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Abstract. Tricyclic cyclobexa-2,4dienones and methylenecyclohexadienea which are potentially useful fn diteapenoid synthesis 

have been pnqared by cy-clisation of 1,3,5-hexa1rie-1wl-ones and 1.2.4.v. 

Many of the terpenoids which exhibit interesting biological effects, such as some quassinoids,I am highly 

oxygenated and require the development of new methods for their synthesis. Cyclohexa-2&dienones are 

attractive as precursors for oxygenated cyclohexanes, but have been little used in synthesis. It was first 

suggested by Stork2 that a cyclohexa-2&dienone could be in thermal equillbrlum with the related 1.35 

hexaaiene- l-one and this interconversion was demonstrated by Barton and Qmnkert.3 Detailed studies of the 

reaction were carried out by Hart4 and by Chapman;5 in particular it was shown that Ea for the hexa-1,3,5- 

trieneone cyclisation was ca 18 Kcal lower than that for the 13,5-hexatriene cyclisation. In the latter 

cyclisation difficulties were sometimes encountered in developing it into a synthetic process due to alternative 

thermal reactions intervening;e these could be avoided in the trieneone cyclisation. Since the inception of our 

work it has been shown that 1.2.3.5heptatetraenes also undergo facile cyclisation.7 

After preliminary experiments demonstrated the feasibility of the reaction as a useful synthetic method8 we 

decided to examine the stereochemistry of the process for terpenoid synthesis. To this end the acids 6e and St 

were synthesised from 2,5dimethylbenzoquinone. Lewis acid catalysed Diels-Alder reaction of the quinone 

with E-penta-13diene gave the dione lc which reacted with the lithio derivative of the tetrahydopymnyl 

c=cls ring junction 
t&am ring junction 

q@i cgr@oH 
0 

1 X=H 3 X=H, R=THP 6 

2 X=OMe 4 X=OMe, R=THP 
5 X43-H 

( THP ) ether of but-1-yn-Co1 to form the alcohol 3c (83%).9 Removal of the protecting group, followed by 

Lindlar reduction, produced the diol6c (87%) which, on oxidation with Jones’ reagent, formed the 

lactone 7c ( 83% ).I Hydrogenolysis of the lactone 7c to the acid & proved unexpectedly dlffiiult, but was 

I The lactune was accompanied by a further oxidation product derived by oxidation of rhe 2,3double bond to the fp-en-2-one. 
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eventually achieved with Sm1$0 ( 84% ). In a similar sequence of reactions* the rrans-dione It (prepared by 

base catalysed isomerisation of lc ) was converted into the acid &# 

Reaction of the acid & with oxalyl chloride formed the acid chloride from which the ketene was generated 

by treatment with Et3N, spontaneous cyclisation followed to form a 2: 1 mixture ( 81% ) of the dienones !k 

and 1Oc. Structures were assigned on the basis of spectroscopic evidence and syn-stereochemistry established 

for the methyl groups of ltk by tbe demonstration of an n.0.e. between them. Similar cyclisation of the acid 

St gave a 2:l mixture of 9t and lot; base catalysed isomerisation of the !k/lOc mixture gave the !N /lOt 

mixture. Bonding of the ketene can occur on tbe a or fl face of the molecule; in the case of & the former leads 

to 1Ot where ring B can adopt a chair conformation, while the latter leads to !Jt with a twist-boat conformation 

for ring Bt. Our original hope that this would provide a stereochemical determinant for the reaction was not 

fulfilled. MM2 calculations show that there is little differance in steric energy between the isomers 9t and lot; 

this was cmfiicd by thermolysis in 1,2dichlombenzene which changed the ratio of 9t/lOt from 2:l to 2~3. 

However these compounds contain, in ring B, sp2 hybridised C atoms which usually reduce the energy 

difference between chair and twist-boat conformations; in accordance with this view thermolysis changed the 

ratio of acetates llt /l2ts from 2:lto 1:lO. 

It has been shown11 that allenic esters can be prepared by reaction of ketenes with Ph$THC&Me; when 

the ketene was generated from St in the presence of this reagent the dienones 9t and 1Ot ( 24% ) were formed 

along with the esters 13 and 14 ( 54% ) ( 2: 1 ), presumably arising from cyclisation of intermediate 1,2,4,6- 

tetraenes. 

We now sought a more satisfactory method to control the stereochemistry of the cyclisation and following 

some preliminary work12 synthesised the acids 22 and 27.The starting material was 2,ddimethyL 

benzoquinone which was converted into 3.5~dimethyl-Zmethoxybenzoquinone by the sequence Thiele 

reaction to give 1,2,4-triacetoxy-3,5_dimethylbenzene, acid hydrolysis in air, FeC13 oxidation, and 

methylatlon of the hydroxyquinone. Diels-Alder reaction between the quinone and E-penta-13diene 

$~esi~hain~~~inthetseriesisliLelytobetheoppositeofthatinthec~~. 
# The isomer in which the 89double hood had migrated to the 7.8 position was also present. 
t Tie ketfzne &rived from 7c cao cyclise in either a ‘steri& of ‘non-steriod’ confcsmation. MM2 calculations indicate that the 
latter are signikantly more stable for 8c and 9c 
0 Prepared by the sequence LiiI-Q reduction of 8t/9t, Mn- oxidation, and acetylstion. 
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catalysedl3 by AlC13 gave a 1: 1 mixture of 2c and its regioisomc, however changing the Lewis acid to SnQ 

or Tic4 gave a single regioisomer (85%). A 2D-COSY n.m.r. experiment established the structure. 

