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Starting from TGX-221, we designed a series of 9-(1-anilinoethyl)-2-morpholino-4-oxo-pyrido[1,2-a]
pyrimidine-7-carboxamides as potent and selective PI3Kb/d inhibitors. Structure–activity relationships
and structure–property relationships around the aniline and the amide substituents are discussed. We
identified compounds 17 and 18, which showed profound pharmacodynamic modulation of phosphory-
lated Akt in the PC3 prostate tumour xenograft, after a single oral dose. Compound 17 also gave signifi-
cant inhibition of tumour growth in the PC3 prostate tumour xenograft model after chronic oral dosing.

� 2014 Elsevier Ltd. All rights reserved.
Phosphoinositide-3-kinases (PI3Ks) are a class of enzymes that
catalyse the phosphorylation of phosphoinositides at the 3-hydro-
xyl position. PI3Ks are grouped into three classes, based on their
substrate specificity and structural features.1 Class I PI3Ks are fur-
ther divided into class IA enzymes (PI3Ka, PI3Kb and PI3Kd) and
class IB enzymes (PI3Kc). Class I PI3Ks primarily generate phos-
phatidylinositol-3,4,5-triphosphate (PI(3,4,5)P3), which acts as a
second messenger to trigger a diverse set of signalling cascades,
whilst the tumour suppressor PTEN (phosphatase and tensin
homologue) reverses this process.2

The different class I isoforms of PI3K were originally thought to
be redundant in function, and as such, most of the PI3K inhibitors
currently in clinical trials are pan-PI3K inhibiting all four PI3K
isoforms. One concern associated with pan-PI3K inhibitors is their
tolerability profile, especially given the fact that the first having
entered clinical trials are not highly selective for PI3Ks. On the
other hand, isoform-selective PI3K inhibitors would have the
potential to completely block the relevant target while limiting
toxicities associated with broader inhibition profiles.3 Moreover,
the generation of isoform selective inhibitors has started to
elucidate individual distinct functions for these lipid kinases. For
instance, PI3Kd has been shown to play a critical role in B-cell
signalling in response to a number of cytokines and chemokines.
Specific inhibition of PI3Kd has been shown to have activity in
human B-cell cancers such as chronic lymphocytic leukemia
(CLL) and indolent non-Hodgkin lymphoma (iNHL).4

Specific catalytic inhibition of PI3Kb has been reported to block
platelet responses to shear stress and to regulate the formation of
arterial thrombi.5 In human cancer models, inhibition of PI3Kb is
thought to be important in tumours which have lost PTEN, as dele-
tion of PI3Kb, but not PI3Ka was shown to markedly impair tumor-
igenesis driven by the loss of PTEN.6 These results have prompted
drug discovery efforts to find selective orally active PI3Kb inhibi-
tors and, as a result, many PI3Kb selective inhibitors have been
disclosed recently.7 However, at the start of this work, only few
isoform selective inhibitors had been reported, mainly from the
TGX series as exemplified by TGX-221.8 Subsequent efforts at
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Table 1
Structure, PI3Kb cellular activity of 1, 2, 2a–d

N

N

O

N
O

NH

R

Compd R PI3Kb cell IC50 (lM)a Enantiomeric status

1 (AZD6482) 2-CO2H 0.040 (R)
2 (TGX-221) H 0.022 Racemic
2a 3-Me 0.081b Racemic
2b 4-F 0.19 Racemic
2c 3-Cl 0.017 Note c

2d 3-F, 5-F 0.009 Note c

a Numbers are a geometric mean of 2 or more values.
b n = 1.
c Single enantiomer, unknown absolute configuration.

B. Barlaam et al. / Bioorg. Med. Chem. Lett. 24 (2014) 3928–3935 3929
AstraZeneca resulted in the discovery of AZD6482,9 a PI3Kb inhib-
itor showing inhibition of platelet aggregation suitable for short
intravenous infusion in humans (see Fig. 1).

