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Abstract-The trunkwood of Machaerium a~tl~~~i~~ contains, in addition to pinosylvin monomethyl ether and 
( +)-medicarpin, a cinnamylphenol, petrostyrene [E-l-(S-hydroxy-2,3,4-trimethoxybenzyl)_droxyphenyl)- 
ethylene], whose characterisation relied on spectra and synthesis of the dimethyl and diethyl ethers. 

l[NTRODUCTION 

The sapwood of A4achaerium acutifolium Vog. (designated 
in a preliminary communication iw. species URB/18 
[2]), yielded pinosylvin monomethyl ether [3], (+ )- 
medicarpin [(+ )-demethylhomopteroca~in] [4] and a 
novel compbund which, on account of the collection site 
of the tree, the vicinity of Petropolis, RJ, Brasil, and the 
structural analogy with violastyrene (la) and isoviola- 
styrene (lb) [ 11, was called petiostyrene. 

BFSULTS AND DISCUSSION 

The molecular formula of petrostyrene, C,,HZOO,, 
was determined by HRMS. Analysis of the PMR 
s~ctrumallowedexpansionto~~H.C~~~~H~=CH~- 
CH~~~OH)~(OMe)~. The chemical shifts and coupling 
constants of the ABX, system are characteristic of the 
E-propene unit of cinnamylphenol structures [S], 
amenable to catalytic hydrogenation to a (CH,),-unit. 
The 5 aromatic protons of petrostyrene, as well as of its 
dimethyl and diethyl ethers, are represented by a singlet 
and an ABCD multiplet which both are shifted to lower 
field upon passing to petrostyrene diacetate. The 
association of one OH each with the disubstituted and the 
pentasubstituted rings was confirmed by the MS of 
petrostyrene which shows a fragment ion, m/e 107, 
corresponding to the formation of the hydroxytropylium 
cation C,,H,O+. 

These data, in combination with biosynthetic con- 
siderations based on skeletal relations and oxygenation 
patterns of neoflavonoid constituents of Dalbergia and 
~ach~e~i~rn species [6,7], such as e.g. 2a [S] and 2b [9], 
suggested structure lc for petrostyrene dimethyl ether 
and, in analogy to violastyrene (la) and isoviolastyrene 
(lb) respectively, either Id or la for petrostyrene itself. 
Verification of the proposed oxygenation pattern re- 
quired the synthesis of lc. This was achieved by LiAIH,/ 
AlCl, reduction of the chalcone 3a, prepared by the 
condensation of o-methoxybenzaldehyde with 2,3,4,5- 

* Part 5 in the series ‘The Neoflavonoid Group of Natural 
Products’. For Part 4 see’yef. [I]. 

tetramethoxyacetophenone.Ithadpreviouslybeenshown 
that reduction of similar chalcones by this method pro- 
ceeds without rearrangement of the double bond [I]. 
Of the two structural hypotheses for petrostyrene, le 
was shown to be the correct alternative by synthesis of 
If and lg, respectively distinct from and identical with 
petrostyrene diethyl ether. The chalcones 3b and 3e, 
required for these syntheses, were prepared by conden- 
sation of o-ethoxybenzaldehyde with either 4-ethoxy-2,3,- 
5-trimethoxyacetophenoneor5-ethoxy-2,3,4-trimethoxy- 
acetophenone. 

EXPERIMENTAL 

Unless otherwise stated spectra were measured in EtOH 
(UV), CHCI, (IR) and CDCI, (60 MHz PMR). All evapns of 
volatile material were performed under diminished pressure. 

Isolation of the constifuenrs. A specimen of M. acurfolium 
was collected in the humid Atlantic forest region called ‘Reserva 
dos Principes’ located along the old road which links Rio de 
Janeiro to Petr6polis, RJ, Bra& and identified by Dr Carlos T. 
Rizzmi. The C,H, extract (73g) of ground softwood (10 kg) 
was chromatographed on Si gel (1.2 kg), eluting successively in 
2 1. fractions with C,H, (fractions l-lo), C,H,-CHCIJ (I : 1) 
(fractions l&21), CHCl, (fractions 22-32) and MeOH (fractions 
33-37). Fractions l-21 (58.0 g) contamed fatty material. Frac- 
tions 22-26 (4.3 g) were separated by TLC and yielded pinosylvin 
monomethyl ethe.r (20 mg), (+ )-medicarpin (25 mg) and le 
(220 mg). Fractions 27-37 (10.2 g) contained resinous material. 

