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Abstract Synthests. from 2-methylcyclohexane-I ,3-&one and 2-methylcyclopentane-15dtone, of optrcally pure 
brcyclac mtermedsates represennng the AIB and DIEfragments requredfor an approach to tsoarbonnol 

Introdzzctzon: 

Isoarbormol 11 IS a pentacychc mterpene presenting several mterestmg charactenstlcs Its structure 

makes it a “hybnd” of the very Important hopanolds2 such as dlplopterol2 and of the mm-penes of the lanostane 

fanuly such as lanostero13 or Parke014 Furthermore, It 1s so far the only 3-hydroxy mterpene to have been 

found intact m several sdments3, which has led us to postulate 3b that it may have ongmated there from some 

aerobic bactena, not yet ldenafied but possibly related to Merhylococcllr caspsulatus, a lanosterol-contammg 

organism4 Assuredly, one cannot exclude as an alternate sourct some Gramzneae many of these contam 

lsoarbonnol, but it 1s usually accompanied by several of its epimers and isomers, and by their methyl ethers5 

We have nevertheless remarked that isoarbonnol, should it really be a bactenal product, could well be another 

example of the many polyterpemc cholesterol surrogates involved m membrane stabilization, and that the 

nucroorgamsms contammg it, if exlshng, would be a welcome hnk between the hopane-contammg bactena anG 

the Eucaryotes contammg lanosteml, or cycloartenol, or stemls 6 We have therefore planned to check the effect 
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of lsoarbonnol and of some of its I somers and epmers on the physxwhem~cal properties of phosphohpld 

bllayers7 Expenments a~ m progress wtth ~soarbonnol ltseifl but extraction can give only a lumted variety of 

these substances, and we have also initiated total syntheses 

We wash to present at Uus stage the gene& scheme followed (Scheme 1). and to descnbe our first results 

with the synthesis of the mtermedrates reqnred, tn pure enanbomezic form. as precursors of the A/B nngs (14, 

16,17) and of the D/E nngs (21) 

21 R=CO@e 

B n=2 
E n=l 

Scheme 1 

The stmcture of lsoarbormol Immediately suggests a possible dlsconnectlon of nng C!. and a 

retrosynthetic pathway makmg use as the key-step of a I)lels-Alder, a tandem Michael or an analogous reaction 

to form the C-nng Two convergent synthehc schemes have been cons&zd the A/B + D/E -> A/B/CXXB, and 

the A/B + D -> A/B/C/D, A/B/C/D -> A/B/CiD/E approaches (Scheme 1). In the first one, nng C is formed by 

reacnon between a partner AB denved from 2-methylcyclohexane-1,3&one and one, D/E, derived from the 
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lower homologue 2-methyl-cyclopentancrne-13-dtone. both reachug wUh methyl-vmyl-ketone m an asymmemc 

Robmson annelation, catalyzed mth (S)-probne for A/B*, wrath (R)-prohne for D/E9 Transfer of chtraltty from 
(R)-prolme to the (R)-enedtone 18 and from (S)-prolme to the (S)-enedione 5 would provide all the nine 

asymmemc centers m the desired coniigurat~~ 

Results and Discussion: 
Selective ketallzatlon of the saturated carbonyl group of the Wleland-Mlscher ketone S-(+)-510 urlth 

ethylene glycol. followed by kmenc methylatmn with potassium t-butoxide and methyl l&dell afforded ketones 

6 (16%) (recycled mto the syntheac scheme using Stork’s reductive methylationt2) and 7 (64%), along with 5% 
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a I)-Ethylene glycol, toluene, reflux, Sh 95%. 2)- IBuOK. MeI, 10 mm, RT 75% b NaBHq, EtOH 

C l)- I-butene, BF3 Et20, -78’C to RT. 98%. 2) 5% HCI -THF, 100 % d l)- H2.1 atm , 10% Pd/C, AcOH, 2)- PDC-CH2CI2 

e - I)- W K ,2)- BF3 Et20, toluene. RT, or l)- NaBH4.2)- MsCI. Py. 3)- LdNH3,4)- BF3 E120. toluene or CH2C12 

Scheme 2 

of the corresponding 2,2,4,4_tetramethylated homologue (Scheme 2) Reduction of 7 Hnth sodium borohydnde 

m ethanol at room temperature afforded 8 and 9 m a 13 1 ratio and 84% yield Catalyuc hydrogenation of 8 was 
difficult to achieve (Pd/C, PtO2, vanous solvents) Attempts to reduce the 5(6) double bond m the presence of 

the ketal protectmg group failed, the mam product, the 3.9-dlol. resultmg unexpectedly from ketal cleavage’3 

Indeed, we have observed that a rapid cleavage of the ketal7 was achieved by simply stmmg it in the presence 

of a small amount of Pd/C in ethyl acetate Protecaon of the 3p-OH group was achieved instead as its t-butyl 

ether 10, this octalone was then hydrogenated m the presence of Pd/C or of PQ, and the partlally reduced 9- 
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ketone was quanhtahvely re-oxtd~zed with pyndmmm &chromate m hchloromethane at room temperatmet4 

Decalone 11 IS only a few md steps away from 12b, a known inhibitor of cholesterol blosyntheslsls, this 

was prepared by a Wolff-lshner reduchon of the 9-keto group of 11 followed by deprotecnon of the t-Bu- 

protected 3bOH group by short treatment urlth BF3.Etfl @IS was found to he a very convenient pmcedunz, of 

the many cases we have used, one IS shown on Scheme 3 We have run this deprotectlon m benzene, toluene 

or dchloromethane, with l-4 h sturmg. as estabhshed by TLC momtormg, under argon, at room tempera-) 

Alternately, 12b was obtamed by sodium borohydnde reduction, mesylatton (MesCl, Py), deoxygenanon (- 

70°C, excess of l&nun metal, 111 hqmd ammonia with THF as cosolvent, and fiially ethanol as a proton donor) 

and agam deprotecnon of the 3khydroxyl group (95% overall yield). 

