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Abstract A new ptrophane diterpenc. aulonc C. was isolated and characterized from the ether extract of the roots of a 
North Dakota accession of the noxious wad kafy spurge. The ether extracts of North Dakota, Oregon, Montana and 
Austrian leafy spurge a-ions were chromatographically compared for the occurrence of jatrophane diterpcncs 
relative IO the taxonomy and biologKal control of leafy spurge. 
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t~-TRODUCTlON 

Leafy spurge IS a toxic. perennial. noxious weed which 
poses a serious threat to livestock on open rangeland in 
the upper great plains of the United States [ 11. While this 
weed can be controlled by herbicides. it cannot be 
eradicated by chemical means. European kafy spurge 
(Euphorbio esulu L.) is controlled naturally in Europe by 
indigenous insect predators [2]. However, attempts to 
utilize these predators as biological control agents for 
North American leafy spurge have not been successful. 

The North American population of kafy spurge 
is considered IO include five taxa [E. esub L., 
E. x pseudouirgoto (Schur) Soo’. E. ura1ensi.s Fisch. cx 
Link., E. ugroriu M. Bicb.. and E. cypurissias L.] based 
upon an assessment of the morphological characteristics 
of many accessions of the weed in the United States and 
Canada [3]. An analysis of leaf wax tritapcna of three 
North American leafy spurge aazcssions and a European 
Euphorbio rsulo accession showed distinct chemical dif- 
ferences on a geographical basis [4]. The cxtensIvc 
hybridization of kafy spurge suggests thar insect bio- 
logical control of this weed in North America will meet 
with limited success without a reliabk means of corrclat- 
ing predator-susceptible European Euphorbio esuku aaxs- 
slons with specific North American leafy spurge 
(Euphorbio spp.) accessions. The identification of easily 
detected unique chemical constituents in leafy spurge 
whrh are common IO European and North American 
accessions of this weed could provide a chemical basis for 
the desired corrclatlon. 

This investigation reports tk identification of a new 
jatrophanc ditcrpcnc in a North American kafy spurge 
accession, a chromatographic system for the separation 
and detection of this and other jatrophanc ditcrpmcs in 
Euphorbia spp. extracts and a qualitative evaluation of 
their occurrence in the extractIves of a European E. esuNI0 
and three North American aarssions of leafy spurge. 

RESUL’TS AND DISC’USSION 

Choructeri:ation oj esulone C 

Esulonc C (3) was obtain4 (O.ooO2 Og of plant material) 
chromatographically (HPLC) from the ether extract of 
leafy spurge root material which previously yielded 
csulonc A (1) and aulonc B (2) [S]. The ‘HNMR 
spectrum of csulone C was similar IO the previously 
reported spearurn of csulonc A except for significantly 
higher field resonances for the C-IS acetate, C-2 mcth- 
yknc and C-17 vinyl protons and signiticantly lower field 
resonanas for the C-9 carbinol proton and the C-5. and 
C-7 substituted bcnzoate protons. 

Oxidation of aulone C gave a product chromatogra- 
phically identical with an authentic sample of 4 obtained 
from the oxidation of esulone A. The attempted tautom- 
crization of csulonc A to csulonc C with acid was 
unsuoccssful. However. chromatography of the reaction 
mixture of a putative sample of csulonc C trcatcd with 
acid showai the presence of csulone A. 
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Mass spectral data for the esulonc A, B. and C could 
only be obtained utilizing ammonia chemical ionization 
mass spectral techniques. These data revealed unusual and 
distinctive fragmentation patterns related to the loss of 
the C-8, C-9 carbonyl and hydroxyl. C-3 and C-l 5 aatatcs 
and C-S and C-7 bcnzoa~cs (as bcnzoic acid and am- 
monium bcnzoa~e) from the parent ion [Haddon. W. F. 
and Manners. G. D., unpubhshcd results]. The prominent 
loss of IWO acetic acid fragments and a bcnzoic acid 
fragment m the ammonia chemical ionization spectrum of 
3 and 4, whik ammonium bcnzoate and bcnzoic acid 
fragments arc IOSI in the spectrum of 1, was consistent 
with carbonyl functionality at C-8 for aulonc C. The 
oxidation results. mass spectral and ‘H NMR data struc- 
turally designated csulonc C as 3. 

