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Abstract: Epoxidation of a series of poly-oxygenated chalcones with urea-hydrogen peroxide complex
in THF in the presence of DBU and poly-(L)- or -(D)-leucine, followed by TBTH/AIBN catalysed ring

opening, afforded B-hydroxydihydrochalcones in moderate to high enantiomeric excess and yield. This
represents the first stereoselective route towards this group of flavonoids. © 1999 Elsevier Science 1.td. All
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o- and B-Hydroxydihydrochalcones represent rare groups of flavonoid metabolites which play an

important role as insect feeding attractants and deterrents.” In addition, certain dihydrochalcone derivatives and

related compounds are used as non-nutritional sweeteners in chewing gum, mouthwashes and various bra

candy’ The a-hydroxydihydrochalcones are biogenetically related to o-methyldeoxybenzoins and

isoflavonoids*® while the B-isomers suggest close biosynthetic ties with B-ketochalcones and flavones.'™"
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Although several members of these groups of natural products have been identified,
chemistry of these compounds is restricted by the lack of synthetic access to both enantiomers and also by

absence of a method for determination of the absolute configuration at the single stereogenic centre. The

flavanones not oruy repre sent one o

flavonoids,"* but may be reductively converted into enantiomerically enriched flavan-4-ols and flavans which

may then serve as electrophilic'®'” and nucleophilic synthons, respectively, in the semisynthesis of the 3-deoxy
S NN & tha momascoiniding eavintielu?l? a addeasca a menllamee
( Tin, g) A- and B- type pf”&mhw.yamd s, e.g. the pxus,amuuum:: 18 P;ckualygl we addressed the pxub}cma

associated with the stereoselective synthesis of «-hydroxydihydrochalcones utilising catalytic hydrogenation

(Pd/BaSO,; Pd/C) of optically enriched chalcone epoxides. We recently® adopted this protocol to the first

analogues exhibiting the characteristic aromatic oxygenation patterns usually encountered in naturally occurring

flavonoids.
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The Julia®'** asymmetric epoxidation, consisting of H,O, in the triphasic system, aqueous NaOH, poly-L-

or D-alanine and CCl,, was the first successful method towards optically enriched chalcone epoxides.™'® Since

~.

e, di qannmnhn stereaselec t_\_nfv and continuous addition of oxidant

24 28
24,23

and base,” we selected the adapted version of Bentley and Roberts,”** involving a two-phase non-aqueous
system for the asymmetric epoxidation of chalcone methyl ethers. Thus, the trans-chalcone methyl ethers 1-5

(J.5= 15.8-16.0 H7) accessible via base-ca alyscd aldol condensation of the arpr()pria .
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acetophenones and benzaldehydes,’* were epoxidised with immobilised poly-L- or —D-leucine” (PLL o
urea-hydrogen peroxide complex (UHP)™ and 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) in dry THF. This
afforded the (-)-(aR, BS)- 6-10 and (+)-(aS, BR)-frans-epoxychalcones 11-15 (J ; 1.5-2.2 Hz) in

[ 898w \in,

high yields (19-80%) and improved optical purity (50-95% ee) in comparison with the Julia procedure **° (49-

86% ee) (Scheme, Table 1). The enantiomeric purity of the epoxides was determined by 'H NMR using
Eu(tfc), as chiral shift reagent and the absolute stereochem;stry assigned by comparison of CD data with those

of authentic samples.””'
Several procedures, using reagents such as samarium diiodide,” aluminium amalgam/ultrasound,”
opening of a,B-epoxy ketones. The excellent results reported by Hasegawa ef. al™ for the regioselective

reductive conversion of a,B-epoxyketones into B-hydroxyketones with tributyltin hydride (TBTH) under both

(]

hotochemical (irradiate at 254 nm) and thermal conditions [addition of azoisobutyronitrile (AIBN)], prom

evaluation of these procedures for reduction of the aromatic oxygenated chalcone epoxides. Owing to the ca.

