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A Novel a-Hydroxydihydrochalcone from the Heartwood of Pterocarpus 
ango/ensis D.C. : Absolute Configuration, Synthesis, Photochemical 
Transformations, and Conversion into a-Methyldeoxybenzoins 
By Barend C. B. Bezuidenhoudt, E. Vincent Brandt, and David G. Roux,” Department of Chemistry, 

University of the Orange Free State, P.O. Box 339, Bloemfontein, 9300 Republic of South Africa 

The absolute configuration of (aR)-a,2’-dihydr0xy-4,4’-dimethoxydihydrochalcone from the heartwood of 
Pterocarpus angolensis D.C. is established. Its structure is substantiated by synthesis and by photochemical 
conversion of its a-O-tosyl derivative into an a-tosyloxymethyldeoxybenzoin and hence to the a-methyldeoxy- 
benzoin analogue. The photochemical step alsb leads, amongst others, to a-hydroxymethyldeoxybenzoin, 
P-hydroxydihydrochalcone, and 2-benzylbenzofuran-3-one analogues depending on the conditions of the photo- 
lysis. 

CONTINUED examination of the heartwood of Pterocarpus 
angulensis D.C. (muninga, kiaat), known for its dur- 
ability,l has shown the presence of a novel a-hydroxy- 
dihydrochalcone (1). This class of compound has 
hitherto been restricted to a single example of unknown 
absolute configuration, nubigenol (a,2’,4,4’,6’-penta- 
hydroxydihydrochalcone) from Podocarpus nubigena. 
The new a,2’-dihydroxy-4,4’-dimethoxydihydrochalcone 
(1) is associated with several a-rnetliyldeo~ybenzoins,~~ 
one exhibiting the same dimethoxy-functionalit y,  and 
also isoflavones in P. angolensis. Conversion of the 
a-hydroxydihydrochalcone into an a-methyldeoxybenz- 
oin has now been xhieved chemically for the first time 
by means of an initial photochemical step. A similar 
approach to isoflavonoid synthesis has also been investi- 
gated. 

The molecular structure of a,2’-dihydroxy-4,4’-di- 
methoxychalcone (1), C1,Hl,O5, is evident from spectro- 
scopic data and was confirmed by total synthesis (see 
later). The presence of a chiral centre a t  C-a is reflected 
in the magnetic non-equivalence of the adjacent (C-p) 
methylene protons (6 2.84 and 3.13) and in its optical 
activity as illustrated by c.d. spectra. The absolute 
configuration of the new a-hydroxydihydrochalcone was 
determined by its reduction with diborane to 1-(2- 
hydroxy-4-me thox yphen yl) -3- (4-methox yphen yl) - 
propan-2-01 (2a) (Scheme 1) .  This compound bears a 
closc structural resemblance to 3-(3,4-dimethoxy- 

phen yl) - 1 - (2-hydroxy-4,6-dimet hoxyphenyl) propan-2-01 
(2b) [of known absolute configuration (2R)], obtained 
by Birch reduction of (2R,3S)-( +)-catechin 3’,4’,5,7- 
tetramethyl ether (3). lo Comparison of the c.d. spectra 
of these propanols (2a and b), which exhibit identical 
Cotton effects, accordingly defines the (aR)-configuration 
of the dihydrochalcone (1). 

Synthesis of the latter was accomplished via the 
4,4’-dimethoxy-2’-methoxymethoxychalcone inter- 
mediate (6a), prepared by conventional base-catalysed 
condensation of the appropriate fragments (4a) and 
(5a). Epoxidation (H,O,--OH) of this chalcone readily 
gives the stable chalcone epoxide (7a), which undergoes 
hydrogenation (Pd-BaSO,) to produce racemic a,2’- 
dihydroxy-4,4’-dimethoxydihydrochalcone (9) in good 
yield, after deprotection of the 2’-OH by acid hydrolysis 
(8a) - (9). The product thus obtained was shown to 
be identical to the natural metabolite by mass and n.m.r. 
spectrometry. The above sequence represents a simple 
and general method of synthetic access to cc-hydroxy- 
dihydrochalcones. 

Consideration of a-hydroxydihydrochalcones [e.g. (l)] 
as possible biogenetic precursors to a-methyldeoxy- 
benzoins and isoflavones stems from their observed 
association in P. ang~ lens i s ,~  the rearrangement requiring 
an anionotropic 1,2-shift of the p-phenyl group of 
the a,2’-dihydroxy-4,4’-dimetlioxydihydrochalcone ( 1). 
The problems connected with an analogous in vitro 
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b; R ’  = R2=OMe 
c ; R’ = OMe, R2=OCH20Me 

H2 

synthesis centre around (i) development of a transient 
carbocation at  C-a, (ii) enhancement of the nucleophilic 
character of the wring in order to facilitate the proposed 
1,2-migration, and (iii) previous protection of the 2‘-OH, 
thus preventing undesirable intramolecular attack 
at  C-a. These prerequisites are met by synthesis of 
4-hydrox y-2' ,4’-dimet hox y-a-tosyloxydihydrochalcone 
(11) [ c j .  Scheme 2, (4b) + (5b) - (6c) --+ (7c) - 
(8c) - (10) - ( l l ) ]  followed by its photolysis. 

Pd-BaS04 

rearrangements which are presumably all based on the 
formation of a highly unstable a-carbocation. Notable 
was the unique demethylation of the 2’-methoxy- 
function which accompanied cyclization in the first- 
mentioned process (11) - (13). 

