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Abstract-A total of 12 neoiignans, 11 bicyclooctanoids and one benzofuranoid were isolated from fruit parts of 
Ocoteo uer~uensis. Seven of the bicyclooctanoids were new; most had 2’-0-acetyl functional groups. The major seed 
and seed coat neolignans had 3&methylenedioxyphenyl substituents at C-7, while the fruit pulp contained mainly di- 
and trimethoxyphenyl groups at this position. 

INTRODU~ION 

Ocotea oeraguensis (Lauraceae) is a common evergreen 
shrub to small tree in the dry forest of Santa Rosa 
National Park, northwestern lowland Guancaste 
Province, Costa Rica (O-350 m elevation). It is involved in 
a number of interesting plant-animal interactions in this 
habitat, where it is the only native lauraceous plant. The 
fruits are swallowed entire by large frugivorous birds such 
as trogons (e.g. Trogon elegans), and then the large seeds 
(l-2 g) are regurgitated after the giaard has stripped off 
the fruit pulp. Such seeds, or those that have fallen from 
the tree. are not harvested by the spiny pocket mouse 
(Liomys saluini, Heteromyidae); this small rodent is an 
extremely common seed predator that harvests many 
other species of seeds from the forest litter in the forest 
where 0. veraguensis is common. L. salvini rejects the seeds 
of 0. oeruguensis as food in the laboratory, usually 
preferring to starve to death rather than eat them (if the 
seeds are consumed, the rodent loses weight as fast as if it 
were eating no food) [D. H. Janzen, unpublished], and it is 
clear that the seeds contain one or more chemicals that are 
toxic or repellent to the mouse. On the other hand, larger 
seed predators such as agoutis (Dusyprocta punctuta), 
pacas (Agouti paw) and peccaria (Dicotyles tayussu) 
readily prey on 0. veraguensis seeds in Santa Rosa m. 
Hallwachs, personal communication]; they grind them up 
entire., with or without the seed coat and fruit pulp 
attached. 

On the other hand, in Santa Rosa the larvae of the 
weevil Heilipus druco Fabr. (Curculionidae) develop only 
in the seeds of 0. veraguensis; the larvae feed on the seed 
contents, one to a seed. This is the only species of insect 
that feeds on 0. oeruguensis seeds in Santa Rosa. It is clear 
that this weevil larva is not deterred by the chemicals that 
deter L. suluini. In addition, it is quite likely that the 
weevil’s restriction to 0. veraguensis as a host plant in 
Santa Rosa is based in major part on its ability to 
overcome the chemical defenccs of the seed, defenas that 
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protect it from the mouse (a small vertebrate) but not from 
larger vertebrates. It is widely believed that lauraceous 
seeds are free of seed predation [ 11. While this is obv&.sly 
not the case with 0. oeraguensis, the above comments 
strongly suggest the presence of some relatively toxic 
compounds in 0. veraguensis .se&. 

RESULTS AND DISCUS!SlON 

All of the neolignans found (a total of 12) were of the 
bicyclo[3.2.l]octanoid type except for a single benzofu- 
ranoid. The benzofuranoid, 4 was previously known [2] 
as were the bicyclooctanoids III, lc and 5~. The remainder 
are new compounds with most representing structural 
variations of the neolignans reported [3] from the stem 
bark. Particularly interesting was the preponderance of 2’- 
O-acetyl derivatives and the relative distribution of struc- 
tures among the fruit parts. The major neolignans of the 
seedandseedcoatwerelaandlh,whilethoseofthefruit 
pulp were 2a and 3a The levels of la and lb in the seed 
coat were four times those in the seed, and twice the 
levels of 2~ and 3~ in the fruit pulp. Hence, meth- 
ylenedioxy derivatives were concentrated in the seed 
materials, while methoxylated compounds were the major 
fruit pulp components. 

Neolignan lc was previously prepared from la and 
‘HNMR data reported [4]. It had apparently been 
isolated earlier [S] from an A&o species, along with !!a, 
although in this report the stereochemistry of lc and 5~ 
was incorrectly drawn. 

