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' Abstract ) L

Speculations from many discipiines over the last twenty-
five years concerning the nature of the diffusiye bfinical
syndrome, schizophrenia, have given rise to tweive distinct
biochemical theories of its aetiology and symptomology. ‘Tho
”tfansmethylation hypotgeSis” of Ocmond/umythles/Harley Mason
(1952) suggected synthesis of four O-methylated analov of
catécholamine neuro-transmitters as well as their metabolic
precursor, DOPA, (3,4—dihydroxy—phenylalaniﬁe).

From the outset, facile chemicai inéOrporation of 14C-labei
from available sources dictated specific synthetic roufes in the
elaboration of‘ring—substituﬁed B-phenylisopropyl émines and
optimized yields ofrspch are reported., Preliminary tolerance/cross
_tolerancé studies in micenof mescaline (7) and 1-(3,4-dimethoxy- |
phenyl)-2-aminoethane (2) were performed, Results from fhese
studies are 1ike—wise‘reported. '

Sjnthésis in the po;%hodjsloptlc B- phenyllsopropylam1n°

series was initiated becauso of progcc%ﬂd appllcatlon 1n dctec—

tion of excess in vivo mcthylabwon under thc terms of Osmond/

Smythi s/Harloy-uason hypoth gis. On its own merit, five
hithertofore unreported compounds of this series were synthesiied.
k synthetic route for '%C-side chain 1abeiling in the series-.-
was explored.  Optimizetion of yields, facile condensation,cdn—
ditionsg, utilization of & new reducing agent, and possible

syntheses of gensral applicaticn are described. As a new class

Lodid



of psychodysldptics, this series of B-phenylisopropylamines is

finding applicadNon in psychotherapy. .

-
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At the present timg,

"schizophrenia' is a word whose defi- .

nition i1s a matter of contention ammhgst the psychological ahd”
psychiatrical professions. - For this reason, the World Health

Organization has recently initiated a pilptbstudy program:for'

1

* the pur@ose of standardiz}ng a definition of "schizophrenia" (1).

In classical descriptive psychiatry, "schizophrénia" is
distinguished from "schizoid". The latter syndrome is defined

as the state of affairs when one possesses two Oor more distinc-

Y

tive personalities. The former syndrome is tentatively described

in terms of a functional psychoses (as opposéd to an organic

4

7 .- : '
psychoses) in which the symptoms are withdrawal and poverty-of
affect, delusions, hallucinations (frequentiy in the auditory

mode), confusion, flight oflideés, autism, and diﬁturbahces in

the senge of izﬁp%ity .
Bleuler Q ) coined the term ”Schizophrenia”‘in 1911 which

in effect supplanted Kraepelin‘é (3) term, "dementia pragcox".

Bleuler divided his "schizophrenia" into Agpn;subgroups

(a) simple schizophrenia, eharacterized by "withdrawgl

’

from reality".
B ‘ \

(b) hebephrenic schizophrenia, characterized by "mistaken
. . . 1 H . . ! . . @
cosmic Identity’ -- of being omnipotent or omniscilent.

(c) catatonic schizophreniaiﬂcharacterized by bluntingtof

-emotions, mutlesm, and catalepsy.”

-

(d) paranocid schizophrenia,; characterized by -a persecutory

~Z 3 R
trend. : -

- —
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Hallucinations are generally characteristic of’ali forns of
séhizophrenia excépt the simple type. In England and on the
Furopean continent, simplé schizophrenia 1s considered a charac-
ter disorder rather than a ”true schizophrenia”( For the other
schizophrenic ;jhdromes, the nature of the hallucinosis varies
with the course of»@he'disorder. In the rélatively "hot"

\

patient, the hallucinations are usually accompapied by much
stress and an;iety. Llternatively, subjecting an acute patient
fb:emgf%onal stress and anxiety produces an hallucinatory &
axacerpation, and medicat&bn with tranquilizeré, such as the
‘phenothiaziges, the butyrophenonés; or tﬁe diphenylbutapiperi-
dines often modulates or at best abolishes the intensity and
frequency of the hzllucinations (4). In contrast, many chronic
paticnts hallucinate with little appafent stress. Even-under

- _
heavy medication, hallucinations seem to constitute a "way of

Ovsr the past fiftsen years, evidence has been~presented to
support the hypothesis that schizophrenia is a genetic morphism
,>7, ). This ié based partially oni;he obgervations that
children of schizophrenic twin pairs show é concordance rate of
17, whereas in dizygotic pairs the rate is only 10 - 17%;

Ceourance -0f "schizophrenia" in the global population 1s reported

~0 be ata fixed rats of 19, transcending ethnic, racdal, and
=
cultural orizin {8). ©Paszsd upon such evidence, blochemical

5

- Im A AT S A e s < -
hvyocthaces of thiz dicesase have been advanced.

Ceuticn srnculd, howsver, H2 exercised in entertaining
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pe . .
hiygotheses based on evidence which is diffusive at best.

i

Szasz
and Iaing have noted the resistance of schizophrenia to current

chemotherapeutic and psychotherapeutic practicec and have indi-

yidually expressed their respeczézf disagreements with the epistgm-
ological assumpticons of traditicnal psychiatric theory. Szasz

{9) has developed a case for schizobhrenia as a soclal ﬁytb.

Laing (10, 11) has attempted to redﬁce the question'bf "madness"

to deviance from & sociél norm and has as well called into

question the role that the observor plays in such an evaluation.

o™

To Iaing, "madhess is in the eye of the beholder" (to para-
’ y -
vhrase the Bard of Lvon). Indeed, Mandell reports a recent freshman

~
1

=dical school cless reacting negatively to a film (circa 1956)
) cL

=

ofean adolescent with “"vorderline schizophrenia" because "they

could riot see hisg 'hippy-like' strangeness as pathological" (12).

jof
QO
+
jnp
]
=
®
@]
=t
N

Izing (11) has develope based upona ha®™vay house

‘concept. He has allowed 12 groups of unmedicaeted schizophrenics

in London houses to -nteract with the stresses and commitments

"outside world" in inverse proportion to the severity

Ea B ]

O— L‘n

(¥

‘.
4 rveview of the literature on the biochemicel investigations
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TABLE 1. - BIOCHEMICAL THEORIES OF' SCHIZOPHRENIA

1. TRANSMETHYLATION
(a)A 1—(3,M-dimethoxyphenyl)-2~aminoethane
(b) .N,N-dimethyltryptamine-bufotenine

>.  SEROTONIN-METATONTHN |

HARMALINE

KRYPTOPYROLLE

NORADRENTRGIC DEFICIT

O N N RS

TOXIC PROTEIN
| (a) taraxein
(b) S - anti. s
7. HISTAMINE o
8. ADRENOCHROME- ADRENOLUTIN
9. DOPAMINERGIC:cHOLINERGIC

10. MOLECULAR COME;EXES OF NEUROTRANSMITTERS
L :

* ‘{3



2.1 Review (1892 - 1950)
| A biochemical basis for some kinds of chronic/acute mental

disease such as schizophrenia' was suggested as early as
1892 by Kraepelin (3).v Credit fdr the first model system mﬁst
go‘to Moreau (13)for his'comparison éf hashish intoxication
newly introdyced into French artistic society and insanity as e
seen at his clinic. A feview of the iiterature in Chemical ‘
Abstracts reveals the roots of several'present day biochemicai
‘hypétheses in the work of Buscaino in 1924 (14). It was his
contention that he could demonstrate the existence of u
”abnorm;l” amines in the urine_Of‘sch}zophrenicé and that these
amines (of ungpecified structure), originating froh microorganisms
in the intestine, caused intoxication of brain cells.

Noteboom (15 - 17) and DeJdong (18) in the years 1932 - 1945
demonstrated the'peculiérqgéaiatonizing" df'teét animals by »
injections of synthetic derivatives of mescaline (Z) and adrena-
1lin. To them must go the credit forf%he gsecond model sysﬁem;

Conéurrﬁntlg, a school of ﬁheoriéts'published a number of -
works on cerébfal metabglism and electrolyte balance as a
function of general neurological activity. Katzenelbogén_and
Snyder (19) reported that sbdiﬁm, calcium anﬁ magnesium in the
~tlood cells and serum of 29 schizophrenics ﬁgre within. normal
1imits; In 5 perséns, potaséium was slightly elevated, as was
aﬁd chloriﬁerieﬁéls of thé celis”in oﬁércase.

! .
hese authors tested the glucose level, and the oxXygen

and carbgn dioxide contens of arterial and venous blood from

y
N
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the cranial cavity. TIﬁ\somerschizopﬂ;enic cases, a lower blood )
sugar éoqtent rélative to that feported for normals was*féund ;éb

while in o?hers a greét diffefehce waé observedtbetween arterial

and venous sugar cohteni. In some patients, a lower intra-

cranialjoxygen metabolism was found than in normal subjects"

(20). This last finding is at variance with work by Looney'andy»',

__ Freeman-{(21) %hose test gfdup of 112 schizophrehiés showed no .

’e;sential difference in levels of oxygen and carbon dioxide in

the venous blood and carbon dioxide in the arterial blood with

that found in 67 normal subjects. ; - L

Chloridegcontent of blodd cells was investigated by Muyle(22), o

Chatagnon (23) and Gross and Wortis (E#). Levels of chleride were
found tb be thé same in_ndrmals and schizophrenics and'theréfofe
ofvlitfle interest.Téarbohydrate metabollism investigations Were per-
formed by Lafvendahl and ﬁalatin(25,26). In a study of 13 schizo;

'phreniCS'(éatatbnics agd-"acute restless" cases), an increased "bi-
sulfifefbinding substance" was found, In approximately 50% of the.
cases studies, pyruvic gcid leVéls were elevated while elevated
lactic acid levels were found in 335,

Cholesterol 1evels;in the blood were investigated bf Stenberg

(27) who found that in a test group of 21 cases of "st;ong emotiohal
disturbance" high cholesterol levels were observed. When insulin
treatﬁent was succeséful, chblesterél levels'tenéed tO'be decreased.

In six cases of schizophrenia»"wiﬁhout’emotioﬂaldiSturbance",

e

insulin treatment had ng therapeﬁtic value and cholesterol 1in the -

K -

blood was found to be slightly higher after such treatment., Jellinek

~



and Looney (28) noted a seasonal variation in cholesterol levels

-

in the blood, namely a lower level in the winter and a peak in

_late summer. - e

A
- P

, The body S chollnerglc system, meanwhllﬁvbecamo a target for
résearch Choline levels in '‘cerebrospinal fluid waﬁg/found by’ Yuki
(29) tolbe elevated in 21 or 31 cases of "general paralysis of the
insane! iMoreover, elevf%ed choline levels were also observed in 6 of
9 epileptics, in 11 or 235 manic-depressives, in 9 or 20 schlzophren—
ics, and only in 1 of 8 neurosyphll!%lcs or cases of tabes dorsalis.
A rise in cholinesterase activity in blood serum of "anxious neuro-
ties" and a fall in ﬁhat‘activity in catatonics and epileptics was
observed by Tod and Jones (30). cholinesterase activity ﬁas found by
Birkhiuser (31) to be increased in cases of meningococcal and
tuberculin meningitis and onlyrslightly in cases of schizophrenia,“
'Creatine levels in the urine of 50 cases'of schizophrenia
weféfnormal (32) as were acetone levels. B-Hydyox&butyric
acid was, however, elevated in 16 ceses. Stora and Tcherneakofsky
(%3) had previously studied 20 patients (8 catatonics) and found
that 14 subjects Showed hypercreatinuria with no corfelation to
catatonic staﬁes'or endocrine functions. ’ | f
In 1938, Quastel and Wales (34).publiehed an.article‘yhich
must be credited with initiating the first metabolic-ekperimentalr
artifact debate in schizophrenia reeearch. Thejrciaimed éhet
-catatonic patients'showed a loss in ability to ekefeterﬁippufic
acid af a normal rate after oral administration of sodium

benzoate (test group of 18 catatonics). Strom-Olsen, et al. (35)



"

claimed-that a mg{gbblic disturbance in the liver detoxification
of benzoic acid did not appear to be characteristic of catatonia;
in only 5 of 28 of their catatonics and ingébly 6 of 34 un-
_differentiated schizophrenids were excretion rates below normal.
Quastelkand Wales (36) then pubiished results éf an intravenous v
study to support their argument.: They attempted to rule out
differential rates of absorptioﬁ from the gut: ahqd_gemonstrated .
an improved ability to detoxify benzbic aCigfafter mentai improve-
ment as a result of metrazoie treatment. D;vies and Hughes (37)
repodted delayed excretion of hippuric acid in 40 of 75 patients
with undiffeféntiated mental disordefs!énd in 15 of 17 catatonics.
However, they claim "while faulty'detoxificafion is more readily
demonstrated in catatdnia'than in'ény other\me;tal condition, it
"does not seem to be specific for this disorder." Finkelman, ¢
et al. (38) found faulty detoxification in 50% of his cases of
catatonia and "deteriorated epilepsy”. A reinvestigation in
1944 by Michael, LoGnéy, and Boricovic (39)gfound that hippuric
acid é#cretion in normal control subjects and}schizdﬁhrenics
were similar. S

Porphjrié'research spawned two papers in schizophrenia

research. Scheid (40) observed marked hemolysis during febrile

episodes in schizophrenia. Just before'the psychotic episode, an .

erythrocytosisvocci:fed with low color index and with small erythro-

"cyte cells. A blood sample taken several days later showed a
color index of 1.0 or higher with normal-sized erythrocytes.
The osmdtic resistance, which was normal before the attack,

I3
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increased during the episode. . Bloo bilirubin was elevated

slightly and excretiohfpf coproporphyri —* was increased; The
rgtio of'urobilihogen éo hemoglobin excretion was abnormal,
. althoughrthe‘ratio of urinary té fecal urobi;indgen was no;mal.v
Porphyrins~o£asefies III and uropérphyrin_were absent (41).

.Blood his;émine ievels;Were found to be unelevated (42).
Bromide levels of bioodxﬁnevlower in’one,sfud§/(45) with iodide
elevated. A furtherlstudy/of 172 patieﬂtgvfailed, howévér, to
manifest such a'broﬁide éiminﬁtiOn (44);'

Studies on the pharmacological activities of the cs;ebral

spinal fluid of séhizophraa{és gommencéd during this period.
Le Grande and Annde (45) produced a "catatonic stupor" by in-
Jjecting cerebfal spinal fluid from a schizophreﬁic into rats.
Heating Ehe‘fluidIBO minutes at 44° C destroyed the active

principlé. Cerebral spinal fluid from normals'produced no

11

significant effect. Claude, et al. (46) demonstrated an inhibit- g&ff\k

'ing action or no action at all on th deVelopment of the genital
tract in the immature male mouse; Stimulatony'aétion in this
system was not observed by thesé authOrs; '

An interesting model systeﬁrwas,that of Hermann and Barbour
(47). Introduction of 0.1 - 0.3 cc 2H,0 over the parietal
cortex .of rats through a previously prepared trephinated hole
induced a cataleptic state within minutes. The effect lasted
mény‘houfs, occasicnally beimg evident oﬁ the next déy.

4 s

Ultimately, complete recovery(wa§2z§§frved. - B



‘2.2 1950 - 1974

Hofmann‘s (48) accidental 1ntox1flcatlon with d lyserglc

[

acid diethylamide tartrate in 1943 had an indirect stlmulatory
J effect on blochcmlcal theorists in schlzophrenla research, The;

first hypothes1s to, emerge was the Transmothylatlon Hypothesis

k\\\bf/garley-Mason; Osmond, and Smythies (1952) (49). The sugges-

tion Was made at that time that mescaline (7) or some related

compound might be easily synthesized in the body from normal

precursors 1f a biochemical lesion‘devéloped in the body in the

\¥~, trans-methylation fuﬁction of the éarenal medulla. (The more |

" recent locdle for this lesion has been cerebral catechol—gﬁmethyl
transferase (COMT)). The original paper suggested a trans-

- methylation of noradrenalin, to O-methylated derivativés,

such as 1-(3,4-dimethoxyphenyl)-2-aminoethanol(4) and

- (3-hydroxy-4-methoxyphe - 2-aminoethanol (Q). At this time,no

"data on deactivation processes of biolepgically active endogenous
catecholamines w;srayailable (50) ~ virtue of the structural
similarities these compounds shared with mescaline (Z) it was
hoped that these compounds would show psychoaétive properties.
They noted in passing‘that 1-(3,4—dimethbxyphenyl)—2~aminoethane
(g), a ”cataé%nic" in animalé (as demonstrated by Noteboom -and
DeJong (15—18), gﬁquired fairly high doses for its effect;,even in

animals.

During the next twenty four years, the Harley-Mason, Osmond

and.Smythies‘i:pothesis was explored partly from a therapeutic

\

12
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in eed such faul)ty
methylation ‘(originally applied to this hy othesis, later
couched in terms: of thé methylated tryptaminés)Adia occur. in |
schizophreh' s a group of clinicians initiallyrassociateﬁ with
the Saskatchsygan mental hoSpital advocated adﬁin}strétion/oﬁ . e
“a biélogidal—"methy1~acceptof" in the form of nicotihic acid or

| nicotinamide (51 - 57). Work of Sydenstricker and CleCkley (58),
Lehmah (59), and Washbu;n (60) had shown a benefit of nicotinic
acid in treating psychotic: patients showing . no detectable:
symptoms attributable to pellagra.™® Aithough pro-

'mising results have been reported by the group proposihg éuéhr
therapy (51 - 57), others ﬁgve'fgilgd-to verify the résults
“claimed (61 - 75). 1In an editorial supporting the advocates

of this chemotherapeutic approach (Huxley Institute - CSF
Newsletter), Hoffer (76) decried the "workers (that)} have
exémined simple‘components of the megavitamin apprpachxbut,have‘;
ignored the pasic reports of orthomolecular psychiatéistg'aﬁd
"have made no attempt to repfoduce the complete program.” The
complete program has been described (77) as one'consisting of
tbrée steps: ‘(1) Consultatden with trained'psyéholdgical
personnel (testing with Hoffer-Osmond diagnostic quiz)(78);>

the (Inpatient Mgltidimensional Psychiatric Scale) I. M. P. S.
(79), and the Experiential World.Invéhtofy'(SO);r (2) Péjchoé
therapy coupled with appropriate dhemotherapy,més”ﬁéil as
initiation of @egavitamin thefapy (large doses of Vitamin Bs

(Nicotinamide))and Vitamin C, orally or by injection; (3) Elec-

.
~

* vitamin B2 deficiency.
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s

trosh6q;'therapy'coupled with continued chemotherapy and mega-
Vitamin tHerapy. Linus Pauling introduced the words "ortho-
/// : Mmolecular psychiatry” in 1968 to designate this therapeutic
| approach and subsequently a full book’of the same title was
published in 1973 (80). Parenthetlcally, injections of nicotin-

amide adenine dinucleotide 10- 1OO mg kg have been shown to

~

have a suppressive effect on response rates in rats on Sldqan '

. avoidance schedule, suggestlng that this compound 1s a central
nervous system depressant (81). ;ﬁ\\*
/1 In,1955, the Protein Factor hypothe31s was first artlculated

Akerfeldt (82) reported that serum.obtained from patients with
mental disease, including scnizophrentc, @anic depressive, and
senile psychoses, had‘the capacity to oxidize N,N-dimethyl~p~
phenylene diamine (DPP) more rapidly than\did serum from control
subjects.' T4 was postulated at that time that elevated cerulo-
plasmin wa.s respOKSible for the rapid oxidation of DPP, and

B that such a diagnostic tool might be helpful in the hospitals.

Wurtman, et al. 5 ), however, could not duplicate

Aker®eldt's findlngs"a-d found as well that the test does n3;¢§?
; 1n fact measure serum ceruloplasmin content. The test was found

" “to be sensitive to levels in plasma ascorbic acid (84), ddetary
o factors and disease, temperature and pH. .Recently, Alias,set
.V ,
al (85), Noted a s1gn1f1cant increase in serum ceruloplasmln

in schlzophrenla (acute cases, partlcularly catatonics) and in

women utilizing oral contraceptives. ‘
Starting in 1957, Heath, et al' (86-89) isolated the first

of the protein factors from the serum of schizophrenics.



&

They called the protein, taraxeiln, and characterized it as-a — -

. . . 4
specific subfraction of schizophrenic gamma G ;mmunoglpbulin -

(90). The readministration of this factor to monkeys (90), non-
psychotic human volunteers, and schizophrenic patients 1in '

——

remission %?s claimed to produce schizophrénic—like symptoms
(91). Attempts to confirm Heath's taraxein work have been
successful"(92 - 94) in a few laboratqries,but unsgscessfui in ;
others (95 - 96). In any case, it is intéresting tg note the

chameleon nature of this theory. Taraxein was originally

‘?\Sbelieved to be choenzymg'or a cd-factor dialyzable from a

pr?{;in fraction, possibly a sma%} molecule (possibly an indole)
(92). Most recently, Hea pr- La§anged the possibility that
schizophrenia is a genetically carried (97) autoimmune reéétion
(90)r e 4'

In 1960, Fréhman, et al. (98)- found thé£ chicken erythro-
cytes incubated‘with plasma'frbmrschizophreniéglhad highér
lactate to pyruvate ratios than those ipcubé%ed with plasma
from normals. Results with rat diaphragms manifested a similar .
trend, with both carﬁohydrate metabolismﬁghQ;gfotéin synthesis
being inhibited (99, ioo). 7 _' , W

This factaor was affeéied;by pH and feﬁperature and appeared
to be an a-globulin or a prosthetic group attached to ah

o~-globulin, Frohman (101) on a single bl%pd basis demonstrated

that schizophrenics could be differenti%bedwfromwnon,schizophrenics,",f

by the above tests. Subsequently, Frohman (102) reported that
normal subjects should be moderately exercised in order to eli-

-

o
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cit the differences reported. Frohman (10)) also, reported tha’t
: : =,
the schizophrenia plasmic factorfsigniflcantly increased trans-

port of‘giuta?§0'acid and histamine across membranes of chicken -

r*throoytes w1th lysine and methlonlne transport unaltered
In May, 1972, accounts of "Clues to Schizophrenia appeared
in the'populaf press (lO%).i At an annualvmeetingaef the
American Psychiatric Associatioh, Frohman announced 1ntegratlon

e
of the Tryptamlne Transmethylation Hypothesls (below) and his

own Protein Factor(s ). Iﬂdlcatlons that such ah‘ideologicai

mating had been envisaged occur in the literature as far back *
as 1968 (105) F;ohman (106) reported His protein factor was a
ispecific and homogeneous, a-2 globulin ?aetbr. Among the pro—v
'teih samples from patients withaschizophrenia, various percen—
tages of arhellcal conformatloy {up to 74%) were found withr all
patlents having their protein in this conformatlon on one or .-
more ooﬂasions. ‘Ameng‘d—z globulin samples from healthy eontrols,
either,theisland/or random-chain conformation were feund.J’
Previously, Frohman (107) had eorrelated uptake of tryptophan-
by chicken erythrocytes with amoﬁnt of a~helix in his a2 -
glovulin samples and reported that a fcounteracting proteihﬂ
isolated %rom chickens (108) destroys the arhe£;x when mixed

with tTh

D

schizophrehic 0-2-globulin samples. He suggested that
the interaction more closely resembied an enzymatic'bfoeess
than an antibbdyLaﬁtigehfﬁrdeess'(io?)I "In 1971, Frohman, et

21. (109) reviewed properties of the "“S-Protein" and reported

greater tryptophan uptake in subcortical (and most probably

it .
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limbic areas) of the brains of rats pretreated with "S_Protein”
and that work wag’ currently oriented toward a better definition
of the "locus" of this subsfance using cow- brains. In 1972, “
Gottliéb'(lOM)’reported that the presence of a seconé protein
("anti-S-Protein") that controlled thée ability of’ "S-Protein"
to stimulate thé uptake of tryptophan. It‘appeafg from a sub-
sequent report that Frohman and Gottlieb (110) consider "anti-
S-Protein" synonymous with their "counteracting protein" iso-
lated from chicken brains (108). In a study of the distribu-
tion and mechanism of action of the "anti<S-Protein" in human
brain (110), Frohman, et al. present data to suggest that "anti-
S-pfotein” asserts its action by changing the conformation of
the "S-protein” which is incidently in contradiction to previous
speculations (107). Additionali&, in schizophrenia, increased
sensitivity of the jS-protei;” is the rgsult of decreased acti-
vity of the “anti—é—protein” as shown bj\Eercentage inhibition
of "S~Protein”-stimulated tryptophan uptake in chicken erythro-
cytes by extracts of various areas of human btrains (normals
relativé to schizophrenicé). |

’ Cowen (111) maintains that Transéepbalic Direct Current
(TCDC)’potentialé may be used to diagnose schizophrenia. TCDC
votentials are slowly changing voltages that can be measured
cver specified éﬁpkﬁC-emissary vein loci on the intact surface
o7 the head. Cowen (112) attempted to mate his method to the

theories of Frohman, =t al. (101 - 110) with data recorded

{double blind) showing a high ingidence of TCDC pecularities

17
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in patients wiph S-Profein abnormalities.

