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Key wad Ida ‘- venumia spp; Pseudaekphmopus spimw; Compowac; scsqurtcrpcnc kxones hirsutuwbdcs; 
ghCOlidcs; wTlmo&mlida;~lida; vmopkanolkks 

Ahtract-The investigation of nine Fern&u spaks afForded in addition to known scsquitcrpcnes 28 new ones. The 
structures were elucidated by high held ‘H NMR spectroscopy and the configurations were determined by NOE 
difference spatroscopy and, in one case, by X-ray analysis. The results indicated that configurations of several 
previously reported scsquitcrpcnc lactones have bad to be revised. In addition to known typa two new ones, the 
Jakaguaianobdcs and the vemojalcanolidca, are described. Furthermore some unusual rcztion products are presented 
which, in part, kd to some natural occurring &tones. 

INTRODUCrlON 

From the large genus Vemoti (Compositac, tribe 
Vcrnonicae) with more than loo0 @es many highly 
oxygenated scsquiterpene lactoncs have been reported 
[l]. Glaucolidcs and hirsutinobdes are especially wide- 
spread. These scsquiterpcnc tactones with a 7,l ldoubk 
bond and an oxygen function at C-13 so far only have 
been isolated from represcntativa of tbc tribe Vcrnonkae 
though some other types have been reportad. We now 
have investigated two species from Peru four spacies from 
Central America and thra spa5c-s from Brazil, as well as 
Psewioelephmopau spicatus. 

RESULTS AND DSCUSStON 

The R&RI puts of Vernon&a p0ren.s H.B.K., collected in 
Peru. afforded stilpnotomentobdc 8-O-angclatc (3), 8 
dcsacylvernonataloidc 8-O-angelate (4c), vernonataloidc 
(4d) [6], 8a-methacryloyloxycompactiflotidc (Sa). the 
corresponding angcloyloxy derivative 5). vemopaten- 
solidc 8-O-angelate (7r), 8x-angeloyloxy- I&x-hydrpxy- I - 
desoxyhinutinobdc IEO-aatate (&), 8a-angcloyloxy- 
hirsutinohdc 13-O-aatatc (a), 8x-angeloyloxy+k- 
epoxyJakaguaianoiide (lb), 8a-angeloyloxy4&5- 
epoxy- 13-O-methylJalcaguaianolidc (Nk) and 8a- 
angcloyloxy4x.h-cpoxyJakaguaianolide 13-o-acetalc! 
(lot). 

The structure of 3 followed from the ‘H NMR spa- 
trum (Table I) which was close to that of the corrcspond- 
mg tiglate [2]. The relative position of the ester groups 
was established by mild reaction of 3 with potassium 
carbonate which lad to 78 and 7b. The ‘H NMR spectrum 
of the latter (Tabk 1) clearly indioated a free llhydroxy 
group while the angclatc at C-8 was still present. Most 
likely the formation of 7a. which also was isolated as a 
natural product, came about by way of a C-l 1 cnolatc. a 
nnro I,,I-J 

r-ion which would have IO be more rapid than 

saponification of Ihe allybc aoctate. The configuration at 
C-10 previously assigned to analogucs of 3 (in ht. [2] 
compounds 14 lOand 11. saTabk9) has to bechanged 
as NOE difference spectroscopy showed that a IOx- 
methyl group was present. Thus ckar NOEs were ob 
served in the spectrum of 3 between H-IO and H-8 and 
bctwan H-l 5, H-6 and H-8 (always in Tabk 8). Similariy 
in the spectrum of 7a NOL were o&rvcd bttwctn H-14 
and H-9~.bctwanH-S.H-lO~H-15.between H-lO,H- 
5 and H-8 and bctwan H-IS, H-3@ and H-5. The NOEs 
with H-S further indicated that tbc A’ doubk bond of 

lactone 7a bed the Z-configuration. Although peaks in the 
spectrum of 7a at room temperature were very broad and 
even at 90” in benzene only a few of the signals baame 
clear, ah signals could be interpreted at -40”. The data 
rquircd a conformation with both H-5 and H-IO above 
and the kcto group below the plane whik the methyls were 
quari-cquatorial. This conformation did not allow bemi 
atzeta) formation which between the ketone and the C-4 
hydroxyl group was obsmod in isomer fi where the A’ 
double bond had the &-configuration (see below). 

The structure of 4c could be deduced easily from the 
‘H NMR spectrum (Table 2) which was close to that of 
the corresponding wthwzrylate [6. 73. NOE diITerena 
spaaroscopy kd to a conformation with the methyls at C- 
4 and C- 10 above the plane as in the crystalline state [ 7 1. 
Accordingly. NOEs were observed between H-14. H-8 
and H-9fi and bctwan H-15, H-6 and H-8 as well as 
bctwan H-S and H-3a 

The ‘H NMR spaztra of k and 5) (Tabk 2) sbowal 
that these lixtones dificrai from 8acaproyloxycompacti- 
tloridc [S] only by the ester 

P 
oups. NOE diffcrznce 

spectroscopy showed that the A double bond had tbc E- 
contiguration. Ckar etTccts were obma! between H- 14. 
H-8 and H-98 and bctwan H- 15 and H-8. Inspaztion of a 
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4a R = AC 4b R = IUU 
4c R = Ang 4d K - Skac~ 

OAc 

sa R=Meacr 6r R = AC 

Sb R = AII,I 6b R = MCKI 

2P R q Ai 
2b H y I~I 

OAF 

78 R=Ac 

7b R - tt 

model showed that this requiral a change in the conligur- 
ation assigned to the A5 doubk bond in some esters 
reported previously (compounds 4 and 5 in lit. [S]). 

