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Summary-In previous studias we have cJwactetied the last steps of the biosynthetic pathway of 
the insect moutttng hormone eozfysone. We are now extending our stucfies to the early steps and 
have postulated that 7dehydrocfwkaterol Is one of the sarliest precufsor molecules. To probe this 
hypothasis we have syntheskad this moleark, under trlttatad form wtth high spedffc actfvity (2 
TBqQnmol). We have devised an ownal pathway which Includes. as a last step, the tritlatbn at 
positions la and 2a. In a first series c4 lnvestlgations. we have demonstrated that injected 7- 
dehydrocholesteml was effklentty converted in tiw by the ovarfes of acfutt females of Lou&a 
migreforie into conjugated ecdysone and Pdeoxyeccfysona. In vitro inarbatlons of 7- 
dehyxfmcholesterol with a l.OCt@ supernatant of a follkk call homogenate have occasionnaly 
yieldedconversionratesintoecdyson,whichwereashighas10%. 

Introduction 
OH 

HO 

HO 

The development and the reproduction of 

insects are controlled by several hormones among 

which ecdysteroids play a key role. These are 

polyhydroxylated steroids which are synthesized in 

endocrine glands (namely prothoracic glands or 

homologous structures) during larval and pupal 

development. Their primary target tissue is the 

epidermis in which they control the molting cycles. 

In adult females of several insect species the follicle 

cells surrounding the oocytes synthesize 

ecdysteroidsl which am believed to control meiotic 

reinitiation* and some events of early embryonic 

devrtoprnent3. 

Insects, lfko the other Arthropods, ars unabb to synthesize de now sterols and rely upon a 

dietary source of these compounds for normaf growth and dsvobpment4. ft is now well established 

fiat the initial transformations Mding from a poorly oxyganatod sterol to ecdysteroids first occur on 

5305 



5306 
F.DaLeetd. 

the polycycle and namely on the B rings. They are folbwed by hydroxytations on the side chains*% 

We are at present investigating the early steps of Mosynthesis of ecdysone, the mother 

ecdysteroid which was also the ftrst to be isolated by Kartson and associates in 1954’. R has been 

repeatedly proposed that 7dehydrocholesterol is the earliest intermediate in the biosynthesis from 

cholesterol to ecdysbnes-1s. The unequivocal demonstration that 7dehydrocholesterol plays this 

role required experiments based on the use of a labelled compound in large quantities and at high 

specific activity. 

The synthesis of labelled 7-dehydrocholesterol had already been performed by several 

authors but under conditions which proved inappropriate for our studies. The label had firstly been 

introduced by the non-specific Wilzbach technique for the study of vitamin D. Low yields and very 

low specific activity (396MBq/mmolell) were obtained. Labelling had also been performed in 

similar studies by an early Vitiation of a double bond, followed by 3 or 4 reactions on the 

radioactive compounds. Such microscale reactions with radiolabelled compounds necessitated 

dilution with unlabelted material which markedly decreased both the specific activity and the final 

yield (6AGBq/mmolel2, 18.8GBq/mmolef3). Studies on a putative precursor role of 7- 

dehydrocholesterol in ecdysone biosynthesis were routinely based on the use of Vitiated 

cholesterol*.9 as starting material for labelled 7-dehydrocholesterol. This inevttably yielded low 

amounts of the expected material and necessitated tedious preparative conditions. 

The strategy which we propose in the present paper for the synthesis of labelled 7- 

dehydrocholesterol has not been described before. Our aims were to fulfill three requirements (1) 

synthesize the labelled molecule with a high specific activity; (2) Introduce the label at the very tast 

step of the chemical synthesis: (3) recover sufficient amounts of labelled compound to allow a 

reasonable number of experiments. We have introduced the radioactivity through Vitiation of 

double bond at the last step of the synthetic sequence and obtained a large quantity of tritiated 

material with a high specific activity. The key-step of our synthesis was the selective hydrogenation 

of a newly formed double bond without interfering with the diene of the B ring. 

Scheme 1 
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Synthesis of PH2-1,2]-7dehydrbolesterol 

Compound 4 was obtained by reacting unlabelled cholesterol @) with DDC (2,3dichloro-5,6- 
dicyano-1 ,Gbenroquinone)lt Dioxane was chosen as solvent because It dlssofved completely 

the benzoquinone (lSOg/l) but only very poorly the reduced hydroquinone (1.6g/l)15. An overall 

yield of 55% was obtained after crystallization of the pure ketotrlene 4. 

Addic treatment of 1 favoured the delocalisation of electrons in ring B leading to the formation 

of an enol which was trapped as acetate i by isopropenyl acetatets. A yield of 75% was obtained 

when working in very strict anhydrous conditions 

The reduction of the enol ester p was performed by reacting with calcium borohydrldel7. The 

temperature was maintained below -10% to avoid the sotvolysis of the hydridels. This reaction 

was stereo- and regioselective and gave compound fi with a yield of 65%. The configuration of the 

allylfc alcohol at C-3 was shown to be exclusively fX 

The selective reduction of the Al double bond in 6, without any reaction with the conjugated 

As.7 diene, had not been reported previously. As the positions C-l and C-2 are more accessible in 

the nucleus than the positions around the conjugated diene, we selected the Wilkinson catalyst 

[(PhsP)aRhClJ which is known to be highly sensitive to stenc hinderanceis. The best reaction 

conditions were in toluene, at room temperature, under a Hs atmosphere. The preferential 

reduction of the At double bond was indeed observed but it was followed to a considerably lesser 

degree by reduction of the As double bond. As a result, 7-dehydrocholesterol (2) was obtained 

together with lathosterol (,JJ in a ratio of 4/l when half of the starting material had been consumed. 

