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Abstract-Synthetic 2’-hydroxy-3,4’,6’-trimethoxy-4-benzyloxychalcone (I) affords (+)-7,3’-di-O-methyl- 
eriodictyol (II) and 7,3’-di-0-methylluteolin (or velutm, VII) identical with natural samples. Similarly 
synthetic 2’-hydroxy-4,4’,6’-trimethoxy-3-benzyloxychalcone (X) gives natural (+)-7,4’-di-O-methylerio- 
dictyol (Xl) and 7,4’-di-O-methylluteohn (or pillom, IX). However, attempts to partially etherify II with one 
mole of prenyl bromide to obtain the natural prenyl ether failed; only the corresponding diprenyloxychalcone 
(IV) was obtained. 

FROM THE bark of Melicope sarcococca Laut. (Rutaceae), two optically active flavanones, 
viz. (-)-7,3’-di-0-methyleriodictyol (II) and its I’-prenylether (III) were isolated by Geiss- 
man.l The structure of the former compound was established by analytical data, colour 
reactions, UV shifts in alkali, non-identity with the known2 7,4’-di-0-methyleriodictyol 
(XI), formed by partial methylation of hesperetin (4’-0-methyleriodictyol), and finally by 
dehydrogenation to a flavone (7,3’-di-0-methyl-luteolin) which was different from 7,4’- 
di-0-methyl-luteolin formed by dehydrogenation of 7-O-methylhesperetin.2 The nature and 
location of the prenyl residue in III was established by smooth deprenylation with a 
trace of mineral acid to 7,3’-di-0-methyleriodictyol, chromic acid oxidation and positive 
ferric reaction. However, no synthetic evidence for these structures was obtained; hence 
their syntheses were projected. 
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2’-Hydroxy-3,4’,6’-trimethoxy-4-benzyloxychalcone3 (I) with HBr/HOAc gave 7,3’-di-O- 
methyleriodictyol (II) in nearly 30% yield. The flavanone structure was established by its 
NMR spectrum which showed methine and methylene protons of the oxygen heterocylic 

I’ GEISSMAN, T. A. (1958) Australian J. Chem. 11, 376. 
’ GUPTA, S. R., NARASHIMHACHARI, N. and SESHADRI, T. R. (1953) J. Sci. Znd. Res. 12B, 229. 
3 NORDSTROM, C. G. and SWAIN, T. (1953) J. Chem. Sot. 2764. 
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ring at 6 5.26 ppm as a quartet (J = 5.5 Hz) and at 6 2.80 ppm as a doublet (J = 5.5 Hz) 
respectively. This compound agrees in m.p. with the racemized product of natural 7,3’- 
di-0-methyleriodictyol (II). It readily gave a 4’-monoacetate as shown by one singlet at 
6 2.26 ppm of 0-CO-CH, group in its NMR spectrum and positive ferric reaction. 

The above synthetic 7,3’-di-0-methyleriodictyol was etherified with one mole of prenyl 
bromide in the presence of K,CO, and acetone. 4 However, only 2’-hydroxy 3,4’-dimethoxy- 
4,6’-dlprenyloxychalcone (IV) was obtained as shown by analysis and NMR spectrum (see 
Experimental). Obviously, the flavanone ring opens and two hydroxy groups in the resulting 
chalcone are prenylated and one remains free due to chelation. An attempt to avoid ring 
opening by the use of dry benzene instead of acetone, gave a complex mixture of products. 
Thus III could not be synthesized. 
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Recently, a new flavone velutin was isolated by Das et aLs from the leaves of Ceanothus 
velutinus (Rhamnaceae). Available chemical and spectral data led them to postulate two 
alternative structures, 7,3’-di-0-methyl-(VII) or 7,4’-di-0-methylluteolin (IX). Since velutin 
agreed in m.p. with the dehydrogenation product of 7,3’-di-0-methyleriodictyol (II), it was 
considered to be 7,3’-di-0-methylluteolin (VII). However, 7,4’-di-O-methylluteolin,2*6 is 
recorded to melt very close to 7,3’-di-0-methylluteolin. Hence a direct comparison of 
synthetic and natural samples is necessary. Further, the structure of 7,4’-di-0-methylluteolin 
(IX) was recently given to the compound pilloin isolated from a South Chilean plant 
Ovidia pillo-pill0 Meisner7 (Thymelaeaceae) and Alnus japonica.’ Here also a direct com- 
parison with the synthetic sample was not made, Hence, the synthesis of the isomers 
(VII) and (IX) has now been carried out. 