The bctones I& 1Oc and 1oC diacrcd only by tk 
nature of the oxygen function at C-13. The prcscne of 
guai8nolidcs was deduced from the results of spin decoup 
ling which kd to the sequc~w H-l-H-3 and H-8-H-9. As 
a singlet around bS.30 (Table 3) obviously was due to H-6 
all data agreed with the proposed structure which was 
furthzr supportai by NOE difference spaztroscopy. Clear 
effazts were observed between H-14, H-6 and H-8, 
between H-15 and Hd and bctwan H-6 and H-8. 
Acctylation of lb and 1Oe gave the corresponding 
dketata which excluded the possibility that the 
guaianolidcs were 4,Sdihydroxylatai. 

The aerial parts of Yemonk jolcutua Cuatr. gave after 
repeata! TLC and HPLC 4 the vemonataloida 4a, 1) 
and U [6, 73. the glaucolidcs 6a [8] and 6) [S]. the 
hirsutinolidu k. 84, &, # gg and fi [9]. the guaianol- 
ides lo). 104 and 11, as well as four cadinanolidcs 
(lh-12d). 

The structure of k, which most likely is the precursor 
of 4a, followed from the ‘H NMR s-rum in de- 
utcriobcnxcnc at 77” (Table 2) where spin decoupling was 
possibk, while in deutctiochloroform at 20” most signals 
were bmadcncd. The data were close to those of the 
conqonding 8-Gmcthacrylatc [ IO]. Similarly the struc- 
tures of & and ti could be deduced easily from the 
‘H NMR spectra (Table 2) which were close to that of 4c 

(see above). The changed nature of the ester rcxiduc at C-8 
clearly followed from the typical ‘H NMR signals. 

The structure of 8) followed from the ‘H NMR 
spectral data (Table I) which was close to those of similar 
lactoncs which differ only in the nature of the ester groups 
[2,4]. X-ray analysis of 8) (see Fig. 1) showai that the l@ 
methyl group wax a-orientated and the ether ring was 
below the plane. Accordingly, this con&ration has to be 
changed in esters reported previously [2,4] (see Table 9). 

FIN I 
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Tabk I. ‘HNMR~dr~oCraquitcrpacLaoaa3.7~n.Ludn 

(400 MHz CDCI,. TMS a~ irat. mndud) 
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H-l 

H-2 

H-Y 

H-3 

H-3 

H-S 

Hd 

H-8 

H-9 

H-V 

H-IO 

H-13 

H-13 

H-14 

H-15 

OAC 

OR 

OH 

L(r9ddd 

264ddd 

230616 

l.72ddd 

257d 
4.901 br 

rmddb? 

219&d 

253&d 

297&q 

4.Wdbr 

4.83dbr 

I.141 

1.62s 

207s 

6.22qq 

l.99dq 

1.87dq 

25Om 
236m 

236m 

205 m 
5.48s 

5.4661 
1.88ddd 

248ddbr 

293dqbr 

4.9996 
4.951 
l.lOd 

1.56s 

206s 

6.28qq 

2OJdq 

1.91 dq 

3.18s 

2%25m 

2oOm 
s.38bf 

SSOdbr 
l.9Om 

24Om 
292 m 

4.62 s br 

l.08d 
I.51 sbr 

6.21 qq 

203 dq 

l.%dq 

3.05 s 

233ddbr 
I 

ISSm - 

- - 
5.88 s 5.67 J 

6.21 d br 6.376 br 
- 1.83dbr 
- 235dd 
- 

5.091 5.226 
S.02 d 5.08d 
(IWd 0.98st 
1.47s 1.14st 
207 s 1.71 s 

6.C8qq 5.76qq 

1.98dq 1.92dq 
lxwq l.83dq 

*In CDCl,: H-2&? 25Sm; H-34 241 nt 
tWybCUChMgcrblc 

-, ululipcd mullipkta 

JW~GmpoundJ:2,2’~ IR 2.3-4.5; 23’195; Y.312’.3’-6; 3.3 

-~3.~~.6-P.8,9-3.~8.~-~99.~-I5.S;9.~0-3.5;~,1~-11.~;1~~4 
- 7; 13.13’ - 13; -7amdm8.9 - 25;8,9’- 11.R9.9’1 13.5;9.10 
-ll;l~l4-7;l3.l~-l2~compoundI:l.2-7;l.Y-P,8.Q-8;9,~ 
- 1% 13.13’- I3;compoundI):~2’- 16.5; 2.3 - 125; 8.9’ - 7; IO. 14 I 7; 
13. 13’ - 13. 

H-1 

H-2 

H-Y 

H-3 

H-3 

H-S 
H-6 

H-8 

H-9 
H-9’ 

H-13 

H-13 

H-14 

H-IS 

OAC 
OR 

4.90 m 268dbr 
. Lllddbr 
. lS2m 
. 229ddd 
. I.33666 

207 d br 257d 
4.62 d br 4.92 d br 

4.98dd J.l7dbr 

25Om 
268dbr 
1.97ddbr 

6.1866 5.0266 

4.95 dd 4.ndd 

1.38sbr I.501 

I.04sbr 1.46s 

1.76s 206s 
1.65s 210s 

268dbi 
213ddbr 
1.5Sm 
230ddd 
l.Wddd 
2SSd 
4.9)d br 

5.2Odbr 

266dbr 
201 ddbf 

5.01 dd 

4.79dd 

I.521 

1.47s 

210s 

254w 
I.186 
1.14d 

269d br 

213&f& 

1.5sn 

231ddd 

1.35ddd 

259d 
5.02 d br 

5.251 br 

2751 br 
203ddbr 

4.91 dd 

4.8Odd 

1.54s 

1.50s 

202 s 
6.24 qq 

2OOdq 
I.8764 

3.06dd 
2lSm 
1.57m 

228ddd 
207ddd 
6.38s 

- 
5.91 d 
262d 

1.88dd 
5.026 

4.896 

1.48s 
1.78s 

2(ws 

6.16sbr 

5.72dq 
l.%dd 

3.0614 
2lSm 
I.Mm 
228ddd 
2lOddd 
6.39s 

- 
5.91 d 
2601 
l.87dd 

5.001 

4.906 

1.49s 

1.78s 

206s 

6JJqq 
202dq 

l9Odq 

JWt timpound t: X6-8.5; 6.139613’1I; 8.9-e 8.9’110.5; 13.13’1125; 
compoundS~4blbd4c: l.2’- lO.J;LY - 142312~23.1&2’.3-5;2’.3’-3.3’113.5; 

