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A seres of amphetamine devivatives substituted on the benzene ring with MeO and for Me groups was syn-
thesized. The pharmacologieal aetivity of these compounds was evalunted for toxicity, effects on barbitornie
sleeping time, and ability (e disrupt mouse behavior,  Those which were active in behavioral disruption in-
eluded 1-02,4-dimethosy-4-methylphenyl ), 1-(2 4,5 trimethoxyphenyl -, 1-(2, 4-dimethoxy-3-methylphenyl =,
and  1-03, 4methylenediosy pheny D-2-aminopropanes.  In  addition, I-{S-methoxv-4-me hylpheny] =2-amine-
propane, stracturally resembling 1-(2,5-dimethoxy-4-methylphenyl -2-aminopropane (DOM ), was found to he
jnst as netive and long Insting as DOM.  The amphetamine devivatives sither diminished or prolonged the
harbiturate sleeping rime.  1-(3,4-Methylenedioxy phenyl - Z-nminopropane and DOM were squally effective in
decreasing the <leeping time, while 1-(2,4,6-trimethylphenyl = and 1-03,5-dimethyl-4-hydroxyphenyl -2=amino-

propaies were the most active in the potentiation of the sleeping time.

For many vears, there has been interest in the strue-
ture of some known hallucinogens. Smythies, el al.®
have studied the structure-action relationship of a
number of mesealine analogs on the behavior of rats.
Some ring-substituted ampheiamine derivatives have
heen studied in humans by Shulgin,® and in animals by
Smythies, e el and Beaton, ef al® Snyder and
Richelson® proposed a eommon configuration for the
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setion of different classes of some hallucinogens on the
basis of sterie factors. A correlation between hallueino-
genie aetivities of these different elasses of compounds
with the electronic properties of the phenyvl or indole
nueleus was also presented by Snyder and Merril.?

In this study, a series of compounds related to
amphetamine (1) and 1-(2,5-dimethoxy-4-methy lphen-
vlj-2-aminopropane { DOM or STP, 2) was synthesized
and their pharmaecological activity was evaluated for
their effect on barbiturate sleeping time and their
ability to disrupt mouse behavior. Tt was hoped that
evaluation of the compounds in this series would provide
informudion as to which of The substituents on DOM s
eeaential for itd action,  These compounds ineluded 1-
(2-methoxy=tmethy lpheny D-2-aminopropane (3), -
(-methoxv=4-methy lpheny D-2-aminopropane (43, il

1T B 0L dnyder and O 0 Merril, ildd., B8, 25K (1065}
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Chetn, Soc., 62, 161 (1940], reported mp 117,57, prepared by the reaction of the corresponding benzaldehyde with diethy] malonate and

subsequent conversion of this product into . Lic?? mp 1877,
phenyl Fi-nitropropene which was obtained from the veaction of
Croen EvOH-Et0, 4 Ldentified by its sulfate salt, mp 3123157,

Prov, Tndian Avad. Sed,, 464, 406 (19570, reported mp 1479,
1817,

1-{2 S-dimethoxyphenyl)-2-aminopropane (5) which re-
sulted from the systematic removal of substituents, one
at o time, from DOXM.

Chemistry.—The amines were prepared by the con-
densation of nitroethane with the eorresponding wlde-
liyde followed by LiAlH, reduction of the resulting
phenylnitropropene.  No attempt was made to purify
the intermediate phenylnitropropenes. The aldehyvde
required for the preparation of 4 was obtained from
d-methoxy-p-toluie acid.  Treatment of the aeid with
SOCl afforded the aecid chloride, which was then re-
dueed 1o 3-methoxy-p-tolunldehyde.

Synthesis of 3 was corried out as shown in Scheme 1.
The carbonyl group of 2-methoxy-p-tolualdehvde (8)
was derived by replacement of the bromine atom of 3-
methoxy-<4-bromotoluene (6). The Grignard reagent
from 6 was treated with triethyl orthoformale to give
the acetal 7. Acid hvdrolvais of this acetal freed the
curbonyl group affording the aldehyde 8 The in-
complete conversion of 6 to the Grignard reagent re-
sulted in a low vield of 8. The sterie hindrance on the
Broatom caused by the o-OMe substituent could ae-
count for this, although electronie factors could also be
mportant.  The use of triethyl orthoformate for the
preparation of aldehydes has been reported.*  This
method would have been satisfactory if the Grignard
reagent eould have been preparved in a higher vield.

