The Cactus Alkaloids. I. Identification of N-Methylated
Tyramine Derivatives in Lophophora williamsii

J- L. McLauGHLIN® AND A. G. PauL
(College of Pharmacy, The University of Michigan, Ann Arbor 48104)

Anthropological studies (9, 21, 22, 24) point out that the pevote cactus,
Lophophora williamsii (Lem.) Coult., has been used for centuries by the American
Indians as a panacea, an amulet, and a hallucinogen. Early chemical investiga-
tions by Lewin (11) and Heffter (5, 6) demonstrated that the plant contained
the alkaloids anhalonine, pellotine, anhalonidine, lophophorine, and mescaline.
Since these initial investigations, anhalamine, anhalidine, anhalinine, V-methyvl-
mescaline, V-acetvimescaline, and O-methyl-d-anhalonidine have been isolated
from the plant (7, 18, 19). Most of these alkaloids possess some physiological
activity, but with the exception of mescaline, they are not hallucinogenic and are
not currently used medicinally.

The goal of the present investigation was to analyze further the alkaloid con-
tent of L. williamsii. Spaeth and his coworkers (26-30), using classical isolation
techniques, had found several new alkaloids by exhaustive analysis of the non-
phenolic alkaloid fraction. The results of their studies suggested that the phenolic
fraction should likewise be carefully analyzed. For such an investigation modern
chromatographic techniques promised to be more useful than the techniques
available to the previous workers.

MATERIAL AND METHODS

Plant Material.—Five kg of sliced and dried L. williamsii* was ground through
a 1 mm sieve using a standard model no. 3 Wiley mill. Living specimens of L.
williamsii,* obtained from Mexico, were maintained at The University of Michigan
Botanical Gardens. Prior to extraction the living plants were sliced into thin
sections, dried at 45° for 48 hr, and passed through a 20 mesh sieve using an inter-
mediate model Wiley mill.

Reference Alkaloids.—TPeyote alkaloids (.V-acetvimescaline, anhalamine HCI,
anhalonidine HCl, O-methylanhalonidine, N-methylmescaline, and pellotine) ob-
tained from Dr. A. Brossi, (anhalamine HCI, anhalonidine HCl, anhalonine HCI,
and lophophorine HC1) obtained from S. B. Penick and Co., anhalinine HCl
isolated from L. williamsii, and mescaline HCl obtained from Mann Research
Labs. were used in these studies. In addition N-methyltyramine (Dr. A, Brossi
and Dr. L. Marion), hordenine (Mann Research Labs. and S. B. Penick and Co.),
tyramine HCI, candicine I (obtained by methylating hordenine), pilocereine (Dr.
C. Djerassi), betaine, and choline were used. Hordenine, candicine, and pilocereine
are phenolic alkaloids which have been found in several cacti (35). Tryamine and
N-methylivramine were included because of their biogenetic relationship to
hordenine and candicine (17). The common quaternary amines, betaine and
choline, were included since they might complicate the identification of candicine.

Thin-Layer Chromatographic (TLC) Methods.—The preparation of aluminum
oxide G (ALL,O;G) and silica gel G (SGG) plates, application of test solutions, prepa-
ration of developing chambers, and one-dimensional development of chromato-
grams were carried out as previously described (15). To prepare SGG 0.1x

1Present address: School of Pharmacy, University of Missouri at Kansas City, Kansas
Citv, Missouri 64110.

2Pyrchased from S. B. Penick and Co., New York, New York.

#dentifications confirmed by Dr. E. U, Clover, Botany Department, The University of
Michigan.
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NaOH plates, water was replaced with 0.1x NaOH. Silica gel H (SGH) pH 9.2
plates were prepared by replacing the water with a buffer composed of 48 g boric
acid and 15 g sodium hydroxide per 1000 ml of solution. For two-dimensional
development the alkaloid solutions were applied at a point 2 em from the starting
edge and 2 em from the left edge of the plate. After development in the first
dimension, the plates were air-dried 30 min and developed in the second dimension.

Preliminary screening of more than 25 different reagents led to the following
choice of sprays used to visualize the location of the alkaloids on developed
chromatograms:

1. Dansyl chloride (1-dimethylaminonaphthalene-5-sulfonyl chloride)* (4, 34),
0.059 in acetone. After spraying 10 ug quantities of the peyote alkaloids with
this reagent and examining the chromatogram under UV light, all, with the excep-
tion of V-acetylmescaline, exhibited a bright vellow-orange fluorescence on a light
blue fluorescent background. Lophophorine and pellotine required about 30 min
for the fluorescence to develop, but the other alkaloids produced fluorescent con-

TaBLe 1. Description of TLC solvent systems.

