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Abstract - We have synthesmd a muated form of 14a-hydroxy-5~cholest-7-ene-3,6-d~one (SB-d~keml) of tigh 
SpeclfiC actlvlty (174 TBq/mmoi) from 7-debydrocbole.sterol m seven steps wldl mlecnve mtroduct~on of the 
A/B CIS nng pcuon as the. key rwcuon We have exammed the. abduy of endoc~e glands @rothoracc glands) of 
Locusta mtgratom to use this molecule as a precursor of 3dehydroecdysone and of ecdysone bmsynthesls A very 
efficient conversion of Sfldiketol to ecdysone and to 3dehydmecdysone was monitored. which opens up new 
Fbdmes far the eg of the role of 3debydm-compnunds m ecdystemul blosynthesls 
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Ecdysterotds represent a famtly of 

polyhydroxylated steroids which serve as hormonal 

messengers m insects The parent molecule, ecdysone 

(1). which IS mostly referred to as the moltmg and 

metamorphosis hormone, was constdemd as the hormone 

synthesized and secreted durmg postembryontc 

development by endocrme glands (known as prothomc~c 

glands or homologous structures) Recently tt has been 

reported that, m some Insect species, prothoractc glands 

secrete 3-dehydroecdysone (2) tn vttro m addttton to 

ecdysone (1)1,2 This molecule IS rapidly reduced to 

ecdysone by a hemolymph reductase which exclustvely 

reduces the keto group to 3b-hydroxy13 In ecdysone 

btosynthests mvestrganons, 3-0~0 compounds have never 

been tdenttfied. but the precursors used for these studtes 

contamed a C-3g hydmxy group4 
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These data prompted us to undertake the 

synthesis of 14a-hydroxy-5p-cholest-7-ene-3,6-dlone 

(17, Sp-&ketol) m labelled form This molecule 1s related 

to Sp-ketodtol 3 (38,14a-dlhydroxy-5p-cholest-7-en-6- 

HO one), which 1s a well established precursor m ecdysone 

btosynthes& 

The mstablhty of the A/B CIS nng Junction (5p-H configuration) due to the absence of a 2P-hydroxy 

group in the target molecule and the opportumty for the stereoselecave hydrogenauon of the A4 double bond 

which will gtve the desired 58 configuratton, led us to develop a novel route for the synthesis of 2- 

deoxyecdysterolds 

The strategy whtch we propose m the present paper for the synthesis of labelled Sp-dtketoll7 1s firstly 

the hydrogenaaon of a A4 double bond to give the A/B cis nng Junctton and secondly the labelhng of the 

molecule at the w step by rnnaoon of a A1 double bond 

SYNTHESIS OF 14cc-HYDROXY-5/9ZHOLEST-7-ENE-3,~DIONE 

The key compound of our synthesis 1s 5, which has all the structural features reqmred to lead to the 

target molecule 17 . 1) the A/F3 CIS nng Junctton 1s mdtspensable for the btolog& actt~ty, n) the A7 double bond 

has two allyltc sites C-6 and C-14 whtch can be efficiently oxtized to the conjugated hydroxy enone system; m) 

the At double bond can be spectf~cally reduced wttb mttum at the U step 

It was likely that compound 5 

double bonds, as described by Rubm 

Thus we planned to syntbeslze compound 4 du-ectly from 7-dehydrocholesterol (6) m a few steps 

(Scheme 2) The denone 7 1s obtamed by Oppenauer oxldatton7 m good yteld (85%) 

Hodro&To~ 
Treatment of 7 with DDQ (2,3-dtchloro-5,6-dlcyano-benzoqumone)*~g m refluxmg dloxan, 

unfortunately produced the polyenone 8 m 55% yield instead of the expected product 4 

This compound 8 was also obtamed dunng the attempted brommatlon of 7 with m-N-methylamlmmm 

pcrbrormde10 due to spontaneous dehydrobmmmanon 
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We overcame this &fficulty by using a longer syntheuc pathway (Scheme 3) ‘I-Dehydrccholesterol(6) 

was easdy reduced by catalyac hydrogenanon wzh palladium on charcoal. Lathosterol(9), which was obtamed 

with a very good yield (overall 98%), was oxr&zed with PCC (pyndmmm-chlorochromate) adsorbed on 

alumma 1 This techmque 1s very convenient because PCC can be easily ehmmated by filtration and the yield 

was pamcularly high (95% for compound 10) The ketone 10 was brommated with two equivalents of m-N- 

methylamhmum perbrormde m THF at 0°C Recnstalhzafion gave the pure &bronude In 64% yield The 

&brooude 11 was fully characterized and the *H NMR spectrum mdlcated that the bromme atoms occupied the 

a posmons (tH NMR 6 = 4 67 ppm, d, J = 13 2 Hz, lH, H-4,, and 6 = 4 87 ppm, dd, J = 5 8 and 14 2 Hz, 

lH, H-2=) Dehydrobmmmaaont* m refluxmg DMP with LBr and LIHCO~ afforded the tnenone 4 (90%) 

=.1/\/\/ ‘..r/\/\/ ‘-./l/y/ 

Scheme 3 

Compound 4 was subrmaed to the well described reducaon6 with palladmm on calcmm carbonate m the 

presence of qmnolme and ethanol and afforded a nuxture of 7.10 and 12 

It 1s clear that the At double bond was first reduced, followed by reducaon of the A4 double bond which 

gave the ketones 10 and 12 (Scheme 4). The A7 double bond never reacts under these con&aons Snmlarly. 

reducaon vvlth palladmm on charcoal (~rlth or w&out qumolme), with other catalysts and m various solvents, 

led first to the hydrogenation of the At double bond. A recent publicaaon13 confirmed this &sappomang result. 

