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INTRODUCTION

In the realm of alkaloidal chemistry the isoquinoline group, in-
cluding various degrees of saturated and related compounds, occupies a
significant position. Many of these alkaloids possess valuable physiolog-
ical properties which have stimulated a great interest in the chemistry of
isoquinoline compounds.

For convenience the isoquinoline alkaloids have been classified
into several groups (1). The simplest group, isolated from cactus species,

is represented by:

Ho
HO Hp CH0 Ho
H -
CH50 \/N CHz0 YN CH3
Hp OH  OHg
Anha lamine Selsoline Pellotine

The tetrahydroisoquinoline, anhalemine, was synthesized by Spith and
Beake (2). The anhalonium alkaloids are found in the flowering heads of

several species of Anhalonium or Lophophoia cactus, known to the natives

of Mexico as mescal buttons.

A second and large class comprises the benzyisoquinolines. These
are of several types depending on the manner in which the benzyl radical is
attached to the pyridinoid ring. The largest sources of the benzyisoquino-

line alkaloids are those obtained from the Fapaveraceae family:




Hp
0H50@ \ CHz0 /7 l Hy g0 Ho 5
GH’BO \//N GH50 N N - 0}13 o m : CHi
iy Y

CHp Hp
I\
00H5 OCH3 \ ' OCHz
OCEz OCHz Ocﬂs
Papaverine Laudanosine Codamine

Papaverine is of special interest because it was the first case of the
recognition of the natural occurrence of an isoquinoline derivative (3).
It is an isoquinoline with the benzyl group in the l=-position. Pictet and
Gams' preparation of papaverine (4) is a classical example of synthetic work
in this field. Fapaverine is found in all parts of the poppy and is present
in opium to the extent of 0.5 to 1 per cent.

The second type of benzylisoquinoline alkamloid involves a ring
closure with the nitrogen atom in the 2 position when the appropriate sub-

etituent is in the 2' position ==~ this gives the berberine type:

Ber berine

Berberine has been synthesized by several investigators (5,6,7).
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If the ring closure is between the 2' and 8 position a third type

of structure is obtained. This is represented by apomorphine:

Apomor phine
The dimethyl ether has been synthesized by Avemarius and Pschorr (8).

The benzylisoquinoline nucleus attains its greatest degree of com=
plexity in the morphine type of alkaloids. Morphine itself has never been
synthesized but its structure has been inferred from a study of its degra-
dation products. The proposed structure of Gulland and Robinson (9) is

supported by the experimentel facts thus far found:
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If Robinson's formula is projected in another way its benzylisoquinoline

structure is more readily appreciated:

CH

HO\/\

CH

|

T
CH, NeCHz

SN N

CHp

" The benzylisoquinoline derivation is not easily shown by the planar for-
muila; however, it can be seen that the 2' position of the benzyl portion of
the molecule is attached to the quaternary carbon atom of the isoquinoline
nucleus. Molecular models show this relationship clearly.

Other members of this group include codeine (monomethylated morphine),
thebaine and heroin (diacetyl morphine). Morphine occurs to the extent of
10% in opium and was the first organic base to be isolated and characterized
as such,

The third and last group are the bisbenzylisoquinoline allmloids., These
are represented by the curare type alkaloids, whose structure was brilliantly

elucidated by King (10), Wintersteiner, and Dutcher (11,12):
n

CHz0 m/\“i
HO L\ /\; \(N (CHz)2

0 CHp

Hp d=Tubocurine chloride




THE PHARMACOLOGY OF THE ISOQUINOLINE GROUP

Analogous to the wide structural variations of the isoquinoline ale
kaloids is the great diversity of their pharmacological activity. It is
beyond the scope of this dissertation to attempt an exhaustive survey of
the manifold and diverse physiological actions of these compounds. Only
the more salient facts will be stated here in order to emphasize the effect
of structure on physiological activity.

Pharmacologically, the alkaloids of the anhalonium family (mescaline,
anhaline, anhalamine) are characterized by their exhilarating effect and ine-
creased reflex excitability. The visual and auditory hullucinations probably
are due to the action of mescaline (13). These effects are usually accompanied
by bradycardia, mydriasis, loss of accurate time sense, nausea, faintness and
headache.

The benzylisoquinolines possess unusual pharmacological properties.

The papaverine group (laudanosine, codamine) has only insignificant effects

on the nervous system but exerts a definitely antispasmodic action on smooth
miscle. Bruekner and Fodor (14) report that the presence of a methylene

group bétween the heterocyclic and aromatic ring is not necessary. leAryliso=
gquinolines compare favorably with the analogous benzylisoquinolines in their
neurospasmolytic properties. In sharp contrast is the morphine group (codeine,
thebaine) which acts chiefly on the central nervous system yhere a combination
of depressant and stimilant effects is produced (15).

Apomorphine shows some of the morphine actions but the emphasis is
mich more on the excitant than on the depressant action. The medullary exw
citant action is most pronounced and is exercised mainly on the vomiting
center, causing emesis with its concomitant symptoms of nausea, sweating,

etc. Large doses cause convulsions (16).
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Curare, the South American Indian arrow poison, possesses the peculiar
property of peralyzing motor nerve endings while leaving the senéory nerves
intact. The alkaloid has been used clinically as an aid in shock therapy (17),
for the treatment of spastic paralysis (18), and as an adjunct to anesthesia
in surgery (19).

This short review of the physiological activity of the isoquinoline
compounds dees not do justice to this faécinating subject, but does suggest

the importance of the isoquinoline nucleus in modern medicinal chemistry.

METHODS OF SYNTHESES OF THE ISOQUINOLINE NUCLEUS

The synthesis of the isoquinoline nucleus has provided a fertile
field for the imagination and skill of the organic chemist. There are many
important methods of isoquinoline synthesis based on the closure of the
pyridine ring. The most widely used and technically important methods start
from (}-arethylamines which may be condensed with acids, leading to dihydro-
isoquinolines, or with aldehydes to yield tetrahydroisoquinolines.
Method I: From acylated @-phenethylamines: The reaction of the acyl or
aroyl derivatives of (3-phenethylaminea with dehydrating agents such as
phosphorous pentoxide or zinc chloride at elevated temperatures to form the

isoquinoline nucleus is known as the Bischler and Napieralski reaction (20).

CH, Ottp
‘lm2 THQ P50
RCOCL P05
N, NH 30060
e 3,/
¢ R
R

R may be aliphatic or aromatic
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A detailed account of this reaction is given by Whaley (21) who is currently
investigating this type of synthesis.
Method II: From {3-arethy1amines and aldehydes: (3-arethylamines react
readily with most aldehydes to give the alkylidene derivative (Schiff bases).
These compounds then undergo ring closure when warmed with a variety of con-
densing agents such as hydrochloric¢ acid, sulfuric acid, zinc chloride and
thionyl chloride (22).

Decker and Becker (23) condensed homopiperonylamine with a number
of aldehydes and converted the resulting Schiff bases into tetrahydroiso-

quinolines by the action of concentrated hydrochloric acid:

%

Alkaloids of the hydrastinine group have been synthesized by Decker (23) in
this manner,

A special case of the above method ies the synthssis of tetrahydro-
isoquinolines from methylal derivatives of /g-arethylamines. The intermedia te
amino ether is isolated and used for the ring closure. The action of chloro-
methyl ether upon /Q-arethylamines also yields compounds of ‘this type which

my then be converted into isoquinolines (24).

K

N N,
l , C1CH,OCHz

N\ . CH50CH,0CHs
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Method III: Biosynthesis of the isoquinoline macleus: Following the in-
spiring researches of Robinson (25), whose "elegant" synthesis of tropanone
from succindialdehyde, methylamine and acetone had intrigued meny chemists
with the possible phytochemical synthesis of alkaloids, Sch8pf and Bayerle (26)
synthesized l-methyl-f«7-dihydroxy-tetrahydroisoquinoline without the aid

of catalysts:

CH\2 Ho
HO CH, ‘ Hp
| 2590, | |
HO PH 5 ; NH
fno CH5
CH

The reactants were in low concentration with temperature and pH within the
range of cellepossible conditions.

Method IV: From aromatic aldehydes and aminoacetals: Aminocacetals readily
condense with aromatic aldehydes., The condensation products undergo ring
closure with great facility when concentrated sulfuric acid or other dehy-

drating agents are used (27):

+ HyNCH,CH(OCoHgz)p — ———
CHO

For ,this type of synthesis & system of conjugated double bonds, either

real or potential, § = C ® NCH=CHOR, is necessary (28).



Method V: From o=-substituted benzoic acids or related compounds: The
acids are easily converted to amides which can then undergo condensation

with proper substituents in the ortho position (29):

a.
] 20
CHO CH = f|3 - C\O
P
N =C
CgHsCONH=CH,CO0H _(CHzC0)20 | —LOZKOH,
Cets
COCOR COOR
%
g - cooH - oo 7AVAN
NHp ~ HOH . N
oo Y
b.
082 Ho
ooox NH 2 0, 7Y N
M5 | T2 |
N us t \ N
N\ g
COOH

This synthesis is important historically for it was by this method that
isoquinoline was first prepared (30).
Method VI: From cyclohexsnones: Ethyl cyclohexanone-o-carboxylate cone-

denses with a cyancacetamide; or an amine derived from the reduction product
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of ethyl cyclohexanonew~o~carboxylate, condenses with ethylcyanoacetate

to yield the isoquinoline micleus (31):

H CN
=0
Hy 0 GHy=CN Hp 4
+ ] Na 3 H
Ha H, OH
H, Ho CN
H 4 =0
i 0 CH,ON - 2

—+ | ———
Ho HOHENHQ COoR benzen Ho N H
B Ha

This brief survey shows the general methods which have been employed
in synthesizing various isoquinolines and derivatives. Hollins (32),
Morton (33) er Sidgwick (34) may be consulted for a more complete treatment

of this subject.
Phytochemical Synthesis of the Isoquinoline nucleus:

The menner in which plants produce allaloids has always aroused interest.

Winterstein and Trier (35) first suggested in 1910 thait plante build series

of closely related bases from a common parent substance, by reactions in-
volving condensations, decarboxylation, methylation, oxidation and reduction,
singly or in combination. It is generally accepted that in the heterocyclic
portion of these alkaloids the nitrogen stom and the four carbon atoms come
from an amino acid end the f£ifth carbon from an aldehyde. The substituted
Phenethylamines have long been thought of as the probable parent substances

of the isoquinoline alkeloids., Many of these slkaloids have substituents in
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the 1, 6 and 7 positions; these may be formed fr am the condensation of
the appropriate aldehyde with 6,7-dihydroxyphenethylamine. The latter amine

way arise from the degradation of dihydroxyphenylalenine.

The pioneering work of Robinson (25) in establishing experimentally this
'theory of phytochemical synthesis by his production of tropanone served

as an impetus to Schgpf and coworkers in applying this theory to isoquino-
line syntheses. Schgpf and Bayerle (26) allowed a solution of N/25 3,4-dihy-
droxyphenethylamine and M/12.5 acetaldehyde to stand for 72 hours at 25°0C.

at pH 5; at the end of that time excellant yields of l-methylef,7-dihydroxy=-
tetrahydroisoquinoline were obtained. The product is an O~desmethyl analog

of salsoline (see p. 1).

H
250 HO 4 yHo
PH 3 HO l NH
N\
CHs
CHy

The reaction is nonenzymatic and the nature of occurrence of salsoline as

the racemic form suggests that the plant synthesized it in a similar way.
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In an analogous manmer Schdpf and Bayerle (26) condensed epinine

Eﬁ-methyl-ﬁbe(5,4~dihydroxypheny1)ethylamin% with acetaldehyde:

ng Ho

HO CH Ho /7 H
2 2500; 2
HO ir—cu rH 3 HO I N-CH
> \?g/\/ 3
0
CHz
CHs,

The Nemsthyl tetrahydroisoquinoline was isolated as the picrate.

The ring closure requires an activating substituent in the 5 position.
Schgpf and coworkers concluded that the activating group must be a free
hyd;oxyl.

