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Table 1 [33.0]
H R®
R
R M
. ) 5 . PDE4? Inhibition of TNF-a. production in rats®
R R R R
Compd ICs0 (M) IDgg  (mglkg, po)
Cilomilast 10 17
O
1 COOH
a g ]©/ N H 9.0 0.4
1b o CONHOH 9.7 (52%)°
Me
0]
2 Cﬂ)]@( CN COOH H 150 38
Me
0]
3 CN G/ ]©/ H COOH >300 NT
(®)
Me
0 d
4 on (T D/COOH H >300 NT
O
Me
a U937 PDE4 50% (ICs) 2 b LPS
0.5 LPS TNF-a TNF-a 50%
(IDsg) 7 c 3mglkg d
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8 1

22
'H NMR § (ppm) 14 NMR § (ppm)
3.52 (1H, m, H-1) 3.39 (1H, m, H-1)
3.10-2.89 (3H, m, H-7, 5, 4B) 2.91 (1H, m, H-7)
2.39 (1H, m, H-4o) 2.90-2.75 (2H, m, H-5, 4B)
2.00-1.74 (10H, m, H-8ap,6ap, 6H of cPen) 2.50-2.35 (2H, m, H-4a, 8)
1.68-1.53 (3H, m, 2H of cPen + COOH) 2.30 (1H, m, H-6B)

1.98-1.70 (7H, m, 6H of cPen + COOH)
1.70-1.50 (2H, m, 2H of cPen)
1.45-1.27 (2H, m, H-6a., 8a)

Fig. 12 28a 22 lH-NMR
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Fig. 13 16a 15a H-NMR
1 3 PDE4 in vitro 2

la 1Cso 9.0nM

16a ICso 150nM 1/17 in vitro
3 1C50>300nM 15a 80nM ICso in vitro
2 1Cso
80-150nM la
3
16a 15a
3 4 ICso  300nM
16b 15b
PDE4
15a 15b 16a 16b 16b Cilomilast PDE4
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Table 2

R? g2  H
Inhibition of TNF-a
1 > 3 PDE4? b
Compd R R R ICep production in rats
(nm) IDsp  (mg/kg, po)
Cilomilast 10 1.7
3 CN o COOH >300 NT
15a H goﬁ COOH 80 2.2
15b H Me CONHOH 26 (37%)°
la o CN COOH 9.0 0.4
16a O/ j©/ H COOH 150 (79%)°
(0]
16b Me H CONHOH 5.8 (80%)°
a U937 PDE4 50% (ICs) 2 b
0.5 LPS TNF-a. 50% (IDgg) 7
¢ 3mg/kg d
1 3 TNF-a in vivo
2 15a 15b 16a 16b TNF-a
15b  3mg/kg,po TNF-a 3
Cilomilast in vivo 15a 16a in vitro
Cilomilast Cilomilast I1Csp 10nM 80nM
150nM in vivo [3.3.0]
in vivo
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Scheme 4

CONHOH

31: X=0OMe
e

29a: X =OH

f,g[>

29b: X = NHOH

Reagent: (a) EDC, HOBt, NH,OC(CH3),OMe, DMF; (g) 1N HCI, MeOH (56% in 2 steps); (c) LIHMDS, Tf,NPh,
THF, -78 - 0 °C; (d) Pd(OAC),, Et3N, PPhg, CO, MeOH, DMF (94% in 2 steps); (e) 2N NaOH, MeOH, THF (85%);
(f) EDC, HOBt, NH,OC(CH3),OMe, DMF; (g) 1N HCI, MeOH (56% in 2 steps)

1 3 PDE4 in vitro 3 ap
29a PDE4 la 1/5
29b PDE4 1b 30 29b
PDE4
29a 29b
28a 28b in vitro Cilomilast
28b 29b PDE4
TNF-a in vivo 3
28a,28b,29a 29b TNF-a
29b 3mg/kg,po TNF-ox 28b
29a IDso 0.2mg/kg,po 0.6mg/kg,po Cilomilast IDso
9 3 in vivo 29a 29b in vitro
in vivo la 1b
28a PDE4 ICso0  100nM
4 in vivo 3mg/kg,po 84
in vitro in vivo [3.3.0]
in vivo in vitro
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28b 29a invivo Cilomilast

Table 3
PDE4? Inhibition of
. 2 TNF-o?
Compd R R ICso o
(nM) IDsg
(mg/kg, po)
Cilomilast 10 1.7
la 9.0 0.4
1b 9.7 (52%)°
28a COOH H 100 (84%)°
28b CONHOH H 25 0.2
29a COOH CN 42 0.6
29b CONHOH CN 0.32 (41%)°
U937 PDE4 50% (ICso) 2 b
0.5 LPS TNF-a 50% (IDgg) 7

3mg/kg

20
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k- Me Bt iPr cBu  cHex CQ ©3 >/ MeS(CHps CFs(CHy)y-
X = OH 32a 33a 34a 35a 36a 37a 38a 39a 40a 4l1a
NHOH 32b 33b 34b 35b 36b 37b 38b 39%b 40b 41b
Fig. 15 3
5
4270)
1 45a 8 42
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Scheme 5

H COOMe
b c.d COOMe
NC G
o
CN
Me. Me\

(92%, dlastereomenc mixture)

45a + diastereomer 45b

(48% in 2 steps)

H ~COOMe
oTf i
h HO J

_— f H
N
Me ¢
48 (26%)
47 (70% in 2 steps)
COOH CONHOH
WCOOMe . 0
jorkorl -
RO ?
Me 0 o
Mo 32b-41b (28 - 63% in 2 steps)
49-58 (53% - quant.) 32a-41a(70% - quant.)
49 50 51 52 53 54 55 56 57 58
R= Me Et iPr cBu cHex OCL ©i> D—/ MeS(CHp)s-  CF3(CHy),-
Condition ] i k k k k | j k k

Reagents: (a) 8, NaHMDS, THF, -78 °C; (b) O3, CH,Cl, then PPhs, -78 °C; (c) NaClO,, NaH,PO,, t-BuOH, H,0, 2-methyl-2-butene;

(d) CH,N,, Et,0, 0 °C; (e) NaH, DME, reflux; (f) NaCl, DMSO, H,0, 165 °C; (g) LIHMDS, Tf,NPh, THF, -78 - 0 °C; (h) Pd(OAc),, EtsN, PPhs,
CO, MeOH, DMF; (i) H,, 10%Pd/C, MeOH; (j) RX, K,CO3, DMF; (k) ROH, ADDP, PPhs, CH,Cly; (I) ROH, DIPAD, PPhg, THF; (m) 1N NaOH,
MeOH, THF; (n) EDC, HOBY, EtzN, NH,OC(CHz),OMe, DMF; (0) 1N HCI, MeOH.

1 3 PDE4 in vitro 4
32a-41a 2,3-dihydro-1H-inden-2-yloxy 38a ICsc 1.3nM
Cilomilast ICsp 10 nM la
tetrahydro-2 H-pyran-4-yloxy 32a 37a in vitro

la 32a 37a CLOGP

3.51 2.04 1.67 la
la I1Cso 9.0 nM PDE4
32b-41b 2,3-dihydro-1H-inden-2-yloxy
38b Cilomilast PDE4
38b 4 33b 34b 35b 40b Cilomilast PDE4
4
PDE4 in vitro 38a
33b 34b 35b 38b 40b 6 Cilomilast PDE4
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Table 4 3

WX
a Inhibition of TNF-a
PDE4
Compd R ICso production in rats® ~ CLOGP
(nM) Do (Mg/kg, po)
Cilomilast 10 1.7 3.20
1a (X = COOH) Q 9.0 0.4 351
1b (X = CONHOH) 9.7 (52%)° 211
32a (X = COOH) 160 NT 2.04
32b (X =CONHOH)  Me- 62 (55%)° 0.64
33a (X = COOH) " 26 2.9 2.57
33b (X = CONHOH) (56%)° 1.8 1.17
34a (X = COOH) pr 62 (57%)° 2.88
|_ -

34b (X = CONHOH) 12 (47%)° 1.48
35a (X = COOH) -BUY] 38 (58%)° 2.95
35b (X = CONHOH) Y (53%)°  NE 155
36a (X = COOH) 85 NTC 4.07

c-hexyl f
36b (X = CONHOH) 34 NE 2.67
37a (X = COOH) O/ 250 NT 1.67
37b (X=CONHOH)  © 250 NT 0.27
38a (X = COOH) | N 1.3 1.7 4.02
380 (X = CONHOH) M/ oss NE 262

d
39a (X = COOH) 100 NT 3.01

— f
40a (X = COOH) MeS-(CHy)s 3% NE! 3.25
40b (X = CONHOH) 8.5 NE 1.85

f
= 71 NE 2.81

41a (X = COOH) CF3-(CHy),- §
41b (X = CONHOH) 58 NT 1.41

a U937 PDE4 50% (ICs0) 2 b
0.5 LPS TNF-a 50% (IDgp) 7
€10nMm d © 3mgl/kg f 3mgl/kg
PDE4 32a 36a 37a 37b 39a 41b

4  Cilomilast

1Dso

1.7mg/kg, po

23
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in vivo

2 Cilomilast

38a invitro

in vivo la 1/4
33b
in vivo
la 1b 34a 34b 35a
in vivo
in vivo
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R

29a 29b PDE4B

la 1b 29a 29b 16

la 29b
PDE4

1b 29a

Q CONHOH Q COOH Q CONHOH
MeO MeO 29b

PDE4 ICs0 = 9.0 nM PDE4 |c50 9.7 nM PDE4 |<:50 42 nM PDE4 ICs0 = 0.32 nM
Fig. 16 PDE4
PDE4 X 2003
Xu 37) PDE4B Protein Data Bank ID: 1FOJ  Huai 38)
Rolipram/PDE4D Protein Data Bank ID: 1Q9M Lee 39)

Zardaverine/PDE4D

PDE4B PDE4D

366

PDE4

PDE4B

Protein Data Bank ID: 10YN

10)

85 890

PDE4B 4D 56

PDE4

12 Xu PDE4B

Zardaverine/PDE4D
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Rolipram/PDE4D Protein
Rolipram Zardaverine
Phe372 11e336 GIn369
Phe446 1le410 GIn443
CHARMM™) (ver 23.2)
Newton Rapson

1a, 1b, 29a 29b PDE4B

Data Bank

PDE4D

PDE4B

CHARMmM

17A, B

Fig. 18A Fig. 18B
la PDE4B 1b PDE4B
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Fig. 20A
29a PDE4B

Met347 Cys499 Met503
[3.3.0]
1b ICso 9.7nM
nM 29a 1Cso 42 nM

21 Card 40d) PDE4B/Cilomilast

\ a-helix
Cys499

Fig. 208
29b PDE4B

PDE4B o

[3.3.0]

29b ICs0 0.32nM

27

Met503

40d)

la ICso

Cilomilast

9.0






[3.3.0]

COPD
OVA TNF-ax
OVA
Pranlukast Onon™
OVA SRS-A
TNF-a
LPS lipopolysaccharide
TNF-ax
46)
in vivo TNF-a
[3.3.0] la
28b 29a 33a 33b 38a
5 In vivo 33a
Cilomilast TNF-a
Cilomilast la 29a 33a
OVA Cilomilast
38a Cilomilast 28b 33b
OVA Cilomilast
TNF-a la Cilomilast
33a 38a Cilomilast 28b 33b
Cilomilast TNF-ox 400 22
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28b 33b Cilomilast ICso 0.043M 0.80pM 18jaM

Table 5. 1a, 33a, 33b, 38a, 29a, 28b
Inhibition of Inhibition of . Inhibition of  Inhibition of Ferret emesis®
PDE4® TNF-o bronchoconstriction gaStr-ICc TNF-oc. (vomiting/tested)
Compd ICs production®  |Dg, (mg/kg, po) emptying production
; d
(nM) in HWB 1 3 10
Dso  OVA challenge (mg/kg, iv) IDso Coo (aM) (malkg. po)
mg/kg, po mg/kg, po, 50 (4 '
(mglkg, po) 015 05 (mg/kg, po)

Cilomilast 10 1.7 4.5 10 5.7 18 0/2 1/2  4/4
1a 9.0 0.4 96  NT (73%)° 21 NTT 03 053
28b 25 0.2 0.2 NT' (71%)° 0.043 01 02 nNT
29a 42 0.6 7.7 NT (38%)° NT NTT O NTT NT
33a 26 2.9 NT NEP 17 5.8 NT' 04 15
33b (56%) 1.8 50 (49%)% 12 0.80 02 04 14
38a 1.3 1.7 NT' 5.9 13 2.2 NTf o5 25

a PSRS-A

50% (IDsg) 3-6 ¢
d LPS  TNF-« 3 e f
9 10mg/kg h 30 mg/kg i10nM
~COOH H COMHOH
I
© H
MeO
28b
wCOX
H ~COOH
O < H
33a X = OH CN
33b X =NHOH MeO 38a

la 28b 10mg/kg,po
50 5 29a
33a 33b 38a 10mg/kg,po
Cilomilast IDso
5.7mg/kg,po 29a 33a 33b 38a 2
Cilomilast 3mg/kg,po
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la 28b 33a 33b 38a 3mg/kg,po

la 28b 33a 33b 38a Cilomilast
bioavailability BA
in vivo
BA
BA
la 33b
6 la
Cmax 4.22 pg/mL AUC 484 g h/mL
33b Cmax 0.0908 pg/mL AUC 0.296 g h/mL
la AUC 146 pg h/mL 33b
AUC 155 g h /mL
la BA 33b AUC
AUC BA
la 33b PDE4 TNF-ax

PDE4 1Cs0 la 9.0nM

33b 10nM TNF-o 5 IDso la

0.4mg/kg,po 33b 1.8mg/kg,po
Crmax 50 AUC 160 33b in vivo
in vitro 33b
33a
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33a Cmax AUC 4.9pg/mL 154g h/mL
33b 54 50
33a PDE4 33b
33a
[3.3.0] 33b
Table 6 la 33b
33b
la
parameter (33a)
iv" po’ iv " po'
(3 mg/mL/kg) (10 mg/5mL/kg) (3 mg/mL/kg) (10 mg/5mL/Kkg)
Crnax * 0.091 + 0.017
(pg/mL) 42+23 (4.9+1.2)
T, b
(hl)’z 56+27  81+31 0471019 33350
Tmax. 0.50 + 0.00
max 2.8+2.8 (0.63 ¥ 0.29)
(h)
d
AUC 15+ 3.8 48 + 29 1.6+014  0.30+0.093
(ng'h/mL) (15+5)
Vss© 1200 + 350 650 + 87
(mL/kg) - -
f
Cliota 220 + 63 2000 + 180
(mL/h/kg)
BA Y (%) 99 5.7
a b Cmax 172
Ccmax d -
f
g
AUC AUC h ‘
.COX
MeW H *
o)
MeO 33b : X = NHOH
e (33a: X = OH)
Cilomilast PDE4
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PDE4
cAMP
72,73)
PDE4 59
22
/\
\‘*R Me
0 HN Sy o HN N 0 N {0 oMe
NN NN NN
s Me Me g5 Ve

Re  20Me 30OMe 4OMe 2OMe 2-OMe 3-OMe 3-OMe 2-OMe

7.0Me 5.0Me 4.OMe 50OMe 3.0Me JOEt 3-OnPr 3-0iPr 3.0cBu 3-OCF; 3-OH
60 61 62 63 64 65 66 67 68 69 70 71 72 73
R= 3-SMe 3-SCF3 3-NO, 3-NHCOMe 3-NHSO,Me 3-NHCO,Me 3-CN 3-COOH 3-CONH, 3-CH,0H 3-COMe 3-C=CH
74 75 76 77 78 79 80 8la 81b 82 83 84
Fig. 22
PDE4 1Cs0 36 M 7
74) 75) 76)
77 GABA w-aminobutyric acid 77
PDE4
PDE4
59
PDE4
PDE4
59 o m p
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22

5-amino-1,3-dimethylpyrazole86 diethyl ethoxymethylenemalonate

78) 88
90
9l1a-91z 90
79) 59-67 PDE4 61
61 85
81 8la EDC
81b
Scheme 6
M
Me e O C e 0 e
OEt A
B ﬁN b Eo ey © HO SN
N/ o) ZN N P / ‘ N
HoN \ H Me NT N 7N
y N
Me o”  oEt 88 (77%) M€ 89 (99%) Me
86 87 (89%)
o - -
o c = OMe
e Me O HN" e o N m Me\ ove
" H.N ‘\ \N*,HN N e ] 6 N Me
| ol A\ X
Me \ N @ [
%0 Me Nel Me NT N
(99%) 5084 (17-100%) g5 M¢
h ESl: R = 3-COOEt (84%) 7 2 R
_ 81a : R = 3-COOH (75%) -~
: E»gglbszs-CONH2 (55%) HN o1az
01 a b c d e f 9 h i ! k : "

_ 2-OMe 2-OMe 3-OMe 3-OMe 2-OMe )
R= H 2-OMe 3-OMe 4-OMe 4-OMe 5-OMe 4-OMe 5-OMe 3-OMe 3-OEt  3-OnPr 3-OiPr  3-OcBu

91 n o p q r s t u v w X y z

R= 3-OCF3 3-OH 3-SMe 3-SCF3 3-NO, 3-NHCOMe 3-NHSO,Me 3-NHCO,Me 3-CN 3-CONH, 3-CH,0OH 3-COMe 3-C=CH

Reagents: (a) diethyl ethoxymethylenemalonate, 120 °C; (b) POClI3, 120 °C; (c) KOHag, DME; (d) SOCl,, 80 °C; (e) 28% NH,4OH, THF, 0 °C;
(f) 91a-z, dioxane, reflux; (g) Ag,O, Mel, toluene, CH5CN; (h) 1N NaOH, THF, EtOH, 50 °C; (i) EDC, HOBt, DMF, THF, 28% NH,OH

PDE4 in vitro
60-62 m- 61 PDE4
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61 ICso 5.0nM 59 ICso
36nM 7 Cilomilast 1Cso 10nM 2
61 85 PDE4
2
61
85
61 PDE4
85
Table 7
3 4
R f/ TR
o \NWMe
H,N X
NT N
Me
a Inhibition of
) , PDE4 TNF-o®
Compd R* = R®= ICs0 ID
50
(M)
(mg/kg, po)
Cilomilast 10 17
59 H H 36 (48%)°
60 2-0Me H 76 (68%)°
61 3O0Me H 5.0 2.4
62 4-OMe H >100 NTd
d
85 3-OMe  Me >300 NT
a U937 PDE4 50% (ICs0) 2 b
0.5 LPS TNF-o 50% (IDgg) 7
¢ 10mg/kg d
59 60 61 TNF-a in vivo
61 invivo 59
Cilomilast 61 in vivo
in vitro in vivo
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PDE4 in vitro 8

in vitro
63-67 61
in vivo
TNF-a in vivo 8 in vitro
66 TNF-a 66 in vivo
59 61 Cilomilast
Table 8
x 3
2 2N
1l fSY
O HN Ve
H,N X
2 ‘ \/N
N~ N
Me
a Inhibition of
PDE4 b
TNF-a!
Compd X, Y ICsp IDsg
(nM)
(mg/kg, po)
Cilomilast 10 1.7
59 H H 36 (48%)°
61 3OMe H 5.0 2.4
63 2-OMe, 4-OMe >300 NTY
d
64 2-OMe, 5-OMe 240 NT
d
65 3-OMe, 4-OMe 190 NT
66 3-OMe, 5-OMe 21 (51%)°
d
67 2-OMe, 3-OMe >300 NT
a U937 PDE4 50% (ICs0) 2 b
0.5 LPS TNF-o. 50% (IDgp) 7
¢ 10mgl/kg d
3 PDE4 in vitro 9
PDE4
59 PDE4 74 76 83 84
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61 Cilomilast in vitro

PDE4 3
in vitro
Table9 3
O HN e X
HoN X
2 ‘ P /N
N~ N
Me
Inhibition of
PDE4? TNE-o®
Compd X= ICso
(nM)
(mg/kg, po)
Cilomilast 10 1.7
59 H 36 (48%)°
61 OMe 5.0 2.4
68 OEt 84 (35%)°
69 OonPr >100 NTF
70 OiPr >100 NT'
71 OcBu >100 NTf
72 OCF4 >100 NT'
73 OH 97 (40%)°
74 SMe 17 NE?
75 SCF4 >100 NT!
76 NO, 27 NE®
77 NHCOMe >100 NT'
78 NHSO,Me >100 NT'
79 NHCOOMe >300 NTf
80 CN 85 NE®
8la COOH >300 NT'
81b CONH, 200 NT'
82 CH,0OH 110 NE®
83 COMe 12 (42%)°
84 C=CH 24 (53%)°
U937 PDE4 50% (ICs0) 2 b
0.5 LPS TNF-o 50% (IDsg) 7
¢ 10mgl/kg d 10mg/kg N 3mg/kg
f
68 73 74 76 80 82 83 84 TNF-a
in vivo
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84 TNF-ox

59 61 Cilomilast
7-9 61
PDE
10 PDE
79-82) adenosine A 83-85) PDE4
59 PDE4
Table 10 61 PDE Adenosine A

O HN™ e OMe

H,N NN
T W
N~ N
Me
enzyme % Inhibition at 10 pM

or receptor

PDE4 (IC50=0.0050uM)
PDE1? 27
PDE2° 24
PDE3® 54
PDES” 14
PDE6° 10
Adenosine Ald 60
Adenosine A2ab 78
Adenosine AZbd 32
a b c

CcDNA
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O HN :Me OMe O HN~ iRz “OMe
HZNWN —— H,N ‘ A \'3
N N2

61 Me

N N1
R!
92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107a 107b 107c  108a 108b  108c

R?= H Et tBu cPr cPen Ph 2-Thienyl 4-CIPh Me Me Me Me Me Me Me Me Me Me Me Me Me

Rl= Me Me Me Me Me Me Me Me Et nPr nBu nPen cPen cHex Ph 2-CIPh 2-MePh 2-OMePh 3-CIPh 3-MePh 3-OMePh

109a 109b 109¢c 110

R® = Me Me Me cPr

R'= 4-CIPh 4-MePh 4-OMePh Ph
Fig. 23 1 3

5 8 111c, 111d, 111f-h, 11lo,
111w, 111y 86-90) 17 111a88.90),

111b87:89), 111e87.88.89), 111i-n86.:88), 111p-v86.88), 111x86.89)

111a-111y 6 92-110
7
Scheme 7 R?
R2 o cl R? o ¢l R2
Ny @ OFt ™ b Eo A © Ho o _ge
/ ZN N ‘ P N \ \N
H,NT TN o 1 N~ TN AN
2 L H R R NN
1118y O~ "OFt 113a-y 114a-y R

112a-y
o o g Q\OMe
¢ o W\ R
HoN I N
z | N HNT TN

N~ N P
115: RlQ\ N N 1

a-

y OMe 92110 R

HN g1c (11 - 66% in 6 steps)
a b ¢ d e f g h i j k | m n o p q r s t u
R?= H Et tBu cPr cPen Ph 2-Thienyl 4-CIPh Me Me Me Me Me Me Me Me Me Me Me Me Me
R'= Me Me Me Me Me Me Me Me Et nPr nBu nPen cPen cHex Ph 2-CIPh 2-MePh 2-OMePh 3-CIPh 3-MePh 3-OMePh
v w X y
R’= Me Me Me cPr

R'= 4.CIPh 4-MePh 4-OMePh Ph

Reagents: (a) diethyl ethoxymethylenemalonate, 120 °C; (b) POCls, 120 °C; (c) KOHaq, DME; (d) SOCl,, 80 °C; (e) 28% NH,OH, THF, 0 °C;
(f) 3-methoxyaniline, dioxane, reflux;
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11 1 12
3 PDE4 in vitro 11
92-99 93 95 96 61 PDE4
3
97-99 61 in vitro
TNF-a in vivo 11 in vitro
92 93 95 96 98 5 TNF-o
61 in vivo 93 96
95 10mg/kg TNF-ox
93
96 in vivo
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Table 11 3

R
3
H,N | ) \/N )
N~ N1
Me
a Inhibition of TNF-o”
PDE4
Compd R ICq ("M)  1Dsg (Mglkg, po)
Cilomilast 10 1.7
59 36 (48%)°
61 Me 5.0 2.4
92 H 30 NE®
93 Et 25 31
94 tBu >300 NTY
95 cPr 2.4 NE®
96 cPen 5.1 29
97 O 160 NTd
98 s/ Y 43 NE®
99 \CL 200 NT®
Cl
a U937 PDE4 50% (ICs) 2 b
0.5 LPS TNF-o 50% (IDgg) 7
¢ 10mg/kg d € 10mg/kg
1 PDE4 in vitro 12
1 11 3 PDE4
59 in vitro
ICso  36nM 11 100 101 102
103 104 106 108a 108b 108c 109c 110
61 in vitro 101 106
61 ICso 5.0 nM PDE4 110
in vitro 61 2
100 101 102 103 104 105 106 108a 109 110 10
TNF-a 12 in vitro
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105 1 106 110
108a
59 invivo 103
in vivo 3mg/kg 58%
Table 12 1
o) Hl\‘l e OMe
3
H,N X
e
N~ N1
R
R PDE42 Inhibition of TNF-a
Compd ICs (M)  IDso (mglkg, po)
Cilomilast 10 1.7
59 36 (48%)°
61 Me 5.0 2.4
100 Et 34 (54%)°
101 nPr 4.3 (56%)°
102 nBu 12 (47%)°
103 nPen 7.7 (58%)¢
104 cPen 8.7 (48%)°
105 cHex 100 NE®
106 \© 4.4 NE®
107a (X=Cl) 44 NT
107b (X=Me) 75 NT'
107c (X=OMe) X 74 NT'
108a (X=CI) X 13 NE®
108b (X=Me) \© 24 NT'
108c (X=OMe) 18 NT'
109a (X=Cl) 53 NT'
109b (X=Me) \Q a1 (499%)°
109c (X=OMe) X 25 NTf
©/0Me
110 O NH e
H,N A 9.9 NE
N/ %
U937 PDE4 50% (ICs0) 2 b
0.5 LPS TNF-o 50% (IDgg) 7
¢ 10mg/kg d 3mg/kg € 10mgl/kg
f
93 96
PDE4 TNF-ox
61 Cilomilast 3

in vivo

61

103

in vitro



in vivo

in vivo

8.2%

1.7%
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BA

PDE4

Me
HNT TSR = HN
N '\‘/
Me
61
Fig. 24
8
124a-b 94-%)
122b 122c
122c
6 123a-c

91-93)

Me H
N 116 117 119 120
~ N/
N \e R= COOMe COOtBu SOMe H COMe

3-nitrophenol 121

122a-c
90
118 117
120
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122a

123a-c
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Scheme 8

S
d e Q

/@\ : /@\ EN*R /@\ EN‘R O HN °

O,N OH OoN o HoN o) Me

= . S
121 122a R = COOMs (quart) 123a R= COOMe (80% in 2 steps) 2N~ ] N
b e[ 122bR=CO0Bu (75%) 123b R = COO'Bu (85%) NN
122¢ R = SO,Me (quant.) 123c R = SO,Me (63% in 3 steps) Me

116 R = COOMe (100%)
117 R=COO'Bu (100%)

Q QNH Q /@N ~COMe 118 R =SO,Me (66%)
Me 0 o me

A A\
W W @N% @M 2, W

N
(51310/90) Me ( 1102&@ Me 124a 124b 9'(;l Me
Reagents: (a) 124a or 124b, DEAD, PPhg, THF; (b) TFA, CH,Cl,, 0 °C; (c) MsCl, EtsN, CH,Cl,, 0 °C; (d) 10% Pd/C, Hy, MeOH;
(e) 90, dioxane, reflux; (f) 10% HCI/MeOH, EtOAc, MeOH:; (g) Ac,O, pyridine;
PDE4 in vitro 13 116-120
116 in vitro 9
116
116 PDE4 ICso
100 nM 116
116 TNF-a in vivo
61 13 61 116 PDE4
1/2 TNF-a 2.4
in vivo
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Table 13

S N-x
HN =
o Me O B
HoN N
2 ‘ ) \/N
N N
Me
a Inhibition ofb
PDE4 TNE-o®
Compd X= I1Cs50 ID
50
(nM)
(mg/kg, po)
Cilomilast 10 1.7
61 5.0 2.4
116 COOMe 10 1.0
117 COOtBu >300 NTS
118 SO,Me 250 NTS
119 H >300 NT®
120 COMe >300 NT®
a U937 PDE4 50% (ICs0) 2
0.5 LPS TNF-a 50%
Cc
PDE4
PDE4 cAMP
4-amino-1H-pyrazolo[3,4-b]pyridine
PDE4 PDE4
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(IDsg) 7
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OH

Fig. 25

OH
cAMP

AMP

116

116

a7

’iijN‘COOMe



6 14

61 93 116
59
Table 14 59, 61, 93, 116
Inhibition of Inhibition of Inhibition of  Inhibition of Ferret emesis®
PDE4? TNF-a g gastric TNF-a vomiting/tested
c production® bronchoconstriction emptying® production ( g )
C d 50 )
omp (M) IDsg IDgg IDso in HWBY 3 10 30
n
(mg/kg, po) (mglkg, po) (mgikg, po)  Cso (4M) (mg/kg, po)
Cilomilast 10 1.7 4.5 5.7 18 1/2  4/4  2/2
59 36 (48%)" (67%)9 (5%)" 13 NT" NT' 02
61 5.0 2.4 6.8 (23%)' 3.0 02 02 12
93 2.5 31 7.9 (30%)' 1.2 NT" NTP NT
116 10 1.0 (45%) 15 438 02 013 212
a PSRS-A
50% (IDsg) 3-6 ¢ LPS  TNF-a
3 e f 10mglkg g 30mglkg
h
L) I QL LI w-coous
O HN" “Me O HN" e OMe o HN OMe O HN™ “ye"07,
Me
HaN TNy HeN S HoN \ HoN e\
| N/N LN 2 \ N 2 \ N
~ =
" Me N Ni\/| N ) N )
e
59 61 o 116 Me
OVA 59 116 Cilomilast
61 93 TNF-
o Cilomilast
61 93 116 TNF-a
PDE4
Cilomilast
93
Cilomilast
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Cilomilast

6 15
in vivo 59, 61, 93 116 59
59, 61 93 116
AUC
BA 59, 61 93 BA 8.2%, 1.8%
3.1% 116 BA 33.2%
4
59, 61 93

116 Cilomilast
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Table 15 59, 61,93, 116

59 61 93 116
parameter
iv po iv po iv po iv po
(3 mg/kg) (10 mg/kg) (3 mg/kg) (10 mg/kg) (3 mg/kg) (10 mg/kg) (3 mg/kg) (10 mg/kg)
Cmax
(ng/ml) 0.130 +0.031 0.0290 + 0.0124 0.0459 + 0.0202 1.37+0.21
(Thi)fz 0.35+0.03 3.30+3.30 050+0.08 1.20+0.60 0.42 +0.03 120+0.90 0.64+02 1.00+0.20
(Thn;'ﬂx 0.67 +0.29 0.67 +0.29 0.50 + 1.00 0.83 +0.29
G A;’/C b 114+0.75 0.312+0.086 1.18+0.07 0.0725+0.0202  0.76 +0.388 0.0797 +0.0282 1.91+0.22 2.11+0.38
ugh/m
Vss 923 + 85 1010 + 320 1180 + 380 863 + 294
(ml/kg)
Cliotal 2650 + 170 2550 + 160 4550 + 1800 1590 + 200
(ml/h/kg)
BA (%) 8.2 1.8 3.1 33.2
O HN" e O HN" “FeOMe o HN OMe O HN™ “fe"0%
Me
HoN SN HoN A H,N X H,N Xr\
| N | N 2 N > N
_
NT N N~ N N N N
Me Me \ N
59 61 o Ve 16 M
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PDE4

rolipram

97)

logP 99

BBB

CLOGP 109
CLOGP

105) Cilomilast CLOGP

CLOGP

% %

Cilomilast ; CLOGP = 3.20

98)

100)

101)

102,103)

logP

3.20 26

%

(0] CN [e) CN [e) CN
p— p—
PN X
MeO I I \_—\__COOH MeOWN COR MeOD)mN cox
H

125a: R =0OH; CLOGP =0.07
125b : R = NHOH ; CLOGP =1.30

X = CH)r  ACHr o [ S Vi v
P
v= OH 126a 127a 128a 129a 130a 13la 132a
) NHOH 126b 127b 128b 129b 130b 131b 132b
Fig. 26
cis-trans
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9 125a-130a 125b-130b
r- 135 135
135 9 135
136
136 -
137 137
Scheme 9
NBoc
H a Boc b Boc o
HO™ """ 0H Ho >N on Mso” >N oms CN
133 134 135 (95% in 2 steps) MeO 136
Q HCI
NH X Q X L Q X
. 5 corforg ; NCOR N COH i, N"" “CONHOH
(@) 0. 0]
N CN CN oN
MeO 137 Me\o Me\O Me\o
- 125b-130b
(48% in 2 steps) 138-143 125a-130a
138 139 140 142 143
Me Et
X = -CHp- <(CH2)2- <(CH)3-
o ~
]@ACN R= Et Me Et Me Et
MeO condition e f e g e

9

Reaegnts: (a) Boc,0, CH,Cly, 0 °C; (b) MsCI, EtN, CH,Cly, -78 °C; (c) 9, LIHMDS, THF, -78 °C; (d) TFA, CgHsSCHs, CH,Cly, then 4N HCI/EtOAC;
(€) K,CO3, Br-X-CO,R, DMF, rt-80 °C; (f) CH,=CHCOOMe, Et3N, THF, 45 °C; (g) methyl-S-(-)-lactate or methyl-R-(+)-lactate, Tf,O, CH,Cl,, 2,6-lutidine,

then 137, EtgN, CH,Cl,; h) 2N NaOH, EtOH; i) EDC, HOBt, DMF, NH,OC(CH3),0CHg; (j) 2N HCI, MeOH.

137

138-140
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10
145 107) 9 Aldrich
cis-1,4-dichloro-2-butene 148 144
145 145
1494108a) 149b108b) 109a,b)
(@ ¢
146 147
131a 132a 131b
132b
Scheme 10
r. R
Q CHO Q hNXCOOBn
o cHO ¢ °
j@ﬂ CN CN MeO -
MeO 144 MeO 145 146 : R=Me (25% in 2 steps)
(94%) 147 :R=CH,- (20% in 2 steps)
R ><R
Q COOH Q N” "CONHOH Me Me y
o
CN CcN O\ HeN COOBn HNT COOBn
131a (96%) MeO 131b (62% in 2 steps) 149a 149b
132a (93%) 132b (84% in 2 steps)
Reagents: (a) 148, LIHMDS, THF, -78 °C; (b) O3, CH,Cl,, then PPhs, -78 °C; (c) NaBH(OAc)3, AcOH, DCE, 149a or 149b;
(d) Hy, 10% Pd/C, MeOH, THF; () EDC, HOBt, DMF, NH,OC(CH3)3(OCH); (f) 2N HCI, MeOH.
in vitro
125a 125b 16
(@ ¢
PDE4
(@ ¢
a 128b 129b
PDE4 128b 129b 7
PDE4 (¢
PDE4
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54

125a 125b 126a 126b 128b 129b 132b in vivo
125a 126a 125a Cilomilast in vivo
125b 126b 128b 129b 132b
125b 129b 132b in vivo 125b in vivo
IDso  0.04 mg/kg Cilomilast 40
o 129b 132b in vivo
125b
Table 16
O
W]QN
0
AN
| CN
Me\o/k)
PDE4? Inhibition of TNF-a production in rats”
Compd X
ICs50 (NM) IDso (Ma/kg, po)
Cilomilast 10 17
125a (Y = OH) Py 66 (74%)°
125b (Y = NHOH) coy 0.080 0.04
f
126a (Y = OH) {(CH,),COY >300 NEf
126b (Y = NHOH) 18 NE
127a (Y = OH) >300 NT®
127b (Y = NHOH) “(CHz)COY >100 NT®
M e
128a (Y = OH) Ae >300 NT
128b (Y = NHOH) coy 0.91 (26%)°
129a (Y = OH) Me >300 NT®
129b (Y = NHOH) coy 5.9 (49%)¢
Me
130a (Y = OH) L >1000 NT®
130b (Y = NHOH) cov 37 NT
131a (Y = OH) MeMe 51000 NTE
131b (Y = NHOH) Xcov 2 NT®
132a (Y = OH) y >1000 NT®
132b (Y = NHOH) coy 4.6 2.0
U937 PDE4 50% (ICs) 2 b
05 LPS TNF-o. 50% (IDgg) 7
¢ 3mg/kg 1mg/kg € f 1mg/kg



[3.3.0]

PDE4
PDE4
27
; R
o) CN o) CN
AN
MeO N7 >cox MeO N~ “cox
125a: X =0OH R= Me Et CcPrCH, iPr cBu 2-indanyl
125b : X = NHOH
OH 150a 15la 152a 153a 154a 155
X=NHOH 1500 151b 152b 153b 154b
Fig. 27 3
150a-154a 150b-154b 1 9
11 159a-159e 1 9 36)
11 3
Scheme 11 e NH N/\COOEt
Boc . o NBoc) RO ¢ RO (N
M50 ows CN MeO o MeO
139 MeO 157a-e 158a-e
156a-¢ (29 - 61% in 2 steps) (93 - 100%)
RO
N~ NCOOH N" >CONHOH on
d RO e f RO MeO 150a-e
. N CN
MeO 156-159 a b c d e
MO Ls0a-154a 150b-154b
(60% - quant) (25 - 64% in 2 steps) R= Me Et CcPrCH, iPr cBu

Reaegnts: (a) 159a-e, LIHMDS, THF, -78 °C; (b) TFA, CgHsSCHg, CH,Cl,, then 4N HCI/EtOAC; (c) K,COs, BrCH,COOEt, DMF; (d) 2N NaOH, EtOH;
(e) EDC, HOBt, DMF, NH,OC(CHz),(OCH); (f) 2N HCI, MeOH.

12 42
10

162 163
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2- 164
163
164
155

Scheme 12

Q Q Q CHO : 3 N~ >COOEt
o
o a o ‘ b o CHO c
O e -
MeO MeO MeO

42 160 161

(93%)
NCOOE N “CoOoEt Y

N N N~ >COOoH
) e o f o \
CN CN eN cl Cl
MeO 163 MeO MeO =~/

164 155
(92%) (77%) (76%) 148

MeO
162

(68% in 2 steps)

Reagents: (a) 148, LIHMDS, THF, -78 °C; (b) O3, CH,Cl,, then Me,S, -78 °C; (c) NaBH(OAc)3, AcOH, DMF, NH,CH,COOETt;
(d) Hp, 10% Pd/C, EtOH; (e) DEAD, PPhs, 2-Indanylol, THF; (f) 2N NaOH, EtOH.

150a-154a 155 2,3-dihydro-1H-
inden-2-yloxy 155 PDE4 17
155 CLOGP in vitro
155 in vitro 125a
155 in vitro Cilomilast 1/
150b-154b Cilomilast
PDE4 1C50=0.18 4.7nM 150b-154b 125b
in vitro
150b PDE4
PDE4
PDE4
TNF-x 150b 151a 151b 152a 152b 153b 154b 155
8 151a 152a 155 125a
in vivo in vitro
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155 in vivo

in vivo
in vivo
150b 151b 152b 153b 154b
150b in vivo ID50=0.04 0.09nM
125b
Table 17
R N >cox
o
Ve CN
o
a Inhibition of TNF-a
Compd R PDE4 production in rats® CLOGP
ICso (NM)
IDsp  (mglkg, po)
Cilomilast 10 17 3.20
125a (Y = OH) Q 66 (74%)° 0.07
125b (Y = NHOH) 0.080 0.04 1.30
150a (X = OH) >100 NT® -1.41
150b (X = NHOH) ~ Me- 4.7 0.23 0.17
151a (X = OH) c >100 NE' -0.88
t-
151b (X = NHOH) 0.52 0.04 0.36
152a (X = OH) D >100 (12%)° -0.43
152b (X = NHOH) 0.29 0.03 0.81
153a (X = OH) ) >100 NTE -0.57
i-Propyl-
153b (X = NHOH) 1.0 0.09 0.67
154a (X = OH) >100 NT® -0.49
c-Butyl-
154b (X = NHOH) 0.18 0.03 0.75
155 (X = OH) ©i> 67 29%)¢ 0.58
a U937 PDE4 50% (ICs) 2 b
05 LPS TNF-a 50% (IDsg) 7
¢ 1mg/kg d 3mg/kg € 1mg/kg
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PDE4 TNF-

in vivo 1997
Rhone-Poulenc Rorer Piclamilast 2 2

Byk-Gulden Roflumilast® Piclamilast

Roflumilast
125a 28
o} CN o} CN
m PN R N
MeO N~ ~cox o~ N "COX
125a: X =0H R= CHF2 Et iPr

125b : X = NHOH
OH 165a 166a 167a

X=NHOH 165b 166b 167b

Fig. 28 4
13 110) 3,4-
168
168
169a
111,112) 30
60 THF
169a-c
171a-c 171a-c
165a-167a 165b -167b
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Scheme 13

QN QN QN QN )
OD/CHO aorb (@) CHO c ODAOH de ODACN f :@ACN
HO RO RO RO

RO
168 169a : condition a 170a-c 17a-c 172a-c
169b : condition b
169c : condition b

HCI
O Q
O
9 :@ﬂ oN_
173a-c 174a-c 175a-c 176a-c
(90 - 96%)

(17 -26% in 8 steps)

% COOH “>CONHOH 169a-176a 169b-176b 169c-176¢
W R= CHF, Et iPr

165a - 167a 165b - 167b Boc
(69 - 100%) (58 - 81% in 2 ste|
- ps) N
MsO” """ oMs
135

Reaegnts: (a) CHCIF,, NaOH, THF, H,0, reflux; (b) RX, K,CO3, DMF; (c) NaBH,, MeOH; (d) SOCI,, CH,Cly; (€) NaCN, DMF; (f) Hp, 10% Pd/C,

MeOH; (g) cPenBr, K,CO3, DMF, 60°C; (h) 135, LIHMDS, THF, -78 °C; (i) TFA, CgHsSCH3, CH,Cl,, then 4N HCI/EtOAGC; (j) K,CO3, BICH,COOET,
DMF; (k) 2N NaOH, EtOH; (I) EDC, HOBt, DMF, NH,OC(CH3),(OCH3); (m) 2N HCI, MeOH.

