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Abstract - We have developed a new route to precursors of ecdystercuds. usmg a re@o- and stereoselcct~ve 

hydroborauon Hydrobomt~on of 3,3-(ethylene&oxy)choksta-5.7~&ene (from ‘I-dehydmchoksterol m two steps), 

followed by oxuiaoon with alkahne hydrogen pcroxtde, produces 33-(ahylen~oxy)_5Scholest=rendS_ol (the sane 

reaction wltb 7-dehydmcholcsterol leads only to the Sa-alcohol (OH&), pmlnluttng the synthcsts of 5p-steroids) 

Introduction 

Ecdysterolds represent a family of polyhydroxylated steroids They serve as hormonal messengers and 

the parent molecule, ecdysone (l), IS mostly refened to as the mohmg and metamorphosis hormone of msects 

OH 

HO 

HO 
Ecdysone (1) StereodrawIng from’ 

We have been interested for several years m the elucidatmn of the biosynthetic pathway of ecdysonez-9 

It 1s well documented that m several Insect species hke Locusra (also Sclurtocercu and Munduca). hydroxylanon 

at C-2 1s the last step m this blosynthesls to-12 Therefore all potennal precursors of ecdysone have to be 

synthesized necessanly wthout a C-2p hydroxyl group, w&h raises the problem of the A/B nng Junction 

Indeed, m ecdysone, the Sp-epnner 1s more stable than the Sa-epnner, because of a steal mteractton between the 

2P-hydmxy group and the lo-methyl13 In contrast, m 2deoxyecdysteroids. this stenc mterachon IS absent and 

the Sa-epimer is the preferred formt4J5 
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This mstablhty of the A/B CIS nng Junction (I-I-5p configurahon) resultmg from the absence of a 2/3- 

hydroxy group in potenhal precursor molecules has prompted us to develop a novel approach to the synthesis of 

molecules with the I-MB configuranon The key step m our method 1s the mtroduc0on of this pamcular 

configuration by a re@e and stereoselectlve hydmboration. 

Dlscusslon and results 

SYNTHIWS OF 3.3 -@lWUWEDIOXY)-SfKHOLEST-~-EN-GONE 

Hydmboranon of 7-dehydrocholesteml(2) w~tb an excess of borane-tetrahydmfuran complex, takes place 

by a 12 mechanism16 @IS titlon), leading to an allybc boron compound (Sa) m which the boron atom 1s only 

in the 6o position Oxldauon of this organoborane by alkaline hydrogen peroxlde produces the correspondmg 

6a alcohol 3 ~th an 80% yield (Scheme 1) 

The stereochermstry of 

the reacaon 1s determmed by 

~o~~o~~~f 

L-4 the molecule and this results 

Scheme 1 Fleegents and oond/Uons I, Sorane-THF complex (5 eq). THF. 0°C. 2 h. alkaline 
m an attack on the double 

hydrogen peroxide 30%, O”C, 1 h, 80% bond from the less hindered 

a-face 

Illustrations of this StereochemIcal preference are gtven elsewhere for epoxldanon and hydrogenanon* 

Exceptions have been noted m the epoxldatlon of 3,3-(ethylen&oxy)-d-olefin, a substance gvmg notable 

yields of the B-epoxlde m addmon to the a-epoxlde l8 From a study of molecular models of this compound, It 

seems probable that rmg B adopts a conformation m which, on the one hand, the B-methyl group at C-10 

projects away from the double bond, while on the other the normally unhmdered a-face 1s pamally shielded by 

the axial Sa-oxygen atom of the ketal group 

Scheme 2 Reegen?s end condfrons I, AMOW 3. cyciohexanone, loluene. reflux. 30 min. 85%, I/, ethylene glywl, pera-toluene 

sulfonlc acid, loluene, reflux. 1 h, 65% 

Based on these observaoons, we planned to syntbestze 3,3-(ethylenedtoxy)-choles&5,7-<llene (5) from 

