Natural Coumarins XII: Umbelliprenin, a

Constituent of Ammi majus L. Fruits
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Abstract [ ] The hitherto known free coumarins of 4mmi majus L.
fruits (xanthotoxin, imperatorin, bergapten, isopimpinellin, and
isoimperatorin) are all psoralene derivatives. Umbelliprenin rep-
resents the first nonfuranoid coumarin to be found in this source,
and its isolation is reported in this article.
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The well-established pharmaceutical utility of Ammi
majus L. fruits, essentially as a source for photody-
namically active agents used in the treatment of leuco-
dermia (vitiligo) (1), made it one of the most important
economic drug plants of Egypt. Five furocoumarin
products—xanthotoxin (I) (2), imperatorin (II) (3),
bergapten (III) (3), isopimpinellin (IV) (4), and iso-
imperatorin (V) (5)—and one dihydrofurocoumarin—
marmesin (V1) (6), occurring naturally as the glucoside
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marmesinin (VI1) (7)—have so far been isolated from
this umbelliferous plant which may be regarded as the
richest known source for coumarins.

From TLC evidence, the presence of at least one addi-
tional product in the free (nonglycosidic) coumarin
fraction of A. majus L. fruits has been suspected for
some time. The isolation, from preparative chromato-
plates, of yet another constituent of the drug is now re-
ported. The product (m.p. 60-61°, optically inactive)
was obtained in extremely small amounts and was shown
to be a nonhydroxylic coumarin. The UV spectrum
(showing one principal peak at 325 nm.) precluded the
presence of a furanoid moiety (a feature in all the
hitherto known coumarins of 4. majus L.) since no per-
ceptible absorption was observed in the 240-280-nm.
region (7, 8).

The nature of the isolated product was revealed by
mild treatment with mineral acid, which readily afforded
a phenol identified as umbelliferone (VIII) and sub-
sequently methylated to give herniarin (IX). By direct
comparison, it was established that the compound was
actually umbelliprenin [the trans,trans-farnesyl ether (9)
of umbelliferone] (X), a rare product which had previ-
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ously been isolated from Angelica archangelzca (10). The
mass spectrum!® (Fig. 1) of umbelliprenin showed that
the molecular ion (fn/e 366) suffers an initial loss of 56
mass units, which may be attributed to expulsion
of CHs giving ion formulated as e (measured m/e
310.1521, calculated for CyoHpO3 m/e 310.1565) (Scheme
I) rather than to expulsion of two carbon monoxide
particles (calculated for CxH3O m/e 310.2294). This
type of expulsion obviously occurs from the sesquiter-
penoid side chain and is also observed to take place from
other fragment ions. Elision of the entire farnesyl side
chain, with transfer of a hydrogen atom favorably ac-
commodated in a six-membered cyclic arrangement,
leads to umbelliferone ion (m/e 162) and fragment b
(mfe 204), which subsequently loses 43 mass units to
give an ion at mfe 161. The more intense peaks in the
spectrum result by fragmentations in the farnesyl group.
These include ions ¢, d, and e showing at m/e 69, 137,
and 205, respectively; the last two undergo further
degradation by loss of C,Hs to give ions at m/e 81 and
149, respectively. The genesis of the ions resulting by
loss of C,Hs may be difficult to envisage, although re-
arrangement may well be involved; fand g are not un-
likely for ions m/e 81 and 149, respectively. The assigned
structures are all substantiated by high resolution
measurement of the respective peaks.

Umbelliprenin is the first nonfuranoid coumarin to be
found in 4. majus L. Its presence among the major
furocoumarins may have biogenetic significance. It
indicates that ether isoprenylation at C-7 (presumably
with farnesyl pyrophosphate) may occur, though to a
limited degree, prior to the more extensive and bio-
genetically favored carbon alkylation at C-6 which is
considered, by the very reasonable postulations of Aneja
et al. (11), to lead to the a~(hydroxyisopropyl)-dihydro-
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Figure 1—Mass spectrum of umbelliprenin (X).
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1In Scheme I, the transitions supported by the observation of ap-
propriate metastable ions are distinguished by an asterisk.
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furan residue (as in marmesin, YI) and ultimately
to the unsubstituted furan system (as in the psora-
lene derivatives, 1-V). In fact, it appears particu-
larly attractive to envision all oxygen and carbon iso-
prenylations as events that occur early in the biogenetic
pathway of A. majus L. coumarins, quite possibly before
the complete elaboration of the a-pyrone system?.

