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Abmtract- A pair of homoloqnis 2-al~l-3-hy&~ -2,4+iM-&oli&e 
hasbeul isolatedfromthc lxobellifer famatCllm~andfouxitobathe 
principal antimicrobial mctabolites in the crude extracts of the whole 
plant. These un8taUb tetronic acids verb partially characterixed from 
spactroecopdc&ta,blltdaemiml tran8for~tiauwererquiredtiascurethe 
completestnxzturca Wlsoftheisolatian, idantifiatiararxibioaasay 
rsrults~~rwidsd;a~r~lebiaeyrRbctiopathwaytothssacoa~loundsie 
dleausssd. 

Of theeighteenspecieswhich represent the-m intbelmited6tatesandCaMda# 

cuilyL_Wa reputatiarasan mtworthy focdatuff2a and is considered toxic by 

the Okanagan and the Xalispe12b. Icthyotoxicity and insecticidal activityZb have been 

attributed to I. dieecctum and it has been used in the treatment of trachoma3 and lung 

disease', as well as for colic anddistemper in horses5. As part of our investigation of 

umbelliferous plants used by Native American nations, we report herein the isolation and 

i&ntificationof theantimicrobialoonstituentsof~~ 

--isa much larger plant than the species of- whichserveasfood 

souras,suchasI&QRunandL,~ Asingle, whole plant collected in the MEpmer of 

1993 yieldtxl 162 g of dichlororotthan soluble extracts (9.7 % of the fresh weiat) and 71 g of 

water soluble material (3.1 8 of the fresh weight). In vivo (PS) screening revealed no 

antineoplastic activity in the water solubles, but toxicity (6 400 mg/kg) and slight life 

extension Cr/C 110 9 100 xtg/kgl in the organic solubles. Antimicrobial assays indicated 

prcmiaing anti&mgal activity in the organic solubles and inhibiticn of tecterial growth in 

both extracts. 

Solvent partitioning of the dichloromethane soluble extracts dispersed the antifungal 

activity over the hexane, carbon tetrachloride and chloroform solubles. while the 

antitecterial activity was folnd in all fractiuu Gel permeation (Rio-&ads 6-X4, S-X8and 

Se&a&x LIi-20) and 1oQ pressure adsorption chromatography of the carbon tetrachloride 

solubles gave the mixture 1 as a relatively uurtable colorless 0iL This material tended to 

decompose, by apparent polymerization, to form an insoluble, colorless film. lhe two 

compolrnaeooulabcecparatcdandMalyzcdindividuallybycapillary~IIs,krtallattc~at 

preparative separationended in large losses to decomposition. Partial resolution of the 

&rivltdaoet&esZbyRPlC 6Jltrasphertcyano) uasachieved,hut,agin,dacomp~iticnclaimed 

moetofthemixture. Consequently, the pair was characterixed as the mixture; additional 

guantities of 1 were &ta.irM from thehexaneandchloroformsolublee. In alL the mixture 1 

comprisednearly1R of the total organic soluble extracts. 

Nass spectral analysis prwided the molecular formulas C21834O3 and Cl9E3003 for the 

mixtwe1,suggcstingtwo~ aifferinsbyosllytwo~l~~~andindioatingfi~ 

sites of unaaturation The lE-NUR spectrum, then, war something of a eurpriae in that it 
remmbledthatofammomuaturatedfattyacid Cnlyapair ofdxabletsnear 65.0, indicative 

of a Ll-dirubetitutedolefin, beliedamoream~plex structure for theantiflnrgal coxqlex. 
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uommta, TzztYm in 1,2,UP 

ti 1 zb P 
1 173.49 167.69 170.21 

2 162.91 153.97 161.19 

3 105.19 121.09 105.66 

4 149.75 149.00 149.74 

5 93.49 92.20 91.03 

1zC 129.96 129.98 129.97 

J3" 129.56 129.50 129.50 

ar~r&dintXC13,datare~tedae 6unita 

bacetats WI 6165.69 

*: 658.74 

s=t==rysd 
=alJe1glmenteineechoo1umnmRybcrevereed 

5 

174.87 

(48.70)d 

197.65 

150.59 

95.59 

J.30.08 

129.45 

TheJbMRe&&rum6leeTableI)euggcetedtblltthbl,l~ ituted alefin (6149.75,& 

and93.49,ti wattacheddirectlytocxyge~ catalytfc~oganaticnof1gavc aMraMr0 
&rival&e 3 wlme W ahiftaand multiplicitiee (64.88, l&q; L49, 3R,d) confirmed- 

structure la and revealedthatthe other eubetituentonthe olefinwae a fully substituted 

