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Abstract-Ten similar gumacran olide scsquitcrpcnc lactoncs were isolated from Heliatuhus ditxaricaus. H. resbwsus 
and H. salicijolius. Three of these compounds are new and IWO of the angelatederival ester side chains are previously 
unreported. An em-kaurane and an nr-tfachylobant ditcrpcnc were ako isolated from H. solicifolius. The results of this 
study support previous proposals that (0) H. ditmricotw, H. resitwsus and H. salicjfolius are closely rclatai, (b) that H. 
nwllis may be a progenitor of the hcxaploid H. resinosus and (c)that the unique fcaturcs of H. diwricoms populations on 
the western edge of its range may bc due IO introgrcssion with H. mollis. 

INTRODUCllOti 

As part of a chcmosyslunalic study of North Am&can 
sunIIowers, Heliwuhus (Asteraccae) [ ld), we have in- 
vestigated the tcrpenoid constituents of three pcrcnnial 
spccia native IO the cas~crn and central United States, H. 

divaricarw L., H. resinosus Small and H. saJici/olius A. 
Dietr. [7]. The tcrpcnoid chemistry of about one-third of 
the c4 50 specks of Helianrhus has been studial in some 
detail [6]. The principal non-volatile tcrpcnoid com- 
pounds found are ge rmacranolide scsquitcrpcnc lactoncs 
and diterpcnc carboxylk acids with labdanc, kauranc, 
atisiranc or trachylohane carbon skeletons. In this paper, 
we report tbc isolation of a scria of ten 2u-hydroxy-8/I- 
acyloxy-frMt,rr4N-l(lObY5~gennarrPdknolides (l-8, 
11 and 13). which indudcs three new compounds 7.8 and 
13. Heliamrhus ditmricolus contained compounds 3 and 4, 
H. resinosus contained l-3, !b-8, 11 and 13 and H. 
salicjroliw yieLdad 3 and 6. Two previously characterized 
diterpcnc auboxylic acids, the enr-kauranc IS [4] and the 
enr-trachylobanc 17 [It]. were also isolated from H. 
salicijolius. l 

RESULTS AND DtSCtJ!SStON 

Comparison of ‘H NMR (Table l), “C NMR 
(Table 2) and mass spectral data indicated that com- 
pounds 7 and 8 differed from the known kctoncs 14 
[l&12] only in their 5-carbon cstcr side chains. The 
mokcular formula of 7, C1,,Hze07 (conhrmcd by HRMS 
of the mokcukr ion), suggeskd that its side chain 
contained, in addition to the carbonyloxy group. IWO 
oxygen atoms and one ring or one doubk bond. The 

- 

l After our work on H. sa&fiiiuc hd ban -al, a ppa 
by W. Her-x. S. V Govindan and K. Watanakapparcd [9] wltkb 
ckacribcd the uolatlon of IS. 17 and a Ibbydroxykauranc from 
H.SalLildi~.Hocmcr.rbacaurho~didno~r~Ihe~ 
of any scaquitcrpcnc lactona. 

“C NMR spectrum lacked sidechain sp’ signals (besides 
C-l’) but did provide cvidcncc for a wthyl group and 
three oxygen-bearing sp’ carbon atoms (681.3s. 59.6d, 

65.3 r) in the acyl function. Thus, one of the oxygen atoms 
was in a hetcrazyclic ring and the other must bc part of a 
hydroxyl group. A methyl doubkt at d 1.36 coupkd IO a 
one-proton quarlet at 4.40 in the ‘H NMR spectrum 
showcd thaw the hydroxyl and methyl groups wcrc 
attachcd to the tertiary carbon atom. A pair of gcminally- 
coupkd methyknc doublets near b 3.5 was consistent with 
the prcscna of a terminal epoxide, which accountai for 
the remaining carbon and oxygen atoms in the ester side 
chain. Formula 7 incorporates thcsc substnrturcs into an 
angcktederivcd ester analogous to 6, with the vinylidcnc 
moiety now epoxidizcd. 