In addition to previously reported approaches at AstraZeneca to
find orally active PI3Kb inhibitors,11 one option we considered was
further optimisation of TGX-221 and AZD6482. From the start, we
decided to remove the carboxylic acid present in AZD6482, as we
considered it as the probable cause of poor exposure following oral
administration (see preceding paper15). On the other hand,
TGX-221 is a potent PI3Kb inhibitor with similar cellular potency
as AZD6482 (IC50 0.022 lM for TGX-221 vs IC50 0.040 lM for
AZD6482) and is highly lipophilic (measured LogD7.4 3.6), and, as
a consequence, has poor physical and metabolic properties.
Internal data showed that biological activity in this series resides
essentially in one enantiomer: for AZD6482, the (R)-enantiomer
is over 200 times more active than the (S)-enantiomer9 and the
(R)-enantiomer of TGX-221 is more potent than the (S) one, as
recently published by another group.7e In addition, our internal
work provided evidence that substitution of the aniline with small
substituents could modulate PI3Kb cellular potency (as illustrated
in Table 1). An homology model of the PI3Kb enzyme, based on
available public and un-published in-house crystal structures of
PI3Kc, docked with TGX-221 (R)-enantiomer (see Fig. 2) helped
rationalise the observed SAR.12 This homology model recapitulated
key interactions typical of PI3Ks, as seen in the crystal structure of
AZD6482 bound in PI3Kc (see preceding paper15) and other homol-
ogy models of PI3Kb reported by other groups.7,11 As anticipated,
the oxygen of the morpholine makes a key H-bond interaction with
Val854 in the hinge region and the pyridopyrimidone occupies the
central part of the ATP binding site. TGX-221 adopts a T-shape
conformation and induces a conformational change in the P-loop
with the movement of a conserved methionine Met779, creating
a small hydrophobic pocket limited by Met779 and Trp787 where
the aniline of TGX-221 lies. This conformational change was first
described by Knight13 to explain degrees of selectivity of some
inhibitors among the PI3K class I family. A similar explanation
was also published for ‘propeller shape’ selective PI3Kd inhibi-
tors.14 This hypothesis is currently the most widely accepted
explanation for gain of selectivity for PI3Kb and PI3Kd inhibitors
versus PI3Ka and PI3Kc.

Previously,15 we showed that amides at the 7-position of the
pyridopyrimidone core were tolerated and we disclosed initial
SAR of the 9-(1-anilinoethyl)-2-morpholino-4-oxo-pyrido[1,2-
a]pyrimidine-7-carboxamides series. The 7-position of the pyrido-
pyrimidone points towards a hydrophilic region containing several
aspartic acids in the PI3Kb isoform (i.e., Asp923 and Asp937), with
access to the solvent. In this Letter, we describe further optimisa-
tion of this series as orally active PI3Kb/d selective inhibitors and
their potential application as anticancer agents in PTEN-deficient
tumour models. Selectivity among the PI3K isoforms was routinely
measured with enzyme assays and the a/b selectivity was also
monitored in cell assays (inhibition of Akt phosphorylation at
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Figure 1. Structures of TGX-221 and AZD6482.
Thr308 in PIK3CA mutant human breast ductal carcinoma BT474
cells sensitive to PI3Ka inhibition and at Ser473 in PTEN-null
breast adenocarcinoma MDA-MB-468 cells sensitive to PI3Kb
inhibition).10

Compounds 3–24 were evaluated as racemates or pure enanti-
omers as indicated in Tables 2 and 316 and selectivity among PI3K
kinases is reported for selected compounds in Table 4. When iso-
lated as single enantiomers, compounds 3–21 were obtained after
separation of the two enantiomers by chiral preparative HPLC at
the final step (see supplementary material for the conditions and
characterisation used). Compounds 3–17 were synthesised accord-
ing to Scheme 1. As described in the preceding paper,15 the key
ester 27, a common intermediate for all the different routes is
readily available in a few steps from aminopyridine 25. The first
route relied on methyl ketone 29, again described previously.15

