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Sumatriptan is a synthetic drug belonging to the triptan class, used for the treatment of migraine
headaches. Structurally, it is an analog of the naturally occurring neuro-active alkaloids
dimethyltryptamine (DMT), bufotenine, and 5-methoxy-dimethyltryptamine, with an N-methyl
sulfonamidomethyl- group at position C-5 on the indole ring.

Sumatriptan is structurally similar to serotonin (5HT), and is a 5-HT (types 5-HT1D and 5-HT1B) agonist.
The specific receptor subtypes it activates are present on the cranial arteries and veins. Acting as an
agonist at these receptors, sumatriptan reduces the vascular inflammation associated with migraine.

The specific receptor subtype it activates is present in the cranial and basilar arteries. Activation of these
receptors causes vasoconstriction of those dilated arteries. Sumatriptan is also shown to decrease the
activity of the trigeminal nerve, which, it is presumed, accounts for sumatriptan's efficacy in treating
cluster headaches. The injectable form of the drug has been shown to abort a cluster headache within
fifteen minutes in 96% of cases
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The chemical structure of agomelatine is
very similar to that of melatonin. Where
melatonin has an NH group, agomelatine
has an HC=CH group. Thus melatonin
)J\ contains an indole part, whereas
agomelatine has a naphthalene

MeO [ i bioisostere instead

‘ Agomelatine(Valdoxan) as an Antagonist

Agomelatine is an antidepressant. It is marketed for the treatment of
major depressive disorder and has been reported to have a reduced
level of sexual side effects as well as discontinuation effects compared
to some other antidepressants. Agomelatine may also have positive
effects on sleep. Agomelatine is a melatonin receptor agonist and
serotonin 5-HT2C and 5-HT2B receptor antagonist.
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from 6.7 to 7.2 A, respectively. It has been speculated that ring A is
not required for binding and acts as a spacer. Ring B can be more
important for binding, and associated hydrophobic binding regions

have been proposed.
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Granisetron is a serotonin 5-HT3 receptor antagonist used as an anti emetic to
treat nausea and vomiting following chemotherapy. Its main effect is to reduce the
activity of the vagus nerve, which is a nerve that activates the vomiting center in the
medulla oblongata. It does not have much effect on vomiting due to motion sickness.
This drug does not have any effect on dopamine receptors or muscarinic receptors.
A granisetron transdermal patch with the trade name Sancuso was approved by the
US FDA. Granisetron breaks down slowly, staying in the body for a lIong time. One
dose usually lasts 4 to 9 hours and is usually administered once or twice daily. This
drug is removed from the body by the liver and kidneys
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3l oo Gl azin 6 59, 0 e 3l am Joles ol s Oloj 3l o ool 9 (398 50 oS

el SSRI 0ot (32 i0s 45 8" (50 (23, 1y lagls SARIN blisl L 5 WSNDRI LaSNRI LaSSRI (55, Lo

oS by o (29015 dples (o0 odalie ) mae sla (il par sk Ller Sl ol jea 4 (S5 il s slag,ls Sl golaws 5 Jsaz o
adls ol o8 cunbly b s Jgazr sla sls Sl am adl sl Sge 55 5ueliss 9 ool ol 2 R 9 55,5559 e pesw 2 o Kilg5 (o0
9 orl9d p olaie Jiilgs (m 9)l5 93l &5 o) ul 103 57 A8 Sao S5 elgs piew 03 b omblE 9 bl e slag)ls 6 die il
owgi9 e ¢ triple reuptake inhibitor ) TRI > Ly SNDRI Ly SNRI IS ,5b 45 398 Jgaz slagls. sl axsls L6 0,8 olhgs cuicmen
el (o0 (02,8 g 9 oeligs

(lasS a4z g5 r:l,g,.ll:.._uu il cuwl i OBP I 5I) olicolais| a5 tsiL‘”)b &l 00l oo)gT @L‘LT LSl)-E b o »J Jya=)
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34 GENERATION ANTIDEPRESSANTS ; HETEROCYCLIC ; SNRI ;

Sedation  Anti-muscarinic Serotonin Norepinephrine Dopamine
Drug

Amitriptyline +++ ++4 + 4+ +4
Amoxapine ++ +4+ 4 + 4 +
Bupropion 0 0 +,0 +,0 ?
Citalopram 0 0 +4++ 0 0
Clomipramine 44 ++ +4++ +++ 0
Desipramine + + 0 +4+4+ 0
Doxepin (Sinequan) +++ +++ ++ + 0
Fluoxetine + + +4+ 0, + 0, +
Fluvoxamine 0 0 +4 4+ 0 0
Imipramine (Tofranil) 4+ +4 +4++ ++ 0
Maprotiline ++ +4 0 44+ 0
MirtazapineZ_ +++ 0 0 0 0

fazodon ++ +++ +,0 0 0
Nortriptyline ++ ++ + 4+ +4 0
Paroxetine + 0 4+ 0 0
Protriptyline 0 ++ ? +++ r)
Sertraline + 0 +++ 0 0
Trazodone (Mesyrel) +++ 0 ++ 0 0

(Ffemr} 0 0 - ek 0k

(SERT) serotonin reuptake transporter g, » 590 slag,ld

aws 3l (Trazodone) ogsgsl,s 5 (Fluoxetine) puanssl slag)ls bgd (oo wamds 23l pam Juid 9 ol Obsp ST JoyT atws 95 &

bl oo Dglete (o9)ls A 95, 45 Lizwa laserotonin reuptake inhibitor

B-arylamino like class of SSRIs

FsC
oS 58 Juie 9,55516 Ll Olea (Aryloxypropanamine) ° \@
@iwd opl O3Sl S townl 3l Ll,8 —arylamineB acws ;5 599 oS o O H
N‘CHg

al> g 0385 L3 (Gigke Mg 09,k 4 ate Oigda b olag)ls
90 S Jial) abgr e 059,008 ()IK0L )5 s 5 3jlee (Ao i
B-alrylamine like sgiue 45" 235,57 (5,5 B 0,5 Jio 1) O3Sl

- - 0
Phenylpiperazine class of SARIs ci »‘D
il Juid 9,5 Lo Oloa @\r/_,_JN-_/‘\/N_N_, P

N

Fluoxetine

Trazodone
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» Blockade of Serotonin Reuptake by Fluoxetine .