The acctylation product 10 furnished indirect support 
for tbc structure dcducad for 7. ‘H NMR and “C NMR 
data for 10 indicated that it was a lriacetale. The 1.2 ppm 
paramagrktk shift of tbc H-2 signal in 10 relative IO the 
H-2 signal in 7 danonstratcd aatyktion at C-2. 
Comparison of the ‘H NMR sidechain signals with those 
of 7 rcvcakd that the one-proton quartet assigned IO H-3’ 
was unahcrai, whik the pair of H-S’ mcthyknc doubkts 
had shifted CO 1.3 ppm downfield. Thus, C-5’ was also 
acctyktcd. and the third acctate was p&cd at the only 
remaining position, namely C-2’. The resulting side chain 
for 10 thus implies a transformation of 7 mvolving 
opening of the cpoxide ring, with the tertiary hydroxyl 
group at C-2 ending up acctylatcd (possibly involving an 
acyl shift) 

Compound S, the most polar component isolated from 
H. resinosus, did not give a mokcular ion under EIMS, but 
chemical ionization provided an [M + H]+ of m/z 397. 
indicating a probable mokcukr formuk of CIOH2,0,. 
“C NMR signak for a methyl group and three oxygcn- 
bearing sp’ carbons (681.8 s, 68.6d. 64.7 f) corrclatcd 
closely with those for the side chain of 7. Comparison of 
the mokcular formulae for 8 and 7 rcvakd ditIercnccs 
which due to dear spa~tral evidence for a common main 
skckton, were ncceSaAy contincd to their side chains. 
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spbcifically, it was inferred that the noncPrbonyl portion 
of the side chain of 8 la&d a ring (or double bond) and 
contained. relative to 7, additional mass which was 
equivalent IO a mokcuk of water. Thus, an obvious 
candidate strwzturc for 8 could be generated from 7 by 
hydrolysis of the 2’,5’ epoxidc ring to the corresponding 
dial, giving a 2’.3’.5’ trihydroxy cskr side chain. The 
‘H NMR spectrum of 8 in DMSO-d,, did not ckarly 
support this proposal, as several of the predicted side 
chain signals were either obscured or shifted anomalously 
upfkkl from expaztad values. However, a subsequent 
spectrum in CDCI, (with CD,OD added for solubility) 
contained signals consistent with the 2’,3’.5’-trihy- 
droxyangelate stnrture: an AB pattern near 63.7 assigned 
IO the hydroxymcthyknc H-S’ protons, and the H-3’ 
quartet at 3.85 couplad to the H-4’ methyl doublet at I. I2 
(the latter shift in accord with values reported for H-4’ in 
analogous 2’,3’dihydroxyange&ta [ 131). Additional sup- 
port for the proposed structure was provided by a 
en of “C NMR data for 8 and the 3’-sulphydryl 
analoguc 9 [ 121. ‘Ihe only notable ditTercnce between 
these two spaara was a 9 ppm down&Id shift of the C-3’ 
signal of 8 relative to 9. attributable to the inductive cffezt 
of the more ckctronegativc oxygen substituent on this 
carbon atom [ 141. 

The abuolutc configurations of the congencrs l-8 and 
10 were established by correlation with compound 9. 
whose structure was derived from X-ray data [ 121. In 
particular. the stereochemistry at C-3’ in 7,8 and 10 was 

6 R= 

CHIOH 
I .oti 

8 H= 

tentatively designated as S by analogy with (and in mrd 
with a biosynthetic scheme assuming nuckophilic atti 
at C-3’ of the 3’Repoxidcs 2 or 5 [ 12,151. Tbc orientation 
of the hydroxyl group at C-2’ in 8 could not be deduced 
sokly on mechanistic grounds since both S and 7 are 
plausibk prazursors. 

