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FARFUGIN A AND B, NEW SESQUITERPENES FROM FARFUGIUM JAPONICUM
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Two new sesquiterpenes, farfugin A and B, isolated from Farfugium
japonicum, have been shown to be a tetrahydronaphthofuran derivative
(I) and a benzofuran derivative (II), respectively.

Farfugium japonicum (L.) Kitam. (= Ligularia tussilaginea Makino ; Tsuwabuki
in Japanese) spreads over on the south-western part of Japan, and its constituents
have been studied by several groups of workers.l) In connection with our chemical
investigation on the genus Ligularia, we have examined the benzene extract of the
rhizome of this plant, and isolated two new sesquiterpenes, farfugin A and B, by
means of vacuum distillation followed by column chromatography over silica gel.

We describe here the evidence leading to the structures I and II for farfugin A
and B, respectively. These structures are related to the rearranged frameworks
derived from furanoeremophilane derivatives.

Farfugin A (I) has a molecular formula of CygHig0 , M* 214, m.p. 80.5-82.5°,
(a]D + 390. The IR spectrum of I shows neither carbonyl nor hydroxyl absorption.
The UV (Amax 252.5 nm, £ 14500 ; 281 nm, € 2800 ; 291 nm, € 3200) and PMR spectra
(in CDCl3 ; an a-proton (& 7.20 ppm, m) and a B-methyl (& 2.16 ppm, 4, J = 1,2 Hz)
on a furan ring] suggest the presence of a B-methyl substituted benzofuran moiety;
this was confirmed by the formation of dihydrofarfugin A (III ; ClSHEOO , M 216,
m.p. 51-52°) on hydrogenation (Pd-C, MeOH), and of bromofarfugin A (IV ; 015H170Br ,
M* 294 and 292, m.p. 99.5—1000) on bromination. Furthermore, the PMR spectrum
reveals the nature of all protons in I : an aromatiec proton (& 7.05 ppm, s), an
aromatic methyl (& 2.27 ppm, s), a secondary methyl (6 1.37 ppm, d, J = 7.5 Hz)
spin-coupled with a bengzylic proton (& 3.35 ppm, m), two other benzylic protons
(6 2.63 ppm, m) and four aliphatic protons (& 1.5-2.0 ppm).

Dehydrogenation of I over Pd-C afforded a naphthofuran derivative (V)§kﬁ5514°’
Mt 210, m.p. 614.5-65.5%, A, 248.5, 253, 282.5, 291, 302, 324 and 339 nm (€ 49300,
48100, 5330sh, 5770, 4280sh, 1750 and 1510, respectively) and a mixture of two
naphthalene derivatives. Although the separation of the latter compounds failed,
the PMR, IR, UV and mass spectra of the authentic 1,5-dimethyl-3-isopropylnaphtha-
lene (VI)h)prepared from fukinone (VII)5) via VIII gave a sufficient evidence that
the mixture consisted of VI and 1,5-dimethyl-3-ethylnaphthalene (IX).
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TARLE Nuclear Overhauser Effectsa)

(increases in integrated signal intensities, %)

Observed Saturated NCE Observed Saturated NOE
proton protons (Iv) protons protons (XI1)
L-H (7.00s) 3-Me (2.12s) 7 L-H (6.88s) 5-Fe (2.23s) 1k
L-H 5-Me (2.27s) 5 7-H (6.58s) 5-Me nil
L-H 9—1’«16(}:;8(5{) nil L-H 3-8 (3.45m) 3

= 7.1 3-H nil

1'-9 (2.52n) L-H (6.88s) nil
5-Me(1.29d) 7-H (6.58s8) nil

J=7
1'-H 7-H 9
L-H 1'-H (2.52m) nil
7-H 1'-H 19

a) The PMR spectra were taken with a Varian HA-100 spectrometer operating at 100
MHz in the frequency-swept and internal TMS-locked mode, for ca. 5% (w/v) degassed
sclutions in CDCl,. Chemical shifts are expressed in & ppm dovnfield from TMS and
coupling constanté in Hz. NOE experiments were performed with sweep rates of 0.4
Hz per sec for integrations and 0.2 Hz per sec for signals on the spectrometer with
a Hewlett-Packard HP-200ABR audio-oscillator and an HP-5212A electronic counter.
Accuracies for NOE values are about + 2 %.
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From two alternative structures (I and I') for farfugin A, which are compati-
ble with the above observations, I' could be eliminated because of the observed
intramolecular nuclear Overhauser effects (NOE)6) between the aromatic proton (L-H)
and the aromatic methyl (5-Me), and between the same aromatic proton (L-H) and the
methyl (3-Me) on the furan ring for IV (Table).

Finally, the following synthesis afforded a conclusive evidence ; on reflux-
ing with chloroacetone, potassium iodide and potassium carbonate in dry acetone,
5,6,7,8-tetrahydro-4,8-dimethyl-1l-naphthol (X)7) gave an oily keto-ether (XI), which
was then heated with polyphosphoric acid (100° , 35 min, under N ) to give (#)-I,

m.o. 73=73. 5 , identical with natural I in all respects (IR in nuJol (I is soluble
in nujol) ; PMR ; UV ; MS ; TLC and VPC ) except (o] data.

