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Abstract—7-Hydroxy-2',4',5'-trimethoxyisoflavone 1s the principal fluorescent phenolic constituent of the heartwood
of Eysenhardtia polystachya, Robert Boyle’s fluorescent acid-base indicator The bark yielded 9-methoxy-2,3-

methylenedioxycoumestan

INTRODUCTION

Eysenhardtia polystachya (Ortego) Sarg (Leguminosae
Galegeae) 1s a small tree distributed 1n Mexico and Texas
which has been used since pre-Colombian times in the
treatment of kidney and bladder infections and as a
duwretic [1] The manuscript history of this matenal from
Colombian times was reviewed 1n detail by Partington
[2] The wood was exported to Europe as lignum nephri-
ticum 1 the sixteenth and seventeenth centuries and
attracted attention on account of the apparent medzcal
virtues and for the unusual yellow colour and pronounced
blue fluorescence displayed by its infusion in water
Aqueous extract of the wood are of historical interest,
being the fluorescent acid—base indicator used by Robert
Boyle [3,4] 1n the seventeenth century (although the term
fluorescence was not introduced until much later) By the
mid-eighteenth century the wood had become rare in
Europe and 1ts botanical origin was lost Safford [5]
positively 1dentified the material used by Boyle The
structure of the principal fluorescent component of the
heartwood 1s elucidated here A previous extraction of the
dried stems and bark by Mexican workers [6] yielded 3,4-
dimethoxy-8,9-methylenedioxypterocarpan (1), dehydro-
rotenone (2) and a fluorescent glycoside, angustlegor-
retoside, of unknown structure

RESULTS AND DISCUSSION

A methanol extract of heartwood showed eight com-
ponents on TLC (silica gel) Three components fluoresced
under UV and were extracted into aqueous sodium
hydroxide and precipitated after acidification After puri-
fication by TL.C (silica gel), the most abundant fluorescent
component was obtained as a solid, mp 234-237°

The mass spectrum indicated a molecular formula of
Ci1sH; 506 ((M]* at 328 and loss of Me and CO) and the
'H NMR spectrum showed the presence of three methoxy
groups, which together with a phenolic group accounted
for four of the six oxygen atoms IR carbonyl absorption
at 1621cm™! and UV 1, at 244 and 295nm are
charactenistic [7] of the 1soflavone skeleton and the UV
absorption was moved to longer wavelengths on addition
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of sodium hydroxide The ‘H NMR spectrum showed
three singlets, at 8 794 due to the hydrogen at C-2 of the
1soflavone ring,and at 8 6 62 and 6 94 due to the remaining
aromatic protons on a 1,2,4,5-tetrasubstituted benzene
ring The low-field doublet at 6 8 19 can be assigned to the
proton at C-5, deshielded by the adjacent carbonyl group
The ortho-coupling constant then identifies the proton at
C-6 which 1n turn 1s metacoupled to a proton at C-8 The
pattern of oxygen substitution i this isoflavone 1s
therefore unambiguous as 1n structure 3 A comparison
with the NMR spectra of other flavones and 1soflavones
enabled assignment of the hydroxy- and methoxy-
substituents as given 1n 3 with a 7-hydroxy-substituent A
7-methoxy-substituent would cause the proton at C-8 to
appear with 6 698

At pH 8 04, a solution of 3 1n aqueous methanol showed
a strong blue fluorescence with 4, 480 nm This fluore-
scence was reduced to half the intensity at pH 6 8 and was
replaced at pH 53 by a weaker fluorescence with A,
440 nm, almost invisible to the eye A crude extract of the
heartwood showed similar behaviour Isoflavone shows a
weak fluorescence at 77K with 4, 485 nm [8]

Isoflavone 3 1s known from synthesis [9] with mp
244-245° and 1t has been shown [ 10] to be a precursor for
amorphigenin 1n Amorpha fruticosa L (Legumunosae
Galegeae) seedlings It was not 1solated from this source
but trace amounts were detected by an 1sotopic dilution
technique Amorpha and Eysenhardtia species are closely
related botanically

Extraction of the bark from mature logs of E poly-
stacha (only 200 g was available) with petrol and then
methanol yielded only one fluorescent component, mostly
present 1n the petrol extract and 1solated by TLC (silica
gel) as needles subliming at 205° No angustlegorretoside
was found