Attempts IO obtain a single crystal X-ray analysis of 
csulonc C were unsuccessful thereby preventing the 
dctcrmmation of the absolute stcrcochemistry of the 
compound. However. application of the excitation chi- 
rality method [6,7] IO csulonc C showed the interaction 
of the benzoate groups al C-S and C-7 to produce a 
posttive first (longer wavelength) Cotton effect (A.Q)~ = 
+ 19.6) Indicating a positive chirality for the compound. 
The negative chirality observed for compound I, whtch 
established the (SR. 7S)configuration in aulone A [S]. is 
opposite IO the obscrvcd pos~t~vechirality ofcompound 3. 
Theabsoluteconfiguration ofcompound 1,establisti by 
X-ray crystallography, rcvcalcd that the cxocyclic vmyl 
methylcne group was directed mto the 12-membered 
macrocyclic ring. Although the absolute configuratron of 
esulone C has not been dctcrmmcd. molecular models 
mdtcate that a conformation of csulone C in which the 
exocyclic vinyl mcthylcnc group IS ortcntcd away from the 
macrocyclic ring would produce a posrtivc chirahty and 
rctam the (SR. 7S)configuratton. The absolute stcrco- 
chemrstry of csulone C awarts confirmatron by X-ray 
crystallography. 

The charactcrlzation of csulonc C from the roots of the 
North Dakota acccssron of leafy spurge substantratcs the 
extstencc of the stabilized keto cnol tautomers I and 3 in 
this plant as proposed earlier [S]. Although esulone C can 
be converted IO csulone A in acidic m&a. the reverse is 
not observed mdrcating csulonc A IO be the more 
thermodynamically stable tautorncr. The tautomcric 
equilibrium of the jatrophancs IS reflected in the compara- 
tive occurrence of the compounds m the crhcr extracts 
(csulone A 2 u0 vs csulone C 0.03 ‘I.). 

Chromatyraphic derectmn o/ jatrophane direrpenes in 
leafy spurge Liccessions 

Ether extracts of four accessions of leafy spurge roots 
wcrechromatographically examined for the occurrence of 
jarrophane diterpena Chrornatographically separated 
compounds which exhrbitcd UV absorbance at 230 nm 
were consrdercd potcntral jatrophanc ditcrpcncs based 
upon previously reported UV absorption data for jalro- 
phane diterpcna (5.71. Simultaneous measurements of 
UV absorption at 254 and 280 nm were also conducted. 
The small quantities (124-184 mg) of the ether extracts 
(acetone soluble) of some of the accessions did not permit 
complete characterization of detected components. 
although UV spectra were obtamcd for some of the 
chrornatographically separated compounds. 

The chromatographic xparation of the acetone soluble 
portions of the cthcr extracts of the four leafy spurge 

acuzssions are compared in Figs I and 2. Figure I dem- 
onstrates the distinct difference between the North 
Dakota accession and the Oregon. Montana and Austrian 
accessions. Quantitatton of csulones A, B and C in ether 
extracts of roots of flowering North Dakota leafy spurge 
showed yields of z 0.1 and 0.03 ow rcspcctively. 
Significantly smaller amounts of aulone A were detected 
in the roots ofa non-flowering UrnpIe (0.1 “,J. These three 

diterpencs were not present in the three other au-ions 
examined. 

Figure I indicates that all potential jatrophane diter- 
penes of the Oregon. Montana and Austrian leafy spurge 
cthr7 extracts were less polar than the csulona of the 
North Dakota accession (R, c 4.0 min). Analysis of these 
accessions in a less polar chromatographic system (Fig 2) 
revcakd one prommcnt potcntlal jatrophanc diterpcne 
(BI, R, = 4.43) in the Oregon sample and IWO possible 
Jatrophanes (Al. AZ, R, = 4.20, 5.08) in the Austrian 
sample. The Montana sampk showed tbc least polar 
components with potential ditcrpcncs eluting in less than 
3 min (Fig. 2). Chromatographic analysis of the North 
Dakota sample In the kss polar solvent produced greatly 
increased retention times for csulones A. B and C (R, 
> I8 min). Analysis of this sample is not included in 
Fig. 2. 

