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AMPHETAMINES: STRUCTURE­
ACTIVITY RELATIONSHIPS 

J. H. Bielt and B. A. Bopp 

I. INTRODUCTION 

1 

Amphetamine is a unique drug with respt.'Ct to the simplicity of its structure 
and the multiplicity of its biological effects. Phanllaco!ogically. amphetamine 
possesses central stimulant, anorexic, vasoconstrictor, and hypenhennic 
properties. Biochemically, amphetamine releases catecholamines from the 
neurons and inhibits the uptake of norepinephrine and dopamine but does 
not affect bl-ain serotonin k:vcls. It also is a moderately active inhibitor of 
monoamine oxidase. Clinically. amphetamine has been uS(.-d as a stimulant, 
amidepressant, and appetite suppressant, blll with repealed administration 
tolerance frequently develops to many of its effects. On chronic administra­
tion of increasingly higher doses, amphetamine may precipitate paranoid 
psychosis. 

Chemically. the important structural features of amphetamine include 
( I) the unsubstituted phenyl ring, (2) the two-carlxm side chain between the 
phenyl ring and the nitrogen. (3) the a .methyl group, and (4) the primary 
amino group (Fig. I). All these factors appear to be critical for ampheta· 
mine's characteristic spectrum of phannacological and biochemical activities. 
Amphetamine has become a favorite target for extensive molecular mcx!iftca· 
tions since most structural changes will accentuate some of its effects, 
auenuate others, or even introduce new activities not found in the parent 
molecule. 
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FIG. I. Amphelaminc. 

2. EFFECTS ON BIOGENIC AMINES 

2.1. Norepinephl;ne 

The mechanism of anion of amphetamine, like that of other indirectly 
aaing sympathomimetic amines, involves the inhibition of norepinephrine 
uptake and the release of the ncurOlransmiucr. The structure-activity 
relationships of various symp.'llhomimL'tic and related amine!!, including the 
phcncthylamincs and phcnylisopropylamincs. have been extensively investi­
gated using the uptake of [''t:lnorepincphrinc by the isolated rat hean 
(Burgen and Iversen, 1965) and the in vivo release of [3H]norepincphrinc 
from the mouse healt (DaJy t t al .• 1966). The .B-phcncthylamine skeleton is a 
critical feature of the molecule since either increasing or decreasing the 
number of caroons between the phenyl ring and the nitrogen reduced or 
abolished the aaivity. Both the "Y-phenylpropylamines (e.g., l+phenyl-3-
aminobutane, "Y-phenylpropylamine, y-phenyl-N-N-dimethylpropylamine) 
and the benzylamines (e.g .. a-methylbenzyiamine, N,N-diethylbenzylamine, 
benzyJamine) were found to be inaaive as rcJeasen of norepinephrine (Daly 
et aI. , 1966). 

Since amphetamine is considerably more potent than phenethylamine 
(Table 1), the a-methyl group must at least be partially responsible fOr the 
high affinity for the norepinephrine neuronal membrane systems. The 
importance of the configuration of the a-methyl group can be seen in the 
marked difference in the aaivity of d- and I-amphetamine. Further methyla­
tion in the a-position to form phemermine or mephentennine greatly 
reduced the effects on norepinephrine uptake and release. while shifting the 
methyl group to the ,a-position abolished the ability of the compound to 
release norepinephrine. N-methylation progressively decreased the charac­
teristic actions of the phenethylamines on the norepinephrine neuronal 
membrane systems. d-Methamphetamine was considerably less potent than d­
amphetamine as an inhibitor of norepinephrine uptake. In the phenethyla­
mine series, the secondary amine was less active than the primary amine as a 
norepinephrine releaser, while the tertiary amine was inactive. 

Hydroxylation had variable effects depending on the placement of the 
group. Generally, side chain hydroxylation diminished the activity on norepi­
nephrine uptake and release while hydroxylation of the phenyl ring en­
hanced it. The cffL"CLS of ,6-hydroxylation are illustrated in Table 2. Phen-



TABLE I 
Ef(c';l; Of Melhylalilm 011 till' / nhibltin)) oj .~'oTepm",phri" p Up/alit Glut uu He/ease of No)'rpmephrill f by Phenetliylamines 

Phene Lh yJamjlll;' 
dl-Alllpheta minc 
d- Am phetamine 
I-A mphetamine 
Phentermine 
d-Metham phetam ine 
Me phentcTm inc 

N -Mclhylphenelhylamim! 
N,N -Dimethylphenethylam 1 ne 

• n urgen and Iversen (1965). 
• Dal)' el al. (1 966) «0 mg/kg. s.c. ). 

a 

CH, 
CH3 

CH3 

(CH3h 
CH3 

(CHah 

(3 

ell, 

{3 v 1a 

Uptake of 

IV lD,o(M) 

1.1 X 10 -6 

4.6 x 10- 7 

\ .8 x 10-7 

3.' x 10-· 

C II" 6.7 x 10-1 

CH, 1.0 x 10-' 

CH" 
CI-I, 

(C H3h 

E by rat hean " 
Release of NE from 

Relative mouse heart, b 

affinity % control NE 

100 65 
240 
61 0 58 

30 86 
95 

\1),-) 62 
1\ U 100 

101 
80 

102 



T ABLF. 2 

Effects of Side Chain Hydroxyl<lIWn on 1,111' Inhibition of Noupinpphrim Uptake and the Rel<>asr of Norepinf/Jhrine by P/U'nethylamincs 

Compound 

Phenethylamine 
,B-Ph ' nethalloiamine 
dl-Amphetamine 
"I-Phenylpropanolamine 
d-Methamphelamine 
Ephedrine 
Pseudoephedri ne 

'Bu rgen and Iversen (1965). 
'Daly et aI, (1966) ( 10 mg/kg, s c) 

a 

CH 3 

CH, 
CH3 
CH3 
CI-i, 

OH 

OH 

OH 
O J; 

N 

Uptake of I F. by r al heart" 

1.1 X 10- 6 

4 .8 X 10-6 

4.6 X 10-7 

2.0 x 10 .... 
6.7 X 10-7 

2.2 X 10-' 

Relative 
a ffi nity 

100 
23 

240 
5.5 

165 
50 

Release of N I': from 
mouse heart, b 

% wllIfol N£ 

65 
91 

:..8 (d); 86 (I ) 
68 
62 
!l l 
84 
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ethylamine, amphetamine, and methamphctamine were all considerably more 
active than the corresponding hyd roxylatcd derivatives, ,B-phenethanol­
amine, phenylpropanolamine, and ephedrine. In contrast, ring h)'droxylation 
imparted a greater affinity to the compounds (fable 3). Tyramine, m-tyr­
amine, and especially d opamine were considerably more potent than phen­
ethylaminc. Likewise, p- and m-hydroxyamphetamine and a-mclh yldop­
amint.: wt.:rc more active than amphetamine. Metaraminol with hydroxy 
groups in ooth the ring and l3-positio n had thc highest affini ty for thc 
norepinephrine neuronal uptake system among all the derivatives tested. 

In contrast to the effects of ring hydroxylation, melhoxylation of thc 
phenyl ring markedly decreased both norepinephrine release and the 
inhibition of the reuplake of norepinephrine (Table 4). As was evident in the 
phe nethylamine series, increasing the number of melhoxy substituents 
progressively decreased the activity of the compounds. Mescaline, 3,4,5-
trimethoxyphenethylamine, was the least active, having an affinity for thc 
uptake site of 14 ,000 times less than that of phenethylamine. 

Iversen ( 1963, 19(5) has identified two uptake systems by which 
norepinephrine can be accumulated in the rat heart. The first system, uptake 
I, operates at a lower no repinephrine concentration than the second (uptake 
2). As previously described, affinity for the fi rst system was d ecreased by 13-
hydroxylation, N-mcthylalion, or ring methoxylulion but was increased by 
h ydroxylation in thc phe nyl ring and a-methylation. The stmctural specific­
ity required for high affinity in uptake 2 was generally opposite to that in 
uptake I. a-Methylation and ring hydroxylation d<.'crcased affinit y while N­
substitution, l3-hydroxylation, and CSpeci.llly ring melhoxylation increased it. 
Thus, amphetamine was considerably less active as an inhibitor of the second 
uptake system (IDro = 1.1 x 10 --4 M) than the first (IOr,o "" 4.6 x 10- 7 M) 
(Burgen and Iversen, 1965). 