The separation of 7-dehydrocholesterol, lathosterol and the starting material was easify 

performed on a preparative silica gel column and also on preparative TLC. 

Our results suggested that an increased selectivff could be expected if the Ass7 diene was 

protected, which would lead to an increased hinderance in this part of the molecule obtained. We 

have therefore used the classical protection with 4-phenyl-1,2,4-trtazoline-3,&dione and obtained 

compound B with a high yield (92%)2o. 

Scheme 2 



The hydrogenation carried out under the same conditions as described above gave only 

small amounts of the desired compound g together with compound U. In all reaction conditions 

investigated, the selectfvity of the hydrogenation of the A1 double bond was tow as compared to 

that of the As double bond. Therefore, we have chosen to perform the Vitiation directly on 

compound 6. 

Before performing the actual trltiation, we have analysed the positions and the number of the 

hydrogens susceptible to be Introduced : for this purpose we have undertaken a deuteriation in the 

conditions which we anticipated to use for trftfation. 

1H NMR analysis of deuteriated 7dehydrocholesterol showed that two deuteriums had been 
introduced at posltfons C-l and C-2. The coupling constants of the proton at position G3a (&id, 

JW-HW and JH~PXH~UQ= 10.9Hz, J-H* = 4.55Hz. JD~~HW = very weak) were consistent with 

the incorporation of one deuterfum at position C-2a. As the Wllkfnson catatyst is highly sensitive to 

the sterfc hinderance, the second deutetium had probably been introduced at position C-la. *H 

NMR analysis corroborated the Introduction of two deuteriums (coupling constants of sH at Cl and 
at C2, 6 = 1.29 ppm, m. wf~ P 15H2, *H-l and 6 = 1.67 ppm, wf~ P 15H2, *H-2). The analysis by 

mass spectrometty of the reaction products gave the following proportions : without deuterium, 

17%; one deuterium, 7%: two deuterfums, 66%; three deuteriums, 3%: four deuteriums, 6%. 

Trftiation was performed at the Commissariat a I’Energie Atomique (Saclay, France). The 

ratio of irdehydrocholesterol to lathosterol under the conditions which are particular for Vitiation 

was l/l. The specific activity of irdehydrocholesterol was 2.2 TBqImmole. 

Conversion studies of 7dehydrocholesterol to ecdysone 

Conversion of trftiated irdehydrocholesterol by ovaries of female adults of Locusta. 

Adult females were isolated at the beginning of vitellogenesis. They received a daily injection 

of 37kBq of Vitiated 7-dehydrocholesterol over a lo-day period which allowed the progression of 

three successive cycles of oocyte maturation. Consequently, several egg-pods were produced by 

these females and were collected immediately after egg-laying, homogenized in ethanol and the 

extracts were subjected to the analysis of their steroid content. Eventually, after the third egg-laying, 

the adult insects were homogenized in ethanol and their steroids were extracted. The figures of the 

radioactivity present in the egg-pods and in the adult females showed that approximatively 50% of 

the label had been transferred from the females into their eggs. The extracts of the steroids present 

in the egg pods were partitioned between hexane and ethanol and the ethanol phase was 

subjected to thin layer chromatography. Highly polar compounds were eluted from the thin layer 

plates and submitted to enzymatic hydrolysis. The hydrolysate was further subjected to reversed 

phase HPLC. Radioactive compounds were observed to co-elute in HPLC in our conditions with 

reference ecdysone and 2-deoxyecdysone. The presumed radioactive ecdysone and 2- 

deoxyecdysone were therefore subjected to co-acetylation with reference molecules : the profiles 

obtained for the various acetates were similar for the radioactive compounds and the references, 

which established the identity of radioactive ecdysone and 2-deoxyecdysone as conversion 

products of Vitiated 7dehydrocholesterol in adult females. Conversion rates were variable in these 
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experiments; the highest rate was 3% for ecdysone and 1% of 2deoxyecdysone (of the total 

radioactivity recovered tim the eggs). The analysis of the hexane phase showed the presence of 

large amounts of cholesterol and of unconverted 7dehydnMobsterol. 
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Fiiure 1 : cOmfersh~ of tritiatod 7v by1OOOgsupematsntoffofliclecell~enate8ofLoarsra 

m@atotia. Radii~togram of the HPLC wparath of the efhanok extract on a RP C-18 column by a gradient of 

0 to 100% methanol in water in 30 min. 2004-E, E, 2-M. 2,224X, K, 7-DH : mi~ralion of reference 20-hydmxyecdy- 

sow ecdysone. 2deoxyeaiysone, 222&hoxyecdysone, kelodbl, 7dehydrocholesteml. 
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FRACTIONS 