In consequence we have devised an ongmal rego- and stenzoselectlve syntheac pathway to obtam 

compound 5 (Scheme 5) 

Compound 7 was directly reduced to give the A/B CIS nng Juncaon with palladmm on charcoal m a 

nurture of aqueous NaOH 0 1N and ethanol (85%) 14-16 The reducaon was regoselecave, only the A4 double 

bond being hydrogenated, and stereoselecave, the Junction of the A/B nng bemg m CIS contiguraaon (H m 5p) 

with 82% &astereolsomenc excess The A/B CIS nng Juncaon was confirmed by tH and t3C NMR (tH NMR 

6 = 0 99 ppm ((X3-19, CIS), 6 = 1 01 ppm (CH3-19, tram), t3CNMR 6=235ppm,339ppmand420 

ppm (C-19, C-9 and C-5 US), 6 = 12 5 ppm, 49 0 ppm and 43 0 ppm (C-19, C-9 and C-5 uans), For 

references, see Table 1) 

The brommaaon with m-N-methylanilmmm perbromde yielded the 2p bromodenvaave 13 (80%) 

Attempted recnstalhzaaon of an ahquot from methanol/ether gave the bromo-ketal14 The tH NMR spectrum 

mQcated that the bromme atom occupted the 2p poslaon (tH NMR .6 = 4 34 ppm, dd, J = 4 5 HZ and 13 0 
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Hz, lH, H-2,& The dehydrobrommauon was performed in refluxmg DMF with LlBr and LLH~ and gave 

the enone 5 (80% yield) 

7- 

Oxldatlon of the allybc posmon C-6 m compound 5 was camed out in dry methylene chlonde using 

freshly preparedl’ CrOg/(pyndme)z complex (Collms reagent), and the dtenone 15 was obtained urlth a 

moderate yield of 30% (Scheme 6) Oxldatlon in C-14a must be performed under strong con&tmns, because 

the A/B CIS nng Juncnon mtroduces a substanaal stenc hmdrance of the a --. 
face of the steroid Treatment of the henone 15 m refluxmg Qoxan Hrlth 

10 eqmvalents of selenmm dloxldel* afforded m a few mmutes 

compound 16 vvlth a 75% yield. By carefully momtonng the reacnon by 

& 

/ & 
TLC, the formation of 14u-hydroxy-cholesta-1,4,7-trlene-3,6-dlone ’ o 

(18, by-product) could be mmnmzed9~19 0 
18 

Selecnve reduction of the At double bond was performed Hnth palladmm on charcoal and yielded the 

expected compound 17 quanntanvely The hindered A7 double bond has never been reduced tn our expenmental 

condmons 

Together ~nth the mass spectromemc anaiys~s, tH NMR spectmmetry clearly demonstrated the nzducaon 

of the At double bond (hsappearance of the signals at 6 = 5 95 ppm, d, J = 10 0 Hz, lH, H-2 and 6 = 6 83 

ppm, d, J= 10 0 Hz, lH, H-l) 

In order to analyse the posmons and the number of the hydrogen atoms mtroduced, we camed out a 

deutenanon under the condmons which we annapated to be used in mnanon 

*H NMR analysis mdlcated the mtroducaon of two deutenum atoms (couplmg constants of *H at C-l 

and at C-2, 6 = 1 52 ppm, m, wt~ = 12 3 Hz, *H-l and 6 = 2 33 ppm, m, wtn = 14 2 Hz, *H-2). The 

analysis by mass spectrometry of the reaction products gave the followmg data DO 5%, Dt 48%. D2 478, D3 

0% 

To determine the precrse configuration of the deutenums mtroduced m poslnons C-l and C-2, the 

deutenated compound 17’ has been reduced usmg sodmm borohydnde m methanol to @ve exclusively the 3-a 

alcohol*0 (19) Under these con&aons, the coupling constants of the proton at posmon C-3p (td, JH~~_H~ 

and JH~~~-H&= 11 8 Hz, JH3ax-~&q = 3 54 Hz, JDeq-H3ax = very weak) were consistent with the 

mcorporanon of one deutermm at posmon C-2& As the palladmm on charcoal IS well known to perform CIS 

addmons, the second deutenum should be m posmon C-1s 
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Tnaatlon was performed at the Commlssanat & l’Ener@e Atormque (Saclay, France) The specific 

acavlty of 14a-hydroxy-5P-cholest-7ene-3,6-dione (17”) was 1 74 TBq/mmole (47 Wmmol). 

