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PART I

STUDIES ON THE MESCAL ALKALOIDS AND RELATED COLPOUNDS



INTRODUCTION

Pellote (peyote, peyotl, mescal buttons) is the drug
used by the Indians of northern lLiexico and the southwestern
United States for the hallucinatory effects produced by it
when eaten. The actions of the drug are probably entirely
due to the alkaloids present, eleven of which have been
isolated to date.

Pellote 1s obtained from the cactus which is now most

commonly classified as Lophophora williamsii (Fam. Cacta-

ceae). It has also been classified as Anhalonium Lewinii,

which was formerly most generally accepted, Echinocactus

williamsii, and others. The tops of the vlant, which is a

small spineless cactus covered with wooly hairs, are cut

off and eaten either fresh or dried, and are commonly known
as "mescal buttons". It is found chiefly in northern lexico
and near the Rio Grande River in Texas, and though 1ts use
has spread sonewhat, i1t is still confined to a comparatively
few tribes of this general area. The term mescal button
should ngt be confused with the fermented drink made in
Mexico known as mescal, which is a distilled beverage pre-
pared from various species of Agave.

The use of pellote in religious ceremonies by the
Indians of the Rio Grande valley has been known for many
'years, and an interesting account of the actual ceremony
is given by James Mooney (1). Quoting briefly from his de-
scription: "The ceremony occupies from twelve to fourteen

hours, beginning at about 9 or 10 o'clock and lasting



sometimes until nearly noon the next day. The exercises
open with a prayer by the leader, who then hands each man
four mescals, which he takes and eats in rapid succession.
In eating, the dry mescal is first chewed in the mouth, then
rolled into a large pellet between the hands, and swallowed.
After this first round the leader takes the rattle, while
his assistant takes the drum, and together they sing the
first song four times, with full voices, at the same time
beating the drum and shaking the rattle with all the strength
of their arms. The drum and rattle are then handed to the
next couple, and so the song goes on round and round the
circle - until perhaps 9 o'clock the next morning, when the
instruments are pasgsed out of the tepee, the sacred foods
are eaten, and the ceremony is at an end." There appear to
be no undesirable after-effects, and the drug 1s often used
by the Indians for therapeutic purposes, as in the treat-
ment of fevers and hesadaches.

There are many descriptions of the effects produced
by vellote in man, among which might be mentioned those of
liitchell (2), Havelock Ellis (3), Prentiss and llorgan (4),
and Fernberger (5). The general picture of the effects of
the crude drug is well-known, but the actions of the various
alkaloids oresent have not been studied at all thoroughly,
and a great deal of work remains to be done on this subject.

The outstanding action of pellote and the one probably
chiefly respons;ble for its use by the Indians 1s the pro-

duction of color hellucinations. The first phase of the



“intoxication is marked by a general feeling of euphoria, and
often stimulation is observed, leading to the loss of a
sense of fatigue. When the second stage is reached, the in-
dividual begins to have the characteristic color visions,
and in some cases other sensory effects. Descriptions of
the visions indicate a great individual variation in re-
sponse to the drug, but in general they are characterized
by an incessant flow of hallucinations of great variety of
form and color, sometimes being composed of geometric fig-
ures or familiar objects, usually in constant motion, and
sometimes various grotesque figures are observed, all in-
tensely colored. Tke visions are most offten obtalned with
the eyes shut or in the dark, but are sometimes seen in the
light. During this period the subject is completely con-
scious and aware of his surroundings. In addition, there
are sometimes hallucinations of hearing and an increase in
auditory acuity. The general sensibility may be affected
in such a manner that the subject has the illusion of being
without weight, or of the doubling of the ego. There may
be kinesthetic disturbences leading to difficulty in as-
certaining the location of the arms or legs. Accompanying
these sensations are various physical changes, such as
mydriasis, drop in pulse rate, and reddening of the face.
The subjective sensations experienced are illustrated
by the following quotation from iitchell (2). After taking
six buttons he "sonn became aware of a violet haze, and also

had the subjective sensation of an increased competence in



dealing with problems, which was not born out in practice".
On lying in & darkened room, he saw "delicate floating films
of color «....zlg-zag lines of very bright colors, in rapid
motion .....l began to see for the first time definite ob-
jects assoclated with colors. A white spear of grey stone
grew uo to huge height, and became a tall Gothic tower of
elaborate design .....covered with clusters of what seemed
to be huge precious stones. These were green, purple, red,
and orange. All the colors I have ever beheld are dull as
comoared with thece .....the vast pendant masses of emerald
green, ruby red, and qrange began to drip a slow rain of
color". A series of visions followed, until the effects of
the drug had disapoeared in a few more hours. In some de-
scriptions it is stated that sensory and auditory stimuli
often have an effect on the intensity and nature of the
visions produced.

Extengive studies on the ﬂmescal psychosis" are de-
scribed by Beringer (6), Rouhier (7), and Kluver (8). The
three main constituents of the psychosis seem to be (1)
sensory abnormalities, (2) a change in conscious attitude

and condition, and (3) emotional abnormalities.

Actions of mescal alkaloids on man

Mescaline. The subjective sensations of mescal in-
toxication in man are fairly closely duplicated by the ac-
tion of the chief alkaloid, mescaline, at doses of about
200 mgm. or larger.. Inasmuch as it 1s customary to take

about five buttons to obtein the tygvgcal hallucinations,



and as about 200 mgm. of mescaline is present in this num-
ber of the buttons, it is probable that mescaline is respon-
sible for the major portion of the action.

Mescaline has been studied quite intensively, partic-
ularly in regard to the generstion of various psychotic
states. Its use in psychiatry (Stockings (9)) is based on
its ability to reproduce in a normal subject phenomena close-
ly related to those of certain psychopathological states
(especially schizophrenia), and also upon the fact that
these changes occur in a state of clear conscilousness, en-

: ,
abling the subject to describe the effects to an observer.

Some of the sensations exverienced by schizoohrenics
are known from their drawings and the descriptions given by
them after the administration of sodium amytal, which often
produces a temporary lucid period in a patient who is ordin-
arily uncommunicative. The hallucinations resulting from
mescaline (visual, auditory, and somatic) are very similar
to those described by these patienté. The dissoclation of
the onersonality which 1is the most characteristic feature of
schizoohrenia is often experienced by oersons who have taken
mescaline. Other ocoints of similarity include the cata-
tonia oroduced, disturbances of mood associated wlth the
feeling of unreality, difficulties in caerrying out a logilcal
tréin of thought, and other manifestations.

The mechsnism of action cof mescaline ig unknown. From
the work of Quastel and Wheatley (10) on brain recpiration,

it is known that mescaline, as well as a number of related



amines (tyramine, vhenethylamine, and others) and typical
narcotics, has the property of inhibiting the oxidation of
'gluoose, lactate, and opyruvate.

Richter (11) found that 58% of the mescaline fed to
man could be recovered in the urine, and that the remainder
was unaccounted for. It is unlikely that smine oxidase 1is
responsible for any appreciable destruction of mescaline,
for Blaschko, Richter, and Schlossmann (12) found that it
was attacked only very slightly in the presence of this en-
zyme. Slotta and Miller (13) found that 50% of the mescaline

»

fed to guinea olgs and dogs dould be recovered from the urine
as 3,4,5-trimethoxy-ohenylacetic acid, but none of this com-
pound could be isolated in human experiments.

Mention 1s made in the literature of some visual dis-
turbances with some of the other alkaloids, although their
actions have not been investigated in this respect at all
thoroughly. Heffter (14) reported the following effects
after taking several of the other alkaloids by mouth:

Anhslonine (100 mgm. dose) - slight narcosis. It is
reported that lassitude 1s experienced, together with a
sensation of gliding.

Loohophorine (20 mgm. dose) - headache, reddening of

the face.

Anhalonidine (100-250 mgm. dose) - slight narcosis.

Pellotine (80-240 megm. dose) - narcosis, fatigue, aver-
sion to mental and physical labvor. Pellotine has been studied

more thoroughly than any of the other alkaloids with th



exception of mescaline, particulerly by Robles and Robleda
(15). They reported that it causes mentsl confusion, visual
hallucinations without the production of color, auditory and
kinesthetic hallucinations, and disturbances of concepts of
space and time. In doses of 15-30 mgm. it was formerly used
clinically as a narcotic (Hutchings (16)).

There are no data availlable on the actions of the

other known alkaloids of mescal on man.

Pharmacological actions of mescal alkaloids

The pharmacological effects of the various alkaloids
on animals have been studied very little, with the exceptim
of mescaline and vnellotine, and even in the cacse of the lat-
ter compounds 1t 1s not possible at the present time to
draw many conclusions from the data which have been obtained.

lMescaline. Grace (17) made a careful study on severel
animals of the opharmacological actions of mescaline, and
some of his findings are reported below:

(1) Lethality. The lethal dose in frogs by injection
into the dorsal lymph sac is 750 mgm. per kilogram body
weight, and in mice by intraperitoneal injectlon is 500-600
mgm. per kilogram. The symptome observed in frogs were pro-
cressive motor paralysis, arrest of respiration, and aboli-
tion of reflexes. Death was due to respiratory failure, and
the main action seemed to be depression of the central nerv-
ous system. These results agree with those of Heffter on
frogs, but are opposed to those of Dixon (18), who states

that mescaline possesses a strychnine-like convulsant action.



(2) Action on voluntary muscle. lescaline at a con-

centration of 1:500 paralyzed the isolated frog gastroc-
nemius to electrical stimulation.

(3) Circulation and respiration.

(a) Ten mgm. per kilogram of mesceline given intra-

) véﬁously to a cat anesthetized with ether-chloroform resulted
in a blood pressure fall from 110 to 50 mm. Hg, which was ao-
companied by slowing of the respiration. The pulse rate was
unchanged, although the strength of the beat was lessened.

