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Abstract - Chiral chalcone epoxides exhibiting the oxygenation 
patterns of naturally occurring flavonoids and isoflavonoids were 
transformed into the corresponding a-hydroxydihydrochalcones. The 
availability of both enantiomers permitted assessment of the absolute 
configuration at the single chiral centre by CD spectroscopy; such 
protocol being applicable to defining the configuration of some 
naturally occurring snalogues, two of which are novel compounds. 

a-Hydroxydihydrochalcones constitute a rare group of Cg.Cg.Cg metabolites presumably 

sharing a close biogenetic relationship with the a-methyldeoxybeneoins and isoflavonoids 
l-5 . 

Despite the ready availability of the a-hydroxydihydrochalcones uid catalytic hydrogenation 

of chalcone epoxides3'5, progress in the chemistry of these conpounds is hampered by the 

lack of synthetic access to both enantioaers and also by the absence of a method for deter- 

mination of the absolute configuration at the single chiral centre. The recent transforma- 

tion of a non-oxygenated chiral chalcone epoxide to an aromatic deoxy a-hydroxydihydrochal- 
6 

cone in conjunction with our synthesis and circular dichroic assessment of the absolute 

configuration of (sP)-*,2',4'-trihydroxy-4-aethoxydihydrochalcone7, prompted extension of a 

similar protocol to a series of chalcone epoxides exhibiting the characteristic aromatic 

oxygenation patterns of naturally occurring a-hydroxydihydrochalcones. 

The series of (-)-fro~~-(a~,,f,f) l-1 and (t)-trsrs-(sS,!l)-chalcone epoxides 8-u (Table 

l), available' uir epoxidation of the appropriate (I)-chalcones with Hz02 in the triphase 
9 

system aqueous NaGH, poly-L- or D-alanine and CC14 , were separately subjected to catalytic 

hydrogenation (Pd/BaSOlr for 2, 9, 4, 8, 9, and n; 5X Pd/C for 6 and 2; 10X W/C for 4, 
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Tablea. Oxygenation patterns and optical purities (X ee) of chalcone epoxides 1-u. 

Epoxide, X ee R' 

;: 92 38 H 
H 

:: 84 66 OMe 
CNe 

:: 62 32 CHe 
CHe 

-, 7 - OMe 

H 
II 
H 
H 

one 
H 
OELe 

RS 

H 
omm 
CIMQM 
MC%! 
CnOH 
omm 
OmEl 

R’ 

H 
H 
H 
Oue 
Cue 
Cue 
OMe 

~6 Epoxide, X ee 

H 
H 
H 
H 
H 
CNe 
OMe 

1, US and U) to give the respective (+)-(8f) U-u and (-)-(as)-s-hydroxydihydrochalcones 

ZQ-ti* Enantiomeric purity was assessed by (H NNU in CDCla with Pr(hfc)g as chiral shift 

reagent and is indicated in table 2. Tbe 'H NME spectra (300 NHmt) of the s-hydroxydihydro- 

chalcones are charactericed by the multiplet (65.43-4.94) of H-s (doublet of doublets, J, b 
9 

3.8-4.0 and 7.0-9.0 Hc, after deuterium exchange), two doublet of doublets (J 
s b 4.o* J&3,8 8 

14.0 Hc) of the I-methylene group (63.20-2.96, 2.80-2.65), and a doublet for the a-OH 

function (63.94-3.70). 

(t)-ef,a*=H: u-2 

R*=P+Me.CsHs.CC: 2-a 

(-)-rS,R*=H: 2p-2 

R*=P-CiNe.CsH,.C& 2-x 

T.akl.02. Oxygenation patterns and optical purities (X ee) of a-hydroxydihydrochalcones 

U-25 

Compound, X e@ RI 82 Ry R' u6 Coupound, X eea 
1 

:: 27 61 
1Q, 76b 
12.1 61 

24 
:: 14 

H 
CMe 
OWe 
CHe 
CMe 
We 

H 
H 
H 
Olle 
H 

cm’34 
OxoH 
WON 
aloH 
oI(oM 
OHOM 

H 
H 
Olde 
We 
OMe 
OMe 

H 
H 
H 
H 
Me 
CMe 

; , 48 54 

22 9 

f: 9 

f6” 

19b 16 

(a) Determined with Pr(hfc)r as shift reagent unless specified to the contrary. 
(b) Determined with Eu(tfc)a as shift reagent. 

The CD spectra of the (t)-(81) lp,u and (-)-(8S)-s-hlrd~~dih~~c~l~nes 2p and 21 

(cf Figure 1 for the spectra of the enantiomeric pair u and 2p) exhibit weak negative and 

positive Cotton effects respectively in the 310-330 nm region for the n,fi transition. The 

r,r* transition shows a positive extremum in the 260-290 nm region and a negative extremuc 
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Figure 1: CD curves of (++R- and (-)-4:%hydroxydihydro- 

1 
chalcones fi and 20 - 

WAVZLENCTH 

Figure 2: CD curves of (+)-QR- and (-)-%S-hydroxydihydro- 

chalcones 16 and 22 
1.5 r - - 

Figure 3: CI: curves of aR- and as-hydroxydihydro- 

1 

0.5 

HxKJ4 0 

-0.5 

-1 

chalcone benzoates 27 and 33 - 

x! 

