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SUI'vTi'i-ARY

T^
The a,ce rolysiÉ of (* )- o4 -oampholenyl L '¿ - ('12 r-i. :r'*::th¡' ""

sycl-opent -1-enyl)etfryf_l p-nitrobenzenesulphonate he.s bec-: sho\" : '

lJroceed vrith d.j.reot particÍpation of tlre d.ouble :'¡nc¡' r¿ 'îj;;' ion;" '""-'

tion step" '.iiui; at 600 (")- o<-eampholer¡y: g-Í:'l:robenzei'r* ''ulph;

eoivolysed g" 200 times faster than the coI:rÚs-coi:r1i-ng F€ii; r'ate

sulphonate jJ¡ acetio acicl containing sod.ium acetate' Eiie :rajor

prod'uct of the acetolysis was (-)-camphene' a'nd th:-;i reå¡l';ion th¡''"'t

fore provid.es the 1T-route to the isoborzryi-caepTrenehydro oati¿:-

The 1¡rinuorgûÊetateg sf leobofficole eantph.eüe 5ysäâì;i: a,nd. i.'';',tltS1'

cemphenilol soivolyseo- by 41ry1 o)çygen fissici: -rsui'i;u¡*p-:s - ' a'/cr\:

e,cid- and. yielùed- camphene as the raain prod'rrct' -''tüi ';'')( '" 'is

bornyl trifluoroa,ceiate, however¡ prÛceed.eti. uy' an a,cyi' ù\;"'''n : '^'

process r and. yÍeld-ed' only borneol anc' bornyl ilÛrj'ùt'-ùË e

1rhe ace,.,c1;,,s-;s of (- )-isotornyl tri1-luoroa's",tate yieiåed' i.'- i'

canphene. Sj-nce (+)- o<-canrpholenyt p-nitrobenzenesulphonate eü:"'

(-)-ieotor:iyi trifl-uoroacetate ïÍere both obtainecr fron (-)-cami;-'t.''"

(+)-camphor ha,s thus been conr¡erted' into (-)-ca:np1'ene anri (*)-

canphenebytheTt--an¿6-routesofsolvolysis'respectivelyn

s¡mtheses of 2-exo antl 2-end.o-oarboxyborna-cu of h:'gi: optica-

puriwaledescribed.ol.lreoxid.atived.eoarbox}.¿..',ìoi.cftlreseacid..

with lead tetraaceta,te in benzene-Pyrid.ine yie*'ro'* ar-i*j sanpher '

;ogether with the aoetates of borneol ¡ isob'ir:]wr..ì. ;; l:ìa]nphene

:-4¡rlraten Products d.erived. fYom the free Z-bor=y.i ..Îo.-.,,.)Eii Tfere no..:

oogerved,Thef>¡:n,iatio¡rofsorreg¡þsubsti.Euti.ol:proôuot,borriy;.



aoetate, sugges-bs that the cla^ssioal 2-bortyl oation ís the fir,.

intermed.iaie. It is proposeð that this reax?aðges io i;he non-

c1aSsical isobornyl-canphenehydro cation to a.ocount .:'or "¡" 391'p¡"r '.:1,:

of tertíary gëg substitution product (tfre acetate oÍ can;:iene kqrc"r,:Ée )

anô the complete absence of tertiary g¡þ, su'cstitution product

(mettrylca.nrpheriilyl acetate ) .

['he cr';.stalline b¡rroduct CIFßOZ fo:¡ne.j" by rhe action of ie:.- i

tetraa.cetate on canphene in e,cetic acid. hae beer. sÌìoftlr¡ to be a ejx-

tr:re @. 4,1 ) of the ry anò g¡þ, l-actones of ? - (z-iry¿rory-5;l

d.imetlryl-Z-no:'Sorny1)propionic acid. ?he la,cto:',.. ír:rmeó ly thg

a,ction of strong acid.s on tricycloeka,sar¡ialic acid. l-¿'¡ been ghc .:

to be a mixture @,. 7r1) of the same gg and endc. l-e,c';o;;é¡ ¡ rêsrJuù*

tively, and not the pr:re endo laotone aS reported. in tne :-- iêz,&:' .r-',:. c

The fo:mation of the exg l-actone from tricycloekesantaii¿ ;cid' 'l=<

exclwiræ exo mettgrl gfoup migration fu a }r2-shi:'; ;ias beer'' es'-

lished., and. the nature of the inte:med.iate carboui''m ions :"¡ &i"'' r;'

lfl+tt
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1.

I. Solvolvtic Routes to Garbonlura Ionso

l. .@.
Nuoleoptr.tllo substltutLon at a saturetetl oarbon atom oonstitutes

an inporta¡rt olass of reaotions in organlo oheniatry. The overall

reaotion nsy be reprcoentett bY

X+ I

-y 
_+ X-C-

I

I

c
I

+Y

where X and. Y a¡:e Lev¡ie blases ancl the atom at drich aubstitution fs

taldng place ig a tetraheclral- oarbon atom. llJhs¡ the inconin8 nuoleo-

ptr-tle X is a solvent molecuÌe, the reaction ls te¡med. a solvolJrtic

clisplaoelneert. Nucleophiilic s¡bstltr¡tion and solvoþtic ðisplacenent

reaptions are the oubjecto of ser¡era1 recent "".,i"*".1'2']
Two e¡ctreme olassifioations of nucLeophlLío substitution nay be

nade.

(") That in uùrioh the two reacting species unclergo a simL¡.ltaneous

,covalenoy change, is Labelled S*2 (blmolecular nucleophilio substi-

tution). The transltion state (t) tt*u contal¡rs both the ertering

g.oup X ancl tl¡e leaving group Y, anct an invenaion of oonf,lguratLon

oocurs at the reactlon oentreo
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X+ -Y _> x--- -Y ---Ð )ê\/--c--
I

\/
c+

I

+Y

(1)

(¡) That fn vùriah e relatlveJy oJ.ow heterol¡rtLo flssion of the sub-

atrate fnto ions is followecl by rapicl ad.clition of X, le labelleð V
(tnlnoleoul.ar nuoleophtllo substitution).

X-
Y

' (21

The transltíon state here involves only the carboniwn ion (Z). Ihe

enerry for tl¡e initial ionisatÍon 1n the vapour stete is generally

too hlgh to perrnit reection, but ie oonslderably lovrered in soluti'on

by aolvation of the lons.4 S*1 reactÍone sre thus fovoureit Ín hiêf¡ry

polar solvents.

l¡e rate of a nucleo¡ùriIfo clisplacøner¡t reaction is clete¡minecl

þ the enerry d.lfferenoe between the grouncl state anit the transÍtfo¡

state of the rate cletermÍning step. The fectors uhictt increase the

enerry oontent of the grou¡ßcl state ancl lower that of t}¡e transftlon

state vd-IL therefore Lead to an Ínoreased reactlon rate.

2. Neighbor¡rj-ng group partícípation. ,

'¡tlher¡ a eubstLtuent ir¡fluenoea & reaction by beooming boncled. or

partially bonclet!. to the reaction oørtre, the aubstituent is s&id' to

+ Y- ---i>
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o(hibit neighbouring group partioi.pation.5 If the trangition state of

a rate ctetenrini¡rg step 1s atabilisect by ouoh partioÍpation, an lnoreased.

reaotion rate resuLts a¡cl the neigþbouring g.oup is said' to provitle

a¡rchfunerio "s"i"t"rr"".6 Nelgbbouring group participation is obse¡:vett'

in marly t¡pes of systen"5 *rd of particuler interest are those ocanples

where the neighbouring groups are oarbon-oarbon single, ar¡d carbon-

carbon d.ouble bonclg.

the material presentecl. Ín this thesis is concerned with a stud'y of

routes to oertain carboniun ions in the bicyclo lZ.Z"tfheptyl rystern in

which carbon-oerbon single¡ e¡rcl carbon-carbon tlouble bontL participation

Ls possible. Ihis subject has been octensiveþ investigatecl in recent

years, a¡¡d. varlous aspects of the topio ere reviewecl in referenoes 1-5.

A nore tletailecl reriew has been publlshecl by BersonoT A brÍef rev:iew

of this early lork, together wÍth sone of the tûore reoent *Lndings, 1o

given below.

(*) Neigtrbowing oarbon-oarbon aingle bond partiolpation ln the bÍoyolo-

þ.2.t]heptyJ- serieg.

'ttinstein a¡¡ct Trifa¡¡8 showed that tt¡e aoeto\rsís of eco-norborn¡rJ.

¡-bronobenzenesuì.phonate (r) prooeetleit ,5O ti.nes faster than ttrat of

the g¡þ ísomer (5), ard the gol,e prodluot of the aoeto\ys:.s of (J) was

erco-norborrlyl acetate (6). l1hecr optioal-lif aotlve sulphonate (J) was

uoed¡ the.aoetat" (6) vras racernicc The br.1clgerl oarbonium lon (+) *""

postulated. as an internediate Ín the reactlon. f" (+) oarbon aton 6

(C5) *r*u congiclered. to be partly boncLeil to both C., antl Cr" Ácetate lon

attack was oonsid.ered. to be possible only fron the side remote to that
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of the brid.ge, antl such Ðco attack at C, and Cl woultl give rise to

enar¡tiomorplalc soetate moLeiules (ûa) an¿ (qb). The fastef rate of

solvo\ysis of the gg brosyLate (l) over that of the enao broq¡Iate

(¡) r*" consid.ered to be d.ue to neigþborring group participation by

the 116- carbon bond in the Íonisatíon of (J). The spatial arrangemørt

of the leaving g'oup and. the 116- carbon bontl was consid.ereil to be fa-

vor¡rab1e for such participatÍon i.n (¡), tut not in the gþ brosylate

(¡). Solvolysis of opticalþ active (!) aleo yÍeId'ett Lar6e1y racemio

g5¡¿ oubstitution prodrrot.& It was proposed that the olassicel fon

(7) was.l¡ritially fo¡merl an¿l t¡at this th€n l-argely reamangetl to the

nonolassloal lon (4) Uefore beilng capturecl by tàe erternal nuoleophilo.

7 7

5 3 5 3

----)
6 6 2

(3) u) (s)

Bs
7

Bs

I

( 6o)

0Ac

-AC

(6b)

+

(s)
---4

n)

=# (4)
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The nonolagsioa.l norborr¡Jrl oêtion msy be ttesorlbed ês I resonarloe t¡ybrlô

of st¡ruotureg (¿t¿) - (4o).

(--å <l+

+ 
(4c)

In the acetolysis of (¡) the rate of loss of optíoal aotivÍty nas

fonnd. to be J.J times greater than the rate of forsation of ¡-bromo-

ber¡zenesuLphonic ocid" T¡is behavior¡r was attributed' to the formatlon

of a¡¡ intimate íon pair (g)r8'9 *irr"n like the free bridged ion (+) i"

s¡nnmetrical ar¡d. ttrerefore internally compensated. Atrtenrativelür an

internal return mechar¡lsm. (Ba-lBb) may be uritter¡.

S02Ar
I 

-+(8) (gq) (Bb)

The polarimetrlo antl titrinetrC-o rates of solvo\rsas of end'o-norbonõrl

g-bromobenzenesulphonate (5) were id.entlcal.Bb

The soLvolysis of the norbonryl g-bromobenzenesulphonateE Labelled'

eq'ar1y in positlons 2 and i dth c14 was investigated. by Roberte ar¡d,

'10co-vrorr€reo 'fhe i¡rterme&iate fon (+) woultl be expeotett to yie]d

aoetate labelled equally l¡¡ the 1t2t3 and 7 positions (9"¡. The ob-

serÍe¿ lebe1 ùistribution pattæn (916) for t¡1e acetate from the eoet-

olysie .of (r) waa e¡c¡rlaine<l i¡r terms of a seråes of tryd.rido shifba



60

whioh are Builnarised. in sob€me 1.

252

25

Ac
25

(9o)

23

15

22

0

23 Ac

(eb)

l-
Te

-\s-
r(

Scheme 1.

(U) NeighbourÍng carbon-oarbon srr¡gle bond. participatÍon in tlre fso-

borr¡yl and. oarnphenel¡rdro seríeso The fsobornyl-carnphenetqydro oation"

The oonoept of the bnidge<t nonclassícal norborrryl oatior wae ê)Ê-

tend.ecl by lVinstein and. co-mrkæs to the ÍsoborrryJ. ancl camphene]Srclro

s"ri"g.11 *n. rate of solvo1ysie of isobor¡{rl oh-loricLe (rO) was for¡nct

to be 2.5 x 1O5 times that of borrryj. chlorítle (tZ) itt BO¡l ethanol, anc¡.

iorulsation of (tO) was therefore postulated. to prooeecl. with participa-

tion of the 1r6-bord in the rate cLetenníning step, wlth the forrnation

of the brid.ged. ion (tt). In bornyl ohlorld.e, the configurotlon of ttre

1r6-bond. relative to the leaving group was consiclerecl to be unfavourab].e

for particfpatlon.

The bridged. or mesornerio cètion (ff) t"¿ earLÍer beerl suggestetl

+__-.5

--* r
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to be the intermetl-iate in the rearrangement of carnphene þrcirochlorÍd.e

(f ¡) to leoborrSrl "l,loride"12 The rate of, th.is reaotíon was acceleratocl

by.Irewts acitls and strongJy d.epend.ent on the ionisi:r6 power of the

"o1ru.t.15 
TÌ¡e classical cation (t5) coulct not be a¡r Íntermetliate in

the reaotion since it woulcl have producetl at Least some borrsrL chloricle

(f Z) tV attack by nucleophlJ.e from the Less h:indr"ô g1þ sicle of (t5)t

ldeereas the prod.uct appearecl. to be exclusiveLy the exo isomer" the

abnormally high rate of eolvolysis of carnphene lrydrochloride was taken

to signify participation by the 1r6-bonrt in the rete detertining stepa

by I¡6o1d ar¡d co-wo"k""""14 This parbicipatlon ¡y " P -substituer¡t

was te¡med. synartetio acooleratlon by these autt¡ors"

[-

(1 0) (11) (12)

L

-ê
(10)

ct

(1 3) (11)

(1 3) -+

(14)

+

(15)



B.

A stutly of the kinetios ancl prociucts of the so].vo1ysis of oarophene

þd.rochloride, isoborgrl ol'¡Lorícle ancL born¡rl chloritle in aqueous an¿L

alooholic solver¡ts has recently been made by Bunton and co-wo"k."uo15

rhey for:nct that in alkaline or neutral solution only campher¡e (t6) and

oa¡nphenê lrytlrate or its ether (t7, n=n or CH5) were for:med, ancl that

the protluot oomposition was indepentlent of the substrateo The anount

of elimir¡atlon (1.e. amount of camphme) was fountl to inorease vd-th

inoreasing concentration of J,yate lon, inoreasi:rg tempenature, anô on

the ad.ctition of 11 2- rLirnethoryethane" It was conoludecl that a common

carbonir¡n Lon was the interned.tate, ancl. ttrat its stn¡cture was oLose

to that of the terü1a.r¡y fou (fb)r alttrough the noncLassioal struoture

(tt) r"s probabþ a better representation. The oarborrlu¡n Lon eppe€red

to have a srfficienti.y long lifetlme to clisori¡n1¡rate between the abun-

cta.nt sollver¡t ¡noleoules yhich preferentiêlIy added to the tertia'qy o€ntre

to yielct (t7), antl t,t.e J.yate lons which preferentlallt abstrâcted a

proton to yieltt carnphene.

R; , CH3

(1 6) (7) (18)

In a prelinina:ry oonmunioation, Hllckel aniL Hejnzell6 described.

tlre preparation of the prorlousJ.y r¡rl<r¡own mettqrLoarnphenl\yJ- chloriclc

(t9). They atutlied. the solvol,yois of (t9) Ðd of oarnphene lryctro-

chloritle ancl, Ísobonly1 chlorlde r¡ncler oond.itions sinllar to those of

Bunton ancl co-workerso T¡e resuJ.ts of the two gr€ups oonfllot narked\y
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in that Httckel ar¡l HeinzeL olained that methylca¡nphent\rI metlryl ether

(ZO) was formed. 1n substBntial. Erantities fbom oanphene Lryctroot¡l-oriclc

and Lsoborr¡yl chJ.orÍcle in 0.2M sodiun methoxicle in methanol þ!.

tebLes 1 and 2).

0crJ3
(1s) (2 0)

Tabl-e 1o Oomposition of the solvolyors procluots of some trlnebhyl-

norbor¡¡rl ctrloricles lr¡ 0¡âd NaOCH, in CHrOH (Normallsed. peak area

pecentages from gas ohronatographío "n"lys"s.)16

Table 2. Compositlon of the solvolysis proclucts of soine trLmetlSrl-
15

norborn¡rl cÌ¡lorides in O.2lú Na00H, :tn CH,OH (no1e Percentages)o

40

n
76

6

treoe

1

tu

10

2þ

trace

trace

traoo

-100

oo

50"

(r r)
(r g)

(to¡

H¡nlrocarbon

(mainly oanphene)

Dbher

(æ)(r z) (ta;
Temp.'CirLøritle

20

22

25

35

BO

78

75

65

(

oo

25.to

250

450

(r¡)

(ro)

flydrocarbon

(Campher¡e)

Ether

(rz)

lemp.GL¡].oricle



The results of Htlckel and Heinzet (tabl-e 1) cannot be interpretecl

in terms of t¡e nonclassÍcaI ion (tt), eince the formatj.on of the ether

(eO) impfies nucleophl1lo attack f"ot ifr" sitle bearing the partialþ

bcord.eÊL i:rid.ge. It is also diffj-cult to invoke the claesica-l tertiary

ion (th) as the intermeèiate, since nucl-eoptrilic ettaok should. still

oocur predoninant\r from the less hi-niterétl' exo sicle.

(") Neighbor.sing oarbon-carbon d.ouble bonct partioipation" Ring closure

to the bicyolo lz.z.l heptyL s¡rstern.

Iq 1960 lA¡ytr 7 ob"*"ct that the aoetolysis of the wrsaturated.

¡-bromobenzenesulphon¿te (Zt) pro"eeitecl with partioipation of ttre tloubIc

bond to 1rlelô tlre bicyclÍc aoetat " 
(ZÐ tn high yieltl, preaunab\r via

the bridgdion (ZZ). The sulphonate (21+)t whioh by anaJ-ory night be

expected. to cyclise to (26) via (Zù, yielcled however no rlng closeô

prod.uct.

E-+

1O.

Q2)

--

n$a,

Q1)

H20Bs

Ac

(23)

(24) (2 s) (2 6)
c
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\rilcox and. Chibb""18 "l-"o 
for¡ntL in a stud¡r of severa.L J-oyolohexer\y1-

oarblnyl clerivatives related. to (el+) that particípation by the ôouble

bond' ancl ring ol,osure tlltl nqb occur.

kr 1961 Lawbonl9 showed tr¡at the acetoJyeis of 2-(cyclopent-J-

enyl) ettryl g-nitrob enzenesrrlpho nst e (27 t R= ¡-ni trob enz ø¡ esulphonyl)

proceede<t !! times faster thar¡ that of the corresponðing saturated'

analogue¡ wlth the formation of exo-norborm¡r3- acetato (6) as the sole

procluct. Iross tha¡ Q.l/o of the rnonocyclio aoetate (27, R=Ao) was

fo¡^oetl. rnrlepend.entLy De,rtrett s¡d. Batd<zO showett that the tosyJ-ate

(27, n e g-tolueneoulpþony1) wrtlerwent ar¡ohi.neråoalIy assistecl rÍng

closure to the bioyolo lZ.Z.tfhepty1 systemn The bncLged' norborr¡yl

oation (+) tt"¿ thus beer¡ generated f¡"on two clifferent types of sub-

strates. TJinsteln and Carte"21 p"opose¿l the genera-ì' term f-route

ancl. f-route for the anchirnerically assísted. lonÍsations of substrates

in wbich the neighbor:ring g.oup ccr¡tributes O-- or -fT-electrons re-

spective\r" Other examples of ó:- and Ttîroutes to the sa.me brid.gecL

oetions are Iisted- b"Iow.2tr

Solvolytio ring olosures to the bioyolo lZ"z"tJ heptyl sf stem y;þ

the Îf -route has boen exter¡sively studiect by Barbl-ett and" oo-r,¡orkerg.22

Anohinerically assisted ring oloorre vps obsewetl wlth the metk¡¡l

substitutetl derivatíves (ZB) a¡r¿ (e9) as well as the r¡nsubstitutetl

2-(oyclopent-J-er¡y1)ethyl arenesuJ.phonates (27, n - S0rAr)o The first

and. seoor¡il methyl substituents :in (eB) ut¿ 1Zf) were for'¡¡d to have

'nearly ld.entiool accelerating effects in the rate of ionlsatfon of

(Zq) n"¿ (29) r¿ative to that d tl¡e r¡nstjÍbstlü¡ted. (Z?, n c ¡-nitro-
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¡"¡1¿6¡ssulphonyl). This strongly su6gests tt¡at ionl-Bation prooeedg

y& a s¡rrunetrioal trar¡sition state to a s¡rmmetrioaf' (!=g" bridged.)

cation.

---->Ns

( 28)

Ns0
(2e)

3. Nonclassioal versus class:ical norbornyl cation.

The concept of the nonclassical norborrqrl cation, and nonclassioel
ô2

cations in general, has been questioned. by I{.C. Browtl.¿r He has pointetl

out that in many cases v'here anchimeric assistance a¡ld' nonoLassioal

structures have been postulatecl., the ground. state is sterically

strai:red., ar¡d that relief of steric strain na¡r be responsible for the

eccelerated. reaction rate. .4, brief summarlr of the current nonclassical

ver$rs classicef carbonium lon controversy is grven belol, antl tÌ¡e

clisoussíor¡s is limitecL to the norborn¡rI and substitutetl norborn¡rl

eystem. ,._

the experimental evid.enoe vt¡ich lecL to the postulatlon of the

nonclaseicaL norbornyt oatlon can be dLaouesed r¡ntler tno head.lngso
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(") tligh solvolysis rates of e.xo-norborrlyl derivatives and high sIg-
end.g rate ratiog.

Tbis has been interpretetl by Broran to mea¡r that the exo d.eri-vative

solvolyses at a rrnorne]rr rate, while the errlo clerlvative solvolyses

at an abnorma-L].y 1ow rate.ä'Z)+a T¡e leavÍng gr-oup x i¡r the endo

conpound. (5O) iras to pass r:nusual\r close to tlre enclo ]lydrogen atoms

at c- e¡rd. c- in approactr-tng the transitlon state for ionisation (1r1.,o
This sterio'ínlulbition to ionisation was proposed to eccount for the Low

solvolysis rates of _endo- norborr¡yI clerivatives anl hence hlgh æ-gl1g
rate ratios. Brov¡t has aLso recentþ shown that the rate of ethanolysis

of campbene þdroohl-oride (11) is not abnormally ÌÉdo rùren compared rryith

those of suitabl-e metlSr1 substituted. cyclopentyl clerivativ es"25 Thus

although camphene hydroch.lorid.e s&olyees 15600 times faster than @!-
butyl chloride, j-t solvolyses onJ¡r 2.5 times faster tha¡r (¡e). The

b"igþ solvolysis rate of (tJ) was therefore attributecl to relief of

I IX I
,

(30) (31)

(1 3) ( 32)
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steric strain on ionisation, rather than 1r6-partloipatlon a¡rd non-

classical oarboniurn íon fo¡mation. The sol-voJysls rates of other

norborn¡rl d.erivatives were also fountl not to be abnormally ]rigþ when

conparecl wlth those of the correspond.ing cyclopentyl d.erivatj.v u".%b

It has been argued. by B¡onnfu that sÍnce the nonclassícaI nor-

borrgrl cation distributes Íts positive charge equâ.Lly over C., and. G,

of the norbornyL system, e substituent in the 1 üú. 2 position should.

have a¡¡ id.entical effect on the stabil:ity of the nonclassicaJ- fon and.

very similar effects on the rate of solvolysis. ThÍs ig clearly not

verifÍecl by tho rates of ethanolyois o¡ 1-phenlf-exo-[orbor{y1 chlorlde

(¡+) un¿ 2-phenyl-e.xo-norborrgrl.-chLoride (J5) relative to exo-norbofiÐrL

ot¡lorid.e (lÐ, The solvolyses of (lL) and (J5) thus do not appear to

proceecl. through transitÍon states r¡ùrtch cl-osely resemble the nonclaásica-l

ion (36).

(33)
Ph

(3 4)

3.9

( 35)

,9roooroooRelative rates 1.oo

at 25o

:+
h

(36 ) (3 7)
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Nuclear magnetio resonanoe stud.ies have i¡ltlicatecl tbat the 1r2-

ùi-¡-anisyl-2-norbornyl catíon exists as a¡r equi,librating pair of

olassíca1 ions in srrlphurÍo acid solutfon (l8a - 3Bb).26

+

0cH3
( 384)

.trlthough this conolu
(38b)

sion cannot be generalisecL to other norborn¡rl

oations generated by solvolytlc means, it has been pr^oposed. ttrat the

stabi:l-iiation p'ovided. by the adjacent g-enisyl group is so gtreat

that participation by the 1r6-bond.ing clorrd. is nqL required in the

ionisation to yiela (3A).27 lhis argument can also be used to erß-

plein the high solvolysis rate of 2-pher¡y1-exo-norborr5rl chloritl'e

3ù "ta implies that the 2-phenylnorbornyl cation ls also essentia-Ily

olasÊr.cal, !€. Ul).
B¡o.m has shornm that the .æ-@, rate ratio for various terbla:ry

æ- arrd @-2-norborrlyl g-nitrobenzoates is of a simílar order of

magnitud.e as the .æ-ggþ rate ratio for the r¡rsubstitr¡ted. 2-norborr¡y1

arenesulphonates.
?)4cr29b Íiince partlcipatíon by the 1r6-bond. shoultl

be far tess oÍgnifioant in these stabiJ'ised tertiarry íone tl¡a¡¡ in the
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secondar¡¡ iono, he has conolud.ed. that a high g-gþ rate ratlo ie

not a Justiflication for the proposert existerrce of ü¡e nonolassioa.l

norborrr¡rI oatíono

l5e acetolyors of 6r6-tLirnethytr--2-exo-norborreyl tosylate þ9 t F',CH')

a¡rd. of the corresponcling enôo tosylate (4O, nnCnr) nas been sttlcLi do29

Ts R

Ts
(s g) (40) (41)

6
0Ts

+R

+

*-H
(4 3) ø4)(42)

If the nonclassical Íon (41) were formgp¡ the climethyl group shoul-d.

stabilÍee a.try positive charge localised at G6r anci hence l¡rorease the

contrj.bution of stnrcture (+r) to the resonance tlybria (+¡). Th:ls

should be reflected. in a¡¡ íncreased rate of solvolysis of (llt Fø;Cn )

over (39, R=H)" Barring some steric f,actor, the 6r6-d.imetþ1 group

should. have littIe effec on the rates in the end.o series (¿ro, RFCIiJ1g.

¿{O, R=H)o The re-lative rates listed. in tabl-e J are clear}y oontrar¡r

to these preùictlonso
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1.00

0.05

280

11

(¡g, n=il)

Og

(+o

, RFCHI )

, n=n)

14o, n=cur)

RelatÍve rate at z5oCompowrcL

lqble J" Relative aoetolysis rates of norborn¡rl ¡-tolueneoulpbonates"

In the g series the 61 6-ùinetl¡¡1 group pnoduoecl a 20-fo1cl rate d.e-

oF€ÊBe¡ Tllis ryas interpreted in terrns of a transltion etate (tr¿) wtriot¡

is stra.inecl due to steriò interactions of the 6-9þ met\yI group, ancl

tbe 2-g@ !¡rdro6en atom. In the er¡d.o serles (4O, n=Cn, gg. ¿+0, nFH)

a rate clecrease was also obsenred., and. since ttrene cannot be an¡r partl'-

clpation 1n tÌ¡e ioniaation of (h0) this decrease was attributed. to

sterlo cleoeleration. In the ionisation of (4OrR=Cb) tt¡e transition

state must be more crowded. than the ground etate. The sole protluot

fron the acetolyeis of both tosylates (39, wCnr) "t¿ 
(40, n=Cnr) was

the g acetate (l9l¡), arrd 1t was concLud.ecl that t]¡e nonolassÍoaI ion

(t¡¡) *"" the inte¡metliate, but tt¡at (41) maae tlttle or no oontributlon

to Íts stnrcture.

(u) þ zubstitution,

The forrnation of erccluaive\r g eubstitutecL procluoto Ín the sol-

voþsis of norbonr¡rl clerivetives is the second. na:in basis for the

postul-ation of the nonclaesioel norborr¡yl oatlonn In the norborr5fl

syeten, the exo sirle is the less ÌÉnd.Dretl es Juttged. by the &irection of
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ad.dition of reagents to suitable mocLel compourd-s. This letl B"o*rr2Jv

to propose that tåe fo¡matíon exo-norborrgrl eolvo\rsio products ÌYas

nereþ the resr¡Lt of, adcLÍtion of nuoleophile fron tl¡e lese hind'ered

Eide. T¡is argument íe not 1a-lid. however for norborrSrl d.eråvatíves

bearing subEtitr¡ents Ín tùre 7-posrtion. Thus the fo¡mation of iso-

bonc¡r1 chloricLe (tO) fron canphene byclrochJ.o¿¿e (15) and. the fo¡mation

of exolusive\y g substituteci proôucts fron tl¡e apoisoborryl-g-

oarnpbenllyl oation (r*¡)50 involvos nuoJ.eoph5.le addltton fron tbs mono

hfnäerecl exo elde.

5 6J^H .3

ô +-
2

(4 5o) (4 sb)

Brovr¡ has proposed. tire paír of equillbrati¡g cations (4O an¿

(+6") as an alternstive to the bnid.ged. norborr¡¡I catlon.23t2Ùe The

rapid. movenert of the ethylene bridge between C., ancl C, was said. to

prerrent accumulation of solvent on the er¡d.o side a¡rd. thereby favour oco

substitutÍon" Th.is propoeal hês in tr¡¡n been questionecl by Winsteinr'1

wbo olaims that the rate .of suoh equilibration wor¡Id. have to be greaten

*t* F 5.n absolute rate tlreory to explain the alnost 1@/o raoernio

character of the etco- norborm¡rJ, acetate obtained from erco-norborr5rL

p-bronob enz ene sulphonot e.
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+
(46o) (46b) (4od

It oan be eeen tbat Brownrs equilibratlng cLassicaL catlon schene

(úa;:l¡6o) nust involve a transl.tion state (+eU¡ 1n rvtrioh C6 is nan

tia1Ly bord.ecl. to C,. rrtú. CZ.tz The enerry proflle for tl¡is scheme ls

shoyùn ln fÍgure 1. The transition stete (+6U) 1s ân enerry marclmun,

although the actÍvation enorry for the equillbration is assumed to be

ven¡r J.ow.

ø 6b)

(46o) (46c)

Figure 1.
Reaction co-ordlnste.

&rerry profile for equllibrating classlcal- norborn¡rJ. cations.

tJVinsteinr s meohsr¡1sm fnvolves participation ee the group X is
learring (n), ard. the e¡rnnretrÍoaI brictgecl ion (4g) f s an entity of

nfnimr¡rn enerry along the reaction oo-o¡dLnate (ftgure 2),

E
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___) 6-
.X

(471 (48)

'_x
(4s)

E

(48)

(4s)

Rea.otion co-ordínat eo

Figure 2. toerry proffle for ttre formatíon of tÌ¡e brittgeil norborîJÈ

oatíon"

It is clear\y ttiffioult to rltfferentiate experd-nental1y betweer¡

the two nechan-isÍls. In suoh an atterngb, Oorey a¡¡cl co-wo"ko"Jj for¡nd'

tl¡at the solvo]ìysis of the ogbically aotive e¡co-nofborn¡rI n-oarbo:çr-

ber¡zenesulphonate (¡O) Éufd.etl inactíve ester (SZ¡. Since Little

novement by the aromatic rin6 ís requirecl in the fomation of (52),

it wae oonclud.ect that the intermetliate wae eitÌ¡er a brid'ged' symmetrioal

oatlon or a pair of interoonverting classi-caI oations in vùrich the

interconvereion rate was so rapiô that for chennlcal purposes the j-on

coulcl be taken as s¡rmmetni.oalJ Sir¡íIar reeults were obtainetl'in the
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the aoetolysis of optlcal.\r active (SÐ.3L The spectrophotometnia ar¡d.

polarinetrlc rates of eoetolysis of (55) were fot¡¡d" to be equa-L anð

the ester (55) isofatecL es a product from the reaotíon wae fot¡nd. to be

conpleteþ racemic. EL¡e a¡rion Srt (¡+) requires even less neoríeirtation

for inte¡nal fon retu¡rr to sulphur than the anion it (5t ) a¡a proÙid'eo

furbher evidence for à symnetrical cation gtructure"

o2 + c

( s¿)

ß2)

s0t

cF3

(50) ( s1)

%
+

( 53)
( s5)

' 
Mol-ecular orbital calculatlons uoing an ertencled. Htlckel theory

have been mad.e for the norborrr.yl oatlon tlerived by olosure of the open

ohaj¡ ton (56).35 The geometry of the most stabLe form is shorvr¡ in

$l). A¡y variation fron the sSrnmetrioaL (L.g,. nonclassical) stn¡oture

lecl to a¡¡ increase in the ørerry of the systen. From th:is the argument

of Bro.wn that the brid.ged. structure Ís a transition state (i.e. enerry

maximuro) between two equillbrating classícal cations appears to be ntlecl

outo It must be notect however, that these calculations are for the
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gas phase a¡rct therefore negJ-eot eoJ-vation effects'

6
5

1.53 7

o=110.75"

b=99/"
c=40o
djl 03.8"

3

7

(5 6)

267 3
2

1

6
+ 1,34 A

routes t

1

non

(s7)

onaum

tion o

The nitrous acid clea¡nir¡atíon of an aliphatlc arnine, d¡ich involvee

d.eparture of nolecular nj.tro6en from the iliazoniun ion RI'lr+ is forma[Jr

siniLar to the solvo\rsis of a ha-licle or sulphonete, wh¡¡h involves

cleparture of the halicle or sulphonate ion X-. The two processes tiiffer

1n t!¡at iù dea.mj:¡ation the leaving group N, is unchargetl a¡rcL thereforo

charge-o}rargeinteractj.onsinthetrangitionstateforitstleparture

are small¡ ancl molecular nitrogen ls a very stable entf.ty antl the driving

force for its formation is high.

In a ùiscussion of the stn¡cture of ttre norborr¡r1 oatíon, it íe

ir¡forrnative to consÍder the products of the deamination of g-

norborr5rlamine (58) 
"td @-norbortlyla¡nine (¡g). In glacial acetio

aoid the prod.uot from optÍca11y active (¡S) ,tt¿ (59) was mainJ.y g-

norbo¡ny1 u..t"t".36'37 The conposítion of the acetate fractíons and

the calculatetL opticaL purS-tíes of the components are shovúr ín table 4.

It can be seen that there was some retention of optioal activlþr in

the ôea¡nination product, parbicularly in the oase of the g¡þ-acetateo
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This was in contrast to the acetolysie of exo-norborn¡rI !-bromobenzenæ

guLphonate in rvhioh the sole procluct was completely racernlo exo-acetate¡

H2

(58) (se) H2

Fron enilo a¡nine

-
lield. Ontica]-

plrriW %

85! tz

t8l 0.6

\7

95.1

From e>co amino

Yield. OptÍcaì.
plríW 16

100
4

11 !2
enclo acetate 2

g, acetate 98

Table l+. Norbornyl aoetates from the dea¡nin¿tion of .s, - and @-
norborqylamine. 57

lhedeaminationigbe}ievedtoinvolveallhotllcarbonir¡.mion,vhich

is fonred by d.eparture of N, from the ôiezoniun ion rrrithout 1r6-bond

3(partl-cl-pail-orre ' Thi" íon reçtires less activation enerry for reaotlon

wlth a¡¡ octernal nuoleophile than the normol ion generated. soJ-volytioa-l1t¡

a¡¡d. thus reacts partly to give opttoal-Iy aotive æ and srclo substitu-

tlon procluot before reamanging to a s¡rmmetrioal stn¡c'buren

The nitrous acLd. iLea¡ni¡ation of borqylarnine (60) Ín aqueous

eoLubÍon is j$teresting in thet o(-terpineof (Fe) was formecl ae we1l

as the elq¡ected. oarbonium lon protlucts oarnpheno (t6) and. carnpheno



Ìgrdrate (,12, n=Hj"l8 Since o(-terpineor was not formecL in the solvo\r-

sis of borrgrl chloriclel5 it *n" n"u".rtuuru formecl clireot\r fron the

díazonlum ion (6f) or from the higþLy reactJ.ge carboniun ion iteriveð

rtom (6t). The d.ea¡nln¿tion of isoborn¡rlanine (Ø)ß'lg ancl t¡,e

tertialy amlne (6¿*)l*0 yie;¡deit only oa^mphene ancl oanpheno Ì¡rdrato'

25.

