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Abstract - We have synthesized a tnihated form of 140-hydroxy-5B-cholest-7-ene-3,6-dione (5B-diketol) of high
specific activity (1 74 TBq/mmol) from 7-dehydrocholesterol in seven steps with stereoselecuve mtroduction of the
A/B cis nng junction as the key reacion We have examined the ability of endocrine glands (prothoracic glands) of
Locusta migratoria to use this molecule as a precursor of 3-dehydroecdysone and of ecdysone biosynthesis A very
efficient conversion of 5B-diketol to ecdysone and to 3-dehydroecdysone was momtored, which opens up new
possibilities for the understanding of the role of 3-dehydro-compounds 1n ecdysteroid biosynthesis

INTRODUCTION

Ecdysteroids represent a family of
polyhydroxylated steroids which serve as hormonal
messengers 1n sects The parent molecule, ecdysone
(1), which 15 mostly referred to as the molung and
metamorphosis hormone, was considered as the hormone
synthesized and secreted during postembryonic
development by endocrine glands (known as prothoracic
glands or homologous structures) Recently 1t has been
reported that, 1n some insect species, prothoracic glands
secrete 3-dehydroecdysone (2) in vitro 1in addition to
ecdysone (1)1.2 This molecule 1s rapidly reduced to
ecdysone by a hemolymph reductase which exclusively
reduces the keto group to 3[3-hydroxyl3 In ecdysone
biosynthesis investigations, 3-oxo compounds have never
been 1dentfied, but the precursors used for these studies
3-Dehydroecdysone 2 contained a C-3p hydroxy group*
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These data prompted us to undertake the
synthesis of 14a-hydroxy-5B-cholest-7-ene-3,6-dione
(17, 5B-diketol) 1n labelled form This molecule 1s related
to 58-ketodiol 3 (3B,14a-dihydroxy-5B-cholest-7-en-6-
one), which 1s a well established precursor 1n ecdysone

bxosynthe5155

The 1nstability of the A/B c1s ring junction (58-H configuration) due to the absence of a 2B-hydroxy
group 1n the target molecule and the opportunity for the stereoselective hydrogenation of the A% double bond
which will give the desired 58 configuration, led us to develop a novel route for the synthesis of 2-
deoxyecdysteroids

The strategy which we propose 1n the present paper for the synthes:s of labelled 5g-diketol 17 1s firstly
the hydrogenation of a A% double bond to give the A/B cis ring junction and secondly the labelling of the
molecule at the ]ast step by tritiation of a Al double bond.

SYNTHESIS OF 14a-HYDROXY-5B-CHOLEST-7-ENE-3,6-DIONE

The key compound of our synthesis 1s 5, which has all the structural features required to lead to the
target molecule 17 . 1) the A/B c1s ning junction 1s indispensable for the biological activity, 1) the A7 double bond
has two allylic sites C-6 and C-14 which can be efficiently oxidized to the conjugated hydroxy enone system; 111)
the A! double bond can be specifically reduced with triaum at the last step

It was likely that compound §
could be obtained readily from 4 by
selective reduction of A4 double bond
without any reaction on Al or A7
double bonds, as described by Rubin
and Armbrecht® (Scheme 1)

H Scheme 1

Thus we planned to synthesize compound 4 directly from 7-dehydrocholesterol (6) 1n a few steps
(Scheme 2) The dienone 7 15 obtamned by Oppenauer oxidation’ 1n good yreld (85%)

Scheme 2

Treatment of 7 with DDQ (2,3-d1chloro-5,6-d1cyano-benzoqumonc)sv9 n refluxing dioxan,
unfortunately produced the polyenone 8 1n 55% yield instead of the expected product 4

This compound 8 was also obtained during the attempted bromunation of 7 with tn-N-methylamilinium
perbromldelo due to spontaneous dehydrobromination
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We overcame this difficulty by using a longer synthetic pathway (Scheme 3) 7-Dehydrocholesteroi (6)
was easily reduced by catalytic hydrogenation with palladium on charcoal. Lathosterol (9), which was obtained
with a very good yield (overall 98%), was oxidized with PCC (pyndinium-chlorochromate) adsorbed on
alumnall This techmque 1s very convement because PCC can be easily eliminated by filtration and the yield
was particularly high (95% for compound 10) The ketone 10 was brominated with two equivalents of tri-N-
methylamlimum perbromude 1n THF at 0°C Recnistallization gave the pure dibromude in 64% yield The
dibromide 11 was fully charactenzed and the 1H NMR spectrum indicated that the bromine atoms occupied the
a posttions (!IH NMR 8 = 4 67 ppm, d, J = 13 2 Hz, 1H, H-4,5 and 8 = 4 87 ppm, dd, ] = 5 8 and 14 2 Hz,
1H, H-24) Dehydrobromination!2 1n refluxing DMF with LiBr and LiHCOj3 afforded the trienone 4 (90%)

—_— 4

Br Scheme 3

Compound 4 was submutted to the well described reduction® wath palladium on calcium carbonate 1n the
presence of quinoline and ethanol and afforded a mixture of 7, 10 and 12

It 1s clear that the Al double bond was first reduced, followed by reduction of the A% double bond which
gave the ketones 10 and 12 (Scheme 4). The A7 double bond never reacts under these conditions Simularly,
reduction with palladium on charcoal (with or without quinoline), with other catalysts and 1n vanous solvents,
led first to the hydrogenation of the Al double bond. A recent publication!? confirmed this disappointing result.

