer “Infmcord” Spatrophotomcta; UV Spcctrr: 1 err! 
model I I MS or 8 Perkin-Elmer model 202 spcctrophotomctcr. 

All solvents used were reagent gmdc or were distilled in glur before use. Stcriods were obtinut 
from ~ornmcnal sourca crap1 where not& They were purihcd by raayr~llmtion and by TLC 
end showed one spot in I vapor when chromrtognphcd in thtn layers of s~lca gel. 

Rcdiochcmial ~+a for tpmtk utivitia: l plcti model 314DC liquid xintillrtion 
counter on weighed unounts of steroid (IO&SO0 rg) in IO ml of rintrllrtion fluid. [Scmtil~tion 
lluid : 4 g PPO (2.Sdiphcnyloxuolc) rnd I I6 mg POPOP[l .I-bl~2~S-phenyloulyl~~~J. 
both from Rlot Chancab. Wetmown, M&s%. in one kg of tolwnc (M8thaon scmtilLtion grdc)] 
Et’hcicnas wart determined wtth M cxtatul sundud. Tat detcrminctions wtth internal runtids on 
rndrostcncdionc urd atronc rnd on raidua from ppcr and thin-lycr. ulia-gel CIUIION did not 
show any quenching effects. 

“Thin-lrycr” plats were prcpucd with c silia gel slurry (Brinknun GF) fonntitcd recording 
to the distnbutor’s ININC~ION with the rpphator opening set et 2SO p. “Thick-tycr” plrtcs were 
prrpucd from a s~lia gel slurry of 120 g of absorbent and 260 ml of 34 6% rqucow rncth8nol wtth 
the rpphator opening set et I mm. This formulation prevents emeking of the absorbent lrycr on 
drying. 

Locufion o/~rrroi& A’-30~ compounds were loatcd by viewing plcta with short wsvc lengths 
UV hght ; others were located with I vapor. In prcIurrtivc work, only the cdga of the tmnd were 
cxposal and their arus were not included in the mvcry. This pracution rnsy be omitted for mrnv 
compounds heuusc iodine vapor IS usually nondatructivc. 

TLC of ndioactivc rmtcr~al were scanned using the Vanguard 88s plrtc sanncr ~trc&ncnt to the 
model 880 chrornstogmph sunncr. 

Solvent for clution from @Ia--20.: uctonc-bcrucftc. Solvent mixtura ye given in pacent 
by volume. 

A. Ttlfosrrronr-I-‘H (83f.-/I). Tatostaon+l.2-1H was p-al by reduction of I7&hydroxy- 
Mdrosta-l,44cn-3-one with cama-free tritium on ST; PdC ablyst.’ The product was chrorruto- 
graphed on a Bush B-2 alitc putition column. The nutd hcving the mobility of tatcronc (IO&n0 
was diluted with 300 I4g of testosterone utd chrorrutogmphcd on I thia-lycr pLtc in 307. AcOET 
benzene. The UV rbwrhg bend corresponding to tatostaonc wu dutcd md the cl~tc was 
evaporated to dryness. The raiduc was dissolved in 2% (w/v) KOH in SU3 ml of 50:/. McOH-water 
urd rc8uxcd undo N until no furtha cxclungc of tritium with solvent was noted. This was dctn- 
mined by pcnodiully withdmwing diquots into rintilLtion vi&s. radifying with HCI. cvrpoatmg 
to drynas md then adding santillntion lluid end counttng. Tbc tatostaonc. now tritictcd csscntdly 
et C-l tfor proof, see Sation C) wu raovcrcd from the rcidiftal raction mixture by cxtruzion with 
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benzene afta most of the MeOH wu evaporated under red. prua. The dncd benzcnc extract wu 
coDcmtrated and chromatographffi on a thm-la)cr plate in 2S 7: aatonbbetuene. The elutul UV 
rbsorbmg band contamed 20 K. It chromatognphcd u one radioactive zone with tbc mobility of 
testosterone in the paper systems itgroin (6&w’ always used) .propylene glycol and btnzcnc-Itgroin- 
MeOH-water (4: I .I: I). A portion wu diluted wtth authentic tarosleronc and cryrtalltred from 
bartme-hexanc to constant spccilic acttvrty of 16,760 dpml,rmok (Table). Ref!uxmg of thu matalal 
for 2 hr with KOH m 4ueou3 McOH as n-&cated above gave. on Matron and racryrtalltmtion. 
marcrul of constant spectfic actlrlty of l7,1OOdpm/~mok, indlattog complete exchange. Roof for 
the position and dtstnburton of tntnun is glrcn m Sattons C and D. 