e T - o i
izl s pgo 45 SERT 5 Shae Jlgn b cpminSsls J2o SSRI los 5 3l
dospp crge 45 Cubld Jalg: e iwd 40 (6 ki Gwigi e dbg e slasss 8

:Aryloxypropanamines
sdalive ) owaloby 1T slajlsle JSo ol o
ol cwlosls Gasine a8 S5y b Gidy ool &5 Sple b e
(Sl eSS ) oS 958 e 3035
S aTOlys 2 Juid o 538 Dl Canl Gasdin .yt 3l9

: H
= - . - L - T e G . . e

atomaoxetine nisoxetine reboxetine

9 da5 plil 55 (MRI) monoamine reuptake inhibitory

() %5590 55 (NET) cn i aligs sl osamsl s 595 orizmen

fluoxetine paroxetine
F\/{ <°Jﬁ 25,15 Ry 9 Ry i 93 bosaTObs ouST T ol 5
F f @ 07T o Tk Aryl extra a5 cul Ky oluw Juib ail> olea Ry iz Vv
e F/Jijb Obgn ST JoT 5l Zols Jd) 35800 425 55 pocket
duloxetine O tlidgnd Gl b ogls 3l o9 0> 45 (el

(P95 9 O3 ddl> DWswl) )15

éﬁo/\/ﬂ — pd R-oXyl L aroxy 4 &5 el (wsgi6 Olaa Ry o v
L NET (9, 9l ).:Jlj s el ol s ol B9 y2e

Mo i 5 opds (SSRI uga) 3500 SERT oo czga 5 polais] &g 45 abl axils sl (KL L F1 Olea) Ol F carige )5 S v
23,15 SSRI i1 S gld 9 a9y

© sanT dual jldu) s)ls aBes b 6 — 0+ 3l oas Jlsl ¥ 5 ¥ OMsiul a5 uinSoles w8 5 v
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'SSRI (sl ,lisLus

ERiENG EliVERAIITAS ijl;)aﬂ ‘L}f;‘““{g)li ;wwg,lB QL;)S ﬂl.w 9 ol LJ)AM » )lg.a.u;. &S ol
{Prozac) {Luvox) .

HoC, = c;mcm B-aminoaryl a4 olus 5 el s Jud Olxio )5 45 jshilea

Wiaod (5)13Ka0 ol o 55 Jds b 4 Ko By ,re vt like

N o(CH)aNH,

F3C‘©'O'CH—(CH”TNHCH3 FiC —@-cﬂcm;‘ocm

Sertraline
{Zoloft)

CHSNCHs),

Paroxetine
(Paxil)

T FEOW PRI a|).o5 beta C)‘.‘.l 9 .L'»)|J.3 |) A.b%),o 6359)_),:@
(Lexapro)

N OO by 25 o)l onl b basus 5 (SSRI uuslsa 1) 5505 FDA ayal
CF

o8 Lol 5 (b s g (55 il 15 55 drug of choice .sgiue

@ i 7 b

3-phenyl-3-[4-(trifluoromethyl)phenoxy] N-methyl-propan-1-amine

REn

Fluoxetine (Prozac) is an antidepressant of the selective serotonin reuptake inhibitor (SSRI) class.

It was presented to the U.S. Food and Drug Administration in February 1977. Fluoxetine is approved for
the treatment of major depression.

Despite the availability of newer agents, fluoxetine remains extremely popular. In 2010, over 24.4
million prescriptions making it the third most prescribed antidepressant after sertraline and citalopram.

TCA: tricyclic = SSRI: nontricyclic

P~

g
~ B
d N

Imipramina 10, 11-ethylena bridge remaved Zimehdne Fluaxstine (Prazac?®)
1™ selectivo SSRI
withdrawal in 1083
1. 10, 11-othylene bridge may not be required for SSRIs — so removed
2. Zimelidine: 1°! SSRI: reduced multi-receptor activity, but Guillain-Barre syndrome

3. Fluoxetine: marketed In 1987
4. 5 Non-tricyclic SSRIs worldwide

e
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In fluoxctine (Prozac), protonated in vive. the protonated
amino group can H-bond to the ether oxygen clectrons, which
can generate the B-arylamino-like group, with the other aryl
serving as the chamncteristic “extra™ arvl. Th |
much more sclective for SERT than for NET. The major
metabolite is the N-demethyl compound, which is as potent as
the parent and more selective (SERT versus NET).

Therapy for 2 or more weeks is required for the antide-
pressant cffect. Somatodendritic 5-HT, A autoreceptor de-
sensitization with chronic exposure to high levels of 5-HT is
the accepted explanation for the delayed effect for this and

other scrotonin reuptake inhibitors. Metabollite Is demethylation

F N‘H
(@) cr

To illustrate a difference between selectivity for a SERT
land a NET, if the para substituent is moved to the ortho po-

ition (and is less h hobic. typicall u NET is ¢
T 1s and other ve anxiolytic activity. One of sev-

eral possible mechanisms would be agonism of 5-HT, 5 re-
ceptors, diminishing synaptic S-HT. Presumably, synaptic

levels of S-HT might be high in an anxious state,

H OllA
/N”‘ 25 JoT o cal b i a5 sl Jo,T b 039,50 alols O 039 g0 e 5 sl ol Tgiol Juib 32ie
odielb oS 5) el 4l Giolil atealdsn) bl (3ot LS b og (30 sg5%) wilb O3s s sl caurie

O O es 9 NET Lleo 1 o8 slade Lo dagydl 55 gaenT s oo (sl b jus 4 457 3y)lns ,blsy o (tametraline)
Tametraline da s bl ol sl a5 sl LIS 09 i Gl 120l 00l o8 (dopamine transporter) DAT

sl 23395 SSRI cuga e a5” (reuptaking inhibitory ,5) cul gusbss 9 o,mole Sl Seolais] ul s & 905 (ol suigig o il

4.4. SSRIs: Sertraline* (Zoloft®)
1 g N ... t
. - i Ij\&'."‘\ V i ‘ -

T

;'?....7‘-: i Gertraiine (1y,g ~20 h) Sertratine metatiolite (1., ~08 h)
Log F . A "5 Lag D = 4.7 TR0 lews potent
Tha most ipaphiia of HNRM (3AL)