Presumably with the ‘smaller’ AICl3 coordination to either carbonyl of the methoxyquinone is possible. The 

cis &one 2e was isomerised to the trans -compound 2t with NaOH/MeOH ( 95% ). Reaction of 2t with the 

lithio derivative of but- I-yn4ol TIW ether did not dis&mina te between the carbonyl groups giving a 1:l 

mixture. Reasoning that the C-9 carbonyl, being a vinylogous ester, might be a beaer Lewis base than the C-6 

carbonyl we reacted 2t with the RCeClz reagent 14 which indeed gave the required adduct 4t (10096). The 

regiochemistry of the reaction was established by hydrolysis to the dienone 15, ( Lax 224 and 282 nm, 

shifted to 286 and 405 nm with OH-; vmax 1615 cm-* )which was converted into the diacetate 16 ( & 256 

nm; vmax 1770,1740, and 1650 cm-t ). Reduction of the adduct 4t with NaBI-I&eQ/P&H, followed by 

acetylation and methanolysis gave the ketone 17 ( 53%), 8~ 5.59 ( lH, d. J 4) , which was reduced with 

Zn/AcOH forming the trienone 18 (57%).t After protection of the hydroxyl group as the THP ether 

18X=0, R=H 

19X=kOH, R=THP 

,C02” 

, 

‘OAc 

15 R=H 17 2 OX= EOAc, R=THP 

lGR=Ac 2 1 X=a-OCOPh, FLTHP 

reduction with NaBH&leOH gave the alcohol 19 (68%). Acetylation produced the ester 20 which, after 

removal of the TI-W group, was oxidised to the acid 22 (68%). Reaction of 22 with 2-chloro-l- 

methylpyridinium iodide&N gave the dienone 23 (72%). hmax 312 nm; vmax 1735,167O cm-l ; 6 H 6.92 

(lH,dd,J 6.5andlOHz),6.09(1H,d.J 6.5Hz).5.86(1H,d,J lOHz),5.22(1H,dd,J12and5 

Hz ), 1.52 ( 3 H, s ). 1.18 ( 3 H, s ); there was a substanial n.0.e. between the angular methyl groups. 

When the reaction was carried out in the presence of Ph$CI-I~Me a mixtme of the esters 24 ( 38% ) and 

25 ( 45% ) was obtained. It is likely that both isomers are E-alkenes since they exhibit 5J couplings between 

& &?@iiMe 
i ; 

23 24 a-Me - 26 

25 ghne 

I& and Ht2. The major isomer 25 shows large n.0.e.s between the angular methyl groups. In the f-on 

of the allenic ester an additional chiral centre is generated leading to two distereoisomrs; the results suggest 

that each diastereoisomer cyclises in a single mode, ester 26 bonding to the a-face to form 25 and its 

diastereoisomer bonding on the opposite face to give 24. The alternative modes of cyclisation would form the 

t 10% of the E-dkene is also formed. 
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sterically highly hi&red Z-alkenes. 

In order to explore the masons for the selectivities observed in these cyclisations we turned to molecular 

model&g ( MM2 calculations ); these showed that the differences in steric energy between both possible 

cyclisation products were small ( co 1.5 I&l), but in favour of the chair conformations; also there were little 

differences in stetic energies between the starting material conformations when the ketene carbonyl was fixed 

ontheaandBfaceswithinvandaWaals’radiusrelntivetothe~~allrenecarboa~orthoBoaaltoitIf 

thisinitialabmdingtrajectoryislrccepedthen,toformiheobsavadisaner23,theinitialpyramidilisationis 

towards a’ twist-boat-like’ ring B; however to accomodate the developing cyclohexadienone ring ( in which 

theC!-CObondmustbeequatcrialtorhrgB) themethyl gmuphastomta@pasttheallylicaceooxylgmupand 

the carbonyl group past the allylic hydrogen. This also has the consequence of changing the original ‘twist- 

boat-like’ ring into a chair. In the unobserved alternative bonding from the B face would be required with 

formation of a twist-boat ring B by the acetoxy rotating past the carbonyl and the methyl past the hydrogen. 

Perhaps the selectivity lies in the energetics of these processes in the transition state; however it is difficult to 

make even a semiquantitative estimate of their values. 

O::&WJ::@;P~&~ 

I k i k 

27 28 28 

On reaction of the alcohol 19 with (NCO$t)z/Ph3P/PhCQH15 the benxoate 21 was formed. After 

removal of the THP group, oxidation with Jones’ reagent gave the acid 27 where epoxidation of the isolated 

double bond had occur& in addition to carboxylic acid formation. The acid 27 was cyclised to the dienone 

28 (82% ), ktnax 314 nm; 8B 5.63 ( 1 H, dd, J 7 and 3 ). To our surprise cyclisation in the presence of 

Ph3PCHCO$t gave a single isomer 29 ( 84% ) [( Inrax 348 nm; SJ.J 5.39 ( lH, t, J 5 )] suggesting that a 

single diastereoisomr resulted fmm the allene forming step. At present we ate unable to make an unambiious 

assignment of stemochemistry to the newly -ted angular methyl groups of 28 and 29. Their chemical shifts 

( 1.63 and 1.56 ppm ) compare favourably with those of 23 and 24, but the J values kr the QIoCOPh 

protons am not those expected for an equatorial hydrogen in a chair cyclohexane; they better fit a twist-boat 

cyclohexyl ring. 

Au ‘II n.m.r. spectra were measmed in CDC13 at 3OOMHz, U.V. spectra in EtOH. and it spectra as thin films. I values a~. in 
Hz. , The tea ‘work-up in the usual way’ implies washing the organic extract with brine, drying the solution with MgS04, 
tlbration and concen@ation of the extract in VUCIW. 

