
groups ( 5 ) .  In cephalosporin studies (2), a double-bond migration 
was reported only when accompanied by dehydroacetoxylation; 
otherwise, the double bond remained at  the C-3,4 position. 
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Phytochemical Investigation of Virola peruviana, 
A New Hallucinogenic Plant 

A. LAI, M. TIN-WA, E. S. MIKA, G. J. PERSINOS*, and N. R. FARNSWORTH' 

Abstract 0 Although Virolu perrrciarru has been described in 
ethnobotanical studies as being used as a hallucinogen, no proof 
of the presence of chemical agents explaining this activity existed 
previously. The present study resulted in the isolation of 5-methoxy- 
N,N-dimethyltryptamine as well as the identification of N,N-  
dimethyltryptamine and 5-methoxytryptamine. thus confirming 
the hallucinogenic aspect of V. peruciutra. In addition, myoinositol 
and the lignans lirioresinol-A dimethyl ether and lirioresinol-B 
dimethyl ether were isolated and identified. A mixture of rr-alkanols 
was isolated and shown to consist of octacosanol, triacontanol, and 
dotriacontanol, whereas a mixture of sterols was isolated and shown 
to consist of psitosterol, campesterol, and stigmasterol. 

Keyphrases G Virola peruuiarru-phytochemical investigation, 
hallucinogenic constituents isolated and identified 0 Hallucino- 
gens-isolation and identification of hallucinogenic constituents 
of Virola perrrciatru 0 Phytochemistry-isolation and identification 
of hallucinogenic constituents of Virola perriciaria 

In the Rio Apaporis, Puinave Indians refer to Virola 
peruviana as y8-kee, suggesting its possible utilization 
in preparing the hallucinogenic snuff by the same name 
( I ) .  Schultes and Holmstedt ( I )  suggested that this 
species may be used as a hallucinogen and determined 
Table I-Chromatographic Separation of Fraction A 

Fraction Yield, 
Number Eluent Isolate mg. 

1-34 Benzene 
35-39 Benzene 
40-64 Benzene 
65-81 Bcnzene-acetone (9 : 1) 
82-154 Benzene-acetone (9: 1 )  

155-169 Benzene-acetone (6:1) 
170 Benzene-acetone (6: 1) 

171-174 Benzene-acetone (6: 1) 

175-200 Benzene-acetone (6 : 1) 
201-234 Benzene-acetone (3 :1) 
235-245 Acetone 
246-280 Methanol 

- 
n- Alkanols 

Phy tosterols 

Lirioresinol-A 

Lirioresinol-B 

- 

- 
- 

dimethyl ether 

dimethyl ether 
.- 

216 

that it contained alkaloids ( I ) .  Other virola species, i.e., 
V .  rheiodora, V. rufula, V .  mulrinervia, V .  venosa, V .  
calophylloidea, V .  calophylla, and V .  sehifera, are well 
documented as hallucinogenic plants, with their active 
principles being determined as N,N-dimethyltryptamine, 
5-methoxy-N,N-dimethyltryptamine, and/or N-methyl- 
tryptamine (2-5). 

The purpose of this investigation was to determine 
whether V .  peruuiuna contained chemical constituents 
that would explain its use as a hallucinogen. 

EXPERIMENTAL' 

Plant Material-The plant material* used represented the bark 
of Virola peruriuna (A.DC.) Warburg (Myristicaceae), collected 
near Leticia, Peru, during October 1968. 

Extraction and Fractionation-Coarsely milled bark (4.7 kg.) of 
V. peruciana was defatted with 35 1. of petroleumether (b.p. 30-60") 
using a soxhlet apparatus for 24 hr. The combined extracts were 
filtered and evaporated to dryness to  yield 4.0 g. of Fraction A. The 
defatted plant material was then exhaustively extracted in the soxh- 