Spectral data for tbc sesquitcrpene portion of corn- 
pounds 11 and 13 were similar to those for l-10 (Tabks 
1-3) with the exception of the signals for the C-14 methyl 
group, which were replaced by a p&r ofgeminallycoupkd 
methyknc doublets at 63.75 and 4.25 in their ‘H NMR 
spectra and by a tripkt at 660 in their “C NMR spaztra. 
These changes indicated the presence of a hydroxyl group 
at the C- 14 position in 11 and 13. a fact further supponcd 
bythcallyliccouplingobscrvaibc~wccnH-landthcH-14 
mcthylene signals, by the 0.5 ppm downfield shift of the p- 
oriental H-a compared to those in the 14-methyl 
analogucs l-10, ad by the co 5.5 ppm “C NMR up&Id 
shift of C-9 compared to those in compounds l-10. The 
latter ekt is pruumably due to the interaction of C-9 
with the -@tuatcd oxygen atom at C-14 [ 141. “C NMR 
and ‘H NMR data for the ester side chain signals of 11 
ad 13 were virtually identical IO those obtained from 1 
and 2 and those repottbd for an 8jI-angektc and cpoxy- 
angelate, respectively. from H. pmilw [lo]. The stereo- 
chemistry at C-2’ and C-3’ of 13 was assumed to be the 
saw~thatin2~5.Acttylarionofllond13yielded 
the diaatata 12 and 14, whose ‘H NMR spectra cx- 
hibitcd typical acetate methyl signals and pnramagnctic 
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shifts of the protons at the erxtylatcd positions C-2 and C- 
14. While 13 is apparently new. compound 11 appears to 
be identical to a compound previously character&d in the 
form of its diaatatc [ 161. 

The scsquiterpcnc lactone profiks of the three specks 
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of Hdiun~hus txamind in this study are clearly very 
similar to each other. All three specks produce only 
rrans,rrans-I( 10),4jS~germacradicndidcs (gcrmscrolidcs) 
with 2u-hydroxyl groups and 8&angclate or angelato 
dcrivai ester side chains. Thcsc compounds differ only in 
the exact nature of the ester function and in 1he presence 
of oxygenation at C-14. Compound 3 was found in all 
thra spa&. 

Heliaauhw di~icarus L., H. resitwsus Small and H. 
salicifblius A. Dietr. have all ban placed in section 
Divmicari. series C’oroaa-so/is, besal on morphological 
characters and the results of crossing studies 1171. The 
sesquitcrpcnc lactonc data knd support to this class& 
cation, sina 2a-hydroxy-8@yloxygcrmacrolid~ (2- 
OH-8-ACGs) have also been isolated from four other 
members of this group: H. decaperalur L. [ 181, H. mollis 
Lpm[l].H.hirsvrrrsR~.[l9]andonccbtmicllractof 
H. maximiliani Schrada [20]. Accumulation of 2-OH-8- 
ACGs is not restricted 10 manberf~ of series Coro~-sobs 
however, as these compounds have also been isolatai 
from H. padus Nutt. [lo] and H. grociknrus A. Gray 
[21].cw~cntly placed together in a different section of the 
genus [ 171. 

Since the collection of H. diwricarw studied came from 
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T&k I. ‘HNMRspcctnofcompounds~ond10* 

H-l 

H-2 

H-3a 

H-3b 

H-5 

H-6 

H-7 

H-8 

H-9s 

H-9b 

H-l3a 

H-13b 

H-141 

H-15+ 

H-3’ 