Work on isolation and identification of protein factors
from schiZOphrehic plaéma was also stimulated by a report of
Winter and Flataker (&&é) in 1959. Injection of human blood
piasma or serum intd rats previously trained to climb a rope
decreased the animals' climbing speed (114%). Crucially, plasma
from psychotic donors slowed the animals' performance dramati-
cally more so than did plas@a from non-psychotics. A number of
*investigaﬁgrS'have since made efforts to reproduce and extend
these findings. Using whole plasmas,Bergen, et al. (115, 116)
obtained positive results, whereas Haddad (il?) and Sanders, et
al. (118) could find no systematic differences between patients
and control samples. Negative resﬁlts with whole séra have been
reported by Ghent and Freedman (119), by Haddad (117), and by
Bergen, et al. (115). : |

Serum fractions (120) were utilized in two separate studies
by a group at Buffalo (121, 122) and a groﬁp in Worcester (115,
116, 123%). Both groups have reported marked retardation of
rope climbing ability of rats, and significantly more;retardationv
"with schizophrenic donors than from controls. On the other hand,
negative results have been found by investigators at the New
Jersey Bureau of Résearch in Neurology and Psychiatry (124,

25). Serum fractions were assayed as a plasma globulin pre-

'.J

cipitate (PGP). in the case of the Worcester grgyp and contained
-2, B, and y-globulins. The Buffalo group utilized "Cohn

Fraction III" which also contained §r2, B, and y-globulins..



Axelrod, et al. (126) conducted ahreinvestigation of this work
and found no difference in rope-climbing time between serum .
fractions (normal versus sehlzophrenlcs) |

In 1962, Frlodhoff and Van Winkle (127, 128)'r°ported a
?1nh£Qf1n-p051t1VD 'pink spot" Wthh dld not occur as often‘in
papcr chromatographlc analysis of the urine of controls, and
tentatively identified it as }-(3,4-dimethoxyphenyl)-2fam1nothane (

These reports were to catalyse a reemerging interest in the -

Transmethylation Hypothesis of Osmond‘ Smythies, and Hafley-

Mason and spa{k a tremendous cxperlmental and theoretlcal

.controversy. The original flndlng has been varlously supported

(129 - 136) and denied (137 - 150). Summarleskof available data
have appcarcd (80, 150 - 157) from time to time. Aslfhere are
no valid reasons to questlon the laboratory competnnce of the
many investigators reporting such contradictory results, the
apparent dlscrOpanc;\f must lie not in the data,rbut ;; its
1ntepretatlon. Varlou&‘mcthodologles have been applled by

various researchers and any meanlngful statement as to the

presence or absence of fhese substances must be accompanied by -

_a clear exposition of the sensitivity and detection range of-

-
—

‘the methods employed. Of added impact, criticism of the ori-

ginal findings has cautignéd investigators to be more cogniscent
of dietary artifacts (136, 139, 150, 158 - 9, 163); metabolites
of medication (160) and hon-specificity of a component for a - (.
particular disorder (140, 159, 161 - 163). |

In 1966, two papers appeared on the pharmacology of 1- (jiu-di-

19
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methoxyphenyl)-2-aminoethane (2)-in normal human subjects. 1;(3,4;

Dimethoxyphenyl)-2-aminoethane (2) was‘found to be inactive in hu-
mans wheh given in oral dosés comparéble tb‘mescaline(z) (164,165) .
Vojtechovsky (166) and Perry (167) have also administered the
" compound to humans without effect. Previously; Sﬁythies and , ;i}
TSykes*(168 - 11@) had,reporteé,that this compound lacked the

characteristics of hallucinogens‘in conditioned avoidance

response (CAR) studies with rats. The lack of activity in normals
of 1—(3,4-dimethoxyphenyl)-2-aminoethane (g) can possibly be
qexpiained by assuming that deaminagion at the blood-brain |
barrigﬂ@is competitive‘with’interaction with its"§ite éf acﬂion.
Preliminary analysis of the urine of those particgpéting in oné,~~
oral experiment (165)- indicated that of .the 1<(3,l4-dimethoxyphenyl)
_2-aminoethane‘(g) adﬁinisggred, 0.37% was fecovefed és the
amine and 77.1% was recovered as the dimethoxyphén&lacetic acid
(77.5% total). In,évsimilar experiment with mescaline (Z); 23.9%
was recovered‘éé the free amine and 18.1%7as the trimethéxyphenyl
acetic acid (41.2% total). Charalampous (171, 172), using
carbon-14 labelled i-(},4-dimethoxyphenyl)-2-aminoethane (g) and
mescaline (Z),’indicated,a half-life of 2.5 hours in-the former .
and 6 hours in the latter. Moreover, of the 92% total activity
recovered in the case of (gj; 0.2% was the am;n?,f9o%wthe |
dimgthoxyphenylacetic agidfand;1.4%”homéyanillic'gcid,,”In,the”§“¥W”
case of (7), 60% free amiﬁe, 30% triméthoxypheﬁyl acetic acid,
<0.1% N-acetyl mescaline and 5% gluconide of N-acetyl-1-(3,4- |

dimethoxy-5-hydro§yphenyl)—2;aminoethane were recovered (95%
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total activity). ! | | / |
) Smythies (173) reported that follgwing pretregtmen&/wij_ 4
monoamine oxidase inhibitor of.ﬁnspécified type,l-(},#-dihethoxy-j
phenyl)—E—aminoethane (%) exhibits properties of a hallucinoggp.
Charalampous (172) reperted potentiation of a i.8 mé/kg i.v. injec~
tion of 1-(3,h§met xyphenyl)-E—aminoethané (2) by,pre—treatﬁent
with nialamide*(jbr mg; orally daily). -~His Subjects were drug
naive and no comparison of effects were made. ‘

Conclusions drawn from,the‘ménoamine oxidase (MAO) inhibition
studies constitute an addendum to the original hypothesis as
prOpbsed by Smythies, Oémondg and Hafleeraéon, since one must
técitly presume a s;&e of generation of the ”péychotogen" intra-
rbérebrally. Once postulatidg such a site, however, test compounds
adminiftered_externally must be adequately protECted from repufgion
or degradation by cerebralbde?enses, if necessary.

Huszti and Borsy (174) showed that 1-(3,u-dkgetEPXQngnyl)“Q'
aminoethane (%) and p-tyramine are® deaminated by similar enzyme
systems but different from those deéminating mescalinej(z).
Previous work by Alles and Heegaard (175) and by Steesholt.(176)
suggested that with the inﬁroduction of an increasing number of
methoxy residues on the phenethyléhine mb;ecule, the substrate:
is diverted from monoamine oxidase ﬁQ,é dilamine oxidase. Takeo and

Himwich (177) repofted that a considerably laréer dose of 1-(3,4-

dimethoxyphenyl)-2-aminoethane (2) thdn of mescaline (7) was
required'to produce electroencephalographic arousal in the

L1 .
rabbit. They suggested that in the brain either 1-(3,4-dimethoxy-

* 1-Isonicotinyl-2—(2-benzylcarbamy1)ethylhydrazine



/
phenyl)~-2-aminoethane (é) is more rapidly inactivated byjmonocamine
ox1dasn or that it does not oa311:y' ponetrate the blood-braln ‘
barrlef. Subsequont work by Shah and H1mw1ch (178) has 1ndicated
that monoamine oxidase inactlvates 1- (3,4 dlmethoxyphenyl) 2 amino
ethane (g)lﬁofe aﬁidly than it does mescaline’(i). The pre-
sence of iproniazid®*in these in Xizgg-studies’in thebincubéting

medium offoctizoly depressed the deamination of 1-(3,l4-dimethoxy.

22

phenyl)- 2-aminoethane (2) (178) and permitted more effective pene -

trationlof brain areas (179).ﬁDeamination of mescaline (7) in
»m;ce réin is not suppressed by pretreatmenf with either
tranyi;;prominef*iproniazidor semicarbazide (180). Along
these lines phenelezihe-pretrga?ed rats shOWed‘incréasedJ
response to smaller doses of 14(3,M-dimethoxyphenyl)—Eéamino-
ethane (2) (181). ‘ o | . /

In the reinvestigation of ahimél studie5~beroteboomr(l5 —‘
17) and DeJong (18), the investigators Cession—Féssion, et al.
- (182), Michaux and Verly (183), and Michaux (184) reconfirmed
”catatonic" properties of 1-(3,M-dimethoxyphenyl)—2-aminogthane (%)
and established a cataleptic dose (CDsg) df.lse mg/kg. Such
”catafonic" proportios were also'observod in studies of Bafbeau

~(1é§)‘ Lusvarghi (186 an% Brown (187). Barbeau (185) suggested

that the mode of actlon of 1-(3,4- dlmethoxyphenyl) 2- amlnoethane (2)

S

is via 1nt§rference {unspe01fled)fw1th the normal metabolism of

dopamine in the central nzrvous~systemf—fPfepasjﬂe£waly~{l88)~——~~—~

have presented préliminary data indicating a direct effect of.

1-(3,4-dimethoxyphenyl)-2-aminoethane (2) on the brain. This con-

* 1-Isonicotinyl-2- lsopropylhydra21ne
*®* 2= Phenylcyclopropylamlne ‘

S~
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tention 15 supported by Smythe and Iazarus (189) and Shah (190 1)
A formidable argument agalnst a contlnulng role for active
-metabolites in schizophrenic states is the existence of acute
and chronic mechanisms of adaption or tolerance Kl?). "Toler-
ance" has been defined as (192) "acquired insensitivity of a,j o
biological target for a substance at any dose". The‘observatioﬁ
in a behavioural test that prior exposure to a drug produces
decreased respohsiveness to that drqg.has been explained in

several ways (193):.,1. Metabolic Tblerance, an alteration in

absorption, metabolism«(aut01nductlon) or excretion Wthh reduces
14 “ )

the concentration of drug at the targét tissues; 2. Cellular

Tolerance, a diminished sensitivity of the target tissue; and 3.

Behavioural Tolerance, changes which arise via compensatory

behavioural mechanisms. - A related concept, "tachyphylaxis" has
been defined as "an increase in the amount of a drug required to
produce. a giveér;harmacological effect" (194). 7
Q Chronic injectiens of 1-(3,il-dimethoxyphenyl)—E-aminoethanef
(2) at doses of’ ”more than 10 mg/kg/day over periods extendlngxto
6 months in rats, rabbits and monkeys elicited a per31stent
'akinetic syndrome'"™ (185). Such a lack of tolerance has alsoi
been observed by Carlini, et al. (195) in injection studies
usingvrats over a duration of 16 days and at 80 mg/kg. ~
Tnterest in 1-(3, 4-dimethoxyphenyl)~-2-aminoethane (2) as a
”psychotogen"vspurred:interest in'other*derivativee"of'reletEd"
structure and possible biological significance in echizophrenia.

2

Little and Dill (196) noted that the intrastriatal (i. s.)



injection of 1—(B-methoky—4~hydroxyphenyl)f2-aminoethane (8)

in rats produced a sminlar pattern of what they referred to as

"dykinesias", as did injections of mescaline The similarity

of effects on the striatum produced by a hallucinogen and a nor-

mal metabolite of dopamine suggested the hypotheSis to these

authors that pathological accumulation of 1-(3-methoxy-4-
'hydroxyphenyl)~é—aminoetha%e (8) in the striatumrof man could
lead to. psychotic states (197) ’,' - N

N~Acetyl-1-(3,4- dimethoxyphenyl) o- aminoethane (9) was

shown to be a,&wtabolite of 1-(3, hrdimethoxyphenyl)—2—aminoethane

(2) and to bé ten-fold more potent than the parent amine in
producing hypokineti:\behaViour in test animals - (198 199). Doses
ranging from 1.36 - 16.4 mg/ke were without hallucinogenic effect
‘man (206)' Van Winkle, Schweitzer and Friedhoff (201)

St\dled the metabolism of N-acetyl 1-(3,4-dimethoxyphenyl)-2-
ami.-ethane (2) in rats. In vitro, plneal hydroxyindole- O—methyl
trans erase (HlQMT)'catalysed formation of N-acetyl-1-(3,4-
dimethd phenyl)—é—aminoethane%from both N-acetyl l—(ﬁ-hydroxy-}e
methoxyphenyl)42;aminoethane (19) and N-acetyl 1-(3-hydroxy-4-
methoxyphen1l)-2-aminoethane (11) (202). Carbon~-14 (4-

tyl—l-(},4-dimethoxyphenyl)42—aminoethane (9) was

schizophrenics and four normal controls. Differences in

demethylation were observed Demethylation proceeded at a

faster than normal rate in acute cases and at a slower than
no??al rate in chronic cases (203).

Research into catecholamine transmethylat%on has been

Y,



conducted to answer questions raised by the Transmethylation

Hypothesis of Harley-Mason, Osmond- and Smythies (1952), namely

whethe?r methylatlon of thc 4 hydroxyl is a process in normalm

and /or abnormal” dﬂactlvatlon of endogenous catecholamines. 1In
'195?,'Armstrong, et a1.7(204) and Axelrod (205) reported that.
epinephryy!and»norepinephrine are transmethylated at the 3- |
hydroxyl in the coursngfrnormal human metabolism. In 1963,
Friedhoff and Van Winkle’(206) reported that dopamine Eould be
converted to 3,4-dimethoxyphenylacetic.acid (EE), using liver:
‘obtained‘from,autopsy samples and detai%sfof theée
experiments were promised at that time to be forthégming (207).
To date, full details have not been published.
In 1959; Senoh, "et al’l (208) showed,that crude preparations

of catechol-0O-methyl transferase (8- Adenosylmethlonlne ;

Catechol-0- mf;iyl transferase E. C. 2.1.1.6) can methylate

catechol derivatives 19¢Qtﬁggr the_ggrg or meta pos1tlons (208).
This WOrK was confirifed by other investigators using perfused
rat liver preparations (209 - 21%) as well as preparations of
catechol—O—methyl’tranSferasé from rar liver (213 - 218).

Frére and Verly (219) reborted a 250-fold purification of the

enzyme without separating the meta-0O-methylating frém the para-0-
methylating activities. No dimethxlgfion of norgdrenaline”could

be detected. Two isoenzymes were separated by gel electrophor-
esis; they each'individually O—methylated‘noradrenaline in the meta
and para positions in é ratio m/p = 13. Frére and Verly (220)

“m

éiso demonstrated absence of para-g-methylated;Froducts when




noradrenaline was incubated witﬁ whole rat blood, leading the

authors to postulate prefersntial 4¥de ethylation in biological

fludds. Similar observations were ma é;by Sargent; eé'al. (221)
in vivo with 1—(3,4—dimeth@x§phen§l)- -aminoethane (2), t4c~
labelled in the 3- or 4Y4-methoxyl. / o
Creveling, et al.'(222, 223) and Katz (224) havé discusged
factors that alter ﬁ/p fatio as applied’tb catechol O-methyl

transferase Eglvitro. Friedhoff has examined 4-p-methylation

in rat liver (225 - 227) and claimed to isolate a mammalian

"enzyme,guaiacol—O—methyl transferase,(GOMT), capable of forming

di-O-methyl catecholafpine derivatives (228).

Endogenous 1-(4-methoxy 3= hydroxyphenyl)-acetlc ac1d (1}) has
béen detected by a number of groups in.studies on humans (229-53).

. The ﬁreseﬁéé‘of this 4-0-methylated product of Catecnolamine

metabol#sm suggests that 4—9—mephylation is a normalQ albeit
minor, metabdlic pathway regarqiess of the pathological state
of the human. | |

Studies on catechol-g-meﬁhyl transferase activity have

been undertakeri in humans to ascertain what correlation, if

et al. (234, and M&nnl, et al. (235)

any, such activity bears ypon psyéhologicaily inappropriate
states. Reports by Horst\

kgglcatlng tho pr°S°nC° of a catechol-O-methyl traﬁgquaée with.
. .
high act1v1ty in 1ntact r°d blood colls of chlckon,rrat and man,

could n?t be roproduced by Gugler (236). Instead, theseifindings

(236) support a very low catechpl—gfmethyl transferase activity

)

in 1lysed red blood cells as described by Axelrod (237).
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Axelrod (237) reported reduced red blood cell Cétecholig;méfﬁjl_'

transferase, elevated histamine-N-methyl transferase and un-

-

chaﬁ%ed methanol-forming enzyme (238) in women with primary

affective disorder (depression).’ Matthysse and Baldessarini

(229) assayed for S-adenosylmethionine coﬁcedtration and catechol-

Olmethylvtransferése activity in é group of 20 schizophrenic men

(medicéted with halodperidol®* or thorazine**) and a control group

from the same ward with var}ous’diagnoses (epilepsy, chronic

alcholisn, depyession,wsenile b;ychosis ahd’severe énxiety

neurosis.- ConCedtrgtioms 5f blood SAMe were réported to

be statistically insignificgnt with slight eleyation

in catecholfg—méthyl transferase activity by the schizophrenics.

4 In a,preliminary'study of‘psychopharmacological'responsé

of a teét group of five male schizophrenicsrto £¢3,4-dihYdroxy-

phenyl alanine;(épDOPA), the two "paranoids" bf the group

showed exacerbat;on of symptoms (240). Tran, et al. (241)

studied décgrboxylation of D, irdihydroxyphenyl alanine;

carboxyl-1%C by érythrocytes'in samples from seven normal

volunteers, four schizophrenics in remission, and five
,,schiZophrenics with hallucinations and thought disorder.

Elevated '%C0s2 production was indicated fbr the schizophrenics

with hallucinations and thought disorder were found to produce more

Y400, than normals and remitters. Studies of this nature are of a

- -

¥, . L v - _ - o .
tantalizingly preliminary nature.

~In 1961, an attempt was*made to test tﬁ% Frensmethylation ¢

Hypothesis by feeding large oral doses of*methionine (10 -- 20 g.)

o ¥ N-[h-(4—Fluorophenylbutan-l—one)T-&-(ﬁ—chlorophenyl)—#-
) hydroxypiperidine HCL
#* 2-Chloro-10-[3-{dimethylamino)propyll-phenothiazine
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to schiéophrenic patients under conditions postulated to agg;aYi?éiiiﬁ
the abnormality. Schizoﬁhreniés givén methionine and iproniazid,
a monoamine oxidase inhibitor, suffered a s%rikiﬁg exacerbétion;gf
psychoses, not produced by either agént alone, nor by any other
amino acid (242). Rather similar results were obtained in a re-
péat study of the phencmenon” (1963) by Park, et al (243), Since

O

thg; time a plethora of reports.have confirmed;%%e'initial obéer-
vatiqns'(euﬁ:MQ). Antﬁn, et 2l (247) reported that excretion of
1-(3-methoxy-4-hydroxyphenyl)ethyleneglycol (14) and 1—(3-methbxy—
M—hydroxyphenyl)acetic acid (13) was not elevated during L-meth-
 ionine administration. However, aApréliminary comparisén (247)
of levels of 1;(3-methoxy-u—hydroxyphenyl)ethyleneglycol (14) -
excretion in schizophrenics versus normals revealed?an elevation,
in general, of the former over the latter. Coper, et-al (248)
reported 10 of 20 male and i of 6 female patients wifh incfeased ‘
1-(3-methoxy-4-hydroxyphenyl)acetic acid éxcfgtion over 16
normal volunteers, After administering:methionine (10 g) only
4 patients eliminated an increased quantity of 1-(3-methoxy-%-
hydroxyphenyl)acetic acid; these Weréfi of 5 alcoholics,
Aisraelstam, et al, (249) reﬁorted prolonged excreti;n
of !%CO in the breath of acute schizophrenics following
administration of 14C-S-methylmethioniné to‘a group of five

normals, five schizophrenics in remission, three acute

schizophrenics and three depressives, The depressives excreted

i4COé most fdpidiy; ﬁﬁiié”fﬁéié;;féfion in schizophrenics was

delayed, Cohn, Vesell, and Axelrod (250) report isolaton of
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a methionine-activating enzyme in human erythrocytes and other
species, H ‘

Sprince (251) has advanced some meohanisms for thé action of
methionine othor than in th° transmcthylatlon of catecholamine

psychotogcns Rats fed on various diets with excess
methionine, homocysteine, or cysteine manifested a marked fall in
the cxcrctlon of N-mothyl nlcotlnamlda He suggost d that’
methionine or 1tstmetabolites exerted an inhibitory effect .
at somevpoint in the tryptophan a»kynurenino = N-methyl nico;
tihamide pathway. Concomittant with this decreaso wa.s dn
incréase in the é%igetion of ihd@leacet‘ acid, particularly
when the diet contained an excesz—ef méthiohine.n Sprince (2515
suggested that!such an effect on tryptophan metabolism could be
acggﬁnted fogdin four ways: (

(a) Inhibition of the okidative enzymes in the Kynurenine
pathway; ’ 7
' (b) <Liberation of free tryptophan from bound tryptophan;

(c) Formation of N-methylated derivatives of tryptamine;

,(d) Formation of O-methylated derivatives of tryptophan
metabolites ‘

The last two possibilities of Sprince supplied impétus for

a sccond Transmathylation Hypothosis, The Scrotop&n/Bufotenlng/

Dimethyl Tryptamlno Hypothe51s, which was artlculated for the

first t1m° in 1961 (252) although 1ts roots g0 back to Bumpus,
and Page (253). The close structural resemblance between

serotonin (16) and bufotEnine(;z) prompted a research for a
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possible in vivo interconversion of the two. More recently,

an interconversion of serotonin (}Q) and N,N-dimethyl/5-methoxy
tryptamine‘(kﬁ), or tryptaminel(ig) and N,N—dimethyltrypt%mine N
(ag):has been enviggged, Rabbit lung was demonstrated to
possess,thé'required in vitro methylatirg enzyme thus lending‘
encourageﬁent to this hypothesis (254). 'An>attempt to find
bufotenine(;ﬁ) in the urine.of fifteen non;psychotic patiehto

was unsuccessfui, but tho material Was fouhd in quantities of ’

400 g/l in 25>of 26 hallucinatinglschizophrenic patients (252).
Confirmation of these findings‘soon followed (255 - 257). 1In -

ooe instanoe,ba‘”bufotenine—liké“ substance was found in nine,of

seventeen urine samples from five schizophrenic patients and

none from three mentally deficient'patients (256). Conflicting

results, however, weré obtainod using a method claimed to be
superior to previous ones used (258); no bufotenine oould be

found ih five normal subjects or twenty-one schizophrenio
pétients. Still others (259 - 264) have failed to confirm the 4
presencekof bufotenine in the uriné of either normols or schizo-
phrenics. In 1967, Himwich, et al. (265), using a two dimensional
t.1.¢. reported conjugated bufotenine in the urine of sgix schlzo-
phr@nlcs and four mental de f°Ctlé&B In schizophrenics, bufote-
nine was excreted both free and congugatcd in'the'ﬁentally
defective patlents, only congugated bufotenlne was found More—

over; tho authors fe lt that thern was a rolatlonshlp between'

free bufotenlnaexcret d and exacerbation of psychotic behaviour.

