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Abswcz- Qtimuln - for tbc self reaction of the pota¶sium alkoxidc of 2-mctbyl-2- 

pmpm-1-01 to give 3,5,5,~ltctrab~2-o1(7) have k &v&pcd. Evidam. is 

prtstnttd~~ thatthclccycarboncarbalbaxlfoimingsDqillthisteAnn~ 

involves an tlnustlal type of Enc reaction bchvL?aI 2-IlYztllyipqalal MKI the allylic akoxkk 

ankminwhichepwiseorhighly~ hydtidctriinkprccakscatbancatbonbord 

fomuxkm. undcrdif6nmtxwcri~~Ihccondtnsationof2-mu,ily~widlthc 

potassium dkoxidc of 2-rnethyL2-prupcn-la1 proa!& to give the bkyclic lEtone, 6-c&?- 

hydroxy-7_cxo-(%m&yl allyloxymcthyl)-3_oxa-1,5,7-trim+4 bicyclo[3J,l@nan-2-one 

(11) , the clystal stmdme ofwhichisrcporkd 

Considerable evidence is available1 to danonspsoethattheclassicalAlderErlc rcactA,asillllstratedforthcknowncaseof 

propenol with methyl acrylate.2 (Scbanc 1, Z= CQ2Me) involves a concutal but highly asynchronous transition state in’ 

wbicb formation of the ntw carbon carbon bond by nuclcqMic attack of the enc double tend on to the electron dcfkknt 

aqhilc is well developad prior to ranoval of an incipknt “proton” fi0rn the ax compoaent. 
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lhaikdcx- oftbcliteratutcmdcdaQcmmpatmt7of@adarinteresfwhidtdtscribsd tkfoH@onof l,lJ- 

txiadylglIlmric scid (2) by f&&xl of 2mthyl-2qropce1-ol with potmium bydmxi&inrmtsingautoclaVc. Dim&cally 

derived lactoncs whose saucturc was not rigorously assigned wen also produced from either the alcohol or the 

comxpon&gchlorideusingaqomssodiumhydroxi&. lhcscxmaionsarcsmmMliaedinschane3. 

OH+,.,q.KOHTm >CQH 

CQH CQH 

(2) 

I 3 eq. KOH 
3OCPC 

Scheme (3) 

We wcn particularly irmigwl by a possibility, not discussed by tbc antJmr of the original paper’. that the crucial carbon 

cmbonbondfoHmionintkscrcactionscuuldrwult~antncnsaion 0fthetypewhichwcwishtopmposc(s&aIlc4), 

