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1304, 1334, 1374, 1428, 1464, 1572, 1610, 1640, 1708, 2990, 3400
'H NMR (100 MHz, CDCl5) 6080 (¢, 3H, CH,~Me), 1 20 (m,
6H, (CH,);—Me), 1 50 (s, 9H, CMe;), 2 34 (1, 2H, CO-CH,-CH,)
372 (s, 3H, OMe), 393 (s, 2H, benzyl CH,), 6 13,6 32 (2 x d, 2H,
3-H, 5-H), 11 64 (s, 1H, OH)

Tert-butyl everninate (19) Crystals, mp 28° (from n-pentane)
C13H;30, (2383) IR vKBrem ™! 700, 758, 818, 850, 952, 992,
1040, 1062, 1118, 1160, 1200, 1262, 1300, 1330, 1370, 1420, 1450,
1576, 1610, 1640, 3000, 3450 'H NMR (200 MHz, CDCl,) 62 80
(s, 9H, CMe;), 345 (s, 3H, Me), 445 (s, 3H, OMe), 6 39, 645 (2
x d, 2H, 3-H, 5-H), 1080 (s, 1H, OH)

Tert-butyl B-orcinolcarboxylate (21) Prisms, mp 128-130°
(from Et,O-n-hexane) C,,H,;30, (2503) IR vKBrem~* 730,
842, 966, 1024, 1058, 1100, 1140, 1158, 1248, 1300, 1368, 1394,
1430, 1450, 1590, 1620, 1640, 3000, 3480 ‘H NMR (100 MHz,
CDCl;) 155 (s,9H, CMe,), 2 04 (s, 3H, 3-Me), 2 36 (s, 3H, 6-Me),
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550 (br s, 1H, 4-OH), 12 18 (s, 1H, 2-OH)

Tert-butyl 4-O-methylohwetolcarboxylate (22) O1l C,,H,,0,
(2944) IR vilmcm™1 710, 754, 780, 820, 832, 850, 960, 1042,
1110, 1154, 1194, 1260, 1300, 1330, 1370, 1422, 1462, 1570, 1606,
1636, 2970, 3400 'H NMR (100 MHz, CDCl;) 5083 (¢, 3H,
CH,-Me), 1 28 (m, (CH,);—Me), 1 56 (s, 9H, CMe,), 2 80 (¢, 2H,
benzyl CH,), 6 17, 6 23 (2 x d, 2H, 3-H, 5-H), 11 84 (s, |H, OH)
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Abstract—Three new flavonoids 5-hydroxy-7-(3-methyl-2,3-epoxybutoxy)flavanone, 5-hydroxy-3,8-dimethoxy 7-(3-
methyl-2,3-epoxybutoxy)flavone and 4'-hydroxy-5-methoxy-7-(3-methyl-2,3-epoxybutoxy)flavone were 1solated and
dentified from the aenal parts of Achyrochne flaccida Tamarixetin, gnaphalun, 1sognaphalun, 5,7,8-trihydroxy-3-
methoxyflavone, chrysoeriol, galangin 3-methyl ether, naringenin S-methyl ether, caffeic acid, chlorogenic acid and

1sochlorogenic acid were also 1solated

INTRODUCTION

In continuation of our chemosystematic search of the
tribe Inuleae (Compositae), we have now investigated
Achyrochne flaccida (Weinm ) DC, a shrub, widely dis-
tributed in the North of Argentina and the South of
Brazil In a previous paper we reported the identification
of galangin, galangin 3-methyl ether, quercetin 3-methyl
ether and two esters of calleryanin (3,4-dihydroxybenzyl
alcohol 4-glucoside) with caffeic acid and protocatechuic
acid from Achryrochine satureioides [4] Investigation of
the acetone extract of A flaccida resulted 1n the 1solation
and determination of the structure of 7,4'-dihydroxy-5-
methoxyflavanone and the corresponding 4,2'4'-tri-
hydroxy-6-methoxychalcone [5]

The most charactenistic features distinguishing
members of the Inuleae from those of other Compositae
tribes 1s the presence of flavonols lacking B ring
hydroxylation, 6 and/or 8 hydroxyflavonols and therr
methyl ethers [6] In the present report we describe the

occurrence of such typical flavonoids, together with the
identification of three new prenylated flavonoids

RESULTS AND DISCUSSION

The hexane extract of the aenal parts of A flaccida was
subjected to silica gel CC affording three new flavonoids
The first of these, compound 1 showed a brown colour in
UV (365 nm) and a yellow—green colour with methanohc
ferric chloride Its UV spectrum exhibited maxima at 272
and 280 (sh) nm characteristic of a flavanone The shifts
induced 1n the UV spectra by aluminium chloride, sodium
acetate and sodium methoxide led us to conclude that
there 1s only one free hydroxyl attached to C-5 The
'H NMR spectrum (in CDCl,) showed a multipletat 7 6
characteristic of an unsubstituted aromatic ring (B ring),
662 and 58 signals from protons H-6 and H-8 653
corresponding to H-2 and 62 6 (multiplet) to H-3 trans
and H-3 ais The aliphatic chain showed the gem-dimethyl
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signal at 11 and at 445 the OCH, signal IR spectrum
suggested the presence of an epoxy group The molecular
1on 1n the mass spectrum at C,,H,,05 ([M]* 340) and
mass spectral fragments at m/z 255 [M —85]" confirmed
its structure as 1

