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BIJT cGMP 2. 73— ki@ 42 /275 cGMP it it
i 5 R — WG Al 5 (PDES) iif 1, TR P FIAE 2% cGMP e
T K B GMP, 4 Rf X} fili 2 ik 1 &7 5K . BT B, V697 53
P Bl S 155 A5 1) 25 4 v b B E (sildenafil) At ik $7 4F
(tadalafil) t4H 77697 PAH.
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/N N‘N F K©
Uij .
N
4
=N

3 EAUEYRFEMLETMN

1994 4 5 ¥ K 5 Ko 55 K I AL & ¥ 8 (YC-1) W]
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WOE 1L /AN AT S R AL (sGC), $R & T
CGMP /KF, BRI 8 1 A sGC I B Sk L &4, JT R
R Y L A B Lk i /N AR 4R 25 W38 U7 9] (Ko FN,
Wu CC, Kuo SC, et al. YC-1, a novel activator of platelet
guanylate cyclase. Blood, 1994, 84: 4226-4233),
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Table 1 Structure and activity of the compounds with different N-
substituents

Inhibition of contraction

Compd. R o
of aortic rings ICy,/pumol - L*

8 Phenyl 10

9 2-F-phenyl 49
10 3-F-phenyl 10
1 4-F-phenyl 19
12 2,6-F,-phenyl 15
13 2-CN-phenyl 8.7
14 3-CN-phenyl 26
15 2-(5-Cl-thienyl) 7.2
16 2-Pyridyl 16
17 3-Pyridyl 9.6
18 5-Pyrimidinyl 3.2

BT & 9 AE AR SR ARAL RS 5

42 BRREFMMA IR BERZOR IR e A A X
BT 1AW, G RAL S5 T3 2, S5 R S it e
I AL v PR R A A 19 0 M s, T HL U T AL
Table 2 Activity of the compounds with varied benzopyrrazole

rings. *Value before parenthesis is concentration, inside is inhibi-
tion percentage

Inhibition of contraction of

Compd. L
P aortic rings 1C;/umol - L*
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BIREE, 20~22 M- & s eSS, T H 2 — A &5
T e R E A S ) 23 TE R ZE . T LA, 19 Ak
A
43 BRIEIFEYESHE OB BEAZ A E ik e IR g, N1
R A2 2- AN R, R — 2D 55 8 AR 0 I g A ) i
PERIRZIR, R 3FH T AWM A 5iE .

e IMEIE R, BRI IE | BR R £ FE Bk B
T flic i 0 A Vi P PR A, P VA | TOK o R LG T A 5 8 R
WA, 3 1 ik A AN A B AT, 2-1% WE JE Ak A 4 32 i M B
i, BRI TR F TR 1 OR LR v, (H 4-Z FE WS IE (34)
TR L A
44 FEWIEIF FEARETHR BHZ EC3EREM 4-
GRS E PR AR R 1 B, TN BR B C5 AR R &
i, &R E ST R 4.

RAPIMIBR AT RGN T: O 7E 2-2 HEmEug 21
F) 5 A7 A5AS T RO BAR, B IE O3 L 0 53 3 R L 4p,
ICgo #BLE 1 pmol- Lt LR, 48] ot ik BRAX C,~ C IV 1
AN TR, it B 2 % WE PR 1) C5- 2k A48 By 52 i A K
@ SLARAL AR BICE IR 1 o 1) 2k A s Es; © &
AR (FIFERER) B4k & 13 Mo, 5] G i ik
HE LU D BB PRV PR 5 — % . HE PR S ) 6405
PEAR 55, BLVF R 5070 B MR I 2
45 BREMNAUEWI RA4TEHETNEME (IC)
i 300 nmol- L 4k &4, (HFEH- ARl ik TH&
45 (185 4 Bay 41 2272, 1C, 304 nmol-L™Y) i 7 IR A\ HF