" This action on- the blood pressure and the respiration ap-
oears to be of a central rather than a peripheral nature,

for ifvthe vegl are sectioned, a slight rise in blood pres-
sure 1is obsefved, and the respiration is unchanged.

(b) The action bf mescaline on the decerebrate cat
is similar to the action on an anesthetized animal.

(c) Ten mgm. per kilogram of mescaline given intra-
venously to a decapitate caf caused a rise in blood pressure
of 60 mm. Hg. This pressor action is not affected when the
ganglia are paralyzed by nicotine.

(4) Action on the isolated heart. In low concen-

tration (1:50,000), mescaline caused a slight decrease in
the amplitude of the beat, but no éhange in the rate. In
high concentration (1:1000), there was a pronounced decrease
in the amplitude, accompanied by a decrease in rate, and the
heart stopped in diastole. This action seems to be directly
on the cardiac muscle, for atropine was without effect. The

action on the perfused rabbit heart was of the same nature
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at similar concentrations.

(5) Action on involuntary muscle.

(a) The isolated intestine of the rabbit and the
cat were not affected by concentrations from 1:100,000 to
1:2500. However, the intestine of the intact animal was
strongly stimulated by the intravenous iﬁjection of 11 mgm.
per kilogram, and the contraction was no longer obtained
after an injection cf atropine.

(b) The isolated uterus was not affected, while the
uterus in situ was strongly stimulated.

Raymond-Hamet (12) studied the actions of mescaline

on dogs under chloralose anesthesia. Artificial respiration
was given to these animals, and both vagi were cut. He
found that with doses of 2-8 mgm. per kilogram a slight fall
or rise in blood oressure oocurred,‘but that with doses of
20 mgm. per kilogrem a fall was always observed, accompanied
by slowing of the heert. This action is opposed to the ob-
servations of Grace, which were obtained with different ani-
mals and anesthetics. In addition, Reymond-Hamet showed
that small doses (2-4 mgm. per kilogram) inhibited the in-
testine in situ, and that larger doses first stimulated, and
then depressed the tonus, similarly to nicotine. However,
meécaline still produced this effect after a large dose of
sparteine, which abolishes the nicotine ganglionic stimu-
lation, and therefore Raymond-Hamet concluded that mes-
caline acts directly on the nuscle. However, Grace found

that mescaline did not oproduce stimulation of the intestine
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after the injection of atropine, so it appears that some
other mechanism must be involved. The fall in blood pres-
sure, rslowing of the heart, and stimulation of the intestine
indicate that mescaline does not have aporeciasble sympatho-
mimetic activity.

Clerc, Paris, and Janot (20) worked with dogs anes-
thetlzed with chloralosane, and also observed a blood pres-
sure fall, which was less pronounced after the injection of
atropine or section of the vagi. They noted an increase in
both the rate and amplitude of respiratory movements, which
is contradictory to the results obtained by Grace on cats
under chloroform-ether anesthesia.

It is difficult at present to suggest any mechanism
that will satisfactorily explain the vsrious actions of mes-
caline obser?ed by these authors, although the central nerv-
ous syetem deoression is orobably related to the inhibition
of brain respiration found by Quastel and Wheatley (10).
With regard to the unicue action of mescaline in oroducing
color hallucinations, it seems likely that the most fruitful
method of approach to the problem would be through objective
observations on man, rather than attemoting to study the
problem by the analysis of subjective sensations or by ani-
mal experimentation.

Pellotine. Heffter (14) observed that in the frog
pellotine first oroduced narcosis and diminished reflex
activity. In about one hour the reflex activity increased,

and convulsive breathing and tetanus occurred, which were
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sometimes still oresent twelve hours later. The toxicity
for a number of animals was determined by Robles and Rob-
leda (15); and the lethal dose in mgm. of pellotine hydro-
chloride per kilogram of body welght was found to be as
follows: frog (500), rat (500), guinea pig (300), cat (150),
and pigeon (100). The pigeon, which 1s very sensitive to
the action of pellotine, showed incoordination, loss of
equilibrium, rapid breathing, mydriasis, and finally con-
vulsions vreceding death.

Clerc, Janot, and Paris (21) found that in the rabbit
anesthetized with chloral, a dose of 5 mgm. pef kilogram of
pellotine hydrochloride lowered the blood pressure by as
much as 80 mm. Hg, and at'the same time slowed the heart,
and that this action was abolished by sections of the vagi.
They also noted a hyperglycemic action in rabbits, with a
rise in blood sugar of as much as 50%.

Other alkaloids. Very little work has been done on

the oharmacology of the other alkaloids of mescal buttons.
Heffter (14) performed some prelimimary experiments, as did
Dixon (18), but the latter's work is of doubtful value, be-
cause seversl of the compounds used by him were obviously
impure. Mogilewa (22) investigated the actions on the per-
fueed intact frog heart.

(1) Anhalonine: Heffter showed that a dose of 10

mgm. of anhalonine hydrochloride in the frog caused central
paralysis, which disappeared after about one hour, when a

condition of increased reflex activity began to appear.
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This latter effect often persisted for 24 hours, and some—
times for several days. The perfused frog heart is slowed.

(2) Anhalonidine. The actions of anhsalonidine seem

to be similar to those of anhalonine, and in addition it is
reported to cause paralysis of motor nerve endings.

(3) Lophophorine. This alkaloid does not show the

paralyzing action of anhalonine and anhalonidine, but causes
an immediate increase in reflex excitability in frogs in
doses of 0.25-1.0 mgm., which versists for many hours. The
frog heart 1s also slowed by lophophorine.

(4) Anhalamine. Anhalamine produces in the frog a

preliminary narcosis followed By increased reflex excita-
bility, similar to that observed with several of the other
alkaloids.

No mention is made in the literature of ovharmacological
wbrk done on any of the other alkaloids of mescal buttons,

which have been isolated more recently.



Chemistry of mescal alkaloids

At the present time eleven alksloids have been iso-
lated from mescal buttons, and the structures of all of them
are known (see table on page 15). This table indicates the
close structural relationships amongst these compounds, and
it is possible that some of the missing members of these
series may later be found to occur in small amounts in the
buttons. The theory (Robinson (23), Hahn and Rumpf (24),
and Schopf and Bayerle (25)) that isoquinolines are formed
in plants through ring-closure of the corresponding phen-
ethylamines would suggest the presence, in small amounts at
least, of 3-methoxy-4,5-methylenedioxyphenethylamine and
3,4-dimethoxy-5-hydroxyphenethylamine.

The references to the isolation of the alkaloids are
as follows, in the order of their discovery, from 1888 to
1939: anhalonine (Lewin (26)), pellotine (Heffter (27)),
mescaline, anhalonidine, and lophophorine (Heffter (28)),
anhalamine (Kauder (29)), anhalinine (Spéth and Becke (30)),
anhalidine (Spath and Becke (31)), N-methylmescaline (Spath
and Bruck (32)), N-ascetylmescaline (Spath and Bruck (33)),
and O-methyl-d-anhalonidine (Sp8th and Bruck (34)). An-
halonine, lophophorine, and O-methyl-d-anhalonidine occur
in the optically active forme, while pellotine and anhaloni-
dine, which also possess an asymmetric carbon atom, are
isolated in the racemic form.

The amounts of the alkaloids found in the dried but-

tons vary widely, according to the different investigators.
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Kauder (29) reported: mescaline (0.9%), anhalonine (0.25%),
lophophorine (0.25%), pellotine (0.2%), anhalonidine (0.2%),
and anhalamine (small amount). When Spath first worked on
the isolation of the alkaloids (35), he obtained: total
non-phenolic bases (0.2%), including mescaline (0.1%), lopho-
phorine (0.0015%), and anhalinine (0.0075%); total phenolic
bases (0.4%), including anhalamine (0.1%), and anhalidine
(O.dOl%). The yields of the other alkaloids are not given.
In his later work (32) he obtained what are described as
much fresher buttons, and was able to ilncrease the yields
ten times over those of the older material. The only fig-
ures he gives are for mescaline (1.25%), anhalonine (0.35%),
and N-methylmescaline (0.025%). The yields obtained in the
oresent work from mescal buttons which were several years
0ld were: mescaline (0.85%), anhalonine (0.12%), loph-
ophorine (0.07%), pellotine (0.15%), and anhalonidine
(0.02%). Rouhier (7) also states that the oroportion and
amounts of the alkaloids vary both seasonally and environ-
mentally, and this is of course partially responsible for
the great varistion in the physiological responses to the
crude drug.

Anhaline, which was isolated from the closely related

cactus Anhalonium fissuratum by Heffter (27), has not been

found in mescal buttons. It was shown by Spnath (47) to be
identical with hordenine, isolated from barley malt germs,
and nossessing the formula 4-hydroxyohenethyldimethylamine.

The present work was undertaken with the view %o
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preparing a ﬁumber of the mescal alkaloids and related sub-
stances in order to be sble to make & study of the physio-
logical properties of the compounds. The complete series of
the trimethoxy-substituted comoounds was oprepared, including
N-dimethylmescaline. Homomyristicylamine (3-methoxy-4,5-
methylenedioxyohenethylamine) has been synthesized by a new
method, and mescaline, anhalonine, lophophorine, pellotine,
and anheslonidine have been isolated from the mescal buttons
in sufficient quantities for ogreliminary study. The action

of amine oxidasel

on a number of these compounds was 1n-
vestigated.

