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Themixtureofenolacetates(ＩＩａｎｄｌｌｌ)ofl6-acetyl-estrone-3-methyletherunder-
wenthydrogenolysisunderhighpressure（100ｋｇ/cm2）ofhydrogeninthepresenceof 
RaneyNitoformthel6β-ethyl-17β-olcompound（Ｘ)inhighyield・Themechanismof
hydrogenolysiswasdiscussed、Thisfacileandstereoselectiveintroductionofl6β-ethyl
andl7β-hydroxygroupswasappliedtothesynthesisofl6β-ethyl-19-nortestosterone 
(TSAA-291,ＸＩＸ),whichshowsstrongantiandrogenicactiVity． 

Inthecourseofourinvestigationonthestructure-activityrelationshipsofl6β-substituted 
steroidswithantiandrogenicactivity,2)wedemonstratedpreviouslythatkineticallycontrolled 

'vinyldehydrationofl6o`‐substituted-16β,17β‐diolsbyacidtreatmentgavel6β-substituted-
’１7-oxosteroids,3）whichcouldalsobestereoselectivelysynthesizedbytheSerinireactionof 
ll6a-substituted-16β,17β-dioll7-aCetates､4）Ａｍｏｎｇｔｈｅｌ６β-substitutedtestosteroneandl9-
nortestosteronederivativesthusobtained,wefoundthatl6β-ethyl-19-nortestosterone(TSAA‐ 
1291,XIX)showedthestrongestantiandrogenicactivitywiththeleastsideeffecMOther 
lmethods5,6）ofsynthesizingl6-ethylsteroidswerenotstereoselective，givingamixtureof 
stereoisomersatC-16 

Thepresentpaperdealswiththefacileandstereoselectiveintroductionofal6β-ethyl 
,ｇｒｏｕｐｂｙcatalytichydrogenationofthel6-(r-acetoxyethylidene)-17-oxosteroid(11)andits 
Isomer(Ⅲ)．A1thoughl6-(2''2''2'‐trifluoro-1'一acetoxyethylidene)-17-oxosteroidsareknown
toundergohydrogenolysistoforml65-trifluoroethyl-17-oxosteroids，theconfigurationat 
lC-16oftheproductshasnotbeendetermined7） 

Theenolacetates(IIandlll)werereadilypreparedbyacetylationofl6-acetyl-estrone-3‐ 
lmethylether(1),Whichwasobtainedbycondensingethylacetatewithestrone-3-methylether、

'111;:bJl:鶏鑑霊i鰯競認乳翻濫:謡i霊t寵縦瓢fLf鰯i鯏監
hydride-pyridineaffordedamixtuｒｅｏｆｌｌａｎｄｍｉｎａｒａｔｉｏｏｆ４:１，withaceticanhydrideや一
ＴｓＯＨａｒａｔｉｏｏｆｌ：４，andwithacetylchloride-pyridineoraceticanhydride-sodiumacetaｔｅａ 
Inixtureofalmostequalquantitieｓｏｆｌｌａｎｄｌｌｌ・Ｔｈｅｓｔｒｕｃｔｕｒｅｓｏｆｌｌａｎｄｌｌｌｗｅｒｅｃｏｎfirmed
bytheNMRspectra；themethylsignalofllduetovinylmethylwasobservedasabroadsin‐ 
getat2.31ppm,whilemethylsignalsoflllduetomethylketoneandenolacetatewerefoｕｎｄ 
ａｓｔｗｏｓｉｎｇｌｅｔｓａｔ1.96ｐｐｍａｎｄ２､２０ｐｐｍ・ThemixturewasseparatedintopurellandIII
byrecrystalnzationfromethanol． 

ＣＯ 

Ｉ）Location:〃so-Ho"池αcﾉﾚﾉ,ＹＭｏｇａｚﾋﾞﾉα-ﾙ",ＯｓａＡａ、

２）α)Ｍ・Masuoka,Ｔ・Masaki,ａｎｄＲ・Nakayama,ＦｏＪｊａＥ"`ＪＯＣｸﾞﾉ"oJogjca,Ｊ“o"jca,４７，７５３（1972)；ｂ）
LYamazaki,Ｔ・Hori,Ｙ・Kimura,ａｎｄＲ・Nakayama,/6ｉ`.,４７，７５４（1972)．