2.2. Dopamine 

In contrast to the marked difference in the affinity of d- and /­
amphetamine for norepinephrine neuronal uptake s)'stcms, such stereospe­
ciftcity at the a-caroon does not appear to exist in dopamincrgic neurons. 
Snyder and his colleagues (19700; Taylor and Snyder, 1970; Coyle and 
Snyd er, 1969) have compared the effects of the two amphetamine isomers 
on norepinephrine and dopamine uptake by synaptosomes from the rat 
hypothalamus and corpus striatum, respectively. The d extro isomer was lcn 
times more potent than the levo isomer in inhibiting norepinephrine uptake 
but the two isomers were equipotent in inhibiting dopamine uptake. The 
marked difference in the potency (tenfold) of the two isomers in increasing 
locomotor activity contrasted with a relatively small (twofold) differencc in 
potcncy in eliciting stereotyped behavior. This obscn'ation led to the 
suggestion that norepinephrine might be primarily involved with central 



TABLE 3 
Effects of Rmg Hydro~c)'talum on Ihe Inhibition of No-repinephri11i' Upta ke ann Uze RcI"(LSI' of No-rrpinl'jJhrine b)' Pheneth_vlamilU!s 

Compou nd 

dl-Amphetamine 
1-Hydroxy~l-amphetalnine 

3-H.ydrox)·-dI-arnphetamine 
a-M eth yldopamine 
I-Metaraminol 
Phencth ylamine 
Tyramine 
m-Tyramine 
Dopamine 

• Burgen and Iversen (1965). 
• Daly ot al. (1966) (10 mg/kg. s.c. 01' *5 mg/kg, s.c.). 

x 

4-0H 
3-01-1 
3,4-diOJ-l 
3-0 H 

4-01-1 
3-0 H 
3,4-diO H 

01· 
X 

CH3 

CH 3 
CI-I , 
CI-I, 
CH~ OH 

N 

Uptake of £. by rat heart" 
Release of NE from 

Relative mouse heart,' 
lD~o (M ) affinity % tOnlroj N E 

4.6 x 10- 7 240 58 (d);86 (I) 
1.8 x 10- ' 51 0 38 

34 
1.8 x 10-7 fil O 39* 
7.6 x IO-s 1440 22* 
l.l X 10- ' 100 65 
4.5 x 10- 7 24 5 48* 
5. 1 x 10-' 21 5 46 
1.7 X 10- 7 650 50" 

~ 

::t 
~ ..... 
r." r--
::,. 

8 
?> 
"'-
t:I> 
0 
"t 

'" 
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l'jjixls if Ring M dhox),iaJion on the Inhibition of NOfepimp h'l1'l1 l' UptaHf and the !I.e/raM of l'l/oTlpim:phrinr by P henelhylmnines 

Vi: 
X 

Uplake of NE by ral heart" 
Release o f E from 

Rela tive mouse heart, b 

Com pOlll1cl X a f> N lD><l(M) affini lY % control N E 

Phene th ylamine 1.1 x 10 - G 100 65 
4-0CH J 1.0 X 10- ' II 102 
3.4-di-OCHJ 2.0 x 10-< 0.55 96 

Mescaline 3,4,5-tri-OCH, 1.5 x 10-l 0.007 99 
Phenylpropanolamine CH, OH 2.0 X 10- " 55 68 
Met.hoxamine 2.S-di-OCH 3 Cl-I3 OH 1.0 x 10- ' 0.11 101 
Melhamphewminc CI-I, CH J 6.7 x 10- 7 165 62 
Melhoxyphenamin e 2-0(;H CH, CH3 1. 1 x 10-· 10 66 
til-Amphelamine CH, 4.6 x 10- 1 240 58 (d); 86 (I) 

J.4-di-OCI-I3 CH, 109 

a Burge" ann Iversen (1965). 
b Daly ct al. ( 1966) (10 mg/kg s.c.). 
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stimu latory effects while dopamine was implicated in causing stereotyped 
behavior patterns. 

2.3. Serotonin 

In contrast to its effects on dopaminergic and noradrencrgic neurons, 
amphetamine has lin.lc. if any, influence on serotonergic neurons. However, 
certain amphetamine derivatives, especially those with electron-withdrawing 
subsOtuenLS on the phenyl ring, do have marked effects on serotonin 
neurons. Plctschcr d ai. (1964) initially reponed that p-chloro-N-methyl­
amphetamine decreased the brain serotonin and 5-hydroxyindoleaccljc acid 
JC\'cls but did not diminish either dopamine or norepinephrine concentra­
tions. 

The mechanism of action by which the p-cl11orinated amphetamine 
derivatives decrease S-h)'droxyindolc levels has not been completely eluci­
dated as ),CL II is known that these analogues inhibit the uptake of serotonin 
(Carlsson, 1970; Wong et ai. , 1973), release serotonin (Banholini and 
Pletscher, 1964; PlelSChcr et ai. , 1965; Wong tt ai., 1973; Gallager and 
Sanders-Bush, 1973), inhibit monoamine oxidase (Pletscher it al., 1965; 
Fuller, 1966; Fuller and Hines, 1970). and may inhibit brain tryptophan 
hydroxylase and thus serotonin biosynthesis (Sanders-Bush and Sulser. 1970; 
Sanders-Bush el al. , 1972a,b). Some or all of these actions may be responsible 
for the characteristic efft..>cLS of the chlorinated amphetamines. Inhibition of 
serotonin symht.:sis or release of serotonin might account for the reduction in 
brain serotonin levels while MAO inhibition might also contribute to the 
decreased levels of the acidic metabolite. Moreover, reccmly Sanders-Bush et 
al. (1972b; 1975) and others (Fuller and Molloy, 1974) have demonstrated 
that the serotonin and S-hydroxyindoleacetic acid levels as well as the 
turnover o f serotonin were still diminished for sc"'cr-al weeks after the 
administration of p-chloroamphetamine. These long-lasting effecLS might 
imply either a pl'Olonged retention of the compounds in the serOlonergic 
neurons or, more likely, destruction of the neurons similar to that (,"3uSt,-d. by 
5,6-<lih),droxytryptamine or 6-hydroxydopamine (Harvey tt ai., 1975). 

Certain structure- activity correlations have been made with respect to 
serotonin depletion. Neither amphetamine nor methamphetamine was active 
but both their 4-chlorinated derivatives were quite potent. The effect of p­
chlor~N-methylphenethylaminc was approximately L"quivalent to that of p­
chloromethamphct."unine (l'let.scher et al., 1964). but p-chloro-a-methylbcnzy­
lamine had no effect on serotonin levels (Fuller and Molloy, 1974) Crable 5). 
Thus, it appears that at leasl a lwo-carbon chain between the nitrogen and 
phenyl ring may be necessary for activity. but the presence of an a-methyl 
group may not be a structural requirement. However , the addition or a 
second methyl group to form chlorphentennine practically abolished the 
scrotonin-<lepleting pl'Operties (M0I1er-Nielscn and Dubnick, 1970). In con-
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T"BLt 5 
t,1futJ of AllmJlians in 1M Silk Chain m 1M SrToIo>!in.Depkling Activity of ChwrilUJl~d 

A mphr/lJmint DmoolivtJ 

OrR 
X 

Serotonin. !'>-H1AA. R X % of control % nf cOTHro l 

CH,CH(CH,)NH, !) 5~ 105-
CH,CH(CH,)NH, 4-CI ", 55· 
CH,CH(CH.)NHr:H . 10.'1 - Ill -

CH,CH(CH,)NHCII . 4-CI 32~ 40' 
CH,CH,NHCH. 4-CI 39° 50' 
CH(CH,)N H, 4-Cl 104· 
CH,C(Cli.). NJ-l , 4-Cl 9" 

9 

' PI~htr d al. ( 1964); f"fOIoni n and ~hydrox yindol~ftic acid (~HIAA) in "-. ' l>"-din 16 hr after 
intraperiw nea l ad min i.tration of dose ~uivalent to 25 mg/\g (0. I I mmol";kg) of p-<:hloro-. ... ·.meth ylam. 
phetamine. 

· .' uUer ,/ <II. ( 1 97~), Fulln and Molloy (197 4); f" .otonin and 5-HIAA in "-dt brain 6 h. afr",. 
imrapcriton cal ac lrn;n;s,nvun of O. I "''''" Vtg . 

• M" II",r·N ie["'n and Dubnirk (1970); ","rown;n in rat brain 4 hr aft",r intrn~ri ton.".1 ad nu niS1 rariol] of 
~2 mglkg. 

trast to the relative aClJvltlCS of the optical isomers of amphetamine as 
releasers of norepinephrine, the characteristic effects of p -chloroampheta­
mine and p-chloromethamphetamine on serotonin appear largely to reside in 
the I-isomers rather than the d-isomers (Mcpller-Niclsen and Dubnick, 1970). 

The position of the chloro substituent also markedly affects the activity 
of the compounds (Table 6). The effect of the meta derivative was 
approximately equivalent to that of the para derivative but only after 
inhibition of para-hydroxylation , while the ortho-substituted compound 
actually slightly raised rather than lowered the serotonin levels (Fuller and 
Molloy, 1974). The effects of dichloro substitution also varied with the 
position. 2,4-Dichloroamphetamine was considerably less active as a serotonin 
depletor than the 4-chloro derivative, but their effects on 5-hydroxyindole­
acetic acid were similar due to the potent MAO inhibitor activity of the 
dichlorinated compound (Fuller and Molloy. 1974). However, the activity of 
3,4-dichloroamphetamine was generally comparable to that of p-chloroamphe· 
tamine (Pletscher et af., 1964). These observations are consistent with the 
finding that ortho substitution is detrimemal to the serotonin-depleting 
activity of chlorinat<.'C! amphetamines. 

The effects of substitulion with other groups in the para position have 
also been inv<.'Stigatcd (Fuller et al., 1973). p-Tri£1uoromethylamphetamine 
causc..-d a small decrease in the serotonin concemration but a somewhat 
greater reduction in 5-hydroxyindoleacetic acid (fable 7). The p-phenoxy 
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TAIII.f;6 

l":fffCts of 1M PO$lIIqn of 1M ChlanM ,m IN 
SmJlrntin-Dtpkting IfChvil] of ClllorllllWd 

AmpMjal'UfI<' Dtnvatiws 

X 

4-el 
5-CI· 
2-CI· 
2.-4-di-Cl 
5.4-di-O 

rh('j-CH, 

~ N H. 