In order to extend the scope of formation of tetrahydroisoquinolines
under physiclogical conditions, Hahn et al and Schgpf et al used keto acids
in place of aldehydes (36,37). As with aldehydes,.the reaction proceeds

through the Schiff base stage to the tetrahydroisoquinoline:

CH2
AN
HO CH2
| 25°¢.,
HO NH,, HT >
0
I
ReC~CO0H

The optimum pH was found to be 7 but since atmospheric oxygen reacts with
3,4=dihydroxyphenethylamine, it was necessary to use an acid medium to ob-
tain a pure product. Under some conditions spontaneous decarboxylation
occura {36).

The effect of PH on the rate of condensation has been studied by

Schopf (26,37). Thus, in the condensation of 3,4-dihydroxyphenethylamine
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and homopiperonal the time required for formation of 30% of the tetra-
hydroisoquinoline was:

PH 3 === 5 days

PH 4 wwwe 24 hours

PH5 ==- 4.5 hours

PH 6 == 350 min.

PH T w== 13 min,
In an analogous experiment 3,4-dihydroxyphenethylamine was condensed
with piperonylglyoxylic acid; the time required for 30% conversion was:

PH S === 35-40 days

PH 6 === 6 days

PH 7 «~= 2.5 days

Haehn and Schales (58) did not accept the view of Schgpf and Bayerle
that a free hydroxyl group in the 3 position is necessary for ring closure;
it seemed improbable to them that the mumerous methoxy and methylenedioxy
analogs found in nature must be excluded as possible starting materials.
They ran numerous experiments using alkoxy groups in the 3 position. The

following is typical:

CHp
N,
NH, “PE S
gHO
CHy
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The reported yield of the 6,7,3',4'=bismethylenedioxybenzyl~l,2,3,4-tetrahydro-
isoquinoline was low end the reaction much slower (requiring 8 days) than
when the hydroxyl group in the 3 position was unalkylated. The formtion
of the intermediate Schiff base was rapid as indicated by the disappearance
of the reactants. The authors claim that the actual ring closurs was much
slower as shown by the formation of only 5% of the isoquinoline while ap-
parently 90% of the intermediate was formed.

Spith, Kuffner and Kesztler (39) could not duplicate the work of
Hahn and 3chales, but obtained the uncheanged amine and Schiff base. The
identity of the Schiff base was confirmed by comparison with a product pre-
viously prepared by the method of Decker and Becker (40).

The condensation of hydroxyphenethylamines with aldehydes under
biological conditions to form tetrahydroisoquinolines depends too greatly
on the nature of the amine and aldehyde to make the method capable of

general application.
Synthesis of tetrahydroisoquinolines by the method of Decker and Becker:

The synthesis of tetrahydroisoquinolines by condensing (Zuerethyl-
smines with aldehydss in the presence of hydrochloric acid will be described

in greater detail since it occupies the major aim of the present investigation.

Fictet and Spengler (41,42) prepared a series of tetrahydroisoquino-
lines by condensing substituted phenethylamine with formaldehyde (or

methylal) :

fﬁg HCL




Chy

15

Concentrated hydrochloric acid was the condensing agent. The authors
claim fair yields. In an analogous manner tyrosine and phenylalanine
were converted to the corresponding isoquinolines,

This type of reaction was investigated extensively by Decker and
Becker (23,43) who condensed substituted phenethylamines with a variety
of aldehydes to form the Schiff bases (II). After isolation these were
converted into the corresponding tetrahydroisoquinolines (III) by the action

of concentrated hydrochloric acid. The mechanism of this cyclization is

obscure.
CH,
0 \C‘H2
| © 4+ RcHO
0 NH
2
1 11 IIT

Other condensing agents that have been used include anhydrous hydrogen
chloride, phosphorous oxychloride, zinc chloride, thionyl chloride, and
hydrogen bromide (43). In most cases the conversion went smoothly;
however, in the reaction of formaldehyde‘and homo pi peronylamine (L), five
products were isolated:

1. Schiff base

2. Tetrahydroisoquinoline

3. N-methyltetrahydroisoquinoline

4, NN-dimethylhomopiperonylamine

5. High molecular base of unknown constitution
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The Schiff base and tetrahydroisoquinoline are the expected products.
The methylation of the nitrogen atom by formaldehyde during the ring
closure should cause no surprise since it forms ithe basis of the
Eschweiler reaction (44). The high molecular base of unknown constitution

was thought at first to be a polymeric methylenehomopiperonylamine:
2 R=CH,~CHy=NH, + CHp0 —>— R=CHy=CHy=NH=CHp~NH-CHy=CHp =R
R = 3,4~methylenedioxyphenyl

However, the analysis did not agree with the expected product, but with a
compound that contains three moles of the base and one of water.

Unfortunately, Decker and Becker are vague in their experimental
details and give few quantitative relationships as to reactants or yields.

Buck (45) prepared a series of substituted tetrahydroisoquinoline
hydrochlorides by a method very similar to that of Decker but reported no
yields. The aldehyde used in every case was formaldehyde, the amine being
varied. Buck noted some discrepancies between the properties of two
methylenedioxytetrahydroisoquinolines found and those reported. A possible
answer might be cyclization to give the 5,6 instead of the 6,7-methylenedioxy
derivative as Buck suggests or a polymeric methylenehomopiperonylamine that
Décker isolated.,

In most condensations of this type a limited number of aldehydes was
used. Formaldehyde seemed to be a favorite, perhaps because of its great
versatilitye.

Decker (43) investigated the possibilities of some aldehydes other
than formeldehyde; he condensed homopiperonylamine with benzaldshyde,
cinmamylaldehyde, and piperonal. This reaction offers many interesting

potentialities and merits further investigation.
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METHODS OF OBTAINING @-ARETHYLAP.TINES

A review of the msthods available for the preparation of the
requisite (3-arethylamines is given by Slotta and Heller (46) and by

Morton (3%3). A favorite sequence with the early workers is:

roHo _OHp(COOK)2 pon=on-coon _B2, Rom,-CHy=CO0H —29C12 o ROH,CH,0001

NHs ROHpCHpCONH, -NeOBr_  RroH,CH,NH,

R =« substituted phenyl group
The 2,3=, 3,4-, and 3,5-~dimethoxyphenethylamines (47,48,49,50) have been
synthesized in this manner. This method is laborious and the overall yield
is low.

Another method that found wide application is illustrated by Hahn

and Schales' synthesis of homopiperonylamine (51):

R-CH,~CH=CHy .93, R-CHy-cHO _H2NOH_  R-GH,-CH=NOH
79% overall

_(CHz00)50  r-om,-oN _H2_ RCHyCHNHp
80% 95%

R = 3,4-methylenedioxyphenyl
For the reduction of the nitrile the method of Kindler and Peschke (52)
was used. While the authors claim good yields for this sequence, the
substituted phenylacetaldehydes are difficult to obtain.

A synthesis of the /Bwarethylamines that has much appeal because of
its simplicity and availability of sterting materials employs w-nitro-
styrenes. Nitromethane readily condenses with substituted benzaldehydes

to yield the w-nitrostyrenes (53,54,55,56,57); these can be reduced, via
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the oxime, (58) or directly to the corresponding /3-arethy1amines:

}\‘\u/f
RCH=CHNO, \%\ Tenz
RCH, ~-CH=NOH

2

RCH, -CH, NEp
rRopo _CH3NO

R & substituted phenyl

The catalytic reduction of the e~nitrostyrene is not as simple as
expected, for Sonn and Schellenberg (54) have reported the formation of

e diphenylbutane dimer.

R - CH ® CH - NO, o R - CH = CHy = NO,
R ~OH=CH-N, FPIor P R=-CH- CH = NO,

Skita and Keil (60) reduced catalytically the w-nitrostyrenes to the
corresponding amines. Their work was improved later by Kindler, Brandt
end Gehlhaar (61), who found that the reduction proceeded smoothly in the
presence of sulfuric acid. The catalytic reduction of w-nitrostyrenes to
the corresponding oximes was described by Reichert and Koch (38) whe
claim poor yields if direct reduction methods are used. These authors
used pyridine as a solvent, thus binding the aci form of the nitro group
and allowing the reduction to proceed to the oxime stage. The oxime was
isolated and reduced either chemically or catalytically. w-Nitrostyrenes
have also been reduced to the oxime stage by chemical means and thence to
the amine (62,63). Electrolytic reduction has been employed with excellant

results for the direct reduction of w-nitrostyrenes (64).
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An uvnusual method for the preparation of homoarylamines, as given
by Julian and Sturgis (65), involves the condensation of the aeppropriate

aromatic aldehyde with rhodanine.

ROHO + OHp~00 CH3COOK,_  Rom=oc—co -32%,  Rem=g-cOOH
I CH;COON& | | l
s s M SH
\ / \/
cs cs
rhodanine 96% 5%

_ NEpOH,_ ROk, =0-000H _(0H300)2Q_ Rromyon _H2, ROH,OH,NH,
o
9% 887%
Although the series is long and laborious, excellant yields are reported.
Buck successfully employsd the catalytic reduction of mandelonitriles
to obtain p-arethylamines (66) .

ROHO + HON R - CH o RCH»CH, NH
—> \ON _?%*_ 2 H2 2

However, the mandelonitriles are sensitive compounds and must be highly
purified prior to their reduction.
Benzoylated mandelonitriles can be conveniently prepared by several

procedures (67,68,69). Hartung (70) reduced these to the corresponding

(gnarethylamines.

_~0C0CgHs
RCHO 4 C COCl + KON —= RGH H RCH,OH,NH C COCH
65 ~oN -jéf*“ HyOHoNH,y - Cglg

Hydrochloric acid was used to prevent formation of secondary amine.
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An analogous method is that of Albert (71) who prepared mandelo-
nitrile acetates; these were catalytically reduced to the corrssponding

/z-arethylamines by Kindler and Peschke (52):

OH 0COCH

~

RoHO HM, ® - o] (CE=00)2Q_ g - or 2 12
CN CN

RGH20H2N52 +- CH5COOH

The intermediate mandelonitrile was not isolated, being converted directly
to the acetate. The mandelonitrile acetates apparently reduce more readily
than the corresponding mandelonitrile benzoates. The method is of general
application and after modification was successfully used in the present ine-

vestigation.
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RESEARCH AIM

The importance and natural occurrence of many isoquinoline derivatives
end their varied Pharmacodynamic properties suggests the hope that additione
al medicinally useful compounds may be found by further structural modifica-
tions in the parent isoquinoline nucleus., Two methods of synthesizing such
compounds appeared attractive and were selected for further study in this
investigation.

The first is the formation of isoquinolines under sow-talled celle
possible conditions. Previous work (25,26,35,36,37,%8,39) on these procedures
has already been discussed. The aim was to adapt these methods to practical
syntheses, not only of natural products or their hypothetical intermediates
but also to compounds whose natural formation is not anticipated. Keaglets (72)
sucecess iﬁ preparing tropanone and its homologs encourages the belief that
this is possible. In spite of the failure of other workers to duplicate the
results of Hahn and Schales (38) it appeared desirable to try again the use
of alkoxyphenethylamines as intermediates. FPhenolic ethers are more tract-
able and readily obtainable, whercas the free phenols are more prone to
undergo side reactions and are obtained with greater difficulty.

The second is the formetion of tetrahydroisoquinolines by the methods
of Decker and Becker (23,43) and Buck (45). This depends on the cyclization

of Sehiff bases according to the general equation:

RO (|3H2 RO c|>H2 .
HC1
RO NH, ? RO /N
74
RCHO CH
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An extension of these earlier studies appeared attractive because of the
availability of new intermedistes. However, as the work progressed it devee
loped that the methods are not so dependable or facile as indicated. There-
fore, it became necessary to include a study of the experimental conditions

which promote ring closure and give optimum yields.
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EXPERIMENTAL
SUBSTITUTED f@-PHENETHYLAMINES:

For the preparation of the appropriate amines the method of Hamlin
and Hartung (67) in preparing the substituted benzoylated mandelonitriles
was first investigated; reduction of the nitrile to the corresponding
amine was expected. In the light of Hartung's successful reduction of mane
delonitrile benzoate to /3—phenethylamine (70), it was felt that substitu-
ted mandelonitrile benzoates would undergo a similar reaction.

Preparation of p-~hydroxymandelonitrile dibenzoate:

OH 0-C004Hy

+ CgH5C0C1 + NaON CghsN O
| 0COC <H
CH/ 655
~OoN

In a 250 cc. beaker was placed a solution of 12 gm. (0.1 mole) of

CHO

p-hydroxybenzaldehyde in 16 gm. (0.2 mole) of pyridine; 14 gm. (0.1 mole) of
benzoyl chloride was cautiously added. There was evelution of much heat.