(1 6) + (17,n=H ) +

(64)

H

(62)

.NH
2

(5 0) (61)

( 63)

NHz

1 of norv

Corey a¡d Casano.r.41 founcl that both g- a¡rd' end'o-norborr¡ane-2-

carbo:qylic acid.s, (6¡) n¡t¿ (66), u'derwent cor¡versj'on to pred'orntnantly

*-norborr¡yr acetate upon treatner¡t with r"ead tetraaoetate and p¡n:Ícl'ine

in a suÍtable solvent. The aoetate frorn the exo acícl was essentiaÌ\r

the pure g)co ieoner¡ whlLe that fro¡l the gþ aoiô contai¡edl 99'3'/o enil'o '

acetate" The æ acetate frorn both (6¡) 
""¿ 

(66) was forud' to bo

formed' wa:bln rú,qonet retention of optioal aativlty with benzene as the

solvent, anê ulth 331/o ne¡ retention of optloaL activity uith the nore
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pol,ar acetonitrile as t}¡e solvent.

ozH

(6s) (66) ozH

.Llthougþ a d.eoision between an initial heterotytio or hornolytio

decarboxylation step cou]d. nqt be mede, it was conclucleil that the

acetate was derived. from a carbonium ion intermeùiate. Because of

the observed. partial retention of optical activity, the initially

formed. ion must be largely unsymnetrical (!g. cl-ass:icaL) in stnrcture'

The retention of optical activity was greater than that observecl for

the g acetate from d-ea¡nination. This was presumabS.y tlue to the oation

from d-ecarborylation being pajred uath an a¡rion in a solvent ufrrioh is

less polar tha¡r acetic acid., the metlium for d.ea¡oination. consequent\r

one would. er<peot a shorter lifetLne, and hence less nearsr¡gement, for

the j.on from decarboxYlatlon.

7. Mi scellaneous'

In.the vprk outlined oo far, carboniurn ions hÂve been transient

interme<fiates, postrrLated. to e:rp1a^in the results of kjnetíc encl prochrct

stu&ies. In recent years it has been poseible to obsen¡e certatn

oarbonir¡n ions directly by nuclear magnetio resonanoe spectrosc oþ:l 'W

The 2-norbornyl catlon has been generated. as the sbF6 salt by

dissolvin I z-g'-norbornyl chloride or fLuori-de ín SbFU or SbF5: LlquicL
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,Or.hJ Îhe observed n¡m¡r¡ speotrum Tvas temperature vard'abLe, ar¡d was

lnterpreteô in terms of the rea'rrangemørts outU'ned' below'

(o)

(b)

+ (c)

the low temperature speotrun was oonsistent with the assumptfon that

(a) anð (U) were proceedi.ng rapfdlyr and. (o) slowlyo At higþer ternpera-

tures, all rea,r.Itangenents lìtere assumed. to oocur rapiti\r to rentler all

the protons in the ion ec¡uivalelrt'

Cautfon must be ercercisecl before appl¡ring the conclusions reaoheô

from such direct obserwatlons to oarbonir¡¡n Íons postul'atecl a8 j'nter-

necliates in soLvolytio and. related. reactions. Thus the statenent by

o*#2 that clirect observatÍon of tÌ¡e norborrgrl oatíon rrshould rer¡cler

obsolete the past voh¡nlnous workrr has been criticisett by \^IirrsttitSob

slnce tbe solvation ar¡d reaction poseibilltíes in the typical solvolysíng

solvents ere quíte different to ttrose in the nonsolvolysing soJ'vents'

sf

++
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TÐ DROI a

A
l. ThelT-route to the ísobo¡rryl-oa¡npherrehvclro oatior¡o

(") General"

Ri¡g closure to the lsoborrSfl-canphenetSrdro oation is ln princlple

possible if d.ouble bonil. participation occurs ln tjre ionisatlon of a

srrit abL e d.erj-vative of o( -oarnpholenol, P - Q r 2 2 3-tñnethylcyclopent-J-

eqfl) ethanoL (68, X=OU). Scheme 2 summarlses the ways in which rÍng

ologurç is t}¡eoretioally possible. If the cloubÌo partioÍpetes dlreqtly

in the ionisation step¡ the olass:.caf tons (67) anA (69) can arise,

but the formation of the latter wouLcl be expeotett to be favot¡red beoause

it is tertia:ry. l\Lternatively, ionlsation to the brictged' ion (ZO¡

cor¡ld occur directly. Ä thi¡.çl possfbility ls that r¡nassisted ionlsation

to the monocycl-ic oation (7t) cu" occur, antl tl¡at zubseguent parlioipa-

tlon by the d.ouble boncl ca¡r then Iea.cl to ring cl'oeure gåg fons (67),

(69) or (ZO). To test this tSrpotheeis¡ the solvo\ysee of a nr¡mber of

d.erÍvatives of d -ca¡nÞho1er¡o1 wene stuclied'

ê- ----

( 68)

I
+

(6e)(67

(71)
+
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(t) keparatíon of g(ÍaÛrholenvl derivatíves'

(*)- .< -Campholenic aoicl' (71) was preparecl by tJre ê]ifuilÍne tusion

of (+)-camphor-10-sulphorulc aoid' (72),& *ð by the Ìrydrolysis of o(-

canpholenonitrile (26) wir:.ch was obta-inecl by heatine (+)-camphor oxime

(Z¡) ttttti, d-ilute sulphuric aoid" 45

H2S03H

0H- ozH

N

(73)

1

(zol

QA)
('12)

oH*

0ll H+

Ú1)
(75)

Beoar¡se of the kr.¡own tend.ency of d-carnpholenyl d-erivatives to re-

a'"âf¡ge to P -campholenyl d.erivatives (n) f" the presence of stron'

"¡jÃrr*6 
the pr:rity of the o(-carnpholenio acicl obtainecl from cernp'or

orime was regartled as d.oubtf\¡I. vapour phase chromatography of the

mettryS- ester of the acicl preparetl in thís way showed' the presence of

2flo of the netlSrl ester of p-canpholenio acíd' (77' 1GCO2C%) ' 
whlle

the meLhyl, ester of o(-campholenio acid obtai¡red' from oarnphor-1o-

srrlphonio acicl was homogeneouso The nitrif. (26) lvas also sgounr by

voprco to oontaln a¡ impur it1 Qg/ù, rdr:ioh presunabJy tt"" P -oa'npholq
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nonitrile (77, l(=ctl).

It was thought of, interest to ecca¡nine the clellydtration of canphor

oxime und.er nonacid-ic conclitions, "'rhich 
should prevent the fol¡nation

of tlre p -ttit"tf e (TI, ]C=CN). lÎhen oanphor oxiúe was treate¿ rfith

one eqrriva-l-er¡t of ¡-toluenesulphor¡yI chlori-tle ín g¡ricline at Oo, the

produot (77rfr) 1r¡¿s shovn by v.p.c. to oonsist of the <Lesireit o(-nitriLe

Qe , ,f,,, enct a seoontl conponent (t fl;), vùrlle *tu P -nltrdle was not

¡rresent. Í!e seoontl oonponent appeareil to be the nitrile (7¿+, )ÊCN),

cinoE thc infÞa.neð and. nuolean magnetlo resonânoc ðpeotre of thc nt¡c-

ture (see Esperimenta1) reveaLecl the present of a )C=CHt g.ouP as 
.

¡rreII as the )c=cH- system of o(-canpholenonitrd.le. rhe formation of

tbis nitrile mlxture is probably the resul,t of kj¡¡etlc control, rather

tha¡r tt¡ermo(ynantc control, which operates under aciclic cond'itíons to

give on-ly the ísomer (76) with the endocylíc d-ouble boncl. It may bo

noted. that the reaotlon of leacl tetra¿cetate with isobor¡eoI yield.ed-

o(-camphoLenaldetryde (6Brcn¡=CHo) and the isomerio aldehyde (64, X=CHO)

vøth the end.ocylic d.ouble bond..L7 T6e formation of o( -campholenlc acLtl

(71) fron camphor-1O-sulphonic acitl aì-so apparently involves tìe initial'

fo¡matíon of the acid. ruith the exocycLio cl.ouble l¡orid (Zg), vù¡.ich then

rea.nrenges wrder t¡e reactÍon conùitions (Sirtreme ,).¿'lt'

nf,orn
C

(78)

Sclrerne J.

ozH0 ( 73)
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Beoarreeo(-carnphole¡rloacíttprepared.fro¡nthenitri].ewasnot

homogeneous, on\r the acÍê obtsinecl fbom ca.mphor-1o-srrlphonic acicl was

used. in the present stu$f. Recluctfon of netlryl o(-oanphole¡rate vi'Ith

lithiun alu¡ulnium hyùnide gave (+)- o(-oarnpholer¡ol (Zg' n=n)' rrûrÍch

rfas converted to the cryotalline 3-nitrobenzenesulphonate (29, n=g

nitrobenzenesulphonyl). Ilydroge'nation of o(-campholer¡ol gave the

saturated aloohoL (OO, n=ii) from which was obtainecL the correspond'ing

g-uitrobenzene sulphonate (BO, n=g-nitrob enzenesulphonyl) .

(73)

(7

(81)

OR
s)

I

(80)

o<4anphoIenyl chloritte (8t) coufd be prepared orrly in Iow yíelil fron

o<-canpbolenol by the convætional thionyl ct¡loride-¡¡pitline methocl

since exbensive tar formatÍon occurrett. clr¡ring the reactíon. The ch'loriclo

(Bt) was conveniegtly prepared by treating o(-oanpholenyl g-nltroben-

zenesulphonate with a.n excess of pyriùine h¡nlrochlorldo tn cllmetltyl-

forrioa¡nid.e.É /tn attempt was aLso mad'e to prepare the ohLoriðe by a
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one step reectlon by treating a solution of o(-campholenol a¡d' ¡¡rridine

in tti¡neb$lforr¡a¡nid.e rrith one eguiva.l-ent of; g-toJ'uenesulphor¡yt chloride'

The cÏ¡l,orid" (lt) *" formed in 1ow yíe1cl, but the main product in tlús

reaction was s<-canphol-enyL fo:rnate (79, n=Cng)r ïùa1ch was presumably

formed. by a ùisplacement reactíon in which ctimethylformamld'e cornpetecl

as a nucLeophÍ.Ie vrith cbloritle ion (Scheme 4, Þ o(-camPholer{È)' the

fo¡matÍon of formates from aIþ1 hall-ttes anct srrlphonates ín climethyl-

formamid.e has been observed p".*'iot"1y.49

+
ROTs + ( cH3)2NCHo ROCH=N(CH3)2 + ïs 0-

H 0
2

ROC HO
Scherne l+.

-(o) golvollrtic stu¿Lies.

the products of the solvolysas or (+)- o(-oa¡nPholer$rl ¿-nltrobenzene-

sulphonate ln aoetj-c aoicl. containj:r8 ên exoess of soa:iun acetate are

liete¿l 1n table 5. The proclucts were iclentiflied by conparSng thelr

vapour phase chroroatographic retention times $Iith those of authentio

sa¡nples a¡d. by a comparison of infraretl speotra '¡ùrere tåe components

Were fo¡rnecl l¡r amounts sufficient to be isoLatetl by oolumn ohronatograPlV'

It can be seen that most of the product is rin6 closed' material d'erivetl

fron the isoborrgrl-carnphenehydro cation (J0) or lts classical counten-

parts (62) ana (69)o The camþhene obtained ln this reaotion had
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lot-gr lrit.æ [4o-,1 7.5o).

Tricyclene 41

Camphøre 73

Isoborn¡r1 acetate 14

-Campholer1Yl aoetate B

Unlo:om 5

lable 5. Pnod.uots frorn the acetolysls of o(-oa.mphoJ.er5rl ¡-nitrobenzene-

sulphonate in tÌ¡e pres€noe of en e1oesc of codLum aoetate (tOOo, 5 hr).

The major product of the solvolysíg of o(-oarnpholenyl ¡-nÍtro-

benzenesulphonate in agueous acetqne containi:rg oalciun carbonate was

ca:nphene lqrdrate. Less tban 1Ç, of the totaL procluct coneisted of a

¡n-ixbure of isoborneol, O(-canpho1eno1, ancl a¡r u¡¡ls¡owr¡ conponerrt (faUte

6)" This cornponent uas isolated' i:r small a¡nount as a ca' 1:1 rni:cüure

with o(-campholenoJ-, ancl the ir¡fbared spectnrm of tlr-is mlxture was

id-entical v¿ith o(-canpholenol except for a bar¡d at 8BO cn-1 (C=Cttr) 
"

The otk¡er oomponent has therefore been tentatively aseLgned- stn¡cture

(7L, pCU2OIi)" The mod.e of formatíon of this cornpor¡nd is not clear" It

is possible tùrat the o(-oa¡nphol-enoL use¿l to prepare t'he g-nitrobenzene-

orllphonate contained a small amoturt of, the isomeric alcohol (7f+, X=CUTOH)

which could not be detected. by v.p,.'o. because of tttaitingt' by the peak

d.ue to o(-campho1eno1, but it is felt that $.rch inpurity coul'd' not have

a¡nountec!. to more tUar, l+-5'/r antl should have beer¡ remorred upon reolï¡sta-Ul-

sation of the sulphonate. Â seoond possibility ls that both t'tre c(-
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camphoLenoL and- the isomeric alcohol (7L, IËCH2OH) arose from the

solvolysis of an j¡¡termed-iate fo¡med. by internal return (see p. 37 )'

Canphene l¡Ydrate

Isoborneol

o( -Campholenol

Unlorou¡r

91fr

3

l+

2

Table 6. hoducts fron the solvoJ.ysis of d-campholergrl ¡-nitrobenzene-

sulphonate in aq¡eous acetone oontaining an excess of ça.l-ej'un Ee¡lbqna-Ueç

The rate of acetolysis of o(-oanpholer\y1 ¡-nitrobenzenesulphonate

was determined at severg.l ternperattrres, ar¡d the results ar:o gummariseô

in Table 7.

i.61

' 5.91+

6.oz

5.89

13.5

J+0.8

1260 (extraPolatett).

o.olr73

o.ol+73

o.ot+73

none

o.01+71

o.ot+73

O"0?)+6

0.o2BB

o.01 gg

o,0210

o.o23B

o.0265

JO.0

J+0.7

,l+0.7

¿+O.7

r+9.6

60.0

100.0

-1
¡ E€Ot<,,xg.o5NaOAg ¡MCorrc., Mî

Table 7. Aoetolysis ro.tes of O(-campholeqyl ¡-nttrobenzenesul'phonste'

solutions whÍch were o.oL7l[{ in soaiu¡n aoetate v'¡ere also o.ol}7r]û in

water"
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Good first order lcinetics were obsen¡ed. for g. Bfii¿ of the reaction,

but d.eviations were obsel:ved in those cases trhere the reaotion was

followed. beyond. this point. A conparåson of the acetol-ysis rates

lísted. in Tabl-e 7 v¿itfr those of t'L¡e saturatetL conpouud' (BO, n=3-nitro-

benze¡resulphonyl) (fa¡fe B) reveals that tÌ¡e cloubIe bond. provitlect a

considerable a¡nount of anotri-rnerio assistance in the lobisation of the

unsaturated. sulphonate. Thus at 600 the ratio *### Lg 2o1,

vÈriIe at lOOo the ratio ís 153. The ion:isation of o(-carnplroLøryl ¡-

rritrobenzenesul-phonato therefore trroceeded by a ocneertect pr9Çecc nt¡rsb

Ied. to the brid.geô ísobornyl-cemphene\rd.ro caüion (ZO) or its cLassicaL

counterparts (67) ana (69)r ed the monocycllc cation (71) need not be

congldered on the basis of the kinetic evidence" îhe O(-camPholenyl

aoetate (79, n=COCHT) formeci in the acetolysis of the sulphonate thus

was not d.erived. from a reaction l'irich i¡rvolvecl. the prima¡r carbonium

ion (7t), or r'Àrich involvecl S¡r2 d'isnlacemsrt of the g-nitrobenzetTæ

sulphonate anion by aoetate ion in O(-campholenyl g-nitrobenzene-

sulphonate.

o.201

B.rl+

9.25

0.otÈ6

O.OÀJr6

O.0r{82

O.O22lr,

0.0200

o.0231

60.0

100

100

R -¿lk x1O',seoNaOÂc ,MConc. , Mr

labLe B. Ácetoþsig rates of ôiwdro- o(-oampholenyl g-rultrobenzene-

oulphonate. Solutlons were O.0lrJ+6 oncl O.CIl82M ln vuater as weII as

sodÍum aoetaten
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It is tþerefore tentatively proposecL that the o(-canpholenyl acetate

may have been denivect by the reactlon outij¡red (Sctrerne i) oompeting

witL¡ the intra¡nolecular nuoleophillo d-isplac@ent of the g-nitrobenzqLæ

sulphonate aníon by ttie t[oub]-e bond. fn (Be) the e.leotron s]tifts are

lntendecL to show inten¡ention by aceüic aclcl from the solvent sheLl in

an intertraL return rneoha¡risn to ¡nielcL tJre tertiar¡r sulphonate (g¡),

or Lts equívalent ion Prnlr¡ which coultt the'n give rise to the w¡saturatetl

aoetate. Analogous internal return rnecha¡risms invOlving ring cl'osure

,fr
:Q

--) (83) 0Ac

0S02Ar

(82) 
Sche¡ne 5o

are shorvn in Scheme 6. Of these possible mechanisns, ínternal return

to bornyJ. !-nitrobenzenes'lphonate (g¡) is less lilce\r oince t¡e

transition state yroultt require poLarisation of the clouble bond' ín tåe

d.jreotion opposite to that f,avoured. by the metÌ5rl group at 0,, o It nay

be noted. that the forrnatíon of (86) an¿ (87) by an intrarnolecular

nitrone - ol-efin ad.ditlon5l 19 simil-ar to tbe rearrangemørts postulated.

in Schøre 6.

Barlett a¡rc1 bís co-uorker 
"22^ 

.ornlurlect that intertral return

ùid. nob occur in the acetolysis of ,2-(cyclo¡nnt-J-enyl)ettryl g-nitro-

benzenesulphonate, end. there 1s no d.efiruite evitlenoe that the interna-l

retu¡n mechanigms outlinecl in Soheu,es 5 a.rid' 6 operated in the solvolysis

of o(-carnphoì.er5f1 g-nitrobenzenesulPhonate ín the present '¡otrko trt
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0S02Ar
I

S02Ar

(84)

S02Ar

( 85)
Schene 6.

RNHO

cH0

( 86)

nay be noted. howqrer that the apparent fomatLon of, the slcohol (7hr

IGCH2OH) together with o( -carnpholer¡oL fron o{-canpholerr¡rl ¿-nitro-

benzenesulphonate in aqueous aoetone could. be e:çlained' in terms of

tbe intermed.iate (85, .o,o=tt) " Furt¡er work is requirecL to settle this

point. lhus a compari-son of polarirnetric srct tftrimetric solvolysis

rates wouId. be usefi¡l.

The acetolysis rate of o( -ca¡npholergrl ¡-nltrobenzenesuLphonate

was j.7 times that reported for the uns.¡bstituted' , 2-(cyolopent-r-

,fr

0

r

+

( 87)
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enyl)etl¡y1 g-nitrobenzenesuJ-phorrotel 
9 (27, B=g-nitrobenzenesulphonyl)

at 6O0. This increase und.oubtedly was due to the electron donating

nettryl goup at G., of c(-campholenyl 3-rritrobenzenesulphonate, vürich

stabilise¿ the positive charge in the trarisj-tion state leading to the

brid.ged. isoborrgrl-campheneþd.ro catlon (ZO). the briclgecL íon is a

better representation of the lntermediate than tt¡e classical ions (6J)

ênd. (69) since no g¡þ substítutlon was obse¡¡red. in the solvolyols of

o(-campholenyl p-nitrobenzenesulphonate. F¡rthermore Bartlett aÐd.

so-viorkers havo oonoh¡d.eti that tl¡e ÍonisatÍon of 2-(oycloPent-5-erVl)

ethyl oulphonates proceed,s by a symmetrioa.L transition state to a

s¡rnmetrical ion since the first and second. mettryl substituents in

the sulphonates (ZB). an¿ (e9) fr"vu nearþ ictenticaL accelerating

effects (see p.13 ).
It is signifioant to note that the aceÈolysis procluct of o(-cenphol-

erryl chloride (81) ¿i¿ not contaln o( -caropholer¡yl acetate (fatte 9).

.Llthougþ kinetic evidence for participation by the tlouble bond was not

obtained., the exclueíve formatíon of cycJ-ÍsetL mate¡d.aI in the acetolysis

indicateô that parbicipatíon had ocourred,. The possibility that o(-

oarnpholergrl acetate was initially fortnetL ancl tJrat j-t then cyclioedt

g:S. gþ (88), was elimj¡¡atecl sinoe the unsaturatecl acetate w&s founcl

to"be stable und.er the reactíon con&itions. The abser¡ce of the acetate

from the acetolysis product of the chloricLe msy meên that an i¡ternel

returra rnecho¡risrn such as that postulated. for the solvOlysis of O(-

canpl¡oLer{fl ¡-nitrobenzenesulphonate doee ncrb' operote when chlorlcle

ion j.s the leav:ing group.
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?Hc-
+

cH3 
.

( 88)

lrlcycLene

Canphene

IoobomYl ¡\cetate

Ur¡]s¡own

trf,

29

65

2

labIe 9" koduotg from the acetorysi" (1ooo, 115 hr) of o(-canpholenyl

cl¡l,oriðe j¡¡ the presence of sod'j-um acetate'

The high proportion of isobornyl- aoetate ín the aceto\rsis

proêuct of d-oanphoIer5r] chloriôe was due to a geconôary reaction'

Canphenewasfound'tobeslowlyconverbedtolsoborn¡rlacetatewhen

heated ín acetic acitl containin6 sodíum acetate (taUte tO)'

lab1e 10' hoducts from the reaotion of oanphene with aoetic

2

3

5

2

2

7

12

27

t9

5t

BB

B1

65

55

tB

3

4

5

6

7

6

10

25

50

9B

Unlnrown(i,)Isob. Acetate (flCamphene (!'QTricyclen" (t6)rime (hr)

sodlum apeterte at lOOoo

aaiô a¡d.
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Àcetic acld appears to be a sufficiently stron8 acia to protoDate

oanphene ancl the resulti¡g carbonium lon oa¡ then be irreveroíbJy

removed. as lsobornJfl acetete by reaotion with aoetate íon' The isoborn¡f1

aoetate formed fr¡ this manner was found. to be free fro¡o tl¡e epínerio

bornyl acetate. the ercolusive fomation of g substituted' procl'uot in

this reaction pr.ovides strong arid.ence that the br.idged ion (7O) is tfre

inte¡meðiate. If the classica.l 2-bo'qy1 oatíon (f 5) *""u ttre intermecliate

in the rearrangement, bornyl acetate v{oul¿l be elqreoted' to be the rnaior

prod.uct, sÍnce its fomation woulcl irvolve nucleophilio attack fron

the less hind.ered. end.o sid.en 
^oThis reaction is sinílar to the Bertram-Tfalbaum reaction" i¡l

whioh campbene is treated. rfith a catalytic quantity of strong acid' Ín

a suitabLe solver¡t a¡lcl an isoborrryl d.erivative is the procLuct" The

-homogeneity of the isobornyl derivatives protluced' in this way has never

been clearly demonstrated, largely clue to the lack of a:r ana\ytical

technique vû1ich permitted tl¡e d.eteotion of relatively s¡nalI amounts of

bortryl clerivatives in the presence of the igobor"rlyl derivatives" The

d.evelopnent of vapour phase chromato6raphy has overcome tJris problen

ln recent yea¡'s, ard tkrere is good. reason to srspect that ísoborr{fL

ôerivativea atre not exclusive\r formed. ín the Berbra.m-'lYa-lbaum reaction'

For ercample, Fmann5] eouo¿ tl¡at treatment of ca¡nÞhene witÌ¡ boron

t¡åf:luoricl_e etherate in aoetic aoid ga.ve ê ni:cture containing lsoborn¡rI

aoetate (Sz.f/ù together with borrlyl aoetate (lS.tt{ù a¡rd- otÌren r¡r¡i-

d.entiffied aoetateso It is possíble tþat lsoborr\yI acetate was the

lclneticalJ¡r oontrolled proðuct in thie reaotion a¡fl tt¡et lt ths¡

rea¡^ran8ed to borryl aoetate J.n the presence oP the strong aoiô" The
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fo¡mation of isobonqfl acetate from carnphene in acetic eoid. in the

present nork involvecl no such ree.mangement of the initial product"

T¡e aoetolysas of (+)- o( -canpholenyl g-nibobenzenesulphonate

gave oarnphene of Ìrigh optical purity (p.3 3 ). The carnphene isolatecl

from the aoetoLysis of o(-campholenyl chl-oritle hed. an optical pwity

of only g. W\ wh.ile tlre Ísoborn¡fI acetate formed' in this reaction

wâe câo 27fi optíca1ly pure. Ibrtensive racenÍeatÍon had thua occurred"

Garnphene Ís knorol to be racemised ín the presence of acitls by a seriee

of carbonium ion reactions ånvolving hyflricle ion a¡d' methyl g'oup

shifts.54 The racemising reaction involving a 1r2-ÍEthy1 group shift

is shofln in S"herne 7r and. racemisation clearly competetL with rearrange-

ment to isobornyl acetate during the acetolysis of o(-campholenyl

chloride. T6e clegree of racenrisation of carnphene was Sreater than tåat

of the isobornyl acetate because the l-atter compouncl was oontÍnua'Llff

beirg formed. irreversibly, and. rvas therefore to a greater degree clerÍved'

frorn optioal.ly actÍve j¡rtermed.iate oarbonir¡¡o ion (ZO).

(70)

t
0Ac

E@2.
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The solvolysis of o( -campholengrl ¡-nitrobenzenesulphonate in

acetio acíd. ¡qithout a.ddecl sod-ium aoetate vra,s accompanied- by a considerable

anount of tar fo¡rnation, which was apparently causecl by the p-nitro-

benze,r¡esulphonic acid. liberated durlng the reactÍon. The compositÍon

of the product as deterrnined. by capillary vapour phase chromatography

is Bhown in'Iable 11" The m¿¡;in product was ísobo:r¡1rI acetate and' of

the n¡-inor components only ol--campholenyl acetate coulcl be ld.entified'

by a comparison of retention tj¡es. The pred.ominarrt fo¡mation of Íso-

borr¡yì- acetate was the result of the rearrangement of camphene catal¡rsed

by the strong g-ni-trobenzenesulphorúc acid. The j'soborneol obtcined'

fYom tkris aoetate was found- to be optically ínaotíve.

4

6

7o

5

4

1'l

B nLn"

I
9

9

10

10

20 aeo.

l+5

I
,l+0

25

I+7

1

2

IsobornYl aoetate

3

o(4ampholenyl aoetate

5

6/
/oRetention tÍneCompound.

Table 11. Products of the solvolysis of (+)-o(-campholenyl 3-

n-i-trobenze¡esulþhonate in glacial acetic &cidl (1OOo, 5 hr),

The acetolysis of o(-campholenyl trifluoroecetate (79, n=' COCFJ)

yle]d.ecl only O(-carnpholer¡¡I acetate, presumab\y by an acyl o)rygen

fiseion tru'ocess (see later).
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2o The out the

It is clear from the work outlined. in the introduction that the

maln evid-ence for the postulation of the nonclassical norboxrryl cation

is the hígh solvolysis re.te of e:ro-norbornyJ- derivatives, h-igh gl

end.o rate ratios, and tt¡e fo¡mation of gg substituted' products.

Although the kinetic evÍdence for the forsation of the isobofi\yl-

oarBhenehydro cation (70) with neigbbowing oarbon partioipation was

consid.ered. to be strorrgrll'1¿+ the recent vprk of H.C. Bnorur and co-

*otk"""2J-25t28 suggesss that much of the driving force moy be steric

rather tha¡¡ electrorrio Ín origin" Llttle rork has been reported. on

the ercanination of the proclucts derived from the fon (70)¡ ed acco¡r-

dinely the solvolyses of a number of trimettSrl,bícyolo fZ.Z.tfheptyl' derive+::''' -

tives which shoultl in prínciple prooeeð gþ the catlon (7O) were studieð

ln the present 1ærk.

It was hopeil to eompare the solvolysis products of isobornyl and'

bornyl g-nitrobenzenesulphonates with those of o(-carnpholenyl ¡-

nitrobeirzer¡esulphonateu .tr1-1, atte¡npts to prepare sulphonio acid esters

of isoborneol, however, ì¡,ere unsuoceggfuf. TJhen Ísobor"neol was treatecl

with p-t ol'e.e sulphonyl, g-nit rob enzene sulphonyl, or methane sul-phonyl

ohLoride in pyri<Líne, only carnphene and unchangecl isoborneol could' be

lsolated' Esterification was ver5¡ slow, apparmtJ'y d'ue to the hirrd'ered'

natr¡re of the hydrolryl group of isoborneol,, ancl once forned, the

srrlphonatesWl¿erwentrapitl.elirainationtoyteld.canphene.

It was found. to be possÍble to r¡tilise this reaction for the

preparation of ca,mphene of veny htgh optioal Errttyu lVhen (-)-isobonxeo '
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(prepared. by the lithium alumínium hydrtd-e reductlon of (+)-ca'r:nphor,

and conta.in¡¡.g lql of (+)-borneol) was treatecl nd-th ¡-toluenesulphonyl

cllorid.e in pyriùine at 1@o, camphene showing [x]u +r15 was obtainecl'

in 6È7g/' ¡nield.. This rotation appears to be the second' to higbest

reoorde¿ for camphøre. Ba,in anrl. co-rvorkers5o obteined' carnphene showing

to(]O -117.5 by a s¡mthetio seqrence starting wtth opticaJ'1y pure

p -ninen.o Assumj¡rg that this carophe¡re was opticaJ,ly pure, that ob-

tained. in the present nork had an optioal pwity of 98f.. thus the

d.elrydration of isobon¡eo1 ïfith ¡-toluenesuJ.phonyl chLoricle in pyríd'ine

provÍdes a conveirÍent mebhocl of preparing oalnphene which has an optioal

pr:rity þigher than ttrat prepared by the py¡olysÍs of isobornylphenyl-

51+uretnane, a prooedure preViously consid.ered. to gíve optically pure

oamphene( t-{t+1oJ)"
The prepar¿¡,tion of ísobornyl ¡-tolumesulphonate has been reportetl

kh

by H1cke1.22 l.he remarkable laclc of reactivity rei:orbed. for this com-

pound. (it was recovered unchanged. after being refluxed. in methanol for

J hours) makes it extremely doubtfuL that it v¡as the isobornyl tlerivative.

From the d.ata of Bunton and oo-rvo"ku""15 it i" possible to calculate

that the half l-ife for the methanolysís of Ísoborr¡yJ. ohl'orítle at 600

is approximately 25 minutesr and. since the golvolysis rates of sulphonates

are greater than those of the oorresponôing chlorid.es, tl¡e reactirt:ity

obserired by Hllckel is not fn accor.ô vi+th tÌ¡at e>cpectecl for lsoborr¡rI

¡-toluenesulpbonate. Tho coropor:nd reported. by HttckeL was preelrmably

bornyl g-toluenesuJ.phonate, formed from borneoL present as an ínpurity

in tbe ísoborneol.



1+5.

The preparatÍon of sulphonic acicl esters of borneol was accomplished.

without ùifficulty. f¡e conposition of the trtrotluct of tJ:e acetoLysÍs

of (+)-borr1¡I g-nitrobenzeneoulphonate is given in Table 12. Borr¡y1

acetate was shovJn to be- absent fron the protluct by capillaly vapour

phase chromatograP$. These proclucts can tl¡¡s be coneíd.erecl to be

d.erived. from tÌ¡e bricLgecl ion (7O). Inltial ionigatÍon presumably

prodnces the classacai ion (67), since the bate of acetolysis of borr¡yI

g-tolueneoulphonate is onJ-y 1.1+ tÍmes that of cyclohe:ç¡I g-toluene-

s,:lphonate11 a¡rd. a¡rchimeric assistance by the 1r6-bond' is therefore

not involved. The secondary ion (67) must reamange rapid-Ly to tlie

brid.ged. :,on (70) since attack of acetate iou or acetic acid- shouLd'

occur predominantJy from the less hinclerecl endo sade of (67) a¡r¿ shpultL

yielct mainly bornyl acetate. The e>rclusive formation of ¡s secorularlr

aubstitution prod.uct in the acetolysis of bornyl ¡-nitrobenzenesulphonate

is therefore stronger evid.enoe for a briclgecl cat^ion interneiliate tha¡

is the formatíon of exo-norborrlyl acetate 1n the acetolysis of æd-o-

norbornyl ¡-bromobenzenesulpho*t.r8 since the Latter ercanple involves

ad.dition of nucleopl:-tle from the less tÉnclerecl elco aicle of the norbortr¡r1

eystem.

Tricycl-ene

Canphene

Isoborrlyl acetate

Unlslor¡m '

5j6

6l+

25

6

TabLe 12o ft.oduct of the acetolysie of bonryl g-nitnobenzenesulphonato

in the presence of soðium acetate (tooo, 1J hr).
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+_
+

(8s) c (67) 00]l

Cope and- co-workers56 stu¿ietl the solvolyses of trÍflluoroacetates

of alcohols ,¡riiere the correspondlng zulphonates lvere too reactive to be

prepared. In the present r,','orlc it was founcl tkrat isobortryl trifluoro-

acetate could- be read.ily prepared, and the cornposition of, the product

of its acetoLysis is given in Table 13. lYith the exoeption of the

¡nreaotecl bornyl trifluoroacetate, the ¡nod.ucts were again those d.erlved.

from the brid.ged ion (?O)o the camphene obtainecl fnon this reactlon

showed t-<]D + 1OJ"

lbloyoLene

Camphene y

Berrr¡r1' triflLuoroacet ate

Isobornyl acetate

Unknovûl

ttÍ6

76

5

12

t

labLe 1J. kotlucts frorn the acetolysi" (1OOo, 5 hr) of (-)-isoborrgrl

trifluoroacetate (containin g tå4 qt bornyl trifluoroacetate) in t'he

presence of soùium acetate.

The aoetolysis of bornyt trj-fluoroacetate was interesting l"n that

it diò not proceed ttrrough a carbonium ion intermeùiate. The reaotion
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ïvas quall,tatively slower than the aoetolysis of fsobonxyl trifluoro-

êoetate, and analysís of the reaction mixbure at various intetrals

inùicated that iJllitiall-y considerable quantities of borneol were present

Ln the product (raure tL) "

28

57

7B

95

3t

19

15

4

l+t

Ð+

9

3

6

12

1B

26

Borny1
aoetate (|ã)

Borneotr (!QBornyl trifluoro-
aoetate (iJ)

time (hr)

!¿btê tL" hocluct of the aceboilysis of (+)-torn¡rI trifLuoroacetate

in tt¡e presence of soðium acetate (foOo¡"

lVith inoreasing reaction tíme, the amor¡nt of trifluoroacetate ar¡d.

borneol decreaseè¡ md the a¡nor¡nt of bornyl acetate increagecl" The

final product was shown to be free f¡om isobornyl acetate sinoe on

reduction it gave borneol having a¡ optioaL rotatlon id'entical within

experimental error with that of the borneol used- to prepare the

trifluoro ac et at e. Borny1 t ri fluoroac etat e, unlike í soborny1 trifluoro-

acetate, thus solvolysed. by an acyl orcygen fission mechanisñ (Scherne B).

