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nVP-BKM-120
5-[2,6-Di(morpholin-4-yl)pyrimidin-4-yl]-4-(trifluoromethyl)pyridin-2-amine
InChI: 1S/C18H21F3n6o2/c19-18(20,21)13-9-15(22)23-11-12(13)14-10-16(26-1-5-28-6-2-26)25-17(24-14)27-3-7-29-8-4-27/h9-11H,1-8H2,
(H2,22,23)

other cytotoxic agents. Buparlisib is rapidly absorbed and highly
bioavailable after oral administration, with a half-life of approximately
40 hours, mainly via hepatic clearance. The product is currently being
tested in clinical trials in several solid tumors and was found to be well
tolerated, preliminary data demonstrating variable clinical responses
including partial response, stable disease and progressive disease.
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SYNTHESIS*
Buparlisib can be prepared by two related ways:

C18H21F3n6o2
Mol wt: 410.3935
CAS: 944396-07-0
En: 458123
SUMMARY
The PI3K signaling pathway is dysregulated in many tumor types,
where it is associated with a poor prognosis and resistance to multiple
therapies, and inhibition of PI3K is an emerging strategy in the treatment of cancer. Buparlisib (NVP-BKM-120) is a 2,6-dimorpholinopyrimidine derivative and a potent pan-PI3K inhibitor, inhibiting PI3K
downstream signaling, including downregulation of p-Akt and p-S6R,
and inducing apoptosis of cancer cells. In animal models, buparlisib
inhibited tumor growth and metastasis of breast, lung, glioma, multiple myeloma, gastric and soft tissue sarcoma, and it synergized with
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Cyclization of morpholine-4-carboximidamide hydrobromide (I) with
diethyl malonate (II) by means of naoEt in refluxing EtoH gives
2-(morpholin-4-yl)pyrimidine-4,6-diol (III), which by chlorination
with PoCl3 at 120 °C affords 4,6-dichloro-2-(morpholin-4-yl)pyrimidine (IV). nucleophilic substitution of the dichloropyrimidine (IV)
with morpholine (V) in the presence of Et3n in refluxing N-methyl-2pyrrolidone provides 2,4-di(morpholin-4-yl)-6-chloropyrimidine (VI)
(1). Alternatively, dimorpholinopyrimidine (VI) is prepared by reaction
of 2,4,6-trichloropyrimidine (VII) with morpholine (V) in THF, followed by chromatographic separation (1-3). Finally, chloropyrimidine
derivative (VI) is submitted to a Suzuki cross-coupling reaction with
boronate ester (VIII) in the presence of Pd(dppf)2Cl2·CH2Cl2 (2) or
Pd(dppf)2Cl2 (1) and na2Co3 in 1,2-dimethoxyethane at 90-95 °C (1,
2). Scheme 1.
Alternatively, iodination of chloride (VI) with HI and naI yields the
corresponding iodide (IX) (3), which is also coupled with boronate
(VIII) in the presence of Pd(dppf)Cl2·CH2Cl2 and K2Co3 in 1,4-dioxane/H2o at 100 °C (3). Scheme 1.
Boronate ester (VIII) is obtained by bromination of 4-(trifluoromethyl)pyridin-2-amine (X) with nBS (1, 2) in CHCl3 (1, 3) or CH2Cl2
(2) to afford 5-bromo-4-(trifluoromethyl)pyrimidin-2-amine (XI),
which is finally condensed with bis(pinacolato)diboron (XII) in the
presence of Pd(dppf)2Cl2·CH2Cl2 and KoAc in refluxing dioxane (1, 2)
or DMSo (3). Scheme 1.