- S.S-phenylaminotetralin
— Side chain is constrained into amino-cyclohexane ring
Two chiral centers & only (+) S,S-enantiomer is marketed

. 3rd selective (1390), 29 potent (0.3 nM)

- Extensive 1%-pass metabolism (F = 22-36%)
— (=) 3A4, but less DDI than fluoxetine & paroxetine
— Its dismethyl metabolite (less potent, t,, = 66 h) &
— More Gl SEs (5-HT, ®)

oS 9l

2ok 65 wolass] SSRI wlgs oo Ll curdgn a5 az g5l .o )ls wel Ol ST T Hlislo
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SSRIls: - S '®
e 4 i
- L, ),
‘\O\ - — ~ S i\ cvezos ) ‘l CyPaoe
o i \l ) o ~
oo MJ\‘V!\ B ,L(v\
NF X s

L d Paraxetios (L, = 21 N)

Constrained analog of fluoxetine

- Linear phenylpropylamine group has been folded Into a plperidine ring
Contains 2 chiral centers, 4 stereocisomers

- (3S, 4R)-enantiomer Is marketed as paroxetine
5" selective (400) & 1% potent (0.1 nM) > most sexual
mméEs among all SSélS

) 208

- Slowly & well absorbed from GIT
- F=650% _1
== . .
Paroxetine as’ G590 Lgw Juasl Paroxetine ,lslu 59, 5l ol sl aw bxil o

In the structure of paroxetine (Paxil), an amino . 3 T ; § 28 () Y
nated in vivo coulde~bond wi(lh lhc)—CH:—O— ummgg B- =l el s @L_..ls sl e S 095 @w O3 R 6|ﬁ
trons. A B-arylamine-like structure with an extra aryl group
results. The compound is a very highly selective SERT. As
expected. it is an effective antidepressant and anxiolytic.

g 0315 Olis el p3Y arylamine-like
B-arylamine-like cursy (gunl Obs » o938 Curidy 500 Hlsle cpl )o

ol Cosal 5> 5,&3.\,4(@ Gl

0. ;
P plorsllswl 9 ol gllinus

F o/
THF 5 050 2o 03,95 Lhe> 5l oYL 35,05 (phthalane) oYt ,Ls L.

St A5 3lal |y aaT0bs (oS 1Js8 Capnidy pmizran 9 GiaaT o] — i CONCEPE 5 pis a5l
THF 59, 1) o 53 457 3 9,0 (23 JSb 3 anly oS )l ppglls 31 o5l 900 43 SV LS 5
O 2535 pal plngline olaisl oS 5 b sl b iy o8 5 ol 3 NRI 3 slls 5 il
SERT (55, imnis 42 b oS 5 a5 ot 955515 Ll osizmat 5 (b #) (N b 125 silio (slaeg 5

Phthalane

SSRI SNRI NRI S gyl ol o p o plgli
oKl " SERT o 5
NC HyC CHs _.69)u¢~*—2‘°-°9. ) 51»5:
ol 31 OT (K iass)T
0 CH, 0 B
N N 0 Ho| 2o O3 % ol F s gl
\ Z - Z
o ==, S U e 008 s ol Jie egS K
&) \ ) (2 et e
F F 4 39,00 9 Sgdus oS GISSRI il (ony
citalopram (12) 28 talopram (27) L Olgdgasosn ST .cnd ahy cuam
shg Al bE e s 4 puS oS
3 7
K,(SERT,nM) 33 389 34 ils awlgt i
K, (NET,oM) 13771 07 \Ié!f- 2
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Lo oS 5 G o el citalopram (537 ) Jls jesuibl (escitalopram) el gl ol
ol cglie .ol (selective serotonin reuptake inhibitor) SSRI sslgls 51 s il
3 oslizal b in Vitro clelle s a5l azsls alie 95 9 alie 5 slacdls lgs o oS 5 95
Pl Gl piadiies-N )5 a8 slam 5T5 50 &5 o ssalive Olusl 28 slapsss See
Jwol> didesmethyl-escitalopram 5 desmethyl-escitalopram slacuglie .5l s>
3515 65508 Ella pudsylin ol

:oweluS 99l

e fluvoxamine a5’ 540 oaalice SSRI 0slgsls 51 ) Kos a8 5 G pby oleond Hlisle

§ (+)-2<{3-dimethylaminopropyl)-24((-fluoropheny)-29-
dihydroisobenzofuran--carbonitrile

Canlo 3 oa)gT RPES )S 5 ol lel':“"-"‘:’ [ol.’ Syl
G 9 ol sai L asl> u:.u..f,ls 23 0l xS ...\J|o); WAV u:.:.»f,b Gy peelaSggls
UJM)MAT 22 & Cuna 5L bl SO alae o CN el a8 5,15 s K o pgeo

\—2 .[v.g.)lé

CF,
)
Z
\
0

=

== Lr siilszen B 9 Z o 5o 0950l UV (i 315 sl g & b 08 50T 09 8 e 4y

5-methoxy-1-[4-(trifluoromethyl) phenyl] - g > 4,
1-[-2-aminoethyl ox-imine | pentan

:SARIs (Serotonin Antagonist and Reuptake Inhibitors)

List of SARIs asbe el 1) phenyl piperazine sl uol Obs, wS9d lisle LS o [,,mf &S ghilen

Etoperidone (Axiomin, Etonin)
Lorpiprazole (Normarex)
Mepiprazole (Psigodal) Lol sl 5-HTon ) gims ) slen «olaS 5 cnl 0see puasilile 015" 0 Joe (@nd reuptake inhibitors

Trazodone (Desyrel) (sl a1 42 L5 gy 5o 4 5-HTon slaciannsS T b olisslis).asls 55 SERT Llgs il

serotonin antagonist ) SARIS Olgie o 45" 0935 1950 9 U5l pem s o)l pos 0939515 slag,lo

(S 3 pdlis Sl g 5 oaaliss (ogss e reUPtake Lles 5 5-HT2a wle (ugis e sbosginny 03,5 0355I L Gl 9 o8 SluS 5 ol
b o2t b 5 0relsd prusms 1 D) a3 0L 395 Sl (Clgs Cundy 03,5 5 ($Y¥sb 5 03,5 S¥sb 02,5 W) hypnotic 5 il kslas
(9gs 3 pmdl 53 (S ,>) MOLION 3915 el ualins 5 il o (sl 415 o (KaS Oloys & el il Suge