Identifications. Pinosylvin monomethyl ether [3] and (+)- 
medicarpin [4] were identified by direct comparison with 
authentic samples. 

Petrostyrene (le). Oil. [Found: M 316.1328. C,,HzOO, re- 
quires: M 316.13111. A,,,, (nm): 254,286,306 (6400,3100,2200). 
Y,,, (cm- I): 3500, 3250, 1600. PMR (7): 2.6-3.4 (m. 4 ArH), 3.42 
(s, H-6 of benzyl), 3.04 (d, A part), 3.76 (dt, B part), 6.52 (d, X, 
part of ABX, system, J, = 16 Hz, J, = ca 0 Hz, Ja = 6 Hz), 
4.4 (br. s, 2 OH), 6.07 (s, 2 OMe). Dimethy ether (icy(le, MeI, 
K,CO,, Me,CO), oil, bp 180” (bath temp., 0.1 mm). [Found: 
C, 69.83; H, 7.24. CZOHz405 requires: C, 69.75; H, 7.02x]. 
i,,,sx (nm): 261,280, 304 (c 5800, 5200,250O). Y_ (cm-“): 1600. 
Diet&l ether (lg) (1% EtI, K,CO,, Me,CO), 04 bp 180" @ati 
temp., 0.1 mm). [Found: C, 71.23; H, 7.55. C,,H,sO, requires: 

