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BIOCHEMORPHOLOGY
INTRODUCTORY

The study of the synthesis and uses of therapeutic agents
is a matter of vital importance. Disease means suffering and
pain; and chiefly for this reason diseases should be combated.
With the progress of civilization, man as an animal 1s growing
less resistant to infections (1) and has come and in the fu-
ture will come more to depend upon synthetic medicinals.

The question of how to obtain the most suitable chemical
compound for the production of desirable or the removal of un-
desirable conditions naturally arises from any consideration
of the physiological activity of chemical substances. It is
obviously impractical to try all possible compounds; so that
the only alternative which remains is to attempt a correlation
of the known activities of substances with some other property
or properties in such a manner that the physlological activi=-
ties of new and hitherto unprepared compounds can be anticipa=-
ted within reasonable limits,

It is not unreasonable to adopt the thesls that biologi=-
cal response is connected in some fashion with the chemical
nature of the substances. Leake (2) has proposed to call this
relatlion between chemical structure and pharmacological action,
biochemorphology. While a consideration of bilochemorphology
is fundamental, it may not necessarily be logically satisfac-
tory for with the development of organic chemistry and pharma=
cology, it became apparent that many compounds not at all re-

lated chemically were capable of eliciting the same pharmaco-



logical response (3).

Blake (4) courageously began in 1841 to inquire into the
possible relationship between chemical constitution and bio-
logical action, using inorganic salts whose physico-chemical
properties were comparatively well known at that time. He had
already found that drugs act in the mammalian body only after
reaching the responsive tissue and not indirectly by reflex
nervous mechanism (5). His extension of this problem led to
a consideration of the lmportant matter of the absorption and
distribution of drugs and of the rates at which these proces-
ses may proceed. Blake's work, gross though it was, led him
to conclude that the characteristic pharmacological effect of
an inorganic salt is due more to the electropositive rather
than to the electronegative lon, that there is a relation be-
tween the properties of elements and the biologlical action of
their compounds, and that with the increase of atomic weight
in isomorphous groups of elements there i1s an increase in in-
tensity of action of corresponding salt.

Blake'!s fundamental approach to the relation between
chemical constitution and pharmacological action was extend-
ed to organic compounds by Crum Brown and Fraser (6). They
demonstrated in 1868 that by a slight and constant chemical
change, tertiary bases of widely differing physiological acti-
vities could be converted into gquaternary bases of almost uni-
form physiological activity (curare-like) which in many cases
differed from that of the parent tertlary base. This discov-

ery formed the commencement of a long series of attempts to
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correlate chemical structure with physiological activity. At
the outset it appeared that some sort of systematization was
at hand and that by skillful prediction, the properties of a
new therapeutic substance could be ascertained from inspection
of its chemical formula.

Richardson (7) reported data showing that with increase
in the length of a carbon chain of the alkyl series, physio=-
logical activity uniformly varied. Loewi and Meyer (8), as
well as Dakin (9) examined many of the ketones of the general
formula: (OH),CgHzCOCHoNRR! and the corresponding secondary
alcohols as part of the program in theilr study of the synthesis
of epinephrine. They found that in most reduction to the sec-
ondary alcohol greatly increased the epinephrine-like action,
but where R and R!' represent complex radicals, Dakin found no
such Ilncrease of activity on reduction. Although no great
generalizations have appeared, the scope of the effort was
indicated by such survey as has been made by Oswald (10) and
Frankel (11).

Some years after the discovery of the pressor effect of
epinephrine, Abelous, Ribaut, Soullie and Toujans (1l2) report-
ed that a similar effect is produced by an extract of putrid
meat. Their brief note on this observation excited the curi-
osity of Barger and Dale; and after allowing a few pounds of
ateak to putrify, they were able to conflirm the findings of
the PFrench authors. A large and transitory rise of blood pres-
sure was rapidly produced in the decerebrate cat by lntrave-
nous injection of an extract of the putrid meat. They at once

began an attempt to l1lsolate the active principle responsible



4

for this physiological action. Results of the 1nvestigation
culminated in their masterly presentation (13) which today is
regarded as the starting polnt in the study of amines possés—
sing properties which mimlc the actions of stimulents for sym-~
pathetic nervous system.

In the correlation of chemical structure and biological
activity of the compounds of the sympathomimetic type, much
work has since been done notably by Trendelenburg, Chen et al,
Hartung et al, Alles, Talnter, Suter and numerous others.,

As part of the general problem of biochemorphology, the
relation of the physical properties of substances to their
biological effects has also been considered especially under
the stimulus of Loeb (1l4). Arrhenius (15) made attempts to
correlate the action of drugs purely through the application
of the principles of physical chemistry. As time went on, re-
search uncovered the complex nature of this problem of corre-
lation. It became apparent that a single path of approach
could not adequately give satisfactory explanations for all
the reactions taking place in the responsive tissues. Perhaps
it may be profitable to correlate the pharmacological response
in a detached attitude of scientific aloofness unblasedly com-
bining multitudinous array of data presented from the domaln
of physical (15), enzymic (16,17,18,19), stereochemical (20,21),
and atomic structural (22,23,24) considerations, as well as the

consideration of gross chemlcal structures (10,11,13).



SURVEY OF BIOLOGICAL LITERATURE

Studies on compounds that produce a rise in blood pres-
sure appear to indicate that certain definite structural ar-
rangements of the molecule are essential. For example, it

has been established that:

1l- The optimum skeleton for pressor activity is
found in compounds having a phenyl group and an
amino or a substituted amino group attached to ad-

jacent carbons of an aliphatic chain (13,25);

2- Compounds containing two or three carbons in
the aliphatic chain possess maximum pressor acti-

vity (26,27);

3= Compounds with an amino group or a substituted
amino group on the secondary carbon atom of the side
chain are active on the blood pressure after oral ad-

ministration (16,28);

4- A secondary alcoholic hydroxyl attached to the
carbon bearing the phenyl serves to detoxify and to
increase the pressor activity of the molecule (13,

25, 26);

5- Primary amines tend to be more active and less
toxic than the corresponding alkylated secondary
amines. If the size of the alkyl group on the amine
is increased, there is a corresponding decrease in

the activity and increase in the toxicity €26,29).
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These conclusions enable the following graphical skeleton

to be drawn:

It becomes apparent that varliation of magnitude on the
skeletal structure 1s restricted and that any further change
mast be made on the aromatic ring. Investigations showling the
effect of variation on the phenyl nucleus have been carried on
since the time of Barger and Dale who began with phenolic hy-
droxyl variation. These nuclear variations will be surveyed
in the following order:

a- REffect of nuclear hydroxyl group
b~ Bffect of nuclear alkyl group
c- Effect of nuclear halogen group
d= Effect of nuclear amino group

e~ Effect of nuclear methoxyl group

a- Effect of Nuclear Hydroxyl Group:

Hartung (30) has excellently reviewed the effect of hy-
droxyl substitution in the nucleus. The relation of struc-
ture to actlvity has been most extensively worked out for the
monohydroxyl nuclear substitutions.

Barger and Dale (13) were the first to investigate the
role of phenolic hydroxyl group. They compared the three
monohydroxy derivatives of &~phenethylamine and concluded that

the ortho was no more active than g-phenethylamine itself,
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that meta- and para-hydroxyl groups are of equal influence in
enhancing activity, that maximum activity results when both
are present, and that the introduction of the thlrd, or ortho
phenolic hydroxyl decreases activity.

Chen, Wu and Henriksen (26) from their experience with
epinephrine and the conclusions of Barger and Dale, suggested
that the presence of hydroxyl groups in the phenyl nucleus
confers "intensity of action" and predicted that p-hydroxy-
phenyl=l-amino-2-propanocl might combine the desirable proper-
ties of intensity of actlon, minimum toxicity and greater ac-
tivity of the primary amine and duration of action and oral ac-
tivity conferred by the three carbon atom side chain. The
synthesis of such a compound was accomplished by Hartung (31)
in 1830 and the pharmacological predictions verified.

In the monohydroxyephedrine series, it has been shown
that the characteristic responses after ergotaminization and
cocalnization indicate that the ortho-phenolic compound 1is
most like ephedrine itself; that the meta-isomer 1s least like
ephedrine and that it has begun to take on the properties of
epinephrine; and that the para-derivative 1is somewhere inter-
mediate between the two (33).

The introduction of phenolic hydroxyl groups into phenyl-
propanolamine tends to reduce the duratlion of pressor response.
The ortho-hydroxyl lincreases toxiclity almost twofold and pro-
bably decreases the potency, the meta-hydroxyl increases the
sctivity about threefold and the toxlcity about four times,
the para~phenollic hydroxyl increases the activity and decreases

the toxicity (30,31),
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In the phenylisopropylamine series, Woodruff and Conger
(34) prepared the three monohydroxy structural modifications
for the purpose of pharmacologlcal study. Literature search,
since théir publication, reveals no pharmacological data.,

Generally, in modlifying the pressor activity, ortho-hy-
droxyl groups are least active, as originally reported by Bar-
ger and Dale. However, ccntrary to thelr conclusions, meta-
and para-hydroxyl groups are not identical in effect. Ehrhart
(35) and Schaumann (30,36) have found that m-hydroxyephedrine
is a stronger pressor than the para-isomer. Hartung, Munch,
Miller and Crossley (31) observed that m-hydroxyphenylpropanol-
amine is at least twice as strong as p-hydroxyphenylpropanol-
amine. Kuschinsky (37) reported that m-sympatol (neo-syne-
phrine) is five times as actlve as the para derivative (syne-
phrine). Hence it appears from these observations that most
of the intensifying effect is contributed by the meta-hydroxyl
group.

The similtaneous introduction of two hydroxyl groups in
the aromatic ring gives a serlies of qualitatively interesting
type of compounds. 2,4-Dihydroxyphenylethanolamine was found
by Boruttau (38) in 1912 to have but slight effect on blood
pressure even in very large doses. Equally lnactive 1is 2,4-
dihydroxyphenylpropanoclamine (31l) which at larger doses gave
a depression of the blood pressure. Perhaps, survey of these
data together with the original findings of Barger and Dale,
namely that ortho-derivatlves are least effective, has warned

the organic medicinal chemists to stay clear of any resorcinol



derlvatlves contemplated as pressor agents.

Only few references are made to 2,5-dihydroxy derivatives,
Boruttau (38) prepared 2,5-dihydroxyphenylethanolamine at the
time when he prepared the 3,4-dihydroxy derivative. He found
that the quinol derivative was more active than the resorcinol
derivative but not as active as tyramine or p-hydroxyphenyl-
ethanolamine, Apparently the 2,5-positions simultaneously are
not too favorable structural modifications for optimum physio-
logical deésirability. In the N-methylated 2~phenethylamine
series, Hjort (39) found that of the dihydroxy substituted
compounds, the 2,5-isomer is the most toxic, about the same in
toxicity as the parent amine, the 3,4-isomer is the least toxic
and the 2,3-compound occuples an lntermedliate position, and
that 2,3~isomer is a very good pressor agent.

Barger (40) and Tainter (41l) describe 3,4~dihydroxyphenyl-
ethylamine to be about 1/75 to 1/66 as active as eplnephrine,
3,4-Dihydroxyphenylethanolamine was described as demonstrating
virtually all the characteristic reactions of eplinephrine;
Schultz (42) and Barger and Dale (13) found it to be about a
little less than one and one-half times as active as epinephrine.
About twenty years later, Tiffeneau (43) checked the pharmaco-
logical acililvlity of the same compound and described 1t to be
twice as active as epinephrine, In the phenylpropanolamine
series, Hartung and his assoclates (31) found that the race-
mie compound, 3,4-dihydroxy derivative, had toxicity in rabbit
1/100 as great as that of epinephrine and that its pharmacolo-

gical behaviour was qualltatively indistinguishable from that
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of epinephrine; however, it possessed a weaker action being
about 1/12 as active as (=-)=epinephrine. Schaumann (36) re-
ports the activity of this derivative to be about 1/6 to 1/3
as active as (=-)-epinephrine., Foster (44) in his tabular sum-
mary, ascribes 1ts activity to be 1/4 the activity of epineph-
rine, 3,4~-Dihydroxy derivative of the ephedrine series was
investigated by Schaumann (33) and found to give many of the
characteristic epinephrine-like reactions,

During the transition from one hydroxy structural modifi-
cation to another, it became pharmacologically noticeable that
structural juggling also modified the mechanism through which
the physiological action is produced. By a carefully developed
complementary procedure of cocalnization and ergotaminization,
Tainter investigated a serles of sympathomimetic compounds and

subdivided them into three classes (45):

1l- Those compounds which act like epinephrine by
stimulating sympathetic innervations...sympathico-

tropic.

2- Those compounds which like barium and pitressin

stimulate miscles directly...musculotropic.

3= Those compounds whose actions are intermediate be~
tween the two not completely satisfying the criteria
which establish the sympathicotropic and musculotro-

pic groups.
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Whether or not the classification is absolute is a matter
of time and test. In any event, observations seem to indicate
that ephedrine, for example, is guite unlike epinephrine in its
.mode of action. It may not be too drastic in thought to listen
attentively to Schaumann (33) who suggests that there is a
gradual change from a distinctly ephedrine~like reaction to
an epinephrine-like reaction as the substitutlion of a single
hydroxyl group 1s shifted from ortho- to para- to meta-, the
simultaneous introduction of both the meta- and para-hydroxyl
groups conferring éympathicotropic reactione.

In view of the unique physiological response which the
meta=-positions are capable of stimulating, it is rather sur-
prising that very little investigation has been made in the
series of 3,5-dihydroxy derivatives, 1In fact, literature 1s
conspicuously devoid of reports of this series of derivatives,

Introduction of the third hydroxyl group to the aromatic
ring eliecits no improvement in physiological responses. It is
very true that of the four possible lsomeric forms only the
2,3,4-trihydroxy derivative seems to have been studied. There=
fore it is not possible to draw any generalization. However
Barger and Dale (1l3) found in thelr work with e~phenethylamine
that the introduction of the third or ortho hydroxyl group de=~
creases the activity. 2,3,4-Trihydroxyphenylethanolamine, syn-
thesized by Hinsberg (46) in 1923 and covered by German patent
(47), was found to be inactive. (¢f the three remaining isomer-
ic positions the 3,4,5~-trihydroxy derivative may be anticlipated

to have interesting physiologlical properties,
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b~ Effect of Nuclear Alkyl Group

Since Barger and Dale showed that possesion of the
skeleton of @=-phenethylamine is the primary requirement for
the manifestation of sympathicotropic properties, much work
‘has been done to determine the effect of substituents attach-
ed either to the nucleus or to the side-chain of the parent
molecule, In such study, alkyl groups have received their
share of attention when attached to elther carbon or nitrogen
in the side-chain, but data are not so abundant in the study
of the effect of alkyl groups attached directly to the nucleus.

