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SUM¡{,4RY

This thesÍs is p::r:sent,ed in two part,s"

'Ihe f-trst section deals v¡ith a kinetlc and product

stuciy of 'L,lLe acetolysis of gip-- ancì tqalq-*9*-t-]lrtylsplro[*.t--| -LJ
*dec-6-yl- p-tol-uenesulphoRate, Methods of ldentiffcation
of the pri>ducts are describecl and a.n at,tempt Lo rcttionalize
the kinet.ic results and prociuet dlst¡:j.]:utlon has l¡een rnaclen

Tt fs suqgest'.ecl that chair and non'-clrair conformations nray

be importarlL Ín the acet.ol,ysis of the trvo eseers and Lhat

both the conformations of the cle::fvecJ cat:tons and the posi-

tion of the cou-nter-ions j-n 1on pairs are important

in the de'b.ennination. of the proclucts" Ttre lmportance of

the eonfiguration of the leaving group in the al¡ove rigicl
syst.ems has been eonfirmecl by the formation of ::i-ug-cont.racted

products (çê, IO7L) (3-t.-but.}'lcyclopeni:-y1i<ìene ) cyclopent-ene

and (3-]-*]--utyJ cyclopentyl )cyclo¡x:nt-1-ene from the Hr_qng-esf--er,

in v¡trich a Su.itable tg"+{,f.-åS.i-planar a.rrangement of. the

leaving and migrating qroup exj-sts, No pr:o<ìr.rcts of ring
contr.ìet,ion \.¡er:e formeci in the ease of the gg*êster.

The seconcl part. of the thesis describes synthebic

routes to some 9-t-Ì:utylspiro þ" t]clec^6-yJ-, (3-!"-buty1.cyclo-

-pentyl)cycl-opentyl and 2-!-butyldeca-1y1 syst-ems rvhich were

requÍred f or the solvolyt.ic stuciy 1n ¡rart c)rìê c



11

The rvork present.ed fn this thesis represents a

detailed study of the acetolysis of qis- and !rjlns-g-Ë-
T-lbutylspfro 14" 5 ldec-6-y1 p-t.oluenesulphonate and the re,sults
LJ

dlffer significarrtly, in ce¡:taln aspects, to a reeent, less

detailed re;poft j-n the líteratu_re.
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r"1,
1 2Since the proposal by Ï3aeyer ancJ Vi3-li.qer t tl'rat

the colourecl speeles, present ín solutions of tripherryJ.-

methy.l cler-t"¡atives in eoncentrated sulphu::ie acid we-ì:e

salt*líke in strueture, the chemistry of carboniurn ions has

reeeived det,ail-ecl attentiorr" 3, 4 t5 ula2

Nej-ghbÕuring group participationG has been usecr- in
many insLances to explafn enhaneed l:ates in solvolytic
reaetionsrT-L3 increasecl tendeney Lowarcì rearrä.ng*^*rt14
and to rat,iona-lize tlie st,ereospeeificity of prcrcluet form:
ation"l'5tl'6b*20 The inerease in rat.e ?ras been expraÍnecl

in terms of anchimerÍc assistan,"* r2I a phenornenon which

relates to the attal_nment of the Lranslti-on state and does

not necessar:iIy -tndieaLe the intermediacy of a non-elass-
. ^22 -2:Jlcal- carJ¡onÍuln lono

Since the classtcal exa-mp1e c¡f neighbou::.tng group

participation, reportecì Ì:y Winstein ancl Lrr"o",16 in the

reaction of isomerÍe 3-bromobutan-2-ols v¡ith hydnoìrromic

acld, tneny other examples of partici¡>atj-on by groups

possessi-ng I.c-.ne*pair el-ectrons ha_ve tr:en investigatecln

These incl.ude the benza.micl u24, acet-oxyI25, ear):onyl-2'6 ,

.^ino27, acetarz8, ester29, thio-ost.r'to'tt, u"yl-32 and sJ-r1zJ-

groups. Bxtensive v¡orl( showed that par.,.:fc_{pation was rrot

restricted to eornpounds conLaining thr+ above type of

function¿r1 grcrulos anci anchi.merie assist,ance to ionizatioyr

33
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by all<.yl grCIups ancl olefir:ic bonds lecl lvinstein34 t.o suggest

the terms sigma (o') ancl pye (n) rorr.bes, irr order to dis-
tinguísh between Lhese tv,'o solvolyLic processesc

The partj_clpation of olerfinic TT-electrons in
catlonie .reaetÍons of alJ.yric3S and homoallyric36r37r38 com-

pounds ha.s been recognlzecl for: some tÍmen rn J.g46, shoppee39

reportecl thcì.t. nucleophilÍc substítution of cholest,eryl
chloride (1, x=cI), uncler ionic conditj-ons, ¡:roceeclecj v¡ith
ret,ention of configuration, whj.ch he ai.Lr:ibuteci to a Ìrono*

arrylic in1:eract.ion of the incì-¡:ient cation and the a5t*

olefinic bonci, l\fter further inr¡estigation of the cholestcrl,J-
systeln, viinst,eir: and co-v¡orkers4Or4J proposed tha-t part-i.ci-
pat.ion l>y the eleet,rons in t-he o-lefinie boncl gervû the brirlgerJ

non-cla,E;si.ca1 eati.on (Z) .'* (scherne J:,J-" ) This v.ras i¡t
contrast wÍth the solvolysi-s of the epicholestoryl derivatir¡es
(1 where x is in tire a-posit..ion) in r,+hicÌ: parti-cipation by
the TÏ-elecLrons rvas not evictentS2

An ea-rly exampre of particiFaticn by a remote double
bon<J was repor:ted by Le l,iy''3 in t96rJ, r.ihen she found that
the acet.oly's.ís of cyclohept*4-enylnr.rtþyf p-brc.:mclbenzene*

*
Quant.um rnechanicar calculations ir¡ciieate th¿:t thls ion

wilr be stabil:Lzelcl by overj-ap of the ¡r-orbital of the carb-
oniu.m ion at carbon*3 and the TT-orbitars of the double

tÈr
boncJ. ' '
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Scheme In2"
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Scheme f."Io

sulphonate (3, x=oBs*) proceecìed some thirty tfmes faster
than the saturated analogue ênd yisl.ded a single cyclj.c

rIacetate , e_4le-bieyclo 13.2, I I oct,an-2-yl acetate , whose eon_LJ
figuration was consistent rvith the intervention of the
bridged cation (4). (scheme r.zo ) a similar intermediate (4)

X

nt,
*.i

43

*
OBs = p-bromobenzenesulphonylo>ry



has also been suggestecl in the ionic reactions of gndo-

(equatori.al) -bicyclo þ. t. { o***n- 2-vI clerivatlves ( o,,-

rout.e') .44

Great interest. was aroused v¡Ìren Lawton45 and

Bartlett46 lrotf, showed that solvolys.ts of 2-(cycl-opent-3-

enyl)ethy1 derivatlves (5, x=oTs46 ancl ols45)* involved thei

anchlmericel.ly assi-st,ed formation of ä. mêsomerlc norbornyl

cation (6) (ref , 47 ancì 48) crnci that the rates of reaet^ion

exceeded those of the correspc..nding saturated anellogues (7)

by faetors ranging from 6 to ]90O, dependirrg on the solvent.

This \Á/as a clear example of the formation of apparently the
rrsame" (or at least a closely related) cat,ion by independent

TT and cñ rou.te" 
" 
34 

( scheme ï. 3 
" )
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-+Þ
6

Scheme I.3"

OTs - p-t,oluenesulphonyloxy

OlVs = p*nit.:r:obenzene suJ.pìionyloxy

€--
X

Þ,J
57

*
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This gave great irnpetus t.o the study of douÌ:le

boncl partieipat:Lon in solvolyti-e reaetion"49-53 an.i eon-

seguently many reeent investigations have ciealt wÍth a

eomparison of cationic lntermedlatec generatecl byo¡r¡i and

direct routes,54-59 Two examples of this work wiII now be

examfned in more ciet.all.

Bart,lett, Closson and CogcìeLt60 investigated the

aeetolysls of hex-S-enyl (8, X=oNs) r cyelopentylearbinyl

(9, X=ot'is) anci cyclohexyl (I0, X=oNs) g-nitrobenzene-

-srrlphonates, all of which yield cyclohexyl derivativcs by

ïTrc¡and direct pathways respeetively" (Scheme I"4" )

x-
Ç)

-*-G-
Route

9 I4 OAcInLernal
Retu.rn

x 15
Di::ect

--*ÞRoute L2

10 13

\c

TT---+
Route

I6

-î

x-
r
+

fét
¿--"-$

OR

x
B

Scherne I"4"

1T

15a
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They founcl that the ratío of cycJ.ohexene (lf ) tc>

cyclohexyl acet.ate (I2) was o"4o, 3o4 and 6"7 for the esters
(8, X=oNs) y (9, X=oNs) and (lOn X¡=oirts) respec.bÍvely an<ì

concluded that this was not, cor"lsistent with the intennecliacy

of a common'cation.. An explanatíon v¡as proposed ln terms

of the pcsj-t-i-on of the eounter-ion l.n thr: two species (r4)
ancl (16) anqi the nature of the produet*det.ermining inter-
me:diates" The authors sug,gested that the cyelohexy.ì- eation
(r3) was formed, in a si-mple heterolytie process from
(10, X=olrts) (direct. roul-e), arrd yielcìed (11) and (.12) in
the tisuä.l mannern rn Lhr: ca$e of bhe cation (14) (ûl rotrte),
the countev=-j-on is in a suitable position to uncìergo inter-
nal ret"urn to (10, X¡oNs) or .rlt.ernat.ivel.y (14) could gi-,re

th+ sol-vent- separated i.on pair (I5) or the free ca.t_ton (J-Sa),

whichy the authors sugg'estr êrê not-- "geonetrica_lly favourab_1.e

precursol:s fo:r cycloher*en€'to The position of the counter-
ion j"n the -tnt.imate ioir-pair (16) is not idea1, Ìrowever, for
interrral re'L"urn to (1O) and thus the pr:oducts should arÍse:

mainly fron (l-5) or (lSa).

Rece'tJ-y Rornan ¿rn<J c]-osson6r h-o* cornparecr theÇ)rfI
ancÌ direct r:outes to the cyclopentyl-phenylcarbinyl cat.j-on

(17) v¡hich j-s generated in the solvoJ-ytic reactj-.ons of !¡.gl,q-
2-phenylcycloTrexyl u*tr:luenesulphonat.e (lB, X=OTs ) r ci:-
and tå.ïlå- 6-phenyl-hex*S -enyr B-Trromobenzene su ì-phoriate s ( -l 9

ancl 20 v¿here x=oBs, respective.l.y) and cyc-lopentyrpheriyJ.-
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carbinyl p-toluenesulplionate (2I, X=OTs) " (Schenre f "5" )

X

n _19

1f.l

Di.rect T7

X

2L 20

Scheme Iu5,

They reporte<ì that- the benzylie eatJ-on (17), whieh

migh.b be e>epected to be relatively stabJ"e, cornpared to a

simple seeondary aliphatie ion, retainecl ,ra cLea:: merûory

of its route of forlnation'r ! however, contrary to the usual

observations ,57 '60'62 the fl routes (rg and 20 r+here x=oBsr

respectively) yielded a higher propc-.:ltj,on of elimination

. products than the othr+r ror.ltes. Furthermorer the deamination

of (2I, X=llHr) resulted in approxinr¿rtely the same amount

of substiiut--j-on and eÌiminati-on as from tÌ:e ,,coo1r!Clt route

l2L, X=oTs)o These observations v/ere not consist.ent so-Iel-y

rvith the invoh'ement of a.n intimate ion*pair in v¡hich the

counter-ion behaverl as ä base j-n abst.racting' a proton to

\
+

TT
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g.lve ol-ef inic mat--eriaI.63 ' 
64

Tl're a,uthors suclgested an expÌana.tion in terms of

the relatirre errerg'et.!.cs of the 11 ancl ('¡ routc-ls" They eon*.

s,irjereci tl'rat- the ion formecl Ï-ry the IT route was both

eÌassical¡ ãs opposed to non*elarsical, and ¡rhotrro T'his

extra energy could bce manifestecJ as mol"ecu"l-ar distor'tious

or i.n une¡rerr*1*ran".65 of the Íon, r,+hicùt co:.:lcì'rlead to a

lov¡erj.ng of the select-.1vit.y of the ea"t,ion in its subsequenl:

reractionsrr. Thi-s postuläee w¡rs consistentn it r+as rea,sot"ted,

with the freqr-rent similarj-t,y in the pro<luet <ij.stribution

obta:ined from solvolyt,ie react.ions invo.lvj.nq(ï¡ :Ce¿¿ml-naLj-ot"t

ancl fl routes;62 clifferc:nces between the two were aserj-Tred

to minor conforrnat.ionerJ. anc'ì solvatic¡n effects,

The ç-eneral interest in the compai:Ísc.rn of: soh"olytlc

reactions, proceéding by'c¡rn TJ and clirect routes" has stimula.ted

invesLigatior:so both in these laborator-tes and else'^¡ïrere¡

Ínto the nature and conformational -lntegrity of the 9-

decaIy.l catiorr (26), generated by these proc€:ssesû

É'urther irnpetus ttra-s given t'"o thls rvork when lla¡:tlett

*-t*g!.*66 propos;ed the transient interrnediacy of two eorr-

formatíonal-ty dístinet tetrahedrall2l 9..deca3,y3- racllcal.s

(22 and 23) in orcler to expla-tn the resulLs csf t.he thermal.

de compos Ít --lon of ç.iF.- a. n d !g-a-n 1- 9 -ca rhc-.t -but.yl pe roxyde ca. l in

(24 anö 25 rvhere X=Co3C(CH3)3, respect.lvely), (scheme I.6, )

'Ihis concl-usion \,¡as confirmed in e.ssencê Ìry Greene and
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H

24 25

22 23

Seheme I.6"

67Lowryo who reportecl the radica-l reaetions of e-is- arrd

9f349-9-decal"ylcarbinylhypoehlorites (24 and 25 where

X=CH,OCI-, respectively). In 1968, hÕwever, Stn_rble, Beckwith

anrl Grea*68 ron"lude<l that {22) a-nd/or (23) , forrned by the

cycli.zation of the 4*(cyclohex-l-eny1)Ìrutfil radfcal, had

reached confor¡natlonal equilibri.um before hydrogen extraction
*could oeeuró

GroÌ:'69 Gr*u.*?o .nd rorc7l'72 il*.r" all carried out

Í-nvestige.tlons on the nature of the g-decalyl caeion (2C¡)

r+hich Is analogrous, in certain respect*o to the radlcal

H

X

X

H

*
Compare referenee 73.
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systetn <lesc::ibed above, This loork69'7O'72 witl- be eon-

slclered in rnc¡::e detail be.Ior,ro

Although a number of ior:ic reeietions, .tneludf ng the
dehydratlon c¡f 1.. ancJ 2-<ieearo!sr74'75 tjre dearnfnation of
1*arninoclecal-ins76 arr.l the sor.vory.sis of r* and 2-decalyl
derivat,ivesjr'77-79 proceecl in part by localizetion of the
posi-tive chêr.rge ai the g-positj,on of the decalyl sp,eleton,

only systerrs whose reaetion paths p::oceeci a-lmost. e.xel-usive.'!.1"

through the g-decaì-yI eation (26) are considere<1 hereo

( scherne T. Z " )

In 1968 }Sosc?"rung, Geisel anri G::ob69 rep*rtecl the
sorvoJ.ysis (irr Bo% ethæ-not containíng triethylarnlr:e) of

_ç-tg.- and t_¡ê3-q-9*chlorodecal.ln (24 and 25 where X=CIn

respectiveJ"y) (direct ¡:oute ) arncl 4* (c)rclohex-I-eny.Ì" ) butyl
p*t-oluenesulpl'ronate (27, X=oTs) (n roui_:e), alL rsf wh-ich

shoulcl yield the struet:ur.rIry j-cientical t)-cìecalyl cation
(26) as t,he intermedÍate" (schenie r,l .) tirey fo-rlnd a sig-
nificant variation in the distribr,rtíon clf products from the
Lhree subst::ates and concLuded that different irrternrecliates
must be Ínvc'l-vedn An expranati.on ba¡ec.l sole1y on the posi-
tion of the couirter-ion, x, was dr.scounted a.s this was

inconsístenh., they reasonr¡cl, wÍth thr: for.mation of c_Lq* ancl

grgåg-g--decaroï (24 and zs r,¡here X*oI{, resÞeetively) fronr

both (24) and (27) (where x=c.l ancl ors, respeetively)"
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X

36

v

ct, Direet- l-{

24 X
27

37

26

+ Direct
<"_

vX
\ãb ** x '25

49

4t

Scheme În7.

* This <lces ¡rof: represent a true solvo1yb,lc route to (26)

but it i-s sign:Lficant in the overall consfderatlon of the
problem and is discussecl later.B0
** fnsufficient data is availabl-e to inch.lde the rout,es from

the hy'Crit"tdanyl-carbinyl derivat,ives Øg) in this diseuss.i-on.

Refsn 8lr92o
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The ar¡thors argued plausibly that the cat.io'ls
derived from (24) an<l (25) (where x=cr) r differed in enengy

by approximately r.4 Kcal,/mole and t.hat this enerqy dÍffer-
enee was reflected in the formation of the 9-<lecalyl cation
(26) having the eonformations (2g) â.rrd (2g) respec.t,ively,
(scheme I. B. )

(24, x=c1 ) (25, x=CI )

H
X

+
2A 29

PRODUCTS PROTIJCTS

Scheme I.Bu

Fron a consideration of models, crob69 concluded Bhat

there was a significant barrier to interconversion of (28)

and (29) and that product formation oeeurred faster than
equilibration oiî the two conformêrsø

The unsaLurai:ecl esi:e¡." (27, l{=O'T's) (n route) so1_
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volysed wi-tÌr participatj-on by the douJ:le bondn and the

authors reasonc+d that the interrnedj-ate in this reacLion was

very similar to the inte::mecJ.iate obtained froln the cj_.å-

clrloride (2.4, x=.cr) as there r.¡as a close resembïa-nc.r in the

pro<lr:cfs obtained from each substrate.

This is a reasonabl.e conclusion rvhen the rat-i-o of

A1'9- to A9'10-o"ta1in (30 and 31, respectiverll') is eo¡rsideredí

hot¡¡ever the l-a-r:ge differences in the rati.os Õf q:rl..q- and tgiiåq--

9-decalol- (24 and 25 where X:=ot{, rêspectiv.e}-y)n (yi?-," ", 2.23

from (27) (¡=oT's), and 0.4O from Qa1 (x=Cl.) ), r+ouj.cl seern

to cast. consid<¡rable doubt on this hypothesis* Another

aspect not discussed by Grob l.ras the fact that the conipar:ison

was nìcr.de betr¿een sub-st.rates bearlng different Ìeav-i-nE gröups

anci it. has been shown that thj-s factor can markedly a.lter

the naLure of Lhe pro<ìucbs in sclvolytic reaetíorru"63o64n83-85

srnÍth and Goon86 h*rr* recentry reportecì the ethancll,ysis of
some cumyil deri'¡atives, (-ç!å" chloricle, g-nit.r:oberrzoate and

thiooenzoate) and they founcl that the raiio of elfunínation
{:o subst.itu.ti"cn was o"12r 0.50 ancl 0*91 respective].y, whj-c}r

is a particular:ly dramatie example of the effeet of t-he

*
The rate of solvolysis of (26n X=O.Is) colnparecl to the

saturaLed anð-rogrr.e, krel, increasecJ as the nu.creopbilieiLy

of the soJ-vent decreasecl: the krer r{ere 2,1-6 (a0,2¿ eti:anol),
5"2 (50% acetone) anci 40" 3 (acetie aci.d) 

"
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lear'lng group on a solvolyt,ic reaetion,

It is of interes't, hol.rever, that Grob anci co-worÌ<etu87

considered tfiat the solvolysis of the cj"g- and !{Èq_s.-B-

hydrindanyl chloricles (32 and 33 where X=Cl, respectfvely)

and 4-(cyqlsperrt-I-enyl)Uutyt p-toluenesulphonate (34,

X=oTs) was loest envisaqed as proeeeding through the relatively
rigid B-hyclrindanyl cation (35), in wÌrich encumberanee and

the position of the counter-ion were the key fact.ors in
determinS,rrg the nature of the products, (Scheme I.9. )

32

+
35 X

33 34

Schene I.9o

X

X
,

In 1970 Fortn Horni.sh and t,iang7z reporterl the

solvolysÍs o:F cis_- and Qlqng-9-deealyl p-nitrol:enzoat,e (24

ancl 25 whe.re x=PNB, respeetively)71 (direct route) an,C



-I5-

rationaliz-ed their results in terms of two conformatJ-onally

isomeric ca::]:onium ions. They also eonclude<ì that ion pai::s

played only a minor role in the reaetionsn

ft was found th¿lt (24) and (25J (wháre X=Pltrtsr rês-
pecLively) exhibited rrnormal,r solvolytic behaviour, that is,
unaffected b¡' sLeric factors etc.. The authors coneluded

thar'- the )<j.netic results and the product distributj.on vrere

consj-stent v¡ith the concept of two different lntermediate

catÍons o

Fort and eo-wor)<ers72 considered three posslble

explanat.Íons for their observaLions:

(i) the solvolys-is wa.s l:imolecular (dZ),

(il) the solvolysis involved intimate ion-pairs

and the eounter-ion was responsible for the

procuct distribution 163'64

( iii ) unencurnÌ:ereci, conf ormationally distinct.

catlons werîe the product determining inter-
meclrate s.

The first. premj-se, (i), was disrnissed on kirretic
grounds and beeause of the f ai-lure of a @;-4Irt -i-plana.r
arranqemen{: of hlzdrogen ancl leaving group to facilitate

QOeliminat.ion o 
-" The second consi<Jerati on, ( ii ) , was dif f icult

to dlscount completely; the authors suqgested that the

abserree of epimeriza.t-i-on of (24) or (25) (where X=pNBr

respectÍveIy) durinq the solvolysis ilrciicateci tha.t intimate
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ion-pairs we:ce not signífJicant. procluct-cleter-ninf-ng inter-
*medfatesn They concedecl that i-t rrras possible that .i.rrt:Lmafe

ion-pai.rs were p-resent w-i.th the prorrisiorr, Ìrowever, thaL

steric f:act,rrs9l restricted the rnovernent of the aníon fronr

one side of eÏìe moleeule to the other,

fn orrler to gain further inf:orrnatíon on the con--

formation of t.he j-nternediate ea.ti.on, Fort et "al- .72 treaberl

ciÊ- and glgåg:9-decalol t24 ancl 25 røhere ;;spect--5.vely)
with a solut.ion c¡f trifluoro-acetj"c aeid in methylene

cl-rlcride ârrd t.rapped the lncipient c¡etion rçith an organo".

silaneo92t93 The intervention of ar: -ion-pair intermeciiaee

wa.s illipossi.ble as t'he leaving group (Uro) is a neutral

molecr.rle and thu-s {¿he authors co¡tcluded that the variaticn
ín the sterec,ehemi-stry of the procìucts r+as consistent wi.th

the intermedì-acy of confo.rmationally diffe::ent catíonso

(ft mr-rst be recognized hÕr,'ever, that the ionizi.ng conditions
use<1 above are completely differc.:nt to those usecl inltially
and thi-s must be kept in mind r¿hen comparing the respeci:ive

lntermedj-ai:e ions ) u

An 5-nipor'bant consideratÍon, Ìrowever, wa.q v¡hether the

eonformatic"-rnal- distinction between the two catlons a.ncì t-heir

ability to give different. products was a reas;onable propos*

ition in terms of t,he tíme scal"e invoJved" The author=72

*
Compare ref" 89 and 90"
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reasoned that the mol-ecular relaxatjLons requireci to
equililrrate syst.ems of this type haci ra.te constants of the

orcier of 10-6 - 1o-B r*"-1 (ref " g4), whereas formaÈiort of
products is most probaì:ly a diffusion eontrolled process

where k is lo-9 Io-I1 u""-l (ref. 95).

They conclu.ded t,hat the third premiser. (Íii-), was

consist.ent. with the experimentar obse::vatlons and that. these

two dj.rect .routes to the deeal-yl cation gave corrfor¡nationally

dÍst,lnct ions" Unlike Grobr69 hor*.r*r, they ?Jel:e not willing
to suggest possible 1,sÌ:a¡resrr for the eonformerso

A comprehensi,¿e ínvestlgaLlon by Gr.a*7O on t.hel

natur:e of the 9-decalyl cation (26), generated bycnr fT ancl

dlrect routes, has shown that. the product. dÍst.ributj-on ie
markedly riependent on the precursor and, as a consequence,

dl.fferent. l.nterme<ì1ate species r¡.ust be involvedn He ha.s

suggested t'.hat this is possibly a result of conforrnat-j.onal

diff,erenees in the incipient cat.ion and that the counter-ion
could also play more than a minor role in determining the

course of ttie react:i.on.

The ::aÈio of 41r9.-oct,a1in (30) to Ag,l'O-.r*t"alin (31)

was compareci for each reactfono asi it was considered to be

a useful. probe t,o determine the irrtimate mechanism involr,'ed

1n Lhe solvoiyses. (fa¡le T"l, )
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TaÌ;-le f . I.

COI"IPOUND SOLVÐNT (30),/(31) Ref,

(24, X=PNB)
*

(24, x=pNB)

(25, X=PNB)

(25 n X=PNB)

(,24, x=cl )

(24, x=Cl)

(25, x=Ct)

(25, X=CI)

(27, X=oNs)

(27, X=OTs)

(27, x=Cl)

spiro[-. t] dec-o-yl
chloride (36, X=CI)

(36, X=OTs)

3- ( 2-meth)rle necycto-
hexyl)propyl p-nitro-
benzoate (37, X=PNB)

aeet.ic aej-d,/sodium
acetat,e (A)

6O% aeetone/sodium
acel:at,e

(a)

60% acetone/sodiu.rn
acetate

(A)

BO% ethanol,/tri-
ethylamine

(A)

B0% ethanol/eri-
ethylamine

(a¡

BO7á ethanr:J-/Eri-
ethyl.amine

(a)

(a)

(n)

(A)

I.L2

l"07

7"O

1.51

l. og

I.2L

4.8

o"28

2.16

1. 05

3" 35

o. B2

o.36

72

70

72

70

69

70

69

70

69

70

70

70

70

*
PNB = g-ni-troJrenzoate.

1. 3g 96
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ff tÌ¡e cation for:mc+rj froin the !r_ans.-9*deca1.y1

derivatives (25 where )l=FNll o::' CI) is 1n fact iu the con-

fornratlr:n t2g) (scherne ï" LO" ) e as suggest-ed by Grobr69 the

counter-ion is r.¡ell situateci to ace as a base in absiract,ing
lô

t.he hy<ìroçien at Cl to give 4""-oetalin (30). on the other

hancl, Lhe eounter-íon 1s on the opposite s-ide of the molecule

to the hydrogen at ClO, tìrus restricting its a]¡st-r¡¡etion

by tlre counter-ionn 'I'he Ïrigh r¿rtio of (30) to (31) observed

for this systern was consi.stent r^lith thi.s hypothesls" The

higher proportion of A9 ' 
10*oçta1j-n producecl by the qi,g--g-

decalyl der:ir¡ativr:s (24 ruhere X=PI{B or CI) can be ratj.onalizecl

in the same vzay, ð.s t.he counber*lon and the hydroge;t at ClO

are on the sarne sj-rle. of the molecule. (Schenre l"-1O)"

/\t first sight, j-t rnight be considered tha-'i: the

results of crob69 and Fort72 invalidaLe this hypothes-'Ls"

Whittak.ttT hor¡rever, has slìorr,n recently that, althou.gìr io¡t*

pairs are im¡:ort-ant in cationic re¿¡etions of {.- an<ì p-pinene

in anhydrous a.cetic acj-d, in more nucleophilic sol.ierrt,s,

sueh .?s thc¡se eonta-irring water, ion*'pairs, if formecl at a.-11,

are less i.mportant, in determ-lninq the nature af th<+ preduc'ts.

Thr¡s the v.llues of .1.51 ancl O.28 ('::ai:Ie I"1. ), whieh t{ere

otrtained for the lgg:S*g*CecalyJ- cier:j-vaLives (25 where X=PNR

or CI) in aqueous sclvents, were no'c unexpecteclo
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24 
--Þ

+
2A

H H H I0I

30
H 4 3I
I

H '10'

25 H---Þ

4.

H X 29

Seherne I, 10.

Gream has suggested that if the 9-decalyl cation'

generated by t'tre sol.volysls of the spiro[^"t]dec-6-yl

derivatives (36 where X=Cl or OTs) (6Jrouee), does resemble

lon (38), the counter-ion rqcn¿ld l¡e well situated to give

both (3O) ¡rnd (3I) in approximately equal amounts. (Scheme

r.11. )

0

X

I
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X-

0

3e)

-.Þ +

3B

Scheme f.11"

The observed vaÌue of O.82 for (36n X=Ct) approaches

this valu.e elosely but the ratio 0.35 for (36, X=OTs)

1s rnueh lower than expected" The author reasonerJ that t,his

could be a reflectlon-of the nature of the J-eavlng gr:oupso

In the case of the 4-(eyclohex-1-ent't)buty1 cìeriv¿r-

tives (27 where X=Cl or oNs) (flroute)u it was apparent

th¿Lt for a particular half-chair cr:nformer, j.nteract,ion of
the ff-bond and the carbon bearing the leaving group courd

oeeur either above or beLow the ptane of the ring (39) ancl

(+o¡ and leacl to two conformatíonarly differer¡t eatlonsn
(schenre r"12') cru*,n7O h-n pointecr out. that Grobr16g con-

crusl"on about Èhe sÍmilarit.y of the intermedj.ate caeions

,produeed by (2.'I) and (z+7 (vrhe::e x=ors and cln respectively)
in B0% aqueous othanol, is clifficr-rlt to rationarlze on the

basis of the yiei,cis crf .çÅg* and trr_*fg-9-decatol (24 and zs

where X=OHr rêspectlvel.y)o whlch varj-ed markedlyo When the

I
l{r
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OR

39
X

40

Scheme I.L2,

same leaving group 1s usedrTo it, carr be seen (rab1e ï.1. )

that the ratio of the two octalÍns, (SO¡ and (31), is
intermedlat.e bei:ween those for cis- and trqns-9-chloro,Jeealin
( 24 and 25 v¡here X=cI, respeetS.vely) . The author concluded

that the eounter-ion Ís probably not. in a good position to
abst.raci: a proton and that 'rthe compcrsltion of the products

does not gfve any clear lndication of the naturei of the

eonformations of the 9-decalyÌ eat1on.,, It, rnay be that a

r¡hot' ea.tion¡ âs sugg,ested by Clos"orrr6l is invoived.

Tn a reeent eonmunieation, OIah and eo-workeruSO

reported thf,t they could not det,ect eonformational isomers

of the 9-cìecalyl catj"on (26) which hacl been prepared by

,dissolution of cyclodecanol (4L, X=OH)r c1s- and tqarl_s-9-

decalol (24 and 25 where x=oH, respecti.vely) ancr cis- and

grgn.g*decalin (24 and 25 rvhere X=H, respect.iv,:ly)gB in

"super aci.d" media" (Seheme f .13. )

X
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H 24

.--Þ

26
4L

25

Scheme I"13.

They coneluded that if two eonformers of the

9-decalyl eation were indeed present init,ially' they had

reached a st.ate of equllibrium before product forniation

could oecur' (See footnote*, page 11. )

X

+

X
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T..2"

. The spiro ring systern (50 where m=s-B and n=5-7 and

where x is a suit,able leavÍng group) has been the vehj-cÌe

for i:he study and assessment. of. the contribution of ring
99-101st.raín-" --: and/or anchimerie asslstanee as a dri.'¡Íng force

in waqner-Meerweln type rearrangements, under condj-tions of
deaminat-tonr lll ' 

112 dehydratior,lO3 ' 1o7-11o,114 and solvol-
ysis. 104-106, rl3 

' 
115

H)2 n-z
cH ^l¿ m-4

X

50

of prime imp'orrance are rhe spiro[-.t]dec-6-y1
clerl,vatives (36) whieh, crea.mTo h.u sho-wn, are suÍla¡r-e

subst.r:ates to study the øl route to the g-deealy-'L cation (26).

until this rorkTo Ìrowever, the main interest was centred

on the reâ.rrâ.Dgements of thls system.lo3tlo5'1oB'1ll-'113'
114'1]"6'117 (seheme r.14. ) procìuets derived, under ionic
conditions, from the 9-decaryr eation (26) (ring expansion),

tlro cycropentylcycrorrentyl cation (az¡ (ring contraetion)
and the parent spiro cation (+:¡ have been observedrT0,lo8,
111.1r3- j.n varyincl amounts.
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Seheme I"14,

26

X
36

+

43
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T.3.

oBJltcTs.

Às an extension of the work deali-ng with the 9-

decalyJ- catÍon (26) , tt was decÍded to investigate 'bhe Cr
*

anci il rout.es t.o the 2-t-butyl-9-deealyl catÍon (44) whieh,

by vlrtue of its subsÈltution contains two aslnnmetric cenÈres.
.oleíí,\it . di"e¿tl5

As a consequenee, the)procluctsJAerived from the intermediate
(44) can be positional isomers wlth respect, to the t-butyl
group and each positional isomer ean be one of a palr of
geonetric isomers (see sect.lon If.I.)n It was hopecl that
the nat,ure of the isoners woulcl y5-eld further infornratj.on

about the eonformation of the intermediate catíons (++¡ and

also Lhe role of iori-pairs 1n tl-re reaetion. (Seherne I"15,)
The overall distributlon of products eould also

help to elu.ciilate the precise mechani.,sm of the solvolytic
reactions of this system, in which the configuration of

the leaving group is fixede

*
Time clid not permit, an investigation of the sol-volysis of

3-t-butyl-4.- ( cyclohex-I-enyl ) ¡utyt or 4- ( 5-t-butylcyclohex-l-
' enyl-)butyl derivat,ives (45 and 46 where X=CI or C)Ts, respec-

tively) (lTrouLe) in this work, however sereLi=96 is at
present engaged on this problem"
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R
R

X

o-)

"Á
4B X 47

46

R

Å

*
44

TT

R R

45
X

**
R= (cFr3 ) 3c

Scheme I.l-5 
"

The first part of this thesís deals ¡¡'fth the

acetolyses of gt-s- and lqarrg-9-t-butylspiro[n. U-ì ciec-6*yl"LJ
p-to.luerresulphonate (/*7 and 48 where X=OTg, respecti,vely)
and the seeond part wÍth the synthesis of some of the

required compounds.

See footnote on page 26n

Thts representation applies to a.tJ- ciiaq.rams in thls t-hes_iso

*

**
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TTNI'

/.\ study of the .:eetolysis of cis- and trans*9-t-butyl-
spir:o dec-6-yl p-tol.uenesulphonate (47 ancl 48 where

X=OTsj e Fê spectively) 
"

In the present work, the t-butyl grou¡r has Ì:een

lneorpor:ated into the substrat.es (.¿g- and tËgl]q*g-9"-
rfbutylspiro | 4 . 5 | dee-6-yl p-toluerre sulphonate (47 ancl 48
LJ'L

ro'here X:=OTs, respect.ively) ) ln order to restrict t.he number

of covlf o-rmations that the t'.rvo substrates may take ,rp.1l'B

Wfns¡tei.n ancl Holn*"*II9 or*r.= the first to use¡ the !-*Ì:utyl
group as a eonformation 'rlockingril qroup v¡hen they lnvesti-
gate cl tl"re s o1 volys I s of e_l"_g* and t L+gg--4-t*-J:rutyl cycl ohexy.l

derÍvat.ives ( 5I anc.l .52 where X=OTs r r€s;pectively) . (F'lgure

II.1.1" ) This stucly was undertaken in order to gain

inforrnati.on about "the clifferences to Ï:e expected slmply

from the ec¡uatorial or axial- disposj.tion of i:l"le reactive
group on t-he chair form of the cyclohexar:e ri-ng."

The reason for the t-butyl g-.roup being used for the

above purpose was based on the fact that the qrr:up has a

cllstj-nct preference ( >5.5.1(cal-/mole) for oceupying an

equatoriaJ- rather than an axj-al positron "I2o'I2I'143
/tlt.hough liJinstein at the tÍrne considerecl that gj€-

anri Ëra.Tg*4-F"-butyl,cyelohe>ry1 clerl.vat_i-ves (SI ancJ S2')

represetrterd pu-re species (in grounc-ì st-"ates ancl aJ-so tra,¡rs-
j"tion states), evjclence has since accurrulaterl slrqcyr:stÍnq

4.'.>
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that non-chair and chair eonformers mcf| be important in
the solvolytic reactÍons of these rjerivatilr.*.I22

R R

5i"

Figure II.In1.
fn 1965, Shiner and Jewett suggestedn from an

evaluation of deuterium isoto¡re effects, that !¡e!e.-4.-g-
butylcyclohexy.l- p-bromobenzenesurphonate (52, x=oBs) under-
went solvolysís through a non-chair transition statel23 ancJ

that the çijl-epimer ìtt, x=oBs) reacted via a skewed chair
conform"r,r2â ït should be noted hor.¡ever that ol(amoto

eelgl-.*25 in recent reports on the solvolytie isomerizatlon
and rearrangement. of cls-4-!-butylcyclohexyl p-toluene-
su.lphonate (51, X=oTs)¡ have east, some dou]:t, on the conclu-
sions drawn by shiner and Jewett"I23rI24

On the other hand lfhiting and co-workeruT9 have

argued plausi-bly ln support of the flndings of shj_ner and

'Jewettlz3tl24 on the basis of a carefur analysis of the
products formed in the acetolysis of the ei-s* ancì trans-esters
(51 and 52 where X=oTs, respeetivety).

X

52
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Recently an informative example of the t-butyl
group fai-ling to loc]< cyclohexyl rings in pure chair con-

formatÍons in the solvolysis of qig- ancl gg!g-6-L-butyl*

=nirofe.s]l oct-a-yt p-ntrrobenzoaLe (i-37) was reporred by

schl.eyer .126

137

rn the absenee of e.lear-eut evidence favouring either
chafr or non-ehair eonformer*rr27 'Ì2grr33 t.h" result.s pre-
sented in this thesis are cJiscussed in terms of both
possibilitÍes.

The c}rair (al 1") ancl 48(c), respectÍvely) and the
non-chair (426¡¡ and 48(n), respectively) eor¡formers of cls-
and eJtqÊ-g-s-butylspiro[n, u] oec-6-y1 p-rolnenesutrrhonar;*
(qt;";t ;.* ;=;=, :".o'*..r,"ro, lr" represenred by

Newman projections shov¡n in FÍgure fT.1.2n

The kinetic results for the acetolysis of gL?- and

t aqs - 9*t-'but -y r spiro 
þ . t] cr'e c- 6 -yl p-t orue ne sulphonate ez

and 48 where x=ors, respeetively) are present.ecl in Table rr.
r.ln

XR



-31-

1

7

R

t-l

R
10 4

48c

4'lc

4Bn

H

1

R

1H

10

X

X

t

1

R

10

10

R

7

t,

H

1

R XR

t
47n

Fi.gure If.1"2n

7
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Table

Rat.es of Acetol.vsis

rr.Iol".
a of the spfro esters

(47 ancl 4A where X=oTs, respectlvelV).

COI'1PO'JND TEMP Ô

c)
krel aG AHT

T
AS-q,10 "k

-tsec
RcaL/

mole
]rceaL/

mole êcllc

+

c

(47 where
X=ûIs )

27 "3

33.4

40.3
45 "I

7.3I
7 "52

I3.78
14.42
34,17
54 "99
55.42

b25

25

5.4
5.1

25.'1 23.4 2I.g -4"7
c

45,3

(4.8 where 52.2
X=OTs)

. 60,4

3. 66

3.48
B. 50

B. 86

23 "94
24.34

b
25

25 c
o .2L
o "22

25,21 25.6 +1.3

ê¡ The solutions
gs O"O2tui in

b. Extrapolated

co ref" L15"

were irritially cq!_ O"Ollvl in ester and
sodium acetate.

from data at other temperatür€sr
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The significanee of these results becomes clearer

by'a comparison with other slmllar systems. (Tab1e II"l n2")

Table fT,L.2"
Relative ratesa of acetolvsis of some

B-troluenesulphonate derivat,ives at 25o.

COMPOUND (p-toluenesulphonate,
where X=oTs)

krer refe::ence

cyclohexyl (1O)

2, 2-dlmethylcyctohexyJ- (53 )
2,2-dlmethyJ--3-trutyl ( 54 )

cis. 4-t-butylcyclohexy - (51)
cis 4-t-buty1-2 o 2*dimethyl-

eyclohexyl (55 )

c,!s- 9-t,-butylspi.ro [a.. sl cec-
6-yI (47)

ci g lO-t -bu.tylspfro [S, 5-l unaec-LJ7-yI (s7 )

uni.roþ. s] oec*o-vr (36)

t_rÐrs-4.- -butylcyclohexyl (52)
tqans-4- -butyl-2, 2-dì"methy-l-

cyclohexyl (56)
tEgns-9- -butylspiro [a, sl o.c-

6-v1 (4e-) r 
1.r.,¿*.-tåè!s-10 t-ÌrutyJ.spiro 

Lt, 
t,

7-vL (58)

"nirofs" s].rrro."- 7-yL (se)

1.O
3.O

3.8
L.B

3.O

IOB0. O

8.4
434,O

0.9

r.g

44"O

22,O

28,6

I?9
Il3,105
130

131.

