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Key Word Index-Aniba sp.; Lauraceae; neolignans; 3a-allyl-2-aryl-5-methoxy-3-methyl-2,3,3a,6-tetrahydro-6- 
oxobenzofurans; 5-allyl-2-aryl-5-methoxy-3-methyl-2,3,5,6-tetrahydro-6-oxobe~ofurans; 6-O-allyl-2-aryl-5- 
methoxy-3-methyl-2,3-dihydrobenzofurans; 7-allyl-2-aryl-6-hydroxy-5-methoxy-3-methyl-2,3-dihydrobenzo- 
furans; I-allyl-4,8-dihydroxy-7-(3-methoxy-4,5-methylenedioxyphenyl)-6-methyl-3-oxobicyclo[3,2,1]octane. 

Abstract-A benzene extract of the trunk wood of an Aniba species contained 3a-allyl-2-aryl-.%meth- 
oxy-3-methyl-2,3,3a,6-tetrahydro-6-oxobenzofurans which may be responsible, through sequential 
Cope, retro-Claisen and Claisen rearrangements respectively for the formation of the co-occurring 
5-allyl-2-aryl-5-methoxy-3-methyl-2,3,5,6-tetrahydro-6-oxobe~ofurans; the 6-O-allyl-2-aryl-5-methoxy- 
3-methyl-2,3_dihydrobenzofurans and the 7-allyl-2-aryl-6-hydroxy-5-methoxy-3-methyl-2,3-dihydro- 
benzofurans. The examination of the stereochemistry of these products led to the formulation of 
burchellin, previously isolated from Aniba burchellii Kostermans, as (2S,3S,3aR)-3a-allyl-5-methoxy-2- 
piperonyl-3-methyl-2,3,3a,6-tetrahydro-6-oxobenzofuran. The structure 1-allyl-4,8-dihydroxy-7-(3- 
methoxy-4,5-methylenedioxyphenyl)-6-methyl-3-oxobicyclo[3,2,1]octane is tentatively proposed for an 
additional neolignan. 

Aniba burchellii Kosterm. contains the neolignan 
burchellin (la) [2] whose biosynthesis probably 
involves oxidative coupling of isoeugenol and 
eugenol units [3]. Fractionation of a C6H6- 
extract of an Aniba sp. akin to the gigantifilia 
0. C. Schmidt [4]-guianensis Aubl. [5]-host- 
manniana (Nees) Mez [6]-group, whose classifi- 
cation will be possible upon completion of the 
revision of Lauraceae by Dr. K. Kubitzki, Ham- 
burg, gave 3 additional burchellin analogues (lc, 
Id, le), also 2 a-allylcyclohexadienones(2b, 2c), 2 O- 
allylphenols (3c, 7), 2 C-allylphenols (4b, 4d) and 
a bicyclo[3,2,l]octane derivative (9). The forma- 
tion of the compounds belonging to structural 
types 2, 3 (=7) and 4 can best be explained by 

* Part 30 in the series “The Chemistry of Brazilian Laura- 
ceae”. For Part 29 see Ref. [l]. Taken from part of the DOC- 
torate thesis presented by J.B.F. to the Universidade de Sgo 
Paulo (1975). Sponsored by Ministkrio do Planejamento 
(Financiadora de Estudos e Projetos S.A.) through Academia 
Brasileira de Ci&ncias and by Funda&o de Amparo g Pes- 
quisa do Estado de so Paulo. 

t Instituto National de Pesquisas da Amazania, Conselho 
National de Pesquisas, Manaus. 

sequential Cope, retro-Claisen and Claisen re- 
arrangements of compounds belonging to type 1. 
Thus, although lb and 8 were not isolated during 
the present work, their natural occurrence is 
highly probable. In the laboratory, these reactions 
require high temperatures (Table 1). The instabil- 
ity of burchellin (la) upon treatment with 4 N 
KOH in MeOH at reflux temp. is known [2] and 
slight decomposition of le and 2c in boiling 
EtOH-C,H,NEt, 19: 1 was observed. Under 
plant extraction conditions, however, i.e. in reflux- 
ing neutral or acid treated CsH, or EtOH, le 
and 2c are completely stable. Compounds belong- 
ing to all 4 structural types, including the missing 
links 2a, 2d, 2e, 3a, 3b, 3d, 3e, 4a, 4c and 4e, 
may thus occur naturally. 

Structural assignments of type 1 compounds 
were based on comparison of data with published 
data for la. With the exception of signals due 
to differential substitution, significant PMR-spec- 
tral similarities and dissimilarities (Table 2) 
showed lc, like burchellin (la), to be a 2,3-tram 
derivative (Me-3 7 8.8) and Id and le to be 2,3-cis 
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Obtained by 
isolation 

Aryl-2 Allyl-3a* R’ @ R3 
pyrolysis 

lf 4, 5 a 0: 
2,4 

P H -Ct+- 
4, 5 b a OMe -CHZ- 

1, 2,3 3, 4, 5, 6 c o( OMe Me Me 

1.4 4, 5 OMe -CH,- 

1 4, 5 OMe Me Me 

*Only for type (1) cmpds. 
+ From Anibo burclw/fii 

derivatives (Me-3 r 9.5). The compounds of type 
2 (Table 2) were clearly again 2,3-t1~1rzs derivatives 
(Me-3 t 8.6) supporting the ally1 group on a sp3-C 
(CH, r 7.6). Since one of their methoxyls (T 7.0), 
however. had also to be placed on a sp3-C, and 
only one flllly substituted sp3-C can exist in these 

molecules. an r,/~L;~,<i rather than an K/Y-X’,/? un- 
saturated cyclohexadienone system characterizes 
these compounds and determined, as expected 
[2]. the appearance of UV maxima at relatively 
higher wavelenth (315 mn, against 260 nm in all 
compounds of type 1). IR carbonyl maxima pres- 
ent at 1640~11~’ in compounds of type 1 and 
1685 cm-. ’ in compounds of type 2, are absent 
from the spectra of compounds belonging to types 
3, 4. 5 and 6. These are. indeed, either 2,3-tva~u 

(3~; 4a, 4b. 4c: 5~. 5b. SC; 6: Me-3 7 8.6) or 2,3-c& 
(4d, 4e; 5d, 5e: Me-3 z 9.3) dihydrobenzofurans 

with the ally1 groups either on oxygen (3c, 7: CH, 
T 5.5). carbon (4a-e: 6c: CH, z 6.6) or absent (5a- 
C). 