50% improved yields obtained using the thermal reaction (reflux for 1 h in benzene) with excess TBTH (3

el

quiv.) in the presence of catalytic amounts of AIBN (0.1 equiv.), this method was employed for the selective
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ond cleavage of (-)-(aR, BS)- 6-10 and (+)-(aS, BR)-trans-epoxychaicones 11-15, affording the (R)- 16-

C,-Ob
20 and (S)-2'-O-methoxymethyl-f-hydroxydihydrochalcones 21-25, respectively, in excellent yields (70-90%.
T

e a .

The 'H NMR data of the B-hydroxydihydrochalcones 16-25 show, besides the expected aromatic protons,
two geminally coupled protons (8 3.51-3.21 and 3.44-3.08, J = £18.0, 9.1 and 3.1 Hz) as the AB portion of a

ABMX system, where the M proton appears as a diffuse doublet (J = 3.0 Hz) at 3 3.74-3.59 and the X

vicinal
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proton at & 5.27-5.21 as a diffuse multiple resonance. Addition of D,O eliminates the M proton (indicati
+8.7

and 3.6 These data, however, are

to be OH) while the X proton refines to a doublet of doublets (J =

Hz).
consistent with either a r B-hydroxydihydrochalcone. Comparison of this NMR data with those published

on B-t dit
~ . .y L1 - . N £ R TR RS .
for similar oxygenated o-hydroxydihydrochalcones,~ shows that the gemins

16-25 occur at a lower field than the same protons of the a- hydroxydihydrochalcones (8 3.51-3.21 vs 3.20-2.96

and 8 3.44-3.08 vs 2.80-2.65) while the hydroxyl proton occurs at higher field (8 3.74-3.60 vs 3.94-3.70). These
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cnectral  differences nd the selectiv benzvlic counlino of the B-H reconance of the R
spectral qifferences and the selective benzylic coupling of the P-H resonance of the

hydroxydihydrochalcones, permitted distinction between the two series

of closely related compounds.

Unequivocal differentiation was however effected with HMBC experiments, where association of 2- and 6-H

wit aa g8 iul ey

with the B-C and also the a-methylene protons w

Ry

R=Ry=R3=H, R4=0Me
R>=R3=H, R|=R4=0OMe
Ro=H, R1=R3=R4=0OMe
R3=H, R1=R=R4=0OMe
R1=R>=R~=R:=0Me
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(a.R, BS)-epoxychalcones (oS, BR)-epoxychalcones
6. R{=R,=R3=H, R4=0OMe 11. R;=Ry=R3=H, R4=OMe
7. Ry=R3=H, R [=R4=OMe 12. Ry=R3=H, R|=R4=0Me
8. Ro=H, R|=R3=R4=OMe 13. Ry=H, R1=R3=R4=0Me
9. R3=H, R|=R=R4=OMe id4. R3=H, R1=Rp=R4=0Me
10. Rj=Ry=R3=R4=OMe 15. R1=Rp=R3=R4=OMe
| i | iii
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{R)-B-hydroxydihydrochalcones (S)-B-hydroxydihydrochalcones
16. Rj=R;=R3=H, R4=OMe 21. R;=R2=R3=H, R4=OMe

17. R2=R3=H, R1=R4=OMe
18. R>=H, R|=R3=R4=0OMe
19. R3=H, R|=R»=R4=0OMe
20. R;=R>=R3=R4=OMe

Scheme Keagems and conditions:

or naroy
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leucine, urea-hydrogen peroxide complex, DBU, THF, rt;

22. R»=R3=H, R1=R4=0OMe
23. Ry=H, R |=R3=R4=0Me

24. R3=H, R|=Ry;=R4=0OMe

25. R1=Ry=R3=R4=OMe

MOM = CH;OMe
_
Y ey id

iii, TBTH, AIBN, benzene, reﬂux
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Table 1 Intermediate products in the conversion of chalcones 1-5 to B-hydroxydihydrochalcones 16-25
Chalcone Poly-(amino Chalcone % Yield B-Hydroxydi-
acid)? epoxide (% Conversion) eeb (%)  hydrochalcone % Yield  eel (%)