Puble T lists physical constants of the substituted
smphetamines,

Pfllarmamlngical Studies.—The ahility of compounds
W disrupt. mouse behavior was determined by a swim
MHEC test. At a comparative dose of 50 pmoles/kg,
compornds which were aetive in our swim test were
1'{'-"-'.-"r—:ljm:!iImxg.'—-i-uu-i-h_'l.'lpiu.-ng.'f}-2-;unim:pmpum-

8 G, 1, LTS T

Cull, Vol. 11, Jobn Wiley &
M, 1 ul 0l n v

: Orgnnic Byntheses,”’
« New York, K. Y., 148, p 324,

£ Lt mp 2082097, prepared by the reduction of 1=(3,4,5trimethoxy-

=034, 5-trimethoxy phenyDpropene and C{NOy). @ Heervstallized

AW, Behrecker, . Grg, Chew,, 22, 33 (1957 ), reported mp 313-31537,
prepared by a Curtis or Schimidt rearrangement, of c-methylhydrocinnamic acid,

T, A, Gorindschar and M. ¥V, Lakshmikantham,

S0, Mannich and W. Jacobsohn, Bee, 43, 189 (19103, reported mp 180

(DOAM, 2), 1-(3-methoxyv-4-methylphenyl)-2-aminopro-
pane  (4), 1-(24.5-trimethoxy pheny-2-aminopropane
(9), 1-(2 4-dimethoxy-3-methylpheny ) -2-aminopropane
(14), 1-(34-methylencdioxy phenyl) - 2-aminopropsne
(18), and 3A5-rimethoxvphenethy lamine {mesealine,
19) {Table [1). This dose appeared to be the optimum
for DOM, as in our test svstem doses below 50 gmoles/ kg
did not have u distinetive effect and no obvious in-
erease in behavioral disruption was observed for those
above 50 pmoles/kg.  OF the above mentioned com-
pounds, 2, 9, and 19 have been reported to eause hal-
lucinations in humans*  Furthermore, the behavior-
disrupting activity of 9 and 19 has been demonstrated
one animal: uging the SBidman aveidanee sehedule
[t seems, therefore, that us a qualitative messurement
of the disruption of wnimal behavior our swim maze test
1= applicable.  Our data showed that the action of 2 and
18 were relatively long, whereas that of 19 was rather
transient.  In the latter cuse, the demethyviation of one
or both OMe groups and the subsequent eonjugation
of the resulting phenolie OH would probably aceount
for its short netion, It was rather interesting to find 14
soactive, although its action was very short,  Even
maore interesting were the data obtained from 4. This
compotnd oot only possessed  behavior-disrupting
activity enmparable to that of 2, but the duration of its
effect wis also shown to be as long. Sinee 4 was derived
from the removal of 2-0Me from 2, and, in addition,
the two 2-methoxylated compounds 3 and 5 were not
aetive, the presence of 2-03Me in 2 did not seem to be
responsible for the activity of 2. In addition, judging
from the finding that 1-(34-dimethoxyphenyl)-2-
aminopropane (11}, which differed from 4 only by the
parva substituent, was devoid of activity, the p-methyl
group of 2 appewred to be essential for ite setion, This
p=Me eould be envisioned to do oot least one of the
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following: () it could inercase the solubility of 2 and
thus facilitate ils entering into the CNE, or (b) it may
have changed the electronie property of the benaeoe
ring and made it bind better to the reeeptor,

Both diminution and  potentistion of  barbitrale
sleeping time were observed among the 15 amphetamine
derivatives. At an equimolar dose, 18 was nearly as
good as amphetamine (1) in shortening the sleeping
time (Table IT). This reversal effect on the sleeping
time as also found with DOXM (2).  Apparently, the 3,4-
dimethoxy groups of 11 did not provide the compound
with any effect on the sleeping time, and this effect could
only be obtained by changing the 3,4-dimethoxy groups
of a l-phenyl-2-aminopropane molecule to a 34
methylenedioxy linkage (see 18).  1-(3,4,5-Trimethoxy-
phenyvli-Z-aminopropane (10} and mesealine (18) were
erqually active in shortening the sleeping time. The
compound found to be the most active in prolongation
of the sleeping time was 1-(2,4,6-trimethyphenyl)-2-
aminopropane (17}, 1-(3,5-Dimethyl-4-hydroxyphen-
vli-Z-aminopropane (16) had an effect approaching
that of 17. Heplacement of 4-OH by OMe resulted in
o compound (15) of opposite effeet. The absence or
presence of a third OMe in the two phenethylamine
derivatives 19 and 20 also gave opposite effects,  This,
however, was not observed in the amphetamine series
{see 10 and 11},