5.6-8.J;8.~-9;9.~-14~13.13’-13;compoundr~lad~):,2-25;l.~-10.~,~3’ 
- 4.5; 2’. 3’ - II; 3.3’ -IJS;S.Q-9.5;9.Q-14.13.13’-13. 
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Tabk 3. ‘H NMR qxctral data of scsquitcrpenc bctona lh- IN IOewrutc and 11 (Ooo MHz. 

CDCI,. TM PT int. standard) 

Ioa lob Ick lot 1Oeaatatc 11 

H-l 

H-6 

H-8 

H-9 

H-Q 

H-13 

H-13’ 

H-14 

H-15 

WC 

OMe 

OR 

2.32dbr 2.2adbr 2.3Odbr 2.3ldbr 2.31 dbr 2.3Odbr 2.62m 

5.28 s 5.34s 5.30s 5.26s 5.32s 5.34sbr 
5.7666 5.63dd 5.7066 5.72dd 5.7666 S.Mdd br 5.3366 
1.49dd 1.49dd 1.5Odd 1.49dd I.4966 1.5Oddbr 1.5Odd 
2.64dd 2.59dd 2.63 dd 2.5ldd 2.63dd 2.61 dd 2.32m 

4.58 s 
4.32d 4.26d 5.09d 4.9s d S.OOdbr 4.35d 
4.2Od 4.22d 4.aad 4.871 4.86dbr 4.236 

1.43s 1.43s 1.43s 1.43 5 1.43s 1.65s 1.31 s 
1.50s 1.46s 1.49s 1.471 1.49s 1.50s 1.53s 

2.16s 2.15s 203s 211s 

2.01 S LOIS 

3.34s 3.30s 3.40 s 

6.26 qq 6.24qq 6.26 qq 6.21 qq 2.62 m 

LO4 dq 2.04dq 204dq LO2 dq 1.2ld 
I.9764 1.97dq 1.92 dq 1.89dq I.246 

Most likely identical stereochemistry at C-4 is present in 
all similar tactones from Verfwniu (see below). 
Furthermore the conformation indicated that the down- 
field shift of the H-8 signal in hirsutinohdc is not caused 
by a deshkkiing effect of the ether oxygen but is due to the 
effect of the 7,l Idoubk bond. 

The structure of & also could be deduced from the 
‘H NMR spectrum (Table I) which was close to that of 
the corresponding~ capronate [5]. NOE difference 
spectroscopy indicated that the stereochemistry at C-10 
differed from that of 8) as the methyl group in & was B_ 
orientated. Accordingly, clear NOEs were observed be- 
tween H-14, H-l, H-2@. H-8 and H-9& and between H-8, 
H-21 and H-38. T~K ‘H NMR spectra of the hirsutino- 
hda lk-gg (Tabk 4) again only could be interpreted at 
ckvatod temperature. Spin decoupling and the signals of 
the oxygen functions indicated that we were dealing with 
tactones which were closely related to Q 193. The presence 
of a free l3-hydroxyl group in & followed from the 

up6cld shift of the H-13 signal ifcompared with that of& 
As W could not be aatylatod under mild conditions the 
metboxy group was at C- 13. The same was true in case of 
81 with an additional methoxy group at C-l. Comparison 
of the ‘H NMR spectra of & with those of M and gg with 
%I ckarly showed that these compounds were the cor- 
responding methacryktes. As already discussed in the case 
of gb (see above) all hirsutinolides most likely have ttk 
same stereochemistry which now is represented in an 
uniform manner following the conventions enunciated by 
Rogers et al. [ 1 I]. Most likely in all cases the configur- 
ations at C- 1. C-4 and C-8 are identical. The methyl group 
at C-10 mostly is a-orientated but changed to 10s if an 
oxygen function is present at C-IO (Tabk 9). 

The formulae of many previously reported hinutino- 
Iides have to be rcviscd (in lit. [4] compounds 21-U. 
D-31 and 34, in lit. [S 
compounds 813, in lit. z 

compounds 7 and 8, in ht. [9] 
121 compounds lh-13~ and 14, 

in lit. [ 141 compounds 3.4 and 7. in lit. [ 1 S] compounds 

Table 4. ‘H NMR spectral data of raqulterpene iactona &-8g 

8c 81 af at % 

CDCl, C,D,(75’) CDCI, C,D,(‘W) CDCI, CDCI, CDClS GD,(72’) 

H-5 5.92 s br 5.62 s 5.86 s br 5.66 s 5.91 s br 5.84 s br 5.88 s br 5.55s 

H-8 6.45 m 6.lldbr 6.36m 6.3ldbr 6.29m 6.56dbr 6SOm 6.62 dd 
H-9 2.5am 2.14dd 253m 2.3646 2.46dbr 2.5Lld br 2.51 dd 2.44466 

