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Abstract - Epoxidation of a series of poly-oxygenated chalcones 
with H202 in the presence of poly-a-aminoacid catalysts afforded 
chiral aromatic oxygenated epoxides in moderate to high optical 
yields; their absolute configurations were determined by CD spectro- 
scopy. These chalcone epoxides could, in principle, be used as 
chirons for enantiomerically enriched dihydroflavonols. 

Despite the availability of non- and mono-oxygenated chalcone epoxides in moderate to 

high optical yields'-', utilization of these versatile precursors in enantioselective syn- 

thesis of flavonoids and isoflavonoids is limited to single transformations into respective- 

ly an aromatic deoxy a-hydroxydihydrochalcone3 and a 3-hydroxyflavanone (dihydroflavonol)7. 

These conversions in conjunction with our recent 
10 

synthesis of enantiomerically enriched 

4-methoxy-ad- and sS,2',4'-trihydroxydihydrochalcones and assessment of their absolute con- 

figuration by circular dichroism, prompted extension of a similar protocol to a series of 

chalcones exhibiting the aromatic oxygenation patterns usually encountered in flavonoid/iso- 

flavonoid chemistry. We thus now disclose our detailed results of relevance to the synthe- 

sis of poly-oxygenated chalcone epoxides and their possible use as chirons for enantiomeri- 

tally enriched dihydroflavonols. 

The Irana(chalcone methyl ethers I-1. (Ju,~ 15.8-16.0 Hz) were protected at 2'-OH by 

the acid-labile methoxymethyl (MOM) group 11 and were available via base-catalyzed condensa- 

tion of the appropriate oxygenated acetophenones and benzaldehydes. Owing to the high 

(1) RI=R&R3=R4=R6,H 

(2) R’=R2=R4=R5=H,R3=OMOM 

(3) R'=OMe,R2=R4=R5=H,R3=OMOM 

(4) R'=R4=OMe,R2=R5=H,Ra=OMOM 

(5) R'=R2=R4=OMe,R5=H,Ra=OMOM 

(B) R'=R4=R5=OMe,R2=H,R3=OMOM 

(1) R'=R2=R4=RS=OMe,Ra=OMOM 
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Table 2 
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OMOM 
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OMe 

OMe 

OMe 

OMe : 
L 

H 

H 

H 

H 

OMe 

OMe 

+74.00 

t52.10 

t76.5O 

t31.20 

-c 

_c 

R6 ral;5 in CH2Cl2 X Yield % ee 

57 53= 

38 46' 

26 53b 

34 25a 

,c 20b 

_c -c 

(a) Determined with Eu(tfc)l as shift reagent. 

(b) Determined with Pr(hfc)s as shift reagent. 

(c) Not determined due to instability and purification difficulties. 

cones precluded assessment of optical purity by 'H NMR for epoxides 19 and a as a result of 

overlap of the impurity signal with the q ethoxy resonance of the q ethoxymethyl group used as 

reference, such complicating factors being absent for &$ and B. Owing to the high optical 

purity (92%) of the (-)-(aP,@)-chalcone epoxide 4, its enantiomeric excess (ee) could only 

be determined by addition of a known weight of the racemate and subsequent integration of 

the reference signal. The reduced enantiomeric purity of the (t)-frens-epoxides x-u may 

partially be attributed to optically impure 8-alanine {[*IF -9.710 (c, 1.363 in 6N HCl; 

lit.14 [a]: -14.61° (c, 1.344 in 6N HCl]}. 

The (-)-chalcone oxiranes 8-u all exhibited negative Cotton effects in the 290-325 nm 

region (n,r* transition) and positive Cotton effects in the 235-250 nm region (*,r* transi- 

tion) of their CD spectra. Comparison of the CD data with those of the aromatic deoxy (-)- 

iFUnd-epoxychalcone & {[@Ii5 -2OOO; 92% ee) with known3 up, jf.9 absolute configuration and 

exhibiting negative and positive Cotton effects at 322 and 235 nm respectively, thus unequi- 

vocally confirmed similar absolute stereochemistry for the novel series 9-u. In the same 

regions of the CD spectra the (t)-frans-epoxychalcones 15-a exhibit sequential positive and 

negative Cotton effects. Such a mirror-image relationship (cf Figure for comparison of U 

and ELz) confirmed the enantiomeric connection between these series and hence uS,~I absolute 

configuration for u-a. 
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The following conclusions may be drawn from the results in tables 1 and 2: 