200 
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in the 230-250 ns region for the (+)-al analoguee 19 and u, with the signs of these Cotton 

effects being reversed for the (-)-as isomers 24 and 2. Owing to the increased number of 

A-ring oxygen functions in the remaining s-hydroxydihydrochalcones, the high-amplitude 

Cotton effects resulting fros y,s* transitions are shifted to longer wave-lengths (225-270 

and 305-315 M respectively) thus presumably burying the weaker Cottons effects arising from 

n,s* transitions 
10 . Figure 2 depicts the circular dichroic characteristics of the enantio- 

ueric pair of 4,4'-di~thoxy-2'-O-sethox~thyl-s-hydroxydihydrochalcones 16 and 22. 

The nature of the chiral centre in the 8-hydroxydihydrochalcones offered the opportu- 

nity to confirm the al (for 19-u) and es (for a-2) absolute configurations by adoption of 

the CD exciton chirality approach of Nakasishi ef bllo’ll for the s-o-(4-methoxybencoyl) 

esters 2-x of these aualogues. The UV spectra of the P-•ethoxybeneoates indicate iatra- 

molecular CT or IL, trausitions in the 255-270 nu region (Table 3). The CD curves of the 

Table. Oxygenation patterns, optical purities (X ee), and I_. (UV) of the s-0-(4- 

methoxybencoyl) esters 26-u 

Ester x ee8 / L. 
32 257.6 
56 257.6 
70 266.8 
63h 269.2 
24 259.6 
4 260.4 

I 

(a) Determined with Pr(hfc)s as shift reagent uuless specified to the contrary. 
(b) Determined with Hu(tfc)a as ahift reagent. 

Its 

OMOM 
OMcMf 
OMOM 
am 
MOM 
cma! 

H 
H 
CMe 
CMe 
OMe 
OMe 

H 
H 
H 
H 
OWe 
OMe 

Ester 

(+)-al esters a-a (cf Figure 3 for the spectra of the enautiowric pair 21 aud 2) exhibit 

intense sequential negative and positive Cotton effects in the 280-305 aud 230-250 no 

regions respectively (eg lext. 305 nm, 8 -4469 and 250 nm, 8 t5959, A = el-% = -10428 for 

compound u) which presumably indicates exciton interaction between the benzoate and bensoyl 

chromophores. The negative sign of the A-values is in agreement with negative chirality 

between the two long axes of these chromophores [presentation 3j based on preferred confor- 

mation a (Dreiding models)], thus confirming the UP absolute configuration for all somber8 

of the series a-a. Intense positive first and negative second Cotton effects in the 

same CD regions for enautiomers 22-2 (eg lext 305 ns, 0 +4563 and 250 uu, 8 -6906, A = . 

t11369 for bensoate a) similarly reflect positive chirality (presentation fi, conformation 

99) and hence s absolute configuration at the ningle chiral centre of the bensoates p-x. 
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ArCH2 0 

CHrAr 

The circular dichroic approach towards definition of the absolute configuration of a- 

hydroxydihydrochalcones was applied to two novel analogues from the heartwood of Pericopsis 

eloto, i.e. a,2',4,4'-tetrahydroxydihydrochalcone 12 and the 4-&methyl derivative fi, as 

well as the known3 u,Z'-dihydroxg-4,4'-dinethoxydihydrochalcoae p8 to which an up absolute 

configuration was assigned. Owing to the complexity of the phenolic mixture from P. elrla 

metabolites fi and fl were characterised as their peracetates p9 and a. Separate epoxida- 

tion of 4-methoxy-2',4'-dimethoxymethyl-(&-&&one 92 as above using poly-L- and kalanine 

respectively (Scheme), afforded the trsrs-(bl,flS)- and frsss-(sS,~~)-epoxides fi and fi (70% 

and 36% ee respectively). Hydrogenolysis (Ha/W-SaSC4) gave the respective e-hydroxy- 

dihydrochalcones &j and &$ with 65% and 32% ee [Pr(hfc)e as chiral shift reagent] which were 

subsequently transformed to the a-d-(4-methoxybensoyl) esters J_l and u, the UV spectra of 

which again indicated intramolecular CT or IL* transitions in the 260 nm region. Intense 

sequential negative and positive, and positive and negative Cotton effects in the CD spectra 

of beneoates a (73% ee; lext. 283 nm, 8 -11000 and 245 nm, 8 +14000, A = -25000) and JjJ 

(38% ee; lext 282 nm, e +6400 and 245 nn, 8 -10000, A = +16400) respectively, confirm their 

81 (a.) and US (a) absolute configurations. Removal of the protecting groups in syn- 

thetic analogue & and subsequent acetylation, afforded the triacetate 49 of the (1)-s- 

hydroxydihydrochalcone which exhibited a CD spectrum identical to that of the natural 

product. Comparison of the CD data of the e,2',4,4'-tetra-acetoxydihydrochalcone a with 

those of the synthetic (P)-a,2',4'-triacetoxg-4-methoxydihydrochalcone e, and of those of 

the a,Z'-dihydroxy-4,4'-dimethoxydihydrochalcone 48 from Pterocarpns rngolensis3 with CD 

data (Figures 4 and 5) of synthetic (1)-a,2',4'-trihydroxy-4-methoxydihydrochalcone p6 simi- 
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lary confirmed their al abeolute configurations. 