Although the Montana cxtracf contained no polar 
constituents with jatrophanc absorbtion characteristics. 
dctcction al 254 nm (hexantlPA. YS: 5) revealed IWO 
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FIN I. The chromatograpbr setxaration d the ether extract 
(ecrtonc solubk) of four PCmYons of leafy spurp (silica gcL 

hcxane isopropyl alcohol 95: 5). 
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Fig 2 The chronulographrc separation of tbe e&r extract 

(aatone soluble) of rhc Awrisn. Oregon and Monlana 8c- 

cessions of leafy spurge (silica gel hexam isopropyl akobol 

98 : 2). 

prominent peaks (Ml. MZ; R, = 4.64, 8.21) with on-line 
UV spectral maxima at 262 (Ml) and 235,350 nm (MZ). 
Compound A2 of the Austrran sample showed greater UV 
absorption at 280nm than at 230 nm and its on-line 
spectrum maxima at 228.287 and 3 12 nm Examination of 
the 28Onrn scan of all four accessions showed the 

oozurrcnce of A2 in all zampks. This compound appears 
to be the only co-occu rring constituent among the four 
accessions. 

The broad morphological diversity in the numerous 
species of Euphbio complicates their taxonomic classifi- 
cation by classical means. Attempts to taxonomioally 
classify the genus on the basis of saxxbdary metaboliles 

have Id lo raAassitkalion proposals based upon the 
observed distribution of ditcrpenoid [8] and tritapcnoid 
[9 I I] constituents occurring in the Latex of numerous 
Euphorbiu spccics. The limited distriburion and distinct 
chemical char;ncr of the diverse diterpcna occurring in 
Euphorbraccac [ 121 suggcs~ these compounds may bc the 

most important taxonomic markers in this family. In 
particular, the jatrophane diterpcnes are unusual sccond- 
ary mctabolitcs with restrrctcd occurrence among 
Euphorbiu spcc~cs [S, 131 which appear IO be of taxo- 
nomic importance at the spccics and sub-spccics level in 
this genus. 

The qualitative chromatographic comparison of the 
four leafy spurge accessions examined in this investigation 
reveals distinct differences in the oazurrcnce of idcntitied 
and unidentified jatrophane diterpcncs. The charsctcriz- 
ation of these unique ditcrpcncs in predator-susccptibk 
European leafy spurge accessions could provide an im- 
portam chemical correlation basrs IO aid in determining 
which North American leafy spurge accessions are most 

likely IO be susccptlble to biological control by inwcl 

prcdallon. 

EXPERlMgNTAL 

Mps are uIIc(Hr. ‘H NMR (200 MHz) spazrra were obtarncd 
for CDCI, solns. Analytical and semi-preparanve HPLC were 

performed on a Walers Model 84Octuomalography system with 

a Model 490 mulli-wavelength UV ~CI~CIW. On-line 1JV mtra 

of chromarographrc ampIes were oblainal from a scan mode of 

rhc Model 490 dereclor under non-flow condirionr. Preparative 

s~lrca chromatography was performed on a Waters Prep MO 

preparative chromatography system. 

Ex~rocrion r>] Fuphorbia spp. Rook marerlal of a morphologi- 

cally diver= stand of flowering h. spp. was colkckd near Fargo. 
North Dakota in June 1983. The malcrlal from thisa%ion was 

air drred (4.3 kg), hammermilled IO pass a IB green and 

sequentrally cxlracred with n-hexanc. Et,0 Mc&‘Onnd MeOH 

for l-week permds in a Soxhkl extractor. The roullmg cxrracrs 

were concenlrarcd IO dryness under red. press. and srorad ar 0. 

