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Potent inhibitors of the mammalian target of rapamycin (mTOR) which contain the triazine scaffold and
the (R)-3-methyl morpholine moiety have been identified. Such compounds also demonstrated good
selectivity over the related lipid kinase PI3Ka. Incorporation of additional functionality at the 4-position
of the arylureidophenyl ring resulted in compounds with enhanced cellular activity.

� 2010 Elsevier Ltd. All rights reserved.
The mammalian target of rapamycin (mTOR) is a serine–threo-
nine kinase which is a member of the phosphatidylinositide kinase
related kinase (PIKK) subfamily.1,2 One of the two functional com-
plexes of mTOR, mTORC1, phosphorylates a number of down-
stream proteins which result in translation initiation, most
notably the proteins S6K and 4E-BP1. Rapamycin and its analogs,
such as Torisel™, exert their anti-proliferative effects through inhi-
bition of mTORC1. The second complex, mTORC2, however, is unaf-
fected by this class of inhibitors.1 As mTORC2 activates AKT and
increased levels of phosphorylated AKT have been correlated with
anti-apoptotic effects,3,4 inhibition of both mTORC1 and mTORC2
may result in increased anti-proliferative efficacy compared with
mTORC1 inhibition alone. A number of research groups,5–9 includ-
ing our own,10–16 have therefore embarked upon the search for
ATP-competitive inhibitors of mTOR.

We have recently demonstrated that triazines bearing two 3,5-
bridged morpholines may function as potent inhibitors of mTOR.17

The metabolic instability of the 3,5-bridged morpholine group to-
wards human microsomes prompted a search for alternative mor-
pholine derivatives. Analogs which contained one 3,5-bridged
morpholine and either the (R)-3-methyl morpholine or tetrahydro-
pyran group successfully maintained the potency of bis-3,5-
bridged morpholine derivatives but displayed improved human
microsomal stability.18
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chard).
Metabolite identification studies demonstrated that the ethyl-
ene bridge of the 3,5-bridged morpholine was the primary site of
metabolism.18 Therefore, the complete elimination of this func-
tional group could be an alternative strategy to achieve increased
microsomal stability. We have recently presented several morpho-
line derivatives, including the (R)-3-methyl morpholine group, that
can lead to selective mTOR inhibitors on a pyrazolopyrimidine
scaffold.16 In this Letter we demonstrate that triazines in which
the 3,5-bridged morpholine has been substituted with a (R)-3-
methyl morpholine are effective inhibitors of mTOR. The synthesis
of these compounds was accomplished using methods which have
been previously described.17,18

Our initial efforts focused upon the preparation of substituted
triazines which possessed one (R)-3-methyl morpholine moiety
and one additional morpholine derivative (Table 1). Molecular
modeling19 has confirmed that the triazine series of mTOR inhibi-
tors formed the same enzyme binding interactions as did the pre-
viously described pyrazolopyrimidine series.12 Importantly, to
maintain selectivity over PI3Ka, the second appendage must not
effectively allow for hydrogen bond formation with the PI3Ka
hinge region valine (Val2240).10 The 2,5-bridged morpholine deriv-
ative (1) met this criteria and showed good potency against mTOR.
The mTOR inhibitors in this study were also examined for their
growth inhibitory properties in two PTEN deficient cell lines
(resulting in overactive PI3K-AKT-mTOR signaling): LNCaP pros-
tate cancer cells and MDA468 breast cancer cells.20 Analog 1 dis-
played IC50s of 250 and 300 nM, respectively, in these cellular
assays. Use of (R)-3-methylmorpholine (2) or tetrahydropyran (3)
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Table 2
Bis-3R-methylmorpholine triazine analogs
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a Average IC50. The average error for IC50 determinations was <25%.

Table 1
Triazine-based mTOR inhibitors containing one 3R-methylmorpholine and a mor-
pholine analog
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resulted in enhanced activity against mTOR and a corresponding
increase in cellular activity. Both compounds also exhibited en-
hanced selectivity over PI3Ka.

The activity of the 3-pyridyl urea, bis-(R)-3-methylmorpholine
2 prompted a thorough investigation of alternative urea deriva-
tives. It has been demonstrated with related pyrazolopyrimidine
analogs that the ureidophenyl moiety forms three crucial hydrogen
bonds within the enzyme binding pocket.10 The presence of alkyl
ureas on the triazine scaffold resulted in compounds with signifi-
cantly reduced potency relative to aryl ureas (data not shown);
therefore, our efforts centered upon aryl ureas. The 4-pyridyl urea
4 (Table 2) displayed comparable potency against mTOR to the
3-pyridyl analog but reduced selectivity over PI3Ka. In an effort
to produce analogs with improved physicochemical properties,
the inclusion of a water-solubilizing group at the pyridyl urea
was investigated. The addition of such groups has been previously
shown to result in compounds with enhanced cellular activity, par-
ticularly in the case of piperazine derivatives.17,18 The N-methylpi-
perazine derivative 5 displayed slightly decreased mTOR activity
but maintained good cellular potency. Modification of the pyridyl
urea to a phenyl urea (6) proved to be well-tolerated, and deriva-
tives of phenyl ureas were therefore further explored.

A number of other bis-(R)-3-methylmorpholine triazines with
functionalized phenyl ureas were prepared. The inclusion of a basic
amine appendage, attached either through a nitrogen, carbon, or
oxygen linker, resulted in analogs with good enzyme and cellular
potency and selectivity over PI3Ka in the range of 150–400-fold
(7, 8, 9). Addition of a substituted amide at the 4-position of the
phenylureidophenyl moiety resulted in compounds which were
subnanomolar against mTOR and displayed enhanced cellular po-
tency, an effect which has previously been observed in related dual
mTOR and PI3K inhibitors.21 This trend was observed with urea
derivatives with a variety of structural features, as demonstrated
by 10, 11, and 12.

As shown in Table 1, the tetrahydropyran group was also iden-
tified as a substituent which resulted in potent mTOR inhibitors (as
in 3). Inclusion of an N-methyl piperazine substituent at the pyri-
dyl urea resulted in reduced mTOR potency and cellular activity
(13, Table 3). However, the piperazine phenyl urea 14 displayed
activity comparable to 3 and significantly improved activity
against the MDA468 cell line. This result led us to explore pipera-
zine analogs in greater detail. Removal of the methyl group was
well-tolerated (15), as was relocation of the basic piperazine nitro-
gen outside of the six-membered ring (16). The enhanced cellular
potency of 4-amidophenyl urea analogs which was observed in
the bis-(R)-3-methylmorpholine system was evident on the tetra-
hydropyran series as well. As such, two piperazine amides (17
and 18) showed subnanomolar cellular activity against both LNCaP
and MDA468.



Table 3
Triazine analogs bearing the 3R-methylmorpholine and tetrahydropyran groups
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In summary, a variety of potent triazine mTOR inhibitors which
showed excellent cellular potency have been prepared. Analogs
containing the (R)-3-methylmorpholine substituent and a pyr-
idylureidophenyl group displayed greater than 500-fold selectivity
for mTOR over the related lipid kinase PI3Ka. The addition of basic
amines at the 4-position of the ureidophenyl ring was well-toler-
ated and offers the opportunity to develop mTOR inhibitors with
improved physicochemical properties. Amide derivatives at this
site resulted in reduced selectivity over PI3Ka but enhanced cellu-
lar activity.
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