7-dehydrocholesterol(2) m two steps as shown m Scheme 2 
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Compound 4 was obtained by reactmg 7-dehydrocholesterol (2) with alummmm lsopropoxlde and 

cyclohexanone m toluenetg (Oppenauer oxldafion) The overall yteld of the pure henone 4 was 85% after 

chromatography 

Treatment of compound 4 with ethylene glycol m toluenem, contaming a catalyuc amount of p-toluene 

sulfomc acid, formed the resultmg ketal S (65%), with comcldent rearrangement of the double bond to the A5 

posltlon By carefully momtormg the reaction by TLC, the formation of the less polar isomer 3 3- 

(ethylene&oxy)-5a-cholesta-6,8( 14)dene (9, by-product) could be mmmuzed 

Scheme 3 Reagents end conditrons I. Borane-THF complex (10 eq), THF. 0°C. 4 h. alkalww hydrogen perorlde 30%. 0°C 
1 h, 70% 

Hydroboranon of the ketal5 wth an excess of borane-tetrahydrofuran complex m tetrahydmfuran at O’C, 

followed by oxldahon Hrlth alkaline hydrogen peroxlde, produces the two allyhc alcohols 6 and 7 m an overall 

yield of 7096, with a weak &astereoisomenc excess (H-5p. OH-68 (6) / H-5a, OH& (7) 55/45) (Scheme 3) 

The A/B rmg Junction (CIS or trans) was determined by tH NMR and t3C NMR (1H NMR 6 = 107 ppm 

(CH3-19, ~1s). 6 = 0 85 ppm (CH3-19, tram). t3C NMR 6 = 25 9 ppm, 36 6 ppm and 47 8 ppm (C-19, C-9 

and C-5, CIS), 6 = 13 4 ppm, 48 5 ppm and 49 5 ppm (C-19, C-9 and C-5, trans)) In addmon, mass 

spectrometry confirmed the identity of the two allyhc alcohols As the boranes are well known to perform CIS 

addmons, an A/B CIS nng Junction (I-I-5p) involves an axial 6P-hydroxyl group, which conduces rapldely to a 

dehydratanon (m/z 444 (100 0) ,426 (40 2)) In the same way, an A/B tram nng Junction (H-51x) mvolves an 

equatorial, stable, 6@hydroxyl group (m/z 444 (100 0) ,426 (10 2)) 

The oxidahon of the allylic 

c&</J/$$’ ~~~~~ 

OH 0 

(ethylen&oxy)-Sp-cholest-7:en 
Scheme 4 Reagents and codrbns I, Manganese dioxide. chloroform, room temperature 

30 min. 80% 
-6-one (8) was obtamed after 

chromatography (Scheme 4) 

In order to mcrease the rat10 6/7 (H-5p, OH-6a / H-5a, OH-6a), hydroboranon was performed with 

substituted borane denvtives 
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So, ketal5 was reacted with 9-borablcyclo[3 3 llnonanc (9-BBN, 0 5M m tetrahydrofuran, Aldrtch 

ChermcaI Company) m refluxmg tetrahydrofuran (no reaction at 0°C and atroom temperature, very slow 

reaction at 40°C) The allyhc alcohol was obtamed m good yteld Unfortunately, only the unexpected isomer 7 

(H-5o, OH-&z) was isolated Indeed, under these condmons, the desued compound 6 (H-Sj3,OH-f$) was not 

observed At higher temperatures, the addmon of borane on a double bond IS known to be reverslblez The 

mechanism appears to mvolve a partial dissocrauon of the organoborane into an oletin and a boron-hydrogen 

motety, followed by xe-ad&u011 The pmcess occurs untd the boron atom ends up at the least hindered postuon 

of the molecule, thereby yreldmg the most stable of the organoboranes 

Elsewhere, treatment of the ketal5 wtth other &alkylboranes (dmamylbomne, bonnane prepared rn slfu 

with the appropriate olefin (methyl-2-butene-2 or 1,4-pentadtene) and borane-tetrahydrofuran complex in 

stoechtomemc amount) dtd not pmduce reachons at 0°C and even at mom temperamm (these borane-derwahves 

rmght be too hindered) 7-Dehydrocholesterol(2). taken as a model of a coqugated endocychc drene, Qd not 

react wnh dtstamylborane under the same comhuons, but produced slowly the allyltc alcohol 3 (H-5a, OH-&X) 

wnh &mane, at room temperatute (moderate yield) 

