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Abstract-A benzene extract of the trunk wood of Aniba terminalis (Lauraceae) contained besides 
benzyl benzoate, benzyl salicylate, d, 1 -camphor and sitosterol, (2S,3$3aR)- and (2R,3S,3aS)-3a-allyl-5- 
methoxy-3-methyl-Zpiperonyl-2,3,3a,6-tetrahydrod-oxobenzofurans, which may be responsible, 
through sequential rearrangements of the Cope, retro-Claisen and Claisen types, and finally dehydro- 
genation, for the formation of the co-occurring (2S,3S,5S)- and (2R,3S,5R)-5-allyl-5-methoxy-3-methyl- 
2-piperonyl-2,3,5,6-tetrahydro-6-oxobenzofurans, the (2S,3S)-6-0-allyl-5-methoxy-3-methyl-2-piper- 
onyl-2,3_dihydrobenzofuran, the (2S,3S)- and (2R,3S)-7-allyl-6-hydroxy-5-methoxy-3-methyl-Zpiper- 
onyl-2,3_dihydrobenzofuran and the 7-allyl-6-hydroxy-5-methoxy-3-methyl-2-piperonylbenzofuran. 

Neolignans of structural types 1, 2, 3 and 4 co- 
occur in the C,H,-extract of an Aniha sp. [l]. 
The opinion that all four represent natural pro- 
ducts originating from an isoeugenol-eugenol oxi- 
dative dimer (type 1) by successive in viva rearran- 
gements was based on the stability of derivatives 
belonging to types 1 and 2 under extraction con- 
ditions. Additional evidence stems from the fact 
that in Aniba terminalis representatives of these 
same types are accompanied by 5. Dehydrogena- 
tion of 2,3_dihydrobenzofurans would not be 
expected to occur during manipulation of the 
plant or extract, and a reasonable rationalization 
of the biosynthetically unusual placement of the 
ally1 substituent in 5 involves a sequence of reac- 
tions in which 2, 3 and 4 would function as inter- 
mediates. 

* Part 31 in the series “The Chemistry of Brazilian Laur- 
aceae”. For Part 30 see Ref. 1. Taken from part of the 
M.S. thesis presented by Z.S.F. to the Universidade de Slo 
Paulo (1974). Sponsored by Ministkrio do Planejamento 
(Financiadora de Estudos e Projetos S.A.) through Academia 
Brasileira de Ci&ncias and by Funda@o de Amparo i Pes- 
quisa do Estado de S?to Paulo. 
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t lnstituto National de Pesquisas da Amaz8nia, Conselho 
National de Pesquisas, Manaus. 
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RESULTS AND DISCUSSION 

The NMR features of dihydrobenzofuran neo- 
lignans are well known [lM]. The structures of 
the compounds belonging to types 14 were thus 
deduced with ease. The particular dienone sys- 
tems of 1 and 2 were further characterized by 
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IR and UV spectra (v,,,;,~ 1645 and 1685 cm- ’ re- 
spectively: i,,,,,lX 28.5 and 3 14 nm respectively). The 
relative positibn of the O-ally1 and O-methyl sub- 
stitucnts in 3 was inferred from considerations 
concerning the biogenesis of the compound. Ana- 
logous evidence, also decisive for structural 
assignments in the case of compounds 4 and 5, 
was partially confirmed by determining NMR 
spectral modifications due to acetylation in the 
latter case. Constancy of position of the aromatic 
proton sin&let established the j?zeta-relationship of 
H and OH. while diamagnetic shifts of the 
CH2-CH= and OMe resonances established the 
o~tho-relationship of the ally1 and the methoxyl 

data showed this compound to belong to the 
(2S,3S)-2-aryl-3-methyl series of 2,3-dihydroben- 
zofurans [1,2]. Product 4 was again a 1:1.2 mix- 
ture of 4a (Me r 8.67) and 4b (Me 5 9.19). The 
absolute stereochemical assignments in the for- 
mulae were based solely on the probable interre- 
lationship of A. tc~~riG1u1i.s constituents of the 
tl’ar1s-(la ---f 2a+3+4a) and the cis-( I b--f 
2b --+ 4b) series. 

