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ll!he class1onl uuity at tlle tosrp~ group._ ot eompow:uis 

as sbO\nl b~ tilG1,_. simple e.omposition (11mitGd to th.t"ee mrt:tanogenic 

Gl$mtfnta, ccu-bon, by<ittogen and ~gon) togetbw vith tho!» gttaat 

structu.t-al d1Vel}ls1ty and ubiq\Uty ot ooeurzrenco bl~G cad• the 

t<arp9Ues oae of tbe most $M!)lorod pou,P r:4 eoal.)OIWlds. Iusp11#e 

ot tll• long b1story or tileGB compounds, tbe field is_ tar from 

exhausted and re~naina a eien sowrce o£ QeW .findings anci f'reab 

inspir~);tion. 

or a t~ me numb~l" Q'if tar-penoid nat'UI"al produ.e t-s 

known tfl~1 tna sasquit~pen$s represmlt th0 laa~gest s1nllle 

class ocnsflsting of difte.t:'eut structural typeCJ~, tho perverse 

naf)w.-a ot wllosa ring systems hn!! been trud.ug the tal<mts nnd 

1nveat1~tiVS sidl.l$ of" ~gaaic Cbat41sta sinoe tho beginning 

or modtWD organic cb0!31atr;v. 

Al.thoagb the bistorioal. background to $esquitarP&­

no1ds cWl bo tr-~ed back to tlle tlat'lf ninetaentb cu)nttWYt the 

veal 11ul)etus to the stut\Y of tile vuiod and .fa.sc1nat1ng 



_ _t_ 

chemistry assooiat$d w-it:b ~base c~pounds stemmed f'l"Olll the 

pioneering Gt'torts ot ·~·UU:.ttA.Clit. Sni1HUiBLi and OO~CKA. In 
. . . (2a8 239) ' . . 

p~tto·ul.ar, llti:U~ ' Olt.a lird.ted ba.s1s Qt foots bu.t 

propbet:l.c 1.Qs1ght .PrO.l)Osed. ~bG ••l)}iogeneti~l Isoprene lml~u wbich 

ba$ proved to be tllr. f'oundatic:D stoo.G ot ttW"panoid eiiamistry in 

gGnerat. 

lJIOrmtm~IS ill~ SES\iU~gRP.Elf.WS t ~asenrc h in tb$ tiel d ot 
"""~••• r 1111 t -=•·111u• •••••-• • wn 1 II •nr 

sEu!C!UitfW!tleno2.dls· il~as .1novea:sed a; m oPOIMnt1al rate closQly 

paraUut!ng .moc.t.m metb.or1$ or isolation• PlW1f!cation1 s~uctura.t. 

eluc:l.datlou and PJ1ntnes1s. !he 1JlDoduction Of' chromo.togf<aphic 
. . 

tttiPaJ.'aticm teolmiqwia and .Pb1e!cal t4ettaods of' Btl"UCtu.Pal amllysts 

d~ing tb.e last t~~e d6Cades ba~t tattde the ebem1st111 Of 
to ' . 

sosquit~penes~llldargo a pe~iod ct· rapid d$Velpp$onts. 

~~s laf'ge number of sGsquitell'PEm9 skelatons known 
. ', ! 

todQf• cHltt•res~qing ,t~ ~a l~ge nmr.ibtW or presently kll~n 

c•pow:ad$ wbieb lfl an ~du .or magnitude ,reater than twenty 
. . 

year's ago !1$(\tUlrGs their aystematizat1on $0 tb.a.t they QaY be 

~urv•)"et~ in a COta,Pr'Oh~SS11IO mawl$.'e 1\eOm.t:ding' t~ _tha; Wtlll 

toan.c!'iu.t oonc.epts devW.op&d in recent ;year$ Cor b1Qgenes1s or 
tllait" bll.gbl1 dlve:.-se carbM · a.~el~tons1 tbe :NtJCt~tt~pen~s ha.vo 

b~:JOn divided JAto tdria sfletions d0011na VGSPOO t1Vo17 '\11tb. 

. f'arneaanes, 'bioyelo rarnesolsi ~ dl:'1manoB1 ireatl!lGs) b1sa.b0lan.es1 



c~<lln$R$.S.t n•u;t.•ae QQf'i c~yopb111.r-..n.Gs, ,SG1'£etlC~an~1!11 ''~dlloasu­

l.$lltas", : t~el.enmalls. and .wenwpbi\~e~~, ~tl ~rannliatles anti arigto- · 
' ' ' . J 

l.mlG$• Ji'~t~r _gl"t)llll$ or sasquitel.',paoos.oan be dm-ived f'M:Q1n 
' . . (2al) ' . ' ' 

oacb Qlr tilG:J~ s'tr\W~l.Wal _types. . . •. $esqtd.t~~an.~s _having t~e 

~afi~ o~l;,on skeletQQ v•:. clas:df'ieti as s single !WOUP• A't the 

first ·sigbt• $$sqtd.t~peno1d ta'bUCtUJ.90s prosent a bGlflldGR'ing 

colle¢t1Qn .or:- ee;vctia, monoov(llt~, bicrclie- anti ·t&tr.ta.eY.cltc. 
,Jistan\a~-~ 1t ·,$ wttbial tW. f'J:"amal~lt' ot• oi'igiutlt ttlsopr-ane 
ftulEJ.,(R' ,~a9.), and l$t~ •xtonsion~ (loo,e:to) ·that tJOOiblnniie ·of' 

velat1onsbip eM bo ao,bi~ved. ~he tooBl. pGln1; ·in tbis concoptual 

soneme i$ ·t.be utilization -ct 2-91!-6·JW~!ll · f'~ayl p~opbos• · 

. ;pha~ (U1). tue o.orresgcmding ·2 ... ~-s.li tarneql, • 

2 .. g_4 ... 9-6...g~~f'~urliee,vl QP eoWt-~l.~~l.-·.P1rOl)RQ$phate oM also sarve 
. - ., 

. . 

~>~asPAs.-.. . ~~e t•ue~il. PJt"tJ.fbQsPilete~ the b1olO!iifH:4 precUsQlt 

of· ll\In-l)g;t all· $QJJQ,lUta»'~_tl)1ds ta 1"01!!aG4 t'roza M~tJ.I'l _Ci)..~.taq.me-A 

"1a me?~OD:l.ct ~1~, !sQP~tell!71 J>1rOlibQapbate (I) _$11C! g~any-1 

ppophof§pflate .(tl:) (Fig. l.l. . ~-~al of' tba .P~c;phospbato 

. g-roap.t~om.CIII) mr. (IVl)"i3'lt~S ·~bfJ tlcmelnsa~t1a}. ~a:~~ans (lJ') and 

{ Vlt) at." (VII) e~b · ot wb!Qb elm CJ'~liae to· two ayolio -nation$ 

,-~•11.• (L1:.) nnd OQ C:troa (Vl)t (XI). and (Jtli) t,.-~ (VII)J. 

!be$$ o• etf'•d IQetst Qt 'eM- $eSC.l:tsit~penes by pv-ooesses SUCh U 
• " • ' - - ., l 

,l ; a 011 1 ,. a ,.J\V~ide sbii!'ts• eloowonlcally and ste.vioslly 

i 
.! 

:II,' ; ' 
,,., 
'. I 

. \'·: 
' . 
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Biogenesis of ihe sesquiterpenes. Wavy lines signify biogemjtic 

·transitions. The basic skeletons ore shown without multiple bonos .. 



oontvOl).ed oycl~aat1on witb two ~eroatning double bcmda 

( 0i~!£~;fU aDd ·Uanti~t~if;(Nlltl~;ii CifCl;.1:fa't1008)t if~,. 

Mea>rwill r<$arl"aagements, and l1.2~~t~ sbU·ta. It ~Ct~st ba~ever 

b. a mGiit1on<id that m&17 ~potbeses based On e~uo ttWe1 ste:-eo­

ch.em1atry and reao.t1v1ty t'ePl•«iing tbe bioaynti'l8ses of $esqt\1ter-
. · . . .. ; ,. -·. · . . . · · . . . c:uo,a4ll 

penes st:LU l?~lUUe ox.tt•imtm'tal. p,roof in vivo • 
. ·.. "· ,_ . ~- ~ '~~ .. ' I . ~ ' 

oo<tur £U.·~~ in ~gh• . .Pl~ts, };.$sa .-t~$qu6n~l.J' la low•· plants 

&lla in the~~ld k:L~4ma ·(~•«• insoots),·c~~ia ·not onlY 

Jmsatlllfu.te~· &:r4tr.~cun"boue (;1nclu.c!ing ~efJ) but also al.eonins1 

. k:etilnt)s~· • a.ldebVd~$ ··fmu cnitr'boozroi10 tY.tids. The;y tttq also otmtain 

tare& to sev~ · RilexabO~od ~in&a, ~pbo. qat-$ ·anti· tv&n · ~tngs. 

Oblorino ~l.d . broQ!O.s. muhstl~Ut(lld $$Qq\l~.-t~pmmids. ar. Well as­

nl't~ogetl'ooi\t~!r~i1 e~~s .. witl1··titt&$l· c•oon··atonas · 

( seS'iait~"'fMG' ai..ksl.tlidid is01.$tedt trme · ·l~na~:if.H#tlG'- d&$arve 

'm~nt:i~\ •.. ·. ·CompoUnds·. wltb · ~· ·tw~'M'$ i.w tou:ete~ e~b0%l atGUls 

· (QOi:'•SI$tS'J:td.t~r»oMs) • em al.'s~>- b~· dtW.:tvail f"l!'Oil.l! c~~·· -~ul~-

9~·~ 
' : ' ' .. 

also U.. Qth~ plant f'amU1es hav·llt o.ttr>M t$4 Pt'U!'t1cru.ta~ 1n~orst. 
' . · , · . , . . ' . · . . . ( "U)tlW Jt . . _ 

' . . . . ~ ~ 

'ltle ti1"$t compound et 'bis cl.am$• &'L.Dla sau.te.uln · wb1Ch was 
. . 

iscl.atod ~ eryQta\l!n~. 5rfil?m in :wao. is atiU tile objoot Of 
. (l.69) . . . 
intensiv$ stuctv: · • - A riav1$W ot a9tJ(!UitwpCJUo1d ·tactones in 
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. . (101) 
plonta· Q,'f' tne. §~t!H. family bas b$fill publ1tsbtJd bJ mui;a • 

Of' a laYge .. nwzabel" at ~eettuit•P.GA$ isctooo$ ku~A , 
. ' ; . . (852 263) 

w~tb~ of' particnilar ta$Ut1ca atre . tb0 ~ruu.\CU!'~.14es · . 
1 

. -.-. · · · . · taal.•a621.aoa> · · ().., . · t102,aao1eoa> 
guatanoltdes psall«lomu!lan011dG$ aeli• 
. . - . ' . (:1.03). ' ' ' ' . ' .. . (2fi3)' 
JlallQl.idem (S~nt&la~a~SA.QlidEud an(.t ~t~3.•,f$ttopidJiQltdea • 

I-4ost ot ~i1em U()l satur-ated ~ fllRbl :bftb unsatw:"ate4 ~ -

1actQUEas.· · Ap~t from a tf4\t -.B\.U • t~tc:ms, •. on.tr ·two~· 
(soa> . 

-laotonee (anisat:Lu end ne~aa,in) · · ba;f'lftf boen ·rour.td. · A 
' (193} .. 

trUeotcme*. lUabolid~ · · · t. 1:s al.SG kn~ll ·e.lor&geide 'tlbOU' a 

g.ood n!aftlbev: llt d1lf.!D:tcne•r. 

' ' 

colt.laiSU!ION oir !Im BE.9B&ttm ·OH !!U.W!liOIJ)S ro ~rm \~Gr~w av~ 
·c:liErus~mz. · ""Tn·"iii'at!oo-~o ~~il1r~!iJat1i'l'i 3G.litii\W$i'''el.U.a1$tt• · 
ft i._ ... 

·of .tlU{jerou.s MW C()~peuuds, lfettent. a:av~o• in. "sqld.terpena 

ollatil$'t1"J'. ba.ve 1nblu.ded a bette}jo kntW:lsqe or· tne stw.-eoob.~.Q1$try ' 
' ' . 

ot tt1e dooul$.s,. _their' V$act1'11tl and re•.v~uUA$:1\;.B $lei ·,beu 

biogen~ais. ··In ._b1tfconnect1on tbe cutt~tmding sU.ec.esa aob!eved 

hi thta $1AtllafJls Qt.· sf5iSQ.utterpeoes sllOllld be. omJba.:alaea. Several-
. ' 

elllilifil" stltuc twral Gss1~ts have been o~ec tGd by qatnesis 
·(253) 

and ap~leation ~ nsodeVJI. PbJ'f!,d.c,~; miJtllQ4s • ~nus the 
• . , I 

nvet~vtme~" t~tat}!llJ ~~gtU"'ded. as b1d.1:'oaz~®as1 .. ~;rovetl to ~ (lM} 

spiror:¥cllc · agauosguant3m or ~a•apbil.anet~, wt:tb f!$Qoalin $ltel.etan • , 
' . ' . . ,' ,. . . . \. ' ' 

!tbe Qtlt$0 tiOU ()C SES!$Cllli ~penes W'itb tOdc· W'id 1n.Wl'eat1ng ~ , : 
. . . ' . . . . . (l.4a) ' ' 

log.tcal ll'OPert:t.os e.g., qytoto:dc ao:ti:v.tty, al$0 de$qi,-V.$tl 
( 104,'143,234) 

ment1QD . • 



·-~ .... 

~ '•-_. 

......... 

Untioabtedl.T tho maJor big~ 11gbt or r6Qm1t ;years bas ., 

been tna dl-amatic eru.pt:l.on or outstanding and eles~t :qntn~s~s •. 

In the solution ot tile tnh•entl;r dU'feJllent problems of . ~eletal 
construction and.· ~tereoobemlc'at· ·ef3tQt~ol asaooiated vitb sot4$ 0t 

: ' 

th~se sY!ltbeses, new me~bods have be$11 :tntrodu.c.fo'ldt vh1ch. have, 

endowed the ~tbetio· ~g<Ulic chemist w!tb. a rich new array of 
.. 

·. arm~m~nts, tbl' f'u~U7Nit use"'· . ~ P~J4t"t!c.Ul.ru.-i. tb.~. VQl!'ks Of BUcb1• 

Corey and Mar.-abnU and tb~il" r~s~H~ctivo reoeareh .tewns d$.$e:nte. 

special mo.n.tin~"-

!'be future of' the terpene researcll will still. be 

conea11ned primruoilf witb tbe ·isolation and struc.tural_ elucida-
. ' 

. tion ot new compounds. which could be irlPOl?'tant as m1$s1ng 
. . 

bio&JYAtbQtic links, as btolog1callV active ·substances· or as 
. ' 

reactants tor the stu<Jy of ._chemical ·prcbl.ems.. ~he sesqutt•p•nes 

t~ow up problefli~ largelJ. ot · st~v~ccile1nic.Ql. natur(il!. Th:-.t cour•e 
t • - ' 

or tha.u .numerous rearrans~&en~s ncvides information $bout 

l'elat.tonabips between st~eooh~a1 and a1oo~onie f'aotOPs ana 
the reaetivi.ty at tb.g CQtlPOWlds. T'he ob.emistt"y of n0l1~classioal 

~ ' . 

ewbOt:ations ;:m,~ 9i.so pPoti.t®i'l mw"t.h from work on ~~-esquiwp~ida. 
. ' ' . ' 

The photoobt3nt1.str.y uf' tlioe $$taqn.\te'penes is still 1n. :lts intancJ·· 

SJU.tbesas ~t ses<tuitel"l.)tmo~.ds U$Ull altiSf:J bave to be o~l'ied 

out. steJ.t'aosel~tivety and tlB such tb.ey can contribute to tbe . ' . . ' 

solution or problems in praparQt1ve chemistrY. 

i. 



lUtt'Mledge ot S!'$ftiCt1V1'tft· photochUd,stl•U Wtd qntbottea 

st~-n.w r~se~b into.··:te~uitGltpe.nG b1og&nG$1S1 a· tiOld that . 

v111 b(i!G~ .tm~~uQ:IiuglJ'. •ortnnt in· ~be ·£uue. ~w.·· ails is·· 

.:to eluetldtu;e the tw~tat:Lcm ·et ~ous o83:'bGn skeletons Mel to 

obtain luf'm-ma;1~ ahcmtJ · ~e J."'GliSQ.Qs bBltlud the t.v&quentav · oO&tpl.ox . 
. . ' i 

. ' . . . . . . . ' ' ... '}; : . . ' . ·, 

stmeos.Penit1tt biosYDttte•u P!lt;b'H'ays tllflt-cmllti also be of interest 
., 

• . ' • !!.· s ' 

tO'Jf biogenesis or otbe,- nat~al. pofiw:,tl•· m tlas oOJllluet!on, 

. im_portaooe also ·.attll.la•• the site 0: torue:ton tmtl ot d.a!i0$1,1ca 
. ' . . -~~~--~: . ' 

or tb9 sesqul tel"~tell¢.!~<1• 1D plants an« ~ · tnetr · distr1bat1on 

tblfOUibOlit tbe pl«mt and ·Wl1slal k!i.ng®al. !'ile tJ1olO~ieal ,1)rOp$t-• 

ties Q'l sora• s!isquitarptmes ttbnftf tbat tbQlf tWe not lleJrGl.V DlOtabolio 

tt~aate-tn'"Cduet9u~a For j.QsttWtet t.laey arEa of' s1~1e:u~ta 011 

.Pl&nt..~~tb ~ubstax»$s1 powtb l'emul.Q·t®s and S$l'¢ attrl¥it8Qts ot 

t'WlSl. · Othes twacmiori as the Ju1'C&Ue llOlimanes G$~tial !fOJJ 

nor.Ula1 deveJ.opms.n.t or lntMCts • occm- as o·~ents or insect 

s~at:i.ons. !tbt.lso aspoots btlve a Jl'L"$8 ot sssqul-pena reMatteh 

that is of .potGa·ttal ln.t~'fst e. S•,t tor tbG ·SOllltlOD of PJtntt·tical 

91'$bl•s of intluencing tbe gO¥ftb ot oUl t1vated Pltmts. and 1n. 

plant pRo teo Uo.u. 

Sesqutterpsn.ts e.m ~ov.l<ie tml)et\ls to :~U! :e.e~~se~ob 

too. ~he star~is-11 po:lnt ct. •~b work 1$ ~ha pbarmaooloi&i.Oal. 

etti!itUts• · dat$J'm1nsd :~o · tliU1 tor a 110l.ativ~. small nwab• ot 

oompWDde.· 'lb.$Y. incl~de ortot=.k.t ~~.atibiCtlc, tung!tStat1c 1 t -
vuctetat1.e., an'tial~u:., ~'C1Phlos1stac and $tJdative ~opertiea. 
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tb.us covering a t.airl1 broad spectrum. 
' ' ·, ' 

Ot?nsiderable uncertainty 

stUl surrounds the exte~t. to' whicn the se'squiterperies contribute 

·t~ tb.e ·~~~ld and .fr~que~tly nonspec'iif:ic action ·or ·tn& esse~iai 
\ ;' ·, ~ : I ; ~ "I } ! .- ' t , I ' I ' I I • • ' I - . 

oUs~ 1n 'which thay·OccUr~ · ~ent:1on shoUld b$ made 'liere f)r. the 
I' . ' ' • 

~port~e··~i' ~esqUiter·pen~ ~ese~~.n·'to~ 'tb.a·.che#stry: of: essences 

and ·o~ ·~o~as a.n:d. :tiavours. '·; ·, ··' ,. · · ··· ·: 
' •': !·: i .• j 

' ' 
. '. ,. 

: · S~udis.s on. __ ~~sf!,:tite~p'E~rioi:dss ;as is evident from tbe 

·above -~18cuss'1on·~, iu~ve· ~ontl"'ihu~ed 3ignif'icar:L"tlY ·~o. tne advance~ 

. ~~lit of spec trosc Gp:ic·. 'tec'hrtiq11G:3, · m.eoh~i~fGiO' ills.ightt. a11d 

: ~y~th~:~i<; _rae!:f.?-ci~~!()gy ~:.:~tid:. :b~e ~e111g .~alg~g-_ ~l:l~.s~ .l.~l,las shm;1~ no.,; 

s.~gn·-~~:.J:~tup,.:_~$ ~~lt_ AAg~:ineraasin.gly- complex str·vt;tures. join. 
' ' . ' ' . 

'.,.. -
' ' 

' 
.SPil\0, (4.5)' DEG:Ail'F.l SESQUITERPENESl · 'l!b«:) poss1b.il:Lty ·or i"arne~ol-

• J , • '.' ,. '. • ~ ' ' • ~ • • .....-.-, -- o • ', ·, ..,_.,; ' • ' \, I , • • : ' 

4~~1ved s;~o· (4.5)·--'decane~ was suggested by RUZI~A who postu ... 

l,fated. ~h~ cat~on. (XV) <l:i'~t:L~/'9. as· an 1nterm~~:tate in the 'bi~ · 
. ' . •I • • ' . ' '• • (239) ' ·, , , ·.· ' • . 

syntnesfs or. c.edren:e (XVI) • However, the actual oec'Ul'renc·e. 
I ~ ' ' 

XIV xv·r 
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WOl'k 'fBS not QO.tual.l~ Gstabl1sbsd tmtU. 1956 Wllen SOlUI Wlti b11J 
(264) ' <. • ' ' • • • 

eo-v~k.~s pllblished tbab 1ntf.?l*pl1atat1on or ds~adat1vo 
. . . (264)· 

e:per~te on acQl.'Jone (XVII) 1 a constituent Qf' swe.et flag· oil • 

ltWtn~ atutlies led w ebarQOterimation or a uumbtW or- !.'elated 
' • . ' ·. .. . (219,280) 

5PUO (4.6) dec~; -~~~-~vat1VGIJ t&tcm ttl$ St\Ultl ~~l • ReoQI'lt 

werk lms u.ucovePed ~ .s$r1ee ot mk:cd.etallJ" l'el.atGd ewmtiomwto 
· . (a1aJ . 
compoWlcts, ttle alaslt<mes • 

A sec-o~d type ot apuo (4.5) -d~antl del1'ivetl seaqU1tol1• 
. . 

peae was tQl1';aUla'ted by •Kft.d\Gll!\mt.t\ •. -~ !:il..•t in tne 00\J.l"SO of tbeh 

at11Ues on constituent~ Of tbe eastmtial oil derived from tunsus 
. (978) . 

W.:·CS.4 aga:owoor.t ·• !hat new e~SQ.u1'tcgpena, agavosDirOl (XVlli) 

4Uf~s troa too SCOlt&G type in tb.e plao.e!len.t of raetb¥1 and 

t.soprcP¥1 grouglngs. Beoentli/' the number of JlBttW& seaqtdteRpenes 

possessing tb.1a p~tioul.ar . alc0letal.. Wi'l"tmgeuaents bas ~rQasod 

consideJlablu by tbe tU•overy that ~veti'!l'ou (XIX) and r$lated 
. . . ' (216) 

vetivlllle sesquit~otmes1 previously thougbt to be b,v&•oazll\.ooea 

possess the .saw~ caVbon $kQleton as tbat propoS6d tO'S!' agaro-
(l.M) . . ·. 

Splt•Ql. • 

i'he tll!rd type of ~puo (4.5) clooano B$$Cl.U1terpene QU.lJ' 

be GX¥JPlU1~d by spll'*o aUl"enone (Sya:&sp~o Lauvenoo.e Y?) (XX) 

isOlated from qarine source and wld.cb r.ntlY also be deemad · as a 
(263) 

:vepFesentat1ve of' a tew known na-eural products contalning wOfd.ne • 



~­·-. 

let anotber ~pa ot, (4. 5) spuo Sfa!SC!U:l.terpene 1s isolated f't.t'om too 
. . (72J 

.flU)I'ine SJ.ilO'nSS ~" Jimm!iblwJ ~ tfhB new t~esqulte.t"ptmtJ:ti 

. aliis~;ruo..a (XXI) u~sotbloolt'anate.a (XXIX) an4 ·ax-s.de-a ·.(XXIII) : 

GJ'e not -~ tbG r"tlpresoatativea or tM new t7pe or· seaqld.tel1'Penfls · 

poasGs~!n.i (4.ti) spiro ct·uboa skflleton but; lil.so at"G the tust 

~xatnPles of Qatt~rali1 OOCW1iug 1sop,uonotds he.v.tnm lmouittU.e Ql.9· 
. , .• '. ,i. • • ' . .. (144) 

isotb1~ya.nate ttmctions. Gl.$enol (~) (le~lV) · is alao a 

lltimb~ ot tibia ~oup ot sesqW.tef'pvmoids. 
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X XII R;-·N= C = S 

XXIII R,- NHCHO 
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w~eas aguQsgw<lt (XVUX). w•e th.<J £trst spuo (4.6) 
(274)') . 

4ooane m:' its kind. to tie r•o~med. 1 •otn~ sq,aqtd.,•p~a, 

laSii-VGtivone (XU) 1 isolated :f.rOia ~ssentia\ oil of' vetiv~, was 

tbe rwst natW1ally ocotn"in; membe». or tb:is claJs to ~~Giv• · -- · · · 
(196,216,2.1.7) . . 

exteus1vfJ chereical atudlr ·• · H_ov,.vor, owtng w an 

t.andetaotBd lksletal re•ransamG:lt· wh:l.ch «r~U't'4ltd 1n the .dagt•ada­

~1va stadio$, the stJ.tuc.tw.-tt WtJG tm.~r.ee'l)lJ a:a~$1~4 ast a 
. . ' . \~1g) 

bJ'tir'oaJtt4cinG dlW:l.Vativa (XJW). 

Nonetllol0as1. tbis aaa:t~ent, at ttl011~b enooneol4s for 

tbe vetivones, led to the currently acc.ep_ted fa>1.muta ro:r7 ~\Ilene· 
tllel"eb¥ solving ono or ~be mast pllUl.ing stl1uc·tW1Ql p~oblema or 
tbe e~lY l900'•• 

Fm.-t;tlW studies on -ttae 0U of vet1va1l anti ofJber 

essont:tal oUs1 uncu:nel'ed A number r4 eu~sqUitwpWlas \#bose 

structW1~s var.e ded.ooed tnrougb c.Ol:'.llelatJ.oa with 'bJi,H;-vetlvooa. · 

For Qamplet swuctwre~J (XXVI) and ()001'11) (Fig~ a) wer• J.)Jloposa4 

t<»Jl b1ne$ol on the ba_$1$ of obamical ovldGnO$S and ""conv~s!Oll to 
. _ - (J.Sl,ao~,aoa) 

vetivaaulen$ · • !wo oth~~ vet1v~ seaqui~panes, 

plghl- and Jut~&-iaovetivenan€a V0lle thotagb.t to 'bfiiJ velatocl to 

atrt¥ttl.We (WIII) bf va.Jttue or tho~ SPGCtt-&3. prop~tices tlll4 

tbeu oonvef,)sti.an to "isovetiv~a", tbe aattn-atecl ~<k'ocuu•bcn. 
(229) 

o'btainttd upcm total redm! tion Qf' ~vet1vt:me • aev•at 

ac.id1t1onfA1 unsat~atod b7dr-ocarl.lons.• r-ogtu.•ded. as doubl., bond 



•• 

isomers of! the two isov$t1venenas (:UVlil) al .. so caraa to ligllt 1n 

the c0iluse ·of tbese studies. 

Oao ratllGr · inwe;tinm asp;ct · or· t10MAiftUt au.d !iS.ttotrl•.s 

work was tba · f'$.Ud1ng th$~ alplla .2JllJ .ul&-V~Uvon~s aff~dad 

satugaf.;ed 1\v'drottarb.ons, Y<~t:i.~n.Ql and imJVtqtivo#lo ~aspoo ttlvel11 

whose 14trar'ed- sp_$0~~- lfa\'e "s1gnU:·i(umtly d1rt~•t•' tio(Q eu.eb 
(229) . •· '· ' ",, . ' ' ... ' . . . ' . 

otber • . ~bis ~estat' was soma what Gu.trP~1s1ng in ·vi~w of tho 
.· . . . (202,217) 

aplm$1<'1c- rt4at1onsllip taostUlatotl ~C# til$ ·ttet1vones • 

ltare w1D'.Pr1s1ug Wtls tbe taot ··that tile bjorooarbon. fJ~ootV'a w•we 

tunaameatall7 ·QU'fecent t.vo.ra t.ba s,paotrwn ot deeat;wdrovet1V'aw 

au.L~. fbesa dit.feJ:~$0Ues we.Pe at~!buted t~o ater"oismud'!sm. 

HG~evet»", it was J.roVealQd l&teJl tMt1 tllG tl'U?'ee nvetivaaes" actually 

bQlong to thll'cte diat:Lnct $1£Q].atal. elasses.t 

:B:Ilc~lo vet!Lv~oJ.,. a g1.9~y alc()b.ol isOlated f~OIU o1l 

ot 'll'et1vl£1l11 was aottordod ·swuotwre (XXIX) on tlw basil! or ita · 

sJeetral prop01"t1as and oonvel'sion to ~-V'etlvnne'' upm 
, . ~(44) . 

acetate p~olys1s toUGWet! b1 b1d.VO~$nat1em. · .,. A later reget 

described tbEJ !W'Opart1es ··or ·"JatJ-'bicyclovetivenol.,· and :uotoo the 
' 

absenoa. or ~ ,..irntU'Y alcohols in at le~ast one variety of' vetiv~ 
. (123.:Ja4) . . . , . 
'OU • WJ~>yoyclovetlv~nen,, a ilydl.!'f:xlw.•hon imolated a-om 

vet1veg oU of ~lgian Congo OJ.•igm1 11us •tgtnall¥ acccl.-<l$4 

structure (x:Kt"().' but tbis assigntQent w~l.$ late»" x-ov1sed tt) 
: (198,240) ' 

(XXXI) . · • -
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\ 
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X. XV 

q 

XXVI 

.,~ 
,,~ 

XXIX XXX 

XXVII XXVIII 

XXXI 

'loo :Waroas:W.ewJt .atruc·,ure was a.sa1gned to be.ta­

vet1vone bl' J?b .. AU and P~~'1!1$s\ on the b;tsls of 'h~ir de(:Wada.tll.on 

studie1 on bl)ta-vet1vone(al6)t· sbQW.Q in CHAltl I. &tt&: .v·Quvoo.e 
,___. . -··~ J .... ,_ ..... 

(JCOUI) on trea-nt vitb. :$$41\UQ .1ft eloonol yiel.dad a .U~Uor'e 

( otereo iso.taerzd ot .tU.Jli<Jrove,1Vols (~'OtlVa) and (XXJtlVb).. ~·a. 

.prQC$SS' inVOlV'Gd tb$ l?'OIIUC·tion (at 3 oebon.c~bml dOUbJ.Q bond 

&long wttb tne ~$duct~cm ot ca~>b~ ilN)upiilg. · Oa~()].uaia of 

tbts atoahot mt~~ur~ att•ded acu1tone .~d too l1)'dl-oq isetune 

· - (lOOClf.X). .!t'h&SE# reaet:I.Q!ls Ol0tll1l)" tndlicated the presenc:e cf a.'l 

dSJlit ~ unsa.tut-~Jtad kQtoml, &nd SD it10PJ"ODYl1dah, gt"OUPW in 

. hata-.vet1vone. Furtb.<r.r m~s tb.e ocmpbsitionel snal.Jmis ~equb'od 

these derivatives to be bic;rclto •. ' Partial bydr.ogen.a~:ton ct 



-~-·-r·. 

(2()) 

beta-vet!vtm$ Co<'~ , • 84~ gave a ~-ketene 

(x.utl:t) ana th~ oorre·t~~Oilfling Ql.c<»ilol. (XXX:t.Vb), bottl ot:' vh1cb 

ware devoid ot opticltil oot1v1ty. !nts t11tding·" 'oonstitllted a 

ke_v paint in tile struocure an~m1s1 as it ~sosted ~tile 

b7&-ogenet1oa ~odue'ts. Qt ~.ta-vetivone otlntminod a ~trr 
•• 1 ·'' .... 

Hy~ogenat1on of' d:1b1dt"o-sl'i-,et1vol (Xl<itiV > 
touowsd by v1g<Wous o2:!1.daUon Witib otwomio. ac1di· atfortled a 

Qiearb-lie oo1d (XW). i~bi~; d1ac,141 -~ tl'oatment Vtth 
' ' 

acetic anb$'ti.ridtJ at elet~atGa t~ra~u1re1. yielded a eyc:tto 

ketoUG (XXlWll) with loss of c:~bondiQd.d'J. Dc;;b]rdt'-ogQnat1on 

oE tbis ltetcme (Z(;OtV'll) tbe~ a:av_$ 44,,?.,.fiuaa·~b71~-tsopropyl ... o- · 
·~.~f'JUL . 

1ndanol (DXV.tii}" CcmJUiatm w.ttb. au .1.ndep$Udsu.tly qni;heau«td . 
' 

.,ample.· ~b1s led i,)lf'AU ana PL~t~JQ'SB to eoz»lude that the_ 

kotono ('XlttV'II), tba. prooursrm ot (XXXY'IIl) was a cyologemtan. 

fused c:telOh.$XGUOM. - ~n1s conetusian defined d1ae1d (;UX.V) 

as a pttnelic ~1d der1vat1V$ ;md m•an't that tba $lcohol. 

p:'OO~$Ql" (XX!UV'), the related. ketone ClOOtX:tl) anr.!J!!.\1-Ve,!vo.no 

itself {!X.'tii) must contain a $SVOO Vl$1llbared Cfll'boc1Cllc rtng. 
I 

. l)eby4%"ogena:tiCU of ;be~Vet!.VOlltJ W.ith sel.e,niwa gav• l"8mnlta !D 

s~pp~tP. at the ·above oonclua!Qll by· wa, of viol~ vativa.a\llene 

(XXXL't) along witb a ~t~e ot c14 and t1.ij nQPhtbol.a1 __ 
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The conf'irmati'on. Of the structure for vetivazulene 
. ' ' ' ! I . ' ' ' ' . , ' (217) : ' 

(,XXXIX) was obtained by tbe authors ttu-ough synthes~~ . ,. 
• ' :. ' ••• • • ' ~· • • • ' ' ¥ ' ; ' • • 

Thus strUcture (XXV) .was advanced foJ: AW-vativone, 
,'I 't ' '! ' ' • ' ' ' ' ' ': ' I ( 

: ... , 

>=C1 ~: ld=O--'-
XXXII ··y 

X XXIX XL 

,' 

X X X ITI 

'!' ' 
>-<J~:Oo 

X XXVII 

' ' t 
·: ·~ 

~ OH 

X X X VIII 

CH.AffC. I: . ·DEGfl.AD.A'J:ION Oil BE~A-VETIVONE ..... .. .. '. ' . - '. - .. 

. xx XIV a; ·active 

x ~ xtv b . in active 

X X~VI 

' / • J 
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mtel'esttnSlr, W1d ~ ce.u Qtr.f' w appreciated .aignl· 

tic!~ . .a'ltli't. only wac as -at ·v$t1vulA\~ WeJ.?e · meotmed u,on · 
4$b3dl."ogeat&tiOD · Gf: ·b$ta-v$t1voP.e-~itil $l1lpb.ur af. Pau-~di·~ · 
o'na.rc~~ a these ·ef.ises .. tile·· Jt$mti:Gns· .ied ··h:lmost exelutdveJ.y 

to the ~~ & <=u n.aphtnoltt. 

~he lmGWll ttb.(ttUSW'i of VG~1'V'OO~ ~Gil:at<Jd ·natua.•~ ~o-

4W:~m &t tbis PQiut wae· :1tUl o·o.nsist=t ·With • b:r~oaau.l.­
sktr#leton. · ib.e 4\igraaat1ve stu.&(ja ~is®tated w1t11 tlina$ol 

~esene ·som, -Com.tJatm\) ~$ tll(JJ' ·cont.m tb.e lb$t deftf.n(ta ContJ1a­

d1otiGnS ( Ceitufl II).. ~h* ·tsom&rJW- awu.ettW:Oili were .sue;ge~r:lted b7 
. (181) . ' ' (301) . - ' 

csecb (Bll/ . ood Ja.pan~se groups (~VII) , • · soru~ .U lilt 
eonvbc~tf)tJ tno t:t.r~"e;ta-llilae ditw.&:o · al~oilol> (·W}- to ,k$tone (Xf;,XI)' 

wt&~b.' .-as ~~$tmt1all.y devo.td at ~gtical- iNJtation, suggestttlg tile 
. . . . , '(46 181) 

:lftUcatod &ar.a-metnyl· u11~em$nt m · d!Lhttit+'ot&ao~ct ·(xt.II • . · • 

.Ue~drat1on :)f lit1b¥dlr~~i!~ (JCLI) atfel?fief! Q ~\Ulle 
:)' ;·. . ' . ' . . ' ' . ' ' 

oe»ntain1n1 ol&t~ (Xt.Ill) m1d (Xm) (0..~..:~ IX)._ . l'Q·drogenat1on 

t$r thtts miXtur'G atf'OJtdod a rqd.lroofi.tl'bon ld®tica to "iaov$t1vaWI~ 
. ' ' - . ' '. - (:m9) ' ' ' 

ac\'t-~ to :Lnfltal!fJa $PGCJt:ral. comparisml • ~he ••isov.-,tivanc'' 
. · .. '. 

sampl~ was deriver! trorn ~so dihydlro-~v0~1vQlla, saggeatin.g; . 

. a oJ.Z.by.arouUleM ring f'QsioQ Ellld ~w~rela~1Qnsiup 'b-et.\teen the 
- . ' . ' ' . ' O..'Y\ . - ' 

metrql ~oups. tno corrGtat1gn waa ev&ll f:lrmEW iftAunpublishad 
. .(Q~~} . ·. ' ' 

~. ' . . 

WO!'k of J•vantJn Ptm:P • ·. M _ .• 

· , Olof1n (XLr·l) and ketone (~II) 

·' 



wore report4td to b& C.Om.Plti't~lY dewo.id or o.Pttc&i.. activity. ln. 
. . . . ' ' . 

- foot, lt~to.M (.YJ.li) aff011dQ~ $ eeDa.r1.1dene derivative 14ent1c~ 
I .... 

. to ·tn~t· obta111et'1 ·from ":tl~socU.bv~tcc-'Qat;a-vativoll&.. lJowevw, 
dtk'~.VtbtG~SO:l (l£r:.Ij was Cle~ll' O~ic4l7 active.. Fwrtheao:.-e, 

rJine~ ®t~dr~tes .!li)af't:l.mli7 to ol.ef!n (~'ft) oa ab:.tcntU.t3iil&PI~ 
\ . 

ov-~r be.s1e atumir.i,a. -~.bs oletiil ·(Af.a'i.) was P170V$Ii idcn~1cu.\l .to . 
'I • • •, • ·..- •'• 

1scvetLvell6, a consen• or b!Aesf4. . . . I~$rOJ.J$tiBtton ot iacv~ti-
;-

v.en~ atrOllaed ·o_pticr4l.Jf aetiva 1aovet1'f~e. · the optical ao't1v1t;y . . ' . ' ' 

Of tb.BaQ two ma:,er1als was clor111i1 lneonstetann with t;ba · bydro-

azUl.ene .f'o:t"mUl.Bticn 1fbitcth had b•an aoc~ded ··to tae vetivone 

'Y 

SOitM•s witleuoe tor" t!:tti posit~ Qf tha aoublc bond 

oaarae trom llatil•r• $Ptll'tJt31ta and tut-ti'!er f'GSCtions ot tnQ a~onol.lrsls 
' 

. -grudu;:.t \XLVI). ln tbQJU · $ru,»lJ -ad!es;. XOSlC«At .11 £ obtain~d 

: en ·ozonOO.ysi!5 pco~u.~.rt. Qt hinast)l. tilfat tid 11~~ appGu . to be a 
(001) 

Oi6tbyl kGt~Atfl . . • 

Addii~io.nt\'i. 0V1denoe £([~. ti:1eilt ae.aie;uaa;,'lt C{~ :fl.-t)l; 

- llih~ to~~ ~1ci dt~bVdr'a~io~ (.1}'l bW$011 w~h affor~d e. C:\"mJu.-

gatsd dien.e ( >. Q40 ~~ l·oi-(_ (JI. 07 ).. Lata. r_ , 100IWUi and 
/ "· l.ll{ll( ' - ' . 

' .......... ' ' . 

lt!MmlA c.onf'Urii$d SORM•S $S8ignut~t by ollJl1o' o~1.~tion. ot 

b1nes0lti tOllowed .·by datwd1"$t:Loo.1 wf.l:loh .af'ifOI'~fld the ~t101'4@ 
' (303) . . . 

ct bGta-vet1vona • - · · · · . · · . : ·- · 
..--
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XLI 

( opH cally Active·) 

: ' 

XLII . 

· (Opticall·y l'nactive·) '· · · 

; ... ~ ' ' 

Benzilidine Derivative._ +- ._ 4-· 
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Hinei5o/ 

XLV 

XLIII XL IV 
~·-
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. ' .· i . ' 
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fbi a c:•ela.tic:m. _ ~ovad . to b1i.\. th$ k;f))"$tmil ot tb.e . 

abaoltats · ·ate~bemistr-~1 or this olaes. ot: sa$\lUI.t.$JJ'9eimt'8 einet~ 

v1g0lfcue OXidation ifJt bin~s£».. W:l~~di (~f.) &J.RiiawmG~ttql gl.~taric 

_ acid ·(XLVIXl. 

Hlnesol 

......_ (C02H 
H02C ;>'( . . · 

CH 3 H 
(+ )- Bet a- vet i vo ne -

XLVII 
XLVI 

~;11" ai~atrer.r that amuv ot tb:tJ V3t1VQ!lle aestallite~­

p~U.tl$ aeturdl¥ b~loug to tlle IPirO (4.5) d~a.na tG.muy wD.a 
. ' ' (154,~) . - . ' ' 

bRou.gnt about. by l~'UlS~!. ~ ilia et•oup 1 as a ~aaUJ.t 

ot thffl:!.r ~tudles aimed $~ tho qntijas~a of' tbe .POst.ulattld ' · · 

-~OUUl&ne lltf"~tWlQ• ln UOllt"·!Je· Of tb:e.., ati\dlQ; th$7 Z~-

. •ated· a srt;ereoaelootive arouta ~- sub~.~tutati ~~t)oulenea 

644 tb.a.~~by Pl'E'l\i®ed tilflf tw.••e ·o1J.O..<tlmtitb.vi-c1s-.aecab1dt•~ . (166) ' -
aaUl~~B-.onoa (l.Vllla-o) ..... -t (QlWtl! Ill)~ and sb.QW'ttd ·that 



none of tho ~or~~en~ioned hydro~z,~enes (l0rra$pQnd ~o either of 
' • • I • • , l ,, I : , I •' , , ,,· , 

0 
: : •' .' • • 

tba. ~p+raer~c . ~~~~sopropyl"idene dih.rdr~~y-ei;ivon~~ ~r~p~ed. 

from wa•vetivone., This :finding indicated not only "the struc-
) • ' ) • ' ' ~ • . • ' • • • I ' I, ~ ' ·• • I • ' • ' • ' 

~Ul~e ·(~) (Figo3) be accepted any_mora far beta•vetivone, but, 
. ·. . , . ~ 

b; virt~e ·rJ£ reported cbemical cor~alationst· :the proposed c.arbon 
~ 

frame work of tb.a entire class of 'bicycJ..ic veti,ran~ sesquiterpans 
. (301,303) ' 
as well • 

. ~his_ group. of' c~a~ists $ecured (.) - ~vetivone 

from vetivert aeeta·te; .lava or1g1n1_: identified by :tts mel tin~ 
·(196,2lt}) ·ll96,2l6) ··:: -~'-; 

point ·. . . _,. .op~tical l .. otation . J :inf:.t"aJ:;ed spe~~; (:":1 
·(199,303) ·(~03)· · .. 

trwn _, ~d n.m.r-•.. spectrum :; and. oonvert.ed it to the 

epimez»s of desisopropyl1dene -ditzycliro-beta ... :o;otivolle (meso, and dl 

form) accordirig to th,e scheme depicted in CHARI! 1,"\l. A so.tn?le &o~ 
QornpG..r\SC)h weu. synthe~i;zed · as- £cUcw5:.· (C..I+A-Ri tn:J. · · · 

t . . . . .. 
Methy-lation .(K..OBu :;; cm.3·I) ot the known b.ydrindanone 

:(257) . ' . 
,(XLIII) · afforded 'tile dimethyl derivative ·(XLU.) ·which. · · 

. ' ' r .. , ,'' ' ' ' ' ,' ' , r J! ; .. : . , ' i. :, , , ' 

yielded princ'ipaJ.ly ~ha 'w-hydrittdanone ·(L) t\POl:\ hydro,genat:Lon· · 
., 

over palladillll1 on charcoal in ethanol. The. ~.,..l~driridanone (L) . . 

was p·w:<.ified via .semicarbazone derivative ~d it was converted to 
:' ' • ! ' I ! : . ' 

the conjugated __ k~~o~e .<~I) t~o~g~.:~ro~ation ~~ll~e~ by ~e~-

drtibromination~ _ That the is()fllei11Zatian of: ~he ring.:fusion· did 

uot ~am· e~ rout~ -t~ tb.~ c~njugatod: k~torJ.e (LI) ,l-J":~s' cont~t'\~d by - . 