165a 166a 167a PDE4
18 165a
PDE4 in vitro 1Cs0
125a 165b 166b
167b in vitro 165b PDE4
ICs0 125b 166b PDEA4
ICso0  6.2nM Cilomilast 125b
1/78 3
165a 165b 166b invivo 18
Cilomilast in vivo 165b
in vivo IDso 125b
in vivo 4-
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Table 18 4

Lo
0 N

e

0 =

Inhibition of TNF-a

PDE4?
Compd R ICso production in rats® CLOGP
(nM) IDso  (mg/kg, po)
Cilomilast 10 1.7 3.20
125a (Y = OH) 66 (74%)° 0.07
125b (Y = NHOH) Me- 0.080 0.04 1.30
165a (X = OH) 65 11 0.51
165b (X = NHOH) CHF2 4 051 0.02 1.87
166a (X = OH) 2500 NT® 0.60
166b (X = NHOH) Et- 6.2 0.7 1.83
167a (X = OH) ' >1000 NT® 0.90
167b (X= NHOH)  TToPYF .30 NT® 2.14
a U937 PDE4 50% (ICs0) 2 b
0.5 LPS TNF-a. 50% (IDsg) 7
¢ d 3mg/kg
165a 165b
113,114) 165a 165b
165a 165b 125a 125b
Pauling 4.0
1.20 1.35
C-F(116kcal/mol) C-H(99kcal/mol)
165a 125a
Tt 2
ACD/pKa 69
125a 165a
pKa 125a 165a
pKa 8.56 8.50
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QMPR 119 MolVol

165a MolVvol 125a 166a
19
Table 19 4
AN
OWNACOOH
R
Compd CLOGP Mol Vol (cm®mol) logD (Octanol / pH 7.4)
Cilomilast 3.20 NT? NT?
125a (R = Me) 0.07 343 0.1
165a (R = CHF,) 0.51 350 1.0
166a (R = Et) 0.60 364 NT?
167a (R = iPr) 0.90 385 NT?
logD
125a logD 0.1
1.0
CLOGP logD 1/2
PDE4 117)
Chauret 17
165a
OVA
125a 10mg/kg,po 165a
4.2mg/kg,po in vivo
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In vivo

(O ¢
(@ ¢
PDE4
29
165a
R
(0] CN
MeOU mNzcox
R= Et CPrCH, cBu
; X = OH 177a 178a 179a
(0] CN NHOH 177b 178b  179b
A\t
MeO N cox R
125a: X = OH F O CN
125b : X = NHOH A
F &OWNACOOH
R= Et Pr Bu iBu cBu cBUCH, cPrCH, 2-indanyl
180 181 182 183 184 185 186 187
Fig. 29 In vivo
14
177a-179a 177b-179b
12
180-187 15
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Scheme 14 z
CHO N~ ~COOBn
c RO.
RO a RO ‘ b RO. CHO CN
CN CN — CN
g MeO 190a-b
MeO MeO MeO ;
188a-b (15 -65% in 2 steps)
159b : R = Et ! 189a-b 1900
159f : R = MOM (67 -84%) al
> 190c : R = H (85%)
eorf
X z > 190d : R = cPrCH; (quant)
N~ “COOH N~ “CONHOH 190e : R = cBu (quant)

190a g RO. h, i RO
190 —= CN CN 188a-100a  188b-190b
190e MeO Meo MOM

177a: R = Et (68%) 177b : R = Et (89% in 2 steps) R= Et

178a: R = cPrCH, (99%) 178b : R = cPrCH; (91% in 2 steps)

179a : R = cBu (65%) 179b : R = cBu (99% in 2 steps) Cl Cl ;*COan

— 148 HoN  140p

Reagents: (a) 148, LIHMDS, THF, -78 °C; (b) O3, CH,Cl,, then PPhs, -78 °C; (c) NaBH(OAc)3;, AcOH, DCE, 149b;
(d) 4N HCI/EtOAc, CH,Cly; (e) alkyl haride, K,CO3, DMF; (f) alcohol, DEAD, PPhg, Et3N, THF; (g) Hp, Pd/C, MeOH;
(h) EDC, HOBt, DMF, NH,OC(CHg),(OCHy); (i) 2N HCI, MeOH

Scheme 15
= i = |
N N CHO
O *»a VVQ b vvﬁ/ ¢ N/\COOMe
F CN (@) E—— O CHO
N ]@A D N F O
F o LA LA £ on
171a T F % e Fo 103
o
(quant.) (64% in 3 steps)
P
PN N COOH
N~ >cooMme N COOMe g o
d eorf RO R
FHO _— CN
— I T T B
/k F O 180-187
F (0} 194 195a-h (60-98%)
(78%) (63% - quant) °
195 a b c d e f g h
C|UC|
— f i — 148
R= Et Pr Bu iBu cBu cBuCH, cPrCH, 2-indanyl
conditon e e e e f f f f

Reagents: (a) 148, LIHMDS, THF, -78 °C; (b) O3, CH,Cl,, then Me,S, -78 °C; (c) NaBH(OAc)3, AcOH, DMF, NH,CH,COOMe;
(d) Hp, 10% Pd/C, EtOH; (e) alkyl halide, K,CO3, DMF, 60 °C; (f) alcohol, DEAD, PPh;, THF; (g) 2N NaOH, EtOH.

177a-179a 177b-179b 20
180-187 21
177a-179a 177b-179b 177a-179a PDEA4
132a 125a 20 177b-179b
132b PDE4 125b
3 2 3
3 PDE4
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3 in vitro

TNF-a
125b o 3
in vivo 125b TNF-a IDso 0.04
mg/kg
Table 20
%
X N~ >coy
© \
Ve CN
(o)
a Inhibition of TNF-a
B PDE4
Compd X= ICso production in rats® CLOGP
(nM) IDsg  (mg/kg, po)
Cilomilast 10 1.7 3.20
125a (Y = OH) 66 (74%)° 0.07
125b (Y = NHOH) 0.080 0.04 1.30
132a (Y = OH) >1000 NT 2.85
132b (Y = NHOH) Q 46 2.0 1.47
177a (Y = OH) Et- 870 NT¢ 1.91
177b (Y = NHOH) 8.0 (20%)° 0.53
178a (Y = OH) [>—/ >1000 NTY 2.35
178b (Y = NHOH) 14 0.87 0.97
179a (Y = OH) EL 940 NTd 2.29
179b (Y = NHOH) 7.6 5.6 0.91
a U937 PDE4 50% (ICs0) 2 b
0.5 LPS TNF-a 50% (IDgg) 7
¢ 3mg/kg d
180-187 PDE4 21
165a in vitro
17 3 2,3-dihydro-1+-
inden-2-yloxy 155 125a in vitro
155 ICso 67nM 125a ICso 66NnM 187 165a

187 I1Cso 180nM 165a ICso 65nM
180-186 TNF-ox 17
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in vivo 125a

3mg/kg IDso

Table 21 4-
waN/\COOH
F O~ \)
LA
F O
PDE4 Inhibition of TNF—(;
Compd R ICso production in rats”  CLOGP
(nM) IDsg  (mglkg, po)

Cilomilast 10 1.7 3.20

165a Q 65 1.1 0.51

180 Et- 530 1.4 -0.43

181 nPropyl- 490 0.68 0.10

182 n-Butyl- 760 1.3 0.63

183 i-Butyl- 290 1.4 0.50

184 c-Butyl- 450 1.1 -0.05

185 <>J 460 2.9 0.57

186 >— 150 0.72 0.01

187 ©i> 180 NTS 1.02

U937 PDE4 50% (ICsy) 2
0.5 LPS TNF-a 50%

65

b

(IDsp) 7
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125a 125b 151b 152b 153b 154b 165a

165a
16
N, N-bis-(2-hydroxyethyl)benzylamine 196
197
118)
173a
119,120) TBAB
90 198
Scheme 16
HCl HCl
a b N/\© c Q NH
- HCI £ O e
N N CN CN
HO™ " "oH o>l . )\o . )\o
196 197 198
€1%) 175a (66%)
Q N >COOEt Q N >COOH Q
d (e} e @)
-, F CN )F\ CN  HO F ODACN
F o F o F)\O
176a (quant.) 165a H,0 (77%) 173a

Reaegnts: (a) SOCI,, toluene, 60 °C; (b) 173a, NaOH, H,0, TBAB, 90 °C then 0.5N HClI; (c) H,, 10% Pd/C, MeOH;
(d) K,CO3, BrCH,COOEt, DMF, 50 °C; (e) 1N NaOH, MeOH then 2N HCI, recryst by EtOH/H,O (3/2).
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165a

165a 3 2
3mmHg 25 12 165a H20
165a
X 30A B IR
31A B DSC 32A B
TG 33A B
DSC 100
TG 100
C20H24F2N2042H20: C, 58.24; H, 6.35; N, 6.79 1 C, 58.31; H,
6.28; N, 6.85 C20H24F2N204: C, 60.91; H, 6.13; N, 7.10 C,
60.90; H, 5.90; N, 7.09 X
34A B 165a HO 1 1
o —— o
] '
| | |
‘ e |
e | |
-
o
|
e |
S |:
L |
Fig. 30A Fig. 30B
165a H20 X 165a X
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165a H20 IR

4

180.0 {C)

60. 0 80.0 100.0 120, 0 140. 0 1680. 0

40,0

0. 00

8 ] 8 8 g
I e alsu Elﬁ'ﬁl l
Fig. 32A

165a H.O DSC

~30. 00
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165

et | ome it Al 1
= ¥

.
Fig. 31B
IR

|

00
=5. 00

8 g 8 2
A
o950 RN
Fig. 32B
165 DSC

~30. 00

120.0 140.0

100.0

60.0

40.0

180, 0 {'C)

60, 0

1

o

80.
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Fig. 33A

165a H.O TG

Fig. 33B

TG
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Fig. 34B

X

Fig. 34A

165a H20

X

165a H20
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125a  125b  PDE4B
1 5 125a
125b PDE4B 35 [3.3.0]
PDE4B
o CN 0 CN
125a 125b
PDE4 IC59 = 66 NM PDE4 IC5¢ = 0.080 nM
Fig. 35 PDE4
36A B 37A
His234
[3.3.0] PDE4B
125b PDE4 ICso  0.080 nM [3.3.0]
[3.3.0] 1b 20b PDE4
1Cso 9.7 nM 0.32 nM 125b
125a ICso0 66 NnM la 29a 1Cso 9.0 nM 42 nM
125a PDE4
PDE4
(@ ¢
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Fig. 36A

125a PDE4B
Cys49

Met347

Fig. 37A
125a PDE4B

PDE4B

PDE4B
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Fig. 368
125b PDE4B
C 5499

et347

125 PDE4B

125b



Fig.38 125b
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3 OVA
TNF-o
125a, 125b, 151b, 152b, 153b, 154b 165a
TNF-ox in vivo
Cilomilast
22
Table 22 125ab, 151b-154b, 165a
. Inhibition of SRS-A-mediated Inhibition of  Inhibition of Ferret emesis®
Compd PI(D:E4 TNF-a. bronchoconstriction®  gastric TNF- (vomiting/tested)
| . a 1 ~C PR |
(n'\SAO) production IDso (mglkg, po) emptying production
IDsg —————————— Dy in HWB 01 03 1 3 10
(mg/kg, po) OVA challenge (mg/kg, iv) (mg/kg, po) ICso (UM) (mg/kg, po)
015 05
Cilomilast 10 1.7 45 10 5.7 18 NTS 0/5 0/2 1/2 4/4
125a 66 (74%)' NT  NED NT? 5.2 NTY NTY NTY NTY NTY
125b 0.08 0.04 0.3 NTY 0.3 0.0089 0/4 0/4 2/2 NT? NT¢
151b 0.52 0.04 0.04 NT® 0.7 0.0050 NT® 0/2 1/2 NTY9 NT?
152b 0.29 0.03 03 1.1 0.3 0.0021 NTY 0/5 3/5 2/2 NT?
153b 1.0 0.09 (57%)"  NTY 0.8 0.012 NTY 0/2 1/2 NT9 NT9
154b 0.18 0.027 (77%)"  NTY 0.3 0.0027 NT® 072 o/2 NTY NTY
165a 65 1.1 NT? 4.2 4.7 0.84 NT¢ NT9 NTO 0/6 0/4
a PSRS-A
50% (IDgg) 3-6 ¢ d LPS  TNF-a
3 € f 0.3mg/kg 9 h 10mg/kg
i 3 mg/kg
Q ~ R N"CONHOH N">COOH
N~ ~cox !
o h o 151b : R = Ethyl- F o
CN ‘R= .
CN 125a:X=OH M. Eggjﬁ_frmf A CN
Me. 125b : X = NHOH chTroRyE T 0 165a
154b : R = cButyl-
125a OVA Cilomilast
2 OVA
TNF-ox Cilomilast
125b, 151b, 152b, 153b 154b  Cilomilast
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125b, 151b, 152b, 153b 154b

Cilomilast 7 18
154b Cilomilast
Cilomilast
165a
Cilomilast OVA
TNF-a Cilomilast
Cilomilast
151b, 152b 165a
23
151b 152b
BA
BA
PDE4
in vivo
165a
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Table 23 151b, 152b, 165a
151b 152b 165a
parameter
iv po iv po iv po
(3mgikg) (10mglkg) (3 mgikg) (10 mgkg)  (3mglkg) (3 mglkg)
Crnax
(ug/mL) 0.0225 0.267+0.118 3.61+1.56
t
(}1’)2 0.49+0.27 ND 0.17+0.02 ND 1.6+0.7 4.4+4.7
-
max 0.50 1.2+1.6 1.0+0.0
(h)
AUC 1.78+0.44  0.0131  1.18+0.28 0.343+0.25 20.6+13.1  14.1+3.7
(zghimL) -fOT0. : -LOx0. ~3451V. oxls. ES
Ves 329+179 439+178 286+41
(mL/kg) = = -
Cliota 1770+510 2650+725 183+89
(mL/h/kg) s ad A
BA (%) 0.2 8.7 68.3

Me
(¢}

" WQN/\CONHOH
0 AN
oL
=

151b

N N~ > CONHOH
O\/V
| CN
e. _

e L

152b

75

F

WO/\COOH
o}
F ~N

=

A

0 165a



Glaxo Smith Kline Cilomilast

TNF-a

la 28b 29a 33a

Cilomilast
3 [3.3.0]
PDE4 TNF-a
OVA
bioavailability
[3.3.0] 4

in vitro in vivo

o,p—
33b 38a 6

33b

59 61 93 116

76
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59
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125a 125b 151b 152b 153b 154b 165a 7

165a

PDE4 Met347 Cys499
Met503 Phe446 11e410 GIn443

PDE4
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Merck Kieselgel 60 Fzsa

NMR Varian Gemini-200 MERCURY-300
tetramethylsilane (TMS) S  (ppm)
MS JOEL JMS-DX303HF JMS-700 Hitachi M-1200H

PerSeptive Voyager Elite

(IR) Perkin-Elmer FTIR 1760X JASCO

FTIR-430
Perkin-Elmer PE2400 Series Il CHNS/O Analyzer
+0.4%
Merck  Silica gel 60 Wako gel C200 Fuji Silysia
FL60D Fuji Silysia BW-235
MP-500D
JASCO DIP-1000 D
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[3.3.0]

[3.3.0]

cis-Cyclohex-4-ene-1,2-diyldimethanol (6)
(:COH
OH
LiAIH4 14.3 g, 375 mmol THF 150 mL 0 cis-1,2,3,6-tetrahydro-
phthalic anhydride 5 22.8 g, 150 mmol 2
MeOH
EtOAc
6 21.2 g, 149 mmol, 99%
TLC R~0.36 (EtOAc); IR (neat) 3322, 3022, 1651, 1439, 1168; 'H NMR (300 MHz,

CDCls) § 5.62 (brt, 2H), 3.74 (dd, J= 10.8 and 6.6 Hz, 2H), 3.61 (dd, J= 10.8 and 3.0 Hz,
2H), 2.40-2.00 (m, 8H).

cis-6-{[(Methylsulfonyl)oxy]methyl}cyclohex-3-en-1-yl)methyl methanesulfonate (7)

N\

PN
0”7 CH,
O.__CH,

7\

6 8.98 g, 63.2 mmol EtsN 26.4 mL, 190 mmol
CH2Cl2 100 mL 78 MsCl 14.7 mL, 190 mmol
78 1 EtOAc
7 189 g,

TLC R=0.18 (r-hexane/EtOAc, 2/1); tH NMR (300 MHz, CDCls) & 5.67 (t, J= 1.5 Hz,
2H), 4.29 (dd, J= 10.2 and 7.2 Hz, 2H), 4.17 (dd, J= 10.2 and 7.2 Hz, 2H), 3.04 (s, 6H),
2.50-2.35 (m, 2H), 2.35-2.15 (m, 2H), 2.10-1.90 (m, 2H).

cis-4,5-Bis(bromomethyl)cyclohexene (8)

Br
Br

7 189¢g LiBr 16.5g, 190 mmol DMF 150 mL
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100 2.5 Et20
Et20

n-hexane 8 6.09¢g, 22.9 mmol, 36% in 2
steps
TLC R~=0.76 (n-hexane/EtOAc, 8/1); 1H NMR (300 MHz, CDCIs) 6 5.63 (t, J= 1.2 Hz,
2H), 3.41 (dd, J=10.2 and 5.4 Hz, 2H), 3.32 (dd, J= 10.2 and 8.4 Hz, 2H), 2.45-2.30 (m,
2H), 2.35-2.20 (m, 2H), 2.15-2.00 (m, 2H).

A mixture (10) of (2r,3aR,7a5)-2-[3-(cyclopentyloxy)-4-methoxyphenyl]-2,3,3a,4,7,7a-h
exahydro-1H-indene-2-carbonitrile and (2s,3aR,7a5)-2-[3-(cyclopentyloxy)-4-
methoxyphenyl]-2,3,3a,4,7,7a-hexahydro-1 H-indene-2-carbonitrile 121.122)

H
o H
s

H3C\O

(3-Cyclopentyloxy-4-methoxyphenyl)acetonitrile 9 1.25 g, 5.40 mmol THF 20 mL

78 NaHMDS (1.0 M solution in THF, 12.0 mL, 12.0 mmol
78 20 8 799 mg, 3.00 mmol
THF 10 mL 78 2
EtOAc
r-hexane/EtOAc, 10/1 10 725 mg, 2.15 mmol, 72%; major/minor

=2/1

TLC R~0.64 (n-hexane/EtOAc, 4/1); IR (neat) 3024, 2958, 2229, 1416, 1260; *H NMR
(300 MHz, CDCls) 8 7.00-6.90 (m, 2H), 6.85-6.80 (m, 1H), 5.83 & 5.75 (m, 2H), 4.81 (m,
1H), 3.84 & 3.84 (s, 3H), 2.70-2.20 (m, 8H), 2.20-2.00 (m, 2H), 2.00-1.70 (m, 6H),
1.70-1.50 (m, 2H); HRMS (EI) calcd for C22H27NO2 337.2042, found 337.2048.

An isomeric mixture (11) of dimethyl 2,2'-{(1R,25,45)-4-cyano-4-[3-(cyclopentyloxy)-4

-methoxyphenyl]cyclopentane-1,2-diyl}diacetate and dimethyl 2,2'{(1R,2S5,4n-4-
cyano-4-[3-(cyclopentyloxy)-4-methoxyphenyl]cyclopentane-1,2-diyl}diacetate.
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10 2.78 g, 8.25 mmol CH2Cl2 50 mL 78 1
PPhs 3.24 g, 12.4 mmol 78 30
1

TLC R~0.50 (n-hexane/EtOAc, 1/2).

-BuOH 50mL  2-methyl-2-butene 5.24 mL, 49.5 mmol 10
mL NaClO2 (3.0 g, 33 mmol) NaH2PO4 (2.4 g, 20 mmol)
3 0 2N CH:Cl2
2N EtOAc

TLC R~0.39 (EtOAC)
Etz:O 60 mL 0 1.0 CH2N2/Et:0 36 mL
0 1
n-hexane/EtOAc, 2/1 11
2.66 g, 6.20 mmol, 75% in 3 steps;

TLC R~=0.35 (n-hexane/EtOAc, 2/1); IR (neat) 2952, 2231, 1736, 1439, 1260; *H NMR
(300 MHz, CDCls) & 7.00-6.90 (m, 2H), 6.85-6.80 (m, 1H), 4.81 (m, 1H), 3.84 (s, 3H),
3.70 & 3.70 (s, 6H), 3.10-2.60 (m, 2H), 2.70-2.20 (m, 8H), 2.00-1.75 (m, 6H), 1.80-1.50
(m, 2H).

(15,35,5R)-3-[3-(Cyclopentyloxy)-4-methoxyphenyl]-7-oxo-bicyclo[3.3.0]octane-3-
carbonitrile (12a) and (1S,3r;,5R)-3-[3-(cyclopentyloxy)-4-methoxyphenyl]-7-oxo-

bicyclo[3.3.0]octane-3-carbonitrile (12b)
L XY
ot
H3C\
(©)

12a 12b
11 2.66 g, 6.20 mmol DME 50 mL NaH
6 in mineral oil, 1.49 g, 37.2 mmo .
60% i i | oil, 1.49 g, 37.2 | 15
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2N 18.6 mL Et20

TLC R= 0.61 and 0.53 (r-hexane/EtOAc, 2/1).

DMSO 50 mL 5.0 mL NaCl 3.00g 165
1 n-hexane/EtOAc,
2/1
r-hexane/EtOAc, 4/1 12a 1.00g, 2.95
mmol, 48% in 2 steps 12b 469 mg, 1.38 mmol, 22% in 2 steps

12a
TLC R~0.29 (n-hexane/EtOAc, 2/1); IR (KBr) 2232, 1737, 1469, 1257, 1022; *H NMR
(300 MHz, CDCls) § 6.95 (d, J= 2.1 Hz, 1H), 6.92 (dd, J= 8.4, 2.1 Hz, 1H), 6.84 (d, J=
8.4 Hz, 1H), 4.81 (m, 1H), 3.85 (s, 3H), 3.00-2.85 (m, 2H), 2.75-2.55 (m, 4H), 2.40-2.20
(m, 4H), 2.00-1.75 (m, 6H), 1.75-1.55 (m, 2H); HRMS (EI) calcd for C2:H2sNO3 339.1834,
found 339.1827.

12b
TLC R=0.36 (rhexane/EtOAc, 2/1); IR (KBr) 2230, 1734, 1468, 1255, 1028; 1H NMR
(300 MHz, CDCls)  6.95-6.90 (m, 2H), 6.84 (d, J= 9.0 Hz, 1H), 4.79 (m, 1H), 3.85 (s,
3H), 3.30-3.15 (m, 2H), 2.85 (dd, J= 13.2, 7.5 Hz, 2H), 2.68 (dd, J = 19.5, 9.9 Hz, 2H),
2.17 (dd, J=19.5, 3.9 Hz, 2H), 2.00-1.80 (m, 8H), 1.70-1.55 (m, 2H); HRMS (El) calcd
for C21H2sNO3 339.1834, found 339.1849.

(15,35,5R)-3-[3-(Cyclopentyloxy)-4-methoxyphenyl]-7-(1,3-dithian-2-ylidene)-
bicyclo[3.3.0]octane-3-carbonitrile (13a)

2-trimethylsilyl-1, 3-dithiane 2.21 g, 11.5 mmol THF 10 mL
0 n-BuLi (1.53 M solution in r-hexane, 7.52 mL, 11.5 mmol
10 78 12a 1.30 g, 3.83 mmol THF
5.0 mL 0 30
EtOAC
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n-hexane/EtOAc, 8/1

-6/1 13a 633 mg, 1.44 mmol, 37%
12a 700 mg, 2.06 mmol, 54%

TLC R~0.54 (n-hexane/EtOAc, 2/1); IR (KBr) 2956, 2232, 1680, 1442, 1029; 1H NMR
(300 MHz, CDCls) & 6.95-6.85 (m, 2H), 6.82 (d, J = 8.0 Hz, 1H), 4.80 (m, 1H), 3.84 (s,
3H), 3.00-2.85 (m, 2H), 2.90-2.75 (m, 2H), 2.80-2.40 (m, 6H), 2.40-2.00 (m, 4H),
2.00-1.70 (m, 8H), 1.80-1.50 (m, 2H); HRMS (FAB) calcd for CzsH32NO2S, 442.1874,
found 442.1869.

13a 13b

(15,3r,5R)-3-[3-(Cyclopentyloxy)-4-methoxyphenyl]-7-(1,3-dithian-2-ylidene)-
bicyclo[3.3.0]octane-3-carbonitrile (13b)

. i
\l%j\s
NC
o H
H3C\O:©

42%: : TLC R=0.69 (r-hexane/EtOAc, 2/1); IR (KBr) 2957, 2230,
1680, 1442, 1029; H NMR (300 MHz, CDCls) § 6.95-6.90 (m, 2H), 6.83 (d, J= 9.0 Hz,
1H), 4.79 (m, 1H), 3.84 (s, 3H), 3.10-2.95 (m, 2H), 2.95-2.75 (m, 4H), 2.75-2.55 (m, 4H),
2.47 (dd, J = 18.3, 2.1 Hz, 2H), 2.20-2.10 (m, 2H), 2.00-1.80 (m, 6H), 1.80-1.65 (m, 2H),
1.70-1.55 (m, 2H); HRMS (EI) calcd for C2sH31NO2S, 441.1796, found 441.1798.

Methyl (1R,3s,5S5,7N-7-cyano-7-[3-(cyclopentyloxy)-4-methoxyphenyl]-
bicyclo[3.3.0]octane-3-carboxylate (14a) and methyl (1R,3r,5S,7)-7-cyano-7-
[3-(cyclopentyloxy)-4-methoxyphenyl]-bicyclo[3.3.0]octane-3-carboxylate (14b)

13a 548 mg, 1.24 mmol CH3CN 8 mL 2mL CFsCOOH 0.38
mL 30 30 2.0 mL 80 30
40 2N 19 mL
40 20 2N 16 mL
CH2ClI2
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CHsCl - CHsCI/MeOH, 20/1

419 mg
TLC R~0.52 (CHCI3/MeOH, 10/1).
419 mg EtcO 5 mL THF 2 mL 1.0
CH2N2/Et20 2mL
n-hexane/EtOAc,
6/1-4/1 14a 108 mg, 0.282 mmol, 25% in 2 steps 14b

80.4 mg, 0.210 mmol, 18% in 2 steps

14a
TLC R=0.57 (n-hexane/EtOAc, 2/1); IR (neat) 2233, 1729, 1470, 1261, 1034; *H NMR
(300 MHz, CDCls) & 6.93 (d, J= 1.8 Hz, 1H), 6.91 (dd, J= 8.4, 1.8 Hz, 1H), 6.82 (d, J=
8.4 Hz, 1H), 4.79 (m, 1H), 3.84 (s, 3H), 3.70 (s, 3H), 2.80 (m, 1H), 2.80-2.55 (m, 2H),
2.60-2.40 (m, 2H), 2.35-2.20 (m, 4H), 2.00-1.75(m, 8H), 1.70-1.50 (m, 2H); HRMS (EI)
calcd for C23H29NO4 383.2097, found 383.2091.

14b
TLC R=0.65 (n-hexane/EtOAc, 2/1); IR (neat) 2231, 1732, 1442, 1260, 1030; *H NMR
(300 MHz, CDCls) & 6.92 (d, J= 1.8 Hz, 1H), 6.90 (dd, J= 7.5, 1.8 Hz, 1H), 6.82 (d, J=
7.5 Hz, 1H), 4.79 (m, 1H), 3.84 (s, 3H), 3.69 (s, 3H), 2.79 (m, 1H), 2.80-2.55 (m, 4H),
2.05-1.80 (m, 12H), 1.70-1.55 (m, 2H); HRMS (EI) calcd for C2sH290NO4 383.2097, found
383.2085.

14a,b 13b 14c.d

Methyl (1R,35,5S5,75)-7-cyano-7-[3-(cyclopentyloxy)-4-methoxyphenyl]-
bicyclo[3.3.0]octane-3-carboxylate (14c) and methyl (1R,3r,5S5,75)-7-cyano-7-
[3-(cyclopentyloxy)-4-methoxyphenyl]-bicyclo[3.3.0]octane-3-carboxylate (14d)

O o}
Q H _,“\”\O,CH3 Q H O,CH3
o H o H
H3C cN H;C N
Lo l4c 3o 14d

35% in 2 steps: : TLC R~0.58 (n-hexane/EtOAc, 2/1); IR (neat) 2230,

14c

1731, 1463, 1264, 1030; *H NMR (300 MHz, CDCls) & 6.95-6.85 (m, 2H), 6.83 (d, J = 8.4
Hz, 1H), 4.79 (m, 1H), 3.84 (s, 3H), 3.69 (s, 3H), 3.15-3.00 (m, 2H), 2.81 (m, 1H),
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2.70-2.60 (m, 2H), 2.05-1.75 (m, 12H), 1.70-1.55 (m, 2H); HRMS (El) calcd for
C23H29NO4 383.2097, found 383.2113.
14d

10% in 2 steps: : TLC RF0.61 (rrhexane/EtOAc, 2/1); IR (KBr) 2230,
1732, 1462, 1263, 1032; tH NMR (300MHz, CDCIs) & 7.00-6.90 (m, 2H), 6.84 (d, J=9.0
Hz, 1H), 4.81 (m, 1H), 3.84 (s, 3H), 3.68 (s, 3H), 3.05-2.90 (m, 3H), 2.70-2.55 (m, 2H),
2.30-2.15 (m, 2H), 2.05-1.60 (m, 12H); HRMS (EI) calcd for C2sH290NO4 383.2097, found
383.2073.

(1R,35,55,7n-7-Cyano-7-[3-(cyclopentyloxy)-4-methoxyphenyl]-bicyclo[3.3.0Joctane-3-
carboxylic acid (1a)

14a 96.7 mg, 0.252 mmol MeOH 1 mL THF 0.5mL 1N
0.50 mL
EtOAc 2N 0.50 mL EtOAc
Et2O/r-hexane, 1/9
la 69.8 mg, 0.189 mmol, 75%
TLC R~=0.39 (CHCI3/MeOH, 10/1); mp 144-146 °C (r-hexane-Et2O-EtOAc); IR (KBr)
2960, 2232, 1701, 1415, 1252; 1H NMR (300 MHz, CDCls) & 6.95-6.85 (m, 2H), 6.82 (d, J
= 7.8 Hz, 1H), 4.79 (m, 1H), 3.84 (s, 3H), 2.84 (m, 1H), 2.90-2.60 (m, 2H), 2.55-2.40 (m,
2H), 2.40-2.20 (m, 4H), 2.10-1.75 (m, 9H), 1.80-1.55 (m, 2H); 13C NMR (75 MHz,
DMSO-ab) 6 175.28, 148.96, 146.78, 131.50, 124.74, 118.05, 113.01, 112.05, 79.54, 55.54,
46.30, 45.87, 44.33 (2C), 42.44 (2C), 36.33 (2C), 32.13 (2C), 23.53 (2C); HRMS (EI) calcd
for C22H27NO4 369.1940, found 369.1940.
Anal. calcd for C22H27NOa: C, 71.52; H, 7.37; N, 3.79. found: C, 71.17; H, 7.62; N, 3.68.

la 2-4

(1R,3r,55,7n-7-Cyano-7-[3-(cyclopentyloxy)-4-methoxyphenyl]-bicyclo[3.3.0]octane-3-
carboxylic acid (2)
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91 %: . TLC R=0.39 (CHCI3/MeOH, 10/1); mp 107-111 °C
(r-hexane-Et,0-EtOAc); IR (KBr) 2959, 2232, 1736, 1467, 1249, 1027; H NMR (300
MHz, CDCls) & 6.95-6.85 (m, 2H), 6.82 (d, J = 8.1 Hz, 1H), 4.79 (m, 1H), 3.84 (s, 3H),
3.03 (m, 1H), 2.80-2.65 (m, 2H), 2.70-2.55 (m, 2H), 2.10-1.90 (m, 4H), 1.95-1.80 (m, 9H),
1.70-1.55 (m, 2H); 13C NMR (75 MHz, DMSO-ck) §175.81, 148.97, 146.78, 130.30,
124.14, 118.29, 113.13, 112.05, 79.49, 55.52, 44.55 (2C), 44.31, 42.36, 41.07 (2C), 35.61
(2C), 32.12 (2C), 23.54 (2C); HRMS (EI) calcd for C22H2sNO4 369.1940, found 369.1923.

(1R,35,55,75)-7-Cyano-7-[3-(cyclopentyloxy)-4-methoxyphenyl]-bicyclo[3.3.0]octane-3-

O
Qs
o H
CN
HSC\O

83%: : TLC R~=0.56 (CHCIs/MeOH, 10/1); mp 165-167 °C
(n-hexane-Et20-EtOAcC); IR (KBr) 2960, 2228, 1731, 1464, 1265, 1027; 1H NMR (300
MHz, CDCls) 8 6.93 (d, J= 2.1 Hz, 1H), 6.91 (dd, J= 8.1, 2.1 Hz, 1H), 6.83 (d, J= 8.1 Hz,
1H), 4.80 (m, 1H), 3.84 (s, 3H), 3.20-3.00 (m, 2H), 2.85 (m, 1H), 2.75-2.60 (m, 2H),
2.05-1.75 (m, 12H), 1.70-1.55 (m, 3H); 13C NMR (75 MHz, DMSO-ak) & 175.78, 149.19,
146.77, 130.40, 123.75, 118.18, 113.10, 112.16, 79.67, 55.60, 48.21, 45.11 (2C), 41.82,
40.93 (2C), 35.36 (2C), 32.17 (2C), 23.54 (2C); HRMS (EI) calcd for C22H27NO4 369.1940,
found 369.1951.

Anal. calcd for C22H27NOa: C, 71.52; H, 7.37; N, 3.79. found: C, 71.29; H, 7.44; N, 3.85.

carboxylic acid (3)

(1R,3r,55,7)-7-Cyano-7-[3-(cyclopentyloxy)-4-methoxyphenyl]-bicyclo[3.3.0Joctane-3-

(o]
[ ) H OH
o H
CN
H3C\O
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64%: . TLC R=0.56 (CHCIs/MeOH, 10/1); mp 109-112 oC
(r-hexane-Et:0-EtOAc); IR (KBr) 2960, 2228, 1698, 1462, 1266; 'H NMR (300 MHz,
CDCl3) § 7.00-6.90 (m, 2H), 6.83 (d, J= 9.0 Hz, 1H), 4.80 (m, 1H), 3.84 (s, 3H), 3.10-2.95
(m, 3H), 2.70-2.60 (M, 2H), 2.40-2.20 (m, 2H), 2.00-1.60 (M, 10H), 1.70-1.55 (m, 3H); 13C
NMR (75 MHz, DMSO-cb) §175.79, 149.11, 146.81, 130.62, 123.93, 117.89, 112.74,
112.12, 79.59, 55.59, 50.91, 47.11, 45.25 (2C), 42.39 (2C), 35.47 (2C), 32.16 (2C), 23.54
(2C); HRMS (EI) calcd for C22H27NO4 369.1940, found 369.1934.

Anal. calcd for C22H27NOa: C, 71.52; H, 7.37; N, 3.79. found: C, 71.46; H, 7.44; N, 3.83.

(1R,35,55,7n-7-Cyano-7-[3-(cyclopentyloxy)-4-methoxyphenyl]-bicyclo[3.3.0]octane-3-

carbohydroxamic acid (1b)

la 490 mg, 1.33 mmol EDC HCI 382 mg, 1.99 mmol HOBt 270 mg,

1.99 mmol DMF 10 mL (1-methoxy-1-methyethyl)oxyamine (698 mg, 6.65
mmol) 2 EtOAc
n-hexane/EtOAc, 2/3-0/1 453 mg

TLC R~ 0.55 (CHCIs/MeOH, 10/1)

453 mg MeOH 8.0 mL 1 98 uL
2 toluene Pr20
MeOH 1b 258 mg, 0.673 mmol, 52% in 2 steps

TLC R=0.50 (CHCI3/MeOH, 10/1); mp 136-137 °C (/Pr20-MeOH); IR (KBr) 3344, 2221,
1670, 1260, 1028; H NMR (300 MHz, CDCls) § 9.40-8.50 (br, 2H), 6.95-6.85 (m, 2H),
6.82 (d, J= 8.7 Hz, 1H), 4.79 (m, 1H), 3.84 (s, 3H), 2.80-2.50 (m, 3H), 2.50-2.10 (m, 6H),
2.05-1.70 (m, 8H), 1.70-1.50 (m, 2H); 13C NMR (75 MHz, DMSO-ck) 5 169.98, 148.93,
146.76, 131.64, 124.65, 118.02, 112.98, 112.05, 79.52, 55.55, 46.22, 45.05, 44.41 (2C),
42.73 (2C), 36.69 (2C), 32.13 (2C), 23.53 (2C); HRMS (EIl) calcd for Cz2H2sN204
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384.2049, found 384.2062.
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reF(1'R5'S)-5,5-Dimethyl-3'-(3-cyclopentyloxy-4-methoxyphenyl)spiro[1,3-dioxine-2,7'-
bicyclo[3.3.0]octan-2’-en] (18)

CHj3

/jLCHS

1-Bromo-3-cyclopentyloxy-4-methoxybenzene 3.64 g, 13.5 mmol THF 51 mL

78 n-BuLi 1.53 M solution in r-hexane, 9.33 mL, 14.4 mmol
30 78 CeCls 353 g, 144
mmol 30 17 2.01 g, 8.95 mmol THF
39 mL 78 3
EtOAc

rn-hexane/EtOAc, 5/1
2.24 g, 5.38 mmol
TLC R~0.39 (r-hexane/EtOAc, 2/1)

2.24 g, 5.38 mmol CH2Cl2 30 mL EtsN 1.80
mL, 12.9 mmol 0.50 mL, 6.45 mmol
CH2Cl2
r-hexane/EtOAc, 6/1 18

1.99 g, 4.99 mmol, 56% in 2 steps
TLC R~0.49 (n-hexane/EtOAc, 5/1); IR (neat) 2957, 1674, 1426, 1265, 1022; 1H NMR
(200 MHz, CD30OD) 6 6.99 (d, J= 2.1 Hz, 1H), 6.93 (dd, J= 8.4, 2.1 Hz, 1H), 6.80 (d, J=
8.4 Hz, 1H), 5.93 (m, 1H), 4.83-4.75 (m, 1H), 3.84 (s, 3H), 3.53 (s, 2H), 3.33 (m, 1H),
2.97-2.80 (2H, H), 2.51-2.37 (m, 3H), 1.98-1.54 (m, 8H), 0.97 (s, 6H); HRMS (EI) calcd
for C2sHs404 398.2457, found 398.2441.

(1'S,3'5,5' RA)-5,5-dimethyl-3'-(3-cyclopentyloxy-4-methoxyphenyl)spiro[1,3-dioxine-2,7'-
bicyclo[3.3.0]octane] (19)
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18 683 mg, 1.71 mmol 1,4-dioxane 16 mL
10 68 mg 3

n-hexane/EtOAc, 7/1 19 689 mg, 1.71 mmol, 100%

TLC R=0.65 (r-hexane/EtOAc, 7/1); IR (KBr) 2955, 1422, 1259, 1033; 1H NMR (200
MHz, CDCls) § 6.82-6.72 (m, 3H), 4.76 (m, 1H), 3.81 (s, 3H), 3.51 (s, 4H), 2.93 (m, 1H),
2.68-2.48 (m, 2H), 2.31-2.14 (m, 4H), 2.00-1.73 (m, 8H), 1.66-1.39 (m, 2H), 0.98 (s, 6H).

(15,5R,75)-7-[3-(cyclopentyloxy)-4-methoxyphenyl]-bicyclo[3.3.0]octan-3-one (20)

5;/(0
\

o H
3C\Oj©

H

19 2.49 g, 6.22 mmol 60 mL TsOH<H20 118 mg, 0.620
mmol
EtOAc
n-hexane/EtOAc, 5/1 20 1.85g, 5.89 mmol, 95%

TLC R~0.48 (r-hexane/EtOAc, 3/1); 1H NMR (300 MHz, CDCI3) 6 6.82-6.72 (m, 3H),
4.76 (m, 1H), 3.82 (s, 3H), 3.10 (m, 1H), 2.91-2.76 (m, 2H), 2.63-2.52 (m, 2H), 2.49-2.38
(m, 2H), 2.19-2.11 (m, 2H), 1.95-1.76 (m, 6H), 1.68-1.53 (m, 2H), 1.44 (m, 2H).

reF(LR,5R,7R)-7-[3-(Cyclopentyloxy)-4-methoxyphenyl]-bicyclo[3.3.0]oct-2-en-3-

carbonitrile (21)
.
e
(6]

20 1.41 g, 4.47 mmol Znlz 143 mg, 0.447 mmol CH2Cl2 60 mL

Ha

90



TMSCN 577 mg, 5.81 mmol 2

2.00g
2.00g pyridine 20 mL P(O)CIs 1.03 mL, 11.2 mmol
120 15 EtOAc
n-hexane/EtOAc, 4/1 21 1.31 g, 4.05 mmol, 91% in 2 steps

TLC R~0.62 (n-hexane/EtOAc, 2/1); 'H NMR (300 MHz, CDCls) 6§ 6.81-6.77 (m, 1H),
6.75-6.70 (m, 2H), 6.59 (m, 1H), 4.77 (m, 1H), 3.82 (s, 3H), 3.39 (m, 1H), 2.99-2.77 (m,
3H), 2.48-2.24 (m, 3H), 1.96-1.76 (m, 6H), 1.68-1.54 (m, 2H), 1.43-1.31 (m, 2H).

reF(1R,5R,7R)-7-[3-(Cyclopentyloxy)-4-methoxyphenyl]-bicyclo[3.3.0]oct-2-en-3-

carboxylic acid (22)
(0]
P xI
(@) o H
H3C\O:©

21 941 mg, 2.91 mmol ethylene glycol 6.5 mL 40 KOH
5.4 mL, 58 mmol 200 4 Et20
2N 40 mL EtOAc
EtOAc

22 635 mg, 1.85 mmol, 64%
TLC R=0.46 (CHCIs/MeOH, 10/1); IR (KBr) 3436, 1626, 1424, 1241, 1034; *H NMR
(200 MHz, CDCl3s) 6 6.86 (m, 1H), 6.82-6.70 (m, 1H), 4.77 (m, 1H), 3.81 (s, 3H), 3.39 (m,
1H), 2.91 (m, 1H), 2.90-2.75 (m, 2H), 2.50-2.35 (m, 2H), 2.30 (m, 1H), 1.98-1.70 (m, 7H),
1.70-1.50 (m, 2H), 1.45-1.27 (m, 2H); HRMS (EI) calcd for C21H2604 342.1831, found
342.1824.

(15,3r,5R,75)-7-[3-(Cyclopentyloxy)-4-methoxyphenyl]-bicyclo[3.3.0]octane-3-
carboxylic acid (15a)
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22 670 mg, 1.96 mmol 10 70 mg
MeOH 16 mL 4
CHCIs/MeOH, 100/1 Et.0O n-hexane 15a

689 mg, 1.71 mmol, 54%
TLC R~0.78 (CHCIs/MeOH, 10/1); mp 103-105 °C (Et20-EtOAc); IR (KBr) 3439, 1698,
1467, 1246, 1036; 1H NMR (300 MHz, CDCls) 6 6.81-6.73 (m, 3H), 4.81-4.74 (m, 1H),
3.82 (s, 3H), 3.08 (m, 1H), 2.92 (m, 1H), 2.66-2.55 (m, 2H), 2.30-2.19 (m, 4H), 1.97-1.78
(m, 6H), 1.78-1.37 (m, 7H); 13C NMR (75 MHz, DMSO-ak) § 176.00, 147.72, 146.58,
136.58, 118.43, 113.92, 112.27, 79.33, 55.62, 48.48, 47.19, 43.49 (2C), 41.58 (2C), 36.39
(2C), 32.23 (2C), 23.53 (2C); HRMS (EI) calcd for C21H2504 344.1988, found 344.1992.

(15,3r,5R,75)-7-[3-(Cyclopentyloxy)-4-methoxyphenyl]-bicyclo[3.3.0]octane-3-

carbohydroxamic acid (15b)
(6]
w A o
H
O:@\\“&

HaC-.
o0

15a (394 mg, 1.14 mmol) EDC HCI (329 mg, 1.72 mmol) HOBt (232 mg, 1.72
mmol) DMF (11 mL) EtsN (0.24 mL, 1.7 mmol) (1-methoxy-1-methyethyl)-
oxyamine (367 mg, 3.43 mmol) 24 EtOAc

(r-hexane/EtOAc, 2/3-0/1)

(423 mg)
TLC R~ 0.51 (r-hexane/EtOAc, 2/3).
(423 mg MeOH (10 mL) 2 50 puL
2 toluene Et20
n-hexane 15b 267 mg, 0.744 mmol, 75% in 2 steps
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TLC R=0.48 (CHCIla/MeOH, 10/1); mp 130-132 °C (MeOH-Et:0); IR (KBr) 3432, 1629,
1464, 1265, 1030; *H NMR (300 MHz, DMSO-ak) & 10.35 (s, 1H), 8.64 (brs, 1H), 6.82 (d,
J= 8.4 Hz, 1H), 6.78 (d, J= 1.8 Hz, 1H), 6.72 (dd, J = 8.4, 1.8 Hz, 1H), 4.76 (m, 1H),
3.68 (s, 3H), 3.02 (m, 1H), 2.60-2.40 (m, 3H), 2.17-2.07 (m, 2H), 1.98-1.76 (m, 4H),
1.76-1.61 (m, 4H), 1.61-1.44 (m, 4H), 1.40-1.28 (m, 2H); HRMS (EI) calcd for C21H29NO4
359.2097, found 359.2096.
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reF(1R,55)-7-[3-(Cyclopentyloxy)-4-methoxyphenyl]-bicyclo[3.3.0]Joctan-6-en-3-one (23)
O

18 4.61 g, 11.6 mmol TsOHeH2O 220 mg
35
EtOAc

rn-hexane/EtOAc,
3/1 23 3.24 g, 10.4 mmol, 90%
TLC R~0.48 (n-hexane/EtOAc, 3/1); tH NMR (300 MHz, CDCls) & 6.99 (d, J = 2.1 Hz,
1H), 6.93 (dd, J= 8.4, 2.1 Hz, 1H), 6.82 (d, J= 8.4 Hz, 1H), 5.89 (m, 1H), 4.86-4.76 (m,
1H), 3.85 (s, 3H), 3.60 (m, 1H), 3.16-3.01 (m, 2H), 2.63-2.47 (m, 3H), 2.33 (m, 1H),
2.14-2.04 (m, 1H), 1.97-1.81 (m, 6H), 1.68-1.52 (m, 2H); HRMS (EI) calcd for C20H2403
312.1725, found 312.1744.

reF(1R,35,55)-7-[3-(Cyclopentyloxy)-4-methoxyphenyl]-bicyclo[3.3.0]octan-6-en-3-ol
(24)

23 3.24 g, 10.4 mmol MeOH 275 mL THF 275 mL
NaBHs4 395 mg, 10.4 mmol 0 1
EtOAc

24 3.27 g, 10.4 mmol, 100%

TLC R=0.67 (n-hexane/EtOAc, 1/1); tH NMR (300 MHz, CDCls) § 7.00 (d, J = 2.0 Hz,
1H), 6.94 (dd, J = 8.4, 2.0 Hz, 1H), 6.81 (d, J= 8.4 Hz, 1H), 6.02 (m, 1H), 4.79 (m, 1H),
4.23 (m, 1H), 3.84 (s, 3H), 3.40-3.30 (m, 2H), 3.04 (m, 1H), 2.85 (m, 1H), 2.63 (m, 1H),
2.20 (m, 1H), 2.07 (m, 1H), 2.00-1.76 (m, 6H), 1.69-1.53 (m, 4H).