Bromination of 2-amino-4-(trifluoromethyl)pyridine (X) with nBS in
THF affords 2-amino-5-bromo-4-(trifluoromethyl)pyridine (XI), which
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Scheme 1. Synthesis of Buparlisib
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by N-acetylation with Ac2o and DMAP in EtoAc yields the
corresponding acetamide (XIII), which by sequential metalation with
BuLi in THF, borylation with (i-Pro)3B and hydrolysis with HCl affords
the boronic acid (XIV). Suzuki cross-coupling of boronic acid (XIV) with
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4-chloro-2,6-di(morpholin-4-yl)pyrimidine (VI) in the presence of
Pd(PPh3)4 and K2Co3 in DME at 70 °C results in N-[4-trifluoromethyl5-(2,6-dimorpholinopyrimidin-4-yl)pyridin-2-yl]acetamide (XV),
which is finally deacetylated by treatment with HCl (4). Scheme 2.
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Alternatively, Miyaura borylation of 4-chloro-2,6-di(morpholin4-yl)pyrimidine (VI) with bis(pinacolato)diboron (XII) by means of
Pd2dba3, KoAc and Cy3P in acetonitrile gives boronate ester (XVI),
which is finally submitted to Suzuki cross-coupling with 2-amino5-bromo-4-(trifluoromethyl)pyridine (XI) in the presence of
Pd(dppf)Cl2 and Cs2Co3 in THF (4). Scheme 2.
BACKGROUND
The phosphatidylinositol 3-kinase (PI3K) signaling pathway is dysregulated in many tumor types, where it is associated with a poor
prognosis and resistance to multiple therapies. It is also known to
play a pivotal role in the initiation and progression of malignancies,
enhancing cell survival by stimulating cell proliferation and inhibiting apoptosis (5, 6). The two most widely observed mechanisms of
PI3K–Akt activation in cancer are activation by receptor tyrosine
kinases (RTKs) and somatic mutations in specific components of the
signaling pathway (7).
Upon activation by a ligand, RTKs engage and activate PI3K, which
in turn converts membrane-bound phosphatidylinositol 4,5-bisphosphonate (PIP2) to phosphatidylinositol 3,4,5-triphosphonate (PIP3).
PIP3 then activates Akt by phosphorylation, which Akt acts to promote cell proliferation and survival, and regulates multiple signaling
pathways that maintain cell cycle, proliferation and antiapoptotic
signals (5). Akt phosphorylates the forkhead box protein o (FoXo)
subfamily of forkhead family transcription factors, which inhibits the
transcription of proapoptotic genes, and directly inactivates
proapoptotic proteins, while it activates the activity of nuclear factor
nF-kB and stimulates the transcription of prosurvival genes (8).
Moreover, cell cycle progression is regulated by Akt through its inhibition of the phosphorylation of the cyclin-dependent kinase
inhibitors p21WAF1/CIP1 and p27KIP1 (9), and inhibition of glycogen synthase kinase-3 beta (GSK-3 beta) (10), which results in stimulation of
cell cycle progression by stabilization of cyclin D1 (11). The most studied downstream substrate of Akt is the serine/threonine-protein
kinase mToR (mammalian target of rapamycin); Akt can directly
phosphorylate and activate mToR, as well as cause indirect activation of mToR by phosphorylating and inactivating tuberin (TSC2)
(12). TSC2 normally inhibits mToR through the GTP-binding protein
Rheb. When TSC2 is inactivated by phosphorylation, the GTP-binding protein Rheb is maintained in its GTP-bound state, allowing
increased mToR activation (13). mToR exists in two complexes:
ToRC1, in which mToR is bound to Raptor, and ToRC2, in which
mToR is bound to Rictor (14). In the ToRC1 complex, mToR signals
to its downstream effectors S6 kinase/ribosomal protein S6 and 4EBP1/eIF-4E to control protein translation (15). Although mToR is
generally considered a downstream substrate of Akt, mToR can also
phosphorylate Akt when bound to Rictor in the ToRC2 complex,
providing a level of positive feedback on the pathway (16).
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or pan-PI3K inhibitors (18). Buparlisib (nVP-BKM-120) is a 2,6dimorpholinopyrimidine derivative and is a potent pan-PI3K
inhibitor.
PRECLINICAL PHARMACOLOGY
Buparlisib was shown to bind in the ATP binding site of the lipid
kinase domain in the PI3K p110g and the PI3K p110a isoforms. The
binding to the a isoform suggests that there are three key hydrogen
bond interactions formed by the oxygen of the 2-morpholino group
and by the exocyclic nitrogen in the 6-position pyridyl substituent.
