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The fact that several publications, reporting new constituents and biogenetic
pathways of pevote, have appeared since the publication of our latest review
article (1)—and surely more to come—and the organization of this Symposium
all testify that interest in peyote is still far from extinguished. In the lapse
of only the past 18 months, fifteen additional constituents of peyote have been
reported, bringing the total number of identified constituents of this resourceful
cactus to 56 at the time of writing this article.

The earliest chemical studies with peyote were made by Lewin (2) in 1888
who isolated the first crystalline constituent, namely the tetrahydroisoqui-
noline alkaloid anhalonine (XXXVIII; for structures, cf. table 1). With
the realization that the latter compound possessed no hallucinatory effects,
vigorous research was continued to discover the active principle. The studies
of Heffter (3-8) towards the end of the century resulted in the discovery of three
additional tetrahydroisoquinolines, pellotine (XXXV), anhalonidine (XXX),
and lophophorine (XLI) and the identification of mescaline (XVII), a g-phene-
thylamine, as the hallucinogenic principle of the drug. In 1899, another alkaloid,
anhalamine (XXI), was isolated by Kauder (9). Ernst Spath must be ac-
credited for the structure elucidation and the synthesis of all these alkaloids,
publishing his results in a series of reports from 1919 and extending the scope of
his investigations to include alkaloids from other Cactaceae up to 1939 (10-28).
Spéath’s contributions included the isolation of five further peyote constituents,
namely anhalinine (XXV), anhalidine (XXVII) (22, 23), N-methylmescaline
(XVIII) (26), N-acetylmescaline (XX) (27), and O-methylanhalonidine
(XXXIII) (28).

Revival of interest in peyote started in the early 1960’s with a report on
glc studies (29) of its constituents which revealed the complexity of the alka-
loidal mixture and thus drew attention to the seemingly forgotten plant. This
coincided with the constantly-growing interest in hallucinogenic drugs in general
and with the almost-sudden flourish of activity in biogenetic study. All was
much facilitated—and perhaps stimulated—by the availability of modern tech-
niques such as glc, mass spectrometry and use of isotope tracers. The out-
come was an avalanche of publications which, for the cactaceae plants, were
extended to several species other than peyote, Lophophora williamsii
(Lemaire) Coulter. The results of studies on peyote showed that this small-
sized cactus is by far the richest in alkaloidal contents of zll members of the
family.

The total alkaloidal content has been estimated (30) to be 3.7Y, for dried
“upper slices of mescal buttons” and 0.419; for fresh peyote heads. Table 2
lists the figures reported by various workers for the percentages of some alkaloids
in the plant. A recent study (31), based on measurement of glc peak areas, re-
vealed the percentages given in the same table for the separate components
based on the alkaloidal fraction of greenhouse-grown peyote. Those alkaloids
which are not listed in table 2 are reported (31) to exist in only trace amounts.
Seasonal variations have also been observed (31), whereby the contents of
N-demethylated compounds (e.g.,, XXI and XXX) were higher during late
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TaBLE 1. Peyote constituents.

MONO-OXYGENATED PHENETHYLAMINES
R lm a3

Substituents
Number and Name Formula mp, bp/mm References
R1 Rg R:‘
Lo "TVTAIIne oo cosimsoume micesissm v s, s C:H,,ON 161° H H H 33, 34
1I. N~Mcthy]tyramme e eaeseraner e CiHON 127-128° H H CH; 33
111. Hordenine.. ...... e ey CIEARCIDT: 117-118° H CH; CH; 32-34
IV. Candicine*....... TSI ST NMINPRTORE 10 o (0 71 .1 230-231° H CH: CH; 33, 34, 135
(As iodide)
DIOXYGENATED PHENETHYLAMINES RyQ
am B3R
R, R, Ry Ry
Ve PDopamine s st i i s . C:H;;O:N 241° H H H H 37
(As HCl)
VI, Epiine. .. sosisdiioemnesiiia g .. CiHpO.N 188-189° H H H CH;: 37
VII. 4- Hydroxy 3-methoxyphenethylamine ... CgHi:O.N CH; H H H 37
VIII. N-Methyl-4-hydroxy-3- methoxyphenef
thylamine. . ............... .. CroHpON 154-155° CH; H H CH; 37
{As HCI)
I1X. N,N-Dimethyl-4-hydroxy-3-
methoxyphenethylamine. .. .......... CyH;O0N  190-191° CH: H CH: CH, 37
(As HCI)
X. 3,4-Dimethoxyphenethylamine. .. ... ... CuHuO:N 188°/15 CH; CH; H H 39
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TRIOXYGENATED PHENETHYLAMINES AND THEIR AMIDES 1460,
0 KRR,
Ra
R,
XI. 3,4-Dihydroxy-5-methoxy-
Phenethylaminie . . « v e om e reses C.H,;;0;IN 207° H
XIXI. 3-Hydroxy-4,5-dimethoxy-
phenethylamine
(3-Demethylmescaline). ... ......... C:H O:N  178-179° CH;
(As HCI)
XIII. N-Methyl-3-hydroxy-4,5-
dimethoxyphenethylamine. . . . ..o ChHON 15157 CH;
(As HCI)
XIV. N-N-Dimethyl-3-hydroxy-4,5-
dimethoxyphenethylamine. . .. .. . CpH;,O,N 180-185° CH;
(As HCI)
XV. N-Formyl-3-hydroxy-4,5-
dimethoxyphenethylamine. . ... .. .. CyH;ON b CH;
XVI. N-Acetyl-3-hydroxy-4,5-
dimethoxyphenethylamine. . .. .. ... . CpH,;;O4N  102-103° CH,
KVII. Mescaline. . ... ........... . oo CHG;OsN 30-32° CH;
180°/12
XVIII. N-Methylmescaline. . ................. CyHy O;N  177.5-1787 CIy
(As picrate)
XIX. N-Formylmescaline........ .......... CpH;O,N 6869 CH;
XX. N-Acetylmescaline............. cevns CHON  93-94° CH,

H

CH;
CH;

CH;
CH;

CH;

H

CH;

CH:

COH

COCH;
H

CH;

COH
COCH;