(i) 

(ii) 

(iii) 

The oxygen functionalities influence the reaction in a complex and unpredictable 

manner. Stereoselectivity does not necessarily decrease with an increase in 

the number of substituents, eg 2 and U in table 1; 

Ortho- and net@-substituente on both the A- and B-rings adversely affect stereo- 

selectivity to a larger extent than those in pare-positions, eg u and u; 

o-Substitution on the A-ring profoundly decreases stereoselectivity, eg 4 and 9, 

and u and n. Such a decrease is presumably attributable to inhibition of 

hydrogen bonding of the carbonyl in eg chalcone 6 and the peptide group of the 

catalyst’. This hydrogen bond presumably also leads to a specific association 

of the chalcone and the catalyst surface hence allowing the selective delivery 

of ‘oxygen’ to one face of the double bond. 

Figure: CD curves of the (-)-(aR,/B)- and (+)-(a~,@) 

chalcone epoxides 11 and 17 - - 

- /\u. \ 

-2 1 I I I 
200 250 300 350 

In view of the need for C-4-oxygenated flavonoids as incipient electrophiles in our 

programme of synthesis of condensed tannins, transformation of epoxychalcone u of highest 

optical purity to the dihydroflavonol 22 was investigated. With 1N HCl in methanol oxirane 

fi is converted in low yields to the (-)-2,3-Irena-dihydroflavonol 22 (Jz,a = 12.0 Hz) and 

4’,7-dimethoxyisoflavone 24 (Scheme). Assessment of optical purity (50% ee) and absolute 
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configuration (21,31) of the predominant enantiorer of the dihydroflavonol 22 were done by 

1H NMR using Bu(tfc)g as chiral shift reagent and CD 15 
respectively of the &acetyl deriva- 

tive 9. The enantiomeric excess of the dihydroflavonol was increased to 53 and 56X in 

respectively trifluoroacetic acid/2,2,2-trifluoroethanol (TFE) and p-toluenesulphonic 

acid/TFE. 

The ‘loss’ of optical purity in the conversion U --) 22 indicates competition between 

protonation of the heterocyclic oxygen and hydrolysis of the 2’-&acetal functionality hence 

leading to a considerable degree of SN1 character for the cyclization step with concomitant 

racemieation at C-j of a presumed carbocationic intermediate 21. hence leading to 

dihydroflavonols 22 and a. The thermodynamically less stable (2$,3P)-2,3-cis-dihydrofla- 

vonol a will rapidly be epiaerieed at C-3 to a under the prevailing acidic conditions 16 , 

In order to enhance the SN2 nature of the ring closure step and thus formation of 2, 

methods aimed at selective removal of the 2’-kethylmethoxy group under mild conditions 

were explored. Whereas dimethylboron bromide 17 led to an intractable mixture, the yield 

(CO 10%) and purity of dihydroflavonol 22 from the reaction of epoxide u with diphosphorous 

tetraiodide” were insufficient for assessment of optical purity by the IH NMR method. 

Although the protocol outlined above may be useful for the synthesis of enantiomerical- 

ly enriched dihydroflavonols, the low chemical yields and the decrease in optical purity 

OMe 

Me0 0 
C-3 epi= 
merieation be 0 G, 

+0’OH 
0 

(22) R=* m) MY 
f&j) R=Ac 

Schelle. Proposed route to the formation of dihydroflavonols (a), (26) and isoflavone 

(24) ’ 
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during generation of the six-membered heterocycle severely limit the merits of such an 

approach towards C-4-oxygenated flavonoids to be used as incipient electrophiles in con- 

densed tannin synthesis. The utility of the epoxychalcones as chirons for naturally occur- 

ring a-hydroxychalcones and subsequent assessment of the absolute configuration of the 

latter group of compounds will be discussed separately. 