CONVERSION STUDIES OF TRlTIATED 14a-HYDROXY-5~-CHOLEST-7-ENE-3,6-DIONE (17”) 

Prothorac~c glands were exctsed from five larvae of Locusta of the nud fifth mstar @nod of intense 

ecdysone (1) synthesis m VIVO) and mcubated m mtified Landureau’s medmm21 m the presence of 0 2 p.M of 

the newly-synthesized &olabelkd SP_dketoll7” After 16h the medmm was injected mto a reversed phase 

HPLC and eluted by a methanol/water gnukent (fig 1) In thus system, ecdysone and 3dehydroecdysone are 

known to co-elute?2 The tioacavlty which clearly co-eluted with reference ecdysone was rechromatographed 

m a system with hgher resolunon (fig 2) to separate the presumed ecdysone and 3-dehydroecdysone The two 

molecules are m solar pmpomons The ldenaty of putaave ecdysone was ascertamed by co-acetylatton with 

unlabelled ecdysone (data not shown) The ldentlty of putaave 3dehydroecdysone (fracaons 30 mm - 32 mm) 

was ascertamed by a biological approach, as there is not an easy chermcal reaction to relate labeled 3- 

dehydroecdysone to ecdysone But mcubaaon of the putaave 3dehydroecdysone with hemolymph clearly gave 

some ecdysone (fig 3) These results estabhshed the ldennty of radmactlve ecdysone and 3-dehydroecdysone as 

conversion products of the @-d&et01 17” Several expenments were run with regular efikent conversion 

rates In some cases, up to 80% of the labeled SP-dlketol 17” mcubated was converted mto a mixture of 

ecdysone and 3-dehydroecdysone in su~lllar propomons. 

22-Deoxyecdyson 

5 10 15 20 25 30 35 

Retention time (mm) 

Wgurc 1 Ccmverslon of tntlared 14a-hydmxy-5~-cholest-7-en-3,&dmne (S~d&e&~l) by larval pmthotac~c glands 

of Locusta mrgrarona Five pam of prothorac~c glands were excised from May old fifth mstar larvae, incubated for 

22h WIUI 0 2 p.M muated Sp-dlketol after which the radmactive molecules were exhzted with methanol and separated 

on a C-18 reverse phase HPLC column, eluuon wnh a @em from 10% to 100% methanol m water over 30 mm 

Columns rad~~~t~v~ty measurements of abquots of each tiacuon Arrows posruon of reference molecules detected 

by U V absorbance 
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n 
5 10 15 20 25 

Retention time (mm) 

Rgure 2 R&i~ochmmatogram of the compound which comlgrate with ecdysone, m~ected together with reference 

molecule on a C-18 reverse phase HFW column. eluuon with a gradxnt from 15% to 20% acetommle m watex over 

20 mm Columns radmachvlty measurements of each fracuon Arrow poWon of reference ecdysone detected by 
UV absorban= 

+ 
Ecdysone 

15 20 25 30 

Retention time (mln) 

FI~W 3 Radmchromatogram of the putattve 3-dehydroecdysone after Incubation wrtb bcmolymph, mJected 

together wtth nference ecdysone on a C-18 reverse phase HPLC column. tsocrauc eluuon with a 20% Bcetomtnle m 

water as solvent system Columns radmacttv~ty measmem ems of each fraction Arrow poaaon of reference 

ecdysonebyuv m 
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CONCLUSION 

Our mltml approach to 14a-hydroxy-5j%cholest-7-ene-3,6-dtone (17) mvolved the synthesis of 5 as an 

mtermedlate However, the published procedure dtd not gve the desired molecule and It was necessary to 

synthesize 5 by a &ffere-nt method As a result, our mod&d synthetic route 1s novel and also shorter than the 

ongmal pathway The muated molecule 17” was very efflctently converted to ecdysone (1) and 3- 

dehydroecdysone (2) This labelled molecule appears to be a potent precursor m ecdysterold biosynthesis Tins 

first result should now allow mvesagaaons mto the role of 3-dehydrocompounds m ecdysteroui hosynthesis 
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EXPERIMENTAL 

Melhng pomts were mcasu&onaRe~tihotstagem~cmscqeandareuncorrected [a]~ were measmed on a &km-Bima 

141 @anmeter m CHCl3 IR spectra were rewrded m KBr on a Perlun-Elmer 881 mfnued spectropbotometer W specs were 

measured on a Kontron-Uwkon 810 W-vu spectrophotomaa NMR specaa were Tccocded on a Brokez SY (200 MHz) apparatus 

with CHCl3 (8 = 7 26 ppm) as mtemal standard for 1H NMR. CDCl3 (5 = 77 02 ppm) as mtemal standard for 13C NMR and 

CHC13 (6 = 7 26 ppm) as mtemal standard for 2H NMR The cheaucal shifts are reponed m ppm downfield from Th4S (*. + = 

Interchangeable assqnemant) MS wen measured on a LKB 9000 S apparatus by duect mtroducuon. or coupled to a GC DB5 

column (J W ) , an xxuza~cm potenti of 70 eV ~89 used M~cmanalyses wen? performed by the Stmsboug Division of the Se~ce 