The leaves of this species [S] contain 4-methoxy- 
paracotoin [6]. in addition to benzyl benzoate 
and benzyl salicylate. 

ESPEXIMENTAL 

to the hydroxyl. Placement of the lone aromatic 
hydrogen at C-4, rather than the C-7 position, 

Isokurior~ of C/X, COIIS~~~~LCIIIS. Trunk wood (2 kg) of Ajliha 

seemed in better accord with its relatively low 
trnnidis Duckc (voucher specimens INPA. Manaus, Her- 
baria Bot. 42206, Chem. 5:73) ftom the Ducke Forest Reserve. 

field NMR signal, while placement of the meth- Manaus. Amazonas. gave a C,H,-extract (I5 g) which was 

oxyl at C-5. rather than the more hindered C-7 
chromatographed on Si gel (500 g) to give the rollowing l’rac- 

position, seemed in better accord with its rela- 
tions with the indicated cluants: .A, and AZ (C,H,). ‘4, and 
A, (C,H, EtO?\c. ‘):I). A.; (C,H, EtOAc. 7:3). A, (4 g) \vas 

tively high field NMR signal. The spectrum of composed of aliphatic esters. Al (2.2 g) was rechromato- 

5 was of course simpler than the spectra given 
graphed on Si gel to yield hcnr)l benloate. benzyl salicylatc. 

by compounds belonging to types 14. Selective 
and a 3-component mixture which was separated b) PLC 
(SiOz. C,H,) into 5 (I 5 mg) and a I-component mlutur’e. This 

conjugation with the furan system separated all was separated, again by PLC (SiO,. C,H, CHCI,. 99: 1). into 

piperonyl H-resonances, while the C-Me was 
the less polar 3 (30 mg) and the more polar 4 (25 mg). A3 

represented by a sharp singlet at appropriately 
(0.9 g) in CHCI, pptd. upon addition ol’ MeOH. a solid which 
was crystallized from McOH to give sitostcrol (SO mg). A, 

low frequency. (1.9 g). upon heating. gave sltosterol (600 mg) in the residue 

The known burchellin (la) differs stereochemi- 
and d,I-camphor (100 mg) in the sublimate. A, was separated 

tally from the A. tcmhzlis constituent lb. While, 
by PLC (SiOz. Et,O) into the Its> polar lb (JO mg) and the 
more polar 2 (SO mg). 

with reference to the aryl substituent, the ally1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

group of lb is again trans-oriented (CH,, 
t~tr-ul2!,d~o-h-o\-oh~,,i_c?/u~a,r. (1111 \ibcous oil iM ’ l’ound: 

r < 7.6 [I]), the methyl is cis-oriented (z 9.47). 
340.1314: CL,,HZnO, requires: ~~4O~l31~~). I’V j.b,‘,::” nm (log 
E): 257. 2x5 (4.24. 3.96). IR $1:: (cm-‘): 1645. I61 I. 1477. 1241. 

From the two configurational alternatives, which 1163. 1041. 941. NMR (CDCI,. rl: 3.25 (nl. 3ArH). 4.03 (s. 

could be formulated on this evidence. lb was 
O,CH,), 4.0 3.3 (n,, CH,CH=C’H,). 4.15 (s. H-4). 4.50 (s. H-7). 

chosen on &rounds of the nearly antipodal ORD 
4.77 (d. J 2.3 Hr. H-2), 4.7.i 4.95 (WI. CH,CH=CH2). 6.35 (5. 
OMe-5). ?.IS 7.45 (IX C&(‘H=C‘H2 and H-3). 9.47 (d. J 7.0 

curves of la and lb. Burchellin (la), as character- Hz, Me-3). MS (WI:<>): 341 (2.i”,,) %I. + I. 330 (100, M’, 320 

ized by a trarls-methyl resonance (Z 8.84), and 
(20). 299 (70). 267 (281, 239 (‘0). 211 (IO). 177 (25). 162 (35). 

anothercompoundtentativelyidentifiedwith3a-epi- 
I61 (18). 150 (17). 149 (221. I.35 (30). I31 (IS). 121 (13). 106 
(16). ORD (c 3 mg,‘lOO ml. McOH. 2-10 400 nm): [+]40,1 - 

burchellin (Ic) (Me T 8.73, CH, 5 > 7.6), were l~~~~IId,l!Eo -900. 1cblY~- - iox50. r$1304 0. r41!!_, +67(x). 

present in substantial amounts. (35 and lo:/ res- “lZ7’ f’700’ 
pectively), in a less pure sample of lb. 