(nm): 258,280,304 (E 9700,4050,21~). 
~~~~~~-“l’;:7~5~‘~~ (7): 2.5-3.4 (m, 4 ArH), 2.5-4.0 (m, AB 
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la R’ = R2 = R3 = H, R* = Me 
lb R’=RZ=R4=&R3=Me 
$C R’ = RZ = OMe, R’ zz R4 = Me 
ldR”=OH,RZ=OMe,R3=H,R4=Me 
le R’=OH,R’=OMe.R3=Me,R4=~ 
lf R’ = OEt, R’ = OMe, R” = Et, R4 = Me 
I8 R’ = OEt, R2 = OMe, R’ = Me, RJ = Et 

OMe 
R”0 , 

R20 , OMe \ 
1 41” I 1 

R’O ’ 

3s R’ = RZ = R3 = Me 

3b R’=R2=Et,R3=Me 
.3e R’=R3=Et.R2=Me 

part), 6.46 (m, X, part of ABX, system), 3.47 (s, H-6 of benzyl), 
5.96 and 8.58 (resp. (I and t, I = 7 Hz, OEt), 6.07 (s, OMe), 6.12 
(s, 2 OMe). Diacetate (1% Ac,O, C,H,N, room temp., 16 hr), oil. 
[Found: M 400. Cz2Hs405 requires: M 4001. v,_ (cm-‘): 
1750, 1600. PMR (7): 2.4-3.4 (m, 4 ArH), 3.37 (s, H-6 of benzyl), 
3.6G3.75 (m, AB part), 6.52 (m, X, part of ABXz system), 6.08 
(s, OMe), 6.15 (s, 2 OMe), 7.73 (s, OAc), 7.75 (s. OAc). Ikhydro- 
petrostyrene (le, EtOH, 10% Pd/C, H,, 16 hr). oil. [Found: 
318.1461. C,,H,,O, requires. 318.14671. vmal (cm- ‘)’ 1590. 

Syntheses of petrostxrene ~i~et~_~l ether (1~). Preparuf~on of 
2,2’,3’,4’,5’-gentamethoxyeha~co?le (3a). 2,5-Dlhydroxy-3,4-di- 
methoxyacetophenone [lo] (7.5 g), Mel (10 ml), K,CO, (10 g), 
Me,CO, (50 ml), reflux, 48 hr, gave 2,3,4,5-tetramethoxyaceto- 
phenone [I I] (7.0 g), oil, bp 140’ (0.1 mm) [Found: C, 59.98; H, 
6.67. C,,H,,O, requires: C, 59.99; H, 6.71 %I. This cmpd 
(1.6 g), sahcylaldehyde methyl ether (0.9g), EtOH (5 ml) and 
KOH (5 g) m H,O (IO ml) were stirred (room temp. 4 hr). Evap 
of the Hz0 gave a residue which was purrfied by chromato- 
graphy (Si gel, CHCl,) to 3a (2.0 g), yellow oil, bp 1 RO” (bath 
temp., 0.1 mm). [Found: C, 66.74; H, 5.92. C,,HzzO, requires 
C. 67.02; H, 6.19%-j. v,,, (cm ‘): 1650. PMR (5): I .98 and 2.42 
(2 d. J = 16 Hz, r-r+@), 2 3-3.3 (VI, H-3,4.5.6), 2 97 (s, H-6’). 6.08 
(s, 2 OMe), 6.15 (s, OMe), 6.17 (s, 2 OMe). Preparatron qf b-l - 
(2,3,4,5-nerramethox);ben~yl)-2-(2-meththylene (1~). 
LiAiH, (1 g) m Et,0 (IO ml) was added to 33 fO.9g) and the 
mixture heated under refl ux (15 mitt), then AlCl, (5 g) in Et,0 
(20 ml) was added and the heating contmued (t 5 mm). Excess 
reagent was decomposed with H,O. ‘The mixture was acidified 
and extracted with Et,O. The Et,0 soln was evapd. The restdue 
was purified by TLC (Si gel, CHCI,) to an 011, bp 180” (bath 
temp., 0.1 mm). [Found: C, 69.83; H, 7.24. C,,H,,O, requires: 
C, 69.75; H, 7.02 %J. identical with the dimethyl ether of natural 
petrostyrene. 

Synthesis oj E-I-(4-ethox~-2,3,5-trzme;ho~~beiz=y~~-2-(2-eth- 
o.~~phe~~l)-ethylene (If). (a) Prepararion of 2,4’-diethoxJ-2’3’,5’-, 
trimethoxychalcone (3b). Pyrogallol-2-methyl ether [12] (9.8 g) 
in BF,-HOAc (40 ml) was heated (loo”, 30 mm). The mixture 
was then poured into H,O and the pptd 2,4-dthydroxy-3. 
methoxyacetophenone (10.0 g) collected as needles, mp 76’ (tit. 
1131 mp 76”) Thts compd (8.7 g), Et1 (7.5g), K,CO, (IO g), 
Me,CO (200 ml) heated under reflux (16 hr), gave 4-ethoxy-2- 
hydroxy-3.methoxyacetophenone (6.4 g), cubes, mp 76-77’ 

R3 

2a R1=RZ=H,R’=OMe 
2b R’=OH,R*=Me,R3=H 

(EtOH). [Found: C, 62.64; H, 6.66. C,,H,,O, requires: C, 
62.84: H, 6 71 x]. v,, (cm - ‘f: 1630. PMR (T): -2.54 (s, OH-2), 
2.56 (d, J = 8 Hz, H-6). 3.55 (d, J = 8 Hz, H-5), 5.87 and 8.53 
(resp. 4 and t, J = 7 Hz, OEt), 6.14 (s, OMe), 7 45 (s, Ac). This 
compd (6.1 g) in 10% aq. NaOH (60 ml) was oxidized [14] by 
