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Abstract-The heartwood of Dalbergia retusa contains, in addition to 8-O-methylretusin, (R)-4-methoxydalbergione, 
(R)-obtusaquinol and (+)-obtusafuran [(2R~3R)-2-phenyl-3-methyl-2,3-dihydro-S-hydroxy-6-methoxybenzofuran], 
the cinnamylphenols obtusastyrene ~~-l-(4-hydroxybenzyl)-2-phenylethylene}, obtustyrene [E-I-(4-hydroxy-2- 
methoxyben~l)-2-phenylethylene] and obtusaquinone [sty~l-5-hydroxy-2-methoxy-4-quinonemethide]. The struc- 
tural determination of compounds relied on spectra, degradations and syntheses. 

The central-American cocobolo, DaIBergia retusa Hems- 
ley, has been studied by two groups of investigators. 
Misled by an error in the botanical literature which was 
rectified by Lecomte [2]_ we referred in our prelimina~ 
communications to this species wrongly as D. obtusa 
Lecomte [3] and named the previously unknown com- 
pounds accordingly. Table 1, which correlates our results 
with those obtained during subsequent studies by Jurd’s 
group, shows the close chemical relationship of the 
analysed specimens. The differences in composition 
are hardly significant. Indeed, as obligatory precursors 
respectively to lb and 6a. the intermediary presence of 
la in specimen 1 and of 5b in specimen 2 seems assured. 
The additional presence of the S-isomers of 2a, 3a and 
4a in specimen 2 may be due to chemical variation within 
the species. While (R)-4-methoxydalbergione (2a, ir-3H, 
#%CH=CH,) occurs additionally in several Dalbergia 
species [l&12] and 8-O-methy~etusin was isolated 
also from I). uariabilis Vog. [13], all other constituents 
have so far not been reported from any other source. 

ORtusaquinol 

RESULTS 

Chromatography of a C,H, extract gave fractions 
containing a coloured component [(-!-)-2a] and a colour- 
less component (obtusaquinol). Attempted purification 
of obtusaquinol by TLC resulted only in the isolation of 
(R)-4-methoxydalbergione [(+)-2a], as a result of aerial 
oxidation. This indicates that obtusaquinol is (R)-3-(2,5- 
dihydroxy-4-methoxyphenyl)-3-phenylpropene (3a, tl- 
CH=CH,, /I-H). Analogously, (~)-3,4-dimethoxydal. 
bergione (2b, cr-CH=CH,, 8-H) and the corresponding 
quinol 3b co-occur in the heartwood of Mackaerium 
scleroxylon Tul. [143, M. kuhlmannii Hoehne and M. 
nictitans (Vell.) Benth. [ 15). Analytical data on (k)- 

*Part 8 in the series ‘The Neoflavonord Group of Natural 
Products’. For Part 7 see ref. [I], 

Retusm (la) 
8-0-Methylretusin (lb) 
4-Methoxydalbergione (2a) 
Obtusaqumol(3a) 
Obtusafuran (4~3) 
Obtusastyrene (5a) 
Obtustyrene (5b) 
Obtusaquinone (6a) 

Table I. Constituents of cocobolo wood 

Presence ( +)/Stereochemistry 
Specimen 1 Specimen 2 

+cfd 

Z/R L41 
1f61 
+/rat [7] 

+/R [4J f/rat [7) 
+/2R, 3R [3-j +/rat [S]* 

A.. c43 
-4 M 
VI51 + 171 

*Later reported to be an artiticial rearrangement product of 
4a Ip]. 

obtusaquinol [rac+methoxydalbergiquinone] were re- 
ported [7]. 

( +)-Obtusafurm 
The absence of carbonyl groups and the presence of an 

oxygenated benzene chromophore without further con- 
jugation were inferred, respectively, by IR and UV 
spectra. Singlets in the PMR spectrum were assigned to a 
methoxyl, a hydroxyl and two paru-related protons on 
this benzene ring, and to a phenyl group. The spectrum, 
associated with appropriate spin decoupling experi- 
ments indicated furthermore the presence of an OCH- 
CH-Me unit. This evidence could best be accomodated 
by the alternative constitutions 4a and 4b for obtusafuran. 