Fiure 2 : Radii~ram of the HPLC sepw&~ of the coqwnd coink@ng wlfh reference ecdysone In figure 1. 

injected together with reference molecules on a RP C-13 cofunn; iaocratk ehdon with a fMhard-water W55 VW 

sobent system. 20-OH-E, E : migration of reference 20-hvdmxwafysone, ecdwe 
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Incubation of folliie cells with Vitiated 7dehvdtocholesterol 

Follicle cells were separated from 156 terminal oocytes of vitellogenic females (terminal 

oocytes length 5.3 to 5.7mm cf. 21). and incubated for 6h with 165kBq (0.06uM) of 7- 

dehydrocholesterol. An aliquot of the incubation medium was coinjected with reference 

ecdysteroids into a reversed phase HPLC. Numerous labelled compounds were apparent in these 

conditions; none of them corresponded to cholesterol or to any known ecdysteroid. This experiment 

was repeated several times with the same negattve result. 

40 
FRACTIONS 

60 

Fgure 3 : C~~etytation of reference ealysone with the fraction co-ehdng with ecdysone. Separation of acetates 

on a RP C-18 column; iswatk elutlon with a methanol-water (6/4 v/v) solvent Sy6tem.H UV absorbance; 

q rdoxtivity measurements of aliiuots of each fraction. 

Conversion studies with Vitiated 7-dehydrocholesterol in a 1OOOg supernatant of follicle cell 

homogenates prepared from follicle cells. 

Follicle cells were prepared as above in roughly equivalent amounts per experiment, and 

served for the preparation of 1OOOg surpernatants (see Experimental). Supernatants were 

incubated for 1.5h at 37OC under shaking with 55kBq (0.02~4 of 7-dehydrocholesterol in the 

presence of NADPH. The methanolic extract of the incubation medium was injected into a reversed 

phase HPLC and eluted by a methanolMater gradient (fig 1). Some radioactivity clearly co-eluted 

with reference ecdysone. This presumed radioactive ecdysone was rechromatographed in isocratic 

conditions (fig 2): the labelled material coeluted with reference ecdysone. The fractions containing 

the Vitiated compound were subjected to co-acetylation with unlabelled ecdysone and, as shown in 

fig 3, profiles of the various acetates were similar for the radioactive compound and the reference. 

This result established the identity of radioactive ecdysone as a conversion product of Vitiated 7- 

dehydrocholesterol in a 1OOOg supernatant of follicle cells. The identities of radioactive 2- 

deoxyecdysone and 20-hydroxyecdysone were established by the same protocol. Several 

experiments were run with irregular conversion rates. In some cases, up to 10% of the radioactivity 

corresponded to ecdysone while in other experiments conversion to ecdysteroids was barely 
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detectable. We have never observed conversion of irdehydrocholesterol into cholesterol by 1OOOg 

supematants of follkk cell homogenates. 

Conclusion 

We have synthesized radiolabelled 7dehydrocholesterol according to a novel strategy and 

obtained significant amounts of tritfated compound with a high specific activity. This compound is 

very efficiently converted to ecdysone and other ecdysteroids in follicle cell homogenates (1 OOOg 

supematant) of vitelbgenic females of Locusfa. These cells are an established site of ecdysone 

biosynthesis and the efficient conversion of 7-dehydrocholesterol potentially opens new 

possibilities for the elucidation of the early steps of ecdysone biosynthesis. 

Experimental 

Meiifng points were measured on a Rekherl hol stage mknxope and are uncorrected. [a]0 were measured on a 

Peddn-Elmer 141 poiarfnwter in CHCS. IR spectra were recorded In KBr on a Perkin-Eimer fnfrared spectmphotometer. 

UV spectra were measured on a Kontron-Uvfkon 810 UV-via spedrophotometer. NMR spedra were recorded on 

Brucker SY (200 MM) afpralus with CHCcj (8 - 7.28 ppn) as internal standard for 1H NMR, CDCg (6 = 77.02 ppm) as 

internal standard for 13c NMR and CHCi3 (6 - 7.28 ppm) as internal standard for 2H NMR. The chemical shifts are 

reported in ppm dowWeld from TMS (“. 0. l , A or X - interchangeabfe asaignement). MS were measured on a LKB 9090 

SapparatusbyBrecti WoduUion, or coup&d to a GC (OV-1 column); an ioniration potentlai of 70 eV was used. 

Mkmanafyses were performed by the Slmsbourg Division of the Service Centrai de Mkmanafyse of CNRS. TLC were 

run On pm-COaled p&l&S 04 silka gel 60 F 254 (Merck), dipped in a soiution of vaniiiin (1 g) in ElOi-Wf2SC4 (9561 I) and 

heated on a hot pkle to reveal the compounds. Medium pressure chromatography (P - 0.3 - 0.7 bars) was conducied 

on silica gel (40 - 63 mm, Merck) coiumns. Radioectfvlty has been determined with an Kontron Betamatic V counter 

(equipped with external standards). Ail soivents were freshiy distiiied before use. Air- or moisture- sensitive reactions 

were conducted in flame-dried glassware. 