X 

SerolOnin, 
% of control 

, .. ,.. 
124-
68' .,' 

• ruller and Molloy (1974); s«oconin III nt hnin 6 
h r afl~t ;,uraperiloncal <WIm'nistr.o.t>un of 0.1 
mnoolll<.g; ., in drslllrthylimiptamine treated "'-It to 
P"'~cnl pa'" hydroxylation . 

• PlrtKhcr" <II. (1964); Ioel'Qtonin .n not brain 16 hr 
aftrr imraP"'"lloncal admmi" .... uon of cIooe lXIu'''''· 
Itnt 10 2~ mg/l<g of 4-chIoro.N_mrthylampheta_ 
mine. 

TAIIU: 7 

EJJuu of Hl'lg S",lntilu/Wn on Stn!lllllm-D"/Ikhng /l eI/III? 0/ 
Chiurmaltd 14mI'M/alit;", Dmoollw:J 

X 

4-Cl 

.-Ct', 

.-<>-© 
4-CH. 

"-OCH • 

~CH, 
JV ~m, 

X 

&rolOnin, 
'I> of conll'oI" 

,. 
80 

80 

94 

96 

5-IIIAA . 
% of control -

55 

" '13 
94 

87 

• Fuller " aI. (197'); $erneonin and 5-hydroxyindoleacffi<: add (S­
HIM) in roll brain 6 hr afler imnp"rilonal administn,ion of 0.1 
mmoll\.g. 
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substituted compound had only a slight effect on both the 5-hydroxyindole 
levels, while the p-methoxy and p-methyl derivatives were inaaive. 

Substitution on the side chain did not enhance activity and fralucnlly 
had an adverse effect (Table 8). The depletion of serotonin produced by the 
.a-hydroxy derivative was considerably less than that caused by comparable 
brain levels of p-chloroamphetamine (Fuller et al.. 1973). The JJ-dinuoro 
analog decreased serotonin but was less potent and much shorter acting than 
p-chloroamphetamine (Fuller and Molloy. 1974). 

Most substitution on the amino group also appeared to have a detrimen­
tal effect (Table 8). The exception was, of course. p-chloromethampheta­
mine. which was as potent a serotonin depletor as p-chloroamphetamine. 
The N-cydopropyJ derivative did not decrease serotonin but was a potent. 
irreversible MAO inhibitor and therefore decreased 5-hydroxyindoleacetic 
acid (Fuller and Molloy, 1974). The effects of two possible metabolites of p­
chloroamphetamine, the oxime and the hydroxylamine. have also been 
investigated (Fuller eI al., 1974a). The former had only a slight effect, while 
the latter caused a reduction in serotonin similar to that prCKiuced by p­
chloroamphetamine but appeared to be n:duced in vivo to the amine. The 
introduction of large groups on the amino group appeared to change the 
characteristK:$ of the serolonin depletion. Pletscher el al. (1965, 1970) found 
that bis(3,4-dichlorophenClhtl)-amine decreased dopamine as well as sero­
tonin and increased homovanillic acid and 5-hydroxyindo1eacetic acid. Oeriv-

TABLE 8 

EJJHI5 of Sullsirluhml ml 1M Sui, Chain ur A'lIi,IO Group 
on IN Smxonm.lkpklmg Ae/IVlI] ,if Chlori,ulIM 

,fmpl.,ta",in, Dmvaliv'J 

CI 
drCH

' 

Serotonin. 

~ R % of control-

NH. ,. 
011 NH. 8. 
diF NH, "" 

NH<J 127 

NIIQI-I " =NQH 80 

o hiler and Molloy (1974) ~nd full"r tl td. (197:\. 197411); 
5erotonin in r.t b ... i" 6 hr after imraperitooeal admmil­
traliool or 0.1 or 0.4 (0) mmoVl:;g. 
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FIG. 2. Lilly-l 10140. 

atives with other large complex substituents on the nitrogen as well as para 
nitro-substituted oom pounds had similar effects. Like reserpine, Ihese deriva­
tives may interfere with the intracellular accumulation of arnincs in storage 
granules. 

Lilly-II 0 140 [~HP-lrinuoromelh ylphenoxy)-N·methyl·3-phenylpropyl­

amine] (Fig. 2), which represents a more radical departure from the 
Slructure of amphclaminc, was found to be a very selective inhibitor of 
serotonin uptake in brain ix>th ill vitro and in vivo. Its selectivity for 
serolOnergic neurons has been demonstrated by il5 ability to prevent the 
depletion of serotonin inducL'Cl by p-chloroamphetamine without affecting 
the depiction of norepinephrine induced by 6-hydrox)'dopamine (Fuller d 

al., I 974b). LiIl),-II0140 decreased the 5-hydroxyindolcacetic acid levcls 
without affecting the serotonin conccmration bUl did reduce the turnover of 
the indoleaminc (Fu ller et at. , 1974r). These effects presumably rt.-sult from 
the enhanced activilY at serOlonergic neurons due to the inhibition of 
reuptake of neurotransmiuer. The selectivity of Lilly-l 10140 for serotonin 
neurons makes it a unique agent among the many compounds that inhibit 
the uptake of biogenic amines and offers an opportunity for possibly 
separating the functions of the catccholamines and the indoleamines. This 
compound is now being invesug-dtcd clinically as an antidepressant. 

3. CENTRAL STIMULATORY EFFECTS 

3.1. Phcllcthylaminc Derivatives 

Perhaps thc most outstanding pharmacologic characteristic of ampheta­
minc is its central stimulatory activity. A prerequisite for the eNS activity of 
amphetamine and its congeners appears to be moderate to high affinilY for 
the norepinephrine neuronal uptake. The converse, howevcr. is not true, 
since some of the compounds with the highest affinity for the norepineph­
rine uptake systems do not. have stimulatory effects (e.g., metaraminol). 
These compounds may be too polar to pass through the blood-brain barrier, 
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may be metaoolized too rapidly, or Illay be sufficiently similar in slmctu re to 
norepinephrine so that they scnre either as substitute transmiuers 01' 
stimulants of the negative feedback mechanisms of norepinephrine synthesis, 
thereby interfering with adrenergic neurotransmission, which may be neces· 
sary for eliciting the stimulant effl.'Cts (Bici, 1970), 

Although the central stimulatory properties of amphetamjne and its 
dcrivatives have been extensively invcstig-d.tcd , the multiplicity of cxperimcn. 
tal procedures and techniques used to c\wuate the stimulant cffects makes 
comparison of the results obtained in different studies difficult. Van del' 

TABLE 9 

Eff«tJ of AI/nQI.oru In 1M Silk CIIDln on Sliwfulant Artiviry <if 
PMnJliwf1rol1JlaJflIM Dml!alrwJ '" Miu 

Stimulant 
R activity· 

CH,Nli, lnaoivt 

CH, 
I 
(.H NH, In<l.cth'c 

(.H,U-I,Ntl, <, 
CH, 
I 

C H,CH NH, '00 

CH, 
I 

CH,--C-N H, 49 

I 
CI-I, 

CH.cH,CH,N H. Inacth'e 

CH, 
I 

CII,CI-I ,Cl I-N I-I , Inadi\'C: 

CII, 
I 

CH,-C-NH, In...:I;'·" 

I 
CH,C H, 

• Van del" School II iJl. (196 1); df«1 on spontal~llocomo!.or 
_th'ity of micc . dati.,c 10 the crf«t or :.,mpll<.uminc (100). AU 
wmpOll,xb adminiJlerL..:1 imrapcritone;o,lly, 
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R, 

H 
H 
H 
II 
H 
H 

II 

H 
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'T AII!..I!: 10 

EffrctJ of Sl.Imtilution on 1M Alllmo Gruup 011 Siulluiant ltc/nil? oj 
PhDlyli.JOprfJ/1Jl4miru /JmvtJljwJ ill Miu 

~CH, 
V ~-R, 

R, 

Stimulam .. aClivity· 

H 100 
CH, 168 
CHICH, 6IJ 
CH.CH.cH. 51 
(CH.hCH. 15 
(CH.l.CH. Inaclive 

CH,-g 8 

(CH".--g 6 

CH, LII. '" 
• Van Ikr School It III (1961); effect on "PO"t.:iIt>eQUf luco.llotor acli'~ly of 

mice rd3n\'c 10 the eITed of ampnel.;lminc (100), All compounds ;>dminiJ.. 
teffd inu-ap..ritoncaUy. 

SchOOL et al. (1961) have examined the stimulant effects of a large number of 
phenylisopropylamines on the spomaneous mOlor activity of mice. A two­
carbon chain between the phenyl ring and the nitrogen was necessary for 
activity. since neither compounds with one carbon nor three or more carbons 
possessed central stimulant effects (Table 9). The a-methyl group was aJso a 
significant feature of the amphetamine molecule with respect to central 
stimulation. ,6-Phenethylamine had only minimal activity compared to am­
phetamine, while phentenninc was only half as active. Thus. binding of the 
amino group to a secondary carbon atom appears to be necessary for 
maximal activity. 

Some substitution on the amino group \Vas allowable (fable 10). 
Methamphetamine was the only derivative tested that was more potent than 
amphetamine (Van der SchOOL tt ai., 19(1). larger substituents appeared to 
decrease activity as observed in the progressive reduction in stimulant effects 
as the alkyl chain length was increased. Even larger alkyl or aralkyl 
substituents led to compounds that were inactive or at best had minimal 
activity. N-Dimethylation also caused a marked reduction in the psychostimu­
lam properties. 