H-V 212m 1.69dbr 2.07 m I .92 dd 2.07 d br 2.Wdbr 209dbr l.%dd 

H-13 
4.61 

s br 
4.556 4.5Od br 4.48 d 4.47 d br 4.58dbr 4.53dbr 4.53d 

H-13’ 4.45 d 4.246 br 4.246 4.23dbr 4.27dbr 4.28 d br 4.31 d 

H-14 1.60s br 1.36s 1.57s INS 1.62s 1,S’lSbr 1.61 S I 29s 

H-15 1.26sbr 1.09s 1.22sbr 1.12s 1.24s 1.22sbr 1.25.s 1 19s 

OAC 214s 1.6OS 2.10s 1.70s 2.11 S - 

OMe - 3.38 S 3.17s 3.51 S 3.401 355S 3.49 5 
- - 3.38 s 3.40s 3.16s 

OR _. 6.28 s br 6.33sbr 6.29s br 
5.67dq 5.6966 5.31 dq 
I.Wsbr 1.97sbr I86sbr 

J (Hz): a. 9 - 9; a. Q = 25; 9.9 = I 5.5; I 3. I 3’ = I 2.5. 
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H 

K’ 

88 8b 8c 
AC AC H 
m Am AC 

OH 

8d 8c 81 8g 8h 
Me Me Me Me AC 

AC Mcxr AC Mcacr AC 

ai 
AC 

AC 

8k 
AC 

AC 

81 
AC 

MClCf 

K: We 11 Me Me Me 

H’ OH Me OH oti OH 
H’ ti oti OH oti OH 

Ye Me Me Me MC Me 

OH OH OH OAc OAc o(i 

OMC 0% oti oti OMC OH 

9r 9b 9c 
K H AC AC 

K’ ti Ii AC 

R 

R’ 

OK 

ij 

101 lob 10~ 1Od 
H Me Me AC 

Ang AC Ang AC 

121 I2b UC Itd 
R H Me Me Me 

R’ AC AC IBU Mcrcr 

1.c 
AC 

An6 

OR 

37, in tit. [16] comp~ds I and 2, in ht. [l7] com- 
pounds lg and lb, in lit. [I81 compounds h-11) (see 
Table 9) 

The spectrum of lo) was very similar to that of 1Oc and 
that of 1Od was close to that of We as in thcsc pairs of 
lactoncs the 8-Gangchtcs wcrc rcpkccd by 8-Gacctata 
(Table 3). Another guaianolidc 11 most likely had ban 
formed via the corresponding 4,%poxidc of type 10, 
which, however, wax not isoktai.T’hc ‘H NMR spectrum 
(Tabk 3) fully agreed with the proposal structure. The 
configuration at C-4 was daluccd from the chcmiaf shift 
of H-l 5 and from biogenetic cons&rations, whik that of 
the other chiral ccntrcs obviously was the same as in the 
tactones of types 101-1Oe where the stcrcochcmistry was 
cstabhshcd by NOE difference spectroscopy. 

The structural ducidation of lh-12d causal some 
probkms. Howcvcr, in dcuteriobcnxcnc ah signals of the 
acetate of 11 couki be assigned by spin decoupling 
(Tabk 5) The absence of a proton at C-6 and a low&M 
singkt at 66.28 as well as the couplings of H-2, H-3, H-8 
and H-9 indicated that crAnanohdcs wcrc prcscnt 
Biogcnctk considerations also supportal this assumption 
as tbcsc kctoncs most likely arc formal via en01 bctonos 
of type lk The position of the fru hydroxyls was 
daluccd from tbc shift diffcrcnou inthc’H NMRspcctn 
of It) and its aatyktion poduct (Tabk 5). As the H-15 
signals were shiftcd downfield a 4-GUctate was formed 
whik tiylation of tbc hydroxy at C-l most likely was 
stcrically hindcrcd. The stcrcochcmistry was dctcrminal 
by NOE differcncc spcctr~y. Ckar NOL wm 



I50 1. JAKUKMC ea al. 

TaMc 5. ‘H NMR ~pcctral data of ~c~qui~erpenc lactona It-lt( (400 MHc CDCIS. TMS PI inc. mndard) 

H-2 

H-2’ 

H-3 

H-3 

H-5 

H-8 

H-9 

H-Y 

H-13 

H-13’ 

H-14 

H-15 

OAC 

OMC 

OR 

2Mm 
1.65m 

2.3Om 
1.85m 

5.85 s 

5.82&i 

3.3066 

20566 

4.556 
4.47 d 

I.715 

1.40s 
221s 

1.98s 

2.06s 

- 

- 

- 

236m 
1.73m 

2.41 ddd 

2.70666 

6.14s 

5.8566 
3.2866 

206dd 

5.126 

4.79d 

1.70, 

1.77s 

2.21s 

LO7 s 

204s 

1.94s 
1.92s 

- 

- 

238m 

l.67m 

2.33 m 

l&m 

5.92s 

5.87dd 

3.3266 

203dd 

4.41 d 

4.23 d 

I.703 
1.400s 

2.21s 

1.97s 

203 s 
- 

- 

3.34s 

2.35ddd I.8866 
1.72m 1.32ddd 

24lddd 23Odddbi 
L69ddd 2.65ddd 

6.14s 6.28 s 
5.85dd 5.8766 
3.2766 3.25 dd 
2wfd I.%dd 
4.4Od 4.54d 
4.21 d 4.26d 
1.70s I.581 
1.77sbr 205sbr 