From 29, reductive amination with aniline followed by amide cou-
pling gave 4.17 However, for less nucleophilic anilines, the reduc-
tive amination step was too sluggish. So compounds 5–13 were
made from 29 as follows: selective reduction of the methyl ketone
with Luche reagent, followed by amide coupling with N,N-dimeth-
ylethylenediamine gave alcohol 30. Bromination and aniline
displacement, either one pot or in two separate steps, gave
compounds 5–13. However, the Heck reaction to make 29 was
found troublesome in some instances. An alternative route was
devised to circumvent this potentially problematic step. Again,
starting from the key ester 27, Stille coupling with tributyl
(1-ethoxyvinyl)stannane gave methyl ketone 31 after hydrolysis.
Formation of the imine with 4-fluoroaniline and its reduction,
followed by saponification of the ester and amide coupling affor-
ded 14. Because of the reduced reactivity of 4-fluoroaniline, imine
formation required activation with titanium tetrachloride.
Therefore, an alternative route via the alcohol 32 was also used
for 3, 15–17. Compound 31 was subjected to reduction with Luche
reagent to give alcohol 32. Bromination and displacement with the
corresponding aniline, followed by saponification of the ester and
amide coupling gave 3,17 15–17.

Compounds 18–21 were made according to Scheme 2: from 29,
selective reduction of the methyl ketone with Luche reagent,
followed by amide coupling with dimethylamine gave alcohol 33.
Bromination followed by displacement with the corresponding
aniline gave compounds 18–21. Finally, compounds 18 and 22–
24 were made from carboxylic acid 34, which derived from 32



Figure 2. TGX-221, (R)-enantiomer docked into an homology model of PI3Kb (a) Ribbon diagram showing key residues and interactions (b) Surface (in red) showing the
hydrophobic pocket occupied by the aniline moiety and the solvent accessible hydrophilic channel off the 7-position of pyridopyrimidone.

Table 2
Structure, PI3Kb cellular activity, permeability and lipophilicity of compounds 3–14

N

N

O

N
O

NH

O

N
R1

R2

R

Compd NR1R2 R PI3Kb cell IC50 (lM)a Caco-2
Papp

b
LogD7.4

c Enantiomeric statusd

3 NMe2 — 0.156 2.4 (�)
4 NHCH2CH2NMe2 — 0.008 0.2 1.7 (�)
5 NHCH2CH2NMe2 4-Cl 0.075 Racemic
6 NHCH2CH2NMe2 3-Cl 0.010 Racemic
7 NHCH2CH2NMe2 2-Cl 0.007 Racemic
8 NHCH2CH2NMe2 4-F 0.012 0.2 1.8 Racemic
9 NHCH2CH2NMe2 3-F 0.002 0.3 2 Racemic
10 NHCH2CH2NMe2 2-F 0.023 0.8 1.9 Racemic
11 NHCH2CH2NMe2 3-CF3 0.074 Racemic
12 NHCH2CH2NMe2 4-Me 0.530 Racemic
13 NHCH2CH2NMe2 2-F, 3-Cl 0.004 0.9 2.7 (�)

a Numbers are a geometric mean of 2 or more values.
b Apparent permeability from A (pH 6.5) to B (pH 7.4) in Caco-2 cell line, 10�6 cm/s.
c LogD7.4 obtained by shake-flask methodology.18

d Optical rotation sign for compounds isolated as a pure enantiomer.
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using the route described in Scheme 3. Chiral separation of the
enantiomers was performed at the carboxylic acid 3416 stage for
compounds isolated as a single enantiomer (e.g., 23–24).