37

41, 42

43

43

44

44
34, 80, 107

26, 34

44
27, 34, 44
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TaBLE 1. Continued.
TETRAHYDROISOQUINOLINES AND THEIR AMIDES RO
M
a0
ony H,
Ry
XXI. Anhalamine.............. . .. ChHO:N  189-191° CH;
XXII. N Formylanhalamine. . ... .. .. CyHON ——" CH;
MXIII. N-Acetylanhalamine. ... ... .... .. CyH,ON ———" CH;
XXIV. lsoanhalamine .......... i ) CnI"Im JN 213—215° H
(As HBr)
XXV. Anhalinine................ .. CpHpO:N  61-63° CH;
XXVI. N-Formylanhalinine. .. . ciiiiiiiii.. CoHyON ——— CH;
XKVIL Anhalidine .............. e CmHﬂO.sN 131 —133° CH.\
XXVIII. Anhalotine (as iodide)... ... . CuH.O;NI  219-220° CH;
XXIX. Isoanhalidine............. . CuHON 215-218° H
(As HCI1)
KXX. Anhalonidine. . ....... .... . CpH;O;N 160-161° CH;
XXXI. N-Formylanhalonidine. ... .. ......... CyH;O:N —" CH:
X XXII. Isoanhalonidine........... . . CuH;;O:N  209-211° H
(As HBr)
KXXIIL. S-(-+)-O-Methylanhalonidine .. .. ... ... CuHsOsN 140°/0.05, CH;
+20.7°
(MeOH)
XXXIV. N-Formyl-O-methylanhalonidine ... ... CyH,ON —r" CH;
XXXV, Pellotine. . ........iiunin =% . CpH 03N 111-112° CH;
XXXVI. Peyotine (as iodide). . . ... .. ; .. CyHuO;NI 185-186° CH.
HXNXVII, Isopellotine..................... . CpH;sO:N 212-222° H
(As HCI1)
XXXVIIL. S-(—)-Anhalonine. ... .. ... . CuHLO.N  85.5°-36.3° CH;
(CHCL)
HXXTX. N-Fcrmy}anhalonine. . . C:;:H;:.O4N — b CH,;
XI.. N-Acetylanhalonine.... .. .. CyHzON ———" CH;
XLI. S-(—)-Lophophorine. .. . . . CuHpO:N —47° CH;
(CHCL)
XLII. Lophotine (as iodide). . ... . .. . CuH:O:NI  240-242° CH;
XLIII. Peyophorine...... ..... ol . CyH,,O:N  155-156° CH;

(As picrate)

R1 R:; R;]
CH; H H
CH; H H
CH; H H
CH; CH; H
CH;: C H:l H
CH; CH; H
CH; H H
CH; H H
CH; CH: H
CH; H CH;
CH; H CH;
CH; CH:; CH.‘:
CH; CH; CH;
CH; CH; CH;
CH:: H CH,{
CH; H CH;
CH; CH; CH:

—CH,— CH;
—CHy— CH;
—CH.,— CH;

CH.— CH,
CHz po— CHJ
—CH:— CH;

COH
COCH;

(CHy),
CH;

COH

COH
CH;
(CHa):
CH;

COH
COCH;
CH;

(CHy):
C.H,

2, 5, 34, 139,
140

44

44

5, 34

135
133
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CONJUGATES WITH KREBS ACIDS

XLIV.

XLV.
XLVI.

XLVII.

XLVIIIL.

XLIX.

Mescaline succinimide. .. .. . .

Mescaline malimide. ... ... .|
Mescaline citrimide.........

Mescaline isocitrimide lactone. .. . ... . .

BEoOEIEaRT e o opsmmins

CyiHpO:N - 125-126°

C].’lH[!JO{iN e |
CHI'IHO:;N ——
CyH;O:N ——h
CyH,,ON ——b

CH;O,N  217-219°

XLIV,
XLIV,

11360
i400 Fayo
ock,
"
1
]

(By=R=H)

R| = OH, Rg =H
R;=0H, R;=CH,COOH

1I3C0
N
Hyco 0

ociy ]_._]

H300

(=] ;
=
(=]

1400
OCH,,
o
0
400
400 L
oR
(R=H)

44

44
147

44

147

44
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TapeLE 1. Continued.

Lo W encAlGUATR . o s 5 s i Ci:H ON —F" XLIX, R=CH;
LI. Mescaloxylicacid........... ... ... .. C,;H,;;0.N 187-189° sk
3
11
R0
OH3 g coo
(R=H)
LII. Mescaloruvicacid. . ......... 00 00ivin CpH4O:N  235-236.5° LI, R=CH;
LIII. Peyoxylicacid........ ... ... C.H;O:N  237-238° 1500
140 NE
HO R COOH
(R=H)
LIV. Peyoruvic acid. i v vsmnessssais C.H;O:N  233-234° LIII, R=CH;

PYRROLE DERIVATIVES
LV. Peyonine...........covemmnsaancnnens CyH,O:N  131-133.5° 100

Ny
g

(R| ’;H, R2=COOH)
b LV, R[ '"CHO, R2=CH20H

LVI. Peyoglunal . ..........c.ovvnionnnnnn. C;HyO:N ——

152, 153

152, 153

144, 151

144, 151

155

147

+The presence of candicine was suggested (33) on the basis of tle evidence but could not be substantiated in a later study (135,
IProducts identified by gle-mass spectrometry in comparison with authentic preparations.
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MARCH 1973] KAPADIA AND FAYEZ: PEYOTE ALKALOIDS 15

autumn and winter than the corresponding N-methyl derivatives (XXVII and
XXXV, respectively).

The methods employed for isolation depend largely on the nature of the
compounds which exist in considerable variety and specific conditions may,
therefore, have to be devised for the selective isolation of a particular type.
By far the greater bulk of peyote constituents are true alkaloids. Some of these
however, are encountered in the nonbasic fractions as amides of formic and
acetic acids or as conjugates with certain Krebs cycle acids, while others are
amino acids of unique constitution. At least three of the tetrahydroisoquinoline
alkaloids occur in the elusive quaternary state in trace amounts. Again, the

TaBLE 2. Alkaloid content in peyote.

Alkaloid |- Content® Ref.
[ (%)

Hordenine (I1I).. swomEsnnee] g [ ——
N-Methyl-4- hydroxv 3 metho‘iyphcn-

ethylamine (VIII)........oooviiiniinnronns (<0.5) | ——
N,N-Dimethyl-4-hydroxy-3- metho‘(y‘phen—

ethylamine (IX). . e sy {0.5-2) | ——
3- Demcihylmescaimc (XII) .................. (1-5) ———
N,N-Dimethyl-3- demeth}'lmcscalme (XIV) ..... (0.5) B
Mescalinte (XVIL) . . oriomnseeessslaieise s ise 6 (30) 30
NN-Methylmescaline (XVIII] s el {39 =y
Anhalamine (XXI). . 001 (8) 8
Anhalinine (XXV), ... ......... ... 0.01(0.5) 22,23
Anhalidine (XXVII).. ... ................| 0.001(2) 22,23
Anhalonidine (XXX). ......... ST - - §
O-Methylanhalonidine (XXXIII) ............. (<0.5) —_—
Pellotine X8R s ooimamenains: ool 0.74(17) B
Isopellotine {XX}{VII) kR B TR R (0.5) —_—
Anhalonine (XXXVIII) ...... cessseesmreses | 3 E3) 5
Lophophorine (XLI). ) W | 5
Peyophorine (XLIII).