Substitution on the side chain also had detrimental effects (Van der 
Schoot d al .• 19(1). The ,e-hydroxy derivatives had only minimal activity, 
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while the ,a-keto derivatives retained stimulant properties but their potency 
was considerably reduced (Table II). Ring hydroxylation essentially abol­
ished the activity (Van der Schoot et ai., 1961). Other ring substituents, such 
as methyl and methoxy groups, also markedly diminished or abolished the 
stimulant properties (Table 12). 

In summary, both the J3-phenethylamine skeleton and the a-methyl 
group appeared to be critical features of the molecule for potent stimulant 
activity. N-Mcthylation was allowable and even slightly enhanced the potency. 
However, most other structural modifications, including the introduction of 
larger alkyl or aralkyl substitucnts on the amino group, N-dialkylation. side 
chain oxidation, and ring substitution, resulted in a decrease or even a loss of 
the characterislK: stimu lant effects of amphctamine. 

The configuration of the a-methyl group is also an important determi­
nant of the stimulant activity. The dextro isomers of both amphetamine and 
methamphetamine are consider-dbl), more potelll as stimulants than the levo 
isomers. Depending on the par-dmeter measured , the potency difference may 
range from two- to tenfold (Taylor and Snyder, 1970; Snyder et ai., 19700; 
Svensson, 1971; Roth et al., 1954; Van Rossum, 1970; Moore, 1963). The 
anorexic activit)' of the dextro isomers also exceeds that of the levo isomers 
(Lawlor et at., 1969). However, the two isomers are approximately equipotent 
in eliciting certain peripheral effects, such as the vasoconstriction, vasopres­
sor, and other cardiovascular effccts (Roth et at., 1954; Swanson et at., 1943). 

TABU:: II 

t.1ftcU of Su/lftdutlfm 1m tM Silk ClIoi" on Sw..u/a"' 
Artiuily oj P","]l~.'1U' Dmvatiws i .. Miu 

Stimulan' 
p N l.di,·ily· 

H H 100 
II CH, '" =0 H 51 

=0 CH, .. 
011 H • 
0 11 CH, , 
g H " 
• Van dtt Schoat" ... (1961); effect on 51)QtltanOOIlI 10<: .... 

motOl' aaivily of mice r<:lativ,", 10 Ih" dfn:! of 3mph"",_ 
mine (100). All rompouool a.imini .. cn'tL inlraprri'onl'ally. 
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T"-BLI: I!! 
f.jJlCls of Hlftg S"MIII,u.on 0" Shlffuuml AclMIJ 

of Phmylooprop,ilJ"",,e DmvaliV's in Mia 

x 

~·OH 
4-0H 
3-CIi ~ 

4-CH~ 

3·OCH, 
4·OC H. 
2·OC II. 
3,4·di-CH. 

~
CH' 

NH, 
X 

Stimulant 
aaivity· 

In3Ctl_"e 
I n;I(I;\,1' 

14 
9 

10 
5 <, 

<, 
3,4-<!i·OC H. Inaai\"(: 

• V311 d.,.. School " tJi. (1961); eff«t Oil Spont311n>1,lJ 
Iororn<.>Olor a<:tivit y of mice rda.;"" to I .... ,,1f«1 of 
amphrt.uni"., (100). All "''''poLl'''''' adm;nistc .. ,d 
inlr3ptrilonnlly. 

3.2. Structurally Modified Phenelhyiamine Derivauves 

The incoqxn<llion of the aminoalkyl side chain into a ring structure 
represents another importam structural moclifiGltion that has been made in 
the amphetamine mokcule. Two well-known stimulants, methylphenidate 
and pipradrol (Fig. 3), both coTllain a piperidine ring and can be considered 
as cydized amphetamine derivatives. Some structur,d features that are 
associated with the stimulant activity of these piperidine derivatives have 
been reviewed by Krueger and McCrdth (1964). 

Methyl-a-phenyl-3-pipcridinc acetate was considerably less potent than 
methylphenidate (methyl-a-phenyl-2-pi pcrdine acetate) (Scholz and Paniz­
zon, 1954), suggesting that once again increasing the number of carbons 
between the phenyl ring and nitrogen to three reduced the stimulant activity. 
Variations have also Ix!cn made in the ester group of methylphenidate 

FIG. 3. Methylphenidate and pipradrol. 
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(Portoghesc and Malspeis, 196 1). None of the derivatives was as potent as the 
methyl ester, and increasing the si7£ of the group appeared to progressively 
decrease the activity. However, thc free acid has also been found to be 
inactivc (Sheppard f!t ai., 1960). 

Since mcthylphenidate contains twO centers of asymmctry, IWO diaster­
eoisomers exist. The threo form of mcthylphenidate was found to possess all 
thc centnll stimulant properties while the erythro form was inactive (Krueger 
and McGrath, 1964; Shafi'ee dol., 1967; Shafi'ee and Hite, 1969). Resolu­
tion of the active racemate into its optically active forms indicated a fivcfold 
difference in activity (Krueger and McGrath, 1964). 

A5 with methylphenidate, alterations in thc structure of pipradrol that 
increased the number of carbons between the phenyl ring and nitrogen 
markedly reduced or abolished the stimulant activity (Krueger and McGrath, 
1964). Neither a,a-diphenyl-4-piperidinemcthanol (Fabing, 1955) nor a,a­
diphenyl-2-piperidine ethanol (Tilford and Van Campen, 1954) was active as 
a stimulant. Several compounds in which the phenyl rings of pipradrol were 
substituted or replaced with a heterocyclic ring have been synthesized and 
evaluated for CNS activity (McCarty d ai., 1957). Generally, stimulant effects 
were retained in derivatives containing a phenyl ring substituted with an 
alkyl, a lkoxy, hydroxy, nuoro, chloro, or dimethylamino group in the para 
position. Para substitution in both rings or ortho or mela substitution in 
eithcr ring caused a reduction in potency. Stimulant activity was also reduced 
when a phenyl ring was replaced with a 2-piperidyl, 2-furyl, 2-tetrahydro­
furyl, benzyl, or 2-thienyl group. Also, the piperidine group of pipradrol 
may be replact.xl by other heterocyclic rings (e.g., 2-pyrrolidyl, 3-morpholinyl, 
3-tctrohydroisoquinolinyl, and 3-thiomorpholinyl) without a loss of stimulant 
activity (Winthrop and Humber, 1961; Bclleau , 1960). 

The twO enantiomers of pipradrol have been prepared, and the 
levorolary isomer was found to be a potenl CNS stimulant while the dextroro­
Iary isomer was inactive (Portoghcse f!I 01., 1968). However, the configuration 
of the active form was not superimposable on the more active (dextro) 
isomcr of amphclamine. suggesting a different 1ll(."Chanism of action for the 
two stimulantS. 

3.3. Pemoline 

Pemoline (Fig. 4) difrers rrom the structurally modified amphetamines 
in having a carbonyl runction at the a-position or the side chain. which in 
turn is incorporated into a heterocyclic ring system (oxa7.0lidinone). Pemoline 
possesses mild central stimu lant properties but has minimal sympathomi­
metic properties. It has recently been approved for use in the treaunem of 
h yperkinesis or minimal brain d ysfu nction in children. 

One of the greatest limitations to the therapeutic use of amphelamine 
and related stimulants has been the development of tolerance and drug 
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~NH 
Fu:;. 4. P~moline. 

dependence. Self-administration techniques have been widely used to study 
the abuse liability of various classes of eNS active compounds. A number of 
phenethylamine derivatives, including amphetamine (Deneau el ai., 1964 , 
1969; Schuster tt al., 1969; Yanagita el ai.. 1969; Balster and Schuster, 1973; 
Hoffmeister and Goldberg, 1973; Wilson and Schuster, 1973; Yokel and 
Pickens, 1973), methamphetamine (Deneau et ai., 1969; Yanagita et al., 1970; 
Schuster tt ai., 1969; Oren el al., 1971 , 1972; Balster and Schuster. 1973; 
Yokel and Pickens, 1973), methylphenidate (Wilson d al., 1969, 197 1; 
Schuster el ai., 1969; Oren et al., 1971 , 1972), phenmetrazine (Wilson et al., 
1969. 1971; Wilson and Schuster, 1973; Schuster tt al., 1969; Yanagita. et al., 
1970), and pipradrol (Wilson et ai., 1969, 1971; Schuster el al., 1969; 
Yanagita tt ai., 1970) have been found, like cocaine. to be reinforcers of self­
administration in rhesus monkeys. 

In contrast, the psychostimulant, pemoline did not have the cdpacity to 
reinforce self-administration behavior in rhesus monkeys (Oren et aI., 1971, 
1972; Wilson et ai., 1969; Schuster et aI., 1969). Oren et al.(1971, 1972) 
trained rhesus monkeys with chronK: in-dwelling jugular catheters to self­
administer cocaine. When pemoline was substituted for cocaine, the animals 
did not continue to self-administer the drug. However, when either metham­
phetamine or methylphenidate was substituted for cocaine, self-administra­
tion behavior was maintaim.'<I. Also, drug-naive monkeys failed to initiate 
self-administration behavio,' when given access to pemoline but did start to 
self-administer cocaine or methylphenidate. 

