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IMRODUCTlOS 

The small genus Rofibirfa (~tibe Hclianthcac) WOLF prc- 
viously placed as a section of Rudbeckia in the subtribe 
Verbesinae. But recently the resected genus was trans- 
ferred to Helianthinae [l] and then IO the new, exclusively 
North American, subtribe Rudbtckiinae [2]. II differs 
from the Hclianthinae by the striate achenes, the radial or 
vertical arrangement of the thickenings in the cndothecial 
cells, the distinctive cluster of short, cylindrical glands on 
the anther appendages, and the common occurrence of a 
prominent reddish resin in the ducts of [he disk coralla 
throat. The chemistry of the main genus Rudfwckia is nol 
very characteristic. In addition to acetyknic compounds, 
especially thiophcne acetylenes [3]. different lypes of 
natural products arc reported [4 73. From the genus 
Rofibidu so far only one species. R. columnijero (NW.) 
WOOI. et Standl.. has been investigated chemically and 
shown IO contain unusual sesquiterpcnc lactona, the 
rattbidanolides and several xanthanolides 183. We have 
now studied a further species and have reinvestigated 
R. columnljero from a dificrcnt location. The results are 
dtscussed in this paper. 

The aerial parts of R. cohmn~eru, collected in 
Colorado, gave eight xanthanolides (l-7 and 1Ok the 
tctraynt 13 [9], xanthanodienc (11) [IO], pinoambrm, 
the ncrolidol derivative 12 and the phenyl propanoid 14. 

Themaincompoundwasthcdiketone l.Thc’HNMR 
spectrum of 1 (Tabk I) showed the presena of a mcthyl- 
butyratc residue (2.36 rq, 1.64 and 1.45 ddq. 0.89 I and 
1.10 d). Furthermore, a propenyl ketone followed from 
the typical signals. A quartet at 63.44 was attributed IO H- 
10 as it was coupled with a secondary methyl group. This, 
together with a pair of doubk doubkts at 62.75 and 2.69, 
which were coupled with H-7, made the presence of a keto 
group at C-9 very likely. Spin decoupling allowed the 
assignment of the remaining signals (H-S, H-6, H-7 and 
H-13). Thus the presence of a further xanthanolide was 
very likely. This assumption was supported by the 
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“CNMR spectrum and by the mass spectrum (see 
Experimental), where the loss of the propenylketonc side 
chain gave rise IO a pronounced fragment (m/z 309). The 
stereochemistry was deduced by NOE ditTerencc spectro- 
scopy. Clear efTects wereobtained betwan H-IO, H-6. H-7 
and H-3;betwan H-7. H-6, H-IOand H-13’; betwan OH, 
H-3 and H-5; and between H-6, H-7, H-IO and H-3 
(always irradiation of the first proton). We have named 
compound I with a free C-S hydroxyl group and no 
function at C-9 seco-rattferolide. 

The ‘H NMR spectrum of 2 (Table I) was very similar 
IO that of 1; only the signals of the ester residue were 
dtfferent. The presence of an angelate was deduced from 
the typtcal signals. The ‘HNMR spectral data of 6 
(Tabk I) mdrcated, by the chemical shifts and couplings 
of H-3. H-4 and H-15. that this lactone was the 3Z-Isomer 
of 1. 

The ‘H NMR data of 3-5 (Table I) showed that these 
secocompounds were clox to 1. The typical signals of the 
ester residue showed that we were dealing with a methyl 
butyrate (J), an isobutyratc (4) and an angelatt (5). The 
additional thra-fold doubkt around 63.8 indicated that 
the Y-kcto group was replaced by a hydroxyl group. Spin 
decoupling verified this assumption and allowed the 
assignment of all signals. The couplin 
with those reported for 9 [8].and the ’ $ 

observed agreed 
C NMR spectrum 

of 5 also supported the proposed structures (see 
Experimental). Thus 5 was the I l,l3dehydro derivative 
of the angelate isolated from the same species collected in 
the city limits of Austin [8]. 

The ‘H NMR spectrum of 7 (Table 1) showed that this 
lactonc was a 3Z-isomer of 3. 