Interpretation of the MS (Scheme 1) relied 
upon previously formulated rearrangement and 
fragmentation paths [3j and were fully consistent 
with the proposed structures. These were further 
checked by PMR double irradiation experiments 
involving H-3. In each of the cases studied (lc, 
Id, le; 2b. 2c; 4d) the doublets attributed to Me-3 
and H-3 collapsed to singlets. Additionally, irra- 
diation at the ally1 methine proton frequency of 

Table 1. Pyrolysis ol’ compounds (see Experimental) 

Cmpd. Solvent 
100 mg IOml 

Temp. 
(<) 

Time 

(hr) 
SOL-TLC 

developing solv. 
Products 

proportion 
- 

(Ia) C,H,NEtz 2?5 
(Id) C<,H,NEt, 21s 
(le) C,H,NEt, xx5 

EtOH 78 
EtOH-AcOH 19: I 7x 
EtOH~mC,H,NEt, 19: 1 78 

(2b) C,H,NEtZ 215 
(2c) C,H,NEt, 225 

C,H,NFt, I55 
C,H, 80 
C,H,-AcOH 19: I x0 
C,H6--C,H,NEtZ 19: I 80 
EtOH 7x 
EtOHmAcOH 19: I ix 
EtOH-C,H5NEtz 19: I 7x 

(3c) C,H,NEt2 225 

2.5 
2 1 
2 
5 
5 
5 
2 
2 

: 

5 
IO 
10 
IO 
10 ’ 
10 
IO 

2 

CHc’I,m AcOFt (99: I I 4a-5a 2.3: 1.0 

4d~ 5d 2.7: I.0 

CHCI, 

C,H,-Me,CO 
(4:l) 

4e&k! 6.5: I .o 
recovered le 
id. 
id. + trace 4e 
Jbm 5b 2.7: I.0 
4c -.5c 4.3 : 1 ,o 
3c 4c 1X.7: I.0 
recovered 2c 
id. 
id i trace 3a. 4a 
recovered 2c 
id. 
2cm@a + 4+ 
other 8:i.l 
4c 5cm6c , 
11.7: 1.0:2.3 
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Table 2. PMR Data of neolignans of structural types 1 and 2 

PrOtOllS 

la lc Id le 2b 2c 
2X MHz 220 MHz 60 MHz 220 MHz 60 MHz 220 MHI 

(CDCL) (CDCL) (CDCL) (CCL) (CCL) (CCL) 

Me-3 

C&CH=CH, 

H-3 

x-x4 8.82 
d d 

6.9 Hz 7.0 Hz 
.45 7-66 7.72 7.X ; 

dd dd dd dd 
13.0 Hz 13.0 Hz l2-SHz 12.5Hz 
6KHz 6-XHZ 6.3 Hz 6.3 Hz 

7 12 7.30 

dq dq 
77-O Hz, mdet. 

6.38 

9.50 9.53 
d d 

7.0 Hz 7.0 Hz 

7.07-7.60 7-467-69 

m ml 

8-65 8 64 
d d 

7.0 Hz 7.0 Hz 
7.62 7 62 

d d 
70H2 7.0 Hz 

7-2X-7.46 6.967, I6 6-Y&7-I 6 
,,I m /It 

6-48 

6-25 6.k 6 32 
s 
4.87-5.035 

m 

7.00 

h-10 

s 

4.X4-5 I7 

m 

6.19 619 62X 

‘498 5GS 

111 

Y.5. 6-9 Hz 

OMe-5 6.32 6-34 
., 

ArOMe 6.10 

4.698509 

3 

496-*.08s 

m 
CH,CH=CH, 4.92 4.99 

dd dd 
95Hz 16.5Hz 
I5Hz I.5Hz 

m 

H-7 4.57 4-62 4.50 4.64 4.94 

S 
454 H-4 4.;1 

CH,CH=CH, 4.G 

4.21 4.19 

4.32s4.96 4.ooS4.50 
,W m 

4.41 
s 

425-4-48 
m 

s s 
4.20-4.67 432-4 55 

ct m 

. 6.8Hz 68Hz 
9.5 Ha 16-5 Hz 

n-2 

OXH> 

4.83 
d 

9.5 Hz 
403 

4.71 
d 

indet 

4JcKk4.50 
m 

4.16 
d 

5.0 Hz 

3.94 
d 

3.0 Hz 
405 

3.96 
d 

3-O Hz 

3.50 3.57 3.69 3-57 3-60 ArH-2.6 3-17-3 2s 
m 

ArH-5 3.17-3.25 

m 
- 

s Singlet, d doublet, dd double doublet, dq double quartet, qt quadruple triplet, m multiplet. 

2b and 2c lessened considerably the resolution of 
the CH,-bands. 

Pyrolysis of the compounds of type 1, 2 and 
3, leading to expected products (Table I), con- 
firmed the proposed structures and solved some 
of the stereochemical problems. Initially, since all 
the derived, natural and synthetic, trans-2,3- 
dihydrobenzofurans (types %7, series a-c) give 
ORD curves [i(nm) of extrema: tr (3 15 _+ 7) 0 
(301 + 4) pk (287 f 3) tr (267 f 3) pk 248 (+7)] 
of (2S,3S)-compounds [2], the absolute configur- 
ation at C-2 and 3 must be as shown in 1-7, 
series a-c, and only the stereochemistries of C-3a 
in la and lc, and of C-5 in 2b and 2c remain 
to be determined. The ORD curves of la and 
lc are different and the compounds must be epi- 
merit at C-3a. Indeed, the PMR signals due to 
the CH,-groups at this chiral centre occur at sig- 
nificantly higher field in the spectrum of lc than 
of la (A 0.27 and 0 17 ppm). The ally1 group of 
lc must thus possess the 3aS-configuration, pro- 
truding into the relatively protected zone above 

the aromatic ring. In contrast, the trans-arrange- 
ment (2S,3aR-configuration) must exist between 
the ally1 group and the aromatic ring of burchel- 
lin (la). Since it is highly probable that 2c is the 
Cope rearrangement product of lc, it must show 
the SR-configuration. Although lb, the putative 
precursor of 2b, was not isolated, the (2S,3S,5R)- 
stereochemistry can nevertheless also be assumed 
for 2b, due to the similarity of its ORD curve 
and the curve of 2c. 
. To our knowledge no correlations of stereoche- 
mistry and ORD curves of 2,3-cis-dihydrobenzo- 
furans have yet been published. Thus, at this time, 
it can only be stated that all the natural and syn- 
thetic cis-2,3_dihydrobenzofurans (types 4, 5; 
series d, e), giving similar ORD curves [/Z(nm) of 
extrema: pK (314 f 7) 0 (295 f. lo), tr (282 ) 6), 
0 (265 + 6), pk (245 + 0)], have identical abso- 
lute stereochemistry. The parent compounds, 
whose relative configuration is shown in Id and 
le, have of course not only this same stereoche- 
mistry at C-2,3, but also identical configuration 
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A& 