An enantioselective route to 18 was also investigated (see
Scheme 4): it was based on the enantioselective reduction of an
imine to give enantiopure amine 37, followed by coupling with 1-
bromo-3,5-difluorobenzene via a Buchwald reaction. Several chiral
auxiliaries were tried including tert-butylsulfinamide and phenyl-
glycinol. The best results were obtained with (R)-phenylglycinol
tert-butyldimethyl silyl ether: reaction of 29 with (R)-phenylgly-
cinol tert-butyldimethyl silyl ether in the presence of titanium
tetraisopropoxide afforded imine 35 as a mixture of Z and E
isomers. Reduction of this mixture of imines with sodium
cyanoborohydride at �30 �C in THF gave a 4:1 mixture of diastere-
oisomers. Deprotection of the silyl protecting group with TBAF
allowed easy separation of the two diastereoisomers by chroma-
tography on silica gel. Oxidative cleavage of the major one with
lead tetraacetate gave the enantiopure amine 37. The exact
configuration of 37 has not been rigorously proven at this stage.
But coupling of 37 with 1-bromo-3,5-difluorobenzene under
Buchwald conditions gave 18 (without evidence of racemisation).
The best coupling conditions found used conditions with a
catalyst19 made from xant-Phos, Pd2dba3 and 1-Br-3,5-F-Ph, which
allowed completion of the reaction.

As previously reported,15 an amide substituent at the C-7
position of the pyridopyrimidone was tolerated as illustrated by
3 and 4: the dimethyl amide 3 showed strong inhibition of PI3Kb
(IC50 11 nM) in the enzyme assay, with excellent degree of selectiv-
ity versus PI3Ka (50 fold) and PI3Kc (550 fold) while keeping some
PI3Kd activity (IC50 110 nM). At the cellular level, 3 retained



Table 3
Structure, PI3Kb cellular activity, human hepatocyte Clint, lipophilicity, solubility and permeability of compounds 14–24

N

N

O

N
O

NH

O

N
R1

R2

R

Compd NR1R2 R PI3Kb cell IC50 (lM)a Human hep. Clint
b LogD7.4

c Solub.lMd Caco-2
Papp

e
Enantiomeric statusf

14 NMe2 4-F 0.062 3 2.3 130 34 (�)
15 NMe2 3-F 0.039 45 ND 23 39 Racemic
16 NMe2 2-F, 3-F 0.073 9 2.7 28 — Racemic
17 NMe2 3-F, 4-F 0.034 9 2.7 20 44 (�)
18 NMe2 3-F, 5-F 0.003 11 3 15 50 (R)
19 NMe2 3-Cl, 5-F 0.011 19 3.5 — — (�)
20 NMe2 3-F, 4-F, 5-F 0.011 13 — 10 — (�)
21 NMe2 2-F, 3-F, 5-F 0.025 15 2.9 46 — (�)
22 N(Me)CH2CH2OH 3-F, 5-F 0.008 10 2.1 930 — Racemic
23 4-Morpholine 3-F, 5-F 0.025 6 2.7 316 — (R)
24 4-Me-1-piperazine 3-F, 5-F 0.029 6 2.6 >1500 9 (R)

a Numbers are a geometric mean of 2 or more values.
b Human hepatocyte intrinsic clearance, lL/min/106 cells.
c LogD7.4 obtained by shake-flask methodology.18

d Solubility from solid material, phosphate buffer (pH 7.4).
e Apparent permeability from A (pH 6.5) to B (pH 7.4) in Caco-2 cell line, 10�6 cm/s.
f For compounds isolated as a pure enantiomer, absolute configuration if known, otherwise optical rotation sign.