H Scheme 4

In consequence we have devised an onginal regio- and stereoselective synthetic pathway to obtain
compound § (Scheme 5)

Compound 7 was directly reduced to give the A/B c1s ring junction wath palladium on charcoal 1n a
muxture of aqueous NaOH 0 IN and ethanol (85%)!4-16 The reduction was regioselective, only the A4 double
bond being hydrogenated, and stereoselective, the junction of the A/B ring being 1n cis configuration (H in 58)
with 82% diastereoisomeric excess The A/B cis ring junction was confirmed by !H and 13C NMR (IH NMR
8 =099 ppm (CH3-19, cis), 8 = 1 01 ppm (CH3-19, trans), 13C NMR & = 23 5 ppm, 33 9 ppm and 420
ppm (C-19, C-9 and C-5 c1s), 8 = 125 ppm, 49 0 ppm and 43 0 ppm (C-19, C-9 and C-5 trans), For
references, see Table 1)

The bromination with tn-N-methylamhnium perbromide yielded the 2p bromodernivative 13 (80%)
Attempted recristallization of an aliquot from methanol/ether gave the bromo-ketal 14 The 1H NMR spectrum
indicated that the bromine atom occupied the 2f posinon ({HNMR . 8 =4 34 ppm, dd, J =4 5Hz and 130
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Hz, 1H, H-2,5x) The dehydrobromination was performed 1n refluxing DMF with LiBr and LiIHCO3 and gave

the enone 5 (80% yield)
Br
——— 1 3 ——
o) H o

Oxidation of the allyhc position C-6 in compound § was carned out 1n dry methylene chlonde using
freshly prepared!” CrO3/(pynidine), complex (Collins reagent), and the dienone 15 was obtained with a
moderate yield of 30% (Scheme 6) Oxidation in C-140 must be performed under strong conditions, because
the A/B c1s ning junction introduces a substantial stertic hindrance of the
face of the steroid Treatment of the dienone 15 1n refluxing dioxan with
10 equivalents of selenium dioxide!® afforded 1n a few minutes
compound 16 with a 75% yield. By carefully momtoring the reaction by
TLC, the formation of 14a-hydroxy-cholesta-1,4,7-triene-3,6-dione
(18, by-product) could be mmmized?-1%

Selective reduction of the Al double bond was performed wath palladium on charcoal and yielded the
expected compound 17 quantitatively The hindered A7 double bond has never been reduced 1n our expermmental
conditions

H Scheme 5

17 R=H
17'R=D
H o 17"R=T

Together with the mass spectrometric analysis, !H NMR spectrometry clearly demonstrated the reduction
of the Al double bond (disappearance of the signals at § = 595 ppm, d, J = 10 0 Hz, 1H, H-2 and 8 = 6 83
ppm, d, J= 10 0 Hz, 1H, H-1)

In order to analyse the positions and the number of the hydrogen atoms introduced, we carried out a
deuteniation under the conditions which we anticipated to be used 1n tntiation

2H NMR analysis indicated the introduction of two deutenum atoms (coupling constants of 2H at C-1
and at C-2, § = 152 ppm, m, wypz = 12 3 Hz, 2H-1 and § = 233 ppm, m, w)p2 = 14 2 Hz, 2H-2). The
analysis by mass spectrometry of the reaction products gave the following data Dg 5%, D; 48%, D3 47%, D3
0%

To determine the precise configuration of the deutertums introduced 1n posiions C-1 and C-2, the
deuteriated compound 17* has been reduced using sodium borohydnde 1in methanol to give exclusively the 3-o
alcohol20 (19) Under these conditions, the couphing constants of the proton at posiion C-3p (1d, JH3ax-H2eq
and JH3ax-Haax = 11 8 Hz, JH33x-Haeq = 3 54 Hz, IDeq-H3ax = very weak) were consistent with the
incorporation of one deuterium at positzion C-2f. As the palladium on charcoal 1s well known to perform cis
additions, the second deuterium should be in posinon C-18
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Tntiation was performed at the Commissanat 3 'Energie Atomuque (Saclay, France) The specific
activity of 14a-hydroxy-53-cholest-7-ene-3,6-dione (17"") was 1 74 TBg/mmole (47 Ci/mmol).

CONVERSION STUDIES OF TRITIATED 14a-HYDROXY-58-CHOLEST-7-ENE-3,6-DIONE (17")

Prothoracic glands were excised from five larvae of Locusta of the mud fifth instar (penod of intense
ecdysone (1) synthesis in vivo) and mncubated 1n modified Landureau's medium?! 1n the presence of 0 2 pM of
the newly-synthesized radiolabelled 58-diketol 17" After 16h the medium was njected 1nto a reversed phase
HPLC and eluted by a methanol/water gradient (fig 1) In this system, ecdysone and 3-dehydroecdysone are
known to co-elute?2 The radioactivity which clearly co-eluted with reference ecdysone was rechromatographed
1n a system with higher resolution (fig 2) to separate the presumed ecdysone and 3-dehydroecdysone The two
molecules are in similar proportions The 1dentity of putative ecdysone was ascertained by co-acetylation with
unlabelled ecdysone (data not shown) The identity of putanve 3-dehydroecdysone (fractions 30 min - 32 mn)
was ascertained by a biological approach, as there 1s not an easy chemical reaction to relate labeled 3-
dehydroecdysone to ecdysone But incubation of the putative 3-dehydroecdysone with hemolymph clearly gave
some ecdysone (fig 3) These results established the identity of radioactive ecdysone and 3-dehydroecdysone as
conversion products of the 5SB-diketol 17" Several experiments were run with regular efficient conversion
rates In some cases, up to 80% of the labeled 5B-diketol 17" incubated was converted into a mixture of

ecdysone and 3-dehydroecdysone in similar proportions.