F, SCHR R U B B bl BOVR R IR B B AR R e
Mo @ AL B 73 B 45 7R AR K P 1) — S AL &R AT
P AT VE S R AL G (sGC) BB A, T H 2
SGC L ¥y b bkl 8 A B Bk 26 5, ik 25 17 U™ AR 3
SRR AE A o T 2 M i sh Jik s i B s M0 Y v
Wy 45, U S A B K L e, 1A O F R R
A i ) E AR . SR, BT 45 oA H I 5
32 0 €, 3% P40 (/R A, K g dE N T R B Bt (Straub
A, Stasch JP, Alonso-Alija C, et al. NO-independent
stimulators of soluble guanylate cyclase. Bioorg Med
Chem Lett, 2001, 11: 781-784),
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Table 3 Structure and activity of the compounds with various heterocycles at C3 position

Inhibition of contraction of

Inhibition of contraction of

Compd. B Compd. B
P aortic rings ICg/umol - L* P aortic rings 1Cg, /umol - L*
19 AN o 17 2 A 9.3
N CH3
25 S — 8.0 26 AT o 0.9
N—cCH3 N OH
27 A;X 12 28 A;QHS 15
N N
29 AP 32 30 M?ywa 06
= N7
] ]
31 ):Nj 4.8 32 A\Nﬁ 1.25
N= N
33 Aﬂvw 13 34 MJ\\Q\NHZ 0.27
N—N
w[\\N &
35 , 1.8 36 N 8.6
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Table 4 Activity of the compounds with varied substituents at pyrimidine ring

Inhibition of contraction of Inhibition of contraction of
Compd. R o i Compd. R Lo .

aortic rings 1C.,/nmol - L* aortic rings 1Cg/nmol - L*

34 H 265 51 2-CNCH,CH,- 412

37 CH, 675 52 5-CN(CH,).- 588

38 C,H; 272 53 6-CN(CH,),- 1294

39 n-Pr 252 54 Methoxy 343

40 i-Pr 207 55 Methylthio 243

41 n-Bu 218 56 Methylsulfonyl 261

42 t-Bu 709 57 Propylsulfonyl 378

43 n-Pentyl 200 58 i-Propylsulfonyl 517

44 n-Hexyl 1041 59 (EtO),P(=0)- 414

45 cyc-Pr 304 60 N-Morpholinyl 306

46 cyc-Bu 633 61 F 478

47 cyc-Pentyl 904 62 CH,CF, 508

48 1-Cyclopentenyl 836 63 N-Thiomorpholinyl 650

49 Cyclohexyl 561 64 CH,NH, 1400

50 CN 391

Table 5 Activity and metabolic stability of the compounds with varied substituents at pyrimidine ring. a. MEC: Minimal effective concen-
tration to achieve threefold stimulation of cGMP formation in a recombinant sGC-overexpressing cell line. b. Relaxing effect on pre-con-
tracted rabbit aortic rings. c. MED: Minimal effective dose to induce a mean arterial blood pressure decrease of 10 mm Hg following oral
administration to conscious, radiotelemetrically instrumented, spontaneously hypertensive (SH) rats (nd = not determined). d. CYP1A2
inhibition following incubation of phenacetin in the presence of the test compound with human liver microsomes; LC-MS-MS analysis.
e. CYP3A4 inhibition following incubation of midazolam in the presence of the test compound with human liver microsomes; pre-incuba-
tion was conducted for 30 min; LC-MS-MS analysis of formed metabolites

Rs
cGMP? Aortic rings® Rat® CYP1A2¢ CYP3A4®
Compd. R, Ry Rs i ) . i )
MEC/umol-L*  IC,/umol-L*  MED/mg-kg*  IC/umol-L*  IC,/umol-L*
45 NH, >~ H 0.03 0.30 1 1.6 >20/4.3
65 NH, > NH, 0.1 0.23 nd 14 14.9/2.4
60 NH = H 0.03 0.26 3 >20 >20/>20
2 N : :
66 NH, ¢ NH, 0.03 0.10 0.3 20 20
67 NH, C,H, NH, 0.03 0.11 nd 2.4 20/14.8
68 NH, o NH, 0.01 0.79 nd 0.61 >20/>20
69 H = H 05 0.93 >3 >20 >20/>20
__/ : :
70 H § CH, 0.08 0.67 nd 20 >20/>20
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Table 6 Activity of the compounds with polar groups at the pyrimidine ring