Ad&tton of vmyl magnesium bronude to the decalone 11 (THF, -2OT to 0°C) gave the vmyl carbmols 

13 as an eplmenc tmxture, m 85% yield Dehydrtionl6 of the nuxture (BF3 Et20 cat , benzene-THF 4 1,4hr 

- . 
15 16 17 

aR=formylb R=H.c R=TBDMS a R=TLlDMS,b R=H 

a Vmylmagnesmm bromade, THF, -78°C to RT b BF3 Et20, benzene, THF c hhmm acetyhde, hq NH3 d 1) HCOOH, 

H2SO4.5 mm, 2) K2CO3, MeOH, H20.3) TBMDS-Cl, DMF, lmidazole e LDA. @tO)2FQCI, -70°C to RT 

Scheme 3 

reflux) led to the A/B &ene 14 III quanntatlve yield, provided proper precautions were taken (see Experunental 

Part even a trace of moisture leads to the isomenc 7, 9(11) E+Z dlenes) Reaction of 11 with hthmm 

acetyhdel7 (excess metal m hqmd ammoma, acetylene stream through the reacaon mixture at -7oOC) afforded m 

excellent yield the eplmenc ethmyl carbmols 15, which upon treatment with a few drops of concentrated sulfunc 

acid m fornuc acid (5 mm at 90°C) led to the ConJugated ketone 16 by a Rupe rearrangement18 (60% from 11) 

The resulting product 16a, a 3-formate, was easily deformylated by treatment with potassium carbonate m 

methanol and water (lhr, room temperature) and the resulhng 3-alcohol16b was quantitatively protected as the 

3-TBDMS-ether 16c with TBDMS-Cl, DMF, mndazole 

We had planned to use this ether 16c in a “tandem” Mchael (or Mukayama-Mlchaeltg), approach or as 

the precursor of the 1 l-substituted dlenes 17 (R = OTMS, OPO(OEt)2. OAc, etc ) Phosphate substituted 

dlenes are snd to have a reactivity comparable to that of the 0-TMS dlenes24 however, the dlenolphosphate 17 
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proved totally unreactive towards &enophdes 21 or 3-methyl-2-cyclohexen-l-one. whereas dlene 14 reacted 

very well with 2Jidimethylbenzqumone even at -78T under Lewis-acrd catalysts21 (Scheme 1) 

With the A/B synthehc mtermedlates avrulable, we turned our attention to the D/E part of our 

retrosynthetlc scheme Starting from the Wleland-Mlescher ketone lower homologue 18. the overall 

transformation reqmred to obtam 21 amounts to a 12-carbonyl transposition on the D-nng moiety To ensure 

the trans D/E nng Junction, we used the procedure of Uskokovlc et al 22 up to the conjugated ester 20 All 

transformauons depicted m Scheme 4 ran smoothly up to this pomt. We next focussed on the allyhc oxldanon 

24 23 

t 
e 

fi a,b ) o#+ a,c -e;’ 
cJHw CozMe 

R(-)-18 19 20 

2 2 P R=COOMe 21 

8 NaBq, EtOH. CH2Cl2 (99%) b l> ~sobutene, II+ (97%) 2)- Mg methyl carbonate (63%). 3)- H2, Pd/BaSO, (100%) 

4)- cH2N2 WI%) C I)- MsCI. Py (98%). 2> NaI, DMP @O%) d C@, AcOH, Ac20. benzene, 5°C. 30 mm (see Exp ) 

e I)- DINAH (~95%). 2)- BUTA, then ~t0)2POCI (80%) f L1-EtNH2/Argon, m. t-BUSH, -70 to 0°C (8046) 

Scheme 4 

of 20, which we hoped would lead us to the desired trans-hydrindane denvatlve 21 In fact, we encountered 

serious dIfficultIes to carry out thts apparently meal transformatIoIY the mayor oxldatton product was the ene- 

&one 22a, under varymg oxldatton cond~tions~~, and at best 15% of the desued 21 was obtamed (with 26 % of 
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22a and unldenhfied polar products) by usmg CIO$A~OHIAC@. Furthermore. reductive dephosphorytion 

of the phosphate 23a, obtamed accordmg to ref.25, at OOC under argon, afforded 24, which upon oxidation led 

similarly to the undesired e&lone 22b (24 96, plus umdenttfied polar products) This may be due to the 

dflerent stenc acces&hhes of the two allyhc ax+ hydrogens to be abstracted by the ox&m, as deduced from 

Scheme 5: Steric representation of 20 * 

the application of Toromanoff’s “TAN” method,% or snnply from a constderahon of the stenc representatton of 

