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Lead compound optimization strategy (9) — reducing drug
clearance through structure modification
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Abstract: Clearance reflects the speed of extraction and elimination of drug molecules from systemic circula-
tion. Reducing the clearance of compounds using structure modification strategy could lead to good pharmacokinetic
and pharmacodynamic properties. Herein, the concept of clearance, as well as several prediction methods of in vivo
clearance are introduced. The strategies of reducing drug clearance are reviewed. These methods include reducing
hepatic metabolic clearance through reducing lipophilicity, blocking metabolic site, scaffold modification and
increasing steric hindrance; reducing biliary or renal excretion clearance through increasing lipophilicity, reducing
polar surface area and bioisosterism. In addition, the influence of spatial configuration on drug clearance is also
summarized.
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Table 1 Body weight, hepatic blood flow and clearance range of some animals and human

Species Mouse Rat Monkey Dog Human
Average body weight/kg 0.02 0.25 5 10 70
Hepatic blood flow /mL-(min-kg)" 120 68 44 31 21
Clearance range /mL-(min-kg)" 36 - 84 20 - 48 13-31 9-22 6-15
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Figure 1 Major mechanisms of drug clearance
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Influence of physicochemical properties and permeability on drug clearance path

Clearance path

Influence factor . .
Metabolic transformation

excretion mediated by transporters

Metabolic transformation or

Renal or biliary excretion
(possible transporter involvement)

Physicochemical LogD>0
properties (PSA <75 A%
Permeability High

LogD>0 Loz D <0
(PSA > 75 A?) 8
Medium Low

Table 3 Prediction of drug clearance through in vitro-in vivo extrapolation. *C

of hepatocytes; PBSF: Physiological based scaling factors, see Table 4

: Concentration of liver microsomes; C_,: Concentration

protein®

Method Formular® Defect
In vitro incubation with liver oL = kg The experimental results need to be confirmed by
microsomes intavitro orotein in vivo study
CL, i vivo = CLlistinvino < PBSF
In vitro incubation with hepatocytes oL = ﬁ The preparation of hepatocytes is complex
e O Hepatocytes can only survive for 4 hours in vitro
CcL_. . _CL x PBSF

int,in vivo = int,in vitro
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Table 4 Physiological based scaling factors'”
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PBSF factor Mouse Rat Dog Monkey Human
g liver/ kg BW 54.9 36.6 329 24.8 25.7
mg prot/g liver 47 47 58 32 32
mg prot’kg BW 2580.3 1720.2 1908.2 793.6 822.4
10° cells/g liver 128 128 187.5 99 99
10° cells/kg BW 7 027.20 4 684.80 6168.75 2455.20 25443
0,../mL-min’ 2.4 16.9 309 218 1450

Well-stirred model
Cin Cin

[ [E——

Gy Cout

____________ —

Parallel tube model

~

~
~

~ Cout

Dispersion model

\
N G
~
St Cout

L | Teseead SRR

(Cin = Cout)

CLy=0Oy X —
n

CL,= 0, X In S
CO“[

(Cin = Cout)
CLy =10y X ~———=
2= Caverage

Figure 2 Hepatic disposition models"*. C,: Influx drug concentration; C,: Hepatic drug concentration; C, : Efflux drug concentration;

CL,: Hepatic clearance; Q,: Hepatic blood flow
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Table 5 Three allometric scaling-based prediction methods of human clearance with relatively high accuracy

Method Description Formular Remark
/, Intercept  Universal equation based on the intercept o o7 a: Allometric scaling factor
correction  obtained from the simple allometry log-  Cliume = 33.35mL/min x I Rfu: Ratio of unbound fraction in
method log plot and ratio of unbound fraction in P plasma between rats and human
(FCIM) plasma between rats and human
TS, dos Rat-dog-human proportionality for CLy ™ g X (BW )™ a: Allometric scaling factor
bound drug BW: Body weight

QSAR,, ,,, Ratanddogiv.CL combined with
compound descriptors as predictors of
i.v. CL in human

Log CL,..= (0.433 xLog CL ) + (1 x Log CL,) -
(0.006 27 x MW) + (0.189 x NHBA) - (0.001 11 x
Log CL,,, x MW) + (0.000 014 4 x MW?) -

MW: Molecular weight
NHBA: The number of hydrogen
bond acceptors

(0.000 4 x MW x NHBA) - 0.707

Log CL / mL-min!

Log BWt

Figure 3 Basics of an allometric scaling experiment!*
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Figure4 Reducing hepatic metabolic clearance of calcium channel

blockers by reducing lipophilicity
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Table 6 Reducing hepatic metabolic clearance of CRAF inhibitors by reducing lipophilicity

