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Abstract-7-Hydroxy-2’,4’,5’-tnmethoxylsoflavone 1s the prmclpal fluorescent phenohc constituent of the heartwood 
of Eysenhardtra polystachya, Robert Boyle’s fluorescent acid-base mdlcator The bark ylelded 9-methoxy-2,3- 
methylenedloxycoumestan 

INTRODUCTION 

Eysenhardtta polystachya (Ortego) Sarg (Legummosae 
Galegeae) 1s a small tree dlstnbuted m Mexico and Texas 
which has been used smce pre-Colombian times in the 
treatment of kidney and bladder infections and as a 
dluretlc [l] The manuscript history of this matenal from 
Colombian times was reviewed m detiul by Partmgton 
[2] The wood was exported to Europe as ltgnum nephn- 
t~um m the stxteenth and seventeenth centunes and 
attracted attention on account of the apparent medlcal 
virtues and for the unusual yellow colour and pronounced 
blue fluorescence displayed by its mfuslon m water 
Aqueous extract of the wood are of historical interest, 
bemg the fluorescent acid-base mdlcator used by Robert 
Boyle [3,4] m the seventeenth century (although the term 
fluorescence was not Introduced untd much later) By the 
rmd-erghteenth century the wood had become rare m 
Europe and Its botamcal ongm was lost Safford [SJ 
posltrvely ldentlfied the material used by Boyle The 
structure of the prmclpal fluorescent component of the 
heartwood 1s elucidated here A previous extraction of the 
dried stems and bark by Mexican workers [6] yielded 3,4- 
dlmethoxy-8,9-methylenedloxypterocarpan (l), dehydro- 
rotenone (2) and a fluorescent glyconde, angustlegor- 
retoslde, of unknown structure 

RESULTS AND DISCUSSlON 

A methanol extract of heartwood showed eight com- 
ponents on TLC (slhca gel) Three components fluoresced 
under UV and were extracted mto aqueous sodmm 
hydroxide and preclpltated after acldlficatlon After purl- 
ficatlon by TLC (ahca gel), the most abundant fluorescent 
component was obtamed as a sohd, mp 234-237” 

The mass spectrum mdlcated a molecular formula of 
C18H1806 ([Ml’ at 328 and loss of Me and CO)and the 
‘H NMR spectrum showed the presence of three methoxy 
groups, which together with a phenohc group accounted 
for four of the SIX oxygen atoms IR carbonyl absorption 
at 1621 cm-’ and UV &,,,, at 244 and 295 nm are 
characterlstrc [7] of the lsoflavone skeleton and the UV 
absorption was moved to longer wavelengths on addltlon 

of sodium hydroxide The ‘H NMR spectrum showed 
three singlets, at 6 7 94 due to the hydrogen at C-2 of the 
lsoflavone rmg, and at 6 6 62 and 6 94 due to the remaining 
aromatlc protons on a 1,2,4,5-tetrasubstltuted benzene 
rmg The low-field doublet at 6 8 19 can be asslgned to the 
proton at C-5, deshlelded by the adJacent carbonyl group 
The orthocouphng constant then identifies the proton at 
C-6 which m turn IS me&coupled to a proton at C-8 The 
pattern of oxygen substitution m this lsoflavone 1s 
therefore unambiguous as m structure 3 A comparrson 
with the NMR spectra of other flavones and isoflavones 
enabled assignment of the hydroxy- and methoxy- 
substltuents as given m 3 with a 7-hydroxy-substltuent A 
7-methoxy-substltuent would cause the proton at C-8 to 
appear with 6 698 

At pH 8 04, a solution of 3 m aqueous methanol showed 
a strong blue fluorescence with &, 480 nm This fluore- 
scence was reduced to half the Intensity at pH 6 8 and was 
replaced at pH 5 3 by a weaker fluorescence with J_ 
440 nm, almost mvlslble to the eye A crude extract of the 
heartwood showed slmllar behavlour Isoflavone shows a 
weak fluorescence at 77K with ,i_ 485 nm [8] 

Isoflavone 3 1s known from synthesis [9] with mp 
244-245” and it has been shown [lo] to be a precursor for 
amorphlgemn m Amorpha frutlcosa L (Legummosae 
Galegeae) seedlmgs It was not isolated from this source 
but trace amounts were detected by an lsotoplc dllutlon 
techmque Amorpha and Eysenhardtla species are closely 
related botamcally 

ExtractIon of the bark from mature logs of E poly- 
stacha (only 200g was avadable) with petrol and then 
methanol ylelded only one fluorescent component, mostly 
present m the petrol extract and Isolated by TLC (slhca 
gel) as needles subhmmg at 205” No angustlegorretoslde 
was found 

