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Central Nervous System Acting Drugs

Lipophilicity
Metabolic Stability
Distribution

Target-Selectivity
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. Central versus Peripheral-Selectivity
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Physicochemical Properties
* Acid/base properties
 Water solubility
e Partition coefficient

s ee—

e Stereochemistry

National Taiwan University



Acid/Base Properties a.b

erapeutics Discove Ty

Directly affect distribution, metabolism, and
excretion.

Eq.21 CH,COOH + H,0 === CH,C00° + H,0®
Acid Base Conjugate  Conjugate
(acetic acid) (water) base acid

(acetate) (hydronium)

Eq. 2.2 CH,NH, + H;0 === CH\NH,® + ©on
Base Acid  Conjugate Conjugate
(methylamine) (water) Acid base

(methylammonium) (hydroxide)



Acidic Compounds

HA 4+ H,O = H,O"+ A~

A

Lipid

Barrier

HAHHO0'=—= H,0 "+ &

FIG. 2-3. Passage of HA acids through lipid barriers.



Basic Compounds Lo ]

BH™ + H,O = H,0" + B
Lipd |

Barrier

BH* + H,0 == H,0* + B

" FIG. 2-4. Passage of BH* acids through the lipid barrier.
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Acid/Base Properties ST,

halogen ketone, neutral

neutral

carboxylic acid

aryl amme acidic
weak base
aryl amine, weak base
alkyl amine
basic

Fig. 2.4. Chemical structure of ciprofloxacin showing the various or-
ganic functional groups.
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Acid/Base Properties

Stomach (pH 1.0 - 3.5) Duodenum (pH ~4)

Fig. 2.5. Predominate forms of ciprofloxacin at two different locations
within the gastrointestinal tract.
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Table A-2. pH Values for Tissue Fluids oy o

Fluid pH a‘
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Aqueous humor s
Blood, arterial 7.4
Blood, venous ey [ 4
Blood, maternal umbilical 7.3
Cerebrospinal fluid 7.4
Duodenum — 5.5
Feces? 7.12 (4.6-8.8)
[leum, distal —-8.0
Intestine, microsurface 53
Lacrimal fluid (tears) 7.4
Milk, breast 7.0
Muscle, skeletal® 6.0
Nasal secretions 6.0
Prostatic fluid 6.5
Saliva 6.4
Semen 7.2
Stomach — 1.0-3.5
Sweat 54
Urine 5.8 (6.5-7.0)
Vaginal secretions, premenopause 4.5
Vaginal secretions, postmenopause 7.0

2 Value for normal soft, formed stools; hard stools tend to be more
alkaline, whereas watery, unformed stools are acidic.
b Studies conducted intracellularly on the rat. 11
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The solubility of a drug molecule in water greatly affects
the routes of administration available and its
absorption, distribution and elimination.

Hydrogen bond forming potential of the functional
groups and the ionization of functional groups.

12
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oC, oY
Hydroxyzine hydrochloride Hydroxyzine pamoate
(1g/mL) (1g/1000 mL)
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Lipophilicity: logP

Corganic
P =
Caqueous
Corganic
logP = log

Caqueous
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Lipophilicity: logP

Table 2.6. Hydrophilic-lipophilic Values (m V) for
Organic Fragments (9)

Fragments 7t Value
CRIBIEHGY - s ot mas Sa sonwam Sves Srvs shs Brw U6 @ ae +0.5
KA o PR e S S B NG o B NS S +2.0
e T s ey R e R e b o SN et +0.5
CUBIEE i v 7 T i st Wit SRSTR SR WA TN A 52 v +0.2
M e e S e s Ve i e A T SaT PSS +0.65
i T e S =S BT TV = | S Sl I =< 0.0
O = =0 (EBBOR .« o s co0wion v simm <o Wi ek v von -0.7
O = C—NAamnle. IMIdS): cui on v vin s o wom s ws o —0.7
O (hydroxyl, phenol, ether) . ......... ... ... ... ...... —T1.0
B 08 L e e A SR S IORE SN PO S -1.0
O BUDIRAEICY o o vvv v sves pravaive st ey omavais aseie i Wi —0.85
CLIBEOMBIC) < .o s 2o moonn i ais 5oy ies Ve @S S 06 we —-0.28
Eq. 2.7 LogP = 3 (fragments)
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Lipophilicity: logP
= /©/\/N CO,CH,CHq

Fragments n

2 amines -2.0
9 aliphatic carbons +4.5

2 phenyl rings +4.0
1 ester 0.7
logP +5.8

Fig. 2.14. Calculation of logP for anileridine.
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Stereochemistry and Drug Action

« Not only what functional groups are responsible
for the drug's activity, but also what three-
dimensional orientation (3D) of these groups is
also needed.

