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1785 (s), 1680 (m), 1660 (s), 1600 ecm~1, The product was not char-
acterized further.
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08-8; 8¢, 55871-87-9; 9a, 55871-88-0; 9b, 55871-89-1; 9¢, 55871-90-
4; 10, 22975-87-7; 11, 55871-91-5; 12, 43023-11-6; 13a, 55871-92-6;
13b, 55871-93-7; 14, 19656-62-3; 15a, 55871-94-8; 16a, 55871-95-9;
16b, 55871-96-0; 17a, 55871-97-1; 17b, 55871-98-2; 18a, 55871-99-3;
‘1-carboethoxy-1-phenyl-4-isopropylsemicarbazide, 55872-00-9.

References and Notes

Supported in part by the National Science Foundation.

F.D. Greene and J. F. Pazos, J. Org. Chem., 34, 2269 (1969).

G. Zinner and H. Gross, Chem. Ber., 105, 1709 (1872).

(a) K. Hartke and E. Palov, Chem. Ber., 99, 3155 (1966); (b) Farberifa-
briken Bayer AG, German Patent 1,131,661 (1962); Chem. Abstr., 58,
1401e (1963); (c) H. Ulrich and A. A. R. Sayigh, J. Crg. Chem., 28,
1427 (1963).

(5) G. Voss, E. Fischer, and H. Werchan., Z. Chem., 13, 102 (1973).

Herz and Sharma

(6) H. Quast and E. Schmitt, Chem. Ber., 103, 1234 (1970).
(7} A. M. Simonov and A. F. Pozharskii, Zh. Obshch. Khim., 33, 2350
(1963).

(8) Plausible routes may be found for the conversion of structures of types

C and E to F by alkoxide, but we know of no precedent for the conver-

sion of compounds such as C and E to species containing a nitrogen-—

nitrogen bond by hydroxide ion. ;

For related small-ring isomerizations, see ref 6 and H. Quast and W.

Risler, Angew. Chem., Int. Ed. Engl., 12, 414 (1973), R. L. Camp and F.

D. Greens, J. Am. Chem. Soc., 80, 7349 (1968).

(10) R. Huisgen, R. Grashey, and J. Sauer in “The Chemistry of the Alk-
enes’’, 8. Patal, Ed., Interscience, New York, N.Y., 1964, Chapter 11; E.
Schmitz, "“Dreiringe mit Zwei Heteroatomen'', Springer-Verlag, West
Berlin, 1967.

(11) K. Hunger, Tetrahedron Lett., 5929 (1966).

(12) 1. G. Hinton and R. F. Webb, J. Chem. Soc., 5051 (1961).

(13) (a) T. W. Campbell, J. J. Monagle, and V. §. Foldi, J. Am. Chem. Soc.,
84, 3673 (1962); (b) H. C. A. van Beek and P. M. Heertjes, Melliand Tex-
tilber, 44, 987 (1963).

(14) R. Stolle, Chem. Ber., 32, 2238 (1899).

(15) W. D. Emmons, J. Am. Chem. Soc., 79, 5739 (1957).

(16) N. A. Porter and L. J. Marnett, J. Am. Chem. Soc., 95, 4361 (1973). We
wish to thank N. A. Porter for a sample. ‘

(17) C. P. Pacilly, Recl. Trav. Chim. Phys-Bas, 85, 101 (1936).

9

A trans-1,2-cis-4,5-Germacradienolide and Other

New Germacranolides from Tithonia Species!

Werner Herz* and Ram P. Sharma

Department of Chemistry, The Florida State University, Tallahassee, Florida 32306

Received April 25, 1975

Isolation and structure determination of two new germacranolides, tifruticin (1a) and deoxyfruticin (4a), tfrom
Tithonia fruticosa Canby and Rose are described. Deoxyfruticin is the first naturally occurring trans-1,2-cis-4,5-
germacradienolide. Structures were determined by chemical transformations and extensive use of 'H and !3C
NMR spectrometry. Structures are suggested for tirotundin and its ethyl ether, two new germacranolides from

Tithonia rotundifolia (Mill.) Blake.

