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GROUND STATE SIGMATROPIC AND ELECTROCYCLIC 
REARRANGEMENTS IN SOME MONOTERPENES’ 

THE PYROLYSIS OF a-PINENE 

K. J. CROWUY+ and S. G. Truwout 
Drquunnl of chcmisuy. rriaily cdkge. hlbh, Ifd8Dd 

(k&d UK 30 March I¶& Acccptd/orp&icath 17 April 1978) 

Ten yean ago we reported’ tht the pbotochemical 
isomcridon of alloocimea 7 gives two main products. 
Grad state (tbermd) isotdzatbn ofthcsamcmono- 
terpcnc has bnp been known.’ ad the pydysis of its 
precursor. o-pinfnc 2. has been exteusively studied since 
1841: The latter gives two initid products. dipcnteac 1 
(racemic tiumreat). the pydyi of which we &Buibc 
l?lscwlKre~ and cir-ocimtne 6. which yidds only c 
tmnrb-cidioocimene 7 (tc)? Further pyrolysis gives’ 
rdlly o-pymncnc 8, /&pyroncnc 9 Md the dime 18; 
minor amounts of tbc isomers 10, 11,24,2S. o-tcqincnc 
22 and dipcntcnc 1 were shown indirectly to be present 
in tJbc pyrolysatc, but were not is4AataL 

This area is now amcnibk to modem adytical tech 
n&s and is of renewed interest siece pathways can be 
rationdid in terms of orbital symmetry: thue also Ied 
us to expect’ tbc formation of ecw minor products such 
u27whkhmightbcfamXd concutdy from o-pineoe 
2 in a chid su~~&&I[l.31 wnt with in- 
version at tbc migathg carbon. From this work we have 
conchdcd’thatthefastcstinitidthcrmalrcactbnin 
unhindered l~J-beptatrieaes is tbe [ 1,7)r_H shift, ad 
we outline here the relative case of this and the other 
react&Is involved (Scheme I). 

Initidy 8 luge-¶cak pyrolysis of O-pincDc 2 was 
uodamkcn under conditioas whereby tbc major product, 
dipctltcac 1, w&Y lqely unalIectai so thu other pydy_ 
sir products were almost entirely those of dkociaac 7. 
Tbis pcmlittd itkatifiatioa of many of the mimr 
pro&cu.and~p~ontk~h~ 
block in conjunction with mmss spcctromctry (MS) then 
permittaithcfurtlKIre xamidon of tbc radon paths. 

McnWrpour pbale pynJlyds of o-piacac 2 oa tile_ 
gkinjCCthbhCkpWEdtliOrcadwithlit- 
cmuren?pamwtmnmldpackcdcdumnrwmuu?d. 
However, wi& a IOdm caphy cohmm. a awe 
com$kx panern ellnqcd. A lxqmdve scak pymtysis 
ovcrPyrexdlipsat42rpverpmduct~turc~ 
airnihrtothatobhincdbynGcmnpourphucp~ 

wmcat ddreu: t3iddm-Ikrtac. P.O. Box 389. Jrkoa- 
dk. Pbh. USA. 

at53lr(-hbk I)htwitblugcrproportionsdduomrtic 
pdlKtsandsdl8mountsdcapbme)‘and 
tricycknc 5. Tttc crude pyrolysatc was separated by 
distillation and chromatography. Many of the minor 
componaltscoukIbciso&d,butthctiproducts 
wae ckuacaid by b.pr. qectn, CGMS,’ &by- 
tbg!enrticla and Didm-Mkl react& witb 
dimetbykctyic~xyiuc CDMADC) f&wed by 
idcntiecrtioll of the nutting phthnhte. b an 
readily be dist&uis&d by mw spcctromctry siace only 
thcc-+adcti~talixoml?rxanefiminrte 
adaeol from the parent ion by a McIATerty mar- 
raagcaunt.‘o 

In severd cases a dkne was synthesized. and relative 
retention times 0 were 8scrihaJ to its [l.S]s 
b-0 shifted isomers on ~JJC hair of tbc rchtivc 
ueasofnl?wpds8ppdng over a ran@ of injection 
block temperaturea. 