20000 ¥ Ecdysore

5p-Diketol

v

10000 1

Radioactivity (dpm)

2-Deoxyecdysone

*22-Deoxyecdysone
I

5 10 15 20 25 30 35
Retention time (min)

Figure 1 Conversion of tntated 140-hydroxy-5p-cholest-7-en-3,6-dione (5B-diketol) by larval prothoracic glands
of Locusta migratoria Five pairs of prothoracic glands were excised from 5-day old fifth instar larvae, incubated for
22h with 0 2 uM tntiated S5B-diketol after which the radioactive molecules were extracted with methanol and separated
on a C-18 reverse phase HPLC column, elution with a gradient from 10% to 100% methanol in water over 30 min
Columns radioactivity measurements of aliquots of each fraction Arrows position of reference molecules detected
by U V absorbance



7073
Precursor of ecdysteroid biosynthesis

Ecdysone
1
15000 -1

£ 1
4 iR
2
> 10000
2 1
g i
=
k illy
o 5000
I = -

b PR | S naera]

5 10 15 20 25 30 35 40 45 50
Retention time (mn)
Figure 2 Radiochromatogram of the compound which comigrate with ecdysone, injected together with reference

molecule on a C-18 reverse phase HPLC column, elution with a gradient from 15% to 20% acetonutnle n water over

20 mmn Columns radicactivity measurements of each fraction Arrow position of reference ecdysone detected by
U V absorbance

Radioactivity (dpm)
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Figure 3 Radiochromatogram of the putauive 3-dehydroecdysone after incubation with hemolymph, njected
together with reference ecdysone on a C-18 reverse phase HPLC column, 1socratic elution with a 20% acetomitnle in

water as solvent system Columns radioactivity measurements of each frachon Arrow position of reference
ecdysone by U V absorbance.
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CONCLUSION

Our 1mitial approach to 14a-hydroxy-58-cholest-7-ene-3,6-dione (17) involved the synthesis of 5 as an
intermediate However, the published procedure did not give the desired molecule and it was necessary to
synthesize 5 by a different method As a result, our modified synthetic route 1s novel and also shorter than the
onginal pathway The tritiated molecule 17" was very efficiently converted to ecdysone (1) and 3-
dehydroecdysone (2) This labelled molecule appears to be a potent precursor 1n ecdysteroid biosynthesis This
first result should now allow investigations into the role of 3-dehydrocompounds 1n ecdysteroid biosynthests
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EXPERIMENTAL

Meltung ponts were measured on a Reichert hot stage microscope and are uncorrected {alp were measured on a Perkan-Elmer
141 polanimeter 1n CHCl3 IR spectra were recorded in KBr on a Perkin-Elmer 881 infrared spectrophotometer UV spectra were
measured on a Kontron-Uvikon 810 UV-vis spectrophotometer NMR spectra were recorded on a Bruker SY (200 MHz) apparatus
with CHCl3 (8 = 7 26 ppm) as mternal standard for IH NMR, CDCl3 (8 = 77 02 ppm) as mternal standard for 13C NMR and
CHCl3 (8 = 7 26 ppm) as mnternal standard for 2 NMR The chemucal shifts are reported i ppm downfield from TMS (*, + =
mterchangeable assignement) MS were measured on a LKB 9000 S apparatus by direct introduction, or coupled to a GC DBS
column (J W) , an 1onization potennal of 70 eV was used Microanalyses were performed by the Strasbourg Division of the Service
Central de Microanalyse of CNRS TLC were run on pre-coated plates of silica gel 60 F 254 (Merck), dipped n a solution of
vamil (1 g) in EtOH/H2804 (95/5, 1 1) and heated on a hot plate to reveal the compounds Medium pressure chromatography (P =
05 - 11 bar) was conducted on silica gel (40 - 63 mm, Merck) columns Radioactivity has been determined with a Kontron
Betamatic V counter (equpped with external standards) All solvents were freshly distilled before use Aur- or moisture- sensiuve
reactions were conducted in flame-dried glassware and under an mert atmosphere

FIRST PATHWAY

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

A toluene solution (400 ml, freshly distilled) contaiming 7-dehydrocholesterol (6) (20 0 g, 52 0 mmol), cyclohexanone (60
ml, 0 58 mol, freshly distilled) and 10 0 g of molecular sieve 0 4 nm was stured at room temperature for 2 hours After the rapid
addition of 6 0 g (29 3 mmol) of alumimum 1sopropoxide, the orange-red reaction solution was stured and boiled under reflux for 30
munutes The solution was cooled to room temperature, washed successively with cold (5°C) 2N hydrochloric acid, cold water, cold
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ag sat. sodium hydrogen-carbonate and cold brine, dned with sodium sulfate and filtered The toluene solution was concentrated to
dryness under reduced pressure and the residue was chromatographed on silica gel Elution with hexane/ethyl acetate 95/5 gave
cholesta-4,7-dien-3-one (7), 17 0 g (85%)