»The figures given in this column are based on the plant weight as reported by various

authors, The figures given in parentheses are based on the alkaloidal fraction accord-
ing to a report by Lundstrém (31).

procedure of isolation may be oriented by sub-fractionation into phenolic
and nonphenolic mixtures. A good number of products have been identi-
fied in the gas chromatograms and the nature of products established by
study of the mass spectrometric fragmentations and correlation to synthetic
models. In much of these studies, it must be mentioned, work has been guided
by biogenetic considerations; the existence of certain types (vide infra) was
actually anticipated or assumed and it was a matter of proving or disproving
their presence in given fractions. For convenience, the present discussion shall
be given on basis of the structural types available.

THE PHENETHYLAMINES

The phenethylamine constituents of peyote may be classified according to
oxygenation pattern (cf., table 1) into derivatives of tyramine, dopamine and
3,4,5-trihydroxyphencethylamine. Their joint occurrence in the same plant
tissue reflects the fact, now established, that they are biogenetically interrelated.
By column and thin layer chromatographic methods, McLaughlin and Paul
(32, 33) have identified in the phenolic fractions four tyramine drivatives,
viz., tyramine (I) itself, N-methyltyramine (II), hordenine (III), and candicine
(IV), all of which were previously encountered in other cacti (34, 35). Hordenine
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is by far the most abundant of this group (31) and the results of Todd (36) show
that this alkaloid, unlike several other phenethylamine and tetrahydroiso-
quinoline constituents of peyote, occurs only in the roots where probably active
N-methylation enzymes are operative.

Six dopamine derivatives have been isolated or identified by glc-mass
spectrometric techniques and trapping experiments, and all are attributed to
the Agurell-Lundstrém group (31). They are the diphenolic dopamine (V)
(37) and epinine (VI) (31), and their O- and N-methyl derivatives VII (37),
VIII (37, 38), IX (37), and X (39). Although N-methylated variants of 3,4-
dimethoxyphenethylamine (X) are as yet unknown in peyote, though bio-
genetically feasible, their presence in another cactus, Echinocereus merkeri
Hildm., has been established (31). It is remarkable that the O-methylation
isomer of VII, namely 3-hydroxy-4-methoxyphenethylamine, has not been de-
tected in peyote although it is the main phenolic alkaleidal constituent in
Pachycereus pecten-aboriginum Backeberg and other cacti (40). Both
dopamine (V) and its partial O-methylation product (VII), but not the di-
methoxy analog (X), have established places in the biogenetic pathways of
mescaline (XVII) (1, 31) in peyote.

In addition to mescaline (XVII) and its N-methyl (XVIII) and N-acetyl
(XX) derivatives, reported in earlier years, the trioxygenated phenethylamines
of peyote have been recently found to comprise seven additional products.
These include the biogenetically-involved phenolic bases 3,4-dihydroxy-5-
methoxyphenethylamine (XI) (37) and 3-demethylmescaline (XII) (41, 42),
and five N-substituted derivatives. The latter are the N-methylated derivatives
(XIII and XIV) of 3-demethylmescaline (XII) (43) and the N-formyl derivatives
(XV and XIX) of XII and mescaline (XVII), respectively, and N-acetyl-3-
demethylmescaline (XVI), which were identified by the Kapadia group (44) in
the nonbasic fractions. Despite their presence in appreciable amounts, it ap-
pears that no specific biogenetic function has been verified for the various
N-methylphenethylamines, and they may simply represent by-products of the
methylation processes (45-47) which essentially affect phenolic groups. Despite
the availability of a methoxy-methylenedioxy system in several tetrahydroiso-
quinolines (XXXVIII-XLIII), it is remarkable that a phenethylamine counter-
part (homomyristicylamine) has not yet been found in peyote; its presence,
however, has been anticipated by Kapadia ef al. (41) from biogenetic
considerations.

SYNTHETIC APPROACHES

A considerable number of syntheses are known today for mescaline, 3,4,5-
trimethoxyphenethylamine (XVII), the main constituent of peyote. Several
other interesting methods have been devised in recent years for the synthesis of
analogs of mescaline (48) for the purpose of exploring their potential psychoto-
mimetic activity. In the present review, however, all discussion shall be limited
to the natural products of peyote.

In the earliest synthesis of mescaline, realized by Spath in 1919 (10), 3,4,5-
trimethoxybenzaldehyde, prepared from the acid, was condensed with nitro-
methane in ethanol solution containing alkali and the resulting w-nitrostyrene
(LVII) was finally reduced to mescaline in two steps (fig. 1A). Spath and
Raéder (13) also realized a synthesis of 3-demethylmescaline (XII), needed as an
intermediate toward anhalamine (XXI), using the same sequence after tem-
porary protection of the phenol group. This approach has been utilized quite
extensively by numerous later workers (49-74) in the synthesis of mescaline
and several of its analogs, and it thus proved its versatility. Several modifica-
tions in the reaction conditions at individual steps have been suggested. These
include the use of acetic acid containing ammonium acetate (56, 58, 61, 64, 75) or
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an aliphatic primary amine (57, 58) in the stage leading to the nitrostyrene when
higher yields have been reported. Reduction of the nitrostyrene to the cor-
responding phenethylamine has also been considerably improved through the
use of lithium aluminum hydride (54, 56, 75, 76, 65-68, 70-72, 74) in a one-step
transformation, a reagent which may cause partial demethylation in the benze-
noid groups (77). The same reduction has also been effected electrolytically
(50, 78), by modified catalytic hydrogenation (52, 79-81) and through the use

H,CO CHO
& uco +CHiNO, —= ArCH:CHNO, 2151 | Aren cH:NOH

{Lvir)

OCH, | I.'h-H;
l Lad
.~ ArCH,CH.NH;

[Eyise]
: ArCH,OH ArCH, Ci ArCH;CN —— o ArCH,CH,NH,
{X¥IL)
€8, (50, K

e APCHO =27 272 | A, CHICHCO,H —— . ArCH.CH,CO;

He o

ArCH,CH;CONH, —— ArCH;CH,NH,

{Lv1iL) {%vIL)
ECOH/Na,C0,
H, O

2%
ArCH,CH;CN ArCH,CH.CI

e OH
(AgN04)

2:ArCOH—— A:COCI —= ArC OCHN;

Lad
ArCH,CONH, —— =+ 4,CH,CH,NH,
t o (XVLTY

ArCH,COH w—— ArCOC H;