Bend.er)/ h*" shown that esters of trifluoroacetío ac1d. have a strong

tendency to form ad.d"ucts such as (89). Thus adclucts of ett¡yl tríf!'uoro-

acetate antl alkoxitle ions (90) were for:ncl to be stable ln inert solvents,

a¡d. on the adèitton of ocetlo acltl thry yleì-ded. the aloohot àOn"

Kinetlo etu¿Liee have indícated. that unactívated trifluor"oaoetetee
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sorvoryse by an acyl oxygen fiseion processF orra that zufrioiently

reactive tertiary and second.arl¡ triftuoroacetates solvolyse by an alJq¡I

onrgen fi ssÍon't.oh*i"t.59

o-

ROCOCF3 + cH3cot
0c0cH3

( 8s)

Sgherne 8. lþbornYlo

? 0c H
2 5

R

(s0)

cH3coZH . ROH

slnce the acetolysis of bornyl trifluoroacetate wes fow¡d

qualitatively to be slower than that of isobornyl trifluoroacetate,

the former reaction must require a lr:igher activation enerry' Ttre

activatj-on enerry for the hydrolysis of Í-soborrlyl acetate is Ìri¿þer

than that for the hydrolysis of bornyl acetate, and both esters
60'61 Thus lJ isoborn¡rllgrd.rolyse by an acyl o4ygen fisslor processo '

fujfluoracetate were to solvoJ-yse by a¡r acyl oxygen flssion mechartismr

tt¡-is'reeotion rvouLcl be expeoted. to be slower tha¡¡ that of bornyl

trifluoroacetate. The obse¡:\¡ecL rapíd a-l}çfl olqfgen fission soLvolysie

of isoborrryl trifluoroacetate nay be atùributed eit'trer to anohirner{o

assÍstance by the 1r6-carbon bond., or to relíef of gterío atratn on



49.

ionieation.

The pno<lucts of the acetolyses of methyJ-carnphenilyl trl-fluoro-

aoetete (!1, A=, COCF,) anð of the triflIuoroacetate of canphene byctrate

(gZ, le,. COCF,) (taUte 15) are fn egree,ment nath thoee ercpectecl fron

the büid.getl ion (ZO¡, since bor5rI acetete was fouîd' to be absent"

OR

( s1) (e2)

Table 15. P¡oduots of the acetolysis of the tertia'1ry trifluoroaoetates

(gf ) *d (gZ) in the presence of sodium acetate (tOOo, 5 hr)"

The tertlary aoetates (9t, þícoctrS) "na 
(gz, wr cocHl) were prepareð

in good,yield. by the acetyl chioride - d.imebbylanili¡re procedure of

I,levitt a¡rd. Han¡no *.6' MeblrylcamphenÍly1 aoetate was found. to be etable

Ln acetic acid containing sod.iun aoetate at 1OOo, and it ooultL not be

d.eteoted. in the acetolysis prod.uot of the tr{fluoroacetates' Adclition

of nucleophile fro¡n the @, side to tlre tertiarxr centre of the

l*q6

B2

12

2

Methylcarnphe'ni3-Y1

trifluoroacetate.

Tricyclene

Carnphene

Isoborreyl acetate

Unlorown

5'/'

79

13,

2

Trifluoroacetate of
canphene t5rdrate.
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inte¡med.Íate oarboniun ion thus did ¡rot occur ín these solvolyses.

The acetate of canphene l¡ntrate yiekled. camphene und.er the corrd.ltÍons

of ttre aoeto\fses, ancl. it is therefore not possible to say whether or

not the terbiary gp aoetate is an initÍal ¡rrocluct of the reaotion.

So]vo3rysÍs of ísobornyL ohloride, bornyl chloritle and. oarnpbøre hydro-

ohlorid.e in methanol a¡td. agueous methanol yielded preclornínant\y the

terbia4¡ substitutlon produots (gZrRFu or CHr)15 bu"*ue of tt¡e higirly

nucleoplÉli-c ckraracter of theee solvents. In the Jese nucleophilio

acetic acid, proton abstraction to y:ieId camphere wouJ.d. be ercpected to

occur preferentially.

The repor"b by lltlckel and Heinz.116 tt "t inethylca.mphenilyl metl¡yI

ether (ff , n=C5) Ís forrred, in substantial guantities j:r tlie methanoly-

sis of camphene hyd.rochloride and of iso'bornyl ancl methylcampherrilyl

chlorid-es (p. B) prompted. an examínation of the solvolysis produots of

isoborr¡¡l chloride and methylcamphenilyl tniftuoroaoetate in aqueous

acetone, a solvent in which products d.erivecl by nucleoplrilic adclition

to the ter*biary centre of the intæmediate cation would. be expectedo

The composition of these prod.ucts is shor,vn Ín Table 16. Unfortunateþ,

vapour chnomatograptrio separations of metJiylcampheniLol a.nd. oanphene

Wd¡ate could. nøb be aghierrerl. The absence cf bancLs characteristic of

meti:ylca.urpher¡11ol from the ir¡frared opeotra of t't¡e solvolysis produots

ind-icated. hovrever that the alcohol was ca.nphe,ne hytlrate, a]though less

thar¡ 1eÁ of mett5rlcarnphenilol cou1d. noù have beer¡ tletectetl in this way.

The reaction prod.ucts were therefore aoebylatecL v'¡ith acetyl ohJ.ori<le -

d.fmethylaniline a¡rd. then anaJ-ysed by oap11Lâ.ry vspour phaee chromatog-

raplSr. U4iLer the conclitio¡rs of the analysÍs, the acetate of camphene'



51..

hydrate underwent pJmolyhic deoomposition whil'e nethyloarnphenilyl

acetate was stabfe. No peatc due to methylcanphenilyl acetate was

observetl ín the chromatogram of either so]volysis procluct under oon-

ditions ,¡trere 1-4[ cou::d. have been cletected, and l4 substitutlon

therefore d.id not occur in these reactÍonsn

Table 16. Prod-ucts of the solvolyses of isoborrryl ch-loride ancl

metlrylcarnphenilyl trifLuoroacetate ln açeous acetone containing art

excess of calcium carbonate.

0f special j¡rterest is the fact that the isobot$yI-cÐrnphenehydro

cations generated. by the 6:- antL Tf-routes of solvolysis are non-

superimposable nriror images (Scfreme 9)" In t}¡e catlon garerated'

by the d-route (ZO"¡, the 116- bond.ing eleotrons are clelocalisecl

between C,l and. Cr" In the formation of o( -canphoIenol, the G14, bond'

ínitial1y present ín carnphor is broken, ancl in the cation generatecl by

the TF -route (ZOU¡, t}re 1r2-bonòi:rg electrons are therefore cleloca-liseô

between C,,, ancl CU. Because of the symmetry properties of the bornane

system, (ZO.) an¿ (ZOt) and- non-superirnposab-Le mirror images, and. thus

it was possil¡Ie to obtain both (+)-campfrene ar¡cl (-)-campi¡s¡e of Ì¡'ieh

optical purity froro (+)-camphor by the two routeg"

¡olt/o

<1

6T;'i

72

34i

28

Isobornyl chloride

[{ethylcamphenilYl
tri-fluoroacêtate

Isobo¡rreolGamphene hydrateCamphene
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52.

5 3

21

OR

I

{-

(70o)

+

(70b)

(-){1 6)

Soheme 9.
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The formation of a smaLl amor¡rt ç-610 of unidentífied material ruith

a retentÍon time greater ttrar¡ th¿t of ieobornyl and. o(-canphoLenyl-

acetate was obser:r¡ed. in eIL the aoetoþseg tlesoribed. in tt¡is seotion.

As this material was also fo¡rner1 by the aotfon of aoetio aoid and'

soûium acetate on carnphene (tabte 1O), it was hopeil ttrat it worllô be

possible to isolate it from this source. Vop.c. exanination of the

high boiling fraotlon of the'procluct obtained by reflucing carnpheno

wÍth acetic acid' for'117 lrr horvever revealecl only trace a¡nounte of the

r¡¡lg¡ov¡n material, a¡rd it was therefore not ôeemed' worthwhile to attempt

the isolatíon f,rom this product. T¡e unlcrown compound' ís probably

6-exo-acetoxy-exo-ioocamphane (9,[) clerived. from the carboniu¡n Íon (95),

which Ín tr¡rn fs deríved. from the isoborn¡rI-oamphenehyd'ro oation (7O)

by a 6r2-hycÞide shift" The scetate (94, x = oCoCHr) nas recent\r

4
3

2

1

-6
+

H

(zo¡ þt) (g+)

been isolated. from the trigher boillng fraction of cornmeroial isoborn¡rl

acelaie, and. its stnrcture has been d.etermlnecl' unequivoc a'I1ry"6t .An

attempt Uy Ornan5S to p""pare this acetate by treating oarnphene ¡¡tth

boron trifruorid'e etherate in acetÍc acid' at looo was unsuccessf\¡l'
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anô isobornyt and. bornyl acetates were the mcuin prod'ucts (p'[O) ' The

boron trifluoricle cata\rsed reaction of ca^mphene rvlt¡¡ t¡hsrol at 1@o

however yj,e1ded. E- and. f6-g-i¡ydro4rpherlyl-e>co-isoca.mphane (94, * o

o- a.nd. p- CzH,9H) as the nain grrodrots"5J These results were e*pLainetL
- þ+

by visualising a rêpi.d. equÍlibrium between ions (ZO) ana (gÐ. The

fo¡rnation of the 6-substituted' Ísorners in the phenol reactior wêe coll-

srderecl to be clue to increased allçylation at the C6 site of (9r) as a

result of retarcled. allqylation (for ster-ic reasons) at ttre C.l ancl G,

positio¡s of (ZO), and. the stability of tlie 6-substitutecl products

und.er the reaotion cond.itions. In the acetic aoid- reaction, the ace-

tate (91+, x = OCoCHT) was consideretL to be r.¡nstable and was consid-ered.

to be rapiùLy converted to stabl-e prod'ucts derived. fr^om the fon (7O)"

Such a¡¡ argUment can af so be used to explain the absenoe of sÍgnifioa¡¡t

quarrtities of the acetate (9t*, x = OCOCHI) f¡'om the ¡nod'uot obtained' by

reflrrxing oarophene wittr acetio acid.-soctium acetate in the present workq

Î¡ese reaction conilitions were somedlat more vigorous than those und'er

which a smalr amount of tt¡e aoetete was formed. (tabl,ê 1O), antl fl¡rthen

work is pequired. to d.etermine conditions r¡nd.er rvhioh an optirnun y:leIcl'

of (2+, x = OCOCHr) Ís obtained.

The acetoþses d.escribed. here v¡t¡ich proceed."a g the isoborr¡yI-

oarnphenel¡ydro cation a-11 gave rlse to pretLoninantly tertíary elinlnation

prod.uct (oarnphene). Ùluch of the eecon¿tarXr substitution produot (ioo-

bornyl acetate) appears to result from the subsequent reaotion of

ca,r:nphene v*ith acetio aaid. (taUfe'tO)" It Ís not possible to estimate

exactty how much Ísobornyl acetate is ínttfal)'y formed' by attack of
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nuoleoplïiLe at C,, of the bniôged. fon (7O) without a knov¡leclge of the

solvolysis rate of the substrate a¡d. tl¡e rate of, acid oataLysecL re-

arTangement of cenphene. the anount of second'a^r¡f substitution produot

formecl r:nder alkaline or neutraL cor¡d-ítions in more nucleophllic soL-

vents (aqueous acetone ín the present vrorlc, end. metha¡O1 antl aqueous

net}¡anol in other stu&les15'16) is very :row (Zit or less) as canphene

is stable und.er these conditions. In the reapangement of oarnphene

l¡¡ctrochlorid.e to isobornyl chloride in'.nitnobenzener isotopic d-ilutíon

e:çeriments have ind.icated that the carbonium ion intermeùiate is

Ínitia1ly partitÍoned to give carnphene hydrochlorid.e and. isobornyl

chlorlcle in the ratlo of ca. 40ú t79 and sinilar parbitioning apparentþ

operates tLuring nucleophiu.c oapture of the oarbonir¡¡l ion in solvo\rtio

reactionÉ¡o

tr'rom the reOent !¡o¡k of H.C. BrOvr¡ ar¡l co-uorkers, the tci¡retiO

eviôence for the forrnation of the isobonayl-canphenekgrd.ro oation must

be regar-d.ed as d.oubtf\¡l because of the ur¡Lcno'¡r¡ magnitud.e of the steric

factors vtrioh contr{.bute to the reactivities of the subgtrates. T}re

formation of exclusively gp substituted. proclucts in the solvolysest

þowever, are rnost sirnply expla.ined. on the basis of tl1e bnidged carbonium

Lon intermed.iate, or at least by a bricì.getL transition etate for oar-

bonium ion oapture. the only authentioated examplel of signíficant

* The reported. formation of methylcamphenilyl methyl ether in the

metha4olyses of' camphene tryd.rochloride, isobornyl c}¡'l-oríd'e and' methyl-

camphenilyl chlorid.e has alrearly been mantlo¡red. (p.9). T¡ese results are

Ín contrarlictio¡r r,¿th existing concepts of oarbonium ion theory and' theír

ind.epend.ent verífication is d.eeírable. Ilurther d'iscussion of this matter

oannot be made r¡nti] ttre fì¡1I ex¡rerimental details are available"
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ç 2 t/ù enilo substltuu.on ln a norborrprl or gubstituteit norborn¡rI

+

þs) 0ø¡

]**

þt)

catlon r¡nd.er kinetically controlled. conditions Ís the formation of

1tft of g-iioborrlylanLsole (gZ) f" the sotvoþsis of t-þ-anisyl)ca¡u-

phene LSrtLroohloni¿e (95) in the prer¡enoe of Lorotrytlnid".2& 'Thu

stabillsod oarboniun Lon (96) tture:has, presrrnabY tr" olassioa-l struo-

ture. \
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IIo The oxid.ative decarborq¡lation of 2-g,- utd. 2-@-carbory-

bornane with lead tetraacetate.

1- General.

Tl¡e oxlclative clecarborryLation of g- and g¡þ-norbortra¡¡e-2-

oarboryS.io aoi¿l with lea.d tetraaoetate is belleved to prooeed gig an

¿ns¡rmmetrÍca] 2-norbornyl oation, ae the major ¡rrod-uot, exo-norborqyl-

acetate, is formed. with partial retention of, opbioa.l aotivity, ancl

6ome end.o-norbornyl aoetate 1s al-so fo¡mect (p"25).1*1 It was therefono

thought of interest to stu(1r the oxitlative ðecarboryLetion of 2-g-

"nd 
Z-ggg-carbo:rybornane, (f O¡) a¡¿ (f OZ)¡ with lead tetra¿oetate

srlnce the reaction possibilitles are more varíed. Ln the bo¡na¡re tha¡¡

in the norbornane system.

2o TÌeparation of the acids.

the preparation of opti-cally pure 2-W and- 2-gþ-carborq¡borna¡le

has been d.escribed by de Botton.8o lle four¡d. that carbonation of the

Grignard. reagent of optically pure bonryl o[lorid-e gave Ûr acid'j'c

produot containing g. 96'il of tire do acicl, and. ca. Eil. of the' -exo acid.o

and he was able to separate the acicls by a long procedure wlúch involvecl

the fractional preclpitation of their bonl¡Ia.rnine salts" Although the

carbonation of borrgrLmag¡resium c.t¡-lorlde provicles a conven:ient route to

the ed-o acia (tol), a more euitable methocl' for the preparation of the

*exo acid is d.esirable. Acco¡dingly other posstble mea.ns of preparing

(to5¡ rvere investigated. in tl¡e present work"
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(s8 ) (se)

(1 01)

c0 H
2

(1 00)

an attempt was mad'e to effeot ¿t¡ sN2 displacement of tosylate

by cyanid.e ion in borr¡y] tosylate (98, x = OTs), since such a reac-

tion should yielcl the exo nj-trile (99, x = CN) whioh cor¡ld. be converted

into tt¡e glg acid. by t¡ydrolysie. Bern$l tosylate was found. to be

unreactive tov¡ards cyanicle ion 1n öilnetllylformamlde und.er mild- cor¡d.L-

tions, and. r¡r¡d.er vigorous cond.itions ellmination ocoumed. ancl camphene

was fonred. Similarly isobornyl- chlorid.o (99, * = Ct)e vrhich wouLd be

expecteti. to yield. the 91þ nitril-e (98, * = GN) did. nøb react with

oya.nid.e ion in d.imetlrylformam:ide. Under these oond'j-tions, howeven,

o( -canphoì-ergrl 3-nitrobenzenesr.rlphonate (tOO, x = QNs) was readily

converted into the correspond.:ing nitrile (tOO, x = CN). The latter

oompor:nd. oi tryd.rolysie gave the acidl (tOt)"

the lack of reaotir,rity of the bicyclíc substrates (98, * = 0Ts)
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a¡d (99, x E Ct) i" EV2 
displaoerrs¡ts is ¡nobabl.]r due to tlvo factors.

the initial approaoh of, the nuoleophile to both tÌr" æ a"nd gþ side

of the bornar¡e rystern ís rather hind.ered, and if such approach dicl

occur, the transition state for the d-ieplaoement rculd. recluire the

incomilg nucleophile, A, and. the leaving group to be essentia$r linear.

Tkris wouLd. be e4pected, to result in sterio interactions, particularly

between the entering ancl leaving grþups end. the endo hyd.rogen atom at C6

and. the metþI g.oup at Cr" These factors rvould not be expected to be

as great in the norborrryl system, a:rc1 exampl-es of SrO2 disnlacernents in

that system âre kto*r.81

0p'c5-ca11y 
.sctive 2-gþcarboxybonrane (f 07) rras preparect by a

procedure used. by I'Lautt a¡¡I Erma¡¡fJ2tgt to p:repare inactive (t07).

#

0cH

OH

3

H

ocH3

n 02)

(1 0s)

(103)

l

(1 06)

(104)

l

(107)

S-
02

H

H

sc$r
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(+)-Camphor was converted into tlie tertia:¡¡ aLcohol (fOe¡ by treatment

with g-anisylmagnesium bromid.e, ana (t02) was tlel¡ydratea to (tOl) øtf¡

boron trifluorid.e etherate in ether. Sodium-lic1uid- arnmonia red,uction

of (tO¡) gave 3-borrlylanisofe (lO[), whích on oxonolysrs and oxid.ation

gave (+)-2-endo-carbo4yì:ornane (to7). The optica^l rotatíons of this

acid determined at several wavelengths tryere in 6ood- agreenent with

those given by cle Botton8o for ena¡rtiomorphic (roZ) prepared from

bornylmagnesium chloride.

Flautt and Erman82 o".p""ed. g-isobornyì-anlsore (to6) by the

þdrogenation of (f O3¡ with a epon6e:n5-cke1 catalyst. As (tO6) should.

g:ive the l{! acid. (tO5) on ozono\rsÍs-onid.ation, the }¡yclrogenation of,

(f O¡) was carriecl out in the present stucly, but nj,ckel borid.e& was

used as the catalyst. The resultÍng prod,uct was a low-meltÍng solid-

whioh c ouId. not be pr:ri.fied. by recrystal-lisatiorr, and wtrioh was jud.getl"

to be a 6o:40 rnixture or (ro6): (tO+) fr"om its llclluro spectnrm. Ozo-

no\rsie a¡rd. oxidation of this mirùur€ Save otrly a low yielcl of crys-

talline aoid. r¡&rich was jud.ged. to be a 35265'exo (tO¡)¡enclo (fOZ) tix-

trrre from its ¡¡otation. A coneiderable a¡nor¡nt of oily acidic material

vras formed in the reaction, ar¡d. this appeorecl to be due to f\¡rbher

d.egrad.ation of the isoborrlylanisole or the exo acid. durir:g tlie reaction.

TL¡,is scheme rva.s tlierefore unsuj.tabLe for the preparation of 2-99-

carboxybornc[Ie.

]ìrre 2-exo-ccrrbo>çybortìaJ¡e was prepared by the sequance outl-inet!.

ín schqne 10, (+)-carnphor was oorrou*tid ínto 2-rnetkqrlenebornane (loO¡

Iþ u ï'¡j-tti6 reactionn Hydroboration of (f Oe¡ with cLisitrylboronu,BS
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-

-+ c0 H2H OH2

H
(108) (1 0s) (1 0s)

cH
(11 0)

Soheme 1Oo

20H

followed by alkaline perorid.e oxid.ation 6ave a 90:10 mixture of the

ce:.binole (fO9) a¡r¿ (t1O) in 5fí yíet:d'. The predorninant formation

of 2-g-tryd.ro>q¡mett¡ylbornane (f Og) was the result of the additíon of

the hyðroborating agent to the less hind.ered. end.o sid.e of (tOB).

gxid.ation of tkre carbinol mj-xbure vtth Jonest reagentE6 ¡.iufaed an acicl'

rai-xture contair¡^in g 75,/. of ttre d.esired. g acid. (tO5¡ alrrð' 2ff6 of the

endo aci¿ (f O7). The add.itional 1Y,4 of (tO7) in t'kris noixture was pre-

sumably formed. by epimerisation of (tO!) or the intenrmeòiate aIðet¡¡de

d.uri-ng the oxid.ation of (fOp)o H¡re (-)-Z-g-.arbo:qyborrrane was

isolate¿ from tk¡-i.s mixbure v:ia its (+)-bornyfa¡nl¡re sa.lt. the optical

rotatione of this acid were Ín gootl a6þeeroent with those gíven by

80 . /-^-\ ,,r--
d.e Botton for the enantiomorphio (tO5¡ obtajnetl. from borrrylmagnesiwn

ohlorid.eo
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5 0xid.ative d. eo arbo¡q¡l atíon s "

It r¡vas iruitially hoped. to oarq¡ out the oriclative decarboxylation

of 2-gg and. z-ggþ-oarboxybornane in acetic aoitl., and. to coropare the

products obtained. in this way with those obtained. from the acetolyses

cleacribed. fn Parb I" Such a comparieon of aolvolysto a¡¡tL oxicletlve

tl.ecarbo:cylatlon produote has been ôesordbect by LeBel and. Hubergl fo, 
(

the bioyotalz.z.floct-2-enJrL derivatives (t11, X ' OîS) ana (t112 X' =

COZH). Theae wor'lcers for¡ntl ttrat the acid. (t11e X - CO2H) gêve an

(ttt)

aoetate nirbure (lO¿q/") on being heatetL wíth leatl tetraacetate in

aoetio acíd oontaiuing potassium acetateo In the pres€nt mrk j-t was

fountl ¿¡a¡ 2-grclo-oarbolrybornano dllð not urdergO o:d,clatlve cleoarborqt

l-ation to a signifT.car¡t erctent und.er cond.itJ-one identica-l to those

of LeBel and. Huber, except that sodíum aoetate was usecl Ínstead of

potassium ecetate. (So¿ium acetate was used. sjJ¡ce Ít was also used

in the aceto\rees described irr Part I). Al-though all of the lead.

tetraacetate wag oonsuned. in thj-s reaction, the entLo acid. waE re-

oovered unchangeè Gqùr and onþ a low ftelct of neutral, product was

obtalnerL. A oryatalline compouncl. C.. flg}Z, mrpo 1O1-1O5o, the st¡$c-

turo of vûrioh is djisouased in Pert III, was lso1atecl fron this prod'uct.
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The producto ex¡lected. from a carbonium'ion intermed.iate were not d.e-

tected-, although t}re formation of the compound. C1 
ZIIIBOZ 

implies that

oxicl.ative d.ecarbo4ylatlon occurrecl and. that some camphene was formetL

(see Part III). The oxidative d.ecarbo:cyIatíons of the acids (f o¡) 
"t¿

(tO7¡ were therefore oarråetl out under contl-itions sinilar to those

ctescribed. by Corey a¡¡cl Casa¡rout41 for the norbornane-2-carbo4rlic

acids,

After thls vork hatL been cornpletetl, it waa learnt that tead. tetra-

aoetate is r¡nstabLe ín acetic acicl containing sodiun ,ruto"teo92 Ha1icLe,

cyanid.e, ard. thlooyanate anions as well as acetate a$lons have been

reportecl to lnitiate rapid. d.ecompooítlon of fesd (IV) ."tu"u.94 It

may, therefore, be possibÌe to carry out the oxld^etive cleoarbo>q¡latÍons

ln acetio aclcl nob containing added salts.

Treatmer¡t of (t)-Z-enao-carboxybornano with 1.5 equivalents of

Lead. tetraacetate ln benzene-p¡æÍtüne at reflr¡c tenperature for ¡¡å t¡r

lecL to ess€ntiêIþ complete conversion of tl¡e acfd. into neutral

nateriaL. The oomposition of the product 1s givea in Table 17' 8-

Metþlca,nphene, ar¡d. acetates ,fr, B and. C were four¡d. to be also forrned.

when canphene was heated. with lead. tetraacetate in benzene, anrd- were

therefore due to secondary reactions. T¡ese products will be d.is-

cussed Iater, Because of these secondary reactions¡ soltr€ unchanged.

acid was recovered even whsr more tlnan one equiva^lent of learl tetra-

aoetate was used. The relative amounts of byproducts were reduced. by

decreaslng the amount of lear1 tetraacetate (grg* in the oxid.ative

clecarbo:çylation of 2-g-carbo:qybornarie, Table 17).
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*"

n
1

trace

4

9

traco

2"5

205

ltl

59

14

2

5

12

traco

3

5

Tricyclene

Car,rphcne t._

!g#-B-lf et ÌgrIc amphene

c'i s-8-Ntethylc artPhene

Bornyl acetate

Isoborrlyl acetate

Acetate A

.Acetate B

.Acetate C

(-)-*g I(!)-@,"

îabLe {7o 0omposltion of the proðucts of the oxid.ative d.ecarbo;qyl-atíon

of $)-e-enao urd. (-)-2-e,.-"o-carbo>ryborna¡re in ¡sn¿s¡ç-pyrid.ine. (.,f""-

lysed on o 1!Or Àpiezon capillary column, 1-JOo).

{.1¡8 mole ih(Oi'c)r/moIe acicl; l¡ií acid- reoovered.

l.Ql¡. mole Ib(O¡"c)t/mole acj-d-, 13ii acicl recovered.o

It wj-Il be shor'¡n in the discussion follol'lrn6 beLol'r that the

procluots Lis'ced- in Tabl-e 17 (exclu.líng those d.ue to the secold'a:ry

reactions of camphene rrith lead. tetraaoetate) are those ercpocted'

from a carbouitm ion interrneiliate, ra'cher than a free ra¡f,ical itrter-

nediato, but that the formation of somo end.o substitution produott

bornyl acetate, ind.icaÈes tho.t the isoþornyl-canphenelSrd'ro oation

is irot u.:r-ic¡ueIy required. as the i¡rtermed"iateo The

camphene obtaj.necl- from the oxld.ative decarborrylation

{.

/
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of optioally active 2-æ ancl 2-gþ-carboxybornane had' a high optical

purity; that obtainecl fron the ecco acid showea I o<]o + 1O9 and' that

obtained. fro¡n the endo acid. showed-[*]O + 112. 
\ '-u'

^trlthough tire products forrned. in the oxid.ative decarborçylation of

alíphatic monocarboxylic acids are usually fhose elçected. from oar-

bonium ion inten:netliatesr¿+'1fi the recent rnorl< of lfuohi9¿F 
",tgge"ts

that the initlal d.ecarbo4yLation step Ls homolytic in nature. Kochi

found. that the reaotion is catalysed. by pyrid.ine and. copper (II)

acetate, and on the basís of e*tensive product and rate stuðies, he

proposetl. the free radical chain process outlined in Scheme 11o the

m(o¡c)

fnitíation:

Þop¿gation:

Temlnation¡

+ 4 RC0,H

Pb(RCOz)¿+

m(ncor),

n.+ m(ncor)

n.+ m(ncOr)

R. +HS

it(ncor)U + 4 AooH

m(ncor), + R.+ co,

m(nco¿), + R.+ oo,

m(ncor), + n+

m(ncor)2 * R*

RII + S.

b

------Ò
---_+

--.---)
1t

4

3

_---------------

Scggll- (us = hyd.rogen clonor)

intermettiate radical R" can be oxiðised. to the carbon:ium íon n* by

tfre lead (IV) species in the propô.gatj.on step, antL by the lea.d- (fff)

species in the termination step. This electron transfer appears to

occur very readily, and- in some instances lt d-oes not appear to be

possible to distinguish between d.irect carboniun ion formation ancl

i¡rd.j-rect oarbonium ion formation gþ a R".Ib(0Ac), radi""l pai*.L1

The formatlon of (lll) frorn (112) by tl¡e oction of leacl tetra-
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acetate in benzene provides good. evidenoe for the initial fomation

of a radical in the decarbo>yIatlon "t.p.95 
fn this example, oxidation

to the brid.gehead carborriurn ion 1s ur¡favourable, ancl rarlical abstrao-

tion occurs preferentiallY.

----+

(rtz)

Ph

(rr¡)

The 2-bortryL racllcal çtt+) has been generated. by the ðecarbony-

lation of 2-fornrylbornsne96 at I JBo and by the thennal clecomposition

of 2-azobo"rr*u97 at tempcratures above 25Oo. T¡e mai-n produot in

these reactio¡s v¡as the hyrìrocarbon bornanu (f t5) forrned as a result

of hyd-ro6en abst::¿rctioir ìry the bornyl radj.cal. Àtthough srnall amounts

of tri.oycfene tvere fonrefl :in these reactions, camphene wa.s trot present,

and. the formati.on of the ì-ntter hydrocarbon therefore appears to be

characteristic of a carbouium ion preoursorr

Bornane (ff 5) coulcl ¡ot be ctetected in the products of the oxi-

d.ative deoarborylation of 2-g and 2-gþ-carboxybornâno, arlci the

free 2-bonryl racìica:t (t1¿+) is therefore nob j-nvolved i¡r these re¿r'otiong'

since the bonry.l- raclj.cal cioes irot rearrange at lorv temperatu '",196

the first intcnned-iate in the oxiclative decarbo4ylation is presumably

the classical 2-bornyl cati.on (67), forrned either directly by a hetero-

lytic decarborylation steir, or by a . honteb"¡ic ; decarbo4ylation step

ozH
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+

fi4) (67) (115)
0Ac

(116) (117)

followed. by a rapid. electrou tralsfer from the rarlical to the lead

(fff) intermediate. ]t is si6níficant tirat the fra.gmentation products

o( -terpinyl acetate (tt6) and. linonene (tt7) r¡¿iictr mi6ht be e>çeoted.

fron a rrhotrr 2-bornyl cation (g1. ttr. d.eami¡ration of borrSrlam5ne (p"25 )

wl¡ich gives r,ise to significant quantities of O( -terpineol), Ìvere

not present j-n the d.ecarbo4¡Iatíon product.

Dìtrj¡g tþe v.p.c. analysis of the oxid.atíve decarboxylation

produots on conventlonal packed. oolumns, some baseline instabílityt

indicative of d.eoomposltion of a component of the mixture, was ob-

servedo r,r¡¡1er the tlecarbo4ylation prod.ucts were e)camined by vopocr orl

a JgOl Ulcon oapilLary column, an adùttional ecetate peak, not obsen¡eô

on the 15Ol Apiezon cs,pil1ary column, vras recolde¿Lo Tr¡ís ad.&itioitel

peal< was found. to be due to the acetate of oamphene l¡ytlrate (92, n =

COCH,) o .trlthough this acetate underwent d'ecomposition to comphene
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on the 15or .¡\piezon column, it was eluted. as a sharp peak on the u1¡on

colu¡nno T¡e compositlons of the deoarborylation proclucts of the endo

acid-, and. of a 57¿43 gg3.gþ. acicl mjxtrrre determj¡recl r-¡¡¡d-er conditions

where gre acetate of carnphene hydrate rvas stable, àre listed- in Tab1e18.

1Ã

57

l+

5

11

9

2

5

5

z/S

5t

5

6

13

9

2

6

6

Trlcyclene

Camphene

t ran s-B -lf et l¡YI c amPh ene

Bornyl acetate

Isoborr¡yl acetate

.{tsetate of oarnPhene trydrate

Acetate A

.Aaetate B

A"etate C

57zt+3 g:@
mixture.endo

Table 18. Composition of oriclative decarbo:qylation produots'

(^or:arysed on a SoOr Ukon capi-Ilary colurnn, t4Oo)"

The composition of the acetate fractiotrs of various decerborTlation

products is shown in lable 19.

It can be seen that the rel-atÍve amounts of bornyl and- isobornyl

acetate, ancl of the acetate of camphe:re hyd-rate, are similar in the

products from both the g and the enrLo acid. In particular, the

ratÍo of g:@ secondar¡' substitution procluct, isobornyl ; borr¡yJ-

acetate, is always ca" 68232. Both acids therefore appear to give
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rise to the game product-d.eterminíng inte¡med,iate cluríng the oridative

clecarborq¡latíon. T¡e borr¡yl acetate may be considered. to be d'eriveè

67 zJ5

68ú2

68¡32

68232

J9

4t

35

35

l+1

40

àJ+

Ur

N

19

2l

21

exo: end.oAcetate of
camphene hydrate

Isoborrryl
aoetate

Borny1
acetate

Acfcl

Table 19, Camposition of the acetate fractions of the oxid.ative

decarbo:rylation produots (lOOt llkon capillary coLumn, 1&Oo)"

from the classical bornyl catÍon - Aco- (or m(O¿o),-) fott pair by

adtl.ition of nucleophile, or transfer of 1i6and-¡ to the less hind.ered

S"JcLq eítle of the oation. If tt¡,ts ion pair woro the only fnteuned.iate

giving rlse to seconôary substltutJ"on produot, the arnount of bornyl

acetate shoul¿L exceed the amount of lsobor:ryJ, aoetate formed for-ir-storlo

rèa3oäs. lhe obser+ed pred.omína¡t formation of ísobornyl acetate

suggests thet rearrangernent of the 2-bornyl cation to the bridged

isobornylcamphenelq¡dro cation (ZO) toy 
,compete 

wj.th nucleophilic capture

of the 2-bornyl cation" ¡\dd.ition of nucleophile to the seconda:¡r ceutre

of the brid.ged ion (70) rvoul<l then 6ive ríse to isobornyl acetate" I¡

support of this hypothesis is the obserr¡ed formatíon of tertia-ry exo

subgtitution prod.uct, the acetate of cam¡.rhene hydrate (92, n = C0CH3),

a¡rd. the compÌete absence of tertiary endo substitutÍon protluct, methyl-



camphenilyl acetat. (9tr lì = COCHI).

The reaction of p -(zrZ, J-trimethylcyolopent-J-enyl-)propi-onic

acid (1Ø) rvith lea.d. tetraacetate in be:zene-grricline ïras also ocam:i:red.o

Ring olosure to the bicyclo[2 "zíf heptyJ. syste4 is here theoreiicalþ

69.

(tte¡

ozH
n

oleu(On), +

(ror ) (zt ¡

possible by a concerbed. displaoement of the carboxyl group, as ín

(tt8¡ or by cyolise.tion c,f tire monocycJ.ic cation (Zt)" Treatment of

the acid. (tOt) rvith 1o2 e cluivalents of lead tetraacetate in refl-tr.xíng

benzene-p¡rid:ine gave a ¡rnaLl yie1d. of l-orv boiling procluct v¡trich con-

tained. tricycleire, camphc,nerB-methylcarnphene a¡rd. bícyclic acetates.