The p-methyl, p-ethyl and p-butyl derivatives of ephedrines
have been prepared and were described by Ehrhart (35) in 1930
to be more toxic and having less circulatory effect than ephed-
rine. A year earlier, de Burnaga Sanchez (48) had observed
that p-methylephedrine was about 20% more toxic and at the same
time less active than ephedrine itself.

Similar influence of methyl groups was noted in the para-
position of propadrine by Hartung and Munch (27,49). They learn=-
ed that the pressor asctivity was reduced to about 3/5 and toxi-
city increased to about threefold that of ephedrine. They in-
vestigated-further (52) and found that a methyl group introduced
to the meta position of both propadrine and p-hydroxypropadrine
makes the new compounds decidedly more toxic and the activity
less effective. Tainter (53) reported that m-methylpropadrine
as having only 35% of the pressor activity of the unsubstituted
parent substance. These reports agree rather well with the

findings of Barger (40) who observed that meta-methyl in tyra-



mine decreases activity. Hartung, Munch, Miller and Crossley
(31) found that the introduction of a methyl group into phe-=
nolic derivatives of phenylpropanolamine produced an interest-
ing pair of compounds possessing unexpected properties. The
3-methyl=4-hydroxyphenylpropanolamine was found to be twice as
active and about four times as toxic as the parent compound;
the 4-methyl-3-hydroxy isomer was also twlce as active but
somewhat less toxic than phenylpropanolamine., These results
are surprising in view of the previously noted observations
that meta- and para-methyl substitutions decrease pressor ac-
tivity and increase toxicity. Other interesting anamolies can
be noted from the following table taken from Hartung, Munch,

Miller and Crossley (31):

TABLE 1
RELATIVE STUDY OF SUBSTITUTED PROPADRINES

MLD Intraven. | Relative Pressor
Rabblt Activity

{-cHon-gu-ch 75 mg./Kge 1
Ho-@_cﬂoﬂ-slla—"s:gz 100-125 1.5
H:?éaj'cuon- ?4;3:? 20 2
R 90 2

cH:

e g 16 3

Speer and Hill (54) extended the investigation to the

alkylated series of ¢ ~phenethylamine and the N-methyl-¢-phen-
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ethylamine. They prepared p-methyl, p-ethyl, p-benzyl, p-
pPhenethyl derivatives of the ¢-phenethylamine series; and p-
methyl, m-methyl, o-methyl, p-ethyl, p-benzyl, o-benzyl, p-
phenethyl derivatives of the N-methyl-8-phenethylamine series.,
These new compounds were pharmacologically evaluated by Ham=
bourger and Jamieson (55). They found that in the primary
amine series, a methyl group in the para-ethyl group caused
a moderate decrease in the pressor effect; in the N-methyl-
amine series, a methyl group in either the para=- or meta=-po-
sition reduced the activity slightly, an ortho-methyl group
reduced it greatly, while para-ethyl substitution was assocl-
ated wlith either a weak pressor action or a definite depressor
activity, and those derivatives containing a second phenyl
ring to be comparatively inactive with probable depressor tend-
encye.

Several compounds with aryl and other alkyl substitutions
have been prepared. Manske and Johnson (56) reported the syn—
thesis of the following two compounds but physioclogical proper-

ties concerning them are lacking,

HoCHz |
oty A\
. #CHz
CHOH~GH-CH3 GHOH—ﬁg-GH5
NH-CHo-CHgz -CHo-CHgz

Mackllis and Blanchard (57,58) synthesized l-xenyl-Z2-amino-
propanol and gave a preliminary report that 1ts pressor activi-

ty was approximately 1/3 that of ephedrine. For the same com-
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pound which Hartung, Munch and Crossley (52) had prepared few
years prior, an activity of "trace" has been assigned express-
ed in terms of the parent compound, propadrine, and a toxicity
four times as much.

“=Napthyl- and @é-napthyl-2-aminopropanol derivatives were
synthesized and investigated during the course of a study of
ring substituted propadrines. The «~derivative was found to
be more active than the e-isomer; however, both were more toxic
and less active than propadrine itself,

Results thus far would seem to indicate that alkyl substi-
tution in the aromatic nucleus reduces the activity and enhances
the toxicity except in the cases of hydroxy substituted propa-

drines as noted by Hartung and co-workers (31l).

c- Effect of Nueclear Halogen Group

An exhaustive literature survey of the effects produced by
the introduction of halogens 1nto the aromatic ring of the physi-
ologically active pressor amlines has been made by Zenitz (59).
Prior to the time Zenitz began his work on the halogen ring-
substituted propadrines, there had been very limited number of
halogen derivatives prepared and were inadequately studied,

Barger (40) had prepared a series of para-substltuted 8-
phenethylamine, among them being the p-chloro-g8-phenethylamine.
Pressor effect of para-chloro derivative was found to be more
active than the non-substituted base, and having about one-
third of the activity of tyramine. Tainter (60) in 1930 re-
investigated the same series of Barger and found that p-chloro-

sg=phenethylamine was about half as actlve as tyramine, Since



tyramine (p-hydroxy-8-phenethylamine) is roughly five times
a8 active as é-phenethylamine itself, this would indicate that
the effect of the chlorine in the phenyl nucleus compares
favorably with that of a‘phenolic hydroxyl group in the para-
position. Buck (61) prepared the ortho-chloro derivative of
e-phenethylamine in 1933 but no pharmacological data have ap=-
peared subsequent to this publication of the synthesis of the
product,

The only studies of the effect on physiological proper-
ties of the introduction of fluorine into a pressor molecule
were those reported by Hansen (62) and Suter and Weston (63).
Hansen worked on the halogenated amino ketones and not on ami-
no alcohols but the results that he uncovered agree well in
principle with those of Suter and Weston. The latter investi-
gators prepared and studied the effect of para-fluorine substi-
tution in g=phenethylamine, o~methyl-g-phenethylamine and g-
phenethylmethylamine and found that the fluorine substituted
compounds were more toxle than the unsubstituted molecules in
mice by oral administration, Animals used 1n the assay seem
to display great deal of animal variation. They report the
use of dogs, rabbits and guinea pigs, and found in general
that the effect of the compounds was depressor in rabblits and
pressor in dogs and guinea pigs. In dogs, p-fluoro-B8-phen-
ethylamine, oA-methyl-p-fluoro- g-phenethylamine showed sim-
ilar pressor activity while N-methyl~p-fluoro-°-phenethyl-
amine was more active than either of the two. The activities

of these compounds may be graphically summarized:



In dogs:
more
active
than
GHQ-CHQNHGH3

N-Methyl-p-fluoro- -

phenethylamine

In guines pigs:
F

CHo-CH-CHz
RHp
+=Methyl-p-fluoro-
s=phenethylamine

P

CHo~CHo
ﬂHCHg
N-Methyl-p-fluoro-
g-phenethylamine

CHo-GH-CHsz
® =

active

17

CHo-CHo
NHg

d=Methyl-p=-fiuoro- pP~-Fluoro=0=
g-phenethylamine

phene thylamine

CHo~CHo
a3

p-Fluoro=-g -

phenethylamine

dﬂz—gg;cns

a=Methyl-8-
phenethylamine

Schiemann and Winkelmuller (64) have described the synthesis

of m=fluoro-g-phenethylamine.,

Kondo and Ishiwata (65) pre-

pared the m-bromo-~#t~phenethylamine but pharmacological data

for both of these compounds are lacking.

In the dihalogen substitution series, Glynn and Linnell

(66) studled 3,4-dichloro-phenylethanolamine and found it to

be 1/250 to 1/200 as active as eplnephrine; and its toxicity

to be about 1/240 that of (=)=-epinephrine.

From the data of

Barger (40) phenylethanolamine 1s about 1/350 to 1/233 as ac=-
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tive as dl-epinephrine. This would mean that 3,4-dichloro
derivative of phenylethanolamine 1s approximately l.2 to 1l.4
times more active than the phenylethanolamine itself. Here
again the effect of dihalogen substitution compares favorably
with the effect produced by dihydroxy-substitutions on posi-
tions 3 and 4.

Among other compounds of this general type which have
been prepared are 3,5-dichlorotyramine, 3,5-dibromotyramine
and 3,5-dliodotyramine. No reference was found as to their
pressor activity except for 3,5-diiodotyramine which was found
to have an action similar to that of the thyroid by Abelin (6%7).

Zenitz (59) in 1940~1942 prepared a series of monohalogen
ring substituted propadrines for future pharmacological study.

Els list included the following compounds:

Cl
A,
“Neo1
// N S
CHOH~CH~CHgz CHOH~CH-CHgz CHOH~GH~CHg3
NH NHo NH
2 2
p-Chloropropadrine m=-Chloropropadrine p-Fluoropropa=
drine

CHOH-GH=-CHz CHOH-CH-CH3
ﬁHg gHE
m~Fluoropropadrine o-Fluoropropadrine
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d- Effect of Nuclear Amino Group

The effect produced on the physliological properties by
the introduction of amino group into the aromatic nucleus has
been nicely reviewed by Foster (44). At the time Foster began
his work on the improved method of synthesis of p-aminopropa-
drine and its derivatives, there were only few nuclear amino

substituted derivatives available. They were:

NHo NHo
. N\
| |
/ .
CHOH-CH~CHz CHOH-CH-~CH3 CHOH-GH-CHz
NH-CHz NHo gﬁg
p-Aminoephedrine p~Aminopropadrine m-Aminopropadrine

Of the three only p-aminoephedrine ("Ephetonal") seems
to have received any studye. It is described to have a greater
sympathetic action and one-third to one~half the toxicity of
ephedrine by Mayer (68). Para-aminopropadrine is reported to
possess ephedrine-like action and therapeutic properties of
m-aminopropadrine are sald to compare favorably with those of
"Ephetonal" by Oberlin (69) and Dalmer and Oberlin (70).

Foster, in his thesis, ralses an interesting question:

The se amino compounds, however, deserve more atten-
tion than they seem to have received thus far. For
instance, the amino group, according to Franklin,

is the ammono-~analog of the hydroxyl group, and llke
the hydroxyl group when introduced into an organic
molecule, confers lyophilic properties. It should
prove enlightening to learn whether these structur-
ally 'isosteric! substituents produce identical or
similar modifications in the physiological reacti-
vity. It should prove 1lnteresting and not unexpect-
ed to find considerable parallelism between the pro-
perties and activities of, for example, p-hydroxy-
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and p-aminopropadrine. Will m-aminopropadrine, like

m-hydroxypropadrine, take on greater sympathicotropic
behaviour? Will complete sympathicotropic responses

be possible with compounds such as,

NHZ OH NHz
 OH | NH,  NEL
CHOH~-CH~CH CHOH-GH-CH CHOH-QH-CH
3 3 3
NH, ﬁHz NHg

e~- Effect of Nuclear Methoxyl Group

The three monomethoxy isomers of s-phenethylamine have
been synthesized by various workers dating from the synthesis
of p-methoxy-s8-phenethylamine by Mannich and Jacobsen (71) in
1910 up to about the time of Buck (72). Epstein, Gunn and
Virden (73) determined the toxicity and pharmacological ac-
tions of p-methoxy- and m-methoxy-g@8-phenethylamine. They found
that the effect of etherification of a phenolic hydroxyl group
on the physiological activity of a particular compound is dif-
ficult to predict. However, in the particular group of com-
pounds which they studied, there was reason to expect that
such etherification would lead to a diminution of activity and
an increase in toxicity. It seems interesting to note that
these workers report that the para compound is considerably
more toxic than the meta compound, which is the reverse in the
case of unetherified hydroxy derivatives of $8-phenethylamine.
Hjort (39) taking most of the products prepared by Buck (72),
studied the methoxyl substitution products of N-methylated

¢ -phenethylamine and found a number of things:
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1- In general, the introduction of methoxyl groups
enhance the toxicity of e-phenethylmethylamine and

diminishes its pressor effects.

2= All of these compounds have a variable amount of
stimulating effect upon isolated segments of rabbit!s

uteri.

S The circulatory effect is initiated by a brief
depressor response in most instanceé in dogs. 1In
cats the initial depressor response 1s more pro-

nounced than in dogs.

4- Quantitatively the 2-methoxy compound has a low
grade pressor effect after the initial depression.
The 3- and 4- methoxy compounds are somewhat better

pressor agents.

A table prepared from the data given by Hjort comparing
the relative toxicity of the isomers and the unetherified
derivatives is given on the followirg page.

In the ethanolamine series, all the possible monomethoxy-
1 somers have been prepared by different groups of workers but
no satisfactory pharmacological evaluatlions have been made,

In the ephedrine series, Koller (74) in 1926 found that
p-methoxyephedrine acts like ephedrine but is weaker in action
and that m-methoxy-p-hydroxyephedrine, when injected into rab-
bits, produced an indefinite effect on the circulation and a

definite slowing of the respiration. Tiffeneau, Levy and Bayer
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(75) synthesized p-methoxy-norhomo-ephedrine and found it to
possess a greater pressor action than the parent compound,

norphomo-ephedrine,

CHz0

~» CHOH-CH-CoHs
NH

TABLE II
EFFECT OF METHYLATION ON TOXICITY

Compounds Intfﬁpgglﬁgggal
@-CH,—CN;NHCH; 200 mg./Kg.
HO ¢ ) CH CH-NHCH, 227
(,Hao@CH.-cHr NH CH; 165
HO
{)-enencnuch, 360
CH _
{_CHCH NHCH; 173
OH
<:§{HfCH;NHCH3 189
CH 3
<§CH.LCH;NHCH3 173

In 1931, Hartung, Munch, Miller and Crossley (31) pre-
pared several methoxyl compounds in the phenylpropanolamine

series. They found that the ortho derivative was as active
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but about three times as toxic as propadrine ltself. The in-
troduction of the para-methoxy group into propadrine increased
the toxicity twofold and reduced the pressor activity to about
one-half.