CRAFIC,, CP Calu-6 CL,

Compd. Sturct Log P intHLM
omp ureture /umol-L™ ECSU/umol-L'1 crog /uL-(min-mg)”
S
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T
e
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5 @m)\? 0.000 6 0.51 32 20.5
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Table 7 Reducing hepatic metabolic clearance of PRMTS inhibitors by reducing lipophilicity. "HLM scaled CL: In vivo intrinsic clearance

determined from in vitro intrinsic clearance of human liver microsomes. "MLM scaled CL: In vivo intrinsic clearance determined from in vitro

intrinsic clearance of mouse liver microsomes

PRMTS HLM scaled CL* MLM scaled CL"
Compd. R . cLog P cLog D - n
IC, /nmol-L mL-(min-kg)
8 nv@O/\/\g 326 3.88 0.65 13 50
T 5
Z N o
|
9 X H/\g\g 13 3.02 2.25 17 80
H [o}
10 N 18 1.63 0.86 10 61
SROR R
H o
11 (EPZ015666) O/://NMu’Y\;“ 22 0.57 -0.14 <5 20
NN
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RIE, 1 A1 B PUHE B3 PR R0 N B RIORL 4 3 [ R 3515
B % ¥ [14, T cruzi IC,, = 0.04 pmol-L", CL, 1\, =
1.57 pL- (min'mg) *; 15, T cruzi 1C;, = 0.1 pumol-L™,
CLiy iy = 0.94 pL-(min'mg)']. 7 i 2 fi 5 ] R 7E 18
JE I I AR A A R R BETE, BT DLE AL S 15
BT HE— P0G . I AR A 15 IR 5 AL 5] N
JR T P R AR AL A, 13 B S 16, FLPTHE t
W — B3 (T cruzi 1C,, = 0.079 pmol- L), b %
W16 75 NSO AR Hh B3 R % 32 2 R FE [CL 0w =
0.41 pL-(min-mg)"'], A A 12 N B0RL A4 i B
R 1/23,

AT & —Fh — 0 BRE )58 (DHFR) #1771,
OO 4 B ) B /M BT IR FE (MIC) 29 0.156 pg'mL™, H
EAE/NERORL A H RS BR 26 ik 173 mL-(minkg) ' #.
TRAN AT R, LA 17 10 EAEHR 2 N KR -
AEER) O-2 AU (B15). KA AR 2, (18) B
SRR (19) B A (R9), iTE RS O
fhﬁ%ﬁﬁtﬁﬁ%A%%@%$u&ammﬁ
154 pL-(min-mg)™'; 19, CL. = 22 pL- (min-mg)™'].

int, MLM

Table 8 Reducing hepatic metabolic clearance of anti-7. cruzi

agents by blocking the hydroxylation metabolic sites

Dihydroxylation :
(Human liver ——1
microsomes)

! ) T cruzi CL, M
Compd. R R r mn .
IC;,/umol-L /uL-(min-mg)

12 Cl H 0.63 9.57
13 Et H 0.14 10.4

14 NO, H 0.04 1.57
15 CF, H 0.1 0.94
16 CF F 0.079 0.41

KA AR T B AR AL, 3 o-% R WAL,
15 B4k & W 20, 40 B PR AN BB GIORE A4 o i R
AT BB P4 [MIC = 0312 pg'mL";CL, iy =
25 uL-(min-mg)'T. L& 4020 JyiH e fA, I3 P 4k
21 (SHRY) 7/ B RORL A4 Hh 75 B 32 AL B 17
N R RCRE AR T BR 2R 11 1710, &R ES A 2505, 1h
B 21 FE /N BAR A BB R %8 5.96 mL- (min-kg) '
WA W) 22 72 2 v R R I 49 3 I B A T A 3 4%
P o- 2 FE-3-F2 FE-5- F B -4- R UEME T IR (AMPA) %

Table 9 Reducing hepatic metabolic clearance of DHFR inhibi-
tors by blocking the O-demethylation metabolic site

NH,

&2
O
O, 1
n
N

M

H,N” N

Figure 5

=

MIC CL
Compd. Configuration R N MM
/ng-mL /uL-(min-mg)
17 Rac OCH, 0.156 173
18 Rac OCD, 0.312 154
19 Rac OCF, 0.625 22
20 Rac Cl 0.312 25
21 S Cl 0.156 18
OH
—+OH
=
|
N
o,Glu
NH,
=7
N
™ A
25 HoN" N 2

The proposed metabolic scheme for compound 17 following incubation with mouse liver microsomes
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S BUAR, o AE K IE B I AMPA 2 4K 5 & 11 -8
(TARP »-8) 40 b 2 30— 5 (1) AMPA Z AR F5 BTG
P (IC,, = 2.97 pmol- L), (HAL & 22 75 N K &R
JHARORL A v 1RV B 2250, 43 0l 81.0% F11 84.0%, JF
HL7E K B A 9% B % [CL,, = 234 mL-(min-kg)"'] i#
Ao JEF A 97, 75 A A Q375 [k o, S A7 7E LAt 5 B
AT, H A G 22 S5 K T R T AR OGS Y 1T
FRARAOL o R B (A1 85 e g 15| e (23.24) BRI
WE W i (25.26), T A 20 A I ARAR S AL A5, PR &
WITE K B N 7 B 2 (3R 10), 1EA4L A 90 0 0k 14

TRANIE T 2 W, A4 26 22 BT 40 i 0 5 )i 1) 3
R IEAE e R E AR (B 6)™. o, &5

A A AR BT R I PR IR F Az, E AL s 5N
R T (27) B TE O BE (28~30), W] A R AR AR
W R, FEAR AL A A 1E N0 IR BRSOk A v (3 B %6
Horb A% 30 (LY3130481) 1) AMPA 5244 4% Hiis v
BAR (£ 11, AMPA IC,, = 0.065 pmol-L™"), H.7E A F1K
BRI IRORL A HH RV B 2838 58I, 2900 16.4% F132.3%.
A YILY3130481 7E K BRI IR IR AR 40 F) FH B ik
97%, a4 220 ug-h L', L& IKIE S 45 25 )5 1T
%% N 11.4 mL-(min-kg) ™", X N &4 22 78 K R AR
REGE RN 120, RNIFFER, LY3130481 2 [
R 45 2 )5 I R4 I B b BRSO, ELAS 2 %6 KRR 1)
18 3 B8 7138 AR -