Central de Microanalyse of CNRS TLC were mn on pre-coated plates of s&a gel 60 F 254 (Muck). dqpcd m a soluhon of 

vandbn (1 g) m EtOH/H#O4 (9% 11) and heated on a hot plate to reveal the compoonds Medmm presser. chromatography (p = 

0 5 - 1 1 bar) was conducted oo sdlca gel (40 - 63 mm. Merck) colmnns Radroacuv~ty has been dctermmed WI~I a Kontron 

Betamatz V counter (eqmpped with external standard) All solvents were freshly dlstdled before use Au- or moisture- sensmve 

~h~swereconductedm~~glasswareandunderanlnatatmosphere 

FIRST PATHWAY 

Cholesta-4,7-deco-J-one (7) 

A toluene sohuum (400 ml, freshly d~stdled) contammg 7dehydmchoiesteml(6) (20 0 g. 52 0 mmol). cycbhexaoone (60 

ml,O58mol,freshly~)andlOOgofmolecularslcvc04nmwasstlmdatnxwntunperatllrefor2holas titherapId 

add~oa~ of 6 0 g (29 3 mmol) of ahummum w Ide, the onmgc+red nactlon solution was stmed and boiled WIdeI reflux for 30 

mmutcs The solutloa was cooled to loom amq%mmm, wasbed soccesuely urlth cold (ST) 2N hydmchlonc acui, cold water, cold 
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aq sat. sodium hydrogen- and cold kcme, dned with sodmm sulfate and tiltend The toluene soluuon was conceJluatedto 

dryness tinder reduced pressure and the residue was chromatogmphed on slhca gel Elu&m wub hexane/ethyl acetate 95/5 gave 

cholesta-4,7&n-3-one (7). 17 0 g (85%) 

7 Mp 87-89oC (la7 mp 87-89oc) , [a]~23 + 33 (c = 10) . UV k,,,,,, (ethanol) 238 nm (e = 15500) , IR v (cm- 

‘) 1690,163O , 1470, ‘Ii NMR 200 MHz (CDC13) 6 0 59 (s. 3H. H-18) , 0 86+ (d, J = 6 61 Hz. 3H, H-26) , 0 87+ (d, J = 

6 59 Hz, 3H, H-27). 0 93 (d. J = 6 26 Hz, 3H. H-21) , 1 17 (s. 3H. H-19) ,5 18 (m. win =90Hz,lH,H-7),579(d,J=172 

Hz, lH, H-4) . SM m/z 382 (100 0) &l+. C+,20) ,367 (9 0) ,339 (10 8) ,338 (37 9) ,259 (20 6) ,247 (116) ,227 (10 5) , 

136 (20 7) , Microannlyaia cak for C27H42O (382 3578) C 84 81 , H 1107 , found C 84 78 , H 11 18 , 1% NMR 

m table 1 

Cholesta-4,6,8(14)-trlen_J-one (8) 

Fust syntkas 

A hoxane solutmn (10 ml) comammg cholesta-4,7-&en-3-one (7) (100 0 mg, 0 26 mmol) and DDQ (2.3~d~chloro-5.6- 

dlcyano-benzoqumone, 123 9 mg. 0 55 mmol. 2 1 es) was nfluxed dunng 4 hours Afta tiltrauon of the hydmqumone, the solutmn 

WBE washed with aq 1% sodmm hydmxyde soluuon and brme, dned 1~1th sodmm sulfate and filtered The sohmon was co-ted 

LO dryness under reduced pressure Cnstalbsatmn from acemne gave choles1a-4,6,8(14)-men-3+ne (8). 55 0 mg (55%) 

8 Mp 61-62OC (ht.12 mp 61-63”C). [a]D2’ + 635 (c = 12). UV L,,,,, (CH3CN) 240 nm (e = 4500). 282 run (e 

= 8000). 348 nm (e = 25500). IR v (cm-l) 2946,2872,1662,1584,1266,1220.11% ,t~ NMR 200 MHZ (CDC13) 6 

0 87 (d. J = 6 62 Hz. 6H. H-26.27) . 0 96 (d, J = 6.51 Hz. 3H, H-21) , 0 95 (s, 3H, H-19) , 0 99 (s, 3H, H-18) ,5 73 (s, lH, H-4) , 
6 03, (d. J = 9 29 Hz, lH, H-7) ,6 62, (d, J = 9 29 HZ, lH, H-6) , SM m/z 380 (68 6) (M+, C27H4oO) , 365 (17 6) , 268 

(100 0) , 214 (25 9) , Microanalysis cak for C27H400 (380 6120) C 85 20 , H 10 59 , found C 85 22 , H 10 51 , 

13C NMR m table 1 

Second syntkm 

To a tettahydmfuran solutmn (IO ml) contammg cholesta_4,7&en-3-one (7) (100 0 mg. 0 26 mmol) was added dmpwlse at 