The relative positions of OH/OMe in obtusafuran were 
determined by hydrogenolysis to a dihydroxybenzene 
derivative which, on aerial oxidation, gave an optically 
active para-benzoquinone. The constitutional formula 7 
for this compound was confirmed by the synthesis of 
the racemate. The olefin S, obtained by the appropriate 
Wittig reaction on 2-benzyloxy-4-methoxyacetophenone, 
was hydrogenated to 9a, which was oxidized with 
Fremy’s salt [ 161. It follows that obtusafuran must be one 
of the stereoisomers of 5-hydroxy-6-methoxy-3-methyl-Z- 
phenyl-2,3-dihydrobenzofuran (4a). 
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OR 

laR=H 
lb R=Me 

R 

Me \ OH 

m 

I I 
HO ’ 

Ph 

2aR=H 
Zb R = Oh& 

i’h 

3a R = 1-l 
3b R = OMe 

da R’ = R3 = R” = H. R’ = Me 
4bR’=Me,Rz=R3=R4-Me 
& R’ = AC, R3 = R4 = H, R’ = Me 
4d R’-_W,R2=~~e.RJ=OH.R4=OMe 

5a R’ = R2 z R3 = H 
5b R’ = OMe, R* = R3 = H 
5e R’ = OMe. RZ = Me, R3 = H 
.5d R’ = OMe. R2 = H. R3 = OH 

Ph 

7 

Ph 

9aR=H 
9b R = CH,Ph 

Ph 

lla R’ = R” = R3 = H 
llb R’ = OMe, R2 = Me, R3 = H 
llc R1 = OMe, R2 = R3 = H 
lld R’ = OMe, R2 = CH,Ph, R3 = OCH,Ph 

6aR=H 
6b R = Me 

8 

10a R = H 
lob R = AC 

0 

12a R” = Me. R’ = R3 = CH,Ph 
1Zb R’ = R3 = H, R2 = CH,Ph 
12c R’ x R” = H. R3 = Ac 
12d R’ = H, RZ = Me, R3 = Ac 
12e R’ = H. R’ = R3 = CH,Ph 



The relative stereochemistry of obtusafuran was Obtusaquinone 
determined by comparison with the racemic c&2,3- 
dihydrobenzofuran derivative (cis4a), prepared by wn- 

Subsequently to the original preliminary communica- 

trolled catalytic hydrogenation of the benzofuran 10a. 
tion on the structure elucidation and synthesis of this 

This was synthesised by the reaction of 2,5-dihydroxy- 
styryl-para-quinonemethide [S], a description of its 

anisole with 1-bromo-1-phenylpropan-2-one in the pre- 
properties [7], including an X-ray crystallographic 
study establishing the geometry of the trisubstituted 

sence of BF,-Et,O. The IR and PMR spectra of cis-4a 
and ( +)-obtusafuran are very different, and the latter 

double bond as shown in 6a [26,27] has become available. 
The compound can be synthesised either by Ag,O 

compound must thus be the 2,3-trans-isomer. Configura- 
tion of this assignment was obtained by the synthesis of 

oxidation of C-cinnamylated 4-methoxycatechol [28], 

tram-4a by heating of a DMSO solution of the acetate 
or by PbO, oxidation of LiAlHJAlCl, reduced 2’- 
methoxy4’,5’-dibenzyloxychalcone (lld). 

of the cis-isomer (cidc) with t-BuOH. The IR and PMR The acetophenone 12a, required for the preparation 
spectra of (f)-trans-4a and of ( +)-obtusafuran are of this chalcone (lid) could be obtained by monobenzyl- 
identical. The PMR spectra of these cis- and trans ation, followed by methylation of the acetophenone 12b. 
isomers differ particularly with respect to the chemical 
shifts of H-2 and Me-3 (z resp. 4.27 and 9.26 for cis-4a 

The synthesis of 12b by K&O, oxidation of4-benzyloxy- 
2-hydroxyacetophenone gave a poor yield [29]. In 

and 4.90 and 8.63 for trans4a). Both isomers have the contradistinction, the reaction of 1,2,4_triacetoxybenzene 
same vicinal J,_, H_3 (8 Hz), and this result is of general 
interest in relatidn to the considerable discussion [lfl 

with BF,-HOAc gave 5-acetoxy-2,4-dihydroxyaceto- 
phenone (12~) in high yield. Structure 12c for this com- 

concerning the deduction of the relative stereochemistry pound was confirmed by monomethylation which gave 
of the 2,3_dihydrobenzofurans from PMR coupling the known 126 [30]. Benzylation of 12c resulted in 
constants. deacetylation and formation of the dibenzoyl derivative 

