
Tetrahedron Lettere No.19, pp. 213%2lU, 1966. Pergamon Preee Ltd. 
Printed in Great Britain. 
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Deputaent, ROJJ Inetltate of hcknolo(ll, Steckkolm 

(Reoeired 10 Urab 1966) 

The rut majority of aromatic ditarpeneo l o fu ioolated from 

natural l ourcee are of podocupa-4,11,18-triene me(I). A l taw 

of thie group of compouadehuboonuadutakon uputof l wotemath 

maeo l poetrometric innetigation of dlterponre Itil. TM8 paper 

deoaibeo the fregmentation routlone of podocuprf),ll,lS-trioao 

deriratiree locking oxygenation in the l atarated put of the molecuho 

end differing in uoutie l ubetitution u okom by the partial 

l tructuree given below. AU account of l uller mue l pectrometrlc work 

on terpenee h&e recently been girrn by hdaikierics, Djuuel uld 

WillielMS. 
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‘ho difforonoob in uantio mbditution do not dkr tho U&I 

patha of frywntatioa, Imt 0-00 oortai8 ruiationo in intonaig, 

notiooabl~ of the Y ad till poaka. Thooo lettor ruiatiom uo 

oonmi&ont dtb l rtebilirimg offoot on the moloculu iona by 

osygonation at C(lB) ad on *o N-16 iou by fbo ruioum C(H) 

mbmtituonta. Ilinco tho M-16 iou uimo almod l rclaaitol~ by 

l lidnetion of the rt41 gramp rttwhod to C(10) rhioh i# pua fo 

C(H) tho variationa uo in ynW8t with l xpootation. It io thoro- 

foro mffioiont to conaidor horo ono l rwplo, totuol, tho l pootau 

of which io giwn balm. 

An intorprotrtion of tho frognntdion routiona of totarol, 

buod on &mdioo of oomponndo doutoratod et poaifionm II, 8, 5, 6, 7, 

11, 18, 10, 17 uul PO* and of diffaoo poaka dno to wtutablo iona 

(p)‘, im outlined in t&o #chowa balm. Thooo miao on tho loft, 

tho romltm obW=od and on tho right tho probable wohanim 

inrolvod in tho form&ion of tho ion under conoidoration. Tho dottod 

lino~ roproaont tho clouago~ roqnirod by the doutorium labolling 



remltm, md the porcontae figurer, the wtiutod extent to rbieh 

the ion formod accordlng to thir cle&rae contrlbutoa to the pak 

of spproprirte mua numbor, Cenonical formlu, such u tb~ two 

giron for ion r, ore raod in the diet- in rpiti of ooneldorrblo 

chige delocrlia&ion. 

The l imple& frywntation of the wlocdu ion i# th0 didnr 

tion of the motel group attrched to the bonwllc quutomw cubon 

witi the formation of ion 5. Thl# i# slmort the role contributor to 

the l&Us _w&, u A~WII b thy l hlff of thle pea to highor mue 

number in the spectra of all lebollod compounda. It roprowntm the 

rod importrnt intorddlate in the farthor frmntation. 

The M-16 poti i# at descending UN numbora followed bJ throw 

characteristic pa&~ of fairly low intonaity, +43, W7 d *71, 

which for rea#on# di#co*#ed below are of limited diegnortic rsluo. 

The firrt of theae ia found to bo duo main17 to ion a, fomd fra 

the molecular ion by elimination of l C(l)-C(3) frwnt togather 

with the C(5) hydrogen, #inc. thim pea in the l poctre of the 

%&3,364- md S-dl+Ierir~tiro# occur, uJnly at the l - rn.~ 

number, ht in the #poctra of the other doukrio dorlr&irar it ir 

shifted to higbor mu. numborm. 

In the spectra of the compouuda curying UI isopropyl group 

the M-57 peok ia due msinl~ to ions fomd from ion + by alidnr 

tion of the isopropyl group ritb bsck-trwmfar of one of itr 

hydrogena, mine* on labelling of the isopropyl group there ia *o 

l ignificmt shift of this peak. Romrar, the l&-57 pe& ia rl#o 
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preaont in tha qmctrr of compomdr lacking an 

and lm hero duo to ions fornd by roatom rhich 

tbo isopropyl dariktirmg. 

There am no diffuse pmkm to indioak the origin 02 the iom 

giving rim to the Ic?l peab, but from the labolling reaaltn 

nbri~n_~ tb& it in dm to at leaat two qmciea, rhieb mq be 

it ia 
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formulatad . . ione a end r. On the buim of the umluption that 

fregmentstion in thie oeriee of campoundr ie initiated by clearego 

of bensrlic bonde, the formation of them ione y be rcconnted for 

eo ehom above. Although methyl migration ir not frequently 

encountered it hae been proved to eccur in enelogour rJeteu'. 

The nod chuxcterirtic feature in the l pectre of thi8 l oriem 

of compoundr ie the group of three prominent peeko et M-M, IL97 

end 16111. The M-M peek, according to deuterium lebelling reeulte 

end diffuee peako, ie due mainly to ion g uioing from ion a by 

cleavege of the C(P)-C(S), C(S)-C(lO) end C(S)-C(e) bondo. The only 

aimpler rlternetiw fregmntation of ion 5, the elirinetion of l 

C(e)-C(4) fregment rith l abetituenie, can be dieregarded, l ince it 

wnld require a l pecific end highly impropeble trenefer of four 

lydrogeno, i.e. the interchange of fro of the four C(g) and C(3) - 

hrdrogeno rith the C(S) and one of the C(1) hydrogene. 