The mixture was now placed in an ice=water bath and kept cool during the re-
mainder of the reaction. A saturated solution econtaining 5 gm. of sodium
cyenide was slowly added. While vigorously shaking the beaker, 14 gm. (0.1 mole)
of benzoyl chloride was carefully added. There was a brisk reaction ac=
companied by the evolution of heat. Dilute hydrochloric acid was poured into
the reaction mixture. This caused an oil to separate which soon solidified.
The solid was filtered by suction and recrystallized. After trying the usual
organic solvents, a mixture of acetone-isopropyl ether wes found to be suit-
able. The solid was dissolved in a minimum amount of boiling acetone, the
solution filtered to remove any gross impurities, and after cooling, isopropyl

ether added to produce a faint turbidity. After standing in the refrigerator
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cvernight, faintly yellow crystals separated. These were filtered and
aire-dried. Treatment with charcoal did not remove the yellow color.

The product weighed 14 gm. (40% yield) and melted at 1410,
3=Methoxy-l=hydroxymandelonitrile dibenzoate was similarly prepared
from vanillin in a yield of 44%. The compound melted at 149.5-150°,
The substituted mandelonitrile benzoates are difficult to isolate in

a well defined crystalline state.

Reduction of p~hydroxymandelonitrile dibenzoate:

OCOC6H5
+ 3Hy Fd +  OgH5C0005Hs;
siml taneous
00068 alcoholysis
A0C00¢ '
HC\ CHp CHpNH,
CN

The palladium catalyst was prepared according to the general directions of
Hartung (73). Three hundred mgm. of palladium chloride was dissolved in
100 cc. of a 1 molar solution of sodium acetate. This solution was added to
5 gm. of Norite and shaken in an atmosphere of hydrogen until saturated. The
solution was filtered and the palladinized charcoal washed successively with
several portions of distilled water, acetone, ethanol and ether. The catalyst
was stored in a vacuum desiccator over sulfuric acid when not used.

Alcoholic hydrogen chloride was prepared by bubbling anhydrous hydro-
gen chloride into a weighed quantity of absolute ethanol.

Eighteen gm. (.05 mole) of p-hydroxymandelonitrile dibenzoate was suspended
in 120 cc. of absolute ethanol containing 2 equivalents (4 gm.) of hydrogen

chloride. The previously prepared catalyst was added and the mixture shaken
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in an atmosphere of hydrogen. After 4 hours of shaking, 20% of the theoret-
ical amount of hydrogen was absorbed and reduction ceased. The catalyst was
filtered off and occluded in it were some white crystals. The filtirate was
saved for subsequent treatment. The catalyst was washed with hot acetone
to remove the crystals. When a small portion of the acetone washings was
diluted with water, a heavy white precipitate formed. The latter was
filtered by suction and after air-drying melted at 141°, A mixed melting
point with p-hydroxymandelonitrile showed no depression, confirming the
identity of the material as unchanged nitrile, The original, alcoholic
filtrate was distilled in vacuo to remove the solvent. The brown, ocily re-
sidue was taken up in hot ethanol and ether added until a faint turbidity
appeared; then placed in a refrigerator overnight. An amorphous, grey solid
separated; this was filtered by suction and dried. The material melted above
250°, It is insoluble in water, dilute alkalis or dilute acids.

The reduction wes repeated using a mixture of dioxane and absolute
ethanol as the solvent for the nitrile but only unchanged nitrile could be
recovered in pure state.

The reduction of 3emethoxy-~i=hydroxymandelonitrile dibenzoate was
attempted, using the pressure bomb of the American Instrument Company, at an
initial pressure of 10 atmospheres. After shaking for 1 hour, only a small
portion of the theoretical amount of hydrogen was taken up. Addition of
approximately O.l gm. of palladium chloride directly to the reaction mixture
failed to speed up the reduction. The sxpected hydrogenation did not take
place and after several unsuccessful attempts was not further investigated.

In view of the difficulties encountered in reducing the benzoylated
mendelonitriles and the apparent success of Buck (66) in reducing the cyanow

hydrins, it was decided to investigate this route for the preparation of sub-

stituted ﬂ-phenethymmines.



26

Freparation 2£ substituted mandelonitriles:

_oH
CH50 CHO CHz0 e ox
CH.O + HCN anhydrous | CHz0

>

Anhydrous hydrogen cyanide was prepared according to the directions
given in "Organic Synthesis" (74). The liquified hydrogen cyanide was
transferred to a burette and thence into previously drawn out test tubes,
containing a few crystals of calcium chloride, in 2 cc. gquantities
(approximately ,06 mole). The tubes were sealed with an oxygen-gas flame
and stored in the refrigerator.

The method of preparing ths cyanohydrins was the seme in all cases;
only the condensation catalyst was wvaried, The aldehyde was used in the
dry state to obviate the effect of solvent. Ten gu. (.06 mole) of
veratraldehyde was powdered finely in a mortar and transferred to a 125 cc,
Erlenmeyer flask provided with a tightly-fitting rubber stopper. The rs-
action was carried out in a well-ventilated hood. One cc. of liquid
catalyst was added and shaken with the aldehyde. The ampule containing the
hydrogen cyanide (approximately 1.6 gm., .06 mole) was broken and its con-
tents immediately poured into the flask, which was stoppered immwediately.
In some cases, heat was generated and evidence of immediste reaction was
visible. 1In 2ll cases, liquefaction occcurred and coloring wes more or less
pronounced . The reaction mixture was allowed to stend overnight or for
several days until solidification occurred.

#ith pyridine: There was slow liquefaction of the reaction mixture, it
becoming yellow and very viscous, Two runs vere made. The first run was

allowed to stand overnight, then extracted with ether. The ether extract
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was washed successively with 40% sodium bisulfite solution and 5% sodium
hydroxide solution. The bulk of ether was removed by blowing a stream
of air gently upon the mixture. Last traces of ether were removed by placing
the evaporating dish into a vacuum desiceator, leaving a brown, amorphous
residue with some crystalline material separating around the perimeter.
The residue was pressed dry on a porous plate and a portion of it used to seed
the second run. Within a few hours after seeding, the reaction mixture be-
came entirely a cream colored solid. This was dissolved in sther, washed
with bisulfite and dilute alkali and dried over anhydrous sodium sulfate.
The excess ether was removed in vacuo and pstroleum ether added to produce
turbidity. After the mixture cooled in a refrigerator overnight, crystals
separated. These were filtered by suction and dried in a desiccator. The

product weighed 1.5 gm. (12%) and melted at 102-103°. (66)

Potassium cyanide as catalyst: There was evidence of immediate reaction.

The reaction mixture became a dark red solid overnight.

Piperidine as catalyst: There was evidence of immediate reaction. The

reaction mixture became a brownish-red solid upon standing for two days.

Calcium oxide as catalyst: One gm. of calcium oxide was mixed intimately
with the powdered aldehyde in the mortar and transferred to an Erylenmeyer
flask. The liquified hydrogen cyanide was poured upon the solid mass. The
reaction mixture turned black where the bulk of the hydrogen cyanide socaked
into the solid mass; the remainder of the reaction mixture solidified into a

yellowish-red mass upon standing overnight.

Quinoline as catalyst: There was no evidence of immediate reaction. Upon
standing two days and nights several clumps of white roseate crystal forma-

tione were visible in the yellow reaction mixture. Two other runs using
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gquinoline as catalyst were made. Run (I) used an equivalent amount of
quinoline. Run (I) became quite warm and solidified after standing over-—
night, depositingrdeep red crystals from the heavy red liquor. Run (II)
used only a few drops of quinoline. Run (II) solidified after standing
several days to yield a light yellow mass. Quinoline looked most promising
of all the catalysts used.

In spite of the poor yields obtained by these results, the possibility
of using this reaction for the synthesis of substituted /B-phanethylamines
should not be ruled out.

Bucherer (75) has given a method for preparing aliphatic cyanohydrins
in good yields. It was hoped that a modification of this method, generating
the hydrogen cyanide, in situ, would yield the desired substituted mandelo-
nitriles.

In a 1l=liter, three=neck flask, fitted with a mechanical stirrer, dropping
funnel and a special thermometer so constructed as to make low temperature
readings easily visible above the side neck of the flask*®, was placed 135 gm.
(0«2 mole) of potassium cyanide. A solution of 15 gm. (0.1 mole) of piperonal
in 200 cc. of ether was poured into the flask, followed by 5 cc. of water.
The flack was packed in an ice-salt mixture and with vigorous stirring 20 cc.
of concentrated hydrochloric acid was added dropwise. During the addition
of the acid (approximately one half hour), the temperature was kept below
50, Upon removing the flask from the ice-salt bath, sufficient water was
added to dissolve the precipitated potassium chloride and the ether-aqueous
layers separated. The aqueous layer was extracted twice with a smll

quantity of ether. The combined ethereal layers were washed with 40% sodium

*The thermometer was made by blowing a bulb on the end of a piece of large-
bore capillary tubing, filling the bulb and a portion of the stem with 95%
ethanol, colored red with p-rosaniline, and sealing. The thermometer can
then be calibrated for -50, 00, 59 and 20°C. Cellulose tape affords a
convenient means of marking the calibrations.
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bisulfite solution to remove unchanged aldehyde. A heavy precipitate of
the aldehyde~bisulfite addition product occurred. The ethereal layer was
dried over anhydrous sodium sulfate and evaporated under diminished pressure
to dryness. No residue was obtained.

Other runs were made with veratraldshyde and vanillin as starting
materials. In the latter case, unchanged vanillin was recovered. The
ratio of hydrogen cyanide to aldehyde was augmented and the length of

reaction time increased but with equally poor results.

W=Nitrostyrenes:

The preparation of the /Kg-phenethylamines from the appropriate

nitrostyrenes, as indicated below, appeared promising:

N’e.OHE
CHO CH§GH~NO2
+ L|-H2 Pt 2

OH=CH-NO, CHp CHp i

R = methoxy or methylenedioxy
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The general method used to prepare the nitrostyrenes listed in Table I
is illustrated by the preparation of 3,4-dimethoxy= w =nitrostyrene.

In a 1 liter, three-neck flask, fitted with the afore-mentioned low
temperature thermometer, mechanical stirrer and separatory funnel, was
placed 27 gm. (0,16 mole) of veratraldehyde, 9.8 gm. (0.16 mole) of freshly
distilled nitromethane and 200 cc. of methyl alcohol. During moderate
stirring of the reaction mixture, a solution of sodium hydroxide [6.7 gm.,
(046 mole) of NaOH in 20 c¢cc. of water and cooling] was added dropwise
through the separatory funnel, maintaining the temperature below 10°.

The stirring was continued until a sample of the reaction mixture gave a
clear solution when diluted with water. At this stage 100 cc. of ice water
was added to give a clear reaction mixture. A solution of hydrochloriec

acid (32 cc. of concentrated HC1l diluted with 50 cc. of water) was

placea in a 1 liter beaker and the reaction mixture slowly added to it during
rapid stirring. A canary~yellow crystalline mass precipitated immediately
as the alkaline solution came into contact with the acid. The solution

was tested at this point to insure its still being acidic. The yellow

mass was filtered off with the suction and washed thoroughly with distilled
water until the washings were chloride free. The product was recrystellized
from hot ethyl aleohol. The product weighed 18 gm. (54%) and melted sharply

at 141°,



TABLE I

Fhenyl-Substituted-w<=Nitrostyrenes

% yield of

Nitrostyrenes Reference m.P. in °C. purified product
Nitrostyrene (53) 58° 80%
hedethoxy-w=nitrostyrene (54) 87° b7%
3,4~Dimethoxy " (55) 141° 5%
3,h4-Methylenedioxy " (56) 1580 hagt

The phenyl-substituted-w=nitrostyrenes are highly colored, definitely
crystalline compounds of limited solubility in ethyl alcohol. The yield

was reduced considerably by recrystallization. Reworking of the mother
liquors proved futile. To determine whether the loss on crystallization

of the crude product was'caused by poor recovery, an accurately weighed
amount of pure product was recrystallized from alcohol, dried and reweighed;
it was recovered in 88% yield indicating that the crude product must contain
many alcohol soluble impurities. During the preparation of the 3,4-methylene-
dioxy~W-nitrostyrene, it was necessary to add additional methyl alcohol %o
the reaction mixture to prevent solidification.