Introduction of water into the reaction mixture had 
little effect on the yields of the 2-benzylbenzofuranone 
(13) and chalcone (14), but 4’-hydroxy-2,4-dimethoxy-a- 
hydroxymethyldeoxybenzoin (19a) formed at  the expense 

( 4  1 ( 5 )  
a; R1=OCH20Me a; R 2 = O M e  
b ;  R ’ = O M e  b; R2 = OCH20Me 

OTs 

0 

(8)  

a; R’ =OCH20Me, R2=OMe 
b; R ’ = R 2 = O M e  
c ;  R’= OMe,R2=OCH20Me 

(11 1 

EtOH/OH- 

a;  R=OH 
b ;  R = O A C  

SCHEME 2 

Irradiation (350 nm) of the tosylate (11) (c j .  Scheme 3) 
in anhydrous dioxan produces 2-(4-hydroxybenzyl)-6- 
met hox ybenzo [b] furan-3 (2H) -one (1 3), 4-hydroxy-2’,4’- 
dimethoxychalcone (14), and 4’-hydroxy-2,4-dimethoxy- 
a-tosyloxyniethyldeoxybenzoin (15) in 2, 5,  and 10 yo 
yields respectively. Structural elucidation of these 
products was based primarily on lH n.m.r. data, com- 
pound (15) displaying a well-defined ABC system as 
expected from the vicinal a-methine-methylene arrange- 
ment (a -H,  6 4.97; @-CH,, 6 4.56 and 4.09). These 
products presumably all follow from heterolytic cleavage 
of the C,-0-tosyl bond followed by intramolecular 
cyclization, elimination, and 1,2-shifts respectively, 

of the a-tosyloxymethyl derivative (15). These pro- 
ducts of photolysis were accompanied by an isomeric 
pair of a- and fl-hydroxydihydrochalcones (17) and (Ha) ,  
the latter distinguishable from the a-isomer by its 
spontaneous conversion into the chalcone analogue on 
addition of acid. Participation of water as a com- 
petitive nucleophile during rearrangements was indicated 
by the formation of both a-hydroxymet hyldeoxybenzoin 
(19a) and the a- and @-hydroxydihydrochalcones (17) and 
(18a) in good yields (23, 20, and 20% respectively). 

Formation of the a-hydroxymethyldeoxybenzoin (19a) 
and its a-0-tosyl derivative (15) both illustrate the 
desired 1,2-phenyl migration. These compounds were 
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hv 350 nm 

readily converted into the analogous a-methyldeoxy- 
benzoin (16a) by reduction (NaBH,CN-DMF) of the 
tosyloxy-function of the latter, or by acid dehydra- 
tion of the a-hydroxymethyldeoxybenzoin to 1-(4- 
hydroxyphenyl)-l-(2,4-dimethoxybenzoyl)ethylene (20), 
followed by catalytic hydrogenation. The resultant 4’- 
hydroxy-2,4-dimet hoxy-a-methyldeoxybenzoin (1 6a) 
thus obtained possessed a basic structure (but differing 

Dioxon 

cyclization of the a-hydroxymethyldeoxybenzoin (21), 
obtained by selective demethylation (BBr,-CH,Cl,) of 
the 2-0-methyl analogue (19a), consistently gave a- 
cyclization, in contrast with the required p-cyclizatiori. 
Presumably this results from intramolecular stabilization 
of the incipient p-carbocation by a 1,2-hydride shift to  
give the C-a benzylic carbocation, which undergoes 
cyclization with the 2-hydroxy-group. The product 

(13) 

( 1 1  1 
hv 350 nm 1 Dioxan -H20 

a; R1=R2=OMe, R3= OH 
b; R’= R2=OH, R3= OMe 

H2 PtO2 t 
Meo% 

’ OH 

MeO-R M e o w  

V O H  0 O R  
/ 

( 1 7 )  (19) / a; R = OH 
(18) 

a ;  R = O H  

“‘0% H + M e o w  b ;  R = O A C  b;  R = OAC 

C6H6 B B r 3 / C H 2 C I 2  
\ c-- 

OH OH 

( 2 2  1 ( 2 1 )  
SCHEME 3 

substitution) identical to that of angolensin (16b) and 
illustrates an a-hydroxychalcone-a-methyldeoxybenzoin 
relationship which is paralleled in Ptevocarpus angolensis. 

The confirmed natural co-existence of the new a,2’- 
dihydroxy-4,4’-dimethoxydihydrochalcone (1) and its 
chalcone analogue, liquiritigenin,ll with the known iso- 
flavones prunetin,12 genistein,13 m ~ n i n g i n , ~  and 7- 
methyltectorigenin l4 in P. angolensis also prompted 
attempts at  conversion of the a-tosyloxydihydrochalcone 
(11) [derived from the dihydrochalcone (Sa)] into an 
isoflavone via the a-hydroxymethyldeoxybenzoin (19a), 
despite predictable difficulties. All attempts a t  acid 

thus obtained, the benzo[b]furanone (22), was readily 
characterized by its l H  n.m.r. spectrum which displayed 
a total absence of heterocyclic protons, except for a 
methyl singlet (8 1.67). 

a-h ydrox y-2',4,4'- t rime t hox ydi hydrochal- 
cone (8b) (cf. Scheme 2) resists, as expected, chemically 
induced 1,2-phenyl migration under a variety of acidic 
conditions, giving a- and p-cleavage of the molecule to 
yield 2,4-dimethoxybenzoic acid and also 2,4-dimeth- 
oxyacetophenone. Treatment with ethanolic alkali, 
however, readily gives an oxidative conversion into the 
a-hydroxychalcone analogue (12a), a process which is 

Synthetic 
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reversible by catalytic hydrogenation (EtOH-PtO,). 
The 4-hydroxy-analogue (17) gives similar results under 
acid (and alkaline) conditions indicating that the free 
hydroxy-group on the B-ring does not increase its apti- 
tude for migration under these conditions. The above 
contrasts with, and emphasises the significance of, the 
initial photochemical step which not only induces the 
desired 1,2-shift, but also provides novel access to a 
number of flavonoid species (cf. refs. 15-18). 

EXPERIMENTAL 

Unless otherwise stated n.m.r. spectra obtained by 
Fourier transform techniques were recorded for solutions 
in CDCl, (Me,% as internal reference) ancl i.r. spectra for 
solutions in CHCl,. Mass spectra were obtained with a 
Varian CH-5 instrument, and a JASCO J-20 spectro- 
polariineter was employed for c.tl. determinations (in 
MeOH). Systems used for separation of components 
comprised Merck Kieselgel 60 (column chromatography) 
and Merck Kieselgel 60 P F 2 5 4  (preparative t.1.c.). T.1.c. 
bands were located by U.V. illumination and/or spray 
reagents (HClO,-FeCl, or HCHO-H,SO,) . Where omitted, 
n.m.r. and mass-fragmentation spectra of known compounds 
and of other non-crystalline derivatives are in agreement 
with the proposed structures. 

Isolation of Constituents from P. angolensis.-Drillings 
(800 g) of the heartwood of P. angolensis were extracted 
with n-hexane (3 x 3 1, 24 h each) followed by MeOH 
(3  x 3 1, 24 h each) producing, on evaporation of the sol- 
vents, an orange-red oil (11.3 g, 1.4%) and a dark brown 
resin (94.7 g ,  11.8%) respectively. 