20 (Scheme 5), based on an MM2 analysts. and showmg that the secondary allyhc axial hydrogen IS CIS to the 

angular methyl group (slower attack), but that the ternary allyhc axial hydrogen IS not hindered This easier 

accesnblhty. and the preference for tertiary allyhc hydrogen abstraction27 would make the tietone 22 the 

favoured product of any allyhc ox~datton These consulerahons led to the conclusion that an altemahve approach 

0 
0 .t 

1 b 
b 

25 a R=OAc 

bR=OH 26 

I 

21 21 

a l)- NaESQ, EtOH. CQCl2, -78°C. 2)- I-butene, I-I+, 3)- pb(oAc)4, benzene. reflux (ca 98%) 

b I)- Mg methyl carbonace (6096). 2)- H2. WIBasoq (100%). 3)_ CH2N2 (100%) 

c l)- NaBH4. EtOH. CH2Cl2. -78“C (>95%). 2)- MsCI, Py (~995%). 3)- Nal, DMF (45%) 

d l> K2CO3, MeOH, H20 (lW%), 2)- F’DC, CH2Cl2. oc JOIWS. oz SWIXII (100%) 

Scheme 6 

to 21 would be necessary. To overcome the u&wed tietone formatton, we used a shghtly mod&d strategy 

for the formabon of 21, where the C-“2°K) bond was introduced at the begmmng of the synthesis (Scheme 6). 

* The “nmnbenng” usal m Scheme 5 and m the text below IS. for umwuence., s&rod-Ike 
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Selective reduction of the saturated carbonyl of 18, followed by t-butyl protectron of the resultmg 

alcohol and lead tern oxidation at C-“2’a (20 mmol of mnjugated ketone 111 dry benzene, 2-fold excess 

0f1ead~~,refilaundaaainertprmoapherefor3days)afforded ~ytheepuuerrcmrxtureof 

“2”-acetoxy denvatrves 2Sa (ca 98% yteld) The orientatron of the acetate group not being crucral, we pursued 

our synthesis as 111 Scheme 4 up to the comugated ester 27, all steps (carboxymethyl mtroducbon at C-“4”, 

hydrogenatron, reductum. mesylahon, ehmmauon) pmceeded m htgh ytelds, wrthout requmng separauon of the 

eplmers temporanly produced as the eplmeslc centers become ulumately mgonal (we have nevertheless separated 

and fully chamcteri zed several of these eptmers) For analytrcal purposes, the unseparable mtxture of acetates 

25a was sapomfied (K3CO3, water-&OH, r.t, lh) to the correspondutg alcohols 25b, which were easily 

separated by s~l.tca gel column chromatography (12 ethyl acetate heptane) and the mayor alcohol was reacetylated 

(Ac20-Py, 0°C) to be fully characterized (Scheme 6) Sodrum carbonate hydrolyses of the acetoxy-methyl ester 

27 proceeded smoothly, but further oxulatton of the “2”-hydroxy group was again fraught with Qffculttes 

Under either Coreyt4, Jones33 or Swern3u cot&tons, we always obtamed a 3: 1 trans:crs rauo of the conJugated 

keto-esters 21a and 28, unseparable by srhca gel flash column chromatography. However, HPLC separauon 

(heptane ethyl acetate 97 3) gave pure 21a and 28 The eptmenc homogeneity of 21a and 28 was confii 

by therr tH and t3C NMR spectra, and the crs-Juncuon of 28 was established by NOEDIFF measurements3t 

(490 MHz NMR) . presaturation of the stgnal due to the angular methyl group revealed us m relatronshrp wrth 
H_“5” 

The use of the bicychc mtermedrates described here to obtam tetracychc adducts wtth benxoqumone 

denvahves (see Scheme 1) as well as pentacyclic structums on the way to rsoarbormol, wdl be descnhed later 

Acknowledgements: We thank Dr M UskokovrC (Hm Lo Roche, Nutky, NJ), for a generous grf of S(+)- 

Wtelatu-Mescher ketone, Dr E Toromam@for useful dtscurswns, and the Acadbme des Sctences and the Maawell 
Foundatwn for post-doctoral fellowshtps (E C . R R and A T ) 

Experimental Section : 

Flash chromatographies were run on &cage1 wtth the solvent rruxture mdtcated IR spectra were recorded on a 

Ntcolet 205 FTIR spectrometer. Opucal rotations were recorded in CHC13 soluaon usmg a Perkm-Elmer 243 

polanmeter Thm layer chromatography was performed on commercial s&a gel glass plates that were 

developped by tmersron m 5% phosphomolyWc acrd rn 95% ethanol Mass spectra (MS), recorded on an 

AEI MS-50 (electron tmpact spectra, EI), an AEI MS-9 (chemtcal ionization spectra, CI). or a Kratos MS-50 

(high resolutton mass spectra, HR) mstruments are reported tn the four “m/z (intensity relatrve to base 

peak=loo%)” *H NMR were recorded on Bruker AM400 or WP200 mstruments rn CDC13 Chemrcal shrfts 

are expressed in ppm downfield from TMS (the ‘H NMR data are presented in the order 6 value of stgnal, 

Integrated number of protons, peak multrphcny (s, singlet ; d, doublet , t, mplet , q, quartet ; m, mulaplet) and 

couphng constant m Hx t3C spectra were obtamed either at 100 MHx (Bruker AM400 wide-bore) or at 50 2 