The absolute stereochemistry of obtusafuran was 12e which, on methylation, gave the required aceto- 
determined by ozonolysis of (-)-7, derived from natural phenone 12a. This was condensed with benzaldehyde 
( +)-obtusafuran, to (s)-( - )-methylsuccinic acid [ 181. 
The (-)-quinone therefore has the S-configuration (7, 

to the chalcone lld. Reduction of lid with LiAlHJ 

cc-Me, B-H) and ( +)-obtusafuran the 2R,3R-conligura- 
AlCl, gave the cinnamylphenol 5d which, on oxidation 

tion (4a, a-Me, j?-Ar). 
with PbO, gave the styryl-para-quinonemethide 6a, 
identical in all respects with natural obtusaquinone. 

Obtusastyrene and obtustyrene 
Isolated as colourless oils, resp. C,,H,,O and 

C,,H,,O,, with UV, IR and PMR (ABX, system, DISCUSSION 

J,, = 16 Hz) spectra consistent with E-cinnamylphenol 
structures [ 191, comprising unsubstituted phenyl groups. Pyrolysis of (+)-obtusaquinol(3a) caused its abnormal 

An AA’BB’ system in the PMR spectrum of obtusastyrene Claisen rearrangement into ( f )-obtusafuran (trans-4a). 

was assigned to the aromatic protons ofapara-oxygenated ( f )-Obtusafuran, obtained by distillation of oily extracts 

phenyl group, while analogous spectra did not provide of specimen 2 (Table 1) may thus be an artifact, and, 

information concerning the oxygenation pattern of indeed, chromatographic examination of a petroleum 

obtustyrene and its methyl ether. These data., as well as extract failed to reveal the presence of the compound 

biosynthetic considerations, based upon previously [9]. The analysis of specimen 1, reported in the present 

rewgnised structures of cinnamylphenols [1, 15,20,21] paper, revealed the presence of (R)-obtusaquinol (3a, 

and our views concerning the biosynthetic relationship a-CH=CH,, /3-H) and (2R,3R)-obtusafuran (4a, a-Me, 

between cinnamylphenols and neoflavonoids [22], sug- fi-Ar). In connection with the consequent suspicion 

gested structures 5a and 5c respectively for obtusastryene that (2R,3R)-obtusafuran and (2S,3S)-melanoxin @Id, 

and for obtustyrene methyl ether. B-Me, a-AT) from D. melanoxylon Guill. et Perr. [31] 

The cinnamylphenol5a was prepared by the reduction may also be artifacts, it is to be noted that both were 

of the chalcone lla with LiAlHJAlCl, [l, 20, 211 and isolated from plant extracts under mild conditions, 

found to be identical with obtusastyrene. Since double respectively by washing with hot benzene and chromato- 

bond rearrangement has been shown to occur in some graphy, and by washing with ligroin and crystalliza- 

cases during similar reductions of chalcones [23], this tion, and could, thus, conceivably, be derived by a 

process is unacceptable as structure proof. The un- variant of the general biogenetic route that gives rise to 

ambiguous direct cinnamylation of phenol, however, cinnamylphenols and neoflavonoids [22]. 

either by the Claisen rearrangement [19, 241 or, more 
effectively, by the acid-catalysed condensation with 
cinnamyl alcohol [25], again gave obtusastyrene (5s). 

The structural proposal for obtustyrene methyl ether 
EXPERIMENTAL 

was confirmed by its identity with the synthetic cinnamyl- Unless otherwise stated spectra were measured in EtOH 
phenol 5e prepared by the reduction of the chalcone (UV), CHCI, (IR), CDCl, (60 MHz PMR) and MeOH (ORD). 
llb with LiAlHJAlCl,, previous work [21] having All evapns of volatile material were performed under diminished 

shown that 2’-oxychalcones give products without pressure. 

