
THE STRUCTURE OF ISOBARBATENE, THE STABLE 
TRICYCLIC END-POINT OF THE BAZZANENE- 

BARBATENE SESQUITERPENES 

livaworts (lIcpa!ica) ehboratc scsq~nfa enan- 
timeric to those found in hi&r plants, with three 
exceptions: (I) fruhnoiide occur3 in both umnthcric 
forms: (2) (-j-caryophyiknc is found in scupuni4 w- 
dulof4k and (3) drhncs (bicycbf arwsanu) have been 
kkatka.P to those previuusIy i.So&ted. In &is respect 
the livcrwocts arc like tbc fhgi.’ Amopp tbc major 
fuagrl llwabolites are tbc trichoti’ nktai to tri- 
chodk (I).‘O and hnwrt!3 have been shown to 
elaborate closely auiai substances: &buzwnc 
(21, k*“a-a- and /3aubatene (3p” and gymxmiml 
(4). k*‘z Here however the stcrcocbemical nlaho&ip is 
a diitercomcric one. 

Ccrtainft3t.twoftbc~s~werc . . 
tmmahkJyrppveotfromt&NMRaodausspcctn:a 
tricydic atray baring a sbgk vinyl hydrogen (6 52fi 

XHX<, trip.) and four s&let Me goups (6 1.17, 1.10, 

1.03 and 0.96 ppm). Rctahm of chirality hrwgbout tbc 
s&ktalrarragwnt~ihcatedbytbcdistinctCD 
obauved fa tbc ok& hoed: Acr, = - 1.44, Acln = 
t 10.1. 

Altbo@isohrhwbmostre&iIypeparcdby 
stirringabcphncsohhoaofo-bubatencwithancqul 
vohcme of CF,CO1H at 3&S’ for a oumbcr of hurs. it 

3 

This stcrcocbcmical distinction appears to hrve some 
cbcmotaxotlomic sionifiance since &b8hknc h&Y been 
found in virtully every livawort of order Jungmun- 
niolu.~Tbtstaeocbemicrlfcattm?s~totbc 
barbatcnes”’ 6ndadditioMlstlppwtintbcsmm3lEc 
elucidrtioo prcseoted for 
crystal strwure.” 

gymnoohl’2 aDd in an Xny 
only m obacrvatioa remains uncx- 

plaineLk Dear quantitative coovcrshl of t& bu- 
batcw to a Dove1 crystalline tricyclic isomer. k$n8tcd 
isobrktenc. oo treatment with CF,C&H.” Tbc 
obwvatioo has subwqwotly been a key to ertabh&i~ 
tberclations&ipbmvu?n~-buuwncandtbcbr- 
woes, and (+)-uXha&rcnc (5) also ahrdl thia 
lnatchl umkf umtpuhk conditiom.~ we pracot 
hcrc,tbcevi&ncetlmtaaowsustoLss&nstrwture6to 
isobahtcae. 

isaIsoformoddortbcmiktordccandHC~Hcon- 
ditbm” at ckvated tMlperaturcs. uokr both imdi- 
tiompmonitohugoftbchy&wrboolayafailsto 
reveal any ok&lic in-. Based 00 our prcvkus 
work with tbac rtlRLpgtmLot colulitiom we could 
arriveataset0fstructural~forkhrtmtcnc 
by dctai& the -of pouibSh for cation 7 
rhicb an a&d iaomcrrs in whkb an four UXthyh 
become w-cqhakot s&beta without tbe intcrvcotion 
of oknnic imLnncdktec lU Tbc pathways we hve coo- 
&CdarhJWkO&~1. 

ThUSI-VIUCdlCUMiidWSmrtum for isobar- 
batcnc.oftkscsix$onlyV&atwoMe@aups(C~Me, 
G-Me) t&t boaunc cquivakat upon hydrogenation. 
HydrogamtionotisohhtcncaUonl,phmrilyasin& 
dihydro diutacuuta which rtiU dixplys f* distinct 
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sin&t Me raonawa (8 0.89, 0.91, 1.03 and 1.16ppm) 
elimhatipo rtrwturc V from fuftbcr cohkdon. 