Experimental 

Alkyne ( k ).- 1.6 M n-BuLi in hcxsne ( 0.77 cm3 ) was added dropwise to a stirred solution of the ‘IXP &er of but-1-yn-4- 
o1(0.189g)inTHF(15cm3)at-780Candthemixturewaoslincdatthistwnperatunf~2h.Afterwanning toOTthe 
mixturewasaddeddmpwktoastinedsdutionofthe dione(l)(O.l2g)inTHF( 15cm3)at=18oC,stirred for2h.andthen 
allowed to warm up to 0°C. Aqueous NH&l was added and the mixture was extracted with Ef20. Work-up in the usual way, 
followed by silica gel 60 flash chmmatography [ EtOAc/light petroleum (b.p. 40 : 60°C ), MO] gave the dionc ( 1) ( 15 mg ) 
andthealkync(3c)(165mg),esanoil,vmax 3410and1670cm-1;6H 5.64(1H,s).5.60(1H,m).5.48(1H,m), 

4.66(1H,s).3.52(2H,m),2.00(3H,s),1.44(3H,d,J 7),1.28(3H,s);m/Z358. 
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Dial ( k ).- The alkyne ( 3c ) ( 1.2 g ) and toluene-p-sulphonic acid ( 0.637 g ) were stirred at room tempu’atum in 
Me2CO:watcz(8:2)(70cm3)forl2h. Mc$OwasremovedunderreducedpressumaodtheaqueousresidaewasextmUed 

with Et20. Evaporation of the dried exhzt gave the dial ( SC ) as a pale yellow oil ( 0.803 g ).vmax 3390 and 1670 cm-l : 6~ 
5.66(lH,s),5.62(1H,m),5.50(lH,m),3.76(2H,t),2.04(3H,s),1.44(3H,d,J 7).1.28(3H.~);~/a274. 

Alkcne(6e).-Thcallryne(6e)(0.45g)aodLmdlarcatalyst(0.1g)inEtOAc(30cm3)wcrestirredatN.T9.underan 
atmosphere of H2 far 1 h. The catalyst was filtered off and the Bltmte was concmtratedtogivethealtufe (6c)(0.435g)asa 

pale yellow oil, Vmm 3390 and 1665 cm. l;8H 5.64(5H,m),3.74(2H,t),l.90(3H,s).1.43(3H,d.J 7).1.12(3 

H, s ); ( Found : hi+ 276.1718. Cl7H2403 requires M 276.1725 ). 

c&-Spirolsctone ( 7c ).- Jones’ reagent [ freshly prepared from Na2Cr2O7 ( 3 g ) , cmc. H2SO4 ( 4 cm3 ) and water 

(l4~3)]w8sBddeddmpwiseoverlh~astirredsolutionofthedihydroxyketone(7c)(2.54g)in~~(50cm3)atOOC. 
After 2 h at 2o’C the mixture was extracted with Et20. Work-up in the usual way, followed by silica gel 6oH dry column 
chromatography [ EtOA&ght petroleum ( b.p. 40 : WC )] gave the lactune ( 7c ) ( 2.07 g ), m.p.ls167°C; vmax 1740 and 

1675 cm.*;&H 6.12 (1H.m). 6.0l(lH,m), 5.78(1H,bs), 5.64(lH,m),5.54(lH,m).3.22 (2H.m). 1.84 

( 3 H, d. J 1). 1.46 ( 3 H, d. J 7.5 ). 1.08 ( 3 H, s ); ( Founds M+ 272.1412. C17H2003 requbea M 272.1413) and a ketone 

( 0.147 g ), m.p.190.1930C ; vmax 1760 and 1675 cm. 1;6H6.O6(2H,m),6.OO(1H,bs).5.87(lH,m).3.23(2H,m), 

2.62 ( 2 H, s ). 2.24 ( 3 H, s ), l.% ( 3 H, s ), 1.14 ( 3 H, s ); ( Found: M+ 286.1205. Cl7Hl804 requires M 286.1214 ). 

Acid ( C ).- A solution of 1.2diiodoethane (0.2Og)inTHF(5cm3)containingacatalyticamouotofFeCl3wasaddcdtoa 

slurryofSmpowdcr(O.11g)inTHF(5cm3)at U)‘CunderaN2 atmosphere.Afte~ Zhthe green slurry had tomed blue 

(Sm12)andthespiro~tone(7c)(100mg)inTXF(5cm3)was added. Theresoltingbrown mixtmewasstirredfor30 

minandthenpolaedintD~aqueausNaHC03(50cm3). ThemixnuewasexhactedwkhE~O,thentheqaeousphase 
was neuhalised with 1M HCl and extracted with Et20. Concentration of the dried ethereal extracts gave the acid ( 8c ) as a 

c~lourle~s oil ( 0.085 g ). Vmax 1715 cm.’ ; 6~ 5.75 ( 2 H, m ), 5.40 ( 2 H, m ), 1.55 ( 3 H, s ), 1.18 ( 3 H, d, J 7 ). 