15 b 0% 5 00 35T 0 035 8 s ST Olgis 4 la SARI s

23 ks (a4 53) 9,15~k L (Lorpiperazole ,5) Juieg sl (s 5 ke litive Sl dea 08 o 02alice )5 55 a5 o5l Jud (oM sSARI
s 45" sl 3l Sy I b 5l Juid Gt 9955 Lo)lb 9 culs o g 95l 15l93T 5 5 el sl 1 ks o ST 5 ol

Sgbee Of reuptake Jles ouizps 5 osgs m 690 2 GesgS Wl ol
O
F
Ot oy
= j N N=§ \
—
H .
: N{/ Cl  Etoperidone Q
~ N A\

:H N’ Cl
\J: Q\G Mepiprazole

Trazadone
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SNRI 9 SNDRI (slag,ls

bl oo diws ¥ Joli

Piperazin-PiridinoBenzazepin aw.s jl ¢ul56 .0 -¥ bicyclic antidepressants aiws jl cuuS 5 -Y 5] Juid dws 51 0993l
o2l Ju

U939,

Juid 9 51" Jlslus gols cul 5,8 G 150 51 608 caram Juls 45 5 28 1L )1y Ve ¥ Lo s (S il 16 s9)ls K Olgin 09593
5-HT2a 535 8 oS T 6 o a5 353 1 (o0 LS jal slanl )5 598 aislis Caes SNDRI < 0lgins asul 51 Jd oS 5 cnl 05 " il pen

sl
3
3
4 N
- Q r}q:<— o 2-(3-[4 piperazin-1-yl]
| . | @ propyl)-5-ethyl-4-(2-phenoxy ethyl)-2 H-
= 1,2,4-triazol-3(5 H)-one
Cl
etk
N ‘) ?4 <~ N—q, 10-(4 piperazia.1.y1]
[ A N propyD-Setyld(2 phemary echyh). 17
| N/ | 1,24 trisael 35U -one

Nefazodone Is an antidepressant. Its sale was discontinued in 2003
In some countries due to the rare Incidence of hepatotoxicity (liver
damage). Nefazodone acts primarily as a potent antagonist at the 5-
HT,, receptors. It also acts as a weak serotonin-norepinephrine-
dopamine reuptake Inhibitor (SNDRI). Nefazadone Is a phenyl
piperazine compound Incorporating a 1,2,4-triazol-3-one ring.

Ren of e startmg propeensmide wih pb s 0o e penting imme Airvis The insermadion ¥ condemed v

et farvihame t9 offard (he > enidine rom b G pim of i by Sasn Wrydrazine sirvgrn, Ran
"N ok @b tale kot fr it tn e emisatan of (e pmine em e cnis Bam s G 7 sed ke 8 triesesems by Sa placing e

Cortiam s0e meBerrl A Lndm of the mcn fromm 28 of s ©iarebume A & ey base wh Chierade +ffords e (nsedoma
" :l- . [ "\/»( — g e~ : }(f._.
R TS -lj' Y

.

L < > ) o2 ~— A
: - =

I

bicyclic antidepressants

OaS BNy

olS 5 Olgie 4 45" il Cycloalkanol ethylamine Jl x> jksle G wcwl (Venlafaxine) s 6dy 50 aws ol o)l ¢ 5 e v
(Desvenlafaxine) ;s EMoguws (oS N5 1 Jud 5l 9ls a3z )3 1) Jliz Jlisle 5 S 5 cnl 395 (0 a3l oo (Gl ail> ) Bicyclic
sl a5 56,0 oo SslogT s aal> | extra phenyl oSy 5 5,30 09,8 Sl 5 cal b 00 0235 WAY-46824 5 WAY-256805
A 0 bS5l ) legama ) el Ul Jud

oS 09 iU 09,5 (5,515 b 48 s ssaliis ditus Cumal Sl 5 Ju dil> 59 sla Vsl (Dl 5l S ptie Olazsl  0de V)
WAY-256805 5 5 Jao 39upe SERT L dslian ;5 NET (59, (s 51 (ial3dl el Juid slio cusByn 5 (S gi0 5)555l0 5,5 ki
55 8 Lo angn o ls (o0 i (S 970 9,087 5 59 98
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5 oS53 5 Sgin 15le 39 o e 5 2o 1 siinis e il 3,8 o B Ly Cnady 5> oVl By 45 391 s nl V.
OGS BNWgass > (uS9) A

A5 33,5 o omaliss izl Sles 9 stz glig Sl sl caely izl e il il saalie LB T sl a5 Sligins oS 5 93 55 Y
JeS 9,008 09 5 5 GWS 5l e J9ga 09,3 (SI90d Bgw 6|5 5 5 dhwly Ao 5 s Al s Ol 5l 3)5e 03 05 L
ol i 0358 4 Jlasl 55 L o3l sl o

Cycloalkanol ethylamine scaffold and agents containing it
OH

-n
-n—I—O
-

7/
(=]
@I

WY-46824 WAY-256805 venlafaxine desvenlafaxine
Ogaens Can Wb Lols Jb 5 O Gl asuns b puma 9 595 I 0] )3 00 U juae Antidepressant gs)ls gueinis ¥+ -V Jlo 53 S B9
3,95 0 i e A s uigig e Sl (6 iy Cuolaisl Sl g ls ol (b sl Ol 4 Az gl i S5 5 Gl a5 ebilea .ol sae
253959 a0 (9 39 ke SNDRI S Olgie 4 lgs (oo izeen 5 SNRI G Olgie 4 iz ol il > (5T S8 5 L3l ol oo
5 salys 5 polatsl o8 5 S s Gren 9 sl i 2o Sl i e OT

Cycloalkanol ethylamine scallold

Venlafaxine and desvenlafaxine contain a cycloalkanol ethylamine
scafTold.

Increasing the electron-withdrawing nature of the aromatic ring
provides more potent Inhibitory efTect of norepinephrine uptake
and Improves the selectivity for norepinephrine over the serotonin
(ransporter.