MHz (Bruker WP200) and the chemtcal shrfts are mported relattve to CDC13 (77 00 ppm) For all compounds 
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mvesugated,~3C resonances were assigned by the SEMI techmque. 32 Detenmnauons of nuclear Overhauser 

effects by the NOEDIFF method were performed wtth the ard of Aspect 3000 nucroprograms whrch allowed 

dmct accumulatmns of dtfference FID’s. Samples were prepared as 10% (w/w) soluhons m CDC13. degassed 

by several freeze-pump-thaw cycles, and sealed 111 NMR tubes 

General procedure for boron trifluoride deprotection of t-Bu ethers: 

The t-butyl ether (5KXKl mg) m toluene (5mL; dtchlommethane can also be used) 1s treated wtth 0.2-l mL of 

boronmtluonde etherate. The reactton 1s momtomd by TIC. After about 1 h at room temperature, tt 1s usually 

complete. Addmon of water (1mL) IS followed by sttmng (30 mm, and addmon of sodmm hydrogen carbonate 

Work-up as usual has grven m each case a nearly quantttauve yield of the fme alcohol, wrth no detectable trace of 

side product (TLC. NMR of the crude) 

Catalytic deketalization of ketal 7: 

The ketal711(300 mg) was &ssolved m ethyl acetate (20 mL) and 10 96 Pd/C (200 mg) was added. After 1 hr 

stunng at room temperature, a TIC control indicated complete deprotecuon Isolaaon as usual gave the pure 

tietone correspondmg to 7 (245 mg) 

Saturated ketone 11: 

The ketone 10 (138 g, 5 15 mmol) and platmum oxide (80 mg) were stumd m ethyl acetate (25 mL) under 40 

PSI of hydrogen After 4 hrs, the solutton was evaporated to dryness and afforded 14 g of crude product, 

whtch was oxuhxed wrth pymbmum &chromate (2 9 g, 7 75 mmol) m dry drchloromethane (25 ml), at room 

temperature under mtrogen After one night. the reacuon nuxtum was diluted wrth ether and washed repeatedly 

wrth water and lmne Flash chromatography (ethyl acetate heptane 1.4) gave 125 g of the decalone 11 
11 mp 80°C (ether-hexane), IR (film) 1700, 1200, 1100, 1050, ‘H NMR 6 0 887 (3H, s). 0 947 (3H, s), 

1 159 (3H, s), 1 190 (9H, s), 1.150-1.800 (8H, m), 2 040-2 280 (2H, m), 2 580 (lH, m); 2.980 (1H. m); 13C 

NMR 6 16 8, 18 7, 21.0, 31 4, 37.4, 39 9, 48 6, 53 4, 73 1, 77 7, 215.3, MS, EI. 266 M+‘(52), 210 (60). 

154 (77), 111 (78). 57 (100). [Alma -18 ( c=3 5) Anal Calcd for C17H3& C, 76 64, H. 11 35, Fd C. 

76 5, H, 11.3. 

Reduction of ketone 11: 

Sodium borohydnde reducuon of the ketone 11 was achieved accordmg to ref 22b. The resultmg 9-alcohol 

(320 mg, 1 2 mmol) was treated wnh mesyl chlonde (150 mg, 1 3 mmol) m pyndme (15 mL), at 0°C under an 

mert atmosphere After one night, the usual work-up and flash chromatography gave the mesylate, whtch was 

treated wtth excess hthmm 111 hqurd ammoma (100 ml) and dry THF (5 ml), ethanol was then added at -78’C. 

and the usual work-up gave the t-butyl ether 12 a m overall 95 % yteld 

12a mp 115-118°C (ether-hexane) , IR (film) 2950,1240,1100, ‘H NMR .6 0 739 (3H, s); 0 879 (3H, s), 

0919 (3H, s), 1.189 (9H, s), 0.80-l 80 (13H, m), 3 033 (lH, dd, J=lO, 5). 13C NMR 6 16 1, 19 4, 219. 

22 0, 27 6, 27 7, 28.6, 29 3, 34 2, 39 0, 40 8, 45 5, 53.7, 72.8, 79 12, MS, El . 252 M+‘(12). 196 (ll), 
177 (8), 163 (7). 139 (69). 138 (57). 83 (84). 57 (lOO), [a12’, + 6 ( c=l 15), Anal Calcd. for C17H& C, 

80 88, H, 12.78, Fd C, 80.9; H, 12 5 

Vinylation of ketone 11: 

To a soluuon of decalone 11 (900 mg, 3 38 mmol) m dry THF, was added ot -78°C a 1M commerctal solutton 

of vmylmagnesmm bromtde m THF (10 mL, 10 mmol) The reacuon mtxture was allowed to warm up and 

momtored wrth TIC After 4 hrs at mom temperature, tt was cooled to 0“C and quenched wtth a saturated 
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solution of ammomum chlonde Flash chromatography (ethyl acetate heptane 16) afforded the rmxture of 

epimers 13 m 85% yield; 90 mg of the startmg matenalll was recovered 

13a (faster elutmg isomer) m p 62-65’C (ether-hexane); IR (film) 3500, 1200, 1060, ‘H NMR 6 0 793 

(3H, s), 0 934 (3H. s), 0 958 (3H. s), 1 177 (9H, s), 1250-2 000 (llH, m), 3 038 (lH, dd, J=9 9,5), 5 094 

(lH, dd, J=ll, 13). 5 181 (lH, dd, J=17, 13), 6023 (lH, dd, J=ll, 13), t3C NMR 6 16 6, 17 1, 21 3, 