‘Himwich has published numerous confirmatory reports since that



time (266 - 270). Wyatt, et al. (271) has reported that within

the 1imit of sensitivity of the ésSay (0.5 - 1.8 né/ml of

plasma); there was no différence amongst normals and patients

with psychotic depression, and acute.and chronic schizophrenia.
- Mandell and Morgan (272) reported isolation of an enzyme,

~

P

indole (ethyl)'amine E-m;&hyl transferase, 1n human fiain and

demonstrated in vitro conversion of tryptamine to N,N-dimethyl-

tryptamine, VSaavedra and Axelrod k273)vdescribed a similar iﬁ
vitro transmethylation in brain and in blood (274). Distribu-
ﬁion and properties of the transméfhylating enzyme’ in brain have
been describéd (275 - 278)f’ Tolerance offi the intraventricular
infusigg of bufotenireand 5—me§hoxy'N,N-dimethyltryptamiﬂe
has beén preliminarily demo%Strated‘(lz). Green, Kosléw, and
Costa (279) heye identified S-methoxytryptamine in rat Hypo-
“thalamus, using g.c.-mass spéc. (280Y. An intriguing paper
'd;scribing the presenece of N,N-dimethyltryptamine‘}n rat
- “prain.at 8 ug/é led . the authorsg to speculate about the role
of this compound in the dream mechanisms of the brain (281).
Oral administration of £r5—hydroxytryptophan, the serotonin
prgcursor, with a peripheral decarboxylase inhibitor produced
mild to moderate improvement in six of seven:chronic undiffer—‘
‘entizted schizophrenics who were resistant to phenothiaziner

Al .
treatment. .Two of four .chronic paranoid schizophrenics, also

-~
D
.
l,
[43]
ct

] tant to phenothiazine treatment, deteriorated (282).
S ‘% -
McIsaac (283 - 284) described a biochemical hypothesis in

18451 tased on the resemblance between melatonin; a pineal gland

(./

{
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hormene (23) and harmine (22), the active component of "yaje"

(Benisteriopsis Caapi) (285-286). The Serotonin Melatonin

4

Harmaline Hypothesis, as it\yas called, postulated a biogenesis

of serotonin to 5-methoxytryptamine (21), melatonin(?}), and
) ~ ~~
Bt )

10-methoxy harman (24). 10-Methoxy harman (g&) had been

demonstrated to posses monoamine oxidase inhibiting and

anfiserotoninergic properties, as well as being a poteht hailu#
cinogen. This compound also disrupts conditioned avoidance
responses iﬁ animals (287). McIsaac, et al (288) isolated 5-
methoxytryptophol, melatonin, S-hydroxytryptophdl, 5-methoxyindole-
acetic acid, and 5-hydroxyindole-3-acetic acid from bovire pineai
tissue. Multiple forms of hydroxy indole-g—méthyl transferase

(289) have been isoléted and characterized. The metabolism of

' harmgline in rats has been examined (296-291) . B-Cafboline

derivatives were recently investigated for mode of action (292).

-

6-vethoxy-1-methyl-1,2,3, 4~tetrahydro-g-carboline (23) had pre-

viously been reported to specifically elevate levels of serotonin
) /

in the brain without alterations in norepinephrine levels’ (293).

\~.

Using rats, the efficacy of this compound was attributed to acti-

vaticn of plasma and liver 5-hydroxytryptophan decarboxylase as

1

7
o

[¢)]

.1 as acceleration of serotonin uptake (292). A direct inter--

W

ction with receptors was ruled out by intra-ventricular injection
: n
of 50 ug of the B-carbcline. o .

1960, Sprince, et al (294) pubiished an account of isola-

-
3

r.‘from the urine of schizophrenics (over controls) of a sub-

O

—=
i

stznce tentatively identified as 6-hydroxyskatole. Krall, et
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al. (295) also made a chromatographic study of the urinary

-

levels of 6-hydroxy skatole and indoleif;acetamide'(gZ)
from a group of 72 schizophrenics, 101 manicédepressives, and.‘
55 other psychotic subjects, and a comparison was maéé with

a group of 76 normal controls. vIn contraét with,eérliér fzﬁﬁ-'”
ings, neither compound was significanfly different in leve

in the urine from schizophreniés-comparéd with the urine from

normal subjects. Spatz, et al. (296) isolated 5—hydfoiy—§fmethy1

indole (5-hydroxy skatole) (28) from the urine of epilepticé.

et

The Adrenochrome/Adrenolutin Hypothesis of schizophrenia was

33 %

originaliy proposéd by Hoffer, psmdnd; and Smythies in 1954 (297),

revised in 1959 (298), in 1965 (299) and 1968 (300). ~Thé sug-
gestion was made that schizophrenics Metabolized adrenalin—to
adrenochrome (Eﬁyﬁ Further, this suggestion was.bésed on the

results of self-administration of adrenochrome and on reports
. o P .

. that psychotic reactions had occasionally resulted when "deter-

iorated" or "pink" adrenaline was used in‘anesthesia or by chronic

asthma sufferers (297 - 300). In 1957, Hoffer reported that -

adrenolutin (éﬁy, a compound ‘related to adrenochrome (aﬁla o

'

in oral doses of 25 - 50 mg., produced psychologicai changes ig
human volunteers (300 - 304),

A review ofvreported psychotomimétié properties of adréno-
chrome (28) has been publighed (305). In(viewrof ifs highi |

chemical reactivity (306 - 310), it is doubtful if free adreno-

2

chrome (28) could have more than a transient existence in vivo.

However, this does not entirely rule out the possiblerexistence> 

Y

o be



vof adrenoohrome (229, in a dynamic equilibrium in iizg or by
reversible association with some other/species, e.g. a
naturally.occurring thiol (311 - 313).

In 1961, Irvine, et al. (314) observed a distinotive spot
inipaperrchromatographic monitoring of the urine of Volunteers
administered lysergic acid diethylamide. ‘A similar spot, called
"mauve faotor” because of its Erlich reaction, was subsequently
observea in many psychiatric patients not so treated. The spot
was isographic with bufotonin and appeared to behave as a
pﬁrrole., In 1963, Hoffer (315), pointing to the statistical
essociation with psychosis (not specifically schizophrenia) sug~
gested that persons excreting mauve factor could be described

as suffering from a disease called "malvaria". Subsequently,

assoclation between mauve factor and psychosis has beeg;confirmed

’ e
by - some (316 <\318) agg endorsed by others (319 - 321), the
factor being present in 30 - 60% range of psychotic patients.
Irvine and Majer (322) have isolated a pyrrole by means of a

new hybrid two-dimensional thin layer—paper chromatographic
system ("autotransfer chromatography"). The "mauve factor™
pyrrole and kryptopyrrole ( 30 were shown to be identical by

~Rf value and mass spectrometry. Confirmation wasfforthcghing

 (323) and pharmacological studies (323v— 325) indicated sedative -

properties. Preliminary, findings indicated that patients with

intermittant porphyrié\ERCF?ta%&increased amounts of urinary

kryptopyrrole (320) during acute attacks (326). -The assignment
of "schizophrenia" may be incorrectly applied in cases such as

€
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the above,

Mattok, et al. (327) reported the presence of a "gray" ~

spot which they found using paper chromatographic (médified
Ehrlich Reagent spray) aﬁalyses of the urine of 17 Qf 25
séhizophrenics. Only 4 éf Bi norhal subjects Showéd a grey
- spot. A reinvestigation by Keup, gt al; (328) could not
conﬂirm the specifiqiﬁ& reported; i;e. 59 of 68 schizophrehiés
and 36 oﬁ\MS normal subjects excreted a "gray spot"; These
authors sgeéulated'that the reported discrimination based on
the ”gréy spot" could be explained as a dietary artifact as
indicated by a preliminary investigation (328). Two normal
controls consumed four bananas and excreted a "gray spot'
increasing in ihtensity for two hours, returning to normal
iﬁ the third hour. | »

The fact that hospitalized chronic schizophfehic paéients
exude a peculiar odor has been reported‘(329 fuBBO). An investi-
. gatlon of the "odor factor” by Smith, et al. (331) revealed® the.
presence of trans-3-methyl-2-hexenoic acid. Perry (332) has

. A
reported that such a finding is an artifact of . the plastic -

bggs used to encase the patients whilstfthej:were washed with
distilled water. Notwithstanding, Krischer and Pfeiffer (333)
have proposed that urinary kryptopyrroler(mauv‘ factor) mayfbe
associated with the presence of trans—}—methyltg?he§gp9iq”qgéd7
and ha?érbuﬁlined a possible blosynthetic scheme from krypto}

pyrrolic acid (2}). Such a biogenesis has been criticized

principally on the basis of instability of the proposed enamine
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intermediates Ei;g;an : izl ), SR

The Molecular Complex hypothesis was first formulated

by Galzinga (335) and was’based upon the observation that
acatylcholine and noradrenochrome‘are capaole of yieldiﬁé a.
" molecular complex that is stable toward further transformatlon
to adrenolutin normally brought about by ascorbic acid (336).
In simplest terms, this theory states{that leakage of one trans-
hglttﬂr into the synpase of another may lead to a short circuit
by complexation (337) ' e . -

The Noradrenergic’Déficit Hypothesis was proposed by Stein

and Wise (338) in 1971. 1 (2 4, 5 Trlhydroxyphenyl) 2~ amlnoethane
(6- hydroxydopamlne) producas lomrg lasting depletion of nor-
adrenalin from perlpheral sympathctlcally innervated tlssues
in vérlous sp°c1es (339 - 341). Uretsky and Inversen (341)
/pavo presented evidence that such a’ dopletlon results from
\Eﬁ}é/%lve gestructlon of adrenerg1C‘nerve endlngs.f Intra-
ventricular injections of 400 pg of S—hydroxydopam&ne'in rats
produced catatonic-like behaviour ("waxy flexibility") (338)(1
Stein and Wise (338) speculated that malfunction (degeneration)
of noradrenergic neurons or redﬁcéd dopamine-s-hydroxylasev
activity could be the root cause of schlzophrenla (342). «
Intraventrlcular 6- hydroxydopamlnc was reported by
Redmond, et al. (%43 - 346) to produce in free ranging or caged

~

macaques a decrease in "positive social interactions". Wise

and Stein (347) assayed regional dopamine—g-hydroxylase

activity in post mortem brain specimens from 18 schizophrenic



patients and 12 normal controls. They rgbort a significant .

reduction in the activity of this enzyfie in all brain regions
, { T
of the schizophrenic group.

Friedhoff and Alpeh;ﬁ(348) have recently evoked a
. { ) . .

Dopamihergic—Cholinergic Hypothesis to account for the-production
of psychotic symptoms. Ih'simpiest terms, this hypothesis makes |
the following assumptions: (1); an increase in dopaﬁinergic‘
activity or a decrease in cholinergic activity ﬁrcduceé psychotic
symptoms and relisves Parkinscnian symptoms. Evidence for these
assumptions is based upon a further assumption cohccrning thev
mode of action of a béhtery of anti—psychbtic,Aanti—Parkinsonian{
psychocnergizing and psychedelic chemicals. ‘(2) Conversely, a
decrease in dopaminergic activity or an‘increase in cholinergic-
activity relieves psychotic symptoms, but produces Parkinsonian

-

symptoms., N

2-3 Conclusions frcdm the Review

A review of the literature pfvcals a paucity of knowledge
of the biochemiétry of cerebral malfunction particularly as it
relates to schizophrenia. It was primarily this observation

hat promoted the described investigation., The  focal point of

this endeavor centers on offering comment cnrthe”Transmethyl-

ation Hypothesis of Osmond/Smythies/Harley-Mason (1952). .

’
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Chapter 3

Transmethylation Hypothesis of

.Osmond/Smythie§/Harley—Mason‘(1952)'

Statement of the Problem

A
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The TransmethylatLeHtupetheSisfef—Harley-M&seﬂ fffff esmondvﬁfﬁ
and Smythies (1952) deals with aberrant Q-methylation of ; | ‘g
cétechol-amines to possibly psycﬁoactive_compounés. It is such .
a process that was postulated to diffegentiate normals4fro£ 1
.schizophrenics} i -

It occurred to us in 1969 that such a hypothgﬁis‘wduld
lend itself to immediate’experimental examination. Coupled
with the realization that this hypothesis was . the bldest
hypothesis from the ”modern” period, we were encouraged ip
- examine its utlllty in two ways: ) i

1. Synthesis of "methylated" psychotogens (1, 2;55,,5)
concurrently optlmlzlng ylelds for subsequent 14C labelllng,
1f metabolic and dlsp081tlon data was con51dered critlcal
to the<argumeqt. ’ z

2. Injection studies of threel"methylatéd psychotbgens”
(1,4,5) and a reexamination of tolefaqce‘of 1-(3,4-dimethoxy- -

-

phenyl)-2-aminoethanew(§), utilizing a gimple mammalian system.

of eqd?l concern, however, would be some method of (ﬁ“\\
, _ SR

detection of this hypothetical aberration. One of the main

foundations of the Transmethylation Hypothesis of Harleﬁ—Mason;

Osmond and,Smythies rests on the asSumption that 4F9;methylj

ation of catecholamlnes is not a mlnor metabollc pag?way in
schlzophrenles Ideally, 1t would be de31rable -to-isolate -
and,characterize such an enzyme from some,organmdfwawmentallyu e

>

i1l person and at thevsame'tiﬁe demonstrazte its relative
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&

absence in the same organ in non~affeétéd*individuaisy(as—rv e

was attempted by Friedhoff and van ‘Winklew (207)). If,
however, such an enzyme lies in sﬁall quantitiesvin the area
surrounding the projected neural site of.actioh; e.g.,iq the
brain, as sdme reseérchers‘have suggested, iE\may be difficult
to execute a proper'comparative study of re%ctivities of
compounds of known .neural functions and/or metabolism in
appropriate tfssue homogenates or even cell-free systems.

A method cf approach whereby thewabove may be circumvent@@i
would be %o assume for the sake of argument that such an a
enzyme system is opgrative'in schizopﬁrenics, and}t t it
would only'require the presence of some suitably designed,
exogenous reagent to make itself manifest, for example, some
kind of'behavioré;_ghange,‘predictive metabolic transformation,
ete. |

1—(3,S—Dimethyl-H-hydroxyphenyld42%éminopropane (72)
could be trgnsmethylated to 1-(3,5—dimethyl-4—methoxyg&enyl}—2-
aminopropane (12) by the postulated enzyme (if its specificity
is large) at the 4-hydroxyl in the brain, diffﬁse to the
neural site of action, and induce behavioral changes in indivi-
‘duals administered. Iﬁ a schizophrenic, it would show a
temp@iary exacerbation of his psj&hosis. Prior to submission’of
the compound to testing with schizophreénic patients and normal
subjects the compound would be-submitted for-preliminary -
pharmacology. Upon completion oﬁ,ﬁhése studies, the compound

would then be administered to normal human subjects to compare



e .

.behavioral chadées that may be distinguished from testing,

at a last but necessary recourse, nith schizophrenie patients.

'(3,5-Dihydrox§-M—methylphenyl)—é-aminOpropane (Zi)
would be likewise tested in iaboratory animals and humans to |,
discover'if‘the body*rs known §-Oﬁ methylationfenayme system
may manifest itself in thelproduction,of methylated product
and subsequent behavioral changes. A positiVe result with
.-this reagent in a known enzyme system would serve as 1nd1catlon .J
that the approach postulated above with an unkown system N
would manlfest itself in the manner expected if lndeed that
unknownssystem were operative. |
A logical sequence of‘eVents should take‘piace in\our‘
researchlas follows:
1. Synthesis of two possible "indicator';'B -phenyliso-

. propylamines and their two "methylated" counterparts (72 Zi)
Provision for 14C-labelling\wohld;be: eXploredpand outlined.
) ‘2. Preliminary.injeotion studies'of four'B-phenylisof
' prOpylanines (72-75) - /
| 3. Metabolism, distribution work and human testing

(normals and normals /schizophrenics).
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3-1 Chemistry (349) . S
The synthesis of ‘the catecholamine analogs (&) 3—(3,4-

dimethoxyphenyl}-E—alanine (1), 1-(3,4- dlmethoxyphenyl) 0=

aminoethaqe (2), (+) 1-(5,4-dimethoxypheny1)-2—aminopropane ;

(2), (%) 1-(3,ﬁ-dimethoxyphenyl)—2—aminoéthanol (4),~and

(f) N-methyl—l-(},M-dimethoxyphenyl)—Q;aninoethanol

(5) is deccribed and optimized yields are reported. The avail-

ability of carbon-14 labelled compounds has didtated logical

starting points in the synthesis of 14C—1ebeiled analogs.(Figure 1)
In recent years, a number of nsng.substltuted phenyl-

alanines have been synthesized (350 - 363). Published syntheses

(363) proved, however, to be sensitive to undesirable side

reactions. In thé course of these investigations, a facile

synthesis basedion a publis-:d outline was substituteds 'The
nature of the side reactions*gn the published syntheses was
also exploreo}

Veratraldehyde (34) was condensed with hippuric acia®
by the method of Buck and Ide (36%): " The "azlactone'.
(252, 35b) wes cleaved with potassium carbonate in aqueous
scetone to N-benzoyl-i-(},M—dimethoxyphenyl)—2-;;;nopro-
penoic acid. Reduction of. 36a,36b was effected at 0° with 3%
sodiuﬁ'amalgam. The resulting E-benzoyl 1-(3,4-dimethoxy- ';%i
phenyl) 2—alanine (ézjfwas unreactive toward the bar@nn hydrox-
ige hydrolysisrreported (363);7instead, cleavage with;6 M HC1
in a sealed tube yielded the desired O-methylated dopa deriva-
tive, 1-(3,4-dimethoxyphenyl)-2-alanine ( ;) in 25p overall yield.

(Flgu* 2) \
¥ Can obtalin labeélled from glyclne-14C,

it



Cleavage of the azlactone 32 ,32 b), as doscrlbed by

Deuloffeu and MQndivolzua (363), in sodium hydrox1d° gave rise tO

a mixtune of N- benzoyl -1-amino=2- (3 4o dlmethoxyphenyl) 1—propen01c

/

'ac;d/(36a, 36b) and N-benzoyl—l—(B,H-dlmethoxyphenyl)-1—hydroxy-2—

alanlno éﬁ) Such a hydrolytic cleavage té 37 “has been

recently exp101ted in the synthoses of substituted phonylpyruvatas'

&QQ via the 1nt=rm°d1acy of 38 or 39 (365, 366). (Flgur° 3)

Reduction of the azlactone (35a,35b) with a specially pre-

pared Raney,higkel catalyst utilized as described by Badshah,
Knan and Kidwai (357) gave rise to 4-(3,4-dimethoxybenzyl)-4-
ethoxy-2-phenyl-5-oxazolone (41a) in.addition to the cited

N'-benzoyl - (3, 4-dimethoxypheayl}2-alanine amide (41h). The

fact that the authors neglected to menﬁion the requisite'washes

associqﬁed with Raney nickel gengration affopﬁid us the oppor-

tunity of obsérving an ambient temperature reaction of ethoxide

with the azlactoner(ﬁﬁg)zip). (?ﬁgpre 4)
~(3,4-rimethoxyphenyl) -2 -aminoethane (2) and 1-(3,4-
diméth$xyphenyl)2—aminopropane (3) were prébared by methods
of Raiford and Fox (367) and Raéir%; and Burger (368). 1In
addition, 3 was prepared by a modified procedure (369). Com-
mercial !'4C-nitromethane and accessibilif&'of 14Ginitroethgne

via a Victor Mﬂyor displacomcnt (370) f 14C-°thyliodid°

renders this route osp°c1ally attractlve for labelllng purposcs

Ovorall ylelds were 68% for-@ ahﬁ 35% and 707 for 2.

Of three published accounts for the synthesis of

\xkx

—(3,4—diMethoxyphenyl)-Q-aminoethanOl (&),,tWO were unaEtra¢_

. | : >
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FIGURE 2
CSYNTHESISOF (1)~
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tive because ofilow yields’due to side fééctidhé (371, 37éjrané”i
one was published without detailS'(BSl). The synthetic routé
most attfacfive to us invblVed}the use of:potéssium éyanide
(can be obtained radioactively labelled). In a ;ddified‘method
of Hahh and Rumpf (373) 3,H—dimethoxybenzaldehyde éyanohydrin
(42), was obtained from commercially évailable veratraldéhydel»”
(34). Lithium aluminum hydride‘reducﬁioh‘(372) of %he cyano-

- hydrin gavevrise to 1—(3;4rdimethoxyphenyl)-Q—aminoethanol

P
/

(4) in 94% overall yield. -
. . ~ ..
A serious side reaction in the procedure of Hahn and Rumpf

(373) resplts in the form;£ion of 5,3',4,4'-tetramethoxybenzoin
(43). (Figure 5) | ”
N-Methyl l-(},#—dimethoxyphenyl)-E—aminoethanol (5) was
not obtainabléf%y thé method of Adityachaudhuiy and Chattefjée
i-(372) for reasons mentioned below. The method of choice appears
to be that of Friedman ”(374). 1-(3,4-Dimethoxyphenyl)-2-
amihoethanol>-(&)—was condensed with ethyl éhloroformate and
the resulting urethane (44) was reduced with lithium aluminum
hybride toAyield the desired N-methyl compound“(i) in 22%
overall yield (starting with veratraldehjde,(éﬂ))% The mefhod
of Adityachaudhury and Chatterjee (372)ewasléxplored further.
12(334—dimeth0xyphényl)—2—aminoethanol (&)'formed a Schiff's
base with plperbnal (&Q) and a methiodide adduct (&éo with
meﬁhyliddideQ However, cleavage with'hyﬁfééﬁlorléfdéidﬂrésulted7
in 1f(3;4—dim9thoxy'phenyl)-acetaldéhyde (47) instead‘of the repor-

ted N—methyl-l-(},4—dimethoxyphenyl)~2;amin0ethanol (2). The reac-

/



FIGURE 5

'SYNTHESIS OF (5) AS PER ADITYACHAUDHURY AND CHATTERJEE (372) AND FRIEDMAN (374)
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tion of l-aryl-2-amino alcohols with strong acid had been Known for
some time (375 - %79) and mechanism studies haVe'fecently been

reported (378).

3.2  Pharmacology (380)

In.préliminary injection studies with Swiss Webster mice
(five pér'groﬁp, ~ 35'g.), we demonstrated the inéctivity'of‘
1~(3,4-dimethoxyphenyl) 2-alanine (at dosages of 500 mg/kg, i.p.),

(1), -(3,4~dimethoxyphenyl) -2 - amlnoethanol (i),
(i)-N-methyl—l-(3,4—dimethoxypheny1)-E—amlnoethanol

(5) (at their purported CDso®values (184):‘,228 mg/kg and 216
mg/Kg, respectiveiy) (281), as their hydrochlofic salts in
saline. Criteria of activity/inactivity was preseﬁce'or
absence of effect on spontaneous’activity of isolated animals
having.food'and water availgble ad 1ibitum.

A reinvestigation of tolerance studies (185, 195) of Swiss
Webster mice toif(3,4—dimethoxypﬂgnyl)-2-aminoethane (2) and mesca-
line (Z) waéléqnducted at the CDso (184);» Groups of five drug-
naive mice (males only, avérage body weight, 35 g.) (382) were’
injected i.p. daily according to the following different sche-
dules: (a) saline (0.9%), (b) saline solution of iproniazid
phosphate (80 mg/kg) (383), (c) mescéiiné sulfate (7) in saline
(CDso: 159 mg/kg*(184)), (d) 1-(3,4-dimethoxypheny1)-2-aminoéthane
hydrochleride {2) in-saline {€Dsg: 132mmé/kgi(IQ#))”pfetreated”"
with iproniazid phosphate in’saline (80 mg/kg) (383) (the.pre-

-\
treatments with iproniazid phogghate occurred 5 5 and 1.5 hours

-

# catatonic doge for 50% test# controls



pefore injection with 1;(3,4-dimethoxypheny1):2:amigoetnane,ig}4Wﬁ?ﬁm;mf
The fifth*group (control) received'horinjections. ' |
Tolerance was observed to the gross behavidural effecté
of mesdaliﬁe (Z) by the rod test (183). A water maze designed
by Ho, et al. (385) for evaluation-of péychotomimetic or hal;
lucinogenic g-phenylisopropylamines . failed to d}stinguish the
subtle effects of’any of the drﬁés in the séries, Swim times
between non-drug, drug‘and saline treatmehts were five seconds
for all the test animals trained according to the outlined pro-
cedure (385).
Length of tolerance to the effects of mescaline;’except
to its induced bradycardia (386); have been observed previoﬁsly as
seven days (387-88). On the other hand, 1—(3,4rdiméthoxyphenyl)-
»Efami:oethane (2) treated animals showed ho such effects |
in injection series whiéh ex?ended six months (185, 195). 1In the
2

present series, however, 1-(3,4-dimethoxyphenyl)-2-aminoethane (2)

/
7

treated Swiss Webster mice (iproniazid’pretreated) also mani-
_fested tolerance in seven days. Apparent cross-tolerancs to the

alternate @-phenethylamine was observed upon intraperitoneal (i.p.)

injéction five hours after the last injection on day seven.