rearrangement of the double bond. To distinguish Isolation of the constituenbs. Ground heartwood (2.28 kg), 

between the alternative structures which thus emerged 
collected in Central America, was continuously extracted with 

for obtustyrene, the chalcone llc was reduced to 5b, and 
hot C,H,. Evapn of the solvent gave a residue @log). A portion 

this cinnamylphenol proved indeed to be identical with 
(70 9) was chromatographed on Si gel (1.2 kg), eluting successive 

the natural product. Obtustyrene was also synthesised by 
ly in 21. fractions with C,H, (fractions l-14), C,H,-CHCl, 

the direct cinnamylation of 3-methoxyphenol 1251. 
mixtures (fractions 15-62), CHCl, (fractions 63-90) and MeOH 
(fractions 90-93). Fractions l-2 were fatty material. Fractions 

Obtusastyrene and obtustyrene, cinnamylphenols from Dalbergia retusa 1397 
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3 6 were separated by TLC into Sa (25 mg). Fractions 7-14 
similarly gave ( +)-4a (840 mg) and 5b (95 mg). TLC indicated 
m fractions 15-27 the presence of ( +)-2a (orange) and 3a 
(coiourbss); attempted eIutton of the colourless spot, however, 
yielded only ( +)-2a (53 mg). Fractions 28-63 were tryst. from 
EtOH to 6a (2 g). Fractions 64-74 similarly gave lb (100 mg). 
From fractions 75-93 no pure compd could be isolated. 

Identifications. 8-0-Methyiretusin (lb) and (R)-4-methoxy- 
dalbergione [( -f-)-Za] were identified by direct comparison wtth 
authentic samples isolated resp. from D ouriabihs [13] and 
D nigru [lo]. 

Ohtusastyrene (5a). Oil. bp 180” (bath temp., 0.1 mm). [Found: 
C, 85.35; H. 7.09. C,,H,,O requnes: C, 85.68: H, 671 “/o]. 
1,,, (nm): 256, 285, 294 (a 13600, 4350, 300% v,, (cm-‘): 
3550. 3300, 1600. PMR (TV 2.74 (s, Ph). 2.95, 3.26 (A,B, system, 
J A8 = 8 Hz, H-2, H-6 and H-3. H-5), 3.54. 3.64, 6.56 (ABX, 
system. J,, = 15.9 Hz. J,, - 1.8 Hz, J,, = 6 9 Hz, CH,= 
CH,-CH,,). S.O(hr.s. OH). 

O~f~s~~r~~~ (5b). Oil, bp 140” (bath temp., 0.1 mm). [Found: 
C, 79.70: H, 7.12. CI,H,,02 requires: C, 79.97: H, 6.71x]. 
&,,, (nmV 254,285.293 (e 16800.5700,2500). r,, (cm-r): 3600, 
1600. PMR ir): 2.7-3.8 (m, 8 ArH), 3.55,3.66,6.55 (AI& system: 
J A8 = 16 Hz, CH,=CHs-CH?,), 40 (6r.s. OH), 6.22 
(s, OMe). Methyl ether {Se). ~ieI-lnethyiation of 5b gave 5c, orl. 
[Found: M (HRMS), 254.1303. C,,H,aO, requires: M, 
254.13073. vmay (cm - ‘): 1600. PMR (tt: 2.77 (s, Ph), 2.6 3 8 (nr, 
3 ArH), 3.3-3.8 (m 2 H). 6.55 (m, 2 H) (ABX, system, not analysed 
in detail, CH,=CH,-CH,,). 6.18,6.21 (2 s. 2 OMe). 

Ohtusaquinone (6a). Red needles, mp 174’ wtth preliminary 
softenmg at 155-156 (cyciohexane). [Found: C. 75.58; H, 5.76. 
C,,H,,O, requires: C. 75.57: H. S.SSU/,]. A,,,,, (nm): 206, 253. 
268, 399 (E 17300. 7050, 7250,43 800). vmal (cm-‘): 3400, 1605, 
16OG. 1580. PMR (r): 2.4-2.8 (m, Ph), 2.43.0 (tn, 3H). 3.10 
(hr. s, OH), 3.16 (s. H-3). 4.13 (s, H-6),6.1.5 (s, OMe). Methyl ether 
(6b). 6a (95 mg), Mel (I ml), &CO, (3 g), Me,CO (20 ml), reil., 
2 hr, gave 6b (80 mg), dark orange micro-needles. mp 168-169” 
(CHCla-cyclohexane). [Found: M (HRMS),26&.1106. C,,H,,OJ 
requires: M, 268.10991. v,,, (cm-“): 1640, i605. i-(2,4,5- 
Trlrmetizo.u~phenpI)-3-pkenylpropQne. Hydrogenatton of 6a m 
EtOII over 107; Pd/C (room temp., 1 atm.), followed by fiitra- 
tion, evapn of the EtOH and methyiation of the residue gave 
crystals. mp 42.-44.. tdentical wrth the methyl ether of dthydro- 
vtolastyrene ml. 