N-dimethylmescaline has not been found in Lophoghora.
Luduq;ﬁa (36) states that the cactus alkaloid trichocereine

from Trichocereus tTerscheki has been identified as N-4di-

methylmescaline, but no chemical data on this substance could
be found. Guggenheim (37) refers to a publication by Reti

(38) in which it is stated that Trichocereus terscheki con-

tains on a dry welght basis 0.05% mescaline and 0.2% tri-
chocereine. Unfortunately this paper could not be obtained
at the present time. This compound hss been synthesized in
the oresent work, and the two N-methyl-tetrahydroisoguinolines
of the 6,7,8-trimethoxy series have been prepared.
Homomyristicylamine has been prepared by Salway (39),
Decker and Becker (40), Spith and Gangl (41), Soith and
Kesztler (42), and Hahn and Schales (43). Their methods

are reported to give moderate yields, but were not considered

1 This work was made possible through the kindness of
DI‘. G'O.L‘L- AlleS.
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suitable for the convenient oreparation of large quantities
of the compound, and therefore the homoamine synthesis of
Julian and Sturgils (44), which was known to give good re-
sults when veratraldehyde or piveronal were used as inter-—
medlates, was applied using 3-methoxy-4,5-methylenedioxy-
benzaldehyde. This synthesis proceded by the following

reactions:

S
(H—‘S — s "-—
CHo o T , CHo (H=C 5" ——>CH, (H~C~ COOH
=< ) -
bl Ny i SaVS
H CH0 0 CH 0
rhodanine o+
CH,0 (H; C—<COOH
S
CHO J(
<H,0 CH,~CN
?
CH):-O

The nitrile orepared in this manner was reduced at high
hydrogen oressure, in the presence of methanolic ammonia in
order to decrease formation of secondary amine.

Spith and Gangl (41), and Sv3th and Kesztler (42)
have reported the synthesis of dl-anhalonine by ring closure
of N-acetylhomomyristicylamine with P205, followed by re-
duction of the 3,4-dihydroisoquinoline. They obtained a
dihydroisoquinoline which was apparently entirely the de-
sired 6-methoxy-7,8-methylenedioxy compound. However, in
this work a nmixture of this substance and the isomeric 6,
7-methylenedioxy-8-methoxy compound was obtained, which

could not be separated, so the hydrogenation was conducted
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on the mixture. By fractional crystallization of the hydro-
chloride of the reaction product it was possible to obtain
pure dl-anhalonine.

The oreparation of 3,4-dimethoxy-5-hydroxyohenethyl-
amine requires 3,4-dimethoxy-5-hydroxybenzaldehyde as an
intermediate, and an attempt was made to develoo a method
of preparing this substance in the large gquantities neces-
sary for subsequent syntheses. Sp&Ath and Rader (45) attempt-
ed 1ts »nreparation by the 5n-HC1l reduction of bS5-nitrover-
atraldehyde, and subseguent diazotization of’the amino
aldehyde and decomposition of the dlazonium salt to the
ohenolic compound. However, the only substance which they
could isolate from the reactlion mixture was 3-methoxy-4,
5-dihydroxybenzaldehyde. They succeeded 1in oreparing the
desired compound by the rather laborious method of separating
the various products resulting from the methylation of gal-
lic acid, and in this way accumulated a sufficient quantity
of 3,4-dimethoxy-b-hydroxybenzoic acid to prepare the cor-
responding aldehyde through the Rosenmund reduction of the
acid chloride. The only other preparation of the aldehyde
is that given by lauthner (46), who used a similar method.
It was thought that the compound might be prevared in large
amounts conveniently by the following series of reactions,
where the aldehyde group 1is blocked during the hydrogenation

by forming the dimethylacetal:
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— CHp CH,0 CHo
‘OCH, oc@
CH0 -—}CHO
QH

The reactions apvarently oroceeded satisfactorily up
to the decomposition of the diazonium salt formed in the
presence of either HC1l or HZSOé, but none of the desired
compound could be isolated from the reaction mixture after
the decomposition of the diazonium salt. However, when HC1
was used in the diazotisation and CuSO4 solution in the de-
composition, 3,4~dimethoxy-5-chloro-benzaldehyde could be

isolated in good yield.
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solution with 50% aqueous KOH to separate the non-phenolic
bases from the phenolic bases. When this was tried it was
found to be impossible to isolate appreclable quantities of
the phenolic compounds. Titration experiments were carried
out to investigate this point, and it was found that about
50% of the basic material was removed from the ether by one
shaking with 50% KOH solution. When the KOH fraction was
neutralized with HC1l, followed by the addition of 2% K5COs,
and extracted with ether, only about 10% of this ohenolic
fraction could be recovered. In a preliminary experiment
using 25% KOH solution, 85% of the phenolic fraction could
be recovered. When this method was applied to the large
bateh, only 50% of the phenolic bases could be recovered
by ether extraction, and extraction with several other sol-
vents did not increase the yiéld of alkaloids obtained from
this freaction. 0.34 equivalents of base were present in
the ether (Fraction A) after shaking with 25% KOH solution,
representing 52% of the original basic fraction. 0.14
equivalents of base could be recovered from the'25% KOH
solution by ether extraction after neutralizing with HC1
and making alkaline with KQCOS. This represents 45% of the
basic material which had been removed by the alkali treat-
ment, and it was worked up separately as will be described
later (Fraction B).

It was thought possible that the KOH solution had
resulted in the reaction of the phenolic compounds with

some other substance present in the extresct, giving a
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oroduct which wes insoluble in ether. Therefore, the resi-
due from the ether extraction of the 25% KOH solution was
neutralized and made 2N With HCl, and refluxed 4 hours.
K2005 was then added until the solution was alkeline, and
another ether extraction was carried out. In this way
0.046 equivalents of base were obtained (Fraction C), which

reoresents 16% of the total phenolic base fraction.

Isolation of non-phenolic bases from fraction A

The ether solution of fraction A was concentrated to
about 1 liter and the basic material was extracted by re-
peated shakings with 2% acetic zcid. The acetic acid solu-
tion was made alkaline with K2005 and extracted with ether.
0.29 equivalents of base were recovered, representing 85%
of the original non-phenolic fraction.

Isolation of mescaline sulfate. The ether was removed

at 20 mm. Hg, and an oily brown residue was obtained, which
was dissolved in 250 cc. of 95% EtOH, and a 10% solution of
HoSO4 in EtOH was added to a slight acidity to litmus. A
heavy precipitate was obtained, which was dried over CaClo,
and weighed 70 gm. It was recrystallized from 220 cc. of
boiling water, the crystals filtered at 5° C., and washed
with 95% EtOH. The mother liquor from the recrystallization
and the wash solution were added to the original. The crys-
tals weighed 41.0 gm., and possessed m.p. 186-9° C. (All
melting points reported were taken on a Fisher hot-stage
apparstus, and are corrected.) Spath (47) gives m.p. 183-

6°C. for mescaline sulfate. The picrate was prepared from
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equivalent amounts of mescaline sulfate and picric acid in
water, and melted at 217-8°C. Spath gives m.p. 216-8°C.

The hydrochloride was prepared from an agueous solution of
the sulfate by decomposition with excess NaOH, followed by
benzene extraction. The benzene was removed at 20 mm. Hg,
the base neutralized with methanolic HCl, and precipitated
with absolute ether. The white hydrochloride melted at

183-49C. Hahn and Wassmuth (48) give m.p. 182°C. for mes-
caline hydrochloride. It was recrystallized from absolute
ether-lleOH (2:1), and dried at room temperature over P205.

c i

Calculated for CllHlaogNC1 55:585 7+ B
Found 53.48 7 55

Isolation of anhalonine. Anhalonine was isolated
from the filtrate from the mescaline sulfate precipitation
in the following manner: the alcohol was removed in vacuo,
2% K500z added, and the solution extracted with ether.

0.063 equivalents of base were obtalned. The ether was re-
moved in vacuo, and an oil welghing 15 gm. was obtalned.
After the addition of 50 cc. of 2N HCl, a crystalline pre-
clpitate was immedliately formed, which was filtered at S
washed with 5% HCl and dried. Five and one-half grams of
this crude szlt was obtained, and it wass ourified by liberss-
ing the free base, extracting with ether, and distilling.

The base distilled at 144-68°C./0.07 mm. Hg, and the distil-
late crystallized at once, with m.p. 84-5.5°C. BSpath and

Kesztler (42) give m.p. 84-5.5°C. The quaternary iodide



was prepared according to Spath and Gangl (41), recrystal-
lized from water containing a little Nal and then from MeOH.
It melted at 222-4°C., then solidified, and remelted at 238-
41°C., as described by Soith and Gangl. Anhalonine hydro-
chloride was prepared from the free base in absolute ether
by passing in anhydrous HCLl gas. It melted at 256-9°C.
(d.), and by recrystallization from MeOH needles were ob-

tained, which were dried at room temperature over P205.

. L
Calculated for C1pHpz0-NC1  55.92  6.26
Found 55.87 6.37

Optical rotation of anhalonine:

c = 2.6 (MeOH, 1 dm. tube)

(g
E{fz 100(-1.68) = -64.6°
v 5.6

Spath and Kesztler (42): ¢ = 2.62 (lieOH, ldm. tube).

BT —etr

Isolation of lophoohorine hydrochloride. he fil-

trate from the anhalonine hydrochloride precipitation was
made alkaline with KpCOz and extracted with ether (0. 013
equivalents of base). The ether was removed in vacuo, and
the residue taken up dilute HCl. This solution was de-
colorized with 100 mgm. of llerck animal charcoal and con-
centrated in a desiccator, until white crystals formed,
which were filtered and washed with 95% EtOH. The fil-

trate was concentrated further to a syrup, which was dis-
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solved in hot 95% EtOH, and on cooling this solution 1.4 gm.
of white crystals' (needles) were deoosited. These two crys-
tal fractions were combined, and weighed 3.2 gm. The pic-
rate was prepared from equivelent amounts of the hydro-
chloride and picric acid in hot absolute EtOH, and possessed
m.p. 161-2.5°C. Spath and Kesztler (42) give 162-39C. as
the melting ooint of lophophorine picrate. The hydrochlor-
ide was decomposed with NaOH solution, the base extracted
with ether and distilled after the removal of the ether in-
vacuo. A colorless oil was obtained at 120-5°C./0.05 mm. Hg.