(15,3r,5R,7n-7-[3-(Cyclopentyloxy)-4-methoxyphenyl]-bicyclo[3.3.0]octan-3-ol (25)
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Q H WOH

24 39 mg, 0.098 mmol CH2Cl2 0.69 mL
Ir(cod)py(PCy3)PFs 16 mg, 0.020 mmol 1

r-hexane/EtOAc, 3/2 25 28 mg, 0.087 mmol, 89 %

TLC R~0.64 (n-hexane/EtOAc, 1/1); IR (neat) 3389, 2938, 1463, 1265, 1033; *H NMR
(300 MHz, CDCls) 6 6.84-6.75 (m 3H), 4.78 (m, 1H), 3.95 (m, 1H), 3.76 (s, 3H), 3.15 (m,
1H), 2.58-2.45 (m, 2H), 2.21-2.11 (m, 2H), 1.88-1.56 (m, 12H), 1.27-1.16 (m, 2H); HRMS
(El) calcd for C20H2803 316.2038, found 316. 2047.

(15,5r,6R)-7-[3-(Cyclopentyloxy)-4-methoxyphenyl]-bicyclo[3.3.0]octan-3-one (26)

a1

o H
HaCx
25 1.30g, 4.11 mmol CH2Cl2 20 mL NMO 1.44 g, 12.3 mmol
4A 1g 10
TPAP 2.6 g, 8.2 mmol
CH2ClI2
n-hexane/EtOAc, 4/1 26 1.18 g, 3.76 mmol, 92%

TLC R=0.57 (r-hexane/EtOAc, 2/1); IR (neat) 2926, 1736, 1261; 1H NMR (300 MHz,
CDCls) § 6.82-6.73 (m, 3H), 4.77 (m, 1H), 3.82 (s, 3H), 3.18 (m, 1H), 3.03-2.92 (m, 2H),
2.65-2.54 (m, 2H), 2.16-2.08 (m, 2H), 2.06-1.76 (m, 10H), 1.67-1.55 (m, 2H); HRMS (EI)
calcd for C20H2603 314.1882, found 314.1885.

2 21 27

reF(LR,5R,75)-7-[3-(Cyclopentyloxy)-4-methoxyphenyl]-bicyclo[3.3.0]oct-2-ene-3-one
(27)
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55% in 2 steps: : TLC R~0.53 (r-hexane/EtOAc, 3/1); IR (KBr) 2935, 2218,
1617, 1260, 1030; *H NMR (300 MHz, CDCls) § 6.83-6.71 (m, 3H), 6.50-6.46 (m, 1H),
4.76 (m, 1H), 3.82 (s, 3H), 3.56-3.46 (m, 1H), 3.08-2.85 (m, 3H), 2.46-2.34 (m, 1H),
1.99-1.74 (m, 10H), 1.65-1.52 (m, 2H); HRMS (EI) calcd for C21H2sNO2 323.1885, found
323.1877.

2 22 28a

reF(LR,5R,75)-7-[3-(Cyclopentyloxy)-4-methoxyphenyl]-bicyclo[3.3.0]oct-2-ene-3-
carboxylic acid (28a)

93%: : TLC R=0.56 (CHCIs/MeOH, 10/1); mp 133-134 °C (EtOAc);
IR (KBr) 3433, 1686, 1630, 1270, 1032; *H NMR (300 MHz, CDCIs) 6 6.82-6.71 (m, 4H),
4.76 (m, 1H), 3.82 (s, 3H), 3.52 (m, 1H), 3.10-2.89 (m, 3H), 2.39 (m, 1H), 2.00-1.74 (m,
10H), 1.68-1.53 (m, 3H); 13C NMR (75 MHz, DMSO-a6) 6 165.57, 147.75, 146.60, 145.17,
136.41, 136.07, 118.46, 114.17, 112.28, 79.25, 55.61, 50.61, 43.21, 42.17, 40.44, 39.02,
38.55, 32.22 (2C), 23.51 (2C); HRMS (EI) calcd for C21H2604 342.1831, found 342.1825.
Anal. calcd for C21H2604: C, 73.66; H, 7.65. found: C, 73.54; H, 7.69.

2 15a 16a

(15,3r,5R,7n-7-[3-(Cyclopentyloxy)-4-methoxyphenyl]-bicyclo[3.3.0]octane-3-carboxylic

acid (16a)
O
QK
o H
H3C\o
81%: : TLC R=0.59 (CHCIs/MeOH, 10/1); mp 103-105 °C

(n-hexane-EtOAC); IR (KBr) 2936, 1699, 1443, 1269, 1029; 1H NMR (300 MHz, CDCls) &
6.82-6.74 (m, 3H), 4.80-4.73 (m, 1H), 3.82 (s, 3H), 3.10 (m, 1H), 2.73-2.57 (m, 3H),
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2.34-2.24 (m, 2H), 1.96-1.78 (m, 8H), 1.75-1.45 (m, 7H); 13C NMR (75 MHz, DMSO-ak)
5175.66, 147.71, 146.57, 136.34, 118.62, 114.31, 112.28, 79.26, 55.62, 44.99 (2C), 41.81
(2C), 41.17, 40.45, 37.90 (2C), 32.21 (2C), 23.49 (2C); HRMS (EI) calcd for C21H2804
344.1988, found 344.1980.

Anal. calcd for C21H2804: C, 73.23; H, 8.19. found: C, 73.16; H, 8.28.

1 1b 16b

(1S5,3r,5R,7n-7-[3-(Cyclopentyloxy)-4-methoxyphenyl]-bicyclo[3.3.0]octane-3-
carbohydroxamic acid (16b)

70%: : TLC Re0.49 (CHCIls/MeOH, 10/1); mp 120-128 °C
(-Pr20-MeOH): IR (KBr) 3210, 1630, 1442, 1263, 1034; tH NMR (300 MHz, DMSO-)
§ 10.36 (s, 1H), 8.67 (s, 1H), 6.84-6.80 (m, 2H), 6.74 (dd, J = 8.4, 1.8 Hz, 1H), 4.77 (m,
1H), 3.68 (s, 3H), 3.01 (m, 1H), 2.60-2.40 (m, 1H), 2.29-2.16 (m, 2H), 2.00-1.89 (m, 2H),
1.89-1.77 (m, 2H), 1.77-1.50 (m, 10H), 1.44-1.31 (m, 2H); 13C NMR (75 MHz, DMSO- )
§170.40, 147.70, 146.57, 136.35, 118.60, 114.25, 112.28, 79.24, 55.61, 43.13 (2C), 41.89
(2C), 41.21, 40.50, 38.05 (2C), 32.21 (2C), 23.49 (2C); HRMS (EI) calcd for Ca1H2sNOa
359.2097, found 359.2090.
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[3.3.0]

1 1b 28b

reF(LR,5R,75)-7-[3-(Cyclopentyloxy)-4-methoxyphenyl]-bicyclo[3.3.0]oct-2-ene-3-
carbohydroxamic acid (28b)

56% in 2 steps: : TLC R~0.64 (CHCIs/MeOH, 10/1); mp 122-123
oC (-Pr0-MeOH); IR (KBr) 3424, 1655, 1261, 1030; 1H NMR (300 MHz, DMSO-dk) §
10.52 (brs, 1H), 8.79 (brs, 1H), 6.81 (d, J=8.3 Hz, 1H), 6.77 (d, J= 1.7 Hz, 1H), 6.71 (dd,
J = 8.3, 1.7 Hz, 1H), 6.19 (m, 1H), 4.76 (m, 1H), 3.68 (s, 3H), 3.40-3.26 (m, 1H),
2.96-2.70 (m, 3H), 2.24 (m, 1H), 1.88-1.61 (m, 10H) 1.61-1.48 (m, 2H); 13C NMR (75
MHz, DMSO-¢gk) 6 161.86, 147.74, 146.59, 138.56, 136.64, 136.11, 118.48, 114.10, 112.28,
79.24, 55.59, 50.26, 43.26, 42.08, 40.43, 38.82, 38.57, 32.20 (2C), 23.49 (2C); HRMS (EI)
calcd for C21H27NO4 357.1940, found 357.1946.

reF(1R,7R,1R)-7-Cyano-7-[3-(cyclopentyloxy)-4-methoxyphenyl]-bicyclo[3.3.0]oct-2-en-
3-yl trifluoromethanesulfonate (30)

12a 587 mg, 1.73 mmol THF 10 mL 78 LIHMDS 1.0M
solution in THF, 1.73 mL, 1.73 mmol 10 Tf2NPh 618 mg, 1.73
mmol 0 20 EtOAc
30 154¢g

TLC Rr=0.68 (rrhexane/EtOAc, 2/1); tH NMR (200 MHz, CDCls) § 7.00-6.75 (m, 3H),
5.67 (M, 1H), 4.79 (m, 1H), 3.84 (s, 3H), 3.50-3.30 (m, 2H), 3.00-2.80 (M, 2H), 2.70-2.40
(m, 2H), 2.40-2.20 (m, 2H), 2.00-1.70 (m, 6H), 1.70-1.50 (m, 2H).
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reFMethyl (1R,1R,1R)-7-cyano-7-[3-(cyclopentyloxy)-4-methoxyphenyl]-
bicyclo[3.3.0]oct-2-en-3-carboxylate (31)

30 1.54¢ DMF 4 mL MeOH 2 mL PPhs 27.3 mg, 1.04
mmol Pd(OAc)2 11.7 mg, 0.0519 mmol EtsN 0.48 mL, 3.5 mmol
20 Et20
n-hexane/EtOAc, 9/1 - 3/1 31 621 mg, 1.63

mmol, 94% in 2 steps

TLC Rr=0.50 (r+hexane/EtOAc, 2/1); IR (neat) 2232, 1718, 1416, 1260, 1029; 1H NMR
(300 MHz, CDCl3s) 8 6.95-6.85 (m, 2H), 6.83 (d, J= 8.4 Hz, 1H), 6.68 (m, 1H), 4.79 (m,
1H), 3.84 (s, 3H), 3.76 (s, 3H), 3.51 (m, 1H), 3.00-2.80 (m, 2H), 2.65-2.45 (m, 3H),
2.40-2.10 (m, 2H), 2.00-1.75 (m, 6H), 1.70-1.50 (m, 2H); HRMS (EI) calcd for C23H27NO4
381.1940, found 381.1953.

rel-(1R1R,1R)-7-Cyano-7-[3-(cyclopentyloxy)-4-methoxyphenyl]-bicyclo[3.3.0]oct-2-en-
3-carboxylic acid (29a)

31 488 mg, 1.28 mmol THF 2.5mL MeOH 5.0 mL 2N
2.0 mL, 4.0 mmol 15
Et20 2N EtOAc
Et.0 29a 400 mg, 1.09

mmol, 85%

TLC R=0.43 (CHCIs/MeOH, 9/1); mp 162-163 °C (Et20-EtOAc); IR (KBr) 2232, 1687,
1416, 1254, 1026; 1H NMR (300 MHz, CDCl3) 5 6.95-6.85 (m, 2H), 6.90-6.80 (m, 2H),
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4.79 (m, 1H), 3.84 (s, 3H), 3.55 (m, 1H), 3.00-2.80 (m, 2H), 2.70-2.50 (m, 3H), 2.32 (dd, J
= 13.5, 5.7 Hz, 1H), 2.22 (dd, J=12.9, 7.2 Hz, 1H), 2.05-1.70 (m, 7H), 1.70-1.55 (m, 2H);
13C NMR (75 MHz, DMSO-ab) § 165.39, 149.03, 146.81, 143.89, 136.08, 131.32, 124.07,
118.02, 112.98, 112.05, 79.53, 55.55, 50.50, 46.48, 44.71, 42.38, 39.30, 38.71, 32.12 (2C),
23.53 (2C); HRMS (EI) calcd for C22H2sNO4 367.1784, found 367.1771.

1b 29b

rel-(1R1R,1R)-7-Cyano-7-[3-(cyclopentyloxy)-4-methoxyphenyl]-bicyclo[3.3.0]oct-2-en-
3-carbohydroxamic acid (29b)

56%: . TLC R=0.44 (CHCIs/MeOH, 10/1); mp 164-166 °C
(-Pr20-MeOH); IR (KBr) 3208, 2229, 1644, 1258, 1020; H NMR (300 MHz, CDCls) &
8.80-8.20 (br, 1H), 6.95-6.85 (m, 2H), 6.83 (d, J= 9.3 Hz, 1H), 6.42 (m, 1H), 4.79 (m, 1H),
3.84 (s, 3H), 3.59 (m, 1H), 3.10-2.90 (m, 2H), 2.65-2.20 (m, 5H), 2.00-1.80 (m, 6H),
1.70-1.55 (m, 3H); 13C NMR (75 MHz, CDCls) & 163.97, 149.73, 147.74, 140.62, 134.73,
130.98, 124.51, 117.94, 113.32, 111.78, 80.73, 56.11, 51.00, 47.50, 45.49, 43.21, 40.03,
38.81, 32.85 (2C), 24.13 (2C); HRMS (FAB) calcd for C22H27N20Os 383.1971, found
383.1996.
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1 10 43

An isomeric mixture (43) of (2r,3aR,7aS)-2-[3-(benzyloxy)-4-methoxyphenyl]-
2,3,3a,4,7,7a-hexahydro-1H-indene-2-carbonitrile and (2s,3aR,7a5)-2-[3-(benzyloxy)-
4-methoxyphenyl]-2,3,3a,4,7,7a-hexahydro-1 H-indene-2-carbonitrile

92% (major/minor = 3/1): : TLC R~0.61 (r-hexane/EtOAc, 3/1); IR
(neat) 3032, 2236, 1416, 1274, 1022; 1H NMR (200 MHz, CDClzs) § 7.48-7.26 (m, 5H),
7.04 & 7.00 (dd, J= 8.4, 2.4 Hz, 1H), 6.93 (d, J= 2.4 Hz, 1H), 6.85 (d, J = 8.4 Hz, 1H),
5.70-5.85 (m, 2H), 5.18 & 5.16 (s, 2H), 3.89 & 3.88 (s, 3H), 2.70-2.45 (m, 2H), 2.45-1.93
(m, 8H), 1.93-1.70 (m, 1H); HRMS (EI) calcd for C24H2sNO2 359.1885, found 359.1896.

1 11 44

An isomeric mixture (44) of dimethyl 2,2'-{(1R,25,45)-4-[3-(benzyloxy)-4-methoxy-
phenyl]-4-cyanocyclopentane-1,2-diyl}diacetate and dimethyl 2,2'-{(1R,2S,41)-4-[3-
(benzyloxy)-4-methoxyphenyl]-4-cyanocyclopentane-1,2-diyl}diacetate

O O
H
O—CHj O=CHs
o)
o W H Q
X CN 0 CH,

CN o] CHy H3C\o

78% in 3 steps: : TLC R~0.38 (r-hexane/EtOAc, 2/1); IR (neat) 2952,
2233, 1735, 1419, 1023; 1H NMR (200 MHz, CDCls) § 7.49-7.26 (m, 5H), 7.00 (m, 1H),
6.93 (d, J= 2.2 Hz, 1H), 6.86 (d, J= 8.4 Hz, 1H), 5.18 & 5.16 (s, 2H), 3.89 (s, 3H), 3.70
& 3.70 (s, 6H), 3.10-2.58 (m, 2H), 2.80-2.14 & 1.84-1.72 (m, 8H); HRMS (EI) calcd for
C26H29NOs 451.1995, found 451.1992.

1 12a-b 45a-b

(15,35,5R)-3-[3-(Benzyloxy)-4-methoxyphenyl]-7-oxo-bicyclo[3.3.0]octane-3-
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carbonitrile (45a) and (1S,3r,5R)-3-[3-(benzyloxy)-4-methoxyphenyl]-7-oxo-
bicyclo[3.3.0]octane-3-carbonitrile (45b)

0 lif H
CN
H3Co j@
O

45b
45a: 48% in 2 steps: : TLC R~0.44 (rn-hexane/EtOAc, 1/1); IR
(KBr) 2923, 2233, 1735, 1256, 1015; 1H NMR (300 MHz, CDClzs) § 7.46-7.28 (m, 5H),
6.98 (dd, J= 8.4, 2.1 Hz, 1H), 6.88 (d, J= 8.4 Hz, 1H), 6.87 (d, J= 2.1 Hz, 1H), 5.19 (s,
2H), 3.90 (s, 3H), 2.80-2.65 (m, 2H), 2.62-2.48 (m, 4H), 2.30-2.18 (m, 4H); HRMS (FAB)
calcd for C23H24NO3 362.1756, found 362.1727.
45b: : TLC R~0.53 (r-hexane/EtOAc, 1/1); IR (KBr) 2937, 2233, 1735,

1256, 1015; 1H NMR (300 MHz, CDCls) 7.46-7.29 (m, 5H), 6.98 (dd, J= 8.5 and 2.3 Hz,
1H), 6.88 (d, J = 8.5 Hz, 1H), 6.87 (d, J = 2.3 Hz, 1H), 5.20 (s, 2H), 3.90 (s, 3H),
2.78-2.64 (m, 2H), 2.62-2.48 (m, 4H), 2.30-2.18 (m, 4H); HRMS (EI) calcd for C2sH23NO3
361.1678, found 361.1679.

4 30 46

reF(1R,7R,1R)-7-[3-(Benzyloxy)-4-methoxyphenyl]-7-cyano-bicyclo[3.3.0]oct-2-en-
3-yl trifluoromethanesulfonate (46)

: TLC R#~0.53 (r+hexane/EtOAc, 2/1); 'H NMR (300 MHz,
CDCl3) § 7.45-7.20 (m, 5H), 6.94 (dd, J= 8.3, 2.3 Hz, 1H), 6.87 (d, J= 8.3 Hz, 1H), 6.85
(d, J= 2.3 Hz, 1H), 5.62 (m, 1H), 5.18 (s, 2H), 3.89 (s, 3H), 3.27-3.15 (m, 1H), 2.90-2.79
(m, 1H), 2.74-2.56 (m, 1H), 2.56-2.40 (m, 2H), 2.30-2.10 (m, 3H).

4 31 47

reFMethyl (1R1R,1R)-7-[3-(Benzyloxy)-4-methoxyphenyl]-7-cyano-
bicyclo[3.3.0]oct-2-en-3-carboxylate (47)

102



70% in 2 steps: : TLC R~0.46 (r-hexane/EtOAc, 2/1); IR (neat) 2232,
1715, 1417, 1260, 1022; *H NMR (200 MHz, CDClz3) 6 7.47-7.26 (m, 5H), 6.96 (dd, J =
8.4, 2.2 Hz, 1H), 6.88 (d, J= 2.2 Hz, 1H), 6.87 (d, J= 8.4 Hz, 1H), 6.64 (m, 1H), 5.18 (s,
2H), 3.89 (s, 3H), 3.75 (s, 3H), 3.44-3.25 (m, 1H), 2.90-2.35 (m, 5H), 2.27-2.09 (m, 2H);
HRMS (EI) calcd for C2sH2sNO4 403.1784, found 403.1781.

Methyl (1R,35,5S5,7n-7-cyano-7-(3-hydroxy-4-methoxyphenyl)-bicyclo[3.3.0]octane-
3-carboxylate (48)

47 9.36 g, 23.2 mmol CH2Cl2 230 mL 10 1.0
g 3
n-hexane/EtOAc, 3/1
48 1.93 g, 6.12 mmol, 26%

TLC R~0.48 (n-hexane/EtOAc, 1/1); IR (KBr) 3388, 2231, 1729, 1251, 1028; H NMR
(300 MHz, CDCls) & 6.98-6.80 (m, 3H), 5.63 (s, 1H), 3.90 (s, 3H), 3.69 (s, 3H), 2.89-2.58
(m, 3H), 2.52-2.40 (m, 2H), 2.32-2.17 (m, 4H), 1.97-1.79 (m, 2H); HRMS (EI) calcd for
C1sH21NO4 315.1471, found 315.1461.

Methyl (1R,3s,5S5,7n-7-cyano-7-(3,4-dimethoxyphenyl)-bicyclo[3.3.0]octane-3-
carboxylate (49)

O
o

48 0.10 g, 0.32 mmol DMF 4 mL K2COs3 0.13 g, 0.95 mmol
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Mel 60 uL, 0.95 mmol 2
EtOAc
49 0.11 g,

TLC R=0.29 (rrhexane/EtOAc, 2/1); IR (KBr) 2232, 1728, 1468, 1261, 1027; 'H NMR
(300 MHz, CDCls) § 6.95-6.90 (m, 2H), 6.85-6.81 (m, 1H), 3.91 (s, 3H), 3.88 (s, 3H), 3.70
(s, 3H), 2.87-2.74 (m, 1H), 2.74-2.62 (m, 2H), 2.52-2.44 (m, 2H), 2.34-2.20 (m, 4H),
1.96-1.84 (m, 2H); HRMS (EI) calcd for CisH2sNOa4 329.1627, found 329.1623.

49
50
Methyl (1R,35,5S5,7n-7-cyano-7-(3-ethoxy-4-methoxyphenyl)-bicyclo[3.3.0]octane-3-
carboxylate (50)

: TLC R=0.40 (n-hexane/EtOAc, 2/1); IR (KBr) 2955, 2231, 1732,
1260, 1033; 1H NMR (300 MHz, CDCls) § 6.94-6.89 (m, 2H), 6.85-6.81 (m, 1H), 4.12 (q,
J = 7.0 Hz, 2H), 3.87 (s, 3H), 3.70 (s, 3H), 2.86-2.74 (m, 1H), 2.74-2.61 (m, 2H),
2.51-2.43 (m, 2H), 2.32-2.20 (m, 4H), 1.95-1.83 (m, 2H), 1.47 (t, J= 7.0 Hz, 3H); HRMS
(El) calcd for C20H25NO4 343.1784, found 343.1779.

Methyl (1R,3s,5S5,7N-7-cyano-7-(3-isopropoxy-4-methoxyphenyl)-bicyclo[3.3.0]octane-3-
carboxylate (51)

o}
Lo

48 0.10 g, 0.32 mmol CH2Cl2 4.0 mL 30 pL,
0.38 mmol PPhs 0.12 g, 0.48 mmol ADDP azodicarbonyldipiperidide 0.12
g, 0.48 mmol
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n-hexane/EtOAc, 3/1 51 0.11 g, 0.31 mmol,
98%

TLC R=0.38 (rrhexane/EtOAc, 2/1); IR (neat) 2233, 1729, 1470, 1262, 1027; 'H NMR
(300 MHz, CDCls) § 6.96-6.92 (m, 2H), 6.85-6.82 (m, 1H), 4.54 (septet, J = 6.0 Hz, 1H),
3.85 (s, 3H), 3.70 (s, 3H), 2.87-2.74 (m, 1H), 2.74-2.60 (m, 2H), 2.51-2.42 (m, 2H),
2.32-2.20 (m, 4H), 1.95-1.83 (m, 2H), 1.37 (d, J = 6.0 Hz, 6H); HRMS (EI) calcd for
C21H27NO4 357.1940, found 357.1952.

51
52-54

Methyl (1R,3s,5S5,7N-7-cyano-7-(3-(cyclobutyloxy)-4-methoxyphenyl)-
bicyclo[3.3.0]octane-3-carboxylate (52)

53%: : TLC R~0.40 (n-hexane/EtOAc, 2/1); IR (neat) 2233, 1729, 1470,
1261, 1034; *H NMR (200 MHz, CDCls) & 6.91 (dd, J= 8.4, 2.2 Hz, 1H), 6.82 (d, J= 8.4
Hz, 1H), 6.80 (d, J = 2.2 Hz, 1H), 4.68 (quintet, J = 7.0 Hz, 1H), 3.86 (s, 3H), 3.70 (s,
3H), 2.90-2.60 (m, 3H), 2.56-2.36 (m, 4H), 2.36-2.18 (m, 6H), 1.98-1.66 (m, 4H); HRMS
(El) calcd for C22H27NO4 369.1940, found 369.1928.

Methyl (1R,355S,7n-7-cyano-7-(3-(cyclohexyloxy)-4-methoxyphenyl)-
bicyclo[3.3.0]octane-3-carboxylate (53)

O
o

60%: : TLC R~0.54 (n-hexane/EtOAc, 2/1); IR (neat) 2232, 1732, 1452,
1261, 1038; *H NMR (200 MHz, CDCls) & 6.97-6.91 (m, 2H), 6.86-6.81 (m, 1H),
4.26-4.10 (m, 1H), 3.84 (s, 3H), 3.70 (s, 3H), 2.90-2.56 (m, 3H), 2.53-2.40 (m, 2H),
2.33-2.18 (m, 4H), 2.08-1.68 (m, 6H), 1.68-1.42 (m, 2H), 1.42-1.22 (m, 4H); HRMS (EI)
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calcd for C24H31NO4 397.2253, found 397.2262.

Methyl (1R,35,5S5,7n-7-cyano-7-[4-methoxy-3-(tetrahydro-2 H-pyran-4-yloxy)phenyl]-
bicyclo[3.3.0]octane-3-carboxylate (54)

79%: : TLC R=0.39 (n-hexane/EtOAc, 1/1); IR (neat) 2233, 1727, 1471,
1263, 1036; *H NMR (200 MHz, CDCls) & 7.03-6.96 (m, 2H), 6.89-6.83 (m, 1H),
4.50-4.34 (m, 1H), 4.08-3.95 (m, 2H), 3.85 (s, 3H), 3.70 (s, 3H), 3.60-3.48 (m, 2H),
2.89-2.58 (m, 3H), 2.51-2.39 (m, 2H), 2.33-2.18 (m, 4H), 2.08-1.76 (m, 6H); HRMS (EI)
calcd for C23H290NOs 399.2046, found 399.2042.

Methyl (1R,3s,5S,7n-7-cyano-7-[3-(2,3-dihydro-1AH-inden-2-yloxy)-4-methoxy-
phenyl]-bicyclo[3.3.0]octane-3-carboxylate (55)

48 0.109,0.32 mmol THF 3.0 mL indan-2-ol 64 mg, 0.48 mmol
PPhs 125 mg, 0.477 mmol DIPAD diisopropylazodicarboxylate 0.10 mL, 0.51
mmol
n-hexane/EtOAc, 2/1 55 192 mg,

TLC R=0.65 (n-hexane/EtOAc, 1/1); IR (neat) 2953, 2232, 1732, 1262, 1026; *H NMR
(300 MHz, CDCls) 6 7.28-7.16 (m, 4H), 6.99-6.95 (m, 2H), 6.87-6.83 (m, 1H), 5.25-5.17
(m, 1H), 3.81 (s, 3H), 3.70 (s, 3H), 3.38 (dd, J=16.7, 6.6 Hz, 2H), 3.23 (dd, J=16.7, 3.9
Hz, 2H), 2.87-2.61 (m, 3H), 2.51-2.43 (m, 2H), 2.34-2.21 (m, 4H), 1.96-1.84 (m, 2H) ;
HRMS (EI) calcd for C27H20NO4 431.2097, found 431.2102.
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49
56

Methyl (1R,35,5S5,7n-7-cyano-7-(3-(cyclopropylmethoxy)-4-methoxyphenyl)-
bicyclo[3.3.0]octane-3-carboxylate (56)

(0]
T o

: TLC R=0.70 (n-hexane/EtOAc, 1/1); IR (neat) 2232, 1730, 1470,
1260, 1024; 'H NMR (300 MHz, CDCls) & 6.94-6.90 (m, 2H), 6.85-6.80 (m, 1H),
3.88-3.84 (m, 5H), 3.70 (s, 3H), 2.85-2.74 (m, 1H), 2.74-2.60 (m, 2H), 2.55-2.45 (m, 2H),
2.36-2.19 (m, 4H), 1.96-1.82 (m, 2H), 1.40-1.22 (m, 1H), 0.70-0.60 (m, 2H), 0.41-0.35 (m,
2H); HRMS (El) calcd for C22H27NO4 369.1940, found 369.1934.

51
57-58

Methyl (1R,3s,5S,7n-7-cyano-7-{4-methoxy-3-[4-(methylsulfanyl)butoxy]phenyl}-
bicyclo[3.3.0]octane-3-carboxylate (57)

O
A en,

: TLC R~0.61 (r-hexane/EtOAc, 1/1); IR (neat) 2232, 1727, 1472,
1263, 1025; 1H NMR (300 MHz, CDCls) & 6.94-6.90 (m, 2H), 6.85-6.81 (m, 1H), 4.05 (t, J
= 6.3 Hz, 2H), 3.85 (s, 3H), 3.70 (s, 3H), 2.86-2.74 (m, 1H), 2.74-2.62 (m, 2H), 2.59 (t, J=
7.2 Hz, 2H), 2.51-2.43 (m, 2H), 2.32-2.20 (m, 4H), 2.11 (s, 3H), 2.01-1.75 (m, 4H),
1.73-1.66 (m, 2H); HRMS (EI) calcd for C23H31NO4S 417.1974, found 417.1971.

Methyl (1R,3s,5S,7n-7-cyano-7-[4-methoxy-3-(3,3,3-trifluoropropoxy)phenyl]-
bicyclo[3.3.0]octane-3-carboxylate (58)
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58%: : TLC R=0.46 (n-hexane/EtOAc, 2/1); IR (neat) 2234, 1727, 1254,
1152, 1038; *H NMR (300 MHz, CDCls) 6 7.01 (dd, J= 8.4, 2.4 Hz, 1H), 6.95 (d, J=2.4
Hz, 1H), 6.86 (d, J = 8.4 Hz, 1H), 4.25 (t, J = 6.8 Hz, 2H), 3.86 (s, 3H), 3.70 (s, 3H),
2.87-2.60 (m, 5H), 2.50-2.42 (m, 2H), 2.33-2.20 (m, 4H), 1.96-1.84 (m, 2H); HRMS (EI)
calcd for C21H24F3sNO4 411.1657, found 411.1665.

(AR,35,55,7n-7-Cyano-7-(3,4-dimethoxyphenyl)-bicyclo[3.3.0]octane-3-carboxylic acid
(32a)

49 0.11 g, 0.32 mmol MeOH 2mL THF 2mL 1N
1.6 mL 1IN
EtOAcC
n-hexane/EtOAc, 32a
0.10 g, 0.32 mmol, 99%

TLC R~0.53 (CHCIs/MeOH, 10/1); mp 133-134 °C (n-hexane-EtOAc); IR (KBr) 3449,
2227, 1690, 1256, 1024; 'H NMR (300 MHz, CDCIs) § 6.96-6.91 (m, 2H), 6.85-6.81 (m,
1H), 3.91 (s, 3H), 3.88 (s, 3H), 2.91-2.78 (m, 1H), 2.78-2.65 (m, 2H), 2.52-2.44 (m, 2H),
2.36-2.25 (m, 4H), 2.02-1.90 (m, 2H), 1.60 (brs, 1H); HRMS (El) calcd for CisH2:1NOa
315.1471, found 315.1468.

Anal. calcd for C1sH21NOa: C, 68.55; H, 6.71; N, 4.44. found: C, 68.63; H, 6.68; N, 4.37.

32a 33a-4la
(1R,35,55,7n-7-Cyano-7-(3-ethoxy-4-methoxyphenyl)-bicyclo[3.3.0]octane-3-carboxylic
acid (33a)
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: TLC R~0.53 (CHCI3/MeOH, 10/1); mp 161-163 °C
(n-hexane-EtOAC); IR (KBr) 3450, 2216, 1690, 1251, 1040; *H NMR (300 MHz, CDClz3) &
6.94-6.90 (m, 2H), 6.85-6.81 (m, 1H), 4.12 (q, J= 7.1 Hz, 2H), 3.87 (s, 3H), 2.90-2.78 (m,
1H), 2.78-2.64 (m, 2H), 2.51-2.43 (m, 2H), 2.35-2.25 (m, 4H), 2.00-1.89 (m, 2H), 1.55
(brs, 1H), 1.48 (t, J = 7.1 Hz, 3H); 13C NMR (75 MHz, DMSO-a6) 4 175.27, 148.30,
147.80, 131.50, 124.75, 118.08, 111.68, 111.12, 63.84, 55.45, 46.29, 45.87, 44.31 (2C),
42.42 (2C), 36.34 (2C), 14.69; HRMS (EIl) calcd for Ci9H23NOs 329.1627, found
329.1620.
Anal. calcd for Ci19H23NOa: C, 69.28; H, 7.04; N, 4.25. found: C, 69.23; H, 7.01; N, 4.31.

(1R,35,55,7n-7-Cyano-7-(3-isopropoxy-4-methoxyphenyl)-bicyclo[3.3.0]octane-3-
carboxylic acid (34a)

98%: : TLC R~0.53 (CHCIs/MeOH, 10/1); mp 172-173 °C
(r-hexane-EtOAc); IR (KBr) 2973, 2220, 1705, 1257, 1031; *H NMR (300 MHz, CDCls) &
6.96-6.92 (m, 2H), 6.86-6.82 (m, 1H), 4.54 (septet, J = 6.0 Hz, 1H), 3.85 (s, 3H),
2.90-2.78 (m, 1H), 2.77-2.64 (m, 2H), 2.50-2.42 (m, 2H), 2.34-2.24 (m, 4H), 2.00-1.88 (m,
2H), 1.60 (brs, 1H), 1.37 (d, J= 6.0 Hz, 6H); HRMS (EI) calcd for C20H2sNO4 343.1784,
found 343.1779.

Anal. calcd for C20H25NOa: C, 69.95; H, 7.34; N, 4.08. found: C, 69.97; H, 7.34; N, 4.07.

(1R,35,55,7n-7-Cyano-7-[3-(cyclobutyloxy)-4-methoxyphenyl]-bicyclo[3.3.0]octane-3-
carboxylic acid (35a)
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97%: : TLC Re0.57 (CHCIls/MeOH, 10/1); mp 153-154 °C
(n-hexane-EtOAC); IR (KBr) 3325, 2963, 2230, 1733, 1260, 1019; *H NMR (300 MHz,
CDCl3) 8 6.90 (dd, J= 8.3, 2.2 Hz, 1H), 6.82 (d, J= 8.3 Hz, 1H), 6.80 (d, J= 2.2 Hz, 1H),
4.68 (quintet, J = 7.5 Hz, 1H), 3.86 (s, 3H), 2.91-2.78 (m, 1H), 2.78-2.64 (m, 2H),
2.54-2.41 (m, 4H), 2.36-2.19 (m, 6H), 2.00-1.81 (m, 3H), 1.78-1.62 (m, 2H); HRMS (EI)
calcd for C21H2sNO4 355.1784, found 355.1773.

Anal. calcd for C21H2sNOa: C, 70.96; H, 7.09; N, 3.94. found: C, 70.79; H, 7.10; N, 3.94.

(1R,35,55,7n-7-Cyano-7-[3-(cyclohexyloxy)-4-methoxyphenyl]-bicyclo[3.3.0]octane-3-
carboxylic acid (36a)

90%: : TLC R=0.68 (CHCls/MeOH, 10/1); mp 163-164 °C
(r-hexane-EtOAC); IR (KBr) 3431, 2225, 1701, 1254, 1022; 1H NMR (300 MHz, CDCls) §
6.97-6.92 (m, 2H), 6.86-6.82 (M, 1H), 4.24-4.14 (m, 1H), 3.84 (s, 3H), 2.90-2.78 (m, 1H),
2.76-2.64 (m, 2H), 2.50-2.42 (m, 2H), 2.34-2.24 (m, 4H), 2.05-1.88 (m, 4H), 1.88-1.78 (m,
2H), 1.63-1.49 (m, 3H), 1.42-1.25 (m, 4H); 13C NMR (75 MHz, DMSO-ab) § 175.27,
149.57, 146.27, 131.56, 124.77, 118.65, 114.53, 112.35, 75.68, 55.62, 46.28, 45.75, 44.27
(2C), 42.43 (2C), 36.36 (2C), 31.35 (2C), 25.16, 23.10 (2C); HRMS (EI) calcd for
C23H2sNO4 383.2097, found 383.2085.

(1R,35,55,7n-7-Cyano-7-[4-methoxy-3-(tetrahydro-2 H-pyran-4-yloxy)phenyl]-
bicyclo[3.3.0]octane-3-carboxylic acid (37a)
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94%: : TLC R=0.49 (CHCIs/MeOH, 10/1); mp 163-165 °C
(r-hexane-EtOAC); IR (KBr) 3435, 2217, 1708, 1259, 1028; 1H NMR (300 MHz, CDCls) §
7.02-6.97 (m, 2H), 6.88-6.84 (m, 1H), 4.47-4.38 (m, 1H), 4.06-3.98 (m, 2H), 3.85 (s, 3H),
3.59-3.50 (m, 2H), 2.90-2.78 (m, 1H), 2.78-2.64 (m, 2H), 2.49-2.40 (m, 2H), 2.34-2.25 (m,
4H), 2.05-1.91 (m, 4H), 1.91-1.77 (m, 2H), 1.56 (brs, 1H); 13C NMR (75 MHz, DMSO-ck)
§175.27, 149.65, 145.81, 131.60, 124.74, 119.17, 114.94, 112.37, 72.79, 64.38 (2C), 55.64,
46.27, 45.70, 44.22 (2C), 42.39 (2C), 36.35 (2C), 31.83 (2C); HRMS (EI) calcd for
C22H27NOs 385.1889, found 385.1885.

(1R, 35,55,7n-7-Cyano-7-[3-(2,3-dihydro-1H-inden-2-yloxy)-4-methoxyphenyl]-
bicyclo[3.3.0]octane-3-carboxylic acid (38a)

o}
EN

OH

90%: : TLC R=0.52 (CHCIls/MeOH, 10/1); mp 175-176 °C (EtOAc);
IR (KBr) 3271, 2231, 1705, 1254, 1020; H NMR (300 MHz, CDCls) & 7.27-7.16 (m, 4H),
6.99-6.95 (m, 2H), 6.87-6.83 (m, 1H), 5.25-5.17 (m, 1H), 3.81 (s, 3H), 3.38 (dd, J= 16.5,
6.5 Hz, 2H), 3.21 (dd, J = 16.5, 3.9 Hz, 2H), 2.91-2.78 (m, 1H), 2.78-2.65 (m, 2H),
2.51-2.43 (m, 2H), 2.36-2.25 (m, 4H), 2.01-1.89 (m, 2H), 1.80-1.30 (br, 1H); 13C NMR (75
MHz, DMSO-ak) & 175.28, 148.81, 146.35, 140.50 (2C), 131.57, 126.28 (2C), 124.41 (2C),
118.37, 112.56, 112.03, 78.07, 55.43, 46.28, 45.88, 44.34 (2C), 42.46 (2C), 39.50 (2C),
36.37 (2C); HRMS (EI) calcd for C26H27NO4 417.1940, found 417.1940.
Anal. calcd for C26H27NOa: C, 74.80; H, 6.52; N, 3.35. found: C, 74.70; H, 6.56; N, 3.39.

(1R,3555,7n-7-Cyano-7-[3-(cyclopropylmethoxy)-4-methoxyphenyl]-
bicyclo[3.3.0]octane-3-carboxylic acid (39a)

70%: : TLC R=0.40 (CHCIs/MeOH, 10/1); mp 134-135 oC
(r-hexane-EtOAc-MeOH); IR (KBr) 3225, 2244, 1738, 1448, 1246; 'H NMR (300 MHz,
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CDCl3) 8 6.95-6.90 (m, 2H), 6.83 (d, J= 9.0 Hz, 1H), 3.87 (s, 3H), 3.87 (d, J = 6.9 Hz,
2H), 2.90-2.76 (m, 1H), 2.76-2.64 (m, 2H), 2.52-2.40 (m, 2H), 2.36- 2.24 (m, 4H),
2.00-1.85 (m, 2H), 1.62 (brs, 1H), 1.42-1.22 (m, 1H), 0.70-0.62 (m, 2H), 0.42-0.34 (m,
2H); 13C NMR (75 MHz, DMSO-ak) 6 175.33, 148.33, 147.94, 131.47, 124.76, 118.08,
111.68, 111.32, 72.86, 55.47, 46.30, 45.84, 44.29 (2C), 42.40 (2C), 36.34 (2C), 10.23, 3.17
(2C); HRMS (EI) calcd for C21H2sNO4 355.1784, found 355.1783.

(1R, 35,55,7n-7-Cyano-7-{4-methoxy-3-[4-(methylsulfanyl)butoxy]phenyl}-
bicyclo[3.3.0]octane-3-carboxylic acid (40a)

86%: : TLC R~0.48 (CHCIls/MeOH, 10/1); mp 65-66 °C
(r-hexane-EtOAc); IR (KBr) 3436, 2218, 1695, 1260, 1022; *H NMR (300 MHz, CDCls) &
6.95-6.91 (m, 2H), 6.85-6.81 (m, 1H), 4.06 (t, J= 6.3 Hz, 2H), 3.86 (s, 3H), 2.91-2.78 (m,
1H), 2.78-2.65 (m, 2H), 2.59 (t, J = 7.2 Hz, 2H), 2.51-2.43 (m, 2H), 2.35-2.25 (m, 4H),
2.12 (s, 3H), 2.01-1.88 (m, 4H), 1.88-1.75 (m, 2H), 1.61 (brs, 1H); 13C NMR (75 MHz,
DMSO-ak) 6 175.27, 148.38, 147.93, 131.54, 124.74, 118.18, 111.84, 111.35, 67.92, 55.58,
46.30, 45.85, 44.29 (2C), 42.40 (2C), 36.34 (2C), 32.85, 27.74, 25.08, 14.55; HRMS (EI)
calcd for C22H20NO4S 403.1817, found 403.1795.

Anal. calcd for C22H29NO4S: C, 65.48; H, 7.24; N, 3.47; S, 7.95. found: C, 65.60; H, 7.28;
N, 3.45; S, 7.90.

(1R,35,55,7n-7-Cyano-7-[4-methoxy-3-(3,3,3-trifluoropropoxy)phenyl]-
bicyclo[3.3.0]octane-3-carboxylic acid (41a)

Fgc/\
o)

H3C\

O

79%: . TLC R=0.68 (CHCIs/MeOH, 10/1); mp 98-99 °C
(rrhexane-EtOAC); IR (KBr) 2226, 1698, 1327, 1246, 1024; 1H NMR (300 MHz, CDCls) §
7.01 (dd, J= 8.4, 2.1 Hz, 1H), 6.95 (d, J= 2.1 Hz, 1H), 6.87 (d, J= 8.4 Hz, 1H), 4.26 (t, J
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= 6.9 Hz, 2H), 3.86 (s, 3H), 2.91-2.78 (m, 1H), 2.78-2.60 (m, 4H), 2.50-2.41 (m, 2H),
2.36-2.25 (m, 4 H), 2.01-1.90 (m, 2H), 1.90-1.40 (br, 1H); HRMS (El) calcd for
C20H22F3NO4 397.1501, found 397.1528.