In 1938, Woodruff and Conger (34) became interested in
the synthesis of methoxyl ring substlituted derivatives of &=
phenylisopropylamine for pharmacological study. They reported

the preparation of the following compounds:

CH0
OCH
v ./ OCHz
CH,-CH-CH CHy~CH~CH CHg-CH-CH
2T, O 2w, N, 8

So far, their promlse that "the pharmacological results will
appear elsewhere'" has not been journalistically fulfilled,

3,4-Dimethoxy~-e~-phenethylamine was synthesized first by
Mannieh and Jacobsen (Vl). Geesink and Jager (76) found that
in the cat this compound causes 20% increase in arterial pres-
sure. In 1213, Rosenmund synthesized 3,4-dimethoxyphenyleth-
anolamine. A study of this compound was made by Kindler and
Peschke (77). 3,4=-Dimethoxyphenylisopropylamine was first pre-
pared by Mannich and Jacobsen; Ide and Buck (78) reported a
new syntheslis of the same product in 1940. Outside of these
synthetic work information concerning them 1s lacking.

Kondo, Shinozaki and Ishii (79) in 1928 and Buck (80) in
1932 synthesized 2,4-dimethoxy-2-phenethylamine. However, to

date pharmacological data have not been reported. HJjort (39)
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studied the N-methyl compounds of 2,4-dimethoxy derivatives
which were prepared by Buck and found that it had a low grade
of pressor effect after initial depression; and 1ts toxlcity
to be about l.4 times greater than unsubstlituted parent com-
pound. A more suitable determination of the effect of methy-
lation can be derived by comparison between the 2,4-dihydroxy-
and 2,4-dimethoxy derivatives of N-methyl-é-phenethylemine, but
data for the free hydroxyl compound are not given. 2,4-Di-
methoxyphenylpropanolamine was studied by Hartung, Munch, Mil-
ler and Crossley (31) and found to be as active as propadrine
but more than three times as toxic.

Syntheses for 2,3-dimethoxy-e~phenethylamine have been
reported by Haworth (81l) in 1927 and by Buck (80). No phar-
macologlcal data appear. HJort (39) determined the toxicity
of 2,3-dimethoxy-N-methyl~s¢~-phenethylamine and found it to be
next in toxicity to 2,5-dimethoxy derivative, the latter being
the most toxic of the dimethoxy isomers. Its pressor activity
was found to be low.

In the 2,5-dimethoxy derivatives, Buck (80) and Baltzly
and Buck (82,83) reported preparing 2,5-dimethoxy-#-phenethyl-
amine, 2,S-dimethoxy-B—ﬁhenylpropanolamine, 2,5=-dimethoxy-N=-
methyl-s8~-phenethylamine, 2,5-dimethoxy~#-phenylisopropylamine
and 2,5=-dimethoxyphenylethanolamine. Toxicity and pressor ac-
tivity studies have been worked out only for the latter.

Hjort found 1t to be a very promising pressor agent; however
its merit is marred by its high toxiclty, being about 1.9
times more toxic than the unmethylated 2,5-dihydroxy compound

and about 1.7 times more toxic than the parent compound, ®-
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pPhenethylamine itself,

So far as it can be wverified in the literature, none of
the 2,6-dimethoxy derivatives has been synthesized. There is
only one recorded instance of the mention of 3,5-dimethoxy
derivative., 1In 1935, Bockmuhl, Ehrhart and Stein (84) were
granted patent rights for their product, 3,5-dimethoxyphenyl-
propanolamine., Search of literature for its physiological
behaviour failed to disclose any further informatlion. Such
a compound having substitution on 3,5-positions should prove
interesting.

The trimethoxyl substituted s-phenethylamines, especially
the 3,4,5-trimethoxy derivative, form one of the most inter-
esting groups of compounds 1In the annals of empiricism. The
story begins with a plant called peyote or mescal.

Peyote or mescal is a small, fleshy, spineless cactus of
the genus Lophophora williamsli (erroneocusly called Anhalon-
ium lewinii)(85) which has been used for centuries by aborigi-
nal Americans in connection with their religious rituals and
as a maglc plant believed to have the power of inducing super-
natural visions.

The earliest description of the peyote plant is that of
Hernandez (86), a learned Spanish physician sent in the six-
teenth century by his sovereign, Phillp II, to make a study
of the resources of New Spain., He reported the plant to be:

eee0f nearly medium size sending forth no branches

or leaves above ground, but wlth a certain wooli-

ness adhering to it. Marvelous virtues are attri-

buted to 1t by the Indians. It enables those eat-

ing it to foresee and prophesy such things, for
instance, as whether on the followlng day the ene-
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my will make an attack upon them or whether the
weather will continue favorable; or to discern
who has stolen from them missing objectS.ieee.s

Padre Sahagun (87) left many documental descriptions.

The account 1s an entertaining one as written by Cairns (88):

The good Padre Bernadino de Sahagun in the year 1529,
at the age of thirty, arrived in Mexico or New Spain
as 1t was affectionately called then to convert the
harassed Aztecs to the gentle teachings of Saint Fran-
cis. The reverend fathor was a learned man and he
left behind him when he died at the age of ninety-one
valuable histories written in both the Spanish and
the Aztec tongues. He gave in one of his histories a
description of a curlous feast of the Aztecs:

The first thing eaten at the party was a cer-
tain black mushroom, which they c¢alled nana-
catl, which intoxicates and causes visions to
be seen and even provoke sensuousness. These
they ate with cacao (chocolate) syrup and
when they began to feel the effect they began
to dance; some sang; others wept because they
were already intoxicated by the mushrooms;

and some did not wish to sing but seated them-
selves in their rooms and remained there as
though meditating. Some had visions that they
were dying and shed tears; others that they
were capturing prisoners in warfare; others
that they were rich; others that they had many
slaves; others that they had committed adult-
ery and were to have their heads broken as a
penalty; others that they had been guilty of
a theft for which they were to be executed;
and many other visions were seen by them.
After the intoxication of the mushrooms had
passed they conversed with one another about
the visions which they had seen.

Botanlsts of modern times, finding these descriptlions of
the cactus and of the mushrooms, tried to identify the plant
botanically and searched extensively; but it was not until
1915 that Safford (89) succeeded in identlfying it with the

mescal or peyote used by the American Indlans of today (90,
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91,92,93). The geographical distribution of peyote or mescal
ranges from the southern border of Texas to Queretaro, Mexlico,
Thus the padre never laid eyes upon the cactus itself but saw
only the dried mushroom=-shaped buttons ecut from the top of the
cactus which were brought to the Aztecs by messengers consecra-
ted to their tasks.

The peyote cult is widespread among the Indians, To the
Indians the cult is a distinetly religlous one (93) and the
missionaries were opposed to peyote not so much on account of
its physical effects on the Indians as because 1t was connect-
ed with the rituals of thelir religions and kept them from em-
bracing Christianity.

In 1891 Mooney (94), who had assisted in the rites of
some of the Indian tribes, brought a supply of buttons to Washe~
ington, D.C., which was handed over to Prentiss and Morgan (95).
These lnvestigators experimented on several young men and de=-
monstrated for the first time the preclse character of intoxi-
cation and the remarkable vision to which it gave rise. Short-
ly after thelr experiment three men of marked ablilities, Welr
Mitchell, William James and Havelock Ellis experimented with
it on themselves.

Mitchell (96), the first of the three, took both an ex~
tract and tincture of the button. The experiment was highly
éuccessful. He described a stage of exhilaration and talkative-
ness, in which there 1s a dilatation of the pupils, flushing of
the face, and a rather rapld pulse; followed by a condition

which he describes as one of "deliclously languild ease and elat-



28

ed sense of superiority." Later color visions were seen, both
with the eyes closed and opened, and a sleeplessness not accom-
panied, however, by any uneasy or restless feelings. One vision

impressed him deeply:

An edge of a huge cliff seemed to project over a
gulf of unseen depth. My viewless enchanter set
on the brink a huge bird claw of stone. Above
from the stem or leg, hung a fragment of the same
stuff. This began to unroll and flost out toc a
distance which seemed to me to represent Time as
well as immensity of Space. Here were miles of
ripped purples, half transparent, and of ineffable
beauty. Now and then soft golden clouds floated
from these folds, or a great shimmer went over the
whole of the rolling purples, and things like green
birds, fell from it, fluttering down into the gulf
belOWeeeoo

ATter experimenting upon himself, Mitchell sent a supply
to William James. James'! experience (88) was an unhappy one
and he wrote to his brother Henry:

I had two days spolled by a psychological experiment

with mescal....Weir Mitchell sent me some to try. He

had himself been in fairylandl It gives the most

glorious visions of color; every object thought of

appears in a jJjeweled splendor unknown to the natural
world. It disturbs the stomach somewhat, but that
according to W.M., was a cheap price, etc, I took

one bud but three days ago, was violently sick for

twenty-four hours....I will take the visions on trust!

In the spring of 1897, Havelock Ellis (94) was able to ob-
tain a small sample in London, and on Good Friday of the same
year he prepared a decoction of three buttons and drank it at
intervals between 2330 and 4:30 P.M., The first symptom observ-
ed during the afternoon was a '"certain consciousness of energy

and intellectual power." TUnlike those of James, Ellis' vision~

ary experiences were eminently successful. He wrote:
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The appearance of visions with closed eyes was very
gradual. At first there was merely a vague play of
light and shade which suggested pictures, but never
made them....in the course of the evening, they be-
came distinct, but still indescribable--mostly a
vast fleld of golden Jewels studded with red and
green stones, ever changing. This moment was, per-
haps, the most delightful of the experlence, for at
the same time the air around me seemed to be flushed
with vague perfume--producing with the visions a de-
licious effect--and all discomfort had vanishede.ese
I would see thick, glorious fields of jewels, soli-
tary or clustered, sometimes brilliant and sparkling,
sometimes with a dull rich glowees..

Ellis tried to sleep that evening but dld not have the
faintest desire for sleep. About 3:30 A.M. he was able to
settle himself to peaceful and dreamless sleep, awaking at
the usual hour with no sense of fatigue nor other unpleasant
reminiscence, His eyes seemed unusually sensitive to color
especially to blue and violet after the experience,.

Some time later he again put himself under the influence
of mescal to test the effect of music upon the visions. The
chief object of the tests was to ascertain how far a desire on
the composer's part to suggest definite imagery would affect
his visions. In about half the cases there were no resem-
blances; in the other half there were dilstinct resemblances,
which were sometimes very remarkable:

This was especially the case with Schumann's music,

for example..e.e."The Prophet Bird" called up vividly

a sense of atmosphere and of brilliant feathery

bird-like forms passing to and fro, "A Flower Piece™"
provoked constant and persistent images of vegeta-
tion covered by glittering spangles and jJewels. In
every case my description was, of course, gilven be-
fore I knew the name of the pieCeeec.s
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Since the experliments of the early investigators, the
properties of the drug have been further analyzed, The first
to study the chemical properties of peyote was Lewin (97) in
1888, A chemical analysis was made by Ewell (98). Heffter
(99) investigated the cactus alkalolids mos t completely and
seven bases are described: anhaline, mescaline, pellotine, an=
halonidine, anhalonine, anhalamine and lophophorine. Mogilewa
(100) found that these have about the same physiological ascti-
vity and are closely related chemically. Spath (101) eluci-
dated the structure and synthesized mescaline by a method
which showed that it is 3,4,5~trimethax y-¢-phenethylamine,
Reutter (102) described the physiological effects of mescal
buttons used by the natives of Mexico and attributed these ef-
fects solely to the alkaloid, mescaline. Sollman (1l03) states
that the most important alkalolid of the cactus Lophophora
williamsii 1s mescaline which produces very peculiar psycho-
logical disorientations with hallucinations of the special
senses, particularly flashes and lines of ever-changing bril-
liant colors, Dixon (104) found that they appear the same in
both eyes and are therefore centrale. A psychologic study of
mescaline hallucinations has been made by Knauer and Maloney
in 1913 (105). Guttmann and Maclay (1068) who administered
small doses of the synthetic alksasloid orally to psychotic pa=-
tients classify the effects as depersonization (confusion of
personality), derealization (unreallity of environment) and
hallucinatiom s similar to schizophrenia. Grace (10%7) observed

that mescaline and 1ts related compounds produce a number of
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other effects, including fall of blood pressure which can be
Prevented by vagotomy or atroplne, motor paralysis bﬁ depres-
sion of the central nervous system and death by respiratory
failure.

On the matter of effect on blood pressure, Raymond-Hamet
(108) found that mescaline sulfate, when injected into the dog
(2 to 8 mg per Kg), generally causes a fall in blood pressure;
that larger doses (20 mg per Kg) always cause a fall; and that
moderate doses (8 mg per Kg) markedly inhibit the pressor ef-
feect of epinephrine without affecting its accelerating effect
on cardiac rate, De Nito (109) found that in dog 40 mg per Kg
slowed the heart and caused a fall in blood pressure which was
not affected by vagotomy or atropinizatiomm. Geesink and Jager
(76) found that mescaline does not have any effect on arterial
pressure. Incidentally, these latter workers found that 3,5~
dimethoxy=-e=-phenethylamine increased the arterial pressure by
20%.

Allksandrovski, Babskiil and Xryazhev (110) extrapolated
the results that they obtained in the study of changes in the
motor reflexes of dogs following a single intoxication with
mescaline and conjectured that "in accordance with the psycho-
pathology of mescaline polsoning in man the experimental mate-
rial leads to the conclusion that the action of the poison on
the visual centers i1s selective,"

In view of the finding of Blaschko (11ll) that ephedrine
acts as an inhiblitor of amine oxldase and that other deriva-
tives of s=-phenylethylisopropylamine have a like action, it

would not be too bold to express the view that the report of
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Richter (112) was expected, namely that ephedrine, benzedrine,
g~phenylisopropylmethylamine are excreted unchanged. Since
amines of the general type, R-CHo-NHgo, are rapidly oxidized in
man, 1t is surprising to note the report of Richter in the
same article who observed that mescaline is also excreted un-
changed; and, what 1s more, he measured their rates of excre-
tion.