Column chromatography (benzene as eluant; flow rate 
20 ml h-l) of a portion (6 g) of the n-hexane extract yielded 
eleven crude fractions, the last two after limited addition of 
acetone to the eluant (benzene-acetone, 95 : 5 v/v). Only 
one of these (fraction 10, retention time 208 h, 615 mg) was 
further investigated and found to contain a,Z'-dihydroxy- 
4,4'-dimethoxydihydrochalcone ( 1) following successive 
purification by column chromatography (n-hexane-acetone, 
8 : 2 v/v; flow rate 20 ml h--l, retention time 24 11) and t.1.c. 
(n-hexane-acetone 9 : 1 v/v, x 5, RF 0.54). 

Twelve crude fractions were obtained by column clirom- 
atography (benzene-acetone-MeOH, 7 : 2.5 : 0.5 v/v/v; 
flow rate 20 ml h-') of a portion of tlie MeOH extract (1 2 g)  . 
Column chromatography ( 1,2-dicliloroethane-acetone, 9 : 1 
v/v, flow rate 20 ml h-l) of fraction 5 (1.5 g, retention time 
88 11) of this separation produced crude prunetin ant1 7-O- 
methyltectorigenin which both required acetylation prior to 
further purification due to difficulties in separation. Thus 
the former was isolated as platelets (23 mg) of pure 4',5- 
di-0-acetylprunetin, n1.p. 223 'C. (lit. , l 9  222.5 "C), following 
colunin chromatography ( lI2-dichloroethane-acetone, 
98 : 2 v/v; flow rate 20 ml h-1, retention time 18 11) ant1 
t.1.c. (n-hexane-l,2-dicl~loroethane-acet~~nc, 27 : 70 : 3 
v/v/v; RF 0.24), while 7-0-methyltectcxigenin similarly 
yielded needles (51 mg) of tlie 4',A-tli-O-acctyl analogue, 
m.p. 183-183 "C ( l i t . ,v  182-184 OC), by t.1.c. (n-hexanc- 
1,2-dichloroethane-biitan-2-one, 50 : 44 : 6 v/v/v; RF 0.33) 
after column chromatography ( 1 ,  3-clicliloroethane-~ceton~, 
98 : 2 v/v; flow rate 20 1111 I i - l ,  retention time 3 1  11). 

Initial separation of fraction 7 from the MeOH extract 
(709 mg, retention time 94 11) by column chromatograplip 
( 1 ,S-dichloroethane-acetone, 85 : 15 v/v, flow ra tc 20 
nil h-1) gave crude genistein (retention time 12 h) wliic*h was  

purified by t.1.c. (1,2-dichloroethane-acetone, 64 : 4 v/v; 
x 2). Acetylation gave 4', 5,7-tri-O-acetylgenistein which 
was isolated as platelets (10 mg), m.p. 199 "C (lit.,,O 198 "C). 
Liquiritigenin was obtained as needles (15 mg), m.p. 204 "C 
(lit.,,, 207 "C), from fraction 8 of the MeOH extract (315 mg, 
retention time 109 h) by successive column chromatography 
(chloroform-acetone, 4 : 1 v/v; flow rate 20 ml h-l, retention 
time 7 h) and t.1.c. (chloroform-acetone, 4 :  1 v/v; x 2, RF 
0.67) followed by a final purification based on the selective 
solubility of the compound in chloroform. 

Muningen crystallized as cubes (120 mg), m.p. 289 "C 
(decomp.) [lit.,, 285 "C (decomp.)], from fraction 11 (380 mg, 
retention time 175 h) obtained from the MeOH extract. 

u, 2'-L>ihydroxy-4,4'-dirnethoxydihydrochalcone ( 1) crystal- 
lized from EtOH as needles (71 mg), m.p. 89.5 "C (Found: 
C, 67.4; H,  6.0. C17H1805 requires C, 67.5; H, 6.0%); 
m/e 302 (M', 5.80/,) ,  285 (15), 284 (75), 181 (24), 167 (28), 
152 (24), 151 ( 8 5 ) ,  149 (76), 122 (53), 121 (loo), and 108 (14); 
c.d. (G 0.052 0) 0, [el,,, -3.79 x 103, [el,,, 0, [el,,, 
3.48 x 103, [el,,, 0, [e],,, -10.9 x 103, [0],70 0; 8 10.47 
( s ,  2'-OH), 7.50 (d, J 10.0 Hz, H-6'), 7.00 (d, J 8.8 Hz, H-2 
and -6), 6.72 (d, J 8.8 Hz, H-3 and 4, 6.41 (cld, J 10.0 ancl 
2.5 Hz, H-57, 6.41 (d, J 2.5 Hz, H-3'), 5.16 (ni, H-a), 3.81 
and 3.72 (s, 2 x OCH,), 3.47 (d, J 7.8 Hz, a-OH), and 3.13 
(dd, J 13.8 and 5.0 Hz) and 2.84 (dd, J 13.8 and 6.6 Hz) 
(P-CH,) ; v,,,. 1 640 cm-l (GO) .  

propan-2-ol (2a) .-Diborane [generated by the action of 
3% (w/v) benzoic acid-H,SO, (50 ml) on powdered NaBH, 
(5 g)] was passed through an agitated solution of u,2/- 
dihydroxy-4,4'-dimethoxydihyclrochalcone ( 1) ( 100 mg) in 
tetrahydrofuran (THF) (10 ml; dried over LiAlH,) at 
0 "C for 2+ h and subsequently a t  ambient temperature for 
10 h. The reaction was left to stand for 12 h prior to 
termination by the addition of a loo/, (v/v) H,SO,-ice 
mixture (ca. 20 ml) and extraction with ether (3  x 15 ml). 
The combined extracts were washed with 2% (w/v) aqueous 
NaHCO, (2 x 10 ml) and H,O (3 x 10 ml), dried (Na,SO,), 
and evaporated. T.1.c. (1,2-tlichloroethane-acetone, 75 : 25 
v/v, RF 0.84) and crystallization from light petroleum 
(b.p. 40-60 "C)-benzene (7 : 3) gave (2s) as prisms (44 
mg), m.p, 87 "C (Found: C, 71.0; H,  7.0. C,,H,OO, 
requires C, 70.8; H ,  7.00/); m/e 288 (M', 17%); c.d. 