As part of our search for secondary metabolites of Com-
positae with potential biological activity, we have examined
collections of Tithonia fruticosa Canby and Rose and
Tithonia rotundifolia (Mill.) Blake (Heliantheae, subtribe
Helianthinae). The former yielded two closely related new
germacranolides, tifruticin (1a) and deoxyfruticin (4a). Al-
though only small amounts of these compounds were avail-
able, the complete structure and stereochemistry has been
elucidated. T\ rotundifolia afforded the new germacranol-
ide tirotundin and its ethyl ether, for which structures 9a
and 9b are suggested in preference to 10a and 10b.

Trifruticin (1a), mp 141°, CooHegO7 (mass spectrum and
elemental analysis), [@]2?D —22°, was a conjugated vy-lac-
tone (ir bands at 1760 and 1640 cm™!, strong uv end ab-
sorption) and had at least one hydroxyl group (ir band at
3400 ecm™'). In the 'H NMR spectrum of la, the proton
under the (secondary) hydroxyl group was located at 4.46
ppm by D3O exchange and by its paramagnetic shift to 5.33
ppm on acetylation of tifruticin to 1b. In the 270-MHz
NMR spectrum of the latter compound, all signals were
well separated; hence decoupling experiments on 1b afford-
ed the full structure of tifraticin.

The NMR spectrum of 1b (Table I) exhibited the typical
two doublets of H, and Hy, in partial structure A at 6.38
and 5.92 ppm. Spin decoupling experiments involving H,
and Hy, established the location of the H, multiplet at 3.22
ppm. Irradiation at the frequency of H. converted a dou-
blet of doublets at 5.05 ppm to a doublet (J = 10 Hz) and a
multiplet at 5.21 ppm was also simplified. Thus Hg and H,

are at 5.05 and 5.21 ppm, respectively, or the reverse. If it
be assumed provisionally that the signal at higher field is
Hg, as is generally the case, the signal at lower field could
be assigned tentatively to a proton on a carbon carrying a
conjugated ester function whose presence was indicated by
an ir band at 1700 cm™1.

Since the low-resolution mass spectrum of tifruticin dis-
played diagnostically important peaks at m/e 278 (M* —
100), 260 (M — 100 ~ 18), and 83 (base peak), the inference

- was drawn that a five-carbon ester side chain was present.

The nature of the ester (partial structure B) was revealed
by the NMR spectrum, which had a vinyl multiplet at 6.20
ppm coupled to a three-proton multiplet at 2.01 ppm and
another methyl multiplet at 1.88 ppm, all characteristic of
an angeloyl group.

Irradiation at the frequency of H. (5.21 ppm) affected
the H. multiplet, collapsed a doublet of doublets at 2.22
ppm to a doublet (J = 15 Hz), and affected a partially ob-
scured one-proton signal near 2.00 ppm. Irradiation near 2
ppm collapsed the doublet of doublets at 2.22 ppm to a
doublet (J = 6 Hz) and converted the 5.21-ppm multiplet
to a triplet, thus demonstrating that H, was adjacent to a
methylene group (Hjy). Irradiation at the frequency of H,
(5.05 ppm) collapsed a broadened doublet at 5.52 ppm to a
broad singlet. The broadening of this signal (H,) could be
traced to a small coupling with a narrowly split three-pro-
ton multiplet at 2.10 ppm. Thus partial structure A could
be extended to C, where the symbol B represents quater-
nary carbon.
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It was further shown that a somewhat broadened doublet
at 3.36 ppm (H;, J = 2.5 Hz) and a sharp doublet at 3.15
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ppm (H;) constituted an AB system, the broadening of H;
being due to coupling with the proton under the acetate at
5.33 ppm (Hy, vide supra). The chemical shift of the AB
system suggested that it represented two protons in an ep-
oxide ring which is included in partial structure D.