(2R,3R)-Of&4&uran (4a, G-Me, /?-Ar). Pale yellow mtcro- 
crystals, mn 110.-113” (EtOH1, faf? +47” (c 0.86, MeOH). 
[Found: C: 74.85: H. 5.93 C,,H,*lO, requires: C, 74.98; II. 
6.29 y/61. L,,, (urn): 235 inil., 305 (a 2950, 4600). v,,, (cm -‘I: 
3500. 1615. PMR (r): 2.63 (s. Ph), 3.30 (s, H-41, 3.53 (s, H-7), 4.77 
(hr.s, OH), 4.90 (d). 6.4-6.9 (I& 8.63 (d) (AMX, system, J,, = 
8Hz. J, = 7Hz, J, = 0 Hz. OCH,-CH,-CH,,). 6 15 
(s, OMe) ORD (P 0.1321- [+I,,, +340. [&Jl,,, + I I 30,[$fJ3, 

+i580. [Qt]i,z +3150. [dt]303 +1690. [#]lg4 -455, c4.lts2 
-2360,[d-],i, -1800,[~]2h., -1130. 

Degrudation to (- )-urrthplsuccinrr acid. (a) ~i~~yo~e~~lysis 
and o&i&on to ( - )-2-methoxy-S-t(2S)3-phenylpropan-2-~~- 
1.4-&e~~~q~~~o~e (7). Hydrogenation (room temp., 1 atm., 4 hr) 
of ( +I-4a (270 mg) over iO% Pd/C (100 mg$ m HOAc (50 ml) 
followed by fiitratron and evapn of the HOAc gave a residue. 
Puri~cation by TLC permitted aerial oxrdatton to 7, yellow 
needles, mp 118-120’ (EtOH), [x]:’ - 11.0” (c 2.0, CHCI,). 
[Found: M (MS), 256. C,,H,,O, requires. M, 256). A_, (run): 
207,264,325(~ 13000.12600,920). v,,,(cm-‘): 1675,1645,1600. 
PMR (T): 2.80 (s. Ph), 3.56 (d. J = 1 Hz, H-6), 4.10 (s, H-3), 6.20, 
6.4-7.6 (in. CH,--CH1. 8 91 Id. J = 7 Hz. Mel. ORD Ic 0.054. 

passed through (- )-7 (125 mg) m HOAc (20 ml) (room temlf., 

I5 hr). After evapn of the HOAc 3 % H,O, f 10 ml) was added, 
quinone (7). (a) Preparution of Z- un> &l-(2-ben$oxy-4- 
niethoxvohenvf)-l-fnethvl-2-akenvfetf~v(e~e (8). Triphenyibenzyl- 

followed by heatmg (100”. 10 mm). acidification and evapn. phosphonium chioride.[38 j(9 &was added to EtdNa (Na 14,) 
The residue was trrturated wtth Et,O. Ftitratton and evapn of m EtOH (50 ml) and the mixture was stirred (15 min) 2-Benzyl- 
the H,O gave a residue whtch was recryst. to ( -)-methylsuccmtc oxy-4-methoxyaeetophenone [39] (5g) in EtOH (10ml) was 
acid (11 mg). prisms. mp 105-l 10” (C,H,--Et,O), [~];a - 7.8 i: then added and the mixture heated under reflux (16 hr), poured 

1.0”(~0.6,H,O)(lit.[32] mp lOI-103”, [a]$’ -8.7’(e2.0, H,O). 
lit. [33] mp 110-l 13”. [@]A” - 14.9 i 4.2” (c 0.6, &OH). 