L32

rls

r15
l15, ro5
131,119

J.32

trs

t15
115

Where the ra{:es of solvolysis were not available at
25o, the values have been extrapolat,ed from data avai.lable
in the literature"

ê"
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ïn partieular a eonpari-son of the rates of acetolysis
of cis_-4--t_-butylcycJ.ohexy'1 ( 5t , X=OTs ) r cis*4-t -b,tt'yL-2. ,2-
<jírnethylcyclohexyl (55, x-ors ) ancl çj s*9-Ç-but.yts¡riro[n, t-l ciec-LJ
6-y-l ¡:-toluenesul¡:honäte (41 , X=OTs) (1"8, 3.0 and 1OBO,

respectively) indÍcates that the fir¡e-membered ring ¡;artici-
pe.tes a.nd consequently prorri-cJes a eonsiderabl-e ciriving
forc"l34'r35'1o5 in the heterolysis r>f the ci*ç-*ester (4?,

li=oTs). The magni-t-ude of this cirivincl force can be fully
apprec:Lated i-n the relatively srnaì.ì- rat.e i-nerease .in the

acetolysis of çi.?-f O-t^Ì:utylspiro[t 
" t-] u.nrlec-7*yt g-toluene-LJ

su.lphonat"-e (57 o X=OTs) when eompa::ecì t.o cis_-4*!-butyl-ZrZ-
di-methyl.cyclohe:ly1 g-tol.uenesulphorrate (55, X=OTs ) (Zo B * I n

respectiveJ"y) o rn the f oT:nìer eorn¡-:ounc1 (57 , x=oI.s ) n the f j-ve-

¡rember:erl r:ingr presen't: in tire ester (47, X=OIs) na1 been

replaced by ¿rn adjacent sj.x--memberecì ringo

A similar consicieration of gßn9,-4-t*but"yleyclo.-

hexyl (52, X=O'J's ) r !I-elË*4*t-butyL -2 n2-.Jimethylcyc.lohexyl
r-l(56, X-tl's) ancl LLe$s--9-L-butyrspiro l¿" s ldec-6-yJ- p-toruene-
LJlL

sulphonate (4Bn X=oTs) reveals a variation of O.9¡ I.B and

44, respecti.vely, in the reratlve rate of acetolysÍs. Th.is

observation is eonsistent. with participation by the arJjacent

cyclo¡>ent.yl- rinq in the trap:-ester (48, X=C)rIs)" If the
participation is absent, the rate of aeetolysis of thr: two

_tg.gns-est.ers (56 an<1 48 v¡Ìrere x=ors) should vary onry sliglrtry
beca"use in both cases the er¡vironmen'L of the J.eaving group
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is quite similar.
fn other wordsr the rÍng expansion does not proceecl

by path (i) (transitlon state 6Oa) (scheme fI.I.l,), but is

describe<l by path (fi) which leacis to the intermedlate

catlon (44) via the t.ransltion state (6Ob),

R(i)

---GÞ +
X-

R

X

47 0R 48 60a,
( i1) (Í)

R

-_Þ
X

H

60b 44

Scheme Ifo 1o1.

Gr*a^70 han oi:servecl the presence of both cis.-

and lggge-9*decalyl. aeetates (24 and 25 where X=OCOCH'r

respectively) in the produets from the acetolysÍs of.

spiroþ"t] riec-6-y1 p-toluenesulphonate (36, X=o'Is) " As

the format.ion of these acetates (24 anci 25 rn¡here X=OCOCH3)

is not consistent wfth the intermecli"acy of a non-classical
23cation;-" t''y analogy, it seems likely that the proposed
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inte¡:mediate (44) in the aeetoiysis of both the ç_is- and

!5ene-esters (47 ancl 48 where X=OTs, l:especti-veJ-y) j.s a

classieal tert.i"ary caLion. (see also :îef " 136)

ïn orcler that neiçlhbouring group participation ean

occur it. is generalJ-y considerecl necessary to have a ælg-
B¡1li-planar arranqement of mig-rati-ng an<i leaving groups.fl'
r37'r39 This condition is sat.isf:Led by the ch.ri.r conformer

of c-ig-9*!-bu-tylspiro[O 
" t-l dec-6*yl p-tol.uenesulphorrate (47

LJ
(c) ) (nigure IIo1,2" ) in whj.ch the CI-CS bonci can part.ici-

pate in the heterolysis rvith ac:eompanying expansic;n of the

five-¡nemT¡e::ed ring" Participati-on by a Ëggä-aqtÅ.-planar
bor'¡d, whieh wiII lead to the 2-Ë-butyldeeal¡¿l cation (44)

can only occu.r in a non-chai.r eonformer of !lepg-9-Ë*butyl*
spiro[-.t]clec-6-yl (48, x=crs). (rÍgure r:i:.Ì "2") ;\

release of energy of app.roxÌ-nately 6-10}<eal,/nroie has been

estimated for thÍs ::ing opening procesÉì due to the loss of

strain (Baeyer:, Pitzer and non-bonde<Ì interaci-ions ) "99'101''138
llowever this estl¡nation r.¡:l-11 vary according to the progre,es

of r-ing ex¡xrnsion in the transition staten*

* Tirat iso the amount of strain release wil-.l presr-unabllz

increase ass the ring opening of the five"-membe-recì ring pro-

ceeds towards Lhe attainment of the 2*t-butyl-9-decalyJ-

cation (44),
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In order to develop the concept of the role of.

chair and norr-chalr eonformers more fulÌyn lt ís possi.ble

to divide the rate of acetolysis of both ciq- and _!¡gâs.-9-rlt.-bu,t.vlspiro I 4. 5 I clec-6-v1 p-toluenesulphonat,e (q and 48
LJ-4J

where X=OTs, respect,ively) i-nto component- parts using the

geRer?cìlizeci i^Iinstein-IÏolness .q.ratio,'rl19 (equation 1)

k =l<N +kN +kNovera.LJ ee aa nn Iìqo 1"

where the subscrlpts e, a and nu refer to the equatorial

and axfal chair conformers ancl the non*chair conformers,

respect.ively; l{ ê.rid k represent the populat,ion and the rate

of so1'.zolysisr respectíveJ-y, of eaeh confc¡rmer"

The cj.s-. and gåg+g-isonìêrs (47 and 48 rn'l'¡ere :{=OTs)

are no1{ considered in terms of this equation as folJ-ows:

(i) The expression for the qis-ester (47, x=O¡Is)

is probably of the form, (equation 2),

ove.rall ( eis )
k N = 5.4><l-o-5'sec-1aak Eg" 2"

as it. Ís generally accepted that. glg-4-t-butyJ-cyclohe:ry1

derivati.ves undergo solvollzsis exclusively in the chaÍr
'74

conformer'-' (axiai" leavi-ng group)" ConsequentJ-y, Na = I

and ]< . na , . \ will be 5"4xtO-5=""-I"ovef'alí ( cr-s )
(if ) The rate of acetolysis of the tgê+=T.-ester (4A,

X=oTs) on the other hand is bett.er descri.]red by equatfon 3n

fn whfch the contríbution of k.lrT" has been confirrned by
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k +kNnnKNee
-5 -1= 0.21xIO sec EQ. 3.overall (trans )

the detection of rin contraeled product,s, (3-_q-butyÌcyclo-

pentyl Ídene ) cyclol:en ane ( G9 ) and ( 3,*t.-butylcyclopentyl ) -

-cyclopent-l-ene (68), in l-he product mixtureu These are

produeed bv the rearrêngement of the chair co¡rformer ( ¡i(c))

in a stereo-e.lectronica-11y favourable process, involving the

CS-CIO bond, (Fj.gure TI" l. 2 " )

whiei.,g79 ha" arguecl plaursibllr that k* is srnall

and possibl.l' very small and eonsequently kel{e< krrlVr,

althouc¡h t* t O"99 ancì Nr. ( O.Ol; as a result ttre majo:: con-

tribution to koverall(trans, arises frorn the contributiol:
of the non-chai"r eonf orrner (48 (n) ) " (Figr:re II 

" 
L "2o )

It shoul,d bé-- nÕt--{:d that Daubenl34 Lr** concluo'ed

fron an ir¡vestic¡at,ion of the solvol.ysis of a seri-es of
r-lbieyclol m. n" o lalkane-1-.rnethy'l derivatives that rrt.he orient-.LJ

ation of the leavinq gfoup Ín relation Lo the migrating

bonci is secondar\r to strain rel.ease j-n determinlng rate and

produ-ctsnrr Thi.s conel-r:sion requi-res the acldÍtion of a thlrri

term k"No in the exlrlîessÍon for koverall(trans¡ (eguatiorr 4)"

koverall (traris ) =kN +kNeeee +. KNnn Ee. 4.

ïn this context n.lm^ refers t-o the rate of the ring expansionee
process which occurs j-n t-he -ç¿gp-chair confor:lner (4S(c))"

(figure TI"J-.:¿") fntrinsica-ì-1y, this Frocess j-s hov¡ever
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stereo-e l-r:ctronÍ"caLly unfavcurable n

Consequ.ent.l..y i1: is impossiblen on the basis of. L'he

kinetic resul"t,s alone, Lo resol-ve whether parti.cipat.ion j-s

occurring in the non-chair conformer ( e(n) ) or in the

alternativc; chair conforrnor (aB(c) ). (figr-rre iI"f . 2. )

Of the trnro, the non-cha-ir eonformer contains a !ÆgL?*aIl-Li-

pJ.anar arrangement of the leaving and migratj-nq qroupso

Evidence rvili. be presentecl, r'hich sr-r.pports the con-

cept of sjtereo*elect:ronicall¡¿ favourable process.*s occr-rrri-ng
rlj-n the acetol-}¡sÍs of cjts- ancÏ LqèIq*9*ln-ltutylspiroLO., I ciec"

6*yI p-tolr,renesulphorrate (47 and 48 where X=o'1.'sr rêspect.ivel.lt).

T?r.j"s eviclence is based on the composition of the prociuct

rnixture from the aee-tolysis of the two esters (+Z and 4.8

where X=ClTs ) o

An i-nspect.ion of thr: thermoCynamie paramet,ers of

the _e"å-s,- and tLeqs*.-esters (47 ¿rnd 48 r^¡here X=OTs s Eêspect-

ive-ly) revea1s {:hat t}re cìifference 1n the valu.es af the free

enerEy of activatÍonn ÂGT (23,4 and 25"2kcaL/mole respect*

i.vely) arise maÍ-r'rJ-y from the enthaJ-,oy of activai:ion, AI'lT

(21"9 ancl 25,6lccal,/mo]er fespectivel.y) rather than the
+enLropy of actir,'ation, ÀS' (-4"7 and ¿--t"3eouc e respectively) 

"

llhis pro):rab.ly indicates that J:oncl rr"r¡:ture and format,ion (¿\FIf )

aJ:e the cont::olling factors v¡hich dete.':rnj.ne the relative
rlrates of acetolysis of gig- ancl trgl_lå-9-t-butylspiroLU"tJcJec-



-40-

6*yl p-toluenesulphonate Gl and 48 where X=OTs' respecL-

ively). The fact that, the values ot (¡sT) oÌ:taj-ned for

the two esters (ql and 48 where x=oTs) Ciffer only sliqhtJ-y

indicates that. the shape of the transition state fs similarn

ThÍs is in contrast to the solvolytíc rea-ctions of

some 3-steroidal g-toluenesr¡lphor:ate estersn reported by

Bal<er, Fludec ancl Rab.rr*.141 They found that the greater

rate of solvolysis of the ax.tal epimers arose from differ^

ences in entropy rather than enthal-py of activatíon"

The activation parameters found in this work conforrn

to the trends olrserved by winste ' n*:-I9 in the acetolysis of

cj€- and t-repg-4-t-*butylcyclohexyl p-tol.uenesulphonate ( 51

and 52 wl1ere X=OTs, respeetively) . (Tab1e II,I, 3. )

Table ITnl.3

p-Toluenesulphonate ester A
T

H )ccal,/moIe
^sT 

e,u.

51

52

47

4A

*

*
26.7

28.1

2r.g

25.2

-o. 5

+-1. 7

-4 07

+1" 3

An energy proflle can be consùrueted with the

experfmentally determlnecl values of bhe free energy of
T

actlvaLÍon, ÂG' , and the free energy dlfference of the

grouncl state ôeo of cfs- and trans-9-È-butylspi.ro[n"tldec-LJ
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6-yl g-to.luenesulphonate Gl and 48 where X=oTsr respect-

ively),

Two independent values of Aco vrere obtained by

dlf fe¡:ent methods,

The flrst method consisted of equlli.bratlon of

eiLher cþ- or t{3nq-9*t-butylsplro[n"U-l decan*6-ol (+Z andLJ
48 where X=oH, respeetlvely) in refluxi-ng isopropyl alcohol

in the presenee of Raney nj-ekel eataly"t,.L42 (n'fgure rr"1"3,)

K

RaI'Ti

4A 4.7

Figure 11.1"3. ',

Gas liquid chromatographie analysls of the equilibrium mlx-

Sure revealecl the presenee of the c--iå-alcohol (47, X=OH' S*
37%) ancl the Hryg-alcohol (48, X=OH, gÊs 63%). Substj.tut.j.on

of the der-i-'yed equÍlibrlum eonstantn K = $ ir', trt" expressÍon

o (n is the universal gas consLant
and T ls the temperature )I44

Ac = -RTl.nK

R
R

gave a value of O.4l<.ca1,/moLe for the ground- state free
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*energy clifference in favour of the trang-isomer (48, X=OTs).

The second method utilized the T^lfnstein-Hol"ness

relation*t iplI9' l'45

where K is the conformational equilibr.ium eonst.ant at 25o

for cis- and t,Iên-s-9-t*btrtylspi::o[n" t-l dec-G-yl p-tol-uene-LJ
-sulphonate Gl and 48 where X=oTs, respeetiveJ-y) ku. (5.4x

-R -l ,^ ^ -^-s -r.IO--sec-') and k* (O"2xl"O--see *) are the rate eonstants

for tire eonformationally pureo* .¡€* and trans-esters (+l

and 48 where X=O'f s, respeetively) . k ( 2 
" 
l-x1.0-5=".-1) ts

the rate constarrt for the acetolysis of spiroþ.t]dec-6*y1
p-toluenesulphonaLe 

.13_6" X=oTs).I15 Thls calcr-r.IaLlon yielded

a similar, though less reliabl"*n value of 0.2kcaI,/mole for

^ 
Go.

Havi.ng est,al¡l-ished that the ground state free energy

differenee between the cis- and !_tîëns*esters (+l and 48 r+'here

X=oTs, respectively) is O, 2-0 "  kcal/mole , an energiy cliagram

The reasonable assumption Ïras been made that the ground

state free energy clifference between equatorial and axial
hyrìroxyl46 .rrd p-toluenesulphonyloxl, subst-itu*r,t*147 is
very similar.
** This assumptlon, although not necessarily valld, forms

the basís of this calcu.lationo
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(describ'ed ín Figure II.1"4. ) ean be constructed for the

acetolysis of these eompoundsn

E

Keal.,/mcle

x

^G' 
=23.4

^a 
<r A4.tt.r"= 25 '2

¡Go=O " 
4

:'ï
eis trans

Figure II.I.4.

If non-chair eonformers are invoh,'ed in the

aeetolysis of the ttgns-ester it is reasonable to assume

that a fast equÌ-librÍum exists betrçeen the ehair and non-

chair conformers and reaetion then oecurs from the hiqher

energy non-chair speeiesn

As vras mentioned earlier, the population of the

chair and non-chalr eonformers of the æ-ester (4A, X=OTs)

arîe described .by Nu and Nn, respectively. (nq" 1,) orving

to the enthal¡:y dif ferenee (>5 
" 
Skca1,/mole ) beeween chair

and non-chaj.r conformers of cycloìrexyl derivat.ivesrl0o'14o

the eoneentration of non-chai-r conformers, Nn, fs very
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small in the grorrnd state and as a result is not reflected
in the value of ôGo obtained by the fi.rst method.

The second method presupposes conformatlonally

pure chair c-j-ç- and !Igs--9-g-butylspiro[n. U-l dec-6-yl p-LJ
toluenesulphonate (+l and 48 where X=CrIs, respectlvely)

and consequently the value of Aco once again reflects the

ground state free energy difference between the chair con-

former (+S 1q¡ ¡ and (47 (c) ) , (rÍgure II.1 .2.,

The above situat,ion ccìr'r bê described by an energy

diagram (rrigure fI.1.5.) j-n v¡hich the value of ÂGo is
)5, 5kcal,/moIe.

T
Lt =25.2trans

E
rcal-,/mole +

G =23 .4cis
\t trans (non-chair )

A,Go=ea. 5

cas
I-Erans ( chair )

t
¡
I
I
I

Flgure fIn1.5n
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Strong evldence 1n favour of non-chair collformers

is presented in t,he following discussion of the product.

dÍstribution in the acetolysis of the two esters Øl ancJ

48 where X=OTs)o This evidence is consistent with.the
diagram (figure If,1.5.), whleh possibly represents the

energy levels of ground and transitÍon stat.es in the

solvolytic reactíons of these two esters.

The nature of the products formed ln the acetolys-ì_s

ot 9-t-butylspiro 
[-. 

t]dee-6-y1 p-totuenesulphonare (47 and

48 where X=OTsr rêspectively) has prorrlded s.ignificant
lnf o.rmatÍon eoncerning the mechanism of the react j-on o rn

scheme rr.Ln2n the pos_sibre proclucts and their possible

modes of formation are outlinedo .
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From a consj.deration of Scheme fI.1.2n it appears

that the products rnay depend on the conformation of the

parent. ester (47 anrl 48 where X=oTs), An analysls of these

theoretical possibflitles is present.ed below for the chalr

and non-chai-r confo::mations of gig- and æIg-9-t_-butyl-
-spiro[^.t]ciec-6-yl p-t.oluenesulphonate (47 and 48 where

X=oTs, respectively) 
"

1. (a) The chair eonformer of the cis-isomer (47,

X=oTs) has the cl-cS bonci and the leavi g group in a eqgng-
*g!å-plalrar arrangement to one another" Corrsequently the

partfcipation of the electrons in the C'-CS bond in this

eonformation woulcl give

( i ) !rqgs-2-t-butyl.- 
^1 

' 
9-o"talÍn 

1o+a.)
lo(il) trjlqs_-7-Ë-buty1-Á"'-octalin (65a)

( iii ) 2-t-butyl- A9' 'lo-o.talin ( 66 )

(iv) cis-. and trans-t.rans-?-t-butyl-9-<iecaIyI
ã"..* (G?.),

(b) The chair conformer of the qÞ-ísomer (47 
'

X=oTs) also would gfve rise t.o the formation of

(i) 9-t-butylspiro
(ri) ciq- and trqnq

acetate (øZ and 63, respectively)

* This Ís generally consi<lere<l to he the stereo-elect.ronic-

ally rnost favourable orientation in which rearrangement can
1I

occLlÌ.: e
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through the intermecii-acy of the 9-t-butyls¡:i-roþ.t] dec-6-y1

cation forme<1 v¡j-thout any pal:ti.cipartion*

2n (a) In the case r:f the non-chair eonforrner of

ttre qig-isomer (47, X=OTs) tf¡e CI-CS bc¡nd anci the leaving

group can attain a qgp-s_-ggli-planar arrangement" fn this

confo::matiÕn hov,'ever, the t*butyl grouÞ is r:l-aced in an

energeticaÌ.J-y unfavourable oseudo-axiaI position rL22 and

conseguentl-y the formation of proclucts by tire stereo-el-ec*

tronically favourable proeess is u.nlikely"

(b) The non-chair eonformer rrf Lhe q!å-isomer
(47, X=OTs) also gives rise to the fonrration of

(i) gåq-(3-e_*¡utylcyclopentyl)cyclopent-1"-ene
(6Ba)

( ij-) ( 3-Ë-butylcyclopentylidene ) cyclopentane (69)

( iii ) S!ä- ( 3-t_-buLylcyclopentyl ) cyclopentyl
J*r.o (7oa¡

i-n a concerted frrocessc This process inr,'olves the partici-

patÍ-on of the C,"-C:-O Ì:oncl and the lea.vÍng group in a trans*
gÌ:!.i-planar arrangement to olle anothcr 

"

(c) fn acldition, the non-ehair conforrner of

the clg*isorner, described j-n 2.(a), has a lg¡g-qnli-planar
arraRgement of the C7-CA boncJ a-ncl th¿.: leavinq group" This

conformation could give rj.se to
rt

( i ) cåq-8-q*butylspiro | 4 
" 
4 | ironane-6*rneLhy1

acetate (7rh) L I
r-l

( j" j- ) B*!--Ì:ut-yl-6*Lrieth-i¡-ì.e:rre spi.ro 
LO, 

nJ r)onÊrrìe (7 2)
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bulS this process is considerecl unlil<ely on the following
two grouncls

(i) Ít, represents the eonversion of a secondary

to a prlmary cat j-on ¡ ãrid

(if) the procêss requires a eonformation in whích

the t-butyl grou.p is placed in an energeticall-y unfavourable

pseudo-axial positíono

3n (a) The chair conformer of the trans_-isomer

(4A, X=oTs) has the c'-ctO bond and the leaving group in a

trans.-angå-planar arrangement to one another. Consequently

this partÍcipation would give

(i) Hçgrlg--(3-t-butylcycJ-opentlrl)cycl-opent-1-ene
(6Bb)...

( ii ) ( 3-t-butylcyclopentylldene ) cyclopenLa¡re ( 69 )

( iiÍ ) Ërelq.- ( 3-t,-butylcyclopentyl ) cyclopentyl
acetate (70b) 

"

(b) The chalr conformer of the trg4ê*isomer

(48, X=c{s) also eould give rise to the formation of
r-l(i) lrang-B-t-but,ylspirol 4,41 nonane-6-methyl

acetate(71a) 
^ L J

(ii) B-t-butyl-6-methylenespiro[-.a]nonane (72)

by virtue of t,he trqn.E-ent!-planar arranqement of the C7-Cg

bond and the leaving groupo As mentioned in 2" (c) rthis
process Ís considered unlil<ely because it represenes the

eonverslon of a secondary to a prirnary cation.
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(c) In additlon the chalr confo.rmer of the

tåq¡_g-rgomer (48, X=oTs) may lead to the formation of t-he

following product.s 
\

'lo
(i) trqqg-2-b-butyl-^*' --oetalin (64a)

10(ii) ttê:¡S.-7-t-butyt-^*''-oetalin (65a)

(iif) z-g-rueyl-Â9'10-ocral-in (66)

(iv) cis- and trans-trans-2-t--butylciecaJ.-9-y1
lË.u.* (6?").

Thls proeess v¡ould involve migrat.:ton of the CI-CS bond"

Although the elecLrons in this bond are not in a stereo-
electronically favourable tcrns-aftl-planar arrangement

with the leaving group, this meehanism must be eonsidere<l

as a result of Dau-benrs conclusiorlso (See page 38)

(d) Finally:the chair (or non-chair) eonformer

of the !Lalq*-'est,er (48, X=oTs) also gives rise to the

forrnation of

( i ) 9-t-butyJ-spi.ro [n. ul <ìee*o-ene ( 6l )
LJ

( ii ) cts- and trans-9-t-):utylsplro [n. tl dec-6-y1
raar.r"tro)'.

4. In t.he ease of the non-chair eonformer of the

tralrs*isomer (48, X=OTs), the C¿-CS b*ond and the leaving

group can êttain a lg¡r_s--qnt¡_-planar arrangement. This

conformatir:rr gives rÍse to -
lo

( f ) eiq-2-t*butyl-Àt "-oetalÍn (64b)

(fi¡ cis-7-i-butyl-^1'9-octalln (65b)
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(iii)

(iv)
2-t-butyr--Á9 ' lo-octarin 

( 66 )

SllS.- and trql g-cls-2-t-butyl-9-decal.yl
acetate (67b).

The Likelihood of the occurrenëe of the varÍor:s

processes outllned in I1213 and 4 above for the acetolysis
of q.+q-- and t¡:qnq-9-t-butylspiro[O. tl dec-6-yl B-toluene--'Ll
-sulphonat.e GZ ancì 48 where X=OTs, respectively) 1s novt

discussed in the light of the products that v¡ere actually
formedo

, The results of the product study of the acetolysis
of the two spi-ro esters (al and 48 where X=OTs, respeceively)

are listeri in Tab1e Ti. 1.4.
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rr"L.4n
cf cis-

(PART A)
and trans-9-t-buÈylspiro 4"5 oee-

unidentÍfled
n¡laeet.ate""

5n3
?ô

?o

4.6

Substrate Temp Time
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sodium
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soclium acetateo
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lithium
per-
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i
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rìô

1"1
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I,O
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F
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I
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lhe yielcls Ïrave been normalized to 10O%.

Limited aceu.racy (see Seetion II"2" )

Indicated by the 9.1.c. retentj-cn ti-mes,
The acetates (62) and (0:¡ were not present.



Products from the

substrate Temp oc Time h.

Ir,l.4. (PART B)

of eis- and trans-9-t-butylsPiro

480 X=OTs

( ca. 0. OIM)

47, X=OTs

(ca.0,OIM)

52"6 10

52"6

Table
soJ-volysis

Cone 
" 

M

sodium
acetate

o. ol9

o,031

0. o39

0, o23

o. oI9

0"031

o.039

o. 023

Cone'M
lithium
perchLorate

o, 036

0, 036

p o Lienesu phona+,e an 48 where X=oTs, respect ve v

acetic acid containing sodiu.m. acetate-"

25.6

17"O

Lg.7

Lg,6

o, 36

0.40

O" -?9

o"30

o.2L

o,20

a.22

o. l6

0. 34

0.38

o,3B

o. 29

o.04

0.04

o.o4

o. 03

-^ "5 dee-

65
bt)

0"013

o.o22

o"019

o. ol5

0. 17

o.17

O"17

0. 13

PROL)-UCT RATTO

64 64+65 64
65 -5õ- æ

I
('l
UJ
I

tl

ll ü

ü

L.7 o.25

o "22

o.25

a.26

llil

t¡¡t
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During thís investigation Christol-, I(rapcho, Peters

and Arna1115 reported a less detaj-led study of the acetolysis

of the two epimers (47 and 48 where X=O'Is, respecti.vety)"

The results of theÍr product stu.dy are shown in T'abl.e rrnl"sn
Table fTn l.5o

Substrate Ternp
oc

PRODUCTS

64 and 65

Qt¡a
66 aeetates61

48, X=oTs

47, X=OTs

60

60

5

5

I
I

25

4

74

95

ã.o No recognftion of the possibility of geomet,ric j-somers

was maden

An evaluation of experimental results 1n the light,
of the theoretical di.scussions (pages 47-5I) enable the

following conclusions to be drawn.

Firstly, the preseuee of 1-(3-t.-butylcyclopentyl)-

-cyclopentyl deri-vati.ves (68ar* GBh* ancl 69) fn the produet

mixture from the Er+4q_-est,er (48, X=OTs) is stl:ong1y

indicat.ive of react.ion vÍa a chair conforniation (f ignrre fT.1.,2" )

*
Both the cis- and lgng-olefins (6Ba and 6Bb, respectivel.y)

were synthesizedu The two isorners courl.d not however be

distinguished by gas liquid chromaLographic or by speetral
techniq\lês ø
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in whlch the part-Ícfpation by the lqene-g-gi-planar bond

provides sufficlent energy for the ring contraetion process

to occurn On the other hand, the absence of these products

(68a, 6Bb an<l 69) in the acetolysis of the ci-s-isomer (47 
'

X=OTs) is in accord with reactlon proeeedinq exc1us.lvely

via a chair eonformer (Flgure IInI"zo) fn which sbereo-

electronic considerations rnake the formatlon of rl-ng cont.raci.-

ed products improbable,

ïn the aceto-lysi.s of spiroþ.t]dec-6-yl p-toluene-

-sulphonate (36, X=OTs) only O,4% of products corresponcìing

to ring contraction were found.To (ra¡le rr"1'6" )

Table II.1,6"

Products fron the so]-vol is of iro 4.5 dec-6 I
p-totuene!sulphonate (36) .

Substrate

36rX=OIs 24.3%

PRODUCTS

68'.4')'"

OAc

H I.7% cís
4,L% trarìs

a 
"2')L

A ,2"/" O.2'i4
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This ls in mar)<ed contrast to the approximate LOi/"

formed from the lrelq-ester (4A, X=OTs) an<l is obviousll' a

funct.ion of the flexfbillty of the six-merrbered rÍng in the

unsubstituted spiro ester (36, X=OTg)n Wlthout the t-butyl
groupr the ester (36n X=OTs) can reaet preferent.ially in
a chaf,r confo.rmat.ion that places the leaving group in a

suitable position to undergo rlng expansÍonn This process

i-s both stereo-el"ectronically favourable and involves the

energetically favourable pa-rticipation of the adJacent five-
membered ringn Consequently ring contraction is noÈ a

major product, forming proeess. (Figure If"1.6.)

36 36

. RÏNG EONTRACTI'D PRODLTC:TS RTNG E;TPAi.{D]iD PRODUCTS

Fi-gure fI"l.6"

Since the posiLion of the eounter-fon fn ion-pairs

is believecì to play ar: important, roJ-e in the determinatlon

of products -tn acetorysis reaction=84'64''7o'60 the sub-

sequent dj-scussion will centre around the irrfluence of Lhe

eount.er-ion c¡n the formation of the ring' exparräed p::oduet.s
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($S"- and UËgLs-2-t--butl'1*AI'9-octal:Ln (64¡ ancl 64a, res-
1opectively) u g_f g- anrì tra.rrs-7-t-butyl -A*' --octalin ( 65Ì: anci

65a, respectively) ancï 2-t--butyl-Ágn lo-octalin (øe ¡ ¡ o The

formation of these produci-s ls considere<J Ín Lerms of the

theoretical discussion earliero

As was r¡entioned irr the j-ntrocluctÍon, the ratio of

^1'9-o"talin 
( 30 ) to 

^ 

9'Io-'octrat j-n ( 31) Ìras p::overi useful

ln the il"rvestigation of the mechar"lism of the ioníc ::ea.ctions

which itrvolve the internrecliacl" of the 9-decalyl cation
(25, "7o ïn the present. stu<lyo the rat,ios of the octalins
(641/(65), (64)-t(65)/(OO¡, (64)/(66) and (ç,5)/(f,6) Ìrave reen

used as a basis fo:l g;eining irrfor¡natj"on about the mechanis¡n

of the soJ-vol"ysis .ra.-:r-ro trvo esters (47) ancl (48) (r+here

X=OTs) in terms of both the confor¡na-t.ion of the lnte.r:¡-re<JiaLe

2-t-butyl-9-<lcecalyl c.rtlon (++¡ ancl the position of. the

counter-ion 
"

Althor.rgh ii: is not dispute<ì that the ¿deetate anj.on

is a st-rorrger ]rase than t-.he p*toluenesulphorrater anicn the

possibil,j.ty can occur that the latter may be ideal.l.y situ*

atecl .l:o abstract- a proton from the posi-tÍon p to ttte .incip-

ien't- catj.on" It is irnportant that the hyclrogen which j-s

removed by the base ln this process is in a stereo-e1eet::on-

ica1ly favourable posj-tion"f4B ïn effectn this process

requires the vacant p-orbital of the ineipient catic¡n to be

in the sane plane as the orbi.tal of ttre C-H boncl in qucstionn
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The irnportance of counter-ions in the sl.iqhtly
nue.leophilic solvent, acetic aeido has been known for some

ti-me" Sl<el1 and IJaII64 h.,re: sl-ìov¡n that Jt-I elimination
from erythro and th.reo*3-deuterÍo:-2-butyl p-*toluene-

-sulpÏroiratc*q gives SlS... anri lrêng,-2-butenes as the resr:.It

of almost exc,]-usive çi-s_-el.inj-nation of p-tol.uenesulphonic

acj-d in aeetic acicl or nitrobenuel'reo In ttle mo::e nuel.eo-

philic sol-vents, sucìr as 807á ethanol.-r,vate::, qæng-cJJ.j¡-rninatj-on

prerloilinat.eso An explanation was aclvaneecì in r,¿hi-ch the

departing anion cou.lcl act as a base to rernove the lrearest

proton immedj.aLely aftr:r the lonj.zation in the f,e¡ss nucl.eo-

¡:hi-Iic solver¡ts 
"

Acetolysj-s of the c_i__s.*est.er (47, X=OTs) (chair

conformation) w.j-.1-1 yi.elcì an intermediate caL-tonr the con*

formation of which eouJ.d be eitirer cj-q*lilce (lZ¡ or l5glle-
like (74) " (rigure -TI " 1n ? " ) (Grob g.t r-ç1l*69 suggested

that these eonformers, in v¡hich one ring takes a boat. form,

are not reacij-ly Ínt-erconvertib-le. Tl:is pr:emise is based

solely on ä.n exami¡t¿rtion of models") T'he cou.nter-ion in

both conformers (lZ'¡ ancr' (74) will be initielly very elose

to HrO (hydrogen on C.f 
O ) anci corrld act as a base to remove

it as a pro{:on to give 2-t-buty1-^9'10-.ccta1Ín (66), A

va-lue of 0.2-l for"the raLio ((64)+(65)/(66)) is compatible

with Lhís elinrinaLior:r proc€sse
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X-

OR

0

R

^Ì3

.'............+

X

10

R

74

Figure II.I.7n

The formation of the tvro octalins (64) and (65)

can be visualizecl as proceecllng by el.irnination of I{, and

HB, respectively" by the counLer-j-ott.

ÀIthouqlh by a small movemer:t. the eounter-lon, X ,

is able to get into a position where it can abstract H,

and H* in the c,1e-lil<e conformer (73), it can onJ-y abstract

Ht in the -t':g_qå-like conformer (74), (HB' being on the

opposite side of the molecule in (74), is not in an aeces-

sible position to be removed by the eourrter-ion) n The

observed value of O"25 for the ratio (64)/(65) is consistent

only with the cj"s-like eonformer (ZS¡.

(47, X=crs)

+

HI
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ThaL the olefin did not arise mainly by abstractiort

of H, Ì:y acetai:e ion, present j-n the reaction nLeclium, i-s;

consistent. with t'he observation that the ratio (64)/{65)

rvas unaltered by an Íncrease j-n the eoncentral-ion of tlij.s

ion. (tarle rl:*1.4", Tt 1s thus conclucled that, the ci,g-like

conformer (Z:¡ provi-des the best model fo.r the i.nte::meclj-a1-e

cation Ínvolved 1n the solvolysis of ci.q*9-Ç-butylspÍro[n"t-l *LJ
-dec*6-yl p*tcrluenesulphonate (47, X=oTs) " ft 1s to be

noted that th:ls result. is in contrast t.o the couclu.sion of

Grearnn 70 orho suqgested the possibility of a Ëå¿llH-like

conformer in the tr:ansj-tj-on state of the acetolysis of

spiroF" t] dec-6*yl p-toluenesulphonate (36, X=oTs)' of

particular interest .is the fact that. t,he ratj-o of the

octa-l-ins ({64)+(65)/(66)) (that. is, 0.36) observed in the

present study closely r:esembles the rat--io of A 
1'9-octalin

(30) to ô,9'fO-o"tal-i.n (3f) (trrat is, o,39) recorded by

Gr..*" 70 This may indicate that troth reactions proceed lry

way of íntermediaie eonformers having sj-mil.ar shapes"

As l¡as previously mentioned, êD inifial non-chair

confo.r¡ner c¡f t':he tlgls-"ester (4A, X=rJTs) r^'f11 lead to a

number of ci*t'.-2-q*butyl-9*decalyl cations (77-eI) each

L

This refer:s t,o a. gj.s--relationship of the hydrogens at

the 2 ¿¡nd the 10 posltions.
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having a dj-fferent conformati.onn Conversely a ch¿lil:

conformer of the trq?ns-.ester (4A, X=OTs) shoul<ì yielrl the

isomeric gåÈ"-*-eations (75 and 76) . ( scheme f f " l, " 
3. )

It can be seen ttrat t-he catj.ons (75) and (76) are

very simj-lar to cations (ZS¡ and (74), (obtai-nc¿cj in the

solvolysis of the ga€-ester (47, X=OTs) ) r respect.ively.

The two sets cliffe:: signif icantly in that the counLer-ion,

X , should bê fu-rther removed frorn II,.O ancl II, in (757 ancJ

(20¡ than irr (ZS¡ and (74) " This is a consequence of the

orientation of the leaving group in the chair c,rnforrnatj-on

of the perrent, este¡:s (47 and 48 ¡,¡here X=OTs). Thus, the

counter-ian shoul<ì be in a much bet.ter posit5-on to abst-ract

HA in prefer()nce to ti' and the value of the rat.io {64)/(65)
will consêquentl,y be very smallí the found value (25.6) j"s

not compatíb.le with th.ts proeêss and a chair eonformer of

the lIgås_-ester (48, X=Cfl's) c¿l.n be consirlered as an unJ_Íkely

intermedi.ate ín the ring-expansion processo

As; previous.ly mentioned, r)auben gË*g]*13a suggested

that st,ereo-e-lectr:onj-c factars are sr:concìary to the rerea¡:e

of rirrg strain in detel:mtnì"ng the rate and product dist.r.i-.

bution j.n the solvolysis of sorne bÍcyclol-rÍronolalrarre-].-
LJ

methyl deriv¿lti\rêsjo Howeve-r the resiuLts shown above are not

):
This refers to a !Ë:È¡l5.-relationship of the hycì::ogens at

t"he 2 anrl the l-O r:os;i.tion..ì6
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consistent r+ith their suqgestion rvhen applieci to this
spiro system (+l and 48, rqhe::e X=oTs ) ,

The Þossj-ble intermodiate cat-j.ons (77*8,1.) arj.,sing

from a non*chair conforme:î of the _!ra,ns_-ester (48, X=,oTs)

are clep:tct.ed in Seheme II"1"3" After a thorough j-nvesi:i*

qat.ic¡n of Dreicilng rnodels i-t seemed reasonaT.¡le to ,'l-j-sreq.er:c]

four, (77\ (79) and (,8O) (fo:: ste ric rea6ons) and (78) (for

torsion¿rl rea-sons) c¡f the confornrers of the eis-2-t-bu.tv1-
9-decalyl eatir:n"

fn t.he f -lexible cat-ion (St¡, the t-butyl- group

oecupies a pseucìo*equator.i-.rl positj-on on a twj-st-'boat ring
while the unsubst:Ltuted ring is 1n a true boat conform.ation,

The caLion can exJ-st--.in a nurnÏ->er af <lifferent eonformat-ic¡ns

as a resr":lt of this flexibij-i-ty" The one cìopictecl -ln Scherne

f ï.I" 3 n i.s the only enerqet ically f avouraJrle ceinf ormer

rvhich adequately satisfies the reqi.rirernent.s of. an explanation

of the natu::e of the products Ï:ased on the posi'Liori of tlte

eounter-ion" The eounter-Ì-nn, X , -i-s in a goorì position to
act- as a base írr abstractÍn9 lia' and 11, but. not HUr whl-el"l

is now on {:I're opprrs-tte s:l-cle of the rp.ol-r¡cule" Conseqr:cntly

2-t--but1,1-49'lo*octalin (66 ) and gåC*z-1.-but.y1-ÅÌ' 9-octal-tn

(64io) shoulcì i:e forrnecì at the expense of ç!q*7-t-butyl-^l'9-
octalin (65b)" The observed values of 25,6, O,34 and 0.O13

for rhe rarj.os (64)/(65), (64)/(66) and (øS)/(66), res-
pect.ively, ãre eonsristent with this :Lntertr:retaticn.
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T]The Þresence of 9-t-butylspiro 
LO. 

Ul cìec-6-ene ( 61 ,

e¿"_ 0"5i¿) in Lhe product rnixture from acetolysis af both

cË- and lqgng.-9*g*irutylspiro l-¿. Sl Oec-o-yl p-toluene-
LJ

-sulphonate (47 and 48 whe::e X=(Il's, respect.ively) ean be

attributecl to the stereo-elect::onically favourable E-Ì
r-telimination of the p-hydrogen in the 9-t.*butylspirol+"5lclec*LJ

6-y1 cationu

Once again, the effect of lrrereasing the s6¡Çên-

tration of acetate -1c¡n did not. have a sign:Lficant effect

on the produ.ct distribution and it can be cor:cludec-ì Lhat

this speci-es does not ¡:lay an important roJ-e in Lhe forrnatj"on

of the procìu-cts"

Tho addition of lithiunr perehlor:¿ìter âr! efficient

di-sruptor of inti¡nate ion-palr*r149 resulted j-n a marginal

effect on t'ho ¡:rocluct dlstrj-but,i-ono It is fu.ndamental. to
this discussion, howerzern that the intermediate Í-on-¡lairs

generated from the epÍrnerj-c esters (+l and 45 where X=OTs)

are probably not inti-mate i-on-pair:s150 because of- the

distance bet\\¡een the cenf.re of. positive charge and the anion

The observat,ic¡ns made provicle reasonable Ì:ut not

conclusive evidence to substantiate the stated arguments

that chair and non-chair conforme::s are involved in the

acetcrlysis of the qig- and t-rarJq-esters (47 and 48 r"'here

X=oTs, respeetively) res¡:ectivel-yn
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fr.2.
Deterrnination of the Composit-tons of the AceLolysis

Procluets,

The results of Christol and co-workers

acetolysis of çès- ancì trans-9-t-butytxpiroþ.
L

yl p-tolueriesu-Iphonate (47 and 48 where X=OI'sr

are outlinecl in Tab1e II n I o 5 
"

11s on the

s-].:cc-o-
J
re spectively )

The present strrrJlz shov¡s the¡se results to be in-

cornplete " FirstJ-y, Christol ancl co-workers failed to

cletect the presence of. ring cont.racted prociuets

(i) eis- and tr -(3-q-butylcyclopentvl-)cyclopent--
il*n. (6Ba and 68ïr, respectively)

( f i ) ( 3-9-butylcyclopentyli-clene ) cyclopentane ( 69 )

ancl seconcily they <iicì-not differentiate txltween the ¡rosi-
tional ancl geomet.ric isomers

( i ) cis- and trans-2--t--butyl^ A1 ' 
9-octal- ln ( 64b arrd

ã,, r*noJ*very)
( ii ) cis- and trans.-7-.-t-but.y1-^l' 9-octal-in ( 65b anrl

ut*, t*=nJãvel.y),
The detection and characterj"z,ation of the ring-

contractc.:d produets (68)* and (69) have been successfu.lly

The olefin (68) represent-s the mixture of qeometric

Ísomers (6Ba and 6Sb)u These were synt.hesized and were in-

dist-i-ngulsha,b1.e uncler all conrJitions of Çn1ocn analysis ancf

from their sL:ectral- ;:ropr:rties "

*
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carried oue and are outlj-necl in the followÍng dlscussion.
In addition the structures of the positional lsomers,

2-È-butyr-Al' 9-oetalin (64) and 7-t--butyl-41' 9-octalin

(65) have been established. (see page 73 )

The traee from the g.l.c" column (lZ, * .|,, glass

5% .Apiezon) that gave the best separation of tl-re produets

formed by the acetolysis of the ei.q- and trans-esters

Gz and 48, respectiwty) is r"pã"ou iffi.r." ïr . 2 n I "

Tnte-rnal
StancJard

66+69

6s
6A+64

6.I

L-eak ItJo .r3 4 5 6

fiigrrre II.2nl.

Detection and Quantitative deterrninatj-c¡n of
( 3-!-bu.t,yi-cyelopentyl ) cyclopent-1-ene ( 6B) .

The eig- and l$ans-olefins (6Ba and 68b, respeet-
ively) !,'ere synthes ized and found to be inseparable under

all condit,ions of gas liquid ehromatographfe analysis.