1 All chemicals used were of reagent grade quality. Melting points 
were determined by means of a Thomas-Hoover apparatus or a Koflcr 
hot plate and are uncorrected. Optical rotations wcre measured in a 
Carl Zeiss optical polarimctcr. The UV spectra were recorded in meth- 
anol using a ,Bcckman model DB-G spectrophotometcr. IR spectra 
were taken using a Beckman model IR-18A instrument. Mass s ectral 
analyscs werc made using the Hitachi Perkin-Elmer model R d D - 6 D  
single-focusing mass spectrometer. NMR spectra were taken using a 
Bruker model HFX-5 magnetic resonance spectrometer. GC analyses 
were carricd out by means of a Perkin-Elmer model 881 lincar program- 
med temperature gas chromatograph, equipped with a hydrogen flame- 
ionization detector and a Sargeiit model SR.S-72180-20 I-mv. recorder; 
a I-sec. full-scale response was used. A borosilicate coiled glass column, 
1.8 m. (6 ft.) X 2.0 mm. (i.d.), was packed with either 3 %  OV-l or 5 %  
OV-101 on 100-120-mcsh Gas Chrom Q. Silica gel GFZJI plates were 
used for monitoring the chromatographic separation of Fraction A ;  
the solvent system used for development of plates was the same as the 
eluent used to clute the fractions. The same type plates were used for 
monitoring the chromatographic fractions from Fraction D. but de- 
velopment was with bcnzene-ethyl acetate-diethylamine (7 :2 :  I ) .  Spots 
were visualized after spraying the plates with sulfuric acid (70%) or 
Ehrlich rcagent and heating at 110" for 5 min. 

* A voucher specimen (2245) was authenticated by Dr. J. Wurdack, 
Smithsonian Institution, Washington, D. C. A specimen has been de- 
posited at  that address. 
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Table II-Chromatographic Separation of Fraction D 

Fraction Number Eluent Isolate Yield, mg. 
~ 

1-20 
21-44 
45-55 

56434 

435-633 

634-705 
706-936 
937-1030 

1031-1066 
1067-1087 

Petroleum ether 
Petroleum ether-benzene (9: I )  
Petroleum ether-benzene ( I  : I )  

Petroleum ether-benzene ( I  : 1 )  

Benzene 

Benzene-ether (6:l) 
Ether 
Chlorofprq 
Chloroform-methanol (9:l) 
Methanol 

- 
- 

5-Methoxy-N,N-dimethyltryptamine 

5-Methoxy-N,N-dimethyltryptamine 
(as methiodide) 

(as picrate) 

(as picrate) 
5-Methoxy-N,N-dimethyltryptamine 

let apparatus with methanol until the final methanol extract no 
longer gave a positive alkaloid test with Mayer's reagent. Concen- 
tration of the methanol extract in racuo gave 232 g. of a dark- 
brown syrupy liquid, which was redissolved in 2 1. of boiling meth- 
anol and filtered. A nonalkaloidal precipitate (Fraction B). which 
formed on standing, was removed by filtration (22.7 8.). The filtrate 
was poured into 6 1. of 2% acetic acid, and the methanol was re- 
moved by evaporation in i'acuo. Suspended impurities were re- 
moved by filtration; the filtrate was extracted with chloroform (6 
x 2 I . ) ,  and, after evaporation in rucuo, gave 1 1  g. of Fraction C. 

The aqueous layer was made alkaline with 28% ammonium 
hydroxide and extracted with chloroform (9 X 2 1.). The combined 
chloroform extracts were evaporated to dryness in  cacuo to yield 
3.4 g. of Fraction D. 

Chromatographic Separation of Fraction A-Fraction A (4.0 g.) 
was chromatographed over a column ( 5 . 5  x 62 cm.) of silica gel 
P h  (300 g.) and eluted with solvents having increasing polarity 
(Table I).  Each fraction (50 ml.) was monitored by means of TLC, 
and fractions were combined on the basis of TLC patterns. 

Isolation and Identification of n-Alkanols-Combined fractions 
35-39 from the column, which were eluted with benzene, formed a 
white precipitate when concentrated i/1 racuo. The precipitate was 
removed by filtration and crystallized from acetone several times. 
The 1R spectrum of this isolate was typical of that seen with ) I -  

alkanols. GLC analysis (3% OV-I, 280" isothermal) of this isolate 
showed it to he a mixture of cctacosanol(5579. triacontanol(35%), 
and dotriacontanol (ISZ). 

Isolation and Identification of Phytosterols-Fractions 6 S 7 2  
from the column, which were eluted with benzene-acetone (9 : I), 
were combined and evaporated to dryness ; / I  cacuo. The residue 
(340 mg.) was crystallized from a benzene hexane mixture to give 
white plates. GLC analysis ( 5 " / ,  OV-101, 250" isothermal) of this 
material showed it to be a mixture of campesterol (9.973, stig- 
masterol (33.973, and 0-sitosterol(57.373. 