H4’t 

H-S’a 

H-S’b 

acetate+ 

methyls 

I 

CDcI,- 

6 7 1 8 CD,OD 10 
DMSDd, DMSOd, C,D,N DMS&& (3:l) CDCl, 

5.00 br d 4.96 5.42 4.91 5.04 5.02 

4.57ddd 4.56 5.011 4.58 4.13 5.72 

2.56dd 2.5s 2.91 2.55 2.71 2 77 
1.95dd I .93 2.44 I .93 2.10 2.19 

5.05: 4%6rd S.lU 4.91 4.98 4.99 

5.05: 5.21 dd 5.60 5.24 5.23 5.1 I 
3.30 3.23 br ddd 3.28 3.18 3.04 2.98 

571brdd 5.77 6 26 5.78 5.93 6.05 

2.6666 2.58 2.98 2.5g 2.81 2 82 

2.4Odd 2.42 2.52 2.38 2.43 2.42 

6.13d 6.08 6.52 6.07 6.30 6.38 

5646 5.64 5 89 5.64 5.73 5.70 

1.42br s 1.52 I .79 I.55 I .63 I 77 

1.72br s 1.74 I.94 1.72 I 82 I .86 

4.47 4.40 q 4 78 3.67 3.85 4.40 

I.146 136 I .62 094 1.12 1.53 

6.10br s 3.566 4.22 3.48 3 74 4.95 

5.9Obr 5 3.456 4.13 3.59 4.65 

- - 2.07 J 

- 2.10s 

- _. - 2 10s 

l Run at MO MHz with TMS as an internal standard. Multqhctrta are similar to those rn 

thcprcv~ouscolumn unksso~herwlrcnotcd Couplrngconstantsfor 7.J (Hz): I. 2 = IQ I. 14 

= 1.5; 2. 3a - 6; 2. 3b = 10. 3a, 3b = 105; 5.6 = IO, 5. I5 = 1.5.6. 7 = 8.5; 7. 8 < 1.5: 7. 13a 

= 3.5;7. I3b- 3.28.9a - 5.5;8,9b -2.5;9a,9b = 14;3’.4’- 6.5;5’a.S’b= II.Valucsfor6. 

8 and 10 arc stmtlar IO those of 7 cxccp~ rn 10: s’a. 5’b = 12.5. 

t Inrcnuty three protons 

$NOI first-order 

QParttally obscured by overlappq ugnals 

a sttc on the Ozark Plateau at the western edge of its range, 
several additional small colkctions of this species from 
elsewhere in tts range were sttbqumtly analysal by TLC 
for comparison. Surprisingly, neither compounds 3 nor 4 
were detectal in any of these supplementary collections, 
indicating that these western populations of H. ditxaricarus 
may have chemically diverged from the rest of the species. 
Heiscr [7] states that the H. diwrcorus growing on the 
Ozark piptcau appears to be geographically isola~cd from 
the remainder of the spcctcs and, based on artain 
distinctive morphologtcal features of these plants, he 
hypothesizes that introgrcssion wtth H. mollis has occur- 
red in this area. As mentioned above, H. mollrs also 
produces a scrics of 2-OH-8-K&, two of which (3and 4) 
are identical IO those found in H. divoricorus. 

HeliMrhur resinosus IS a hcxaploid spaxs that is 
thought to have originated from hybridization between 
the dtplord species H. gaganreus and H. mollis [7]. IIK 

scsquiterpcnc lactonc data provide some support for thts 
suggestion. sina H. mollis also synthesizes 2-OH-& 
AC&. H. giganwus apparently does not accumulate 2- 
OH-8-ACGs, but it does contain analogous 1.2-sccoger- 
tnacranolides, which have ban shown to co-occu r with 2- 
OH-&ACGs in a related tetraploid, H. hvsurus [19]. 
Further terpcnoid constttuents of H. giganreuus and other 
species of Helionrhus are currently under study. 

EXPFWMCNTAL 

Extrocrton o/ H. dtvmtus. Leaves (1.4 kg) were colloztal 

from plantsat the U S.D.A. research oenter. Rushland. Texas on 2 

August 1980 (J.G. # 83. voucher on dcpostt at the Herbrt-ium of 

the Unrvmrty ofTexas). These planrs had grown from rootstock 

onginally collecrsd In Ldlorc Co.. Oklahoma. along htghway 

270. 5 mks south of Wlrtcr (C E. Rogers and T. E. Thompson, 

C830). Leaves were urdried. washed wtth CHsCl, for 5 min 

and the restdue rcmauung after cvaporatron of the sotvcnt 

worked up by standard procedura [22]. lnuct rather than 

ground lava were extracted, SIIKX. In many species of 

Hrlunthw. scsquttcrpcne loclones appear IO be localusd tn 

surface glands [Krettncr. G.. Grrshcnxon. J. and Mabry. T. 1.. 

unpubhshal raults] and a rapd surfrc wash has been shown IO 

grve a greater absolute y~ekl of scsqtu~crpcne lactones and 

reduced amounts of other @ant constnucnts than does an 

cxtractK)n of ground mnlcnal. 