Approximate
Solvent Composition Adsorbent development time
system {min)

A 2-butanone-N, N-dimethylformamide-

cone. ammonium hydroxide

(13:1.9:0.1) SGH pH 9.2 35
B chloroform-acetone-diethylamine

(5:4:1) SGG 70
C chloroform-diethylamine (9:1) S5GG 80
D cyclohexane-chloroform-diethyvlamine

(5:4:1) SGG 80
E benzene-ethyl acetate-diethylamine

(7:2:1) 5GG 0.1N NaOH 60
F 1st dimension:benzene-methanol-5

er cent ammonium hydroxide
(10:15:2) (10) 50
2nd dimension: same as in solvent

system A SGH pH 9.2 35
G st dimension: same as in solvent

system F 90

2nd dimension: samne as in solvent

svstem A SGG 0.1N NaOH 60
H methanol-carbon tetrachloride-glacial

acetic acid (28:12:1) ALO:G 60

jugates immediately. This reagent proved to be more sensitive than anyv of the
alkaloid reagents tested, and it was used routinely to visualize the nonphenolic
alkaloids.

2. Tetrazotized benzidine (25). This reagent differentiated between p-hy-
droxyphenols, which reacted to give a yellow color, and the 8-hydroxytetrahydroiso-
quinoline phenols of the known pevote alkaloids, which reacted to give a red
color. It was used to locate the phenolic alkaloids and to aid in the determination
of their structures.

3. Antimonyv pentachloride, 209% in CHCl; (12). N-Acetylmescaline, an
amide, gave none of the typical alkaloid reactions. It was detected with this
non-specific reagent which reacted to produce a pale gold color.

4. Wagner's reagent (iodine and potassium iodide T.S.) (32). This reagent
was used to detect candicine, choline, and betaine. Betaine, however, was rela-

California Corporation for Biochemical Research, Los Angeles, California.
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tively insensitive to any of the reagents tested and could not be detected in amounts
less than 20 ug.

Of 120 combinations of solvents and absorbants tested, those found to be
most useful are shown in table 1. Solvent system A was the most effective.
Provided that the phenolic and nonphenolic reference alkaloids were chromato-
graphed separately, this system afforded a rapid and dependable method for the
qualitative identification of each of the alkaloids in each group. Solvent systems
B through E (33) were useful for further identification of the phenolic alkaloids.
Solvent systems F and G are two-dimensional systems and were designed to identify
tvramine in mixtures with N-methyltyramine and hordenine. Solvent svstem H
(31} was used to separate the quaternary bases.

The order, magnitude, and precision of the separation of the alkaloids in these
svstems can be ascertained from the Rp values and standard deviations which are
presented in tables 2-5. With the exception of pilocereine, the Rp values were

TapLE 2. Ry values and standard deviations of phenolic alkaloids in solvent svsiems A-E.

Alkaloid A B (8 D E
anhalamine HC1. ... ... .. ... 0.08=0.01 | 0.04=0.00 | 0.03=0.00 | 0.01=0.00 | 0.02=0.00
anhalidine HC1. ..., ... . . .| 0.68=0.01 | 0.36=0.02 | 0.26=0.03 | 0.15=0.01 | 0.23=0.01
anhalonidine HCL.. ... .. .. 0.23=0.02 | 0.21=0.01 | 0.16=0.02 | 0.07==0.00 | 0.13=0.01
hordenine. .. ........... ... 0.56==0.02 | 0.42==0.01 | 0.30=0.02 | 0.14==0.00 | 0.23=0.01
N-methyltyramine HBr. . .., 0.10=0.01 | 0.19=0.01 | 0.13=0.01 | 0.06=0.00 | 0.10=0.01
PRlIOINE . ccsimanmam pospssemcs 0.63=0.02 | 0.51=0.01 | 0.40=0.02 | 0.25=0.01 | 0.35=0.02
pilocereine. . e D90=0.02 | 0.84=0.01 | 0.89=0.03 | 0.80=0.01 | 0.81=0.03
tyramine HCI.. s 0.54=0.02 | 0.43=0.01 | 0.16=0.01 | 0.08=0.00 | 0,11=0.01