Synthesis o~4’-h~dro3ig-2’-rneth~.~_~h~~~~~~ (11~). 4-Hydroxy- 

2-methoxya~tophenone[34J (3.2g). PhCH0(2.g)~IJtOH(lOml~ 
and KOH (5 g) in H,O (10 mi) were stirred (room temp., 16 hrl. 
The mixture was acrdriied and extracted with C,H,. Evapn of 
the C,H, gave a residue whrch was recryst. to ttc (2.6 g), mp 
152. 153“ (EtOHL fF0und.C. 75.61: H. 5.69. C,,H,,O, reautres 
c,75 57; II, 5.5521. 

LII 1.. _1 

Sj&tesjs of 4’.5’-dibenzplo~p-2’-,netho;xychalcone (lld). (a) 
Acyfation of 1,2,4_rrincetosyhen;ene [35]. BF,-HOAc (60 ml) 
was added to this compd (20 mg) and the mixture heated (1W. 
IOmin), Ice H,O (250ml) was then added and the ppt. (13g) 
collected. A portton was sublimed (140”. 0.1 mm) giving S- 
acetoxy-2,4-dihydroxyacetophenone (12~1, microcrystals, mp 
163”. iFound: C, 56.85: H, 491. C,,H,,O, resuires: C, 57.14; 
H, 4.85 %]. vmax (cm- *): 1760, 1630. FMR”(rt -2.62 (s, OHk0.38 
(br. s, OH), 2.37 (s, H-6), 3.55 (s, H-3). PMR (C,H,N. T) 7 50 
(a, AC), 7.73 (s, OAc). ~~o~f)~)~~r~~~~ t*rker (12d). I2e (2 g). Mel 
(1 ml) and &CO, (5 g) m Me,CO (20 ml) (refiux. 3 hr) gave K&i 
(400 mg).nee~ies,“mpi04”. [Found:C, 59.23: H,5.55.C, ,H,,Os 
reauires: C. 58.92: H, 5.409,:], identrcal wtth an authentic 

sample. mp 104” f30]. (b) Benr&t~~r ~$12~. 12~ (20 g). PhCH,CI 
(30 g) and-K,CO; (37) g) m Me,CO (300 ml) were heated under 
reflux (3 davst. The product was purified by chromatography 
(Si gel, C,Hi)‘to 4,5-~ib~n~yloxy-~“hydroxy~~~tophenon~ (id, 
17.1 g), needles, mp 96-97’ (EtOH). [Found: C, 75.60: H, 5.49. 
C,,H,,O, requtres: C. 75.84: H, 579x1. Ye, (cm ^I): 1630. 
PMR (r). - 2 52 (s. OH). 2.62.2.65 (2 s, 2 Ph), 2 86 (s. H-6). 3.51 (s, 
H-3), 4.84, 4.95 (s, 2 CH& 7.58 is, Acl. (cl .~f,~~z~l~~~r~~a d 12e 
12e (10 g), Me1 (15 ml) and K,CO, (20 g) m Me,CO were heat& 
under reflux (16 hr) giving 4,5-dtbenzyloxy-2-methoxyaceto- 
phenone (12a. 14.6 g), needles, mp 76” (EtOH). [Found. C, 75.90: 
H, 6.08. C,,H,,O, requires: C. 76.22; H, 6.12?;]. v,, (cm -‘). 
1660, 1600. PMR (z): 2.46 (H-6), 2.60 (s, 2 Ph), 3.47 (s. H-31.4.78, 
4.88 (2 s, 2 CH,), 6 21 (s, OMe), 7.46 (s. AC). (d) Condensation of 
12a wrth PhCHO, 12a (10 g). PhCHO (3 g), EtOH (40 ml) and 
KOH (20 g) m H,O (30 ml) were stirred (room temp., 2 hr). The 
mixture was acidified, the ppt. collected and recryst. to 4’.S’- 
dib~~yloxy-~-methoxych~cone (lid, 9.5 g). yellow mtcro- 
needles, mp 113” (EtOH). [Found: C. 79.81; H, 5.43. C3*Hlh04 
requires: C 79.98: H 5 S:!‘~~]. Y (cm-‘): 1650,160o. PMR (t): 
23-2.9 (m,’ 2 Ph. Pi;C’H=CH.?I-6’). 3.48 (s, H-3’). 4.83. 4 92 
(2 J, 2 CH& 6.25 (s, OMe} 

