
PYRIMIDINE SUBSTITUTED PURINE DERIVATIVES FIELD The
present invention relates to purine compounds that may
be useful as kinase inhibitors. More particularly, the
present invention relates to 2-(morpholin-4-yl),
6-(pyrimidin-5-yl) substituted purine derivatives,
methods for their preparation, pharmaceutical
compositions containing these compounds and uses of
these compounds in the treatment of certain kinase
related disorders/conditions. BACKGROUND The search
for kinase inhibitors has proven to be a fruitful area
for the development of useful pharmaceutically active
substances. Kinases, which are alternatively known as
phosphotransferases, are enzymes that transfer
phosphate groups from high energy donor molecules (for
example ATP) to specific target molecules (typically
called substrates) in a process termed
phosphorylation. One of the largest groups of kinases
are the protein kinases which act on and modify the
activity of specific proteins. As a result of this
activity these kinases are involved in a number of
cellular processes such as in signalling and to prime
the cell for biochemical reactions in metabolism.
Certain cellular signalling processes have been
implicated as important in a number of medical
conditions and the effective inhibition of certain
cell signalling processes therefore provides the
potential to stop these conditions developing.
Accordingly, kinases represent an attractive target
for medicinal chemists as the provision of kinase
inhibitors potentially allows for certain signalling
processes to be controlled leading to the control of
certain medical conditions. One family of kinases
associated with undesirable medical conditions in the
body are the phosphoinositide 3-kinase (PI3) family of
kinases which are involved in a wide range of cellular
events such as cell migration, cell proliferation,
oncogenic transformation, cell survival, signal
transduction and intracellular trafficking of
proteins. This family of kinases has recently been the
focus of much research aimed at developing therapies
for a range of indications such as proliferative
diseases, for example cancer, immune and inflammatory
diseases, diseases supported by excessive
neovascularization and transplant rejection.The
phosphoinositide 3-kinase (PI3K) family is a group of
enzymes that generate phosphatidylinositol 'second
messengers'. These lipids are subsequently involved in
a wide range of physiological processes. In mammalian
cells, the large PI3K family has been categorized into
three classes, referred to as I, II, and III, each of
which has its own characteristics in terms of
molecular structure and substrate specificity. Class I
PI3K preferred in vivo substrate is
phosphatidylinositol-4,5 bisphosphate, which is
phosphorylated to yield phosphatidyl inositol-3,4, 5
trisphosphate. These are further subdivided into Class
IA and IB PI3Ks. Class IA enzymes consist of any one
of the 'catalytic' subunits (p110a, p110b, or p110d)
complexed with any one of the 'regulatory' subunits
(p85a, p85b or p55g ). Only one Class IB PI3K enzyme
exists, and is made up of the p110g catalytic and the
p101 regulatory subunit. There are also three Class Il
PI3Ks (Cll a, Cll b, and Cll g ) and one Class III
PI3K (Vps34). The class I PI3Ks are the best
understood members of this family and are key players
of multiple intracellular signalling networks that
integrate a variety of signals initiated by many
growth factors. The Class IA enzymes are activated by
tyrosine kinases (e.g. growth factor receptors),
antigen receptors, and cytokine receptors, whilst the
Class IB enzyme is activated by 'G Protein Coupled
Receptors' (GPCRs). In response to activation, the
PI3Ks generate lipid second messengers, which bind to,
and activate, specific proteins in distinct signal
transduction pathways. The signal transduction
pathways remain active until phosphatase enzymes, in
particular the oncogene PTEN, dephosphorylate the PI3K
lipid second messengers. The PI3K signalling pathway
is crucial to many aspects of cell growth and survival
via its regulation of widely divergent physiological
processes that include cell cycle progression,
differentiation, transcription, translation and
apoptosis. Constitutive activation of the PI3K pathway
has been implicated in both the pathogenesis and
progression of a large variety of cancers and there is
now a rapidly accumulating body of evidence that
demonstrates conclusively that PI3K signalling is
frequently deregulated in cancer. The deregulation of
PI3K signalling is thought to occur in two different
ways. The first is an increase in PI3K signalling
resulting from activating gene mutations,
amplification and over expression of PI3Ks or upstream
receptors that activate PI3Ks. For example, the PI3Ka
catalytic subunit is amplified and over expressed in
ovarian and cervical cancers. Similarly, upstream
receptor tyrosinekinases that activate PI3K are
commonly mutated, amplified and over expressed, e.g.,
EGFR in breast, ovarian and lung cancer. In addition,
activation of the effectors downstream of PI3K can
also contribute to deregulation of the PI3K pathway,
e.g., Akt/PKB (Protein Kinase B) is over expressed and
activated in breast, pancreatic and ovarian cancers
among others. Also, the Ras family members, which are
involved in PI3K activation, are frequently mutated,
e.g. in colorectal and pancreatic cancer. The second
mechanism of PI3K 



deregulation involves loss of the tumor suppressor
phosphatase PTEN, which occurs in many aggressive
brain tumors, endometrial and breast cancers, and
melanomas. One specific cell signalling pathway
mediated by the PI3 family of kinases is the
phosphatidylinositol 3-kinase (PI3K)/Akt pathway. This
pathway is critically involved in the mediation of
cell survival and is a major signalling component
downstream of growth factor receptor tyrosine kinases
(RTKs). Growth factor RTKs engage the class-IA PI3K,
which is a heterodimer comprised of the p85 regulatory
and p 110 catalytic subunits. The small GTPase Ras can
also recruit and activate PI3K through direct binding
to p 1 10. At the cell membrane, PI3K catalyzes the
production of the lipid second messenger
phosphatidylinositol-3,4,5-triphosphate (Pl P3).
Subsequently, PIP3 recruits other downstream molecules
- particularly the serinethreonine kinases Akt and
PDK1-via binding to their pleckstrin-homology (PH)
domains. At the membrane, Akt is partially activated
through phosphorylation at threonine 308 in its
activation loop by PDK1 . Additional phosphorylation
at serine 473 in the C terminus of Akt results in its
full activation. Akt in turn regulates a wide range of
target proteins, one of which is the mammalian target
of Rapamycin (commonly known as mTOR). The levels of
PlP3 in the cell are strictly regulated and several
lipid phosphatases act to rapidly remove it. Of
particular interest is the. phosphatase PTEN, which
converts PIP3 back to PIP2 and thus shuts off PI3K
signalling. The PI3K-Akt signalling pathway regulates
many normal cellular processes including cell
proliferation, survival, growth, and motility -
processes that are critical for tumorigenesis. The
role of the PI3K/Akt pathway in oncogenesis has also
been extensively investigated and mutations or altered
expression of most of the pathway's components have
been widely implicated in many cancers. Gene
amplification of p 110 occurs in some cases of human
ovarian cancer, and amplification of Akt is foundin
ovarian, breast, and colon cancer. In addition,
activating mutations in p85 have been identified in
ovarian and colon cancer. Most importantly PTEN has
been identified as a major tumor suppressor in humans
and loss-of-function mutations in the PTEN gene are
extremely common among sporadic glioblastomas,
melanomas, prostate cancers, and endometrial
carcinomas, and a significant percentage of breast
tumors, lung cancers, and lymphomas also bear PTEN
mutations. Thus, through a variety of mechanisms, a
high percentage of human cancers possess activated
PI3K signalling. Significantly, it has been shown that
mTOR is important for the oncogenic transformation
induced by PI3K and Akt. In addition to the compelling
correlative data presented above, direct proof of the
involvement of deregulated PI3K signalling in cancer
comes from mouse genetic models. For example, mice
with a constitutively activated p85 regulatory subunit
of PI3K progress to malignant lymphoma when crossed
with p53-knockout mice. Further, retroviral
introduction of Akt and Ras caused glioblastomas in
mice. Taken together, all these data provide strong
validation for the development of novel anticancer
strategies targeted at PI3Ks. Indeed recent interest
in PI3K inhibitors has been intense with a number of
compounds now in development having demonstrated
anti-tumor activity in animal models. The most
advanced compounds are now undergoing evaluation in
phase I clinical trials. Accordingly compounds that
are PI3K inhibitors would be expected to show
interesting biological activity as PI3K inhibitors
have the potential to block the PI3K/Akt signalling
pathway and thereby form the basis of therapy in
disease involving deregulation of this pathway. In
addition, Pl 3-kinase isoforms p 110d and p 110g
regulate different aspects of immune and inflammatory
responses. Hence there is great interest in the role
of Pl 3- kinase signaling in a range of immune and
inflammatory diseases as well as in transplant
rejection. Another area that has received attention
has been the serine/threonine kinases. One
serine/threonine kinase that has attracted significant
interest is mTOR. mTOR is a serine/threonine kinase of
289 kDa and is a PI3K-like kinase that links mitogenic
stimuli and nutrient status to cell growth and
division. mTOR was discovered during studies conducted
to understand the mechanism of action of rapamycin.