1 PLL 6 71 85 16 73 85
1 PDL 11 69 81 21 70 80
2 PLL 7 80 95 17 83 91
2 PDL i2 76 90 22 90 88
3 PLL 8 64 (89) 88 18 78 84
3 PDL 13 61 (86) 87 23 81 85
4 PLL 9 36 (51) 60 19 79 55
4 PDL 14 33 (52) 61 24 76 61
5 PLL 10 21 (39) 53 20 83 48
5 PDL i5 19 (33) 50 25 78 47

4 PLL: poly-(L)-leucine; PDL: poly-(D)-leucine. b Determined with Eu(tfc), as chiral shift reagent.
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The ee's of the B-hydroxydihydrochaicones 16-25 were determined by 'H NMR, again using Eutfc),

chiral shift reagent and as anticipated, these conversions proceeded without loss in optical purity (Table 1).

5

rved in the reductive transformation, epoxide — dihydrochalcone, the

-

absolute configuration of the B-hydroxydihydrochalcones 16-25 could be deduced from the known
configuration of the epoxides 6-15. All attempts to confirm such a conjecture vig transformation into the
onding MTPA esters,”’ however, resulted in elimination to the more stable, conjugated, chalcones 1-5.

The CD spectra of the (R)-series of compounds, e.g. 17, exhibit ong negative and positive Co

effects in the 320 and 240 nm regions, respectively, with the signs of these CE's being reversed for the (S)-

enantiomers e.g. 22 (Fig iroptical information should be useful in the assignment of the absolute

\
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Figure. CD curves of the (R)-17 and (S5)-22-B-hydroxydihydrochalcones.



We have thus effected the first stereoselective synthesis of B-hydroxydihydrochalcones. This protocol
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should contribute substantially towards eliminating the high degree of confusion®™ regarding differentiation
between the closely related o- and B-hydroxydihydrochalcones. These results should additionally provide

stereoselective access towards flavanones and flavans, and eventually proanthocyanidins with C-3 deoxy chain

extender and terminating units. We ar

currently exploring these and will report the results elsewhere.

EXPERIMENTAL
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pectra were recorded at ambient temperature on a Bruker AM-300 spectrometer for solutions in
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CDCI; with solvent as internal standard. High and low resolution EI-mass spectra were obtained on a VG70-

70E mass spectrometer. Melting points were measured on a Reichert hot-stage apparatus and are uncorrected.
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CD measurements were obtained for polarimeter and infrared

spectra were recorded in CHCl; on a Hitachi infrared model 270-50 spectrophotometer. Thin layer
chromatography (TLC) was performed on DC-Alufolien Kieselgel 60 F,;, (0.25) plates with visualisation by

s
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were air-dried and used without prior activation. The chalcones 1-5 were prepared according to standard

procedures.®

General procedure for the preparation of asymmetric chalcone epoxides 6-15

hydrogen peroxide (1.2 eq) and DBU (1.4 eg). Chalcone (400 mg) was added to the slurry and the mixture

stirred for 48-96 h. The catalyst was removed by filtration, rinsed with Et,0 and the filtrate washed with water.

(-)-(oR,pBS)-4-Methoxy-2'-O-methoxymethylchalcone epoxide 6.
ield. 71%: ee = 85%: Mp 78°C (lit.? 75-78°C): R, 0.53 (h
A Uy WA VS STy x'A \11 LA} ] AN Vewos (4

5:4:1); 'THNMR (CDCL) & 7.79 (dd, J 7.9 and 1.9, H-6"), 7.46 (ddd, J 8.8, 8.8
8 and 1.0, H-3"), 7.07 (ddd, J 8.8, 7.9 and 1.0, H-5"), 6.90 (d, J 9.0, H-3,5),

Ag



Reaction time, 48 h; yield, 69%; ee = 81%; CD: Ae,,[A(nm)] = +21.5x10° (306), -8.4x10° (240); The R,
and 'H NMR data corresponded to those of 6.