Isolation and Identification of Lirioresinol-A Dimethyl Ether- 
Concentration of fraction 170 from the column, which was eluted 
with benzene acetone (6:l) ,  resulted in the formation of crystals. 
Recrystalliration from acetone-hexane yielded 185 mg. of crystals 
having a melting point of 116" [lit. (6) m.p. 118-120'). The UV 
spectrum of the isolate showed absorptions at AmBx 208 (log t 4.88) 
and 271 nm. (log e 3.48), with a shoulder at  230 nm. (log t 4.19). 
1R absorptions were found at 2900,2800, 1590,1510, and 810 cm.-l. 
A molecular ion was observed in the mass spectrum at m/e 446, in 
agreement with a formula of Cz,H300& Other prominent peaks were 
noted at m/e 416,250, 249,224,207, 196, and 181, the fragmentation 
pattern of which is similar with that of lirioresinol-B dimethyl ether 
(7-9). 

Since the presence of six methoxy groups was observed in the 
NMK spectrum a t  6 3.85. the remaining two oxygen atoms were 
assigned as ether linkages in a lignan of the 3,7-dioxabicyclo[3.3.0]- 
Octane type, considering the lack of hydroxy, phenolic, and carbonyl 
groups in the IR spectrum. However. the compound was not sym- 
metrical as is the case with lirioresinol-B dimethyl ether. One beniylic 
hydrogen appeared as a doublet centered at  6 4.89 ( J  = 3 HL.), 
while the other benzylic proton was at 6 4.47 (d, J = 3 HL). One 
methylene proton was seen upfield in the 6 3.38-3.47 region as a 
multiplet, which corresponded with the axial proton due to the 
shielding effect of the aryl group; another methylene proton was 
observed downfield in the 6 4.13~ 4.24 region, corresponding with the 

other axial proton affected by the equatorial aryl group. Two ad- 
ditional methylene protons appeared between 6 3.8 and 3.97. 
Furthermore, two nonequivalent methine protons appeared a t  6 
2.94 and 3.30. indicating that its NMK spectrum was similar to 
that reported for lirioresinol-A (10). The identity of this isolate as 
lirioresinol-A dimethyl ether wa5 confirmed by measurement of the 
specific rotation [a]:: + 116 (c 0.65 in chloroform3) [lit. (6) + 1191 
and preparation of the dibromo derivative (11). m.p. 122" [lit. 
(6) m.p. 124-126-1. 

Isolation and Identification of Lirioresinol-B Dimethyl Ether - 
When the pooled fractions 171-174 were eluted from the column 
with benzene-acetone (6: I )  and concentrated, a crystalline material 
formed which was removed by filtration. This material was re- 
crystallized from acetone containing a trace of hexane to give 216 
mg. of a pure sample, m.p. 118-119' [lit. (6) m.p. 121-123"l. The 
U V  spectrum showed absorption maxima at  AmnX 208 (log e 4.88) 
and 271 nm. (log c 3.48), with a shoulder at 230 nm. (log e 4.19). 
The IR spectrum was very similar to that of the lirioresinol-A 
dimethyl ether but not identical. The mass spectrum indicated a 
molecular ion at mle 446, in agrccment with a formula of C W H J ~ O ~ .  
suggesting that it might be an isomer of lirioresinol-A dimethyl 
ether. Its fragmentation pattern was in agreement with previously 
published data for lirioresinol-B dimethyl ether (7-9). This was 
further supported by the NMR spectrum, which indicated that the 
isolate was symmetrical; i.e., it gave a proton count of 30 only 
if the apparent integrals were doubled. The assignments of the 
signals as indicated below is in agreement with those reported for 
lirioresinol-B dimethyl ether (9, lo), i.e, methine protons at CI and 
Cs at 6 3.1 1 (m, 2H), benzylic protons at Cz and C, at 6 4.78 (d, J = 
3 Hz., ZH), axial methylene protons at 6 4.24 (m, 2H) and equatorial 
methylene protons at 6 4.00 (m, 2H), six methoxy protons at 6 3.87 
(18H), and four aromatic protons at  6 6.60 (s, 4H). 