9/23/2020 17



(R)-(—)-Epinephrine (S)-(+)-Epinephrine N-Methyldopamine

Fig. 2.19. Drug receptor interation of (R)- (—)-epinephrine, (S)-(+)-ep-
inephrine, and N-methyldopamine.

9/23/2020 18
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Stereochemistry and Drug Action

« Enantiomers show significant differences in their
pharmacokinetic and pharmacodynamic
behavior. Such differences can result in adverse
side effects or toxicity due to one of the
Isomers or the isomers may exhibit significant
differences in absorption (especially active
transport), serum protein binding and
metabolism.

9/23/2020 19



Ignoring Chirality?

The World of Chirality _ ., .

e Waerld effAchirality



Design of a PET Radiotracer s

@a—X : : :
— @) . Selection of Radionuclide !
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Design of a PET Radiotracer s
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Nucleophilic Electrophilic



Nucleophilic Substitution with Fluoride

HO AcO
O O. OAc
oH ~OH > OAC OQ 0
OH OAcC /,S\
- o~ CFj
F
[18F]FDG Mannose Triflate

11:47 23
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Nucleophilic Substitution with Fluoride

O

Xy
oy e e

anhydrothymidine

O

18 \ @)
[*°FIFLT Boﬁ'\)j/

NsO ©O N

DMTr
-0

3-N-Boc-5'-O-dimethoxytrityl-3'-O-nosyl-thymidine

11:47 24
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Nucleophilic Aromatic Substitution

H H
! 16, |
\/\N 7 N\/\N NO,
—x
O — @)
O O
[18F]fluoroaltanserin nitroaltanserin

11:47 25
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Destannylfluorination

18 SnMe,
COOH CO,Et
NH NHCHO
HO 2 i BocO
OH OBoc
['®F]Fluoro-L-DOPA 6-trimethylstannyl-L-Dopa

11:47 26
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[*8F]-Fluoroethylcholine

OH

dimethylaminoethanol

18
F OH
\/\l‘\"l/\/ ) é
2N 5 +
;
['8F]fluoroethylcholine bromide
18F ~_0OTs i Ts O/\/OTs

1,2-bis(tosyloxy)ethane
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M, Receptor PET tracer
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[8F]-FP-TZTP



[8F]-FP-TZTP

showed a K; of 23 nM for M1 and 1.5 nM
for M2.

» [18F]-FP-TZTP showed a K; of nM for M1 and
nM for M2; it did to M3 receptors or
other biogenic amine receptors.



[8F]-FP-TZTP

» A major concern in PET studies is that the
radioligand will metabolize to radioactive
metabolites.

» To quantify receptors accurately, the time course
of the parent compound in blood must be
determined.

» Verify that radioactive metabolites do not cross the
BBB.



[8F]-FP-TZTP

» In rats, only 5% of plasma radioactivity was parent
compound by 15 min post-injection.

» One metabolite was almost as lipophilic as the
parent compoud as measured by TLC, suggesting
that it might cross the BBB.

» Parent compound was found to represent greater
than 95% of extracted radioactivity in rat brain
through 30 min and greater than 90% at 45 and
60 min.



The Validation of FP-TZTP

Figure 17.7.
the midline). In the

(B




The Validation of FP-TZTP

| wild-type

Fig. 7. Regional brain localization of [**F]FP-TZTP in M4 KO com-
pared to WT mice at 30 min after intravenous injection of ~300 pCi.
(Data represent the mean DUR/m? £ S.D.. n = 5-7 mice).

Neuropharmacology 44 (2003) 653—-661



The Validation of FP-TZTP

» Similar studies with M1 KO, M3 KO and M4 KO vs
WT did reveal a significant decrease in grey
matter uptake.

» The metabolic profile of FP-TZTP was studied in
rat and human hepatocytes using
and,
compared with independently



[18F]-FP-TZTP Studies in Non-human Primates

» These experiments
were used to develop
the methodology and
analysis technigques
for human studies.