S5-gnificantlÍr *-ceunpholcnyl acetat" (79, R = COCIII) na" not present

in ttre prod-uct, ancl'uhe monocjrolic cation (Zf) i" therefor^e un-likel-y

to be an intermed-Ìateo Ssveral uirid.entified. high boiling neutral- pro-

d.ucts vrcre also formcd-, ancl cao JÇ5 of acid.io material lva.s recovereilo

The latter appeared- to concist na;ln1y of st¿¡rting acfd. ltOf ), but some

aceto>ylated. mateiial appeared. aLgo to be presento The tr-i6h proportion

of by-products formecl d.urin6 the oxid.ative d.eoarborylatíon of (tOt) was

probably the resrrlt of tlie J.ol r,eootivity of primary carbotryl group

towarrùs lead- tetrn"""tot"o9lF It may be possible to increase the yieId.
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of d.ecarbo>rylation product 'oy the

which j¡rcreages the efficiency of

carbor::ium ions in the Pro¡:agation

(p"6+), but time ùid- not permit a

worko

addition of coPper (iI) acetate,

orid.ation of a}þ1 radicais tc'

step of l{ochir s reaction schene

stud.y of this poini in -,"lie present

4o Rr=action o;i' c¿'"m ]rhen e lrlth lead tetraace'cú;e.

The acetates À, B ¿r¡rtÌ C, arrd- the hydrocarbon B-methyJ-camphane

(lZl) fo¡med cl.uring the o,çidative d.ecarboxylation of 2-axo and 2-g5þ-

carbo)Srbornane (taltes t7 and 18) were also fourd- to be formed' b¡r the

aet¿gn sf, }ea¡i tet¡'aasct&te on oamph€n@ 1n l¡cnøenoe 8-l'fetlfylo€ri''ih€ne

was isolated. by carefuL chromatography of the oxid.ative d.eoarbo:;Laiion

7

H2cH3 5

OH -CH 3
H3

(r ztu)

6

8.H

(rrg) (t zo) (t et a)

procluct of (1;-2-g*gg-"arboxybornane on silver nitrate impregnated'

silica gel. Its h.m.r. spectrum clearly supports the assi6ned.

stnrcture ('f alfe 2Oa). 3-llethylcamphene, id.entica"ì vath the product

obtuined. Í'rom ,r,ìre oxj-ôative d.ecarbo>q¡1ation, was also formed by the

action of -i-erxi tetraace'cate on carnphene in be¡rzene, but rvas not Í'ort:ted

by the actio¡r of lead- tetraacetate on camphene in acetic a.cid'j



g-d.imethyl

48"
-CH'

- ancl. saturated.

6

)
10

1

1

singl.et

complex

tloublet, J=J

broad singJ'et

quarbet, J=J

9.o5

8.go-8"1 o

B.4J

7.1o

5.10

Assignment.hoton oountIluJ.tiplicityI

71.

Table 20a. N.nlof¡ opectnrm of B-mett¡rlcanphene.

* BnitLgehead proton at Cn of oa.mphene absorbs at f 7ð3.

Treatmer¡t of carnphenilone (ttg) with etl¡yJ-magnesium bnomid.e

wrexpeote&Ly gave tt¡e reducti-on prod.uct camphenllol. A small quantity

of the ad.d-itlon proðuct (t ZO¡ uas however obtained. pure, and. d.el¡yd.ration

of this alcohol nrlth phosphorus olqychloride in pynd-ine gave B-methyl-

camphene iclentlcal with the samples obtained. fron the lead tetraacetate

reactlons.

In an alternative oynthesis of B-metirylcamphene, ca.npheni]one

üäg tfêäted vdth ethylldenetrlpherrylphosphorane. The hydrocarbon frac-

tion of this reaction product consisted. of two components in the ratio

of 77223, anÅ. the v.p.c" retentj.on time of the minor component was

I

ídentical with that of 8-methylcamphene obtained. from the lead tetra-
I

acetate areiL phosphonrs oxych-Iorid.e reactionso I This component was

therefore assignetL stn¡cture (lZl") ín which

to the ring carbon bearing the g-Aitnethyl

the !g isoner (tZta) rvould. be erçected 1n

gOupr
I

ihe pho

I

methyl group 5.s

The fo¡:rnation of

ophonro orychl.oride-
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p¡miùine reaotion since the methyl grdr:p would. be ercpected. to be remote

fro¡n the g-&lmethyl group in the tr¿nsition state for the dehydration

step. Îhe major procluct of the 'lhttig reaotion was thorefore appar.ently

th" giå ióomer (lZlU), although the trans isomer rcuId. also be erçected

on eterlo ground.s. Tfre Eggå:c-is olefin ratio in Tlittig reactiors

howover eppes,rô to clepend on other faotors 6uch o,s temperature, solvent,

and. the nature of the base used- in prepari:rg the a1þlidenfinospfro"*.f8

ard one of these factors may be responsible for the obsel:ved preclom-

ínant iormation of (1 21b) in the present reaction.

The formation of B-methylcamphene from camphene and. lead. tetra-

acetate Ín benzene apparently involves free met}¡y1 rad-iceJ-s, eince

nuclear nebhyJ.atlon of aromatic compouncls with lead tetraacetate are
oo

knowr¡o" A free raÂica-l- adclition of the el-ements of roetlryI acetate to

the d.oubLe bor¡d. of campheue, analogous to that obserrred. lvhen styrene

is treated. with ]-ead. tetraacetate Ín benzenrrl@ foIlowed. by elimination

of acetic acid., vror¡Id. give B-methylcamphene. Canphene appears to be

susceptible to srbstitution in the 8- position, and- other groupÊ ú¡ich

have introduced. into that position inolud-e bnororlol rria"or102

acetyl, 1 oJ and trichloro*"thyl-.10L

The urid.entified. acetates A, B and C formetl during the oxíd.ative

tlecarbo:qylations (naUtes 17 and 18) were al.so formed. by the action of

lead tetraacetate on carnphene in benzene (fatte 2Ob). Î1re reaotion of

camphene with l-ead. tetraacetate in acetic aoid. has been stu&ied. by

several workersr1o5t106 md- the major prod.uot of tJ:is reactiorr appears

to be the ring-expand-ed. enol-acetate (lZZ), this compound. is therefore
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56

l+

I

1

2

5

[(aoetate i,)

5(acetate B)

6(acetate C)

Retention timeComponent Solvent
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Table 2ob. composition of the produots fron the reaction of lead.

tettaacetate with carnphene in acetio acÍd, a¡ld in benzene (t5ot

Apiezon oapllIar1¡ column, tJOo).

c

(tzz)

presuraably acetate A, but the structures of acetates B a¡rd. c are

t¡¡ilIoxovtno It may l¡e notecL tl¡at the compositions of the products ob-

tained- v¡ith acetio acicl. a¡¡d. benzene as sol"vents tliffer consid.erably

(raute zob). Becar¡Ee of the comprex nature of these mixbures, they

were not f\¡rther investigated. in the present uorko
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III. Þco and. er@o lactones of þ- (e-hy¿roxy-J, J -d.ime t þ1- 2-n orb ornyl )

propion-lc acid- o

Duríng an attempt to effect the 
,oriòative 

d.ecarborcylation of (j)-

2-enclo-ca¡borqybornane with lead. tetráacetate in acetic aoíd. - sodíum

aoetate, the fomatfon (in a low yield) of a produot c,, 2Ír1go2t 
mopn

1O1+o t was observed.o The infrared. speotnrn of this compor.urd. showecl

the preeence of a f,-tactone (nn cr-1) and. a gg-ðtmeil¡rl group

(lßø and' 1366 "t-1), while its n.m.ro spectrurn revea-led. the presence

of two tertia:¡r nethyl groups (overlapping singlets at Tg.o2). î¡e
absence of signals at l_ower fiel"d. than 1t¡o c/s showed. ilrat the ether

oxygen of the lactone group must be attaci:ed to a carbon d.evoid. of

þclrogen atoms. l\s carnphme has bee¡¡ sholvn to be the major procluct

from the action of lead tetraacetate on 2-end.o-carbo4¡bornane i-n benzene,

the above pnod,uct (Later shovnr to be a mj-xture of epimens) was consi-

d.ered. to have arisen from the add,ition of a.ci,i.rcoo. moi¡ity (with no

nechanistic implications) to the d.ouble bond. of campheneo such a

tgpothesis seerned reasonable as Criegeell0 h"" obse¡wed. the formation

of the l-lacton" (lZl) by the a.d.d.ition of a .CHrC@o moiety to the

2o
g2

H

C¡H

(123)

H
2

H
7

{124)

H 2

n2s)
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cïzcq zco2H

(126)

clouble bond. of oct-4-ene by the action of lead tetra¿oetate"

In a stud.y of the action of lead. tetraacetate on camphene in

acetic acid., Hllckel- and. Harbmrr''rr1O5a íso1ated a b¡product C.. {IAOZ,
m.p. 1O1o, to which they were u¡rable to assign a stnrcture" Repeti-

tion of their rvork revealed. that their prod.uct was ídentical ,,vith that

obtained. frrcn 2-gþ-c arbo:'yborÍrên€ ¡

1Ïorking on the kSpothesis that the ,GH,COO. moiety lvouJ.d. be add.ed.

to the double bond. of oamphene from the less hind.ered exo sid.er7r111

the r¡nlo¡omr l-actone was considered to be p-(Z-g-f¡¡arory-3r3-dÍmethyl-

2;norborr¡yI)propionic acÍcl lactone (lU) rather than the epimerj-c eng.o

lactone (lzÐo Stnrcture (125) wae recentþ assi.gned. by 3¡ati112 to

the lactorr€¡ utopo 1O3-10þo, obtained from tricycloekasantalio aci¿ (fZ6)

by the action of strong u,"idso11J The assignment was based oD an ur-

a,mbiguous synthesis of (lZù¡ flopo 1O34O4o, and a cornparison of the

ir¡frored. spectra, m.po ênd. mixed. m.po of the s¡mthetlc lactottu (t Z5)

a¡rd. the lactone from the acia (tZ6).

The formation of the lactone fro¡n trioyoloekasantal.íc acjd appearecl

to lnvolve certain interesting meohartistíc featureso In ord.er to cor"re-

Late this lactone with that from camphene, a new unarnbiguous q¡mthesis

of the end.o lactone (lZù was camied out, and some aspects of the
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fo:mation of the Lactono from tricycloelcasa¡t¿ilic aoirl were re-oca¡ojJred'"

the synthesis of the gþ lactone (lZù was achieved. by. the fol-Iow-

ing routeo Treatment of (t)-camphen:i1one (f f g) vrlttr allylnagnesium

ohlorid.e yielded the tertiary alcohof (t 27) wlr'ich was homogeneous as

IJ2CH zCH2oRoH
2

Ho R

(11s) (2n (128)

jud,gett by capillary vapour phase ohrornetograPht¡ and in rvhich the

hyd.rolryl g.oup must have the gþ configurotl-ono* tlyd.roboration-

oric[ation114 U"*rr the crysta-l¡¡re cfiol (128, R=Rt-H)r n.p. 68-90,

vhich was oxidise¿I ráth Jonesr reagent to gi-ve t,h" g¡þ lactone (tZ5)t

m.p. 102-1OJo" Alttrough capi].lary vrpoc, shoiled. that th-is lactone was

homogeneous, its ir:fraretl spectnrm showed cl-istÍnot d.:ifferences ín the

* .Llthougb the Grignard prod.uct was homogenous on two oapi-lla^ry

columns, the presence of some epimeric oco aloohoL wao possibJ-e,

since the tertia.rSr alcohol paj.r methylcarnpherrilol and camphene lSrdrate

could. also not be separated on these oolurnngo Conta¡nination by the

g¡g alcohol could. have been only sligh'b, since the add.ition of re-

agents to norbornan-2-ones unsubstitutecl in the 7-position is higbly

stereospecific, and occurs from the gg 
"id.o111
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rrfingerpriutrt region l,¡hen oompared with the spectra of the lactones

frrcm 2-gþ-carboxybornane and. camplrene. Dcaroination of these lac-

tones by v.p.c. revea-led. that they were in fact l+:1 mixtures of two

componentso In both coses, the rn'i¡or component had a retentÍon time

identical with that of the authentic endo lactone (tZ5).

The 1actone from tricycloekasantaLic acid. ?Ze) was generated.

with sulphr¡ric acid. (15 and Z5%), and. for:rnic acido In each case, the

lrpurel product was shOwn by v.p.c. to be a ni:rture cf the same lactones

as from 2-g3¡þ-carboxybornane ard canphene (t"Ute 21), with th" gþ

lactone (lZù again being the nrinor componølto \Ihen tricycloekasantalio

acirl was treated. ,flífln gB?L sulphurio acid' at -1Oo for 2! nins, the

resulting lactone mjxture contained a tirirrf "otporr.it Ge6o As the

ir¡frarett spectnm of tþis m:irture showed' carborqrl absorption of sirliIar

intensíty at 1780 ( f, -lactone) a¡rd 1 7t*5 "n'1 
( á -laotone), the thir<l

conponent is believed to be the 5 -lacton " 
(lZg). The latter struo-

ture, and. not the alternative enclo structure (t¡O) is a'ssi4red' to the

6-Lactone sinoe the carbo:iryI group r^oul-d- be expected' to attaclc the

Íntermediate carbonium íon (llù from the exo side. In support of

structure (lZg) was the fact that the n.m.rr spectfum of the rui:cture

wassinilartothatofthe].actonemirLurefromoamphene,exceptfor

a slrarp.srngret etT8,76 wh-ich Tvas assigneô to the tertiary met[¡l

group attacheô to the carbon bearing tf,}e ether cDcygen atom of tho

lactone group in (t Z9). The alternative strìrcture s (llZ) (rvtricit oan

be d.erived. forrna]-Ly from tric,ycloekasantallc acíd' by a wagner-ldeerwein

cha^nge in the tons (1 37) and (f ¡B) )r a¡rA (t¡J) wene ercc}¡d'ed' clue to

the abserce c4. signa^ls at lower fiel¿ tha¡¡ 1l+O c/s in the nolt¡rc
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68 32Recrystallised
Oì1C€¡ lllcpc

97-ggo

25/'i,I12SOLÞt

reflux, 10 min

Unsaturated. acicl

(tt+)

62 38

73 27

C¡ude, mope

9+-97o

Recrystalliged.
l¡ ti-mes, m.p.

1 01 -1 oJo

9B'/,L{CO|H,

neflux J0 nin
Tricycloekasantalj-c

aoitl

7+ 33 1t

69 31

S¡¡rd.e, m.po

B5-g50

Recrystallisetl
J times, IIIcFo

1 01 -1oJo

zfl/" ft2soq,

refl¡c 15 rllin
Trioycloekasantalio

acid.

47 '39 1\.

73 27

C¡ude, m.p.

75-looo
Recrystalliseti
twice, m.po

1OO-1O¿+o

1l; fizso4,

refh:x, l¡! min

Tricycloekasantalíc
acid.

3z 12 56

Rscrystaflised
once, fl.P.

65-750

9B;; H^so, ,
^¿ t+

-1O" Z5 ñn
Tricycloekasantalic

acid.

83 17

Reor¡'sta1li setL

tvice, ffiop.

tol-lo3o

m(oac)U ::r
AoOI{-NaOAo

Camplrcne

79 21

Recrystallisecl

tlrice, m.po

101 -1 oro

m(oac)U in

AcOl{-i{aOÂc

2-ggþ-Carbo:qy-

bornane

Composition (1í)

.exo, errd.o 6

ÞrrityRea.gentStarting naterig.l

Table 21. Gomposition of tlie lactone rn-ixtureso
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2

(132) (13 3)

spectrum of ttre mixtureo the Lactone (lzg) was aLso present in smaIl

amot¡nts (faUte Zt) ín the cnrd-e prod.ucto obtainecL frorn the action of

hot d.ilute sulphuri.c aoid. on tricycloekasa¡¡talio aciti, but was

rea.òi.ly removed d.uring subsequent recrXrstallisatíonso Tlrree or four

recrystallisations of the cnrcle prod.ucts gave rrpurerr oompounôs wl¡ich

were j¡r fact mirbures (cao 7ú) of the tv¡o /-lactones, the minor

component being still- the gg¡þ Lactone (lZ5).

Having established. that the major component of these l-actone

mixtures is not tl¡e encLo lactone (lZS), t'ne epimeric exo struql¡ps

(lU) can be assigned. to it on the basis of the 
"orr""rions sumna.ri-sed.
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in Scherne 12oú 'The lactone mixbur. (g. 7OúO) from tricycloelcasantalic

acid was reduoed with lithium aluminium hyd-riile to give a crystalline

äiof (f31¡ R;Rr=H), m.p. 1iT-1l4o, [c(]O+ 25o Significantly, this.

d.iol could- be oxidised" by Jonesr reagent to tJle exo lactone (tZ[) t.p.

119-12Oo, [Þ(]D + hO, vùrich wos homogeneous ss jucl6ed. by capill€Lr] voproo

1o 1"
2o

Iractone
nirture

Li.LÌH, 20+ clicl- =-)-_ 0y, R=Rr=II)f,"

Cr0-)

*7::f1 d,io1
2Brn=Rt=tt)

(tt+)
4"

HCH2C02H
3

Gr0

pure g taotone (lU)

1o (curco) ro/pyt+une¡ 2o nil1/wricl'ine;

Scheme 1 2"

pure er¡d-o lactone (lz5) 
"

3o IJf.[lH'; 4. cñ//H+/acetorp

ar¡d whose retentíon t1¡ne was iclentioal with that of the major component

í¡r ttre lactone mirrbure from tricyoloekasantalic aoid-, 2-91þ-carboxy-

bornane, and carnphene.

It is therefore clear that the lactone from tricycloekasantalic

acid is a mjxture of the .erco Lacton " 
(lU), [-(]O + 4O, ancl the enòo .

* The series of transformations of the lactone mixture described by

Bhattacharyya an¿ oo-1vorker"115 to give a very poor yield. of camphe¡rilone

(f tg) is rendered anbiguous since their inte¡med.iate diol was a go 1:1

nui¡cbr¡re of (tJ1, R=RI=H) and (128, R=Rr=tl) (baoeô on the reportetl

opttoal aotivity of theír d.1oJ.).
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lactone (lZÐ and that the latter must possess a negative specific '

rotation to a¿count for the low and contrad.iotory rotations reporbed.
'ín 

the l-iteratur eoîî2'115 The i¡rcorrect asslgnment of stereochemistrv

to the major component of the laotone mjxture by Bhati112 .* be e>c-

plained. by the fact that the melting poÍnt of the l-aotone ¡ui¡cbure is

not clepreEseô in adrnlxbure Tuith the tll-."d" laotone (lZùo Contra.r¡r

to B¡atits findings, however, the jnfraretl speotral differences between

tbe two are clistinct (rrig. )).
The r¡nsaturated aci¿ (tl[) ,fri"f, was obtaínecl by Bhati112 fro

both iris synthetic end.o lactone (lZù and the lactone from trioycloek-

asantalic acid, and. vtrich he claimed. was converted. back to the Lactone

(tZ5) by treatment with rLilute s,rlphuric acid, has been synthesised

in the present work (Scheme 12). S¡ccessive treatments of the d.iol

(tZO, R=R|=H) with acetic anhyrlrid.e in pyriùine, phosphorus orychlorÍd.e

J.n pyriùine, littrium aluninirrm hyrì.rid.e, a:rd. Jonesr reagent, ¡rleId.etl

(t¡+)o Its ïrolrcro spectnrm confirmed. the stnroture assigned (oee

Þrperirnentel). ln sulphurdo acid. (ZglÐ, this scld. lactonised. to gíve

a ffit12 mlxüure of g and. g¡þ laotones, (lW) an¿ (t li), respeotlveilyo

Since the mixtures of lactones were alnays formed' in the acid'

cata^lysecL reaotÍons ud.th trícycloekasantalic ecid and. the wrsaturated.

aor¿ (tlh)r eaoh of tho pure lactones (tz5) ana (t2h) were subjected.

to acitl. treatnent antl the results are summarised in Tab1e 22o In a]-1

cases, i-t was fow¡d. that the lactones und.erwer¡t equilibiation to give

nlxbures (co. 60¡40) of the lactcr¡es r,rith the exo laotone predominatingo
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Lactone

8J.

Reagent

15:i lI2S01, 1J min reflurc

25,J l12$o'r l¡! min refl-ruc

9rJ',i 
-iIc)ZII, 90 mirì refLt¡c

Coril.lo i':t-ion

, ,.;cc,

Q\.¡

',û .-i .

ir.

h0i)v

t !, ilrso r 45 mln reffur 1l+

Tabl,e Z?-o Composition oj:' tlie lactorie mi:çburep ffsn -;hç r'çåd' çat€;*/seeæ
eçíIåbration cf ì;he pure ?ëg and eryþ lactones, (lW) anci (125)r

respectiveJ-yo

For the fo::rnation of the lactone mi¡ch¡re from t.Ér:-' ':d<as ; ' .:

acid (1 Z6), two pathrvays can i¡e envisaged (Schene "))" ia'¿one,tj .

arìi, openi¡g of the cycloprcpÐne ring irr (.n,2("'¡ Ca¡.¡ . -,;-J either th -

te:-tia.4¡ carboitium ions (1 j5) or (ß6'lo 'Ihe ,: rtion¡ ,,13-7' ':-ii (1 'r '

can be derived. i;;i iit* rni¡,;r:ition of an endo methyl 3:f,oulr u (,''55),

and of an g rnirt,.iyl- groulr in (f ¡6), respec'¿ively" üyc1isr"'*rüi1' 1¡.

ti..n yield. the c.xo J-irctone,: (t2l+a) â^ì'-i i't,u'þ), or ti:cri" c,(.:?-1':s!lon,'

enöo COunterpartso I'c ntl ¡ '¡c nOted. that t5., ;lairs of ii';l:¡!:í) -Llreg

(lll) ¿rna (tlg), r:rcÌ (121¡-ai :r<1 (t2l¡.b) are non-superimi:csr,i;;.'- ¡nirr' ..

irn.l.gcso From tìre rotatitln stud'ies of 0,rrissott16 êì'G ':':i€ iJm-

theiic tvoric of C6rely' arld cr¡-1',ç"Lt""117 tfr. absolute col:i'iguratíon of

tric;¡cloekasantal-ic acicl i;; representeû Sy (t26) a:rd' ]rence '121P)Ú *-

(f 
"rb)ú 

represent the abso..u'ce configurations of the gp iac"i;.r.1es '-','.'l''.'¿i

ù 1ra.c1,one (t2lr¿,) is f orrnrrll¡r ¿er1ved ;'rom (+)-câflprr.;.-:,*one lürile

La,cuone (f Z+¡) is d-erivecl :'rorn (-)-camphertiloneo
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bV @ and. ,exo. methyl g.oup migration, respectively" Ilence, a con-,

figurationa^l correl-ation of ttre e¡co lactone (t2+) fron tricycloeka-

sa¡talíc acid with oampherriLone should' allow a d'istinction to be mad'e

between the two pathways outl'ined- in Ssheme 1J.

For the configurational strrdies, s¡mtheses of the optlca-Lly active

lactones (lU) an¿ (125) fuon optioal\y active canphenÍlone were

desired. (+)+anphenilone (86/, opticall.l pure) waa ccnverted. into

tire (+)-gglþ lactone (tZÐ¡ n.p¡ 111+-1150, [O(] D+ 32t by the sequence

alrea.dy outlined. for the synthesis of (I)-(1 Z5).* A.s the solvo\rsis

of methylcarnpheni\y1 triff-uoroacetate ln aqaeous acetone containing

calcium carbonate yielded. carnphene (ZgiÐ and. carnphene lSrdrat" (lA")

(p.!t), it was thought that a similar solvolysis of the optically

active d.itrifluoroacetate (lZA, R=RtaCOCFr) voul'd yield. optically

active oco tliol (ß1, R=RI=H) which could. then be oxiclised. to the

optically active e>co lactone. The product of the solvolysis, houever,

was the ursaturated alcohol (ú9, R=H).

H2CH(OH)CH¡

CHCH2CH2OR u2cH(oH)cH3
(13e)

H

(14 0) {'141)

* As well as the tlesired d.iol (lZg, R=R|=H), trvo other d.ioIs were iso-

Lated. from the lgrd.roboration prodlot of tfre (+)-tertiary s.lcohol- (lZ7)"

T¡ese have been assigned structures (f+O) ana (f[t) on the basis of

their nrmore spectrao The forrnation of (t+t) indlì-oates that the te¡-
tia:ry alcohol (lz7) was contaninatecL by sone exo alc'oholo
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At this stoge, attempts to synthesise optícal.ly active exo l-actono were

abandoned.¡ as the unsaturated. alcoho I (ll9) was roadil'y oxid'ised by

Jonesr reagent to the r¡nsaturated. acid (llù¡ ropo 1OO-1Oeo, [O(] D 
+ 95,

wtuich se::r¡eô as a very eatisfactory reference compor¡nd for the con-'

figuratÍona.l correlations.

By the seguenoe of steps already clesonibed for t]¡e preparation

of the unsaturatetl acid (f¡+) from the (Ð-""¿" aio3- (t28, A=R|=H),

the (+)-g ¿ioI (tJ1, R=Rr=lI) from the l-actone from tricycloelcasantalio

aoid was converted into (15¿F), m.p. 95-960, [d]o - 118' The caJ--

culatétl rotation of optically pure (t¡l) is + 119 from the observed'

value "t [c{] , + 9D ror (t3[) synthesised from (+)-camprrenj"lone of

}a¡l optíca] purity" T¡e sigr and, magnitude of the rotation of the

acid. (1J¿+) obtained from the g lactone therefore índ-icates that the

Latter is d.erivetl by the e¡cclusive migration of the exo mett¡y} gr"oup

in (t 36a) , the nonclassical- countefpart of the classical íon (116) 
"

this finùing is ín accord with the getreral observation tbat JrZ-

hydrogen or aIþ1 shifts in norborr¡yl or substituted. norborr¡rI cations

appear to occur only vùren the migrating group i" *.118t119 The

hietùy otereospecifíc nature of 3t2-shjfts hag been rationa-lieed in

te:ms of nonolassr-ca-l cationio intermeòiates in lürich attaok by nucleo-

ptr.ile (in ttlùs oase the nrigrating group) can only occur fnom the erco

d-ireotion

+
R

(136o) n42)

cH2cH2c02H R

(143 )
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. It is j¡rteiesting to note that the action of formfo aqid on

bicycloekasa¡talic acid (l+Z) tras been reported. to gi-ve the .sarne lac-

tone as d.oes tricycLoelcasantalic t"id.11Jb hotonation of (f lZ)

woul-d, field. the carbon:lu¡n ion (llù Ín which the metþI Sroup at the

mÍ-gration origin has the Þndo configuration, and. its rnígratÍon is

R
R

R 6.2-H

-t-

(13s)

w-M^-

R

+

(13 6)

Scheme 1å-.

-

tlrerefore prohibited.. Before urigration can occur, therefore, re-

arrangement to the ion (tJ6) ¡nust occur ej-ther via trícyloekasantalic

acid. (as in Ssherûe ß) or via the lÏagner-l'feervrein rearra¡genents and-

(rZ-fSf¿ricle shift: outlfnetl in Scheme 1l+" 0f these pattrways, the latter

seems more lllcely even thougþ the conversion of a teribiary+secondal¡r

carbonium ion is involved-, since the formation of trJ-cyclene d,eriva-

R

R
+
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rives from 2-norborrryl catiuns in acid media has beelr sho-u'¡r to bc

urilikely by labc..ling experirnentsol 
1B I 2a

r1r-1thou6Ìr nonclassj-c¿:l- stnrctures for oarboniun ions of-' the :"1:-

stitutecl 2-norbornyl series require that vicinaL Jr2-shÍfts occuÏ ü;'i:"

when the migrat:ing group.is grtl9 fnu formation of the e;rdo lac';"'':i'

(lZù frorn tric¡,cloelcasaniaJ-ic acid. ancl from the acirL oaialyseô qu:;l-::-'

bration of the pure gl l-¿rotone (la) involvee ad-ditíon of the carbo>lyl

Sroup to the -g!g sirle of tÌre intermed,iate carboníurn iono C]earl)' tì:e

þrid.ged íon (1!rJ,) g¿u'tot l¡e 'bhe i.ntermeðiate aäd- fecou1.se must be

macle to the classicaf terl;:'ia,r¡r ion (f æ¡o T¡e acid' oata^l-ysecl equ:ìL''-

bration of 2-nor'oorqyl de¡'ivatives has received scaJlt eitention i::

the l-iterature, although r str.rt$r of the equilibration of ure 2-nor"í¡on¡rl

acetates was recently repc't*d.'121 The formatj'on of end-o sübstituted'

norborrSrl d.erivatives ruldt:r these oonðitions presumably ínvolveg ',cire

cla.ssica,l rrorboriry} catioil-, Í'or lvhich tlre enerry barrier for captt't.re

by nucleophi-te is liJcely t,o bc less than that Í'o:: capture of the more

stable nonclassi"*1 io".1211 In the case of the J-actones' tjre ca' 60:l¡0

sIg:gþcompositioi:o.bserveclispresumablyti.¡atoftheecluilibrium
ÍLii(tüfe¡
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@4.
Melting points were determinecL on a Reichert micro-hot stage,

ard. in sealecl capillaries i¡r a stirred. parafFin bath for substa.nces'

which sublimecl, end are uncorzectetL.

Infrared spectra were cleternined. wÍth Perkin-Elner 137 and Ú7

spectrophotometerg.

Nuclear magnetio resonance speotra were reconfed. by Dro T.Lf.

Spotswood. and. Mr. Ir. Paltrid.ge vfith a Varian D.P.6O spectroroeter

operatecl at 6O Mc/s, uering tetrametþrlsiIa¡e as lnternal star¡d.ard-, alld'

CC1, or CDCI,,, as solvent.+)
lvlicroanalyses wêre carried out by the Australiarr I',tioroanalytícal

Senrice, Melbourne.

Vapour phase ohromatography was carried. out with trvo instruments.

For the early rvork a Gríffin and George lvlk.Il apparatus (referred to

ae instrurnent 1 throughout this section) fitted. with a thermal con-

'd.uctivity detector was use¿l. The carrier gas vlas nitrogen, and. the

flow rate was 1 "O Lh)r. lvfost analyses lvere carriecl out rv:ith a Perlcin-

Elmer BOO gas chromatograph equippecl with a flame ionisation ôetector

and. aocessories to a-llow the fitting of Golay (capilì-a:ry) columnso T¡e

carrier gae (nitrogen) florv rate was 40 my'nin for the conventional

colunns, axtd, |rn/ruín for the capÍI1ary columns. For quantj-tative

artalyses, peaks $rere approximatecl to tpiangles, and. the .areas were

d.eter¡tinecl. from (peak height) x (peak ùUtf, at f neak height). The

normalisecl peak areas Tvere multiptied. by d.etector resPonse faotors,

which were determlnecl by nrnning stsnd.ar'd" mixtures of phe components
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und-er the cordi tíons of the analvsis. These sta.ntlard' ¡rixtures were

made up gravimetråcally, ancl hence the conpositions reporbed' are no¡L

malÍsed weight peroentages. Each prod.uot analysis was the average of

j determinations, w6ich were generalS.y in agreement to !1/o. Qua-líta-

tive itlentlfioation6 were made by oomparJ-ng the retentlon tímes of the

oonponents v{ith those'of the agthentic Eamples, a¡fl by peak err}ranoe-

ment. It was generally necessary to use copillary colr¡mns to separate

a g:iven gxo-endo, isomer Pair.

acetio acid was A.R. gtade which had been dried. by d.istillation

from triacetyl- borate.64

.LL1 organic soLve¡rt erctracts were d-riecl over anlSrdrous magnesiurn

sulphate.

t Ùrl.
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I. ',Vorl< descrlbed. in Parb I.

(1)-lso¡orneol rro po 211-2120 (sealed. capilJ.ary, 1it.72 t.p. z12o) was

prepared. by the hydrolysis of commerciaf (ff,tt a) isobornyl acetate,

wb-ich had been shown to be free of bornyl acetate by capilI€ry vapour

phaoe ohromatography.

(-)-t.oborneol.

(") Red.uction of (+)-camphor T'rith litttium al.umíniurn tSnlrid'e in

ether65 yield.ecL a 90 : 10 isoL¡orneol : borneol mixtr.rre, n.p. 21O-212o

(sealed capillar¡r)r[o(] lo-rS.O (c 2.47, etha.nol").

(t) Â suspension of lithium alum:inium hydrlcle (B.O g, O.21 mole)

in antoydrous tetraÌgrd.rof\rron (f OO *f¡ ivas oooleô 1n an icebath antl d-ry

@!-buta^r¡ot (50.O g, 0.68 mole) in te'Eralryclrofura¡r (æ .f¡ was added.

over e periocl of 20 nin. The resulting solution of lithium tri-@[-

butorry-a-lurninohytlrid.e66 *u" stirred. at room temperature for 10 mín, a¡d.

was then cooled, and' a solution of (+)-camphor (24'o 9.,0'16 mole) in

tetrahyd.rofl¡rar¡ (¡O *f) was add.ed. over a 1'reriocl of 15 m:in. The mixture

was stirred. at room temperature overnight, after r¡ûrich srfficient water

was arld.e¿l to decompose the excess of hydrid.e anct the meta-l complex.

Î¡e tetrahyrlrofuran was removed. by decantation, and- the inor6anic

resídue was v¡e1I washed. r¡¡ith ether. The combined tetrahydrofuran-

ether solution was washed with water a¡rtl d,ried.. The solvent was re-

moved. through a short fractionating colum¡r and. the resid.ue was recrys-

tallised. from light petroleum to yi.ld 17.O g (lyÐ of coLourlegs

crystals, m.p. 211-2120 (sealetl capillary)r[ot] 3O-t^.0 (c 2oQOt ethanoJ-)'

this rotation corresponded. to tþat of a 9624 ieoborneol ¡ bo¡neol
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mi¡ç¿ure, using va-lues of -J4.0 and +J7.O for the specific rotations

of Bl¡re isoborneol and. bor¡eol respectively.b/ Isoboroyl- acetate was

preparecl fron thie product by the usual acetic a¡rr¡y¿ri¿e-pynitline

nethotl.

(+)-B^rneo1.Æ
(+)+anphor rvae reduced 'rith sodiitrm in ethanol as ðescribe¿ by

1gal-lach.68 The resuLtiag produot, after reczystallisation fron light

petrol.eum¡ showed [o<.]O*Zf (ethanol) a¡rð was thus a 78222 borneol':

isoborneol nixture. thls prorluct was purift:1 Ot a procedure síÍÉ1ar
6T

to that described. by Ptckard aïd. Lltt1eburXr."r The rnixture (lO e) and

fused zinc chlorid.e (5O g) w"r" refluxed. in benzen" (tOO mt) for 2 yLn.

T¡e oooled. solution was pourecl into water, end' t'he benzene layer was

separateù. The agueous layer was g)ctracted- with ether ar¡d' the combined'

orgarulc layers were washed. ¡rith water ancl clrieå. The solvent '!vas re-

moved througþ a fractionating colutnn, and. the residue was d-iluted' with

light petroleum ancl cooled. The precí-oitatecl prodrrct was collected',

washedv¡itlrasma].lvolurneoflightpetroleunandt,trenreorystallised.

from that solvent to yielcl pure borneol (tO g), m.p. 2OB-2Ogo (sea-lecl

capillary), [o¿ )f;6*lt.o (c 2.9o, ethar¡or) çrrt"67[o<]p+32'o;' Borutl

acetate, prepared. from this product by the usuel aoetio a¡¡Ïtrdrid'e-

p¡æid.ine method., was vapour chromatographioalþ homogeneous (t5Ot

Apiezon oapíIlarY colurnn) .
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e

69
The following procedure was base¿L on that of Asl¡a¡r. A soLution

or (l¡-campheno (zf e) 1n d.ry ether (eoo rnf) was saturated with dry

HCl belorv Ooo The ether was removed. in vacuo and. the res¿clue was

stirz.etl with calcium oarbonate (50 g) in a r¡ixture of acetone (+OO mf)

a¡od weter (f OO mf¡ at room temperature for 2 hr a¡rd on a vrater bath

under reflr¡c for a fì¡rbher 6 hr. tvfost of the aoetone waa removed by

ðistillation and. the cooled. residue was extracted. with I'ight petro3.eum'

The orgar¡ic exbract was washed with vratæ, tlried. a¡¡d concentreted. in

volume to ca. 5O nI. The solution was cool-ed in a dry ioe - ethanol

¡nixture and the color:r1ess crystals vhich soparated were quiolcly

oollected (11.5 S, m.P. 14O-ll*2"). Recrystallisation from a smal1

volume of 1lgþt petroleum eave (3¡-camphøre trydrate (lZ.o g), m.p.

i 5o-15eo (se¿ed capillary) 1rit.69 m.p. 1 5o-t 5t 
o) 

.