3.1.3 BREWE BB BRI S AR

Table 10 Reducing hepatic metabolic clearance of AMPAR antagonists by blocking the phase II metabolic site

GIuA1/TARP y-8

Fraction metabolized by microsomes/%

Compd. Structure Y CL_/mL-(min-kg)"
IC,/umol-L Human Rat "
\R/
22 " N J@/OH 2.97 81.0 84.0 234
S/‘\\N
|
‘h/
Ll H
23 N N 0.147 52.7 65.6 71.5
3OO
I
‘h/
'
24 N-n N 0.353 36.2 32.5 61.3
Oy O
I
\R/
bl H
25 N N 0.070 54.5 82.2 96.6
XL
|
\R/
"y
26 W:ﬁo 0.122 41.9 84 115

Table 11 Reducing hepatic metabolic clearance of AMPAR antagonists by blocking the oxidative metabolic site

GIluA1/TARP y-8 Fraction metabolized by microsomes/% CL,,
Compd. Structure ./ o P
5/umol-L Human Rat /mL-(min-kg)
A
27 e 8 0.054 19.6 67.4 422
-
HO
28 ;“/ " 0.160 23.6 43.7 6.0
9 _ S#O
HOQ |
29 N “ 0.062 15.2 47.4 16.3
N~ N,
A
HO
R
30 (LY3130481) Q 0.065 16.4 323 11.4
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10%
N l1%
! N
o =N
v
9%
3%/ \2%
20
Predicted sites of CYP2D6-mediated oxidative

metabolism of compound 20 using the StarDrop model. Sites are

Figure 6

labeled with a predicted percentage of products formed due to

metabolism at that position

TH RN E A s SRS 2 — o B AR E AT L
BB VB, AT E IR B R . SR AR
UTFRE 3R R S50 B AR B S5 0 1 B, vl A 800
TR AP AR I L AL IE PR

& P 31 2 BR 50 4\ B % 1) DPP-IV #0171
(DPP-1V IC,, = 119 nmol-L™"), J Ak Py 254X 2y 77 2 P )i
B2, AR K B N 5 B #5178 120 mL-(minkg) ™', A4
PR FEAL R 3% (38 12)P700 g 10 M e 5 40 My R 15 2R
FFAENR R IR | 5] AR 2L, 15 31654 32, F DPP-1V I
HE B = S £ (DPP-IV IC,, = 19 nmol-L™), {HA4& P i
B A B i HEAT A P W A, Rz &
PO 3 BEARNE AR A IRE IR L I AR . 7E S 2Em)
O Y, B AT N 53R F AR AR 1 = W I IR 1 A 55 6
WRWEBR, JE7E = M3 b 5] N =980 B, i 4449 3 DPP-
IV #1135 ¥ =5 (DPP-TV 1C,, = 18 nmol-L™"), H 254t 1
Jii R A LA YT R ST (sitagliptin)®e PE A& 511VT 7E
KR RAR A B LR EE 73 590 9 76% AT 100%, i 2
TG 31, AR KRB AR N 35 B 2 oL 59 31
¥ 1/2 [CL,, = 60 mL-(min-kg)"'], 3F H.7E R A& A 15 B
AR [CL,, = 6.0 mL- (min-kg)"'], % #1114 4.9 h.
2006 4, PU & FIVT AR N A H I DPP-IV #i 71) _E 17
T2 Z90E JRIG VR IT

fatk 5 7 32 7k 4 (CXCR4) $5 517 34 AT B
ff) CXCR4 % 3% 1 (CXCR4 IC,, = 6.5 nmol-L™"), {H
Fo 808 (pK, = 10.7), 1& B %, 76 N Ko B3
KL R B B 43 EE 43 0 77.0% A1 17.0%°° . F B
34 %} CYP2D6 H. A7 — & [ # il 35 ¥4 (CYP2D6 IC,, =
0.3 pmol-L™), $& 7 Hw] B 2 R ML 5 VR I7 1 7 AR 254 -
ZYWIAR EAE . I 2 BRARE A T RO B, FEAE DA
S MENRIR b 5] NIRRT B4 &) 35, 35 IR R 3
I NH 5 R TR B NH, B A AL, fRFFE T CXCR4
FEPUIE M (13, CXCR4 IC,, = 6.08 nmol-L™"), [A] i {£
I U A v I 5 R S A CYP450 i IR I, 76N K/ B
JHEICKE A v (R O/ B E 0 B 23 il B2 i 10 99.7% H1119.9% .