Anal. calcd for C20H22F3NOa4: C, 60.45; H, 5.58; N, 3.52. found: C, 60.67; H, 5.57; N,
3.50.

32b-41b

(1R,3555,7n-7-Cyano-7-(3,4-dimethoxyphenyl)-bicyclo[3.3.0]octane-3-carbohydroxamic
acid (32b)

49%: : TLC R=0.50 (CHCIls/MeOH, 10/1); mp 184-189 oC
(-Pr20-MeOH); IR (KBr) 3403, 2220, 1683, 1257, 1023; 'H NMR (300 MHz, DMSO- )
§ 10.34 (brs, 1H), 8.68 (brs, 1H), 7.00-6.91 (m, 3H), 3.77 (s, 3H), 3.74 (s, 3H), 2.64-2.37
(m, 5H), 2.28-2.18 (m, 2H), 2.02-1.92 (m, 2H), 1.77-1.66 (m, 2H); 13C NMR (75 MHz,
DMSO-ck) & 169.97, 148.63, 148.11, 131.70, 124.67, 118.05, 111.57, 109.95, 55.62, 55.50,
46.21, 45.02, 44.38 (2C), 42.69 (2C), 36.71 (2C); HRMS (FAB) calcd for CisH23N20a4
331.1658, found 331.1636.

(1R,35,55,7n-7-Cyano-7-(3-ethoxy-4-methoxyphenyl)-bicyclo[3.3.0]octane-3-carbohydro
xamic acid (33b)

30%: : TLC R=0.43 (CHCIs/MeOH, 10/1); mp 173-174 oC
(-Pr20-MeOH): IR (KBr) 3192, 2220, 1655, 1258, 1025; 1H NMR (300 MHz, DMSO- k)
§ 10.35 (brs, 1H), 9.75 (brs, 1H), 7.00-6.91 (m, 3H), 4.03 (g, J= 6.9 Hz, 2H), 3.74 (s, 3H),
2.68-2.36 (M, 5H), 2.26-2.17 (m, 2H), 2.02-1.92 (m, 2H), 1.77-1.65 (m, 2H), 1.31 (t, J =
6.9 Hz, 3H); 13C NMR (75 MHz, DMSO-ak) & 169.98, 148.27, 147.79, 131.65, 124.67,

113



118.05, 111.70, 111.11, 63.84, 55.46, 46.22, 45.04, 44.39 (2C), 42.70 (2C), 36.70 (2C),
14.70; HRMS (EI) calcd for Ci1sH24N204 344.1736, found 344.1752.
Anal. calcd for C190H24N204: C, 66.26; H, 7.02; N, 8.13. found: C, 66.14; H, 7.06; N, 8.09.

(1R,35,55,7n-7-Cyano-7-(3-isopropoxy-4-methoxyphenyl)-bicyclo[3.3.0]octane-3-
carbohydroxamic acid (34b)

43%: : TLC R=0.45 (CHCls/MeOH, 10/1); mp 118-120 °C
(-Pr20-MeOH); IR (KBr) 3434, 2233, 1627, 1256, 1020; 'H NMR (300 MHz, DMSO- )
§10.34 (brs, 1H), 8.68 (brs, 1H), 7.00-6.92 (m, 3H), 4.57 (septet, J= 6.0 Hz, 1H), 3.73 (s,
3H), 2.64-2.37 (m, 5H), 2.24-2.17 (m, 2H), 2.02-1.92 (m, 2H), 1.77-1.65 (m, 2H), 1.23 (d,
J= 6.0 Hz, 6H); HRMS (El) calcd for C20H26N204 358.1893, found 358.1880.

(1R,35,55,7n-7-Cyano-7-[3-(cyclobutyloxy)-4-methoxyphenyl]-bicyclo[3.3.0]octane-3-
carbohydroxamic acid (35b)

57%: : TLC R=0.27 (CHCIs/MeOH, 10/1); mp 158-159 °C
(£Pr20-MeOH); IR (KBr) 3234, 2231, 1627, 1259, 1023; *H NMR (300 MHz, DMSO- )
§10.34 (d, J= 1.5 Hz, 1H), 8.68 (d, J= 1.5 Hz, 1H), 6.98-6.91 (m, 2H), 6.83-6.79 (m, 1H),
4.70 (quintet, J = 7.7 Hz, 1H), 3.74 (s, 3H), 2.62-2.33 (m, 7H), 2.24-2.18 (m, 2H),
2.10-1.92 (m, 4H), 1.82-1.54 (m, 4H); HRMS (FAB) calcd for C21H27N204 371.1971,
found 371.1988.

(1R,35,55,7n-7-Cyano-7-[3-(cyclohexyloxy)-4-methoxyphenyl]-bicyclo[3.3.0]octane-3-
carbohydroxamic acid (36b)
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76%: : TLC R=0.38 (CHCIs/MeOH, 10/1); mp 64-68 °C (i-Pr20); IR
(KBr) 3423, 2232, 1655, 1259, 1020; *H NMR (300 MHz, DMSO-ck) § 10.34 (brs, 1H),
8.68 (brs, 1H), 7.00-6.92 (m, 3H), 4.35-4.24 (m, 1H), 3.74 (s, 3H), 2.64-2.36 (m, 5H),
2.25-2.16 (m, 2H), 2.03-1.92 (m, 2H), 1.90-1.83 (m, 2H), 1.77-1.64 (m, 4H), 1.55-1 .22 (m,
6H); 13C NMR (75 MHz, DMSO-ck) §169.98, 149.54, 146.26, 131.71, 124.67, 118.63,
114.51, 112.35, 75.68, 55.63, 46.09, 45.01, 44.36 (2C), 42.71 (2C), 36.71 (2C), 31.35 (2C),
25.16, 23.10 (2C); HRMS (El) calcd for C2sH30N204 398.2206, found 398.2219.

(1R,35,55,7n-7-Cyano-7-[4-methoxy-3-(tetrahydro-2 H-pyran-4-yloxy)phenyl]-
bicyclo[3.3.0]octane-3-carbohydroxamic acid (37b)

63%: : TLC R~0.30 (CHCIls/MeOH, 10/1); mp 76-81 °C
(r-hexane-/-Pr20-MeOH); IR (KBr) 3250, 2231, 1659, 1258, 1031; *H NMR (300 MHz,
DMSO-a6) 6 10.34 (brs, 1H), 8.67 (brs, 1H), 7.06-6.95 (m, 3H), 4.57-4.46 (m, 1H),
3.88-3.80 (m, 2H), 3.75 (s, 3H), 3.49-3.40 (m, 2H), 2.57-2.37 (m, 5H), 2.30-2.18 (m, 2H),
2.02-1.85 (m, 4H), 1.77-1 .66 (m, 2H), 1.64-1.50 (m, 2H); 133C NMR (75 MHz, DMSO- )
8 169.96, 149.62, 145.79, 131.75, 124.64, 119.14, 114.94, 112.37, 72.78, 64.37 (2C), 55.64,
46.03, 45.00, 44.30 (2C), 42.66 (2C), 36.70 (2C), 31.82 (2C); HRMS (FAB) calcd for
C22H290N205 401.2076, found 401.2101.

(1R,3555,7n-7-Cyano-7-[3-(2,3-dihydro-1 H-inden-2-yloxy)-4-methoxyphenyl]-
bicyclo[3.3.0]octane-3-carbohydroxamic acid (38b)
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34%: : TLC RF~0.31 (CHCIl3/MeOH, 10/1); mp 174-177 °C
(FPr0-MeOH); IR (KBr) 3390, 2218, 1655, 1251, 1020; *H NMR (300 MHz, DMSO-ak)
§ 10.34 (brs, 1H), 8.67 (brs, 1H), 7.28-7.24 (m, 2H), 7.19-7.14 (m, 2H), 7.04-6.98 (m, 2H),
6.94 (d, J= 8.4 Hz, 1H), 5.30-5.22 (m, 1H), 3.69 (s, 3H), 3.38-3.30 (m, 2H), 3.01 (dd, J=
17.1, 2.1 Hz, 2H), 2.65-2.36 (m, 5H), 2.28-2.21 (m, 2H), 2.04-1.94 (m, 2H), 1.79-1.67 (m,
2H); HRMS (EI) calcd for C2sH2sN204 432.2049, found 432.2037.

(1R,35,55,7n-7-Cyano-7-[3-(cyclopropylmethoxy)-4-methoxyphenyl]-
bicyclo[3.3.0]octane-3-carbohydroxamic acid (39b)

28%: . TLC R=0.40 (CHCI/MeOH, 9/1); mp 120-122 °C
(-Pr20-EtOAc-MeOH); IR (KBr) 3213, 2232, 1619, 1258, 1021; 'H NMR (300 MHz,
DMSO-ak) § 10.34 (brs, 1H), 8.68 (brs, 1H), 7.02-6.94 (m, 3H), 3.81 (d, J = 6.9 Hz, 2H),
3.75 (s, 3H), 2.62-2.38 (m, 5H), 2.28-2.14 (m, 2H), 2.02-1.90 (m, 2H), 1.78-1.62 (m, 2H),
1.28-1.12 (m, 1H), 0.60-0.52 (m, 2H), 0.36-0.26 (M, 2H); 13C NMR (75 MHz, DMSO-)
$169.98, 148.31, 147.93, 131.61, 124.66, 118.05, 111.68, 111.32, 72.85, 55.47, 46.17,
45.03, 44.36 (2C), 42.68 (2C), 36.70 (2C), 10.24, 3.17 (2C); HRMS (EI) calcd for
C21H26N204 370.1893, found 370.1905.

(1R,35,55,7n-7-Cyano-7-{4-methoxy-3-[4-(methylsulfanyl)butoxy]phenyl}-
bicyclo[3.3.0]octane-3-carbohydroxamic acid (40b)

o
A o
H

55%: : TLC R=0.38 (CHCIs/MeOH, 10/1); mp 80-81 °C (i-Pr20); IR
(KBr) 3435, 2233, 1626, 1257, 1022; 'H NMR (300 MHz, DMSO-ak) § 10.34 (brs, 1H),
8.68 (brs, 1H), 6.99-6.91 (m, 3H), 3.99 (t, J= 6.2 Hz, 2H), 3.74 (s, 3H), 2.60-2.38 (m, 7H),
2.24-2.18 (m, 2H), 2.03 (s, 3H), 2.05-1.92 (m, 2H), 1.83-1.63 (m, 6H); 13C NMR (75 MHz,
DMSO-ck) § 169.97, 148.35, 147.93, 131.69, 124.65, 118.15, 111.83, 111.33, 67.91, 55.58,
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46.18, 45.04, 44.37 (2C), 42.68 (2C), 36.70 (2C), 32.85, 27.74, 25.09, 14.55; HRMS (FAB)
calcd for C22H31N204S 419.2005, found 419.1992.

Anal. calcd for C22H30N204S: C, 63.13; H, 7.22; N, 6.69; S, 7.66. found: C, 63.05; H, 7.23;
N, 6.72; S, 7.61.

(1R,35,55,7n-7-Cyano-7-[4-methoxy-3-(3,3,3-trifluoropropoxy)phenyl]-
bicyclo[3.3.0]octane-3-carbohydroxamic acid (41b)

o}
o
H

44%: : TLC R~0.35 (CHCIs/MeOH, 10/1); mp 83-85 °C (/-Prz20); IR
(KBr) 3193, 2234, 1627, 1258, 1223; 'H NMR (300 MHz, DMSO-a) 6 10.33 (brs, 1H),
8.66 (brs, 1H), 7.05-7.01 (m, 2H), 6.99-6.95 (m, 1H), 4.21 (t, J= 6.2 Hz, 2H), 3.75 (s, 3H),
2.85-2.69 (m, 2H), 2.64-2.38 (m, 5H), 2.28-2.18 (m, 2H), 2.02-1.93 (m, 2H), 1.78-1.66 (m,
2H); HRMS (FAB) calcd for C20H24F3N204 413.1688, found 413.1678.
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la 2 12a 12b

RU-200 X Cu-Ka
X Rigaku AFC5R 4-circle diffractometer
teXsan 123)
SHELXS86 124)
Fourier
Compounds 12b 12a 2
Lattice parameter a(A) 10.357(4) | 8.248(6) @ 11.14(2)

b(A) | 15.537(3)
c(A) 6.248(2)
a(°) 95.52(2)
B 104.46(2)
(%) 106.76(2)

Volume (A3) 916.7(5)
Space group P-1
No.Observed reflections 1758
(I>3.000 (1))
No. Variables 226
R -factor 0.063
Rw 0.049

R=X(|Fobs |-|Fcalc||)/Z|Fobs |
Rw =[Zw(Fobs|- |Fcalc|)2 /Zw Fobs2)]1/2
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22.814(6)  7.561(1)
10.107(7) ~ 9.98(1)

92.9(1)
105.53(6)  114.8(1)
86.8(1)
1832(2)  2108(5)
P21/a P-1
2314 2309
226 509

0.055 0.066
0.085 0.076

A 1.54187
la 22
11.135(6)  14.557(3)
21.07(1) | 4.946(2)
9.962(4) | 26.136(3)
92.05(4)
14.95(3) | 102.49(1)
87.20(5)
2116(1)  1837.1(7)
P-1 P21/a
2091 500
511 84
0.099 0.178
0.105 0.203



Diethyl 2-{[(1,3-dimethyl-1 A-pyrazol-5-yl)amino]methylene}malonate (87)

(0] kO CHg
ch/\o)‘\Ego| N
N
H CHs
Diethyl ethoxymethylenemalonate 38.9 , 180 mmol 5-amino-1,3-dimethyl-
pyrazole 86 20.0 g, 180 mmol 120

n-hexane 200 mL
87 43.6 g, 161 mmol, 89%
TLC R~=0.59 (CHCI3/MeOH, 10/1); IR (KBr) 3338, 2980, 1472, 1389; 1H-NMR (300 MHz,
CDCl3) 6 11.00 (brd, J= 12.3 Hz, 1H), 8.14 (d, J= 12.3 Hz, 1H), 5.86 (s, 1H), 4.32 (q, J=
7.2 Hz, 2H), 7.24 (q, J= 7.2 Hz, 2H), 3.74 (s, 3H), 2.23 (s, 3H), 1.38 (t, J= 7.2 Hz, 3H),
1.32 (t, J= 7.2 Hz, 3H); HRMS (EI) calcd for C1sH19N304 281.1376, found 281.1370.

Ethyl 4-chloro-1,3-dimethyl-1 H-pyrazolo[3,4- Hpyridine-5-carboxylate (88)

CH,
87 (28.1 g, 100 mmol) POCIs 140 mL, 1.50 mol 18

3L
1L
88 19.6 g,
77.5 mmol, 77%
TLC R=0.55 (n-hexane/EtOAc, 1/1); IR (KBr) 2982, 1722, 1469, 1369, 1083; tH-NMR
(300 MHz, CDCls) & 8.95 (s, 1H), 4.45 (q, J= 7.2 Hz, 2H), 4.07 (s, 3H), 2.76 (s, 3H), 1.44
(t, J=7.2 Hz, 3H); HRMS (EI) calcd for C11H12CIN30O2 253.0618, found 253.0611.
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4-Chloro-1,3-dimethyl-1 H-pyrazolo[3,4- b]pyridine-5-carboxylic acid (89)

o ¢ cn

3
HOWN
N N
CH,
88 19.6 g, 77.5 mmol DME 152 mL 85% 50.0 g,
760 mmol 120 mL 18
4N 89 1739,

76.9 mmol, 99%

TLC R~0.10 (CHCI3/MeOH, 10/1); IR (KBr) 3344, 2952, 1719, 1091; *H-NMR (300 MHz,
DMSO-ak) 6 8.90 (s, 1H), 4.00 (s, 3H), 3.33 (brs, 1H), 2.67 (s, 3H); HRMS (EI) calcd for
CoHsCIN3O2 225.0305, found 225.0297.

4-Chloro-1,3-dimethyl-1 H-pyrazolo[3,4- ]pyridine-5-carboxamide (90)

O C ¢y

3
-
N

N \
CHs

89 2.00 g, 8.89 mmol SOClz2 3.24 mL, 44.5 mmol 1
THF 10 mL THF 30 mL
28% 12 mL 10

90 1.98 g, 8.84 mmol, 99%

TLC R=0.40 (CHCIls/MeOH, 10/1); IR (KBr) 3345, 2926, 1669, 1385, 1130; H-NMR
(300 MHz, DMSO-ck) §8.52 (s, 1H), 8.02 (brs, 1H), 7.78 (brs, 1H), 3.98 (s, 3H), 2.64 (s,
3H); HRMS (EI) calcd for CoHoCliN4O 224.0465, found 224.0452.

4-Anilino-1,3-dimethyl-1 AH-pyrazolo[3,4- ]pyridine-5-carboxamide (59)

O HN :

CHg3

H,N | \ \%
NN
CH,
90 1.00 g, 4.46 mmol aniline 91a 1.22 mL, 13.4 mmol 1,4-dioxane
15 mL 1 Et.0

59 787 mg, 2.80 mmol, 63%
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TLC R=0.53 (CHCI3/MeOH, 10/1); mp 276-280 °C (MeOH); IR (KBr) 3406, 2925, 1677,
1422, 1384; 1H-NMR (300 MHz, DMSO-a6) 6 11.0 (s, 1H), 8.74 (s, 1H), 8.21 (brs, 1H),
7.55 (brs, 1H), 7.36-7.28 (m, 2H), 7.17-7.07 (m, 3H), 3.88 (s, 3H), 1.59 (s, 3H); HRMS
(FAB) calcd for CisH16NsO 282.1355, found 282.1381.

59
60-84
4-[(2-Methoxyphenyl)amino]-1,3-dimethyl-1 H-pyrazolo[3,4- b pyridine-5-carboxamide
(60)
H3C/O

O HN CHa

H,N | \ Ny
Z

§ N‘CH3
46%: . TLC R=0.32 (CHCIs/MeOH, 10/1); mp 260-262 oC (MeOH);
IR (KBr) 3435, 1655, 1486, 1382, 1258, 1022; tH-NMR (300 MHz, DMSO-ak) 6 10.70 (s,
1H), 8.71 (s, 1H), 8.18 (brs, 1H), 7.49 (brs, 1H), 7.16-7.08 (m, 2H), 6.95 (d, J= 7.5 Hz,
1H), 6.88-6.79 (m, 1H), 3.87 (s, 3H), 3.86 (s, 3H), 1.59 (s, 3H): 23C NMR (75 MHz,
DMSO-a6) 6 170.50, 152.84, 151.65, 149.56, 148.99, 140.03, 132.00, 124.66, 120.52 (2C),
111.74, 107.31, 105.03, 55.63, 33.12, 14.90; HRMS (EI) calcd for CisH17NsO2 311.1382,

found 311.1365.

4-[(3-Methoxyphenyl)amino]-1,3-dimethyl-1 H-pyrazolo[3,4- b pyridine-5-carboxamide
(61)

H,N | NN
NN
E:H3
55%: : TLC R~=0.32 (CHCIs/MeOH, 10/1); mp 247-248 °C (MeOH);

IR (KBr) 3363, 1676, 1385; 1H-NMR (300 MHz, DMSO-ak) § 10.97 (s, 1H), 8.74 (s, 1H),
8.21 (brs, 1H), 7.56 (brs, 1H), 7.26-7.17 (m, 1H), 6.75-6.60 (m, 3H), 3.89 (s, 3H), 3.71 (s,
3H), 1.69 (s, 3H); 13C NMR (75 MHz, DMSO-ak) § 170.52, 160.15, 152.84, 149.63, 148.66,
144.58, 140.18, 130.10, 113.31, 109.38, 107.57, 107.16, 105.40, 55.10, 33.15, 15.04;
HRMS (El) calcd for Ci6H17NsO2 311.1382, found 311.1369.
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4-[(4-Methoxyphenyl)amino]-1,3-dimethyl-1 H-pyrazolo[3,4- b pyridine-5-carboxamide
(62)

O\
CHs
O HN CHa
H,N | A\
NN
CHa
91%: : TLC R~=0.32 (CHCIs/MeOH, 10/1); mp 269-278 °C (MeOH);

IR (KBr) 3401, 1679, 1440, 1385, 1254; 1H-NMR (300 MHz, DMSO-ak) & 11.11 (s, 1H),
8.71 (s, 1H), 8.16 (brs, 1H), 7.49 (brs, 1H), 7.08 (d, J = 6.9 Hz, 2H), 6.92 (d, J= 6.9 Hz,
2H), 3.85 (s, 3H), 3.75 (s, 3H), 1.54 (s, 3H); 13C NMR (75 MHz, DMSO-ak) & 170.93,
156.26, 153.05, 150.27, 149.68, 140.14, 136.19, 124.09 (2C), 114.64 (2C), 105.95, 104.20,
55.25, 33.07, 15.20; HRMS (EI) calcd for C16H17NsO2 311.1382, found 311.1423.

4-[(2,4-Dimethoxyphenyl)amino]-1,3-dimethyl-1H-pyrazolo[3,4- ]pyridine-5-

carboxamide (63)

U
N7 N
CHs
64%: : TLC R~=0.32 (CHCIs/MeOH, 10/1); mp 230-231 °C (MeOH);
IR (KBr) 3364, 1667, 1440, 1384, 1211; 1H-NMR (300 MHz, DMSO-a6) 5 10.81 (s, 1H),
8.66 (s, 1H), 8.11 (brs, 1H), 7.42 (brs, 1H), 6.92 (d, J= 8.4 Hz, 1H), 6.69 (d, J= 2.7 Hz,
1H), 6.44 (dd, J= 8.4, 2.7 Hz, 1H), 3.84 (s, 3H), 3.81 (s, 3H), 3.76 (s, 3H), 1.53 (s, 3H);
13C NMR (75 MHz, DMSO-a6) 8 170.96, 157.59, 153.91, 153.01, 150.57, 149.60, 140.05,
124.85, 123.60, 105.52, 104.59, 103.88, 99.39, 55.70, 55.36, 33.04, 14.99; HRMS (EI)

calcd for C17H19NsO3 341.1488, found 341.1498.

4-[(2,5-Dimethoxyphenyl)amino]-1,3-dimethyl-1 A-pyrazolo[3,4- ]pyridine-5-

0
HaC”
O HN o CHs

CHj

carboxamide (64)

H,N | X %
NN
CHs
55%: . TLC R#0.32 (CHCIs/MeOH, 10/1); mp 223-224 °C
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(MeOH); IR (KBr) 3308, 1678, 1430, 1225; 1H-NMR (300 MHz, DMSO-a6) 6 11.03 (s,
1H), 8.75 (s, 1H), 8.29 (brs, 1H), 7.61 (brs, 1H), 7.04 (d, J= 9.0 Hz, 1H), 6.72 (dd, J= 9.0,
3.0 Hz, 1H), 6.59 (d, J= 3.0 Hz, 1H), 3.91 (s, 3H), 3.78 (s, 3H), 3.59 (s, 3H), 1.66 (s, 3H);
13C NMR (75 MHz, DMSO-a6) 6 169.96, 153.28, 150.36, 149.93, 147.11, 146.17, 140.74,
131.69, 112.84, 109.50, 107.88, 106.99, 105.33, 56.15, 55.46, 33.89, 14.96; HRMS (EI)
calcd for C17H19NsO3 341.1488, found 341.1498.

4-[(3,4-Dimethoxyphenyl)amino]-1,3-dimethyl-1H-pyrazolo[3,4- ] pyridine-5-

carboxamide (65)

HoN | NN
N

CH,
23%: : TLC R~=0.32 (CHCIs/MeOH, 10/1); mp 231-232 °C (MeOH);
IR (KBr) 3429, 1672, 1588, 1246; 1H-NMR (300 MHz, DMSO-a6) 6 11.12 (s, 1H), 8.70 (s,
1H), 8.17 (brs, 1H), 7.49 (brs, 1H), 6.88 (d, J= 8.4 Hz, 1H), 6.85 (d, J= 2.4 Hz, 1H), 6.61
(dd, J= 8.4, 2.4 Hz, 1H), 3.86 (s, 3H), 3.73 (s, 3H), 3.69 (s, 3H), 1.59 (s, 3H); 13C NMR
(75 MHz, DMSO-ab) 6 170.92, 153.02, 149.98, 149.65, 149.39, 145.95, 140.26, 136.45,
114.11, 112.30, 107.84, 105.99, 104.33, 55.71, 55.58, 33.09, 15.12; HRMS (EI) calcd for

Ci17H19N503 341.1488, found 341.1498.

4-[(3,5-Dimethoxyphenyl)amino]-1,3-dimethyl-1 H-pyrazolo[3,4- b]pyridine-5-

carboxamide (66)
CHs;

H,oN | N "
N7 N
CH,
17%: : TLC R~=0.32 (CHCIs/MeOH, 10/1); mp 255-258 °C (MeOH);
IR (KBr) 3351, 1672, 1592, 1382; 1H-NMR (300 MHz, DMSO-ak) & 10.90 (s, 1H), 8.73 (s,
1H), 8.20 (brs, 1H), 7.55 (brs, 1H), 6.26 (s, 1H), 6.25 (s, 2H), 3.89 (s, 3H), 3.67 (s, 6H),
1.79 (s, 3H); 13C NMR (75 MHz, DMSO-a6) 6 170.44, 161.04 (2C), 152.78, 149.60, 148.31,
145.09, 140.24, 107.82, 105.62, 99.41 (2C), 95.69, 55.20 (2C), 33.17, 15.03; HRMS (EI)

calcd for C17H19NsO3 341.1488, found 341.1498.
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4-[(2,3-Dimethoxyphenyl)amino]-1,3-dimethyl-1 H-pyrazolo[3,4- ]pyridine-5-

carboxamide (67)

CHs
65%: . TLC R#~0.32 (CHCIs/MeOH, 10/1); mp 222-223 °C

(MeOH): IR (KBr) 3348, 1679, 1589, 1480, 1269; 1H-NMR (300 MHz, DMSO-ak) § 11.17
(brs, 1H), 8.78 (s, 1H), 8.32 (brs, 1H), 7.65 (brs, 1H), 6.96 (t, J= 8.1 Hz, 1H), 6.86 (dd, J
=8.1, 1.5 Hz, 1H), 6.64 (dd, J= 8.1, 1.5 Hz, 1H), 3.92 (s, 3H), 3.84 (s, 3H), 3.75 (s, 3H),
1.71 (s. 3H); 3C NMR (75 MHz, DMSO-ck) §169.94, 153.11, 150.62, 149.48, 146.32,
141.30, 141.12, 135.90, 124.25, 113.62, 109.44, 107.14, 105.88, 59.94, 55.98, 34.27,
15.20; HRMS (EI) calcd for C17H19NsO3 341.1488, found 341.1498.

4-[(3-Ethoxyphenyl)amino]-1,3-dimethyl-1H-pyrazolo[3,4- 6] pyridine-5-carboxamide
(68)

CHj3

O HN CHa

H,N | A %
NN

CH,

51%: : TLC R~0.36 (CHCI3/MeOH, 9/1); mp 210-212 °C (MeOH);
IR (KBr) 3344, 1656, 1586, 1267, 1048; *H-NMR (300 MHz, CDCls) 4 10.58 (s, 1H),
8.52 (s, 1H), 7.21-7.15 (m, 1H), 6.72-6.65 (m, 3H), 5.85-5.60 (br, 2H), 3.99 (s, 3H), 3.97
(q, J=6.9 Hz, 2H), 1.77 (s, 3H), 1.37 (t, J= 6.9 Hz, 3H); 13C NMR (75 MHz, DMSO-ak)
6 170.53, 159.38, 152.95, 149.64, 148.71, 144.58, 140.19, 130.10, 113.33, 109.93, 107.60,
107.54, 105.38, 63.00, 33.15, 15.03, 14.53; HRMS (EI) calcd for Ci17H19NsO2 325.1539,

found 325.1534.
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1,3-Dimethyl-4-[(3-propoxyphenyl)amino]-1H-pyrazolo[3,4- b pyridine-5-carboxamide

(69)
o HN/O\O/\/ CHs

CHj

HoN | \ ¥
NN
CH,
99%: : TLC R~0.36 (EtOACc); mp 211-212 °C (MeOH); IR (KBr)

3362, 1675, 1455, 1272, 1002; 1H-NMR (300 MHz, DMSO-ak) § 10.96 (s, 1H), 8.74 (s,
1H), 8.20 (brs, 1H), 7.55 (bs, 1H), 7.19 (t, J = 8.4 Hz, 1H), 6.74-6.68 (m, 1H), 6.67 (s, 1H),
6.63 (d, J= 8.4 Hz, 1H), 3.89 (s, 3H), 3.87 (t, J= 6.9 Hz, 2H), 1.69 (s, 3H), 1.68 (sext, J=
6.9 Hz, 2H), 0.94 (t, J = 6.9 Hz, 3H); 13C NMR (75 MHz, DMSO-c) & 170.53, 159.55,
152.82, 149.62, 148.71, 144.56, 140.20, 130.10, 113.29, 109.96, 107.66, 107.55, 105.40,
68.89, 33.16, 21.93, 15.04, 10.33; HRMS (EI) calcd for CisH21NsO2 339.1695, found
339.1703.

4-[(3-1sopropoxyphenyl)amino]-1,3-dimethyl-1H-pyrazolo[3,4- 4] pyridine-5-carboxamide
(70)

49%: : TLC R=0.41 (CHCI3/MeOH, 9/1); mp 226-227 °C (MeOH);
IR (KBr) 3342, 1656, 1357, 1267, 1002; H-NMR (300 MHz, CDCls) & 10.58 (s, 1H),
8.52 (s, 1H), 7.20-7.13 (m, 1H), 6.72-6.65 (m, 3H), 5.85-5.60 (br, 2H), 4.48 (septet, J =
6.0 Hz, 1H), 3.99 (s, 3H), 1.77 (s, 3H), 1.29 (d, J = 6.0 Hz, 6H); 13C NMR (75 MHz,
DMSO-ck) §170.54, 158.30, 152.85, 149.63, 148.79, 144.63, 140.17, 130.14, 113.43,
111.20, 108.89, 107.48, 105.33, 69.12, 33.14, 21.70 (2C), 14.97; HRMS (EI) calcd for
CisH21Ns02 339.1695, found 339.1681.
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4-{[3-(Cyclobutyloxy)phenyllamino}-1,3-dimethyl-1 A-pyrazolo[3,4- b]pyridine-5-

O HN CH3O
N\

carboxamide (71)

HoN | A
NN
CH,
70%: . TLC R~0.50 (toluene/AcOEt, 1/20); mp 235-237 °C

(1,4-dioxane-H20); IR (KBr) 3346, 3200, 1597, 1265, 1078; H-NMR (300 MHz,
DMSO-ak) 6 11.08 (brs, 1H), 8.74 (s, 1H), 8.25 (brs, 1H), 7.60 (brs, 1H), 7.19 (t, J= 8.0
Hz, 1H), 6.68-6.56 (m, 3H), 4.61 (quintet, J= 7.1 Hz, 1H), 3.88 (s, 3H), 2.35-2.23 (m,
2H), 2.03-1.85 (m, 2H), 1.79-1.64 (m, 1H), 1.89 (s, 3H), 1.64-1.49 (m, 1H); 13C NMR (75
MHz, DMSO-ak) 6 170.08, 157.89, 150.72, 149.83, 147.56, 143.85, 140.87, 130.31, 114.11,
111.10, 108.35, 107.10, 105.38, 70.61, 33.78, 29.91 (2C), 14.90, 12.72; HRMS (ElI) calcd
for C19H21Ns502 351.1695, found 351.1713.

1,3-Dimethyl-4-{[3-(trifluoromethoxy)phenyl]amino}-1H-pyrazolo[3,4- 5] pyridine-5-
carboxamide (72)

F

O)<F

@F
O HN CH

H,N | A \N

3

NN

CH,

74%: : TLC R~=0.30 (EtOACc); mp 203-206 °C (MeOH); IR (KBr)
3311, 1676, 1499, 1387, 1170; *H-NMR (300 MHz, DMSO-ak) 8 10.97 (s, 1H), 8.78 (s,
1H), 8.26 (brs, 1H), 7.62 (brs, 1H), 7.48-7.37 (m, 1H), 7.16-7.05 (m, 3H), 3.92 (s, 3H),

1.71 (s, 3H); HRMS (EI) calcd for C16H14F3sNsO2 365.1100, found 365.1100.
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4-[(3-Hydroxyphenyl)amino]-1,3-dimethyl-1 H-pyrazolo[3,4- b]pyridine-5-carboxamide
(73)

OH

CHj

H,N | \ \,N

N N
CH,

78%: . TLC R#0.27 (CHCIs/MeOH, 10/1); mp 308-310 °C
(MeOH); IR (KBr) 3432, 1666, 1460, 1386, 1247; H-NMR (300Hz, DMSO-a6) 6 10.91
(s, 1H), 9.43 (s, 1H), 8.72 (s, 1H), 8.20 (brs, 1H), 7.54 (brs, 1H), 7.09 (t, J= 7.8 Hz, 1H),
6.55-6.45 (m, 3H), 3.87 (s, 3H), 1.70 (s, 3H); 13C NMR (75 MHz, DMSO-ak) 6 170.60,
158.23, 152.83, 149.63, 148.92, 144.41, 140.38, 130.11, 112.14, 111.05, 108.10, 107.38,

105.40, 33.14, 15.07, HRMS (El) calcd for C1sH15NsO2 297.1226, found 297.1227.

1,3-Dimethyl-4-{[3-(methylsulfanyl)phenyl]Jamino}-1H4-pyrazolo[3,4- Glpyridine-5-
carboxamide (74)

CH3
100%: . TLC R=0.30 (EtOAC); mp 254-256 °C (MeOH); IR (KBr)

3363, 1676, 1496, 1383; !H-NMR (300 MHz, DMSO-ck) 5 10.98 (s, 1H), 8.74 (s, 1H),
8.22 (brs, 1H), 7.56 (brs, 1H), 7.23 (t, J= 8.1 Hz, 1H), 7.01 (s, 1H), 7.00 (d, J = 8.1 Hz,
1H), 6.84 (d, J= 8.1 Hz, 1H), 3.89 (s, 3H), 2.42 (s, 3H), 1.69 (s, 3H); 13C NMR (75 MHz,
DMSO-ak) §170.47, 152.81, 149.63, 148.41, 143.90, 140.02, 139.52, 129.73, 120.99,
118.29, 117.44, 107.72, 105.33, 33.18, 15.18, 14.55; HRMS (EI) calcd for CisH17NsOS
327.1154, found 327.1152.
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1,3-Dimethyl-4-({3-[(trifluoromethyl)sulfanyl]phenyl}amino)-1 H-pyrazolo[3,4- b]-
pyridine-5-carboxamide (75)

" F
S)<F

O HN CHs
H,N A
LY

A

N \
CHs
80%: : TLC R=0.30 (EtOAc); mp 192-197 °C (MeOH); IR (KBr)

3347, 1630, 1439, 1387, 1075; H-NMR (300 MHz, DMSO-ab) § 11.04 (s, 1H), 8.79 (s,
1H), 8.29 (brs, 1H), 7.63 (brs, 1H), 7.54-7.32 (m, 4H), 3.92 (s, 3H), 1.66 (s, 3H); 13C NMR
(75 MHz, DMSO-ab) § 169.79, 151.03, 148.79, 147.94, 144.30, 140.29, 131.25, 130.94,
129.82 (q, J = 307 Hz), 128.21, 124.33, 124.03 (q, J = 2.1 Hz), 108.34, 105.69, 33.78,
14.86; HRMS (EI) calcd for C16H14F3NsOS 381.0871, found 381.0864.

Z 7

1,3-Dimethyl-4-[(3-nitrophenyl)amino]-1AH-pyrazolo[3,4- 5] pyridine-5-carboxamide (76)
NO,

O HN CH,

HoN | N \N

N7 N

40%: : TLC Re0.28 (CHCIcal;IS\/IeOH, 9/1); mp 266-268 °C (MeOH);
IR (KBr) 3424, 2925, 1629, 1535, 1351; 1H-NMR (300 MHz, DMSO-ak) & 10.81 (s, 1H),
8.77 (s, 1H), 8.24 (brs, 1H), 7.90-7.84 (m, 2H), 7.62 (brs, 1H), 7.58-7.46 (m, 2H), 3.93 (s,
3H), 1.80 (s, 3H); 13C NMR (75 MHz, DMSO-a) & 169.26, 150.39, 148.44, 148.11,
147.47, 144.20, 140.39, 130.71, 126.88, 118.07, 114.85, 109.45, 106.34, 34.04, 15.23;

HRMS (El) calcd for CisH14NsO3 326.1127, found 326.1134.
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4-{[3-(Acetylamino)phenyl]amino}-1,3-dimethyl-1H-pyrazolo[3,4- b]pyridine-5-

carboxamide (77)

\CH3
48%: : TLC R=0.20 (CHCI3/MeOH, 9/1); mp 308-310 °C (MeOH);

IR (KBr) 3438, 2930, 1665, 1450, 1383; !H-NMR (300 MHz, DMSO-ak) & 10.99 (s, 1H),
9.88 (s, 1H), 8.73 (s, 1H), 8.22 (brs, 1H), 7.57 (brs, 1H), 7.35-7.32 (m, 2H), 7.22 (t, J =
8.1 Hz, 1H), 6.78 (d, J = 8.1 Hz, 1H), 3.87 (s, 3H), 1.97 (s, 3H), 1.66 (s, 3H); 13C NMR
(75 MHz, DMSO-ak) §170.60, 168.09, 152.86, 149.63, 148.79, 143.66, 140.33, 140.23,
129.60, 116.01, 114.28, 111.46, 107.42, 105.34, 33.15, 23.99, 15.21; HRMS (EI) calcd for
Ci7H1sNsO2 338.1491, found 338.1478.

1,3-Dimethyl-4-({3-[(methylsulfonyl)amino]phenyl}amino)-1 AH-pyrazolo[3,4- b]pyridine-

5-carboxamide (78)

CHs
94%: © TLC R=0.30 (CH2Cl2/MeOH, 10/1); mp 330-335 °C

(MeOH); IR (KBr) 3458, 1667, 1473, 1385, 1148; 1H-NMR (300 MHz, DMSO-a6) 6 10.96
(s, 1H), 9.72 (s, 1H), 8.75 (s, 1H), 8.23 (brs, 1H), 7.59 (brs, 1H), 7.27 (t, J= 8.1 Hz, 1H),
7.00-6.92 (m, 2H), 6.87-6.81 (m, 1H), 3.89 (s, 3H), 2.94 (s, 3H), 1.70 (s, 3H); 13C NMR
(75 MHz, DMSO-ab) 6170.45, 152.76, 149.56, 148.49, 144.25, 140.11, 139.44, 130.22,
116.57, 114.55, 111.94, 107.76, 105.43, 39.14, 33.18, 15.08; HRMS (EIl) calcd for
Ci16H18NeO3S 374.1161, found 374.1172.
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Methyl-3-{[5-(aminocarbonyl)-1,3-dimethyl-1H-pyrazolo[3,4- 4] pyridin-4-ylJamino}-
phenylcarbamate (79)

0]

JI\O/CH3

o) HN/Q;H
NZ N

CH,

53%: : TLC R~0.41 (CHCIs/MeOH, 10/1); mp 244-245 °C

(EtOAc-MeOH); IR (KBr) 3463, 1716, 1666, 1457, 1386; !H-NMR (300 MHz,

DMSO-ak) 6 10.99 (s, 1H), 9.62 (s, 1H), 8.73 (s, 1H), 8.21 (brs, 1H), 7.56 (brs, 1H),

7.23-7.19 (m, 3H), 6.75-6.71 (m, 1H), 3.87 (s, 3H), 3.61 (s, 3H), 1.67 (s, 3H); 13C NMR

(75 MHz, DMSO-ab) 6 170.61, 153.58, 152.84, 149.59, 148.79, 143.75, 140.25, 140.21,

129.66, 115.35, 113.49, 110.78, 107.38, 105.33, 51.56, 33.15, 15.17; HRMS (EI) calcd for
C17H18N6O3 354.1440, found 354.1425.

4-[(3-Cyanophenyl)amino]-1,3-dimethyl-1H-pyrazolo[3,4- f]pyridine-5-carboxamide (80)

O HN CN

CHj
H,N | N ¥
NT '\{/

CH3

95%: : TLC R~0.38 (AcOEL); mp 266-268 °C (1,4-dioxane-H20);

IR (KBr) 3423, 2240, 1668, 1482, 1358; H-NMR (300 MHz, DMSO-ak) § 10.83 (s, 1H),
8.76 (s, 1H), 8.23 (brs, 1H), 7.60 (brs, 1H), 7.56-7.44 (m, 3H), 7.41-7.36 (m, 1H), 3.91 (s,
3H), 1.72 (s, 3H); HRMS (EI) calcd for CisH14NsO 306.1229, found 306.1217.

Ethyl-3-{[5-(aminocarbonyl)-1,3-dimethyl-1 A-pyrazolo[3,4- b]pyridin-4-ylJamino}-

benzoate (81)

Oy_-O~_-CHs

O HN CH,

H,N N
1 I
NT N
CH3

92%: . TLC R=0.30 (EtOAc); mp 228-230 °C (MeOH); IR (KBr)
3465, 1693, 1663, 1444, 1387; H-NMR (300 MHz, DMSO-gk) § 10.98 (s, 1H), 8.77 (s,
1H), 8.24 (brs, 1H), 7.68 (d, J= 7.8 Hz, 1H), 7.62 (s, 1H), 7.60 (brs, 1H), 7.45 (t, J= 7.8
Hz, 1H), 7.36 (d, J= 7.8 Hz, 1H), 4.28 (q, J= 7.2 Hz, 2H), 3.91 (s, 3H), 1.66 (s, 3H), 1.29
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(t, J=7.2 Hz, 3H); HRMS (El) calcd for C1sH19NsO3 353.1488, found 353.1477.

4-{[3-(Hydroxymethyl)phenyl]amino}-1,3-dimethyl-1 H-pyrazolo[3,4- b]pyridine-5-

carboxamide (82)

H,N | N \N
N/

Z\

CHs
64%: : TLC R=0.65 (CHCIs/MeOH, 9/1); mp 251-255 °C (MeOH);

IR (KBr) 3356, 1671, 1439, 1357; 1H-NMR (300 MHz, DMSO-ck) § 11.05 (s, 1H), 8.73
(s, 1H), 8.20 (brs, 1H), 7.54 (brs, 1H), 7.26 (t, J= 8.0 Hz, 1H), 7.08-7.03 (m, 2H), 6.96 (d,
J=8.0 Hz, 1H), 5.16 (t, J = 6.2 Hz, 1H), 4.42 (d, J = 6.2 Hz, 2H), 3.87 (s, 3H), 1.61 (s,
3H); 13C NMR (75 MHz, DMSO-a6) 8 170.67, 152.88, 149.65, 148.98, 144.06, 143.16,
140.20, 129.07, 121.78, 119.64, 119.10, 107.22, 105.19, 62.38, 33.14, 15.25; HRMS (EI)
calcd for C16H17NsO2 311.1382, found 311.1377.

4-[(3-Acetylphenyl)amino]-1,3-dimethyl-1 H-pyrazolo[3,4- b]pyridine-5-carboxamide (83)

Oy _-CH

;Ea
O HN

CH3
HoN | N "
NN

CHs
37%: . TLC R~0.30 (EtOAc); mp 249-251 °C (MeOH); IR (KBr)
3341, 1662, 1441, 1358; 1H-NMR (300 MHz, DMSO-gk) 6 11.00 (s, 1H), 8.77 (s, 1H),
8.24 (brs, 1H), 7.70 (d, J= 7.5 Hz, 1H), 7.63 (s, 1H), 7.59 (brs, 1H), 7.46 (t, J= 7.5 Hz,
1H), 7.35 (d, J= 7.5 Hz, 1H), 3.91 (s, 3H), 2.54 (s, 3H), 1.65 (s, 3H); 33C NMR (75 MHz,
DMSO-a6) 6197.28, 170.33, 152.83, 149.70, 148.07, 143.87, 139.79, 137.86, 129.78,
125.26, 123.36, 119.76, 108.27, 105.47, 33.20, 26.78, 15.25; HRMS (El) calcd for

C17H17NsO2 323.1382, found 323.1387.
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4-[(3-Ethynylphenyl)amino]-1,3-dimethyl-1 H-pyrazolo[3,4-bpyridine-5-carboxamide

(84)

H,N | A %
Z

N NCHS

93%: : TLC R=0.22 (CHCIs/MeOH, 9/1); mp 228-230 °C (MeOH):;
IR (KBr) 3396, 3291, 1442, 1384, 1282; 1H-NMR (300MHz, DMSO-ck) & 10.91 (s, 1H),
8.75 (s, 1H), 8.25 (s, 1H), 7.60 (brs, 1H), 7.10-7.35 (m, 4H), 4.17 (s, 1H), 3.89 (s, 3H),
1.67 (s, 3H); 3C NMR (75 MHz, DMSO-ak) § 170.33, 152.83, 149.69, 148.08, 143.75,
139.83, 129.81, 126.74, 123.64, 122.71, 124.64, 108.22, 105.48, 82.85, 81.04, 33.20,

15.16; HRMS (ElI) calcd for C17H1sNsO 305.1277, found 305.1293.