３）Ｇ､Goto,Ｋ,Yoshioka,Ｋ､Hiraga,ａｎｄＴ・Miki,Ｃ〃β郷.Ｐ"αγ”.Ｂ"".（Tokyo)，２１，１３９３（1973)．
，４）Ｇ・Goto,Ｋ､Yoshioka,ａｎｄＫ・Hiraga,Ｔｅノァα〃β伽",30,2107（1974)．
５）JHooz,Ｍ・Gunn,ａｎｄＨ・Ｋono,Ｃａ".』.Ｃ〃β”.,49,2371（1971)．

，６）Ｎ､Ｖ・Organon,Belg､Patent660312(1965）［Ｃａ．64,785‘(1966)]・
’７）Ｍ・Harnik,Ｅ､Hurzeler,ａｎｄＥ.Ｖ､Jensen,Ｔｅ#γ"〃β伽",23,335(1967)．Theyreportedthatenolacetates

ofsteroidstriiluoroacetylatedatthe2-or21-positionsdidnotundergohydrogenolysisinthepresence 
ofPd-Candonlysaturationofthedoublebondtookplace． 
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ReductionofllinthepresenceofPd-Cinethanolunderatmosphericpressureofhydrogenl 
affor鐡iHHさ5Fi孟硫i船hyU7-one(1V)鋤andlq8弓！(lI-acet9XYethyl)｢17-｡n：WI呼螂堂
４：５．ＴｈｅｓｔｒｕｃｔｕｒｅｏｆＶｗａｓｃｏｎｆｉｎｎｅｄｂｙｓpectraldataandtheevidenceofeasyforInationl 
oftheE-16-ethyUdene-17-one(Ⅵ)4)ontreatmentwithconc､sUlfuricacidorpotassiumhydro‐ 
xideinmethanoLTheβ‐orientationofthel6-(1'‐acetoxyethyl)groupwasdeterminedbycon-i 
vertingVintotheacetonide(Ⅸ)(Chartl)．AbetterproductsratiowasobtainedwhenRaney1 
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'搬踊糠;i:fiIll:iH二ｊＦＩｌｌｉ溌鐡Ｘ脚蝋欝藍(:hFli:ii鰯淵曜臘
hand,Ptcatalystdecreasedthestereoselectivity,ｇｉｖｉｎｇａ９：１mixtureoflVandl6a-ethyl-17-
one(ＸＩ)． 

OnthebasisoftheseresultsanimprovedmethodwasdevisedasfoUows、IIdissolvedin
amixtureofdioxaneandmethanolwashydrogenatedunderlOOkg/cm2ofhydrogenwith 
RaneyNiinanautoclavetogiveXm92％yield・Inthisprocedureasolutionofpotassium
'hydroxideinmethanolwasaddedhalfwayduringthereductioninordertoneutralizetheacidic 
Solutionduetoaceticacidgeneratedduringthereactionandtoeliminatetheacetoxygroup 
ｆｒｏｍＶ・AccompanyingX,１６oC-ethyl-17o`-olisomer(XII)，１６oc-ethyl-17β-olisomer(XIII）
｣andl6-(r-hydroxyethyl)-17-olderivatives(XIV,amixtureoffourisomers)wereisolatedin 
yieldsof1.8％,2.1％ａｎｄ3.4％,respectively・