Table 4
Biological activity of compounds 3, 4, 13, 14, 17 and 18 in different PI3K enzyme and
cell assays

Compd PI3Ka
enz IC50

a
PI3Kb
enz IC50

a
PI3Kc
enz IC50

a
PI3Kd
enz IC50

a
PI3Ka
cell IC50

a
PI3Kb
cell IC50

a

3 0.56 0.011 6.0 0.11 9.6 0.156
4 0.37 0.008 6.9 0.085 2.2b 0.008
13 0.092 0.007 0.67 0.051 0.97 0.004
14 1.3 0.037 13.5 0.23 11.6 0.062
17 0.34 0.007 3.0 0.045 4.7 0.034
18 0.075 0.005 0.51 0.032 1.2 0.003

a lM, numbers are a geometric mean of 3 or more values for enzyme assays and 2
or more values for cell assays.

b n = 1.
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activity on PI3Kb (IC50 156 nM) and good selectivity over PI3Ka (60
fold), albeit potency was slightly reduced (7 fold) compared to
TGX-221. The introduction of the dimethylamide group signifi-
cantly reduced lipophilicity (DLogD7.4 = �1.2), making 3 a very
interesting starting point. At the cellular level, the dimethylamino-
ethyl amide 4 was significantly more potent against PI3Kb and
more selective over PI3Ka than the dimethyl amide 3 (IC50 8 nM,
with a selectivity ratio of 270). One hypothesis for the improve-
ment of activity and selectivity is a potential ionic interaction of
the basic dimethylamino group with one of the aspartic acid in
the region, most likely Asp923 in the PI3Kb isoform modified as
Ser919 in the PI3Ka isoform. However, 4 had modest permeability
in Caco-2 (Papp 0.2�10�6 cm/s).

First, we explored the structure–activity relationships of the
aniline: whereas ortho or meta substitution with a chlorine was
tolerated, para-substitution with a chlorine was poorly tolerated
(see 5, 6 and 7 vs 4). Overall, para-substitution on the aniline
was poorly tolerated, a fluorine being the only group maintaining
similar potency: see fluoro 8 versus chloro 5 or methyl 12. meta
Substitution was more rewarding, a fluorine improving even
cellular activity further (fluoro 9 IC50 2 nM). It is worth noting that
potency was reduced with larger groups (chloro 6 IC50 10 nM,
trifluoromethyl 11 74 nM). ortho Substitution with a fluorine also
drew our attention: although 10 had slightly reduced cellular
activity (IC50 23 nM), its permeability was significantly increased
compared to its regioisomers (Caco-2 Papp 0.8�10�6 cm/s for 10 vs
0.2�10�6 cm/s for the corresponding para-fluoro 8 and 0.3�10
�6 cm/s for the meta fluoro 9), despite no significant change of lipo-
philicity. A possible explanation for the improvement of perme-
ability is the shielding of the aniline NH by the fluorine in the
ortho position, lowering the polar surface area. The 2-fluoro
3-chloro compound 13 combined the properties we were looking
for: good potency at the cellular level (IC50 4 nM) with an exquisite
selectivity versus PI3Ka (240 fold at the cellular level) and
improved permeability (Caco-2 Papp 0.9�10�6 cm/s). Compound 13
displayed good pharmacokinetics properties in mouse, low clear-
ance and good bioavailability, and moderate plasma protein bind-
ing (see Table 5). At this stage, from limited modifications of the
aniline from 3, we had also identified a few neutral compounds
of interest, 14 (dimethylamide, para-fluoro aniline) being the most
prominent example: despite being significantly less potent at the
cellular level (IC50 62 nM), 14 showed excellent selectivity versus
PI3Ka (190 fold at the cellular level), improved permeability
(Caco-2 Papp 34.10�6 cm/s), low plasma protein binding and
acceptable pharmacokinetics properties in mouse with good
bioavailability despite a short half life (t1/2 = 1.1 h).

Compounds 13 and 14 were evaluated in an acute pharmacody-
namic experiment following a single oral dose (50 mg/kg for 13
and 100 mg/kg for 14) in SCID mice bearing PTEN-null PC3 prostate
tumour xenografts. Target modulation was assessed by measuring
Akt phosphorylation levels at Ser473 at 30 min and 4 h. We saw
only modest inhibition of p-Akt with 13, despite the massive free
exposure.20 On the other hand, 14 delivered profound inhibition
of p-Akt at both time points (see Table 6).