The crude syrup (I 8.9 g) was scparatod on a stltca gel column 

(500 g) elurcd wtth a CHICll tsvPrOH gradtent. Frrtrons thar 

elu~al with l.S”, ts+PrOH gave crysrals on standmg. 

Razrystallltnt~n from iso-Pr,O-EtOAc gave 52Ommp of corn- 

pound 4 as large plates. mp l4>1@ (III. 153 I54 [II]). 

dentdied by compPnson of IIS spsclral data wrth those tn the 

hterature [I. II] and wnh those obtatnal from an authcnlr 

SpacuMn Mlatal from H m&s [ I]. 



suquitapalc lacw4lu Helloruhns sp. 

l-a 2 “CNMR spcctrr ofcompouad, 7-11 and 13. 

7 R 9 10 10 11 13 
DMSOd, DMSOd, DMS0-d. =J DMS0-d. -J CDcI, 

C-l IW.Sd I34.5d 134.5d I3l.Sd# 131.91# IM4d IM.4d 

c-2 68.1 d 67.9 4 68.16 76.ld 76.1 d 68.ld 68.061 
C-3 48.81 48.7 I 4a.7 I 46.2 I 45.9 I 48.5 I 48.4 I 

C4 1423s 141.7s 1422s 1426s 142.0~ 142.6 s 1429s 

C-5 129.46 129.4d 128.36 131.464 131.664 129.5d 1299.5d 

C-6 75.1 d 75.26 75.06 75.2d 76.ld 75.64 75.2 dt 
C-7 51.7d 51.96 51.76 53.76 525d 53.3d 52.9d 
C-R 73.3 d 723d 73.26 7266 7266 70.86 726d+ 
C-9 43.7 r 43.9 I 4271 45.4 I 44.8 I 38.8 r 38.4 r 

C-IO 133.5s 133.3s 133.4s 137.5s 137.6 s 136.54 136.44 

C-II 136.5s 136.75 136.2s 138.1 s 138.0s l38.3~$ 138.44 

c-12 169.4s 169.4s 169.2s 170.3s 170.2 s 169.6s 169.5s 

c-13 121.41 121.21 121.31 123.4 r 123.2 r 121.61 121.41 
c-14 l9.5q$ l9.6q l9.5q 21.3q: 21.2q: 61.3r 60.4 r 

c-15 l8.6qS l8.3q IS.64 l9.8q: 19.6q: l8.3q l8.4q 
C-l’ 171.5s 1729s 171.3s 166.3s 166.4s 166.5s 168.51 

C-2’ 81.3, El.81 81.3s 83.0s 829s 126.9 s 60.0 s 

C-3’ 59.6 d 68.6 d: 59.56 56.16 56.86 140.36 60.5d 
C-4 19.04 l7.7q 19.94 20.2q: m.4qs m.sq l3.8q 

C-5’ 65.31 64.7r 65.2 r 61.91 61.4r 15.8q l8.7q 
Aautc - - - 170.5s 170.8s - - 

oroups - - - 171.2s 171.4s - 

__ - - 171.6s 171.4S 1 - 

- - - 21.9q 21.9q - - 
_. - 21.9q 21.9q - - 

- - - =3q 223q - - 

*Run at 226 MHz wlrb TMS = M intanal standard (9.11,13), DMSOd, u M intanrl star&rd (7, & l& 
DMSOde) pnd D1O P( M CXtarW) m (l@-CDC,Jh ArrignmCntS mdc wing OfhCSorrPna dscouplin8 
cxpcrimcnt~ & by plvlogy with model compounds [IO. 12.25 J. Dau for 9 is from ref. [ 121. NII II 67.1 MHz 

t Assignment u&c urine sin&e-frequency otT-rcsoruna daouphnp cxpcnmentr. 
$ #AulgnmcnrS intachngcrt&. 
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Frxti0n.s rbar duted with S”, uo-ROH wac punfial by 

repatcd pep. TLC (silia gel. CH,Cl+o-PrOH, 8:1 mnd 

EtOAc-MeOH, 15: I) to give 85 mg olcattpound 3 = an oil. 