The morpholine oxygen functions as a hydrogen bond acceptor with
the backbone amino group of Val851 in the hinge domain of the PI3K
p110a isoform. A similar interaction is observed in all the published
structures with ATP and with known inhibitors. The 6-pyridyl exocyclic nitrogen (as a donor) binds to Asp810 and Asp933 in the catalytic region. A fourth interaction could be modeled, as high-resolution structures of p110g are frequently observed to contain a water
molecule forming a hydrogen bond bridge between Tyr836 and
Asp810. Consistent with its mechanism of action, buparlisib
decreases the cellular levels of p-Akt in mechanistic models and relevant tumor cell lines, as well as downstream effectors in a concentration-dependent and pathway-specific manner (19).
Buparlisib is approximately equipotent against the class IA PI3Ks
alpha, beta and delta and modestly less potent against the class IB
gamma isoform. The compound also shows comparable potency
against activating p110a somatic mutations that have been
described in a wide array of human cancers. Buparlisib is significantly less potent in biochemical assays against the PI3K class III family
member hVps34, the related class IV protein kinases mToR,
serine/threonine-protein kinase ATR and DnA-dependent protein
kinase (DnA-PK), and the distinct lipid kinase phosphatidyl 4-kinase
beta (PI4Kbeta). Buparlisib was shown to be mostly inactive against
all the kinases tested in an in-house selectivity panel, with the
exception of macrophage colony-stimulating factor 1 receptor (CSF1R). Buparlisib was further profiled in the Ambit kinase competition
panel, in which ephrin-type A receptor 2 (EPHA2) and fibroblast
growth factor receptor 2 (FGFR-2) kinases were found to be inhibited by more than 90% at a concentration of 1 mmol/L. Such as for
CSF-1R, these hits were not reconfirmed in FGFR-2 and EPHA2 cellular autophosphorylation assays. Therefore, buparlisib can be considered as a selective pan-class I PI3K inhibitor (19).

By suppressing the PI3K–Akt–mToR pathway through its lipid phosphatase activity, phosphatase and tensin homolog (PTEn) governs a
plethora of cellular processes, including survival, proliferation, energy metabolism and cellular architecture. The importance of the
physiological function of PTEn is illustrated by its frequent disruption in several cancers (17).

Buparlisib downregulates PI3K downstream signaling by inhibiting
the phosphorylation of Akt and p-S6R, which resulted in reduced
tumor proliferation in breast cancer models (20-23). Despite suppression of Akt phosphorylation as a resistance mechanism, cancer
cells exhibited activation of the mitogen-activated protein kinase
(MAPK) pathway in dyslipidemia-induced tumor growth and metastasis in murine mammary Mvt-1 cells (24), lung cancer (25), c-Mycdriven medulloblastoma (26), glioma (27) and PTEN-null human
glioblastoma U-87 MG cells (19). However, in gastric cancer cells
harboring KRAS mutations, buparlisib treatment increased p-Akt by
subsequent abrogation of feedback inhibition by stabilizing insulin
receptor substrate, and increased activation of p-ERK and p-STAT3
was observed (28).

Inhibition of PI3K is an emerging strategy in the treatment of cancer
(7), and PI3K inhibitors can be divided into isoform-specific inhibitors

Buparlisib induced apoptosis in a concentration-dependent manner
in breast cancer (20), glioma (27), gastrointestinal cancer (29) and
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Scheme 2. Synthesis of Buparlisib
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multiple myeloma (30). Buparlisib induced apoptosis through activation of caspase, followed by downregulation of the antiapoptotic
protein E3 ubiquitin-protein ligase XIAP and upregulation of the
proapoptotic protein Bcl-2-like protein 11 (BIM) (30). Buparlisib
restricted the growth of highly and moderately proliferative cell lines
in a concentration-dependent manner (31). It induced a G2 shift in
gastrointestinal cancer cells (29) and changed the expression of
mitotic genes to induce G2-M arrest in melanoma cells (32). In multiple myeloma, buparlisib induced G1 cell cycle arrest through upregulation of p27 and downregulation of cyclin D1 (30).