The quaternary iodide was prepared in the same manner
as anhalonine methiodide. After recrystallization from
lieOH, it melted partially at 225°C., and completely at 238-
400C. Spath and Gangl (41) give partial melting at 223°C.,
and complete melting at 239-41°C.

The hydrochloride was prepared from the base with
methanolic HCl, and orecipitated with ether. It was re-
crystallized from methyl ethyl ketone for analysis, and

dried at room temperature over PoOg.

¢ H Methoxyl
Calculated for CyzH1g0sNCl  57.45 6.68 11.42
Found 57.96  6.67 11.11

OQotical rotation of lophophorine hydrochloride:

¢c = 4.2 (water, 1 dm. tube)

25°C
[«]= 100 (-0.62) = -14.8°
p 1.2
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Sodth and Kesztler (42): ¢ = 4.425 (water, 1 am. tube)

K= -3

D

No further crystalline material could be obtained

from the non-phenolic base fraction.

Isolation of pellotine hydrochloride from fraction B.

After removal of the ether from frasction B, a black
0ily residue wes obtained. Excess agueous HCl was then ad-
ded, and the solution was kept at 0°C. for 3 days. A small
amount of non-basic material orecipitated and was filtered
off. The filtrate was made alkaline with K2005, a resinous
orecipitate filtered, and the filtrate extracted with ether
(0.046 equivalents base). The ether was removed in vacuo,
the residue dissolved in 150 cc. of dilute HC1l, and after
decolorization with kerck animal charcoal the solution was
evaporeted to dryness in a desiccator over KOH. The residue
was treated with absolute EtOH, and a white insoluble resi-
due was obtained which weighed 7.3 gm. and was shown to be
pellotine hydrochloride.

The picrate was orepared from equivalent amounts of
the hydrochloride and vicric acid in water. An oil sepa-
rated, which partially crystallized at 0°C. After recrys-—
tallization of this material from water, it possessed m.p.
1687-8°C. Spith and Becke (&5) give the melting point of
pellotine vicrate as 165-7°C.

The free base was orepared by extraction with ether

of an agueous solution of the hydrochloride which was made



27

alkaline with NH4OH, and after removal of the ether the
base was distilled. The fraction boiling at 135-40°C./
0.06 mm. Hg was collected, and this fraction crystallized
immediately and showed m.p. 111-2°C. Spath and Becke (49)
give the melting pcint of pellotine as 110-2°C.

The methiodide was orepared with methyl iodide in
MeOH, and the reaction mixture allowed to stand at room
tempersture for two days. The MeOH and methyl iodide were
removed 1in vacuo and the residue, after recrystallization
from MeOH, possessed a melting point of 197-98°C. The melt-
ing point given by Kauder (29) for pellotine methiodide is
198°C. |

Pellotine hydrochloride was prepared from the base
dissolved in ether by oassing HCl gas through the solution,
After filtration, it was recrystallized from MeOH-ether
(1:3) for analysis, and dried at room temperature over
Po0g.-

Y H
Calculated for CjzHonOzNC1 57.01 7.36

Found B7.17 7 .30

No further crystalline substances could be isolated

from this fraction.

Isolation of Anhalonidine from fraction C

The ether was removed from fraction C (0.046 equi-
valents) in vacuo, and the black oily residue was dissolved
in 50 cec. of hot 2N HCl. On cooling, 8.7 gm. of non-crys-.

talline material separated, which was discsolved in 25 cc.
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of O.5N HCl. This solution was decolorized with lierck ani-
mal charcoal, concentrated, and cooled. In this way 3.7 gm.
of impure hydrochloride was obtained, which was dissolved
in water and the base extracted with ether after making the
solution alkaline with KoCOz. The ether was removed in vacuo,
and the residue subjected to slow sublimation at a bath temp-
erature of 120-80°C./0.05 mm. Hg. A fraction was obtsined
melting at 145-55°C., which was extracted twice with boiling
absolute ether, and the residue, which weighed 220 mgm. then
melted at 159-61°C. According to Spdth and Becke (35), anhal-
onidine melts at 157-51°C.

The picrate was prepared from equivalent amounts of
the hydrochloride and oicric acid in water, and after re-
cryétallization from water posseésed np« £00-2°¢, Sp&th
(50) gives m.p. 201-8°C.

Anhalonidine hydrochloride was prepared from the base
with methanolic HCl, precipitated with ether, and recrys-

tallized for analysis from MeOH-ether (1:2).

Y H

Found 5569 Zeld

Only a small amount of basic meterial was present in
the filtrate from the anhalonidine hydrochloride precipi-
tation, and no other oure substances could be isolated from

this fraction.
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II - SYNTHETIC WORK-

N-methylmescaline (Spith and Bruck (32))

To 4.6 gm. of freshly distilled mescaline was added
2.22 gm. of benzaldehyde, and the solution warmed on the
water bath for a few minutes. The water formed was removed
at 50°C. in vacuo, 3.2 gm. of methyl iodide added, and the
solution allowed to stand for 19 hours at room temperature
and then heated at 60-70°C. for 9 hours. The viscous
glassy oroduct was dissolved in 40 cc. of MeOH, 5 cc. of
water added, and the solution refluxed for 15 minutes. Fifty
cubic centimeters of water was then added, the MeOH and benz-
aldehyde were boiled off, the solution made acid with acetic
acid and extracted with ether. The acid solution was then
made alksline with NaOH solution, extracted with ether, and
the producted distilled after removal of the ether. N-
methylmesceline distilled at 130-40°C./1.0 mm. Hg, and the
colorless o0il obtained weighed 2.9 gm. The hydrochloride
was orepared in sbsolute ether with HCl gas, and melted at
187-8°C. After recrystallization from acetone-MeOH (9:1),
it melted at 201-201.5°C.  Spfth and Bruck (32) give m.p.
201-2°G.

The picrate was prepared from the hydrochloride in

water, and possessed m.p. 174-6°C.

N-dimethylmescaline

An unsuccessful attempt was made to orepare the com-

pound from N-methylmescaline, using an equivalent amount of
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methyl iodide, but the guaternary salt was formed chiefly,
leaving cohsiderable unreacted N-methylmescsline. The fol-
lowing method of orevaration wes found to give satisfactory
results: 3.0 gm. of N-methylmescaline was dissolved in 5 cc.
of absolute EtOH, and 1.1 cc. of 40% formaldehyde and 40 mgnm.
of Adems catalyst (PtO2°Ho0) were added. This mixture was
reduced with hydrogen in a Paar bomb at room temperature amd
42 pounds pressure, for 2 hours. The catalyst was filtered
off, the leOH removed in vacuo, and water added. The solu-
tion was made alkaline and extracted with ether, and dis-
tilled after removal of the ether. One snd one-half grams
of N-dimethylmescaline was obtained at 128-31°C./0.8 mm. Hg. .
The hydrochloride was vorepared with HCl gas in ether, re-
crystellized from acetone-MeOH (9:1), and had m.p. 208-38°C.
A mixed melting voint determination with 2-methyl-6,7,8-
trimethoxy-1,2,3,4-tetrahydroisoquinoline hydrochloride,
which melts at 216-8°C., gave a melting point of 175-85°C.
A sample was dried at room temperature over P905 for anaiysis.
c i
Calculated for Cl3H2203NCl 56.60 8.04
Found 56.71 8. 17

The picrate was prepsred from the base in 95% EtOH by
adding an equivalent amount of picric aecid in water, and af-
ter recrystallization from 95% EtOH, it melted at 171-2°C.
It was daried at 80°C. over PoOg for 24 hours.

¢ !
Calculated for 019H24010N4 48.72 S
Found 48,77 5.13
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6,7,8-trimethoxy-1,2,3,4-tetrahydroisoguinoline (Anhalinine)

(Sp&th (51))
To 13.5 gm. of freshly distilled mescaline was added
15 cc. of water and 7.0 cc. of 40% formaldehyde with shaking.
The solution was heated for 1 hour on the water bath, and then
the separated agueous layer was removed, and the residue
washed with 20 cc. of water. The white solid product was
dissolved in 95 cc. of hot 2N HCl, and allowed to crystal-
lize. After recrystallization from 6N HC1l, 7.0 gm. of the
hydrochloride was obtained, which melted in an evacuated tube
at 247-9°9C. A sample was dried at 80°C. over PoOg for 24
hours for analysis.
Y il
Calculated for 012H1805N01 55.49 6.98
Found 55. 865 6.81

The picrate was prepared according to Spdth, and melted

at 183-4°C.