~air .. tit r~ge~ar-~ting th~ -~~bydr~d~one (L) thro~gh -hydr~genera-
' ' ' ' I ' . . 

tion (Pci-0),. Addition or meth31 magnesium iodide to 



O,dl1indenona (i;,z) tn tbtt initiBl.. -e.sWlee of aug»;:tc a.c;, etate 

atfOI't!ed tb() 1,4 addUct'_ (.t.n:,a.> f'~om vtt1eh tho cw.-respondtng 

coiljulfted ketone (LUI~ was pr~pu~d via 'buo.llinat1on and clebiaro­

bl-oa1n~1on. _ Beduct1ou or tb1s eoujugtlted ketone w1tb L:l.tb1wa .. 

tn· Silml0tl1a regonm"atecl tba mat'W."atetl- keto11a- (.t.II1a) Wher$AS · 

. lq'drogcmation (i'd-C:U in ethanol) gQV'G a ·~oW kQ'tonEI (Lll,b) llbl~b 

1"sadilV aff'ord.ed its conju[(ated ketone puogenit~ (WI) u.,pon 
. - . ~ .. ' • >--= 

•ominat1on and dob;:rdrobrOllin~tion. P.rsvious studies 131 
. ' . (157} 

MASSUALL and MDbll:lSllii ,provi4cd a basis tor too ~:.pl!iOl!'~ 
assi~eat ot steroocbemistJ:Jy to kot.ona (Jdlta>. l'oo spectral 

' ' 

properties· of .ll.lb&-bllcm.o ketollas.. de1"1vod f1?om (~I,a) and 

(LII1b) have be® $b.owu to s~!lto:Pt this asstgm.aen1i. 

~h" unsatUPatad al<lebydas (Lil1a) an4 .(.tiVI1b) were 

prepet?$d via fragmentation of' til~ ,r$spoot1ve oxilatlla (LIV' 1a) 

and {LXV ,b) toll owed by i'ef!t¥tticm at too reSUlt11lg uitrU-es 

(~;.V .a ~ .x.v,b). Upon tf!Qa~ent with stannic. obloll'ida 1n 

bctnsenr.., tna• al.debyd$$ (LVI,a ~ LVI,b) cyclised to .fztve tbe 

·COl'JlOSPQJlding byd.t'o&Zul«Jnola (LVIlta) and (I.VII;b}. ~he t®aer 

alcohol (LVII, a) 7ieldad a · mb:tUtJe of tbe Wllm and £ ketones 

(LV.tll,a) &ld (I.$Vl:u:,b) (onl~ one ewmt1omor bas 'been shown 1n 

the ell~t) atto, bydltosawation and. subsequent ondation. 'l'bs 

latte (LV:II1b) was liltow1sa coova:vted to the£. k.etontl (I.VII~b) 

anti tbe ~i.sOlllQl'i (LV Ill 1c: l. 



I 

cQO a - <:Clo ·- b ~ ~o~ 
X"LV!JI Xt.l'J{ 

I 

a, R::H, R=CH 3 
I 

b. R=-CH 3,R=H 

cb=o 
H-

c _, 
b 

LVTU, a LVIll,b LYIU C 

LI 

LH ,a 

a,:= KO~uyc.w3 I; h= Ha/Pd-C/E.to~1s C;:: brornination fallowed by"dehydrobromination 

d::::. CH3Mg!jCu {Ac)a; t .c Lij t~H 3 f = Tscl/Py ; g::: (iso C4 ~90)2. At.H; h= Snc1 4 

D} 
C!iA..;.O' I II a SYN'l'LiESIS. cuui COr{PArUSON" DIHBTHYL; ~DROAZDiag.NONE$ 
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In tne ft!tXt !)i:wso or t~s(! .mtwU.G31-&ti-v~tivone was 
dGgr:adet! 1n ord~ to o'btam ~ eomP.!Wtson !9WAdl~ ot .vhat abQUld . , . . . . . . 

have been e1tber the ~-~$0 ~g~e (:r.YI111a) ~ the t~ (Ji.VUI1c-) 
~ : . . . . . . . 

(CHAFtl IV)._. S1nc-e tt\a $Yllth~t1c JrQl.ate to tb.Qse ketones ~ambl~ 
ously d~tned tneil' statreo ~bEildati'lt t~G o_orrospcmdeno:o of .one 

of tb.ttru with tbll! vat1vf)ne dttl'-tve~ k$tone vo'lltd lik:Gtd.se def'ino . . ' ' . . ' . ~ ' . ' . 

tb~ relat1ve st~ieOob~1s1W~ ot ~vet1V.GPG.•'- · ~o this Gntt .(-) 

-Wil•V$t1V01l$ was convel1tGd f'oUowing W!U..P~J:M~di1G bVdrcge.. 
' ' ' ', , . '(23.6). ' ; . 

nat1on-ozonol-ye1s sequamoa . to tila um~diey<Jro. Gl.collol . . ~ ·'. . " . . . . . . 

(a 66t3fS '1£1Utllt'a of alcohol ep~e:rts) and tl~;n to tho t!es-1$0£\rG-
• ; , ' , ~ ' • I 

0 

0 ' , 
0
\ I 0 ! . , • ' 

gy114tme 4oUJpound (JtXAVIl. ~l'Jfl ma~m bydl1oq ketcz-.. (AKX\fl) 
• , 1 • • '.· • • ,. • ' < • • 

wa:;:~ con'ierta4 to 'baa th1oketr4 der1vat1V$ . end ueatecl vi.th &mov 
, . ' . ' . . .. ' 

nl~kel to g1V9 tbe elocbOl (J.;:CX). O.Ud.at.1on tllOU ttlfGl"deitl tb.e. 

assi:ceti ketone (1..4)~ · lb-Jt:fV"<n"it · tr.te· Wvaraid spectll'um or tbis 

kettJ.Wl bore no ras~l~e to a,rq of tile S"/Uthaaitsd ketones 

(.L.VIli,s...o). - In foot ~b.e. carbonr,l et.:eetotd.aa band· or kotoM (LX.) 
' I• 

( 1727 .. om•l ~ · s·.-al_fA-) at~Qatad · taat · the omtbo.ti.Yl $t'oupmg was a . 

~t .or a si»-twtilbere<i :.-me.; !Ebs :qntbet.to ketQ.W;)s (T..V~XI,a ctb) 

gavo r1se to an illf'Z'areti band at 1700 cr.a-1 5.88 JU- &(LVII.I1o) ·at 

1700 cn1•1, 6.90 ~ ~ lire con$1st.ent With tbeh a~s1_gned c~e:lo­
beptanonr.i struoturese-

f 

Gllf!!on!~etbanol :atr•a~d pt'1nc1pall.J' a now ~Ql9o 31.cobol 



(~ 71ald) aloDgWitb 011~ of the PJteviouslV obtainad MSQ-· 

dlbydro mtcobols .(15,11 titJld} and stltlfttng r4at~tal.· Depadation 

or tbls ~ ·dl~o atoohol alot\f!. the l!Ae:s describ$d ·aboVe 
. •. 

attcwflof'-. a new dGsia.oPJT'OWlidene d1b.v~o-betn-".r$1;1vQlle whose . .~. 

intrQed mPtaC~a b~e no eloae :taQseJabl~e to tlmt ·o£' ita 

SUiltlOsa4 rae~ counte1"~t (.t.VIII"b) m~· ttl$ ·$ynth"tio meso 
._, ; ~ .. . . ' . . 

compotmdm (LVIII,. J.l), "Mtl. (t.Vm1. o ), 

Beta- Vetivone -

L~ 

O~~Cz~OH 
~{Hzp· 

XXXVI 

l 
a~:o-OH 

LIX 



... \. ;:., 

'!-' _.-

Di:l!' 
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BOMANUK & UEftQU:\! bad p~~viou.sl.i noted the an()matOus 

carb01ltl ilbs~.ption maxtmwn ·(1724 c'ra•1 ., s.aa r ) in the 
t: I ;~ ',1 ,: ·.J_ ~ ~ -~-- -

tnf~tal'ed spact~Wt1·:ot dlbl'dro-~.;;;~etivonet· ·but c·ouJ.d f1nd no basis 
. ' ' . . '. '; ' . '... ' (229) . ' 

in ~~ fact alone £<f1!! reJecting the proposed· stttuc·ture • 

However, tne above studies by ~ltt\LL :a.· &·, ·tad them to 1 

. concluds that' Qc1;$..v_e,t~vone cannot be .V~jgesented by strueture 

(UJ). or a stere.Oitlcmetr ·tb~eci.: !'h~s conclusion d~ded a 

re-evaluation ~ tha · IQ'dt"oazuienle struetui-e.j Since tbe speo .. 

ttal progcwties· of_ the botb 'isomers of ketone (Li() W$J1e c,Onf.iraed 

to those ot cycl.-ohezal!one· tierivative and tbe htdroxt ketone (JCX:;VI) . 

d1spla~ed a cyolo.Pent~Qne,.carbonyl balld (1739 "m•1 ; 6-.77 f- ) 

'tn tna:tu tespeotive ~ared spectrum, .either a b1cycto (4.a .• o) 
' - . 1 . 

' . 

· bf3HS..Vet1VOUG~· ~he W~al~ll of chemical atld physical data 1*000l'def1 
. . ' (166,260) . ' . . ,(154) 

tor \da:vet1vone ~ad Mii~U~ .d•Al•t · -to supp()Nt tb.9 
' 

latter POS$~b111t7~." . AoQ~dingl.y they ·poetUl.atad.-a. simple revision . 

:~ ~· 
·-l"'"'i 
.,>;t~· 

) 

·o 
:~-~ ·~ XIX 

Q..• , •• 



ks0d on tbis a1evtaea atttuctun cr· ~v$ti.vQno, 
PIJ'AU. and Pt&NrlLf..Sl\'6 de~adat1on ~!lema could be l'e,Pl.'$$titlltad as 

shown 1U the w.wrf V. '.li'fl shoutd ·bG mted tba.t tbe geomeW, of 

the ketone (W} and ·al.coboi (LXII)'- 1tiU p .. &Ut$ a sJZGm•t.rv 

plane and tb&retore, tb.em«J oomPQWlds eG e:clst am tnllSO torm. · 
' 

lhu:; tbe post:Ula~erJ sti'U(ttW!-_a i"GtVifJion ~c~~odates the cr\¥t.lal 

tsatur• ot tne Or':iginal suootW?'e· proof.- ~lle· d!c•b~i<t acid, 

lnitiall.U ~eeardGd as Piultllk 3014 d~1va~1Ve (XJC\V) (~lig a CU.CJI), 

-wollld acoOJ"d1ng17• bo l~ld.~ted as tuB atUpto· acid WW'.ttva~tve 

.( I.Xri) t (XXXV t Celia = C. OHa l• C)"'l4~at1on of tblta dtQOld Would 

J'<&sill.t in til& cvc1opeJ;l~anone (LlW ) 1 - ratllGJi tllall inttia.'U.V postu­

lated cyclon•xanone (XJOWIZ).. ·In tbe Jl'&vl~ld sobemti1 ·til& toraa­

tion ot the 1ndenol (JOLl"i~ll) woUld r-eq,u:JJ.:oe that a skeletal l:*e~ 

uransem•t tllke pl.ooe · till»ins 4~hyaros~t~.on., Sifiil.lU" re. 
urmlgau~s. W~Juld be ~:~quirod in 'h$ ctOD.V$t"ta,ion of Jlfilf<J-V~tivone 

to vetiVdu.\$M (~~) -and t~ uapbtbol (XU). 

L o 

OH LXIII 

0= H2jNi; b=Oa. 

C,H2fPd-C;d=Cr03j 
Acid; e= Ac20/t:l; 

f= Se 



·.-."" 

/ 

ine spbo decane··rormuiatton also ~X9lainsJ.th&·.previou·sJ.1.noted 

op~ical aetivity. or hlneso1 degra(!ation' products'wli1c'b r'etdn the 
·,, '.' ''. ' I •, .'· 7 ·,· ' ' " ' ' :') •' < \' 

. ~sop~o~J1 groupmgs~ , · 
.. ' .... , ; ., .. 

. i'!r~a.s\tp9ort· tor- tile .PO$tulated spflio· (4.5)· dec;ane 

stituc~Ul"e; ot ;M~vetivoAe ;;;bt~ed .f.rom ~s:r.ntnetic ·~a· degraila.. 
. . . . . (154) . . . ~-
tiv; ;J'tudles by IURSH~L: and JOHNSQJ;I . wb:tcb. nas 'bet3~ ou.t.... . 

,· 

· iitted .. 111 QBAL¢ vx .• -·· :l!tie. linown ~ dtbyar(). bat·~-v$tivone (~> 

J~~l.ded th$· .()Q~~.e$poilrU!lg ~ydroo~'bon (LXVX) .. <m ~emovaJ.. or .tbe· 

c arbony:t.· ~oup. Osonol1sis ot (~JNI.) afforded· too . oyclopenta.a , 
· 1 , ,. , r • 1 :;,. ' . · • 1 , • , ~ 

. n()ne d(;l~i'!at1ye_ (~~Jl:Vtl!e~. in .turn gave tb.e br~ocar.bon:·(LJt.VIII) 
1

• 
• I 

upon de sulph~:L~;ation ot its thioltetal.. de.tivatiVEh. . An· au.thentic 
/' s~ple ot, the r~Piro (4~··5). d~cS!.l~, (LXVII:[.) lTas secure~(} £rom , ... 

0 ' 0 • 0 • ~ • > , , ' , 1 ° , , , I • , 0 0 • • 

--b,vdrqv ~~tone (tx:pc) a -kn~. p~ot.~~emical ,rranstormatio~. product 

ot gans ~ 4a -~ililt s-.li:l..~dirnetlly1-tS,~~7-..S•tetre,.i.bydro~2(~a...~)· 
. . . (l.40 '141). . . ' . . . . . . . . 

:,n~ptht~alene · ' :• l;leb1<~rat~on ot ( l';tXU) gave a : IUxttire of 
' . . ,' . . ' .... 

oJ.etins u.ud.ulu (~) along t<tith a ra1l}or araouut ot the exooyclie 

double bond isamer.. B)rorogenat~n af'f'Gl1dQd a mixture or ketones 
" ,' ,_. 

.(~)·and (LXXIt)• 
,; 

~bEt m.aJo:t' · o~ponent ·was the _,so. isom~ · 
. ' .. 

,_(I.)CU)~. I)e~Ulphu:r1zat1on ot the" tb1oketa1. d.ar1vative ot (LXXI) 

ar.torded tile sam$ b7drccuwb01l (r..xV'Il~l, ~eV1ously obtaine~d i"rODl 

~vetivona. ~~ keto11es (LXJ~l) and (Wl) exb.ibit~d similar, 

but qlearl)' distln.ct spectral ant:! chromatograpb1o properties • 

. :Itbe ~arrang~aJ'l~s ot .tha methyl l¢oup.s in both .tsomers follow · 
. . ' . . . . . 

.- . ' ' 

from the n1eso natw.-e of the ketone · ( r;,X:t) (and therefore, ketone 

' I 
. ' 



_(~~I.)j~d .. th7~· c~~v~sio~ t.o t~e s~m~ hYdrocarbon ~Lx:VJ.:~I). 
S1nce ke.tone .(LXX;I) is stereoahamically. defined by the synthetic 

( ~ ' • , 
1

• • , ' • ' 

1 

' , , • ' • I , , .~ • ' ~ , . , 1 : 1 • ; ,, ·, ' ' , 0 , ' , j ' ~ '1. ~ 

schema, the :&:'el·ative st•eoc·hami$,~r:v o~_ .. th.~ .h.eta-vetivon~ 
' • ' ' ' I • - ' 

' ' ... 
d~ivecl lsomer must be· apinla~io ·at ths s.P~o .carbon atom, .. as 

shown 1n the for!itttla (LX\TII). ~~e ·r·elativf) · ster.~oehem!stry·ot 

) 

. ·o 

b. 

LXI LXVI 

f 

0 

LXIX LXX 
' .. 

LXVI! 

,0 

LXXI 

~t'Y . 

. ~ 

' ! 

. o/ 
~·-·y 

a= Wolff k.ishner reduction of semicarbazone derivative 
: b = 0 3 ; c =·· [ :~ I H +. ' ' ' 

d. Nij EtOH · . 
. e = s 0 c 12 I Py • ( n = H lIp d -· c IE i; 0 H . . . . .. 

CHW VI: ~EREOCHEMISTRY OF »ETA.VETIVONE 
·, ',,: :;) 0 ~,r.•, 

-
' 

LXVIII 

. I 

., 
. . ·-·-: 

LXIII 

!he absolute' ste?eochemist:ry ot ~vetivone (XIX) 
- - . . ~ "' . ' , 

··was· ded\lcacr on ~he 'ba.s:i.s' (?f'' it~;- chemical 'corr·ela:',ion wi~h 

bin~·soi ·.(J:.XX~Vh·· :.' H!ne$ol- at.t;orc.t_e·d ·the .enantiomer (XIX,a) of 

)lattlrai :-~;:.) ~bgta;;.veti~one upQil' trea.~ment with' cbr~ic anllydride 
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_;.-., 

in pyridine followed by dehydration (CI:lAlf.C VII). Hinesol ust 

therefor$, not oll17 possess the same sPiro (4.5) deormEi carbon 

skeleton as beta-vetivolle, but the tvo compOunds must also be 
- - o):; ' 

enantiomeric at the spiro carbon ·and/\the adjacent tertiary center. 

More extensive oxidation of b1nesol (LXXIV> lad to (+) -alpha-
. - (~) 

methyl glut eric acid (Xt,VII) of known absQlu.ta conttgWtat1on • 

~his transt01•mat,ion ~evet\lod tile absolu~e ster~uad.atry of tbe 

tertiar)' ntetb)rl center 1n binasol and, 1n view of' the aforemen­

tioned correlation, 1n JN,t,.a-vetivone ~s woll. 

& a,b,c, a70 a-:- cro3 c5H5 N 

b = AC20 
= s. \ /1'-,. C::::. BF3 - OH 

LXXIV XIX Q 
d= td.e Oa 

H e= HN03 

~ ;;oo, 

~:hf CH 3 COz i-1 C02H '1/. 

XLVII 

\ X IX. b 



y· 

. · . fh~s, tb.G abaoluten$ss Qf tile p~asen~ daN' knowl~<Sge 

regarding tne starao .. cbemical structure. 01! tbe conf3,gurr:tt.1on .of 
• I ' : 

J!.tta-.-vativone is. :b1sbl7 d~pandable on tbe o~rec.tJless. of. the. 

accepted st~eocbemical. ·structure of hinesol. Although tl~ 

studies outlined in CHAlff VII coUld not ass~gn the Ol"ie~tation of 

the ·isopropyl side chain of hinesOl; its stereochemist~y shoWn . . 

ill formula (LXXIV) was' determined .. tbrough an linaaib1M1"US total 
' . - (169) t;l- . ' 

s711thesis of ree~mic hinssol • Further suppol"t in f'a.vour 

ot this dete.rminati:~)as pr,ov1ded, by the de(9"adat1ve -studies of 

YOSIOKA and Kil4URA ( · - -

With the struct~e ot )tta.vetivone established it 

became ot interest to acrut~ze qther v~tiver-der1vod sesquiter­

penes whose struetur~ as$igwuents are baaed on correlations witb 

.b11-Vet1vone. lt.•vtsion of the studies tm Jjl.pha,.vativone which 
I . 

concluded earliet- the epimeric relationship of it with biD;:~: 

vet~vone showed Jilpf@..vet1vone (~) to be a hydr.;maphthalene 
. ' ' ' (l.49) . 

derivative and a o:Lose relative of nQOt-katQne (LXXVI) • 

ov:\-
ID1le striking cUtferences observed for "vetivanes••· 

derived ttom the isomeric, vetivon.es and vettvaaulene nan thl.\s be 
. . '! . . 
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understood on:·:tne tol.lowlng· basis '(Utg. 4). ACcOJttlin817t tbe 

tbree ••v$t1~anestt. , -tually represent_ ttira·e ditf'~eilt struc)tu'ral 

types -with ttvetlvane••- (LlQWII) cmtvesponci1ng to· tho ·b.vdro(iar'bon 
. . (149) \ . ; . ''' 

nootkatane and "1sovet:tvane" (LXXVIII) c0l'ves9()nd1ng ·to 
(275) ' 

agarD !J.PUMQ • 

ALP 1-l A - VE.TIVONE [\-I J 

BE'TA - VETIVONE [.W] 

'IE:TIVA ZULFNE 
'/. 

LXXVII (VETIVANe") 
NOtiT KJ\ Tft. N "'-

L'lCXVUl (" I.S.OVETlVANEJ 

SPIR.O\fETWI.\\'1~ 

. 
~he nae ttSpuo · vetivane"· bas baen. $Uggestad f'or the 

b:fdrocnrbon (LXXVIII) to Joint ~ut its )."'elatiunubip 'flo hqpfb 

V@tivO<ntit. and vetivs.&ulen.e, "Jka:Ua dis'biugulshing tt t.rom t~ 
(159) 

b1'dro~nL\tien produet (LXXIX} c4 vetivaauldllJtt. .• . :rbis latter 

iq'droearbon wta1ch shoULd proparl;y bear> tbs n.atne ~~,,..etivan&~~ 1• tile 
/ 

skaleta'L. parent of ·an,f)tbel1 t~y of sesq.aitfA"'P.:en~uJo 



.. ---. 

ho l)J'.mNltuu•bons• »JiB .anQ ~~v$tisPbent nav• ~sen 
iaolattJd bY. MDl>ttsEli Sa 1970 tsrom oU or Yetiver· aati asstgu.e4 

. . . 
fihe oil $mplo,ed m the$$. stu.dies appeSt•s to biit dovo1d f# bla.~e .. 

' , ',' ' ' , : I 

:1ial o.~.l .. Eue.pr.mdlng.tc ... tl1$ alpba-i:t1li'4~~:t•~ne rep®~a b1 tlOiiWitJK 
(rr'~l) - . . . . "'r .. 

~ Bmi~Olf1 • . ·Y'i:!a\11 .~?& lA~tnlc.v~tiv~~~ aff~am the 
:. ' . ~ 

SMB l'Q'~O C~bon (L.Wl:t) &S $~0 d~iV$4 tw~ AJ.fti-Vetivone 
tile st;l"'uetu.f'Cit nvir.;irJa t~(Wl (X.W) ~Q (~~) w®t4 QDea~t. 

rea-~14$,, 

LXXX L~'XXI C\-12.0\I · L){)(KU 

~a! · mzsPini~ DIC:CGt.OVE~l\fllUiOtt 

,;he llt.ai't ot ilri'tW-"4\ll.f t.JO\i.li~~~ iPUO t<MJOtill~S .·and 

· slfll~tmtio,. t?~llet~·a'ft1il.t"~ -~ t~,s,s.a o~.nde ta~· o.antir.U~As to !lrOW•·-

• ·• I 

~ue ~ilemlst»r ·or (,dJ~5) dfm.M& $$~Ui1t4X'"PiJi,&: (Ji1Ucb as: kt'<tf~Veti.vone, 
.. . . • . . . • . • <. . . . . . . ll~O) 

agarosiJUGl .aal~KU. &lal'ktm.~ ~d GttQUane; baa~ bu(lfn .r:;wvt&W·SJd • 

St~itJiS ~ · .. ~tlj··t~-11~h~JJ· :tt~~tat-t~d 4-n tb.t:~ 1·e.C>l.~~1on · eft ~m~tii. st~ees 

ut·a'Gcl1t~~ bli!l.i)\il\~11~ ikJ ... tbU.s :~<iiLW.· Wf. (~li~G) ·s~1J.~ --:~qtitt•p~s. 
. . . . . . · · · · U~1186) . ,,,. . . . 

: eo··g* ·, O,Ql~ v~~ttva• (L.~U;l:t.t) . . . . 1 .Q.e,hyd7!6. ·'$·e.la 1;t)t~1qcno 
. '(57) ' .. ' ': ' . {l78tMiJ . . (130) 

{W!tlV) . . 1 l&W1Ais.Ji ·\~1r)· · . . : • . tfJeylU.bi:a:l.ui (t.4-tl~'fi) 



.mantion shoUld be. :made of ~Y.clo ·(!1$bydrv .i~olubj.rn~n {XU\~.), 

isolated i 1t-ottt. ,PQ'te\1;·o tubers, wh:toh is esse.ntj.a.ll.;r a tricyalie 
. ·(q8)' ' . '. . .· . 

spiro co~pound · • 
. -; 

· .. Spiro compcnut.~s of marine or:lgin al!e ofJ. ~urr.~~:t 

i.nterast. Axisonit_r~e-3 ·(JOe[),. axisothiocyanate-3 (~I), 
' ' :· .. ' ' ' ' ('72) . . . 

isolated· f'.r~m the 1!1-~ine _spol_lge ~U.a ~b~i~ , 11ot 

CI~'Y c6ml)r1s~ .. a.new class of' spir.o VEr~ivane sesqtlfteJ:penes, but 
' ' 

a~so._r~pr¢sent .the f:f.rst ,exa,rnple ... ct .nat~a.llY. oocur:l.ng ~sopre-

~oids having an i.sonitrU.e or is•thj;Qc;yanat.e tu.nction. 

-il.J;amide~3 ... , {X.X.:r:u:.} isola, ted fvom the same source i.o. ·,· -- . .. - • . C'7a) · · · · 
:from P~nell.A ~ab;i;na... . .., is, ~h~_ . third m~be1•- ef this class. 

'l!be fourth ·member gl,.eenol (~_L'l) b.as boen i$Qlated i"rom J;ieea 
>' . .'(1~)-. 

aehn.U ' . ' e . 



0' 
\,\ :-\--\ 
'· 

"T' 0= 0== · H o-·~-. 

R 
LXXX HI L~XXlV R=H, l'tXXV 

R=OH, LXXXVI 

0 0. 
~~ )\_\-\ \ 

I 
J 

.......,., HO HO 0~ 
.. L'XXXVJE L'I..XXVIII L~XX.\X 

.,. 

XXI a = NG1 AXISORITJ.Y:.T.fm - 3 X.X\V tGttEENOL) 

XXII a:: NCS1 AXISO ~HIO~.Ali'ATE - 3 
-

XXIII B = NHO!I01 AXAMIDJM - 3 

Fig. 5 t BECElfl~ ISOLATlliD .(4;5) SPIRO SESQUl~ERPElfES 
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A ~truct.ural.J.Y t'Gllttt'tad grou.l;t ot halogena.~ad .. tJl>iro (S.G) . u.n<looano 
\• • • )' J ; -. •: ') ' ~ ~ • ' "- ' ~ • ;t ' I • •I I ' • 

sesqu:!teli'p~s occUI's 1n Vm;'"!qus ~p~1es ot the a'tg$0 Qt ... t?D:~nul!ll 
. . . . . (l.JJ!). ~ .. 

~m103a· a. g.'1 · :L0•:Biiomo-~npf'A-Obnmi~~rie (XQl. . . ' ~, .. ·.·. ~ontly ' · · 
·. (26a> · . 

isolated , halogonat&tl ahGilligvon.e -t~PQ sesqu1ttl!rp~lo1d.s btca . 
' •:'• ' • • I • . . ' ' ,I • ' . ~ ;. : • •' • • 

tho 1•ed algM of the gelJ.Utl L&lll7ono1a .are the f'e>llow!ngt· (XC·- XCIII). 
:...:......-- ' I ; I:; ' ) • ': 

Br 

' ~C .. ~ , 

Br 

"XCl 

~ • 1 :1. '~ ' 
,, . : ·, 

1'• 1 I 

R R' 
~~m. 

R ~ Z :: Me OH, l~-ct_, p-H) . ~ , -' . 

-= · H, Me, b 
:::. Me_,CL_, (~-BY'_,~-~ 

!!.'he s,puo cycl.opropyl Q·f(}l() h.q~ dione <litGrpa~.w 
. (183) 

(X~J) b.a$ bl,letl isolated·from tile !.(-taws of' Q.Qlmls a~~ • 
. . . ' . . '.. : {:tlJ . . . 

Oth.a>? ralat<:!d ~rster.1s oove ~.·oo ba&.ll !f.solat~~. • 11averal toxls-

tarol.~_.. have ba@n ass1gne4 structures JJ!nlilor to .toidstarol2-A 
(XCV:t) (la) • - . , 

XCVI 



~-
! 

-.'1 
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IPIIi() ~\l@p .. l,.O!i: ,ms;&<r4It?.l!. •- . ~he d.~~opm~~ t:B 81nt11etle JJtlfata­

gies trm tbe cyclic l'.:i.Qg SI'S~tG With g0t11d .::ontaro1 ov~ t~ aweo 

chemlst~v.- continue$ to 'bEt a c~leuge to orl,awi.Q· svntne~s. J · 

. iWona til$ :sPU~ OfOl:l.c. nat~~ !)rOQue t$ the il9UO, (~.-a). deCMe 

aystem b.aa beea studied lit»l'il because ¥# tbo ~ EU:MPlG$ 1ft 

·mt.·ture ·&n4 ~tell"esting «Jle~s ~ St-eoohma1st~J• ~bS ;,ea.utiofl 
"•, J, • I~ • •' 

sequ~as tnat 1~~ac1 to -tne. sg~o crc1~- ~trwto· m~ ):jG detintl~ 
. as· SPUO anm.d.ation p()Q:$sa. . . W'lle tGfta anm4tt.t1~t** ~tVBd. t.tl'4.XI 

the Latm word fi1Dli'Ltiitla!l (~tngecO -maans ~·t~ f'Ot?mat-ion or l?'ings". 
:r\ 

ln ~ganio ecbemistl-1'- tbls ter14 !a U$$4 to doscl"11:Je the ,precess of · 
'\. . ~ . .~~- - . ,· - . . 

bllU.dlnm. a :r .. i.ftm .on iio a -~odst11D3 e.vstem1 ovcl!B OJ' non.c;ycllc·. . , 
' 

th9 added r.iag may ba. o:t -~ aiaet eltht)ugb t1ve and s~aberad 

v1ngs a:re most c:~1 tOllifOO!d. · ~hi$ b»'oad detin!t-lon :lneludea, 

ln. a senel:'td. -t~en$e_1 many . reactiQDF$ tAAt ••- W)t n.raau, tbpu.ght 

or aa ar.u»Jl.ata.on ii:'eact1 .. s, -suob am Diels..Al.~@t' :reQCtian$1 an1d 
· catal.y~e4 pol.7ol..t1111c C·Jol.1z$t101'ls1 _ ghot~b.¢r.dct4-1 vad1eal and 

tbermB.t etYt:l:t:~attone $tCh -- .AooQ'f'~ld¥ AP.U'o ~at1on ts:e~ms. t~ 
'· . 

process IA~lvmg tba fomat1cra ot a lrin$ octo a prte ... e:U.s~tng 
,· . tj 2.?) ' 

ovc11c svstem letad1Qg ~o. ·a_ apitro skeleton. 

· ·c,c11c atPllOtJ.U.Ilea Wilicb innor'p•a~-e couJoiu.ed JJinms tlat\ . . . 

be ~t•afiatNiad as ~mb~s of ai>.p"~~sSI1on wniob bag;lns (:lA a. tQrmal 
a· 

1 
t 1 ·a......., • ._.,.,.._ •. _..u . 1 r•li • sts.w ,u II' .. _._. 

** ~ . ~ ber-e bas b$00 sozue diso~epanoy an the Si~ellms of this wev4 witb 
two f'~e; B.Wllila.tion and ·Gnnelat1~,. tm · u.se<l:~ the l.att.~ soae 
what more often ·tb.an til$ . tormur. . Boi~ev• \llat#ion !s .Pt.•etan-ett 
by us. J:et. \iGbst~· s !i!ll1vd N$\1· l'b.t~nat1ood Dict1otla1'7 b~ld- . 
•;Pea.)::~ '- .: · · . , 
~ . . I 

. i 



' .... -_.-.,__ 

.sense• the tamUy ot cat~anes 1.e. conjQined :rings v1tb no .ahara 

atoms t,ToLil.d be tba first melfl'be.i:r of. tbis $aries) with spiro cyelio 

ststems ·(oonnoc·ted .rings w!tb one shared carbon) and·· extend 

tbrougb tused (two snared carbon) to br1d~ei:l tramas• inCorpora-

ting tlu-ee or mor-e collfllWl atoms• Although a l~ge nuaabe.ri of 

method.s ot ·broad. applioabil1t1 e=d.st tor construction oi" fused 
-' . - (126) ' -

and bridged ring skEtletons,. l'~atively taw g~al. -strategies 

are avai~abla. t01!' the elaboratiOn: of spiro cycl.tc. structuoa. 
R\1(fentlv considerablG Gffort bas beon raade to repah- ·this 

det1c:l.ency and acme d:evelo»@_ en. ts ale_ ng_thosa liMs have 'been 
_. (137,138 & Joa9) (137:) 

published _1n tuee reviews -- , - ~h• fust one· , 

elaborates- the 1Dtramoleeu.l.ar alkylation route -to carboeyclio 
' ' (138) 

spiro oo!lpo\UldSt tbe second · · d$als w:ttb the sY!ltbes11J ot 

spuo compounds via rearrangement routes ana ths d1seu.ss1ons 1n 
(139) -· . ' . . 

the thUd rev1w bas been coment:-ated towarods tb.c · a!tterent 

t;vpes ot cycloaddit:lon reacrt1ons vbich al"'Q tC~-uaaliy oecur.tng tn 
· - . _ . . _, ($1) . ot . (107) 

the spbo-armUl.attcm routes. fbe etf'orthot ¢OX and~'lil~OI 

· to accwaUlate tbe sJllthetio- strategie)s on the PJl"eperation ot 
- "' 'OU'bQ,Oyc11c spiro comgounds also UG$Sl'VG :mention. Here an ... 

at·tempt; bas been made to .oomPlimEtut the above ott~ts. ~he spiro 

$nll\lla~1on proe~auvas, .discovereci so fa.v (upto ilec. 1981) bave 

beon reviewed and dtvid$4 .into ten sootiona namely (1) P1nt10ol 

· ~earr~ent :rou.t;_c.l, ( 11) Be~rapgemGnt ot epoa, ketcne1:- ·. 

· ,(~11) Cation ·~terill oyc;J.l1Z~t.1on rou~e1 (lf) ~heraaol,-sls ot olef'!n 



I 

r' 

· (v) llol.'l~son• s rmnUlat.1on Wld ttouble Miobael VQllOtlon ~outo, 

(Vi) <bnvet'sion of carbonYl o:avbon atom into a spuo oenttm, 

(Viii eVolo addtltton ~ollte, (vUi) l?rC!XW'Ilt!.oli ot $Pirane 'ls!Drc 
. . 

org8Mlllotall1o reagenta1 (ix) Mii(U)ll.ansous spiro annu'lat!on 
. - (.,) . . . . 

route• $nd (x) Arl-5 p•t1c:ipation routo. 

PJ»_ !COL WiiAlll\AliOOWWl 110ll''!te t WASSElti-WI and Cllu&GE'rl (2Sl.) · 1n. --=::. .liiii bi -· ..... • f II ........ l . . . · · 

»repued spuo (3.4) noua-Q.el'Ut .. l-Qne ('JIL'VI:tl) udng r.tu.a Gll:P'W-
' 

eion of OVClO,PtmttAd:ietaFl. OJClOPl"O~ .(XGV'lJ) e •. g •. , 

t>r-O 0\\ ~ /; 

Ci> . 
1-\ . 

'E> 

XC.Vll 

-:- r .... l~·:- ': 
""' '•: d ~:...-t;., 

-~ao- 00 
II 

0 

and cyol~nonon-l-11 9thi'l a.mlnes bas been shown to give ldlctures 

ot spiro (2.6) UQnail-4 .. .o11 ~p:Lro (2.?) ootan-~ol, and IIPiro 

U~.B) tmdecume-4-ol '01 l!'6U:JPGOt1VelJt t;osethel! W1tb tna . oorres-(M) . . . 
ponding ·oyclobutawol.s. . • . 

q;; 



_>·. 

--~· 
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:. , - .li1nacol JP~-~~ang~~ or ~:dib1Uo.1W · ~o1 , .. · 
"(AC~,. -1\=H): ~c!'its mo- ·b$nmQ!G4t& .(XCJ:~ -~) bQ\S•) ~a·en ·shown 

··.tO ·.1Jfi9l'd ·t~l$ '(4e,3) s!)UO' 4®M$S \Q ... OIII) .Vitj r!Qg·' oon~ac~· 
(lOOJ . . . · 

. ttoa . . . , . e. g.:, · · · · · · · . : · 
'• 

-oql 
·' u 

' 0 0 

·RQ·· ~ ' .. + I h 

. I~ . r-. , ~ . . . 
c C.l 

~ .. 
·~·· 

-

XCIX 

' .(18?_,JB.8) 
f.ittm:f€ •• ~··· ' ~xwu!ntld' tbe cimdition £'01' tbe 

., : . . . 

p~ol roarrangen:tant• l"t:.U.te to s.PU'~io.ntJ and f'oun~ that 

~n· t~9a'ttiwnt ·with Bo...sai4'.s\llphu-~: ~id·e~ rPo t~ diolr/ ·(«;\'?n ~ 1, 
' J t 

a = 1) gave (lail'll¥ to stJ.ro ketone~ .(J!f) ·aU,d (flil~ J.'QBUJ.~tnm 

tJrom ~it'll: ·~argement .tJat!'l~u t;!lam .delijrtil'atior•.t· with no ~oeon~· 
-' . . ) 

. :. '. 



**~•sewmt ·ot (OV') to '(t.~~l) .• ) iiQw$v•,· at. ·rnuc \CV} ·gave 
'GV'I) at aU ·act~ conc.atra,tona· 

' 

· U?ru1 tOJtlllation of the ~tiu.t e:~'tccat!.ou has ht~en 

ahdwn to be tho ma3ol1' :tootor .m dete};m!.nintJ t·l'..e ~t eompOa1-

t1on. U:he ~deR ot caticn ~or~,atlt1on ts d7 ) c5 ) . C6 arui 

b.enoe 1a ( ~.lV' t· n :.= J., r. • l) tor:E.tat1on ·or a · c6 c~booation 1s 

tav~ad ovr- Ca g.iv.i.nt; tho. spu~none (CV., n=-1) as the tQqor 
(lSS) . fi,IJ . . . I . . . . . .. 

puo~t • Gn. ouey~ out the 11~actlon a1; ·arenux t~J:ta-

t~e. ttl~ prod\lots consisted o£ t~G e~\sd tJl,Oitt•aoona$t bUt tlle 

dil.en9 ( OilH) rs$Ul. tctng fl'om debydl'at.ion, ~~a~e up a~ l.QV ga pOrtion -
t~,n~: ,.,A \ ' . . '\A:<!~·.~_.!~}" . : . ' ' ' . . . -

of tha l.U'Odoot • .: 
' . . ' ~ 

.OD··· 
. CNll~.·. / 

~he applleiatlQn ait gn:s·.pb.as0 JinMol ~4!~1"~1g~nt ·tc 

spuo ke~ s;r.nthe:Jis MIS betm :re~·t~d bU ~R~i.A,.' n&'fEBAtl1 

MA.ai!IAS &md v2eEl•088Ql~lf.)(:L) Wh~) CODVGi1t~ 1,11 .. d11'q'dlroq .. 11 1~ 
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dicyelo pentaD$ and &yolo he~e in tb.e presence ot gelate­

nons atwa1nlum pbospb.a.te catal7st to the sPiro k~tones (CVIII) 

·and (CXX.) ·together with sntal.l ar;10unt ot the conjugated diolef'ln 

formed b7 dabydl'atio:q. 

0 

.·· ..... o.W 
... . OVIl:t, ·n = 1 

·. · .. · · · : onc, ll = .e 

Qpt~mal condlt1Qn of: t~perat\.U1e and W/F. (g.oatalyst/ 

·m~l ,p~ol p~ hoil.r) w~e-··600° ~d 60 t:~ (CVlii) .and 3&>0 and 

120 tov (O:Qt).. U'ndat" tlJ.esa conditions 'tb.e re.epsctiv~ ~1elds 

were G&;and 85;$:an~ 73~and 92" oonvePaio~ of. tba star~1ng.' 
.. material" 

D!!AmlAiftEMEW~ .• gu~·_ugx;; M!O~.t· !Jt:iw: r,e~angement ot · i,l'- · 

bioycloalkyl .. aon~s are mtarest!ng,. · fbl'ca(:} dif'f'et-ent reurango.. 

mau.ts .of the. spoq_ keton&· (,OJ:) have. beea $hown to 00(JUJ1 under 
. ' . (99) ' 

acid~, bade antt thermal oond1~$.o~ . ~., .. ~he. aclid oataly:zf.td 

. · , J-~taeticn. to (CJa) ~reswtabl1 pr--~~ds v~a ~ ~fagner-Heorwein 

· heterolytJ,c route and tbe: mec.b.an1$U1 9t ,bFle~ _oa'talJ~ed ~ompo­

s~tion of otber· eyelio ilRt· AU el»Olr¥ ketones to .a.MI 

b¥droX,· acids ~d tbeu laetonas with e~lU'rttnt ring e®t:t'ac­

tion mq follow F.'avdrskil J1aar.rans~ent as bas been suggested 



. (lll) 
t~ ~u 1#yp$ oi! compounds. by liWtm and GlUCOSS • · !be 

· · isottAU'iaation to (WW') M heattns· ilBs been sl1sgettte4 to !nvOtve 

a raelio a1 reacti'Oll e.g~,. 

C~ll c:x.Iu C.Y.lV 

. . . . . . (200;) 
Ill aa lAct.ptmdant . ,a~~tlV :t 2-cyolopcmtyl.td .. 

c1etogent~nona oxide (:CltV:t) and e.c7(tlohe:cyl14~UQ C1CJloh.~xanone 

ox144t (ox:ot) w•e isome~1-z~d thsrm\111 and photooh.aucall1 via 



( _\ 

. · 1,$ .. ill.k11 cilUt to spi»o (4.8)-d•a.~6-d1ou.Q (CX\t'II) anti to 

/ spiro (5,G)-dodaoane..117-dione (O.XK) ~$epect1velr'. Ac14 cat.a­

li~.$4 iso.er1a$ticm ot (CJCV''I) was snowa to J;moceed Via 1,2 acyJ.. 

sllUt to Jiald apbo (.rl.S) dGOalie-61 lO.;;U.mm (CXVl:il).· fil9,mo­

lts1s ot (CXIX) &lSQ gave 112.3,416•7 ,s19, OotabJ'd»o dlhenzo 

.turau .Ala l.ow tY1&l.<it •... · 

0 .,, 
00 

. II 
0 

CXVIJ 
30'/e "({eld. 