FIGURE 1

of amalgamated zinc and hydrochloric acid (73) or palladium (69). There is
evidence (82) that the formation of the nitrostyrene (LVII) is preceded by a
short-lived s-hydroxy-3-phenylnitroethane intermediate in which the benzylic
alcohol group readily dehydrates under the prevailing reaction conditions.
The reaction sequences indicated in fig. 1A was chosen by Lundstrém and Agurell
(68) in several syntheses of phenethylamines labelled with carbon-14 and tritium
in the side chain needed in biosynthetic studies. For this purpose, the ap-
propriately substituted benzaldehyde was condensed with “C-nitromethane and
the nitrostyrene reduction was accomplished with LiAIH,-*H.,

Another useful approach (fig. 1B) for the construction of the side chain in
mescaline, which seems to be of general utility in the preparation of analogous
products, consists in the conversion of a substituted benzyl alcohol to the chlo-
ride, then to the phenylacetonitrile with final reduction to the desired amine
using lithium aluminum hydride (83-89). In some recent reports, the utility of
a variety of nonconventional reducing conditions for the final step, including
Al/Ni (90) and Ni/Cr.0; (91, 92), has been demonstrated. Improvisations in
this approach include the use of selected reagents and reaction conditions in
individual steps. For example, Abdel-Rahman ef al. (88) used thionyl chloride
in the benzyl chloride preparation and potassium cyanide in aqueous formic
acid or dimethyl sulfoxide in the subsequent stage and achieved an overall yield
of 4079, of mescaline based on the initial gallic acid used. Benington et al.
(58, 75, 93, 94) obtained the desired benzyl chloride derivatives by chloro-
methylation (using aqueous formaldehyde and concentrated hydrochloric acid



18 LiLoyDIiA [voL. 36, No. 1

or chloromethyl ether in acetic acid) (75) of the suitably substituted benzene
derivative.

The synthetic pathwayv in fig. 1c represents a different approach with good
potential. It was originally devised by Slotta (95) and Slotta and Heller (96)
for a mescaline synthesis in which the appropriately substituted phenylpro-
pionamide (LVIII) was subjected to Hoffmann degradation. This approach
has been further explored by recent investigators (97-100) for the preparation
of suitably substituted phenethylamines, some of which possess unique synthetic
potential (99). The desirable intermediate LVIII could be prepared from the
corresponding phenylacrylic acid [obtainable from a benzaldehyde derivative
(95, 96)] or g-phenylethyl chloride (98) as indicated in fig. 1.

A successful and versatile method (fig. 1p) for the construction of the
ethylamine side chain (93, 101) involves transformation of the appropriately sub-
stituted benzoic acid into the corresponding phenylacetamide (LIX) by an
Arndt-Eistert synthesis, followed by reduction with lithium aluminum hydride
(89). The use of appropriate amines in place of ammonia, in the treatment of
the diazoketone, affords N-substituted phenethylamines (101). This ap-
proach has recently been used by Kapadia et al. (41) in a synthesis of 3-demethyl-
mescaline (XII). The intermediate LIX may also be obtained from the cor-
responding acetophenone by application of the Kindler modification of the
Willgerodt reaction which gives a phenylacetic acid derivative en route (102).

In another approach towards mescaline (fig. 2E)}, originated by Kindler and
Peschke (80) and later employed by Amos (103), the benzaldehyde derivative
was condensed with potassium cyanide and the resulting mandelonitrile was
acetylated and finally reduced by catalytic hydrogenation. It does not seem
that this sequence has been utilized by later workers.

A longer route for mescaline, which now secems to be of only historical in-
terest, was used by Hadacek et al. (104) where the diazoketone group in LX
was transformed by a five-step sequence (fig. 2F) to the phenethylamine side
chain. A specific synthesis (fig. 26) of mescaline has also been reported by
Hahn and Wassmuth (51) and Hahn (105) in which the desired trimethoxy-
phenylacetaldehyde, obtained from ozonolysis of elemecine (LXI), was trans-

E:  ArCHO — ArCH[OH)CN—= ArCH[DACJCN —— Ar CH, CH,NH,

(XVIT}

[

ArCOCHN; —— Ar CH,CO,CH,— Ar CH,COH ——>

(LX)
ArCH; COCHN: ———= ArCH,CH,CONH;——= ArCH, CH,NH;
(Vi)
H,CO
o ——+ Ar CH;CHO — Ar CH,CH:NOH —» xvii
H,C0
OCH;
(LX)
(s}
OCH, g OCH,
e @NCH?CH?Bt-{— @oﬂ My o @::HCH;CH;@OH
. OCH, i OCH,
o OCH,
OCH (xvil)
5 ;]

FIGURE 2
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formed to the oxime and finally reduced. Another specific synthesis of mescaline
has recently been reported by Rabusic and Gregor (106) (fig. 28). The method
constitutes a novel approach in this series with interesting sequence of reactions
and apparent synthetic potential since it starts simply with a suitable benzene
derivative. The recent review of Patel (107) on mescaline and its analogs
gives a comprehensive listing of the various aromatic and N-substituted 3-
phenethylamines reported in the literature which have been obtained by some
of the foregoing methods (50, 78, 96, 108-113). It may also be mentioned
that other specific syntheses of mescaline analogs carrying substituents on the
g-position of the side chain have been developed in recent years (48, 114-117).

Degradation work in mescaline and related phenethylamines is resorted to in
current research only in biosynthetic studies to determine the location of an
introduced label. The commonest reactions include potassium permanganate
oxidative cleavage of the ethylamine side chain (fig. 3) to give, for example,

H,CO CO:H H,CO,
H,CO H,CO "Ners)s

OCH, OCH,
f XVIL t
H,CO, -~ H,CO CHO
O —_— 1O cHO
H,C0 H,cO e N
OCH; OCH,
LXLL
H,co@cozﬂ
H,CONT~CO,H
o OCH
s
WA W el O, el
H,CO NH:  uco NRy  H,CO H
OR e OR OCH,

LAIIL:sRmEz; XVII:R=CH, KAL:RR) =H; XAVIR=CHy R <H; xxiv
FXVITiR=H, R wCHy

FIGURE 3

3,4,5-trimethoxybenzoic acid from mescaline (68, 118-122) and 4-acetoxybenzoic
acid from O-acetylhordenine (121). Products accounting for both carbon atoms
of the side chain have also been obtained, asillustrated in Leete’s (119) systematic
degradation of mescaline. In the latter, the IV, N-dimethyl methicdide derivative
was subjected to Hoffmann degradation; the resulting styrene (LXII) was
oxidized to a diol with osmium tetroxide followed by cleavage with sodium
metaperiodate, vielding 3,4,5-trimethoxybenzaldehyde and formaldehyde.