The distinct coupkt okfin CD observed for isobu- 
lmtcncahooffcraiab&foreiimidngacradibte. 
Such CD coupktx are cbaractdtic of cyclic okh 
which have a net to&a in tbc doad.‘*” The torsh 
scnxc erpcdal for a& model an be uuascd from 
mokcuhr models *ad are dcctcd in Tabk 1. The 
tclatbnship between torsion sense and CD expect&a is 
shown below: 

Tk chid di8phth of axial auyl group? aho 
i&cnccstbcok!lnCD,“andinsomtoftbeanddata 
prcdkuanopposiwCDwmc.Onti~,ooly~huc~ 
turcVIcanbeexcldaLStwturcIIsamrtbcbatfkt 
since only in this case b a negative tonion Wupkt 

pfcdktd. In light of the quwtbns thxt remain coIKxII)- 
& the intcrpretatbn of ok& CD” and tbe abscnct of 
cb5c 8Mlogk8 in this cue. we examined the model . . . 
dirarrmnrtloa avaihbk in a simpk set of okfin tranx- 
formcltions: hymobontiowxidotion and glycol fat- 
motion with 0x0, Crabk 1). 

AuoftbcstnKtuw in sCbcmc 1 hrve a distinct 
“shdrtesr” allowing a secure pdiin of tbc stttto- 
chemistry of osmyhth and bydrohdon. Be-sides the 
opporm&toassexstbcsixeoffingAfromvU,fortbc 
ketone, otba model didmdhu fatufa are t!e 
chidityofthegIycd,“andtbcprcdktaIn~o*Cotton 
E&ctoftbcketoae.tIndditbatbccisrelahnship 
between Hd and M-OH in the bydrobontaon product 
aw.resthecasykcathofH-6uxinghnthuti&ahift 
wntx (LSR). Tbc untphg pattern for Hd rbcn 
reveal2 tk rubrtitution paftan for the djwcnt centers 
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As a confhah of this asaigmeot we prepared 
mokcuku models of the aka4fh expected from bydro- 
hation of each podk rtructln for mcasurcmcots of 
proton to “Eucompkx& cattd &tancu for a more 
dctaikduXrd&noft.hcLISbtawitbstnMurr.tTbt 
compkx& ceotcr is taken to be a point 1.65 A from C-9 
ato~thec-ohldaxis.ncfhisbWdootbcrch- 
tioMhi~&)g = A&--with expcdatioo v&es of 
m~21,aodjud@basalontbco-vahesP 

Structure 9 for tbc akobol gave, by far, tbc best 51 to 
tbeLrS&trA Wmparhtwitbthcbcttcr6ttiogcon- 
former8 of 11, l2 lad 13 (which would result from 
stnrayec I, III and IV, nXpcctivdy) is give0 b&w: 

confommhtml model 4s) @pm) 
9 B-ch&, A C.-C5 0.6 
9 B-chair, A C&l0 0.7 
9 B-boat, A &-Cl0 0.8 
9 B-boat, A C,CS 0.8 (best fit for 

Me rig&) 
11 Bboatorchair,Avariotts 1.4-1.6 
12 Aashdf-clmir 23.2 
13 Ir, Twist-boat 2 2.3 

Altbought&conforadoasof9inwhichringBhasr 
boDt conf~ give the bct!cr LIS 6ts for UK Me 
sigdr,thismo&ldocsnotaccodwithtbcobscrvd 
dycol chlity nor tbe couphg QUA for H-9: Ju = I0.S. 
J - J, ,oI = 8.349 Ht T&oac cycbpcotAac 
FzkGmcn of 9 (B&air) which give tbc best over- 
allLrs6till¶o6ttbecouplingdata.Itsbouldt!cDotcd 
tbrtthCcollplinOCXXlStMt8~mrinuDcbU@Cd(withill 
expcrimcotd error, 20.8 Hz) m tbc LIS cxpcrimcot 
(Eu: 9 = O&0.6). 