[18F]-FP-TZTP Studies in Humans

Figure 17.6. Sample K, and Vimages from ["°F]-
FP-TZTP in a young control subject calculated by pixel

by-pixel fitting of the one tissue compartment model
to 120 minutes of data. The K, and Vimages are
displayed to a maximum of 0.7 ml/min/ml and

50 ml/ml, respectively. Note the relatively uniform
cortical binding in the Vimage, except for the higher
binding in the amygdala.




[18F]-FP-TZTP Studies in Humans

» In the first clinical studies, an age-related
In M2 receptor binding potential was observed.

» Areasonable hypothesis for the increased volume
of distribution in elderly normal subiects with
Apoe-E4 positive Is a concentration of
ACh Iin the synapse.

» The use of [18F]-FP-TZTP can be considered an
INn Vivo measurement of
, rather than the receptor density alone.
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Novel Serotonin Transporter (SERT)
Imaging Agents for PET

Bioorg. Chem., 2020, 97, 103654.



Introduction P

® Serotonin (5-HT) plays important roles in a wide variety of
physiological functions through interaction with 14 serotonin

receptor subtypes.

® |[n CNS, serotonin transporters (SERT) reuptake the released
5-HT from the synapse into the presynaptic nerves to
terminate its downstream.

® Dysregulation of serotonin transmission is known to be
involved in depression, anxiety, obsessive-compulsive
disorder, eating disorder, addiction, Parkinson’s disease, and
Alzheimer’s disease.



5-HT Synaptic Terminals

5-Hydroxytryptamine neuron

| Tryptophan

locaine
soxetine 5-hydroxytryptophan
iboxetine r'd
5-HT
AN
Y u'

5HT e et
aUtoreceptDrS ® s ® .
L L L] ® L ]
L] ® ™ [ ]

/ 5-HT receptors

Torres, G. E. et al. Nature Reviews Neuroscience 2003, 4, 13.

Amph.
MDMA

O/"\(C P

Cocaine
Fluoxetine
Paroxetine

Sertraline
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Introduction P

® SERT is the target of selective serotonin reuptake inhibitor
(SSRIs), which is among the most commonly prescribed class
of antidepressants in last decades.

® There is a lag time before the onset of antidepressant effect
of SSRIs and more than 30% of patients are nonresponders.”.

® By estimation of the drug occupancy of SERT binding sites by
the antidepressant, in vivo PET or SPECT imaging studies could
assist in the development of more effective approaches to the
treatment of depression.

Bioorg. Chem., 2020, 97, 103654.
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R, =CN, R,=""CH;, R; = H, [''"C]DASB

Ry = ""CH3, Ry = CH3, Ry = H, [''"CIMADAM

R; = "°F, Ry = CH3, R; = H, 5-['°FIFADAM

R = H, R, = CH3, R3 = O(CH,);'®F, 4'-['®FIFPBM

1. SERT selectivity
2. 11Cvs 18F

3. Synthetic feasibility

meta, ['®F]FEt-mZIENT
para, ['®F]FEt-pZIENT
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NMe,

NH,
S
~_F
H,C 0

FE-methylADAM

NMe, NMe, NMe,
NH, NH,, NH,
0]
F HsC HsC 0 TN F
FADAM methy|ADAM FEE-methylADAM

NM62

1. Synthetic feasibility &87{)
2. Drug-like properties * e ’



i Scheme 1
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(@) OH O.__OH |
N02 N02 O N\
HoN _a _ /@/S _ b /©/S
OMe OMe OMe
1 12
| ¢
NO, = S S
_c . S _4d . I F
o o™ Mh
OH 14a:n = 15a:n =1
13 14c:n=3 15¢c:n=3
g f
| L
NH, NS NH, =
F F
oM o™
7a:n=1 Cl 8ain=1
7c:n=3 8c:n=3

@Reagents and conditions: (a) (i) 50% NaOH,q), NaNO,, H,0, rt, (i) HCl(¢onc.), -10°C, (iii) KS,COEt, H,0, 80°C, (iv) 1-bromo-4-methyl-
2-nitrobenzene, EtONa, reflux; (b) (i) (COCI),, DMF, CH,Cl,, rt, (ii) EtsN, Me,NH, CH,Cl,, rt; (c) BBr-Me,S, 1,2-dichloroethane, 70°C;
(d) 2-fluoroethyl-4-toluenesulfonate, Cs,CO3, DMF, 75°C for 15a and 1-(2-(2-chloroethoxy)ethoxy)-2-fluoroethane, Nal, Cs,CO3,

DMF, 75°C for 15c¢; (e) (i) BH3-THF (5 eq), THF, reflux, (i) HCl(conc.), (iii) H,0, reflux; (f) SnCly, HCl(gonc), MeOH, rt; (@) (i) BH3-THF

(10 eq), THF, reflux, (ii) HCliconc), (iii) H2O, reflux.
Bioorg. Chem., 2020, 97, 103654.