EfTects of chloro, methoxy and trifluoromethyl substituents n the
aromatic ring of cycloalkanol ethylamine scafTold were tested. The
results showed that the strongest electron-withdrawing m-
trifluoromethyl analogue exhibited the most potent Inhibltory effect
of norepinephrine and the most selectivity over serotonin uptake.
WY-46824, a piperazine-containing derfvative, has shown
norepinephrine and dopamine reaptake Inhibition.

Further synthesis and testing Identifled WAY-256805, a potent
norepinephrine reuptake [nhibitor that exhibited excellent
selectivity and was eflicaclous In animal models of depression, pain,
and thermoregulatory dysfunction.!

Page 13 of 14



WSNRI 3 WSSRI 5 5-HTa67 635,65 A dudr | ¥ 20,05 oouis [EETID

s I/ Milnacipran
) H)‘\/ Jsg2 9 21> el Jeto Jig ol ol Olpprnlibin o5 8 5
o GLQ.)).))L;}JL?AQ).&;‘Sl)J..W‘O.);P{I))jlob,)f.g.;uw‘m)f)h,;

el (Bgin Hlos b Kl 5l pan 45 (6l omas 9 S
2-(Aminomethyl)-N,N-dlethyl-1- phenylcyclopropane-1-
carboxamide
Milnacipran fs a serotonin-porepinephrine reuptake lnhibitor (SNRI) used In (he
clinical treatment of Mibromyalgia. It Is ot approved for the clinical treatment of
major depressive disorder In the US.

J93l s )T

(Trazodone) vss5l,5 5 (Nefazodone) vssg; aus O Gliows Juslo Js cal (L5 oS 5 5l Sgline o8 0T loys Sl il 3z 8 v
ASb o0 0l Jed ol 5 as jl g il

ik asls Dy g 035,85 69, oS T Sl 3 Kl o uimend 9 450 5-HT1a s ST &5 Slgs oo 8 5 0l v

23 o K5 S 5 Olgie &l s S )3 039,0l (Jy ad ke el (BT a8 5 G Olgie 5 (50958l Oleys sghite 4 lanl s Y
29 0 03latwl (Depression) b (s sl 5 5

&S i (0 sl (2,3-Dichlorophenyl)piperazine-butoxy-dihydroquinolin-2-one) suie <G a5 S 5 opl Jislo b akl, 5 v
(Dihydroquinolinone) ¢gulsus’s youa 65 JKw s s dil> G LS 0 Butoxy ;S o el L8 6 a0l ol Jusdo I e bxisl ) 50

Aripiprazole K ol Joaita 0T &,
ﬁ\/\/o 7~ N .0 sl Jad 9,05k sl Ll 457 sgad i i Ols o0 el bl ol v

Cl (\N 325k e ©pgo 4 Kilgs (0 Sl pal s Sge S5 5939 e e )

Cl 2\) 9 0939315 1095938 Slag)ls ol oa 1L OT 025,08 CunssS T L g 5959

sl LaT 56 g)ls ol Lbsle L (Etoperidone) osas el

7-{4-[4-(2,3-Dichlorophenyl)piperazin-1-
yl]butoxy}-3,4-dihydroquinolin-2(1/)-one

Aripiprazole is a phenylpiperazine and is chemically related to nefazodone, etoperidone, and trazodone.
It appears to show predominantly antagonist activity on postsynaptic D, receptors and partial agonist
activity on presynaptic D, receptors. Aripiprazole is also a partial agonist of the D; receptor. In healthy
human volunteers, D; and Ds; receptor occupancy levels are high. Most atypical antipsychotics bind
preferentially to extra striatal receptors, but aripiprazole appears to be less preferential in this regard, as
binding rates are high throughout the brain.

Aripiprazole is also a partial agonist of the serotonin 5-HT14 receptor (intrinsic activity = 68%).

It is a very weak partial agonist of the 5-HT,a receptor

Aripiprazole, is an atypical antipsychotic. It is primarily used in the treatment of schizophrenia and bipolar
disorder. Other uses include as an add-on treatment in major depressive disorder, tic disorders and
irritability associated with autism. It is taken by mouth or injection into a muscle.
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Commonly Used Psychoactive Substances

SUBSTANCE EFFECTS
Alcohol euphoria, stimulation, relaxation,
(liquor, beer, wine) lower inhibitions, drowsiness
Cannabinoids euphoria, relaxations, slowed
(marijuana, hashish) reaction time, distorted perception
Opioids euphoria, (s$39)l Llg3)drowsiness,
(heroin, opium, many pain meds) sedation
Stimulants (blzs)exhilaration, energy
(cocaine, methamphetamine)
Club Drugs hallucinations, tactile sensitivity,
(MDMA/Ecstasy, GHB) lowered inhibition
Dissociative Drugs feel separated from body, (L)
(Ketamine, PCP, DXM) delirium, impaired motor function ]
Hallucinogens hallucinations, altered perception

(LSD, Mescaline)
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" synthetic Cannabinoids

Functionally related to naturally occurring cannabinolds
Found n a rumber of branded products, most nowably Spice