edtbuefoIesaouttoleproded examiQcthisrcalaioninso!n?duaiL 
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Table 1. Product Yields From Reactions with KOH or NaOH. 

~~~~-~~-------_---__ ---__---__-______ 
Substrate Rextim %Ykld, 2-Me&y1 % Yicld,Thmcthyl %Yii 

conditials pqanoicacid ghtaricacid 

Ad OH 
1.1 cq Solid KOH. 21 

3000,2Oh 

16 

OH 

1.1 cq 10% NaOH, 3.8 4.4 6.4 

2000,2Oll. 

1.1 cq 10% NaOH, 2.5 0.5 16.0 

2000.2Oh. 

The smluure of the hlatcd lactonc !ktion was of espchal intcnxt. Although h omogueous by analytical t.l.c., a camful 

g-lx. . .- lewakdlkcxi.awe oftwocoqmmdsina6:lrrtio. 7ItiaobeavAmwrsfnUyc&imrd bya- 

atlalysisofthc25OMHzspeulxl3xtmsh~urptrimanrs auowedaIltbecxu@tlg~ tobcskgfied(Tablc 

2) and fuUy astabhM the stmcmms of th mjor imd minor isomers a3 3,5,5-uimcthy1 tctrahydmpynm-2-one (3) md 

3LWaimchyl tunlhydmpyran-2xe (4) rcqcuively. 

Table 2. IH NMR Parameters for (3) and (4). 

-----____---_-~ ------____ -------- 

(3) (4) 

1.04 (3H. s. 5-Me& 

1.08 (3H, s, 5-M+) 

1.22 (3H, d, J 6.8 Hz, ~-MC) 
1.39 (lH, dd, J -12, 10 Hz+If& 

1.86 (lH, ddd, J -12.7.5.1.3 Hz&Ha) 

2.60 (lH, m, J 10, 7.5, 6.8 Hz,3-Ji ) 
3.90 (lH.d,J-11.9Hz.6-Hg) 

3.99 (lH, dd, J -11.9. 1.3 Hz&Ha) 

._- 
0.95 (3H, d, J 6.57 Hz, ~-MC) 

1.29 (3H, s, ~-MC) 

1.31 (3H, s, 3-W) 
1.49 (lH, dd, J -13.53, 12.6 H&4-,fb) 

1.73 (lH,m. J -13.53.3.5.2.8 Hz,bHa) 

2.20 (lH, m, J 12.6, 10.7,6.574.92, 3.47 Hz, 5-H) 

3.83 (lH, dd. J -10.9, 10.7 Hz, a-If& ) 

4.30 (1H. m, J -10.9,4.92,2.8 Hz, 631,) 
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HO 

I 

9$&y 
(4) Schrme (5) 

w~uoi8have~~tbtfrest~of~bydride~intbeuaeof~dicbctdcwfiich 

src~off~y~~8dthe~case~the~exPllpleofa~rimrrtioafor6lrraalswithm 

aldchydiccerbonylcarbonllr0me8tkacccptor. Withtberesoltsofthesbovestpdyinhpd,arethsacbosetoaVoid~ 

intuvemicn of hydroxide anion as a nuclcophilc in Catkzzam typcleactions,Imdhcaceto minimkthcproducticIlof 

carboxylic acids as nxctbnprodncts. Accordingly, drt pctaskn alkoxi&. of 2-methyl-2qupakl*~ gcncmtcd in diglyme 

(dimctboxy diethy etk) u&g 1.1 eqivaknts of pctassinm hydridt, was katcd ondcr rcflnx (162X!) for 15 hours. Protic 

wo&upthcnallowcdisolaknofa10:1 mixmrt of the rcgioisomcric lxtones (3) and (4) nqcctively in 15% ykld, thus 

danorstrating that cxctssively high tcmpcramR and prcsurc was umreassaly. 

On the assumptbn (of Scheme 5) that the isolated carbon carbon double bond of 2-nxthyL2-propen-l-o1 was functioning as 

~enophiliccomponart in this rcectiol& we tkn dccidcd to attempt condansation of the potassium alkoxide of this alcohol 

with cyclobcxcnc. However, evil n&r cxmxncly vigorous &tiott% woxk up gave only tk lactoaes (3) and (4) togethtr 

with a hydmcatkn fraction whose mass spcctmm suggested that cyclohcxakc had tt&xgorE no less than four cotmux&e 

a~nx&ionswithitsclf. Nocrosscdproduuwasdctcckd Similarly,enattaqM~variantofdren=cti~ 

usiug m-9 (6) failed to provide auy evidaxc for tk fonnotioa of dr de&cd cyclwid pmdua 

Atdlisjlmmue,itwest.lMxcfonncas&uy tolMX8kXthcitlMhypOtk&.ClC.ady,tkkpkUUCtivatCdcarbon~ 

double band is an tmlikcly partner for the allylic alkoxide anion. Moreover, tk formation of lacto~~s (3) and (4) as 

&&ion pmducts under m inut atmosphez and essentially aprotic conditiuss is inibtfy 8mpritsing end argues as en 

autumatic wrollary for tbc pscnce of a fmc carbonyl group (and not an cnolate a&n) as a hydhk acceptor with 
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amcomitrntpodaaioaofrIsdncedrltoxi&mlon.Accordingly,we~atoLLntifVmd~~possiMe 

~8Nlprodwtsintltisrsrction. A detaikd g.1.c. ezbnation of the ruuian of 2-m&yl-2-pope~1-ol with 

prxaaaium bydride (l.leq) in diglyme at 12O’C proved to be most informative, and me&d the presence of 2- 

mcthylpmpaM& 2-~~-l~ll2-~~inbrc~ystagesofthereactiar.’zbefonnatioaof~lrtmuis 

most readily explained (Scbmc 6) by a hydride transfer from the anion of muhypropad to a neutral moleade of 

mcthy~withcoacaniEsnt formation oftk alkoxirk anial of mahylpmpd. 

Schemr (6) 

‘Ihenqaindcarbonyl~of~y~maybe-&~by~ofthtconwpoadingenolatellnion~is, 

~tam,fO~Yprodpcedby kmcrisation of I& allylic alkoxidc ania A simple cxpuimeat csablislk?dthattbmost 

probable source of protons in the mliu is 2-methyl-2-pmpcn-1-d itself. Ihlls, mcaauwlrd of the volume of hydmm 

cvolvcd during ikMtion of tk alkoxkk of muhylproped idicatd komplcfc oxyidon fonnatiq even when a 10% 

lmlaruccssof~hydri&wasemployad l%isisalsoorefk?uionoftlle~io abmiubgbatcbcsofpocassium 

~~ofhKlwnsnd~lehyQidecorrccntrationsndactivity.Pmthaanalysisoftheg~.c.trscecalso~thnt 