(-)-(oR,pS)-4,4'-Dimethoxy-2'-O-methoxymethylchalcone epoxide 7.
Reaction time, 48 h; yield,80%; ee = 95%; Mp 63-65°C (lit.” 59-62°C); R, 0.42 (hexane:benzene:Me,CO,
5:4:1); '"HNMR (CDCL) & 7.85(d, 8.9, H-6), 7.27 (d, ] 9.0, H-2,6), 6.90 (d, J 9.0, H-3,5), 6,63 (d, J 2.0,

5:4:1); '"HNMR (CDCl;) & 7.85(d, ] 8.9, 6), 6.90
H-3", 6.60 (dd, J 8.9 and 2.0, H-5"), 4.87, 4.80 (2 x d, J 7.0, OCH,OCH,), 4.29 (d, J 1.9, H-a), 3.91 (d, J 1.9, H-
B), 3.82,3.81 (2 x 5,2 x OCH,), 3.11 (s, OCH,0CH,); CD: Ag,, [Mnm)] = -12.0x10° (296), +10.3x10* (252).

(+)-(oS,pR)-4,4'-Dimethoxy-2'-0O-methoxymethyichalcone epoxide 12.

Reaction time, 48 h; yield,76%; ee = 90%; CD: Ag,, [M(nm)] = +11.0x10° (294), -9.7x10° (255); The R;

max

and '"H NMR data corresponded to those of 7.
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(-)-(aR,BS)—3,4,4‘-Trimethoxy-Z'-O-methoxymethylchalcone epoxide 8.

Reaction time, 48 h; yield, 64%; ee = 88%; Mp 62-64°C (lit.” amorphous solid); R; 0.19
(hexane:benzene:Me,CO, 5:4:1); 'H NMR (CDCl,) & 7.88 (d, J 8.8, H-6"), 6.98 (dd, J 8.3 and 2.0, H-5), 6.89
(d,J 8.3, H-6), 6.85 (d, J 2.0, H-2), 6.67 (d, J 2.2, H-3"), 6.64 (dd, J 8.8 and 2.2, H-5"), 4.93, 4.85 (both d, J 7.0,
OCH,0CH;), 4.33 (d, J 2.0, H-ar), 3.95 (d, J 2.0, H-B), 3.92, 3.90, 3.86 (3 x 5, 3 x OCHj,), 3.16 (OCH,0CH.);

CD: Ag,, [Mnm)] = -24.6x10

Reaction time, 48 h; yield, 61%; yield, 61%; ee = 87%, CD: Ae,, [A(nm)] = +25.9x10

(260); The R;and 'H NMR data corresponded to those of 8.

(-)-(R,pS)-4,4',6'-Trimethoxy-2'-O-methoxymethyichaicone epoxide 9.
Reaction time, 96 h; vield, 36%; ee = 60%; Mp 66°C (1it.” oil); R, 0.14 (hexane:benzene:Me,CO, 5:4:1);
INMR (CDCL) & 7.25(d,J8.9,H-2,6),6.90 (d, J 8.9, H-3,5), 6.35 (d, ] 2.0, H-3"), 6.14 (d, ] 2.0, H-5"). 5.11

1L INIVAIN (3 B4 0 S 2AT&5 )5

(s, OCH,0CH,), 3.97 (d, J 1.9, H-B), 3.93 (d, J 1.9, H-a), 3.83, 3.82, 3.77, (3 x s, 3 x OCH,), 3.39 (s,
OCH,OCH,); CD: A, [A(nm)] = -17.9x10° (298), +21.0x10* (250).