(2SX3aR)-3a- Ill~/-i-rr~c~tl~o~~-3-r~r~~~l~~/-l-~~i~~e,or~~~l-2.3.3a.h 
tet~ult~d~o-h-o~ohrll-_olfrro,? (la) L'\ A. hwciwlli, Kosterm. [_?I. 

Since a 2.3~t1~21zs geometry must prevail in 2a 
(Me T 8.75). it represents most probably the ~~~~~ 

ORD (c 2.5.X m&l00 $. MeOH. 2X)- 300 nm): [dlA,,,, + 1200, 

rearrangement product of burchellin (la). In 

~~3~~~ _‘~t5:)i”. [~~I;, 1 ~‘):“” [(/)I,~,~1 0. ~‘~~I~x, ~“~0. 

(2S,3S,5S)-~-.3//~/-5-,llerllo\!-3-,- 
agreement with this supposition, its ORD curve rrtruhyrlro-h-o\-o-/~c,r~_o/locli, (2). Viscous oil (M found: 

is different from the curves of (SR)-ally1 derivati- 340,131 I ; C,,,H?,,O, requires: i40~13lO. UV i.:,,‘::” nm (log c): 

veS Cl]. The isolate contained about 10% of a 2,3- 
236.289.314(4-31..~.97.3.X4). IR ~:,$:‘(cm I): 16X1. 1645. 1610. 
1493. 1253. I IOO. IOOO. 039. NMR (C-DC-I,. ?I: 3.30 (h, s, 

cis derivative (Me T 9.38), probably 2b, the Cope 3ArH). .WA (I/. J .?O H/. H-21. -W (Y 02CHZj. 3.7 4% (III. 

product of I b. In contrast, 3 was obtained in pure CHJQ=(‘H,). 4.51 (.\. 11-31. -I.91 (\. H-7). 4.9 5.1 (111. 

form. Significantly. NMR (Me 5 8.67) and ORD 
CH,CH=CH,), 6.9 7.2 0~. H-3). 700 (5. OMc-5). 7.58 (d. J 
6,6 HL. CH~C‘H=C‘H~). x.75 (d. ,I 7.2 IH~. M~-.J). MS (111’(J): 
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341 (25%) M’ + 1,340 (100) M+, 310 (lo), 301 (16), 300 (59). 
280 (l6), 270 (13), 221 (13), 216 (lo), 215 (IO), 179 (22), 177 
(13), 175 (l3), 165 (13), 162 (15), 161 (lo), 154 (11). 150 (13), 
149 (27), 141 (lo), 137 (15), 135 (65), 131 (13), 128 (IO), 121 
(lo), 119 (ll), 115 (ll), 109 (lo), 106 (lo), 105 (II), 103 (15). 
ORD (3 mg/lOO ml, MeOH, 245-400 nm): [4]400 +1600. 

c41340 f3150, C4IP~o + 15400, C4lbo f12200, [41%4 + 
13800. [cblm 0. C4L.c - 122~~. 

(2S,3S)-6-0-A[lyl-5-metho~y-3-methyl-2-piperonJ~l-2.3-diI~yd- 
robenzofuran (3). Viscous oil (M’ found: 3401309; C20HZ005 
requires: 340.1310). UV ,I:: nm (log E): 234, 294, 325, 340 
(4.37, 4.24, 3.96, 3.31). IR vz$’ (cm-‘): 1592, 1486, 1256, 1116. 
936. NMR (CDCl,, T): 3.1-3.3 (m. 3ArH), 3.42 (s. H-4), 3.65 
(s, H-7), 3.7-4.2 (111, CH,CB=CH,), 4.05 (s, O&H,), 4.5-4.9 
(m, CH,CH<&), 5.09 (d, .I 8.0 Hz, H-2), 5.55 (d, J 4.5 Hz, 
OCHI), 6.26 (s, OMe-5), 6.5-7.0 (M, H-3), 8.67 (d, J 7.0 Hz, 
Me-3). MS (m/e): 340 (9%) M’, 204 (20), 179 (13). 175 (t3), 
165 (46), 161 (52), 159 (19), 149 (16), 138 (31), 135 (62), 123 
(18), 122 (20), 121 (37), 120 (18), 119 (loo), 105 (49). ORD 
(~:~$/tg ml, MeO: 235-400 nm): [d]400 + p50, [$]&I 