folmatkmofl&z~(3)and(4)wassupprcssedattheloweroperatkrg~ of 12.5ocanddlattbtmajorprodoctat 

the end of the rcxtion was of signi6cantly longer EWltion time. amxlWographicMationofthisfkactiomandcPrefuln- 

anminn;nnusingcrpillayg~.revuledthe~oftwoovedrpping~.Ibe~ofthen~.spectnrmdid 

not~~~rrs~tobe~rnthissuge.~ghtbcspectnlevidaradidspgeesttheproduaswtre 

alcohol.% This w&s ccdlmed bybromintoxidPtionofthisfrection,~clsaalyaffordEdthep~y~ 

lsctones(3)and(4).Acqdlincpnitrobaaoatewasalso~and shownbyx-raycrystdlogrqihy(pil)tohca 

duivativtofthclactol(8p).ItisasignificantwamingthMthedaerminedstmcblreprovedinfrct(~i~u)t0bc~of 

thcminorcompalWofthertMion. 

Ftpre 1. Moleatlar Structure of the pNitrobenzoate Derivative of &. Crystallograpbi numbering is 
ShOWll. 
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Table 3. Relative Ratios of the Lactols 7 and 8. 

-----___ ---_--P--w_ 
Ring Hydrogen 6.m Rclatkmio 

(7a) 6-Ha 3.20 5.33 

(7b) 2-Hb 4.96 2.33 

(W GHa 3.00 1.33 

(8b) 2-w) 4.60 1 

‘I&s+ ~SS$MBIB of the. laaol ring hydrogcns wc.te further con&mcd by subsequently otnainiq a tegi*isomerically pun 

mixture of lactols (7a) and 7b) prodoced under optimkd cmditioos (see pan 11 of exp&mcntal section). The signals 

u~~~sponding to 2.3.4.5 and 6-H of both isomers were easily discerned, wbcnxs a serk of nOe expcrimnts wen 

xqlired to assign the rcsooaoccs doctothesixmethylgroups. necmbincdd8tademonsaateddlattllcratioofcquilibxium 

cmumations 7aI7b WBS 2.28: 1. It is therefore apparent that although the trans diquatorial isamcr(7a)isexpcctcdtobc 

consikably more stable on stcric gtolmds, the sterecel~llic rqttilemetmIofthc lmomericd!fect~Ofavanrasignificant 

conent&onoftheckisomcr (7b). From the results of t.k above invc&gatiott, it was now poasiblc to propose a more 

sati&ctorymcchankbascdoatbcopcratianofarcdoxcyck(Sckmc 7)whichiaini@cdbyt!eprodo&mafarr&cuk 

of2-n&y@qau1lasi&~tcdinscbcmc6. 

From the electronic standpoint, the use of electron deficient 2-m&ylpropaul as the active “aqhk” or hydride accqtor is 

clearly much more accqtable. Subsequent intctmolccular hydride transfer from tk anion of 2-mcthylpmpcnol t&n occurs 

prcfenmtiaUy to the noncnolixable al&hy& in (9) to afford an intermc&atc dianion (lo), with concomitant likation of a 

fimhcr molecule of 2-methylpropena as do chain carrier. Protonation on work up then leads to the observed lactols (7) as 

tbc major products of the reaction. Tk fotmation of the minor ngioisomcric lactols (8) then quirc.5 in situ protonation of 

thedianionand intramolecular hydrkk shiii of the resultant lactol akoxi& (5) as previously discussed (schemt 5). Aldto& 

a variety of alternative hydride eansfers BR possible, the net result is a rcdox stable system which allows propagation of the 

&&. The fdue to ~~SCIVC lauonc products at lower temperature is probably a rcfkaion of the higher activation energy 

~toef6tcthydridceans6tr~theladolalLoxide(S)asoppostdtothernioaofmetfiy~~. 

In practical terms, dse above formulation also allowed us to define optimum experimental paramacrs for non-oxidative 
. . . w, through variation of tempernture, rcauiontimeandpotassiumhydrkk & Thus, formation of tht 

potassium salt of 2-methyl-%prapcn-1-d using 1.1 quivalaus of potassimn hydride follod by heating in diglyrne under 

argon at 12YC for llh, affotrk!d after protic work up a 73% yield of lactols (7) (Scheme 8). CareM g.l.c. analysis 
- - ‘l’h ‘/ 

revcalcd that less than one puc& of tk regioisumcric lactols (8), or lu~ones (3) and (4) wete forned an&r these 
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Table 4. Variation in Yitld as a Fumction of Hydride Concentration. 

Entrv meq TimJl %Lwtols %Lactorw Tual 
(7) d (8) (3) and (4) Ykl&% 

1 0.1 41 22 78 16.0 

2 0.9 14 68 32 68.7 

3 1.1 11 98 2 75.1 
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emphilkhydri&luxxptor. Itwastktforeofconsiderabkinte~to~ thBdimuuaBof2-lWhy@opeMlilltbe 

n%ctionmixtuleiIlcanjunaionwiththcaIlylicalkoxj&anion. AcWdil@y,wepuimolmmixtlueoftheallyli!cak&oland 

tbe48~rldthydew9slrddedtopotsssiumhydrideintePahydrofmanatoometmperatme. Under&se 
. . 

Lxndtxm . althou& 2-muhylpnqMl was mtirely cortsumed within three hours, no trrrrs oflaaols or ktorbcs weze 

detect& md work up afforded a white qstallk solii (24% yield based on 2-x~~&ylpmpa~l). Mass spcaroscow and 

microanalytical data sezved to establish the Wramcrically derived molecular formula Cl(jH2tjO4 whilst i&aled spectra 