TLC was performed on DC-Plastikfolin Kieselgel 60 PF264 (0.25 mm) and the plates 
sprayed with HsS04-HCHO (40:1, v/v) after development. Preparative plates (PLC) [Kiesel- 
gel PF254 (1.0 mm)] were air-dried and used without prior activation. Acetylations were 
carried out with Ac20-anhydrous pyridine. IH NMR spectra were, unless specified to the 
contrary, recorded on a Bruker AM-300 spectrometer for solutions in CDCl3 at 250'3 with the 
solvent as internal standard. The enantiomeric excess of optical active compounds were 
determined by using tris (3-trifluoroacetyl-d-camphorate)-europium (III) [Eu(tfc)a] or 
tris (3-heptafluoropropylhydroxymethylene-d-camphorato)-praseodymium (III) [Pr(hfc)ll as 
chiral shift reagents in concentrations of 0.5-l mg per 5 mg of compound. Mass spectral 
data were recorded on a Varian CH-5 instrument and m.p.s. (uncorrected) on a Reichert hot- 
stage apparatus. CD measurements were optained for solutions in MeOH on a JASCO J-20 
spectropolarimeter and optical rotations measured with a Bendix-NPL automatic polarimeter 
for solutions in CHzClz. 

Methoxvmethrlationqlg: A solution of the 2-hydroxyacetophenone (2-5 g) in 15% (m/v) 
ae. ,KCH (20-50 ml) was stirred for 2 hours, CH2C12 (20-50 ml) and Adogen 464 Cmethyltrial- 
kyl (Cg-Cla) ammonium chloride; 1.5-3.75-g] were added and- stirring continued (IO min). 
Chloromethyl methyl ether (1.5-3.75 ml) was added dropwise and the mixture was stirred for 
5-20 min at ambient temperatures. Removal of the organic phase and extraction of the 
aqueous layer with CH2C12 (2x15 ml) gave the crude products after drying (NazSO4) and 
evaporation of the solvent. Flash chromatography yielded the pure products (91-98X). 

Preuaration of chalcona: To a solution of the appropriate acetophenone (1.4-2.8 g) 
in EtOH (20-40 ml) was added 50% (m/v) aq KOH (5-10 ml) and the mixture was stirred at 
room temperature for 30-40 min. Excess benzaldehyde (1.0-2.27 g, in 10 ml EtOH) was 
added dropwise and the reaction followed by TLC. After disappearance of the acetophenone 
(4-24 h), Hz0 (20-40 ml) was added and the products extracted with ether (4x20 ml). 
Drying of the extracts (NaiSO4) followed by evaporation and flash column chromatography, 
gave the pure chalcones (62-71X). A detailed procedures is given for the novel analogue 
1 only. 

f w: A solution of NaCH in 30% (m/v) Hz02 (0.08 g/ml) was added 

to a mixture of the polyalanine catalyst 4,536 and chalcones (ca 170 mg of catalyst/mmol 
chalcone) in CC14 (2-7 ml) and the mixture stirred at room temperature (32-96 h). Where 
necessary (TLC) a further addition of NaOH-Hz02 was made after 24 h. The catalyst was 
removed by filtration, rinsed with CH2Cl2 (50 ml) and the filtrate washed with water (3x20 
ml). Drying (Na2SO4) of the solvent and evaporation at reduced pressure gave the crude 
product, which was crystallised from EtOH and/or purified by PLC (26-803). 

3.4.4'.6'-Tetramethoxr-2'-o-metboxvmethrlc~ (1): Reaction of an ethanolic 

solution of 4,6-dimethoxy-2-O-methoxymethylacetophenone 2o (2.5 g in 40 ml) with aq KOH 
solution (10 ml) followed by 3,4-dimethoxybenzctldehyde (2.0 g) as described previously, 
save the chalcone (1) (Rf 0.3; hexane-CaHg-MeaCO, 4:5:1, v/v) as m (2.5 8, 
62%) after flash ch<omatography (hexane-CgHg-MezCO, 35:60:5, v/v) and crystallization 
from EtOH; m.p. 88-90°C; (Found: M*, 388.1513. C21H24C7 requires 388.1522). 'H NMR 
67.25 (d, J16.0 Hz, H-B), 7.06 (dd, J1.8 and 8.0, H-6), d, J1.8 Hz, H-2), 6.83 (d, JI6.0 
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Hz, H-U), 6.82 (d, 58.0 Hz, H-5), 6.36 (d, 52.2 Hz, H-3'), 6.10 (d, J2.2 Hz, H-5'), 5.10 
(s, O&OCH3), 3.88 (s, 4-OCH3), 3.87 (s, 3-OCH3), 3.82 (8, 4'-OCH3), 3.74 (s, S'-OCH3), 

