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Abstract-The structure of gaillardilin, a new sesquiterpene la&one from Guifhfiupinnutilfda Torr. 
and Gaillardia arizonica Gray, has been shown to be I. 

IN EARLIER papers of this series2s3 we reported the isolation of pseudoguaianolides from 
collections of Gaillardia pulchella Foug., G. megapotamica (Spreng.) Baker and G. 
multiceps Greene which illustrated the close relationship existing between this genus 
and Helenium species. We now describe the isolation and structure determination of 
a new pseudoguaianolide from G. pinnat$la Torr. and G. arizonica Gray. 

Extraction of G. pinnatifida Torr. gave variable yields, never exceeding 0*2x, 
of a new crystalline substance, q,H,,O,, m.p. 197-199”, [a]‘,” -2*03(CHCb, 
c, 2.47) which we have called gaillardilin. 

The UV spectrum of gaillardilin (I; il,,, 210 rnp, E, 12400) exhibited the charac- 
teristic absorption of a&unsaturated lactones. IR bands at 3550, 1760, 1732 and 
1660 cm-l coupled with the empirical formula indicated the presence of a hydroxyl 
group, an a&unsaturated lactone function and an acetate. There was no indication 
of the presence of a ketone since the band at 1732 cm-’ had an intensity corresponding 
to just one carbonyl. 

Acetylation of gaillardilin gave an acetate thus confirming the presence of a single 
hydroxyl group. Hydrogenation resulted in the uptake of one mole of hydrogen. 
The product, dihydrogaillardilin (II), in contrast to gaillardilin furnished no formal- 
dehyde on ozonolysis and had no UV absorption. Hence an exocyclic methylene is 
conjugated with the lactone function. Oxidation of II resulted in the formation of a 
cyclopentanone (III, extra IR band at 1750 cm-l) which gave a negative Zimmermann 
test. Hence partial structure A was indicated. 
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* Previous paper, W. Herz, and S. Inayama, Tetrahedron 20, 347 (1964). 
a W. Herz, K. Ueda and S. Inayama, Tetrahedron 19,483 (1963). 
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A1~~Anhydrodihydroguif~~lo~ (VII). BF, treatment of II (0.12 g) in the same manner gave, after 
chromatography and crystallization from ether-pet. ether, rearranged product (VII, 0.05 g) m.p. 
154-156”, positive Zimmermann test, IR bands at 1775 (y-lactone) and 1753 cm-l (double intensity, 
cyclopentanone and acetate). (Found: C, 66.34; H, 7.17; 0,26.05. Calc. for CIIH,,OI: C, 66.65; 
H, 7.24; 0, 26.11x.) 

Treatment of V (@3 g) with BF,etherate gave, after the usual work-up and chromatography, 
VII (O-11 g). 

When the rearrangement was carried out in CHCll instead of benzene, the product isolated was 
XIII, m.p. 152”, IR bands at 1770 and 1750 cm-‘, NMR signals at 5.68 br (W,,, 3, H,). 5.50 br 
(probable triplet, Wllp 5, H,), 4.80 td (H& 4.50 dd (5, 2, A part of AB system, H,), 4.10 dd (5, 2, B 
part of AB system, H,), 3.679 (7, 2 protons, -OCHP-CHI), 2.11 (acetate), 1.28 t (7, -CH,CH,), 
1.21 d (7, ClO- or C&methyl) 1.14 d (7, &- or C,zethyl) and 0.85 ppm (C&-methyl). (FoundTC, 
@15; H, 8.01; 0, 27.24. Calc. for C,,H,,O,: C, 63.90; H, 8.22; 0, 27.61x.) 
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A’-AnhydrodihydrogaiIlardilone (VIII). A solution of VII (0.23 g) in MeOH (10 ml) and cont. 
HCI (2 ml) was heated on the steam bath for 4 hr, concentrated to small volume at red. press., diluted 
with water and extracted with ether. The washed and dried ether extract was evaporated and the 
residue chromatographed over acid-washed alumina, eluent benzene and benzene-ether (3: 1, ten 
10 ml fractions). The composition of the fractions was controlled by examination in the IR. Fractions 
l-3 contained VII and fraction IV, a mixture of VII and VIII. Fractions 5-8 were combined and 
recrystallized from ether-pet. ether. This furnished VIII (0.06 g), m.p. 145-147”. Ima, 226 rnp’ 
(E 8900), IR bands at 1775 (y-lactone), 1745 (acetate), 1705 and 1590 cm-l (a&unsaturated cyclo- 
pentenone, ORD curve (0.00168 g in 1 ml MeOH) [alegp +9*5’, [aIrso --24”, [a],,., +663”, [alaI, 
+568”, [altss +582”, kh f 556”, [aIts +570”, [aLI +548” (last reading). More VIII could be 
obtained from recovered VII by repeating the acid treatment. (Found: C, 66.98; H, 7.41; 0,25*73. 
Calc. for C,,H,,O,: C, 66.65; H, 7.24; 0, 26.11x.) 

Dihydro-A’-anhydrodihydrogaillardilone (IX). A solution of VIII (0.06 g) in EtOH (10 ml) was 
shaken in an atmosphere of H, with 5% Pd-C (0.02 g). After 2 hr, the solution was filtered, evapo- 
rated at red. press. and the residue recrystallized from ether-pet. ether, yield 0.042 g, m.p. 155-156”, 
IR bands at 1775 (y-lactone) and 1748 cm-’ (double intensity, acetate and cyclopentanone), ORD 
curve (0.0025 g in 5 ml MeOH), [a] *17 -2035”, [aJIB +1480” (last reading). (Found: C, 65.89; 
H, 8.00; 0, 26.25. Calc. for C,,H,,O,: C, 66.21; H, 7.85; 0, 25.95x.) 

Compound IX was prepared in better yield by direct hydrogenation of VII. A solution of @7 g 
of the latter in 30 ml acetic acid was reduced with 0.05 g PtOI for several hr, filtered and evaporated 
in uacuo. The residue was washed well with pet. ether and recrystallized from acetonepet. ether, 
yield @5 g IX, m.p. 157”. 

Several attempts to hydrolyze IX in order to correlate it with previously-reported Cketo-pseudo- 
guaianolides failed. Treatment with acid or methanolic K&O, resulted in recovery of starting 
material. Treatment with NaOH solution gave gums which exhibited multiple bands in the carbonyl 
region. 
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