The moat volatile fr8c&m codstal of fragmentation 
ptoduc~,r11<1%radnotlhtedinT~I.Murrpec- 
tmtncaf idcued tlut isoprcae. 2-mcthyihut-2enc 8nd 
tducae were pfcwnt, prohdy 2 - mcthyrPent - 2 - enc. 
ad two isomeric mcthykyclohcxdimu. Gk of the next 
fractioa b.p. 4&S4’/2Omm showed a sin& bnmJ peak, 
but on the capiuuy cdlmtn thi3 was ruotvd into Bve 
main uMlpoeau. o-Pyroncac 8 and trkycklle 5 were 
idcntakdiatbcarticrdbtilhtioacutaoftif~, 
while dchydmgcdon of later cuts yielded methyl- 
totucne(froatuor29, W-trimcthylbaumc(from 
a-pyroasac 8). 124 - triMhynn!azW (ProkMy f&l 
l3a14ortbcirl,S-hy&ogeashiftalbocPlac)aod 
aJs-tetnmethy0erume(froml2).Tbepnwoc+ofthc 
~ukrdkmUd2!?wuw&dhyC 
jectioabbckpymtyaisofstnixtltrcoftbermrui#oabcrs 
oftrkncs19Md23:thactrkacswcrcobtai&. 
togder with tbc llbocimmt t(tt) ad 7Oc). on d&y- 
dmtiwlofrmixtureoftbcc4Irrcspo~bitadr.Tbc 
dicneU,thcinitidcyclizatioopcoduc&iriaomaizedto 
2Sutbctmpcnamtempenaueraimal;itwullroobbuvd’ut 
pyrolysispmduct0flimoaaK1.Tbtdiabm17Md18 
ucdsoanjaCpdWdoftbepyrdysi8of 19amdz3. 

TIE next pyrolyaia fmctiaa b.p. 54-W/2Omm cods- 
tadmaidyofra&uredtheditaa17aodl8.Tk 
fommtionoftbc&ne18wurqmrta!byPu&rand 
GoldLda!!‘onpyrotykdaIbohmcC)tl~hc)but 
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tbcirsampkvcryprobablyalmcoataiDaitbcdicnc17. 
Thetwodkacawmimcpab&by~butthciacterw 
with b.p.. io tbe low-&Id (T 4.lA.5) podoa of the 
compkxa&hkNMRtigdiacx&stcatwithmib 
cre&ag ptoport+ of !l. This wu coa!hal by Dick 

ccIdmmmwltbvmADc,whicbnruhsdinr 
tl@lerr8tioofmcthyi4Qct!Jyiphthhtctotbc3-b4c 
iaomcrfrom~boiifrirtioDsofthe~(l7d 
l8)akixturc.AmiDofcoartlnwatoftbirfr8ctjon.the 
vinykyd+cnc 3, wu i&@al py gk d its very 
cbvrctantr~~:~uuec.~.by 
minor pyrolytic wtl of tbc am* pyrdyrir 
produc&dipcMaEl.‘c8mpbau4ubdtTicy~swere 
qmntaIffomtbecooju@tcddieaei8ommofrimihr 
~ by artmentwithamkkanhydride,udwere 
i&atihdbyCCMSadIR.Ncitbu4aorSwwohcr- 
vcdoopyTdysiaoothegkiojl!ctionbk&aodtbeir 
fommthl over Pyrex chips h ado#ouE to their 
ryolherir”trana~20v~b0tmiaarl~ya. 

bochacc 7 (tc md tt). identi&d by GCMS. My- 
hgeaath cd the fraction b.p. 6WIzontm ykkkd 
Pcymtat, 124 ad r&3 - uimethyn=aza=, 12$$ - 
tetnand~d13-dimtthyl-5-ethyfbca- 
Tcot. l-be httcr uiu!I from l5.16 ud 26. ud tbc 
tchmcthylbcwnc from 10 rsd 11. The genesis of jhc 
aher banzewa ir u qlut from lA4-tritnd*, 
whkhwddbefonaedfroml3Mdl4ortb&lJ- 
bydrgta-rhatsd~.butnoothaevideactfor 
tbeplBClKXdtbcrcCOntpounQdbeObrined. 