219, 26 9, 29 2, 30 5, 33 3,40 0.40 7.45 6, 72 9,77 1,78 2, 113 4. 142 8, MS, EI 294 M+’ (1 5), 220 

(93), 178 (43), 57 (lOO), [a]m~ -22 ( c=l4) Anal Calcd for C19H34O2 C, 77 49, H, 1164, Fd C, 77 7, 

H, 115 

13b (slower elutmg isomer) m p 52-53’C (ether-hexane), IR (film) 3450,1200,1050, ‘H NMR 6 0 812 

(3H, s), 0921 (3H, s), 1081 (3H, s), 1 177 (9H, s), 130-l 95 (llH, m), 2 950 (lH, dd, J=lO, 5), 5 188 (lH, 

dd, J=17, ll), 13C NMR 6 14 5, 16 4, 21 2, 23 0, 27 0, 29 1. 29.3, 30 9, 36 1, 39 0, 41 5, 48 3, 72 8, 

77 8, 78 4, 113 5, 141 9, MS, EI 294 M+‘(l), 220 (93). 178 (43), 57 (100) [cc]~~, +9 ( c=l 1) Anal 

Calcd for Ct9H34O2 C, 77 49, H, 11 64, Fd C,77 6, H, 11 8 

Diene 14: 

Dehydration of the rmxture of eplmers 13 was achieved accordmg to ref 16 N B All reagents and tools used 

for this reaction must be. perfectly dry m order to avoid double-bond migration to the unwanted E+Z 7,9(11) 

&enes (fully characterized but not separated and therefore not described here) The eplmenc alcohols 13 (294 

mg, 1 mmol) were heated at reflux under an inert atmosphere m a rmxture of benzene (24 mL) and THF (6 nL), 

contammg 0 1 mL of boron mfluonde etherate After cooling to O’C, powdered sodmm hydrogen carbonate 

was added, and the rmxture was well steed Ddunon with ether, washings with 10% aqueous sodium 

hydroxide, water and bnne, and drymg over magnesmm sulfate, afforded the dlene 14 (215 mg, >95 8) after 

flash chromatography (ethyl acetate heptane 1 6) This &ene 1s perfectly stable (several years) If it 1s fully 

puntied unm&ately, and If it 1s kept at -WC m the dark 

14 : m p 69-72’C (hexane), *H NMR 6 0 832 (3H, s), 1015 (3H, s), 0 85-2 31 (9H, m), 3 263 (lH, dd, 

J=12,4), 4 928 (lH, dd, J=lO, 2), 5 261 (lH, dd, J=17, 2), 5 677 (IH, t, J=4), 6 310 (lH, dd, J=17, lo), 

13C NMR 6 15 3, 18 2, 20 4. 27 1, 27 5, 27 9, 35 2. 37 0. 38 7, 50 4, 78 5, 113 4, 1214, 135 9, 147 6, 

MS, EI 220 M+‘(91), 202 (21), 187 (lOO), 159 (32), 145 (32) [u]~~,+~O ( c=O 75), Anal Calcd for 

Ct5H~0 C, 8176, H, 1098, Fd C, 81 5, H, 109 

Ethinylation of decalone 11: 

Excess hthmm metal (>4 equ ) was added m a 3-necked flask to hqmd ammoma (150 mL, -7VC) and stmzd 

After 30 mm, dry acetylene was passed through the sohmon untd the blue colour disappeared Decalone 11 

(638 mg, 2 4 mmol), Qssolved m anhydrous THF (10 mL), was added and stn-nng was contmued for 4 hrs at - 

78“C under a constant flow of acetylene Dilution with ether, titian of ammonmm chloride, and evaporation 

of the ammoma, were followed by the usual work-up and flash chromatography with ethyl acetate heptane 1 4 

The rmxture of epimenc ethmyl-cartnnols 15 (665 mg, >95 96) was obtamed, small amounts of the startmg 

mate& were isolated. 

15 (maJor isomer) m p 95-97°C (hexane-ether), IR (film) : 3500, 3290, 1180, 1050, ‘H NMR 6 0 787 

(3H, s), 0919 (3H, s), 0997 (3H, s). 1201 (9H, s), 1.30-l 85 (llH, m), 2049 (lH, s), 3 022 (lH, dd, 

J=lO 3, 4 6), 13C NMR 6 13 0, 14 0, 16 1, 20 6, 23 3, 26 8, 28 7, 31 8. 35 2, 38 6, 417, 48 8, 72 6, 
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74 7.76 6, 78 0, 87 1; MS, EI * 292 M+‘(l), 274 (l), 245 (12), 235 (100). 218 (57). 189 (87), 175 (89). 57 

(84) [c&o~ - 12 (c=3 1). Anal Calcd for C19H32@ C.78 03, H, 1103, Fd C, 78 05, H, 112. 