Six of the seven oxygen atoms and 20 of the 22 carbon
atoms of tifruticin were accounted for by C and D. The re-
maining two carbons and one oxygen had to be assigned to
the grouping CHsCOH where the hydroxyl is tertiary, since
the ir spectrum of 1b still exhibited hydroxyl absorption
and the NMR spectra of 1a and 1b displayed a three-pro-
ton singlet at 1.39 ppm typical of methyl on carbon at-
tached to oxygen.

All of the above information was accommodated by for-
mulas 1a (devoid of stereochemistry) or E with the proviso
mentioned earlier that the proton under the lactone oxygen
(Hy) is represented by the signal at 5.05 ppm, i.e., that the
lactone ring is closed to C-6. This was confirmed as follows.

Methanolysis of 1a (NaOMe, MeOH) gave 2a by loss of
the ester side chain and addition of the elements of metha-
nol to the «,8-unsaturated lactone. The proton under the
newly freed hydroxyl function (H,) now appeared as a mul-
tiplet at 3.94 ppm (Table I), and was further identified by
its paramagnetic shift on acetylation to 2b. Decoupling ex-
periments on 2a confirmed that the Hg signal had re-
mained at 5.03 ppm and was coupled to a vinyl proton at
5.44 ppm, whereas the 3.94-ppm signal was coupled to a
methylene group. Hence the lactone ring of tifruticin is
closed to C-6.

That the secondary hydroxyl group of tifruticin was al-
lylic and that formula E must be rejected was established
by MnO, oxidation of 1a to the o,8-unsaturated ketone 3
[double-strength ir band at 1700 cm™1, uv Amex 235 nm (e
9000)] in whose NMR spectrum (Table I) the H-2 signal
was shifted downfield to 4.07 ppm. Finally the 13C NMR
spectrum of 1a (Table II) was fully consonant with the as-
signed structure la.

Before discussing the stereochemistry of tifruticin, men-
tion should be made of deoxytifruticin (4a), which was iso-
lated from T. fruticosa in very low yield and whose purifi-
cation was attended with considerable difficulties (see Ex-
perimental Section). The NMR spectrum of 4a (Table I)
resembled that of la with the exception that the AB sys-
tem of H-1 and H-2 was displaced downfield by 2.5 ppm,
an observation which, taken together with the empirical
formula CgooH2606, suggested that the epoxide ring of la
had been replaced by a double bond. This was in complete
harmony with the 13C NMR spectrum (Table II) and could
be confirmed by peracid oxidation of 4a to la, and of 4b to
1b.

MnO; oxidation of 4a afforded the cross conjugated di-
enone 5. The ir spectrum of this substance exhibited a very
strong band at 1650 cm™! attributable to the new chromo-
phore. The uv spectrum showed the expected maximum at
250 nm (e 8500), while in the NMR spectrum of 5 the reso-
nances of H-1 and H-2 had moved still further downfield,
in agreement with the postulated structure.

As regards the stereochemistry of la and 4a, if the usual
assumption be made that the C-7 side chain is 3 oriented as
in all sesquiterpene lactones of authenticated absolute
stereochemistry, the value of Jg 7 (10 Hz) requires that H-6
and H-7 have a trans relationship, i.e., that the lactone ring
by trans fused and H-6 be 8. Furthermore, NaOH hydroly-
sis of 2a followed by acidification resulted in isolation of a
product 6 with a reorientated lactone ring, Although short-
age of material prevented adequate characterization, the
NMR spectrum exhibited the H-6 and H-8 signals near 4.5
ppm and the H-5 signal at 5.00 ppm. This suggested that
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Table I1
18C NMR Spectra of Tifruticin and Congeners?®

Sii?g.al a 43 Assignmentb 9a ASSignmentb
1 169.3s 1694 s c-1" 176.1s c-1’
2 167.3s 168.0 s C-12 1694 C-12
3 1438s 146.8 s C-4 1372 s Cc-11
4 140.1d 140.7d C-3' 1214t C-13
5 1349s 1355 s C-11 1088 s Cc-3
6 127.1s 127.1 s c-2! 81.3d C-6
7T 126.8d 125.9d C-5 80.0s Cc-10
8 12209t 1226t C-13 69.8 d C-8
9 744d 73.9d° C-6 47.94d Cc-1