THE TETRAHYDROISOQUINOLINES

It is remarkable, and biogenetically significant, that all the tetrahydroiso-
quinolines of peyote are trioxvgenated at the 6-, 7- and 8-positions, which is
compellingly conducive to the assumption that they evolve by cyclization of
trioxygenated phenethylamine progenitors. It is interesting, however, to note
that other cactus sources are known which contain tetrahydroisoquinolines with
different patterns of oxygenation as available in several known 5,6,7-trioxygen-
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ated and 6,7-dioxygenated products. The simplest model among peyote tetrahy-
droisoquinolines is the dimethoxyhydroxylated anhalamine (XXI) and all other
analogs are derived from it by O-, N- or C-1-methylation or combinations
thereof. In fact all combination possibilities are now known to exist in peyote
except for the O-methyl derivative of pellotine (XXXV). Another structural
variety is represented by the methoxy-methylenedioxy system available in
anhalonine (XXXVIII) and lophophorine (XLI) and their derivatives and
analogs (cf. table 1). It is remarkable that the C-1 methylene (unsubstituted)
counterparts of the latter type have not yet been found in peyote, although their
presence is not unlikely from biogenetic reasoning as recently proposed (41).
An interesting group of four phenolic tetrahydroisoquinoline alkaloids with an
unusual pattern of O-methylation have recently been identified by Lundstréom
(123) in peyote by preparative glc and glc-mass spectrometry, namely iso-
anhalamine (XXIV), isoanhalidine (XXIX), isoanhalonidine (XXXII) and
isopellotine (XXVII). Biogenetically, they are considered to evolve from the
same phenethylamine precursor, 3-demethylmescaline (XII), as do their counter-
parts XXI, XXVII, XXX, and XXXV, respectively, but with cyclization
involving the position para to the phenol group.

SYNTHETIC APPROACHES

The principal approaches now available for the synthesis of the peyote
tetrahydroisoquinoline alkaloids depend basically on the general Pictet-
Spengler (124), Bischler-Napieralski (125), and Pomeranz-Fritsch (126) iso-
quinoline syntheses and their modifications. An appropriately substituted
trioxygenated phenethylamine intermediate is condensed with an zldehyde,
according to the first method, or the N-acyl derivative is cyclized, according to
the second, thus providing the methylene group or two-carbon unit present at
C-1 of the desirable tetrahydroisoquinoline. In both methods, the unsymmet-
rically 3,4,5-trisubstituted phenethylamines are likely to follow either, or
both, of two possible directions of cyclization. It remains, therefore, as an
additional task, to ascertain the exact disposition of the resulting tetrahydroiso-
quinoline. This problem is not encountered in the syntheses depending on the
Pomeranz-Fritsch method and its modifications (127), since the starting material,
an N-benzylaminoacetaldehyde diethylacetal, can be substituted as to give
only one possible cyclization product. It is a fact that the structure elucidation
of the principal tetrahydroisoquinolines of peyote—for which Spédth must be
credited—was realized largely by synthetic approaches, inspired by biogenetic
considerations, rather than by degradative ones.

SYNTHESES DEPENDING ON THE PICTET-SPENGLER REACTION.—These seem
to have been limited to approaches toward the C-1 methylene-containing tetra-
hydroisoquinolines, exemplified by anhalamine (XXI) and its O- and N-methyl
analogs (XXV and XXVII, respectively). Thus the first synthesis of XXI was
realized by Spath and Réder (13) through condensation of 3,4-dimethoxy-5-
benzyloxyphenethylamine (LXIII} with formaldehyde (fig. 3). The direction
of cyclization and, hence, location of the phenolic hydroxyl group were deter-
mined by permanganate oxidation of the O,N-diethyl derivative which gave
4,5-dimethoxy-3-ethoxyphthalic acid (20). Anhalinine (XXV) was also ob-
tained by Spath and Becke (22) by the same method starting from mescaline;
anhalidine (XXVII) was obtained (23) simply by N-methylation of anhalamine.
In a later study, Brossi et al. (128) found that cyclization in the reaction
LXIII—-XXI proceeds in two directions giving isoanhalamine (XXIV) in addi-
tion to anhalamine (XXI).

SYNTHESES DEPENDING ON THE BISCHLER-NAPIERALSKI REACTION.— These
have proven their greater versatility as illustrated by their application in all
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types of peyote tetrahydroisoquinolines. Anhalonidine (XXX) and pellotine
(XXXV) were the first peyote tetrahydroisoquinoline alkaloids to be synthesized
and were obtained as early as 1921 by Spath (11) using this approach. Cyclo-
dehydration of N-acetylmescaline (XX) followed by hydrogenation and qua-
ternarization gave a product which was identical with O-methylpellotine
methiodide. Anhalonidine was correlated to pellotine by complete methylation
of both to the same product (fig. 4). In an independent synthesis of anhalonidine
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(XXX), Spath (14) followed the same route using N-acetyl-3,4-dimethoxy-5-
hydroxyphenethylamine after a temporary protection of the phenol group by
acetylation (LXIV) as shown in fig. 4. The direction of cyclization was de-
termined (17) by permanganate oxidation of the O-ethyl derivative of pellotine,
which gave 4,5-dimethoxy-3-ethoxyphthalic acid; this was also confirmed by an
analytical approach (18).

In a relatively recent report by Brossi ef al. (128), both anahalmine (XXI)
and isoanhalamine (XXIV) resulted from a Bischler-Napieralski cyclodehydra-
tion of N-formyl-3,4-dimethoxy-5-benzyloxyphenethylamine—which occurs in
both possible directions giving two dihydroisoquinolines (LXV)—followed by
reduction and hydrogenolysis (cf. fig. 4). The same intermediate mixture
(LXV) was utilized (128) in a synthesis of anhalonidine (XXX) and isoanhal-
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onidine (XXXII) through quaternarization followed by treatment with methyl
Grignard reagent and finally hydrogenation.

Brossi ef al. (129) also utilized an interesting method, originally devised by
Karady (130) for a synthesis of O-methylanhalonidine (XXXIII), in the con-
struction of the heterocyclic system which bears some resemblance to the
Bischler-Napieralski reaction. The urethane derivative (LXVI) of the suitable
substituted phenethylamine is cyclized under the action of polyphosphoric acid
and the resulting lactam is reduced to the tetrahydroisoquinoline system which
is then subjected to appropriate treatments (cf. fig. 5) so as to yield the desirable
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substituents. By application of this sequence, anhalamine (XXI) and anhalidine
(XXVII) have been obtained by Brossi et al. (129) and by Kametani et al.
(87). The same principle was utilized in a new synthesis of anhalonidine (XXX)
and pellotine (XXXV) through dehydration of the 6,7-dimethoxy-8-benzyl-
oxytetrahydroisoquinoline intermediate (LXVII) followed by quaternarization
and treatment with methyl Grignard reagent to introduce the C-1 methyl group.