7 Mp 8789°C (.’ mp 87-89°C), [a}p23 +33(c=10),UVA,,, (cthanol) 238 nm (e = 15500) , IR v (cm-
1y 1690, 1630, 1470 , 1H NMR 200 MHz (CDCl3) & 059 (s, 3H, H-18) , 086" (d, J = 6 61 Hz, 3H, H-26) , 087+ (d,J =
659 Hz, 3H, H-27), 093 (d, J = 6 26 Hz, 3H, H-21) , 117 (s, 3H, H-19) , 518 (m, w; =90 Hz, IH, H-7), 579 (d,J = 1 72
Hz, 1H, H4) , SM m/z 382 (100 0) M+, Cy7H470) , 367 (90) , 339 (108) , 338 (37 9) , 259 (206) , 247 (11 6) , 227 (105) ,
136 (20 7) , Microanalysis calc for Cy7H4,0 (3823578) C 8481 ,H 1107,found C 8478, H 1118, 13C NMR

n table 1

Cholesta-4,6,8(14)-trien-3-one (8)
Furst synthesis

A dioxane solution (10 mi) containing cholesta-4,7-dien-3-one (7) (100 0 mg, 0 26 mmol) and DDQ (2,3-dichloro-5,6-
dicyano-benzoquinone, 123 9 mg, 0 55 mmol, 2 1 eq) was refluxed during 4 hours After filtranon of the hydroquinone, the solution
was washed with aq 1% sodium hydroxyde solution and brine, dned with sodium sulfate and filtered. The solution was concentrated
1o dryness under reduced pressure Cristallisation from acetone gave cholesta-4,6,8(14)-tnien-3-one (8), 55 0 mg (55%)

8 Mp 61-62°C (W!2mp 61-63°C), [alp?® +635 (c=12), UV Ay,  (CH;CN) 240 nm (g = 4500), 282 nm (¢
= 8000), 348 nm (g = 25500) , IR v (cm'!) 2946, 2872, 1662, 1584 , 1266, 1220, 1196 , 1H NMR 200 MHz (CDCl3) &
087 (d,J = 6 62 Hz, 6H, H-26,27) , 096 (d, J = 6.51 Hz, 3H, H-21) , 095 (s, 3H, H-19) , 099 (s, 3H, H-18) , 5 73 (s, 1H, H4),
603* (d,J = 929 Hz, 1H, H-7), 662* (d, J = 929 Hz, 1H, H-6) , SM m/z 380 (68 6) (M*+, C57H,400) , 365 (176) , 268
(1000) , 214 (25 9) , Microanalysis calc for Co7H,00 (3806120) C 8520, H 1059, found C 8522 ,H 1051,
13C NMR 1 table 1

Second synthesis

To a tetrahydrofuran solution (10 ml) contaming cholesta-4,7-dien-3-one (7) (100 0 mg, 0 26 mmol) was added dropwise at
0°C tn-N-methylamlimum perbromide (108 0 mg, 0 28 mmol, 1 1 eq) 1n tetrahydrofuran (8 ml) After addition (5 mnutes), the
mixture was stured 15 mimutes at 0°C and at room temperature for a further 15 minutes The mixture was then poured 1nto water and
the product 1solated with ether The organic layer was washed with water, brine dried with sodium sulfate and evaporated to dryness
The residue was chromatographed on silica ge! Elution with hexane/ethyl acetate 95/5 gave cholesta-4,6,8(14)-tnen-3-one (8), 63 1
mg (63%)

SECOND PATHWAY

5a-Cholest-7-en-38-0l (9)

7-dehydrocholesterol (6) (100 g, 26 0 mmol) was dissolved in a 1/1 (v/v) mixwre of toluene and ethyl acetate
Hydrogenation was conducted over palladiom (5%) on acuvated charcoal (1 5 g) at room temperature and atmospheric pressure during
2 hours The solution was filtered on celite and evaporated to dryness to give Sa-cholest-7-en-3B-ol (9), 9 85 g (98%)

9 1H NMR 200 MHz (CDClL) & 053 (s, 3H, H-18) , 079 (s, 3H, H-19) , 086 (d, J = 6 56 Hz, 6H, H-26,27) , 094
(d,J =597 Hz, 3H, H-21) , 3 64 (m, w5 = 25 0 Hz, 1H, H-3), 516 (m, wyjp = 6 7 Hz, 1H, H-7) , SM m/z 386 (1000) (M*,
Ca7H460) , 371 (23.6) , 273 (14 4) , 255 (471) , 231 (14 9) , 228 (14 4) , 213 (15 5) , Macroanalysis calc for Cy7H 60
(386 6594) C 8387,H 1199, found C 8382,H 1175, 13C NMR in table 1
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Sa-Cholest-7-en-3-one (10)

To a solution of Sa-cholest-7-en-3B-o0l (9) (7 5 g, 19 4 mmol) in dry methylene chlonide (200 ml) was added 9 0 g of
pyndmium-chlorochromate absorbed on alumina After strning for 12 hours, the sohd 1s filtered on alumina and washed with ethyl
acetate The combined filtrates were evaporated to dryness to afford pure Sa-cholest-7-en-3-one (10), 7 1 g (95%)

10 Mp 144-146°C (.12 mp 144-146°C) , [@]p?® +25(c=39), IRV (cm'l) 1725, 1665, IH NMR 200
MHz (CDCl3) 8 056 (s, 3H, H-18) , 087 (d, ] = 6 53 Hz, 6H, H-26,27), 093 (d, J = 6 31 Hz, 3H, H-21) , 101 (5, 3H, H-19),
519 (b, wysp = 90 Hz, 1H, H-7) , SM m/z 384 (100 0) (M*, Cy7H,40), 369 (311), 272 (153) , 271 (65 5) , 245 (15.2) ,
244 (16 5) , 229 (44 3) , Microanalysis calc for C;7H,40 (384 6436) C 8431 ,H 1153, found C 8312,H 1190,
13C NMR mn table 1

