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Harringtonolide, a Plant Growth Inhibitory Tropone
from Cephalotaxus harringtonia (Forbes) K. Koch
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As part of a prograrm involving a search for new naturally
occurring plant regulants, we examined an ethanolic extract
of the seeds of Cephalotaxus harringtonia (Taxaceae).2 The
growth of several species of plants was inhibited by applica-
tions of this extract. A group of tumor-inhibiting alkaloids,
the harringtonines, had been isolated from this yew and
characterized.?> We tested isoharringtonine and the mixed
alkaloids obtained from C. harringtonia in several plant
bioassays but found no significant activity. Work was then
begun to isolate and characterize the principal plant growth
inhibitor present in the C. harringtonia seeds, and we now
report on the isolation and the physical and chemical prop-
erties of the inhibitor.

The 2-propanol extract of the C. harringtonia seeds was
first partitioned between hexane and aqueous methanol. The
methanol-soluble portion was then chromatographed on
Bio-Beads S-X2 in THF. The growth inhibitor was isolated
by chromatography on silica gel with chloroform-acetonitrile,
followed by high-performance liquid chromatography
{HPLC) using a similar system. The successive steps in the
purification sequence were monitored by a bean second-in-
ternode assay.* The active compound, harringtonolide, was
isolated as a pale yellow solid for which no satisfactory ele-
mental analysis was obtained. An empirical formula,
C19H504, was determined for the molecular ion by high-
resolution mass spectrometry. The base peak in the spectrum
was 282 indicating a facile elimination of CO.

The ultraviolet spectrum [Amax 242, 310 nm (e 20 000, 7000)]
suggested the presence of a tropone moiety [cf. 4-isopropyl-
tropone (nezukone), Amax 230, 310 nm (e 80 000, 15 000)].5 The
infrared spectrum contained bands assignable to lactone (1758
cm~1), unsaturated ketone (1624 cm~!), and olefin (1560
cm™1); the latter two were similar to the 1635- and 1580-cm™!
bands of nezukone. The NMR spectrum contained signals
among which these assignments could be made: methyl at é
0.90 (doublet), methyl at & 2.36 (singlet), one proton at 6 1.76
(quartet), and two protons at 6 6.92 and 6.98 (singlets).

Hydrogenation of harringtonolide over Pd/C resulted in a
hexahydro product as determined by low-resolution mass
spectrometry. The ultraviolet spectrum contained only end
absorption. The infrared contained a lactone band (1750
c¢cm™~?) and a carbonyl band at 1730 cm~! with a shoulder at
1700 cm~!, No band assignable to the olefinic moiety was
found.

To determine the structure of harringtonolide an x-ray
crystallographic analysis was undertaken. The compound
crystallizes in the orthorhombic space group P2,2:2; with a
=838A,b=2234A andc =768 A. There is one molecule
per asymmetric unit corresponding to a calculated crystal
density of 1.43 g/cm3. A partial structure was obtained by
application of the symbolic addition procedure for noncen-
trosymmetric crystals.® The fragment was then developed into
the full structure by the tangent formula refinement and ex-
pansion method.” Hydrogen atoms were located in a difference
map and the structure was then refined by full-matrix least-
squares methods to a final R factor, agreement between ob-
served and calculated structure factors, of 0.078. The drawing
in Figure 1 which was constructed with the experimentally
determined atomic positions displays the results of the x-ray
analysis. Full crystallographic details will be published.?

Notes

Figure 1. Molecular structure of harringtonolide as found in the
crystal.

Further study of the NMR spectrum after the structure
determination by x-ray crystallography permitted other as-
signments to be made (Table I). Confirmation of the assign-
ment of the methyl doublet on C-18 and the adjacent proton
quartet on C-14 was made by a double resonance experiment.
A similar experiment indicated that irradiation of the é 4.0
proton diminished the multiplicity of the 6 5.32 signal so the
C-15 proton was assigned to 6 5.32 and C-16 to é 4.0. The
multiplets at § 1.25 and 2.70 could be assigned to methine
protons on C-6 and C-7 based on a double resonance experi-
ment; however, only a slight collapse of the complex multiplets
was obtained on irradiation of either signal. The 6 2.70 mul-
tiplet appeared to be composed of the overlap of C-12 meth-
ylene signals with those of the C-7 proton. The 6 6.92 and 6.98
signals were assigned to the protons at C-2 and C-10, consis-
tent with data for protons « to the tropone carbonyl.® The 13C
NMR spectra of harringtonolide were obtained and assign-
ments for the various positions were made with the aid of data
obtained from an off-resonance decoupling experiment and
similarities to model compounds (Table I).1%11 The 6 186.393
for C-1 (CDCl3) was near the value reported for the same
carbon in tropone, § 187.5 (CCly).12

Harringtonolide was found to be an inhibitor of plant

Table I. NMR Spectra of Harringtonolide

Carbon H 13C
1 186.393¢ s
2 6.92%s (1 H) 139.143¢ d
3 143.5829 g
4 145.0159 s
5 5.47 m (1 H) 79.951¢ d
6 1.25 m (1 H) 41.733 d
7 2.70 m (1 H) 49.881 d
8 145.6459 s
9 145.8554 ¢
10 6.98% s (1 H) 141.494c d
11 3.51 m(2H) 32.281 t
12 2.70 m(2H) 22.326 t
13 43.746 s
14 175 q (1 H) 39.951 d
15 5.32 m (1 H) 79.946¢ d
16 40 m(OH 85.492 d
17 173.456 s
18 0.90 d (3 H) 14.704 q
19 2.36 s (3H) 23.839 q

