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COUMARINS FROM THE ROOTS OF FERONIA LIMONIA

AMULAYA AGRAWAL, I. R. SIDDIQUI and J. SINGH

Department of Chemustry, University of Allahabad, Allahabad 211002, India

(Recewed 30 September 1988)

Key Word Index— Feronia imoma, Rutaceae, roots, coumarins

Abstract—A new monoterpenoidfuranocoumarin lactone (fernolin) along with aurapten, marmesin, bergapten and
xanthotoxin has been 1solated from the roots of Feroma limonia. The structure of each of these compounds has been
established on the basis of chemical reactions and spectral studies.

INTRODUCTION

Feronia limoma Swingle (syn F elephantum Correa), a
common Indian tree, belongs to the tribe Citreae and
subtribe Balsamocitrinae [1]. Feronia, a single species
genus, is found throughout the plains of India, particu-
larly 1in dry sttuations. The plant 1s well known for its
medicinal properties The roots are prescribed in the
treatment of snake-bite. The different parts of F. imonia
have been investigated by several workers and found to
contain coumarins [2], alkaloids [3], steroids [4], flavon-
oid glycosides [S] and essential oils [3]. A flavanone
glycoside [6] has also been earlier reported from this
laboratory. The present investigation on the roots of F.
limonia revealed the presence of a new coumarn (1) along
with some known coumarins, ie. aurapten, marmesin,
bergapten and xanthotoxin. Furanocoumarins show
photosensitizing effects [7] and xanthotoxin and ber-
gapten are used for the treatment of leucoderma, charac-
teristic of vitiligo [8]

RESULTS AND DISCUSSION

Compound 1 was assigned the molecular formula
C,,H,00, (M* =m/z 396). Its UV spectrum, 4., 220,
252, 276 and 312 nm, was characteristic of a linear
furanocoumarin [9] and no shift was observed on addit-
ion of alkal IR absorptions at 1755 and 1710 cm ™!
indicated the presence of «,f-unsaturated y-lactone and
a,B-unsaturated é-lactone groups, respectively.

Ib R = OH

On treatment with concentrated sulphuric acid for 10
min at 40°, it afforded compound 1a as a major product
whereas for 30 min, compound 1b was the only product
and on treatment with boron tribromide at 0°, compound
1 yielded only compound 1b Compound 1a was ident-
ified as 5-methoxy-8-hydroxy psoralen on the basis of mp,
mmp [10], UV and 'HNMR and compound 1b was
found to be 5,8-dihydroxypsoralen on direct comparison
with an authentic sample [10] On the basis of above
evidences, it 1s established that the compound la was
present as the nucleus in the compound 1 or compound 1
was an ether dentvative of 1a.

The 200 MHz spectrum of 1 integrated for 20 protons.
A pair of doublets at §6.35 and 776 (J =9.5 Hz) was
attributed to the pyran ring protons at C-3 and C-4,
respectively. Another pair of doublets appeared at §7.71
and 6.80 (J =2.3 Hz) corresponding to the 2’- and 3'-
furan ring protons. A doublet of two protons §5.09 (J
= 6.6 Hz) was assigned to the -OCH,—group at C-1", the
methine protons appeared as a multiplet at §5.72 and the
5"methylene group was observed as a multiplet at §2.36.
The multiplet centred at §4.92 (J=6.5 and 1.95) was
assigned to the proton at C-6" of a five-membered lactone.
The triplet at 6188 (/=171 and 195 Hz) for three
protons could be assigned to the methyl function at the a-
position of the a,f-unsaturated y-lactone group. The
three methyl protons at C-4” appeared as a broad singlet
at 61.79 Thus, the structure of fernolin has been represen-
ted as 1. The size and nature of the side chain was also
assessed by a study of its mass spectrum [11].

The proposed structure of 1 was confirmed by
1I3CNMR [12] and decouphng experiments. The rela-
tionship of H-9” with H-6” and H-7" was established by
decoupling experiment. Irradiation at §1.8866 caused the
multiplet at 6693 (dgq, H-7") to change to a doublet
accompanied by a simultaneous change 1n the shape of
the multiplet at §4.92 (¢m, H-6"). Irradiation at $2.3648
simplified the multiplets at §4.92 (H-6") and 6.93 (H-7")
establishing the relationship between H-5”, H-6” and H-
7”. This was further supported by the appearance of sharp
singlet at 61.88 (H-9"), a dd at 62 36 (H-5") and simplifi-
cation of the multiplet at §6.93 (H-7") on irradiation at
04.9254. Irradiation at 45.0416 simplified the multiplet at
85.72 (H-2") showing the relationship between H-1” and
H-2" supported by the change of doublet at 65.09 (H-1")
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on rrradiation at 85 7267 Irradiation at 66.9342 changed
the dd appearing like a triplet at 61.88 (H-9”) to a doublet
accompanied by a simultaneous change in the shape of
the multiplet at $4.92 (H-6") This compound is new and
has not been reported earlier from any natural source