0 

p4 fiw”” i,gI=~e,R%H,g&R4=# 

46-z f,RI=)(e,g2#=R4=H 

u”“= f ,gI=R&f&R4=H 

u”“= ~,Rl=g4=Me,R2=g~=H 

49-z i ,R~=M~,R~=@=R~sA~ 

UP”” i,RI=RkR&g4=Ac 

x”“= I,8'=Me,R2=I-Md).CsH4.C0,B3=B4=MOW 

522 =t ,Rt=Me,R2=H,Rs=R4=NOH 

lia- =~,Rl=He,R2=f~Eld).C6H4.C0,B3=R4=~ 
. . 

&chmz. lkaanta=dm (i) poly-l-alanine, Ccl,, soln. of NaOH in 30% H202, 

r.t.; (ii) Hl,W-&%,4, &OH; (iii) ~-MeO.C6H4.COCl, m; (iv) similar to (i) 

except for replacement of poly-L- by poly-I-alanine. 

Whereas assignment of configuration to metabolite u was previously done3 by a dubious 

comparison of the CD data of the 1,3_diarylpropan-2-018 ua and $_@, the methodolo= 

developed here penite the aseeement of absolute configuration by direct comparison of the 

aPormed via deoxygenation of p8 with diborane 

bobtained by Birch-reduction of 3' ,4’,5,7-tetra-O-methyl-(+)-catechin 



chiroptical details of the natural product with those of the synthetic analogue. 

Fiuure 4: CD EUWCS of (dR)-(L2’.4’ trihydrowy-4-methoxydlhydro- 

chalcone 48 and Its trl-O-acetyl derlvatlve fi 

2r 

Enantioselective synthesis of flavonoids-II 

400 

WAVELENGTH 

Figure 5: CD fulltes of (UR)-0,2’-dihydroxy-4.4’-dlmethoxydlhydro- 
chalcone fl and (UR)-U.2’,4.4’-tetra-acetoxy- 

2 dihydrochalcone 50 

4435 

The profound influence of intramolecular hydrogen bonding involving the a- and 2’-OH 

functions on the conformation and hence the sign of the Cotton effect in the CD spectra of 

a-hydroxydihydrochalcones, is demonstrated by comparison of the data of (al)-a,2’,4’-trihy- 

droxy-4-methoxydihydrochalcone s, its tri-&acetyl derivative Q and (al)-4,4’-dimethoxy- 

2’-&methoxymethyl-a-hydroxydihydrochalcone 16 (Figures 2 and 4). Conclusions regarding 

the 

are 

absolute configuration of a-hydroxydihydrochalcones which are based on chiroptical data 

thus reliable only for similarly derivatized U- and 2’-OH functionalities. 

The results in this paper clearly demonstrate the utility of epoxychalcones as chirons 
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for naturally occurring a-hydroxydihydrochalconea. Detailed analysis of the CD data of the 

series of both 1 and 3 poly-oxygenated analogues should usefully contribute towarde amens- 

ment of the absolute configuration of novel homologuea from nature. 

TLC was performed on DC-Plastikfolin Kieselgel 60 PF264 (0.25 mm) and the plates 
sprayed with HSSOI-HCHO (40:1, v/v) after development. Preparative plates (PLC) [ Kiesel- 
gel PFxr,4 (1.0 mm)] were air-dried and used without prior activation. Acetylations were 
carried out with AclO-auhydrous pyridine. 1H NMR spectra were, unless specified to the 
contrary, recorded on n Bruker AN-300 spectrometer for solutions in CDCls at 25% with the 
eolvent as internal standard. The enautiomeric excess (ee) of optical active compounds 
were determined by using tris(3-trifluoroacetyl-d-c~phorato)-europiu~(II1)[Eu(tfc)~l or 
tria(3-heptafluoropropylhydrox~ethylene-d-c~phorato)-pr~~d~i~(III)[Pr(hfc):] aa chi- 
ral shift reagents in concentrations of 0.5-l mg per 5 mg of compound. 
data were recorded on a Varian CH-5 instrument and 8.p.s. 

Mass spectral 
(uncorrected) on a Reichert hot 

stage apparatus. CD measurements were obtained for solutions in MeOH on a Jssco J-20 
epectropolarimeter and optical rotations measured with a Bendix-NPL automatic polarimeter 
for solutions in CHxClx. 