Pl <rees o

(+)-((;LS,|3R‘)-4,4’,0'-Trimeih()ry-z'-O—methﬁvmcih‘y‘ic'ﬁaiconc epoxid e 14.
Reaction time, 96 h; yield, 33%: ee = 61%; CD: Ag,, [AMnm)] = 7.5x10° (295), -14.8x10° (252); The
R;and '"H NMR data corresponded to those of 9.
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(-)-(«R,BS)-3,4,4',6'-Tetramethoxy-2'-O-methoxymethylchalcone epoxide 10.
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4 ole enough for crystallization); R, 0.14
(hexane:benzene:Me,CO, 5:4:1); '"HNMR (CDCl,) & 6.94 (dd, J 2.0 and 8.3, H- 6), 6.86 (d, J 8.3, H-5), 6.79
(d, J 2.0, H-2), 6.35 (d, J 2.1, H-3", 6

m X
Reaction time, 96 h; yield,19%; ee = 45%; CD: Ag,, [AM(nm)] = +8.1x10° (300), -7.3x10° (262); The R;
and 'H NMR data corresponded to those of 10.

General procedure for the synthesis of optically enriched p-hydroxydihydrochalcones 16-25.

— < 1.1 — o2 ( E'Il\ Y 3 n\Tll\l n

nriched chalcone epox 5 (50 mg) and AIBN (0.1 eq) in dry benzene (10 ml)
was purged with N, for 15 min. TBTH (3 eq) was added and the mixture refluxed for 1 h. Evaporation of the

solvent at reduced pressure gave the crude product, which was purified by PLC to afford the p-

1.8, H-6'), 7.47 (ddd, T 8.
8.6, 8.6 and 1.1, H-5'

+1.4x10° (243); m/z 316 (M", 35%), 253(28), 165(32), 135(70), 121(20), 76(86) (Found; M", 316.1311.
C,sH,,0, requires M", 316.1311); IR (CHCL,) v, :1666(CO), 1612, 1600 cm’'

(S)-p-Hydroxy-4-methoxy-2'-O-methoxymethyldihydrochalcone 21.
Yield,70%; ee = 80%; CD: Ae, [AM(nm)] = +1.0x10° (318), -1.5x10° (244); The R;, 'H NMR, MS and IR

(R)-B-Hydroxy-4,4'-dimethoxy-2'-O-methoxymethyldihydrochalcone 17.

Yield, 83%; ee = 91%; R, 0.26 (hexane:benzene:Me,CO, 5:4:1); 'H NMR (CDCL) 3 7.82(d, J 8.9, H-
6", 7.32 (d, J 9.0, H-2,6), 6.87 (d, J 9.0, H-3,5), 6.67 (d, J 2.3, H-3"), 6.57 (dd, J 8.9 and 2.3, H-5'), 5 21 (m, H-
B), 5.21 (s, OCH,OCH,), 3.82, 3.78 (2 x 5, 2 x OCH,), 3.43 (s, OCH,OCH,), 3.40 (dd, J 18.1 and 3.3) and 3.30
(A1 T 121 and 0 1V~ LTy BONMR (ONCIY 8§ 5245 (-0, 8568 56.00. 56.91. 70.41 (B-C), 94 86
(Uud, J 10.1 alld 7.1 Au~1i,y), O LVIVIIN (v i) U D270 (AT YULU0, JULUY, SV 3’ (4 73



101.29, 101.56, 114.20 (x2), 121.38 (x2), 127.49, 132.94, 136.04, 159.20, 159.30, 165.12, 200.53 (CO);

A0 ~ O Pl 2e Tl

7%), 283(22), 195(23), 165(25), 151(28),

A1 L maAr

Ag, JMnm)] = -1.2x10° (322), +3.0x10° (241); m/z 346 (M', 2
121(12) 106(8) (Found; M", 346.1416. C,H,,0, requires M", 346.1416); IR (CHCL) v, :1652(CO), 1602,

1576 cm’!

(S)-p-Hydroxy-4,4'-dimethoxy-2'-O-methoxymethyldihydrochalcone 22.
Yield, 90%; ee = 88%; CD: Ag,, [A(nm)] = +1.5x10° (322), -3.8x10° (242); The R,, '"H NMR, "*C NMR

—v

MS and IR data corresponaea to those of 17.

(R)-B-Hydroxy-3,4,4'-trimethoxy-2'-O-methoxymethyldihydrochalcone 18.