TasrLE 3. Rp values and standard deviations of nonphenolic
alkaloids in solvent system 4.
anhalinine HCI. ... .. ............ .. 0.22=0.02
anhalonine HCL. ... ... ... ... ... .. 0.49==0.02
lophophorine HC1. ... .............. 0.82=0.02
mescaline HCL...... .. .............. 0.55=0.02
N-acetylmescaline. ................. 0.72=0.01
N-methylmescaline. ................ 0.10=:0.01
O-methylanhalonidine. .. ........... 0.34=0.01
TasLe 4. Ry values and standard deviations of the
quaternary bases in solvent systenm H.
betaine. ..., 0.37=0.04
candicine I............. .. ... .. ... 0.85=0.01
choline.... ... ... ... ... . ..., 0.77=0.02
TABLE 5. Ry values and standard deviations of hordenine, N-methyliyramine, and
tyramine in solvent systems Fand G.
F G
Alkaloid Dimension e Dimm.'lsion
1 2 1 2
hordenine. .. v mes e i 0.91=0.02 (0.65=0.04 0.69=0.03 0.38=0.01
N-methyltyramine HBr......... 0.76=0.01 0.16=0.02 0.38=0.02 0.07==0.00
tyramine HCYL ....ooooiioiiia 0.73=0.02 0.52=0.02 0.48=0.03 0.46=0.02
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obtained by chromatographing 20 ug quantities of the reference alkaloids. As
pilocereine was less sensitive to tetrazotized benzidine, 40 ug quantities were
chromatographed. The Ry values for solvent systems A and H represent the
averages of eight and three determinations, respectively; the values of systems
B through G are the averages of four determinations.

Extraction Methods.—The extraction method of Spaeth and Becke (26) was
used initially. TLC examination of the nonphenolic extracts revealed traces of
the phenolic alkaloids, and the repeated macerations were time consuming. Con-
sequently, new extraction and purification methods were developed.

Purification Method No. 1 (fig. 1)

Powdered drug was defatted with petroleum ether (30-60°) for 36 hr using a
small (6.5 14 cm) Soxhlet extractor or for 72 hr using a large (9X30 em) Soxhlet

DRIED GROUND PEYOTE

‘DEFAT
v v
PET ETHER DRIED
EXTRACT MARC
lALKALIZE

IEXTF!ACT WITH CHCL3

MARC (A) CHCLg EXTRACT
CONDENSE

THICK SYRUP (B)
lDISSOLVE IN ETOH

lRESIN COLUMN OH™

‘RINSE WITH ETOH

v v
ETOH RINSES COLUMN WITH BOUND PHENOLS
lCONDENSE lRlNSE WITH WATER
NONPHENOLIC ELUTE WITH I N HCL
ALKALOIDS (C) -
RESIN COLUMN CL~ HCL ELUANT (D)

lm.}usr pH TO 8.2 (OR 9.5)

lFREEZE-DR‘r

EXTRACT ALKALOIDS
WITH ETOH-CHCLy

v

NACL RESIDUE ETOH-CHCLy EXTRACT
CONDENSE

PHENOLIC ALKALOIDS (E)

Fic. 1. Purification method no. 1.

extractor. Dried marc from this extraction was moistened with concentrated
ammonium hydroxide-methanol-chloroform (1:2:2), macerated with concentrated
ammonium hydroxide methanol chloroform (0.1:0.9:9) and extracted with chloro-
form for 2 days in the small extractor or for 5 dayvs in the large extractor.

To test the completeness of this extraction, a sample of the mare (A) was
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extracted according to the method of Farnsworth and Euler (3). Analysis by
TLC indicated that the material contained no alkaloids.

The filtered chloroform extract was condensed to a thick syrup (B) using a flash
evaporator at 40-50° attached to a water pump. Syrup (B) was dissolved in
ethano! using approximately 1 ml for every 15 g of powdered drug and filtered if
necessary. The ethanol solution was added to a column of Amberlite IRA 401
(OH) ion-exchange resin (approx 20 g/100 g dried plant material) which had been
rinsed with ethanol after preparation. Development of the ethanol extract
proceeded at a flow rate of about 30 drops per min. The column was washed
with ethanol, and the flow rate was increased to 150 drops per min. Washing
was continued until the effluent fractions were colorless; the volume of ethanol
required varied from 300-400 ml per 100 g of plant material. The combined
ethanol rinses were evaporated to dryness on a steam bath with the aid of a cur-
rent of air, Heat was discontinued during the final stage of the evaporation. The
residue contained the nonphenolic alkaloids (C).

Excess ethanol was rinsed from the basic column with water, using approxi-
mately 200 ml per 20 g of resin. Phenolic alkaloids were eluted from the resin
by washing the column with approximately 800 ml of 1x HCI per 100 g of plant
material. The flow rate was adjusted to 30 drops per min and increased to 150
drops per min when a dark-brown zone reached the lower end of the column.