2-methyl-6,7,8-trinethoxy-1,2,3,4-tetrahydroisoguinoline

To 3.6 gm. of freshly distilled 6,7,8-trimethoxy-1,2,
3,4-tetrahydroisoquinoline in a tube were added 2.2 cc. of
40% formaldehyde and 1.24 cc. of 98% formic acid. There
was an immediate evolution of gas, and the solution was
heated on the water bath for one-half hour, until gas evolu-
tion had ceased. The tube was then sealed and heated at
100°C. for 12 howrs, after which the reaction product was
made alkaline with NaOH solution, and extracted with ether.
The residue after the removal of the ether distilled at
123-6°C./0.06 mm. Hg. The hydrochloride was prepared in

ether with HCl gas, and recrystallized from a solution of
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ethyl acetate-absolute EtOH (1:1). This materisl, which
melted at £216-8°C., was dried a2t room temperature over Po0s.
| ¢ H
Calculated for ClsHEOOSNGl 5702 7.36
Found | 57.18 s 57
The picrate was orecared from the hydrochloride and an

egulvalent amount of picric acid in EtOH-water (l:l), and
recrystallized from lleOH-water (1l:1l). It possessed a melting

point of 136-7.5°C., and was dried for analysis at 80°C. over

P205.
4 g

Calculated for CjgHss019Ny 48.93  4.76

Found 49,66 L2

l-methyl-6,7,8-trimethoxy-1,2,3,4-tetrahydroisoquinoline

(Spdth (51), and Spith and Bruck (34)).

To 17.6 gm. of mescaline was added 10.0 .cc. of freshly
distilled acetic anhydride, and this solution heated at 150-
609C. for 1.5 hours. The volatile material was removed at
150°C. at 20 mm. Hg, and a portion of the residue distilled
at 185-90°C./0.05 mm. Hg. The distillate crystallized im-
mediately, and after reorystéllization from ether contalning
10% WieOH the product melted at 90-1°¢.

The remainder of the N-acetylmescaline (18.0 gm.) was
dissolved in 180 cc. of anhydrous toluene, and 70 gm. of
Po0g added in small portions to the gently refluxing solu-
tion. The reaction mixture wes cooled, and after the ad-

dition nf water wes heated on the water bath for 10 minutes,
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and then allowed to stand overnight. The toluene layer was
washed twice with 50 cc. of 3N HCl, and the washings added
to the agueous solution. The latter was made alkaline with
KOH solution, extracted with ether, the ether removed in
vacuo, and the residue distilled. The fraction boiling at
136-40°C./0.02 mm. Hg was collected, and a light yellow oil
was obtailned, which weighed 14.0 gm. The picrate was pre-
pared in benzene solution, and melted at 181-2°C. Spith
(51) also gives 181-2°C.

Reduction of the 3,4-dihydro-isoquinoline with granu-
lated zinc in HCLl solution containing a little CuS0, (Sp&th
and Bruck (34)) gave a low yield of the corresponding tetra-
hydroisoguinoline, and therefore a catalytic method was adp t-
ed, which gave a quantitative yield. Fourteen grams of the
dihydroisoqguinoline was dissolved in 75 cc. of MeOH, 42 mgm.
of Adams catalyst added, and the hydrogenation conducted at
room temperature and 1 atmosphere pressure. The theoret-
ical amount of hydrogen was taken up in 1 hour and 20 min-
utes. The catalyst was filtered off, the LeOH removed at
20 mn. Hg, and the hydrochloride prepared from the residue
with methanolic HCl and precipitated with absolute ether.
After recrystallization from methyl ethyl ketone, it melted
at 155—806., and was dried for analysis at room temperature

over PoOgy.

¢ !
Calculated for CjzHpopOzNCL 57.02  7.36

Found 56.95 7.14



34.

The picrate was prepared from the free base in 95%
EtOH, and orecipitated through the addition of an equal
volume of water. After recrystallization from EtOH-water
(1:1), the melting point was 172-4°C. Spdth (51) gives the

melting ooint as 172-3°C.

1l,2-dimethyl-6,7,8-trimethoxy-1,2,3,4-tetrahydroisoquinoline

Four and one-half grams of freshly distilled l-methyl-
6,7,8-trimethoxy-1,2,3,4-tetrahydroisoquinoline was mixed
with 1.45 cc. of 98% formic acid and 2.6 cc. of 40% form-
aldehyde in & tube. The solution was heated on the water
bath for 1 hour until gae evolution had ceased, and the
tube was then sezled and heated for 13 hours at 100°C. The
reaction product was made alkaline with NaOH solution, ex-
tracted with ether, and after removal of the ether in vacuo,
the product distilled. Four and one-half grams of a color-
less oil was obtained at 108-10°C./0.12 mm. Hg. In order
to remove any unreacted secondary amine, the base was dis-
solved in 5 cc. of absolute ether and 10 cc. of freshly dis-
tilled acetic anhydride was added. After standing for one
hour, the solution was treated with NaOH solution and ex-
tracted with ether. After removal of the ether, the hydro-
chloride was prepared from the residue with methanolic HC1
and precipitated with 4 volumes cof absolute ether at 09C.,
while scratching with a glass rod. In this way the hydfo—
chloride could be prepared in white crystalline form. It
is quite hygroscopic, absorbing 1 mol of water from the at-

mosphere in about 10 minutes. The salt was recrystallized



by dissolving in the minimum amount of hot lMeOH and ad-
ding absolute ether until a turbidity was oroduced. The
crystals obtained on cooling were exposed to the atmosphere
until a constant weilght was obtained, and the compound then
possessed m.p. 125-80C. The analysis was run on the mono-
hydrate, dried in air.
¢ B
Calculated for Cq4HopOzNC1Ho0 54.98 Tl

Found 55«22 7.88

The picrate was prepared from equivalent amounts of
the base and picric acid in EtOH, and precipitated with an
equal volume of water. An oil separsted, which crystallized
in a few hours at 0°C. This material was filtered, and af-
ter recrystallization from EtOH-water (1l:1), with scratching
to avoid oil formation, it melted at 122-3.5°C, and was dried
“at 80°C. over Po0g for analysis.

c i

Calculated for CooHpq010Ny 50.00 5.04

Found v 50.57 5.27

Prevaration of homomyristicylamine (3-methoxy-4,5-methylene—

dioxyphenethylamine)

Myristicin

liyristicin was obtained by the fractionation (8 inch
column packed with helices) of 3.15 Kgm. of oil nutmeg

(heavy) obtained from the Dodge and Olcott Co. 1.8 Kem.
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of myristicin was collected at 154-7°C./18mm. Hg.

Isomyristicin

A solution of 540 gm. of myristicin in 1400 ce. of
95% EtOH containing 250 gm. of KOH was refluxed for 24
hours, then neutralized with HCl, and the EtOH distilled
off at 20 mm. Hg. The residue was poured into 1 liter of
water, the separated oil ﬁashed twice with 500 cec. of water,
and fractionated. Isomyristicin was collected at 170-3°C./
15 mm. Hg, and after standing a few hours crystallized in
needles with m.p. 41°C. Power and Salway (52) give m.p.

4490 .

Myristicinaldehyde (Salway (53))

Thirty grams of isomyristicin wae stirred vigorously
with 150 cc. of water at 60°C., and a solution of 80 gm. of
KinO4 in 1.5 liters of water was then added dropwise over a
period of 1.5 hours, while maintaining the temperature at
60-4°C. The orecipitated MnOpo was filtered off after cool-
ing, washed with 500 cc. of ice-water, and dried at 70°C.
Several such batches were run, and the combined InOo was
then extracted for 12 hours with chloroform in a Soxlet ex-
tractor. The chloroform was evaporated off on the water
bath, and the solid residue washed with cold ether. The
yield was usually about 45% of the theoretical, and the
aldehyde melted at 132°C. Spath and Gangl (41) give m.p.

132°¢.
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Preparation of rhodanine (Julian and Sturgis (44))

Anhydrous NHz was vassed into a solution of 250 gm;
of GSZ, 200 cc. of absolute EtOH, and 200 cc. of absolute
ether for 3.5 hours, at 0-5°C. The ammonium dithiocar-
bamnate was filtered off, and washed with cold EtOH and
ether. A solution of sodium chloroacetate was orevared
from 84 gm. of NaOH in 140 cc. of water and 205 gm. of
chloroacetic acid in 175 cc. of water. NaglOz was added
until the solution was neutral to litmus, and then the
ammoniumdithiocarbamate was added to this solution with
good cooling and stirring. The resulting solution was ad-
ded to 275 cc. of concentrated HC1l at 85°C., and the pre-
cipitated material recrystallized from 200 cc. of glacial

acetic acid. It weighed 175 gm., and melted at 163-6°C.

llyristicinalrhodanine

Fifty grams of myristicinaldehyde and 37 gm. of
rhodanine were dissolved in 95 cc. of glecial acetic acid,
and 69 gm. of anhydrous sodium acetate dissolved in 95 cc.
of glacilal acetic acid added. An orange orecipitate formed
at once, and the mixture was refluxed for 15 minutes. It
we.s then poured into 1.5 liters of water, filtered, and
washed with water, EtOH, and finally ether. The yield was
75 gm. of material with m.p. 252-5°C. It was recrystallized
for analysis from acetone-pyridine (3:1), and dried at 110°C.

over~P205.
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Y i
Calculated for C12H90482N 48.80 5607
Flound 49,00 Beld

d—thioketo—?—(B-methoxy—é,5—methylenedioxyphenyl)—propionic
acid

Seventy-six grams of myristicinalrhodanine and 350 cc.
of 15% NaOH were heated on the water bath for one hour with
stirring, until complete solution occurred, and then the
contents of the flask were heated to 100°C. for 10 minutes;
After cooling, the oroduct was vrecipitated by the rapid
addition of 350 cc. of 10% HCl. The yellow product was
washed with Water and after drying in air welghed 58 gm.
This thioketo acid could not be crystallized, and the next
step was carried out without further purification of this

intermediate.