cmrbonatae 

~~aryl~~~inboththrIRandl~~Mdr~cticnad1withdiazoartbancto 

form the methoxyderivative 4 eeemed to eupportthe .fatty acid'hypothesis, the chemical 

shifts of the Q-nethylcompom& (64.09) and Q-acetate (62.32) groups and the abnenca of a 

characteristic carboxylicacid carbonylgroupinthe IRledto an alternative proposal, an 

enol. Apoeitive ferricchloridbteatandagpropriate 13C-NllRreeonences bSl62.91,105.19, 

both singletr) provided prtstructure lband demonstrated that the enolic double bond wae 
fullysutstitutsdarxlmaffectedbytbcmtalyticrabctiab 

Part structures la end lb could be combined and extended to either lc or ld after 

oareidcratiar af thewaborptiarmaximum at251W aM the IRaborptiar at1777 cm-l. The 

ba8e peak8 inthe maae spectra of l-4 allcorrespondedto allylic cleavage aa shown inlc 

Confirmation of lc ae the correct assemblage was obtained from the alkylation of 1 with 
CB3I/Na2a)31 a mixture of *methyl (4) andc-alkyl (5) products was obtained. ‘Ihe final 
evidence lay in 5, X mar 222 nmr theb-NRRsignalr for the l,l-disubetituted olefin were 

eeparated and ehifted &wnfield (65.42. 5.111, a pattern reminiwent of a-methylene 

cyclopatana~8and Y-la&am. 'Ihc infraredabmorptiarr;mar 1820 and 1750 cm-lcorr&atad 

with the y, 6 ~urated Y -lactam and +methy~ qclopmbmne moieties, renpxtively. 

lbedolnirvntm1~8rpctralfr~~tia1inl-4 bl.lyliccleavagc)gnvewaytocl~atthe 

qumtemary#p3arlxmin5#aenbafnbelow. 
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Ulth lc tlecucely in hmnd# all tint reImimd wa6toloaBteanddllterminethcpmetqofthe 

olefi.nintbealkvylQaih Imc~ofanWabeo~~arould970cm’1andcalculati~ 

oftbern 13C+lR ahlfts for the olefinic carbom indicated a & qwmetry. Ozcmlyale 

of 1 and reduction and acetylatlon of the producte prwided 1-heptyl acetate and 1-nonyl 

eoetate,tumlyzm&3-mandcc-ns 

A more polar fraction, also analyzed by CC-MS and %i-NM& correspon&d to 6, the other 

fragment fran th& wmolyzie of L lslo acetates were indicated ( 62.02 and 213; kI+-HXc and 

n+-2 K&I. 

1 R=H 
I 

2 =k 3 
4 =Mt 

3 6 

zhc mixture 1, than, .waf~ ocp~lsed of two hanologe wham bio5mrnl8 aFparmtly prooeech 

thrtia oadaeatian of ppwate and oleic or palmitoleic acid enoliation and lactom ring 

cloeura ‘IhcN~~log~~~~ly~foudandcharscearksdcrsaaoPparntaba 

complex mixture by B&bmnn% gr:oup from threa mbelliferr, ~lu&Um,EiAlmUam 

and w w6. A number of related tetronic acid8 are known from microbial 

sourare, exemplified by multicollc and multicoloslc acids frolnBnkiU&m lIwl&QU'. 

Other, more distantly related compoandn inch& tba cytotoxic obtu8flactone, 7, with both 

olefinic bonds emyclic to the r-lactme6, and the di&&otctronic acid 8 frapl the gorgmian 

mmura flaY2. Ihc f*oli&e, rqceeented by 91°Jl from thr red alga m m 

would appear to be halogenated analogs of 1, although a different bioeynthesis of these 

~pornrde~~pcok=+2~ 
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TM tetronic acide (1) provide the antifungal and at lea& come of the antibacterial 

activity obeemed in the cru& extracta Aa illuetrabd in lbhle II, the mixture 1 and bolg 

of itm transfometim pco&cte U,4,5) exhibited quite reqxcbble aam of inhiM* in the 

impregnated disk aseay at relatively low concentrationer the date do rweal that any 

praniplatim of thy tetrmic acid moiety, e for acetylation, resulta in a dramtic lcea 

c& activity. 