B. Aa&os14+~-3,17-dionr-1-*H (83:;@. Teatostcrone-l-bH (365 mg. 17,100 dpmlrmok) was 
durolved tn 3S ml acetone and omidlzed to andrcntcnedJonal-‘H with 5.25 ml of 8N chromu aad in 
H&O,. The ructgon was carrred out at 4’ for 30 mm and after warming the mtxtum to room temp. 
the product was wAarcct in the usual way. “ The crude mataul wu cquArbrated with mcthanolr 
KOHaq as dctulcd m Section A. Chromatography on thsk-layer plaia, clutlon of rhe UV l bsorbmg. 
androsrcncdtonc wnc urd razyrtalltzatton u abovt gave material of constant spstftc activity of 
17.580 dpmirmok. The IR SW and m.p. agreed wrth authentic material. Proof for the position 
and distnbuilon of triuum ts given in !W~IOIU C and D. 

C. 3.Ac~foxy-I-mrfh~f~rfro-I .3.5( 10),6_rrtrffrrrrcun-17~~ via Mdrorru- I ,4,6rt1mr-3.17.di4~-1- 
‘H. A portion of the andrcntlcnc3,17d~onc-I -‘H prepared above was bloted wrih non-radloacttvc 
material to gibe a spcdc activity of S765 dpmllcmole. To 130 mg of thrs ducolved tn I3 ml of t+butyl 
alcohol. wu added 544 mg of chlorarul(2.3.5.~tetrrchlor~u~nonc).~ The mlxturt was rcfluxal for 
3 hr and then evaporated 10 dryness and taken up m chf. The chfcxtract wa.s washed with water, St/. 
NaOHaq and agam with water. 3 times each. After er-apuntmg the solvent. the ratdue f I I9 mg) was 
plaoed on “thick-layer” plates and chromatographcd In ?St, AcOEt -b+nzmt. The mam UV absorb 
mg band. with an R, rimllar to rndrcntencdtonc, wu elutod to give 90 mg of crystals. which showed 
UV abxorbance at 283 w. RecryUllutton gave matmol wvcth a spaik act~ty of 5480 dpm/~molc. 
m.p. i68-f69’; c -. 26,ooO. This matmal (67 mgl and DDQ (2.3-dlchlor~3,bdwyznoqu~nonc 
3J6 mg) WY added io IO ml of p~rified~~ dloxan and Ihe mlxturc was heated under reflux for 30 hr. 
cooled and fiItcrcd. The rcsrduc wu washed wth drhloromethuK and the tiltrate was extracted wtth 
the same solvcnc. The combined orgamc extracts were washed with water. ST; NaOHllq and finally 
with water 3 times each. After removal of the solvent by evaporation, the revdue was chromate- 
graphed on a thick-layer plate m 30% AcOEt-benzene. Eluiton of the mun UV absorbmg zone gave 
45 mg of ~~otta-1.4.6tnenc-3.17-d~onc-l-*?f with charactensfcc absorption maxmu at 222, 2% 
and 298 rnp.l* Thu was razrystallttrd to a consant 3pec1hc l ctlvlIy of 458Odpm/lcmolc (Tabk), 
m p. lS1-lS2~S” ht.** 152-153’; loss of trmum from rndrost4-cna3,17dione, 20:;. 

To 2 ml of Ac,O was added 4Omg of andr~tl-l.Q.C~rlcna3.17~ionc and 10mg of ploluen- 
sulfonic uid. The mixture was hated on a steam bath for J hr. cooled and then treated wtrh water. 
A ppt of 3setoxy-l-methylatm-1.3.5(l0).dtctraen-l7-ont formed, which was collected and rccry 
stalbzed from MeOH to a constant ,pec~fic activity of 308 dpm/jrmolc. 95 y. IOU of tntlum from andrcnt 
Care-3 lfdional-*H 
264 m;. 

. i.‘@’ I.* - 222, 265 rnja; m p. lSl-lS4’. hi.‘*. mp. 152-153; ezt * 222. 