3-{[5-(Aminocarbonyl)-1,3-dimethyl-1H-pyrazolo[3,4-4]pyridin-4-yl]Jamino}benzoic acid
(81a)

Oy__OH

O HN~ E}b

H,N | N \N

N” N

CHs

81 170 mg, 0.481 mmol EtOH 5mL THF 5mL 1N
2.4 mL, 2.4 mmol 50 7
1IN EtOAcC

EtOAC 8la 118

mg, 0.363 mmol, 75%

TLC R~0.38 (CHCIl3/MeOH, 5/1); mp 304-309 °C (EtOAc); IR (KBr) 3437, 3169, 1709,
1672, 1439, 1388, 1282; 'H-NMR (300 MHz, DMSO-ak) & 10.96 (s, 1H), 8.76 (s, 1H),
8.23 (brs, 1H), 7.68-7.63 (m, 1H), 7.57 (brs, 1H), 7.57-7.55 (m, 1H), 7.44 (t, J= 7.8 Hz,
1H), 7.38-7.33 (m, 1H), 3.89 (s, 3H), 3.31 (s, 1H), 1.64 (s, 3H); 13C NMR (75 MHz,
DMSO-a6) 8170.33, 166.60, 152.82, 149.73, 148.09, 143.77, 139.81, 131.89, 129.73,
125.23, 124.21, 120.91, 108.32, 105.50, 33.22, 15.21; HRMS (EI) calcd for CisH15Ns0s3
325.1175, found 325.1170.
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4-{[3-(Aminocarbonyl)phenyl]lamino}-1,3-dimethyl-1 A-pyrazolo[3,4-b]pyridine-5-

carboxamide (81b)

8la 189 mg, 0.581 mmol EDC HCI (167 mg, 0.871 mmol) HOBt (117 mg,

0.871 mmol) DMF (4 mL THF (10 mL) 2
28% (20 mL) 1
EtOAc THF IN

Et2O/EtOAC
81b 104 mg, 0.321 mmol, 55%)

TLC R~=0.34 (CHCI3/MeOH, 10/1); mp 312-317 °oC (EtOAc-THF); IR (KBr) 3444, 1663,
1497, 1444, 1387; 1H-NMR (300 MHz, DMSO-a6) 6 11.07 (s, 1H), 8.76 (s, 1H), 8.23 (brs,
1H), 7.94 (s, 1H), 7.63-7.56 (m, 3H), 7.39 (t, J= 7.8 Hz, 1H), 7.35 (s, 1H), 7.27-7.23 (m,
1H), 3.88 (s, 3H), 1.59 (S, 3H); 13C NMR (75 MHz, DMSO-ab) 4 170.54, 166.98, 152.89,
149.65, 148.59, 143.46, 139.89, 135.42, 129.32, 123.93, 122.66, 120.08, 107.69, 105.32,
33.18, 15.23; HRMS (El) calcd for Ci16H16NeO2 324.1335, found 324.1332.

4-[(3-Methoxyphenyl)(methyl)amino]-1,3-dimethyl-1 H-pyrazolo[3,4-Hlpyridine-5-
carboxamide (85)

O/CH3

HsC( /©
O N

CHj
H,N | A N
Nig '\{/
CHg
61 100 mg, 0.322 mmol toluene 10 mL CH3:CN 5mL
0 112 mg, 0.485 mmol Mel 568 mg, 4.00

mmol 15
CHCI3/MeOH, 50/1
85 98.4 mg, 0.303 mmol, 94 %

TLC R=0.36 (CHCIs/MeOH, 9/1); IR (KBr) 3463, 1678, 1378, 1271, 1052; 1H-NMR (300
MHz, DMSO-ak) & 8.64 (s, 1H), 7.62 (brs, 1H), 7.43 (brs, 1H), 7.03 (t, J = 8.1 Hz, 1H),
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6.37-6.33 (m, 1H), 6.17-6.10 (m, 2H), 3.96 (s, 3H), 3.64 (s, 3H), 3.27 (s, 3H), 2.02 (s, 3H);
13C NMR (75 MHz, DMSO-ab) 6 167.28, 159.87, 152.75, 150.22, 148.92, 1147.36, 139.30,
129.46, 123.15, 111.58, 106.89, 103.31, 100.19, 54.78, 39.78, 33.39, 13.86; HRMS (EI)
calcd for Ci7H19Ns02 325.1539, found 325.1534.
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92-110
4-[(3-Methoxyphenyl)amino]-1-methyl-1H-pyrazolo[3,4- b]pyridine-5-carboxamide (92)

O/C H3

O HN i

H,N | N %
N7 N
CH;

41% in 6 steps: : TLC R=0.31 (EtOACc); mp 235-237 °C (MeOH); IR
(KBr) 3384, 2925, 1653, 1269, 1049; tH-NMR (300Hz, DMSO-ak) 4 11.49 (s, 1H), 8.72 (s,
1H), 8.14 (brs, 1H), 7.46 (brs, 1H), 7.38 (t, J= 7.5 Hz, 1H), 7.00-6.85 (m, 3H), 6.67 (s,
1H), 3.89 (s, 3H), 3.75 (s, 3H); 13C NMR (75 MHz, DMSO-ak) 5 171.02, 159.96, 151.75,
149.92, 149.08, 140.38, 132.03, 130.11, 117.94, 112.58, 111.34, 102.88, 102.56, 55.26,

33.43; HRMS (ElI) calcd for CisH1sNs02 297.1226, found 297.1229.

3-Ethyl-4-[(3-methoxyphenyl)amino]-1-methyl-1 H-pyrazolo[3,4- b|pyridine-5-carboxami

de (93)
/CH3

O HN

CHg
H,N | A N
P
N

N \
CHg
20% in 6 steps: : TLC R~0.59 (EtOACc); mp 209-211 oC (MeOH);

IR (KBr) 3354, 2939, 1670, 1266, 1039; tH-NMR (300Hz, CDCIs) 6 10.87 (s, 1H), 8.74 (s,
1H), 8.21 (brs, 1H), 7.56 (brs, 1H), 7.17 (t, J= 8.1 Hz, 1H), 6.70-6.60 (m, 2H), 6.58 (m,
1H), 3.90 (s, 3H), 3.68 (s, 3H), 1.98 (g, J= 7.2 Hz, 2H), 0.93 (t, J= 7.2 Hz, 3H); HRMS
(El) calcd for C17H19N502 325.1539, found 325.1549.
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3-tert-Butyl-4-[(3-methoxyphenyl)amino]-1-methyl-1H-pyrazolo[3,4- 6] pyridine-5-carbo
xamide (94)

o~

Hs
11% in 6 steps: : TLC R~0.30 (EtOAc); mp 224-228 oC

(1,4-dioxane-Et20); IR (KBr) 3435, 1667, 1287, 1154; H-NMR (300 MHz, DMSO-ck)
§8.62 (s, 1H), 8.14 (s, 1H), 7.73 (brs, 1H), 7.39 (brs, 1H), 7.03 (t, J = 8.4 Hz, 1H),
6.43-6.35 (m, 1H), 6.27-6.20 (m, 2H), 3.99 (s, 3H), 3.64 (s, 3H), 1.33 (s, 9H); 13C NMR
(75 MHz, DMSO-ak) § 168.04, 159.89, 153.08, 151.59, 149.70, 146.25, 143.84, 129.64,
119.53, 109.59, 108.94, 105.54, 102.17, 54.75, 33.66, 33.48, 30.06 (3C); HRMS (EI) calcd
for C19H23NsO2 353.1852, found 353.1839.

3-Cyclopropyl-4-[(3-methoxyphenyl)amino]-1-methyl-1 H-pyrazolo[3,4- b]pyridine-5-carb

oxamide (95)

H,N |\/ \

" o,

48% in 6 steps: : TLC R~0.33 (EtOAc); mp 234-237 °C
(1,4-dioxane-Et20); IR (KBr) 3399, 3191, 1664, 1264, 1156; !H-NMR (300 MHz,
DMSO-ak) § 11.00 (s, 1H), 8.74 (s, 1H), 8.22 (brs, 1H), 7.57 (brs, 1H), 7.19 (t, J= 7.8 Hz,
1H), 6.69-6.60 (m, 3H), 3.87 (s, 3H), 3.68 (s, 3H), 1.26-1.14 (m, 1H), 0.70-0.60 (m, 2H),
0.44-0.34 (m, 2H); 13C NMR (75 MHz, DMSO-ak) & 170.48, 160.10, 152.59, 149.63,
148.17, 145.40, 144.52, 130.04, 112.61, 108.94, 107.98, 106.05, 105.77, 55.04, 33.33,

10.41, 8.95 (2C); HRMS (EI) calcd for C1sH19NsO2 337.1539, found 337.1526.
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3-Cyclopentyl-4-[(3-methoxyphenyl)amino]-1-methyl-1 H-pyrazolo[3,4- flpyridine-5-carb
oxamide (96)

O/CH3

O HN i

HoN |\ N
P

NT N
CH,

42% in 6 steps: : TLC R=0.50 (CHCI3/MeOH, 9/1); mp 183-185 °C
(MeOH); IR (KBr) 3350, 1668, 1455, 1398, 1266; 1H-NMR (300 MHz, DMSO-ak) & 10.82
(s, 1H), 8.74 (s, 1H), 8.21 (brs, 1H), 7.56 (brs, 1H), 7.17 (d, J= 8.1 Hz, 1H), 6.70-6.61 (m,
2H), 6.56 (d, J= 8.1 Hz, 1H), 3.91 (s, 3H), 3.69 (s, 3H), 2.25-2.10 (m, 1H), 1.65-1.43 (m,
6H), 1.35-1.15 (m, 2H); HRMS (EI) calcd for C20H23Ns02 365.1852, found 365.1845.

4-[(3-Methoxyphenyl)amino]-1-methyl-3-phenyl-1H-pyrazolo[3,4- b pyridine-5-carboxa
mide (97)

46% in 6 steps: : TLC R~0.46 (CHCIl3/MeOH, 9/1); mp 209-213 °C
(MeOH); IR (KBr) 3351, 1677, 1587, 1268, 1036; 1H-NMR (300 MHz, CDCls) & 10.47 (s,
1H), 8.64 (s, 1H), 7.35-7.31 (m, 2H), 7.11-7.06 (m, 3H), 6.75 (t, J = 8.1 Hz, 1H),
6.37-6.32 (m, 1H), 6.26-6.19 (m, 2H), 5.90-5.75 (br, 2H), 4.14 (s, 3H), 3.59 (s, 3H); 13C
NMR (75 MHz, DMSO-a5) 6 170.50, 158.99, 153.04, 149.83, 147.70, 144.76, 143.16,
133.56, 129.04, 127.75 (2C), 127.10 (2C), 126.82, 111.88, 108.54, 108.28, 105.29, 103.35,
54.63, 33.66; HRMS (EI) calcd for C21H19Ns02 373.1539, found 373.1552.
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4-[(3-Methoxyphenyl)amino]-1-methyl-3-(2-thienyl)-1 H-pyrazolo[3,4- b]pyridine-5-carbo
xamide (98)

44% in 6 steps: : TLC R~0.36 (EtOACc); mp 183-189 °C (MeOH); IR
(KBr) 3344, 1659, 1587, 1494, 1270; 1H-NMR (300 MHz, DMSO-ak) & 11.12 (1H), 8.84 (s,
1H), 8.29 (brs, 1H), 7.66 (brs, 1H), 7.25 (dd, J= 5.1, 0.9 Hz, 1H), 6.92 (dd, J= 3.6, 0.9
Hz, 1H), 6.81 (t, J= 7.5 Hz, 1H), 6.66 (dd, J= 5.1, 3.6 Hz, 1H), 6.37-6.24 (m, 3H), 4.04
(s, 3H), 3.55 (s, 3H); 13C NMR (75 MHz, DMSO-ab) § 170.26, 159.23, 152.79, 150.02,
147.27, 143.72, 138.66, 133.92, 129.25, 128.11, 126.83, 125.42, 110.99, 109.19, 108.43,
104.10, 103.95, 54.74, 33.71; HRMS (EIl) calcd for Ci9H17NsO2S 379.1103, found
379.1111.

3-(4-Chlorophenyl)-4-[(3-methoxyphenyl)amino]-1-methyl-1 H-pyrazolo[3,4-Hpyridine-5

-carboxamide (99)

48% in 6 steps: : TLC R~0.35 (EtOACc); mp 186-189 °C (MeOH); IR
(KBr) 3349, 1671, 1586, 1266, 1154; 1H-NMR (300 MHz, DMSO-ak) § 11.22 (s, 1H), 8.85
(s, 1H), 8.30 (brs, 1H), 7.65 (brs, 1H), 7.26 (d, J = 8.4 Hz, 2H), 7.10 (d, J= 8.4 Hz, 2H),
6.80-6.70 (m, 1H), 6.28-6.20 (m, 3H), 4.04 (s, 3H), 3.54 (s, 3H); 13C NMR (75 MHz,
DMSO-a6) 6170.47, 159.14, 153.04, 149.95, 147.81, 143.54, 143.06, 132.37, 131.73,
129.49 (2C), 129.13, 127.13 (2C), 112.23, 108.51, 108.20, 106.11, 103.26, 54.71, 33.71;
HRMS (EI) calcd for C2:H1sCINsO2 407.1149, found 407.1146.
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1-Ethyl-4-[(3-methoxyphenyl)amino]-3-methyl-1H-pyrazolo[3,4- Hlpyridine-5-carboxami
de (100)

O/CH3
O HN~ iCHS
H,N | N
N7 N
\—CH3
40% in 6 steps: : TLC R=0.51 (CHCI3/MeOH, 9/1); mp 196-198 °C

(MeOH): IR (KBr) 3424, 2926, 1655, 1247, 1039; 1H-NMR (300 MHz, DMSO-ak) & 10.93
(s, 1H), 8.71 (s, 1H), 8.22-8.15 (br, 1H), 7.60-7.50 (br, 1H), 7.20 (dd, J= 8.7, 7.8 Hz, 1H),
6.70-6.67 (m, 2H), 6.63 (d, J= 8.7 Hz, 1H), 4.31 (g, J= 7.2 Hz, 2H), 3.70 (s, 3H), 1.69 (s,
3H), 1.35 (t, J = 7.2 Hz, 1H); 13C NMR (75 MHz, DMSO-ck) § 170.52, 160.14, 152.30,
149.53, 148.64, 144.60, 140.22, 130.11, 113.30, 109.32, 107.70, 107.20, 105.49, 55.10,
40.89, 15.18, 14.65; HRMS (EI) calcd for C17H19Ns02 325.1539, found 325.1547.

4-[(3-Methoxyphenyl)amino]-3-methyl-1-propyl-1H-pyrazolo[3,4- flpyridine-5-carboxam
ide (101)

-

CHg
15% in 6 steps: : TLC R~0.40 (CHCI3/MeOH, 9/1); mp 169-171 °C

(1,4-dioxane-Et20); IR (KBr) 3343, 2961, 1661, 1285, 1040; 'H-NMR (300 MHz,
DMSO-ak) § 10.94 (s, 1H), 8.71 (s, 1H), 8.18 (brs, 1H), 7.55 (brs, 1H), 7.23-7.17 (m, 1H),
6.71-6.62 (m, 3H), 4.23 (t, J= 6.6 Hz, 2H), 3.69 (s, 3H), 1.80 (tq, J = 6.6, 7.2 Hz, 2H),
1.69 (s, 3H), 0.81 (t, J = 7.2 Hz, 3H); 13C NMR (75 MHz, DMSO-ab) § 170.42, 160.16,
152.30, 149.07, 148.90, 144.45, 140.40, 130.17, 113.43, 109.54, 107.64, 107.27, 105.36,
55.10, 47.53, 22.44, 15.19, 11.16; HRMS (EI) calcd for CisH21NsO2 339.1695, found
339.1701.
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1-Butyl-4-[(3-methoxyphenyl)amino]-3-methyl-1 H-pyrazolo[3,4- bl pyridine-5-carboxami
de (102)

e

CH3
15% in 6 steps: : TLC R~0.40 (CHCI3/MeOH, 9/1); mp 157-159 C

(1,4-dioxane-Et20); IR (KBr) 3620, 2958, 1669, 1254, 1038; 'H-NMR (300 MHz,
DMSO-ak) § 10.94 (s, 1H), 8.71 (s, 1H), 8.19 (brs, 1H), 7.55 (brs, 1H), 7.23-7.17 (m, 1H),
6.73-6.60 (m, 3H), 4.28 (t, J= 7.0 Hz, 2H), 3.69 (s, 3H), 1.77(quintet, J = 7.0 Hz, 2H),
1.68 (s, 3H), 1.20 (tq, J= 7.0, 7.5 Hz, 2H), 0.87 (t, J= 7.5 Hz, 3H); 13C NMR (75 MHz,
CDCls) 6 170.74, 160.66, 151.29, 150.99, 147.10, 143.74, 142.66, 130.31, 114.96, 110.72,
108.71, 108.67, 106.27, 105.77, 55.40, 47.27, 31.78, 20.08, 15.77, 13.82; HRMS (EI)
calcd for Ci9H23Ns02 353.1852, found 353.1861.

4-[(3-Methoxyphenyl)amino]-3-methyl-1-pentyl-1 H-pyrazolo[3,4- b]pyridine-5-carboxam

ide (103)
(@] HN/©

CHs

HoN | N \N
A
N N

-

CHy
43% in 6 steps: : TLC R~0.46 (r-hexane/EtOAc, 2/3); mp 148-150

°C (1,4-dioxane-Et20); IR (KBr) 3385, 2939, 1669, 1280, 1038; 1H-NMR (300 MHz,
DMSO-ab) 6 10.92 (s, 1H), 8.70 (s, 1H), 8.18 (brs, 1H), 7.54 (brs, 1H), 7.23-7.17 (m, 1H),
6.71-6.67 (m, 2H), 6.65-6.61 (m, 1H), 4.26 (t, J= 7.2 Hz, 2H), 3.69 (s, 3H), 1.84-1.73 (m,
2H), 1.69 (s, 3H), 1.36-1.13 (m, 4H), 0.82 (t, J = 7.1 Hz, 3H); 13C NMR (75 MHz,
DMSO-a6) 6170.46, 160.14, 152.48, 149.32, 148.72, 144.54, 140.28, 130.13, 113.34,
109.44, 107.68, 107.13, 105.37, 55.07, 45.80, 28.65, 28.28, 21.61, 15.16, 13.81; HRMS
(El) calcd for C20H25Ns02 367.2008, found 367.2014.
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1-Cyclopentyl-4-[(3-methoxyphenyl)amino]-3-methyl-1 H-pyrazolo[3,4- G pyridine-5-carb
oxamide (104)

HoN |\ A

27% in 6 steps: : TLC R~0.35 (CHCIs/MeOH, 10/1); mp 153-157
oC (1,4-dioxane-Et20); IR (KBr) 3341, 2957, 1657, 1257, 1045; 1H-NMR (300Hz,
DMSO-ab) 6 10.91 (s, 1H), 8.70 (s, 1H), 8.18 (brs, 1H), 7.54 (brs, 1H), 7.19 (t, J= 8.4 Hz,
1H), 6.75-6.60 (m, 3H), 5.23 (quintet, J = 7.4 Hz, 1H), 3.70 (s, 3H), 2.10-1.75 (m, 6H),
1.70 (s, 3H), 1.75-1.60 (m, 2H); 13C NMR (75 MHz, DMSO-ak) § 170.52, 160.14, 152.47,
149.34, 148.58, 144.65, 140.13, 130.11, 113.26, 109.24, 107.79, 107.20, 105.67, 56.19,
55.09, 31.59 (2C), 24.22 (2C), 15.39; HRMS (EI) calcd for C20H23Ns02 365.1852, found
365.1862.

1-Cyclohexyl-4-[(3-methoxyphenyl)amino]-3-methyl-1 AH-pyrazolo[3,4-blpyridine-5-carbo
xamide (105)

46% in 6 steps: : TLC R~0.50 (CHCI3s/MeOH, 9/1); IR (KBr) 3346,
2933, 1656, 1261, 1046; 'H-NMR (300 MHz, CDCls) & 10.54 (s, 1H), 8.51 (s, 1H),
7.22-7.15 (m, 1H), 6.73-6.66 (m, 3H), 5.90-5.70 (br, 2H), 4.78-4.68 (m, 1H), 3.76 (s, 3H),
2.05-1.85 (m, 6H), 1.80 (s, 3H), 1.75-1.20 (m, 4H); 13C NMR (75 MHz, DMSO-ak)
6170.51, 160.14, 151.97, 149.25, 148.57, 144.65, 139.96, 130.11, 113.25, 109.20, 107.84,
107.21, 105.53, 55.08, 54.63, 31.87 (2C), 25.12 (2C), 25.00, 15.33; HRMS (EI) calcd for
C21H25Ns02 379.2008, found 379.2004.
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4-[(3-Methoxyphenyl)amino]-3-methyl-1-phenyl-1H-pyrazolo[3,4- 5 pyridine-5-carboxa
mide (106)

43% in 6 steps: : TLC R~0.43 (CHCI3/MeOH, 9/1) ; mp 189-193 oC
(MeOH); IR (KBr) 3396, 1659, 1593, 1229, 1037; tH-NMR (300 MHz, CDCls) & 10.56 (s,
1H), 8.60 (s, 1H), 8.12-8.09 (m, 2H), 7.53-7.48 (m, 2H), 7.26-7.18 (m, 2H), 6.78-6.69 (m,
3H), 5.90-5.70 (br, 2H), 3.77 (s, 3H), 1.77 (s, 3H); 13C NMR (75 MHz, DMSO-ak)
5170.08, 160.22, 152.65, 150.13, 148.66, 144.60, 142.71, 138.59, 130.19, 128.79 (2C),
125.51, 120.48 (2C), 113.12, 109.53, 109.34, 107.60, 107.08, 55.15, 15.35; HRMS (EI)
calcd for C21H19NsO2 373.1539, found 373.1535.

1-(2-Chlorophenyl)-4-[(3-methoxyphenyl)amino]-3-methyl-1 H-pyrazolo[3,4- f]pyridine-5

-carboxamide (107a)

16% in 6 steps: : TLC R~0.48 (r-hexane/EtOAc, 1/3); mp 230-231
oC (r-hexane-EtOAc); IR (KBr) 3331, 1651, 1592, 1264, 1036; 'H-NMR (300 MHz,
DMSO-ak) & 10.93 (brs, 1H), 8.67 (s, 1H), 8.23 (brs, 1H), 7.70 (dd, J= 7.7, 1.8 Hz, 1H),
7.66-7.49 (m, 4H), 7.25 (t, J= 7.7 Hz, 1H), 6.78-6.67 (m, 3H), 3.72 (s, 3H), 1.78 (s, 3H);
13C NMR (75 MHz, DMSO-ak) $ 170.21, 160.21, 153.98, 150.27, 148.64, 144.53, 142.80,
135.26, 131.12, 130.45, 130.25, 130.11, 129.92, 127.75, 113.23, 109.55, 109.00, 107.14,
106.04, 55.11, 15.29; HRMS (ElI) calcd for C21H18CINsO2 407.1149, found 407.1172.
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4-[(3-Methoxyphenyl)amino]-3-methyl-1-(2-methylphenyl)-1 H-pyrazolo[3,4- b]pyridine-
5-carboxamide (107b)

29% in 6 steps: : TLC R~=0.45 (CHCI3/MeOH, 9/1); mp 133-136 °C
(1,4-dioxane-Et.0); IR (KBr) 3188, 1654, 1587, 1296, 1151; !H-NMR (300 MHz,
DMSO-ab) 6 10.95 (s, 1H), 8.67 (s, 1H), 8.21 (brs, 1H), 7.59 (brs, 1H), 7.45-7.30 (m, 4H),
7.24 (t, J =8.1 Hz, 1H), 6.80-6.60 (m, 3H), 3.72 (s, 3H), 2.05 (s, 3H), 1.78 (s, 3H); 13C
NMR (75 MHz, DMSO-a6) 6 170.28, 160.20, 153.49, 150.08, 148.67, 144.59, 142.11,
136.81, 134.88, 130.58, 130.22, 128.46, 127.69, 126.20, 113.21, 109.49, 108.66, 107.06,
105.95, 55.11, 17.78, 15.28; HRMS (EI) calcd for C22H21NsO2 387.1695, found 387.1698.

1-(2-Methoxyphenyl)-4-[(3-methoxyphenyl)amino]-3-methyl-1 H-pyrazolo[3,4- b]pyridine
-5-carboxamide (107c¢)

40% in 6 steps: : TLC R~0.52 (CHCI3/MeOH, 9/1); mp 205-206 °C
(MeOH); IR (KBr) 3431, 1668, 1584, 1278, 1043; 1H-NMR (300 MHz, DMSO-ak) & 10.87
(s, 1H), 8.63 (s, 1H), 8.25-8.15 (br, 1H), 7.62-7.53 (br, 1H), 7.52-7.46 (m, 1H), 7.38-7.34
(m, 1H), 7.27-7.21 (m, 2H), 7.10-7.05 (m, 1H), 6.74-6.66 (m, 3H), 3.73 (s, 3H), 3.70 (s,
3H), 1.77 (s, 3H); 13C NMR (75 MHz, DMSO-ab) 6 170.34, 160.20, 154.78, 154.01, 149.96,
148.41, 144.71, 141.86, 130.20, 130.09, 129.01, 126.46, 120.16, 113.13, 112.50, 109.27,
108.68, 107.11, 105.98, 55.72, 55.12, 15.27; HRMS (EI) calcd for C22H21Ns03 403.1644,
found 403.1663.
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1-(3-Chlorophenyl)-4-[(3-methoxyphenyl)amino]-3-methyl-1 H-pyrazolo[3,4- f]pyridine-5
-carboxamide (108a)

/CH3

30% in 6 steps: : TLC R~0.50 (n-hexane/EtOAc, 1/1); mp 93-95 °C
(n-hexane-EtOAc); IR (KBr) 3413, 1685, 1589, 1291, 1038; !H-NMR (300 MHz,
DMSO-a6) 6 10.95 (brs, 1H), 8.84 (s, 1H), 8.39 (t, J = 2.0 Hz, 1H), 8.28 (brs, 1H),
8.22-8.18 (m, 1H), 7.70 (brs, 1H), 7.55 (dd, J= 8.1, 8.1 Hz, 1H), 7.38-7.33 (m, 1H), 7.22
(t, J= 8.0 Hz, 1H), 6.79-6.68 (m, 3H), 3.72 (s, 3H), 1.79 (s, 3H); 13C NMR (75 MHz,
DMSO-a6) 8 169.98, 160.24, 152.92, 150.29, 148.78, 144.47, 143.51, 139.81, 133.13,
130.61, 130.23, 125.00, 119.45, 118.32, 113.22, 109.70, 109.63, 107.88, 107.19, 55.17,
15.37; HRMS (El) calcd for C21H1sCINsO2 407.1149, found 407.1134.

4-[(3-Methoxyphenyl)amino]-3-methyl-1-(3-methylphenyl)-1 H-pyrazolo[3,4- b]pyridine-
5-carboxamide (108b)

34% in 6 steps: : TLC R~0.45 (CHCI3/MeOH, 9/1); mp 133-140 °C
(1,4-dioxane-Et20); IR (KBr) 3429, 2923, 1652, 1223, 1044; 'H-NMR (300 MHz,
DMSO-ak) § 10.92 (s, 1H), 8.81 (s, 1H), 8.26 (brs, 1H), 8.00-7.95 (m, 2H), 7.67 (brs, 1H),
7.40 (t, J= 7.8 Hz, 1H), 7.21 (t, J= 7.8 Hz, 1H), 7.12 (d, J= 7.8 Hz, 1H), 6.80-6.65 (m,
3H), 3.71 (s, 3H), 2.39 (s, 3H), 1.80 (s, 3H); 13C NMR (75 MHz, DMSO-ab) §170.11,
160.22, 152.64, 150.11, 148.65, 144.62, 142.58, 138.55, 138.16, 130.20, 128.60, 126.19,
121.01, 117.74, 113.13, 109.52, 109.27, 107.55, 107.08, 55.15, 21.19, 15.32; HRMS (EI)
calcd for C22H21Ns02 387.1695, found 387.1697.
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1-(3-Methoxyphenyl)-4-[(3-methoxyphenyl)amino]-3-methyl-1 H-pyrazolo[3,4- b]pyridine
-5-carboxamide (108c)

O/CH3

O HN i

CH,q
HoN N
2 | \N

NN

O

11% in 6 steps: : TLC R~0.36 (CHCIs/MeOH, 9/1); mp 88-89 °C
(n-hexane-EtOAc); IR (KBr) 3424, 1656, 1594, 1285, 1043; !H-NMR (300 MHz,
DMSO-ab) 5 10.92 (s, 1H), 8.82 (s, 1H), 8.35-8.20 (br, 1H), 7.82-7.79 (m, 2H), 7.73-7.60
(br, 1H), 7.42 (t, J= 8.1 Hz, 1H), 7.22 (t, J = 8.1 Hz, 1H), 6.89-6.85 (m, 1H), 6.75-6.68
(m, 3H), 3.82 (s, 3H), 3.71 (s, 3H), 1.80 (s, 3H); 13C NMR (75 MHz, DMSO-ak) & 170.05,
160.22, 159.37, 152.75, 150.13, 148.65, 144.59, 142.72, 139.71, 130.20, 129.65, 113.09,
112.56, 111.02, 109.53, 109.42, 107.73, 107.07, 106.17, 55.23, 55.15, 15.35; HRMS (EI)
calcd for C22H21NsO3 403.1644, found 403.1638.

1-(4-Chlorophenyl)-4-[(3-methoxyphenyl)amino]-3-methyl-1 H-pyrazolo[3,4-blpyridine-5
-carboxamide (109a)

O/CH3

O HN i

CH,

H,N | N \N
NN

2

Cl
13% in 6 steps: : TLC R~0.38 (r-hexane/EtOAc, 1/1); mp 180-181

oC (rrhexane-EtOAc); IR (KBr) 3478, 1665, 1259, 1091, 1037; H-NMR (300 MHz,
DMSO-ak) § 10.94 (brs, 1H), 8.81 (s, 1H), 8.29 (brs, 1H), 8.26 (d, J = 9.0 Hz, 2H), 7.69
(brs, 1H), 7.58 (d, J = 9.0 Hz, 2H), 7.22 (t, J = 8.1 Hz, 1H), 6.77-6.67 (m, 3H), 3.71 (s,
3H), 1.79 (s, 3H); 13C NMR (75 MHz, DMSO-ak) § 170.01, 160.23, 152.71, 150.20, 148.75,
144.51, 143.19, 137.49, 130.21, 129.35, 128.78 (2C), 121.62 (2C), 113.18, 109.64, 109.49,
107.72, 107.16, 55.16, 15.35; HRMS (EI) calcd for C21H1sCINsO» 407.1149, found
407.1156.
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4-[(3-Methoxyphenyl)amino]-3-methyl-1-(4-methylphenyl)-1 H-pyrazolo[3,4- b]pyridine-
5-carboxamide (109b)

CHy
36% in 6 steps: : TLC R~0.60 (CHCIl3/MeOH, 9/1); mp 131-133 °C

(1,4-dioxane-Et.0); IR (KBr) 3364, 2925, 1655, 1383, 1044; 1H-NMR (300 MHz,
DMSO-ab) 6 10.91 (s, 1H), 8.79 (s, 1H), 8.26 (brs, 1H), 8.03 (d, J= 8.1 Hz, 2H), 7.66 (brs,
1H), 7.31 (d, J = 8.1 Hz, 2H), 7.21 (t, J = 8.4 Hz, 1H), 6.75-6.67 (m, 3H), 3.71 (s, 3H),
2.35 (s, 3H), 1.79 (s, 3H); 13C NMR (75 MHz, CDCls) & 170.65, 160.69, 152.30, 150.34,
148.43, 144.18, 143.82, 136.32, 135.91, 130.29, 129.46 (2C), 122.08 (2C), 114.49, 110.39,
108.28, 107.68, 107.51, 55.42, 21.15, 15.87; HRMS (EI) calcd for C22H21Ns02 387.1695,
found 387.1714.

1-(4-Methoxyphenyl)-4-[(3-methoxyphenyl)amino]-3-methyl-1 H-pyrazolo[3,4- b]pyridine
-5-carboxamide (109c)

O—CHjg
37% in 6 steps: : TLC R~0.46 (CHCIl3/MeOH, 9/1); mp 205-207 °C

(MeOH); IR (KBr) 3464, 2837, 1660, 1242, 1038; 1H-NMR (300 MHz, DMSO-ck) & 10.93
(s, 1H), 8.78 (s, 1H), 8.30-8.20 (br, 1H), 8.00 (d, J= 9.0 Hz, 2H), 7.67-7.58 (br, 1H), 7.22
(t, J=8.1 Hz, 1H), 7.08 (d, J= 9.0 Hz, 2H), 6.75-6.67 (m, 3H), 3.80 (s, 3H), 3.71 (s, 3H),
1.79 (s, 3H); 3C NMR (75 MHz, DMSO-ck) § 170.17, 160.20, 156.96, 152.26, 150.06,
148.66, 144.62, 142.06, 131.83, 130.17, 122.33 (2C), 113.94 (2C), 113.14, 109.45, 108.98,
107.14, 107.10, 55.29, 55.13, 15.29; HRMS (EI) calcd for C22H21NsOs 403.1644, found
403.1638.

146



3-Cyclopropyl-4-[(3-methoxyphenyl)amino]-1-phenyl-1 H-pyrazolo[3,4- b]pyridine-5-carb
oxamide (110)

Z.
pd

66% in 6 steps: : TLC R~0.44 (CHCIl3/MeOH, 9/1); mp 159-163 °C
(MeOH); IR (KBr) 3376, 1655, 1593, 1397, 1051; 1H-NMR (300 MHz, CDClIs) & 10.50 (s,
1H), 8.61 (s, 1H), 8.14-8.10 (m, 2H), 7.51-7.47 (m, 2H), 7.31-7.17 (m, 2H), 6.78-6.62 (m,
3H), 6.00-5.60 (br, 2H), 3.78 (s, 3H), 1.37-1.25 (m, 1H), 0.90-0.81 (m, 2H), 0.53-0.48 (m,
2H); 13C NMR (75 MHz, DMSO-a6) 6 170.03, 160.17, 152.42, 150.08, 148.16, 147.75,
144,51, 138.66, 130.15, 128.76 (2C), 125.47, 120.47 (2C), 112.43, 106.74, 109.07, 107.93,
105.97, 55.09, 10.54, 9.35 (2C); HRMS (EIl) calcd for C23H2:NsO2 399.1695, found
399.1717.
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Methyl (35)-3-(3-nitrophenoxy)pyrrolidine-1-carboxylate (122a)

Q\ EN\COOME
ON 0

121 1.39 g, 9.98 mmol THF 50 mL N-methoxycarbonyl-(R)-3-
pyrrolidinol 152a 1.59 g, 10.5 mmol PPhsz 3.92 g, 15.0 mmol DEAD 6.6 mL,
15 mmol

n-hexane/EtOAc, 2/1 122a 3.29g,

TLC R~0.36 (/-hexane/EtOAc, 1/1); [a]?*p +19.6 (c 0.30, CH2Cl2); IR (neat) 2984, 1706,
1530, 1350, 1242, 1062; 1H-NMR (300 MHz, CDCls) § 7.88-7.83 (m, 1H), 7.72-7.63 (m,
1H), 7.59-7.52 (m, 1H), 7.22-7.17 (m, 1H), 5.00 (m, 1H), 3.73 & 3.72 (s, 3H), 3.75-3.65
(m, 4H), 2.30-2.10 (m, 2H); HRMS (EI) calcd for C12H14N20s 266.0903, found 266.0898.

122a
122b

tert-Butyl (3.5)-3-(3-nitrophenoxy)pyrrolidine-1-carboxylate (122b)

/©\ /CN~COOtBu
O,N ¢

75%: : TLC R~0.48 (rrhexane/EtOAc, 1/1); [a]?4p +22.1 (¢ 0.25, CHCl3);

IR (KBr) 2979, 1695, 1530, 1351, 1243; 1H-NMR (300 MHz, CDCls) § 7.88-7.81 (m, 1H),
7.72-7.68 (m, 1H), 7.50-7.40 (m, 1H), 7.23-7.18 (m, 1H), 5.01-4.92 (m, 1H), 3.73-3.40 (m,
4H), 2.28-2.10 (m, 2H), 1.50 (s, 9H) ; HRMS (EI) calcd for CisH20N20s5 308.1372, found
308.1382.

(39)-1-(Methylsulfonyl)-3-(3-nitrophenoxy)pyrrolidine (122c)

/O\ /CN‘SOZMG
O,N o

122b 750 mg, 2.40 mmol CH2Cl2 (2.5 mL) trifluoroacetic acid (2.5
mL) 0 30 2N
CH2CI2
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500 mg
TLC R~0.29 (CHCIs/MeOH, 9/1).

500 mg  CH2Cl2 (5 mL) EtsN 0.40 mL, 2.9 mmol MsCI 0.20
mL, 2.6 mmol 0 1 CH2Cl2
122¢ 691 mg,

TLC R=0.78 (CHCIls/MeOH, 5/1); [a]?p +18.8 (¢ 0.53, CHCIs): IR (KBr) 2933, 1529,
1352, 1285, 1098; 1H-NMR (300 MHz, CDCls) § 7.90-7.80 (m, 1H), 7.70-7.60 (m, 1H),
7.60-7.50 (m, 1H), 7.25-7.15 (m, 1H), 5.01-4.92 (m, 1H), 3.80-3.40 (m, 4H),2.82 (s, 3H),
2.28-2.10 (m, 2H); HRMS (EI) calcd for C11H1aN20sS 286.0623, found 286.0632.

Methyl (35)-3-(3-aminophenoxy)pyrrolidine-1-carboxylate (123a)

/O\ /CN~coowle
HoN o)

122a 3.29 g, 9.98 mmol MeOH 30 mL 10 0.27

g 3
n-hexane/EtOAc, 1/1
123a 2.09 g, 8.83 mmol, 80% in 2 steps)

TLC R=0.59 (EtOAC); [0]?6p +15.9 (c 1.59, CHCIs); IR (neat) 3451, 2954, 1695, 1292,
1064; 1H-NMR (200 MHz, CDCls) & 7.05 (t, J= 7.9 Hz, 1H), 6.34-6.18 (m, 3H), 4.85 (m,
1H), 3.70 & 3.69 (s, 3H), 3.75-3.25 (m, 6H), 2.30-1.95 (m, 2H); HRMS (EI) calcd for
C12H16N203 236.1161, found 236.1167.

123a 123b-c
tert-Butyl (3.5)-3-(3-aminophenoxy)pyrrolidine-1-carboxylate (123b)

/O\ /CN*COOtBu
HoN 9

85%: : TLC R~0.31 (rrhexane/EtOAc, 1/1); [a]?5p +24.6 (c 0.60, CHCl3);
IR (neat) 3454, 2979, 1734, 1256, 1063; 1H-NMR (300 MHz, CDCls) & 7.10-7.00 (m, 1H),
6.31-6.20 (m, 3H), 4.90-4.80 (m, 1H), 3.90-3.20 (br, 2H), 3.65-3.40 (m, 4H), 2.22-2.00 (M,
2H), 1.45 (s, 9H); HRMS (EI) calcd for CisH22N203 278.1630, found 278.1619.
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3-{[(35)-1-(Methylsulfonyl)pyrrolidin-3-ylJoxy}aniline (123c)

joUs T
H,N o)

63% in 3 steps: : TLC R~0.52 (CHCIs/MeOH, 5/1); [a]?®p +18.4 (c 0.89,
CHCI3); IR (neat) 3307, 2983, 1734, 1237, 1026; tH-NMR (300 MHz, DMSO-ak) 6 6.90 (t,
J=7.9 Hz, 1H), 6.20-6.00 (m, 3H), 5.20-5.00 (br, 2H), 4.90-4.80 (m, 1H), 3.60-3.45 (m,
1H), 3.40-3.20 (m, 3H), 2.85 (s, 3H), 2.25-2.00 (m, 2H); HRMS (EI) calcd for
C11H16N203S 256.0882, found 256.0888.

59
116, 117
118
Methyl (35)-3-(3-{[5-(aminocarbonyl)-1,3-dimethyl-1 H-pyrazolo[3,4-Hpyridin-4-yl]-

amino}phenoxy)-1-pyrrolidinecarboxylate (116)
(0]

N

N

LD

O

HyN | N

A /A
V4

NCH3
100%: : TLC R=0.55 (ACOEt/MeOH, 10/1); [o]25p +17.2 (¢ 0.22,
EtOH); IR (KBr) 3347, 2954, 1693, 1586, 1266; 1H-NMR (300 MHz, DMSO-ck) § 10.93
(brs, 1H), 8.73 (s, 1H), 8.19 (brs, 1H), 7.55 (brs, 1H), 7.20 (t, J = 8.4 Hz, 1H), 6.72-6.63
(m, 3H), 4.99 (m, 1H), 3.87 (s, 3H), 3.57 & 3.56 (s, 3H), 3.53-3.27 (m, 4H), 2.18-1.95 (m,

2H), 1.68 (s, 3H); HRMS (EI) calcd for Ca1H24N604 424.1859, found 424.1874.

tert-Butyl (35)-3-(3-{[5-(aminocarbonyl)-1,3-dimethyl-1+-pyrazolo[3,4-Hpyridin-4-yl]-
amino}phenoxy)-1-pyrrolidinecarboxylate (117)

_Z.

CH3
100%: : TLC R=0.35 (CHCIs/MeOH, 9/1); [o]?50 +22.1 (c 0.25,

EtOH); IR (KBr) 3351, 2978, 1660, 1586, 1266; 1H-NMR (300 MHz, CDCls) § 10.59 (s,
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1H), 8.54 (s, 1H), 7.20-7.15 (m, 1H), 6.78-6.63 (m, 3H), 6.00-5.70 (br, 2H), 4.85-4.79 (m,
1H), 4.00 (s, 3H), 3.60-3.40 (m, 4H), 2.20-2.00 (m, 2H), 1.78 (s, 3H), 1.46 (s, 9H); 13C
NMR (75 MHz, DMSO-ck) §170.49, 157.69, 153.27, 152.85, 149.62, 148.61, 144.76,
140.07, 130.26, 113.95, 110.98, 108.79, 107.63, 105.40, 79.05, 78.35, 51.05, 43.55, 33.15
(2C), 28.11 (3C), 15.01; HRMS (EI) calcd for C2aHaoNsO4 466.2329, found 466.2300.

1,3-Dimethyl-4-[(3-{[(3.5)-1-(methylsulfonyl)-3-pyrrolidinylJoxy}phenyl)amino]-1 H-pyra
zolo[3,4- b)pyridine-5-carboxamide (118)

z
\
z

CHs
66%: : TLC R=0.31 (CHCIs/MeOH, 9/1); [a]®> +9.8 (¢ 0.22,

DMSO); mp 210-211 °C (MeOH); IR (KBr) 3425, 2927, 1656, 1335, 1151; tH-NMR (300
MHz, DMSO-ak) § 10.93 (s, 1H), 8.73 (s, 1H), 8.25-8.15 (br, 1H), 7.60-7.45 (br, 1H), 7.21
(t, J= 9.0 Hz, 1H), 6.73-6.65 (m, 3H), 5.04-4.99 (m, 1H), 3.87 (s, 3H), 3.52 (dd, J= 11.7,
4.2 Hz, 1H), 3.40-3.25 (m, 3H), 2.85 (s, 3H), 2.22-2.00 (m, 2H), 1.68 (s, 3H); HRMS (EI)
calcd for C2oH2aN604S 444.1580, found 444.1575.