Yield, 78%; ee = 84%; R, 0.10 (hexane:benzene:Me,CO, 5:4:1); 'H NMR (CDCl,) & 7.86 (d, J 9.0, H-
6'), 7.04 (d, J 2.0, H-2), 6.95 (dd, J 8.3 and 2.0, H-6), 6.87 (d, J 8.3, H-5), 6.71 (d, J 2.3, H-3"), 6.62 (dd, J 9.0
and 2.3, H-5", 5.25 (m, H-B), 5.25 (s, OCH,0CH,), 3.92, 3.90, 3.87 (3 x 5, 3 x OCH,), 3.47 (s, OCH,0OCH,)
3.45 (dd, J 18.3 and 4.0) and 3.33 (dd, J 18.3 and 9.1){ a-CH,); ""C NMR (CDCl,) & 52.52 (a-C), 56.02,
56.26, 56.32, 56,92, 70.62 (B-C), 94.89, 101.31, 107.57, 109.50, 111.37, 118.34, 121.34, 132.95, 136.52,

+

148,65, 159.22, 165.17, 200.56 (CO); CD: Ae, [Mnm)] = -1.0x10° (310), +4.3x10° (242); m/z 376 (M,

170,00/ P 10 75 maxL® "\ /J

e 151

29%), 313(18), 195(25), 165(34), 15
(CHCl,) v,,,, :1654(C0O), 1600, 1576 cm

-~ h g i e R AT
/

£ 17N m T raY (o Ko VAR WV ~ga Ta DY T
6.1523. CiH,,0; requires M", 376.1522); IR
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(5)-B-Hydroxy-3,4,4'-trimethoxy-2'-0-methoxymethyidihydrochaicone 23.
Yield, 81%, ee = 85%; CD: Ag,, [AM(nm)] = +1.3x10° (310), -4.5x10° (243); The R,, '"H NMR, "*C NMR,
MS and IR data ¢ sponded to those of 18.

(R)-B-Hydroxy-4,4',6'-trimethoxy-2'-O-methoxymethyldihydrochalcone 19.

Yield, 79%, ee = 55%; R; 0.25 (hexane:EtOAc, 8:2); 'H NMR (CDCl,)

~~

25(25), 195(22), 181(35), 136(98) 121(9) (Found: M~
:1692(CO), 1608, 1590 cm”

~~
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< M

.1522. C,4H,,0, requires M", 1522); IR (CHCI,)

(5)-p-Hydroxy-4,4',6'-trimethoxy-2'-O-methoxymethyldihydrochalcone 24.
Yield, 76%, ee = 61%; CD: Ag_, [M(nm)] = +1.9x10° (306), -1.3x10° (245); The R, 'H NMR, MS and IR
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data corresponded to those of 19.

(R)-B-Hydroxy-3,4,4',6'-tetramethoxy-2'-O-methoxymethyldihydrochalcone 20.
Yield, 83%, ee = 48%;R; 0.10 (hexane:benzene:Me,CO, 5:4:1); 'H NMR (CDCl,) § 7.00 (d

37

1 1Y

ron | T & & ™A s TY NN -~ 4 =
{d,J 2.1, H-5

}, 5.24 (m, H-B), 5.15
4 x s, 4 x OCH,), 3.47(s, OCH,0CH,), 3.24 (dd, J 17.8 and 3.2) and
17.8 and 9.1)( a-CH,); CD: Ag,, [A(nm)] = -0.6x10° (310), +0.7x10° (241); m/z 406 (M", 32%),

AN

A anAd D1 Y £ Q4 /41 TOA LY £ A2 /1 T 1 1Y AN r1-1
S aiid 2.1, 1179, U.04 (4, J 0.4, 11-0), 0.00(Q, J 2.1, 11-3), 17/

N\ 1081y 101720 17£/00N 18174\ £ ANL 1090 M V' N
), 195(21), 181(38), 136(88) 151(6) (Found; M", 406.1629. C,,H,O;4 r

Yield, 78%, ee = 47%; CD: Ag,, [A(nm)] = +1.1x10° (310), -1.2x10° (242); The R;, '"H NMR, MS and IR

data corresponded to those of 20.
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