Rupe rearrangement of carbinols 15: 

The mixture of alcohols 15 (1 16 g) was dissolved m formtc actd (20 mL), and 2 drops of concentrated sulfurtc 

actd were added under sttmng at room tempemmre After 2 hts, the reactton trnxture was heated to WC for 10 

mm, cooled to WC, poured mto ice-cooled water, and neutrahzed slowly wtth potassium hydroxide Extraction 

(dtchloromethane), drymg (magnenum sulfate), evaporanon of the solvent and flash chromatography (ethyl 

acetate heptane 14) yielded the c@-unsaturated ketone 16, as the 3-formate l&t 

16a mp 118-12fPC (hexane-ether); IR (CHC13) 1700. 1650, 1170, ‘H NMR 6 0 931 (6H. s). 1254 

(3H, s), 2.242 (3H, s), 1 00-2 60 (9H. m), 4.641 (lH, dd, J=9 2, 7), 6 627 (1H. t, J=3 5). 8 123 (lH, s), 

13C NMR 6 16 5, 17.4, 20.1, 24 0, 27 4, 28 1. 33 5, 37 5, 37 7, 51 0, 80 5, 138 6, 149 9, 160 7, 199 6, 

MS , EI 264 M+‘(30), 249 (13), 236 (21), 218 (19). 203 (20), 175 (37). 43 (lOO), [a120~ + 86 ( ~~0.4, 

CHC13). Anal Calcd. for Cl&I2403 C, 72 69, H, 9 15, Fd C, 72 6, H, 9 3 

Hydrolysis of the formate 16a: 

The formate 16a (500 mg) was stnred at room temperature for 1 h m a mtxture of methanol (20 mL). water 

(1mL) and potassmm carbonate (500 mg) The reacnon mtxture was evaporated to dryness m vacua, extracted 

with dichloromethane, washed with water, dried over magnesium sulfate, evaporated, and flash- 

chromatographed (ethyl acetate heptane 14). to yteld 446 mg of the 3-alcohol 16 b 

16b - m p 103-104°C (hexane-tiO), IR (nujol) 3550,166O. 1620. *H NMR 6 0 837 (3H, s), 1030 (3H, 

s), 1225 (3H, s), 0 95-l 15 (2H, m); 140-l 85 (5H. m), 2 20-2 58 (3H, m), 3 242 (1H dd. J=10.6), 6 599 

(lH, t , J=3.6), 13C NMR 6 15 4. 17 6, 20 1, 27 6, 28 3, 33 9, 37 8, 38 9, 51 0, 78 8, 138 6, 150 4. 200.0, 

MS, EI 236 M+‘(lOO), 218 (54), 208 (68). 203 (72). 193 (44). MS, HR, EI for C15H24O2. Calcd 

236 1776 Fd 236 1767, [a120~ + 93 ( c=2 1). Anal Calcd for Ct5H24O2 C, 76 22, H, 10 24, Fd 

C,75 35, H. 10 9 

Enol phosphate 17. 

The 3p-alcohol16b was protected as its t-Bu ether as described in ref 22 The resulting ether 16 c (150 mg, 

0 51 mmol) was treated wtth 1 1 eq of ltthmm drethylamide at -78°C under argon After 15 mm, was added 

diethyl chlorophosphate (174 mg, 1 1 equ ) The reactton rmxture was allowed to warm up to room 

temperature, retooled to O’C, quenched with water, and de-t-butylated with boron mfluortde etherate m 

drchloromethane The resultmg alcohol 17 b was purtfied by flash chromatography (84 mg, 44 %), and treated 

in DMF (0 2 mL,) with 12 equ of t-butykhmethylsilyl chlortde and 2 5 equ. of imtdaxole; after overntght 

stmmg at room temperature under argon, Isolation as usual yteded the 3-t-butyldtmethylstlyl ether 17a (109 mg, 

100 96. 

17a . oil, IR ( film) 3425.1630.1360, ‘H NMR 6 0 005 (3H, s), 0 012 (3H, s), 0 770 (3H. s). 0 863 (9H. 

s). 0 900 (3H, s), 1 131 (3H. s). 1 00-2 25 (9H, m), 3.194 (1H. dd. J=ll, 4 8). 4 136 (4H, m), 4 526 (lH, t. 

J=l7), 4 864 (lH, t, J=l7), 5 732 (lH, t, J=3 6). 13C NMR 6 15 9, 16 0 18 0, 18 1, 20 8, 25 8, 26 7, 

27 8, 28 4, 34 4. 36 6, 39 5, 50 4. 64 0, 79 2. 99 1. 128 9. 144 6, 155 9, MS, EI 486 M+‘(4). 429 (2), 

332 (7), 275 (21), 230 (18), 229 (100). 211 (26), 155 (33), [cc& + 17 ( c=3.5) 

17b : m p 55-61°C (hexane-rPr20), IR( CHCl3) 3600, 3450.1630, 1360, ‘H NMR 6 0 850 (3H, s), 1.050 

(3H, s), 1 15 (3H, s); 1.35 (6H, m); 0 50-2 50 (9H. m), 3 25 lH, dd, J=lO, 5 5), 4.50 (4H, m), 4 55 (1H. 

br s), 4 90 (lH, br s), 5 75 (lH, br s), 13C NMR 6 15.5, 16 1, 16 2 18 2. 209, 26 8, 27 8, 28 3, 34 8, 
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37 1, 39.1, 50 8, 64.2, 64 3, 78.9,99 6, 129 1, 144 8, 155 9, MS, EI 372 M+‘(O 5). 218 (12), 203 (4), 200 

(4), 185 (lo), 157 (7). 155 (100). 127 (23). 99 (29), MS, HR. EI * Calcd. for C19H3305P 372 2059, Fd . 
372 2065, [al2OD + 8 (c=4 0) 

For the transformations 18 to 22. we have smularly followed the pmcedures de-bed m ref 22 and m the refs 

cited therem 

19 IR (film) 2950, 1749,1712,1363,1201. 1160,1125 , 1H NMR 6 1017 (3H, s), 1 140 (9H, s), 135- 

2 55 (9H. m) 3 352 (lH, d, J=13 5), 3 520 (lH, t, J=8), 3 733 (3H, s), l3C NMR 6 10 7,24 2, 28 4, 313, 

34 8, 37 0, 41 8, 46 5, 51 5. 58 6, 72 4, 78 7, 169 5, 205 4, MS, EI 282 M+’ (7), 251 (9), 226 (39), 208 

(U), 57 (lOO), [a] 20~ - 37 (c=1.6). 