An alternate method given by Raiford and Fox (55) for preparing 3,4-
dimethoxy-w-nitrostyrene was carried out: A mixture of 10 gm. (.06 mole)
of veratraldehyde, 4 gm. (.05 mole) of ammonium acetate, 5.5 gm. (.09 mole)
of nitromethane and 40 cc. of glacial acetic acid was gently refluxed for
4 hours. On cooling, a crystalline mass separated. This mass was re-
crystallized from 50% acetic acid. Beautiful golden flakee were deposited.
The product weighed 6.5 gm. (52%) and melted at 140-140.3°. Raiford and
Fox report a yield of 85%. Whether these investigeators refer to the crude

product or the recrystallized material is not indicated.
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Reduction of 3,4-dimethoxy-w-nitrostyrene (60):

5 gm. (.024 mole) of 3,4-dimethoxy~Ud-nitrostyrene, 200 cc. of absolute
alcohol, 30 cc. of glacial acetic acid and O.4 gm. platinic oxide, prepared
by the method of Adams (76), were placed in the glas: liner of the pressure
bomb of the American Instrument Company. The nitrodlefin did not completely
dissolve, but was suspended in the solvent. Hydrogenation was initiated un-
der a pressure of 15C lbs. Fifteen minutes after hydrogenation was initiated,
the calculated amount of hydrogen for reduction to the amine was taken up and
the pressurs drop ceased. Shaking was continued for fifteen minutes longer
and the bomb opensd. The reaction mixture had changed color from a golden
yellow to a pale green. The catalyst was filtered with suction. Twenty cc.
of dilute hydrochloric acid was added to the filtrate which was then evapo~
rated to dryness in vacuo. The residue was taken up in 2 little water and
extracted with ether. The aqueous solution was mde alkaline with 10% sodium
hydroxide soluticn and the precipitated base taken up in ether. The ethereal
solution was dried over solid pellets of potassium hydroxide and evaporated
under reduced pressure. A small quantity of a syrupy brown oil remained, to
which was added dilute hydrochloric acid and a little alcohol. After standing
for several hours in the refrigerator, sma1ll yellow crystals separated. The
product was recrystallized from absolute alcohol and weighed 2 gm. (38%). The
hydrochloride melted at 1460, The p-nitrobenzoyl derivative melted at 147°
in agreement with the product described by Buck (66) .

Several rodifications of the above method were tried, in the hope of
improving the yield but efforts were futile. One modification that seemed
fruitful was to replsce the above solvent with absolute ethanol containing

4 equivalents of anhydrous hydrogen chloride. In all cases the theoretical
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amount of hydrogen was taken up but attempts to isolate the eamins were un-~
successful. A possible explanation of this failure to isolate ths product
is that the reduction proceecds to the oxime or imine stage, these undergo
hydrolysis to the aldehyde and the aldehyde undergoes reduction or poly—
merization during the isolation.

To validate this notion the following reduction was performed: Six gm.
(+04 mole) of nitrostyrene was dissolved in 75 cc. of methanol. Ten cc.
of phosphoric acid (85%) and 230 mgm. of platinic oxide was added to the
solution and hydrogenation initiated under 4 atmospheres pressure. At the
end of 40 minutes, reduction ceased although only one half of the theoretical
amount of hydrogen was taken up. The catalyst was filtered off and the
filtrate smelled very strongly of phenylacetaldehyde. An attempt was made
to isolate this aldehyde by steam distillation of the filtrate. The dis-
tillate had the pleasant odor of phenylacetaldehyde and gave a2 positive
fuchsin-aldshyde test but no oil separated, nor could any derivative be
obtained.,

Since the phenyl-substituted W -nitrostyrenes can be easily converted
into the ethers of c(-phenyl——,C?-nitroethanols, these compounds were prepared
in the hope of a smooth reduction to the corresponding amines since the

vinylogy between the nitro group and the aromatic ring would then te broken.

Preparation of l-methoxy=1-(3,4-dimethoxyphenyl)=2-nitroethane (77):

OCH3, 0CH3
" \ocH3, g OCH:
y + N&OCH5 CH§COOH \

N\

CH=CH=-NO» PH—CHgNOg
OCH5
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Five gm. (4024 mole) of Pinely powdered 3,4-dirmethoxy-w-nitrostyrene
was suspended in 100 cc. of methanol and placed in a one liter flask. The
flask was placed in an ice bath and fitted with a mechanical stirrer. Fifty cc.
of a sodium methoxide solution (containing 4.5 gm. of sodium per 100 cc. of
methanol) was added dropwise during vigorous stirring of the suspension.
After approximately 4 minutes of stirring beyond the addition of the sodium
methoxide solution, 6.5 cc. of glacial acetic acid was added. Stirring was
continued for 10-15 minutes more and then the precipitated ether was Piltered
with suction. The filtrate was concentrated under reduced pressure to remove
the methanol. An excess of water was then added and the precipitated product
filtered with suction. The combined product was recrystallized from hot

methanol. The yield of pure product melting at 107° was 4 gm. (70%).

Reduction of l-methoxy-1-(3,4-dimethoxyphenyl)-2=nitroethane (78):

QCHz

y

OCH3

Hp
T >
CH~CHp =NHs
CH~CHp~NOo i
) OCHz
OCHz

Three and two-tenths gm. (.014 mole) of the nitroethanol was partially
dissolved in 200 cc. of absolute ethanol and 2.4 gm. (.019 mole) of oxalic
acid added. Fifty mgm. of platinic oxide was suspended in the reaction mix-
ture, which was shaken in hydrogen at atmospheric pressure. After two
hours of agitation, only one third of the theoretical amount of hydrogen
was taken up. The hydrogenation flask was heated by directing e stream of
steam upon it and hydrogenation resumed. There was no appreciable increase

in the hydrogen uptake. Three hours later hydrogenation was stopped, even
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though only two-=thirds of the theoretical amount of hydrozen had been
taken up. Sowe white crystalline material had separated. In hops that
these were the precipitated amine oxalate, the solvent was concentrated
in vacuo. The so0lid residue was filtersd with suction and dissolved,
with difficulty, in boiling water. The aqueous solution was filtered to
remove the catalyst and made alkaline. No turbidity resulted (as would
have been expected if the free amine were liberated). The alkaline solu-
tion was extracted with ether, the ethersal solution dried with sodium
hydroxide pellets and dry hydrogen chloride bubbled in. 4 slight turbidity
occurred but no precipitated amine.

A second reduction of l=methoxy=l=(3,4~dimethoxyphenyl)~2-nitroethane
was carried out using high pressure hydrogenation. Double gquantities of the
previous run were used. Hydrogenation was initiated at 10 a2tmospheres.
After three hours, hydrogenation ceased abruptly, and no further hydrogen
was taken up, even after an hour of shaking. Upon working up the reaction
mixture, unchaﬁged lemethoxy=1=(3,4=dimethoxyphenyl) -2-nitroethane was re=
covered.

Since the catalytic reduction of l-methoxy=l=(3,4-dimethoxyphenyl)-2-
nitroethane failed to yield the desired amine, a chemical reduction accord-
ing to the method of Reichert (78) was carried out. The method consisted
of treating an alcoholic solution of the nitro compound with amalgamated
aluminum and glacial acetic acid. After the initial reaction subsided,
the reaction mixture was gently refluxed for 12 hours. After removal of
the inorganic salts by filtration, the filtrate was concentratzd, made
alkeline and extracted with ether. The combined ethereal extracts were
fractionated and the distillate collected at 167°/25 mne. Only a very small
quantity of a strongly smelling, deep red, viscous liquid was obtained.

Attempts to prepare a hydrochloride from this liquid failed.



Chemical reduction of 3,4~dimethoxy-ty-nitrostyrene:

Since the direct reduction of the nitrostyrenes and the corresponding
methyl ethers failed to yield the expected primary amines, it was decided
to prepare the oximes by a chemical reduction similar tq that used by
Nightingale and Janes (79) and then reduce these oximes to the corresponding
amines.

Twenty-five gm. (0.38 mple) of zinc dust waes placed in a l-liter,
three-neck flask, fitted with a mechanical stirrer, dropping funnel and
reflux condenser. A 200 cc. ethereal solution of 3,4-dimethoxy-w-nitro-
styrene was added and stirred Vigorously while a 25% acetic acid solution
was added over a two hour period at such a rate as to cause gentle refluxing
of the ether. After all of the acid had been added, the reeaction mixture
was heated gently until it became colorless and bubbles of hydrogen ceased
to form (approximately seven hours). The inorganic salts were separated
by filtration and extracted with ether in a Soxhlet extractor to recover ade-
gorbed product. The filtrate was concentrated and extracted with ether. The
combined ethereal solutions were evaporated in vacuo. A dark red oil re=
mained which resisted attempts at crystallization. The oxime of 3,4-dimethoxy-

phenylacetaldehyde has been described (58) as a colorless solid.

Reduction of 3,4-dimethoxy-w-nitrostyrene to the oxime:

Reichert and Koch (58) claim that Skita and Keil's method of reducing
substituted arylnitrostyrénes (60) gives poor yields. Thus they reported
that from 15 gm. of pemethoxy-w-nitrostyrene only 2 gm. of the corresponding
amine was obtained. Reichert and Koch stated that by using pyridine as the

solvent the aci~form of the nitro compounds are bound allowing the reducticn
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to proceed smoothly to the oxime stage:

- ° O+ -Caisl
Re=CH= H-N\\O 4+ CgHsN > R-CH‘:OH—N\\O
i ) z J//O'...GsHSN . . O'.¢-O5H5N
R-CH=CH-N + H 1,4 addition R-CHpCH=N”
0 OH
] % 3//000.0051-15N o /O....C5H5N
~CH= 2,3 ad 4
R-CEp=CH=N_ + Hp 22 8ddition__  R-GH,-CH, -N_
OH | “OH
H
C....CsHzgN
% 5
R-CHZ-CHZ-I;I: —E20 R=CHp-CH=NOH ~- CsHsN
oH
H

R = substituted phenyl
Unfortunately, Reichert and Xoch are vague in their experimental informa-
tion as to the temperature and amount of catalyst used during the reduction.

After many variations of the reduction procedure and isclation the
following method was adopted: Ten and five-tenths gm. (.05 mole) of 3,4-
methylenedioxy—w=nitrostyrene was dissolved completely in 75 cc. of hot
pyridine. During the solution, the color of pyridine deepened considerably
(suggesting an addition product?). The catalyst was prepared as follows:
Three-tenths gm. of palladium chloride was added to 100 cc. of distilled
water. The salt did not completely dissolve. The mixture was heated to boile
ing and a few drops of concentrated hydrochloric acid added. A clear, winew
red solution resulted, which was added to 3 gm. of Norite. The mixture was
shaken in an atmosphere of hydrogen and worked up in the usual manner (70).
Six-tenths gm. of the prepared catalyst was added to the pyridine solution
and hydrogenation initiated under a pressure of 10 atmospherss and 700.
After 20 minutes, reduction was complete. The catalyst was filtered by
suction, washed with a little pyridine and saved for future runs. The fil-

trate was transferred to a 1 liter beaker placed in a water bath containing
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water at room temperature. Dilute (10%) sulfuric acid was added dropwise
until the reaction mixture was just acid (to Congo-red paver) when the
oxime precipitated as a white, tinged-with-tan, crystalline mass. It was
filtered by suction and air-dried. The crude product weighed 9 gm. Re~-
crystallization from benzene yielded a snow-white product melting at 110°
and weighing 4.5 gm. (50%4). Nitrogen calculated for CoHgOzN, 7.83%; Nitrogen
found, 7.85% and 7.66%k. The oxime was dehydrated to the cyanide; the cyanide
hydrolyzed to the acid. The melting point of the homopiperonylic acid thus
obtained was 128° in agreement with the literature (51).
L4-Methoxyphenylacetaldoxime and 3,4-dimethoxyphenylacetaldoxime were
prepared in an analogous manner. For detailed directions see Reichert and

Koch (%8).