EI,O extracts were similarly oblained from rook ma~erlal of 

Euphrblo spp. %cocsTions mainrained In greenhouse facrhbes in 

targo. Nonh Dakota [Raker. Oregon accession (IS.4 g) and 

Krcms. Austria E. es& accession (l3.6g)] and Albany, 
Cahfornia [ Reedpoint. Montana acctsuon (14 2 g)] 

/solorion ojrsu/one c’. A porrion (22.3 g) of the North Dakota 

aozessmn EI,O extract (211.1 g) was mixed with MelCO (300 ml) 

and fillered. The Me&O soluble portion t 14.9 g) wasevaporaled 

rn VQCUO IO dryness, dissolved m CHCI, (25 ml) and applied IO a 

prepararive srltca column (CIICI,) Ten fractions (500 ml) were 

collected and conccnlrated IO dryness in wcuo. Fractions 2 8 

deposited crystallmc malerral upon sranding Fractions 2 and 3 

(I. I g) were lruurared with MeOH. fihered and the filrrare was 

concentrated lo dryness (0.7 g), dizsolvad m CHCI, (IO ml) and 

applied IO a Sephadcx LH-20 chromalography column (4 

x SOan) elured with CHCI,. Five frtiions (250 ml) were 

c~lkcted and cvaporp~al lodryness in wcuo. Fradron 2 (352 mg) 

was dissolved In CHCI, (I ml) and semi-preparalively chromalo- 

graphed, as 604 aliquo& on a Walers mkroporosIl column 

(7.8 mm x 30 an, bexsne isopopyl alcohol. 95: 5) Twenty frac- 

lions (2 ml) were collected and mullipk chromarograph~c runs 
were combined. Froclions 12-15 and I7 cryslallixed upon 

standing. Fraction I2 (28 mg) was rshromaiographed 

(hcune- isopropyl alcohol. 95.5) and 20 fractions were collsaal. 

Endone C (3). [(EM t h3.I 5-Diac*oxy-5.7dibenxoyloxy-29- 

dihydroxyjatropha-6( 17). I I dienc_8,14dione]. Fraction I 3 crys- 

tallual upon sranding IO ydd auhc C (3) as neaiks (1.4 mg). 

mp 210.213’;. (Found: MS M’+NH,. 708.3033; 
CxsH,xOia ‘NH. requires 7oB.3019.) CIMS (ammoma-probe) 

70 eV. m/r (rcl. int$ 708 [M] ’ (IOO), 650 [M - C(9)OH. C( IO) 

CO]‘(7),588[M-UcOH]‘(l7).586[M-BzCOOH]’(52). 
528 [M-C(9), C(l0) CO-RxCOOH]’ (17). 466 [M 

- 2RxCOOH]’ (7k406(5), 378(8),348 (l3), 139 (49k I05 (49),77 

(32A 58 (32) CD (~0.025. MeOH)Aex,, = + 19.6 (64600). Acs,, 

= -25.3 (g42r% e” 204 (e_ 30600), 232 (35 SOOk 276 
(2soO) ‘H NMR: d I.28 (3H. s, H,-I8 or H,-l9), 1.36 (3H.s. H,- 

I8 or H,-19). 1.40 (3H.s. H,-16). 1.42 (3H.d.J = 6.5 & H,-20). 

1.57(3H.s.0AcarC-15),1.98(1H.brs.0HaIC-2L213(3H.s. 
OAcalC-l3),226(lH.&f.I = 16.0.1.5 Hz.H-la),2SO(IH.d.J 

- 16.0HrH-lc),3.65(lH,dd.J - lO.O.5.OHz.H4),4.32(lH.s, 
H-9).4.43(IH.dddd.J - lO.O.6.5(3x))4H-l3),5.42(lH,brs, 

H-lf),5.5O(IH,x,H-l7k5.57(lH.d.~ - 5.OHx.H-3).5.59(IH. 
brrOHaIC-9).5.62(lH.brm. H-SA5.86(lH,dd.I = 10.0. 16.0 

Hr. H-12). 6.12 (IH. d. I - 16.0 Hr. H-(II), 6.24 (IH, s, H-7). 

7.367.62 (6H. m. OR& 7.97 -8. I2 (4H. in, OBx) 

oxldarbn poducr. 4, ojesulonc A. [(I$( -~3,15-Diocccoxy- 




