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Abstract—A re-examination of the aerial parts of the plant Atalantia racemosa led to the 1solation of two new
pyranoflavones, namely atalantoflavone [8,8-dimethyl-5-hydroxy-2-(4’-hydroxyphenyl)-4H,8H-benzo-(1,2-b: 3, 4-b')
dipyran-4-one] and racemoflavone [8,8-dimethyl-5-hydroxy-2-(4'-hydroxy-3'-methoxyphenyl)-4H,8H-benzo (1,2-
b.3.,4-b") dipyran-4-one]. The structures have been confirmed by the synthesis of methyl ethers of atalantoflavone and
racemoflavone. Besides the pyranoflavones, seven biogenetically related coumarin derivatives namely, xanthyletin,
luvangetin, recemostn, xanthotoxin, umbelliferone, rutarin, rutaretin and a triterpene, friedelin have been 1solated.

INTRODUCTION

Whilst screening plants for biological activities, the aerial
parts of Atalantia racemosa (N. O Rutaceae) were found to
possess msect antifeedant activity Therefore a detailed
phytochemical investigation of A racemosa was under-
taken. Josht et al have reported the occurrence of xan-
thyletin (1), racemosin (3) and xanthotoxin (4) in this
plant [1] In addition to these compounds, we have
1solated friedelin, luvangetin (2), umbelhiferone (5), rutarin
(7) and rutaretin (6) Rutaretin and its glucoside rutarin,
both of which contain the biogenetically significant a-
hydroxyisopropyldihydrofuran moiety, have been isola-
ted for the first ttme from this genus. The characterisation
and synthesis of two new pyranoflavones for which we
propose the names atalantoflavone (8) and racemoflav-
one (11) are described here [2].

RESULTS AND DISCUSSION

The petrol extract of the leaves of A. racemosa was
found to contain a terpene, friedelin and four coumarins
identified as xanthyletin (1), luvangetin (2), racemosin (3)
and xanthotoxin (4) [1,3] The linear structure 3 for
racemosin as proposed by Joshi et al. [1] and Murray et
al [4] has been further supported by NOESY experi-
ment. The methanol extract gave three crystalline com-
pounds which were identified as umbelliferone (§), rutarin
(7) (major constituent) and rutaretin (6), the aglycon of
rutarin (7). The co-occurence of umbelliferone (5), a-
hydroxyisopropyldihydrofuranocoumarins (6 and 7), 2,2-
dimethylpyranocoumarins (1-3) and furanocoumarin (4)
presents interesting biogenetic inter-relationship [5].

The chloroform extract gave two new pyranoflavones
which were designated as atalantoflavone (8) and race-
moflavone (11)

Atalantoflavone (8) has a molecular formuila
C,0H 605 (IM]* m/z 336). Its flavonord nature is indi-
cated from the colour reactions and UV spectral data. It
forms a diacetate (9) and dimethyl ether (10) indicating

the presence of two hydroxy! groups. On the basis of the
UV spectral data, the hydroxyl groups can be placed at
positions 5 and 4’ [6]. The 'H NMR spectra of 8 shows a
singlet (6H) at & 1.49 and two doublets (1H) at 6 5.78 and
6 94 (J = 10 Hz), suggesting the presence of 2,2-dimethyl-
chromene moiety. Doublets (2H) at 6701 and 801 (J
=9 6 Hz) can be assigned to protons at the 3,5 and 2,6’
positions . A singlet at 6 6.70 1s assigned to the proton at
the 3 position [6]. Thus the remaining singlet at §6.19
must be due to the 1solated proton on ring A. Based on
these data two structures 8 and 13 are possible for
atalantoflavone. The downfield shift of the aromatic
proton on acetylation and methylation suggest the pres-
ence of the hydroxyl group adjacent to it. These results
can only be explained on the basis of angular structure 8
[7]. Also, the alternate structure, 13, has been assigned to
caprochromene whose physical and chemical data are
different from those of atalantoflavone [8].