4. ANOREXIC EFFECTS 

Another prominent pharmacologic action of amphetamine is anorexia. 
For therapeutic use as an appetite suppressant, stimulant activity represents 
an important and fn,"quenLiy a limiting side effect. Therefore, much effort 
has been directed toward achieving a separation of Lile Iwo activities. It will 
be recalled that the addition of a second a-methyl group, the introduction of 
an oxygen function at the ,B-position, and substitution of Lile tenninal amino 
group with bulky groups attenuated the central stimulant effects. Derivativt.'S 
containing these structural mooifications. e.g., phclltermine, dicthylproprion. 
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and benzphetaminc. still retain anorexic properties and have been used 
clinically as appetite suppressants. Other a norex ic agents have resulted from 
the incorporation of the amphetamine side chain into ring struclUres. such as 
the rnorpholine derivatives phenmetrazine and phendimetrazine or the 
oxawline derivative aminoxaphcn (aminorex). However, the most important 
structural modification for achieving good separation of the stimulant and 
anorexic properties of amphctamine has been the introduction of a triOuoro­
methyl group into the phenyl ring. 

Cox and Maickel (1972) have compared the anorexic and stimulant 
potencies o f selected phenethylamine derivatives in rats. Anorexic effects 
were asSCSSt..>ci by the depression of hunger-induced fOCKI intake whilc the 
behavioral effects were measured using the response rate in a continuous 
avoidance situation. Only five compounds tested-fenOuramine, p-chloroam­
phctarnine. aminoxaphen, p-chloromethamphetamine, and methamphcta­
mine-had mo re potent appetite suppressant effects than amphetamine 
(Tablc 13). However , thc separation between tlle anorexic EI\o and stimu­
lant ED~o is even more importalll than anorexic potcncy pl'T 5~. Obvio usly. 
best in this respect were the three compounds. fcnOuramine. p-mclhylam­
phctamine, and p-chlorobcnzphctamine, that possessed depressant rather 
than stimulant properties. Also, three other derivatives, chiorphelllermine, 
benzphetaminc. and p-hydroxyamphctamine, failed to cause sdmulatio n at 

TABLF. I!J 
Cfnllpamun of th~ AJlur'xit atilt Beooviuml EiffCl$ of Srkfl'd Phm']l_prof1JllllftlM DmoolllNJ In 

Roo 

Anorexia Bcha~ior H>w $<llIol/kg--t 
EDw .... 

CornllQUnd "mol/kg Stimulam DcprcsSilm 

Fenflur.lll1ir-o.e 8.7 17.3 
p-Ch Ioroamphclaminc 8.8 4.7 
Aminoxaphen 9.9 9.5 
p-Ch Ioromctham phclaminc 11.4 20.5 
Methamphetaminc 12.1 2.0 
Amphetamine 14.1 5.' 
Phenlerlllinc !J1.5 47.7 
Chlorphcll termine 31.5 >87.0 
Diclhyl propion 40.0 \!J.7 
Benzphclaminc 52.3 >133.9 
p-Melhylamphclaminc 59. 1 16.1 
p-Chlorobenlphctaminc 71.6 9l.3 
Phcnmclrarine 73.4 24.3 
PhcndimclrariTlC" 178.5 52.9 
p-H)"droxyamphctaln ine 249.7 >397.4 

• Cox and Maickd (1972) . 
• D<:.c: r"'luir~ .. L In f~u.IC !l0% {k-c ..... -~St in hungn-_induc.-d food mlakc by ral$. 

'I:"lo&<: '""'luir.-d 10 ouJe ~ incrc:l5t o r d"" ..... Je ,,, rcsponSt r.IC of rats in a conllnUOUS a.·OKIancc 
situation. 
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the highest doses tested. The only other compounds with anorexic ED:.o's at 
levels below the stimulant EDIIO were p-chloromethamphetam ine and phen­
termine. Several derivatives that have frefJucntly been used as anorexic 
agents, such as aminorex. dicthylproprion, phenmetrazine, and phendime­
u-az.inc, failed to show significant anorexia at doses below the s[imuiant level 
in this lest procedure. Thus, although the stimu lant potency of these 
derivatives may have been reduced, it appears that the anorexic activity may 
also have been d iminished by these structral modifications. The most 
selective anorexic agents appear to have resuhed from ( I) ring substitution 
with electron-withdrawing groups such as ch iaro or especially the lrifluoro­
methyl group present in fenfluraminc, (2) substitution on the terminal amino 
group with large bulky groups such as in benzphetamine and p-chloro­
benzpheramine. and (3) dimethylation in the a-position as in phemennine 
and chlorphentermine. 

Holm et at. (I960) have compared the anorexic and stimulant properties 
of a series of nuclear-substituted phenyl-tertiary-butylamincs (Table 14). The 
desired oombination of a markLxI reduction in food consumption and a lack 
of stimulant activity was achieved in compounds with chloro or bromo 
substituents in the aromatk ring. whereas methyl. methoxy. or h)'droxy 
substitution gave compounds without anorexic activity. On ly chloro substitu­
tion in the para or meta positions produced the desired efft:ct.s; the onho­
substituted derivative lacked potent appetite suppressant propenies. Uke­
wise. the meta- and para- , but not the ortho-. substituted triOuoromcthyl 

TAIIU!. 14 
AnOTn« lind SI""tl/ant t:tJI'f"IS oJ S,/ffl,d Ph,nJ,""i,., IJmooliw.s 

x 

4-el 
,-0 
2-0 
4-Br 
4-CH1 

4-OC11. 
4-0H 

a 

CH, 
(CHs). 
(CHsl. 
{CHsl. 
(ClIsl. 
(ella>. 
{CHal. 
{CHsl. 
(CHsl. 

.. Holm tI oJ. (1960). 

AnoreKia in rats· 

% ill Diet Weight change (g) 

0.025 -38 
0.05 - 38 
0.05 -29 
0.05 -" 
0.05 +27 
0.05 - 34 
0.05 ." 
0.05 + 7 
0.05 +22 

Stimulant activity 
in micr,-

DM1 · lOO(mgfkg) 

, I. 
>50 

2. 
>50 
>50 
>60 
>,. 
>50 

' OMT tOO <ldinrd as d....., n":nl3ry 10 u u.,., to<J'l, me."" ... in sponuneou. motor ;O(li"ily of mice. 



TABU: 15 
Effects of N-Subslitutwll 011 1M A_~ A( flvtl] of Phmyillopropyimlli", Dnivallwl m Roo 

V)CH, 
~- R , 

R, -. % I nhibition 
R, R. mglkg or rood intake· 

II " 
, 2G 

CH.-o CH. 50 47 

CH·V " 50 " 
CII, 50 ., 

C1 

CH·-<O>-CI H 50 I. 
CI I. 50 50 

CH.-o-Br " 50 20 CH, 50 0 

CH.-o-F H '0 0 

CI-I . 50 6 

CH,-O--CH. II 50 7 CH, 100 15 

CH.-o-0CH. II 50 0 

CH. 100 12 

CH.-Q II 50 48 

CH. '0 61 CF, 
CH,-CJ II 100 17 

CII, 100 55 

CH.-C) " 50 0 

CH, 100 0 

CHD II 50 16 

• S C 1-I, 10 " CH·
U 

II 100 16 I I 
S CH, 100 34 

-BoiJltttlal. (1966). 
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phcntennine derivatives retained appetite suppressant activity but were not 
superior to the p-chloro derivative (Beregi tI aJ., 1970). 

Boissier et ai. (1966, 1970) have compared the anorexic activities of 
various N-substilUted phenylisopropylamines (fable 15). The introduction of 
benzyl, substitut(.-d benzyl, and furfUl),1 groups gave compounds that pos­
sessed appetite suppressant effects but were somewhat less potent than 
amphetamine. In this seril."S, the tertiary amines were generally as active or 
more active than the secondary amines. 

Fenfluramine and other trifluoromethyl-substituted derivatives arc out­
standing among the phenethylamine anorexic agents in possessing potent 
appetite suppressant effects but minimal central stimulant and vasopressor 
effects. A detailed investigation of the structure-activity relationships of the 
trifluoromethylphenylisopropylamines has been conducted by Beregi et 01. 
(1970). 

The effects of ring substitution arc summarized in Table 16. Compared 
to amphetamine. the fluoro- and trifluoromethyl-substituted derivatives 
generally retained polCnt anorexic activity in both rats and dogs but were 
significantly less toxic in mice. Substitution in the pard or meta positions was 
more favorable than in the ortho position. However, the most notable 

T,4,8I.E 16 
E/futs if I'll/oro tllld Trifluurmnl'lhyl SurulihdlQfI 1m 1M AflQr..xlc Art,...,/] tf PhfflylUofrru/'JIaJllm'J 

Ii"'YYCH, 

~ ~H 
X R 

Anorexia" 

X • Rat ~ nog' 

H 4.4 0.9 
'.F II .., 2 

'·F H 7.,. 1.5 

2-F H 15 I 
'i-Cf, " 

, 8 
3-C;f, " 2 2 
2-CF, H >'0 >20 

4·CF, CH.CU.OCO--© 20 10 

3-CF, CH.CII.OCO--© 5.' 7.5 

2-<.:F, CH.CII10Ca-@ >20 >20 

• 6cn:g> if AI. ( 1970). 
·Ora] d<* {nlgfkg} thaI IllhibiR-d food Int~ kc of rat5 by ~ for 2 hr. 
• MinI"",] ora! dose llut dda~nl food ingellion by dogs for 2 hr. 
• Acut~ toxicny. mglkg, i. p. 