Dienolles(~)sod(10e).-Thcacid(8c)(25mg)inCH2Cl2(3cm3)wascooledtoOoCunderaN2atmosphenand 
( COCl h ( 0.11 g ) added dmpwise. After 3 h the volatile components were removed in vacua to give the acid chloride which 

was dissolved in CH2Cl2 ( 3 cm3 ) and cooled to WC onder a N2 atmosphere. Et3N ( 100 mg ) was added dmpwise and the 
reactionmixanewasPllowcdtowarmuptomomtempuature.Afterlhwatu(l5cm3)wasaddcdandthemixtunextrncted 
with CH2Cl2. ‘Ibe combined extracts were washed with 20% aqueous NaHCO3. Concentration of the dried extract gave the 

dica0n~i( & ) and ( ltk ) ( 2:1) ( 19 mg ) as a yellow oil, Vmax 1715 cm’l; 8H 7.12 ( 1 H. dd, J 10 and 6-). 6.28 
(1 H.dJ 6). 6.04(lH. d.JlO). 5.52 (2H. m). 1.63 (3H. s ), 1.43 (3 H,‘s).l.20 (3H. d,J 7) and 7.08 
(lH,dd,J 10 and 6 ).6.41(lH. d.J 6),5.%(lH,d,J 10),1.44 (3H, s).l.36 (3H. s).l20(3H, d, J 7). 
( Foandz hf+ 256.1463. C17H2002 rcqoims M 256.1470). 

Compounds of the trrss-AB Series. 
ThwewaeptepaKdbytheme&ds&uibedftrtbecti-ti. 

Dione(lt)(2lg) gave a&we (3t)(2.93g),m.p.88-90”C;vmax 3460 and 1670cm.1;8H 5.8O(lH. s). 5.61 
( 1 H.m ), 5.51 ( 1 H. m ), 3.87 ( 2 H. m ), 2.05 ( 3 H, s ),I.17 ( 3 H, d. J 7 ), 0.92 ( 3 H, s ); ( Found: C. 73.8; H. 8.6. 
C22H3@4 nquins C, 73.7; H. 8.4% ). 

Etha ( 3t ) ( 1.01 g ) gave &0h01( St ) ( 0.71 g ). oil, vmax 3390 and 1670 cm-l ; 6H 5.76 ( 1 H. s ). 5.58 ( 1 H. m ). 5.47 

( 1 H, m ), 3.73 ( 2 H, t ), 2.00 ( 3 H, s ), 1.11 ( 3 H, d. J 7 ). 0.83 ( 3 H. s ); ( Found: M+ 274.1569. Cl7H2203 tequires M 
274.1565). 

Alcohol ( St ) ( 1.02 g ) gave dkene ( 61) ( 0.938 g ), s~lii, vmax 3390 and 1665 cm-l ; 6H 5.73 ( 3 H. m ). 5.53 ( 1 H. m 

m),5.41(lH.m),3.69(2H,t),l.88(3H,s),1.11(3H,d.J 7). 0.90(3H,s);(Foond:C,73.6;H,8.8.M+ 
276.1731. Cl7H2403 requires C. 73.9; H, 8.7%. M 276.1725 ). 

Dial ( 6t ) ( 0.82 g ) gave lacrone ( 7t ) ( 0.63 g ), m.p. 205-207°C ( EtOAc ); vmax 1745 and 1675 an-l : 6~ 6.11( 1 H, m ), 
6.00 ( 1H. m ). 5.86 ( 1H. s ). 5.55 (2 H, m ). 3.13 ( 2 H, m ). 1.83 ( 3 H, d, J 1 ), 1.16 ( 3 H, d, J 7.5). 1.05 (3 H. II); 

( Fwnd: C, 74.7; H. 7A; M+ 272.1408. Cl7H2@3 requife.~ C, 75.0; H, 7.4%. M 272.1413 ). 

Lactone ( 7t ) (90 mg ) gave acids (8t ) ( 79 mg ). oil, (Foundz M+ 274.1543. C17H22O3 requires 274.1568 ). 

~i~(8t)(l85mg)gavethedieMncs(9t)and(l0t)(lUImg),oil,vmaxl7lOCm.1;6H7.08(lH,~,J lOand6). 
6.25(lH.d.J 6).5.93(lH.d.Jl0),5.54(2H,m),l.57 (3H,s).l.07(3H.d,J7).0.93 (3H,s)and7.08(lH. 
ddJ 10~6),6~#)lKd,J 6),6.OO(lH.dJl0),5.54(2H,m).l.38 (3H.s).l.O9 (3H,s).0.91(3H,d.J7) 
( Found: M+ 256.1453. Cl7H2002 reqoires M 256.1463 ). 

Acetates ( lit ) and ( 12t ).- NaBH4 ( 100 mg ) (recrysmllised from diglyme) in F&H ( 10 cm3 ) aad E~OH ( 10 cm3 ) 
wemaddeddropwise toas~solutionofthedienoncs(9t~(lOt)(93mg)inELOH(25~3)~~C.~~~~ 
mPe_ was raised to 20-C and, in a further 30 min. water was added and the mixture extracted with Etzo. usaal wart-up 
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gaveadiolmixture(87mg). MnO2(0.l2g)wssaddedtoastirredsolutionofthediols(37mg)inCHCl3(lan3).After 
3OmintheMn@wasBlteredoffandthefdtmteevapommd togivethehydroxyketones(34mg).vmax3450endl~5cm-1; 
8H7.06(lH,dd.J 10and6).6.21(1H,d,J6),5.88(1H,d,J10),1.31 (3H.s).l.l8 (3H,s).l.l0(3H,d.J7) 
and7.06(lH,dd.J lOand6),6.12(lH,d,J 6),5.92(lH,d,Jl0),1.64 (3H,s).l.43 (3H,s),l.03(3H,d.J7). 
which were acetylated to give the ucefares ( llt )/( 12t ). 