0 

® 
CJWI 

C..XVIl 
89°/0 Yield 

~·-_ -/1--ES>~ do 
II 

0 

+ 



-~be tJtermol:r:s .. s and .Phot()l)"~_ls ~eae~ions· bave been. 
. ' •• - 'r • . • . . . • 

' 

sb.owp .t~ pr,oeee4 vla ~h~ .ho~ol»:sis of tile ao(~ .o bo~d a~.· shown 

·below: . 

~\. fl, I~·) 
C-C-C 
I I a{ (?> ""R 
~< ~ r 
'-./ 
\, 

' '·;-, 

..... 

-· 

!b.e carbonyl ·group can s'tabi:i.ize the J.-adical charge at eo< ·as 
, r 

shown !a st~ucture (e.KXIt.>.. ConcurreatlT o~· at latter. stage 

!if migrates to Co< fer~ng a:·em;-boD¥1: at Cf • Howeve.r, 

tbe quantum yield data on tbe photolysis of opticall;v activo 
. (297) . . . . . -

(.CXVI)" · e.xolude one comillon dirad1~al .tntermedia.te of the . 

type (Qn!I) to'S! tbras r"~tion paths iilvolv~d· (~hoto isomer~-z;a-

tton and.pboto _re~l ... ~gemeut to ee.ch ~.Se-mer of tba new p,roduet) 

in botn the siiiglet and the triplet :reactions.· ~ha quant'i.Uil 
. I 



I 

-~ 

·4ii~46 ... .. ., . 

Y:leld data r.eqtWI'e th~ rate of reatrangeaEjnt is greater than the 
• ' • • ' ' ':' t ' ' ~ •' ,, • I '• ' I ' •• ~·: ;~' ' : '• ' ., ~ \ ' • • ,.· ~ : ' • • 

r:at~ . ot .. r·o~.~~1~ ar-~und .,the . . CO(~ -~ 13 bond f.n. (~~i) and that . 

. th~· ;ate. dUt'~-e~e ·i.~ · gr.eat~·~iri sih~et gener~ted. (cW:r{·than 
I t • I 1 

' ' . 

1n the ... ~1plat anatog. ' ' ' ~ ' ' ) ,' ' ' . 
Another possible eXPlanation was tbat 

·' the co<...;... . Of> :bo~d is·. cl~aved ·rot1owed bY. rotation wh~ch leads 

to reoem~;Z9.tion or '<cxVil. ·xn ttie tormation or optically active 
, I _' . 

(CXVIIJ i1f is llf8 whi~h. is w to tb.e ac:rl fWOUP, taigrates. 

fastest in both singlet w1d tripl_st reaction. 

. . The. :tc~~.- c.atal.yrzed r~~ti6ll. has baen $xpJ.ained by a 

l-,2..o.aoyl ... ?h.ii"·:t~ . · ~'rot9~1.atiun c):f' the epoxide · .(CX~) should cause 

the .. Op. :~ 0 bond ta·-cleaVf3,, fo~miug tb;e hydro:xsr ktlt;one. (Cmi)~-. 

The aeyl m1gr·at1ol_l in .(roqtii). resu.i;ts in ~he foi"mati>:>n of the 
. \. 

dik~1;one ·(~III)"\. H~we.:v~r.,, .+f ·a protf.;n 1s -lost ~rom (~I) to 

Y~.a~d ,,~¥) · to+rLowed by loss or water :then l.,2,~ 1~;6.,7t;8;9~ 
oe.ta hy{iJ?odibe!l2fofuran :will . be fo):'med,:·. e .• ;~~' 



CKiiO!i OLEFIB CIOLI~lON llOU!fSt trb t1 ol&f'tA ·.. 11 ·. ioD 
......... L • ' l J lfJt .... , ..... d.J "'I r -· 4 e ca . ~- - ". QYQ: aa't -

. (200) 
le&dintJ f;Q SPiro ammlation b.Q$ htm l:'~!)t#tfid bJr flt)J'llt.\ d• il.,. 

who obt!Wled :;pu-o (6.tU uncieean-2 ol anti epi~ (.4.G) dtMttlne-7-ol 

in gQod Jiel.d$ bU aceto]3a1a ot l-pent-4-.ttn,l oycl®eltan.ol and 

1-pent-4-ctlny~ .c1olo»entaool Jt~s,9sct1vQ}.y :Ln tba ~eseuce of' 

.p.toluat.lesUlplumlo acid m.ot. pe~cblm.•io: G014 e.g. • 
_·,' I.,. 

llas bean obswved w OOlWi¥ and l:fAi.rumoli. dur'ing thGi~ sy.rathos1a ot 
(t) ee~~Gn.G and (z) ee*ol. U.'linm a ~netwenous doubl.& nnnata.t!un 

(63) . . . . 
process • 5!tu.ls Wh.ilo tile d1ast0Jieoi~rs of the eyolo~opyl 

.· 

ketone (~) on tare&~tf wi·ttb. UtHatl'l · ;metbune aUlPhona.te lD 

metbyl~no obloride save (Z) Ct#·di'OO$ and (:t) ~CJod»onta, th$U 

~~ootli.<m \litb lw1s ao14$ lD apuotto. ~diu gave~~ spbo 

coftipeund ( Cla.Vl) tbrou~b c·at1~o1flf1D OVU11:aat.iqn r-eaction toll-. 

owed by ~ ~athQ! ~ounnon 11,4 hy~lde $ilift1, e. g., 
'.·.:.... . "'1£-)\ . ' .. /())· '·-. -' v ' 

cxxv 



' ·. 

'll·e~ten,vl >-1-cyalopQnt&nt~l ( WOtvti) c:: •Wl'tlopantene ( ax.K\flli) 

to tlltt ·t.t$»90 1SQIIOrie· s.Pbo: d.~mos (CX.X:I:!) has baen :t?ftJOl1llbad 
' (29~) . . ,. ' 

by WO!I' S• Al• t . · anrl 1a . 'baltevad to Plr®h4 as IOU.ows * 

HO: qq· · ... ~ . 2, 
' ~ 

' • ' ' I • 

. OH 
.. C,Wi( 

'· ' 

.. Lat~. tb!s .$0-.d ~~t.\ly~~d· apuo. ~ation :route hils . ~ta .. t;taas-r·8 · · · . . . . . \29~) 
. eu11Jl b~en GXP!Oi~ed, 1l1. tba. ~the1iS of'· W.:O.l"Qllii)ilQ -B . · · • 

' • . f.·, • ; . 

In· a .bi~tR~ a_pp1roach ·to •n·~ne.si~ Laurene !a meta-
. ' ' (295) ' : . ' '' : ' ' . ' ' ' ' ' ' ' . 
bol1t~s ·uhfi tqntt£11aia at lO.laai~~bOid.;p.tone this 

·actd ca.tal1ized onf.t~~~ion bas \men \l$&&l.l. ~he Qill'nllation SHill 

to be tQQU:.Ltatod by .too 91·~e.~uue ott allfl.io l\Vlll'o:ql poup iD t._ , 
. ' 



~lle fc:>rmic-aeid catalyzeu sp~o· tWnUlation r~sUlting. 

fl'om oation..ene c,yeliaat:ion ·route has been.reported by WOLF .2.i,. 
(293) . . ' ' 

A\1• · vno prepared the ste~eo isomeric (4.5.) spi;to .d~ane-7~ 

tormyi~:rt~ (COOCXIV and C.XXXV) from tb.e eyciapent~l (.(JXXXI) or ·' 
t, 

the oleqnas ( cmii and CXXXIIX) as follows:: 

,':c. 

CXXXL\l 

La:t~ tbe process has been extended to tne synl;hesis ot ( ± ) 
. - - . . (S94) 

acorenone- B . and (!) 4-el'1-aoorenons · • . ·. ~"-' 

. r:- . . . . . < 192) 
~ s;yntb.esirstng beta-aooratr1el1G NAEGELX .mt.. $.1.• 

usad staJ.'Ulio cblor~de as tb.e ao~d ~atal.Yt1t in oycl1z1ng the 

alcobol (.OXXXV:I,) tbrcm'h ea'tio11-ene spiro ann.Ulation route, e. g., ' 



·50-· 
'' 

fhe .stereo selectivity of tb~s cycli~ation !s 
• . " , ,' ' ' ' . ' .... • • . I ,· • ~ ~ , ' ' 

.remarkab~e 1n :~hat_ onl,;y .tile ~~.so~e~ · ot aoo#atriene could b~ . . . . , . . . . .r.. . 

detected.. ~hi.s._c)b.ser!a~~on ~ol;lt~~~ts the resul~s of biologt .. 
• J I ' I ' ) 'I ' \ ':' I ' , t ' 

c.al;L7 inspired. ~tudi~s _of tl1e 9YC11zation .of gwnm3-bisabolene 
' ' ' ,, ' . . ' ' '.' ' . ' (4) ' 

where only. th'!J .. A:L·eha ~-~ome~$ were foUJ!d to be formed - • ·!fhe 
, ·,, 1 

0 

I I , 

intermediacy ·of. $ dauo ane str.u~ture in the cyclization o:t 
. . ; . . . . , I . . 

(QXXXVI-) ~~ ~Jan account for this dir:feren.ce in behavi0ur. e.g .. 

C"XXXVt 

' -
The daoo.ana type sesqu.iterpene; carotol ether 

.<cx.10tV'.II) has been shown to undergo ring ~contra.otiQn on treat-. - : ' . 
. . . . \ 

ment with L:tthium aJ.umiiltwn hydride-aluminill.m chloride as 
. . .· . ·, ' . - ' (67) . 

·.cataly-st affor~ng tne ~..,~ct()ratriene. ·(OXXXV!II) • . The 

rearrangement ·may :l.nvalve SY.~·b.ronous. q~ 1'stelniise hydrogen ion 
. . .. . 

: ' .. • ' . • ' J 

rem()vat,,\· methy:l.ene migra.t,ion ~d C-O 'bOIJ.d, breaking, e. g. t: 

0/Qo-
~ J . ' 

H 

cxxxvn 
·... /; ··. 



·---

·-~ 

5!ne rearz·angemer~t or ·c$rotol (cxxitx> tQ the aoora­
diene (CXL) ·o~ treatment· with. thiC>nii c.bioride~the -reaction ·which 

bas been.· stuaied 'to determine tli~ alisolute 'conrigur~t1Qn' 6t .. :c 

• c (305) . . ' .· . . ' ' . . . . . . . . . . . . . 
accorad1e.ne · m~ be tak·en as another example or· tbe · refU'Irange-
ment of 4.aUo·ae :skeieton ·-eo sPil'o (4.5> C1eaane sy$tem :lnvolving 

Wagner-Meen.•at1i · i,a shift, e."g. ·, ·· 

c:'ltxnx 

SDd"t.. 
--;;.-

C. XL 

3-.isopriJ,Py'lidene butyl) nyclo-hex-3-ene)-l .... one ethylene ketal 

( CX.Iii) hae 'been sbdttn to lead to tho f.·(')~:rne.t;i«'n oit 12~~ vet1vone, 
' . . (176) ' 
atld lO $p1 ... ~vst:7.vone · · • · 

. -· 

C~l 

. ot-'J> 
IV 

~· 

o· 

+ 0 ·D. 
. )'- . 

A beautiful cation initiated, oycl,lsation route to spil•o \4.5) 
. ·(148) 

dSeleto~ hab6ep~~~ci·g•• 

UntortU!latelt tbe stereo cherd.cal aspects or such eycl1z:ations 

have not yet been examined.· 



"'..:.--· 

. -------

ooutnlUitlg an unsatur~'t.at!l al.ky1 c1mm in ttbe IJ.;Qbl..poatt&on baa 
. . . . . (153) 

been stu.d!tad br COlilA _g!. !ft.• :• O,oloal.k9ll0noa lCXLil• 

a = le2 i were tllQl1matlr oyc12Jied to th$ &'aspQOtive sg~o alka­

nonas (C.XLIVt n = 1,2) ~d bic7clo ~s (CltLV:, n=112). 
a . ~ . 

SlmU&-lJLmixtutt·e ot matt.w"l8!lit spuo alk8fl0nes (CXi.Vl-1 n=118-; 

m = a,a) *td ~~t-~ ·~ptv'o alkano~•s (CXLVIX1 a~ ·a,a; a·= 21.3) 
·-· 

waa obt-d.ned ft-0!1 ·tba ltae_peutive _ PlRbft-al.k;V1)7J. cyolo al.ltanos 

(CKLIXl),. 

~ + 

C.XL[I: 

. ' . 

~ 
0 

QQ p. 

. rm 
+ 

e.)(Ll\1 e.)(LVI e.~LVI\ 

(76) 
naoU:tti, mmtimtmtmll end COlill · on their way to explore the 

tberiOBl 'somm.-1sat:1cn. ·of soiUQ «!1enonas and dtenocttqngs as a 

l"'oute to b1 end polJCycl!e oompoun4s prepal'ed two s.PDO. (•.l • .r.Js) 

MDQ.'BG..l,6-diones '(Qltt.Vl:II) anti (:OXWl. ~be !t.ti1aot1on p~~Jl of 

their f~mation it~ d$p1e\e4 b«L.GVt 



f C.")(t..Vt11 . 

t 0 

ext.I~ 

~ba $Yratbesis ot ltalaa •ormmi ana :ba1iJl.aooraatene t,y 
(806) ' 

GPPO~a inVolves the:tnatd. crcluatiO!l or et~~-(l-eycloha-

xans .. a.1l) &.naxeuoate. (Ql(;)· to_ diaat.o~eomer!o mixture of' tb.& spiro 
'',' 

deoane (Ot;;t) tJ. s ••. 



~' 
' 

(Qa) .. 
J-aoerdo-~h~~~ b;v ~RA'l~li . •' lnvolvod tbls tnerrmal et» 

reaction ot tile deb7dra~ion l)ftldtlOt (OL:t:t) ot Am ionol as the 
' - ... 

C.\...ll (191) 
!i!ba sPk-o· (.i\.5) decanone mrntbe$ts bir lfAEGElti · 

!nvOl.vea SA the csell~Btlorl ot tb$ unmatw.*at~ci kGtone (Ct:,IIX> 

ttwougb cmB type 1.-fU::Ctlun e. I• t 
!< 

C..LIU R-=}-' )-. 

CL\V ·, lO 
!roo S.Vlltbetic~ tm~avOtW t4so leti"a lli1sinz G.Piro irlverted 

UO!'enone (CLIV) Wlllcll la uet to 'ba touad i.u Mtw.·e. 

<·oo;) 
~sot ti$ tUDQ (CLV) ~s been ,ehown b~ O~I.t\ 

to UDii\~10 a thfw&aal C7Ullza't!.Oil. at: 't0~l"a'ture D.bOV'G S00° to 

glve t.hll spiro (4.41:) d$Coaones (ct.Vl) M4 (Ot.VIX) 



~ .. · 

I 
i 
l ,, 

+ 

CLVJ 

ln the case w~er~ . R =:methyl, (QLVI) predo~ated slightly 

ind1cat1rig a si1gh~ preference for ~he mode of oycli;;:;at~on. 

depicted by (CLV.III) vs (CLU)' 
• i' 

R 

. C.LVfll C.Ll~ 

' . . . ' (61) 
·~be synthesis of acorone by CONIA,. l>ROUET ·~d GO~ has been 

r'epOI-te d to invol v~ 'the th~rmal spiro .annulation ~~ the cruc 1al 
.'. '' . . ' ' ' . . . ·,: . ' . ' ' : . . . ' . ' ' ; 
step 'where the dienone (0~) yielded a mixture of·' spiro (4.5) 

' ' . . . . ,. .. 

decanones (C:IJ,U-) and .(OI.JCII) upon ~herniolysis at. 2ao0 for 36 · · 
~ . . . . . . - . ' ..... 

• 1 

CUCJ 

0 

· r---JJ.-7 
+ \,/--------/ 

CL~ll 

I 

- ' 



·-

.. a.~· ... ' 
-~ 

lnteresttngiv; the desmetbJl analog o£ the dlenone (C~) gave 

the deaetbs'l Q1Ua.J.og of enone ( C:W) containing OnlY the exo­

oyelic) (1soprowl1dene) dou~le bond isomer• 

ROSINSOJJ Mf.WL~ION & DOUBLE l4ICRAlU .. ADDl'liOlf ROU!UEa 'fhe double 

M!}..~bae1 resction betVe&\11 a cJclo alkane l 13.;.dione·and an 1,4 
' ' 

diene-3-one leading to a spirane bas been. demonstrated by· 
(59,70)' ' . 

WIDEaG $ .!l;, ., ilssentiall¥ the process tnvol vas normal 

Micb.aal addition of the d1eno~ to tba activated metby'leno carllon 

atom ot cyelo al~a-l,a..aloile toilowoc;l by· internaL Michael· ad41t1on · 

of tile .al.Jtb~:tua:Jta. unsaturated keton1C s'1do eba:in on the· s•e 

carbon atom e.g.,. 

0 ~"rl 

On + \~·: Nl).aE~ 
::tr~ 

~·.-

. vn 

. . ' 

pound from tile eas~y avau.al.lle ob$micals !l.s or 9()tent1al 

in'&po~t•e· as a qnthetic ·tO.Ol.,; But. when applied tQ monoketones ' 

the yields are very low· and henee modification Of the prCHJess 

became essential.~,.. Great improvement ·~ .71eld was achieved by 



-~. 

careyJai out tba st9V¥~1ma addition ot 1,4-~ene .. a..cma using tbe 

wrrolidtno en~:tll$ o:r 111~ kotono in too twiM~Y stage 1a plaQEJ 

of. th0 ·ketone 1t..U. iJ:bc:l Stmit aadit10G ot 't~ enamtno to the 

~ieuo.ne save atte,r b14r'Ql.Js1$. the mQnO addition ,...odwlt wb1ch 
' . ' ' (6,71).-

could 'Qe cycl.1&ed easur to 'the: vant£'14 S});\raAO ' e.,.,_. 

,' ·~ 

d.ti.AeOi-l _ p-

C:::O . ' ' 

. Howev~,. ·thJ.s · ~~-11.ction sequence accompanies With the po~:u~1bll1t:r 

ott · th~ o;vc11xH~t1on ot too mon.o add11¥1ou ~dl.Ult on the ottlu:v aide 

ot tb.e carbonyl · poup in ap1to of on tile tJU'bati'tuted carbon l.lto•, 

leadJ.n,m .to tbe bridged oumPQUnt11 attilougb tile POss1'biliW _ is ot 

Onllf theoretictil value tUld ~~•ins for fut.~ end~V()l.W to be 

exga~1W$Btall~ verit1e4. 

~be appl.ica.,!® ot l!bb1n~· s ~at1on neotton 
;to11te to ·ai)SJrtms:s t.o thtS~ ~nthe~1a of ( ... ) · acorenone and ( .• ) 

' (915) 
QcQ,'ifJ.~~n.e ~ D ba'S :i ~Gn $boW by: l:-'2S~S Md 'BtCBliAD vbo 

.~e;pazra€1 the· S~!'!ro onoM . (QGtlV) ste:ueo$$l®tive1V trot~ the 



_Q. 

/ 

prasenoG of potar~u;1um DN'dl"Ozd.d$ in <J1o~QDG. 

)

.-00 

\\ + /" 
0 

... ' '. ·.··-

,-. 

(4.5) epbo 4ec~&one· (CL&V'l:) t:-om tila ke\Qne (Q~W) in his ido-
-~ , vetivone 3fntues!S$ e. !i• 1. 

(196) 
IA'f~ an.d MWOH.tli'S · eonw.rted tno CJ'Cllo 

l..carboxa1dehyd0 <m~s to_ the ooro»esPOndlllrt; $llll:ro cJolie oma­

P,Ounds l:f!:J hGattns tbG e~no Witb I!Ultl\Vl v~l. ~&tone in tb~ 

pz.-&.senee of acetlo acid ~uttered, w1tb GO~tml awete.t.o a.a;., 
Yo . 

/--110 + ~- . D" DQ-o 
~ ~ ~ C \-\2., (C."-l.)2., l~'l\ CU\ol, \- ~o;:CM.:.) • 

A gtmeral. ana etr1c1el4t ap~r-oach to .s9~o cvcloboa-
, . 

dienooos \,\smm oyel.OalJ.tiUle ctwboxtll.deb1"de ena~Qine and • Hic•l 



(129) 
aode.&rGOlt has betm raJ)ortod by l'tJ\liE · wllo used $hcs pt~idine 

enwn!n.lJ3 of oycloalkUtll e~bo~al.debydtl (OLXV'li) anli aua<je it to 

react with met~l vinJrl ketone to ilve. tba r'Gapoot1ve spi:lto 

. kotouea e. e;., \~ 

,. ~tl-

v' 
GL.lVll 

/V\o 
\t,;!,~ . 

. ' 

(•) au0l:'l.mozte< and relat;ead com,po~ds1. ·!.ANWil~ Nn:;:tl1Jifi!1. Olllt~ ~d · 
(146) . . ; / . . . 

WALL¥'\~ treated ·tne PPre>l1dtnQ ·~amine _of' 9-1sopro.P'¥l, 

s ... metllyl: cyclopentsnG c~box~dab.Yda ;(OLXVlli) v1tb l-metboxv.a.. 
' ' 

; 

()""e. 

Jo_·, -----e-'P-

cr..xvxn o~ux 

(96) 
ILUtUl'i4ttA, SAKAI ud ~UfiQNQ dumunstll'nted. tb.e 

aoublQ · tUcbael: addition !?OlAte 'to s91t-o <t:/el.io: oom,Pound.s .in 
,. 

prepartf.Qs .spuo (4.5) 4$0a-l,4,cal •• t~v~Gt\tl. ( C.t;clCt) the lo«ical 



intermedia~e 1n tile~ S1Dthes1• ot d1 -l21165 .. etbyl.er..., .... ui114 

-ciibldl"o l'QstafO,.audin r .. 2-alJ?la •tliy.i. · e$te e.'", 

0 0 

r\+\. oo" ···. 
~ d D -___,~1'3!>-. . \(y -:-0 . 

c~u 

- (le6) 
i''OS~tt itlld L~i'fA · · · 31opot~tetl ·t.r.a f()r&w.&t.ion of' tbe 

. . 

splrsn {OLJO:III) during the reoot~c:t b~twoen bJ4l'-oq r4Gttqlcme 

<&evivattve (OWI) of ta\mtbcna \d.tlb •th11 Yin11 ketone along 

with tho otheJ.9 rum-annulfo.\ted ~oduct (OLXXXI). !l'be IIPil-o 

annulat10D h.Ba been 8$.SWied to ®Cut'* through tbet int:r:a:molooul.ar 
.! . • 

aldol. ty£ht condensation of tha Mletha.el attduot (OLXKII) w1tb tb.e 

aldeb:{do function ... 

~· 

' · ·the· .. lYntbesis ;Gf' s;piro compounds nan oaeUy bfJ 

etfeot~d ~~;q,m ac~tyl <'~l.o atkas by utd.ng m~tb1l~b=<nno 

ZMttbyl M~2tl&.tG-li ree.gent vbicb ooml·.d.tWtJ tbo pr•opertt~s .,;r botb 

allylic halides ;JDd ~~ ~ tms&t\WatfJ!d eater. !btl$ the 

$:!$tbfl e•ter (Cra:xV') gtavo th$ sgtro anuul.ated p11o.ttot (OW11'I) · 



-61-

(77) 
vb.en reacted witb the enwnine (OLJOUV) 

' : . ' • ~ • • : ! • ' • . • • ~ . 

·crv·· + 
.. / 'y 

~,. I -
C02 \Vie 

CLXXIV 

r , 

''' 

fhe occuxfence of· 1ntramolecular ltlohael addition ill this reaction 
. . . ' . . 

' . ' 

tram tns less·hinderad side has been exemplified by eondensing 
•,; ·' 

the ··eli:.unino of l aeetyi-2~,metbyl oyclopontane ( am-vn) with the 

atox•em.enti<Jned S<.tl7lJ.tte (CLx;(Tl); vben the ~stereo cbemi3'trf ·ot· tho 
. ' ' ' ' : (77} ·. ' 

-product was sllGW.tl to be: as 'de)pictod in (CLXXVIII) Ill · 

I l 

. q·A~o· ~- ·ry·· . ......: . . .e ----Q.. 
.. . . : . ' . 

' ' 
· · · eb

2
Me 

CLXXVII CLXXV CLXX'/UI 

Tue discouraging yi(;)ld .of· spiro compound (CLXXXli) witil a,J..Rba... 

(obloromett~l) ac4irtonitl'1le · (OJ'..iXXXI). (@:;, 30~) led them. to d9Velop 
. .:- ' . ' . ('152). 

a useful slter-n~tive.. !i!he bis-Mantiich condensation. among 

cyanoacetic ac1d1 wrrol1~e and forma.'Ldebyde with concomitant 

decarboxylation yielded lt3·b1s (.pyrrolidtno)-2 .. cyo.nopropane_ 

(Cr.xxlx). . Beaotion of thts cl1Nninonitrile (CLX!CIX) with methyl~ 

p-toluene sulphonate in retiuxtng acetonitrile gave the b1s­

quanternary'--s~t (QLJOQt) which on condensation with. (CLXJUV) gave 



-62-

(?7) 
an ep.t.ll1ec1a.ble ;r1eld ot the opuo ~wwlQtGd, l.)JJ'od.Uot ( OLTQQUI )· . • 

. : ;' 

·oy 
. II C.t.~X\V 

~.JI!:!::t-------:- . + 

ad.ttucts ts.-om raetb¥1 Vinll ketOn$ aad a .. lq'~oq tUettqlon& dwivB­

t1va ot ctclo-outanone and cvclo a.ancme (C~II) have Men 

oyo112Gd to ••o keton<Js ( 0~) .b1 V8)" ot 41stillins the 
· · a4duot • ·(.QLWIIZ) trom a little _potassiua· I\Y.drold.® G. g• 1 

W=D---do-0 
or~v 



' . ' (68) '' '.. ' ' 
De GRfH1J: end JANSEN , treate_d the fOl"fBi"l CJClohe. 

xaiOlOne (QLXXX\f) w1tb methyl vin1J. ketone in the !)ltesence ()~ 

tr:J.;ethyl amJle- to g;!.vs the a.aducrt (C~l) vh1cll With pyfttol1 ... 

d1ne .... et1e ~!din methanOl orciized to giva B0.9Q~ of the 

spiro d$lana (~~1"II) t!.~-8·~ · ·"""' 

~he nigh yield of tile spiro cbnlpound· (Cl.XXXVII) bas 

been attributed to the following two taets1 ' 

. a) Whe raagent via.,. pyrol1~e~ao(it~e acid in methanol 
• ' • f '; • f '· , • I 

use«i t~ the cyoliaatton purpose is $Utt1c1•ntly 
' ' ; I I ' / ' ' ' ' I 

ettlcient to avoid dGf'ormylat1on · dur.ing the cyeli-
• • ' . l • ' ' ' . ., 1 ~ 

zation·-reaotion and. 

b) the .ring carbonyl tunction1 being part ot a v~o­
gous ester, is not sufficiently reactive to give 

rise to a condensation reaction. 



~· 

m!~l':Y. trtt' . . t~ pviQ,G ot crea~tng .. a qua~~~ .e.~bc;»n. o~tm-, 

-4e: :PJ:t~ecbmc .. fDJ~ · ~~et .~k»'l'~ at ,:a o~oo~ oavb<m at. 
' . . ' ' . ' . . ' ; , 

with ·tunct.i~ti~r dts:;~&,-. substltuent ctata well bG ~rega11dad as 

a tts~ ~eaotion s$Q.Um.lO:G in ~- f-3.'014 <# aptru SJD. th~··) d:s. . . . (52 . 

one $®h prccoclWt·a wara 40'f$lotJGd ·:'bY eOREX an4 sw.ta.\11 ~ rcw 

t1xa12,Ple. e1~n "t;h1~t~l1 ~hom.PbO.Mte.. pa?:tttpu•li b1 AJ1busov haotlon . 

gave attel' t~~at=o.\lt v1tb -secouda117 butN'l l.ltbtua an 1lide 

(OF.tr.rlXVX;fJ:) lilbicb ~eac,ed. with Q;y-ol~bQ&~ ~ Plrodlm~ 9.Utl 
• : • J ' • \ ' • J 

v~1 ,~ll\J~cie (.~IrX~). ~ ~~~t~~ : ~ .~~ culgbi.c:te · (C~) 

W:i.tb l'$4 M~W1'1c Q~d(J I;t\1!0 l-~Nl .. J.,...o~lobex~.n.9 tlar'boXal ~­

del'q. ( 010) t 

CHO 

~ .. · __ H9.:.._o_/tJ._ 

QXC 

. e 
H Li 

~S.·CH · PD(OEt:)2. 

C.l..JC'rllVIU 

. ao 
00 

CtXXlX 

!b.e U.t..U!tt of alpba.tdJ.Vl. ai1c7c·lie aldebydQS 1n the 

w.nth.osis Qt '"·6) aua (5.5) S!)UatlS i$ Ul.ust:rat.d by tbo 



'.(. 

· t ollowtng 

c"o 
standard transtormationst· a·. . . 0 

\\ . 1/ 

, --CXJoo__ CD 

~he sy~thesis of spir~ (3.5) nonan~-2-one by TROST 
(268). 

§!i Sl.. , exemplif~es the use o'( sUlphur ylidas in spiro 

annulat1on procedure. 

. (270,27~) 
The rearrangement of E!XasP·il"opentanes pre-

pared through the condensation ot ~deby'des and ketones with 

dipb.enyl suphonium eycloPro.Pylide to oyclo butanone has been 

shown to· give rise spiro ~Ula.tion on the carbollY'l carbon atom. 

~he reagent diphen,yl sul.Pboniwn eycl~propylide ( CXCI) may be 
· different ~ . : · ·;, . · · ~· 

generated 'in two/ steps : 11:•rever sibly and rever sj.bly. Xrrever-
. I '.. . I : • ' .-: ~ • : • .. .'· • • ' ; • I ; •. 

' ' 

sible generation of the y:Lide (QXC_l) was sUlphenyl carbanion 1n 
'. ) • 'l' \ . ' . '' ·• ' 

dimethyl ior.mamide at .. 4ooc ana its reversible generation 'involves 
. I 

,> ' , ' , 'l 1 I I ' l 
0 

"" 

the · iltilization of' pol'tdered potassium hydroxide in· dimethyl-

suipno~id~. '2h~ latter process led t~ h.;l.gJ:u3r fields of 'oyalobu- I 

' ' . . ' . ' . (269) 
'tanone 1dth much less exper:Lm.ei~tal d;l.ffieuJ.ty · • 



.~ 

o· 
6) (->' t 

Na. CH2.-S-Me 

DMF, -40° 

ll ~"/DMSO 
c xe.t + \ZBP4 -+ \-\20 

has been si\bw to ;proo~s~ as *·· 11 bslG't!t', .. lc;}adlltg to vlt&sp.uo 

p~nte.ll$S (~S'Il!) wlaieb. undvgo ·r.'$11l'»ang~Eifillt to cvc-lobuta.no.ne 

(CX:CIII) on···actdic trtaQ-nt,.. , 

(R,_)=O +CXCI-. ____,..~(~~ ---=s--

Rl . . 2 ~SPh2 

C)tC\U 

1'htt acid oata.tyz~d. raarra.ngem~nt ot oxaa;;bopoot·mt• (OXOII) when 

er:Wri~d out Witb. e. Pl."otr,~c acid ~lte· ·1lllitm of wl!tich o.ttn act as a 

base (e. g., bydro.rr,en nali!J~s) sora@ ~1larelo·Pt'OP&"tOl was round to 

aeccmp.an;y the prodUct, Cf'C:lobutanone. Othei!> metbcdB G. f£• Use Of 



'itb1Um bl"om1de and be~etbrl &lhosb'horo~!ard.oo tn bmtamlS 011' 

lltb.lUtl pal1<tbl~atoe 1n ben=ene m~ bo. emplOJ$d t.o causa the 
' I (226) 

l'oarraag$lll&ntt UDder cU.acusstoa1. to ocev quantitattvelr _._ 

~ba latter auetbotlls gezaer&lly &P»licabl.(J s!nce tl~ Don-qwrot.&s, 
·,. 

~bG u'blent l.latUre of a1JJb,i1 ~unsatuat$4 ketones . 

towm."cts su.\P~ tl!tde ·attaek tmabled crclopJ'opauat!on as wau as 

ePt>x:i.da torJaation to oocur. ~be stnb111t,- of tbe ¥lid• cnrba-

nion ad the ~ata of ltS e11m1rla'tion tasllallf' govern bow tb$ iiOle.. 

oul.• ww l'eact witb ~., ~\llls&tnll'atef! k$tones.• \fitb 

bisbl.V Jl~aotive wuona1 the.r unt$.-go oarbon.,vl add1t1on, vb.eveae 

w1tb stabilized anions tf.W;r untl•go oon3U3ato atldit:ton. 'Alter­

nattveJ.:r, if the !'ate cJr 1,3 elimination in. tbe betaine t1G1'1Ved · 

fl'om otaJ.I'bo.rql addition is slowed, &t~da PrOt.iUctis ttOBa conjUgata 

compound ma, also im~uonee tb.e (t!>~-se ot r.~netlon - eltber b.Ul.k1 

substttuents on tne ~ c~bon • higlw~ l'e].attn ~aactivJ.tr ot 
tho oull~l (l.o. aldabJ'de) kettme '\ est•> lEMcis to c~bon,t 

(2?0) _ I . . 
$ddit:lon • · fae above <U:muesions nave been rrationt'lltzed as 

tollovs:t 
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~~J(J 'ICi 
' 

K2. > 
K-1 . . @>SPh2. 

Kt1J 1('1 CXCl 

.r;~V~ ~ ..• >)SPh2 I 

~ 
· K2 .. 

C'AC:v 

. . 
Utillming the jotaseiu. br~oxida 1Q dimetbrl sulpho~ide •ove~-

s1bl9 ylide genil!l"ation toohn1qu~ .•. t.he sensitive 1\Qltrra!l 
unsaturated es~e~s .bav~ been mflJUo annuJ.ated likev.tse and tbe 

estGJ~ ~~P wa.m tound ·to Z."emain latact al.tboagb U!l~ ot axoess 

base allowed tns l$ol3tioil f4 eOBrea,poncUns aclids. 

~® PeRet.tonena1cal. natQJl'e of tbts reaction baa b$8:tl 

stucliad 'b1 usin(J metbfl. substitu.tati -cucloJrOWl.idG and has 118en 

snow tbat tba ~114$ ( OXCl) atWDQltaa 1;na «.:LWI;· Jlsi1;A u.nsatu:ratecl 

Oaltb~l COIUPQM~t: as in t~iNPl& 4Wl'bonyl 1\cltU.tlon,· W1tb. rettm.tion 

ot conf'igt.U'a~ion a'!; tbe 711«ie. c•b'm and atlbe;.umtl~ loses 

atplletlJ'l eul.Pb:tda u1 tb tnvaJ?a1on at tll.s oyclol?t'OPll- rtng. 

" h1hetht'll' a s~o pentaBa or au o•tLU;iUlo pmtana l$ ,rotlUcod bAs 

beeD sboWD to depend U9t)n the 1jte).llt1ve ~ate of betalne ( a.ttfN) 

4ec01Q9Gsit1on., tt• _1 and x•·2 nncJ/01.* 113 eli!dna~ion,. ~ and ~ • 

~o prodooe au OJCBsl)lropeatane, betaine d~omposl.tiorl lt3 must 'be 
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last Jtelatlv$ to !f'mve:rs1oD1 tt~1t! Qmv~me~y1 .U K!:t. is large 

· ~~lat1VG to l(t 2 the ,P.r'Od\ult$ .. are 'thOSE! or COD3Ugate addition,. tb$ 

Jtesult ot tberlJI.Ody~o. cmtt»ol... rhe deoomoos1tiOil patbwq K!1 
v111 tno.reastt relatiw t.o ~t•9 w1tb zr11dos or, ino:tteasirlg antcmto 

. -

st&bUlty. F.w:t.hG31mora, . sUlPbonl:u.ra Ylldes in wblch the l"a'te ot 
'' . 

1,3 eli.'t!lnation Ot's) 1s CSGc•aased · (e~-~~ ovelop.ropYl.ldas) ~so 
I (~) 

resUlt SA spiro 9"ntane t.tWl!l2tion .- ·· · · 

~b$ to'al eyntbesis or aei»1enone - B 'b)' illOOl!, &IliOI 
(272) ·. . .. 

and no~ ut~litted tb.~ oxasgUo p(~Dtuo as tbe lntertaedlat~. 
. •. - I I . 

~he sYnthesis also Ulus~Btea .a n,ew app~b to aoooal.k¥1~tion 

~d !48 tilk3'lat1ve carbtm¥1 tranlfiPOsition-. . Bpuo. ·~MUtation of 

L1sopopyl-S..metb)tl 016loPQntane With _cyclo~opJ'ldlpb.elWl 
. . 

sulpho.td.um tl~obot"at·e, touowed ~ l'e~sug~llt ot tb.e -~ 

spiro penta.tle gew ( z,a) .. 5 i®:P'oJ)Yl..:a .... tathYl soll»o (314) oetlme .. 

l-one ( eKCWI). · li'ortQ'latton. toUoveti ~ by acidic tvE!!attnant atf.ao.tecl 

etclobut71 ring cleavage. to an mlOl lactone ( CX:CV'It) which consti-

tuted a· net stereocontJ~tolod gu~ ;aUqriation. with introdUction 
' 

ot a oM o·arlllon and tbs'f!te. ev'boB cna.m.. ditf'erently tw.lnt~na.­

li"Zed. · Statld~$d methotls convar:t;aa tb.a ·~nol l.~tone ( eKCN:ti) 

to l-1s.ulJn'OPY1·4·metn,l spiro. (4.6) clec;..e.an.s-one ((]OCe\fliX). 

SUlpblnJlat_ion- i\aba to tbe katono1 adai'tiqll ot ~:.u-.tb11 l.1tbtwtl 



~70-

t;Q ·the oarbonyl group, debfdrat1on to, th~ ,enol thioether SAd 

. hydrolysis completed 1;2 carbonyl transposition along with the 

1ntrod~cti~n or a methyl group,. and thus crossed th~ remaining 

hurdle to synthesi.ze·-acorenone -i fro~ (~CVIII) 
fl. 

=0----.... 

'; ·.: ': ~he . deveiopm~nt. oi a procedUre fo'r. r·egito ·cont:.r.-~ll~d. 

r1ng expansion: 0~ cyc-iobu.tanon$ 'into ,a cycloP.entanone d\lr:i:ng .the 
- ' ( . . ·, .. ' '- . ' ' ' _(273) . 
synthetic' appro~h'by ~.llOS~_-§1·& · : - ·~owatds· the s11lthi;!sis of 

i •, . -' 

:gibb~r~llins ·prbV:i<i~d. :a.··met.hcid. to~-· syntne·si'zing· spiro ,(n,4) · 

: ~i·stel1is :tD. a. ste~eo~6he!nic.·my 'd~t-:Lilecl .tasl~1on. and tnus b~oadened . : 
" <, • '" • --• • •' • " • ' • ' I \ ' 

the applicablliti ot thi~ method ~l; spj2an- syntheses e~·g···· . 
. - - 0 C Ph3 · . · 

' '(. . ~ = 0,1 -··,· .. 'tl \: 

. . . ' . . 0 
In ·an approach ·t'o synthestze· ~akkenol:ide•A, CAMPBELL, 

. - ' . (40) -
, CONSTAN~IiiiiO~ .BRQeiSOM and 'PETRA<JNAl~I.. : - prepared th~ oxaspiro .. 

n~n~e (CCII)- tbrottgh .. ttl;e 'sequ~nc'e :Lnvo~ving the reaction ot 
" . . ~ . ·: . . "\ 

.eyclopentab~ne with -~thyl.~J.-methyl-triphehyl ·ph.ospholidene ace-
, 

- ' • • • • • I I 

'tate followed by. reduction to alcohol (QXQIX). The tetrahydro• 
, , t.r• , • • , ' ' , I, . 

; ,pyranyi ~er:t.vat~~e ·'qi ·(~QDQ. ~~:t~e~tment _with·m~thoXJr ~arb~ne 
·:followed bt ac'id treatment gave the spir(lh.eptana (OQ). ·Qxida-

' . ll 
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tion followed by eY.olization with lf-bromo suocin:lm1de gave '~;he . . . . ~ "' 

ox@apirononane (COil) e •. g.·, .. : . 

CC.ll -
_ .... ~j CHO / · .. 

'S?9 .. ·,. 

• J ' ' ~ (61) ' '' ' ' ' 
· mhe}< ef'i'or-t of' ESOfiENltuSBJl . .f~.i· al.. . - _to convert cyolob.exanone .to 

spiro SaBri!§ butyro ·l.aotone. by. the' 'use. o£ ·cbJ.oro tutrone. Sl.so 
·. . ' ).... .. . . 

exempl11"1es the o~nvers1on Qf' carbonyl carbon atom to a sPiro 
' 

. ~~A~ '9 
0--_-._~:a_· .. · . iJ&_-~~~-· g ,c0· N ___ . _· 

i~ CNl-J . . KOB~t 

' 

'.fhe, proqea.ur~~: developed for the geminal alkylation. ~t 
' ; ... 

a carbomr:L-:c.arbon. atom witb funct1oruUl1 d1ss1mU• . substi~u~nts, 
. ' - ..... -'-. ,. ;- .; '!d{162 163 ) ' J ' ' ' • :' ' ' ' ' ' • ' ' • • 

'by MART.~~· ~ al ~.~-,' -~-_;;_,involves the conversion of a ketone 

'into the mq~pbolirie or pyrrolid1ne enamine of bomalog~us aldehyde 

with dietbyl ~:Lthio· morpholino (or p,.rrolidinno) motq,yl phosphonate. 
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~he . illbaren.t advtmtage .. ·of . tb1• . Pl100edurB tor carboDJ]. h.olXiolop. 

· tioa is 'tbat the ewamtn.a .·(CC'i) ~d (CCVI) which •• usat\4 

tumti~ dul1vativ~s Qf'· the o~esp()DdlnJr Oldob)?d~s, •e 
' ' . ' . - .. 

obta:l.M4 d1lrectly.~ F\U'th~ore·., i;bese cmamines nlG.V be emPlt>Y8d 

Ita $Ubs41queat reaction$ with ol®:t.J-opb11ic reagents without 
, • I I o 

. . . purtt!Caticm~:. . : Pi# ~llllml)lG~ :w•uuat . ot ·tb~ PPOl1tiiilO' al'&Wiltl& 
' ', : I ' '. : ' ' ' • •fl "~· '~ o -~;t ' I , • ' ' , o I I o ' ' .. ' 1 ·, • 

· (CrN.I) wltb ftllrl _.omidG ·.eavG ·~he-~ ·atl;Yl dltllJQrl atdebyde 
(162) . 

(CaVIl) in good. oV$1'all N'ioldm · ·. · ~ :t:~0 reae~!on ot ·tbe 
. . 

mol1Pholtuo. enwns.n. ((fOV j w~tJ'l aetbi1 . v-1. k~tone: tollO\'I"ed bt 

aldol C:l(Jloti~bytU-at.ion gavG.~h• 4,4 d1aub$tituted e .. c:;crlohex:e-
. . . (~3) 

oone (CCVIII) . iJl rn()de~at,, ove~au rv144de · · ., ~h9 la1#• ,Pr"o-
. . ' 

oedura constitutes a :tr~il$ Method fora the apuo amwl.et1on ot 

six mauib~~u.t ringa. · . 

(.)6 
R 
cevn 
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.·.A .strat~gy to:~!, .the ~~ation Qt .t1ye .m.~~bera~ ~~gs, 

us1Jlg t~e same seq~ence of reactions was dev~loped by tbe .san,e 
' . ' . ! . . ' ~ ' . .• ! • ' • ' • ' ' : ' ' : 

school ~t syntbetic ch..,st·s who ~d1f"ied. their ori,ginal proce-
• I . • • • ' J ' 1 I • ' 1 • ', :• 

dqre, mat,J.t1oned ab~ve1 ~d tb.er~br conv~ted the ketones t~ 4,4 
' •• •• ' : • • • J J ' 

disubst~tuted 2111!Cfclo pantenones. . T~ey. treated tbe enamtne 
', • • , !, , ' ,I ' ', I ' ' ' , L ; , 

0 
't 

(t1CIX) w1tb. a.a dibromopropene and cy-cl~ed the resu.ltil)g 
• • • • 1 ·:;:. ; • ~-- . • . ~ . • : ' . • i ' • ' .~ ! ' ' : ; < , ; • • ! . . ; ' . 

