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Abstract—Two known furanocoumarins, (+)-oxypeucedanin and (+)-saxalin, two known coumarins, umbelliferone and (+)-epoxy-
suberosin, and two new coumarins (+)-trachypleuranin-A and (±)-trachypleuranin-B, were isolated from the methanol extract of
Harbouria trachypleura. An efficient five-step asymmetric synthesis of (+)-trachypleuranin-A was performed using a sequential
[3,3] Claisen–Cope rearrangement and a Shi asymmetric epoxidation. (±)-Trachypleuranin-B, a chlorinated coumarin, was
synthesized from (±)-epoxysuberosin. © 2001 Elsevier Science Ltd. All rights reserved.

Our research laboratories are currently investigating
bacterial MDR (multidrug resistance) efflux pump
inhibitors of the gram-positive bacterium Staphylococ-
cus aureus.1 We recently extended the scope of this
project to include the gram-negative bacteria Pseu-
domonus aeruginosa and Escherichia coli. A preliminary

investigation with E. coli mutants showed that cou-
marins may potentiate the action of anthraquinones as
MDR efflux pump inhibitors.2 Harbouria trachypleura
(A. Gray) J. Coulter & Rose belongs to the Apiaceae
(Umbelliferae), a family of plants known to often
contain coumarins. H. trachypleura, commonly called

Figure 1. Coumarins and furanocoumarins from Harbouria trachypleura (1–6) and other representative structures.
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whiskbroom parsley, is approximately 30–50 cm tall
and grows on the foothills of the Colorado and Wyo-
ming Front Range.3 Our assays showed that H. trachy-
pleura does not contain bacterial MDR efflux pump
inhibitors of E. coli ; however, the plant belongs to a
monotypic genus and this distinction warranted its
further investigation. In this letter, we report the isola-
tion of four coumarins (1–4) and two furanocoumarins
(5, 6) (Fig. 1) from the methanol extract of H. trachy-
pleura and the synthesis of 2, 3, and 4.

Isolation

The dried aerial parts of H. trachypleura (185.6 g) were
immersed in 1 L of distilled MeOH for one day, the
MeOH filtered, and the process repeated another time.
A portion (9.61 g) of the total crude MeOH extract
(18.10 g) was subjected to VLC (vacuum liquid chro-
matography, gradient hexanes to EtOAc) to yield 14
fractions. Fractions 5–7 contained coumarins as deter-
mined by TLC and 1H NMR. Fraction 7 was subjected
to flash column chromatography (CC, 97:3 CH2Cl2/
(CH3)2CO) to yield 10 mg of umbelliferone (1). Com-
bined fractions 5 and 6 were also subjected to CC (97:3
to 4:1 CH2Cl2/(CH3)2CO) to yield two fractions A (frs.
5–10) and B (frs. 11–16). Both frs. A and B were
chromatographed separately on C-18 VLC (1:1 MeOH/
H2O to 100% MeOH, in-house prepared C-18) to
provide twelve fractions each. Fr. A1 yielded 4 mg of a
new coumarin, 2. Fr. A2 yielded 7 mg of epoxy-
suberosin (3). Fr. A3 yielded a mixture of another new
coumarin (4) and saxalin (5). These isolates were sepa-
rated by preparative TLC using 3:2 hexanes/EtOAc to
yield 3 mg of 4 and 2 mg of 5. Fr. B1 yielded 75 mg of
oxypeucedanin (6). Final isolates (2, 3, and 6) were
subjected to preparative TLC (97:3 CH2Cl2/(CH3)2CO)
to remove minor impurities.

Isolates were analyzed by 1H, 13C, COSY and DEPT
NMR as well as ES− and FAB+ mass spectrometry.
Spectral data for 7-methoxycoumarins with derivatized
prenyl side chains are well documented in the literature.
The structures for the unknown coumarins were tenta-
tively assigned as 2 and 4 based upon data for similar
compounds 7 and 8.4,5 Compounds 1, 3,6,7 48,9 and
610,11 are characterized in the literature and all spectra
were in excellent agreement with previously reported
isolations.

Synthesis and structure verification of (+)-2, (+)-3, and
(±)-4

The synthesis of 2 and 3 is outlined in Scheme 1. The
commercially available 2-hydroxy-4-methoxybenzalde-
hyde (9) was used as a starting point. A Williamson
ether reaction with 4-bromo-2-methyl-2-butene
afforded the phenyl prenyl ether 10 in 80% yield. Still’s
reagent12 was used under thermodynamic conditions to
smoothly yield the corresponding ester 11 in 96% yield
and 77:23 E/Z selectivity. The optimization of E/Z
selectivity was not investigated because of the subse-
quent cyclization reaction of 11. This cyclization was
achieved by refluxing 11 in PhN(Et)2 to yield the corre-
sponding 6-prenylated coumarin suberosin (12) in good
yield. This reaction utilizes the well-known sequential
[3,3] Claisen–Cope rearrangement of phenyl prenyl
ethers.13,14 The coumarin 12 was targeted using a simi-
lar strategy by Mali and co-workers under less efficient
conditions.15 Cairns, Harwood and Astles also synthe-
sized 12 in their investigations of 6-substituted prenyl,
geranyl, and farnesyl analogues of 1.16 They, however,
used the coumarin herniarin (13) as a starting point.
This sequential [3,3] Claisen–Cope rearrangement has
also been utilized in the syntheses of other natural
products as well.16–19