Reduction of 3, 4-methylenedioxyphenylacetaldoxime:

Hartung's method (70) was used. Four and five-tenths gm. (.025 mole)
of the oxime was dissolved in 100 cc. of absolute ethanol containing 3
equivalents of anhydrous hydrogen chloride with the formation of a deep red
color. Three gm. of the 10% palladium catalyst was added and the mixture
hydrogenated under an initial pressure of 10 atmospheres. After shaking for
1 hour, the theoretical amount of hydrogen was taken up. After working up
the product in the usual manner (70) a brown tarry mass was isolated which
failed to give any definite crystalline product. It was not further char-

acterized.

Complete reduction of W=nitrostyrene 1o the amine:

Kindler, Brandt and Gehlhaar (61) reported a2 method for the swmooth re-—
duction of W-nitrostyrene to the corresponding amine in the presence of con-

centrated sulfuric acid.
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Four gm. (0.02 mole) of 3,4-methylenedioxy W -nitrostyrene was dis-
8olved in 200 cc. of glacial acetic acid with the aid of gentle heat. After
the addition of 12 cc. of concentrated sulfuric acid (during which ths solu-
tion became wine-red) and 1 gm. of platinic oxide (Adams catalyzt), reduc—
tion was initiated under 10 atmospheres. Hydrogenation was rapid; after
15 minutes the theoretical amount of hydrogen was taken up. After decant-
ing the main portion of the solvent, the catalyst was removed by filtration
and the filtrate treated with the calculated amount of 30% sodium hydroxide
solution to neutralize the sulfuric acid. The precipitated sodium sulfate
was filtered by suction and washed several times with glacial acetic acide.
The acetic acid was removed under diminished pressure, the residue made
alkaline and distilled with steam, The distillate was alkaline and had a
rungent, ammoniacal odor suggesting deamination. The distillate was exw
tracted with ether, dried over solid potassium hydroxide pellets and anhy-
drous hydrogen chloride bubbled into the dried ethereal solution. On cooling,
a white solid separated which after drying melted at 196°. The reported
melting point for homopiperonylamine hydrochloride is 208° (80). The yield
was negligible. Attempts to make the picrate failed. OSuch modifications
as decreasing the amount of sulfuric acid, cooling the filtrate during the
neutralization of the sulfuric acid, and increasing the amount of catalyst
were tried in hopes of improving +the yield of the desired amine, but were un-—
successful.

It was thought that the steam distillatioE might have deaminated the

amine, since compounds of the structure /R- ? ~ CHy ~ NHp deaminate upon

CH
standing at room temperature (73). One modifica%ion which eliminated this

possibility is as follows:
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The'procedure was identical with that given on the preceding page up
to the isolation stage where the residue remaining after removal of the
acetic acid in vacuo, was made alkaline. The alkaline solution was ex-
tracted with several portions of ether. The ethereal extractions were com=
bined and dried over pellets of sodium hydroxide. The ethereal solution
was filtered into a dry flask and anhydrous hydrogen chloride introduced.
An immediate precipitate formed which soon darkened and became gummy.

Attempts at recrystallization yielded a highly colored, impure producte.
Another interesting modification was as follows:

Four gm. (0.02 mole) of 3,4-methylenedioxynitrostyrens was suspended
in 150 cc. of methanol. : Ten cc. of syrupy phosrhoric acid (85%) was added,
accompanied by evolution of heat. Two hundred and £ifty mgm. of platinic
oxide (Adams catalyst) was added and the mixture hydrogenated under an
initial pressure of 10 atmospheres. After shaking for 30 minutes, the
theoretical amount of hydrogen was taken up. The catalyst was removed by
filtration, washed with several portions of methanol and the pale green
filtrate cooled in an ice bath and made alkaline with anhydrous armonia (81).
The precipiiated amonium phosphate was filtered by suction and washed with
methanol. The combined washings and filtrate were evaporated under reduced
pressure and the residue treated with excess 10% sodium hydroxide and well
shaken during cooling. The ermlsion was extracted with ether and dried over
pellsts of sodium hydroxide. The dried ethereal solution was cooled in an ice
bath and anhydrous hydrogen chloride blown over the surface of the solution
to prevent gumming. The precipitated material was kept in a refrigerator

overnight and then filtered by suction. It darkened on drying and after being
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recrystallized from dioxane it melted above 250°. The picrate was prepared
and it too melted above 250°, The product was not soluble in water whereas
homo piperonylamine is reported as being soluble (80). On heating an
agueous suspension of the product, some of it dissolved and some yellow
material remained undissolved. The product was not soluble in dilute hydro-
chloric acid. It reacted with sodium hydroxide to form a product soluble in
ether. Nitrogen calculated for 0931102N~H01, 6.947%; Witrogen found, 3.99%
and 3.96%. The product was not further characterized, however, its proper-

ties and analysis substantiated the belief that it was dihomopiperonylamine (82).

Hofmann Degradation:

In view of the difficulties encountered thus far in the preparation of
the substituted ‘Ag-phenethylamines, the approach to these compounds via
e Hofmann degradation of the amide was tried, according to the following

equations:

R-CHO + CH,(COOH), _E_.g%}i, RCH=CHCOOH __H2__  RCH,CH,GO0H
2
B0Cla_  [RomycHyo001y| Mz ROHpCH,CONH, — Na0Brn_

RCHZGHQ NH2
R = 3,4-~dimethoxyphenyl

Preparation of 3,4-divethoxycinnamic acid (83) :

One hundred gm. (0.6 mole) of veratraldehyde, 130 cm. (1.25 mole) of
melonic acid and B cc. of piperidine were heated in 220 cc. of pyridine for
1% hours on a steam bath, during which rapid evolution of carbon dioxide
occurred. The reaction mixture was then heated on a hot »nlate under reflux

for 10 minutes. By pouring the reaction mixturs into an sexcess of 4 lute
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hydrochloric acid a dense, white precipitate separated. The product was
filtered by suction, and air-dried. The weight of acid melting at 178°

was 105 gm. (85%) .

Ag-(ﬁ,h-DimethoxIQhenyl)prqpionic acid:

For the reduction of the substituted cinnamie acid to the dihydro
derivative the method of Schwenk, Papa, et al (84) was used: Twenty gm.
(0+1 mole) of 3,4-dimethoxycinnamic acid was dissolved in 600 cc. of a
10% sodium hydroxide solution. The solution was placed in a 2-liter,
three-neck flask equipped with an air-stirrer, reflux condenser and ther-—
mometer. The flask was heated on a water bath to 90° and 60 gm. of Raney
nickelealuminum alloy added in very small portions during vigorous stirring.
The evolution of hydrogen was allowed to subside before adding fresh Raney
nickel. The hot solution was filtered and the residue washed thoroughly
with water so that a layer of water was always covering the residue, which
was pyrophoric if allowed to dry. The filtrate was cooled and acidified to
Congo=-red by adding it, with stirring, to concentratsd hydrochloric acid.
The precipitated inorgaenic salts were separated by centrifuging and extracted
with ether in a Soxhlet extractor. The filtrate was exiracted with ether
(the dihydrocinnamic acid is soluble in water) and the ethereal extracts com=
bined. The ether was removed by distillation at atmospheric pressure. White
crystals were deposited as the last portion of ether was evaporated sponta-

neously. The weight of product melting at 96° (85) was & gm. (38%).

Freparation gﬁf(ﬁ(B,#—dimethOXyphenﬂi)propionamide (48):

Eight gm. (.038 mole) of the above acid was dissolved in 30 cc. of
chloroform and 7 gm. (.058 mole) of thionyl chloride added. The reaction mix=

ture was allowed to stand for 12 hours at room temperature and then
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cautiously poured into a solution contailning 120 cc. of concentrated
ammonjum hydroxide, 1 gm. of sodium hydroxide and 12C cc. of water. The
chloroform was removed by heating on a water bath and the residual liquid
treated with charcoal and filtered while hot. After cooling in a refrigera-
tor, the amide separated in white needles. The yield was 1 gn. (12.5%).
Because of the poor yields obtained and the laborious procedurs this method

was not considered practical for preparing the desired phenethylamines.

Rhodanine method:

A general method for the preparation of arethylamines and arylacetic
acids 1is reported by Julian and Sturgis (65). The experimental procedure

was followed exactly, substituting piperonal For veratraldehyde as given in

their experimental directions.

Rhodanine: This compound was obtained in a yield of 87%. It crystallized

from alcohol in almost colorless needles; melting at 1635°,

Fiperonylrhodanine: This product was obtained in a yield of 89% and

melted at 256-258° with decomposition. Qare was taken during the condensa-

tion not to overheat the reaction flask else charring would occure.

Cleavage of piperonylrhodanine with alkali: Forty gn. (0.15 mole) of

piperonylrhodanine was used for the cleavage. No difficulty was experienced
during the addition of acid, as Julian and Sturgis indicated. The yield of

pale yellow acid melting at 208-210° was 89%.

c(LOXimino-/(3-5,4—methylenedioxyphenylpyruvic acid: The acid, upon re=

crystallization from water separated as beautiful white needles; and melted

at 170-171°. The yield was S0%.
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Decomposition of of=oximino- /3~5,h-methylenedioxygbenylpyruvic acid: The

recrystallized oximino acid was used for the decomposiiion. The ethereal
layer was distilled under a pressure of 15 mm. The product distilling at
160-165° was collected. Upon cooling, yellow nesdles separated. The

yield of 5,Q—methylenedioxyphenylacetonitrile was 71%.

Reduction of 3,4-methylenedioxyphenylacetonitrile:

Eleven gm. {.07 mole) of the above nitrile was refluxed 15 minutes
with 5 cc. of an alcoholic suspension of Raney nickel catalyst to remove
any possible sulfur contamination. The Raney nickel was removed by filtira-
tion and the filtrate dissolved in 100 cc. of absolute ethanol containing 2
equivalents of hydrogen chloride. Three gm. of a 10% palladinized charcoal
catalyst was added and reduction initiated at 4 atmospheres pressure. After
shaking for 1 hour, no appreciable hydrogen was taken up; shaking was con-
tinued Ffor an additional hour. 4 small amcunt of palladium chloride was
added directly to the reduction mixture but this failed to augment the rate
of hydrogen uptake. The cetalyst was filtered of? and 250 mg. of platinic
oxide added toc the filtrate which wae then submitted to rehydrogenation at
L4 gtmospheres. Since hydrogenation did not proceed to any appreciable ex-

tent, the method was abandoned.

Mandelonitrile acetates:

The success of Kindler & Feschke (52) in catalytically reducing sub-

stituted mandelonitrile zcetates to the corresponding /43aarethylamines prompt-

ed an investigation of their procedure:
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N R
/ R / R
i +  HON — l (CH2C0)50
d ramll
N \ CHzCOCH
~oN

CH;COOH

~CN

Preparation of 3,4-methylenedioxymendelonitrile acetate (71):

The reaction was carried out in a well-ventilated hood. Twenty gm.
(0.31 mole) of potassium cyanide was intimately triturated with 30 gm.
(0.2 mole) of piperonal in a glass mortar. To this mixture in a 500 cc.,
three-neck flask, equipped with a mechanical stirrer and dropping funnel,
was added 40 cc. of water. The mixture was cooled in an ice-salt bath and
while stirring vigorously, 30 cc. of concentrated hydrochloric acid was
added dropwise over the course of one half hour. Siirring was continued 15
minutes after the last drop of acid was added. The cyanohydrin separated as
a thick, orange oil. The reaction mixture was allowed to stand until come
plete separation of the cyanohydrin was accomplished. This was dissolved
in 81.6 gu. (75 cc., 4 fold molar excess) of acetic anhydride, containing
7 gm. of anhydrous sodium acetate. The mixture was heated under reflux for
1 hour on a water bath. After standing overnight a solid mass usually

separated. In either case, two methods of isolation were employed. The
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acetylation mixture was extracted with ether, and the sthereal layer
washed successively with 5% NaOH solution, H,0 and 10% N'aQCO3 solution.
The ethereal solution was concentrated by gently blowing off the ether
in a stream of air, The crystals which separated were washed with several
portions of ether. The washings were combined and treated as the original
solution. An alternate and improved method of isolation was to place the
acetylation mixture in a distilling flask and remove the excess acetic
anhydride under reduced pressure. The residue was stirred with water, which
leaves the cresm~colored product behind. The crude product obtained by
either method of isolation was recrystallized from commercial sbsolute al=-
¢ohol. The alcoholic solution showed a great proclivity to supercool, but
a slight scratching was all that was needed to initiate complete precipita-
tion of the white product. The weight of the purified product melting at
71-71.5° was 37 gm. (70%). Repeated recrystallization did not raise the
melting point.