55w Designer Drugs s,y g S e LS 5 opl 4 Bowe
(WNigd oo el ) Awd 90 4 o Designer L Psychoactive slag,ls @
e SlS 5 el 098 e auiS bath salts b slo> Sai lo o) 40 SLLS kol o :(Stimulants)bo yxo -
MPDV , (piperazines) byl Jio taiiiwn (L5106 5keasT lus 5 5
(mephedrone) la 5,080 b 5 (55, ST 50 e Methylenedioxypyrovalerone)
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Examples of Major Stimulant Drugs = Examples of Major Psychedelic Drugs
 oruSHANE] RIS OEtONINE,
) " ; Phenethylamine, via PiHKAL; stimulant and
Mephedrone  4-methyl-methcathinone; “Miaow” hallucinogen
Similar to cocaine and MDMA (ecstasy) Slow onset (1 hr); long duration of action (8-
Methylone B-MDMA: 3,4-methylenedioxy- 10 hr.)
methcathinone; “Explosion” 2C-B;, Phenethylamine, via PiHKAL; visuals
Similar to cocaine and MDMA (ecstasy) Faster onset (1 hr.); shorter duration than 2C-I
MDPV 3,4-methylenedioxyprovalerone; MDPV; 5-MeO-DMT  Tryptamine; naturally occurring (toad,
“NRG-1" (Brandt, 2010); “Ilvory Wave” shamantic brews)
Stimulant with rapid onset; 2-4 hour duration Smoked: almost immediate, very intense,
of action short effect (<30 min)
BZP 1-benzyl-piperazone DMT Tryptamine; naturally occurring
Similar to amphetamine Smoked: almost immediate, very intense,
1/10 potency of d-methamphetamine short effect (<20 min)
3,18 0939 K5y dudas y391 g JgmsS 12,8 Dy 4 (podSis :(PCP) Phencyclidine o
N 3loaiiS gt 9 lo lsie 4 aAlBAS (0 05d o Bras VAD Lo lall 0,5 590
Clas a4 ally 595l G lgie 4 T8 Js il e Bpae (intravenous) IV 5, b
&)9.!51,@ 9 ML: P (mes p.»..w..\.m $9y ‘59..40 g_)‘):l 6‘)0 as A....\.SL:).) 0)3)./:‘ JAT ‘50.‘
g g o0 S ped malS el wasl(Dissociative)oass b, )l S gyl ol el
R R o I P JON- P P ) L W0
Sl el b el o SeelSes o)1 5 anie g 1-(1-phenylcyclohexyl)piperidine .55 ol Sl ol
Syee 4 lal o «(hallucinogens antiglutamatergic) <G5 5Lbgls o1 slojgmmgle plo Jio «So5esS e
SHSLhs oilee byysawle o 4 Cod Jg il oo L:aJ e el g oS oo Joo NMDA soss .5 M;LJ
OGS Hlge |y (Guebgs slay S g o 55y, 5 ol D2 receptor partial agonist wlgie o)l
Angel Dust, Ashy Larry, illy, “Love Boat”, “Sherm”, “Water” or wet :s,slxs b; ,0 5,5 ool (colul S0
((RWEPTIRARIESE AR
HN L PC) 5eslSs Juts 5 (PIPENIAING) (nosyy oS5 50 &
8¢5 4325 (1-phenyl-1-cyclohexene
. . . . - S " ‘ .- LT I
PCP PC Piperidine 25 s ) Sl 5 e o o padlin S e
OH 1-(1-Phenylcyclohexyl)-4-hydroxypiperidine :PCHP
o~ f:} ‘ N ( yley yl)-4-hydroxypip
N’ ~\ N~ 4-Phenyl-4-(1-piperidinyl)-cyclohexanol :PPC
<><u-_/ Ho— - W\g v(pp.v)v..
Y — Y [N-(1-phenylcyclohexyl)]-aminopentanoic acid :PCAA
PCHP = PPC e PCAA
(59925 wdwlyd i I Jol> oS 5 an SlSL0)
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NH ¢ 2C-l4 2C-B Jis el 2,5-dimethoxy L 2Cx <ol
« 2,5-dimethoxy phenylethylamine siis ;o ox
Br Lol a5 5L ep T ogadse o
0.

ol ige S0uiS 5 Syt Oyge e ] G rae g LS

2-(4-bromo-2,5-dimethoxyphenyl) ethanamine

2,5-dimethoxy-4-iodophenethylamine :2C-1 4 ,13%0L

2 e o 0,5 adlal b o aws pl o,y 9 S e SluS 5 00 ((dimethoxyamphetamine)DOx e
T Coyn 53 095 Jed (omaliial & JSlge scomel 3l Jute Wl sloml g Uagynal Jusli il Juil Bl 55,
e Seeliie] Sliite C3 5 a5 955 (o0 58 (Dgkete wile o) JSITL 39lle F Cenbge ) g (nSgie 1 0
2C- Ll bt cdS o)l oo o (ol JWSITL (y59)la X ).aigd oo i3 2,5-dimethyl-4-X-amphetamine
Ol 5 phaal anals LSIT L o3alle (Foaadee) b sails hl Conbge ,o aiilss oo a5 ol ol 2C-1 4 B
ik 5-HTac ¢ 5-HT2 5-HTaa sleoss .5 (partial agonists) oo slacansisST colas! &g 4y asilys o
5-HTac  (ciedsS s 51 5 ol anils sl snsals b S ye il wlgs oo 5-HTac (slooss 15 50 (ciadsST il is,5000)
(955 (o0 (39S & obitel loyo 5 (S0l 505 4 e

Ry S5 igg e & 3 yielysd 51 1) e pelian] o b adl> (55 (550 05,5 (65,8 SS
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2,5-Dimethoxyamphetamine

(Nad asliS i S0 Caz Bro g 00g0 Dl o 55 sla L)

| "o
DD\A‘/ NH2 NV©/\F NHE
Br 0 |

I 0.

2,5-Dimethoxy-4-bromoamphetamine 2,5-Dimethoxy-4-amylamphetamine

(15,25)-2-amino-1-phenylpropan-1-ol

<l d-norpseudoephedrine b .1 5o ob :(cathine) b s
aiS 45 jehailen anl o cuws 4 (LB L khat) Catha edulis oLS ;|
Crel Jelo el sl e dall CeaBga yo el Jislod it ST eas
09,5 Sy 45 (y90 50 wgdse (Ohsn Jeb el WD) ralitel & o3
S 93362 33,9 il g0 S 4y (53l ¢ oS B sl 4y (g 00

0o b g S yome lized Sl 5 pl 4l (melzial 1 am,0) F BY +)ogd e sl i1 (2alS g apyls jlislo 4

axg sl 6 )laKal 4y ames il gas B, o] il ailaclys JeSge Ll (o) Sws b andl wiias ls Slg) (oS

O

Cathinone

YW

i oyl Glitie 51 S :(cathinone) ;euils

($)-2-amino-1-phenyl-1-propanone

NH,

benzoylethanamine, or B-ketone-amphetamine also k

Oeelial 535 Ly b ol L1 LS55 & g0 4 oS 5 0

as hagigat and is

chemically similar to ephedrine, cathine, methcathinone and other
amphetamines. Cathinone induces the release of dopamine from striatal
preparations that are prelabelled either with dopamine or its precursors.

It is probably the main contributor to the stimulant effect of Catha edulis.
Cathinone differs from many other amphetamines in that it has a ketone
functional group. Other amphetamines that share this structure include the
antidepressant bupropion and the sti methcathi g others.
Internationally, cathinone is a Schedule | drug under the Convention on
Psychotropic Substances. Circa 1993, the DEA added cathinone to the
Controlled Substances Act's Schedule I.