7,3’-Di-0-methylluteolin (VII) was synthesized from 5,7,3’-trimethoxy-4’-benzyloxy- 
flavone3 (V) by debenzylation with HCl in HOAc and partial demethylation of the resulting 
product (VI) with HBr in HOAc. This synthetic sample was found to be completely 
identical with natural velutin (mlxed m.p., TLC, UV and IR spectra, and acetates). Hence 
this establishes the structure of velutin unambiguously as VII. 

4 SESHADRI, T. R. and VISHWA, PAUL (1970) Indian J. Chem. 8, 1041. 
’ DAS, K. C . FARMER. W. J. and WEINSTEIN. B. (1970) J. Ora. Chem. 35. 3989. 
6P~~~~, A..G. and HORSFALL, L. H. (19OOjJ. Chem.‘Soc. 75, 1314. ’ 
7 NUNEZ-ALARCON, J. (1971) J. Org. Chem. 36, 3829. 
* WOLLENWEBER, E. and WASSUM, M. (1972) Tetrahedron Letters 797. 
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7,4’-Di-O-methylluteolin (IX) was similarly made by debenzylation and partial demethyla- 
tion of 5,7,4’-trimethoxy-3’-benzyloxyflavone3 (VIII) in one step.The structure of the resulting 
compound was established by the NMR spectrum of its diacetate which showed 2 singlets at 
S 2.35 and 2.42 ppm of two acetoxyl groups, and 1 singlet at S 6.47 ppm of 1 hydrogen 
atom in position 3. The synthetic 7,4’-di-O-methylluteolin (IX) agrees completely with 
natural pilloin in m.m.p., TLC, UV and IR spectra. However, the m.p. (237-41”) of the 
natural sample of the German workers’ is slightly higher than ours (236”). 

7,4’-Di-O-methyleriodictyol (XI) was isolated from the bark of peach tree (Prunus persica 
L.) by Christiansen and Boll9 and was compared directly with the sample prepared from 
hesperetin by the method of Gupta et aL2 This has now been synthesized from 2’-hydroxy- 
4,4’,6’-trimethoxy-3-benzyloxychalcone (X) by treatment with HBr in HOAc. The structure 
of the product as (XI) was established by its NMR spectrum and that of its 3’-acetate. The 
latter shows a quartet of methine at S 5.44 ppm, a doublet of methylene at S 2.96 ppm (J = 5 
Hz) and a singlet of one acetoxyl group at S 2.38 ppm. 

Attempts to prepare 3’-prenyl ether of (XI) again failed and the product isolated was 
2’-hydroxy-4,4’-dimethoxy-3,6’-diprenyloxychalcone (XII), as established by its positive 
ferric reaction and NMR spectrum (see Experimental). 

EXPERIMENTAL 

Unless otherwise stated, mps are uncorrected; UV data are in EtOH: IR spectra are measured usmg KBr 
disc; NMR spectra are those recorded with a 60 MC spectrometer in CDCI, solution; light petrol. had b.p. 
60-80”; silica gel was used for column chromatography and TLC was carried out on silica gel G plates using 
(A) CsH6-EtOAc (3: 1) and (B) C6HSMe-HC02Et-HC02H (5:4: 1) and either, (a) alcohohc Fe& or (b) 
dd. H&O., as spraying reagent. 