Recently the two isomers of mescaline were synthesized by

Slotta and Heller (113). These 1lsomers are:

CHzO CH30
CH30 i ) ocHz
OCHz \\ / OCHz
CHo-CHg~NHo CHo-CHo-NHo

Their concluding note, "The physiological action of the amines
prepared will be described later by Hesse and Lange," unfortu-
nately did not come to realization as far as literature search
revealed. However, Jansen (114) working on the 2,4,5-trimeth-
oxy isomer found that comparative experiments on frogs and cats
showed that the pharmacologi al action of the 2,4,5-trimethaxy
isomer agree to a large extent with that of mescaline. The
2,4,5=-trimethoxy isomer however had more unpleasant secondary
effects (nausea) and did not bring about the euphoristic state
caused by mescaline,

Two other compounds bearing the trimethoxyl groups have
been synthesized. Hinsberg (46) prepared 2,3,4-trimethoxy=-

phenylethanolamine; Kindler and Peschke (77) reported the
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Pharmaco-~

logical properties of both of these compounds are still un-

known,

The foregoing survey of bilological literature is summar-

ized in a tabular comparative form especlally between the nu-

clear substituted hydroxy compounds and its methyl ether

wherever possible,

TABLE III

COMPARISON OF NUCLEAR HYDROXYL AND METHOXYL, SUBSTITUTED

PRESSOR AMINES

. SYNTHESIS PHARMACOLOGY
Author,Year Ref. | Author,Year |Ref. Toxicity Pressor Act.
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" Bock, 1932 80

C")—mﬂ Hy




TABLE III

34
(cont inued)
SYNTHESIS PHARMACOLOGY
Compound Author,Year ; Ref, | Author,Year | Ref. | Toxicity Presgsor Act,
4
bl twe e
Barger v Jale, 1910 3 Twice as achy
CH,CHH, tHyrmmime.,
OCH . +
OCH Kmdler, (Q3) IS Epsten MLD 420wq. Jvg, | Slight tromsien
> Hohn » Xchales 34 | 157 f“j@"" Gunn ¥ 13 » e I¥s | Slght e
A N 158 i g 9“1 32 . VI a pm'onged (fﬂf’s‘
H,CH, O, Julany b‘mrglsl 35 “or actien
&1 Kondo, ShioaakiIshl | 9
Ha
NOCHs Hawerth, 1927 | 81
(}Giﬂa Kcmdo,‘anomklﬂShr[ 19
H,CH.OH, Buck, m’giq €o
ey "D“""f‘”"&?ﬁ’?’ Ishtr,| 79
- Hy Boexr, 1932 8o
CH,CH N Battzty v Buck, 1240 | @2
CHBD /OCH;
? Stettu+ Hefler, 1930 "3
H,6H.0H,
s Mogi! 1903 {00
a0 A oth; Spath, VG146 104 0 'ﬁ,‘;’o,'e% 49 ML 5CO-6romg.lh| Bty pressor and
¥ Slottg+Beller,1230| N3 Reotter, 10277 o2 1.7.Mice
eH. oM Stott, f mond’Hamet, @41 [ 168 depressor, See
mescaty e P 0¥ Szys2kgrg| 159 | BT 034 'O (Grace) text,
Hs
oy
ocH; Sletto + Hetler, fi3o| 113
,CHNH,
1] . .
oH Jwice as octwe
~oH Barger» Date '3 as tyrayne
LCHAOH -
eHo-g .. : stilor +o Mescaline
HOCH 367152’0’ 1Rq 1o Jarnsen, 3y 14 Smnilar to Mexalme but no coler vistons
HCHASH,
M:le, tato 3 LD SO 203mg. /g | Y66mm, Hg. on
@ Barger v Dale, 1.9 Mice Anesthet. dog.
. O HG 5 doroton - Smims
s ¥Dale, 1910 13
A Ched, Wy Hennksen)@q 20 LD 50 227mq. [ig | 7130 mm. gy on
), Qlles, 1933 st 1.P. Mice Anesthef.  dog.
H.CH NRCHS piort, 14 > . :
S Gunn, 193¢ 145 Duration-. ST
intha)| depressof,
L 3 3 LD 50 'bémﬂ' /vg. <36 mm.— éT“l{T)_
! Hjort, 1934 9 |.P. Mice Then pressof,

H.CHN HCH,

M136mm. — % mms




TABLE III

(continued) 36
SYNTHESIS PHARMACOLOGY
Author,Year |Ref., |Author,Year |Ref. Toxicity Pressor Act.
ot LD so %O‘nnj.’w’ S
Buck, 1a32. &c Hjort, 19434 39 . Mice | 710mm s
H.QH.NH(’HS -P.
"3 o se '7.3—."./“7' )le mm —— dmms,
H;CH,I)HGH} " " “ “ 1.0, Mice
AN 1L Dso 184 ™. /Mg, .
"\"/LOH W " “ " 1.P. Mice >”01“M —_ (;mrrn_
CH,CH,UHCH,
LD 50 V73wq. fiq | Mitio} aepressor,
OCH W " " 11 -"‘3 , (41‘“0 .——‘imm
> 1P Mice The
Ho OO H N pressor,
P46 mw___ Swims
m’ .
ott Qa Tamter, 1929 50 LD 56 GZlmg [kg. — Sww
qun, 09 l'lzj Hjort,”q34 29 o Mice""‘ﬂ £ yi0q ms
& e ashen, Bock, 1430 ales,’ 1933 st
Hs N
Dy D50 322mg. Jig. |IntHial depressor
\ 2 Buck, (a3a 169 Hjort 1424 39 . - g < 5omm — 1M
Z ’ {-P. Mice Then Presso‘;
omets %36 mm — smins
OH
N 0N Menthoned by Mentiored
@0‘* Buck, Q32 8o Buck ,q31b9 5 Not meestigoted Not mwestigated
H.CHOHCH Pk e
123"3 i) clepressor
) Do tHoms kg | 416 mm 4 mm
(e, Buck, 195> se Hjort, 1334 >4 1.P. Mice Then pressor )
CHeHWHOH 346mm — {men,
LD 56 318mg. fu
K\\ or " n 1 . 3 / 3 >'Whm_ bmms.
N-0B " 1.P. Mice
J-‘".UH(’"}
OCH LD 5C 131mg. fieg. Inctial depressor,
B 3 " I.P.Mice {(8Owm_— 3mins
p’ 1 [ "
O(H3 ) 1) Th?n p'%sor,
HLHAHCH Y20 mm ywuns
LD S50 2 . .
HO\(\\ " 34:"'5 /k1' 7104 mm. — Gmms
K\o” " " " 1P Myce
HOHAHCH
CH30 N LD St 122mg. /Kg‘ $04 mm.— 25mg
7 OChy " " " " 1P, Myze
H.CHNACH,
HOL A OF Mentinea by Mentioned by " o
" Bock, 132 go HjorE | 134 A | vob iwestigated Not muestigoted
(’Hz('",.m;




TABIE III

(cont inued) 35
SYNTHESIS PHARMACOLOGY
Author,Year |[Ref, Author,Year Ref, Toxicity Pressor Act.
enp(zocu; . Mentioned
Mentiened by 8o eren Not 1) ] | ’
. nestigated | Lot mreshgoted
LCHANCH; Boct , taza. Mjort, 1434 > vestig 90
N
W U L] " " . " " "
HCHVHECH,
[ "30 ‘@ OCH} ” L ” ” " rr
HeH.NHCHS
N, tnvhat depressor
LDSD 215mg. [ig. v !
Ub Hj Ol’t, 16349 39 (P, Ak {4 mmr— Tomm
du,en; oH CH e fhen presser,
he 3 SHOTE . 3
,‘I/(d" Stolz , 1904 186 LD 50 44 mg. fug 7120 mm — 3y
LOHCN, Dokin, (Gos” g " “ 1P Mice
(-eprmephrne
oM
’\’ " ' , LD 5o S'Tﬁﬂ' 'Mi >'101ﬂm———~31'n"n5_
. . ¢ ! M ' ' 1-P. Mice
d-Epinephrme HARCH, ' l
# Fh 19277 182
3 Ehrismoar, 14927 re> l.ar:c?-;n”mz? ©s | MWD Aomg feg. | - of Epinephrine
P LQSC"’) '02——’ 183 Taranr v y'om__ '6"' Mrce ( R
“Synephre’ HOH-CHAN CH, feld , (420 (rosch)) Tawmfer)
. ' D (COwq. .
! Chen,ou sHennksen, | 5 M h Pw ' Jeg 75 «f Epimgphvive
BORCHAHCH, 124 Y.Rebbit
- eh,
N /O Tomter, 1332 L P %“gaﬁff N Y . .
(yo Tornter vStodefon, | 5o ﬂe:hnwe i w.j 4 of Epinephmie
CHOBCH VP CH, 1253 pressor deses |
heo -symnephrine ”
A i‘::go':e"::" 10t 'Z; Chena hyiett 1436| 11X | MED ©Omg. JKG. | P10 ——15-2 S s
- ! Hyose 1915 i i i
0 . HOW-CH-CH3 Spathy Gorng 169 y white robpit
-Epbedrme OBCHy
5 " " " " MLD Bomg. [wg, Y100 mm (525 Mms
, Hes-CH-CH> “ " white robpit
d-Ephedyipe T N " "
Leost toxic of Nof odeava el
Schaumann, 143 33 the monohgdroxy ° ety
’ Stud®e
_en~CHs serves.
A -CHz
: Kohter (@2 24 Kohler 1626 24 Stmilar fofg)pdniw
a2 ' pet weater
u-CH<
H-CH>




TABLE IIX

(cont inued) i
SYNTHESIS PHARMACOLOGY
Author,Year |Ref, Author,Year | Ref, Toxicity Pressor Act.
o
e [ pTA 74 Indepne effect
4 chler, 192 er 1226
Guchs K ' Kobter, ! " to yobbits
U“&H}
@ov Best pressor agenf
143
oG£8, Schaumann, 43} | 33 ot the wonchytoy
Nu-eny seres
. Least actwe of
o " " the monohydtory
H-GH -CHs sertes
WB—CHy
ol
t+ Schaumanm, ta31 33 , ' '
Tamer , 1933 45 F of Epmephnime
H-EB-C By
P -CH>S
o
g O Ve Bottalyy Buck, 1940 | 82
no-CH—€Hy
NPT
AN Kol shorn, 1904 162 g::%igu"s;smo ,’-,?’, MLD 8owmg fig | o Epineohrine
kJ Cosenwund, 1912 154 attes, @21 8 IV, Rabbits 3so PIREPHIN
CHOM-CRAN. Chen wys Hennksen 20
T 1629 '
/i” Totn Gafonslenn, | (63 . .
'\‘Q:) aowﬁa'.?,"".a,l 38 BargervDale 1910 3 =+ of Tylamine
HOH-CMH, | Menmch Yinele 145 | 17
3 Rosenmund, 113 15%
e Mannich yThiele 1916 | 111
¢ Kinater ¥ Peschié, @311 11
CHOBCH. NN, Rorchery lfodr, 135 1
Kondox Tavella, 30 | 155
@om,) Bouck ,1933 Q)
HOH-CH . H, Terchert v Roch 19435 | N3
v at 154 : .
B Tosenmund, 1913 . 1.4 times as achue
Hrmsberg, K23 " Barger  Dole, Y410 13 o Eprnephrime
At ) HON £ H, W, Kindler v Reschie, 143)
“5
Qsenmum, 113 1549
5 "> smdlen Poschve, 63)| T
pon-chooy, | Rercherty dah 13 | 113
X Onl hght
DN mn [ ] ‘g
‘Aow Boruttou, 1. | 38 Boruttau, 1912 | 3® eff?ad; |
HOW-CHNH,
3
N Towhert YKoch
gﬁl"! ‘ q3s ¢ '_'3
Bop-ChAH,




TABLE III

(continued) 28
SYNTHESIS PHARMACOLOGY
Author,Year [Ref. |Author,Year | Ref.| Toxicity Pressor Act.
s
?:zccu, Buck , 1932 8o
BOH_CH,-OH,
'kx‘/\ Greater pressor
Boruttou, 1912 3% Borwttou, 1an 38 eﬂed Hhan
}m“»en.\m, -150Mmes
cuo
1 ’)\oc e Balb.‘lyqv Buck, &1
s
VYOt ¥mdlerrRschite, | Ay
HOM-CH, Y, 193y
KD" Hrisberq | 1623 40
¢ o Qerman patents, | g¢
CHOW-CHNN,. 1626
5
N CCHS " ”
’ (x“)
CHON-CAAA,. " .
el German gafents aN| 174
Kendlier ¥ stchue w11
Qttes, 1933 s
CHNHAMN,. | Rercherps ¥ech 435 13
™ 1930 185 atles, 1433 st ""‘D' 15'“2:3- _{K& oozl of Tpmephrie
%J , Horfung s Munch 03| 186 U Rabbits
(WY Ottes, 1432 16! 9 f (Martung) (atles)
Awphefamime MWL
#
Mrmmdrrlrocobsen d) Barbour, 1416 165 MLD 2260mmg K {13 o Epivehmd
@ attes, s 1ef ﬂasama @30 st soboufan. Movse S " Too O TPIMPAN
eohCfs  |wocdttuffyCongeyiaiB| 34 | drles, 1453 1es (Marturn ) (attes)
M,
5 N .
Monnchy Jacobsen, | 7 X0 % INCredse m
Q Juo ! Geesrr;k;]ager 76 arferial pressure
h,-TH CH Loocd rugf Cor 1as
o, raa&‘ﬁ’ 3
# woed ruff 1 >4 Weoadrudt ¥ (onger: “The|pharmacological sults witt
1a3e apgear elewhere "
g
H
Q > Y " ° " " 13}
»SJ—( Mz
l\’}OH' " " " L " e
EH;(’{-LCH;
nrt




