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Gas chromatography of peyote alkaloids, A new peyote alkaloid 

It is generally accepted that gas chromatographic procedures for the analysis 
of drugs and biological amines, when applicable, surpass other methods in specificity 
and sensitivity. Reports dealing with gas chromatographic methods for the separation, 
identification and estimation of alkaloids are surprisingly not numerous. However, 
analysis by gas chromatography of alkaloids with molecular weights up to 400 has 
been studied by several workers (refs. 1-4 and others). 

The main objective of the present study was to develop a gas chromatographic 
method for the separation and identification of the alkaloids of peyote, Lqbho$hora 
William& (Lem. ex SD.) Coult. This cactus, sometimes used as a narcotic, contains 
some 14 known alkaloids of the phenylethylamine and the tetrahydroisoquinoline 
groups61°. 

Eqberimentat 
All separations were carried out isothermally with a Varian Aerograph Model 202 

(thermal conductivity detector) or Model 204 (flame ionization detector) gas chro- 
matograph. Chromosorb W or Gas Chrom P sieved to 80/100 or 1oo/120 mesh, acid 
washed and silanized, was used as solid support. Flash heater and detector temperatures 
were maintained 30-50” above column temperature. Column dimensions : for the 
Aerograph 202; 6 ft. x 1/4 in. O.D. ; for the Aerograph 204,6 ft. x 1/B in,. O.D. Other 
conditions are given in Table I. Alkaloids were extracted and fractionated into phenolic 
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minutes : 
IQ. I. Separation of phenolic (left) and non-phenolic (right) alkaloids of peyote on a 5 yO SE-30 
column (G ft. x l/R in.), 15oO, as described in Table I. Numbers refer to compound numbers iti 
Table I. Compound 5 (3,4-dimethoxyphenylethylamine) has previously not been identified in 
peyote but was identified in this study by GLC and gas chromatography-mass spectrometry. 
.The peak designated 5 from peyote had a mass spectrum identical @A~ ,that ,of reference 3,4- 
~iinetho~~phcnylcthylamine. Molecular ion at m/e 183' ; other peaks at w/e 152, ISI, I37, 108, 197, 
30 ‘(btie peak). ‘. ‘. 
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GAS CHROMATOGRAPHIC DATA FOR PEYOTE ALICALOIDS” AND RELATED COMPOUNDS 

No. MOl. Retentiorz time (min) 
wt. --- 

A evogmph 204 (anal.) Aerogvaj!d 202 (jwep.) 

5% SE-30 7 % F60-2 %Z 5% /YE-60 ’ 5% SE-30 
Gas Chom. Gas Chronz. 

5% A’E-6 
Chvomosorb. Clblvonzosorb. Clwontoso 

P, I500 P, 1700 w, 1500 iv, Igo0 w, x840 

4-Methoxyphcnplethyl- 
amineb 

Tyraminc 
N-Methyltyraminc 
I-lorclenine = Anhaline 
3,q-Dimethoxypl~cnyl- 

ethylamine 
Mescaline 
N-Methylmescalinc 
0-Methylanl~aliclin~~~ 
Anhalinine 
0-Methylanhalonidinc 
Anlialicline 
Anlialamine, 
Anhalonicline 
Pellotine 
Anhaloninc 
Lophophorine 
TrichocereiIieIJ 

151 1.5 

I37 1,s 

1.51 2.2 

IG5 2.4 

IS1 
211 

22.5 
237 
223 
237 
223 
209 
223 
237 
221 

235 
237 

2:; 
s.0 

IO.5 
11.3 
11.0 

12.0 

la.4 
13.0 
13.r 
14.” 

14.5 
s-5 

2.1 
-c 

_- 

5.4 
IL.1 

II.3 
XI.7 

17.5 
14.5 

- 
.- 
22.1 

18.3 
11.7 

;:: 
4.4 
3.4 

?.S 
6.6 
0.2 
4.S 
7.S 
6.1 

8.4 
13.6 
r0.S 

7.6 

::; 

5.6 

1.0 

I.:! 

I.3 
1.4. 

I.8 

3.3 
3 02 
5.2 
5-G 

;:z 
5.8 
6.1 
6.0 

6.8 

G.2 

4.0 

0.7 

;:i 
. . 

2.6 
5.2 
5.0 

i% 

2:; 
10.5 
S.2 
6.5 
s,o 
6.3 
4-o 

a For formulas, see refs. 5 and G, 
b Not identified in peyote. 
c Used only for non-phenolic compounds. 
d + signifies phenolic allcaloicl. 

and non-phcnolic alkaloids by Amberlite IRA 400 (OH-) ion-exchange resin6. When 
properly operated (elution rate 20 ml/h) the resin enriches an alkaloid to at least gS %, 
in the corresponding fraction. Gas chromatography-mass spectrometry was carried 
out with an LKB go00 instrument7. 

Rest&s and discussion 
Table I sumn-rarizes the gas chromatographic data for columns used for analytical 

and semi-preparative purposes. Also included in Table I are not only the present known 
Lo$ho$zora bases, but also some other compounds. ‘These latter have been identified 
in other cacti6 which produce the, hallucinogenic alkaloid mescaline, or are compounds 
which are suspected of being present on biogenetic grounds. 