Structures were assigned by high resolution fast atom 
bombardardment mass spectrometry and ‘H NMR spec- 
troscopy in comparison with literature data for 1% sina a 
standard could not be obtained, and by an exchange of 
spectra with the Waterman group [3]. Table 1 gives the 
comparative NMR data for 18 and four typical bicyclo- 
octanoids, all containing ‘IS-piperonyl (3,4_methylene- 
dioxyphenyl) substituents. The other bicyclooctanoids 
di!Ter from those of Table 1 only in the pattern of 
substitution on the C-7 aromatic ring, which was easily 
assignable from the NMR spectra; these data are in the 
Experimental. 
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la AI =3,4 -methyknedioxyphenyl: R1 - AC, Rl = R3 - =O 
lb Ar = 3.4 - mcthykncdbxyphenyl; R1 - AC, Ra - H, R’ - OH 

IC Ar= 3,4-rnethykn~dioxyphenyl; R1 - H, R’ - R’ - =O 
%l Ar = 3,4 - dimcthoxyphenyl; Rr - AC, Ra = R’ - =O 

2b Ar -3,4-dImethoxypLnyl; RI - AC, RS = H, R3 - OH 
3a Ar=3,4,5 - trhnvthoxyphcnyl; R’ - AC, R’ - R3 - =O 

4&I Ar -4,s - mcthylenedioxy - 3 - methoxyphenyl; RI - AC, R’ - R’ - 

SS Ar - 3.4 - methyknedioxypbenyl, Rl - AC 
SC Ar - 3,4 - mvthylenedioxyphenyl; Rr - H 

6a Ar=3,4-dimethoxyphenyl; R’ = AC 

7C Ar - 3 - hydroxy - 4 - nx%hoxyphcnyl; R’ - H 

8 

Compounds in the I-4 series have the l’S,3’R amfigur- 
ation, while those in the S-7 series have the l’R,3’S 
con6guration. This was determined by comparison of the 
NMR spectra with those of the literature [4,6]. The ls-6~ 
series have 2’-O-acetyl and 4’-carbonyl groups, 1 b and 2b 
have t’-0-acetyl and 4’-/?-OH groups, while lc and Se-7c 
have 2’-OH and 4’-carbonyl functions. The presence of the 
2’-OAc groups was estabtished by the singlet three proton 
resonance in the 2.2-2.3 ppm region and shift of the 
normal H2’ singlet at 3.99 ppm to 5.2-5.4 ppm. When a 
carbonyl group is present at C4’, the signal for H6’ is a 
singlet near 5.7 ppm for the 1-4 series and at 6.1 ppm for 
the 5-7 series. Replacement of the carbonyl with a C4’ /I- 
OH shifts the signal of H6’ to 4.44 ppm (e.g. in 1 b) and the 
new H4’ appears at 4.86 ppm. Had the OH, H configur- 
ation been the opposite at C4’, the H4’ resonance would 

have been near 4.3 ppm instead [3]. The desaortyl ana- 
logue of lb as weIl as the alcobol of opposite conhguration 
were both found in the stem bark [3] and these assign- 
ments were confirmed by NOE experiments 133. The 
NOR data also confirmed the C7-CS tram stereo- 
chemistry. 

Keys to distinguishing the l-4 from the 5-7 series are 
the chemical shifts of the H7 resonance, the H6’ resonance 
and that for the methyl at C8. In the 1-4 series, H7 is at ca 
2.6 ppm, H6’ is at 5.7 and the methyl at 0.8-0.9 ppm, while 
in the S-7 series these resonances appear at 3.3, 6.2 and 
1.25-1.28 ppm, respectively. 

Animal feeding experiments on fruit parts and their 
extracts will be conducted in order to determine whether 
the neolignans are important in the toxicity of the seed. 

FXPEPlMEriTAL 

The ‘HNMR a~ were taken in 0, at 270 MHz and 
arenportedinppmfrcmTMS;JvolwsaninHLTheIRapecira 
were recorded after evaporating a CHCf, soln on NaCJ plates. 
Low resolution EIMS were obtained at 70 eV, direct probe inacrt, 
at 120-140”. 

Extraction and isolation. Fruit of 0. veroguensis (Meissn.) Mez 
was colkcted on June 21, 1985 in Santa Rosa National Park, 
Guamcaste, Costa Rica,at an elevation of 300 m and identified by 
D. Whitehead. A voucher spbcimen is maintained by D.HJ. seeds 
(500 g), seed coat (100 g) and dried fruit pulp (200 g) were 
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Neolignans of Ocotea fruits 

Tabk 1. ‘H NMR data for sckctai tteolignuu 

Cbmpound 

1C k 

2039 

SC 

H2 6.96 6.95 

H-S 

(lH, d. J - 0.7) (lH, d, J - 1.3) 

6.65 6.69 

H-6 
(lH, d, J = 8) (1H. d. J = 7.3) 

6.70 6.74 

GCH,-O 

(tH, 44 J = 8.0.7) 
5.93 

(lH, dd, J - 7.3. 1.3) 

5.91 

2’-oAc 

H7 

(tH, d. J = 4.6) 

2.28 

2.59 

(2Y dd, J - 5.8. 1.4) 

2.26 

In 2.1-2.6 m In 2.~2.7 m 

H8 

(IK d. J = 8) 

In 2.32-2.5 m In 2.1-2.6 m In 2.~2.7 m 

H9 

HZ 

0.90 

(3H. d. J = 6.3) 

