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Abetraet-Dihydromorin pentaacetate,’ mp 192”, was shown lo be 5,7,2’,4’-tetraacetoxyflavonc. Oxyresveratrol with 
acid or MS (probe) gave resotiol and 7-(3,~ydroxyphenyl)naphthalen-1,3_dioL 

INTRODUCTION 

The previously known phenolic substances from Osage 
orange (Toxylon pomijkun, Mdura pcmdfera) heart- 
wood are oxyresveratrol [ 11, morin [I] and dihydromorin 
[23. Oxyresveratrol was thought lo be responsible for the 
decay resistance of the wood [l] and has been shown lo 
inhibit the growth of six dermatophytes [3]. Recently, the 
water-insoluble fractions from our original Osage orange 
heartwood extractions [l] were reexamined using TLC 
and the solvent systems employed in the investigations of 
the heartwoods of five Morus species 143. In addition to 
dihydromorin, three phenolk substances not pmiously 
reported from Osage orange heartwood were obtained in 
pure form: dihydrokaempferol, norartocarpenone and 
resveratrol They were identified by their R, values 
relative lo authentic samples of the previously known 
phenolic compounds and by UV. ‘HNMR and MS. 
Reservatrol [S] and dihydrokaempferol [q were prc 
viously known from several sources. Norartocarpenone 
was recently isolated from hf. rubru [4]. 

The charactetition of these three substances makes a 
total of six phenolics which have been isolated both from 
Osage orange wood and various Morus sp. [4,7]. This 
suggests a closer taxonomic relationship between these 
two than between them and other Moraceae (e.g. 
Artocarpus, Chlorophora) esmy sina isoprenoid sub- 
stituted tlavanoids and stilbena were absent in bothcases. 

RESULlYi AND DISCUSSION 

We obtained the known acetate derivative of dihydro- 
morin, ‘dihydromorin pentaacetate’ (mp 192-195”; lit. mp 
191” [4], 190-193” [8], 192” [2], l&194” [9]) but the 
‘H NMR spectrum ckarly showed the presena of four 
acetoxy groups not five (3H each at d 2.05 and 243,6H at 
2.33). Furthermore the AB pattern characteristic of the 
tratu hydrogens at C-2 and G3 which was seen in the 
‘HNMR spectra of dihydromorin, dihydrokaempferol 
and its tetraacetate derivative was replaced by a one 
proton singkt band at b 5.8. Sina the MS of dihydre 
morinshowedtheexpacted[M]+atm/z301(CIsH110,~ 
clearly dehydration of the hydroxy group at C-3 had 
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occurred during preparation of the acetate so that the 192” 
acetate is 5,7,2’,4’-tetraacttoxyfiavone. The corresponding 
tetrahydroxyilavone has been isolated from Artucf2rpu.s 
heterophyllus [ 191 l] but the acetate was not pqmred. 
The ‘HNMR spectrum of Laidlaw’s ‘dihydromorin 
pentaacetate’ [2,8] had been examined [12] along with 
those of other 2Jdihydrollavonea but the authors re- 
ported only chemical shifts of the heterocyclic ring 
protons, no integration data, and explained the 65.73 
singlet in ‘dihydromorin pentaacctate’ as an equivalena 
of the protons at C-2 and C-3. The facile dehydration 
suggests that the stereochemistry at C-2 and C-3 in 
dihydromorin might differ from that of other dihydrofla- 
vones which cannot be dehydrated even under drastic 
conditions [6]. However, in view of the identical coupling 
constants (II,, = 11.5 Hz) shown by dihydromorin and 
dihydrokaempferol this seems unlikely. 

In 1954, we were unsuccessful in attempts to regenerate 
oxyresveratrol using acids from either its tetraacetate or 
tetramethyl ether [l]. The experiments gave resorcinol 
and another (presumed) fragment isolated as an acetate, 
mp 151-153”. A-253.294. Since with MS and ‘H NMR 
this substance nught now be readily identified, the direct 
acid treatment of oxyresveratrol was undertaken. 
Resorcinol and the 151” acetate were again obtained. The 
acetate showed [w + a1 m/z 436 and fragmentation ions 
due to loss of one, two, three and four CH3C0 units. The 
‘HNMR spectrum showed in addition lo four acetate 
groups (9H at b233,3H, at 2.5) only a complex pattern 
due to eight hydrogens in the aromatic region, 66.9-8.2. 
Thus the acetate was shown to be ClsH,(OOCMe),; the 
parent substaux was therefore ClsHl 10b, and a rational 
structure for it is the previously unreported 7-(3,5- 
dihydroxyphenyl)naphthakn-1-3diol. The behavior of 
oxyresveratrol in aqueous acid is then readily understood 
as the hydration of the doubk bond and a reverse aldol 
reaction followed by dimerization of the 3,5dihydroxy- 
phenylacetaldehyde. This dimerixation has ample pre- 
cedent in the synthesis of 2-phenylnaphthakne from 
phenyhcetaldehyde [ 13,143. 2-p-tolyl-7-methylnaph- 
thakne from /?-bromo-p-methylstyrene [ 151 and 
2-(3&methylene dioxyphenyl)6,7-methylenedioxynaph- 
thakne from homopiperonal [ 16 . 