Esters ( W ) and ( 14 ).- The acid ( 8t ) was converted into the acid chloride as described previously and dissolved in 
CH2Cl2(4an3)andaddeddmpwisetoastirredsolutionofPh3PCHCOZMe(0.36g)andEt3NinCH2C12(6cm3)atOOC. 
After 45 min work-up in the usual way, followed by silica gel 60H dry column chmmatography [ EtOAc/light petroleum (b.p.40 
:60’C),2:1l~~thekt~~~fers(W) and(14)(0.06lg), Vm~1710cm-1:8H7~9(1H.~J 10),6.14(lH,d,l 
6),3.70 (3H.s).l.53 (3H. s),l.l2(3H.d.J 7LO.94 (3H, s)and7.63(lH,d.J 10).6.lO(lH,d,/ 6),3.70 
(3H.s).l.40 (3H.s).l.O8 (3H,s),0.93(3H,d,J7)anddilurones(9t)and (ltJt)(O.O23g). 

Diane ( 2e ).- SnCl4 ( 0.75 an3 ) was added dropwise to a solution of 3,5dimethyl-2methoxybenxoquinone ( lg ) in CH2Cl2 
( 10 cm3 ) at -2@C. The mixture was stirmd for 15 min then E-penta-1.3-dieue ( 1.25 cm3 ) was added dropwim. The mixture 
was stirred for a further 2 h then water and CH2Cl2 ad&d. Wmk-up in the usuat way, followed by silica gel 60 flash 
chmmatography(CH2Cl2/bexaoe,l:l)8avethedione(2c)(l.2g)asa solid,m.p.~20C(hexenc).~C,n.0;H, 
7.8. Cl4H1803 requites C; 71.8; H, 7.7%); vmBx. 1 700, 1670 and 1 610 cm-l, &ax. 28 3 MI; 8H 5.63 (1 H. mJ. 5.55 (1 
H, m), 3.94 (3 H. s ), 2.94 ( 1 H, d. J 5.5 ), 2.58 ( 1 H, m). 2.51 ( 1 H, bd, J 18 ), 1.87 ( 3H. s), 1.77 ( 1 H, bd, J 18 ). 1.30 ( 3 
H, s ), 1.12 ( 3 H, d, J7.5 ); m/z 234. 

Dione(~).-lO%apueousNaOH(5drops)wasadded~asoluti~ofthcdione(2e)(lg)inMeOH(50an3).Afta48 
h the MboH was removed in yylcuu and water added. Extraction with CH2Cl2 ( 3 x 10 cm3 ) followed by work-up iu the usual 
waygavethedioiu(2t)(0.95g)asasolid, m.p. 25-3(NC (Found: C.71.6; H,7.8.CtqHl803mquimsC.71.8;H.7.7%); 
vmax. 1 700.1670 and 1610 cm-l; Lma~. 284 nm; 8H 5.61 (1 H. m). 5.48 ( 1 H, W, J 10). 3.95 ( 3 H. s ), 2.72 ( 1 H, m ). 
2.62(1H,d.J10),2.40(1H.W,J18),2.23(1H,dd.J5and18),1.87(3H,s),1.12(3H,d.J7)1.09(3H,s);m/z 
234. 

Alkyne(4).-Aswpmsio nofCeCl3(6g)indryTHF(5Ocm3)wasstirmdunderaN2atmosphereatambienttanpemture 
for 18 h. n-BuLi ( 1.6 M. 20 cm3 ) was added to the THP ether of but-1-yn-t-ol ( 4 g ) in THF ( 50 cm3 ) cooled to -78oC. 
After2hthctanpaatlatwasraisedtoO’Covrr30minandthencooledc-780CtmdaddedtotheCeC13suspensionpreviously 
cooledto-780C.The~~wasstimdfor30minat-780Cthenasolutionofthcdione(2t)(3.4g)indryTIIP(50cm3) 
wasaddedThcmix~wasstirredat-780Cfor2hthenwarmedtoOOCover30minwhenaqueousNH4CIwas~dropwise. 
Extraction with CH2Cl2 and work-up in the usual way, followed by silica gel 60 flash chromatography ( CH2Ci2 / EtOAc. 10~1) 
gave the &ne (4t ) (5.05 g ) as a pate yeBow oil. (tround: C. 71.2; H. 8.4. M+ 389.2319. C23H3305 requires C. 71.1; H, 
8.3%; M+H+ 3892328.), vmax. 3 450, and 1680 cm-l; h -.250nm; 8H5.58(lH,m),5.47(lH.bd,J9),4.63(lH, 
m),3.82(2H,m).3.67(3H,s),3.51(2H,m),2.84(1H,bd,J18),2.54(2H.t,J6).2.41(1H,d,J9).2.01(3H, 
s) , 1.20 ( 3 H, d, J 6 ). 0.93 ( 3 H. s ). 

Hydroxydienone ( 15 ).- Toluene-psulphonic acid ( 5 mg ) was added to the cool ether ( 4t ) ( 1OOmg ) in MeOH ( 5cm3 ). 
After lh the MeOH was removed in vacrw. The residue was extracted with CH2Cl2, worked-up in the usual way , and 
chromatograpbed on silica gel 6OH (CH2Cl2 / EtOAc.lO:l) to give the kerone ( 15 ) ( 61mg ) as a coknuless oil, ( Found, M+ 
272.1415. C17H2@3 nqtitw M 272.1412.), v max. 3 360.2 215 and 1615 cm-*; imax. 282 and 224 nm. ( Xomx +OH- 405, 
286and252~);8H6.90(lH,s).5.66(2H,m),3.87(2H,t,J6),3.30(lH,m),2.80(2H.~56),2.53(lH,dd,J 
5 and 16). 2.12 (3 H, s) ,2.03 ( 1 H. bd, J 16). 1.51 ( 3 H, d, .I 7 ), 1.37 ( 3 H. s); m/x 272. 