1-(2-Hydroxy-4-methoxyphenyl)-3-(4-methoxy~henyl)- 

(c 0.056 1) [OI , ,~  0, [ O ] ~ , ~  -1.8 x 103, [8],,7 0, [ e ~ , , ~  5.15 x 
103, [el,,, 0, [el,,, -2 .3  x 103, [ej,,, -2.68 x 103, [el,,, 
-5.45 x lo3, [el,,, 0, [0],,, 0.21 x lo3, [O], , ,  0; 6 8.17br 
( s ,  2-OH), 7.00 (d, J 8.8 Hz, H-2' and -67, 6.81 (d, J 7.5 Hz, 
H-6), 6.73 (d, J 8.8 Hz, H-3' and - 5 7 ,  6.20 (d, J 2.5 Hz, 
H-3), 6.28 (dd, J 7.5 and 2.5 Hz, H-5), 4.02 (ni, CHOH), 
3.72 and 3.69 (s, 2 x OCH,), 3.3G (m, CHOH), and 2.69 (111, 

2 x CH,). 

fihenyZ)propan-2-ol (2b) .lO---Reduction of tetra-0-methyl- 
( 4  )-catechin (3) was performed according to the method of 
Birch et al.10 to yield an amorphous solid (8 nig), m/e 348 

The compound fornied a tliacetate (Sc). 
3-( 3,4-IAmethoxyphenyl)- 1-(2-hydroxy-4, B-dimethoxy- 

(w, 41'%,); c.ti. (c 0.054 2) re],,, 0, p],,, -7.3 x 105, re],,, 
0, [q,,, 9.w x 1 0 3 ,  re],,, 0, [el,,, - 10.6 x 103, re],,, 
-4 .5  Y, 103, [€I],~, -0.64 x 1W, -0.51 x lo3, [€I],,, 
0;  2.5 Hz, H-5' , Z I ~  -Of ) ,  
6.51) ((1, J 2.5 Hz, H-2'), 6.09 ( ( 1 ,  J 2.5 Hz, H-R), 5.98 (d, J 

6 8.00br ( s ,  2-OH), 6.66 ((1, 

2.5 Hz, H-Ti), 4.05 (111, CHOH), 3.78 (s, 2 x OCH,,), 3.69 
(s, 2 x OCH,), 3.12-2.34 (m, 2 x CH,), and 2.34br (s, 
CI-IOH). The compound formet1 n diacetate (2tl). 

a,2'-l~ikydroxy-4,4'-tlirnetho;L:yd~Ji~~~~~c~ialcone (9) .-4,4'- 
~ i n ~ c t l i o s v - ~ ' - ~ i ~ e t l i o ~ v ~ i i e ~ l i ~ s ~ ~ l i a l ~ ~ ~ i e  eposidc,?' m.p. 



86 “C (7a, 200 mg) was hydrogenated (1 atm) in MeOH (25 
nil) a t  ambient temperatures for 10 h, utilizing freshly 
prepared 22 Pd-BaSO, as catalyst. Filtration and evapor- 
ation of the solvent, followed by t.1.c. (chloroform-acetone, 
9!, : 1 vlv), yielded a-hydvoxy-4,4‘-dinzetlioxy-2‘-methoxy- 
methoxydihydrochalcone (8a, RF 0.44) as a pale yellow oil 
(180 mg) (Found: m/e, 328.129. Cl9HZ2O6 requires M 

Hz,  H-2 and -6),  G.72 (d, J 8.8 Hz, H-3 and -5), 6.72 ((1, J 
2.5 Hz, H-37, 6.59 (dd, J 8.8 and 2.5 Hz, H-57, 5.22 (m, 
OCIl,OCH,), 5.22br ( s ,  H-a), 3.81 (s, OCH,), 3.81br (s, a- 
OH), 3.72 (s, OCH,), 3.44 is, OCH,OCH,), and 3.11 (dtl, 
J 14.4 ancl 4.4 Hz) and 2.69 (dd, J 14.4 and 6.9 Hz) (P-CH,). 
’l’lie dihydrochalcone (8a) (40 mg) in MeOH (1 ml) was 
refluxed on a water-bath in the presence of 3M-HC1 (0.2 nil) 
for 20 miii. Dilution with H,O (2  ml), extraction into ether 
(2  x 3 nil), and t.1.c. (chloroform-acetone, 24: 1 v/v; 
RF 0.67) followed by evaporation and crystallization from 
EtUH gave the a-hydroxydihydrochalcone (9) as needles (36 
mg), m.p. 88.5 “C (Found: C, 67.4; I-I, 6.0. C,,H,,O, 
requires C, 67.5; H, 6.0%); Yn/e 302 (M+,  2.4%); 6 10.47 

ant1 -ti) ,  6.72 (d, J 8 .8  Hz, H-3 and -t i) ,  6.44 (dd, J 10.0 and 

arid 3.72 ( s ,  2 x OCH,), 3.50 (d, J 8.8 Hz, a-OH), and 3.13 
(tld, 13.8 and 5.0 Hz) and 2.84 (dcl, J 13.8 and 6.9 Hz) 
(P-CH,) ; v,,,,. 1 640 cm-I ( G O ) .  

Synthesis and Reactions of a-Hydroxy-2’,4,4’-trimethoxy- 
dihydrochnlcone (8b) .-2‘,4,4‘-Trimethoxychalcone (Gb) .23  

Condensation of 2,4-dimethoxyacetoplienone (4b) (2 g) 
with anisaltlehycle (5a) (2.1 g) gave the chalcone (6b) by 
the method described above. Crystallization from ethanol 
yielded yellow needles (2.15 g), m.p. 78 “C (lit.,,, 88 “C), 
m/e 298 (hf’, 90:(,); 8 7.6G (d, J 8.8 Hz, H-6’), 7.59 (d, j 
16.3 Hz, H-$), 7.47 (d, J 8.8 Hz, H-2 and - G ) ,  7.28 (d, J 16.3 
Hz, H-a), 6.84 (d, J 8.8 Hz, H-3 and - 5 ) ,  6.50 (dd, J 8.8 
and 3.5 Hz, H-li’), 6.44 (s, H-37, and 3.84, 3.81, and 3.78 
(s, 3 x OCH,). 