(rt)-7,3’-Di-O-methyleriodictyol (II). 2’-Hydroxy-3,4’,6’-trimethoxy-4-benzyloxychalcone (I) was prepared 
according to procedure of Nordstrom et aL3; m.p. 136”; R, 0.85 (solvent A), NMR. S 3.75,3.84 and 3.88 (3s, 
9H, 3-OC&), 5.14 (s, 2H, 0-CH,), 5.88 and 6.03 (2d, J 3 Hz, 2 meta coupled aromatic H at 3’ and 5’ 
positions), 6.81 (d, J 8.5 Hz, 1 H in 5 position), 7.05 (q, J 8 and 2 Hz, 1H in 6 position), 7.25 (d, J2 Hz, 1 H in 
2 position), 7.34 (s, 5 H of phenyl) and 6 7.67 ppm (s, 2 olefinic H in a- and j3-positions). I (3 g) was refluxed 
with HBr-HOAc (50 ml) for 3 hr, cooled and added to ice-cold water. The resultmg VISCOUS mass was steam- 
distilled to remove benzyl bromide, dried and subjected to column chromatography. Elution with CsH,-EtOAc 
(49: I), gave 7,3’-di-O-methylertodictyol (II) as needles (1 g), m.p. 149” (lit.’ m.p. 148-9”): purple-red colour 
with Mg-HCI (ale.); brown ferric reaction; purplish-blue colour with cont. HNOJ; RI 0.60 (solvent A); 
NMR 6 2.80 (d, J 5.5 Hz, 2 H, -C& in 3 position), 3.75 and 3.85 (2s, 6H, 2-OC&), 5.26 (q, J 5.5 Hz, lH, 

-CH <in 2 position), 6.0 (Is, 2 aromatic meta coupled H in 6 and 8 positions) and 6 6.87 ppm (m, 3 

aromatic H in 2’,5’ and 6’ positions). (Found: C, 64.6; H, 4.7. Calc. for C1,Hr606: C, 64.6; H, 5.1%). The 
4’-monoacetate crystallized from MeOH as prisms, m.p. 146”; R, 0.80 (solvent A); reddish-brown ferric 
reaction; NMR: 6 2.26 (s, 3H, 1-O. CO. CH,), 2.80 (d, J 5 Hz, 2H, -C& in 3 position), 3.73 and 3.82 (2s, 

6H, 2-OC&), 5.27 (q, J 6 Hz, lH, -CH( in 2 position), 6.0 (Is, 2 aromatic meta coupled H in 6 and 8 

positions) and S 7.0 ppm (m, 3 aromatic H in 2’, 5’ and 6’ positions). (Found: C, 63.4; H, 5.5. Cr~Hi807 
requires: C, 63.7; H, 5.1 ‘A). 

0-Prenylation of(f)-7,3’-di-0-methykriodicfyol. A solution of 7,3’-di-O-methyleriodictyol (II, 300 mg) in 
acetone (30 ml) was refluxed with prenyl bromide (0.1 ml) and KzCOs (1.5 g) for 3 hr. The product crystalhzed 
from CLHI-light petrol, when diprenyloxychalcone (IV) was obtained as yellow needles (150 mg), m.p. 
118-9”; brown ferric reaction: R, 0.85 (solvent A); NMR. S 1.70 (s, 12H, 2(CH& C=), 3.80 and 3.88 (2% 
6H, 2-OCH,), 4.58 (m, 4H, 2-OCH,), 5.46 (m, 2H, 2-CH < ), 5.92 and 6.08 (d, J 3 Hz. 2 aromatic meta coupled 
H m 3’ and 5’ positions), 6.92 (m, 3 aromatic H in 2, 5 and 6 positions) and 6 7.83 ppm (d, J 4 Hz, 2 olefinic 
H in a- and /I-positions). (Found: C, 71.3; H, 7.5 C27H3206 requires: C, 71.7; H, 7.1%). 

5,7,3’-Tri-O-methyl-luteolin (VI). 5,7,3’-Trtmethoxy-4’-benzyloxyflavone (V) was first prepared from 2’- 
hydroxy-3,4’,6’-trimethoxy-4-benzyloxy chalcone (I, 5 g) by oxidation with SeOZ (5 g) in amyl alcohol 
(50 ml)? However, the product on workmg up was always found to contain selenium. Hence it was extracted 
4 x with CS2 (20 ml) and the remaining solid subjected to column chromatography. Elution with GH,- 
MeOH (19: 1) gave 5,7,3’-trimethoxy4’benzyloxytlavone (V) as hght yellow needles (3 g), m p. 208” (ht.3 