Several amphetamine derivatives, most of which
deereased the sleeping time, were rather toxie (Table
113, A nearly threefold inerease in toxicity was ob-
served when the 4-0Me of 10 was replaced by Me to
give 2, and more than a twofold deerease in LI when
the 4-0H of 16 was replaced by OMe (15).

Experimental Section®

Substituted PhenyInitropropenes. Condition 1 (HOAe,
ENO:, or EIOH as Solvent).—The substituted phenylnitro-
propenes were prepared by the condensation of the appropriate
aldebyde with EtNOs in the presence of NHOMAe. In the prep-
aration of the intermediate nitropropenes of 16-17, HOAer was
nsed us the solvent,™ and the corresponding amines 15-17 were
abtained by LAH reduction.

Using EtN Oy ag solvent the lollowing eompounds were isolated:
1-(2.4, 5trimet hoxypheny] -2-nitropropene, mp H0-101.5 (8497
(e mp 1017, 1-{4,4,5-teimethoxyphenyl)- 2-nitropropens, mp
DB-07° (B350 (it mp 947, 1-(2,3-dimethoxyphenyl)-2-nitro-
propens, mp 76.5-78.5% and 1-(34-dimethoxypheny])-2-nitro-
propens, mp 72,5-747,

Lo the preparation of 1-03,5-dimethoxyphenyD=2-nitropropens,
mp B7.5-885°7 (EtOH), EtOH was used as solvent,  Anal
(CuHpNOOC, 1, N,

Condition 2 (Azeotropic Distillation ).— 1-{2-Methoxy-3-
methylpheny!)-2-nitropropene was prepared by refluxing a mix-
ture of 23 mmaoles of G-methoxy-p-tolualdehyde, 10 ml of BN,
I of NHOA:, and 60 ml of Oyl for 183 hre, with eontinuons
removil of e nto a Dean-Stark tube.  After evaporation of
the solvent the residue was diztilled under vedueed pressure to
wield 407 of vellow oil, bp 100° (001 mm ), which solidified apon
stanidling 1o give bright vellow peedles, mp 45-50°,  Recrvatalliza-
tion Trome AMet ] gave prisms, mp 45-317,  dAnel, (CnHaXNOy)
C, H, N.

Ring-Substituted 1-Phenyl-2-aminopropanes Hydrochlorides.
—To a stirred suspension of 0,15 mole of LAH in 100-150 ml of

W) Melting points are corrected and were taken on a Fisher-Tohna or
Mel-Tamp pppurntus,  Where wnalyvees are indieated only by symbols of the
alemonta ur funetion, anslyvtical results abinined for thoes elements or fune-
tions ware within £0.44% of the theoretica] volues,

L) A, 1 Shalgin, J. Med, Chem,, 11, 180 {1H6E].

(1) V. Brackner, J. Proki. Chem.. 138, 2468 (1033), prepared from the
Lreatiment of Ll eurrpaponding phenyipropene with haXNoy in HOAR,

012p AT Sholgin, Kreperiesiia, 20, 560 (1041, prepared Trom the reats
ment ul e oo respunding plenylpropene with C{NO.
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THE wis malded dropawise s solutisn of 045 male of Uhe sppro-
printe substituled nitrostyrene in 100 ml of THEF. The mixture
was refluxed with stivving for 1 hr, exeess LAH was decomposed
(I, and the =olid was removed by Gliestion, The ler cake
was wizhed with hot THT (theee S0-ml portions ). The combined
filtrate and washings were evaporsied i saeue Lo give the crode
amine, generally as an oil. When an etherenl solution of the
amine was mived with E0-11C1 the hydrochloride salt precipi-
tated. See Table 1.