1,3-Dimethyl-4-({3-[(35)-3-pyrrolidinyloxy]phenyl}amino)-1 H-pyrazolo[3,4- 5] pyridine-5-

H
2.0
O HN CH3O
A\

carboxamide (119)

H,N | \
N7 N
CH,
117 289 mg, 0.651 mmol EtOAc 10 mL MeOH 10 mL
10% 3 mL 15

pH11 EtOAC

119 125 mg, 0.342 mmol, 53%
TLC R~0.36 (CHCIls/MeOH/ACOH, 10/2/1); [a]%p -1.6 (c 0.34, EtOH); mp 211-213 °C
(EtOAC); IR (KBr) 3169, 2929, 1661, 1262, 1048; tH-NMR (300 MHz, DMSO-a6) § 10.93
(s, 1H), 8.73 (s, 1H), 8.23-8.12 (br, 1H), 7.63-7.45 (br, 1H), 7.21-7.15 (m, 1H), 6.70-6.60
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(m, 3H), 4.80-4.75 (m, 1H), 3.87 (s, 3H), 3.31 (brs, 1H), 2.98-2.63 (m, 4H), 1.98-1.82 (m,
1H), 1.70-1.60 (m, 1H), 1.67 (s, 3H); 13C NMR (75 MHz, DMSO-a) & 170.52, 158.38,
152.85, 149.64, 148.73, 144.62, 140.18, 130.14, 113.43, 110.90, 108.49, 107.57, 105.38,
78.05, 52.82, 45.46, 33.16, 33.09, 14.99; HRMS (EI) calcd for Ci9H22NeO2 366.1804,
found 366.1804.

4-[(3A{[(35)-1-Acetyl-3-pyrrolidinyl]Joxy}phenyl)amino]-1,3-dimethyl-1 H-pyrazolo[3,4-4]-
pyridine-5-carboxamide (120)

(0]
>—CH3
2.0
O HN CHBO‘“'
H,N | NN
NT N
\CH3
119 417 mg, 1.14 mmol pyridine (10 mL) Ac20 (0.11 mL, 1.2 mmol)
15
CHCI3/MeOH, 20/1 120 465 mg, 1.14 mmol, 100%

TLC R~0.26 (CHCIs/MeOH, 9/1); [a]®°p +18.1 (c 0.285, EtOH); IR (KBr) 3404, 2978,
1614, 1266, 1097; 1H-NMR (300 MHz, CDCls) § 10.61, 10.58 (s, 1H), 8.56, 8.55 (s, 1H),
7.23-7.15 (m, 1H), 6.80-6.70 (m, 1H), 6.65-6.61 (m, 2H), 6.00-5.80 (br, 2H), 4.95-4.82 (m,
1H), 4.00 (s, 3H), 3.80-3.50 (m, 4H), 2.32-1.95 (m, 2H), 2.08, 2.04 (s, 3H), 1.79, 1.78 (s,
3H); HRMS (ElI) calcd for C21H24NeO3 408.1910, found 408.1894.
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tert-Butyl bis(2-hydroxyethyl)carbamate (134)

CH3
HsC | _CHs
O O
Y
Ho ™>N~"on
Bis(2-hydroxyethyl)amine 133 20.0 g, 190 mmol CH2Cl2 200 mL 0
BocoO 45.6 g, 209 mmol  CH2Cl2 50 mL 0 1.5
n-hexane/EtOAc, 2/1-1/2-.0/1 134 41.0g,

TLC R~0.56 (CHCI3/MeOH, 10/1); IR (neat) 3389, 1668, 1480, 1367; 1H NMR (300 MHz,
CDCl3) & 3.80 (s, 4H), 3.43 (s, 4H), 3.60-3.00 (br, 2H), 1.47 (s, 9H); HRMS (EI) calcd for
CoH19NO4 205.1314, found 205.1312.

[(tert-Butoxycarbonyl)imino]diethane-2,1-diyl dimethanesulfonate (135)

CHj,
HsC.| _CH,

(6] o}
O\\S//O T O\\S//O
H3C/ \o/\/ \/\O/ \CH3

134 7.85 g, 38.3 mmol CH2Cl2 80 mL 78 EtsN 16.0 mL, 115
mmol MsCl 8.89 mL, 115 mmol 78 10
EtOAc
135 13.2g,

36.6 mmol, 95 % in 2 steps

TLC R=0.64 (EtOACc); H NMR (300 MHz, CDCl3) & 4.40-4.25 (m, 4H), 3.62 (brt, J= 5.4
Hz, 4H), 3.04 (s, 6H), 1.48 (s, 9H).

4-[3-(Cyclopentyloxy)-4-methoxyphenyl]piperidine-4-carbonitrile hydrochloride (137)
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(3-Cyclopentyloxy-4-methoxyphenyl)acetonitrile 9 2.50 g, 10.8 mmol = THF 150 mL
78 LiHMDS (1.0 M solution in THF, 24.0 mL, 24.0 mmol
78 20 135 2.17g,6.00 mmol THF 50 mL
15
EtOAc
n-hexane/Et.0, 2/1
-1/2-0/1 136 1.71g¢g

TLC R~0.56 (n-hexane/EtOAc, 2/1).

136 1.71 ¢ CHCl2 5mL PhSMe 5 mL CF3COOH
3.0 mL 1 IN

CH2ClI2
4N 1.4 mL Et0

137 971 mg, 2.89 mmol, 48 % in 2 steps

TLC R=0.33 (CHCIs/MeOH, 10/1); IR (KBr) 3431, 2958, 2797, 2715, 2530, 2468, 2233,
1731, 1590, 1518, 1447, 1418, 1361, 1259, 1147, 1082, 1026; *H NMR (300 MHz, CDCl5)
§10.02 (brs, 2H), 7.10-7.00 (m, 2H), 6.88 (d, J= 9.0 Hz, 1H), 4.82 (m, 1H), 3.86 (s, 3H),
3.80-3.60 (m, 2H), 3.50-3.30 (m, 2H), 2.80-2.60 (m, 2H), 2.40-2.20 (m, 2H), 2.10-1.80 (m,
6H), 1.80-1.60 (m, 2H); HRMS (EI) calcd for CisH24N202 300.1838, found 300.1839.

Ethyl {4-cyano-4-[3-(cyclopentyloxy)-4-methoxyphenyl]piperidin-1-yl}acetate (138)

( > O _CHj
N ~~
T
(@) (6]
H3C\o

137 300 mg, 0.893 mmol K2COs3 246 mg, 246 mg, 1.79 mmol DMF 4.0
mL BrCH2COOEt 0.15 mL, 1.3 mmol 20
EtOAc

n-hexane/EtOAc,
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2/1-1/1-0/1 138 341 mg, 0.883 mmol, 99 %

TLC R=0.36 (-hexane/EtOAc, 2/1); IR (neat) 2959, 2233, 1748, 1258, 1029; *H NMR
(300 MHz, CDCls) & 7.10-6.95 (m, 2H), 6.86 (d, J= 8.8 Hz, 1H), 4.79 (m, 1H), 4.22 (q, J
= 7.0 Hz, 2H), 3.85 (s, 3H), 3.31 (s, 2H), 3.15-3.00 (m, 2H), 2.75-2.55 (m, 2H), 2.30-2.05
(m, 2H), 2.20-2.00 (m, 2H), 2.00-1.80 (m, 6H), 1.80-1.50 (m, 2H), 1.30 (t, J= 7.0 Hz, 3H);
HRMS (El) calcd for C22Hs0N204 386.2206, found 386.2199.

Methyl 3-{4-cyano-4-[3-(cyclopentyloxy)-4-methoxyphenyl]piperidin-1-yl}propanate

(139)
O
QJQ)O\I/\)\O/%
NC
(@]
H3C\O
137 450 mg, 1.34 mmol THF 5.0 mL EtsN 0.38 mL, 2.7 mmol
CH>=CHCOOMe 0.36 mL, 4.0 mmol 45 1
EtOACc
n-hexane/EtOAc, 1/1 139 450 mg, 1.17 mmol, 87%

TLC R~0.42, (n-hexane/EtOAc, 2/3); IR (neat) 2957, 2235, 1734, 1258, 1038; H NMR
(300 MHz, CDCls) & 7.02-6.97 (m, 2H), 6.87-6.83 (m, 1H), 4.83-4.76 (m, 1H), 3.85 (s, 3H),
3.70 (s, 3H), 3.05-2.96 (m, 2H), 2.81 (t, J= 7.2 Hz, 2H), 2.59-2.49 (m, 2H), 2.55 (t, J=
7.2 Hz, 2H), 2.12-2.02 (m, 4H), 2.02-1.76 (m, 6H), 1.70-1.50 (m, 2H); HRMS (EI) calcd
for C22H30N204 386.2206, found 386.2221.

138
140
Ethyl 4-{4-cyano-4-[3-(cyclopentyloxy)-4-methoxyphenyl]piperidin-1-yl}butanate (140)

( > O CHj
N ~—
e /\/\n/
o (¢]
H3C\O

85% : : TLC R~0.48 (n-hexane/EtOAc, 2/3 ; IR (neat) 2934, 2234, 1732,
1255, 1035; 'H NMR (300 MHz, CDCl3) §7.02-6.98 (m, 2H), 6.87-6.84 (m, 1H),
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4.83-4.76 (m, 1H), 4.15 (q, J= 7.2 Hz, 2H), 3.85 (s, 3H), 3.05-2.97 (m, 2H), 2.52-2.43 (m,
4H), 2.36 (t, J = 7.2 Hz, 2H), 2.12-2.03 (m, 4H), 2.01-1.76 (m, 8H), 1.68-1.55 (m, 2H),
1.27 (t, J= 7.2 Hz, 3H); HRMS (EI) calcd for C2aHasN204 414.2519, found 414.2512.

Methyl (2R)-2-{4-cyano-4-[3-(cyclopentyloxy)-4-methoxyphenyl]piperidin-1-yl}-

Q CHs
N : O\CH
NC /\ﬂ/ s
o o}
HSC\O

propanoate (141)

0 methyl (S5)-(-)-lactate 0.34 mL, 3.7 mmol CH2Cl2 3.0
mL Tf20 0.66 mL, 3.9 mmol 2,6-lutidine  0.46 mL, 3.9 mmol
30 137 400 mg, 1.19 mmol CH2Cl2
25 mL EtsN 0.36 mL, 2.4 mmol 18
EtOAc
n-hexane/EtOAc, 3/1 141 492 mg,

TLC R=0.90 (CHCI3/MeOH, 9/1); [a]?6p +8.2 (c 0.16, MeOH); IR (neat) 2957, 2235, 1730,
1252, 1038; *H NMR (300 MHz, CDCls) §7.05-6.97 (m, 2H), 6.87-6.83 (m, 1H),
4.85-4.75 (m, 1H), 3.84 (s, 3H), 3.76 (s, 3H), 3.39 (g, J= 7.0 Hz, 1H), 3.10-2.95 (m, 2H),
2.85-2.68 (M, 2H), 2.15-2.05 (m, 4H), 2.00-1.75 (m, 6H), 1.65-1.45 (m, 2H), 1.35 (d, J =
7.0 Hz, 3H); HRMS (EI) calcd for C22H30N204 386.2206, found 386.2224.

141 methyl (S)-(-)-lactate  methyl (R)-(+)-lactate
142
Methyl (25)-2-{4-cyano-4-[3-(cyclopentyloxy)-4-methoxyphenyl]piperidin-1-yl}-
propanoate (142)

: TLC R=0.90 (CHCIa/MeOH, 9/1); [0]26p -8.5 (¢ 0.33, MeOH); IR
(neat) 2957, 2235, 1730, 1252, 1038; 1H NMR (300 MHz, CDCls) §7.05-6.97 (m, 2H),
6.87-6.83 (M, 1H), 4.85-4.75 (m, 1H), 3.84 (s, 3H), 3.76 (s, 3H), 3.39 (g, J= 7.0 Hz, 1H),
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3.10-2.95 (m, 2H), 2.85-2.68 (m, 2H), 2.15-2.05 (m, 4H), 2.00-1.75 (m, 6H), 1.65-1.45 (m,
2H), 1.35 (d, J = 7.0 Hz, 3H); HRMS (EI) calcd for Cz2H30N204 386.2206, found
386.2188.

138
143
Ethyl 2-{4-cyano-4-[3-(cyclopentyloxy)-4-methoxyphenyl]piperidin-1-yl}butanate (143)

3
( > NJ:’(OVCH
NC
o (@]
H3C\O

: TLC R=0.55 (n-hexane/EtOAc, 2/1); IR (neat) 2975, 2234, 1740,

1261, 1027; *H NMR (300 MHz, CDCls) § 7.02-6.98 (m, 2H), 6.88-6.83 (m, 1H),
4.83-4.76 (m, 1H), 4.24 (q, J= 7.4 Hz, 2H), 3.84 (s, 3H), 3.16-3.10 (m, 1H), 3.04-2.95 (m,
2H), 2.95-2.84 (m, 1H), 2.79-2.69 (m, 1H), 2.13-2.01 (m, 4H), 2.00-1.54 (m, 10H), 1.26 (t,
J=7.4 Hz, 3H), 0.95 (t, J= 7.4 Hz, 3H).

4-Cyano-4-[3-(cyclopentyloxy)-4-methoxyphenyl]piperidin-1-yl}acetic acid (125a)

QD)OWOH

138 330 mg, 0.855 mmol EtOH 5.0 mL 2N
0.86 mL, 1.7 mmol 35 2N 0.86 mL,
1.71 mmol toluene
CHCI3/MeOH/H20, 10/2/0.1 125a 278 mg, 0.777 mmol, 91%

TLC R~0.22 (CHCIl3/MeOH/AcCOH, 10/1/0.2); mp 183-185 oC (MeOH-H20); IR (KBr)
3446, 2233, 1721, 1260, 1025; 1H NMR (300 MHz, CDCIs) 6 7.10-7.00 (m, 2H), 6.88 (d, J
= 9.0 Hz, 1H), 4.83 (m, 1H), 4.30-4.00 (br, 1H), 3.85 (s, 3H), 3.58-3.54 (m, 2H), 3.46 (s,
2H), 3.03-2.95 (m, 2H), 2.55-2.47 (m, 2H), 2.21-2.17 (m, 2H), 2.05-1.75 (m, 6H),
1.70-1.55 (m, 2H); 13C NMR (75 MHz, CDCls) & 169.00, 150.05, 147.92, 130.29, 121.10,
117.50, 112.56, 112.01, 80.71, 59.00, 56.10, 50.85 (2C), 41.36, 34.68 (2C), 32.85 (2C),
24.16 (2C); HRMS (EI) calcd for C20H26N204 358.1893, found 358.1901.
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125a 126a-130a
3-{4-Cyano-4-[3-(cyclopentyloxy)-4-methoxyphenyl]piperidin-1-yl}propanoic acid (126a)

50%: . TLC Re0.43 (CHCIs/MeOH, 9/1); mp 143-145 oC
(r-hexane-Et:0-EtOAc); IR (KBr) 3431, 2231, 1731, 1258, 1026; 1H NMR (300 MHz,
DMSO-0k) §7.03-6.95 (m, 3H), 4.87-4.80 (m, 1H), 3.74 (s, 3H), 3.31 (brs, 1H),
3.24-3.19 (m, 2H), 2.96-2.85 (m, 2H), 2.66-2.53 (M, 4H), 2.27-2.20 (m, 2H), 2.16-2.05 (m,
2H), 1.96-1.80 (m, 2H), 1.75-1.63 (m, 4H), 1.63-1.48 (m, 2H); 13C NMR (75 MHz,
DMSO-ak) § 172.55, 149.22, 146.92, 131.62, 121.81, 117.45, 112.33, 112.15, 79.54, 55.57,
52.43, 49.89 (2C), 40.63, 34.55 (2C), 32.16 (2C), 30.82, 23.55 (2C); HRMS (EI) calcd for
C21H28N204 372.2049, found 372.2038.

4-{4-Cyano-4-[3-(cyclopentyloxy)-4-methoxyphenyl]piperidin-1-yl}butanoic acid (127a)

OH
Y Y
(6] o
H3c\o
77%: . TLC Re0.55 (CHCIs/MeOH, 8/1); mp 163-166 °C

(r-hexane-EtOAC); IR (KBr) 3449, 2236, 1744, 1255, 1025, H NMR (300 MHz,
DMSO-ck) 5 7.03-6.94 (m, 3H), 4.87-4.81 (m, 1H), 3.74 (s, 3H), 3.31 (br, 1H), 3.01-2.96
(M, 2H), 2.44-2.38 (m, 2H), 2.33-2.21 (m, 4H), 2.13-2.08 (m, 2H), 2.00-1.94 (m, 2H),
1.92-1.83 (m, 2H), 1.76-1.63 (m, 6H), 1.62-1.54 (m, 2H); 13C NMR (75 MHz, DMSO-)
§174.08, 149.13, 146.85, 132.19, 122.15, 117.46, 112.42, 112.15, 79.53, 56.73, 55.55,
50.22 (2C), 41.20, 35.37 (2C), 32.15 (2C), 31.69, 23.54 (2C), 21.59; HRMS (EI) calcd for
C22H30N204 386.2206, found 386.2224.

(2R)-2-{4-Cyano-4-[3-(cyclopentyloxy)-4-methoxyphenyl]piperidin-1-yl}propanoic acid

(128a)
Q CHs
~__OH
S
(0] (0]
Hsc\o
54% in 2 steps: : TLC R~=0.20 (CHCIs/MeOH, 9/1); [a]3% +10.69 (c
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0.305, DMSO); mp 112-115 oC (MeOH-H20); IR (KBr) 3453, 2232, 1617, 1261, 1023; tH
NMR (300 MHz, CDCls) § 7.10-7.00 (m, 2H), 6.90-6.85 (m, 1H), 4.88-4.80 (m, 1H), 3.85
(s, 3H), 3.50 (brg, J = 7.0 Hz, 1H), 3.28-3.04 (m, 3H), 3.00-2.90 (m, 1H), 2.50-2.15 (m,
5H), 2.05-1.80 (m, 6H), 1.70-1.55 (m, 2H), 1.48 (brd, J= 7.0 Hz, 3H); HRMS (EI) calcd
for C21H28N204 372.2049, found 372.2035.

(25)-2-{4-Cyano-4-[3-(cyclopentyloxy)-4-methoxyphenyl]piperidin-1-yl}propanoic acid
(129a)

91% in 2 steps: : TLC R~0.20 (CHCIs/MeOH, 9/1); [a]3% -10.40 (c
0.245, DMSO); mp 112-115 °C (MeOH-H:0); IR (KBr) 3443, 2231, 1616, 1262, 1023; 1H
NMR (300 MHz, CDCl3s) 8 7.10-7.00 (m, 2H), 6.90-6.80 (m, 1H), 4.86-4.58 (m, 1H), 3.84
(s, 3H), 3.54-3.44 (m, 1H), 3.34- 3.20 (m, 2H), 3.14-3.02 (m, 1H), 3.00-2.86 (m, 1H),
2.50-1.75 (m, 11H), 1.75-1.55 (m, 2H), 1.45 (br.d, J = 7.0 Hz, 3H); 13C NMR (75 MHz,
DMSO-ak) 6 173.81, 149.11, 146.84, 132.37, 122.11, 117.49, 112.43, 112.20, 79.56, 61.91,
55.56, 47.76 (2C), 41.45, 35.89 (2C), 32.14 (2C), 23.51 (2C), 14.28; HRMS (EI) calcd for
C21H28N204 372.2049, found 372.2060.

2-{4-Cyano-4-[3-(cyclopentyloxy)-4-methoxyphenyl]piperidin-1-yl}butanoic acid (130a)

CHj
J:'(OH
; N
NC
(e} o
H3C\O

60% in 2 steps: : TLC R~0.52 (CHCI3/MeOH, 9/1); mp 183-184 °C
(EtOH-H20); IR (KBr) 3457, 2231, 1619, 1262, 1022; 'H NMR (300 MHz, DMSO-ak)
87.02-6.93 (m, 3H), 4.87-4.80 (m, 1H), 3.72 (s, 3H), 3.31 (br, 1H), 3.05 (t, J= 7.4 Hz,
1H), 2.97-2.86 (m, 2H), 2.81-2.70 (m, 1H), 2.64-2.54 (m, 1H), 2.13-2.04 (m, 2H),
1.99-1.80 (m, 4H), 1.75-1.63 (m, 6H), 1.63-1.51 (m, 2H), 0.87 (t, J = 7.4 Hz, 3H); 13C
NMR (75 MHz, DMSO-gk) 6172.47, 149.10, 146.82, 132.37, 122.13, 117.49, 112.44,
112.16, 79.55, 68.20, 55.55, 48.97 (2C), 41.51, 36.02 (2C), 32.16 (2C), 23.54 (2C), 21.79,
10.79; HRMS (ElI) calcd for C22H30N204 386.2206, found 386.2191.
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2-{4-Cyano-4-[3-(cyclopentyloxy)-4-methoxyphenyl]piperidin-1-yI}- AV-hydroxyacetamide

hydrochloride (125b)
H
O O
HsC HCl
O

125a 239 mg, 0.668 mmol EDC HCI 192 mg, 1.00 mmol HOBt 135

mg, 1.00 mmol DMF 4.0 mL (1-methoxy-1-methyethyl)oxyamine (351 mg, 3.34
mmol) EtOAc

n-hexane/EtOAc, 1/1 - 0/1 289 mg, 0.649 mmol,
97 %

TLC R=0.26 (EtOAc); 'H NMR (300 MHz, CDCls) § 8.94 (brs, 1H), 7.05-6.90 (m, 2H),
6.87 (d, J= 8.4 Hz, 1H), 4.81 (m, 1H), 3.86 (s, 3H), 3.36 (s, 3H), 3.23 (s, 2H), 3.10-3.00
(m, 2H), 2.80-2.65 (m, 2H), 2.20-2.00 (m, 2H), 2.10-1.75 (m, 8H), 1.70-1.55 (m, 2H), 1.46
(s, 6H).

280 mg, 0.629 mmol MeOH 3.0 mL 2N 0.35 mL,
0.69 mmol 1 toluene
Pr20 MeOH 125b 189 mg, 0.462 mmol, 73 %

TLC R~0.38 (CHCI3/MeOH, 10/1); mp 194 °C (/Pr20-MeOH); IR (KBr) 3295, 2251,
1692, 1264, 1044; *H NMR (300 MHz, pyridine-gs + CDCls) 8 7.09 (d, J = 2.4 Hz, 1H),
6.99 (dd, J= 8.4, 2.4 Hz, 1H), 6.88 (d, J= 8.4 Hz, 1H), 6.08 (brs, 3H), 4.75 (m, 1H), 3.72
(s, 3H), 3.30 (s, 2H), 3.02 (brd, J = 14.4 Hz, 2H), 2.75-2.60 (m, 2H), 2.20-1.95 (m, 4H),
2.00-1.65 (m, 6H), 1.60-1.40 (m, 2H); 13C NMR (75 MHz, DMSO-ak) & 160.58, 149.60,
147.14, 130.28, 121.03, 117.57, 112.33, 112.14, 79.76, 55.70, 54.12, 50.50, 49.91 (2C),
32.67 (2C), 32.25 (2C), 23.64 (2C); HRMS (EI) calcd for C20H27N304 373.2002, found
373.1996.

Anal. calcd for C20H27N304=HCI: C, 58.60; H, 6.89; N, 10.25. found: C, 58.48; H, 6.98; N,
10.29.

125b 126b-130b
3-{4-Cyano-4-[3-(cyclopentyloxy)-4-methoxyphenyl]piperidin-1-ylI}- \-
hydroxypropanamide hydrochloride (126b)
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35% in 2 steps: : TLC R~0.52 (CHCI3/MeOH, 9/1); mp 179-183 °C
(Et20-MeOH); IR (KBr) 3466, 2243, 1670, 1247, 1025; 1H NMR (300 MHz, pyridine-c +
CDCl3) § 7.23 (d, J= 2.2 Hz, 1H), 7.11 (dd, J= 8.5, 2.2 Hz, 1H), 6.88 (d, J= 8.5 Hz, 1H),
6.53 (brs, 3H), 4.86-4.79 (m, 1H), 3.72 (s, 3H), 3.37-3.28 (m, 2H), 3.28 (t, J= 7.2 Hz, 2H),
2.93-2.83 (m, 2H), 2.85 (t, J = 7.2 Hz, 2H), 2.59-2.48 (m, 2H), 2.15-2.10 (m, 2H),
1.92-1.84 (m, 4H), 1.80-1.65 (m, 2H), 1.54-1.41 (m, 2H); 13C NMR (75 MHz, DMSO-ak)
0 165.46, 149.58, 147.19, 130.50, 120.97, 117.41, 112.27, 112.21, 79.75, 55.70, 51.84,
51.26, 49.64 (2C), 32.77 (2C), 32.25 (2C), 27.00, 23.65 (2C); HRMS (FAB) calcd for
C21H30N304 388.2236, found 388.2246.

4-{4-Cyano-4-[3-(cyclopentyloxy)-4-methoxyphenyl]piperidin-1-yl}- A
hydroxybutanamide hydrochloride (127b)

H
( ) N,
NC N/\/\"/ OH
e} o
HCI
H3C\O
71% in 2 steps: : TLC R~0.63 (CHCIl3/MeOH, 9/1); mp 138-140 °C

(Et20-MeOH); IR (KBr) 3437, 2246, 1656, 1243, 1036; 1H NMR (300 MHz, pyridine-cs +
CDCl3) §7.29 (d, J= 2.6 Hz, 1H), 7.17 (dd, J= 8.7, 2.6 Hz, 1H), 6.87 (d, J= 8.7 Hz, 1H),
6.04 (brs, 3H), 4.89-4.83 (m, 1H), 3.72 (s, 3H), 3.32-3.28 (m, 2H), 2.90-2.63 (M, 6H), 2.46
(t, J= 6.9 Hz, 2H), 2.26-2.14 (m, 4H), 1.92-1.85 (m, 4H), 1.80-1.66 (m, 2H), 1.56-1.45 (m,
2H); HRMS (FAB) calcd for C22Hz2N3O4 402.2393, found 402.2393.

(2R)-2-{4-Cyano-4-[3-(cyclopentyloxy)-4-methoxyphenyl]piperidin-1-yl}- A\~
hydroxypropanamide hydrochloride (128b)

CHs

- N
N “OH
; ve [ NOY
(@] (o]
HCI
H3C\O

75% in 2 steps: : TLC R~0.45 (CHCIs/MeOH, 9/1); [a]3%> +8.8 (c
0.37, DMSO); mp 172-176 °C (/-Pr.0-MeOH); IR (KBr) 3371, 2232, 1665, 1259, 1067; 1H
NMR (300 MHz, pyridine-ds + CDCls) & 7.08-7.00 (m, 1H), 7.00-6.95 (m, 1H), 6.85 (d, J
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= 8.7 Hz, 1H), 5.95-5.50 (m, 3H), 4.80-4.72 (m, 1H), 3.73 (s, 3H), 3.38-3.25 (m, 1H),
3.08- 2.98 (m, 2H), 2.90-2.75 (m, 1H), 2.75-2.60 (m, 1H), 2.15-2.00 (m, 4H), 1.95-1.65 (m,
6H), 1.55-1.45 (m, 2H), 1.43 (brd, J = 6.6 Hz, 3H); HRMS (EI) calcd for C21H29N304
387.2158, found 387.2158.

(25)-2-{4-Cyano-4-[3-(cyclopentyloxy)-4-methoxyphenyl]piperidin-1-yI}- A+
hydroxypropanamide hydrochloride (129b)

CHs
N,
; NJ\,( OH
NC
o) o)
H3C\O HCI

44% in 2 steps: : TLC R~0.45 (CHCI3/MeOH, 9/1); [a]3% -8.7 (c 0.15,
DMSO); mp 172-176 °C (+Pr.0-MeOH); IR (KBr) 3370, 2232, 1685, 1259, 1016; 1H
NMR (300 MHz, pyridine-ags + CDCls) 6 7.11 (d, J= 2.1 Hz, 1H), 7.02 (dd, J= 2.1, 8.7
Hz, 1H), 6.88 (d, J= 8.7 Hz, 1H), 6.80-6.20 (m, 3H), 4.80-4.72 (m, 1H), 3.72 (s, 3H), 3.40
(brg, J= 6.9 Hz, 1H), 3.14-3.02 (m, 2H), 3.00-2.88 (m, 1H), 2.82-2.70 (m, 1H), 2.20-2.05
(m, 4H), 1.95-1.65 (m, 6H), 1.55-1.45 (m, 2H), 1.41 (d, J = 6.9 Hz, 3H); 13C NMR (75
MHz, DMSO-ak) 8 163.33, 149.49, 147.08, 130.11, 120.73, 117.31, 112.19, 112.01, 79.63,
59.80, 55.59, 48.42, 46.05 (2C), 32.55 (2C), 32.16 (2C), 23.54 (2C), 13.83; HRMS (EI)
calcd for C21H29N304 387.2158, found 387.2164.

2-{4-Cyano-4-[3-(cyclopentyloxy)-4-methoxyphenyl]piperidin-1-yI}- \-
hydroxybutanamide hydrochloride (130b)

HaC
H
N,
N OH
NC
(@) (0]
H3C\O HCI

56% in 2 steps: : TLC R~0.54 (CHCI3/MeOH, 9/1); mp 195-199 °C
(Et20-MeOH); IR (KBr) 3438, 2239, 1672, 1258, 1032; 1H NMR (300 MHz, pyridine-dk +
CDClg) 6 7.20 (d, J= 2.4 Hz, 1H), 7.10 (dd, J= 8.5, 2.4 Hz, 1H), 6.92 (d, J= 8.5 Hz, 1H),
6.35 (brs, 3H), 4.83-4.76 (m, 1H), 3.72 (s, 3H), 3.34-3.15 (m, 4H), 3.06-2.96 (m, 1H),
2.27-2.00 (m, 5H), 1.95-1.62 (m, 7H), 1.54-1.39 (m, 2H), 0.99 (t, J = 7.2 Hz, 3H); 13C
NMR (75 MHz, DMSO-ak) 6162.36, 149.50, 147.06, 130.25, 120.74, 117.31, 112.19,
112.03, 79.64, 65.51, 55.59, 48.86 (2C), 46.41, 32.95 (2C), 32.15(2C), 23.54 (2C), 20.43,
9.69; HRMS (EI) calcd for C22H31N304 401.2315, found 401.2318.
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Anal. calcd for C22H31N304=HCI: C, 60.33; H, 7.36; N, 9.59. found: C, 60.50; H, 7.46; N,
9.42.
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1-[3-(Cyclopentyloxy)-4-methoxyphenyl]cyclopent-3-ene-1-carbonitrile (144)

Y e
(@)
e

[3-(cyclopentyloxy)-4-methoxyphenyl]acetonitrile 9 4.00 g, 17.3

mmol THF 75mL 78 LiHMDS (1.0 M solution in THF, 40.4 mL,
40.4 mmol 1 cis-1,4-dichloro-2-butene 148 1.20
mL, 11.5 mmo 78 1.5
EtOAcC
n-hexane/EtOAc, 8/1 144 3.05 g, 10.8 mmol, 94 %

TLC R=0.39 (n-hexane/EtOAc, 2/1); IR (neat) 2924, 2233, 1264, 1016; *H NMR (300
MHz, CDCIs) § 7.00-6.95 (m, 2H), 6.82 (d, J = 8.7 Hz, 1H), 5.82 (s, 2H), 4.78 (m, 1H),
3.84 (s, 3H), 3.35-3.20 (m, 2H), 3.00-2.85 (m, 2H), 2.00-1.75 (m, 6H), 1.70-1.55 (m, 2H);
HRMS (EI) calcd for Ci1sH21NO2 283.1572, found 283.1587.

Benzyl 2-{4-cyano-4-[3-(cyclopentyloxy)-4-methoxyphenyl]piperidin-1-yl}-2-
methylpropanoate (146)

H3C\O
144 460 mg, 1.63 mmol CH2CIl2 10 mL 78 25
PPhs 513 mg, 1.96 mmo 78 30
1 145 1.27 g,
145
145 1.27¢ benzyl 2-amino-2-methylpropanoate 149a 374 mg, 1.63
mmol  dichloroethane 10 mL NaBH(OAc): 1.03 g, 4.88 mmol AcOH
0.56 mL, 9.8 mmol 3 EtOAcC
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n-hexane/EtOAc,
4/1 146 196 mg, 0.412 mmol, 25% in 2 steps

TLC R=0.62 (rrhexane/EtOAc, 2/1); IR (neat) 2958, 2232, 1726, 1256, 1029; 1H NMR
(300 MHz, CDCls) § 7.45-7.30 (m, 5H), 7.05-6.95 (m, 2H), 6.85 (d, J= 9.0 Hz, 1H), 5.19
(s, 2H), 4.80 (m, 1H), 3.84 (s, 3H), 3.05-2.95 (m, 2H), 2.80-2.60 (m, 2H), 2.10-2.00 (m,
4H), 2.05-1.80 (m, 6H), 1.80-1.50 (m, 2H), 1.38 (s, 6H); HRMS (EI) calcd for CasHasN204
476.2675, found 476.2684.

146 147
Benzyl 1-{4-cyano-4-[3-(cyclopentyloxy)-4-methoxyphenyl]piperidin-1-yl}-
cyclopropanecarboxylate (147)

20% in 2 steps: : TLC R~0.50 (r-hexane/EtOAc, 2/1); IR (neat) 2955,
2232, 1721, 1257, 1029; H NMR (300 MHz, CDCls) & 7.50-7.30 (m, 5H), 7.00 (d, J= 2.1
HZz, 1H), 6.98 (dd, J= 9.0, 2.1 Hz, 1H), 6.84 (d, J= 9.0 Hz, 1H), 5.19 (s, 2H), 4.80 (m,
1H), 3.84 (s, 3H), 3.65-3.50 (M, 2H), 3.00-2.90 (m, 2H), 2.10-2.00 (m, 2H), 2.00-1.75 (m,
8H), 1.70-1.55 (m, 2H), 1.40-1.35 (m, 2H), 1.00-0.95 (m, 2H).

2-{4-Cyano-4-[3-(cyclopentyloxy)-4-methoxyphenyl]piperidin-1-yl}-2-methylpropanoic

acid (131a)
H3C CHs
S S
N
NC
O (6]
HsCyy
146 180 mg, 0.378 mmol MeOH 4.0 mL THF 4.0mL
10% 20 mg 15
CHCI3/MeOH/H:0, 10/2/0.1 131a 140 mg, 0.363 mmol, 96 %

TLC R=0.34 (CHCIs/MeOH, 10/1); mp 215-216 °C (MeOH-H0); IR (KBr) 3571, 2238,
1626, 1257, 1063; 1H NMR (300 MHz, DMSO-ak) § 7.05-6.90 (m, 3H), 4.84 (m, 1H), 3.74
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(s, 3H), 3.80-3.00 (br, 1H), 3.15-3.00 (m, 2H), 2.65-2.50 (m, 2H), 2.20-2.05 (m, 2H),
2.10-1.95 (m, 2H), 2.00-1.80 (m, 2H), 1.80-1.60 (m, 4H), 1.65-1.55 (m, 2H), 1.25 (s, 6H);
13C NMR (75 MHz, DMSO-ck) & 174.73, 149.15, 146.83, 132.18, 122.08, 117.55, 112.42,
112.22, 79.58, 62.59, 55.55, 44.16 (2C), 41.47, 36.01 (2C), 32.15 (2C), 23.51 (2C), 22.42
(2C); HRMS (FAB) calcd for C22H31N204 387.2284, found 387.2289.

13l1a 132a
1-{4-Cyano-4-[3-(cyclopentyloxy)-4-methoxyphenyl]piperidin-1-yl}cyclopropane-

Q Y _on
N
NC
o) o}
HaCryy

93%: : TLC Re=0.45 (CHCIls/MeOH, 10/1); mp 185-187 oC
(MeOH-H20); IR (KBr) 3440, 2236, 1725, 1259, 1027; *H NMR (300 MHz, DMSO-)
§12.29 (brs, 1H), 7.05-6.90 (m, 3H), 4.82 (m, 1H), 3.73 (s, 3H), 3.45-3.30 (m, 2H),
2.95-2.85 (m, 2H), 2.10-1.95 (m, 2H), 2.00-1.60 (m, 8H), 1.65-1.50 (m, 2H), 1.25-1.10 (m,
2H), 0.95-0.80 (M, 2H); 13C NMR (75 MHz, DMSO-ak) & 174.67, 149.05, 146.78, 132.68,
122.17, 117.47, 112.49, 112.18, 79.56, 55.54, 46.31 (2C), 45.02, 41.44, 36.51 (2C), 32.15
(2C), 23.51 (2C), 18.27 (2C); HRMS (EI) calcd for C22H2sN204 384.2046, found 384.2032.

carboxylic acid (132a)

9 125b
131b-132b
2-{4-Cyano-4-[3-(cyclopentyloxy)-4-methoxyphenyl]piperidin-1-yl}- V-hydroxy-2-
methylpropanamide hydrochloride (131b)

H3C CHzH
NS
N><'( OH
NC

o o

62% in 2 steps: : TLC R~=0.38 (CHCIs/MeOH, 10/1); mp 201-205 °C
(Pr0-MeOH); IR (KBr) 3423, 2237, 1677, 1248, 1028; 1H NMR (300 MHz, pyridine-d
+ CDCl3) 6 7.14 (d, J= 2.1 Hz, 1H), 6.99 (dd, J= 8.4, 2.1 Hz, 1H), 6.91 (d, J= 8.4 Hz,
1H), 5.95 (brs, 3H), 4.72 (m, 1H), 3.73 (s, 3H), 3.10-3.00 (m, 2H), 2.80-2.65 (m, 2H),
2.20-2.00 (m, 4H), 2.00-1.70 (m, 6H), 1.60-1.40 (m, 2H), 1.39 (s, 6H); HRMS (El) calcd
for C22H31N304 401.2315, found 401.2331.

Anal. calcd for C22H31N3O4*HCIleH20: C, 57.95; H, 7.52; N, 9.22. found: C, 58.32; H,
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7.27; N, 9.24.

1-{4-Cyano-4-[3-(cyclopentyloxy)-4-methoxyphenyl]piperidin-1-yl}- \-
hydroxycyclopropanecarboxamide hydrochloride (132b)

H
( ) Y N
N OH
NC
o) o)
o)

84% in 2 steps: : TLC R~0.45 (CHCIs/MeOH, 10/1); mp 159-163 °C
(FPr0-MeOH); IR (KBr) 3437, 2240, 1662, 1257, 1027; 1H NMR (300 MHz, pyridine-d
+ CDCls) §7.12 (d, J = 2.4 Hz, 1H), 6.99 (dd, J = 8.4, 2.4 Hz, 1H), 6.87 (d, J = 8.4 Hz,
1H), 6.90-6.00 (br, 3H), 4.75 (m, 1H), 3.73 (s, 3H), 3.00-2.90 (m, 2H), 2.90-2.70 (m, 2H),
2.20-2.00 (m, 4H), 2.00-1.60 (m, 6H), 1.60-1.40 (m, 2H), 1.35-1.25 (m, 2H), 1.10-1.00 (m,
2H); 13C NMR (75 MHz, DMSO-a6) 6 163.42, 149.35, 147.09, 130.76, 120.97, 117.33,
112.10 (2C), 79.59, 55.59, 48.61 (2C), 46.65 (2C), 33.15 (2C), 32.18 (2C), 23.56 (2C),
12.02 (2C); HRMS (El) calcd for C22H29N304 399.2158, found 399.2156.

Anal. calcd for C22H29N304eHCleH20: C, 58.21; H, 7.11; N, 9.26. found: C, 58.48; H,
7.24; N, 9.08.

167



9 137
157a-e
4-[3,4-Dimethoxyphenyl]piperidine-4-carbonitrile hydrochloride (157a)

CH NH
6 3 NG HCI

Hac\o

34% in 2 steps: : TLC R~0.23 (CHCI3/MeOH/AcOH, 10/1/0.2); IR (KBr)
3449, 2230, 1733, 1265, 1026; tH NMR (300 MHz, CDCls) § 10.00 (brs, 2H), 7.08 (dd, J
=8.4, 2.4 Hz, 1H), 7.05 (d, J= 2.4 Hz, 1H), 6.89 (d, J= 8.4 Hz, 1H), 3.93 (s, 3H), 3.90 (s,
3H), 3.75-3.65 (m, 2H), 3.50-3.30 (m, 2H), 2.80-2.65 (m, 2H), 2.35-2.20 (m, 2H); HRMS
(El) calcd for C14H18N202 246.1368, found 246.1369.

4-[3-Ethoxy-4-methoxyphenyl]piperidine-4-carbonitrile hydrochloride (157b)

HaC

ﬁ NH HCI
NC
o

H3C\o

45% in 2 steps: : TLC R~=0.30 (CHCIs/MeOH, 9/1); IR (KBr) 3437, 2946,
2221, 1262, 1041; 1H NMR (300 MHz, CDCls) § 10.05-9.95 (m, 2H), 7.08-7.04 (m, 2H),
6.90 (d, J = 8.4 Hz, 1H), 4.15 (g, J = 6.9 Hz, 2H), 3.88 (s, 3H), 3.75-3.65 (m, 2H),
3.45-3.35 (m, 2H), 2.75-2.67 (m, 2H), 2.29-2.25 (m, 2H), 1.48 (t, J= 6.9 Hz, 3H); HRMS
(El) calcd for C1sH20N202 260.1525, found 260.1534.

4-[3-Cyclopropylmethoxy-4-methoxyphenyl]piperidine-4-carbonitrile hydrochloride

(157¢)
HCI
\| NH
NC
(e}

61% in 2 steps: : TLC R~=0.42 (CHCI3/MeOH/AcOH, 10/1/0.2); IR (KBr)
3435, 2933, 2231, 1259, 1045; 'H NMR (300 MHz, CDCIs) $10.50-9.00 (br, 2H),
7.10-7.00 (m, 2H), 6.90 (d, J = 8.7 Hz, 1H), 3.90 (d, J = 6.3 Hz, 2H), 3.89 (s, 3H),
3.75-3.65 (m, 2H), 3.45-3.30 (m, 2H), 2.75-2.60 (m, 2H), 2.35-2.20 (m, 2H), 1.34 (m, 1H),
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0.75-0.55 (m, 2H), 0.45-0.30 (m, 2H); HRMS (EI) calcd for Ci17H22N20> 286.1681, found
286.1693.

4-[3-1sopropyloxy-4-methoxyphenyl]piperidine-4-carbonitrile hydrochloride (157d)

H3CYCH3NC w e
(e}
HaCuy,
29% in 2 steps: . TLC R=0.42 (CHCIs/MeOH/ACOH, 10/1/0.2); IR (KBr)

3443, 2982, 2229, 1257, 1045; 'H NMR (300 MHz, CDCls) §10.40-9.60 (br, 2H),
7.10-7.00 (m, 2H), 6.90 (d, J = 9.0 Hz, 1H), 4.58 (septet, J = 6.0 Hz, 1H), 3.86 (s, 3H),
3.80-3.60 (m, 2H), 3.45-3.35 (m, 2H), 2.80-2.60 (m, 2H), 2.35-2.20 (m, 2H), 1.38 (d, J =
6.0 Hz, 6H); HRMS (EI) calcd for C16H22N202 274.1681, found 274.1675.

4-[3-Cyclobutyloxy-4-methoxyphenyl]piperidine-4-carbonitrile hydrochloride (157¢)

<> Hel
NH
NC

60% in 2 steps: : TLC R~0.31 (CHCIs/MeOH, 9/1); IR (KBr) 3456, 2939,
2234, 1246, 1082; *H NMR (300 MHz, CDCls) 4 10.20-9.80 (m, 2H), 7.10-7.00 (m, 1H),
6.90-6.85 (m, 2H), 4.70 (quintet, J = 7.2 Hz, 1H), 3.88 (s, 3H), 3.75-3.65 (m, 2H),
3.45-3.30 (m, 2H), 2.78-2.60 (m, 2H), 2.60-2.50 (m, 2H), 2.35-2.15 (m, 4H), 1.95-1.60 (m,
2H); HRMS (EI) calcd for C17H22N202 286.1681, found 286.1685.