The ‘H NMR spectrum of 10 (Table I) indicated that a 
xanthanolide with a saturated sidechain was present. Spin 
decoupling showed the presence of oxygen functions at C- 
2 and C4. The chemical shifts of the corresponding 
signals showed that a 2-hydroxy4aatoxy compound 
was present. Spin decoupling indicated homoallylic coup- 
ling of H-2 with a broadened doublet at 65.42 (H-6) which 
was further coupled with an okfinic signal (H-S). 
Although some signals were overlapped multipkts, the 
structure 7 was very likely. The configurations at C-2 and 
C-4 could not be determined. 
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The ‘H NMR spectrum of 12 (see Experimental) was 
close to those of rtlatcd nerolidol derivatives. Spin 
decoupling showcd that the oxygen functions were at C-3, 
C-S and C-12 while the chcmrcal shifts indicated the 
position of thcaatoxyl group; in particular the shift of H- 
10 excluded a f3-acctoxyl group. The con~8u~tion of the 
double bonds was deduced by comparrson of the chemical 
shifts with those of similar ncrolidol dcrivativcs [I I]. 

The strwturc of 14 followed from the spectral data, 
which were ciosc to those of rhkuhrianol, the cor- 
responding 4-0methyl derivative. The relative posttion of 
the remaining mcthoxyl group was deduced from the fact 
that the aroma& signals showed different chemical shifts. 
Furthermore, elimination of methanol was not observed 
m the mass spectrum which is typical for clmcthoxy 
derivatives [ 12). All fragmcntsagrccd with those obtained 
with rhkuhrianol [ 121. 

The aerial parts of R. pedunculuris Ramh., collected 
near Monterrcy. MCXICO. also gave the seco-ratifcrolidcs 

3-5. the I1.13-dihydro derivative 9 [8] and the cpoxidc 8 
[SJ. The structures and thcstcrcochcmistry of the last two 
compounds (8 and 9) were dctcrmincd by ‘H NMR and 
their NOEs. The data agrced nicely with those in the 
literature [8]. 

The constituents of R.cu~~~~eru from the two lo- 
cations show clear differences. The seco-lactoncs from the 
Colorado coIlaction were always mcthylcnc tactones. and 
no tram of any ratibidanolides, the main lactoncs from 
the Austin collection, were dctcctcd. Only 11, which is also 
a rcarrangcd tactone, is formed via the common praursor 
proposed for the ratibidanolidts (sa ref. [8]). From both 
locations a ncrotidol derivative was isolated but thcsc also 
were structurally different. 

The isolation of xanthanolidcs from the genus Roribido 
IS remarkable. So far, stmilar lactoncs wtth 6/3.12-lactonc 
ring and a 106.methyl group have only been reportcd 
from the genera Parrhenium. Parthenice, Ice and Dicoria 
[ 13-163 whilcxanthan-8,12-olidcsarctypicalofthcgcnus 
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Xunthium [ 171. All these genera are placed in the subtribe 
Ambrosiinac, where pscudoguaianolides with the same 
configurationat C-6and C-IOarccommon [ 173. II may lx 
of interest that Rudwckiu mollis contains an ambro- 
sanolide [7]. Most likely the precursor of the ratiferolidcs 
is derived from a corresponding guaianolide. Thus 15 
could be transformed to 16, which would then kad IO the 
epoxide 17. the common precursor of 1. 9. and 10 could 
be formed directly from 16 by allylic oxidation and 
reduction of the Qketo group. Further investigations 
may show whether these findings are ofchemotaxonomic 

rckvance, especially as xanthand/3.12-olidcs are rare and 
even 68.12~lactoncs. in general. are restricted to a few 
genera [ 171. Compounds like It 14 are probably not 
very characteristic since they have ban reported from 
very different genera of the Hclianrheae. However, the 
separation of the Rudbeckiinac from the subtribe 
Hclianthinac is strongly supported by the chemistry. A 
connection IO Goillordia, as pointed out by Cronquist 
[ 181, is indicated only by the co-occurrence of 
pentaynencdcrivcd sulphur compounds like 13. 
However, the sesquitcrpcne lactoncs in this genus are 

Tabk I. ‘H NMR spectral data of compounds I 7 and IO (400 MHz_ CDCI,. TMS as uwrnal standard) 
- -.-. - 

H 1 2 3 (Sf”) 4 (57”) 5 (57’) 6 7 (57’) 10. 
-_--.---~-~ - 

3 

4 

5 

6 
7 

8 

8’ 
9 

IO 

I3 
13’ 