In a similar manner, 3,4-dimethoxymandelonitrile acetate (melting at
75°) was prepared from veratraldehyde in a yield of 69%. The product was

more difficult to crystallize than the corresponding methylenedioxy compound.

Homopiperonylamine:

Reduction of the methylenedioxymendelonitrile acetate to homopiperonyl-
amine was accomplished after modifying the procedure given by Kindler and

Peschke (52):

O~CHgz

VAN G // XJ
\ ——2a . ‘ +  CHzCOOH

N\
’ CN Y ]
H-C\ CHp ~CHoNHp
0CQCHy
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Five gm. (0.024 mole) of 3,4-methylenedioxymandelonitrile acetate was
dissolved in 50 cc. of absolute ethaenol containing 2 equivalents of hydrogen
chloride and 3 gn. of 10% palladium-on-charcoal catalyst added. The mixture
was subjected to hydrogenation at 4 atmospheres pressure in ths Burgess-

Farr apparatus at room temperature. The reduction proceeded extremely slow-
ly. After shaking for 6 hours, only a small fraction of the calculated am-unt
of hydrogen was taken up. Acvroximately O.l gm. of palladium chloride was
added and shaking continued for 1 hour longzer. The catalyst was removed

by filtration and the filtrate concentrated by removing the aleohol in

vacuo. The oily residue failed to yield a hydrochloride or a picrate.

The reduction was repeated, substituting Adams catalyst (platinum oxide)
for the palladium catalyst, The reduction was equally as slow as in the pre-
vious runs.

Successful method of reduction: Five gm. (0.024 mole) of 3,4-methylene~
dioxymandelonitrile acetate was dissolved in 30 cc. of glacial acetic acid
and 1 cc. of concentrated sulfuric acid added. A transient red color apneared
as the sulfuric acid came in contact with acetic acid solution of thes man-
delonitrile acetats. Three gm. of previously precared "active" catalyst*
was added and reduction initiated at 4 atmospheres pressure and at room tem=
perature in the Burgess=Parr apraratus. The reduction was very rapid initially;
after approximately two-thirds of the calculated amount of hydrogen was taken
up, the rate of reduction slowed and the last third was rather refractory.

The product was isolated by filtering off the catelyst (which was immsdiately
washed successively with several portions of watesr, acetone, 5% ethanol and
ether, and saved for future runs) and adding the calculated amount of sodium
hydroxide (as a 20% solution) to neutralize the sulfuric acid. The turbid mix-

ture was transferred to a Claisen distilling flask, and the acetic acid removed

*yide infra
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under diminished pressure on a weter bath. The residue was taken up in
enough water to get complete solution (during some rums it was necessary to
add a little dilute hydrochloric acid to prevent hydrolysis of the amine
acetate) and extracted with ether’to remove non-nitrogenous meterialas. The
solution was then made distinctly alkaline and exhaustively extracted with |
ether. The combined ethereal extractions were dried over pellets of sodium
hydroxide and filtered into a dry 500 cc., thres-neck flask immersed in an ice=-
salt bath and fitted with a mechanical stirrér, calcium chloride tube, and a
glass tube which came within 1 cm. of the surface of the ethereal solution.
By means of this tube a stream of anhydrous hydrogen chloride was blown over
the surface while stirring the cooled solution. The snow-white homopiperonyl-
amine hydrochloride precipitated as a fluffy, amorphous mass. After standing
overnight in a refrigerator, the product was filtered from the ethereal solu-
tion and dried in vacuo. The crude product melted at 190-195°. Recrystalliza-
tion from absolute alcohol=-absolute ether raised the melting point to 208-210°.
The purified product weighed 4.1 gm. (85%). The hydrochloride was readily
soluble in water. The fcllowing derivatives (86) were made by the usual
methods: picrate mp. 173-49; N-benzoate mp. 121°; chloroplatinate mp. 210°,
The free amine was water-white and distilled at $0°/0.13 mm. It readily
formed a carbonate (melting at 90°), abstracting COp, from the atmosphere.

In a similar manner, homoveratrylemine was prepared from 3,4-dimethoxy~-
mandelonitrile acetate in a yield of 82%. The hydrochloride is more difficult
to purify than homopiperonylamine hydrochloride. The following derivetives (51)
were prepared: hydrochloride mp. 154~155°; picrate mp. 162-3°; N-benzoate (87)
mp . 970. The free amins was a syrupy, water-white liquid distilling at
87°/0.1%3 mm. It, too, avidly formed a carbonate (melting at 93~94°), ab=

stracting COp from the atmosphere.
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Preparation of "Active" Catalyst:

Since the reductions up to this point were not only erractic but
génerally disappointing, the catalyst was suspected. It had been observed
that the palladous chloride (Coleman % Bell) showed aberrated propertiss
and behaved differently from material previously used in these Laboratories.
It has been noted occasionally, without adequate experimental foundation,
that "recovered" palladium chloride frequently exhibited increased catalytic
activity. A decision was made, therefore, to recover the metal from spent
catalysts and investigate its catalytic properties. It should be added
that the used catalyst generally was palladium=~on=-charcoal; and that, to
it occasional platinum catalysts had been added. These were ashed with an
oxygen=-gas torch. The residue, containing globules of free metal was
taken up in aqua regia. The material which did not dissolve was filtered
off and the clear, wine-red filtrate was evaporated to dryness on a steam
bath. The residue was heated with excess concentrated hydrochloric acid
and again evaporated to dryness. Iridescent purplish-red plates were ob-
tained. One gm. of these crystals was dissolved in 50 cec. of boiling water.
It was necessary to add a few drops of concentrated hydrochloric acid to
prevent hydrolysis;’thus a deep red, clsar solution was obtained. Fifty cc.
of 1 molar sodium acetate solution was combined with the above solution and
after the addition of 2 gm. of Norite, the mixture was shaken in an atmos-
phere of hydrogen until saturated. The "active" catalyst thus obtained
was filtered, washed successively with four portions of water, acetone, 957
ethanol and ether. When not in use, it was stored in a screw-cap bottle.

The catalyst showed no diminished activity upon repeated use.
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The smooth reduction of the mandelonitrile acetates when employing

the "active" catalyst prompted a reinvestigation of former reductions which

failed.,

Mandelonitrile benzoates:

P-Hydroxymandelonitrile dibenzoate was reduced using essentially the
same procedure as given on page 24; substituting 3 gm. of the "active"
catalyst for the one given there. Reduction was very slow and no definite
product was isclated.

No mandelonitriles or substituted phenyl cyanides were available for
trial with the "active" catalyst and time did not permit their reprepare-

tion.

Li=-Nitrostyrenes:

The reduction of 3,4-methylenedioxy-we-nitrostyrene proved highly
interesting. Four gm. (0.02 mole) of 3,4-methylenedioxy~w=nitrostyrene
was suspPended in 100 cc. of glacial acetic acid to which was added 1 cc. of
concentrated sulfuric acid (a transient red color appeared at the juncture
of the two liquids). Three gm. of the "active" catalyst was added and the
mixture hydrogenated at room temperature in the Burgess-Parr apparatus under
an initizl pressure of 4 atmospheres. The calculated amount ot hydrogen
was taken up in 5 minutes. The reaction bottle.was quite warm after the
reduction. The catalyst was filtered by suction, washed in the usual manner,
and the filtrate treated with the calculated amount of 20% sodium hydroxide
solution to neutralize the sulfuric acid. The mixture was transferred to a
Claisen distilling flask and the solvent removed in vacuo. The residue was

taken up in water and the turbid solution treated with a smell amount of
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dilute hydrochloric acid to insure acidity and prevent hydrolysis of the
amine acetate. Upon addition of the acid a grayish-white solid separated,
which was filtered off and saved for later identification. The filtrate
was worked up in the same manner as already described for the reduction
of the mandelonitrile acetate with the "active" catalyst. Two gm. (50%)
of purif'ied homopiperonylamine hydrochloride, melting at 208-20$° was ob-
tained.

The grayish-white solid isolated above was treated with charcoal and
recrystallized from glacial acetic acid. The weight of the purified product
was 0.8 gm., melting at 249°. Its properties agreed with those reported by
Sorn and Schellenberg (59) for 1,4=dinitro-2,3-bis(3,4-methylenedioxyphenyl)
butane. |

Unfortunately tiﬁe did not permit following these investigations
further. In view of the striking difference observed here between the two
types of catalysts, it is suggzested that a more detailed study of these

phenomena will prove enlightening and profitable.

Attempts to Prepare Substituted Phenylacetaldehydes:

It was expected that Keaglel's application (72) of Harries! method (88)
for the hydrolysis of succindialdoxime, would yield the desired aldshyde

from 3,4~methylenedioxyphenylacetaldoxime:

R-CHy~CH=NoH = iONQy  R-GH,CHO

R 2 3,4-methylensdioxyphenyl
In the following experimehts the oxime used was the same; i.e., 3,4-methylene-
dioxyphenylacetaldoxime.
Two and twenty-five hundredths gm. (.0125 mole) of the oxime (prepared

ae described on page 57) was ground with 13.5 cc. of 10% sulfuric acid in a
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gless mortar. The mixture was transferred to a 50 cc. beaker, fitted with
& mechanical stirrer, and immersed in an ice-salt bath. During moderate
stirring, 1.75 gm. (0.024 mole) of sodium nitrite wae added in small portions.
The rate of addition was controlled by the avoidance of brown fumes and
keeping the temperature at 0°. After the addition of the nitrite, the
reaction mixture was allowed to come slowly to room itemperature. A dark
red plastic mass separated from the reaction mixture which failed to yield
the aldehyde and was not further characterized.

The modification of Harries' method by Mannich and Budde (89) was
tried with no success.

A third modification of the above method was to dissolve the oxime in
dioxane, add a saturated solution of sodium nitrite to it and while stirring
and cooling, dilute hydrochloric acid was added. The solvent'was removed
under diminished pressure and the residue extracted with ether. No aldehyde

wae isolated, although the fuchsin-aldehyde test was poeitive.

The method of Tiemann (90):

One gm. (0.0056 mole) of the oxime was mixed with 1 gm. (0.0067 mole)
of phthalic anhydride and the dry mixture distilled with steam. The dis-
tillate (which gave a positive fuchsin-aldehyde test) was extracted with
ether, dried over anhydrous magnesium sulfate and concentrated in vacuo. No
aldehyde could be isolated although the concentrated ethereal solution possess-

ed an aromatic odor (c¢f. phenylacetaldehyde).

The method of Hall, Hynes and Lapworth (91):
A modification of the method of these authors was used. One gm.

(0.0056 mole) of the oxime was added to a mixture of 10 gm. of formalin
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and 10 gm. of concentrated hydrochloric acid and the mixture wae heated to
boiling. The mixture, which darkened on heating, was cooled to room tempera-
ture and extracted with ether. No aldehyde was isolated.

Various other methods of hydrolysis, such as gentle reflux of the oxime
with dilute sulfuric or hydrochloric acid were tried but with equally poor
results. The difficulties in hydroly,ing these aldoximes parallel Waters's
(92) immbility to obtain ol =~keto acids from the corresponding oximino acids

without disrupting the expected product.

RING CLOSURE

Biological closure of the isogquinoline ring: Modifications of the
methods of Hehn and Schales (38) and of Schopf and Bayerle (26) were used

for the ring closures.

Hahn and Schales (38):

To a solution of 1.6 gm. (0.008 mole) of homopiperonylamine hydro-
chloride in 1%0 cc. of water was added 1.91 gm. (0.018 mole) of benzaldehyde.
The pH of the mixture was adjusted to 5 by means of a trisodium phosphate
buffer and the finél volume made up to 200 cc. The mixture was allowed to
stand for 8 days at room temperature. During this period the mixture ac-
quired a straw color. At the end of the period, the odor of benzaldehyde
was still pronounced. The mixture was then evaporated to dryness under
diminished pressure. The yellow residue was made alkaline and exhaustively
extracted with ether. The ethereal solution was dried over pellets of sodium
hydroxide and to it a cold, saturated, ethereal solution of hydrogen chloride
added. The mixture was allowed to stand in a refrigerator overnight and the
white precipitate collected by suction filtration and recrystallized from

absolute alcohol-absolute ether. The recrystallized product weighed 1.5 gm.
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and melted at 204-206°. A mixed melting point with homopiperonylamine
hydrochloride showed no depression, confirming its identity as unchanged amine.