0°C tn-N-methylandmmm perbronude (108 0 mg. 0 28 mmol, 1 1 es) in tetrahydrofuran (8 ml) After addmon (5 mmutes), the 

nuxture was stured 15 mmutes at WC and at room temperature for a furdker 15 mmutes The muture was then poured mto wata and 

the product ~sokted w& ether The orgamc layer was washed v&h water, brme dned wrth sodmm sulfate and evapomted to dryness 

The msldue was chromatographed on mhca gel Elut~cm with hexane/ethyl acetate 95/5 gave cholesta4.6,8(14)-tnen-3-one (8). 63 1 

mg (63%) 

SECOND PATHWAY 

Sa-Cholest-7-en-38-01 (9) 

7-dehydrocholesterol (6) (IO 0 g, 26 0 mmol) was dissolved m a l/l (v/v) nuxture of toluene and ethyl acetate 

Hydrogenauon was conducted over paWuun (5%) on achvated chamoal(l5 g) at room temperanue and atmosphere pressure durmg 

2 hours The soluuon was filtered on cehte and evaporated to dryness to @ve 5a-chokst-7-en-3~-ol(9), 9 85 g (98%) 

9 lH MClR 200 MHz (CDC13) 6 0 53 (s, 3H, H-18) 0 79 (s, 3H, H-19) 0 86 (d, J = 6 56 Hz, 6H. H-26.27) 0 94 , . , 

(d, J = 5 97 Hz, 3H, H-21). 3 64 (m. = 25 0 Hz, IH, H-3) WIR ,5 16 (m. = 6 7 Hz, lH, H-7), SM m/z 386 (1000) (M+. win 

C27H460) , 371 (23.6) . 273 (14 4) , 2% (47 1) , 231 (14 9) , 228 (14 4) , 213 (15 5) , Mwzroanalysis cak for C27H460 

(3866594) C 8387.H 1199,found C 8382.H l175.13CNMRmtablel 
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Sa-Cbolest-7-en+one (10) 

To a soiuuon of Sa-cholest-7-en-38-01 (9) (7 5 g. 19 4 mmol) m dry methylene chlonde (200 ml) was added 9 0 g of 

pyruhnmmchkuochromate absorbed on aiumma After sumng for 12 hours, the sohd 1s tXered on ahunma and washed wuh ethyl 

acetate Tire combmed fdtrates were evaporated to dryness to afford plre Sa-cholest-7-en-3-oue (lo), 7 1 g (95%) 

10 Mp 144-146°C (11~~2 144-WK.) , [a],,20 + 25 (c = 3 9) IR v mp , (cm-l) 1725 1665 III NMR 200 , , 

MHz (CDCl3) 8 0 56 (s. 3H, H-18). 0 87 (d, J = 6 53 Hz, 6H, H-26.27). 0 93 (d. J = 6 31 Hz, 3H. H-21) 101 (s, 3H, H-19) . , 

5 19 (b, = 9 wl/g 0 Hz. 1H. H-7) , SM III/Z 384 (100 0) @I+. C27H44O) ,369 (31 1) 272 (15 3) ,271 (65 5) ,245 (15.2) , , 

2A4(165),229(443).Micro~nal~is calcfort&HM0(3846436) C 8431.H 1153,found C 8312.H 1190, 

13C NMR m table 1 

fa,4a-Dtbromo-5a-cholest-7-en-3-one (11) 

A soluhon of 5a-cholest-7en-3-one (10) (10 g, 2 6 mmol) III tetrahydrofuran (20 ml) contammg m-N-methylamhmum 

perbtomrde (2 0 g, 5 3 mmol, 2 1 eq) was stured durmg 15 mmutes at 0°C and at room temperamre for a further 15 mmutes The 

mtxture was then poured mto water and the product isolated wtth ether The orgamc layer was washed wtth water, brnm dned wnh 

sodmm sulfate and evaporated to dryness to yreld 2a,4a-dmromo-5athokst-7-en-3-one (11). 630 mg (64%). wrch was normally 

used duectly for the next reactton (drehmmauon) Recr~staBtxat~on from methanol/ether of an ahquot gave 2a,4a-drbromo-Sa- 

cholest-7-en-3-one as whrte needlea 

11 Mp 195-197“C (lu.12 mp 192-195OC) , [a]D 2o - 20 (c = 0 9) , UV I,,,*, (CH3CN) 197 nm (e = 13200) , IR v 

(cm-l) 2962.2844 , 1741 , 1455 , 1388, 1163 , 1~ NMR 200 MHz (CDC!l$8 0 57 (s. 3H. H-18). 087 (d, J = 649 Hz. 