_(t - (&)_2’_fl_Mes ) __ U: The chalcone epoxide 2 (21 
mg) was hydrogenated (1 atm) in MeOH (10 ml) at mbient temperatures for 4 h, utilizing 

freshly prepared12 Pd-Ba8C4 (27 mg) as catalyst. Filtration (celite) aud evaporation of 
the solvent followed by PLC (CHClf-MexCC, 97:3, v/v), yielded the a-hydroxydihydrochalcone 
U (Rf 0.6) as a colourlees (18.5 mg, 92X). (Found: M*-CxHaox, 224.0835. Cl 6HI 202 
requires 224.0837). M8 (EI) M/Z 286 (M’, 1X), 268(l), 224(7), 165(100), 135(44), 121(52); 
‘H NMR 67.75 (dd, J1.8 and 7.5 Hz, H-6'), 7.51 (ddd, Jl.8, 7.8, and 7.8 Ht, H-4’), 
7.27-7.10 (m, 7H), 5.43 (B, H-s), 5.31 (d, J6.8 He), and 5.23 (d, J6.8 HE) (Ot1xOCHg), 
3.84 (br. d., J6.0 He, e-OH), 3.48 (a, CCHxOc&), 3.15 (dd, J4.0 and 14.0 Hz, H-b), 2.76 

(dd, 57.0 and 14.0 Hz, H-1); [e]i5 t 370 (c 0.24); CD (C 0.0440) [e]SlS 0, [elQ,O -6703, 

[~IQ~Q 0, [e12as +2277, [Laos 0, [elg26 -618, [els46 -325. 

+- -_ &&RX.y_2’_&d __ Ul: Catalytic hydro- 
genation (3 h) of the chalcone epoxide 3 (41 mg) in MeOH (15 ml) over W-B&304 (45 mg) and 
PLC (CHClS-ReSCC, 96:4, v/v) gave the a-hydroxydihydrochalcone u (Rf 0.6) aa a colourleas 
+16 (($ US 51X); (Found: M'-HSO, 298.1199. CiSHlSO4 requires 298.1205). MS (EI) a/z 

, 1X), 298(l), 254(l), 165(51), 152(12), 135(11), 121(100); 'H RMR 67.73 (dd, J1.8 
and 7.0 He, H-6'), 7.51 (ddd, J1.8, 7.0, and 7.0 Hz, H-4'), 7.23 (dd, J1.0 and 7.5 He, 
H-3'), 7.10 (ddd, J1.0, 7.5, and 7.5 HE, H-5'), 7.01 (d, 7.8, H-2,6), 6.76 (d, J7.8 He, 
H-3,5), 5.39 (ddd, J4.0, 6.8, and 7.0 Hz, H-u), 5.31 (d, 57.0 Hm), and 5.24 (d, 57.0 Hz) 
(OC&OCHS), 3.80 (d, J6.8 Hz, e-OH), 3.75 (8, OCHS), 3.49 (8, OCRSOC13), 3.09 (dd, J4.0 

and 14.0 H?, H-b), 2.72 (dd, 57.0 and 14.0 Hz, H-/f); [@Ii5 t53O (c 0.24); CD (c 0.0640) 

(e]ZlO 0, (w2SS -21255, w260 0, (81268 +13594, (e]SO6 0, ml6 -1730, (e]S60 0. 

- _ 4 4/_ . &&&y_2’_fl_.Lt~l __ @ b_ 16: Catalytic 
hydrogenation (5 h) of the chalcone epoxide 4 (25 mg) in MeOR (15 ~1) over Pd-RaRO4 (30 
mg) and PLC (CHClS-MeSCO, 97:3, v/v) gave the a-hydroxydihydrochalcone ;16 (Rr 0.4) ata a 
s (22 mg, 88X); (Found: R*-HSO, 328.1307. ClQH2006 requires 328.1311); M6 
(EI) n/z 328 (W-18.4X). 284(5). 195(60), 165(26), 151(46). 121(100): ‘H NMR 67.83 (d. 
J9.0 Hz, H-6'), 7.03 (d, J8.8 Rx, H-2,6), 6.77 id, J8.8.Re, H-3,5); 6.75 (d, J2.5 Rz; 
H-3'), 6.63 (dd, 52.5 and 9.0 Hz, H-5'), 5.35 (ddd, 53.8, 7.0, and 7.0 Hz, H-u), 5.31 (d, 
57.0 He), and 5.23 (d, 57.0 He) (OC&XHs), 3.90 (d, 57.0 Hz, a-OH), 3.87 (8, OCHl), 
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gave the (as)-a-hydroxydihydrochalcone 22 as a colourless (19 mg, 70X). MS and ‘II 

NM1 data were identical to that of the (el)-enantiomer u. (~1;~ -710 (c 0.18); CD 

(c 0.1430) [e1211 0, [e122s -4542, [e1240 0, [e12eo +13770, [elXn7 0, [el:io -8367, [el:ro 
0. 

__ _ ,4*4#_Tr w_2’_fl_,efl __ a: Hydro- 
genation of the (eS,@l)-chalconc epoxide U (22 mg) as deacrihed for the (e~,flS)-compouud 
5 gave the (a$)-s-hydroxydihydrochalcone a as a s (9 ng, 40X). KS and ‘H 

NM9 data identical to that of the (#I)-enantiouer 12. [e]r -22O (c 0.26); CD (e 

0.09SO) [ei640 0, [ei610 -1059, [ei286 0, [91260 *243l# te12y6 0. 