The pH of the combined 1N HCI eluants (D) was adjusted to 8.2 with 7.5~
NaOH, and the solutions were freeze-dried. Phenolic alkaloids were extracted
from the freeze-dried residue with an ethanol-chloroform (1:9) mixture. Residue
representing 200 ml of solution was slurried with 40 ml of the solvent mixture, the
suspension was filtered with suction, and the residue was rinsed twice with 20) ml
of the solvent mixture. This procedure was repeated, usually two or three times,
until the eluants were colorless. The combined extracts were filtered and evapo-
rated to dryness on a steam bath under a current of air. Heat was discontinued
during the latter stages of the evaporation. This residue contained the phenolic
alkaloids (E).

Purification Method No. 2 (fig. 2)
In order to eliminate chloroform soluble nonalkaloid materials, method no. 1

THICK SYRUP (B)
imssows IN I N HCL

|ExTRAt:T WITH CHCLy
v v
CHCLa EXTRACT AQUEOUS
lADJUST pH TO 85

IEXTRACT WITH CHCLy

v

AQUEOUS
lREADJUST pH TO 9.5

EXTRACT WITH CHCLy

+ -» COMBINED CHCL; EXTRACTS
AQUEOUS lCONDENSE
SYRUP

|

(CONTINUE AS IN FIG.1)
Fi6. 2. Procedures added to purification method no. 1 to form method no. 2.
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was modified. Figure 2 summarizes the added procedures. Syrup (B) was stirred
with 1 ml of 1N HCI per g of dried plant material, and the suspension was filtered
with suction. The acidic aqueous filtrate was extracted three times with equal
volumes of chloroform, and the chloroform layers were discarded. The pH of
the aqueous layer was adjusted to 9.5 with concentrated ammonium hydroxide
using a pH meter. This solution was extracted three times with equal volumes
of chloroform; the pI was readjusted to 9.5; and the aqueous solution was again
extracted with chloroform. The combined chloroform lavers were condensed to a
thick syrup on a steam bath with the aid of a current of air, discontinuing the
heat as evaporation neared completion.

This syrup was then treated in a manner identical with that described for the
thick syrup (B) in method no. 1, with the exception that the pH of the com-
bined HCI eluants (D) was adjusted to 9.5 rather than 8.2.

RESULTS

TLC Identification of Hordenine.—In a preliminary experiment the phenolic
alkaloids (E) were isolated from 339 g of peyote from Penick using purification
method no. 1. TLC analysis of the extract revealed a compound which reacted
to produce a yellow color with tetrazotized benzidine and which chromatographed
just below pellotine in solvent system A. A portion of the extract was chromato-
graphed on a column of alumina (80-200 mesh, activated several hr at 105°)
using increasing concentrations of ethanol in chloroform as the developer. Col-
lected fractions were analyzed by TLC, and those which contained the yellow-
reacting compound, relatively free of contaminants, were combined and assaved
again using solvent svstems A through E. In each system the vellow-reacting
compound and samples of known hordenine chromatographed identically.

Isolation of Hordenine.*—Extract (E) obtained by purification method no. 1
from 633 g of material from Penick was adsorbed on approximately 1 g of silicic
acid from chloroform. The dry powder was transferred to a column 137X3.3
em containing 550 g of silicic acid (100 mesh activated several hr at 105°) which
had been added to the column in suspension with ethanol-chloroform (1:9). The
mixed zone was covered with a layer of silicic acid and a layer of sand.

The column was developed with ethanol-chloroform (1:9), using slight positive
pressure at a flow rate of 1 ml per min. Fifteen-ml fractions were collected, and
every third fraction was evaporated to dryness at 50° using a water pump.
Residues were dissolved in 5 drops of methanol, and 10 ul gquantities were an-
alvzed by TLC using solvent svstem A and tetrazotized benzidine reagent.
Fractions 42 through 2010 contained varving amounts of the four known phenolic
alkaloids and the vellow-reacting compound had not been eluted.

At fraction 2011 the solvent mixture was changed to ethanol—chloroform (1:1).
TLC analysis revealed that fractions 2157 through 3005 contained the unknown
compound and that fractions 2179 through 2226 contained considerable amounts
relatively {ree of contaminants. These fractions were combined, and the residue
was subjected to sublimation using a 2X6 cm microsublimator attached to a
water pump and heated at 140°. A total of 60.9 mg of crystalline sublimate (mp
178-180°)% was collected. Hordenine melts at 117-118° (16), while hordenine
HCI melts at 177° (16). A positive Beilstein’s test (23) indicated the presence
of halogen in the unknown sublimate; since no report could be found stating
that hordenine HCI sublimes, this salt was prepared and tested for sublimation
in the microsublimator. Crystals melting at 178-180° were obtained, and they
showed no melting point depression (mp 178-1807) when mixed with the unknown
sublimate. In KBr pellets these two compounds exhibited identical infrared
absorption spectra. :

The isolation of hordenine has been reported in a preliminary note (14).
A calibrated Fisher-Johns melting point apparatus was used.
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Ten mg of the unknown was placed in a microsublimator, dissolved in 0.5 ml
of pH 9.2 borate buffer, and the pH was adjusted to 9.5 with 0.1x NaOH. The
solution was freeze-dried and the residue was subjected to sublimation. This
sublimate melted at 118° and showed no melting point depression (mp 116-118°)
when mixed with hordenine (mp 116-118°).