.A.cetvlation of (1) -c"mntrene hvd.rate.

A coId. solution of camphene hyd.rate (o.50 g) in dimettrylaniljne

(ZO ¿) was treated rlroprvise with acetyl chloride (l tof¡o the rnixture

was kept at room temperature for t hr ard. was then wemed. on a water

bath for 2 !1r. She cooled. mixture was poured- j¡¡to water a.nd. workecL up

by ether extraction. Distillation of the prcduct affo¡d&. O.52 I

@q.) of the tertiar¡r ecetate b.p. 5Oo (UeUr)/o. J mm, infrarect

marcima 17¡,5 end lzb¡ c¡{o 3or analysis a sa.mpl,e wag réùistilleð.

(founctr cr73.7; Hr 10.2. Clr1zoozreguireo A, 73.4i H, 1o"3/i).

Deoomposition oocurred on atteuiptetl' analysis by v.poo"
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(t ) -nf ethytc am phe¡i-i1 o1 .

lhis was prepared. by the adtlition of metlrylmagneoium iod.icLe to

(l)-camph"oitorr"70'71 and. was prrrified by low temperature recrys-

tallisation from light petroleum. It ha.d m.p. 118-1t9o (tit.7t 
^.n.

118-1190) and vùas vapour cf,ràmato6raphical\r homogeneous (Jt Apiuzon

ar¡d JOO| Ilkon capiLlar:y columns)

(11 -¡¡ethvlcampher¡1lvl ac etgte.

MetLgrlcarnphentlol was acetylatecl by a procedr¡re sim.Llar to tleat

tlesoribe¿L for camphene hytlrateo lhe acetate, obtained. ¡n 75/" yielè

hêd b.p. 5Oo (Uatir)r/O.4 mn, anil was vapour chromatographically homo-

ge!ìeous (rt ¿pieron and 15Or Apiezon catr:iIlary oolumns).

(Fourd: C, 73.1; ll¡ 1O.O. ct zlrzooz 
requires C, 73.4i Ht loâr[)"

(11-C"^pt"r,", prepared. by the dehydration of (I)-isoborneoL with zinc

7zchloritle i,n beuzene, and. tricvclene. prepared. by the oxid.ation of

caraphor hyd.razone with mercuric oxid.e rl5 n* plrysical constants in

agreoment with the Literature values.

Attempted. preparations of isoborrtvl su@,.
(") ¡-Toluenesulphorgrl chl-oride (2.1 g, 0.012 mole) was ad.ded. to

a oold solution or (1)-isoborneol- (t.54 g, o.o1 nole) in anhydrous

pyridine (ZO tf), md the ¡lixture wa.s kept at Oo for 2 weelcs. The

nixture was poured. ínto water, erctracted. wlth ether antl the ether was

wed¡ecl wÍtt¡ tliLute h¡rrlrochloric acid ar¡d. water. Removal of the ether

fron the dried ectract left a seml-solld resiclue (t.O S) wtrich showed.
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Ínfrared. ma:cima. (cHcrr) et 36t+o and, 3t+5o (o-u) , 1650 (c=c) , 1065, 1ooo,

and. 8Bl (co-cur) ot-1, and vtrich appeared to be a nti¡cture of ísobo¡neol

and. camphene.

(b) lvlethaneeulphonyl chloricl.e (0.¿*O e) Ìras added. to a coLd.

sol-ution of (1)-isoborreeol (0.5O g) :tn d-ry p¡rridÍne (5 m.ì.) and tJle

urj:ctr¡re was allowecl to stand. at Oo for 5 d.ays. 'lilork-up by ether ex-

traction yie]-d.ed. a seni-solid. prod.uct (Oð1 g), tfre infrared spectnrm

of which was id.entioal roth that of camphene. Und.er icl.entical oond.i-

tions, borneol (o.50 g) yiera"d. a orystalli¡¡e metha¡resulphonate (0.55 e)

vi'¡ich after one reorysta-l1-isation from 1íght petroleum had. m.p. 92-940.

The infrared. spectnrm (nujol) lacked 0-H absorption and. showed, strong

bar¡d.s at 1335t 117ot 965 arrd,895 cn-1. lhls materj-al neb no.t f\rrther

characterised..

(") A co1d. solution or (-)-ísoborneol (containin1 l+il of (+)-

borneol) (1.5o g) in dry pyridine (t0 ro1) was treated with ¡-nitro-
benzenesuì,plronyl chloride (ZJO e), and. the nrixture was kept at room

temperature for 10 clayo" The mixture was porlred. j¡¡to water and lrorked.

up by ether e>ctraction to yieltl a¡¡ oil (l.Z g), vrh.Ích showed infrared.

ma:cima (r:.rm) ar i5cn (o+r) 1650 (c=c), 1535 (nor) and 885 (c=cur) cE-1.

This oil was d.iLutecl uith petroleum ether (fO tf¡ and. the precipÍtatecl

solid. was collected, (0,075 ù. This had. m.po 94-960 (d.ec.), and. its

i,nflarecl. spectnrn was identica-l- with tliat of authentic bornyl ¡-
nitrobenzenesulphonate. T¡e petroleum ether solubLe portion of the

procluct was ch]rcmatographed on active aluruina (60 g). Elution rry'ith

petroleum ether yiel-d.ed. carnphene (O.53 g), ttre infrared. spectrum of

which was id.entical with that of an authentic sample. After d.istill-ation
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the carnphene shòwe¿ [c(] 3'* a1o (c 0.146, benzene). Elution $rlt}. 5gß

ether-petroLeum ether gave colourless orystal-s of isobor¡eot (O.295 S)

wh.ich after sublimatj-on showed mopo 21O-212o (sea.led- capillary),

[.a l f,7 
+ n.o (c 1 .oJ, ethanol).

(¿) Tþe proced.ure was that employed for benzyl tosylates by Kochi

a¡¡d llammorrd..74 (t)-fsoborneol (2.O g, O.Olt mole) and sod.ium hyti.rid-e

(O.BO g, 0.O16 mole) (as " !Q,i susporsion in oil) were refLuxed in

antrydrous ether (¡O *f) wittr stirrilg for 7 hr (nitrogen atmosphere) "

T¡e suspension was cooled. to -1Oo ard- a solution of g-toluenesulPhonyt

chlorid.e (2"9 e,0.015 mole) in ether was add.ed. The mixture was

stirred. at Oo for 18 hr, ancl then the Ínsolubfe material was collected

by flltration. This still contained sodium h¡tride since Ít reacted.

vigorously on being ad.d.ed. to water. T11e clear filtrate was eva,porated'

to dryness ål-ES to give a colourless so1id. resj-due (5.1 g), utrÉck¡

showed ir¡frared. maxima (nr¡"jol) at JI¡,JO, 1585, 1183, 1175t 1070, ar¡d

-48J5 cm-'o T¡ese band.s were a combi¡ration of tl¡ose present in the speotra

of g-toluenesulphonyl chLoride and. isoborneol, and it was conclud.ed that

the prod.uct was a mjxture of starting materÍals. Similar results were

obtaineti when isoborneol was refluxed r'¡ith sodium Lryd'ride for 2O hrt

ar¡d stiming was carried out at room ternperature for 60 hr after tl¡e

ad.d.ftion of the tosyl chloride.

(3\-cn nph"r,".

À solution of (-)-isoborneol (contai¡ing 1 O¡l oî (+)-borneof)

(f 5.+ e) and. g-toluenesulphonyl chloride (21.0 e) in d.ry pyrid'J:re

(fOO o,f¡ lvas ireated. on a boilj:rg water bath for 6 hr \fith exclusion
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of moisture. Tlre coolefl solution was pouretl into water and extracted

with egcer. The ether octract was washed. 'ruith dilute ¡ydrochloric acid'

and water and was clried. T¡e ether was renoved. by d.istillation through

a short fraotionating column and. the residue was chromatographed- on 
\

active neutraJ. alumina (fOO g¡ in light petroleum. The first 1OO ml

fractíon wþích was eluted was concentrated- and' d'istíffecl to yield'

camphene (8.5 g, 6ii/,), b.p. 1 58-1600, m.p. I+9-5oor[c>(] 
2rO+ lt5, (c 2.3O,

benzene).

(+) -Uornyf g-nitrobenzenesulphonate.

Tlris was.prepareô from borneol havjne [t(] f t7 by the conver¡tional

pyrid.ine method. The sulphonate crystalLised from light petroleum as

colonrless need.lesr il.p. g+-95o (d.ec", variabS.e vfith rate of heati¡g),

t"a]i% t¿r.9 (o 1.5Br chloroform).

(rånnar c, 56.9t Hr 6.1i N¡ l+.o5. cl6lletNo5s requires cr 56'6i H' 6'2;

N, ¿+.1/o) '

(+)-sorrryl gtol uaresulphonate prepared by the pyridine method had

m.p. 68-690 (fit"75 r.p. 610),["(l;t+ 2o.O (c 2"O, chloroform).

Boflrvl chloride, m.p. 1io-ßf (lit.76 t.p. llo-lJlo) lvâs prepared' by

the add,ition of d.ry hyclrogen chlori¿e to ç/.-pínene in chloro fo*'76

IsoÞo¡rqyl=qhf_or+E mop. 1 6O-t6Zo (tit.1Jb t.p" 161'5o) was prepared' by

the add.ition of Ï¡yclrogen ckùorid-e to camphene in ethyl broraid'e, md



98.

13bheatíng the resriltiag solu'r,ion und.er refl-r¡x for 6 d.ays.

(+): o( -Canpholenic acid..

(") This acid, prep,?red. by ttre allcaline f\reion of (+)-camphor-

1O-sulphonic acÍd.r4 *" obtained. as a colourless oiI, b.p. 156-15}o/ZOrnrn

çrit.4b b.p. 1L7-1tå"/16)r ',r o(o+1o.2 (¡:ure ticluid.) ltit,&bdo*

10.66). The mettryl ester, preparecl by treating the acid. wittr an

excess of ethereal d:iazonethane, l{as vapour chromatograp}r-ica-ì-1y homo-

geneous, (instrument 1 r6r sgualene-Cel.ite end. 6rd.inonyl phthalate-

Ce1Íte columns)"

(¡) (+)-canphor oxime m.p. 118-119o qtit"77 
^.p. ltSo)rlo]lo-u1

(c 2.O0, ethanol) was converted. to o( -campholenonitrile b.p. lO3-lO6o/

14 mm in BT¡( ¡nieltl. by the method of Ti.ronn.45 V.p.c. analysis (J,

Apiezon colunn) revealed the presence of 2}¡d of impurity, eLuted. ahead

of the main peak. Älk'aline hydrolysj-s of the nitnlle yielded. o(-

campholenic acid, b.p. 1+9-lroo/15 mm, dD* B.Boo (pure liquid)
À,1+b(tit. dO* B.O), jnfrared. spectrtrm iclenticaJ- v¡ith that of the acid.

from (+)-ca,nphor-1O-sulphonic acid. V.p.c. analysis of the rnethyl

ester (instrurnent 1¡ 6t squalene-Ce1ite column) j¡¡d:icated. the presence

of 2U)i of the methyl ester of p -carnptrolenic acid.ä

Dehyd-ration of comphor oxime with pyricline-p-toluenesulphonyl chl-orid.e.

A solution of (+)-camphor oxi¡ne (t-Z f, O.25 mole) in p¡'ri&ine

@. 200 m}) was cool-ed. and. ¡-toluenesulphonyl chJ.oride (50 g, 0.26

* 4¡1 authentio sample of p -campholenic acid., prepared by tlie rnethott

of Tiernanrrr46 was kind"ly supp1:ied. by Dr. G.E. Grea¡n" ,
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mole) was added.'in small portions. Tlie mixture lvas kept at Oo for

20 Irî, end was then poured. into water a¡d tiroroughly extracted TÍith

ether, The ether e>ctract was washed with clilute .hyd.rochloric acicl, 
.

water a¡rd was d.ried.. The residue obtained. on removal of the ether was

distiLled to yield. Zg e QTiù of colowless oil, b.p. 1Ol¡-lO60/14 rwn,

Vrprcr anaþsis (tet gUS oolumn, tæo) revealed. the presence of O(-

campholenonitrile (SS¡,") and a second- component (+SiA¡ apparentþ the

isomeríc nitrile (74, X=C¡¡)" The infrared spectnrm of this product was

id.entical wittr that of O(-ca¡npholenonitrile prepared by Tiemannrs

p*".d.r*"h5 .*".pt for a band. at BBO cm-1 1C=CU'). The llolncrr spec-

trr.un of the nixture sLrowed absorptÍon at J l+,79 ( )C=CU-) anð' 5.2O

(c=mrr).

@.
the vapour chromatoßraphically homo6eneous metþ1 ester of o(-

campholenic acíc1 was reduced. with lith:ium aluminium hyd-rid.e in tetra-

tgrdrofnrarrH'" *o give the alcohol, b.p. 1 19-121o121 ,,*,[c{] fro* f '+

(c 2.06, chLoroform) in gt,l yiel¿, T¡e acetate, prepared i:y the

corrventional pyridine-acetic anhytlride method., had. b.p. 12O-122o/1! mm.

(Fonnd.: C, 73"4i 17, 1O'4. Çlzlc-zo}z requlres Ç, 73'4¡ H, lOJt/ù'

(*)- o( {a.urpho1enY1 g-ni trob enzenesulPhonat eo

!-Nitrobenssnssulphonyl chlorid.e (t.BO g, O.O0B mole) was added.

to an ice-colcL solution of O(-campholenol (t.OO g, 0.006! mole) i-n

ðry py:'iðine (tO ¡r1)o The ¡nixture was kept at Oo for 2 hr, d-i1ute¿

with ooltl water, and. the precipitated product was collected and' drÍed'
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(Z.l Bt 95/"). RecrystallisatÍon from ligþt petroleum b'p' 60-800

s¡ith fLinimal heatinS yielcled. the sulphonate as pale yelIow needles,

m.p. 86-870 (aec., dependent on rate of heatine), lc<]fr2+ 3.42 (c 7'45,

ch-lorof orrn).

(tronndr. c, 56.7i \\t 6"2¡ rÍ, 4.3" ct6liztN05s requires c' J6'6i H'

6.2; N, 4.1Fù. In larger scale reactions the yield of sulphonatet

after 2 recrystallísationsr vras generalì.y 5O'6q"

Dihyd.ro- o( -oa.rnpholenYl trobenzenesulphonate BO trobertzene-

.sþÞst]).
A solutio. of (+)- o( -camp¡o1eno1 (Z.O S) in etha¡rof (Z¡ *1)

vras hydrogenated over platinun orirle cat&lyst (o.t e) at atrnospheric

pressure for 10 hr. T¡e catalyst vras removed by filtration and the

filtrate was cor)centrateù und-er recluced pressureo T¡e residu e'(z"o e;)

was d-issolved. in ether and. the ether sofution was washed' '¡rith water

and. d.riedo Rsmoval of the ether and- ri-istilLation of the residue yielded

the alcohot (gO, R=H)as a colortrless oi1¡ b.p. lZl-lZ3o/27 *o. A colô

solution of tJre alcohol (O.5O g, O.OOJ2 mole) in dry pyríci:i:re (ro ¡nr)

was treated with ¡-nitrobenzeuesulphonyl chloride (o.85 g, O.@JB mole)

and. was lce¡rb at Oo f,or 1å hr. Cold. .water ïvas added dropvr'ise, a¡rd the

precipitated. product was collecterl (O.8O g, 7T/ù. RecrÍsta-llisation

from ligþt petroleum afforded- the sulphonate as oolowless plates¡

m.p. 6h-65o.

N, ¿+.1/o) .

t6IIZ,I{055 
requires: C, 56.3i H, 6.8;
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. .. - ^;,_,iï.|,Þ'_Þ*

¡:1 -'{+u\
t',ì,r,.,,,C#

The sulphonate (5.5, 0.016 mole) and. fused' sodjium acetate (3.O e,

O.O37 mole) vrere heateô in glacial acetic acid (tOO mI) at lOOo for.

! hr. The cooled. solution vüas pourecl i¡¡to water and. e>ctracteô with

ether and. tlle et}¡er e¡ctract rvag washed. with so¿ium carbonate solution

and. water. Rsmoval of the ether from d.ried. extract througþ a short

fractionin6 column yie1rLed. an oil (t.9¡ s) which sliowed infrared. marima

(rnm) at tTho (m) and 1z+o (m) (acetate), md 1650 (w) and BB5 (") "t-1
(C=Cttr). Quantitative voprc. a:ralysis (lt Apiezon column) ind-icated.

that tlre procluct consisted of tricyclene (4i), camphen" (ll¡'Ð, iso-

bornyl acetate (f+:;), c(-campholenyl acetate (Sii) ,¡r¿ an r:n-id.entified-

compound (li6). The acetolysis product (1.7 g) was chromatographed. on

sl,lica gef (3O g). Elution rvith light petroleum gave can¡ptrene (t.O7 g),

m,p. 47-49", [o(];t- tu (c 0.44r benzene)" Elution with 1v/, eunet-

light petroleum gave a.n acetate fraction 10.t9 e)" Î¡is was reducecl

with lithium aluminiun hyd.rid-e in ether a¡rd. tÀe lnod.uct obta-ined. upon

work-up was chromatographed. on neutral alumina (t¡ e). Blution with

5o/o ether-hexane yielded isoborneol (O.OJO g), iaentified by its infrared

spectrum. ltrLution v¡ith 15li etheyhexane gave c(-camphoJ.enot (O.O2O g),

t}¡e infrered spectnrm of rvhich was iclentical 'rith that of an authentic

sarnple.

SolvoJ.ysis of (+)- o( -campholenyl 2-ni tlobenzenesulphonate in âqueous

1O1.

aceton e.

the P-nitrobenzenesulphonate (4"O g, 0.O12 rnole) and cal-oium
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carbonête (t.5O'6, O.O1! mole) rvere refluxed. in JQ'" aqueous acetone

(fOO mf) for 5 hr. T¡e inorga:ric resi<lue ¡vas removed. from tlie cooled

solution by filtration, and the filtrate was thoroughly extracted- with

ether. Î¡e ether octract was washed with water, rlried and. the ether lvas

rsnoved througþ a short fractionintl columr:r to yiel-d a semi-solid-

residue (t.)O S). V.p,o. anolysis (instnrmeut 1¡ 9r Car'bowax-llmbacel

column, leTo) i¡td.icated. that this consisted. a-1most vholly of cam-ohene

Ìgrd-rate. Less than 1Q1i of tire mj-xture corlsisted, of isoborneol, X-

campholenol and an unlmoru'¡ componørt having a retention time higþer tha¡

that of O(-ca.npholenol (taUte 6). Î¡e product was chromatographed- on

neutral alurnina (¡O g) in hexane. Elution with hexar¡e yield-ed. solid'

material (0.95 g), m.p. 11O-1+5o, drich was subLimed. to yield' carnphene

hydrate, m.p. i49-151o; rrixe¿ m.p. with an authentio sarnpl€ ÍI¡po

15o-152o vras 1,l+9-101o, T¡e i'rfrared spectra of the two eamples were

also identical. The carnphene k¡ydrate obtained. 1n the reaction showed.

t* ] í,. 21.5 (c 2.55t ethanor), (tit.7t loalo- 26.0). Elution vrith

25ii el-:net hexar¡e yielded. a liquict fraction (O,O65 g), ttre infrared.

spectrum of '¡¡hich was identical with that of authentio d-ca.npholeno1,

erccept for the [resence of a band" e't B8O cm-1 o V'p'c' exami¡lation of

this fraction showed that it was a mixture of o(-oampholenol and. the

previously observed ì:nlmorun component (presunabty (7+, X=cH2oH) ).

Unbufferecl acet olysis of o(-oampholenyl ¿-nitrobenzenesulphonate.

.¡l solution of the sulphonate (1.0 g) in glaoial acetic acia (5O mf)

was heated at lOOo for 5 hr. The dark solution was poured. into water,

end was extracted with ether. T¡e ether e:ctraot was washed vrith sodil¡m
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carbonate solution, water, anct was dried. RemovaJ- of the ether left

a dark oi1 (O.45 g), tfre infrared spectnrm of which was virtually

id.enticaJ. with that of iso'borr:yl acetate. Distiilation yielcled. O.JO g

of colourless oil, b.p. 115-1250 (Aatt{15 mm. î¡is was analysed by

oapillary Vrpoc. (t5Ot Apiezon oolumn, t¿*Oo) end ite composition

(normalÍsed. peak areas only) ís given in table 11 r p.42. The solvolysrs

proòrct (O.25 g) rvas reduced vr:ith lithÍum alun¡-inium Ìgrd-ride in ether.

and tk¡e semi-solid. prod.uct obtained. on vrork-up (O.ZO g) wae chroma-

tographed. on active neutral alu¡r¡-ina (ZO S). Elution rçith ether yÍeld.ed.

solíd- material (O.tO g), r¡trich was sublimed. to give colourless crystals

of isoborr¡eor (0.60 g) t"(]it o (o 1.oo, ethanol). Î¡e infrarecl

spectrum was id.entical wÍ-th that of authentlc material" Elution with

{o nethonolr-ether gave O,O9O g of seni-solid. material, rdrich was not

furbher i-:rvesti6ated..

o( -Campholenyl chloride.

(") A mixbure of (+)-o(-canpholenol (1"5 g, O.O1 mole) lurd

pyrid.ine O.BO g, O.O1 mole) rvas cooled in an icebath ancl thionyl

ctrlorid.e (t.eO g, O.O1 mole) rvas a<tled clropvrise. Î¡¡e mjxture was kept

at 0o for 1! min. a¡¡d was then heated. vrith stirring at 6o-8o0 for $ hr.

E\r¡olution of S0, from the mixture was acoompa¡ried" by extensive tar

formation. (I*rlier triaJ. experiments had- ind.icated. that chlorinatíon

òid. not proceed. at 1ower temperatures.) The coolecl mixLure was poured

into water, and. '¡ork-up by ether extraction yield.ed. a dark brown pro-

duct (1 .4 g) wh,ich on distilLation yieId.ed. a colourless oil (O.BO g,

47tL), b.p. looo (bath)/16 nn, wìrich lacked. lrydro:,ryl absorption in its
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infrarecl- spectnim. V.p.c. anafysi" (lt l+piezon column) reveal-ed. the

piesence of ca. 1Q(, of impurity eLuted. ahead of the main peak. For

arralysis a .saÌnple was redistil-led.

(Foirrrdr c, 69.1¡ H, 1o.o. ctoHtrcl reErires: cr 69.5i tt, 9.y¡L)

(b) A sotutÍon of (+)- o(-oanpholenyl ¡-nltrobenzeresuLplronate

(3.5 e, o"o1O mote) and pyrtd.ine Lgrd.rocirloride (2,5 e, o.o22 mole) in

d.imett¡ylforma¡rid.e (ZS nl) was kept at room temperature for 20 hr" the

rnixture lvas poured into water, extracted lvith ether, a¡d. the ether was

thorougþly washed. with wate¡: a¡rd. d.ried. DlstilLation of the residue

obtained. on removal of the ether yielded. c{-canpholenyl chlorid.e

(1.60 g, 9Vò a.p. tooo (latn)/lJ nn, rvhich was vepour chromatographi-

cally homogeneous. The ínfrared spectnrm of this prod.uct was id-enticsl

with that of the impure prorLuct r>bta-ined. in (a).

(Forrrcl: c, 69.2i Hr 9.B. carc for Cto.{,, r1rz 6t 69"5i H, 9.fl3).

(") .A solution of o(-campholenol (t.50 s, O.o1 mole), pyrid.ine

(t.60 Bt O.O2 mole) and ¡-tolr:erresulphonyl chlorid,e ({.!O g, O.O1 mole)

in dimethylforrnamidu (tO ^f) was ke;ot at Oo for 18 hr. The mjxture

was poured. into water a¡d 'lvork-up by ether extractlon yielded. an oil

(1.65 e), which showed strong carbonyl absorption at 173o cn-1" 'fhe

oil was chromatographed. on silica SeI (ZO g) arul elution vri'uh hexa¡¡e

ytel"ded o(-camphol-enyl chlorid.e (O.tt 6), iaentified. by.its j¡frared.

spectram. lllrrtion with 1071 ether-hexane yieltied. o(-carnptroJ,erryl forrnate

(t.t5 s), Y 1150, 1160, and. BOJ cm . For analysis a sample was
manco

d.istilled.
(nouna: C¡ 75"0; H, ,l0.1" CttHtUo, reqrriresi G¡ 72.5i Ht ß.q/").
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À eolution of the pure chlorid.e (O.59 g, O.OOJI¡ mole) a¡rd fìrsed'

sodiurn acetate (0.60 g, O.OOJJ mole) in acetic acid (!rn]) was heated'

at looo for 115 hr. \york-up1:y ether erLraction yield.ed o.51 g of

liquid. produot, the infrarerl spectnrm of rlirioh showed. strong absorp-

tion at 17¿+0 ar¡d lZ+.O crfl (acetate), &d only weak aboorption d¡¡e to

camphene at 1650 and BBO "r-1. Qua¡t1.tative v.poco anaLy,sis (Jt

Apiezon column) showed tirat the protluct w&s a m:ixture of tricyolene

(Wi), oa:nphene çZtl'), isobornyl acetaLe (65rÐ and a¡r turid'entified'

component (2,å). Starting material ancL o(-camphol-eny1 acetate were

not present in the solvolysis product. Part of the product (OJn e)

was chromatographed on neutral alurnitta (20 g). Elution with petroleum

ether yield.ecl carnphene (O.O75 6), wlúch after d-istillation showecl

[o] 3o- ,"o (c o.Bo, benzene). Elution with fi'| etltet-petroleum ether

6ave isobornyl acetate (O.ZZ5 e). The acetate (O.t7 e) rvas reduced

tüi.th lithlum alurniniurn hyclrid.e in ether to yield white crystal"s of

isoborr¡eo1 (O"o9o 6)r m.p. zo8-ztoo (seaLed capillary), [o(]f,1* t.t

(ç j rg9.Zt ethanol). fhe isobou¡eol waa four¡d to be f,nce f,nom l¡snreoL

by v.p.c. anaþsis (rOOt Ukon capillary coturnn) und.er oonditions vùrere

1'/, of borneol couJ-d. have been detectecl.

l-ol1 th c aci-cl¿sodit¡m etat

(") A solutiorr of camphene, (t.o *¡ and soclium acetate (o.65 e)

in acetic acid was sealed. in ampoules in þ 
'equal portionso []re

ampoules were heated in a bath at lOOo ar¡d were withd'ramr at knolwt

interVaLs. The contentg were l',¡orlced up by the usual procedure arid' the
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product was analysect by vrpoc. (12t tsDS ooJ.urnn). the composj-tions are

summarised in table 10.

(U) (+)aamphene (27 e) an.l sodiurn aoetate (tZ e) rvere refluxed'

in glacial acetic acict (Z5O ml) for 1lJ lvt T¡e neutral product ob-

tained. by ether octractj-on tvas fractionoted. und,er red.uced pressure.

Af'ber e foren¡r, cotrs:lsting mainly of camphene a¡¡d. trícyoIene, a main

fraction (Zl"Z 6), b.p. 110-1 fo/18 mm was collected'. The j¡rfrared

spectrum of this material was icle¡rtical with that of authentic iso-

bornyl acetate. B6rny1 acetate was snown to be absent by v.p.c. arraly-

sis (tlOr Apiezon capillary column, ß5o) und.er conditions r¡here 1Íá

oould have been detected. T¡e d.:istílla.tion residue flas distilled in

a small,er flask to yieltl' 1.8 g of liqrrid', which was shown by v.p.c.

to consist of j.sobornyL acetate together with the unlcnorm oompound'

(g. rcft) previously obserr¡ed in the aoetolysis products and' in the

reaction described. 1n (a). Because of the ema'l.l arnount of thís compound

present in the rn:ixture, attempts to isolate it were not tJrought to be

worthvrhile.

heoaration of the trifh¡oroacetates..-
Eta

The fol-lowing general proce<lure was ueed.2o A cold. solr¡tion of

the aÌcohoL in anhyd.rous ether was treatecl d.roprose with an excess of

trifluoroacetic anllyd-rid.e, Ðd the stoppered mixture waa kept at room

temperature overnight. T¡¡e rnixture was then poured. into cold. sod.ium '

cnrbonate solution arrd. the ether layer rvas separated., washed n-ith water

ar¡d was d.ried. T¡e prodrrct v¡as distitl-ed after removal of the ether.
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(a) !sob_o¡4yl-_tfiflugrqqgs!s!g, obta^ined from isol¡orneol having

[o<]o-lr in BTii yíela, hÊ.d b .p. 97-98o¡zlr,*, [o] 19-¡ 2.5 (o 2.oo,

ohloroform).

(Found.: C, 57.6i Ll, 6,9. CtflTESOZ requÍres: C, 57.6; tl, 6.y,().

(¡) Bornyl trifl-uoroacetate. o'btarned .fron borneol, having

[o.]o + 37 ín 7t+å6 yierd', harl b.p. 97-9Bo/28 tt, [o<]fro+32.5 (c 2.52,

ohloroform).

(louna: c, 57"9i II, 6.9. ctll,rf f , requires: C, 57.6¡ It, 6.f/").

(") o( -CampholerryI trifluoroacetate. obtained. from o(-oamphol-

enol havins L.<t. 5.4 in 6l¡L yíeLd, hd b.p. 92-93o/13 ^ ,[O]3oo
(ohloroform).

(Found.; C, 57.3i H, 6.7, ,t{lffrrequireor C, 57.6; H, 6.y/ò.

(¿) x{ethvlca¡nrhenilvl tri-fluoroacetate, obtained. from (l)-methyl-

ca.ropireni.lol in BBi6 Sniel'd., harl b.p. 95-970$afn)/l J run.

(Found.: c, 58.4¡ He 6.9o cr.Htf lo, 
reguires; c, 57.6; H, 6.y,1).

(.) (!)-Camptrene hydrate rvas converted to its trifluoroacetate

in quantítative yj-e]d. The trifluoroacetate rvas not zufficiently

stable to be d.istilIed., and- was therefore not analysed.

The trifl-uoroacetates all showed strong absorption at 1775t 121Ot

a.rd- 1 15O cn-1o

Acetolv sis of (+)-¡o t rifluoroocetate.

(") Tne trifLuor^oacetate (0.50 e) and. f\¡sed soôiurn aoetate
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(O.Jj g) wer. d.issolved. ín acetic acid (t6 il). The solution was

d,ivid,ed. j¡lto l+ equal portions, a:vl these were sealed' in ampoules ancl

heated. at 1OO?. Ampoules were removed from the heating bath at

i¡te¡r¡a1 s, and. were oooled and opened. The contents rrere poured' into

water, neutralised by the ad.d.ition of sodium carbonate a¡rd' the mj:cbure

was extracted vÍith ether. îhe ether eftract was washed with waten and'

ôried, and. the residue obtained. after remova,l of tho ether through a

shor.b f,ractionating colunn was analysed. by vopoo. (instnrment 1, 6l

squal,ene4elite column, 1580). l¡e composítíon of the., prod'uct at

various ínte::rrals is shoï,ûr in the table below"

28

57

7B

93

31

19

1J

,+

l+1

U+

9

3

6

12

1B

26

SornyJ- acetate
(iq

Borneol
('ri)

Bornyl trifluoro-
acetøl,e (ir")

îime (ur)

the infrared spect¡um of the irrodrrct obtained- after 6 hr "t tOOo

showed. strong absorption at 1l+5O (OU), 17BO (trifLuoroaoetate carbonyl)

and. 17LO (acetate carbonyl) crn-1. r,Tith increasing reaction time tire

hyd.ro:rq¡I anð the trj-fluoroacetate carbonyl band. intensities decreased,

and. the a¿etate carborlyl Íntenoity increaseô.

(U) A solution of the triflLuoroacotate (t.O e) anð l\¡sed sod.ium

aoetate (O.70 e) in acetic acia (¡O ml) was heated at 1o9o for 26 hr"

T¡e solution wae worked up as in (a) to ¿gve an oil (O.67 g), the

iltrrared spectnrrn of wl¡ich was id-entical with that of bornyl acetate¡

¡

1
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exoept for weak absoratio n at J5OO a¡rd. 17BO cm-1. This product was

refl¡xed. ruith a¡r oxcess of l-ithium al-unriruium iiyd.rid.e j¡r ether for JO

nin, and rvork-up in the usr¡al- rvay yielcled borneol (o.tnz5 ølrfO<]frO.

36.1 (c 1.62, etìranol), the jnfrared- spectrum of rvhich r'ùas iclentioal,

with that of an authentic sarnple.

Acetolvsi.s of O(-campholen¡¡"1 trifluorr:acetate.

--dÉæ

The trifl-uoroacetate (0.10 s), fusecl sodium acetate (O,O7o e)

a¡rd. acetic acid. (-i r^f¡ were heated in an ampoule aÍ, lOOo for 10 hr.

Tlork-up ln the usual way yielded an oít (O.060 e), the infrared. spec-

trum of vdilch was idontical with that of o( -campholenyl acetate,

erccept for weak trifluoroacetate carboqyl absorption at 17BO crn-1.

Vopoc. analysis (ínstnrment 1, 6r squelene-Celite colunn, l55o) índ.i-

cated. that the product consisteci, of o( -ca.rnpholer¡yÌ acetate and a sna-l1

amount of ur¡char¡ged. trifluoroacetate"

Aoeto-l a of a^ trifluoroacetate

A solution of the trifl-uorpacetate (containin g túi of (+)-uornyl

trifluoroacetate) (J.O e, o.O12 raole) a¡:cL f\¡sed. socliurn acetate (z.O s,

O.O25 mole) ín acetio acid (tOO il) ,,vas ireated. at lOOo for 5 hr" \York-

up in the usual way gave on oil (t "l*5 g) rvhich was shor,,¡n by cluantitative

vopoc. analysis (Jo Àpiezon column) to consist of tricyclene (U,.i),

carnphene Qq'Ð, isobornyl scetate (lA:), turchanged. bornyl triff-uoro-

acetate (Sil), arid. an unl,crorvn compound. eluted. after isobornyl acetate

3i/ù. Exa¡ni¡¡ation by capilla-rX, vrp¡e. (t5Ot Apíezon column, ß5")

revealed, the presence of a snall amount of borrgrl acetate (Zil) wnicn
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. ;i¡it ;.ii.,thy1ca.npìtenilol was not Í)reseìlt.

I(j-netrû,"easttf e¡;letit S.

Tl:ese were made using stand-arrl t""lrtiques.T8 Socliunr acet¿'ue solu-

1:icr, .'es prepared by add.ing the caJcu]-aa;ecl quantity ol- A.n. eodir:nr

o¿¡rbonate to a knon¡n volume of g!.acj-aL acetic acido PerchlorÍc aci'l

srlluti{:n r,'¡as sj¡iilarly prepared- by d.iluti-ng A.R. perohJorio acii. ','ul-"h

the required quantity of a.cetlc aoid. Îh: perohlorj.c acid was stalrderd-

ised. against potassium l¡yd.rogen phthalate in acetj-c acid, ¿¿rC. the sod-iui¡

acetate wag in turn stand-ardised aga:inst the perchloric acaf,. Bromo-

phenol blue in acetic acid v¡as usecl .as the j¡dicator.