9 138 158a-e

Ethyl [4-cyano-4-(3,4-dimethoxyphenyl)piperidin-1-yl]acetate (158a)

O CH
~N 3
s ne N/\ﬂ/
O (e}
H3C\o

97%: : TLC R~0.33 (/-hexane/EtOAc, 2/1); IR (KBr) 2933, 2233, 1744,
1259, 1027; *H NMR (300 MHz, CDCls) & 7.06 (dd, J= 8.4, 2.4 Hz, 1H), 6.99 (d, J= 2.4
Hz, 1H), 6.87 (d, J= 8.4 Hz, 1H), 4.22 (q, J= 7.4 Hz, 2H), 3.90 (s, 3H), 3.89 (s, 3H), 3.31
(s, 2H), 3.15-3.00 (m, 2H), 2.75-2.60 (m, 2H), 2.30-2.15 (m, 2H), 2.15-2.00 (m, 2H), 1.30
(t, J= 7.4 Hz, 3H); HRMS (EI) calcd for C1sH24N204 332.1736, found 332.1738.
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Ethyl [4-cyano-4-(3-ethoxy-4-methoxyphenyl)piperidin-1-yl]acetate (158b)

HsC O CH
N e VY T
O (6]
HiCq
100%: : TLC R=0.50 (EtOAC): IR (neat) 2979, 2233, 1745, 1258,
1029; 1H NMR (300 MHz, CDCls) § 7.30-6.95 (m, 2H), 6.87 (d, J= 8.4 Hz, 1H), 4.22 (q, J
= 7.2 Hz, 2H), 4.10 (q, J = 7.2 Hz, 2H), 3.88 (s, 3H), 3.31 (s, 2H), 3.13-3.05 (m, 2H),

2.73-2.60 (M, 2H), 2.26-2.15 (m, 2H), 2.12-2.05 (m, 2H), 1.47 (t, J= 7.2 Hz, 3H), 1.30 (t,
J= 7.2 Hz, 3H); HRMS (EI) calcd for C1sH26N204 346.1893, found 346.1879.

Ethyl {4-cyano-4-[3-(cyclopropylmethoxy)-4-methoxyphenyl]piperidin-1-yl}acetate

(158¢c)
A\ 0} CH
NC N/\"/ ek
(e} O
H3C\O
93%: : TLC R=0.36 (n-hexane/EtOAc, 2/1); IR (neat) 2933, 2233,

1745, 1257, 1024; 1H NMR (300 MHz, CDCls) § 7.05 (dd, J= 8.7, 2.7 Hz, 1H), 6.99 (d, J
= 2.7 Hz, 1H), 6.87 (d, J= 8.7 Hz, 1H), 4.22 (q, J = 7.2 Hz, 2H), 3.88 (s, 3H), 3.86 (d, J=
6.9 Hz, 2H), 3.30 (s, 2H), 3.15-3.00 (m, 2H), 2.75-2.60 (m, 2H), 2.25-2.10 (m, 2H),
2.15-2.00 (m, 2H), 1.30 (t, J = 7.2 Hz, 3H), 1.40-1.20 (m, 1H), 0.70-0.60 (m, 2H),
0.40-0.30 (M, 2H); HRMS (EI) calcd for C21H2sN204 372.2049, found 372.2035.

Ethyl [4-cyano-4-(3-isopropoxy-4-methoxyphenyl)piperidin-1-yl]acetate (158d)
H3C CH3 o CHs
1SS 0

H3C\o

93%: . TLC R~0.34 (n-hexane/EtOAc, 2/1); IR (neat) 2977, 2233,
1745, 1258, 1029; 1H NMR (300 MHz, CDCls) & 7.10-7.00 (m, 2H), 6.87 (d, J = 8.4 Hz,
1H), 4.54 (septet, J= 6.0 Hz, 1H), 4.22 (q, J= 7.2 Hz, 2H), 3.85 (s, 3H), 3.30 (s, 2H),
3.20-3.00 (m, 2H), 2.75-2.60 (m, 2H), 2.25-2.10 (m, 2H), 2.15-2.00 (m, 2H), 1.37 (d, J=
6.0 Hz, 6H), 1.30 (t, J= 7.2 Hz, 3H); HRMS (EI) calcd for C20H28N204 360.2049, found
360.2044.

Ethyl {4-cyano-4-[3-(cyclobutyloxy)-4-methoxyphenyl]piperidin-1-yl}acetate (158e)
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O _CH,
N v
;Nc ¢
(e} (e}
H5;C
3\0

99%: : TLC R=0.95 (CHCIs/MeOH, 9/1); IR (neat) 2938, 2233, 1746,
1259, 1029; 1H NMR (300 MHz, CDCIs) & 7.02-7.00 (m, 1H), 6.90-6.80 (m, 2H), 4.67
(quintet, J=7.2 Hz, 1H), 4.22 (q, J= 7.2 Hz, 2H), 3.87 (s, 3H), 3.31 (s, 2H), 3.12-3.05 (m,
2H), 2.73-2.60 (m, 2H), 2.55-2.43 (m, 2H), 2.33-2.00 (m, 6H), 1.93-1.78 (m, 1H),
1.76-1.60 (m, 1H), 1.30 (t, J= 7.2 Hz, 3H); HRMS (EI) calcd for C21H2sN204 372.2049,
found 372.2026.

9 125a
150a-154a
[4-Cyano-4-(3,4-dimethoxyphenyl)piperidin-1-yl]acetic acid (150a)

OH
s e N/\ﬂ/
o) 0
HiC<
94%: : TLC R~0.38 (CHCIl3/MeOH/AcOH, 10/2/1); mp 230-236 °C

(MeOH-H20); IR (KBr) 3494, 2241, 1614, 1265, 1025; 1H NMR (300 MHz, DMSO-)
§7.10-7.00 (m, 2H), 6.97 (d, J= 9.3 Hz, 1H), 3.78 (s, 3H), 3.75 (s, 3H), 4.00-3.00 (br, 1H),
3.23 (s, 2H), 3.05-2.95 (m, 2H), 2.65-2.50 (m, 2H), 2.20-1.95 (m, 4H); 13C NMR (75 MHz,
DMSO-ck) & 170.87, 148.71, 148.29, 132.33, 122.04, 117.49, 111.72, 109.33, 58.33, 55.509,
55.51, 49.65 (2C), 40.90, 35.42 (2C); HRMS (EI) calcd for CisH20N204 304.1423, found
304.1439.

{4-Cyano-4-[3-ethoxy-4-methoxyphenyl]piperidin-1-yl}acetic acid (151a)

HaC

OH
LT
o) o)
HaCy

. TLC R=0.30 (CHCls/MeOH, 9/1); mp 189-194 °C
(MeOH-Hz0); IR (KBr) 3436, 2242, 1637, 1264, 1025; H NMR (300 MHz, CDCls)
§7.10-7.05 (m, 2H), 6.95-6.85 (m, 1H), 4.15 (q, J = 6.9 Hz, 2H), 3.88 (s, 3H), 3.50-3.40
(m, 4H), 3.10-2.95 (m, 2H), 2.60-2.40 (m, 3H), 2.25-2.15 (m, 2H), 1.49 (t, J= 6.9 Hz, 3H);
13C NMR (75 MHz, CDCls) §168.71, 149.45, 148.67, 130.25, 120.99, 117.68, 111.67,
110.53, 64.74, 58.96, 56.06, 50.95 (2C), 41.35, 34.62 (2C), 14.89; HRMS (EI) calcd for
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C17H22N204 318.1580, found 318.1574.

{4-Cyano-4-[3-(cyclopropylmethoxy)-4-methoxyphenyl]piperidin-1-yl}acetic acid (152a)

OH
N
T e[ VY
(@] (@]
HSC\O

74%: : TLC R~0.59 (CHCIls/MeOH/AcOH, 10/2/1); mp 95-97 °C
(MeOH-H20); IR (KBr) 3436, 2237, 1637, 1249, 1026; 'H NMR (300 MHz, DMSO-ak)
8 7.05-6.95 (m, 3H), 3.83 (d, J= 6.9 Hz, 2H), 3.76 (s, 3H), 3.60-2.90 (br, 1H), 3.27 (s, 2H),
3.05-2.95 (m, 2H), 2.70-2.50 (m, 2H), 2.20-1.95 (m, 4H), 1.20 (m, 1H), 0.65-0.55 (m, 2H),
0.40-0.25 (m, 2H); 13C NMR (75 MHz, DMSO-agk) 170.85, 148.47, 148.00, 132.24,
122.03, 117.49, 111.82, 110.64, 72.84, 58.31, 55.48, 49.65 (2C), 40.86, 35.40 (2C), 10.23,
3.18 (2C); HRMS (EI) calcd for Ci9H24N204 344.1736, found 344.1721.

Anal. calcd for C190H24N2042H20: C, 62.97; H, 7.23; N, 7.73. found: C, 62.67; H, 7.34; N,
7.84.

[4-Cyano-4-(3-isopropoxy-4-methoxyphenyl)piperidin-1-yl]acetic acid (153a)

HSCWO/:(ESE)C)O/\JOH
H3C\O

: TLC R=0.10 (EtOAc); mp 176-177 °C (MeOH-H:0); IR
(KBr) 3650, 2980, 2232, 1638, 1263; 'H NMR (300 MHz, CDClzs) § 7.15-7.00 (m, 2H),
6.95-6.85 (m, 1H), 4.59 (septet, J= 6.0 Hz, 1H), 3.86 (s, 3H), 3.60-3.50 (m, 2H), 3.46 (s,
2H), 3.05-2.93 (m, 2H), 2.85-2.60 (m, 1H), 2.60-2.40 (m, 2H), 2.24-2.12 (m, 2H), 1.37 (d,
J = 6.0 Hz, 6H); 33C NMR (75 MHz, CDCls) 5 168.91, 150.56, 147.56, 130.38, 121.07,

118.14, 113.78, 112.17, 71.95, 59.04, 56.06, 50.90 (2C), 41.28, 34.77 (2C), 22.18 (2C);
HRMS (El) calcd for CisH24N204 332.1736, found 332.1721.

{4-Cyano-4-[3-(cyclobutyloxy)-4-methoxyphenyl]piperidin-1-yl}acetic acid (154a)

OH
N
NC N
(e} (o]
H3C\o

60%: : TLC R=0.10 (EtOAc); mp 177-179 °C (MeOH-H:0); IR
(KBr) 3449, 2242, 1637, 1265, 1078; 1H NMR (300 MHz, CDCls) § 7.10-7.00 (m, 1H),
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6.95-6.85 (m, 2H), 4.71 (quintet, J= 7.5 Hz, 1H), 3.87 (s, 3H), 3.70-3.40 (m, 2H), 3.49 (s,
2H), 3.10-2.95 (m, 2H), 2.70-2.00 (m, 9H), 2.00-1.80 (m, 1H), 1.80-1.60(m, 1H); HRMS
(El) calcd for C1sH24N204 344.1736, found 344.1748.

9 125b
150b-154b
2-[4-Cyano-4-(3,4-dimethoxyphenyl)piperidin-1-yl]- AV-hydroxyacetamide hydrochloride
(150b)

H
N
gH3 e N/\Ic])/ OH

HaC. HCl
o]

42% in 2 steps: : TLC R~0.21 (CHCIs/MeOH, 10/1); mp 217-221 °C
(FPr0-MeOH); IR (KBr) 3431, 2244, 1701, 1263, 1023; 1H NMR (300 MHz, pyridine-d
+ CDCl3) 8 7.05-6.95 (m, 2H), 6.85 (d, J= 9.0 Hz, 1H), 6.80-6.00 (br, 3H), 3.75 (s, 6H),
3.28 (s, 2H), 3.05-2.95 (m, 2H), 2.70-2.55 (m, 2H), 2.20-1.90 (m, 4H); 33C NMR (75 MHz,
DMSO-a6) 5 160.35, 148.88, 148.71, 130.45, 120.94, 117.42, 111.82, 109.31, 55.68, 55.58,
53.80, 50.21, 49.52 (2C), 32.24 (2C); HRMS (FAB) calcd for C16H22N304 320.1610, found
320.1627.

2-[4-Cyano-4-(3-ethoxy-4-methoxyphenyl)piperidin-1-yl]- A-hydroxyacetamide
hydrochloride (151b)
H
HsC N
N e N/\IO]/ OH

O

H3Co HCI
O

64% in 2 steps: : TLC R~0.15 (EtOAc); mp 190-194 °C
(FPr20-MeOH); IR (KBr) 3421, 2242, 1698, 1262, 1034; *H NMR (300 MHz, pyridine-as
+ CDCl3) 8 8.30-7.00 (m, 5H), 6.93-6.87 (m, 1H), 3.95 (q, J = 6.9 Hz, 2H), 3.74 (s, 3H),
3.34 (s, 2H), 3.10-3.00 (m, 2H), 2.75-2.60 (m, 2H), 2.15-1.95 (m, 4H), 1.33 (t, J= 6.9 Hz,
3H); 13C NMR (75 MHz, DMSO-a6) 6 160.35, 148.92, 148.06, 130.52, 120.96, 117.44,
111.98, 110.40, 63.96, 55.58, 53.95, 50.33, 49.85 (2C), 32.57 (2C), 14.72; HRMS (El)
calcd for C17H23N304 333.1689, found 333.1689.

2-{4-Cyano-4-[3-(cyclopropylmethoxy)-4-methoxyphenyl]piperidin-1-yl}- A~
hydroxyacetamide hydrochloride (152b)
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H
N
N ~OH
1w VYO
(¢) (0]
H3C HCI
(@)

52% in 2 steps: : TLC R~0.31 (CHCIs/MeOH, 10/1); mp 156-164 °C
(FPr0-MeOH); IR (KBr) 3126, 2239, 1699, 1254, 1014; 1H NMR (300 MHz, pyridine-d
+ CDClIs) 8 8.80-7.50 (br, 3H), 7.08 (d, J = 2.4 Hz, 1H), 7.02 (dd, J = 8.4, 2.4 Hz, 1H),
6.87 (d, J= 8.4 Hz, 1H), 3.83 (d, J= 6.9 Hz, 2H), 3.73 (s, 3H), 3.30 (s, 2H), 3.10-2.90 (m,
2H), 2.70-2.55 (m, 2H), 2.15-1.95 (m, 4H), 1.26 (m, 1H), 0.55-0.45 (m, 2H), 0.35-0.25 (m,
2H) ; HRMS (EI) calcd for C19H25N30O4 359.1845, found 359.1827.

Anal. calcd for C19H25N3042HCI: C, 57.65; H, 6.62; N, 10.61. found: C, 57.67; H, 6.69; N,
10.56.

2-[4-Cyano-4-(3-isopropoxy-4-methoxyphenyl)piperidin-1-yl]- A-hydroxyacetamide
hydrochloride (153b)

H
HsC _CH N
3 1/ 3NC N/\Ic])/ OH

HiCy HCl

25% in 2 steps: : TLC RF0.22 (EtOAc); mp 134-137 °C
(~Pr20-MeOH); IR (KBr) 3431, 2232, 1686, 1264, 1026; 1H NMR (300 MHz, pyridine-ds
+ CDCls) 6 7.10 (d, J = 2.1 Hz, 1H), 7.02 (dd, J = 6.0, 2.1 Hz, 1H), 6.88 (d, J = 6.0 Hz,
1H), 6.25-5.50 (m, 3H), 4.51 (septet, J= 6.0 Hz, 1H), 3.73 (s, 3H), 3.28 (s, 2H), 3.05-2.95
(m, 2H), 2.75-2.55 (m, 2H), 2.15-1.95 (m, 4H), 1.28 (d, J = 6.0 Hz, 6H); 13C NMR (75
MHz, DMSO-ak) § 160.42, 149.86, 146.76, 130.30, 120.98, 117.86, 113.08, 112.36, 70.60,
55.59, 53.77, 50.15, 49.64 (2C), 32.21 (2C), 21.87 (2C); HRMS (EI) calcd for C1sH2sN304
347.1845, found 347.1838.

Anal. calcd for CisH25N304=HCIl=H20: C, 53.80; H, 7.02; N, 10.46. found: C, 53.61; H,
6.90; N, 10.42.

2-{4-Cyano-4-[3-(cyclobutyloxy)-4-methoxyphenyl]piperidin-1-yl}-N-hydroxyacetamide

hydrochloride (154b)
H
N,
NC N/\"/ OH
(©) (0]
HsCyy HCl

58% in 2 steps: : TLC R~0.20 (EtOAc); mp 196-199 °C
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(FPr20-MeOH); IR (KBr) 3393, 2242, 1697, 1261, 1024; *H NMR (300 MHz, pyridine-ads
+ CDCl3s) 6 7.05-7.00 (m, 2H), 6.95-6.88 (m, 1H), 6.80-6.20 (m, 3H), 4.65 (quintet, J=6.9
Hz, 1H), 3.75 (s, 3H), 3.36 (s, 2H), 3.10-3.00 (m, 2H), 2.75-2.65 (m, 2H), 2.40-2.30 (m,
2H), 2.20-1.90 (m, 6H), 1.75-1.40 (m, 2H); 13C NMR (75 MHz, DMSO-ak) & 160.30,
148.74, 146.48, 130.36, 120.80, 117.38, 112.00, 110.53, 71.16, 55.52, 53.78, 50.25, 49.69
(2C), 32.63 (2C), 30.08 (2C), 12.70; HRMS (EI) calcd for C1oH25N304 359.1845, found
359.1850.

Anal. calcd for C19H25N304=HCI: C, 57.65; H, 6.62; N, 10.61. found: C, 57.28; H, 6.69; N,
10.39.
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10 144 160
1-[3-Benzyloxy-4-methoxyphenyl]cyclopent-3-ene-1-carbonitrile (160)

93%: : TLC R=0.70 (n-hexane/EtOAc, 2/1); IR (KBr) 2924, 2232, 1656,

1266, 1028; H NMR (300 MHz, CDCls) 6 7.45-7.20 (m, 5H), 7.02 (dd, J = 8.4, 2.1 Hz,
1H), 6.94 (d, J= 2.1 Hz, 1H), 6.85 (d, J= 8.4 Hz, 1H), 5.76 (s, 2H), 5.15 (s, 2H), 3.88 (s,
3H), 3.15-3.30 (m, 2H), 2.90-2.75 (m, 2H); HRMS (FAB) calcd for C20H20NO2 306.1494,
found 306.1475.

Ethyl {4-[3-(benzyloxy)-4-methoxyphenyl]-4-cyanopiperidin-1-yl}acetate (162)

( l O. _CHj
N ~
Ne /\n/
o (6]
HSC\O

160 834 mg, 2.76mmol CH2Cl2 2 mL 78 40
Me2S 0.20 mL, 2.7 mmo 78 30
20 161 1.26 g,
161
161 1.26¢ NH2CH2CO2Et HCI 762 mg, 5.46 mmol DMF 10
mL NaBH(OAc)s 2.30 g, 10.9 mmol AcOH 10 mL
22 EtOAc
n-hexane/EtOAc, 1/1 162 766 mg, 1.88

mmol, 68% in 2 steps

TLC R~0.31 (r-hexane/EtOAc, 2/1); IR (neat) 2934, 2233, 1743, 1259, 1024; *H NMR
(300 MHz, CDCls) & 7.50-7.40 (m, 2H), 7.45-7.25 (m, 3H), 7.10-7.00 (m, 2H), 6.89 (d, J=
8.7 Hz, 1H), 5.15 (s, 2H), 4.22 (q, J= 7.2 Hz, 2H), 3.88 (s, 3H), 3.30 (s, 2H), 3.15-3.00 (m,
2H), 2.70-2.55 (m, 2H), 2.20-2.05 (m, 2H), 2.15-1.95 (m, 2H), 1.30 (t, J = 7.2 Hz, 3H);
HRMS (EI) calcd for C24H2sN204 408.2049, found 408.2061.
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Ethyl [4-cyano-4-(3-hydroxy-4-methoxyphenyl)piperidin-1-yl]acetate (163)

O _CHjs
N v
ve [ N
HO o)
H3C\o

162 892 mg, 2.18 mmol EtOH 12 mL 10 100

mg 2.5
163 642 mg, 2.02 mmol, 92%

TLC R~0.43 (n-hexane/EtOAc, 1/2); IR (KBr) 3316, 2228, 1734, 1280, 1020; tH NMR
(300 MHz, CDCls) 8 7.06 (d, J= 2.4 Hz, 1H), 7.00 (dd, J= 8.1, 2.4 Hz, 1H), 6.85 (d, J =
8.1 Hz, 1H), 5.66 (brs, 1H), 4.22 (q, J= 7.2 Hz, 2H), 3.90 (s, 3H), 3.30 (s, 2H), 3.11-3.03
(m, 2H), 2.72-2.62 (m, 2H), 2.20-2.04 (m, 4H), 1.30 (t, J= 7.2 Hz, 3H); HRMS (El) calcd
for C17H22N204 318.1580, found 318.1565.

Ethyl {4-cyano-4-[3-(2,3-dihydro-1AH-inden-2-yloxy)-4-methoxyphenyl]piperidin-1-yl}-
acetate (164)

O.__CHs
N N
e VT

O
H3C\O
163 642 mg, 2.02 mmol THF 10 mL 2-indanol 406 mg, 3.03 mmol
PPhs 794 mg, 3.03 mmol DEAD 0.60 mL, 3.0 mmol 15
n-hexane/EtOAc, 2/1 164 671 mg, 1.54 mmol, 77 %

TLC R=0.62 (n-hexane/EtOAc, 1/2); IR (neat) 2952, 2236, 1742, 1268, 1041; *H NMR
(300 MHz, CDClz3) 6 7.26-7.16 (m, 4H), 7.09-7.05 (m, 2H), 6.90-6.86 (m, 1H), 5.20 (m,
1H), 4.22 (q, J= 7.2 Hz, 2H), 3.82 (s, 3H), 3.44-3.35 (m, 2H), 3.31 (s, 2H), 3.27-3.19 (m,
2H), 3.14-3.05 (m, 2H), 2.73-2.63 (m, 2H), 2.26-2.16 (m, 2H), 2.15-2.06 (m, 2H), 1.30 (t,
J=7.2 Hz, 3H).

9 125a 155
{4-Cyano-4-[3-(2,3-dihydro-1 H-inden-2-yloxy)-4-methoxyphenyl]piperidin-1-yl}acetic

acid (155)
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76%: : TLC R~0.68 (CHCIs/MeOH/AcOH, 30/2/1); mp 181-182 °C
(EtOH-H20); IR (KBr) 3653, 2234, 1633, 1268, 1018; tH NMR (300 MHz, DMSO-a) 8
7.28-7.23 (m, 2H), 7.19-7.13 (m, 2H), 7.10 (d, J= 1.8 Hz, 1H), 7.06 (dd, J= 8.6, 1.8 Hz,
1H), 6.98 (d, J= 8.6 Hz, 1H), 5.28 (m, 1H), 3.69 (s, 3H), 3.80-2.60 (br, 1H), 3.39-3.30 (m,
2H), 3.25 (s, 2H), 3.16-2.98 (m, 4H), 2.66-2.53 (m, 2H), 2.15-1.97 (m, 4H); 13C NMR (75
MHz, DMSO-ab) 6 170.82, 148.94, 146.44, 140.51 (2C), 132.25, 126.28 (2C), 124.42 (2C),
122.04, 117.78, 112.15, 111.84, 78.04, 58.28, 55.43, 49.67 (2C), 40.88, 39.05 (2C), 35.38
(2C); HRMS (EI) calcd for C24H26N204 406.1893, found 406.1888.

Anal. calcd for C24H26N2042H20: C, 67.91; H, 6.65; N, 6.60. found: C, 67.78; H, 6.74; N,
6.75.
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3-Benzyloxy-4-difluoromethoxybenzaldehyde (169a)

CJQ/CHO

F)\O

3-Benzyloxy-4-hydroxybenzaldehyde 168 99.2 g, 435 mmol THF 300 mL
11N 200 mL

CHF2CI 60 4
Et20 2N

n-hexane/EtOAc, 6/1
169a 97.8 g, 351 mmol, 81 %
TLC R=0.83 (n-hexane/EtOAc, 2/1); IR (neat) 2857, 1668, 1298, 1246, 1008; :H NMR
(300 MHz, CDCls)  9.92 (s, 1H), 7.57 (d, J=2.1 Hz, 1H), 7.51-7.31 (m, 7H), 6.69 (t, Ju,r
= 74.4 Hz,1H), 5.21 (s, 2H); HRMS (EI) calcd for CisH12F203 278.0755, found 278.0764.

3-Benzyloxy-4-difluoromethoxybenzylalcohol (170a)

CJD:@/\OH
Ao

169a 97.8 g, 351 mmol MeOH 700 mL NaBHs 9.8 g, 410
mmol 0 15

EtOAc 2N
170a

105 g,
TLC R=0.40 (r-hexane/EtOAc, 2/1); IR (neat) 3375, 2920, 1272, 1040; 1H NMR (300
MHz, CDCls) & 7.46-7.30 (m, 5H), 7.16 (d, J= 8.1 Hz, 1H), 7.08 (d, J= 2.1 Hz, 1H), 6.92
(m, 1H), 6.57 (t, JurF = 75.3 Hz, 1H), 5.15 (s, 2H), 4.65 (s, 2H), 1.61 (brs, 1H); HRMS
(El) calcd for C1sH14F203 280.0911, found 280.0902.
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3-Benzyloxy-4-difluoromethoxyphenylacetonitrile (171a)

o)
F :©/\CN
F)\O
170a 105¢g CH2Cl2 1.76 L SOCIl> 50.9

mL, 699 mmol 2
CH2Cl2

3-benzyloxy-4-difluoromethoxybenzylchloride 135 g,

TLC R~0.87 (n-hexane/EtOAc, 2/1); 'H NMR (300 MHz, CDCls) § 7.46-7.31 (m, 5H),
7.15 (d, J=8.4 Hz, 1H), 7.07 (d, J= 2.1 Hz, 1H), 6.96 (dd, J= 8.4, 2.1 Hz, 1H), 6.57 (t,
JHF=75.0 Hz,1H), 5.15 (s, 2H), 4.53 (s, 2H).
3-Benzyloxy-4-difluoromethoxybenzylchloride 135 g DMF 350 mL NaCN
(52.6 g, 1.07 mol) 3 EtOAc

n-hexane/EtOAc, 1/1
171la 92.7 g, 320 mmol, 91 % in 3 steps
TLC R~0.29 (r-hexane/EtOAc, 4/1); IR (KBr) 2921, 2252, 1272, 1040; 'H NMR (300
MHz, CDCls) § 7.46-7.31 (m, 5H), 7.19 (d, J= 8.1 Hz, 1H), 7.00 (d, J= 2.1 Hz, 1H), 6.90
(dd, J= 8.1, 2.1 Hz, 1H), 6.57 (t, Jw,r = 75.0 Hz, 1H), 5.15 (s, 2H), 3.71 (s, 2H); HRMS
(EI) calcd for CisH13F2NO2 289.0914, found 289.0907.

4-Difluoromethoxy-3-hydroxy-phenylacetonitrile (172a)

HO
F)\O

171a 1.30 g, 4.53 mmol MeOH 30 mL 10
130 mg 15
n-hexane/EtOAc, 3/1-2/1 172a 830 mg, 4.21 mmol, 93%
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TLC Re0.34 (r-hexane/EtOAc, 2/1); IR (KBr) 3324, 2930, 2277, 1267; tH NMR (300
MHz, CDCl3) § 7.13 (d, J= 5.4 Hz, 1H), 7.00 (d, J= 2.1 Hz, 1H), 6.90-6.80 (m, 1H), 6.54
(t, Jwr = 75.3 Hz, 1H), 5.71 (s, 1H), 3.70 (s, 2H); HRMS (EI) calcd for CoH7F2NO2
199.0445, found 199.0436.

3-Cyclopentyloxy-4-difluoromethoxyphenylacetonitrile (173a)

e
jo o

172a 825 mg, 4.19 mmol K2COs 578 mg, 4.19 mmol cyclopentyl
bromide (0.45 mL, 4.2 mmol) DMF(16 mL) 60 4
EtOAc
n-hexane/EtOAc, 5/1 173a 718 mg, 2.71 mmol, 65%

TLC R=0.67 (n-hexane/EtOAc, 2/1); IR (neat) 2969, 2250, 1433, 1273, 1031; *H NMR
(300 MHz, CDCls) § 7.14 (d, J = 8.1 Hz, 1H), 6.92 (d, J= 2.1 Hz, 1H), 6.84 (d, J= 8.1,
2.1 Hz, 1H), 6.52 (t, Jur = 75.3 Hz, 1H), 4.82 (m, 1H), 3.73 (s, 2H), 2.00-1.70 (m, 6H),
1.75-1.60 (m, 2H); HRMS (EI) calcd for C1aH1sF2NO2 267.1071, found 267.1058.

9 137
175a-c
4-[3-Cyclopentyloxy-4-difluoromethoxyphenyl]piperidine-4-carbonitrile hydrochloride

(175a)
HCI
; NH
NC
o
F
F)\O
34% in 2 steps (17% in 8 steps): : TLC R~=0.32 (CHCIs/MeOH, 10/1); IR

(KBr) 3735, 2237, 1444, 1289, 1232, 1036; *H NMR (300 MHz, CDCls) § 7.21 (d, J= 8.4
Hz, 1H), 7.16 (d, J= 2.1 Hz, 1H), 7.06 (dd, J = 8.4, 2.1 Hz, 1H), 6.55 (t, Jur = 75.0 Hz,
1H), 4.87 (m, 1H), 3.80-3.60 (m, 2H), 3.50-3.30 (m, 2H), 2.85-2.65 (m, 2H), 2.40-2.20 (m,
2H), 2.05-1.80 (m, 2H), 1.90-1.70 (m, 4H), 1.80-1.40 (m, 4H); HRMS (EI) calcd for
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CisH22F2N202 336.1649, found 336.1642.

4-[3-Cyclopentyloxy-4-ethoxyphenyl]piperidine-4-carbonitrile hydrochloride (175b)
HCI
; NH
NC

26% in 8 steps: - TLC R=0.31 (CHCIs/MeOH, 10/1); IR (KBr) 3452, 2230,
1447, 1258, 1040; H NMR (300 MHz, CDCls) § 9.99 (brs, 2H), 7.05-6.95 (m, 2H), 6.88 (d,
J=8.4 Hz, 1H), 4.81 (m, 1H), 4.06 (g, J = 7.2 Hz, 2H), 3.75-3.60 (m, 2H), 3.50-3.30 (m,
2H), 2.80-2.60 (m, 2H), 2.35-2.20 (m, 2H), 2.00-1.70 (m, 6H), 1.70-1.50 (m, 2H), 1.43 (t,
J= 7.2 Hz, 3H); HRMS (El) calcd for C1oH26N202 314.1994, found 314.1998.

4-[3-Cyclopentyloxy-4-isopropoxyphenyl]piperidine-4-carbonitrile hydrochloride (175c)

HCI
; NH
NC
(@]
CH;
Hc” Yo
21% in 8 steps: - TLC R=0.35 (CHCIs/MeOH, 9/1); IR (KBr) 3446, 2932,
2232, 1259; 'H NMR (300 MHz, CDCls) §10.20-9.85 (m, 2H), 7.27-6.90 (m, 3H),
4.83-4.75 (m, 1H), 4.45 (septet, J = 6.0 Hz, 1H), 3.75-3.63 (m, 2H), 3.45-3.30 (m, 2H),
2.75-2.60 (M, 2H), 2.35-2.22 (m, 2H), 1.95-1.75 (m, 6H), 1.70-1.40 (m, 2H), 1.33 (d, J =

6.0 Hz, 6H); HRMS (EI) calcd for C20H2sN202 328.2151, found 328.2163.

9 138 176a-c

Ethyl {4-cyano-4-[3-(cyclopentyloxy)-4-(difluoromethoxy)phenyl]piperidin-1-yl}acetate

(176a)
?ﬁ)@\l/\"/ovcH:;
E (e} (o]
F)\O
94%: : TLC R=0.20 (r-hexane/EtOAc, 2/1); IR (neat) 2962, 2235, 1744,

1269, 1036; tH NMR (300 MHz, CDCls) §7.16 (d, J = 8.4 Hz, 1H), 7.10 (d, J = 2.4 Hz,
1H), 7.03 (dd, J= 8.4, 2.4 Hz, 1H), 6.54 (t, Jur=75.3 Hz, 1H), 4.83 (m, 1H), 4.22 (q, J=
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7.2 Hz, 2H), 3.31 (s, 2H), 3.20-3.00 (m, 2H), 2.80-2.60 (m, 2H), 2.30-2.10 (m ,2H),
2.15-2.00 (m, 2H), 2.00-1.70 (m, 6H), 1.70-1.55 (m, 2H), 1.30 (t, J= 7.2 Hz, 3H); HRMS
(El) calcd for C22H28F2N204 422.2017, found 422.2021.

Ethyl {4-cyano-4-[3-(cyclopentyloxy)-4-ethoxyphenyl]piperidin-1-yl}acetate (176b)

O _CH,
N \/
; NG Y
(@] (@]

H3C/\

96%: : TLC R~0.80 (CHCIs/MeOH, 10/1); IR (neat) 2960, 2233, 1746,
1444, 1258, 1035; 'H NMR (300 MHz, CDCls) § 7.05-6.95 (m, 2H), 6.86 (d, J = 9.0 Hz,
1H), 4.78 (m, 1H), 4.22 (q, J = 7.2 Hz, 2H), 4.06 (q, J = 7.2 Hz, 2H), 3.30 (s, 2H),
3.10-3.00 (m, 2H), 2.75-2.60 (m, 2H), 2.25-2.10 (m, 2H), 2.15-2.00 (m, 2H), 1.95-1.75 (m,
6H), 1.70-1.55 (m, 2H), 1.42 (t, J = 7.2 Hz, 3H), 1.30 (t, J = 7.2 Hz, 3H); HRMS (EI)
calcd for C23H32N204 400.2362, found 400.2362.

O

Ethyl {4-cyano-4-[3-(cyclopentyloxy)-4-isopropoxyphenyl]piperidin-1-yl}acetate (176c)

%}O\‘ /\"/OVCH3
o) o}

CHj

H3C)\O

90%: : TLC R=0.95 (CHCI3/MeOH, 9/1); IR (neat) 2934, 2234, 1740,
1439, 1258, 1028; H NMR (300 MHz, CDCl3) § 7.01-6.97 (m, 2H), 6.89 (d, J= 7.8 Hz,
1H), 4.80-4.74 (m, 1H), 4.42 (septet, J = 6.0 Hz, 1H), 4.22 (q, J = 7.0 Hz, 2H), 3.30 (s,
2H), 3.12-3.02 (m, 2H), 2.72-2.61 (m, 2H), 2.26-2.14 (m, 2H), 2.12-2.05 (m, 2H),
1.90-1.75 (m, 2H), 1.65-1.50 (m, 6H), 1.31 (d, J = 6.0 Hz, 6H), 1.28 (t, J = 7.0 Hz, 3H);
HRMS (EI) calcd for C2aH34N204 414.2519, found 414.2539.

9 125a
165a-167a
{4-Cyano-4-[3-(cyclopentyloxy)-4-(difluoromethoxy)phenyl]piperidin-1-yl}acetic acid

(165a)
E (@] (@]
F)\O
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: TLC R~0.35 (CHCIs/MeOH/AcOH, 10/1/0.2); mp 174-176
oC (MeOH-H20); IR (KBr) 3427, 2239, 1611, 1420, 1271, 1041; 'H NMR (300 MHz,
DMSO-ds) & 7.25-7.15 (m, 2H), 7.09 (dd, J= 8.1, 2.1 Hz, 1H), 7.01 (t, J»,r= 75.0 Hz, 1H),
4.98 (m, 1H), 3.60-3.00 (br, 1H), 3.26 (s, 2H), 3.10-2.95 (m, 2H), 2.70-2.50 (m, 2H),
2.20-2.00 (m, 4H), 2.00-1.80 (m, 2H), 1.80-1.60 (m, 4H), 1.65-1.50 (m, 2H); 13C NMR (75
MHz, DMSO-a6) 6 170.87, 149.06, 139.84, 138.44, 121.77, 121.75, 117.64, 116.64 (t, J=
257 Hz), 113.01, 80.11, 58.37, 49.67 (2C), 41.39, 35.24 (2C), 32.16 (2C), 23.50 (2C);
HRMS (EI) calcd for C20H24F2N204 394.1704, found 394.1718.

Anal. calcd for C2oH24F2N204: C, 60.91; H, 6.13; N, 7.10. found: C, 60.90; H, 5.90; N,
7.09.

{4-Cyano-4-[3-(cyclopentyloxy)-4-ethoxyphenyl]piperidin-1-yl}acetic acid (166a)

OH
N
; e[ VX
0 o)
Hee” YN0

82%: : TLC R=0.39 (CHCI3/MeOH/ACOH, 10/1/0.2); mp 179-180 °C
(MeOH-H20); IR (KBr) 3453, 2236, 1640, 1450, 1262, 1039; !H NMR (300 MHz,
DMSO-ds) & 7.05-6.90 (m, 3H), 4.83 (m, 1H), 4.00 (q, J= 6.9 Hz, 2H), 4.00-3.00 (br, 1H),
3.23 (s, 2H), 3.05-2.95 (m, 2H), 2.65-2.50 (m, 2H), 2.15-1.90 (m, 4H), 1.95-1.80 (m, 2H),
1.80-1.60 (m, 4H), 1.65-1.50 (m, 2H), 1.29 (t, J = 6.9 Hz, 3H); 13C NMR (75 MHz,
DMSO-ck) & 170.82, 148.54, 147.24, 132.39, 122.03, 117.79, 113.95, 113.38, 80.01, 63.94,
58.29, 49.64 (2C), 40.82, 35.40 (2C), 32.15 (2C), 23.44 (2C), 14.75; HRMS (EI) calcd for
C21H28N204 372.2049, found 372.2065.

{4-Cyano-4-[3-(cyclopentyloxy)-4-isopropoxyphenyl]piperidin-1-yl}acetic acid (167a)

OH
?ﬁ)@ﬁr
o) o}
CH;
ch)\o

69%: . TLC Re0.20 (CHCIs/MeOH, 9/1); mp 140-142 oC
(MeOH-H-0); IR (KBr) 3433, 2970, 2232, 1632, 1265; H NMR (300 MHz, CDCls) & 7.04
(d, J= 2.1 Hz, 1H), 7.00 (dd, J= 8.4, 2.1 Hz, 1H), 6.91 (d, J= 8.4 Hz, 1H), 4.84-4.78 (m,
1H), 4.44 (septet, J = 6.0 Hz, 1H), 3.48-3.34 (m, 4H), 3.02-2.90 (m, 2H), 2.48-2.30 (m,
2H), 2.20- 1.75 (m, 9H), 1.70-1.60 (m, 2H), 1.32 (d, J = 6.0 Hz, 6H); HRMS (EI) calcd for
C22H30N204 386.2206, found 386.2202.
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9 125b
165b-167b
2-{4-Cyano-4-[3-(cyclopentyloxy)-4-(difluoromethoxy)phenyl]piperidin-1-yl}- \-
hydroxyacetamide hydrochloride (165b)

H
E (@] (@]
FJ\O HCl

81% in 2 steps: : TLC R~0.36 (CHCI3s/MeOH, 10/1); mp 202-207 °C
(-Pr0-MeOH); IR (KBr) 3296, 2253, 1692, 1452, 1317, 1267, 1056; *H NMR (300 MHz,
pyridine-gs + CDCls) § 7.23 (d, J= 8.4 Hz, 1H), 7.18 (d, J= 1.8 Hz, 1H), 6.97 (dd, J= 8.4,
1.8 Hz, 1H), 6.97 (t, JwrF = 75.0 Hz, 1H), 6.60-5.60 (br, 3H), 4.74 (m, 1H), 3.31 (s, 2H),
3.10-3.00 (m, 2H), 2.70-2.60 (m, 2H), 2.20-2.00 (m, 4H), 1.85-1.60 (m, 6H), 1.60-1.40 (m,
2H); 13C NMR (75 MHz, DMSO-ak) 6 160.58, 149.26, 140.23, 136.53, 121.95, 120.69,
117.60, 116.60 (t, J= 258 Hz), 112.99, 80.30, 54.06, 50.37, 49.85 (2C), 32.40 (2C), 32.22
(2C), 23.58 (2C); HRMS (EI) calcd for C20H25F2N304 409.1813, found 409.1829.

Anal. calcd for C20H25F2N304=HCI: C, 53.87; H, 5.88; N, 9.42. found: C, 53.88; H, 6.06;
N, 9.51.

2-{4-Cyano-4-[3-(cyclopentyloxy)-4-ethoxyphenyl]piperidin-1-yl}- A-hydroxyacetamide

hydrochloride (166b)
H
O (6]
Hee” N0 HCl

58% in 2 steps: : TLC R~0.36 (CHCIs/MeOH, 10/1); mp 191-195 °C
(FPr20-MeOH); IR (KBr) 3293, 2254, 1694, 1451, 1262, 1046; 1H NMR (300 MHz,
pyridine-cs + CDCl3) § 8.10-7.20 (br, 3H), 7.10 (d, J= 2.1 Hz, 1H), 7.00 (dd, J= 8.4, 2.1
Hz, 1H), 6.90 (d, J = 8.4 Hz, 1H), 4.76 (m, 1H), 3.97 (q, J = 6.9 Hz, 2H), 3.31 (s, 2H),
3.10-2.95 (m, 2H), 2.75-2.60 (m, 2H), 2.20-1.95 (m, 4H), 2.00-1.65 (m, 6H), 1.60-1.40 (m,
2H), 1.31 (t, J = 6.9 Hz, 3H); 13C NMR (75 MHz, DMSO-ab) & 160.40, 148.90, 147.39,
130.55, 120.89, 117.68, 113.87, 113.11, 80.08, 63.94, 54.11, 50.26, 49.78 (2C), 32.63 (2C),
32.17 (2C), 23.48 (2C), 14.71; HRMS (EIl) calcd for C21H20N30O4 387.2158, found
387.2160.

Anal. calcd for C21H29N3O4=HCI: C, 59.50; H, 7.13; N, 9.91. found: C, 59.57; H, 7.28; N,
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9.82.

2-{4-Cyano-4-[3-(cyclopentyloxy)-4-isopropoxyphenyl]piperidin-1-yl}- A
hydroxyacetamide hydrochloride (167h)

H
N
N “OH
; e VYO
(¢} ¢}
CH;
)\ HCI
H,c” Yo

71% in 2 steps: : TLC R~0.40 (CHCI3/MeOH, 9/1); mp 200-202 °C
(FPr20-MeOH); IR (KBr) 3291, 2253, 1693, 1451, 1262, 1045; 1H NMR (300 MHz,
pyridine-ags + CDCls) § 7.15-7.10 (m, 1H), 7.05-6.90 (m, 2H), 5.80-5.35 (m, 3H), 4.78-4.72
(m, 1H), 4.46 (septet, J= 6.0 Hz, 1H), 3.28 (s, 2H), 3.04-2.96 (m, 2H), 2.68-2.58 (m, 2H),
2.15-1.95 (m, 4H), 1.95-1.65 (m, 6H), 1.58-1.45 (m, 2H), 1.28 (d, J= 6.0 Hz, 6H); HRMS
(EI) calcd for C22H31N304 401.2315, found 401.2313.
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In vivo

10 144 188a-b

1-[3-Ethoxy-4-methoxyphenyl]cyclopent-3-ene-1-carbonitrile (188a)

HsC._O e ‘
e L
67%: . TLC RF~0.35 (r-hexane/EtOAc, 5/1); 1H NMR (300 MHz,
CDCls) 6 7.00 (dd, J= 8.4, 2.1 Hz, 1H), 6.96 (d, J= 2.1 Hz, 1H), 6.84 (d, J= 8.4 Hz, 1H),
5.86-5.78 (m, 2H), 4.11 (q, J= 6.9 Hz, 2H), 3.87 (s, 3H), 3.34-3.22 (m, 2H), 2.99-2.87 (m,
2H), 1.47 (t, J= 6.9 Hz, 3H).