3.36 (s, OCH2O&). 

sis of ws. - _-(1 )-ce (8): Epoxidation (48 h) of 

chalcone3 (I) (100 mg) with the triphasic system i.e. ~~14 (2 ml), poly-(J)-alanine (80 
mg), N&H-H202 solution (1 ml followed by an additional 1 ml after 24 h), as described 
previously, gave the epoxide (8) (Rf 0.7; hexane-C0H0-Me!jCO, 6:4:1, v/v) as white needles 

(86 q g), m.p. 58-600C [lit. 3'21 (racemate) 89-90°Cl; (Found: M*, 224.0841. C15H1202 
requires 224.0834). 1H NMR 68.00 (dd, 51.2 and 8.3 Hz, H-6'), 7.33-7.65 (m, other aroma- 
tic resonances), 4.29 (d, 52.0 Hz, H-U), 4.07 (d, J2.0 Hz, H-b); CD (C 0.0056) [e]200 0, 
te1209 -12930, 181212 0, [e)230 +16628, I81243 0, t%,7 -12526, I%76 -1919, I%I3 
-7475, pi300 0. 

) (oP,dS)-2'-O-Methoxrmethvlchalcone _ _ euoxide (9): Reaction (48 h) of chalcone 
22 

(2) (500 ng) with the triphasic system i.e. CC14 (5 ml), poly-(l)-alanine (315 mg), 
NaOH-H202 solution (4.5 ml t 2 ml after 24 h); gave the epoxide (9) (Rf 0.5; hexane- 
C0H0-MeZCO, 5:4:1, V/V) WI white (340 mg); m.p. 79-82OC; (Found: M+, 284.1043. 
C17Hl0O.j requires 284.1049). [H NMR 67.80 (dd, J1.8 and 7.8 Hz, H-6'), 7.46 (ddd, J1.8, 
7.8, and 7.8 Hz, H-4'), 7.30-7.41 (m, B-ring protons), 7.13 (dd, J1.0 and 7.8 Hz, H-3'), 
7.07 (ddd, J1.0, 7.8, and 7.8 Hz, H-5'), 4.90 (d, J6.8 Hz, OCl2OCH3), 4.80 (d, 56.8 Hz, 
Ct&OCH3), 4.28 (d, 52.0 Hz, H-U), 4.00 (d, 52.0 Hz, H-l), 3.06 (s, OCH2OCl3); CD (C 
0.1310) [ei200 +2710, rei230 +10600, [ei243 0, [eizg5 -6400, rei355 0. 

( ) ( .6$) 4 M thoxr-2'-&methoxvmethrlchalcone enoxide (&I): 

chalconea2a' - - e 

Reaction (48 h) of 

(3) (400 mg) in CC14 (5 ml) with NaOH-Hz02 solution (4.5 mg) catalysed by poly- 
(l)-alanine (300 mg) gave the epoxide (Up) (Rf 0.4; hexane-C0H0-Me2CO, 5:4:1 v/v) as 

white needles (270 mg); m.p. 75-780C [lit. 22 (racemate) 780Cl; (Found: M+, 314.1142. 
Cl0Hl000 requires 314.1154). 1H NMR 67.81 (dd, 52.0 and 7.8 Hz, H-6'), 7.49 (ddd, 52.0, 
7.8 and 7.8 Hz, H-4'), 7.30 (d, 57.8 Hz, H-2,6), 7.15 (dd, Jl.1 and 7.8 Hz, H-3'), 7.10 
(ddd, Jl.1, 7.8, and 7.8 Hz, H-5'), 6.92 (d, 57.8 Hz, H-3,5), 4.95 (d, 57.0 Hz, OCl20CH3), 
4.88 (d, 57.0 Hz, Of?l0OCH3), 4.31 (d, 52.2 Hz, H-U), 3.98 (d, 52.2 Hz, H-b), 3.85 (s, 
OCH3), 3.15 (5, OCH0OCI3); CD (C 0.1050) [ei200 t3140, [eizIo ti730, [8iz36 tiO300, 
Le1267 0, [e1300 -97OO, re1356 0. 