Toxic;ity. 
ltlOU5e·" 

" 4" 
" 100 

153 
,. J 

171 

108 
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TABU: 17 
1;1/«U of AltmJtloru f!! 1M Sid~ Chain on W AlIlfft'Kll' A(hVli)' of 

Tnflll(f1l)ftfrlhJI-SubslitIlIM Phroyliwprofryla rni,jf Dmval iVl'$ 

0'. 
cr, 

Anorexia.·~ T oxici! ).· .. 

• ~, mou se 

ClI,CII, NI I, > 2. 13 1.5 

CHI 
I 

CII,CIINII, 2 51 

CH, 
I 

CH,CH,CHN H. >20 152 

CH,CH. 
I 

ClI,(;H NH, >20 ". 
CH, 
I 

CH,CN H, I. 127.5 

I 
(;H, 

• 8crqi tt Ill. (1970). 
"()nr,1 dote (mglkg) that i " h,bot~..t food intak" of r.1U by 50% for 2 hr . 
• Awt'! toxi<:ny. mglk,. i.p. 

feature of the triOuoromethyl derivativl.""S was the lack of central stimulant 
properties (Bcrcgi et ai. , 1970). 

Most modifications of the basic phcn ylisopropylamine skeleton resulted 
in a marked decrease in ihe anorexic activity (Table 17). In the trinuoro­
methyl series, the separation of lhc phenyl ring and the nitrogen by no more 
than two carbons and the presencc o f an a-mcthyl group appearl.x1 to be 
essential for maximal anorexic activilY. Howc .... e r, one allowable change was 
the introduction of a second Illc!.hyl group in the a-position . 

The effl.'Cts of a variety of substituents on the amino group have also 
been determined (Bcregi et ai., 1970). Many monoalkylated derivatives 
retained high potcncy as anorexic age nts and, most significantly . excrted a 
considcrably smaller vasopressor effect in rats (Table 18). For example, the 
rise in blood pressure with the methyl and cthyl dcrivativl.'S was only one­
quarter !.hat produced by the unsuhstituted analoguc. Othcr compounds that 
possessed good anorexic activity wi!.h minimal vasopressor effects includcd 
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TA IILE 18 

t.ffKIs ,if N-.\ fUflotJlkylahon em WAI1Of'('XIC alill YtI.IOf1mJUr ;fCtit1iJ tJ/Tr7jlUOf'um,thyJ-SIlMhtulffl 
PltmylisQ/lr"o;,JoJffmt Derivaln.Yf 

~CH' N- R 

H 
CF, 

Anorexia.·~ Vasopressor, .z 
R ~, ~, 

fI 2 +.00 
CH~ 6.8 +2< 
CHICH, (Fcnflununine) '.2 +27 
CH.CHaCH, 10.4 +21 
CH(CH.h 8.7 ° (CH.hCH. to ° CH.CH.ct .0 +15 
CH.CH==CH. 8,4 +17 
(;H.c..:H 7.6 +11 
CH.CH=CHCH. >20 
CH.UI=qCHah >20 

• Ekrqi rt .. (1970). 
• 0.-aJ doIoe (mgl\.g) mal ",hibne<! rood imak .. of rats by 50'!\ for 2 hr. 
' 1 1'ICn:~ in blood pr~u (mm Hg) rolk:»o'ing ;n t"..-enol., dmc uf" mg/kg 
• A( ult 1000icit y. rug/kg. i. p . 

To"icil y,·~ 
mouse 

" 13O 
71 

" 142 

".6 
123.4 
I~J 

283 
78 
79 

the propenyl and propargyl derivatives. Ho ..... ever, somewhat larger substi­
(ucnts on the amino group resulted in a loss of the appetitc-suppressam 
effects. N-Dialkylation generally led to a marked decrease in activity (Table 
19). 

Various other derivatives. including amides. cArbinols, ethers, and esters, 
..... ere also synthesized and tested (Beregi t t al., 1970). Only one of the amides, 
the propinyl derivative. possessed significant anorexic activity and had quite 
low toxicity (Table 20). In the series of carbinols, ethers, and esters, a two­
carbon chain between the nitrogen and hydroxy group was found to be 
essential for good activity (Table 21 ). The elhers were generally more toxic 
and less active than the hydroxycthyl derivative while esterification of the 
hydroxylalkyl group was more beneficial. The anorexic activity of the alkyl 
esters was only slightly reduced and their toxicity was unchanged . In 
contrast, the toxicity of many aryl and aralkyl esters was substantially 
decreased while the activity was maintained. thus resulting in high therapeu­
tic ratios. However, large differences frequently existed in the oral and 
intraperitoneal toxicity of these derivatives. No consistent effeCls were 
observed with substitutions in tlIe phenyl ring of these esters. The final 
group of compounds tested by Beregi t t ai. ( 1970) was the amino add 
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derivaLives_ Generally the presence of one carbon between the nitrogen and 
carboxy group .... 'as required for ~tent anorexic activity (Table 22). 

The potencies of the optical isomers of certain trifluoromethyl deriva­
tives have been compared by Beregi it al. (1970) (Table 23). The dextro 
isomer of fenfluramine was more active than the racemic mixlUre, which in 
tum was more active than the levo isomer. This relationship was valid for 
most of the derivatives tested but cerlain excepLions occurred. For example, 
the racemic mixture of 5-992 was more potent as an appetite suppressant in 
rats than either isomer while in dogs the order of potency followed the 
general trend (d > dl > I). 

Several conclusions can be drawn about the structun .. --activiIY relation­
ships of the trifluoromethyl-substituted phenethylamines from this dt..'1.aik .. d 

T"lIu 19 
Effnls if N-DUJlkylsliull 1m 1M A.wrnm- 0...4 Yf1W/"rUCf" Actnnty <(TnjluC1'fQMrlh]l-SubJIIIUlrtI 

PJimJAAlprfJ/lJldllUlIn 

Y'tCH' 

CF, 

Anorexia.· ... Vasopressor.·'" 
R ~, m 

NH, 2 + I ()() 
NHCH, 6.8 + 24 
N(CIIa), 20 
N{CH.CH,}, 2. +48 

CH, 
/ 

N >20 + 15 

" (CHJ,CH, 
CH, 

/ 
N 15 

" CII.C-C;H 
CIi, 

/ 
N >20 + 2. 

" ~ CI I,C 
N(CI I,), 0 >20 + 1\5 

• fkrq; I'f til. (1910). 
·0 ... 1 dote (mglkg) that ",hibnrd food imak of ral5 by 5Qi, for 2 hr . 
• l"crease in blood preuure (mm lIg) folk" ... i"8 lntra,'enous d...., of!) mglkg. 
"Mule tOl<icilY. mg/kg. i.p. 

Toxicity.·.., 
mou$C 

51 
13. 
144 

'" 
14' 

2.' 

600 

35 
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T AIILI~ 20 
1'11"1.1 of At]/nJi",! 0 11 I~ AlIMtXl( AC/IVIiy of Tnjluor(;tNth]l-SllbsJltuttd 

PMnJlisopmP1Io .... "" Dn'iva/iVl'f 

yrcCH' NCOR 

CF, 
Anore"ia,o,t To"idl) ,· ... 

• '" rnou~ 

CH, > 20 75. 
CH,C}I. 4.3 2000 
CH,C! > 20 > 2000 

© ,. 900 

NH, > 20 1500 

CH1CHI-Q >2. '00 
• Rr:rcgi .( ill. (1970) 
• Ora] d..- (mgf"g) Ihill inhihil~ food intak~ of r:o,. by 50% for 2 hr. 
• Arut<: IOXI(;I~. mg/kg. ip. 

study. Most notably. uifllloromethyl substitution resuhed in a loss of stimu­
lant properties. Substitution in the meta position was mos' beneficial in 
retaining anorexic auivily while ortho-substituted derivatives had only mini­
mal activity. As was true in the unsubstituted phcnyJisopropyJamine series, 
the distance between the amino group and the phenyl ring was restricted to a 
two-carbon chain and the binding of me amino group to a secondary carbon 
atom was necessary for maximal activity. Small substitucnlS in the amino 
group ..... ere allowable and the formation of secondary amines led to a 
marked reduction in the vasopressor effects. In contrast to the amphetamine 
series, the illlroduction of large substituenLS and disubslitulion on the amino 
group tended to decrease or abolish the anorexic activity. Hydroxyethyl 
substitution on the amino function was beneficial, and some of the aryl and 
aralkyl csters combined potent anorexic activity and low toxicity. However, 
there are indications that the N-hydroxycthyl group is cleaved metabolically, 
thereby yielding the primary amine. 

5. I HIBITJON OF MONOAMINE OXIDASE 

The presence of an a-methyl group protects amphetamine from rapid 
degradation by monoamine oxidase (MAO) but amphetamine still retains at 
least moderate MAO inhibilOry properties. However, this MAO inhibitory 
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TAlIl.t 2] 

A'!(I't:ric AelUn? oj HJdrOXJlllJryl DmvaJ~J ojTrif/uOf"OJrUI4y1.suiJshtuled PhnlyliJoprnpylamin ~J 

• 
CH,CH.oH 

CH,CH,C H,o H 

CH,C H,OCH,CH, 

CH,C H,O-O> 

CH,C H,OCOCH, 

CH,C H,DCOCH,CH, 

CHIC H,oco--Q 

CH,C HIOCO-Q-F 

CH,CH,oeO O -CI 

CH,C H,OCO-O-CH, 

CH,CH,oeO ·0- NH. 