TABLE III

39
(continued)
SYNTHES IS PHARMACOLOGY
Author,Year | Ref, | Author,Year| Ref. Toxicity |[Pressor Act.
™ iuwdru-ﬂw Gnger, | 34 woodrutf ¥ Corgel: The ghormacologricol re%nﬂs wi
g H ey ta3g appojar efsewhere "
oo
S Tota not signican!
JyoH Mannich v Jacobsen not sqnricad .
& e o atles, 1233 5 hiwujticient sample | 5o of Ept pephrive
CH,-€H-CHs aNes, 1632 €1
OHL
3
A sl Mannidh v Jacobsen, 71
P 1ato
", -eN-CHs de v Buck, 1940 78
e,
e
"’D@cﬂ' Battzly« Buck, 40 | 82
He-CH-CH3
MH:.-
@ Kabe Htwﬁlgk’ben, 180 mf-mquwm,'mq 49 MLD TEmg. /Mg, M_‘a—m E’,QU.MS
; . Bartung Muwds, ik 1.v. Rabbit 0- .
. ,CHonCH-en~  |Cathies,Nagay  Eber- Ay E] ephedrine
"Dmpadrmé' Sm;, hera, m'gq 18 Loresshey |, 143
B .
\ Martung, Munch, Mitks Hhartung Muxch Mter | MLD too-1z5mg fig. | 15Hmes as achve
31 G a3 VU Rabbrt ;
4 oy |TOTssley, 193 Ylosley, 13t be as propadrine
NH2
MLD 359, ’ks A 2l ',ne
" " " 14, Rabb# 2ot p '
HoH-CH-€H )
NH,.
H MLD (g fig, | 3times as achve
@O " " Y] 1.U. Babbit as ywmarhne
HOHQILL Hs Temter, 1632 159
3
Forfhcam:hg
CHR-EN—CHy
OH 2
‘ . 40 my [ry. ve tha
Harfung, Mund, ity | -, Hartung Murd,Mile) | MED ", mi /M. | less c:!d"we "
yCrosiey, 1930 + Crossley, 103) Ly, Rapby piopadrme
oW - ¢H-C ¥ '
MH,
MLD 250y fxg .
%ﬁ:ﬂ " “ " “ 1V Bebbit Same s prepodrme
A H-CH3
He
0K " " MED Mg [ kg, 2 fimes as c‘icﬁue
@ " . v, Popbit as  propadyime
€M Ta"i‘m, 134 |4q
[N
s
OCHy .
@ Now bemg reporfec)
Hott CH-CH:




40
AIM OF RESEARCH

e+Phenethylamine has been shown to be an active pressor
sgent. Structurally, mescaline bears the same skeleton and
consequently 1t would not be too much to expect mescaline at
least to exert some pressor activity. Yet, mescaline appar-
ently does not. Could this be because of the presence of three
methoxyl groups vicinal to each other on the aromatic ring?
Does the presence of these methoxyl groups influence the mole~
cule to such an extent as to prevent amine oxidase from attack=-
ing the AR-CHo-NH, linkage, to annihilate the pressor activity
which is the intrinsic property of the g-phenethylamine struc-
ture, to direct the physiological activity selectively to visu-
al centers, and to produce a happy state of euphoria?

If such changes can be derived, what might be the result-
ant physiological characteristics of a molecule which combilnes
the 3,4,5-trimethoxyl molety with that of a molecular molety
known to be less toxic, orally active and a pressor? Would
such a compound produce in responsive tissues a sense of uni-
versal well-being and a colorful perspective?

In sincere hopes of finding answers to some of these ques-
tions especially the answer to the relation between nature of
response and the presence and position of the methoxyl groups
on the nucleus, syntheses of four propadrine derivatives were
undertaken: 3,4,5-trimethoxy-, 3,4-~dlmethoxy-, 3,5-dimethoxy-

and 3,5-dimethoxy~-4-hydroxypropadrines.
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CHz0 HO
CHz0 OCHz CHz0,/

) OCHz

CHOH-GH-CHg CHOH~CH-CH
3
for for,
3454,5-Trimethoxypropadrine 3 y,0=Dimethoxy~4-hydroxy-
propadrine
OCHgz
CHz0 OCHz NoCHz
CHOH-CH-CH3z CHOH-CH-~CHg
%Hz NHo
3,5-Dimethoxypropadrine 3,4-Dimethoxypropadrine !

By the study of these compounds it is hoped that sufficient
data may be obtained to enable one to understand better, even in
a small way, the problem of biochemorphology.....the relation

between chemical structure and physiologlcal activity.

SURVEY OF AVAILABLE METHODS OF APPROACH

It is known that ketones of the type AR-CO-CHo-R may read=-
ily be nitrosated and the product catalytically reduced to the
corresponding amino alcohols:

RONO (H) o
AR-C0-CHg CHz—z——>= AR~C0-(=CHz ——== AR-CHOH-CH=-CHgz
HCL %OH ﬂHg
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This scheme of reaction has been successfully applied to alkyl,
hydroxyl and methoxyl ring substituted derivatives of phenyl-
propanolamines (31,52,115). Since both the nitrosation and
catalytie reduction reactions have given excellent results, it
was proposed to follow this plan in this study.

The bulk of the problem lay in the synthesis of the appro-

priate ketones.

3,4,5-Trimethoxy- and 3,5-Dimethoxy-4-hydroxypropiophenones

At the time Bogert and Isham (116) first began their work
on ketones derived from trimethylgallic acid, they found that
Nencki (117) and Mannich and Hahn (118) had obtained ketones
of the Type I by the application of Friedel=-Crafts reaction to
trimethylpyrogallol, but of the lisomeric Type 11 only one ref-
erence was found in the literature. This reference was by
Mauthner (119) who had prepared the 3,4,5~trimethoxyacetophe-
none from trimethylgalliic aldehyde by the action of diazometh-

anee.
OCH3 OCHj3
" ocHg CHz0 OCH3
| OCH
CO-R CO-R
Type I Type II

In 1914 Bogert and Isham succeeded in preparing the com-
pound described by Mauthner and a number of others of this

type (Type IT) by taking the olefins secured in their Grignard
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reactions and treating them with ozone according to Harrles!

method:

} OCH3
CoHsMgBr
CO-0CHz
OCH3z
(0z) + CHzCHO + H0
CO-GCoHg

Mauthner in 1925 (120) prepared the same propiophenone
derivative by another method.

In 1936 Asahina (121) prepared it in this manner:

CH30 CHz0
crso ,

\ OCH3

) OCHz CH30 4
5% NaoH :

CO~GH~-CO0~0CoHsg CO-CHoCHz

H3
Couturier in 1938 (122) carried out Grignard reactions on
hydroxy and alkoxy benzamides and obtained ketones. He synthe-

sized 3,4,5-trimethoxyproplophenone in this manner:
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CHz0 CH30

CHz0 OCH3 CH30/

Y OCHz
CoHsMgBr '

O-NHo CO-CoHs

A year later Haller and Schaffer (123) investigated the
course of reaction between isobutylmagnesium bromide and 3,4,
S5-trimethoxybenzonitrile at the refluxing temperature of tolu-
ene, In addition to the expected isobutyl ketone,.they obtain-

ed a phenolic ketone and a second neutral ketone,

CHz0 .
CHz0 OCH CHz0(/
3 3 CH3, M
+ - :
CHSQH CHoMgBr — |

CN
CHZ0 HO C4Hg

CHz OCH3 CHz0 0CHz  CHz0( Y OCH3
and and !

CO-CyHg CO-C4Hg CO-C4Hg

In 1942 Hurd and Winberg (124), at the suggestion of‘Hall—
er and Schaffer, continued the study of the behaviour of the
reaction between 3,4,5~trimethoxybenzonitrile and Grignard re-
agents and attempted to find the conditions which preferentially
tended to glve one of the products over the other, They found

that by increasing the molar ratio of the Grignard reagent from
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two and one-half to fourfold excess and the reaction time from
three to five hours at the refluxing temperature of toluene,
the yield of hydrolysis products may be greatly increased at
the expense of the trimethoxy ketone. However, at 40° and with
the longer reaction period cleavage of the ether linkage does
not occur, the only product being the trimethoxy ketone.
Hickenbottom (125) describes a method of preparation of

ketones using 2zinc alkyl halides on acyl halides,
R-C0-C1 + RZnX —— R~CO-R + ZnXCl

A reaction of this type has been applied to the synthesis of
aralkyl ketones by Mauthner (126),

CHgz
CoHsZnl
CO-Cl GO-~-CoHp
CH30 OCH3 CHz0 Y OCH3z
CoHsZnI '
CO-Cl CO-CoHp

Of these avallable methods, the method finally adopted for
the synthesis of 3,4,5-trimethoxyproplophenone was the method
of Haller and Schaffer, because 1n addition to the trimethoxyl
derivative 3,5-dimethoxy-4-~-hydroxypropiophencne was also desir-
ed, The method using zinc alkyl halide appeared to be a pro-
mising one; but due to the difficulty encountered in obtaining

the acid chloride in pure form, it was lald aside temporarily
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with the hope of developing the method in the event of fail-

ure of the method chosen first.

3,4-Dimethoxypropiophenone

The method adopted was the one used by Rosenmund and
Lohfert (127) who prepared propionyl catechol by Fries rear-
rangement of the catechol dipropionate. The technique of the
rearrangenme nt pursued was that used by Miller, Hartung, Rock

and Crossley (189),
HO 0COC,Hg

OH CoH5C0C1 0GOCsH5 _AlClz (f
(CS2) 7§

CO~02H5

The propionyl catechol was methylated by the usual method of

methylation using dimethyl sulfate and alkali,

3,5=-Dimethoxypropiophenone

Mauthner in 1924 (128) had prepared 3,5-dimethoxypropio=-
phenone by starting with 3,5-dimethoxybenzoic acid in the

following manners:

cHz0 ¢ ) 0CHz

CH=zCO-0C2H5

C0-CHp~C0-0CoHs
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CH30 OCHgz CHz0 OCHz
CHz T » Ho SO |
CoHsONa 25% \ 4
CO-GH-CO0-0CsHs CO-CoHg

éHg

However, due to lack of material that Mauthner used for his

initial reaction, the method followed in the Laboratory was

that of Suter and Weston (129). These workers began their

serles of reactions with a more elementary product, benzole

acid. The reactions are

CHzO0

CoHgMgBr
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EXPERIMENTAL

The experimental portion consisted of three general divi-

Sions and have been empirically developed in the following

order:

I. Synthesis of Ketones
II. Nitrosation of Ketones
III. Catalytic Reduction to Amino Alcohols

I. Synthesis of Ketones

Pour aralkoxy ketones were prepared. They were

CHz0 HO
CH30 OCHz CHz0 ¢ OCHg
GO~-CoHs CO-Cz2ls
34,4 ,5=-Trimethoxypropio~ 3,5~Dimethoxy~-4-hydroxy-
phenone propiophenone
OCHz
OCHz OCHgz
C0=-CgoHgy CO-CoHpg
3,4~-Dimethoxyproplophe=- 3,5~Dimethoxypropiophe~
none none

3,4,5-Trimethoxy~ and 3,5-dimethoxy-4-~hydroxypropiophenone

were prepared from gallic acid through the following series of
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reactions:

CHz0 CHz0 CHz0
CHz0/ N\ OCHz CH3zO OCH3
PCl ' +
Benzene » CoHgMgBr
CO-NHgo N
HO CH3
CH30 OCHz CHz0( ) OCHz CH,0
(HOR) +
=NMgBr CO~-CgoHs

Trimethylgallic acid

Gallic acid was methylated by following precisely the
method described by Mauthner (130).

To a cold solution of 80 g. (2 moles) of sodlum hydroxide
dissolved in 500 cc. of water in a three-necked one-liter flask
equipped with a mechanical stirrer, a reflux condenser and a
stopper, 50 g. (266 mole) of gallic aclid, Eastman technical
grade, was slowly added over a period of fifteen minutes with

continuous stirring until all the acid had dissolved. The solu-
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tion darkened due to oxidation; sodium bisulfite has been
recommended to prevent oxidatlion during methylation (131).
After the final addition of the acid, the stopper was replaced
by & dropping funnel.

Dimethyl sulfate, 89 g. (.71 mole), was added dropwise
and the flask continuously stirred for fifteen minutes before
the addition of a second portion. Heat was evolved in the re-
action; the flask was cooled by means of a water-ice bath in
order that the temperature did not rise above 30-35°, A sec-
ond portion of 89 g. of dimethyl sulfate was then added as
previously described. During the second addition the temper-
ature was allowed to rise to 40-45° and stirred for about
thirty minutes longer.

The contents of the reaction flask were refluxed for two
hours with continuous agitation. In order to saponify the
small amount of methyl ester which was produced, a solution
of 20 g. of sodimm hydroxide in 30 cc. of water was added and
refluxing continued gently for two additional hours.

The reaction mixture was cooled and the trimethylgallic
acid was forced to precipitate by acidification with dilute
hydrochloric acid. The precipltate was filtered with suction,
washed well with cold water and dried in air. A light tan
colored product weighing 52 g. (92% of the theoretical yield)
and melting at 157-160° was obtained. The crude acid was puri-
fied by recrystallization from hot water with the use of de-
colorizing charcoal., In thlis manner, colorless needles melt-
ing at 1659 were obtained. Melting point reported in the liter-~

ature was 1670 (130).
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3,4,5~-Trimethoxybenzamide

Finely powdered phosphorus pentachloride, weighing 29.3 g.
(.141 mole), was placed in a 250 cc. beaker containing 30 g.
(+141 mole) of pure trimethylgallic acid. The mixture was
gquickly stirred as well as conditions permitted. After a few
seconds, vigorous reaction took place causing liquefaction
and liberation of hydrogen chloride. The reaction mixture was
pPlaced on a steam bath for twenty minutes during which time
the product assumed colors varying from amber to violet. This
liquefied product was then slowly poured with stirring into a
400 cc., beaker containing 100 to 125 ce. of concentrated am=-
monium hydroxide with pieces of ice floating in it. Vigorous
sputtering occurred with the formation of a white to amber col-
ored precipitate. After the addition of the last portion of
the acid chloride, the product was allowed to stand in the re-
frigerator overnight. The precipltate and the crystals were
filtered with suction, washed with cold water and air dried.
The yield of the slightly amber colored product, melting at
176=177°, was 25.92 g. (87.2% of the theoretical). Melting
points reported in the llterature is 176°. The colored pro-
duct can be purified by decolorization with charcoal and recrys-
tallized from water to yield colorless crystals; the melting
point does not change.

The method pursued was an elaboration of the technigue
used by Hurd and Winberg (124). Their method was followed ver-
batim for about fifteen runs and the best yield obtained was

65%. Instead of "adding an excess of concentrated ammonium
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hydroxide to the residue," the procedure was reversed by add-
ing the acid chloride to the excess concentrated ammonium hy-

droxide as described above.