Ten mg of the unknown base, 0.02 ml of methyl iodide, and 2 ml of ethyl
ether were refluxed for 4 hr. The methiodide, recrystallized from methanol-ether,
gave mp 234-235°, showed no melting point depression (mp 233-235°) with hor-
denine methiodide (mp 232-234°), and exhibited an infrared absorption sprectrum
identical to that of hordenine methiodide.

To ascertain that the hordenine isolated from the material from Penick was
not the result of contamination with one of the other hordenine-containing cacti,
dried fresh L. williamsii was extracted by method no. 1, and the phenolic extract
(E) was analyzed by TLC. A compound which cochromatographed with hor-
denine was present, confirming the presence of hordenine in authentic plant

.material.

TLC Identification of N-Methyltyramine.—In a preliminary experiment extract
containing phenolic alkaloids (E) from material from Penick was chromatographed
on a column of silicic acid using ethanol-chloroform (1:9). The initial mixed
zone was removed and eluted with ethanol. TLC, using solvent systems A and
E and tetrazotized benzidine reagent, indicated that the eluant was free of the
four known phenolic alkaloids and that it contained hordenine and a second
unknown compound. This unknown compound chromatographed slightly above
anhalamine in solvent system A and reacted with tetrazotized benzidine to produce
a vellow color. The unknown and N-methyltyramine chromatographed identically
in both solvent systems A and E.

Isolation of N-Methyliyramine.—Extract containing phenolic alkaloids (E)
obtained by purification method no. 1 from 750 g of the material from Penick was
adsorbed from chloroform to approximately 1 g of silicic acid. The dry powder
was transferred to a column 60X4.5 em which was packed with activated silicic
acid to a height of 30 cm. A laver of silicic acid and a layer of sand were added
to the top of the mixed zone. The bottom of the column was fitted to a two-liter
suction flask. Development was made with ethanol-chloroform (1:9), using a
water pump to increase the flow rate.

A fast-moving brown band proceeded to a point 5 em from the bottom of the
column. Development was discontinued and 5 cm segments of the adsorbant
were removed and numbered from the mixed zone downward. The first segment
was eluted by suspending the adsorbant in 100 ml of ethanol, filtering with suc-
tion, and rinsing with 100 ml of ethanol; this elution was repeated five times. The
remaining segments were eluted likewise, but the elution procedure was repeated
onlv three times.

Combined eluants from each segment were partially evaporated on a steam
bath under a current of air. Evaporation was completed using only air. Residues
were dissolved in ethanol and analyzed by TLC using solvent system A and
tetrazotized benzidine reagent. Eluants from the first segment contained hor-
denine and the desired unknown compound. The four known phenolic alkaloids
were located in the second and third segments.

Residue from the eluants of the first segment was adsorbed from chloroform
to approximately 1 g of activated alumina. The powder was transferred to a
column 137 X 3.3 cm which had been packed to a height of 130 cm with the alumina.
A laver of alumina and a layer of sand covered the mixed zone.

This column was developed with ethanol-chloroform (0.5:9.5) and 15 ml
fractions were collected every 9 min. After 165 fractions the solvent mixture
was changed to ethanol-chloroform (1:9). Every fifth fraction was evaporated
to drvness at 507 using a water pump. Residues were dissolved in 5 drops of
methanol, and 10 ul quantities were analyzed by TLC using solvent system A
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and tetrazotized benzidine reagent. Only hordenine was present in fractions
550 through 710; fractions 715 through 855 contained hordenine plus the unknown
compound; and fractions 860 through 1190 contained these two compounds plus
unidentified contaminants.

Fractions 715 through 855 were combined, evaporated, dissolved in chloro-
form and adsorbed to approximately .5 g of silicic acid. The powder was trans-
ferred to a column 37X 2.0 em which had been packed with 80 g of activated silicic
acid. A layer of silicic acid and a layer of sand covered the mixed zone.