A 50 rû1 vol-ume'Lric Íf-ask conta^iiri,rg o weighed a¡no'"u.:'; of sulpi:'orrate

was -fiirea to the mark vfith the acetic acid-sod.ium acet¿i'c- solutlcn"

Tne resulting solution lvas cU.vid-ed" into [J equaJ" portiol,s ,.'¡iLich were

seaied. in a.rapoules. îhe a.:npoules rvere placed. j:r a thcrniostattecl bath

and. alio.vzed. to reach ihe bath ternpe.rra';ir"" (t5 *io)o --^.,,uüles lYere

rn¿ithdrav¡n at i<nov,¡-r intervals, cooled -ir j-cecl r,rater ('i ;.in) anC, e,llolied.

to attain room temperature (3 min). 5.O m1 of solution was l'''ithdrav¡n

and, titrated" rritl¡ the peroÌrloric ¿icid solution. The time of the first

analysis was calLed. zero time. The mo-l-arity of soùium acetate in tl:'e

solvoiysis solutj-on was c¿J.culated fro:l tlle volume of perchloric acid

reguired to neutralíse it. this enabled" the amount cf sod:iurn acetate

consrxned, and. henoe the amour¡-u of sulpironic acid l.iberated to be caJ--

cufated. Idrom the l-atter value the conce¡rtratiotl of sulphonate

remaining was found".
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If co = fsulptronate] at time = c, and c= þrfnrro""t. ]
time = '0, then for a first order react:ion

lnc l-n c - lct
o

or 2.305 1og o - In cO - kt

îIre slope of a p]-ot of 1og c versus t is thus -ffi.

at

rl
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o( -Campho1enyl trobenzenesulphonot e in buffered acetic acicl.

'1. T=JO,olo.1oc

i{C10, = 0.0126M
+
.l'lInitial llfaoAcJ = 0.01¡lJll

Iuitial [suLphonate] = 0.0246T'[

time (hr)

0.0

1.5

3.5

5.5

8.0

10.0

11.5

22.o

îitre (m1)

,l+,50

4.27

l+.Oz

3.85

3.60

3.1+6

3.36

2.81

k = 1.61 o

o

o.0245

o.0221

a.01.g5

o.0177

o.01 50

o.o136

o.o125

o.0068

1og c

-t .61 0

-1.656

-1.711

-1.752

-1.823

-1.867

-1.Ð2

-2.171

5 -1
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2. T=¿ro.7to.1o
i{CL0, = 0.05O7¡l

rnitT¿ [rraoac] = O.Ol+71ltI

(") fnj.tial [su-lphonate] = o.o288ll'

rrme (hr) litre (mr)

O.O I+.51

0.5 ¿t'.21+

1"5 3.Tl
3.o 3.?)+

tv.5 2.87

6,0 2.57

8.0 2.33

1¿- 6 -Ã
-91,. x 10 ' sec from slope of galph.

c

o.0272

Q.02t¿+

o.o1g7

O.011+J

o.01 05

0.0075

0.0051

1og c

-1 \566

-1.612

-1.707

-1.81+5

-1.917

-2.126

-2.296

1og c

-1.749
-1.83O

-1.91+
-1.124

-2.261+

-2.1+5O

-2.585

(¡) Initial [sulphonate] = 0.01991'{

rime (hr) Ti-tre (rù)

O.O l+.1+6

1.0 t+.16

2'' 3'15
lp.O 3-.116

5.5 3'Ð+

7 '5 1'o7
g.o 2.96

o

o.o1 78

O.01r+B

o.0106

o.0076

O.005i¿F

o.ooJ7

o.0026

1, -
-6,x 10 ' -1

ec f
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5.

4o

T = l+9.6 t'o.1o
Í{c10, = 0.Oll![1

+
rnitiar [lr"oa"] = o.o,l¡lJll

Lnitial Isulphonate] = O"OZTB'M'

rime (hr) litre (rnl)

0.0 Iu.O2

O"5 t.5"3

1.0 3.ü
1'5 J'o'
2.5 2'65

3.O 2.56

4'O 2.1+O

5.5 2.31

c

o.o2o9

0001 61

o.o122

o"01 01

o.oo58

o.ool+B

o.oJoo

o.0200

J.og o

-1.€òt
-1.794
-1"91)+

-1 "gg6
-2.23)ç

-2.316

-2.523

-2"699

J-og c

-1.678
-1.863

-2"056
-2"197

=2.371

-2.607
-2"110

-4 ofl<= 1 0 mS

l=60.010.1o
.dclol+ = o.oJ26lÃ

r-nitial [w"Oe"l = o.Ol¡7JI'f

lnitial [sulphonatel = o.o265V

rlme (hr)

0"o

o"25

0.50

o.75

1.0
1 ol¡

1.'6

ritre (m1)

3"98

3.29
2.86

2"59

2.59

2.22

2.11

o

o.02210

o.o1t7
o.oo92

O.006l+

0.OOI+J

o.oo25

0"oo20

1r- OB 0-4 -1 from of h



119"

c( -Carnpho1enYl trobenzenesulPhonate ' i¡r r.¡nbuffered. acetic aqið"

rhe Liberated. suLphorÉc acid. was titrated v¿ith stand'arô soûiun

aoetate solution.

1
o

NaOAo = 0.01+7JM

lnitiaÌ fsuLphonate] = 0.0210M

¿+0T 0.7!a

time (hr) Titre (mr)

Q.13

o.35

o.66

1"o,

1.1+5

1.55

1.78

c

0.0208

o.01 76

0.01À.7

o.0110

o.0072

o.0063

O.001+1

log c

-1.6q1

-1.75+

-1.813

-1.958

-2.141

-2.202

-2.387

0.0

o.5

1.5

3.4

lÞ.75

5.5

7.5

lc, = ã.89 x 1o-5 ssc--1 from slope ofJmaph'
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Dil¡yd.ro- o( -c arnPhoJ.enYl

1. l=60.o3o.1o
HC104 = 0.051611

Initial
InÍtiaI

time (hr)

enzeiresuf.Phonat e ín buffered acetic acid'.¡-nitrob

0.0

9.o
20. o

32.5

5o.o

7¿r. O

10J+"5

[uaoacl = o.ol+h6],t

[sulphonate] = O.O2?)vLI

Titre (m1)

l+.3O

l+.13

I¡.02

3.85

3.65

t.\4
3.21

c

o.0222

o.0206

o.o1g3

o.o175

o.o155

o.0133

0.o111

c

o.0202

O.01.l+l+

0.O1 2+

0.0o9J

o,0o5B

0.0045

o.oor2

J-o6 o

-1.651+
;1.686

-1"115
-1.156

-1.811

-1.876

-1 "99+
k= o-61 msec

A

of

2" T=1@o
HC10. = 0.01+901f

+
Initia1 [tlaoac] = o.OlìB2M

Initial [súPhonate] = 0.02J1trf

time(hr) Títre (mr)

O.O Iv.1O

1 .O l+.11

1o5 3'9o

2"5 J'58
l+.0 3.23

5.O 3.1O

6.0 2.97

(")

J-og c

-1.695

-1.81+2

-1.908
-2.O31

-2.239

-2Õt+6

-2.1+9O

k=B 5
À
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(u) Hcl-oh = o.o516u

Irui.tiaJ'

Initia-l
[nro.to] = 0"0þ6lrr

[suJ.phonate] = O.O2OOI'[

tine (hr) Titre (nr)

0.0185

o.4132

0.oo95

0.0081

0.0062

O.OOI¡-J

0.ooJ7

0.ooJ0

log c

-1.73Ìr

-1.BBO

-2.023

-2.ogt

-2.Ao

-2.165

-2.1+32

-2.527

o

o.0

1.0

2.Q

2.15

3.5

l+.5

5.25

6.o

4.17

3.66

3.10

3.15

2.gB

2.BO

2.7+

2.67

5 -1
8 1
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II. ',iorii clescri bcd. in pa.rt iI.

,{ttenpted- PreParat ion of Z-exo-cyarrobornane (99, * = CI'T)'

(r) A mixture of (+)-bor.nyl p-tc,lueneeulphonate (o.Jo g), poÏrclered'

sodium clranid-e (O.lO e) and d'i-metÌ1y1forrn¿:rnid'e (l *f¡ was sealecl in an

arnpoule ancL heate d- at 55o for ,l+5 hr. the reaction mixture l¡/as poured

into water, extracted l1:tth ether, a:rr the ether extract 'lva's thoroushly

washed with water, a¡rc1 rvas d-yied. Remova-I of the ether yield'ecl a

oolourless crystalline resiclue (0. 29 ùr III¡P. 6¿r-65o, whose infrared

speotnrm vøs iclentical with tl-rat of bornyl 3-toluenesulphonate'

(¡) A mj:cbure of tl¡e tofuenesulphonate (O.JO S), sodium cyanicÌe

(O.lO e) anct ùimethylforma¡n:icle (ZO mf) rvas heated. at 11O-lJOo for'1O

frr (nitrogen atnosphere). ì:iork-up by eiÌrer extraction gave a serni-

solicl prod.uct (O.tO g), the inf ra¡scl ¡'pectrum of drich was iclentica]

witÌ¡ that of carnphei:e. I'litrj.Le absorl,tion was not present.

Àttonpted- PreParation of 2-@-c )rano[,ornaDe (98, x = Cl'i).

(") A mixture or (t)-:-soborrlyJ- chl-oride (o'lo e)' sodium cyan:id'e

(O,lO S) and d.imethylforrnanriOe (5 mI) rvas kept at roorn temperature

overni8ht. \'lork-up by ether extracticn yielded uncho:rged ísobornyl

clrloride (O,25 g), m.p. 161-1620, v,'ltose infrererf, spectnrn was id'entlcal

with that of the sterting material'

(u) îhe sâllìe quantities of reactants as in (a) w.rt sea-led- itr an

amlroule and. maintained a.t 55o for !-6 hr. '[Vork-up yielded r'rrcharrged

isobornyl chLoricle (O"26 g), id.e'tifiecl by its infrurecl spectrum'
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The fol-lotrng compoun(Ls ',Ìere prepared- by the rnethod' of !'lautt

a¡¿ Þman82 o""pt that (+)-câ.¡nphor rva.s used as the starting material

instearl of (I)-canphor. Literat're meJ-tin6 ar¡d boil"j:rg points are for

trre (l)-compounds:

2-(rAnisyl)isoborneof (f Oe)r rlop. 105-1,070 (tit. m.p. 1O5-tO7o)r

[o] 3L zt.1 (c 1 .oB' chloroform) .

2-(.p-¿"i syl)bornylene (tol), nl"po 86-870 (ut" ^'p' 71-720),

t*lll fl-\ G 2.oot clr-loroforrn).

¡¡-Bernylanisole (10,[), m.p. 37ú8o (tit' b'p' 1 Ñ:/ o'1 
'o'o)' It{;%

TgJ þ 2.06¡ clrloroform). I'ts r¡.flì.f. spectnrm showerl singlets at

J9.3Q, 9.06, and B'97 Glt each, metlryl 3roups), a multipret at 7'9-

8.7 ( I IJ, methylene and bricì-gehead), a rluartet at 7.A3 ( t tt, benzyiio),

a singlet aL 6"22- ( 3II, metiio>q¡t), ancl a quartet al 3.10 ( + H, aromatic),

in agreement with the spectrurn published for trre (!)-co*po*6'.82

p-Isoborr¡ylanisole (t O6) .

a solution of 2-þ-anisyl)bornyleae (lz.o gr) ín ethanol (¡o *r)

was hyd.rogenated over niclcel borid.e catalystS4 lr"ot 5.0 I of nickel

acetate and. 2,4 g of soùium borokryd'ride) at 9Oo and' 1)OO l'b'/sq'írro

for 20 hr. Îþe cata\rst rvas removed by filtration ond' the ethanol was

removed r:nd.er reduced pressure. the resicl-ue was d'issolved in ether'

v¡ashed with rvater and d.ried. ltrvaporatiotl of the ether left a viscous

oit (11.L g), snovringtOllt- 56 (chlo:coform). Â portion of this oil

orystal1.iseè from col¿ meth*oi "u colourless plates, w61o¡ reverbeô
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to oj-I on attaifú¡¡g room temperature. Á' sample whioh ha'd been recrys-

t¿.t1ised twice i¡r this faslúon n"¿[c,<] 3o- ,U. The n.ß.r' spectrum

shovred nretlryl peaks at 'f !.JO ond. 9.2O ln agreeroent vdth the literature

velues for (tO6). Conta¡nj¡ation by g-borr¡¡lanisole (tO+) was indicated'

by metL¡y} peaks at J g.æ and. 9.@. From an integration the product

yias ê 6O;t+O (fOe)3(10¿r.) r¡-ir¡ure. 1IÈs produot was used for t]re ozo-

nolysis exPeriments.

Ozonol-ys.Ls of g-isobornylanisole.

ozonised.o{rgenwaspassecltlrrou¡;hasolutionof,S-isoborrryl-

ar¡isofe (g.5 ù in methylctre chloriqf e ( 25O nI) at -5o for 53 br. '.'irorlc-

up as described for the bo'ny1 
"otnorrn¿SJ 

yielded- e grlnmy acid' fractio'

$.1 ù, vdrich could- not 't¡e ind.uced to czystallise. The gum was chroma-

tographed on silica eel (40 S) anô eluiion v{jbÌI 518 ether-hexane afford'ed'

2.25 g 3nÐ of crystalLine acid'¡ il.P. 68-700, t"(];o- '23 (chloroform)'

Recrystallisation from aEreous met}¡anol raised t'he m'po to 71-730, but

the speciflc rotation was unchangerl. For a.nalysrs a sarnple was dis-

til"led. at 2 nmr

(îourrd: Cr 72.7¡ 11¡ 9.9o Calo. for C,, lïlg}z z Ç¡ 72'5¡ Ít' lQ'Ú¡i')'

ÊLution of the colurnr¡ l^¡ith 1Qá ether-hexane yield'ed' an oi]-, which rvas

not Í\rrther investi gated-.

In a separate er¡reriment, ozonolysis of 1 '0 g of ¡-isobornyl-

e¡¡:isole gave 0.60 g of guroliry' acifl fraction, v,irich after chromatograpby

yie1d.ed. o.25 gof orystalline acld, m.p. 73-7¡orIt<]'oo- 
" 

(cirlorofonn)'
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( + ) - e-eqil-o--c arì: o>'xrb orrl ârr e o

liris rvas prepared by tt:re ozonolysis of (-)-¡or.tyla¡risole using

the procedune of f¡Lautt e¡rl llrnlan.BJ ,no Ée1d. of crude crysialli:te'

acicl ,ras B,laflr" After one recrystallisation from aqueous methanoi the

acid sho',,¿ed- m.p. Bz-B3o (rit.Bo m.p. û2-[j 2.5o), I o] 'oo* a6-8, I o]l\,u.

17.2'ld-)T-e + 2a.J,lal,¿U + 3íi.o (c 2r.926, benzene) 1rit.Bo

[o(]¡zs - 11.3tlafs+e - te.¡, [{+¡ n- 38-t).

2-g@-c arbo:<ybortla.Tfer frot:l bornyl clilori<le.

Bornylmagnesium chr.lolicle was prepared. by the rneti:oci of Rupe arrd'

.87Ì.larschmarrn except tirat tetraÌryd.rof\rra^n ,ir'as used as the solvei:t.

Carbonation lvas effected. by pouring the Grignard- reagent onto clry ice.

The acid. crX'stallised from aqueous meth¿no] a.s colourless plates,

m.p. 14-75o 1tit.B7 *.p. 73o)rt"<]'oto (" 4.26, benzene)'

2-Ì letiivl eneb ornalre .

t,{ethyltriphenylphosphoniurn bro*id."88 (f lO e. r O.JB mole)was add-ed.

por_tirirnwise to a stirred etherea^I solution of n-butyllithj-um (3ZO ,A,

of 1.2ù solution, O.JB moie) in.an atmos;ohere of nitrogell. lire mirture

rvas stirred. at room temperature for 1 lrr after rvhich (+)-carnphor (40.0 g,

0.26 mole) in etner (eOO ml) rvas acld-ecL cLropwise. The solution rvas

heated. und-er reffux for t hr ¿urd was tlieir ìtept at room temperature

overnight. 1Ìre majority of tìre etirer rvas then slor'ù¡r ùistilled- frorn

the reaction vessel, ancl rtas replercccl b;r tetra[¡<1-r'ol\re'¡r (¡oo nr)' the

mjxture r¡as heated und.er reflux wittr stirring for 15 ìrrr after',"ùrich
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gl. haì-f of the'tetrahyd.rof\rrari ïias refnoved by ùistillation' T1ç

residue nas treated. vrith water (ca. !ÛO rnl) ond e:c¡racteiì with hexa¡le

(Z x t¡-OO mt). ,l¡e Ìrexane solution'!ï¿)s v¡asìted lritÌr v¡ater a¡rd clriot,

a:rd, i'il-tereù lhrouglr a colurur of ireutraf al-umina (ZOO g) . 1','ro 100 mI

f'r¿.ctions giving posjtive tetralriirometh¿ule tests -,vere colfected"

R"moval of the hexane 1Ìrrorrgir a slrort fr¡ctíonating column yicld'ecl

2-metìrylenebornarle (25.5 g, (i¿¡-:i), containini g. 5i,1 ca¡rphor as juclged'

by the carbonyl absorption itr j-ts infr¡rrecl spectrrrm. Iìecr1'stallisation

from metiralol gave pure 2-metìryíìenebornûrle (t¿..0 g), m.p. 68-690 1Ut.89

m.p. 68-7oo)r[o<l 3u- ,ru.5 (c 2-12, be,:zane).

2-exo-iryd.r o)qymet hylb orrrân e.

A solution of d.j.siomylbora¡e (O.095 nole) in d'igl:flûe 1vas prepared

from 2-methylbut-2-ene (t J.3 ü Q.1! mole), soclium borohyd'rid-e (2.7O gt

0.071 mole) s.nd. boro¡ trifl-uorid.e ethera'; e (13.5 g, O.O95 tot")"85

To ti:is stirreð, cooled solution, rn¿li:rtsiued in an a-vrnospllere of tritro-

gen, rvas ad.cLed- dropvrise a solution of 2-raethylenebornalre (1).0 S,

O,OB7 rnole) in d-iglyrne (l¡O ú). S'cirr-irt¡; 11as contj-rrued. at Oo for 2 \tr,

and the m:L:('úure v¡¿s their ì<ept at room 'tleinllerature ovcrnlElr-u' TÌte rnix-

ture lvas then oxid.ised- by.Liic a¡lclition or'sotlium hydro:cid'e (Ji'I, lO 
"'.1)

follor,¡ed. by lryclroge¡ Lrero:cicle (3O,;, lO ral-). ìÍork-up by ether o<trac-

tion folLorveC. by fraction¿rl,.ìj- stillatiou ;rield-ecÌ 2-g-h¡'clro:cymethyl-

t¡ornarre (9.i e, 5ï!) b.p. 130-131o/15 rwn, m.p. 106-1OBor[ ol2]- +l.l

(c 1.51n benzene). Sublirn¡-.r.'bion gave an anal¡fbical sanple, m.p' 107-

1 o9o, t "<] fro- lo.a (benz"'e) .



121.

(irourrd.: c, lB.8; 1I, 11.B. 0ttiizoO ¡ç'1t'tj-::es c¡ lô'i; fr, 12'o¡")'

A sol¡tion of tlre crarbinol (O.ZO e) i:r iryriðine (tO mf) r"'as treateC' with

acetic orúiyd.rid.e (Z *f) rur,l t¡e rnix+.ure ivas lcept at room ternperaiure

for ÀB hr. ',',þr)<-up i:y ether extraction and d-istillation yield-ed the

acetate (O.Zl g) as a colopr.l-ess oi1, b.p. lOOo/(latir)/15,*. V.p'c'

erna-lysis (t5Ot Àpiezon ce.pillary columtr, t5Oo) j¡¡ùicatecL the preseirce

or 1Q'" of tl¡e acetate of enIlo-2-h¡rrJ-ro4¡methylbornane'

-c-PW.
A stirre,L soLution of (-)-Z-g-Ìr.¡rlroqrmethylborna' e Q+Õ 8) in

acetone (e¡O mf) v¿as treate<i d.ropwise wj-tii Jonesr reage't ¡11til tÌre

col-our of the reagent persistecl. 'Ihe soiution v¡as stirre<l at room

tørperature for t h, after ',','hich etha¡ol- lvas added' to retnove excess

of oxid.ising ageirt, Î¡¡e solution t¡as rlilirted- wittl xater arrl concen-

traiecl und-er recluoed. pressul:e. T¡e aqrleous residtle iYas cxtre-ctecL "'¡ith

ether, arrd the ether ex'cract yias iïasìleri l';ith l'¡ater arrd thetr exLracio-cl

vOth cr.j-l-ute socliuln hyclro;dicle solu'uion. Î.re soclium hyiiroricle e¡i'¿ract

rvas acidifiecl. ',iith rÌiIute ir¡¡cìrocìr Loric ac-icj-, e]rd lorlc-up by ether ex-

trac.Lj-on yielded crystalli.ne rcid. (3.5''C, 75iù, m.p. 75-710, Þ( 3O-n',

["<l 'E}o -to,Lt l ??.n 
*r,l*]î?C136 (benza:e). r6e rotations oi

the last tirree wavelengtÌrs corresponc'ì- t,o those of a 75:25 g:g¡þ

aciô ¡tirCcure, using the rote,tions for ilure exo and' enóo acid's given

by d"e ilottono8o This acicl raixtrtre (3'o g' 0'016 mole) vras cl:i-ssolved

in etha¡rof (¡O mf) a¡r1 w¿r.s neutraLisecL (phenolplrthalein) by tlte adclition

of 11[ sod.ium hyd-ro;cid.e solutiou. Î]re volume of the sol-ution 'was rna'ite
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to 1OO nl by .,,;ire ad.d.ition of rratc;r. (*)-B6rtrylamj:re lrycìroc¡lorid"e

(zÕ st o"o12 rnole) r,ras dj-ssolvecl i';9, etha¡ro1-ì','a',cer (tzo r,¿), Ðô

part of this solution (60 mI) vras edcle¿ clropwise to 'che stirred solu-

tion of the sod-iurn salt of the acj-cL mixitrre. f|he Precipítate<l salt

$ras col-Lected- by filtration, susl:ended in &ilute socliurn lrydrorj'd'e solu-

tíon, an(l €!ç,úrocted. wit]: ether to rclnc've tile liberated bornyJa"rnine"

the aqueous layer was acicuiiecl r",åth clil-ute hyd.rocJ:loric acid, ernd

e;:er extraction yield-ed 1,06 g rcf acicÌ, having [X1fr1-iZ' The filtraie

from above 'ias 
treated witìr the rernoir i-ng 60 rnl of borirylami$e hycìro-

cirloriJ.e solutioir, and v,or}:-up of 1fte preoipitated salt yielded a

fìrrther O.BB 6 of acicl, ¡av:ì.ng[.<]fr1-Sf " This v¡as converteci into the

sod.iurn sa.lt a'd tre¿rted ',',ítÌi bornylapine i¡¡drocìrloride (O'61 ß) Ln

-tÌre;nar¡n<)r clescribecl above'co yie-Lcl O.5lr I of aoid' iravirS¡of]frO-le'

The acid- fractions having [*]O -96 ,¡,d -92 were combi¡recl and' recrys-

tal-Iisecl fro,'n aqueous metilanol- to 3-ivc' pure 2-exo-ca'Tboxybornaue (t 't6 g)

t.Bo *.p. B1-81.5o), o< ['-rr,as color¡:Ìess plates, D.p. t)1-8zo (ri

[*l Hs no], [o<] T[,, nr.,l1llr,
t-<] 5t' -102.7, lo)run -111-t, Lo.]

90

BO
-2o1 (c 2.12J, benzene) (tit.

, _,. -2oJ"5) .4rÞ

Corre tion of tical at:ion

the foll-owinß acicls 'lvere metixrla.'becl. v¡ith ethereaf &iazomethane:
- 

lo + 16'8' SYniheticgg1 acid. [*]o -95 a'cl [{o -62; g19, acia [c(.

rnirbures of the g ancl encìo met\yl esters coul-d. not be separated' by

Vrpooo on an$r of the folloi,ring colutnng3 Jr Apiezonr 6t SilÍcone, 12r

B.Ð.S. t 15Or Apiezon ca1:iI]-ary and- Joorilkon capillary. T11e methyl

esters vrere reducecl with litÌr:ium arumlniu¡n þd.rid.e ín etiler and tile
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products o]¡tained. by the norrnal rvorli-up procedure were sublimecL to

yield. the crystalline 2-ÌVrJ.ro4¡metirylborrÌâ^rlsso Tlte aceta-bes of the

gg a^ird. endg carbinoLs could. be seilorated by v.poco (t5Ot Apiezon

oapillary colrln¡). T'l:e rotatio¡:s cf the oarbinols (in beirzene) arrd'

their calculated oompositions are sholr¡n below'

Soi¡roe of carbinol Nfo l). t*t ',,1 exo ';, endo

Recluction of enclo aoid-

[o(]o + 16.8 B6-870 + )+7.5 1æ/

Rer.luction of exo acid

I cr]o -ri
Hydroboration of 2-rnetirYl-

enebornane

ReductÍon of acid

o
11 J-11+ 60 loo /

107-to9o - 50 9t 9',h

[o<]o -ez

/ Homogeneous from voprcr of aoetate'''-

'e 90;10 mÍxbure from v.p"co of acetate.

1o3-to5o - 33 75 25

2 ram I c 10

povdered sodj"urn oyarrid.e (f¡ e) was added to a cold solubion of

(*)- O( -ca.mplr,o1enill !-ni,rrobenzenesulllkronat e (12.O g) in d.imetlyl-

forma¡nid.e (f OO *f ¡ . Î¡e mixture was lcel:t at room tenperature ovenright

ancl then pourecl into lvatero The solution was ertracted lvith ether and

tk¡e ethär e,xtract tvas wefl washed. lvi'uh rvaber e¡d' r1'ied. Tìre etìrer was

removed to yie1d. the nitrile (tOO, ¡ = Ci{) as a pale ye1loÏr oi1, 
"'hic}r
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shov¡ed ir¡flrarerl'absorption at 22)rO cn-1 (Cm) and no sulphonate bands'

T¡e crude nitrile rvas refluuccd r,¿ith sodiurn lrydroxi-d-e (Lo g) in rvater

(f OO mf) for t hr. T11e cooled solutÍon vlas wasÌrecl vath eiher ancl tire

aqueous layer lvas acid.ified. ln-th d.:ilute ìrydrochJ.oric aoið' ÎÌre Ii-

berated. or6anic acid lvas et'cracted" in'uo etlrer, and- the etÌr'er extraot

vyas rvaslred túith water anrl c].r-icd. R<;r,lovai of the ether a:fforcled a

c¡ystal-line res.idu. (5. 5 S), vtrich 
"vas 

rlistilled. to g¡ve l+.9 e (i6i"

overalJ-) of acitl b.p. 112-llt+o/zmm' m'Ir' t+3'45ort"<]iq 16'6' (c 5'1'

benzerie). For alaJ.ysis a sa;np1e l1r&s red:sti1led-'

(nor:nd: C, 12.3; lI2 9.8.

Borlta:te.

4 ¡¡i¡çbure of oanpìror hyclrazone (5 g), potassium hyd.roxicle (Z g)

arvl diethylene g1ycol (¡O rn1) rvas heai;ecl under refltuc for 2 hr' During

this period a consid.erable amount of r'¡irite materíoJ- sublj¡recl into the

condenser. This rnaterial v¡as vuashed c¡ut with etiler' ericl the reactioir

vesser was set for rlistillation, alid -c:a. 15 f, of òiethyrene glyco1

was clisti]-lecl. The combinecL d.istill-ate a::d. ether solution vas rvashed

with water anri d.ried'. Distillation f::om sodium of the residue obtaj:rec1

on rernova-1 of the ether gave a col-our-i-ess solid. (l-5 ù¡ b.p. 1r5-11oo,

v¡hich appeared to conta:in unchangecl kçr¿'a2one (fron infrared' s-oectrum) '

Rec4'sta1lÍsation from methanol gave oolor.rrless orystals of borna¡re

(1.5 s, füá)r nrp. 105-1560 (seoled. crrpilIarry, 1ito107 t.n. 156-157o).

Cf 
t 

IJf 
BOe 

requires c r 72.5i TIt 1}.gi:'") '
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Orid-ative decarbo:<yl-atj-ol ot' (t) -Z--"'lc o-carb o:lybornaire in benzene-

u,'ridine.æ
A stirred. soLution of 'cìre acia (ti.O g, O.Ol¡\- mole), pyriùì:r" (5"O g,

o.o6j rnole) a:rd- lead' tetraaceta'¡e (29'o '¿, o'Q6j mole) in clry benzene

(90 mi) maintained in a nitrogen a'crnosphere rvas slov,'ly heatecl to 95o

(erternal bath temperature), Ât this ,te:rPerature 
a vigorous evolution

of gas cornmenced a¡d coltinuei¡ i'or 2-) rwn, and the solution began to

d.e.oosit colourfess crystals (presuioeìrly leod. (II) ace'cate). îhe s'ci-rrecl

solution .r,vas ¡n¿uinta-i'ed at B5-9Oo (t a.'*,r) for t-r{- }rr. 1'he cooled so¡itíon

v¡as then poureci into lvater, the benzene J-ayer 1¡¡as separateC', o:rcl 't'he

aqueous layer was exiracted. v¡ith ether. The coinbineri orga^rric layers

v¡ere ',vashed successively with d-ihrte hyclrochloric acid, v¡eter, clilrrtecl

sodiuln ìryd-roxi-cle solution, aïtc1 wa't,er. ,',cid.ification of the sodium

hyd.roxicle e-xtract fol-ì-o,,vecl ìly ether ex1;r¡rctioil gave a' gì'unrqy acici fra'c-

tioi: (0.2i $), ';;¡*ich rvas irot Í'urtÌrer -r;rvestigateû'

The iìrietl orga¡ic ext::l,.ct 1ï3.s corlcerttrated f,þ¡errgh a shorli frac-

tionatitrg column, ancl the res-Lôue v¡as frecd" of last tract:s of solve'¡rt

Ín vnctlo at roon ternr-.erature. T11e resi-cì-ual- oil was clístiIl-ed- iirto a

recej-ver inunersed in a dry ice-etlianol baih to yield' a colourless licluid'

(1.9i g), b.p. 20-660/9.1 mrn, )r... (rirtt) tZr-o(¡n), t73o(s), t65o(rn),

IZJDG) arirl iiBO (s) 
",n-1, 

T¡e viscous resiðue (O.78 S) l'i.lctt rema-inecl

in the flast: was uot furtìrer investigetecl.

The clistil-l-ecL product .,yas an{ìi}/secl by vopoc. (t50t Ä¡iezon capitlery

colurnn, tlOo) a¡rc1 the cornposit:Loti is slto.m in lable 17. De'cector re-

sponse factors were determj-¡ed from s¡'nthetio ¡nix';ures of camphene and
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isoborrryl acetate, a¡rcl the observecl peaJc ,areas of the hyd.rocarbons lvere

mul¡ip1ied. by the facior fo:: ca;n1th"ne (6.8p), and. the acetate peaÌ areas

lvere multipliecl by the factor for ísobornyl ¡¡,cetate (t.¡O). it was -Later

folnd. that tþe reaction procì-rrc-b co¡rta-inecl. tl¡e acetate of carnllhcne

hyd.rate, ana that this rnatr:rial clecoritposecl tq campheile oi1 tire colurnn.

T¡e cainphene content of thé 1.rrod-uct sììo\,11 in lable 17 is thcrefore hi3Ìr.

L)orna:re, J-imonene, a¡rd. o(-'cerpin;'i- ¿rce-ca'ue i'¿ere sholn: to be absent fron 
"

the prod.uct b¡,' co-clrroma'co¡3ral-rhy.

(") lj; lic a geJ- chrorrato'1ra1tl,y

The clecarbo:,1yIation procluct (O.il8 g) rvas cÌrromatographed- ott silica

gef (50 g). jìI'.riion witir hercane yielclec1 a 1ic1uid. fraction (o.35 g),

the infþared spectrurn of r,,Àrich rvas icLerrtical vath that of campÌrene.

this fraction ho.r,vever fajlecl to soliclify, attd. v.p.c. analysis showed that

it was 
.¡¿ 

mixture of caml:Ìiene a¡rcl the component later shor,,tr to be B-

metlrylcamphene. Elution .lr-th 5i( ether-ìrexane ga.ve an acetate fraction

(o.t7 e), /r*. (3itm) 1?Lrot 1130 a¡'¡ð' 1235 cm-1 .

(U) Sil-ica 6e1-silver nitrùte chroma'Lography.

The a.dsorbent r,as preparecl bl¡ sÌralcing silica gel (tOO S) with a

solution of siLver nitra'ce (lZ ò in r,vater (tO mf) for ! hr, anci d'r¡ring

llre resulting porwl er at lOOo ovenr:ight.91 Î¡re decar'oorcyla'uion prod-uct

(t.¿16 g) ,¡,as ci'rromatogralrheci on tiris aclsoi:bent (lS e'¡ iir ligh'r; petrol-

eurn (b.;o. J¡-O-6Oo). -1,'ractj-o:r¡; (g1. 20 rnÌ) lvere coll-ecte<l, concen'crateô

throu¿,;ir a fractior:ating column, artcl- a:ra11'secl by v.p.c. (150t .&piezon

capilì-ar.y colurnn, tlOo). ii'rrictj-o¡rs.r'ùich had similar cornpositiolls ','z¡s¡s

combined.
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!'ractions 1-g coirtairlecl only traoe ¡ilnounts of rnaterial.

Fractioirs 9-11 rvere hornogeneous, rtr.c-L were d.istilled- ín a bufb to

;rieId. @lå-B-oetÌryIcanphene (O.O 25 g) as a colourless liquicf . Tire'

tlot¡¡r:o spectrum is describecl in'Iable 2O(a). Î¡e infr¿::cxl sPectrum

(ccr') strowed irand.s at tÀfl5(rv)¡ t¿p6o(s)r r+50(m), ú85(s), 1365G),

t29o(n), ttTo(rv) , tt55þ), 1115(,n), 1o'+5(rv)¡ 98o(m), 95o(m), ad St o(ro)

Cm.

Fyaction 12 coirsis'r,ed of jg*g-B-oetÌrylcarnphenc, ¿uld the componei:t

fater shor¡n to be cis-B-rnetìr¡rJrcnrnphene.

l¡raction I J co¡sisted- of al1:ro:ciinately ectrual qucrn1;i'cics of cis and-

jld-methylcamphene and camlliretrc.

lìr.actions 14-19, elu'bed- ','ri-tìr 1i" ebhcr-1i¡5ht petroleutn, yielcled

camphene (0.14 g), m.p. 45-tv1o , tire in-;':r'a.red s1:ectrum of i*rich vras

id,eniical- witir tha.',, of an alrtlre:r'cic siunple.

Frac-bion ?.O (O.11 g) consisted of ace'bates B a:rcl C, contaminated.

by campire:e. ilulb to bui-b clj-stiJ.latio¡l ¿r'c 12Oo/1! rnm gave 'utre acetstes

(O.OBO g) fre* from campher:e. T¡e irrf'::ared spectrum (filrn) s¡rorved.

pealcs at 175o(s), 1/¡60(m) , t3\5(n,sh), 1r7o(s) , 1275(w), 1225G),

tt65(w), 1150$v)¡ 1o9!(rn) , 1o75(in), ro55(rn), üd 910(rv)cn-1.

l¡raction 21 (0.'14 g) cousisted. of isobornyl and. borqyl acetates,

contami¡rated by small amour:'ts of c¿rriroirane and- acetates G ancl D. The

infrarecl spectfllìn of this fractio¡r rvas,,icleittical r'¿ith tlrat of isobornyl

acetate except for ba¡rds a'¿ 1225 (rn, 
"lt), f O95(vÐ and IOJO (r',trsi:)"rn-1.
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Oxid.at iv e clec arb o:qrlati o:.r of ( + ) -.::rcl o --2-c ¿rbo:<.¡ilorilct rlc .