Bischler-Napieralski synthesis has also been employed by Spath and Gangl
(15) in the preparation of the methylenedioxy-containing alkaloids anhalonine
(XXXVIII) and lophophorine (XLI) through cyclodehydration of N-acetyl-
homomyristicylamine (LXVIII) followed by reduction and quaternarization
(fig. 5). The structure was later confirmed by permanganate oxidation to 3,4-
methylenedioxy-5-methoxyphthalic acid (22). This is the only approach hitherto
used for the total synthesis of the methylenedioxy tetrahydroisoquinoline
alkaloids.

SYNTHESES DEPENDING ON THE POMERANZ-FRITSCH REACTION.—These syn-
theses appear to offer considerable latitude and versatility and are amenable to
adaptation to specific problems. Their earliest use in peyote alkaloids was due
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to Spath and Becke (19) for the synthesis of pellotine (XXXV) starting from the
Schiff base (LXIX), obtained by condensation of 2-benzyloxy-3,4-dimethoxy-
acetophenone with aminoacetaldehyde diethylacetal, followed by cyclization
using sulfuric acid (fig. 6). During a Pomeranz-Fritsch acid-cyclization of the
Schiff base LXX obtained as shown in fig. 6, Inubushi and Fujitani (60) found,
unexpectedly, that the isoquinoline product had lost the C-1 substituent; they
obtained anhalidine (XXVII) by subsequent quaternarization and reduction.
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Useful modifications of the Pomeranz-Fritsch synthesis have been developed
by Bobbitt et al. (127), involving the acid-catalysed cleavage, ring closure, and
reduction of the intermediate benzylaminoacetals. Utilizing this modified
procedure, Takido et al. (131) have recently achieved a new synthesis of anhal-
onidine (XXX) and pellotine (XXXV) proceeding from the requisite Schiff
base (LXXI) via the corresponding 4-hydroxytetrahydroisoquinoline inter-
mediates (cf. fig. 6). An interesting adaptation of the Pomeranz-Fritsch reac-
tion has also been devised by Bobbitt and Dutta (132) in a novel synthesis of
the C-1 methylene tetrahydroisoquinolines anhalamine (XXI), anhalinine
(XXV), and anhalidine (XXVII). The required intermediate benzylamino-
acetals—resulting by simple Mannich reaction of an appropriate phenol with
formaldehyde and suitably substituted aminoacetals (cf. fig. 6)—are converted
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into the desirable tetrahydroisoquinolines by acid treatment followed by
hydrogenation.

INTERCONVERSIONS

Since several tetrahydroisoquinolines differ from one another only in the
degree of methylation (cf. table 1), interconversions have been realized—and
also utilized in structure determination of new compounds—simply by O- and
N-methylations or demethylations by well-trodden methods. This is well
illustrated in the syntheses discussed before (figs. 4-6). While O-methylation
is simply induced with diazomethane, N-methylation requires special treatment
if quaternarization is to be avoided. The latter has been conveniently achieved
through reductive condensation with formaldehyde in the presence of Raney
nickel catalyst or sodium borohydride.

The structure of peyophorine (XLIII), a minor alkaloid identified by Kapadia
and Fales (133), was verified by synthesis through N-ethylation of anhalonine
and lithium aluminum hydride reduction of N-acetylanhalonine. This is the
only N-ethylated alkaloid so far found in peyote, and its presence is remarkable
in view of the rarity of such moiety in nature (134).

The three quaternary tetrahydroisoquinoline bases as yet known in peyote,
anhalotine (XXVIII), peyotine (XXXVI) and lophotine (XLII), have been iso-
lated by Kapadia et al. (135) as the iodides and were synthesized simply by
quaternarization of the corresponding alkaloids. Lophotine had been known
earlier (15) as a product resulting during the synthesis of anhalonine and
lophophorine (fig. 5). It is not unlikely that the quaternary base mixture of
peyote contains additional products.

All the amides (N-formyl and N-acetyl) derivatives of the tetrahydroisoqui-
nolines thus far known (cf. table 1) have been identified by combined gle-
mass spectrometric studies of the nonbasic fractions by Kapadia and Fales
(44). Synthesis of the formyl derivatives (XXII, XXVI, XXXI, XXXIV and
XXXIX) was achieved by treatment of the corresponding base with triethyla-
mine and formic acid, a method recommended by Durand ef al. (136). The
acetyl derivatives (XXIII and XL) were obtained by simple treatment with
acetic anhydride. Where O-acetylation occurred, in the phenolic alkaloids,
saponification was an additional step. The gas-liquid chromatograms (44)
reflected the fact that more products are present in the nonbasic fractions. It
appears that little attention has been given to the study of the nonbasic fractions
of other alkaloid-bearing Cactaceae (and, in fact, most other alkaloid-bearing
plants). The association of amides with true bases is quite expectable for bio-
genetic reasons and because of the simple fact that organic acids are co-existent.

The problem of introducing a methylenedioxy grouping in an already con-
structed tetrahydroisoquinoline system has been overcome very recently in an
elegant study by Brossi et al. (137). Demethylation of O-methylanhalonidine
(XXXIII) by controlled acid treatment afforded the diphenol (LXXII) (138)
which, after conversion to the carbamate using ethyl chloroformate, was treated
with dibromomethane in presence of cupric oxide to give the requisite methyl-
enedioxy substituent as present, ultimately, in anhalonine (XXXVIII) and
lophophorine (XLI) (fig. 7).

STEREOCHEMISTRY

Problems of stereoisomerism, encountered obviously only in the C-1 methyl-
carrying tetrahydroisoquinolines, have confronted Spéth and his coworkers
since the early days of peyvote chemistry. All synthetic methods used for these
compounds were not stereo-selective and afforded the (= )-products; the optically
active forms have been obtained for some of them by resolution of the racemic
mixture using (+)- or (—)-tartaric acid, as a general procedure. Although
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(-)-O-methylanhalonidine (XXXIII) was isolated from peyote (28) in optically
active form, its N-methyl phenolic counterpart pellotine (XXXV) was obtainable
(4, 9) only in racemic form. Spiath and Kesztler (25) prepared the optically
active forms of pellotine [by resolution of the racemic mixture using (- )-tartaric
acid (28)] and, considering the facility with which they racemize, these authors
thought that the natural product might be optically active and that racemiza-
tion occurs by aging of the drug or during the process of isolation. The
methylenedioxy alkaloids (—)-anhalonine (XXXVIII) (2, 139, 140) and (—)-
lophophorine (XLI) (5) were both isolated in optically active form. Spéath
and Kesztler (24) resolved the synthetic racemic mixture of anhalonine (using
(—)-tartaric acid) (15) and showed that natural lophophorine results by N-
methylation of (—)-anhalonine.