D. Androrr~l.Wi~~-3.17~iorv-l .‘H U~IV 8. sphamcur. Aprtionof taiosWone-l-aH(Sectlon 
A) was diluted wtth authentr materi& oxidized to urdrostecnc-3,17,-6ione-l-‘H u inSoctlonB,urd 
then ~st~lhzed to a constant %paclfic actlvriy of 8560 dpm/,rmolc. A starter culture of 1 ml of B 
~phorr~cu~ (ATCC 7OSS) was added lo a rter~lc soln of 400 ml of dl,ttllal wale containing 0.3% yew 
extract (D~fctt) and 0.5 ‘: *’ N-Z Cut” peptone (ShdKcldf. After 48 hr of l grtatton on a rotary rhaker 
at 30’. 58 mg of the steroid cn 3 ml of 500’/; EtOH-propylene gljcoi wu added and Incubated wrth the 
respiring organism for 24 hr. After adding 200 ml A&Et with shaktng. the mixture wu filtned 
through a double laya of chscsc cloth. The re%due was cxtmcted wrth Ac-OEt and dtscarded. me 
aqueous layer wu extracted 3 i~rnes wih 200 ml purt~otu of A&Et and the combined organic cxtmcis 

‘* K. Bowden. I. M. Hetlbron, E. R. H. Jones and B. E. L. Weedon. 1. Chm. SM. 39 (1946). 
lb L. FIWX. Expedwnrs in Orpmc fkrmurr~ (3rd Editton) p. 285. Hath. Boston (1955). 
‘I@ C. Dpau~. G. Rosenkmnz. J. Romo. St. Kaufnunn and 1. Pataki. 1. Amrr. Chcm. Sm. 72.4534 

f 1950). 
at C. Djcmssi, G. Rounhranz. I. Romo. J Pat&i and St. Kaufmann. 1. Amrr. C&m. tic. ?& 4340 

(19x)1. 
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wuewmhalwith2~NtiCO,qmdthcr1tithwrtcr. ThcdrkdsolawascvqomtadmdtJ~e 
rcnhnt r&due was placed on a thick-layer plrtc and developal io 20% AcOET-bamnc. The UV 
l bsurbing zone axresponding to androsta-I.Cbcne3.17~0nc wa8 elutal and rshromatographcd 
In the same system. No starting compound w notal and recovery from tbc scuxd chranatography 
was 26 mg; yield 45%. Razystrlluation from knanc_haAnc gave tnatcrul of cotlstAn1 lpaifk 
activity of 7130 dpmlrmok (Tabk); 17% IOU of tritium. The IR spcstrum was tdcnttal wth that of 
authentic l ndrosta-l.ticne3.l’ld~onc. 

E. 3/?,l7~-D~yd~or,v~orr-5~~-1-‘~~ (83 :. -ir, (Ila). Tcstostcronel-DH (83%-B, prepared u in 
Scstlon A was dllutcd wtth non-radloacttvc mater4 to g~vc an l pprounutc specific actlvlty of I9 6 
mc/mok. The steroid (?oo mg) wm added to 500 mg of potas.~um butoudc tn 2 ml of bglyme 
[brr(2-mcthoxymcth~lkthcr]. After bung stured In h for 2 hr. the muturr wu cooled to 5’ and 
(rated with IOml of Icecold 500:; &OH. The thick mustardcolored muture clanhed and after 
5 mm a cream-colored ppt formed. This was colkctcd by vacuum filtration and was washed wvcth 
smallamountrofwata. nK1Rrpectrum1howeda~trongpakat l710cm-*(3-one,nngAsaturrted; 
rclatibc :; T -. IO) and a weak puk at 1650~~1 ’ (.I’-3-01~; rclatiw % T -. 28) along with a OH 
pukat 335Ocm I The cstmutcd dccoqugatlon was grater than 90:; u Judged by companson 
of the spectrum of nutenal from trtal upcnmcnts with prcparcd rnixtura. A sample of the pure 
.I’-3+ne for the comparuon W+I ohtamcd by SIIIU gel column chromatography ruing AcOEt-bcnrmc 
as the dcvelopmg rnednun. The matcnal. on standmg m a stoppered vial at 4” for one week. ~somcnzed 
about 50”; to the Ar-3+ne structure. 