Alternahvely, to mcrease the rauo 6P (I-I-5g. OH-6g / H-5a, OH-6a), we planned to synthesize the 

cotrespondrng thtoketal(3,3-mmethylenedtto-cholesta-5,7&ene) dm~tly from the drenone 4 In fact, an axud 

sulfur atom may hinder the a-face of the steroid more than an oxygen atom Unfortunately, treatment of 

compound 4 with propanednhtol and zinc chlonde in chloroform at room temperature*3 produced the Ad- 

thtoketal (3.3-mmethylenednhto-cholesta-4,7_dlene) in 95% yield (85% wnh ptoluene sulfomc acid m refluxmg 

toluene) , this reaction &d not rnvolve a shtft of the double bond to the As posmon 

Other types of protectton% of the &enone 4, hke thiaxol&nes, mudazolnimes or hemuhtoketals have not 

yet been exanuned. 
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Expenmental 

Melhng pomts were meawed on a Retchert hot stage mznxcope and a unconectcd [a]D woe measmed on a perhn-Elmer 

141 polanmeter m CHQ BZ spectra were recorded m KBr on a k&m-Elmer 881 mfnucd spectFophotometer UV spectra went 

mcasmed on a Kontmn-Uvikon 8lOUV-VIS spectrophotometer NMR spectra wexe recorded on a Bruker SY (200 MHZ) and a Bruker 

AM (400 MHz) apparatus with CHCl3 (6 = 7 26 ppm) and C6H6 (8 = 7 20 ppm) as mtcrnal sta&rdsfof*HNMR.CDC13(6= 

77 02 ppm) or CDp& (6 = 53 80 ppm) as mtemal standards for 1% NMR The chucal shfts are reprtcd m ppm downfield 

from TM.5 (*, + = mtcrchangeable assqement) MS were measured on a LKB 9000 S appglatus by duect mhuduction, or coupled 

to a GC DBS column (J W ) , an xnnzauon ptentml of 70 eV was used Mlcroanalyses were performed by the Seasbourg DIVLU~II 
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7 32.W 30.8* 33 4. 31.8, 31 1* 31 4* 31 1* 
2 38.4+ 33 6* 34.2. 37.7’ 34 4* 33 9, 32 8+ 
3 70.5 706 199.0 1091 109.4 109.2 107 8 
4 40 8’ 36.9+ 122 8 406 36 3* 36 6. 34 1* 
5 1414+ 49 0 168 6 1414+ 47 8 49 5 54 5 
6 1196 68 3 32.9 116.6 713 705 2017 
7 116.3’ 1217 1155 120 1’ 118 6 122 5 1216 
8 139 8+ 141 3 1396 139 8+ 142 9 141 8 165 1 
9 46 3 48 6 46 1 46 5 36 5 48 5 36 0 

10 37 0 35 0 38 1 37 3 33 7 364 36.0 
11 21 2 21 2 22 1 21.6 224 21 8 219 
12 39 2 39 1 39 3 39 8 39 9 39 9 39 1 
13 43 0 43 3 43 6 43.4 44 2 44 0 45 4 
14 54 5 54 7 55 0 54 9 55 4 55 2 56 1 
15 23 0 22 8 229 23 5 23 4 23 3 22 6 
16 28 1 27 4 27 9 28 5 28 3 28 3 27 8 
17 55 9 56 2 56 2 56 5 56 7 56 6 56 3 
18 11 8 114 119 12 0 122 12 1 12 4 
19 16 3 13 3 21 2 16 4 25 9 134 23 6 
20 36 2 360 36 2 36 6 36 5 36 6 36 0 
21 18.9 189 18 9 19 1 19 1 19 1 18 8 
22 36 2 36,0 36 2 36 6 36 6 36 6 36 0 
23 23 9 23 8 24 0 24 3 24 3 24 3 23 9 
24 39 5 39 6 39 6 39 9 400 39 9 39 5 
25 28 0 28 0 28 0 28 5 28 5 28 5 28 0 
26 22 6- 22 6- 22 5- 22 7- 22 7- 22 7- 22 6- 
27 22 8- 22 8- 22 7- 22 9- 23 O- 23 O- 22 8- 