I __ _ I_ . Q&&&&y_2’_fl_~ __ @ m 21: Hy- 
drogenation of a mixture (43 ng) of the (eS,B1)-chalcone epoxide 12 and corresponding 
chalcone as described for the (el,bS)-compound 5, gave the (us)-r-hydroxydihydrocochalcone 
29 as a colonrless (11 WI). MS and )H NM2 data identical to that of the (rrl)-enan- 

tiowr u. [$ -23O (c 0.20); CD (c 0.0500) [e166S 0, [%46 l i5i, [e1y26 0, [e1S16 

-301, [%02 0, [e1266 +2259, [e12I6 0. 

__ _ 4 4’ 6’-Te m_g’_fl_fl __ iS: 
Catalytic hydrogenation of a mixture (48 l g) of the (sS,bl)-chalcone epoxide U and 
corresponding cbalcone as described for the (d,bS)-enantiomer 1 gave the (as)-a-hydroxy- 
dihydrochalcone a as a s (9 mg). MS and IH NM9 data identical to that of 

the (e&compound 19. [aIF -170 (c 0.10); CD (c 0.0670) [elsso 0, Pi616 -182, [el,OS 

0, [e1266 +I272, [e)226 00 

Qeneral: To a solution of the a-hydroxydihydrochaloone in dry pyridine 
(0.05 ml per mg of substrate) was added 4-methoxybensoyl chloride (0.1-o. 25 ~1) and the 
mixture left at cb 4OoC for 14 h. Crushed ice was added and the product as well as I- 
methoxybencoic acid recovered by filtration. Following PLC all esters were obtained as 
colourless oils. 

___ _ e)_2’_fl_uep 2: Treatuent of the 
r-hydroxydihydrochalcone u (30 mg) with 4-methoxybeneoyl chloride gave the ester 26 [Rt 
0.6, (ClCHr)2-Me@, 96:4; 19 mg, 44x1; (Found: M’, 420.1566. C2&H24& requires 
420.1573); MS (EI) M/Z 420 CM*, lx), 268(S), 224(7), 165(24), 152(41), 135(100); ‘H NH9 
67.89 (d, 512.2 He, H-2”,6”), 7.73 (dd, 52.3 and 10.5 HE, H-6’), 7.43 (ddd, J2.3, 11.5, 
and 11.5 Hc, H-4’), 7.22 (m, 5H), 7.17 (dd, J1.l and 11.5 Ha, H-3’), 7.04 (ddd, J1.1, 
10.5, and 10.5 Ht, H-5’), 6.83 (d, J12.2 Hz, H-3”,5”), 6.34 (dd, 55.0 and 12.3 Ha, H-e), 
5.26 (d, 59.5 Hz) and 5.20 (d, 59.5 He) (CCkCCHy), 3.79 (8, CCby), 3.43 (0, 0cH2@&), 
3.32 (dd, 55.0 and 20.0 HE, H-b), 3.12 (dd, 512.3 and 20.0 Hz, H-b); CD (c 0.0581) 
[e1210 0, [e12gS +282l, [6126S 0, fe1266 -362, [e1267 0, [e1266 +542, [e1271 0, [e)S06 
-4123, [e1S60 0. 

(al)l 21: Ben- __ ___ _ 

soylation of the s-hydroxydihydrochalcone U (15 mg) gave the ester 22 [Sf 0.5, (ClCH2)2- 
6lerCC, 96:4, v/v; 7.5 mg, 35X1; (Found: M’-C6H702, 315.1222. Cr6H1606 requires 
315.1232); j6~ (EI) n/t 298 (M*-152, IX), 254(3), 165(31), 152(12), 135(30), 12l(lOO); ‘H 
Nl46 67.94 (d, 511.2 Hz, &2”,6”), 7.75 (dd, 52.2 and 9.5Hc, H-6’), 7.46 (ddd, 52.2, 9.5, 
and 10.7 He, H-4’), 7.20 (dd, 51.5 and 10.7 HE, H-3’), 7.18 (d, J11.0 Hz, H-2,6), 7.07 
(ddd, 51.5, 9.5, and 9.5 Hz, H-5’), 6.87 (d, J11.2 He, H-3”,5”), 6.80 (d, Jll.0 6s~ 

H-3.5) 9 6.34 (dd, 54.5 and 11.0 Hz, H-s), 5.30 (d, 58.5 HE) and 5.24 (d, 58.5 Hn) 
(OC&CCH~), 3.84 and 3.75 (each s, 2xOCH3), 3.47 (a, CCH2CC&), 3.29 (dd, 54.5 and 17.8 
He, H-b), 3.10 (dd, Jl1.0 and 17.8 Hz, H-8); CD (C 0.0635) [e]rXO 0, [el260 +5959, w276 
0, wO6 -4469, re1666 0. 
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_lsSb3.4.4’-&i&&w 6 0 (4 me --- - a a: 

Rencoylation of the e-hydroxydihydrochalcone u (6 mg) gave the eater s (4 mg, 49X). M8 
and IIf HMR data identical to those of the (al)-enantiomer 29; CD (c 0.0580) [elzls 0, 
[e1260 -5194, iel262 0, [e12@2 +4225, iel266 0. 

l@S,-4.4 .5 
! I_ . 