Since 7 ma reported to ke qtotoxd, it is poetrible that 1 ie reetmeible for tha alight 

activityobmmmdbyueintbePSecrcanr theinebbilityof1mi~bctbcaumeofthelou 

T/C valu Deepita literature reports m insecticidal activi@, mitbr the au& eatracte 

Corqnic and agmom) nor 1 md its derivatives (2,4,5) exhibited ally activity in teeth with 

thetatsccohormrocJb~~ 

wale11 

Ala8i-~wi~dth6mtralic AcmlamdDaivmtiVm82Aad~ 

niaaxgnie& l(50) lU2) 2(500) 2(12) 4Cl!o0) 5GOo) 

Stuph&mfwU4 Qylyw 6 4 4 2 Corgnduatmimdohigmuru~ 7 5 6 4 HP s 

Buoillw a0r.w 6 4 4 3 - 1 

&nthoamaa oqwtrb 5 1 5 3 1 2 

Phythiam uLtdasm 5 3 5 3 - 2 

ilht1wbnco l ot411C 12 7 5 3 - 1 

%am of inhibition m inoailatab inabted platee reported in ma frcm edge of iqxegmted 

disk. 

bAll compounde were inactive l gainet Bmohoriohia ooLi. P~mdoronao aerugfnoaa. Candida 

albtuvu. Candida tzq&nzZti. Aqegillru tarxuw. EoLmintkoaporium mtivum. 

ziEzztz~p/dLslr~LIFanmh- 

NI(R l mctra were obtained with a Bruker WI-250 apectroaeter with CDCl aa eolvent and 
internal etandnrd Maa0 rpctral amlyme were performad on U; Inetrummta nil l6F and 7070 Igp 
M Woaeterr I.R qmctra were recorcbd with a Nicolet 5LX epectraghotoapetsr z Wopsctra 
uere &tarmlmd with a Varian (34 4mztrqbtou&ar. 
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-plrrtw aollsotbdararidgrnartbtOlrnQwwgmJrQe8kdi~htheBridger 
-, rbovt-milrfma -,mmtu&mdmrfrumualextractacl Ttn 
entire plant (1.878 kg fro& uoight) wag cboppd into -11 piece8 and gromd .in a Waring 
blemder vith IUIB. Tfn mlvak wa8 ronoved by ructiar filtratiar and the mc wu &eepad 
wernight in fro& IhOE Again tJm HaOE was removed and the plant reafdw wu asked in 

A3a43gportiar0ctht7dequ wluhla~~i~in5oorL0f9:imai~&pMd 
extracted with 300 mL of heran (3x1 30 yield 28.76 g of hexam eolublee. The aqueow UeDE 
phase was increased in polarity to 3:l &OB:E20 and extracted with 300 mL of CC14 (3x1 to 
yield 6.1 g of CCl solubles. The rcnraMng aqueam m use inorenmd in polarity to l3:7 
kaa:E2cl and extrsdcd with 300 mt of CIlQ (3r) to yield 2.65 g of ala3 aoll&le& ‘Ihc HeCa 
wae then removed from the upper -se, L vacua, and the residual aqueow suepension was 
ertractcdwith300mCpottioMofBMAc~3x)toyfsld109mgofEMkc~~ Ttrrex&&g 
water xoltiles were freexe dried to give 511 mg af tM mlib 

A portion (2.09 g) of mlublc material wae permeated throu& Bio-Beads S-X4 
kolumn 78 x 4 cm) with to yield 10 fracthu. I'mAIm 6 (875 mg) 
waethmpsrrmatsdthrouQ 142 x 2.5 c& with 1x1 -$2 tc yMd 
5 fractiona Raceian 5 (5l2 rag) was thm c!hraomtogra@nxl QI rilica gel kol~ 36 x 2.5 a) 
at low weeeure UO psi Nz)f elutian with 1:2 Ibot8u-hcan gve 5 fractiam. Racth 4, 454 
mgraclearfaintyellouoiLuaethembturel~X kycl~ 25lmr %-mlRx6%33 u& 
a), 5.18 (l&J-3), 5.09 (lE,d,J-31, 5.09 UH,d,J=v, 2.27 UE,t,J=7.5), 1.97 (4&m), 1.49 
(28,10),1.27 (XI$ br 01, 0.85 (3B,t,J-6.,?; v 
1270, 1063 cm 1 US: m/x 334.2525 (I4 , 
calc’d for C19B30D3-306.2193)r 126.0333 (100, calc’d for 

A mlutlon of 95 mg of 1 in 2 x& dry pyridine wae purged with N2$ 0.5 at AC20 and one 
crystal of I-N,N-dLatthylaminqyridi.ne were ad&d and the mixture was reflexed for 6 hours. 
~Wridincwarrr~~n,ud~rwiriawupud~alcm~icrgclplug 
with hexane-FleOtBu (Irl). me residue was permeated through Se- LB-20 aa described 
earlier: fraction 5 of five fraction8 wae comprfwd of 58 mg 21 B-NH& 65.32 (2Ei,m), 5.06 
(lE,d,J=3), 4.77 (lE,d,J=3), 2.33 (3E,s), 2.23 (2E,t,J-7.71, 1.98 (4&m), 1.50 (l&n), 1-p 