5.40 

(1K s) 

0.83 0.89 

(3H. d. J = 6.6) (3H, d. J = 6) 
5.m 3.99 

(1H. s) (lH, s) 

H3 

H4 4.86 

UH. s) 
H5 

H6 

H7’ 

5.68 4.44 5.67 6.15 

(lH, s) (lH, s) (lH, 3) (1H. s) 

In 2.32-2.50 m In 2.1-2.6 m In 2.3-2.7 m Ia 2.25-2.50 m 

Hll’ 

H9 

1ran.l 

H9 

cis 

l’-OMC 

2’-oMc 

Y-oMe 

S-oMe 

6’-oMe 

5.80 5.80 5.88 5.82 

(IH, m) (1H. m) (1H. m) (1H. m) 

5.15 5.03 5.23 5.22 

(1H.dd,J=15.8,<1)(1H,dd,J-17.7.<1)(1H,dd,J-18.6.1.4) (lH,dd,J-18.<1) (lH,dd.J-17,1.7) 
5.14 5.04 5.15 5.21 5.21 

(lH, dd. J = 11.2, < 1) (1H. dd, J - 10.8. < 1) (1H. dd, J - 9.9, 1.3) (lH, dd, J = 12, < 1) (1H. dd, J = 9, 1.7) 

3.22 3.15 3.30 3.27 3.41 

3.68 3.63 3.68 3.68 3.67 

6.97. 

(s) 
6.704’ 

b) 
6.701’ 

(s) 
5.94 

(2H. d, J = 1.8) 

6.54 

(d, J = 0.7) 

6.68 

(d. J - 81 
6.52 

(dd, J - 8,0.7) 

5.89 

(2H, d, J = 0.5) 

224 

3.30 

(d, J - 7) 
In 2.25-2.50 m 

1.25 

(3H. d. J = 6) 

5.32 

(IH, s) 

6.55 

(d, J - 1.6) 

6.67 

(4 J - 8.3) 

6.52 

(dd, J - 8.3, 1.6) 

5.89 

(2H. s) 

3.33 

(4 J = 6.9) 

2.23 

(1H. m) 
1.28 

(3H, d, J - 7) 

3.98 

(1H. s) 

6.12 

(lH, 5) 
2.4012.76 

(dd, J = 6.6. 2) 

5.88 

(lH, m) 
5.30 

l 1nterchangubk. 

subjected separately to the following extraction procedure. 
Ground material was extracted with EtOH by percolation with 
stirring. The EtOH was coned to a syrup and MeOH added to ppt 
fats. Addition of MeOH and repeated cooling in a freezer was 
carried out until no additional ppt formed. Each alcoholic extract 
was diluted to a known vol. with MeOH-Hz0 (3:2). An aliquot 
was removed and cvapd to dryness in order to estimate the wt of 
each extract: seeds 34 g, seed coats 6.5 g, fruit pulp 58 g. The aq. 
alcohol was then partitioned between hexane, CHCI, and EtOAc. 
Analysis by ‘H NMR showed the neohgnans to be. coned in the 
CHCl, solns: seed 1.5 g, seed coats 0.68 g, fruit pulp 1.2 g. 

Neoligmms from seeds. One-half of the CHCI, extract was 
subjected to gash chromatography (silica gel) with a gradient of 
3:2-2:3 of toluencEtOAc. Fractions S-19 (of 27) contained 
neolignans and were combined based on TLC and NMR analysis. 
Pure neolignans were then obtained by prep. TLC (silica gel) with 
hexane-EtOAc (1: O-1 : 1 gradient) and prep. TLC (silica gel) by 
double development with toluene-EtOAc (5: 1) and (5:3) 

Neolignansfrom seed coats. One-half of the CHCI, extract was 
separated by prep. TLC as above, with further purifications by 
prep. HPLC (ODS column; MeOH-H,O, 6:4). 

Neolignansfrom/ruit pulp. One-third of the CHCI, extract was 

separated on a centrifugal prep. TLC plate (silica gel, 2mm) 
developed with a hexan*EtOAc gradient (I :0-l: 1) Fractions 
containing neolignans were further separated by prep. TLC as 
above. 

Results of the isolations were as follows: 

‘A in seeds* xinseedcoat y0 in fruit pulp 

la 0.004 0.024 0.005 
lb 0.005 0.020 None 
lc 0.002 0.001 0.001 
2a 0.002 0.002 0.010 
tb 0.001 0.004 0.001 
3a Trace 0.001 0.00!7 
4a 0.001 Traa 0.001 
ga Trace None None 
SC None Trace None 
6a None Trace None 
7C 0.001 None None 
8 0.001 None None 

l Without seed coat. 