slow addition (stirring, 20’, 3-4 hr) of a satd soln of K,S,O, 
(8.5 g) in Hz,O. After standingca 18 hr, HCl wasadded to a Congo 
red end potnt, filtered and extracted with Et,O. ‘The aq. layer 
was treated with excess HCl, heated on the water bath (0.5 hr), 
cooled and extracted with Et,O. The Et,0 solns were dried and 
evapd. The residue and Mel (5 ml) etc. as above gave 4-ethoxy- 
2,3,5-trimethoxyacetophenone (2.8 g), oil, bp 180” (bath temp., 
0.1 mm). [Found: C, 61.67; H, 7.26. C,,H,,O, requires: C, 
61.40: W, 7.14 “/u]. vmax (cm I): 1660. PMR (T): 2.92 (s, H-6), 5.82 
and 8.60 (resp. q and I, J = 7 Nz, OEt), 6.08 (s, 2 OMe), 6.16 
(s, OMe), 7.36 (s, AC). This compd (1.24 g), salicylaldehyde ethyl 
ether (0.75 g), EtOH (5 ml) and KOH (5 g) in H,O (10 ml), as 
described above, gave 3b (1.58 g), yellow oil, bp 180” {bath 
temp., 0.1 mm). [Found: C, 68.69; H, 7.10. C H 0 requires. 
C, 68.38; H, 6.78%]. ~~~~~ (cm *): 1650. PML?(z)?l.963 and 2.37 
(2 d, J = 16 Hz, H-a,/?), 2.3-3.3 (m, H-3,4,5,6), 2.97 (s, H-6’), 
5.81, 8.55 and 8.58 (resp. 4, I and t, J = 7 Hz, 2 OEt), 6.03 (s, 
OMe), 6.14 is, 2 OMe). (b) Preparation of the isomer of petro- 
srywne diethyi ether If. 3b (0.61 g), I.iAlH, (1 g) in Et,0 (10 ml) 
and AK’I, (5 g) m Et,0 (20 ml), as described above, gave If, 
011, bp 180” (bath temp., 0.1 mm). [Found: C, 71.15, H, 7.62. 
C,,H,,O, reyutres: C, 70.94; H, 7,58x]. r,,,_ (cm-‘): 1600. 
PMR (r) 2.5 .3.5 (m, 4 ArH), 2.5-4.0 (m, AB part), 6.46 (m, X, 
part of ABX, system). 3.50 (s, H-6 of benzyl), 5.98, 6.00, 8.59 and 
8 61 (resp. q, q, t and t. J = 7 Hz, 2 OEt), 6.07 (s, OMe), 6.18 
(s, OMe), 6.23 (s, OMe). 

Synrhesis of pefrostyrene diethyi ether (I& (a) Preparation of 
2,5’-diefho.uy-2’,3’,4’-rrrmerhoxyrhalc~e (3~). 2,5-Dihydroxy-3,4- 
dimethoxyacetophenone (6.0 g) and Et1 (5.5 g) etc., as described 
above, gave 5-ethoxy-2-hydroxy-3,4-dimethoxya~tophenone 
(3.9g), oil, bp 120” (bath temp., 0.1 mm) [Found: C, 59.74; H. 
6.76. CIZH,(IOS requires: C. 59.99, H. 7.61 141. vmar (cm- I): 
630. PMR (r): - 2.33(s, OH-2), 3.07 (s. H-6). 5.98 and 8.58 (resp.q 
and t, J = 7 Hz, OEt). 5.99 (s. OMe), 6.09 (s, OMe), 7.44 (s, AC). 
Thts compound (2.7 g) and Me1 (5 ml) etc., as described above, 
gave 5-ethoxy-2,3,4-trlmethoxyacetophenone (2.8 g) oil, bp 140” 
(bath temp., 0.1 mm). [Found: C, 61.43: H, 7.36. C13H,,0, re- 



Petrostyrene, a cinnamylphenol from Mnchaerium acutifoolium 1381 

quires: C, 61.40; H, 7.14x]. v,,(cm-‘): 1660. PMR (7): 2.92 (s, 
H-6), 5.91 and 8.56 (resp. 4 and t, J = 7 Hz, OEt), 6.02 (s, 
OMe), 6.08 (s, 2 OMe), 7.36 (s, AC). This compd (1.34 g), salicyl- 
aldehyde ethyl ether (0.8 g), EtOH (5 ml) and KOH (5 g) in H,O 
(lOml), as described above, gave 3e (1.9g), yellow oil, bp 180” 
(bath temp, 0.1 mm). [Found: C, 68.19; H, 6.91. C,,H,,O, re- 
quires: C, 68.38; H, 6.78 “/.I. v,,(cm-‘): 1650. PMR(t): 1.93 and 
2.37 (2d. J = 16 Hz. H-c&). 2.3-3.3 Im. H-3.4.5.6). 2.97 (s, H-6’). 
5.88,‘8.52 and 8.54 (iesp. i’& t, t,J = ? I&, 2 &), 6.02 (s, 3 OMe). 
(b) Preparation of E-l-(5-ethoxy-2,3&trimethoxybenzyl)-2-(2- 
ethoxypheny&ethykne (lg). 3c (0.96 g), LiAlH, (1 g) in Et,0 (10 
ml) and AlCl, (5g) in Et,0 (20 ml), as described above, gave lg 
(145 mg), oil, bp 180” (bath temp., 0.1 mm). [Found: C, 71.23; H, 
7.55. C H 0 requires: C, 70.94; H, 7.58 X], identical with the az 2s 5 
diethyl ether of natural petrostyrene. 
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