a~-I~~oxy-2’,4,4’-trimethoxydihydrochalcone (7b). When 
prepared, as previously indicated, from the chalcone (6b) 
( 3  g ) ,  the eposidc (7b) crystallized from the reaction mixture 
as needles (1.9 g ) ,  1n.p. 102 “C (Found: C, 68 7; H ,  5.7. 
C,,H,,C>, requires C, 68.8; H, 5.8%);  m/e 314 (M+,  44%); 
6 7.81 ((1, J 8.8 Hz, H-G’), 7.22 (d, J 8.8 Hz, H-2 and -6),  
43.81 (d, J 8.8 Hz, H-3 and -5), 6.50 (dd, J 8.8 and 2.5 Hz, 

3.84 ((1, J 2.5 Hz, H-P), and 3.78, 3.75, and 3.53 ( s ,  3 x 
OCH,). 

a-Hydroxy-2’,4,4’-t~imethoxydihyd~ochalcone (8b). Cataly- 
tic hydrogenation (Pd-BaSO,) of the epoxide analogue (7b) 
(1.1 g) and purification by t.1.c. (chloroform-acetone, 19 : 1 
./v) yields the a-hydroxydihydrochalcone (8b) (RF 0.64) 
which crystallized from EtOH as platelets (850 nig), m.p. 64 
“C  (Found: C, 68.5; H ,  6.3. C,,H,OO, requires C, 68.3; 
H, 6.4%); mle 298 (M’ - H,O, 60%); 6 7.81 (d, J 8.8 
Hz, H-ti’), 7.03 (tl, J 8.8 Hz, H-2 and -6),  6.72 (d, J 8.8 Hz, 
H-3, and -5), G.56 (dcl, J 8.8 and 2.5 Hz, H-57, 6.44 (d, J 
‘2.5 Hz, H-3’), 5.25 (m, H-a), 3.91 ( s ,  a -OH) ,  3.88, 3.84, and 
3.72 (s, 3 x OCH,), and 3.06 (cld, J 13.8 and 3.8 Hz) and 
2.63 (cld, J 13.8 and 7.5 Hz) (P-CH,); vm:Lx, 1 665 cni-’ 

~-/1Tydvo,~~y-%’,4,4’-fri~net~~oxychalcone ( 12a). a-Hydroxy- 
2’,4,4’-triniethosycliliydroclialcone (8b) (400 mg), 1M-NaOH 
( 1 0  nil ) ,  arid EtOH (4 ml) were stirred a t  45 “C for 7 h , , 4  

ancl the nii\tnre was then diluted with ice-water (ca. 75 

- H 2 0 ,  328.131); 6 7.47 (d, J 8.8 Hz, H-67, 7.00 (d, J 8.8 

( s ,  2’-OH), 7.50 ((1, J 10.0 Hz, H-6’), 6.97 (d, J 8.8 Hz, H-2 

2 . 5  Hz, H-5’), G.44 (d, J 2.5 Hz, H-3’), 5.16 (111, H-a), 3.81 

H-5’), 6.41 ((1, J 2.5 Hz, H-3’), 4.27 (d, J 2.5 Hz, H-a), 

( G O ) .  
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ml), acidified ( ~ M - H C ~ ;  4 ml), and extracted with ethyl 
acetate (3 x 50 ml). Acid was removed by washing with 
H,O (5 x 50 ml). Drying (Na,SO,), evaporation of the 
solvent, and preparative t.1.c. (n-hexane- benzene-acetone, 
5 : 4 : 1 v/v/v; x 2) gave the a-hydroxychalcone (1%) 
(RF 0.49) which crystallized from EtOH as platelets ( 1  14 
mg), m.p. 99 “C (Found: C, 68.9; H ,  5.8 .  C,,H,,O, 
requires C, 68.8; H, 5.8%); m/e 314 (M+, 1.6%); 6 7.69 
(d, J 8.8 Hz, H-6’), 7.08 (d, J 8.8 Hz, H-2 and -6), 6 .75  
(d, J 8.8 Hz, H-3 and -5 ) ,  6.47 (dd, J 8.8 and 2.5 Hz, H-57, 
6.28 (d, J 2.5 Hz, H-37, 3.94-3.91 (m, CH,), and 3.77, 
3.72, and 3.57 (s ,  3 x OCH,); v,,,,~ 1670 and 1730 c1ii-l 
( G O ) .  

a-Hyd~oxy-2’,4,4‘-trimethoxydihydrochalcone ( 8b). Cata- 
lytic hydrogenation ( 1 atm.) of the a-hydroxychalcone 
(12a) (30 rng) in EtOH ( 5  ml) for 3 h over active PtO, (10 
mg) yielded the corresponding a-hydroxydihydrochalcone 
(8b), after purification by t.1.c. (n-hexane-benzene-acetone, 
5 : 4 : 1 v/v/v; x 2, RF 0.51), identical to  the sample 
prepared via the epoxide (7b). 

Synthesis and Reactions of 4-Hydroxy-2’,4’-dimethoxy- 
cetosyloxydihydrochalcone ( 1 1) .-2’,4’-Dimethoxy-4-methoxy- 
methoxychalcone (Gc) . Condensation of p-methoxyniethoxy- 
benzaldehyde (5b) (1.1 g) with 2,4-dimethoxyacetophenone 
(4b) (1 g), as described previously, yielded the chalcone 
(6c) . Crystallization from EtOH gave yellow needles 
(1.79 g), m.p. 85 “C (Found: M+, 328.132. C19H2oO5 
requires M ,  328.131); 6 7.59 (d, J 8.1 Hz, H-67, 7.53 (d, J 
15.0 Hz, H-P), 7.41 (d, J 8.8 Hz, H-2 and -6), 7.25 (d, J 
15.0 Hz, H-a), 6.91 (d, J 8.8 Hz, H-3 and -5) ,  6.44 (dd, J 8 .1  
and 2.5 Hz, H-57, 6.36 (s, H-37, 5.09 (s, OCH,OCH,), 
3.81 and 3.78 (s, 2 x OCH,), and 3.41 (s, OCHzOCH,). 