d—oximino—ﬁ—(S—methoxy—é,5—methy1enedioxychenyl)-pyruvic

]

acigd

A solution of hydroxylamine was orepared by adding a
solution of sodium ethylate prepared from 16.5 gm. of so-
dium and 475 cc. of absolute EtOH to a warm solution of
49.5 gm. of hydroxylamine hydrochloride in 44 cc. of water,
followed by filtration of the orecipitated NaCl. To this
solution was added 58 gm. of the above thioketo acid, and
the solution was heated on the water bath for 40 minutes,
and the alcohol then removed 1n vacuo. The oily residue

was dissolved in 120 cc. of 5% NaOH, the solution filtered,
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and then precipitated slowly with 120 cc. of 10% HC1,
scratching as the precipitation proceeded to avoid oil
formation. In this way 48.2 gm. of a yellow-brown solid
was obtained, which was dried for 48 hours over KOH and CeaClo.
The compound could be obtalned in crystalline form by dis-
solving in toluene at 85-90°C. and allowing to cool slowly.
lileroscopic néedles which were washed with vetroleum ether
were obtained, with m.p. 145-6°C. The compound was dried
at room temperature over PpOg and paraffin.

c i

Found 52.57 4,85

3-methoxy—4,5-methylenedioxyphenyl—-acetonitrile

Forty-eight grams of the crude oximino acid was drop-
ped into 150 cc. of acetic anhydride at a temperature of
60-80°C., at a rate which gave moderate foaming. At the
end of the reaction the acetlic anhydride was removed 1in
vacuo, The residue taken up in ether and water, and the
ether solution washed three times with one-half volume of
10% Na2005 solution. The ether was removed in vacuo, and
the residue distilled. The nitrile was collected at 170-
5°C./1.5 mm. Hg, and welghed 22 egm. It solidified quickly,
and after recrystallization from lleOH melted at 88-9°¢.
Hahn and Schales (43) give m.p. 90°C. for this compound,

prepared by another method.
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Homomyristicylamine

Twenty-three grams (0.12 mol) of the above nitrile
was reduced in an American Instrument Co. high oressure
hydrogenation bomb. Two cubic centimeters of Raney Ni
cetalyst was used, at 600 pounds pressuré and 125°C., in
the oresence of 72 cc. of methanolic NHg (9-11N). The
hydrogenation was run for 4 hours, and after cooling, the
catalyst waes filtered off, and the lieOH and water were re-
moved in vacuo. The residue was distilled, and 16.0 gm. of
homomyristicylamine was collected at 120—4OC./O.2 mm. Hg.
This colorless oil was dissolved in 30 cc. of 10% HCl, and
evaporated to dryness in a desiccator over KOH. After re-
crystallization from 95% EtOH-ethyl acetate (1:1), the
nydrochloride was dried at 56°C. over P,0s, and melted at
164-5°C. Salway (39) gives the melting point of homomy-
risticylamine hydrochloride as 165°C.

¢  H
Calculated for ClOH1405NCl 51.84 6.09

Found 51.95 BeB2

The oicrate was orepared from the hydrochloride in

water, and melted at 193-4°0.

)
o

dl-anhalonine (Spfth and Gangl (41), and Sp#th and Keszt-

ler (42))

To a solution of 6.7 gm. of homomyristicylamine 1in
14 cc. of anhydrous benzene was added dropwise 5.5 cc. of
freshly distilled acetlic anhydride. Reaction occurred im-

mediately, and the volatile material was then removed in
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a deslccator containing HZSOé, KOH, &and paraffin. The im-
oure N-acetylhomomyristicylamine melted =zt 122-500., and
after recrystallization from ligroin (50-100°C.) melted at
133-4°C. Spath and Gangl give m.p. 130°C.
c . H
Calculated for 012H15O4N 60.75 6.37
Found 6l.23 G 7

BEight .grams of the acetyl compound was discolved in
110 ecc. of anhydrous toluene, and 32 gm. P205 was added in
about 2 gm. portions to the refluxing solution, over a per-
iod of 30 minutes. After all the P05 was added, the re-
action mixture was cooled, water added, and the solution
extracted with ether. After makihg the solution alkaline
with NaOH the base was extracted with ether. The ether was
removed in vacuo, the residue fractionally distilled, and .
the product boiling at 146-9°C./0.075 mm. Hg was collected.
The distillate solidified immediately, and melted at 55-
67°C. Spith and Gangl (41) give m.p. 60-2°C.

A solution of 5.2 gm. of the above 3,4-dihydroiso-
guinoline in 50 cc. of leOH was hydrogenated at room teme
erature and 1 atmosphere pressure, in the presence of 23
mgm. of Adams catalyst. The theoretical amount of hydrogen
was taken up in 45 minutes. The catalyst was removed by
filtration, the lleOH removed in vacuo, and the material
distilling st 144-6°C./0.08 mm. Hg collected.

The guaternary methiodide prepared according to

Spith and Gangl melted at 205-225°C. The hydrochloride
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of the base was prepared with methanolic HCl, and orecipi-
tated with ether. This salt, which weighed 4.1 gm., was
recrystallized from 41N HCl, and the first crystal fraction
then recrystallized from MeOH, giving a2 product which melted
at 241-8°C. 'The quaternary iodide of this compound melted
at 245-8°C. Sphth and Gengl give m.p. 242-3°C. 1-Anhalo-
‘nine methiodide prepared from l-anhalonine isolated from tie
mescal buttons melted &t 222—400., then recrystalliéed and
remelted et 238-41°C. Spath and Gangl showed that racemi-
zatlion cccurred at a temperature of about ZSOOG., and that
the higher temperature represents the melting point of dl-
anhalonine methiodide. A sample of l-anhalonine methiodide
was heated at 235°C. for three minutes, and the product re-
crystallized from leOH-water (l:1l).. It then melted at 240-
500., and a mixture of this material and the methiodide pré—
pared from the synthetic product melted at 242-6°C. The
isomeric quaternary methiodide of 1,2-dimethyl-6,7-methylene-
dioxy-8-methoxy-1,2,3,4-tetrahydroisoquinoline (prepared by
the action of methyl msgnesium 1odide on cotarnine iodide)
melts at 228-9°C. (Freund (54)). The dl-anhalonine hydro-
chloride was recrystallized from MeOH for analysis, and
dried at room temperature over P205.
¢ B
Calculated for 012H1605NC1 5598 6.26

Found 56.37 6.30
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Attempted oreparation of 3,4-dimethoxy-5-hydroxy-benzaldehyde

5-nitro-vanillin (Bentley (55))

To a solution of 455 gm. of ‘vanillin (Monsanto U.S.P.)
in 1800 cc. of glacial acetic scid at 10°C. was added drop-
wise a solution of 135 cc. of fuming HNOz (sp. gr. 1.5) in
500 cc. of glacial acetic acid. The temperature was allowed
to rise slowly to 30°C. at the end of the reaction, and
after cooling to 15°C¢. the yellow-green product was fil-
tered, and washed free of acetic acid with iieOH. The dried

oroduct weighed 414 gm., and melted at 174-5°C.

Potassium salt of 5-nitro-vanillin

One hundred and forty grams of 5S5-nitro-vanillin was
}suSpended in 3.5 liters of water, and 49 gm. of KOH in 150
ce. of water was added. A clear, dark red solution was ob-
tained, to which was added 50% KOH solution, until no fur-
ther precipitation of reddish-orange crystals was obtained.
On acidifying the filtrate with HC1l, a small smount of 5-
nitro-vanillin remaining in solution was oprecipitated. ' The
potassium salt, after washing with 95% EtOH and drying at

130°C. for 4 hoirs, weighed 140 gm.

5-nitro-veratraldehyde (Spath and Roder (45))

Spith and Roder state that the potassium salt of 5-
nitro-vanillin should be heated with dimethyl sulfate at
170-5°0. Only a very low yield was obtained under these
conditions, so a lower tempereture was used in this pre-

paration. Two hundred grams of the potassium salt was
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suspended in 625 cc. of freshly distilled dimethyl sulfate,
and heated with stirring. At aporoximately 145°C. the color
changed abruptly to yellow, and the reaction mixture was
'cooled immediately to room temperature. The dimethyl sul-
fate was distilled off in vacuo, the residue dissolved in
ether, and the ether solution washed with 5% NaOH to remove
unreacted 5-nitro-vanillin. The ether was removed by dis-
tillation, the residue recrystallized from EtOH-water (2:1),
and dried over.Caclg. The yield of 5-nitro-veratraldehyde
was 144 gm., m.De. 88-90°C. The oxime was prepared and re-
crystallized from EtOH, and melted at 150-1°C. Brady and

Manjunath (56) give m.p. 151°C. for this derivative.

5-nitro-veratraldehyde-dimethylacetal

To a solution of 118 gm. of 5—nitro—veratfaldehyde in
250 cc. of MeOH was added concentrated HCl to give a con-
centration of 0.5%. This solution was allowed to stand at
room temperature for 1 week, and the HCl was then neutral-
ized with a solution of sodium methylate in leOH, and the
leOH was distilled off in vacuo. On fractional distilla-
tion, 113 gm. of the dimethylacetal was collected at 138-
449C./0.2 mm. Hg. Crystals formed on standing, with m.p.
31-8°C., which after recrystallization from petroleum ether
(60-70°C.) melted at 34-6°C. A sample was dried over
P205 and paraffin for analysis.

¢

I

Calculated for CllH1506N 5l.36 5.88

Found 51:4.98 B2t



Reduction of b-nitro-veratraldehyde-dimethylacetal

Fifty grams of 5-nitro-veratraldehyde-dimethylacetal
was dissolved in 100 cc. of IeOH, and 10 cc. of Raney Ni
catalyst in EtOH added. The hydrogenation was conducted
in the high oressure hydrogenation bomb at an initial hy-
drogen pressure of 1000 pounds, at 23°C. The reduction
was stopoed when the theoretical amount of hydrogen had
been absorbed, and the catalyst was filtered off. No at-

tempt was made to isolate the amino-aldehyvde.