Table 12 Reducing hepatic metabolic clearance of DPP-IV
inhibitors by scaffold modification

F

F Q
N N/\
Q7
32

F L_NH
31
F ~
NN
N
F k/N\/<
Sitagliptin (33) CFy

Compd. Species  CL/mL-(min-kg)" t,,/h Fl%
31 Rat 120 1.1 3
Sitagliptin - Rat 60 1.7 76
(33) Dog 6.0 4.9 100

1H 35 [ L1 AT 45 22, dl I PENR IR 2R B A [A] r B 51 N
FI 2L (36~38), BARAIE— &R fE L ECE NG I IE
FECPE , (LR 2 TEIEAE V5 M 358 M1 038 Bk o 2 1)K 317
. FZAEVYE MR R IR b 5] IR I PY S i)
WU 48544, 43 BG4 40 39 F 40, Forb (R)-H4 284 B 1k 40
) CXCR4 #5 13 P J 375 M6 M 25 5L i (CXCR4 IC,, =
3.59 pmol-L", P.= 740 nm-s™), 3 H1E N /N B BoRE
b )R B E 4 EEBOE T, 433N 52.2% F136.7%

Table 13  Reducing hepatic metabolic clearance of CXCR4
antagonists by scaffold modification

X Two H-bond donors X

| High basicity |

N N

NS H N
J:\/\/\ NHZ : %,
--------------- —
CYP 206 R
L ; substrate

34

CXCR4 Microsomal stability .
. . Permeability
Compd. R Ca™ flux, (% remaining) N
r P/nm-s
IC_ /nmol-L Human  Mouse ¥
N
35 H‘/N\) 6.08 99.7 19.9 0
36 E{O 29.6 75.8 17.0 996
37 @ 61.0 100 85.6 39.0
5
38 N\/\L/”E 14.1 24.6 39.6 142
W
3 ol 2.92 366 40.1 167
H
N
40 ;{N((\R 3.59 52.2 36.7 740

T

G141 72 3 — AOR LR SR BT 1R 24, X T FF 4
PE AR 8 B (MRSA) 1 f /N 0 18 4 BN 4.8 pgrmL!
(B 7. BT ZMEYE A Schiff K5 1) 4514,
Gy K FE AR R 0, AR N BT BORL A4 T 3 BR 2R A
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80.3 pL-(min'mg)" o IR Vi F N EE 2R, 15 4k
H W) 42, FLAE N BORL A4 o 13 B 2R B AR A& )
41111 1/24 [CL, 1\ = 3.3 pL-(min-mg)"'], %f MRSA [fJ
B E R, HMIC A 3.12 ugmL". #1L&4 42
e B b I U B O A, 15 B A ) 43, LT
MRSA [0 T & 1 A5 LA & 4 41 32 55 12 % (MIC =
0.40 pg-mL™"), G B E(K % 3.0 uL-(min'mg)’'. H5
41 1 B, 1054 43 (0 N ORE 1 2= 22 191 £ 28.8 min &
K% 308 min, $£E L1075, HHE (50 mg-kg") H R
GYifE, a3TE RRAE NI KA 824 h, BFE &N
100 010.96 pg-h-L"'.

th & ¥) 44 (LY2881835) 42 4L ok 2 & #F & 1)
GPR40 #2h 7, H Xt NI GPR40 # 5% B-arrestin [f] EC,,
4 8.7 nmol-L™ (& &)%Y, & ik NI K F T ¥6 97 2 24
S R 7N R R SN N O E e g
(CL= 183 mL'min"). FAtA Y K5 2k linker FH =M
FEmenE B, B T O-/N-L e A, TS T &
PR B FREAE, 35 G T LB KA RS PR R Y
28 S RO T, 465 0 45 (LY3104607) 76 N AR A

THBRZE L8 16.7 mL-min”, {CHHEYI 4411 1/11.
3.1.4 EMAEMBRASMEMRREYE L2459 T
WIS AR R AR G A AR A BE T, X KAy
TAEAE & A T 50 R S AR 25 K R AE, TR P E 23 D6 H
JRER I 5L B (GST) HIHEAL R 5430k H Ik (GSH) 45
AT B o I 3 0 7 B BRI A & ) 5 GST 138
A, o] LA PR & P RIS B

1654 46 XF KRAS* [ 1C,, 24 0.211 pmol L™ (3
14), "€ B 32 EEH BRAL ) DA B e 58 T 4 A 4 T Ui
SEEDY, FEHIRGEH b 5| NHEEAG 2 5147, HT IR
WEIA I 1) 2 T 52 A0 PP R 85 SR BB ST R BB ), 2 ) oz L
BRI S GSH M 4530w A 4 18t e, GSHL e 7 - T8 T
£ (GSH 1,, = 416 min). {HF 5] AL S
(5 Fg PERI N (Log D = 3.8), ANFACKE 74 75 B R 42 =
[CL,, = 32 L (min-mg) "o K 5 0k ER 25 462 Bl 1) ok
iz, 13 246 &1 48, HoR R TEAR LAk &9 47 BE 4K 0.9 4
Log Sz, NJHIOKE A7 B 2 [ 4K 4 21 pL-(min'mg)”,
Al B GSH J Y- 3 A ZE 4 %2 585 min. ftJa fEAL &)
48 IR IR b 51 N H 45 21 49, o A IORL A4 17 B %

HoN__NH
N~ NH w == /N
| & 9
X
N)ﬁ/k NG N7 NH, NS N/kNHNHz
\ s [ e— S — \ S
41 43
MIC(MRSA): 4.8 pg-mL"! MIC(MRSA): 3.12 pg.mL"! MIC(MRSA): 0.40 pg-mL!
CLip v = 80.3 pL+ (min-mg)! CLiy v = 3.3 pL-(min-mg)™! CLip v = 3 pL+(min-mg)!
HLM ¢, = 28.8 min HLM ¢, = 195 min HLM ¢, = 308 min