The second new flavonoid (2) showed a brown colour in
UV and a yellow—green colour with methanolic ferric
chloride Its UV spectrum exhibited maxima at 271,
285 sh and 350 nm The bathochromic shifts with alumi-
nium chlonde, sodium acetate and sodium methoxide led
us to conclude that there 1s only one hydroxyl attached to
C-5 and 1ts structure 1s similar to 7-methylgnaphalun The
'H NMR spectrum (in CDCl;) showed a multiplet at 57 6
charactenistic of an unsubstituted aromatic ring (B ring),
two methoxyl groups at 44 4 assigned to C-3 and C-8 and
at 66 35 the H-6 The aliphatic chain showed the gem-
dimethyl signal at 84 45 the OCH, signal IR spectrum
suggested the presence of an epoxy group The molecular
1on 1n the mass spectrum at C,,H,,0, ((M]* 378) and
mass spectral fragments at m/z 293 [M — 85] ™ confirmed
this structural assignment

The third flavonoid (3) showed a blue colour in UV and
a yellow colour with methanolic ferric chlonde Its UV
spectrum exhibited maxima at 281 and 329 nm The shifts
mduced by alumimmum chlonde, sodium acetate and
sodium methoxide led us to conclude that 3 1s a flavone
with a single hydroxyl group attached to C-4' 'H NMR
spectrum (in CDCl;) showed a typical four-peak pattern
of two doublets for ring B oxygenated at C-4',at 66 2 and
5 2 signals from protons at C-6 and C-8, at 66 4 the singlet
corresponding to proton at C-3 The aliphatic chain
showed the gem-dimethyl signal at 11 and at 445 the
OCH, signal The IR spectrum suggested the presence of
an epoxy group The molecular 10n 1n the mass spectrum
at C,,H,00¢ ([M]* 368) and mass spectral fragments at
m/z 283 [M —85]" confirmed the structure

EXPERIMENTAL

Mps are uncorr *H NMR were recorded at 80 MHz in CDCl,
and DMSO-dg (TMS as int standard) CC was carried out with
silica gel (Merck) and Polyclar Analytical TLC was performed
on silica gel G (Merck)

Material Achyrochne flaccida (Weinm) DC (Compositae) was
collected in Coloma Benitez, Chaco Province and identified by
Dr A Schultz (INTA) Voucher specimen 1s deposited in the
University Herbarium (Museo de Botdnica, Facultad de
Farmacia y Bioquimica, Universidad de Buenos Aures)

Extraction. Air dried ground aenal parts of A flaccida (1 6 kg)
were extracted successively with hexane, C¢Hg, CH,Cl,, Me,CO
and MeOH 1n a Soxhlet The hexane extract was passed througha
Sephadex LH 20 column for purfication, the C4Hg—EtOAc
eluates were then chromatographed on a silica gel 60 column
without activation The CzHg eluate yielded a yellow pre-
cipitate 1dentified as naringenin (5,7,4-tnihydroxyflavanone)
CsHgs—-EtOAceluates yielded galangin 3-methyl ether, gnaphalun
(5,7-dihydroxy-3,8-dumethoxyflavone), 1sognaphalun (5,8-di-hy-
droxy-3,7-dimethoxyflavone), 5,7,8-trihydroxy-3-methoxy-flav-
one, 5-hydroxy-3,8 dimethoxy 7-(3-methyl-2,3-epoxybutoxy ) flav-
one and 5-hydroxy-7-(3-methyl-2,3-epoxybutoxy)flavanone

The Me,CO extract was evaporated to dryness and passed
through a column packed with polyclar powder The
CHCl;-MeOH eluate was concd and run on 1 DPC (Whatman
No 3) m 159 HOAc giving bands corresponding tamarixetin
(3,3,5,7-tetrahydroxy-4-methoxyflavone) and 1sochlorogenic
acid The MeOH-CHCI,; eluate was passed through another
polyclar column and yielded 4,2'4'-trihydroxy-6'-methoxy-
chalcone The MeOH eluates gave caffeic acid, chlorogenic acid
and 7,4'-dihydroxy-5-methoxyflavanone [5]

The MeOH extract was passed through a polyclar column
packed in CHCl; and eluted with CHCl;-MeOH giving
chrysoeniol  (5,7.4-trihydroxy-3-methoxyflavone) and 4'-
hydroxy-5-methoxy-7-(3-methyl-2,3-epoxybutoxy)flavone

Gnaphalun  5,7-Dihydroxy-3,8-dimethoxyflavone (40 mg),
yellow crystals, mp 174-175° UV }.n"f;PH nm 240, 275, 358,
NaOMe 246, 282, 330, 390; AIC1; 281, 330, 395, AICl;-HCI 281,
330, 390, NaOAc 284, 334, 370; NaOAc-H;BO, 276, 363
'H NMR (CDCl,) 67 5 and 8 2 (5H, A,B; system, B ring), 6 38
(1H, s, H-6), 4 05 (6H, 5, OMe), 395 (3H, s, OMe) [7]

