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Figure 1 Structures of marketed drugs for breast cancer
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Table 1 Typical compounds of the bicyclic heteroaromatic group

H
N NH NH.
h {j y f% %
N ﬁNj N N

NN NPSNC NSNS N
k\'>:\/'[>k\'>k\‘ g
NH Nu NH NT N NN
1 2 3 4 5

H

PKB PKA SRB (PC3M) cell/
Compd. 1 o1 -1
IC_/nmol-L IC /nmol-L IC_/umol-L
1 6900 Not test Not test
2 290 890 >50
3 270 4100 >50
4 770 460 32
5 180 1550 48

PKB 7% 1458 T PKA K2 28 i, 4l A b P 4R i, 24
R LAY (Taylor K, Ruddle R, Raynaud FI, et al.
Identification of 4-(4-aminopiperidin-1-yl)-7H-pyrrolo
[2,3-d]pyrimidines as selective inhibitors of protein kinase
B through fragment elaboration. J] Med Chem, 2008, 51:
2147-2157).
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Figure 2 X-ray crystallographic structures for the complexes of 1-PKB (a), 5-PKB (b), and 6-PKB (c)
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Table 2 Addition of the lipophilic group to the 4-aminomethyl- and 4-aminopiperidines

NH,

R.__NH, R

g/j %ﬁNHZ
N N N

NP X
:I>
NN
6-8

gﬁg

NZSX
:NIH>

— 9-12 13-17
PKB PKA SRB (PC3M) SRB (PC3M)
Compd. X R 0 r 0 g
IC_/nmol-L IC_/mmol-L IC_/umol-L IC_/umol-L
6 CH Ph- 246 726 38 Not test
7 CH 4-Cl-Ph- 25 54 7.4 6.0
8 N 4-Cl-Ph- 71 27 23 Not test
9 N 4-CI-Ph- 16 3 5.7 Not test
10 CH 4-Cl-Ph- 8 5 1.0 0.52
11 N 4-Cl-C H,-CH,- 3 7 20 Not test
12 CH 4-CI-C H,-CH,- 5 9 15 43
13 N 4-Cl-Ph- 7 23 >50 Not test
14 CH 4-Cl-Ph- 7 15 8 4.7
15 N 4-Cl-CH,-CH,- 25 286 >50 Not test
16 CH 4-C1-C H,-CH,- 6 168 12 5.0
17 CH 4-t-Bu-C H,-CH,- 27 3400 Not test Not test
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Table 3 Development of 4-amino-1-(7H-pyrrolo[2,3-d|pyrimidin-4-yl)-piperidine-4-carboxamide PKB inhibitors

i b B 2R Glu279

R_ NH,
N
N7~ N\
l\ |
NN
PKB PKA Selectivity
Compd. R 1 -1
IC, /nmol-L IC, /nmol-L PKA:PKB
16 4-C1-Ph-CH,- 6 168 28
18 4-Cl-Ph-CH,OCH,- 8.0 13 1.6
19 4-Cl-Ph-CONHCH,- 69 Not test Not test
20 4-Cl-Ph-CH,NHCO- 2.2 30 14
21 2,4-CL,-Ph-CH,NHCO- 49 120 20
22 4-F,C-O-Ph-CH,NHCO- 11 110 10
23 4-CI-Ph-CH,N(CH,)CO- 25 84 34
24 @O"Yﬁ’m 250 Not test Not test
]
Ph
25 CNfl 680 Not test Not test
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MR R A H w45 G AEH (B 3A). 20 5 PKB 45 &
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AL &7 17 020 (1B & B, 3221025 A T &
A 7E — i (McHardy T, Caldwell JJ, Cheung KM, et al.
Discovery of 4-amino-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidine-4-carboxamidesas selective, orally active
inhibitors of protein kinase B (Akt). J] Med Chem, 2010,
53:2239-2249),
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Figure 3 Crystal structures of 17 bound to PKB (A) and 20 bound to PKB (B). C: Overlay of the bound conformations of 7 (gold),

Table 4 PKB enzyme and cell potency, selectivity, and hERG activity for a-alkyl-substituted benzylamine analogues