Ccl 3006, 2933, 2856, 1788, 1651, 1368, 1171, 1060 cm ; 
16 

cklalyticBa&tiaIofl 

To a wlution of 92.9 mo of 1 in absolute ethanol were added ‘20 ma W/C; the wetem use 
vented and plrged with 

% 
-l?xz mixture wan &&en 6 hours at 10 pi E2; thm -filter& thro@ 

Byflo Super Gel to yiel , after evaporation of solvent, 92 xq of an off-white solid. Trio 
xuterial was permeated through Semdex y20 am drecribed above to yield 4 fractions. 
Raction 2, 38 mg white waxy solid, was 31 E-NMR: 64.88 (l&q,J = 6.6). $16 (2E,t,J - 7.51, 
1.49 (3E,d,J = 6.61, 1.23 OCE,br s), 0.86 (38,br t)t NS: m/z 33W310 (U I 3,201). 253/225 
(3,6), 128 (821, 115 (100). 

Diaxomethane was bubbled into a eolution of 283 mg 1 in 35 mL Bt20 until a faint yellow 
coloc psraMu% TIs fixture wee evapxata8 to give a li*t yellow oil 0 m#, which was 
s&jected to low pcesaure silica @ chrommtogrsphyt elutia with hsanr- (8:3rU 
atlpFsi~garcl~mg~a~lMd102mqafI,aoaloclrroilrX 
IID; El-HlR: 65.31 (2E,m),4.93 UE,d,J - 2.4Ir4.91 UE,d,J - 2.41, 4.09?%,~2~i: 
J = 7.71, 2.00 (4E, m) 1.27 (XE,br a) 0.98 (3E,t,J = 6.8); v 
1637, 1276, 1060 cm-‘1 MS: m/x 34W320 (n+, 8, 0.461, 140 

(Ccl41 3007, 2930, 2853, 1779, 
m. 

mu@athmof1w1th1~ 

A solution of 227 mg of 1 in 25 mL moue aatme wan prged with 
Of 60 xg ant@roue M* and 1 mL IlsL 

pior to atkllticm 
lhe reeulting mixture wae refl ulm2 (10 hr8) lxltil TLC! 

&owedtlmtnolr~ After cooling the sDlutiar wan filtmal to remove solids; the @I 
w~adj~to’6with~~~anda~warr~in~aan 
errspMian wan extracted with CB 

mrslrainingaquous 

P 
(4 x 20 aL). -ration of the oolpbfrrd dichloraapsvVn 

pbaee gave 205 mg light orange o L Low preeeure chrolnatography on silica gel (49 x 3.0 cm 
a~luppn) garc two mxjor fractic#, A C’l m# and B (82 ag), el&ed with hnn_lUItBu (fo0:l.I. 
Both fractim were psrmeatcd through arryaU Ui-201 Raction B 9ve 73 xq of 4 and Ractim 
Agxve60m9oftheketo-lackme x kyclcbuane)222nmt E-tMA: 65.42UE,d,.+2.7), 
5.33 (ZE,ml, 5.11 UE,d,J=2.7), 1.97 t4m, 1.78 (2E,r), 1.32 (3&s), 1.24 UE, br I), 0.86 
(3E,t,J-6.6)! v 
NS: 

(Ccl41 3007, 2926, 2856, 1823, 1754, 1648, 1379, 1266, 1094, 1048 cm+ 
dx 34W3!VX(ll+r3,79), 125UU. 
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1mtpyrldineand0.5mLhc~atrefluxftx2baur AFter2knaw1oIrtllroawece&murd 
ths ~luticn was re&& in V(YIID toa dark brown oil. Thin oil war rarbdma eilica 

emnoecfn-~acebte,n-na@acetate,andtheacid6.bl~ 
qmctralbata: 

n-lmptyl acetate: Idx 157 *1+, n,, 97 (xi), 43 wl0). 

n--l acetate: Jz 185 (R-l+, 7%), 143 (291, 43 (100). 

6: m/z 272 (11+,98) 271 (I+l+,SO) 211 (31, 151 (91, 95 (59), 43 (lOO)t 

'E-NMR (partial): 64.99 (lE,t,J-7), 4.10 (2E,t,J=7), 2.26 

UE,dt,&+7), 2.l.3 (3El,s), 2.02 (3818). 
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