@ Multiplicity: d, doublet; m, multiplet; s, singlet; t, triplet; q,
quartet. Multiplicity in 13C spectra obtained through off-reso-
nance decoupling. Values are in & units relative to Mey-
Si. %-¢ Assignments with the same superscript may be inter-
changed.
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growth on two test species, tobacco and beans. The emulsified
compound (10~3 M) when applied to the axils of decapitated
tobacco plants effected a complete inhibition of bud growth
for at least 14 days.!3 Necrosis of the meristematic tissue
usually occurred and was also observed in the application of
the tropone lactone to the second internode of 7-day-old bean
plants. Concentrations of 1, 5, or 10 ug of the compound sus-
pended in lanolin were sufficient to cause necrosis above the
point of application within 4 days. Inhibition of growth (46%)
with no indication of necrosis was observed with an applica-
tion of 0.1 ug of harringtonolide to the second internode. No
translocation of the harringtonolide below the point of ap-
plication was seen.

Very few tropones have been found in higher plants, al-
though the number of tropolones (2-hydroxytropones) iden-
tified in the Cupressaceae and Liliaceae is somewhat greater.1*
The latter compounds, derived from terpenes, are thought to
function as fungicidal compounds in the heartwood of a
number of species of trees.1> Many terpenic lactones have been
isolated from higher plants and exhibit growth regulatory
activity.1® Harringtonolide appears to be the first complex
tropone containing a lactone function to be characterized. No
effort has been made thus far to determine the portion(s) of
the molecule responsible for the observed biological activity.
We do not know whether similar compounds remain to be
discovered in other Cephalotaxus species.

Experimental Section

Melting points were determined on a Fisher-Johns apparatus and
were uncorrected. UV spectra were obtained with a Beckman 25
spectrophotometer. IR spectra were taken as KBr pellets on a Per-
kin-Elmer 621 spectrophotometer. 'TH NMR spectra were obtained
at 100.1 MHz and the 13C spectra at 25.2 MHz with a Varian XL-100
spectrometer. CDCl3 was the solvent with MesSi as the internal
standard. HPLC was performed on a Spectra-Physics 3500B instru-
ment equipped with a Schoeffel 700 spectrophotometric detector.
Low-resolution mass specira were obtained with a Du Pont 21-491B
spectrometer using the direct-probe method with a 70-eV ionizing
voltage. High-resolution mass spectral analyses were made on an AEI
MS-9 mass spectrometer by the direct-probe method using an elec-
tron-impact ionization at 70 eV. The ion source temperature was 180
°C and perfluorkerosene was the internal standard.

Isolation of Harringtonolide. Seeds of Cephalotaxus harring-
tonial? (2.5 kg) were ground and extracted exhaustively with {-PrOH
at 80 °C. The resulting extract was partitioned between hexane-
MeOH-H;0 (10:9:1). The MeOH-soluble portion was partioned by
countercurrent distribution in four separatory funnels with the
two-phase system, CCl;—CHCl3-MeOH-H20 (280:120:320:80). The
inhibitor was located in the upper phases of the four funnels by use
of the bean second-internode assay. The active fraction was then
applied to a gel permeation column packed with Bio-Beads S-X2 in
THF. The further purified fraction was then chromatographed on a
silica gel column with CHCl3~-CH3CN (3:1). A Ry of 0.50 was obtained
for harringtonolide on silica with CHCl3-CH3CN (4:1). The active
compound was recrystallized from CH2Cl; by addition of MeOH (30
mg). The final purification was done by HPLC with the detector set
at 319 nm with 640 psi and a flow rate of 0.8 mL/min. The column used
was 0.25 m X 4 mm with Spherisorb 5 um silica, The solvent'was
CHCl3-CH45CN (9:1).

Harringtonolide. The compound was obtained as pale yellow
crystals: mp 285-288 °C dec; [a]3°p 83.0° (¢ 1.5, CHCl,); UV (EtOH)
Amax 242 nm (e 20 000), 310 (7000); IR (KBr) 3400, 2960, 2925, 1758,
1730 (sh), 1624, 1560, 1430, 1370, 1235, 1075, 960, 870, 750 cm~1; MS
m/e 310.1241, 310 (M*, 21), 283 (18), 282 (M* — CO, 100), 225 (13),
209 (15), 207 (11), 199 (81), 197 (11), 195 (18), 181 (30), 179 (22), 189
(30), 168 (28), 167 (40), 165 (40), 153 (35), 144 (40), 143 (67), 142
(30).

Reduction of Harringtonolide. Compound (4 mg) was dissolved
in EtOAc and then reduced at 45 psi of Hy over 5% Pd/C: low-reso-
lution MS 316 (M*, 89), 314 (71), 312 (32), 298 (36), 282 (17), 258 (74),
55 (100).

Plant Bioassays. Harringtonolide was applied to plants in a lanolin
carrier or as an emulsified suspension prepared by dissolving the
compound in THF and adding Tween 20 surfactant to give a final
concentration of 1% solvent and surfactant on addition of HoO. Xanthi
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tobacco was used in the assay. Beans (Phaseolus vulgaris cv. Pinto)
were used for the second internode assay. Treatments were replicated
at least twice.
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We have shown in earlier papers®3 that formamidinesulfinic
acid (FSA, aminoiminomethanesulfinic acid) reduces the
carbonyl group of a number of 6-ketones of the morphine se-
ries with complete stereoselectivity to the corresponding
secondary alcohols with 8 configuration of the hydroxyl. This
stereoselectivity stands in marked contrast to the one ob-
served on hydride reduction, where such ketones tend to
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