2

'7
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ft was also founcl that only one column (I5O' x O"O2,,

Apiezon, Golay) could part,i.ally resolve t.he olef ins (0e¡
*and (64)" This r+as pareicularl¡r interestlng es siepara-

tion was obtained at ternperat,ures trr e>çcess of I7Oo,

whiLe, ãt lower temperatlrres, peaks (2) ancl (3) (t+igure

II. 2 
" 
l., ) eoalesced t,: a singJ-e symmeùrica.I peak" The

amount af the olefirr (68) preseÌ)t- (gå: I7%) (expressed

as a fraction of peaks (2) and (3)) rras estimatecl by

measurement of the peak heiqhts.

A quantitative estimate¡ ês wr:lL as confÍrmation

of Ídentity, of (3*!*butylcyctopentyl )cyclopent.:1-ene
(04¡ wäs obtainecl by thr:ee other methods. Tn each of

these a fraction, presurned to contain the ol.ef ins (68)

a¡rcl (64), \^ras isolat.ed from 'Lhe p::oduct mixEure" This

¡ni-xture r¡as obLainecl ):y acetolysis of the $gg1p--oster
(48, X=C/T's)r separated by preparative Çolnco arr<l treated
in the follov¡jing \cays

(i) Gas-li.qui<l ehromatographic arra.l1rs'f s of the

mixt.ure, a-fter it had Jæen h'lcjroqer.ratercj (5:/" pa11¿rdium

on ca::bcln in ¿rcetic acici), indica't:ed the presence of
(3-q-butylcycl.opentyl ) cyclooentane (82, .gg. l4%), qlqns_-

_tlg!s..' ancï cis_-gig*2*t-hut.yl"cìecalin (84 anci 83, gÈ_r. 60:á

*
The olefin (ø+¡ \iras

isomers 
"

possi)r.ly a nlixtu-Ëe of geomet,ric
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and 20%, respectively) and an unidentified product*

(" 6%) , (scheme rI.2.1. )

(íi) Hydroboration, f.çLLowerl by oxi.cjation to the

corresponding ketones yielded a mixture of ketones con-

taining 2-(3-t-butylcyclopentyl)eyelopentanone (85, Ç3s

I9%) and 2-L-butyl<iecal-1-one (86, cg._ 81%) (possibly a

mixture of geomr=t.ric i.somers ) . ( scheme fI.Z 
" 
.I. )

(lii) r¡e mixture of ketones from part (li) above

was dj-ssolved in o-deuterio-ethanol- containing a eatalytic
amount of sodlum ethc¡x.ide. The mass up."tr.r*** of the
product contained ¡>eaks at m/e zIL and 2IO in the approx-

i-mat,e ratio L4/86" This $¡as consist.ent with the presence

of 2- ( 3-t_-butylcycJopentyl ) -? , 5, 5-tri-deuteriocyclopent-

-anone (91, ca"- I4%) ancl 2-t-butyl-Zr9-dideuteriodecal-
l-one (87, câr 86%).

* thÍs protiuct was also present i.n the hydrogenation of
a mixture of (3-t-tutyrcyclopentylÍdene)cyclopentane (es¡

ancl 2-t-bufyl-Â9'IO-octalln. ït rnay be an isomeric 2-,E-

butyldecalin.
**

See ap¡rendix"
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Scheme IIn 2.1,

The results correspond to an overall yieS-d of

câ_o_ 4.4'/" fot the olefin (68) produced in the acetolysls

of the trans-ester (48, X=OTs).
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R

D

H
P.4
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Detection ancl Qrrantltative cÌetc+rmination of (3-t-butyl-

cyclopentyl iclene ) cvelopentane (69).

The mlxLurer pr€sumed to contaj-n the olefl-ns (eO¡

and (66), was separated frorn the procìuct mi::ture (obt-.ainecl

by acetolysis of the trels-est,er (48, X=OTs) ) by preparative
go1"c" and treated in the following manner

(i) I{ydrogenation of the mixture foJ-lorved by

golocn analysis, revea.led the pl:esence of (3-g-butylcyclo-

-pentyl ) cyclopentane (82 , ca. 5% ) , ï:gg-!tgng-2-g-bueyt-
-decal-j-n (84, ca*-, 75%), Ct:-glg-2-tr-butyldecali.n (83, S3s

IL?Ð and an unidentified producto (çg, g%). (scheme J.T-.2.2.)

(ii¡ The seconcl methocl was used init-ialIy as a
quali,tat.ive procedure to detect t.he presenee of (3-g-butyl-

-cyclopentyJ.idene)cyclopentane (69) in a mixture whi.ch was

assunecJ to eontaj-rr this olef in (69) anci 2-g_-buLyl-^9r10-

ocf:alj-n (66)" l-t, was later developecl to ¡:rovide a guarrtita-

tive msasure of (69) in the same rnixtr:re,

Än aecurately weighed sa.m¡:le of (3*t-buty1c1rs.1s-

-pentylÍdeno ) e\rclopentane ( OO ¡ (obtainecl by independent:

synthesis) É,ías sr.rbjected {:o ozonol.ysj.s under stanciarcl con*

dit,ions (see sect.j-on IV) and the resulting ozonide tras

reducecl to gi-ve 3-L*butl,lcyclopentanone (ÉfS) ancl cyclopent-

-anoneo The absolu'b.e yÍel<i (56 t 5%) of the ket.one (BB)

tþ
seo footr¡c,itr: ol) page 69.
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was determined by g.Inc. analysis (naphthalene was used as

an internal standard) of the products"

îhe ozonolysis was repeated, using the same con-

ditionsr with an accurately weighed sample of the mlxture
*of oleflns (66 and 69) (obtained by preparative g.l.e. )

and the we.ight of the ket.one (BB) was again calculated.

A simple mathematieal manj-pulation (uq,1" ) yielded the

weight of (3-t-butylcyel.opentyticlene)eyclopentane (69) in

the'original mi><ture of olefins (69 and 66)"

weight of
olefln

(oo¡

Molecular
weight

(6e)
weight of

(BB) 8q,1.X x 100

56Ir{olecular v¡eight
(BB)

This gave a value of 6 L I% to, the yield of t'he olefín
(0S¡ which i.s 1n goocl agreenìent with the val.ue ohtaineri hy

procedure (i).

From the Lvro procedures (i) and (ii), it was poss-

ible to de'¿erm.i.ne the yield of (3-t-but.ylcyclopentyl.lrlene)-

* A similar procedure was used on the total protluct mixture

(obtained from the aceÈolysis of the tÆp€-ester (48, X=OTs))

,but 9.1"c" analysis of the ketone (BB) was eomplicated by

the presence of compounds rvith similar retention timesn
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+
-cycloperrtclÍrê (69, ga-L 4?i) in the total product mlxture

from the aeetolysfs of the trans-ester (48, X=ûIs)"

R

----+

69 66 BB

R

R

R

R

R

B4 H83
R

a2

Scheme 1T..2.2o

rt This procedure v/as carrj,ed out on the fraction (peak 6)

isolated from Lhe acetolysis of the eis-ester (47, X=OTs)

buÈ gn1nc. analysfs showeil ehat no 3-g-but,ylcyclopentanone

(BB) \^las pres€:riLo
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loIdentÍfication of 2-t-butyl-^"'-octalin (64) ancl

7-t-butyt-41' 9-octalin (65),

7-t-Butyt-¡f '9-octalin (65) rnras slmthesized by an

unambiguous route (seetion IV) and v¡as shown to correspond

to peak 5. (fÍgure II.2"l. ) Unfortunately the isomeric

octalln (64) was not. slmthesized and eonsiequently several

methods were used in an attempt t.o uniquely determine it

in the product mixture from the acetolysis of the c-.is- and

lrgne-est.er (47 and 48, respectively).

Considerable difficulty vras encountered í.n the

separat.iono by preparatlve gol.co j of the olefln (65) from

the solvolysis products, because of the slmilar retenti-on

times of 2-t*butyl-^?'-lo-octalin (66) and the supposerl

olefin (0S¡" Consequently the sa.mple of the o-lefitr, presrim-

ably 7-g*butyf-Ar'9-cctalj-n (65) containëd 2..t-trutyl#'I0-
octalin (66) as an fmpurity.

The octalin (65) was then hyd.roborat,ecl and oxidized

to the corresponding Ì<etone (89). (figure II.2"2")

B6

RRR

B9

l¡igure ff,2.2.

B5
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At the sarne tíme a samplc+ of the olefin presumecl

t,o be 2-t--1:utyl--41'9-octaLin (64) , $/as separatecJ f rom the

mixt,ure of olefir:i-e products oÌ¡taÍned from the acetolysis
r -'t

of trant*9-t*]:utylspiro I +" S Idec-6-y1. p-toJ-uenesulphonat,eLJ
(48, X=crls) o This lras contami-natèd (previously determined)

with (3-t_*'butylcyclopentyl)cyclopent-l*ene (68, g: 15%) .

Hydroboratíon and subsec¡uent oxidation of this
saru.ple gave a mj.xture of ketonesn The idenLitlz of 2-(3^

t-buty-lqyclopentyl-)cyclopentan*I-one (85) ín the mixture rvas

cc¡ufirmed by comparison (g"1ocn ) with an authentic sampleo

Tl.re oLher products were presumed to be isomeric 2-t*but.yl-

-decal-"l-ones (86).

The mass spe-ctra oî. these ketones provi-de st.rong

evj-dence in favour of the struetLtrês assigned in l¡Ígure ff 
"

Ze Zc

Inill.ially it r+as envis.rged Lhat the Mclafferty

feâffcaflgu,o"ntl5l woulcJ eisti-ngu.ish betv¡een the keltones (86)

and (eg); the former (86) would be expecte<l to undergo ttre

rearrangerrrentn whereas the latter (89) does not have the

requfred arrangernenL of the car:Ìrony-l and adjacent, t-butyl
I52groups.---- I'8, rvas foun<Ì however th¿rt the presence of a

strong peak aE m/e Ì52 r'rhich was e>rpected to bo characterisLi.<.:

of the M.claffert,y reart:angement l'ratl no diagnost-ic vah:e

as all the isomeric t-butylcleealones (86, 89 and 90) (Scheme

fI.2"3n) gave a strong peak at m,/e L52,
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Eventually it wa.s found that a Retro-Díels-Alder

fragmentatiorrls3 *au part.icularly valuable as a diagnostic

test, j.n determining the position of the carbonyl function
in the ketonc:s uncler dlscussion, that, is (86) an<1 (Bg),

An inspeetlon of the mass spect.ra of Lhe two ketones

revealed that the ket,one presumed to be (86) exhibited a

base peak at rn/e 84" on tl"re other hand¡ tlre ketone pre-

sumed to be (89) exhibited only a neoliglble peak at m./e

A4 ( 1O)" The origin of this fragmerrt, m/e 8,4, is outlinecl

1r"r Scheme Ll"2o3o

o
90

o

R

R

R

I

lt

B6 B9

+
R +

t ll l
m/e 84

Scheme lÍnz"3,

m/e 28
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This result appeärs to indicate that the strrrctures

assigned to the )(etones (86) clnd (Bg) are correct, The

logical conclusion to be drawn from ti-ris resul{: is that Lhe

sèrueture assiqrred to the o-l.efin (64) is eorreet.
After this j-nvestigatlon harJ ]:een conp-let.ed, an

authent-tc sanrple af 2- ( 3-g-butylcyc.l"opentyl ) eycJ"opentcrn*,1-

one (85) vras pr:epared ancl trhe masrs spectrum of thÍs sampre

was subsequently found t.o ex'hibj,t a J:ase peak aE m/e 84,,

(¡rclaf ferty ::earrar¡qeni.ent ) (scheme Ir" 2"4" ) The presenee

of this ketone(85) had beerr establ"ished in Lhe sampre Lhat,

supposedly containecl 2-g-butylcjeeal-l--one (É16) . Consequent lv
some doubt v¡as cast on the eonelusion eoneerning the

structr:res assignecl t-o_ the ketones and the as:soela.ted

olefins (64. and 65)"

In order to cl¿rrify this situation, the origi.nal
sanpre, r'.rhtch contained the ketones (85) ancl ¡rresumabJ.y (86),

was dissolveci in o*deuterÍo-ethanol containingr a catalyt.ic
amount of sodirrm ethoxide an<l the ma$s spectrum of the

produc'l: wa-s -recorcledn This contained a strong peak. at m/e

85 (+o¡ ancì a minor peat( at- m/e e7 (z). rt Ís reasonal:le

to assÍgn the former to the Retro-Diels-ALder fragrnentation

of the ket-.onr: p::esumed t.o be 2-!-butyL-2 r 9-dideuteriociecal-
one (87), whirst" the lat,ter ari.ses from the }lct,afferty
rear:rangement of 2." ( 3 -t-but ylcyc-lopentyl ) -2, 5 o 5 -trÍdeuter io*
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*
-cyclopentan-1.-one (9I) . (scheme TI.2.4")

R R

B5 91

o

R

D

B7

I4cLaf ferty McLaf f et:'ty
Ret.ro
JJTE IS
Alrier

OH + OH +

R D

D

m/e A4 m/e A7 m/e 85

Scheme TI.2.4,
ft appea::s that al.thouqh there is a contrlbution

from the ketone (SS¡ to the base peal<, m/e 84, j_n the mass

spectrum of t-he origi-nar sampre (containing the ketones (BS)

and presumably (86) ), the Retro-Diels-Alder fragmentation

of the ketorre presumed t.o be (86) is the major contributor,.
Additional evidence for the st:ruetural- assignment

to the ketone assumed to be (86) uras provided by arr exam-

The strength of this line of reasoning is rinited jrv the

fact that an authentic sample of the deuterated ketone (gl)
wËrs not prepa"recì.

+
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inatj.orr of the mass spectra of
'(i) The produet obtained by cìissolution c;f the

original sample, eontaining the l<etones (Bs) ancl p.resl'lm-

ab-ly (s6), iri cleuterio-ethanor v¡ith a catarytic amount of
sodium ethoxi-cle n

(ii) The ¡rroduct obtaineC by di.ssolutlc¡n of an

authent-Íc sarnple of 7-t-Ì:utyrdecal.-1"-one (89) in deuterio-
ethanol- conta:i-ning a catalytÍc amount of sodÍun etho;<ide"

The former sarnple (i) proclucecl a moL,ecular i.on at
m/e 2IO (13) anci a peal< at ¡n/e IS4 (100), which lrer:e

charact,erist.ic of a di-deuteratc+d-È-butyJ.deealone v.'híle the
latter sain¡rre (i.í) exhibtted a molecuf.ar ion at ¡n/e z]'r (13)

and a pe.rl< at m,/e l-5-5 ..(58), which were characterist.ic of a

trideut.era-ted-t-Ì:utyldecalone" (The mass speetra are

collected j-n tl-re appendi>r)

Attempted Detelction c¡f tlre Geornetrj-.e Is omer:s of
rrg7-t-Eut]¡l*A -ocealin (65a and 6:ih) in the: product, mixture

from the acetoJ"l'si= of g!s.*9*g*but"y]s¡:íro <ìec*.6-yJ.

p-toluetresu-lÞhonate (47 n X=CrIE;) n

Älthouç1Ìr the ol-efin, tl3F€-7-t-but.yi-^1, 9-octal-in

(65a) obtalrrecl by synthesÍs was shown to have exacLly the
same Çul"c" behaviour (on seven differerrt co.lurnns) as thc:

cornpound(s) giving rÍse to the single peak 5 (rtgure TToz,

1'), i.t was considerecl possib.l-e that peak 5 was in fact:

procìu-ceil by the trr¡o iscm<lric cis* and ì:rans.-T-,!-br-rt-yl.-r\lo9*

4"5
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octall.ns (65b ancl 65a, respeetlvely)"
rn o::der to explore this posrsibtli.tyn the fraction

or' products from the acetolysis of the _c.!,s-ester (47,

x=oTs) corresponding to peak 5 (Figure rr.z,r" ) was separ-

ated by preparatj.ve g,loc.. rt, v¡as not possi-bre however,

to separafe thÍs fraction wíthout contamfnation from peak 6

which contained 2-Ë-butyl- 49, 'lo-oetali n ( 66 ) ,

Hyclroboratlon of this fraetion, follo';+ecl by oxi<iation
to the J<etones was anticipated to yield a mixture of up to
four geornet.ricar isomers of 7-t-but.yldecal-r-one (B9a, Bgb-

B9c and Bgd), (scheme LI,2"gn)

R

__Þ

o
R

H
t

R

H

R

65a B9a

B9c

H

B9b

H
Bgcl

R

-__-Þ

R

65.l:)

Scheme II"2"g.
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The stereocl'remi.st,ry at. the CrO Fosition of these

lcetones should be j-dent.ic¿rl to that of the parent, olef:ln(s),
Ilousrls4 indÍcat.ed thai: a qis--relatlonship between the

hydrogens at C7 and C, v¡oulrJ be more stable than a t:rr,3jrå-

arrangement" Conseqr:entiy, equilibration of this ml.xture

of ketones (89a B9d) shoulcl result- in a mixture rn'hich

coirtains precìominantly the tv¡o thermodynarnicall)r most stable
-f-

Ì<etone s, Blg--t.qa]J s -7 *!_-butyldeca{on.A

(B9c). The former ketone i.s eharacteristic

e (B9a) and cis-cis-7-
-l-

t-butr¡lcie callone
"/l

of Lhe _t"gÊgs.-crlefin (65a) .rnd the latt.er ketone is character:"-

istic of the g-ig-olefin (65b)"

UnfortunateJ-y, owj-ng to the faet that an uncÕR'bam-

lnated sarnple of pea,K.5 v¡as u.nattainable r the r-rl.timate aim

of this work could not be realLzed. Examinat.lon of the

ketonic fraction, foll.owing the hyciroboral-ion and c>xidation

of t.his sarnplen revealed the presence of at least seven

compourndsu It is eonceiva.]rle that these probat,ly.a.ro$e i:y

migratíon of tl-le borori, during the hydrobo::ation procedure.

There ís a-mple precederrt* to supp.ro.rt the migration of the

boron.atom froin a t.ertiary br:idge-hearJ pos:Lti-on to a sec-

ondary carbcln atom ancì it, follows that this woul.d Þrocluce

the isomeric ]ietorres (86o 89, 94 ancÌ 95). (nigure TI"2n3. )

Grea.m has oÌ-rserved similar m-igratory tender:cies irr the

hydroboration of À9'-lo*o*t¿rl j-n " ( see aJ-so ref " -155 )
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B6 94o o
95

Pigure II.2.3.
' At this stage, in the absence of an authentic

lo
sample of cis-7-t-i:utyl-^*"-oetalln (65b) r Do information

could be obtainecl about the presenee or absenee of- the
loisomeric 7-t--butyl-^-' '-oct.alins ( 65a and 65b) 

"
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rÏr.1.
S hesi.s sonìe of. the e ds re ui.red in the stu
of the acetol-ysls of cis- and trans-"9-t-butylspi::o cieie*.

6-yI p-tolur+nesuJ-phonate (47 ancl 48 r,¡here X=OT's, respÊctively) 
"

Synthesis of gig* and ËåCgs--9-!-btrtylspiro[a. 6] o*"*.r-6-ol
(47 and 48 whe-r:e X:=OI{, respí¡ctively) and the corÍ'espondi.rrg

p-toluenesu-lphonate estÊrs.

Inj"tiall.y it was considered desirable to devise

syntheses which woulcl yield the tvro alcohols ç_1s-- and

tå?ns*o-t-butyÌspiroln,t-l ,Jecan-6-o]. (47 and 48 where x=ol{r
L_l

respectively) with a high degree of stereoselectiviLy.
T '-l

9--t-Butylsniro[-4. 5J decan-6-ont: ( 96 ) , an obvious

precursor to the two alcohols (47 and 48 where X=oFl) was

prep.rred, i.n 69, 55 and 58?á yielcl¡ Ì¡1' treating 4-t-butyl-

-cycloirexanone (97) with lr4*dibromobutane and pocassj"um

t*butoxirle in benzeneo toJ-uene and L-Ì:utyl alcoholr res-

pect.ively"

An j-nspecti-on of rrrociels of the ]<etone (9fi) i,ndi-c-

ated that both rrproCuct developement control" and rrsterj-c

approach control"* would favou.r the formation of the

* It has been sugigested reeently that 'rsteric approach con-

4"5

trol't is the si.gnificant factor in tïrese reduction""'157
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equatorial alcohol- (48, X=OH) when the ketone (96) v¿as

treated with eomplex metaf hydrides"156 (schene III"Lu).

RR

X
___+

96 4B 47 X

Scheme IIf.f"
Lithfum t,ri-t-butoxyal-unir¡j-um hydride, lithium aluminium

hydride and sodiurn trorohydride gave the tËele-¿llcohol (4A o

X=OH) contamínated wlth 7, 9 and IO7zo, respectively, of the

cls-epi.mer (47, X=oH) (fa¡te II"1. ) "

Careful recrys'tallj.zation frc¡m agueous lrrethanol

gave {-he !.qgng-alcohol (48, X=OH) which appear,:d to be pulr6:

when exaurined by g"I.c. and tn1ocr. Surprisingly however,

it was not possible to obtain satisfactory microanalyt.lcal

data for the compound althouEh such data was readily obt.ain-

ed from it,s acetyl and g-toluenesulphon¡¡I derivativêsr
An attempt to obtain the aeetyl derivative and from

lt thus the cls-alcohol (47, X=OH) by inversion of the eon-"

fisuration at CO of t.fq"!g-9-t-butyl-s¡:iro[-. t] clec-6-y1 p-

t,oluenesulphonate (48', X=O'fs) by treatnrenL of the ester' (4.8,

o
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X=oTs) wlth potassium ac:et-at.e in clinethylformamid.l5B *.r=

unsuccessful. At 50 unchanqed starting material (48,

X=OTs) was recovered v¡h:lle at reflu>c temperature a mixture

of, olefins was ol:tained. Si.mil.ar behaviour has been en-

coun t ere d wi th Ëg,ggs_-4-g*but-y1 - 2, 2 -c1 j"rne thylcyc lohexyl p-

toluenesulphonate (56) which undergoes eli;ninaflion rather
than SNZ substir-ution when treat.ed r^¡íth tetrameihy.l-ammoiríum

aceeate in N-inethylpyrrolidone, l-32

Reduction of the ketone (96) in the presence of

Adam:s catalyst anrJ acet.ic acici yfelcied the lgglg*al.cohol
(4A, X=OH) eontaminated r\'ith 22% of the epimer (47 n X==OII).

This 1s cc)nsistr--Ìirt wj-th the ¡:refererrtial approach of the

cate.lyst su..rfaee to ptle less hindered, a-face of t-he mol.ecule

(ta¡i-e fïr"r")"159

n-tie116o and }lenb**trl-61 have demonstratecl the LÌse-

fulnr:ss of sol-uble iriclj.um-¡:hosphite cata-lys:ts in the

presence of mineral acicis to cot-Ìvêr'L cyclohe>ranone cle::ive-

tives ta axial a.lcohol.s" Àlthough 4*t-butylcyclohexanc',ne (97 j

gave essent j-aIly pure gå8"- (axial ) *alechol, * 9-t:Ìruty-ls¡>.r-i:o--
r-,]

-l+.5 |Oecan*f¡*or1ê (96) \.^¡cìs unafllectecì êver¡ under prolorr<¡edL_l
and vi"gorons conditj-ons" The conclusion that the ca::br:ny-l

*
The redtrction of the ketone (97 ) Ïras been report-ecì by

nlietl6o but ra¡as repeai:ec] -in this t{ork wit}r an i.clentical

resuJ-t,



-85*

gror-rp j.s too hincie.recl in (96) for reactÍorr to oc ur r,¡ith the:

iridium compl.ex .l',s in harmon\¡ \^¡it'lì a recent report that
2r2-clirnethylcyclohexanone gave the ccJrresponciinq alcohol in
low yield after prolonged fecretic¡n r,¡hile 2r2r6-trimethyl-

-cyclohexanone vras recov red unciranç¡ed " 
l'62 (tabte ïïr. r, )

Table ITfnl"
Resuli:s of t.he Reduct.ion of 9-t-I3utylspiro [-" tldecar,-

6-'one ( 96)

Reaction Conditions ci,g-a1coho-1- gåaIre-alcohol
(47 ) (48 )

olà otã
/o /ù

I ) fr j-d j.umtet::achloricie/hyclro-
chlor j-c aci <j,/tr imethylpho sph it.e,/
water,/p.ropan-2-o1
2) Líthium t,ri *Ç-bu.t,oxyal"uminium

hy<ìr icle/te trahyd r of ur an

3 ) Sodium borohycìr j-de,/methanof

4) Lithiu.rn a-lumj-nj-rrm hydrlcie/ether
5 ) Adam's ca"tatlrsf,/acetj-c acicl/
hydrogen
6) Alunrinium isopropoxide,/propän-
2-o]-

0

7

10

9

22

o

93

90

91

7A

6337

êo The alcchclls (47 a-nd 48 where X=CH, respect.ive"ly) \\7ere

analysed by gol.,c, (tt, 1670) and exhibited retention tim.es

of 35min ZOs, and 38nrin l6s, respectively"

A suceessful, though for preparative purposes not

entire-1-y satisfact-cry, ste-reoseleetl-ve rou.te to t.1.e cj.s"-
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alcolrol (47, X=oH) is outlined in Schene TTL.2"

R
R

--Þ
cr-T3Li

R.

---Þ
o NH

c)9

.oH

OTs ,
Ão=96 9B 61

o
100

R

o
LiÄIH

47',

Scheme I1I"2.

H

LiA1H4l

R

lOla

R

^l
R

H

The readily prepared p-toluenesulphonylhydrazone

derivative (98) was converted quantitatively into 9-t-
T-lbutylspirol 4."51 dec-6-ene (61) by treatment with rnethyl
LJ

lithlum in ethero

Although winst.i.rll9 stressed the danger of ínferring

ground stat..; eonformations from the prociuct distrfbutionn

Ricl<bornl63 h*u pointed out, that in epoxidatj.on reactions,

conformational effects in the g::ound state are quaïttitativel-y

reflect,ed in the transition staten From a eonsideration of

modeLs of the o-lefin, i-L wa..: evident that. the þ-face of

the olefin (el1 (rrigur:e ITI"-ì-" ), in the morãt stable con-
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formation, r,'ras more Ìrindered as a result of the 1:seudo-

axial methylene group than the 'r¡l-face, The preciominant

product from the epoxidation should then be cis-9-t-butyl-
spiro [n. tl deeane ( e9 ) .cie-6,7-epoxy_ L J tne (99).

ts -face
I

R

6i
q{ -face

(cis-99 ) (llqns-l0o )

Figure fTI.I

When the olefin (0f¡ was treated with +*chloro-

-perbenzoic, perphthalic or percamphoric acids, a mi.xturr:

(ca,- 3:1) of the two epoxides (99) an<l (1OO), respect.ively,

v¡as obtaíned" Apparerrtly the sterie bulk of the epoxÍdizing

agent is not o- controlling factor in thls reactionn This

is not altogether surprising when consi<lered Ín the lÍght

of the mecharrisrn of the epoxidation reaction in v¡hich pre-

sumabJ-y only the o)<ygen of the peracid is ín the immecliate

vicinlty of- the olef inie boncl.163

A pure sample of the c.!g-epo;<ide (99) was obt,alned

by preparative qas-liquid chromatography; As a consequence

of the welÌ documented tranF_*diaxial opening of oxirane
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. L64rings-- - by reagent.s sueh as llthium alumj-nium hydr j-de

and lithium in ethylamlner the epoxicle (99) should give

cig-9-t.-butylspito [a " S-l o".*rr-6-ol (47 , X=oH) . Indeed, it.LJ
was found that t,reatment of the epoxície (99) with llthium
aluminium hydrtde gave a sÍ.ng1e alcohol* (m.p" 86"5-BB"50)

whose properties hrere elearly different from those of the

gtrns-alcohol (4A, X=oH) (m.p. 7F'.5-790).

OxidatÍon of the new aleohol with Jones reagent

yielded 9-t-butylspiro[n. t-.ldecan-6-one (96) and thus itLJ
must be the required c:ls-alcohol (47, X=OH)"

Confirmatory evidence for this assignment of con-

figuration vras available from the rlrrnrro and mass spectral

properti-es of the tw-g.compounds. Lemierl*166 obse::ved that
the half-width of the n¡rncrr signal for the carbinol
hydrogen of qis- and tr4le-4-t-butylcyclohexanol (51 and 52

where X=oH, respectively) r+as approximately 7 and 22e/s,

respectively. The generally accepted diagnostÍc observatio.,l6T

is in good agreement with the values of approxlmately 7

and 2Ùc/s recorded for the correspondlng signal in the

rlonì.rr spectra of the cis- and trans-alcohols (ql and 48),

-t
The alcohol vras reerystallized before the analysis was

carried out, and this would effectively remove any isomeric

alcohols produced by rearrangement of the epoxide"
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respect,ivelyo

The e.ì-imination of the el-ements of wai:er in the mass

speetra of tire epimeric 4-t-bu.tylcyclohexanols (51- and 52

where x=oil, respecÈivery) has been re]-ated tc¡ the stereo-
ehemistry of the parent alcohol"168 Dolejsl6g founcl that
the ratio h - H-ol*,r[u,l* *u" 60 and o"r2 for- t,r.rns- ancJL ¿_I LJ
:g-4-t*butyl-2o 2-clirnethylcyclohexano_l (5G ancl 55 where

x=oHr respectively), res¡:ecti.very. The varues of 0"44. ancl

23 found for the çÅg- ano' tfqns*spiro alcohols (47 and 48)

respeci:j.ve1y, are consistent v¡ith the configr;r¿¡t-ion assi-gneil

to these two a_lcohols"

This cJ-early establi.shes that the ma jor eompoirerrt:

of the mixt.ure of epcxicies, f ormed by the epoxiclation of

/-crroxvspiro [n, t--l ..^t_t
-decane (99) v¡hile the minor ciomponerrt mu.st be the epimerÍc

compcnnd (1.O0).

The follr¡wing transformations, r¿hich were carried
out Ì:efore the rni-xti-rre of epoxides (99 and loo) hacl been

successful-l1, separa'he,1ro' are in acco::ci rvith this assj-gnment"

*
The diffj-cu.lLy encor_rntered in the Ç"1.cn separation of

these tvro e¡>oxides (99 ancì 10O) 'prohibi*¿ed the isolatlon of
a plr.re sample o:f the mj-rror componen.t-, !l*g-.g- -butyl-q,:Þ.*6r7-

T-ìepo>ryspirol4"5ldecetne (tOO). As a conseqr.rence no investi-LJ
gati-on of this j.sc¡me.r \,ras c¿rried olrtn
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ReductÍon of the initia.l mixture (3:t) of the

epoxides with lithium alurninium hydride or lithium in
ethylamine gave a mixture of four aleohols (see later)
which was oxidized with Jones reagent to a mixture of 9-

t-):utylspi.ro þ"t] decan-6-one (96) and 9-t-bu{:ylspiroþ" t]

-decan-7-one (1o2). (tab1e TII"2,)
Table III" 2.

BPOXTDTZING AGENT 9-t-but.y1sp.i-ro- 9-t-butylspi::o-
-Ã.ul u""."-u- -ä.sl.i."rr,-z-Ll-Llâonè (96) %'^ one (LOz) %*

Perphthalic aeid
Percamphoric acici
Chl.oroperl:enzoic acid

75"5
69,1
68, L

24"5
30. g

31, g

HYDROEORAT]:NG AGEI{T

Diborane 43. 0 57. O

õro The yi-elds are not corrected for det,ector response of
(e6) or (102) 

"

/\n i-ndependent synthesis of the ]<etone (102) was

achieved by successlve hydroboration and oxidation of 9-
f- -l

t-butylspi-ro I +.5 | dee-6-ene ( 61 ) f ollcwed by f urthe.r oxÍ-LJ
dation of the cieri.ved mixture of alcr:hols (see -later) with

Jones reêgeritr the resulting mixtu::e of the two ketones

(96 and IAZ) (ra¡Ie ITI"2,) was separa'Led by preparative

gas-liquid chromatography.

I{aving established t}rat the pu.re epoxi.cle (99) eä.n
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be transformed j-nto 9--L-bu{:ylspir

the presence of 9-t-buty:-spiro[-a.
L

o 4n

5 deean-7-one (LOz ) j"n

t] u."r.,-6*one (s6) ,

the mtxt.ure of ket,ones (96 and 1-OZ) (fal:le TTI"2. ) must be

derived from the minor component in the mixture of epoxj-des

(99 and 100)"'* This is eonsistent r¿ith the minor com¡:onent

beincl !tqng*g-!-butvl-g¿-0,7*epoxyspiro [r. u-.l cieeane (loc) ) .LJ
As a resulì: of stereo-electronic eontrol ,164,I7o reductÍon

of the epoxide (10o) with .lithlum alurnj-nium Ìrydricle will

decan-,7"'o1 (1O1er) whÍch rçi11

7-one (l-OZ) on o>ri,dationo

Recluct.-ton crf the ketone (1O2) on a small. scale

{O"O42g) v¡ith socì:ium bo.rr:hydride gave a mixture of twc>

alcolrols (14% ancl B€,?i), The conf ic;u.:rat:i-on of the truo

epimeric ¿rlcohols r"¡as tentatively assigned on {:he }:asj-s

that reciur:tion oii the keione (1O2) woul-d leaci mainly to the

product of rrst.e::ie approach controL', rI5'7 t5gLng-9-þ--.butyJ-*

-spiro[-.,,:ldecan-7-ol (].ola). As mishr be ex.pecred rhis
axial arcohol (101a) ez.hibited a shorter ge 1. co retenLiorr

* Tt should be no't.ed that a srnall fractlon of the amount of

the ketone (l-OZ) present in the mixt-ure could arise from çl.g-
' 9*t--butyf spi.::ofa"S] O*"un-7-c1 (1011¡) " This alcohot. (IOÌÌ:)

is probal:l-y forrned in a rearrangement procêss cìur:ing the

recìr-retive rinçl opening of the epox.ide nrixtu-re (99 and 100)"

(see following cliscussion)
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time (on a 20. * å,, 5% FFAu col-umn) than the mlnor com-

ponent in the mixture of alcohols. consequently the minor

product was assumed to he the epl-meríc cis-alcohol (lotb).
(Scherne ITI.3. )

R

--Þ"
H

LO2 1O1a 10Ib

Scheme IIf,3.
The restrlt,s of
(i) the metal hydride reductiol"l of Lhe mixture

(3:1) of the epoxldes (99 ancì lOO, respectively)
(ii) the hyd::oboration/axLclatÍon of the olefi.n (Of ¡

(iif ) ttte reduction of the two ketones (96 ancl ro2)

are out,lined in Table ITI.3.

o
RR



Reduct--ive opening cf
the mixtr:re (3: i- ) of
the epoxides {99) and
(1oo)

tiydroboration/oxi-
dation of the olefin
(er¡

Sodium borohydride
reduction of the
l<etone { 1O2 )

Sodi-um borohydride
reducti-on of the
icetone (96i

Table IIf.3.

cis-6 a] eohoL trans-6 alcohol trang--7 alcohol cig-z alcohol
(+t1 % (+e¡ % (Iola) % (1o1b) %

704 5-ioa 204 5a

l-44 ' 32u 24a
3oa

86 1A

10

¡
\o(,
I

90

â.o The ratios recorded here are very approxi.mate as only fair resolution by

g"1.cn was possible and the values have been catculated from relative peai< heights.
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The cr'i-stribution of the s¡;iro alcÕhols (47 , 48, lO-la

ancl IO1b) lvas in accord with the previ-ous ster:eoehemical

arssignntents" Rearrangement of the epo>çirJes (99 anC 1OO)

clurlng the metal hycìride reducti.on, ra|her than the faj-lure

of. the glqlä-diaxial opening of the oxiranr': r:ínc7n probabÌy

gives rise to the snìaÌl a.mou¡ts of the alcohol.s (48 ancl

tOlb) presen'L in the proCuct mixLure"

Ric]<bornl-71 Ìt.-r* shorsn that the redtlction of !59,4F**

4*t_-br.rt1zl -gig- 1, 2,-epoxycyc lohe>rane v¡i 1--h l- ith ium a lumin ium

Ìryclricle leacÌs to the for:matión of !g3r:g-g-t-*br-itylcyclo-

-hexan o1 (Sgå gOlA) aucì c-.!.,:-3*t-*butylcyclohexa.nol (S",. )-O%) .

The lat.t.er al-eohol v¡as formecl by r:eciuction of 3-t--butyl.-

-cyctohe>tanone, produced by rearranqement of- the tlsllg-

epoxide" Other examples of Lhis cornpetitirre rear:rangement

proces$ ha-r¡e heen repo::ted ,r72'L73
f--l

The above prepa.r.rtion orÎ c:i€-9-t--brrtylspir:o 
Ln" 

tJ -
*decan-"6-o1 (4-/, X=oH) was, howeve::, rat}ìer r-rnsatisfa.ctory

sinee the selrð.ration of the epoxides (99 and 100) by gas-

Iiquid chromat.ography was a laJroriou.s an<l lengthy procedrrreo

The most satisf:act--o¡y source of the Ëlq-;rlcohol- (47, X=OH)

was the one u-secJ by Christol ancl co-worl<ers"l-15 Reduction

of 9-!*i:utylspiro [- " 
t] cteean*6-one ( 96 ) with alumin j.um iso-

propoxi.cle j.n isopropyl aleohol ç¡ave a r.nixture (2:3) of glg-
rl

and !åpJgË.-9-!-i:r.rtvlspiroL_n. tj decan-6-"ol (+l and 48 r.ùrere

X=OH, respective.ly) respectiveJ-y (fa]:Ie fII"I. )o Pttre cis-
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alcohol (47 , X=OFI) \,ras obtained by careful ehroma.tography

of the mj-xture on neutral a]-trmina (activity .l)o*"
r-1e¡s- and lsgng-9-t-Bu.tylspiroI A.SI dec-6-y1 p-totuene-LJ

-sulphonate (47 anC 48 where X=O.Is¡ r€spectively) were

formed by treating Lhe respective alcol,rol.s with three
equiva-leni-s of p-toluenesul.phonyl chloricie 1.n pyri.ciine at
oo for 4.Bl-1.

Bxpected produrcis f::om the acetolysis of eis- and t:lans-
9-t-butylspiro dec-6-y1 p-to-luer:esuJ-phonate (47 and 4A

where X=O'ls res etivel c

Tn order to be a]¡l"e to study the acetolysis of the

two esters (47 and 48 r,vhere X=CtTs, respectiveJ-y) most

ef fective-Ly, it was desi::abl.e to slmt'he si-ze as many as

possible of the compouncìs rr'hich coul-d conceivably be fo::med

in the solvolyses so that -
(1) gas-Iiquid chromatograpliic procedures eoul-cl

be clevised to anal-yse the product mixtures and

* This rnethod r^¡as not used earlier ã-¡i a previous v¡orker in
this department haci been unsuccessful in sepctrêting the Lwo

alcohols (47 and 4s v¡here X-oH) ¡y chromatography on neut-ral

alumina,

4u5
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(íi) the stabllity of the compounds toward the

solvolytic condit.ions coul-d be determir:ed. The possible

proclucts which coulcl be expected from these solvolytic

reactlons have already been outlined (Scheme IIo1o2").

It should be emphasized th¿tt products arislng from hydrl<ìe

ion shifts in the various carbonium ions Ì,ave not þen

considered.

The preparation of 9*L-butylspiro[-,t]dee-6-ene (61)

has already been described. A less sat.isfactory synthesis

of (6f) involved the thermal clecomposition of the methyl-
rl

-xanthate ester of Bnq-9-t-butylspiroLn. tl deean-6-ol

(48, X=CHTSCSO) " (Scheme TII"4. )

--+
cs2c

4B

R

6t

Scheme IIT"4.

The product f¡:om this reaction had an unpleasant

RR

HH 3

4B
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'rsulphurous'r smell and was dlstilled from sodium metal

in order to purify it,I74 The resultant loss of materlal

Limited the slmtheti.c urtility of thi.s method.
t--lc!E- and tr_ru-g-t-Butylspiro 
Ln" 

tJ dec-6-yl acetate

(4-7 an<l 48 where X=oCoCHr, respeetively) v¡ere formed with-

out di.fficrrlty from the parent alcohr¡ls by the actiorr of

acetic anhydrfde in pyridlnen

Attempts t.o prepare ( 3-t.-but.ylcyclopentylidene ) eyclo-

-pentane (69) by a wÍttÍg176 reaction þtween 3-t-butyl-

-cyclopenLanone (BB) and triphenylcyelopentylphosphoniun

bromide resu.lted -in the formation of (3-t-¡utylcyclo-

-pentylidene)-4-t-¡u.tylcyclopentan-2-one (fO3) as the major
- .17sproduct*'- and none of ttre desirecl compound" (Scheme IfT"5. )

R
Br-

P

B-

69 to3 0

Seheme IfI"5,

Alternative rouLes to the o-Lefin (69) involved the

use of methyl 3-t-but,y1cyclo¡rentanecarboxyì-ate (1O4) as an

intermecliat,e, (gcheme TII.6" ) These routes l'ìad the

,*r Ra8R R
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advantage that (3-t-butylcysfepentyl)cyclopent-l-ene (68)

and (3-L-butylcycÌopeniyl)cyclopentan-l-ol (1O5) coul.cì also

be obtained.

R

RR OH .4r" I=/Py" 68

-..---.Þ
ozcH¡

POCl 3/PY'
R

104 105

69

Scheme IIf"6"

h4len this api:roacìr to i:he s1'nthesis of these com-

pounds (1O5, 69 ancl 68) was i-nitiat.ed, syntheses to pure

ciq- and t_çggg-methylc\¡clopentanecarboxylate (104a and I04b)

were not available"

The first attempt to form the ester (104) involvecl

a Favorskiil'77 reactíon of elg-2-bromo-4-t-butylcyclohexanone

(1O6a). Treatment of t,he bromol<etone (106a) with sodium

methoxide in either methanol (homogeneous conditions) or

<ìiethyl ether (heterogeReous cond-i-tions) however gave none

of the desired eompound (104). The only product ¡vhÍch coul<l

be isolated was tl:e dirner (I07) of 4-t-br:ty1-2-hyclroxycyclo-
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hexanotre (1oB), (scheme rfr.7.) The..;truetu.re of the dimer

(J-O7 ) was assigned on the basj-s of
(i) the infrarecì spectrum (shar:p band at ¡4oocm-1)

(4-t_-butyI-2-ltydroxycyc.lohexanone (lOS), obtained by

distillatj"on of the dimer, exhibited absorption at 3600-

3loocm-I anc l'zzscm-l)

(ii) the mass spectral (base pc.ak at nr,/e 170) and

the microanalytical data which were .in accord witÌr the pro-
posed structure" ït should be r'¡oteci that tho moriomer readily
reverts to its dirne.ric fo::m on stancli,ng.