6H, H-26.27). 0 91 (d, J = 6 14 Hz, 3H. H-21) , 120 (s. 3H. H-19). 2 55 (b, win = 263Hx,1H,H-6e.t),275(dd,J=1316et 

5 26 Hz, lH, H-1,q) 14 67 (d, J = 13 16 Hz. 1H. H-4,), 4 87 (dd, J = 14 21 et 5 78 Hz, IH, H-2,). 5 25 (bd. win = 116 Hz. 

lH, H-7) , SM m/z 544 (53 1) ,543 (310) ,542 (100 0) (M+, C27H420Br2) ,462 (39 5) ,431(47 1) ,429 (93 1) ,427 (49 4) 

, 387 (41 1) , 381 (40 6) ,323 (57 5) , Microanalysts talc for C27H420Br2 (542 4358) C 59 78 , H 7 80 , found C 

5960,H 760.13CNMRmtable1 

Cholesta-1,4,7-trien-3.one (4) 

A soluuon of the unpuniied dtbromrde ll(3 0 g, 5 5 mmol) m drmethylformamrde (20 ml) contammg hthmm carbonate 

(5 0 g) and hthmm bromrde (2 5 g) was mfluxed dunng 30 mmutes The soluuon was cooled to room tempemture. washed wuh 

water and brine, dned W&I sodmm sulfate and evaporated to dryness The restdue was chromatographed on srhca gel Eluhon wuh 

hexane/ethyl acetate 95/5 gave chokta-1,4.7-men-3-one (4). 2 7 g (90%) 

4 Mp 130-132 “C (l~t.~~ mp 130-132“C) , [a]DZo - 15 (c = 2 8) , UV Xrasx (CH3CN) 243 nm (E = 14800) , IR 

v (cm-l) 1650 , 1625 , 1600 , lH NMR 200 MHz (CDCl3) 6 0 63 (s, 3H, H-18) , 0 87 (d, J = 6 48 Hz, 6H, H-26.27) , 0 94 

(d, J = 6 28 Hz. 3H. H-21). 124 (s, 3H, H-19). 2 81 (d, J = 18 80 Hz, lH, H-6), 3 17 (d, J = 18 80 Hz. 1H. H-6). 5.25 (m. wln 

= 10 0 Hz, lH, H-7) ,6 13 (m, wln = 5 0 Hz, lH, H-4), 6.26 (dd, J = 9 99 Hz, 1H. H-2). 7 09 (d, J = 10 05 Hz. 1H. H-l) , SM 

m/x 380 (100 0) (M+. C27H4oO) , 365 (28 0) , 268 (312) , 172 (48 9) , 157 (59 3) , 133 (64 8) , 121 (59 0) , 105 (42 0) , 

Mtcroanalysrs talc for C27HqoO (380 6120) C 85 20 , H 10 59 , found C 84 93 , H 10 78 , 1% NMR m table 1 

Cholesta-4,7-dien-3-one (7) 

Cholesta-1,4,7-men-3-one (4) (Ux, 0 mg, 0 53 mmol) was dtssolved m ethanol (10 ml) After adrhuon of 20 ml of 

qumohne, the hydrogenauon was conducted over palladmm (5%) on calcmm carbonate. (20 mg) at room mmperature durmg 16 

mmutes (1 Atm pressure) The solution was lmmedmtely filtered and evaporated to dryness The restdue was chromatographed on 
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s~bca gel Elutton wuh hexandethyl acetate 97/3 gave a mixture of Sp-cholest-7en-3-one (12). 35 0 mg (17%). cholesti,7dlen-3- 

one (7). 120 0 mg (60%) and startmg matenal4.20 0 mg (10%) 

The previous procedure, wIthout qumolme IX using F’allad~um (5%) on acovated charcoal, gave the same products, but w~tb 

dlfferent Ian0 

SP-Cholest-7-en-3-one (12) 

Cholesta-1,4.7-tnen-3-one (4) (200 0 mg, 0 53 mmol) was dissolved m ethanol (10 ml) After addmon of 20 ml of 

qumohne, the hydrogwon was conducted over palladmm (5%) on calcmm carbonate (20 mg) at room temperature dunng 30 

mmutes The soluuon was lmmedlately filtered and evaporated to dryness The residue was chromatographed on sthca gel El&on 

with hexane/ethyl acetate 97f3 gave 5ikholest-7-en-3-one (12). 179 0 mg (90%) 

The prewous procedure, wlthout qumohne or usmg PaIladuun (5%) on achvate4l charcoal, gave the same product 

12 Mp 87-88°C (Id23 mp 87-WC) , [a]D23 + 65 (c = 0 57) , IR v (cm-l) 1725 , 1665 , II4 NMR 200 MHz 

(CDC13) 6 0 57 (s. 3H, H-18) , 0 87 (d, J = 6 61 Hz. 6I-I. H-26,27) , 0 93 (d, J = 6 24 Hz, 3H, H-21) , 0 99 (s, 3H. H-19) ,5 12 

(m, ~112 = 10 0 Hz. lH, H-7) , SM m/z 384 (92 4) (M+. C27H44O) , 369 (20 4) , 352 (30 0) , 351 (100 0) , 334 (30 3) , 333 

(49 8) , 119 (32 6) , 105 (68 0) , Microaoalysw talc for C27H44O (384 6436) C 84 31 , H 11 53 , found C 83 99 , H 

1162 . t3C NMR m table 1 

THIRD PATHWAY 

SB-Cholest-7-en-J-one (12.) 