Upon entering cells, rapamycin binds to its
intracellular target FKBP12and the complex then binds
to and specifically inhibits mTOR. mTOR was,
therefore, also named FKBP-RAP associated protein
(FRAP), RAP FKBP12 target (RAFT1) and RAP target
(RAPT1). Cells responsible for organ rejection stop
growing due to rapamycin's ability to inhibit the
anabolic signals coordinated by mTOR. Since inhibition
of cell growth represents a valid target for treating
cancer, designing new drugs that inhibit mTOR will
potentially have therapeutic value. In humans, mTOR
mediates anabolic signals from 2 sources namely
nutrients that pass into the cell and activated growth
factor receptors. It exists in at least two distinct
complexes: a rapamycin-sensitive complex, referred to
as mTOR complex 1 (mTORCI), defined by its interaction
with the accessory protein raptor
(regulatoryassociated protein of mTOR). The normal
activation of mTOR results in an increase in protein
translation because mTORCI phosphorylates and
activates the translation regulators eukaryotic
initiation factor 4E-binding protein 1 and ribosomal
p70 S6 



kinase. Therefore, by inhibiting mTOR, rapamycin
causes a decrease in phosphorylation of these
effectors, and a decrease in protein synthesis,
effectively blocking the pro-growth actions of mTOR.
The second complex, mTOR complex 2 (mT0RC2), is
rapamycin-insensitive and is defined by its
interaction with rictor (rapamycin-insensitive
companion of mTOR). mTORC2 is involved in the
regulation of the pro-survival kinase Akt/PKB by
phosphorylating it on S473. Together with the
phosphorylation of T308 by PDK1 , S473 phosphorylation
is necessary for full Akt activation. Recent reports
indicate that prolonged treatment with rapamycin in
some cells also suppresses the assembly and function
of TORC2 to inhibit Akt and that this property of
rapamycin contributes to the anti-apoptotic effects of
the drug. mTOR is also one of the main downstream
effectors in the phosphatidylinositol 3-kinase
(PI3K)/Akt pathway and therefore inhibition of mTOR
provides a further opportunity to inhibit, at least in
part, the PI3K/Akt pathway. An additional pathway
influenced by mTOR that appears to be particularly
important in renal cell carcinoma involves the
hypoxia-inducible factor (HIF). With loss of Von
Hippel-Lindau (VHL) gene function commonly seen in
clear cell renal cell cancer, there is accumulation of
the oxygen-sensitive transcription factors HIF-1 and
HIF-2. An accumulation of these factors yields
increased stimulation of vascular endothelial growth
factor (VEGF), platelet-derived growth factor, and
transforminggrowth factor. This effect is augmented by
the activation of mTOR, which stimulates both a
protein stabilization function and a protein
translational function and, thus, increases HIF- 1
activity. It has also been determined that tuberous
sclerosis complex gene products, TSC1 and TSC2,
function together to inhibit mTOR-mediated downstream
signalling. Mutations of these genes occur in tuberous
sclerosis and their loss of function yields yet
another pathway, which leads to increased activity of
mTOR and induces VEGF production. TSC2 also regulates
HIF. Thus, studies evaluating the impact of TSC1 and
TSC2 mutations demonstrate the connection of increased
VEGF and activated mTOR pathways to angiogenesis. So
far, four mTOR inhibitors have been tested in clinical
trials: the prototype rapamycin and three rapamycin
derivatives, CCI-779 (temsirolimus), RAD001
(everolimus) and AP23573. Rapamycin, also named
sirolimus, is a natural antibiotic produced by
Streptomyces hygroscopicus. It was developed initially
as an anti-fungal drug directed against Candida
albicans, Cryptococcus neoformans, and Aspergillus
fumigatus. Later, rapamycin was developed as an
immunosuppressive agent and those studies helped in
understanding the mechanism of action of this agent.
As an anti-cancer agent, rapamycin was shown to
inhibit the growth of several murine and human cancer
cell lines in a concentration-dependent manner, both
in tissue culture and xenograft models. In the sixty
tumor cell lines screened at the National Cancer
Institute in the USA, general sensitivity to the drug
was seen at doses under 2000 ng/ml, more evident in
leukemia, ovarian, breast, central nervous system and
small cell lung cancer cell lines. In addition,
rapamycin inhibits the oncogenic transformation of
human cells induced by either PI3K or Akt and has
shown metastatic tumor growth inhibition and
anti-angiogenic effects in in vivo mouse models. Based
on these pre-clinical results, clinical trials with
rapamycin as an anticancer drug were carried out and
rapamycin analogues with more favourable
pharmaceutical properties were developed. CCI-779, a
more water-soluble ester derivative of rapamycin was
identified by investigators at Wyeth Ayerst as a
noncytotoxic agent that delayed tumor cell
proliferation. At several non-toxic doses, CCI- 779
demonstrated anti-tumor activity alone or in
combination with cytotoxic agents in a variety of
human cancer models such as gliomas, rhabdomyosarcoma,
primitiveneuroectodermal tumor such as
medulloblastoma, head and neck, prostate, pancreatic
and breast cancer cells. Treatment of mice with
CCI-779 inhibits p70S6K activity and reduces
neoplastic proliferation. As with rapamycin,
PTEN-deficient human tumors are more sensitive to
CCI-779-mediated growth inhibition than PTEN
expressing cells. Specifically, studies in vitro in a
panel of eight human breast cancer cell lines showed
that six of eight cancer lines studied were inhibited
by CCI-779 with IC50 in the low nanomolar range. Two
lines, however, were found to be resistant with IC50>
1mM. The sensitive cell lines were estrogen receptor
positive or over-expressed HER-2/Neu, or had lost the
tumor suppressor gene product PTEN. The main
toxicities of CCI-779 included dermatological
toxicities and mild myelosuppression (mainly
thrombocytemia). RAD001,
40-O-(2-hydroxyethyl)-rapamycin, is another analogue
of rapamycin that can be administrated orally. Its
anti-neoplastic activity has been evaluated in
different human cancer cell lines in vitro and in
xenograft models in vivo with IC50 ranging from 5 to
180OnM. p70S6K inhibition and anti-neoplastic effects
have been shown in these models, with an optimal
effect being achieved with 2.5 mg/kg/day in melanoma,
lung, pancreas and colon carcinoma. Similarly, RAD001
demonstrated a concentration-dependent anti-tumor
activity in a syngenic rat pancreas carcinoma 



model with an intermittent dosing schedule. RAD001 has
also shown anti-angiogenic activity and inhibits human
vascular endothelial cell (HUVEC) proliferation. The
toxicity reported for RAD001 includes
hypercholesterolemia, hypertriglyceridemia, mild
leukocytopenia and thrombocytopenia. In a phase I
trial performed in patients with advanced cancer,
RADO01 displayed a good safety profile with mild to
moderate skin and mucous toxicity up to 30 mg weekly.
Preliminary efficacy results showed an objective
response in a patient with non-small cell lung
carcinoma. AP23573 is the latest rapamycin analog to
be reported in clinical development. It is a
phosphorus-containing compound synthesized with the
aid of computational modelling studies. AP23573 was
found to be stable in organic solvents, aqueous
solutions at a variety of pHs and in plasma and whole
blood, both in vitro and in vivo and has shown potent
inhibition of diverse human tumor cell lines in vitro
and as xenografts implanted into nude mice, alone or
in combination with cytotoxic or targeted agents. In
phase I trials, AP23573 was administered intravenously
daily for 5 days every 2 weeks. Dose-limiting toxicity
is severe grade 3 oral mucositis occurring during the
first cycle. Other side effects seem to be moderate,
including minor tomoderate episodes of mucositis,
fatigue, nausea, rash, anaemia, neutropenia,
diarrhoea, hyperlipidemias and thrombocytopenia.
Preliminary anti-tumor activity is observed at all
dose levels. There is thus a plethora of studies that
demonstrate that mTOR inhibitors can improve cancer
patient survival. However, rapamycin and its analogues
have not shown universal anti-tumor activity in early
clinical trials. Response rates vary among cancer
types from a low of less than 10% in patients with
glioblastomas and advanced renal-cell cancer to a high
of around 40% in patients with mantle-cell lymphoma.
Knowledge of the status of PTEN and
PI3K/Akt/mTOR-linked pathways might help in the
selection of tumor types that will respond to mTOR
inhibitors. Furthermore, because many tumor types
still do not respond to single agent therapy with
rapamycin derivatives, it is important to continue the
search for factors predictive of resistance or
sensitivity to mTOR inhibitors. Of particular interest
will be molecules that directly inhibit mTOR kinase
activity, the assumption being that such molecules
will inhibit both mTORCI and mT0RC2. Such an inhibitor
might be beneficial for treating tumors with elevated
Akt phosphorylation and might down-regulate the
growth, proliferation and survival effects that are
associated with Akt activation. If mTORrictor is a
crucial activator of Akt-dependent survival processes,
such a drug might promote apoptosis in tumor cells
that have adapted to Akt-dependent regulatory
mechanisms. In addition mTOR inhibitors have been
shown to be very effective in preventing organ
rejection after transplantation through an effect on
immune responses, demonstrating a potential for
treatment of autoimmune and inflammatory diseases as
well as cancer. Through the role of PI3 K isoforms as
key compenents of the down stream signalling pathways
of angiogenic growth factors such as VEGF, FGFand PDGF
as well angiogenic cytokines and because of the role
of mTOR in the regulation of vascular endothelial
growth factor (VEGF), PI3 K and mTOR inhibitors also
have potential to treat diseases supported by
pathological neovascularization. This occurs during
tumorigenesis, inflammatory conditions such as
rheumatoid arthritis and ocular neovascular diseases
e.g., age-related macular degeneration (AMD), retinal
vascular diseases (vein occlusion and diabetic
retinopathy) and other possible proliferative vascular
disorders.mTOR and PI3 have been identified as protein
kinases that are involved in a number of disorders,
and compounds that target one or more of these kinases
should display useful biological activity.