1,4,8-Cholestatrirn-3-one (4) 

A dloxane sofution (180 ml) contalnlng 9 (5.22 g, 13.5 mrnoi) and DDQ (2,3-cfchbro-5.8 dkyano-benzoquinone, 

10.75 g, 47.3 nunoi, 3.5 eq.) was refiuxed for 8 h. After 8ftraUon of the hydmgulnone, the solution was washed with aq. 

NaOH 1% soiulfon and fxfne, dried with sodum suffate and fiftered. The solution was concentrated to dryness under 

reduced pressure. Crystaifizatiin from acetone gave 1,4,8&oiestatrlen-3-one (4) 2.87 g (55%). 

~g 8889X (ti8.16 mp 88-890~) ; [a]bf9 - - 10 (c I 27.5) ; UV A,,,= (Cl-&N) - 299 nm, E = 13900 ( little k,,,,,(EtCti) 

- 300 nm, e = 13400) : IR v (cm-l) : 2940,1800,1580,1470.1390,1290,890,775,700 ; NMR 1H 8 : 0.79 (s.3f-L f-f- 

18); 0.87 (d. J - 8.13 Hz. 8H, H-28,27); 0.92 (d. J - 5.47 Hz, 3H, H-21); 1.20 (8,3H, H-19); 8.04 (d. J - 14.49 Hz, 2H, H- 

8,7); 8.22 ( m. wlR - 10.0 Hz, lH, H-4); 8.28 (m, wlR = 7.5 Hz. IH, H-2): 7.10 (d, J - 10.15 Hz, IH. H-l) ; NYR ‘k 8 : 

11.9 (CH3-18); 18.5 (CH3-21); 20.8 (CH8-19): 21.8 (CH2-1 I); 22.4. (CH3-28); 22.9’ (CH3-27); 23.7 (CH2-23); 23.8’ 

(CH2-15); 27.9# (CH-25); 28.0’ (CH2-18); 35.7 (W-20); 38.0’ (CH2-12); 38.0’ (CH2-22); 38.1 (CH-8); 39.4 (C&-24); 

41 .I (C-10); 42.9 (C-13); 48.3 (CH-14); 53.8 (CH-9); 55.9 (CH-17); 123.8 (CA); 128.8 (CH-5); 127.4 (CH-2); 128.0 (CH- 
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8): 138.6 (Q-l-7); 152.8 (Cfi-I): 186.2 (C3) ; Iys IWZ : 380 (62.2) (M+*r&7 HM 0), 364 (12.4), 247 (67.9). 172 (50.2). 

159 (53.7), IS8 (50.11, 147 (46.6). 134 (47.8), 133 (53.6). 121 (45.6). to7 (46.1) ; 8lwawyw : mf~.for~H~O 

(380.6120) C: 85.20 ; H: 10.59, fuund C: 85.26 ; H: 10.73. 

3-Acrtoxy-choloat&l.3,5,7-twrm u] 

A mixture of u) (1 .OO g. 264 nxn&), p-to&en-saitpfx& acid (558 mg, 2.92 mmaf, 1.1 eq.) in butyf-acetate (12 q 

and isopmpenyl-acetate (I 1 ml, 38 fq.) WBB Mfuxed for 8 h. The bufyl-acetate &don was washed with water and 

bffne. dried w&h sodium s&fate end ffitered. ihe sotutfon was concentrated to dryness under reduced pressure. 

Cvstaflzatbn from acatone gaw, 3-arstoxy&olesta-1 B,S,I-tetreen (!U as yelfow needles 651 mg (75%). 

lup 122-125 “C (Mt.16 122-124% ) ; [abt9 --519(~~16,5);W~(CH3CN]-388nn,r~9000and~nm,t~ 

11500 : fR v (an-‘) : 66S. 930,1140,1200.1370, IBM), 1760,296O ; NWI ‘H 5 : 0.66 (s,3ti, H-18); 0.79 (I, 3H, H- 

19): 0.88 (d, J = 6.55 Hz, 6&t, H-26.27); 0.95 (d. J I 6.21 Hz, lH, H-21); 5.89 fm, wlR I 10.0 fizr, I-H, H-T); 5.86 to 6.04 

@IMP, 4H, H-l ,2,4,6.) ; NMR 13C 6 : 12.1 (CH3-18); 18.9 (CH3-2’); 21.1 (CH@): 21.8 (CH2-11); 22.9’ (CH3-26); 

22.9’ (CH#‘); 22.9 (C&-?5); 23.9 (Cf+23); 28.1 (C&-16); 28.1 (CH-25); 36.2 (CH-20); 36.2 (C&-22); 38.6 (C-10); 

39.2 (CH2-12); 39.6 (w-24); 41.9 (CH-14): 41.9 (CH3-21); 44.0 (C-13); 55.1 (Cl-l-V); 56.1 ((X+17); 115.4* (CH-7): 