%-7% Discussion

Our inability to reproduce pharmacology”réporfgd,by,Michaux

et al. (182-184) has received support by the studies of Vogel

(381) while this work was in progress. Injections of 100 mg /kg
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were utilized by these workers in rats and brain levels were .
determined to be between 5 and 30 ug/g, Since these brain
levels are higher than those found for hallubinogenic compouhds
which do interfefe with the cdnditipned avoidanﬁe response we
concluded that these compounds were not psychoactive. Micﬁaﬁx'é
original studies (182 - 184) did not include analy%ical data.

The fact that aminp acid analogs of hg;;ucinogenic col=
punds hazf been reported to be inactive (358, 365, 389) even
. y A ' : :

at doses comparable fg%;sychoactive doses of é-},h-dihydroxy

phenylalanine (L-DOPA), viz, 500 mg/kg) has been explained by

assuming that these compounds are not substrates for in wvivo
‘decarboxylase systems. In support for this hypothesis, Ho,

et al. (358) failed to detgpt the pregence of_l-(é,B;dimethoxy—M_
me%hylphenyl)j2~aminopropane (ég)-in‘mouse (in vivo) and in mouse
brain homogenates (in vitro) after ihjectién studies and incu-
bation‘studies respectively using 2-methyl3 -(2,5-dimethoky-4-
meﬁhylphenyl)alanine (Q;j. These authors further explored

the possible self-iﬁ?ibition of DOPA decarboxylase in mouse ‘brains
at concentrations‘aé high as 1x10 3M; 2—methy1{3—(2;5-dimetﬁoxy~4—
methylphenyi)alaniné (22) didnot inhibit this enzyme relative to -

DOP4, while a—methleOPA; a knéwn'inhibitor of the enzyme, had an

.o

T5, value of B.BXlORQMQ It may be, in retréébééé,jhéf'obéfi§ﬁéﬁrprif
sing that 3-(3,4~dimethoxyphenyl)als 'ne (1) should be inactive.
(Figure 1)

Tolerance studies with postulated psychotogens can yield

[
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information concerning the suitability “of drug-induced models

Conbiho? gl

to reflect upon the cllnlcal syndrome, "schizophrenia" (12).

As already statodd(ﬁakeo and Himeich (177) reported that a consi-

derably larger dose of 1-(B,ﬂ—dimethoxyphenyl)-2-am1noethane (%5'
than that of‘mescaline (Z) was required to produce electro- .

encephalographic arousal in the rabbit. They suggest d that in the

7 R N

bralé -(3,4- dlmethoxyphenyl) 2-aminoethane (g) is more rapldly

* inactivated by 1ts correspond}ng amine oxidase (178). As a

result of in vitro studies, they claim that iproniazid markedly

‘depressed the oxidative deamination of 1-(3,4-dimethoxyphenyl)-2-
aminoethane (2) but notthat of mescallne (7) ( 178 . The‘"multiple”

1

y? ~amine oxidase" theory of the brain's defense against exogenous

4aﬁines hag been reinforced by studies in a number of mammai}an

systeps (390 - 3933 - It appeared to us that seleit;xe blocking of

deamlnatlon of 1- (3,4 dlmethoxyphenylf;Zfamlnoethan;Jk2) by pre—

treatment with 1pron1a21d phosphate afforded an ex&erlmental

.S 'situation’ﬁherein‘behaviourai effects of the two g-phenethyl-
amines, one, a known halldcinogen, and the other, a suspected

) intracerebral psychotogen, could be,more easily compared (in a'

simple mammalian system, for example).

~ The published data on the metabolism of 1-'*C-1-(3,4-dimethoxy~-

' phenyl)-2-aminoethane (165,171-2) and on chronic mescaline metabo-rvﬂ o

1ism (193) lends support to the fact that we were not observ1ng

- a metabolite tolerance, (396), and a béhaviocural tolerance (397)
has to date not been demonstrated in mice. A_factorﬁwe are

unable to rigorously eliminate from our a

e genetic

&
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strain of the mice (398 s

Further, Isbell gnd his coworkers (395) have pointed out
éhe usefﬁllness of croSs-tolerdnce sﬁudies to support a.similar
mode of action for variocus halluCinogens. .They claimed that
the development of cross-tolerance between two psychotomimeticé
argues in favor.of the induction of behavioural disturbaﬁces
"py . some common mechanisms or by different mechanigmé wﬁich
act through a common final pathway". “/7' |

We have demonstrated cross tolerance bctween 1- (3,4—dimethbky-
phenyl)~-2-aminoethane (2) and mescallne (Z) at their CDso in this .
study. Using Isbell's criteria, we have presentedydata which '
is indicative of a cbmmOn receptor site for two prhenefhyiéminés
in a system designed to null out metabolic differehées‘(399y. wak’k
as we have performed is inevitab1y tentative_siﬁce as,jet'no |
rigorous demonstration of receptor sites for the hallﬁcimoéensu-
has besn reported; Work of this nature would be éktfémeﬂy’wélé
“come and could be eﬂv1sag°d as occurring along the 11ne5Aof
Snyder's demonstratlon of the opiate receptor (401) as a first
approach. In»addition, the mechanism of tissue toloranco of
any drug has nbt‘been adequately exblored. One could,postulate
deformation of the tértiary structure .of the redeptor:sife/by

"continual usage” ("wear and toar ) or an ongoinéNénhibition

ga\thc irreversible blndlng of the drug itself.

Conclusions - S R SOt

Transmethylation of catecholamines as the root cause of all
\ , _

schizophrenics appears to be dubious at, this time¥ In addition:to

the data reported here, 1-(3,4-dimethoxyphenyl)-2-aminoethane (2) -

3
L



has been reported to possess ha;f the‘potency of‘me§caline\fh
humans (Z), wﬁich at high doéeé (132 mgykg) in test/aﬁimals pro-
ducés_”batatonic-likeWUstates. This has been observed by us and
by others many times previouély (15 - 18, 182 - 184).‘ G,licl
and t.1.c. analyses of body fluids, taking the literature as a

.

iwhole,>remain‘equally balanéed between those who‘can detect and
. i - .

59

those who cannot -detect. the presence of this ﬁossible mstabolitej

of dopamine. Artifacts from diet, medication and intestinal

flora, instfumental limits of détection, and laéK of‘adéquate

controls has hampered definitive statements on the validity

of this. znd other Bioehenical hypothesﬁé of "schizophrenia".

With the‘intfobuctiqn of "capillary g.c. columns and analysis’

automated for multiSample injection and data processing as-

outlined/byAPauling (Lo2 - 403) perhaps & wealth of fundamental .

#

datz may eventually be acquired.
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FIGURE 6

SYNTHESIS OF RING SUBSTITUTED B-PHENYLISOPRQPYL 'AMINEE?

I) Br

-
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Rlng SUbStltUt d B- aryllSOpropylamlnos (&gj constltutc a0

\
class of puychodySIOptlcs of psychopharmacologlcal vorsatllity

(4ok4). They are as well chemical card1ac»st1mulants and
brdnchiodilators(405) of some potency. Inhgeneral, g-aryl-
isopropylamines, &QJ(R' = CHs) and related B-arylethyl-

r

amines, 48 (R' = H) have been generated Wy ,various syn-
thetic procedures {405 - 47%). Routes of high ylald are out-
“tw .

lined 1n a general manner in figure 6 and will be dlscussed in

~ -

turn below.

Hey (480) developed a prg;edure.for #he synthegis of B-
phgnylisopropylamine itgeif, ﬁﬁ;(R?= H, R' =;CH3) 1nvolv1ng
'l-phenyl p-propanone, 49 (R = H, R':= CHs). Its oxime QQ
(R = H, R! = éHa)VWas reduced with 3% sodium amalgam in acetic
acid/H,0 to yield the amine, 48 (R = H, R' = CHg). Two develop-
ments have rendered this rgute somewhat profitable: 1) Facile
syntheses (481 -/482) for 1-(3,4-methylenedioxyphenyl). 2-
propanone, QQJ(R = 3,4-0CH:0, R' = st) f%om isosafrole, 2L,
1-(3, M—mothylén;dioxyphényl)fl—pr\o;;ne (‘R = 3,4-0CHz0, R!' =
CHa), which in turn may be obtalneé from safrole, 52, 2-(3,4-
mothylonodloxyphonyl) l—propune; (R = 3,4-0CH20, R' = CHS)
by a variety of synthetic procedwmes (483 - 490); 2) The

introduction of lithium aluminum hydride (491) or catalytic

reduction (491 - 494) as alte:nate reductants for the trans-

formation of the oxime to the amine, I—Pﬁényl42;prbpanones;”&2)'

(R = H, R' = CHa) have also been subjected, with some success,

7 be . e N
to reductive amination (424, 496 - 497) or a Leukart reaction
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i . . . - e
(481) utilizing formamide. hecently, a procedure has been
_geveloped for preparing optical iSomers.bf B-arylisopropylamine&
utilizing the 1-pheny1-2-propanbne, &23 (R = H, R; = CHs) and -
reducing the imine, formed with .either (f)vor((-)—armethylbeniylrc
amine . Hydrogenolysis“of the fesultantbﬁi(d-phenethyl).
ﬂ—phenylisopropylamines (496,#97),givé§ the desired antipode.
‘Propiophehdnés} 53, (R = H, R' = CHS) have been converted
to isonitroéopropiopheﬁones, ?&fﬁR = H, R' = CHs) by reaction
with alkyl ﬂitrites (498 - 500). Isoniﬁrosopropiophenbnes have
been reduced'to 2~amino-l—phenyl—I-propanol hydrochlo;}aes, ?2}
(R = H, R' =.CHs) (501) using a Pd,/C - HC1/CHaOH system.
Kind?ér reports (502) the reduction of an isonitrosdacetophenone,
i&J(R = R' = H). Hydrogemolysis of the benzyl-OH would afford
" the requisite amine, 48 (R = H, R' = CHa). Limitations of this
route include undesirable conditions to accomplish hydrogenolysis
(501) as'wéll as ready access tb‘starking'propiophenone: A route
explored by Lindeke and Cho (490) consistsiqf'Grignard teaction
‘qn pﬁénylacetaldehyde (Qé) utilizing methyl magnesium iodide
(50%). The resulting l-ﬁheny1~2—propanol, EZ,(R = é} R' = CH&)
was converted to its tosylate, §§J(R = H, R' = éHs) Which in
turn was converted to l-phenyl-2-azido propane, EQL(R = H, R'" = -
CHz) and consequently reduced with LiAlHs to yield the amine, 48,
(R = H, R' = CH3); Synthesis of”ring substitﬁted éhalogﬁés by thism
roufe ha&e noﬁibéeniékﬁléred; Acéeééibiliﬁj férapbfébfiaﬁel§”' -
substituted phenylacetaldehydes would command further research.
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In 19%%, Bruckner (504) pioneered a route from asarone,

-(2,4,5—£rimethoxyphenyl)—1jpropene, QLJ(R = 2,4,5—CH30, R' =

N '_,564

CHs). This compound (?}j was treated with nitrous acid and it
»&as reported to form a dimeric pseudonitrgsite, tentétivélyr
"assignﬂd the structure 60 (R = 2,4,5-CHg0, R' = CHz). Treat-
ment of 60 with acatlc anhydrlde and sulfuric acid }1eld ed 1-(2,
4 ,5- trlmcthoxyphonyl) l-acetoxy 2- nltropropane 61 (R = 2,4;5- — -
CHs0,*R' = CHs). Reaction with alcoholic potassium hydroxide

_ generated 1}(2,4,§{trimethoxyphenyl)f'E-Ditro-l-propene @%

'.(R = 2,4,5-CH30, R{ﬂ# CHs). Eleétrolytic reduction/éf 62 (R =
2,4,5JCH;O, R! - CHsz) yielded the B-phenylisopropylamine, 1- -
(2,4,5-trimethoxyphehyl)-2~amino propane, 48 (R = 2,4;5-CH30,

R'" = QHS). Yiélds werea;mw reported-ahd procedures were not .

fully described. Shulgin (505 - 506)‘obtained 1-(2,4;5-tri-

. methoxy'phenyl)—Q—nitroVl-propene;IQQJ(R = 2,4,57CH30, R' = CHs)
directly by ;electively nitrating 1-(2,4, 5-trimethoxypheny1)~
1-propene 51 (R = 2,4,5-CH30, R' = CHs) “§QP tetranltromathane -
Reduction with L1A1H4 afforded the amine 48 (R = 2,4,5-CH30,

_R' = CHa).

Redeuilh, Ruapf and Wiel (507) havevrecently explored
hydroboration of substituteg\styrenes and their subsequent
amination with hydroxylamiﬁe—Q—Sulfoﬁic acid to yi°1d 71-63,4‘di'
methoxyphénsl)—E—aminbethané (2) and mesééline Z) Yields of 37%
and 357 resééctively are reported (507).

A route of general utility’ consists of condensation of an

appropriately substituted benzaldehyde, ézf (R = alkyl, alkoxy,

ﬂ\'
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» »
halo, etc.) in a Knoevenagel fashion with a nitroalkane under a
variety of acidic and basic conditions: zinc chloride (508), g

alcoholic, potassium hydroxide (373, 509 - 513), aICOhoiic alkyl
amine {448 - 449; 368, 51ﬁk¥ 516) or amménium,acetate in acetic
acid (517 - 523%). Lithium aluminum hydride (368, 525) or Raney
nickel (494;‘543 - S4k) rzﬁuction (elevated tempergture,'pr%§s£re)
of the intermediate B;nitrostyrylyderivative (ég)'affordéd the

g-phenethylamine. In the past, electrolytic reduction (446, 447,

504, 441) or hydrogenation over platinum metals had been em-

ployed in acidic media (528 - 531) to some advantage. Reduction
. i Y ~ A9

by means of a Zn/HOAC-Na,/Hg system is of historical interest

only (512). <«

Y
<& F]

Hey (447) and Buck, et al. (436) explored Hofmann degrada-
tionsjofééimeth&l—E—phenylproprionamidgs (65). The standard
Hoffmann procedure for degradation of the amide to the amine ‘f
was found to be poor. Hejv(447) employed é modification of

Jeffreys (5%2) in which the isocyanate was trapped to'yield the

‘urethane upon hydr@lySisu‘ On the other hand,/Buck, et al. (436)

found the modification of Woodruff and Copger (533), viz. use

of dioxane to dissolve the starting amide, to work satisfactori-

ly.

i"\}
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* FIVE B-PHENYL ISOPROPYL AMINES
! . .
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5-1 Results

}AS part of the present research program, syntheses of five
, potentialiy active ring-substituted B—pnenylisopropylamineq{were
completed: l-(j,B-dimethyl-M—nydroxy phenyl)-?—aminoprOpane
(72), 3, 5= d1methyl-4 methoxyphenyl) -2- amlnopropane (Z}),
-(3,5—dlhydroxy-4—methylphenyl)-2—am1nopropane (Z&), 1—(5,5;
dimethoxy—u—methylphenyl)-2~aminopropane v(Zé) and i—(2,6—dimethoxy
4—methylphenyl)~2-amin0propgne (Zé); Provision for intfoduotion |
of a '#*C-Iabel in the éide nhain was explored for subsequent
metabolic and distrinution work of this particular.seriés.

As part\of the pharmacologlcal tes g of (Zgy - (Zﬁﬁ, we
envisaged use\of 1-(3,5-dimethyl-%-hydro yphonyl)~2 aminopropane
(ZE) as a'nqssinle substrate for catechol- O—methyl transferase
(QQMI) and a chemical agent of possible utllity in distinguish-d
ing "normals" from hschizophrenics" should the Osmond/Smythies/
'Harlcy Mason Hypothe51s be operative. As an indication of thet

wisdom of such an approach,,we onv1saged tostlng 1~ (5 5-dihydroxy

4—methylphenyl)—2-am1nopropane Zﬂ in normals. The "methylated"
>products, l—(3,5—dimethyl—4—methoxy)—2-aminopropane (73) and
1-(3,5;dimethoxy-4—methylrnhenyl)~2-aminopropane (Zé} would

also be tested at that time. Synthesis of (76) arose in the
course of synthetlc studles of (74) and (75).

Synthesis of 1-(3,5-dimethyl~4-hydroxy phenyl) -2- amlnopropane
(72) and 1_45 S~dimethyl=4~methoxyphenyl)=2- amlnopropane ' Zﬁ)

1,3- Dimethyl-2-propioxybenzene ég (R = 1,3-diMe 2-

‘propioxy, R!' = CHz) was subjected to a Iries rearrangement to
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a - L
yield,1—(3,5-dimethyl;M-hydroxyphenyl)gbropanone, 53, (R =
3, 5-diMe, 4-0OH, R' = CHs) using’the procedure of Benington, et
al. (479). Methylation (479) with dimethylsulfate gave rise to
1-(3,55dimgthyl_ﬁ_methoxyphenyl)propanoné, 53, (R = 3,5-diMe by
MeO, R' = CHsz). JBoth‘phenylrpropanones formed keto oximes with
methyl nitrifé/HCl (500), 54, (R = 3,5-DiMe, 4-OH, R' = CHs) and
54, (R = 3,5-diMe, 4-MeO, R' = CHs). With 10% Pd/C or PtOz in
acetic acid-HoS04, both-Keég oximes gave rise to amines, ng
ang sz respectively, in fair yiéld. Reduction of 2&} (R =
3,5-diMe, 4-OH, R' = CHg) and 54, (R = 3,5-diMe, 4-MeO, R' =
CHs) with-5%‘3d/C or Ptz20 in HC1l,/EtOH gave rise to émino ketonés
64, (R = 3,5-diMe, 4-OH, R' = CHs) and 64 (R = 3,5-diMe 4-MeO,

R' = CHs). Reduction of ok, (R = 3,5-diMe, 4-OH, R' = CHz) and

QﬁJ(R = 3,5-diMe, 4-MeO, R' = CHz) with sodium boreohydride ggve -
. . 0y

rise to oximino alcohols 5%, (R = 3,5-diMe, 4-OH, R' = CHs) and
iiif (%,5-diMe, 4-MeO, R' = CHs). A 1ithium‘alﬁminum hydride
reduction of o4, (R = 3,5-diMe, 4,0H, R' = CHs) was unsuccess-
ful since the metal phenolate was insoluble in ethef, tetra-
hydrofurah or dioxane, Complete reduction was ﬁnsucceésgul'

even after 4 hours reflux, whereas Ei,(R = 3,5-diMe,4-Mé,§R' =

CHs) was readily reduced to amino alcohol ééf (R = 3,5—dfMe,4-MeO{

R' = CHg) .

A more facile synthesis of amines 72, and 73 was effected =

via 3,5-dimethyl-4-hydroxy benzaldehyde ééj (R = 3,5-diMe,4-0H,

R' = CHs), obtained for a Duff-Bills redction on 2,6-dimethyl

¥

—
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phenol. Methylation gave 3,5-diméthylQﬂfmétbdxywﬁéhzaiaégfééW”7”7 x\

ézf (R =V3,5-diMe,4-Meo, R' = CHs). A Knoevenagel condensatioz/s _ \

. 1
of nitroethane with benzaldehydes 63 (R = 3,5-diMe ¥-OH, R' = ]
CHs) and QQJ(R = 3,5-diMe 4-MeO, R' = CHsz) b& a modifiedlpro; | \__E}
lcedure (369) gavé good yields of the B—nitfostyryl_: Qﬁz (R = T
3,5-dime 4-OH, R' = CHs) and 62 (R = 3,5-DiMe 4-MeO, RY = CHs). The
B—nitrostyryi 62, (R = 3,5-DiMe 4-0H, R' = CHs), found to be
‘7‘incompletely'reduced by lithium aluminum hydride in tetrahydro-

furan, underwent reduction with sodium bis(2-methoxyethoxy) :
Jﬁluminum dihydride iErbenzene. g-Nitrostyryl ég‘(R = 3,5-DiMe

4-MeO, R' = CHs) was reduced with lithium aluminum hydri&é in

the manner of Rameriz 8368) and Shulgin (505 - 506).

Synthosis of 1-(%,5-dihydroxy-4-methyl phenyl)-2-aminopropane '
Zﬁ) (3,5-dimethoxy-4-methylphenyl) -2- amlnopropane (75), and
1-(2, 6 dlmcthoxy 4~ mcthylphenyl) 2 gminopropane Zh) o

A synthotlc route for amines Zhland Zé}centﬂre§ around the

access1b111ty for 3, 5 dimethoxy-4-methylbenzaldehyde, Q;y (R

%,5-DiMe0 4-Me)., Two syntheses»(534, 535) of 3,5- dlhydroxy 4o ,f

methylbenzoici acid, based on alkali fusion of potagsium 3,5-

disulphonaﬁo J-methylbenzoic agid, failed to give for us andvfor

Rasmussen, et al.‘(536} a goad yiéld of 3,5-dihydroxy=-4-methyl= |
_‘%&nzoic acid. ‘Attempts to form the bis-diazonium salt of 3,5—

diamino-h-methylbenzoic acid, formed by Raney nickel reductior of

3 S_dtmitro-4-methylbenzoic acid, led to a comp}ékrmixfurewof, _

: : T

products. The fbutéfmdSt’étffaEfibéwfégﬁéwﬁés the benzylic

oxidation of 1,3-dimethoxy-~2,5-dimethyl benzene



62, (R = 1,5-DiMe0, 2,5-Dilfe) as.described by Fujikewa
and Kurugi (537) and explofed by Rasmussen, et al. (536),.

A gearch of the liﬁeratUre,at the time this project was
conceived, revealed four synthesee of1a§§%£hydroxy-2,5—dimethyl‘\
benzene (89)(538,541-543). Of these; S;nn's method seemed most

fdirect (542). Synthe51s of 1,3~ dlmethoxy-2 5~ dlmethylbenzene
,vbenzene Qw). Methyl 1od1de and n-butyl llthlum were found to
be superior to dlmethyl sulfate and phenyl llthlum described by
Rasmussen (536). (Figure 8) ‘ )

Concurrehtly, synthesis of l'}-dihydroxy-Q 5-dimethyl

bbenzene gﬂ) was attempte d based on the, synthesis by Sonn (542).
Orcinol, 1,3-dihydroxy=5- methylbenzene (ZZ), was reduced with

" Raney nickel at elevated temperature and“pressure (539) to
yield 5—methyleycloh°xane-l 3-dione (Z§). Methylation wiﬁh

//pafass1um hydrox1de and methyl iedide by Sonn's method (542)
é%d ‘that of Stetter and Meisel (540) 1ed to incomplete
methylation and oxidation‘of both the 5—methyleyclohexane-l,3—
dione (78) and 2,S—dimethylcyclohexéﬁe-l,B-dione (79). The
main contaminant of these reactions was postulated to be di(2,57
diRydroxy-3-methyl furfuryl) peroxide (gh). Methylatloﬂ with’ \
methyjlodlde and alkall 1n a sealed tube appeared to circumvent

-

problems of dlstlllatlon loss of methyl 1od1de,and,ax1datlon,,u»
) ~

reactlons at optlmum reactlon temperatures - Bromination Qf .