Whenisomerlllwassubjectedtosimilarhydrogenation(100kg/cm2)inthepresenceof 
RaneyNi,ｎｏｔｒａｃｅｏｆｐｒｏｄｕｃｔｓｎｋｅＸＶａｎｄXVIWhichwereexpectedtoarisefromlllcould 
bedetectedbutlV(14％)ａｎｄＸ(78.5％)wereobtainedlnthisreduction,asmallamount 
'oftheacetyl-migratedcompound(XVII)andVIwerefoundWhenthereactionwasmonitored 
'bythin-1ayerchromatography(TLC)．WhenPd-Cwasusedascatalyst,compoundXVII 
'wasisolatedinfairyield(58％)alongwithlV(40％)．ThestructureofXVIIwasconfirmed 
IbyspectraldataandthefactsthatitwasreadilyconvertedintoVIontreatmentwithpotas-
lsiumhydroxideinmethanolandthediol(XVIII)obtainedbyNaBH4reductionofXVII,fol-
mowedbyhydrolysisdidnotformacetonide． 
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ＦｏｒｍａｔｉｏｎｏｆｌＶａｎｄＶｆｒｏｍＩＩｃａｎｂｅｕｎderstoodbyassumingtheexistenceofahalf‐ 
hj7drogenatedintermediateA,8)throUghwhichhydrogenation(a)andβ-elimination9)(b)ocCur 
competitively(Chart2).Ontheotherhand,theresultsofcatalyticreductionoflIImaybe 
rationalizedbypresumingthathydrogenpreferentianyattacksthecarbonylgroupSituated 
outsidethesteroidnucleus,glvlngal6-(1'‐hydroxyethyl)compound(B)Which,afteracyl 
migration,isconvertedtoXVIIandVIaccordingtoroutesaandb,respectively6 
染ThUsthemixtureoftheenolacetates(IIandlll)wasdirectlysubjectedtohighpressure
(100kg/cm2)hydrogenationinthepresenceofRaneyNiindioxaneandmethanol,WhilepotaS・
siumhydroxidedissolvedmmethanolwasaddedtoaffordthel6β‐ethyl-17βLolcompound(X） 
inhighyield(92％)． 

，ChartlshowsOurnewsyntheticrouteleadingtoTSAA-291(ＸＩＸ)fromestrone、

Experimehtal1O） 

16-Acetyl-eStrone-3-methylEther(1)一一ThiscomPoundWaspreparedbyHarnik,βﾒαＪ､7)inratherlow
yield(35％)，Wereinvestigatedthisprocedureandimproveditasfonows:ＭｅＯＮａ(２５０９)wasaddedtoa 
Solutionofestrone3-methylether(３５０９)inamixtureofbenzene(51iters),ACOEt（1.251iter)ａｎｄＤＭＳＯ 
(l251iter)ａｔ５０゜、ThemixturewasrefluXedfor30min,cooledandpouredintoicewaterJExtra6tion
twicewith5％ＮａＯＨａｑａｎdacidificationoftheextractwith５％H2SO4gavecrystals,ｙｉｅｌｄ３５３ｇ(87.8％)． 
ＮＭＲ(CDC13)６:0.84,0.97(total3H,２singlets),１．９８(s),２．３６(broads）（total3H)． 

AcetylationoftheβDiketone(1)－－Asolutionofl（1009)iｎＡｃ２０（160ｍl)andpyridine(８０ｍl)waS 
heatedfor2hrat65．、Evaporationj〃uac"ogavecrystalswhichwerewashedwenwithwater,yieldllig
(98.2％)．ThesecrystalsconsiStedoftheenolacetateofllandmmaratioof4:１(determinedbyisolation 
bypreparativeTLC)andcouldbeusedforthefonowingreduction、Thecrystalswererecrystanizedfrｏｍ
ＥｔＯＨ,yielding85g(75.2％)ofl6-(1'一acetoxyethylidene)-estrone-3-methylether(、),ｍｐｌ２５-126..Ａ"ａＪ．
CalcdforC2sH2804：Ｃ,74.97；Ｈ,7.66．Found：Ｃ,74.96；Ｈ,７．４９．１Ｒ沙幾ｃｍ-ｴ：1750,1725（C=O)，１６６０
(C=C),1200,1180．ＮＭＲ(CDC13)６:0.90(3Ｈ,s,C18-CH3),２．１７(3Ｈ,s,COCH3),２．３１(3Ｈ,broads,CH2-C＝ 
C-CH3),３．９０(3Ｈ,s,ＯＣＨ３),6.60-7.30(3Ｈ,ｍ,ａｒｏｍＨ)． 

Ｃoncentrationofthemotherliquoryieldedanoilwhichwasdissolvedin５％KOH-MeOHandrenuxed 
for30min･Evaporationi〃uczc"ogaveasolidwhichwasshakenwithetherandwater･Theetherlayerwas
extractedseveraltimeswith5％ＮａＯＨａｑ・andthecombmedaqueousextractswereacidifiedwith5％Ｈ２ＳＯ４
ｇivingcrystalswhichwerecollectedandwashedwithwater,yield24､０９．Thiscompoundwasidenticalwith 
linaUrespects、