117.fP (CH-6); 12020 (cli-4): 122.94 (Cl-f-2); 134.90 (CH-1); 137s (C-6); 133.-r (C-5); 144.7 &-3); 189.1 [C-l’) ; hts 

nrh : 422 (19.5) CM++9 H42 02). 360 (43.3), 362 (60.4). 172 (27.0), 171 (31.2), 157 (40.5), 155 (62.1), 133 (34.l), 

121(~.3),ylc~:oalc.for~H~~(422.3588) C:M.47;H:10.02,found C:82.36;H:l0.15, 

1 ,S,7-Choleatet~en-3B~l (p1 

AsoWonofthecnrdeacellm,QU(l.75g,4.15Mnol)kre(trer(l00mi)wasadded~at-lOOCtoa~ 

sokrtkMdcaldumbarohydrldeInetnand-mettrand~~at-76OChwnscKPum kwdrydrMe (2.8 g) in ethanol (50 

ml)andcaidumctrbrick,(S~g)inmethanol(50mr)l.~emMwewasstinedet-lOOCkxSh.andskwedto~ 

AReradditbnot50$6acatlcaddEoBg90~theresu#tngpradpltata,the~was axttacted with ether. The extract 

was washed WfuI aq. sodium hydrcgen-cartxmate. wxter and &fed with so&m eutiate. The ether w88 evaporated to 

dfyness under mduced possum. The resklre was chromatogqhed on sika gef. El&Ion with hexanelether 9/l gave 

1‘5.7~~~~~~ @ 1.85 g {94 %) 

Mp 128-129 Oc ; [a]DlQ = -121 (c I 12.5) : W I,,,= (CH&N) : 275 nm (8900) and 285 nm @MO) ; IR v (ad): 3420, 

2950,1470,1390,1320.1040,640,579 ; NMR ‘fl5 : 0.62 (s, 3H, H-18); 0.87 (d, J - 6.48 Hz, 6Ji, H-26.27); 0.93 (d, 

J - 6.33 Hz. 3H, H-21): 1.00 (s, 3H. H-19); 4.30 (m. wla I 20.0 Hz. IH, H-3); 5.46 (m, WAR - 10.0 Hz. 1H, H-f); 5.64 

(m, IH, H-6”); 5.70 (b, 2H, H-1.2) ; NMFt ‘3C S : 11.9 (CHg-18); 18.2 (CH3-IV): 18.9 (CH3-21); 21.0 (CH2-It); 231 

((X2-23); 22.6. (CH3-27); 22.9* (CH3-26); 23.1 (C&15); 28.0 (C&-16); 28.0 (CH-25); 36.2 (CH2-22); 36.2 (CH-26): 

38.6 (c-10); 39.1 (CH2-12); 39@ (CH2-4) ; 3S.gt (C&24); 42.9 (C-13); 43.3 (cKl4); S4.6 (CH-9); 56.0 (CH-17); 68.9 

(CH-3); 116.8’ (CH-7); 119.5’ (CH-8); 130.2’ (CH-2); 136.3. (@f-l); 137.9 (C-6); 143.0 (C-5) ; MS nVz : 382 (22.4) 

fM+C27 H42 0). 364 (15.9). 349 (l8.9). 339 (8.5), 141 (100.0) ; Mkl’oanetyS# : caic. for C27 H42 0 (382.3578) C: 

84.82:H:11.07.foundC:84.73;H:11.12. 

5,7-CholestrUlon-3B91 W.Catalytkic hydrogenation ot 1,5.7-chotestatrien-38ot 0 with chloro(trtphenyt- 

phosf&ine) modkrm. 

The compound ui) (100 mg. 0.26 rnrnol) was dissolved in toluerM (8 ml). Hydrogenatkn was conducted over 

fPh3Pf3RhCI (100 rr~) at mom temperature durfng 2 h. After f%xmhg the sohrent urxfer reduced pmssure, the 
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realdue was chromatographed on aitlca gel. Etutbn with hexane/ethyl acetate 9515 gave a mhdure of 1.5,7- 

cholestatrten-3gol (@ 45 mg, 5.7-chobaMM-35 +I(?) 45 mg (45 %) and 7chobsten35ol(L) 5 mg (5%). The 

Separetkn of the two txoducb of the reactton haa been made on TtC. on eitica gel lmpreqtated with ehver nitrate 

(etutton with hexanebthyl acetate 6I4). 

(2) NYR’H 8 : 0.62 (a, 3H. H-18); 0.87 (d. J - 6.49 HZ, 6H, H-26,27); 0.93 (d, J - 6.14 Hz, 3H, H-21); 0.94 (a, 3H, 

H-19); 3.64 (m, wlR = 25.0 Hx, lH, H-3); 5.36 (m, wlR - 10.0 Hz. lH, H-7); 5.57 (m, wlR = 10.0 Hz, IH, H-V) ; NMR 

13C 6 : 11.6 (CH3-16); 16.3 (CH3-19); 16.9 (CH3-21); 21.2 (CH2-1 1); 22.7. (CH3-27); 22.6’ (CH3-26); 23.0 (Cti2-15); 

23.9 (Ct+$$ 28.0 (Cl+25); 28.1 (CH2-16); 32.0’ (CH2-2); 36.2 (CH2-22): 36.2 (CK20); 37.0 (C-10); 36.4 (CH2-4); 

39.2 (Ct+-12); 39.5 (Ct++); 40.6. (Ct+-1); 43.0 (C-13): 46.3 (CH-14); 54.5 (CH-9); 55.9 (CH-17); 70.5 (W-3); 116.3’ 

(CK7); 119.6” (CH-6); 139.8 (C-6); 141.4 (C-5). 