Development was made with ethanol-chloroform (1:1), using slight positive
pressure. Fifteen ml fractions were collected every 30 min. Every tenth frac-
tion was evaporated to dryness on a steam bath under a current of air; heat was
discontinued as the fraction neared drvness. The residues were dissolved in 5
drops of ethanol, and 10 ul quantities were assayed by TLC using solvent system
A and tetrazotized benzidine reagent. Fractions 190 through 620 contained
hordenine. Fractions 610 through 2300 contained the unknown compound,
relatively free of contaminants.

Fractions 610 through 2300 were combined, filtered, and evaporated to dry-
ness. The residue was dissolved in methanol, concentrated to 10 ml, and cooled
at —23°.  An amorphous precipitate formed and was removed by filtration. The
filtrate was evaporated to dryness and extracted with four 5 ml portions of In
HCIl. After filtration this solution was extracted with three 10 ml portions of
chloroform and adjusted to pH 9.5 with 7.5 NaOH. This solution was extracted
with five 20 ml portions of ethyl ether, the combined extracts were filtered through
anhvdrous Na,S0;, and filtrate was evaporated to dryness.

The crystalline residue was dissolved in 5 ml of boiling anisole, filtered while
hot, and condensed to 1 ml on a hot plate under a current of air (8). Crystal-
lization was induced by cooling to —23° and scratching the sides of the container.
The crystals were filtered with suction and dried overnight in a vacuum desiccator.
A vyield of 92.9 mg was obtained giving mp 126-128°.

N-methyltyramine (mp 127-129°; reported (8) 130-131°, (2) 127-128°) was
regenerated from N-methyltyramine hvdrobromide (mp 124-125°) and recrystal-
lized from boiling anisole. The mp 127-129° was not depressed (mp 127-129°)
when mixed with the isolated base. Reference N-methyltyramine and the un-
known exhibited identical infrared absorption spectra.

Five mg of the unknown was dissolved in (.1 ml of 58 HCI, and 0.1 ml of
3N HCI containing 50 mg of chloroplatinic acid was added. Under a current of
air the solution was concentrated to 0.1 ml, filtered, and the crystals rinsed with
2 drops of 58 HCI (giving mp 192-196° decomp), showed no melting point depres-
sion (mp 192-195° decomp) when mixed with N-methyltyramine chloroplatinate
(mp 194-197° decomp), and exhibited an infrared absorption spectrum identical
to that of N-methyltyramine chloroplatinate.

Twelve mg of the unknown base was dissolved in 10 drops of ethanol and
3 ml of ethyl ether. The resulting solution was mixed with 3 ml of ethyl ether
saturated with hydrogen bromide and cooled to —23° to induce crystallization.
After filtration and desiccation this derivative melted at 124-125° caused no
melting point depression (mp 124-125°) when mixed with N-methyltyramine
HBr (mp 124-125°), and exhibited an infrared absorption spectrum identical to
that of known N-methyltyramine HBr.

TLC Identification of Tyramine.—During the isolation of N-methyltyramine,
TLC assays of alumina column fractions 960 through 1145 indicated the presence
of a yellow-reacting compound which chromatographed similarly to tvramine.
The residue of fractions 951 through 1000 was dissolved in 2 ml of ethanol-
chloroform (1.5:9.5), and 40-ul quantities were assayed by TLC using the two-
dimensional systems FF and G. In both systems the unknown compound cochro-
matographed with known tyramine.
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To substantiate this finding, material prepared from fresh plants was examined,
and material from Penick was reexamined.

Dried fresh plant material, weighing 89 g was extracted using purification
method no. 2 to obtain extract (E). The extract was adsorbed from chloroform
to approximately 200 mg of silicic acid. The powder was added to a column
40X 2.0 em which had been packed with activated silicic acid to a height of 35
cem. A layer of silicic acid and a layer of sand were added to the top of the mixed
zone. The column was developed with ethanol-chloroform (1:9), using suction
from a water pump. When approximately 1500 ml of eluant had been collected,
development was discontinued.

Starting from the mixed zone and proceeding downward, the column was
divided into 20 l-cm segments; below 20 cm the column was divided into 2-cm
segments. Each of the l-cm segments was eluted by mixing the adsorbent with
10 ml of ethanol, filtering with suction, and rinsing the residue twice with 10-ml
portions of ethanol. The procedure was repeated. Each 2-cm segment was
eluted in the same manner using 20-ml portions of ethanol.

After filtering, the eluants were evaporated to dryness on a stem bath under
a current of air, discontinuing heat as evaporation neared completion. The
residues were dissolved in 10 drops of ethanol, and 10-ul quantities were chromato-
graphed using solvent system A and tetrazotized benzidine. The residue from
the solvent which had eluted during development of the column was dissolved

Tasre 6. Rp values of tyramine in exiracts.