Ä soLrrtion of the o.ol;ically actir¡e ,:ìcid- (2.5O I O.O131 molc),

¡¡rricrÍrre (t.CiO g, O.O2O mole) ancl learl '¿e-br¿acet ate (6.2 g, O.O1li' mole)

in cìrir berrze¡e (lrO nf) w¿,s i,r:Lintaiilcd. j-n a nitroger: atnospirere at 85-

95o,-,oti. stirring Ìor f;¿ iu^. T11e reat;tion mjxiure 1ï¿.ì.s worl<ed uLl e"s

d.escribecl for the til-."¿". acicl ibove., 'lJrrc]ranged acid- (0. i6 8, ^.p.

79-Bio) ,ur" recovered frorn the socliutn )iyclroride ev-'i.T&cb. lhe neutral

portion of tire procluct rv¿s distiLled ¿urôt the frac-bioir (0.¡Z g) b.P. to

LFOo/] mm lvas collected- in a receiver c'oo.l-ed in a freezing mj-.<bure'

Vop.c. arralysis of tl¡-is fraction inclic,atecl 'chat it consisted mainly

of carnphene, together lrrth smal--l a¡nourts of tricyclene and' B-methyl-

carnphene. t¡e rn:ixbure Ìves chromatogrirpired orr silver n;itrate impregnated'

siLica gef (ZO g) in hocane, and. the (rorloentrated. fraotions rvere el{-

amined. by v.poco¡ anrL Í'rac'bions con-ûaining only campheee were combined.

R"moval- of the solverrt follov¡ed. by buJ-b 'co bulb ùi stil.Lation gave carn-

phene (o.tt e)r[o(l 3o * ,12 (c. 3.92, benzene). Distillation of the

raaaining neutral portion oÍ' '¿he ;oroclrLct ¡ield.eô ari acet.ai;e fractioil

(OJlu g), b.p. lloo (battt)/t5 mm, rvlúcir rvas sho,¡,n by v.p.c. (¡OOt Ucon

oapillary column, llFoo) to consist o'-' borrryl aceterte (1J,), isoborrlyl

acetate (St:,':'), aceto,';e of ctlr::heite irycìrâ-u e 35:l), ace'cate /' (fi"),

acetate S (6r,), c¡¿- aceta'ce C (6;;). ille relative a¡nounts of the

acetates of borneol, isobonreol, ancì ca-nphene ì.ryiirate are sìrot'nr in

Table 19.

0xiclative clecarborqylation of (-) -Z-exo-c arbo>q¡born.ot1@ o

i, stírr.eô solution of tÌre acirì. (O. 96 ü O.OO5J mole), pyrid'ine



1i5.

(0.60 E, 0.0065 mol,;) oncl lea¡l tetra¡:.cetr;,.te (2./+ 8, o.@55 mole) in

benzele (f ¡-f) was stiruecl at 9O-95o (¡atfr) in a nitrogen atmosiriiere

:flor Ìf; trr. 'fire reaotion njxture 1'Ias rvorlceð up as d-escribed' for the

rrirrlo ercid, and uncharrged acid- (O.IZ g) I'ri:.s recovered. T¡e neutral

oroduct.,,vas clistillecl into a rece-iver irünersecl in dry ice-etira:roI bath

to yielcJ. a colourless licrrria (oJz5 e), D^o*. (rirm) rz5o(m), tTLO(s),

t65O(w) , 12zo(s) arrå B8O(")"r-1. lhe corn;rosition of the procruct r'¡as

cletermined. by v.p.c. (t5Ot ;qtiezou ccpilla:¡r colutrul, llOo) r.urd-er

cond-itioirs iden'cicaI rvitir tliose used Í'or tfre (I)-.".1o, d.eca::borq¡latiou

product, and- 'r;he results ¿ìre summ{lriscä in Table 17.

Tire clecarbo:q¡lation prochrct (tl.Zt't ¡5) r'nas chrom¡rto.;rapÌreci on

silver ir-itrate irnpreg'natecl sil-ic¡,¡ gef (t 5 g) in ire>:ane, alrti tire frac-

tÍo¡æ r,¡e:¡e analÍsecl b'' v.p.c. Irractious l¡--6, ,¡]1içir contaínecl on].y

camphene, r'¡ere combinerL'and ùistilled- to yield O.oB5 gr[-(] f,9+ rcl

( 
". 1.1O, benzene). Elution r'¡ith 10í , ether-hexane Save ¡rrr ace'¿ate

fraction (O.O5O e) r',¿dch ruas shor,¡n ì:y v.p.c. (JOOt UÌcon coirillary

colurnn, 1¿ÞOo) to consist of ìiorrÐrl aoetat e (167!'), i-sobonryl aoetate

Q+li,), ilre acetate of camphene hyc;-rr,Lt " 
(ll¡'"), acetate t+ (l¡1), acetate

g (Zi) a¡rd acetate C (-f,l). TLe relative a.nor:nts of the aceta'ces of

borneol, isobonreol a¡rcl ca:nphene hyclrote are sìrown ín Table 19.

Com¡le'¿e anal./ses of the ive clecarb atlon products on the

(")

O0r ÏJkon canillarr¡ colulnt.

(1) -e-gglg-c arb o4Ylr o r11 Ð1e e

A solution of the acÍô (?,.O g, 0.011 mole) arid. pyricline (1 .2O g,
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O.O1 5 mole) in örir berrzene (1,-O rnt) 'uva¡; ìreated- untle:: refhul ili ¿'L s'"reain

of nitrogen for 15 rnin. iiljlc solu'cioir l,;¡.s allorvecl to cool r;ome',','irat,

curd -Leacì tetr¡.,rceta-be (5.Û g, O.O1 i rnole) v¡as add.ed. 'fhe mixture r'vas

stirz.eô aI )A-jo (¡atn) i¡ a nitrogen atmosphere for l¡- 1rr, ar:rl was

then 1cept at room temperature cnrenriglrt. '1'¡e aclùl'cion of lváter causerl

the precipitation of brouu lead d.ioxid.e, in&icating that all of '¿ire learl

tetraacetate l:ad. not been consr:¡ned. in the reaction. '',Tork-up in ì;ire

usue-l vray yie1c1ed. unchanged acicì (0.6O g), arrrl a neu'crai fraction';¡hich

was d.istilled. into a receiver cooled- in a d.ry ioe-ethanol bath to give

a colourless liquia (0.71 g), V^*. (fl.fm) f 75O (m), t7lrO(s), l65O(tt),

1¡¡5(s) end. SBO(p) cm-1. T¡e product v¡as analysecl on the JCOI Ukon

capillary ool-umn at 1¿FOo. 'l¡e retentjon tímes of the cornlconents vrere:

tricyclele$ nr:in 10 sec; camphene I rnj-r: lO sec; tranq-8-rnethylcamphene

10 ndir 55 sec; bomyl acetate 27 rin !O sec; isobornyl acetate 2il min

35 sec; ace'cate of canipheue Ìtryd-ra'ce 31 nirt l¡O sec; acetate t\ 37 :mín

JO sec; acetate B i9 miir l¡o sec; axd ecetate c l¡o nin jo sec. )3oruane

(reteirtion time B min 30 sec) rvas trot ltresent under coilCitions ivhere

O.Jr,'! tn the ca:nphene coul-cl. h¡lve been c'letectecl. l.leti-rylcamphenilyl acets,'ue

(rete¡tio¡ time JO rnin 5 sec) l,ss rÌot observecl under cond.itions lÀrere 1f5

o-f i'i; in the acetate oÍ'ctrml:Ìrene hyrlrate tToul-cL havc been cl-etectecl. 'fhe

cluantitative composrtion of the 1;rochrcL j-s shown tt t.O1" 1.-i. TÌre

deteotor response factors for the hydrtcarbons lYere assumed. to be

id-entical-, as v,rere the d-etector respo¡rse 'i'actors for al1 the acetates.

lìesponse factors were d.eterrnined frorn .syr:'chetic mixtures of carnphetre

a¡rd- isobonryl acetate, ancl the obserwel lleak areas of the hydrocerbons
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were grultiplied. by 'che fac'cor for canpherre (0.89), md the aceta'ce i:eak

arees rvere multipliecl by the factor fol' isobornyl acetate (t.JO).

Q¡.antitative anaJysis rvas a-I so ca::ried out on a 3r þiezon column

(sarn1:le injected- at 1l¡-Oo ond col-urur prìc[ir,lmnec]. to l BOo at 2Oo/rnin lrheir

the carnphene had been e1. rted). Ur-,der 'chese cond.itions sorne baseline

clrift flue to d.ecomposition o;-' the ace-ba';e of camilhene hycì.rate rvas

oj:senre.l. Tìris baselj-ne cL"j-Í''c cr¡lt'¿rll:uterf to tlre pea.lc areas of hyciro-

carbons. The composition r'¿as 1'ou¡,1 to bc -r,ricyclene(l¡;"1), carnpherre (59jÐ,

8-metìrylcarnphene (9:;, bornyl- ancl isobor,r¡'L acetate (t5;,), ar:c1 ace'ta'ue:

Ä + Ll + C (f ¡,;). Îìrese val-i:es are in rensonable agreement rvitl: those

listed i:r 'l'able 1tl.

(¡) (*)-z-S@ ana (-)-z-exo-CarboÐrlorrlÐne.

T¡e acicl used. was that recovcrecl frorn its bornylamine sa.lt from

the preperation oi- the itt¡re el:o acid. illhe acicl hed. rnop. 75-770 ,

["<] 3'-- ,r, (c. 2.Jt¡, benzene) ancL ,,vas 'Lherefore a 57:45 ge:$g

mixbure.

A solution of the acid- (0.95 b a.oo52 mole) ancl pyrid-ine (0'60 g,

0.0076 mole) in benzene (ZO m-1) rvas he¡iteil rrnd.er refLr¡x jn a strearn of

nitrogen for 15 nxin. The solution r/yas allolved. to cool somervhat, and

l-eacL -cetraacetate (2.9 S, 0.0065 rnole) t,ias added. the solu'cion v,¡as

stirred. at 9O-95o (Uatfr) for l¡.J¿ irr. ì?ater was ad.cled. (teaa ùi-ovid.e tvas

not precipitated.) ar:d- the laj-xLure r'¡as iroriced. up in'uhe usua.L rvay to give

unchangecl acicl (0.060 g) .mci ¿r ncutral- r'r'actiolr, '.J--ire l-atter r¡as clis-

tÍI1ed- into a receiver i:n;rersed in a cklr ice-etÌia¡ol b¡rtÌr 'uo ,1ive a

coLour-Less liquid- (O.62 g), -uiie i.n.i'ra.rerl spectrum of v¡trich rvas iclentical
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witlr thnt of the prorluc ob',;aj:reci Í'ro.n 'clte enrlo ricj.cì- in (a). The

composition foÌìnd b¡¡ anal-;r5:ls on the JOO! Uçon capilleri' colurnn is

giverr ilr Table 18. B6r.naire ancì. ne'uì:ylce.:'nphenilyl acetate r¿ere uot

detecteC.. Quantitative rural-;rsis on the Jt .A.piezon colunuÌ as clescribed-

for'¡he prod.uct fro¡n tire end-o r,cicl Ín (Lr) shor,;ecl the cotnposition to be

tricyclen. (5",;), camlrhene (62ò, B-me-bhylcarnpirene (n',), boniy3- * i¡;o-

bornyl acet¿te (llft') and aceiate A + l, + C (lO2l.

tiv tio:r of o 2 rimct

e@s-es+-d.-3-g),

A solu'bion of the ac.'icl (¡.0 g, 0"0164 mole) a¡d. p¡.ricäne (e0 g,

O.OZ| inole) in beuzeue (t¡-O "rnt) 'rr'as heltecl und-er reflu:r r'¡ith leed tetra-

aoet¿r.te (9Õ S,0.021 mole) in a lri'r,rà3;en atrnosphere fol J¡. lu'. iriorlc-

up as d.escribecl foq the i.rrevious tì.eca::boxylation 1:rroducts gave a;r acici

fraction (t "10 S) as a viscolis eil-, r',,ì::i-cil partly clT'stollised on ster¡cling.

'i1-re irllrcr.ed sirectrtrm of tiris rnater':i-ai',r¿rs i.åent:lcl.'l- ri'j.'r;h ilta-u of ';lie

startj-ng aclcl, e:ccept for ¿:. i:airc-l ¿,.t 1l¡O cm-1 (t, sh); a:rd. ¡;erreral

broacìenitr3 of tìre other Jra,nc1s. lli1e neutral fr¿ic'ciotl was cÌjr-s-lillecl itr-uo

a recei-ver imrnersecl. in a cì-ry Íce-ethenol bath. Î1're first fractiot:

(0.2t¡. g), b.p. l;o lJoo (lath)/t rùn, shorvecl j:rfrarccl absorption û¿ 1750

(", sh), 1:¡.¿5 (s), 16io(rv), 12lr5(s) anrl 38o(s) 
"*-1. 'r¡1is spectrurn

lv¿r.s virtuall-¡r i¿st¿j-caL rvi'ï;ìr tÌrc s1.'ectra of the cU-¡stj-l-Ied oxid.piive

clecarbo:qy1a'r;ion proclucts of 2?-e):o_ ancl 2-enclo-carbo:q¡bornane. V.p.c.

â^r1sJ-ysis (6t fjj.licone oolunÌì, sr-rnp1e Ínjected. at 1l¡Oo enrl temporature
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iircßraixrnecl Lo 2OOo at /¡Olriún) sllol'¡ecl 'che fo11o.,'d-:tg apltro:iil,rate com-

¡,osition (irormalisecl pooJ: arc,'-!s onl¡r): tricyclene ],r:,, canpbene 6i',,

8-methylc arnphene flr, artcl o.ce'cat es 21',¿" Capillar;r v.p.c. a:t.il]rsis

(t5Ot .r\piezon colunur, l3oo) conCírmed- tlr<: presence of cirnpÌreire, E-

metlrytco-npher-re ancl isobo:.r).J¡f &cetate, Ì.iu'l J minor ìryci.rocarboit ¡:rci. 2

major r."cetote pca.ks :rot observccl- itr tlie other oxiciatlve d,ecarbo:ry1a.';ion

proðucts vere e-ì-so recon'l-ec1. Q( -Cn.nlrholenyl ¿cetate \'Ies shoi'm to

be a,bsent J:)t co-clrromato¡,;ra1rÌiy.

A secorrcl fraction (o.:z s), b.p. to llFoo (bath)/1 mn lvas collec-
t

ted. Its inÎrared spectrl,,l (filrn) siroved. ace'6o.'i,e absorption .ei; 174O(s)

-4aird 1 Zt+5G) "*-1, a¡rc1 a¡ro'cher carbonyl br,.nd. ¿1 1J-lO (rn, stt) crn-1 .

V.p.c. analysis (6t Silicone columtt, tTOo) sholrecl the presence of ,l¡ rnain

components: retention tj:nes J ririn (lzi), J m-in 40 sec'(Zl::), 6 mi-n (lf:)

eJrd 7 rnin l¡O sec (56'¡(). l'he viscorrs r.esj-clue iu tl:e òistillotion fl-ask

(0.50 s) shorved ínfrared. band-s at l8oo(rn), t77o(s), 17À"o(s), 1z+5G)

and. 't OJo ( s) cm-1 ,

Because of thc comple>c irature of these mixLures, they vrere not

l\rtÌrer investi gatecl.

tion of âln ,rith et l.ln¡r, si-urrr bromicle

'l'o an etÌlerea-l- solrrt:Lon of ethyima¡'iresium l:ronid-e l.rreparecl frorn

rnagiresiurn (1.1¡1,- g, 0.060 g - a'corn) a.,rcì ctÌryl brornicle (6t6 s, 0.060

mole) rvas a.ddecl. a solution o:íl (1)carn;rheu-ilone (5.0 g, 0.036 mole) j-n

etlier ovsr a rcrj-od. of 15 ¡nin. 1'^c; stirrecl solution vuas Ìreaterf ¡.lrcler

reflux in a nitrogelr ntmos;rhere Í'or íì h::, ,anc1 cluring this period a
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rv¡ite oonplerc separated ou'¿ :Îrotn tl-ie solu'cion. ¡'f'cer: tile mixLttre heri

been kept at roolr tempera.turc ovcrni6.rt, saturated. arn¡norriurn chlorície

solution rvas arld-exL, the ciher layer ranoved by decant¿¡.tj-on a¡d' il:e

inorgar-ric residue washed. vith ether. ÎÌre combinecl ethcr layer was v¿asheð

','rith ïr-ater, d-ried-, and. tlie ether ìvas rcltoved. by C.istil-Iation tlrrough

a shor.L fractioruitiirg co].urrul rúo give a colourless licluid resid-ue (6O

g) vririch shor,,red- s';rong hyd-ro>q¡l but n,l ca.rbonyl absorption in the

infrered reg:ion. Distil.latio¡ gave ¿ col-or¡rless oil (1r"9 S), b.p.

IOO-lOlo/20 iw;t, rvhich partly solicÉfitxl on cooling. lhe clistí11ate v¡es

c-Lj-Iutec1 with a gnall vohrme of 1i¿5ht 1:etroleum, æd the coLoirrlcss

crystals ryh-ich separated t'rere collect,:d (ZJ ù. Ììec4;'stall-isation

from a snlall volurne of li¿irt petroletur gave camphenilol as colourless

needles, m.p" -li-lal çri'rr.tot *.,r. 76").

(Foimcl: c,, 76.8; rI, 11.5. Cal-c. Îor ri¡ta6O:c, 1-l-1; H, f i .5,':).

V.p.c. exa.míiration (l I :þiezon coluru1, t 5Oo) sliot¡ed th.r'c the

materia^l- recoverecl from 'che no'clter lirirtor of tire Íïrst recrys-uall-isation

corsisted of ca.mphen-iLo1 (1,.t,;:,, reteirt:ì-on time 1 nnin J¡-O sec) and'cr'¡o

other component s (l3t'l a;nð. ),.Jic, reten'c j.on 'bi¡nes 2 min aYfl 2 ruin 20 secr

respeotively). T¡Ís material (2.5 S) rvas chromatographed- on neutral

aLumina (ZO *¡ ín hexar:c. îi-re cÕll1m1l r'¡os eluted' ï¡ith 1!3 ether-ho:¿me

anrl frac'cions (25 ml) rvere collectecl, conce.ntrated' througir a sÌrort

fractionatilg coltrmn, and- analysecl b¡' v'p'c' !¡actions 1-E consisteù

of the compoirent lraving reteirtion Li:n¡e, 2 rnin 20 sec, anrl were cornbj¡led

to yield- O.35 g of the tertia:ry alcohc,l (tZO¡. the 11¡rTr¡r. spectrum

was complex, and the only absorp'uion 1eaC.i1y discernible lvas at J9'15
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¿rrrd 9.06 (clil), anct rt 7.31 (ìrr:Lc16"ir.,r.-i-å¡i-c(orr)-). 'rÌie compJ-ete

absarce of ErbsorptÍon belor'; -f 1.87 conf:'i¡riecl that ti:e al-cohol t'¡as

iertiary.

Sllbsequeut fractions clutecL from 'uhe cOlumn r'¡ere mj-'itüT€So

8-Ì'1e'c h'/l- c r,n þltctt e,

(o) A sofutioi: of the alcoiiol- (IZO) (O.;itt. g) in ôry p1r¡i¿itt. (f tn;

vras cooled and phosphorus o>q¡chlorj-cte (t r:r1) vias add-eC.. ,Tfter bei'ng;

kept at room tanperature for l¡-O Ìrr, tÌte rnjxture Ïüas llourecl j:lto cold'

d-iI" kryclroc[1oric acicl. ri,'6ri<-up by etire¡ e>rbrac'bion gave a lio¡id-

(0.25 S), wlich still- shorved rveok LryCl-ro>6r} absorption j-lr its infrared.

spectrun. the procluot was chromatograp):ec1 on neutraf al-um:ina (ZO g)

and el-ution r,,rith hexane gave B-metlq¡lcunpirene (O.O9O g), tb infrared

spectrum of rvÌrich lvas iclentic.ú v,'ith that of the material obta-inecl from

the lear] tetraacetate reactiotls. 'lÌre v.il.c. retention fimes of the

sanples uere a.f so id-entic,rl (it .trpiezo' column, 1¿FOo).

(1r) ìirìr¡¡Itri1lÌrei:yLphosphoiritun bromí.le1 
0:l (11 .0 gr o.o33 rlole) 

',vas

adcled. to a cold sol-ution of n-bu'cyl-1itìiiurr (O.O¡O moJ-e) i¡ ether (lO 
"'ti¡

mrj-ntaj:red in a nitro¿;er: r"trnosphere. î¡c resulti:r¡; cleell recl solutiotl

rvas stirred at Oo for 1! inÍn and- ihen ¡r'u loom ternpera'cure for 15 Inin.

A soLution of c,amphenilone (1 ./'.O g, O.O1O rnole) in ether (i¡'O ml-) ivas

add-ecì, ancì the mixture vlas hea.tetl uncl-er rcfl-ux for i iu:. T¡e etlter

rvas then slov,,]y distillecl frc¡m the f'laslc ancl rvas replaced b;r anlryd.rous

tetrahydrofuran, and- the icLt'cure lvas tirerr heated. und-er refh.rx for 17 lrr.
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The reaction mixture ì¡Ia.s coolecl, d':il-uted' r'rith vrate'r', srlrl ex'Lractecl

lrrrth haxal]e. T¡e hocane exrúr,1.ct lvas ',Yashed- witb vlatert ôl'iec!, aixl

concentrated. in volume to g. 20 rill. (3ot,te tnipher:ylphosph-i'ne o:ddre'

crystallisetl out at tlús stage.) T¡e hexane extract was chrorna'cograilhed'

on a-Lumi'a (¿¡O g) alrd- frac'cions (50 mf) ivere coflected'. ¡ractio¡rs 1-2

yield-ed" a colorirless 1i.c1uic1, vûricir laclcecL carlionyl absorption irr the

infrareC. r.egiono irraotions J-6 gave unchangecl camphenilone (O'5¡j S)'

Distillation of the þyclrocarbon fraction gave a liquicr (O'5¿,' 6),b"p'

17O-1Boo (Uattr), rvhich v¡as sliolm' bJ' v'p'c' (t5Ot iþiezorr capiliary

column, tl*Oo) to consis'c of tra:rf-B-rnetì;rlcarnphene (2)'rl, retentj-on

time 5 iain /¡-þ sec, id.entlcal- with thet of tire sarnple obtainect from tl:e

phospìrorus o>q¡ci:rlorj-de reacti.on) allcl cis-E-methylcainpÌrcne (7J;', rc'"en-

tion'cime 6 nj:r 15 sec). ll'ìtc ïI.Íì.r. spectn-rm of tlle mj:ctuz'e silot"recl

complex absorption at J 9.07-8.11, ¿'. bro:¡d singlet al 7'5J (irlage-

I

heod -c[-c=cii- of gE isomer), a.n-L over, alping clucriets ceirtred at

5.11r ar:d. L¡-.il (=C'Å-CIï, ol'9ry'"", ânt1 9:å isomers res'ectiveiy)' irrom

the iltegratíon of the bricLgr:heacl 1:roton areas, the ¡rod-uct tvas air

ce,. BO:20 cis:'crans- mllçLul:e. 'Jire itrfrared' spectrum (CCfrr) shor'¡ed' barrd's

at 1LB5(m), IIþ6JG) , tl+50(s), l3B5(m) , t 165G), IJIeJ(v) , tio5(:t),

lJOO(w)¡ 12BB(r,r), t27o(w)¡ 12!o(rv), 1t65(rv), 1155(v¡)¡ 11oB(m), to2E(rv),

-4
9?8(m), 94-6(w), 916(rv)¡ anà S76(ru) cÍr'. ]r'er anal,'sis a sanple ws's

reclistilled..

(lonna z C, 86.6i H, 12.J. Crtlìt8 reguircs C, B7'9; Il, 12'1iÐ'

The lo.w carbon vaaue fo1Lhe a:lirlysis inclicated the presence of sorne
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Ímitrrrity. ri sample reclistil-lr_:l l::om soiLiutn gave similar uraJytical

fi gurcs.

(irorued-: C¡ 86.9i lI2 12.1', ,) .

Rea.ctioti of c¡":nnheire with lea.d. 1c'craacetate in b cnZerlo o

Asolutionofcamphene(15.o8,0"11mole)arirlleaðtetraaceiate

(fi S, 0.12 mole) in ary benzene (t ZO r,f) v¡as heated uncier refluuc in a

nitroge¡ atrnosphere for l¡ Ìrr. The sohttion v¡as coolecl and cliluted-

w-rth r,vater (brovrr lea.d. cLio:<id.e r'¡as precirritated- at this stage due to

the preselrce of unchanged l-ca.rl tetraace';ate). Âfter the lea.d- salts

had- been precipitated as leact chlor:ic1e b¡n the adu:ition of diiute hycÌro-

chforic acid, the J¡eirzenc ancl aqueous la¿.'ens lvere removed. l:y d-ecan-

tation. T¡e berrzene laycr ìïe.s separiLtecl and. tlie aqueous layer rvas

extracted. v¡ith etlrer. Ti.c combincd or3a;lic layers l?ere vashed- with

water, d-ried- errcl the solveut sì-orr'l1y rernovecl through a sirort fractiona-

ting co]urur. T¡e resi<ì.Lre r,vas ciistill-ecl turcler recl-ucccl pressure, a:rd

fractioirs r'¡ere ¡¡ralysed- by v.l2.c. (Jt irpiezon Qoltìmn, 12Oo),

irri¡.ction 1 (2.5 E'), b.p. 55-600/20 nn, coirsisted rnaiirl;r of carn-

phene.

Iraction e (Cl.6O ,3), b.p. 60-660/20 ¡m consisted- of approrj-rnately

equal quantiiies of camphene an<l [i-rnethylcamphene.

trraction j (O.ZO g) b.p. 66-g5o/Za irun consisted ma-in-ly of B-

metllylcamplrene "

l¡ractions 2 and J were cornìiined and. chrorna'cogra¡:hed on silvcr

n:itrate impregr:ated. silica gel (30 8) in hoca¡e. Iraotions (Z¡ n"'f)
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l'rere collected, corlcentreted, ond ana--t-ysecl by v.p.c. 1i'¡¿sì;j9i1s, l¡-B

l'Jere homogeneous and- vüere colrrbinecl anrl concentrated. to yield- B-rnethyl-

ca;nphsre (O.OBO g), ttre i¡r,Crarecl speci;rurn of wirich was identice.L r',rith

that oi' 'uhe sarnple isolated. from tlre <:-':iclative decorbo>ylation of

É ) - z-g.,r," -c crrb o4¡b orrr ane .

?1re rencrining prochict r',¡as c'U-sti.Licxl to glve a ma:j-rr fraction (5.5 S),

b.p. 122-126o/20 rnn, ¿lrcl a viscous resj.cÌrre (r.g s). Îlre d-istíl-l¿ì.te

ri'as analysed by v.tl.c. (t5ot .\pi-czoir oapillary column, lSOo) iurcÌ its

composition (nornalised pe.ric areas orr.iy) ís given in labl-e 2O(b).

Reaction of ca-mlrhene r'¡ith leed te1;raace'uote in acetic a.cid-.

.¡\ solution of carnph.ne (7.O g, O.O5t mole) and- lead tetraacetate

(25 s, O.o56,mo1e) in glacial acetic.¿cic] (¡o *r) rvas heatecl at 95-1OOo

(latir) for 20 mj:r. A srn¡lll sample withclralrl at the end. of this tirne

d-id. lrot IÍberate lead d.ioxid-e on being; t"."t"¿ \,l:ith ¡,vater. 'l'he reao-

tion mjxture vüas cooJ-ecl, clilutecl ',,ath rvater, ar¡ô exLracted. I'rith ether.

,{fter the ether extract }rsd beeu washed r,'¡ith sod.iqm oarbongrtq pqlu{ig4,

lvater, o:rcl- clried., ';he ¡"esidue obtaiied- on evaporating the ether rvas

clistil-Iec1 at 1B mm.

Ilractiou l (0.60 g), b.1t. to 11Oo v¡¿:.s sho¡,',n by v.p.c. to consj-st

mainl¡r of cartphene. B-l',ietiylca'nphene co,-t-Ld not be detected..

irro.ction I (5.65 s), ìr...r. i1o-126o, Urno" (fifrn) tZpO(s)r.17OO(s),

l67)(rn) end.'1220(s) "o-1, ',';as aira.L;rscit ì:y ca.l--,i11nrX, v.Ìr.c. curr.j- its

coIûposition (nomaJ-ised- 1:ci,lt rrrecs oii-L;') is givar ín llable 20(b)"

Because of i¿us complex nc;t'.rr,':, thì-si ni;t';urre vlas lrot Ílurthcr e)it'"ljd-i1ed.

;\ viscous oi-I (1 .6 t) rcn¿-r-necl j-ir tlre d.istillation flasl<.
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Ïforlc describecl in part Iï.I"

s:Ls of the l-ar;tr¡ne mixtureg.

campþ.e.qilgrlg1"U_9L

This matedd, obtai rerl by the ozonolysis of camphene accorùlng

to Bailey ,122 ,nu, generourrly prouid.ect by Dr. G.Eo Grea¡n. (*)-

Ce¡nphenilorr., [o<] fB* 6r (". 2.t+6t benzene) was obta:ined from cam-

prr."eJc(]D + 1o7. lne c;úcuLatecl optícal purity of the carnpheruilone

was 8ú/o, usin6 the value [*]o + 76"1 (Uenzene) for opticalþ pure

campiren:ilone reportal by i,r¿¡ußlran ¿nd. P"rry o1 
23

a

the lactone ro-Lxtures lvere analysed. usj-ng a Jr .¿Lp-iezon column.

T¡e samples (c1issolverl iir l¡ertzene) rvere injectecl v¡ith the injector

temperature at 2600, ancL i,he colturur temperature ai 17Oo" 111e colurnn

temperature \r'as prorjrûmmei'. Lo 21Oo at lOo/rntn 1¡rin after the ínjectiono

Uruler these concli'cions, tl.e follolv'ing retention times rvere obse:¡¡erl :

eryig lactone (lzÐ, 6 min; g¡g lactonu (lZr)r 6 nrin 15 sec; 5-

lactone (lZg)r 7 rn-ino lJecause of overlap of the peaks due to the

g snd end-o lactones, the reporLed compositions (normalised. peak areas)

are re6arcled. as accr¡rate to ca. ! ryi" Several æ-gjlgg. m:ixtures were

arralysed. on a 1 iOr Apiezon capil1a,4r columri at 1900, with the injector

temperature at 2600" Urrcler these cond.itions, the retention tjmes of

ilc" and g laótones .¡tere 13 min O 1 5 sec, and. 14 min O I 5 sec,

respectively; sliglit t'trrillngrr of the pealcs was obserr/ed" The composi-

tÍons of severaJ- mixbures were in good agreeinort ë qÐ v¡ith those

d.etermj-ned. on the J I Apiezcn column.
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Ätternpted. o:dclaiive d.eceirbo,qTlation of 2

The method. rvas basecl otì 'uha'ú of Le13*1 and. Huber.91 A sol-u'uion of

Ë)-Z-gfcarborqybornane (t "80 g, O.O1 raole) ond. f\sed. sodju¡n scetate

(t.OO g, 0.012 mole) in glaci,al acetic acid- ([O nr1) vras r,'¡ar¡ned- to 600'

l,earl te-uraacetate (5.1 g, O.011! rnolc) l¡as aclded onrithe teinpera'cure of

tlre stirred solution was sloivly ra.Lsecl 1;o 116-1180 over e periocl of '1

lrr. During thi-s tlme, iro evoht'cion ot' c¿rbo¡r ,:Ìiorid-e l'¿as observecl.

After being kept a'b this te:lpera',ure ';'or 1$ lrr alïl then at rooin tenl:era-

ture overni6ht, tiie solution r,¡as llourcd rt:to l,veier cld- 'che bulk of 'uire

acetic ¿cic1 lvas neuiralisecl tty the arld:j-tiou of lloiassj-um carboirateo

T¡e soì-ution was ex'cracted .¡,,ith etiler anil the ether extract t'¡as l'¡ashed

','ath diLute potassj-un lryciro:d-tle solu-b-ioir (acicliÍícatioir of this elc'cract

followed. by ether exbractiorl ßave',ncl',a:iged acid (t"O g)y ffioP. 7t-75o),

water and was d.riedo Removal of the e,tiicr left a sanisoLid. residue

(O"t*O e) ",tiof, from light pctrolerm yielcled. colowless Plates (O.tt s)¡

n.p,97-1O0 o A second, recrysta-Llis¿.Ltion raised the tnopo 'co 1O1-1O3
o

oo

(Found-: C, 7+.35i Il¡ 9o2o at?tt10o? reqr'rires Ce 74,2¡ fi', 9Õiòo It

showed. infrared. absorptiou (Ccrrr) at t777(s), r+65(m), tLZt (m), 1l86(m)'

t:,66(n), t297i:m)¡ t2l2(rn), tzit(s), 1z5o(s)r 12o1(ûr 1185(m), 11-11(s),

,rrL7(¡n) t 1ú1(n),1121(rn), 1072(rv), r065(r'¡)¡ 1026(m), 1c1l(*), 975G'),

g7O(m), 951 (w), 9l7!n)¡ 91O(mph) 
",n-1 

. ï-ts rrorlr¡r. spectrun shorved

signals at a 9"OZ (6U, 2CI\), r.nd. g.B¿i-7"!J (cornplex, 1?JI)" V";oooo

er:ralysis sholveô that this procluct lves a -/9t21 mix'curc of the exo

lactone (lzl+) a¡rc1 tire enclo lactone ('rzD).
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./r.cti-on of leod. tetrarLcet¡.itc or:t cíunllhene ilr acetic asi'i"É"105a

.íi solution of (I)-crunpì.,rxle (5oO g, O.OJB mole), f\rsecl sodium

oce-üate (J.3 S, O.OJ¡O rnole) n¡rcl l-eaci ',e'rri'aacetatc (18"0 g, O.O/¡O mole)

in glncial ace'cic acia (50 rnI) vras st:Lrrecl at 1OO-110o for lþ rnin arcl

ther kept at room tempera-bure overni3ht. T¡e ntix'cure \'¡as poured. irrto

excess of lvater ancl ruorlc-up by etirer ex'c::action in the usual f¿:sJ:r:iotr

gave a.r1 oil (6.2 S) ïhicì: rv,:r.s dj-stilled. to g:ive a srna^l-l- hyd.rocarbon

foren:n ancl a lna,in acetate fract:Lon (1.1 B), b.p. 112-1220/15 nuno

The distillation resiclue ('r.+- A), ofter being freed fror,r further volatife

material by d.istillation r:.t lOOo (Aa'cn)/z nn, was dilu'bed with ligÌrt

petroleumo Î¡e so1id. materisJ- (0"t6 g) r'ras coll-ectecl ald recq¡staìlised

twice from light petroleum to give colourless plates (O"O*O B)¡ m.P'

101-1ojo (1it.1o5a m.p. loto), u:ed"epressed" j¡¡ o.d'mjxiure with ttre pro-

ô.rct from the attempterJ. orid.ative c.Lecarbo:qylation of 2-encio-carborqy-

borna¡re. T¡e infrared. s;oectra of the tvro sarnples were alsc iclentical"

Capillary v.prcr arralysis sl:ov¡ed- the prod.uct'co be a rni:cir¡re conta:ln-ing

B3li, exo factone and' 1?í .t.þ lactone. '! sample in ad-nlxture \'úl'cl: the

pwe syrìtìietie tI)-""dS l-aetoire nrelted" at 101 -1A2o "

Tertiar:¡ alcohol 027).