220s 1.98s 

2ods l.%s 

1.93s 1.69s 

I.91 5 I.671 

3.33s 
- 

- 

3.15s 
- 

239m 
1.67m 

2.34m 
l.86m 

5.91 s 

5.81 dd 

3.Mdd 

205dd 

4.47 d 

4.23 d 
1.70s 

I.41 s 

221 s 

l.%s 

3.34s 

=4+4 
I.176 

I.086 

238m 
l.74m 

238 m 

L72m 

6.13s 

5.7odd 

3.43 dd 
212dd 

4.58d 
4.21 d 
I.71 s 

1.77s 

215s 

1.92s 

1.89s 
- 

.- 

3.34s 

5.994 

5.62 dq 

1.95sbr 

J(HZ)Z 2.2’- l5;2.3-4.5;2.3’- 3;2’.3-IkY.3’-5;3.3’-1r;8’.9-2;8’.~-~13.13’-ll.5;9,~ 

- IS. 

observed with 12b bctwan H-15 (assigned by a W- 
coupling with H-3) and H-2/I and bctwan H-30 and H-S. 
The cis-anncalation of the cyclohcxane rings was daiuccd 
from the NOES bctwan H-14 and both H-9 protons and 
a NOE with H-h. The axial orientation of the ester group 
at C-8 followal from the small couplings J,.+ The 
“CNMR spectra of 12b and its acetate (see 
Experimental) further supported the proposed structures. 
The structures of I2a. 12~ and 124 which also were 
transformed IO their 4-O-acetates, were deduced from the 
‘H NMR spectra which were close to that of 12b and its 
acetate resspatively (Table 5). The changed nature of the 
oxygen functions followed from the typical ‘H NMR 
signals. 

A reinvestigation of Vernoni cofoNp(fcr Less. gave 1, 
vcmonalknolidc (SC) [l9, 201 as well Bs two further 
alkM&lhcdiolAandthc meno&zUe #. The stNctufes 
of 9a and 9) followed from their ‘H NMR spectral data 
(Tabk 6) which were close IO thee of 9r [ 19, 201. AS 
expected the signals of H-8 and H- I3 in 9r were shifted to 
higbcr field, and in tbc spa~rum of 9) the position of tbc 
aatoxy group also could be deduced from the chemical 
shifts of these signals. The previously unknown con6gur 
ations at C-2 and C-IO could be assigned on the baxis of 
NOES bctwan H-14 and H-90, between H-8 and H-IS 
and between H-5 and H-k and tbc A4 doubk bond has 
the E-con&uration (NOE between H-6 and H-IS). The 
‘H NMR spectrum of 1 (Tabk 6) showal that this lactonc 
was the 8.1~-bis&sacetyl derivative of a triecetatc iso- 
lated previously from the same apecks [S] whose C-3 
s1ereochcmistry originally aS3umed to be 9 was sub- 
sequently correctad IO /I by NOE difference spaaroscopy 
[6]. The position of the acctoxy group in the lactone 1 
followed from the chemical shift of H-2, 

Sow additional Yemu& spacies gave only known 
bctonu. Venwniaocuminola~ V.arcGoidesLus.and 

Tab& 6. ‘HNMRrpact~lb~oC~uitapu~Lrclonal,)*n 

and 13 (4fXl MHz CDCI,, TMS a~ ins. ~uodud) 

1 9m n 13 

H-l 5.16dbr - - 

H-2 5.73dddbr 5.32dddq 5.386664 2l8m*. 3.361~. 

H-3 223dd 228dd 23Odd 2Wm* 

H-3’ 278&i 28lY 289dd I.&Mm* 

H-5 4.49 dq 4.606 br 4.66dbr 3.41 d 

H-6 5.67dbr 5.71 ddd 5.89dbr 4.8Od 

H-8 4.l4m J.l4ddd 4.95dd 5.23dd 
H-9 2udd 224dd 224dd 218.U 
H-9 2.94ddbr 294ddd 29oddd 3.17&f 
H-13 4.64dbr 4.55dbr 6.65s 
H-13’ 1 

4.71 sbr 
4.72dbr 4.5266 5.ws 

H-14 l.SSS I.666 I.696 1.46s 

H-IS I.816 I.956 2Old I.351 

OAC 211s - 208s 

OH - 3.844 274tbr 1 

OCOR - - -. 6.01 dq 

5.62dq 
l.88dd 

*Not 6nnr a&r. 

J(Hz)l. I.21Z3’-8;23-25;3,3’-13;5.6-IQ5.15 

-l;8,9-10.5;8.9-k9,9=125;ampoundrk~n:23 
-7; 23’-25; 29’2.14-3; 3.3’113.5; 5.6-R 5.15-l; 

8.9-11;8,9~J;9.4-13;13.1)‘-13;(k:~13~6.13’-1; 

8,0H - 8k compound 13: 5.6 = 9.5; 8.9 = 7.5; 8.9 - 7.5; 9.9 
= 13.5. 



Scsqwtcrpcnes from Vrmonru IS1 

Y. brochiuto Bcnth. ex Oerst. afforded 6a (81, while V. 
aurec Mart cx DC. contained 6r, 81(9] and g& IS]; a 
rcinv~ti~tion of V. rmuicnu Mart. [ 12) gave 4d 1 6 , k 
and IiAIEdihydroxy-il,lMihydrormnanthin 21 
and Y. grqgii A. Gray 6) as previously [22], and 8J h 18 . 

Psedoelephantopw spicatw (B. Juss.) Rohr. gave t, 68 
and 13. The structure of 13 followed from the ‘H NMR 
spectraldata (Table 6) which were in part similar to that of 
161 (see hdow) The absence 

first transformed to 
an intermediate 15 by opening of the epoxidt and 
hcmiacctal formation. Transestcritkation and 
addition .elimination at the A”“‘doubk bond then 
presumably kd IO l& which was hydrolyscd to 16) (sa 
Scheme 1). The structure of 16b was daiuocd from the 
‘H NMR spectrum (Table 7) and by NOE difference 
spectroscopy. Ckar NOEs bctwan H-8fl and H-3/3, 
bctwccn H-14 and H-9 and bttwccn H-15 and H-S 
required the proposed configurations. The absence of a 
kcto band in the 1R spectrum and the mokcular formula 
further supported the structure. The high reactivity of the 
4,kpoxides also could be observed in the case of 2h and 
20 203. 