ït may Ï:e that basecl eat.elysecl epimerization crf the
gis-b.r:omidr+ (10Ga) to the !åelrg-broinide (ro6b) with con-

sequent conversion of the latter to the epoxy-ethe:: (rog)

(which u.r:c1erç¡oes ring opening of trre oxj"rarre rirrg .bo yierd
the acy-loin (IoB)I'/7 durinq ttre rvorkinq-up procedure)

(scheme rrr.7a") occur:s mueh fast,er than the process requ:-r:e,c

f or Lhe F.evorskii f ec1.Ërêrtgement. ( Scheme f f f 
" 7t," )

support for this posturate conies from Lhe wo.rks of
Bordwel1178 ,.r1',o found that, under basic eonditi-ons, the
deuterium excirange at the 2 position is much fas.L.er than at
the 6 posi-tÍon of 2-bromocyclohexanone (110) ($cherire rr.rngo)"
Ile also observed th.et the tnormalr F'ar¡orskíi product was

obtainerl in good yierd by tr:ea-tment of 2-bromo--4r4*diphenyr-.

-cyclohexarione with base" The success of t--his react.ion is
probably a .result of the s{:erj.c burk of the axial. 4-pheny-t
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Scherne TII.7b.
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group which constrains the 2-bromo substituent to the

equatorial position. No sim.i.lar structural feature is
present in the bromoketone (1O6a).

An alternatíve explanatfon arises from the work

of A11ing"tl79 who proposed that gls--2-bromo-4-t-but,yleyclo-

-hexanone (106a) consists of a mixture of chair and non-chair

conformêrsc The latter conformer contains the bromine in
a suitable o::ientatlon Lo allow epoxide formation to take

place. Thj.s may be a fast react,ion and the normal Favorslcii

rearrangement is unable to compete with it.

A successful though not stereos;oecÍfic synthesis

of methyl 3-t-butylcyclopentyl.carboxylate (f04) was achieved

by the route outlineä-Ín Seheme III.9. ,

+

Ph I, B2H6 R

H z-l*
2 "H202/Or1-

(o)
oH -+H

2

B8 lt

R

H ---ùÞ

104

\
1 I12

R

+

113

o
2

Scheme ITT" 9.

co
2

CH
3
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3-Ë-Butyl.-1*methylenecyclopent,ane (IfI ) was

obtained by treatment of the ketone (88) with methylene-

-triph,:nylphosphine in ether. Subsequently hycìroboratloil

and oxidatiön of 'bhis o]ef.ì-n (111) yielcìed the aleohot (l12)

(ir, oH stro, 36OO-32OOcm-1) and Jones oxidation of thj-s

alcohol (112) gave 3-1-*butylcyclopentanecarþoxy3-ic aeid

(113) (ir, oH stru, 34oo-24o0cm-1, c=o str. 1699cm-I).

The ester (IO4)r obtaine<l by metl-rylation of the ¿rcid (113),

Ì{as suceessfr.rlly convertecl to the alcohol (1O5) (Scherne

III.6" ) by means of a dj.-Grignarct reactÍon and the tv¡o

olefins (68 ancì 69) were subsequently obtained by deliyclration

of the parent alcohol (1.O5) r,qith phosphorous oxychloride

in pyr:Lcifne" The mi:<Lure of olefins (68 anC 69) \4¡as

separated by preparative gas-liquid chromatograplly and the

individual eomponen'bs t'ere 1cìentified ì:y their speci:r:al

properrt.ies o ( 3-T.-Br-rty1cyclopentyl) cyclopent-l--ene ( 68 )

exhj.bited a si-gnal eiraracte.rístic of an olefinic hydrogen

{1d,4.A2-4.5O) lrr j.ts trorûo lî. s¡:ectrurn. on the other hand

however (3-!-butytcyc-lopenty}i-dene)cyclo¡:entane (69) fai'l ed

to exhibit any signal indicat.ive of an olefinic hydrogen"

f\lthough anarlyEical gol.co and the spect'ral prop-

erties ef the alcohol (112) r the ester (104) ' Lhe cyclo-

-pentylcyclopentyl al-coho1 (105) anci the ol-efin (68)

indic¡rted tllaL they trere aJ-] homogeneoi-ls, (com¡rare ref " fBO)

j.t Seetns Irkel.y, hov¡eve-::, that eaClr of the Compor-rncìs is a
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mj->cture of geometrical lsomers, when the method of prepara-

tion ls eonsidered.

It has been reported recently tirat clq- and pggge-

3-t-butylcyclopentaneearbo>q¡1ic acicì (113a and 113b, res-
pectively) ccai'ì be preparecì stereospecifically' from 4-E-

buLylcyclohexanone (97) anrJ 3-t-butyleyclohexanone (Il4)

respectively, by treatment of the ketones with hydrogen

peroxlde ancl selenium dioxidel8o (Payne-smíth reactionl'tt)".
(Scheme rII"10. )

0v
se/tsro,

-__Þ.
o ll

2gi't - II3a

R¡
I

o
R

fi"t
se/g o

2 2

-Þ o H
2

1r¿ 113b

Scheme IIT"10.

Ifl'ren the met,hyl esters of g!E- and !ågæ-3-t-butyl-

,ì -cyelopentanecarbox-ylate (113a and i-I3b, respectively) were

separately su.bject.e,J to the reactions outlÍned in Scheme

TTI.6" (dehydration af the alcohols was carriecJ out wj-th

phosphorous oxychloride ln pyricline) the ei.s- and trans-
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isome::s of the aleohol (105a an<ì 1O5b, respectively) ancl

the olefÍn (6Ba and 68b, res¡rectively) were obtainedn The

geometric i-somers of the three compouncls, however coulcì not

be distinguished by spectral or qas-liqui<i chro¡rratographic

technic¿Lres! Inability to clistinguish the geonetric isomers

of these three¡ co'-npounds emphasizes thr: possibilj-ty of the

presence of the sarrìe g'eoinetric isorners in the contpourrds

formed by the route out-llned in Seheme TII.9"

/¡,ltjrouqh the synthesis of (3-þ-butylcyclopentyl)-
*cyclopent.-1*yl acetate (ZO¡ Ìr'as cìesJ"rable, treatment of

the alcohol (iOS) i.¡ith

(i) acetylchloride ancl rìirnetÌry.lat'ri1.ine

(ii1 sodium hydride in tetrahydrofu.rati follov¡ecl by

acetylchlor j-de

yi-elded none of t--he deslred acetate (70). This behalf ip¡s
of (3-t-but.ylcyclopentyl)cyctopentan-l-o1 (105) was un-

expected as the unsubstituted alcohol, cyclopent.ylcycJ-opent-

-anol, readily gave the a.cetyl clerivat.i,ro.70

Initially an eff.ort was nrade to synthesize the eom-

poun<ls (II5), (66), (64) and (65) by Lhe serj-es of reactlons

outlined irr Scheme III" l.J- 
"
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Treatment of 3-9-butylcycloì':excañoñê (114) wÍt.h

dimethyl carbonate and sodium hydrlde Eave the keto-ester
(116) v¡hich r,¡as Shourn to be homogeneous by s¡:ectral and gas-

liquid ch.rornatograph-tc techniques. As the 2 position is

much less accessible than the 6 position of the ketone (1I4),

it is reasonable to expect. that the product. is methyl 4-t*

butyl-2-oxocyelohexanecarboxylate (l"It').' Thls is i-n agree-

ment wl'bh the work of Ei-senbr*rrnl82 ancl co-workers who co¡r*

cluciecl that carbomethoxylation of 3-rnei:hyleycl.ohexanone,
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rvhieh is less hindered at ttre 6 position, by vlrtue of the

smaller allcyJ. substituent, qave methyl 4-methyl-2-oxocyclo-

hexaneearboxylate almost exclusively (see also ref" I96).

À si-milar result, was obtained in the thallium trÍacetate
]-87oxidation--' of the morpholine enamine of 3-t-butyJ-cye1o-

-hexanone (-L14).

When the keto-ester (116) was heatecl with I!4-dibromo-.

-bueane and sodium hycìride in a mixture of benzene and

N, N-di-methy-lf o.rmamlcle , 6- (4-bromobutyl ) -3-t-butyl-6-carbo-
-methoxycycl-ohexanone ( 117 ) was f ormerl. This compound ( 117 )

vras, in turn, converted to 6-(4-bromobutyl)-3-t-butylcyclo*

-hexanone (ItB) ¡y tfre action of 4A% hydrobromic acid in

acetÍc acid"

At'Lempts to eonvert (L18) ineo the tertlary alcohol

(rrs) lry -
(i) normal Grlgnard reaction

(ii) Grignard reaet.ion in the presence of mereurl-e

chloride
(ii1) cyclizatlon with lithiu¡¡ naphthenil-ide and

nicke I tetraphenylporph lne

werîe all unsuccessful. Irrfra-recl analysfs of the crude

product from (iii) revealecì the lack of any hycìroxyl absorp-

tion and thi.s lno-ieated that 'Lhe desireci prociuct (I15) was

not present" Tn1"c. analysis indicated the absenee of 6-

( 4-bromobutyl ) -3-L-butylcyclohexanone ( tlB ) .
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An alternatfve route (Seheme III.12. ) from the

readily aecesslble 7-t--butyltetral-1*one (119)* to the

required cìecalyl system was :Lnvestfgated.

A series of attempts utilizi.ng the eatalysts
(f ) 5% rhodium on aLumi-na and

(1i) platinum black

under varying cond j-tions of hyrlrogen pressure, tem¡reraLure

and solvent faÍl.ed to yle1d the desired procìuct from the

reductÍon of 7,-t-butyltetral.one (f19) and 7-t-but.yltetralo1
(I2o). The latter was prepared by sodium borohydride

reduction of the ketone (119)"

Infrared and nuclear magnetie resonanee data indi-

cat.ed that hydrogenolysfs of the oxygen funetion always

preceded hydrogenaLion and the extent^ of these reduct.ions

was cìe¡rendent, on the severlty of the reaction condÍtions"

* fhe reduc'tion of g-(p-9-but.ylbenzoyl)propionie aeid (an

intermedÍate in the preparation cif (119) ) wlth zÍnc and

hydrochl.oric acid yielded the requirecl  -(p-t-butylphenyl)-

-butyrie aeid and a by-product, the lactone of 4r¿-(di-p-g-

butylphenyl.) -rl rri-ainydroxysuberie aei<]" Similar proriuct's,

which probably arise by radical coupling on the surfaee of

the metaln ha.r.re heen reportecì in the literatu."1183 but have

never been thoroughly charaeterized.
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In order to assess the reaction proriucts of hydro-

genolysis and hydrogenation, the fotlowing ir and notTtrf o

characterist.ics were used. (fr: presenee or absence of

C=o and OH str. vibrations. rìcrn¡fr 3 position and magnitu.de

of the signa-l for the t-butyl group iue. t-ðu-Ar,18,72
and t-Bu-saturatecl linkage,t 9. 15 ¡ .
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Even the cartaJ.yst., platinum black, which vras usecl

suceessfully by FIuckell-Éj4 in the reductton of ./-tetr¡rlol

t-o /-decalol, eatrsed 7-!*butyftetr.el.ol (120) to be ec¡nverte<1

lnto a mÍxture of 7-t-bu,L'lzltetralin (L22) anrJ isome.ric 2-

_!-buty-lcieealins (L23). R€rfeÌ:enee to Tabl-e ITI..4" emphaslzes

the facL t?rat. the conditions uecessar'.,z for recluct-ì-on to
occur lead to an initial hy<lr:ogerrolysis r+j-th

rerluclio¡r of the ar:cmatie nueleus"

'I'ablr: IIf.4..

subsequent-

Resul.ts of t-Ì're re<luction of 7-t_-bu.t..,¡J.tetra1ol" (120) in the

presjence of plati-nr":-in ]¡lack catal.yst"

RRACT]: OJ{ COIIÍD]-TIONS PRODUCTS

TemÞ.
("c j Time

(h)
hlrdroqen
pre ssur:e
(p"s.i" )

7-t_-butyl*.
-tetralo1

(I20)

7-.t-'bu*¿r¡1.-¿;1

-tetralin*
(r22)

7-t-br-rty.]'*
ç-¡.

-oecä1. In
(123 )

20

20

20

64

I6
16

60

60

15

Câ¡

CEt r

20

7B

Cão

cil c

80

22

100

ê¡ Es'b.imatr:d fr:om noIo.f o an<J c;.1.en data

Tlre Ìru.1k of the t:butyl sul;s+:l'-tuent rnay i¡:terfere
wltir the approach of- the aromatic nucleus to the surfaee

of the catalyst, thr.rs ret.rrdino; the reduction of the aro-

matic r:ll'ìg and alLowÍng hycìrogenolysis oll the benzyllc

oxygen function to beeome the predom-i"nant reactionn

Trr.:atnient of 7-,9-butyltetralol (120) vril:h 1-tthium

in arnrnonia, g'ave the antici-pate<1 prorluct, 7-L-brit1¡ltet::al-in
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(I22) whlch arose by cleavage of the benzylic hyd::oxyl

groupo 'Although this reaction v¡as attempted in the ho¡:e

that ft might possibly Lead to disruption of the aromatic

nueleus, tþe ::esuLt fs nevertheless consj-stent with the

observed cleavage of benzylic oxygen funetions under these
185eondaE.Lons.

Although naphthalene can be converted suceessfr:lly

to a mixtu::e of Ar'9- un,: 
^9'ro-o"talin 

(30 and 31, res-

pectively) by treatment with lithium in a tnixture of ethyl-

-amine ancl dieLhylarnine (Benlceser reactior"rl86), the

recluction of 2-t-butylnaphthalene (I24) resulted 1n a mix-

ture of at least seven eompottncls (q.lue. anal'/Sj"s). This

mixture was separated- into four fractÍons by preparatÍve

gas-Iiquid chromatographyi the f|rst three contained mono-,

dj-- and tri-olefinic material (estimated from the nrolecular

ions 1n the mass spectrum of each fract.ion)r whiLe that of

Iongest, retention time contained 7-t-butytte;tralin (I22).

The cornplexity of the produ.ct mixture and the diffícult'y

encounLered in Lhe separatiotr of the components precludeci

this as a sa.tisfacto¡y route for the preparation of the

olefins (64, 65 and 66) 
"

A suecessful slmthesf s of 2*Ë-but'yl-^9'Io-octalin

(66) hras a.chieved as foll.ows (scheme III.13").
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The mixture gf unsatur:ated l<etones (126 and j-27),

formecl frc¡m the pyrroJ.idine enarnine of 4-t-butylcyclo- .

-hexanone (125) and methyl vinyl ket.one, was reduced with

hydrazine and potassium hydroxide in diethyleneglycol to

gfve a mixture of produets f::om rvhich 2-t*butyl-49'Io-

octalin (66) $ras obtaj"ned by preparative gas-liquid chroma-

tography" The procluet exhibited a r,¡eak absorption (IOZOcrn-l)

in its j.r -<pectrum which ls eharacteristic of a tetra-

substituted olefinic bond and no resonance characteristic

of an olefj-nic hydrogen 1n the rr.rrrnf . spectrum" The nìass

spectral and the microanalytical data v¡er:e in accord with

the st,n-reture ass-tgned t,o the olefin (66).

The isorne:ric els-cis- and trans-trans-2-t-butyldeeal-ln



(83 and 84, respect,ively) \^¡ere preparecl from the unsaturated

ket.one (I27) bl, recognized method=.154 (Schenre rIl,14. )

-1I2-

2.

R

1 a

R

Scheme Iïf,14.

The isomeric Haqs--7-t-but-y1-Àl' 
9

B4

H B3

-oct,aIin -.(65a) was

TTI. 15 
"

. h+I2t{il2

'{";

2tTr,i2/RoT1

/xou

H

l2'7 2, NH

prepa::ed by the rol.r.te outllned ln Scheme

o+ R
." 

-ÞÞ

T28

_-_>
Na,/Xtl,

130

114 129

S

R R

S

H
-DÞ

Seheme TIT"l5"

65a
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The morpholine enamlne of 3-t*butylcyclohexä.none

(L2B) was treat-ed with methyl vinyl ketone to give a mix-

ture of at leasL seven eompounds. The major eomponent,

(ca. 35%) v¡as separated by preparative Ç"1.c. followed by

reerystalLization and was shown to be gleqs-7-!-buty1-^l'9-
octal-2-one (eompare ref. 187) on the basis of mlcro-

analyt.ieal and spectral evidence (ir C=O str. L675n C=C

-l1625cm-t i Íl r lTre r n l4 
" 
32 olef inic ?ryclrogen ) ,

Conversior¡ of the octalone (I2.9) t-o the ethylene-

-dithioketal (130) with ethylenedithlo.I j-n boron trifluorirje
etherate was folloi+ed by desulphurízation of the ketal (13O),

wlth sodium in liqr-rid ammonia, to give t-he requirecl octalin
(65a) (norTtor , , Tr 4nB2-2.t5, olef inic hydrogen) whose structur:e

was confirmed as follows.

The stereos¡:ecific ::eduction of the octtllone (I29)

with llthium in a**onial88 containing t-butyl alcohol c;ave

tFrlË.-pr,+g-s--7-t-butyldecal-2-one (f 31) . This ketone (13Ì )

was subsequent.ly treated with hydrazine and potassium

hydroxi<ìe in diethyleneglycol to yield exclusively t!:.a.qs-

-çBgg-2-t-buLyldecalin (84), identif lecl by g.lrcn and'spectral
comparison with an authenti.c sample prepared by the method

r54of House. (,Scheme If I.16. )
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A possible route to e-!g-7-t-buty1-41'9-oct'alin

(65t,) is outlined 1n Schene Ifl.f7.

t-411y1- -!-Lùtylcyclohexene (133 ) was obta-i-ned

by dehyrlration, with p-toluenesulphonic acid -tn benzeneo

of the mixture of lsomeric 1-a11yl-4-t.-butylcycJ-ohexanols

(132), formecl by the adc'lition of allyl.magnesium halide to

the ketone (97).

Confirmation of the struct,ure of the olef{n (133) '

was obtained f::om i-ts spect,ral properties as follows

(ir, C=C-H str. 3OBO, 3O7O and 3Olflcm-l and C=C str" 1635cm-1,

uvr 2IBnm' (Ern"* 675) which j-rrclÍcates the absence of a con-

juqated diene! ñoIIto r ", T, 7 "5'1 =CR,-CE2-"C11=CH2, 5.27-3' 9O, four

olef inic hydroçyens ) . (eompare ref " I94)
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The rnLxture of isomeric 1-a11y1-4-t-butylcyclo-

-hexanol-s (132) was separated by column chromatography on

neutral alum-i.na* The fir.st alcohol to Ïre eluted (hexane)

,wês assignecì the cis- conf iguration and the seconcJ al.cohol

to be eluted (50% ether/5O% hexane) rsas assigneri the trans-

confj-cluration" (In this eontext the c-is- and !rg!,s_-

assignments refer to the t-butyl and hyciroxyt groups. )

Th+:se a-s;siclnir'.ent.s; are baseC on the observat-ion of. i'íinstein

R

I
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119alld }IÖl-ness who ::eported that ci-s-4*t-but,ylclzclohexano.l

(51, X=OH) rvas eluted before the t5ans.-ep-i-rner (52, X=OH)

when a miv'ture of tlre two arcohols (51 and 52 where X=oi{)

was chromatographod on neutral alumina.

The normally simpl.e dehydration process was eom.-

plicated by isom.erization of the diene (133) to the thernto-

clynami-caIly ¡6I'. stabl-e 4-t--butyl-1-propylcycloþexa-J-, 4-
diene (13k), whose structur.re v¡as assiqned on the basis

of ,tts nr!-n3f e ultraviolet ar¡cJ mass spect::a as follows"
The ultraviolet. absorption maximurn at 266rtm (E*.* 77OO)

ls eharacferisticl8g of a 1,4-dialkylcyclohexa*Lr4.-dienei

nrn¡r.,T4.43, two olefinic ]rydroç1ens; mass sÞeet¡îum,

nrolecular ion at m,/e-178.

ft v¡as necessary to morritor the react,ion by gas-

liquid chroma.tography so that 1-a11y1-4*t-butylcyclohexene
(133) coulcì be isolated befor<-r contamínation r.¡ith the

conjugatecì dj.ene (13íf) coulcJ oeeur. The slow formation

of 4-!-butyl-I-p::opylcycl.ohexa-lr4-diene (-f3þ) in the eourise

of the acicì-catalysed dehyriration is sho!.¡n in Table rrr.gn
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Tab1e IfI"5,

Dehycirat.i.on of a mixtu-re of alcohols (132a and 132b)
with p-toluenesulphorrie acici ln Jrenzene"

Time of anal-ysis
(h)

% Produce='
eis- ancl tran¿- 1-a11y1-4-t- 4-!-butyl-I-
Fãrryr-a:¡- i:utylãycloI' prõpyJ.cyclo-
butylcycloJ hexene hexa-Ir 4*
hexanol (133 ) di.ene
(132a a Is2b, (f36)
respectively)

L. 25

3"5
23

27

45

53

67

250

99

99

97

94

B5

79

69

I
1

3

6

t5
2T

30

o

o

o

0

o

o

I
oocâo l

èr No correction has been macle for response of the eorn-

pounds to the gnl.c" detectoro

Treatment of the diene (133) with 'rthexylrr borane

ín Letrahydrofuran using the "simultaneous dilution technique"

(ref " 190) follov¡ecì by carbonylation at high pressure and

oxidation with hydrogen peroxide in the presence of socJiun

acetate gave a mixLure of eompounds containinq tr.eq!r_-tr{ns-
*7-t-Ì:utyldecal.-I-one (89a, gn_ AO% of the mÍxture)n Tv¡o

*
Compelling evicìence for this assiqnnrent, appears l-ater.
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recrystalliza.t j-ons from light petroleum (b.p, 3O-4Oo) of
this mixture yieldeci a u¡hite crystalline so1id (rn.p. 69"5-

70"50) rvhich was homog,eneous by q.l-.c" analysis. This

compournd vras treatecl v¡j.th hyclrazine and pob.assir¡m hydroxiCe

in cì.i-etbylenr:glycol and grave exelusively tqglrq-_tgggg-2-È.-

butyldecal,in (84)" The strueture of this clecalin (B4-) was

confirlned by a eomparison of it.s physical and spect-ral

propertÍes r^ri.th the authentic compouncl. iorrplecl with
Brorvnrs observatiorrl9l- that ca.rbonylat j-on of l-allylcyc1o-

-hexene results in the exel.usive f:ormation of !5q¡g-clecalone,
this provides fur.rther eyidence that tlie t-bu'Lylcìecalone

produced J.n the carbonylation o'f the o.lefin (133) ie. the

trans-t-rans-isomer (B9a ) "

The tr_egg.-!¿a¡¡g*ketone (B9a) r.¡as treateci r¿i,th

sulpiruryl chlo-rj-rìe in carbontetr.rchlo::ide to glrre 7*\-
bu.tyl-9*chlo::odecal-1-one ( 135 ) ( Scheme If I. l7 . ) , v¡hich was

conve::ted, rr,j.thout, purif icatiorr t-o 7*!*butyl-Âg I lo-.octal-

1-one (93 ) tl' heating vrith 2 r4 r6-trimet.hylpyriclj-neo The

al¡sence of a s;ignal in tlle Ítot'uør¡ spectrum correspondinE

to än olefinic hydro,;en shor,¡ecl that less than 5% o=t the

isoureric 7-t*.br-ityl-48' 9-octal*l-c.¡ne ha.cl been formecì (compare

ref " 154)" 'llh:Ls v/as uncloubtedly cil,re to the inabili-ty sf the

base to a-pproirch HU, rvhieh is shiel.ded by the bulky t-Ì:utyl
groupe The rnajor iomponent (gAt 7O%) v¡as separatecJ ,t:'

pr-eparat.j-ve Ç"1.c. and was shown to be 7*!*butyl--^9'-1o-
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octal-l--one on the basis of rnieroanatytical and spectral
evidence as f ollov¡s ir , C=O str " Ì 665 , C=C st:r n 164Ocm-l- ;

norTrofo¡ no resonance characteristic of olefinic hycJrogenss

\ÀtaS observed.

Unfortulratel]r, t.ime did not Þermit this reaction

sequ.ence t,o lce com¡:le't-erJ (Scheme ITI"17.)" IL was enr,'-i-si:-c¡ed

Lliat hydrogenation of, the octalone (93) could lead to a

mixture of giq- decalones (B9b and Sgc). Formatlon of the

p-toluene sulphonyl.hydrazone of gig-gf s_*7-t*bu.tylcìecalone

(B9c) follorved by treatment. with methyl lÌthi-um in ether

shoulcl give a ni><ture of tr+o olefinsl92 frorn which cis-7-
t-butyl-At'9-o.t¿rIin (65b) could be. isolatecl ur',U *r=Io

distinguisherJ by rrnrrtrË_. s¡rectroscopy.

Although the synt-hesis, by unambiguous rou.Lesn of

the four isomerj.c 2-!-butyldecal-9-yì- acetates (67) anrì çj"j-
and tgaqg*2-!-butyl-41'9-octal j.n (64b and 64a, respectÍ.vely)

was considered ¡nos't- desirabl.e it was not achieved in this
wor]<,

It rt'as envÍsaqed that. a mj-xture of isomeric axial

alcohols (I1.5) couL<l be ol:tainecl by the ox)rmel:euration--

demercuration of either of the tp¡o oeLalins (64 and 65)

(scheme Iffo18) 
"

9Jtren the oxl¡mereuration:clenÌercu,ratj-on reaction was

applied to a small. quantit.y of the octalin (64) , isolated

from the mi>:tr.r::e of olef ¡-ns fo.rmed by the acr:tolysis of
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Scheme IfI.18.
tranq-9-t.-butylspiro [-. t] dec-6-y1 p-toluenesulphonate ( 48,

X=OIs)¡ no react,Íon oecu.rred. the quantity of the olefin
(64) available and the lac]< of time did not allow an

lnvestigation of this-.ro'ute t,o the alcohol (II5).

H

R

HH



EXPERTMENTAT,



-LzI-

IV. f.

General

Ì4elting points were determined on a Reichert mfero

hot-stage and both melting and bolling points are uneor-

rected.

Microanalyses $7ere carried out. by the Àustralian

I4icroanalytical Service, Melbourllê ¡

Un]-ess otherwise stated, organie extracts we::e

dried over magnesium sulphate or molecular sfetres (44) 
"

Speetros ic Apparatus anrj Techniques

Infrared spectra lrere det,ermined with Perkin-Elmer

237 and 337 Grating Spectrophotometers and a Unieam SP2O0

Spectrophotomet.el:" -Speetra of liqulds were determined as

Itquid films and of solids as nuJol mulls or in earbon

tetrachloride solution, äS inflicated" The characteristics

of the absorpt.ion maxima (.*-l) are expl:essed as follows

(s), strong; (m), medium; (v¡), weak; (sh), sÌ¡oulderS (b) '
broad.

ult-raviolet, spectra v¡ere recorded with a perkln-

Elmer 137UV spect,rophotometer and a Unicam SPSOO UV spectro-

photomet.er.

Mas:s spectra Ì^rere measured with an llit,achi Perkln-

Elmer RI"IU 6D double foeussing spectromeeer operating aÈ ggg

75eV"

Nuclear rnagnetle resonance speet^ra were recorded
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v¡ith either a Varian DP 60 ot: a Varlan T 60 spectrometer

at 60 M,c,/s and chemieal shifts trtere measured relative to
tetramethylsilane as internal standard.

Solvents

Diethyl eÈher was dried over calcium chloride,
distilled twice from phosphorous pentoxi-de and stored over

sodium wireo rrsu¡:er-dryrr ether was obtained by distillation
of I'sodíum-dry" ether from lithÍum alumlnium hydride.

Light pet.roleum (bup. 3O-4Oo) and (b.p. 5o-5Oo) v¡ere

dÍstilled from phosphorous pentoxi<ie and stored o\¡er sodium

Ì¡ire.

Halogenated solver:ts were cllstilled and stored over

molecular sÍeves (441._

All other solvents were dried and distilled accord-

ing to literature proce<lures.

Gas liquiO chromatogra.phv (q. I, e" )

Routine purlty checlcs brere carrfed out. wittr Perkin-

Elmer 800 and BBt instruments; quant.itative determinations

Ì¡ere performecl on the latter, whf ch hras equfpped wf th a

Perkin-Blmer r94B printing integrator. preparative separa-

tions were acbomplished with either an Aerograph ATOO or

A7O5 instrumentn À11 machlnes l.rere fltted with flame

lonizatíon detect,ors and nitrogen was used as the carrier
gas r



-t2s-

. The following g.l.c.
LB S;af'

ucoN)- SZ, 5 r ,. |"

coLumns u¡ere used -
A"

B.

Dn

E.

l¡a!a

G.

H.

I.

J"

Ko

Ln

M.

N.

O.

Pn

Qn

BDS, 5%, 5r x

CARBOW,¡Ð( 2014, Ê,o,/J/o t 12' x

1,,
4

I,,I
s852, rO%, L2. x ilI

4
FFAP, 5%n 12, x

FFAP, 3O%, 20'
f4

ÀPrBZoN.l, 5%, 12
Lßç{òtr

ucoÀrl,

t.,,
B

3xã'
rx

ll

L2' x

zjt x

'n n (glass )

(91-ass )

I:
a

sE30,

t: olJlo,

2A%t

!,,
B

3
ã

I,,
4

t

al

.10 çfol
ucolyl, 5%, L2. x

.qFrEzo¡,il cqe 5%, 3' x

20%, s'-* å"APrEzoril
¡ lYl

APIEzoty! Golay, l5O' x OnOl[

BDS, Golay, I50t x O"Oz'i

UCOtd, Golay, 3OO' x Oo01'l

l\Pru:zoÀrlh Golay, 300 ' x o.OÌt'

¡ùPrEzogl 2o%, 36' x *,'

ltI
B

R. FFAP , 5%, z}t * å"
Sc I¡FAP , 5%, IZt * å",
T. CARBOI{ÄX 2OM, 2Õ%,

Un1ess otherwise stated,

(glass )

:-2, * å',
for $" diameter eolumnsr the carrj-er

gas flow raee was ca.- 3o¡nl,/min, whÍle for

60m1,/mi.nn E'or the preparat,ive columns, Ft

the flor"¡ rate r.¡as cêo l50ml/rnin,

t,,
4 columns it was

I, Le Q and T,
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Thin layer chromatoqraphy (t"1.c" )

' Thin layer chrornatographlc plates (75 x 25mm)

Ì,¡ere prepared ln the usual wèy, frorn a mixture of Kj.eselgel

G and HF254 in equal proportlons ancl were not actfvated

before us€o
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Klnet.ie Studies

Materials

Âcetlc Acid! A.Rn grade a.cetic acid ¡uas refluxed over

pot-arssium permanganatë for 24h, The aelcJ rn'a_s distilled
ancl the fraction (b.p" 117-11go) to rvTlich A.R" acetic
anhydride (qq.e- 2% hy volu,me) was aclcied, was heated uncler

reflu>l for ?.4'lt" Distiltatíon through a SOc¡¡ rtl¡ensker¡

co]-u-m,n, fÍtted with a rrHu¡nan head' clevLce, gcvr-J a fraction
(b"p" 1l-7a5-113o)o which rn'as stored uno'er nitrogeno For

kinetíc detenninationsn Lhe acetic acid centaÍrred Aoi{"

acetíc anhydr:Lde (Li/" ny volume ) .

Acettc Anhyclri-de a /\" Ro graCe acet,ic anhyclrj.dë rvaË distilled
through a 2Ocm "Fenskefi eolumn, ancl the fraction b.p. i-36o

wac stc¡red under ni.trogen*

Anhy<lrous .Sod.iu.nr Acetate ¡ J\.Ro sodiuni acêtate vras dried aL

25Oo under a stream of dry nitrc'gen an<Î st.ored under nJ-t.rogerr..

Sod -i-um ¡rcêtat-e *Acet j"c Aei.o; For rate measurernenes, s,o.l.u-

tions of sodium acet,ate (q_*" O"Oz¡,i) were prepared by

dissolving anhyclrr:us sodium ace'bate in anhydrous acetic
acid and these vrel:e standardized eigai.nst, perchlr,iric arcJd,

usínq bromophcnol blue (saturated soi"n. in acetic aclci) as

the indicaðorn

St.andar:d Perchl.o.ric Àeirir A solut,fr:rn of perchJ-orie acÍcl

(C* 0.OtM) j"n æ.eetic acid was prepa-red accordj-ng to t.ìre

proceclure of Moriarty and D'sil,va250 -rr.î ros standarcrizecl

a.gai.nst potêìs$i"um hyclrogen phthalate (,1"Rn ) rn aceti"c ¡¿eid"
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Bromophenol blue r"¡as used as t:he inCicator.

Aeet'olyses

Acet.olyses were carri"ed out us5"ng Lhe ampoule

technique and the rates \{ere measured titrimetricalll,.
In a typÍcal run, än aecurately vreighed sample of

the p*toJ-u.enesulphona-te ester (C*- O"IBZc¡o S3g O,OIM) vras

disso]-ved in standard sodi-um acet,at-e-acet-ie acid solution
(50m1, Ç*"_ 0"0214)" The solution rva.s transferred {:o a

burette and clj.vided into I portions (S*". 5"5m1) r,vhich vrere

sealed ín pyre>l glass a.mpoules uncler an atmosphere of dry

nitrogenn The arnpoules were placecl in a const.ant temper-

ature bath (1 0.050) and allov¡ed to reach the 'cernperature

of the bath (ç33- lSmln), periocìically the ampoules were

withdran,rn, cool.ed in a dry-íce,/acetsne baeh, o¡renecl ancl

allowed to atta-i-n room temperature (Smln)" The tíme of

remo¡,"al of the first am¡:oule v¡as taken as rrzerorr timeo

Àn alic¡u.ot. (5"10m1, wíthclr:awn with a ec¡nstant volume pi"pettei

of the solution rr'as t,itrateci against stanclardlzed perchloric
acicì (0,0111"1) in acetie acio', con{:ainlng acet-ic anhydride

(Y/"), using bromopheno1- bh.re as j-nclÍcator, The remalning

amponJ.es v'¡ere removecì after the appropriate time intervals
and treat,ecl i-n a sirnilar mannern The ffrst or<ler ra_te

cons:tanLs vlere de'cermined graphicnlly, in the fi.rst instance,

by measuring the slo¡:e <¡f plots of log (Vt-V* /VO-u* )

*
/'trnpcit:.J-es v/ere r:i.eanecJ in the i-is;¡.ra-L nìünrìer ¿r,n<J IlÍ.na11y

sLeam-cleaned l:ef ore u.sê o



-L27-

versus time, where Vt is the value of the titre at time

t, V* Ís the value of the 'rlnfinity" titre (i"e. ât cõr"

10 half-lives) and VO is the value of the titre at t,ze.ro"

time. First, order plofs (i.e. straÍ-ght. Iines) were ob-

talned for 8O*9O% reacLlon (SA: 3 half-lives) and the value.ç

for the rate consta¡rLs vrere the mean for two runs. The

experimental values (of ¡<) deviaterJ fro¡n the mean by J.ess

tha"n 2.5%, rvhile the irlnfinity" tÍtres v¡ere generally

reproducj-b1e to within 2% of the theoret,ical value n Values

for the first order rate constant.s (apT:earj-ng in the text)
hrere also c¡btaÍned by rislng values of log (Vt-% /VO-V* )

and t Ín a J"east squares computer progrêfiìrÌìêu

Aet,-lvatlon Parameter s

In accord rvith the "\rrhenfus equatJ"on (¿r),

AST
R-

T*AH
RTk=Kllloê

Ë-
oê (a)

which can be expressed 1n the following v¡ay (b),

E
T

log -logK
h

++ 
^s

+
AH

2.303R 2" 303RT
(b)

the enthalpy of aetÍvat,ion, 
^If+ 

was obt,ained from the slope

of a plo'c of log h versus !, where k fs the fi"rst order
TT

rate constant at the temperature T and K, h and R are

universal constants. Further manípulatÍon of the equat.ion
:E(b) gives (c), from which the entrol>y of activatlorrnfis' ,
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vras calculat,edo

+ -- 2t3O3R IoE k +
f

AHT log
2 " 

3031?T
AS K

h

Anall¡ses of product.s from the acetolyses of gÞ- ancì ËåÊnq-

9-t_-butylspiro dec-6*yl p-toJ-uenesulphonate Ql and 4A

where X=OTsr respeetively).

In a typÍca1 run, an accurately weighecl sample of

the p-toluenesulphonate est,er (gèr t8mg) was dissolved in
{.

a solut.ion (g. O"O?M) of sodium acetate in acetic aeid

(5mI)" The solut,ion v¡as then seal.ed uncler nltrogen in an

ampouleon u.rr.l, after Ï:eing heated at ge!- 5?-.60, for a

period correspondi-ng to eao ten half-1.Íves, the ampoule

was removed from thcÍ constant tem¡:erature bath" AfLer the

solrrtion had been cool.ed, it was clilut,ed v¡ith water and

extracted v¡ith light. pet,roieum (b.p. .30-4oo), An accuz'ateJ.y

weighecl sarn¡r1e of the internal standarcl, 2:t-butylnaphthalene,

(g+.- 5*g) was aclded at Èhe same ti-men the organic extr.lct.s

were washed successively with saturated sodium bicarbonate

The acet"ic acid*sodium acet.ate solutlon was flushecl with

dry oxygen-free nltrogen before Llsêr
** Al1 ampcr:les were washed in the usual way and final.ly

steam-cleaned before use.

*

4.5
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solut,lon aud Vrater and dri-ecin The solverrt was remc¡ved

by careful distillat"-ion through a column (20cm), packed

r'¡iLh glass helices, with the v¡ater-bath temp€rature being

kep'c berow 45oo The concentrate (c-q-.* lml) was tiren analysecl

by VPC as foLlo¡as

(a) Oua.lltat lve Analvses

QuaLitat-,1ve arralyses of the product rnj-xtures

rvere car:ried out by cornparisorr of retention times of
aut-"hentic compounds and by the technique of peak enhancernento

on appropri.ai:e gnlocn columns"

(b) Qtiant.ltat.i-ve Ànah¡ses

In orde:r t,o est.imat-e absolute yields of prorJucts,

the respons€]s (to tl-re 
_ 

g" l" co f l;lne iolrization detecto:l ) of
the authenLÍc compounds were compared v¡ith that of, the

Ínt.ernal. stanciard" Accui:ately rveíghe<ì scamples of the eom-

pour:d (R* 5-15nrq) arrcl the interna.l st,andard (cg" 5*g) vrere

m:txed an,J disso]-ved i.n lj"gh{- petroleum (30-4Oo) (l6rnl).

'Ih::ee soluti.ons" varying in the ratio of compound to inte::-
na1 stanciard, $Jere prepared fo:: each eompound" The light
pet-.r:oleurn solutions r^¡ere then analysred by g"1.c. uncler the

same candil-ions as those used for the pro<ìu.ct analyses and

the areas of the peaks 'h¡ere cìetermined by integratj-on" The

va"lues of vreight. of com.uoundr/weight. of sLanclarcl vrêre plot.ted

against area of compound,/area of s{:andard, to give a

straight. line graph, frorn which the absolute y5.ei-ds of the
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products obt,ained from the acet,olyses could be determined.

The totaL yield of products v¡as lnvariabty tOO + 5% of the

expected return. The values 1n Table If.l.4. were normalized

to IOO%.