The sale of khat is legal in some jurisdictions, but illegal in others.
ted cathinones were also often used as the key ingredient of
tional drug mixes commonly known as 'bath salts' in the United States

Olbsn Jetd sial ¥ oS 5 (nl (ol ol 0gd (o0 00y
B ol @il g il oo bl gond T el a8 ol
& 5lwdl3T s 3355 o 9SS el a5 5l s go
Aoeksy ol gl ssme b sl
o gyle ol g a5yl oS e 5 (39S Lihentactogen

el S 95550k oS 5

s 09938l sl asiio K5 40 4 jghailan i b pesliial 51 LlacSllT . B-keto) labk | Kz slagygusls

1 =
RN
T U

IS om0yl (3215 e Sy (praliiolin 4y S 0,5
(”!W Lg)k’).inlj)

General chemical structure of substituted cathinones, with R1-R4

defined in tex

The derivatives may be produced by substitutions at four locations of

the cathinone molecule:

R1 = hydrogen, or any combination of one or more alkyl, alkoxy,

alkylenedioxy, haloalkyl or halide substituents
R2 = hydrogen or any alkyl group

R3 = hydrogen, any alkyl group, or incorporation in a cyclic structure
R4 = hydrogen, any alkyl group, or incorporation in a cyclic structure
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(C

Legality On 2 April 2010, the Advisory Council on the Misuse of Drugs in the UK
announced that a broad structure-based ban of this entire class of compounds
would be instituted, following extensive publicity around grey-market sales and
recreational use of mephedrone, a ¢ » member of the family. This ban

covers compounds with the aforementioned general structure, with 28
compounds specifically named.

"Any compound (not being bupropion or a substance for the time being specified

in paragraph 2.2) structurally derived from 2-amino-1-phenyl-1-propanone
by modification in any of the following ways, that is to say,

(i) by substitution in the phenyl ring to any extent with alkyl, alkoxy,
alkylenedioxy, haloalkyl or halide substituents, whether or not
further substituted in the phenyl ring by one or more other
univalent substituents;

(i) by substitution at the 3-position with an alkyl substituent;

(iii) by substitution at the nitrogen atom with alkyl or dialkyl groups,
or by inclusion of the nitrogen atom in a cyclic structure."

o
( Mephedrone, as 4-methylmethcathinone (4-MMC) or 4-methylephedrone, \©:/[Nr-

|
g oo Jos (Methylone) sl 4y 5uslScw « 9uST 68 Hhite 59,5 L

Dl oo Cews 4 MDPV ¢ sl oS 5 ar 5159w (g0 mmmy S (yob 034380 b

Vsl (o

oKl 55 S 8

D5l dx i b (6,10K60 yizen ¢l lisle colils 4 e S e 5)5TQL3;\:= Sy LS 5 (pl den

Synthetic Cathinones are [-keto (‘bk’)
Analogs of Amphetamine

. o H

N\CHg NtHg
CHs CH3
Mzthamphetamine Methcathinone

thmmlml 3,4-Wethylenedioxmethcathinane  34-Methylenedioxypyravalerone
| {Methylane] [MDORV}

i3S 50 s |, (PYrovalerone) (9,199

13,5 0,Lil 5,90 90 4y (1l o S 5l Ol

norepinephrine-dopamine reuptake ) NDRI jlsic 4 a5 el S 25 5l L psychoactive gl
(> &) byae Siws 4 (chronic fatigue) e Swsd SedS loys 0 5 aiS o Jee (inhibitor

3yl 8,5 (lethargy)
oolatul 039 2als jslate 4y aS o s (sl saas alS) appetite suppressant g (Lesl ws) anorectic 3l

D9 50
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3,00 9529 51 S g R yogil Cnlo 100,28 oo 18 jlome el (slagyls s 1o 0bj (55l Jebo 4 Slaleo )5 w25 e gl
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109990 (sloss pb

(RS)-1-(4-methylphenyl)-2-(1-pyrrolidinyl) pentan-lone
s 4-methyl-B-ketone-prolintane , centroton :pyrovalerone S sla ol

MDPV

Al e 3w oKy, slasge b K2 inCENse ;o a5 .0uS az g 9 )0l99,m b LSl &glas 4

(@)
0 N (RS)-1-(Benzo[d][1,3]dioxol-5-yl)-2-

< (pyrrolidin-1-yl)pentan-1-one

Methylenedioxypyrovalerone (MDPV) is a psychoactive drug with
stimulant properties which acts as a norepinephrine-dopamine
reuptake inhibitor (NDRI). It was first developed in the 1960s by a
team at Boehringer Ingelheim. MDPV remained an obscure
stimulant until around 2004 when it was reportedly sold as a
designer drug. Products labeled as bath salts containing MDPV
were previously sold as recreational drugs in gas stations and
convenience stores in the United States, similar to the marketing
for Spice and K2 as incense

Page 8 of 18
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Methylenedioxypyrovalerone has no record of FDA approved medical
use. Reportedly, it has four times the potency of methylphenidate
(Ritalin, Concerta), MDPV is the 3,4-methylenedioxy ring-substituted
analog of the compound pyrovalerone, developed in the 1960s,
which has been used for the treatment of chronic fatigue and as an
anorectic, but caused problems of abuse and dependence. However,
despite its structural similarity, the effects of MDPV bear little
resemblance to other methylenedioxy phenylalkylamine derivatives
such as 3,4-methylenedioxy-N-methylamphetamine (MDMA), instead
groducing primarily stimulant effects with only mild entactogenic
qualities.