Accordingly, compounds that are mTOR and/or PI3K
inhibitors have the potential to provide further
biologically active compounds that would be expected
to have useful, improved pharmaceutical properties in
the treatment of proliferative disorders such as
cancer, immune and inflammatory diseases, diseases
supported by excessive neovascularisation and organ
transplant rejection. Compounds that inhibit both mTOR
and PI3K simultaneously may be expected to provide
powerful anti-proliferative, anti-angiogenic and
antitumor activity since these compounds act at
multiple points in the PI3K/Akt/mTOR pathway. .A
number of inhibitors of this type are now being
investigated in a clinical setting for the first time
(e.g. BEZ235, XL765, GDC0941, PX866, SF1126). SUMMARY
The present invention provides compounds of formula
(I): Formula (I)wherein: R1 is selected from the group
consisting of: H, halogen and optionally substituted
Cr C6 alkyl; R2 is selected from the group consisting
of H halogen, OH, NO2, CN, NH2, optionally substituted
Ci-C 12alkyl, optionally substituted C2-C12alkenyl,
optionally substituted C2-C12alkynyl, optionally
substituted C2-C12heteroalkyl, optionally substituted
C3-C12cycloalkyl, optionally substituted
C3-C12cycloalkenyl, optionally 



substituted C2-C12heterocycloalkyl, optionally
substituted C2-C12heterocycloalkenyl, optionally
substituted C6-C18aryl, optionally substituted d-d
bheteroaryl, optionally substituted d-C 12alkyloxy,
optionally substituted C2-C12alkenyloxy, optionally
substituted C2-C12alkynyloxy, optionally substituted
C2-C10heteroalkyloxy, optionally substituted C3-Ci
2cycloalkyloxy, optionally substituted C3-Ci
2cycloalkenyloxy, optionally substituted
C2-C12heterocycloalkyloxy, optionally substituted C2-
C^heterocycloalkenyloxy, optionally substituted
C6-C18aryloxy, optionally substituted Ci-Ci
8heteroaryloxy, optionally substituted Cr
Ci2alkylamino, SR8, SO3H, SO2NR8R9, SO2R8, SONR8R9,
SOR8, COR8, COOH, COOR8, CONR8R9, NR8COR9, NR8COOR9,
NR8SO2R9, NR8CONR8R9, NR8R9, and acyl; R3, and R4 are
each independently selected from the group consisting
of H, F, Cl, Br, OH, optionally substituted d-C
6alkyl, OR8, OCOR8, CH2OH, NH2, NR8R9, NR8COR9, and
NR8SO2R9; R6 is selected from the group consisting of
H, OH, OR8, OP 0 , OCOR8, CH2OH, NH2, NR8R9, NR8Pg N,
N(Pg N)2, NR8COR9, and NR8SO2R9; each R8 and R9 is
independently selected from the group consisting of H,
optionally substituted Cr C12alkyl, optionally
substituted C2-Ci 2alkenyl, optionally substituted
C2-Ci 2alkynyl, optionally substituted C2-Ci
0heteroalkyl, optionally substituted C3-C12cycloalkyl,
optionally substituted C3-C12cycloalkenyl, optionally
substituted C2-C12 heterocycloalkyl, optionally
substituted C2-C12 heterocycloalkenyl, optionally
substituted C6-C18aryl, and optionally substituted d-C
18heteroaryl; or R8 and R9 when taken together with
the atoms to which they are attached form an
optionally substituted cyclic moiety;Pg is a
protecting group for oxygen; each Pg N is
independently a protecting group for nitrogen; each Rz
is independently selected from the group consisting of
Ci-C balkyl, halo-CrCealkyl, hydTOXyC1-C6aIkyl, CrC
6alkyloxyCi-C 6alkyl, cyanoC^Cealkyl, aminoCi-C alkyl,
d-C alkylaminoCrC alkyl, and di(C 1-C6alkyl)aminoCrC
6alkyl; q is an integer selected from the group
consisting of 0, 1, 2, 3, and 4; X is a group of
formula (CR 10 2)m; each R10 is independently selected
from the group consisting of: H and optionally
substituted C1-C6 alkyl; m is an integer selected from
the group consisting of 0, 1, 2, 3 and 4; or a
pharmaceutically acceptable salt, N-oxide, or prodrug
thereof. As with any group of structurally related
compounds which possess a particular utility, certain
embodiments of variables of the compounds of the
Formula (I), are particularly useful in their end use
application. In various embodiments q is an integer
selected from the group consisting of 0, 1, 2, 3, and
4. In some embodiments q is 4. In some embodiments q
is 3. In some embodiments q is 2. In some embodiments
q is 1. In some embodiments q is 0. In some
embodiments wherein q is other than 0 each Rz may be
selected from the group consisting of F, Cl, Br1
methyl, trifluoromethyl, and ethyl. The Rz substituent
may be attached at the 2, 3, 5 or 6 position of the
morpholine ring and in circumstances where there are
multiple Rz substituents each Rz substituent is
located independently of the others such that where
there are multiple Rz substituents then two of the Rz
substituents may be located on the same carbon on the
morpholine ring or each substituent may be located on
a different carbon.In some embodiments q is 1 and the
Rz substituent is located at the 3 position of the
morpholine ring. This provides compounds of formula
(Ia). Formula (Ia) or a pharmaceutically acceptable
salt or prodrug thereof; wherein R1, R2, R3, R4, R6,
Rz and X are as defined above. In some embodiments of
the compounds of the invention q is 0. This provides
compounds of formula (Ib). Formula (Ib) or a
pharmaceutically acceptable salt or prodrug thereof;
wherein R1, R2, R3, R4, R6 and X are as defined
above.In some embodiments R3 is selected from the
group consisting of H, OR8, and optionally substituted
C1-C6 alkyl. In some embodiments R3 is OR8 where R8 is
optionally substituted C1- C6alkyl. Examples of R3
groups of this type include methoxy,
trifluoro-methoxy, ethoxy, isopropoxy, propoxy, and
butoxy. In some embodiments R3 is methoxy. In some
embodiments R3 is optionally substituted Ci-C 6alkyl.
Examples of R3 groups of this type include methyl,
trifluoro-methyl, ethyl, propyl, isopropyl, and butyl.
In some embodiments R3 is methyl. In some embodiments
R3 is selected from the group consisting of H, methoxy
and methyl. In some embodiments R3 is H. In some
embodiments R4 is selected from the group consisting
of H, F, Cl, 



Br, OH and NH2. In some embodiments R4 is H. In some
embodiments of the compounds and specifically the
compounds of formula (I), (Ia) and (Ib), R3 and R4 are
both H. In some embodiments of the invention q = 0, R3
is H and R4 is H. This provides compounds of formula
(Ic): Formula (Ic) or a pharmaceutically acceptable
salt or prodrug thereof;wherein R1, R2, R6, and X are
as defined above. In some embodiments of the compounds
containing the group R8, R8 is selected from H and
Ci-C 6alkyl. In some embodiments R8 is methyl. In some
embodiments R8 is H. In some embodiments of the
compounds containing the group R9, R9 is selected from
H and d-C 6alkyl. In some embodiments R9 is methyl. In
some embodiments R9 is H. As stated previously X is a
group of formula (CR10 2)m. In some embodiments of the
compounds of formula (I), (Ia), (Ib) and (Ic) m is
selected from the group consisting of 0, 1, and 2. In
some embodiments m is 0 or 1. In some embodiments m is
0. In some embodiments m is 1. In some embodiments q =
0, R3 is H, R4 is H and m is 0. This provides
compounds of formula (II): Formula (II) or a
pharmaceutically acceptable salt or prodrug thereof;
wherein R1, R2, and R6, are as defined above.In some
embodiments q = O1 R3 is H R4 is H and m is 1. This
provides compounds of formula (III): or a
pharmaceutically acceptable salt or prodrug thereof;
wherein R1, R2, R6and R10 are as defined above. In
some embodiments of the compounds of formula (I),
(Ia)1 (Ib)1 (Ic) and (III) each R10 is H. In some
embodiments each R10 is independently an optionally
substituted Ci-C 6alkyl. In some embodiments one R10
is H and the other is CH3. In some embodiments one R10
is H and the other R10 is H or optionally substituted
C C6alkyl. In some embodiments of the compounds of
formula (I) (Ia), (Ib)1(Ic) and (III) m is 1, one R10
is H and X is a group of the formula:In some
embodiments of the invention R3 and R4 are H1m is 1, q
is 0 and one R10 is H. This provides compounds of the
formula (IV): or a pharmaceutically acceptable salt or
prodrug thereof, wherein R1, R2, R6 and R10 are as
defined above. In some embodiments of the compounds
containing R10 and specifically compounds of formula
(I) (Ia), (Ib)1 (Ic)1 (III) and (IV) R10 is selected
from the group consisting of H, CrC 6haloalkyl, CrC
6hydroxyalkyl and Ci-C balkyl. In some embodiments R10
is selected from the group consisting of methyl,
ethyl, propyl, isopropyl, and butyl. In some
embodiments R10 is selected from the group consisting
of H methyl and ethyl. In some embodiments of the
compounds of the invention and specifically the
compounds of formula (I), (Ia), (Ib), (Ic) (M)1 (III)
and (IV) R1 is selected from the group consisting of H
Br, methyl, ethyl, isopropyl, propyl,
3,3-dimethyl-propyl, butyl, isobutyl,
3,3-dimethyl-butyl, 2-ethyl-butyl, pentyl, and hexyl.