Isognaphalun 58-Dihydroxy-3,7-dimethoxyflavone (30 mg),
white—yellow crystals, mp 213-215° UV AMOH nm 242, 277,
365, NaOMe 282, 367, AICl, 250sh, 284, 300 sh, 335, 405,
AIC1,-HCl 250, 284, 300sh, 338, 400; NaOAc 276, 365,
NaOAc-H,;BO; 275,365 'HNMR (CDCl;) 67 5and 8 2 (SH,
A,B; system, B ring), 6 40 (1H, s, H-6), 400 (3H, s, OMe), 3 80
(3H, s, OMe) [7]

5,7,8-Trthydroxy-3-methoxyflavone  Yield 60mg Orange
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powder, mp > 290° UV AMcOH nm 244, 279, 368, NaOMe 266,
375 (dec), AICl, 235, 320, 370; AICL,-HCI 235, 306, 369, 408 sh,
NaOAc 265 (dec) 'HNMR (CDCl,): 75 and 8 2 (5H, A;B,
system, B ring), 56 38 (1H, s, H-6), 63 85 (3H, s, OMe) MS m/:
{rel nt) 300 [M]* corresponding to C,¢H,;,0¢ (1475%), 284
[M —Me]* (100%), 266 (16 %), 253 (19°%), 226 (5 %), 171 (28 %),
124 (14%), 77 (377%)
5-Hydroxy-3,8-dimethoxy-7-(3-methyl-2,3-epoxybutoxy) flav-
one Yield 20mg UV AM<OH nm 248 sh, 275, 360 sh, NaOMe
283, 364, AICl; 280, 320 sh, AICl; 279, 321, NaOAc 275, 360 sh,
NaOAc-H;PO; unmod H NMR (C¢Dg) 676 and 82 (5H,
A,B; system, B ring), 6 35 (1H, s, H-6), 445 (2H, m, CH,), 445
(3H, s, OMe), 4 35 (3H, 5, OMe), 340 (1H, m, =CH) 1 1 (6H, 4,
gem d1 Me) MS m/z 398 [M]" corresponding to C;,H,3;0,
(3%), 298 [M —R —Me]* (3%), 253 (4%), 225 (3%), 206 (8 %),
191 (5%), 167 (9%,), 152 (7%), 149 (45%), 119 (10 %), 85 (50%),
83 (52%)), 67 (14%), 57 (100%), 43 (46%)
5-Hydroxy-7-(3-methyl-2,3-epoxybutoxy) flavanone uv
AMcOH nm 283, 330 sh, NaOMe 288, 329, AICl, 288, 385sh,
AlC1;-HCl 294,365, NaOAc 282, 327, NaOAc-H,BO; unmod
'H NMR (CDCl,) 47 50and 8 1 (5H, A,B, system, B ring), 6 05
(2H, s, H-6 and H-8), 5 30 (1H, dd, H-2), 440 (2H, m, CH,), 3 30
(1H,m,=CH),2 90 (2H, m, H-3 transand H-3 c1s), 1 1 (6H, d, gem
d1Me) MSm/z 340 [M]"* (C;oH;,0s, 10%), 279, 269, 255 [M
—R]* (15%), 179, 167
Naringemin  5-methyl ether UV fluorescent blue-green,
UV AMeOH 281, 321 sh, NaOMe 275, 322 sh, 380; AICI;
unmod , AICl,-HCl unmod , NaOAc 279, 325, NaOAc-H;BO,
283,328 sh [7,8] *H NMR (DMSO-d¢) 670 (4H, dd, typical 4
substituted B ring), 6 32 (2H, s, H-6 and H-8), 5 30 (1H, dd, H-2),
395 (3H, s, OMe), 290 (2H, m, H-3 trans and H-3 cis)
4'-Hydroxy-5-methoxy-7-(3-methyl-2,3-epoxybutoxy)flavone
UV AMOH nm 259 sh, 285, 342, NaOMe 243, 280, 388, AICI,
240 sh, 297, 397, AIC1;-HCl 240 sh, 297, 397, NaOAc 255sh
284, 339, NaOAc-H;BO, 254 sh, 284, 340 'H NMR (DMSO-
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d¢) 97 3 (4H, dd, typical 4’ substituted B ring), 6 65 (1H, d, H-8),
64 (1H, d, H-6), 6 25 (1H, 5, H-3), 4 35 (2H, m, CH;), 390 (3H, 5,
OMe), 330 (1H, m, —=CH), 1 00 (6H, d, gem d1 Me) MS m/z
368 [M]* corresponding to C,;H;006 (48%), 284 [M —R,]*
(14%)), 278, 264, 236, 185, 137, 85, 83, 57 (100%,) The other
flavonoids were 1dentified by UV spectral shifts {8] and com-
parison with authentic samples Caffeic acid, chlorogenic acid
and 1sochlorogenic acid were identified by HPLC using an RP 18
column eluted with MeOH-01 N KH,PO, (33 67) by com-
parison with authentic samples
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