Acetate ( 16 ) .- The alcohol ( 15 ) ( 6Omg ) was disdved in Ac20 ( 2 cm3 ) and pyridine ( 1 cm3 ) containing DMAP 
( 5mg ). After 12 h the solvents were removed in vacua, and the residue partitioned between CH2Cl2 and water. Work-up in the 
usual way. followed by chromatography on silica gel 60H ( CH2Cl2 / EtOAc, l&l) gave the ucerure ( 16 ) ( 58m8 ) as a 
colourless oil. vmax 1770.1740 and 1650 cm-l; Xmax 256 mu. 

Acetate ( 17 ).- CeC13 ( 5 g ) was added to a stirred solution of the ketone ( 4 ) ( 3.2 g ) in dry tiOH ( 150 cm3 ). The 
mixturewasstirredatU)‘CforU)minthenNaBHq(3g)wasaddedponionwiseoverlh.After48hthemixturewaspo~ 
into aqueous NH4Cl and extracted with CH2Cl2. Work-up in the usual way, followed by silica gel 60 Bash chromatography 
( CH2Ct2 / EtOAc. 5:l) gave the alcohol ( 2.8 g ) as a white crystalline solid, m.p. 9698OC ( Found C, 70.5; H, 8.8. 
C23H3405 requires C, 70.8; H, 8.7%. ), vmax. 3 468 cm -1:8H5.56(2H,d,J2).4.68(lH,m). 4.15(lH,d.J4), 3.90 
(2H,m).3.59(2H,m),3.48(3H.s),2.80(2H,t,J6),2.25(lH,bd,Jl8),2.ll(lH,M.J4and18).1.98(3H,s). 
l.32(3H,s).l.O9(3H,d,J7).Tbealcohol(2g) wasruidedtoAc20(5cm3)andpyridhre(28cm3) containing DMAP 
( 58 mg ). After 48 h at 2O’C the solvents were removed in vacua and the residue partitioned between CH2Cl2 and water. 
Concentration of the dried organic extract gave the ocefate ( 2.1 g ) as a pale yellow oil, Vmax. 3 465 and 1725 cm-l; 8H 5.77 
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(lH,dd,Jlaad 5),5.62(1H.m),5.46(1H,bd.J11),4.63(1H.m),3.81(2H,m),3.54(3H,s).2.~(1H,~J 

l6).2.50(2H,t,16).2.09(3H,s).1.84(3H.d,J1),l.03(3H.~J7),l.0l(3H,s);m/~(FAB)432.l0MHC1(5 

drops)wen~toasolutionoftheacaate(2g)inMeOH(50cm3).Aftalhat20’CtbtMeOHwssranmedinvocvo 
aad the residue extracted with CH2Cl2. Work-up in the usual way, followed by silica gel 60 flash chranstography ( CH2C12 / 

EtOAc. 10~1) gave the pure cnonc ( 17 ) ( 0.94 g ) as a pale yellow gum. ( Found M+ 316.1684. ClgH2404 requires M 

316.1693.). vmax. 3 480. 1745. aad 1 665 cm-l; km ~.283nm;6H5.b(lH.4J4).5.58(lH.m). 552(lH,bd,Jll) 
3.82(2H,t,J7),2.78(2H,t,J7),2.06(3H,s),1.97(3H.s). 1.81 (lH,dd,J4andlO). 1.33 (3H.s) and 1.06 
(3H,d,J7). 

the E-~so~w ( 0.47 g ) ( FoMd: J@ 260.1771. Cl7H2402 recpi~~s M 260.1765 ): Vmax. 3 410 and 1 730 cm-*; kmax. 261 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
1.69 ( 3 H, s) , 1.05 ( 3 H. s ). 1.01 ( 3 H, d, J 7 ). 

Akobol ( 19 ).- The akne ( 18 ) ( 0.5 g ) was dissolved ia CH2Cl2 ( 5 cm3 ) aad dihydmpyran ( 0.3 g ) aod pyridiaium 
tosylate ( 50 mg ) ad&d. Atk 1 h water was added and the mixture extracted with CH2Cl2. Worktp in the usual way, followed 

by silica gel 60 flash chromatography ( CH2Cl2 ) gave the e&r ( 0.6 g ) ( Found: M+ 345.2421. C22H23O3 requim M+H+. 

345.2430 ); vmax. 17% cm-l; kmax. 260 nm; gH 6.07 ( lH, d, J 11). 5.76 ( 1H. dt, J 7 sod 11). 5.51 ( W. m ). 4.58 ( 1H. 
m),3.~(2H,m).3.47(W,m).l.70(3H,s),1.01(3H,dJ7).0.98(3H,s).N~Hq(0.25g)wrsadded~asstimd 

solutionoftheettter( 0.5g)inMeOH (15cm3)at OOC.After30minaqueousNH4CIwaseddedandthemixarnex~ed 
with cH2Ct2. Work-up io the usual way, followed by silica gel 60 flash chmmatography ( CI-QC~@~OAC, l&l) gave the g- 

isomer ( 40 mg ) ( Fouud: M+ 346.2416. t&H3403 nquites M 346.2508) Vmax 3 455 cm-l; gH 5.87 ( 1 H, d, J 15 ), 
5.48 ( 3H. m ). 4.61 ( 1H. m ), 4.12 ( 1 H, t. I8 ), 3.84 ( 2 H, m ), 3.47 ( 2 H, m ). 2.42 ( 2 H, q. J 7 ), 1.75 ( 3 H. s ). 1.00 

( 3H. d. J 7 ), 0.92 ( 3H, s) . and then the Z-alkeene ( 19 ) ( 0.36 g ), ( Found: M+ 346.2499 ). vmax. 3 405 cm-l; gH 5.88 
(lH,W.Jll),5.63(lH,dt,J 7and11).5.52(lH,m),5.45(1H,bd, JlO),4.58(1H,m). 4.12(1H,dd,J 6 and 
7 ), 1.58 ( 3H, s ), 1.02 ( 3H, d. J 7 ), 0.91 ( 3H, s ). 