(iIKlicatcd (u c-7 and s ifI I-VI, Scbcmc 1). The com- 
binationof&pattcfnandglycddhiityscrvetodis- 
tioguish bctwcco the possibilities. Tbc fuu set of predic- 
tiomappcarinTabk1. 

osmyhtioo of isohrbatmc 8Eorded after tilh 
chrouuW&y tbc major glycol(8) as white crystala, 
bomogcnqouabytk.TbeNMRdispkyuJrquarta(J= 
6.7 Hz) for H-9 with oae of tbc ccuplingn uo&tai with 
the C-POH. AcUtioo of LSR to a Ccl, solutioo of tbc 
glycol produced in dl cued a couplet cented It co 
3oonm with tbc lower elW.rgy band negative. we Bad, 
hutuinotbcfrtlld&~th8ttbcmorcekctrupu 
FoDeagatts give @ cuupkts, for Pr@OD), tbc 
coupkt was, A#, nm): -65(318), +3.X285). -he oegr- 
the bad climiruiH ttrudurc III hm coaridarth 

HyQobontioo ad?ordd primarily a si@c cryrtdhe 
akoboldisplaying~approxinmtcqtmrtetsi&(J-P 
10 Hz) for H-9. A Eu(FOD), LIS stuly bcatai addihnd 
sigdaincluIingHd,whkbappanasarhup&oubkt 
(J = l&11 Hz). Oxidaho with H&rO. dordal t!s 
ketone. The ObscWcd Go frequency, 1735cm-’ (Cc&) 
fits either for a cyclopeotanonc or posaibiy a suained 
cyclobcxanonc. The CD m displayed an o+c* 
bad (Mlnm) of opposite sign to tbc o+# baod 
(Ar= = +0.90), a commoo feature of Crrymmctry 
cycbpcotanones.P 

Referring hck to Tabk 1. it is dear that model II 
(hbeateae =o provider tbc h “*fo~ic~~ 
flWmingocbairtohdfduirconf~ 
tbc did (I), akobol (9). and kctorw (10). 
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do rbmcd tw; f&a 00 &: I*‘-- - 1373, --b%; I,‘” =* 1606, 
15%.Pmimbubmt(6m()rudrarhredhpnpvrtrvc 
odbctiora of tbft cm&z prmt&ut: d (Cc&l 0119,091, 1.03 az 
1.16ppm for tk fimr Me ci@eu; nu 2%.2022 (26, C,& - 1.0). 
m.1324 m, qin -0.4). 123.1164 (n, C& -OS, %.o!m (33, 
c;H, - 1.01,= %.clw 06, cqi,, to.4Lss.m m3). Mm66 (33, 
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CJf,, +0.6), rad El.U7W MU (81%. C& to.4 m=a& A 

atmMd_ A h d ChO, (33~ 0.13 
mmok+io0.4mltuz?aewuddddto0Jml0fd?ypyridior 
~~(7!6pr.0.128mmo&.84%~).m 
&r&8o&wu&rcdu~tcIIp.fa42bl.tbMlOO~ 
NdiSD,, Odml If,0 ud O.Eml p* WR o&d to the 
alixlue.lktimtotmedtorfcd&iahcdnr~ 
lIbc~wurthrrdfamdditioarlb.-tibscly: 
kncchk#idc(3tha)aod~u+mwdCaso,4rrd 
wucrpvcrdukcdoredrobRcaovalofldveot~~ 
6l~dbnmisboil~r~rpotastlc)~wn 
~mrcPnllSi4(61.actPII)cdPma@futioa 
with5%kWPMpe.ntbcaaterat.7.1~daystaL 
time da Q Rf (3% EIoAc/PhH)-O.l6s: 8 4.2 (IH, OH. H- 
bondal), 3.47 (IS, CBOH. q. 6.7 Hz), 2.3 (IS, OH). I.18 (Me. I), 
1.01 (2Mc, I) rad O&s G (Me. s); D) 238.1926 (very we& 
C,sH& -0.4). iutcaw De& al zD.lM) GHYAI -03). ._ - _ 
149.13u2 
CC&P 
ltzl100 