5 

Base treatment of 20 gave the alknc carbinol 21 
(20 and the isotncric 1,2dthydro bourboncnolidcs 22b 
and 23 as well as the corresponding dcsaaetyl derivative 
2% The structures of these products followed from their 

6~ - 

,,OAnp 

16a R = AC 
Mb R- ti 



E 

Table 7. ‘H NMR spactrrl data of sesqu~tcrpc~~ lactona 14.10. I7 19,22a 2Zb and 23 (400 MHz. CDCl,, TMS as ins. standard) 

17a (CAP 17bt 

14 14 Conf. I Conf. II Coilf. I Conf. II 10 19 2t 22) 23 

H-l 

H-2 

H-2’ 

H-3 

H-3’ 

H-S 

H-8 

H-9 

H-9 

H-13 

H-13’ 

H-14 

H-15 

OAc 

OH 

OR 

3.4046 

2Mm 

l.58m 

1 1.90m 

- 

6.1166 
228dd 
221 dd 
4.98d 
4.786 

1.16s 

1.49s 

1.98s 

6.13qq 

I.94qq 

I.8364 

t 2.1 I m 

2.29m 

201 

5.42 s 

5.52dd 

278dd 

201 dd 

6.41 s 

5.85s 

1.57s 

1.55s 

200s 

4.556 br 
264dddd 

: 

: 
S.BI s 

6.34dd 

2.59ddbr 

204dbr 
4.941 

4.91 d 

I.861666 
1.42s 

1.68s 

: 
6.95qq 

l.76dq 

I.3364 

4.536 br 

: 

: 
4.63 s 

5.51 dd 

216dd 

2396 br 

5.21 d 

5.006 
1.8146 

1.16s 

1.65s 

: 

4.83dbr 4.&d br 
2766646 229dddd 

: : 

: : 
5.691 5.015 

6.34dd 5.5266 

28366 236dd 

223dbr 263dbr 
4.62 d br 

4.56dbr t 
4.69sbr 

l.92dd I.81 dd 

I.11 s 1.48s 

- 

: : 
6.92 qq 7.01 qq 

I.884 I.9364 

l.87dq l.Pldq 

238dbr 

$ 

: 

: 
2696 

6.35ddbr 

259dd 

I.Wdd 

4.89d br 

4.756 br 
1.09S 

1.22S 

205 s 
- 

295 s 

6.91 qq 

1.86sbr 

l.83dbr 

224ddd 

: 

: 
242d 

6.l4ddbr 

243dd 

1.85dd 

4.8666 

4.756 br 

1.26s 
1.38s 

LOIS 

; 

6.89qq 

l.84dq 

I.826 

S.%ddd 
- 

282ddbr 

2uddd 

3.91 ddd 

4.81 d&l 

258dd 

239dd 

S.lSdbr 

4.94dbr 
1.44, 

I.131 

207s 
- 

4.896 

- 
5.56ddd 

- 

282dddbr 
247ddd 

3.93ddd 

5.95dddbr 

252&i 

243dd 

4.98dd 

4.75dbr 

1.44s 

I.163 

215s 

I.981 

203s 

5.88646 
- 

275dbr 
235ddd 

3.52ddbr 

6.29ddbr 

26646 

208dd 

4.93dd 

4.81 dd 

I.51 s 

I.61 s 

207s 

208s 

202 s 

*co 9. I. 

+Co 3:2. 

$Utigncd mullipkls. 

~(HZ):Compound14:1.2 = 7.5;1.2’= ll.5;8.9-9;N.Q =4.5;9,9’- 14.5;13.13’- 13;csxqmumj1~.8.9 - 7.5;S.Q - 4.5;9.Q - 14~compounds17aand 17b: I.2 
-2.Y-L3’2 13;1.14- l;L3=2;13.13’ = l3;Conf.1:8.9-5.5;8.4=2.5~9.~-IJ;Conf.II:~.9-2;8.~-11~9,~-l2;~~nd~tl.~-l,5-7;8.9-9; 
&9’=7;13.13’- l~.kcompoundl~l.~=~l.2’=4;1.5-6;8.9-9;8,Q-4~8.l3-l;9,Q-l5.5;l3~l3 -13;compcwds22aand2z):~3-2.3’-3.5-3’,5 

-3.LS=z;3.3’-16.5;R.9- II;8.4=7.5;8.13=1.5;9.~=14.5;13.13 - 12% (compound 22): 8. OH = 6.5k compound u: 2 3 - 1.5; 2. 3’ - 3.5; 2 5 = 3; 3. 3’ 

= 16.5; 3. 5 - 2.5; 3’. 5 = 0.5: 8.9 - 8.5; 8.9’ - 8; 8. 13 - I 5; 9.9’ = 14.5; 13, 13’ - 13. 