erhibittd both hydroxyl (3511an-1) and carbonyl absorption (1721cnr1). X-ray analysis (Figme 2)l 1 revealed the 

shWtIue(Q3ule2)tobetkbicydichydmxylactcme(11) (scheme9). 

Figure 2. Molecular Structure of 11. Crystallographic numbering is shown. 

1.1 eq. KH, THF. II 

37% 
(11) 

Scheme (9) 

A saics of lH mAcar Ovthaer IUUX cxpaiments (Table 5) not only allow-cd a colnplete proton assiw but also 

indktedthatthelactoncriqcxi.stspa&llyintkbostform(llb). 

lib 
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Tabk 5. Ntdear Overhauser Assignments for 11. 

bP -signals - 

1.07 3.5 (6-H), 3.87 (4-w 5-h4c 

1.11 1.7 (8-q). 3.1 (l‘- CH2). 3.24 (OH). 4.65 (~-HP) ~-MC 

1.18 1.68 (8H&, 1.8 (9-q) l-Me 

Tbeformationof~bicyclichyQoxylrrctooc(11)mayberationalissd(~~1o)by~ohringthne~Michrel 

addition reaction featuring one mokcnle of methylpropcnox~ and thnx subscqnent mokcnks of 2-methylpropcMl. 

Intramolecular aldolisation to give a six manbercd ring di-aldchyde may then be followed by an abxidc me&ted 

0 * lestianwboscrc~canbe&cq’- kmlarhydli&~ficomcbe~dcydic~ 

lactol alkoxide anion (12). Translactonisatioil may then occur to give th? observed product (11). Tk above nztion is 

tkaefonancxampkofaoncpotrrmlticomponcntammlation12 seqttawinwhkhfivencwbonds,fotlr~,and 

twosixmanbc&lingsatcf~. 

A ri, 
HJ 0 
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l-k pmdominfult reaction pathway between 2-methylpqalal aQd potaeummcthylprqbxlo~atroomtanpenmnis 

thcnfore iktktcd by a classical series of Michael addiin and aldolisation steps. At higher tempauore however such 

processes arc inherently reversible and arc thcrtfore overcome by the ene reaaion to form lauols (7). The foregoing 

dkalssionhasdrmfore~ tbepossibilityofformingancw~carbonboodbyPI~typeprocessimrolving 

hydrkk transfer tog&z with, or closely followed by 1,4 &iition. Moreover, the necessity for use of au ckcttqt dekitmt 

coophiletogetha~thccooseqrmtialrevasalofngioselectivityhwebeeaobsuvcd.woskis~inhadto~ 

~synthaicpotemialofsuch~~intheintramdccnlarmodel3~l4whaeprobaansofcnophilepdymrisrrtionnnybe 

Experimental. 

hUingpointswertdUcrmkdnsingaKoflerhat_stsscqparamsandare~ I&arulqBxtrawmenYxKkdon 

PerkinElmu298and983GgratingIafrared ~usingathinfilmorasaaolti~indichl~.*H 

NMRwtn~at60MHzooaVarirmEM-360A,~t90MHzaJJbolPX90Q, andat250MHzoaaBrukerWM- 

250, and arc quoted for solutions in CDCI3 with turamethyls~asaniutemal~.~spcctrawcrcdctermincd 

with a VG micromass 707OP insmnmmt. Ekmntal microanalyscs were pcrfombxl ill the Imperial college chemistry 

Dqumrntmicmanalyticallaboratory.Analyticalthinlayex~ w=prrformsd~~glraseP~ 
(h4cnkKksclgcl6OF~)andpqarativechmmatographywas lxubdWWundcrlowprcssmensi4JMN~1~60(230- 

400 m&). Silica gel refers to the Kkclgcl. Petrol refers to light purolcmn c&x with b.p. 40-6OT unless otkwisc stated, 

and was redistilled from phosphorus pentoxide hefort use. Diethyl et&r, 1,2~xyetham and tetrahydrofkran were 

dried by rcfluxing over sodiumlbaLzophenone and distilled bcfon use. Diglyme was d&d by mflnxing over sodium and 

dktincd before use. DichloromethaW was dried by r&uxing over phosphorus FuWIxkk and dktilkd befole use. Dimethyl 

snlphoxidc was dried by prolonged storage over 4A molecular skvcs followed by dist&&m under rcdlued plessmc onto 4 

A mokadar sieves. Benzene and toluent were dried over sodium wire and autonitrik dried over cakium hydri& and all 

wen distilled before use. Pyridine, di-isapropylamine and tri&ylaminc were distikd fium calcium hydride and ston?d over 

potessium hydroxkk pclkts. All other solvents and reagents were purifkd by standard tedm@es. Solutions were dried over 

anhydrous magnesium mlphate and evaporated with a rotary evaporator followed by static evqnxation with an oil pump. All 

experiments anploying potassium or sodium hydrides were performed in a three-mxkcd flask fintd with a magnetic bar, 

sqnum,blucsilicagclmbcbeatinganargoninktanda condenser(ifnfluxed),btaringagasexit.The~w8Sfl~dritd 

and fhlskd with 8rgon bcfon w. 

1. Reaction of 2-mcti~l-2-propcn-I-01 with potassium hydroxide7. Isolation of l,IJ-trimethyl gluti 

acid (2)...A mixture of 2-methyl-2-propen-l-o1 (20.0 g, 0.277 mol) and solid potassium hydroxkk (17.12 g, 0.305 mol) 

wasplnctdinastainlessstetlbombof100mlcapacityandfnsedinarotatingantoclaveat3000Cfor~h.Afterdil~~ 

withwam(H)ml)andacidi6rcationwithdilotchydrochloriFscidtbeaqucoasphasc~~withdichlommabenc(4x 

50 ml). The organic phase was dried over (MgSO4) and concaaratednndcrrcducedpressoretoaflbrdacmdcmixtme (8.7 