2,5~ dlmethylcyclohefane 1,3%- dlone (Zg) gave rise to 4,6-dibromo

-1,3-dihydroxy-2,5-dimethylbenzenc (§Q} as reported by

[E—
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Sénn.(542). However{ Sonn's debromination with Pd/CaCOg and

piperidine led to the mbnobromo compound, 4—bromo—l,3;dihYdroxy*
2,5—dime§h§lbenzshe (@;)]in ourlcase:"Methylation of 4,6—dibromb_
1,3—dihydroxy-2,5—dimethy1bénz¢ne with dimethylsulfate proceeded
smoothly and the dibromo com§ounq (@Q} whs debrominated with )
sodium alumiﬁumlbis—(ethoxymethoxy) dlhydrldo (548)'m3yieldth°‘x
1, -diméthéxy-2%5-dimethylbenzene’ gé) by a more c1rcu1tous

/

yAn exploration of Sonn's altérnate route to 2,5-dimethyl-

r

e, v
» o

cyclohexane-1, %-dione ( éﬁ) via p-xyloqulnone 2*) wéF'carried

out (542), 1,4-Dimethyl=2,3, 5 trlacetoxybenzene .(gg), formed .
from acetylation of p-xyloguinone (91) in HgSO4, gave 1,4~
dimethyl—2,3,5—trihydroxybenzéne (2;) Qnifreatment with alco-
ihol HE1l instead of the rﬁported " p-xylo- oxy hydrochlnon—dl -acetat"
(s42), (Flgur= 9)

Our dlfflculty with the publlshed 1°ngthy synthcscs of sub-
stituted r°sorcinols has been echond by others (544 - 547) and
modifications and/or novel approaches have been recently pub-
lished (543 - 547). | | | -

l,é—Dimethoxy-Q,5-dimefhy1benzene (éz) was subjected tb'a’

variety of oxidation conditions. Cerium (IV) ammonium nitrate

4

2
ay

D

2,%—dimethox3—&—methylbenzaldehyde{ ‘gﬁ} ’ Pdtassium per-

(US}

rnanganate in the presence of pyrldlnc gava a- 40” ylold of 3 5—
diﬁethoxy-#—methjlb enzolc acid 86a) and 4 % of 2, 6 dlmothoxy—

h_methyltenzoic acid (85b) (536, 537). Separatlon by T.L.C.

T was found to te facgle. (Figure 8)

5
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Condensation of 2,6-dimethoxy-4- methbeedEél&éhyde (Egy_
with nltroephane under our modified conditions (369) gave 1-(2,6;
dimethoxyjﬂ—methyl phenyl)'?-nitro'lepropene, 62 (R = 2,6-DiMe0,
4-Me, R";‘CHg) in 81% yield. Reduction with sodium aiuminum |
bis(ethokymefhoxy) dihydride (359) in benzene gave l—(2,67 :
dimethoxy-4%-methyl ﬁhenyl)~2-eminopropane '(ZQ). '

Routes involving the conversion of E,Sfdimethoxy-M-methyif'

, B N .
benzoic acid (86a) to 3,5-dimethoxy-U4-methylbenzaldehyde 88)

- including’Rosehmund (46%) (549,-550), lithium tri-tertbutoxy

aluminum hydride (30%) (581), modified McFayden-Stevens (0%) (551)
h . v R - ’ - ‘
reductionsj.were found to-be inferior to reduction with lithium. -

aluminum hydride and oxidation with‘Aﬁtenburrow's MnOs (552 -

. 555).

Condensation of 88 With nltroethane to yleld 1 (B,S-dimeth—

oxy-4 methylphenyl) 2 -nitro-1- propene, 62, ( = 3,5-dimethoxy

- h-methyl R =. CHs) and reduction of thls s-nitrostyrylfwith

.
lithium aluminqmihydride gaye (3 5 dlmethoxy—4 methylphenyl)

© 2-aminopropane (75). Treatment of 1-(3,5- d1methoxy-4 methyl

-

phenyl)-2-aminopropane (g;g,wifh 48% hydroiodic aeid‘at'100°,~

1

- gave l-(3,5—dihydroxy-MJmethybpﬁéﬁyl)—2-aminoprdpane, as the

‘hydroiodide (7).
o Prellmlnary studles toward a feas1ble synthesis of 140 nitro-

ethane™and ‘tic-side chaln labelled phenyllsopropylamlnes‘were T

€

conducted., Nitroethane-was prepared from ethyl iodrde by'a‘modl—

fied Victor Meyer reactlon (370 556) in 35% yleld No e;hyl nltrlte

was deuected and unneaqted ethyl iodide was recovered on’ ‘
. . - . ¥ . - =~
dlsﬁlllatlon 4 TS N g -



Synthetlc studlesrw1th~applieatioﬁ:to ring-substitutﬁd”B phonyI’
1sopropylam1n°s :

Shulgin (505, 506) has commented on the varlablllty of con-
ditions reportcd for the ozonoly51s of 1somyrlst1c1n, QEJ(R =
B-methpxwa,5-methylenedloxy, R!' = CHS) to myr1st1c1n aldehyde;;
6@ .='-‘5v-m°thoxyf4 5-methylenedioxy) §(557 - 560) We have'ﬁ
developed optimal conditions for the conversion of 1sosafrole,
,IQQJ( = B,MfmethylenOdloxy, R!' = CHa) to. plporonal é;J k

3‘4 methylonedioxy) including dlstlllatlon of the ozon1d° (561?.

Such a reaction should flnd synthetic applicability for. aldehydlc

76

- cases where naturally occurrlng phenylpropenyl benzene derlvatlves

- -~

are éeadiiy’a§§ilablei |
".Synthesis of ;ing—substitubeﬁ l—phényl—E-propanonés (&Q)
from 3-phernyl-l-propene was explbrea'usingvair\and a‘PdCJE-
CuCls redox system (562). A direct conversion of,séfrolg, 52,
(R = B;M—métﬁylenedioxy,'rR‘ = CHz) to‘l-(},&#methyleﬁédioxy .
phepyl)-Q-perqnone (R = },M—méfhylonmphenyl )=2- propanone, ig
(R = 3,4-methylénedioxy, R' = CHs) was effected in 50% yield.
Conditions for recbvery of the palladlum are still to be weorked
out in order to make this a facilé and economical synthesis,
Isosa??ole, 51, (R = B,Q-mefhylenedioxy, R' = Cﬂg) was“

"
nitratcd with totranitromethéno byjthe procedure of Shulgin‘ 

(590) and in this caso the optlmum reactlon condltlons 1nvolved o

aﬁ_’/’-

:a tomperaturo of -k c. Icosafrole, Q}j (R = 5 4 methylenedloxy,

R o= CHaf was roact d w1th n1trosy1 chlorlde after Tilden and

Forester (564). ~ The compound‘that-fermed appeared to be a dimer
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94 (R = 3 4-methylenedioxy) (572) and was resistant to hydro-
genation over 5% Pd/C} T.L.C. anaiysis of the 1ithium alu-~

minum h&dride reduction product of the dimef, 2&; (R = 3,4~
methylenedioxy) indicated two compounds which await

characterization. (Figure. 10)
A ' : J -
Isosafrole, 51, (R = 3,4-methylenedioxy, R' = CHs) was

reacted with nitryl iodide and the intermediate 1l-1o0d0-1-(3,4- -

metﬁylenedioxyphenyl )-2-nitro-1-propene, 95, (R = 3,4-
methysd enedioxyphenyl) was dehydrohalogenated with pyridine,
1—(5,4-methylenedioxyphenyl)-2-nitrépropene, g2, (R = 2,4-

'methylénedioxy, R' = CHs) was formed in 35% éver all yield

(573). Pyridine appeared to be superior solvent to coi;idine

or triethylaming in'the present case, (Figure 11)

. l—(3,5-Dimethyl—A—methoxyphenyl)—l-propanone; 53, (R =
3,5-dimethyl—44methoxy, R' = CHs) was nitrated with.n—butyl
nitrate‘in the presence of potassium t-butoxide to yield'the
pbtassium enolate of l-(},5—dimethy1-4-methoxyphenyl)-Q-nitrof

ff\l-propanone, §Z;(R ;B,B—Dng 4—Meo, R' = CHs). Attempted’

" acetylation with acetic anhydride at elevated temperature of
the potassium enolate, 96 (R = 3,5-DiMe, 4-MeO), or the

~Y7 enolate itself, 21/(R7= 3,5-DiMe, 4-MeO, R' = CHs) resulted

‘ in éieavage to 3,5—dimethyl-#;ﬁethoxybenzoic acid,rgﬁf (R =

%,5-dimethyI=-4-methoxy).

v

] »
sized from phenyl-2-propanons, 49 (R = H, R' = CHz) in yields of

O

07 as a model for the keto-oxime route to substituted B-phenyl-~
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i’SOPTObylamiHES- LiA1H,; reduction affb’fd'ed"phénﬂ;g_a'nﬁf{ap}'aﬁgﬁg;’j”””
In anréttempt to synthesize the hydrazide, %QQ,(R = 1) of
methyl benzoate utilizing é procedure that Dornow and Petsch
( 567) applied to 5,4,5-trimethoiybehzoic acid methylester, 22
-(R_Q 3.4 ,5-Trie0), the product which was formed in 60% yield
was assigned the stfucture of %Qi,(R = ﬁ), i.e, l-amino-4-

phenylphthalazine, on the basis of spectral data (568). (Figure 12)-

5-2 Discussion

Table 2_provides a listing of thé psychodysleptic B-phenyl
'isopropylamihes synthesized to date., Table 3 proviées‘a listing
of polyhydroxyphenethylaminesjactivé as cardiac stimulants.
Compounds synthesized in the course of oﬁr work on modél systems
for schizophrenia afe included as a contribution.' |

Facile cohdensaﬁion conditions for triéubstifuted benza¥ae;
hydes and nitroetHane are provided in Table 4. The resulting ,

g-nitrostyryls were ?%duced with lithium aluminum hydride {573%)
) ) T ) o ,,,,,f,,,,,i, S ‘
or "Redal" (sodium aluminum-bismethoxyethoxy dihydride). -

Introduction of this reducing agent should circumvent synthetic
difficulties sometimes encountersd with lithium aluminum hydride

reductions.

‘Carbqgflk labelling in the side chain of this series is

now»maée possihlé ty & facile’preparatibh'of '4conitroethane. Scram-
bliné of 1abeiiis_n0t'siated to~be~a;worrisomeﬁprocess3wﬂs'seenwfrom;m
synthetic studess of higher homologues{ no branch chain isomers were:
detecfed (58%). Such carbon-14% labelled B~phenylsiopropjl aminés .

should find application in metabolic and distribution work in the
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field of psychobiochemistry. Forrexamplé, a éﬁfeéhihggféfugiﬁdiﬁé fbﬁw
N v

without the possibilityrof biélogical‘exchange inﬁalidating
such d;?;, or a demonstration of. receptors in'nervoﬁs tissue
could be’ conducted as has beenvrepofted for the opiaﬁeé {401)1

— Interesting reactions which have been obsérved in.the
course bf this work, for example, direct,cqnvérsion of methyl
benzoate to l-amino-4-phenylphthalazine (101) and cleavage of -
the enolate of 1-(5,5-dimgt'hy1-4-methoxypheny1)2-hitro 1;
propanone, QQJ(R = B,B-DiMe;H—MeO) with acetic anhydride, have
been included. Side reactions in Sonn's synthesis of 2,5;
.dimethyl 1,3-dihydroxy benzené (89) have been elucidated. A~
lithium aluminum hydride reduction of the nitrosyl chioride
adduct (2&) of isoSafrole,viiJ(R =VOCH20) is reported and

could form the basis of a further extended investigation.

conclusions
In general, synthetic reproducibility is a function of the

folTowing variables:
' 1

(1) the "operator" (both the recording operator and

receiving operator) .
(2) availébility of sophisticated analyticél methods
(3) competitive free enterprise,‘pressures to please and
to publish. » |
As an example of number (1), Irwoﬁld iike?td point to
Fadshah, Fhan and vidual (357). To the recording operator the

preparation of the Raney llickel catalyst therein is fully
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d%scrlbed To the receivind'operator, it is'unclear’oﬁ’ﬁabéf””””

procedure begin and end.

Examples of vaf@abief(z) must of necessity inclﬁde an as
vet undetermioed proportion of the literatgpéygzzor to 1960.
My own experiences with such literature begins with Tsao's"
synthesis of mescaline (Z) (438). Without unduly borlng ‘the
reader, one could easily oite Hahn and. Rumpf's (AHO)rsyntheSlS—r
of 3,Mrdimethoxybenzaldehyde cyanohydrin (&g),‘Deulofeuvahd Men-
divelzua's (363) synthesis of 1—(3;4¥dimethoxyphenyl)-2-alanine
(1), Dornow and‘Petsoh's synthesis'of'3,4,5-trimethoxyben201c
acid hydrazide (557),.Sonn‘s synthesis of B—orciool (Qz (542),
Aditachaudhury and Chatterjee's synthesis of N-methyl-i-(3,4-
dimethoxyphenyl)—E-aminothanol (Q), Mlchaux‘s 1nJectlon
studies (182-184) with 1-(3, 4~ dlmethoxyphenyl) 2~ amlnoethanol
(L) and N-methyl 1- (3,4-dimethoxyphenyl)-2-am1noethanol (5)s
and Vawal's synthe51s of 1,2~-dihydroxybenzoic acid from -
catechol (581). |

It is commonplace to exagerate one's yield, for example,
in Smidrkad and Trojanek's synthesis of 2, 3 dlhydroxybenzaldehyde
recently (582). However, for possibly the purest example of
variable (3), one should refer to Charlesworth and Robinson
(521) and Apéhina and Asano (535).

Great cere has been taken to insure reproducibility in the

syntheses presented here for two reasons: (1) controversies
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of reproddeibilit& have ben%inuallyrmarred”pregressWinﬂtheh?r*W**9”‘ﬂ;
area of sehizophrenia»research with concomiftant loss~in,time"
and energy; (2) to present‘a*case throdgnout the . synthetii’
llterature for a return to, standards establlshed by Orgaglg |
Synthesis. Coupled w1th modern\analytlcal technlques, such
standards should eliminate a great deal of the dally B |
speEulations’ofithe,synthetic chemist,
Moreover;~the.‘4C—labelling envisaged as a logical outcome-
of this thesis has placed serious‘restraints on the applicability
;gﬁf publi shed synthef?e,proeedures.rA synthetic procedure muét
by these restraints permit incorporation of label from

commercially available starting materim® at a point as close

P

as pQ§sible to final product. Conversion to final nroduct

then must be obtained in the highest possible‘yield overall.

For this reason, for example;lamines (72) and (73) are best
obtained via a Knoevenagel.condensation and a hydride reduction
rather than a Fries rearrangement; oximination and reduction/ .

hydrogenolysis as originally explored.
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TABLE 2

. » o~ - -

PSYCHODYSLEPTIC ﬂ PHENYL 1SOPROPYL AMINE_{ AND G ,
THEIR POTENCY (M U ) lN MAN (AFTER SHULGIN (570)) L - -

.-

Ry Ry Rg | ‘Rg Re |+ Ry | Activity. { Footnotes -
7 | b L I {mu)* :

10 H IR - OCH, H H 7 TCHy . 5 T oab
T2t OCH OCH H H H " | - ¢CH, - c.’
" 3. OCH H. QcH H H L CH, 5. b,

4, OCH H s H . OCR\ “H ‘CH, 8 b -

5.° OCH, - H H H oY OCH, CH, - ¢

8. s H “OCH, > OCH, H H CH, <1 d

7. H OCH, H- OCH, H JFoCH, L = ¢

8, H . OCH; OCH “OCH," H CH, ' 2.2 e

s 0. OCH, H. ~ OCH, OCH, “H CH, 17 t
10, OCH; OCH OCH H «f H ] . CH, <2 f

11, OCH, OCH H OCH H [ cH, 4 f
127 OCH OCH H H OCH, . CH, . 13 b
13, OCH; H OCH, H OCH, . CH, 10 b
14, 0—-CH,— O “H. H H - CH, |~ =~ e
15, H O —CH,~—0 H H CH, 3 d
16, H I OCH, . 0—CH,—O0 H CH, . |. 27 g .
17, OCH, CH 0—CH,—0 °/ H CH, 12, fh.
18, OCH O —CH,—— @ H H CH, 10 f.h
19, 0—CH— O OCH, H . H CH, 3 f
20. 0—CH—0O Ho OCH, H CH, - - ¢
21, 0—CH/— O~ H H "> OCH, CH, - c
22, OCH O—CH/~—0 OCH, H CH, 12 i
123, ” OCH OCH, .0—CH,— O H CH, 5 i

H OCH, 0—(CH,),—0 H CH, <1 g .
OCH, OCH, “OCH ~ OCH, H CH, "6 f
T OCH, T ST OCHyT T THS T OCH, | T CH, I e
OCH, OCH, H OCH OCH, CH, - c
OCH, - | ~OCH, OCH, - | OCH, OCH, CH, - c
“OCH, | ~H. OCH, QCH, H- CH, <7 b.j "
© OCH, - H OCH; OCH; H CH, 15. b,j
OCH, H OCH, "OC,H, . H CH, 7 b,
:OC,H, - H OCH, OCH," H CH, ° - ik
0OC H, H OCH, - OCHy H CH, - gk
OCH, H - OCH, OC H, ) H CH, - Lok
OC M, H OC Hja OC H;, H CH, o jok
OCH, T H " CH, OCH, H CH, 80 b,
OCH, T H CH, | H_ ~ OCH, ‘CH,. = Lourk
H OCH, CH, OCH, H CH, = ko
CH, H OCH, H CH, CH;, |- - ek
SH oL CH, sOCH, —— | “CHy o f Mmoo “CHy e el
OCH,. H C,H; OCH, H ° CH, - t
OCH, R C(CH,}, OCH, H CH, - u




TABLE 2 CONTINUED -
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. SEPULVEDA, J, MED. CHEM., 75, 413(1972)
" MOLAR MESCALINE UNITS: EFFECTIVE DOSE OF MESCALINE {mmoles/kg)/ EFFECTIVE DOSE OF COMPOUND

0.0178 mmolesx kg.

1

-

- Ry R3 Rg R‘s‘ R -~ R, Activity Footnotes

- : - (mu)*

43, OC H, H CH, OCH, H CH, - u

44, OC,H, H CH., OCH, H CH, - u

45, OC H, H CH, CH OCH, CH, - u’

46, OCH, H CH;, OCH, H CH, - u

47, OCH, H CH, 0C H, H CH, - u

48, OCH, CH. CH, " . OCH, H CH, - u

49, OCH, H Br OCH H CH, 150 v,w

50, OCH, H cl OCH, H CH, - k.v

51, OCH, H A OCH H CH, - k,v

52, OCH, - H NO, OCH, H CH, - K,v

53, OCH, H NH, OCH, H ¥ CH, ~ kv

54, OCH, H NHAC - OCH H CH, - ™ kv

55, Br H H OCH, H . CH, ~ x

56. H Br OCH; H° H CH, - x

57, H OCH, Br H H CH, - X

58, B H OCH, A4~ ocH H CH, - e

B9, H . OCH, Br OCH, H CH, ~ x

© 60, Br H. 0~—CH~—0 H CH, <1.2" y

61, OCH, H OCH, - B H CH, 4.4 ey -

62, OCH, H CH, H H CH, - s

63. H H CH, OCH H CH, - s

64, & OCH, CH, OCH, H™ H CH, -~ s

65. CH, H CH, | H- CH, CH, - w s .

4

a., SMYTHIES, NATURE 276, 218(1967) L : , ' et 3
b. SHULGIN, NATURE 227, 537(1969) " ~
¢c. ' CHEMICAL SYNTHESES not reported N 7 )

d. NARANJO, MED. PHARM. EXP., 77, 359(1967) : :

‘e, SMYTHIES, J. MENT. SCI. 707, 317(1955); SHULGIN, NATURE 789, 1011{1961) ] '
f. SHULGIN, EXPERIMENTIR, 20, 366(1964) )

g. SHULGIN, NATURE, 207, 1120(1984) , , .

h. MU VALVE SLIGHTLY LOWER THAN (f) : ’

i, SHULGHN, NATURE, 275, 1494{1967)

i, SHULGIN, J. MED. CHEM,, 77, 185(1968) P

. k. ANIMAL PHARMACOLOGY incomplete®

{. SNYDER, SCIENCE, 758, 669(1967} g

m. BROWN, J. CAN; PSYCHIAT. ASSN, 73, 91(1968) AR

n. HOLLISTER, NATURE 210, ,1377(1966); SHULGIN, NATURE 272, 1606(1966); VOJTEGHOVSKY AND KRUS. &

ACT. NERU. SUPEMOR 9.4.67,9th ANN. PSYCHOPHARMACOLOGICAL MEETING, JESENIK, JAN, 1721, 1967

0. REFERENCE COMPOUND, MESCALINE, WHICH DEFINES .V,

p. JANSEN, REC. TRAV. CHIM., 50, 291(1931) ) kS

9. SHULGIN, EXPERIENTIA 77, 127(1963) N

r. BUTTERICK, unpublished ',
s. HO, McISAAC, AN, TANSEY, WALKER, ENGLERT & NOEL J. MED. CHEM. 13, 26(1970) - e
t. SHULGIN COMMUNICATION TO WEINGARTNER, SNYDER,- FAILLACE AND MAKKLEY BEHAVIORAL SCI., 75, 297(1970) £
u. SHULGIN, BRIT 1, 147, 739(1969); CHEM. ABS., 77, 12781(1969) L _ i
v. COUTTS, CAN J. CHEM, 57, 1402(1973) . o .
w. SHULGIN, PHARMACOL. 5, 103{1971) ' o ;
x. BARFKNECHT, J, MED, CHEM., 14, 370(1971) ) . /
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A

(mmoles/kg): EFFECTIVE DOSE OF MESCALINE
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TABLE 3

POLYHYDROXYPHENETHYLAMINES {CHEMORELEASE OF NOREPINEPHRINE ~3H %
FROE‘I MOUSE HEARTS BY CATECHOLARINES AND RELATED COMPOUNDS
(AFTER DALY CREVELING AND WITKOP (405)) ‘

SAEES Lot it bl

~d

Rz B L]
R .
3 NHZ
¥
R4 RG R‘ i &
. Rg
‘ Dose- | Norepinephrine~
R, R3 Ry Rg Rg Ry (my/ug) 3H in heart, %
.-.of control
1, oH | OH H H H H 5 | . 43
2, H OH OH H H - H 5 \ 50
3, H OH OH H H - CH, 5 39
4, H OH OH H OH H 5 -
va 5. H OH OH H OCH, H 5 © 80
- 6. H OH OH CH, H H 5 22
7. H - OCH, OH OH H H 2,5 SW
8, H OCH, OH H H H 10 104
S, H OCH, OH H H CH, 10 105
10, H OCH, OH ) OCH, H H 10 105
11, H OH OCH, H H H 10 Y100
12, OH OCH, H H. H H 10 90
13, H OCH, OCH, OH H H 10 94
14, OH H OH OCH, H H 10 88
15, oH H OCH, OH H H 10 78
16, H OH OCH, OH H H 10 12
12, H OH H OH- H H 5 . 8D
18, H - OH OCH, OH H CH, 2,5 36
19, H OH OoCH, - OH H H 210 64
20, H OH CH, - OH H H 5 54
21, H OH CH, OH H CH, - o -
22, H CH, - CH " CH, "H CH, - § =
*Butterick, unpublished ’ .
[ -4
//k
Le . -
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" tion mixture was poured over 1 liter 10%,HCI/500 g ice. The

30

Melting points were measured on agfischer—Joﬁﬁs apparatus
and are uncorrected. U.V. spectra were measured on a. Unicam
SP 800 with, ethanol as solvent. I.R. spectra were measured on
a Perkin-Elmer 457 sSpectrometer, N;M.R. spectra were recorded
using a Varian A56/6O and the requisite data are reported as &
versus an internal TMS standard., Mass speétra were obtained
on a Perkin-Elmer Hitachi RMU~7 instrument using an ijonization’
voltage‘of 80 e.v. GLPC analyses'were ngférmed on a Bendix
Chroma-Lab serieé 2200 ecquipped with a T.C; detectog.