~}lnth~~Is oj E-cannumyipkenofs. LrAIH, iresp. 1. 1, 1.3 and I g) 
in Et,0 (20 ml) was added to the chaicone (lla [36] 2.5 g, 
llb [37] 4 g, llc (see above) 3.2 g, lid (see above) 2g) and the 
mixture was heated under reflux (30 min). AiCl, (resp. 10,7.9, 10 
and 10 g) in Et,0 (20 ml) was then added and the mixture further 
heated (30mm). Excess reagent was decomposed with H,O, 
and the resulting mixture was acidified and extracted with Et,O. 
Evapn of the Et,0 and TLC puriiicatron of the residue gave the 
cinnamylphenols resp Sa (1.91 g) identical with natural obtusa- 
styrene: Se (2.5g) identical wrth obtustyrene monomethyl 
ether Sb (1.75 g) tdentrcai with natural obtustyrene: 5d (1.4 g) 
E-l_(4.5-dibydroxy-2-metholtybenzyl)-2-phenyIetbyfene. Identt- 
ttes were established by elemental analysts or HRMS, 1R and 
PMR. 

Synthesis of obi~su~u~~on~~ (6a) and o&t~sffq~jn#~e nrethyf 
ether (6b). PbO, (resp 2 and I gl was added to the cmnamyi- 
phenol (sd [see above] 0.7 g. violastyrene [21] 0.2 g) in dry 
C,H,(resp. 5Oand 10 mi),themixtureshaken(resp. 1 and 10 mitt). 
filtered, and the product purtfted by TLC (8 gel, CHCI,- MeOH) 
resp. to 6a (100 mg) and 6b (100 mg)_ tdenttcai imp, mmp, XR 
and PMR) resp. with natural obtusaquinone and its methyi 
ether. 

Syntheses off ~)-2-rnethosy-513-phmylpropan-7-vn- 1.4~henro- 
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into H,O and extracted with Et,O. Chromatography (Si gel, 
C,H,) gave 8 (5.7 g), 011. [Found: C, 83.55; H, 6.87. C,,H,,O, 
requires: C, 83.60; H, 6.71 Td]. (b) Hydrogenation of8 into (+)-l- 
(2-hydroxp4-methoxypheny0-l-methyl-2-phen}~lpropane (9a). The 
ethylenes 8 (1.55 g) in HOAc (40 ml) were hydrogenated (room 
temp., 1 atm.) over 10% Pd/C (IOOmg) until absorption of 
250 ml H,. The mixture was liltered and the HOAc evapcl. The 
residue was separated by TLC (Si gel, CHCl,) into 9a (140 mg) 
and (f)-l-(2-benzyloxy-4-methoxyphenyl)-l-methyl-2-phenyl- 
ethane (9b, 435 mg). 9a, oil. [Found: M (HRMS), 242.1306. 
C H 0 requires: M, 242.i307]. v,, (cm-‘): 3250, 1600. 16 18 2 
PMR (7): 2.81 (s. Ph). 3.56 (ddh 3.70 (db 2.95 (d) (ABX system, 
J,, = ‘215 Hz., j, =” 8 Hz, k-s; H-3, H:6), 5.3‘(6r; s, OE$ 6.26 
(s, OMe), 6.5-7.5 (m, CH,-CH), 8.78 (d, J = 7 Hz, Me). 9b, oil, 
bu 165” (bath temp., O&mm). [Found: C, 82.82; H, 7.38. 
C;,H,,O; requires-c, 83.10; H; 7.28x]. v_ (cm-‘): 1600. 
PMR (7): 2.68. 2.92 (2 s. 2 Phi 2.97 
system; jAB = ‘2.5 Hi, Jix = 

3.58 (ddl. 3.52 (d’I. Id) (ABX 
{Hz, ti-5,‘H-3, H-6), 5.06is: CH,), 

6.30 Is, OMe), 6.3-7.6 (m, CH,-CHl, 8.82 (d, J = 7 Hz, Me). 
(c) Oxidation of 9a bo (+)-2-methoxy-5-(3-phenylpropan-2-y& 
1,Cbenzoqitinone (7). ON(SO,K), (1.2g) in H,O (3ml) was 
added to 9a (100 mg) in MeOH (20 ml). The mixture was stirred 
(1 hr) and extracted with CHCI,. Evapn of the CHCI, gave a 
residue which was recryst. from EtOH to 7 identical (mp, ele- 
mental analysis, IR and PMR) with the degradation product of 
( +)-obtusafuran. 