10 69.9 d°¢ 72.94° C-3 43.4d Cc-4

11  674s 70.8s C-10 42.2t° C-9

12 67.1d° 68.9d Cc-8 38.9 t°¢ C-1

13 60.0d¢ 131.94¢ C-1 38.4 t¢ C-2

14 56.04¢7 130.5d? C-2 38.0t¢ C-5

15 51.2d 51.3d Cc-1 34.1d c-2'
16 413 ¢ 43.81t Cc-9 269 q C-14
17 27.8 q 29.5q C-14 19.1 C-15
18 254 q 25.1 q C-15 18.7} {C-S’
19 20.5q 204 g C—4’ 18.6 C-4

20 159 ¢q 15.9 Cc-5’

a Run in CDCls on Bruker HFX-270 instrument. ® Tentative as-
signments based on predicted shifts, comparisons with data in the
literature (for references see W. Herz, 1. Wahlberg, C. S. Stevens,
and P. S. Kalyanaraman, Phytochemistry, in press) and spectra of
lactones of known structure in our files. ¢4 Probable assignments,
may be interchanged. ’

the C-8 side chain of la and 4a was « oriented (for further
evidence on this point, vide infra), since germacranolides
containing ‘lactonizable «a-oxygen groups at C.6 and C-8
preferably lactonize toward C-8.2 s

. The small paramagnetic shift (0.2 ppm) of the H-5 signal
accompanying the oxidation of la to 3 was noteworthy and
could be explained most satisfactorily by assuming that the
carbonyl group at C-3 was twisted somewhat out of the
plane of the C-4, C-5 double bond, a situation which could
arise only if the double bond were cis.® The correctness of
this deduction was demonstrated by the existence in 1a of a
nuclear Overhauser effect between H-15 and H-5. Irradia-
tion at the frequency of the methyl group attached to C-4
produced a 12.5% enhancement in the integrated intensity
of the H-5 signal.

The 1,2 double bond of 4a must be trans because of the
high value of Ji2 (15 Hz); consequently deoxytifruticin
represents the first example of a trans-1,2-cis-4,5-germa-
cradienolide. Since epoxidation with m-chloroperbenzoic
acid is known to proceed stereospecifically, H-1 and H-2 of
1a are also trans. Now H-1 and H-6 of 3 are shifted upfield
relative to H-1 and H-6 of la and 1b (Table I) presumably
because these protons are located within the shielding cone
of the new ketone group. Since H-6 is 8, H-1 must be 3 also
and H-2 is o. The small value of J23 (<1 Hz} further indi-
cates that the dihedral angle between H-2 and H-3 of la
and 1b is close to 90°, in which case H-3 must be o oriented
(models).

The chance observation that the uv absorption of 5 de-
creased on standing in methanol solution offered not only a
clue to the stereochemistry at the remaining center C-10,
but also provided additional evidence for the previous con-
clusions about the stereochemistry of tifruticin. That the
product (7) of this transformation had been formed by ad-
dition of the elements of methanol to the conjugated C-1,
C-2 double bond was indicated by its mass spectrum, the
presence of a methoxyl signal in the NMR spectrum, and
the upfield shifts of H-1 and H-2 (Table I). However, the ir
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band at 1700 cm~! was relatively weak compared with the
analogous band of 3 which represents the combined cyclo-
pentenone-conjugated ester chromophore. Consequently
we assumed that 7 was predominantly in the hemiketal
form 7b, a surmise which was strengthened by compari-

son of the NMR spectrum of 7 with that of woodhousin (8,4

Table 1). In fact, since the chemical shifts of H-5, H-6, H-7,
H-8, H-18, H-14, and H-15 and the coupling constants in-
volving H-5, H-6, H-7, and H-8 were so similar, it was con-
cluded that the stereochemistry of 7, and hence that of 1a,
at C-5, C-8, C-7, C-8, and C-10 was the same as that of
woodhousin.