Unequivocal proof to the structure 8 has been provided
by synthesis of the dimethyl ether 10 of atalantoflavone.
Isoevodionol (14), prepared by the known method [9],
was amisoylated using anisoyl chloride-pyridine. The
anisoyl ester 15 then underwent a Baker—Venkatraman
transformation (KOH-pyridine) to the diketone 16 which
was cyclized to. compound 10 by PTS-benzene. The
synthetic dimethyl ether was identical in all respects with
the dimethyl ether obtained by ultrasonic irradiation of a
muxture of atalantoflavone, Me,SO, and K,CO; 1n
acetone (Scheme 1).

Racemoflavone (11) was obtained 1n very small amount
(0.0007%). It has a molecular formula C,,H, 4O, and 1ts
UV and IR spectra and colour reactions show close
similarities with those of atalantoflavone. It forms the
dimethyl ether 12 suggesting the presence of two hydroxyl
groups The hydroxyl groups are placed at 5 and 4’ on the
basis of the UV shift data [6]. The presence of a 2,2-
dimethyl chromene moiety is indicated from the
'HNMR data. A singlet (3H) at 4.00 indicated the
presence of a methoxyl group. Doublets (1H) at § 7 65 and
703 (J=8Hz) and a broad smglet (1H) at 87.61
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Prenylated compounds from Atalantia racemosa

suggest the presence of a 1,3 4'-trisubstituted ring
B. A singlet at § 6.74 can be assigned to proton H-3, while
a singlet (1H) at §6.18 is assigned to H-6 [6,7]. The
chemical shift of H-6 shows the expected downfield shift
on methylation On the basis of above data racemoflav-
one 1s assigned structure 11.

The structure of racemoflavone was confirmed by
synthests. Attempts to synthesize racemoflavone using
the Baker—Venkatraman method did not succeed. There-
fore 1t was synthesized by an alternate route [10]. Isoevo-
dionol (14), on hithiatton with LDA at low temperature
(—78°) formed an enolate, which on quenching with
veratroyl chloride gave the diketone 17 Cychsation of 17
with PTS-benzene gave compound 12. The synthetic
sample was 1dentical 1n all respects with the dimethyl
ether of racemoflavone (Scheme 1)

EXPERIMENTAL

Plant material Atalantia racemosa (N O Rutaceae) was
collected from Mahabaleshwar (identified by Dr V. Abraham
and Dr § D Jaywant, Bhabha Atomic Research Centre) and a
voucher specimen (No 1511) has been deposited 1n the herbar-
mm of the Landscape and Cosmetic Maintenance Section,
BARC Mps uncorr, UV MeOH, EIMS' Probe, 70¢€V,
'H NMR: 60 MHz and 500 MHz In the NOESY experiment the
muxing time was 1 5 sec and 16 transients were accumulated for
250 values of evolution periods and a delay of 25 sec. was
employed Chromatograph silica gel G Spots were detected
under UV light (254 and 365 nm), by exposing the plates to I,
vapour or by heating at 100° 1n an oven after spraying with 10%
H,SO, Acetate derivatives were prepared by the usual method
(Ac,O + pyridine overnight) Ultrasonic irradiations were car-
ried out using a laboratory ultrasonic cleaner (40 KHz)

Extraction and fractionation Air-dried stems and leaves
(14 kg) of A racemosa were powdered and extracted (Soxhlet)
successively with petrol, CHCl; and MeOH The solvents were
evapd and the residues were subjected to repeated CC employing
solvent mixtures of increasing polarity. The petrol extract gave in
order friedehin (310 mg), xanthyletin (560 mg), a mixture and
xanthotoxin (480 mg) Separation of the mixture by repeated
prep TLC (petrol-EtOAc, 3.1) yielded racemosin (800 mg, R,
065, petrol-EtOAc, 73) and luvangetin (480 mg, R, 063,
petrol-EtOAc, 7:3) The MeOH extract on CC gave n order,
umbelliferone (3 mg), rutaretin (40 mg) and rutarin (900 mg).