The MS of resveratrol showed 2 M] l a1 m/z 228 as the 
base peak. A carefully puriikd sampk of oxyresvcratrol 
always gave two peaks in the total ion currentgraphasifit 
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contained a second component. The MS of the more 
volatilecomponent was that expected from oxyresveratrof 
with EM]’ at m/z 244 as the base peak. The second 
component furnished essentially two ions, at 268 CM]’ 
(3OyA and 110 [C6H,01]+ (lOOy$, and is explained as 
the 7-(3,S-dihydroxyphenyl)naphthalen-1Jdiol formed 
in the direct inlet probe by heat and electron impact. 
Oxyresveratrol at 100 &ml and resveratrol at 120 &nl 
were inactive against Esdteric~ coli, Staphyftmccus 
aureus, Pseudomo~ aeruginosa and Cat&da al&cm. 

EXPMUMENTAL 

Acetylations were carried out at room temp. overnight using 
euasAclOaodavarrof~ridine,Fot~HNMR,at60MHz 
with TM& free hydrox~tilbenes and Bavone were dissolved in 
McsCO and acetate derivativea in CDQ. MS were obtained 
with the Hcwktt-Packard 5985, a quadropk instrument, using 
the ekctroo impxct, dirazt inlet mode and an accekrating voltage 
of 70 cv. 

Separarionr. Separations were carried out by CC on MN 
celhdosc powder for column cbromatograplty eluting with 30% 
aq. HOAc and on Applied !9cknce Hi-Flosil60/200 mesh eluting 
with ~&-Me&O (75: 10). About 100 g of celhdoac or 15 g of 
silica were used for the separation of 1 g of a mixture. Cellulose 
columns were washed ckan and reused. 

Au fractions were monitored by TLC on EM prr-coatcd TLC 
plastic sheets of ccBuloac Fs,. in 30% aq. HOAc and on MN 
Polygram sil G UVxsr in CsHs-h&CO (70:30) The fluor- 
cscena qucnchmg subatanccs (d~y~orno~, dihydre 
kacmpfcroi and oomrtorarpcnonc) were mcwt cavity &taxed at 
low concns on the silica plated The tluorcscent substaom 
(morin. rcxvcratrol and oxyruvcratrol) were more easily visible 
00 the ccuuJosc plate. 