Figure 7 Reducing hepatic metabolic clearance of phenylthiazole antibiotics using scaffold hopping strategy

O-dealkylation

N-dealkylation l

aseliss

pK,=8.1

(]

44 (LY2881835)

Human GPR40 ECs (S-arrestin) = 8.7 nmol-L™!
Fraction metabolized by HLM = 38%
Fraction metabolized by MLM = 79%
Fraction metabolized by RLM = 64%
Fraction metabolized by DLM = 65%

CL(Human) = 183 mL: min™!
Solubility®: 61-80

PK,= 4.1 L NS o
NS

Tail Center Head

OH

45 (LY3104607)

Human GPR40 ECs, (f-arrestin) = 108 nmol-L"!
Fraction metabolized by HLM = 5%
Fraction metabolized by MLM = 7%
Fraction metabolized by RLM = 10%
Fraction metabolized by DLM = 5%

CL(Human, allometric scaling) = 16.7 mL+ min™!

Solubility > 100

Figure 8 Reducing hepatic metabolic clearance of GPR40 agonists by scaffold modification. HLM: Human liver microsomes; MLM:

Mouse liver microsomes; RLM: Rat liver microsomes; DLM: Dog liver microsomes. “Solubility refers to the grams of compounds could

dissolve in every 100 g water
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Table 14 Reducing glutathione reactivity of KRAS inhibitors by increasing steric hindrance

Compd. Structure

KRAS IC, /umol-L"

Log D CL /uL-(min-mg)”

int, HLM'

GSH ¢, ,/min

46 N 0.211

47

0.052

g 0.018

48

49 ~ <0.005

3.6 25 334

3.8 32 416

2.9 21 585

34 21 929

TRIFFLEBARIKF [CL, 0= 21 pL-(min-mg)"'], GSH )X
N2 IK 3 929 min, AHELALE ) 46 IEK T 2 £ .

10 & ) 50 H& — A3 B 1 1 JAKS St 4 0 i 7
(IC,, = 56 nmol-L )P, k4t 51 K B, 1k & 4 50 7E
KB AORLAA Y (135 B %8 /N T 15 uL- (min-mg) ™, {H
FE R BRI 1 2 3 A A 98 miin, 13X 2 R HAE R
B A P PR 9S Bk o Bl A B H I 5 L i B2 B (GST) T
At CYPAS0 FT A 5o T T8 I 15 Jic 1190 05 85 K il 51 A\
FAOE:, 38 i 67 BH, 13 2464 9 51 (K 15), H 5 JAK3
F 5 A0 5 3 B AIC, TAK3 Vs 1798 2% (JAKS IC, >
10 000 nmol-L™)o 11 75 # 25 A I 19k Jie S50zt FRT W e 348 |
5N H 3, 1534k &4 52 (PF-06651600), H: GSH [
PEFEAR, 72 ML 2P B8 I 360 min, 75K B ML H
2 2 HIA B 161 min, X — Gl RREh A S
FEAREE A Z (B S AR EAE D, B T AE P JAKS
PG 4 (JAK3 1C,, = 33 nmol-L™"). PF-06651600 7

AR T BR 22 (1 F0IE 9 5.6 mL-(min-kg) ™" B7.
3.2 FEERZAIBETHEM R E

— LBV K 20 0 1, 8 R AN BETE I A 4 R
W W) AT BILBA B 1 BORH B -, AT LA i ik (P-gp.
BCRP.MRP2 %) 41 5 M FF 40 i 4 43 i N H YT o X
TIXEZWY 5, 7T LIE S R s R e v A T A
S5 AR AL SRR P AR HE S PR 2
3.2.1 REFEREM Log DR SHHIHEM A M i =
LREAMER S —. X T8 EZEE T HE Y
2y 4y -, AT DUIE I B v o R P, B K A 1 5 T AR
(PSA) M LB TH R .

1B B R 1] 45 B B T 08 I8 Nay 1.7 #1041 577 53
(hNa, 1.7 IC,, = 13 nmol-L™") #E A K B S ROk 44
) BR Z B [ 16, CL 0 = 14 uL-(min'mg);
CL,, i = 23 uL-(min'mg)"; CL,,, 1, < 5 pL-(min-mg)],
ELFE DK BRI R AR P 13 B 26 2102 5 T IVIVE Tl

Table 15 Reducing glutathione reactivity of JAK3 inhibitors by increasing remote steric hindrance

JAK3 CLHIM CL, rim Human blood ¢, , Rat blood 7, ,
Compd. Structure B > - - -
ICSD/anI'L HL-(1’1'111'1-1’1'1g)'1 min
LA,
50 o wAn 56 <15 ~ 332 98
LA
A,
51 o A >10 000
ULy
N N
L,
52 (PF-06651600) ° A 33 <15 >360 161
[
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[CL,, = 58.0 mL-(minkg)", CL,,, = 10.0 mL-(min-kg)"],
R ZNEDAAAEAEARUHERR, RUIRVTHEME . SRR
JE P 1 SR - B AR 1 ik 15U, 13 B4k &) 54, HoE
JETERS A $ 15 (Log D = 0.8), M PER AR FEL (TPSA =
107 A%), A TEFRFA FTFEIC [CL,, = 40.3 mL-(minkg) ",
CL,,, = 2.0 mL-(min-kg)']o #E— K mhE3A 4 0 1R
P T 55 1) 2 L R R, 159 214k A 9 55 (PF-05089771),
LR e A LAk & 53 32 71 1.6 A Log #4776 K iR
JRA A T B 3 0 ol BeAR A0S 70 53 1) 1/10 F1 1/4
[CL,, = 6.0 mL-(min-kg)", CL,, = 2.7 mL-(min-kg)"].
W) 56 2 — AR HEE Na, 1.7 011 7] (Na, 1.7
IC,, = 0.15 pmol-L™), FAE N K K B - SORE A< A 1) 97 Bk
RIAR, (HTE R RN SRR & (%17, CL, =
28.3 mL-(min-kg) '], AT G5 F s kA T 1 I I Hi
BRAHOE b G4 56 1E R A4 I R 22 541K, X 0l i
YL T IS RN SRS R R R MR 2 57 . 151k
BV 56 11 CH BT NSRRI I &R 1, TR A PR