From a consideration of the observed optical rotatory shifts, Battersby and
Edwards (141) assigned the S configuration to both (—)-anhalonine (XXXVIII)
and (—)-lophophorine (XLI). Very recently, Brossi et al. (137) reported the
results of an X-ray crystallographic study of the hydrobromides of XXXVIII
and (-+)-O-methylanhalonidine (XXXIII). Their studies confirmed the pre-
vious findings of Battersby and Edwards and established the S configuration for
all three compounds, which were found to give similar optical rotatory dispersion
and circular dichroism spectra. The X-ray study (137) provided data for the
bond lengths and angles involving the nonhydrogen atoms, and revealed the
absolute configurations where the C-1 methyl group is pseudoequatorial in (—)-
anhalonine (XXXVIII), but is axial in (+)-O-methylanhalonidine (XXXIII).
The proven stereochemistry of the three compounds is illustrated in fig. 8.
The stereochemistry of the remaining alkaloids anhalonidine (XXX), pellotine
(XXXV) and peyophorine (XLIII) will still have to be proven.
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Chemical degradation of the heterocyclic system in tetrahydroisoquinolines
was previously a means in structure determination work, but is currently resorted
to for the location of the label in biosynthetic studies. An example of the
latter use is the relatively recent degradation (142) of anhalamine (XXI), as
the O, N-dimethyl derivative methiodide, to 3,4,5-trimethoxyphthalic anhydride
(involving loss of C-3 of anhalamine), using the conditions described much
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carlier by Spath and Becke (143). A useful degradative sequence (cf. fig. 9) of
anhalonidine (XXX), reported by Leete (119), consists in an Emde reductive
cleavage of the heterocyclic system in the O,N-dimethyl methiodide derivative
followed by quaternarization and Hoffmann degradation. The resulting styrene
derivative (LXXIII) was oxidized to a glycol with osmium tetroxide and finally
cleaved with sodium metaperiodate, yielding 2-ethyl-3,4,5-trimethoxybenzalde-
hyde and formaldehyde; the latter accounting for C-3. The Kuhn-Roth oxida-
tive degradation of such alkaloids carrying a methyl group on C-1 is also often
resorted to as a diagnosis of the label present in this part of the molecule giving
rise to acetic acid (144-146).
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CONJUGATES WITH KREBS CYCLE ACIDS

THE AMIDES.—This group of peyote constituents represents products, the
natural occurrence of which was predicted on biogenetic grounds as resulting by
conjugation with the co-existing Krebs cycle acids, It appears that no other
plant source is known in which a comparable array of alkaloidal conjugates has
been identified. In addition to the phenethylamine and tetrahydroisoquinoline
amides (formyl and acetyl) mentioned before (cf. table 1), recent glc-mass
spectrometric studies by Kapadia and Fales (44) have shown that the nonbasic
fractions of peyote contain more complex amide derivatives. The nature of
several of these has been elucidated from mass spectral considerations and by
comparison with synthetic models of the suspected structures. These include
the succinimide (XLIV), malimide (XLV), and maleimide (XLVII) derivatives
of mescaline, which were all synthesized simply by sublimation of the mescaline
salts of the corresponding acids. More recently, Kapadia et al. (147) char-
acterized two additional amides of mescaline in the same nonbasic fractions,
namely the citrimide (XLVI) and the isocitrimide lactone (XLVIII) derivatives.
Their structures were evidenced by mass spectral data and proven by synthesis
from mescaline through treatment with citric anhydride and isocitric acid
lactone, respectively.

The nonbasic fractions of peyote were also found (44) to contain two struc-
turally interesting lactams, XLIX and L, related to 3-demethylmescaline (XIT)
and mescaline (XVII), which were named peyoglutam and mescalotam, re-
spectively. Their constitutions, inspired by biogenetic considerations, were
proven by synthesis from the corresponding bases by treatment with «-keto-
glutaric acid followed by decarboxylation (fig. 10). The direction of cyclization
in XLIX was established by nmr evidence (44, 148). Very recently, it has
been found (149) that improved yields of peyvoglutam and mescalotam are ob-
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tainable when succinic acid semialdehyde is used in the condensation, which may
imply that in the reaction with a-ketoglutaric acid (44) partial decarboxylation
of the latter may afford the semialdehyde as the reactive species.

THE AMINO ACIDS.—It is surprising that no systematic study has hitherto
been conducted on the general proteinic amino acid make-up of peyote, sig-
nificant and relevant to the biosynthetic processes as they may be. The presence
of proline in the amino acid fraction was, however, demonstrated lately by
Kapadia ef al. (150). The gas chromatogram (fig. 11) of the silylated (with
bis(trimethylsilyl)trifluoroacetamide) mixture of peyote amino acid fraction
(144) reflects the considerable complexity of the mixture. Prompted by bio-
genetic considerations suggesting their probable natural occurrence, Kapadia
et al. (144, 151) synthesized two nonproteinic amino acids with the structures
LIII and LIV (table 1) and demonstrated their presence in the natural mixture
(cf. fig. 11). Synthesis of these two acids, named peyoxylic acid (LIII) and

LTI T

TLAME A0

Fi1G. 11. Gas-liquid chromatogram of the silylated peyvoie amino acid fractions.
Fractions A and B (inserts), obtained by preparative paper chromatography, were
chromatographed on the same gle column at 190°, The unmarked peaks were not
investigated further.
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peyoruvic acid (LIV) was achieved by condensation of 3-demethylmescaline
(XII) with glyoxylic acid and pyruvic acid, respectively, under physiological
conditions (fig. 10). The condensation, a Pictet-Spengler-type reaction, is
facilitated by the presence of an activating phenolic group. It has been demon-
strated experimentally that both acids play an important intermediary role in
the biogenetic transformation of phenethylamines into tetrahydroisoquinolines
(144). The possibility of presence of O-methylpeyoxylic and O-methylpeyoruvic
acids, which have already been synthesized by Kapadia et al. (82), in the
natural mixture of peyote needs to be explored.

Kapadia et al. (152, 153) have also considered the possibility of natural
occurrence of conjugates of mescaline resulting by reductive amination of gly-
oxylic acid and pyruvic acid where more than one possibility for the mode of con-
jugation is open. The products resulting by reductive amination leading to
phencthylamine analogs of glycine and alanine have been synthesized (152, 153)
by reacting mescaline with glyoxylic acid and pyruvic acid, respectively, in the
presence of sodium cyanoborchydride, as a reducing agent, at pH 5. The latter
compound was also prepared by reacting mescaline with «-chloropropionic acid
(fig. 10). The presence of these two compounds, designated mescaloxylic acid
(L1) and mescaloruvic acid (LII) in the amino acid mixture of peyote, as con-
stituents, has been demonstrated (152, 153) by glc-mass spectrometric evi-
dence. It does not appear too unlikely that both acids may participate, at
least in part, in the biosynthesis of certain peyote alkaloids. Although other
biosynthetic routes may be open for consideration, the specific relationships of
mescaloruvic acid (LII) or its O-monodemethyl analog to peyophorine (XLIIT),
and mescaloxylic acid (LI) to N-methylmescaline (XVIII) appear to be par-
ticularly attractive. In both of these cases, the decarboxylation of such acids
as LI and LII is obviously an essential step at some stage.