I4 

I5 

OH 

WOR 

6.76 dq 

7.09 dq 

5.28 d 
5.08 dd 

3.81 ddddd 

2.75 dd 

2.69 dd 

3.44 4 

6.34 d 
5.71 d 
0.9ld 

I.94 dd 

3.92 s 

2.36 dd4 

1.64 dd4 

I .45 ddq 
0.89 I 
I.106 

6.71 dq 

7.10 dq 

5.30 d 
5.14 dd 

3.84 m 

275 m 

- 
3.44 4 
6.36 4 

5.70 d 
0.93 d 
1.93 dd 

t 
6.19 44 

1.98 dq 

1.82 dq 

6.48 br d 6.49 br d 

7.11 dq 7.12 dp 
5.21 br d 5.21 br d 

4.93 br dd 4.94 br dd 

3.64 d&id 3.65 ddddd 

2.33 ddd 2.36 ddd 
2.05 m LO5 m 

3.81 ddd 3.84 ddd 
I.95 m I 95 m 

6.31 d 6.34 d 
5.64 d 56Jd 
0x8 d 0.90 d 

1.94 dd 1.95 dd 

4.39 br 5 4.4Obr.s 

2.33 m 2.47 44 

1.60 ddq I.11 d 
I.40 dd4 I.08 d 
0.87 I 
I.04 d 

6.49 br d 

7.07 dq 

5.30 br d 
4.97 br dd 

3.66 ddddd 
2.35 ddd 

2.05 m 

3.83 ddd 

1.97 m 

6.32 d 
56Jd 
0.88 d 

1.90 dd 
4.47 br s 

6.07 44 

1.92 dq 

1.76 br s 

6.62 dq 

6.49 dq 

5.25 d 

5.12 dd 

3.82 m 

2.76 m 

3.39 4 
6.37 d 
572 d 
0.91 d 

2.28 dd 
3x7 br I 

2.38 dd4 

1.66 ddq 

I .45 ddq 
0.89 I 
1.10 d 

6.39 br d 
1.58 m 
1.39 m 

6.48 dq 5.20 ddq 
5.25 d 5.74 br 5 

4.92 br dd 5.42 br d 
3.64 ddddd 2.98 ddddd 
2.36 ddd t 

2.05 m t 

3X2 ddd t 
I.96 m 2.49 m 

6.33 d 6.28 d 
5.64 d 5.54 d 

0.88 d 1.00 d 
2.17 d I.15 d 
4.44 br s t 

2.29 dd4 I.% 5 

1.62 ddq 

I .42 dd4 
0.88 I 
1.07 d 

---- -. 
OH-2 - 4.16 br d. 

+0bscurcd SipIs. 
I(Hzk3.4 - lk3.15 -2;4.15-7;5.6-1~6.7~7.5;7,13-3.3;7.13’-2.7;10.14-7;(compoundr1rad~7,8-II; 

7,tY - 5;8,8’= 18;compounds~Sand7:7.8= 12;7.8’-4;8.8’- 15;8.9 =48’.9-a.9.l0=3;compouads~~7:3,4 
- 11.5; compound 10: 2.3 = IO. 2.3’ - ~5-~6-1.5;3.4-10;3’.4-25;4.I5-7;6.7~p.7,8-10.7,8’-7.13-3; 
IO. I4 - 7). 
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markedly different due to rhc presence of pseudoguainol- 
Ides with a l&-methyl group [173. Furthermore, no 
relationship to Echu~pceu is visibk. 

I:XPERi.VEhTAL. 

The airdried plant material was extrvted with 

MeOH- EtlO-petrol (I : I : I) and the extracts obtained were 

separated as reported prcviousl~ [ 191. The extract of the aerial 
pns (600 g) of R. c&mn~jm (voucher RMK 9491, colbcted m 
Colorado) gave on CC (silica 8~1) four fracrions (Et,O-petrol, 
3:7; Et,0 petrol. I : 1; Et,0 MeOH. Y: I and MeOH). Prep. 