TkdhelS.ryntbaidfromS-ethyl-3-awhy& 
cycbbcxenonc aa dchbaf,” wu pydyaal by gk. amI 
ykbdcd nrst ore iromer (lc). t&a a sand (26). of 

taiinq!4mtaaeousdebydntioatormixtureofdieaa,ll 
uldl2.lh!scwwclcpu8udby~8nd~ 
m. PyToiyh of 11 pve l2, wt& tiK 
httcrpve10aed11ursiI&bodgkpmk(hbk2). 
~tbcapiasae2pyroh8te~perkrwtmpoa@to 
tbucdkac8wcrcobacrvd. 
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favourat. and no other products attrihabk to this 
mcchadsm have been observed. 

Anotk isome~o. ftnnly utaSshed for sonu 
hicycb [32&I IK!pta# aed potuht& for the 
apincacringsystun,ba(lS]rrcumgmmt iovdvipl 
~~of~~~b~of~~cyc~ 
sigmahood.nlismightheexpcctedto~veriseto27, 
rYAlccdstaichindWxintbtprodud~rfcasii 
&ivingforce.butnotraceofsochrpKnbctwasdctcc- 
ted.‘hcahmtivc[lS~m+tiontogiveinvashd 
(+)_2 to (-k2 would invdve a twisti of the gem- 
~~yl~~~~p~of~~,~~ 
thus bt discotmu!d. 

an the hasis of cakuhtbfts” for the opming of 
:ycbhutaac to two ethylene mokcubs OIY could en- 
kagcasmoothooc-stqpfocusforthcisom&aM 
ofo-pineoe2toocimene~.passill#throu#hthcbkadbal 
s&cswithoutthelattcrl7cco~adircntcintcr- 
mediate. But to expbin the rSlxmk&n 00 formatbo of 
dipcntene the hkadkal2a must have a &nitc existeocc, in 
wxotdwitbtbeportuhteofBurweU.“i-t~-6-c~ 
* -7(tc).thcrdeinitialproduct‘ofbaring 
cisociwae 6, cannot itself cyclize to a cycbhexadk, 
hut most ftrst yield a Cckdbocimcoe. Uodcr most 
pyrolysis coaditbns only the two Ctmru isoaxrs are 
observed, hut we have detected the formatbo of tbc two 
Ccis isomtrs 7(cc) and I(tc) and c&ocimcoe 6 in bw 
yield 00 pyrdysis of a-pineoe 2 over a bot wire,’ a- 
PynncncSmustafiscinadisrotrtoryekctrocycliauion 
from 7(ct) or f(w). /3-Pynncnc 9 b formed from 8 by a 
Mnnal [lJb hydro#co shift while the other major 
pyrolysis product. the dknc 18. is formed from 7(ct) or 
t(w) via a [1,7la hydrogen shift, foliowai by a 
cyCzIir&n of the resulting trboe 19. 10 fact au the 
rcactbnsshownin!kkmclcanhccxplakdonthc 
hasis of a saks of [lJIs and [l,7)a tlveopa shift& 
ek&ocycIizatbas and fcvmbas, as &suated. we 
b&eve that the formation of the dietbe 18 from /$ 
pyroln?oc9occursviathctwocouupo~opeochab 
tkaca, intcrconvutiag by a (1JJa hyQopn &ft, hut 
we have not heen a+ +diy to cxch& the possiiy 
dt&&mctiwmmmum~+l@bya[lJ)tMcsbift, 
for which anabgks have been reported.‘* SimiMy the 
dirtctirowrizo&nu18~u,l7-,1~,Il-,uradzs~zi 
caahcenvisagcd,hutinviewofthcfacilityofthc 
isomtrizatbn of o-pyroococ 8 to 18 (Tahk 3) which 
musr proceed throqh tbc open chain t&act, the 
amuibutbo of [1Jb methyl shifts ill these s&s is 
suTdy, at most, minor. 