2.(2-bro~o-2-prop~l) al~ebyde (COX) w.S.tb sUlpb~~ ~id t:t.t 

0°C lf~J:l. at'~ ~U&OUS ~~kf gave thtt desired~·~ ,disubs\l~tuted 
2-cyciq..p~~tanone .<c~-?. · e.g., . 

-- c:~ ·· · · c:v";~ · ·· .·.~···(~~. · 
.. ·. R . 0 . R' \_.iz~.. . RIV'<v ·' 

. CCIX 

~be application ot this reaction sequence to cyclic keton~s 

oon.st1tu.tes a new ntethod _£or ·the spiro ~ation of five 

membered l"'ings which are su1tabl7 £unct!tonalizf3d to~ further 

synthetic transformations. ~he steio"eo selective tots.l sYn-. ' . . . . . (l6t)) . . 

~b.es1s of r·aeem1c SDorene bY' MA8TIN1 ~ £ · , made use of 

a newlr developed prooedure 'fe>r tha oyclol'entane ring ~a-

. tion whioh commence~,.Hw1th the alky~t\tion ot the pyt;-rolidine 

anamine of: 4-metb)rl-3-ctclohexane~l-carb~~~~deb.ydG ( c:ma~) 

with 3-... iodo-2-cbl.o:eo propene. Mercuric ,io~ promoted hydrolysis · 

ot vinyl halide (CCXIII) thus produced gave th~ qQ!Dma-keto 

I 
. I 

J 
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al4e~qde (.eoxn >. w~b . tmde.t'V+mt .sp1ooth1 b&,e tu~taty~ed: 01o11-
_ ' 

~atioa · no -th.r .ke;v m~ru.-!tt~diat;e_,. a.matb71 spiro (4.6} 4••• lt 7-

ai"'n-a.omt ( eexv >. 

' c. 

. ·a, Iei~tlli~:::;::: C!VCUaWLi f· ..... lfsC( t Ct Bg(OAC)a/I;i'>a•&'tflO/ 

.HQAC J a, 10~ i{Oijlaid~ 

. (l:'l·,\ ' ' ' ' ' ; ' ' 
He ca~ a!l l)QW:i • " 1ll t..~u ~thet1e tmdeavour 

to reQemlo aco.Jr~V~ lilr'~lim-tld. tbe ·1-(2-o~gl'opyl) .... aetb¥1.,.3-

oJol®Gxe:u.e a1lll~~J.d•~~de (OOXIV) f'VOil 4-riStbJ'l..a-oyolohe::nne 

carbo:.cdictab¥d .. tmln\i .Ofl ·~la'u~ With l---~~tiAJ1JSill.Yl.3.. 

~o~.tW..,wne f()).i .. olto4 · ~. M~c:ni:'u io."l ~~t~ bfilb.rol:fsitt ot 
the tal~~U~1.atG.,., ~be JS,Pi1tO atn4ai;rio;1 of the l~bo:r.al.d8~41UG. 

. . ' ·(165) . 
( GG.UV i w&s c £~~1"ied ou.t atJ w~~ ®m· ~1 l«M.tfl:N ti, .& It 

.W.thlotribut;A-.(2-.cvam~?SJ'tbFl) t~. ( c~x) P"~~~d by 

til~· v~rJ::tion beWt~fim '\j"1bnltU,l-(2...o:rMt> et.hJ.l) ~ita and lit;bio 
' . 

,f!i.teopropyl wd.nGt ba$ . bfAen $hotftl to veact witb _al~des and i 

ketQno-a ~tulting in ttltil ta.\'l~ation ot brdJZit• at ~be typo ( cc10! II). ~ 
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0 

- - : : " -. . . 

(~') ... On reaet:i.~-with tr1phenyl pbosph~m!Um tribromi_de th1a 

was shown to' gtve a ~;trans ~ure ot .oyql~propane$ (cexv:J:l: ~­
When app:J.ied to oycl:tc' ketones, the process gave th$ corresponding 

' , . ' , · I , (265)• ; ' 
spiro (n.2) Bl.kanes -- • · 

QIOLO Aj?DITION R&ACJ!.'ION ROtJJ:E l ·ey-olo f:'ddiiion rea.ations wh.ich 
'· 

lead to the fo1"ma.tion of spiro oycl.ie compounds have bean r~'V'lewed 
(139) . . 

bJ KRAFCHO · • ~he addition of carbene ~termediatas to an 

unsaturated compound. wi.ttl exQCyolio <iQublG bond resUlts ,in ths 

formation ol .spbo cyo~1o propanea·~ A number of mo~hods tor the 

generation of car bene 1Jltel.•madiates have be~n described 1Ji the.~·:._ 

literature. In soma· cl,l~~s ·tne ctcloadclitions do not involve· 

"~rae earbenes'*.· '#!he ta~m ~'carbeilOid." bas often been used tQ 

describe compl~x carbenes o:r carbene-like. lliterlli,edia:~es., Accor­

ding _to liQONW~ and iOFF~H -~ sin_gl~~ c~bane with tilled and 

vacant .orbital. ~an par'tio1pate in ~ concerted, non-linear 

,, 
I 
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I 
2s 2a... 

ob.eletro.Pic mod• ot additien to a double bund \ TT · -t- cv · ) • 

0A tb.e otber hand ~be CJOlO ~dditicm of a trtplet $Ptlears to be 
(00,896) . ' .. 

stepwise· • 

'i 

i!Wolv:tntt carb~ne. ~l" cat"bf)ao.!d gene~at!on bd their appliaation to I 
. In. · · · · · 

ath-ane. qnt~ea1~~- l_t~~e :s.Y'n~b~sts at J.'J&ee~a~Cup!U'onone 
and racemio-iaif.e-vetivcme, • ~· .,d. & - desoribed th$ \ls• 

1 0 0 ', • r • • • • 

) ' ' 

carbon atom with two Sllbsti~uents Polaesalng dittel1'Wtt f'wlct1ona-

11ties. tmrough a sarloi ot reactions ths seminal. subst1tuents 
I • ' ' ' 

were cvcl.U•d laa41ns to a (4.5) spuo 4eoane skeleton e.g., 

(2 + 2) ~io-dditicns in ttl.a photo o&wi'd.stry of 

cyelobaxadieno.nos ··and cyolob.uunones t4a1 be or tnr•a ii1P9s as 

dep1etad, bolowt 

-. 

:-- <' 

. \ 

I· 
I 

I 
J 

I 

I. 
I 
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~ba concerted reat.:tt,ton m th~ eta.,~~" t,· ti.l\t! ~ m=ptl';!t.-:t•?J. 

' pnrtiei~!!!t:lon of doUble b®d 2$3 1S C'A st~~tWtt'~j,;:,~ ~~~SSibi­

litYt sines !t l.aads to W!'ar:iis :tl~~Er4 t.br.e" and tiv~ m~4b1:W'1m~ 
. ' 'lex. 2.a. 

·r.tnge. Co.~eequotly tb.~a. .t"GMt:t,o.4'l!i1 ro.u~t f.'ollot-t tl?,$ ( 6 +' 1T · ) 

course~ ·which .atttq;Uir~G :anta:ratao·ial. addii;,;ton t)'~ doubt~ bond ~.a 

and :1nv·e1~•1ou at;; e4 -> 'in cl·m$!l! ~la~ ~~1a'L cnnstrQin~ Mre .. 

I 

'. 
i ~ 

i. 
-; 

sent ~ clusds A and ~ 1s absent ~ l.1...,me bgt.'l ( 6
2
a. + ,-tJ.tx.) : 

'2.s 2.s 
®4 ( 6 + 1T ) P.!tGOGt.a$ea ara il'e,a•tble~ . -!n tbe ~a.se of 

. I 
I 
I 
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o.vosa con.tu;a'Ced C:J'elocl1enoMs (Class A) the tuveralon or ~tetontion 

at 0-4 oan eaob be pert~mea ln two dlstiuot vaya, de1~a.ndlng on 

wbetbe;r tbe addition at c3 ·is on the top q,r bottOQ. 

0~--e -r ~ -JQ-o 
/~ :5 ~ \R 
R Re.\:.en\:ton a.l: C4 . 

. It A and l! avo dlttere~nt substituents 'bose pathway$ bGoome 

ci1tt1nct1 eaub. w1'b its oWil ·stt~ric: ft¥Jt0ll's. It 1s tb.Ua 1!ke1y . 

that even a ratctno spaoUlo process wiU JlGld two g~oduets 1n 

d1tter1ng PJroport1ons. · ~he p11ociucts ~ inversion are dinstereo-

moric, and enantl014tW4c to the grotlut:rts ot retont1~. 

Ant-.a a<lditlon at the <!Ouble bond and lnvorsA.on at 
. . . . (396) 

tbe migratiny; aatW!'ata4 cubon llas b8$A disau.aaod with tb.e 
. ' . (141) 

classic conversion of' santonin into lurd.araton1D. Kao~,l.) · , 

bcvevel\', stud1ad the pbotoohem1cl.d· t-ewnl',aneements or substituted 

and unsubat1tutEad cvolio 1,4-dion-3-ones Md sbolted tbat the 

1 
. ~ 

' 



photocbe!Q.cal. U:t-ad1at1oa tn lltNt:fal. m(fdtWI o~~$ al.1 tme 

tuee napbtbaleAOaes (COW1 a,b,c)1 to 'ttl~ ~esptMtt._ve c~loproJWl 
ketonae (QCDOt,. a,b,c) through a aon~•te~ ute.ra a•ti.On of i;he 

' • ' ~ • '. r 

doubl~ 'bond and inversion at tbe migl?'atlnm aa~ated oatl'boa atom. 

!tbe stud~' on 'the aeta catall'~~fl ol~a:vt~ge of· tbe o,cloproPJl ke­

tones (CCXX. .a, .. b1o:) =tevealad tbat the coVa• or ,. veactiQn. t~ .· .. 
~ . · ·. . . . (140,143) 1 

l'e:narkti'bly lnflu•aut.d .lt1;. the, .PJ!Iasenee ot !-f'ing aubstituents .; ( 

!he UDaulilstit~~4 ketone (Oo.u,a) gave··P»e~tl,. spbo products [ 

accomp&aled b7 a .• au wuount ot :&be (0.?) fused ketOll<t. !he 

9-metbyl ketOM (mxK1b') gave ucl.ustv.eJ.y sp~o 911'G~t,. In 

coaGtraet the 4-mcJtbJl · analo~Uc:J ( COJQt1e) cave Pl1Q«i0r41nantly the 

(5 .. 7) fused product eoc01.1,9W&d by 'Che SIUO ketone in SiQSllar 

quantity;.· 
... :~ 

1 

y 

Q R - R. .. 
> 2..,- ?:! :::.1-1 ' Rt = IV!e 

bt Rt.-::: R2 ""'" H, R~::. Me 

e., R1 ~ R~ ::. H ; R.2 = Me 

" 
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• ! .. · ·i!ile turi· totst $1D'tllasts or a~~•.Pi~o 1Qt:1:irme; a\a 
. . (155)-.c~--·;,.,~:o-,:· .. :'·:';) _ · 

· '"tlvone, bJ' 'MAilSuAr;.t. an4 JUi{l~seli -· · tlWloJreti too pnotooh9fdo·al 
. . 

~$~rfl!lgesant at \CClliX1a) m· buai&s· ·up ·th9l sph'o (4it5) 4Uano ·.- · 

.Witb. $lJp~olP,l'iate ·ste-l'tlostl1Uetu:fe et4d ·tunc~i~,t~;y_- wbiob· ~~Ul..d·· · ... 

----r·- eaS1ly b0 oonve..~€ltl' to that~ MUi~d t~ ~- ttat.1.;·,.,~.:. ~ .6.a.W'a· 

. --------

. ' . ; (. . . . . . (a&l 
mothu'l· isomer ·or (coW. ~l -bas 'baen: '1r~adia:ted. ··bvo ·o'tatm · · " ·in an· ~4 • - . ~ 

~9loious .m-l.G!l to /obta.tu t~ ·1\Ud~odwt (cbioatl:) Wblch·-~. · . 
ta.w~~tment witb\: SUJ.pbat!lc $.114 1~ aca~1e ~i~aee,;1~· tinbudri~ gave 

' . 

tba spiro dtenone < CQX.XIV) 

hv 

,; 

C.C X\)( (Jl. 4..;u--~onr . 
""\iU\A.LV 

!lbe pbotol.yt-io' iat~uconvers!on ot ~ootk:e.tone end vet1~ 
. - - ' . (34,~) ~ -

pume $0SQU1t~ri)ttm by O.t'\~ u. &\, is cit~rm..,.ng~ .~atUa.. . 

t:ton ot a,4-4ebytiroll00tktatone ( Conlf f.&) gave a ·.lurd.product wll1cb ~ · 
. - ' ' . . ~· . 

f\U't~ !ln'-adiat1.on in 45,~. aqueoua QCI)tic ~id ma~ tb<J :~W1a ot 

il.bfllro ket~ (COlCWII1a)_, tbo· ~icyc,le dianone (COiptVlli-a) .. and uncon­

VGt-~~d. aJ-11! . dGbydlro ilooilk:lt<me (~ttr& ,~a) •' . . Again 4e~$l'O o\Rbl V0~1-. -

I 

. I 

' 
' ' 

' . I 

I 

' I 
I 

I 

von• ( ecJntv • 'b·) ,on .irra<ii~'ti~n .ga~ the -LUmiPir~t- 'C~AVI; b) . v~oh. CG 

turtileJI!' .ux-a<n~ation .wldr!~ ··tnQ :(Hmdititou.- ~$ov!bed :or: :(OCX&VX1a) gave 

·aeny~o -~ve~tvM&- CC~II1-b) . as tlw ·. ~x.Qlurd.ve pr~o.!;._~.. ·On 

the , otber hand -:thu 1~radi.t41$1.oo of ~t~ck-o-rottW.ol (QGD.VU,a) · .. · 

8'ilf$ .$. tnixtWtO .ot tout" . POS$1'bl.e' ~$t,~gmr,J"i,C CQiP~S ot t~a 



~ vetivons (OCXKK.Vli,b) gave 011 :dJQUI.U" irradiatiOn_.; a mixture 

of two .racemic d1aatereoree•10 ~e~ot tho tt»a (ca;a:IX,b) 111 
. e . 

tns first stage and r~ deU,clr'o Al.Rbi vetivon~ (CCXXV tb> on 

urad1at1on ot the mUtva ill iloetio aoid aaadiwnt. ••&•• 

R'l. 

\. ;Rt 

-ccmxvzx 

CCXXVIII 
Cl-l:z_ 

.a, 1~ :.. n 1 !a = --fM~ 
M' 

b, al8a = -< M: 

fne trrsdiation til ~Qduots (QOXA"VI) and. (CCXXIX) 
(34) 

iii pro tic sol vents has been e:Pla1ned by tba authous by . tha 
. c arboc ation 
foriiation ot/~ocxx:x_1nterm$diatea such as (C~) and (CCXXXI) 

wbicb. can v.teld tile observed pbot.opoduet&J by ap,pli'O:;;triate 

112-raetba'l or rlng m0tbylene shit'G to tbe ·politio:tl$ p~a ~o 'th• 

bydro3Yl (FOU.PSt e. g., 

,· 



CCXXVI 

; -~· .. 

CCXXI~ CCXX'l<l 

', 

1,'2. 1\'lelh'llene shi.~t:. 

-1-\9 

CCXXVIII 

c.cxv 
o.rJC3. Jot­
c.c 'XXVIII 

Dll'ect toPma.tion · ot < OOXKVU11,al t~om (.emv:t,a) ~ovt<te4 tb.e tb'•t : . . . - : 

$Xail1Pl• e;t a 11.2-n~atllJ'l shUt in a pbotccl$rai0ttl1V generated 

sgec 1es of t~s type. 

~he oyoloa41t1on of 11-JP:OJ..Jlidinyl e1Qlohtm$l18 to l,:L­

dicyano, 2t2-~lmethfl. ,Cf'Clf>Pl?OlJlallG bsm bHl1 shoWAl to 1»1oceed. lq 
. . 

an S¥9 route aoro•s tb.~ lt3. bond to g1V'lol the ar.tduot (COXXXI~:: ) 

· wb.tcb W&$ shGW Uo ref.U!JP.lUlgG upon pa:utial hydlrol.Yals to a (4.5) 
, (20) 

spiro ooiapound .. ( Cale<XII!.t) • · 



Xylene: 

Orbital syriun~ru consideratlon of' tile eyolo addi tiona , 
- 2s .2s 

~nvol vine 4 n.- eloetl'ons 1Udiofl,te that th<e · thormld ( n + n ) 
. . ~ ~ . 

cyeloadti ti® is torb:t.cidun bUt a, conca»t(jd (' n.. + TL ) 1s allowed.. : 
. ' 

Orthogonal ~oaotant appvoacb a, «•anded by the latter grocess 

rs sul ~a 1n 1net.tic1Gnt qb!tal QVet-1~ ( n- bcmd twisting) and 

tb.e ·appro~b of' the t-e&ettmtm cml bo bindEWed b7 st•ie tuttWac­

tions. A perm&aslble approacb· at tbis tyl.l$ can be OM11'g1t1oBl.ly 

uatay~urable awl stepwisCJ utoob.allisms· may oeollr' v1a dlrad1oal or 
' . 

ion1o lnturm.~daAtes. ~he stt.uation l.Q!(1f be e:tpla11l41Ci by tb.o ld.xed 
' . 

ketEmQ dimer1Za'G10ll betvoen 1\G!lt~thyJ.en& kei;eno .(QClQCUY) iuld 

ll,phLmetb,Yl1 §lQba-ebloroketene (Omcoaf) gtmGVatoa trom 

cyclohexa.oo o~bQU1l oblor1de 3Uti 11.1&1 chloro,propion;yl chlor'1df! 



Me ... > 

2.. 'L . . 2.'' ' . 

A,·. ( 6 + n -~" n. ) tyPQ orclo ·au tton route to aP.im 
' "'~ • ! ~ 

(4.5) d~ane sttelet()ft. bas boen deVelopafl ·- JIOX0ll:t1 HAiABiU: and . 
/\(201) . .. . . . 

KATO who obta.iaG4 the epuo f'tts{ld addu.et ·(CCXXXIX) bJ 1\aatlng 

an equklQl.wulai?' ~a of a.a..atphaoy1 metl\\f!leo. eycloPJ'oPant 

(CCXXXVII) aJld ? 17, ~,a.-te1ll'a OJ'IUlO quiQo c..mathane (XCliQ) 

( COXUVIII) 111 beuene., e. S•-t 

Ph 
Ph 

+ ~-~} 
CN - . ~ 

OCJOCWZI:t . 'CCXUXX 

oleawuasa ot. th• reactione t>f ;bttJ type. Bi~JtauSlr; hotMvGr1 

the ettGrnat!ve etepwtsa mechallillll ea..lltlot. '• ~ed out stnoe the 

. I 

. I 

' , I 
I 

! 
' 
' 
i 
' 

! 
! 

' 



-~ .-. 

' ' 

in~1&ain8 l.DOlecUlar stl'ucW.a of ~tt¢one c;yclo,p;opane in 

· _wb1ob tb.$ R ·· and f1l ... c3 ~oatia 817'$ ,_l.1'panfitautllr' to <me 

anotber., $9.'1 J,'W'Oblb~~. ~: suttltienfl Ol*'bltral oYGl?lap f'CJ~~ the 
.;;,' 

Elu.td.datlon ot 
. . \ 

the exact reaction .. ®nanism await~ :f~ber theo~et.ical alid 

ezper.imental llt.'Um.tin1as • 

. (fin. + e il) oyaloadit!on rencttions (Diel.ai.Al.deJl!' 

:oeaot1on) 1a uttoubtedl.J one ot the moat eZJl,oJ."ttl f.$CUto$ and 

iEJ.llQrall:r l$!ldS to·· s1~11Ubtll"Qd ll"iug.e. A ~~»1 alloWed 
4s · 2s · . . 

( n. + n. ) vou.te _is poss~ble and· la. the J)l10ba'ble I'OUte tor 

tb1s o1o~o addi~ion to ocu'tlr'. GtmeX"all.:V the pocse1 w1tb 
' ' 

UD.aotlvatef1 UflllOPllUtffl lfJfldtJ t{) j.Qw rieldS fi£· tbe .01010 adduct I 

althoUgh sevmrat mte»es1;1gs. JJD!Aro s;:stems have ~ ~od 

t.tlrousil this ~eaotiQll e.g.~ 

+)-~ 
c.olMe 

o=tJ +) 
) a = ~>1~1.· ·.;.? = l,_<net. 91) 
-La = Me1 lb.J. · n~_,(ftet .179) 



\ 

i 

I 
J . ; 
' 

~he vntbasia ot ;puo ovollo compounds u~ (4+2) cyoto a<lrJ1t1o1l 
. ' . (180) ' . ·: : . 

z-eact1on by MOCK.1. uoums and BAPlmL ls tntuweat!ng. !&vq 

used tn. t~tR&$tbJ1 s1171 enol eth.•r (CCXL) Of pent ~b.•~ as 

tba d1ene and the aaq bJ'.dl'olut:t.o ~re.mo'hl of' tl'htetb11 s!JJrl .poup 

lll the· rosW.tlns a&tt~Ct.s (~t.X> aM (COXt.tl) gu.v• tile rae,.,_t.lv• 

cie~l co~pO\Ulds (CexLIII) ad (fext.lV) e.g.,. 

oob< + 
. . 0 . 

~e . 

·§__; 
OTM.S 
CC'XL 

+ ~-:·-

CC'XUV 
c.c 'XL\ \1 

OTtvls 

Uaaub.st1tuto4 J!lebl 118tbylene Cl'Cloal.kammes are J(ill~~y,. 

unstable but tb~J can &-eadUy bo ~epa:r;-$4 in s1t;u •d trapped 

· w1tb dlenes. · Man.nieil ba1to0-, $l.pba nhl.or•at~ql e~"e'lcalkanun.e, 

~seatoq n~etllJ'l otclo Qlltan-ones and .M& t:tyeoq tAOtbyl. 

I 
,_ 



.... 

; ;; 

'· : 1. ; . ~-' . ~ ' 

S>.tWlples. ·or ~ll~ Ia sltu. lfllla~ttOB ot ~()tllV'lene crclcm\ka-

l\OMS &r.Wl tbeir reaction with added ta~e hliVQ b~..n .. aarlzed by 
.. (Yi9) . . 

it9»0HC c 
' . 

,;btt ·1.l~r: ... ""J!:4tl.r .r~ao:t,.,Ol, •:m. b~ oat~,e~ tw ll.f'~w!s 

acid.$ and the oata.\1~(11d ~~ootiorua w~~ mhotm to :be bl.ghlJ st$1"~ 

tJPGcilic. ~b• Livia ac1d ro:rms a oOJ&Plez wl~h tb• :POlar su.b~t1-

tuents ot- tll$ cU.aJ4t>pbUe aat1 aae•t•-~tes the cre·1oa4dlt1cu., ~­

.Levis •1« eatatr~4 Diel.a-.il.d~ ~t'liao.t!ofl has -·won ·ut11tte4 blr 
(ltiJ.) . . . 

MJU.ut awl mo~ in tbair' ~tn~as o.t <-> eeore.non atild 

l'al.tilteti · ap~ Oi"Clio asqldt~~es wi'tb tM ap~,P."r1atelf . . . 

tr4bst1tutt4lfl diena (~\1)' aut~ .U.<mo,PbUe t·ctt~V"%) ih tbtl o~ucial. 

f@:itl'o Mr\Ula~io~ $'!ep alld iBOlat,. au. .isba .tour ··JOl2tiU4e at~eo 

lsometo· ·P-'o4tm's ( etm..V"1l to ~) •. · 

!· 
I 



_......_' 

I 

·! 

\\ . 

0 

~+eX) 
\\ .· ; 

C.C. XLVIII 
0. '! 

.CCXLVII . c.c.L : 

fb.e lJ'•atlve ~a=e tli"" ~~- :1t~ i=o.'UU':a '1~~9 · ~~ det...uned 
' ! . ·• • 

. bf t:rev•al~ that~ ·emQ,» ctW0.tt9h-e in th9 dienopWe is.q .. . . . 
est~t;s'"itJ.BUN pl.~~ w1tb ~ tb.e -tb»'l ~®ll ~--~~ 'Qlook~1 mw 

' 

tao• putial.l¥ troa st~bwaloat Q.P7oaoh ot tile dlene. 5rnu.• --1 
,. 

~be t:rant~itt.icn etta'Ce . .! · ta wblob tn$ leupnne a'btw.tks em 'h• 

oj)posite taoe tl'ona the atbr'l group is .faVOV{Jcl ovelf tbe o'bb~ 
• . • 1 

(t~aoet:t:ioA $'til~ej9, leading to 1~1 ab$4ute e01lfipat1® at 

th' aplt.tto oente and tn~s 31Vtnclj'lifN to (CCXLVII>: as tbe aQ40l" 

~ocluct. !tw le•rs~r u~or 91"oduct =st n· {CCXlJ,Vll:t} <Jwr!vod 

ti'OIU tras_itiotl ~ato 15 and ti».l#l.l, ~a••t~tra 1b$ .1-i' ..... tmlf1pa-
, 

CH~ 

B 

i 
. : 

. ! 
I 
i 

I 
i 
' 



'r 

··+---

• • 'I 

' ' 

. . -

In tlleir reaotiOJl tbe:r u&ed tho cyc:loh$XGnOllO (CCLI> as t.L1.onoJ>b1le 

and 1sopxten~- as dit.me• at~UiQ c:tll.mM.ciQ as cat;~at An•i chloro­

for-m &$ el.vent •. , · .:Qiii of ·tne .£'~~ jlOISSiblil l)lrO~lC'ta •mm below,. 
' • • • • ! ' • 

on.\y two ViS. (CS!d:I) an4 ·.(OOFJIJ:I) remul.t""l; ~~- hN· a;tt•t.~it by 

tno .&-.G wer.e o'bt:~ined· 1n 9G~.5 r"atio~ re~ :~uc:p.t'U"~ent.t ~•llSUlt 
- . (361) 

can, Well be llCJCOUllt-ed to» «S Wl\$ done by MAllX · Qtld JIO!O!Afl · 
. ' 

Jp p~a~:L:acJ< 
+ 

f-1 r< .· CCLI\ CCLIII, 
"~-~ ----- -

. Atc.t3 
~ 0 

0 f.tte 
CCLl -----

Jo( 
./ ... +/ 

C.CL\V CCLV 

,: .. -
l 

bot ~he two m.a3or slieps in tb& ~o se1ec·t1ve i 
. - . . . ' . .· (189) : 

srnthesla of natWl'al aptro vet:Lvane.!l·by wnux, SA'l!l .and M..4SAMO.tm : 

cQns1tt• .of th~ :Diel_s-Al.del,- reooti\m. of ~$at1tu'l;@t!. dibydl-o 



' 
·m\fso:tes. and '"tb¥1 ~r.Jl!lt• or 1~,. ~~va:t.~te, ·-e .• g.,· 

. . . . ~ I . • ' . • • ', ' 

I 
i' 
'' 

Me .< _ . . OMe 

l ! •• 
' : I 

, I 

I 

' f 
. . . . . 
l, i., .; . 

· ,··-6s' 2. , 

... -·_- '.- · , · ··,: :S1Jtit.~- ( TI · · ~ · TI ~ ) PE'OChJSll t$ t:b~ilut\1~ ~t~"'.l~-41 i 

·,, 

e..-. ctaJM:i~w _taoelt~1t~~ e.et4~~ c.;p~}Z'ate ·in to~ Gyol!:.; Q&U.tii•C® !'ttacttlons · 

!n.vol vhlg G'tgb.~, ~l.eotlrOB~. ~he ~<Jaot1on· bQitwNn $tasquittVL1'V'aleile 
. . . . . . . . . ,. 

(~CLViJ.w1tb.4im•tb17l·i-o_etyl,~U$ cmibq~1~~~-to: Vli!i14 J.t:l ~~mt-- . 

(C'4it.VIX) wa$' t~,t.- lrfiPo!'teei to ~Woci$tld tm,~ _tht!l tw'-~ ot c,clo 

aad1t10il• !~v-,: 3 ._$ .VGtfQt.lw.e~;i. iwJJDllttl$ tbat 'Glte. };>lr•l• 
· _ . (Soa Ret. 139) 

duct j.$ l"$ally a ( 4 n + 2 n ) a~t · :It 

+ 

C02.fVle 

CCLVI CCLVII 

, · · &s 2s 
!be th~~tfM•l11 liU$)V.d ( Tl ~ 11 ) l'ou·ta to SPi»O , 

' . 
armul.a.tion sf s 1 eompl1t1e4 by the <··at:ldi t:lon of" ( CCLVXll) Vltb 

tet~aey.QDO etb7lena l\ttQJ'~!l tb.o ·adduct (CCLIX). It~ zreaotion 



$nitQJ..~·f,i$ £l1Pol~'~' :1fl'~~Pmedir.\~ae\ sl~~ t~ w()Ul~t~ .... p~t:it:Ul.:!U11J' 

stnbili:sett (S~~ a~t~. 13\i)._ ; 

·t~ titat D.$0Zttl® 0.: a e~~b~w.v~ .~bl~ 'lWla itr''o .­

al.U&tDi~EW'boA &ra wwi c~ ooc"Wt ~- • Ant~$110l.Meutar-
. ' . . . (.300) . 
t~ioltl P"®.oilig cvul.io: ~t~'\m:twre e~gl)• 

' . 
· s~.e .the .f4B~t'i()n ct a •arbcD-Oarbon 4~le boutS 3.ntGl mt 

' . ' 

' - - ~ 

alumtni~ blJ·d:fogea bood· readil;r t~es J1!18Gt:J lUA a· i,j'!av.n~sill1e 

}1r.eGG'SSt el,y a c!ttiillrt;iC e.moutJt ot d1alk:3'~ Cl~ua. bJ'<ll-lde 
' . . 

1~ req~oti m such <!VG1i.'aa~i~ ~hie~ 1~ an e(rfait"Ri"• ~his 

~eaoti®i bas }IQ$B 0XIA<!J1t~4 ~;r eiiW aslfl WIXU$V!ii(
4
tl) 1n gu&~int: 

8-meteylena ~Jtt:U1o (4~4) nm&au.~ (¢aLia) bJ trGalillii ~E!.lt~'lGil9 

I 
' ' 

i 
I 

• I 

.I 
I 
I 

!· 
' 
i 
t 



-92-

.. 1,~ .. SJ.OM dtell$ (.CCLI£) Witb a GtAtalYt;_.e ~Wit of.* :d~ia.-obu.tyl 

alt.tmll!S:W!l b1~1c.\Q tn :r.Wle~"al. o.U. In Wa CMl~ tv~ rlt)ublo b"i).lldfJ 

tanderg.o ·tbe tlntz-Mol.ecUlat. 1aatWt1ca ,_.eact1t»l. 

OQ 
GQI.U 

' 
~~t;u~~ uaii ott o~g~f~t;tll.lic $Cil9otmda ~ .tb.e~ $VAthe-

s:t$ (If sptra cos;;oUildQ h&a· bema '·~·~Sl»orted b1 h~Plll&.lii ·Md EfX(28B) Who 

us.a!i ~~mlgbJ.sc~:tB~ft;r.ia 1n ~Bt~ i'AB!l®Jcloelk~tt. 'Zb.er 
' . (43) ' 

util1seG. too ti.nd1ilg:t ot 0JlOBX1. MAlt!Eli en4 i!OOGS tha't 3-acet-o;q' i 

, 

#~loh4f~.c~2 ... ei~~ :lB EI'i!t¥~l~'(o'litt<Wii 'il!11l~ ~:~~a.c ~~!Qli \fi~A ~~id.® ~~tbfl 

~~pr~t• into a,a-~$tl~ ercl,ahe~aalOJMt. lloc~din~ WEBDEa and 

ln'i'Jt usad· ~l.ithir~-ld.~~~ate of the type ,(Ger.l(II) and found that 

tha V$tletU.oA ot Laefjtox:rayclobe~~wme wttb thG .tt6!'agent , 

(CCWI,a) guofhlG:cla 1t:1tb too cl$Qva~~ ot' .OM1i~auet:tl bond :G·o 

. ·Jm'OVid.Q mdr.ll' ~voloba;il~lta•d!i.ontJ !t'atb.\lir tr£W). 'bile ~x~eo.tE»d 

ti.PU~ill. . . . 

~.. n ~ ~~~ .J a = D~ . ~. .. . 

bt· n ;a I i 8 • S~h· 

e~1. D Iii 4 ,f li :a -t,e ~ c.~" 



--.J..__ ,.. 
•f 

I . i 
I 

iiowave,t'i, aeJJ'eetW:lg of' ·the· otb~ 3 .. $lbstitutad · e.nonos 

eveb:tuaUJ led tbem to . o'bsEU'V~ tba't tbe readily ava1].ablt:i' 3-CblOrO ; 
: I ' . , , . 

. enones serve as sutable sUbstrates for tba aesiJ.-ad BPiro annul.:a-

tion ;roo•dure1 •·•·• 

'·, 

0 ·l}Br ot)(J 

' . ' . '; . ' ' . -, (&$o) 

· MA.Ql~>1ii!L'D and MAHAJ~:t:NGAl'! . te.Pttl"t~*d a ntet~od for 

~tt~t:Lva.g 1n.tl?~molem.tl.ar. <:onjugate. add~,t.i.~n. to R~oyolo-h!txenone 

ot u~·t.t·.:ra,te;d ~Rrbon lli$UleelP'aU&s ~eb. uroceeds thl"ot~gh tb" 

mea:l.~t·ic~s QZ llt)Yel-at.iQ'l .... t!n · (IV) ch~1d.st17•· !fb1~t m~thod ot 
•:c 

ttyciiaa.t:l.l).n ~:tlu:itrat~s ~~ uee ~f. .,~baia ... ttn .e~ bond aa a 

1 .. atent trca.l"een .. 1.qnie mtn~taophUtit i.fi t~ · i~lt~~al. !la.P'i>on-ca'f'oon 

I 

) I 
I 



-+ 

tbe Jl\Jlb.i~lltlii englic. ~:tat, witb l:wa\tls 'tU.t1d. to ctngrutd~ a ~-­
eletft1)0~hil~i£e. slta ~:e.gi ·qOiinV.) tm1ch i~ autf':l.ci~ntlr, potent ·to 

react w1tb a st~veo..;prolttmat'a· carb~n-t;t.n..~ ·bond._ ~he ab111ty 

or this method to oreat~. quat•na.rr carbo~oarbon. bonds has been 

demonstrated by tbe fostmai;ion. of' spiro ~yolo (OOr..xtf) from til$ ~ 
'• '•' ! :"· -, I ' , 

·" ,·;;:: 

u-o ___ a. __ ,.._ 

SnMe'!J · · 

-~-
C.C.LX\\1 

$. ·= M~3sn<Ct.\Jl4k4gQJ.~ ~!iF •. ~ a~,z{1a 

b :s 20;J lfgSt)4s · .. ·QO 

o· = U ·w1ci4 in CBaOl.a 
! 
I 
' . ' 

A syntfbet~iU¥ uwaflll teat~e of th1s appJ.ioadh to oarbooyol·iaation I 
. . r 

is that the we~ pol~ised na'tti#tl Of the <tal'bon..tui l.i.fi!&. boad 
cl,L-) · 6 ·(+) . · . . . . . 

( C ... Sn · ) «nau.Fes coQpatib1lit;r ot the al.ab .. enonct and · 

tetra-atkyltin &01euiG$ until eleotl'ophUi.., aett.va~i~n. 

. (2l2) .. 
tl"" ·e;.i! t # ~ i!.~Al\'ii · "'1:>~~"'".-:...:l &-.ro.'>'l..,fiill 'f"'"a ~AO 8i~.il,;oem_~ :l!!.t. .vt;!w.;t,:;;:u.u.. i '1.1;~-••••. -~u. G1;;r.,;":~~- ..... ~u·, 

d~vrbloi)me:i,\t cf ~ tl$l;~l.l...,,~nJXit.-!.lt::t.on rout~ _g!t,v~ · the $.t~~~ltie a.ppl1· . 

cat:te>n of e~rclol'te;l;a.dlGUWl fJ"~ll vr·iaarb~tWl Q(..;..~~Q~ to ·sp:J.r.rdla. 

~nus tn.. oxossti..tQdec~~ens ueri·\i".~tivc {OC-41£ll!:t.!• :ai = ll v1.a$ ~we-

I 

' 
I 
I 
I. 



tJt1cuboD1J.troa oom9lez .(QOLXVl). tbG kGF:step 1a tbe raao,lon 

a$quenoe was JJ1eekm~~J C¥Qltz:a-e1oo ot (CCLi(V.U) g;regat-.d :tl'Oa 

(CCLX"il) by sequential veatmaut vitb ao41o-dimGtbjl mal.OA~t•. ~ 

:r.a.zr., tl'ime~bll maine s-onde u. ·~,. Md tl"et.Pametbtl 
a~WD aoatata 1a bot MXMeth7lpbo•~aU.&t (H.M.P.A). A 

sitl1lar s&ria• ot J?eao,iolls sflm.-tinl t'oza 4-(,p..11$thf)lftph9nl'l) 

butpic aeld 1e4 ultimatelr ··;o motn,J. .. a.~a•"noxv..s-axos:t>uo (4l.s> 
undeea-l,a....dtone-9-o•boql.~te. (CCL,X;V'III., a = a) 

~) · OMe 

oMe 

·---

l:he atteml,)tad s.P~• c,-cl1:Za~1oa ot utoabon)rl-

,C< di.ul~Jttbr1 - 3..(4-aet'.h~ Cl:fO·lo h<im-2;~1-.dltt»vl.lum) . 9l'OP11 

IUlonatJ ·uou b.e:etlwu-ophoephQ.ts (eo~) and· tb.w oorreGPQn­

ding 3-oxo-peatauoate ll'on buatl.uQifopb.ospb-te (C~) to tb.e 
. . . 

d•stre4 sguo (4.6) decan.a. titJr1vativaa fatted under DdltJE a 
vui•ty of mUd .. (londitlomJ but• splrotmm4at1on. ot Wl«t&rb~ 

. Catb¥1-6...(4-1\\etboq ovolob.9xa..2,4-tU.en.vl1WI) .. a..oxQb•anoatoJ. 

1POD be:utluo~ophospb.ate (CCL'itn) oocued ssaoothlv and 21QP1dl.V at 

! 
I 

. I 
I 
I 

! 
I 

'' I 



~-. 

C\--\'2.- R 

qcir;ux, a ;:-[~ - Cl~ - on (ao211J.e)2 ] 

OC~"''tt R = "'"lCH~ :a- CO • t:!l~z .... CO.aP:O] 

eo~u, r~ = -ta~ • CII2 ~ cc)- Clt.a - C<>rl~] 

0Me 

.FelC0)3 .. 

. (214) 
:r.'he -method was e~t;oodec.l by ~.;!i.&U1.S01lJ, .HAu~~ 1111d l~Sfll 

to the _cqnst.ru.ction at· azaspit"oo:tolie cora-pounds whicb9 .as ·envi-

saged by ·tnem, may hav~ considerable potential · ;t.n_ the · synthesis or 

bist.t•ionicoto:dri ·and caphal.ota.~ls alkaloids. . 'i?i:w.a the cyclotlexa­

d1onylium com.plaxe$ (COJWOtl'V', n = 1,.2) \'terfl prepoo. .. ~d flu.>m too estett · 

complexes (CCI:.Jt:Ull; ·n ~ 1,2) h-'J se~tuen.tial reduQtion1 tosylation and. 
J 

bydl11de abstraction.· lleootion of (CCLXXIV 0 n = 1,2) 1 wit.b sodium 

malononil¥1ril.e follo'-tad by dem~talntiou and b1~olyai.s gave tlla spiro-, 
I 

cyclic enones (CQLiOW, 11 ¢;: a,s) wh.eraas r~acti<'n of (ccn.xxxv 1 n :: 102) 
' ' 

. witn 'benZl!'l aaine f'ollo'Vt~i!d by der:1etalat1on Ean!l hyd~OlYsis gave 



\ -__,.--

.. 
. ~ •• • • • • • ' . J 

OMe OMe 

~(c.o)!> 
--:p...,......,.. -· PrtJ 

b 

( e.\h.)~ C02 Me. . 

CC.L'XXI\\ . . ' . ,· 

··~-

o=F\;t41 
-~ 

· cc~:xx w 

CC. L'XXVI 
. ' 

C)rclocarb~nylation ot ol.etbde .. tc;~yl.at~s wttb. 
'. . . . ... . ' - . . 

i ' , • 1 ' • 1 • ~ ~ : ', ' 0 : '.,.: 1 ' l I ' 
1 

' 

Qollaman' s reagent, ~sodiWll ~ron tetraea.rbonyJ., wa:s an ef'fec-

, t1 ~~ ~~thod- r'or. 'the 'pr·e~~~t:l.o~ or c;rclopentanane and cy~l~·hexa-
. . . '(49,179,232.)" . . ~ . - ' . . . ·. -. ' . ' . . . . . 
.~one . • . . 2he. pot~nti~ value or the process stems 

" '' ' ~· • • I ' ' t ,.,,, I . ' f ~ • 

, froTJJ. the fact tpat . 1 t allows ohe111:tsts ~. fundamentallY naw and · 
! • 1. • 

. d1tf~:rent way, qt p~ep~~g.:cy¢~oalk~e~. Fo:r planning pur'poses, 

. one can. 'dissec't the cycl~aikanone 'into. t;Wo .'ditt~rent ~lefiliie .. . ' . '" -· . - . : . - .. . ~.;.. . . ' . " . . 
. . . 

. to~yia~'es_'w~ob.' Ddgbt .. serve 'as. stmp~e: ;prechr'sor's· to ttore oompiex 

'i;argets. e~ g.·, ' 
. ' . . . ' 

I 

. I 

' 
'I 

I 
·i 
I 

i 
1 



~ ' 

_:_l __ . 

I} 
f .. ' 

/ 

I 
I 

'! 
I 
I 
I 
I. 

I 

I , I 
(· . -· r .- •• ~ . • , , . - I 

· I . . · ( 17Q) i 

Dy w•t ot ,roparlng ( C:CJ~IX) .. and (·CQ~Ill) ·tteCU&i)C. aAtl Alil>RUS · ! 
. I 

snowed tba,. tb.o ovclo cwbon.ylation J~eactiOJl is an ef'.fcdtlve &Mans : 
' • • t 

\_ s ,. 

ot ~epat"in;. f'1ve & six &~abu-ed rtnaa .:·. ___ .. -·,;: c:x..nd. .. -a1sQJ· . .: is ~·.:c. · ... , ·: 

a good method for the 1Q:'&J>QI1at1on ot tU.tttcUlty aocesdble sPiro 

o.ompountls e.g •. , 
O,.s 

· Qe~lX. 

·!be ::reaetion. h!la been 3hOW to 13$ lild.ted to raono­

subst1~utled ole.f.:lne. Att•gto.4 oyoloo•bo.P71o~ion ot cliS~.t.b:~­

tituted ol.tto• l.etl only to aldebV&~s, ·. . 