cGMP Aortic rings Rat
Compd. R, R N 4 .
MEC /pmol - L IC,,/umol - L MED/mg - kg
7 T ero NH, 0.07 0.18 >3
72 -CONH, H >10 >10 nd
73 4-Pyridyl H 0.03 0.44 1
74 4-Pyridyl NH, 0.02 0.37 0.3
75 Methylsulfonyl H 0.05 1.3 3
76 i-Propylsulfonyl NH, 0.10 1.4 3
77 i-Propylsulfonyl NH, 0.03 0.77 3
o, 0
78 WN@ NH, 0.02 0.33 3
O\
79 - d H 0.20 1.0 3
% o
80 we " L oo, H 0.03 0.67 nd
% O
7 T NH, 0.03 0.12 0.1
.
81 PN H 0.05 0.96 1
N
82 'S H 0.01 047 3
- CH3 . .
O>/iH3

BrE g, BRI 2 B R0 R, AREHEN
TFRHEF
53 CARKREMTHR #iid &, C4RIHUR AR
i PR /)N, DRI T ] DAY CA4 gt — 20 A8 6k DL s
2R BN 1R R, AR A R R A R A
W, L6 FIH T AL 55

6 HH AL A P C5 I 3 1) HUAR R 8 A e 2 1,
X CYP A MIHI S5 SAEH, MRAIH . X&)
W o I 2 72 4 0 sGC g ER A WUEEH - tE W71
Wi sGC B 1) AF F AR 5, (H 44 Py B 1 FH B 2 55 1
66, WA T HL, HEmE B B P AN & 4 73 7 74 B AR A
AMEVERRI o B A TR R A P e ) 3 T R
i, A 5% e 3 ) KR R K BR B A P17, B0 2 i)
PEIE SR Sl . TFEE MR 2R PR B AL& 0 7 1035 M
5, 0 K BRI T PR SR AR 2407 50 0.1 mg-kgt, T H 3R
WREAADD 81 144 4 % A FH 555 10 s, 38 m 17 {85 — F 0k
HUAR, 82 A TS T 55 o
54 BEUEMAEYNAKRIINFERE N LR ETE
PRI A Pk B 6673 I 7 254K 8 F1 25 A

TR BRI AW T B0 AR R R
i1 66 A1 73, I 3% A A, TEBR AR A A RUE T
66 I 73, 1X LEHR A2 A R VR -
6 {EIEYAIEEFFIBRAVNA L

a7 A0 RAAE) )i, RN &

Table 7  Pharmacokinetic parameters of three compounds in
Beagle dogs
Compd Clearance  Vol. distribution o Bioavailability
e L ht kg L-kg™ vz 1%
66 5.3 2.2 0.65 <1
73 2.0 1.9 1.4 29
7 0.25 0.73 2.4 79

N7=N
1
H2N/\T)\ NHz

N o
HaC' 7~ CHa
o

Riociguat
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GV T AR AE P, 7E 0.1~100 pmol- L9 i ¥
P, 7 R P AR S I 4R = cGMIP KT, He i T ik 3
735 . 5—FAERHGNE H, SRR sGC A P
[EVEF o VR S 37 TR B mT I ) BRI L o e i 5 288
it 20y ik v H AR, BT 0 IR B 2, WG A O E A K
Ay s bk I YBAE R o Bb4b, 75 10 pmol- LR FE
X 69 Fi g VLA HI AR F, 2R AR AR A .

BT UL B B2 R e A v L R, R A

Wi E 7 B IE &), 4 AR B PEIR (riociguat), £
3 Wl PRAE 7, 2 W D9 ¥ 97 180 P L A A 26 12 il 50 ik v
JE A0t 3 Bk v s B %0245, S5 18 FDA T 2013 4 it
77 (Mittendorf J, Weigand S, Alonso-Alija C, et al.
Discovery of riociguat (BAY 63-2521): a potent, oral
stimulator of soluble guanylate cyclase for the treatment
of pulmonary hypertension. ChemMedChem, 2009, 4:
853-865).