20,4a-Dibromo-5a-cholest-7-en-3-one (11)

A solution of Sa-cholest-7-en-3-one (10) (1 0 g, 26 mmol) in tetrahydrofuran (20 ml) containing tn-N-methylamilinum
perbromide (2 0 g, 5 3 mmol, 2 1 eq) was stured during 15 minutes at 0°C and at room temperature for a further 15 minutes The
mixture was then poured nto water and the product 1solated with ether The organic layer was washed with water, brine dried with
sodium suifate and evaporated to dryness to yield 2a.,4a-dibromo-Sa-cholest-7-en-3-one (11), 630 mg (64%), wich was normally
used directly for the next reaction (dielimination) Recnistallization from methanol/ether of an ahiquot gave 20.,4a-dibromo-5a-
cholest-7-en-3-one as white needles

11 Mp 195-197°C (ht.!2 mp 192-195°C), [0]lp2® -20(c=09), UV Ap,, (CH;CN) 197 nm (e = 13200) , IR v
(cm-1) 2962, 2844 , 1741, 1455, 1388 , 1163 , IH NMR 200 MHz (CDCl3) 8 057 (s, 3H, H-18), 087 (d, J = 649 Hz,
6H, H-26,27) , 091 (d, J = 6 14 Hz, 3H, H-21) , 120 (s, 3H, H-19) , 2 55 (b, w15 = 26 3 Hz, 1H, H-6¢q) . 275(dd,J =13 16 et
526 Hz, 1H, H-1¢4) , 467 (d.J = 1316 Hz, 1H, H4,,) , 487 (dd, J = 14 21 et 578 Hz, 1H, H-2,,) , 525 (bd, wy;p = 11 6 Hz,
1H, H-7) , SM m/z 544 (53 1), 543 (31 0) , 542 (100 0) (M*, Cy7H,,0Br,) , 462 (39 5) , 431 (47 1) , 429 (93 1), 427 (49 4)
, 387 (411), 381 (406) , 323 (57 5) , Microanalysis calc for Cy7H4,0Br, (5424358) C 5978 ,H 780, found C
5960, H 760, 13C NMR m table 1

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

A solution of the unpunfied dibromide 11 (3 0 g, 5 5 mmol) in dimethylformamsde (20 ml) containing lithium carbonate
(50 g) and lithium bromide (2 5 g) was refluxed during 30 minutes The solution was cooled to room temperature, washed with
water and brine, dried with sodium sulfate and evaporated to dryness The residue was chromatographed on silica gel Elution with
hexane/ethyl acetate 95/5 gave cholesta-1,4,7-tnen-3-one (4), 2 7 g (90%)

4 Mp 130-132°C (.12 mp 130-132°C) , [@]lp2® -15(c=28), UV Ay, (CH3CN) 243 nm (e = 14800) , IR
v (eml) 1650, 1625, 1600 , 1H NMR 200 MHz (CDCl;) & 063 (s, 3H, H-18) , 087 (d, J = 6 48 Hz, 6H, H-26,27) , 094
(d,J = 628 Hz, 3H, H-21), 1 24 (s, 3H, H-19) , 2 81 (d,J = 18 80 Hz, 1H, H-6) , 3 17 (d, J = 18 80 Hz, 1H, H-6) , 5.25 (m, w5
=100 Hz, 1H, H-7), 6 13 (m, wy, = 50 Hz, 1H, H-4), 6.26 (dd, ] =9 99 Hz, 1H, H-2) , 709 (d,J = 1005 Hz, 1H, H-1) , SM
m/z 380 (100 0) (M*, Cp7H,400) , 365 (280) , 268 (312) , 172 (48 9) , 157 (593), 133 (64 8) , 121 (590) , 105 (420) ,
Microanalysis calc for Co7H400 (3806120) C 8520, H 1059, found C 8493 ,H 1078, 13C NMR m table 1

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

Cholesta-1,4,7-trien-3-one (4) (200 0 mg, 0 53 mmol) was dissolved in ethanol (10 ml) After addition of 20 ml of
quinoline, the hydrogenauon was conducted over palladium (5%) on calcium carbonate (20 mg) at room temperature dunng 16
minutes (1 Atm pressure) The solution was immedhately filtered and evaporated to dryness The residue was chromatographed on
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silica gel Elution with hexane/ethyl acetate 97/3 gave a mixture of 5B-cholest-7-en-3-one (12), 35 0 mg (17%), cholesta-4,7-dien-3-
one (7), 120 0 mg (60%) and staring matenal 4, 20 0 mg (10%)
The previous procedure, without quinoline or using Palladium (5%) on activated charcoal, gave the same products, but with

different ratio

5B-Cholest-7-en-3-one (12)

Cholesta-1,4,7-tnen-3-one (4) (200 0 mg, 0 53 mmol) was dissolved in ethanot (10 ml) After addition of 20 ml of
qumoline, the hydrogenauon was conducted over palladium (5%) on calcium carbonate (20 mg) at room temperature during 30
minutes The solution was immediately filtered and evaporated to dryness The residue was chromatographed on silica gel Elution
with hexane/ethyl acetate 97/3 gave 58-cholest-7-en-3-one (12), 179 0 mg (90%)