The CHCl, extract was put for CC over silica gel and eluted
with petrol followed by CHCI, containing increasing amounts of
MeOH Fractions eluting with CHCl;-MeOH (49 1) gave a
yellow solid which on prep TLC (CHCl;-MeOH, 47 3) yielded
racemoflavone (R, 0.62) and atalantoflavone (R, 033)

Atalantoflavone (8) Yellow needles from hexane-Me,CO, mp
289-290°, (yield 45 mg, 0.003%) UV AMPH nm (log &) 233, 277,
312, 328 sh (4 51, 445, 442, 427), A%20Me 229 276, 394 AAKE
234, 280, 321, 352, 409, AAC+HC 934 280, 320, 348, 409.
IR vXBrem ™' 3480 (OH), 2950, 2870, 1660 (CO), 1590, 1570,
1550, 1520, 1480, 1380, 1350, 840 'H NMR (Me,CO-d,, 500 MHz).
5149 (6H, s, gem dimethyl), 578 (1H, 4, J = 10 Hz, H-9), 6 19
(1H, 5, H-6), 6 70 (1H, s, H-3), 6 93 (1H, d, J = 10 Hz, H-10), 701
(2H,d,J =9 6 Hz, H-3', H-5'),8 01 (2H, d, J=9 6 Hz, H-2', H-6')
MS m/z (rel nt) 336 [M]* (19), 322 (21), 321 [M —Me]* (100),
308 [M—CO]" (3), 293 [M—MeCO]" (6), 203 (RDA of [M
—Me]*), 161 (6), 118 (10)

Atalantoflavone diacetate (9) Colourless needles from
petrol-Me,CO, mp 221-223° UV A ¥%H nm (log ¢) 232,271,328
(450, 442, 424) IR vEBrcm™' 2980, 2930, 1765, 1750, 1645,
1600, 1580, 1500, 1480, 1380, 1340, 840 'HNMR (CDCl,,
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500 MHz) 6151 (gem dimethyl), 2 34 (3H, s, OAc), 242 3H, s,
OAc), 572 (1H, d, J = 10 Hz, H-9), 6 50 (1H, s, H-6), 6 56 (1H, s,
H-3),6 84 (1H,d, J = 10 Hz, H-10), 725(2H, d, J =8 3 Hz, H-3',
H-5'), 786 (2H, d, J =8 3 Hz, H-2', H-6')

Atalantoflavone dimethy! ether (10). A mixture of compound 8
(10 mg), K,CO; (50 mg) and Me, SO, (005 ml) in Me,CO (5 ml)
was irradiated with ultrasound at room temp till the completion
of the reaction (2.5 hr) The reaction was worked up in the usual
way (yield 8mg, 80%) Pale yellow crystals from
hexane-Me,CO, mp 207-209°. UV iM:%H nm (log &) 231, 275,
302,348 sh(441,444,425,402). IR vXB cm ™! 2980, 2930, 2840,
1660, 1610, 1580, 1520, 1380, 1350, 1190, 1140, 1120, 840
'HNMR (CDCl,, 500 MHz) 61 50 (6H, s, gem dimethyl), 3 88
(3H, s, OMe), 395 (3H, 5, OMe). 562 (1H, d, J = 10 Hz, H-9), 6 32
(1H, s, H-6), 6.58 (1H, s, H-3), 6 84 (1H, d, J = 10 Hz, H-10), 7 01
(2H,d,J = 8 5 Hz, H-3,H-5'), 781 (2H, d, J = 8 5 Hz, H-2', H-6")
MS m/z (rel nt.). 364 [M]* (66%), 350 (18%), 349 [M—Me]*
(100), 334 (19%), 321 [M—MeCO]" (18%), 218 (RDA of [M
—Me]* (94%), 203 (26%)