(1 J 66,36,36,52 (1) 15.12.7, 23 

(2) 40,71 (2) 11, 24 

I 1+* 

I ‘;1 I 
[M-CH,O]+’ [Ml+’ A2 

(1) 18,5, 3,18 ( 1) 100.100,100,100 ( 1) 74,24,40,39 

(2) 5, 18 (2) 100,100 (2i12.29 

(1) 46, 10, -, 20 (1)52,35,65,46 
(2) 11, 21 (2) 49, 54 

Scheme 1. Interpreted MS of compounds of structural types 
1 and 2. Relative peak intensities given in order la. Ic. Id, 

le and 2b. 2c. 

the II b&J 
(7) (8) 

Table 3. PMR Data of Bicyclo[3,2,l]octane neolignans 

Protons 

9 (10 or) 11 
120 MHz 220 MHz 
(CDCI,) (CD&) 

Me-6 

CHCH=CH2 

H-5 
2H-2 
H-6 
CHCH=CH: 
OH-4 

H-7 

OMe-5 

OH-8 

ArOMe 

H-4 

H-X 

CH,CH=CIl, 

CHZC&CH, 

02CHZ 

ArH-6 

ArH-2 

ArH-5 

9.12 9.23 

d d 
7.0 Hz 7.0 Hz 

X.00 7.93 
dd dd 

8.5 Hz 14.2 Hz 9.0 Hz 13.5 Hz 

7.37.~7.60 
171 

x.22 

7& 
(1 

3.4 Hz 

7.58 

7.37S7.60 
111 

639 

&SO 
s 

5.87 
(i 

2.8 Hz 
5N) 

4.x ((4.94 
,,I 

4~06-4~23 
,)I 

-I I5 
s 

6.72 
5 

6.23 
s 

5.90 
s 

3.38 
(1 

1.4 Hz 
3.53 

n 
I ,3 Hz 

5.63 

4.8iS4.95 

4.02y4.22 
111 

4.14 4.15 
AB syst. 
J indet. 

3.37 
?i 

3.12 
s 

3.37 
s 

- 

at C-3a, in view of the similarity of their ORD 
curves. Close correspondence of CH,-chemical 
shifts exists for la on one hand. and Id and le 
on the other. A tlans-relationship between the 
ally1 groups and the aromatic rings of Id and 
le is thus tentatively considered. 

The formula of compound 9, C2,Hz406, estab- 
lished by high resolution MS, was expanded to 
C, 8H1 ,O. 20H. OMe. 02CH, after inspection of 
the 220MHz PMR spectrum. The compound is 
thus an isomer of canellin-C for which. tenta- 
tively, structures 10 or I1 [7] were proposed. The 
IR spectrum of 9 again indicated the presence of 
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,OHl+’ l+’ -I +* 

M 360 (100%) m/e 270 (81%) 

ble 

m/e 192 (10%) 

be II he 

m/e 255 (8%) m/e 229 (23%) 

Scheme 2. Interpreted MS of compound 9. 

a carbonyl in saturated environment (v,,, 
1705 cm-’ ‘) and the PMR spectra of 9 and canel- 
lin-C were also very similar (Table 3). The signifi- 
cant differences concern the methoxyl which, sit- 
uated on the aliphatic portion of canellin-C 
(z 6.72), substitutes the aryl group of 9 (z 6.20). 
The oxymethine proton at C-2 of 9 is thus not 
adjacent to a fully substituted bridgehead carbon, 
as in canellin C (T 5.90, s), and represented by 
a doublet (z 5.87). The H-8 signal continues as 
a singlet (canellin-C z 5.63, 9 z 540). The dihedral 
angle HC@)-C(5)H must, thus, measure around 
82”, a fact which requires the hydroxyl at C-8 
to be directed towards the 5-membered ring (cf. 
[IS]). Since the benzylic CIJ is represented by a 
clean doublet, this group cannot be adjacent to 
C-5 and structure 9 results. The trans-arrange- 
ment of the aryl and methyl substituents is com- 
patible with the CEI,-frequency which occurs at 
relatively high field (z 9.12). All prominent mass 
spectral peaks are easily rationalized on grounds 
of structure 9 (Scheme 2). 

EXPERIMENTAL 

Isolntion of the constituents. Plant material of an Aniba sp. 
from the Ducke Forest Reserve, Manaus, Amazonas, was de- 
posited at INPA, Manaus, Herbaria Bot. 42237, Chem. 31/73. 
A description is available from the botanist W. Rodrigues. 
Trunk wood (5 kg) gave a C6H6 ext. (14.4 g) which was chro- 

matographed on a silica (300g) column, giving the following 
fractions with the indicated eluants: A,(C6H6), AZ (C6H6- 
EtOH 99.8:0.2). A, and Aa (C,H,-EtOH 995:05). A, was 
crystallized from MeOH -giving - sitosterol (1.58 kg).- The 
mother liquor was purified by TLC (SiOt, CHCl,-MeOH 
95: 5) to give 2b (152 mg). AZ was fractionated by TLC (SiOZ, 
CHCl,-MeOH 99: 1) into 2b (35 mg), 9 (12 mg), 3c (25 mg) 
and lc (29mal. A, was fractionated by TLC (SiO,, Et,O) 
into 3c i145Gg), ic (27mg), a mixt. oi 4d + ib (37mg), ? 
(22 mg) and Id (59 mg). Similarly, A4 gave Id (347 mg), 2c 
(776 mg) and le (387 mg). 