The previous procedure, without quinoline or using Palladium (5%) on activated charcoal, gave the same product

12 Mp 87-88°C (ht.23 mp 87-88°C), [m][,23 +65(=057),IRv (cm'1) 1725, 1665, IH NMR 200 MHz
(CDC13) & 057 (s, 3H, H-18) , 087 (d, ] = 6 61 Hz, 6H, H-26,27) , 093 (d, J = 6 24 Hz, 3H, H-21) , 099 (s, 3H, H-19) , 5 12
(m, wyjp = 100 Hz, 1H, H-7) , SM m/z 384 (92 4) (M¥, Cy7H40) , 369 (204) , 352 (300) , 351 (1000) , 334 (303) , 333
498), 119 (326) , 105 (68 0) , Microanalysis calc for C7H,40 (3846436) C 8431 ,H 1153, found C 8399 ,H
1162, 13C NMR in table 1

THIRD PATHWAY

58-Cholest-7-en-3-0one (12)

A solution of cholesta-4,7-dien-3-one (7) (20 g, 5 2 mmol), 60 ml of ethanol, 12 ml of aq 0 IN sodium hydroxide and
200 0 mg of palladium (5%) on activated charcoal (150 mg) was shaken with hydrogen at room temperature and atmosphenc
pressure for 2 hours. The catalyst was removed by filtration The solution was washed with water, bnne and then drnied with sodium
sufate and evaporated to dryness The residue was chromatographed on sihica gel Elution with hexane/ethyl acetate 95/5 gave 14 g
of 5B-cholest-7-en-3-one (12), (72%) and 150 0 mg of 5a-cholest-7-en-3-one (10), (7%)

5B-cholesta-1,7-dien-3-one (5)
Fuirst step

A solution of 5-cholest-7-en-3-one (12) (4350 mg, 1 1mmol) 1n tetrahydrofuran (20 ml) containing tni-N-methylanilinum
perbromide (468 0 mg, 124 mmol, 1 1 eq) was sturred during 15 minutes at 0°C and at room temperature for a further 15 minutes
The mixture was then poured 1nto water and the product isolated with ether The orgamic layer was washed with water, brine, dned
with sodium sulfate and evaporated to dryness to yield 2a-bromo-58-cholest-7-¢n-3-one (13), 350 mg (80%) (which was normaily
used directly for the next reaction) Cristallisation from methanol/ether of an aliquot gave 2a-bromo-3,3-dimethoxy-5B-cholest-7-ene
(14) mn white needles

14 Mp 124-126°C, [a]p?? +22(c=089),IRv (cm'l) 2960, 2918, 2875, 1458 , 1378, 1119, 1098, 1053 ,
1H NMR 200 MHz (CDCl3) & 053 (s, 3H, H-18) , 087 (d, ] = 6 62 Hz, 6H, H-26,27) , 090 (s, 3H, H-19) ,092(d,J =6 14
Hz, 3H, H-21) , 222 (dd, J = 14 50 et 5 00 Hz, 1H, H-1g4) , 241 (b, w5 = 20 00 Hz, 1H, H-64) , 3 34 (s, 3H, H-1) , 340 (s,
3H, H-1"), 4 34 (dd, J = 1297 et 446 Hz, 1H, H-2,,), 510 (bd, wysp = 100 Hz, I1H, H-7) , SM m/z 510 (41) , 508 (3 0)
(M+, Cy9H4904Br) , 478 (22 3) , 476 (219), 398 (32 6) , 397 (1000) , 366 (28 3) , 365 (85 1) , 314 (212), 313 (579), 279
(14 1), 256 (30 6) , 242 (159) , 228 (19 5) , Microanalysis caic for CygH4904Br (509 6081) C 6835, H 969, found C

6819 ,H 940, 13C NMR in table 1
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Second step

A solution of the unpunfied bromide 13 (350 0 mg, 0 76 mmol) n dimethylformamide (15 ml) containing hithium carbonate
(14 g) and hthsum bromide (750 0 mg) was refluxed dunng 30 mimutes. The solution was cooled to room temperature, washed with
water and brine, dned with sodium suifate and evaporated to dryness The residue was chromatographed on silica gel Elution with
hexane/ethyl acetate 95/5 gave a mixture of SB-cholesta-1,7-dien-3-one (5), 283 1 mg (80 1%), cholesta-4,7-dien-3-one (7), 27 S mg
(7 8%) and cholesta-1,4,7-tnien-3-one (4), 11 7 mg (3 3%)

5 Mp 9395°C, [alp?3 +41(c=10), UV Ay, (CH;CN) 196 nm (¢ = 14100), 230 nm (¢ = 11100) , IR v
(em-ly 2959 ,2934,2875, 1667 ; 1466 , 1442, 1412, 1372, IH NMR 200 MHz (CDCl3) 8 057 (s, 3H, H-18) , 086 (d,J
= 6 54 Hz, 6H, H-26,27) , 092 (d, J = 6 29 Hz, 3H, H-21), 126 (s, 3H, H-19), 5.15 (b, w1 = 100 Hz, 1H, H-7) , 588 (4, J =
1000 Hz, 1H, H-2) , 698 (d, J = 10.03 Hz, 1H, H-1), SM m/z 382 (87 4) (M*, Cy7H,4,0) , 275 (23 3) , 274 (100.0) , 269
(16 1), 161 (22.5) , 109 (25 4) , Microanalysis calc for Cp7H4,0 (3826278) C 8475, H 1106, found C 8492 . H
1118, 13C NMR m table 1