Trams.thsv 8 0 (4 =thu&wd) ___ _ -2’-O-mp 36: 
Renxoylation of the a-hydroxydihydrochalcone 2.4 (9 mg) gave the ester 3& (7 mg, 57X). 
MS and ItI HMR data identical to thoee of the (el)-enantiomer a; CD (c 0.0810) (e]Xyo 
0, [ei262 -1513, ie1270 0, w280 +347, w200 0, ml0 -126, ws20 0. 

la.71 3.4.4'.6'-Tetrwthoxv e 0 14 met- 
2: - 

_-_ _ _2'_0_meP 

Bencoylation of s-hydroxydihydrochalcone a (6 mg) gave the ester 2 (4 mg, 51X). 
MS and IH MMR data identical to that of the (e&-enantiomer a; CD (C 0.0617) [eltso 0, 
ml46 -277, [e1268 0, w2SS +420, ml6 0. 

Drilling8 (10 hg) of the heartwood of P. elotr (Harms) were succeeaively extracted 
with a-hexane (3x18 f, 24 h each) and Me$O (3x18 f, 24 h each) to give on evaporation of 
the solvents, an orange oil (12 g, 0.12X) and a dark brown resin (40 g, 0.4X), respective- 
ly. CC (Sephadex LH-20; EtOH; flow rate 15 ml h-1) of the MerCC-extract yielded twelve 
crude fractions. One of these (fraction 6, RRt 258 h, 2.1 g) contained the s-hydroxydi- 
hydrochalcones and was refractionated by PLC (CsHs-Me$C, 8:2, v/v) to give eight subfrac- 
tions. 

lal)-a.2'.4'-Tri-O-acetvl __ 4 em 49: Acetylation followed by PLC 
(a-hexane-MeXCC-EtOAc, 65:20:15, v/v) of subfraction 3 (Rf 0.6; 50 mg) gave the title 
compound 49 (Bf 0.4) as a Pcllon (10 l g): (Found: C, 63.9; H, 5.4. C22H2200 

requires C, 63.8; H, 5.4X); MS (EI) 8/z 414 (M', 1X), 354(34), 312(29), 270(18), 
221(17), 179(51), 137(78), 134(12), 121(100); )H HMR (TM9 internal std.) 67.77 (d, J9.0 
He, H-6'), 7.10 (d, 58.5 Hz, H-2,6), 7.09 (dd, 52.5 and 9.0 He, H-5'), 7.01 (d, 52.5 Hz, 
H-3'), 6.81 (d, 58.5 He, H-3,5), 5.91 (dd, J4.0 and 9.0 He, H-e), 3.78 (a, OCHy), 3.07 
(dd, J4.0 and 15.0 Hc, H-b), 2.93 (dd, J9.0 and 15.0 HI, H-B), 2.30 (2x) and 2.08 (each 8, 
3xOAc); CD (C 0.0600) [4312~~ 0, w222 -20000, w260 0, w267 +3000, w261 0, I81296 

-2000, relyIs 0. 

je&-a.2'.4.4'-Tetra _- 0 m 4.Q: Acetylation followed by PLC (I- 
hexane-Me@-EtOAc, 65:20:15, v/v) of subfraction 6 (Rf 0.3, 200 n g) gave the e-hydroxydi- 
hydrochalcone derivative a (Rf 0.3) as a &,low oil (110 mg); (Pound: C, 62.2; H, 5.0. 
C23H22Og requires C, 62.3: H, 5.0X); MS (EI) 8/z 442 (M', 1X), 382(33), 340(31), 
298(28), 256(16), 221(49), 137(100); 'H HMR 67.78 (d, J8.5 He, H-6'), 7.21 (d, 58.5 Hs, 

H-2,6), 7.11 (dd, 52.0 and 8.5 Hx, H-5'), 7.02 (d, 52.0 HI, H-3'), 7.00 (d, 58.5 He, 
H-3,5), 5.92 (dd, J4.0 and 9.0 Hz, H-e), 3.12 (dd, 54.0 and 15.0 Hz, H-P), 2.98 (dd, J9.0 
and 15.0 He, H-b), 2.31, 2.30, 2.28, and 2.08 (each 8, 4xCAc); CD (C 0.0640) w206 0, 
w216 -ioooo~ [ei219 -7000, w237 -i9000, [eiZ81 0. 