Sccdin~ witb cryrtal~ of an l thcntic spazhcn isohtal from H. 
m&s [I] gave 35mg powdery crystir. mp 132-135’ (lit. 

134-135” [23]). Spcctralh~ for 3 wae nurly identical to tbolc 

in the litarturc [I, 1 I. IL 231. 

Dtba colhtions of H. diuvkarw a&yucl by TLC 
(CHzCl,-iso-ROH, I5:l ud tducnc EtO&, I:I) for tbc 

pfwaxeofcempotuh3and4wacfromTmacrrat(J.G.+116 

and 124),NortbGroha(#l74and 177)~dNewYorlr(+l9l~ 

Nathawmpound3MH4WUdetac(adinuImrof~yorlhac 
colkctio~ 

Exrracrwn 4 H. restno~u~. Lava (3.5 kg) oolkctcd in 

Chhun Co., Nortb cudiru 7-10 tniks north of Pitthoro on 

U.S. Hwys I>501 by J. GahnzonandR.M.F%lon7Sept. 

1980 (J.G. +l57) wae urdrial, whcd with CHICll ud 

worked up by r-d proozdunx [22]. lhccndc syrup (14.0 0) 

WLI -ted on a ulna @ column (4OOg) dutal witb a 
CHICI,-.&P&H gr&icnc in 0.5 I. fracths colkctai u fol- 
lows: fractl0n.s l-9 (CHIC&A l&l3 (CH~Cl,-i~et%0H. 99: IL 

lc44 (CH#Zl,-i.sePrOH, 98:2). 4>59 (CH,Cl,-&PrOH, 
97~3). -71 (CH&IJ-i(o-ROH. 19~1). 72-73 (CH#Zl,-&- 
PIOH, 9: I). 74 (CHICIJ-~ROH, 3: IA 75 (Me,CO). 

Fraction 19 yu puri6cd by pep. TLC (CHICll+PtOH. 
15: I d roluae-EtOAc 5:6) IO yield IO mg of 1. &nMcd by 

coaqkmn of specttal data with the in the literature [IO]. 

Fmctioa25wupuri!%inr&umc nvnaatogivc 12mgofZ 

‘HNMRspaxn(2OOMHz)of2md~1rutba1ticnmp&oftbc 

YSJ’S diutaeomcr [I> Nn ooruacutivcJy under identical 

cunditiot&shwaddtaniulslufldi6~ coruistcnt witb 

lbou rcponcd pevioudy [IO]. 

Fractiom 2%30 waz purihd by prep TLC (CHICll-iso- 
ROH, I5:I d EtO~ba~c,7:3)1ogivc65~d3and 

36Ilyof&spcctraldadrufor3wachihrtothoaefcpcWd 

pcviorrrly [l. 1 I] d to the ohincd from m ~tbentic 

spa.ima~ from H. mollis [l]. Spaxtal drb utd tbc optical 

roution ([aID + W. lit. + 80.5”) for 6 wae llro simihr to 

litcnture nlua [l2]. Frxtiona 54-59 wae awbinsd ti 

puriW byprcp.TLC(CHICl,-heROH. I5:l)1oyAd 175 mg 

ofSud52m80f7.Spozttaldat~mp(l68-l70”,lir. 17G172”) 

md apthI routh ([aIt,+ loo”. lit. + 97.8”) for 5 were simhr 

IO thae in I& litcrrrurz [ 121. 