Binding Affinity
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K; (nM) K, ratio
compd Ri R; Rs
SERT NET DAT NET/SERT DAT/SERT
MADAM CHs H H 0.25 61 532 244 2128
7a CHs H O(CH2):F 0.25 98 13%" 392 -
7b CHs H [O(CH2)2]2F 0.50 60 11%" 120 -
7c CHs; H [O(CHy).sF 1.32 55 11%" 41 -
8a CHs ClI  O(CHy);F 0.11 77 18%° 700 -
8c CHs Cl [O(CH2):]sF 0.21 54 6%" 257 -
7d H H [O(CHy).:F 0.29 4.1 23%" 14 -
7e H H [O(CHy):]sF 0.43 5.6 17%° 13 -
7f FH [O(CH2)2]2F 0.12 9.2 9%“ 77 -
7g FH [O(CH2)2]sF 0.20 12 14%" 60 -

¢ Inhibition percentage under 0.1 pM

Bioorg. Chem., 2020

, 97, 103654.



i Lipophilicity and BBB permeability a.b

Center for Inni
ThptD

Compd Log Pcai  Log Dexp Pe

7a 3.83 3.64 81

8a 4.39 4.55 30

7b 3.67 3.53 83

7c 3.52 3.43 73

8c 4.07 438 48

7d 318  3.37 83

7e 3.03 3.30 91

7f 3.34 3.70 51

78 3.19 3.63 68
MADAM 3.76 3.87

Theophylline — - 0
Verapamil — — 100

Bioorg. Chem., 2020, 97, 103654.
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Metabolic Stability

Parent
compound left
after 30 min,
1 Me H 41
2 Me H 60
3 Me H 62
2 H H 54
2 F H 64
1 Me CI 18
- F H 0

Bioorg. Chem., 2020, 97, 103654.

3.64

3.53
3.43
3.37
3.70
4.55

3.87
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Scheme 42
' 'N
NO, OxN\ NO, ~
N S AN b S
13 —>— | _ | _ OH OH
O/\/ O/\/
19
|
NO, ~
S N
o B
g O/\/OMS
[*®F]-7a

& Reagents and conditions: (a) ,-bromoethanol, Cs,CO3, Nal, DMF, 75°C; (b) (i) BH3-THF (5 eq), THF, reflux,
(ii) HCl(conc.), (iii) H20, reflux; (c) MsCl, EtzN, CH,Cly, rt; (d) (i) K[18F], K222, DMSO, (i) NaBHj,4, EtOH, go°C.

Bioorg. Chem., 2020, 97, 103654.



National Taiwan University

Center for Innovative
Therapeutics Discovery

Radiosynthesis using Synthesizer
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PET Imaging in Rat Brain

60 mins 120 mins 180 mins

Bioorg. Chem., 2020, 97, 103654.



Distribution in Rat Brain
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i Distribution in Rat Brain a-b
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Bioorg. Chem., 2020, 97, 103654.



i Summary dp
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» Two novel series of fluoropegylated diarylsulfide
derivatives were synthesized and possessed
potent and selective SERT binding affinity.

» The target compounds demonstrated high BBB
permeability in PAMPA assay.

> In PET study, ['8F]-7b exhibited significant BBB
uptake and selective accumulation in SERT—rich
regions in the rat brains.
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Early in vivo Pharmacokinetic Study
for Drug Discovery



Dynamic Distribution using PET Cl'b

tail vein injection * 0760 min

* 300X
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Dynamic Distribution using PET

6-8 min 14-16 min 22-30 min 38-46 min 46-66 min

0~60 minutes after tail vein injection

 Most accumulated in abdominal organs

* Peripheral selectivity may result in less potential
toxicity.
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