aP-Epoxy-2’, 4’-dimethoxy-4-methoxymethoxydihydrochal- 
cone (7c). Alkaline peroxidation of the chalcone (6c) 
(1.0 g)  under the above conditions gave the epoxide (7c) 
which crystallized from the reaction mixture as needles 
(980 mg), m.p. 105 “C (Found: Mf, 344.125. C,,H,,O, 
requires M ,  344.126); 6 7.73 (d, J 8.1 Hz, H-69, 7.17 (d, J 
8.8 Hz, H-2 and -6), 6.91 (d, J 8.8 Hz, H-3 and - 5 ) ,  6.44 (dd, 
J 8.1 and 2.5 Hz, H-57, 6.28 (d, J 2.5 Hz, H-37, 5.09 is, 
OCH20CH,), 4.22 (d, J 2.5 Hz, H-a), 3.84 (d, J 2.5 Hz, 
H-P), 3.78 and 3.53 (s, 2 x OCH,), and 3.41 (s, OCH,OCH,). 

chalcone (8c). Catalytic hydrogenation (MeOH; 4 h) of 
the epoxide (7c) (1.0 g) over Pd-BaSO, gave the a-hydrosy- 
dihydrochalcone (8c) which was purified by t.1.c. (chloro- 
form-acetone, 19 : 1 v/v; RF 0.66) and crystallized from 
EtOH asneedles (1.0g),m.p. 72 “C (Found: C, 65.8; H, 6.4. 
C,,H,,O, requires C, 65.9; H, 6.4%); m/e 346 (M+,  0.90/,); 
6 7.81 (d, J 8.1 Hz, H-67, 7.03 (d, J 8.8 Hz, H-2 and -6), 
6.85 (d, J 8.8 Hz, H-3 and -51, 6.53 (dd, J 8.1 and 2.5 Hz, 
H-57, 6.41 (d, J 2.5 Hz, H-37, 5.20 (m, H-a), 5.09 ( s ,  OCH,- 
OCH,), 3.87 and 3.84 (s, 2 x OCH,), 3.44 (s, OCH,OCH,), 
3.06 (dd, J 13.8 and 3.8 Hz), and 2.59 (dd, J 13.8 and 7.5 
Hz, P-CH,); vmx. 1 665 cm-I (GO) .  

chalcone (10). The a-hydroxydihydrochalcone (8c) (1.0 
g), pyridine (20 ml, dried over NaOH), and toluene-$- 
sulphonyl chloride (1.5 g) were stirred a t  room temperature 
for 24 11. After dilution with H,O (150 ml), the reaction 
mixture was extracted with ether (3 x 50 mi) and the 
extract was washed with H,O (50 ml). Evaporation 
followed by crystallization from MeOH gave triangular 
platelets (750 mg), m.p. 109 “C (Found: C, 62.3; H ,  5.6;  
S,  6 .5 .  C2aH,,08S requires C, 62.4; H, 5 .6 ;  S, G.4y0); 

The compound gave a monoacetate. 

a-Hydroxy-2’, 4’-dimethoxy-4-methoxymethoxydihydro- 

2’, 4’-Dimethoxy-4-methoxymethoxy-a-tosyloxydi hy dro- 
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m/e 329 ( M f  -OTs, 16%); 6 7.66 (d, J 8.8 Hz, H-6’), 
7.42 [d, J 8.8 Hz, H-2 and -6 (Ts)], 7.00 [d, J 8.8 Hz, H-3 
and -5 (Ts)], 6.89 (d, J 8.8 Hz, H-2 and -6), 6.70 (d, J 8.8 
Hz, H-3 and -5 ) ,  6.44 (dd, J 8.8 and 2.5 Hz, H-57, 6.31 
(d, J 2.5 Hz, H-3’), 5.91 (dd, J 8.1 and 3.8 Hz, H-u),  5.06 
(s, OCH,OCH,), 3.83 and 3.78 (s, 2 x OCH,), 3.41 (s, 
OCH20CH,), 3.06 (dd, J 14.4 and 3.8 Hz) and 2.78 (dd, J 
14.4 and 8.1 Hz, P-CH,), and 2.31 [s, CH,(Ts)]; vmX. 1 685 
cm-l (GO) .  

4-Hydroxy-2’,4’-dimethoxy-u-tosyZoxydihydrochalcone ( 1 1). 
Hydrolysis of the 4-O-protecting group of the u-tosyloxy- 
dihydrochalcone (10) (200 mg) was carried out in a mixture 
of 3M-HCl (4 ml) and MeOH (10 ml), and the product was 
isolated by extraction with ethyl acetate (3 x 5 ml). 
Preparative t.1.c. (n-hexane-benzene-acetone, 4 : 4 : 2 v/v/v; 
RF 0.29), followed by crystallization from benzene-MeOH 
(19 : 1 v/v) yielded needles (135 mg), m.p. 127 “C (Found: C, 
63.1; H ,  5.3; S, 7.1. C24H2407S requires C, 63.1; H,  5.3; 
S, 7.0%); m/e 285 (M+ - OTs, 4.9%); 6 7.66 (d, J 8.1 Hz, 
H-6’), 7.44 [d, J 8.1 Hz, H-2, and -6 (Ts)], 7.00 [d, J 8.1 Hz, 
H-3 and -5 (Ts)], 6.81 (d, J 8.8 Hz, H-2 and -6), 6.50 (d, 
J 8.8 Hz, H-3 and - 5 ) ,  6.42 (dd, J 8.1 and 2.5 Hz, H-5’), 
6.31 (d, J 2.5 Hz, H-3’)) 5.92 (dd, J 8.1 and 3.8 Hz, H-u), 
5.47br (s, 4-OH), 3.84 and 3.78 (s, 2 x OCH,), 3.06 (dd, J 
13.8 and 3.8 Hz) and 2.77 (dd, J 13.8 and 8.1 Hz) (P-CH,), 
and 2.31 [s, CH,(Ts)J; v,,,. 1 730 cm-l (GO) .  