"O-Transmethylated" Catecholamines

4-(>,4-Dimethoxybenzal y2~-Phenyl-5-Oxazolones (35a,25b) . »

The procedure by Buck and Ide (573) was found to be satis-
factory, (65% yield) m.p. 151-152, 1it. m.p. 151-152 (581). .

N.M.R., (CDC1s): 6 3.90 (m-OCHs, s, 6), 4.00 (p-OCHs, s56),

6.75-7.25 (olefinic H, 2s, 2), 7.40-8.20 (Ar-H, m. 16), v .

(KBr) 1745, 1760 cm™!. (carbonyls 1625 cm™! (C=N); (EtOH) :

xmax
208 mu (e = 10,500), 350 muy (& = 5,000). Anal. Calcd. for ;
C1gH15N04 (mol. wt. 309)51*0, 69.89; H, 4.89;'N,‘4.§Ei‘ Fgghh:
(/e 309); C, 69.46; H, 4.85; N, bo49, |

N-Benzoyl‘ﬁ—amino-Qé(E,4—dimethoxyphenyl)-1-propenoic acid(éﬁg:éﬁ&)

h

53
The azflactones (3%5a,35b) (81 g, .262 mol) were refluxed
(12 n*) in a liter 10% KzCOs solution/200 ml-acetone. The reac-
product was collected, recrystallized from acetic acid/water,
78.0 g (92.0% yield) m.p. 196-198°, n.m.r. (d°-DMSO): & 3.60

(m-0CHs, s, 6), 3.75 (p-0CHs, £, 6), 6.80-



8.10 (Ar-H, olefinic, LNHNCOCgHs, m, 20), 9.85 (COzH, 's, 1)

s, =Y ._I o) e |
(D-0 exchange, 4.00-4.70, broad s); Vina x
(IMHCOCeHs), 2500 (COzH), 1600-1690 (C=C, C=q)3 \

(KBr): 3200 cm ! ‘

ay (EEOH):

295 mu (e = 12,500). Anal. Calcd. for CigHi-NOs (mol. wt. 327):

Cy

66.04; 1, 52 .24; 17, 4,28, Found: (m/e, 327);*0,_66.01; 1,
5.21; N, 4.30. '

i

-

N-Penzoyl 3-(%,4-Dimethoxyphenyl)=-2-Aminopropionic  acid (21)'

The propenoic acid (363,%6b), (1 g, 3.06 mmole) was suspen-
ded in deionized water (10 m1), cooled'and.stirred in an ice ’
B&th (0° C). Pouwdered 3%»sodium amalgam (3 g) was added in
t(ree portions at»iS minute intervyls; 15 minutes after the
last addition, the solution was s;?lred at rbom.temperature,

(25° C) for 30 min, Hg W:S filteredrfhrough a gravity funnel
with two thicknesses of filter paper and washed with lO'ml'de—
*donized water. The filtréte was cooled in an ice bath,
.acidified'QQO% HC1l), stored at 4°C overnight and the
precipitate suﬁsequeﬁtly dried. The coﬁpound after recrystal-
lization from acetic aqid/wafer, 62 g (1.89 mmole, %7;5% yieid)
had m.p. 182-184°. h.m.r.~(dG-DMSO)5 3.20 (CHz, m, 2), 3.70
(CHs, s, 6), 4.6 (CH, m, 1), 6.80-7.00 (Ar-H, m, 3), 7.4-8.0.
(Ae-H, m, 5), 8.50 (NHCOCgHsn s, 1), 9.00 (COsH, s, 1), D20
exchangd, }.00-4.70, broad, s, 1). v (KBr): 3300 (NHOOCells),
2500 (COzH), 1690-1670 (C=0's). Anal. Caled. for CigHigNOs 7
(mol. wt. Bég):,’c, 65.64; 1, 5.81; N, 4.25. Féﬁndﬁ (m/e;'329)s'

C, 65.64; - H, 5.87; N, 4. 4h,
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Ra

(£)-%-(3,4-Dimethoxyphenyl)=2-Alanine (1)

The N-benzoyl amino acid (éz) (130.3 mg, .396 mmol) dis-
solved in 6 E HC1 (5 ml) was hydrolysed for 1 hr in a sealed
tube (97°)., The solution was cooled in an icé bath, extracted
'imMediately with 5 ml ether to remove'benzoic aclid and the
aqueous acidic layer cvaporated on a vacuum pump (l‘mmy“at
room temperature. The crude material (111;7 mng) was taken up
in water and eluted with the same from a silica gel column and
thet effluent wasevaporated on a vacuum pump. The residue was
dried in vacuo over Pz0s, 62.9 mg (.280 mmole; 70.8% yield),
m.p. 249-250°. T.L.c. (silica gel GF-254): 'CHCls:CH5OH:NH,OH

(coﬁc)/BO:EOzl;‘R 0.20. _GLPC of the trifluoroacetic acidy

f
n-tutyl ester (379) (1.5¢ GE-XF1150 on Chromosorb W) (160°)
shoved a single component. n.m.r. (Dz0): 3.30 (CHz, m, 2),
3,92 (0CHs, s, 6), 4.60 (CH, m, 1), %.75 (NHz, COzH exchanged,

s, 3), 6.98 (Ar-H, m, 3). (KBr): 3000 cm™}! (NHz), 2100 ‘

Vnax
“cm” ' (COzH). #Anal. Calcd. for CiiHisOuN (mol. wt. 225): C,
58.55; H, 6.71; N, 6.22. Found: (mZe, 225); C, 58.64; H, 6.70;
N, 6e2. - | |
Hydroiysis of Azlactones (35a,35D) (574).

The azlactones (3%a,25b) (5 g, 16 mmoi) were refluxed in

27 NaOH solution (500-ml) for 10 hr. On COoling in ice, the
nixture was acidified with dilute HClvand the crude prodgg?'
collected. T.TL.C. (siliéa gel GIF-254) acetone=water {1:1 Y v)
revealed two major components. The N-benzoyl 2-(3,4-aimethoxy-

phenyl)- 2-amino-acrylic acids (36a,36b) (20%) which chromato-
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grapﬁed as one compénegt‘were characterize b& mass spec., and
m.p. as ‘des crlde previously. The other compouzd, N—benzoyl-

- (B,M—dimethoxyphenyl)-3—hydroxy-2—alanineA(ég), (65% yield)
had m.p. 211-212°, n.m.r. (d°-DMSO): 3.70 (OCls, s, 6),
4,60-5.20 (CH's, OH, m, 3), 7.40-8.00 (Ar-H, m, 8), 8.50
(MHCOCgHs, s, 1), 9.00 (COzH, s, 1). D0 exchange, 4.00-4.50
broad s, 2). -Anal. Calc. for/ClgﬂlgNO§'(mol. wt. 345). ¢,
62.60; H, 5.54; N, 4.06. Fod;qi,(m/e,'345js C, 62.58; H, 5.52;

N, 4.0,

4—(3,4—Dimethoxybenzyl)-4-Ethoxy-2-Pheny1-5—Oxazolone (&}é}

The azlactones (35%a,35b) (3.86 g, 12.5 mmol) in 100 ml 95%
lEtOH, were hydrogenated with a mixture of @.25 g NHa (anhydrouo)
and 1.5 g catalyst (prepared as described by Badshah et al (357) at
42 psi Hp for 14 hr using a Parr éhaker. The catalyst was filtered:
washed with hot "'ethanol and the filtrate evaporated. The product
(92¢ yield), recrystallized from EtOH(95), has m.p. 215-17°. n.m.r.
(d€-DMSO): 2.10 {CHS, t, 7)), 4.55 (CHsz, quarﬁot '2), 3.70,(OCH3,
s, 6), 4.60-5.00 (CH's, m, 2), 6.75-8.20 (Ar-H, m, . hnar.

Calcd. for CaoHz1NOs (mol. wt. 3%5): c, 67.59; H. s, 963 N, 3. 94
Found (m/e, 355): C, 67.55; H, 5.94; N, 3.90. Presenée of N!'-ben-
zoyl—(3{M—dimethoxyphenyl)—2-alanineamide‘(%3E) Qas detécted in
crude prodﬁct'as fraément (M =308) in mass spectrum and
tentatively so assigned,

) L

(3,A—Dimethoxyphenyl)—2-Aminoethane

2
34)

Cond@nsatlon of’ verafraldedyde with nitromethane and ¢

(
- \ .
ammonium acetate in acetic acid (367) gave the known nitrostyrene,
7).

m.p. lMOJi@Q. lit, m.p. 140-141 (26 n.m.r (CDCla): 2.9

\

/
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(OCHs, s, 6), 6.85-7.45 (Ar-1, m, 3), 7.71 (CH=CH, dd, 2, J=15
Bz) (KBr): 1570 em™’ (cH=CH) . A, . (EtOH): 290 my (e =

*Vmax ~
10,000). mse 209, LiAlH, reduction of the nitro styrene in
etgg;’(368) gave 2, (68% yield), m;p. (HC1 salt) 145—145° 1it.
m.p. 14%-145 (171). n.m.r. (d®-DMSO): 2.70-3.00 (CHaCHs, m, %),

* 3.80 (OCHs, s, 6), 6.8-7.0 (Ar-H, m, %), 8.40 (NHs®, s, 3).

 Vmax 3400 em™ ' (NHz). T.L.C. (Silica gel GF-25k) CHCIS: CHzOH:
NH4OH (conc) 80:20:1 showed a.single compound, Rf 0.30, as did
GLPC on 3% OV-17,/Gae Chrom Q (220°). i

(£)-1-(3,4-Dimethoxyphenyl)=-2-Amino propane (3)

Gondensation of vératraldéhyde (2&) withf%itfoethane’in pres—
ance of ammonium®acetate in acetic acid as well as with nitroethane
(neat) (369, 385), gave the nitros%yryl derivative, SO% and 95%
yield respectively, m.p. 145-146° n.m.r. (CDCls): 2.50 (CHs-C=C,
s,.3), 3.95 (OCHs, s, 6); 6.9—7.0 £Ar—H, m, 3), 8.0 (CH=C, broad
s, 1). ’vﬁaxz 1590 cm™? (CH=C). . (EtOH): 296 mp (e =x_.
11,000). Calc. mol. wt. 223, Found. m/e, 223, |

 LiAlH, reduction of the B—nitropropené'in'aqy§d. THF (368)
gave 3 (744 yieid) m.p. (HCl1 salt) 147~85. 1it. m.p. 147.5;148°
(385) n.m.r. (CDCls): 1.05 (CHs, d, 3),y2.5-5.o (CHaCH, m, 3), =~
%.80 (®CHs, s, 6),;6L80e7.oo (Ar-H, m, 3). Vo x (KBr): 5&00
e ! (NH2). Calc. mol. wt. i95. Fbundé m/e, 195. T.L.Ce
(8ilica gel GF-254) CHCla:CHSOH:NH4OH”(conc) 80:20:1, Rf 0.35,
and GLPC on 3% OV-17,/Gas Chrom @ (220°) both showed a single

component.

© 1-(3,4-Dimethgkyphenyl) ~1-Hydroxyacetonitrile (42) (373)

’-Freshly distilled veratraMdehyde (z4) (0.1 mol.) was ground

in a mortar and slurried with 0,172 mole KCN dissolved in 23

f

4

3



e
s

ml water. HC1 (17 ml) ;és addcd dropwise with rapid stirring
until the temperature of the mixture'reached 45°.50° and main-,
tained at this level by cooling with ice. The mixture was
allowed fo come to room temp., booled in ice, the solid removed
By filtration and washed with cold *water (5 x 50 cc) and dried
EE vacuo (m.p. 59-69°). The crude material was stirred in 100
ml cold anhydrous benzene (2 x), filtered and dried- in vacuo,
18.7 g (097 mol, $7.2% yield) m.p. 87-90°. n.m.r. (CDCls):
3,40 (0OH, s, 1); 4,05 (OCHS,'s, 6), 5.65 (CH, s, 1), 6.90-7.60
(Ar-H , m, 3). Vo % (KBr): 3420 cm™! (OH), 2000 cm™ ' (C=N).
Mgy (BtOH): 295 mu (e = 10,000) . 'Anai.~CaI§d. fér'cloH{?No3
(mol. wt. 193%): C, 62.16; H, 5.74; N, 7.25. Found: mye, 193);
&, 62.17; H, 5.70; N, 7.12.

pd
1-(3%, 4-Dimethoxyphenyl)-2-aminoethanol (i)

The cyanohydrin (42) (12.3 é, 64 mmol), dissolved in an-
hydrous THI, was adEEa dropﬁise to an ice-coolggﬁslurry of
LiAlH, (127%, 318.5 mmpl) in dry THF (250 ml). The mixture was
stirred at room tempér&iufe'(IS min), refluxed thereafter for
five hr. folloWed by h;drolysis wi%h H-0 under cooling’until the
ééltsrthat formed coagﬁlated. ;The mixture was filtered and the
filtrate dried and evaporated iglﬁggﬂé,lgaying a high boiling
fiquid. Vacuum distillation afforded a fraction collected at
160°-164° (0.7 .mm), 11.5 g (.058-mol, 97%) which had as the solid
HC1 salt m.p. 163-165°, 1it. m.p. 163° (372). n.m.r. (d°-DMSO):
2.70-3%,00 (cgg-NHE, m, 2), %.50 (OH,NHs, é;oad s, 4), 3.75

(OCHa, 2s, 6), 4.60-4.80 (CH(OH)CHz, m, 1) 6.8-7.0 (Ar-H, m,



%), 3400-%500 em” ! (NHp,OH), T.L.C. (Silica Gel GF 25 4)

may
CHC1ls:CHoOMH: M, OH (conc) 80:20:1, Rf, 0.3%. GLPC on 5% SE.

30/Chromosorb W DMCS AW, 60,80, 160°, showed a siﬁgle peak | e

for the Trigil/BSA derivative. Anal. Cadx. for CjoM;sNOs
\ .

(mol. wt. 197): C, 60;905 H, 7.67; N, 7.10. Tound: (m/e, 191);

C, 60.85; H, 7.504 N, 7.05.

Nn[l-(5,M-Dimethoxyphenyl):2~Ethanol] Carbamate (44)

P ‘
The ethanolamlna L (. )49 g,.2 mmol) lurried in water

(10 m1) and 2 g choppﬂd 1ce, vias troat d w1th othylchloroformatm

by the method of Friedman (z74) to yield( a*) 0.349 g, 65%),.m.p.

63%3-65°. n.m.r. (dB-EMSO): 1.20 (CHs, 4, %), 2.80-%.30 (CHoNH,
m, 2), 3.50 (OH, Nz, s, 2), 3.75 (OCHs, 2s, 6); 4.50 (CHz, q,
2), 4)60—4.80 (CH(OH)CHz, m; 1), 6.80-7.00 (Ar-H,,m,’ﬁé; Voax
1750 em™ ! (C=0), 3430-3500 cm” ' (NH, OH). Anal. Calc. for
claH;gmog‘(molq Qt. 269): €, 57.98; H, 7.11; N, 5.20. Found:
(m/es—269); C, 57.96; H, 7.10; N, 5.16.

—

(+)-1-methyl A-(3,4-dimethoxyphenyl)-2-aminoethanol (5)

/ The carbamate (44) (0.345 g, 131 mmol) dissolved. in
ahiydrous THF, was added with stirring to a slurry of 266 mg
(7.0 mmol) LiAlH., in anhydrous THF (10 ml) at room temperature.
The miiture wés refluxed for 80 hr, then,hydrolyzed with water

: o :
and precipitated salts removed. The filtrate was dried (MgS04)

-
-7, .

and evaporated yielding the crude amino alcohol which was puri-
fied by elution with ether from a silica gel column. The com-

bined ether fractions were drjied over MgsSO4, evaporated to a

96



emz1l volume followed by saturation with anhydrous HCl. The
ethanolamine hydrochloride (2) was collected and dried, 97 mg
(.46 mmole, 35%), m.p. 122-123°. n.m,r. (d°-DMSO): 2.44 (CHs-NH,

&

s, 3), 2.7-3.0 (CHz-Ip, m, 2), 3.70-3.80 (OCHs, 2s, 6), 4.6-5.0

(CH-OH, s, 1), 6.9-7.0 (Ar-H, m, 2). Vsl 3H00-3500 cm !
(H,O0H). Anal. Calcd. for Cii1HisNOs (mol.\wt. 211). C, 62.53;
H, 8.113 N, 6.63. Found: (mye, = 211); C, 62.50; H, 8.09;

N, 6.61.° T.L.C. (silica gel GF 254):  CgHp:CHCLy: CHaOH: NH, OH
(conc), 8:6:5:1 and GLPC of the Trisil,/BSA derivative on 5%
Se-30 as above (160°) showed one compound(‘i

Conversion of (4) to l—(3,4—Dimetthyphenyl)acetaldéhyde" (47)

l—(B,M—Dimeghoxyphenyl)‘E—aminoethanol (&) formed, as has
been reported (372), thé'Schi}f‘s base (&Q} with piperonal.
n.rm.r. (05013): 3.50 (OH, s, 1) 3.7-3.8 (OCHa, s, 6), 4.6-5.0
(CHCHz, m, 3), 6.0 (OCHz0, s, 2), 6.8-7.0 (Ar-H, m, 6), 7.20
(CH, s, 1). .Anal, Calcd. for (mol. wt. 329): C, 65.64; H, 5.81;
1, 4.25: Found: (m/e, 329); C, 65.62; H, 5.75; N, 4.15. The
Schifgzs tase (46) was reacted with dHSI‘(372) to form the adduct,
‘n.m,r. 2,30 (=N-CHs, s, 3), 2.70-3.00 (ggg-g,'m, 2), 3.50
(oH, s, 1), 3.75 (0CHs, 2s, 6), 4.60-4.86 (Cé(bﬁ)CHg,‘m,‘l);
5.50 (CH, s, 1), 6.00 (0-CHz-0, s, 2), 6.80-7.50 (Ar-H, m, 6).
Eral. Cale. for CiollaslOsI (mol. wt. 471): C, u8.42; N, 4.70;
%, 2.97; Found:- (m/e, 471); C, 48.%5; H, 4.69; N, 2.95.

The adduct (46) (2.4 g, 0.535 mol) was refluxed in & mix-
ture of water (25 ml) and HC1 (2.5 mls 12 M) for 2 hr. The

solution was extracted with ether and the aqueous'solution
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4
treated with 307 HNaOH, The neutral solution was extracted with
CHCls, the CHClz layer dried (MgSOs) and evaporated leaving an
oil which was distilled in vacuo. b.p. 125° (1.5 mm). n.m.r,

(CDC1s): 3.50 (CHz, d, 1), 4.75 (OCHs, s, 6), 6.8-7.0 (Ar-H,

max

m, 3), 9.0 (CHO, %, 1). v (NaCl plate): 1725 em™ . Calc.

mol, wt. 180. TFound: m/e, 180.

Psychodysleptic B-Phenylispopropylamines

1,3-Dimethyl-2-Fropioxybenzene 69,

(R = 1,3-DiMe Q-Propioxyﬁ

2,6-Dimethylphenod (98.7 g., .808 mole) and propidnic an-
hydride (206'g.5,i.57 mole) were reflufed for 4 hours. The
reaction mixture wag distilled in vacuo, b.p. 68-70° (0.4 mm).

vield: 137.9 g. (0.775 mole, 96%). n.m.r. (CCly): & 1.25

-
ki

. . ) 3 .
(CHz, t, 3), 2.10 {CHz - Ar, s, 6), 2.50 (CHz, @3 2}, 6.92 (Ar -

. GiiHi40z (mol. wt. 178): C, 74.13; H, 7.92. Found: (m/e, 178);
C, TH.08; H, 7.91. | |

(R = 3,5-DiMe 4-0H)

1—(3,5-Dimethyl—ﬁ—Hydroxyphenyi)propanone 53 .
1,3-Dimethyl 2-propioxybenzene (137.9 g., .775 mole), 69

(R = B,S;DiMe 2-Propioxy), and AlClé (anhyd.) were mixgg at room

temperature under drying and heated tb melting for 3 houfET‘ The

reaétion mixture was poured on 500 g. dce - HCll(conc) and .mother

liquors extracted with CHoCls. The combiﬁed‘CHQCIQKextréct was

dried and evaporated to give colorleés crygfals which were re-

crystallized from methanol - water. ¥ield: 73.5 g. (,242 mdla,

<

H, s, 3); Voax (salt plate) 174% cm™! (C = 0). Anal. calcd. for -
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1.2%) with m.p. 157-158°. n.m.r. (CDCls): 1.20 (CHs, t, 3),

\)J

2.%0 (Clls - Ar, s, 6), 3.00 (Cliz, q, 2), 6.59 (OH, s, 1). T7.70

(Ar - H, s, 2). (KBr): 1690 cm™' (C = 0). Anal. calcd.

Mnax )
for Cy1Hi,0z (mol. wt. 178): ¢, 74.13; H, 7.92. Round: (mye,
178); C, 74.11; H, 7.92,

1-(3,5-Dimethyl-4-Methoxyphenyl) propanone , 53

(R = 3,5-DiMe 4-Me0) - o /

-

-(3,5-Dimethy1-h-me&hquphenéi}pfbpanone (25 g., .140
mole), (14, R = 3,5-DiMg k- OH), was dissolved in 75 ml. methanol.
Mes80, (40.6 g., %22 %éle) was added and the solution qpilled
in an ice bath. NaOH (§ﬁ.l g., .662.mole)/27 ml. H-0 was
slowly droppe¢ in with stirring apd the tehperature kept below
30°, After addifion, the mbﬁtuf; was refluxed for 15 minutes
and poured over 500 g. oijgco Thé mixture was refrigerated (4°¢)

’\
'OJernlght and crystals were flltered w{th suction., Yield:

24.3 g. (.127 mole, 90.6%). n.m.r. (CDCI3): 1.30 (CHs, t, 3),
2.40 (CHs - Ar, &, 6), 3.05 (CHz, g, 2), 3.85 (CHO, s, 3), 7.72

£

(Lr - H, s, B); vﬁaX‘(KBr) 1700 cm‘lg Anal calcdﬁ for C;2Hie02
(mol. wt. 192): C, T4.97; H, 8.39. TFound: (m/e, 192);
c, 74.55, H, 8.25.

- 0Oxime-1-(3,5-Dimethyl 4-Hydroxyphenyl)-1,2-Propanedions, 54

(R = 5,5-DiMe L_OH) and 2- Oyimo 1-(%,5-dimethyl 4 mothoyyphcnyl%

l,2—propanedione, Q&J(R = %,5-DiMe L4-MeO) were prepared after

’ -

dartung and Cr

)

ssley (DOO) in 84.5% and 86% yields respectively.

3,5-Dilie 4-0H), n.m.r. (DMSO-de); 2.05 (CHs, s, 3),

1y
]
L}
y
=
o
Il

2.22 (CHs, s, 6), 3.62 (Ar - OH, broad s, 1), 7.55 (Ar - H, s, -

B . : -
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Anal. calcd. for Cii1Hi1z0sN (mol."