A soluUon of cholesta_4,7dlen-3-oone (7) (2 0 g. 5 2 mmol), 60 ml of ethanol, 12 ml of aq 0 1N sodnnn hydroxule and 

200 0 mg of pailadnun (5%) on acuvated charcoal (150 mg) was shaken with hydrogen at room temperature and atmosphenc 

pressuse for 2 hours. The catalyst was removed by fdtrauon The soh~tmn was washed with water, bnne and then dned with sodmm 

sufate and evaporated to dryness The residue was chrcmatographed on sd~ca gel Eluhon W&I hexane/ethyl acetate 95/5 gave 14 g 

of SP-cholest-7-en-3-one (12). (72%) and 150 0 mg of 5a-cholest-7-en-3-one (10). (7%) 

S~-cholesta-l,7-d~en-3-one (5) 

Fust step 

A sohmon of 5~-cholut-7-en-3-one (12) (435 0 mg. 1 lmmol) m tetrahydrofuran (20 ml) contammg tn-N-methylandmmm 

perbromIde (468 0 mg, 124 mmol, 1 1 es) was stured dunng 15 mmutes at OOC and at room temperature for a further 15 mmutes 

The mixture was then poured tnto water and the product ~solati with ether The orgamc layer was washed wah water, brine, dned 

WI& sodnun sulfate and evaporated to dryness to yteld 2a-bromo-5~-cholest-7-en-3-one (13). 350 mg (80%) (whtch was normally 

used duectly for the next reactmn) Cnstallmon from methanol/ether of an ahquot gave ~-~mo-3,3Qmethoxy-5gcholest-7cne 

(14) m whtte needles 

14 Mp 124-126T. , [a]Du + 22 (c = 0 89) , IR v (cm-l) 2960 ,2918 , 2875 , 1458 , 1378 , 1119 , 1098, 1053 , 

‘II NMR 200 MHz (CDCl3) 6 0 53 (s, 3H, H-18) , 0 87 (d, J = 6 62 Hz. 6H, H-26.27) , 0 90 (s, 3H, H-19) , 0 92 (d, J = 6 14 

Hz, 3H. H-21) ,2 22 (dd. J = 14 50 et 5 00 Hz, lH, H-leq) ,2 41 (b. wtn = 20 00 Hz. 1H. H-6,s) ,3 34 (s, 3H, H-l’), 3 40 (s. 

3H. H-l”) ,4 34 (dd, J = 12 97 et 4 46 Hz, lH, H-2,) ,5 10 (bd, wtn = 10 0 Hz, 1H. H-7) , SM m/z 510 (4 1) , 508 (3 0) 

(M+, C29H4902Br) ,478 (22 3) ,476 (219) ,398 (32 6) ,397 (100 0) ,366 (28 3) , 365 (85 1) , 314 (212) , 313 (57 9) ,279 

(14 1) ,256 (30 6) ,242 (15 9) ,228 (19 5) , Mlcroanalyals cak for C29H4902Br (509 6081) C 68 35 , H 9 69 , found C 

6819.H 940,t3CNMRmtable1 
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lH, H-7) , 5 95 (d, J = IO 03 Hz, lH, H-2) ,6 82 (d, J = 10 05 Hz. 1H. H-1) , SM m/z 412 (34 1) (hi+, C27H4&) , 394 

(510) . 277 (27 3) , 276 (100 0) , 229 (42 9) , 109 (34 4) , Microanalysis talc for C27H4003 (412 6100) C 78 59 , H 

977,foond C 7878.H.9.50.*3CNMRmtabiel 

l8 Mp 9597°C , *H NMR 200 MHz (CDC&) 6 0 78 (s, 3H, H-18) , 0 88 (d, J = 6 51 Hz, 6H. H-26.27) ,094 (d, J 

= 6 17 Hz, 3H, H-21) , 134 (s, 3H, H-19) ,3 06 (bf, wIR = 20 0 Hz, lH, H-9) ,6 17 @s. win = 5 0 Hz, IH, H-7) ,6 33 (d, J = 

10 20 Hz, 1H. H-1) , 668 (bs, w1/2 = 50 Hz, 1H. H-4) , 7 06 (d, J = 9 82 Hz, lH, H-2) , SM m/z 410 (66 8) (M+, 

C27H@3). 382 (38 4) ,228 (82 7) ,227 (72 4) ,200 (34 1) , 135 (97 0) , Mtcroanalysis talc for C27H3*03 (410 5942) C 

7898.H 933,found C 7903.H 940,13CNMRmtablel 

14a-Hydroxy-5~-cbolest-7-eoe-3,6-dtone (17) 

The compound 16 (100 0 mg. 0 24 mmol) was dwolvcd m ethyl acetate. Hydmgcuauon was conducted over palladium (5%) 

on acuvatcd charcoal (20 0 mg) at room temperature and atmosphertc pressure dunng 1 hour The soluuon was fiked and 

evaporated to dtyness to gtve 14a-hydroxy-5~tholest-7ene-3,6&one (17). 98 mg (98%) 

17 Mp 172-174T , [alDu + 75 (c = 0 92) , UV I,,,= (CH3CN) 194 nm (E = 11800). 243 nm (E = 14700) , IR v 

(cm-l) 3502.2964 , 1720 , 1643 , 1462 , 1378 , 1318 , 1253 , hi NMR 200 MHz (CDCl3) 6 0 71 (s, 3H. H-18) , 0 87 (d, J 