58-Cholesta-1,7-diene-3,6-dione (15)
In 10 ml of methylene chloride at room temperature and under a nitrogen atmosphere, 100 0 mg (0 26 mmol) of 5B-cholesta-
1,7-dien-3-one (5) was dissolved To the stirred solution was added 700 mg (2 6 mmol) of CrO3-(pyridine); complex (Collins

reagent, freshly prepared) The mixture immediately began turming brown and depositing a tarry precipatate on the sides and bottom
of the flask. After 15 hours of surring at room temperature, an addiional 700 mg (2.6 mmol) of CrO4-(pyndine); complex was
added to the reacuon mixture 4 hours later, thun layer analysis of the soluuon showed the presence of a trace of staring matenal
(longer oxidation periods did not eliminate this product) The reaction mixture was poured from the flask. The precipiate remaimng
1n the flask was ninsed with small portions of ether (little improvement in yield was found when the tarry precipitate was dissolved
1n aq. sat. sodium hydrogen-carbonate and then extracted with ether) The organic layer was washed several ames with aq sat.
sodwum hydrogen-carbonate, 5% hydrochlonc acid, dried wath sodium sulfate and filtered. The soivents were evaporated to dryness and
the ressdue was chromatographed on sihica gel. Eluton with hexane/ethyl acetate 95/5 gave SB-cholesta-1,7-diene-3,6-dione (15),
270 mg (27%)

15 Mp 122-124°C, [a]nn +33 (c=102), UV &, (CH4CN) - 194 nm (e = 13900), 225 nm (¢ = 18700) , IR v
{cm'l) 29272867, 1654 , 1455, 1380 , 1262, 1H NMR 200 MHz (CDCl;) § 062 (s, 3H, H-18) , 0.87 (d, J = 6 55 Hz,
6H, H-26.27) , 093 (d, J = 5.88 Hz, 3H, H-21), 126 (s, 3H, H-19) , 577 (bs, wyjp =50 Hz, 1H, H-7) , 595 (d.J = 10.17 Hz,
1H,H-2) ,679 (d,) = 1018 Hz, 1H, H-1), SM m/z 396 (85.5) (M*+, Co7H450,) : 381 (190), 378 (23 1), 288 (22 1), 284
(230, 183 (100.0) , 185 (24.5) , Microanalysts calc for Cy7H 400, (3966110) C 8177 ,H 1016, found C 8195.H

1003 , 13C NMR 1n table 1.

14a-Hydroxy-5B-cholesta-1,7-diene-3,6-dione (16)

To a solution of 250 0 mg (0 63 mmol) of 5B-cholesta-1,7-diene-3,6-dione (15) m freshiy disulled dioxan (20 mi), was added
700 mg (6.31 mmol, 10 eq) of finely powdered Se07 and the mixture was refluxed during 15 minutes. The solution was then cooled
to 0°C and allowed to warm to room temperature After filtration of the solution on celite, the solvent was removed. The residue was
chromatographed on sihica gel. Elution with hexane/ethyl acetate 92/8 gave 14a-hydroxy-58-cholesta-1,7-diene-3,6-dione (16),
197 6 mg (76%) and 14a-hydroxy-cholesta-1,4,7-triene-3,6-dione (18), 25 0 mg (10%)

16 Mp 179-181°C, (a]n23 + 73 (€ =0.75) , UV Ap,, (CH3CN) : 194 am (e = 10700), 224 nm (e = 19400} , IR v
(cm-l) 3457, 2954, 2908 ; 1662 ; 1456 , 1379, iH NMR 200 MHz (CDCl3) . 071 (s, 3H, H-18) , 087 (4, J = 6 52 Hz,
6H, H-26,27) , 0.93 (d, J = 6 22 Hz, 3H, H-21) , 1.27 (s, 3H, H-19) , 3 14 (bt, w; , = 20.0 Hz, 1H, H-9) , 592 (d,J =210 Hz,
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1H, H-7), 595 (d, J = 1003 Hz, 1H, H-2), 682 (4, J = 1005 Hz, 1H, H-1), SM m/z 412 (34 1) (M*, Co7H,4903) , 394
(510) , 277 (27 3) , 276 (100 0) , 229 (429) , 109 (34 4) , Microanalysis calc for C;7H,q04 (4126100) C 7859 , H
977, found C 7878 ,H.9.50, 13C NMR 1n table 1

18 Mp 95-97°C, 'H NMR 200 MHz (CDCl3) & 078 (s, 3H, H-18) , 088 (d, J = 6 51 Hz, 6H, H-26,27), 094 (d, J
=617 Hz, 3H, H-21) , 134 (s, 3H, H-19) , 3 06 (bt, w0 = 200 Hz, 1H, H9), 6 17 (bs, wyp = SO Hz, 1H, H-7) , 633 (d, ] =
1020 Hz, 1H, H-1) , 668 (bs, wyp = SO Hz, 1H, H4) , 706 (d, J = 982 Hz, 1H, H-2) , SM m/z 410 (66 8) (M*,
Cy7H3g03), 382 (38 4) , 228 (82 7) , 227 (724), 200 (34 1), 135 (97 0) , Microanalysis calc for C7H3505 (410 5942) C