Synthesis of (+)-2,3-cis-5-hydroxy-6-meUwxy-3-me~hyl-2- 
phenyl-2,3-dihidrobenzofuran (cis-4a). (a) Preparation of 5- 
hvdroxv-6-methoxv-3-methvl-2-phenvlbenzofuran(lOa). Br, (32g) 
ias adhed dropwise to a &r&i ice-cold sbln of benzyl methyl 
ketone (26.8 g) in HOAc (180 ml). The mixture was stirred 
(0”, lOmin), then heated (1oOq until colourless, poured into 
H,O, washed with H,O, and distilled yielding l-bromo-l- 
phenylpropan-2-one [40] (13 g), bp 9&94”, 1 mm. A mixture of 
this compd (2.5 g), 2,5-dihydroxyanisole [41] and BF,-Et,0 
(10ml) was heated (loo”, 30min), poured into H,O, and 
extracted with CHCl,. Evapn of the CHCl, gave a residue which 
was purified by chromatography (Sl gel, CHCI,) and recryst. to 
1Oa (1.1 g) pale yellow microcrystals, mp 161” (EtOH). [Found: 
C, 75.19; H, 5.16. C,,H,,O, reqmres: C, 75.57; H, 5.55%]. 
v_._ (cm-‘): 3500, 1600. PMR (r): 2.1-2.8 (m, Ph), 3.00 (s, H-4, ..- 
H-7), 4.46 is, OH), 6.10 (s, OMe), 7.60 (s, Me). (b) Hydrogena- 
tion of10a (350 mg) over 10 % Pd/C (100 mg) in EtOAc (25 ml) 
(room temp., 1 atm., 16 hr), followed by filtration and evap. 
of the EtOAc gave a residue which was purified by TLC (Sl gel, 
CHCl,) and tryst. to cis-4a (72 mg), pale yellow microcrystals, 
mp 110-111” (EtOH). [Found: C, 74.71, H, 6.45. C,,I-I,,03 
requires: C, 74.98; H, 6.29x]. I,, (nm): 235 infl., 305 (8 4800, 
6400). Y,, (cm-‘): 3500, 1610. PMR (T): 2.72 (s, Ph), 3.28 (s, H-4), 
3.49 (8, H-7), 4.71 (s, OH), 4.27 (d), 6.2-6.6 (m), 9.26 (d) (AMX, 
system, J,, = 8 Hz, J,, = 7 HZ OCH,-CH,-CH,,), 6.16 
(s, OMe). 

Synthesis of ( f )-obtusajuran (trans-4a) (a) Acesyladzon of 1Oa 
to 5-acetoxy-6-methoxy-3-methyl-2-phenylbenzofuran (lob). A 
mixture of 10a (450 mg), Ac,O (5 ml) and C,H,N (10 ml) was 
kept at room temp. (16br). poured into H,O &&extracted with 
Et-O. Evaun of the volatile material gave a residue which was 
reiryst. to iOb (400 mg), mp 12G121.5” (MeOH-H,O). [Found: 
C, 73.21; H, 5.69. C18H,b04 requires: C, 72.96: H, 5.44x]. 
(b) Hydrogenation of lob (lg) over 10 % Pd/C (300 mg) in EtOH 
(25 ml) (room temp., 1 atm., 16 hr), followed by filtration and 
evapn gave cis-4e (0.8 g). (c) Isomerization of cis-4c bo (k)-2,3- 
trans-5-hydroxp~methoxy-3-mebkyl-2-phenyl-2,3-dihydrobenzo- 
furan. Cis-4c (0.2 g) in DMSO (25 ml) containing t-BuOH (3 g) 
was heated (loo”, 16 hr) under Nz. The mixture was poured into 
H,O, acidified, and extracted with C,H,. Purifications by TLC 
(Si gel, CHCI,) gave (+)-trans-4a (15 mg), mp 90-95”, identical 
(IR and PMR) with natural ( +)-obtusafuran (4a, a-Me, b-Ar). 
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