Photochemical conversions of 4-hydroxy-2’,4’-dimethoxy-u- 
tosyloxydihydrochalcone (1 1). Irradiation of the tosylate 
(11) (200 mg) in dioxan (200 mi) a t  350 nm for 45 min, 
gives three prominent products, (13) (RF 0.54), (14) (RF 
0.46), and 15 (RF 0.39), after extraction with ethyl acetate 
(3 x 50 ml) and preparative t.1.c. (n-hexane-benzene- 
acetone, 8 : 9 : 3 v/v/v; x 3). 2-(4-Hydroxybenzyl)-G- 
methoxybenzo[b] furan-3(2H)-one (13) was isolated as a 
yellow oil (6 mg) (Found: M+, 270.089. C,,H,,O, requires 

H-2’ and -6’), 6.61 (d, J 8.8 Hz, H-3’ and -57,  6.45 (dd, J 
7.5 and 2.5 Hz, H-5), 6.34 (d, J 2.5 Hz, H-7), 5.53br (s, 4’- 
OH), 4.66 (dd, J 7.5 and 3.8 Hz, H-2), 3.78 (s, OCH,), and 
3.23 (dd, J 14.4 and 3.8 Hz) and 2.87 (dd, J 14.4 and 7.5 Hz) 
(CH,) ; vmX. 1 710 cm-l ( G O ) .  4-Hydroxy-2’,4’-dimethoxy- 
chalcone (14) crystallized from EtOH as yellow needles (20 
mg), m.p. 138 “C (Found: M+, 284.106. Cl7Hl,O4 requires 

Hz, H-p), 7.31 (d, J 8.8 Hz, H-2 and -6), 7.20 (d, J 15.6 
Hz, H-a), 6.78 (d, J 8.8 Hz, H-3 and -5 ) ,  6.41 (dd, J 8.8 
and 2.5 Hz, H-57, 6.34 (s, H-3’), and 3.78 and 3.75 ( s ,  2 x 
OCH,) ; vmx. 1 655 cm-l (GO) .  4‘-Hydroxy-2,4’-dimethoxy- 
a-tosyloxymethyldeoxybenzoin (15), purified by t.1.c. (1,2- 
clichloroethane-acetone, 9 :  1 v/v; RF 0.54) was a highly 
unstable white amorphous compound (57 mg), m/e 285 
( M f  - OTs, 2.5%), 284 (3.8), 270 (6.4), 172 (62)) 166 (la),  
165 (loo), 155 (ll), 151 (46), 138 (48), 135 (lo), 122 (13), 
120 (lo), 109 (22), 108 (37), 107 (66), 95 (16), 92 (20), and 

and -6 (Ts)], 7.12 [d, J 8.8 Hz,  H-3 and -5 (Ts)], 6.89 (d, 
J 8.8 Hz, H-2’ and -69, 6.55 (d, J 8.8 Hz, H-3’ and - 5 7 ,  
6.34 (dd, J 8.1 and 2.5 Hz, H-5), 6.20 (d, J 2.5 Hz, H-3), 
5.05br (s, 4’-OH), 4.97 (dd, J 7.5 and 6.3 Hz, H-a), 4.56 
(dd, J 9.4 and 7.5 Hz) and 4.09 (dd, J 9.4 and 6.3 Hz) 
(CH,OTs), 3.72 and 3.70 ( s ,  2 x OCH,), and 2.36 [s ,  CH3- 

Irradiation of the tosylate (1 1) (200 mg) in dioxan-water 
(4 : 1 v/v) a t  350 nm for 90 min, followed by extraction with 
ethyl acetate (3 x 70 ml) and preparative t.1.c. (n-hexane- 

M ,  270.089); 6 7.37 (d, J 7.5 Hz, H-4), 7.00 (d, J 8.8 Hz, 

M ,  284.105); 6 7.58 (d, J 7.5 Hz, H-6’), 7.55 (d, J 15.6 

91 (100); 6 7.59 (d, J .8 . l  Hz, H-6)) 7.33 [d, J 8.8 Hz, H-2 

P ) l *  

benzene-acetone, 4 : 4 : 2 v/v/v; x 2), gave five products, 
(13) (RF 0.59), (14) (RF 0.50) ,  (17) (R~0 .40) ,  (18a) (112, 0.28), 
and 10a (RF 0.20). The benzofuranone (13) (8 mg) and the 
chalcone (14) (21 mg) were identical to those described 
above. u,4-Dihydroxy-2’, 4’-dimethoxydihydrochalcone ( 17) 
crystallized from benzene-EtOH (14 : 1 vjv) as prisms (40 
mg), m.p. 143 “C (Found: C, 67.5; H, 6.0. C17HlgO5 requires 
C, 67.5; H, 6.0%); m/e 302 (M+, 4.1%); 6 7.73 (d, J 8.1 
Hz, H-6’), 6.87 (d, J 8.8 Hz, H-2 and -6), 6.53 (d, J 8.8 
Hz, H-3 and - 5 ) ,  6.48 (dd, J 8.1 and 2.5 Hz, H-59, 6.34 
(d, J 2.5 Hz, H-3’), 5.22 (dd, J 7.5 and 3.8 Hz, H-u),  4.06br 
( s ,  a-OH), 3.86 and 3.81 (s, 2 x OCH,), and 3.03 (dd, J 
13.1 and 3.8 Hz) and 2.53 (dd, J 13.1 and 7.5 Hz) (P-CH,); 
vmx. 1 7 15 cm-l (GO) .  P,4-Dihydroxy-2‘,4’-dimethoxydi- 
hydrochalcone (18a) crystallized from H,O-EtOH (9 : 1 v/v) 
as brown needles (40 nig), m.p. 113 “C (Found: C, 67.4; 
H, 5.9. C17H1@5 requires C, 67.5; H, 6.0%); m/e 302 

H-2 and -G) ,  6.67 (d, 8.8 Hz, H-3 and -5 ) ,  6.42 (dd, J 8.1 
and 2.5 Hz, H-5’), 6.31 (d, J 2.5 Hz, H-3’), 5.09 (dd, J 7.5 
and 5.0 Hz, H-P), 3.77 (s, 2 x OCH,), 3.64br (s, 2 x OH), 
and 3.31-3.22 (m, u-CH,); vnmtx. 1710 cm-l ( G O ) .  The 
compound gave a diacetate ( 18b). 4‘-Hydroxy-ct-hydroxy- 
methyl-2,4-dimethoxydeoxybenzoin ( 19a) was purified by 
t.1.c. (1,2-dichloroethane-acetone, 9 : 1 v/v; Rp 0.17) and 
crystallized from EtOH as needles (50 mg), m.p. 156 “C 
(Found: C, 67.5; H,  6.0. C17HlgO5 requires C, 67.5; 
H, 6.0%); m/e 284 (Mi- - H,O, 42%); 6 7.64 (d, J 8.1 Hz, 
H-6), 6.91 (d, J 8.8 Hz, H-2’ and -6’), 6.55 (d, J 8.8 Hz, H-3’ 
and -5’) ,  6.33 (dd, J 8.1 and 2.5 Hz, H-5), 6.19 (d, J 2.5 
Hz, H-3), 5.84br (s, 4’-OH), 4.72 (dd, J 8.1 and 5.0 Hz, H-u), 
4.07-3.78 (m, CII,OH), 3.72 and 3.66 (s, 2 x OCH,), and 
2.66br (s, CH,OH); v,,,. 1 660 cm-l (GO) .  The compound 
gave a diacetate. 