The material showed IR absorption at 1740 cm- ’ due 
to a carbonyl group and UV & 244, 309 and 347 nm 
unchanged after addition of sodium hydroxide mdlcatmg 
the absence of a phenohc group The mass spectrum 
indicated the molecular formula C17H1006 ([Ml’ with 
fragmentation due to loss of Me and CO) The ‘H NMR 
spectrum mdlcated one methylenedloxy and one methoxy 
group, two aromatic proton smglets due to the remammg 
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protons on a 1,2,4,5-tetrasubstttuted benzene rmg and 
three other coupled resonances due to a 1,2,4_arrange- 
ment of protons on an aromatrc ring The molecular 
fragment so far unaccounted for corresponded to the 
coumestan skeleton and the IR and UV data were 
conststent wtth such a chromophore [l&14] Thus the 
materra must have nther structure 4 or the reverse 
substttutron pattern of 9-methoxy-2,3-methylenedioxy- 
coumestan The proton singlets m the NMR spectrum (6 
7 35 and 7 37) were at a slmrlar posrtlon to singlets due to 
protons at C-7 and C-10 m the spectrum of 3,8,9- 
tnmethoxycoumestan (6 7 35 and 7 56) [14] and quite 
drstmct from singlets due to protons at C-l and C-4 m the 
spectrum of 2,3,l3-trrmethoxycoumestan (6 7 11 and 6.96) 
[15-j The coumestan from E polystachu bark was there- 
fore assigned structure 4 As tlemrchapparm-C, mp 272”, it 
has been isolated from FIemrngra chappar Buch -Ham 
(Legummosae Lotoldeae) [ 163 and a synthesis IS reported 
[I?] Published IR and UV data agree with the data here, 
solubrhty problems prevented the Indran workers from 
obtammg NMR spectral data Compound 4 showed a 
blmsh fluorescence m aqueous methanol with J_ 445 
unchanged over the pH range 9.2-65 and at the same 
wavelength but with dnnmtshed intensity at pH 4.0 It 
would make no contribution to Boyle’s fluorescent 
indicator 

In the middle of the seventeenth century a second 
lrgnum nephntwum was tmported to Europe from the 
Phlllppmes and for part of Its Journey was transported 
overland through Mexzo The two woods both @ve 
fluorescent mfusrons and became confused wrth each 
other Then hrstory IS disentangled by SatTord, the second 
wood, Pterocarpus tndtcus Wllld (Legummosae 
Dalbergreae), has been exammed chemically and 7- 
hydroxy-4’-methoxyrsoflavone isolated from the heart- 
wood [ 1 S] The workers do not comment on the fluores- 
cence of this rsoflavone wmch must be expected to be 
snmlar to that shown by 3 thus accountmg for the closely 
srmllar appearance of mfustons of the two woods 
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EXPERIMENTAL 

An authentic supply of E polystachya m the form of logs 
6-8 cm diameter was obtained from the Instltuto Naclonal de 
Investlgaclones sombre Recursos BIO~ICOS, XaIapa (Vera Cruz 
provmce) by courtesy of H M Ambassador to Mexico In a 
colncldence with the events of 1519, Cartes passed through 
Xalapa durmg lus march from the coast to Mexico City [ 191 Aq 
methanohc extracts of the dense brown heartwood showed a blue 
fluorescence whrch was not observed from mfuslons of the white 
sap wood 

Powdered heartwood (5OOg) was Soxhlet-extracted wrth 
MeOH for 96 hr and the extract coned Portions of extract (20 g) 
were dlssohed m petrol (200 ml) and extracted with 5 M NaOH 
The alkalme extract was acldtfied and the preclpltated material 
(14 g) isolated with Et20 TLC on s~hca gel and elutlon with 
EtOAc-C,H, (3 2) showed three fluorescent components, 
R, 0 36,0 30 and 0 25 Two prep TLC (s&a gel) stages afforded 
the most abundant component, R, 030 Crystalluatlon from 
CHCL gave 7-hydroxy-2‘,4’,5’-mhydroxylso!Iavone, mp 
234-237”, UV n=H nm (E) 244 (7500), 297 (5700), 
IR YZ; cm-’ 1621, MS m/z (rel mt ) 32809464 (100) 
(C1sH160s), 313 (201,297 (21), 285 (11X 255 (13), 253 (16X 148 
(14), 105 (36),‘HNMR (CDCl,) 68 19 (lH,d,J = 69 Hz, H-5), 
794 (IH, .s, H-2), 694 (lH, s, H-2’), 690 (IH, g, .I =69 and 
3 0 Hz, H-6), 6 86 (lH, 4 J = 3 0 Hz, H-8), 6 02 (lH, s, H-S), 3 93 
(3H, s, OMe), 3 86 (3H, s, OMe), 3 78 (3H, s, OMe). 

7.Hydroxy-4’-methoxylsoilavone 1120-J had ‘H NMR 6 8 02 
(H-S), 6 97 (H-6),6 88 (H-8), 2’,4’,5’,6,7+entamethoxy isoflavone 
[Zl] had ‘H NMR 6 87 (H-6’), 6 63 (H-3’) 

Powdered bark (2oOg) was extracted with petrol (11) for 
100 hr and then unth MeOH (1 1) for 100 hr Both extracts were 
exammed by TLC on cellulose plates eluted with MeOH and 
sihca gel plates eluted with CeHB saturated with Hz0 Only one 
fluorescent material was present, R, 0 31 on cellulose and 0 26 on 
srhca gel, it was more abundant m the petrol extract Evapn and 
prep TLC on s&a gel afforded the fluorescent materml as 
needles (3 mg) sublimed at 205”/2 mm Hg UV AEH nm (e) 244 
(16000), 309 (9000), 347 (22000), IR YE cm-’ 1740, MS m/z 
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(rel mt) 31004825 (lOO), Ci7H100s, 295 (33), 267 (20), 9 
‘HNMR(CDCI,)S795(1H,d,J=93Hz,H-5),737(1H,s,H- 
10),735(1H,s,H-13),710(1H,d,J=22Hz,H-8),710(1H,q,J 10 
= 9 3 and 2 2 Hz, H-6), 6 16 (2H, s, CHIO,), 3 98 (3H, s, OMe) 
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