17-Acetoxy-16-acetyl-3-methoxyestra-1,3,5(10),16-tetraene（、）waspreparedasfonows：amixture
ofl(１００９),P-TsOH(１０９)ａｎｄＡｃ２０(１１iter)washeatedforlOminat80｡．Thecooledmixturewaspoured 
intowaterandtheresultingsolidwascollected･RecrystallizationthriceoftheｃｒｕｄｅsolidfromEtOHgave 
thepuresample,ｙｉｅｌｄｌ７ｇ,ｍｐｌ３５－１３６ｐ・伽α/､Calcd・forC23H2804：Ｃ,74.97；Ｈ,7.66．Found：Ｃ,74.99；
Ｈ,7.72．ＩＲＩ'幾ｃｍ-ｴ：1755,1720(C=O)，１６５５(C=C)，1180．ＮＭＲ(CDCl3)６:０．８８(3Ｈ,ｓ,C18-CH3)，１．９６
(3Ｈ,ｓ,COCH8)，２．２０（3Ｈ,Ｓ,COCH3)，３．７６(3Ｈ,ｓ,ＯＣＨｓ)，6.60-7.25（3Ｈ,ｍ,ａｒｏｍＨ)．Thecrudesolid 
consistedofllandmｉｎａｒａｔｉｏｏｆｌ:４(determinedinthesamemannerasabove)． 

AcetylationoflwithacetylchloriｄｅａｎｄｐｙｒｉｄｉｎｅｏｒＡｃ２０ａｎｄＮａＯＡｃｇａｖeamixtureofalmostequal 
quantitiｅｓｏｆｌｌａｎｄｎｌ、

ReductionoM1eEnolAcetate(11)－A）Asolutionofll（1.09)ｉｎＥｔＯＨ(３０ｍl)washydrogenated 
inthepresenceof10％Ｐｄ－Ｃ(０．５９)underatmosphericpressureofhydrogen．Evaporationofthesolvent 
gaveanoil,whichwaschromatographedonsilicagel(309)withbenzenetogiveq4gofl6β-ethyl-estrone-3‐ 
methylether(Ⅳ),ｍｐ９４ｏ・ＴｈｅｍｉｘｅｄｍｐａｎｄｌＲａｎｄＮＭＲｓｐｅｃｔｒａｗｅreidenticalwiththoseofasample
obtainedpreviously､4）Next,e]utionwithbenzene-AcOEt(10:１)gaveO5gofl6β-(1'一acetoxyethyl)estrone‐
3-methylether(V),mpl45-146..Ａ"α/､Ｃａ1cd・forC23H3oO4:Ｃ,74.56;Ｈ,8.16．Found:Ｃ,74.66;Ｈ,8.16.
1Ｒ麓二ｃｍ－１：１７２０（C=O)．ＮＭＲ(CDC13）６：１．３４（3Ｈ,ｄ,Ｊ－５Ｈｚ,ＣＨＣＨ３)，２．０４（3Ｈ,ｓ,OCOCH3)，３．７５
(3Ｈ,s9OCHs),５．１６(1Ｈ,ｍ,－ＣＨ－ＯＡｃ),6.62-7.20(3Ｈ,ｍ,ａｒｏｍＨ)．TreatmentofVwith5％ＫＯＨ－ＭｅＯＨ 
ｆｏｒｌＯｍｉｎａｔｒｏｏｍｔｅｍｐｅｒａｔureorwithconc・Ｈ２ＳＯ４ｆｏｒ５ｍｉｎａｔｒｏｏｍｔｅｍｐｅｒａｔｕｒｅｙieldedl6-ethylidene‐
estrone-3-methylether(Ⅵ)4)inquantitativeyield 

B）Asuspensionofll（１．０９)ａｎｄＲａｎｅｙＮｉ(3.09)indioxane(３０ｍl)wasshakenunderastreamof 
hydrogenuntilabsorptionofhydrogenstopped、Thereactionmixturewasworkedupinamannersimilar