We have commented previously’ on the unusual low-
field shift of the H-7 resonance (~4.1 ppm) in woodhousin
and certain other cis C-4, C-5 germacranolides (erioflorin*
and its congeners,® heliangin?) similar to 7. In these com-
pounds, H-7 is strongly deshielded by the oxygen atom at-
tached to C-10.8 The H-7 resonance of 7 is also strongly de-
shielded; models show that H-7 comes close to the acetal
oxygen only if the absolute configuration of 7 at C-10 is R
(if the absolute configuration of C-7 is as written) and the
C-8 hydroxyl is . Therefore the tertiary hydroxyl group on
C-10 of tifruticin (la) is a.10

The CD curve of 3 exhibits a negative Cotton effect,
while that of la is positive although no change has occurred
in orientation of the lactone ring and stereochemistry at
C-6. This reinforces our earlier conclusion!! that the empir-
ical rule relating the sign of the lactone Cotton effect to the
type of lactone ring closurel? is not generally applicable to
cis- Af-germacranolides. Similarly, J7 15 for 7 is <3 in viola-
tion of Samek’s rule,!® as is true for other cis-A*-germa-
cranolides,' while J7 15 for 1a, 1b, 3, 4a, 4b, and 5 is >3.
Obviously, the magnitude of J7 15 depends on the confor-
mation of the unsaturated germacranolide ring system and
not on the stereochemistry of the lactone ring fusion per se.

The main sesquiterpene lactone constituent of T. rotun-
difolia was named tirotundin, CioH2s0¢, mp 141°, [a]D
—77°. The 'H NMR spectrum (Table I) indicated the pres-
ence of partial structure A; this was confirmed by spin de-
coupling in the manner described for tifruticin, which also
permitted identification of the Hy resonance as the more
shielded of two signals in the ester region (4.57 vs. 5.54
ppm). Appropriate peaks at 1.05, 1.08 (two methyl dou-
blets), and 2.44 ppm (septet) and fragmentation under
electron impact (diagnostically important peaks at m/e
264, 247, and 71, the last base peak) showed that the ester
side chain was isobutyrate.

The occurrence of the H, multiplet at the same low fre-
quency (4.11 ppm) as in 7 suggested that tirotundin might
be a saturated (because of the analysis and the upfield shift
of Hg) hemiketal of the woodhousin type, especially since
the ir spectrum exhibited hydroxyl absorption and the
NMR spectrum contained no signal indicative of a primary
or secondary hydroxyl group. This deduction was support-
ed by the 3C NMR spectrum (Table II), which contained a
singlet at 108.8 ppm, characteristic of tetravalent carbon
carrying two oxygens, and another singlet at 80.0 ppm
which must represent the carbon atom at the other termi-
nus of the acetal linkage. The latter is also attached to a
methyl group (‘H methyl singlet at 1.45, 3C methyl quar-
tet at 26.9 ppm).

The foregoing information leads to formulas 9a (devoid
of stereochemistry) or 10a. Since the methylene signals of
tirotundin were not sufficiently well separated at 270 MHz
even in the presence of shift reagents to permit their unam-
biguous identification by double resonance, it was not pos-
sible to decide unequivocally between these two alterna-
tives. However, irradiation at the frequency of H-6 did not
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appear to affect a partially obscured doublet of doublets,
an observation which appears to favor the biogenetically
more plausible 9a over 10. Moreover, the paramagnetic
chemical shift of H-7 is highly characteristic of germa-
cranolides containing an oxygen bridge linking C-3 and
C-10 (vide supra); compounds of type 10 are so far un-
known. Unfortunately, several attempts to distinguish be-
tween the two possibilities by chemical means failed.

The minor constituent of T. rotundifolia which had for-
mula Cg;H390¢ was easily recognized as the ethyl acetal of
tirotundin 9b or 10b (mass spectrum, Tables I and IT) pos-
sibly formed from tirotundin during the isolation process
one stage of which employs ethanol or during the tedious
chromatographic purification by reaction with trace
amounts of ethanol in chloroform.