PYRROLE DERIVATIVES

Since the possibility of occurrence of indole derivatives, resulting by intra-
molecular oxidative cyclization of phenethylamines, appeared feasible, Kapadia
et al. conducted specific search for such products. Although none was found
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thus far, these workers were able, however, to isolate two products containing
pyrrole residues as minor constituents from the nonbasic fractions of peyote,
namely peyonine (LV) (154) and peyoglunal (LVI) (147). The structure of
peyonine was determined (155) from spectral and mass spectrometric evidence
and through synthesis by treatment of mescaline (XVII) with methyl 2,5-
dimethoxytetrahydro-2-furoate followed by saponification (fig. 12). Peyonine



MARCH 1973] KAPADIA AND FAYEZ: PEYGTE ALKALOIDS 29

appears to be the first simple pyrrole-2-carboxylic acid derivative isolated from
a natural source. The constitution of peyoglunal (the only aldehyde- and
hydroxymethyl-containing product thus far encountered in peyote), also sug-
gested by spectral and mass spectrometric evidence, was established (147) by
synthesis from mescaline through condensation with 2,5-dimethoxy-5-hydroxy-
methyltetrahydrofurfuraldehyde dimethyl acetal (fig. 12). Better yields of
peyoglunal (LVI) were obtained (147) from peyonine (LV) by reduction of the
methyl ester with lithium borohydride followed by formylation under Riemer-
Tiemann conditions. Peyonine and peyoglunal represent pyrrole derivatives
of rare natural occurrence.

ANALYTICAL METHODS

Several reagents have been used in the detection and identification of
mescaline and related products (156-161). Some are particularly useful in
working with peyote alkaloid mixtures, e.g. on thin-layer chromatoplates, such
as dansyl chloride for nonphenolic products and tetrazotized benzidine (33) and
tetrazotized di-O-anisidine (135) for detection and identification of phenolic
ones. Also, a number of paper (162-167), thin-layer (33, 36, 168-173), and gas
(39, 168, 174-179) chromatographic methods have been reported for the separa-
tion and identification of mescaline and other cactus alkaloids. Kapadia and
Rao (176) observed a relationship between the retention time and structure of
peyote alkaloids and related bases.

Several methods have been recommended for the quantitation of mescaline
in biological fluids. They include colorimetric methods depending on measure-
ment of the color formed by interaction with picric acid (180, 181), bromocresol
purple (182), and p-nitrophenyldiazonium chloride (183, 184). In a fluorometric
method (185), mescaline is transformed into a fluorescent isoquinoline derivative;
another method (186) is based on the characteristic oscillographic behavior of
mescaline in acid and alkaline solutions.

The recent review of Nieforth (48) and those of Barbeau (187) and Friedhoff
and Winkle (188) provide additional useful information on some specialized
methods for analysis in biological fluids.

MASS SPECTRA OF PEYOTE CONSTITUENTS

The spectra of the phenethylamines and tetrahydroisoquinolines invariably
exhibit molecular ions with very low intensities. The principal fragmentations
result by cleavage of the s-bonds relative to the aromatic ring. The phenethyla-
mines [such as X (175), XII (41) and XVII (189)] and their N-alkyl-substituted
derivatives thus give the benzyl ions a (which may also have tropylium struc-
tures) and, through transfer of hydrogen atom from the departing fragment (as
depicted by arrows in fig. 13), the equally important (and often stronger)ions b.
Fragmentations of this type have been useful in the location of labels in the side
chain (190). In tertiary amines, such as peyonine (LV), the same type of break-
down obviously does not take place, and the predominant fragment ion is due to
species a (155). The spectra are complicated further only by combinations of
losses from the aromatic substituent groups. The N-formyl- and N-acetyl-
phenethylamines (191), as well as the related cyclic imide derivatives (XLIV,
XLV and XLVII) (44), give as principal fragmentation products ions of species
a in addition to styrene ions (c), resulting by scission of the C-N bond of the
side chain with transfer of hydrogen (as depicted by the arrows in fig. 13) in a
McLafferty rearrangement.

The primary reactions exhibited by the tetrahydroisoquinolines [typified by
XXI, XXIII, XXVI, XXVII, XXXIV, XLI (191) and XLIII (133)] involve
expulsion of the C-1 substituent (192), giving the highly stabilized dihydro-
isoquinolinium ion species d (fig. 13). The strongest peaks in the spectra are
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due to ions (species e) formed by collapse of the heterocyclic system through
the retro-Diels-Alder reaction. This type of breakdown does not seem to take
place appreciably in those products carrying a methyl group on C-1, probably
because the elimination of this substituent is more favored and becomes by
far the most important reaction. Mescalotam (L) and peyoglutam (XLIX)
(44) exhibit relatively strong M* ions and ones resulting by loss of the hydrogen
atom on C-1 of the tetrahydroisoquinoline system. Fragmentation of the
lactam ring by loss of CH.CH.CO gives ions with appreciable abundance which
may have structure f (fig. 13).
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The mass spectra of the amino acids LI, LII (152, 153), LIII and LIV (144),
determined for the trimethylsilyl derivatives, exhibited no special fragmentation
pathways, and the patterns were complicated only by expulsions from the TMS
residues.

A wvery useful analytical and diagnostic tool is combined gle-mass spec-
trometry which proved its practical value in the rapid identification of minute
(1 ug) amounts of a compound in a complex mixture. This technique has been
utilized by the present authors (44, 133, 144, 147) and by others, notably the
Agurell-Lundstrém group (39, 42, 43, 123), in the study of trace constituents of
peyote (vide supra under group titles) and was instrumental in revealing several
intermediates of biosynthetic pathways. Mass fragmentography is another new
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development, introduced by Hammar et al. (193) and later modified by Hammar
and Hessling (194), where the mass spectrometer is used as a gas chromato-
graphic detector continuously monitoring 1-3 selected mass numbers of com-
pounds eluted from the gas chromatographic column. It has been utilized with
considerable advantage for the identification of trace substances in complex
mixtures in biosynthetic studies (38).

NOTE ADDED IN PROOF: After this review had been submitted, the occur-

rence of O-methylpeyoxylic acid and O-methylpeyoruvic acid in peyote was
demonstrated by glc-mass spectrometry and reported (Kapapia, G. J., G. S.
Rao, M. H. HussaIN and B. K. CHOWDHURY. 1973. Peyote and related
alkaloids. XV. O-Methylpeyoxylic acid and O-methylpeyoruvic acid, the new
cyclic amino acid analogs of mescaline. J. Heterocycl. Chem. 10: 135).
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