'The products from the acetolyses were separately

(where possibJ-e)* subjeet.ecì to the conditlons of the

acetolysÍs. Àccurately weighed saurples of tl"re olefins
(g¿ 9mg) were dissolved in a standard soluÈion (Sfu" O.O2I4)

of sodium acetate in acetlc acid (SmI) and the usual pro-

cedure for analysis was followed, AII oleflns vtere essen*

tial,Iy unchanged ( 95% recovery) after a time corresponding

to ten half-llves of acetolysis"

* Mi*trrr*u of (a) 2-t-butyl-49'ro-oct,alj-n (66) and (3-c-

butylcyclopentylidene)cycJ.opentane (AS¡ and (b) 2-t-butyl-

^l' 
9*o"ta1in (64) and 1- ( 3-t-buÈyleycJ.crpentyl ) cyctopent-

Ì-ene (68) \^rere used"



Table IV.1"1n
G,1.c, data for the aeeeolyses of cis- and trans-9-t-butyÌspiro

tosyJ-ate (47 and 4-8 where X=OTs, respeetively),

Column RETENTTON TI}1ES OF COMPOUNDS

(6I) (64) end (6s) (uniden- (6s) (66) and
t'i f ied
olefin )

þ s'loee-o-yro

(69) (uniden-
tified
acetate )

48min 57scnL32o a l8min 43s
s,l-6oo 2 31

Pr195o 15 53

I{r14Bo g 55

o,l5oo L7 57

Mrr8so 6 A2

M,15Bo v45

28min 38s 30mi-n 7s

326
L7 22

L4 54

23 40 24 50

shoulder
on (66)
shoulcier
on (00¡

24:nin 13s

252
16 T¿,

11 59

20 5l
642
632
9 i_5

32min I9s
3 36

L7 34

16 44
25 s3

721

lL oo

I
H
(/)
F
I
t

(aa7
(os)

âo 2-È-butylnaphthalene (siandard) Ì:ad a retentj-on time of 48min 57s.
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Equ:llibrati.o¡rs rvith Raney Ní.ckeI

To determine the composition of the mi>çtures ob-

talned by equilibratj-on of 9*f-butylspiro 
[^, {decan-6-one

( 96 ) , çIgå-9*t.*butylspfro [n " U-l c]ecan-6-ol ( 48 , X=oFI ) ancl
LJ

qi-q-9-t*butylspiro[+"Sl c.can-6-'o1 (47, X=oH) with Rarrey-LJ
nickel " t-he f o1lov¡ing genercal proceriui:e was used ,].42

T-lA soJ.ution of Læà?-9-i-btiLylspiroLn" tJ decan-6-o1

(48, X=oH) (0n25a,) in clry isopropyt alcohol (20¡n1) was

refluxeci (conseant. temperaLure b¿rth g4.4o) ir: 'the preserlcê

of Yl-2 Raney nickel* (gU 2"Og)n uncler nitrogeno Periocl*

i.callyo sanrples (gg O"2ml) were witl'icirar+n from the soJ-r.l-

tion i.¡ith a slrringe, anti afLer having been filtered tc¡

remove nj-ckel cataly-st.¡ they were analysed blr g,luc. (R,

17Oo) anrl the aree.s of the pea)<s eorresponding to fhe c!,-s-

alcohol- (47n X.=oH) (n" 3l"min 12s) ar¡d the {:_q.ii_rys_-a1coÌrol

(4A, X=OH) (Rt 33rnirr 21s) \dere de{:,ermined }:y int.egrationo

Sarnpl-ing r+as continued u.nt.il tlrer eoirsecutive deterrninations

kre):e the santeÐ

Àt equil:Lbrj-um, the co:npositj-on of the rnrxt.ure is

37% g*í*s-^ (47, X=GI{)¡ 63% 9Æ*S.- (4t3, X-oH) c:rrl{i thus the

equilibriurn constant, K, .1s 1.70" Us:i.ng the relationship

AF = -RTInI(, (v¡he-re R is the univër'Fia]" qas consfant and T

*
W-2 Raney ni"ckel was prepared accnrding to the proceclu::e

of Eliel. and Schroetero I42
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Ls the t.emperat,ure of equilibration), it can be calcu.lated

that the ground state free energy difference, ÂF, between

the two epirners Ís O,37Kcal'/moJ.e.
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IVn2"

Syntheses Leacìing to 9*+:-l:utylspiro 4"5 dec-6-yl derfvat-i-ve¡ s

4-t-tsu.tylcyclohexanone (97 )

(a) /tr solution of 4-t-1n-rtyi-cyclohexanol (2009, Ln2B

mole) 1n ethe:: (600mJ) rvas stirred v'igor:r:usly arrd tr:eated

rvitlr a solu'Lion of soclj-urrr dichrornate {IZ-t.3g, O"43mole) in

a"gueou.s erulph'-rrie acid (?oltnl. of çfu IO% v/v s;olution)

while the t-.empe,raturê rr,'äs nìaineã¿i.ned at Ça.g ,to 195 Àfi:er

being st.irred for aR additional- 3h, the o::ganie Ia-yer vras

separat.ed and the aqueous J-ayer was ext.ract.ed with ether:

(3 x 20Ornli, The combined ethereal fractions weïe r"¡a,":rìred

suceessively with water and satur'a'cecl sodirlm Ï¡icarbonate

solut.ion" d.ried and concenträtêd to lzie-l-d a v¡hlte (:rys¡¡r1*

line solici (1859 , 94)á) e bopo 7g-BIo/4"5r¡¡n wtrich was shown

L'y gnl*nco (4, l-37o) tc, corrsist of the require':d lret.one (gg*

9O%) ancl sta.rti.ng rnal-erj"al (gfu_ 10%) o Pure 4-t-buLylcyclo*

-heoanone'o (g?), b"p* l.o4--l-oso,/lsnun (iie .24'2 bop" loG--lo8o,/

l8rrun) was o]:tained by corrversi.on, wi"th subsequeut cleco¡n*

Oxidat:ion rsf 4-t.-brrt'.ylcyclohe><anol r+it-h soCj.um cJicì'lromate

solution (2 eqrrivalents)u accordlng to the rnethod of Brorn'ïr,

Girrg and ï,iurl98 gavs 4*t-butyleycloirexanone (g7) (['4%)

r.¡hieh wðs hcrrnogeneoLls by g"f..oeo (G, 155c)),
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posltion, of the crude product to the bisulphite additj-on

compound, in the usual manner "I97

9-t-I3uty1spiro þ" t] decan-6-cr:e (e6)

A suspension of potassium t-butoxlde, pr:epared

from an excess of t-buty1 alcohol and potassiunr metal

(76"0g, 2,Omole), ln dry i:enzene (21") \^/as stirred unrJer

nÍtrogenu A solut.ion of 4-t,-butylcyclohexanone (97) (1549,

InOmole) j-n benzene (efu- lOOml), followed by tr4-dibromo-

butane (2f 69, l"Omo1e) v¡as acìded rapidly, and the mj-xture

\^¡as refluxed for 12h (ref. f99). frfter the reacLion had

been quenched with water, the organic layer was separated

and washed wlth water 
--(3 

x 30OmI) n saturated brine (200mI) o

dried and concentrated" Distillation of the residue gave

9-t-butyl.spiro[a"s-l oecan-6-one as a colourless oiI (143gn
LJ

69%r¡ b"p. 74-76o/0.lnun (lit .2oo b.p. gg.roro/o"Smm) which

was homogeReous by g"lncn (C, L27o). The compound exhlbited

the following spectral propert,ies, V i:l-: 1705 ( s ) , L385 (m) ,

1365(s)cm-l! rlrrnerr (cc1n): ? 9.03 (9I1, singtet), 8.72-'l "27
(15H, complex); mass spectrum; 14* at m,/e 2OB and base peak

at m/e 167o The 2r4-dinitrophenylhyclrazone derivative of

the ket,one (96), rnrpr 167..54-68.5(), v¡asj prepared, (Found;

C, 6I"7; Nn 14,63 H, 7.2, CaIcn for C2OH2BN4O4r C, 6l.B;
N, I4n4; H, 7 ,3%) 

"

I{hen the a}:ove reaction was carried out, in toluer:e



and t-butyJ" alcohol-

-13 6-

as sol"ventsr t-he yi.elds of 9-t-butyI-
(96) were 55 antl 5B%, respect.ivelyn

201

-sp1ro [-" 
t] decan-5-one

t.qil.â- g--t -ButyI "pi, o [a
I " 

s'l decan-6-cl (48, X=oH)

(a) A solution of lithium t,r1-t-butoxyalumi.nium-

-hydride (pre*oarecl from lithium alu¡nlnium hydrfde (2"QBgn

O,O55mo1e) and t*butyl aleohoì" (I2"2o,, O".l?moJ-e) ln tetra.-
Ìr1zd¡.'¡,r*u-t (50m1)) was arided to a st.i.rred solution of 9^q-

rlbutylspircsl4,5l decan*'6--one (96) (1O"0g" O.OSnroJ-e) ln tetra-LI
hydrofurern (S0ml) under nitrogen.2o2 .A,fi:er Ì0 hoi"rrsr the

reaction vias gu.enched with iee-water (750m1) a¡rd the rnixLure

was extracted r,¡ith ether (3 x l50ml)" The cornbj-necl ether

extracts v¡er:e drj-ed a.nd concentrat.ed to yiel-ci a rchite soli.d

(lO.i-g, IOO?í)n rvhieh vras shr:wn to conlain both !5gI,_€-. and

c-..fg-9-g-butyJ-spir.[a.r:l uu"*n-'G-pl (48 anrJ 4.7 where X,=oHr-LJ
respectively, ç9. 93 and 7% res¡xeetível.y)n by goloce

anallz5ig (An 17Oo ancl Iì, 1.6'70). The mixture r.¡as recrystaì--
Iized onee froin liglrt, ¡retroleum. (30-4Oo) and three times

from aquecus mettranol (q-a_!_ 7s%) to give tt-re !&3p-a*spj-ro

alc<rhol t48o X=Olf ) ¡ rrìopo 78.5-7go affer su.blimatj-on at--

c{"- 6oo/2mm, t¡hj-ch rvas homog'eneous by gol""co analysiso Ncr

sat.isfacto::ir analytÍcal valueso horuever \dere obtained after
three m-i-croanalyses" (Found: C, 78"7; IT, ]-2"4. Cale. fc¡r

Cl.4IlZOo: C , 79"9i H, I2"5%) " The eompound e>ltribit-ed the

fotlowing spectral properties r U ii*"t e 34Oo (b) o -1385 (m) u

1359(s) o 1046(s)crr -1 ! nsriìor+ (cc¡fO):ï ç:..i-4. {9I1, si,nElet),
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9.1o-7'33 (16H, complex, hydrogen count recluced to 15 by

deuterium exchange), 6.97-6.5 (1H, complex, \Lv 2Oc,/s,

CH-OI-I) i mass s¡:nctrum: Irl* aÈ rn,/e 2lO and base pea]< at m/e

155.

(b) A soÌution of 9-t.-butylspiro [n, tl decan-6-oneLI
(96) (-l5"Og, O.072no1e) in clry methanol (20ml), at O-So,

was treated with sodium borohydrlde (2"73g, o"o72mote)

and the mixture was st.irrecl at room temperature, under

nit.rogen, for 24h"2o3 After ther mi>cture had rreen wc,rked

up in the usrral way, a white sol.id (15g, loo%) was obt;,rÍned,

rqhÍch was a mi,xture of ciq- and F{-qlrg-spiro alcohols (47 and

48 where X=oH, respeetfvefy) (g- lO and 90% respeetively),
This miNture was treated as in (a) and t.r4æ-9-t-butylspiro-
-[n.r-1u."-n-6-o1 (4a^, x-or]) (11 .4q, 76%) was isolared"LI

(c) A solution of 9-r-butytspiro[-"t]deean-6-one
(96) (O"199g, On00lmole) in glacial acetie acid (SrnI) was

hydrogenate<l in the presence of platfnum oxide catalystllg
under one atmosphere of hyclroÇêno iLfter the theoretÍcal-
quantity of hydrogen had been absorbeci, the catalyst vras

removed by filtrat.j"on and a whj-te solíd (o.l9g, 94%) was

isolat,eri by the ustral procedure" Gnloc" anarysis (R, 1670)

'showed that the product. was a mixture of cis- and Eqqs-9-
t*butylspÍrol4"5ldecan-6-o1 (ql and 48 'w;here X=OH¡ fês-LJ
pectivety) (22 and 7B%, respectively) 

" T-l
(d ) The redu.c{:lon of 9-Ë-br"rtylspiro F" ul decan-6-one
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(96) Idith l"-tthium alurninium in ether was carried out in the
- 203usual riTay--- and gave a rnixture of gLå.' and !rÊ.å?-9-1,-

f- -l
buÈylspirol4"5ldecan-6-ol (47 ancl 48 where x=oHr rêspectively)LJ
(9 and 9Ir/", respectively) 

"

tsgs--e*t-Bu.L¡7lspiro [.n. t-l dec-'6-yl acetate (63 )L-l

A solutì-on of Ëtqgg-g*t-but.ytspÍ.ro[O" t-..| clec¿rn*6-olLJ
(48, X=oH) {O.7q, O"O03mo1e) irr rlry py::idine (2ml) o at 0o,

was t.reated dropwise with acetic anhydride (2mi.)" After
the mixbu.re had been kep-b at room tenrperat.ure for three

days, it v;as acicì.i-fied" at Oo, v¡ith 1O% sulphuric aci-d,

ancl extraet,ecl v¡j,,th ether (3 x 50ml)" the usu.ll worl<irìll*up

procedure yiel.ded a sligh'cLy coloured resj-du-c: which was;

dist i I led to q -i-ve ËqêIg.*9^L*brit yl spiro [n " U-l de c-6-y1 a er:tat eLJ
(AS¡ (O,659 , 79';1) ¡rs a col.ou.rl-ess oi.l, b,po l-ot-102o/O.15nun"

Go 1" e o anal-1-y,s-ts (8, 1690 .¿nci Il , I4go ) irrclicat.ed that the

p::ociuc'b was'; honiogeneous. (Found: C, 76"13 LIr -11,I. Ca1en

for Cr-OilZgoZ; C, 76.I; Il, II,2?'"), The eornponitd e>-"h-lbited

Lhe fo] l.o'rvinq sî:ect::af propor:riesr U lll*, I74o (s), L3GS (m),

1365(s), 1245(=)c,,n'-li nonorc (cc14):lg"tg (9I-I, singlet),
9.1-1*8"o7(15H, complex), BoOB (3I1, singlr:t.) " 5.70-5"

(fIln compJ-ex, Þz.Lv = l-Bc,/se CqoCoCFI3); mass speetruma

CH"Cooi{l+ at nr/e I92 a.nd l¡ase peak at. m,/e 135"rl

4"5 cie c - 6-.y1 p_.-t.olue ire sulphonatetrans*9*t*Butylspiro
({r_"E_,J-_--pJs")
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A sol.ut,ion of !ffU1"å-9-t-butylspiro [.n " 
tl ciecan-6*o1

LJ
(4a, x=oFI) (2"8g, O"ol4mo-le) in dry pyridine (6mt), at Oo,

\r'as treated rvÍth p*toluenesulphonyl cthloride2o'l (7 
"58c1,

O.O4mole)n v¡hich was add¿:d in one ¡rortÍonn After being

kept at. Oo, for Z days, uncler nitrogen, the reaetlon mix-

ture v¡as carefully dilut.ed with watern so that the ternp-

erature did not rise above IOo, and extracted with etlier

(2 x 6OmI)" The organic layer v¡as v¡ashed successively

r"¡it.h 1O?2" hydrochJ-orÍe aci.d solution {2 x 50rnl)n wat,er and

saturated socliurn b.i.carbonate solution (1 x 6Om1) ancl d¡:iqrd

ae Oo uncler nit.rogenn After tire solution had heen coneen-

t,räted under reduced pressure, a sol.Íd residue (5.8g) rv.:,s

coJ-Iected, whÍch wa1 
:eerystallized 

three times from f.iqht

pet.ro.l-eum (30-4oo) *t oo, to yl.el.d Sga.ng-9-q-butylsplro[O"r-lLJ
*dec-6-'y1- p-toluenesulphonate (48, X:=oTs) (3 o24q '76%1 Iûopo

65-670. Thi.s was hornogeneous by t"1"c " (7o% sy¡sv/3Õ%

( 3o*4oo) ) , (Rr o. 65 ) " (t¡ound: c, 6$" 9;

for C2'HSZSO:; Ct î)9"2i H,8"9%)" Tire com-

poi-rnd exh:lbited the fo.llowing s1:ect.ra1 prol:er'cies "ìI fii]"tt
-11595(m), t385(m)n 1365(s) o Ltgo(s) ' 1095(s)cm i IIoITìo f o

(cct.n)'Eg"2r (9II, singlet.), 9"oB-B'OCI (15H, complex), 7,59

(3I'I, singlet)o 5"94--5.55 (lH, cornplex, \6v = Igc,/s, CI]*crIs)'

2.84e 2"2.9 (41':., eentres of gravít.y of the two doublets of

1ig'ht ¡retroleum

H, B" 9n CaLe.

zne $)'=y=t**o ; mass sf.)ectrum, [n.-p--L6

cFl3c6H4sor{u at m/e Lgz ancl the base freak at m./e 135"
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9-t-Butylspiro[-, t-.] decan*6-one p-toluene sulptronylhydrazone

( e8)

A mi><ture of 9-t-butylsPiro þ.t]deean-6-one 
(e6)

(3.39g, O"Ol6mote) and p-Loluenesulphonylhydrazine (3"O9,

O.Ol6mole) in ethanol (20m1) was refluxed for 2¡.2AS On

being csoled j.n an ice bath¡ the soir¡tion deposit'ed a solid

which was collected by filtratj-ono It was reerystallized

from ei:hanol to yield 9-t-butyf sniroþ. r] u*"trr-6-one p-

toluenesulptronylhydrazone (98) (4"Og , Ag%)¡ nlopo I57-l5Bo.

(Found: C, 6'7 "Ii fl, 8,7¡ N' 7 "4, Calc. for CZIHSZN2O}S'

C, 67"0i H, B.6i N, 7"4%). The compound exhibited the

foltowing spectral propertiesr V iij"t: 1595 (w) n 1390 (m) r

1330(s), IlZO(s)cm-Ii ¡crTìnr¡ (cocf 
U )zIg.Z2 (91I, singlet),

9.O5-7.08 (15He complex), 7 "62 (3H, singlet), 2"79., 2"I7 (4He
AÃ,ItO'

eentres of gravÍty of the two cìoublets of the þn, system'

ffie;e:) , 2.47 (1H, broad singlet); mass spectrum:

l.{+ at m/e 376 and base peak at m/e 91"

e-t-Butyrsniro[a" r] u".-u*ene ( 6l )

(a) A stÍrred sus¡:ension of 9-t-tmtylspiro þ" t] <ìecan-

6-one p-t.oluenesulphonylhydra zone ( 9'd ) ( 30 . 3g, O. o8mole ) in

p-toJ.uenesu.lphonylhydrazine rûopr 1.08. 5-1100 (lit" Io6*

IQr pr 104*1070) rvas prepared aecording to the standard pro*

cedures. 206
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ether. (lOOml) was Lreated at Oo rvith a solution of methy-l-

-lithium (0.36mole) in ether (25Or.t1) , uncler an atmosphere

of nit,rogen,L92 The mixture r,¡as maintaíned at 15o for 2hn

wi.th an ice-.waLer bathn then stirred at room temperature for
an additional 4Bh, After the excess of methyl-lithium had

been destroyed by the acld:ltion of ice, the ãqueousi layer was

ex'Lracted with ether (3 x 75mt) ancl the combined ether

ext-racts \¡¡ere'drieci and c<¡neentraf;ed t,o yieJ-cì a erude product.

À solutic¡n of Lhe latt-ern in light petrol.eum, was filtered

thr,:rugh an a-lum.j-na eo.lumn (30çt') (eluted irr -tight petr:oleum

(b"p" 50-'600) ) and the resulting solution was concentrated

ancl dis'cil.led to give 9-!-butylspiro [n. Ul c]ee*6-ene ( 61)L-l
(15.59n quant:Ltative_ y.ielci) as a colourJ-e,'.;s oi1, bop. 131o,/

20min, vrhich was homogenöous lry gnlnc. analysls (Dr.lBOo).

(fourr<ì: C e 87 "7, FI, J,2"2" Calco for CtqItZ+¡ C , 87 n4:' H,

12.6%) n The compound exhibited Lhe following s¡rect-ral

properti"",Vå***: 3oz0(m), .1645(v¡), l-3BS(m), 1363(s), 7:ro

(s)cn,-1í rlorÌïaro (cc14):T g..tg (gTt, singl.et), 9"o7*g.02 (I3ÌI,

coinplex), 4"'12*4,52 (2H, comp.Iex, olefinic hydrogens); mass

specLrtirn: ¡('F a.t- m/e Lgz ancl base peak at m/e 135"

T't(b) g-q"lH*9-Ç-Jìutylspi.ro I ¿" s I decan-6*ol (4a, X=oLi).LJ
was converted tc¡ the c-"orresponding methyl xanthate ester
(4a, x-ocsrcHr) (ìtååjj": t3eo(r^¡), 1365(m)" 1220{s), 1o5O(s),

725(*)"ro-l-), accordingr to the method of Nace ,I74
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9-t-Butylspiroþ" t] ,Cec-6*y1 methyl xanthate (48, X=oCSrClr{, )

(2.L4q), wi-thout pu::ificatj-on, was addeci (dropvrise) onto

porødered cl-lass, in a distillcrtion frask ma-intaine,J at 32oo.

the di.still.ate (1"¿gg) was r:efluxed over, and distilled
from, sodiu.m (in an attempt to remove tìre stronq disagreeabl-e
ff su.Iphu::rr ûdour) to give a colourJ-ess f.iquid (O.74q), b"po

160-1750/25mm. Gu1"c" analys:Ls (Do l7go) ind-tca.Led i:hat. the

míxt.ure consisted of: the rec¡-rired olefj.n (6Ii (ea.. 55%)

and other impur:it,ies (ca" 4S%),

q lg- and t_f jLg q - 9 -.þ-- Butyl -. qig- 6, 7 -e poxysp-t ro [-" tl decane

(99 a.ncl 1O0, respecb,j-veIy )

(a) m-Chl-oroperlrenzolc (O" 659, O.OO3Srnole) Ín di-

-chlorometlia-ne (10m1) 'was 
adde¡cl sIowly to a stirrecl solutiorr

of 9-t-butylspiro [n, ul <]ec-"G-ene (61-) (o. 5og e O "oal6mc-'1.e) in-LJ
dichlo.rom+thane, êt room tenrperat.r*n207 After beirrg E;'[irred

for 6h, Lhe solution v¡as rva.shecl successj.vely v.rii;h aqueous

sodiunr sul¡rhite, soelium carbonate solution (3 x ZOml) ancl

wate:: (3 >: 20ml), dríecl and concentr:atecl to glr.re a resicJue

which r"¡as dÍstilled to yield ¡r r¡ixture of the çi€-- ancl

_tr:*g-epox-i.Jes (99 a.rrd lO0, respect-ì-.¡ely) (0"51g, 93%), b.po
g5o/I.3tnm" Go J-o co analysis (8, I3to) indicatE:d tlie presetlee

of the gå-s,- ancl ËIgl}Ë.-epoxide (99 and lOO, respecti.vely)
(retention tirne, 17in1n J.Osn -c_*q- 75% and lSmin 5Is, e.g".. 25%,

res¡:ect"ívely) rvhf le t"1nc" (2o% ether/8o% ríghft. petrolerlrn)

(b.p" 50.-600) r:'esrr.ltecì in {:}rc: appçaï:a.nce of c)ne spot Rf O"52),
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trlicroanalyses v¡ere dete¡:mined for the mixture of the two

epoxÌ.des" (Foundr Ca 8l..Oi Il, 11.8. Calc. for CL4H24O,

c, 80,7; II, 11" 6%) " The fo)-lowing spectral properties

v/ere obt.ained for the nrixtu.re of çåg- and t_rang-epoxirles

(ee and too, respectively), Viåll: 1385 (rn), 1365 (s),

124o (m) o B4o (nr)"nl-Ìi rrorr,ero (cctn )'.1g.22 (9H, singJ.et ),
9.08-8.00 (13IÌ, eornplex)o 7"380 7n37 (1H, two superimposed

R3) n 7"05-6.73 (lH, cornplex,

l¡i+ at m/e 2OB.

(b) A solutlon oJl 9-t-bufylspiro [n. Ul dec-6-ene (o:.1
LJ

(1"Og, O,OOSmole) in clry eLher (SO¡nl) was mixecl wj-th a

solution of niono¡:erphthal.ic aci.l20B (1"99, O.o1mole) in

ether (15mI) an<ì the. r4ixture r+as heat,ed at refl-ux fc¡r 6Ìro

After the soLvent had been remor¡ed, the residue was mixed

with d.ry chloroform and filtered to give phthalie aeid

(I"41g, B2%) and a filtrate which w¿rs coneentrat.ed to give

a colourless ofl (0"35qs 32%). G,loc. analysis (8, l31o)

indicated the presence cf the S¿9.- anrl Fels_-epoxj-des (99

and l-0O, _Çår 75 ancl 25%o respeceivel.y).

(e) J\ mixture of 9-t-butylspiro þ, t] dec"-6-ene ( 61)

(O,46g, O"O024mo1e) ancl ¡rercanptrorico acid (O.679' O"OO3rnole)

in dry chloroform (BOnrl.) was maintained at room t,emperature

for 3 days .2Og After belng rsashed successiveJ-y rsit.h sodiu¡n

Se:e footnote on page I44o
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hydroxide (2 x. 5OmI, IO% aquêous solution), and water

(2 x 50ml), the solutiorì was dried and coneentraterJ Lo

yield a colourless oÍ1 (0"499, 9B%) rvhich rqas shor.Jn t.o con-

tal.n g{p - ancl !raLs-- 9-'t*butyl - 6 n 7 *epoxys pi ro [n . t-l de eane.LJ
(99 and 1O0, çfu 75 and 25%, respect.ively), by gnloco

analysis (8, 13Io) 
"

Prel.imi.na inve.st"" aticn of the e idat.ion ::eacti-on of
9-!.-butylspiro dec-6*ene (61)

Reductive openfng of a nixture (3¿1) of cj-s- and tr":.ns-

9-9-butyf -g#*6 n 7-epoxyspiro deeane (99 and LOO,

resÞsct,ivel1z) 
"

(a) A so1 tío¡r of the .c.þ- and F_Iegs_-epoxi-ijes

and IOO, respect,j"vely) (O.2Og, O"OOlrnole) in dry ether

(ee

( 10¡¡rl- )

*
Percamphoric acid w.rs p::epared frc¡m camphori-c anhydride

according to the nretirod of I,f ilas and l.tcå*l.,u.y" 
2lo ïniti.al.ly,

the proceclure of Edgert^on2lf ,n." used to prepare camphori-c

anhydride; Ll:e f oJ-lo'.ving proceclure proved however t.o be

more conventent and effÍci-ent"

CamphorJ-c aeici (10g, 0.0Smol.e) \"iä.s dist.il-Led from

glass beads through a short trVigreux" column" Campltoric

anhyciride (5.2g, 76|,/") was obtaineld as rqhite needles (ex

methanor), rnopo 21g-22ro (]it.2rr rflcpo 22ro).

lto5

4.5
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v/as heated to reflux, for 3h under nitrogeno wi-th lithj.um
aluminium hydri-de (0. O4g" o" oOLsrnole, exces =) .2I2 Irfter
the reaction had been quenched v¡ith wat,er (50nr1), the

aqueous layer was extrac'bed wiLh ether (3 x 3oml) and the

comblned organic fract,j-on was drÍed and eoneentraterl to
yield a white solicl (0.199, 95%) which was shown to consist,

of çie- ancl trans-9*t-butylspiro[n.t-ldecan-6*o1 (+l and 4e-LJ
where X=oH¡ Çäo 7o and 5?å respectively) and c-i€- and tl:'qns-

9-t-butyfs;piro[-+"S-l 0"...,-7*o1 (lotb and 101a, gS* 5 and ZO%LJ
respecti-vely) by g.lnco (R, I73o), (see section rTr)

The prociuet showed the f oJ-lorving infrared absorptions, V

::j"1: 330o(s), 1s85(m), 1365(s), 1240(s)" Io20(s), e60(m)max

cm ^" The To1.c. analysis (I5% ether,/8s% ILg}rE pet.roleum

(b.p. 50-60())) gave one spot (*f O"23).

(b) A sol-rrtion of ejlg- anci t_æIlq.-epoxicìe (99 and

1O0, respectively) (0.20g, O"OOlrnole) in dry ethylami.ne

(lOmI) was treated under nitrogen wiLh fir:ely*cut lit-hirrm

wire (O,O48g, O.OO29 atom)" After the solution harl been

stirred overnÍght-, the solvent v¡as ¿rllowed to evaporate,

the residue was ext,racLed wÍth ether (3 x 25ur1) and a white

solid (O"J.69, 75%) tùasj j-solat.ed. G.1"c" analysis (R, 173o)

incllcated the preserìce of the gi,ã-alcohol (47 where X=OH¡

c+_"_ 7O?t) and flÌre tfan.s*a"l-cohol (1O1a, Sg 3O?/"),
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Cxidati-on of oduet from re<1ur:tlve I of the mixture
(3 :Ì) of cj-g^ and qIgIS*g-t-*butyl.-glF*6, 7-epoxyspir-"o

-deca-ne (99 arrcl 1OO, respeei:ively)

(a) from lithJ.um alumj-nlum hydride

The rrrixttrre of g-q"-butylspiro

and 48 where X=oH) a.ncl 9-t-butylspi.ro

, r] o*.u,r,-6.-ol. @z

. t] u"*^.n-.7*oI (10La
L;

V
and l"olb) (0"18g, 0.OOB6moIe) irr acet.one was oxl.d:Lzed v¡ith

Jonesr reaç¡entzt3 accorcling t.o the method of l4ej-nvra.l.c1,

Crandall ancl Hyrn*o*"214 The eru<ìe product vzas clistilled

to give a. coJ-ourless oil (o.Il.g, 72%), b"pn c"'4". Io0o,/1.-l-,o*

-1wlth infrare<J absorp'cion at )Jrax 1"705 (s)cm G" lncu analysis

(A, t34o) j-ndj.eatecl the presenee of 9*t.-buty)-spircr þ, t] crec¿rn^

6--one (96) arrci 9-t.-butylspiro

Table IfI" 2n ) n

f-l'k*
l4.5ldecan*7-oneLJ

(102 ) (see

*
The mixtuo.re (3rI) of g^*g- and gIgg-8.-9-t"-bu.t"y1^c*.!e"-6,-l-

r-l
epoxù¡spi::ol 4n5l decane (99 and LO0, respect-î"vely) obtained-LJrr
f rom the reaeti.c'lr of g-t.-butylspi::o 

I 4, 5 I dec-6*ene ( 61 ) r"¡ith
L-J

(a) monoper¡rì'rtha1i.c acid and (b) percarnphsric acid, t{as su}:-'

jeceed to {:tle same sequenee of reactions as these described

abo',"e for t}:e mixLure of epoxlcies from the reacti,on wtth m-"

chloroperber¡::oi.e acj-d" (F'or resuJ-ts see TabLe TIT"2",

Íiectinn fÏf ),
** Physico-l data for thfs eompound appear.s la.ter.
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(b) from lithlum ln ethylamlne

The mixture of the spiro alcohols (+l¡ and lfOfa)
rr¡as oxiclized as described 1n part. (a) an<l garre, after

dist,illertion, a eolourless oil (0.13g, 86%), b.po c_ê_.

)-OOO/L"Omm v¡ith lnfrared absorptiorr at 1705(s), 1385(r,¡),

1365(m)n 1185(m)cm-l, which was shorun to consist of 9*'1,--

6, ea._ 68%) and 9-t.-butyl-

çqr- 32%) l:y golocc (lt, L47o) o

9-Ë*Iìutlzlsp:.ro 4.5 decan:6*cl (47 and 48) and 9-t-butyl-

-s iro deean*7-cl IOla. and IOlb
rlA solut.i.on of 9-9-butylspiro f " 

tl <1ee'-6*ene ( 61 )

(1"09, O"OO5mo1e) it: dry t.etrahycìrofuran $tas treate<ì rvith

gaseous diborane, genãra.ted in a separate flask, 
-{1orn

boron trif luoricle et?rerat.e ( I " 2Bg, O. OOgmo1e ) and sod ium

borohy<JrÍcle (O"I9g, O,o05mo1e ) "2I5 After the reaction

mixt.u::e h.¡d been stirre,J at room temperature, f or: 21h,

sodiurn hydroxide (5mI of a 3N solut.Íon) was added, follovred

by hydrogen F)eroxide (SmI of a 30% solut.ion) ¡ r,¡hile the

temperature vras maintained below 50o" The mixture was

sÈlrred at 30o f or one hour then exf:racted v¿ith ether ( 3 x

30ml) and the combÍned organj-c frac{:iorìs werê i¡rashed success*

ively r¿ith sodiurn sr.rlphite solubion (2 x.3OmI) and water

(2 x 3OmI)o dried and concentraeed tr: yieLd a r.¡híte solldn

Recryst.al.Iizat,ion from å*pentane ga\re a product (l."lg, 97%) o

4"5
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which was shcwn by gnloc. (R, I73o) to be a mixture of

elq- and trqgg.-9-t-butylspiro[n"t-ldecan-6-ol (rlz and 48 whereLJ
X=oHn g*s 14 and 32%, respectively) and cis- and !ra¡r!i.-

T-l
9-t.-Ì:ut.ylspiro l¿" S lciecan-7-ol (lOlb an<ì IOIa, car 3O andLJ
24% resçrectively), This mix.t,ure exhibit'.ecl j,nf::a-red aÌ:-

sorption at 33OOiï,), t385(m)o 1365(s), I24O(s)c¡n-Ì"

9*t*Ilutylspiro 4"5 decan-6*one (96) and 9*t_,*butylspiro 4"5

-decan*7.*cne _1.02 Frclm the roduct of h obo::a'Li"on c>f

9..t-brit1'lspiro <Jec.-6-ene (61) ) .

The mixture of aJ-co}"ro-ls (47, 48, l-OIa ancì l.Ofb)

obtained fr:orn the hydroborati.on of t:he olef.In (61-) (O"1Bg,

O"009mole) wa.s oxiclized r.¡ith Jonesr reaqent a-eeording to
the procecìure of Mej-nwr..l.i gg*?Å*2f4 Dlstittation of tlie

crude product, gave a colourless o.i-I (0,159, g4%) b"p" gTa/

On6mmn which rvas shovrn by g'olncn analysJ-s (/\, 13.40) to
consist of the trvo spiro ketones (96, ça. 43%) and (.1O2,

qa, 57zá)" The two ketones vrere separatecl iry prepar.'¡rti-ve

g"lncn (F, 1950)n The one wfth the short.er retention ttme

was -i-dentifieci as 9-!--br-rtylspiroþ"t:] decan-6*one (96) by a

cornparison of ibs gol.co characteristlcs and phys-tcal

propert,-tes ( ir, n o tito r o ancl mass s¡:ectrurn) rvith t-hose of.

the authentic cornpoundo The 2r4-dinitropherrl¡l-hydrazone of

thj-s ketone¡ rnepc 16fl-1690 v¡as fdentical tc¡ the analoqous

derivative of the l<etoner (96). The other fract-ion was dis--

4.,5
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tllled to give as a colt¡urless oil b.po lOlor/On5mm 9-t--
T-lbutylspirol4"5ldecan-7-one (lO2), (Found: C, BO"B; H,LJ

11.5n Calen for CrnI{24a, e, BO"7; H, 11"6%)" The ketone

(IO2) exhibited the following spectral properti.u, V^"*,
L707 (sl , 1450(s), t385(w), r365{s), 1230(s)cm-li Dcrìof,r

(ccru) zT g.L2 (9H, singtet,) , g,r2-7.'15 i15H, complex,

includes a singlet for -CO-CH2-CR2-)t lnass spectrumt M4

at- m/e 2OB"

gig- ancl gqagg-9-!-Butylspiro[n.ul decan-7-cl (lOt]¡ and IoIa)tt
T-lA solut.ion of 9-t,-butylsplro f . tl deean-7-cne ( I02)

(+Z.mg, O"OOO2moIe) in methanol (Sml) was stirred at 0o

with sodj"um borohydrfde (LÉimg, O.O004mo1e, excess) for 4h"

After the usual working-up procedure, a white solid (36mg,

B€,%) vras isolated and exhlbited j-nfrared absorpti.on at

3450(s)" 1395(m), 1370(s), I24O(m)u 1130(m)"*-I, The

mixture v¡as shown, to contain the cjlq- and t_Ë-e.nE*alcohols

(loLb and LOLa, g 14 and 86%, respectiwly) }:y g" l"cu

(R, 1730) (see secrion rrr).

cis-9-t-Butylspiro 4.5 decan-6-o1 (47, X=oH)

A rnixture (3:1) of cig- and tLen€-9-t-buty'1-S$-6,7^
r-lêpoxyspirol4" 5ldecane (99 and 1O0, respecti-rely) r4ras separ-_LJ

ated by prepa.r¿¿t-tve Çoloco (F, 1810) to give the elg-i.somer

(1OO ) wllich v¡as homogeneous Oy- 
"n 

ln co änal.ysis (8, l3oo) .

A solution of cis- (99) (I"219, O.O06mole) in dry
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ether (2OmI) v¡as refl-uxed for 4Ïr uncler nitrogen wlth

Iithiunr aluminlun hyd::ide (o"3g" excess)o Aft.er the usual

worlcing-up procedure, a white solid (L"2E' LOO%) was ob-

taitied, which was reerystall,ized frcm 75% aqueous methanol

fol-l-owed by sublimatj-on (ca. 7Oo/o"3mm) to gÍ-ve gg-g-q-
TIbuiylspiro[+. sJ ceca.n-6-o] (47 , x=oH) rnopo 86,5-BB.50" The

procìuct was Ìrornogeneous by go l.c, ;rnalysis (Þì, lToo) 
"

(Fcrund; C, 79"9î H, 12.5, Calco for Cl4H26ot c, 79,9¡

I-In 12"5%), The product exhibited the follov''ing spectral

properties', y 
rnu.xr 340O (b) , 1385 (v¡) , 1365 (s) , I3-Ì0 (rn) n

101-o(*)c,o-r! nønìero (cc14) ¿ I g.L4(9H, sÍnglet), B.03.-7"43

(16F{, complex, reduced to l,5H by o'eu'cerÍurn exchang'e),

6"80--6,60 (1II, complex, àÂv = 7c/s); mass spectrum: lt+ at

m/e 210 and base peak*at m,/e 136,

oxj.ciatio¡r of c j.$--9-9-bi.rtylspiro 
[O . tl decan-6-ol (4'1 , X:-oFi )

f- -l
oxicìat Íon of c-ilg:-9-t-brrtylspiro 

Ln " 
aJ decan-6*oL

(47, X=oH) (O.O2q, O"OOOImole) with J'onesr reagent in the

usual manner gave a col-ourless oil (0"0169, BO'%) r+h:i.ch

vras identif ied d.s 9-t.*butylspiroþ"al] decan-6*one (96) on

the basís of its infrared spectrum ancl gn1"c. (J\, 14Bo)
r-l

cha.racter j-stícs, The absence of 9-t_-butylspiro 
L4'5-] 

decan-

7-one (102) was eonfirmed by the c;"loc" t-eeJrnique of

'rsoi)<ing't v¡ith the authentj-e eclmpoi-r-nd,
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Attempte cl preparat i on of c.3S"- 9-Ë-buty J. s¡.rir o 
I 
r, tl c]e can -6 - ol

(4.7 , X=OH )

The attemptecl reduction Þ;as carrÍed out according

to the procecìure descri.bed by ufief*60
(a) A soluti.on of chloroiridic acid (O.169, O"O0O3

mole) in concen{:rated hydrochl.orj-c aeid (O"IIm}) was

treat.ecl wÍth v¡ater (4.Srnl), follor+ed by trimethylphosphite
(-1.,25m1). Thi-s reagent was mlxed with a solu.'biÊn c¡f. ehe

spiro ketone (96) (I"Og, Cro00Smote) j-n isopropyl al-coho]-

(f6ml) ancì the- reactiotr rnixtu::e he¿rted at ref]-ux for 6hn

l\fter the isopropyl aLcohol had been ¡removed by distiJ-lat-torr,

the resiclue was dlluted r'¡ith wa'cer (3Orn1) and elltr:acted

with ether (2 x 40m1) and the combfnecl orç;anic fraciions

were dried ancJ concentratedo The resi<lue r^¡as disÈil"led

to give a colourless oj-I (1,0q) b.p. 6ao/O.O2mm witl¡ ínfra*

recl absorption at I7o5(s)c¡n-f. G"f..c. ana-ì-ysis (/r, I28o)

inclicated utrchanged startitrg rnaterialo (96) ot:ly"

*
The recluct.ion of 4*t-butylcyclohexanone (97) (A"92gt

O.L106rrrole) t¡ês carri-ed out, using the conditions descr'ibed

in part (a}o and yi.elcied a. mj.xture of gis_- and t{:-1_Eg*4-9-

buty-ì-cyclohe>;arro1 (5.f and 52 wl-rere X=oHr 81" 85 and I5%,

rr:s;pectlvel.l') ( g"1.c" anaì-ysis (8, 1190) ) which r'¡as irr

close agreerìient v¡ith the result.s of Etiel.,160
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(b) Chloroi¡riclic acid (O.0Bg' O'OO015roo1e) in

concenLrated hydrochlorle acid (O.O6mI) was mixed v¡-tth

water (2.,25mL) ancl trimethyl phosphite (O.65ml). The

mi>celrre ruas sea.led i.n a [Carius" tube r'¡ith a solution of

9-t-but,ylspiro [n, tlcìecan-6-one (o.59, o,oo2smole ) in iso-LJ
-propyl alc,chol (Bml-) and the tube was heaterJ aL l-5OÕ for

7 days" AftelLhe usuaÌ working-up proceclur:e, a eol.ourl-ess

oil (O"29g, 4B%) ¡ b"p" -ç01,. 7oo,/O.l-mm, \^tËts isolatecl with

infrarecl absorption a.t 1705crn'1 and with the sä'me goluc"

characLerist j.es as 9^t-butyJ-spiro 
[^ " 

t] deean'-6-on<¡ ( 96 ) "

cf s-e*t*Butylspito [a,f, 0".*o-6*o1 (47 n x=oli )

The Meer:rqein-Ponciorf reduction <lf 9-t*butylspi.t'r:*

-fn"slcuc*n-6--one (96) v¡as carried out aceording to the
LI

mei:Ìrod of Vogel ,216

À mixt^ure of fresh.ly distillecl alrrmitriu:¡r isopropox-i.c3e

(4,139, O.O4.Bmote) in dry Ísopropyl alcohol (50¡nI) ¡Ea.s

rlheated (water b;rth) wlth 9-L-butylspiroLn. Ul cleean*6*one (96)

(tO.Og, O.O4Bnrcrle) so that slow clistillation occurred (çSs

5 drops/mirr)" the distillate lvas tested for the presierìce

of acetone at l.Omín intervalso l^¡heil the recluct-ion r.¡as colû'-

plete (absenee of acetc¡ne in the distíi.late)r tlie remaín*

j-ng i.sopropyl aleohol was ¡:ernoved by di,sÈil-1a-tion and th<:

residtte vras hyd¡olysed v,'ith ce¡1cl hy<ìr'ochlo::ic acid sol"utj"ou

(rc% aq.ueous), After Lhe mixture had been extracted v¡1t"h

etller (3 x 5Cnr3"), tl:e coìn]-rined o¡clarríc fractj-oi1s v¡€r{: },'¿IËllcld
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successively with water (2 x 50ml) and sodium earbo¡:ate

solution (2 x 75mJ-), dried and eonecntrated to give a

white solid (4.2c5, LOO%) vrhich yielded colourless needles

after recrystallization from light pet,roleum (b.p. 3O-4Oo)"

The product was sho¡"¡n to contair glg- and !:gg1-9-t,-butyl-rl
-spiro l4"S ldecan-6-o1 (+Z a,nd 48 rvhere X=OHr åQ¿ 37 anci 63"/"g

L-l
respect.ively) by g" Lo cr (R, 160C)) . chromatogr:aphy* of t-.he

mixture (çgJ- 1.0g) on !{oelm neutra} al-u.mina, act.i"vity 1

(I2Og) gave the clg-alcohoï (47) (O"2g) (elutecl in 5Ð",t etTter,/

50% 1lghL potroleum (b"p" 50*600)) v¡hich was lclentifj-e<1 by

a eonipar.'isc,rn of it.s spectral prope::ties (1r, r¡otÌÌ.ro) and

Ço J-nco characteris'bics wiLh t".he authent,ic compou.nd.