A soln of the mixture of A*- and J’-3.onc In 25:; dtcthyl ether -THF was added dropw~sc to 10 ml 
of an ether soln of LAH (wy I* .. I.1 mmolclml) under l nhvdrous condmons. After compkte 
addition. the hctcrogcncoru niur WY stlntd for 2.5 hr. The cx& hydnde then wu dacompcncd by 
the slow addition of a sat Na,SO,aq with coolmg. After runovrJ of most of the organic layer by 
daantatlon. the rryduc was diluted with 3N HCI and extracted wth warm (4&50”) AcOEt. Evapon- 
tlon of the combined organic extracts ycldcd a solid w&h wu a rntrturr of two rnatcnals as Judged 
by a TLC devclopcd In 30.4 bcnzcnc+AcOEt and tratcd w?th I vapor. The noun ton. R, - 055. 
had the mobility of 3$.17whydroxyandrost-5-c and the mmor z.onc, R, - 0.59. -ponded to 
the moblhty of the .14-~somcr. The IR $paEtrum of the mixture showed peaks at 3430 and 3ooO cm-l 
toll) and no absorptmn band in the carbonyl regton. It was warmal to 5&W for 3 hr In 40 ml of 
2N HCI In 253; h&OH-water. After l d)usttng the pH to 6 and ertmcting utth A&Et and evapra- 
tmg. the rrslducwas chromatographcd on l yhca gel column developed with Alcott- bcnrrnc mutura. 
Compound Ila was cluted in the 90’. AcOFt-benzene fncrlon. The IR spactrum. m.p. (ISI-183’) 
and runrung rate on thin-laya plates (70:: Ad)Et-bcrunu) agrad wth that of l uthcnttc standard. 
The dlol II? was added to 2 ml of 500”; pyndinaAc,O and allowed to stand o\cmlght. Addmon of 
McOH and. after 05 hr. cvaporatlon and puntication on thick-laya plates In 50:; AcOLt-bcrumc 
gave Ilb (72 mg) 36% overall yield from I. The IR spectrum. m.p. and the chromatokphlc data 
above l graal Mlth that of l uthcnttc matcnal. 

F. 3;f.l7d-Dlocr/ol)~5a-bro~6,~~~~~~o~,~ro~fo~-I-’H (83 T.-B) (Ill). To 72 mg of Ilb was 
added 428 mg of authcntlc nutcrcal to g~vc spa& actlvlty of 2 8 mclmmok. This diluted matcnal 
was diuolvcd In IO ml of punficd” dloun contamtng 0 25 ml of 0 3M pcrchlorrc acid. To the cookd 
(I 5’). stir& nu:ture was added 44 mg of N-bromoacz tamidc In 3 portions at IO mm tntcrvals. Afta 
30 mm. the dark yellow soln wa) pourd into 5:: (W/V) of N&SO, In KX water. A white ppt forma.4 
which wa* taken up wtth 80 ml pon~ons of cold dlchlorornethmc. The cxtrut was washal tula wtth 
cold 2;; NaHCO,aq and with ice water until neutral to pH paper. After dqmg and conantraung 
the extract to an 011. tnturatton with cold ether gave crystats. ylcld 607 mg. W:/.. Thus was used 
dlrcayly for the next reactton. Preliminary preparations l ppcarcd to bc over 901; pwe as )ud@ by 
mspcct~on of thin-layer plates In I after development In AcOtt-bcnzznc. On clutlon and mhroma- 
tography. multlpkronfl nppurcd mdrutcng dccomposmon. A runplc wvu punfKd on a stl~u gel col- 
umn dc~lopcd with A&Et-benzene. The matcnal In thc4Ot~eluatc w~racrystallizulfromCH,CI,- 
huanc. The m.p. (I55 151)‘. lot.‘*-159’) IR and NMR specvum ]T 4 58 (3a-HI, 5.75 (6-a-H). 8 65 
(19.CH,).P 19(ln-Clf,)]anJthin-layechro~to~phKNnn,n 

I’ Rcductton with Complex Metal Hydndcs. N. G. Gaylord. page 9. Intcnclcna Publishen. New 
York C’IIY (1956). 