1 ) ( P,fiS)-4.4'-Dimethoxv-2'-knethoxvmethrlchalcone eooxide (u): Epoxidation (54 

h) of chilIone (4) (750 mg) in CC14 (7 mg) with the NaOH-Hz00 solution (4.5 ml + 2.5 ml 
after 24 h) catalysed by poly-(j)-alanine (400 mg) gave the epoxide (U) (Rr 0.3; hexane- 

C0H0-MeZCO, 4:5:1; v/v) as white needles (580 q g); m.p. 59-62OC [lit.22 (racemate) 78OCl; 
(Found: M', 344.1231. C10H2000 requires 344.1260). 'H NMR 67.85 (d, 58.3 Hz, H-6'), 
7.27 (d, J9.0 Hz, H-3,5), 6.90 (d, J9.0 Hz, H-2,6), 6.64 (d, J2.0 Hz, H-3'), 6.61 (dd, 
52.0 and 8.3 Hz, H-5'), 4.88 (d, 57.2 Hz, Ocl0OCH3), 4.80 (d, 57.2 Hz, OC~ZOCHZJ), 4.30 (d, 
J1.8 Hz, H-a), 3.92 (d, 51.8 Hz, H-B), 3.82 (s, 2xOCH3), 3.11 (s, OCH2C&); CD (c 
0.1680) [ei200 0, [ei210 -3290, [e1222 0, lei240 +iS9OO, le)269 0, [e)290 -17000, [*)360 
0. 

1 1 ( .6$) 3. . Trl@&oxv 2 0 methomethvlch&ne euoxi& (u)22: 

(96 h)-of"~halc~ne'24'- ’ - ‘- - 

Treatment 

(5) (99 mg) with the triphasic system i.e. CC14 (3 ml), poly-(l)- 

alanine (50 mg), NaOH-Hz00 solution (2.5 ml t 2 ml after 24 h) gave the epoxide 22 (12) (Rf 
0.1; hexane-C0H0-Me2CO, 25:70:5; v/v) as a white amorphous solid (48 q g) after prep. TLC; 
(Found: M', 374.1358. C20H2200 requires 374.1366). 'H NMR 67.85 (d, J9.0 Hz, H-6'), 
6.95 (dd, 52.0 and 8.0 Hz, H-6), 6.85 (d, 58.0 Hz, H-5), 6.82 (d, 52.0 Hz, H-2), 6.64 (d, 
52.2 Hz, H-3'), 6.61 (dd, 52.2 and 9.0 Hz, H-5'), 4.89 (d, 57.0 Hz, OI?~ZOCHJ), 4.82 (d, 
57.0 He, OCI2OCH3), 4.30 (d, J1.8 Hz, H-e), 3.92 (d, J1.8 Hz, H-b), 3.89, 3.86, and 3.83 
(each s, 3xOCH3), 3.13 (s, OCH~OI!!~~); CD (C 0.0220) l%oo 0, PI215 -2900, Iei200 0, 
[e'l267 +87OO, [ei277 0, [e1300 -12900, [ei360 0. 
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_l c ne Ed) xide s,BB) . ,4’,6_Tetraapet~~v_2’-0_methoxume hylc Epoxidation 
(76 h)@of chakke (87 mg) in CCi4 (2 ml) with bazic H$: ;)1.5 ml"+ l.O(?Lfter 24 h) and 
poly-(&-alanine (41 mg) as catalyst gave the epoxide (2p) which was not stable enough to 
be purified by PLC or crystallisation. IH NMR data were identical to that of enantiomer 
(14) * 