Synthesis of atalantoflavone dimethylether (10) (a) 6-acetyl-2,2-
dimethyl-5-(4 -methoxybenzoyloxy)-2H-benzopyran (15) To a
stirred soln of 1soevodionol (14) (50 mg, 02 mM) in pyridine
(3 ml), freshly dist amisoyl chloride (59 mg, 0.35 mM) was added
After 30 min the reaction mixture was poured into 1ce-cold soln
of 3% HCI (5 ml). The product was filtered, dried and crystal-
hized from hexane-Me,CO (yield 55 mg, 72%) Colourless crys-
tals, mp 149-151° UV AMeOH nm (log &) 216, 227, 257, 317 sh
(440, 432, 459, 300) IR v&Brem™! 2980, 2950, 2860, 1735,
1690, 1645, 1610, 1580, 1515, 1475, 1370, 1345, 1160, 1100, 850
'HNMR (CDCl,, 60 MHz): 61.43 (6H, s, gein dimethyl), 243
(3H, s, Ac), 3.80 (3H, s, OMe), 3 86 (3H, 5, OMe), 5.46 (1H, d, J
=10 Hz, H-3),6 26 (1H, d, J = 10 Hz, H-4), 6 33 (1H, 5, H-8), 6 93
(2H, d, J = 8 Hz, H-3', H-5), 8.0366 (2H, d, J = 8 Hz, H-2', H-6').

(b} 1,3-Dioxo-1{5-hydroxy-T-methoxy-2,2-dimethyl-2H-1-benzo-
pyran-6-yl)-3-(4'-methoxyphenyl)-propane (16) To a soln of com-
pound 15 (40 mg, 0 10 mM) 1n pyridine (2 ml), pulverised KOH
(50 mg) was added The mixture was stirred for about 30 min
during which time a ppt of potassium salt was obtained The
reaction was worked-up 1n the usual way The product 16 was
crystalized from hexane-Me,CO (yeld 28 mg, 70%) Pale
yellow crystals, mp 149-51° UV AM<%H nm (log ¢) 221, 276, 308
sh, 381 (424, 454, 414, 410). IRvXBrcm™! 3440, 2980,
2930, 2850, 1680, 1640, 1620, 1600, 1580, 1510, 1365, 1325, 1160,
1150, 1120, 840 'HNMR (CDCl,, 60 MHz) 146 (6H, s, gem
dimethyl), 350 (3H, 5, OMe), 390 (3H, s, OMe), 4.50 2H, s,
—CO-CH,-CO-), 544 (1H,d, J = 10 Hz, H-3), 5 76 (1H, 5, H-8),
668 (1H, d, J = 10 Hz, H-4), 6.87 (2H, d, J = 8 Hz, H-3', H-5),
803 (2H, d, J = 8 Hz, H-2', H-6'), 1385 (1H, 5, —OH chelated
phenolic)

(c) Atalantoflavone dimethyl ether (10) Compound 16 (20 mg,
005 mM) 1n dry C¢H,, (4 ml) containing dry p-toulenesulphonic
acid (1 mg) was refluxed for 3 hr (momtored by TLC) The
reaction mixture was washed successively with NaHCO, soln,
H,O and brine. The dried (Na,SO,) organic layer, on removal of
solvent gave 10 which was punfied by prep TLC
(MeOH-CHCI; 1 19) It was crystallized from hexane-EtOAc as
colourless needles. The synthetic dimethyl ether 10 was identical
m all respects (TLC, mp, mmp, IR, UV, 'H NMR and MS) with
the natural dimethyl ether.

Racemoflavone (11) Yellow crystals from hexane-Me,CO, mp
236-237°, (vield 10 mg, 0 0007%) UV AMe%H nm (log &) 236,274,
338 (4.13, 407, 3.90), A N20Me 216, 265, 409, A A} 230, 280, 324
sh, 363, AAIC+HC! 239 280, 324, 358 IR viorcm ™' 3460 (OH),
2940, 2860, 1665 (CO), 1580, 1560, 1520, 1480, 1380, 1350, 1200,
1135, 845 'HNMR (CDCl,;, 500 MHz) 4148, (6H, s, gem
dimethyl), 4 00, 3H, s, OMe), 579 (1H, 4, / = 10 Hz, H-9), 6 18
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(1H, s, H-6), 6 74 (1H, s, H-3), 6 91 (1H, d, J = 10 Hz, H-10), 703
(1H,d,J =8 Hz, H-5'), 761 (1H, br 5, H-2'), 765 (1H,d, J = 8 Hz,
H-6') MS m/z (rel int) 366 [M]™ (21),352(20), 351 [M —Me]*
(100), 338 [M —CO]* (15), 323 [M —~MeCO] " {4), 203 (RDA of
[M—Me]* (17), 175 (7), 148 (3)