-giS- g -ç.* But yl s pi. r o 4,5 clec-6-yl p-toluenesulphonate {+7 , X=

er+r-l
Sie*g-ç,-Butylspiro[_a.5J decan-6-ol (47 , X=oH) (0 ^71.s,

O.OO3rnoJ.e) Þzð.s converted int,o its p-toluenesuJ"Ë.honate ester

(47, X=fl's) (1'J-Zg,9J-%) using the procedure previously

descrÌbecl for the tr'ans*alcohol (48, X=OH) n

The crude product. was recrystallized from J-ight

* It v¡as necessa-ry t.o flr.rsh all solvents with dry nítrogen

befcre Ll$e and to elute the alcohols as quickly as pctssible

in orcier t,o a.void oxidation on tl're col"tunn.
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petroleurn (30-4Oo), at Ot, t.o give colourlec¡s crygt.¿lg

rrìopo 94-950 (sinters 62-62.5o) which vüere Ìromogeneous by

toI"cn anatrysis (*f 0.60) (2O% ethe::,/Bo% ìlght. ¡ret.roleum)

(30-4Oo)o The compound was too unstable to cbtai.n a rel.J.¿rbl-e

microanalysisro The eompound exhibited the foÌlowing
spect-ral propertles, V i]i"t: 1595 (m) , 13$5 (w) , 1.365 (s) o

t35o(sh), LLBS(s), tI75(s), 675(=)crn-Ii n"rnolro (ccl.n):{

9" 17 (9H, sinql-eL) ì 9.oO-'I .7o (15H, complex) o 7 "55 (3Ho

singlet])r 5"80-5"60 (1H, coinplex, CH-cTs, !i[v = 7Hz),2.-Ì7,
2.3O (Aat calculated centrels of grcrvi-ty of the two doublets

ÊR'ß0rof the ryi system, ffi3"S+lz.) i måss spectru.in:

[t-p-*."arnntor{ 
+ at m/e tgz and basc Pea}.- at rn,/e ]35.

glq-9-t-*Br-rtyt.spir* [-+. S] A*c-O-yl aceLate (62)-'tt

ç-i-g*g*l--Rutylspiro [a " r"] u.r..o-.5*ol ( o. 25s, o, oor,,
LJ

mole) was corrvert,ed into its acetyl derivabi.ve (62) (O,169,

55%) by the proceclure p::eviousÌy describecl for ther !Ë51llg..

isc,mer {63) " The ester (62) , a colourless o11, bup. gEo/

O.I8mm, was homogeneous b,y g" 1. c. ana)-ysis (Gn l-60(1),

(f'ound: C, 76.4î FI, 11,?o Ca1c" fo:: Ca.t{2goZr C, 76"Ii
fL, l.L.Z%) " Tt exhil:ited the fo11-o"nr.inc1 spect.ral properties,
Yåå}-r 1.73o(s), t3B5(v¡) o 1.365(s), J.2so(s)c*-'lí rqrnoro

(cc:.O):Tg"l-g (9H, sinqJ.et)" 9.oo-.$.13 (1.5H, cornplex), B.oz

(3H, s-trrgl<.:'c), 5.52-5.30 (-tH, coml:J.ex, -cLI:oCocH3" àAv =

7\z)i rrass spectrurn; I,t+ at m,/e 1gZ ancl Ì:ase peak a.t m/e 135.
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Attcempte,C pre pa:: at i on of .Èi =-* 
g-l-*bu ty| s pi.t o [+ . S-l a ec * S.-yl

a-eet;lte ( AZ ¡
r- -1

(a) A mixLure of -t,¡gg.9-9-t-butylsplro I ¿. S I oec-6-
LJ

yI p-toluenesul-phonate (48, x=o;Is ) (O .O29g, O"00008rno1e)

and poiassiunr acetate (O.043g, O"0004¡no1e) in dirnethyl*

formam-i-de (Srn1) was he.rtecJ at. reflux for 6h uncler nJ-trogc+rt

(ref " l5B). After being cooled, the reaet.ton mixturle '.+as

diluted wlth v/aLer, extractecl v¡ith chloroforn (3 x 5Om1.)

and the conbined organic fractfc¡ns rnr€re washed successively

wir:h aqueous hy-drochloric acid (O"5t'{) anci water, dri.ed and

coneentra.ted to give a colourless oil (0.0llg). T'he pro'Cuet

exhibjrted no infrar:ed absorpt-ion characterj-stic of an

aeetyl cìerivative and g. I, cn analysis (8, 168()) indicated

the presence of oleftnlc mater:1al (slmj-Iar retention time

to that. cf the olefin(6f¡¡.
(b) v/hen a mi.xLure of -Ç:lps-9-t-butylsplro[-o.i] ccc^-LJ

6-yl p*toluenesulphonate (4A, x;o1's) (O.O5q, O"O001mol.e )

and potasslu.rn acr:iate (0"O349) in dimethylformanrj.<ìe (5m1.)

\,rcrs stirrecl at 50 for 3 rlays, unchanged ester (4Ë, X=oTs)

r,'ras recove red af te¡: the usual vrorking-up proceclure o
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TV. 3.

Slmtheses leading to ( 3-t_-butyleyclopent,yl ) cyeloperityl

derivatives

3-t-Butylhexane-1, 6-dloic acid

3-t-But,ylhexane-1 , 6-dioie ac j.d ¡ rnr po ll5-Il.60
(rrt '?'r7 rrìopo ltTo) was prepared according t,o the procedure

of tliederl and s¡nfth .2IB

3*g-Butylcyelopentanone ( BB)

3-t-Butyrhexane-lr6-dioic acl-d was converted into
3-t,-bu{:yleyclopent,anone (BB) (64%r, bopo ggo,/zrmm, (tie .2L7

bnp" 2oo-2ola/759mm) by the method of pines and rpatierr?l7
The produet was homoEeneous by g"lnc. (À, 1460)"

3-È-Butylcyclopentanol (l38 )

À mi-x.Eure of 3-t-butyleyclopentanone (Bg) (O.Z4g,

o"oorTmol"e) c-rrd sodj-um tronyerioe (o"34g, exeess) ln
methanoÌ (Bmr) was st.i.rred for 2 h. Aft,er Lhe usual- ç¡orking-.

up proceduren 3-!-butylcycJ-opentanol (139) (o.24g, quantl-
tative yield), bnp. g 9oo/12nun (lit,,I8o ggo,/l5mro) was

obtal"ned and shown to be homogeneous by g.l.cn (A, I2lo).

3*t,-Butylmethyleneeyclopeïìtane (ll1 )

A suspension of pot.assfum t-butoxide (1r,95g, o,loz
mole) in dry ether (3o0rn1) was sëtrred with triphenylmethyt_*
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-phosphonium bromide* (39.39, O.lOTmole) at Oo, for lh,
under dry niÈrogen.zLg After a solution of 3-t-butylcyclo-

-pentar:one (88) (I5,Og, 0"l07mole) ln dry ether (lo0ml) had

been added dropvrise at -4Oor the resulting solut.ion was

stirred for th at this temperature and then for 24t. aE room

temperatur€c After being filtered, the solution was l.¡ashed

v¡ith aqueous methanol (4 x 50ml, BO% solutfon) (to remÕve

the triphenylphosphíne oxide), dried, concentrated and the

residue was distillecl to give 3-g-bueylcyclopentanone (BB)

(2.4q), b.p, 93.5-g4o,/25mm and 3-t-butylmethylenecyclopenta.nê

(1Il) (3,53gr 2a%), b"pn 63-64,5o,/25rnm. The olefin (lft)
was homogeneous by g.l.cn analysis (H, t.Zgo). (Foundr c,
86.6î H, 13"O. Cale" for CIOHtg; C, B6uBi H, 13.I%).

The follorving spectrãi data b¡ere recorded for 3*Ë-butyt-

-rnethyleneeyclopentane (111) , V Í:y¡ 3050 (w) , L655 (m) 
"

1385(m), 1365(s), 655(*).*-f i n.rncro (cctn)tl9.I3 (9H,

si.ngJ-et) n B. B3-?" 55 (7H, eomplex) , 5"42-5"2o (2H, RZc=cfIz,

\Lv = øUz)i mass speetrum: ¡,t+ at m,/e f3B.

(3-t,-Butylcyclopent,yl )rnethyl alcohol (lI2 )

å, sclution of 3-t-butylmethylenecycloprentane (IlI)
(2.L9, O"Ol5mo1e) in dry tetrahydrofuran (20m1)n under

*
l'lethyli:riphenylphosphoniu.m brc¡mlde was prepared by the

method of l4iles a.nd priesing .22O
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nitrogen, b¡a.s treated wittr ga,seorrs dj.borane, prepared in

a separat.e f1ask, from sodium borohydrlde (2"O9, O.O5mo-ì.e,

excess ) an,J horontrif.luor j"de etherat.e ( 12. Og, On l.2mole ) in

diglyme (15m1). Àfter being stirrecl for 36h, the alkyl

borane was oxidj-zed by Lhe acidition of so<iium hydroxide

(10m1", 3N) anrJ hydrogen peroxide (10m1 , 3O%); while ther

temperature was ¡nai-ntai.necl betç¡een 3Oo anC 5Oo. After the

mixture had been stirred for 2ln, it v¡as cliluterì v¡ith wâter

(I00m).) and extraeted v¿ith ether (3 x 50ml). T?¡e combinecl

organic fractlons rârere v,'ashed with a saturaLecl brine solu*

tion (50mt), dried anci coneentrated to give a resj-due whj"ch

yielded, after distillation, (3-g-lrutylcyclopentyl.)methyl

alcohol, (I12) (I "59g, _66%), b"p. 109-lloo/Iãntmo as a col.ou::-

less ci1. ÎÌris was hoinogeneolrs ty g.loc" (À, 9Oo, E, !2AÖ,

R, L5'7o , J , 1260) . (F'ourrd ¡ c, 77 ,!i H, Lz.g" calc, f or

CIOHZOO: C, '76.9i FI, I2.9'ß), The compouncl exhibit.ed the

f ollovrins speet.ral properries, V Íå1-: 36o0-'3200 (b) , 147o ( s ) ,

I3B5(m), 1365(s), L045(s), 1oo5(")c,n-f i n¡rlìoÌrc (cc:.n)tÍ 9.13

(9Fi, singlet) n 8,98-:l "62 (BH, compl"ex) s 7.53 (1"H, br:oacì

sirrglet, removed by deuterium exchange), 6.58 (2Í1, cìoub1et.,

J GHz)i rna.ss s¡>ect.rum, þ-a-rl,r]n ar nrle gg.

3*'e_-'Butylcycì"operrtaneearboxyli-c aeid ( Ì 13 )

(a) A sol-ution of: (3-i--butf1-cysf opentyl )rnethyl

alcohol (112) (1.28q, O"O8nrole) in acetone (1Srnl) r'ras treated

with Jc¡nesr reagerrL aei:orrling to ttre usual proeedur:u,?L4
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The reaetíon mixture uras diluted wi,th +¡ater (l00ml),

extracted with ether (3 x 50ml) and tìre combined organic

layers !¡ere suecessively vrashed v¡ith v,'ater and extractecÌ

v¡ith saturated sodium bi.carbonate sol,ution (3 x 50¡nl)"

After being ae:'-dified, the combined aqueou.s fractions r'?ere

extraet.ed wj.th ether (3 x 5Om1) and following the usual

procedure, 3-t-but.ylcycl"op"entanecarboxylic acid (113) (O "56q,
4r%) b.p" 93-g4o/a.3rrun (Iit"180 bopo (çÅË.) 1060/0,Srnm)

was obtained as a vj"scous l.iquid. (Founde e, '10.49 I-1, l-O"9.

Calc. fo:: CloHlBo2r c, 70.5i H, 10"7?á). The ¿rcid (lf 3)

exhibi.tecì the follovríng spectral properties, V"{,1}-: 340o-

24Oo(b), i.699(s), I42O(s), 1.385(m), 1365(s), 1295(s), 1235(s),
g4o(=)"*-Ii nomoEc (cctn), T g,L2 (9H, singlet.), 8"67-.7.-17

(7H, cornplex), l,Sl^,A"gO(fll, complex), -1.80 (lH, singt.et);

mass spectru.rn z n/e ]55, 137, lI5 
"

(b) S.g*g-.ç,-'Buty-tcyclopentanecar:boxyti.c acid (L13 )

was prepared from 4-F_:butylcyclohexanone (91J by the method

oi Palme arrd srnith,l8l

Â, solution of 4-!.-i:ut.yl-cyclohexänone (97) (40.Ctg,

0.259rno1e) ín t_-Ì:utyl alcohol, (l-SOmI) v,ras added cìroprvise to

a st.irred nri>lture of Ìrydrogêrì peroxicle (29.5¡n-l of a 30%

soJ-urt.ion), seleni.um cìioxide (0.+3gn O,O04mote) and t-but,yl
alcohol (150m1) at BOon After the re¡rction mi.xture had been

stirred for 2Oh at BOo, the solvent l+a.s remove,J and the

resiclue was extracted wj.th ether" Afte¡: the usu-al. tro::king-
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up procedure (clescrl.bed in (a)) distillation yielded Såg-

3-t-butylcyclopentylcarboxyll.e acid (I13) (13.19, 3A%),

b.p. lOO-lO1o,/O.2mm as a colourless viscous t1quld, whose

s¡rectral properties (ir and û.trt.f.) were j-dentical to the

acid prepareo in (a),

(c) 3-t-Butylcyclohe*u.norr"* (1r4) (zo, og, Q" I2gmo1e)

was subject,ed t,o the sarTe reaction condttions as descrlbed

in part (b). This procedure gave gggls-3-!-bueylcyclo¡:errr-y1-

-carboxylic acid (lf 3 ) (f 2.2g, 55",4) b.p" g5-g7o/on 2rùî¡

whose spectral properties (ir and ûrtrrnr, ) were identical

to the c-1s-isorner (I13).

Methyl C-l_:" S -9-butyÌeyc 1 o¡:e n Lane c arboxl¡late ( 1 0 4a )

.ê, solutlon of freshly dist,tl-Ied dlazomethage (O"429,

O.Olrnole) Ín ether (qa. 20ml) was added to a sc¡lut.ion of

Clg-g-L-butyleyclopent-ylcarboxylic acid (I13 ) (O * 509,

O.OO3mole) in ether (20m1) at Oo (ref. 22I)" Àfter being

kept for IZh at Oo, the recletion mixture lvas concentrated

and the resÍdue was dist.llled to give ehe ç-ig-ester 1fO+a)

(o.37gr , 69%)¡ b.p. Så.- 9Oo/Bnm, as a colourless oitr, v¡ï¡ich

¡ras homogeneous by g,lnc" arralysls (H, l74o). (Found: c,

7l.Bi Ht 1I.1" ca].cn f?r cllHzoo2r c, 7I,7E H, 11,o%)"

The ester (1O4a) exhibitecl the follow5"ng speetral properties,

* For prepara{:ion of 3-t-butylcyclohexarìone see l¿rLer.
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yil*n.r rz35 (s) , r385 (w), r36s (s), rr60 (=)c.n-li rrorre ro

(cctn)al9.14 (9Hn singl.et), g,7s-?.90 (-lH, com¡:lex),

7 .77*7 "O5 (],H, eomplex) , 6.43 (3H, singlet ) ; mass spoctrum:

[t-a"l 
* a.t m,/e 169 and rhe trase peak aE m/e B-Ì o

Fie thyl F:g*S-* : -_t -butyl cvc 1 open t.ane earboxylate ( 10 4b )

t"le thyJ- glgq.Ë.- 3 -l-butyJ-cyc 1 oper:i ans ca rbox.yl.ate ( I 0 4b ),
b"po -104o/Tmm was obtained from the Ëf.ånq-acici (1..13) by

tlre usual. procedur""22I G.l.cn analysts (G, l59o; I:, I2go¡

J, ll.Oo; o, 1.53o) inclj-eat.ed that the !åAqg*ester (1O,lb)

was homogetleousi and cor-lId not be distinguished from tlie c_Lg-

ester (1O4¿r). The spect.ral pro¡:erties (ir and n,rïìorn )

exhlbì.ted by the trqgs.-ester (1O4b) rtiere ide¡rtical witir
those of the qlq*esLei (IO4a)"

-gS- ( -3-t-nuty-l.cycì-opt=ntyl ) cycl-opentan-I-o1 ( 105a )

A solution of rnethyl gi5-3-t.*butylcyclopenta.nr:-

-carboxylate (1O4a) (f I.28ç¡, 0"O6lnrole) in tetrahydrofuran
(1O0mt) was slolrly adcle,C t,o a stirred solutÍon, at Oo, of

the Grignard reagent, preparecl f rom I 
" 
4-dibrc¡nobutane ( 39. Blg,

O.l84mo-l-e) and masnesi-um (9,7Og, o"4049 atoin), in tetrahydro-"

-furan (12oml)"108 After beinq stirred for l-Bh at rooirì

ternperat.ure, the reactic'n m-i-xture was hydrolysed with
amrnoniu¡r chlorlcle solut-ion (200m1) anrj extracLed with 1i-ght

petroL.eurn (30-4Oo) (3 x 100m.1), I'he combined orga.nic frac-
ti.ons were d.r:ie.rd a:'ìd cÕne¿ntr:ateci to girr* a. -r€1sj-due, 'nthj.ch

I

l
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vias successively chromatographed on neutral aluroina

(elute,c ín !'t"5% exher/82.5% llght ¡:.etrol.eum (b"p, 50:60o) )

and di-st,ilIed, qiÊ- (3-t"-sutylcyclopentyl ) cyclopentan-1^cl
(1o5a) (10 "B9c¡, 85%) n b"po 9B-10oo,/o,75mm v¡as recov€rrld as

a viseoi-rs oil, which v,'as homogeneous by both go1.c, (G,

15Oo¡ R, 1630; N, 17oo) and t.lne, analysis (3o% eLheL-/'/Q%

light petroleum (50*600) ) - (Founcl r C , 79.ii FI, 1.2" 5 n

Cal.c" for Cl¿HZOo: C, 79.9, H, I2,5%), The alcohol (),OSa)

exhibited the f oJ.Ior'ring spectral properties, V å*1*r 3400 ib) ,
1450 (sh, m), 13Blì(m)., 1365(s), 995(=)c^-1! norÌroïo (ccln);l

9.I8 (9H, singlet), 9"o0-9"o0 (I7H, complex, r'edueed to

16H by deuteriu-m exchan,l'e); mass speetrum, M* at mrle 21-O

and base peak at m,/e 85 
"

_t_tffi- ( 3 -'L-But yI cyc 1 operrtyl. ) cyc 1 opent an -1 -o-l ( I o 5 b )

-tgg- ( 3-t-eueylcyclopentyl ) cycLopntar¡-l-ol ( 1.05b )

(e5%)¡ bnp, 136o/7mm was prepared from the gglgg--ester

(l04b) by the method describerJ above" The s¡r.ictral- and

ch.rom.atogra"phic pro¡:ertles of the g*q-*ge-alcohoÌ. (105b)

!..'ere i"clentical t.o those of the cis-aÌcohnl (1O5a),

gls.* ( 3-S.-tlut.ylcyeiopentyl ) cycJ.opent -1-ene ( 6Ba ) and

( 3-ç_-butylcyclopentylicìenÉi ) eyclopentane ( 69 )

A sol.utio¡r of gfå* ( 3-t-Ì:utylcyclopenLyl )cyeJ-opentå.n-

1-"ol (105a.) (2,09, 0.0O9mo1e) j.n dry pyridine (3Orn1) o at Oo,

was treat.ecJ r.¡itli phosphÕreus oxychlo:"1.cìe (3,7rt, O "A22mole)
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over a perÍod of 3omin "2'22 Afte:: beJ.ng stirred ¿rt Oo for
a f urther 30min and then f or 2h at room tempera'Lul:e, the

reaetj-on mixture lras dilutecl with \d¿irter (lOOml) and extrac-
ted with ether (3 x 50m1)" Thq combinecl o.r-:'lr-''-e layers r.,'ere

v¡ashed successlvely with dllut,e hydrochl-oric aci-d soluti"on

(5 x 5oml) and sodium bicarÌ:onate soluLÍon (3 x SOrI), driecl

and concent::atedn The rr:sidue was clistil-lecl to give a mix-.

ture of çi.¡.- (3-t,-buLylcyclope.ntyl)cyc).open.t.-l-ene (6Sa;

and ( 3-.t:-but,ylcyclopentylÍciene ) eyclopenLane ( 69) ( 1" 379,

75%) ¡ b.Þ' 83-860,/1.-Ì-mm, whieh were sepai:atecl by pre¡rarative

g.I,c. (T, 2IBo ancl F, 165Ö, l3Ornl-/mi-n) antJ 'i:oth were showrr

to be homogeneous b1z g.loco anaJ.ys.i-s (r.-", ISSÖ).

RedistillaLion ga\¡e the -e_ig-c,lefj-n (6Bar) as a colour--

l-ess oiJ-, b"p" BO-B3or/OnBmm" (¡-ound¿ C , F'7.3; ÉTn J'2,4"

Calc, for CIAHZ+: C , B'I ,4i H, L2,6''/") n This co:npounr-1 leUa)

e,xhibiLed the fotlovring spectr:aI propertiess,'f I]]:t"a 3Ol.O{nr) o" m¿lx

1640(m), J.385(s), J-365(s), 799(*).*--Lg rìrrTr3re (cnctu), Y
9"I7 (9H, singlet), B.85*'l,BB (9Ho eorirplex) , "/.8.i3^'l "20 (Sl.I,

complexu allyJ-íc hyclrogens) , 4^BZ-4",_iO (lFIr coml:lex, part
of ABX syst-em Rr-C=CIì--CH2*)í m¿r-fis s¡rect-:.rum¿ M+ at m,/e l-gz

and base pealr at m/e 135"

( 3-t-Bu1-ylcycJ"opentyl idene ) c_wclopenta¡:e ( OS 1 , bo p"

76-A2o/On6fiun-, was obb.ained ¿i.s; å. eolourless otl" (F.ounrl:

c" 87.oi H" L2"7. Cale. for Ct+Hzq: c, 87 "4; H, 12."6%) 
"

The olef in ( Éi9) exhi.bitecl the f r:11a,¡¡i.ng spectr:aI ¡:roperti,ers o
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yi:y: 16eo (w) , 13s5 (m) " I36,5 (s ) em

9.12 (9H, sinqlet), .cj" g2-7" 53 (15H,

I ne rTr.rr (clrt -j r A

eornp,.Ie>e ); mass speetrum:

-L

M+' at m/e 1-gZ and bas¡e peak at m,/e 135,

tgan,Z- ( 3-t-Butylcyc-lopenty-l ) c}'clof:ent*I--ene ( 6Bb) ancj

( 3-t--br-rt-)'lcyclopenty-tidene ) cyclo¡:rentane ( 69 )

-t-Igq:?- ( 3*t-But.ylcycJ-opentyt ) eyctopentan-1-ol ( 1o5L')

(2,Og, O,O09mole) rvas convert.ed into a mi.xture of the. olefíns

1i-qqng*(0e}:; and (69) (1"59c¡, B7';1) Ì:y tÏ're samê proceclure as

clescr j-bed f c>r Lhe cjq_*olef in ( 6Ba) ancl (69 ) " Gn I o co anal.ysIs

(G, 159C)) inclicatecl i:he prr-:"Éíence of t-.he eornpouncìs (C:9 and

fr8b¡ qå"- 70 and 3Q%, respectirrely) (re'b.ention ti¡rest l5rnin

35s and l2nrj-n IOs rc-:spect"ively) n The s¡;^ect::al (:Lr anrJ norrrn r, )

prcrperLi.es and gn1.c. charaeteristics (G¡ .1400¡ ¡rru L32og

P, 147o¡ R, llOo) of Iæg:?-,(:l-L-butylcycl-opentyl)cl,clopeni:-
1*"ene (6Bb) r,vei:e i<lent.fcaI t<¡ the çiå*epj-r.ner (6Be¿)"

At,t:empteiì preparati,on r¿f. l"-"(3-Ë-butyJ,cyclopëntyllcycJ.opr:ntyl

a.eeitaLe ( ZO ¡

(a) i\ solution of gll* (:l-t-brrty.l.eycloÞerrtyrf )cyelo*

-pentan-1*r:.i (105a) (0n 3E, O,O0l4moi-e) in freslrly itlstille<j
dinrethylan-tl.ine (Sml) was treatecl af. -5o wlth acetyl ehloride
(0"18g, excess).249 Afte,r befng stfrred overnigtrt, the

mixtur:e was tajcen up :Lrr ethe:: (3OOm1) arrd Èhe organ:lc frac*
tion was washed extensively witÏr 5'iz" hyc'irochlorie acicl solu^'

tiou (10 x 2Oml.) fo-ll"oweci ]:y 20% soclium carbon¿rte solution
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(2 x 3Ornl)o ciri,ed arrd finalJ-y coneenLÌ:ated. T'he product:

(0"219, c3n- 7O%) was shor.v'n to be rnainly unehanged al-cohol

(t05a) by a comparÍson of its spectral properties (irg V

I:1*r 34oo-35o0(s) and :r7Ao(very we;rk]*"^-r) and t.o1.cornax

cha:racteristics (1OZá ether/9O% Iiqht. petroleum ('b"p" 50-

(b) The .sarft# r:esu-l{- rvas obtained w}ren a soh.rtion

of c j.q- ( 3*t*bu.t-ylcycl.opentyl ) c"¡"clopentan-l-ol (105a ) (O .2)-g ,

O"OOImoIe) in tetrahyclrofura.n (30m1) was treated uncìer nit-

rogen with sodir:m hyclrlcle (0"O48q, 0"ClO2mole), follor.ued by

acety-l- chloride (0.lml, _Bs O 
" 
Oolmole ) . D:Lst,f l,l.ation of

the p::ocluct yi.eldeci a eolourless oil (0"17cf , gO%J, Ì:"pn

1o:o/15urn rshose spectral prcpert,ie s f rn ; Pf,,l]*, 34oo-"35o0 ( $ ) ,

l-740(w)crn-'i'$ and nnmero (cc14)rT g"I4 (9H, singJ.et), Bnlo

I <<1.i{, s:Lng1et, *o"-CoCIl3) ) shor.¡ed that it, was m.ainly sp.-

changed ¿r.Ic":ohol (105a, _€¿ 95')1") contarnj"nated vri"i:h the ¿lcetate

(70, _c*a_, 5?/.) 
"

Attempted preparat-i-on c¡f ( 3-J:_:butyl.cyclo¡:entyl-i--ene ) cyclo*.

nsÆ3e,*Lq,?")_

J\ suspension of potassiuln Ç-butoxide (L,62q, 0,014

mole) in dr'y ether (150mI) was stirred with triphenylcyclo-

-per:rtylphosphonium b:romicle ( 5 , f38g, 0, O-ì.4nro-l-e ) f or' 211 at Oo

uncler nitrogen "2J-9 The nrixt.ure was coolecJ to -4oo anri a.

Thi.s sÏre,,;tÊrl t:1're Þî:eEielnce af- a smaI-l am.()uni-". of acet¿¡.te ('/0)"
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soluLion of 3-t-butylcyclopentanone (Bs) (2"ag, o.ol4rnole)

in dry ether (2omt) rvas s-lowly a<lde,J" After beir:g aJ-lowecl

to warm to rooÌn tem¡rerat.u--rc), the rea-etion mixtu::e was stirreci
for 24h before being filtere<lo Tire rclsr-r.lting soruti.on was

washed suecÐssively wj-th aqueous rnethanol (2 x soml of an

Bo% sol.ution) and wa-ter (2 x 5om1-), drieci and concent--ra.tecJ

to gi-ve a residue, froni v¡hich trlpi:renylphosphf-rre ox:Lde

(1"S:g) was precip.i.tated l:y' addition of -liqfl.rL petroleum (b"p.

50-60o)" /r portÍon (l.g') of the crurle prorJuet rvas ehrona-

tograrphed on neu-tral al.umj-na (50g) and tire fo-l.l.or,.ring com-

pounds r{¡erê suceesslvely e_lu1:ecj (hexane}, f:.irstly J*g-
butyJ-cyclopentanone (gB) (O.1Bg) anct then 4-Ë-1:ut.y-l-Z-(3-ri*

butyl.cyclop'ientylidene )cyclopentanone (0" 73g , SS%), T,he

J-atter exhibJ.tecl infrared absiorpLion at I?05(s), I640(s),
t3BS (vr), .ti65 (s) n lI65 tss) , 730 (s) a¡rrJ 685 (s)cm*l rvhj.ch was

identical to tlre auLherrti.c compo.r,.,du 200

( 3-t*eutyJ"cyclo¡rent-yl. ) cyclopentane (BZ]

/\ s o l.u.t i on of g3Ë=- ( 3 -.Ë-lrut yl cyc J-opernty ï ) cyc i crpenl:..-

1-ene (6tla) and (3-i-Ì-:utyJ.cyclop,enty.l-:i-dene )eyclopentane (69)

(0" l0g, 0"oooSrnore) i.n acetj-c acicì (l0rn-1) vras hydroqenat-.ed

(15p"s.in), a.t 2aa, far 16h, in the Ìl-:esence of 57ó pal.latJiu¡n

on carbon cat-"alysb (0"O4g)" The crude pro,Cuet vras j-solated

in the usrr¿rl Ì+ray èÍld dj-stilled to gj^rrr.; {3-q-bufylcycro¡:ent.yl)-
-eycl,opentane (tj2) (0"08gg, BB%) as a colourress oi-l, Ï:.p*

l.1.ot)rz¡.", oinìnu lvhj-c?l vi¿;:g hüriro(i,:ìnr-:oLrs rry.' ç¡u J-o cu i-'r.l;rl-¡r;i, s {Gn
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I4Bo! Rr t3oo¡ p, 1630)" (t-ound: c, 86,Tî H, I3"6" Ca-le"

f.or Crn[rrt c, 86.5i H, 13.S%) " Tire compound (92) exhib-
.lted the follow:ing spectraL pïioperrteso !r,V f,åi*¿ t3B5 (rn) ,

1365(e,)cm-l'i nrrrlrro (cc-fn ) z T g.I4 (9H, singJ-et), B"gg-2"s0
(17H, com¡rlex) 3 rnass spectnmtr u.l * at m/e r3z.

2* ( 3*q*Butylcyclopc.:nt.yJ- ) cyclopenLa.none (e5 )

Hydroboratíon of a mixLure (j":4) of oÌefins (0e¡ and

(6Bb) .(0"999, o.Oosrnole) wiLtr <iibora.n*21'5 foltowed by arr

o>ri.dative working-up procerìure (desc.ribed previouslSr) çiave

a. colourress oil r,¡hich waE; treated, without further puri-.

fic¿rtion, r+rith .TÕnes! reagent "2r4 Äfter the usual worktng*
up pr:ocrldure=, a er¡-rde producL (r"2g) rvas obtain¡¡cJ which

v¡asi chromat.c¡g::aphed àn neutr¡r-L alurnina (aOg¡ n to g,irre the
p::crduct. ( BS ) (O 

" lStg ., Så"_ S6%), DisLil j-ation yie_lo.ecJ 2-
(:l-Ë*butylcyclopentyJ-)cyelc'pentanone (g5) (O"l4q) b,,p. )-SOo/

7mm as a eolourless oÍt wl-rich was hornogerreous by çrn1.c.

analysis (H, 1B3o), (Fourirjr C, B0n?; H, l-2,O. Cale. f or

CL IIZAO: CF 8O.7,; H, L1."6%)" The lietone (BS) exl¡i.Ïriteci

the fo}lowinq spectrat prop,.:rri-es, iro Vfiå}-: tZ35(s) 
"

1385(w)." 1365(sln 1r45(s)c,n-f g Do*ìo.r¡ (cel4)¿'(,9"1-5 (9Hu

singlet) o B" g9*7 "ss (15H, complex) ¡ mass spectrum; M* at:

fi\/e 2O8 and base pea.l', a.t m/e t.4"

glg- 2 -Br onro -4.*.t--but-y1 cyc l- ohe¡ >:an one ( i. 0 6a )

r

gig*2-g;:o¡no.-4"-t^br.ityh.eycloilr,,rxê-t)oÍt€r ( 10 6a ), tTto pe 6,6-
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6?.50 (Ii-t, n225 rrrrpr G7-GB"zÕ) vJas prepered according to
the rnethc'd of .Al.lirrger and Arri,nger,223 îhe bror.¿o l:eeone

(ro6a) exhibitec the follow1ng sp,r:ctral pr"'operties, irrv

iT*"t: lZ3Tcrn'-l (s, i.i.t.224 
"-n 

for equaroriat bromirie

in a cyclotrexone ring 1737em-1) ; n¡rho rc (cetu ) t I g. 06

(9H, sirrgÌet), 8"63-7 "!? (7H, coinplex), S"€,2-"S,ZS (U.1, con,*.

plex, parù of ÄBX system); nìå.ss spectrum: M+ ae m/e 234123:¿"

At tempte d pre¡:arat. j-on of qi q- 2 -.hrono-4*t -bu t.y-tcyc rohexançìÌ-re

lloÇa).
The rrromi-nation was; carried our- aecording to the

method of F'ieser and Domingue ,,226.

' A solut-ion of 4-t_*buty-tcycloìrexarlone (97 ) ( 3O. Oq,

0. J"9Smole) in aeeti,c- a-cid (15orn1) vras treatsd, over 1oh, wÍ.th

a soLu.ti.on of bromine {3l-.2gn 0".1.95mo-le) in a nrixtur:e crf

hydrobrornic acid (ZO drops) arrd acetie acid (lOrJml), v¡hik:
the temperature wa.s maintained .rt çà._ r5o" Aft.er it had

been st.irued for ]-z]n, the reac.bj,o¡l mi><ture was dlluted v¡ilh
þrater (500n1), extrac*ed with ether (3 x 2oor¡rl) and the
combl.necl organi-e fraction$ were ças¡hed ¡¡i't.h sodÍu.ni thiosulphate
sol..ution (3 x Somr), socìit:m carÌ¡onat.e sorut.ion(3 x 50nr_ì_),

dri.ecì arrd eoncentratecl. The residue was distÍl]_e¿i to give
6 fraciions (total yield ze"sq) ancl boiling rangie t,o-r4go/
2rn¡'¡n 2r6-lribron:ro*4-!*butyrcyclohexa¡rone (13s) (3" 98,q, 7%'),

rR,F" 146-1470 (tit "227 rRsr)o 14*Ì"5-14go) was isolated fr:om

the residue arr.J recr."ystatlizecl from ether.y'lÍght petroler_r-q
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(50-60o) (5o/5o mlxtrrre) " Trhe <1i,brc¡rno-ket.one (138) exhib-

ited the folJ.or,vi.ng spectral properti.esn :Lro J2*ax, 1738(s)cm-I¡

fio.!n.f o (cnc:., ) ¿ 1 9"06 (9H, slngl.et) o 8,4O-7" lO (5H, com-

plex) e 5.57"-5.O'l (2H, eorn¡r1ex, part of Ã,BK system): rnass

spectrurn: M* a.E n/e 3I4, 3!2, 3-10.

gi*s.-'2 -Br omo-4-t -butyl cyc 1 ohe: xa¡r one ( J" 0 6a ) ( d . 63 g,

lotá) ¡ $repø 64-680 (cclnt¿rLnj.ng some dibromide (1.3S) ) (r:ef 
"

227) $'ês isolatecJ frc¡m the high boitÍng ciÍst.illate v¡h1l"e the

low boi-lirrg fractions cr:ntained a mixl:t¡re of approximatorl.y

f Íve eompor;.rrds, inclu<}i-r:g st"artinc¡ rnaterial ( 97 ) .

Attempter rl pre pa r:at j. on o:f rne t-.hyJ.'-3 -t. *.butyl. cyc J- ope nl-ane *

-cari:cxy1at.e (10¿)

(a) Pola.r Scrlrzentr

Såg_-2*13romo-4-t.-1:ut,yi-cycJ-ohexanöne (1O6a ) ( -1 . 0q',

O"O0.43mo1-e) vtd.s acjcle,l tc, a solutj"on c¡f: socìium mc-:thoxicJe

(O.134'9, 0* 0058mc:1e ) Í.n anìrydror,* 
^*1,1¡¿¿nr-rl 

(lOOrnJ" ) and after
beÍ,ng s'tir.r'ed at Oo for -/h unrJer ni.Lroclen¡ the i:eaetir:n

was quenched w-i-th a saturateci ]:rine so],u.t'"ron (¿OÐnrl.) and

extracted r,¡Íth ether (3 x IOOnrl-)" Tìre combÍnerï o::ganic

fractionsi hr/rrre washed with v¡aLer 12 x 100inl), dried and coì1-

centratecl to gj-ve a cru.de vi::cous ¡rroducL (O"90g), whj"ch

scllidlfied on standl.ng a.nd sht-)r*ed infrarcrd abs:orptì-on at:

3460(su sha.::p) and ir724(sicm-l. 4--È-Llr-rtyl-2*hyclroxy-cyc1o--

-haxanone (1OB), a r:oloul-less oí1-, îu,f.rnr, ì:"p. c:¿ïo Isoo/
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6nSmm, with lrrfrarecì absorption at 3600*3100(b) anci 1725
(u)c**1 (monomer) was recov"ered aft-er: clj.sti.l-l,atíon ano this
::apidlr,¡ ::everf-r,:d, on statldíng, to its cìimer (tOZ), rïtopo l68_
1930 (ciependerrt on sample) " (Founci l C , 70.4î Il, 10" 4.
calco for czoH3 6o4t c' 70.5i H' LO"?iu") " The foll-or"ring
spectral data were reco.rcled*, ir,Viil"t: 34oo(s)n Lo95

( s n cl'elic ethc:r ) c*-1 i rnass spectrum a M* (rnononer ) at r,r,/e

L70.

(1r) Non-polar solvr_+nt:

The general procÈdurë at l(encre177 was folr-owecrn

JA s.l-u.tion of q,iå*2-bromo*4-.Ë--butyrcycrohexð.none
(1o6a) (l.ogo o"oo43moLe) in dry ether izml) was sro'vly
a.dderlr ov€)r lSrnin, to .l sstirreci suspension of sod:Lu:n meth*
oxide (A"24g, O,OO4Bmol-e) .i-n c+Lher (J-OC)ml) under an atrnos._

p}ere c¡f dry ¡1ig¡'ogeno After it haci J:een heatecì at ref.Lu.:<

f:or two hoursr Lhe react.ion nlxture r¡/ãis cocleri and the usua]-
worl<ing*up procecìu.re (see part (a)) yietcìed ;r s-l"ightly
pur¡:le -liquí'c (0.98q)" The e.rucJe procluct was o'isLiLlecr and
qave a col-ourless; oi-i. (0"3'7g, 5r%) b.p" (bath 140*1600)/o.25mn¡
whicir r:o-'Lj-cl1-,iied on st-anding ancl was j-iientif:Lecj a-s the climer
of 4-!*'bt.rLyl,*.2.-hydro.":ycyc:lohexanone (IO,i ) by a ecmparísoir
of i-Ls s¡:ectral propert.:iles with the authenti-c compoundn

An nolTlor. spect-rum wa,s not obt.airrerl because of thr: insolu-
bi-lity of the climer in suitabte .so.Irrents"
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IVn 4r

Slmtheses leading to 2-t-brrtyldecalyl derivatives

3-t-ButylcyeJ.ohexanol (.139 )

The procedure* ,rsed was essentialty that of

Burgstahler and Bithos,22B with some modificationsn

A solution of- 3-t.*lnrtyJ-phenol (17"69, O"I2mole) in

absolute ethanol (15m1) was hydrogenatecl at ì-4O0p.soi"

and l.r--'Oo for AAln i-n the presenee of 5% rhodlum on alumina

catalyst (o"49g) " After beÍng cooled, the reactíon mj-xture

vlas fj.ltered, concentrated ar¡d disLill,ed to yield a colour-
less oil Q-7"2g, gB%) b"p" 7ï-7go/zn1mm whj.ch was a mixture

of qiq- and qEggs-3-t-butylcyclohexanol (139) (9,1,c", cn

l3oo) 
"

3-t-ButyJ"cyclohexa.none ( 114 )

3-t-Butylcyclohexanone (1I4) r b"po tO6-"i.Ogo/l8nun

(lft..llg bnpn gz-gïa/I0mm) was preparecî in 64% yietdn by

the method described for t:he synthesis of. 4-t.*butylcyclo-

-hexanone and was homoç¡eneous by g,1,c. analysis (C, Bst).

Methyl 4-t-butyl-2-oxocycJ"ohexanecarboxylate ( 11 6 )

*
No hy'drogenat.ion of 3-t-butylphenol rvas observed v¡hen

the methocl of ,foris ancl ViLrone 229 v/as used.
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A solutj-c¡n c¡f 3-t_-'br,rtylcyclohexanone (114) (2O.Og,

O.12mo1e) in dr-y tetrahyc.ìrofu::an (3CIOmì-) was add,.:d slovrl.y

(2h) to a stirred nri.xtu;:e of scdium hyclride (8,59g, O.18

mole ) and dirirethyl ca.rbonate ( 68, 69, O. ?4mo1e ) in tet.ra-

-hydrofuran (25Om1), under nitrogen. After it had been

stirred at 5Oo for 6in, the soluti-on was neutral-izeC v;j-th

dilute acetic acid and extracted with ether (3 x 75rnl).

l'he combi.ned organic fractions were washed with sodj-um bi-

carbonate sol-ut.j-on (3 x S0rnl-), dried and concentrated to
yield a eolourless oiI, f-rorn '¡¡hj-ctr methyl. 4-t.-butyl-2*o--*o*

-cyclohexaneeêrboxvlate (1f 6 ) (Z2"gg, 85?á), bnpn 96-"J.00o/

0.9¡¿ir'.r was isolated by dist j.llation, This was; hc¡moçfenf?or-rs

by g.l.cn analysis !,:, 15oo; E, 3-43o; o, 13Bo)" (Found:

C, 68.O; H, 9,6. CaJ-c" f or C'2FI'OO3 t C, 6'l .9; H, 9 "42{) .

The compound exhi.bited the fol.Ìovring spect.ral propert5.es,

ir,Þrilf, L742(s), i.715(s), 1660(s) o 1627(s), 1385(rn),

1365(s), 1225(s)cm-l! rlcrïrorr (clxl3): K g.lz (9II, sÍnElet) u

9.OO-'l .45 (8H, com¡rì.ex), 6" 32 (3FI, singlet.); rnass spr,ectrum:

Y't" at" m,/e 2l-2.

6* ( 4.-gromobut-yI ) -3-!*butyl--6-ca.rbometiro cyclohexan.rn{ì ( 117 )

(a) A solut.iorr of niethyJ- 4-!*butyl-2-oxocycJ"ohex*.ne""

-carboq¡late (116) (6"39, 0n03nro1e) in dry benzene (1.5m1)

was aclded ån one porti.on to a. sus¡:ension of sodiurn hydri-de

(J-.54g, 5O% oil dis¡-rers-ion) in benzene (30inJ") and ciry
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dimethylfor¡namide (ZomL) uncler ni.trogen. After the niixt¡-rre

had -¡een refìu:<ed f.or th, 1r4-dibromrrbut.ane (7.569, O.O35

nrole ) '¿as a.ided and it v;as heated at ref l-u.x for a fu.rther
12h then cooled and pou-recl into dilute hvclrochloric aeid.