Evideoa for tk;llc pathways, and of the relative case 
d the stepc invdvcd. cows from tbc multa ivca in 
Tahbs I and 3. Sign&ant ( > 5%) intercoovasioo of tbc 
two CCL-ptloocimeacs 7@c) ad 7(ct) occurs at zo(p and 
cyctintioOdtbCSC*pLeeIt30(r;cktof~ 

~~~~~~~~~ 

Crmu-8lbocimcaes 7(tc) and f(tt) occurs (>5%) at 
3txr and the reverse (tcrminatilr# in a-pyrontae 8) at 
4lr. Isomckatbo about the taminal doubk hood of 
Ctmru-akcknes becomes apparent ody at about 
4W. WI& rcfofmatbn of trkoes from pyloaeatr 8 and 
9becomessi@cantody8t5OF.Adogoussteprat 
very simihr tcmpcra~ 8rc cvidlcat 00 pydvtir of 
a-phdho&nc 21 and its rdataI Wkncs under tbeK 
cooditbos.’ 

The ftnt rcactb& intcrcoovcYsbn of 7(cc) and 7(ct) 
could, in priocipb, occur by (i) revcrsihk r& cbsure to 
the cycbbcxadicac 01 (ii) dimI rotation about the 



termid doubk bond, or (ihi two coascahve I,7- 
hydrogen Yhifts via 19. we can dkrqud both (i). since 
o-pyroncnc8isLIcitkformcdaofopcnaiattbcac 
temparturrr, and (ii). since iutaconvarion of the two 
Chzn~-ukcs, which would also occur by this 
me.chhm takeaphccontyatmuchhightcmpcr8- 
turcs.Tbc’~(~~hfurtbcrurpportadbytbc 
simihr pyrdysb d the triaus &rival from u-pbdh- 
dreIK21.nc8cappartobctbc!lratck8rinstanaof 
[1,7Ia-H lnigr&a in aQcn chain tricnu.” 

lkearehvopoasibkpreanon intksecondrerc- 
tion, cytzlizah. and in tither tbc o-pyronne 8 nor the 

trieec is formed on conrotuory p- ri.ltJ 
opcn&ofbotho-pyrwmc~anduo-pbethndrrac21 
butthhqq!eafstobcrflmctionoftbe~te 
aMformuh of the diae” 

Tk next fehoa, [lJ)-b~ dl& ia oaexcep- 
tioaabk,atMItbeisomaintio0abouttheceaualuic# 
d&kbolMIthro&l~bi-@lkbhdhlhBmUtY 
pnxakntc.” However. tbc pathway of iaomerintion 
abouttbctcruhlQubkbacbdforftc=7ttisunc~it 
could be direct, with amjqative athihth of only 
one skk of tbc intcmmdiatt odhopd bindid, or 

mPhiutp,bytbekmrenaa,Mmy: 

a-pbtw 21 fomwicm can we diain&b bctw~ Tlullthtbudrtacbcm CBCQUlltlXCdillthiSWott 
~.~n~larbgwcdisrotamycyclizah,Muvcll” ucsummakd,intiof~f~,inTabk 
fouBdtlmtonlyrmw-56-dimcthykydo&udieach 4. 
formed from a mixture of ck CL. cir- amj CL, CL, The ckct7ocYC~ pfocasa dSC&CdbCfCWCfC 

rmnr+3,a-2_4$i-&km.Thhuyprtc~tkk8a ahoobsuvedtobavetkirpnnlklamoqtheofJd 
hiadmd tJienc, 7(ct) in the pruellt au, unkgoa eckctmamokcuhrioztBpatntedinm8u~ 
cyc.hrionmorc~.Conv~tbtmorchiadered such apea sbdl specia in hi& vibmmd atam 