KI& -2.6), -141.1214 (Cji,,D -i4): 139.llti 
- 1.6). lU.1224 (C&w -2.a mm8 (C+H” -7.4). 
(C,fi, +0.6), ll4.0632 (C&& -2.8). 113.0606 

RqwaJprcpuukdc@%BtOAc@tH)dheau&& 
&cdcd 6.7 w d 9 (Jt, - O.m, RR=.,, - 1.66): ap. l@hlU23., 
W (CHCl,) 36@ and 3600 (&up). 330&3200 cm-’ (hod band); 
6(~~)4~(lH,C~~,q;J-~lO.US-lsecxJlxl(lH. 
d. J - IO& Hb. LIS - 10%). 1.27. 1.13. 1.09. and 0.91 wm (Me 
acb. 8. Lis - Ml, 6w.z -321.8 and 162.3 Hs &-for 
cbr 7&. 70-, S- rad CYc).l The US umIk wac ritb Bu(FoD), 
Mdlkifrsucexpruaeduw4.BuncuSatndia&a 
rwukd tAe inkhi poebus of t& hm rt C-IO: H-108 
(- 15, -1130) and H-IOa (a-2.lppm, US-#)OHz). LIS 

c&lmamcrpbyaltbmnkcfofrll~~Md 
~~ucb9,l&ilo.Tbcmdeclduf~*wu 
m by mul spwmwlpy: 222.1936 (18. C&O -4.6). 
178.1716 (7, C& -0.4). 165.16.w (II. c+- l.2), 141.1248 
(GC&o -3.0). IU.II84 (39, C& -6.6), 123.1122 (loo. 

,, -5.0). 97.%44 (15. C&G - 1.0). 96.0936 (13. C& 

-oa= 93.m e, C&, toa 81.0664 la& C& -4.0). Md 
m596ama(70%cJt-3.0mlBul). 

7~(0.032mmok)0fim&htacrkoboliosO~0fdhtiecd 
&byiabclwucukdiaiaLlBthfof3omio.Ao4oawrc 
c&micddso&C)O~u~nuuahocookdiuMiccbubfor 
W)mh.mcmbd&omicocilsohoua&kd~Iothc 
ltimdabxboltiAftafddirion.lberotnwu~wed(o~ 
mMPCbuhwith+ofQmrtjrbpforamaatioodl0min.Tbc 
mixmcwas&c1aJwi1habm,wubaJwifh1a1dNaHCO,4 
UUJWUC&Ilddrad(M@O&TI-Crborsd)l-=~~~ 
R,(3%Bco1wpw)=0.%.GC(cpboru 
mwpaku~--l216bahtbenmstedJcobd~ 
RR-I&U. Rcmonl d sdvcat pvc 27mg d uyatabc 
pfo&K.t (ketone IO): IR (cq) 173s cm-’ (I723 cm-’ in CHCl3; d 
133. 125, 1.68 and 1.03ppm la four wtbyi h@ua; CD (P- 
C&), b-+0.37, &,-to*. A#,-tom, Arm’ 
-O.%!; PI 2nI822 (38, C&O -0.4). In.1472 (13. cfi, 
-1.4), 124.1236 (12, C,Jf, -l.4),% l23.1166 (100, C& -0.6), 
101.m2 (61, C,H,, -0.8). 97.1012 (14. C,H,, -0.4), %.a (54. 
C,H,, -03). 81.0692 amu eak. C+H, - I.2 mm&. 
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