g) as a yellow oil. Chromatography of a 1.0 g sample over silica gel (gradian cl&on. 20% 8thyl acetateCyC1obexaot 8 

100% ethyl acetate) &for&d 1,1,3uimethyl glntaric acid (2) (0.44,16%) as wbitc crystals, m-p. 95%” C ; (fonad: C, 

54.19; H, 8.14, talc. C8H14G4 C, 55.16 ; H, 8.10%) ; vmpx ( CH932) 33202890 (OH), 1707 (Co) cm-l ; 8~ (250 

MHz) 1.19 (3H, d, J 6.94 Hz, CIf3CH). 1.24 (3H, 8, Me), 1.27 (3H, s, Me). 1.34 (lH, dd, J -14.1 and 2.9 =. 

mbCHCH3), 2.3 (lH, dd, J -14.1 and 11.9 Hz, CWaCHCH3), 2.67 (1H. m, J 6.94, 2.9 and 11.9 Hs CH2CHCH3) 

and 12.15 (W, s, CG2If) ; tic (250 MHz) 184, 183 (2C. CO2H) ,45 (CH2). 41 (C(Me2) CG2H), 36 (CH-). 28, 22, 

and 18 (3Me) ; m/z, 129 (M+- CO2H), 88 ((Me2C=C(OH)2)+, 83 (M+-2CG2H) and 70 (Me2c=c--o)+. MW’riC acid 

(0.589 g, 21%) WBS also is01ated a~ a CO~OUI~CSS oil. VmpX ( film) 3550-2890 (OH), 1707 (CO) cm-l, s, (60 MHZ), 1.2 

(6H, d, J 8H2, Me&. 2.55 (lH, m, CIfCMe2) and 12.l(lH. s, CGGH), idmtacal with au mttvmtic tie. 
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~~~idpe~by~oftbt~lrycrwrs~in~(13oml),rlaw~ofratyl 

ddaridc(~)giveasal~of~drloridtinmahunolforFiscba~radcbsnrctiaamircme~ 

r&uxedfa4&Irik&atofthotbe~ruotion,omaatntionlmda~pmrmbouhsmn~ 

(siticrgd,#IkWYJ Ircaroecydobarr) a&r&d dim&y1 W (73) (0.k 1%) 0 a colourka oil vmn 

(film) 2983, 1735 ; S, (60 MHz) 1.25 (3H, 4 J 7 Hz, CH3), 2.3-3.3 (3H. tn. C!Ji3_wIcH2); m / z 129 &f+- Oh&), 

101 (n4+- Co2Me), 87,69,59. 

2. React&r of 2-~w~~I-2-prep~m.J-oi w&h aqmons sodium h+oride7***A mixturc of 2-methyl-2-propen- 

l-o1 (IO g. 0.139 mol) aud 10% aqueous sod&m hydroxide (6.lg. 0.153 md) was heated at 20@’ C for 2Ob in a stainks 

sta?l~e.Aher~~~withwatcr~soml)pod~~withdihm:frydroehloricrreiddw:~ooslayerwns 

extrSWdwitbdichl~ (4xx).hying~gso4)lllsd~nadaIbd\rced~pfforded2.64gof 

cNdemixtum,whichwasinitianyjxuifkdbyack&rSeexnaction.Tbentbenmttutu wasdis&vcdindiahyJetbcf(100ml), 

thoroughly extmcted with sammted sodium bicarbonate solution (2 x 30ml) . The c&x layer was wasled with water 

(Soml), brine @ml), and dried over magncsillm sulphac. coneefuration lmliu tttdecd prcsstnu followzd by silica gel 

cbromatograpby (5% ethyl acetate- cyclohexans) afforded a 61 mixtum of laucncs (31 and (4) (by CLC), lxxnogcncous by 

t.l.c., (0.63 g,6.4%), as a vcxy pale yellow oil. Lactone, 3.5.5-trimcthy1-tctrahydrqsyran-2-cnc (3). Bp7a = 2324’T. 

vmax (film), 2965.1735 (ktone C=O), 1458,1381,1161,1091 cm-l ; $.J (250 MHZ) 1.04 (3H, s, S-h&b), 1.08 (3fI, s, 

SMea), 1.22 (3H, d, J 6.8 Hz. ~-MC), 1.39 (lH, dd, J -12 turd 10 Hz. 4Ha), 1.86 (1H. ddd, J -12, 7.5 and 1.3 Hz& 

!fb), 2.6 (1H. m, J 10, 7.5 and 6.8 Hz, 2-H). 3.91(lH, d,J -11.9 Hz, 6-H,) tmd 3.99 (lH,dd, J -11.9 and 1.3 Hz, 6- 

Hb). ~C(250 h4Hz) 16.36 , 24.68 , 27.09 , 30.39 , 32.12, 41.97, 74.5 and 174.9 ; m/z, 143 (M+H)+, 113 (M+- 

C!JX2O+H), 70 (MSCH20 - i-R). 33.5Trimethyl-tetrahydropyran-2a (4) s, (25O Mix) 0.95 QH, d, J 6.57 Hz, S- 

Me), 1.29 (3H, s, ~-MC), 131 (3H, s, 3-F&$ 1.49 (lH, d, J -13.53 atxl 12.6 Hz, 4-H& 1.73 (lH, tn, J -13.53, 3.47 and 

2.8 Hz, 4Hb), 2.2 (lH, nt, from dezoupling, J 12.6. 10.7, 6.57, 4.92 and 3.47 Hz. S-H), 3.83 (lH, dd, J -10.9 and 

10.7 Hz, 6-H,) and 4.3 (lH,tnm, J -10.9, 4.92 and 2.8 Hz, 6-Hb); 8, (250 Mix) 16.25. 25.80, 28.04, 28.15, 30.40, 

43.84.75.50 and 174.67. The aqueous layer was acidified with 10% queous hydmcbloric acid (30 ml) and thoroughly 

enrsctedwitfi~~(5x2oml).The~~~cmactsarcnwasbcdarirfi$ine(2o~).Dryiag 

(W&904) md c oncem&onun&rreducadpressumfoJlowedbychromstagrrpby @mflimt elutioq SO% ethyl aatate- 

cyclobexane and 1% Nuic acid AJ 1009b ethyl Wetate) afforded isobmyk acid (0.46 g, 3.88) atul1,13-nimabyl glunuic 

acid (2) (053g, 4.4%) whose specual prop&es wtn kkxmcal with tbosa de&bed above. 

3. Reactlou of 2-AfetkyJ chleroproprnt WW aqrrrowr sol&n ky&u~i&~-** A mixtan of Wthyl 

drloropropcnt (9.055g, 0.1 mol) and lO% aqueous sodium hydroxide (4.4 g, 0.11 molf was kated at 2O0“ C for 20 h iu 

starhplessso3dautodave.Afta~~wi$lwota(3oml)theaqoeonslayerwps~~~~~3x50ml~.The 

con&ii ethereal extract was drkd over potassium carbonate and solvent evaporated under reduced prcastm. 

cT$mmamgfaphy over silica gel (5% e&y1 acetate- petrol 30-W) afforded 1Xtones (3) and (4) (1.09 & 15.4%). -fbc oqueoas 

1~~wps~~1046aquooushy~o~cacidand~~~withbc~~(4x50ml).~o~potpssium 

carbonate (to sepamte tbc acidic products from the lactones) and conceuaation under reduced pmssum followed by 

chmmatograpby (15% ethyl MMatc- petrol 30-40O C) afforded lactoocs (3) and (4) (30 mg. 0.4%) and isQbutyric acid (85 