Diazotization of amino-aldehyde and decomposition of dia-

zonium salt

The lleOH was distilled off in vacuo from a sample
(one-tenth of the total) of the above_solution, and the
residue dissolved in 200 cc. of ice-water containing 5 cc.
of concentrated HoS804. The calculated amount of NaNOgp dis-
solved in & little water was added slole, until the dia-
zotization was completed, as indicated by the starch-lodide
reaction. The excess nitrous acid was decomposed with urea,
and the solution heated on the water tath in a stream of
COo for 1 hour. A dsrk solution resulted, and after cool-
ing, was extracted with ether, and the ether removed in
vacuo. No crystalline compounds could be isolated from the
residuve, and all further attempts to prepare 3,4-dimethoxy-
5-hydroxybenzaldehyde by diazotlzation with other acids
and decomposition under milder conditions were unsuccessful.

However, enother substance could be prepared in rea-

sonable yield by decomposition of the diazonium compound
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formed in the presence of HCl, by means of CuB804 solution.

A quantity of the amino-aldehyde solution corresponding to

o)}

.0 gm. of 5-nitro-veratraldehyde-dimethylacetal before re-
duction, was evaporated in vacuo. The residue wes tagen up
in B0 cc. of 4N HC1l, and diazotized with the calculated
amount of NaNOo at 0-5°C. This solution was then added
dropwise to a solution of 75 gm. of CuSO,°5H50 in 100 cc.
of water, at a temoersture of 85-90°C. A smooth evolutioh
of nitrogen occurred, and at the end of the reaction the
solution was extracted with benzene. The benzene was dis-
tilled off, and the residue distilled in vacuo. A color-
less o0il weighing 2.3 gm. was obtained at 110-2°C./0.75 mm.
Hg, and this oroduct immedietely crystallized. After re-
crystallization from ligroin, it melted at 57°C. It was
dried &t room temperature over P205 and paraffin for the
enelysis, which showed the compound to be 3,4-dimethoxy-
b—-chlorobenzaldehyde.

o i c1

Calculated for CQHQOSCI 53.88 452 17.68

Found 53.94 4.66 18.27

This substance has been prepared by another mnethod

5

oy Hann (57), and its melting point is given as 57°C.
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IITI - ACTION OF AMINE OXIDASE ON MESCAL ALKALOIDS

AND RELATED COiPOUNDS

A partially purified amine oxidase preparation was
made as described by Alles and Heegaard (58): a liver
(70-90 gm.) from a freshly killed rabbit was ground with
ice and water in a Waring blendor, the volume made up to
500 cc. and the oH adjusted to 8,0. Fiber was screened
out, the mixture ovassed twice through a Sharples super-
centrifuge, and dialyzed in Visking tubing for 20 hours in
10 liters of water at 5°C. The pH of the dialyzed solu-
tion was adjusted to 6.0 with acetic acid, and the pre-
cipitate centrifuged off. This precipitate was re-sus-
pended in one liter of-distilled water, the pH adjusted
to 6.0, the solids centrifuged off, and the centrifugate
discarded. The solids were then re-suspended in water with
the addition of concentrated buffer solution and 1:1000
ohenylmercuric acetate solution, and the pH adjusted. The
final solution had a volume of 250 cc. and contained 0.1l
sodium phosphate buffer of oH 7.0 and 1:10,000 phenylmer-
curic acetate.

The oxidation system consisted of 2.0 cec. of ouri-
fied amine. oxidase in O.1li phosphate buffer at pH 7.0 and
0.3 cc. water, to which was added 0.2 cc. 0.1l amine-hydro-
chloride solution. The oxygen uptake at 30°C. was measured
in the usual way with the Warburg apparetus. A control

was run simultaneously without amine, as well as a com-



48.

parison standard containing 0.2 cc. of 0.1M phenethylamine.
The rate recorded was the maximum rate, because with many
substrates the rate of oxygen upteke decreases with time,
possibly due to inhibition by reaction products (Haré (59)), .
and this rate was expressed in terms of per cent relative

to the rate of oxidation of vhenethylamine. The following
compounds were tested in this manner:

liesceline, N-methylmescaline, N-dimethylmescaline, homo-
myristicylamine, 6,7,8- trimethoxy-1,2,3,4-tetrahydroisoquin-
oline, 2-methyl-6,7,3-trimethoxy-1,2,3,4-tetrahydroisoquino-
line, l-methyl-6,7,8-trimethoxy-1,2,3,4-tetrahydroisoquino-
line, 1,2-dimethyl-6,7,8-trinethoxy-1,2,3,4-tetrahydroiso-
guinoline, dl-anhelonine, l-anhelonine, lophophorine, an-
halonidine, and pellotine.

kMescaline had been oreviously studied in regard to the
action of amine oxidase and the finding of Blaschko, Richter,
and Schlossmann (12) and Pugh and Quastel (60) that it is
not appreciably oxldized in the oresence of amine oxidsse
was confirmed in the present work. Only one of the com-
pounds listed above gsve an upteke of oxygen, namely homo-
myristicylamine. It wes oxldized at a rate corresponding to
72% of the rate of oxidation of oshenethylamine.

It is guite generally true that compounds not attacked
by amine oxidase (ephedrine, benzedrine, mescaline) are act-
ive when given by mouth, while substances which &re oxidlzed
are not effective when administered orally (Beyer and Lee

(81)). It therefore seems likely that homomyristicylamine
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would-not be expected to show strong activity when given
orally, and in contrast to the other compounds tested that
amine oxldase 1s at least partially responsible for its

destruction in the body.
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SULIARY

1. The alkaloids of mescal buttons have been in-
vestigated, and five of the known alkaloids have been iso-
lated and identified.

2. Bix compounds of the 3,4,5-trimethoxyphenethyl-
amine and the 6,7,8-trimethoxy-1,2,3,4-tetrahydroisoquino-
line types have been synthesized from mescaline.

3. Homomyristicylamine has been orepared by 2 new
method, and used to synthesize dl-anhalonine.

4. An unsuccessful attemot was made to develop a
method for the ovreparation of large guantities of 3,4-di-
nethoxy-5-hydroxy-benzaldehyde for use as an intermediate
in the synthesis of 3,4-dimethoxy-b5-hydroxyohenethylamine.

5. The action of amine oxldase on a number of these

compounds was studied.
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FART II

PREPARATION OF SEVERAL PHOSPHO-ORGANIC CONPOUNDS
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INTRODUCTION

At the present time 1t is recognized that phospho-
organic compounds involved in cellulsr metabolisem may be
classified roughly into two types. In the first group can
be olaced those compounds in which the phosphate is linked
to an alecoholic hydroxyl group, and which are hydrolyzed
with a free energy change of aporoximstely -3000 calories.
In the second group ere included creatine phosphate, argi-
nine phosphate, phospho-enolpyruvic acid, ohosphoglyceryl
phosphate, adenosine tri-phosphate, and acetyl phosohate,
which are hydrolyzed with a free energy change of approxi-
mately -10,000 calories. (1)

Acetyl phosphate was shown by Lipmann (2) to be a
oroduct of the oxidation of oyruvic acid by Bacteriun
Delbrueckii:

CH;CO-COOH +H,PQ,+ O — CH; c 0-POH,+LQ,+H,0,

The pPOy erties of carboxyl phosphete suggvst that compounds
containing this etructure may be utilized in verious biologi-
al syntheses, as for example in the formation of the ester

grouop of fate and of the peptide bond. In this connection
it was considered to be of interest to orepare benzoyl phoé—
ohate, the anhydride of benzoic acid and phosghoric acid.

A method wae develooed for the creparsticn of thie sub-
stance, although it has not been found posesible to obtain it
oure. In addition, acetyl phosphate has been prepared ac-
cording to the method of Lynen (3), and phosoho-enolpyruvic
acld has been orevared and partially purified by the method

of Kiessling (4).
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EXPERIMENTAL WORK

PREPARATION OF ACETYL PHOSPHATE (3)

Dibenzyl pnosphoric acid

Two hundred and twenty grams of benzyl alcohol (Merck
reagent) was dissolved in 200 cc. of absolute ether, and 90
gm. of PoOg was added to this solution in portions of about
2 gm., with moderate cooling to keep the temperature at 25-
30°C. At the end of the reaction, 100 cc. of water was ad-
ded, and the solution heated on the water beth, while 200
gm. of BaCO3 and then 1 liter of saturated Ba(OH)g solu-
tion were added to bring the solution to alkalinity to
phenolphthalein. Tne hot solution was filtered and the pre-
cipitate boiled twice with 500 cc. of water, filtered, and
the three filtrates combined, concentrated at 100°C. to
500 cc., cooled, and the first crystal fraction collected.
Further concentration yielded more product of the same
ourity. The total weight of Ba-salt was 26.6 gm., with
m.p. 255-61°C. (a.). Twenty-five grams of the Ba-salt was
dissolved in 750 cc. of hot water, and the calculated amount
of AgNOgz dissolved in a little water was sdded. The Ag-
salt crystallized at once in needles, and after filtering
and drying it weighed 24.6 gm., and melted at 215-16.5°9C.
Lynen gives m.p. 216°C. The compound was dried at room
temperature over PZOB for analysis.

c H
Calculated for 014H1404PAg 45.66 3.68

Found 44,15 5+ 83
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Palladium-charcoal catalyst

A solution of 0.3 gm. of palladium chleoride in 30 cc.
of 0.1N HCl was added dropwise to a shaking suspension df
6.0 gm. of acid-washed Norite A in 300 cc. of distilled
water, while nydrogen was passed through in a continwus
stream. The catalyst was centrifuged off after shaking for
20 minutes, washed twlce with absolute EtOH, centrifuged,
and dried 1n vacuo over HpS0,. It was then dried over
PoOg at 1109C. for 4 hours in vacuo. This preparation was
guite active, as shown by the rapid hydrogenation of cin-
namic acid in 80% leOH.