Farfugin B (II), C15H180 M* 214, a colourless oil, is isomeric with farfugin
A (I). The UV (Amax 251.5 nm, € 10500 ; 281.5 nm, & 3550; 291.5 nm, &€ 3900) and
PMR spectra (in CDCl3 ; a p-methyl on a furan ring (& 2.19 ppm, d, J = 1.2 Hz)]show
the presence of a B-methyl substituted benzofuran moiety. The PMR spectrum also
indicates the presence of an aromatic methyl (& 2.37 ppm, s), three aromatic protons
(& 7.2, m ; including an a-droton of the furan ring), an olefinic methyl (& 1.65
vom, m) and two olefinic protons (& 5.00 ppm, m, and 5.45 ppm, m).

In the PMR spectrum of tetrahydrofarfugin B (XII), ClSH 0, Mt 218, oil,
obtained by hydrogenation (Pd-C, MeOH) of II, there appear a mul tiplet (as AM part
of an AMX system ; & 4.0l and & L.63 opm ; —O-C§2—CH—) due to a methylene of dihydro-
furan moiety, and two singlets (6 6.59 and 6.90 ppm) due to two aromatic protons.
Thus, farfugin B is a 3-methylbenzofuran derivative having a methyl and a C5H9
substituent on C-5 and C-6 (either II or II').

The C5H9 group was shown to be 3-trans-pentenyl from the following results.
The olefinic methyl signal in the PMR spectrum of II is replaced by a doublet
(6 1.86 ppm, d, J = 7.5 Hz) due to a methyl on a bromine-carrying carbon in the
spectrun of tribromofarfugin B (XIV), Cygf;,0Brs, Mt 456, 454, 452 and 450, m.p.
74=7L, 5 ; this tribromo-derivative (XIV) was formed together with bromofarfugin B
(XT11), 015H170Br, Mt 294 and 292, m.p. 36-370, on bromination of II. In the
spectrum of dihydrofarfugin B (XV), obtained by hydrogenation (Pt, MeOH) of II,
signals due to a primary methyl appear at & 0.91 ppm (m, due to virtual couplings).
An IR absorption band arising from trans -CH=CH- in II (965 cm'l) disappears in the
IR spectra of XII, XIV and XV.

The result of NOE experiments on XII (Table) favours II over II' for farfugin
B. The structure II is more plausible than II' from biogenetic considerations,
provided that I and II have a common precursor (XVI). Any furanoeremophilane-diol,
-triol or their equivalents may be transformed biogenetically or chemically by
elimination of oxygen functions (substituents, X and Y) into I and II or their
derivatives as shown in schema.8) In literature, we can find out some furanoeremo-
philane derivatives, such as furanofukinol (XVII)?) euryopsol (XVIII)lO)and kablicin
(XIX)}l)which fulfil the stereochemical requirements for such a transformation (cf.
XVI, XVI', XVI''"). In fact, we observed a facile transformation of furanoeremo-
philane-68,108-diol (XX)12)into T and IT on dehydration with P0013}3) Thus, farfugin
B should be represented by II. Studies on mechanism of this reaction is under way.



16 Chemistry Letters, 1972

‘- Y

Xvili R = OH
Y XX R =H
0 0
| | —
11
H
0
. , l X1X R = CO-C:CHCHs
Ho CH
OH 8
/ - -— —
XVI’ XViI R = CO CH_C(CH3)2
REFERENCES

1) J. Shimoyama and G. Aikawa, Yakugaku Zasshi, 10, 104 (1890). Y. Asahina
1212.,‘éé3 811 (1913). T. Kosuge and M. Yokota, ibid., §é3 L22 (1963).
2) J. Romo and P. Josepf-Nathan, Tetrahedron, 20, 2331 (196L). H. Hikino, K.
Agatsuma, C. Konno and T. Takemoto, Tetrahedron Lett., 1968, L417.
3) 1Its structure was derived after the complete structural determination of I.
L) A. E. Bradfield, B. J. Hegde, B. S. Rao, J. L. Simonsen and A. E. Gillam, J.
Chem. Soc., 1936, 667. A. R. Penfold and J. L. Simonsen, ibid., 1939, 87.
5) K. Naya, I. Takagi, Y. Kawaguchi and Y. Asada, Tetrahedron, 24, 5871 (1968).
6) F. A. L. Anet and A. J. R. Bourn, J. Amer. Chem. Soc., 87, 5250 (1965).
7) 0. P. Vig, S. S. Sanghu and S. M. Mukherji, J. Indian Chem. Soc., 3L, 81
(1957). S. M. Bloom, J. Amer. Chem. Soc., 80, 6280 (1958).
8) Mechanism via spiro derivatives is also applicable.
9) X. Naya, M. Nakagawa, M. Hayashi, K. Tsuji and M. Naito, Tetrahedron Lett.,
1971, 2961.
10) G. A. Eagle and D. E. A. Rivett, Tetrahedron, 25, 5227 (1969).
11) 1. Novotn§, 7. Samek, V. Herout and S. §orm, Tetrahedron Lett., 1968, 1401.
12) M. Tada, Y. Moriyama, Y. Tanahashi, T. Takahashi, M. Fukuyama and K. Sato,
Tetrahedron Lett., 1971, in press.
13) M. Tada, H. Nagano, Y. Tanahashi, Y. Moriyama and T. Takahashi, unpublished
data. In view of facility of these transformations, I and II might be
artifacts, though we could not find any furanoeremophilane derivatives in

crude extracts.

(Received Cctober 1, 1971 )