1 
2 

- 

646” 64 6 64 4” 64 4 
64 7” 64 6 64 6” 64 4 

2w 3” 4” 54 60 74 8W 

Table 1 : 13C NMR chemical shifts 

Sc (100 MHz, standard Me&l) * (or +, -. ‘, “) mterchangeable assignment 
Solvents (#) CDCl3 (77 02) or (0) CD2Cl2 (53 80) 

The assignments were based upon (1) shleldmg data, (2) by comparison with the spectra of 
closely related ecdysteroxis~b and stemldsc 

References (a) W B Sml. Org Mcagn Reson ,1977,9,644 , (b) See ref 5.10 and 21 
(c) J W Blunt et al, Org Mqq Reson , 1977.9.439 
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of the Servtce Central de M~croanalyse of CNRS TLC were run on pm-coated plates of sthca gel 60 F 254 (Merck), dqtped m a 

solutton of vandhn (1 g) m EtOH/H2SO4 (95/5, 1 I) and heated on a hot plate to reveal the compounds M&mm pressure 

chromatography (P = 0 5 - 11 bar) was conducted on s&a gel (40 - 63 pm, Merck) columns All solvents were freshly dtstiled 

before use An- or motsture- senslttve mactmnswereconductedmflamednedglamwamandmxleranmertatmosphert 

So-Cholest-I-ene-3p,6a-diol (3) 

‘I-Dehydmcholesterol(2) (400 mg. 104 mmol) m anhydrous tetrahydrofuran (30 ml) was treated dropwtse at 0°C wnh 5 ml 

of borane-tetrahydrofuran complex solutmn (1 OM solutton m tetrahydrofuran, Aldnch Chemtcal Company) and left at mom 

temperature for 2 hours The solutton was then treated with an aqueous sodnnn hydroxyde solutton (5%. 15 ml), followed by a 

hydrogen peroxule solutmn (30%. 7 ml) After a fiuther 1 hour at room temperature, the sohmon was washed twtce wnh water, Fe 

(II) sulfate soluhon (lo%), brute, dned wtth sodmm sulfate, evapommd under reduced pressure and the restdue was cbrcmamg@red 

on sd~ca gel Elutton wtdt hexane/ethyl acetate 80/20 gave 5a-choIest-7-ene-3~,6adtol(3), 335 mg (80%) 

3 Mp 192T , [alDZo + 48 (c = 1 1). IR v (cm-l) 3337 , 2956 , 1461 , 1374 , 1054 , 1~ NMR 200 MHz 

(CDC13) 6 0 57 (s. 3I-I. H-18) , 0 84 (s. 3H, H-19) , 0 86 (d, J = 6 59 Hz, 6H. H-26,27) , 0 92 (d, J = 6 20 Hz, 3H, H-21) ,3 57 

(m, win = 20 0 Hz, lH, H-3). 3 81 (bd, wt~ = 15 0 Hz. 1H. H-6). 5 18 (bd. wtn = 5 0 Hz, lH, H-7). MS m/z 402 (14 8) 

(M+, C27H4eO2) , 385 (22 9) , 384 (77 0) , 369 (26 5) , 366 (19 0) , 352 (27 9) , 351 (100 0) , 325 (28 2) , 270 (42 6) ,253 

(37 1) , M~cronnalgs~s talc for C27H4,@2 (402 6584) C 80 54. li 1151 , found C 80 38, H 1152 , 13C NMR m table 