The identity of this compound as lirioresinol-B dimethyl ether 
was confirmed by measurement of the specific rotation [a]: + 49 
(0.65 in chloroform) [lit. (6) + 46.21 and preparation of the di- 
bromo derivative ( I  I ) ,  m.p. 153" [lit. (6) m.p. 152-155"]. 

Isolation and Identification of Myoinositol ~Fraction B (22.7 9.) 
was dissolved in 70% ethanol and, on standing, formed crystals 
which were removed by filtration. Recrystallization from 7 0 x  
ethanol afforded an analytical sample having a melting point of 
220", which was not depressed on admixture with a reference sample 

Ar 
I a I a 

7 0  
6 

c e Ar Ar 

lirioresinol-A dimethyl  e the r  
liriorcsinol-B dimethyl e the r  
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of myoinositol. The IR spectrum of the isolate was identical with 
that of a reference sample of myoinositol, with [a]: f 0; paper 
chromatographic comparison of the isolate and myoinositol showed 
them to be identical (12). The identity of the isolate was further 
established by preparation and comparison of the acetates, m.p. 
216" [lit. (13) m.p. 216'1 and the benzoates (14), m.p. 260" [lit. 
(IS) m.p. 258"] of the isolate and reference myoinositol. 

Chromatographic Separation of Fraction D-Fraction D (3.0 g.) 
was chromatographed over a column (2.2 X 27 cm.) of neutral 
aluminaa (100 8.). activity grade 111. Fractions consisting of I5 ml. 
each were collected. Initially the column was eluted with petroleum 
ether (b.p. 30-60"), followed by solvents of increasing polarity 
(Table 11). 

Isolation and Identification of 5-Methoxy-N,N-dimethyltrypt- 
amine-Fractions 45-55 from the column were combined and 
taken to dryness in cacuo to yield 50 mg. of residue. This residue was 
shown by TLC to contain one major component, which gave a pale- 
yellow fluorescence under UV light and a positive reaction with the 
Ehrlich reagent. Since the material was resistant to crystallization 
as the free base, preparative TLC was employed to obtain the base 
in pure form. The zone at R, 0.38 was removed from the plates and 
extracted with chloroform. The combined extracts were dried over 
anhydrous sodium sulfate, filtered, and evaporated to dryness. A 
mass spectrum of this residue indicated a molecular ion at m/e 218, 
which corresponded with a molecular formula of ClaHlsNtO. Other 
prominent peaks at m/e 174, 173, 160, 159, 145, and 58 were all in 
agreement with published data for 5-methoxy-N,N-dimethyltrypt- 
amine (16). The UV spectrum of the isolate showed absorptions at 
Amax 224, 277, and 295 nm., which compares favorably with that 
found in the literature for 5-methoxy-N,N-dimethyltryptamine (16). 

Reaction of the alkaloid residue (40 mg.) with ethanol (10 ml.), 
8Oz sodium hydroxide (2 drops), and 8 ml. of methyl iodide at 
room temperature for 8 hr. gave the methiodide (17). m.p. 182-183" 
[lit. (16) m.p. 181-182"]. The IR spectrum was superimposable 
with that of a synthetic sample of 5-methoxy-N,N-dimethyltrypt- 
amine methiodide, prepared from 5-methoxy-N,N-dimethyl- 
tryptamine as described previously. 

Pooled fractions 56-434 (304 ma.) and 435-633 (550 mg.) from 
the column were processed by the preparation of picrate derivatives. 
The concentrated residues were dissolved in methanol and mixed 
with an equimolar solution of picric acid dissolved in methanol. 
Orange-yellow picrates were obtained and recrystallized from 
methanol-acetone to give pure samples having melting points of 
172" [lit. (16) m.p. 172"). The 1R spectra of these isolates were 
superimposable with those of a reference sample of 5-methoxy- 
N,N-dimethyltryptamine picrate. 

Detection of 5-Me-thoxytryptamine and N,N-Dimethyltryptamine 
-GLC (5% OV-101, with a temperature of 150" initially for 2 min. 
followed by a 10" riselmin. from 150 to 300") of Fractions C and D 
indicated the presence of small amounts of 5-methoxytryptamine in 

* Brockmann. 

Fraction C, while N,N-dimethyltryptamine. 5-methoxytryptamine, 
and 5-methoxy-N,N-dimethyltryptamine were identified in Fraction 
D. 
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