EXPERIMENTAL

Isolation of Umbelliprenin from A. majus L.—The processing of
3.5 kg. of A. majus L. fruits for free coumarins, as previously
described (5), afforded a crude mixture (18 g.) in which isopim-
pinellin, xanthotoxin, bergapten, imperatorin, and isoimperatorin
were detected (Ry 0.36, 0.39, 0.42, 0.49, and 0.62, respectively) on
silica gel G chromatoplates developed with benzene—ethyl acetate
(9:1). In addition, a minor product showed up at R; 0.63, giving
brilliant violet fluorescence under UV light and orange, blue, and
light-pink colors with the iodine-potassium iodide, 107 sodium
hydroxide, and 50%; stannous chloride spray reagents, respectively.
It was isolated by repeated preparative layer chromatography, and
the material collected was crystallized from ethanol-water to give
a small amount (8 mg.) of yellowish needles, m.p. 60—61°, The new
product was soluble in ethanolic alkali to give a yellowish solution
(fluorescent in UV light) from which it was precipitated by acidifi-
cation. The compound gave negative tests for methoxyl and phenol
groups. The UV spectrum exhibited a principal absorption at 325
nm. (log e = 4.15). Direct comparison (TLC, mixed melting point,
and IR spectra) of the isolated material with authentic umbelli-
prenin revealed its identity.

Boiling the natural product for 2 hr. in 107, ethanolic hydro-
chloric acid solution, followed by the usual work-up, gave a residue
(positive phenol reaction) from which umbelliferone (melting point
and mixed m.p. 218-220°) was isolated. The latter was treated with
methyl iodide in acetone solution containing sodium carbonate
under reflux for 3 hr., and the product was shown to be herniarin.
The identities of these two reaction products were established by

2In a recent report, Paikert and Floss (12) proposed that isoprenyla-
tion may take place at an early stage in the pathway of furocoumarin
biosynthesis in Pimpinella magna.

direct comparison with authentic materials on the chromatoplates,
using several solvent systems and spray reagents.

REFERENCES

(1) “Psoralens and Radiant Energy,” proceedings of a sym-
posium, J. Invest. Dermatol., 32 (2) (1959).

(2) 1. R. Fahmy, H. Abu-Shady, A. Schonberg, and A. Sina,
Nature, 160, 468(1947).

(3) 1. R. Fahmy and H. Abu-Shady, Quart. J. Pharm. Phar-
macol., 21, 499(1948); A. Schonberg and A. Sina, Nature, 161, 481
(1948); A. Schonberg and A. Sina, J. Amer. Chem. Soc., 72, 4826
(1950).

(4) F. M. Abdel-Hay, E. A. Abu-Mustafa, and M. B. E. Fayez,
Naturwissenschaft., 53, 406(1966).

(5) E. A. Abu-Mustafa, F. K. A. El-Bay, and M. B. E. Fayez,
Rec. Trav. Chim. Pays-Baselg., 87, 925(1968).

(6) E. A. Abu-Mustafa, N. Badran, M. B. E. Fayez, and N. A.
Starkowsky, Nafure, 182, 54(1958).

(7) E. A. Abu-Mustafa and M. B. E. Fayez, J. Org. Chem., 26,
161(1961).

(8) E. Brokke and B. E. Christensen, ibid., 23, 589(1958).

(9) R. B. Bates, J. H. Schauble, and M. Soucek, Tetrahedron
Lett., 1963, 1683.

(10) E. Spith and F. Vierhapper, Chem. Ber., 71, 1667(1938);
E. Spiith and F. Vierhapper, Monatsh. Chem., 72, 179(1938).

(11) R. Aneja, S. K. Mukerjee, and T. R. Seshadri, Terrahedron,
4, 256(1958).

(12) H. Paikert and H. G. Floss, Lloydia, 31, 427(1968).

ACKNOWLEDGMENTS AND ADDRESSES

Received May 16, 1969, from the National Research Centre,
Dokki, Cairo, Egypt.

Accepted for publication November 20, 1970.

Presented to the APHA Academy of Pharmaceutical Sciences,
Montreal meeting, May 1969,

The authors are grateful to Dr. C. S. Barnes, C. S. R. Research
Laboratories, Roseville, New South Wales, Australia, and to Dr.
Henry M. Fales, National Heart and Lung Institute, National
Institutes of Health, Bethesda, Md., for the mass spectral measure-
ments,

Vol. 60, No. 5, May 19711789