ru#, 1%). Red on of the &peals layer witll dichlorawtbe (3x40) followed by dryiug the cornbinsd dicbloromcthanc 

layers (K2CO3) and conamtraticn under reduced pressum afforded 1,1.3-trimethyl glutaric acid (2) (33 mg, 0.4%). The 

~layerwasnscidi6aadwith1oR,hy~o~acidandbmugfrtto ~~~~~~~(1~~)~ 

soxbkt apparatus for 6 days. The ~~~010~~~ layer was washed once with brine (30 ml) and dried (MggO4). 

Concentration under reduced pressure followed by chromatography (15% ethyl acetate - petrol 30-40q pfforded pn 
. . 

addmmI qnamity of the laa0m.s (17 mg, 0.24%) and isobutyric acid (135 mg, 1.5%). Total yiclas of isolated lactones (3) 

and (4) (1.137 g, 16%), Mnttyric acid (0.22 g. 25%) and 1.1.3~trhnctbyl glutaric acid (2) (33 mg, 0.4%). idcntia with 

u=p=viouslY dcscnkd=@X). 

4. Au.em@d dimchdb II of 2-nrctllpt-2=p~~~-I-oi...A solution of 2+ncthyl-2-propen-l-al (1.44 & 0.02 mol) 

in~dislym(10ml~washcatcdet1~ocforuffir.Afta~~~w~(#)m))tfie~miclryawssumacdwith 

dictbyl ether (4 x 30 ml). llrc combined etJK!r layers WQC washed witll warcr and dried (Mgso4). Conc4?ntration untkr 

nmUcsdpressmc~~~ystPmng~~.‘Notrmofl~lorl~oDepnwfpctwrs~inthig~nby 

analy&J t.l.c. 
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6. Auentpted Ens reaction b&veer cyclohexene and 2-nutkgl-2-propm-l-41 ol &voted teupemtmra...A 

mirtme of 2mthyl-2-pmpcn-l-ol(5.O5 g. 0.07 mol). cyclohexent! (5751 g, 0.7 mol) and solid potrush;rm hydmride (4.32 

g,0.077mol)wasfPsediaProtatingarrtodawet3000Cfor~h.Ahadilutioawith~t(200ml)~aqmoPslsyawes 

exeaabdwithdiahyltthtr(4x75ml).Ibtcombinadetherlayuswcrcwasbedwithbrinc(75ml),dried(MgS04)and 

cLWzmWd&redoadprtssurc. ckomatogrqhy (100% cyclM) affotdcd a hydrcc&Xm mixture (1551 g, 27%) 

asacul~o&v, (film) 3020,2923,2851, 1448. 1349.707 cm-l; s, (250 MHZ) 0.97-2.1 (br, m, cyclohcxane 

m) and 5.63 (W, 4 J 14.5 H& ; m/z 410 (M+), 328 (M+ - QHlo), 246 (M+ - CC#lO)2), 164 ( M+ - (cgHlO)3), 

163,81(cgHg)~.AhuacidificMionoftheaqncoaslayerwith1o9bhydrochl~cadd,tbc~~~~extrected~ 

dichlomnehanc (4 x 50 ml). Drying (MgSO4) and concentration under reduced pressnrc followuI by chromatograPhy 

m clutjan 30% ethyl acetate - cyclokxanc A!! 100% ethyl acetate) afforded kobutyk acid (2.95 g, 585%) & l&3- 

trim&y1 glutatic acid (0.984 g, 16.6%) (2) ikukal in an tqxzts with previously &auibed sampk . 

7. G.1.e. examination of the reacfio~ of 2-m&yE2-proper-l-01 w&h poturbm hydride...To a stirred 

sllspnsion of ~otaskn hydride (6.30 g. 0.055 mol, 35% diqcrsion in oil, pnwrshed with sodium d&d ether (3 x 40 ml)) 

indtydiglymc(30ml)atroazn ~anduargonwascddedasdudwoftheplcohd(3.6o5g,o.o5mol)indi%ym 

(6ml).Tbe~g~yellowwspensionwasstimd~roomtempentmcfor9omin.adthen~~It115-13ooCfor22h. 

oncmlaliquotsofthe rcauionnlbmlre~~withdrrwnmdworkcdIlpbyrcidifiatimwithdilutehydrochoric 

acidsadwtroctionwithether(2ml).ThecthetlPyuwas~mtacdttnoaghasmellcolmMof~hrm~.G~.c. 

cxanUtianusiDga15OocatbowaxcoltBnnandatcemperrtPle gradimt Program [So”C (6 min) --R165’ C (4 min)]. 

&nvcdthcdctcukmofthcfollowing~by coqneonwithmtbcntic~lu:isobotynldshyde[Rt=1.omin.], 

2v [ Rt = 1.8 min.], isobutyl alcohol [ Rt = 65 min.], 2-mcthyl-2-propea-l-ol[ Rt = 9.8 tnin.]. an unknown 

~[Rt=14.5mia]~~~~[(3)and(4).~=155and15.9min.nspectively,with1:9~.Theruaion 

~wpBwoIfEtdupbydilotionwithwatcr(3oml),acidificationwith~hydrocbloricrrcidad . wihcther 

(4 x 50 ml) . Drying over (r@so4), coDctntration under reduced lncsstuc and removal ofdiglm by dktilkk at 162Y!, 

led to a residue, which on chromarogrrphy (30% ethyl acetate - cyclohexanc) affotxkd the lactoncs (3) and (4) (0.166 g. 

4.7%) and an c+cric mixture of 3,5,5-trim&yl-tctrahyd~qq~-2~l(7) and 3,3,5,-trim&yl-tttnhydmpyran-2-o1(8) 

(bsnogcnums by t.1.c) (1.493 g. 415%) as a colourkss oil. (PO@ C, 66.94; H, 11.31, CgHl602 requires C, 66.63 ; H, 

11.18%) ; v_ (film) 3391,2952,2869,1364.1072,992 cm-l; n& 144 (M+), 127 (M+ - OH), 109 (M+ - OH, -H20). 

98.69.56.43 _ The 1H Nh4R spectra could not be com~letcly resolved at this stage. 

8. Bromine oxfdotior of the regioisoncric nixture of loctols (3) and (I)...A cold solution (0°C) of baritun 

bcnzoatc dihydrate (1.869, 4.9 mmol) in water (53ml) was added to the lactols (7) and (8) (0.5 g, 3.5 mmol) at 0°C. 

Bromk (0.666 g, 4.2mmol) was added dropwise to the stkd solution. The mixtulewasstiuedatoocfor3ominandat 

roomtanperatnrefor36h,~whichthcexcessbrominewesrnnovedbya~ofatgon.Thertaaionmixtarewlls 

qucnckd with 5N sul@ric acid (1.90 ml) and treated with decolourixing carbon (0.338). .4ftcr i?kratiO~ the filtrate was 