S RE w13 AW 57, HoE R RS N (cLog D =
2.6), 1 B F £ i [CL,, = 0.78 mL-(minkg)™; CL,,, =
0.05 mL-(minkg)"']. HITHEYSTHE —ENRICYP3A4
FRENE, &R BUER B 2 B S 58, H
o5 I 14 A E Ak 1 56 2 55 0.8 4> Log HA A, 76 K B J¢
RAK B3 B 28 & [CL,, =3.83 mL-(min‘kg)™;
CL,,,=0.38 mL-(min-kg)"], i PE 15 3] 73— P fE
(Na,1.7 IC,, = 0.036 pmol-L"). £ R4 2 )5, th &
58 7E C57BI/6 /)N B A R I tH R 47 i e 2 i 25UR

322 HYEFEHEH AMETEHERERLEMY
A I R s FH B SIS, SR FH A2 P 1S5 HE SRS AN
A LB iR A0 A 0 I 24 G A e A 1), T e sk
MZIRBN 1 H . BV SIRT P2Y | Sk BA R
fIERT) (7 18, 1C,, = 6.3 nmol-L™"), RAI%E e L ik
(LTA) Wl 52 Xt —BEERAREF (ADP) i T (1 /MR R AR
A& ANEIE R (LTAIC,, = 21 nmol- L), HAEK
SRR AR B Th AR DT B [CL,,, = 24 mL-(minkg) ],

Table 16 Reducing biliary excretion clearance of Na, 1.7 inhibitors by increasing lipophilicity

CL\"![ CLduu
Compd. Structure hNa, 1.7 IC,/ nmol-L” Log D TPSA/A? -
mL-(min-kg)”
-N
FaC. O‘\s’:(; S\N\>
H
53 o/©/ 13 0.7 131 58.0 10.0
=z CN
N:N !
E o, 0 S\
FaC. Q;S\EJ\\N,N
54 \%\0 21 0.8 107 40.3 2.0
~ Cl
N:N |
S
cl 1 O\‘s’:(,)\‘/[b{>
55 (PF-05089771) ?\o : 11 23 123 6.0 2.7
HN al
Ko
Table 17 Reducing biliary excretion clearance of Na, 1.7 inhibitors by increasing lipophilicity
Na, 1.7 CL CL CL_ CL
Compd. Structure a, } cLog D int, HLM . int,RLM rat A doy
IC,/umol-L uL-(min-mg)" mL-(min-kg)"
56 0.15 2.1 <14 <14 28.3 0.82
57 0.051 2.6 <14 18 0.78 0.05
58 0.036 2.9 <14 <14 3.83 0.38
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HEMX — LG T B RN R B AR AE, S 86T J5 82
YRRV HEE B o SR F AR i S5 R SR, DL IR
B B Rk, BB TG R ML &) (£ 18, 60,
CL, =3.7 mL-(min'kg)"; 61, CL_, = 2.1 mL-(min-kg)";
62, CL_, = 5.4 mL-(minkg)']. HH, thEY 6175 KR
AN IR 3 B R B A, HLHE P2Y |, 32 4R 55 R0 0 5 Bkt ot
fE 71 ¥ 84 (binding IC,, = 1.0 nmol-L", LTA IC,, =
8.0 nmol-L™), PRl itk %of L b AT 4 YT 5%, 25 kv S 45
ZiJa, EY 61 1 KR =S b gk MAs A A h R I H R
TFHIVEIT R

Table 18 Reducing biliary excretion clearance of P2Y, receptor

antagonists using bioisosterism strategy

0
.
] H /IN
Seraae
o__N RZ O
R
¥
Binding LTA CL
Compd. R!' R? . . .
ICSO/nmol'L1 ICSO/nmol-L] /mL-(min-kg)"
59 Bu (_coon 6.3 21 24
60 Bt Ol 12 11 3.7
61 Bu g 1.0 8.0 2.1
w0
62 Bu L b, 22 1.0 5.4

PD-1/PD-L1 {5 5 il #% 5 e fe e ik 1% AL i) 25 D) AH
5%, HAT, B 52 #MH| PD-1/PD-L1 A BLAEF 1/ 18
RIE TP iR yT . 2HEUN TS EREN
gy, Bl 9 W 4k & ) 63 (IC,, = 0.180 nmol-L™)
164 (IC,, = 112 nmol-L™)*>*1, X £/ 43 175 A P ¥
BRI, 54 63 2 R4S 245 (10 mg-kg) J&, 7571
BRI HAMY 1.6 he Ab &5 64 255 ke 5 45 24
(4 mg-kg") &, 76K B 192 3 1140 1.38 h, i B
& 74.5 mL-(min-kg)”, H K R IE M. B8 X