Acetate ( 26 ).- The alcohol ( 19 ) ( 100 mg ) was dissolved ia AC20 ( 1 cm3 ) and pyridine ( 1 cm3 ) cotmdning DMAJJ. 
After 3h the solvents were removed in wacuo and the residue chromatogntphcd on sika gel 6OH ( CH2Q@tOAc, lo: 1) to give 

the ucemre ( 20 ) ( 93 mg ) as a pate bmwu gum. ( Found M+ 388.2621. t&H3604 req&~ M 388.2613 ). v,, 1735 cm-l; 
6H5.88~~H,d,J11).5.64(lH,dt,J11~d7).5.53(1H,m),5.46(lH,s),5.40(1H,m).4.60(lH,m),3.82(2 
H, m ), 3.47 ( 2 H, m) ,2.09 ( 3 H. s ). 1.00 ( 3 H, d. J 7 ), 0.95 ( 3 H, s ). 

Acid ( 22 ).- The ether ( 20 ) ( 50 mg ) was dissolved in Me2CO ( 1 cm3 ) and water ( 1 cm3 ) containing toluene-p- 
smphonic acid ( 2 mg ). AtIer 4 h the solvents were removed in vucuo and water was added. E~eaction with a~$32 and ~&-UP 
in the USUJI way, fobwed by silica gel 60 flash chromatography ( CH~CI~/E~OAC. 10: 1 ) gave the alcohol ( 30 mg ) as a pate 

brown Oil, ( Found: M+ 304.1987. Cl9H2803 requires M 304.2038.). v max. 3 420 and 1735 cm-l: 6H 5.93 (1 H, d, J 11). 

~.62~l‘H,dt,Jll~d7),5.52~1H,m),5.46(1H,s),5.41(1H,m),3.70(2H,t,~7).2.10(3H,s),1.50(3H,~), 
1.00 ( 3 H, d, J 7 ), and 0.93 ( 3 H, s ). Jones’ reagent ( 0.5 cm3 ) was added dropwise to a stirred solution of the alcohol ( 30 mg) 
in Et20 ( 1 cm3 ) at O°C over 30 min. After 2h water was added aad the mixture extracted with Et20 . The exmm - &id 
aad concentrated to give the acid ( 22 ) ( 28 mg ), v max. 3 200, l 735 and 1 710 cm-l; 6H 5.82 ( 2 H, m ), 5.43 ( 2 H, m ). 
5.26 ( 1 H, bs ). 3.58 ( 1 H, bs ), 2.07 ( 3 H, s ), 1.42 ( 3 H, s ). 0.95 ( 3 H, d, J 7 ), 0.85 ( 3 H. s ). 

Dienone ( 23 ).- Et3N ( 0.1 cm3 ) was added to a stirred solution of the acid ( 22 ) ( 28 mg ) ia CH2Cl2 ( 5 cm3 ) aad 2- 
chlom-l-methylpyridinium iodide ( 28 mg ) at 2OT. After stirring for 15 min water was added and workup in the mma~ way, 

foJJowed by silica get 60 gash chromatography ( CH2Cl2 ) gave the dienone ( 23 ) ( 19 mg ) as a yellow oil, ( Fouadz M+ 

300.1716. ClgH2403 requires M 300.1725 ), vmax. 1 735 and 1 670 cm-l; k max. 312 mt~ gH 6.92 (lH, dd. J 6.5 and lo), 
6.09 ( IH, d. J 6.5 ). 5.86 (1H. d, J 10 ), 5.58 (lH, m), 5.49 ( lH, bd, J 10 ). 5.22 ( lH, dd, J 5 and 12 ), 2.21 ( 1~. dd, J 6 attd 
16 ). 2.10 ( 3H, s ), 1.52 ( 3H, s ), 1.18 ( 3H, s ), 1.00 ( 3H, d, J 7 ). 

Esters ( 24 ) and ( 25 ).- Et3N ( 0.2 cm3 ) was added to a stirred solution of the acid ( 22 ) ( 50 mg ) in CH2Cl2 ( 5 cm3 ) 
crag ~thoxyethyJtylphosphorane ( 60 mg ) and 2chlorol-methylpyridinium iodide ( 50 mg ) at 2OT. After 15 
miu water was added and the organic layer dried and concemrated to give a mixture which w~p purified by chromatography on 

silica gel 601~ ( CW32 ) m give the ester ( 25 ) ( 26 mg ) as a yellow oil, (Founrk M+ 370.2089. C23H3004 m@cs M 