Other drugs with a similar chemical structure include
a-pyrrolidinopropiophenone (a-PPP), ijo
4'-methyl-a-pyrrolidinopropiophenone (M-a-PPP),

3',4'-methylenedioxy-a-pyrrolidinopropiophenone (MDPPP)
(o]

and 1-phenyl-2-(1-pyrrolidinyl)-1-pentanone (a-PVP). ND
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0 u a-methylamino- L ephedrone siis ;e a5 (Methcathinone) ;555 cow sl
N oSy onl ol ools medgs M3 a5 johailan 595 o oumlive cuwl propiophenone

5 Aie g ol (psychoactive stimulant) sjae ooisS S o0 S5 g uelgige sl

ik e cathinone

o Mo SIS
> ol jglaie 4y 4 o)l reaiu g5) recreational sq)ls o ogi 0 axslis oo jeff L Cat oL L o5 oS5 oyl
@ (b e A Gl o) Jloyiyue > sl el o 098 0 8 a0 (altered state of consciousness) ASC
SN S yg0 4 Ailg o (g D9 oo B pae (SNOrtEd) Bliciul O jgo 4 Yaane glo ol sl Boliel § (g0 0,5 a0l
schedule | controlled lsic cos IS 5l [0 5,18 ol 0,5 )18 solaul 5,50 o0 OFally 4 (injected) s, ;5 (smoked)

S s ok aib

195 oo caeliiiel s 4y o auanST L wilgs (oo 4l (sl el (g las o j0lgogm 1,2 ¥/
S5 g0 Ol Gl (g el a5 05 05yl J5Slge ol W5 (o0 el 4 5 Y
058 oo s JilS @ 9l Lol pudiplia 3V

0 ( (RS)-2-diethylamino-1- Sl ol s 6AY Glp el el

henylpropan-1-one N N N
RASAV.RIOP odd o Ll 5l oj,el (Jg 05 00l (b

N\/ o

Amfepramone is a stimulant drug of the phenethylamine,
amphetamine, and cathinone classes that is used as an appetite
suppressant. It is used in the short-term management of obesity, along
with dietary and lifestyle changes.

Amfepramone is most closely chemically related to the antidepressant
and smoking cessation aid bupropion (previously called
amfebutamone), which has also been developed as a weight-loss
medicine when in a combination product with naltrexone

(1) o9 wlus 7 ,LisLw) Hallucinogen structure

0 M o 5T D el (el ! b oS5 65) ool il et Sy Mescaline )
ci,0” T 3 Mool iy owS g
or D)5 S0 F iumdse 40 g ol el S| Joan! G (ool Lw) Psilocin .Y

N(CH 4),
©\—/||/\/ oS 5 (20,5 ealie S5 g8 s DS 5 50 45) B Comdgo a4y Cond T loadgo 1 AlSS
N

l 1 & . . . .o
. aly YV Joleo ol wxly jo 2fy w5 Sl wpee 2f) w9 S 4 i )
2wl mescaline
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| b al wls yo a5 cel wSJSIT Jganl o Tetrahydroharmine ¥
c 50 VYT il 5 sl U o gl 4l il ol sl e 3 S 555 ee
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E c . 5o b el 36 L 5l Jsas ol asdllas
Posiion Amphetamine-ike acion DOMike actions Jie) poily sl LSITL it i A g
A: Terminal amine ~ N-Methyl > NH, > NHR > NB NH, > NHR > NR, o5 58,5 1,8 B oKl> 0 (MPDV o gl
B e oo Si4)> () >RL) A (2)> St Ay sl B i s SoSIT L LSIT
C: o-Methyl group  Homologation decreases potency  Homologation decreases potency . SV Cannbye 3 oeSyie B g0 57
Replacement by H decreases Replacement by H decreases _ ‘
. potency potency s Lol o oy ol SYeb
D: B-Position f-OH: reduces potency fi-OH: not well investigated dil> LSas b D olKls o 55 b oSy 0
§ =0: retains activity and potency ﬂ:OE:] not :::hn:::ug.ated — 5l 50,15 5 e ilyie Syl 4
E: Aromatic , " Unsubsttuted aromatic ring prefered  2,5-Dimethyl-substitution pre i i T e et . )
substiuton - 4-Substituton further modulates Jeie S5t 59 malidal ol 55 ST 5
activity oealiialie (ST 50 lie (DOM) paliinel
YW v

gdige i b g 4B lh a5 (S5l G b S g0 IS8 oo 18, b el ST 857 151

classical hallucinogen :H

A central stimulant :S

V‘V other .0
\/
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Amphetamine
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NH 5

CHg

Cathinone
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Ol s 5

955 o0 58 gan aib plaS o LSl ja aS eald ols lid 5 pelal yo
S )0 8l 934w g 08l (93l O ;s MDMA H ,s DOM (S o (psliinl

S hE NHCHg
NH 5
CHg
CHg o,
HsC \’O
eCcHs MDMA
DOM ©
(H) OH
NHCHa
CH4

Ephedrine, pseudoephedrine
S

phenylisopropyl ;s Js dil> 59, o Suiwl s 56 lianel glyx! ile (28,5 Jlas o colbi b 5 Joom 5o

slo iy 4) 05 adlllas Jgoo (Wigd oo aSLil Dox g cov bS5 o) ol asilo J;JT 09,5 ¥ Cudse 4o

Phenylisopropylamines

(o c,0 (558 glog, o JuiS dzgi | 45
2

3 NH2 -
4 6 CHs .

5

Substitution Pattern Ki
- Potency” Valuest

2 3 4 5 6 (MU) S5HT: nM
H H OCH3 H H 5 33600
OCH3; H OCH3; H H 5
OCHj; H H OCH3; H 8 5200
H OCH, OCH; H H <1 43300
H OCH3; OCHa OCH3 H (TMA) 2.2 .
OCHg3; H OCH3; OCHas H (TMA-2) 17 1650
OCH3, ) OCH3; OCH3 H H <2
OCH3 OCH3 H OCH3; H 4
OCH3 OCH3; H H OCH; 13
OCH3 H- OCH3 H OCH3 10
H "—O—CH—0— H H(MDA) 3 R(—) 3420
H OCH; —O—CH_—0— H(MMDA) 3
OCHg3; H —O—CH—0—
OCH; —0O—CH—0— H H 10

—0O—CH—0— OCHas H H 3
OCH3; —O—CH>—0— OCH, H 12 -
OCH,; OCH3; —O—CH,—0O— H . 5
H OCH3; —O—(CH3)>—0— H . ) <1 .
OCH3; OCH3; OCH3 OCH3 H 6
OC2Hs H . OCHg3; OCH37 - H -~ <7 .
OCH3 H OC3Hs OCHj, . H 15
OCH3; H OCH3 OCzHs " H <7
OCHg H CHgj OCH3; . H (DOM) 80 R(—) 60
OCHs H CzHs OCHg3 H 150
OCH, H Br OCH3; H (DOB) R(—-) 24
OCH; H I OCH3 H (DOI) R(—) 10
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