~11$ sgu~ . atw.Uta.t1~ ·st,."tea:r ot em•mAeK, d. a1. 

relies on tbo aG'tiva~ing Gnd Wtta-dJ»eotS.Ds eftect.e or the 

obro:Uwa t:ri.oQ.ttbott9'l. poup to lut;)l"C)tiUOe tba spU'o orclopou:taoe . 
- . ' ~247 .248,249} 

Wl1t h1' nuolaopbU.ic- ad41t1on to a.t1 4l11B01G dV1va't1VD · . • 

i 

I 
I 

i 
i 
I 

i ' 



+-

A model MQU.encte totr tb1s new apl)J!oacb to s»il-anes bas bean 

·exeta9].1t18d by the C0!1V'$~"'fd.oll or m-t~ath()Hf OimlalUC 8C14 to· the 

spiro (4,~) o:rclohexanone (OOLDIX> wbicb is datim.tfllJ an 
(2;JS) 

lntPamolecular woleopbU14!: addition to 'lbe eonaat:to t'iQg 
' . -

o\\1\e 
:r: • •.•• 

CC.LXXlX 

also by them 

i 
i 
i 
' 

!b.e metbod bas/been applledltB . ayntbold.z1n{J ileotfenone. M4 
(249) 

i. 
I 

acorollOat-B .• · 

Hl&C. Sl:tno AiiiiDLAtiOii :aauu~: su~ devalo~ ot a uetb.od for 

gemiQal d1Stlbst1~ut1on em tll<a && cu.-btm ~om o1 a oyclo alkdOJte i 
. . . " . I 

' I 

toU,owed by the appl;lcat1on. of »lot~ e;ycl>i .• ti.QQ, rout• to spbo . 

· C¥Cl1C compounds bas . bRA II"GiH)lt~$4···bf ~~ liUt.mim• l!AMGE !Uld 
. . .'. ·, . (95) 

s«n.AR ill theu eYUt~ostt ot ( ... ) llilll'-an.4 (+) 1!1.\1 acorenol · 
. . \ 

i!he proo•$~ irlvol;vQd ·tbe ~ot•t:ton at c
6 

Of· ( +) .. ( 3lU-

_methyl cJOlo haxanone b1 f'or~tWlatlOA tmd ·~i:uJGctuent to~t1on of 

tf.BI)tbyl. 8.1\llno dAW1irat1VO ·(CQXU):e' .. 0,~ .-tlQ"lBtion foUO".#Od by 

baste bydr01Fs1$ ~d eubaequeat est~trtoa~iQR g4ve the k~to 

esteJ~ (CClaXI) wtd.eb. on cyo1tzat1ou us1us molecul.u eodluni gave 



I 

-~-

:·' 

C\2Me · , 

CaJOtUX 
: ••• ·: i 

~b$ i'eact1on ot oyolo hex~ witb etlvl. ac:rvlata 

was re~G!'ted to "'i~d tbe· keto e&~tOI' (~IX). Whieb on O"'elt .. r .. · il' . . (l6) " 

aat-ion gave ept:ro U5~5) unfitC,fUle 1;9-diono (Q~lV')-

0 
r-co2m. 

,,-~ 
0 

the IQ'ntbesls of m~t;o v~t1v~a· 'by lttUKa, Hlil!ASUI 
(13.7.) . . . -

aDd Mil\f!IA~A lnVolVEfd_ tl\Qi ac:;loln !A~elHlDdltlot$ (QOXXXVI) 

P~'*P~fui bl' the eyclb~tlon ~:~t ·tJ• dlo~JtGl" (0~) e41:8:•t 

OT\V\S 

. I 

I . l 

' 
f , . 

r 

' 

. I 
I 

I. 
I 
I 
I 

' 

. r 



'. 

' 
I 

' 
. I 

I 
I 
I' 

.~be d1enone-pheno1 aavl"a.oguwmt 1-oute t~ (4.8) apua I 

~"fane skeleton -~--~_;,;;.·.:is. · .,.:,, ~- Gampl;Uted ·-~- ~ ~e~ang~nt · ot · · 

;.b)rdrol't¥ b1oyclo {4.;.;&.-o> dooa-1•4-#~ (~U) untt()l1' 

tbe oatal,y;zkls 1a.flu._e ot ~on ~Ul.uo~ e~ilfll'ato to spiro 
. "- . (a2) 

( 4.i} dec-7-••..&te..d:lone (CC~lll:) 

. ;J~ 

~ ) 

ref 6 

. . ' 

• 
' 0 ' 

do 
lj 

0 

(Ca.~c) Via an au:1d'oatalf?~d intl'ruaolooul.m" Clfd.ittm cumti~sa-

tion of: tl-.(21 -•OXQ07elobept:tl) buty~~ &eid. (QCJ;;.~~) bas bMn, 
. -(284) . ·. <-

described -by W.Wmr.Bllt JACKSON w:ad XQUN" fi•th't-

PPA- AcOH 

A 
. ' ~ ' 

CCLXXI)( CCXC. 
.: 



\ -..,.-

.. 

.te-tWW.1 t;bQ wci'k is_ aD e&fJllsion ot ~he obs~·Vation 1 
. _ . ·:. . .J98,S9) .. . . . · . · : 

madG by GID!LAC! and llli!:IWR Villa Jllel}Ol'ted that .t,b.(21-o.xooyolo- [ 
• I 

pentyl) buty,r.ic ao.id .undewgoes evcli~n.tion with. :pol.JpbompboJ'ic 

'l!~e cyclteat!bn' of'" cxo acids,. e.g. (QQXCI)' to ·the 

oyelic-~d1kutlone (CC.~CII). has also beeu re~ted to b~ cataly. 
. . . '(,41) . 

zed b7 2-~:Phtb¥1 s1.l\phort1o acid· ·• 

-----~ 

ihG ac14 oatalJz;ed oonctensat1on of gbonolic othoPs 

e. S• var-atrole w1tb cal'bonJl compotan~a a. a .. - aoeton. · ~estn.ted· 1n 
. (~) . 

the formation oft spiro ~atfl!d Pl'Odue:t (OOXOIU) • 
Me. 

oMe 

OMe 



~he latrat&Ol«:UlU Bl.doJ..~ .Ch)lltlGJi~atiou of tbat k•to-
~t~- ' - . 

al.rJehyde {CCXeliV) to the QUO (4.8) clecu1~tt dtJr~ivativoe (~,ttj\1') --

bas 'beea !r$~ted by GoEiDDEll<i rm4 Dalimlli&<
9
l). 

\\ ;J -a3 ','''''"'''' 
,, ~ ' 

0 . 

c:m~~MJJ>ti''L:ll ~~1J,.(24t}} .k.... · A .il... ( ·l· A.\ · .t. .. ~,iuW...OA~ · · "'-1 .Pif'epare~ spil,iilto ·~;!!•"'$ . ., nonate~.~ra.-B:ra:e) 

(CCLlcWI) ··1>1 a P$ia~iveJ.V dU'eot sY&tilests tJt~ing tro!ll ~lYl 

bllomiden 'til\d cU.e'Gbyl ntalo~te. . Also. t·t~ . nave ~e-~etl nona 

. (lt3t7) W1ma .tCOXoV:U:] .b1 'a DeW ~out~ s~a.tiUS ·t~Qm oyOl\~ . 

pentadl~ll148 ,a~l~ 84 ~ •. ~di(~u.at~) s~ta- dtmetnul-lt 

3-41oxol~. T~ir ,ep•t· alc<O· eontafJlJ a. ~1&1' .rev1ev of' thfl 

use ot evo1opctad1GJ1lide. won m s'ir&nQ mynth6stlt. 

Oc> 
iJ.(!}f.CWI 

t;o ~thesis ·aoOPem• skal~t~~a w- e~~J.o!.'t;~ tile ~ Lactone• 

oyclop•t~ne t!'~Oll'~Umtiun. 'lnU.$ · 'Mi~ . s}}ZWQ ~to lautoM 

' ' . 

I 
: . : 



\ -.....,.--. 

(CCC) vas obtained :t»om Pllegooe (OOKWUl) by alkylation witb 

utha-11 ~ blromoisovalorat•• VolJ'pllotJPbolrtc acid t.re.atment of 

(CCC) toUowe4 b7 equUihrtatiGn ot tb;a l»Dl.aoton1ci mutlroJ. pvodUC.t 

with sodiW!l metl»ld.de ge.ve tllG 'bicyollo st:PirQ enodione ( G'CQI) r:4 

th$ acoveuone ~Gleton. 

6~-::: 
·A 

C02 Me 

ee~~ 

~taa ;!J~at.l!tio;n ot· f®'~avl .. baXflil';)l£f41 &nti lult:J~-:V1~ M.t"Jflate . ( .. J . ; . . . 
in preseu& f)t :OMSQ tu :pJGo ba:J _bean $bowa -~ af'f'Ol'd a ldxtt.ll"a· 

•. ·C!n'lt~t~i~Lf 40~ ot -(CCCII).. ~~·.l·~~tiorl,~ p ~~ ----~ 
. . . ()., 

.dlllll4'-d' -&~to~~~'l. <>.>&'IMI..~-Ac.ll~'::e,-._ . _ ~li.- ' . __ A. •II . t ~;it .-;.'I '!I .-i 0001-wt "" 
~-~,'MI4-~~•~• ~ l.fi"PG.-eu~~s.v ~_q!oll 

' ' • . . (200) . 
ror.1te tG ttl.~ !ttme.t1on3liz~tl ~i•ll.·~c .wntnes!(t. 

~;y.nq~~-MUS ~tby.J.. &i~i~is.t;ti;)!l ~ <~ G~~;.J. ~\1l1!1 ~ 1'ts 

c~_ ~l1aa.t1on· t~ii <t~- sptrn·.·(';_~elie. e~'bilnol (OOOlii) baa beun dmaorua .. .q . . . "-!1 ,,.fl!' . ' " . 
'--·--1 

· trated by nu~u; · SJ4 £ t~.ttr·()ut~ too. use ot .t4t-:.hlwa disiatthy!, 
. I 

i 
I 

I 

I 

. ! 
I 
I 



I 
-~ 

Li. Me 'leu 

spiro vetivanes from f'ulvenet 
\jo\\ 

' . . 

CQCIII 

.... (48) 

e.g., 

HE~liC OCK.-~ ·a &, · used lithiu dimethyl ouprate 
. ' 

1n opening the cyclopropane ring ot (CCCIV) to obtain the -spirane 

CQOIV 

X= Q1 B = ~3 
. r.{ 

x=Ca.a,ft=li 

' (235,·200,237) 
WHitE · · · &• .!J. .. descr;bed. a method tor the 

synthesls ot sPiro oyo110· systems· based .<on th~ 1.n:tramoleouiar 

oyclo addition ·or a cU.azoketone tollowGJd by l';~ductive scission ot 

the peripheral bond .t.n tile cyclopropane. (_!) Cbamigrene,. a spiro 
. '(235) 

( 5.;.5) undecane,. was ·synthesized by them earlier by this type . ' . .~ . 

of approach'·when the cyclopropane ring was opened by lithium and 

ammonia and the spirane ( C.CCIX) was formed.- ·The c~eavage tlas 
. .(62 63) ' 

shown to be governed pr:lll'iat"ily by the ste:reo el.GOtron1c factorA • : 



\ 

~-

.lc 

i ,. 

'' ' 

two p~ase system of concentrated hyarocbl.or1de acid and ether, they i 

obtained a single spiro cyelie cbloroketo~. whose s~uotl#e wa·s 

established as (CQCVli) wbereaa para toluene sUl.phonic ~id cata-
. ' ·-

~Yz04 cleavage gave tb.e .f.used produqt (CCCVIII) a. g. 1 

0 

C.u 

CCCVI 

. \ 

QC) -,cQ ·' . ~ 

n "o 
c.ec. \X 

1-1 

I CCCVIII CCC\/11 

. . 'fhe m~thod.olo~ _' desc~t,bad abo~e ·~as ~e~n : Slic~essfully 
. . (285} . . . .. . . . . 

applied by WHr.I:E 11·& · in SJilthes~zlng tb.e spiro cyo11o · ··. 
I ~ . . . . . . ' ' " 

structure ot (~). atr&a.:.ohGmigl"ene" ·(-) aoorenona- B and (~)-4~ep1~ 

~eorenone - B 
'I 

.( 

., 

(145,3.84) ; . - ' . 
l>ES~ONGCHAMl'S · Al· & · · ., in their· synthesis of 

. I 

i 

' 

,f 1 



(t) ...-. .Ql binesol ~c:esetuU;v -GlCPlo.lted 'b.& princ.tple that '-4 

trtoyollo stNetues l.Uta. (.COGK)• :s_;;Nler~t~4 by tb.e iUtl'muolGOUl~. 
. '· ' 

&dditio:a of o~b$ll01d to a o;volh ~otco1~~., cum wa•~o claavatJe ·n~ 

tbe exterior uy'clop~opane bond to r1eld ttl$ l."equwed skel~~on _ aa 

dttpicterl ill (CCCXI). 

o== 

. . ~6 - . . 
Redu.ct1V4J opanlng_ of' 1-me'tbyl. t!l'iouclo (4.4 .• 0 .• , o •.. ) ttooaa"la-3-one. 

pro~idas a 3ane~~.i m_ et_bod. of!• · ~n.tb..&sis. ot_ spbo ~4.·5) dooanone 
.. (37 ,aa,aoo,aM> . . · . . 

der1vat1Ve6l . • . A »'fJviW on spili'o atllitllat1on J1.iA 
AJ.Qhi (o)'cloproWl matbyl$ll$) -OJolo$lkanoU*s has b$on publ.tsh.ed 

. . (~1) . (~) 
bJ PIBM .QQd LAU ·• aBUStm &\• & ~e~t'G!d ~bat ~yolo-

- I 

PJ'OPanol (<;GC:UI) can be reW,.PtlqOd to mPUo (4.fl) dloruJ (CCGXlli) 

w1 til sod1um 1\Vd~?!de 1u me;thanol1 fl·8•, 

ott 

Na. H {MeOI-t 

R 

. fJOOlUII 

. ': 
I 



. (262) 
!~!he srntb.esis ot lQ!tJli-betivone b7 SUBfWAMA.lill\N and REUSCli · 

emplo~d ttl$ acid eatalyzed rilig opening of eyclop.to.Psnol 

(CCCXIV) in spiro skeleton formation step 
(')\~ 

014-

CCCXIV 

Lithium-liquid ammon1a cleavaga of tricyclodeoanone 

(CCCXV) .. b7 .CAlliE a~ al. showed that the oPaUin~ ot cyclopropane 

ring to ·the corresponding spiro ketone (CCCXVI) oocuvs exclusively 
. . (3?) 

with inversion of configt~P.ation at the bett:\ carbon atom (C..J.) 

utilized the sam.s cleavage &-eaction on the exometb.ylene compound 

of the type sbown above, e.g., 

I 
I. 



+ 

·.·., 

' · -.llll.!i . fA1~~I~A!f12J REACliilil£ It ·w~ ~ tounc! fe~si. ble to 
~ - ._., 1--:- ... • ~ [-..- F U lli(lllP 44 .._,._ 

u:v(UlgG toP tba f'orution ot a 41~ ttwo~lh _,l- part1c1pa.. 

tion reaot:L.'ln of a ~e1ghbaur1utJ. Ph~xid~ 1~0J.a poup tlwougtt .FQPR ! 

.select!~&; ot the struotur• oZ a pbeuol.ic oc.qpoutid Gnd the appro-

Plr1ata :reaction env:trtmtUeat. !tba.t nteans,... 1t a auitllb]Jr looatod 

etae~tropbUio cumt~l- ~·· ba' ct-aated on t'be 'bl'anch ena1t1. of ·a 

4-atltyl-phenolate ion,tbfift;·t'Jl· ·a su1trable euvbonca~t,; in~i1&4ole.i. 
' 

euler al.&tflation &n tba l)h~nolic :ving may ooct1r :ln its 4-Positicn 

leading to a aot»o dia®ne as grodtlct.. ~h• si.:tuat!on way 'be 

explained atJ;, 

. - JL(:-J' 

« oou.rse1 tb$ pestt1bilit1es ot ;·~t.\Q ot.bd coal9a~ing 2lGa(ttlons to 

oecv canno-t "Qe ove~Ul~d at tbe r~~t tnstmuce. 

- . 

s;hG Va11tU.ty' of tb$ above 14ea has b$$!l J:~rd'lOO.fied Ul 
. . . ·.. . (?6) 

tbe n:a,suomat!aat1on ,.-.~:action" ot DmiX)lllt» vbc cbttd.Qed spiro 

(5.5) tmd~~l,4-dlene-3-one bV b&.atine: a 4Au.t(f sclut1on ot the 
' ' . 

potassium aalt ot 'ti-(P..b1'drc~ pben.yl),..l-b~pantanet an.tl lA tll£l 
' . (14) ' 

work of DUiiD ~d. W~WtEIN wbo lW$Patrad s,PUO (4.-5) deea-ly4-

I 

I 
. I 

dterw-3-om b1 treati~g ~b.$ dilute solu~i.Oll or·· "4oi;lp~py~a:.tr J)herwl.) .. : 

1-btltyl .. p..~.mobf1.tllZGn.e swpb.Ol1!lte wltb a sliib.'t excess or »otattsium 

:!fll!S•lno~tod.de 1n Mb.V~oous 'tf)l"t .. butai'Wl. :Bo~h tbe ichoetl• used 



I ---..y-

extremely dUute solution of· th.e p~s 1n Ql"dsr to avoid 'be 
othG~ eompeting int.f!n:•mQleculal" :-eaotions. 

~he 8171' ... gut'ic1gat~on ,..eactions bavG batm sllown to 

btl ~1ghlv 4ep$1lciellt on -the nat"~Et or the sQlve.Qt usefl as ~enctioa 
' . 

medium. UptU now Jisu$,..'butau'Ol bas bGen $bown ·to be the b0st tor 

tneae reactions to coc~t! .. :· .. .tr),.genall-aJ. th~aa ,.eactions, bava bo0n 

applied 1A ~~ptU~~ng sp~o (4.G) and slPirO (6.6) akoleton (tbe 

, , ' 

isolate the «iienona ((:COXVUI-> ~tl!SJuJ..i'.;toa from ·ass1sto4 alk.Vla'bion 

0: 2-(P..b1dro~ gbenyll etbrl bromidG WfJs Wl~ucces$lul altboosb 

tb_.e is QV~d~1Jj)& tbat tb$ 21eact1on procoods tlntcusn the aienone 
(J.4) . 

!nte,madtate - · 

. oR 

__,__R_oH~ 

' 'be ease or tive or six aembel'ad :t-log annulatioll ey be 

attributed to tbe lower r:UJg :s~raifl assoeiRted ·with them. U'slng 

ditf'erent nuoleopbUo.s :ln tl'le $lJq'l. sid0 a.batn anti a.pPl¥1ng 

. different reaction eond1t1GDG $GtVeJlal otb.tl» S£11.2.~ 4ten<m~l bllVG 
~ H 

been PH:Pnred by. vay ot eltPlol'l;lu& :the s~ A r 'l! - aaa1ste4 intra.. 

molecuLar a.lk.rlatipn ~aac ~ion. 

I 

I 
I 
I i. 
I 

I 
I 
I 
I 

I 



I 
. l 

.. ' . . . (l?l . .!167l : . . . (?a) 
. Examples are. (CCCXIX), \CCOU) Wlii (OOcm;xi) 

I 
I 

I 
. J 

I 

1 

;· 

!M.s r~act1on llae been eQtoitQd, !.Q· the Vl\tboaill ·or c'ldPene bJ' tWo 
. \ . ' . .:- (54 59) 

res$~cb .groupS) worldng ~dsg~~d$1l\l1 t •• Dotb of' them ;· 
" • • " .. ,j •• • 

• • I • . . • ~ 

employed phenol.lc womo e~efls .(CCmi:t) M.d (C:COJCaXX) re~t1vel1t . 

as k•7 1nters-~Cliat~ut wll1ob attord tbe $P1ro (4.5) deoana dfn'ivativea 

(CCCXXIV') (3 l:l Me, Bt) upon 1~rea~ vtth pot.as$1WI ta~butonde. 

HO 

. er 

. ;'t . O=o5 ..tf-..c-- HO 

cacxuv 

(-) 

the application ot sptro &nnlll.&tiou via A rL 5- Pa31t4cipat1QD ot 

aUql phenols to • thea :J.Yntbeais ot te:tpenotds bas 'been demonstv ated 
(~) . (~8) . 

by MtTQiWl~J.im and lil<iGN~W • l:loe:e.ltl.f ~O!iil1 UiiE'fAMA and 

OitAr«alO ~a.l.med Ji~~Wrvet~vone uatng this tool. of' sguo 
wmUl.at1on. . ~he int~Jl"nal allQrlatlon route . to sptraoas baa suco-

. . ·(126) 
ea~UU1 becan appl:te4 b:r JQ1ilm0N to a aon.rm"omatto srstma 1n 

his ey.nthe:sia ot m10om1c li\1. 'tattvono o.(J.,,, 

,· ,·. 



Irl"th~ exoeedinglu el$gaG'I qutnetd.s tlf ~fi-VGt111~ by S~olm:· 
(238) ' ' - - -

.1$.- al,., the kGY' step !Bvolved alkt.Latlon ot the ktnet1o 

enolate or. tn• enol etb•J" ot -4-me-tbJ'l oyetlone~ano-lt, &.diona v1th 

2 .. 1sopropJ'licline-11 ~dinbloro'butane. The Pl'"'~d lntem-.ditlte 

obl.orolcetoue $V144ntly ~dua;ofls a b1gb.ly ste.reoselee'tive lnt~nal 

aliqlat1.oa Jteaa~ion upon tl'$.tltt~mt _ -.,ttb. strron.s base like 1ltblum 

dt-1sO,PrOW1 ~ .. 

I 

' 
I 
I 

, I 

! 
I, 



~ 
. ' 

I 
I 
I 

.I 
.\ 

(~) 

A unique A r1 - 5 asslmttd tnt,vamoleoul~ alkJ'lation 

react~on !."esulttng f'ltom the el.GCJ'tJr'oPbU!u' attack or a A&t~ 

.ism at 'ba one PQBitioD of 4-U'ti)QZQ' ~ ~lni b~s 'b~an J1oported i 
(9?) . . I 

b)' G!J"!1iWKZ • ~b.o AOQOCCW..an.tt'e ot Sl)iro cUl't1on ~e~a,ngGU\Ont : 

to the fused soystom OJ' tbe non-to,..mat1on ot the unvantt)d p:rodunts 

realll ttng f'l'om tbe JO~aib1Q oom.petlng !G\;OJllCOlecular Z!'oactions 

were tbo adde4 .attvantag~hs 

0 

itw e~prous ion oatrd.J~Gc:i tnttrQD!OlocUJ.~ c;vol12at1on 

of phe1»11c lliba-d1aaoketone$ m the qutbosia ot $1)~0 (4.5) 
(120) . ! 

deoana eerhon t:r&ae work bJ lii~A AI• &• ~~~ be &$aWtGd to 
(-) 

bG &~otb01" exam11o 4lf" &eib@la · A r 1 - ~ p!Wt1u·l.Pa.tlon Jrenetlon at 

the tirst slgbt1 as,WiiDg tbo dinaogJloU.J bem?ing carbon atora to 
' \ 

act as the el$C·tJiopbll1c oeut~l" 1D the "t!!5'1 aid• ~balnt end thu• 

f'UltUllng tht"t ;l1oquue4 condition tOt' Ar..ptmt1c1pat1on to oucw.-. 

Later studies abQVad that the rf:rGCtion ltJ not tto dml)le ~~~ ls 

ftssumed. Wbe, 01oll?>t&t1on lias bean sbolftl to pt:toceed via nolN.lara-
. ' 

dle.oo- dal'.tvat1ves and hence the ru.a;vl pe'k1·1PI.ltlon oao\U)!a, 1t at 

I 

I 
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~'1. ~\ . 

0-o>j~ )r'l. 

H =<!> - . . t-\r R 

Rt-::: .R2 -:. H , n "" 1. 

Rt o: R2 =Me, n .. 'Z 

R':! Me, J-1. 

-111-

. ~0.~ Jn _-_H_:2.:___ _ __.,. 

. ~R2 R=Rt.,.Rz=-H 
. . ... .. , ... Rt 

$l.mila.,r in~waol®Ule al~la·t1on of phenolic dluooo• 

pounds bas been o arr1ad out by W~.tAtm!r«A and BEll usillg bo~on 
(22,23) . 

t~Ulowr1de etb.~rate ns cat.aJ.yzat • ~net grepareci th~ spiro , 
. (28) ' . (33.) 

compounds <ecem & CCCXXVI) .·-- ·~ (CCC.XXVII) fl'or& the 
. 

corr•spoading dlazoketo pbonol•• 
)!) 

\ 
. ~ .. ... "'V 

CCCKXVI· COCX.lWII 

A good ~'bar of spi~o mmulat:ton ln'OC:es•u• h.a,ve earned 

their importance .as eynthet1c tools in tbe synth.$S1$ or- apuo 

sesqu1terpenes. 



+ 

<... 
I 

. I 

Upt~. now o$.-gbteea SJnt~ses of ·bUQ· veuVon8 has been 

··~ted m 11teratU\?'e wbicb ~- su.uwru.·~-z~d b(df)Wj' 

I 

Xb$ -:f':br:st total sYAtmsts Qt tiit.a.vet"tVOM by MamlL\LL 
' (lfi5) .. . . . ' 

·and JOHNS~Jli · aiaplouod the pnotocmua1oa1 2,5-c,-el.oW.xadl<mone _ 

Jteurangement route to gen$JtatQ. tne tJ.Pfzo (41 .. 6) f!e()adlGiloM (C~CJOOt) 

· il:ora th9 approp11iat~ eiil.l$t.1t~tGd UenoM (CQC.UVlii) Via t$h& 
' ' 

croloJj»:'op7J. ket~ (CC:WlXl* '·!l!hls route Ot J,l#eg~!ng spuo (4.6) 
. . . (lAO 141) . · . . . . · . 

4eo~s by &iOW 1 bas bGG dt~SC:US$84 01»1lDJ'e' &llect1va 

~edtlctton ot tbe oonjugllt$4 do~&ble bona atf'or.de4 tnt1 e.JlOn&.. (t:~a>. 
In order to U.t~o&.lce tb.e- lso-pro~idmla •o\l)) •t too proper pod.-

. tion on tbe o;rcloJent~ ·$g, the ·ellOlle was condenBed· ld.tb. etb,.vl. 

. formate wl2,en tbe condensation -~ott- JQ.ace at ·tb.e loss btndai?od fal»ba 
. ' . ~-

position at tb1s ketone to mttvo a bJ'dro~ me~b;r.l.sne d•tvG.tlvo 

·which on subseq~nt treatment Wltb ·butane tbiol an4 boron Vitlu._ 

. J.-ide :r1oldecl tbe_. tb!oathu ·(oCOOWli). · So~ bov.otwdl"J..;!" · nd\to- · 

t1$1 of tbe ~ poup 1n ·(aeeB.XU) to:UOW<Jd blr aolct b1<!1-olr$1s ot 
tbe thio etalol' liDlcago and. -subsequ,ent ~~ve.atlon Or 'he »Gaul. tt.Q~ 

alcohol led to the aldoQJ'dG (CCOXleaiil.: _ rilte addition of aotbJ'l 

lltb1wa to tb& aldehyde fuW:tion ot· (Gta~l::t) ~tOJ:ided a ttixtawe 

of 'd1a$tareomeric aloollOll Wb,~b U ed.d~Oll Wii;b 8,3 diCtlano-6t6• 

diob,l.o.ro.1;,.4 bGAZOtl\l:lnom (.DDQ) ~~S\llt94 iD the _conversior.a Qt 

saaondaey .-La()hol to th$ mat~ ite~om (GO~r: ) .• ; 8~l~:t1ve 

1'4/ld\l.~t~n of' tho con3nmate_d aoubl.o boQd 1n < r:o~ > was nocOm- · 
' . 

Jl.1ehed by t~r.l1ng l.itblua in ~Jl1a.-otb~1 tol.:l.oV~d b-y tile oxida-



-+ 

\ 
~-

., 

tion of ~he saturated ·alcohol dist~reom0ric· mixture' ·to afford a 

nearly- ~•1 nt\.xture of two i$omer1c meth.Yl. ketones; · differilig 1n. 

respect of the ol:'ientation o_f. their resp~tiv~ acetyl substituents., 

. Addition of methyl. li~hi~. afforded t~e aorre$ponding alcohols (!) 

The c.onversio~ Qt the 

isomer~c. alco.hols., (C.Q~) ,tc;> :r.ao$m1Q .. ~-w~.tivone was ,aohj_eved 
•' . . ' . ' ·. ' ' - - ' ' . ..., . -

al..oli\g ~he route .dE\!V$~oped by YOS.I.QKA, end ~DW'RA 'for the transforma-
. " " . ' - . ' ' ·. ·': .. "(303) 
tion of .nat.ural .hinesol ·to ·(+) .. beta .v.etivone 
'' ·, .. : ~ . 

a b 

0 

CCC X XVIII CCCXXIX 

h.i 

0 
· C'CC'X X X IV CCCXXXIII 

' tj,k' ,h. 

1.. k,m 

I' 'HO 
CCCXXV XIX 

0 
CCCXXX 

. ( f .. 9 

0 

0 
. CCCXXXI 

0 
CCCXXXII 

. . (+) . . . , . (- j . . . (-) n / . 
9= n.V;. b=H. ; ~=Hz-;- Pd/OH , . d= HC02 EtjMeO. ; e= Bu SH 6F3. 

f~NaBH4 ; g;;;·H3o<+>; h= CH 3Li; i:: DDQ; 'j::Li/NH3 i K:Cr03 

t ~ Ac2oj NaOAc'; rri= BF3 · 



I --.-

~be second totlll qnttsests of (t) _)J$A vettvone by 
(126) . -

JOH£iSON · involved the spl:J:'o $MU.\&'t1on· to tba ~equi~G4 (4,5) 
\ 

spiro skeleton in 1;ho f'iWll step 'b7 ntet4R:~ or a steJ<eo seleot1 ve· 

internal aliq'lat.lon route, e. t:•·• 

XIX 

'·be e:rume ( C:COX!t1tVI) cotad giv$ rise to t~br&"-' <l!f'ttfl1'ent 

enolQtes whicb ooutd, 1ft turn&; ~rield six dltterent inf;e;r.n~l alkyla­

tion products, e.g. one froa o(2' 4M'alkylat1on, ·two froa i .. nlkyla.. 
( . . 

ti ou, two t»om .Y ...aliq'lat1on1_ Qd Ol1$ t.tom c< .. a.t~rlat!on-. ~U'te» 

extens1Vtll experiut9rJ.tation, ·1t wns tourut tbat ttl$ ~se of sodluta 
\ 

bydvox14e in aqueous d1~~Gtb1"1 sul.phoxt.m or..uld ~t etflo,(.Jntlv 

both the raqu1renumts, Vi.m. t pr·ef!'erGtiJ:il f'o.trm.atioll Qt th$ proper· 

( gamma) ... enolQte as Wti~ll as _the stf)Jleo tlffloo ti ve lltk)r.lation of' tbia 

enol ate to tlle teton. ( COO.iKKV:t) tmi ~tng uonvttrt.oct tnt() raoemto 

pSii-vativom (.U.X). Pr.-_$llC.U\blU th:\$1 p~t1eUl~ b&ed.C St'7lVent 

allowed tbe ~ap!d equilt'br.at!ml ot ·all P:OS:.lible_ ~nolates with the 

one depJ.otsc:t by (CSCJOOWI.:t) be!Dg mos~ p:r,-one to 1nt9,rnal. 

I 
I' 



T"'. 

.. J.li.j.". ' 

&l.kfl&tion. ~lltt stel"eo ob.emlstlfl ot tilis stGp mBf. be asswneal to 

be contrOlled by tb.e c,-el.ohe.ql me.t1)11 groapinfb: in iiO tar as· 

st&ric t"aotOJ.* woUld f'avouro tbtJ !QtUU:ated _,~~at~t •. 

!i!·b.e requielte emaa ( QS~.WX} W-QI !leatl$ ~et)are<J uams 
a~u xyleaol !lletb11 ~ther (CC~:til!) am fh~e -st~ting· -,_te,..ial.--

~1ro.b N·~t1~.n tullowed b~ Di&l8-At®:ro ~~•tton of tbe ~duot1 
thft 1 114 dt~m- ( COOX'XltD() v.itb UP.tb11. ac171~tca aff'-tled the atel'eo 

1sotne:'1" filature of the adduot (OGOXI.) 1D e.Gtl ~at!O. Needless 

to tattY~ tile oQllvo~sifJ!n ~•{tubed l'nox-- f#b4111'mal .. · i~~~a"tlon ot tne 

di~ (CCCXXXIX) t;~ tbe l~3 _1~!'1, B,f..oPl'i~ttt t(fl! ~Ollf.A\.del.P 
~eact!ou t)o_ C{'l(fU~• !!!'he .t'attlle "ttao~ bY ~t.h~e• oxldo at th~J. 

. . 

lass bin<ierGd.tao• ot 'be estGl" onolate gav& (~CCX~) as the major 

componGt 0t tna epw~io lantono mbtWfe. Ad41ttcn ot m&tbJl 

, mapaium bromtuG' 1~o· tb.t.s l~'to;ae ~tWi'e ~~\f~ tb.UJ oari:-"sponUns 
. . . . - ,-...., 

diol lllUt~ (mllln:ty CCOXUlJ wtu .. cUl unf!e,r ;gent 1nteu&$t1ng tragaum. · 
. (00) . . -- - - . . . 

ta.t1on ~enction· UllOJ\ i;l"uc&tw»1'nt· w1tb 1lr3.tl'~O fiJGitic ao-ld. 

Btc!rolfs1s. f'oncwed ·by est~U1~t\t~ l-11,.;~b ';p..tolU®~ l~utpb.QQ11 

oblor1to\e attmrdt.t<i the de~t&roc! enont) (00~111). ~be SUOCOI$tul. 

, . a.gpropr1ute Gr.oli~a·t.tot\ f'oU .. owQt\ lll iater'ib) oon~lod fnto.rn&1 
l '• -

alkflutioJl ot (Cce;00\.1/.t) co-JlPlotP.ta -thtl arntbes!.s or (!) •llll&-

vet..ivono (.lUX). 



' ' 
~ 

; . 

i 

CC.C. XLU 

£IS On. { 
~ ;J+--

000<!.-~ ~ 

a-=Li.}N.H~ • b=~O.(J?-VIe/140; C!-=(:::b/Ph 5QLt_; a;.MeM~Br.; e_:>CF.3C!OzH 

:£;: Net. \,\C!O~ ; g = p- Ts~ ; h ~ No..O~ j .DMS.C -~'2.0 · 

A relate_4·c·at!.onic oucl1aa-tio.q routo wbtC'b resUlted in 

I 

! 
-I 

: ' 
' 

the formation of (!) 10-eP~:R&!il vet1vou (CCCXLV) was repovted by [· 
. (176) 

MecuaRI .,s.. £. • fhe f'1nal step in this case also :lnvolved 

the spiro annUlat1on to (4 •. 5) spiro deoane skeleto~ ·as in~ the 
.· . . . (126) . 

, 11'~tbet1o route ·developed by JaHNSON · • . '.rbe key aanulation 
' . 

step in· bo1ih tbe···qnthes1s appealla to be controlled by tbe _aterao-

oheld.cal 1ntaractiona wbicb dlrocted tbe formation ot oyelopentaae 

rill& having K<JDG geometry W1tb respect to the ad3acent •th71 

group e.g., 

I· 
I 

! 



\ 

0 0 
\..._J 

CCCXLIII 

OH 

-HC02. H > 0 . 

CCCXLIV CCCXLV 

... ~ . ' ' 

• f r • r 

i . 
f • 

. . . 

et ,( CCCJOO\lfl;'. ~· <: ~) .:Ia pagt.l. :t,1iV) 
( ,' ' :' . ' ' 

. ' . 

~be st&i'-$0 JN190·tiv1ty' Of 1tb1s ap~~ ~latlon :Pe·s.ottcn bas been 

4esc~1bed. to ·t>O a. ~@sult ot. ·•iUt.a:L~•', al.k,lat!on tn wbicb tho 
. . . . \ . ' ., . I' 

sUy11o carbon a~l'l'OQC~9S ··t~e. ltat:G ~of. tlle SOl00\110 . oppos.1te tb.e 
, \ 

"gseudo a:d;d.~' .~ ®tbV1' SI'~Uli'•·. ·, ··¢~t·~ 4.s probably due to the 

lack ot ·le3. ad~~mBl. tnt~action. rUld the mlnlrd.~ation ot 
. . . . ' ·. ' .. ' ·... ' · .. ·' ':\ 

Jonaaori.Mablcjtr;t al.ltltc 1,a at!1atn. · ~epua:tiOD '~ the 
. ' 

penul ttmate integaiedlato. (CCOXt.Ill) vas· ettected ttmou.gb a 

convorgeAt· syntbe'i1c sobom& lnvolvling allqlat!on ot ~h<t 11th1o 

· dQP1vat1ve wltll thct indicated oblot-ok•tat (CCG.'t!NI:t)., ftettuct!on 

oz tb~ resuJ.ttnm· .Lll'odoot Witll 11tbtwa methyl Qmina ot.teuilOd 
I • • ', • 

~dilogenolJslt ot 'botb tba all1].1e .$l.ll.pld.de an<! ~yl P'O'tlP to 

,1ral4 tb$ alcohol (OOC&Llll) 

I 
. : 

i 
. i 

I 

' i 
I 

'I 
I 

'I 

. I 
I 
I 

I 

I, 

' '' I 

i 

. I 
I 

'· 
I 

. j 
I. 

I 
.I 

I 
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'v"' ¥ ~ u.~"\../ n n ~)(! CL n b;c_ 'd 
G~ 0~1 Gll-\ OC.I-\2.'Ph Phs OC\-\2'Ph 'Ph$ OC.HzPh 

· C.CQXLVI 

ocH,Ph 1 e ·.'•I ·- '·· 

CCCXLIII f 

PhS 

! j • 

A ~Clleuie for 11Dtbes4ztng -~~ httvone, closel.J ~elated . . I 

to that devolop~d by JIBSQtJNG Qf1AMPS IJ;,. ~~: tor the rqntllasiea ot ! 
" . (184) : . ' . . . . ( 17~ J.74i)l 

asfU'osp.Uol waQ ocmcdved ana exeou,ed b1 a!ClE and Mc;ouanf • i 
I 

!b.e ettort aU11aac.t,- ae a routo. tp --sp!.ro (~.o). 4oo-~ ekele.ton1 tb.$ ! 

copper oata.t~~~"d deeompos1t1on Qf t:he unmatUJ~ated diazokotone 

( CCCi.ii) prepa.re4 a$ roll.ov.s; 

I 

•I 

I 
I 

I· 
i 
I 



-~ 

a b c d 

I 
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. ! 

I 
! 
I 

I 

(c~2c2H5):2 
CCCXLVIII 

a= [ 0H/H@ ; b= Li AI (6Ef}H3""; 
OH 

CCCXLIX CCCL l e.f : 

c-:- CH 3Li/PTsCI/LiCI; d= NlcH (C02EtJ2jG/yme 

~ e: OHc-yH+; f: bILl n jiY 
g == NaHj CICOCOcl; h= CH 2 N2 

CCCLII 

ll 
0 0 

0 
CCCLI 

ttse knoVA coi~PQWld- (C~ltt'fl:ti) was ketal:ua4 and thoD *'edUced Witb 

lithia ~~tio::ey:~tumt.ntum by~i.de to attq~4 the unsaturat0t1 
' -

aloob.Ol (C~).:. 'fh9 unstal4e v1nylogous ~blo~oketal. 

(CQOL), p11ep~ad b)r using Qlethyllltbia ad p1lJ!a tolttm'M suJ.phonyl 

cblo,..14e o~ l~t~ cbl.wrtda, w~s tsUb.rd,;tt~tl to ~aalonlc e~Jtel?' · 

afDtb.Gs~•~ ~be unsatvat<~d. k~tit.al $C1d. (CCOPdl wa$ then aonve~ed 

to ·tb~t dlQOkotone (CCCr..IZ) via tl'oatment oft its ooild cblovidO w1tb 

an excess or diaz~tben9. 

Wile tatraqoleoule koto o-~~ -insertion of' < CCC14II) 

·produoo4 an epS..ewtc ~twm of tbfl 0101opuo911 ketone (CCCLIII) 

I 

I 

I 

' I 

! 
I 
I 

I 

I 
1-
r 
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and tO. dxt\U*e was oonvtW\ed to tile Wlsa.tur~ted ac.t.d v1a Seto..-.. 

matslq' acidlt1011 ot otb¥1-al.ibl-bromo isobUtyrate followed by 

ao1d1c ol.Gavrage or ket$l. antt cyoloPl'!OJ.l&l1G moieties a!ld sapoB1ftea.­

t1on of tbG .utel' groupiDg • 

. ' . :-.., 

b,C 0 

CCCLII CCCLIII co2H 

CCCLIV 
a = c u jc~ H 6 ; b = z n / ( c H 3) 2 - c ( B r)- co~ E t ; c = H (!) 

XIX 

Vct~t.n~atel.y ftUtll6!JY~ua attempts to etteet dooa.ttbox,ylatlon ot this 

llltl aaM wsat~ate~ auld vet-o o£, uo avau.. 
. . . - (173) 

!be dCOU<l apgl1each Of' S~Olll( and HeOUiit;l ln'IIOlVUd 

aaa-Cl.atsa roatrt»anpwmt of the ~ loter•d1a'e (CQCL.VX) 
-· - r - . 

p:rep•o4 by al.lqlatlng tne;':i?yJmtlidim· enamltw {CGCX.V) witb orotyl 
f ,f • • o' • ~ • I -

bromi~. ~- l"~action was sbtND to Pl!'oceed ·m..tn a,a sigqatropio · 

rearrangement of the -4UatUl.*nr»r7 aal:J; QUd it~ a~ic courBC was 

~eporte4. to be: !OV4<»"~ b1 ~Wt ()1'11.mtatiM ot the !)Jrd1'l1di.ne 

moiety as depicted beloW4 
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0 a } 
'N 

0 
CCCLV CCC LVI 

·., ., 

d.e.d.f,g 

OH CCCLVIII 

lh,iJ.k \...-

. CHO 

CCCLIX 

l,k 

·XIX. 
' .. I 

Q = ~Br·; b=A; C= HeO; d::cH3 Li; ~=. NCS/ \CHa)aSjMegNj- 2.0°C 

f= (is~ CsHu)zBH; g= H26a/NaOH1 h=Ac,o, i= SOCizjPy; j= NOOH; 

k~ Py, SOa/ OMSO; L'::: Sil i co ~.gel. 
. . v . 

A1.~4ebJ'«a (GaOLY)J~) app~·e4 ~.-ous by gas· obPouto;p!'apbJ but . . . . 

~be H•sDUitr _.t ~M -•t-•~ao!laotaeva oould •' be 18Parate4 

-•411kdy.. ~VIll't aubaect®A~ '~anatomutlontl.tQ.volvtnc 

&ticU.t!OD of ••'bJJ.lltbi., Oxld4~101l to CO!'H·~ •15hll 

lcet01Wt a1•peated 'J'eat~· \d.tb •thl'l J.l'bi.UII. followed b7 t$VVlL­

Dal oa14attoa ot 'Che olei1Dlo PouJidDI Vl't;b dl-S.$G2UDJ'l bol'ana · 

rtelcled hila 41o1 (Ceft..VXXX). 181.-,lv. ao•trlat!OD at fiho 

' ' 

( ., 



prtmuwr eloohol, deb1dr&~1on of tb• tertl&Wt alcohol toUO'Vftd 'b1 
. . 

aapt')!i.U1eat1on and oxld~tion or tM dll!'ived prl~r alcohol gave 
\ 

tn• unsatura~~ti a14ebVde (CCCLIX) whioh \f$S eJOUaed to a alxture 
. ~ 

ot ·epuulc $tlq'l.en.e c;velohotmOJ. UDOD VC14tment wi'Ch silic~. 

· Osidat:toa w1tb. wr1t!W-aUlpb.wrtrloxia. in dlmeth11 BUl.pboade 

of tne otbw li'Oss1bl0 laozaer 'i.e., (:t.) lldl veti vonG .·(nx> was 

apparentlv att:t'ibutod ~o tau.ue 1a c.eyt~Jtal.11z$t1on. 