Frxtions 6264 were separated by prep. TLC (CH&l,-uo- 
ROH. l5:I. d ErOk-MeOK 50: 1) to give IOOmg of 11. 
Rep. TLC (CHICl,-~ROH. IO: I ti EtOAc-MeOH. 35: 1 
ar~Il5:I)offrrcions6~73~orxkdl5O~ofl3and25mgof 

a whit& was furtba punfA on J Scphdcx LH-20 column 

dutal with CH,Cl,- McOH (3: II 
Exrrtibr, 4 H. sahfolius. Lava (1.7 4) colhxtal at tbc 

USDA raarcb omta. Bu~hhnd Tcur on 14 Cktoba 1978 

(C.E.Rogatud+.ETbcmpson#617;J.G.+3l)wactir- 
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Tabk 3. ‘H NMR rpaara of compaunds 11..14* 

II 11 I2 13 13 I4 

CM, C,D,N CDCI, CDCI, C,D,N CDCI, 

H-l 

H-2 

H-3x 
H-3b 

H-5 

H-6 

H-l 

H-8 
H-9s 

H-9b 

H-13r 

H-l3b 

H-14r 

H-l4b 

H-1st 

H-3 
H4’t 

H-5’t 

Acet.a1e 

meIhyls+ 

S.ISb d 5.55 

4.84&d 5.27 

2.71 dd 2.92 

2.1366 247 

5.03: 5.28 be d 

5.07: 5.45dd 

299brddd 3.29 

5.82br dd 6.10 

3.37 dd 3.91 

2.1766 228 

6.336 6.47 

J.64d 5.78 

4.26 be d 4.72 

3.756r d 4.13 

1.71& s 2.01 

6.1344 5.93 

1.97brd 2.01 

1.86br J 1.W 
- - 

- - 

5.22 

5.71 

278 

2.23 

5.08: 

5.08: 

2.97 

5.82 

3.32 
2.22 

6.33 

5.62 

4.79 

4.24 

1.79 

6.18 

2.00 

1.82 

1.96s 

2.07 s 

5.15 

4.80 

2.71 

213 

5.00$ 
5.03: 

3.W 

5.82 

3.35 
2.19 

6.32 

5.61 

4.25 

3.75 

1.74 

3.06q 

1.266 

1.56s 
- 

- 

5.53 5.25 

5.23 5.76 

2.92 2.81 

246 2.24 

5.25br d 5.08$ 
5.45 dd 5.08: 

3.30 3.01 

6.07 5.81 

3.92 3.29 

2.29 2.28 

6.48 6.33 

5.71 5.57 

4.73 4.98 

4.12 4.19 

1.81 I.81 

3.01 3.03 

I .27 I .23 

1.73 I.50 

- 2.06 s 

- 2.08S 

*Run at 200 MHZ with TMS as an internal standard. Multiplicitia are sinular to those In 

Ihc prcViou.5 cdumn unkss 0IberwGe noted. Couplmg constants for Il. J (HxA 1.2 = IQ 

1. l4a - 1. l4b - 1.5; 2, k - 6; 2.3b - lo. k, 3b = I I; 5.6 = 9.5; 5. I5 = 1.5; 6, 7 = 9; 7.8 

~1.5;7,1~-3.5:7.13b-3.~8.~-5.5;8.~~~~9b~l4.5;3’,~~7;3~,~~2. 

Values for 12-14 are similar IO those of 11 cxozpt in 13 and 14: 3’. 4’ I 5.5. 

t IntensiIy three protons. 

*NOI braorder. 

dnul, waxhcd with CHsCls and worked up by standard pro- 

cedures [U]. Thecnuk syrup (8.10) was separared on a srba pl 
column (250~) eluted with a tdume-&PrOH gradient. 500 

fractions of 10 ml e&t were colkctal with a fraction cdkctor. 

The tint 270 fractions were duIed with 5 9; iso-PrOH. Crystals 

of 15 (88mg) formed In fMions 98-106 pnd crystals of 17 

(45 me) formed in fractions 112-127. Methylation of 15 and 17 

with CHsNs PVC 16and ia respoctivdy. Tbac compounds Were 

idcntifkd by comparison of their physical propertk md spectral 
data with those in the l~~cra~urc [3,4.8] and with those obtained 

from authenIr specimens kolaled from other speaks of 

Hellunrhus [3. 51. Crystnls (30 mg) of another dnerpene formed 

in fraciions I3 I 144 and appeared IO be those of a kaunne dial, 

whose s~nkturc is still under invcsugation. 