The aqueor-ls Ia1"s¡ v¡as extracted with ether (3 x 50m1) and

the combi"n,ed organic fractiolrs were washed wj.th sodiu:n bi-

-carbonate solution (3 x 50m1), dried and coneentrated"

The ::esidue w-es dj.stilled to glve 5-(4-bromobutyl)-3*!-
butyl-6-carbomethöxvcyclohexanone (117) (3,729, 3'ÌyJ), b,pn

162o/0.25nm, r¡ùrich rvas homogeneous by g.1.c. (Kn 1g9c').

The bronio*ketÕ-ester (117) exhibited the follo+iing s¡-rectra3.

prcperr:i.es, i.r, V -lli-: 1T3o (s), 1.7o5 (s) , t3s5 (w) , r365 (ni) ,
ì

I24a (m)cnr-'* i nrrne rc (ccf n) i I 9,ìO (9FÍ, singJ-et), 9.OC*

7,'73 (13iI, cornplex) r- 6,62 (2H, triples- , -cH2-CB2*Ern ,fAx=

6Hz), 6,4'l (3it, singlet); massi s¡:ectrurn, 
[*-"r"r"i

ferty reerräng*m..t.)I51 at m,/e zLZ (base treah),

{ttcr,af -

(b) 6- (4*n::omobutyl ) 3*t-butyl-6-carbomethoxy*cyclo-

-hexanone (i.17) was prepared in 16?á yielcl when sodium

rnethoxicle/methanol v,'as used.

6- (4-"eromobr:+;yl- ) -3*t"-L,utylelzcIohexanone (1IB )

The experim.errtal nierthocl of Ritchie and Taylor

was useCn

25I

f\ nij.xbure ai 6* (4-brourobr-rtirl ) -"3--t_-butyl-6-carbo-

-methoxyicyclohexä.none ( 1 L7 ) (3. 639, 0. Olniole ), hydrobr.'ornic
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acid (10m1 of a 48% so-ttrtion) ancl glacial acetic acld (I0m1)

v¡as heated at r:eflux for 36h, then cìlluted with r^¡ater (I5Om1)

and extracted with ether (3 x 50mI)0, T'he combined organl-c

fractions \{ere v¡asJred with sodium bica.rbonate solut,ion (3

x 50rnl) and aft.er the usual procedure, the¡:e was obtained

a viseous liquid, 6-(4-bromobutyl)-3-ç-butylcyclohexanone

(118) (1"45g, 53%) e b"p" J}Bo/O.2rnrnn whj.ch gave a si-ngle

peak when e-xposed to g.I.c. analysÍ-s (K, 12Oo) ancl was

homogieneous by t.lnc. analysis (Rf O"89) QA% eiJner/7o%

hexane)" Tire lrromoket,one (118) exhiblted the folloruing

spectrar properties, irn Våål*t tzo5(s), L3B0(w), 1365(n),

L245(m) cm.-li norTro.Ër (ccrn) , t g.13 (9'i1, singlet) , B' 95-

7. 50 ( 14I-I, compler) ,__ 
9 " 

Uo (2H, triplet, cH2-cHZ-Br, J

6Hz) i mass spectrr-rm: M* at m/e 2gO and 28A an<Î base peak

at m/e 154.

rps_g-Te t r aphen yI por ph i n

me.sc-Tetrapheny-lporphj-n was prÉpared, according to

the method of Aciler *-L,-qlu23o in 15?2" yield, with ultraviolet

absorpt.ion at 42or rru,îr, 59Q ancl 645nm.
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NickeI tetrapTrenylporphin

mes_q-TetrapleenyJ"porphln 
* 

(O. 969 ) in dimethylf ormamide

(3OOmt) was heated at reftux with an exeess of nicl<el acetate

(l"Og) for 60mj-n. After belng coolecl" the mixture rvas f11-

tered ând the solut,ion was washecl suecessi-veÌy with water

anci benzene. The e4rde product (O.87.g), whieh was isolat.ecì

by eoncentrating the orgarrie J-a.yer, was purified by chroma-

tog::aphy (f'tuxa, acid alumina activfty l, developed wi-tli
rÈû

chlorof orm" - ) . Pure nickel tetr:aphenylporphin (0.359 ' 34%)

was obtained with u1travio1et. absorption (circft) at 4I5,

52Onmo

Atterlpted preparation of 2-t-but^ì¡1deca1-9-ol (IfS)

(a) The cyilizatfon of 6- (4-bromobutyl)-3-t-f:utyl-

cyclohexanoRe (118) was attempted, uslng the methocl crf

corey and l{uwajima "232

Ttre green lithium naphthalene anion was pre¡¡ared

*. 
Tn the ffrst insta.nee, nlcke} te+;raphenylporphin was pre-

parerl by the method of Dorough, Mlller and Huent*1".r-r*23l brlc

this gave a verl¡ inferior: yielcì 'rf pi:ocluet'
** It was necessary to use a l.arge voltune of soLvent to

dissolve th.r: tnetal complex and thuE only a small,'iquantlty

of nickel tetraphenylp':rphln eoul'<l be chromatographerl at'

one timen
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by addition of t,he ealcu-latecï quantity of finely cut
Iíthiurn wire (0,0159¡ OoOO2¡no1e) to a soJ.u"tion of naphth-.

alene (o r264-q, o uAAZrnoIe ) in tetrahyrÏrofuran ( 25mI ) , . r:nder

dry nítrogen' IrTj"ctreJ- tetrapheny-tpox'phi.rr (o..6Bqn ooo0}rnole)

was acidecì in one portion ancì after bhe rnixLu¡:e had been

st Írred f o:: th, 6- (4-br:omobui:yl ) -3-Ç,-bu1;ylcyclohexanone (1lB )

(O"0999, 0"O003mo1e) w.ls mi,xed wltl-r ttre s::olution which rçasr

stirreci a-t 0o for 72h arrci then dilu{:ec1 with v¡¡rLern ?\fl-er:

it had been filteretln the so-IutÍon was ext,r:act-.ecl. with ether
(3 x 50mI) and ihe coml:inecl organic fract.ions were dríec] a¡rd

coneent,rated to yield a erucle prooucc 'rshieh shc¡wecì a v¡eak

aÌ:sorpt.lon .i-n the earbonyJ- region of i.ts ir¡frarec s¡:ectrur.in

and no hy'Jroxlrl aÏ:sorpt.fono To 1o cc arialysi"s (L5% et-Tier,/

Ad:e fighL ¡>etroJ-eum) lnclieat'ed the ai:senee of start.ingr

mat,eriaL (-tIB)" ithe res-i-ciue rvas chronìirtög::aplreci on neut::al

a1r-rmina to gi"ve na¡-:i:t),ra1-ene (0.2Iq) (eJ.utecl in lle>iane)"

Tht:ee fi-trLher fractions vrerê recovereci from the eol-umn, ;rlil-

c¡f which rdore porphin res-idues, 'rhe lli-rst" eluted in scl:¿

eLher/5:O;% hexane v¡as brrqht green, ryher seconci,. el-ut.eci :i.n

tO07á ether was oli.ve*i-ed, and the final fracLion v.ia.q dark

gireen (eJ-u.tecì in 50% ethana]./SO% erthe:: ) " Nickel tet::aphenyl-.-

-por¡:hi.n (A"479) t"/as recovered when t?re reacb.ion mixtu.re was

f ilterecl o

(b) 6- (4-gromoìrutyl" ) *S-!:-*f;ui:fJ,c¡rrsio¡exanone ( 1.18 )

(l-,0g, O"004rno1e) was adtler<1 over 6h,, uncìer nitroqenn to
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magnesium (O"J.J"g, OnOOSmote) j-n refluxing anhydrous tet,ra-

-hydrofu.rãrlo After it had been heated at ref3-ux for a

further 4By\, the mixtu.re lvas diluted v¡itl"r water, extraeted

with ether (3 x IOOmI) arrcl the combj-ned organic fractic¡ns

were dried ancl concentrated" 'Ihe produet, was identffletl

as the bromoi¡-etone (IfB) try a comparison of i-ts to.loc"

behaviou-r and j-nfrared spectrum v¡ith the authentie compoundn

(c) The method of Schmalzl and t4irrir,.;ton233 *u.=

used in an attempt to cyclize the bromoketone (l"l8) 
"

Magnesium (0 
" 

3 39, O.OOJ.4rnoIe ) and me::eu.rie chloride
(O"169) were mixed ín ci::y tetrahyd¡e¡ug*r (lomt), urìc.ìe¡:

nitrogen, and 6* (4*l:rornobutyl)-3-p-butylcyclohexanone (1i-B)

(O,169r 0.0005mo1e) uras adcled slorvly" After bei.ng stl.r.reri

at: 2Oo for J".51'l then 4So for 15h, the reaction mj,xture r.¡as

treatecJ as in (ir) and yieldeci starting bromoketone (,fl8)

(O.l-2g) as the sol-e produc{:ê '

3-(4-_q-Butylbenzoyl)prop.r-noie acid (141 )

3-(4.-f.*Butylknzcsyt")propanoic aeid (I41) was pre-

pared as a r.¡hite sclli.dc nnp" 120-I2r,so (lie "234' L2b4-z.zo)

j-n 49?6 yield, accordj.ng to the proceclure of t'ieser and

Price ,234 and e>:hibited the fol.Ior,ring spect;:al propeltties,

lr,Våä*"t¿ 32oO-250o(bi, 17oo(s), l-680(s) n I24s(u)e*-l;

rìrre¡to (cDCl3jrE 8"75 (gH, singl.et), 7"33 (2H, triplet,, J

6il2) t 6.84 (2H, t,ripJ-et, J 6Í72) o 2.54, 2,IO (4H, caleul-
ateci er>n'[:re of g.rarrity of the tr+o c]oublet-s of xn* ry; sys;terrr
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JOn;+6ag€,tz ) r -1. 66 (1H, si-nglet, -CO2q) i mass spectrum:

Iul+ at mz'e 234 arrd base peak ax m/e 161.

4- (4-!--Butyl-phenyl ) but.a-noic acf d (I42)

¿l-- (4-q-uutylphenyl ) bu.tanoic aci-d (L+z¡ 
' bn pn r61-

16zo/ïmm (lit ,234' ri4-rølo/srtm) and rûop. 5B-59,50 (lit. "236
59-600) r^¡as preparedr âs a v¡hite crystalline so1id, in 42%

yielcì, accordl.ng to the method of l,larti.,."U

The acici (t4Z) exh-i-bited the following spectra-1.

properl-ies, ir, V i:i"t : 33oO-23o0(b), Ì705 (s), 1460(s),

I24o(m)cm-'li rl6lncro (ccln); Í B.7g (9I{, s1,nqle-t), B .22-6.65

(BH, complex; incl.udes ¿1 t::ipJ-'ct, J O\Uz for: -Cry2^CoZH),

3.O9, 2.92 (4H, c¿¡.Icul.ated centres of the dor.lblets ctf the
fl fì'fl,flr

ÀZÐZ==*l¡s-Èemo +*gtfu\€itz ) r -1". 68 ( IH, singl-et ) i mass

spect:rurn¡ lul* at m/e 22O and base peak at m,/ei 2O5.

Ä whfte solid v¡hich was also iso-l.ai:ed from the

react.ion mixture þ7as recrystatlizecl three times ßA% Tr. ¿nzene/

5O'/" )..ight petro-Leum (b.p. 3O-4oo) arrcl sublime,J (XOo/O"-lmm)

to give the J"actone of 4,4-(di-p*-Ë-butylphenyl) --4r4 '-di-
-hyclroxysuÌ-,eric u"i.JlB3 (çg"- 5%) , ne pe 24g-25i-o" Tn loc"

analysis (2A% ethyl aceLate/B}% benzene) lndicated trvo

compounds (Rf 0.75 and O"66) i¿hose proportt-ons (from the

intensity of the t.I"e" spot.s) were unaltered by successlve

recrystallizationso and these rnay have Ï:een eaused by the

presenee of trvo isomeric lactcnes. (I'ouncl: C, 77 "6i H,

7.c1" CaIc" for CZgHS+OA¡ C, -17 
"4; f'Iy 7 "9%), The l-actone
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exhibited the fotlowing s¡rectral properties, ir, V i:*"tt
1765 (s, C=o, |-Iactone) r It70(s)cm-Ii norrìoFo (cDcl3 ) t T

B.68 (18H, singlet), 8.22-6.65 (BH, complex), 3"22-2.43

(BH, complex); mass spectrum, F-", +rtloz] at m/e 217 whfch

also was the base peakn

4-(4-e-sutylphenyl)buLyryl chloride (143)

4-(4-t_-Butylphenyl)butyryl chlori-de (I43 ), b. p. 157-

159('rq'nm (Iit.236 b.p. L52-154o/Lhmm) s,ras prepared as a

co-ì-c¡urless oít (65% yield), by the method of Bromby, Peters
236and Rower--" and exhibited the following spectral propert,iest

ir,ü iåy: 1785(s)crn-1i mass "p."åt,r*r M* at' m/e 238 and

the base peak a{: m,/e 187 
"

7-!*BuLyltetral-1-one (119)

(a ) 7-t-Butylt.etral-l-one ( 1L9 ) , Ino po 99-I0oo ( lit.

(ref .236) IOl-102.5o) was obtained as colourless pl.ates

(Bg% yield) by the procedure of Brombyr Peters and Rowe.236

The ketone (119) exhibited the foJ.lovring speetral proper-

tj-es, ir, Vüi"t: 1675(s), 1605(s)cm-ri nornor¡ (cnct= ), T,

8"65 (9H, singlet), 8,22-7.59 (2H, complex), 7.34 (2H,

tripletr pêrt of an A2X2 system, ,J' øtlz), 7nO5 (2H, tripJ-et,

part of an t\zx; system, J 6,Hz)r 2.g7-I.8O (3H, complex);

mass spectrum: M* at m/e 2O2 and base peal< aE m/e IB7.

G.1oco analysis (C, 15Oo) indicat,ed the product was homogen-

êOUS o
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(b) !,ÍÌren the fraction (b.p. 50-600) of liglrt
petroe-eum was used as solvent rather than the fraction (b.p.

1OO-IO2ol, the yfêld of. keLone (1I9) ruas reduced to 63%.

(c) 7-!-Butyltelral-1-one (119) was prepa.red in

76% yi:ei'd according to the mebhod of Snyder an<l Werbet.2=1

This was the most facile procecìure and w¿rs thus the method

of choiee.

7-t-Iìutyltet::a1-l--oI ( 120 )

A solu-tÍon of 7-t-butyltet,ral-1-one (119) (0 "25q,
O.0013mo1e) in cìry methanol (5m1) was treated with soclium

borohydride (0,10g, excess) and the mlxture ¡*ras st-irred for

2h at 2Oo. J\fter the usual working-up procedure, a whit,e

solj.d was isolated, 
'which, 

after recrlrsLaltization from

Ìrexane, g¿ìve 7-t-but,yltetral-1-ot (120) (O .249, 99%),

rnrpe L24-I24-.50 .ls colourless crystals" Althouçlh the proci-

uct (12O) r^ras homogeneous by t.1"c, (2O% ether,/8O% hexane),

Ç[.1.c" anal-ysis (C, 150()) in<licated the presence of trvo

compounds (retenLion times 2min 13s, ç?,,._ 20ìß; and Bmin

45s, ca". Bo%) , The f ormer probably arises by the elimi-nat.iorr

of the elements of water from the tetraloL (120) at the

elevated temperature of Lhe go1,c. column" (Found: C, 82.5i

a

H, 9.Bn Ca1c" for CrnFIrOor C, 82,3; H, 9.9?/"),

(12O) showed the following s¡rectral properties,

The al-cohol

lft .', nu jol.
max

32OO (s,b) , 1385 (s) , 1270 (m), J:O75(m)cn-li r!¡rnrro (cctn ) ¿ A
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8"65 (9H, singlet), 8"35 (1H, síngleto removerl by deuteriu.rn

exchange) n B.3o-7"65 (4H, complex), 7,55*7"08 (2Ho eomplex),

5,50*5.07 (1I-I, complex, part of .l\BX system),3"I'. -.2"52 (3H,

complex) ; mass spect.rum:

peak at m,/e 171.
F-"t].at m,/e 187 and Lhe base

Attempted preparaLiorr of 7-t*butytdecal.-f*one (89) from

7-E-butylf:etral-J.*one ( 119)

(a) A solu.t j-on of 7-t-Ì:utyltetral-1-cne (.t19) (O" 59,

0.O025mo1e) -in dry rnethanol (20m1.) and glatcia-1- a-cetic aeid

(O"O2uù) rvas hydrogenated at 20o for 41i j-n the prerience of

5:á l:hociium on alunina catalyst (O"O5g) under an cltmosphere

of lrydrogen ( 6op" s * i " ) "238 Af ter the soJ-ut ion haci been

filt,ered ancl cìiluted v¡ith water, it v¡as extf'acte<i r^¡ith et-her

and the combined organic fracti.ons v/ere r*'ashed successi.vel.y

wíth rvater anci soclium 'bicarbonatc+ solutior¡, dried arrd cÕn-

cent-rated. Tïre ::esiclt.r.e was dÍstj"Iled Lo give uncha"¡rged

startlng rn¿rterj-al (O.5g) which rn'as identifiecì Ï:y a compari"son

of infrared spectrîal dat-.a with the ar¡thr¿ntic comþoundn

(bi The proce<ìure in (a) (above) was re¡reat<rd at

7Oc but onJ.y 7*t-butyltetral-*1-one (O"47g, g4?/") rvo.s reeovered

an<i identifiecì by a eomparj-son, of j"ts s¡:ectral (j.r') and

g.l,c. ctraracteristics with the authentic ketone (119),

(c) /\ solution of 7-.t*l¡utyltetralone (I19) (0" IOs,

O"00O5mole) Ín glaciaJ- aeetic acici (75m.1) was shaken for
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24}: at 7Oa u un,cler a.tl atinosphere, of hydrogr:n (1OC0p" s. i, ),
in the presence of 5?á rhodíum on alurnina. eatalyst (O"IOc¡).

After the usual v¡orkj-ng-u,p procedure (deseri.bed in part (a) ),
a p::oduct (O.Osg, 8O%) u¡as recoverecì, wlth infrared absorp-

tion atVåXi"t: 33oo(b), 1675(s), 160I(=)c*-1 and aromatj-c:

bands in the ttf.i"ngerprint-rr reqi.on of thr¡ specLrum" 'I"1ocn

arraJ-ysis (2O% ether,/BO7á trexane) indicateci 'Z-t*1'rutyl.teå,::ellone

(Rt 0.40) and l-v.'rc mino:: unidentj-fied proctu.ct"s {Ílf O"22 anrl

o.10) " Golnco analysis (H, 156c)) indÍcaLec the preserìce of

the ]<etone (11.9) (ca"" BSi() irr the mi>cture.

AtternpteC p::epa-ra.t.io¡r of 7-!*but"y1decal"-1-ol (1I5) f¡:om

7^t*butylte.:tral*1-o1 (12O )

(a) A solution of 7-Ë-buLy.!-tet.ra1-1*o1 (l20) (o.Zaq,

0.0009rnole) in absolute ¡r.etlranol (J-OOml) an<l glacial acel--j-c

acid (0.2m1.) was st-trred" ät .tOOo, for 3.5ho in the presence

of 5).á rirodium on alu.mj.na ca.talyst (O"L0q) unCer an atmc-¡s*

phe::e of Trydrogen ( l.2OOp, s, i o ) o Afte:: the u.suaL wo::!i.ing*

up proceclure (page l8i.)r Lhe isolateC pr:odrrct. (O"2rJ)

e>'Jribited infr:ared absoi:pt-ions identica-|" to the startirrg

tetralol (Lz,O), G,1"c" analysj-s (C, 1500) indicate<l i:he

presënce of 7-t*brrtylt,eLral-1.-ol- (IzOi anci a- second pr:o,Cuct.*

¡b This proCr-rct had the same 9"1.c, charaeLeristics as bhe

conipound fo.rmr:d by passac¡e of ¡.-r1¡¡s 7--t.-butyltr:tral--l-ol.

Lh:r:oeic;1-i thr: (fuloco cc:.Luirrn (s-ree pa¿?e .i.,9())-
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(retentlon tiures Bmin 44s anrJ 2min 13so respective]../)*

(b) A solutÍon cf 7*t-Ìrutyl,Let.ral-.--l*o1 ( l"2o ) (0 
" 
4,1*

0.002nole) in gi-acial acetfc aeid (50m1) vras stirrerJ for
6Oh at 7Oo in the prêsence of Adam's; catal-vst (O"1g) unde.,r

an atmosphere of hydrogen (1000p" s" io ) * After th<: usi:.a1.

wor)<ing-up procedure (see Page .t8l), a procluct (0-33c¡)o b,Ë,"

cg,- I30o,/7mm rvas obtainecl, äs a- col.ourÌess c¡iI rvhos;,-: i.rrf:r'¡r-.

red spect.rnm showecl no absorption i-n the reqion 3600*3OüOc,o*l

and no absorption characteristic of a.n arûinð-tic conr¡lor,irrcì"

Go1.e" analysis (u, L33C)) indicate¿cl 'bhe presênce of .ç*S-- s,

ci_s-2-t*butylclecalin ( 83, ca, 3O;1) , !_Ë,eg1-.LEggS"*2*t*'l¡iri:l¡-L-,

-cïecalin (84, cä" 4O%) ancl at least two unj-cls¡ntlf j-er-l corì*

poun<ìs o '

(c) nxperf.môTìt (fr) v/as repeatecl under an a¡.tr.¡,o:rphel:t¡

of lryo'rogen ( 6Op. s. Í n ) .239 The. only pro.iuct isol.ai:r:cr- \,/ä.s

7-!-butyltetral--Ì-ol ( 120 ) "

. (d) /r solutÍon of 7-t-brrtyl-tetral.-i."-ol (I2O) (0 "2911n

0"00iSmole) -i-rr glaeial acetic acid (3mf ) was Ïry<Jroqerrat.cd

at ZQo f-c¡r 64h Ín the presence of platinr:.in bla.ck ca-t.al.yst*

(o,O5q) uncler an atmospïrere of hycìrogen (6op"s"io¡"18zl

After the normal-workirrç¡*up procedLlre, a colourless oi"1

The platÍnurn blacÌ< catalyst was preparerl fro¡n chloro¡rlat.-l-¡rie

acicl, accorclíng -uo the proce"rdure of l.llllstat.ter and

trValrJ schmid.t:-le íE*,2 40
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(O.15q) was obtai.neri and thj-s exhibited nc¡ infrared absorp.-

t.'i-on in the reglon 3600"-3L00cnl-1" À quarrti-tatlv¡ recÕvery

of the product wa-s ol:tained after chromatography of the oil
(0"15g) on neuL¡:al alurnina (el.uted ín hexane). The follor,,'.-

i.ng featllres of the norrr,oro s¡rectrum of the product we::e of

drl-agnostic val-ue r (a) 11 9" t5 (_cå.- 7,5H, (c¡1, ) rc-cn) , (b)

AB"7Z (ge_a l,5i{, sÍng,J"et, (cgt},.c-'ar¡, (e)1ú 7.48-7.O8

(conpì-ex, A-r"*cgz) r (d) t 3" 03-2" To (coin¡r-lex-, ;\r-$) . .rhe

ratio of tlre l:esonaltces (a) ancl (b) trrâs c.õlo. 5¡1 v¡hÍIe the

raLio of (b), (c) ancl (d) was _c.d_.s- 
gr4i3, and tlrÍs evídence

was in aeeord rt'ith the presence of isorirerie 2-t.-l:utyldecalinE;

(includíng 83 and B4 cE+, BO%) and 7-!-buì:yltcytralj-n (IZZJ

(eê_:" 2Or/") -tn the produet" This was confirmecl by g,lnc"

analys!.s (Ro l-27o) by e compa.rison wi.th tire ch¿rracteris;tj-cn

of the authentlc cornpounds (83, 84. ancl I22) ulrrJer thes<-.

condi"tic¡ns.

(e ) A solution of 7*Ë-hutyltetr¡r1-1-ol" ( t20 ) (o.5S9.u

0,027rno1e) -tn gì,acial" ar:et.i.c ac-i-eT (10m1) was hyck.ogenat:ecl

at 2oo, f or 16h in tlre presence of plati.nurn blac],,; cartalyst
(0. LOq) unde:: an atmc:spher:e of Ì:ydrogen (6Op" s, j." ) u The

procluct was lsolated j.n the usnal vray anci chromatographed

on neutral aLurnj.na to give a co1our-1.es;s oil (O"49g) (eluted

in hexa.ne), whlc-h exhii:ifled no o-H st.retching absorpt.ion in
its infrared spectrum but some bancis charaeteristic of an

aromatj.c struct,ure. Anal-1zsis of the i'toR'ìeËo speetrum (as

ad
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described ín (d) ) lnd.icated the presence of 2-t-butyl-

-decalin (]-23) (e_a. 22%I and 7-t_-butylrer,ralin (.g*. 7g%)

in the product. ThÍs was confirmed by goloc. analysis (R,

]2go) (see parr, (d) ).
(f) A solution of 7-t-butylteÈra1-1-ol (]-2O) (O.I09,

o"oOo5mole) was hydrogenated at 2oo for r6h, in the presence

of platinum blaek cat-alyst (0"O25g), under an atmosphere

of hyclrogen (15p. s. i " ) " After the usual proeedrrre ( see part
(a)), the ¡;r'oduct was shown to be identical to 7-t-butyl-

-tet.ral-1-ol. (f2O) by ¿ comparison of spectral properti-es

(ir) and gn1,c" characteristics (8, 161o).

(g) A solution of 7-!-butyltet.ral-l--o1 (L20) (O "97q,
O"Oo47mo1e) in J-iquid an*oniao was 'Þreated with fi.nely cut
lithium wire (O,O4gn" 0.0O5g atom) and aft.er the mlxture

had been stírred for 3Omin, a seeond portion of Líthium
(0,679" o.O9g atom) was added.lB5 After lsh, the a.mmonia

was allowed to evaporate and the residue was diruted suce-

essiveJ"y with metharu:l, v¡ater and 10% sulphurÍe acid and

then extracted with ether (3 x 50ml-)" T'he csm]¡ineci organic

fractions were washe<1 with soclium bj-carloonateo dried, eon-

centrated anci distirled to ylercl a corourress oil., ?-g-bugyl-

-tetralin (Lz?) (onTIcr j i7%)¡ b.p" lsgo,/asrnm (lic.252 bnp"

loO-1o2or/Omm), which was Ìromogeneous by g"Inc" analysis

*
The liquid ammonJ-a was dist,ill"ed from so<11um metaln
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(c, 1O5o)n fhe hydr'ocarbon (1.22) exhibited the following
s¡Éctral properLies, ir, 'Pilj-; 16to(m), t3B5(m), L365 (s)

-Tcm -i rrornoFo (ccrn) ¡ T B.7a (9H, si-ncJleh), B.s0-2"87 (4rJ,

comprex), 7 n55*7 "oo (4tt, comprex) , 3"28--2.62 (3I{, compre><);

mass spect.rum: M* at m,/e lBB and the base peak ay m/e r'23.

2-t-Butylnaphthalene (L24)

2*t-:-Butylnaphthalene (IZ4), b,p, 132-1340/9. 5rnm

(fft .234 b"pn 127--I31orlgmm) wa,q prepareci as a colo,urless
oil (44% yieJ-d) according to the rnethod of Fieser and

Pr-i-ce234 *.r.ì was holnoqeneous by gul.c. anarysis (K, rj-Oo)"

The compourrd (r24) exhiblted 'Lhe following spechral propeïj-

ties, ir, t, ÍåÏ-: l-595 (m) , r3B5 (w) , .t36s (rn)cra-Iï rlor.rì,r,

(ec.f 
O) 

: ,[ f-t" 63 (9H, singlet), Z.gz-2.12 (7rj, complex) ;

mass s¡rectrurn! M+ aL rnle lB4 and the base peak aE m/e 169.

ReducLlon of 2-Ë-butylnapìrthalerre (J-Z J

2-t-*Butylnaphtl:a1eno (LZ+) was reduced accorC.i.ng to
the f,Dcedure of Benkeser ancl Kal-ser,1B6

À sc,l.ution of 2-t-but.yl.naphtha.l.ene (LZ4) (4.0g,

0"022mo1e) in a mj-xLu:re of anhyclrous etìrylam.i-ne (Soml) aird

dimethyrarnrne (5omr) was treated w-ì-th fine-ly eut l-ithium
wire (1"229, o.7.74e atom), un<ler an ¿r,c-ncrsphere of dry nitro-
genr A,fter the lnixture had ]:een stirred for ,t7he the amine

solvent v¡as allor.¡ed t.o evaporal-e and the grey pov,'dery resi-
du.e was cìecomposed r+j.th ice and extr¿lct--ed with ether"
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The combined organic fract.Íons were drfed and coneentrated

ancl the residue was diseilled to yf-etcl the procìuct (3"39,

ca" 79%), b.po to8-l140,/7.Smm. G.Incn anallrsls (E, I5oo)

indicated the presencê of at least seven rnajor compounds

(retent,lon times: 3min 15s to 8mÍn 23s compared to 2-L-.

butylnaphthalene; l4min 24s). The prodtrct was s..¡,arat,ed

into four fractions by preparative Çf .lnco (F, 2Ooo, 1'/5m1r/mi.n)

anci each (fractlons Ir2 and 3) contained a mixture of eom-

pounds except the last (fracLion 4), which contaÍned 7-q-

butyltetralÍn (L22) (fdentifieci by a comparison of its pro-

perties (g.1"e,, ir) with the authentic compound). Àtass

spectral analysis of fractions 1-3 lndleated:

Fract,ion (3) eont.alned d1- and trl-olefirrs (mass
*

spectrum ; I9O (32), 188 Qf)). .

Fract,j-on (2\ cont,aíned mono-, di- and tri*olefins
(mass spectrum¡ Lg2 (27), 190 (L2), 188 (I4) ).

Fraction (1) contained a mixture of mono-olefins

(mas; spectrum¿ I92 (7) ).

4-t-Butylcyclohexanone pyrrolidine enamine (f25)

The enamine (L25), b.p. 114-I15o,/o"45mm (1it353

, b.p" 117-11.go/O.35mnr) hrar; prepared according to the rnethod

' of stork et n aJ- ,24L

The spectral data is expressed as m/e (relative abundance) n
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6-t-Buty-1-Al ' 9octal- Z-ope (1"27 ) and 6-.'t---but.y1- A9' -ÌO-octal-

2-one (1.26)

The rnixture of octa]-ones G26) and (727) b.p, IO4-

IoTo/o"3mm (1.it"154 bnp. 7z-7so/o"olmm) was synthesized as

a col-ourJ-ess o-11, according to the proeedure of Flouse el.41l
(ref . 154) the rrnrîcrc s¡:ec{:rum (CCfn) j-ndicated the pres-

enee of (I27, gÊs 75%, anci Ã26, Sfu 25?L) that is,19,05
(9H, singlet), 4.27 (qq, tafS, s:'-ngletr R2C=CU-C=O). G..1oen

analysis (G, 1590) also indicatecl Ure presence of t.he tr,¡o

oeLalorres (126 and I27 , gL,- 25 and 75% j respectively) 
"

Irl02-t-BuLyl_-^ -octalin (66)

The pr.'ocedui:e of Arna1110 rau used in the vJolf

Kishner rr:o-uction of' the octalones (126) anci (I27 ) , wj-th

s.lighf: modif ication 
"

l\ soJ-ut.:Lon c-:f. rSrt--butyl-^l' 9-ccta-l-2-one and 6-!-
butyl-tr9'Io-o*ta1*2-cne (L27 ancl 126, respectirely) (o. 6J-g,

0,003mok: ) in dieehyl-eneglycoJ. ( lOrnl- ) vras treal-ed with

potassium hydi:oxj-cle (O.399) anci hydrazj.ne hy.Jrate (O,3ml of

an 85% solut.ion ) and the mlxtr:re was heatecl at ref lux f o::

lh. Afterb.he l-ower boiling coirpotle.Ìrts had J:een ciisiill.ecl
frorn the mixture (bath temperature, e-a_"- 19Oo), the solution
was refluxed for a¡rother 3h, cooled and di-luted with v¡a-ter

(3Ornl), The agueous layer vras extïacted rvitir i-ight petroleurn

(3O-4Oo) Q x 3Om1) and the combinecl organic fractions were

washed w:'-th ,.,¡ater: (2 >', SOrnI), driei anc-l conr:ent.rated to gi-ve
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a residue, whi.ch, wl:en chromatographed on neutral alumtna

(elution with hexane) gave the product (A"24g, 54%).

G.lnc. analysis (G, I59o) lndÍcatecl the presence of the

required octall.n (66, ca. 60?á, retention tf.me 15min 14s)

together wÍbh unidentified impurities ("9* 4O% retent,ion

time llmin 19s to l3min 35s) in the product. A pure sampJ-e

of the octa.li.n (66) which was obtainecT by preparative g"lnco

(p, L55o) of the mixture, had the same physical ancì spectral
propert,ies (g.1occ ¡ j-r, n¡rne f . and mass spectrum) as 7-t-
butyl-¡9tlo-o.talin, which was isolated from the soivolytic

reaetions "'

çiq-cls-'2-t-Butyldecalj.n ( 83 )

cis-cfs-2 -t:-Butyldecalin (83 ) , Ì:. pn tO5-1OBo,/0.9rnm

(I1t,.L54 b,pn 72-750/o"1mm) \^zas obtained as a colourlessr

oil aecording to the procedure of House 
"t.*.1-.-154

!çegg-t.rqls-2-t-Butyldecal 1n ( ea 1

Sggg-lranq-2-t-Butylciecalin (S4), bopr I25*I3Oo/

llmm (li-t"154 b.p. 100-11-oo,/o"osm¡n) was obtained as a

colourless oil. according to the procedure of House etoal.'ì-54

3-t-Butylcyclohexanone morphollne enamfne (]28)

The enamine ( 128 ) , bn p" f O9-110oÆ. 6rn¡n was prepared

aecording to the method of Kuehne and Giaeobbe.LB7
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T 9!.qglg-7-t-Buty1-À -oetal-2-"orre (129)

The oct,al.one (J.zg) rn'as prepa.reci by condensation of
the enamj-ne (r2B) wi{-h methylvinyl j<etone accora-ing t--o the
method of synthesis of the isomeric oetalones (r2t and rz7) 

"

A solution of 3-t-butyJ-cycrohexanone morphoJ,.ine

enamine (128) (g.7ogn o"o39¡nole) in rJry benzene (60m1) was

treated wiLh freshly distilleci methyl rrirryl. ket.one {2.8Og,
O.Oäl-mole) over 25min while the temper:atu.re rr¡¿rs ntaintained
belc¡w 3oo. After the solut.ion had been refJ-uxed for z-th,

a buffer ( sodium acetate (.z"rg), acetic acici (4"3mJ-) and

water (4"3m-L)) was arJded ancl the rni.xture rvas heated at
reflux for a further 3h, The organic layer rvas rvas'iiecl

successively i^¡ith hyd.rochlorie acid (2 x looml of Loi/" so].u-

tÍon), sodium car¡onat. sol.r¡t,ion (3 x roomr) ¿tnd ):rine
solution (].OOmI)n drj.ed arrd coneentrate<l to yíeld a resj.clue

which was disti.lled to qive a eorourless oil (s"97g), b"p"
99-1oBo,/on4rrun" G"l"cn analysis (I{, r-g90) i.ndj-cated t}-re

presence of at least ei-ght. cornpoundsn inclr:dinrj the octa.lone
(Lzøl (qgs 35%) (::eLentioir time 24min 2os)o vihj-ch was separa-
t'ed ùy preparative g.lucn (L, r75o) ancl bhen recrystalr:Lzer<i
(Iight pet-roleum (b.p. 30-4Oo)) at *s -4Oo t.o yield

'!å.ps--7--t-butyt-A]'9-oct.el*2*o¡re (I2g) ç rTrrpo 57 
" S*.58" 5, as

eolourless needles, (Found; C" gI.7 i H, l-O, g. Cale n f.or
cJ-4rrzzos c, 81..5; He to"B%) " The pl'oduct v¡as homogreneorls

by g"1"c* (Hn .1990) and exhihitecl the follow--ì-nq spectral
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propertj-es, j-r,V i:i"t ¿ J.675 (s ) , 1625 (m) , 1385 (w) , 1365 (m) ,

Bo5(w)"*-1í Írr!rì..8c (cc14)r ^6 9"10 (9ït, si.nqlet), g.ro*7.40

(12H, compJ-ex), 4.32 (-111, singlet); nass spectrum: M{- at
m/e 206' and the base peak al m/e 57.

7-t-ì3uty1decal.-2-one ( 13I )

7-t-Ì3ut.yl-41' 9-octal-2-one (I2g) (O.O9J.g, O"OCrO4

mole) was ::educecl with lÍthium (O.O13q, O.OOlBq atom) in
ammonía (2Om-t) contain.ing Ë-butyJ. alcohol (O,04g, O,OOO5

mol-e) according to the procedure rrsed by House ._!..]*,1-54 to
prepare tqgng-0-t--buty-1.cieea1-2-c¡ne. The erucle product

rntas oxidized l+ith .ïonesr reagent i-n the usual ,n*.rr-r"t21n *o

give, aft,e.r distÍllatj-ono 7-t-but--y1riecal-2.-o¡re (1"3L) (0"0459,

5O%), bnp" g5-"ggo/O"4nrm as a colourless oil which v¡as homo-.

geneous i:y gn1.c" (u, 1,91()). The ketone exhibitecj t.he

fotlowing spec'tral p::o,oerties, ir, Viäiln: J-?to (s) n 1365 (w) ,

1385(rn), Izzs(*)c^--tf ñrrnoro (ccl4 ), Í 9,L4 (9Ho singl.et),
g,O4-7.4g (15H, conplex); mass spectru;.i- M+ at m/e 2OB

and the base pea!< atr m/e 57 
"

tJan g--!_r:i.nji- 2-t -butyldeca.l.Ín (B4 )

7-t:J3utyldecal.-2-one ( #L, pr:epare<ì from the octalone
trq
t*t) (0.0.4g.0 O"0O02mo1e) was treatecl.with hyclrazine (û"O7q)

an<1 potass j.uin l'rydr:oxicìe (O.029) in diethyleneglycol ( Sml.)

according to the procecìure used by House gt-ra.I"154 fo-r tr-r"
preparation of 2*t-butrzldecalin,
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tr_aIrs-tIgn_s-2-t-butyl<ìec.elin (84) (O,0199, 49%) bnp" l-11-

II4o/o.7mm (rit"154 b.p. Io0-IIo,/0,osmm.) vlas ohtained as a

colouiless oiI" The struetu,re of the hydrocarhon (84)

hlas confirmed by a comparison of its s1:ectral (ir) and

g.1"e. characteristics (G, 128o¡ n, 13Bo) v¡ith the authentic

compou-nd (84) an<ì the cls-cis-Ísomer (83 ) .

'l c)qr=B.E-7-t-tsutyl-^l' --octa1-2-one ethylene diLhioketal (.130 )

The ethylene dithioketal (130) vras prepared from the

oct.al.one (I2g) by ttre general method Sondtreirrrer an<.1 þlolf ,?n=

A solution of plgng-7-t-butyl-^I'9-octal-2-one (lzg)

(O.099¡ O.OO,lrnole) j-n ethane--]r2*clj-thiol (O"OBrnl) a1* Oo

lvas treated wj-th ]:oron trifluoritJe eL.heratee (O.O4mI) anci

after 3Onin at Oo, the mixture r+a.s ciil.uted ,",¡iLh co-Id rreth-

anol (O,Sml) ancl taken up in ether" The organÍc l.ayer vras

d.ried èrrd eoneentratecl to y'iel<I an oil (0"llq) whieh exhj.b-

iterl j-nf rarecl absorption at 1645 (ru), 1385 (v¡), 1365 (m),
'l

B5o(m)em--" al':d ncÍloF. (cncl.r) ret.ained the resonanco eharae-

teri.sLíc of the olefinie Ìrlrclrogen, 'lJ 4,50 (-lllr sing.let).

-ßIg-7-t--rlutyt- Â1 ' 
9*octa.lin ( 6Sa¡

The ethylenedi,thiolretal (I3O) was clesulphurized

accordj-ng to i:he general proceclure of frelancì, WrÍgley and

Young.244

/\ mixture of S-+lg-'i-t-butyl-^l'9-oc{-al--2-one ethy-

lenedithiolretal (130) (0.A7g, O"0O03mo1e) a-nd so<lirrm rnetal



.-193 -

(0"13q, O*005q atom) was dissol.vecl in dr1: ettrer (2mf )

and ammonia (¿Omt) ancl af.ter the mixture had been stirred

for 2niin, ethanol was added untÍI the deep bl-ue colour af-

the soJ-urtion had been dis¡:'elled. The ammonia was all.ov¡ed

to evaporate and the resicìu.e was di}:ted rt¡ith rrvùett¿ ether

(lOml) fol-lorved by water (30mI)" Äfter the mixttire h¿td

been extracted with ether (3 x 30ml), the combj-ned organic

J-ayer was dríed ancl coneer¡trated to lzieJ-rJ a colourless oí1

(O"O6q) rvhich was distillecì to give !reng-7-'c-butyl'-41'9-
octa-l.in (65a) (0 "o2g, 3-/%), b.p. Éil^g lLOo/A-,Omm which was

hr:mogeneous by g"1.c, a.nalysj"s (G, 1510; ¡,tn I37o; Ho I4Bo),

(Fcrund: C, 87n6i H, 12,6, Cale" for CtqHZa: C, 87.4t

H, 12"6%) " The octal-in (65a) exhí?:ited the fcrllowing spectral

properLÍes n ir n v iåll"r 1.660 (w) , 1385 (w) , I365 (m) , BO5 (w)"*'-1,

ne rrr.ro (ccrn) r t 9.15 (9rI, singlet), 9"10-7"33 (r4H, complex),

4.82-2.85 (IHr complexr Þärt of AI3X system Iì'C'rCH*CIIZ) t

mass spect.ïum¿ I¿+ at m,/e IgZ anrì tl:e base pêak at m,/e 135.