7898 ,H 933,found C 7903,H 940, 13C NMR m table 1

14a-Hydroxy-5p-cholest-7-ene-3,6-dione (17)

The compound 16 (100 0 mg, 0 24 mmol) was dissolved m ethyl acetate. Hydrogenatuon was conducted over palladium (5%)
on activated charcoal (20 0 mg) at room temperature and atmospheric pressure during 1 hour The soluuon was filtered and
evaporated to dryness to give 14a-hydroxy-58-cholest-7-ene-3,6-dione (17), 98 mg (98%)

17 Mp 172-174°C, [a]D23 +75(=092), UV A,y (CH3CN) 194 nm (e = 11800), 243 nm (¢ = 14700) , IR v
(cm-ly 3502, 2964, 1720, 1643 , 1462 , 1378 , 1318, 1253, IH NMR 200 MHz (CDCl3) & 071 (s, 3H,H-18) , 087 (d,J
=6 52 Hz, 6H, H-26,27) , 093 (d, J = 6 22 Hz, 3H, H-21) , 1 09 (s, 3H, H-19) , 327 (bt, w;p = 200 Hz, 1H, H-9), 587 (d,J =
218 Hz, 1H, H-7) , SM m/z 414 (87 3) (M*, Cy7H4903) , 386 (676) , 234 (762) , 232 (797) , 231 (1000) ,
Microanalysis calc for Co7Hy704 (4146258) C 7821 ,H 1021 ,found C 7790;H 1014, 13C NMR in table 1

[1,2-2H2]-l4a-Hydroxy-SB-cholest-7-ene-3,6-d|one (17%)

The procedure described above, under deutenium atmosphere (1 Atm pressure, with 7 5 mg of 14a-Hydroxy-5B-cholesta-1,7-
diene-3,6-dione (16)), gave [1,2-2H3}-14a-hydroxy-5B-cholest-7-ene-3,6-dione (17*) quantitatively (100%)

17* 1H NMR 200 MHz (CDCl3) 8 =0 71 (s, 3H, H-18) , 087 (d, J = 6.52 Hz, 6H, H-26,27), 093 (d, ] = 6 22 Hz, 3H,
H-21), 109 (s, 3H, H-19) , 327 (bt, wy 5 =200 Hz, 1H, H-9) , 587 (d,J =218 Hz, 1H, H-7), 2H NMR 61 4 MHz (CHCly)
8 152 (b, wy;p =101 Hz, ID, D-1) , 233 (b, wyyp = 123 Hz, 1D, D-2) , SM m/z 417 (179) , 416 (56 7) (M*,
Cy7H4003D9) , 415 (45 5) , 389 (17 0) , 388 (51 6) , 236 (49 1) , 235 (61 8) , 234 (63 5) , 233 (100 0) , 232 (62 8) , 174 (208),
161 (29 1)

[1,2-2Hz]-3(1,14a-D|hydroxy-SB-cholest-7-en-6-one 19)

To a solution of [1,2-2H2]-l4a-hydroxy-5[3-cholest-7-ene-3,6-dlonc (17" (2 0 mg, 4 8 mmol) in methanol (1 ml) was added
2 0 mg of sodium borohydride The mixture was surred 5 minutes, then 1 ml of water was added. Extraction with ether gave pure
(1,2-2H7)-3a, 14a-dihydroxy-5B-cholest-7-en-6-one (19), 1 5 mg (75 %)

19 1H NMR 200 MHz (CDCI3) § 068 (s, 3H, H-18) , 087 (d, J = 6 51 Hz, 6H, H-26,27) , 093 (d, J = 6 45 Hz, 3H,
H-21) , 123 (s, 3H, H-19) , 3 18 (bt, w3 = 200 Hz, 1H, H-9) , 366 (td, J = 10 78 et 3 53 Hz, 1H, H-3) ,587 (d,J] =245 Hz,
1H, H-7) , SM m/z 418 (21 9) (M*, C,7H4503D5) , 400 (41 2), 399 (25 0) , 390 (45 8) , 389 (26.8) , 372 (28 7), 235 (26 4) ,
217 (21 7)

{1,2-3H3)-14a-Hydroxy-5B-cholest-7-ene-3,6-dione (17")

The procedure described above was carried out under a tntium atmosphere at the CEA (Saclay)

Compound 16 (2 5 mg, 8 0 pmol) was dissolved 1n ethyl acetate (2 ml) Trnitiauon (tntium gas 0 67 TBq, 20 C1) was
conducted (via a Toepler pump) over palladium (5%) on acuvated charcoal (4 0 mg) at room temperature and at 500 mmHg pressure
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during 40 mn The solunon was filtered and evaporated to dryness The labile trntium was eiminated by dilution 1n methanol and
evaporation, twice The compound 17" (6 9 GBq, 186 mCi) was obtained with a radiochemical punty about 96% by High
Performance Liquud Chromatography (HPLC, silica column, hexane/ethyl acetate 77/23) The analytcal radio-chromatography was
made on an reverse phase column in analytical HPLC (C-18 ODS, methanol/water 90/10)

17" 3H NMR 320 MHz (Bruker C300, 'H decoupled) (DMSO) § 143 (d,J = 163 Hz, IT, T-1),2 14 (d,] = 163 Hz,
1T, T-2) , SM (Finmigan 4600, DCI/NH3) m/z 436 (29 6) (IM+NH3]*, C97H4003T, + NH3) , 434 (13 5) , 432 (19) , Speafic
activity 174 TBg/mmol (47 Cyymmol)
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