. tte-etmftion.. or the e.'bove ~>Etaoti~ •. c1u.ences b1 

McCUW:U 11• &· · mowed tnat tbe o~ (CCCLV') em treatllant 
. .. .. . . . 

with kiil' CJ.tot71 bllomlde tu~Ushad 1ft 75/i rte~d a Wh45 rd.xturQ 

ot distehOUlers of' (OOCLVUJ. 41ternatiWllf,'Wb.Sn tho enamlna 

(CCCLV) was 't~eated vitb aJ.a.\ir.otyl wamt.<la tb.O (liastsroomerlc 

Patio VQI l'GV8!1$0d 11\lg~:~ting that the 3f.3 $1gr:aatl"Gpla ~earranp. 

aent of tile quate~UWJ'N salt l$ ;fA b1gll1J stt:ue,o sp&ctt1e reaot;ion. 

tmord.de) 'Wtls cronverted to aldehyde (CC:crJLfDt) flOllowiQg the methods 

(CCCLIX) ~ a SG~abl& nlixtt.WG! Or dlarft~Of!e:Jrio t1Pill'c alcohols . 

(COO LX) ·and ( CQC~X) wbea ~Xl)O$Gd to a oaiilllytto ~unt ot tttaMio 

< 

'I 
l 
' 

i . ' 

I 
I 
I 



\ Q 

· .. ·. 

. . •' .' 

.. : .. , ... , .· ;_,. A+_tht?ug~: tt;lere l!IS!3. torJl1~ly. ~he, possipi:L,~~Y: o~ .:~J;la :f-orma­

tion of<f'our d1ast~.reQmer1e ·.41c. Patrs .. izl .. tlle·.ac.~.a .c·ataly:ze~ ~..,il1:s· · 

rE)ac.t~ol'.l.,.· tsQ~e~ _.(.CCQl:a.1t) ~d (QqQTJJ:{I). aocounted: tor .over.: 97$:·.ot. t_he 

.r.~~tl-~1oJ:;t.~xturee.' .· ·.:aotn ::Lsomers, ·P<,lsses~ed, an: equat()rial ·.alcohol 

t.uQCtion. and.-~ ;Jx:l.a.l-.m~t~l grou.p, .. which 1-.s compatible iAith the 

f.ollQw;ing .r$a.c1ut.on: .sequenee .... . , 

~H H 
CI4Sij"O 'l H . OH 

E£)~' 

·The · ox~·dat1on .· ot pure hqf4o ~lY.ii<t. -a:J.c9hol '~tl,QLX) · 

at~~rded_·(:tl:.)!et&, vettvone:- <XIX~ ·and that ot (CCCIJC't) ·gave: (it:J~lo­

w.-.beta•veti~one ·<cccx~v;.· '· · · ; 
'' ' •• 1 

: , J ' 1 , : , , I_,, , ,': , I , : I , , , • i j, • ' ! ' 

alkyla:t:!.on ·of tne· kinet:.ta enol at~ ot ";,;he enol~e~h.er. •lf s ... methy-1 
, ' : ' 'l , ~ : 

1 
' ' . , .• , '• 

1 
• , F ~ , " • ·, , • • , ' ' l 

oyclahexane•lt3 · dione {~OCLUI)' ·~lith .2.;.1sopropYJ.ide~e-l,4-d:icbloro ... 1 

·1lutan~• · , ·tb.e. :Pr~~umed ·!ll. :termediS.ta _chlor~keto'ue · ··rccai.xtrii) · · i 
! 

·~Vidently :undergoes a·'nighly st~reo 'selecti1re' oycli~ation :·l~eaction I 

UP<;>il tre'atment '\.71:~h a strong basa9 'uo~e of' the 'epimer-ic:) spiro (4.5) : 
i 

deo~e product w.a·s ·found to be formed. Addition of· methyl magna..- · i 
I 

slum iodide to ~~e cycllze~ procitic't 'afforded the ~cohol ((:CC.LXY) 



+ ' ,·-

,f 

wb.1ch Jielded ~aoemie ~-vet1VOlltJ (UX) UPGD OxPQSU.re to. 4Uute 

acta. 

VOMe a,b OMe J!OMe I _...;... a 

I .•. 
0 

CCCLXII lc · ··-· ·'· ,._,. ~-CI CCCLXIV · 
CCC LXIII 

0 d 
OMe 

~ 

.I. ) 
XIX' CCCLXV 

O=Li N (iPr)e ; b:::: ~-->=Cc~l C= CH 3 Mg I, l+) , d= H3 0 

ffh~ appl.io.atl-oll <# t.i ttwea step CJClOPOJttanol19 syntheBil 

sa home conasttng or ~be o,voluPJ~opa,n~~a ot 4tbQl 4$r1 vat1vea with 

4luomet0,l UtOtlOit the 11borati.on of ill!! 41carboJi1l. compound$ 

Oil ao1d bV<lrOl.J'td.s or tb& ~ssul tQBt AfiSi-~JClOP70PYl ketQMa, 

and 1n:teamolecUlu aldoL ocmdGU&~tio~ :tit the ~amu.ttmlt 114-diket.J 

svstam, to th• sYiltliaestL~ ot b~ta.votivom has , be• d_,$Cr1b~d by 
. l244). . . .. ' . (283} ' . . . 

S.AT~ ·aM w~~ ... AL· ' • ~h- ~eqnltr•d atm1tlu.,~ :a~t$l!'1al 

tra ·tu pur'po:t&.t thO a,~dwtt>¥1-1-cJ~o •~ ~utl!·boxal.deb_vde. 

(CCCLXV). was not •cess1ble and bfit!JlC&· th$1' · started. w1tb its doUble 

bond 1.~ (CQCLXVl>t tii9 enol· ~1vat:1v~ (OOOLW/Irt) ot vbiob vaa 
I 

. sub~ acted- to equUibli'iua oontsrolle4 atronm ban t:il'eatme.nt to t.be . i 
. I 

atab1l.1zea 99ll~~41eDYl &U.on (QOeltXV'XlJ:) and ~tum to the (tQD3Ugated! 
e. o I 

d:l.enyl ether (CCC~IX). !b4J cocurt7nce ot· twmt:Jmesttylona (CCCLXX) i 

I 



~-

' as' .a sid.e pr'oduc~. fn~i!r~tfed' .. ~roton:~~;l?~ of· the int~~med~:ai;e· 8.hion 

:(Q~QL.X.\TIII,) t.o occur,- :even at_ th~ o~-yearbon: ·ato~ ~~~te,.· thereby 

decol'.Qugating the.enol ether. systa111.: 
CHO ·CHO 

6 0 .. ' 

-

CCCLXV CCCLX. VI 

'C5Me &Me . . . 

KOBut 
.. 

I . 

CC.CL'l<IX CCCLXVII ~ 

['6
oMe . 

. ~ ~~ut . . 
. > 

~ 
. ' 

CCCL'l<VIIh~" 

OMe 

-OMe<_, ... '6' t~u\ .'6]--+ 
CCCLXX 

diaaoaoetone in diena Copper ~atalyze(l thermal. decomposition of 
. - \.;' . 

(CCCLXXI) ppo¢i~tced, a 41+~1cui ~ sel?arable mixt;ure, or c;,vclopro~a-
' no~es who.s~ twdroly.sate ~evealed to bs ·a· l::a co.mb;..nation of 

, , ' ; • , ,I ~ 1 1 l , 1 • ' ' • 1 • ' I > • 

bi,oroles ~~ccc.~·t·> (w~tk,l.out ~tei'~9c~~m1ca1. oannotations) and 
- ' ... ,' . .·: ': l ., :: . ' ; . : ' ' ' . ' ' ; 

(CCCLXXIII) ~especti~ilely.. .Aci_d catalyz~.d hydrolysis led to keto 
\ I • 1 

: I. 
1 

' , • . ·, ' l : : • • •'' , • 
1 

' ' ' ~ • 
1 

' 
1 

aldehyd~s · l COOLXl[l:V) and (QCCfi!XXY') 1.•espeottvely.1 . The latter 
1 <, ' , I , '

0 ! > ; • " ' • l ' I ' ' ' ,o 
" , ' ' I , ,, , 

(~C¢LXXV'_).wa:g found to be a mixture of two _stereo i-somers whereas 
' ' ' I/! ) ' 

Meoa-· · -cocH3 
Cu · · 

--'--'--· ~ 

. . . 

+ . 

.t:S. OMe_ 
I/ . 

· "'"·~~"""" ·COCH .n•'' 3 

CCCL XXII . CCCLXXIII 

. J 

CCCLXXIV CCCI.XXV 

I 

I 
. ' 

' 
I 
I 

i 
. ' 



'I 

I ' 

' 
,I 

,·' 

''J!ne stereochem1C«L aspect. ot the ~e·action has been shown to be 

g~ver~:~~~l)y the seo4)ndary m.e thyl grou.p, . 

Ba$G tteatment convertecil the ketoaldehyde CCGQLXXIV) to 

tbe· ec;nriug·~te4 · k~i~o.J~e·. (q¢~~~) wb.ose b.vo.rogel;}.atio~ t1f the presenoe · 

: Q£' b~se fllirn~·~tted. )ih.e ·.·.sp~o:· ketone' .(C.ao~$l~?··· · _ Tne pre"iou~· eon­

version of ·the :sp!ro' keton~ (:~ecuekv-:t;r) i~o '(1;) ..;.Jaag vetivone(l64) 
"' 

made these :;rQ:aet'i.on .. 30qusnc~ ·~~x·:rorm~l total srnthen~s ot th.~ ses-
' . .' ' . - - -~~ ~ ' . . '' 

. qui·terpene'"~T£ri;~voite .•. 

CCC LXXIV -~.c1') ~-vetivone(x1x) 

' .. ' 

' · •r-~r·r:' GC~~~~·'~ 

L ' ' .., 

. U$.g. cyQl.C!,Pr()pa,no~ :,ring· open~g· :~:e·ae:tion;s .ot. 2wh)~dro# . . . ·' . - . 

· · . : ~·tric;rclo . .' (~:.4::.0~q?'t6 ) 'de.~·ane·~a~one~. to· sPho <(4•5) doomes1 ··an. 
' .., ' ' ' Q,. ~ • ' • ~ • ; • ~ ' •• ~ ' • • • • • • • 

' · · · &.pprc~h'· i;o synthesize· ai&-Vetivone .was explored by· REtrsau and . ' '(94)' . ' '" . . . . •· \ . 
GRIMM • !I!~ l,.?~~etP.yJ..•2-bydroxY 1;~1tyclo (4t!4.o.,o

2
•6) 

>, ', '' • ' ' ' ;'I ','' ( '. , • ' 

decane..-.a-one was transformed through a sarles ot step to a dienona 
. . : • . . . ·, .. ~ ' • • ' 1 f ' • .. • ' ~· • • " • ' 

which was reported to afford ~ vetivone upon treatment with a 

oopper moditied gr:\gnard reagent. 

. . (26l.) 
S:UBR.IWMANIA,N and. ~USCH · ·. reporteQ. a reaction sequence, 

described beiowj tor the ·1~2·· t~ansp~sition ~r carbo111l group 1n 
' ' ' ': ( 

:.l: 



-i-- ' 

the cyclopentane ring of (~C~) to .afford the .spiro ve~t.vone 

· ·utejmediate · .. (CCJ.~I) w~ch w~s prepar€ld ·eariter by. MARSll.A.I.I. 
. . ( 1~~) . . . . -' . . . ' . .·. . . . . . -

.' ·A;ie .!il.;~'.: ~':in: :b~Ef~.ire:~1Vonf;J 'eyn~hesis. ~bUS the Etffort .. 

. may b~ tre~te~ as ~ par:t.i . ..-.. -,syp.tH:es~s or .. beta~ve.t~vq~e· . _Th~. , 
,t ' , , 1 . I • ', , • ' • 'I , , .' , • • • , ,, , • , , • ·~ • - ,• , 

· tr;toyc:L!e ;·ketone· (CC,C~X) prepu~.d fro~ '\;he 'b:i,pyol:,ic. ene~dione .. 
' • I , • '''I ,·,: • ', ~ ' • : ' f I•~; • ', · .. ' ', ~: ,·... ' • , ' ' m ' • ., ' . I . , ' ' • 

_. ,( ce~~.l~I) .-on ~-lr.~~:t~~J:l#. ~th .. L~:th,~um,· in sE{_o1;da,., on, . s.odi~. bor~l"" 
~ . ' . ' " 

by:dride. re~t~o~. folJ~~wed ·by cyclop:rroP)'~l ring ,op~n:l.ng- 'tti:th. ·ac''-d 
, ' : , ' I • ' ' , ' ' ' , ~ 1 , o ' • • 

ga~e (-,9C~LXXX) .• 
' ··~ '. ' I ' 

0 . ' ' " 

(t~:t;li/NHs 
OH OH 

NaBH4>.Qi)· . ~ 
·o . . 

· · . · OH . 

. .eqC'.wotv~_II · 

I 

I 
I 

OH 

I 

. ~er~1ai:y'·ll:~t1l, : $if.r4etbyl.s;Uilc-b.""Lol.-iaa1· attt\rded· .• i seedni:iary· B.lcohol 
. . . . . . . . - "! 

-~h~o.~. ~~ .,sups_~q:tl·~t ·.dah1-~~~~o.q. ~Q:t1!•:)ug~ .:t$s C~f.tr.id~ atfot.~-d~d the . 
, • ' I ' ,• • ' 

, ~le~~l(l::_-~;~qc~:~•;: ·,_ Seq'!~11t~~~. b.fc;Jrob~a'¥~Qn, -lon~s o::dCiat:ton, 

.removal of the ~ro_~·C3rl~ing., .. grQup a.."ld deJ:ltdration_brollght ·success to 
, .•• , _ . '!' • t· 1 \ •• , • • , , , • ~-. • ·' • c, · •• ,. , • ·, • •. r , 

the eff~~ Pi.lt$. ~~spoe:ltion. ot carbonyl group Qf, (C.CC~) -b1 
' ' ,. • •n ' I • ' ' ' • ~ ' ' . ,,; • • . - ' 

... W,~:f Q~ ,~fq~d~ng ~~0~.) • _"?he -~equlr~d spirq .Ve~:\Volle ~ter~ 
mediate.~ 

!'. . . \-



a o 
CCCLXXX--+- ~'"'"'" 

b. c,d, 

OTOS 

_...."" ..... 

\ 

e. f ) 
r';,_ 

(OTDS 
"- HO 

ccz:cL'x>xxl · 

g, h,i 

OTDS 
0 

a = ·(CB3 )3c Si(g.H~)2 01./imid.azole ; b = ~1Al.H4 __ ; o =. CftaS02Cl. J 

..... .-d. ::=. ~sijtJii/4 ; : · c.=-. !J:h~%yl bc~ane ·; f = lisG,a/NaQH J 

g ::::· Crc:JafCijH6N 1. h = :e:3q'" t t· =· ar:;a1 so3wc6Bs/4 

· · · 'A va:lu.able ,(4.5). ~piro deoane 1nt~rmed1at~ (C.CC~III) 
' (298) ~-~~~ 

' ' . - . \ - . _, ~ ' ' . . -

·: l(~·~ p:t'&~pared by ·IAl~ADA · !l•. !1~ · lls1n.g catiQn cycliza.tion 

·,rea.ct;i,on .. ;Jon the 'Gu.t'a_i~. :step a:'lq. ttt~l1zad(_tbe )!ntar.media;te, thus 
. '. . . ' . ·-298 .. 

I 

I 

p~ep&rsd,. in i;yn.thesizi.Ug · dl-hs:~:a. vetivone1 dl. ... hinasol1 dl-At.P..bA,: 
' . (299) . (300) . . I 

&: · dl•ibot§:o-V~it±,spxoine . a.nc;l · s/:)1~vetivo:Q.~ o ~he appropr:Late 

cyelohexa.llOi.C (CCCLJO"..XI:U:) .fqr th~ll £>tW]1ose of· cAtionic cyclization 

: w.5ls pr.e~ared f'rom the ai!iehy4e ( c;q,(1r.x:;WI) thPough the. reaction 

·sequ.aiw~ it"ivoly;ng _Wittig l'"EJa.<.;·iii,t)1l with met;ho:;cy mat?hylene t*~i,vheD7l ! 
. i 

.:· ·:pb.os11b.o.rans, _atH~.t~.lization ~al.lot'fed o;r ro~to·~;ton l!.Ti th lif1hiu.m -
1 

CCCLXXXII 
<'' "I , . ' ; ~ ,_. ~. ' 

1. Ph 3P== CHOMe 

2 .coH_/ + 
OH H 

3.LijNH3 

4- H'30(±) 

0 

oacr..xxxni .. ·. ~ ' . ~ ' . 

i 
j 
' 
' . I 

I 
I 

I 
I 
I 



~-­.,. 

iH'l32..- . 
- l I 

.. 'Under the acidic ·conditton (6N BOl··~, reflux,· 4br.) 
. ' . . ' ·. . . - . . 

cationic cycitk'at:lo~ of (SCCtmiii) toQk· place to afford the 
' ' - , • ' • ' • • I 

lacton$ (OCQ~). -~ing the_ ~ourse of, tl}is cycli~ation, the 

.. incollling e arbo~ of th43 :t7~~1lling oyeloparitanol ring attached the 

oyclohe;a~U.<3nol rt;n.g ~:~to tf:le a.daacent carboqlio aolld grouping 

.and thu·s c~eating a ·situation, suitable for lacton~oz~tion, .e!tg. 

. " .. <±) 
· . H 0 

CCCLXX XIII-.. ...,...'-----=!!>--

.· .... ' 

OH 

0~ 

H 0 

CCCLXXXIV 

The eier·t±on· «?~. g.i~ _d:Lreeting ·errec.t. ot ~he c;arbo;xyiio acid grou-

pi,tlg. mai :be: coJiLpared ~d.tib. __ tb.a --~r.!U. d1r~~t!ng aff.aot o~ 1aathyi . . . •' - . 

substituent in ~the spzyo -~l1J..a.;t;tou st~p '(Ct#G'JXL.tii ~-ccc:A:t,Y)· 
tn: · · · . . . ~- . . . · (176) 

·)~,_tho :3ynthe~i~. of lO~_epi -liJe~ ... vetivc>1W ·'bY -~~t;ft.JftRY .. at~ AJ;.., • 
,' - .'"-- ' . ' ' . 

. ' . 

ln"' eour~e tne c·].cl_~~a'l.;~on 91: ·the M$~t~ated keto· ·&retai :·:·-· :-. 
( G~O~Q;t;I~) '{Ji:ii l?e: __ a ~~'!~:t;·~ible !l:t>oriess '1l'h~re>a.s t_he ct~15 .. $at:1.on . 

of 'W'isatut~au~d k$·1ia:t. altiahol ' ( OQO.!{LII:t} 'is U..""l.doubt~dl-v· i;t>J.'tG'fTer ..... ' ·, 
-- ' " . ·~ • . ,. : • - ~ ·' • . •• • • ' ... !' • . -" • > • .- - • c: . -
sibl~. ;11 i~1e:t._'$-.,~nt, :~~_tonizat:~9n :may P:9~ide tha driving f0rce 

:r_m.' ·~Jb:e to1·ma·t1o.n o:t ~he st<u•ea iz•)mer."::r-eprese:rtoed by fJtl~U,Ctil~-e . ; 

'f.JO~:t~f') by tlie ~eque.n.e_E). ketal$zatio~, ~6di4Gtion Witb. li tl1.tum. 

t'\).WU:Ulj.Utli. ·ny~1.de· aud treatment W.i tl~ ia.i2oi4;~ 

.Aoetyiation, ketal~~ation $lld b¥d.roiys~s. ~onverted the 

ketone (ace~) to· the ketal. ··(QCCimvt·), •. • . June~ oxidation or 

(CCO~I) ·followed by oarbometh.o:Jey"la.tion gave the beta keto 
. . .· ,·,,; . '·. ._ ' . 



' 

I 
I. 

. . I 
. I 

tstew (C:CCLlti1CVIJ:) whiob waa cOAVeJrteci to ttw d•sue.d (.4.4') sl)!ro : 
. . ! 

' 

tbe sequeooet sodiw ~ol\Vc.W~a il1'-GtlUct1on1 •q1ai~_, ·~~~.a~ 

tion of Meaon,. e, I• ,. 

CC~II 

l h' i ,j 

·.1 
. ' 

I 

I 
I 

i 
i 
I' 

I 
I c = auQJ./~ ; 4 = Aegt)/ly 

- • = KOiVldoall t r -== :f!..rOa/Pr 
. C02CHg l 

I a ( CHaO)a CO/Iati 1 b q lialm4 
. IG 

t ;:r H#ca.l~. 1 4 a. NalJI$/MeQ.li 

WAh 
l!hr.t vvaatile !:ntarm9d&ats (COGLIXJWXIl)" ut111z..$d in . 

wntnitslzing or.a.llllt:!abtW of s,i;dJio vetivnn$s; antioned·a~11el'. 

iba u;ClUz,.ation ot (Otle~ll) 1o the synthed.a ot 

~eta...vetivone imlolvatt the :t'oJJ..owtns •eaouon sequem•• 
1,· ' 

' 

By4l.-ogenatii1o.a ot t.ha oJClo9Qnt~ double 't»Dd e~tsdl7 toQk Plao~ 

tJ>om the lass bitldGred .ta.ee ot (CCC~III). to si~ the este~ 

(CCC~). llltrocluc~ion ot tb.e iaotn"owJ.tdene group1ng vns 



.. 

Y· 

. ~, etteet0d t~oua&b 4J malibJl.. 11tlli'WI tolla*Gd tq deb.Vt~Jtation •. 
\ 

/ . ,\ 
]¥.d.s then at.t"'oJ'dad the keto Gtb8JP (CQCXC).l lthu.t1 Qleatrage Witb 

. . ' 

the tripbel\Vl pbosphilla-b~om:i.Ue Conwle:C Uiolded thtt l'.me!IO ket®D 
, .. 

(CCCXC!.). .S,eogenol¥•ie ot tbe r&lated todo lte~ono wttb a1M. 
\ 

ta. acetic acid led. to ('*) .... _.vetivona (~)_. 

/IIIII C02CH3 

b. c. d < e 

0 
CCCLXXXIX CCCXC 

CCCXCI 

~ f.q ' I 

· a c BefPt • Ciiatll f b = fllistd. 1 o =- PfJC'J.w'~ l 

· d = n3o+. 1" e • ;»b311lh'a/Clia01t 1 t c Hal; XI X . . I 
. , 

g = _,~® 
r ' ' 

· ( 1 ) - ~- Vet i von e . 

A ,rqntned.s ot llitiJI-V$"'1Yon.e and l.O .. ep:i.,.:~a vativone 

tl'oLQ nootka~one (CCCXCII) us1llg pno;oob.emleal spho eunutat1on 

~outo. to (4.5} 'sspiro decnae llkeletQll1"•· has be4lll dese11ibild by CAJJJE 
(84\ . ' ' ' . . . I 

~ . . . I 

and cau • 3,4 ·dehydro nootkatone (OOCXGIU) pr~gw&rl. bJ oxidation ! 
' i 

of nootkato1¥l (CQGXOil) Vitb 2;3 d10blol"0.$16-d:&.crano beneo-q,u.in.ono 1 

. . 

(D.iJt) on add1:t1Qn of O,cb'ogen twoud.d.Q to tbe· isolated double bond 

tolloweti tv ~~obr'ClQ:lnation ~aVQ dtill)1*o-~ve.t1vone 
. . ' . 0 

(OCCJrolV) wbi~h OA irl"adiation bl dio~ .at 8531 A ,tJave ~be 

tJ',YCJClic kottme (CCCXOV')~, ib'lNldlat!ou of {C:C.CXOV') 1J:l 46;i 

aqueou$ acetic mid U$mg a 450-'W ~v1a bigb pre.smuro •~wy 

tamp housed 1A a JP'$X ~-~- iJ$VQ deby&:ao-~v~lvona (CCCXCVI) 

as the oaluG1fi photo produc:C1 e,.;., 

·,. ' . 



/C!iaCIJCH.a ,· l ... 
' 

a = DDQ 1·, b = HBr ; c = (dtt)4 fi :a; I ~ 

' 
I 
' 

. ' 

I 
.I 
! 

Q< o= ]'!-
. CCC'l<CVI 

&elective Jtaduot;ion ot cme double boncl1- attor'~ uaoomio•.Uik 
r 

vetlvone (XU) and :a.-tiOCJad.c.lO-~p~~!li""'V~tivon.e (GGCitt.V) was 

oarri•d wt tu two wava. CiatalN'tto ~dl"o&enat!on ot <.eCOXOVl) ill 
. '' . 

etbyl alcohol at atmos.PltG~ie presawte us~ 5" Dalladlum on carbon i . 

as tb.e eataltr~t cave approJd.mat<JlV 60fti ot (~) and ( CQCKLV) in 

713 .-atto WUU.Q 1t OhemioQl l?'edlmtio:l With tWO ~qtd.Yal<mtrt of 

litb.lwa ill 11qqid ~a oontatrung one equivalent or teJ.iitlm.-r 

bllt~Utol affOI'ded a ldztue of (XIX} and (CCmtt.V) in @ 8();4 

Vield but tbe CQllreePtmdins a?'a't10 ot the ;Pt*OdUcts was 3Ust 

cccxv1- H2 /Pd ~rc)- Et OH ·(±)beta vetivone (x IX) and (:t) 10- ~l__- beta.., 
Li 1 NH 3 Vetivone ( cccxLv) 

. (29) 
BOZiAtD1- _BAC!iMAtiti mad fESAitO. 1J.Y.Iltb.es1Z$d ~ece:d.C• 

. . 

beta..vet1VOUQ_ r:11om lfllOemSe ~toJ:tpinool ( OCOXOVIZ) usSDg two 

d1tterGQt spuo annuJ.at1on J1oote viz, llo'binmon• er Qnmllation and 

I 

i 
. I 

! 



........ ~~·-

-
apbo 4~.,. 11C4tleton.- tbl1oglca1 atartiDg aaate~lalt. the orclo-

penvvl ketoM ( GCQXCIX) "ae prop_..cl ·fl'OJI fiLRbl t.aJ!t911leol b1 
. ' . ,• . . ' (-' '-. 

\ - . . . . . -

aequenltaJ. ··~~)$s1•t aold c•taly~~d r.-l'anpmea\ ~ •ba held.IO•· 
.. .. ~ . ' . 

tal. thus toraed toUowed b7 steam. du.stU1tl'b1on and sub.equent - . (~ . ' 

' ' 

b;rdl'ogeaat:lon ot 'IJhe c~ulatecl dO'tlble hon4 ill the a.e~ 
- . '· . 

0~ 
Q 

.......... ec:ax;cvzu 

IQbln~'• ~at1on ot t;ha Jtetou.· (C~),Witb •tb¥1 v1o11 
. . . - . 

~tOM attor4•d tb. · ,;s.ro· ~to~s (U) ~-· (Clli) · iu t~-untavoua~le 
ratio 81? 

·.' . 

., . . -· . . . '•. 

o'CQ + 

- .·r 
CD 

.·~ 
r 

. COl · 

t• al'~Waative route to -~ (0,1)) oOJaprl..ad or tbe O¥ab0eth71~ 

tioD. ot -the •~• (CQGXC~ltl1, W~ttls l'eaetlOA. on 'he rasUL'~ 

orano~c•to• (t»:ti>t, lts.bas~ t~¥e~rd• c~crut~ actct. ~QDIXI). --~. 
'h• coav•r'si.Qa ot the la•~• to_ tb~ J.r.etor.7 b7 t.ntra.olecUl.u 

. ' ' 

AOJ'l,at~oa of tba COr.NIJ.oA~ Mid Obl.ol'ld., ••S•t 



.,..__ 

a CQ) .. b 

CDII R. 

clb 
' \\ 

(-

a = tiz-itQD a af ~ ' •. \ 1.·' .'b = cv~ , =. cml-"u~s()) . • . .. :· . . . a . w """"'it . . co 

o a HaOU/OgHa.~ • HraO ;. d . • (f:OOl.)a 1 e • SnC14/0Se. 

!A:heJ>Dtt cl•bJrlVo.mcma~ion ot ketOllG (CD.> lett to tile 41~ (CDIV) 

wlliOh b7 ~~aetirm with W..thi\lfl 4lmeth)rl OUPJ1ate ~~,. a lil · 

Uliatare of recetld.e betQ.Vet1vone (EX) an4 ltm 10-motb7J., eplaer - .. 

(CCCXLV) which C·Onld be SEJJ(f~tltG4 'by~.- ohzl'omatogl"apbV,, 
Ot9e.r sLlic.a.. <je1· 

0 

CD 
DDQ Li Cu Me e. 

ether 
(:!:) get a Vetivone (x1x) and 

(±) 10- epi- beta-vetivone(cccx.Lv) 

A tmtastl1c ~oveaent ta tll4i •atlq ot )l._vettvooo and its 

lo.epinler as product was laado by mtrodu.o!ng a by4t'oX7&tbylone 

SJ'Otij,l in (CD) .P1'1oll' to its •1\VdJ'ogonation Wltb Dntt. ~he 

~esultlng bf&-oJC~Ym&~bJ'leD$ . deJ:~1Vatlve (Q,DV J OD da.bf'dl1ogenat1on 

gav~ tb<l! dt~ (CDVI) wh1cb ;t"&e4fl~4 o~o aelecttvel.V wltb 

savt)J}'al metbyl oap~ates, poss1blr by greltet?&nt1al for'lltttion of' an 

mte.rawd1ata o£ the type {O!Wl:t) inVol.V'irlS t~ to»"&Qyl &rOUP tm4 



-+ 

. ~ 

tbtt tetl'a~bgtitu.tGd. dcaable ~dot the dle®nt (CDVI) G•l•t· Witb 

litb.t.wa tatbJ'l bromooupa~ tU.eisowtn ardne cOl!Ullex a· Sal Jl1x.. 

ture ot beta..vetl"'one uw;.) GDd 10~91-tumtr-vo•ttvone (C:COXLV.) 

vas obtdasd aftet- <leforaylation. 

···'CDV ./'... 

CO VI 

(±} beta vetivone (x1x) and (tl 10-~~- beta­

vetivon e (CCCXLV) 

(XIX)~ (CCCXLV)= 5:1. 

. . 

A to\al qntb.esit ot a)ill'o ve\iv~ seaqul.t~rpctnea, dl .. .Jall 

vat:lvOB$, Jl.-lWleaolt £-lllb wtlspiaen<J BAd 41.-~ wtlspil1eu. 

trom a. coilllllOll mteJ'madiate 2-oQr'-'b$~1\0q·S..tttb.o=r-..lO at~Vl spiro 

(41&) dec a.;. 7·d1en-6 ... oJlSi (®~) nas 'Mea dGser1bt4 bf. /. »AUBEU 
(~) . . . . 

and 11Alf1.!. who aztplo1t-ed ·the .gOM.rt4. ~atb.eaia ot spiro cvcleG 

thr'cugb an eztm.ston -of the syntb.esis ot e'tbtl c~yctlOPGtene car .. 
/ 

bolirqlataa bJ- tbB clom.$ f}t JUdes ~1Vt!~tl troll oavbotholq' dyclo-
. ' 

propJl 1W1.Ph11111l pbotJphorttum · tetrat-luorobOJ-atA; (.O~:ct) and l\dlr 

· tceto-eet~B rN qli.WtJtl"1ct4 lt3 c.Uke~•·· 7bu.s tho weawu.t of' 

an DMPR. •lut:l.on ot aodiuta eJ!lOlBte ot toll'&Q'l. ~tel$ ( CDVIIZ) 1 

prepared trma 3-•tbo:q .. S..tbyl cyo1ohe~2,~EU~$..:t' .... tme and ·~~tyl _ 

! 
'i 

i 
1. 
I 
! 
I 

I 
.. I 



--+ 
.... -.. ~ 

formate• ·w1tb (CDIX) produ.ce4 t~e v~rsatUe iutermGdlate' (eDX) &$ a 

single or:rstal.line product e.g.,. 
CHO 0¢ + [XC0'2.Et 

(+) (-) 
PPhs BF4 

OEl OEt 

. Cl>VIII 

!he stereoselect!v!.tt of· the attack ot tbe onolate on the activated 
. . 

cyclopropane most likely ls due to the s"terie f'aetors at-ising from 

tbe pret•rred, ps~udoax:lal eonfol'mat1on. .oi the 1nc1pieAt C..lO met~l 

g.voup. 

~ho oon.v~sion ot tll$ intermediate (CDX) : .. ~-~o &•ll!Uil 

vet1vcne involved the foUowang ~eact1on sequence * Selective 

bydrogenation ot (CDX) in ethanol over palladium on charcoal 

. followed· by successive mettq-lation W1tb excess mtnyl 11tbiwa and 

1~2N byc..\t"oobl.oric aci-d. gave tile Clr)"stalline kotol ( C.P,i4l)~ Aoet1-
' . 

l&tion followed 'by . treatment W1 ~h boron 1W'itlcurr1de ether ate con-

verted the ketol (CPU) -·,.1~0 £-Ub vet1vone1 (XU) e.,g. 1 

- I 

CD>< 0 
b,c · d.e + 11 · , J 

-~C-),.,_ vetivone (x1x) 

OEt 

' 
a=Hc.jPd-CjEtOH; b=CH3Li;. C=1.~.N·HCL.; d=.ACaOjH+; e==BF3,E:t2o. 

. ' 
' ' 



'. 

i · A stef$ospecitie gyn.thesis of (.) ... ag~o.sp~ol and its j 

Qonvers1on to:(:,;.) .bet51-veti,vone 'Was repor~ed bY' l>IEGB.TOI,i. HUGHES 
{66)' . . . . . . . . ~ . 

a.nd RAMAGE· . • . The,r·. ·chose the spiro acetal (CDXII)· as. their . " . .. . . . . . . . . . (9S) . · 

st~t~g compoun.~ whicn was prepared by RAMAGE et. a~. . from 

(t)..,aa ... lJI~thyl· .cycl~hex~ona. invol.·li"ing tb.~. Pieokrnann aycliza.tion ot j 
. I 

I 

ge.m ~s'bstituted astel"s of CY(jl:lc ~etone. · :e~a procedUre, have been i 
' • I disc;rlls'sed earlier· ~dar' ·tn~r heading ~ sPil"() annUl.a'tion through 

' 
I 

i 

· miscle~eous ·route~.; ·(Page .. 9~ l. · .lio~1ever, tbe spizto ~e~al 

(CDXII') ·~n a oiop.e:J_ysi~ fol.,lowed· by reductiv~ olaavag~ afforded 

keto· aLdehyde (CI>XIIl) i.Yhi~h was: cyclized ·~o the·· »J.pha.~Jigt,a unsa-

,. 

t~~ted keto~~· (onnY)• ·. · Kydroge.tiation followed by haJ.of'orm ·.rei.i.-

.. ~etion p~oduced .the. ste~eoisome~lc ~xt:ure ()t ~id~· (CmOr)~ 

g~oup~g,. arto~·de'4 th~ ~eper~ble i"s9merie mtXt,ir'e o~· the J!;~to 
·. · · . . . the . 

-~~er. (~'D.~I).. Wit;tig r~oo:t:Lc>n C,n ._ bQth.~'~somers ot, (O~'VI) 
' ' ,, . ' ' . ' . 

·,. :gave t~e· same methyl~n~.te~ ·product (QD){VII). ~ihieh rearranged 
' J 1 ' ' • ' ' i . . . . . . , ~ .' '! .- ' • ' . 

smoothly· to tbe endo¢yclio. 6le:f'1n (CDXVIII~c.' Treatment ·of . . ' ··, 

.(~DXYl:ilJ td.tb. me~hyl l~tliium afforded ( ... -) aga.ro sph•ol· (XV'IIl) 
'' . e.g.·,-

' 0~ . 

--- ~CHO ____:_.,.. 

~ ~'o CDXIV-o COX II 
.CDXIII . H 

Me· --Gbe .· ~GXJeLH "-
'Ill ~ ~,6 -:.. ~ 
,,,,,~ ....., ~co Me ~ · C02.Me 

· . . l'OH 2 

XVIII. COX VIII CD XVII 

COa'H 

CDXVJ 

0 I 

@-co~e: 

CDXVI . 



~VIII -. ~0-., • »· 0~ . • ... X~ IX' \3iLJ ~,K \:YU"~ 
. . QAc . . . . . . : 0oAc . . . : .. ' 

. . ' : . ' . '' ' "~'~) ' ' . ' . 

:SUC!ii @~.· ·!;~...· synthesized 'reoe~~b'eta vetivonJ 'trc)ni . 

fUlVE;'pB .. (Gpxlx) ~~p~~ed by conden·s~g ~oxO~hex£\n.ai with cyclo-
• ' I ' '~, ' ~ ,····, • . '.· • ' • ' ' 

pentad:l.ene ~· the pr.esence of d:!ethyl a.nWte -e.g., 
J ~·· •', ' I . 

A.·· ~- 0
·0. · · .. --:--o Et_ 2.NH ·.·' \_/ .. . . o-uo 

GDXIX . . 

The addi~ion of. li.th_1urtl uim~thy].. qu.~rate t.o f"Ulvene (CDx:tl:) in 

et~e~ prQduced t>~e dertve'd litb.ium:'.cyclolJentadienide which com~ 

bined .wi~h i!~e .. o~bq!Wl gro'llP. to form fine ctc:Lbb.exanol (CPXX)· u 
.pret~re~e to· ·~ Clcloheptanol,... . . Aoet11atio~ £cillowed ·bY regio­

select.ive ~educt~on ()~ one double. bond 't'(i,th Ci1zdde •. (b1iira~ine, 
30~ hydr~g~ri 'pe]!O~d~, Erthanol) artorded a single dtbydro .~om-

' ' 

Pound {eDxxi) aoc·om.Panied 'by a little tetrahY"droproduet •.. 

. CDXXI 

• I 



-+-

I 
I 

!rne· olefin (CDXXJ:) vas tratt;sformed to ketQne (eDXXIII) in two 

ways. - ~:ttatment ot the · aoete1)e ( O.DJOU) w.ttb · dibOl"W» followed 'by 

o:d.dat1on or tb.e. r:esul t~g at~Qhol gave the acetoXJ ketone . . ' 

(CDUII} wtd.ch on ppol¥s1s tolloved by oqutllbration of· en.ao and 

exoeyc~lc olef'1ns fielded the more wta.bl.e eudo cyol.ic olefin 

(CDXXIII) ti~taitd.!ilg <=to}& exooyolic :i®IIStl!it:• In a &l.tem&tive 

. I 

'. ' 

synthesis, the ®etate (ClllOO:) was- !)7drolfzed :to alcohol (QDXXIV) _ 

Wbicb on epo:d.datton tol.lotrJed by trcatmont with l,)utyl lltlliwa 1n 
' ' . -

ellller · gava the ketonEJ (ODX.'{v}. Detvdratlon ot (C.WOW) attorded 

the keton.e (CDXUIIJ 

CD XXII 

. ' . •·' 

COX XIV 

1_. ~ ;=\/\ 
2.-. -P-Ts_;_c6_H_6~ ~Ao 

BuLi 

~ 

COX XIII 

/PTsjC6 Ho. 

CD XXV 

Tho spiro dooonoDG (CDJQUIX) was couverte4 to a mlletve of $.p1tter1c j 

. I 
nitriles (ODXXVI) wbich was condensed With grigne.-fci reagent to 1 

afford tb9 metttY'l ketone (ODJOtVlZ}. Methylation w:ltb. Mtby'l 

I 
I 
! 



~---. 

11tb1va. touov~4 by Joue old.dnitton and _ $\lb&~equ.ent debydratlcm ot i 

tha· kott)l. ~~v• :v&oemie. ·alB wtivone~ (lWt) ~ · : 

. .. ·CC\· . CH3Mgl ~-MeL"• GO:~O=<:P ~ cox~ui PTs- NCO _ ~~ ..... ~Hi 
~ \ _, l 

' . . . % . . CN : . - % .. . 'I - . ~ ~ OR ' ' PTS/C6H6 
. 0 

CD~'XV) CDXXVII (,±)- beta·-:vetivone (XIX) 

' ' ' . ' ' . • ' - (lJ.6). . . 
'm'JXA, . SaY ASH~f~ MI,lil~t~!r A, 1Ttl S.Ad. OOlhUGall . -

~epone(l ·a lltW Qr4tbuu~ia of aPUO vet.tv@.ues . .,ia aph.-0 ~Jloin 
inter•dtstes ~h$ keto ~steP .. { CtJJ~lX) Pll'~»~~L.-d l'7 l~l~Aldd' 
r~sotion ot ·a11~b~• (tn~ibil sa.o~i~~.a ~~adtefle ·(m...1fA~Xli) 

_ w1tb. etntl obr_G'Coa&ta tollowGti bJ bTdl:'ol$s1St VaG t~ott.ted wt1tb 

etna:~ ditbiol to e:tlort'i. tht) dltluoao..fj\\a}. (~) wbiuh QA aubse• 

(lUQn~ re~tiou "'i.~h Bane7 .tlioktJl gave t.m ~~..U...£ilifiA=sUlla~~,uJN'lt.ed 

·CfstcJ.t (CDXW). 

TMSO C02.Et 

. ;:: ' · ?:"'Me 
~ ·_.+ 

TMSO . . · 
'(J 

0 

~rea:tm.-t of (QDY~X) WLfki lithtwn ·di-.1SOPJi'O.tf1l esAda Wld eub:w­

·Qlaflllt tilk.'flattoo. :ot tb-0 titb.iwa ~~atQ w1tb. QotlJVl•bQt~~~~rc-
··· .· - '. 

:P1ontl\'t$. ~a~i~4 :~ -~stex- ·(.~)·tte S~$40bGtstaV: ot · 

w~lt w•s dete~!rG.e~ -- . t;b~ a.P,proftet~ f'.# .the rt!tapat t11~ tho lees 



\ 

·I 

til . 
b1nd~ve4 tao• oppostto~~he psut&do axial O.lO methyl f9'CUP m 
( O.DiOOU) as sb.Q'\IA belOW' t 

CDXXXI LiN(iSO Prh 

CDXX )(II 

/1cylo1D contl$1l$a~1on Qt (Ql'£WUI) with sofllwa antS -~1cetb1l 

cbl•osU.ane lollowod 'b:r b,Vdr<>J.1$1a 'ill ~D conta$tWlg l0-

b.V~oeblor1o u1d gave _CI'Usta111ne spLJ:to acVloin (~XUIII). along· , 

wi tb. the 1 somartc (CD XXXIV) · 

.· 
' 

·+··· 

Kesylat1on ot ( ODXXX:UI) toUowed by raduetiou Qt tho cor»as~. : ... _; 

ding aeqlat• gavo thQ 8,Piro ko"tione ( (ll).lOOff) Vhicb was con,vortecl 

to tbe eplfaGr1o mi&tunt of · aldo~4e ( COlCC&Vl:) ·tbrougb Wit Us a-eac- ; 
~ 

t101l wttb motboq · a&atbtlene tr1.P~l pbo$lhOJ?.ane :followo4 by 

b1drol1s1s ot tbe reaul.ttng· enol met~ ethe~. ~- eg!nml'ic 

clxture ot tb.~ Gldeb14t ( ®:ooofl) was tnJAVw."teti into a . a·•e 



~-

.......... 

. •: ~ 

mixtWl'a -~ 0;) birleiOl. (~) and (~) o;m"OIPir'ol ·(JWlii) by th.e 

conventional m&tb.od via ~e slcohol (~IX} ad t1• D8tl)Jl 
' . ' 

ketone ·(CDVJWII%). S!tw eplut.,riO auture or (LaY) and (l\VIII) 

was .read1J.1: oouvet'ted to Jl'aoemic:, lulb-D!r~ (.UXl aacol'dins 
. . . .. ' (155) 
to t~ method or MA!tSHALL &_!ld JGliliSOU 

/OL 

. . ~ '• 

0~ \. ' \ 
h "00\. . ~.d cp··; .. - . . 

-' -· 

CDJQQWs:,, a • .euo 
oD~xx,. ll == -<011 
m_ ·1:0 i'JOVvif·T-·'l"x . fi . 1 Q 
\!IW'AoiW'Ii.V .. .. • " 1:1 -- I I ~-7 

. \ ., 

a, CliaSOaClli¥' 1 b1 a,.!.tm4<n. 1 

o t fila I · = Cll0Me1 · <1, l.G;4 liCl 

(l89) 
HUlWt. SAtO and HA\SAttUlm .. have syntbe!U.Zed l11~il-r. 

vet1vontt, biueso~, liVIU 'let_lspuane and. eol.avotiv®O 1n a JStereo­

aelec:ttv• tasb:lODe ~be:!~- ap~oacb conai•t.d of' two mqo:" stttpaa 

1) tbG Diels-Aldur reootion o.t tile slibstitu'ted dlb7fh"o 

utsoles and rnutbyl acuey·J.ato or 1 ta oqu.1vtil.ent tollowed 

by_ trantormat1on tor tbe ;oecnd ke;v 11eaction1. 