Since the chemical shifts of H-7 and H-8 are the same as
those of the corresponding signals in the spectra of 7 and
woodhousin, the C-8 ester side chain of tirotundin and its
acetal is undoubtedly o oriented also. Because J7,13, > 3
and the lactone Cotton effect is negative, the lactone ring is
trans fused;!® hence H-6 is 8. Now if the gross structure of
tirotundin is 9a, inspection of the various models of 9a with
H-8 and H-83 and H-7a reveals that H-7 approaches the
tetrahydrofuran oxygen only when the configuration at
C-10is S and C-3 OH is a (R configuration) as represented
in the formula. Finally, the chemical shift of the C-10
methyl group suggests that it is cis to the hydroxyl at C-3,
hence o oriented; this would also be the thermodynamically
favored orientation in the ketol corresponding to 9a.

Experimental Section

Experimental details have been specified previously.!6

Extraction of Tithonia fruticosa. Above-ground parts of T.
fruticosa Canby and Rose, wt 0.45 kg, collected by Mr. Juan Ar-
guelles near Curahui, Sonora, Mexico in 1959 under USDA auspic-
es (Arguelles No. 124 and 129, A. 5307 and A. 5308) was extracted
with CHCl; and worked up in the usual fashion.l” The crude gum,
wt 6.0 g, was chromatographed over 200 g of silicic acid, 200-ml
fractions being collected in the following order: 1-10 (Bz), 11-20
(Bz-CHCl3, 10:1), 21-30 (Bz-CHCls, 1:1), 31-40 (Bz-CHClj, 1:10),
41-50 (CHCly), 561-60 (CHClg-MeOH, 20:1). Fractions 32-38 gave
a mixture of two lactonic components which was separated into its
constituents by preparative tlc on silica gel PFass_see (solvent hex-
ane-ethyl acetate 3:2). The plate (20 X 40 cm, thickness 1 mm) was
developed six times; after each development the plate was fully
dried by leaving it in a hood for 1 hr. The two bands did not sepa-
rate when the plate was developed only twice or three times. The
upper band (4a) was obtained as a gum which could not be in-
duced to crystallize, ir bands at 3400, 1760, 1700, 1650, 1240, 1150,
1080, 1040 and 850 ¢m™1, high uv end absorption (esso 7000, €210
18,000, MeOH), CD curve (MeOH) Apay 240 nm, [6] +6300. The
low-resolution MS exhibited M+ at m/e 362 [not seen in high-reso-
lution MS which displayed the first peak (M* — C;HgOs, 2.5%) at
m/e 262.1176 (caled for Ci15H1804, 262.1159) and the base peak at
83 (C;H0)].

Anal. Caled for C9oHo6Os: C, 66.28; H, 7.23; O, 26.49. Found: C,
66.05; H, 7.52; O, 26.15.

The lower band (1a) was recrystallized from ethyl acetate: yield
0.29 g; mp 141°; [«]??D —22° (¢ 1.1, CHCly); ir bands at 3400, 1760,
1700, 1640, 1140, 1040, 960, and 870 cm~?; uv end absorption (€230
7000, 210 18,000); CD curve Amax 257 nm, [6] —4990 (MeOH). It did
not react with NalQ4 or with acetone-toluenesulfonic acid. The
low-resolution MS exhibited M* at m/e 378; this was not seen in
the high-resolution MS which displayed the first peak (M* —
CsHgOg) at m/fe 278.1171 (1.3%) (caled for Ci5H1505, 278.1153);
other significant peaks were at 260 (1.6%, M+ — C;HgO2 — HyO),
164 (13.5%, C10H1205), and 83 (100, CsH-,0).

Anal. Caled for CooHg07: C, 63.48; H, 6.93; O, 29.60. Found: C,
62.96; H, 6.64; 0, 29.52.