A second compound was analysed for C,gH,,0; Its
UV absorptton maxima was similar to that of mono-
alkoxy coumarin [ 13]. The appearance of IR absorptions
at 1725 and 2900-3000 cm ~! suggested the presence of
a,f-unsaturated d-lactone (x-pyrone) and gem-dimethyl
groups, respectively.

The 60 MHz 'HNMR spectrum of this coumarmn
displayed signals for 7-alkoxycoumarin and a geranyloxy
or neryloxy side chain as substituent at C-7 [2]. The
geometry about the double bond (2'-3'-posttion) has been
suggested to be trans (geranyloxy form) rather than cis
(neryloxy form) on the basis of fine splitting of the 2"-vinyl
hydrogen At 60 MHz, the vinyl proton at C-2' appeared
asa triplet at 55 48 (1H, J = 6.8 Hz) But at 300 MHz, this
absorption appeared as a triplet (J = 6 8 Hz) with each
peak further sphtting into quartets (J =1.2 Hz). This
splitting and coupling constant along with stereochemi-
cal considerations and reported trans arrangement of the
methyl group to hydrogen in geraniol [14], suggested
that the vinyl proton was trans to the methy! group. The
nature and position of the side chain was also confirmed
with the help of '>*C NMR [15] and mass spectral evi-
dences From the foregoing evidences, the structure of the
compound could be identified as 7-geranyloxycoumarin
(aurapten) This known compound was 1solated 1n order
to establish its geometry, a controversial pomnt about 1ts
structure. The structures of marmesin [16], bergapten
[5], and xanthotoxin [2] have also been established on
the basis of chemical and spectral evidences

EXPERIMENTAL

The air-dried and crushed roots (5 kg) were extracted with
boiling EtOH and the concd ethanolic extract was poured into
ice-cold H,O to separate H,O-soluble and insoluble fractions
The concentrated H,O-soluble fraction was fractionated with
different organic solvents of increasing polarity i a iqud-hquid
extractor From the C4H, extract, marmesin and {rom the ethyl
acetate extract compound 1 have been isolated

The H,O-insoluble fraction was successively extracted with
hexane, C H,, Et,O and EtOAc 1n a Soxhlet extractor Aurap-
ten, bergapten and xanthotoxin were isolated by prep TLC
(benzene-EtOAc. 9 1) from the C¢Hg extract

Compound 1 (fernolin) Mp 262', UV M9 nm 220, 252, 276,

v max

312, IR vEBrem™1' 2920, 2800, 1755, 1710, 1615, 1590, 1440,
1400, 1325, 1290, 1210, 1180, 1150, 1025, 'HNMR (CDCl,,
100 MHz) 8179 (brs, 3H, C-4"), 188 (¢, 3H, J=171 and
195 Hz, C-97),236(m,2H, J = 6 5 Hz, C-5"), 390 (s, 3H,-OMe),
492(tm,1H,J=65and 195 Hz, C-6"),50(d,2H.J =66 Hz, C-
1", 572 (tm, 1H, J =66 and 098 Hz, C-2"), 635 (d, 1H, J
=95Hz, C-3), 680 (d, 1H, J=23Hz C-3), 693 (dg, 1H, J
=171and 016 Hz, C-7"), 771 (d, 1H, J =23 Hz, C-2), 776 (4,
1H, J=95Hz C-4), 3*CNMR 4816037 (C-2), 11476 (C-3),
14432 (C-4 and C-7"), L16.58-{C-4a), 131 0.(C-5), 12595.(C-6),
148 26 (C-7), 131 48 (C-8), 148 65 (C-8a), 146 70 (C-2), 106 85 (C-
Y, 69-69-(C-17), 123.94.{C-2"), 13702 (C-3"); 10.58.(C-4"), 43.37
(C-5), 79 54 (C-6"), 1308 (C-8"), 1724 (C-9"), 173 82 (C-10"),
63 00 (-OMe), MS, m/z 396 [M]", 309, 232, 204, 165, 97, 69, 41

Dealkylation of compound 1 using conc H,80, Compound 1
(01 g) n HOAc (1 ml) was heated at 40" with conc H,S0, (2
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drops) for 10 and 30 min to yield compounds la and 1b,
respectively