. . 
Acid catalvsed cvclmtmn of ( ) ( _ - ai.8$)-4.4'-Dimetho xv-2'-&meth xymethvlchalco e 

eaoxide (La): To a solution of epoxide (u) (51 mg) in 2,2,2-trifuoroe:banol (5 ml) ",t 
-1OoC was added p-toluenesulphonic acid (28 mg) and the mixture stirred for 3 minutes, 
Ii20 (10 ml) was added and the products extracted with ether. The ether extract was 
washed with water (3x10 ml), dried (NazSOG), the ether evaporated and the residue sepa- 
rated by PLC (hexane-CtjHe-MezCO, 4:5:1; v/v). Two main bands, Rf 0.3 (23 mg) and 0.4 (20 
mg) were obtained. 

1-f-o_4'.vanonq (a): The former product (Rf 0.3) was 
identified as the title flavanone (2) (white needles (17 mg) from ethanol; m.p. 

125-127*C [lit.22 (racemate) 12S°C]] [fr]i5-16.60 (C 0.1978 rn CH2C12); (Found: M*, 

300.0995. C17H1605 requires 300.0998). IH NMR 67.83 (d, 58.8 Hz, H-5), 7.49 (d, J9.0 
Hz, H-2/,6'), 6.98 (d, J9.0 Hz, H-3/,5'), 6.65 (dd, 52.5 and 8.8 Hz, H-6), 6.46 (d, J2.5 
Hz, H-8), 5.05 (d, 512.0 Hz, H-2), 4.56 (d, 512.0 Hz, H-3), 3.83 (s, 2xOCHg), and 3.70 (s, 
OH); CD (C 0.0049) (81200 0, [e]2,0 t20070, [9]zzo +2779, tS]232 +8893, IS],,0 +2470, 
fe12.52 0, (el2,O -13741, te1316 0, [el326 +5558, Eel345 0. 

Acetylation (acetic anhydride-pyridine) gave the acetate (a) as a colourless oil (16 
ing; Rf 0.4; hexane-c6H6-Me2~, 5:4:1; v/v); IH NMR 67.83 (d, J8.8 Hz, H-5), 7.40 (d, J9.0 
Hz, H-2',6'), 6.93 (d, J9.0 Hz, H-3/,5'), 6.64 (dd, 52.5 and 8.8 Hz, H-6), 6.46 (d, 52.5 
Hz, H-8), 5.78 (d, 512.0 Hz, H-3), 5.34 (d, 512.0 Hz, H-2), 3.82 (s, 2xOCH3), 2.00 (s, 
OAc). 

4'.7-Dimethoxrxsoflavone (a): The second band (Rf 0.4) gave 4',7-dimethoxyisofla- 

vone (2) as a cream amorphous solid (20 mg); m,p. 15O*C (lit.23 16OOC); 'H NMR 68.19 
(d, 58.8 Hz, H-5), 7.90 (8, H-2), 7.48 (d, J9.0 Hz, H-2/,6'), 6.97 (dd, 52.5 and 9.0 Hz, 
H-6), 6.95 (d, J9.0 Hz, H-3',5'), 6.84 (d, 52.5 Hz, H-8), 3.90 and 3.83 (each s, 2xOCHa); 
m/z 282 (M', 100%). 

D orotection of 4.4'-TV-2'-~-met~vmethvlchalcone noxide (La) tith PsIc~~* 
PxI4 (?3 mg) was added to a solution of the epoxide (u) (20 mg', in dry CHzClz (5 ml) at 
ooc. After 25 minutes at O*C the temperature was raised to 25*C and stirring continued 
for another 5 min. Evaporation of the solvent followed by PLC (hexane-CEHg-MezCO, 4:5:1; 
v/v) gave the 3-hydroxyflavanone (a) (Rf 0.3; 3 mg) and isoflavone (24) (Rf 0.4; 2 mg). 

Support by the Sentrale Navorsingsfonds of this University and the Foundation for Re- 

search Development, C.S.I.R., Pretoria, is acknowledged. Accurate mass estimations were 

done by Dr J.M. Steyn, Department of Pharmacology of this University. 
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