TLCoffmiion I (EI,O petrol 1:9;3developmcnts)gave25 mg 
13 and 10 mg iupeyl acemate. Prep. TLC fracuon 2 (same solvent) 

gave 24 mg 11. Fraction 3 gave, on standing at - 20” in Et,O, 

3C#mg 1. The mother iquor afforded, on prep. TLC 

(Et,spelrol. 4: I). I6 mg il. IOmg pmocunbrin, 5 mp sligma- 

slerol. 5 mg suosteroi and 30 mg 14 (Et,O petrol, I. I, R, 0.61 

Fractton 4 gave, on standing af - 2O’ In Et,O. Xx, mg 1. Prep. 
TLC of the morher liquor (El,@petroL 4: l)gave 31 mg i4and 

IWO nuxIures (4:2 and 4;3). Fraction 4,2 gave on repeated prep. 

TLC and HPLC (always RP 8, MeOH-HIO, 3-2. Bow rate co 
3 mi~tnm, i00bar) 3 mg 10 (R, 5.9min). I mg I2 (R, 8.1 min), 

3.5 mg 2 (R, 8.6 mm)and a crude fraction which afforded on TLC 

(CH*Cl,-Et,0 toluate, I : I : I, 2 deveiopments) 7 mg 6 (R, 0.5). 

HPLC of fraction 4:3 gave IS mg 4 (R, 7.5 mink 65 mp 5 (R, 
8.5 min), 80 mg 3 (R, 9.8 min). 35 mg 7 (R, I 1.2 min)and w) mg 1 

(R, 12.7 mm). 

The extract of the aerial parts (3C@g) of R. prduncular~s 
(voucher 7974. depos~red at the Herbarium of the Inst. 
Tbcnologioo, Monrerrey, Mexico) gave by CC. prep. TLC and 

HPLC (see above) 40 mg 7-hydroxy-5.6E-dehydro-6.7- 

dihydrohnalol. 3 mg 3.2.5 mg 45.5 mg 5.4.5 mg 8 and 3.8 mg 9. 

Known compounds were dent&d by comparing the 400 MHZ 

‘H NMR s~acrra wcth those of authenlr material. 

9-Uxn-Jeco-rol~~olidP-Sr-O.[2-~~~~~~uf~~~e] (1). Coiour- 

less crystals. mp I31 ; IRv~~c’~cm ‘; 3540 (OH), 1780 (7. 

lectone), 1730 (COIRL 1690 (C-CC-Oh MS m;: (rel. int.): 

378.167 [M]’ (0.7) f&c. for C20Hla0-: 378.168). 309 [M 

-MeCH-CHCO]’ (27b 276 [M -RCO,H]’ (2), 207 [309 
- RCOzH]’ (31 85 [C,H,CO] * (92). 69 [MeCH=CHCOJ * 
l&3), 57 [SS-CO]’ (100). “CNMR (CDCI,. C-i 10 C-15): 

81.5s,199.0s.125.6d.148.8d,77.6d,76.5d.41.0d,44.0r.206.45, 

49.3d.137.0s.1678~.124.2~.II.6~. 186q;OCOR: i76.8~,36.2d. 
26.3r. ii.4q. 16.1q;~z]~-245‘(CHCi,.c 1.05). 

Y-Oxo-saco-rorI/prolide-h-0-cugKlau (2). Coiourkss oil; 

IRvScrIl ‘: 3620 (OH), i78U (y-&one), 1720 (C-O. CO,R); 

MS m ~: (rei. mt.). 376.152 [Ml’ (2) (ark. for C,,H,.O*: 

376.152). 307 [M-MeCH-C’HCO]’ (ii), 83 [C.HZO]’ 

(100). 69 (481 55 [X3 - CO] * (32). 
9~-f1ydrox~xco-ror~~olido-5x-O-( 2-merhylbutyroze] (3). 

Colourkss oil; IR vs cm ‘: 3620 (OH). 1780 (:&tone), 17X) 
(COzRI. I690 (C-CClok MS m;; (rei. InI.): 311.150 (M 

-.McCH-CHCOJ’ (5)(cmk.forC,,H,,0,:311.150~209[311 

-RCOaH]’ (lS).iIS[C,H,CO]’ (58).69(61). 57[85-CO]’ 

(100); [z] g - 147” (CHC&. c 0.95) 

93-H~drox~-soco-t4l1fetolide-Sz-Qirobutytarr (4L Colourkss 

oil; iR v’$$cm ‘. 3620 (OH). 1780 (T-iactone), 1750 (COzR); 

MSmiz @cl. mt.): 297.134 [M - MeCH-CHCO]’ (47)(cak. for 

CI,H,,0,.297.i34f.~[297-RCOIii]’ (321.7i[C,H-CO]- 
(100); [a]&’ - 87’ (CHCI,; c 0.7). 