_# 2’ 4 41_ -13u: Deacetylation (KOH-WeCH, 1.2X B/V; 
5 Bl, r.t., 30 min) of the tetrracetate $Q (100 mg) followed by PLC [(CHXC1)2-Me2C-O, 8:2, 

v/v] gave the phenolic compound fl (Rf 0.4) as a &&_&id (16 mg); (eli5 -530 (c 

0.32); IH HMR [(cD~)~KI, RIs internal etd] 69.79, 9.09, and 8.23 (each br. 8, 3xOH), 7.90 
(d, J9.0 Hz, H-6'), 7.04 (d, J9.0 Ax, H-2,6), 6.71 (d, J9.0 He, H-3,5), 6.46 (dd, J2.5 and 
9.0 He, H-5'), 6.36 (d, J2.5 Hz, H-3'), 5.18 (ddd, J5.0, 8.0 and 8.0 Hz, H-e), 4.30 (d, 
J8.0 He, a-OH), 3.05 (dd, 55.0 and 14.0 Hr, H-B), 2.86 (dd, J8.0 and 14.0 Hc, H-b). 

of both e of the e-hvdroxsdi frnr 

4v-2' 4'-di-O-met U: Condensation of 2,4-di-o-methoxy- 
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methylacetophenone14 (1.47 g) with 4-methoxybenaaldehyde (1.05 g) by the method described 

previously*, gave the chalcone 92 (Rf 0.4) as a -110~ oa (1.63 g, 74%) after PLC [a- 
hexane-(CH2C1)2-Me2CO, 65:20:15, v/v]; (Found: M', 358.3952. CZOH2206 rei.@reS M’, 
358.3947); MS (EI) m/z 358 (M', 18X), 313(65), 285(85), 181(18), 165(100), 161(33), 
149(53), 133(24); 1H NMR (TMS internal std.) 67.65 (d, J9.0 Hz, H-6'), 7.62 (d, J16.0 Hz, 
H-P), 7.54 (d, J9.0 He, H-2,6), 7.34 (d, J16.0 Hz, H-a), 6.91 (d, J9.0 Hz, H-3,5), 6.85 
(d, 52.5 Hz, H-3'), 6.77 (dd, 52.5 and 9.0 Hz, H-5'), 5.24 (8, OC&OCHs), 5.22 (s, 
OC~2OCH3), 3.84 (a, OCHs), 3.50 (a, ZxOCH#C&). 

l@d.bs) 4 MetbpXs __ -2' 4'-di-O-met-cone euo&& fi: l Epoxidation (72 h) 
of chalcone p2 (400 l g) in Cc14 (5 ml) with a NaOH-Hz02 solution (6 ~1) catalysed by poly- 

L-alanine (200 mg) as described previously8, gave the epoxide a [Rf 0.4; n-hexane- 
(CH2C1)2+e2CO, 4:5:1, v/v] as a colourless oil (180 mg, 43X); (Found: M'-2xOCH3, 
312.3267. CleH1605 requires 312.3251); MS (EI) a/z 374 (M', 3X), 255(100), 195(29), 
165(27), 149(21), 121(48); 'H NMR 67.83 (d, J9.0 He, H-6'), 7.27 (d, 58.5 Hz, H-2,6), 
6.89 (d, J8.5 He, H-3,5), 6.76 (d, 52.0 Hz, H-3'), 6.74 (dd, 52.0 and 9.0 He, H-5'), 5.16 
(8, 4'-OC1+CHs), 4.88 (d, 57.0 He) and 4.82 (d, 57.0 He) (2'~OC&OCHs), 4.30 (d, 52.0 Hz, 
H-a), 3.91 (d, 52.0 He, H-b), 3.81 (8, OCH3), 3.45 (a, OCH2OC63), 3.11 (8, OCH20CB3); CD 
(c 0.0625) [e1220 0, le1246 +25000, 191270 0, (e1203 -19000, [e1340 0. 

__ WV-2'.4'-di-#-meti fi: Catalytic 
hydrog:nation (4 h) of the chalcone epoxide-4 (100 mg) in MeOH (50 ml) over Pd-HaSO (60 
mg) gave the o-hydroxydihydrochalcone fi (Rf 0.5) as a polourlees oil (50 mg, 50X), after 
PLC (CHClpMe2CO, 95:5, v/v); (Found: M' -H20, 358.3941. C20H2206 =qUireS 358.3947); 
MS (EI) n/z 358 (M+-H20, 2.4X), 227(31), 225(50), 181(18), 167(20), 151(12), 134(3), 
121(100): 'H NMR 67.82 (d. J9.0 He. H-6'). 7.04 (d. J9.0 Hz. H-2.6). 6.87 (d. 52.5 Hz, 
H-3'), 6;77 (dd, 52.5 and 4.0 He, HL5'), 6;77 (d, ‘Jri.0 Hz, H-3,5); 5.35 (ddd; j4.0, 7.0; 
and 7.0 Hz, H-I?), 5.31 (d, 57.0 Hz) and 5.24 (d, 57.0 Hz) (2'~OC12OCH3), 5.22 (s, 
4'-OC&OCH3), 3.88 (d, 57.0 Hz, a-OH), 3.75 (s, OCHg), 3.48 (s, 2xOCH2UC&), 3.10 (dd, 
54.0 and 14.0 Hz, H-b), 2.70 (dd, 57.0 and 14.0 Hz, H-B); CD (c 0.0640) [e12,3 0, [e126s 
-16000, (e128s 0, [ei3r2 +9000, [ei342 0. 