‘* As noted m the AcknowkdFrnent -ion. the compound was obtamcd from Dr. M. Akhtar. then 
of the Instltutc for Research and Medlcmc. Cambridge.. Massachusetts. 
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G. J~-&o~3#.17~-diour~r,~6.19~~~~0~r~-l-~H (837.-/f) (IVa). To 13s ml of dry. 
fruhly duulkd benzcoc wasadded I .2 g anhydrou, GCQand 3 3 g lad tarau~tatc(driai 0~ KOH 
undczrcdprus.). AftarrfluungforISrmn800mgofIlImdl~lgofIwatrdded~dcherrflrn 
*ru contiauad for an addrttonal 2.u hr. After cooling and filtcnng, the roln w wuhcd mth ST/. 
Na.S.0, and then wvlth water. Drymg and cvapontmg the solvent gave a r-due which was chronuto- 
graphed on two thuk-layer ulta gel plates ur SO% etJ~?-hcunc. The broad bands. whuh &came 
visible by exposing the aiga to I vapor (R, - 0 38). werr cluted with 20% McOH-wxtonc; pld 
432 mg; WY.. The IR apcctnun. m.p. (177-179’; ht. ” - 178-180’) and chromatographrc mobihty 
m the above system yced ww,th that of an ruthcntr sarnpl~.~~ 

H. Sa-&o~3~.17~~~oxyd~.I~~ry4ndroJrMI-l-’H (83x-8, (IVbp. To 294 mg 
K&O, m 30 ml 20% McO~ wu added 432 mg of IVa. The mature was flushed with N and stirred 
for 36 hr. Afta nartrrldng urlth 02N HCI and ranoving most of the McOH by cvaporatlon, Ihc 
4ubous mixtue wu extracted with CH,CI, and AcDEt. Evaption yielded crysti, m.p. 234236’. 
lit. 236237’) The IR $7 showed a strong brad OH bnd at 3400 cm .’ and no band for 
uztate. TLC in 20% aatort+baurne showed one spot in 1 vapor, R, - 0 2. yield 320 mg. 90%. 

I. 19-HydroryMdrorr4-m3,l7-dronr-l-~H (83%-B, (VI). To 10ml of a 09lN chroouc md 
soln [3 g CIoJlOO ml of 02SY. AcOH4) st~rrcd at IS” wu l ddaj 320 mg of IVb. The rate of 
oxidation was atimatcd by titrating allquou with N&O, and 1. After 0 5 hr. when orudatlon 
w to be complete, 1% N&O, w-u addai and the raultant gran soln was extracted w~tJt 
baucnc. The extract was ncutrahtcd by washmg with solnr of Na,CO, and NaHCO, and finally 
w~rh water. After drying over Na&O,. evaporation of the benzene at low tap gave a yellow 011 
which cryrtallired on tnturation with ether. The IR 8pa%nun showed a very strong peak at I7SO an -I 
rttibutabk to the unresolved Ekao and I7-keto group and a wak band at 149s an-’ characteristic 
of the 6.1- structure. On rtanbng for a dry. even in the cold. the material turned brown in- 
diatingdaompoutlon with Br cbolutlon. It wu assignad the structure of V and was usd tmmcduttly 
for the followmg reaction. 

To 2 S g of Zn dust. which had ban trated for 10 min with ST: AcOH and dried on a porow 
plate. was added IO ml AcOH and the crude V. The mlxturc was hated for 30 mm on a slam bath. 
cooled. tilt& and evaporated to dryna, under red press. The rulduc was taken up tn CH,Cl, 
and washed cnth NaHCO,aq and water and that dried. TLC In 2S 7’. Monbbcnzene showed a UV 
aborbmg tone with the mobllrty of VI. Elutlon of thrJ band gave 77 @; ovcnll yccld. 2,OSY. from 
Ilb. Due to low conversIon In the last step. the ylcld was 20:; of what was apcmd from apcriuu~ 
g8ine4i in prclmunuy cxpenments. 

In the non-radIoactIve prepuatlon. rhc IR spectrum of the product was identical to that of an 
l uthcntk mataul.ll In l ddltlon to the chrornatogrrphtc data above, the rad~~t~vc mrtcnrl had the 
mobility of l9-hydroxyandrostcnedlonc on paper in Lhc systems toukngropyknc glycol and Bush 
B-3 (Ltgrom-bauutc+McOH-water. 6 67: 3 33.8:2). Couyctrlluation wth l uthcnttc 19-hydroay- 
androstcnedtom from bcnrmthuanc dtd not remove the radloactlvlty. The material wu mnvmed 
to VIII under the urn oxldatlon condltionr u wu 19.hydroryrndrostencdnadlonc (SatIon I). 