These results prompted us to concentrate our efforts on the
neutral series derived from 3 and the substitution on the aniline
was further investigated. As previously shown for the basic
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Scheme 1. Synthesis of compounds 3–17. Reagents and conditions: (a) malonic acid, 2,4,6-trichlorophenol (2 equiv), POCl3 (2.5 equiv), 20 �C to 110 �C, 2 h (caution: gas
evolvement), to make 26 (crude); (b) 26 (1.2 equiv), toluene, 90 �C, 18 h, 93%; (c) MsCl (1.1 equiv), NEt3 (1.2 equiv), THF, 10–20 �C then morpholine (3 equiv), THF, 50 �C, 82%;
(d) NaOH (1.5 equiv), water, 70 �C, 1 h, 92%; (e) 4-(vinyloxy)butan-1-ol (5 equiv), 1,3-bis(diphenylphosphino)propane (0.1 equiv), Pd(OAc)2 (0.025 equiv), K2CO3 (2.5 equiv),
DMF–water (9:1), 80 �C then 28, 135 �C, 3 h; HCl (aq) quantitative; (f) PhNH2 (5 equiv), AcOH, polystyrene supported trimethylammonium cyanoborohydride, DMF–water
(3:1), rt, 18 h, 48%; (g) NH2CH2CH2NMe2 (2 equiv), NEtiPr2 (5 equiv), HATU (1.5 equiv), CH2Cl2, rt, 95%; chiral preparative HPLC (for 4); (h) CeCl3�7H2O (1.05 equiv), MeOH–
CH2Cl2 (2:1), then NaBH4 (1.3 equiv), 15 �C, 15 min, 84%; (i) NH2CH2CH2NMe2 (1.05 equiv), NEtiPr2 (1.1 equiv), TSTU (1.2 equiv), CH2Cl2, rt, 1 h, 61%; (j) PBr3 (1 equiv), ArNH2

(6 equiv), CH2Cl2 or NMP, no base or K2CO3 (for 5–12); (k) PBr3 (1 equiv), CH2Cl2, quantitative; (l) ArNH2 (4 equiv), NMP, 40 �C, 2 days, 66%; chiral preparative HPLC (for 13);
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sub-series, a fluorine in the 3-position (compound 15) gave a slight
increase in cell potency, but also lowered metabolic stability.
Next, we looked at bis-substitution of the aniline: both the
2,3- and 3,4-difluoro (resp. 16 and 17) showed a similar pattern:
similar cell potency as for 15, with improved metabolic stability.
However, the 3,5-difluoro 18 was 10-fold more active in cell (IC50

3 nM), with low/medium metabolic stability. Unfortunately this
compound had low solubility, probably as a consequence of
increased lipophilicity. Further modifications of the 3,5-difluoro-
substitution of 18 were evaluated (compounds 19–21), but all
suffered from a combined reduction of both potency and metabolic
stability. Modifications of the dimethylamide portion were evalu-
ated, with the aim of improving solubility and reducing metabolic
stability further: the hydroxyethyl methyl amide 22 showed the
expected solubility improvement (probably linked to the reduction
of lipophilicity) and medium/low metabolic stability; other amides
such morpholine 23 and N-methylpiperazine 24 had better
metabolic stability but reduced cellular potency.

Representative compounds of the series and their activity on
the different PI3K isoforms is reported in Table 4: at the enzyme
level, all compounds showed potent activity against PI3Kb and
PI3Kd isoforms, with excellent selectivity against PI3Ka and PI3Kc.
The PI3Kb selectivity over PI3Ka was confirmed at the cellular
level. We next turned our attention to the in vivo pharmacokinetic
properties of these molecules: representative compounds were
evaluated in mouse pharmacokinetics: 17 and 18 had acceptable
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Table 5
Pharmacokinetic parameters in mice and protein binding of compounds 13, 14, 17
and 18 in mouse and human plasma

Compd CLa F%a Mo/Hu ppb %freeb

13 10 39 1.6/3.3
14 45 70 12/21
17 74 35 8.7/14
18 82 31 4.7/12

a Mouse pharmacokinetic parameters; hairy mice dosed at 5 lmol/kg i.v. and
30 lmol/kg p.o.; clearance (mL/min/kg) and bioavailability (%).

b Protein binding in nude mouse and human plasma, expressed as fraction
unbound (%).