To a:r etirerea.l- sIurry of allytnta5nesium 
"i.ro"iaJ24(0.10 

mcle)

mai-ntaiired- in an a-tmospìrere of nitroßen ryas aclded. an ethereal solutioi:

or' (1)-ca:npheirilone (6.0 g, O.O¿F] rnoÌe) over a periocl of 10 nin. The

nnix'r,ure r'¡as stifferL at roorn temperatu:r'e :ior 1 hr, curd r¡as thetr hea'ued

u¡¡d.er reflux for I hr. .¡fter the nixture ha¡1 becn kepb at roo¡n terßp-
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erature overuj-ght, saturated amrnouiurn chforide solution was .:ddecl"

The ether layer rvas separated. by d-ecgi-tation ancl the inorganic resi-

d.ue v¡as r,ashed thoroughly vrith ether. the combined- etht:r extract l'¡as

v¡asÌ:ed ,,,¡i'ch r,vater a¡:d d-rÍecl, R.moval of tj:e ether and ùi stillation

of the resiclue yield.ed. a colourless oil (6.8 g, tsTiJ), b.p. 68-71o/1r*0,

V.p.c. an,alysi" (t5Ot Âpiezon ancl JOOI Uicon capillary colunurs) inclicated

2 gfl:i puríty. Ior analysis a sample r'¡as redistfLled'"

(nornrd-: c, BOo2; Ht 11.2o clirrO) reguires c, 79-9i H, 11.{,¿).

The optically active al.colio:- (tz-l), [o(]l8* *.U (c. 1"9o,

benzene) rvas obtained. in simil-ar yie1c1 from (+)-camphenilone"

- oridation of the :I

(") A cooled. solution of the (1)-afcoUol- (2] g, o.o1lr moLe)

a¡rd sod.ium borollyd.rid.e (t .5 Bt O"OI¡O mole) in d.ry òiglyme (50 lo1)

ma;intained- j-n an atmosphere of nitrogell ì'úas treated d-rollwise r'¡ith

boron trifluoride etherate (5"0 g, O.A35 rnole)o 'ilþn the adclition 'rvas

completed., the m:Lxture 'r,vas stirred- &-t rooin temperature ove¡rriglrt and-

then oxid.ised. by the aclclltio:r of soclj-um ìryd.roxid-e (Jt{, tO ml) axf

hyd.rogerr peroxide (lqJ, 10 rnl). llie rnì.:c-urrre lras st:irred a'r, 5O-6O0

for 2 ir';r, cooled, d"il"uted. witÌr watcr, iincl erctraoted vtith ethero îhe

ether eic'r:ract was lvashed- 'bhoroughly rrith water a¡rc1 d-ried". Rsmoval of

the ether gave a colourless viscous oil (2.5 g) ,vhich bn trituration

with J.ight petroleum yielcled. colourless plates (1.1 8, 44") r roP.

66-67o, Trvo recrXrstallísations frorn ]-ight petroleum gave pr':re d'ioI
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(lza, ¡=¡r=i{), m.p. 68-690 .

(Iour:c).: C, 72.9; H, 11.15. ClrllzZoz recluì-res C, 72'7i II, 11"2,"'¡ '

(¡) A sinrilar reactioit rvas carrieû out using optically cctive'

tertiary alcoìrot (lZl) (Z.O s), soclíur ì:oroiryd.ricle (["6 g) üncl boron

trifluorirle etirera,ce (7.t ß) in &iglyn;e (tOO *f). 'lJhe lrrocluc'c obtainecl

by .work-up followlng the ¿r-llcaliire peroxicle oxid.ation rvas distilled. to

yield. a viscous o:-t (6.t g), b.p. 125-13Ao/O"5 mm, r',hich couJcl ¡ot be

incl.uced to crysta1lise. 'Ihin layer chror¡a.tog'4aphy (silica gel Ì:r 1:1

etirer-hexane) revea-led. the preseûce of tluo comi:onent" (tr 0"15 and O'ú)

oiÌrer -uha¡r tl:e d.esired. d.ioL (P.f I,O9) o Part of the ¡roduct (3.1O S)

rvas ctrro¡natographed on a coluirur of silic¡¡ 6e1 (50 g) in JO¡i ether-

hexane. Elutj-on with lO/u e'ul,er-hexane gave a fractioir (0.l*e 8) mop'

79-3lo wb.ich consistecl ma;inly of i;he oornlrone¡t lìf O.'t5. Trvo recrXrs-

tallisations from hexane Save the cliol (i¿FO) as colourless neec1les,

rn"p" 8J-Bl¡o.

(rrorirrcL: Ç, 73.0; H, 11.2. ,rirrr}, requi-res C, 12'7; II, 11'7,i) " 'lÌre

rlrrlrorr speotnrm sÌrorved sigircr-l-s ¿b T 9.O1 (sin6J-et, 6ii, 2 tertiary

CiL); 8.9i - B.t5 (comp:-ex, 1?fi, -CIIZ- eucl -å¿-, -cii(Oi{)CHJ); 1"6J

(broaC singlet, itt, brj-cì.gehead -å.,1-r(Oif)-) i 7.0-6"20 (broaò, Ar, 0!);

þ.Bl (comi:Iex, fU, J¡(Oii)CüJ). Ilur-Lirer eLutíor: vrith lOT, etl:er-

hexane 1a-eId-ed. fractiors (totaf O"5B g) sho',vir to be rnj:ctu¡'es of the

com^conents Rf 0.15 and. O.13o lhis r¡ertcria-l lvas rechromatogra*ohed on

silica eef (t5 S) and. elution tvitìr !O;í ether-hexa'e yield-ed a.Í\rrther

çantity of the d.iof (t¿¡-O), follo-wed by essential"ly pure rnatedd'

Rf o.1J (0.060 g). Reorystall_isation of' the latter materie.L from
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hexane gave the ¿:iol (t4-t) as colourless needles, rrop. 9+-950"

(Found: û, 72.6; II, 11"? ,lrrrrrQZ requi.res C, 72.7i flt 11.zi/;)o llie

rlomero spectrum sÌrorved. absorption atT 9.02 and- B,9B (s,in61ets, 6ií,

2l;ertíary cl\)t B"9J-8.o (complex, 1?Ji, -cgz- âÌï1 ìlt-, -cri(oH)cr1l)t
I

7.92 (yroad. si-nglet¡ 'tH, bricì-gehee¿ -bj:i-C(OU)-) t 6.36 (single'c, 2I,

o¡); 5"89 (comtrlex, 1H, -c¡(oïì)ciL).

llLution of the first column r,¡ith etÌrer gave the rec¿uirecl dio]-

(lZB, R=RI=H) as aJr oi1 (2.20 ù .,';ìrictr s.l-owly crys'r;allisedo RscrTrs-

tallisation from light petroleum gave colourl-ess plates (t.tO g),

m.p. 54-56o, Ic(]fT* t:.'t (c. 1.58, c1;irenor).

P - C t-guq-Wdro>,1'-¡ r J-rlime'chyl- 2-n oi ùo rnyl ) propioni c eci cl l ac tone

(tzi\ .

(") ;i stirrecl sofu'cion oî ';ire (l)-aiof (lzì, R=,ïlr=H) (c.t¡o g)

in acetone (tOO mI) lvas -trea'cecl. clrop.;rj s,e ',lith Jonest reagent un-tjJ- the

colour of the reagent persisted. îìre mixture lvas stirrecl at room

temperatwe for t hrr altæ r.,ûrj-ch the <-.xcess of oxid.ising agerr'c vras

clestrcyed- by the arLd.ition of' ethariolo liíter ',;l:e add-i'uion of rvater to

the solution, the rni:<ture was coilcentra'ueù rrnd-er reduced. pressure.

T11e aclueous residue rras extractccl r.¡ith ctìler a¡lcL tire ether ex'cl'act

r'¡ashed wi'uh rvaier ancl cbied. Renovef of the ether gave tire anclo lac-

tone (lzÐ as oolourless plates, m.r), )8-1o2o (o.JB g, 9r';)" Oi:e

recrystall-isation from ligh'c i:etroleun ra^lsed the mop. Lo 1O2-1O3o "

(I,'ound-: C, 74.2i IIr 9.4o C¿lc. for C,,, zÍIl3OZ, 
Cr 71,..2; IIr g.iit)"
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öapiilit.ry vop¡e's a.nalySic ¡j¡,.r-,ved tlri=L'c iiio lactone lTas ho)noEeneoÌlso

I-; si:orved infrared. absor1,1;i,:ir (iir cCll-) at tTBO(s), t+65(s), r¿¡l¡7(n),

lrr.2o(m) , t3T7(rn), t365(n'), 1325(tu'1, t2.95fu), 1280(s), 12JB(n, "h),
tzfi(s), 12Ø(s), 1185(s), ttTo(s), t155G), tú5(w), to95(r'¡), t06!(s),

ro45(m) , to25G), roo6(m) , 997(s), 97r(s)r 92o(s) , 9ß(s) a:rd 880(m)"'-1"

(¡) rhe (+)-aiol (t28, lÈR¡=ii) (o.40 g) rvas orlùised as cies-

qr-jbeci in (a) to give A .l9 g of cttr<i-r: laictone, rri.p¡ 110-1'11.o" iìccf'''s-

taJ-iisation from he:çe'ne yieJ-ùect coforirfess prates (o"z:l 5), n'p' 1'î4'-

1150 r["(j 18. 32"O (c. 2.Ol,, chl-oroforil). 'I]ús lactone r,v¿s vü,Íjour

cirromatograiriiically homogeneous, ¿:rri j'bs infrarc:cl spec'crr¡rn v/&s ici-enticel.

vrit!¡ t,:at of '1;l¡e (1)-factone d.escr:ìì,eiì rn (a).

atur¿r'cecl CL

'Ihis synthesis .was mod-elled on re:cctt u'ori< of B{tchi ancl co-

. 125
VÐ TI"ETSO

"Ace-¿i.c anliyd-rÍd-e (f *f¡ 11as aclcled. 'co a cooled solut,ion oí' 'che

(1)-alol (lZO, ff=ftr=ll) (0.¿,-5 ß) in pyrid.:Lne (g1" À-O mL). af'cer beiág

kel t at room temperature over-rùgÌrt, 't Ì..e mjxture v,ras poured. in'co 't'¿¿Ìter

a¡rd. rvorlced- up by ether e)(tr,rÉlction i¡t the usua.l- fashion to give tJie

l:yc-ro:<yerceta'ce (tzB, R=I{, Rt=coclil) (0"¿,-7 s), V,n*,o (rilm) 3550, 1lLP

.,1
¿:rri 121¡0 cni¡" Ti+s cnrcìe pi.odr,rct túas cl,issolved- in pyrid.ine (,ciu" 50

nù), oool-ed. to oo, anù tlren treed;ecL cÌr'oi;"'tr-se vÈ'ch pÌros-o]lorus o:'ychJ-orÍc1e

(fO mf)n Àfter being lcept a-u I'ooin te;:pe:r'll'uLtre for t hr,'cire n-ixture

v.Jù,$ wa¡mecl on a steom ba'uh íor i irr, cooi.cd, pOurecl inio Íced- vlater,

arul acídjjlieci- ',ti1;h clilute hyJr'ocìr1oi'io i:"cit. ';Tþr)<-up b¡¡ e-;l:cr e:icr¿rc-
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ti-on yield-ed. the unsaturatecl ¿cet¡,te (4,39, R=CCCIL) (0"4C ¿);

!ro-*" (eifrn) 1TJO ¿:ncL i22O cnÏ1" Î;1is acetate rv¿rs he¿ecl uircler

reflux v¡ith errcess of li'uhirln ,a1rtntin-Lr.ti:i in etlrer for t h':r'¡ i:rii liork-

up gave the unsaturate<l al-cohol- (ilg, :u:t) (o.l¿u g) as an oil-; D,ooo

(nifm) 3350 cr¡-1. ?lie cnrrle e.lcoi:ol '.y,::s d-issoLvec. in a.ce'r;one (50 nif)

aud treated. cì-ro.¡.rlrise,,'ri'ul-r ¿rf exou.ss oi]Joiresr reage:rt ¿nc1 stir::çd..1'Ì;

roori'r terni:'erature for t hr. ',,¡orl<-ul: g¿r,ve a crls'uaI-l ine e.cic-L Í'r¡i,ciion

(O'19 g), m.p. Bo-9oo. J¿ccesslve re)<;n,Í;t¿rl-lisations from û.clueous

metlra¡,oL ancì li¿lrt ¡:etroler,uir g¿ì,ve tÌre acid. (ltL) as cololu'iess pla'ces,

mop, 1oÀ.-to50 (:r¡"J12 n..1:r. .'lo'-t o60) .

(!'or.rnd: C, 7+"25; ä2 9o3. 0al-c" for C,,.Ì'\BOz, ör 7Lr"2i Ift 9"3i:')"

Its nomoro spectrrìm shorvecl signr:j-¡: ai; 'f 0.97 and 8.93 (si-:rg1ets, 6ii,

2 tetij.ary CUr); 8"86 - J"!o (conr1:1.ecj.7., saturated. -c$Z- an¿ -åil-);

7.o9 (b-or¿, tti, Ju-c=c); 6,98 (¿ou¡re'c J='f ,2Jr, =ci'i-cl{?_-cozr1)i 1r"95

(tríi.,let J=7t 1I7t -C=CH-CH,-); -t.90 (sirgIet, 1II, -COts: .

-bion anil si.s of tire cÌi-tr:ì-í'l-uo acet I CCtr'

,¿\ solution of the (+)-aiof (lzf:, R=R¡=H) (o"Bo g) in anhyûrous

ether (ef rf) was treated vrith trif'frroroacetic anliyckicl-e (6 r¿) and

kept at room temperature for JO lrr. iihe solutíon rvas porued j-nto

d.ilute 'soùiun bio¿r'bonate solut|ou ,ri-r.cl 'clr<: etìrcl J-ayer was separal;ed.,

washed wi-i;h rvater, anc'l drie,l . ì,ìrra¡:;ora.tion of tì,e ether gave a colour-

less oil, tÌre infrared. spectr'rm of u'hiC: lacked. 0i{ .rbsorption ancl sholved-

strong trifluoroacetate c-osorption at lllJO and- 12rO-11J0 c¡n-1. fhis

procluct v¡as stirred. l.¡ith oa.Lciurn carbonate (Z S) iir acltreous a,cetone
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$a;:V,hf r 1CO m}) at roo¡n tempcra'r,ure for l¡.O Ìrr¡ arrd- the rn-ixture rvas

tllen. refluxed for 4 hr. ','/orl<-up b¡r ether erctraotion ¡rÍ-eIdecl en oil-

(0.7O g), tfre infrered_ spectrun of wirich rvas iclenticai vå'ch that of

t-:e irnsaturated al-coho1 (1j9, R=lI). 'ih:is cnrde procluct l'¡cLs treatecÌ

rú'cl:r Jonesr reagent to give a cn'sta^lLine acid- fra.ctic¡n (O.ir 3, irj'..
-.\ove::a.li), rvhicir after successivc recr-"st¡:llisations from aqueous

me'fna:io1 anc. Ií¡Ìrt petroleum hacl m.p. 1oO-1O2or[o(] f,6* % (c. 1.16,

chlorof orm). 'lhe in:frarecl s¡.rectr"un of this acid. was iCenticaL rui-th

that of the (1)-acíd (llL,-) s¡rrrthesised from (1)-carnphen-i1one.

1'rrcycL€casn:rta]ir rcid (t 2C-

A conmeroial mixbure of o(- ancl- fl-s.'inta:o1 (ll-r::ta) r'ras o>úclised-
¿ol

vd-th aqueous potassirtrn perrn"tlgcLifte. ''-, t'ite acicl crystair:-sed froril

aclueous acetic acid as col-our.J-ess plates, In.p. 76-770 (rit ."1 ,nop"

rc-lf)r[.¿l '[B+ zt"2 (c. 5"[)8, cÌrlorororm) 11it.''t5["<1, * 19.L).

16e metl¡y] ester, preparecl bj' ir:eating the acid. with eihereal. d.Lazo-

rnethane v¡as vapour chronatograpirically hornogeneous (l5O' Apiezon

capillary column, t5Oo) "

Iractone mirture from tricl¡cl-oel<asiLntal-:Lc ¿cic1 .

(n) lricyoloekasan'c¡*Lic ¿rcid. (t.tO il) v¡as heatecl- wrd-cr reflu:

witlr acirreous sulphuric ac:i-c-L (.2.5,;, 1Oo rlJ) for 1 þ rnin" ?ìre cooled

sol-ution rvas poured into lva'i;,.rr, c.:rcl- ',-;o::li-up by ether extraction

¡freirier: rl.n acid- fraction oori;i.s'cin¡'; o,? s',i'rtin¿; materj-af (O"i S), and

a neutraJ- fraction (o.SZ ¡;), ;;t.1-,. Íi5'9to, the i¡r.frored s:oectmm of

v¡Lich vras identicaJ- with '¿hat of the lactone mjJc'r;ure from ccr,mpheire.
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V.p.c. analysis'sliowed. that tiic procl-ict oonsis'recl of exo l-actorre (51,.,),

end.o. factone (ll;ù and. 6-facton" (ti;;)" /rfter'cirree recrys'ca-l1-isa'cioirs

from lig,ht petroleum the procluct rnel-tecl- at 101 -1QJo, ancl- was sho,;nr to

be a 69zjl mixture of eæ : sllÐ lactone"

(¡) The acici (O.Zt g) r,,û.s heateå r.urrl-er refluui with form:ic aciC'

OBfq ?-O nf-) for JO min. T11e coolccl solution '¡¡as cliJu'i;eC. vritli rvater,

arrd ether erctraction gave the lactone es ]:Iates (0.t9 g), m'1i" 94--970.

V.p.c. a¡alysis sholvecl thai the proC.uct lvas a 62 a 38 ¡i:jx-bure oÍ' e;co- :

end-o Lactone. .After four recrysta.il-isai,ions from light petroiei:m -uhe

procluct ,nas a 7i z 27 nffiup€¡ rlopr 1O1-1O1o "

(") The acid- (O.ZO g) vras e"clcied- to sulphurlc acio (98¡,", 10 ú)

which had been cooled to -1 Ooo The nixture becsme homog.;'reous after

being siral<en før 2-J m:irr. Î¡e solution rvas lcept ai -/iOo for 2J rñ-rt,

and- rvas then poured onto crushed ice. ll'cher o<traction yield.ed. O.1B g

of crysturlline neutra.l prod-uct, wiúch after rec-rysi;allisa'¿ion from

hexane gave colourless plates (o.to g), n"p. 65-75t, ["(]3t o (""

2.80, chlor.oform). T¡e infrared spectru¡r sìrorved. carbonyi bancis of

egual intensity at 17BO ( /-lactone) anci 17tr5 cm-1 ( 5 -l.actorre). Tire

nerr.ro spectrum shov,,ed peaks aL j 9.O2 (sjrrglet, tertia4¡ Cl\) , 8.76
I

(singlet, CE¡-Í-OCO- of 6-lactone), and- B.7O-1-6+ ( complex, -cEZ
t.

o¡d, -C!!-). I,'1"0m tho netì"ryi sigrrii-r. a?eås, tire procÌuct r'¡as cao a 'l:1

y- : $-Lactone mi].uure. V"p.c. rlnal¡.'sis gave the follorrrng compo-

sition : g lactone (32;'7¡ .enq,o lactcne (lz-,,), mt [-lactone (561;/").

In a separa.te experiment, tri.cyclceirasantalic acid. vras shalcen with

98¡á sulphuric acid. at -1Oo for þ min. Î¡e lroduct rvas ä6cin cao a 1:'1

õ'- t $ -mixture as jud.ged. by tÌre inf ra.reci spectrumo In an a';tempt
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to ;epartte the' lactor:eE, the rnix-,ure (O"iO g) was refl-uxecl lvitl:

sod-ium hycl"ror:icie (ca" 0.1 S) in rn¡s¡,ter (lt rnf) for J-11- rnin" The cl eer

;;olutÍon u¡as cooled, acid.ified- l'¿ith Ci-l-ute sulphuríc acici a¡d- rvas

tlien ertracted with ether. T1.re etirer rvas washed. lvith d.ilute soôiu¡n

iryúroxid-e, but aciùifica'cion arrcL ether extraction of the sod.iun i:y-

d.roxicle layer ùid lrot yielcl ar{f mâtcrj.alo llvaporation of ',jre etl:er

layer girve baclc the origina^l- mixbure (0"90 g).

(¿) Tricycloekasairtalic acÍd (Zó5 g) vias refl-uxed. vath sulpburíc

acld. (1fiir,, JJO nL) for l¡þ rnin. llther er-braction gave 2.1 g of neutraa

product, il.Þ. |}-iOOo. Ti:e infrarecl spectrurn incäcated the presence

of' some $-lactone (carbornyt shoulder ai lTrO cnll), at'ld- v.p.c"

shnwed. the pro<luct to consist of g aactone (+1,.1), endo lactorre (19,'),

and. 6-lactone (tt¡;,í)o Tr'¡c recrxrstaJ-U.sations from he:r¿urc yielcled.

colourless plates (t.+ e), rnrpo'loo-1(iJ¡-o¡ [d, + l5 (c. Lr.32t

chlorrcforrn), shovnt. by v.p.c. to he a' J '. 27 W: gþ.¡nixture.

Lithium alu¡niliíu-m hr¡d ri de red-ltctioir oÍ' tÌre Ia,c tone from tricycloeka-

sa¡taÌic acicl.

The ]actorre, Lú]p + 1i, usc-.'cL r'¡a,s; t):at .nrepared as described. in

(d.) aboveo A solution of the lactone (t.60 e) irr ether (50 mf) was

arldec to a srrspension of Lil\lHr, (t.c i;) in ether (¡O *f), anc. the

rrixlure .was stirred. at rooin tempez'&'úul'e for 2 hr, ancl v'ras tkren refl-uxed

for t hr. The cooLed rn-ixture \,¿as ì;re¿;becl lvith rvate:', and vork-up in

tþe usual- nanner yield-ed- a col-ourJess wâ;qf product (t.5 g) v¡hÍch

showed. strong þd.roryI but laclce¿ s¿¡lron/I absorption i¡r the infrared-
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spe.ctrum. îne Èroduct r¡as reclissolveC. in v¡arm ether (50 r'';).: :¡r-¿ on

coolin6 the cliol (l3l ,;p¡¡r,"1'rì separa'ceci out as long coiot':*-'l :":.'-' -h';;(''-'(':::

(0"60 g, qBï'J) r ril.p. 1 3z-l:;':, L "(..¡'o'-' "'', 
(c' 1'50, t'-clir':"ri:''-; 'o ii;'oi'::;

n.p. 1f Zc, Ic<]'r'* a.9¿+)" Rsc:]steJiisr.'f;ion from þense'1i ':1511 
l¡r='

metting point to 133-i¡+o; [o(] frO+ 
el.o (c. 2.OO, ethe:-.,oJ-)'

(-rounlr ;, 73"o; H2 11.1. Crrfc" for C.,itzzOz: C' "12''i; ri' 'r1'2'"r'

$. sa:nple mixed with the (:)-""¿o. ðiol ir,elted at 6J-1',:':'" 1'h- et¡iei"

mci;her l-j-quor from above w¿s tcncentri-"'úeú a].ið cooied "o yielf| a seco:;*

cr(-, ù; ;:eeðies (0.11 g), in'po 1O5-lÍ!o, lvhich after recry-stsllis¡-Ï'''")'-

-';r¡rr^ reï:zene sbowed ÍIopr 1 cß-11ao ,i"<j i9+ B"o (c" 't '?O' ethar'':rii "

l';11s rrâs apparently a mixture of æ uru gþ c1io1s"

Oxíd-ati,x., of the exo d.ioL ('¡J1 , Iì=1ìr =i-,i . Ilenaraiioí' it' Pure el^j3

.f""to,,¿.,
'Îhø d-j-oi havj:rg mop. 11'J-1¡¿ro, lcl, + 25 (o'tz "; rvas o:i'ci'::''i

witi¡ Jo,l;cst rr:agait in the usirai \ï{iy ';o yiel<ì- co-iour1';ss -'1i1tes (C" '"1 -'--''

m.p. 1 17-119C " Rccrysruall-is¿r.ticn f:'o;:, t:c>:ane Save i.';2iì 3, rr"i;" 1i--

i11o, t*]30" l¡O (c. O.BO) chJ.c:'oi'c,rm)o The lac'cone rrås vâ'polÌr ci:¡'rill:r-

tographically honogeneous apt,- i-Ls reten'uion time (p-ali enir¿::ice'r:er:'';) +tt'':

iclenticaJ- With that of tire iirir.joy oomporieut of -ukre laotone ¡nixture* -'::;'':

tricycloekasantalic acicl *:cl- tÌ:e Ie¿Lö" ietraacetate reaciior¡so

o atu teo aci-d"

liiic (l)-aoid (f 5t,.) (t;"tu,-O ¡¡) r;*.;s rr(;:,ted. r:r*ier ¡'c,;]Llx with su*'-

phuric a"cia (z5i/", 10 mI) i'or 10 mii:. f6r"lc-up gave a neutral" íräç'trs¡:
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(O"a¡l ¡;), rn.1t. ò2-9io, ïrjÌ:-cjr p-'!tr;t i:ec,r:i.st,a1.lisa'cio:r lrorn iì.¿.t

-_ ^_ù
;:etrol"er-un v¡as a 68 '. 32 g:e : g¿o lec;tone míx'cure, n'p' 9l-y' "

';ci; satG.l- ysef, sor::il ibratioirs of 'chc ,.ectortes'
(

(") The lactone (O.O;O - O.O5O ¿;) rras refluxed. v¡ith ihe appro-

priate aoiri (5-5 nil") for" tiro a;i¡ne ind"i,,:e,ted. in'fabfe 22. ?'he'procitte{:

was isolated. by ether exLraction, ancl tÌ:e composition r,'tas CLete¡mir:eC'

by v.p.c. analysis (tabte ez).

(¡) fhe (+)-gþ lac,cone, m.p. i iLr-ti5o (0.20 g) was refauxed.

v¡j.th forrnic acjrt (gg,:'3, 20 rn1) fe¡ pO r;r-in. llþrk-up by ether octraction

gave O.2O g of slightly discol-ourea pl'odrl.ìct, vrhicir v./as a 6C : ¡-C

! e.rrþ rnjxture. .Àfter 2 recryst¿-:.iisations from hexane 'u:'e produc];

ira.d mop. 9B-tO1o, [.(];O O (". 1.81¡-, clitoroform), oncl rvas a 65 z 35

exo ! enC.o mi:cture.

De¡g'ad.ation of the (+) -e:ro-cÌioL (l:''l , -È.Ìt=ii) -i;o 'uÏie eciè' (111;'¡ '

1-he pure exo-d.iol, rn.p. 1 jj-11¡)¡o, L"<lo + 25 ()"tJ¡. g) r,'as con-

verted- into the hyc-Lro4y-aceta.te (^,i1, il;,'ir Rr= ûOciij) by 'crea'r,roent

witÌr ace-bic airh.¡dride-pyridine at rooi; tcrnperature overnight. the

cr'.icre iSrcirorry-acetate v¡as clissolved ii: p;rrid'ine (50 rif) ard phosplrorus

olyo¡loríd" (5 mJ-) rvas aclcled" ll"f'r,er ìeing kept at roorrr teinperature

for t hr, the líti¡C,r;ure was hea'cecL at ca" ioo for 1 ¡::. Î¡e cooleð

mixr;ure vras poured into coLd" rvater, ¡lici 1'tork-up by ether e'<-|rac-b-]on

,.¡::ve O.i¡! g of unsaturatecl aceteite (139, Ìì= 'tOCHr), cor:tarnjla'tær by a

sn¿;--: :rilount of urrchanged hycirory-aceia-üe as incl-icated by wealc hyd'roXyl
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absorption in the infrared. spectrumo t'his produot 'was red"uced' with

Iithiun alunÉnirm hyd.rid.e in ether to the unsaturated aloohol' (139,

A=H). Qxid.atíon vrith Jonesr re:l.gent Save an acid fraction (O. 15 8t

/¡-!r, overall), m.p.' 75-850. S¡ccessive rectystal-lisations fron aqueous

metlranol and. hexane gave the acitl (tltr) a.s colourless plates, Iftop.

95-96o, t"(]3t- 118 (c. o.57tr, ch1o.r:ofc::irt)" À mjxture of tn:-s pro-

d.uct and. the acid m.po 1OO-1O2}, ["a]O + 95, meltecl at lOlr-1O5o" 11ç

infrareù spectra (CCç of the tvro samples ïvere id-entical with that

or (t)-(r]¿t.).
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IYir¡stein antl ca¡tor (r) rrave oonvenient\r cLassified anchi-nerLca-lþ

assisted. ionisatio¡¡s of substrutes l¡r whioh tho nolghbourir¡S group

contributes (F or r electr.ons as tho d-- r¡nd n-routes to tho oorrespohrr.rng

catio¡rs. For the norborrgrJ, cation (II), thð 
'--r.outo 

raqy bc lUustrat€d.

by the solvolysis of exo-norborryl g-bn>ruobenzonesuLphonete (I, R .
g-bronobenzenesulphorgrl) (Z), whllo tlte ¡-r.outê is shoçn by solvo\rsls

of B-( cyclop ent-l-e¡V1 ) etb¡,l arorosulptrorurt os ( f I T, R-a¡onesulpho¡ry1 ) ( : r¿*)

-+
R

il llt

We now report the conversion of (+)-oanphor (v) to tho onantione¡i.o

\ñrocernphcrqyl-isoborr5rl cetiona (Wle ana WIb) by the úF-anil n-routes of

solvo\rsis. (+)-a{e.pho1eryl g-Âitrobenzenesulphonate (rnb), n.p. 8740

(aec.), l"llo * ¡.4 (cncrr) ras prepare<I froo (+)-o-ca¡ûphotenor (rEa)

whLch was obtainodt fron (+)-c"'nFhor uia (+)-ca.nphor-lO-oulphonio aold. by

I

,t5
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known reactions (5). Acetolysio of the sulphonate llllb for þ hours at

L@o tn the presence of exoess of soilír¡m acetate yielttetl a nixture

oonsisting of oanphene (Wtt, 7fl"), tricyclene (tx, 4"), isoborr¡rl

acel,ate (tW, t4/"), o-carpholergrl acetete (Vtc, Qt) anrt a¡¡ unidentified

oorpountt (f).Ê The oe'Thene isol-ateit fron tt¡-is reaction had ta];t - 98

(benzene), r.it. (6) 1"135 + 10/ (benzene).

Using stancla¡tt techrrf-ques (7), eooa first order kinetics were

obsez¡r'ed vhen \lltb (ce. 0.0ã{) was solvolysed. in ca. O.OL¡M acetic ecítl

solution of so&iun acetete et various tenperatures. The rete consta¡rt

(4.o8 * ro-4 sec-l) at 600 is 3.7 tímes greater than thet repor.bed (j)

for B-(oycloBent-J-ergr1)etfur1 g-nitrobenzenesulphonete (IfI, R=g-nitro-

benzenesulphorryl): this increese undoubteclJ.y is d.ue to the el-ectron{.onating

nettgrl group at C, in l,lllb. ThLs rate constant yras alco 20J tines greater

tha¡r that obse¡l/ed. et 600 for the saturated p-nitrobenzene.sulphonate (X,

R=g-nitrobenzenesulphonyl) n.p. 64-650, thus indicating a conslclerable

d.egree of a¡¡chimeric assiste¡rce by the doubl-e boncl in the íonisation.

Fron a¡r A-rrhe¡lir¡s plot, hfb at lOOo rvas fountl to be 1.26 x 1O-2

,u"-1, thi. value being 15J tÍncs the one obse¡r¡ecl nith X at 1OOo. Secause

of thj-s large ratío, it na¡r be thou6ht that the monocyclic uhsetulated- acetatc

VIc is tlerivetl by acetato ion attack on G2 of the briègeå ion'trfIb. There

seeos, however, to be no rryort in the literatu¡'e of the ur¡saturateci aLoohol

VIa, oi' ar¡r of its derávetivos, heuing been identified in solvolyses

involvin6 the non-classical carbonium ion EJfa. This is consistent with

our observetion that the unseturated. acetate rtrIc could not be detected.

aftel acetol¡,sis of (-)-isobort¡'I triffucl'oacetete (see belovr).

Conversio¡ of (+)-camphor to the hyilrocamphenyl-
isobornyl cationg

4 'lhe ane].}'ses were carr-ied. out b¡i gas phase chr-omato¿rapl¡y
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No. l0

rt noulä thus seø tb¿t the non-clessicel ce¡bonÍu¡¡ ions iÆra anal vJrb

generateil by the G a¡¡tl æ-routes illffe¡ to a sBelr extent, a:rd. that one,

or naybe both, undergo reactions before the most stabl.o ca¡bor¡ium ion

oorfÍguration is reaohed.

lte n'ishecl to coupare the solvoþsls prcducts of isobom¡r1

g-nitrobenzenesulphonate (fVc) røtl thos e of a-sanFholergrl

¿-nítrobeuzeaesulphonate. À11 atteupts, however, to prepare sulphonJ.c

ecl-cl esters of isobomeoL feilect. Reduction of (+)-canphor wrth rithiun
t'L-tert-buto:qralurnlnoþdrl-ùe yielttett a níxture of (-)-isoborneo]- þ6n ma

(+)-Uornool ($") (8). Attenpte<t esterifioatlon of this nixture ç.íth

g-nitrobenzenes'lphor¡rl cl¡ro¡i-de in pyrÍttíne at roon temperature for
10 ilays ¡rlelileil. the oqrected quantit¡r of borrgrl ¿-nitrobenzeneoulphonate
n.p. 94-950 (aec.), tosether with canphene (6@) 1r1f,7 + LlO (benzene)

anil uncha'ngeil iooborneol (4@). s{ñiIêr results çere obt¿ineil when the

re¿ction teuperature wes Oo, o¡ çhen g-tolueoesulphorgrl or
nethanesulpborSrl ohlor{.des nere em¡rloyea. EsterÍficatlon is apparent\r

very s10w tlue to the hi¡dered. ¡¡¿tu¡o of the \drroryI trcup 1n iooborzreol,

but once formecl, the ourphoneteo rapr-dd1r solvo\rse vte the f -rout€ to
yieltl canphene of h5.gh opticat purity. The prqreretlon of isobongrl

g-toLuenesulphonate hes been repor-tecr ty nüoker (9). The renarkable

leck of solvo\rtLc reectlvtt¡r repor-ted. for this coupouncl, together rith
the lororm great reactirrlt¡r of ieobon¡rl chroride, make it extrenely

tloublf,ul that Htlckelrs cou¡round was in fact a derivatlve of isoborneoL¡

Å ne,n f-r.oute to the \dlrocauphergrl-Jooborrryl cation h¿s been

prowJ-tletl by acetoþsis of (-)-isobornyl trifluorpecetete (IVè), b.p.
e7{l8oi:;5 rr, toli9 = - 12.5 (cucrr). SoJ.volysis of rvd (conteinrne #
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(+)-lorqyf trifluorcaceteie) ln bu.fferecl acetic acid at lOOo for !

hours gave a nixture consisting of camphene (7("), trtcyclene (r1$),

isoborrry'l acetate (t4Ð, u, ur¡ittentifiett cou¡rouncl (fr) arta unohanged

bor41r1 trifluoroacetate (fi). The ca.nphene froo thls reaction ir"a toJfrI

+ 1OJ (benzene).

0f speoiaJ- interest is the fact that the non-classical oarbonir¡¡u

íons procluced by the f-and. ur-r"outee of solvoþsis, Vfla anil VIIb

respectively, are non-superinposable nirror inageo. In the fonoation

of VIfa, the Cr45 bond initially present 1¡ sqql'hor migrates, resulting

in C5 being pa¡tiaDy bondecl to both C, antl Cr. In the preperation of

canpholenol, hovrever, the Cr-C, boncl initially present in canphor is

broken, resulting ulti-nately in C, being pertial.þ bonileil to C, ancl C5 in

r"EIb. Because of the unique properties of VlIe arÈ llfIb, it has been

possible to pre¡are both (+)- arrd (-)-cenphene of high optical pur{ty fmn

( +) -ca.rnphor.

In view of the current interest in the exect neture of c¿rbonit¡ûl

ions such as illlla, a comparison of the solvolysf-a products of other isobo¡r\1r1,

boryryl orrd o-can¡oho1er1yl d.erivatlves is bein6 natle.
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