-4-.-

Y· 

-.i-

oMe oMe 

r 

and ·(ii) a.cid c_leavage of. the &esUlting p1cyclooetanes and 
·,, ' . 'r . . . A. . . ··. .. •. . ,. . . 

OH 

subseq11ent n. . l!"'cycl;~fl.tion, giving the spiro veti-
. . . ! . 

vanes practically :i.n a single step,. 

1)MeSCL 

iiJlg02.1-1~ 
----

l 
+ o-;=\ ./"l 
~~--

\ \ 



--+-

!lhe r"$lev!lnt. atel'eoahoi\11at17 between C-4 and C-6 _and botwoen a, 
and -Cs was eont.;.·~lled 1n ~he -~irst' Qlld s60ond staps rempe~tiveJ.,;y 

as shown. 

. ~he. p~opavat_1tm ot ttw requ!racl d1l~droan1aoles (DOOCtlUX) and . 

. (9-fJ;u.)_ irom. ~,s. dir481;h.yl •sole.· :Lnvolveel tho tollO'tdng st.epsa 

.~ ~ 4 a.c, d 

Br 

d = ~./.Nfl,a;~HIF, · e ·;;;: AfJA.0° 

,. 

'' 

Solavetiv$ and oqlubimin WGro al_so. pre})~$~ by thea 1n a 

simUar -.~. 

~b.G ~tb.Gsi!J 'ot· ·(t) J2W#JA-Vet1vone anc.i ti1e ~elated spiro 
. . ' ' (266,2?4) ' ' 

vGtivMOs by ZfJIU~% L\•!1.•· is a complete dGparttWe froea tt~ 

otbe.r ap~oaclles1 disousst~d above. lt 111 tile ti~st sy.ntboais of 

~A=,Vetivone m~lng usa oC SJey'l.. part_1c1pation reaction, d1ecu.ssed 

previously along with. tho otb.oor · •th-ods or spbo anw4at!on pro­

cadures~ X'hailr $Pill"OSOb is desell'ibed belotn 



-~ ;. ; 

OH OH 

e 

0Ts · 

. :. 

CD'X\...1 
C.\)XL\1\ . 

· · OH 

··.7·.·•,:,' .. ·· .. ,. . ' ' ' .. 
' . . . ' .. c. : •' :. l : . 

. . . 

' ! . 

p g 
')(I){ +CCCXLV ~----

. I 

- " W o\\ 

0= 
\ . ( 

.o . ' ·, < d.bxLVUI 6 , 
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Q.-.:i L DA /HMPA-THV/(1:10'!/v) /M~.CO·M~, -?8°.; 'h:: SOd2.{Py ~.e.::· LAH; d= 'f'TsCJ../Py 

e ':. kOBu-tjsd-'()H ~ •. t ~ ~l~ Me~ ,;-· S,.-:. ~R:dd~ I uo" . . . . .' . . . 
· · . · · · · -'Methyl-.4-(.4-bv<~ro~~-eth)'1· pwm,.l) · butanoa~ ('qt;XLX) 

' '• . ' ' 

' 

. ' ' ~ - . \ . 

I 

. I 

~a:f' c;,.r succin()yl,atian,:· Qlemltlansen ·;r$\iU.~tio~, cismQtbflat1on .und. .. : J . . - . . . , - . . .. . I 
'~sterit1aation l:,~s al.Jqla'f;ed ®. t~eatment ~!d. tn lithiull d1•1so~o-

. . 
. . . . 

·: PYl~am1de :(·wA) toltow~d bt addi-~ion oiJ a~ ~ltollll · to -J®tbfl.-3• 

I .h:rdro~-~- ca .. J4~)lydro:fil'w:lmetbyl p~enyl ), ~tbyi.]'~a methyl 
. . . I ' . . . - . ' l I 

.r 



,. 
' 
I 

I 

. ' 

butanoate 9=l>:itt.II).. llablfdrat1on, ~eduction of the eater tuno~icn i 
; . 

ana subsequent torgylat!ou gave the totJY!l&tG (CDJ,Lill}~ ·.r..ttnlwa ! 

al.wn1ll1um t\Vc.W1de reduction ot (c:Dlt~I) followe4 b7- $eloot1ve 
. · .. ~· ·. ~. ' ':"· ; . 

to91lat1on ot tbe PJ~imw.'T al.ooholic· ~Ull.Ot1oa ga.ve the ~drox.y 

'tosYlata .(Oll.ll..ZV). . ~r0atmant ot ((Ul)XJ:J!IZ) Witb potas$1wa DU• 
' ·t .- ·, .. 

butold..de ~ t&11~-bu.ttmol gav$ t'he $J.)il:'o dtenone (CDXLV) whleb_ wa11 

metnyla,ed wltb 11tb:l.um. dtmetbJJ'l cupa~ (l). aff'•fling 2•1:J()Pl*~ 
• 

pan:r1..a1 lO d:LmetbJl spiro (4.5) dGc-.6-en-8-ollO (~l) anti tbia 
I 

I 

was 1som~1~~cl to equimoltU- mtzcttlN ot <:> »sw1 wtivone (XU) and : 

· · (.t) 10-ep~l1§tervstivone (CCOXJ!.V) on ref'l~a; witb rho~ ·~i--- . 

~he bJ~o%9' torqlate (ODXLIV) on t-reat•nt with. potaes1wl 

te:rt-buto:d.de fA 3§e£\-bUtanol gave Q tattt.m1 quant1tt. of t;be epi~o 
I 

. • j 

dienone (CDXLVIZ) which was metfi11ated to the C-10 eplm&ra of tb.e. ! 

. ! 

spll'o dienoM ( GllX!!.Vlll > wbicb on debltiration w1 tb thioU¥1 chlor1~ 

atto!'dad (!) uam vetiVOmJ (XIX) .~ (t).J,o.,.e~M!I Wtivono 
I 

(CCCXLV) in lll t?atio.· Intt1t4 de~<Watlon of (®XLVII) gave the ; 

spuenenone (CDXLJX). wbic:b. watJ oonver"t"d to (:)~v~tivcme 
- (29) .: 
(XIX) bU PES-MQ U• &• t • 

, r·. 

As has boell discussed aboVe, a gaol!~ of suntile$e• . . 

of :tta~i-*Vet1vone ax-e J~epC~"teui lQ 11tor~t~. . ~ore and VJO.\m 

syntheses, dUte.J.'ling ill synth~~J1l1c sua~gi~s a11'e a.ppeaving in 

l.it@rat\Ule contimlousl¥., U,ptil .now out~ one sYQtb.esi$ of Ji.tt.ii-
<•l 

wt1vone anct Jt0latod oompaunds ~g use .. ot. AJ! a..~ .PUtiotl)n-. 
1 



-+-
, I 

. (266,274) 
~1011 "eaction has been re~ted -• Quo ot tbo reasons 

·way the. ap,lication ot &r>J'l part;ioi9at1on raaot1our;, tl\$ nowl 
! ·: •• 

·.t 

i 
I 

' 

route f0J1 ccnstruetlon ot sp~t-o (4 •. 5) dsot~-114-cil .. a.a.one,. has. QOt ·1 
i 

been u.nacb explored tor tbe .s;yntbQsia ot vet1vanes 1s pre~ I 

the diftioUlta'' m. tha syntb.esis ot a suitable phenolic ;recnwilol' 

bavll.ng tbe _ )sg~opr1ate tunotionaliti~s makJ.nff; it a pr-Omiaillg 

intarmed1ate ot b:l.gll J)otbbtiat value~. One ot· tbo a'titractiw 

app~.~'aaoh$s to. ~~or -the •t:~s puticiJ;Jatlon 11e~t1oil in tb.e 
. . \ . . 

.svothesls ot ·atm-vet1vone mav tBvo1w the wep&U'at-:1on ot a.tsopro-_ 

PJ11~6-m&tb11 a.Pbo ,4.5) 4eea-6•9-dimt...S.ol,l& (OO!;U) ;aa. base 

catalyzi~4 anntJ).ation of tb" OOl"UGSpOllding pbenol ( Cllil£.) tQt-ougb 
- . . (15)' 

WIBS~EIBS -ma·thod · • _ -

_ ~he &atb1lat1on ot too spiro lntermetllate (ClULII) baa 
. . - . . . (.29) 

beeA oarl!'ie<l out by il'&SAriO !Ji.. &· wbicb ret.JUl.tecltn tbs f0ll'aa-

t1on ot tbe mixture couslstinm ot (~) :ta'Cr&-Vativona (XIX) ad (;to). 
. '{.·_ . . . . 

10-~-ta-a-vet:Lvone ( ao~v) 

C.lYL\1 

\-\0 

CDL, R = 11· XJj(,d:. 
c.DLr, R"Ts W• wanted. to make lise oir ·tba c~~l group. ()'t eth11 

3.(4!.metho;q .. 21.mstb11 ~l.) .. pt'Op1<mflt& (0Dt.IXI1 H = He,ft' = Rt) 



to 1ntroduoe the tso-pro»¥11aene group. ~ eq~se1. -' 1alieiaJ.. 

Ve.Bspoo1tion of' ttl$ Cat-botQTl iFOUPt GQ].oy~. ·q'· one. Qt ibe .. 
' . . (&11, l06,l47,a&l)' .. ' 

uthods descJ.1'1bad In 11te~atU.$ · . . . 1e necessat-y. 
(l8,7s,oo,ll4) . . · · ·. ". · ·=· 

Od.minat1on · ot the Keto . •. ster (CllLXII,· . 1l • Me J R' =Et) 
'·f. (79 ·115) . . ,. ' 

followed by tztodltifJd WOE.F(-KISHNEL\ t · l?'ed\mttOD W$ $XPGO·t$d to 

give the Jlilil o:dmino este~ (ODLV t a = l~e, a• • Et).... Acid (V41'o- . 
. (79) · .. · (9,aa •. 1oa •. 1&l1194,a04,sou> 
lrsta ~ oxidative. clGJo •. minat1on · · . of' 

tbe o$'- esteS' (QDLV1 ll = MG .• a• = Et) would tllen giva tbo 

desired 3-oxo-butanoate (OD!.Vl,, lt = He.1. lf cat). 

R = H, M€. 
R' = H, El: 

C'OzR 
CDLVf 

Defol"e embazakinl "~ the 112 t:vtmiJ.)Os1t1on ot .c•bonyl 

group tn tho actual ·syntb.ot!C sch&¥1.8 invol vam the d~ivat1ves of 

MJiA crem mathJ'l ether l~ •• thougbt that a det~ed stuq ot 
tbe reaction soque..,e using etmp].er qete:ma wo~d be N1f8l'4iftg tmtl 

wortbwb:J.le. It. was, tbevetore, dec1~ad to $Ulltmest~e e~l-4-(4.!.. 

ma·tbox;v ,pbe~)..&.oxo-butanoate (eDLVl• ll =- llt: a• = Et). 

' b 
· Sucoir!qyl~tion or anisole tl»:'ough .Jand~d pt-OQ8~\,·: ~, 

(ll.3 923 267" .· ' .. ' -. . ~· ' _. ' 
ctue · ' " · -' ·! ···arrorded -(4• •Dl$1moJW Phen¥'1)-4-oxo.bu.tanolo · acid 

' '· 
I 

. i 
f 

i . ~ 

l 

. I 

, I 

' 

' 



.. 
( i' 

f 
I' 

I 
I 

. I 

' . (281) ' 
(CDLIII, a t;~ !11: 1=t 101 m.p. 146° (td.t. rec.t~e.ci ta.p. 146°) t.r.· . f 

' 

(p\i3ol) t 2940 ~ 2660 ca·1,. 1T4G OEG~J., 1686 ca·1, 1660 c.-a.,, j. 
1420 cur1, J26o em""1 and :~.10 cna•1 (Fig.· l.R..lJ. BstevU'AcatS.on 

ot this aoici witb &tttyl alc·ohol and fit4pb.ui-!c, ool.d gav~ etbyl-4-

. ~··'-metnox_v pbqa;wl)-4-ox~buuanoate' (®Wit a = .H1 i' a :it> as a 

·solid m. p. 4.G0 ; 1.:r. (rmJoi) ••. 1720 c~·l,, lS70 ~-a, 1658 qm•l, 

1648 cm·1, Jil2Q cm.,.J., 1260 csa·l and .·l.23t! our1 .('bgoaci) (Fig. X~B • .-2). \ 

~Hiltment o~ ttx1:s estm.- ·with 1sonnw-l. W.-1tG U.""4" ... Bodlu.td eth--'<10 ('18) . . . '. ,_,.,, ~ U\14.4 

as oata1Js~ save the ox~taino es~ft (~LIV1 a = a.t li' = U~). aa 
I . , 

a white ~-id m.p. (c.rudo) 13.2 ... 33°·(d0comp);. 1.r.~ 1 (orude) 

(w~ol ).J i?-3~0 - 3340 cta•1 ~ ( ~c;md); 9740 - 2600 o·ur1, 3.700 bm•l 
JSOO om·1• JSBO oaa-1 (F1g~ z.a ... a>, iD about ao;i vtetd

411
• Using 

. (19,134) 
·other cat;al.M"sts11ke potasslwe ata bQto:dtla OJ." br<iroge.n 

(98) . ' ' .. ' ' -
· oblor.tdo only anisic ooid·coult! be !aolatQd t:11om tbe react1o!l 

. •' . . ' (l8) . 
ra1xtl.U'e. tf1tt& .. sul.Phurio ectd s;· eaeatY•t ; simple by&-ol1211e· 

of' tbo koto..aat(~~ .(®Lilt H '11 lit 21 = lilt) to the C~.t9GspODdl!lg 

acid (CDLill; B c 11' = H) took plooe_. 
. , 

!be oxtm!.no .&toto e$te~ (.CoLIV, a = u,; R' = ~t) was 

extremel.r sensitive to moistur.o. EJ.Wl.· VB$ · tound to decompose rap1Qly 

tcr entstc ec14.. Kowevc:rt, on c:tSS"l"YinG Q.\lt ~<Uf'loo Wqlf't ... KtfSlmeV 
_,.' (79,~1.6) . ' . . . . . . . . . 

reduction · .with the c~da.odrd.uo ket;o eat~ (CDX.Xf, a == U1. 

a• = Et} ·res\tl~d' :ln the fermatlon. of' ,the u!.mlno ea~tn" (el)l,V'1 . - I " 

a =a, a• = ~t) as a ;vellow coi~d aol1<it; fil•P•· lis .. JS0° 1.r., 

· UmJol. >-•. 3300, ~ 3280 cm·l (.broadl1. lBBf5 otrl and 1660 caa·1 



j 

~-
' :' 

Ll' 

(B'ig. I.R.-4) wh:1oh on ao1~ b)"dl.'olre1s gav• t.be ~ keto aoid 
' ' I . I . 

(CDLVI1 R = R.:· ca lU, m.p. (~:ru<la).1, lOS ... 6° (.4eoomp.J. fb.e B!tl 

kilto. ac1~ (OJ);;;.VI1 a ~ a~ = lii "'"•• ,v,;,, Wl$t~W.e a1.1«1 co14·ci aot be 
.. · I · I 

I ~ . . . 

pu.r1t19d. Besides its ln~JtabU.ity, tb$ low OV$%" all :t1el4 of 

4-{4' ta&tboq ph~l.)-3-o:co butBOOic acid ctade US. tO search ft»1 an 

alternative. reaotion .squeooe tor tha pw,.pns• QE avnthG1J1Sd.Dg !!Pivo 

(4.5) spiro dooano ae~quiterpanea. 

!he d~oaPQsition ot tb() o~tmll1o keto estel!' meds ·ao• 

comment. ~~ uo• or nitrosa'tton. !n cwgtmlo eheta1stmv Wbteh 

-1nvo1 vea a novel ·cm.bon-o~bon bond cltav.ag$ vas stuc!ied bJ' . ROOIC 
' (135,228) I . , ' 

11· &•, · tn detau. and tb!s type ()C carbon ~~~n bond 

cloavag3 tbrougb n:Ltroaat1on bas been rtt~'rm~ 'by tb.ENa as ni~»- · 

11s1s. Aeuot'dlngl;;.r, ·the dGcotaPOdtiOD ot tlle Qlt0·yl propionic os~eJ!I 

(CDLIII1 B R H1. a• = l!:t) to tho · avtl ACid d~irig nltrosatton aay 
. ' 

I 
C.DL\\1, R"" 1-1, f?>tl:: ---------

C DLVtt ,..,.,. ' •"· 
: ·~ jo'i 'd 

ClMe 

i!ne on.l.y ~eq1it!."~nt ftW th1s ~eoo·tion to ~,eke Platte Will b~ ita 

a'bUity to o!d.a:IJ in tb,g\'i ~~tic tOl"&;a as de1)10ted 1P. (CDE.Vl~). 9:ne 
usual tendtmeJr of arom~tio' ketones to onolia, .. or cour$e 1n the · 



. --r-

·-

\ ' ' ::· ' <J ' ~~ •,' • f ' f '\ I ' ; ' ' • ~ : ' I • ' ' I ' \I • • ' I ! ' ,. '' ' 

~Qssible oases., ~rq, be envisaged by' tne!i- . several- ·reactions,; des- . 

. c.ribed .ui the te~~· l>ooks' ·inc;Ludhlg '~!:he. rae.Ue · dehydration"~t·-~ 

I 
! 
I 

!. 

'- 1 ' • ' ' • ' ' ' ' ' . ' ' ' ' - ' ~ ~ ' ' ( 227.) 1 

benzoyl· p~o.Pio~o .acid to phenyi.:. · IJ -crotono· laetona.- ·- "-.\· · ~i:le · I 

, \: ·:, 

0 

' ' 

0 

• ' • 1', •• ' I : ; 

0

• • ' ' ' , ·, : ) i : ' ' , ,, , 

0 

• f 4 > , • 0 

0 

I .' \ l ~.J j f 0 
' : ~·. C \ 

0 

I 

presenc~ ·or el~otron r~le~smg· m~~ho.~group in the· present c-ase 
' ) ' ' . . ~ ' . . . 

( CDLII~., R :: li.·~ .. a·•_. =.':Et) .1n· the. para 'position ot the .:arolllatid 
< -•I < _, 't •' I ' ' 

' ' • ' r ' • ' • ' ' .,,; : ,' ' • f' .. )- ~~ ; - I ' ' : ' ' • ' • ' • ' ' 

nu,.~leu.~: m.ay h~ve .$ome. PQsi·tive _contribution· .to this type of enoli.:. 
' 

zat:i.one · .Th.i~ fact . ~s. sU.ppor>ted'.by 0\lr. ob.servat:Lon that the keto 

es~er .·( CDX..I~~,, .. ~ ~. Ii1 .: R~ , = ~.~? . ~~ ~omp~e~e~y ·~active towards · 
I • ' ,. • . . • : • ' . ! ' ' . . ' . • ... 

s~lt;miW!l <ti.ox1Q.e· ,o~dati.on · and o a11not be l)rominate(l w;L th cuprous-
• ' '•, ! ,' l: • : ' :: I ,' ' ' ' \. ' • ' I • I ' ' ' ' ' 

· b,~9m~d~ 1: 
1 
b~~ ~derw~~t .. ~~4~ ~~oJ;l., r(:)~ t.io~. \fi.th ·. br~mi® . a:J.mo st . 
. . . . ' -· ' . ,' . 

~s,~~~~neouslf 1n tile. Q().~t.~~ · aci?~· .il:le¥unt·;·, : f?r ·~xam~~e no dike to 
.· .. ,_· " - ' '. .• . ; ' ·' • . ... I I t 

compoua~ .(0D.LV:(X~) was f<;>rmed .by seleni~ diorld~ oxidation ot 
•, ; I •, ', 1 , , ·• , ' ' • ' '' < ' ' 1 , • ~ 

( ~'D~I;ri,,. J;i• = }I, 41:' ::: Et ),., 
•• 1 ' ' ' ' ' 

. \ . . 

·ill. so be f'C>llow~d· by-' the ·at'oremantioned fragm~ntat:Lon of' the ketone 
. - ' ' . . ' . . . . ' 

( QD~l;II, . R = H, a•· = ~~t) par~~~ul.a.;-ly when the n:i.trosation is 
' ' . . . 

qarr:l.ed ou~ witl.l b~sic <:tataJ.ysts e., g., potassium '§erjf butox:Lde and 
r 

~odi.wn.~t~oxi<ie, ~though the basicity of' t.he eiJiployed base Plays 

GMe OMe 

OR. 

.fL . , 
CD L \1, R:::H; R'~ t:t. 



!i!i~l55-

We ·did not tberefo+"e pursue the approach- or converting (CDLIII) to 

( CDLVI) -by ~uq of (CDLV:III) and ( C,PLIX)" 
' 

0: 
I/ 

Se02 CDLUl. ___ _,Me.O-' llt'-Nit'2. 

<.s~ .Me~ ~ C.DLV1 

Cb21t 

.• . ', . •· ~ .. -7· 
~ th;J.l;?d and suec$ssfui approach in this line involved 

th~ ·nal~gene:tiqn-<con the methylene carbo11, ,J!J.pha to the ~eto groufl· qf 

~ al'OYl propionate (CDLIII) :t'ollowed by r.educ'Cion oi the cw."bonyl 

group to afford the. 3 .. 'Pl'Ottto bl:tt~.noa.te (_CDLXI). 

Treatment- "'i'iih triphenyl .:ph-:>sp~..irle may easil,.y convert 
' . . . : 

_ unclergo t~Jittig reaction ;~th. acetone to give tho d~~si1•ed isopropyl1-

dine· dori va't;:tve . ( CDL:4l):I) l·rh-icb. on demathylatio:n and :r-eduction o~ the 

ester· group follot'led by tosylation-·w·ould. ··tben a.tfol~d the tosylate 
. . . . (-) 

·( CDLJ.:) · haifing the require~ potent1s.l:l:ty to under go .Ar 1 _..-5 assisted 

c7alization to afford ~,he (4;:_6) spiro decaue (CD!aii)~ _the key inter-. 

rnedia:te in ·the, synthesis of beta .. v~-tivone •. 
. . . ' 

·~0\)LIII 

-~ 

CDLXJV 



+ 

-~ 

... 156 .. 

AlternatiV.l¥ tbe halide (0000) c:m be ~dl:'olJzl)d to tb.a eOl.'res­

pondilli ,~oh.ol.. E•terU.ter~~ion wo\44 th-. give the Gloob.ol 
(CDLXIV) 

esr,e.r/wt.Aitlh coltl4 easilY o:ddi(J$fl 'to tb.a ~ koto Gster (CD&VX). 
. . . . 

'· 

Mlo 9~~1 cma_pounaa~ .vo~t.lon ~~.J.tic ;F~P#atif)i.r.t !))it ~»' 

bPomo ketonaa till"o!lgn bi.•Oiit!n.~tr.i9n ~ litb:!.uUl enolate · b1 SI);Ci'f:t!ift. 
(259) . . ' : 

Md iUL~ . f $14'Gn$ttl& ot ~~bal!l ~~b~1, tt'Q'm:,l)!f;md.s t.UJtng 
. ' (llB) 

mGt&l nali®s ia tb.fl !flN~t:i®U~ ol7' a piUJ:'O~i- ~~ IlfrJK.U Ill• 11.• f 

~·eg1osi)Q(d;tio $Vtath-~~11J of l'-lt'Q£'.10 ar.(t~~- thlrOUgh t~ Wo.1tl!nat1on 
(39) 

ot ketones in ~11~ groeenee ot ~pn:d.f'~ lV' a~\T;~ .,;. £c t ~oid .. 

. nation ot aot!.vo 1.\Y.~aaen oom;xlunds wttb bl.~~tl'iob1or,,U131tbane and 
. - . . (W9) 

1,a diaza buyclo -(.5.4.0) undac1:t: .. (illJQ by 2AlfJ:GU!li'I-X f!i· &· 1 

the use. or 5t5...d1b.romo-2,2 d!.•tblrl~l1fl•M.oo:o-l,a dtoxane · preparecl 

in two stepm flt® A~atoo.1e aetd Vla N«J .. ~•a ~1t1i 1n rm~partng-
. . . - (2~} . 

·.flit'\!· b!tQ,\10 k0~0W)S by ~OOli t ~~- lUll.i)gg.nat>iOQ c£ Oal1'bo.tl1l. 

· ct(~P<JUrsds tlWGii!b · 1¥11& :lit;u=tion ~tw~un tbG e-Q~.ree~gon<U.nr-; e~ine -- · .(aoo~· . . . . 
w.~. tfil b~o~*'"- by SEUFERT &\. £• - . and th~ tls$ of anion o~ht!i0g9: 

· ftaWos M bt4osen c~r.iers in trw b.t4ogen$tton ot ·cn.•aanic com.. 
'~ J!l~ j . ,~a~ . . 

PQtmd$ ·-'bY BOti(lJ:~;t ·~· &· &tilO so~ oc· tn.a aut-11'ent' dGval.opments. 

in tll.:f. ttGld ot_ tha <t®/J'~s1on ot: ~l:Gt:ione to ita &\_It1lJi hmlo dar.·!va... 

tiV0. 

- (55) 
~f!!M"J method ~vt~l~ii$~1 bj .. ea..rmlr Md Krfi\PP · f-rP ,,J.Rb' 

ttl~t1ons-l.12f&tion t)i: mtor.a~a tb»OUJ:~h its !i•N-~thyl. h:/drazooo 

·1~1vatllve or tb,~ usi) or· Lbl.-omo.·all.@o~~dal in at~ Mlogenatiotl 



. (182) 
of ketones by MOI>.ARAI !!• £. ·· are other important methods.·. 

Wo. at·t;ompted the eonv·~rs!on of J!.et,a-anisoy-1. propion~e 

( QDLIII, ·I\ =. H, R' = Et.:) to the aorrespond.ing halogen derivativ~ 

(eotx,- R ~ a, Rt . ~::'1 Et) mrud.Iig usa of hetez•c;~geneo~lr~ 'hl!l)m~.nat5~on with; 
. - . ' . . . {132) . . 

0uprous b?.o~da~_the method reported. _by K.ING !,:t£.. !!l,. • The 

attempt f(:liled. and. ~o 'l;ra~o ol" t~he bromo· k~to ester ( CD4-'t, R <= H, 

The starting 

material was recovered~ 

. ' 

bromination with cuprous bromide. and its ~esistanee towards oxida.-

. tion with selenium dio.xido 'may be att,t.ibuted to. the tendeney of 

~he ke~o estor to remain more in enol form than in keto for~. Its 

.eolow.•a.tion wi~.b. neu·t.ral ~eri;ie ob'lor~.cle al.so indicated the pre .. 
. . . 

anisoyl_ p~~pionate. A hy·ps0:. ;u:Jbrom1c shift in the i.r. band :for 
' ,' ' . . 

. aromatic carbonyl-of ~ ardsoyl p:r'opionata (CPLJ:l.I, R. = H• 
1 (F :i:g. I. H. 2) . . . . , . . · 

R1 = ~} bY' 20 oni .. /from the nol."mal absorp·tion o±' ar-oma.tie earbo-
. . . . ' 

nyls (1690 cm-1 ) is :T.n aggz•eem.ent to ou.r ~ssumption ... · These 
' ~ t : . . ' . ' . ': . • c - • • • • • • 

observations led us to attempt the bromin.ati·on of ·the keto ester 
• •• f ... 

. . . 
(~~+:II; R =· B~ R' = Et) with bormine in acidic medium. '.rb.a 

reactitin l>TI!&s expected to proceed via ·the eno1 (CD LVII) as follows • : , I 

I 
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C) Me OM e. 

04 · tteatm&nt ·with wOidn& 1n aetltc u1d 1t WlAS toua4 · 

tbat tn•' i"&actiou ~retluiras'- inlt181. ·w,lation b:t wav .·;?f-· 1varm:tng 

up' to srPc. · But 01l0G ·til~ ·reict~ou staf'te«,. it· proceeded at a 

· tas-t · ~ato tilJ:to1lgb tile· eaquntiQl. ~no:L · ~at.lon. tql1owed b7 aro­

matio substittd;ion. am t011mist. 

CDLVl1 · 'B'f'l./Ac.OI~ > CDLXV · Bv~ ( Ac.O H 

C> 

C.DLX\/1 

-~he re&et1on coUld b$ ~cm.trolled .tn the er..al 'bt'oUl.Ul!~tiQn at~go l>r 

using on.e· equ1val.$lt of ~o.t!W:le and by-.ldn~--~t1.on ot .reQC·~s.on 
. . 

· p$r1oc1i .ttb.oU;~ .tbt~ product wns al.vqs crontl¥£!1-innted u!th th.e ring 

~olQination pod~'O as watt :t"eveated tbe sub•quent 1oQide oata-
. ' (19) . . ' . _·. . . 

· ltz!ed oxtdat:1on · of' 'bbe br{)td.nttted prod®' '11th.· tt .. '\.thyl su.Pb-
. . 

oxide -to. the c'o»"l!'&~JPOnding m~e of dik&to 001'410\Ultl$., ~hey 

I 

': 



·+ 

r.J 

~~-' 
'-

. ,:i_ 

COUld b$ s8,Parated bt Obl'tDGfiOgztapbV 0B silica gOl 
· OMe 

'/"I 
, · ' I<.IjK2CD;jDMSC ~ 

QDL'l<V +C~L)tVI +. 

Br 

-

- (nu~Ol,') • 17rlO ~r. ... ~,-- rt.?l5 oJr1t .. 1668 o11"'"1• -1Gai: aaa-1 <&I.a.· x. ~6l · 
was t~d to oontld.n no ~og$'1 &nd ot\\44 be od:dtseci tc. t:m.rd.c,· · 

. . · C!.DL};V Ill · 

aoid m .• P• _ l*79.SG0 • · ~he otbE•r' pl"crlU.ot,.. 11bieh ~-as. t~d ·to · c:qn$1-f;lt· ot 
b~ · ent W2$ md.disd in s4zUl.o ~ ~o L'bif~4-f£$tl\o:ry 

· b~Metle seld. A1d':.• 2JB-...al9Q• 

as tu u ow.- st.atbe~io . •J1.eme :l._a ooncoar~ tbtrt leP,<ll1a­

-tiou ot (oil!.XVII} and (®.LXV'UX) e8GUIG to lila un-Mctaseary becu.uae 

-the nuol.eu bJ'onlin$ !s expeo.ted to a ~GIIOved 4ut':lng the ·proposed 

11tb1wa al.tlminiua 1\Ydnda »ec~uct!.ton ot th~ estell' poup 1A too p.· 
ul.timat~ s1tJJ·Ot OlD'' SJ{Dth$11c stBategy. · 

In . View or thQ ~cems m the pi'e.l.!minm.-; studies -

p.rcceeded. to coo~t · tbe ta~~dlattit, suott!aoyl.at1nn· qt -~-oN)Sl'l. · ·. ~aoo 
. asttvl etba' as h$1S \:5$® 31eD~t@d. by i'.APA.w l$Cl!Wtf~ an4 .HAliKXtl. . · .•. 

fa.· a..(4'~•1moq a•.•th11 ~-~1) ,~~P.1m4e e~J!d <~LI:&:l, a ,. w., 
lt'' ~ ti), meP~ ~370 Wta3.l1'ep011t~tl to be.t~4· along .lti~b G(l\lftl 

. •' . . 

at~C\lllt;S ot th& a(Wa~tJS90lld1q. d9•~b:f1ato-i . ~.odttet tbat 

'' \ . 



,.I, ...,.. 

m:e-1 ted· after· re¢rtstt;l].l:l-gation i'l!otia water· a1; 179.5 '!IIi lSO. &0 • 

I 

. I 
I iut . . . . . . ' . ' . . . I 

. I 

. .tU) ·e.xp~rlme~tal f1etE;lilS wer,e giVen QY theme . liowever.,. We ~arried 

. ot.\t tne.~equired· suacin~~i.at~on ~ea~t~~_us~~~ ~tro _.b~zene as -
. - . 

I 
I 

i 
I 
I 

. ! 

solvent fm.d found that whil~ 'th~ ~(4'..-metno~.;.2~.-~ethyl b!!l1ZOYl). 
1 

. ! 

propioliie ~1-d fc.n>LIII, B=Jvle~;a I;;;_';!!) obtained a~ precipitate.; on· -
• r '>._ •• • -· •. ,. : • ' ' / 

aecompostf.ig tne :Cosy red rea.ct.ion :¢o~plex with. b.yorocUJ.orte. acid, · I 

! 
the. o'ther products rE~~atr+~<i in nit~o benzen~ ~ayer. ~he acid I •' . ..... . . . . . j 

.r.emaine~ in n~tro ~em'eliC;l l .. aye~ ·w:e~e e~~aeted ~1th sod:iuni bY~o... . i 
xide solutio~. 1\cidifltation g~ve the a solid m.p •. 1M?·- t?0 -~hioh! 
- .. . . . - . - -- . . . . .. . . . • . , - •.\ :, • ' ~ I. ' - .,., . - '. ~. ; 

)robabl;v _is a mi;'xt~e qt (QDLIIl'1. R=-M~ R:: H) and the corr~sp_ondingj 
. . . ~\ ' ·I 

. demeth;vlated- product~ ·yre did- not attempt ·any separation or ~de1itUi- i 

cation~~ 

' ' 

_ Es~f)r~i~at~on. of a.(48--methoey-...,2'··Jnethyl benzoyl) 

~:r.opioni(J ~id through .t~e coxl.verttiona.J,. ethy~ _alcoho+-b~~ene; ... 
- . '· ' ·. i ' - i 

sUl~,l:lur;te . acid methoq_ to~lowe~ bY' coo,t~uous· ~ze~,tro~ie. -~ap~ation 
1 

' - •. ! 

of wat~~ f:rom~ the .-:r~_~otio~ m#;~ur_e. gave ~he e~hyl .e~~~r (C.:Pl.JII; : 

R ·= Me, J;\,'_ ·= Et) #l.p_,. 490t ··:+.r. ·(n~jol) z ;1.730. c~·l,- 1665 ~m~l~ 
• • • '·. ~ • - • • • • J • I . • \.,· ' • ' • - ' . I 

1650 ~4 164~--~~:'"1, _1420. em..;l,. 32,40 cm·~.--(~tg. ;.1{.~7). ~The keto 
. ·, ' . . . . . . . \. . ~-~ ... · . 

. ~-.. ~·~- '· 

est~r on ·controlled bz-omiaation tn ·acetic ac-id. madilllil afforded a . . ., ' ' . ~ . . . - - . . . . . .. . . ·. . -- - {l66) 

sami $Oli.d wh;l.a~. on ~e18.f4~ri.sen reduction with ainc ~al.gani · 
. . . . ·. ·. .· ' ' . 

and· sllbsequeAt ~!Womatog~aphic separation aff'orded ~tllyl-4(4 1 -
. - •• ' I ' ' ·.• ,. . . . . 

' ' 

methoxy.-a•·-~e·thy:J. _pn~111l}~;3•br9m,o butanoata (CD~,- R =- l~e, · 
. . . _,, '·. . • . . . . .. . .· . . • I 

;a:~ := :$t., x =_ Br'~ _ 'b.p •. 2f?O ... 04°/6. nml~ 245 - 46°/7 iltm i.r., (liquid ; 
. . . - - .. - .. _,, . I 

~Utn):. 25)70 cm~l,, 2930 c:un--1 •. aa60 q:tn~~t~-~,:2a3o. em~~, 1~30 _i:.-rl_72p. -~rti~-l : 
. . ' ·. ., . '• ' . ' .. 

/· 

i 
I 

I 
I 

. I 
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590 ~m·1 (fl1g. X.1l •• B) and the o.Ol'TetpCQding onrbc.mvllc. &e:ld 

••li• _75 .. 76°· ~b could ealil1 be oatul"U'1e«1 to the est.• . . ~ .. . .: . 
' . 

(GDLXI1 1.\ = Me1 a• = ~t.1 X = ~) thr~gh aluobal .. 'b~ · 

sul,p~ic Qt}i.d method w1tb cont!nu.ous .f'~GVal. of' watU:r as 

. aeotropto , atlltWN!• · _ 't:b$ U$8 ot the . b.o:uao O$tur (CDW,, 
' ' 

R = Ma1 a• Q l~t., X a JSJ.t)· in tbe progosod \fit.tig nfletiexl requires 

a oommento.. In J.)lt!Uciple tb.EJ 1.aoprol)31idltlti oste~ (Cli~IIl) 

4GUld ·b$ prepaue4 by tW'Q .Ufteront patb~ 

' Me 

+ Ph3 P=< 
. Me 

:

1

) <Me 
R Me 

C.DLX\11 

~b.o ~- or f'ilfat patb (!.e •. path A) reqld»e$ the piti~ (Hlll;V~~-

. Sion ot the ~omo ost$lt \CDLXI, rl = Me, a• ~ Et, X • ar) to tue 

ctoJ:"r~•ponding keto eatel"' (ODLVl:). ~f> ro~t.!.on eeq~ re ... 
qu1l"e4 t~ the Put"»o• would,. \l@s14es mv~ving tttcrme ateps also 

'' I 
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~akes use of _beta. k~tQ. e~ter.. . H.ence path B was chosen t.o ·: 

obtain i;he :l.sopropylidtno· ~ster (CDLX~II) smoothly. f~om the ~­
bromo ester (~~It. R. =}Ie, R

1 = Et," X = Br). .An. illustration ·at 
I 

the iath ~t. wb.i~.h stal'ts· .from ketones has been shown b;y ANSE~ and ! 
. (8) . 

-~HOM~ •. 

~~s rea~ti vity. of an ylide i·s ver;r much dependent on . 

its ~tr.u~ture •. _U"nlik~ nt~r-Qg;en,. phospho:rcms is capaple of.be,ing -: 

,l)en;ava;J.e~t; si~~ it e~ expand_ it~ valency shell. to· ten .elec­

t:ron.s by :tn.el.us1on. o:f ..q ... orbi tals.· 1Ukyl1dene phosphoranes can 

therefore be considefed as l"!Ssona..nee hyb~~ds of two. lim:Lting 

·structures, the yl.i.de f'orm (..CD:t:i)(IXJ ·and the ylenfif) form (ODI.-XXJ.,. 

d~spite the i'C1Ct the.t the protons 2.n the. phospboniiwn· salts a,t-e . . ' ; 

lW.der t~e influep.ce of ~~alter repulsivE) coUlomb f6rces than those ' 

in the ~onium saJ.ts ,(bqnd distances t P~C,. i.B7' 1 l N~~·t 1.47 l)~: 
. . .. , I 

~his g~e,~~er. tende.ncy for· the .for.mation of phosphor~us ylide~ 

reflee_t~· stabilization of.· the tran~1tion state by ! .. .S orbital 

overlap •. 

I 

. determ1n$d by tP,e distributfi)n .o.~. the ~negative ·oharge tli ,ttie mole-, 
. ' ' -s~~! ' ' . . '. l 

eule; wb.i~h in tu;rn _.·depends ":on tlle nature of the su'Pstit~nts ( R1). 

' 



:. -·,- ' 

aadl Sa) 4a the . elkJliaone p~ticn as ltGll ·as ot tbe ~oups ( R) on 

phosphorous. ihu.$ tb<l U\Wl~oJ1h11ic e~-.t~- of 1!;be phospl\OtWlG i 
I 

is cioo~e&sec1 anti th~ ·stabilit1 ot tb.G .ph(tepho:ranq ilici!'eaae<l···s.r"'tb.e : 

·lone el$t~on .Pail?' _on tho NW c•'bon atom· ct the f'O't'm (CDWX) 11 , 

liktlooatlao4 ·£nto ~oups (!\)_and ( aaf' lf!b.G guoupa. 1(11) OD PhosPho- ·I 

JIOUS alSO ioflU$1100 i;be l"$B.C,t1)11tJ Of ~ ·al~Qrlidt)- PllQspbOJ'an9S 
' ... -. 

since tb.GJ mat be C-~ble of 1tell'eas1nm ~ deore&siJlg tbe ,d.mtb1tal­

)!JQ$0Wmo8 -Wl~b a conmequrmt cb.anma 1n ·the _t"elattw ~mnoe o~ . 

, tbe fol'IA ( CDX.D} ·In ~be l'e&QrlMCO ~1de. Dec:t!'t*UfJd .4•0Ytl!!1 tBl: 
. . . • I . .. . , 

ttesonanoo woUld .r•$ul' 1ft gro2t~ importmto$ ot 'bh$ ;rl.ld$ tor~a 
. . 

( CDWX) tililci tbePef~e 1ncu.·~a!tiwcl Jreact1v1t,- ot Pllo.f1phQvlltl•• ~no .. . . · ... 
I 
: 

laPgar tbo fOJrln$1 ob~~· on ph()s_t)horoas,- t;be mare l~.,tmt would .. : 

be the Jlwe fgr~ (CDtaa>.-.. ltlectvGn witbd!l~w1ug 3110UJ?Ie. (a) on 
• • • l 

phospt\OJ'Qlls wUl, otbar tldngs brdq equal,, incrtiias& the •orbi tal i 

I 

al.fictron.-releas!Dg group w1U lnc~$ase the ~t.onc.e t>t ~he ;rlidG -, l 
. - ' . . ' '. ' ' . ' ! 

tarm ( tmf.tliX). ~bUs alJql..ldcme t1'1-au'bs;l~u.tatt ilmoapluW:m~s in : 
-. 

· wbicb tb.e tormal. !)Osltt1ve ellarrme en phos~ous is ~~ad•ad by tbe 

indu0t1ve or !)til ... ottoct ot the o.\tacherl gll'oups UU woult!l WldS" 

otileJ:~wise equal.. cond1ticna be 1101'8 ~o~-ttvo tb.an t:he aUQr11dene 

phosphQl"anG$ 1Q whtoh the #oul)s att.,b.ed to pho~ua nas a 

o~pos1te ettoc~. 

' l 

i'be mtbsttttuents oa the alky11dena DOJi·tton ot o\11" ·~ . : 
. I 

' 

posed pboaphoJ.-a.llO ba'Je ~E,.Ot~call1 no effGOt ·on the ~a-tumbon 



~-
'-' . 

';· 

.. 

- atom ot t~ ·form (CDLXI:Jt) sinQe the -I et'rect · o~ the est·er 

· grou.P.t b~ing propagated throug~ a methylene groUp to t~e §J.RM 
. l . 

. r , carbon atoDJ, has a little' effect on 1ts 'nucle~pnuic~ty ~h1ch may 

1.~ 

•' 

well be expect_ed to be compensated by the electron r,elea~1ng effect· 
, , . • ,• I I 

ot .}~~! metho~ iand. ~tho_. meth:rl groups ::tn the aroraa'tic ring, pro .. 

paga~ed· tQ the !U.~ "~a.r.'bon at~14 via anotb.er methylene gro~p e.g. 

OMe 

;~ 
i. . · ;Me 

.. CClzEt . O,PXJC.Kl 

: . ~ ; 

. ~he ~~e of.· triphenyl. phospQ.iriE) -iii prepe.ring sucb ·a phosphor ana 

.. as (~.~I) -,,~~l.d m~e. thi.s -~~~~ tt:Lg ~ea.gent to b~ moderately reac. 

tlve s~ that its .formatiOll. as well ·as its reaction with· acetone . . . . . . ' . . - . 

' ' . ~ 

' . . 
. Would_ be. sm'?9th ~~p.d is expeati':Jd tr,) ~remai.D; ·J;'::t-ee from additional 

dif'fiett.l ties. 

' • ' I ' ' ' 

· 'l!h~ . Wt ttig reag<mts are usually prepared by t~e re.- . 
. '. ,, ' ' ' 

movaJ. of a prqto:n trom.·t~e _quaternary salts of phosphorous with a 
' ' I '· ' 

. base ~ '~'-j'\..':: a·· , clef:!ni tel.~ ··)_ rever s:tble ~ea(Jtion. 