Solvent system
F G
Extract - - -

Dimension Dimension

1 2 1 2
fresh plants column segments...... ... | alone 0.65 0.49 0.42 0.46
added tyramine 0.62 0.49 0.40 0.47

material from Penick column

EE T2 o L S — ...| alone | 0.51 0.52 | 0.40 0.4
added tyramine 0.53 0.54 0.40 0.44
alumina column fractions..............| alone . 0.55 0.56 0.43 0.45
added tyramine 0.49 0 54 0.43 (). 46

similarly and included in the TLC analysis. The analyses revealed that V-
methyltyramine occurred in eluants of segments 1-4, hordenine in eluants of
segments 5-10, and the tetrahydroisoquinoline phenolic alkaloids in eluants of
segments 11-36 and in solvent that had been eluted during the development.

The combined eluants of segments 1-4 (fraction 1), of segments 5-10 (fraction
2), and of segments 11-36 plus solvent eluted during development (fraction 3)
were treated separately. Each fraction was dissolved in 2 ml of ethanol-chloro-
form (1.5:8.3). Thirty-ul quantities of fraction 1 chromatographed in solvent
systems F and G revealed the presence of a compound which cochromatographed
with known tyramine. Tyramine could not be detected in fractions 2 or 3.

In order to estimate the quantity of tyramine in fraction 1, 10-, 20-, 30-, and
10-ul volumes were chromatographed using solvent system F and tetrazotized
benzidine reagent. Similarly, 2-, 5-, 10-, 15-, 20-, 25-, 30-, and 40-ug quantities
of tyvramine were chromatographed. Visual comparison of the color intensities
of the spots indicated that the concentration of tyramine in fraction 1 was ap-
proximately 0.5-0.7 ug per ul.
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One hundred g of material from Penick was extracted, chromatographed, and
assaved similarly. Visual extimation indicated that the concentration of tvramine
in this fraction 1 solution was approximately 0.7 ug per pl.

Table 6 lists the Rp values of the tyramine found in the three extracts.

TLC Identification of Candicine—Two hundred and fifty g of the material
from Penick was refluxed with 1500 ml of 0.59, HCI in ethanol on a steam bath.
At the end of 1.5 hr the supernatant was decanted, and the reflux was repeated
twice using 800-ml portions of the solvent. The filtered extracts were combined
and concentrated to a thick syrup by distillation.

This syrup was dissolved in 150 ml of water, and the acidic aqueous solution
was extracted once with 200-ml and eight times with 100-ml portions of chloro-
“form. The aqueous solution was filtered, the pH was adjusted to 9 with con-
centrated ammonia, and the basic solution was extracted nine times with 100-ml
portions of chloroform,

After adjusting the pH to 4 with concentrated HCI, the solution was treated
with Maver’s reagent until precipitation was complete (20). The precipitate was
collected by suction filtration and suspended in 15 ml of hot water. Hydrogen
sulfide was bubbled through the suspension until no further precipitation occurred.
The black mercuric sulfide was removed by suction filtration, and the filtrate was
freeze-dried.

The residue was suspended in 5 ml of methanol and filtered, and the resulting
insoluble material was rinsed with an additional 5 ml of methanol. Fifteen ml
of ethyl ether was added to precipitatc the quaternary bases. The gray amorphous
precipitate was filtered and rinsed with ether. Upon contact with air the pre-
cipitate started to become brown and sticky. The precipitate was guickly dis-
solved in 2 ml of methanol, but the solution continued to darken.

Examination with solvent system A, tetrazotized benzidine reagent, and
dansvl chloride showed that the extract was free of the known peyote alkaloids.
With solvent system H and Wagner’s reagent, 10- and 40-ul quantities of the
extract revealed the presence of a compound with an average Rp of 0.87 which
cochromatographed with candicine iodide (table 4).

A second 25() g portion of the material from Penick, containing 25 mg of added
candicine iodide, was extracted in an identical manner. TLC of this extract with
solvent syvstem H revealed a larger concentration of the compound that cochro-
matographed with candicine iodide. The color of the spots faded rapidly after
spraving with Wagner’s reagent; however, the initial color intensity indicated that
during the extraction there was an estimated 509, loss of the candicine iodide.

This extract also contained a compound, having an average Ry of (.75 in sol-
vent svstem H (table 4), that chromatographed identically with choline.

Decomposition of the extracts prevented further TLC studies.