Racemoflavone dimethyl ether (12) Methylation of racemoflav-
one was carried out in the same way as described for 8 Pale
yellow crystals, mp 194-196° UV 1MOH nm (log ¢) 238,274, 329
(4.54, 448, 427) IR vEBrem ™! 2940, 2880, 1660, 1610, 1580,
1525, 1370, 1355, 1140, 1130, 840 'H NMR (CDCl,, 500 MHz)
8152 (6H, s, gem dimeihyl), 397 (6H, s 2xOMe), 398 (3H, s,
OMe), 563 (1H, d, J = 10 Hz, H-9), 6.34 (1H, 5, H-6), 6 60 (1H, s,
H-3),683(1H,d, J = 10 Hz, H-10), 6 98 (1H, d, J = 8 5 Hz, H-5'),
732 (1H, br s, H-2'), 751 (1H, d, J = 8 5 Hz, H-6') MS myz (rel
mt ) 394 [M1* (66), 380(29), 379 [M — Me]™ (100), 364 (64), 351
[M—MeCOT" (3), 217 (RDA of [M—Me]* (58), 189 (4)

Synthesis of racemoflacone dimethyl ether (12) (a) 1,3-Dioxo-
1-(5-hydroxy-T-methoxy-2,2-dimethyl-2H-1-benzopyran-6-yl)-3-
(3, 4'-dimethoxyphenyl)-propane (17) A muxture of 1soevodionol
(14) (50 mg, 02mM) in THF (2ml) and lithwum dusopro-
pylamide (0 5 mM, from dnsopropylamine and n-butyllithium)
in THF is stirred at —25* for | hr and then cooled to — 78 and a
soln of freshly dist veratroyl chloride {60 mg, 0 3 mM) in THF
added The muxture, which turned yellow within 5 min, was
stirred for 2 5 hr at —78* and then allowed to warm to room
temp and set aside overnight It was then diluted with EtOAc
(10 ml) and acdified with dilute HCI. The organic layer was dried
(Na,SO,) and the solvent removed under red pres The residue
obtained on purification by prep TLC {CHCl;) gave compound
17 (yield 55 mg, 66 3%) Yellow crystais from hexane-Me,CO,
mp 179-181° UV AMOH nm (log &) 228, 275, 299, 385 (4 39, 4 56,

v max

431,408) IR vEBrecm ™! 3440 (br), 2990, 2950, 2850, 1690, 1650,
1625, 1610, 1580, 1520, 1370, 1335, 1160, 1150, 1125, 840
'HNMR (CDCl,, 500 MHz) 5143 (6H, s, gem dimethyl), 3 49
(3H, 5, OMe), 395 (3H, 5, OMe), 3.96 (3H, 5, OMe), 451 (2H. s,
—CO-CH,-CO-},545(1H, d,J = 10 Hz, H-3), 580 (1H, 5, H-8),
665(1H,d,J =10 Hz, H-4),6 92 (1H,d, J = 8 Hz, H-5'),7 55 (1 H,
br s, H-2') 756 (1H, d, J =8 Hz, H-6¢'). 1393 (iH. s, —OH
chelated phenolic)
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Racemoflavone dimethyl ether (12) Compound 17 (50 mg,
012 mM) i dry C¢H¢ (4 ml), contaiming PTS (1 mg) was re-
fluxed for 3 5 hr (momtored by TLC) The reaction was worked-
up as above Compound 12 was crystallized from
hexane-Me,CO (yield 38 mg, 76%) The synthetic dimethyl
ether was 1dentical 1 all respects (TLC. mp, mmp, IR, UV,
"H NMR and MS) with the natural dimethy! ether 12
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