9z-H~droxy-~~rolt~~o~~~k-0snyrlutr (5). Coiourkrr 
oil; IR vacm ‘. 3620 (OH), 1780 (;‘-iactone), 1740 (C02R), 
1690 (C-CGO); MSm,: (rei. int.): 378 167 [M]’ (1.4) (cak. for 

f,,H,,O,: 378.168). 309 (12~ _m (30Y-RCO,H]’ (3). 83 

[C.H.CO]* (100),69(26).55(4I);“C N.MR(CDC&,C-I ~oC- 

IS! 82.4 s, 197.7 s. 125.5 d, 145.6 d, 78.5 d. 77.5 d. 41.7 d. 37.0 r, 

70.9d.34.7d. 138.0s, 166.85. 123.Or. 127q. 18.5q;OAnp: 168.8s. 

126.7 s, 140.5 d. 18.3 q. 15.6 q; (21:’ - 118” (CHCI,; c 0.92). 

9-0ut-3Z-saco-rcuifcro~e-kr-0[2mcrh~~ur)Tolc] (6Z 
Colourkss oil; IR vs cm ‘: 3420 (OH), 1780 (‘/-lactonc), 1720 

(CO, CO,R), 1690 (C-CC=Ot; MS m!r (reL in1.h 378.167 (M] * 
(i)(cak. for C,,HI,O1: 378.168), 309 (40). 207(3),85 (86).69 (44), 

57 (100). 
9z-H~drox~-3Z-seco-rar~~olid~-kr-O-[2-mrh~lburpolr] (7). 

Colourkss 011; IR vs cm- I: 3620 (OH). 1785 (y-lactone), 1745 

(CO2R), 1675 (C-cC-0~ MS m z (rel. 1nt.f: 380.184 [M] ’ (0.2) 

(cak. for CloHI.OI: 380.184). 31 I (31),209 (20),85(1~),69 (44j; 

[a];; -93” (CHCI,; c 1.1) 

2-H~drox~Qaceroxpxonrhon-l(5~m-6~,i2-olide (10). 
Coiourksa oil; IR v‘s cm ‘: 3620 (OH). 1780 (plactoneA 1745 
(O&k MS m:: (rci. int.1: 248 (M-HOAc]’ (211). 230 [248 

-HxO]’ (22). 204 [24X-CO1]’ (35A 43 (100); [zJ;; -4iU 

(CHCiJ, c 0.3). 

9-Hydroxy- 12.accroxynerolidol (121 Coiourkaa 011; 

IR vs cm. ‘. 3600 (OH), 1750 (Ok); MS m;z (rcl. int.t 2% 

[M)’ (0.2) (C,.HzBO.). 236 [M - HOAc] l (0.3). 225 [M 

- C,Hy0) - (0.5). 183 (225 - ketene] ’ (2). ii5 (100~ ‘H NMR 

(CDCl,t 65.06 (dd, H-tc), 5.20 (dd. H-if). 5.90 (dd. H-2). S.27 (r 

(&), H-6). 2.14 (d (br). H-8). 4.47 (dt (br). H-9). 5.44 (d (br), H-10). 

4.46($(&w), H-12). I.71 (s (br). H-131 1.6S(s(br). H-141 1.26(&H- 

IS)[J(Hz): ic.2=i@,ir,2-17;5.6-&Y-9.10-7]. 
~O-~~~ch~~~~~f (141. Coiourkas o& MS m!: (rd. 

inr.): 480.345 [M] * (12) (cak. for CzsH.sO,: 480.345). 269 [M 

-C,,H,,)’ (191 198 (M-RCH-C-O]’ (241 180 [I98 

- HIO]’ (73157 (lOOk ‘H NMR (CDCl,)z 66.27 (d, H-2X 641 

(d. H-6). 2.56 (I (br). H-7), I.93 (II, H-8A4. I I (I (brl H-9). 2.50 (dd, 
H-2;). 2.38 (dd. H-?;i, 3.99 (m. H-3’). (I.27 m. H-S’- H-17’AO.gS (1. 

H-18~3.84(s.OMe)[I(t~z):2.6 - i.5;7.8 - 8.9 - 7;2:.2, = 16: 

2;.3 - 3; &.3 = IO. 17’.18 - 73 
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