In cases where o hygroscopic HOCL sall vesulted, it was re-
dissolved in W}, extracted with CHyCiz to remove impurilios,
and made basic with 2 & NaUOH (NaH OOy was wsed for 16).
The free amine wis extracted into Cglly, and the combined Cgtlg
extracts, after washing with T), were dried (NagSOy), coneen-
trated fn eacuo, diluted with anhydrous Fif), and mixed with
Et0-HCL  After this trestmend. the HOL saly nsually was ob-
tained as a solid.

The reduction of  1-{3-meithoxy-d-methyiphenyl -2-nitropro=
pene with LAH was carvied ont in boiling anhydrons Biedd for
5 hr. BExvess LAN was decomposed with a few drops of 2 N
WafdH and fleered, The fiteate was mixed with EtgO-TCL (e
precipitate the 1CLsalt,  Exteaetion of the filter cake with 10
and treatment of the Ei.O extraets with Et,O-HCL gave an saddi-
tional erop of the hyvdrochloride. The combined crude hydro-
chlovide =alis were recrvstallized from MeOH-Lud) yielding 4.

3-Methoxy-p-tolualdehyde.—A solution of 7.0 g (044 mole}
of F-methoxy-p-toluic acid in 25 ml of S0CL was refluxed for 1
hr, then evaporated o sacea to remove the excess S0OCL. The
residue of erude acid chloride was dissolved in 25 ml of diglyme,
eooled 10 Diry Lee temperature, and sdded dropwisze to 80 ml {ea.
0,045 mole} of LiAIH{O--Baly in diglvme; the addition requiced
about 1 he, The mixture was stiveed for 2 he while being allowed
to resch room temperature, then pourved with stivding onto GO0
g of e, The solid was eollected on o filter and extracted with
059, B0 (four 2M-ml portions). The combined EtOH ex-
tracts were evaporated i opecvo leaving o mixture of pale yellow
oil and a trace amount of ancther immiseible liguid,  The oil,
after being separated, was dissolved in a sl amoun of MeOH,
and HaOr was midded until tuebid,  Chilling the solution gave 41 g.
(629 of solid, mp 33-387.  Bubsegquent recrystallization from
agqueans MeldH gave needles: mp 40-41%; ko (KBr} 590,
505 {C=0), 6.24, 6.31 p (C=C), Anal. (C.Hlx) C, H.

When the mother liquor of the crude aldehyde was evaporated
i pacio and the residue was distilled under reduced pressure,
09 g (1390 of an oily liguid, bp 72° (0.5 mm), was obtained.
This liguid, which appeared to be the 3-methoxy-4-methyl-
benzvl aleohol, showed ahsorption peaks a 3.01 (O and 9.6 g
(=000, but was not Turther purified,

Lithium tri-&-butoxyaluminohydride was prepared o the fol-
lowing manner. To 2.7 g (0071 maole} of LAH in 200 ml of
anhydrous 5,0 was added dropwize dreied &BoOH until Hy
evolution ceased.  (The requirernent of 156 m] {(L165 mole) of
t-BuOH indicated formation of 0036 mole (Y99 of LiAlH-
(O-t=Buly.) The product precipitated as a fine white solid,  After
the removal of Et,0 and =BuOH in vacue, the solid was dissolved
im 100 ml of diglyme,

1-(2-Methoxy-4-meihylphenyl )-2-aminopropane Hydrochloride
(3)—Freshly distilled triethyl orthoformate {20.6 g, 0.20 mole}
was added dropwize to the Grignand reagent preparved from 302 ¢
(016 mole) of 4-hromo-S-methoxytoluene (6) and 3.5 g (016
g-atorn) of Mg tirnings in 125 ml of Eidh Alter the addition was
complete, the mixture was refluxed for 4.5 hr, Ha0 (25 ml) was
slowly added, followed by enough 1077 HaS0, to make the mixture
acidic (er. pH 2% This mixture was then refluxed with stiving
for 1 hr. The mpueous laver was separated from the organic
layer and extracted with Etdd (three S0-ml portions).  The
combined 12,0 extraets were deied (NS00, filtered, and evapo-
rated dnveeve,  Distillation of the residue gave 16 g of 2 mixture
of Z-methoxy-p-tolualdehyde (8) and the unreacted 4-Lromo-3-
miethoxyiolnens, bp 64-06" (0,15 mm), which eould not be sepa-
rated by fractional distillation. This mixture was then used
directly in the preparation of 1-{2-methoxy-4-methylphenyl -
niLropropene.