9 CHRISTIANSEN, K. and BOLL, P. M. (1966) Tetrahedron Letters 1293. 
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208-g”); R, 0.56 (solvent B); NMR. 6 3.90; 3.92 and 3.94 (3s, 9H, 3-OC&), 5.20 (s, 2H, -OCl&), 6.39 and 
6.58 (2d, J 3 Hz, 2 aromatic mefa coupled H in 6 and 8 positions), 7.05 (s, 1H m 3 position), 7.30 (Is, 5H of 
phenyl) and 6 7.50 ppm (m, aromatic H in 2’,5’ and 6’ positions). The above flavone (V, 1 g) was refluxed with 
HCl(10 ml) and HOAc (14 ml) at 130” for 3 hr and the product crystallized from MeOH when 5,7,3’-tri-O- 
methyl-lute&m (VI) was. obtamed as hght yellow needles (0.7 g),. m.p. 224” (In 3 2234”); negative ferric 
reaction: R f 0.50 (solvent B): NMR in d,-DMSO. 6 3.75 (s. 9H. 3-OCH?). 6 38 and 6.72 (2d. J3 Hz, 2 mera 
coupled aromatic H at 6 and8 positions), 6.52 (s, 1H m 3’posmon), 682 (4 J 8 5 HZ, 1 aromat1c.H at 5’ 
position), 7.40 (m, 2 aromatic H at 2’ and 6’ positions). 

7,3’-Di-0-methyl-IuteoIin (velutin, VIZ). The above flavone (VI, 0.7 g) was refluxed with HBr-HOAc 
(14 ml) at 115-6” for 2 hr. 7,3’-Dt-O-methylluteolm crystallized from EtOAc as yellow crystals (0.5 g), m.p. 
225” (lit5 225-7”); brown with ale. FeCI,; R, 0.46 (solvent@; Amax 252,270 and 348 nm (log E 4.I9,4 15 and 
4.29); X mar in EtOH-NaOEt 400 nm (log E 4.34); vmar 3440 (OH), 1660 cm-’ (C=O) (Found C, 65.4; H, 
5.0; Ci ,H1406 requires C, 65.0; H, 4.5 %). This sample is completely identical wtth velutn? in m p , m.m.p., 
TLC, UV and IR. Further then dlacetates agreed in m p. (207”). 

7,4’-Di-0-methyl-luteolin (Pilloin, IX). 2’-Hydroxy-4,4’,6’-trimethoxy 3-benzyloxychalcone (X) was first pre- 
paredaccording to the procedure of Nordstrom and Swam3 m.p. 107” (lit. 3 106-7’); R, 0.80 (solvent A); 
NMR: 6 3.80 and 3,89 (2s. 9H. 30CH,). 5.17 (s. ZH-OCH,). 5 92 and 6.09 (d. J 3 Hz. 2 mera couoled aromatic 
H at 3’ and 5’ positions), 6.9 (& J8.s Hz, 1 H in’5 position),‘7 17 (m, 2 aroma& H m 2 and 6 posmons), 7 30 (J, 
5H of phenyl) and 6 7.67 ppm (s, 2 olefinic H m a- and @positions). This chalcone (5 g) was oxidrred with 
SeOz according to the earlier procedure3 and the product was purified by chromatography Elution with 
CsH,-EtOAc (3 : 2) gave 5,7,4’-trimethoxy-3’-benzyloxyflavone (VIII) as needles (3 g), m.p 190” (ht ’ 190-l “), 
R, 0.50 (solvent R), NMR: 6 3.93 and 3 96 (2s,9H, 3-OCl&), 5 26 (s, 2H, -OCH,), 6.39 and 6 55 (2d, J 3 Hz 
2 nretacoupled aromaticHm 6and 8 positions), 6.51 (Is, 1Hin 3 position), 7.01 (d,JX Hz, IH in 5’ position), 
7.34 (Is, 5H of phenyl), 7 50 (q, J 8 and 2 Hz, IH m 6’ position) and 7 62 (d, J 2 Hz, I H m 2’ positron). 
The above Aavone (VIII, 1 g) was refluxed with HCI (10 ml) and HOAc (I 4 ml) at 130 ’ for 5 hr. The product 
crystallized from EtOAc to give 7,4’-dl-0-methylluteolm (IX) as deep yellow needles (0 6 g), m p. 236”, 
brown ferric reaction; R, 0.42 (solvent B), h,,, 254, 270 and 342 nm (log E 4.2, 4 3, 4 3), v,,,_ 3300 (OH). 
1660 cm-’ (C=O) (Found: C, 64.8, H, 4.5, Calc. for C,7H1406 C, 65.0, H,4.5 p/i) This product 1s identical 
with pillom m m.p (ht.’ 2355-6 5”), m m p., TLC, UV and IR. The m p. of the German sample’ is 237-41’. 
The diacetate crystallized from EtOAc light petroleum as crystals, m p. 18.5’ (ht.” 182”), R, 0.35 (solvent B) 
NMR. S 2.35 and 2.42 (2s, 6H, 2-O-CO--C&), 3.88 (s, 6H, 2-OCH,), 6.47 (s, 1H m 3 position), 6.58 and 6 80 
(2d, J 3 Hz, 2 meta coupled aromatic H m 6 and 8 positions), 7 0 (d, J 8.5 Hz, IH at 5’ position), 7 52 (q, 
J 8.5 and 2 Hz, I H at 6’ position), 7.67 (d, J 2 Hz, 1 H at 2’ position ). 