)

HO

‘ ICso=0.180 nmol -mL"! ’

Figure 9 Inhibitors of PD-1/PD-L1

OH
[ OH
o) O i N/| H COOH o) [
H/O NN NS S0~ N"~COOoH
Hooc._ N _N o] "
O
63 64

T /N Gy T4 55 24 AR R I RE AR AN R AR VRN, 5
AT DA I e 385 s 2 1) /N 23 7 FT REAE N I8 R R
Bl R T T, 8 A 38 B2 IE v HE T BT #E
SR FH A ) H T 4 R R N R R e Sy LA R A, B
AT B AR LA OIS B 2
33 BIRAY'SIEHET ERRER

— LG R KBV IR 9r T 5 2 B IEHEME . (2
X T8 Dy R A5 A 1 A SR UL, IR LW I ok 28 AH LU A
FRN 224 BT BAR, NI 51 AR 9 B AR B 1k, FEist— 20
I E SRR AR X T IX 2R, MBI Y
I &P e e, s B IEHEE, 38R B R .

FZINE 2 (desmopressin) A& H1F JR IR 254
W (E10), XA R R Z AR (V,R) B IR 501K 3h
WM (hV,R ECy, = 0.2 nmol-L™), 76 £ A H kit -1y
F T 96097 B8 R PR A E . & INE R EAKAN K2y
KRB 1% TR, AR ANEN I RRIEREL
1.7 mL-(min-kg)", -3 {14 2.8 h; 10 75 & Th R 45 &
PRI R G275 B R PR &2 0.69 mL-(min-kg) ™, A 2
FHIEK R 10 he REINEFRTE R RN 1IE B2
[7.5 mL-(min-kg)"] #2I1 B /NERJELE 2K, 9B B 75 B AL
5 11%e A5 3 4 07 1) 48 S0 M T 225 5 i o o3 i P o
() 40 TR Bk 3, 75 B9 1 RN 3k % M W v AL A D 66
(10, hV,R EC,, = 0.05 nmol-L™"), 23 fig 4 48 Jin, 7
HPLC i) 25 & K 7 k' /1 3.72 34 in £ 4.56, 1€ K R A
P TE B R A T it & [CL,, = 9.6 mL- (min-kg)"'].
XL A1 66 111 2.3 4 o 28 5 R Bk 2 3 AT 15 1 15 2
T I R A A, IR DL R B, 6 R
B S 7 A i SR e Ak HEAT B, 153 B A ) 67~ T1,
B & 1A P02 B M 35 i (RE HPLC A 1 2 & K1 k'
), 4 & WAER R AN AEBEIER R &g (&
19). H o, (L&Y 70 75 K BAR N0 R G 7E R %
=, N 42 mL-(min-kg)", AL &R g 5 fE, H
BB R 5 LR A A 60%.
34 WEMMSABE T ERENRI

2540y 1 S TR L I R S e I e A A

N\CN

I
=

tipmae =138 h

ICs0 =112 nmol -mL!
CL,, = 74.5 mg- (min -kg)™!
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i HN NH i NH,
OYZ\NJ\/\S Y 2
Ho1 NH
., _NH S
(AL L@ S [j 3
6 N
07 NH HN 7§ H
H H
4 N 4
H(N\S/&o O FNTEY \)J\NHZ o N J N/\[r \)J\NHZ
o) o _o Q
NH, NH, NH2
Desmopressin (65) 66
Figure 10 Reducing renal excretion clearance by increasing lipophilicity
Table 19 Reducing renal excretion clearance of hV,R agonists by increasing lipophilicity
QL
i jj)\/\ HN NH
o) 2 2
ug j
NR1R2
NH2
Compd. X Y z R R’ hV,R EC,/nmol-L" HPLC k' CL_/mL-(min'kg)"  Nonrenal CL/%
67 CH, S CH, Me H 0.27 6.80 9.1 Not tested
68 CH, S CH, Et H 0.29 7.23 10 49
69 CH, S CH, i-Pr H 0.45 7.31 15 58
70 CH, S CH, Et Et 0.25 8.47 42 60
71 CH, S S Pr H 0.21 8.48 31 90
AR TR AR AR M AT B 5. — T, AN R 1.67 mL-(min-kg) ']

R B 5 A g 2 18] ) SR AN g W] e AN ), 3 B o
TERRFZE RN T —J7 T, & PRl B AR g [R] —
AR B AR, T AT e 4 % 5 2, Xof Bl = )
A 2 18] 56 4[] — AR BRI 45 6 O i, S B0 & 0I5 B
PR RG AR A B, G0EMEATF
YRR, B85 G TR S AR E M S 2 A, ik
HAEM S A