20 IR (film) - 3020.2980,1705,1620,1250,1200,1150. 1H NMR 6 0.176 (3H, s), 1 141 (9H, s), 1 143- 

2 342 (9H, m), 3 454 (lH, DD, J=8,6), 3.689 (39 s), 6 795 (lH, q, J=2 8). t3C NMR 6 110, 24 2, 24 8, 

28 6, 31.3, 32 8, 42 6, 42 7, 50 8, 72 0,78 8. 131 8, 139 5, 167 4, MS, EI 266 M+’ (2), 235 (50), 210 

(lOO), 192 (81), MS, CI 267 M+H (lOO), 211 (42), Anal Calcd for CtflxO3 C, 72 14, H, 9 84, Fd 

C, 716, H, 9 9, [a]D2’ + 18 (c=O 7) 

Chromic oxidation of the unsaturated ester 20 

The reagent was prepared accordmg to ref 24, with 4 7 g (47mmol) CrO3 The oxidation of the unsaturated 

ester 20 (2 5 g, 9 4 mmol) was carned out over 20 mm and the temperature never exceeded 2O“C Quenching 

was aclueved by pounng mto &lute aq potassium hydroxtde and extraction with ethyl acetate was followed by 

drymg (magnesium sulfate), evaporation, and flash chromatography (ethyl acetate heptane 1 6), to gve the 

startmg matenal (360 mg, 14 %), the unsaturated keto-ester 21(390 mg, 15 %), and the ene-&one 22a (680 

mg, 26 %), accompamed by umdermfied polar products 

21 IR (film) 3040,2984, 1722, 1689, 1620,1244, 1191, 1118, tH NMR : 6 0.825 (3H, s), 1 149 (9H, s), 

155-l 75 (2H, m), 2 06 (lH, m), 2 148 (1H. d, J=16 2), 2 25 (lH, m), 2 652 (lH, d, J=16 2); 2 70 (lH, m) 

9 3 738 (lH, t, J=7 8). 3 804 (3H, s), 6 593 (lH, d, J-3) , 13C NMR 6 12 2, 23 9, 28 6, 30 9,43 9, 46 7, 

517, 52 1,72 7, 78 4, 133 1. 148 2, 166 8, 200 6 , MS, CI 281 M+H (lOO), 225 (96). Anal Calcd for 

Cl&404 C, 68 54, H, 8 63, Fd C, 68 1, H, 8 6, [a]Dza -45 (c=l2) 

22a mp (ether) 137-140” C IR 3000, 2950, 1733, 1682, 1247, 1200, 1176, 1100. 1008, 1H NMR 6 

1210 (9H, s), 1307 (3H. s), 2008 (1H. m), 2284 (lH, ddd, J=13, 4 6, 26), 242-282 (4H, m), 3 859 

(3H, s), 3 939 (ZH, dd, J=9 8,7 7), t3C NMR 6 16 5,28 3,33 2.34 1.43 2,45 0, 52 4,73 8,74 2, 128 8, 

154 6, 164 5, 195 4,201 6, MS, EI 294 M+’ (I), 238 (73), 221 (13), 207 (53), 206 (lOO), 57 (2); HREIMS 

for Ct6H2205 talc 294 1467, Fd 294 1500, Anal Calcd for C&H2205 C, 65 29, H, 7 53, Fd C, 65 4, H, 

7 4, [a]D2o - 248 (c=O 8) 

Oxidation of the olefin 24 

Oxidation of the olefin 24 (125 mg, 0.56 mmol) unth CrQ (279 mg, 2 79 mmol), under the same con&hons as 

before with did not gave the simple allyhc oxldaaon product correspondmg to 21, but only umdenhfied polar 

matenal and the ene-&one 22b (35 mg) 

22b IR (CHC13) 3023, 2977,2937, 1715, 1674. 1180, 1104, 1034, ‘H NMR 6 1 196 (9H, s), 1218 (3H, 

s), 1 889 (lH, m), 2 082 (3H,s), 2 234 (lH, m), 2 45-2 72 (4H, m), 3 832 (lH, dd, J=9 9, 7 6), 13C NMR d 

10 4, 17 2, 28 7, 33 5, 34 8, 44 3. 46 1, 73 7, 74 7, 136 0, 152 1, 200 3, 205 7, MS, EI 250 M+’ (l), 195 

(l4), 194 (lOO), 150 (79), 57 (7l), [a],” -63 (c=O 5) 
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Preparation of the phosphate 23. 

Reduction of the ester 20 with DINAH was followed by phosphorylation acundmg to ref. 25 

23 *H NMR 6 0 713 (3H, s); 1 138 (9H. s), 1331 (6H, t, J=7), 0.88-2 25 (9H. m), 3 482 (lH, dd, J=lO. 