Acetyltifruticin (1b) and Acetyldeoxytifruticin (4b). Acety-
lation of 15 mg of la with acetic anhydride-pyridine gave 1b as a
gum, ir bands at 3400, 1760, 1740, 1710, 1650, 1235, 1150, 1040,
910, 740 cm™L. The low-resolution mass spectrum exhibited diag-
nostic peaks at m/e 420 (M%), 378 (M* — C3H,0), 360 (M* —
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CoH40y), 320 M+ -~ C5HgOy), 260 (M+ — CoH, 04 — C5HgOy), 243
(M e C5H802 - CQH402 - OH), 83 (C5H7O, base peak).

Anal. Caled for CoaHogOg: mol wt, 420.1784. Found: mol wt,
420.1780 (MS).

Acetylation of 20 mg of 4a gave 20 mg of 4b as a gum, ir bands at
3400, 1760, 1740, 1700, 1650, 1235, 1140, 1030 and 920 em™1. The
low-resolution MS gave significant ions at m/e 404 (M*), 344 (M™*
— CaH409), 304 (M*+ ~ CsHgO2), 244 (M* — CoH409 — CsHgOy),
226 (M* ~ C2H40, — CsHg02 — Ho0), 83 (CsH-0, base peak).

Anal. Caled for CosHagOr: C, 65.33; H, 6.98; O, 27.69. Found: C,
65.11; H, 6.86; O, 27.85.

Reaction of 5 with Methanol. TLL.C analysis of a solution of 5
in MeOH indicated partial conversion to a less polar substance.
The product 7 was separated by preparative TLC on silica gel
(benzene-ethyl acetate, 2:1) as a gum which had ir bands at 3400,
1760, 1700 (weaker than the band at 1760), 1650, 1230, 1120, and
1000 cm™i; uv end absorption (ez2;0 19,500); diagnostic peaks in
low-resolution MS at m/e 392 (M), 374 (M* — H50), 342 (M* ~
H0 — CH3;0H), 292 (M* - CszHgOs), 260 (M* — CzHgOp ~
CH;0H), 83 (C5H70, base peak).

Anal. Caled for Co;H2807: mol wt, 392.1835. Found: mol wt,
392.1837 (MS).

MnO; Oxidation of la. A solution of 20 mg of 1a in 5 ml of AR
CHCl3 was stirred with 100 mg of active MnO; until TLC indicat-
ed disappearance of starting material (10 hr), filtered, washed,
dried, and evaporated at reduced pressure. The residue was puri-
fied by preparative TLC on silica gel (Bz-ethyl acetate, 1:1): yield
15 mg of 3; mp 215-217°; ir bands at 3400, 1760, 1700 (double
strength), 1650, 1240, 1150, and 1040 cm™!; uv (MeOH) Amax 235
nm (e 9000), strong end absorption (es10 21,000); diagnostic peaks
in the low-resolution MS at m/e 376 (M%), 358 (M* — H,0), 276
(M+ — CsHgOs), 259 (M* — C;HgOs — OH), 83 (C;H,0, base
peak).

Anal. Caled for CgoH2407: mol wt, 376.1522. Found: mol wt,
376.1519 (MS).

Conversion of la to 2a. A solution of 80 mg of la in 5 ml of an-
hydrous MeOH was allowed to stand for 4 hr with 100 mg of
MeONa (nitrogen atmosphere), diluted with water, and extracted
with ethyl acetate. The washed and dried residue was evaporated
and the residue purified by preparative TLC on silica gel
(CHCl3-MeOH, 20:1) to provide 20 mg of gummy 2a, ir bands at
3400, 1760, 1050, and 980 cm™—1. Acetylation of 10 mg of 2a gave 2b,
which did not crystallize: ir bands at 1760, 1735, 1240, 1030, and
980 cm™'; diagnostic peaks in the low-resolution MS at m/e 412
(M™), 870 (M* — C2H0), 352 (M* — CoH40y), 310 (M*+ — CoH4O4
_ Cszo), 292 (M+ - 202H402), 43 (CszO, base peak).

Anal. Caled for CyoHzg0g: mol wt, 412.1733. Found: mol wt,
412.1729 (MS).