BHL %% 53 R AR & — FhoRe Bk 1) - 1 e g Ak el TR %
LB iR e 2 PHL T BUM) R A AR 2 TR) TSR A H e fe, T
IX A G K AR T O BHL % S R A . PIBK i) 771) 72
(IC,, = 3 nmol-L™") /& —XJ FHA% S e 44, o, ft 354 1Y
N PR (PIBKA IC,, = 2 nmol-L ™)™, ¥ #4 74 ) #.
PRTE N ORL A4 o 07 75 )5 #0 32 I0 HH AR IR R 22, {HL
PR AE N 2 i o 3 BR A 22 T 20 2 6% [ 20,
(M)-72, hHep CL,, = 32.8 mL-(min-kg)", (P)-72, hHep
CL,,= 1.33 mL-(min-kg)']. X & T (M)-72 ZEH
LB (AO) 1A, DA I AE 240 o mh i BBk, T (P)-
T2 AW AO R o (P)-T2 FEA [R] S8 B 1) A A 241 3 B
HAR 2 EBR R KR 11.3 mL-(min-kg)"; L%
R::3.67 mL-(min-kg)"; & #%: 1.83 mL-(min-kg)"; 18

B A 2 Te PO 254, o (S)-BY R4
(1 B2 ARAEPUAE F A2 (R)-ZBL S M4 (1 100 i (R 21)M,
PRFRG T AR AR St CYP2D6 /5o A5 DAL —
2524, (S)- R b AR ) TE R % (CL,,= 2521 mL'min™)
KT R)-H 54k (CL, = 1279 mL'min™), HBEAR
FIH RO, TovE e B2 AR BT AE Y. (R 25 K
DLYH R 45 25, T (R)- L 5% ¥ R X CYP2D6 1) 5%
APE R T (5)- B A Mk, B SHAREHE R R 5t & (CL,, =
1 460 mL-min™), (S)- % 57 ¥ 44  Bx & F & (CL, =
920 mL-min™), (S)-24 5 #4445 I 25 9 B2 S v 1 (R)-2
SR, R, 56 % R TSGR, 5 2 A DL
JiE A T g 25 0] LAk B B B AR VR 7 RCR -
2P F R B 2 R A . N
R A B e S AR R 2 A [ B R B B AN
A, BT sk R mAE, AE s ik )
A RE ST IS B MG A AL . 14, 757 e 1 2R
YRR, (R)-AL R 2 41 B NE XS ()-8 7 W A 1
b (GR22)MW. TR, 75 DLTH R LA 25, nT AR E] (S)-
ARV E M E MR [CL,, = 7.14L-(h-1.73 m*)"]
KT R)-AMWPE[CL,, =753 L(h1.73m)"].
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Table 20

Influence of axial chirality on activity and hepatic metabolic clearance of PI3Kf inhibitors. “"HLM CL. : In vivo intrinsic clearance

int”

determined from human liver microsomes fortified with NADPH and UDGPA. "hHep CL, : In vivo intrinsic clearance determined from

cryopreserved human hepatocytes

F
R Ng F
=
NTF FoN = TN
H N F Py _Yil A = SN F NH,
e N NH, N Z
Noy? ks, St
M)12 P)y72
Compd. PI3KpIC 50/nm01~L'1 HLM CLim“/mL'(miIrkg)'l hHep CLimb/mL-(min-kg)'] Fraction metabolized by AO/%
(M)-72 1423 2.5 32.8 69
(P)-72 2 <2.0 1.33 BLQ
Table 21 Influence of spatial configuration on the activity and RN TE R R T A 2T K . ENHLE 4T 45 44
pharmacokinetic properties of propafenone BRI, S 5% FH & 24 1035 19 R DR 44 & TN 2590 4>
O > Ay N N N, N
0 38 3 5 B LR, S 5 SRR R R AL
0 U TR, B B % A MR 26 X )
OH Jae Ak f 2 Spopg N N
JoEFA) B AT AT, XA A BE AR AR R 2 I R R B R
Human apparent oral clearance
Compa BRIC, CL, /mLmin’ {3 BEk: TS GOV SCHR, AR S S LS
/mmol'L"  Administration ~ Administration B ) B S 2 e vk AR AR B R A STk, A% N B AT i
of racemate of enantiomers . FE] ﬂgﬂﬁl N
(S)-Propafenone (73) 18.7 2521 920 A BB ‘ N
(R)-Propafenone (74) 1538 1279 1 460 FUZE IR A SCAAFELEAT A 5 AT A A DG [ A 2 o 5

Table 22 Pharmacokinetic parameters of (S)-(—)-ofloxacin and
(R) - (+) -ofloxacin after oral administration of (+)-ofloxacin
(200 mg) to healthy volunteers. *1.73 m”*: Human standard body

surface area

[0}
F. COOH
|
(N N
/N\) O\;L\
AUC CL CL
Compds. t1 z/h O—MZI total > rc]nal
; /ugh-L L-(h-1.73 m®)™"
(S)-(-)-Ofloxacin (75)  6.93 11 660 8.51 7.14
(R)-(+)-Ofloxacin (76)  6.26 10 620 9.34 7.53

T TR AN L SR R T A I N B A A
A, PI FE I R L8
4 N

£ 5 AL E P as M AL IR B B, AR
WA 5 1) 5 5 ] DL 25 B AR A SR LR, 2 43
Moo TERRFAME VIR DUREYF R RE 2 A S I
KR FEZ NGNS R A, R4V TS
HREBEBEIRR. FIRAYIHRE RGN
AR WA BE SR 2590 70 B 1A P9 2 T 00, 0TI BR
AR 259, th R LA IE [ S 52 i HL A N T B
R, VB AR B AR . B X 2 W iE BR AL & LY
i DS 2R FRIER N 1 AR, R ORB 225 F) A0 SR VP A1 45 2 AT
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