In murine breast cancer models, buparlisib inhibited tumor growth
via inhibition of PI3K–Akt–mToR signaling in the hyperinsulinemic
MKR mouse model of breast cancer (21), led to a significant reduction in tumor vasculature leakiness from the tumor tissue (19) and
controlled metastatic growth in multiple organs, resulting in a
significant proportion of Rag2−/−;Il2rg−/− mice free from brain and
bone metastases for its penetration of the blood–brain barrier (33).
In a murine lung cancer model, buparlisib alleviated dyslipidemiainduced tumor growth and metastasis in the Mvt-1 model, with a
concomitant decrease in PI3K–Akt signaling (24), and it synergized
with everolimus in a mouse xenograft model (34). In a murine
glioma model, buparlisib increased median survival from 26 days
(control cohort) to 38 and 48 days (treated cohorts) (27). In a murine
multiple myeloma model, treatment with buparlisib significantly
inhibited tumor growth and prolonged the survival of myelomabearing mice (30). In gastric cancer models, buparlisib led to tumor
regressions, with no increase in the mitotic index (32). And in a
mouse soft tissue sarcoma model, buparlisib elicited a partial
response in 50% of tumors and produced a robust delay in tumor
growth kinetics (35).
Buparlisib synergized with mToR inhibitors in lung cancer (25, 34)
and melanoma (36), with dexamethasone in multiple myeloma (30),
with STAT3 inhibitors in KRAS-mutant gastric cancer (28), with PARP
inhibitors in breast cancer (22, 23), with MAPK inhibitors in breast
cancer (19, 20, 23), with HER2 inhibitors in breast cancer (19, 37),
with cytotoxic agents such as docetaxel and temozolomide in breast
cancer (19), and with SMo inhibitors in medulloblastoma (38).
Buparlisib at high concentrations induces cell death in various cellular systems, irrespective of their level of PI3K addiction. At 5- to 10fold, tubulin polymerization assays and nuclear magnetic resonance
binding studies revealed that the agent inhibited microtubule
dynamics upon direct binding to tubulin, which resulted in G2 cell
cycle arrest. In in vitro settings, the consequences of the off-target
activity started to manifest at concentrations above 1 mM and at
doses above 50 mg/kg in mouse models. However, in vivo models
showed that daily treatment of mice with doses of up to 40 mg/kg
led to tumor regressions with no increase in the mitotic index. Thus,
strong antitumor activity can be achieved in PI3K-dependent models
at exposures that are below those necessary to engage the off-target activity (32).
PHARMACOKINETICS AND METABOLISM
Buparlisib is rapidly absorbed after oral administration, with the
median time to reach peak plasma concentrations (tmax) between
0.5 and 4 hours postdose. Tmax appeared to be independent of dose
and did not change after multiple oral doses. Physiologically based
THoMSon REUTERS – Drugs of the Future 2013, 38(2)
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models predicted that a fraction of approximately 0.95 of the dose
was absorbed, with an absolute oral bioavailability of more than
90%.
Buparlisib exposure within a dosing interval (AUC0-24) and Cmax was
similar between days 8 and 28 of daily oral dosing, indicating the
absence of significant drug accumulation after day 8. An approximately dose-proportional increase in Cmax and AUC0-24 was observed
across the entire dose range. Interpatient variability (CV%) in Cmax
and AUC0-24 differed at each dose level but was moderate and generally approximately 40%.
After reaching the peak drug concentration (Cmax), buparlisib plasma
concentrations decreased in a biexponential manner with an apparent long terminal elimination half-life (t1/2). The agent accumulated
threefold in achieving steady state, consistent with a half-life of ~40
hours. Apparent total body clearance from plasma at steady state
(calculated as dose/AUC0-24) was low (~5.0 L/h). Physiologically
based models predicted a hepatic clearance (CLhep) of approximately 2 to 8 L/h, respectively, with an absolute oral bioavailability of
> 90%. These predictions are in close agreement with the clearance
of 5 L/h and the first-pass hepatic extraction of < 10%.