3,4,5=-Trimethoxybenzonitrile

344,5-Trimethoxybenzamide, weighing 44.3 g. (.21 mole),
was introduced into a three-liter round-bottomed flask equip-
ped with an efficient reflux condenser and 1.5 liters of com-
mercial benzene added. The material was partially dissolved
by means of slight heating. Then 43.6 g. (.21 mole) of phos-
phorus pentachloride was finely powdered in a mortar under a
hood and slowly introduced into the reaction flask., The mix-
ture was gently refluxed inﬁermittently for a period of fif-
teen hours. At the close of this period, benzene was removed
by distillation under reduced pressure until a dark semi-solid
residue was obtained.

The residue was extracted with five 150-200 c¢c¢. portions
of isopropyl ether using sufficient heat to obtain a saturated
gsolution for each extraction. After storing the ethereal ex-
tracts overnight in the refrigerator, shiny and yellowish
needle-like crystals were obtained which after air-drying pos-
sessed a strong odor of phosphorus pentachloride or hydrogen
chloride. These crystals were then stirred into cold distilled
water, filtered with suction, washed four or five times with
small portions of cold distilled water and the product dried
in a desiccator over calcium chloride and later transferred to

a deslccator containing phosphorus pentoxide. A yield of 39 g.
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(97.5% of the theoretical) of the tan colored material melting
at 90-920 was obtained. Further purification by repeatedly re-
crystallizing from dry isopropyl ether resulted in colorless
crystals melting sharply at 91.1-91.2° (Anschutz thermometer).
This method is essentially the same as that described
briefly by Hurd and Winberg (124) in whose directions experi-

mental detalils were lacking.

3,4,5=-Trimethoxy- and 3,5-Dimethoxy-4-hydroxypropiophenone

Preliminary Notes

Magnesium turnings used in the Grignard reaction were pre-
pared by drying the bright commercial turnings in a shallow
beaker in a desiccator over phosphorus pentoxide for four to
six months prior to its use.

Ether used in the Grignard reaction was prepared by allow-
ing commercial diethyl ether (Baker!s) to stand in amber color-
ed one gallon bottle containing one pound of anhydrous calcium
chloride (8 mesh) filled to its capacity and allowed to dehy-
drate for six months.

Toluene used in conjunction with ether in the Grignard re-
action was prepared by drying commercial toluene with anhydrous
calcium chloride overnight and storing it for six months in an
amber colored one gallon bottle containing sodium wire.

The apparatus used for the Grignard reactlion was assembled
and prepared in the followling manner:

A one liter three-necked flask was equipped with an elec-

trically drliven, efflcient, snugly fitting glass stirrer lubri-
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cated with heavy liquid petrolatum; a reflux condenser with sa
drying tube containing alternating layers of anhydrous calcium
chloride and soda lime; and a 125 cec. dropping funnel stopper-
ed with another drying tube similarly fashioned. Paraffined
cork stoppers were used for all connections, except for the
conmnection holding the stirrer which was a rubber stopper clean-
ed with benzene. This apparatus was heated with a low flame si-
multaneously sweeping dry air through 1t for at least five hours
and allowing it to stand overnight before use.

The procedure followed was precisely the same as that de-
scribed by Haller and Schaffer (123) who used isobutyl magne-

g8ium bromide as thelir Grignard reagent.

The Grignard Reaction

To the Grignard reagent, prepared from 27.2 g. (.25 mole)
of ethyl bromide in 265 cc. of dry ether and 6.,08 g. (.25 mole)
magne sium turnings, 19.3 g. (.1 mole) of 3,4,5-trimethoxybenzo=~
nitrile dissolved in 200 cc. of dry toluene was slowly added
dropwise over a period of thirty minutes. The reaction mix-
ture was then heated and refluxed by means of an oil bath at 40-
55° for two hours. After this period the ether was removed by
reduced pressure distillation from the top of the reflux con-
denser and dry toluene added to maintain the original volume.
This replacement was necessary because accordlng to Haller and
Schaffer, when the reaction was carried out in ether only, in
which the nitrile is slightly soluble, about two-thirds of the

starting material was recovered unchanged,
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After all of the ether had been replaced by toluene the
mixture was refluxed for three hours at the refluxing tempera-
ture of toluene. The reaction mixture was allowed to cool
slightly and then poured with stirring into a beaker contain-
ing 30 cc. of concentrated hydrochloric acid and ice. The ag-
ueous layer which contains the hydrochloride of the ketimide
was washed twice with ether (E) to remove traces of unreacted
nitrile, placed in an open beaker and heated on the steam bath
until all the dissolved ether was removed. The agueous layer
(C) was then boiled for two hours under reflux and cocoled.

The dark brown colored oll that separated as a result of hydro-
lysis was removed by extraction with fifteen 75 cc. portions of
ether. The ethereal extract was then washed five times with
100 cc. portions of 5% sodium hydroxide (A) twice with distilled
water and the ethereal solution (B) contalning the 3,4,5-tri-
methoxypropiophenone was dried with anhydrous sodium sulfate
overnight.

When the crude ethereal extract was washed with the first
100 cc. portion of 5% sodium hydroxide, the alkaline aqueous
layer became dark showing slight oxidation due to the presence
of free phenolic hydroxyl group which subsequently formed the
sodium phenolate. This alkali soluble fraction (A) was acildi-
fied with dilute sulfuric acid and the separated product com-
pletely removed by extraction with ether. The ethereal solu-
tion (D) which now contained the 3,5-dimethoxy-4-hydroxypropio-
phenone was washed with three 100 cc, portions of water and

dried with anhydrous sodium sulfate overnlght,
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On removal of ether from the ethereal solution (D) under
reduced pressure, buff colored velvety crystals were obtained
which melted at 96-100°. Yield of this crude product was 3 g.
or 14.2% of the theoretical assuming complete reduction to 3,5-
dimethoxy-4-hydroxypropiophenone. Dilute alcoholic solution
of this product gave a green coloration with ferric chloride
test solution thus indicating a free phenolic hydroxy group.
When purified by dissolving in absolute alecohol and forcing out
with ether, white crystals resulted which melted at 109.0° (An-
schutz thermometer). Value reported in the literature was 109-
110° (190).

The amber colored crystalline mass remaining after the
removal of ether from the ethereal solution (B) was distilled
under reduced pressure. On cooling, 12.5 g. (55.8% of the theo-
retical) of colorless crystals, melting at 520, were obtained,
Bogert and Isham (116) reported 53.5° for this product which
they obtained in glistening colorless crystals by recrystalliz-
ing the brownish crystalline mass from ligroin. Asahina (121)
reported 53°, Mauthner (120) observed 51-52°.

The organic layer (E) was evaporated to dryness on a steam
bath and several extractions were made with isopropyl ether.
The isopropyl ether was allowed to evaporate spontaneously un-
til crystallization was induced, then filtered by usling suction
and recrystallized again from isopropyl ether. These crystals

when dried melted sharply at 920 and hence were identified as

unreacted 3,4,5-trimethoxybenzonitrile,
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3 ,4-Dinmethoxypropiophenone

Catechol Dipropionate

In a capacious beaker, 55 g. (.5 mole) of catechol and
92.5 g. (1 mole) of propionyl chloride were placed. Almost
immediately liberation of hydrogen chloride and effervescence
occurred. The reacting substances were placed on a steam bath
for thirty minutes at which time the reaction subsided, result-

ing in a dark brown colored oil. This oil was taken up in 200

cc. of ether and the ethereal solution was washed three times
with 25 cc. portions of 10% sodium hydroxide solution to re-
move the unreacted portion of catechol. The washed ethereal
solution was placed in a large porcelain evaporating dish and
the ether removed using steam bath, and the residual oleagin-
ous product was distilled under reduced pressure. In this
manner, 99.5 g. or 89.6% of the theoretical yield of the clear,
colorless product distilling at 196-97°/60 mm. was obtained.
Constants described in the literature by Rosenmund and Lohfert
(127) for catechol dipropionate are 281°9/760 mm. and 153-570/

14 mm,

Propionyl Catechol

This ketone was prepared according to the method of Miller,
Hartung, Rock and Crossley (189) with slight modifications.

In a one liter, three-necked flask, equipped with a stir-
rer, a dropping funnel, and a reflux condenser, 65 g. of anhy-

drous aluminum chloride and 400 cc. of carbon disulfide were
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11 g. (.1 mole) of catechol in 22,2 g. (.1 mole) of catechol
dipropionate; the addition which was governed by the rate of
refluxing took about ten minutes. Stirring was continued at
room temperature under a hood until the vigorous reaction sub-
sided. The reaction flask was placed on a steam bath for thir-
ty minutes and gently refluxed. The reflux condenser was then
removed and heating continued until carbon disulfide was re-
moved and left a slight yellow colored unctuous mass. Dilute
hydrochloriec acid (1l:1), 300 cc., was cautiously added over a
period of fifteen minutes and agitated until complete solution
resulted. When sufficiently cooled, the supernatant oil was
extracted with four 100 cc. portions of benzene. The benzene
from the combined extracts was partially removed under pres-
sure, and the residual benzene solution was placed in a beaker
and stored in the refrigerator overnight. In the morning, col-
orless crystals were filtered off and placed in a vacuum desic-
cator until dry. A product melting at 165° was obtalned and

the yield was 11l g. or 33.4% of the theoretical.

3,4-Dimethoxypropiophenone

A solution of sodium hydroxide was prepared by dissolving
15 ge (4375 mole) in 100 cc. of water and cooled to room tem-
perature and placed in a three-necked flask equipped with a re-
flux condenser, a mechanical stirrer, and a dropping funnel.
Propionyl catechol, 9 ge. (.054 mole), was added; darkening of
color occurred due to oxidation. Dimethyl sulfate, 15 g. (.12

mole), was added with constant agitation over a period of thir-
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ty minutes. The reaction flask became warm. After the addi-
tion of all of the dimethyl sulfate, an additional portion of
15 g. of dimethyl sulfate was added at the same rate as the
first portion. At the end of this addition, 10 cc. of 10%
sodlum hydroxide was added and refluxing maintained for three
hours with the aid of gentle heat.

The reaction mixture was cooled and extracted several
times with 30~50 cc. portions of benzene. The combined ben-
zene extracts were placed overnight over anhydrous sodium sul-
fate; the solvent was removéd under reduced pressure until a
thick 0il was obtained. The thick oil was placed 1in a vac-
uum desiceator containing paraffin shavings until crystalli-
zation occurred. The dark colored crystalline mass thus ob-
tained was purified by crystallization from petroleum ether
and a product melting at 62-63° was obtained and the yileld
was 4.3 g. or 43% of the theoretical. The yield for the com-

pound could be greatly improved.

3,5-Dimethoxypropiophenone

In a one liter three-necked flask equipped with an effi-
cient stirrer, a reflux condenser, and a thermometer, was
placed 375 g. of 20% sulfuric acid oleum. Heating and stir-
ring were commenced until a temperature of 175-2000 was reach-
ed. One mole (122 g.) of benzoic acld was carefully intro-
duced over a period of time. After the final addition, the
mixture was heated %o 240-50° and kept there for a period of

six to eight hours,
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The sulfonation mixture was cooled and was slowly poured,
with constant stirring, into a large beaker containing 500-
750 ge. of ice. The sulfonic acid passed into solution. Some
sulfone was formed during the reaction but this was removed by
filtration. A suspension of barium carbonate, prepared by mix-
ing 250 g. of barium carbonate and 500 cc. of water, was cauti-
ously introduced into the acid mixture. The addition was con-
tinued until the solution was no longer acid to litmuse. Barium
sulfate which had precipitated out was removed by filtration.
The filtrate containing the barium salt of 3,5-dihydroxybenzoic
acid was concentrated to dryness on a steam bath until the salt
crystallized out.

The barium salt was fused with equal weights of sodium
and potassium hydroxide at 280-310° for one hour. After cool~
ing, the reaction mixture was carefully dissolved in water,
cooled and acidified with concentrated hydrochloric acid. This
mixture was placed in the ice box until crystallization occurred.
The product was filtered and purified by decolorization with
charcoal and recrystallized from hot water. The purified com-
pound melted at 212-215° and weighed 45 g. or 37.5% of the theo-
retical weight. Melting point reported im the literature (129)

was 230°; mixed melting point caused no depression.

3,5=-Dimethoxybenzoic acid

One-half mole of sodium hydroxide (20 g.) was dissolved

in 160 cc. of water, placed in a 500 cc. three-necked flask

equipped with a condenser, a mechanical stirrer and a dropping
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funnel, and cooled to about 15°, with stirring, ll.4 g.
(+074 mole) of 3,5-dihydroxy benzoic acid was slowly added
over a period of fifteen minutes. This constant agitation
was kept up throughout the course of the experiment.

Dimethyl sulfate (26.8 g., +217 mole) was slowly added
dropwise., Temperature rise was noted. A second portion of
20 cces of dimethyl sulfate was added similarly and the reac-
tion mixture refluxed géntly for two hours. In order to sapo-
nify the methyl ester, the mixture was made distinctly alkaline
to litmus and refluxing continued for two additional hours,

The product was cooled and acidified with dilute hydro-
chloric acid. The precipitate was filtered by suction, washed
with cold water and dried in air; 1l.4 g. (84.5% of the theo-
retical) of the tan colored product sintering at 171° and melt-
ing at 1770 was obtained. This product was not purified any
further,

This method of syntheslis is an adaptation of Mauthner's

method of methylation (130).

3,5-Dimethoxybenzamlde

Phosphorus pentachloride, weighing 11.4 g. (.055 mole),
was flnely powdered in a mortar under a hood and added into a
150 cc. beaker containing 10 g. (055 mole) of finely powder-
ed 3,5-dimethoxybenzoic acid. The mixture was well agitated
with a stirring rod until fumes of hydrogen chloride were
given off and effervescense resulted, and then placed on a

steam bath for fifteen minutes.
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The amber colored liquefied product was cautiously pour-
ed with constant stirring into a 400 cc. beaker containing 100
cce. of concentrated ammonium hydroxide with pleces of ice float-
ing in it. A slightly yellow colored precipitate immediately
formed; the product was set aside in the refrigerator over-
night. The precipitate and the fine needle~like crystals were
filtered with suction, washed with cold water, decolorized with
charcocal and recrystallized from water. In this manner, 6.6 g.
(66.4%4 of the theoretical) of the colorless crystals of the
amide melting at 145° were obtalned. Suter and Weston (129)
reported 146°. Mauthner (133) has obtained 148-149°,

3,5-Dimethoxypropiophnenone

The method pursued for this synthesis was essentially
the same as the general one reported by Suter and Weston (129).
Grignard reagent was prepared from 18.4 g. (.766 mole) of dry
magnesium turnings, 83.3 g« (766 mole) of purified ethyl bro-
mide (Bakert's) and 200 cc. of dry ether in the apparatus pre-
viously described. (See "Preliminary Notes" on page 53.)
3,5-Dimethoxybenzamide (23.5 ge¢, 1296 mole), previously dried
for one week over phosphorus pentoxide 1n a wvacuum desiccator,
was i1ntroduced into the reactlion flask by means of a 125 cce.
Erlenmeyer flask connected to the reaction flask with a rub-
ber sleeve and fed in as rapidly as the refluxing of the ether
would permit. A further 300 cc. portion of dry ether was add-
ed and the reaction mixture was refluxed and stirred intermit-

tently for seventy-two hours. A slightly greenish buff color-
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ed precipitate resulted in the reaction flask.