1-[3-Methoxymethoxy-4-methoxyphenyl]cyclopent-3-ene-1-carbonitrile (188b)

ch,ovo $ ‘

HC O

84%: : TLC R~0.42 (n-hexane/EtOAc, 2/1); IR (neat) 2936, 2235, 1589,

1266, 1015; 1H NMR (300 MHz, CDCls) § 7.21 (d, J= 2.1 Hz, 1H), 7.12 (dd, J= 8.4, 2.1

Hz, 1H), 6.87 (d, J = 8.4 Hz, 1H), 5.85-5.78 (m, 2H), 5.22 (s, 2H), 3.88 (s, 3H), 3.52 (s,

3H), 3.32-3.23 (m, 2H), 2.97-2.88 (m, 2H); HRMS (EI) calcd for CisH17NOs 259.1208,
found 259.1207.

10 147 190a-b

Benzyl 1-[4-cyano-4-(3-ethoxy-4-methoxyphenyl)piperidin-1-yljcyclopropanecarboxylate

(190a)
O
Nj 7\[]/
NC
HsC._O o)
e D)O
o]

15% in 2 steps: : TLC R#~0.48 (n-hexane/EtOAc, 3/1); IR (KBr) 2930,
2234, 1732, 1260, 1029; *H NMR (300 MHz, CDCls) 4 7.45-7.28 (m, 5H), 7.02-6.97 (m,
2H), 6.85 (d, J = 9.0 Hz, 1H), 5.20 (s, 2H), 4.12 (q, J = 7.0 Hz, 2H), 3.87 (s, 3H),
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3.62-3.51 (m, 2H), 3.00-2.91 (m, 2H), 2.08-2.00 (m, 2H), 1.90-1.79 (m, 2H), 1.47 (t, J =
7.0 Hz, 3H), 1.38-1.34 (m, 2H), 0.99-0.94 (m, 2H); HRMS (EI) calcd for CasHaoN20a4
434.2206, found 434.2181.

Benzyl 1-{4-cyano-4-[4-methoxy-3-(methoxymethoxy)phenyl]piperidin-1-yl}-
cyclopropanecarboxylate (190b)

Y o
N
NC
Hye OO 0
H3C\O

65% in 2 steps: : TLC R~=0.45 (n-hexane/EtOAc, 2/1); IR (KBr) 2999,
2237, 1721, 1253, 1031;H NMR (300 MHz, CDCls) 8 7.45-7.29 (m, 5H), 7.22 (d, J=2.4
Hz, 1H), 7.14 (dd, J= 8.4, 2.4 Hz, 1H), 6.88 (d, J= 8.4 Hz, 1H), 5.23 (s, 2H), 5.19 (s, 2H),
3.88 (s, 3H), 3.61-3.50 (m, 2H), 3.53 (s, 3H), 3.00-2.92 (m, 2H), 2.08-2.00 (m, 2H),
1.89-1.78 (m, 2H), 1.38-1.34 (m, 2H), 1.00-0.95 (m, 2H); HRMS (EIl) calcd for
C2sH30N20s5 450.2155, found 450.2157.

Benzyl 1-[4-cyano-4-(3-hydroxy-4-methoxyphenyl)piperidin-1-yl]cyclopropane-
carboxylate hydrochloride (190c)

O\Q
N
NC
HO o)
HsC HCl
o)

190b 1.80 g, 3.99 mmol CH2CIl2 10 mL 4N
10 mL EtOAc
190c 1.51 g, 3.41 mmol, 85%

TLC R~=0.38 (r-hexane/EtOAc, 2/1); IR (KBr) 3291, 2236, 1731, 1255, 1027; *H NMR
(300 MHz, CDCl3) & 7.42-7.32 (m, 5H), 7.19 (d, J= 2.7 Hz, 1H), 7.07 (dd, J= 8.4 Hz, 2.7
Hz, 1H), 6.86 (d, J= 8.4 Hz, 1H), 5.90-5.83 (bs, 1H), 5.22 (s, 2H), 4.50-4.36 (m, 2H), 3.89
(s, 3H), 3.56-3.47 (m, 2H), 3.27-3.09 (m, 2H), 2.30-2.23 (m, 2H), 2.22-2.12 (m, 2H),
1.72-1.65 (m, 2H), 1.70-1.50 (br, 1H); HRMS (EI) calcd for C24H26N204 406.1893, found
406.1902.

Benzyl 1-{4-cyano-4-[3-(cyclopropylmethoxy)-4-methoxyphenyl]piperidin-1-yl}-
cyclopropanecarboxylate (190d)
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% o L

N
NP
(0]
H3C\o

190¢c 664 mg, 1.50 mmol DMF 5 mL cyclopropylmethyl
bromide 0.22 mL, 2.27 mmol K2COs3 518 mg, 3.81 mmol
EtOAc 1N

n-hexane/EtOAc, 2/1
190d 763 mg,
TLC R=0.57 (r-hexane/EtOAc, 2/1); IR (KBr) 2932, 2234, 1721, 1258, 1028; 1H NMR
(300 MHz, CDCls) & 7.45-7.28 (m, 5H), 7.02-6.96 (m, 2H), 6.87-6.82 (m, 1H), 5.19 (s, 2H),
3.88-3.84 (m, 5H), 3.61-3.49 (m, 2H), 3.00-2.90 (m, 2H), 2.08-1.99 (m, 2H), 1.90-1.77 (m,
2H), 1.38-1.32 (m, 2H), 0.98-0.96 (m, 2H), 0.69-0.61 (m, 2H), 0.40-0.33 (m, 3H); HRMS
(El) calcd for C2sH32N204 460.2362, found 460.2353.

Benzyl 1-{4-cyano-4-[3-(cyclobutyloxy)-4-methoxyphenyl]piperidin-1-yl}-
cyclopropanecarboxylate (190e)

190c 664 mg, 1.50 mmol THF 5mL EtsN 0.21 mL, 1.51
mmol cyclobutanol 0.18 mL, 2.30 mmol PhsP 787 mg, 3.00 mmol DEAD
0.47 mL, 2.58 mmol
n-hexane/EtOAc, 7/2 190e 683 mg,

TLC R=0.52 (rrhexane/EtOAc, 2/1); IR (KBr) 2930, 2234, 1740, 1256, 1064; 1H NMR
(300 MHz, CDCls) & 7.45-7.29 (m, 5H), 6.97 (dd, J = 8.4 Hz, 2.4 Hz, 1H), 6.87 (d, J= 2.4
Hz, 1H), 6.84 (d, J = 8.4 Hz, 1H), 5.19 (s, 2H), 4.69 (quintet, J = 7.0 Hz, 1H), 3.86 (s,
3H), 3.61-3.50 (m, 2H), 3.00-2.90 (m, 2H), 2.55-2.43 (m, 2H), 2.33-2.18 (m, 2H),
2.08-1.99 (m, 2H), 1.89-1.60 (m, 4H), 1.38-1.34 (m, 2H), 0.99-0.94 (m, 2H); HRMS (EI)
calcd for CasHs2N204 460.2362, found 460.2390.

10 131a
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177a-179a
1-[4-Cyano-4-(3-ethoxy-4-methoxyphenyl)piperidin-1-yl]cyclopropanecarboxylic acid

(177a)
y _OH
N
NC
HaC._O o)
H3C :©>©
O

68%: : TLC R~0.38 (CHCIl3/MeOH, 9/1); mp 210-212 °C
(EtOH-H20); IR (KBr) 3443, 2230, 1732, 1255, 1022; 1H NMR (300 MHz, DMSO-ab)
§12.45-12.15 (br, 1H), 7.03-6.93 (m, 3H), 4.04 (g, J= 6.9 Hz, 2H), 3.75 (s, 3H), 3.45-3.35
(m, 2H), 2.95-2.86 (m, 2H), 2.09-1.98 (m, 2H), 1.86-1.72 (m, 2H), 1.32 (t, J= 6.9 Hz, 3H),
1.21-1.16 (m, 2H), 0.92-0.86 (m, 2H); 13C NMR (75 MHz, DMSO-at) 6 174.67, 148.36,
147.78, 132.72, 122.14, 117.46, 111.81, 110.47, 63.81, 55.45, 46.31 (2C), 45.02, 41.50,
36.51 (2C), 18.27 (2C), 14.70; HRMS (EIl) calcd for CiosH24N204 344.1736, found
344.1754.

Anal. calcd for Ci19H24N204: C, 66.26; H, 7.02; N, 8.13. found: C, 65.95; H, 7.07; N, 8.36.

1-{4-Cyano-4-[3-(cyclopropylmethoxy)-4-methoxyphenyl]piperidin-1-yl}-
cyclopropanecarboxylic acid (178a)

y _OH
N
NC
Ao o
HSC\O

99%: . TLC R~0.35 (rn-hexane/EtOAc, 1/1); mp 187-188 °C
(EtOH-THF); IR (KBr) 3448, 3012, 2236, 1700, 1252, 1017; 'H NMR (300 MHz,
DMSO-ak) & 12.5-12.0 (br, 1H), 7.04-6.93 (m, 3H), 3.82 (d, J= 7.2 Hz, 2H), 3.77 (s, 3H),
3.46-3.36 (m, 2H), 2.94-2.86 (m, 2H), 2.07-1.97 (m, 2H), 1.85-1.71 (m, 2H), 1.26-1.14 (m,
3H), 0.91-0.85 (m, 2H), 0.60-0.53 (m, 2H), 0.35-0.28 (m, 2H); 13C NMR (75 MHz,
DMSO-ab) 56 174.66, 148.38, 147.91, 132.70, 122.14, 117.49, 111.80, 110.63, 72.82, 55.46,
46.31 (2C), 45.02, 41.48, 36.49 (2C), 18.26 (2C), 10.23, 3.17 (2C); HRMS (EI) calcd for
C21H26N204 370.1893, found 370.1873.

1-{4-Cyano-4-[3-(cyclobutyloxy)-4-methoxyphenyl]piperidin-1-yl}cyclopropane-
carboxylic acid (179a)
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< > Q _OH
N
NC
o} o
HSC\O

65%: : TLC R<=0.36 (CHCIl3/MeOH, 19/1); mp 189-191 °C
(EtOH-THF); IR (KBr) 3445, 2236, 1715, 1266, 1023; 'H NMR (300 MHz, DMSO-ck)
§12.5-12.1 (br, 1H), 7.01-6.93 (m, 2H), 6.84 (d, J= 1.8 Hz, 1H), 4.73 (quintet, J= 7.5 Hz,
1H), 3.75 (s, 3H), 3.44-3.36 (M, 2H), 2.95-2.86 (M, 2H), 2.46-2.33 (m, 2H), 2.11-1.96 (m,
4H), 1.83-1.55 (m, 4H), 1.21-1.15 (m, 2H), 0.92-0.86 (m, 2H); 13C NMR (75 MHz,
DMSO-ak) 6 174.66, 148.27, 146.18, 132.68, 122.14, 117.45, 111.95, 110.95, 71.07, 55.44,
46.31 (2C), 45.01, 41.45, 36.50 (2C), 30.14 (2C), 18.25 (2C), 12.68; HRMS (EI) calcd for
C21H26N204 370.1893, found 370.1882.

10 131b
177b-179b

1-[4-Cyano-4-(3-ethoxy-4-methoxyphenyl)piperidin-1-yl]- A-hydroxycyclopropane-
carboxamide hydrochloride (177b)

H
N_
Nj 7\"/ OH
NC
HzC._O o)
HiC HCl
o)

89% in 2 steps: : TLC R~0.42 (CHCI3/MeOH, 9/1); mp 167-170 °C
(MeOH-Et20); IR (KBr) 3439, 2385, 1656, 1264, 1025; 1H NMR (300 MHz, pyridine-gk +
CDCl3) 6 8.00-7.20 (br, 3H), 7.09 (d, J= 1.8 Hz, 1H), 7.04 (dd, J= 8.4, 1.8 Hz, 1H), 6.89
(d, J=8.4 Hz, 1H), 3.91 (q, J= 6.9 Hz, 2H), 3.74 (s, 3H), 2.99-2.79 (m, 4H), 2.19-2.10 (m,
4H), 1.37-1.27 (m, 5H), 1.09-1.03 (m, 2H); 3C NMR (75 MHz, DMSO-a5) & 164.26,
148.72, 147.93, 131.65, 121.37, 117.42, 111.88, 110.50, 63.89, 55.51, 48.40 (2C), 46.57
(2C), 33.25 (2C), 14.69, 11.93 (2C); HRMS (El) calcd for Ci9H25N304 359.1845, found
359.1840.

Anal. calcd for C19H25N304=HCI: C, 57.65; H, 6.62; N, 10.61. found: C, 57.41; H, 6.80; N,
10.43.

1-{4-Cyano-4-[3-(cyclopropylmethoxy)-4-methoxyphenyl]piperidin-1-yl}- A+
hydroxycyclopropanecarboxamide hydrochloride (178b)
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H
z NS
N OH
NC
o) o]
HiCug HCl

91% in 2 steps: : TLC R~0.60 (CHCIl3/MeOH, 9/1); mp 165-168 °C
(MeOH-Et20); IR (KBr) 3432, 2238, 1654, 1251, 1024; 'H NMR (300 MHz, pyridine-as +
CDCl3) 6 8.60-6.80 (br, 3H), 7.15 (d, J= 2.0 Hz, 1H), 7.05 (dd, J= 9.0, 2.0 Hz, 1H), 6.91
(d, J=9.0 Hz, 1H), 3.81 (d, J= 6.9 Hz, 2H), 3.73 (s, 3H), 2.99-2.79 (m, 4H), 2.20-2.02 (m,
4H), 1.37-1.31 (m, 2H), 1.31-1.20 (m, 1H), 1.08-1.03 (m, 2H), 0.55-0.47 (m, 2H),
0.32-0.26 (m, 2H); 13C NMR (75 MHz, DMSO-ak) & 165.65, 148.79, 148.07, 130.96,
121.04, 117.43, 111.88, 110.76, 72.97, 55.51, 48.38 (2C), 46.59 (2C), 33.10 (2C), 11.97
(2C), 10.21, 3.21 (2C); HRMS (EI) calcd for C21H27N304 385.2002, found 385.2026.

Anal. calcd for C21H27NsO4=HCI: C, 59.78; H, 6.69; N, 9.96. found: C, 59.53; H, 6.83; N,
9.84.

1-{4-Cyano-4-[3-(cyclobutyloxy)-4-methoxyphenyl]piperidin-1-yl}- A-
hydroxycyclopropanecarboxamide hydrochloride (179b)

H
< > z N
N OH
NC
o o
HCI
H3C\O

99% in 2 steps: : TLC R~0.64 (CHCIl3/MeOH, 9/1); mp 180-182 °C
(MeOH-Et20); IR (KBr) 3450, 2233, 1650, 1262, 1025; *H NMR (300 MHz, pyridine-cs +
CDCls) §8.00-7.10 (br, 3H), 7.04 (d, J= 2.1 Hz, 1H), 7.00 (dd, J= 8.4, 2.1 Hz, 1H), 6.90
(d, J = 8.4 Hz, 1H), 4.62 (quintet, J = 7.5 Hz, 1H), 3.75 (s, 3H), 3.00-2.80 (m, 4H),
2.42-2.30 (M, 2H), 2.23-2.02 (m, 6H), 1.74-1.60 (m, 1H), 1.58-1.40 (m, 1H), 1.38-1.32 (m,
2H), 1.09-1.03 (m, 2H); 13C NMR (75 MHz, DMSO-a6) 6 164.50, 148.63, 146.46, 131.01,
121.13, 117.50, 111.97, 110.71, 71.23, 55.54, 48.53 (2C), 46.63 (2C), 33.48 (2C), 30.13
(2C), 12.72 (2C), 12.00; HRMS (FAB) calcd for C21H2sN304 386.2080, found 386.2072.
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12 160 191
1-[3-Benzyloxy-4-difluoromethoxyphenyl]cyclopent-3-ene-1-carbonitrile (191)

NC
e~
Ne
o
: TLC R~0.62 (r+-hexane/EtOAc, 3/1); 1H NMR (300 MHz,
CDCls) 6 7.45-7.31 (m, 5H), 7.16 (d, J= 8.4 Hz, 1H), 7.12 (d, J= 2.1 Hz, 1H), 7.02 (dd, J

= 8.4, 2.1 Hz, 1H), 6.57 (t, JurF = 75.0 Hz, 1H), 5.83-5.77 (m, 2H), 5.15 (s, 2H), 3.33-3.24
(m, 2H), 2.91-2.83 (m, 2H).

12 162
193
Methyl {4-[3-(benzyloxy)-4-(difluoromethoxy)phenyl]-4-cyanopiperidin-1-yl}acetate

(193)
F IjQ !
CN
F)\O

64% in 2 steps: : TLC R~0.31 (r-hexane/EtOAc, 1/1); IR (neat) 2952,
2236, 1747, 1268, 1209, 1043; *H NMR (300 MHz, CDCIs) 6 7.42 - 7.30 (m, 5H), 7.20 (d,
J=28.1Hz, 1H), 7.18 (d, J= 2.4 Hz, 1H), 7.07 (dd, J= 8.1, 2.4 Hz, 1H), 6.58 (t, JvrF =
75.0 Hz, 1H), 5.15 (s, 2H), 3.76 (s, 3H), 3.32 (s, 2H), 3.13-3.03 (m, 2H), 2.71-2.61 (m, 2H),
2.23-2.13 (m, 2H), 2.09-2.01 (m, 2H); HRMS (EI) calcd for CasH24F2N204 430.1704,
found 430.1697.

12 163 194
Methyl {4-cyano-4-[4-(difluoromethoxy)-3-hydroxyphenyl]piperidin-1-yl}acetate (194)

N/\’(OCH3

HO o)
F CN
F)\O
78%: . TLC R<0.55 (CHCIs/MeOH, 9/1); IR (KBr) 3369, 2240, 1749,
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1293, 1055; *H NMR (300 MHz, CDCls) 6 7.16 (d, J= 2.4 Hz, 1H), 7.13 (d, J = 8.4 Hz,
1H), 7.02 (dd, J= 8.4, 2.4 Hz, 1H), 6.54 (t, Jur= 73.5 Hz, 1H), 3.76 (s, 3H), 3.32 (s, 2H),
3.11-3.03 (m, 2H), 2.71-2.61 (m, 2H), 2.21-2.11 (m, 2H), 2.12 - 2.03 (m, 3H); HRMS (EI)
calcd for CisHi1sF2N204 340.1235, found 340.1228.

Methyl {4-cyano-4-[4-(difluoromethoxy)-3-ethoxyphenyl]piperidin-1-yl}acetate (195a)

E ¢} (¢}
F)\O

194 904 mg, 2.66 mmol DMF 10 mL K2COz 919 mg, 6.65 mmol

Etl 0.32 mL, 4.0 mmol 60 3
EtOAc

n-hexane/EtOAc, 2/1 - 1/1
195a 951 mg, 2.58 mmol, 97%

TLC R~0.33 (n-hexane/EtOAc, 1/2); IR (neat) 2954, 2236, 1746, 1291, 1268, 1040; H
NMR (300 MHz, CDCls) 8 7.17 (d, J= 8.4 Hz, 1H), 7.09 (d, J= 2.1 Hz, 1H), 7.04 (dd, J=
8.4, 2.1 Hz, 1H), 6.57 (t, Jur= 75.3 Hz, 1H), 4.11 (g, J= 6.9 Hz, 2H), 3.75 (s, 3H), 3.32
(s, 2H), 3.13-3.03 (m, 2H), 2.71-2.61 (m, 2H), 2.26-2.16 (m, 2H), 2.10-2.05 (m, 2H), 1.46
(t, J=6.9 Hz, 3H); HRMS (EI) calcd for CisH22F2N204 368.1548, found 368.1561.

195a
195b-d
Methyl {4-cyano-4-[4-(difluoromethoxy)-3-propoxyphenyl]piperidin-1-yl}acetate (195b)

F
F)\O

99%: : 99%; TLC R~0.56 (n-hexane/EtOAc, 1/1); IR (KBr) 2964,
2235, 1747, 1268, 1043; 1H NMR (300 MHz, CDCls) § 7.18 (d, J= 8.1 Hz, 1H), 7.10 (d, J
= 2.4 Hz, 1H), 7.05 (dd, J= 8.1, 2.4 Hz, 1H), 6.57 (t, Jw,r= 75.0 Hz, 1H), 3.99 (t, J= 7.0
Hz, 2H), 3.76 (s, 3H), 3.33 (s, 2H), 3.15-3.00 (m, 2H), 2.75-2.60 (m, 2H), 2.30-2.15 (m,
2H), 2.15-2.00 (m, 2H), 1.86 (sextet, J = 7.0 Hz, 2H), 1.06 (t, J = 7.0 Hz, 3H); HRMS
(El) calcd for CigH24F2N204 382.1704, found 382.1696.

Methyl {4-[3-butoxy-4-(difluoromethoxy)phenyl]-4-cyanopiperidin-1-yl}acetate (195c)
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”3CV\O - N/\(gro\CHg
F
F)\O

100%: : TLC R=0.57 (n-hexane/EtOAc, 1/1); IR (neat) 2957, 2238,
1728, 1268, 1040; *H NMR (300 MHz, CDCls) 6 7.17 (d, J= 8.5 Hz, 1H), 7.09 (d, J= 2.2
Hz, 1H), 7.05 (dd, J = 8.5, 2.2 Hz, 1H), 6.56 (t, Jw,= 75.0 Hz, 1H), 4.03 (t, J= 6.5 Hz,
2H), 3.76 (s, 3H), 3.33 (s, 2H), 3.13-3.05 (m, 2H), 2.72-2.62 (m, 2H), 2.27-2.17 (m, 2H),
2.11-2.04 (m, 2H), 1.86-1.76 (m, 2H), 1.60-1.45 (m, 2H), 0.99 (t, J= 7.4 Hz, 3H); HRMS
(El) calcd for C20H26F2N204 396.1861, found 396.1877.

Methyl {4-cyano-4-[4-(difluoromethoxy)-3-isobutoxyphenyl]piperidin-1-yl}acetate (195d)

CHj

H c)\ N/\"/O\CH
3 NC 3
o

O
E

N

F O
99%: : 90%; TLC R~0.40 (n-hexane/EtOAc, 1/1); IR (KBr) 2959,
2235, 1749, 1268, 1028; 1H NMR (300 MHz, CDCls) § 7.18 (d, J= 7.8 Hz, 1H), 7.10-7.00
(m, 2H), 6.56 (t, J»,F= 75.3 Hz, 1H), 3.78 (d, J= 6.6 Hz, 2H), 3.76 (s, 3H), 3.33 (s, 2H),
3.20-3.00 (m, 2H), 2.80-2.60 (m, 2H), 2.30-2.15 (m, 2H), 2.25-2.00 (m, 1H), 2.20-2.00 (m,
2H), 1.05 (d, J = 6.6 Hz, 6H); HRMS (EI) calcd for CzoH26F2N204 396.1861, found
396.1876.

12 164
195e-h
Methyl {4-cyano-4-[3-(cyclobutyloxy)-4-(difluoromethoxy)phenyl]piperidin-1-yl}acetate

(195e)
oL
L0
F)\O

77%: : TLC R~0.54 (toluene/EtOAc, 1/1); IR (KBr) 2955, 2237, 1736, 1272,
1050; *H NMR (300 MHz, CDCls) 8 7.17 (d, J = 8.1 Hz, 1H), 7.02 (dd, J = 8.1, 2.1 Hz,
1H), 6.97 (d, J= 2.1 Hz, 1H), 6.58 (t, Jw,r= 75.0 Hz, 1H), 4.69 (m, 1H), 3.76 (s, 3H), 3.33
(s, 2H), 3.14-3.04 (m, 2H), 2.71-2.61 (m, 2H), 2.54-2.43 (m, 2H), 2.29-2.13 (m, 4H),
2.11-2.02 (m, 2H), 1.89 (m, 1H), 1.72 (m, 1H); HRMS (EIl) calcd for Czo0H24F2N204
394.1704, found 394.1709.
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Methyl {4-cyano-4-[3-(cyclobutylmethoxy)-4-(difluoromethoxy)phenyl]piperidin-1-yl}-

acetate (195f)
: N O\
ﬁfgﬁf
F (0] O
F)\O

84%: : TLC R~=0.84 (CHCI3/MeOH, 9/1); IR (neat) 2953, 2236, 1742,
1267, 1049; 1H NMR (300 MHz, CDCls) §7.17 (d, J = 8.4 Hz, 1H), 7.09 (d, J= 2.1 Hz,
1H), 7.05 (dd, J= 8.4, 2.1 Hz, 1H), 6.57 (t, Ju,r= 75.3 Hz, 1H), 3.99 (d, J= 6.6 Hz, 2H),
3.76 (s, 3H), 3.33 (s, 2H), 3.14-3.04 (m, 2H), 2.81 (m, 1H), 2.71-2.63 (m, 2H), 2.28-1.82
(m, 10H); HRMS (EI) calcd for C21H26F2N204 408.1861, found 408.1841.

Methyl {4-cyano-4-[3-(cyclopropylmethoxy)-4-(difluoromethoxy)phenyl]piperidin-1-yl}-

acetate (1959g)
F (0] (0]
F)\O

93%: : TLC R=0.80 (CHCI3/MeOH, 9/1); IR (neat) 2954, 2236, 1725,
1265, 1039; H NMR (300 MHz, CDCls) §7.18 (d, J = 8.1 Hz, 1H), 7.09-7.03 (m, 2H),
6.63 (t, Jwr= 75.6 Hz, 1H), 3.88 (d, J= 6.9 Hz, 2H), 3.76 (s, 3H), 3.32 (s, 2H), 3.13-3.04
(m, 2H), 2.70-2.62 (m, 2H), 2.27-2.15 (m, 2H), 2.12-2.05 (m, 2H), 1.28 (m, 1H), 0.69-0.63
(m, 2H), 0.40-0.33 (m, 2H); HRMS (EI) calcd for CzoH24F2N20s 394.1704, found
394.1717.

Methyl {4-cyano-4-[4-(difluoromethoxy)-3-(2,3-dihydro-1AH-inden-2-yloxy)phenyl]-
piperidin-1-yllacetate (195h)

O\
e N/\n/ CHs
. O o}

PN

F O
63%: : TLC R~0.29 (n-hexane/EtOAc, 1/1); IR (neat) 2953, 2236, 1743,
1268, 1041; 1H NMR (300 MHz, CDCls) § 7.27-7.16 (m, 6H), 7.07 (dd, J = 8.1, 2.4 Hz,
1H), 6.38 (t, Jur = 75.3 Hz, 1H), 5.26-5.20 (m, 1H), 3.76 (s, 3H), 3.41 (dd, J= 16.5, 6.3
Hz, 2H), 3.34 (s, 2H), 3.20 (dd, J = 16.5, 3.3 Hz, 2H), 3.15-3.07 (m, 2H), 2.73-2.65 (m,
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2H), 2.28-2.19 (m, 2H), 2.14-2.04 (m, 2H); HRMS (EI) calcd for C2sH26F2N204 456.1861,
found 456.1842.

12 155 180-187

{4-Cyano-4-[4-(difluoromethoxy)-3-ethoxyphenyl]piperidin-1-yl}acetic acid (180)

H3C OH
| *ﬁ)OW
F (@) o

F)\O

78%: : TLC R~0.15 (CHCIl3s/MeOH/AcOH, 9/1/0.1); mp 232-233 °C
(MeOH-H20); IR (KBr) 3442, 2235, 1631, 1274, 1029; 'H NMR (300 MHz, DMSO-ak)
87.22-7.19 (m, 2H), 7.09 (dd, J= 8.4, 2.1 Hz, 1H), 7.06 (t, J»r= 74.4 Hz, 1H), 4.13 (q, J
= 6.9 Hz, 2H), 4.00-3.00 (br, 1H), 3.21 (s, 2H), 3.05-2.95 (m, 2H), 2.61-2.53 (m, 2H),
2.13-1.99 (m, 4H), 1.32 (t, J = 6.9 Hz, 3H); 13C NMR (75 MHz, DMSO-ab) § 170.94,
149.80, 139.11, 138.46, 121.65, 121.24, 117.70, 116.47 (t, J = 258 Hz), 111.66, 64.27,
58.28, 49.55 (2C), 41.36, 35.25 (2C), 14.44; HRMS (EI) calcd for C17H20F2N204 354.1391,
found 354.1383.

{4-Cyano-4-[4-(difluoromethoxy)-3-propoxyphenyl]piperidin-1-yl}acetic acid (181)

H3C/\ NC N/\H/OH
O 0
F)\O

60%: : TLC R~0.60 (CHCIs/MeOH/AcOH, 10/2/1); mp 207-208 °C
(MeOH-H20); IR (KBr) 3438, 2237, 1631, 1273, 1033; 'H NMR (300 MHz, DMSO-ak)
812.40-11.00 (br, 1H), 7.30-7.15 (m, 2H), 7.11 (dd, J = 8.7, 2.7 Hz, 1H), 7.05 (t, Jx,F =
74.4 Hz, 1H), 4.04 (t, J= 6.6 Hz, 2H), 3.23 (s, 2H), 3.10-2.95 (m, 2H), 2.70-2.50 (m, 2H),
2.20-2.00 (m, 4H), 1.74 (sextet, J= 6.6 Hz, 2H), 0.98 (t, J = 6.6 Hz, 3H); 13C NMR (75
MHz, DMSO-ak) 6 170.91, 150.07, 139.14 (t, J= 3.0 Hz), 138.53, 121.65, 121.42, 117.67,
116.56 (t, J= 258 Hz), 111.64, 69.98, 58.24, 49.56 (2C), 41.37, 35.24 (2C), 21.93, 10.28;
HRMS (EI) calcd for CisH22F2N204 368.1548, found 368.1546.

Anal. calcd for CisH22F2N204: C, 58.69; H, 6.02; N, 7.60. found: C, 58.48; H, 6.02; N,
7.79.

{4-[3-Butoxy-4-(difluoromethoxy)phenyl]-4-cyanopiperidin-1-yl}acetic acid (182)
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H3CVE e N/\g/OH
F
F)\O

78%: : TLC R~0.56 (CHCIls/MeOH/AcCOH, 10/2/1); mp 181 °C
(MeOH-H20); IR (KBr) 3451, 2236, 1611, 1298, 1034; 'H NMR (300 MHz, CDCls +
DMSO-ab) 6 7.17 (d, J= 8.1 Hz, 1H), 7.09 (dd, J= 8.1, 2.1 Hz, 1H), 7.04 (d, J= 2.1 Hz,
1H), 6.57 (t, Jur = 75.2 Hz, 1H), 4.03 (t, J= 6.5 Hz, 2H), 3.57 (brs, 1H), 3.29 (s, 2H),
3.20-3.10 (m, 2H), 2.72-2.61 (m, 2H), 2.30-2.19 (m, 2H), 2.13-2.05 (m, 2H), 1.86-1.76 (m,
2H), 1.58-1.44 (m, 2H), 0.99 (t, J= 7.5 Hz, 3H); 13C NMR (75 MHz, DMSO-ak) & 170.92,
150.08, 139.12 (t, J = 3.3 Hz), 138.54, 121.65, 121.40, 117.67, 116.54 (t, J = 258 Hz),
111.62, 68.22, 58.24, 49.56 (2C), 41.37, 35.24 (2C), 30.61, 18.58, 13.67; HRMS (EI) calcd
for C19H24F2N204 382.1704, found 382.1729.

Anal. calcd for Ci9H24F2N204: C, 59.68; H, 6.33; N, 7.33. found: C, 59.34; H, 6.38; N,
7.56.

{4-Cyano-4-[4-(difluoromethoxy)-3-isobutoxyphenyl]piperidin-1-yl}acetic acid (183)
CHg
OH
H3C)\ NC N/\ﬂ/
E O (0]
F)\O

74%: : TLC R~0.63 (CHCIs/MeOH/AcOH, 10/2/1); mp 189-190 °C
(MeOH-H:0); IR (KBr) 3071, 2235, 1640, 1256, 1028; *H NMR (300 MHz, DMSO-a)
8 12.20-10.80 (br, 1H), 7.25-7.20 (m, 2H), 7.11 (dd, J= 8.7, 2.4 Hz, 1H), 7.04 (t, JuF =
74.4 Hz, 1H), 3.86 (d, J= 6.3 Hz, 2H), 3.23 (s, 2H), 3.10-2.95 (m, 2H), 2.65-2.50 (m, 2H),
2.20-2.00 (m, 5H), 0.98 (d, J = 6.6 Hz, 6H); 3C NMR (75 MHz, DMSO-ak) 6 170.93,
150.25, 139.11 (t, J = 3.4 Hz), 138.63, 121.65, 121.58, 117.64, 116.64 (t, J = 257 Hz),
111.57, 74.53, 58.25, 49.56 (2C), 41.39, 35.25 (2C), 27.76, 18.92 (2C); HRMS (EI) calcd
for CioH24F2N204 382.1704, found 382.1687.

Anal. calcd for CigH24F2N2042H20: C, 56.99; H, 6.54; N, 7.00. found: C, 57.13; H, 6.45;
N, 6.98.

{4-Cyano-4-[3-(cyclobutyloxy)-4-(difluoromethoxy)phenyl]piperidin-1-yl}acetic acid
(184)
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.

89%: : TLC R~0.67 (CHCIls/MeOH, 3/1); mp 191-194 oC
(MeOH-H20); IR (KBr) 3430, 2239, 1636, 1275, 1050; 'H NMR (300 MHz, DMSO-ak)
§7.21(d, J=8.1 Hz, 1H), 7.10 (dd, J= 8.1, 2.1 Hz, 1H), 7.08 (t, Ju,r= 74.4 Hz, 1H), 7.06
(d, J= 2.1 Hz, 1H), 4.85 (m, 1H), 4.25-2.60 (brs, 1H), 3.24 (s, 2H), 3.05-2.95 (m, 2H),
2.62-2.54 (m, 2H), 2.48-2.34 (m, 2H), 2.16-1.94 (m, 6H), 1.77 (m, 1H), 1.62 (m, 1H); 13C
NMR (75 MHz, DMSO-a6) 8 170.91, 148.24, 139.09, 138.40, 121.62, 121.37, 119.88,
117.73, 116.47 (t, J= 258 Hz), 112.07, 71.34, 58.24, 49.55 (2C), 41.37, 35.26 (2C), 29.87
(2C), 12.58; HRMS (EI) calcd for Ci9H22F2N204 380.1548, found 380.1537.

{4-Cyano-4-[3-(cyclobutylmethoxy)-4-(difluoromethoxy)phenyl]piperidin-1-yl}acetic acid

(185)
Q\ ﬁ)@/\"/OH
E (0] o}
F)\O

98%: . TLC Re0.53 (CHCIs/MeOH, 3/1); mp 188-189 oC
(MeOH-H20); IR (KBr) 2976, 2229, 1638, 1258, 1047; 1H NMR (300 MHz, DMSO-)
§7.25 (d, J= 2.4 Hz, 1H), 7.21 (d, J= 8.4 Hz, 1H), 7.11 (dd, J= 8.4, 2.4 Hz, 1H), 7.03 (t,
JuF = 74.4 Hz, 1H), 4.06 (d, J = 6.6 Hz, 2H), 4.00-2.80 (br, 1H), 3.24 (s, 2H), 3.06-2.98
(m, 2H), 2.72 (m, 1H), 2.65-2.55 (m, 2H), 2.17-1.95 (m, 6H), 2.00-1.75 (m, 4H); 13C NMR
(75 MHz, DMSO-ak) §170.90, 150.23, 139.20 (t, J = 3.2 Hz), 138.57, 121.65, 121.52,
117.75, 116.58 (t, J = 257 Hz), 111.79, 72.26, 58.24, 49.58 (2C), 41.36, 35.23 (2C), 33.91,
24.16 (2C), 18.09; HRMS (EI) calcd for CaoH24F2N204 394.1704, found 394.1715.

{4-Cyano-4-[3-(cyclopropylmethoxy)-4-(difluoromethoxy)phenyl]piperidin-1-yl}acetic

acid hydrochloride (186)
A\ OH
ool
F o} o
F)\O

74%: : TLC R=0.61 (CHCIs/MeOH, 2/1); mp 174-176 °C
(MeOH-H20); IR (KBr) 3482, 2239, 1750, 1237, 1051; 'H NMR (300 MHz, DMSO-ak)
§7.21-7.14 (m, 2H), 7.02 (t, JuF = 74.4 Hz, 1H), 7.01 (dd, J = 8.7, 2.1 Hz, 1H), 4.12 (s,
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2H), 3.95-2.95 (br, 2H), 3.85 (d, J = 6.9 Hz, 2H), 3.12-3.04 (m, 2H), 2.77-2.69 (m, 2H),
2.54 - 2.31 (m, 4H), 1.14 (m, 1H), 0.47 (m, 2H), 0.24 (m, 2H); HRMS (EI) calcd for
C19H22F2N204 380.1548, found 380.1550.

{4-Cyano-4-[4-(difluoromethoxy)-3-(2,3-dihydro-1 Ainden-2-yloxy)phenyl]piperidin-1-
yl}acetic acid (187)

o}
e N/\g/ H

86%: : TLC R=0.24 (CHCI3/MeOH/ACOH, 9/1/0.1); mp 180-181 °C
(MeOH-H20); IR (KBr) 3132, 2237, 1637, 1271, 1035; H NMR (300 MHz, DMSO- )
§7.32-7.14 (m, 7H), 6.91 (t, Juwr = 74.4 Hz, 1H), 5.43-5.37 (m, 1H), 4.00-2.60 (br, 1H),
3.39 (dd, J = 16.8, 6.0 Hz, 2H), 3.24 (s, 2H), 3.07-3.00 (m, 4H), 2.65-2.55 (m, 2H),
2.17-2.03 (M, 4H); 13C NMR (75 MHz, DMSO-ak) § 170.91, 148.63, 140.19 (2C), 139.64 (t,
J= 3.3 Hz), 138.48, 126.39 (2C), 124.40 (2C), 121.67, 121.57, 118.00, 116.35 (t, J = 258
Hz), 112.79, 78.64, 58.25, 49.59 (2C), 41.40, 38.94 (2C), 35.23 (2C); HRMS (EI) calcd for
C24H24F2N204 442.1704, found 442.1699.
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4-(3-Cyclopentyloxy-4-difluoromethoxyphenyl)-4-cyano-1-benzylpiperidine

hydrochloride (198)
HCI
; N/\O
O
F

FOUL
SOCl2 16.8 mL, 231 mmol  toluene 65 mL N, N-bis(hydroxyethyl)benzyl-
amine 196 22.9 g, 117 mmol 60 50
mL IN 50 mL 3-cyclopentyloxy-4-
difluoromethoxy-phenylacetonitrile 173a 26.1 g, 97.7 mmol 4N

40 mL, 160 mmol NaOH 120 g, 3.00 mol TBAB

tetrabutylammonium bromide 1.57 g, 5.90 mmol 90 15
t-BuOMe 250 mL 125 mL 250

mL 1N 40 mL MeOH 250
mL 0.5 250 mL 50

MeOH 1:2

198 36.5g, 78.8 mmol, 81%
TLC R=0.49 (toluene/EtOAc, 10/1); IR (KBr) 2958, 2240, 1473, 1270, 1054; 1H NMR
(300 MHz, CD30D) & 7.66-7.58 (m, 2H), 7.56-7.47 (m, 3H), 7.24-7.19 (m, 2H), 7.13-7.08
(m, 1H), 6.70 (t, Jw,r= 75.0 Hz, 1H), 5.00-4.88 (m, 1H), 4.48 (s, 2H), 3.78-3.63 (m, 2H),
3.50-3.33 (m, 2H), 2.63-2.40 (m, 4H), 2.05-1.55 (m, 8H); HRMS (EIl) calcd for
C2sH28F2N202 426.2119, found 426.2117.

4-[3-Cyclopentyloxy-4-difluoromethoxyphenyl]piperidine-4-carbonitrile hydrochloride

(175a)
HCI
O

ISOL
198 36.5 g, 78.8 mmol MeOH 530 mL 10%

50% 72 g 4
n-heptane/EtOAc 2/1
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175a 19.3 g, 51.7 mmol, 66%
175a

Ethyl {4-cyano-4-[3-(cyclopentyloxy)-4-(difluoromethoxy)phenyl]piperidin-1-yl}acetate

(176a)
Q N O._CHs
oL d
CN
Ao

175a 19.3 g, 51.7 mmol DMF 53 mL K2COz 18.4 g, 133 mmol
BrCH2COOEt 5.89 mL, 51.7 mmol 50 1.5
-BuOMe 160 mL
176a 23.4 g,
176a

{4-Cyano-4-[3-(cyclopentyloxy)-4-(difluoromethoxy)phenyl]piperidin-1-yl}acetic acid

monohydrate (165a H:0)
OH
N
Y _OrY
LA o e
F O

176a 17.7g, 39.1 mmol MeOH 200 mL IN
86.6 mL, 86.6 mmol 2
2N 43 mL, 86 mmol MeOH/H20 1/2
Et20 13.4 ¢ 124 ¢ EtOH 144
mL 96 mL 25 3mmHg 12
165a H2:0 11.5g, 27.9 mmol, 77%
165a

Anal. calcd for C20H24F2N2042H20: C, 58.24; H, 6.35; N, 6.79. found: C, 58.31; H, 6.28;
N, 6.85.
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64

125a

IR
DSC TG X
X
RINT-1400 X Cu
X

9.00 56 9.05 98
6.29 19 7.10 9
5.70 39 6.00 5
5.15 30 5.72 7
5.04 81 5.45 64
4.87 8 4.81 8
4.67 78 451 100
4.49 21 4.13 19
4.23 46 4.03 31
4.15 100 3.68 16
3.89 23 3.53 21
3.83 20 3.08 11
3.59 75 3.04 7
3.51 43 3.00 9
3.35 14 2.88 6
2.98 21 2.71 7
2.94 12

2.85 32

2.77 9

IR
FT/IR 660Plus 4 cm

DSC
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DSC6200
mg

10 /min

TG

TGA 50
20mL/min

X
SMART6000 CCD

Mo A 0.71073

Compounds
Lattice parameter

Volume (A3)
Space group
No.Observed reflections
(1>3.000 (1))

No. Variables
R -factor
Rw

R=%(|Fobs |-|Fcalc||)/Z|Fobs |
Rw =[(Zw(|Fobs| - |Fcalc|)2/ 2w Fobs2)]1/2

*(Fo>40 (Fo))

204

4.8

20mL/min

4.8 mg
10 /min

100K

125a
11.939(1)
35.127(4)
14.828(2)

141.418(3)

3878.1(7)
P21/n
1789*

523
0.139
0.302



PDE4

U937
U937

pH7.5
0.22um

0.8M
cAMP
PDE

PDE4

10%DMSO 10uL
40mmol/L 2-
pH8.0 10uL
10,000cpm/10pL
30
2,000rpm
30
80uL 0.005
PDE4
PDE4 (%)=(1-

10% PRMI11640
Immol/ DTT 2mmol/L
EDTA-2Na 50mmol/L
50,000rpm
MonoQ
NaCl O
PDE lumol/L AMP
10uM rolipram PDE4
PDE
cAMP Km
70uL 10uL

50mmol/L MgCl2 1mg/mL

200mmol/L
cAMP lumol/L 10pmol/L 3H-cAMP
200mmol/L pHS8.0 96
25
10uL snake venom 1mg/mL
50uL 100pL
/ )><100
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TNF-ox

CD(SD)IGS 6 24 LPS  10ug/2mL/kg
LPS 30 10mL/kg
LPS 90
12000rpm 4 3

-80 TNF-ax TNF-a ELISA
Genzyme SPECTRA MAX250
vehicle
TNF-ax
96 180uL
DMSO 0.1 10pL 30 37 5% CO2
10uL LPS CO2
5% CO2 6 300
><g 5 50uL TNF-aELISA
TNF-a
OVA
Hartley 7 OVA 1mg 5
><10° 0.5mL 14

Konzett & Rossler

50mg/Kkg, ip

Model SN-480-7 10mL/kg

70 |/
PNEUMOTACHOGRAPH MODEL MFP-IT
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OVA 0.15 0.5mg/mL/kg

SRS-A 3 5mg/mL/kg
1 1mg/mL/kg
1
15
vehicle 5
5
CD(SD)IGS 6 24 10mL/kg
20 0.05mg/mL 1.5mL/
20 100mL  0.1N NaOH
25mL  0.45um
Spectrophotometer HITACHI model U-2001 OD546nm
(%)=100><(0.75 )/0.75
Vehicle 100%
6
1.2Kg 24
1
7
20%HP-&-CD 0.5%
CD(SD)IGS 8
24

12000rpm 2
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LC/MS/MS
Quattro 11 HP1100 HPLC
YMC-Pack Pro C18 2.1><150mm
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