SAFETY
In a phase I dose-escalation trial of buparlisib in 35 patients with
advanced solid tumors, the maximum tolerated dose (MTD) was 100
mg/day. Grade 3/4 adverse events (AEs), regardless of causality,
were observed in 22 patients (63%). of the grade 3/4 AEs, regardless of causality, rash (11%), hyperglycemia (9%), performance status
decrease (9%), mood alteration (9%; including mood altered [6%]
and affective disorder [3%]) and pruritus (6%) were observed in two
or more patients. The majority of treatment-related AEs were
observed at dose levels ≥ 100 mg. Five patients (14%) experienced
serious AEs considered to be treatment-related: hyperglycemia (80
mg, 150 mg [n = 2]), skin rash (150 mg) and diarrhea (100 mg). All
four deaths on study resulted from disease progression (39).
In preclinical settings, at high doses, buparlisib has off-target activity for inhibiting tubulin polymerization and consequently inhibition
of mitosis and G2/M arrest (32). In the clinical setting, at the MTD of
100 mg/day, the plasma exposure (AUC: 56 hmmol/L) (39) lies
below the exposure necessary to transiently engage the off-target in
a mouse model (AUC > 65 hmmol/L) (28). These findings suggest
that, in patients, the threshold for microtubule-destabilizing activity
of this compound is not reached. Therefore, it is anticipated that efficacy in patients will solely stem from PI3K inhibition.
CLINICAL STUDIES
In a phase I clinical trial of buparlisib in 35 patients with advanced
solid tumors, patients had histologically confirmed advanced
tumors failing standard therapy, one or more lesions as defined by
RECIST, age ≥ 18 years, life expectancy ≥ 12 weeks, World Health
organization performance status ≤ 2, adequate bone marrow,
hepatic and renal function, and fasting plasma glucose levels ≤ 140
mg/dL (7.8 mmol/L). A representative tissue specimen for analysis
of tumor molecular status was required. Key exclusion criteria were
corticosteroid treatment ≤ 2 weeks before starting buparlisib, clinically manifest diabetes, including a history of gestational diabetes,
77
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and prior treatment with a PI3K inhibitor. Thirty-one of 35 patients
were evaluable for response; baseline and post-baseline target
lesion radiological assessments were available for 24 patients by
central review. one patient with triple-negative breast cancer and a
KRAS mutation achieved a partial response on a dose of 100
mg/day. Sixteen patients (of 31; 52%) had stable disease for more
than 6 weeks, including 5 with colorectal cancer and 5 with breast
cancer. Seven patients had been on the study for ≥ 8 months, most
at 100 mg/day (two patients each with breast cancer and colorectal
cancer and one patient each with prostate cancer, angiosarcoma
and lung adenocarcinoma). Five of these patients had tumors with
PI3K pathway dependence (PTEn low/no protein expression or
PIK3CA gene mutation). This study demonstrated feasibility and
proof-of-concept for class I PI3K inhibition in patients with advanced
cancers.
Buparlisib has also been tested in a phase II clinical trial used as
therapy for patients with recurrent/metastatic squamous cell carcinoma of the head and neck (SCCHn). This is the first PI3K inhibitor
tested in clinical trials for head and neck cancer, and it was a multicenter, single-arm phase II study to determine the antitumor effects
of buparlisib in patients with recurrent and/or metastatic SCCHn
who failed prior platinum-based chemotherapy regimens.
A second phase II clinical trial is testing buparlisib as a single agent
in first-line therapy in advanced, metastatic or recurrent endometrial
cancer. Alterations of the PI3K–PTEn–Akt pathway have been identified in many cancers, including endometrial and ovarian cancers.
Tumors with PI3K mutations have demonstrated sensitivity to this
compound, therefore justifying the use of this agent in subjects with
endometrial or ovarian, fallopian tube or primary peritoneal cancer.
This study is not yet open for participant recruitment.
SOURCE
novartis (CH).
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