８） 

９） 

10） 

J､HoriutiandM､Polanyi,Ｔｆ'α"s､Ｆ”α`”ＳＯＤ.,30,1164(1934)． 
S､Mitsui,Ｍ・Fujimoto,Ｙ､Nagahisa,ａｎｄＴ・Sukegawa,ＣＭ池Ｉ"`．（London)，1969,241．
AUmeltingpointsareuncorrected・Infrared(ＩＲ)spectrawererecordedwithaHitachi215spectOphoto‐
meter･NMRspectraweredeterminedonaVarianHA-100spectrometer･Themassspectrawere 
determinedonaHitachiRMU-6DmassspeCtrometerequippedwithadirectinletsystem． 
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tothatdescribedabovetOgiVelV(０．７９)ａｎｄＶ(0.169)．WhenMeOHwasusedasasO1Vent,Ⅳ(0.669)潔
１６β-ethyl-estradiol-3-methyletheｒ（Ｘ)3）（0.179）ａｎｄＶ（0.019）wereobtainedfromll（1.009)．… 

Ｃ）Asolutionofll(１．５９)inamixtureofEtOH(50ｍl)ａｎｄＡｃＯＥｔ(１０ｍl)washydrogenatedinthe 

presenCeofPtO2(100ｍｇ)underatmosphericpressureofhydrogenaTherCaptionmiXtureWasworkedup 
lnamannersimilartothatdescribCdabPvetqgiv6Ⅳ(L14g)andL16a-ethyl-eStrone-3-methylether(XI） 
（0.１２９),ｍｐ７３－７４｡．』Ｍ・Calcd・forC21H2802wC,80673;'Ｈ,9.03．Found：Ｃ,80.70;Ｈ,９．０５．１Ｒ'謡
ｃｍ－ｴ：１７４０(C=O)．ＮＭＲ(CDC13)６：０．８５（3Ｈ,ｓ,C18-CH3),０．９８（3Ｈ,ｔ,Ｊ－７Ｈｚ,ＣＨ２ＣＨ３),３．７５（3Ｈ,ｓ， 
ＯＣＨ３),6.60-7.25(3Ｈ,ｍ,ａｒｏｍＨ)．MassSpectrum,"/β:３１２(Ｍ+),２８３． 

，）Asuspensionofll(１００９)ａｎｄＲａｎｅｙＮｉ(３００９)inamixtureofdioxane(200ｍl)ａｎｄＭｅＯＨ(700ｍl） 
wasshakenatlOOkg/cm-ｴpressureofhydrogenfor2hrinanautoclave、Afteradditionof5％ＫＯＨ－ＭｅＯＨ
ｓｏｌｎ(300ｍl),hydrogenation(100ｋｇ/cm-ｴ)wascontmliedforafurther2hr・Thehlteredsolutionwaseva‐
poratedandthecrudesolidwaschromatographedoversnicagel(３００９)．E1utionwithbenzene-AcOEt(10:１） 
ｇａｖｅＸＩＩ（1.539,1.8％),withbenzene-AcOEt（5:１)Ｘ(78.19,91.7％)，withbenzene-AcOEt(3:１）Ｘ、
（1.789,2.1％),andthenwithAcOEt-acetone(1：１)ＸＩＶ(2.99,3.2％)． 

XII：ｍｐ９８-100..Ａ〃zLCalcd・forC21H8oO2：Ｃ,80.25；Ｈ，9.55．Found：Ｃ,79.96；Ｈ，９．６８．１Ｒ
’’幾ｃｍ-ｴ:３５００(ＯＨ)，1040．ＮＭＲ(CDC13)６：０．７９(3Ｈ,ｓ,C18-H),0.97（3Ｈ,ｔ,Ｊ－７Ｈｚ,CH3CH2),３．６８
（1Ｈ,ｄ,Ｊ－５Ｈｚ,Ｃ17β-Ｈ),３．７６(3Ｈ,ｓ,ＯＣＨｓ)． 

XIII：ｍｐ７４ｏ、Thiswasidenticalwiththeauthenticsample6）inallaspects・
ＸＩＶ：XIVconsistedoffourcomponentsinalmostequalquantities・Eachcomponentwassepa工ated

bypreparativeTLC(benzene-ether＝３:１)．ThesespectraldataweresimilartoeachoH1er：MassSpectrum 
〃zに：３３０（Ｍ+)．ＩＲ〃露cm-1：3200-3500（ＯＨ)．ＮＭＲ（CDCls）６：1.1-2.3（3Ｈ,ｄ,Ｊ＝６Ｈｚ,ＣＨＣＨ３)．