For characterization, the above mixture was mized with a
salution of 2 4=dinitrophenylhydrazine in agquecus EtOH-H,80,.
The 2 4-dinitrophenylhydrazone was collected on a filter and re-
erystallized Trom absolute EGOIT, mp 222-2250° dec.  Anal,
[C!IJEIH:\VJ-}E} {..1-_. I'[, N.

A mixture of 6.0 g of the impore aldehyde, 7.0 g ol TKUNGy, 1
g oof NHOMe aud 75 ml of Colly was vefluxed for 10 hey, while the
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Hztd from the reaction was continuously removed by a Dean—
Stark tube. The resulting solution, after cooling, was washed
with 10 ml of HaO, dried (Na30,), and evaporated dn vacua.
During distillstion of the residue, two fractions were collected.
The first fraction, 3.5 g, bp 55° (0.15 mm}, was identified by ir as
the Z-methoxy-4-bromotoluene. The second fraction, which
weighed 2.5 g, was a bright yellow, viseous oil, bp 132° (0.4 mm].
Its ir spectrum showed the absence of an absorption peak due
to C=0,

The above oil, with no further purification, was dissolved in 50
ml of B0} and was added dropwise to asuspension of 1.5 g of
LAH in 75 ml of Ets0, while the temperature was maintained
between 0 and 5% The mixture was refluxed for 4 hr, and Ha0
and 109 NaOH were added successively to decompose excess
LAH. The inorganie solids were removed by filiration, and the
filtrate was evaporated dn vecuo leaving o light yellow eil. A
solution of this oil in 50 ml of Et0 was saturated with HCl to
precipitate the HCL salt, Recrvstallization from MeOH-EwLO
gave 1.4 ¢ (387 over-all, based on the recovered 3-methoxy-4-
bromotoluene) of 1-{2-methoxy—4-methylphenyl)-2-aminopropane
hydrochloride.

Pharmacology. Swim Maze Test.—The H-shaped swim
maze,"M gonstructed of galvanized metal sheet, has an over-all
dimension of 80 x 60 * 15 om, three swim channels 6 cm in
width, and a landing strip 30 3 6 em with a 10-em projection
at 40° angle. An 8-cm level of HyD was maintained at 37° by
several straps of heating tape placed underneath the tank.

Prior to the administration of drogs, mice were trained to swim
the maze for 2 conseoutive days (at intervals of 2 he),  They were
placed in the T:0 at one end of the tank and the swimming time

{13) M. E. Kosmun, Pros. See, Ezpll, Biol, Med., 118, T28 [1964).
(143 C. A, Buehler, 8, F, Thames, L. G, Abood, and 1. H. Biel, J, Mad.
Chem.,, 8, 643 (1945),
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was recorded as the time from placement in the tank until exit
at the landing strip. The trained animals were able to complete
the two-right-turn swimming tazk in an average of 5 sec and with
an average of less than one error. During the training period,
those that did not show good performance were excluded from
the study. The animals in groups of ten were injected intra-
peritoneally with 50 pmoles/kg of compounds in 309 aqueons
propylene glycol. The control group was given only propylens
glyool, The swim tests were performed at both 10 and 30 min
after the injection.  The results were expressed as (a) the com-
pletion time for swimming (X}, and (b) number of errors ()
during that time. With the emphasis on ¥, the disruption of
monse behavior was evaluated as X <+ 2V,

Effects on Barbiturate Sleeping Time.—Mice in groups of ten
were injected intraperitoneally with 50 pmoles/kg of compounds
in 309 propylene glycol. After 5 min, sodium pentobarbital (40
mg/kg) in saline was given win the same route. Controls were
first given 309, propylene glycol, then pentobarbital in saline.
The presleeping time and sleeping time (loss of the righting
reflex) were recorded and treated statistically.

Acute Toxicity.—All compounds dissolved in 30%, propylens
glycol (10 mg/kg) were administered intraperitoneally to groups
of ten male albino Yale-SBwiss mice weighing 17-23 g The
LD within a 24-hr period was determined graphically according
to the method of Miller and Tainter, 1

Acknowledgment.—The authors wish to thank Mrs.
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DOM from the Dow Chemical Company is greatly
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(15 L. I, Miller and M. L. Tuinter, Proc. Soe. Erpi, Biol, Med., 87,
281 (1944).