(u Nm ‘H 6 : OS3 (s, 3H, H-18); 0.79 (8,3H, 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,wt2=25.0tk,lH, H-3);5.16(m,wlR=6.7M, lH.H-7). 

11 ,2-2H21-5,7-Cholostadlrn-3gol (21) Catalytic deuteratlon of 1,5.7-cholestatrien-35-01 (8) with 

chbro(tdphenyl-phoapMe) rhcUum. 

Theprevbu@ydesalbed procedure wae canted out, under deutertum atmosphere (with 100 mg ot chobata-1,5.7- 

tden-J&ol O). EMbn wlvl hexarWethyl acetate S5/5 gave a nMxtura ot 1,5,7&obetaubn3fM 40 mg. [l @t+J-5,7- 

chOtestadien-3P-olW 46 mg (48 %) and (1 .2,5,6-2H4)-7cholesten-35-ol (r) 7 mg (7 %). The eeparaW of the two 

products of the reaction haa been made by TLC, on s&a gel tmgmgnated whh silver nitrate (elution with tobene/ethyi 

acetate 6/4). 

(r) NM ‘H 400 -6 : 0.62 (8, 3H. H-16); 0.87 (d, J = 6.4S Hz, 6H, H-26,27); 0.93 (d, J - 6.14 Hz, 3H, H-21); 

0.94 (8,3H. H-19); 3.56 (ddd, J = 10.86 Hz et J = 4.55 Hz. IH. H-3); 5.39 (m, wlR = 10.0 Hz, lH, H-T); 5.57 (m, wtR - 

10.0 Hz. lH, He) ; NMR 2H 61.4 MHx 6 : 1.29 (m. w1~ = 15.0 Hz. 12H, 2H-1); 1.97 (m, wlR = 15.0 Hz, 12H, 2H-2) ; 

MS ~JVZ : 386 (92.1) (M+a C2+-t4202H2) 387 (31.8) 354 (20.8) 353 (lOO.O), 160 (25.6). 147 (27.0) 145 (29.4) 119 

(22.9). 

(r) NMR ‘H 6 : 0.53 (s, 3H, H-18); 0.66 (d. J = 6.56 Hz, 6H, H-26,27); 0.79 (8,3H. H-19); 0.94 (d, J = 5.97 Hz, 3H, 

H-21); 3.64 (m. wla = 25.0 Hz, lH, H-3); 5.16 (m, wtR - 6.7 Hz, lH, H-7) ; NW3 2H 61.4 NHx 6 : 1.06 (m, wlR - 15.0 

Hz, 12H, 2t+l’); 1.36 (m, wlR = 15.0 Hz, 12H, 2H-5’); 1.79 (m, wlR - 15.0 Hz, 22H, 2H-2,6) ; MS nVz : 390 (100.0) (Mf 

C27H42C2H4) 391 (32.0) 375 (24.9), 276 (11.8), 259 (43.6). 

[1,2-3H2]-5,7-Cholostsdkn-3gol m Catalytic tritiaUon of 1,5,7-chobetatrten-35-ol c8) with chloro(triphenyl- 

phoephine) rhodium. 

The PIevkuSly descrii procedure wae carried out, under tritlum atmosphere. at the C.E.A. (Sactay). Tritiated 7- 

dehydmchobsterol (II ,2-3H2]-5,7chobslad~3~~l) (r) wae obtained over 50% yield atter pMkatton on eitlca gel 

impregnated with silver nitrate. 

QpeMk scttvtty : 60 CUmmot (2.2 TBq Imrnot). 

5a,8a-(4-phenyl-l,2-urazoto)-l,6-Cholestadlen-35-oI (g) 

1,5,7-Choteetatrbn35-ol@) (170 mg, 0,45 mm9 was dtwohed In CH2Ct2 (4 ml) and Cphenyt-1,2.4-trtaxoYne-3,5- 

done was added tn smatl portions (SO mg. 0.49 nunot. 1 .l eq.) until &charge ot the red cobr terninated. Atter sttntng 

tar 1 h. at mom temperature, the sotvent was evaporated. The residue was chnnnatogr@ed on sit&a gel. EtuSon with 
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hexaWeth@ acetate 6!2 gave 5a#a-(4-@enyl-1,2urazob)-1,6=&~~ @) 226 mg (92 %)- 

[alD’g--39(c= 3.4);UV~,,(C~CN)-262nm,er3200(~~7~,,(~)-255nm,c~~);IRv(an.~): 

3440,2950.1~,1700,1500,1460,1040,750 ; NYR ‘H 5 : 0.61(8,3H, H-18); 0.66 (d, J - 8.63 Hz, BH, H-26.27); 