6 5), 4098 (4H. q, J=7). 4412 (lH, m), 5 853 (Hi, d, J=2 8). t3C NMR 6 10.9. 16 0 (d, 3Jpc=6 6). 22 1, 

28 6, 31 4, 33.3, 42 3, 43 7, 63 4 (d, 2Jp.c=5 6), 69 6 (d, 2Jp_c=5 5), 72 1, 79 2, 126 1, 133 7 (d, 3Jp_ 

c=7 3), MS, EI . 374 M+’ (0 5), 221 (2), 155 (100). 57 (24); Anal Calcd for ClgH3505P C, 66 64, H, 

10 30, Fd . C, 67 0, H, 10 0; [a],” + 3 (c=O 5). 

Reduction of the phosphate 23 

Reduction of the phosphate 23 was accomphshed followmg ref 25 at 0°C under argon and gave the ether 24. 

24 1H NMR : 6 0 717 (3H, s); 1.128 (9H, s); 1 O-2.1 (9H, m); 161 (3H, s). 3 45 (lH, dd. J=8 9,6 5). 5 20 

(lH, br s), 13C NMR 6 11 1, 20 2.23 0.24 2,28 8, 31 5, 34 0, 42 4, 46 5, 72 1, 79 7, 120 0, 134 5. MS, 

CI 223 M+H+ (100). 167 (59), 149 (100) 

Lead tetracetate oxidation of 25 : 

The saturated carbonyl of the ene-&one 18 was reduced using the usual procedure (sodmm borohydnde m 

ethanol, -78’C) and the resultmg alcohol was protected as the t-butyl ether. This (25. H instead of OR), was 

treated using the procedure of Lansbury and Nlckson 28 ~rlth a Zfold excess of lead tetracetate m dry benzene (3- 

days reflux under argon) The eplmenc nuxture of acetates 25a thus obtained nearly quanmahvely was not 

separable by flash chromatography The rmxture 25a (1.17 g, 3 57 mmol) was stmed m methanol (20 mL) and 

water (1 mL) at room temperature m the presence of potassmm carbonate (2 g, 15 mmol). After 1 hr the 

methanol was removed under reduced pressure and the crude product was taken up m dlchloromethane, washed 

with water, dned and evaporated rn vacua, to give the mixture of eplmers 25b (986 mg, 100 %), easily 

separated by flash chromatography (ethyl acetate heptane 1 2). The maJor epuner (200 mg, 0 84 mmol) was 

then reacetylated (A@, Py, 0°C) to g;lve the maJor acetate 25 a (235 mg, 0.84 mol). 

25a (maJor eplmer. equator& C-OAc) IR (film) 1748, 1691,1638, 1377, 1237, 1207, 1095, 1H NMR 6 

1 178 (9H, s), 1242 (3H, s); 1 75-2 10 (3H, m), 2 175 (3H, s), 2 22-2 47 (W, m), 2 730 (lH, m), 3 620 

(IH, t, J=8 7), 5 557 (lH, dd, J=5 3, 13 5), 5 613 (lH, br s), l3C NMR 6 16 4, 20 7. 26 8, 28 5. 29 4. 

40 4, 46 3, 70 6, 73 1,79 3, 1214, 170 0, 174 5. 193 1, MS, CI 281 M+H (IOO), 225 (39). 147 (15), MS, 

HR, EI calcd for Cl&I2504 M+H Calcd 281 1753, Fd 281 1743, [u]$’ - 52 (c=2 2) 

25b (maJor eplmer, equatonal C-OH) IR (CHC13) 3490,2980,1673,1150,1095,1073, tH NMR 6 1 168 

(9H, s), 1205 (3H, s), 1638 (lH, t, J=12 7), 1798 (lH, m), 1981 (lH, m), 2 370 (lH, m), 2425 (lH, m), 

2 727 (lH, m), 3 596 (lH, t, J=9), 4 329 (lH, dd, J=l3 2,5 5), 5 850 (lH, s), 13C NMR 6 16 2.27 I,28 5, 

29 1, 43 0, 46 2, 69 1, 73 0, 79 2, 119 8, 176 6, 199 2, MS, EI 239 M+’ (0 7), 238 (0 5), 223 (0 6), 222 

(0 5), 182 (72), 57 (lOO), [U]D2’ - 61 (c=O 95) 

Conversion of 25a to the a$-unsaturated ketones 21 and 28. 

The steps 25a-26-27.21a+28 were camed out by the standard procedures indicated on Scheme 6, on the 

nuxture of acetates 25a The final nuxture of cls-trans products (1 3) could only be separated by HPLC 

28 IR (film) 3040,2977, 1728, 1676, 1621, 1603, 1273. 1250, 1199, 1124, *H NMR 6 1.021 (3H, s), 

1 148 (9H, s), 1517 (lH, m), 1736 (lH, m), 2 148 (lH, d, J=16), 2 167 (lH, m), 2363 (lH, d, J=l6), 

2 415 (IH, m), 2 923 (lH, t, J=9 l), 3 536 (IH, dd, J=6 2, 3 6), 3 827 (3H, s), 6 655 (lH, s), 13C NMR 6 

20 4, 28 5, 29 9, 33 9, 43 8, 45 4, 47 9, 52 4, 73 2, 78 2, 130 6, 150 8, 167 1, 199 5, MS, EI 280 M+’ 
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(1 5), 224 (79). 192 (53), 167 (97). 57 (lOO), MS, HR. EI for Cl&?404 Calcd 2780 1674, Fd 280 1672, 

[a]2oD - 78 (c=O 95) 
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