Mh’o. 
301 0. [4x9, + 10400, c4i2s0 0, wa4 +20150, 

(2S,3S)- and (2R,3S)-7-a[IyI-6-hydroxv-5-metholv-3-methvI-2- 
piperonyl-2,3-dihydrobenzofuran (aa anh 4b respectively). -Vis- 
cous oil. IR vfiirl (cm-‘): 3450. 1611. 1490. 1253. 1128. 946. 
848. NMR (CDCI,, 7) signals common to ka and’ 4b: 3:1-3.j 
(m, 3ArH), 3.57 (br s, H-4), 4.10 (s, O,CH,), 3.9-4.4 (n< 
CH,CH=CH,), 4.47 (s, OH-6), 4.95-5.15 (m, CH,CH=CH,), 
6.20 (s, OMe-5), 6.66 (d, J 6.0 Hz, C&CH=CH,); signals due 
to 4a: 4.93 (d, J 8.0 Hz, H-2), 6.5-7.0 (m, H-3), 8.67 (d. J 
7.0 Hz, Me-3); signals due to 4b: 4.76 (d, J 8.0 HZ, H-2), 
5.7-6.2 (m, H-3), 9.19 (d, J 7.0 Hz. Me-3). MS (m/e): 3.40 (8%) 
M+, 179 (lo), 175 (100). 161 (42), 149 (23) 135 (12), 121 (23), 
119 (33) 105 (27). 

7-Allyl-6-hydroMy-5-methoxy-3-mrthyl-2-piperonylbenzofuran 
(5). Prisms, mp 125-127” (petrol) (M+ found: 338.1140; 
CZ0H1s05 requires: 338.1154). UV nz*y nm (log E): 250, 290, 
337 (3.83, 4.06, 444). IR ~2; (cm-‘): 3448, 1651, 1616, 1503, 
1475, 1429, 1380, 1350, 1228, 1130, 1048,915, 861. NMR(CCl,, 
I): 2.76 (dd, J 9.2, 1.5 Hz, H-6’), 2.78 (d, J 1.5 Hz, H-2’), 3.13 
(d, J 9.2 Hz, H-5’), 3.23 (s, H-4), 3.s4.1 (m, CH,C&CH,), 
400 (s, O,CH,), 4.20 (s, OH-6), 4.65-5.05 (m, CH,CH=CX2), 
607 (s, OMe-5), 6.32 (sec. split d, J 6.0 Hz, C&CH=CH& 
7.64 (s, Me-3). MS (m/e): 338 (14%) M+, 258 (131, 167 (391 
150(73), 149 (loo), 113 (17), 112 (lOj, 105 (17). A&&, needles 
mr, 112-114” (MeOH). NMR (CCL. rl: 283 fdd. J 8.4. 1.5 
Hi, H-6’), 2.88 (d, J i.5 Hz, ti-2’),-$li( (d, J ‘8.i Hz, ti-5’), 
3.23 (s, H-4), 3.8-4.4 (m, CH,C&CH,), 4.00 (s, O&H,), 4.7- 
5.1 (m, CH,CH=C&), 617 (s, OMe-5), 647 (sec. split d, J 
6.0 HZ, C&CH=CH2), 764 (s, Me-3), 7.77 (s, MeCO). MS 
(m/e): 381 (9%) M+ +I, 380 (41) M+. 339 (23), 338 (lOO), 
295 (14), 173 (40), 167 (14), 149 (64), 148 (17), 147 (87), 135 
(1 I). 
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