The product was slowly poured into a liter bezker con-
taining a mixture of ice and 75 cc. of concentrated sulfuric
acid. The aqueous layer was separated, placed on a steam
bath until all of the dissolved ether was removed and then
refluxed for three hours. The dark olly layer was removed
by extraction with ten 75 cc. portions of ether. The combin-
ed ethereal extracts were then washed twice with water and
dried with anhydrous sodium sulfate overnight.

On removal of the ether under reduced pressure and dis-
tilling the residue under similar condition, there was obtain-
ed 21 g. (84% of the theoretical) of an almost colorless oil
which solidified into & crystalline mass. The crystals were
washed with ice water and dried; the colorless crystals thus
obtained melted at 33.5° (Anschutz thermometer). Suter and

WWeston reported 32,5°. Mauthner (128) reported 34-35°,

II. Nitrosation of Ketones

Claisen and Manasse (134) first described in 1889 a nitro-
sation reaction applicable to ketones producing oximinoketones

according to the following equation:

L Q
~GO-CHo-R -C0-G=R
@ p0~Cle HC1 N NOH

By using methyl nitrite as the nitrosation agent, Slater (135)

was able to prepare these lsonitrosoketones in pure and in

good yilelds. Hartung and hlis associates further showed this
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nitrosation reaction is a general one and can be applied to
aromatic ketones containing various positive or negative sub-
stituents on the nucleus.

In this investigation, this general nitrosation reaction
was applied to the alkoxylated propiophenones using n-butyl
nitrite as the nitrosating agent following the procedure exact-

ly as outlined by Hartung and Munch (136).

General Nitrosation Procedure

A liter, three-necked, round-bottomed flask is fitted
with an electrically driven, snugly-fitting, efficient glass
stirrer lubricated with heavy liqguid petrolatum, a reflux con-
denser and a tapering glass delivery tube for the hydrogen
chloride. The dry hydrogen chloride generator consisted of =a
liter round-bottomed flask, contalning the concentrated hydro-
chloric acid, stoppered with an outlet tube and a 125 cc. sepa-
ratory funnel contalning the concentrated sulfuric acid. The
hydrogen chloride outlet tube passed through a series of three
125 ecc. Erlienmeyer flasks, the center Erlenmeyer flask contain-
ing sufficient concentrated sulfuric acid to allow the delivery
tube to dip slightly below the surface of the acid, and the re-
maining two Erlenmeyer flasks being empty and acting as safety
flasks.,

The appropriate ketone (varying in weight from .03 to .28
mole) was placed in the reaction flask and 350 to 400 cec. of
commercial ether added and stirred untll solution was effected.

Hydrogen chloride gas was generated and passed through the
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stirred solution at the rate of two to three bubbles per sec-
ond, stirring and the addition of the gas belng continued
throughout the reaction. After the ether solution was satu-
rated with hydrogen chloride (10 to 15 minutes) recently pre=-
pared or freshly distilled n-butyl nitrite, b.p. 75-81°, was
added through the reflux condenser in 2 to 3 cc¢c. portions un-
til the amount of n-butyl nitrite equivalent to the amount of
the ketone taken was added.

After the addition of the first portion the reaction mix-
ture slowly became orange-bfown and after several minutes a
lighter color, after which a second portion was added. These
color changes occurred after the addition of each gubsequent
portion of the nitrite. After the addition of the last sever-
21 portions, the orange-brown color remained. During the re-
action the mixture gradually warmed up and gentle refluxing
occurred. After all of the n-butyl nitrite had been added,
stirring and the addition of the hydrogen chloride were con-
tinued for another fifteen minutes and the mixture was then
allowed to stand overnight at room temperature during which
time it became quite darke.

The ethereal solution was slowly stirred into a dilute
sodium hydroxide solution contalning pieces of ice and the
ethereal layer was repeatedly extracted with the cold alksali
until no more product was obtalned. The alkaline extracts
were slowly stirred into concentrated hydrochloric acid con-
taining sufficient ice to keep the reacting mixture cool. 1In

thlis manner white crystals of appropriate isonitrosopropiophe-
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nones were obtained in varying amounts of yields of 36 to Bé%.
These crystals were further purified by the use of suitable

solventse.

n-Butyl Nitrite

n-Butyl nitrite used in these experlments was prepared by
the method of Noyes (137). In a three liter, three-necked,
round-bottomed flask, fitted with a mechanical stirrer, a sepa-
ratory funnel extending to the bottom of the flask and s thermo-
meter, were placed 380 g. (5.5 mole) of chemically pure sodium
nitrite and 1500 cc. of water. The flask was surrounded by an
ice-salt mixture, and the solution stirred until the temperature
reached 0°, A mixture of 100 cc. of water, 136 cc. (250 g., 2.5
mole) of concentrated sulfuric acid and 457 cc. (370 g., 5 mole)
of commercial n-butyl alcohol previously cooled to 0° was intro-
duced by means of the separatory funnel beneath the surface of
the nitrite solution with stirringe.

The alcoholic solution was added slowly enough so that prac-
tically no gas was evolved; the temperature was kept at 0° + 1.
The resulting mixbure was allowed to stand in an lce-salt bath
until it separated into layers, and the llquid layers were de-
canted from the sodium sulfate into a separatory funnel., The
lower aqueous layer was removed and the butyl nitrite layer wash-
ed twice with 50 cc¢. portions of a solution containing 2 g. of
sodium bicarbonate and 25 g. of sodium chloride in 100 cc. of
water. After drying over 20 ge. of anhydrous sodium sulfate, the

yield of practically pure butyl nitrite amounting to 440 g.(85%)



67

was obtalned. This product was distilled under reduced pres-
sure, and in this mammer 4Q0 g. of pure n-butyl nitrite was

obtained. n-Butyl nitrite boils at 75° at atmospheric pressure.

Qualitative Test for Oximatlion

A few tenths of a gram of the products obtained from the
general nitrosation reaction was dissolved in dilute alcohol;
a few drops of a saturated solution of hydroxylamine sulfate
was added and the mixture carefully made alkaline with a few
drops of dilute solution of sodium hydroxide until alkaline to
litmis. It was then placed in a water bath for ten minutes
and a2 few drops of ammoniacal nickel sulfate solution added.
Immediate brilliant red colored precipitates indicated the pre-
sence of the appropriate glyoximes and hence the formation of

the appropriate oximinoketones from the nitrosation reactions.

In this prescribed manner, the general nitrosation reac-
tion was applied to 3,4,5-trimethoxypropiophenone, 3,5-dimeth-
oxy~4-hydroxypropiophenone, 3,4-dimethoxyproplophenone and 3,5-
dimethoxypropiophenone. The conditions, results and some physi-

cal data of these reactions are summarized in Table IV.
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'III. CATALYTILC REDUCTION TO AMINO ALCOHOLS

Up to the time of Rosenmund and Pfankuch (138) catalytic
reduction of oximes and nitriles gave a mixture of primary and
secondary amines with the latter often predominating (139,140,
141). In each of these instances the n;ture of the solvent was
neutral being either aqueous or non-agueous,

Rosenmund and Pfankuch were the first to prevent the for-
mation of the secondary amine by using the acetate of the ox~
ime and an acetic acid solution of the nitrile. Two years
later Carothers and Jones (1l42), using platinum catalyst in
acetic anhydride solvent, reduced several nitriles to the cor-
responding primary amines, lsolating them as their acetyl de~
rivatives.

In the extension of this problem, Hartung (143,144) was
able to reduce catalytically oximes to the primary amines un-
contaminated with the secondary amines by the use of three
equivalents of hydrogen chloride in absolute alcohol in the
reduction mixture and using palladinized charcoal as a cata-
lyst. Results of the study under such conditions indicated

the following:

1- All isonitrosoketones in which the aromatic
portion is a hydrocarbon radical; that is,
phenyl, m=- and p-tolyl, napthyl, the reduc-
tion goes smoothly and completely to the cor-

responding amino alcohol.

2~ In those cases where the aromatic portion of
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the molecule is substituted by a phenolic
hydroxyl or its methyl ether, the reduction
stops at the amino ketone stage and the re-
sulting compound may be isolated and purified
as its salts, and then reduced to the corres
sponding amino alcohol in agueous solution

with a new catalyst.

3= The influence of hydrogen chloride operates in
three distinet ways. Pirst, it is responsible
for the hydrogenation of the oximino portion:
second, 1t has a marked effect on the rate of
hydrogenation; and third, it prevents the for-
mation of contaminating secondary and tertiary

bases.

This method of catalytic reduction has been successfully
carried out in these Laboratories by Foster (44) in the syn-
thesis of p-aminopropadrine, by Zenitz (59) in the synthesis
of halogen ring substituted propadrines, by Barry (145) in the
synthesis of #-aminoacids, by Dittrich (146) in the synthesis
of A-~amino-8-~hydroxyacids, and by Gakenheimer (147) in the syn-
thesgis of aminoalcohols of pharmacologic ilnterest.

In this final phase of the investigation, the aralkoxy
oximinoketones were catalytically reduced ultimately to the

corresponding amino alcohols pursuing the reduction method men-

tioned above.
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All-glass Hydrogenator

The apparatus used was the one devised by Hartung con-
sisting essentially of a reaction flask, a mechanical agitator,
a train of devices to dry the hydrogen gas, an aspirator, and
a pair of inverted graduated cylinders containing hydrogen gas
under approximately thirty inches of hydrostatic pressure.

The apparatus is nearly of all-glass construction.

Preparation of Catalyst

In a 125 ec. round-bottomed flask, .3 g. of palladium
chloride (10% of the weight of charcoal), 3 g. of Nuchar (Acti-
vated Vegetable Carbon, Industrial Chemical Sales, New York
City) and 100 cc. of distilled water were placed; this flask
was then fitted onto the hydrogenator. The air was removed by
evacuating the apparatus, filling it with hydrogen and repeat-
ing the process at least four times; this left an atmosphere
of practically pure hydrogen. Agltation was allowed to go on
until no more hydrogen was taken up. The catalyst thus obbtain-
ed was filltered off, washed thoroughly with distilled water,
finally once with ethyl alcohol and was kept in a vacuum desic-
cator over concentrated sulfuric acid for at least overnight
before use.

Hartung (148) has pointed out that the use of sodium ace-
tate in the preparation of the palladium charcoal produces a
catalyst of high activity. This type of catalyst was used in
geveral of the reduction reactions because of somewhat sluggish

results obtained from use of the catalyst not prepared through
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the intermediation of sodium acetate. Catalyst so prepared
was used over and over again and still retained its activity.
The method of preparation was essentially the same except for
the use of 100 cc, of 1 N sodium acetate in place of the 100
ce, of distilled water,

Reduction of 3,4,5-Trimethoxyisonitrosopropiophenone

CHzO CHz0
CHz0 ocHs pd cHz0( Y OCHz
2 —ZIcoholic HOL |
CO-G-CHz 'CO-GH-CHz
NOH NHo *HC1

Into a 125 cc., reaction flask, 2.53 g. (.0l mole) of the
purified 3,4,5-trimethoxylsonitrosopropiophencone and 33.cc.
of 2.12 N alcoholic hydrogen chloride (approximately three e-
guivalents of hydrogen chloride) and 17 cc., of commercial
absolute alcohol were placed and agitated until complete so=-~
lution resulted. About 3 g. of the freshly prepared palladin-
ized charcoal catalyst was then introduced and the flask fitted
onto the hydrogenating apparatus. The ailr was removed by evacu-
ating the apparatus, filling it with hydrogen and repeating the
process at least four times. No hydrogen was taken up until
agitation was begun. Hydrogen uptake was rapid at first and
gradually tapered off until no more hydrogen was taken up.

Data were collected and plotted (amount of hydrogen ab-
sorbed on the ordinate and time on the abscissa) during the

progress of the reduction. The plotted curve reached a maxi-
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mm in forty minutes and plateaued off to a constant wvalue

when approximately two moles of hydrogen were taken up, indi-

cating that the reduction proceeded to the aﬁinoketone stage

and stopped. The behaviour seems to be a general one with

methoxy ring substituted isonitrosopropiophenone; and it is in

agreement with the observation made by Hartung (144) who noted

and concluded that when the aromatic portion is substituted by

a phenolic hydroxyl or its methyl ether, the reduction in acid

medium stops at the aminoketone stage.

The course of the reduction proceeded in the following

manner:

Time in Minutes

0

8
13
16
18
22
25
27
32
37
44
49

52
57

Hydrogen Absorbed in cc.i

0
165
240
270
300
345
380
400
430
450
460

465(two equivalents)

465
465

% A1l readings of the amount of hydrogen
absorbed reported in this dissertation
are uncorrected for temperature and

pressure,

The reaction mixture was separated from the catalyst by

filtration. Flltration was repeated twice more to remove com-

pletely fragments of charcoal in the filtrate.

During the fil-

tration it was observed that the charcoal catalyst had a whit-
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ish appearance. This was due to the low solubility of the
aminoketone hydrochloride in the alcohol since more yields
were able to be obtained upon elutriation of the charcoal
catalyst with 95% alcohol. White crystals separated from
the combined alcoholic solution on standing overnight at
room temperature. The yield was 1.7 g. (70.8% of the theo-
retical)., The crystals of hydrochloride salt melted with
frothing, evolution of gas and decomposition into a dark
brown porous substance at 248-49C. (Anschutz thermometer used).
Small sample of an aqueous solution of the crystals reduced
Fehling's solution on warming. KJjeldahl (Hengar techniqgue):
Nitrogen calculated for Cqy5Hy704N+HCL, 5.08%; Nitrogen found,

5.,01% and 4.99%.