7-t-IJutyldecal -.1,-one ( 89 )

L1ag?-?--{:-buty}-À1'9-oct¿tl j.n ( osa) (o" 0359, o. oo02

rnol.e) v,'as srrbject,ed to hydroborat.ioir v¡j-Lh ciibo.r:a.ne and after

o;<icìative 'ivork-up a crude product \iüas recovered r which was

subsequent-iy oxj.dlzed r^,'ith Jonesr reagent2l3 according to

the procedu.re of Meinwa1d, Crandal.l and ïiymanu"2f4 ?lfter

tjre resi<lue had been distilled, 7*t*butyldecal-I*one (Bg)

(O-035qn g}ii} Ì:o¡r. AOo/O.l.m-ru v,res o-bf-ai-ne<l and gn I,coancìlys j.si
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(G, 1B2o) indj-cated the decalone (g9)* (çg_: eo%) and some

minor components ( 2a%) 1n the productn The for-lowing

spectral data vrere obr,ained for the producr, ir,V Íå1^,
1707(s), 1385(w), 1365(m) lITo(m)c*-1i mass spectrum¡ M*

at m/e 2OB and the base peak at- m/e 57.

2-Ë-ButyldecalÍn

A so-lution of 7-t-butyl-AI,9-octalin (65a) (o .OZg,

o"ooolmole) in acetic aej.d (3mr) was hydrogenatecl, êt 2so,
for Lz]:,, in the presence of 5% pal.ladj-um on carbon catalyst
(0.org) under an atmosphere of hydrogen (15p.s"i.)n After
the usuar worklng-up procedure the residue (o,or4g, câg

7O%) \âras analysed ]ry g.I"c. (G, ] 44o) and shown to consj_st

of Lraag-tJgn,s-2-t-butyldecalin (84, ea" 6A%), ci€-gig-z-q-
but'ylclecarin (83, ca,2o%) and unidentified proo'ucts (s*-
2o%l n The mixture exhi.irtted the forlor*ing infrarecl absorp-,

tions,y Íå**, L3gs (m) and 1365 (n)c*-1"

* This was identif ied as tra.ls.-trgns-7-t-butyldecalone
(B9a) by a comparison of g.Inc. eharacteristics wfth
the authentic compound.



-1 95-

cÍs- and trans-1*.A,11y1-"í-9-butylcycl.ohexanol (132a and

132b, rêspectively)

A suspension ot arlylmagnesium elrlo::ide245 (o.34

mole) in ether (5oom1), prepared f::om magnesiu.m (8"159'

O.35g at,om) and allyl.chloride (26.Og, O.34mole ) , \das added,

over a period of lh, to a stlrred scl.ution of 4-t--butyl.eyci.o-

-hexanone (97') (50.Og, o,32mo1e) i-n ciry ether (100m-1) which

was maintaÍned at Oo, under an atmosphere of. dry nitrogeno

After the mixture hacl been stirrecJ for -14h at roor0 telnper-

ature, i-t was cooled then hy<i::olysed with a saturated ammon-

ium chloride solution ancì the organic layer was separatecl"

The aqueous lay'er was extracted with ether (3 x lOOmI) and

the eombÍned organic fractj-ons were <iried ancl coneentrated

to glve a crude produet (62.8g), whlch, after Ïrelng distilled,

yÍelded 4-t-butylcyciohexanone (g7) ,],On) arrci a mixture of

eis- and trqnr:¡"-l-a1J-y1-4-t-butylcyclohexanoJ- (132a ancl 132b'

respectively) (3o.59, AFJ%), b.p. tztoy':.Zmm" G,1"c. analysis

(G, 162o) showed that the mÍxture eons+-;l.ed of approximately

equal amounts of the cis- and trans-alcohols (I32a and l32bt

The assignment of eiq- and t:ans-r:onf guration was based

upon the order of elu't,1on of the compounds when they were

chromatographed on neutral aluminao (Compare refn lfg)

*
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retention times gmln 9s a.nd BmÍn 4Os, respectively).

The mixture of glg- and !rÐg-1-a11y1-4-t-butylcyclo-
t3Ð, ii ),

-hexanol (l*a and +æb, respectÍvely) (3,6g) r.¡as separated

into its constituent.s by ehromatography on neutral a-lunina

(nlul<a, 10Og) which had been deact.ivated by washing with
t3arrwetfr ether. t'he ç-is--alcohol if!Êa), bnp. ca. 11oo¡9*n,

was eluted (hexane) as a colourless oil which was homogeneous

by g"1nc" analysis (Gn 1600)" (Found: c, 79.8'¡ H, J 2,2.

Calc. for CIZHZ4]: C, 79,5i H, I2.3%) n The following

speetral data were reeorded for q!-g-1-a1ly1-4-t-butyleyclo-

-hexanor (132a) , lrr, ! ill-: 3450 (s ) , 3oeo (m) , 1440 (m) , t3eo

(m), 1365(s), l-185(nr), 985(s), 95o(s)n 91o(.)"nl*Ii n.rrìcro

(cc1n) r T 9"L3 (glt, singlet), 9.03-8,I8 (ron, conpïexi hydr-

ogen count reduced Lo-9 by der:terium excìrange), 7.BB (2H,

doublet, R3C-CFJr.CH=Ctl, J 7Í12), 5"20*!"73 (2H, complex,

R3C-CH2-CH=C$2) r 4,5O-3.7:l (lH' complex, R3C-CI{2-CH_=CFI2) ;

ma.çs spectrum, 
[to-"rnr] 

at m,/e 155 wh.t.ch was also the base

peak"

The lIggg-a.lcohol (l-32b)e brp" 98o,/6rnm, \rrä.s el-utecl

with a solven'L rnixture containing 507á etÌ-ler/SO:.L hexaner ãs

a whiLe sc¡l--1c'r rTrnpn 54"5-560, and rr¡ag homogeneôus by g"-lncn

analysis (G, 1600) " (round: c , 79,7; FI, l-1" 9n Cale. for
CTSHZ¿O: C, 79.5ì H, 12"371) n The following spectral pro-

perties \^¡ere exhi.bj-t.ecl by the alcohol (132Ìl) , írr}2å:j"t,
34OO (b) , 3090 (w) , -'ì.640 (m) , 145O (b) , 139O (w) , 1365 (m) , 1035
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(m) , 985 (m) , 905 (*)c*-r ! Írrlnr ro (ccln) : 1 9. 13 (9H, sing-

let), 9.lO-8"05 (10H, complexi hycìrogen count reduced to

9 by deuterium exchange), 7.78 (2H, doublet, R3C-CHr-CH=CHr)

5.20-4.75 (2H, complex, R3C-CHr-CH=CEr) t 4,48-3.77 (lH,

complex, R3c-CHr-CH=CHr) ; mass spectrumr 
F-"rtU]

I55 rr'hich is also the base peak.

+ at m/e

In a seeond experiment a sol-utÍon of allylmaqneslurn
-*194bromide (0,27mole) in ether (60m1) was added to 4-t-

butylcyclohexanone (97) (37.39) uncier the reactlon condltions

descrj-bed on page 196. A mixture of cj-s- and glaqs-1*allyl-

4-t-butylcyclohexanol (132a and I32b, respecti-vely) (2L.J-g,

44%) ¡ unchanç¡ed ketone (97) (2,Og) and a residue (2L,29)

were obtainedc -- -

1-Allyl-4-t-butylcyclohexene {133 )

A mixL.ure of gåg- and ttq.ng-l-a11y1-4-9-butylcycLo*

-hexanol (i.32a and L32b, respectiveJ,y) (1O"lg, Oo05lmole)

*
Allylmagnesium bromide was the preferred Gri-gnard

reagent beeause of lts solubilli:y in ethern a property

not shared with the analogous chlorfde, which forme<l a

suspensionn
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'was dÍssolved in benzene (I5ml") with anhydrous p-toluene-
'*

-sulphonic acid (o"O43g) ano the rni>cb.ure v¡as refluxed,
with separation of water in a Dean-Stark appar:atus, for 67]n,

sampres vrere withdrav¡n perloriicalry and analysed (see Table

III.5. Sect.ion III) by g.l.c. (G, 1620)" which enabled the

following compounds, in the reaet,ion mixture, to b;e detec-

ted¡ 4-t,-butyl-1-n-propylcyclohexa-I.r4-diene (13G)'**

(retention time (R"), 5min 7s), r-allyl-4*t.-buty-leycJ"ohexene

(133) (na Smin 4os), lggg-1*a11yr-4-t-buryrcyclohexanot (-r3zb)

(o.a gmin Bs) and cig*1-a1ly1-4-Ë-butt,J-cyc.l.ohexano1 (I32a)

(*a gmin 3Bs), After 671t, the reacti-c¡n mi-xture r^ras cooledn

diluted with water and the organlc layer: was separated,

washed with sodiunt bicarbonate solution, dried and concenbr-

ated, The crude procluct (1O"19) vras chromatographed on

neutraL alumina (Fruka¡ actir¡ity 1, 50g) and a mixture of

the çÉe*alcohol (J-32a) and l-a1ll¡14-t-butylcyclohexene (133)

(3"169) was eluted in llghL petroleum (3O*4Oo), followecl

Ï,y a mixtr:.re of the cis- and tlgrË_-alcohols (132a and J-32ts,

respecliveJ-y) (5.99) as the polaritlr of the sol-vent was

increased, The latt-er: mj->:t.r:.::e of arcohors was resr:bjec.:teci

to clehydration as descríbed aboveo careful fract.i.onati-on

of the mixturr: (r2"2g) , which h'as eruterJ in right pet,.roleum

*
A seeoncì portion of p-to-luenesulphonie aeicr (o"o3g,) v¡ac

added a.ftc.r 23h.

See late::.
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through a eolr:mn (4O x 2cm)¡ paeke¡cì wj.th glass helices,
qave 1-al1y.1-4-t-buLylcyclohexene ( I33 ) (,1 "7g) , Ì-:. p. 91-

g2o/6.Bnm, r,¡hj-ch waç; homogeneous hy ,Ju 1*c. analysi-s (G, 162())

(F'ound: C, B-1 "6i H, J'2.5. Ca._Ico for CI¡FIZ2: C, 87"6i

H, 12, .4%) o The dierre ( I33 ) exhibitecl the f ollowing spect.r;rJ"

propert-tes, i, ,V Íl*^, :oeo (m) n 3o7o (w) , 3o1o (m) , 1635 (m) ,

1385 (rn) , 1.365 (s) , 9BS(m) , 9o5 (s ), Boo(w)c,o-Ij ultraviol-el:
spectrumrÀfiT,it"hexane: 2t8nm (€*** 67s) and no absorption

ciraracteristic of a conjugateri rlor:bl-e honcii norTtore (CCtltY

9.I2 (9FI, singlet), B" 9B-8.58 ( 3rI, complex) , 8"4'7-'/ "75
(4t't, compl.c-=x, allylie hyclrogen) r 7"57 (2H, cloubl.et-, part .rf

ABX systemn J 7Hz, =CR-CIir-CFI-CFI2) r 5.27*3,90 (4.V1, compl.ex);

mass specbrr-rm, Iui* at n/e I7B ancl the base peak at m,/e 57.

4-t--Ì3utyl-)--n-propylcyc-Lohexa--l , 4-.cliene ( 13 6 )

It l¡¡cìs founcl that prolorrged re¿tction of cli-s*. anci

tJgng-1-a1.15'1-4-t-bu.tylc)¡clohe>lanoL (1i32a and I32h, res¡rec,e*

Íve1..¿) undr¿:: the condi'bions for clehydrat:lon (ciescribed

bef ore ) , lecl to the f ormatj-on oi 4*L-Ï:r:ty1--l-n-trrroplrlcycl.o*
t3+

-hexa--1.r4-diene (.-mC), to the exclrrs:i-on of 1-'a.1ly1-4-t-

but-"yJ"cyclohexene (.1-33 ) .

/r mj.x'Lure of the 
".f_s_" 

a.nd Ç.lr¿p.Ë-a1cohols (J-32.e and

L32b, respectively) fi"2.29, O"OTmol-e) in benzene (l.5rn1)

was ciehydrir-teil in the pr€]sence of g*to-luenesulphon-ie acid
(ç_*- O"39) for I71n, as cle scri.l,rcc= äbove. l\fter the usual
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working-up Procedure, there vras obt,a j-ned ¡r crucle product

which was clistilled to give a colourless oil (3.O2g, 2.7%) '
b. p. 64-6ga/Io 5mrû. G, l" en an.rlysì-s (G, L62o1¡ irrdicated

the presence of 4-t-butyl-1*n-propylcyclohexa-I r4*"diene

(136) (Sg* BO'//") n The residtÌe (g*- gq) was a pol)'nleric

glasso .A sample (c_+- 9B%) of the <1j.ene (136) which was

obtained bir p::eparative Ç"lnc. (T, L23o, I3}mL/rnin), was

clistilled to give a colourles^'.; oil bnpn 92o¡/I)-mm.

ithe ,lj-ene (136) exhibitecl ther follcrwing spectral

prope::t--ies , ir, V i.,:1-: 3050 (m) , 165o (m) , 160r (r¿) , 1385 (w) ,

1:J65 (s), 855 (n).^-1 ; urtravioret spect::umt À;å;t"hexane "

266 (e _--- 77OO), characteristic c¡f a 1r4-ciialkylcycloJrexa-' max

1r4-cìiene"1246'IB9 ïrr'n1"Fr (ccto), a g"rz (3H, complex),

8.93 (gIJ, sj,ngJ-et), B"B2-B..lB (2H, complex) ' B"J^5-7"70

(6ri, eomp-lex, CIJ2-Iì,C=CR.-il) ¡ 4.43 (2H, singlet); mass spec-

trum: M{- at m,/e 178 and base peak a.t-. m,/er 163'

Àttempted preparation of 1-a3-1y1*4*L--butylcyciohexene (l-33 )

A solut i on of g i.1-. 1 -a 1. lvt -4.*L-b-utyl eYc I oht¡xan ol-

( 13 2a ) ( O. C)sg, O 
" 
OOO3mole ) in dimet-.hylsulphoxi.cle ( 2rnL )

ancJ water (O.2ml) was heate<ì at lt2o wíth oxalic aci.d

rli.hydrate (O.O4g) for 24h ur¡der nii:rogen" After being

cooledr the¿ solui:ion v¡as diluted wít-Ïi water (50mI) and

extracted v,rith ether (2 x 30mI) ancf i:he conrbineti o::gani-c

L::laetions l.iere r,'¡¿rsherJ with tvater, <iried ancl eoneentrated"
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The resj-due (0,34g) was analyse<l by g"1"co (G, 1610) whlch

fndicated unchanged alcohol (132a) arrd thls was confirmed

by a comparison of lts s¡ectral prop'ei:ties (ir and florì.f," )

wlth the authentie eompoundn

2, 3 -Dímethvlbut-2 -vlborane

A solution of 2 r 3-rllmethylbut-2-yJ-borane (hereaft.er

referred to as thexylborane ) (O.9lMol-ar)t' in tetrahydro-

-furan wäs preparecl according to the procedure of Brovtn
?47ancl Negishi, -

{:ran s-trans*7-9-Butyl<ieea1-1-one ( B9a )

The ketone (Sga) was syntheslzed aecordinq to the

proeedure of Brown and Negi"llil9l for Lhe preparatlon of

*ne-decal--l-one.
solutions of l-at1yJ--4-t-buL.flcys16¡.xene (f33 )

(4,2g, 0.O24mole) in clry tetrahydrofu.:ran (25m1) and

thexylborane (ZO.OmL of, a O"9lM soluti.on 1n Letrahyclrofuran,

0"024moles) were added, over 3h, separately but slmuLtaneousl.y

*
The ¡nol"ariÈy of the solrrtion was deLerminerl, irnmediately

before u,se, by measurement of the volume of h.ydrogen

evolved on hydrolysis of an allquot of the reagent. (2

moles of hydrr:gen evolved,/mole of thexyLborane ) . (n

correction was made for the vapour pr:essure of rvate:: and the

voltrme was eGrreeteci to S. T, P. ) o
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(sirnulLaneous dil-ut.io¡: t^echnique) rl.go to dry tetr'ahycir,o-

-furan (50mr), whj-ch was stirred briskly u.nder a.n at-mosphere

of nitroÇêne After the sol.r:.tion had been stirrecl for 5h,

wat.er (0.83m1) was acldecl and the re¿iction nri>;ture was trans*-

ferreld, uncler ni-trogen, to an autoc].arre, which was sub-

sequently charged witi"r carbon monoxj-rJe (100op" s " i. ) o The

autoclave was heatecJ at gg".5Oo for 3Ïr, then cooled ¡.rncJ

the reaet-.icn mixt.ure was treated wi{:l"r socl-i-um aeetate (-ì-Oml-

of a 3i4 solution) and hycirogen pero:eide (I0r¡rl of. 30% sol-u-

tion)" After being stirred for lSir at 3Oo, i:he soltrt.ior.r \das

saturat.ed v¡ith potassium earbonate and extracted wi{-h ether
(2 x ÌOOml) and thc-: combined orqani-c fraet.ions v.¡ere driecl

and concent,rateci to yiel.d a crucle product (7"frg). (fne

reaction v¡è.s ::epeatad wj-th a seconcl baLelr af- <liene (f 33)

(3"4g) anij t-.his v¡.rs corubinecl v¡j-th the c::ude p::ociuct above),

The corrbj.ned resi-dues were dj.st.-Í-11eci to give ¿i colourless

oil (+"O4g, 497t"1 , bop. ea* IO4o/3.Smnr" v'hi.ch solidifÍed on

st-andingo Go 1n c, cLnalysis (G, lBOo) incJÍcat.ed lrf q,qg-gå1!g.-

7-!-bu.tyldecai--l--one (B9a) (re-,ention time" lSmi_n 29s, S_es

BO%) ryj-t".h a mtno.r eomponent (r:etent-ion tim.e, 1,4mi-n 30s, _*-
ro%) anrj some other mrnor irnpu.rities having shorter reten*
tj-on t-imes" separra-tion of the major component by prepara-

tÍve go I,cu (L, 185(), L2Ornlrlmin) afforcled a sol-j.d¡ rnopo

53-'62(), whic-'h rvas raj-secl to 6g"5*zo"50 by tl^/o recrystaJ-J.-
j-zations f:rom .liqht petroleum (Ì,,npn 3O-.4Oo)" A sim1Ia.-r
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result could be achleved by tw<r careful r€erystallizations
(from lighe petroleum (b,p. 3O-4Oo) ) cf th.e d-Lsti.1letJ pro--

ductn G, -1. c. analysis (e, 1790; l"t, 194Õ) indicated 7-g-

butyldecal*L-one (B9a) {_cg* 9E%) ancl a surall irnpurity
(gg:2':4' apç,arent as a shoulde"r on t'he rnajor p,æa.k) I'hi';h
is p;:oirably iscmeric with (S9a) a¡ici v¡hich eo'-rJ.rJ not 'Þ€ r€-
movecl by further recrysLall ization, (Founcl : C, B0 , G ¡

H, 11.3. Calc. f oi: Ct¿HZ¿o: Cn 80.7; H, !I.6)!"). The kr--torre

(89a) exhii:ited the followinc¡ spe ciral properties, ir, }2

iij"t: 1710(s), 1395 {v.,) o 13'óS (m) " 1175(v¡), Ioso (or)"*-1¡

rirrnrr, (CCln); T 9"12 (9i1, singlet, a very srnalL shoulrjer

was visible at' ?9"?O), B,3B-7.90 (i2FI, conplex), 7.gO-7.42

(3H, complex); rnass. str)€ctruïn¡ Ì",i* at rqls 2OB ar¡d the base

peak at m,/e 97.

7-t_-Butyl*Z ,2, 9*"tricìr:uteroc'ecal-.Ì-"cne ( 92 )

.94* t
7-t--Buty1decal-Ì-one f "OI7g, 0.0OO0.8mo1e ) h,as

dissolv=ri in .ie,-tte$-ethanol (O.5mI), v¡hieh coniained a

cat.a3-ytic a-rrnounL of sediurn ethoxide. The soJ-ution was cå'r:led

trnder nitrogen, in a pizrex t'ube a.nrJ he.ate<ì at 8oo for 4 days"

After being eoaled , t.Tte reaction was queirched with wat,er

(50ni1) and the m.ixture '*as extracteC ¡,;iih ether (3 x 2Onl)

and the coinbj-ned oi:Eanic f ractions were v¡ashed with rru'ater,

drj-ed and corìcentratedn 
. 
ï'hê r'esidue Ïras d1sti1.-1ed Lo Eive

.t7-t-butyL*2,2r9-triüeutedodecal*I-cne (92) (0,013g) bop.
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"¡t. 
OOo/O.Z.trrm, as a colourless liquid, which solldified

on standing, with the followinq spectral properties, 1r, V

:Yj"t t 2?.oo(w, c-D), 2J.oo(w, c-D), I7o5(s), t3eo(w),max

I365(s), 1175(m), lIOO(s) n 1OBO(m)cm-'li mass speetrurn:

(see appendix) t"1+ at m/e zLI and the base peak at m,/e IOO.

trel.s -Ë-farlå-2 -t-Buty1de calin ( 84 )

(Prepareci by reduction of 7-Ç*bu.tyl-decal-1-one (89),

obtained by carbonyration of r-a11yr-4-t-butylcycrohexene
(133) ).

The vrTolf-Kishner reduction of 7-t-butyldecal-1-one
(Bg) (0"O5g), aecording to the proceclure used by House

.!.q.!*154 1n the formation of 2-t-butyldecalin, yl.elded

t'rans-trans-2-t-but.yldeca-lin (84) (O.0139, gå: 27%) bnp"

r5o-154o/rànm (lit .L54 b.p. loo-1roo,/0.o5mm) as a eorour-
less oil. The structure of the produet, was confirmeci by

a eomparison of spectral properties (ir) ancJ Çn1"c. chara-

cLeristics (R, 1390; 6, I2Bo) witir the authentic compound

(84).

7-t-Butyl-9-chlr:ro-decal-l-one (13S )

The ehÌoro ketone (135) was prepared according to
the procedure of Hor¡se e&,.g.1*154 for the preparatic¡n of 6-

t -but.yl - 9-chl orode ca 1 -l -one o

A solution of 7-t-btrtyldecal*1-one (B9a) (On739,
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O.O035mo1e) in dry carJron tetrachlorirle (4ml) was treated
dropwíse with a solution of freshly distllled sulphuryl

chlori-de (O"5Bg, 0.OO43mole) in carbon tetrachlorlde (2mI),

under an atmosphere of dry nitrog.enc AfÈer belng stirred
at 25-3Oo for 7in, the sc¡lution was subjected bo a slight
reduction in pressure (.9¿ 200mm of Hg), to remove the

exeess of hydroqen chlorÍde. After the react.j-on mi><ture had

been stÍrred for another 3Omin, it was eon,eenLrated to gi-ve

a erucle product (t"06g), which exhÍbited the following
spectral propert,ies, ir, Vfll*r 1745(m, sh), 1725(s), t390

(w), 1365(s), z8o(")"*-li ncmof,r (ce:.n) ¡ T g.L2 (9H, singlet),
8,90-6.80 (I4Hr complex),

The ch-loro ketone (135) was used without further
purlfÍcatlon. ..

7-t.-Butyl- 
^9'10-oet-a1-1-orre 

( 93 )

The cìehy<lrohaloqenation of 7-g-butyl-O--chloro*<lecaI-

l-one (135) was carrleci oul- according to the method of
House 

"-g.g.l**I54 fo, the preparation of 6-t-butyl-^9r10-

"...r-;;;
A mfxture of 7-t-buty.l-9-chloro-decal-.L-one (135)

' (I.O69, O"OO43mole) and 2 r4rG-t.rÍmethylpyridine (O.7Og,

o'oo58more) v¡as heaterj srowly to l8oo and maj-ntained at this
tempera.ture for 10min. Aft^er being cooled, the reaction
mixt.ure was extracted with hexane (3 x 30mI) and the com-
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bined organie fractlons \À¡ere washed sueeessivery with
hydrochÌori-c acíd (2 x 3oml of a ro% solution) and brine
solutíon (2 x 3om1), drled and concentrated to give a

erude product" The residue was dj-stilleo' to give a colour-
less oil (o" 639), b.p. cq. t2oo/o.o3mm which contained
7-t-butyl-Ä9'fo-oetar-r*one (93, cpz. lo%) by gnrnc. analysis
(G, 1790).

The absenee of any signal for an olefinic hyclrogen

in the rl.rTrrro spect,rum of the erude product showed that Less

than 5% of ísomeric octalones was present (compare House

.t"èi.154) 
"

Since the product coul<l not be inducecl to crystall-ize
at low temperaturesr.-.a- pure sample of Z-t-butyl-A9r1o-
octal-l-one (93), b.p. 110-1150/0.2mnr was obtained as a
colourress oil, by preparative Ç, ro cr (L, l8so, l2oml,/min) 

"
(Found¡ C,81..2¡ H, 10"8. Cale" for CTAHZZO: C, 81"S¡

H ' 10. B%) . The octalone í 93 ) exhibii:ecj the f ollowing spec-

trat properries, ir,yi:lln, 1665(s) (c=o), L64o(s) (c=c),
1385(m) and (1365(s) (g-rutyt), IZ65(")c^-l-i norïrorr (ecln) a

T9.O7 (9H, sinqlet), g.g3-7,27 (13FIo complex) ¡ mass, spee-

trum! M+ at m/e 206 ancj the base peak aE m/e I4g.



-207 -

IVN5'

Tdentifieation of the struetures of the olef inj.c rrrclduets

obtalned from the acetolysis of qi-e-- and tra4i-s-9-t-butyl-

-spfro dee-6-y1 p-toluenesulphonate (47 ancl 48 where

X=OTs res ctivel

A solution of ggnë-9-t.-butylsplro[n" U-l dec-6-yl
LJ

p-toluenesulphonate (48, X=oTs) (2"2Lq, 0.O064mole) in

acetie acid (IOOm], eontaining sodium acetate, O;Ol2mole)

was heated at 52.60 (constant temperature bath) for 2Oh under

an atmosphere of dry nitrogen. After the usual worklng-up

proeedure, a coLourless oil (I.05g, 91-%) was isolated ancl

it was separated fnt.o the followlng components Ì:y preparatl.ve

g.1.c. (r, 18oo, r2omI,/min)

(a ) 2-t-Bur.yi-À9'lO-octari.r, (66 ) ancl (3-t-autyr-
nt 1 rJene

À mixture 
* of 2-t-butyl- 

^9' 

Io-octal-in ( 66 ) and

(3-t-butytcyclopentylicìene )cyclopentane (69), b.p" øO-øSo/

O.4mm was obt.ained as a eolourless oil after <Iistillation"

G.1nc, analysis (c, 1390¡ N, l3ooi M, 159o¡ o, r5oo) could

not resolve the mixture into its eomÞcnentso (Fou¡di C,

87 "6i H, I2.4" cale. for CL+112+r c , 87.4i He 12.6%).

* It was impossible to separate t.¡are two olefins (66) and

(69) by g.l.c" bu.t they have both been characterizecl by

índependent slmthesis"

4rs

69ntane
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The mixture of olefins (66) and (69) exhibLted the following
spectral properties, ir, V,iåi-: L67O (w) (c=c) r I3B5 (rn)

and 1365 (s)cm-li rromrrc (cctn), T g"tg (<IH, slnqlet, (cgs)gc-
(0s¡ ¡ , 9.13 (ca.- 9H, slngtet (cgg ) Jc- (66) ) , 9. o4-8. Oo

(f5H, complex); mass spectrum: M+ at m/e IgZ and the base

peak at m,/e 135,

(b) 2-t-Buryt-¿I'9-ocralin (64). and (3-q-butyl-

-cyelopentvl ) cvclopent-l-ene ( 68 )

A mixture of the two olef ins (641 and (68), b"p" (-

7Oo/O.6rnm, \^ras obtained as a colourless o11 after distitl-
at-i-on. G.l-"e. analysis (M, 2OOo) partialJ-y resolved (see

section rr"l") the mixture and indlcated the presenee of
2-t--buty1-41'9-octalin (64) (Rt 4min 54s, cè. B3%) and (3-

t-butyleyclopentyl)cyclopent-l-ene (Oe¡ (n, amin 45s, e?-:-

I7%)n No other g.1.e. analyses (G, l5Oo; o, l-5oo; p, Ig5o)

afforded any resol.ution of the trvo olefins. (Founcls C,

87"8i H" L2"8. CaIc. for Cl-aIlZ+: C, 87.4i H, I2.B%) 
"

The mixture of olefins (64) an<t (68) exhibited the following
spectral properti.es, ir, V Í11*, 30J-0(w, sh) and t660(r^¡)

(Rrc=cuR), 1385 (m), 1365 (s), B7o(s) (Rrc=cuR)c*-1i rrorTrorn

(ccrn): ? 9"16 (cêr lH,* si-ngret, (cH:)¡"-(68) ), 9.13 (eag BH"

singlet, (cHc) sc- (64) ), B. 93-7. 33 (l4il, complex), 4.87-

* very approximate value
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4.58 (1H, eomplex, RrC=CI1-R, J g3: O as dihedral angle

9Oo. in most favourable configuration of olefin (64));

mass spectrun: t"t* at m,/e l-g2 and the base peak at m,/e I35.

9rI0Hydrogenation of the mixture of 2-g-butyl-A -octalin
(00¡ and (3-t-butylcyclopentylidenelcyclopentane (69)

A solution of the two olefins (66) and (69) (0.109,

O.0O05mote) in glacial acetie acid (5m1) was hydrogenatecl,

in the presenee of 5% palladium on carbon (0,059), for 71no

at 2Oo, under an atrnosphere of hydrogen (15p"s.J,). ¡\fter
the nrixLure had been filte::ed and eoneentrated, the residue

was clistilled t.o give a eolourless oil (O.O6q) b.p" L27-

13lo,/.17mmn G.I. c. analysis (G, lLzo) indleated the presenee

of, ( 3-t-butylcyelopentyl ) cyclopenta.ne (82 , ce-.. 5%) " traqs-
tralg-2-þ-brrt.yldeealin (A4, ea.- 7 5%), giq..ciu,-2-t-butyldecalin
(83, ca.- l1%) and an unicientlfied product* 1qe: S%) l:y a

comparison with the authentic compounds.

Hydrogenation of th mixture of 2-t-brrtyl-41'9-oct.al.in (64)

and ( 3*L-butylcyclopent.yl ) cyclopent--l-ene ( 68 )

.Ihe rnj-xture of the tr.,¡o olefins (64) ancj (68) (O.O619,

'O.0003mole) was hydrogenated under the same eondit,i.ons as

descril:ecl above, ancl the resi<1ue wa_s distilled to give a

*
See sect.ion If "2"
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colourless oil (O.O4.g), b"p" 135o/2lnun. G.1.en anal.ysis

(G, I43o) indicated the presence of (3-_t-butylcyclopentyl)-

-cyclopenta.ne (82, eaz I4%), !ßfE--trgqg-2-t--butyldecalin
(84, ca,.60ï1"), cis-cis--2-t-butyldeca.li.n (83., g- 2O%) ancl

an unident"ified procìu-ct* (c-Ar 6%) by a comparison with the

authentic eoml:ounds 
"

Hydroboration and OxidaLion of the nrixÈure of 2-t-,-but,y1*

ene (0S¡

A solution of the tv¡o olef ins (64) and (68) (O"O5gr.

0"OOO2moIe) in tetrahydrofuran (15m-l) was stirred at Oo

with sodium borohydricie (O 
"O24g ) and boront.rif LuorÍde etherate

(0.15mì-) was added dioprvise unrler nit.¡eq6¡n The mÍx'b.ure

was sLirreC for th andn after the usual rvorkj-ng-up procedure

(oxidative)r there was isolated a crr.rde p::ocluct which v¡as

oxidiz,ed, wlthout further pruifieation, rvi-th Jonesr reac¡ent,

accorcling to the usual proced.rr."2Ì4 The proclr:et (o"064g)

was isolatecl in the usual" vra.y ancl distilled, to qir,re a

colourless ofI, bnp" _cS._ 7Oo/O.Imm" Analys1s by gnl.c" (Gn

IBOo) indica.ted the presence of 2-(3.-t,*hrtylcyelopentyl)-
*cyclopent¿rnone (85, c.l. I9î6) and 2-t,-l:utyldecal-L--one (40

çat_ B1%)" 'Jlhe mixtu.re of ketones (B5i ancl (86) exhlblted

*
See section II.2.
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the folloin,ing spect::al properties, ir, Våå1^ r I73O(sh, w)

and I7o5(s), l3B5(rv), 136,5(m), 1060(m)c*-1! Rorrror,r (ccln):

T9.15-9.03 (9H, singl.et and an assoeiated shoulcler, (CBg):

c-), 8"35-7 "25 (15H, complex) ¡ mass s¡>eetrumo: t4+ at m,1e

208 and the base peak at m/e t,4"

2-t-Buty!-2,9-diderrt"$-C"".1-1-one (87 ) and 2- ( 3-t--bucyl.-

-cyclopentvl ) -2,5, 5-tr j.deuLe I ntanone 91

A mixture of 2^!-butylctec.rl-1-one (86) and 2-(3-
t-butylcycì-opentyl)cyclopentanone (85) (0"O25g) n p::epared

above, was deuteratecì as descriJ¡ed p::eviously (page 2O3).

The product (Cg: O"Olg) was isoJ.atecl and its mass speetrum*

slrowed M" at rn/e zi-ir and zit) ancl the l:a-se peal< aX m/e 154.

Atte d ta.rta"ior*.1**or::eu::ation of the mixt r:f
2-t_-butyl-Â -octalln (64) and (3-t_-'bueylcyclopentyJ- ) -

-cye-lopent-1-ene (04¡

The c¡eneral procedrrre of Brovrn and Geoqìrt:g un243

was used in this experimento

A mÍxture (6;1) of 2*..t*buty1-AIo9-octalin (64) and

( 3-t.-butylcycJ-opentyl ) cyclopent-.f -ene l68 ) (O 
" 
Iog, o . o0oSnrole )

was addecJ to a solution of rnercuric ar:el.rte (0,1"6, 0"0005rno)-e)

in rvater (Iml-) and tetrahyclrofuran (Iml.) and the mixtúre

\^ras stirrecl for 7 days at 25o, rvithout the disappoarance of

For a detailed discussion of the mass spectrurn see Section

rT. ;¿ n

*



-21-2-

the yellow colourn After the addition of sodium hydroxirle

(Imì- of a 3M solution) and sodium borohydride (lml of a

0"slul so-tution in 3lq so,Cium hydroxide solut.ion), the reaction

mixture was stirred for 4ln, then saturated wlth brine solu-

tion (l0ml) and extraeted with ether (3 x 5Om1). The

combined organic fraci:ion h¡as dried and coneentrated to give

the prorluct (0.19) which showed physic¿rl. and spectral pro-

perti"es (t"J*,en, nornof o and ir) identical Èo the startÍng

material (63) and (64).

Estimation of the amount of (3-È-but.yl.cyclopentylicìene)-

-cyclopr,entane (69) present in the mixture of 2-_Ê-but.yl-

octalin (66) and (3-E-butytcyclopentyJ.i<iene)cyclopentane (69)

ozonolysis of (3-t-nutylcyclopentylidene)cyclopentane (69)

An accurat,e:J-y weigÌreC sarnple of (3-t*but.ylcyclopentyl-

-irlene ) cyclopentane ( 69) (gL" O. O2Bg) was .dissolve<ì in t-ight
petroleum (b.¡r, 3O-4Oo) (25m1) ancl after being cooled to -78o,
the solution was treated ivith ozoneo fo, 55min. The coLd

soLution, toc_¡ether r+1th an aceurately weighed sarnple of tho
j"nt^ernal st.;.nclard, 2-.!-buty1*napht-"ha1ene (I24) (cq,- O. Olf3g)

in ether (10Omt), rvas transferred to a separat-ing funnel,

:t
Ouoncr wa$ generated with an O3Cl Ozonizer oper:ating at

I"Oarnps and wÍtlì an oxygen florv of l00Oml,/mj.n.

^9, 
Io

ll
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cont.aining a solution of sodium fodide (O.59) in methanol

(BmI) and acet.j-c acld (2mI). After the mixture had been

shaken thoroughly, the aqueous layer r,ras extracteci with

ether (2 x 4Om1) and the eombined organic layers were washed

suecessively v¡ith 30% sodium thiosulphate solution (2 x 50ml)

and sodj-um bicarbonate solution (2 x 5oml)n dried and con-

centrated by careful distillation of the sol-vent¡ through ..

a column (25 x 2cm) paeked with glass helicesr on a water-

bath ( 55o)o The residue was analysed by g.l.eo (G, 1390

for 5min lss then temperature progranune to 2OOo aÞ ZZo/mtn)

which Índj-cated the presenee of 3-t-butylcyclo¡rentanone (Be)

(*a 4mi-n 49sj and 2-t--butyl-naphthalene (L24) (Rt l6min 42s).

The average yield of 3-t-butylcyclopentanone"* orr.t 3 runs,

\^¡as 56+4%,

ozonolysis of the mixture of 2-t,-butyl-Â9'lO-oetali.n (66)

and ( 3:-t-bu1:ylcycloperrtylidene ) cyclopentane ( 69 )

An aeeurately weighed sample of the mÍxture of Lhe

olefins (66) and (69) (ge,_ 0.0469) was subjected to ozonolysis

anci oxidation, as prev.tously described, ancì the inte::na1

*
The response Èo the g,I.en detector of 3-t-but-ylcyclo:-

-pentanone (BB) retative to the inLe¡:nal standard (I24) '
was caleulateci in the usual manner (see page 129).

The response ratio of the Jçetone was founci to be I'I5.
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standard, 2*.t*butylnaphthalene (r24, g3r_ o.oo8g) was adcjed.

The resídue vras analysed by g.l"c, âñd the v¡eiqht of 3-t-
butylcyclop'entanone (BB, Så._ O,OO09B9) was determi.ned.

The amc¡unt of ( 3*t-but-ylcycl.opentytidene ) cyclopentane ( 69 )

present j.n the mixture of the two olef ins, (66) and (69),

could be calculatecJ. (see sectlon IT"2" )

/\ solid prociuct, probabl-y a mixture of isomeric t-
butyl-hydroxlz-bicyclo 

þ" 
t. 

{U""urlon*= and the ana.logou.s

drp-unsatura'Led ]<etotres, which v¡ere forrned by intranrolecula.r

conrlensat,ion of .3-t-butylcyclorlecan-1,6-'c1i-one, was obtained.

This wc-rs rêc¡:vst.allizecì from light. petr:oletnn (b"p" 3o-4oo)

to give corr:urless prates, lvhi.ch exhibited the foi-rowing

speetral properÈies, irrYåÏ"t: 33oo(s) (o-H), 1705(s, sh)

and 1680(s) (c=o), Io95(s), 1o5o(s), 96o(m), 835(m)"*-1,

mass speet.rum, M* at rnle 224, 
f.,r-nro].at 

m/e 206 and the

base pea.k at m/e 57. l,ack of materiarl preventeci trov¡ever

a ful.l characterj-zation of thj-s p.roduct.

Proof of thr: structu::es of the ol.efinic o<ìuets obtainecl
froni tÌre acetoJ-ysis of giä-g-q,-butyJ"spiro cìec-6-.yl

g*tolu.enesulphonate (/+7 r,{=OTs)

A solution ot. çÀg.-9-t,-buty1sp:.ro f+. 5l c:lec-6-y1 p-
toruenesurpù'ronate (o.B69, o"oo2m*i") o",, 

L.""lr." 
."tu (56m1,

containing sociium aeetate O.43g) was he¿:t-.ed at 62,o (constant

tem¡rerature bath) for lOrnj-n uncJer ciry nitroqen" Af.ter the

tlslllc-.-l i^;o1:lcj.trr,j*.ui!-r f--r.ljç¡gÊ(l\tïcl$ ¿t col.,.--)).t.t.'ir-jsll Ö:i-1. (c¡,lantitati^r,"e)

4-"5
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v¡as Ísolated and preparative Ç"1"c.

7-t-butyl-Â1'9-octalin (65). *
(e, 1550) ylelded

Hydroboration and oxidation of 7-t-Ì:utyf -AI'9-octal.ln (65)

(see page 2I4)

7-t-Butyl- 
^1 

' 
9-octaL in ( 65 ) (o, O7g ) 'was subJect.ed

to hydroboration and the oxidative vrorking-rrn nto"edure as

has already been deserj-bed (page I47). After the product

hacl been further oxidized with Jones' reagen Lr2L4 it. was

isolated by chrom.atography on neutral alumina (eluted in

5% ether/g5% fight petroleum (b.p. 50-600)) old exhÍbited

the fotlovring spectral properti-es, ir, ViåP: 171O(s),

t3B5(w)o 1365(m)cm-Ii m.ass speetrum**; M{ at m,/e 2oB ancl

the base peak aE m/e-97. Gol.cn analysis (G, l8oo) indic-

atecl a mixtur"n*n of products. '"-

The olefin (65) could not be completely separated from

2-t-butyl-Âg'Io-oct,alin (66) and thus the latter was pres-

ent as an ímpurÍty
** For a more detailecl diseusslon of the mass s¡:ectrum

(see section fT,2. ).
*** For a discussion of. this resuf.t see section II.2"

*
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APPENDfX

Mass Spectra:

1. A mixture of 2-t-hutyldecal-1-one (86) and 2-(3-g-
butylcyclopentyl)cyclopentanone (85) (prepared from the'
olef ins ( 64 ancl 68 ) ) ¡

2OB(15), rs2(6A), r3s(42),10e(37\, 84(1O0), 67(51) '

s7 (s9) 
"

A mixture of 2-t-butyl-2 r9-dideut-eriodäcal-1-one (87).

and 2- ( 3 -!-butylcyclopentyl ) -2 ,5, 5-trldeuter iocyelopent:'

-an-l-r¡ne ( 91) :
zrl(2), 21O(L4), rs4(1OO), loe(36), e7(7), 8s(4e),
57(33)"
2- (3-t:-Butylcyctopentyl ) cyclopentan-J--one (85 ) :

2OB(26) , loe(13), 84(1OO), 67 (rs), 57 (2r) 
"

7-t-Butyldecal-l-one (89) (prepare<l from the olefj-n
(65) whic¡ v¡as isolated from the acetolysi-s of the c1e-
ester (47, X=OTs) ):
2OB(2e), 152(a2) ¡ 110(73), loe(25), 97(-1OO), 9L(26),84çrO),

Bt(24) , 67 (24) , 57 (48) .
7*t-Butyldecal-I-one (89) (prepared from the olefin
(654) whieh had been slmthesized)¿
2OB(7), ],52(23), ILO( 40), s7(52), Bl-(21), 67(30),
57 (roo).
7-t-BrrtyL-2,2 r9-Erídeuterfodecal-I-one (92) (prepared

from t'he ketone described in 5):
211(1,3), 15s(58), 1r3(67), r0o(10o), 57 (60).
6-t-Butyldecal-2-one (90) :

2OB(18), 153(2A), r52(1OO)', lrO(50), 94(37), 57(4e) "

2.

3.

4.

5.

6.

la
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