DISCUSSION AND CONCLUSIONS

TLC methods (tables 1-5) have been developed for the qualitative analysis of
the nonphenolic and phenolic alkaloids of L. williamsii. Tetrazotized benzidine
reagent was useful as a visualization aid for distinguishing p-hydroxyphenols and
the 8-hydroxvtetrahvdroisoquinoline alkaloids of peyote. Dansyl chloride pro-
duces fluorescent conjugates with the alkaloids of L. williamsii, and these con-
jugates were useful for visualization on thin-layer chromatograms; this type of
compound may be useful as an aid in chromatographic methods for the visualization
of other alkaloids.

New purification methods (figs. 1-2) using a basic ion-exchange resin have
been employed for the complete resolution of the alkaloids of L. williamsii into
their respective nonphenolic and phenolic groups. Combining these purification
methods with the TLC analyses, tyramine, N-methyltyramine, and hordenine have
been identified in the phenolic extracts.

Hordenine has been isolated from these extracts as the hydrochloride by
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sublimation of fractions collected from a column of silicic acid. The salt was
converted to the free base, and the free base was converted to hordenine methiodide.
The melting points, mixture melting points, and infrared absorption spectra of
these compounds were essentially identical to those obtained with reference com-
pounds. The approximate pKa of the amine group of hordenine was determined
by titration and found to be between 9.0 and 9.5. This finding indicated that the
adjustment of the eluants from the resin column to pH 8.2 was not sufficient to
convert hordenine HCI to the free base. Consequently, hordenine was isolated,
perhaps inefficiently, as the hydrochloride. In this initial isolation 0.008%
hordenine was obtained from the material from Penick.

N-Methyltyramine has also been isolated from the phenolic extracts of L.
williamsii. The isolation procedure employed chromatography on successive
columns of silicic acid, adsorption alumina, and silicic acid. The base was con-
verted into the hydrobromide and the chloroplatinate. Melting points, mixture
melting points, and infrared absorption spectra of these compounds were essentially
identical to those obtained with reference compounds. The yield of N-methvltyra-
mine from the material from Penick was 0.0129.

After the initial detection of tyramine in fractions encountered during the
isolation of N-methyltyramine, the phenolic extracts of material from Penick and
fresh plant material were closely examined for this compound. By TLC analyvsis
of segments from a silicic acid column, traces of tyramine were found using two
two-dimensional systems. Some of the resulting Rp values (table 6) are not in
good agreement with those of reference tyramine (table 5). However, the dis-
crepancies must be attributed to variations in the TLC techniques, since in each
case the tyramine in the extracts cochromatographed with added tyramine.
Visual comparison of the size and color intensity of the spots of tyramine in the
extracts with standards indicated that both Penick and dried fresh plant material
contained an estimated 0.001%, tyramine.

TLC analyses of extracts of the quaternary bases of L. williamsii revealed a
compound which cochromatographed with candicine. The small amounts of
candicine present were not visually estimated by comparison with standards be-
cause the color produced with Wagner’s reagent faded rapidly.

These results must be considered as only presumptive evidence for the presence
of tyramine and candicine in L. williamsii. The isolation and chemical identifica-
tion of these compounds are needed to confirm this evidence.

The concentrations of hordenine and N-methyltyramine in L. williamsii are
perhaps sufficient to exert some physiological effect upon ingestion of the drug.
These alkaloids possess a weak activity similar to epinephrine (18). Their con-
centrations in peyote may explain some of the primative uses in the treatment of
ailments for which a sympathomimetic drug would be beneficial. The antiseptic
action of hordenine could, in part, account for the effectiveness of the dried plant
material in the treatment of wounds and infections. This action may also help
to explain the bacteriostatic activity of peyocactin (13).

Precluding demethylation, hordenine and candicine would not be expected to
be precursors of any of the previously known peyote alkaloids. Tyramine 1s a
reported precursor of its N-methylated derivatives (17), and by mefa oxidations
and methylations, it is a plausible precursor of mescaline and its derivatives.
N-Methyltyramine could conceivably be converted into N-methylmescaline,
hordenine, and candicine.

Both tyramine and N-methyltyramine can be oxidized to their respective
m-hydroxy derivatives (1). Under physiological conditions the resulting g-phene-
thylamines are capable of cyclization with an aldehyde to form tetrahydroiso-
quinoline structures (17). Through oxidations and methylations these tetra-
hydroisoquinolines could be precursors of some of the tetrahydroisoquinoline
alkaloids of pevote.

L. williamsii is the fourth cactus in which hordenine and candicine have been
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discovered (35), while the occurrence of tyramine and N-methyltyramine in
members of the Caclaceae has never before been reported,

SUMMARY

Tyramine, N-methyltyramine, hordenine, and candicine have been identified
by TLC as new alkaloids of the pevote cactus, L. williamsii. Hordenine and
N-methyltyramine were isolated in crystalline form bringing the number of alka-
loids isolated from peyote to thirteen.
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