OxidationofXIIandXIIIwithJonesreagentgavethesameproduct,mp73--74o、ＩＲﾂ雛cm-ﾕ:1730．
ThemixedmpandlRspectrawereidenticalwiththoseof仇ｅｓａｍｐｌｅ(Ｘｴ)obtainedbyprocedureC・

ReductionoftheEnolAcetate(I、)－A）AsOlutionOfm(109)withRaneyNi(309)washydrogenat‐
ｅｄ（100ｋｇ/cm2)mamannersimnartoprocedureDtOｇｉｖｅⅣ(1.29,14.2％）ａｎｄＸ(6.79,78.6％)． 

Ｂ）AsolutionofllI(Log)inACOEt(30ｍl)WashydrogenatedwithlO％Ｐｄ÷Ｃ(0.59)underatmoS‐ 

phericpressureofhydrogen・Thereactionmixturewasworkedupinamamersimilartothatdescribed
abovetogivelV(0.349,40.1％)ａｎｄＸＶＩＩ(0.589,57.7％)． 

XVII：エnp129-130。.ａ"α/,Calcd､forC調H3oO4:ｃ,74?56;Ｈ,8.15．Found:Ｃ,74.46;Ｈ,8.32.1Ｒ'謡
ｃｍ－ｴ:1740(C=O),1370,1240,1020．ＮＭＲ(CDC13)６:0.90(3Ｈ,s,Ｃｪ8-CH3),1.33(3Ｈ,ｄ,Ｊ＝6.5Ｈｚ,ＣＨＣＨ３)， 
１．９７(3Ｈ,s,COCH3)，３．７７(3Ｈ,ｓ,ＯＣＨ３)，５．３０(1Ｈ,ｍ,Ｃ,'一Ｈ)．MassSpeclrum”た：３７０(Ｍ+)，３１０(Ｍ+?-
CH3COOH)．ＴｒｅａｔｍｅｎｔｏｆＸＶＩＩｗｉｔｈ５％KOH-MeOHatroomtemperatUreyieldedE-16-ethylidene‐ 
estrone-3-methylether(Ⅵ)4)inquantitativeyield・Butthediol(XVIII)obtamedbyNaBH4reductionof
XVII,fonowedbyhydrolysiswith5％KOH-MeOHinthemannerdescribedfoｒｔｈｅｆｏｒｍａｔｉｏｎｏｆＶＩＩＩ 
ｆｒｏｍＶ９ｄｉｄｎｏｔｆｏｒｍａｃetonide． 

）ReductionoftheEnolAcetates(ＩＩａｎｄｍ)－－AmixtureoftheenolacetateS(ＩＩａｎｄｌｌｌ,1009)ｗａｓ 

ｌ霊鰯耀銚糊ﾃﾂ爾肋R…yNi(30091露……重…｡…。、(…伽DLto
FormationoftheAcetonide(Ⅸ)－ToasolutionofV(500ｍｇ)inmethanol(１０ｍl),NaBH4wasadded 

atOowithstirring・ThecrystalsofVII(450ｍｇ)wereseparatedfromthereactionmxture・ＩＲﾂﾞ雛cm-ﾕ：
３４５０(ＯＨ),１７００(C=O),1270,1230,1030．AsolutionofVII(450ｍｇ)ｉｎ５％KOH-MeOHsolnwasheated 
for5minat６０．．ThereactionmixturewaspouredintowaterandtheresultingcrystalsofVIII(380ｍｇ） 
werecoUected・ＩＲ’幾ｃｍ-ｴ:３２００(ＯＨ),1030．Next,toasolutionofⅥ１１(350ｍｇ)macetone(5ｍl),two
dropsofBF3etheratewereaddedatroomtemperatureWithstimng・ThemixtureWaspouredintowater

，andextractedwithether・Evaporationofthesolventgaveasond,whichwaspurinedbychromatograPhy

'畳語澱駕篭z9脇謡鑑計艦(鋤:，臓蹟:宴:fl』6量)iil盤;(患?錺珊麓:錐獣
Ⅱ5(砥．,:量>c<8370(1H,｡,J='5HzⅢH)Ｍ(3HMcHs).
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