Epoxidation of 4a and 4b. A solution of 4 mg of 4a in 2 ml of
CHCl; was allowed to stand, with stirring, with 25 mg of m-chloro-
perbenzoic acid for 1 hr, diluted with water, and extracted with
CHCls. The washed and dried extract was evaporated and the resi-
due purified by preparative TLC (Bz-ethyl acetate, 1:1). The
product was identical with la in every respect. Similarly, 4b af-
forded 1b.

When the reaction time was extended, a mixture of products re-
sulting from epoxidation of ring and ester side chain double bonds
was obtained.

MnO; Oxidation of 4a. A solution of 10 mg of 4a in 3 ml of AR
CHCl; was stirred with 50 mg of active MnOs, the reaction being
monitored by TLC. When all of 4a had disappeared (3 hr), the
mixture was filtered, washed, dried, and evaporated at reduced
pressure. The residue was purified by TLC on silica gel (Bz-ethyl
acetate, 2:1). This gave 5 as a gum: wt 7 mg; ir bands at 3400, 1760,
1700, 1650 (very strong), 1250, 1130, 1040, 950 cm™!; uv (MeOH)
Anax 250 nm (e 8500); the low-resolution MS gave significant peaks
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at m/e 350 (M%), 260 (M* — Cs;Hg0»), 243 (M* — C5Hz02 — OH),
83 (CsH+0, base peak).

Anal. Caled for CooH240g: mol wt, 360.1573. Found: mol wt,
360.1570 (MS).

Extraction of Tithonia rotundifolia. Above-ground parts (wt
13.5 kg) of T. rotundifolia (Mill.) Blake, collected by E. L. Tyson
(Tyson no. 6446) on Nov 27, 1971 midway between Chorrera and
Capira, Panama, along the Interamerican Highway, was extracted
with CHCl3 and worked up as usual.l® The crude gum, wt 20 g, was
chromatographed over 700 g of silicic acid, 500-ml fractions being
collected in the following order: 1-10 (Bz), 11-20 (Bz-CHClI3, 10:
1), 21-30 (Bz—CHCls, 1:1), 31-40 (Bz-CHCl3, 1:10), 41-50 (CHCl3),
and 51-60 (CHCl3-MeOH, 20:1). Fractions 29-45, which showed
the same two spots on TLC, were combined and the two sub-
stances were separated by preparative TLC (five 20 X 40 cm
plates, silica gel, solvent Bz-ethyl acetate, 2:1). The less polar com-
pound (probably 9b) was recrystallized from ethyl acetate: yield
0.5 g mp 125°; [a]22D —55° (¢ 1.2, CHCLy); ir bands at 1760, 1730,
1650, 1250, 1150, and 1040 em™1, The low-resolution MS exhibited
significant peaks at m/e 380 (M), 292 (M* — C4HgOy), 264 (M* —
C4HgOs — CoHy), 246 (M* — C4HgO2 — CoHy — H0), 71 (C4H3O,
base peak).

Anal. Caled for Co;H304: C, 66.29; H, 8.48; O, 25.23. Found: C,
65.72; H, 8.47; 0, 24.94.

The more polar compound (probably 9a) was recrystaliized from
ethyl acetate: yield 3.1 g; mp 141°; [«]*?D —77° (¢ 2.0, CHCly); CD
curve (MeOH) 8max 263 nm, [§] —1560; ir bands at 3400, 1760, 1735,
1650, 1230, 1150, 1030, and 960 em™?; significant peaks in the low-
resolution MS at m/e 352 (M1), 334 (M* — H,0), 264 (M* —
C4HgOy), 246 M* ~ C4HgOq — H50), 71 (C4H-0, base peak).

Anal. Caled for C19H2304: C, 64.75; H, 8.01; O, 27.24. Found: C,
64.30; H, 7.72; O, 26.80.

Registry No.—1a, 56377-69-6; 1b, 56377-59-4; 2a, 56377-60-7;
2b, 56377-61-8; 3, 56377-62-9; 4a, 56377-63-0; 4b, 56377-64-1; 5,
56377-65-2; 7Th, 56377-66-3; %a, 56377-67-4; 9b, 56377-68-5.
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