jaP) 4 Mebv _- _(I__ - 0 I4 -1) -2'.4'-dim&.. fi: 
Beneoylation of o-hydroxydihydrochalcone fi (20 mg) aa described above gave the ester u 
[Rf 0.6, a-hexane-(CH#1)2-MesCO, 5:4:1, v/v; 15 mg, 56X]; (Found: M'-CsHgOs, 358.3957. 
C20H2206 requires 358.3947); M6 (EI) a/z 358 (M+-CgH&, 8X), 225(54), 165(26), 152(20), 
135(100), 121(54); 'H NMH 67.96 (d, J9.0 Hz, H-2",6"), 7.85 (d, J9.0 Hz, H-6'), 7.21 (d, 
J9.0 Hz, H-2,6), 6.88 (d, J9.0 Hz, H-3",5"), 6.85 (d, 52.5 Hz, H-3'), 6.81 (d, J9.0 Hz, 
H-3,5), 6.75 (dd, 52.5 and 9.0 Hz, H-5'), 6.34 (dd, J4.0 and 9.0 Hz, H-u), 5.32 (d, 57.0 
Hz) aud 5.26 (d, 57.0 He) (2'-O&OCHs), 5.20 (8, 4'-&2c%H~), 3.83 and 3.75 (each 8, 
2xOCH3), 3.48 and 3.47 (each s, 2xOCH2OC~3), 3.28 (dd, J4.0 and 14.5 Hz, H-b), 3.07 (dd, 
J9.0 and 14.5 Hz, H-b); CD (C o.looo) w2lS 0, w246 +14000, [e1260 0, [e]ZSS -11000, 
(e1328 0. 

~d)_a.2'.4'_~~xv -- 4 n e- &: Acid catalysed hydrolysis [3N 
HCl (1 ml), MeOH (5 Al), 5OoC] of (u~)-4-~ethoxy-2',4'-di-O-methox~ethyl-a-hydroxydi- 
hydrochalcone u (20 l g) followed by PLC (CsHs-Me2C0, 9:1, v/v) gave the u-hydroxydihy- 
drochalcone fi (Rf 0.3) as a ate u (13 mg, 84%); (Found: M*-H,O, 270.2885. 
CjsH1404 requires 270.2876); MS (EI) m/z 270 (M*-H,O, 5X), 152(3), 137(45), 121(100); 'H 
NMR 610.29 (s, OH), 7.55 (d, J9.0 Hz, H-6'), 7.03 (d, J9.0 Hz, H-2,6), 6.79 (d, J9.0 Hz, 
H-3,5), 6.40 (d, J2.5 Hz, H-3'), 6.40 (dd, 52.5 and 9.0 Hz, H-5'), 5.20 (ddd, J4.0, 7.0, 
and 7.0 Hz, H-u), 3.76 (s, OCHs), 3.61 (d, 57.0 Hz, a-OH), 3.13 (dd, 54.5 and 14.0 Hz, 
H-b), 2.90 (dd, J7.0 and 14.0 Hz, H-1); CD (C 00200) ie1237 0, ie1245 +4000, [e1288 0, 
re1313 -12000, re13sg 0. 

~aP)_a.2'.4'_TLi_O_acetvI -_ 4 v 49: Acetylation of the (U&-O- 
hydroxydihydrochalcone & (10 n g) followed by PLC (a-hexane-MezCO-EtOAc, 65:20:15, v/v) 
gave the triacetate fi (Rr 0.3) as a &,&Bw oil, (6 mg). MS and 'H NMR data as well as 
Cotton effects were identical to those of the natural product. 
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_iaS.dPl 4 Wetk-2’ .4’-di-O-me- fi: __ Epoxidation (12 b) 
of chalcone 92 (400 ~g) in CC14 (5 ml) with a NaOH-II202 solution (6 ml) catalysed by poly- 

D-alauine (200 ~1) as described previously*, gave the epoxide 44 [Sf 0.4; r-hexane- 
(CHtCl)r-MexCO, 4:5:1, v/v] as a colourlees oil (150 mg, 36%). MS and III NMR data 
identical to those of the (el,!S)-enantiomer Q; CD (c 0.0500) [e],,O 0, [8]246 -11000, 
(e1268 0, te1294 +llOOO, [e1S60 0. 

__ thQxs-2’. 4 ‘-di-O-mewthvl -bvdrp z: Catalytic 
hydrogenation (4 b) of the chalcone epoxide-& (50 a) in MeOH (50 ml) over Pd-BaSO4 (30 
mg) gave the 8-hydroxydihydrocbalcone 2 (23 mg, 46%). MS and *H NMR data identical to 
tboee of the (al)-enantiomer a; CD (C 0.0630) [e12y4 0, (81268 l l5000, 181286 0, [%I0 
-9000, [e1846 0. 

Bencoylation of a-hydroxydihydrocbalcone fi2 (20 mg) as described previously, gave the 
eeter a (14 l g, 52%). MS aud IH NHR data were identical to those of the (sl)-enmtiomer 
u; CD (C 0.0500) [e1200 0, (e1246 -lOOOO, (e1261 0, I81282 +6000, [%S4 0. 
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