Table 8. NOE data for scsqui\apcnc lactoncs (intcnstrks in puenhscs) 

irr. of 3 bc sb 70 aa 9c lam 1% 14 178(I) 17a(11) 18 

(7) 
H-l 
(2) 

H-5 H-S H-5 H-S H-8 
(IS) (10) (10) (1.a (12) 

H-S 
(10) 
H-15 

H-2 
(8) 

H-9S 
(8) 

H-38 
(10) 
H-8 
(12) 
H-5 
(8) 

H-2 
(10) 
H-9@ 
00) 

H-3jJ 
(6) 

H-5 
(5) 

E 



‘H NMR spectra (Tabk 7). As in the case of 9a-9r the 
configuration of the alknk bond in 20 and 21 could be 
assigned as shown. The configuration of the A’doubk 
bond in 21 previously not written clearly [ZO] also is E. 
The structures of the cyclobutanc derivatives 22b and 23 
were daitxcd by spin decoupling which allowed the 
assignment of all signals. The presence of an allylic 
coupling bttwecn H-S and H-2 as well as of homoallylic 
couplings between H-5 and H-3 and H-8 and H-13 
allowbd combination of the obtained sequences. The 
stereochemistry was established by NOE difference spa- 
troropy. A ckar NOE between H- 15 and H-8 in the case 
of 22) required a syn-configuration. The corresponding 
anti-sIercochemisIry of 23 could be dduced from the 
NOES between H-14. H-2 and H-98 and between H-15 
and H-Z/Y. In both cases a NOE between the hydroxyl 
proton and H-S indicated a 4B_mcthyl group. 

Reaction of 2b with base gave first 17r and by 
hydrolysis 17). The structures followed from the 
‘H NMR spaztra (Table 7). On standing in solution in 
daylight 178 was transformed to a mixture of the isomeric 
cyclobutane derivatives 18 and 19. All data of 18 were 
identical with those of a naturally occurring bourbon- 
cnolidc (13 of ref. [IO]). Additional NOE difference 
spectroscopy results showed that the proposed stcreo- 
chemistry of this substance as well as its congeners 
numbered 12-14 in lit. [IO] have IO be revised (see 
Tabk 9). Thus ckar NOEs were observed between H-S, 
H-8 and H-l 5 and between H- I4 and H-A (The configur- 
atton proposed for compounds numbered l& and 18) in 
lit. [20] could beestablished by clear NOEsbetween H-14 
and H-l (7%). H-S (20,d and H-9/l (6”/&, between H-15 
and H-5 (8 9b)a.s wdlasbetween H-l and H-5 (loo/d). The 
isomer 19 showed NOEs bctwan H-5, H-14 and H-15. 
Furthermore a typical 6 Hz W-coupling between H-I and 
H-5 Indicated a cyclobutanc derivative. 

Compounds 18 and 19 obviously are formed by a 
photochemically induced [2 + Z]cyclo addition. The 
‘H NMR spectrum of 178 showed that this lactone was 
present in two conformatlons with difTerent proportions 

2b - 

18 

Scheme 2. 

19 

in chloroform and benzene. NOE dlffercnce spectroscopy 
allowed theassignwnt of the naturcof theconformers. In 
the preferred one the C-lOmethyl is below and the lactonc 
ring above the plane whik in the second conformer both 
are below the plane. As the relative amounts of the isomers 
obtained is influenced by the solvent most hkely the IWO 
conformers are transformed to the different isomers. This 
assumption nicely agree with inspection of models. 

The obsmed base catalyscd transformations of several 
scsquitcrpene &tones from Verfnmio spa&s also may be 
of interest in connection with their biogenesis. Most likely 
nearly all types of sesquiterpcnc &ctoncs reporta! from 
Vernonia species arc biogcnetlcelly closely rclatal. 
Accordingly. it is very likely that the stereochemistry of 
the lactones IS always the same at C-4 (4#&methyl), C-8 

17P K q Ai 

OK 
17h H q ti 

0 

0 

22r H 7 tI 

22b H -- AC 

Scheme 3 



Scsqu~tcrpenes from Vrrnontu IS5 

New overall smxturc 

(lb PIP=) 

10 
2e 
21 

14 (la-OR) [2]. S/6 [2] 

’ [51 
W[41,7/8 [SE 14t [IZ]. 71[14) 
IO/l1 [2]. 21-23 [J]. w31 [4] 
Cl3 [PI, lh-lk [ 121. 3/4 [ 141, $7 [I 53 
l/2 [16]. lulb [IA. la-If [IS] 
12-14 [lo] 
4: [t9)l lS$ [20]. 16 [201 
13 151. 17 [20] 

*Other authon hn &o pointed out in print tbrt tk strwturu were in mar. see 
refs [ 17. 261. 

16’. 

:4.5-Desaxy. 

@a-OR), C-IO (Iti-methyl,* but IO&mthyl with oxyp 
function at C-IO), C-6 (6&H if present) and E- 
codguration of the A’double bond. 

The isolation of ti from Venonio otcf k&es may be of 
interest as this species is placed in the section Lriboldia 
[23] which togetkr with L.epidm.ia arc proposed IO be 
ancient rcktual ckmcnts within the New World 
Vernonias. From V. jonesii, however, which belong 10 the 
saax group of more primitive speck a biszpolide. 
which lacks the 7(1l~oubk bond, was is&ted [24]. A 
detailed discussion of biogenetic relationships of the 
suquiterpcnc lactones in the tribe Vcrnonieae will be 
published elsewhere. 

EXPERIMENTAL. 

Tk air dead plant matcnal was cxt~ed with 
MeOH-Et,&petrol (I : I : I) and the atrstr obtGncd &a 
trcatmatt with McOH to rcatovc long c&in bydrocubons were 
sepuwd in the usual way [25] fint by CC (SiO,) followal by 
TLC (siOl. PF 254) md in part by HPLC (RP 8, tlow rite. 
3 ml/milt. co loo bar). 