In some embodiments R1 is selected from the group
consisting of H, methyl and ethyl. In some embodiments
R1 is H. In some embodiments R1 is methyl. In some
embodiments R1 is ethyl. In some embodiments R1 is Br.
In some embodiments of the compounds of the invention
and specifically the compounds of formula (I), (Ia),
(Ib), (Ic)1(II), (III) and (IV) R6 is selected from
the groupconsisting of H, NH2 and NR8R9 wherein R8 and
R9 are as defined above. In some embodiments R6 is
NH2. In some embodiments of the compounds of the
invention and specifically the compounds of (I), (Ia)
(Ib) (Ic) (II), (III) and (IV) R2 is selected from the
group consisting of H, cyano, optionally substituted
Cr Ci2alkyl, optionally substituted C2-Ci 2 alkenyl,
optionally substituted C2-C12heteroalkyl, optionally
substituted C3-Ci 2 cycloalkyl, optionally substituted
C2-Ci 2heterocycloalkyl, optionally substituted C6-Ci
8 aryl, and optionally substituted Ci-Ci 8heteroaryl.
In some embodiments R2 is an optionally substituted
C6-Ci 8 aryl. In some embodiments of R2 the optionally
substituted C6-C18 aryl is a group of the formula:
wherein p is an integer selected from the group
consisting of O 1, 2, 3, 4, and 5; each R13 is
independently selected from the group consisting of H
halogen, OH, NO2, CN NH2, optionally substituted Cr
C12alkyl, optionally substituted C2-Ci 2 alkenyl,
optionally substituted C2-C12alkynyl, optionally
substituted C2-Ci heteroalkyl, optionally substituted
C3-C12cycloalkyl, optionally substitutedC2-Ci 2
heterocycloalkyl, optionally substituted C2-Ci
2heterocycloalkenyl, optionally substitutedC6-Ci 8
aryl, optionally substituted Cr Ci8heteroaryl,
optionally substituted Ci-C 12alkyloxy, optionally
substituted C2-C12alkenyloxy, optionally substituted
C2-C12alkynyloxy, 



optionally substituted C2-C10heteroalkyloxy,
optionally substituted C3-Ci 2cycloalkyloxy,
optionally substituted C3-C12cycloalkenyloxy,
optionally substituted C2- Ci 2heterocycloalkyloxy,
optionally substituted C2-Ci2heterocycloalkenyloxy,
optionally substituted C6-Ci 8 aryloxy, optionally
substituted Crdaheteroaryloxy, optionally substituted
Cr Ci2 alkylamino, SR8, SO3H, SO2NH2, SO2R8, SONH2,
SOR8, COR8, COOH COOR8, CONR8R9, NR8COR9, NR8COOR9,
NR8SO2R9, NR8CONR8R9, NR8R9, and acyl; where R8 and R9
are as defined above.The phenyl group may be
unsubstituted or may be optionally substituted with
one or more suitable substituent groups. If the phenyl
group is substituted then there may be 1, 2, 3, 4 or 5
substituent groups. In some embodiments p is 0, 1 or
2. In some embodiments p is 1. In some embodiments p
is 2. In some embodiments of R2 the optionally
substituted C6-Ci 8 aryl is a group of the formula:
wherein R is as defined above; s is an integer
selected from the group consisting of 0, 1, 2, 3 and
4; r is an integer selected from the group consisting
of 1, 2, and 3. In some embodiments r is 1 and the
optionally substituted C6-C18 aryl is a group of the
formula: wherein R13 and s are as defined above. In
some embodiments r is 2 and the optionally substituted
C6-Ci 8 aryl is a group of the formula: wherein R13
and s are as defined above.In some embodiments s is
selected from the group consisting of O1 1, and 2. In
some embodiments s is 1. In some embodiments s is 1.
In some embodiments s is 2. Each R13 substituent may
be selected from any suitable substituent. In some
embodiments each R13 is independently selected from
the group consisting of H, F, CH3, CH2CH3, OCH3, CN
OCF3, CO2CH3, NO2, NH2, NHCOCH3, NHSO2CH3, NHCH2CH3,
and CF3. In some embodiments R1 is H, R3 is H, R4 is
H, R6 is NH2, X is (CH2)m wherein m is O, and R2 is a
group of the formula: This provides compounds of
formula (V): Formula (V) or a pharmaceutically
acceptable salt or prodrug thereof; wherein R13 and p
are as defined above.In some embodiments R1 is H, R3
is H R4 is H R6 is NH2, X is (CH2) wherein m is 1, and
R2 is a group of the formula: This provides compounds
of formula (Va): or a pharmaceutically acceptable salt
or prodrug thereof; wherein R13, R10 and p are as
defined above. In some embodiments of the compounds of
formula (I), (Ia), (Ib) (Ic), (II), (III) and (IV) R2
is selected from the group consisting of cyano,
optionally substituted C1- Ci2 alkyl, and optionally
substituted C2-C12heteroalkyl. In some embodiments of
the compounds of formula (I), (Ia) (Ib) (Ic)1(II),
(III) and (IV) R2 is selected from the group
consisting of methyl, ethyl, isopropyl, propyl, ,
3,3-dimethyl-propyl, butyl, sec-butyl, isobutyl,
3,3-dimethyl-butyl, 2-ethyl-butyl, pentyl, hexyl,
heptyl, and octyl. In some embodiments of the
compounds of formula (I), (Ia), (Ib), (Ic), (II),
(III) and (IV) R2 is an optionally substituted methyl
group of the formula:wherein R20, R2 1 and R22 are
each independently selected from the group consisting
of H, Cl1 Br, F, OH, NO2, CN, NH2, optionally
substituted Cr C12alkyl, optionally substituted C2-Ci
2heteroalkyl, optionally substituted C3-C12cycloalkyl,
optionally substituted C2-Ci 2heterocycloalkyl,
optionally substituted C6-C18aryl, and optionally
substituted Ci-C 18heteroaryl; or any two or more of
R20 , R2 1 and R22 when taken together with the carbon
atom to which they are attached form a cyclic moiety.
In some embodiments each R20, R2 1 and R22 is
independently selected from the group consisting of H,
Cl, Br, F, OH, NO2, CN, NH2, methyl, ethyl, propyl,
isopropyl, butyl, pentyl, methoxymethyl,
2-methoxyethyl, 3-methoxypropyl, 2- ethoxyethyl,
3-ethoxypropyl, aminomethyl, 2-aminoethyl,
3-aminopropyl, 4-aminobutyl, 5 aminopentyl,
methylaminomethyl, 2-methylaminoethyl,
3-methylaminopropyl. 4- methylaminobutyl,
5-methylaminopentyl, ethylaminomethyl,
2-ethylaminoethyl, 3- ethylaminopropyl,
4-ethylaminobutyl, 5-ethylaminopentyl,
dimethylaminomethyl, 2- dimethylaminoethyl,
3-dimethylaminopropyl, 4-dimethylaminobutyl, 5-
dimethylaminopentyl, diethylaminomethyl,
2-diethylaminoethyl, 3-diethylaminopropyl,
4-diethylaminobutyl and 5-diethylaminopentyl. In some
embodiments R2 is optionally substituted
C3-C12cycloalkyl. In some embodiments R2 is selected
from the group consisting of cyclopropyl, cyclobutyl,
cyclopentyl and cyclohexyl. In some embodiments R2 is
cyclopropyl. In some embodiments R2 is optionally
substituted C2-Ci 2heterocycloalkyl. In some
embodiments R2 is selected from the group consisting
of optionally substituted pyrrolidin-1-yl, optionally
substituted pyrrolidin-2-yl, optionally substituted
pyrrolidin-3-yl, optionally substituted
dioxolane-2-yl, optionally substituted 



dioxolane-3-yl, optionally substituted
tetrahydrofuran-2-yl, optionally substituted
tetrahydrofuran-3-yl, optionally substituted
piperidine-1-yl, optionally substituted
piperidine-2-yl, optionally substituted
piperidine-3-yl, optionally substituted
piperidine4-yl, optionally substituted
morpholine-2-yl, optionally substituted
morpholine-3-yl, optionally substituted
1,4,dioxolane-2-yl, optionally substituted
thiomorpholine-2-yl, optionally substituted
thiomorpholine-3-yl, optionally substituted
thiomorpholine-4-yl, optionally substituted
piperazine-1-yl and optionally substituted
piperazine-2-yl. In some embodiments the optionally
substituted C2-C12heterocycloalkyl group is selected
from the group consisting of: wherein R23 is
independently selected from the group consisting of H,
optionally substituted d-C^alkyl, optionally
substituted C2-C12alkenyl, optionally substituted
C2-C12alkynyl, optionally substituted
C2-C12heteroalkyl, optionally substituted
C3-C12cycloalkyl, optionally substituted C3-Ci
2cycloalkenyl, optionally substituted
C2-C12heterocycloalkyl, optionally substituted C2-Ci