Table 6
Pharmacokinetic exposure, free cover over PI3Kb cellular IC50 for compounds 13, 14,
17 and 18 and effect on p-Akt in a SCID mice PC3 xenograft model

Compd Time point (h) % Inhib
p-Akt

Total plasma
concn (lM)a

Free coverb

13 0.5 26 21 83
13 4 40 12 48
14 0.5 85 71 140
14 4 60 8.1 16
17 0.5 81 3.9 10
17 4 81 2.3 5.9
17 8 71 0.3 2.5
18 1 92 13 204
18 4 80 6.8 106
18 8 56 2.6 41

a Compounds 13, 14, 17 and 18 were administered orally as a suspension (single
dose of 50 mg/kg for 13, 100 mg/kg for 14 and 18, 200 mg/kg for 17).

b Free cover over PI3Kb cellular IC50.
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pharmacokinetic parameters, including bioavailability (see Table
5). Compounds 17 and 18 were subsequently administered at
higher doses, respectively 200 mg/kg and 100 mg/kg and, despite
their modest solubility, delivered sustained good plasma levels
up to 8 h, possibly because of prolonged absorption in the gut. They
were selected for evaluation in our acute pharmacodynamic model
(single oral dose in SCID mice bearing PC3 prostate tumour
xenografts). As shown in Table 6, both compounds gave very strong
inhibition of p-Akt (>80% inhibition) up to 4 h with significant
inhibition retained at 8 h (71% and 56% resp. for 17 and 18).

Based on its strong and sustained pharmacodynamic inhibition
of p-Akt up to 8 h following a single oral administration, the
,

antitumour activity of 17 at the 200 mg/kg b.i.d. oral chronic dose
was evaluated in the PTEN-null PC3 prostate tumour xenograft
model in SCID mice: 17 showed 40% inhibition of tumour growth
at the end of the experiment (see Fig. 3).

In summary, based on the docking on TGX-221 in a PI3Kb
homology model, we have designed a series of 9-(1-anilinoeth-
yl)-2-morpholino-4-oxo-pyrido[1,2-a]pyrimidine-7-carboxamides



Figure 3. Tumour growth inhibition of 17 in a PTEN-null PC3 prostate tumour
xenograft model in SCID mice.
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as PI3Kb/d inhibitors. Optimisation of the aniline and the amide
substituents led to identification of potent PI3Kb/d inhibitors with
excellent selectivity versus PI3Ka and PI3Kc such as 17 and 18.
Both compounds show profound pharmacodynamic modulation
of p-Akt in PTEN-null PC3 prostate tumour bearing mice after oral
administration and 17 gave significant inhibition of tumour growth
in the same xenograft model.
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18 as a single enantiomer. This same (�) enantiomer was used to make 23
and 24.

17. Compounds 3 and 4 are the (�) enantiomers of compounds 10 and 14 from the
preceding paper (Ref. 15).

18. LogD7.4 was measured using shake-flask methodology with a buffer/octanol
volume ratio of 100:1. The concentration of compound in the aqueous phase
before and after partitioning with octanol was determined by generic HPLC
analysis.
19. Yin, J.; Buchwald, S. L. J. Am. Chem. Soc. 2002, 124, 6043.
20. Although tumour levels have not been assessed for 13, we have seen high total

tumour levels for related compounds carrying the same basic side chain and
with similar permeability. However, we suspect that high efflux potential
(MDR-mdck efflux ratio: 15) associated the moderate permeability seen with
13 may limit engagement of the target in the tumour.
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