Pyrolysis of the constituents (Table 1). A soln of the cmpd. 
in the indicated solvent under NZ was maintained at the indic. 
temp. for the indic. time. The cooled reaction mixture was 
ext. with Et,O. The Et,O-soln. was washed with 10% aq. HCI, 
HZ0 and d;ied. The solvent was evaporated and the residue 
fractionated bv TLC (conditions indic.) into products which 
were eluted w&h solvents and weighed. TLC%pots indicated 
quantitative conversion into the indic. products. The elution 
technique, however, resulted in losses of ca 40%. 

(2S,3S,3aS)-3a-AIIyf-5-methoxy-2-(3,4,5-tri~t~xypheny~)-3- 
methyl-2,3,3a,6-tetrahydro-6-oxobenzofuran (lc), viscous oil 
(Found: M 386.1720. C,,H,,Oh requires: M 3861729). J.“:“” ..“” 
(nm): 257, 285 (E 16120, 2800). v:~: -(cm-’ ): 1646, 1601, 1504, 
1449. 1405. 1343. 1229. 1147. 840. 751. PMR: Table 2. MS: 
Scheme 1: ORi> (cj.72m&lOO’ml, MeOH, 225-400nm): 
[;$:a + 79% [+I366 0, [+I;‘,0 - 17 100, [$I%, - 1245% 

276 -15550, II41262 0, C41238 +17100. 
reI-(2R,3S,3aS)-3a-Affy~-5-methoxy-2-(3-met~oxy-4,5-met~y- 

lenedioxyphenyl)-3-methyl-2,3,3a,6-tetraron. 
(Id), crystals, mp 161-163” (found: C, 68.43; H, 6.10; 
C2,HZ206 requires: C, 68.09; H, 5.98%). nE;p” (nm): 256, 285 
(e 16020, 4940). v:,:: (cm-‘): 1645, 1605, 1506, 1453, 1431, 
1383, 1236, 1159, 1049, 942. PMR: Table 2. MS: Scheme 1. 
ORD (c 1.75 mg/lOOml, MeOH, 215-350nm): [~I’& 
- 55@X c4J1302 0, C41%0 f 59 100, C41’&0 + 56 loo. 

rel-(2R, 3S, 3aS)-3a-AUy[-5-methoxy-2-(3,4,5- trimethoxy- 
phenyl)-3-methyl-2,3,3a,6-tetrahydro-6-oxobenzofurarr. (le), vis- 
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cous oil (found: M 3X6.1738. C H 0 requires: M 3X6.1729). zz Zh h 
;‘!L’.“’ (nm): 735 inf., 259, 295 (E 21 470. 15950, 7670). v::‘:1’ ,., _ ..^ 
(cm- ‘I: (645, 1608, 1506, 1460, 1364. 1241. 1166. 1131. 1010. 
Y-IS. 7Yl. PMR: Table 2. MS: Scheme 1. ORD cc 1.62mei 
100 ml. MeOH. 325- 3SOnm): [4]yz0 -54000. ‘[dlzgy ii: 
rdi$i +52100, [91;~~ 44700, [$]z,O +5I200. 

(‘S.~S..(R)-L-All~l-S-r,~ethox~-2-(3-,nrtho\-)!-4,5-metl~ylenr- 
~lio\~/‘/rcrl,‘f)-3-,n~,r/~~f-7.3,5,6-t~trukydro-6-o.~ohr,~~o~~~r~tl. (2h). 
viscous oil (found: M 370.1410. CZIHZLOh requires: 370.1416). 
;.;t;:” I nm): 24X. 787 inf.. 3 16 (t I7 280, 63 10. 9720). I,:,:::: 
(cm ;I: 16X5. 1612. 1517. 1455. 1435, 137X. 1194. 1097. 939. 
760. PMR: Tahlc 2. MS: Scheme I. ORD (c 5.03 m~!lOOml. 