0.93 (d. J = 6.01 Hz, 3H, H-21); 1 .lO (8, M, H-19); 2.2 fo 2.4 (b, 3H, H+. S, 14); 3.39 (dd. J = 7.6Q arxf J I 14.72, lH, 

H-44 ;5.07(m,wl~~20.0Hz;lH,H9);5.76@rs,w~~r5.0Ht,W.Kl~~;6.29(d,J~630Hr, 1H,H-?“);6.47(d,J 

- 8.30 Hz, lH, H-6’); 7.34 (b, 3H, H-1,2,3) ; NMR 1% S : 12.9 (CH3-16); 19.0 (CH3-19); 22.3’ (C&-26); 22.6. (CH, 

27); 22.6 (CH2-11): 22.6 (CH3-21); 23.2 (CH2’15); 23.7 (C&-23); 27.5 (C&16); 26.0 (Cfi-25); 33.6 (CH+): 35.2 (CH- 

20); 35.9 (CH2-22); 36.3 (CH2-12); 39.5 (CH2’24); 43.2 (C-10); 44.0 (C-13); 49.2 (CM-14); 51.6 (CWS); 65.5 (CH-17); 

64.6 (C-5): 64.6 (CH-3); 65.F (C-6); t26.29 (CM]; 127&’ (CH-7); 126.2’ (W-9); 12E.Bt (CH-6‘); 130.0 (CH-2); 131.9 

(C-6’): 135.1 (CH-7’); 135.4 (CH-1); 146.1A(G3’); 148.7” (C-5’) ; MS m’z : 559 (0.3) (m+, C, H4’ 03 N& 667 (14,406 

(1.21‘362 (22.8), 364 (10.2), 349 (11.4), 141) (25.4). 141 (33.6) ; Mkmmdy8ls : cak. for Cm Ii47 0, N3 (559.7743) 

C: 75.37 ; H: 6.49, found C: 75.24 ; H: 6.53. 

Sa,8a-(4-phe~yl-l,2-ur8zolo)~8-CRole~8en-3B_ot (8) 

The cuumpound cg) was prepared a8 described for (8) using 4-phenyC1,2,4-friazofint-3,5-dicne (35 mg, 0.20 

mm09 and ccmmerbal5,7&olestadfe~3gol(70 m@, 0.16 mm@. The resf&e was ~~~~~ on 8iIca ~81. 

EMon wtth hexane/ethyt acetate 6/2 gave 6&c&Me~6&6a-(4-pheshenyCl,2~raWo)-3&ol@) S3 mg (91%). 

NMR ‘H (I : 0.60 (8,3H, H-16); 0.66 (d, J - 6.68 Hz, 6H, H-28,27); 0.93 (d, J - 6.16 Hz. 3H. K21); 0.97 (8,3H, H-19); 

2.2to 2.4(b, 3H, H-4&9,14);3.16{dd, J - 4.26anrf J I 14.41, lH, H4a); 4.46 (m, wlR = 2O.Ofiz; lH, H-3&6.23 (d, J 

= 6.34 HZ. lH, H-P): 6.41 (d, J -8.34 HZ, lH, H-80); 7.34 (b, 3H, H-1,2,3) ; NMR ‘% 6 : 13.0 (CH3-16) ; 19.0 (CH3-19); 

22.5. (CH3-26); 228 (CHg27); 22.6 (CH2-11); 22.6 (CH3-21); 23.3 (CH2_15); 23.7 (CHy23); 275 (CH2-16); 26.0 (CH- 

26); 29.1” (CH2-1); 34.3 (C-4); 34.8* (f&-O): 35.3 (CH-20); 35.9 (CH2-22); 36.3 (Ct+-12); 3S.5 (CH2-24); 41.3 (C-10); 

44.0 (C-13); 49.3 (W-14); 53.0 (CH-Q); 55.2 (CH-17); 66.1’ (C-5); 67.3’ (C-6); 67.4 (CH-3); 126.p (CH-6): 127.W (CH- 

7); 126.C &H-Q’); 129.1” (@I+‘): 131.9 (C-6’); 135.7A (CH-7”); 146.l#(G3’); l46.#(C_57. 

CaWytlc reductlcn of the cyclmdduct (8) wlth chloro(trlp~anylp~8phln~) rhodlUttI 

The coumpcund @)(2CtO mg, 0.38 mmol) was dlseclved in toiuene (5 ml). Hydmgenatkm was conducted Over 

(Ph3P)3RhCI (200 rng) at rwm Mqwature during 2 h. The solvent was then removed under reduced pressure. The 

residue was ~rn~~~h~ on silica gel. EMion with hexa~/~~ acetate fU2 gave ~,~-(~~e~-l,2-uraZdof- 

choiest-3~ol uz) 190 rng (94 %). 