Cholesta-4,7-dleo-3.one (4) 

A toluene solunon (400 ml, freshly dtstdled) contammg 7dehydmcholesterol(2) (20 0 g. 52 0 mmol), cyclohexanone (60 

ml, 0 58 mol, freshly dtstdled) and molecular Steve 0 4 nm (10 0 g) was stnred at room temperature for 2 hours After the raptd 

addmon of abnnmmm mopropoxtde (6 0 g. 29 3 mmol), the orangered reachon sohmon was stured and boded under reflux for 30 

mmutes The solutton was cooled to room temperature, washed successtvely wnh cold (5T) 2N hydmchkmc actd, cold water, cold 

aq sat sodmm hydrogen-carbonate and cold brme, drtcd wtth sodmm sulfate and filtered The tohrene solutton was concentrated to 

dryness under reduced pressure and the restdue was chromatographed on sthca gel Elunon wtth hexane/ethyl acetate 95/5 gave 

cholesta_4,7_dlen-3-one (4). 17 0 g (85%) 

4 Mp 87-89°C , [aID ’ + 33 (c = 10) , UV &lx (ethanol) 238 nm (E = 15500) , IR v (cm-l) 1690, 1630, 

1470 , lH 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). 093 (d, J = 6 26 Hz, 3H. H-21). 1 17 (s, 3H, H-19) ,5 18 (m. w1,2 = 9 0 Hz, lH, H-7). 5 79 (d, J = 172 Hz, lH, H-4) , 

SM m/z 382 (100 0) (hi’. C27H42O) ,367 (9 0) ,339 (10 8) ,338 (37 9). 259 (20 6) ,247 (116) ,227 (10 5) , 136 (20 7) , 

Mwoanalysls : cak for C27H42O (382 3578) C 84 81, H 1197 , found C 84 78. H 11 18 , 13C NMR m table 1 

3,3-(Ethylenedioxy)-cholesta-5,7-dIeno (5) 

A mixture of 18 g of cholcsta_4,7_dlen-3-one (4) (4 7 nunol), 20 ml of toluene. 2 ml of ethylene glycol and 20 mg of p 

tohtenesulfomc actd monohydrate was stnmd and tefluxed for 1 hour (contmuous water-removal adapter) Satmated sodmm hydmgen- 

carbonate. sohmon was added to the cooled mtxture and the toluene layer was separated The extract was washed twtce wnh water, 

brme, dned wnh sodmm sulfate, evaporated under reduce pressure and the residue was chmmatographed on slhca gel Eluuon with 

hexane/ethyl acetate 98/2 gave 3,3-(ethylenerlloxy)-5a-cholesta-6,8(14)&ene (9). 25 mg (2%) and 3.3~@hylentioxy)-choksta- 

5.7~&ene (5). 865 mg (65%) 
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8 Mp 106-107°C, [aID= = + 74 (c = 0 8) , UV I_,,,= (CH3CN) 192 nm (e = 5300), 239 nm (e = 17900) , IR v (cm-l) 

2930.1655, 1618, 1457, 1381 , 1363 , 1313, 1282, 1261 , 1103 , 1036, hi NMR 200 MHz (CDCl3) 6 0 60 (s, 3H. H- 

18) , 0 87 (s, 3H, H-19) , 0 87 (d, J = 6 57 Hz, 6H, H-26.27) (0 93 (d, J = 5 94 Hz, 3H, H-21) ,2 52 (C part of an ABC system. 

That looks hke a dd, Jawmt = 3 92 Hz and Jsppmmt = 12 44 Hz, lH, H-5) ,3 94 (s, 4H, H-1’,2’) ,5 71 (t, J = 2 21 Hz. lH, H- 

7) , MS m/z 442 (60 3) (M+. C29H4603) , 413 (27 5) , 328 (10 7) , 167 (20 6) , 99 (100 0) , M~cro~a~lys~s talc for 

C29H4& (442 6794) C 78 68, H 10 47 , found C 78 79 , H 10 51 , 13C NMR m table 1 
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