uprtadwith~lethcr(4x40ml).Thecombiocdether~ytrswerewrrshodwiths~sodiumbicPrbonatt(3x30 

ml). Dtying (MgSO4) followed by concentration under reduced pnssure afforded tk lact~ (3) and (4) (64 :I by 8.l.c.) 

(032 g, a4%), whose spearal and duomatogra$ic pmputies were i&&al with prcviopay &aibcd sa@es. 
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IO. Variadon of potassium hydride coacentra&n...To a stined suspension of potsGum hydride (35% dispersion 

inoil,prew~withdryctbtr(4x3oml))in~yme(~O)atroomtanpenmre lmduargaK&wasaddcdasol~of 

tbc alcoild (2.16g, 0.03 mol) in diglyme (5 ml) dropwie iu 45 mill. The lean&g ye&XV sqwsial WMi&tiIEdUtlDC8D 

@mpatum for lh before m at 125” for 1141hr. Alk dilation with WPQ (30 ml) and &d&a&n witb dilute 

~~acidthe~~wpIexawcd~ttber(4x4oml).Ibtcombinsderbsrtrymwaawsshad~nrter 

(5x50 ml), dried over msulphate=d umcaeedlmdcrledmcedprtsslaetoaffmdIbc~~flablc4) 

ZZ. OptimizaUor of the ma&on comfitions for loctol (7) form&ior...To a stirred suspcnrdon of potassium 

hydride (3.78 g, 0.033 mol, 35% dispersion in oil, pnvwaskd with dry ether (4 x 30 ml)) in diglyme (20 ml) at rcun 

taqummclm&rargoqwasa&dasolutimlof2~ 1(2.1g,0.03~)indiglyms(5ml)dropwisein45min 

nciesultingyellowsolutialwI?sstinedatroaantanperaavc forlhandthenhcnedptX25°Cfor11hr.Worttrpasbtfort 

&orded lactones (3) antI (4) (28 mg, 1.5%) (91, homogeneous by t.l.c.) as a colourkss oil and 3$J-trimcthyl- 

tetrabydmpynm-2-d (7) and 3,5,5-trk&yl-ktrahydmpymn-2-o1(8) (1.333g, 73.6%) @La, 1:6(, w by t.Lc) 

asrcdoadL?soiL&mpoand(7)existsrraemoknec(attbc~mra) mixtam of(7a) and (7b) (5:2 fmm NMR 

integration, bomogcncons by t.Lc.), (Four& C, 66.94 ; H, 11.31, C8Hl602 quirrs C, 66.63; H, 11.18%); vmllX (film) 

3391, 2952, 2869, 1364, 1072, 992 an-l; s, (250 MHZ) 0.76 [3H, s. S-Me, (la) kmcr], 0.77 [3H, 8. 5-MC, , (7 b)l, 

0.84 PH, d, J 7.3 Hz, ~-MC. (7b) isomer 1, 0.86 [3H, d, J 6.6 Hz, ~-MC (7a)], 0.98 [3H, 8, 5-Mq, (7b)l. 1.02 [3H, s, 5- 

&fCb (7s)], 1.36-1.46 ( 4H, m, 4-H2 of both isomers). 1.64 [lH. m, 3-H (7~11, 1.90 (lH, m, 3-H(7b)], 3.01 (lH, d4 J 

-10.9, 2.49 Hz, 6-Hb (7b)], 3.20 (lH, d, J -11.26 Hz, 6-H, CIa)], 3.43 (1H. dd, J -11.26. 3.05 Hz and 6-Zfb cIa)l, 

3.66 (lH, d, J -10.9 HZ, 6-H, (7b)l. 4.17 (1H. d, J 8.5 Hz, 2-H, (7a)] and 4.97 (lH, d, J 3.43 Hz, 2-Hb Cla)l; 8C (250 

MHz) for (7a), 16.78 (~-MC), 24.25 (S-Me,). 26.62 (S-Mq,). 31 (CMe2). 34 (CHCH3). 45.2 (CCH~CHMC), 76.2 

(CH2-0) and 102.2 (CHOH). For (7b) isomer, 16.78 (~-MC), 24 (~-MC,). 27.39 (3-Mq,). 30.48 (CliMe), 30.8 

(CMe2), 39.3 (CH2CHMe), 68.53 (CH2-0) and 94.1 (O-CH-OH) ; m/z 144 (M+), 127 (M+ - OH), 109 (M+ - OH. - 

H20), 98,69.56,43 . 

12. Conbhrd reaction of f-methylpropcnal and 2-uthyl-t-proper-Z-o1 with pokeeirr hydride. 

Preparation of 6-endo-hpdroxy-I-cxo-(2-rrlll allploxy ratb~l)-3-ox~Z~,7-~~yl b&ye10 [3,3,Z] 

(II). . .To a stined suspension of potassium hydride (1.26 g. 0.011 md, 35% dkpm~& in oil, pnnrsbsd 

with&ynlF(3x3oml)),illm(5ml)aminttx4mtm poda~wlgad&damixmfaof2-metbyl-2-propakl~ 

(0.72 g, 0.01 mol) end 2-mcthylpropcA (91) (0.7 g, 0.01 mol) in THF (20 ml) dmpwisc ovcx 2$t min. The nsulting or8nge 

homogmavlsolutionwasstirledatrowntrmperptmt for3h.Afoucantioas~~~arith~(15mt),tbc~~ 

was extracted with ctbcr (4 x 50 ml). Drying (MgSO4) and concentration under * ~SSIUE followed by 

ckomatogruphy (25% ethyl acctatcqclohexars) a&&d 6-endo-bydroxy-7e~o-(2mthyl aLlyloxy med1yll>3-oxa-l,5,7- 

trimethyl bicyclo[3f,l] ~2~(11)(o.164g,24Ro)rswhite~mp.w~c.(Rfo.~.~diabylctba-peaol); 

(found; C, 68.12 ; H, 9.38 ; Cl6H2604 nquires C, 68.06 ; H, 9.26%); vmn @CM) 3511.3020, 2959, 2929, 2856, 

1721, 1653, 1605, 1471. 1458, 1380. 1161, 1105, 1034,990 cm-l; 8~ (250 MHZ) 1.07 ( 3H. s, 5-h&? 1, 1.11 ( 3H. s, 7- 

Me ), 1.18 ( 3H, s, l-Me ), 1.22 ( lH, d. J -13.6 Hz, 8-Hg ), 1.38 ( lH, dd, J -13.18 and 2.13 Hr., 9-H, 1, 1.68 ( 1H. 

dd. J -13.6 and 2.13 Hz, 8-H, ), 1.70 ( 3H, s, 6’-Me ), 1.80 ( lH, dd, J -13.18 iwxi 2.76 Hx, ~-HP ), 3.11 ( 2H. dd, J - 

8.25 Hz, l’-CH2 ), 3.24 ( lH, s, CHOH), 3.50 ( lH,s, 6-CH OH), 3.87 ( 1H. d, J -12.38 Hq 4-H, ), 3.90 ( 2H, s, 

3’-CH2 ), 4.65 ( 1H. ddJ -12.38 and 2.58 Hz, 4-H@ 4.89 ( W, vwt. 5’-CH2 ), m/z 282 CM+), 227 (M+ - 

CH2-&HCHh4e2). 195, 181, 151, 123. 109.95.55.43. 
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z3. Acfioa ef #a-by&f& on 2-at&y@~vpe~J:..To a stirred ~snspension of +&ainm hydride (1.26g, 

l.lmmol,35%dtpasioninoil,~withdrjrw(4x30ml))fnw(ISml)~r~~ WarlFaa 
werddsda~of2~~(0.7g;1~)mw(5ml)Qogwbeavsr10~ALbet3bP1ro6mtmPgglUL 