370.2144 ), vmax. J 730 and 1 710 Cm-‘; Amax 344 nm; 6H 7.49 ( 1 H, d. J 9 ). 6.16 ( 1 H, ddd, J 2.6, and 9 ), 5.97 ( l H, d, 
J 6 ), 5.60 ( l H. bs ). 5.58 ( l H. m ). 5.47 ( 1 H, bd, J 10 ), 5.04 ( 1 H, dd, J 5.11). 4.11 ( 2 H, m ), 2.10 ( 3 H, s ), 1.50 
(3H~s)~l.~(3H,t.J7),l.l7(3H,s),l.02(3H,d,J7),andtheesrer(24)(22mg).(Found:M+370.2l33), 

vmax. J735,and 17JOcm-‘:hmax. 351 nm;6~7.58( 1 H,d,59),6.28( 1 H,ddd.J2,6aad9),6.14( 1 H,d,J 6),5.58 
( JH. m ). 5.52 ( 1 H. bs ). 5.47 ( l H, bd, J 10 ), 5.32 ( 1 H, d, J 8 ), 4.13 ( 2 H. m ). 1.93 ( 3 H, s ), 1.28 ( 3 H, s ), 1.26 
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Bennootc(21).-Diethylazodicarboxylate(120mg)wasadded~thealcohol(19)(100mg).Ph~H(80mg).and 

Ph3P(l20mg) inTHF(5cm3)atOoC.After12h atU)‘Cthesolventwasevaporatedtoleaveanorangeoilwhichwas 

purifiedbychmmatographyonsilicagel 60H(CH2Cl2)togivetheknrwte(21)(84mg)eseo~soil.(Found:M+ 
450.2774. C29H3804 requires M 450.2770 ). V m~1715~-1;6H8.O7(2H,d.J7),7.54(1H,t,J7).7.43(2H,~J7), 
5.97(1H,d,J11),5.68(1H,dt,/7and11).5.57(1H,m),5.50(2H,m),4.60(1H,m).3.82(2H,m).3.47(2H, 
m ). 1.62 ( 3 H. s ), 0.95 ( 3 H, d, J 7 ), 0.89 ( 3 H. s ). 

Add(27).-Thcetha(21)(50ms)wasdisaolnd inMcZCO(1cm3)andw~(1cm3)conuiniagtoluene-p- 
sdpholicacid(2me).Atta4hthosolveotswaeremovedin~Pndwatcrwrsddsd.BxcrPctioawithCH2C4LsDdwaL-q, 
intheusllelwey,followtdbysilicagc160flashchnunatography(cH2c12/BboAc,1Q1)govatbeolcohd(31mg),(pomd: 

M+ 366.2203. C24H30G3 requires M 366.2195 ), vmax. 3 400 and 1715 cm-l; 6H 8.04 ( 2 H. d, J 7 ), 7.55 ( 1 H, f I7 ), 
7.44(2H,t,J7).6.01(1H,d,J11).5.67( lH,dt,17andll),5.52(3H,m),3.72(2H,t,J7),2~2(2H,q,~7), 
1.62(3H,s),0.95(3H,d,J7),0.90(3H,s).Toastirredsolutionofthealcohol(50mg) inBt20( lcm3)atooC 

J~nagent(OJcm3)wasaddeddFopwiscovaU)min.Thcmixtllrc~stimdforafurther1hthtnwatamsaddtd.Thc 
Et~layczwassepamred,dried,and~ togivethecmdeacid(27)(48mg). 

Dieaollc(28).-Et3N(0.2cm3)wasaddedtoastirrad~lutionoftheacid(27)(50mg)inCfI2CIZ(Scm3)conrrining 
2-chlar+l-methy~umiodidc(5Omg)at 20’CAftalSmin wataws3addedandthecxganiclaye~d&drdcoacewrtad 
togiveamixtlawhichwasplrifiadbychromrtogrsphyonsilics gel 60H (CH2Cl2) to give ti &none (28) (39mg) 

(Found: M+ 378.1813. Cm26Q requbra M 378.1831), v ~.17~EO115cm~1;~~314nm:8H8.07(2H.~18), 
7.52 ( 1 H. m ), 7.43 (2 H. t,J8 ), 6.97 ( 1 II, ddJ6.5 and lo), 6.21 ( 1 II, d,J6.5 ), 5.83 ( 1 H. d.J 10). 5.63 ( 1 H. dd,J 
3and7).3.29(1H,dd.J4and6).1.63(3H,s),1.11(3H,s),1.10(3H,d.J7). 

Estcr(29).-Et3N(0.2cm3)wpsPddedtoastinadsolutionoftheacid(27)(H)mg)inCH2Cl2(5cm3)containing 
Ph3CHCG@ ( 60 mg ) and 2-chlom-1-methylpyridinium iodide ( 50 mg ) at 20X!. After 15 min water was ddad aod the 
organic laya dried and concentrated to give a mixture which was purified by chromatograph yonsilicagel6O(CH~)togive 

the ester ( 29 ) ( 49 mg ) as a yellow oil, ( Found M+448.2256. C2@32G5 mquires M 448.2250 ). vmax. 1715 cm-l; Xmax. 
348 am; 8~ 8.10 ( 2 H, d. J 7.5 ). 7.61 ( 1 H, m ). 7.53 ( 1 H. d, J 11 1.6.97 ( 2 H, 5 17.5 1, 6.23 ( 1 H. ddd, J 2.6.5, and 
11~.6.08~~H.6J6~~.5.63(1H.bs).5.39(1H.~J5).4.04(2H,m),~.27(1H,~J4ud6),2.16(1~.~~6 
and 16 ). 1.98 ( 1 H. d, J 16 ), 1.56 ( 3 H. s 1.1.13 ( 3 H. t, J 7.5 ), 1.09 ( 3 H. s ), 1.05 ( 3 H. d, J 7 ). 

WewishtothanlrtheSWCforfinancialassistanceandDr.G.A.MorrisfortheNnrexpaimentsandacopyofhisprognunme 
Altona v. 1.3. 
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