2S.3S.SR)-~-/l/l?l-S-~~~~~t~~~.~y-2-(3.4.5-t~jfn~t/7o.~~lp~~~~y~)-3- 
~~~~~t/~~~I-~,3.5.6-t~f~uh~ci~o-6-o.~ohr~1~~fi~~~111. (2c), viscous oil 
(found: M .3X6-1735. C’22HZhOd requires: M 386.1729). it:;:” 
(nm): 235 inf.. 314 (E 21 700. 10070). \,b:J:’ (cm- ‘): 16X6, 1608, 
1506. 145X. 1377, 1242. 1190, 1131. 899. X31. PMR: Table 2. 
MS: Scheme I. ORD (c 3.20 mg/lOO ml, MeOH, 23&3X0 nm): 
[4]3:2 0. [+1;4? -32500. [@]J,, 0. Cd]?;,, +36350, [@I?.+, 
0. l41 ?.&(I -4700. [4]:3H -6950. [d]J34 0. 

IIS.3SI-h-O-,~II~‘/-5-~~7~t~~~.~~-2-(3.4.s-t~~~~z~~t~~~.~~~p~~~~~)-3- 
~wfli ~~I-2.3-diil~~d~o~~~~~u~c~~atf (3c). viscous oil (found: 
M 3i6-1724. CzzHz,O,, requires: M 386.1729). i~z:)” (nm): 
330 inf., 19X. 330 mf. It 28200, 12790. 680). vi;,!:: (cm”): 1591, 
IJY3. 1457. 1416. 1359. 1239. 1130, 1014. X51. 762. PMR (Ccl,, 
t): 3.42 (s. H-4). 3.50 (s ArH-2,6), 3.60 (s, H-7). 3~74~~430(m. 
CHLC‘H=CH,), 444494 (!>I, CH,CH=C&), 5.12 (d, J %OHz, 
H-2). 6.19 (5. 2) ArOMe), 627 (s, ArOMe), 6.29 (s, ArOMe). 
5.45~ 5.63 (111. C&CH=CH,). 657-7.00 (m. H-3), 8.66 ((i. 
J 7.0 Hz. Me-?). MS (m/r): 3X7 (20) M f I. 3X6 (100) M, 345 
(23). 177(67). l4Y(11).41 (IO). ORD(c 3~38me;1O0ml,MeOH, 
35 350 nm): [I//];‘~~, - 11400. [4]30’i 0, 16700, 
YO50. lcbl+ + 17050. 

[&I%, [4](zrh( 
i .,I 

(2S,3S)-h-o-AII~~I-5.7-~~/~~~~f~?u.~~-2-(3.4,5-f~;f~~~~t~z~.~yp~l~Jly~)-3- 
r,letll~'l-'.;-drll~~~~~~)h~,t~~~~~~~~~. m, viscous oil (found: 
M 41h~IWO. C2AH2s07 requires: 416.1835). j,tly (nm): 
730 inf.. 2Y3. 340 inf. (fz 57980. 12550. 13 IO). $i,T (cm- ‘): 1590, 
I .;03. 1463. 1327, 1359. 1239. 1130, 1042. X37. PMR (Ccl,. 
T): -3.53 (.\. ArH-2.6), 3.67 (.s, H-4). 3.X9-4.34 (rn, CH,CEJ=CHJ, 
4.44 5.00 (~1. c’H,CH=CJ&). 5.05 (d. J 8.0 Hz. H-2), 6.07 (s. 
ArOMc), 6- I7 (a. 5 ArOMe), 6.25 (s. ArOMe). 6.27 (s, ArOMe). 
5.44 5.64 (/ft. CH,CH=CH,), 6.54-7.00 cm. H-3). X.64 Id. J 
7.OHr. MC-31. tii (m.ie): ii7 (3”<) M + I. 416’(10) M: 386 
(IO). ‘79 (25,. 208 (IO). 207 (16). 167 (37). 150 (II), 149 (IOO), 
I I? (711. 71 (30). 57 (52). 43 (35), 41 (25). ORD (c 4,99mg! 
100 ml MeOH, 2750 360nm): [~b];‘~~ - 10000, [$]300 0, 
[til$- f I-llOO. [ii,];,j +4900. [g]24L1 + 11600. 

(~S.3S)-7-,‘l~l~I-6-/l~~r~J.~y-5-r,lrf~Io\-~-2-(3.4-rll~t/l~f~~ll~~~~io\-y- 
~J/~~,~~()-~-III,~~/I~~-~,~-~I~~~~~~O~~II~(?~L~~~~~~. (4a). viscous oii (found: 
M 340.1269. C,,,H,,O, requires 340.1272). ;~z;,y” (nm): 221. 
236 inf,. 296 (E 19200, 12520, 10350). ,‘:,:i,T (cm-‘) 3510. 1610. 
13X0. 1440. 13X0, 1340, 1240, I 150. 1030, 930. 830. PMR (Ccl,, 
T): 3.11 3.25 (m. ArH-2.5,6). 3.38 (s. H-4), 4.W4.42 (m. 
CH,CbJ=CH2). 406 (s. 02CHI). 4.34 (s. ArOH), 4.70-5.10 (nz, 
CH,CH=CH,). 4.95 (d. d 9.0 Hz, H-2). 6.20 (s, ArOMe), 6.4C~ 
690 (1~. H-3). 6.X0 (rl. J 7.OH.z. CH2CH=CH2), X.63 ((i. J 
6.7 Hz. Me-i). 

(2S,3S)-7-/l//~~l-h-l1~drouy-5-/nrfho.ry-2-(3-rnrthouy-4.S-methq.- 
kwdio \‘~~/~ltc,~1yl)-i-/17efhq~l-2.3-dihy~l~ohen~o/ir~u~7. (4b), Viscous 
oil (found: 3701400. CL,HzZOh requires: M 37tiI416). lMcoH 
(nm): 240 inf., 297. 330 inf. (e 17510. 12590, 1600); L~!~~“““‘” 
(nm): 707, 360 (t 14520, 1620). v!,:!,:” (cm~ ‘): 3498, 163.5. 1507, 
1465, 1430, 1326, 1194. 1139. 1094. 841. PMR (Ccl,. T): 3.54 
(5. ArH 2.6). 3.57 (s. H-4). 3.8G4.27 (nz, CH,C’H=CH?), 4.10 

(s, O,CH,), 4.54 (s. ArOH), 4.75 5.22 (w, CHZCH=C&). 5.09 
cd, J 8.0 Hz, H-2), 6.17 (s. ArOMe). 6.20 (a. ArOMe). 6.51-6.92 
(m, H-3 and C&CH=CH,), X.67 (d J 7.0 Hz, Me-3). MS (m/(z): 
371 (23%) M + I, 370 (100) M. 205 (15). 167 (34). 165 (I 1). 
149 (66), 57 (21), 43 (IO). ORD (c 3.3 mg~lO0 ml, MeOH. 235 
36Onm): [4];‘,l - 13450. [413,,, 0, L<hll,,,, + 17900. [dJLjO 
0. Aretatc, VISCOUS oil (Found: M 412.1538. C,,H,,O, 
requires: M 412.1546). iz:;y’ (nm): 240 inf.. 107. ;iO- inf. 