Frsctions 321- 350 (dutal with 2Qos0 ix+FrOH) were purilicd 
by prep TLC (CHsClr-iso-PrOH, 20: I and IO: 1) IO give 21 mg 

ofamixfurcof3and6and40mmgofpure3uanoilwhich 

uys~allized when sealai with an authmr spaawn (mp 
133-135”. ht. 134-135‘ [2l]A 

The compounds in this study were visualixed on srlia gel TLC 
plates using an rridifkd vamlhn spray reagent [24]. The 2- 

hydroxy (and acetoxy) costunobdcs l-8 and 10 turned Mue- 
green, whik the 2.14dihydroxy (and ace~oxy)costunolides 11 f4 

appeared vidcr with rhis ragenr. 

t-H~oxy-8-B_~-h~droxy-2’.S~~xyMgclo- 

lide (7j Gum. JR vzcm- ‘: 3434. 3229, 1752 (ktone 
> C-0). 1745 (side chain x-0). 1664 1300. 1248. 
11% 11488. I 113. 1027. W5. 905, 825. EMS (probe) 70eV. 
m/r (rcl int.k 378 [Ml’ (0.2) (HRMS: Cs,H,,O,. 
378.1675 meas.. 378.1678 cak A 363 [M - Me]’ (0.4). 333 (M 

- CrH,O]’ (0.8A 265 (2.OA 264 (2.4A 263 (1.5). 247 [M 

-C,H,O,]’ (299). 246 [M -C,HsO.]’ (13) McWTerty re- 

arran~t and alpha cleavage of side &am. 229 (I 9A 228 (9). 

203(48A202(30A 187(15A l75(40A 163(80A 135(60A 117(35A 

107 (90). 91 (loOA 

Actiyhrfon o/compcund 7. Compound 7 (30 mg) was stirred 
tn 1.4ml pyndine and 0.7 ml Ac10 for 18 hr at 25”. 
Suboaquent haling at 50* for I hr produad no change as judged 

by TLC except for the addition of a non-migraung spot. AfIcr 

evaporation IO dryness prep TLC (Ioluenc EtOAc, 5:6 and 

CH,CIr uo_PrOH, IS: 1) of the crude product yielded 18 mg of 

I@ as a pak gum. IR “2 cm ‘: 3484.1750 (kc~one :C-OA 

1735 (side chain and xxwc X-OA 1663, 1305, 1288. 1243. 
1215. 1171. 1141. 1088. 1046. 1019. 973. 947. 907. 814. EIMS 

(probe) 70 eV. m/r (rd. Int.A 480 [M - CHsCO] * (20A 438 [M 

- 2CHsCO] ’ (6). 437 (8A 402 [M - 2HOAc] l (3A 360 [402 

-CHrCO]’ (3). 288 [M -C,H,.O,]’ (24) McWerty rc- 
arran~nt and alpha cleavage of sdc chain, 246 [288 

-CHICO]’ (42A 235 (45). 228 (100). 213 (55). 207 (3OA 200 (48). 
I65 (551 CIMS (isobumne, probe) 7OcV. mit (rel. Inc.): 505 [M 

+H-H,O]‘(0.4A48l[M+H-CH,CO]‘(0.6A463[M+H 

- HOAc] l (0.4). 439 [M + H - 2CHsCO] ’ (0.2). 421 [M + H 

- CHsCO - HOAc]’ (0.5). 403 [M + H - 2HOAc]’ (0.3A 289 

[M +H -CeH,.O,]’ (7).271(8A235(421229[289-HOAc]’ 

(loOA 211 (30A 
h-Hykox~g2’.3’.S’-inhydroxyMgr[oybxycouwrdidc (8b 

Mp 166168’ (CHIC&-MeOHA IR vkHan ‘: 3469, 3230. 
1750 (hone >C-OA 1735 (side chant > C-O). 1653. 1574. 

1410. 1339. 1293, 1245. 1197. 1153, 1113. 1082, 1054. 1026.987. 

966. 945.905. 879.859. 819. ElMS (probe) 7ocV, m/r (rd. mt.): 