2heterocycloalkenyl, optionally substituted
C6-C18aryl, optionally substituted Cr C18heteroaryl,
optionally substituted Ci-C 12alkyloxy, optionally
substituted C2-C12alkenyloxy, optionally substituted
C2-Ci 2alkynyloxy, optionally substituted
C2-C10heteroalkyloxy, optionally substituted C3-Ci
2cycloalkyloxy, optionally substituted
C3-C12cycloalkenyloxy, optionally substituted
C2-C12heterocycloalkyloxy, optionally substituted
C2-C12 heterocycloalkenyloxy, optionally substituted
C6-Ci8aryloxy, optionally substituted C1-
Cibheteroaryloxy, optionally substituted Ci-Ci
2alkylamino, SO2NR24R25, SOR24, SO2R24 , SONR24R25,
SOR24, COR24 , COOH, COOR24, and CONR24R25; each R24
and R25 is independently selected from the group
consisting of H, optionally substituted d-C 12alkyl,
optionally substituted C2-C12alkenyl, optionally
substituted C2-C12alkynyl, optionally substituted
C2-C10heteroalkyl, optionally substituted
C3-C12cycloalkyl, optionally substituted C3-Ci
2cycloalkenyl, optionally substituted C2-Ci 2
heterocycloalkyl, optionally substituted C2-C12
heterocycloalkenyl, optionally substituted C6-C18aryl,
and optionally substituted Cr C18heteroaryl.In some
embodiments the optionally substituted C2-Ci
2heterocycloalkyl group is selected from the group
consisting of: wherein R23 is as defined above. In
some embodiments R23 is selected from the group
consisting of H, COR24 , and COOR24. In some
embodiments R24 is selected from the group consisting
of H, optionally substituted Cr C12alkyl, optionally
substituted C6-C18aryl, and optionally substituted
Ci-Ci 8heteroaryl. In some embodiments R24 is CrC 6
alkyl. In some embodiments R2 is an optionally
substituted C2-Ci heteroalkyl group. In some
embodiments the C2-C12 heteroalkyl group is selected
from the group consisting of hydroxyCrC 6alkyl, CrC
alkyloxyd-C alkyl, aminoCrC alkyl, C1-
C6alkylaminoCi-C 6alkyl, and di(Ci-C 6alkyl)aminoCrC
6alkyl. Examples of possible values of R2 as C2-C12
heteroalkyl include hydroxymethyl, hydroxyethyl,
hydroxypropyl, hydroxybutyl, hydroxypentyl,
methoxymethyl, 2-methoxyethyl, 3- methoxypropyl,
2-ethoxyethyl, 3-ethoxypropyl, aminomethyl,
2-aminoethyl, 3- aminopropyl, 4-aminobutyl, 5
aminopentyl, methylaminomethyl, 2-methylaminoethyl,
3-methylaminopropyl, 4-methylaminobutyl,
5-methylaminopentyl, ethylaminomethyl, 2-
ethylaminoethyl, 3-ethylaminopropyl,
4-ethylaminobutyl, 5-ethylaminopentyl,
dimethylaminomethyl, 2-dimethylaminoethyl,
3-dimethylaminopropyl, 4- dimethylaminobutyl,
5-dimethylaminopentyl, diethylaminomethyl,
2-diethylaminoethyl, 3-diethylaminopropyl,
4-diethylaminobutyl and 5-diethylaminopentyl. In some
embodiments R2 is COOR8 wherein R8 is as defined
above. In some embodiments R2 is COOR8 and R8 is Cr
C12alkyl. Examples of groups of this type include
COOCH3, COOCH2CH3 and the like.In some embodiments R2
is CONR8R9 wherein each R8 and R9 is independently
selected from the group consisting of H, optionally
substituted O1- C12alkyl, optionally substituted
C2-C12alkenyl, optionally substituted C2-Ci 2alkynyl,
optionally substituted C2-C10heteroalkyl, optionally
substituted C3-C12cycloalkyl, optionally substituted
C3-Ci2cycloalkenyl, optionally substituted C2-
Ci2heterocycloalkyl, optionally substituted C2-Ci
2heterocycloalkenyl, optionally substitutedC6-Ciearyl,
and optionally substituted CrCieheteroaryl, or R8 and
R9 when taken together with the atoms to which they
are attached form an optionally substituted cyclic
moiety; In some embodiments where R2 is CONR8R9 then
R8 and R9 are each independently selected from the
group consisting of H, CrCi 2alkyl, C3-C12 cycloalkyl
and Crd baryl. Examples of R2 groups of this type
include CONHCH(CH3)2, CONHcyclopropyl, and CONHphenyl.
In some embodiments where R2 is CONR8R9 then R8 and R9
when taken together with the atoms to which they are
attached form a cyclic moiety. Examples of R2 groups
of this type include: Wherein R26 is independently
selected from the group consisting of H, optionally
substituted Ci-Ci 2alkyl, optionally substituted C2-Ci
2alkenyl, optionallysubstituted C2-C12alkynyl,
optionally substituted C2-C12heteroalkyl, optionally
substituted C3-C12cycloalkyl, optionally substituted
C3-Ci 2cycloalkenyl, optionally substituted
C2-C12heterocycloalkyl, optionally substitutedC2-C12
heterocycloalkenyl, 



optionally substituted C6-C18aryl, optionally
substituted Ci-C 1bheteroaryl, optionally substituted
CrC^alkyloxy, optionally substituted C2-Ci
2alkenyloxy, optionally substituted C2-C12alkynyloxy,
optionally substituted C2-Ci 0heteroalkyloxy,
optionally substituted C3-C12cycloalkyloxy, optionally
substituted C3-C12cycloalkenyloxy, optionally
substituted C2-C12heterocycloalkyloxy, optionally
substituted C2-C12 heterocycloalkenyloxy, optionally
substituted C6-C18aryloxy, optionally substituted C1-
C18heteroaryloxy, optionally substituted C1-C12
alkylamino, H, SO2NR27R28, SO2R27, SONR27R28, SOR27,
COR27, COOH, COOR27, and CONR27R28; each R27 and R28
is independently selected from the group consisting of
H, optionally substituted Ct C12alkyl, optionally
substituted C2-C12alkenyl, optionally substituted
C2-C12alkynyl, optionally substituted
C2-C10heteroalkyl, optionally substituted
C3-C12cycloalkyl, optionally substituted
C3-C12cycloalkenyl, optionally substituted C2-C12
heterocycloalkyl, optionally substituted C2-C12
heterocycloalkenyl, optionally substituted C6-Ci
8aryl, and optionally substituted Crd heteroaryl. In
some embodiments R2 is selected from the group
consisting of methyl, ethyl, isopropyl, propyl,
3,3-dimethyl-propyl, cyclopropyl, cyclopentyl, 3-
methycyclopentyl, cyclohexyl, 4-methylcyclohexyl,
butyl, sec-butyl, isobutyl, 3,3- dimethyl-butyl,
2-ethyl-butyl, pentyl, pent-4-enyl, hexyl, heptyl,
octyl, cyano, methoxymethyl, butoxymethyl,
t-butoxymethy and tetrahydrofuran-3-yl, Many if not
all of the variables discussed above may be optionally
substituted. If the variable is optionally substituted
then in some embodiments each optional substituent is
independently selected from the group consisting of
halogen, =0, =S, - CN, -NO2, -CF3, -OCF3, alkyl,
alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl,
heteroalkyl, cycloalkyl, cycloalkenyl,
heterocycloalkyl, heterocycloalkenyl, aryl,
heteroaryl, cycloalkylalkyl, heterocycloalkylalkyl,
heteroarylalkyl, arylalkyl, cycloalkylalkenyl,
heterocycloalkylalkenyl, arylalkenyl,
heteroarylalkenyl, cycloalkylheteroalkyl,
heterocycloalkylheteroalkyl, arylheteroalkyl,
heteroarylheteroalkyl, hydroxy, hydroxyalkyl,
alkyloxy, alkyloxyalkyl, alkyloxycycloalkyl,
alkyloxyheterocycloalkyl, alkyloxyaryl,
alkyloxyheteroaryl, alkyloxycarbonyl,
alkylaminocarbonyl, alkenyloxy, alkynyloxy,
cycloalkyloxy,cycloalkenyloxy, heterocycloalkyloxy,
heterocycloalkenyloxy, aryloxy, phenoxy, benzyloxy,
heteroaryloxy, arylalkyloxy, amino, alkylamino,
acylamino, aminoalkyl, arylamino, sulfonylamino,
sulfinylamino, sulfonyl, alkylsulfonyl, arylsulfonyl,
aminosulfonyl, sulfinyl, alkylsulfinyl, arylsulfinyl,
aminosulfinylaminoalkyl, -C(=O)OH, - C(=O)Ra,
-C(=O)ORa, C(=O)NRaRb, C(=NOH)Ra, C(=NRa)NRbRc, NRaRb,
NRaC(=O)Rb, NRaC(=O)ORb, NRaC(=O)NRbRc,
NRaC(=NRb)NRcRd, NRaSO2Rb,-SRa, SO2NRaRb, -ORa,
OC(=O)NRaRb, OC(=O)Ra and acyl, wherein Ra, Rb, Rc and
Rd are each independently selected from the group
consisting of H Cr C12alkyl, Cr Ci 2haloalkyl, C2-Ci
2alkenyl, C2-C12alkynyl, C1-C10 heteroalkyl, C3-d
2cycloalkyl, C3-C12cycloalkenyl, CrC
12heterocycloalkyl, C1-C12 heterocycloalkenyl,
C6-C18aryl, CrC 18heteroaryl, and acyl, or any two or
more of Ra, Rb, Rc and Rd, when taken together with
the atoms to which they are attached form a
heterocyclic ring system with 3 to 12 ring atoms.