(~20280. 12940. 1290). v!?!‘(cm~‘): 1762. 1637. 1506. 1469. 1433. 
‘1370, 1226. 1197, 767.“FMR (WI,. I): 3.47 I-\. H-l). 7-5’ (s. 
ArH-2.6) 39%4.50 (m. CH,ClJ=CH,). 4.09 (,L O,CH,). &X0- 
5.19 (tn. CH2CH=Cf12). 5.07 111, J S.0 H?. H-2). 6.15 (s. ArOMe). 
6.29 (s. ArOMe). 6.55-~6.H7 (rr~ H-3. C&CH=CH2), 7.79 (s. 
COMe). X.62 (d. J 7.0 Hz. Me-3). MS (uGc): 412 (X0,,) M, 370 
(22). 222 (21), 207 (30), 179 (65). 14s (3X), 71 (3X). 57 (23). 
43(100). 42(10). 41 (27). ORD (c 5~75mg~lWml. M&H. 240 
340nm): [4];‘,, -26600. [$]2uz I). [$J$,) i 16550, [cblzaj 
0. [$]z43 - 12950. 

(ZS,3S)-7-nllyl-6-17~~r~).\-~,- 5-/,1(‘rilr,.~!‘-7-(3.4. S-f~irwthoxy- 
phenyl) - 3 rnetlzyl- 2, 3 - dih~.drohc,~-_qh~~~~~~. (4~). viscous oil 
(Found: 386.1724. CzzHL,O,, requires: M 3X6.1 729). iMcoH 
(nm): 230 inf.. 29X, 330 inf. (t 42600, 12600. 6X0): i.~::)“*“hH 
(nm): 305, 360 (e 13000. 3(x)). J{:,‘:; (cm _ ‘): 349X. 159 I. 1505. 
1465, 1419, 1360. 132’. 1234. 113’1. X43. PMR (Ccl,, T): 3.50 
(s, ArH-2.6), 3.57 (s, H-J). 3.65-433 (/?I. CHLCH=CHI), 4.50 
(s, ArOH). 4,77 -5.19 (N, CH,CH=CW,). 5.07 ((i. J X.0 HI. H-3). 
6.20 (s. ArOMe). 6.32 (s. 2ArOMe). 6.30 (s, ArOMe). 6.55 6.97 
(in, H-3 and Cl+ZCH--CH2). X.hS (d. .I 7.0 HT. Mc-3). MS (III’<,): 
387 (26”/:,) M ‘r 1. 3X6 (100) M, 371 (29). 77Y (IO) 177 (17). 
167 (2l), 149 (41). 57 (16). 43 (IO). ORD (c 3.61 mg:lOOml. 
MeOH, 245--360 nm): [$]‘;, i - 74050. [4’,] Lg\l O- [$I;$ 
+11X50. rdl,,, 0. Aceturr viscous oil (Found) Mh2X.lX7X. _, __.. 
CL4H2s07 requires: M 428~1835). Lz’jr” (nm): 230. 79X. 330 
(E 40000, 12380, 1X60). IS);,;,; (cm-‘): 175X. 1591. 1501. 1464, 
1366, 1225. 1139. 762. PMR (Ccl,. I): 3.47 (s. H--l). 3.52 (5. 
ArH-2.6). 3,9@4.50 (tn. CH,CB=CH:). JGW 5.17 (N, 
CH2CH=CB,). 5.02 (d. .I 8-O Hr. H-2). 6.32 (s. ‘ArOMe). 6.29 
(s, ArOMe), 6.67--6.X5 (/a, H-3, ClJ,CH=CH,). 7.79 (s. COMe). 
X.62 (d, J 7.0 Hz, MC-~). MS (!)I;‘(‘): 42X (I4”,<>) M. 3X6 (35). 
222 (13), 195 (10). 1x1 (10,. 149 (361. 57 (23). 55 (20). 44 (JS), 
43 (loo). 41 (31). 

~6-y?j21%%:m M’Or’ (nm): 240 inf.. ?YX. 3% (E-1 6‘670. i2670. 

) *m.,x (nm): 30X. ?4X (t I3 650. 5 IO(~). Y:,$: (cm-. I) 
3305. 1627. 1504, 1456, 1423. 1322. 121X. 1134. 827, 75X. PMR 

(CCL, T): 3.55 (s. H-4). 3.64 (s. ArH-2.6). 375~4.17 ([>I. 
CH>CH=CH,I. 4.10 (s, 02CHz). 4-44 (d. J X-O HL. H-3) 4.57 
(s. ArOH), 4.79 5.12 (w. CH,CH=CH,). 6. I5 (s. ArOMe). 6.20 
(s, ArOMe), hZO~6.83 (rn. H-3 and CW,CH=CH,). 9.24 (d. J 
7.0 Hz, Me-3). MS (nl:c): 371 (22”,,) M + 1. 370 (100) M. 22’ 
(39). 207 (25) ‘05 (I?), 179 (15). 167 (31). I65 (12). I49 (59). 
85 (27). 83 (46). 57 (20). 43 (39). 41 I IO). ORD (c S,.Jh mg, 100 ml. 
MeOH, 255-4OOnml: [4]$,, t20050. [d]zuJ 0. [d];s7 
- 5500. [b12,, 0. [4]$+ f34500. .Jc~~rcttz, viscous oil (Found: 
M 412-1529. C,,H2,0, rcquxcs: M 412.1546). iz;,:“’ (nm): 730 
inf., 298. 325 inf. (G 25 X90. l2-330. 5360). vi;,!;; (cm- ‘): 1766. 
1643, 151 1. 1469, 1436. 1375. 1’31, 103J. X53. 777. PMR (CC‘I,. 
T): 3.44 (s. H-4), 3.62 (s. ArH-1.6). 3.70 1.29 (~1. CHzCH=CH,j, 
4.10 (s. O,CH,), 4.39 (d. .I X.0 HT. H-2). I#(! 5.20 0~. 
CH,CH=C&). k.17 (s. ArOMc), 6-30 (s. ArOMc). 6.07-~6:XS 
(n. H-3, CH,CH=CHJ. 7.80 (s, COhlc). 9 I7 (rl. J 7.0 HT. Me- 
3). MS (m,‘r): 413 (9) M + I. 112 (39) M. 371 (24). 370 (100). 
369 (17). 36X (50). 20X (17). 207 (73). 1% (I’)), 165 (IS), IJY 
(IO), 104(56). 76(64). 57(2l). 43 (100). 37 (IO()), JI (93). ORD 
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(c 4.61 mg/lOOml, MeOH, 22%360nm): [_d]335 0, [+]I;:, + 

16054 E#lms 4 C41;‘6S - 37500, CrplZjS 4 I#lr:” + 58950. 
reI-(2R,3S)-7-Al[yl-6-hydroxy-5-methoxy-2-(3,4,5-rri~n~r~o.~y- 

~heff~~~)-3-~thyi-2,3 - d~hydrobefyz?f~ran. (4c), Viscous oil 
(found: M 3861733. Cz2H2,,06 requires: 386.1729). I.!;:” 