LI
i H
Compd. R 1C/nmol L” LogDh Solubility/umol-L"
PKBa PKBp PKBy Cell ROCK2 hERG

20 H 13 66 57 328 66 5235 2.9 150
29 CH, 8 40 30 197 101 7200 2.7 180
30 R-CH, 276 836 523 4594 1396 9092 33 77
31 S-CH, 4 20 16 134 55 6 747 2.7 110
32 C,H; 7 23 13 144 126 6495 3.5 13
33 c-Pr 5 30 25 208 261 2 600 34 31
34 Ph 41 210 270 1 620 576 1800 4.1 <1
35 Ph-CH, 31 190 150 1 650 586 3500 4.1 <1
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54 o-BAEMREMEERRNTIR oS- FEERAKL
EV3 A RAF NS R B, 6 TR MR AL,
8 L E AR I N 2 T A S8 TR 5. HIRK
RENR, A S DA ORER 1 1] PKB 1 i i 1k

HMAHPIEE, &5 BAIMIE RN T4 ROCK2 ik HE AR
A, AH SO AR L R R AN R . BT A S A
VS A7 1) B g T PG T hERG B I8 3 04 F
SRR A SE B0 3R B & AL S ) s B R B, IR
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Table 5 PKB enzyme and cell potency, selectivity, and hERG activity for a-substituted benzylamide analogues carrying a basic side chain

R
NH,
Cl
N
I
NN
IC. /nmol-L"! Solubilit
Compd. R (/1Mo LogDh olubi 1_}11
PKBa PKBp PKBy Cell ROCK2 hERG /pmol-L
31 S-CH, 4 20 16 134 55 6747 27 110
36 (CH,),N(CH,),- 2 14 7 96 30 >10° Not test Not test
37 (CH,),N(CH,),- 3 15 4 126 71 >10° 1.4 >1 700
38 [ N-(CHos— 4 9 36 209 104 >10° 1.3 >1500
39 o@wcw 5 42 15 156 134 74 807 2.7 1400
40 (n-oran- 5 30 10 91 122 >33 300 Not test Not test
41 S-(CH,),N(CH,) - 3 Not test Not test 110 34 >33 300 Not test 2320
42 S»CN—(CHz)z— 4 31 18 43 39 21030 Not test >2 470
43 s h-ter— 4 13 6 78 34 29367 24 >2 090

Table 6 PKB enzyme and cell potency, selectivity, and hERG activity for a-substituted benzylamide analogues carrying a neutral side

chain
R
NH,
al
N
G
NN
IC O/nmol'L‘I Solubility
Compd. R LogD 0
PKBa PKBS PKBy Cell ROCK2 hERG /umol-L
o
44 . 30 159 105 1126 351 >10° 2.2 460
)
[e]
45 HaC~N)K,,- 42 Not test Not test 681 266 >33 300 2.4 400
HaC”
0
46 e 31 Not test Nottest 2893 182 >33 300 2.4 >1200
H
QL
47 NS~ 12 Not test Not test 489 37 >33 300 22 5
0.0
48 HZN/\S’\/»»L 6 Not test Not test 874 62 >33 300 Not test Not test
QL
49 oSS 16 Not test Not test 995 90 >33 300 2.1 29
H
\ /,
50 281 7 36 30 414 153 80 124 22 86
HC™N
51 HO™ ™ 46 40 302 89 >10° 2.4 47
52 HO ™" 22 15 91 112 >10° 2.5 21
53 HO™ " 24 22 138 76 57793 2.8 130
54 N 10 130 100 303 204 9369 3.0 52
55 S-HO N 3 8 8 89 56 >10° 2.5 780
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Figure 4 (a) Binding mode of compound 55 in PKBa determined by X-ray crystallography at 1.49 A resolution. The 2Fo-Fc electron

density map is displayed in orange and contoured at l¢ around the inhibitor. Nearby water molecules are represented as red spheres. (b)

Molecular surface representation of the PKBa binding pocket, looking toward the kinase hinge region. (¢) Hydrogen-bond network formed

by 55 and PKBa residues within 3 A of the inhibitor