CH,C H,OCO-Q NO. 

CH,cH,OCO-Q 

CF, 

CH.CH.OCOC H.-Q 

QlfCH' N-H 
I 
R CF, 

Anorexia.· .. 

'" 
5.2 

>20 
10 

>20 

10 

10 

5.4 

7.5 

15 

10 

15 

20 

5 

10 

• SereS; ~I at. (1970). 
·Oral dose (mglkg) Ihl inhibited food im",ke ofr.,) IJ1 ~ for 2 hr. 
' Acute t"~idty. mgl1r.g. i_po or p.o. (0). 

Toxicity, · '" 
mou$(' 

18. 
'00' 
207 
118 

100 

125 

t7S 

108 

" ... 
1000' 

I .... 

1000' 

'00' 

1000' 

75O' 

150 
1000' 
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T ABLE 22 
Anorm.: A f.fivil] of Amino AcUi Drnvatiw.1 of Trif/lUJromtlhyl.Sub$ljluud 

PlimyiJJoprof1)1amill tJ 

Q!fCH' N-H 
k CF. 

Anorexia,·" Toxicity,· ... 
R m mouse 

CH.COOH 4 125 
.''>00· 

C H.CI-I.COOH " '00 
CH.CON H. 7.5 3:,0· 
CH.CONli CHs '.0 250 
CH.CON(CH,). 7.5 150 
CH.CONHNH. 4 250 

• Ber"gi </ al. (I 'J70). 
·0r.0.I dose (mgll g) , hat inhibi,~-d fuo<l jn13kc of r:!.IS by 50% ror 2 hr . 
• AClIt" toxicity, rug/kg, i.p. or p.o. (oj. 

efra:t can be markedly enhanced by certain structural modifications. Three 
potent, ilTeversible MAO inhibitors, tranylcypromine, phcniprazinc, and 
deprenyl (Fig. 5), have been derived from relatively simple changes in the 
amphctamil)c molecule. 

Incorporation of the a-methyl group into a cyclopropane ring led to 
tranylcypromine (Burger and Yost, 1948; Zirk1e and Kaiser. 1964). When 
this group is "tied back~ in such a fashion, it exposes the amino group, 
thereby facilitating receptor illleraction and binding. Furthermore, the less 
stable cyclopropane ring could conceivably contribute to the increased 
binding with the receptor protein through a ring-opening reaction. Tranylcy­
promine is about 5000 times morc potcnt as a MAO inhibitor than 
amphetamine, and judging by its duration of action it is probably an 
irreversible cnzyme inhibitor. RL'Ccndy it has been recognized that MAO 
exists as at k-ast two isoenzyml.'S with different substrate specificities and 
difTerelll affinities for inhibitors (Neff and Yang, 1974). While amphetamine 
has been found to be about 50 times more effective as an in vitro inhibitor of 
rat brain mitochondrial MAO when serOlonin is the substrate than phenethy­
lamine, tranylcypromine was aix>ut 15 times more potent in blocking 
phenethylamine oxidation than serotonin oxidation (Fuller, 1972). Tranylcy­
promine shares some of the other pharmacological properties of ampheta­
mine. It also possesses eNS stimulant effects and has the ability to inhibit the 
uptake of norepinephrine and to release norepinephrine, but is considerably 
less potelll than amphetamine in all these aaivities. 
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TABLE 23 

AIIOI'"<'XIC Acfiviry of l wmm of TnJllIQY(I",uflaJl-S~b$Jlfukd P~"~IflI'" iHnuaflVf'$ 

• 
CIIICII, 
(Fcnfluramine) 

CII.CH.~"---'D' 
(S-992) ........... ~ 

• Ikrcgi " .oJ. (1970) 

QtCH. 
N-H 
k 

CF. 

Anorcxi.· 

l.solller .. ,' Ooj( 

dl ;, 6.5 
d '.8 4.0 
1 10.0 21.2 

dl ,.. 7.5 
d 12.5 '.0 
1 >50 15.0 

• Onl d<no: (mglkg) Ihal onhiboted food IIlUU of rali by ~% for 2 hr. 
• Mmi ....... 1 oral dose .. hoch dda,"flI food ing-elhon by dvgs for 2 hr. 
• Acul~ toxicity, mglkg, i.p. 

T oxicity,· .... 
mouse 

71 
60 

10.';.2 

"00 
'00 
850 

'9 

A marked increase in the MAO inhibitory activity can also be achieved 
by substitution of the amino group of amphetam ine with a hyd,.lZine mok>ty. 
thus produdng phcniprazine (Biel et at .. 1964), A similar change in the 
structure of phenethylamine leads to the formation of phenelzine. The 
highly reactive hydrazine group causes a pronounced, irrevcrsible inhibition 
of the enzyme that lasts for several days, Pheniprazine dcmonstrau.'S rela­
tively little substrate specificity. being only slightly morc f:Mltent in inhibiting 
serotonin ox idat ion than phenethylaminc oxidation (Fuller. 1972). Like 
tranykypromine, pheniprazine also retains moderate eNS stimulant activity, 
but it lacks any significant anorexic properties. 

The introduction of a propargyl group on the terminal am ino group of 
methamphetamine produced deprenyl, anOlher potent, irreversible MAO 
inhibitor (Knoll and Magyar, 1972). Deprenyl is considerably more active in 
blocking the oxidation of benzylamine than serotonin. A marked steroospe­
dncity was evident in Lhe in vitro and in vivo MAO inhibitory effects of 
deprenyl with the levo isomer being considerably more potent in both brain 

9H• 

o-~-CH-NH' 0-1 CII,CIi -NHNH, 
CII, .h' 

CH. 

o-
CH.cH-N-CHIC~CH 

CH. 

~-I G. !i. T ranylcypromine, pheniprazine, and depn:n~1. 
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and liver. However, the d·isomcr proved to be considerably more effective in 
blocking the uptake of norepinephrine in rat brain slices and had much 
greater eNS stimulant activity than the I-isomer. Deprcnyl, especially the I· 
isomer, is unique among MAO inhibilOrs in lhal it blocked the tyramine­
induced pressor effects on blood vessels and the contractile responses of the 
cal nictitating membrane. One of the greatest drawbacks to the therapeutic 
usc of MAO inhibitors as antidepressants has been the occurrence of 
hyperlcnsi\'c crises precipitated by the ingestion of tyramine-rich foods, such 
as cheese. The lack of tyramine potentiation and possible antagonism of the 
effects of tyramine should minimize the risk of the so-t:alk:d cheese reaction 
following the administration of deprcnyJ. 

6. PSYCHOTOMIMETIC EFFECrs 

Amphewmine administered chronically in increasing doses may produce 
severe symptoms of paranoid psychosis within as short a time interval as five 
days (Ellinwood , 1967, 1968; Griffith tl al.. 1968). This inherent psychoto­
genic propensity of amphetamine was enhanced by polyalkoxylation of the 
phenyl ring. Several memoxyphenethylamine and methoxyphenylisopropyl­
amine derivatives have been synthesizl.'fi and tested as psychotomimetic 
agents in man (Shulgin tI al., 19(9). The potency of each compound was 
compared to that of mescaline (3,4,5-trimethoxypheneihylamine), a weU­
known hallucinogen that occurs naturally in several cacti, including Lopho­
phoru tdlliamsii. The addition of the a-methyl group appeared to enhance 
the activity as the methoxy analogs of amphetamine were generally consider­
ably more potent than the corresponding phenethylamines (fable 24). 
Replacement of the a-methyl group with a n ethyl decreased the psychotomi­
metic effects. 

A lotal of three methoxy groups appeared to provide optimal activity in 
the phenylisopropylamine series (Shulgin tl ai., 19(9). The mono-, di-, 
and tetra-substituted derivatives were less potent than ccrtain trimethoxyam­
phetamincs (rablc 25). However, the positions of the memoxy groups had a 
marked effect on activity (fable 26). For example, 3.4.5-trimcthoxyamphe­
tamine was approximately twice as potent as mescaline, while 2.4,5-tri­
memoxyamphetamine was 17 limes as potent as mescaline. In general, para 
and ortho substitution enchanced activity, while meta substitution decreased 
it. Replacemelll of the para methoxy group with an ethoxy group had littlc 
effect on the pot.ency, but ethoxy substitution in the ortho position tended to 
reduce activity (fable 27). Howe\'cr, the introduction o f a memyl group in 
the para position led to a marked rise in the potency. DOM (2,5-dimethoxy-
4-melhylamphetamine), also known as STP, is one of the most potent of the 
psychotomimetic phenylisopropylamines, presumably due to reduced meta­
bolic degradation in the pard position (Snyder et al., 1970a). 
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TA,sL.£ 24 
tffu/s <I cr.Mdh),i4t.oo on IN P.rychlllOffU_hi: 

PotNIC'J of MflhoJtyphmllh)wm.,u Dmval.W$ In Man 

~:, 
X 

Relm i\"e 
a X pot.,uq" 

H 4-OCU. < I 
CH, 4-OC U, 5 
H 3,4-d i·OC U. <0.2 
C II. 3,4-di·OC H. <I 
II 3.4.S-tri-OCH. I.' C H, 3,4,S-tri-OCH. 2.2 
fI 2.4,5-tri·OCII . 1 
CH, 2.4.5-tri_OCII . 17 

• Shulgm 1/ 01. (196')); l>Olcncy rela!i.·e to !h~! Dr m~;o. 
linc ( 1.0). 