(+) 
Ph~P. 

(,.;.) 
+. :Wl 

'" . ' . ' ' .. . ' ! . 

The 'ct\oice o:f'. (!oiidi t-ions depen;ds entirely on the ·natlire of the 
., . 

desired ylide.,· <The most· reactive .Phosphoranes ·wllieh are normallY 

,' '. ;, .. ' 
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~~-
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. I 

ab .. and mciatwr•· seotd.,ive1. 21$CiuUO _ to be Jl'e,Parod•··. s anbJ~ou.s · 

metliumt. ·w!rt atmosphere :and the uu ot · ~iana _ metallic coZI,POWlda ._ · 

as p.votcm aocept••. · ~b __ e #escnanee sta'bU..1~~ed. yl1dee whiob. are . l 
j 

stable toWI!'W<lm llN•ol.vsts can ba prepQ>ed b~ tba ac~lou ot. ·alkali.. · , 
. . . . . . .. ,, ' (ll9) 

.~e:t.Ql brd&"oddes on t~Q.U$~UtJ IOlu.-tion ot ~ Pboa.Pl\Qn1W1 salt· •. 

~hess *epb.ol'anes u-.aJ..iv··P~Q"Oi.PLtate 1A cttl-:rsta'U!l» .. f'OJ!'ra and 
• r 4 ' ~ • 

ian be df:t1ed in au• ·· 'Wltb-·auttictwatlu aaic.UA: pno~atwa salts, 

. ivteaker -bases can also be used. !W mtb.od or eleldnat:i.Dg ~oro-
: ·- . 

ien b1"0!111de .t.11om tlltphenyl b®a1'l pbosphoDiWI b~dfl -Using dtta- . 1 
. . ' . . . . . (211) 

l~lc socUum ~s been ~e~ted bU PANFE£• ~v and SliA!fSliDlilli • 

Btbflldens trllmenvJ. pbc)sgnorane Wlls obta!nQd tu ''e71J good rleld 
' ' I • ' • • • • 

bJ' . tile action of uteyl llllP~oul cuurbtmion on t1'1phEJnl1 et~l 
. - (92) . . . 

pllospbontw womtt.l& 1n cUmet~l sulfoxidt . •. 

OW?' attempt to pr$1)at"e thO pboephorane (.c.n~:t> b1 

tJ.'eattog tlle p.bosPhoniWG slllt (QD~l)JPlre~d br retlwd.ng tb.e · 

-bromo. aetw (CDS!) With ~~~ghonyl ~splW. in 4i1'f benzene• Wttb 
(2ll.) ' ., . 

. ~etSlllc sodium , / · ~~lowed tw addition qt acetone uesut~fid. tn 
1 

-·bh~ _ _. _ . . . -- . 1 

t.. . .tormatlon ot 4-(4-metb.ox,v1 a ... .,"Gbql phQUfl.) baty:~lo· acid (C.llr.axuii1 1 

•' \. 

~l = B) fl?O'bablf 4\le to tb.o oftec' ot molstw."G 'Emd thus in<U,.eates 

that tile pnoaghfwano (CD~I) is not that tllUO'll ~eaotivtJ as 'i~F··· . 

OMe 
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·, ; 

, 

.. SS'111U ·a.,dro17.1a :Of -~1 -~~ pbo~- wal· obaened 
Ll.\~1'~1'\'ill ·· .. : ~Ill: . . . (81) . ·. . . . .' f . i 

., . 

b7 iU!WM~ araci ~O}'jD · e.-a •. , 
: : 

,. ' . . ,. 

A tlmPl• -~-cl_.,Jr,_,· tl\• IJ'&PUat~ or· -~.tal)ie ¥1lde~~ 
' ' . ' . 

· emPloYs alkali .-tal i&l~d•s •• ]n'o~oa ..,., ... , ·usuauv AD tba 
. . . . . . . . ·(SfJQ) . . . . .. . . . . . . . . 

eor~teii)Oilcttnc. e1Joho1s as:· ~von• •. rn, .S.IQl.icllW: ot ~hla 
,.,hod. '• gaint#s ~~~e aci a-e.: at~~- f~· .4~,--- · baovott * . 

. . ' . . . . . . : 
. . 

.prqo••• ~•'• peJ!Wat10B ot ·•stable rll.-s &actlr tn the · 
• . ' . ·~ I· . • ~ . ~ ' 

~ · .. · ~~~-· of o.-~1 oOllpo\Dlaf; -."s mlr.d•idaa st.~- , • .,i;lOD•· 

' . 

: !eha olllr s1~ l!'eao;J.OD tba1f g~allv ••'-• at Ole~~ted •--•~ . . ' . .. . . . {lOG)'' 
~~as •vol.v•s -.. at'-k ·f# .-. tmu c.lb•-~ on »hha--ouai" · • 

. ' ·, . . 

·~·~·-

· altbolJgb the flidA l'Oa.ct~Jo_. 

la the ~evcn-siblt I'~• ot ,. ;FotOD 1&-om. tJw. AliJll ot4'bon :atOll. 
• •• ·, .' " • )'.:· J 

w.· prepu.S the •••• lal.t b¥ · ~t~Q&ag a 
' . . . . . . . . .' '. . ': . . } 

so~u~1an ot · tb•. ai&t-. ot · ., •. aste~. (GilW1. a = Me, a = ,,-, 
I ·x Q at) f,n - •••• w1tb a .. .ibbt ·••••• r# ---~ Phos-, . ' ·. . . ~ 

-P~ $Jl4 sub4eotut4 ,, -~-·t~ld.48 .__.At. ln.~ V&lf'l•, In 
·.· 

. . .•' ,..·; 

·,:;.' 

I 
1 
I 

'1 

-I 
I 
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the first metho~ be~·e~e was __ removed as. :far as practicable by d:LstUla.. 

tiori. \uider' :r$,dticed 'pr~~sure. :~d·',the residue was tireated with' 'sodium' ' 

ethC>xid~ ~ !upl:)r (Wy -~1~oho1~·. ,. Tlte ~es~ ~ant .reddish solution was traa-
' ' ted with equfval.ent · amo~~- of acetone. Usual l'Jork up followed, by 

chromatogra~hf -~Vei? s~J_ica_ gel ga!e besid~s ~~e un:reacted triphenyl 
: L ' ' 

phoi3.Pine, ;3-1_so .. J?Popylid1ilo ... 4 ... (4 1-me·tQ,oxy .. 2' ... met~~l phenyl) butano:i..o 

aeid .. }.C~TJ~:C,:C~ ~~~~o,. R~;li), m.,p, .~5~ ~ 54°_, i ... f.• (nuj,?l):~ ,&~0 ~~":l" 
3260~3030 cm.,;.l 1720 em ... l, 1700 c..m ... l, l615 cm-1; ~4~0 em-1 (Fig. ~.R.9)., :. 

Esta~·:trioat'iori ~r this acid ·tllt-o~lgh et~l .aieoho:t .... banz·ene .. ~pbu;ia ac,id 
' . 

. resUlted ii1 the .for~atian· or the· (cD~t:t:!., R;:M~~ R•=Et.) ~ .. p .. 71.- 72°, 

i.r. (nujol) ~· a34o Cn't"~, 1695. bm....;·:t,_ lG20 cm-1 , lS35 ~i!l-l (~ig .. J:~'R~lO). 

!!! lle sec onu ~tb.od L1::rol ve c1 the Urro of nitrogen· atm.o sphere throughout the 

l?eaotion period covering ;i1,b.a :f'ol'mation of ~hosph.onium ·s~.t ylide fol;"ma- .. 

~ tion an.d; its .~eactio~ .. witb. aeeton.e111· The otn~r mod~ficat:ton involved 
'. • • ' • + • 

the use of. dry benzene as so:tvent in. pl~e of etha.Jlol .and. the use of 
•' I ' ' 

soli.d so.dium athoxide, ~s base~ ~he ~esuJ.t was same ~s. ~·_the ~irst 

method in rasp~t of the nature o~ prod\1a'ts a~.\fell as the »e~centage 

of' ·the1.r yields. 

without purifi<ult.:.i.on i.n Wittig. t•eaction resulted in ·the f'ormatior.t of the 

iso propylidino ester. ( CDLXlli; ll;:£4et rn-~Et) and its nuclear bromo deri-

-+ · vai::rives which coUld be separated through chromatography., !'Che m:J.:tture of' 
. ' 

the acids cor.z~esponding to the bl9 omo derivatives ·(cDLXXV) and (CD:QCXVI) 
' - ' . ' . -

was found to melt oira1• a J!ange ·130°~135°\'!: and ·was llot sep~a-ced on the 

assumption that both ot 'them during reduction of theil.. ester group to 
' ' ' \ . 

alcohol gr"oup w:i;t~'l lithiunl altunin1um h.vdr.·id.e bt·.o~ine\~"!111- be :replaaed 

by hydrogen and 'both of them wlll lead to the sam~ aJ.cohol (CDWVII) 

as may be ohtained from ((:JDT..X~;t"I' u=t.fe, ~·=~t). on s:tm.Ua:r treatment.· 



QMe QMe OMe 

. c 

; ··I{~. \-l, Et.. .- ' 

As tho C$mpounds ('CDZ..Ul:t1 B =a M&1: R == R~>t. (®LU.Vj and (CD.WVI) 

were obttainGd 11'1 vu7 insuttioient quan~tty tt was no?J possible tO 

complete the synthes:L:~_. More •'erial 's laeina $Yn't.b.ea1zod to 

ootaplete tbe sYnthesis, · 

lA seVcb ot d1tfel1'$ll~ routes ~o . tbe splt-C).diano® we 
. . . ( .. ) 

turned our fittention, in olD" aao-ond approac:b1 to tbQ .Ar1 ~? P-'W'\1-
. . .- - (73) . -(' .. - -

cipa.t1on metbod ot DtmblllG and HAarai'..MA$01 .. ·-·who spbo -.1W4ated 
. I ' ···•• 

2;.cbl01'ometbvl-2.(~!-p.byd!loq gh~ othvt} «Uoxol~ (CDLX.tlet)1 'o 

the etbylon.a ketal ~ spiro (4dS).dec,-a 6#.9.d1qe .. a_,a..-d10ne (c.Dr..xltX). ; 
' 

HO 

Aa has"'ooen dtaeusSGd earl!ar til$ W:DIS!fBIH•s apuo annulation 
(15) -

metbod auttvs fl'om the lWt~UoA ~ba' on carrying out the 

l!'s~tion 4t bigb!lr cono.entt-.atitms tbe y1e).d qt oPi.Jro-Qionone is 



-+-

verv C!lUOb redu.oed QldQg to mtermolffQUlu rMOtaosls. But 1u the 

cUlM With. the ctonlPQUD4 (®WIX) tbe baJ.ogen atom is aseor.liated -

' .. ~ ' . 

b®n tested w boiling ( CDL.UlK} for stlV~ltal. botn1 $ With cono&Atra­

tqd al.conolto sodiwa hy~o.x1d.O whioh resulted AO -lteerat,ion or 
(7;)_) 

cb.l.o~ide loa -. -. ~bie ·ineV~ncasa ot the halogell atOm udntalz'd 

the PQsaibUt:~JP ot intez.tA\OlGCul.~ reaction. Howav®J the, 00!8-

pgun.<l ( CDI.XX:LX) o.n trreatm~nt w1 th pOtassium tel"t bu.told.de 1n -
te;rtia17 bu.t&nol tn a steffl GUtQC~ave at 180° gava tb~ diGn dione 

(CDLXXX). Ob.angGs 1n oonoentrat1on was sho"Wn to have a 11tt1o 

ettect u»on Vle 7isld of the sP.iro _,O!ll.POun4. Even aol1'&- d&'astio: 

conditions like pJro4"s1s of' tbe tit'U aodiw:a salt of' oompOUDd 

(®~UIX)1 oould conveniently bG epl.oyed ti:Jr tbe spiro anuula­

tion. L11tw1se the .ratb)fl. deriv.tive (CD~) I.Qq sate11 be 

aaaUDl&d to fiPUQ awmlate to ( eD~'CI:t) Vb1oh tb~ougb • su.1ta14• 

ser1es ot reactions, :1nvolv1ng tb.G _:gqplacor.t<mr.t of· tile Ca-oxo group 
. . . . 

by 1 sopropyJ.ldm:le ~oup 1n tho f'1v~Ja,1.)021'Bd ro.tns au.d tbo introduo .. 

tton of m•tbJl lfPOuP at a10 of tbe .s1x-mem'b€Wa.t1 ring, woUld g1w 

rise .to betrL vetivons (XIX) and/~ tts 1e.epJJucr (COUEtV) o.g~ 

-- 0 

XI X +-;.C.CC XLV 



-110... 
. . . (l86) . . . 

.t6lkbW1' j;t. ·.. &ad Sengupta re.portad a uynthetJ.ta· or tbe ap:J.ran; 
~ . . I 

. ' 

1nternted1Bt9· (A) W Wa:f ot cy-ano otbylat1ng ,.ere~ mett)1l etller 

tollovad bF bJ'~Ol.Vsillt dotAett¢at1oll1 .bromor.aeteylat.ion ot. tb_e I'OS\ll.t!n' 

Qo1d (CDr..~,. ll=ll'=ll);. r:adootion of oarbO!Wl guoup to tb.e oorrespond:lnl : 

alcollol.. and spbo. eMUlation ot .the li'es\llting alcohol tafttm' protoo-t1ng tb.c. 

"r; bydretX.Vl function by ~o,P~1ng it$' tat~~bydt"o pYJta~Vl oat~ e.g~ 

J 

c:' ·y~~ y Me _ _: ·. o'~Q 

OM~ oMe ~- '/"" tile · . ·I-~ 
~ 

. '· 

i ' . 
OO~V'·· 

li = ·1~1: H . 
. . ... ~~~= Jifb .~:t 

• .. ·<11 • ""'"'":1J ... ' . . 

0 

' l ,: ' • ' I • ,·, ~ ' 

All·~ ~~oi~~~tt~~ptsto·car~y ~Uta CbnjUgB~$ 1,4 addition on "tb$ sp1~o 

d1@cr.e (A) ·:~ .puove!l aborti~. . . . '. 
!t ·e~~d to tu~. wo~th miuo t.~ ·Hpeat 

tbeix• E~~tw18'i!l4Jnt so am to null.- a gQ.s~_.i-1~. 8.i!:.i)].01tatiOI"'l ot ·tbu: reao-ti.on 
tJeqUeno$ ·an ·,illlthest~a epi~ · vli~ivon9:~ a~ ebO- belQV. · · OWi .•trort 
. . . . (l86) . .. . . 

d1tf'el'fls f'.vt~ th&lt of' ~~f~ ~ .&• £., •. · . . · m- ;respect of' th$ p~opa1"at1on, . 

. ot 3-(~l•..,at.~th.o_xy, 2'-~'tibil ·p~).: tdo910Die'. acid .(tmLXXnV'1 B::.H). 

lihile Nwtbax-J~·L ~t,. .a., prapw.-ed this -~oC!~ound by cyrmoetl,YJ.;at1on ot 
' . . 

'. . . . : . . . . .. f 

Mli.B oret;V:J: ~tilYl etiler toUolf~tl b1 bJ'd.Jitol;yois of the l1$sultin~, D1tr11~:.,_1 
.. . . . . • : . . . . . .. I 

Olll' Gnd.eavo\Ul' to obta1n 1t was tbrQugb WUl.f1:atwQdt uooo:tton on 4•· .. metbo:iey 

( .2 •·-m$tl"ql prop1opbeuone ( 03LXUIU), ~ognt""(i· tl:wougb· F211&do~Graf'~ s 
\ 

80fl&t:Lon ~a~tior_. ou ,~ Ol]'~t!Cfl mot~1 eth6lr. · . : . ' 

~--- ----~---- - --
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. (12) 
AtTWEBS . had pr-epared 4'-metho~-2'.,;.m.ethyl propio• . ~ . . . .. . '. . - . . . . . .. . . .,. .. 

phenQn$ by _F.~i~d.ei crafti·' s ·-r~~~~on_ ~~ met~cl!~sYl methYl ether 

w:d~ti. iatit&~~chloio <or. i,tyha. .br~m~~ .P~o.Pionri ·chloride rouawe·d b;; 

aetialogei1ation- "~1 th Zino~Aeetic ae-id·t . -. : 
. ' 

DMe 

1-

, 'l·"ll J AeC>H . 
-------'JiooCDL'Y:.~'Jclll 

. . . . 
I~ . addi ~io.n. . to . the methoxy pro.Piop.Q.enoM ( Q:Q~_;[I). ·~,,small . . 
• i ' ' • . •• , • • . . ~ • • "1 

.. q~~titY· ·of · 2 •·-hydroxy .... 4 • -m~th11· · .propiopnenone ( QD!i.~J vras· , .· 
• t • • 

·! 

. isol~te(l-.by hiln~ · · · :tt is significant to l:l<!fte that neitb.er :.the 
• . . -!• . . · •. ' :. • - •. 

I I I ' ' ' • 
• • j • 

m.etho:xy de~1vat1.ve of (O:P~) n~ the. :tsomerie 2 1 -methoxy•s.·•-
.' . ' ' ' -' . 

. methyl .propioptienone ( CD~XXK.Vl} was 1 sola ted 1 "by AU'~RS. \ 

.CD~):·.· 

-, 

tion of the required oom!)~U.Ud (CD:LlXXlli)._· Aryl ethers are so 
•' 

sensitive ~b.at a~ylation may 1)9ctll' in the _pr.e:~e~ce t:>f catalysts, 

less powerful than, .A;twniniUin· QblQr~de ev~l1. with tree cal"boxylic -
. . . '• '(136)'- . . . . 

aaids' as acytyl.ating agents. KOS()~.':lPOFa'. aeetylatsd ani~ 

·sole by treating _:tt with a· mixt;ur~ of gl-au:tal acetic ae:td an<;i 

phosPho-~:J.c a$Y<lride. .In "lie\'1 af' the extr.eme s'~plic·it;v of this 

I 
t· 

i ! . 
I 

' ' 



~ocedue and tba 'repoPtod. bigh 71oltim wo attempted to prepare 

( CbLXXxiXI) by th:f.s m&tho~. ~ .treflwd.ng a rd.xture of aft&l 

Cl'esyl metb1l ~P.\ie1•, phosphoric anhYi:ir1de Wi tb Continuous stirring : 

in. the presence ot cal.ciwa ctU"bonate ff:W seventy f!v~ 111ltu:tt:as; tbe I 

,compounds (CDLXXKIII) o·ould be- isolated ,after ehromBtograDhy on· 
,, 

,Sil.ic.la gel in a.pp.rox:1ma1;ely ten. percent yield. Use ot . propionic 

~dride 1n 9).ao& of propionic Qbid or illcraaae in the l1'eaot1on 

time 41d. n.ot £aate1"'1 al.l7 aff'~ct the yield. 

~~ .! .0ryeJ:-IIi'11lli ... !.J 

· ~g00 / CaOOa 
•. J .·~ 

I 
i 

• I 

' 

of the tmpi.U-trmt methods ()t prap.-ing o'f our dasir.ad propiopherume, ; 

but in view f)t ~he extremQlY poo:r Y'1;9ldSt t\Ven in the simple c ~ts,. 
. ' 

ot pbe~l aoata~, the reported yield tn about ttd.rty percent _, . .w:<:L I 

ctt.(l not co~dder t~1s method 

-----~_,,,,._ .. 
b.Gat-

..... \ 

We th.el."etoase) ~onsltle.t'<~d tb.G obv~Ot13 l)tl'b bith!{Jltto 

ianreportect Frledel ... C1u~.tlts·• tACYlQtion Ot .m_.~ alt'el\\Jyl ,_tb.yl et~r I 

wi til. . prop1Qrql clllor:tae and. P,l:'QP1on1e ~lhyttt•id~ and. j!"ound that __ thisr 

1s ~h.e best pre;.erati·va .in9tb.od to-11 the des:il."ed -&•-:neth(ll;Y-21-matbyl 

lro,i?iQpbenota() · { QP:t • .JQt1J:Il) •. 
'· 



• l :. ' 

Y', ,\ ·. C!iaeifeGOCl C# (GilaO!faCO)a 0 
"'-'- l .• :i illltto ·. 1 i''"''""""''" ... _,., . .,.,.,., .... 4.0!M11'h"'!!t'j;)Jv 

Alta a 
OMe OMe 

C.DL'XXX II l 

la add1t1Qn to tho aat.boq C~Outl4 (~J;;QX;U:). WO cOQld 1$0lat• 

4~-nyaroq ... 2 1'..matb11 Pl'OPioPil8llont and (tl~VII>i and a•~Ordl-OJU· 

4•·-metby'l PJ'Opiophonone (00~). It has 'baen tount! thlkt the u• 

I' 

' Qt. the ~omntic subm.ate,. p:lf.opi~ ebl.~ldo~- and anbJ'dt',.u;$ alu.tdniWil I. 

Cblor1d9 ill tb.e·· !IOlttr Pa't102' ~;l:l2 &aVO thc:r :·besf# Viola. . 4 "•ily.dr~ 

oomJ»und (ODLUXV'lX) cOUld be· almast quantitative!¥· methylated to the 

. ' ' . ~ ~ . \ . 

0-

" CDl.UA'Vl:t 

' 

<: • ., • ' .., T 

" em~ 

4'-•tllo~-a•-metl)J'l p&.'Ol)iopb.ell.ou (OOLU.Ul:I.) was !.dan. 
(lUU 

~1tied th»ou.gb its melt&lg pOint 4ao · 1 and ... lta od.dation to 4 1 .. 

metno~:~r pntballo oo1.dt, m.p. 1G9 • 69°. · !no 2t4 d1altlro pbellJl b1*o- · 
. . o . · . · a(l2) 

ZOM derivatives m.:p. 142 ... 43 tmd tM ~, ••P• 94 .. 95 bave 

also been pl!"mpared 1.r •. (rm3Ql)'t leaO ctr.t•1 (F!g. loll• ll)f p.a.,-. 

(<:014 >, a.oa,. 1.11 .ana 1.:W ·s (ali, t 1 J = 7.5 na) ;· 2,49 S csu, •>• 
a.es, a.~,:;, ·2.91 ~d a. eo G (au, q• Jo 7.·s HaJt a.7a 8 (SU; ,,, 6.61< - , 
a.?a6(2111 ra)l v.ss and ? .• 6? £' (llit: d• J a s.:tliZ) (i"tm•i P••·•··~~)· 



.I 
j 

' 

· tl~led tm.-t.lu&b lte m •. ,. 42.6° and tiU'oU~l;l the me1ti1ftg. points ot l's 

J314 diultropnonyl hJdlJt~Qlle dfW1vativa and ~ dorivati:ve vhloh 
- ., 

· · i'ln' 0 . Q . ,~) . . 
.. ~0 3.9? • 98. Md lQa w ~ a:'tllS.PQCt1ve]¥ . i.lV. (n~ol) l 8000,.. 

0000 cm·l (me:r&ecl wt~b nu3cl btmd)• ~1610 em•1• 1a4o etG"""1 (i':.t.g. 

x.a. :t.a>; ,.a .... ,(.W'Itaa>· ' 1.~. J.•aa and. ·1.a2 b' tan, ~, J a ?.o Hal 1 

a.~ S taa, s. > 1 s.a~. a. sa, a. oa. au.d a.1o ~ um, q1 J: ~ 7.6 Hz) I· , 
6.66 • c.a1 S (as, ~a)J ?.a~. "1.7af(:ut, d, ;r = e,.l&O. (Fig. ~~r·-~J-! 

. i 

Additional Pll"•t to~ its ~ttm'e va:s obtaiAod fl-Oil ·lta .conv~s1on to : 
• • - I 

2,3,'7,..trimetn,a.;.l,4 bonso~Ct!W (QUMOQWill:),. &'11.,. ae ~ .e.60 tGl.iowing : 
. (2l?a) 

tbe ~thol! ot ·R~$Qti1 ia~ .and JO!mS · •· ~. 

+-l c~~-o co)2 o . ' · 
0\-\ 

0 
ll 

Furtuer tb.e bJ'dl."mQr c~goun4 (O»~V) was metb¥1¢\l.t~&d to t.t:~ •tholriV 

det1'1vat1ve (CD~) b.p. &G .. Pl1°la m. 1 a,iit:a4W~Jtoptten.Yl bfdl'a­

aon91 ra.J,.. ll$7°. . mu o·n.ad.oa:L pttoot tm~ the r~a.ttve position ot 

the t!Ubstituetl'ts in (CD~) vas obt.a1ned teoua its Old.da~lon i;o 
. ' . 

aatbo.ztV teJteghtbalto ao1 d1. a. p. 280°.- · 
. 0 

. 11 
(C\.\3h~D4/No.O" ~-,y kM'l"l04- wcozl-\ 

C.D LX X X v ~ ~ I ___:=-:.-.:...:::....!---? I 
c 

OMe OMe 

C!DL'XXXi'X 

I 



· .. -. 

Wblt -thtrd produot 1aolatod trosa tha FJ'1ed&l - Crat£'s 

l'eoot~n was (Ol'JLxxxiii) ·ldentttied. u 4'-hydroq .. e' .. IIGtb¥1. prop1o-i· 

pbenone tbroufdl, ·1ts lll•P• 1170 (Ut., 11-4..16°) ana its co.nverrd.on 

to the methJ'l ethev (CDLXXXIIll. x.a. uoo.tua. ot tho. b.}r~oq 

compound ( ®LXlONII) :} ~·s;h.c>w ~ cL.~ the following bandst 3200 cm_.1, 

H om.•1 (1•".1g. l:.a •• l.2). 

!be non-tcwmat1on of a•-a$tbolr$-6 1-me'tbyl propiophe­

nomt .(CDLXXXVI) ,the oth(t~ J;lOfJs1bl& prodllc·~ of tbe bied:el-Cfoatt;• s 

. .reac tton or iil!i,l c~aeyl me~~ etbSP W1 ttl. prop1onyl chloride or 

w.ltb prop1onlo a,nt;ydl'1de may 'bG atw'ibuted to ·rateuio taotora. 
. . . . (226) 

ibis 1a· ev1dent frODS ttw deUQtb1latlon $tt\dlea ot E\ODElltSWi et. at. 1 : . . ' 

. . I 

vbo toumd that the att&m.Pttld d.Gmetbt.J;.atlon ot 2 1-aetb.ox;r.&• .. •tbfl 1 

prop1ophenoDQ (O.D~I) lad to tbe formation ot the wmlal 

demwtb1lated p.rod\KJt (QDXC) almag w1tb tbe WlG.apected 4'-llYdrox.Y 

a•-methJl prop1ophmlolltl (®LlOOOI:tl :) 1n tb~ ratio 1*6• 

OMe 
CDUOO<VI CDXC 

0 

0\.t 
/ 

C.I)L')(XXV11: 

·We aLa~ stucU.•d the demetbT13tion at 4'-•thooey- oomoound 

(CDLUXlll) aad the a• .. metho~ isomer (ODLiQ\XIX) Qnd toUrid that 

· tne lat~f' compound gave tb.e 41•bY"~O.J'¥ comgound ( ODL'KXXVII :) 1n 

' 
I 

. ' 



J 

. ....., 

s1gn1f1oant amouuta along witil the ~mat ·demetbylated product 

( QD~"V),. l~eovor the demGtb1lat1on. was ):.~ater as (!omparad to 

t~at of 4'-m•thoq -81'lal.@gue (CDLJL~Ili)-. !.i!be resUlts artt; 

summarir;ed 1n tabla l (Ext»riaantal sactio1l). 

Xwo ~t~t C!melUSlons regarding tho l 10$lic t.to:n oond1-

t1on. and the reactants' &irolGcul.al' ra:;io wa obtai..'tled frCI~ th0 . 
oJ>crqe. ../U~es' c,n tkD.. d.Ji.omruT-t.tb.-t-;cn\.- ~~- -~.'~.ltu:~~~ ·• .r · · · · · . · 

/\cem}l()Wlds ;Lti res,PQ.o.~ o:r ·tlla p::.,.e.cw.-..~at1on of onr dosired 4.• ... metbo!fY- : 

2*-:a!ithfl propio.Phonone tb.roagll th.«l Fr1odal-.Cr~:S &lYl-ation- o£ 

Mil cr~syl matbyi etiler, men:t1onEH! earlie~: . :~ · ) 'llie u~ or 
s . 

· al':outic sub[!'1'~'ate &nd the (lat<:!ly_$t1 e.nh.yd.ro;us ,-;lum1n1ua chloride 

in tna molar .ratio li2 rot~· ~su'l.anoe the. yie-ld .. of the 4 • -hydi.-oX1 

·compound· <CD4UX\f:t;l:.·;}ct One mole of ~wn:tnt.,t.wa obl~1da Will 'be 

u.t:UizQd in tha process or acy-lation ot ~ cre::wl metll.Yl ether 

leading to too threa probable methox:,r pr-ot.J.1ophe~~s ( CDf.UCCXIII), . 
(CDLl.X.X.Vl) ~ (®IiXHIX) and the $~ond mol~:c&~o ot tha cateirst . 

may l·ead to ~ml)t;llylt;'~ion of the ,ror.t<1cts 'lrtlth subseqU.9llt re·~.-· -~·­

-~~g_el!ent in the po~~:iblo cases .Ia .• g. t'l!th. ~omp~~ds (CDI3;.!XV'X) 
~ . 

&nd(®!u~X) ··to th's 4' .. bydro:r.y-2 1 ;,.~tbyl propiophenone (CDLXWII), 

· ' 1n a9'·proltJJmQ.~elW 64;ti from ( OPLXXXII:t) _, ~ trom ( ODI.malX} mtG eean · 

pe.rc~nt f'ro:r~ ( CP.t..~XVI ~· !E'h~ second condition. to~ tb1s higb 

u:t.sld ot ( CJ.):wQCX\I'II), to ooaur, besid~s thll USG ot . tlle reac1iants 

1n tb.e sud. mole"ular ratio, ls t.bat the .reaction mixture, after 

cQmpletion. of- tnt$ lfequuad dlll"tltion for 1rl.--1edel-01"aff'' s acylation 
. ~ . : 

. 1s to be refluxed for 24 hours. . ri'nus the optimwl yield· Qf' the , 



' ~l. 
-~ 

' \~-·~' 

" ,.____ 
r--

~ t .. ·- ' 

,• j ,· ;. -· ' -I ' •• 

ead17 be ··metbJ'laUod to 'Gb.e ~ed c~cl (Ql.)~ZJ;). ibls . ·. 
• .. • ' •. ' • ~ 1 •• 

. Jrettiotloa b. aatuau.r ·baD t.ated li»J' c··ins 011'1 *be aova:atioa 
. ·. . ' ; . ... . . 

• .: ! ' . . • -•· • ' ' - . • ~ {I . . • 

••• UoG with tUttea-c ~tat to ~ ·tb.a ••aot•t• :as :I. a tQft.eo-d _.,, . 

. tl'~ tbe hbl• %1·(111 the ~1ealata1·:$eotton)~ ,· 
. . ; ~ . : r! 

.~.-.. 
' .. -~ -~ . . 
'!ibJ ·130st rle14 of 4* .. by'dro.,..a•.matbrl_J;WoptophtMile (OJt.fDl'lll)_ 

· · w'D Obt~d, by ~~~iDB ·Mil ·or•~tl ~tQl etbGI't -P'oJionii- Ob10f;td8 
or -PN»ionto:· aDbrdtlta. aad anb7dr'qU>~ al.Urwd.WI o~lde 1D the -. ·. 

-·. · · -- · ~~ ,, :_ . , . t ~. {cu.- \\ou.-s. a.~d. '\:he~ · »atlo 11112_, \t,eet)\.n~ 'Lile reCi.l!.ntlt\. mixture at: rest: {o_.- w~n.,_ _ . : _ ; . · 
refll.\Xl~ ·~ for fuT'lh.er i~~o~en-\--y {our_l\our.s ( E.,(.pt•l\.0• 4' Tn.b\.e U) ~ _ '_ . ; .- · 

ibo OOAVGI'a10D. ot ~· SWOPlOJbtllODia (QD~li) :~t~ · : · 
.: ' . 

.. ttit U¥1 1»1o1tlord.o Mld. .(QD!MtXUVl w•-· ,plawwd to lae. aob1®'e:~ _ · 
. ' ' , . . ' : . 

'.: ;throaatl the ti~B\Jllt ifiA(fllQlft ._-Ute BWM attJtl'buted to. a ,.oup. 

of' OlOSd1 r4aCe~ J.'Gad'ticma Wid.tJll .. aV. U a 0~ tea-(lt' :ch.. · . 
. . ' ' ,' ... - . 

, OQllv•s1on ot a -~•iaoDJl· oOJQOUd sa• • eide W1 tb th• -- ; · , . 
. "',:• 

JWIIMtr of: o•bOti atoms.. . fi~l»- 'Ol"isiQal.· Ji»."oces• '·i&BvOl.vecl 'he ~--~: 
lilA ot • app~--i.teJ.r. :~'''"*'~ alkrl a»11 ~•toue w'tb ~~ . \ f 
·-~-~ •1d4011 of ral.- ·--. DOltiUlpbide. at ail ele~B~d _: ·; _. . 

• o • 0 M ' 0 ' ' : 0 ~ 

•• .,., ••• "· , .... :Url .,.,,., ... -.&pt1o' aeld au·tit,~.: ~ ~ ~ 

·••••· w&tta a . ...,_, -. of tile oonei}JOJicliq •mom• ·--~~; : 
lu atl •••• of tilt nflouO. baw . ..._ attowA • • tile wodue-,· . · , . . -- - ·.. . . · ... , : . I 

•• •• tu. ••Miwi .,."' • , .. oxldtlt&• or tt1.a t~at . _ . . '· 
~ . . ; ~ ~ .. ~-......... ~~~··. .,· .. :. '· ~ : 

' . . . ' .. 0 ) .. - . 

. •. - -~-. <Clfa~a oaa-~-• -'Clla>n+l COltBu -~ .-<rma>.:~. ooo~4. _-

·r : . 

. ~ , :' r 
l. 



·~· 

· 4ltb0Uab •• Wlld.tmti011£ tmA(ll;Xwt wa9 known tbQusb at .. 
(·liO) .· . . . . . 

4•4 rete:r®Oas lt was u.1ad bV a tm~ wou•a 01~ and l'aalne4 

·a cballleal ourlosl.tt Ulltil lno~oas1ng lattmed 1D ctOIIJl,ea 9011•·· 

auolee SJ'stwa• 1e4 1lD a a$a.vob ,_. attdl'lonol metllocls ot IJ1Dbd-

. r d.D8 VJl-sul/ia,:ltut•d allpbat~ ael4s ol Ql18qulvoeta1 -~ture. 

lalel."esl lS.a t1w r.;ao,lfl!l J'eVlved att- t~a Qgltea.•lcm to the 91'&-.. 
·· ~. ;: · ,. · · · " · ·' ,,,. , · · . , , . , ·.. . (8la;) 

ttatton· ot a.at_.pb'¥1 ••t;~e acl4 tr011 a..a~.et.rl ~~ . · • 

tbe l'aq.Usi.IO tt=pera.-e Wl\1 .low.nd to lSf!l' b1 tho t\18 ot PlU'itied 

tU.ouae ·to · ~ea• * ~Utual sol.U.bili'J ot tbe ke~ and aqueous 

--'um polJ'J\d.lhide•. · ani the llelcl ot eel4 COBJ811'Gt1 tavoura1>1¥ 

. witb tbat 11Gid.&Atd 1>1 811 a'L~id.'\18 tt.VAtbtJS18 JAVolYJJlg tbe i\Wi.t2t. . . '\ . . 
'. 

SIS!lml BIAflfiON.i WM WIU.c•oclt I'GaOtlon SA th$. gresena• ot 
: • • •• \. ' • (,> 

dloXlUlG baa bfloA ~ ... 4 .,.. $1V.-,J!'a1. 1oVGBtlga~e in tb.e tWDtb.Gsil ol 8 
'' ' ·. ' . . . . '(42) ' ' 

. ••ietv ot •¥~- eubatltiut4Jd AllplaGtto ao14s aQd Olddea · ~ · · 

' . . . · .. : ' (3.33tcl34) 
·~be. aDLER YatlatloD Wbleb twomi·l98 to ~ 110re 

uadul tbU&. 1;he ~!giDal WlllgG1"o4t JI.'OOG$Ve1. oon-.ate 1ft beatlDS 

the ketcme Wltb app~t;e~ aquimoleo~• WIOUQta ot BUlpblW and 

a ev Mine lnat8a4 ot tlqUQOlle ~ l)Ol.r.ul.fbida. A tblo&lllcle 

la_toae4 as .a ·_.Saolpal. .. pofl\IQ~ and~ &wdrolVda v.ttll acid cw. 

a~JW.' .,,.a tu ··•ulll'l,_, ·acta;, U$\itd.lV 1a good v1e14. Genu all¥ 

a ••«•1 aliJbattA am!.ntt ,lila~ s.. ~'•• a 9'Utli'F ialne e eve . 
aDbV*ou• aaOida ·ia UtJed. · •pbol.t.ue ts wU sai-d to tbe K~tt-

. . . . . . . ' . (246) . . 
lu wa~slon_ ot ~~lltfiGSaW.! Maot10u • · lt is ehOa»t. • 1t.a 

bolllug .PotDt. (l98°) .-s ·t»adble .tho Q9* ot ·o»an app•a~s 1n · 



. I 

plac• ot an •utoclaw o~ boab tube. Fw.-thw thU aodit'tcid gpCMJea~J 

,enet'ally le~d to tho btgber ¥1elds of· thtJ 4ttoil'ed acid or qcl4 
..... ' . " ~-

~ atttl$Dt 'to convtWt 4•-•thoq ... a•..-ttql p.uoploghanono 
·. R:::H) 

. i 

(C.OLUXIII) to 4•.,.metboq...a• .... aatb:rl p~~ grog1oD10· &e1d (CD~,/ , 
'. . : 

thr$Ugll ~~··s modUicatiou ot td.llprdt. ~aaotion shoved th~t tbe 

~>eaction·1a bigbly d.&pandll\t ou tbe lrano:tion t$l1Jauature as WU as 

·oil the ratio ot tlle i"oac.tan~us&d. !be u.se ot tba ketone, morl!ho­

line and sulihw in the :ratio ot lt3:2 tollowd w aJ.kaline bydJ1o-
/ . . . - " . . 

lysta 1&4 to tbe tormat1on of' dopaded aromat1o ao1d ( ODX~t) m. p. 
' . 

17eo, tls a sole Pl'Oduct on b.aatt.ng ~at 150.lG0°C t«W 20 bro• 

Wbwoao by b~ating tne ltl:·l sdd\U"e of' the $UO compounds as baton 1 

at laO..l40° tturough tba sar.aO 9W1'1od ot t1ae (20 hvs.) follOW'ed by 

alkal.irla b:f&-olJ'sis resUlted ln a td.Xture ot lMtids _(.ag 1tJ evident 
. . 

t.uoa tbe fLO ot ~be met.b.Vl eete or tile ~ure),. •• ~"'I the 
' 

8l'Qilat1c a01d ( CDXCJ.) and the· P!?opio~· ac14 (CD~) • 

~u• ·~G the reaotton ~af.llpar-ature c~d be lowe.tted 

and the reaction. ptJr1o4 eoul<l 'be ftlhl1rd.~~d bY' ualnB 411-y 'benaona aa 



~-

,. 

. . 

· -~b.e oo·id mi~ure was :!ep~ated into ltm constituant 
-::~:·- . ' 

( Cl>XGl·, I\ -~ ';til' and f. ®_tllOOtlVt a :.: H). by aatQil"!t;li1~g. t~ m1$ure w.1tb 

'(.J ·'· 

tod eotr~$ \CDXCl," a.:=· Mn). ~lcl·_(<rJJ~~rf:· R = t!$) were f'U>tht~P. puri ... 
' ·J e 

t1e<i thrmig~ t:l!~trlllat~_l:b'4~ · .lilJ~bifl-:~3(~1 ' ... snQth{)Xy-2 '' -ttethyl ~l»eyl.) 

pro_p!oorate (~D~Q;;UV, « ~ ~~ btld ·t}.p. _.155 .. ()0/J.O mm and ~a~ b.1dro~ 
lyz·Bd. l>li:th lo,;· otb~olic .. $o,:U.U!n t~v:<h•and.e. solution· 't(J th~ Q-o:t"respon,.., 

. dintf oold \CD1:JCCUV,· . Ia ~· 10, .. c~·stal.li2illd ! .. r~ nate~· .. m.p~· 94 ~ 00° 
. (lS6) . . . " ·. . ' ' . ' . ' ' ' ' ' . . . ., . . 

(Lit·' m .. p~!- l04°). . ·ln spite· of' l:'J2~$.i~~::.tt:;cl _eeysbr.U.lttmattl,on. th<' l!lel-
' ' ' '', 

, 8 I . . .. 

/ 

t1ng po:tnt did AQt it~f?,rQV<"~• · l~wevo.v ~atistaotoey eler11en.t:ll- anely~is . 
. ··.:: 

fort the aeirl (ClJt.:~X:luv,. H = .~) W'G.s .obttnued and ztts et1-'"Uetm."~ i~ suppo~ 

tod !'>1 the follcM1zlg . span i;i al· .dat~ :: ti .• a.~. . ( Kb"r) l 30J10 ... 2820 ~nl-l 

('bri?adl :e9l0 em·~~ f!/'10-ri .. 2540. c.r~·l, .1"110 ~13-l., :tOOfJ enonl .( ~?I~al:t l'and) 
. . 

(Fig.; I?i- 14) 11.m~1"_ (crio'·;;1) 't ~~-J6b'\3l! .s); 2 .. 46 ·.- 2.·1~f &' C2H1 m); 
2.86~ _. s:.QB:b'(~H1 m.);; a.aa. £ <-~H, .. s">.;.:o_.~,~ -. s.oo s (elt,m);. ?~all an.d 
7.20 b (lH141/ ·. ·J = 8.1 :11~), .. l0-~3~ ~ .(.l!It ,broad)~ (Fig. 1l•ta<~ill•· - 3 } 

. ' ' ~ . 

· Het.h;rl. ~ _(~~:l:~-oe,tbolQ--2' ... 1fJ&tb.yl) ~~n$0ate (t.~1l.X:Cl, ir' = Me), 

be~P• 160 ... : :,::lri'lio 1::im •. ·wa~· t~<iroly-z~d ~~hrougb_ tb~ nm:ie procedm-o as 

th.at. Witil th.G i)ropion1e; ~~st~e~ ·(oo~nr, .n ~- F.b) to aftor<~ 4~methQ:ry 
be.l~oic· ooi~ (CPXC.i,. R :~ fE), ·c~y~tilli~d trora b·~nzalii'ft ~~P• 1.76.0; 

t..:J:a. .ttl.15~) .t 2'000 .. ~lSfJ. cm""1 (b~oad) 9 ·. ~So - 2SGf.) em•~. 1690 cm""1·J 

p.m~,~. (V~ri~ ~ do)·t. 6.1~1.. ~ ·641sri h (2ll, ~) . z .84 .a~~-?·. 93 -~ (~, ~, · 



-~ 

at 3.86 S r<tsp~">Ctttvely weJ?o 11ot Qtscsignad as the ~spootl:r:'Wn was taiten 
(c..f. ~1%,· \O·m.r. 4o..). 

using Utmo de s.s solven·ct !!the bands due to aromatic r..ydrogens 

~eveal 113141 subsi;:i~utaon pattal'n in tha fW'omatia nttOlaou.s and the 

di1"t:lct\lt1as in mQparatina tha i:\cid m:C~u:t."$ _(ICDXCl ~d CD~'tQCXl:V') 

thruu.gh th.e !aetllod <lesal.~ibod abov.a "" t.elt ·t.ue .nec0$~'~1 of'. using 

g.l.ce tecllo"liquQ il\ tbo m~d.d aepern~tion. · As ~m d.o not htlV'& g.l.o. 

to.cilit1es in o'W,.'l' l.abol--atory wa .are con.ttlcting siste.v laboratories 

abl"'oad Md hopa to compltlte the sYlltbt;~s1a 1u. d.Ue com"sa. 

I. 