676.
o

-
%

Found: (mge, 207)

.
»
P\ S 2

%,5-DilMe L4-14e0) n.m.r. (DMSO-dg): 2.05 (CHg,

g, ) 3-90 (CHSO: 5, 3): 750 <AI' - H; §, \S\l,
, | _ . . A
. Anal. calcd. for C12H1503N‘(m01. wt.

f=
Doy

5)
1)
8 .

b

o
=

£.89; W, 6.%3. TPound: (m/e, 221);

.

frek 5% (R

£ mixturse

Z,5-DiMe L4-0OF)

=

re

k)

ny
tid

» !

of orindPioketons (207 mg., 1 mmole) iﬁw(R

i L™

Ve 2

ydrogenated in 40 ml. glacial acetic acidy

A

<
=

olution over 200 mg. 10% PdyC or 100 mg.
lyet wzs removed by filtration and the solution
2

and extracted with ethér.‘ The combined

_Coloured.

zshed with Hz0 and dried (MgsS0.).
movel- on a column and the amine was eluted
eztment with anhydrous HC1 precipitated the

25.8 mg.
1.09 (CHs,d, 3), 2.15 (CHs, s, 6),

(9.20 mmole, 20%). m.p. 212-3

T

(cDC1s):

72 (ar - H, s, 2). (kBr) 3300 cm '

Vma x
for (as free amine) C,,H,-ON (mol. wt. 179):
.B1. Found: (me, 179); C,’ 74.12; H, 11.1%4;

#

1—¢-Kethoxymhenyl)—2-Aminqp;opane, Zé,:'was prepared

similar ma

vield:y 48 mg. (0.25 mmole, 25%).
4

- R

o
nrer

18] Z?N.
~!
N 4

~

i



,gg' - | A 1ot

n.m.r. (DE50-de) 0 1.15 (CHs, d, %), 2.22 (Ar - CHa, m, 2).
v (KBr) 2%00 cm™ b (1) Anal, calcd. for as free amine )

me s . / 7
CioH,000 (mol. wt. 193): ¢, 74.56; H,%9.91; N, 7.25. Found:
rd

(m/e, 1935 €, 74.95; H, S.405 N, T7.22,

: ,
1—(3,5-Diﬁethyl-4— Eydrer#phenyl)-1-Hydroxy—2-Propanone Oxime,

4

55 (R = 2,5-DiMe 4-0H) ;
Oximinoketone (1 g., 5 mmole) 5% (R = 2,5-DilMe 4-OH) was S
dissolved in methanol (50 cc.) and cooled to 0°. A solution of

codium borohydride (6 mmole, 0.227 g.) in 2 cc1 i NaOH

also cooled @o 0° waeg added to the first solution over 5 mindtes.

=]

ne reaction mixture was stirred at ambient temperature (23°)

-

or 2 hgi?s. Methencl was removed EQ vacuo at room temperature
after which 25 cc. water was added and the pH adjusted to 8 with
417% HC1 and sat{d.‘NaHCOg. >Eitraétion gf the mixtgre with ether
followed by drying (¥gS0,) and evaporation yieided 645 mg product,
recrystallized from Ets0-hexane (3.00 mmole, 60%. n.m.r (DMSO-De): ?
1.52 (CHs, s, 3), 2.10 (CHarAr, s, 6), 3.30 (Ar-OH, s, 1), 5.22

(cH, OH, 4B quartet, 2), 6.8% (arH, s, 2(, 5.35 (NOH, s, 1). .

Vo o #4Er): 3400 cm™ " (Ar-OH, NOH, CHOH). Anal. calcd. for

sy
el

*

0,145,058 (mol. wt. 209): C, 63.14; H, 7.22; N, 6.69. Found:

(m e, 209); ¢, 63.10; H, 7.21; n, 6.65.

l—(3,5:Dimetbyl~4—Methdxyphenyl)—l—Hydroxy—Q-Propanone Oxime, 55

(% = 3,5-Diie 4-}¥e0) was prepared in the above manner. Yield:

724 ng. (3.25 mmole, 557). n.m.r. (DMSO-dg): ~1.52 (CHs, s, 3), - -

0 (ClHa~4P, 5, £), 3.80 (CHs0, s, 3), 5.20 (CH, OH, AB quartet,

L £.70 (Ar-H, s, 2), 5.25 [WOH, s, 1). v (KBr): 3400 cm™
' : ¥
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J(1I0H) . Anal. calcd. for CizHi70zl (mol. wt. 223): C,'6M.jég
H, 7.68; W, £.27. Tound: (m/e, 223); C, 64.50; H, 7.65; M,

1—(3,S-Dimethﬁﬂ-h—Hydroxyphenyl)4?-AminoTT&Tropanone, 64

(R = 3,5-DiMe 4-0CH)

Oximinoketone, iﬁJ(R‘= 3,5-DiMe 4-0H) (2.07 g., 10 mmole) *

wes dissolved in a solution of 300 ml. 95%vEtOH containing 1.8‘M

(.05 mole) dry HC1 gas followed by addition of 200 mg. PtOp

or 750 mg. 5%,BQ/C andgthe mixture hydrogenated at 50 1b./in.2
for 24 hours. The catalyst waé,filtereg off and so;vent’{'

eveporated, yieldins 1.7 g. (8.8 mmole, 88%). n.m.r. (DMSO-dg):
1.52 (CHs-CH, 4, 3),A2.30~(CH3—Ar,“s; 6), 4.35 (OH, NHp, broad

s, 2), 5.02 (CH-CHs, q, 1), 7.70 (Ar-H#, s, 2). v . (KBr):

————

1650 em™! (¢ = 0), 3400 em™! (WHz, OH). Anal. calcd. for - .

193); ¢, 68.32; H, 7.80; N. 7.21.

Yﬂ

CL%11502D o& wt. 193): C, 68¢57; H, 7.82; N, 7.24, f%oundi
/€
-(3

5 Dimethyl 4- ﬂﬂuhOJthDnyT) 2-Amino-1-Propanone, 64

(R = 3,5-DiMe 4-1420) was prepared in the manner described above.
) n.m.r. (DMSO-dg): 1.52 (CHg-CH, d, 3), 2.30
- - )
-Ar, s, 6): 3-80 (CHEO: S, 3): 4-35 (OH: NHz, broad s, 3):

5.02 (LE-CHz, q, 1), 7.70 (Ar-H, s, 2). v (KBr): 1650 cm '
‘= 0), 3500 cm” ' (IMHz). Anal. calcd. for CizHi-02N (mol. wt.

z07¥ C, 69.5%; H, 8.27; W, 6.75. Found:- m/e, 207; C, §8.86;
5 : _

2, 8.15; 1, 6.2, , : ' o
l—(},S—DlWEt/?l }-rigthoxyphenyl) 1-Hydroxy- 2- Amlnopropan 22

Lithiun aluﬂlrum hydrldo reduction of oxlmlnoketone, ii

&
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(R = B,B—ﬁiMe §_1e0) in anhydrous ether (reflux: a@ hr.) and_,
standard work up gave 72% yield. n.m.r. (CDCls): 1.25 (CHs,
d, 3), 2.20 (CEz-Ar, s, 6), 3.00 (Cli-CHs, m," 1), 3.90 (0Cls,
s, 3), 4.08 (CH(OH), m, 1), 5.02 (Nlz,OH, Ar_OH, broad s, 4),’
7.50 (Ar-H, s, 2). v __ (KBr): 3600 cm™ (OM,NHz). Anal.

calcd. for CizH:-02M (mol. wt. 209): C, 69.85; H, 9.15; N,

6.61. Found: (m/e, 209); C, 69.83; H, 9.10; N, 6.61.

3,5—Dimethyl;M—Hydroxybenzéldehyde,~QQJ(R = 3,5-DiMe , 4-OH)

An bverhead stirred mixture of‘57o>ml;’glycerol and 108 g?‘
(.687 mole) boric acid (dried in an ogén at 110°) in a 1 liter
Z_necked flask fitted with a thermometer and a condenser for
dovnward distillagtion was heated to exactly 170°
for 2 hours, and then allowed to drop in temperatﬁre. At 150°,
e melt of 61.0 g (.5 mole) 2,6-diméthylphenol'and 77.0 g. (.55
mole) hexamethylenstetraamine (alternatiwvely, .individually
pélletized pﬁenol and tetraamine)-weie added. The temperature.
dropped to 130° duriiz addition. The mixture was heated to
145° at which time the heat of the reaction increased the
temperaturs to 15ﬂ°. After 6 minutes at 154°, the reaction was
cooied to 110° and a solution of 92 ml. concentrgtea Hz804 1in
210 ml., H=0 was added. After stirring for one hour'aglloo°, ﬁhe
reaction was cooled to 25°, boric acid filtered off a;d washed
with 200 cc. HEO.V The filtrate was extracted with 3 x 250 mlt

Iai=val

uu‘ulg .
The CHCl: solution was then extracted with a solution of

90 g. NallSOs

in 360 cc. 120 by vigorous stirring for one hour.



A second extract of 70 g. Nall30s §n 120 cc. HgO was made. Both
extracts were combined, extractedhonce with 25 cc. CHlCls, cooled
and acidified with 2 solution of 38 ml. HsS80, in %8 ml. HsO.

The solution was brought to a boil, air bubbled through to expell
80z, and the aldehjde that sepérated upon cocoling was collected
by filtration. Column chrématography ((silica); CHCls: ’
Hexane (1: 3)) and recrystallization from benzene - heptane
yielded 19.8 g. (.132 mole, 26%)m.p.116-18°. n.m.r. (CDClg): 2.30 -
(CHa-AT, s, 6), 5.70 (Lr-OH, s, 1), 7.45 (Ar-H, s, 2), 12.45
(CHC, 5;1). Voas (KBr): 1700 em™* (C - 0), 3520 cm ' (OH).
(m/e, 150). |
3,5—Dimethyl—4—Methozyhenzaldehyde, QEJ(R = é,B—DiMe 4_-Me0)

3,57Dimethyl—4-hydroxybenzaldehyde (15.0 g., O;lQ mole)
was’dissoivedrin a solution of 12.5 g. (0.31 mole)'sodium
hydroxide-and 100 ml, Hz0, and heated to reflux under Nz.
Dimethylsulfate, 15:8§g£5?125 mole), was added dropwise with

st;rfing and the mixture refluxed for 30 minutes. An additional

=

7.8 g. (.142 mole) of (CHs) 250, was added and reflux continued
for 10 minutes. A solution of 4.0 g. NaOH (0.10 mole) in 25 cc.
H>0 was furthér addéd, followed by addition of 10.5 g. (.083

mole) (CHs)2S804., the mixture refluxed for 20 minutes longer.

- The solution was éooled to room temperature, extracted with ether,

4

the combined extract dried (MgS0.), arm evaporated. Distillation
of the residue in vacuo 85-90° (0.6 mm.) gave 10.5 g. (QLéﬁjB
“mole, 6L.0%). n.m,r. (CDClg): 2.34 (Ar-CHs, s, 6), 3.33

)

, 7.57 (Ar-H, =, 2), 10.02 (CHQ, s; 1)7 Ve x (KBr) :



- was dissolved (1 mmele) in 10 zc.

. CHzClz and filtration.
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1—(3,5—Dimethyl-4;Hydroxypﬁenyl)-E-Nitro—l—Propene, 62

}

0). (mye, 16!

(R = 3,5-Dildle 4-0H), and 1-(3,5-Dimethyl 4-Methoxyphenyl)=-2-11itro

1-FPropane, 62 (R = 3,5-DiMe 4-1420)

3,5—Dimefﬁgl—4—H§droxybenzaldehyde, QQJ(R = 3,5155&;f4—OH)x
or B,S-Dimethyl-ﬂ—m:%hoxybenzaldehyde, éé}(R = %,5-DiMe 4-MeO)
nitroethane, 1.25 mmole NH,OAC
vas added, and the reaction refluxed for 10 minutes in the case

—

5

of §3 (R = 3,5-Dide 4-0H) and 5 minutes in the case of Qéj (R

3,5-Dile 4-Me0). The reaction mixture was cooled immediately
in liguid Ms.or acetone-dry ice, followed by dilution with

After in vacuo removal of solvent, the

B-nitrostyryl, 1-(3,5-dimethyl-4-hydroxyphenyl)-2-nitropropene, 62

(R = 3,5-DiMe 40H) or i-(3;5-dimethyl j-methoxyphenyl)-2-nitro-
3 ”,

propene,, 62 (R = 3,5-DilMe h-Me0) was recrystallized from MeOH-H50
[ 2 v ] \

yizlds ofB81% or 88% (549), m.p. 135-6, and. 128-9

t.

respactively. (Table &) IS

62 (R = 3,5-D1M%¢h-OH) n.m.r. (CDClg): 2.25 (Ar-CHs, s, 6), 2.45 |
(=C(CHs), broad s, 3), 3.90 (Ar-OH, broad s,vl), 7.10 (ar-H, s,;;*y
2), B8.00 (olefinic H, broad e, 1). v (KBr): 1570 em* (C =

C), 3500 cm ! (OH). Anal. calcd. for Cii1Hys0sN (mol. wt. 207) :

C, €3.76; H, 6.%2; N, 6.76. Found: (mye, 207); C, 63.50;

=, 6.31; N, 6.69, |

2 (R = 3,5-Diie 4-1fe0) n.m.r (CHCla): 2.30 (Ar-CHa, s, 6), 2.42
(=c(CcHg), broad s,3), 3.65 (CHz0, s, 3), 7.10 (Ar-H, s, 2), 8.00
(olefinic H, broad s, 1), Vi x (KBr): 1565 ecm ' (C = C). .Anal.
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calcd, for CigHysOsN (mol. wt. 221): C, 65.1k; H, 6.83; N,

6.3%. TFound: - (mse = 221); C, 65.08; H, 6.81; N, 6.30.

f 1-(3,5—Dimethyl#4-Hydroxyphényl )#2~AMinoiPropane (Zg)
In a Nz dry box, 1.035 g. (56mmole) g-nitrostyryl, Qa
(R = B,B—DiM%'H-OH) was dissolved in 50 cc. anhyd. benzene.
This solution was added dropwise to a stirred and chilled (0°
C) mixture of 25 g. 70% "Redal" solution in benzene (80 mmole)
(proviously.diluted with’loo1m1r benzene). ,The mixture was
brought to room temporéturer(24° C), then refluxed for 17 hours.
u?he p?gdycﬁ (cooled in idé) was hydrolyzed with water, the
‘Amixtﬁze filtered with suction and evaporated (vacuum pump) .

The résidue was taken up in CHCls, the solutign dried over

enhydrous MgSO., filtered and evaporated. Yield: 668 mg.

[

(3.75 mmole, 75%) (analytical data as above)., =

T.L.C. (Silica gel GF-254%) CHClsz: CHsOH: NH4OH (conc) 80:20:1,

Rp = .50, and glpc on 3% 0V-17/Gas Chrom @ (22°) as Trisil Z

rivative both showzd a single component, .

Q.
(D

;-(5,5-Dimethyl—4-Methoxyphenyl)—2—Ami@i§ropane (13) o=

In a similar manher,'1—(3,5—diméthyl—M-methoxxphenyl)
2-nitro l—prépene, 62 (R = 3,5-DiMe H{Meoj,wasvreduced with
MRedal" (87%) or with lithium aluminum hydride (80%) after the
~faethod of Shulgin (506) (dry box not used). The product had
m.p. (as HC1 salﬁ) 255-257°, other ahalyticél éat& as ahove.
T .C. (8ilica gel GF-254) CHCls: cﬁson’NHédH (conc) 80:
20:1, Rr=.35, and glpc on 3% OV-17,Gas Chrom W (200°). Both

preparalions showed a2 single component.
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% 5-Dimethoxy-1,4-Dimethylbenzene, 83

133-Dimethoxy—5—methylbénzene (63), 9%55 g (62.87mmole),‘
prepared in 954 yield after Mirrington and Feutrill (576}; was
added to 25.0 g. of 18% n-butyl lithium in hexane cooledrto
0°.. Methyl iodide, 8.92 g. (62.é mole) was then added drdp—wise
and the reaction mixture raised to room temperature. The react on
was refluxed for 30 minutes, cooled, washed with NaHCOarsolﬁtion,
dried and evapbrated. The crude product' was distillea 60°-65°
(.7 mm) to yleld 6.64 g. (40 mmole, 64%).
3.5—Dimet@9xj—4-Méthylbenzoic Acid (86a) (536, _537)

A solﬁtion of 8.00 g. (4.8 mmole) 1,3-dimethoxy-2,5~
dimethylbenzene in 60 ml. pyridine was heated to SB;MA hot
solution of 17.5 g (111 mmole KMnO4 in 100 ml. HgZiwas %dded, | '
over 45 minutes. The igaction mixture was kept at 85° for 15 d,/
minutes longer, then éooled and filtered. ihelfiltrate was
washed with ether ( 2 x‘lOO ml.) and'acidifiedlunder cooling.
Sﬁarfing material was recovefed from‘thé\éther extract (2.0 g.).
| The acids that precipitated were extracted with ether, the
extract washed with Hz0 (50 ml) and dried/.(MgSO4). Evapsration of
the»solvent'left a mixture of crude aciés which could be best separ-
ated on t.l.c. (CHSOH). Routinely, howevef, two recrystaliﬁai#iohsf
from CHsOH afforded 3.0.g (1.53 mole, 32%) 3,5—dimethoxy—4-mefhyl
benzoic ad?d (Qgg). Comparisoh oﬂgpelting point and n.m.r data
with that reported (536) permitteh assignment; o tructﬁre1(§§g)
for this product. The Othep;product,’recové?ed from preparative
t.l.c., was assigned structﬁre'(Qﬁp) in-the same way (584)-

5-Methyl-cyclohexane-1,3-dione (78)

Orcimal (12.4 g, .100 mole) (recrystallized under N from

benzene-heptane) was added to a solution of 4.8 g (.12 mole)
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sodium hydroxide in 400 ml. deionized and degassed Hz0 and fhe
miktﬁre transferred into a pressure bomb carefull& excluding
‘air and light. Raney nickel W-2 (BOOmg); prepared by the method of
lMozingo (575), was added and the mixtﬁré,hydrogénated'at 1500
-lb/inz at 50° C for 15 hours. The reaction mixture was coolead
tb room temperature and suction filtered directly iﬂto~a HC1/
ice mixture in a Nz glove box. The HC1 filtrate was subjected
to continuous extraction with CHCls also under No and after 3
hours the CHCls was dried and evaporated. The residue was sub-
Jected to column chromatogréphy under Nz {CHCls) and recrgﬁial—
lized from CHCls-pentane. Yield: 6.0 g (0.048 mole, 48%) m.p.
124-5°. n.m.g. (DMSO-dg):  1.00 (CHs-CH, d of 4, 3), 2.10 (CHa,
CHS-CEL m, 5),15.45 (=C(OH), broad s, 1), 5.17 (CH=, s, 1).

Viax (KBr): 3400 cm™! (=C(OH)). Anal. Calcd. for C,;Hig0z (mol.

wt. 126): C, 663@&;YH, 7.99. Found: (mye = 126); C, 66.60;

H, 7.95."
2,5-Dimethyl-¢yclohexane-1,3-Dione (Zg)

In a N-. atmosphere, 5.88 g. (;0467 mole) 5-methyl--cyclo-
hexane-1,3%-dione (Zﬁ) was dissolved in a,solutién of 2.61 g.
(.ok67 molej KOH in BQ ml. CHSOH/HQO (2:1). This solution was'
pleaced iﬂ a pressure bomb along with 6.60 g. (.0467 mole) CHsI,
frozen }n liquid Nz and the bomb evacuated to 1 mm.‘ The bomb
was heated at 70° for 18.5 hours, cooled in an ice bath, and
the contents transferrsd under Nz to a round bottom flask. The
methanol was evaperated~ig Xigggu/ The residue was made alkalinep
(50 ml. 4% KaOH) and extracted with ethef. ‘fhe aqﬁeoﬁ% layer
was acidified and extracted with CHClg, dried (MgSOs) and

evaporated. Silica column chromatography of the residue under
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No, (EtOAc-Hexane 70:30) and recrystallization from EfOAc-hexgne
gave 4.00 g. (.0285 mole, 61%) . m.p. 175-76° n.m.r. (DMSO-dg): 1.00
(CHa-CH, d of d, 3), 1.55 (CHs=, s, 3), 2.20 (CHs, CH, m, 5), b4.00

(=c(0H), broad s, 1). v (KBr): 1570cm  (c=0), 1500cm” " (c=c),

4 g
54600m_1(=C(OH)). Anal. calcd. for CgH,;202 (mol. wt.=140): C, 68.54;
H, 8.63. Found ‘(i 8<140): C, 67.78; H, 8.50. Methylatiomsof 5- |
Methylcyclbhexane-l,B-dione acéordihg;to Sonn's method (54é)zand
that of Stettef and Meisel (540) consiste’%ly gave rise toran impur-
ity. The structure of di(2,S—Hihydroxy—3(;;thylfﬁrfuryl)perokide
(90) was gtentatively assigned on the basis of (MY—130) in the

mass spectrum and a postulated mechanistic. scheme,

4,6-Dibromo-1,BDihydroxy—E,S—ﬁimethylbenzene (80) (549)

Under N;, 7.00g (.050 mole) 2,5—diméthyi—cyclohexane-l,B—dione
(79) was dissolved in 18 ml. ether. Bromine, 24.3 g (.152 mole)
dissolved in 63.6 ml THCls, was added dropwise with stirring.
The reaction was left 3 hours~at room temperéture, after which
time solvent and excess Br, was removed and the‘product_récrystal—
lized from benzene-hexane, yielding 9.15 g (.031 mole, 62%). m.p.
145-147, h.@.r (DMso—da): 2.10 (CHz-Ar(OH), s, 3), 2.40 (CHsAr(Br)),

| ) |
s, 3), 3.40 (OH, broad s, 2).v (KBr): 3500 cm  (OH). Anal.

max
calcd. for CgHeO2Brs (mol. wt. 296), ¢, 32.46; H, 2.72; Br, 54.00.

Found: (m/e=2.96); C, 32.46; H, 2.40; Br, 52.13.

4,5—Dibrbmo—l,B-Dimethoky—2¢5+Diméthylbenzene'(Qé) ,

'Udéér No, 1.40 g (.048 mole) 4,6-dibromo-1, 3-dihydroxy
benzene (QQ) was dissolved in a éolufion of 25 ml. ﬁtOH (95)
containing (CHa)2804, 2.00 g. (.159 mole). KOH, 0.885 g. (;a?8

mcle dissolved in 10 ml. H,O0 was added dropwise at room

temperature and repeated in 30 minutes, The mixture was

refluxed for 3 hours, cooled in an ice-bath, and the pro-
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duct filtered., After washing with Héo, the crude material was’
dried and recrystallized from methanol-Hs0, yield: .l.Oé g

(.0%3 mole, 68.8%). m.p. 62-3°. n.m.r. (CDC1s): 2.25 i
(cﬁgAr(OCHB), s, 3), 2.55 (CHsAr(Br), s, 3), 3.75 (OCHs, s, 6).
" Anal. calcd. fér CioH129Br> (mol. wt. 324%), C, 37.07; H, 3.73;

Br, 49.32., Found (m/e = 324), C, 37.00; H, 3.71; Br, 49.10.

%,5-Dimethoxy~1,4- Dimethylbenzene (83)

" 2,6-dibromo-3,5-dimethoxy benzene, 1.06 g. (3.27 hmole),
dissolved in 8 ml. anhyd. benzene wés added dropwise at 0° to, —
a solutionlof 28.7 g. 70% "Redal" solutiqn (.100 mole) in
benzene.:“ﬁhe reaction mixture was raised to foom temperature
and refluxed for 24 hour. The mix%uré was cooled, hydrolyzed
at 0° with dilute hydrochloric écid, diluted with ether, Washed
with Hz0, dried (MgS0.), and evaporated. ‘

| The residue was refFfuxed with Acsz0 (25 ml.) and pyridine
(ﬁ ml.) for‘l‘hour, cooled to room temperature, and 10p.m1.
ether added. The reaction mixture was washed with 10% HC1 and
with He0. The water layer was washed with ether and combined
ethrer solutions were washed with NaHCOs (saturatsd) solution..
&;gﬁ:;lution was dried (MgSO.) and ether and product were | ‘
distilled in vacuo, yield: 255 mg. (1.54% mmole, 47%); b.p. 60~5°
(.7 rm). o
1,A—Dimethyl-2,j,5—triaéetoxybenzene (Qg)

Compound gngas prepared according to sQnﬁfg'procedure
(549). vield: 42¢. m.p. 109-110. n.m.r. (CDCls): 1.95

(Cls-Ar(0Ac), s, 3), 2.15 (CHs-Ar(OAc)z, s, 3), 2.30 (CHsCOz,
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s,-9), 6.85 (ArH, s, 1). Anal. calcd. for CisHis0s (mol. wt.