= 6 52 Hz, 6H, H-2627) , 0 93 (d, J = 6 22 Hz, 3H. H-21) , 109 (s, 3H, H-19) ,3 27 (bt. wtn = 20 0 Hz, lH, H-9). 5 87 (d, J = 

2 18 HZ, 1H. H-7) , SM m/z 414 (87 3) (M+. C27H42O3) , 386 (67 6) , 234 (76 2) , 232 (79 7) , 231 (100 0) , 

Mtcroannlysts talc for C27H42O3 (414 6258) C 78 21 , H 10 21 . found C 77 90 ; H 10 14 , 13C NMR UI table 1 

[1,2-2H2]-14a-Hydroxy-58_eholest-7-ene-3,6-dtone (17’) 

The proccdum described above, u&r deutcnum atmosphere (1 Atm pressure, wuh 7 5 mg of 14c-Hydmxy-5~cholcsta-1,7- 

&cue-3,6dionc (16)). gave [l,2-2H2]-14a-hydruxy-5@cholest-7-cue-3,6-dmne (17’) qoantttatwely (1009b) 

17’ *H NMR 200 MHz (CDCl3) 6 = 0 71 (s, 3H. H-18) , 0 87 (d, J = 6.52 Hz, 6H. H-26,27) , 0 93 (d. J = 6 22 Hz, 3H, 

H-21) , 109 (s, 3H. H-19) , 3 27 (I%. wIR = 20 0 Hz, lH, H-9) ,5 87 (d. J = 2 18 Hz, lH, H-7) ,2H NMR 614 MHz (CHC13) 

6 1 52 (b, w~/~ = 10 1 Hz, 1D. D-1) , 2 33 (b, wl12 = 12 3 Hz, lD, D-2) , SM m/z 417 (17 9) , 416 (56 7) (M+, 

C27H4003D2). 415 (45 5). 389 (17 0). 388 (516) ,236 (49 1) ,235 (618). 234 (63 5). 233 (100 0) ,232 (62 8), 174 (20 8) , 

161 (29 1) 

11,2-2H21-3a,14a-Dthydroxy-5B_ebolest-7-en-6-one (19) 

To a s~hmou of f1,2-2H21-14a-hydruxy-5pcholest-7-ene-3,6-dtone (17’) (2 0 mg. 4 8 mmol) m methanol (1 ml) was added 

2 0 mg Of scdmm borohydruk The mixture was sturcd 5 mmutcs. then 1 ml of water WBP at&%% Extracttoo with e&er gave pllre 

[l,2-2H2]-3a,14adthydroxy-5~cholest-7-en-6-one (19). 1 5 mg (75 %) 

19 lH NMR 200 MHz (CDCl3) 8 0 68 (s. 3H. H-18) , 0 87 (d, J = 6 51 Hz, 6H. H-26,27) , 0 93 (d, J E 6 45 Hz, 3H, 

H-21) . l 23 (s. 3H. H-19) $3 18 @t. wl~ = 20 0 Hz. IH, H-9) ,3 66 (td. J = 10 78 et 3 53 Hz, 1H. H-3). 5 87 (d, J = 2 45 Hz, 

lH. H-7). SM m/z 418 (219) (M+, C27H4203D2). 400 (412) > 399 (25 0). 390 (45 8). 389 (26.8) ,372 (28 7). 235 (264). 

217 (21 7) 

[1,2-3H2]-14a-Hydroxy-S~-cbolest-7-ene-3,6-dione (17”) 

Theprocedllredescnbedabove-camedoutllndaamttlrmarmosphaeutheCEA(Sachy) 

Compound 16 (2 5 mg, 8 0 funol) was dtssolved m ethyl acetate (2 ml) Tnttauon (tnuum gas 0 67 TBq, 20 CI) was 

conducted (vm a Tuepler pump) over paUadmm (5%) on wwated charcoal (4 0 mg) at mum temperature and at 500 mmHg pmswre 
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durmg 40 mn The soluhon was filtered and evaporated to dryness The latule muum was ehnunated by dllutton m methanol and 

evaporauon, twxe The compound 17” (6 9 GBq, 186 mC1) was obtamed with a radmchemical punty about 96% by High 

Performance Llquul Cluomamgraphy (HPLC, sdax column, hexane&hyl acetate 77123) The analyucal tie-chromatography was 

made on an reverse phase column m analyucal HPLC (C-18 ODS, methanol/watex 90/10) 

17” +I NMR 320 MHZ (Brukez C300, lH decoupled) (DMSO) 8 143 (d, J = 163 Hz, IT. T-l), 2 14 (d, J = 163 Hz, 

IT, T-2) , SM (Fmmgan 4600. DCI/NI$) m/z 436 (29 6) ([M+NH#, C27H4003T2 + NH3) ,434 (13 5) ,432 (19) , Spec~fk 

actwity 1 74 TBq/mmol (47 Cl/mmol) 
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