(nm) 230in., 298, 324 (E 25850, 12780, 8000); ~~:~H+NaoW 
(nm) 308, 351 (6 14138. 10950). vzi: (cm-‘): 3510, 1588, 1506, 
1461, 1415, 1324, 1231, 1125, 1013, 841. PMR (CC14, 7): 3.57 
(s, H-4), 3.60 (s, ArH-2,6). 3,74-4.24 (m, CHZCs=CHZ), 4.39 
(d, J 8.0 Hz, H-2), 4.44 (s, ArOH), 477-519 (m, CH,CH=CHZ), 
6.20 (s, ArOMe), 6.24 (3, ArOMe), 6.25 (s, ArOMe), 6.30 (s. 
ArOMe), 6.47-6.70 (tn. H-3 and C&CH=CH,), 9.24 (d, J 
7.0Hz, Me-3). MS (m/e): 387 (23%) M + 1, 386 (100) M, 371 
(29), 279 (12), 181 (lo), 149 (38). 57 (18). 43 (17). ORD (c 
3.90mg/lOOml, MeOH, 225-380nm): [4]S:, c 10900, [41zss 

4 E$l:rx -29% C4lte 0, [411as +47500. Acetate, viscous 
oil (found: M 428.1819. CZ4H2807 requires 428.1835). I.!:;? 
(nm): 230, 298, 330 (E 29840, 12250, 2740). vzz (cm- I): 1762, 
1596, 1507, 1463, 1365, 1231, 1034, 929, 772, PMR (CCI,, T): 
3.44 (s, H-4), 3.62 (s, ArH-2,6), 3.95-4.49 (m. CH,CI+CHZ), 
4.37 (d, J 8.0 Hz, H-2), 4,79- 5 17 (m, CH,CH=CH,), 6.22 (s, 
ArOMe), 6.24 (s, ArOMe), 6.29 (s, 2ArOMe), 642-6.84 (m, H-3, 
C&CH=CH,), 7.77 (s, COMe), 9.15 (d, J 7.0 Hz. Me-3). MS 
(m/e): 428 (3) M, 222 (56), 207 (31), 196 (56), 181 (IS), 149 
(ll), 125 (12), llO(lO), 79 (lo), 55 (20). 43 (loo), 41 (18). ORD 
(c 5.31 mg/lOO ml, MeOH 23@340 nm): [d] 34o 0, [$]S:, 

+12100. c413os 03 C4IPs* -19350, c41254 0, rar:, 
+ 564% Crblz36 0. 

(ZS,3S)-6-Hydroxy-S-methoxy-2-(3-metho.~y-4,5-t~~r~~~~e~t~~- 
dioxyphenyl)-3-methyl-2.3-dihydrobenzofuran. (5b), Viscous oil 
(found: M 330.1399. C,sH,s06 requires: M 330.1403). I&z” 
(nm): 240 inf., 299, 330 inf. (E 16830, 12720, 2530); ezzH+NaoH 
(nml: 240. 309. 350 (E 21570. 12320, 1890): v”LZ’ (cm-‘): 3445, 
i63(i, f49$, 1458, 1238, 13i3, 1215, 115;. 84:. ‘PMR’(CCI,, 
z): 3.47 (s. H-41. 3.52 (s. ArH-2.6). 3.60 (s. H-7). 4.09 (s, O,CH,), 
464 (s, krOHj, S.lOid, J &OH>, H-ij_ &14’(s, ArOMe), 6i9 
(s, ArOMe), 6.54-6.94 (m, H-3), 8.67 (d, J 7,0Hz, Me-3). MS 
(m/e): 331 (5%) M + 1, 330 (29) M, 279 (29), 167 (42), 165 
(lo), 150 (IZ), 149 (loo), 57 (29), 43 (16), 41 (IO). ORD (~3.10 
mg/lOOml, MeOH, 23G240nm): [4]&o -9550, [41joj 0. 

EfPldS + 10650, t@li’Ki +7400, [@Ids + f 1 ma 
(2S,3S)-6-Hydroxy-5-mrthoxy-2-(3,4,5-trimethoxyphen)r1)-3- 

me~hy~-2,3-dihydrobe~zzo~~ra}l. (SC), Viscous oil (found: 
M 346.1431. C,QH220h requires: 346.1416). j.::p” (nm): 230 
inf., 299, 330 in!‘. (E 27910, 12580, 2760); .,~,;~)“+NJ”~l (nm): 
309, 355 (E 15640, 3220). vz; (cm-‘): 3439, 1583, 1486, 1451, 
1418, 1359, 1227, 1122, 1000. PMR (Ccl,, r): 3.47 (s, H-4), 
3.50 (s, ArH-2,6), 3.59 (s, H-7), 4.62 (s, ArOH), 5.25 (d, J 8.0 
Hz; H-2), 6.19 (i, ArOGe), 6.20 (s, 2ArOMe), 6.30 (s, ArOMe), 
6.54-6.94 (m. H-31 8.64 (d. J 7,OHz. Me-3). MS (m/e): 347 
(11%) M + i, 348’(463 ti, 331 (Zl), 279 (is), 167 (iii), IS0 
(13), 149 (loo), 71 (23). 57 (25), 55 (10). 43 (14), 41 (IO). ORD 
~c6.52m~l~rnl. MeOH, 24~36Onm): [&l];‘zX -9200, 

C+13,,s 0, [+I% +15350, [4l’Ais +6150, C451z.+, f26700. 
Acetate viscous oil. I”UoH 
2190). &! (cm-‘): I%, 

(nm): 230, 297, 330 (c 32260, 12400, 
1594, 1497, 1460, l419, 1217, 1134, 

1020: 91’i’,*767. PMR (CCl,, 7): 3.37 (s. H-4), 3.50 (s, ArH-2,6), 
3.54 fs. H-71. 5.24 (d. J 8.0 Hz. H-2). 6.20 (s, ;?ArOMe), 6.29 

(s, ArOMe):’ 6.30 is, ArOMe); 6.5316.95 (m, H-3), 7.80 (s, 
COMe), 8.62 (d, J 7.0 Hz, Me-3). MS (m/e): 388 (1%) M, 279 
(23), 196 (28), 182 (28), 181 (18), 167 (loo), 150 (15). 149 (100). 
71 (88), 57 (80). 55 (12), 43 (15). 

reI-(2R,3S)-6-Hydroxy-5-metho.uy-2-(3-metho.uy-4,S-~?~ef~~y- 
Ienedioxyphenyl)-3-methyl-2,3-dillydrob~~~~o~uro~~. (Sd) viscous 
oil (found: M 330.3998. C, gH ,,O, requires: M 33@ 1403). 
Ltzy (nm): 240 inf,, 299, 330 inf. (E 15680, 12850, 21 10); 