280) , C, 59.99; H, 5.75. Found: (mse = 280)}; C, 60.20; H, 5.62,
L7
1.4 -Dimethyl-2,3%,5-Trihydroxybenzene (93) —

-

(sonn's "5-%vlo-0xy-Hydrochin-Diacetat" (542))

Triacetate, 400 mg., (1.4% mmole) dissolved in 2 mls;
EtOH(95) was treated with 1 ml. 1.43M HC1l/H20. The mixture
was refluxed for 4.3 hburs.x Solvent was evaporated and the
residue was reérystgllized from Et20—50/6o pet. ether to
yield 193 mg. 1,4-dimethyl-2,3,5-trihydroxy benzene (93)

(87%, 1.25 mmole) m.p. 154-5°., n.m.r. (CDCls): 1.98
(CHzAr(OH), s, 3), 2.08 (GHSA}(OH)Q, s, 3), 3.20 (Ar-OH, s, 3),

=

.6.00 (Ar-H, s, 2). Anal. calcd. for GgH;oOs ikﬁ. wt. 154):

C, 62.32; H, 6.54. Found: (mye = 154); C, 61.52; H, 6.52.

2,6-Dimethoxy 4-Msthyl Benzaldehyde (Qi)

5,5—Dimethoxy—l,4-dimeﬁhyibenzene, 83, (797 mg., 4.8 mmole)
was dissolved in iOO ml, 50% HOAc-H-0 at room temperature'and
the solution cooled to 5°. Ceric (IV) ammonium nitrate (14.8
g., 27 mmole) dissolved in 75 ml. Hz0 was chilled to 10° and
'gdded to the first solution dropwise with’vigofous stirring. A
blue coiour was formed approximately halfway through the addi-b
tion. ‘The‘tbtal time for addition was 6 mghutes. The reaction
was then alloﬁedrto come to‘room temperature, extracted with ether,
which was in turn washed with NaHCOs; (saturated) solution, then
water, dried (MgS0.), and evaporated. The aldehyde ﬁgs eluted

fror & column (silica) with sther. Yield: 366 mg. (2.03 mmole,

522), m.p. 90-91° n.m.r (CDClg): 2.4%0 (Ar-CHs, s, 3), 3.90
»
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(ocHs, s, 6), 6.40 (Ar-H, s, 2), 10.4%0 (cHO, s, 1>"Vmax (KBr): -

' -1 ' , T
1680 cm” . Anal. calcd. for C10Hy 205 (mol. wt. 180): (4. 66.65;
H, 6.71. Found: (m e = 180): ¢, 66.50; H, 6.70. Compariéon of

n.m.r obtained andthat previously reported (584) leo to'%gsiénment

of structure (84) to the product.

1—(256¥Dimethoxy 4-methyl Phenyl) 2-Nitro 1-Propene, Q%

(R = 2,6-DiMeo, 4-Mea)

‘ 2,6-Dimethory U4-methyl benzaldehyde (Qﬂ) (366 mg, 2.07 mmole)
was dissolved in 2.5 ml. nitroethane, Ammonium acetate (EBO,mg.,///\
2.99 mmole) was added, The mixturé was refluxed 5 minutes,

quenched by(cooling in liquid Na, CHQQIé (5 ml.) added and the
ammoniumn acetate filtered Jgile cold. The giltrate ﬁgﬁ evapora-

ted and the residue recrystallized from methanol-Hz0 to yield the

product, 439 mg (1.85 mmole, 81%). m.p. 123-#% n.m.r (cH013);/g.1o,i

(CEBC: Sv: 5): 2-40 (CHSAr: S, 3): 3-85 (CHSO') S, 6){) 6-40 (AI‘@ - e,
' 4

s, 2), 7.95 Qolefinic‘H,_s, ). Yyt 1590 cm? (CzC).T;Anal.

caled. for CysHisO.H (mol. wt. 237), C, 60.75; H, 6.37; N, 5.90.
Found: (m se = 237); C, 60.70; H, 6.35; H, 5.85.

1-(2,6-Dimethoxy Y4-methyl Phenyl) 2-Amino Propane (76)

1-(2;6-Dimethoxy 4-methyl phenyl) 2-nitro l-propene, 62,

(R = 2,6-DiMeO, y-Me) 439 mg was dissolved in 10 ml anhyd. benzene
- S R o

and added dgppw1se,at'room temperature to 3.13 g 70% solution
"Redal" in venzene (8 mmole) (dilufed with 12 ml. benzene)

over 3 minutes. The mixture was refluxed for 2 hours, cooled,
and hydrolyxed with Ho0.  The salts were filtered and the

benzene dried (14gS0.). Evaporation and distillation (95-100°,

)

.9 mm) gave 237 mg profiuct (1.13 mmole, 61%). n.m.r. (CDCla):

s

1.05 (CHs, d, 3), 1.85 (NHs, broad s, 2), 2.35 (Ar-CHa, s, 3),

f‘
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re

™~

%.70 (OCHs, s, 6),; 6.27 (Ar-H, s, oy, \wmax (KBr): 3450 cm !

(WHz).  Anal. calcd. for CizHigNOz (mol. wt. 209): C, 68.87;

A

H, 9.15; N, 6.69. Found: (m/e = 209): C, 68.70; H, 9.08; N,
"~ 6.65. ' '

#

Y
G

'3,5-Dimethoxy-k-lethylbenzaldehyde (88)

3,5-Dimethoxy-4-methyl-benzoyl chloride, obtained in 57%
yield in the manner of Cason an&vHerzburg (8775, was‘subjectédlﬁo a
modified Rosénmund feaction (549) (46%)‘%s.wéil as lithium tri-t-
butdxy aluminum h&dridé af ter Brown (575)(30%)} (And 1. datarp.llM)

3,5-Dimethoxy=4-Méthylbenzyl Alcohol (87) “ ,
3,5-Dimethoxy 4-methy1-benz¢ic acid (ggéﬁ_(loo mg., .510
mmole) was dissolved in anhyd. THF (lO‘ml.) and addsed to a slur-
ry of llMImg. lithium aluminum hydride (3 mmole)/ZO/ml. anhydréﬁs
'THF at ambient temperaturef The ;eaction mixture was stirred

at room temperature for 16.hours (24°), hydrolyzed with H-0,

fhe mixture extracted with ether and dri Mgsog).‘ Solvent

‘was distilled in vacuo and the acid was Qili column chromato—A
graphed (é%hyl acetate), Yield wés 70 mg. m.p. \86-8°. (.384 mmole,
5%). n.m.r (CHClz): 2.00 (CHsAr, &, 3), 3.70 (OCHa, s, 6), 4.50

(CHz, s, 2), 6.40 (Ar-H; s, 2). Ve

(KBr):. 3500 cm™ ' (OH).
Enal. Calcd. for CigHi140s (mol. .wt. 182): C,'65;9I'VH, T.74%.
Found: (m/e = 182);'50, 65.85; H,‘7.70.‘ ﬁ} ) ﬁ
 %,5-Dimethoxy 4 -Methylbenzaldehyde (88)

=]

Atterburrow's ¥NGs 4.00 £ (552-555) was added to -a solution

of 450 mg. (2.47 mmole)'3,5-dime@hoxyli-methyl_benzylalcohol.

in 20 ml. anhyd. benzene. The mixture was refluxed for five

-
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hour (apparatus eguivped with a Dean-Stark trap), filtered
o .
(Cedite), and evaporated. Distillation (120°, .7 mm) and recryst-

allization for cyclohexane gave 320 mg product (1.78 mmile, 72%),
m.p. 75-6°. nim.r. (CDCls): 2.25 (CHs-AT, s, 3), 3.80 (CHs0,

), 6.95 (Ar-i, =, 2), 9.60 (CHO, s, 1). Vv . (KBr): 1700
em™! (C=0). Anal. caled. for CioHisOs (mol. wt. 180): C, 66.65;

o)

<
=

H, 6.71. TFound: (mys = 180): C, 66.50; H, 6.65.

1-(3,5-Dimethoxy-4-}ethyl phenyl )=2-Nitro-1-Propene (62)

(R = 3,5-DiMe0 4-1i2)

5,5;Dim§thoxy—4—methylbenzaldghydeA(BQO mg, 1.78 mmole)
(§§)lwa£‘diégolved in a solution of 1?1 mg. (2.22 mmole)
ammohium aéetaté and 2 ml. nitroe?hane and refluxed for 5
minutes, %herreaction was guenched by cooling in. liquid N,
CHzC1ls added, NH.OAC filtered, and solvent remSGéd in vacuo.
The crude product was recrystallized from methanol—wéter. Yield:
200 mg (1.05 mmole, 71%). m.p. 119-20°. n.m.r (CDCls): 2.10
(ciac, s, 3)F 2.50 (Limhr, s, 3), 6.65 (ArH, s, 2), 7.95 (ole-
Vet 1590 cm t (C=C). Anal. calcd. for
1 2H1 500, (mol. wt. 237): €, 60.75; H, 6.37; N, 5.90. Found:

{(m/2 = 237): C, 60.60; H, 6.32; N, 5.89.

1-{2,5-Dimethoxy-4-liethyl phenyl )-2-Amino propane (75)
1-(3,5-Dinethoxy=4-nethyl phenyl )-2-nitro-l-propene, 62,
(% = 3,5-DiMe0 L-14e) (100 mg., .422 mmole) in 2 ml. THF was .

slurry of 1ithium aluminum hydride (80;1”mg;*2;1l"

[y}

added to

-

rmole) in 10 m)., THF at 0°. The mixture was allowed to come

to room tempe:

'3
[0}
N
AN
t
=
=
[t}

then refluxed for 3 hours. After cooling
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in ice, the mixture was hydrolyzed with Hz0 and filtered with
suction. The hydroxidés were slurried in ether and filteredf‘
The .combined ethereal’filtrates were dried (MgSO4) and evapora-
ted. The amine was vacuum distilled (95-100°, .1 mm) to yield
5.5 mg product (.270 mmole, 64%). n.m.r. (CDCls); 1.10

HsCH, d, 3), 1.90 (CHCHz, m, 3), 2.15 (ArCHs, s, 3), 3.80

—~ — U1
@]

CHs0, s, 6), 6.50 (4rH, s, 2). Vo 3500 cm”! (NH»). Anal. calc.
for (as free amine) C,»H;sli0p (mol. wt. 209): €, 68.87; H, 9.15; N,
‘6.69. Found: (m/e = 209): C, 68.84; H, 9;12; N, 6;50. T.l.c.
(eilica gel GF-254) CHCls: CHzOH: NH;OH (conc) 80220:1, Re =
.45, and g.1.p.c. on sﬁ_ov-l}/gas chrom Q-(220°) both showed

e sing%e component. : |

1-(3,5-Dihydroxy-4-lethyl phenyl )-2-Amino propane (74)

1-(3%,5-Dimethoxy-4-methyl phenyl ) 2-amino propane (56.4 mg,
.270 mrole) (75) wes refluxeq‘with brg 11 (.810 mmole) for 3
hour under Ns. Thf reaction mixture wés eVaporated, the residue
purified by silica column cﬁromatography (MeOH) uhder No and
recrystallized from methanol-sther to yield 20.4 mg (.lleﬁméle,

b27). m.p. 225-27° n.m.r (DMSO-de): 1.10 (CHsCH, 4, 3), 2.15

(4rCHs, s, 3), 3.87 (0H, s, 2), 6.49 (Ar-H, s, 2). vmax: 3500cm‘1

Nl

(iZz, OH). snal. calcd. for (as free amine) C,;oH,sNOp (mol. wt.181):
c, 66.27; H, 8.34; i, 7.72. Found: (m/e=181): C, 66.20; H, 8.31; N, -
7.68. T.l.c. (Silice Cel GF-254) CHCla: CH5OH; NH,OH (conc) 80:20:1,:

R, = .65, and g.l.p.c. on 3% OV—l%/Géé chrom Q (220°) as
Z

derivative Toth showed a single component.
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N

,5-Dimethoxy~4-MethylPenzoyl Hydrazide (%QQ]

3,5-Dimethoxy-4-methyl benzoyl chloride (125 mg., .584 mmole)

was dissolved in 2 ml. anhyd. ether. Hydrazine 99-100%, 500 mg.

(10 mmole) mixed with 2 ml. anhyd. Et.0 was added dropwise with
stirring at ambient temperature. 3tirring was continued 2 Lour,

the mixture was evaporated (vacuum pump) and recrystallized

(EtOH HpO). vield: 122.6 mg (.584 mmole, 100%). n.m.r (DMSO-ds):

2.05 (CHaar, s, 3), 3.80 (CHs0, s. 6), 7.13 (ArH, s, 2), 6.00
(7H-1Hp, broad s, 3). Ve (KBr): 1700 em = (c=0). Anal. caled.
for (mol. wt. 210: C, 57.1%; H, 6;71;iN, 13.31. Found: (m/e =
210); C, 57.00; H, 6.70; N, 13.31. o |

Hitroethane

Ethyl iodide (3;12 g, .02 mole) freshly distilled was
stirred in an ice bath at 0° C. Small portions of vacuumfdry
Agl0s (3.98 g., .02 mole) prepared as described (579) were
dropped in. The internal temperature'rose to 16° C. The
reaction mixturekwas left é§ernight (12 hr.) 'in a cold water
bath at 15° C and distilled at atmospheric pressure (739‘mm).
First fraction (70-75° C) (ethyl iodide 1.84 g.) and second
raction (108-115° C),(nitroethane{ 570 mg) were collscted.
vield: 38% (95% conversion). |

Ozonolyeis of Tsosafrole, 51 (R = 3,5-Methylenedioxy)

Isosafrole (8.44\g., 52 mmole) was dissolved in 150 ml. -
znhyd. CECls, cooled to -20° (CC14/d;y ice).

Through at 1.5 1./min, (calibrated for 1.2 mol. /hour Oé), for

4.5 hours (positive starch-iodide test). The chloroform was

7

_Ozone was bubbled

hd
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A
IS

’ [}
evaporated in vacuo and the ozonide residue quickly steam dis-

tilled. The piperonalbwas'¢ollected by'filtration and vacuum
distilled to yield 6.64 g., 85p

Roaﬂtlon of Isosafrole with N1trosyl Chloride. . 2&}

Ioosafrole (162.2 mg., 1 mmole) was dissolved in 2 ml.
CCI4 cooled tgv-lO°FC. A 15% solution of NOCl, 2 ml., in CC1l;
1rwas added ﬁith stirring. The temparaturﬂ rose rom,;lo° to<O°
and a white precipitate formed lmmedlately. Filtration yielded
156.% mg. (.3% mmole) (m/e = 454). The compoﬁndeés insoluble
~in CHClBi CCl,, DMSO, 150, Etz0,.and so;uble in hot benzene,
cold toluere and cold THF. No movement was observed,with THEF

on silica gel t.l.c. (GF-254).

Lithium Aluminum Hydride Reduction of (Qﬁ)

,Addugt (2&) (500 mg., 1,10 mmqle) was reduced by thevSoxhlét
method of Ramirez and Burger (368) over 18 hours. Hydrolysis
with Hz0 (pH. 10), extraction with ether, drying (MgSO,), and

evaporation gave 3%2%-1 mg. brown oil. T.L.C. (Silica GF-254),

1:2 acetone-1,2-dichloro ethane, R. = 8,10 and 6.20.

Rf
(3 b~ Mothylﬂnﬂdloxyphonjl) 2—Propanone,‘&2;(R = 3 U_methylene-
dloxy) '

PAClz (.248 mg.J 1.4 mmole) ‘and CuCly (1.98 g., 14.7 mmole)
were dissolved in 5O ml. HzO0 and heated to 54°. A stream of air
50 ml/min. was passed through and 1 g. (6;17 mmole) isosafrole
was added. Therfeagtion was allowed'to proceed for 2.5 hoursr
after which time the mixture was cooled and extracted with ether.
The ketone distilled at 108-110° (2 mm) , yield: 549 mg. (%.09

/
‘mmole, 50%). n.m.r. (CDCls): 2.10(9H3, s, 3), 3.52 (CHz, s,

/
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2), 5.88 (0CH0, s, 2), €.60 (Ar-H, s, 2), 6.63 (Ar-H, s, 1)

(m/e = 178).

1-{3, %=1~ ubYlDPQWOfyph“nyD—Q ML tro Propene, Q;J(R = 3,4-Methyleﬁe-
dioxy) ,

Isosafrole (1.62 g., .01 mole) was dissolved in é mixture
of 750 mg pyridine and 9.0 g dry acetone (over>MgSO4) and cooled
to -4° C with vigorous stirring, C(NOz)s (Aldrich) (1.9 g, .01
mole) was added over a pe;iod.of 1 minute and stirring was
continued for an additlonal 2 minutes, at which time the reac-
tion was quenched by adgition of .56 g KOH in 10 ml Hz0. The
mixfure was allowed to come to réom temperature anﬁ was extracted
vith CH7C12; The C7 ,Clz was washed with 5% HC1 and with HzO0,
dried (MMgSO.) and evaporated} Reérystallization from CHaOH-HzO0
gave 1.84 g (8.9 mmole, 897) . | )

Agl0z (579) (2.95 g, 19.2 mmole) and Ip (9.75 g, 38.4 mmole)
were stirred in ether (72 ml) under a nitrogen atﬁosphere for
20 min. and isosafrole (3.11 g, 19.2 mmole) added. The mixture
wes stirred for 5 hours at room tempéfature (23° ¢). 1.52 g, 19.2
mmole pyridine was added ang the‘mixﬁure stirred .for an additional
hour. Upon evaporation, the bil was taken}up in 10 ml of CHEClz; .
After filtering, the CHsCls was washed witﬁ thiosulfate solution,
5% HC1l, Hz0 and the: éolution’finally dried (MgS04) . Column
chromatography [810z), evaporatlon, and recrystallization from .
methanol-water gave 1.39 g product (6. 72 mmole, 354). m.p. 92- 94° -
n..r (CDClg): 2.45 (CHaC=, &, 3); 6.05 (OCHZ0, s, 2),.6.95 |

(ar-H, s, 3), 8.00 (olefinic, s, 1) (mfe = 207)
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Potassium Enolate of 1-(3,5- rimethyl-4-methoxyphenyl )= 2-nitro -
l-propanone (Eﬁ) -

Potassium, 1.75 g (.045 g-atom) was diséolved by heatiﬁg
t-BuOH (110 ml, 83.5 g, 1.20 mole) in a No atmosphere to maké a
5.75% potassium—t-butoxide/f—butanol solution. The solution
nas coéled to 17° in a water bath and 1.48 g (.008 mole)
1-(3,5-dimethyl-4-methoxyphenyl)-1-propanone (2;) (R = 3,5—DiMe
L_11e0, R' = CHS) was dissolved in'it. n-Buﬁylnitrate (3.1 ml,
2.8 g, .027 mole) was added with stirring in a 5 minute period.
A yellbw precipitate formed after 10 min. stirring. The reaction
was then ailowed to stand at ambient temperature (24° c) for 1
hour, cooled,;n ice and filtered. Yield: 2.21 g (.008 mole, -
100%). m.p. 238-2L0° d.

97)

[asad

1—(3,5—Iﬁmethyl-&—methoxyphényl)2—nitro propanone|

{
The potassium enolate (95), 275 mg (.001 mmofé) was addeg— “

[§v}
Q

with stirring to 5’ml. 10% HC1. The reaction mixture was s
at ambient_temperaturez(23°) for 3 hours, cooled in ice and
filtered yielding 189 mg product (8.01 mmole) (SO%).

‘Potassium enolate (96) (25 mg, .09 mmole) was added with
stirring to 5 ml. glacial acetic acid and tggtmixture was ' \\
etirred at ambient temperature (22° C) for % hour. 35 ml HaO \\
was added and the solution eitracted with . CHCls. The CHCIlg

LT
"

AW

s extracted mith Hz0 and dried (MgSO4). Vacuum distillation of

£Cls and HOAc gave 20 mg. product (.084 mmole, 84%). n.m.r.

(DHEO-ds): 2.00 (CHsC, s, 3), %.20 (CHp-Ar, s, 6), 3.65 (CHsO, 8,
3), 6.89 (Ar-H, &, 2). v (KBr):1700 cm-1 (C=0). Anal. calecd.

for (mol. wt. 237): C, 60.75; H, 6.37; N, 5,90. Found:(m/é = éBT);
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¢, 60.%0; H, 6.32; I, 5.08.

Cleavage of Potassium Enolate of 1-(3,5-Dimethyl=4-Methoxyphenyl)
2-liitro-1-Propanone (95) : g : } R

Pota;sium enolate (Qé) (275.% mg, 1.00 mole) anthCZO (5
mls ) were heated to dissolution<and poufed over ice., Extraction
with CHCls, drying (Mg?d4) and evaporating gdve 171.1 mg; crude
.product. Column chromatograﬁhy (silica) aiﬁh CHCls as eluant
gave 170 mg. (.94%4 mmole, 94%) 3 ,5-dimethyl 4-methoxy benzoic
acid, m.p. 158-160° (reerystallizéd from acetone).

leavage of l-(3,5—Dimethyl-4—Methoxyphenyl)-Q—Nitro 1-Propanone

97
fa o]

l—(3,S;Dimethyl—M—me?hoxyphenyl)—2—nitro 1-propanone (51)
(R = 3,5-DiMe ulMed) (15 mg., .06% mmole), was dissolved in 7
ng. (.069 mmole) ace@&c‘anhydride mixed with 1 mg. pyridine.
The mixture was stirr;d at ambieht‘temperature (25° C.) for 5
hours, and worked‘up as above, B,S—ﬁimethyl M-hethoxy benzoic
acia (7 me., .03Q mmole, 62¢), m.p. 158-160°, was recovered.
N v (CPC13)3‘ 5.%0 (CHa-Ar, s, 6), 3.75 (CH30, s, 3), 7.80

(&r-H, s, 2), 10.64 (COzH, s, 1) (m/e = 180).

-Hydroxylamine hydrochloride (1.39 g, .02 mole) was dissolved

in .5 cc Hz0 heated to 125°C in an oil bath. Phenyl-2-propanone

(1,24 g., .01 mole) was added with stirring. The mixture was main-

toinad at 125° for 5 minutes. Cooling, extraction with warm

CHCls, drying (14£50,) and evaporation furnished 1.05 g. oxime

o

.007 mole, 70%). (mye = 149) m.p. 68-70°.

P

e Y



1-Phenyl-2-Propene (ggj R = H)

7'LiK1H4 reduction of QQJ(R = H) ga?e l-phenyl-2-amino propane
48 (R = H), according .to the method of Larsson ( 580)., vYield:
'65%; m.p. (HC1 salt) 145-147°. ‘ >

l1-Amino-4-Phenyl phthalazine (;Q%)

Methyl benzoate (22) (362 mg., 2.66 mmole) was.added‘té 173
mg. (3.40 mmole) hydrazine'hydrate and the mixturg refluxed for
2.5 hours. The reactioﬁ was cboled, 5 ml. 50% HsSO04 added at 0°,
the mixture filtered and the crude material wached with H20,

The crude phthalszins was taken up in'ethef and eluted from a
column (silicé) with_ether:hexanﬂ (3 2) / Upoﬁ}évaporation and
‘recrystallization from CHgOH-HpO, 100 mg. (.518 mmole, 19%),
l—aéino M—phényl phthalazine remained, m.p. 200-201. Alit. m.p.
201-202 (574). h.m.r. (CDC1s): 6.9% (WHz, s, 2), with Dp0

4%.50 (WHz, brozd s, 2),. 7.35-8.20 (Ar-H, %% 9). UV (Etoﬁ),

)]

Mgy = 210 ge = 43,500), 314 (e = 10,020). Anal. calcd. for
ij*qllhq (mol. wt. 221): C, 76.00; H, 5.01; N, 18.98.
Found: (mse = 221); C, 75.06; H, 5.19; N, 15.83.



Knoevenagel Condensations Substituted

TABLE 4

Benzaldehydes and Nitroethane (§6g)f 

R

%,5-dimethyl 4-hydroxy
5,5-dimethyl 4-methoxy
2,6-dimethoxy 4-methyl
%,5~dimethoxy 4-methyl
2,5-< lmethoxy 4-bromo

CHO

—_— g

. 88
v 85
82
80

N

R’

,\{G .

R'= CH,g, t
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Reflux (1in)

1

VNN Ne)
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