Dealkylation of compound 1 using BBr; A well-stirred soln of
compound 1 (005 g) in CH,Cl, (20 ml) was treated with BBr,
(005 g) 1in CH,Cl, at 0° and stirred at room temp for 24 hr On
crystatlization the product 5,8-dthydroxypsoralen, mp 209°, was
obtained

Compound 1a (5-methoxy-8-hydroxypsoraleny Mp 214°. UV
AMOH nm 220, 242 (sh), 250, 314, 'H NMR (CDCl,. 90 MHz)
6620 (s, 1H, ~OH), 4 25 (s, 3H, -OMe), 6 30 (d, 1H, J =9 Hz, C-
3), 681 (d, 1H, J =23 Hz, C-3). 768 (d, 1H, J =23 Hz, C-2),
776 (d, 1H, J =9 Hz, C-4)

Compound 1b, (5,8-dihydroxypsoralen) Mp 210

Aurapten Mp 66', UV A M0 nm 245,254,324, IR vEB cm ™!
3000--3100, 2900-3000, 1725, 1610, 1400. 1350, 1235, 1200, 1125,
'HNMR (CDCl,, 60 MHz) 0160 and 165 (s, 3H each, gem-
dimethyl group at C-7), 1 75 (s. 3H. 3'-Me), 20-2 20 (m. 4H. 4'-
SCH, and 5- >CH,),460(d.2H.J =6 5 Hz,1’- >CH,),5-52
(br m, 1H, 6'- >CH coupling with vicinal - >CH, and allylc
7-Me's), 548 (1, I1H, J=65Hy 2- ;CH coupling with |-
>CH2 and also with allylic 4- >CH, and 3-Me) 6 25(d, 1H,J
=95HzC-3),685(m,2H,C-6 and C-8), 737 (d. IH J = 8 5 Hz,
C-5),765(d, 1H,J =95 Hz, C-4), '*CNMR 0a1612(C-2). 1124
(C-3). 143 4(C-4), 112 3(C-4a), 128 6 (C-5), 113 2(C-6). 162 2(C-
7), 101 6 (C-8), 1559 (C-8a), 65 5(C-1'), 118 4 (C-27), 142 3(C-3)),
395 (C-4'), 26 2 (C-5'), 1236 (C-6'), 1319 (C-71. 256 (C-8), 177
(3-Me), 16 7(7'-Me). MS. myz 298 [M] 7,229,163, 161, 162, 137,
136, 134, 106, 69

Marmesin Mp 189°, UV MO nm 225, 250, 260, 300 (sh),
337, IRvKBrem ™! 3440, 3000, 1700, 1628, 1565, 1485, 1445,
1362, 1128, 960, 840, "H NMR (CDCl,, 90 MHz) 6122 (s, 3H,
—~Me), 136 (s, 3H, —-Me), 320 (d, 2H. J =9 Hz. Ar-CH,~CH),
474 (t, tH, J =9 and 9 Hz, Ar-CH,-CH), 620 (4, IH. J
=09 Hz, C-3), 674 (s, 1H, C-8), 722 (s, 1H, C-5), 760 4. 1H, J
=9 Hz, C-4),220 (brs, 1H.-OH), MS. m/z 246 [M]", 228,213,
188, 187, 166

Bergapten Mp 186°, UV A M<O" nm 220,250, 261, 266, 309. IR
vEBrem ™! 3100, 1700, 1625, 1570, 1540, 1450, 1385, 1280, 1123,
880, 810, 735, '"H NMR (CDCl;, 90 MHz) 94 26 (s, 3H, -OMe),
640 (d, 1H, J =9 Hz, C-3), 683 (d, IH, J =2 Hz, C-3), 715 (s,
tH, C-8), 768 (d, 1H,J =2 Hz, C-21, 782 (d, 1H,J =9 Hz, C-4),
MS, m/z 216 [M]*, 201, 188, 173, 160, 159, 158, 157

Xanthotoxin Mp [45°, UV AS# ¢ nm 232 268 (sh), 300, IR
vEBrem ™! 3100, 1685, 1575, 1400. 1328, 1290, 1150, 1100, 875,
815, 755, 'HNMR (CDCl;, 90 MHz) 6 429 (s, 3H, -OMe). 6 38
(d, 1H,J =9 5Hz, C-3), 682 (d, IH, J =2 He, C-3'), 736 (s, 1H,
C-5), 768 (d, 1H, J =2Hz, C-2), 776 (d. 1H. J =9 5 Hz, C-4),
MS, m/z 216 [M]*, 201, 188, 173
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