Ag-salt of acetyl ohosphate

The reaction was carried out in a wide-mouth bottle
fitted with a dropoping funnel and a Pyrex filter stick, and
moisture was carefully excluded during the reasction and sub-
sequent filtration. One and one-half grams of the Ag-salt
of dibenzyl phosphoric acid and 5 cc. of absolute ether
were introduced into the bottle, and then 0.7 gm. of freshly
distilled acetyvl chloride dissolved in 2 cc. of absolute
ether was added dropwise, at room temperature, over a period
of several minutes. The mixture was allowed to stand for
one hour, then 20 cc. of absolute ether was added, and the
bottle was shaken vigorously. The ether solution was then
filtered, and the ether and excess acetyl chloride removed
by distillation ln vacuo at 30°C. The oily residue was dis-
solved in 30 cc. of absolute ether, and 250 mgm. of pallad-

ium-charcoal catalyst added. The acetyl-dibenzyl-phosphate
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was then hydrogenated at 25°C. and one atmosphere pressure,
with the hydrogenation flask protected from moisture by a

U-tube containing Drierite. The upbtake of hydrogen stopped

W

fter the theoreticel amount of hydrogen had been absorbed

'._k

n 25 minutes. The catalyst was filtered off at 0°C., the
ether egolution shaken twice with 5 cc. of ice-water, and the
aaqueous solution guickly neutralized with scturated Ba(OH)g
solution to phenolphthalein. These operations were con-
ducted in the cold, because of the great instability of
acetyl ohosohate in acid solution. The insoluble barium
phosphate was centrifuged off, and 4 cc. of 25% AgNO5 solu-
tion added to the supefnatant, followed by an equal volume
of acid-free EtOH. The Ag-salt crystallized at once in
needles; and was centrifuged, washed with cold EtOH and
ether in the centrifuge, and dried. The welght was 488 mgm.
According to Lynen the Ag-salt of acetyl phosghate

hydrolyzes quantitatively as follows:

3 R, (CH;CO)PQ,+ 5OH —> 2 Ag,P0, +HPQ, +3(H;C00 +2H,0
A titration conducted after hydrolysis of the Ag-salt in
boiling water for 10 minutes indicated a purity of 77%.
Tre substance was further purified as described bhelow. The
Ag-salt was stirred up with slightly less than the calcu-
lated amount of KC1 solution at 0°C. and pH 7.0, the pre-
clpitated AgCl was centrifuged off, and the Ag-salt re-
preciopitated by the dropwise addition of 25% AgNOz solution.
The crystals were weshed with EtOH and ether, and dried over

HoS0,. An acetyl determination sccording to Pregl gave:
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Acetyl
Calculated for CEHSOSPAg2 12.15
Found 11590

PREPARATION OF BEN4OYL PHOSPHATE

When the Ag-salt of dibenzyl vhosphate waes reacted
with freshly distilled benzoyl chloride in the same manner
a& with acetyl chloricde, that is by using two times the

alculated amount of the acld chloride, only two-thirds of
the calculated amount of hydrogen was taken up, and the
netel s21ts isolated subsequently were obtained in low
vield and were of a purityv of about 25%, as determined by
titration of acid formed on hydrolysis, and by benzoyl de-
termination. Further investigation led to the isolation

of one of the products formed from benzoyl chloride and
Ag-dibenzyl-phosphete when the reaction was conducted in
this manner. Removal of the ether in vacuo after the re-
action gave an oil, which could be crystallized by vigorous
scratching at 0°C. This oroduct was washed free of benzoyl
chloride with ligroin (85-100°C.), and dried. Two grams
were obtained from 3.0 gm. of Ag-dibenzyl-phosphate, with
MeP o 61-75°C. By repeated recrystallizations through dis-
solving in absolute ether and adding four volumes of lig-
roin, a product of constant melting point of 113-6°C. was
obtaeined. Repeated recrystallization from anhydrous iso-
oropyl ether gave a product of the same melting point.
Several fractions were dried st room temperature over P205

and paraffin for snalyeis. This intermediate should be



59.

benzoyl-dibenzyl-phosphate:

o) /O~CH['Q

C-0~P=0
AN Hz-O
¢ B P
Caloulates for CoHygOP  65.96 5.01  8.12

Fraction of m.p. 61-75°C. 66.64 4,99 8. 12
Fraction of m.p. 82-90°C. 65.36 4.58
Fraction of m.p. 113-6°C. 84.08 4.81 5.88
The above analjsee indicate clearly thaet the material
of constant m.p. 113-6°C is not the desired intermediate.
The method finally adopted for the vreparation of
benzoyl onosphate 1s described below. Three grams of Ag-
dibenzyl-phosphate was trested dropwise at 25°C. with 0.98
cc. (mol/mol) benzoyl chloride over a period of about 5
minutes, in the pfesence of 10 cc. of absolute ether. The
mixture wae sheken during this addition, then allowed to
stand at 25°C. for three hours, 40 cc. of sbsolute ether
added, and the AgCl filfered.off as oreviously described.
There was no detectable odor of benzoyl chloride in the
filtrate. This ether solution was then hydrogenated after
the addition of 500 mgm. of valladium-charcosl catalyst.
Tre uptake of hydrogen stosved after the theoretical amount

12d been sbsorbed in 25 minutes. All subseguent procedures

[

were conducted at 0—500., in order to reduce hydrolysis.
The catalyst was filtered off, and the ether solution then

shaken twice with 10 cc. of water, and the agueous solution
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neutrelized at once to phenolphthalein with 60 cc. of

0.2N NaOH. Ten cubic centimeters of 10% CaCly, solution

was added, and rosettes of crystals formed immediately,
which were centrifuged off, washed with acid-free EtOH and
ether in the centrifuge, and dried. In this way was ob-
tained 1.25-1.50 gm. of the Ca-salt of benzoyl ohosphate of
a purity of about 75% as determined by titration of a sample
hydrolyzed in boiling water for 10 minutes. A benzoyl de-
termination according to Pregl on the material combined
from several preparations gave the following: 19.8 mgm.
used 5.05 cc. of 0.0126N NaOH. Calculated for 19.8 mgm.:
68.55 cc. of 0.0126N NaOH. A purity of 77% is indicated by
this defermination.

The Ag-salt is very insoluble, while the Ba-salt is
somewhat more soluble than the Ca-salt. The oreparstion of
the pure Ag-salt througn first precipitating the inorganic
ohosphate with Ba(OH)2 solution was not possible because of
the limited solubility of the Ba-salt of benzoyl ohosphate.
The Ca-salt was used because 1t was thought likely that it
could more easily be separated from inorganic impurities.
However, repected attemots to obtsain the pure Ca-salt by
dissolving the impure material in water at 0°C. and pH 7.0
(the solubility under these conditions is 80 mgm. per 100
cc. of water), and fractionally orecivitating with 10% CaClg

solution and EtOH, were unsuccessful.
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PREPARATION OF PHOSPHO-ENOLPYRUVIC ACID (4)

A solution of 18 cc. of freshly distilled phosphorus
oxychlorideAin 30 cc. of redistilled quinoline was added
dropwise to a solution of 30 gm. of pyruvic acid (b.p. 74-
5°C./22 mm. Hg) in 30 cc. of gquinoline. There was a strong
evolution of hest, and the temoerature was maintained at
60-70°C. by cooling. The reaction »roduct was cooled to
59C., and dissolved by slowly sdding 25% NaOH solution,
avoiding an excess of alkalli. Two more preparations were
mede as described, the solutions combined, and the gquinoline
separated off. The pH was adjusted to 8.9, two volumes of
95% EtOH added, and a snall amount of precipitate filtered.
The filtrate wss orecipitated with 200 cc. of 25% Ba (OAc),
solution, and the porecivitate filtered and washed with 2:1
EtOH-water.

This precipitate was suspended in 100 cc. of water,
35 cc. of'BS% Hp80, solution added, and the mixture was
stirred for 1 hour. Then the suscension was treated with
magnesia mixture in smmoniascal solution, and sllowed %o
stand for 4 hours, after which time it was centrifuged. To
the supernatant was added 75 cc. of 25% Ba(OAc)2 solution
and an equal volume of 95% EtOH at oH 7.0, and the precipi-
tate which formed was filtered off and stirred with 200 cc.
of water to which sufficient HCl was added to gilve a pH of
4,0. After centrifuging, the pH of the supernatant was ad-
justed to 7.5, and on the addition of an equal volume of

95% EtOH, a vprecipitate was obtained which was dried over
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CaClz, and weighed 6.5 gm.

The phospho—enolpyruvic acld was determined accord-
ing to the method of lMleyerhof and Kiessling (5). This
method makes use of the fact that phosoho-enolpyruvic acid
is split gquantitatively by Iz/alkali with the liberation
of inorganic phosphate, which can be determined colori-
metrically. The difference between the alkalkrhydrolyzable
phosphate, and the I,/alkali liberated ohosphate is a
messure of the phospho-enolpyruvic acid present. By this
method the above product was shown to contain 35% of the

3 &l
!

Ba-salt of ohospho-enolpyruvic acid.
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SUMMARY

l. The silver salt of acetyl phosphate has been pre-
pared and obtained pure.

2. A method has been developed for the oreparation
of the calcium sazlt of benzoyl phosohate with a purity of
sporoximately 75%.

3. The barium salt of phosovho-enolpyruvic acid has

been orepared and obtained with a purity of 35%.



(1941)
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