NWR jH 6 : 0.63 (s, 3H, H-18); 0.66 (d, J I 6.63 Hz, 6H. H-26.27); OS1 (d, J I 6.46 Hz, 3H, H-21); 1.10 (8,3H. H-19); 

2.2 to 2.4 (b, 3H, H-S& 9, 14); 2.74 (W. J I 4.10 and J I 14.21, lH, H-4@; 4.58 (m, wla - 20.0 Hz; lH, H-3); 7.34 (b, 

3H, H-1,2.3) ; NMR ‘3C 8 : 14.0 (CH3-16); 17.7 (CH3-19); 22.5 (CH2-11); 22.6 (CH3-21); 23.1 (CH2-16): 23.1’ (CH3 

26): 23.1’ (C&27); 23.6 (CH2-23); 27.1 (C-4); 26.0 (Cfi2-16) : 26.5 (CH-26); 31.5 (CH2-1); 36.8 (CM-20); 35.9O (CH2- 

22); 37.4O (C&2); 38.20 (CH2-6); 36.2 (C&12) : 36.4” (CH2-7); 39.4” jCfi2-24); 41.6 (C-10): 43.6 (c-13); 50.5 (CH- 

14); 53.6 (CH-9); 55.7 (CH-17); 63.8’ (C-5); 64.6’ (C-6); 67.6 (CH3); 126.4” (CH-9’); i26.5A (CH-6): 131.9 (C-6’); 133.0 

(CH-7’); f44.SX (C-3’); 146.8f (C-f?). 

lnjectlon technlquor 

The &belled compound in soMicn in ethanol was diluted wfth aqueous Ringer solutfon to a fiMl oDncemratk~ of 

1Y. in ethanol. 10 pl of thls solution containing 165 keq of 7dehydrocholesleml were Injected tnto the females twice a 
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In wltru teohnlquea 

All dbsectbns were performed under sterlb condltbns in a lambar flow hood (Mecaplex). The exdsed tissues 

were repeatedfy &wed In Landureau’s medlumlo and transferred into inwbatbn vials. The kubatbn SWerepffOrmed 

in Landumeu’s medtum contdnlng ethanol at a final axxxntraUon of 1% necessary to cBssolve the labs&d precursor. 

lnarabgtbns~cankdoutatatempendumof330Cwithgectlesha#rrgand~edlor18h. 

Subcollular Incubation 

The follicle eels were suepe~M in freshly prepared 1OOmM phosphate krffer, pH 7.4 containing 0.1% bovine 

serum atbumlne. 1 mkt mercqttxthand, 15% eucnxe and homo@zed in a Teflon-glass Potter-Evehjem homogenized 

in the same Mter. The homogenate was centrlluged at 1 OOOg for 10mln. AU op&atbno were canfed out al 04%. To 

~lofsupematantwereadded3~of~ethandcontalnlngthelabeled~r,50IJolaNADHsokrtkn(mM), 

50 pl of bo&rate sobtlon ( mMy me soluMzation of the trltkled molecule was sheched before and after incubation. 

lncubatknwascanledart~atemperehm,d3PCwithgentlesha#~lorl.5h. 

Extnctlon and purlfkatlon 

The tissues wem homogenized In 95% ethanol. After centrihqjation. the pellet was m-extracted repeatedly with 

95% ethanol. The combined supsmatants were partboned wfth hexane. The ethanol phase was deposited on sllba gsl 

plates (hfefck, HF 254.0.25mm) which were developad hwce in a chbmform+thanoI (4:1, v/v) scfvenl system. The plates 

wem scanned for radioactivity with a Berthold scanner. and the dltterent lab&d conpounds were scraped otl and 

extraded horn the silica gel with 95% ethanol. These conpou&, drfeduMernbogenfbwwemrecSssoh@dettherIna 

buffer for emymatic hydtofysls or in methanol for HPLC ana@ls. 

For kfentffbatbn, the labelled compounds were purffled by coinjedbn with reference substances into a C-18 

rwersed phase HPLC column (Merck, Uchrosorb, lOfun; length 25 cm; Ld. 4rm1). Two types of solvent system were 

used. (1) a 30 min gradient from 0 to 100% methanol in water (v/v) bocratb system for the compounds which Co-migrate 

with Odeoxyeafysone, ecdysone or 20-hydroxyecdysone. The fbw rate was 1 mUmin. Fractions of 500 pl were 

collected. Elution of reference substances was monitored hy U.V. abaorpttbn af 254 nm (Waters Associates M440 

spectrometer). 

Enzymatic hydrolyalr 

Highly polar radioactive compounds presumed to be ecdysterokf conjugates were subjected to enzymatic 

hyrMysb with &glucumnk!ase (Signa) In a 50 mM acetate buffer (pH 5.3) af 37X for 18h under shting. 

Acrtylatlon 

The ldentlty of the labeyed ecdysterdds was uecerlained by co-acetylatkn with unlabeled reference molecubs in a 

mixture of 1 tIOf&l of anhydrous pyrknne and 50 ~II of acetb anhyddde for 1 h at mom temperature. The reaction was 

stoppedbyadditknof3~ofmethandandthehydrolysisofacetlcanhydr#ewasalbwedtoproceedforoM,nlgMat 

4°C. After daasbatlon of the r&turn under nitrogen flow the products were chrcmatographed by HPLC in a isocratfc 

solvent system (methanol-water 8/4. vhr for ecdysone acetates, 7/3. v/v for Pdeoxyecdysone and 111 v/v for 20- 

hydroxyecdysone). 
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