1. 15ssrr4+~3.I’ld1onr-l-~H (83f:-fl (VII).” To S 4 mg (SO rr) of VI in 2 ml aatonc wadded 
@I ml of chromcc actd In acetone. Afta 0 S hr at lo’. an caass of isopropyl alcohol wu added and 
Ihe raultant gran nuxturc wu diluted with an equal volume of benzene and washed 2 tuna with sat 
(NH&SO,rq. The dned organic utracl wu evapontcd to PVC the 19-oic rcld (34SO an-’ broad) as 
M oil. Thus was dluolvcd tn IO ml of 17:; cont. HCI in MeDH and after hatmg under reflux for 
1 hr. the mixture was cooled. neutrrl1te4 and utruted with A&Et. On evrpotmt~on to dtyncu the 
resduc wu chrornatographai on thick-layer plats In 201,; A&Et-be&. The UV &sorbing 
band corraponding to atr4cna3.17-dlonc wu cluted and rcuyst~ll~zed from benzen&~xane. The 
IR rpa~rwn and m.p. agreed wuh that of authentic material. The radlouicvc matalal showed one 
mam radmuti\c peak having the moblltty of authcntlc materul in the thin-layer ryrtcm above and 
in the ppcr systems hgroin-propylene glycol and Bu3r A (hcptantMcOH-water: S:J: I). When a 
portion of the radioacttr+ rrutmrl wu diluted with authentic atr4cna3,l’ldionc and rsryrtall~zed 
from benrmchexu~e. the radioutinty did not vtc from the crystals (Table). 

n 1. K~lvo&. K. Hwla. H. Uberwuscr. G. Anrur and A. Wettstem. HI/I.. Chrm. Am 46, 1361 
(1963). 

” As noted in the Acknowledgement section. thn compound was obtuncd from Dn. A. Bowcn and 
R I Dorfman of Syntcr. Inc 
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K. firrorv /&I nrr44ru-3.l74o~r-l-‘H (831:~17). A culture of B. ~+ricw was grown u 
dacnbed in Satton D. To the 48 hr grorvth wu added 60 mg of atr4cna3.l7d~one-l-~H (83%-B, 
frpa~fic utivtty-8364 dpmlrmok) desolvcd in SOO:: EtOH-propykne glycol. The culture wu 
mcuba~cd for xn addmona 24 hr and the crude products were 1so0Ltcd u da&bed. The ratdue 
from the AcOEt extraa wu pLoal on tluck-layer plates and dcvelopdd In 2:; EtOH4f. The arzu 
compondlng to atronc was eluted to g~vc 30 mg. This wu rcchrornatognphcd on plrta tn SO:< 
ether-hexanc. A sun for radmxctlvlty showed only one peak and 11s mobthty comsponded to thxt of 
cstronc. The admutlvc z~na were elutcd rnd the SolId obtamcd wu recrystalbzzd from EtOH to 
CONIUII spa& XIIIVII~ (6640 dpmlrmok; 21% IOU of trltlum: sa Table). 

The cstron wu &lured wth authcntrc ma~cr~l to give a constant spa~fu activity of I S64 dpm/ 
rmole (Table). To 3S mg of this rnataul was added 2 ml of SO:: pyndmeAc.0 and the muturc 
VU xllowed to stand at room tcmp In a stoppcrrd tluk for 48 hr. After the l ddmon of 2 ml of 
MeOH. the muturc was allowal to stand for 0.S hr and was then evaporated to dryness. The rcslduc 
wu chromatogmphcd on thm-layer plates In 7 7. A&Et Ixnzene. The estronc acetate band. located 
with I vapor usmg a standard. was cluted and the 24 mg obtxincd wu rocryctalllzed from F.tOH to x 
COnstan spcc~fic actlvlty of I664 dpml~rnole. Tlus rrutertal w-u hydrolyscd In IO ml of 2% KOH 
(W/V) m SOOf; McOH-water for 3 hr under N. The mutture wu ncutrahud to pH 67 and after 
oonantratlon to rcmobe the McOH It m utrvtcd with ether. After dqmg and cvaporatmg the 
solvent. the rcsldue wu raryrtalltzcd from EtOH to a cotutant specific actlvlty of 1617 dpm/rmok 
(no loss). The IR spectrum rgrad with that of ruthcntlc matcrul. 
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