The sabove experiment was reveated with the exception that the time
of standing was increased from 8 days to 16 days. The appearance of the
mixture was the same as in the previous run and unchanged homopiperonylamine
hydrochloride was recovered.

A third modification of the above experiment was to double the conw
centration of the reactants. Unchanged homopiperonylamine hydrochloride
was recovered in almost quantitative yield.

A fourth modification was as follows: To a solution of 1.6 gm. of
homopiperonylamine hydrochloride in 150 cc. of water was added 0.79 gnm.
(.018 mole) of acetaldehyde. The pH of the mixture was adjusted to 5 by
means of a trisodium phosphate buffer and the final volume made up to 200 cc.
The mixture was then divided into equal parts. Part (I) was allowed to
stand for 8 days. Yart (II) was allowed to stand for 16 days. Unchanged
homopiperonylamine hydrochloride wae recovered in both instances.

The failure of these experiments to duplicate the results of Hahn and
Schales parallels the inability of Spith, Kuffner and Kesztler (39) to re-

peat the former authors! work.

Schopf and Eayerle (26):

The method of Schgpf and Bayerle in closing the isoquinoline ring un-
der biological conditions requires a free hydroxyl group in the 3-position

of the ﬁ-phenethylamines :

HO \
Tﬁz 259
HO NHo pH 3
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Attempts at demethylation of homopiperonylamine and homoveratrylamine were
carried out as follows: Three 1 gm. quantities of homopiperonylamine were
refluxed separately for 30 minutes with 20 cc. of constant boiling hydro-
bromic acid, hydroiodic acid and hydrochloric acid. The resction mixture
was concentrated, in vacuo, and the dark gummy residues zllowed to stand
in the refrigerator overnight. No crystalline product was isolated.
Variations of this procedure, such as modifying the amount of acid used,
altering the reflux time and method of isolation failed to yield the phenolic
product.

A very elite method for the cleavage of the methylenedioxy ring re-
ported by Mosettig and Burger (93), involves the use of aluminum bromide.
However, by applying their procedure to the cleavage of homopiperonylamine,
the phenolic compound was not obtained, but unchanged homopiperonylamine
was recovered. This method merits further investigation.

Homoveratrylamine was treated with hydrobromic acid in the exact
manner as given by Schgpf and Bayerle (26) for its conversion to the
catechol compound. DNo definite érystalline product.could be isolated.

A variation of the above procedure is the following: Three and six-
tenths gm. (0.02 mole) of homoveratrylamine was gently refluxed for 30
minutes with 60 cc. of constant boiling hydrobromic acid. The reaction mix-
ture was cooled to room temperature and divided into equal ﬁortions. One
portion was dissolved in 100 cc. of water and 0.79 gm. (0.018 mole) of
acetaldehyde added. The pH was adjusted to 5 with trisodium phosphate and
the finsl volume made up to 200 cc. with water. The brown, frothy mixture
was allowed to stand for 3 days at room temperature. Some br;ﬁn solid sepereted,
The mixture wee filtered and the golden yellow filtrate evaporated to dry-

ness in vacuo, the dark residue made alkaline and extrected with ether. The
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ethsreal extrzct was dried over jellets of zodium hydroxids. Tre dried,
ethereal solution was treat:d with cold etrnereal hydropgen chloride b:t no
precipitation occurred.

The entire procedure, starting with the demethylation, was reseated
substituting homopiperonylamine for the homoveratrylarine. The reacion
mixtures behaved similarly to those of homoveratrylawine. Unchanged homo-
piperonylamine was recovered. Other variaticns such as increasing the re-
action time up to 60 days, and increacing the concentrations were tried

but none yielded tie exrzcted isoquinolines.

Ring Closure by the listhod of Buck (45):

Aldehydes condense readily with amines to yield Schiff bases., These
have be:n converted, with-ut being icolated, into tetrahydroisoquinolines by

Buck (43) who used hydrochloriec acid as the condensing agent:

/ CP‘\Z CH, ]
, , THZ HCHO i 'r \CH2 Ro‘///
\ -+ —_— !. HC1
AN " RO /3 rll - RoF E) N
. v N

R = hydrogen, methyl or methylenedioxy

A number of tetrahydroisocuinoline hydrochlorides centaining hydroxy,
retroxy, wmethylenedioxy an’ ll=methyl groups have teen prepared by ihis
rethod. The aldehyde used in every instance vwas formaldelyde (43). 1t
cecrec vrofitable to adogt this metlod Zor tie preporaticn of l-phenyl sub-

stituted tetralydroiscquinolines.
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rreparation of €,7-cwethylenedioxy-1,2,3,4~tetrah;, droiscquinoline hycrochlorite:
This compound was preparec according to the orocedurz of Zuck (43) in

a yield of 60% and melted above 350C.

Freparation of 6,7-dimesthoxy=1,2,3,k-tetrahydroisoquinoline:
This compound was prepared according to the procedur: given by Puck (45)

in a yield of 61% and melted at 253°,

Preparation of 6,7-dimethoxy=l=phenyl-1,2,3,4~tstrahydroiscoiinoline:

Two and twelve-hundredths gm. {(0.02 mole) of freshly distilled benz-
aldehyde waz added to 3.6 gm. (0.02 mole) of freshly distilled homoveratryl-
amine in a 30 cc. beaker. A yellow color developed immediately and the
mixture becare cuite warm. After manual stirring for ceveral minutes, the
turbld wixture was heated on a water bath Por 30 minutes. The orangs-red
mixturs was transferred to an evaporating dish, 23 cc. of 24% hydrochloric
acic added, and tre whole svaporated to near drynsss. The cream colored
solic which separated wzs recrystsllized from absolute alcohcl-absolute ether.

1

The gproduct weizhed 4 gur. (56%) 2nd melted at 253-2340,

Atterpted prayaration of 6,7-dimethoxy-l=phenyl=-2'-ethoxy-1,2,3,4=tetrahydro-
izoguinoline hydrocrloride: Trree gm. {0.02 mole) of Pfreshly distilled

0 -ethoxzybenzaldehyie was added Lo 3.5 zm. (C.02 mole) of fresnly distilled
horoveratrylacine in & 50 cc. beaker. A yellow color developed imrediotely

I}

and tre nixture became very warm. After monuelly stirrcing Tor 2 few minutes
the nixture wac reated on & water bath Tor 30 mimates.
transfsrred to en evaporating dizh and 25 cc. of 24% hydrochloric =cid 2d<ed.

Tre whole wac evazorated to "dryness". Attempts to recrystallilze the cummy

residue failed.,
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Attempted preparation of 6,7-methylenedioxy-l-phenyl-1,2,3,4~tetrahydro-
isoquinoline hydrochloride: The procedure wae identical with that given
above, substituting homopiperonylamine for homoveratrylamine and benzalde-

hyde for o-ethoxybenzaldehyde. The behavior of the reaction mixture was

similar to that above. No definite crystalline compound could be isclated.

Buck's procedure worked well for formaldehyde but was erratic for sub-

stituted benzaldehydes.

Freparation of dihydroisoguinolines:

The method used was the same in all cases and consisted essentially

of Whaley's modification (21) of the original Bischler and Napieralski

reaction (20).

CHo

RO THZ
NH
|
H

RO

The general procedure 1is illustrated by the preparation of 6,7=dime thoxy—1l
phenyl-3,4~dihydroisoquinoline: One gm. (0.005 mole) of homopiperonylamine
was placed in a 200 cc., glass stoppered flask. Two cc. of 20% sodium hydrox-
jde solution, 25 cc. of ether and 0.7 gm. (0,005 mole) of benzoyl chloride was
added. The Plask was shaken vigorously and the excess ether removed by
gently blowing & stream of air in the flask. The benzamide formed was re-
crystallized from dilute alcohol. The weight of product melting at 117°

was 1.5 gm. (quantitative).
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Nine-tenths gm. (0.003 mole) of the above benz-(/4-3,l4-methylene-
dioxyphenethyl) amide was diesolved in 10 cc. of dry xylene and 3 gm.
(0.019 mole) of phosphorous oxychloride added. The mixture was rafluxed
for 1 hour, cooled with ice chips and heated on 2 steam bath to obtain
two clear layers. The xylene layer was discarded; the aqueous lay:sr washed
with ether and made strongly alkaline with 20% sodium hydroxide solution.
The alkaline solution was extracted with ether and the ether evaporated
in a stream of air. The crystalline residue was recrystallized from
dilute alcohol. The product weighed 390 mgm. (32%) and melted at 136°.

In an analcgous manner, 6,7-dimethoxy-l-phenyl-3,4~dihydroisoquinoline
(m.pe. 120-121°) was prepared from homoveratrylamwine in a yield of 70%;
6,7 4" =trimethoxy~1-phenyl~3,4~dihydroisoquinoline (m.p. 120°) was pre-

paredvfrom homoveratrylamine and anisyl chloride in a yield of 65% (94).

Ring closure by the method of Decker and Becker (23):

This method of isoquinoline synthesis utilizes the ease in which
Schiff bases are formed; these are isolated and cyclized by a variety
of condensing agents--anhydrous hydrogen chloride, phosphorous oxychloride,

zinc chloride, thionyl chloride and hydrogen bromide.

N

RO clmz
RO NH, RO //N ete. RO NH

RO CHp RO oz

Decker and Becker condensed homopiperonylamine with a limited number of

aldehydes.
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frelixinary Hotes:

During the course of this investig-tion, it was found neceszzry lor
ovtinum ylelds to distill freshly every liquid aldehyde 2n¢ recryztallize
every solid aldehyde prior to its use in the condensations. Likewicse it
is necessary to dis:ill freshly the intermediate rhenethylamines nrior to
their use; tiece amines were carefully protacted from tre atrosrchere as
they easily form cartonstiss,

The Schiff bases display a marked tendency to suctercool cduring their
recrystzllization but only a slight shaking or scratching suffices to initi-
ate complete crystallization.

Two gensral methods were develouved for the preraration of the
Schif bases in excellent yields. The two nethods taks into 2ccount the

rhysical state of tre aldehyde.

Ilethocd l:

For liguid aldehydes: Three~hundredths of a mole of the aldehyde
was 2éded to 0.0% mole of the amine in a 100 cc. beaker. Heat was evolvad
ancé 2 yellow to orange color devaloped. The mixture w2s stirred manually
until the nixture becane viscous and Tinz1l- set intoc a hard, dry maes, ac-
corpanied by the evolution of heat. Heavting on a water bath was not nece-
ssary (with freshly <ietilled reactants) to complete the reaction. The
products were rscrystallized frerm dilute alcohol. After recrystallization
the com.ounds were filtered with suction and air-dried. Tre yield was

usuzlly guantitative, alloring for norral manipulative losses.

h.ethod I1:

e——————— S—

For solid aldehydes: Three-hundredths of a mole was Jlscolved in

%0 cc. of comrercial absolute alcohol (in scme inztances core 2alcchel and
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a gentle warming was required for complete solution) in a 250 cc. Erlernmeyer
flask. To this alcoholic soluticn 0,03 mole of the amine was added, accom—
Panied by development of color. The reaction mixture was gently heated on a
water bath to drive off mest of the alcohol, then set aside to cool. On
cooling, the entire mixture set to a druse of crystals. The product was re-

crystallized from dilute alcohol, filtered with suction and air-dried.

TABLE II

Schiff Bases of Homoveratrylamine

Yield of
Substituted Benzaldehydes Appearance M,P.°C Purified Product
3,4-Diethoxy Colorless flakes 75-75 .5° Quantitative
4-DMethoxy Colorless plates 62° 82%
2-Hydroxy Bright yellow 74-74.50 90%
needles
3-listhoxy-kt~hydr oxy* Orange bulky plates  120° 88%
2-Chloro Colorless plates 70-~70 .5° 86%
3-Nitro Tiny felted white 98° 8%%
needles
4-Hydroxy Light buff plates 161~161.5° 87%
2-Hydroxy=b~chloro Seintillating yellow 69° Quantitative
platelets
Schiff Bases of Homopiperonylamine
3,4~Methylenedioxy(23) Light green plates 92° 88%
%3,4-Diethoxy Lemon-yellow fluffy  71-72° 85%
needles
Cinnamaldehyde(23) Snow-white fluffy &h-64 .5° 86%
platelets

srecrystallized from isopropanol



Cyclization of the 3chiff bases:

Various methods of cyclization were tried before satisfzctory

methods were evolved.
Five gm. (0.025 mole) of homopiperonylamine wae cissolved in 10C cc.
of dry ether. Two and seven-tenths gw. of benzaldehyde was sdded and the

mixture refluxed for 15 minutes. Ten cc. portions wers used for the

following condensations.