i$$‘+Y”oH (nm): 240, 309, 350 (E 22630, 14790, 2110). I$: 
(cm-‘): 3493, 1627, 1500. 1425, 1329, 1201, 1145, 1043, 823, 
754. PMR (Ccl,, t): 3.45 (s, H-4), 3.59 (s, H-7), 3.60 (ArH-2,6), 
4.10 (s. O,CH,I, 4.47 (d, J 8.0 Hz, H-2). 4.62 (s, ArOH), 6.14 
(s, A;OMi), 6?9 (s, ArOMe), 6.37-6.74 (m, H-3), 9.24 (d, J 
7,OHz. Me-31. MS (m/e): 331 (7% M + 1. 330 (35) M. 328 
(191, 2j9 (13): 182 (81): i80 (72); iuis (67), 167 (1~),‘165 (1 I), 
151 (12), 149 (47). 57 (28). 43 (40). ORD (c 2.15 mg/lOO ml, 
MeOH, 230-400 nm): [4]& + 17450, [4] 3Q1 0, [&];‘8j 
- 12250, [dlzs9 0, [4]249 + 23280. Acetate, viscous oil (Found: 
M 372.1197. C,,H,,O, requires: M 372.1209). I::? (nm): 
230, 298, 330 (E 22960, 12670, 4830). vzz (cm-‘): 1758, 1632, 
1491, 1419, 1369, 1213, 1137, 1048, 946, 756. PMR (Ccl,, T): 

3.17 (s, H-41, 3.50 (s, H-7), 3-60 (s, ArH-2,6), 4.10 (s, O&H,), 
4’40 cd, J 8.0 HZ, H-2), 6.15 (s, ArOMe), 6*29 (s, ArOMe), 
6.34674 (~1, H-3), 7.77 (s, COMe), 9.17 (d, J 7.0 Hz, Me-3). 
MS @t/e): 373 (4%) M + l), 372 (28) M, 331 (17), 330 (80), 
182 (301 180 (111. 179 (IS), 167 (43), 165 (32), 149 (49), 71 
(241, ‘57 i46), 43‘(1bO), 41 (28). ORD (c’ 1.55 mg/l~mi, MeOH, 
225-360 nm): [+]344 0, rtilE8 +125m C~l,os 0, C~l$s 
-297% C41zu 0. [4]p,“,, + 15354 [4]zao 0, C+lzzu -21100. 

rrl-(2R,3S)-6-Hydro.uy-5-mrthoxy-2-(3,4,5-trimethoxyphenyl)- 
3-n~erllyl-2,3-dihydrobe,~-_qfirran. (5e). Viscous oil (found: 
M 3461408. C,9H2206 requires: M 3461416). ,I:$’ (nm): 230 

inf., 299, 330 inf. (E 26300, 12650, 1040); #~~H+NdoH (nm): 
309, 365 (E 12400, 290). $2:; (cm-‘): 3389, 1596, 1501, 1462, 
1421, 1362, 1243, 1133, 1016, 767. PMR @Xl,, t): 3.39 (s, 
H-4), 3.54 (s, ArOH-2,6), 3.55 (s, H-7), 4.42 (d, J 8.0Hz, H-2), 
464 (s, ArOH), 617 (s, ArOMe), 6-19 (s, ZArOMe), 6.30 (s, 
ArOMe), 6.42-6.82 (m, H-3). 9.22 (d, J 7.0 Hz, Me-3). MS (m/e): 
347 (20;/,) M + I, 346 (100) M, 332 (lo), 331 (44), 279 (Zl), 
196 (27), 181 (15). 167 (37), 150 (IO), 149 (55), 57 (271, 43 (13). 
41 (10). ORD (c 3.06 mg/lOO ml, MeOH, 230-360 nm): [+]t;:o 

+ 16850, E413”d 03 C41’;88 - 14700, E4126,4 c41245 +47 If.@. 
(2S,3S)-5-Allyl-6-hydroxy-2-(3,4,5-trin~ethoxyphen~~l)-3- 

~~ethy~-2,3-dihydrobe~zofuran. (6c), Viscous oil (found: 
M 356.1625. C2,Hz405 requires: M 356.1609). ,I:;? (nm): 
230inf., 291 (E 31790, 12720); 1.::’ (nm): 305 (6 11100). Y::: 
(cm-‘): 3345, 1591, 1491, 1450, 1411, 1349, 1240, 1131, 996. 
848. PMR (Ccl,, t): 3.17 (s, H-4), 3.40 (s, ArH-2,6), 3.60 (s, 
H-7), 3.87-4.50 (m. CH,CB=CH?), 4.57-5-05 (m, CH,CH=CI& 
and H-2), 5.00 (s, ArOH), 6.15 (s, 3 ArOMe), 6.12-675 (m, 
H-3 and CBZCH=CH,), 8.62 (d, 7.0 Hz, Me-3). MS (m/e): 357 
(22%) M + 1, 356 (100) M. 341 (44), 149 (I 1). 85 (26), 83 (43). 
ORD (2.76 mg/lOO ml, MeOH, 250-360 nm): [+lsos -36900, 

1412W 0, [#IS& +49550, [fP]‘& +25950, [&I$:, +55.500. 
1-Allyl-4,8-dihydroxy-7-(3 - methoxy- 4.5 - methylenedioxy- 

~~~e~?yf)-6-me~hy~-3-oxobicyc~o[3,2,l]octane. (9), Viscous oil 
(found: M 360.1614. Cz0Hz406 requires: M 360.1597). >“z:y 
(nm): 239 inf., 275 (E 20580, 4490); I.$~W+N’OW (nm): 239, 275, 
3 10 (6 22 770, 7 190, 4490). ~2: (cm- ‘): 3446, 1704, 1629. 1504, 
1447. 1133. 1087, 928, 756. PMR: Table 3. MS: Scheme 2. 
ORD(c 1.92 mg/l~ml, MeOH, 24%350nm): @J]:‘,, -9300, 

C$lzwO. i4l%s -1716f.W C+Iz,, 9 C@l%s -5600, 141~ 
0, [41$“,, + 1700. 

Ackr7owlrdgrmrnts----The 220 MHz PMR and high resolution 
MS were registered by Dr. A. AragGo Craveiro through the 
courtesy of Prof. E. Wenkert at Indiana University, Bloom- 
ington, U.S.A. The low resolution MS were registered by Dr. 
P. M. Baker at Universidade Federal do Rio de Janeiro and 
by Dr. C. H. Williams Jr. at Universidade Estadual de Cam- 
pinas, Brasil. 
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