DiJtJ&umorirs Mp 223-225” (da) (lit. [4] mp 228’k UV I_ 
291 nm; R, 0.7 (cclhdosc), 04 (siliik ‘H NMR: d 120 (1 H, s, C-S 
0~6.13~d6.18(2~~~4~~2~H~~H-8AS.O~d 
5.67 (ZH, both d, J = 1 t-5 Hr., H-2 and H-3), 656.75 (ZH, as), 
7.53(1H&= 9 Hz.H-3’,Ha’OMfH-5’rMSm/z(nLin~f304, 
[Mj+(40),286[M-18]* (15),275[M -29]+ (45),257[M--29 
- 18]+ (13), 153 (loO), 150 (28), 123 (45) Acetate derivative: mp 
and ‘H NMR in discussion except for 6675 and 6.9 (2H, both d. 
J-2Hx,H-6andH-8) 

~~~r~f~ Mp 225-230” (lit. [P] mp 2282%) 
UV 1,293 nm; J?, 07 (ccBulosc), 0.6 (sibmk ‘H NMR: d 120 
(lH,s,G5OH),6.12and6.17(2H,bothd.l-2Hz,H-6andH- 
8), 5.28 and 4.78 (2H. both d, I - 11.5 Hx, H-2 and H-3), 7.0-7.3 
and 7.5-7.8 (4H, m, H-2’, H-3, H-5, H-6’) MS m/r (ml int.): 288 
[m+ (54),270[M -IS]+ (12),260(13),259[M-29]* @0), 165 
(27x 153 (100), 136 (33), 134 (48), I07 (76). Acetate derivative: 
amorphous, softens 8085”; ‘H NMR: 62.05 (3H, s, OAc), 235 
(6H, x, OAc), 243 (3H, s, OAc), 6.78 and 6.97 (2H. both d, J 
= 2 Hz, H-6 and H-8), 5.53 and 5.9 (2H. both d, J - 12 Hz, H-2 
and H-3). 

Norarra~penone. Mp 225-W (dac) (lit. [4] mp 233-234 
deck UV 1, 295 nm; R, 07 (aUulos& 0.5 (silica) ‘H NMR: 
~125(l~~C-SOH).613(2H.s,H-6andH-8).5.85(1H,d4J 
= 13.4 Hx H-2), 3.2 (in pyridinc, 2H. m, H-3), 6.57.7 (3H. m, H- 
3’. H-5’ and H-6’). MS as/s (rel int$288 [M-j + (ZT), 271(18), 270 
[M-18]+(100),269(63).259[M-29]+(17).153(~),136(13), 
lU(lO), 107(19).Acctatcdcrivativc,gh~s(h(lit[4]mp IOS-106”) 
‘HNMR 6203 (3H,s,OAc).235 (6H,s,OAc), 240(3H,s, Oh), 
295 (2H, m, G3k 1H (H-2, dd) not visibk because of small 

=mPk. 
Remmud. Mp 256260’ (tit. [4] mp 255257Ok UV L 305, 

320 nmK,a3(cefluloscb0.5(silicaf, MSm/z(reLintf: 228 [w’ 

(100k 211 [M-173+ (l2), 181 (18) Acetate derivative mp 
10&l 123 ‘H NMR 623 (9H, s, OAc), 6.7-M (9H, m) 

0xJWrlWalrol. UV 1_ 314 323 run. R, 0.2 (oeBulosc), 0.3 
(sihca). MS m/z (ret. intk 244 CM]’ (100), 227 CM - 17j+ (25), 
226[M - 181’ (39). 198 (U), 197 (20). 123 (44) Acetatederivative 
mp132-1370(lit.[4]mp142-143o).1HNMR:d230(9H,s,OAc), 
237 (3H, s, OAc), 6.8-7.8 (8H, m). 

Acid deaaw@e of 2,3’,4,5’-tetrmmeshoxystilbene (1953). A mix- 
ture of HOAc (1 mJ) constant-boii HI (1 ml) and the t&a- 
methoxystilbcne (l&.3 mg) was rcfluxcd a5 hr, poured into 5 % 
aq. NdKQ (50 d)aod the nsuhing soln extracted with EtsO. 
The dried Et,0 solo was cnncd and chromatrographcd oo a 5.0 g 
sibcic acid column. Eh~tion with EtsO until a yellow band 
reached the bottom of the column fumisbL!d crystaBine rc- 
sorciooi, 32 mg (93%) which after razrystaBhation from ise 
cctant, melted at 109-1100 wxtepnsscd when mixed with an 
authentic sample Further clution of the cohmm with EtsO 
furnished a brown solid (34 mg) which wasacctylatcd.The brown 
crystalline acetate isolated in the usual way was chromato- 
graphed in C6H6 oo 3 g sihcic acid column. Elution with 5 % 
Et,0 in GHd furnished a dourkas oil (2Omg) which WBS 
cqstalltwf from CsHs-iso-octane, mp 151-153”; WA, 253. 
294 nm. tt was insolubk in aq. NaHCO,, gave no prccipitatioo 
with ~~~troph~y~yd~e reagent and did not im- 
mediately dacolourixc KMoO. in MesCO. 

Acid ckacqp ojoxyres~~atrol A mixture of oxyrcsvcratrol 
(50~~HO~((3ml)aodconcHCI(2ml)washeatal30minoo 
the steam bath, then poured into 50 ml of 5 % 4. NaHCO,. The 
resulting soht @H 4.5) was extracted immediately with EtOAc 
TLC of the extract oo silica disclosed rcsorcinol at R, 0.4 and a 
W-absorbing main spot at RI 0.2 which rapidly darkened in air. 
This substancz was isoJatcd by CC on pH 4 silica (Malhnkrodt 
SibcAR- 100-200 mesh) cluting with mcrcasiig concns of 
MclCO in CsHs then immediately aatylatcd. The acetate, 
13mg,mp14&151”,wasobtaincdbytihratioo.MSm/z(rcLint.)c 
436 [M]+ (7), 394 [M-AC]’ 0,352 [M-2&]+ (100). 310 
[M - 3Ac] + (54), 268 [M - 4Ac] + (621, 239 [268 -29]+ (22). 
‘H NMR: 6233 (9H. s, OAc), 25 (3H, s, OAc), 6.9-8.2 (8H, m) 
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