Tbc extract of the &I parts of Vwnonia porm (muA 
cAccted in Peru, voucha RMK 91488. pvc a porU CC frwtknt 
(Et,O, Et,O-h&OH. 9: I), which was sqmntcd apin by CC 

afTording three fnxtions: I (Et,@perrol. I : I). 2 (Et,O) md 3 
(Et,&McOH, 19: I). TLC of I (EtlGpcroL 3: 1) pvc I50 mg 
C (R, 0.61) ud 1 tnixtwc. whtch by repeatad TLC (CHQ,. five 
developmmts)~a&d 40 mp 3 (R, 0.45). 20 tng C (R, 0.48) and 

6 mp I( (R, 0.38). TLC of f-ion 2 (Et,O) gave 30 mg 8b (RI 

0.66) and a mixture, which by reputed TLC (CHCt,-Et,O. 3: I) 
gnn 10 mg 9 (R, 0.33) and 2 ttq % (R, 0.28). TLC of frrccion 3 
(CHCl,-Et,O. 3: I. three devdopmcnts) tiorda! 5 mg & (R, 

0.45),3 mglOc(R,0.4),2 ~lOr(R,0.38)2 mplC(R,0.35)and 
3 mg h (R, 0.21). 

71wext~ofthoarrl~oTV~~crru,(~~ 
collectal m Peru vouctm RMK 9250) gag l Audi poLr CC 
fraction (Et,0 md Et@McOH. 9: I) which tier rqatal CC 
&To&d thru fKtionx 1 (Et,O), 2 (Et,GMeOH. 9: I) d 3 
(Et,GMcOH. 3:l). HPLC (MeOH-H,O. 3~2) of frrcion I 
pvclOmpY(R,4.3rmn).4~U(R,6.0mia).5~(r(R, 
7.8 min), 3.5 mg (( (R, Il.2 mitt) d 2 tug @@II 7-methyl 

*So far the only exceptions are compound 1 in ref. [3] md 14 
m ref. [I)]. 

ether. HPLC (M&H-HIO. I : I) of f-ion 2 gwe 2 tng 8c (R, 

4.5min),10r~g12b(R,5.9min),52~L(R,6.2min).51 tq.d 
(R,6.9min),21 ~~(R,7.8min),3OtngmP((R, 10.5min).6mg 
Y (R, 10.9 tnin), I5 ml 4d (4 14.0 atin), 3 mg t (Jt, 14.9 mirth 
5mg 4b (R, 16.2akt). 4.7~ 88 (R, 17.7min), I.5mg 11 (Jf, 

20.4 min), I3 mg 0 (R, 27.0 tnin) d I mixture (R, 4.9 minh 
which by TLC (CH&Zl,C,H,-EtIO, 2:2: I. 6w ckvdqwn~) 
&rw 1.5~ 1Y (R, 0.85) & 3 mg 1Ob (R, 0.60). HPLC 
(MeOH-H,O. 3:2) Oc UI mg of fwioo 3 eve 2 tng lk (R, 

3.2min)6mp12)(R,4.0min)lad1~cuucdvcdmixrurr.Tbc 
rcnknin~ pui of frwtion 3 WI vetyhtcd (A&l, CIH,NMcl. 
72 hr. 209 HPLC (&OH-H*O. I : I)gwe 8 mg 1tcrrUte (R, 
8.0 min), 3 mf lt (R, 5.0 atinh I5 mp It-ocnrte (R, 8.5 min), 
4 arg 12~ (R, 21.0 tnin) and 3 mg 121-wrutc (R, 22.0 min). 

T&vnrlprtrofVemo&co4owAlter(l3O&ccAkcUdintbe 
Proviwz Ekhia, Rra& voucbcr RMK 8783) gave by CC I polu 
frrcclon (f$O, Et,@ MeOH. 9: I), which by TLC (Et,Gpctrol 
3: I) fiorded I5 mg k (R, 0.4), 3 mg 9m (R, 0.2), I2 mg n (R, 

0.27) and 0.5 mg 1 (R, 0.3). 
The cxtrwzt of tbc acrkl puts of Pwdoele~oplu spkaaw 

(17Og~adiaJlrmqvouchrJun9)~ordod~poLucC 

frwztion (Et,0 md Et,&McOH. 9: 1) which pvc Ina TLC 
(Et,O) a mixture md l8Orq ti. HPLC of the mixture 
(M&H-HIO. 7:3) pve 2 mg 13 (R, 2.Omin). IOmg (r (R, 

22min)&2mgk(R,3.7min) 
Similarly the cxtwt Oc the til pul of Vcmomro ocmminala 

(170~colla*adinJ~vo~JuaI9)gsw100m~(r.thrt 
olI&~put,olV.otc1~(2300.foUaacdinMuiro, 
votAbcrfEx I5527)~ve2Otngnytthtofthcwrklpruofv. 
awe0 (450s coktai in the pfovintz Rabm, Bruil, voucher 
RMK81293)pw25mp~l00~I~~~~(~tbrtolt& 
saklputlofV,btochiora(~gcdla*adinCoa~Ria)I5me 
(I, that of tk roots of V. rwt(lM (100 ~colkctal in tbe provina 
~~voucberRMK8558)3~YI~~~lmmp 
I la.1 )-dibydroxy-I 1.13dihydrocmnan thin and that of the 
amal prtr of V. grq#i (120 e colktd new Montcmy. 

Mexm. vothtcr 1643/84) IO w 6b d IO mg W 
2&4cetoxy-8a.13 -dUydroxywra- I( lO),4.7( I I)- true- 

6a,l2-oU(l).Cokurksso&CIMSm/r (ml. in~k 323 [M + I]’ 
(100).305[323-H,O]’ (21),263[323 -HOAc]’ (28).245[263 
- Ha01 l (49). 

B-Desacykqknatk S-Oeefatr (2~). Cokxtrkss uyst& mp 
l12-l14°; lRr*cm-‘: 1770 (y-&tone), 1750, I230 (OAck 
MS m/t (rd. int.k 364.152 [Ml’ (I) (ale. for C,,HI,O,: 
364.152130) [M -HOAc]’ (3), 244 [3W-HOAc]’ (20). 216 
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