4-Hydroxy-2‘,4‘-dimethoxycAalcone ( 14) .-Dehydration of 
~,4-dihydroxy-2’,4’-diniethoxydihydrochalcone (1 8a) (10 
mg) was accomplished by refluxing with toluene-9-sulphonic 
acid (5 mg) in benzene (3 ml) for 1 h. The mixture was 
diluted with H,O (5 nil) and extracted with ether (3  x 5 
ml) Evaporation gave the chalcone (14) which was purified 
by t.1.c. (n-hexane-benzene-acetone, 5 : 4 : 1 v/v/v; RF 
0.15). I t  crystallized from EtOH as yellow needles (5  mg). 
This product was identical to the chalcone obtained by 
photolysis of the tosylate (11). 

4’-Hydroxy-2,4-dimethoxy-u-methyZdeoxybenzoin ( 16a) .-(i) 
4’-Hydroxy-2,4-dimethoxy-u-tosyloxyniethyldeoxybenzoin 
(15) (5 nig), NaBH,CN (1 mg), and NN-dimethylformamide 
(2 nil) were stirred a t  room temperature for 8 h.25 Water 
(4 nil) and 3M-HC1 (0.5 ml) was added and the solution was 
extracted with ether (3  x 5 ml). The extract was washed 
free of acid with water (4 x 3 ml), evaporated, and purified 
by t.1.c. (n-hexane-benzene-acetone, 4 : 4 : 2 v/v/v) to 
yield the deoxybenzoin (16a) (RP 0.41) which crystallized 
from EtOH as platelets (2  mg), m.p. 142 “C (Found: C, 
71.2; H, 6.3. Cl,H,,04 requires C, 71.3; H,  6.3%); 
m/e 286 (M+,  1.6%), 167 (20), 166 ( lo) ,  165 (loo), 149 (49), 
122 (12), 121 (22), and 91 (28); 6 7.50 (d, J 7.6 Hz, H-6), 
6.97 (d, J 8.8 Hz, H-2’ and -6’), 6.59 (d, J 8.8 Hz, H-3’and 
- 5 7 ,  6.34 (dd, J 8.8 and 2.5 Hz, H-5), 6.28 ( s ,  H-3), 4.66br 
(s, 4’-OH), 4.62 (9, J 6.3 Hz, H-u), 3.75 and 3.73 (s, 2 x 
OCH,), and 1.41 (d, J 6.3 Hz, a-CH,); vmax, 1670 cm-l 

(ii) The deoxybenzoin (19a) (15 mg), toluene-p-sulphonic 
acid ( 1 mg), and dry benzene (5 ml) were heated on a water- 
bath for 5 min. The mixture was poured into water ( 3  

(M+, 20%); 6 7.70 (d, J 8.1 Hz, H-6’), 7.16 (d, J 8.8 Hz, 

(C=O) . 
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ml), extracted with ethyl acetate (3 x 4 ml), and the 
extract washed free of acid with water (5 x 2 ml). Follow- 
ing evaporation of the solvent, the a-methyldeoxybenzoin 
(16a) (4 mg) was obtained by catalytic hydrogenation ( 1  
atm) over PtO, (10 mg) in MeOH ( 5  ml) for 20 min followed 
by preparative t.1.c. ( 1,2-dichloroethane-acetone, 95 : 5 
v/v; RF 0.38). The product was identical to that obtained 
by procedure (2).  

2,4’-Dihydroxy-a-hydroxymet hyl-4-methoxydeoxybenxoin 
(21).-A solution of the deoxybenzoin (19a) (20 mg) in 
dry dichloromethane (2 ml) containing BBr, (0.3 ml) was 
stirred for 12 h.26 The reaction was terminated by addition 
of ice-water (5 ml) and the mixture was extracted with 
ether (2 x 2 ml). Evaporation followed by preparative 
t.1.c. (1,2-dichloroethane-ethyl acetate, 95 : 5 v/v; RF 
0.52) gave a yellow oil ( 8  mg) (Found: m/e, 270.087. 
C,,H,,O, requires M - H,O, 270.089); m/e 270 (M’ 
- H,O, 19%), 151 (53), and 120 (100); 6 9.86 (s, 2-OH), 
7.53 (d, J 7.0 Hz, H-6), 7.08 (cl, J 7.0 Hz, H-2’ and -67, 
6.66 (d, J 7.0 Hz, H-3’ and - 5 7 ,  6.28 (d, J 2.0 Hz, H-3), 
6.27 (dd, J 7.0 and 2.0 Hz, H-5), 4.77br (s,  4’-OH), 4.77 
(dd, J 8.0 and 4.0 Hz, H-a), 4.03 (dd, J 8.0 and 8.0 Hz) and 
3.45 (dd, J 8.0 and 4.0 Hz) (CH,OH), 3.72 (s, OCH,), and 
1.53 (s, CH,OH). 

2- (4- Hydroxyp henyl) - 6-methoxy- 2-methylbenzo[b] fuian- 
3(2H)-one (22) .-A solution of toluene-p-sulphonic acid 
(10 mg) and the deoxybenzoin (21) (20 mg) in dry benzene 
(5 ml) was refluxed for 12 h. Following evaporation of the 
solvent, preparative t.1.c. ( 1,2-dichloroethane+thyl acetate, 
19 :  1 v/v) gave the benzofuranone (22) (RF 0.22) which 
crystallized from benzene-n-hexane (minimal hexane) as 
cubes ( 5  mg), m.p. 140 “C (Found: C, 71.2; H,  5.2. Cl6Hl4- 
0, requires C, 71.1; H, 5.2%); m/e 270 (M+, 81%); 6 8.19 

and -69, 6.73 (d, J 2.0 Hz, H-7), 6.69 (d, J 7.0 Hz, H-3’ 
and -57, 6.59 (dd, J 7.0 and 2.0 Hz, H-5), 3.87 ( s ,  OCH,), 
and 1.69 ( s ,  2-CH,); v , ~  1710 cm-l ( G O ) .  

(s, 4’-OH), 7.37 (d, J 7.0 Hz, H-4), 7.20 (d, J 7.0 Hz, H-2’ 
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