(z)-7,4’-Dz-O-methyferrodfctyo/ (Xl) The chalcone (X, 3 g) was refluxed with HBr m HOAc The product 
on column chromatography and elution by CsHb gave (&)-7,4’-di-0-methyleriodictyol (XI) as crystals, 
m p. 160” (lit9 163-4”), red-purple colour with Mg-HCl (alcohol); reddish-brown ferric reaction; purphsh- 
blue colour with cont. HNO,; Rf 0.64 (solvent A): NMR: 6 2.85 (d, J 5 Hz, 2H, -Cl& m 3 position), 3 79 
and 3.90 (23, 6H, 2-OCH& 5.33 (q, J 6 Hz, 1 H, -CH< m 2 position); 6.05 (Is, 2 aromatic fneta coupled H at 
6 and 8 positions) and 6 6 95 ppm (m, 3H, 3 aromatic H m 2’, 5’ and 6’ positrons) (Found. C, 64 6, H, 5.4 
Calc. for C1,H1606: C, 64.6; H, 5 I %). 3’-Monoacetate crystallized from EtOAc-light petrol asneedles, 
m.p. 150’, brown ferric reaction; Rf 0.84 (solvent A); NMR: S 2.38 (s, 3H, !-O-CO Cl&), 2,96 (d, J 5 5 
Hz, 2H, -CH, in 3 position), 3.88 and 3 94 (2s. 6H. 2-OCH,), 5.95 (4, J 5 5 Hz, 1 H, -CH(m 2 position), 6.12 
(Is, 2H, 2 meta counled aromatic H m 6 and 8 po&tions)%d S 7.16 ppm (m, 311, 3 aromatic H in 2’, 5’ and 
6’ positions) (Found: C. 63.9: H. 5 2. C19H,a0, reaunes: C. 63.7: H. 5 I t/,). 

i’-Hydvo.~y~4,4’-dimethoxy-j,6’:d~~ueny~~xycha~con~(Xtl) A’solution of thkabovc flavanone (Xl, 300 mg) 
m acetone (30 ml) was refluxed with prenyl bromide (0.1 ml) and KZC03 (I.5 g) for 3 hr The product when 
crystallized from CsHs-hght petrol. afforded 2’-hydroxy-4,4’-dlmethoxy-3,6’-diprenyloxychalcone (XII) 
as yellow needles (150 mg), m.p. 130”, dark brown with FeCI, ; R, 0 88 (solvent A); NMR: 6 1.78 (Is, l2H, 
Z(CH,),C=), 3.82 and 3 90 (2s, 6H, 2-OC&), 4 60 (m, 4H, 2-0CH2), 5.56 (m, 2H, 2-CH=), 5 95 and 6 08 
(d, J 3 Hz, 2 nzefa coupled aromatic H m 3’ and 5’ posmons); 7.00 (m, 3 aromatic H m 2, 5 and 6 positrons) 
and 7.80 ppm (d,J4 Hz, 2 olefimc H m CL- and ,f%posmons) (Found. C, 71.4; H, 7.0 C2,H3206 requires: C, 
71.7, H, 7.1 %) 
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