Reduction of 3,4,5~-Trimethoxyphenyl-c~=aminopropiophenonse

CHz0

CH:BO 0033
Pd o
Water T A/
CO~CH-CH3 CHOH-CH-CHz
NHo *HC1 NHo *HCL

Pure 3,4,5-trimethoxyphenyl=«s-aminopropliophenone hydro-
chloride, 1.0 g. (.0036 mole), was introduced into a 125 cec.
reaction flask and 60 cc. of distilled water was added. TUs=
ing 2 g. of the freshly prepared palladinized charcoal cata-
lyst, the product was hydrogenated in the usual manner. Re-
duction proceeded smoothly and was completed in thirty-five

minmites when one equivalent of hydrogen was taken up as indi-
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cated in the data below:

Time in Minutes Hydrogen Absorbed in cec,
0o 0
5 30
10 50
15 60
20 75
25 85
30 87
35 90 (one equivalent)
40 20
45 20

The aqueous reaction mixture was filtered with suction
until clear. It was then placed in a vacuum desiccator over
concentrated sulfuric acid and evacuated until an amber colored
solid residue, 0.7 g. (70% of the theoretical), was obtained.
A small portion of this residue was dissolved in the smallest
quantity of absolute alcohol and crystals were forced out by
dilution with dry ether. In this manner white crystals of the
hydrochloride were obtained which melted at 221.0-221.5° (An-
schutz thermometer). The product did not reduce Fehling's so-
lution but formed a violet colored precipitate characteristic
of the amino alcohols. Kjeldahl (Hengar technique): Nitrogen
calculated for C3oH]1904N<HCl, 5.05%; Nitrogen found, 5.01% and

5.07%.

Reduction of 3,5=-Dimethoxy=-4-hydroxylsonitrosopropiophencne

HO HQ

cagol ™ ocHg Pd CHz0 ¢ ) OCHjz

2Ho Alconolic HGL —
/

CO-¢=-CH3 CO-%-—CHZ)
NOH o*HGCL
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5,5-Dimethoxy-4—hydroxyisonitrosopropiophenone, 1.5 g
(.00625 mole), was dissolved in 10 cc. of 2.12 N alcoholic
hydrogen chloride and 65 cc. of commercial absolute alcohol,
and then 2 g. of palladinized charcoal catalyst prepared by
the use of 1 N sodium acetate was introduced. The reduction
proceeded rapidly and smoothly until approximately two-thirds
of the calculated amount of hydrogen required for complete

conversion to amino alcohol was taken up in thirty minutes as

sharn in the data below:

Time in Minutes Hydrogen Absorbed in cc,.
0 0
15 230
30 290 (two equivalents)
35 290
50 290

The reduction product was filtered by suction and a clear
lemon yellow colored filtrate resulted. It was placed in a
vacuum desiccator over concentrated sulfuric acid until a solid
residue remained. A small portion of this tan colored product
was dissolved in the least quantity of absolute alcohol and
forced out with dry ether. Colorless crystals were obtained
which darkened and melted at 209.4° (Anschutz thermometer).
vield of the product was 1.2 g. or 75% of the theoretical. Ag-
ueous solutions of the product with Fehling's solution on warm-
ing immediately gave reduction and a green coloration with 10%
ferric chloride solution. Kjeldahl (Hengar technique): Nitro-
gen calculated for CllHl604N01’ 5.36%. Nitrogen found, 5.34%

and 5.47%.
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Reduction of 3,5-Dimethoxy-4-hydroxy=---aminopropiophenone

HO HO
CH30 OCH3 CHz0 ¢ ™\ 0CHz
Pd + Ho —
Water
/
CO-CH-~CH3 CO~CH-CHz
o *HC1 OH NHgeHcl

3,5=Dimethoxy=~4~hydroxy-A-aminopropiophenone hydrochloride,
1.0 g. (.00383 mole), dissolved in 30 cc. of distilled water and
2 g. of the activated (via sodium scetate) palladinized charcoal
catalyst were introduced into a 125 cc. hydrogenating flask and
the reduction allowed to proceed,. The reduction was rapid and

was complete in fifteen minutes.

Time in Minutes Hydrogen Absorbed in cc.
0 0]
5 45
15 90 (one equivalent)
20 90
30 90

The product was filtered until clear and evaporated to
dryness in a vacuum desiccator over concentrated sulfuric acid.
Six=-tenths of a gram (60% of the theoretical) of the tan color-
ed residue was obtained, which melted at 95-98°, Purification
by dissolving in absolute alcohol and forcing out with dry
ether gave white crystals which could not be obtained pure be-
cause of the extreme hygroscoplc nature ol the compound; the
compound liquefied when filtered by suction. This liquefied
product became 2 yellowish solid residue on standing at room

temperature overnight. A melting polnt determination on this
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product gave a value of 969 melting with foaming. Xjeldahl
(Hengar technique) determination was made on the original tan
colored product. Nitrogen calculated for Cy13H;7O04N-HCl, 5.32%.
Nitrogen found 7.80%, 7.77% and 7.51%.

The nitrogen analysis appears to indicate that the com-
pound has consistently high percentage of nitrogen. In view

of the previous supporting data

1= that the aminoketone absorbed the theoretical

one equivalent of hydrogen,

2- that the aminoalcohol does not reduce Fehlingt!s

solution, and

3= that the nitrogen analysis was correct for the

aminoketone,

it is the bellef that the product experimentally obtained is
the correct one. Due to lack of the product, further sub-

stantiation could not be obtained.

Reduction of 3,4-Dimethoxyisonltrosopropiophenone

QCH3 OCHg

OCHz 4 gpg Pd ] OCHz
Alcoholic HC1
CO-G-~CHz CO-GH-CHz
NOH NHg » HC1

3,4-Dimethoxyisonitrosoproplophenone, 14.5 g. (.065 mole),

dissolved in 100 cc. of 2.12 N alcoholic hydrogen chloride and
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3 g. of the activated palladinized charcoal catalyst were in-
troduced into a 250 cec. reduction flask. Hydrogenation pro=-
ceeded smoothly until two-thirds of the calculated quantity
of hydrogen necessary for complete reduction was taken up

when no more absorption was noticed.

Time in Minutes Hydrogen Absorbed in cc.
0 0
5 530
10 Q70
15 1370
20 1680
25 1935
30 2170
4.5 2600
50 2690
60 2830
70 2910
80 2980
90 3030
100 3050
110 3080
120 3100
140 3140
145 3150
150 3160
160 3170
170 3175
180 3178
190 3180 (two equivalents)
200 3180
230 3180

The reduction mixture was filtered until clear and color-
less and concentrated in a vacuum desiccator over concentra-
ted sulfuric acid, one-~third its volume of ether was added
and placed in the refrigerator overnight. 1In this manner
10.2 g. (63.4% of the theoretical) of white crystals of 3,4-
dimethoxy—mraminopr0piophenone hydrochloride were obtained

melting at 214.2° (Anschutz thermometer) with decomposition
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and evolution of gas giving a canary yellow melt. Kjeldahl
(Hengar technique): Nitrogen calculated for CqqH;g50zN<HCIL,
5.70%; Nitrogen found, 5.65% and 5.68%.

Reduction of 3,4-Dimethoxy-«-aminopropiophenone

OCH3 OCHz
0CH ") oCcH
3
+ Ho Pd o 3
7 Water
CO=GH-CHg CHOH-CH~-CH
NHo «HC1 NH, « HC1

3,4=-DimethoxXy~a=~aminoproplophenone, & g. (.0204 mole),
dissolved in 75 cc. of distilled water and 3 g. of activated
palladinized charcoal were placed in a 125 cc. reaction flask
and hydrogenated. Absorption of hydrogen stopped when appro-

ximately one equivalent was taken up as indicated below from

the data:
Time in Minutes Hydrogen Absorbed in cc.
O 0
5 140
10 200
15 240
20 270
25 300
30 330
40 370
50 400
55 420
75 450
90 470
100 480
120 500
135 505 (one equivalent)
140 505
145 505

The reduction product was filtered until clear and placed

in vacuum desiccator over concentrated sulfuric acid until a
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slightly yellow colored solid residue was obtained. The re-
sldue was dissolved in the least quantity of absolute alcohol
and white crystals were forced out with ether. The crystals
when dried welighed 4 g. (80% of the theoretical) and melted
sharply at 212.6-213.0° (Anschutz thermometer) with decompo-
sition and evolution of gas to golden yellow melt. Xjeldahl
(Hengar technique): Nitrogen calculated for C11Hy170zN*HC1,
5.65%; Nitrogen found, 5.54% and 5.67%.

Reduction of 3,5~-Dimethoxylsonitrosopropiophenone

! OCH3 CH,O f
+ 2Ho PA Che
Alcoholic HGL

YocHz

CO-Q-CHs éb-QH-CH
NOH NHo»HCL
3,5=-Dimethoxyisonitrosopropiophenone, 15.5 g. (.0695
mole ), dissolved in 100 cc. of 2.12 N alcoholic hydrogen
chloride and 50 cc. of commerclal absolute alcohol and 3 g.
of activated palladinized charcoal catalyst were placed 1in a
250 cc. reduction flask. Reduction was rapild and completed

when two-thirds of the calculated quantity was absorbed thus-

ly:
v Time in Minutes Hydrogen Absorbed in cc.
0 75 0 2650
5 85 510 2750
15 100 1010 2920
20 115 1310 3010
25 150 1500 3160
35 175 1870 3210
40 185 2070 3230
50 120 2280 3250
60 200 2400 3255 (two eq.)

65 230 2500 3255
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The reduction product was filtered and concentrated in
a vacuum desiccator and a white crystalline product of the
hydrochloride of $,5~dimethoxy-«~aminopropiophenone was ob-
tained in 12 g. (70.6% of the theoretical) yield. These
crystals melted at 204.5° (Anschutz thermometer) with decompo-
sition and evolutilon of gas to a dark brown melt, and reduced
Fehling's solution. XJjeldahl (Hengar technigque): Nitrogen
calculated for Cj7Hj;50zN*HCL, 5.70%; Nitrogen found, 5.66%
and 5.64%.

Reduction of 3,5-Dimethoxy=-c=aminopropiophenone

CHz0 OCHz CHz0 ¢/ OCHz
Ho Pad. ]
Water
CO-CH-CH3 CHOH-GH~CH
NHo » HC1 NHg « HCL

3,5=Dime thoxy=-#~aminoproplophenone hydrochloride, 12 g.
(.048 mole), dissolved in 100 cc.of distilled water and 3 g.
of activated palladinized charcoal were placed in 250 cc. re-
action flask and hydrogenation carried out to completion.

One equivalent of hydrogen was taken up in 240 minutes as

shown in the data below:

Time in Minutes Hydrogen absorbed in cce.

0 O

5 80
10 135

15 185

20 230

25 275

30 315

45 455
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(continued)

Time in Minutes Hydrogen absorbed in cc.
60 610
85 730
120 8'70
150 1020
180 1130
200 1190
210 1210
220 1220
230 1235
235 1240
240 1245 (one equiv,)
245 1245
250 1245

The reduction product was filtered until clear and placed
in a vacuum desiccator over concentrated sulfuric acid until
a white residue was obtained. The residue was dissolved in
the least quantity of absolute alcohol and white crystals
were forced out with approximately 50% mixture of isopropyl
and ethyl ethers. In thlis way 7.8 g. (66% of the theoretical)
of erystals melting at 169.5-170.0° (Anschutz thermometer)
were obtained. An aqueous solution of a small sample did not
reduce Fehlingt!s solution. Kjeldahl (Hengar technique):
Nitrogen calculated for Cq7H;7O0zN.HCL, 5.65%; Nitrogen found,
5.60% and 5.65%.

This compound has been reported by Bockmuhl, Ehrhart and
Stein (84) in a patent granted to I. G. Farbenindustrie 1in

1935 as having a melting point of 165-167°.
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Demethylation of 5,5-Dimethoxzpheqylpropanolamine

In a Carius tube, 2.0 g. (.0081 mole) of 3,5-dimethoxy-
Phenylpropanolamine hydrochloride and 10 cc. of concentrated
hydrochloric acid were placed, and the tube was sealed and
wrapped in towels. It was placed in the steam bath for a peri-
od of six to eight hours. After cooling, the tube was care-
fully opened, and the dark brown mixture emptied into an evapo-
rating dish and the excess hydrochloric acid removed under
vacuum overﬂsodium hydroxide pellets. The resulting syrupy
residue was finally dried over phosphorué pentoxide under vacu-
um, In this manner, almost quantitative yield of a tan colored
product was obtained. A portion of this product was dissolved
in pure n-butyl alcohol and white precipitate forced out with
dry diethyl ether. After centrifuging, the solvent was decant-
ed and the white residue dried over phosphorus pentoxide for
three days. The product was hygroscopic. The melting point
showed unusual behaviour. The product did not liquefy at the
melting point, but passed from the crystalline state to the
frothing stage without change of color at 195-200°. It decom-
posed to a carbonaceous mass at a temperature above 250°. An
aqueous solution of the product gave a dark violet coloration
with ferric chloride test solution and did not reduce Fehling's
solution. Kjeldahl (Hengar technique): Nitrogen calculated

for CgHyzOzN-HCl, 6.38%; Nitrogen found, 6.15% and 6.25%.
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EXPERIMENTAL SUMMARY

For purpose of eventual pharmacological evaluation, five
ring-substituted derivatives of propadrine have been synthe-~
sized, four of which are being described for the first time.
They are

1- 3,4,5-trimethoxypropadrine

2~ 3,5-dlmethoxypropadrine

3= 3,5~dimethoxy~4-hydroxypropadrine
4~ 3,4-dimethoxypropadrine

5- 3,b6~dihydroxypropadrine.

5,5=-Dimethoxypropadrine hydrochloride is described by
Bockmuhl, Ehrhart and Stein (84) as melting at 165-1679°,
Since the product prepared melted above that previously re-
corded, it was analyzed to conflrm its composition.

The route of reaction was the same in all of the synthe-
ses once the appropriate ketones were synthesized; namely,
the nitrosation of the ketones, the catalytic reduction of
the oximinoketones, the isolation of the aminoketones, the
subsequent catalytic reduction to the corresponding amino-

alcohols, and the isolation of the amlnoalcohols as the

hydrochlorides.
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