Diffuse peako end the partial shift of the U-97 peek by tro mu. 

unite on introduction of tro deoterinme in either of the C(4) wtl@ 

groups damonetrrte that the correrponding ion originator both from 

the moleculu ion end ion +* The lack of shift of the M-97 peek on 

deuteration et C(9), C(3) end C(S) end the l lmoet complete shift on 

deuteration et C(6), C(7), C(ll), C(U) and C(g0) are beet erpleined 

by the cleavegee indicated by the dotted linee in the parent ion.; 

The only slternetiro frrgwntstion of amy reeooneble probability, 

the cleavage of the C(4)-C(S), C(S)-C(lO) and C(Q)-C(lO) bondo rith 

transfer of the C(S) hydrogen to the neutral fregment and one of 

the C(4) math71 group‘ to the chuged fragment, ie more complex. 
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Farthrur, it would only maplain the formation of em ion containing 

l C(4) methyl group. A4 alternative formation of en ion not con- 

taining a C(4) methyl group would roquiro highly improbable and epeci- 

fit ehifte of no loee then four hydrogonr. The moln contributor to 

the M-Q7 peek y theroforo be formlrtod u ion g, in rhich the ori- 

gin of the methyl group ottochod to the fir-mbered ring ie not the 

l eme in all coeee. Like ion & fit probably uieee by contraction of 

ring B and poeeeeeee on indene ekeleton. In arriving rt ion p from 

the moloculu ion, met&l miarrtion from C(4) to C(5) y occur inebd 

of C(1) to C(b) bond formation, bot the neutral fragment formed in the 

reecefion whom, l dimet~l cyclopentyl radical, l hoald be mere etable. 
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The M-111 peak eeour~ at the man am number on doutorrtion 

at C(2), C(2), C(H) and C(M), bat ia almomt complotelr l hifted in 

the l peotra of the other denterio duirativee. The correoponding Inn, 

which according to diffrm poda origlnrteo from ions, mmt hence 

be formed either by the oleovogo indicahd by the dotted line or by 

ruptnre of the C(l)-C(lO), C(5)4(10) and C(S)-C(8) bonda dfh 

tronofer of the C(5) hydrogen to tbo ahuged frogmont. The former 

fregmentotlon y bo viooli@ed u ohorn end the lrttor by a reaction 

in tiich tbo fir& two otepo ue the l om u ia the Ion +to ion g 

reoction# the terminoting l kpo vould involve tronofer of the C(5) 

edrogen to tbe ohuged fragment and euboequent rupture of the 

C(S)-C(lO) bond ocaomponied by bdrogen or methyl dgration in the 

noritrrl fregment. Both proceoooo led to the formation of ion&o4 

although the reaction obom io preferred l inue it inrolrea fewor 

#tape on nneqnimool choice roald require l$=lobelling of C(5) or 

C(l0). 

The wmt ahuoteriotic featare in the frogmentotion of thio 

l erieo of colponndo io the controotdon of ring B dtb the formation 

of i-1 iono. Support for l more general oeenrenue of ouoh 

reactiono COY, from l tory recent l tuq' of ring B uoutic l toroido 
rad Gosooteroido, which prorideo evidence for tbo formation of 

8nalogooa Iona by oontrrction of ring C. Moreover, the indeny iou 

formed in the reoction# diocuooed here oppeu to be of vwry high 

l tabilityj the pooko et deocending mua hro ue of lor intenolty 

end tbe on17 product iona oboerved originate from the & g and & lone 

carrying on ioopropyl group, wbiob eliminate tbie groap rifb book- 
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tramfor of . edrogen. The poakm correapouding to the iom formed by 

thim elimination are ofkn l mwhat higher tbau mrrouudiug peak*, 

but still of lo+ intensity and part17 due to other iona. Hence, 

appear to bo of little use for structural eluoidetion purpomem. 

The peak et m/o 69 im tha moat prominent peak in the lowr put 

of the ujoritr of the spectra under conaidorrtion. It ir almoat 

completely ahifkd to highor ma.. number8 on de&oration at C(2), 

C(3), C(l6) aud C(17) but not on,iaotopic labelling of the otbor 

pomitiona. W corresponding ion mst therefore compriao of a 

C(2)4:(4) fragment dth #ubatituontm and y accordingly bo formlaM 

M ion& or the oorroaponding cycliaed dmriratire, the dirthyl 

cycloproyllium ion. Although the epproprirto diffum poaka oould not 

be obmrrod it mema like17 that ion L, like the majority of tha iona 

diwuaaed, origin&w from ion 2. 

Acknorlodcomntm. I am grateful to Dr B. Byhage, Iuolinrka Inatitukt, 

Stockholm, for tha dekrmiaation of a lug* number of maw spectra 

end to L-K-B-Froduktar, Brou, for putting l maa. spectrometer at 

q diapoaal for l omo of the determinationa. 
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