Alternatively, two adjacent optional; substituents
may, when taken together with the atoms to which they
are attached, form a cyclic moiety such as an
optionally substituted C3-Ci 2 cycloalkyl moiety or an
optionally substituted C2-Ci 2 heterocycloalkyl
moiety. In some embodiments each optional substituent
is independently selected from the group consisting
of: F, Cl, Br, =0, =S, -CN, -NO2, alkyl, alkenyl,
heteroalkyl, haloalkyl, alkynyl, aryl, cycloalkyl,
heterocycloalkyl, heteroaryl, hydroxy, hydroxyalkyl,
alkoxy, alkylamino, aminoalkyl, acylamino, phenoxy,
alkoxyalkyl, benzyloxy, alkylsulfonyl, arylsulfonyl,
aminosulfonyl, -C(O)ORa, COOH, SH, and acyl. In some
embodiments each optional substituent is independently
selected from the group consisting of: F, Br, Cl, =0,
=S, -CN methyl, trifluoro-methyl, ethyl,
2,2,2-trifluoroethyl, isopropyl, propyl,
2-ethyl-propyl, 3,3-dimethyl-propyl, butyl, isobutyl,
3,3-dimethyl-butyl, 2-ethyl-butyl, pentyl,
2-methyl-pentyl, pent-4-enyl, hexyl, heptyl, octyl,
phenyl, NH2, -NO2, phenoxy, hydroxy, methoxy,
trifluoro-methoxy, ethoxy, and methylenedioxy. In
addition to compounds of Formula I, the embodiments
disclosed are also directed to pharmaceutically
acceptable salts, pharmaceutically acceptable
N-oxides,pharmaceutically acceptable prodrugs, and
pharmaceutically active metabolites of such compounds,
and pharmaceutically acceptable salts of such
metabolites. The invention also relates to
pharmaceutical compositions including a compound of
the invention with a pharmaceutically acceptable
carrier, diluent or excipient. In a further aspect the
invention provides a method of inhibiting a protein
kinase selected from the group consisting of a
serine/threonine protein kinase or a fragment or a
complex thereof or a functional equivalent thereof and
a PI3 kinase or a fragment or a complex thereof or a
functional equivalent thereof, the method including
exposing the protein kinase or a fragment or complex
thereof or a functional equivalent thereof and/or
co-factor(s) thereof to an effective amount of a
compound of 



the invention. The compounds disclosed herein may act
directly and solely on the kinase molecule or a
complex or fragment thereof to inhibit biological
activity. However, it is understood that the compounds
may also act at least partially on co-factors that are
involved in the phosphorylation process. Known kinase
co-factors include ionic species (such as zinc and
calcium), lipids (such as phosphatidylserine), and
diacylglycerols. In some embodiments the protein
kinase is a serine/threonine protein kinase or a
fragment or a complex thereof or a functional
equivalent thereof. In some embodiments the
serine/threonine protein kinase or a fragment or
complex thereof is an mTOR protein kinase or a
fragment thereof, or a complex thereof or a functional
equivalent thereof. In some embodiments the
serine/threonine protein kinase is mTORCI or a
fragment or complex thereof or a functional equivalent
thereof. In some embodiments the protein kinase is a
PI3 kinase or a fragment thereof or a complex thereof
or a functional equivalent thereof. In some
embodiments the PI3 kinase or a fragment thereof or a
complex thereof or a functional equivalent thereof, is
a class I PI3K or a fragment thereof or a complex
thereof or a functional equivalent thereof.In one
embodiment of the method exposing the one or more
protein kinase(s) to the compound includes
administering the compound to a mammal containing the
one or more protein kinase(s). In an even further
aspect the invention provides the use of a compound of
the invention to inhibit one or more protein kinase(s)
selected from the group consisting of a
serine/threonine protein kinase or a fragment or a
complex thereof or a functional equivalent thereof and
a PI3 kinase or a fragment or a complex thereof or a
functional equivalent thereof. In some embodiments the
protein kinase is a serine/threonine protein kinase or
a fragment or a complex thereof or a functional
equivalent thereof. In some embodiments the
serine/threonine protein kinase or a fragment or
complex thereof is an mTOR protein kinase or a
fragment thereof, or a complex thereof or a functional
equivalent thereof. In some embodiments the
serine/threonine protein kinase is mTORCI or a
fragment or complex thereof or a functional equivalent
thereof. In some embodiments the protein kinase is a
PI3 kinase or a fragment thereof or a complex thereof
or a functional equivalent thereof. In some
embodiments the PI3 kinase or a fragment thereof or a
complex thereof or a functional equivalent thereof, is
a class I PI3K or a fragment thereof or a complex
thereof or a functional equivalent thereof. In an even
further aspect the invention provides a method of
treating or preventing a condition in a mammal in
which inhibition of one or more protein kinase(s)
selected from the group consisting of a
serine/threonine protein kinase or a fragment or a
complex thereof or a functional equivalent thereof and
a PI3 kinase or a fragment or a complex thereof or a
functional equivalent thereof, prevents, inhibits or
ameliorates a pathology or a symptomology of the
condition, the method including administration of a
therapeutically effective amount of a compound of the
invention. In some embodiments the protein kinase is a
serine/threonine protein kinase or a fragment or a
complex thereof or a functional equivalent thereof. In
some embodiments the serine/threonine protein kinase
or a fragment or complex thereof is an mTOR protein
kinase or a fragment thereof, or a complex thereof or
a functionalequivalent thereof. In some embodiments
the serine/threonine protein kinase is mTORCI or a
fragment or complex thereof or a functional equivalent
thereof. In some embodiments the protein kinase is a
PI3 kinase or a fragment thereof or a complex thereof
or a functional equivalent thereof. In some
embodiments the PI3 kinase or a fragment thereof or a
complex thereof or a functional equivalent thereof, is
a class I PI3K or a fragment thereof or a complex
thereof or a functional equivalent thereof. In some
embodiments the condition is cancer. In some
embodiments the cancer is selected from the group
consisting of Hematologic cancer such as
myeloproliferative disorders (idiopathic
myelofibrosis, polycythemia vera, essential
thrombocythemia, chronic myeloid leukemia), myeloid
metaplasia, chronic myelomonocytic leukemia, acute
lymphocytic leukemia, acute erythroblastic leukemia,
Hodgkin's and Non Hodgkin's disease, B-cell lymphoma,
acute T-cell leukemia, myelodysplastic syndromes,
plasma cell disorder, hairy cell leukemia, kaposi's
sarcoma, lymphoma and hyperproliferative conditions
such as psoriasis and restenosis; gynaecologic cancer
such as breast carcinoma, ovarian cancer, cervical
cancer, vaginal and vulva cancer, endometrial
hyperplasia; gastrointestinal tract cancer such as
colorectal carcinoma, polyps, liver cancer, gastric
cancer, pancreatic cancer, gall bladder cancer;
urinary tract cancer such as prostate cancer, kidney
and renal cancer; urinary bladder cancer, urethral
cancer, penile cancer; skin cancer such as melanoma;
brain tumour such as glioblastoma, neuroblastoma,
astrocytoma, ependynoma, brain-stem gliomas,
medulloblastoma, menigiomas, astrocytoma,
oligodendroglioma; head and neck cancer such as
nasopharyngeal carcinoma, 



laryngeal carcinoma; respiratory tract cancer such as
lung carcinoma (NSCLC and SCLC), mesothelioma; eye
disease such as retinoblastoma; musculo-skeleton
diseases such as osteosarcoma, musculoskeletal
neoplasm; Squamous cell carcinoma and fibroid tumour.
In other embodiments, compounds of this invention can
be used to treat pre-cancer conditions or hyperplasia
including familial adenomatous polyposis, colonic
adenomatous polyps, myeloid dysplasia, endometrial
dysplasia, endometrial hyperplasia with atypia,
cervical dysplasia, vaginal intraepithelial neoplasia,
benign prostatic hyperplasia, papillomas of the
larynx, actinic and solar keratosis, seborrheic
keratosis and keratoacanthoma.In some embodiments the
condition is an autoimmune or inflammatory disease or
a disease supported by excessive neovascularisation.