~~~w~~~by~~wwrtcr(2ml~‘Lbesolmion~~with~etbsr(2s~) 

mawaabedwidlwater(10Inl).-lkaqlxuu~waa *. tiwithdiluteaqne0usItykuhktrkacu(15%)rrdextkucd 

with et&r (5 x 25 ml). The combined organic extracts were was&d with briM (40 ml) and dried.over FrgsO4). 

coacentntioamxIdltuautograpbyonailicagel(1:ldiethyletber-cy ckkxaue) afftn&d 6-endo-bydmxy-7~xo-@mdhyl 

~10xymthy1)_3~~-1~,7~~1~~~.3.11 nonaa-2ont (11) (0.26 g. 37%) p6 a wflite aoIk&mp. w” c, which is 

amixtlneoftbrecstelcoiaomcrs (Rf 0.27.50% diubyl aher - petrol); (fouad; C, 68.12 ; H, 9.38 ; C&I2604 reqks C, 

68.06 ; H, 9.26%). 

z4. CrysM Ikh...Compouttd (11) Cl6H2604. M = 282.4, ortborbombic, u = 9.724(3), b = 12.431(3). c = 

26.179(7)& u = 3164A3. p (in-K,) = 6 an-l, L = 1.54178& space gmup Pbco = = 8.& = 1:19 g Car39 F(m) = 
1232. M cry& dimes&~ 0.15 x 0.10 x 0.02 nun. The p-nitmbenzoate derivative of C&k). Cl5Hl905, M = 

293.3, triclinic, ~1 = 7.015(4), b = 8.341(S), c = 14.744(10&, a = 80.34(5)O, b = 87.37(5)O, 7 = 64.37(4)‘, U = 7~A3, 

p(C!u-KQ) = 8 cm-l, 1 = 1.54178A. space ~KIIIP PI, Z = 2. D, = 1.28 g cm-l,F(OOO) = 312. Approximate crystal 

dima&IM 0.10 x 0.10 x 0.01 mm. 

Data colkction Md Processing. &npouml (11). 2124 in&pendmt measumd resections (8 < 58’). 1061 obscxwd @FOl > 

30 (u;Ol)]. p-nitrobenzoate of (&I). 2060 kkpuukt meaatued rt&ctiona (0 s 58’). 1323 obaaxd [IF01 > 30 Wd)l. 

An~~onaNicohR3m~~withC11_%r~~moaochmnstor)nringaoscslls. 

Structure Anoiysis and Rcfinnncnt. Both structures were solved by dimct methods and the non-by- 81oms in erch 

wacrcfinedanisaaopicnlly.In(ll)ththydro~uotn~q13)waslocroed~ahFmrp,~(O-H=O.96A)~ 

r&ned isoaoprcauy. Au other hydrogen atom positku in both structntea wgt w (C-H = o.wA,. azmigmd kom+ 
tbcrmal parmntun [U(H) = l.W,(C)] and allowed to ride on their patent c&oh atoms. All tk methyl groups weat 

rtfirred as rigid bodies. Refinenxnt was by block-caxade frill-matrix Ieast-squanx and converged co give for (11) R = 

0.094, b = 0.097 ((u-1 = u 2(F) + 0.00120 F2) and for the p-nitrobc-r=oate of @a), R = 0.068, & = 0.065 (m-l = 

02(F) + 0.00137 F2). computatiorl6 were carried out using tile SHELXTL program system1 1. Fractional atomic 

coordinates,tnblesofbwdlengthsandanglcsmdisouopictbtnnnlparamaershavebcendepositadwithtbecambridge 

crystallographicDataCume. 
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