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oflhlircyclixx4 bLWBCfB,l~d24fUpdYdy.~miXtllt 
ml. 28%: m. 24%: ma. 4%) M&d I (3%). 24 (9%). 103%). 
it &d liciossj. 7t~ m, m ok) u nil L( -k&d at& 
EB!hlWhcap~oOIbc&kiBjL-Ctbt!4OCkrtW. 

syal~o/Ihr~lldl2.yI~c131)war 
covcmdwhhubyduk~(SOmOmd.mkrN~MeJ(42-6l) 
~uhcr(ISOml)wtaa&d.foSbwrdbyruyuaJdJ~Wbm 
nrtioo bd &m&d 336 - wimohycydo&x - 2 - emu” 
@0201)iuelbu(IaI~wuMidrd~2hrmdtkmkm?c 
&miaaiatre&f~3kr.SntmwdN~.(2OO~wn 
ad&d,mdlbcp@wubcdlvimuhc?0x100mf).neaml!kd 
tbicd (arrsor) uber rotDI yi&kd l mixme d 11 md 12 (4: I) 
(lS.6r) w&b wu &id&d and cspntsd by Drcprrmhr &. 
I3AJ-f~~-l3-dkrlleM)bdr,29#) 
(9. 2910 (9. MS. 16tlI. 1608. I4S2 (s). 1421. 137s (s). 1363. 
IX@. 1242, 1221. 11%. IOIS. WO. MU aad 116cm-‘. T (CDCl,) 
J.SI (III. I). 7-3 (3H. m), 8.36 (9H. br 0 md 9.04 (3H. 4 J 
6Hz), ndr 1% (Y’. 30). 121 (w - IS. loo), IQI (7). 1% (9). 10s 
(s3). 91 (24). 79 (24). 77 (20). 67 (8) md 6s (6%) @md: C. 83.1; 
H, 11.6. MC. for C,,HHU: C. tB.2; H. ll.lI%). 13.5.6 - 
ruram.uhtktcbluu-I$-da811(90%)bdr,#10.2620. 
2370, MS; Ike, I4sO (!q.l37S (s), 136s. l3SZ Ina 1201. IlJa 
llm. 103s. 1020. looo. 992. 974. 647 rad aOs (S) cm-‘. T 459 
(IH..,). 4ti (IH; k ,):7.7&S (2Jf. m). 8.27 (3Ji. ;). 8.3jQH. I). 
9.09 OH. d, J 7Hz) rod 9.15 (3H. d, J 7Hz), mfr u foe 11. 

.whais oi 133-&muhyf-s-uh~-13-dfac 

810 md 778cm-‘. T 4.3 (IH. 0.7.SX3 (SH, m). 8.07 (3H. 1). 8.6s 
(ZH. q. J 6Hz) aad 9.06 (3H. t J 6Hr). de I38 (Y’. 22). I IO (3). 
109 (2). 83 (IO). &2 (loo). 81 0, 5s 0, s4 (IO), 53 0.41 (II) awJ 
39(20%).Tbet#oot,tfrawdwilbMe&In&aaibcdrbove. 
do&d a mixtm of equal puta of tbr rqortal” diata b.p. 
6wmOmm. Pmultie dc vitldcd tbc c&cY& &ne ls. 
LU 267 nm (# - tjoo,, ., Iti. l4sO (s). I374 0.1204,1 I&; 
1060.1034.1016.%0.8%. MO. 832 817 md m (!Gl cm-‘. ,4.SS 
(lH.r). 4.8 (IH. I). 7:M.i (3H. m):t.U (3H. I). 83s (3H. ~.c.n 
(w. 3 amJ 9.12 (3H. 0, m/c 1% (M’. 33). 121 (9). 107 (MI). 10s 
(19.93 cs). 9l (a). 79 (12). n (9). 67 (S). 55 (8). S3 (7). SI (6) lad 
43 (10%). (pouad: C. 67.9; H. 120. Cak. for C,,H,,: C. IXk2; H, 
ll69L)~s-ctlryl-l-mrtlyl-3-~~ydobu-l-~, 
AU 1648 (S). 1610 1224. IISOO. IIOS, 1020. m (s). 866 (s). 8m 
md TJOcm-‘. r 4.12 (IH. br G HC-), S.29 (Y&i, b ,. H,C-), 
75-8.U (IOH. m) ad 8.9-93 (3H. m). de I36 (At+, 4IJ)), 121(23). 
ltv (loo). 10s (13). 93 (m 91 (SO), 79 (SO), n (II). 6s (10) ud Y) 
(13%). 
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