Scheme 1. Synthesis of (+)-trachypleuranin-A: (i) 4-bromo-2-methyl-2-butene, K2CO3, acetone, reflux, 1.5 h, 80%; (ii)
(CF3CH2)2P(O)CH2CO2Me, NaH, THF, −30°C, 45 min, 98%, 77:23 E/Z; (iii) N,N-diethylaniline, reflux, 4 h, 81%; (iv) Shi
asymmetric epoxidation, 82% ee, 85% yield; (v) TsOH, MeOH, 15 min, 99%.
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With 12 in hand, the olefin was subjected to Shi asym-
metric epoxidation conditions20 to yield the desired
epoxide (+)-3 in 82% yield. The 1H and 13C spectral
data of the synthetic epoxide were essentially identical
to those of an authentic sample from H. trachypleura.
The optical rotation of the synthetic was +17 (c=0.01,
CHCl3). Gray reported an optical rotation of +34 (c=
0.07, CHCl3) for a sample of 3 isolated from Coleonema
album7 and the isolate from H. trachypleura had an
optical rotation of +27 (c=0.006, CHCl3). While the
optical rotation of the synthetic epoxide was only in
fair agreement with that of the isolate, the determina-
tion of the isolate’s absolute configuration was the main
goal of utilizing the asymmetric epoxidation. Extensive
attempts to determine the % ee of the epoxidation
reaction using chiral HPLC, GC and europium-based
chiral NMR shift reagents were met with failure. It was
thus decided that the % ee of the epoxidation would be
determined from the final product using the same chiral
analytical techniques.

The final product was easily synthesized using catalytic
tosic acid in distilled methanol to give (+)-2 in 99%
yield. The epoxide opening should occur without
racemization of the secondary alcohol because of the
tertiary carbocation formed as a reactive intermediate.
The data for synthetic 2 were in excellent agreement
with those of the isolate from H. trachypleura. The
optical rotation of the isolate was +34 (c=0.003,
CHCl3) and the synthetic +28 (c=0.01, CHCl3) thus
confirming the absolute structure of the isolate as (R)-
(+)-2.21

The final % ee of 2 was also unobtainable after exten-
sive attempts at chiral HPLC and GC and europium-
based chiral NMR shift reagents. A Mosher ester of 2
was thus synthesized using 2, (+)-MTPA, oxalyl chlo-
ride and catalytic DMF in dry CH2Cl2. The product
was analyzed by C-18 HPLC (HP 1090a, Adsorbo-
sphere C-18 5 micro, 250×4.5 mm column, 1:1 acetoni-
trile/water, 330 nm) and an 82% ee was determined for
2.

The synthesis of (±)-4 (Scheme 2) was elaborated
through a racemic epoxidation of 12 with mCBPA in
89% yield. The chlorohydrin (±)-4 was prepared from
12 using concentrated HCl in CHCl3 for 30 minutes
(72% yield). The 1H and 13C NMR spectral data of
synthetic (±)-4 were identical to those of the natural
product.22

It is interesting to note that of the pro-chiral isolates (2,
3, 4, 5, and 6), all but one (4) possessed optical activity.
Furthermore, 4 is a rare example of a chlorinated

natural product from a higher plant. Because of the
small quantity of isolated 4, it was possible that the
sample concentration of 4 was not high enough to
obtain an optical rotation. To verify the presence or
lack of optical rotation, a circular dichroism experiment
was performed. The spectrum obtained from this exper-
iment showed no circular dichroism scanning from 254
to 450 nm. It was thus concluded that 4 was a racemic
isolate.

There has been some debate in the literature on
whether epoxide-opened coumarins are actual plant
constituents or artifacts of isolation. Large quantities of
toddalolactone (7), an analogue of 2, were found in a
Soxhlet extraction of Toddalia asiatica with refluxing
methanol.23 It was believed that a thermal initiated
opening of 5-OMe epoxysuberosin and subsequent
trapping of the opened oxirane intermediate yielded 7.
The authors showed that in a reextraction of T. asiatica
with supercritical CO2, 7 was in fact a component of
the plant, although smaller quantities of 7 were isolated
with this extraction method. This problem was not
anticipated with H. trachypleura because the extraction
was performed at room temperature. Another literature
report details the isolation of 14a, the acetonide of 14,
from the acetone extracts of Eremocitrus glauca.24 It
was shown experimentally that the naturally occurring
citric acid in E. glauca catalyzed the formation of 14a.24

During the extraction of H. trachypleura, a similar acid
catalyzed reaction could have opened the epoxide of 3
to yield 2. It was assumed that if this reaction occurred
with 3 it would have also happened with the major
furanocoumarin constituent of the plant (6) and thus 15
be easily found in the plant extract. The furanocou-
marin 15, however, was not isolated or seen in any 1H
NMR spectra. It was also possible that 2 was formed
by a silica-gel catalyzed reaction with methanol, but
stirring a sample of 3 with methanol and silica gel for
24 h at room temperature gave only starting material
by TLC and 1H NMR. We concluded that 2 and by the
same reasoning 4 are in fact constituents of H. trachy-
pleura and not artifacts of isolation.
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Scheme 2. Synthesis of (±)-trachypleuranin-B; (i) mCPBA, CH2Cl2, 30 min, rt, 89%; (ii) conc. HCl, CHCl3, 30 min, rt, 72%.
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