31 

T he incorpor.'Ilion of IWO adjacent mcthoxy groups imo a methylene­
d ioxy ring gencrally caused no loss of aClivif Y and frc...·q ucmly led to a d istinct 
increase (Shulgin d al.. 1969). For cxample. the relativc potency of 2-
mClhoxy-4,5-methylenedioxyam phelamine (12) was generally comparable to 
lhal of its analog, 2.4,5-trimcthoxya mphctamine (17), whilc 2+methoxy-3,4-
mClhylcnedtoxya mphctamine (10) was considerably more potent than its 
correspond ing trimethoxy analog «2) (T able 28). 

TABU[ 25 
Psyh«lJrrIi",ttiL PoU7Il, of Ml17Io-, D,_. and T~lramflh(/xJamphllami ," 

DnlVtJlitwl ill Man 

2 

H 
OCH. 
OCH, 

H 
OCU. 

'Vt' eH, NH, 
• , 

Ring 5ubMituenu 

, , 5 6 

H OCH, H H 
H H OCH, II 
H OCH, fI II 

OCH, DCH, H II 
OCII. OCH, OCU. II 

Relative 
polenLY" 

5 
8 
5 

< I 
6 

"Shulgin" aL (1969); poo«:ncy rrl.om-e u> tha. nr maahne (1.0). 
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T ,UlU: 26 
Psyrhotrm/j1Il(/1C PoUnry of Trilfll1/wxwJmpNto.IfI'''' Dmvatll"S III Man 

2 

OCH~ 
OCH, 
OCIi, 
OCH, 

II 
OCIt~ 

,Arl-CH, 
-V rm. 

, 
Ring substituenu 

, 4 5 6 

H OCH, OCH, H 
OCU a H I! DCH, 

H OCU, H OC~I, 

OClia II OCH, H 
OCH, OCH, OCH~ II 
OCII. OCH~ \I Ii 

Rl'bli\'c 
potency· 

17 

I' 
10 
4 
2.2 

<2 

• Shulgin or aI. (1969); IJoOtcnry rda~i,'C 10 thaI of mauJ;"" (1.0). 

The ps),chOlomimetic activity of the phencthylaminc d{:rivatives has 
been correlated with the ability of lhe structures to form a ring system that 
..... ould closely resemble the C ring of LSD (Snyder el ai., 1970a). An onho 
methoxy group that could assume a relatively rigid spatia1 conformation 
would be necessary for the formation of such a ring system. The presence of 
a second mcthoxy group in the meta position and therefore adjacent to the 
ortho methoxy group would sterically hinder the ability of the lauer to fulfill 
this requirement. Thus, compounds with methoxy groups at both c; and C3 

or Ce and ~ would be relatively wcak psychotomimetics, while compounds 

TAIII.'" 27 
EJJN:ts (>f t."tlwxy and Ahthyl Su/ntltuJ.fm of Trilfldhoxya",plltto. .... llt 

Dmuativa III Mo n 

2 , 
OCH, I! 

DC,H, II 
OCH, H 
DCH, H 
DCH, H 

ur' CH, 
-V- NH. , 

Ring substituenu 

4 5 

OCB. OCH, 
OCH. OCH, 
DC,H, OCH, 
OCIt, DC,H, 
CII I OCH, 

Rdati~c 

6 potency· 

H 17 
H <7 
\I 15 
\I < 7 
H 80 

• Shul8"'n or aI. (1969); potenq rebti"e to that of met<2lioe (1.0). 
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TABU; 28 
PSJCIwI(J"'I~IU: PotfllC] of M tthJlnudiO%]-SubMitUlal Amphe/amw~ 

DmL'(lIIl!n '" M CIn 

, 
H 

OCl~ 

DCH, 

, 

, 
~CH, 
-V, NH. 

, 
Ring subniwcms 

4 5 

O----CH.-<> H 
Ii O---CI-I.-<> 
O----CH.--o H 

O----CH,--() OCH, H 
H OCH, O---CH,-O 

OCH, O--(.;H.--() OCH, 
OCHI OCH, O--(.;H.-O 

H OCI-~ 0--(.;11,-0 

Relali\ t 
fi potency~ 

H , 
II " H 10 

H , 
" 2.7 
H " H 5 
H < I 

• Shulgin (' aJ.. (1969); pW:ncy ~buve 1(> that of IMSGIline ( 1.0). 

with unhindered ortho-substituems should be among the most potent 
derivatives. In the mcthylenedioxy series, incorporation of the methoxy 
groups at the 3 and 4 positions into a ring lessens the steric hindrance of the 
methoxy group at Ca and thus might enhance the potency of such com­
pounds. 

Thus, the addition of methoxy groups changes the activity spectrum of 
the amphetamine derivatives rather drastically. As well as enchancing the 
psychotogenic propensilY of !.he compounds, progressivc methoxylation of 
the phenyl ring practically abolishes the ability of the compounds to inhibit 
the neuronal uptake of norepinephrine (uptake I) and to release norepi­
nephrine from ilS binding sites (Burgen and Iversen, 1965; Daly d at., 1966). 
Therefore, unlike amphetamine, these drugs presumably do not exert their 
characteristic effects through norepineph rine as an intennediate neurotrans­
mitter, but perhaps rather through a din .. "Ct interaction with the receptor. 
Although mcthoxy substitution in the phenyl ring abolished the affinity of 
the compounds for uptake I, it appeared to incrcase the ability of the 
phenethylamines to inhibit the accumulation of norepinephrine by the so­
called second uptake system (Burgen and Iversen, 1965). Norepinephrine 
and normetanephrine are also taken lip extraneuronally in sympathetically 
innervated tissues by a process thought to be similar to uptake 2. The 
potency of the trimethoxyamphetamine derivatives as inhibitors of normcta­
nephrine uptake by this system was found to correlate with lheir hallucino­
genic potency (Hendley and Snyder, 1971 ). For example, 2,4,5,-trimethoxy-



J. H. 81RL AND B. A. IJOPP 

amphetamine. 2.4,6-trimethoxyamphetamine. and OOM were highly active 
as uptake inhibitors and were among the most potent ps),chmogenic 
compounds in man. Conversely, 3.4.5-, 2,3,5-. and 2.3.4-trimethox}'""<!Olphc­
tamines were all quite weak both as psychotomimetics and inhibitors of 
normetanephrine uptake. This finding led to the suggestion that the site of 
action of tht'SC drugs may be relalcd to the site of normetanephrine uptake. 
which may possible involve the postsynaptic norepinehprine receptor. 

7. SUMMARY 

Amphetamine remains the medicinal chemist's "Cinderella" molecule. 
No other compound has displayed such a plethOl"a of phannacological, 
biochemical, and ph)rsiological effects, which have endowed this drug with a 
variety of thenlpcu tic applications and made it a highly effective tool ror the 
pharmacologist and biochcmist in the study of the role of neurotransmiuer 
am ines in the cOlllrol of the emotional state and the chemical etiology of 
certain mental disorders. Nor have many other molecuk"S St:r\led as so 
versatile a starling base for the synthetic elaboration of a host or novel 
therapeutic agents. 

Pharmacologically. amphet.nnine JMr S~ is a potelll cemral stimulant. 
vasoconstrictor, anorexigenic agent , uptake inhibitor, and releaser of dopa­
mine and norepinephrine at the neuronal level. Therapeutically. these 
phannacological and biochemical properties of amphetamine translate imo 
drugs for the trcatment of mild depressions. fatigue states, hyperkinesis, 
nasal congL""Stion, and obesity. 

From the standpoint of human toxicity, the chronic abuse of ampheta­
mine has lead to severe drug addiction. paranoid psychosis, and ultimately 
death, when high intravenous doses of the drug are self-administered. Its 
biochemical properties of releasing dopamine and inhibiting the cellular 
uptake of dopamine coupled with its ability to produce stereotypical behavior 
in animals have given rise to the plausible hypothesis that the neutransmiuer 
dopamine may be implicated in the chemical genesis of psychoses. Further 
credence in support of this hypothesis is lent by the major antipsychotic 
drugs. all of which are potent antagonists of dopamine and the fact that 
increasing doses of amphetamine can precipitate a model psychotic state in 
humans within a period of five days. 

Even morc fascinaLing has been the impressive array of drugs that have 
resulted from the diverse molecular modification of the amphetamine 
molecule: nonaddicting antiobesity drugs. antihyperkinetic agents, potential 
antidepressants (sekctive inhibitors of serotonin uptake) devoid of the 
anticholinergic properties of the [ricyclics, irreversible MAO inhibitors in the 
treatment of hypertension and mental depf(,:-ssion, long-acting na~l decon­
gestants. and powerful psychotomimetic agents. More recently, cyciil.alion of 
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FIG. 6. Wy·1 6225. 

the amphetamine side chain has yielded a potent, nonaddicting analgetic 
agent (Fib'll re 6). 

Thus amphetamine remains a valuable laboratory tool for the bioche­
mist and pharmacologist, a seemingly inexhaustible starling base for the 
synthetic medicinal chemist in the design and development of novel medici­
nals, and the wellspring of a continuous flow of novc1lherapelilic agents for 
the practicing physician. 
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