Anhydrous hydrogen chloride as ccndensing agent: Dry hydrogen chloride

in the ethereal solution. There was an imrediate reactiocn and a yellow
solid mass segarated. The reaction mixture was hea‘ed to dryness on the
stear bath. The residue was recrycstallized frow 957% ethenol. The white
crystalline procduct weighed 20C mgm. (34%4) and relted at 262°. Decker and
Becker (23) reported a melting point of 309-311° for tris compound. The
product did have trhe yellow-green fluorescence when heated with dilute

nitric acid trat these authors describe.

Aqueous hycrockloric acid: Ten cc. of the etiereal soluticn of the Schirf
base was added with mznual stirring to hot concentrated hydrochloriec acid

fubl

on tns stear. bath. The mixture was lheated on the steam bath for 3C minutss,

o

and snouzh =lcohol zd.ed to obtain cemplete sclution. After cooling, buff-
colored crystals secvarsted, which aftsr Jdrying weighed 20C nwgm. (237} =2nd

reltsd at 264°.

Eoron trifTluoricde acz condersing agent: Theres waz 2an imredizte reachion =nd

a 72llow solid separated. The nixtore was “enied to drynsse on tre cteam

A

betn. Tre residus after trect.ent with wetor, 207 sodiur hydrowide solation

)

acctate, wes cexbtracted with etior. Tre etlsrecl extract was drioed

=

a2 sodiu

over anhydrcus magnesium sulfate wnd anhydrous nodreogen crnloside irtrolduced,

(o)
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The precipitated product afier reerystallization Crorm 957 etrarol
I’ ; 3

nelted at 262°. The yield was neglisible.

Thionyl chloride as condensing agent: Upon the adcition o7 trionyl
crloride to the =zthereal sclution of the 3chifl? baze a vellow so0lid
separated. The wmixture was evaverated to dryness on the ste2rn bath. The
red, oily residue wa: taken up in alcohol, warmed to =2ffect solution z2nd

ellowed to set in a refri-erztor overnight. The buf“-colored soli’ was

collected and melted at 260-2°. The yield wasc neglipitle.

Three esreral wme“hods Jor tre cyclization were developed which yielded
the desired isoquinolines in good yield. As a rule, tks isoguinecline was
obtainable in guantity by only one of the technigues which rust bz se-
leected by trizal:

(2thod I used anhydrous hydrogen chloride,

welhod IT used aqueous hydrogen chleride and

tethod ITT utilized alcoholic hydrogen chloride.

(&3

Lletrod I: In a 20C cc., three-nczck Tlask,; equipred with mechanical stirrer,

-

calciuw chloride tube and a :lass tubs which diprned below the surface of

trhe rezction wixturse, wes slacea a solution of 0.2 nole of the Zreviously

crzarsd 3ckif? base in 23 cc. anbydrous venzsne. While vigorously stirring
+

thz solution, snrydrous hydrogen chlorids wae introduced through the glasc

cative of the Torwation of th

[

tabe. A _2llow colored precipitate, ind

N o

Sehif ! base r irochloride, im =2dictely segzrated. After ths reaciion 2lask
2 Y, ¥ y 3 S ) ~ e . oy A e M A
mas saturated with rydrogen chloride, tre flow wac stogpred ond gsntle leat
epplizd. If the condensation went well th2 yellow color of tre Scnli”l Laze
» wrochlorid s disazoeared aald the cler solution wes allewed tc cool in a

re"ri_erator. 1Ihe :recipitated isocuinoline rydreckloride wao rexoved

~

o
A

O

+ration znd recrystellized Crom absolute zlcohol-c

Til-



In sonmz inctances the rroduct izoloted sroved Yo bz Lre ancioble

schi”F base hydrechloride., Thzse conpounds when die.olved in w2ter £1ulit
into thelr components. In attermpting to wske Lhls cetihod are widely
2pplicable, several modifications were vade in *he seneral greocsiurs.

vodificaticns such as revlacing the benzene with achyirous uylsne in orcer

to obtain = higher boiling solvent, orerating 24 lossr terperaturss and

lengthening Lre reaction tire did not give i-proved yislds,

sethod IT1: In =z 200 cc., three-nack flsck, ~itted wi*h a wmochaniesl
stirrer anc reflux condenser was pliced O.3 role of the rreviously re-

par=d 3chiff bace and ducing vigorous stirrin: 40 cc. o9 247 hydrochloric

acid adiec. Tho Zchiff base hydrochnloride formed, The flazlk was heated

on a water bLatl. ind stirriog was contimued for 40-£0 minutsz. The flask

L |

i7¥ the rroduct ceparated, it was T1lltered and recrystallizad

2]
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o
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frow absolute alcohol-absolute ethzar. Frequently the product d¢id not
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w

erarats w on cooling; if this
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to crynsss under reodaced rresszure (water asrirator) wnd the rasidus was

dissolv=d in & minimum amount of hot absolu’e alcolivl, chol=d and absolute

gtnzr 2d.2c to ivitiaste precipltation 02 the ismocuinnline hrdrochloride.
Letrogd ITT: In a 3CC c~. Erlanmeyer flack mas ol-sced 2 selution 2f 0.2 mole

n? the Schi®” bese in 20 cc. of tenzene snd 20 co. of 635 ethanol, To thia

5

cc. o a scturated stazreal solution of hidrogen chloride and

O

as adoed 2

x|

P

the whols conczatrated to 2 liroximately ons-eightl i volure on a water

estn., Tz reiction mixzure mg- coolz2c =#nd shsolute clrer cciel to initizte

ta-ion. The isocuinoline wao "ilter=< by suction znd recrystallizsd

A,
Y

v.e zlcoehol-absolute sther. hnaslytical sanples were rzeryotallized



TAELE III

Tetrahydroicoguinoline Hydrochlorides

Isoguinoline

Trepn..ethod

Ap

nearance

Yield of
parified
nrozuct

()8
(@l

E
O

-
Ll Ty
9] b

)]
o
[@JETNE

—

6,7-lethylenedioxy

“1-(B-styryl) (23)

6,7=Direthoxy=~3' ,4' =
diethoxy=l= honyl

6,7, 4" =Trinathaxy =l
R -

_'r';.‘:'!,.-,'l
E,7-Cinethony=2Y =
hydroxy-l-ihenyl

&,7~Cimethoxy -2 -
nydroxy=2'=chloro-—
1-plhienyl

6,7=0i etloxy=2t=
chloro=l=phanyl

& ,7=Cinethoxy=31 =
nitro=l=-gheryl

b
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Tethod 1T
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Discuesion of Results

The prospect of emploving erethylarmines as iaterczaistes for tre
breparation of dihydro- and tetrahydroisocuinolines necescitatzsd first
a study of their synthesis. The general methiods exarined arz:

a2) Reduction o” mendelonitriles

b) Reduction of nitrostyrenes

c) Reducticn of oximes

d) Reduction o7 bznzyl cyznidec
Unfortunztely it wac not avpreciated early enocugh in these reduction
stucies that the catalyst was not functioning a2t its best, consequently
the conclusions here stated are suhjeet to leter confirmatlion or nodifica-
ticn.

landelonitriles were not [repared. UDerivetives, however, were studied.
It was found tlat mandelonitrile dibenzoates, obtained from phenolic benz-
aldehyies, co not yield, sven with the "active" catalyst, the desired
arethylamine. The zcetate of 3,4-divzthoxy- and 3,4-rethylensdioxy—
rand=lonitrile may be conveniently and satisfactorily enrployed Tor conver-
gion into e corres;oncing zretrylavinez., Reduction procecds only with

"active" catalyet.

ditrostyrenss were rsducec, using pzlladium in the preserce ol pyridine,
. . o . TRV T Lt n c
to g.od yieldes of zracetaldoximzs. Hydrogenation with “active catalyct

1

gave 205 yields of trhs corresvoncing arethylampine; ths [rodicl was accom=
canizd by aj,.reciatle avocunts ot 1,4=dinitro~2,3=~diarylbutane. This urusual
resction zmerite Turtier ctudy.

Aracstaldoxin=ss proved rafractory

v to thz catalyste eriloysd. The

Ngetive" catalyct wat not tricd.



The pogsibility of usin' substituted benzylcyanidez was 1z~ ax—
However, in view o7 the promising poscibility o° their
ne route

tensively explored.
o ~keto acide (via the rhocani

[282rves

ready synthesis from the oximes of
or the nitrosation of alkylralonic acids), this a2p.roach c=

investigation.
in crder to obtain rinc clocure

1
ochopf and his co-workers state +that,
thenyl rucleus must contain a

s recort that an

under so=called biological conditions, the
Schales

rahn and

free hydrox;l group in the 3-position.
lesults

alkoxyl in the 3=-positicn is also active in yromoting cyclization.
ent investigotion do not substantizte Hohn and Zchales. The

Lreg

in the
o " ~ . By . .
- of Schowfls tenet was not examined here, since the cxperimental

4

validity
confined to the use of thenoliec ethers.

work wac
Zecker were studied.

Tre ring closure wethods of Buck and Decker an
It develops that Buck's dirzetions for ring closure ars valid for Schif?f

bases of structure

X = activaiing group
o=substituted henyl

. s N . D 2

if R is hydrogen or an unsubstituted rhenyl; if 2 15
or n,p-=dialkoxyrhenyl, the cyclization is net 25 Preile ac indicated. I
tre intermedisie hes been oboserved.

r.ther then cyclization of

crocedurs glso chows
4 Qe

drolycis
anorelous kenavior,

Laecker znd zecksr

Tre

ic not =.ways rezliable. iocificatlions wers dovelo ed, as
€%. These ucdificstions sre i nilicznt in that, dersncirg on ths inter-
cedizte Seniff lace, the yislc of crelizzd sroduct pay very Trowm nothing

very _ood.
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(

Lata are as yet insuf "icient to permit [rediction of tre o:rlimur
method in each individual cace.

One interesting observation was the color of the Schi’f bazes., An
inspection of the table of 3chiff bases will reveal tha+t only thosz conm=
vounds having a hydroxyl group in the ortho or peres-sosition in the alde-
hyde posses:t color. It has becen suggested (95) thit this was duc to

quinone formation.
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SULLARY

Various methods of synthesizing /3—aret;ylaminas were investira*cd,
The interrediates that were preparsd but aot succzssTully converted to
the aninecs were:

a. nmandslonitrile lenzoates

b. substituted wandelonitriles

c. substituted rhenylacetaldoximes

de o =ghenyl-ol-uethoxy-/B-nitroethanes

€. substituted benzyl cyanides

f. 3=chenylacetanides

The intermediates that were prenarsd and successfully convertsd to
the requisite‘/B-arethylamines Wers:

2. W=nitrostyrenes

t. mandelonitrile acetztes

Tre mandelonitrile acetates were converted to the corresponding

/3-eretrylamines in yields off 80%.

A catalyst of unusual high activity for catalytic hydrogensiion was
preparszd.

Closure of the iscaquinoline ring

5
ke

invectigated from three directions:

n
8. rhytocherical synthesis baczsd on the work of Schobf, Bayerle,

Eahn a2nd Scheles.

b. Tstrardroisoquinoline syntresis by forrstion of Schif? Loses

tion bssed on trz ~ork of Buck.

L] JE R S P . s P R o
Tetrahyiroisoquinoline synthecic by forietion 2nd isolsticn of

O
+

Schif” basesz Tosllowed by theis cyclization by one of tiree gsaeral

rethods based on tre work of Decksr sac -eckar.

s
By
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Two general mzthoda for tn= preparation of 5chi®™” bases in ewcellent

yield have been ceveloped. A serie. of these counpounde haz teen

[

preparsd.

A study of the necessary experimentzl conditions which prowoted ring
closur=z in optimam yields has been done “rom which three -eneral rethod:
have evolved. A seriss of these compounds has been prapared.

Trhe possibility of these comvounds hzving prossible medicinal interest

will be investicated later.
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