It is evident from Table ‘1 that a number of, tllese closely related compounds 
cannot be clearly identified or separated by GLC alone. However, a previous fraction- 
ation of the alkaloid mixture into a phenolic and .a non-phenolic alkaloid fraction 
permits the individual alkaloids to he separated, and identified from the data given in 
TableI. .’ &I 

In agreement with MASSINGILL. AND HODGKINS~,: we found that the SE-30 ” 
column, separating l&narily on the basis ‘of molecular weight, resolved low molecular 
weight ( > ZOO) phenylethylamines well, whereas the tetrahydroisdquinolines did not ‘. 

J. ~Clwomalog., 36 (1968) 105-10s 



NOTES 107 

resolve well on this column, as was also found by others0 (Fig. I), KAPADIA AND RAOO 

separated a number of peyote alkaloids on a phenyl substituted methylsiloxane 
column similar to our SE-30 column and the conclusions drawn by them regarding 
relations between retention time and structure are also, in general, valid for our SE-30 
columns. On the other hand the XE-60 column showed separation properties which 
made it very useful for the identification of tetrahydroisoquinoline alkaloids (Fig. 2). 

L 5 
J, v\ 

'5 10 15. 
ml nutes minutes 

Fig. 2. Separation of phcnolic (Left) and non-phenolic (right) alldoicls of peyote on a 3 oh SE-Go 
column (G ft. x 1/4 in.), Igo”, Other conditions as in Table 1. 

It may be of interest to note that on the more polar XE-60 column a tertiary amine 
has shorter retention time tllan the corresponding N-desmethyl compound (compare 
compound pairs 4-3, 12-11, 14-13, 16-15, 17-7). In addition the FGo/Z column, used 
byBRooKs AND HORNING 10 for the separation of biological amines, possessed somewhat 
different separating abilities giving a good resolution of the non-phenolic alkaloids. 
Gas Chrom P was apparently superior to Chromosorb W as a solid support and gener- 
ally gave sharp peaks with practically no tailing. 

For further identification of a compound, its retention time may be shifted by 
the formation of simple derivatives using selective reagents. To be of value, this “peak 
shift technique” must yield derivatives easily and in good yield, and not several 
products from a single compound. The preparation of the trimethylsilyl ether.9 of the 
compounds listed in Table I, in some cases yielded several peaks but the formationlO 
of eneamines from primary amines and acetone was found useful. The condensation 
products of the primary amines in Table I with acetone were found to have close to 
twice the retention time of the original amine on SE-30. 

The present chromatographic procedure was designed to identify (also by the 
combination of gas chromatography with mass spectrometry) the known alkaloids 
of peyote and to detect new compounds in peyote and in other cacti. Using this tech- 
nique (Fig. I), 3,4-dimetl~oxyphenyletl~ylan~ine was detected as a new trace’ alkaloid 
in peyote. The separation of peyote alkaloids on an analytical column is shown in 
Fig. I. However, the procedure was also designed to permit small scale. preparative 
separation as well as preparative thin-layer clxomatograplly11 and isolation., There- 
fore data on the separation of alkaloids on semi-preparative columns are also included 
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in Table I for comparison.’ As would be espected the resolution of alkaloid mixtures 
was superior on the analytical columns. 

Acknowledgements 
This investigation was supported by the Swedish Natural Science Research 

Council. A grant for a gas chromatograph from the Swedish Medical Research Council 
is gratefully acknowledged. We,are indebted to Drs. 13. HOLMSTEDT and J. E.. LIND- 

GREN, $hmhSka hStitUtet, StOCkhOlnl, for the use Of an LI<B go00 gas cllromato- 
graph-mass spectrometer. 

De;bartnzent of Pharrrtacognosy, KzcngLiga 
Farmaceutiska Institatet, h’zcngstensgatan 49, 
Stockholm (Sweden) 

JANLUNDSTR~M 
STIGAGURELL 

I E.BROCHMANN-I-IANS~N AND A. BAERHEIM-SVXNDSEN, J. Plww. Sci., 51 (xgGz) logs. 
2 1-I. A. LLOYD, 1-I. M. l~AtEs, 1'. IT. HIGr-rlXl', 

J. Am. Chew. Sot., 82 (ICJGO) 3791. 
W.J. A,VANDENHEUVEL AND W.C.\VILDMAN, 

3 J. L. MASSINGILL AND J. E:. HODGICINS, Anal. CIccnz., 37 (IgG5) 95". 
4 B.I-IOL~TEDT, W. J. A.VANDENHEUVIZL, W. L.GARDINER ANIJ E. C. HORNING, Aarc?. 

Bioc?m?z., 8 (1964) 151. 
5 J. L. MCLAUGHLIN AND A. G. PAUL, Uoyd~ia, 29 (1966) 3x5. 
6 L. RETI, Fort&w. Chew. Org. Naturstoffe, G (1930) 242. 
7 S. AGURELL, 13. HOLMSTEDT AND J. E. LINDGREN, Acla Chem. Scwd.,.in press. 
S S. AGURELL, Lloydia, to be published. 
9 G.J. KAPADIA AND G. S. RAO, J. Pharm. Sci., 54 (1966) 1817. 
IO C. J. W. BROOKS AND E. C. HORNING, Awak. Cilenz., 36 (1964) 
TI J. LUNDSTR~M AND S. AGURELL, J. Clwamatog., 30 (rgG7) 271. 

1540. 

Received Apiil z;th, IgGS 

J. Chromntog., 36 (1cy5S) 105-10s 