Diseases that have been attributed with some degree of
autoimmune etiology, or that involve pathological
inflammatory and neovascularization responses, include
the following: acute disseminated encephalomyelitis,
Addison's disease, agammaglobulinemia,
agranulocytosis, allergic asthma, allergic
encephalomyelitis, allergic rhinitis, alopecia areata,
alopecia senilis, anerythroplasia, ankylosing
spondylitis, antiphospholipid antibody syndrome,
aortitis syndrome, aplastic anemia, atopic dermatitis,
autoimmune haemolytic anemia, autoimmune hepatitis,
autoimmune oophoritis, BaIo disease, Basedow's
disease, Behcet's disease, bronchial asthma,
Castleman's syndrome, celiac disease, Chagas disease,
chronic inflammatory demyelinating polyneuropathy,
Churg-Strauss syndrome, Cogans syndrome, comical
cornea, comical leukoma, Coxsackie myocarditis, CREST
disease, Crohn's disease, cutaneous eosinophilia,
cutaneous T-cell lymphoma, dermatitis erythrema
multiforme, dermatomyositis, diabetic retinopathy,
Dressler's syndrome, dystrophia epithelialis corneae,
eczematous dermatitis, eosinophilic fasciitis,
eosinophilic gastroenteritis, epidermolysis bullosa,
Evans syndrome, fibrosing alveolitis, gestational
pemphigoid, glomerulonephritis, Goodpasture's
syndrome, graft-versus-host disease, Graves' disease,
Guillain-Barre Syndrome, Hashimoto's disease,
haemolytic-uretic syndrome, herpetic keratitis,
ichthyosis vulgaris, idiopathic intersititial
pneumonia, idiopathic thrombocytopenic purpura,
inflammatory bowel diseases, Kawasaki's disease,
keratitis, keratoconjunctivitis, Lambert-Eaton
syndrome, leukoderma vulgaris, lichen planus, lichen
sclerosus, Lyme disease, linear IgA disease, macular
degeneration, megaloblastic anemia, Meniere's disease,
Mooren's ulcer, Mucha-Habermann disease, multiple
myositis, multiple sclerosis, myasthenia gravis,
necrotizing enterocolitis, neuromyelitis optica,
ocular pemphigus, opsoclonus myoclonus syndrome, Ord's
thyroiditis, paroxysmal nocturnal hemoglobinuria,
Parsonnage- Tumer syndrome, pemphigus, periodontitis,
pernicious anemia, pollen allergies, polyglandular
autoimmune syndrome, posterior uveitis, primary
biliary cirrhosis, proctitis, pseudomembranous
colitis, psoriasis, pulmonary emphysema, pyoderma,
Reiter's syndrome, reversible obstructive airway
disease, rheumatic fever, rheumatoid arthritis,
sarcoidosis, scleritis, Sezary's syndrome, Sjogren's
syndrome, subacute bacterial endocarditis, systemic
lupus erythematosus, Takayasu's arteritis, temporal
arteritis, Tolosa-Hunt syndrome, Type I diabetes
mellitus, ulcerative colitis, urticaria, vernal
conjunctivitis, vitiligo, Vogy-Koyanagi-Harada
syndrome and Wegener's granulomatosis.In an even
further aspect the invention provides use of a
compound of the invention in the preparation of a
medicament for treating a condition in an animal in
which inhibition of one or more protein kinase(s)
selected from the group consisting of a
serine/threonine protein kinase or a fragment or a
complex thereof or a functional equivalent thereof and
a PI3 kinase or a fragment or a complex thereof or a
functional equivalent thereof, prevents, inhibits or
ameliorates a pathology or a symptomology of the
condition. In another aspect the present invention
provides the use of a compound of the invention or a
pharmaceutically acceptable salt, N-oxide or prodrug
thereof in the treatment of a condition in which
inhibition of one or more protein kinase(s) selected
from the group consisting of a serine/threonine
protein kinase or a fragment or a complex thereof or a
functional equivalent thereof and a PI3 kinase or a
fragment or a complex thereof or a functional
equivalent thereof, prevents, inhibits or ameliorates
a pathology or a symptomology of the condition In some
embodiments the protein kinase is a serine/threonine
protein kinase or a fragment or a complex thereof or a
functional equivalent thereof. In some embodiments the
serine/threonine protein kinase or a fragment or
complex thereof is an mTOR protein kinase or a
fragment thereof, or a complex thereof or a functional
equivalent thereof. In some embodiments the
serine/threonine protein kinase is mTORCI or a
fragment or complex thereof or a functional equivalent
thereof. In some embodiments the protein kinase is a
PI3 kinase or a fragment thereof or a complex thereof
or a functional equivalent thereof. In some
embodiments the PI3 kinase or a fragment thereof or a
complex thereof or a functional equivalent thereof, is
a class I PI3K or a fragment thereof or a complex
thereof or a functional equivalent thereof. In another
aspect the present invention provides a method of
prevention or 



treatment of a proliferative condition in a subject,
the method including administration of a
therapeutically effective amount of a compound of the
invention.In another aspect the present invention
provides the use of a compound of the invention in the
preparation of a medicament for treating a
proliferative condition in a subject. In some
embodiments the condition is cancer. In some
embodiments the cancer is selected from the group
consisting of Hematologic cancer such as
myeloproliferative disorders (idiopathic
myelofibrosis, polycythemia vera, essential
thrombocythemia, chronic myeloid leukemia), myeloid
metaplasia, chronic myelomonocytic leukemia, acute
lymphocytic leukemia, acute erythroblastic leukemia,
Hodgkin's and Non Hodgkin's disease, B-cell lymphoma,
acute T-cell leukemia, myelodysplastic syndromes,
plasma cell disorder, hairy cell leukemia, kaposi's
sarcoma, lymphoma; gynaecologic cancer such as breast
carcinoma, ovarian cancer, cervical cancer, vaginal
and vulva cancer, endometrial hyperplasia;
gastrointestinal tract cancer such as colorectal
carcinoma, polyps, liver cancer, gastric cancer,
pancreatic cancer, gall bladder cancer; urinary tract
cancer such as prostate cancer, kidney and renal
cancer; urinary bladder cancer, urethral cancer,
penile cancer; skin cancer such as melanoma; brain
tumour such as glioblastoma, neuroblastoma,
astrocytoma, ependynoma, brain-stem gliomas,
medulloblastoma, menigiomas, astrocytoma,
oligodendroglioma; head and neck cancer such as
nasopharyngeal carcinoma, laryngeal carcinoma;
respiratory tract cancer such as lung carcinoma (NSCLC
and SCLC), mesothelioma; eye disease such as
retinoblastoma; musculoskeleton diseases such as
osteosarcoma, musculoskeletal neoplasm; Squamous cell
carcinoma and fibroid tumour. These and other features
of the present teachings are set forth herein.
DETAILED DESCRIPTION In this specification a number of
terms are used which are well known to a skilled
addressee. Nevertheless for the purposes of clarity a
number of terms will be defined. As used herein, the
term "unsubstituted" means that there is no
substituent or that the only substituents are
hydrogen.The term "optionally substituted" as used
throughout the specification denotes that the group
may or may not be further substituted or fused (so as
to form a condensed polycyclic system), with one or
more non-hydrogen substituent groups. In certain
embodiments the substituent groups are one or more
groups independently selected from the group
consisting of halogen, =0, =S, -CN, -NO2, -CF3, -OCF3,
alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl,
haloalkynyl, heteroalkyl, cycloalkyl, cycloalkenyl,
heterocycloalkyl, heterocycloalkenyl, aryl,
heteroaryl, cycloalkylalkyl, heterocycloalkylalkyl,
heteroarylalkyl, arylalkyl, cycloalkylalkenyl,
heterocycloalkylalkenyl, arylalkenyl,
heteroarylalkenyl, cycloalkylheteroalkyl,
heterocycloalkylheteroalkyl, arylheteroalkyl,
heteroarylheteroalkyl, hydroxy, hydroxyalkyl,
alkyloxy, alkyloxyalkyl, alkyloxycycloalkyl,
alkyloxyheterocycloalkyl, alkyloxyaryl,
alkyloxyheteroaryl, alkyloxycarbonyl,
alkylaminocarbonyl, alkenyloxy, alkynyloxy,
cycloalkyloxy, cycloalkenyloxy, heterocycloalkyloxy,
heterocycloalkenyloxy, aryloxy, phenoxy, benzyloxy,
heteroaryloxy, arylalkyloxy, amino, alkylamino,
acylamino, aminoalkyl, arylamino, sulfonylamino,
sulfinylamino, sulfonyl, alkylsulfonyl, arylsulfonyl,
aminosulfonyl, sulfinyl, alkylsulfinyl, arylsulfinyl,
aminosulfinylaminoalkyl, -C(=O)OH, -C(=0)R a,
-C(=O)ORa, C(=O)NRaRb, C(=NOH)R a, C(=NRa)NRbRc,
NRaRb, NRaC(=O)Rb, NRaC(=O)ORb, NRaC(=O)NRbR,
NRaC(=NRb)NRcRd, NRaSO2Rb,-SRa, SO2NRaRb, -ORa,
OC(=O)NRaRb, OC(=O)Ra and acyl, wherein Ra, Rb, Rc and
Rd are each independently selected from the group
consisting of H, CrC 12alkyl, C2-Ci 2alkenyl,
C2-C12alkynyl, C2-Ci 0 heteroalkyl, C3-Ci 2cycloalkyl,
C3-C12cycloalkenyl, C2-C12heterocycloalkyl, C2-C12
heterocycloalkenyl, C6-Ci 8aryl, Ci-Ci bheteroaryl,
and acyl, or any two or more of Ra, Rb, Rc and Rd,
when taken together with the atoms to which they are
attached form a heterocyclic ring system with 3 to 12
ring atoms. In some embodiments each optional
substituent is independently selected from the group
consisting of: halogen, =0, =S, -CN, -NO2, -CF3,
-OCF3, alkyl, alkenyl, alkynyl, haloalkyl,
haloalkenyl, haloalkynyl, heteroalkyl, cycloalkyl,
cycloalkenyl, heterocycloalkyl, heterocycloalkenyl,
aryl, heteroaryl, hydroxy, hydroxyalkyl, alkyloxy,
alkyloxyalkyl, alkyloxyaryl, alkyloxyheteroaryl,
alkenyloxy, alkynyloxy, cycloalkyloxy,
cycloalkenyloxy, heterocycloalkyloxy,
heterocycloalkenyloxy, aryloxy, heteroaryloxy,
arylalkyl, heteroarylalkyl, arylalkyloxy, amino,
alkylamino, acylamino, aminoalkyl,arylamino, sulfonyl,
alkylsulfonyl, arylsulfonyl, aminosulfonyl,
aminoalkyl, -COOH, -SH, and acyl. Examples of
particularly suitable optional substituents include F,
Cl1 Br, I, CH3, CH2CH3, OH, OCH3, CF3, OCF3, NO2, NH2,
and CN. In the definitions of a number of substituents
below it is stated that "the group may be a terminal
group or a bridging group". This is intended to
signify that the use of the term is intended to
encompass the situation where the group is a linker
between two other portions of the molecule as well as
where it is a terminal moiety. Using the 



term alkyl as an example, some publications would use
the term "alkylene" for a bridging group and hence in
these other publications there is a distinction
between the terms "alkyl" (terminal group) and
"alkylene" (bridging group). In the present
application no such distinction is made and most
groups may be either a bridging group or a terminal
group. "Acyl" means an R-C(=O)- group in which the R
group may be an alkyl, cycloalkyl, heterocycloalkyl,
aryl or heteroaryl group as defined herein. Examples
of acyl include acetyl and benzoyl. The group may be a
terminal group or a bridging group. If the group is a
terminal group it is bonded to the remainder of the
molecule through the carbonyl carbon. "Acylamino"
means an R-C(=O)-NH- group in which the R group may be
an alkyl, cycloalkyl, heterocycloalkyl, aryl or
heteroaryl group as defined herein. The group may be a
terminal group or a bridging group. If the group is a
terminal group it is bonded to the remainder of the
molecule through the nitrogen atom. "Alkenyl" as a
group or part of a group denotes an aliphatic
hydrocarbon group containing at least one
carbon-carbon double bond and which may be straight or
branched preferably having 2-12 carbon atoms, more
preferably 2-10 carbon atoms, most preferably 2-6
carbon atoms, in the normal chain. The group may
contain a plurality of double bonds in the normal
chain and the orientation about each is independently
E or Z. Exemplary alkenyl groups include, but are not
limited to, ethenyl, propenyl, butenyl, pentenyl,
hexenyl, heptenyl, octenyl and nonenyl. The group may
be a terminal group or a bridging group."Alkenyloxy"
refers to an alkenyl-O- group in which alkenyl is as
defined herein. Preferred alkenyloxy groups are CrC 6
alkenyloxy groups. The group may be a terminal group
or a bridging group. If the group is a terminal group
it is bonded to the remainder of the molecule through
the oxygen atom. "Alky I" as a group or part of a
group refers to a straight or branched aliphatic
hydrocarbon group, preferably a C1- C12 alkyl, more
preferably a C1-C10 alkyl, most preferably C1-C6
unless otherwise noted. Examples of suitable straight
and branched C1-C6 alkyl substituents include methyl,
ethyl, n-propyl, 2-propyl, n-butyl, sec-butyl, tbutyl,
hexyl, and the like. The group may be a terminal group
or a bridging group. "Alkylamino" includes both
mono-alkylamino and dialkylamino, unless specified.