The material showed IR absorptton at 1740 cm ™! due
to a carbonyl group and UV 4, 244, 309 and 347 nm
unchanged after addition of sodium hydroxide indicating
the absence of a phenolic group The mass spectrum
indicated the molecular formula C, ,H,,0¢ ([M]* with
fragmentation due to loss of Me and CO) The 'H NMR
spectrum indicated one methylenedioxy and one methoxy
group, two aromatic proton singlets due to the remaining
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protons on a 1,2,4,5-tetrasubstituted benzene ning and
three other coupled resonances due 1o a 1,2,4-arrange-
ment of protons on an aromatic ring The molecular
fragment so far unaccounted for corresponded to the
coumestan skeleton and the IR and UV data were
consistent with such a chromophore {11-14] Thus the
material must have either structure 4 or the reverse
substitution pattern of 9-methoxy-2,3-methylenedioxy-
coumestan The proton singlets in the NMR spectrum (8
7 35 and 7 37) were at a simular position to singlets due to
protons at C.7 and C-10 i the spectrum of 3,89-
trimethoxycoumestan (5 735 and 7 56) [14] and quute
distinct from singlets due to protons at C-1 and C-4 w the
spectrum of 2,3,8-trimethoxycoumestan (6 7 11 and 6.96)
[15] The coumestan from E polystacha bark was there-
fore assigned structure 4 As flemichapparin-C, mp 272°,1t
has been 1solated from Flemingia chappar Buch ~-Ham
(Leguminosae Lotoideae){ 16]and a synthes:s 1s reported
{17} Pubhshed IR and UV data agree with the data here,
sofubility problems prevented the Indian workers from
obtaining NMR spectral data Compound 4 showed a
bluish fluorescence in aqueous methanol with 4,,, 443
unchanged over the pH range 9.2-6 5 and at the same
wavelength but with dimimished intensity at pH 4.0 It
would make no contribution to Boyle’s fluorescent
indicator

In the muddle of the seventeenth century a second
lignum nephriicum was imported to Europe from the
Philippines and for part of 1ts journey was transported
overland through Mexico The two woods both give
fluorescent ifusions and became confused with each
other Their history 1s disentangled by Safford, the second
wood, Pterocarpus wndicus Willd (Leguminosae
Dalbergicae), has been examined chemucally and 7-
hydroxy-4’-methoxyisoflavone 1solated from the heart-
wood [18] The workers do not comment on the fluores-
cence of this 1soflavone which must be expected to be
simular to that shown by 3 thus accounting for the closely
simular appearance of infusions of the two woods

EXPERIMENTAL

An authentic supply of E polystachya in the form of logs
6-8 cm diameter was obtamed from the Instituto Nacional de
Investigaciones sombre Recursos Bioticos, Xalapa (Vera Cruz
province) by courtesy of H M Ambassador to Mexico In a
comncidence with the events of 1519, Cortes passed through
Xalapa during hus march from the coast to Mexica City [19] Aq
methanolic extracts of the dense brown heartwood showed a blue
fluorescence which was not observed from infusions of the white
sap wood

Powdered heartwood (500g) was Soxhlet-extracted with
MeOH for 96 hr and the extract concd Portions of extract (20 g)
were dissolved 1n petrol (200 ml) and extracted with S M NaOH
The alkaline extract was acidified and the precipitated matenal
(14 g) 1solated with Et;O TLC on silica gel and elution with
EtOAc-CcHg (3 2) showed three fluorescent components,
R, 036,030and 025 Two prep TLC (silica get) stages afforded
the most abundant component, R, 030 Crystallization from
CHCl, gave 7-hydroxy-2'4',5-trihydroxyisoflavone, mp
234-237°, UVIMOHpm () 244 (7500), 297 (§700),
IRvEBrem=* 1621, MS mjz (rel nt) 32809464 (100)
(CysH,605), 313 (20), 297 (21), 285 (11), 255 (13), 253 (16), 148
(14), 105 (36), '"H NMR (CDCl,} 68 19 (1H, d,J = 69 Hz, H-5),
794 (1H, s, H-2), 694 (1H, s, H-2'), 690 (1H, 4, J =69 and
30Hz H-6),686(1H,d,J = 30 Hz, H-8), 6 02 (1H, 5, H-5),393
(3H, s, OMe), 3 86 (3H, s, OMe), 3 78 (3H, 5, OMe).

7-Hydroxy-4"-methoxyisoflavone {20] had 'H NMR 4 802
(H-5), 6 97 (H-6), 6 88 (H-8), 2' 4,5,6,7-pentamethoxy 1soflavone
[21] had 'H NMR 687 (H-6"), 663 (H-3)

Powdered bark {200 g) was extracted with petrol (11) for
100 hr and then with MeOH (1 1) for 100 hr Both extracts were
examned by TLC on cellulose plates eluted with MeOH and
sthica gel plates eluted with C;H, saturated with H,O Only one
fluorescent material was present, R, 0 31 on cellulose and 0 26 on
silica gel, 1t was more abundant n the petrol extract Evapn and
prep TLC on sihca ge) afforded the fluorescent matenal as
needles (3 mg)sublimed at 205°/2 mm Hg UV ij,?“ nm (g 244
(16 000), 309 (9000), 347 (22000), IR vﬁf{ cm™! 1740, MS m/z
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(rel 1nt) 31004825 (100), C,,H;0O0¢, 295 (33), 267 (20),
'H NMR (CDCl;) 6795 (1H,d,J = 9 3 Hz, H-5), 7 37 (1H, 5, H-
10),735(1H,s,H-13),710(1H,d,J = 22 Hz,H-8), 7 10(1H, 4,J
=93 and 22 Hz, H-6), 6 16 (2H, s, CH,0,), 398 (3H, s, OMe)
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