"Mono-alkylamino" means a Alkyl-NH- group, in which
alkyl is as defined herein. "Dialkylamino" means a
(alkyl)2N- group, in which each alkyl may be the same
or different and are each as defined herein for alkyl.
The alkyl group is preferably a C1-C6 alkyl group. The
group may be a terminal group or a bridging group. If
the group is a terminal group it is bonded to the
remainder of the molecule through the nitrogen atom.
"Alkylaminocarbonyl" refers to a group of the formula
(Alkyl)x(H)yNC(=O)- in which alkyl is as defined
herein, x is 1 or 2, and the sum of X+Y =2. The group
may be a terminal group or a bridging group. If the
group is a terminal group it is bonded to the
remainder of the molecule through the carbonyl carbon.
"Alkyloxy" refers to an alkyl-O- group in which alkyl
is as defined herein. Preferably the alkyloxy is a CrC
6alkyloxy. Examples include, but are not limited to,
methoxy and ethoxy. The group may be a terminal group
or a bridging group. "Alkyloxyalkyl" refers to an
alkyloxy-alkyl- group in which the alkyloxy and alkyl
moieties are as defined herein. The group may be a
terminal group or a bridging group. If the group is a
terminal group it is bonded to the remainder of the
molecule through the alkyl group. "Alkyloxyaryl"
refers to an alkyloxy-aryl- group in which the
alkyloxy and aryl moieties are as defined herein. The
group may be a terminal group or a bridginggroup. If
the group is a terminal group it is bonded to the
remainder of the molecule through the aryl group.
"Alkyloxycarbonyl" refers to an alkyl-O-C(=O)- group
in which alkyl is as defined herein. The alkyl group
is preferably a C1-C6 alkyl group. Examples include,
but are not limited to, methoxycarbonyl and
ethoxycarbonyl. The group may be a terminal group or a
bridging group. If the group is a terminal group it is
bonded to the remainder of the molecule through the
carbonyl carbon. "Alkyloxycycloalkyl" refers to an
alkyloxy-cycloalkyl- group in which the alkyloxy and
cycloalkyl moieties are as defined herein. The group
may be a terminal group or a bridging group. If the
group is a terminal group it is bonded to the
remainder of the molecule through the cycloalkyl
group. "Alkyloxyheteroaryl" refers to an
alkyloxy-heteroaryl- group in which the alkyloxy and
heteroaryl moieties are as defined herein. The group
may be a terminal group or a bridging group. If the
group is a terminal group it is bonded to the
remainder of the molecule through the heteroaryl
group. "Alkyloxyheterocycloalkyl" refers to an
alkyloxy-heterocycloalkyl- group in which the alkyloxy
and heterocycloalkyl moieties are as defined herein.
The group may be a terminal group or a bridging group.
If the group is a terminal group it is bonded to the
remainder of the molecule through the heterocycloalkyl
group. "Alkylsulfinyl" means an alkyl-S-(=O)- group in
which alkyl is as defined 



herein. The alkyl group is preferably a Ci-C 6 alkyl
group. Exemplary alkylsulfinyl groups include, but not
limited to, methylsulfinyl and ethylsulfinyl. The
group may be a terminal group or a bridging group. If
the group is a terminal group it is bonded to the
remainder of the molecule through the sulfur atom.
"Alkylsulfonyl" refers to an alkyl-S(=O) 2- group in
which alkyl is as defined above. The alkyl group is
preferably a Cr C6alkyl group. Examples include, but
not limited to methylsulfonyl and ethylsulfonyl. The
group may be a terminal group or a bridging group. If
the group is a terminal group it is bonded to the
remainder of the molecule through the sulfur
atom."Alkynyl" as a group or part of a group means an
aliphatic hydrocarbon group containing a carbon-carbon
triple bond and which may be straight or branched
preferably having from 2-12 carbon atoms, more
preferably 2-10 carbon atoms, more preferably 2-6
carbon atoms in the normal chain. Exemplary structures
include, but are not limited to, ethynyl and propynyl.
The group may be a terminal group or a bridging group.
"Alkynyloxy" refers to an alkynyl-O- group in which
alkynyl is as defined herein. Preferred alkynyloxy
groups are CrC 6alkynyloxy groups. The group may be a
terminal group or a bridging group. If the group is a
terminal group it is bonded to the remainder of the
molecule through the oxygen atom. "Aminoalkyl" means
an NH2-alkyl- group in which the alkyl group is as
defined herein. The group may be a terminal group or a
bridging group. If the group is a terminal group it is
bonded to the remainder of the molecule through the
alkyl group. "Aminosulfonyl" means an NH2-S(=O) 2-
group. The group may be a terminal group or a bridging
group. If the group is a terminal group it is bonded
to the remainder of the molecule through the sulfur
atom. "Aryl" as a group or part of a group denotes (i)
an optionally substituted monocyclic, or fused
polycyclic, aromatic carbocycle (ring structure having
ring atoms that are all carbon) preferably having from
5 to 12 atoms per ring. Examples of aryl groups
include phenyl, naphthyl, and the like; (ii) an
optionally substituted partially saturated bicyclic
aromatic carbocyclic moiety in which a phenyl and a
C5-7 cycloalkyl or C5-7 cycloalkenyl group are fused
together to form a cyclic structure, such as
tetrahydronaphthyl, indenyl or indanyl. The group may
be a terminal group or a bridging group. Typically an
aryl group is a C6-Ci 8 aryl group. "Arylalkenyl"
means an aryl-alkenyl- group in which the aryl and
alkenyl are as defined herein. Exemplary arylalkenyl
groups include phenylallyl. The group may be a
terminal group or a bridging group. If the group is a
terminal group it is bonded to the remainder of the
molecule through the alkenyl group. "Arylalkyl" means
an aryl-alkyl- group in which the aryl and alkyl
moieties are as defined herein. Preferred arylalkyl
groups contain a Ci-5alkyl moiety. Exemplaryarylalkyl
groups include benzyl, phenethyl, 1-naphthalenemethyl
and 2- naphthalenemethyl. The group may be a terminal
group or a bridging group. If the group is a terminal
group it is bonded to the remainder of the molecule
through the alkyl group. "Arylalkyloxy" refers to an
aryl-alkyl-O- group in which the alkyl and aryl are as
defined herein. The group may be a terminal group or a
bridging group. If the group is a terminal group it is
bonded to the remainder of the molecule through the
oxygen atom. "Arylamino" includes both mono-arylamino
and di-arylamino unless specified. Mono-arylamino
means a group of formula arylNH-, in which aryl is as
defined herein, di-arylamino means a group of formula
(aryl)2N- where each aryl may be the same or different
and are each as defined herein for aryl. The group may
be a terminal group or a bridging group. If the group
is a terminal group it is bonded to the remainder of
the molecule through the nitrogen atom.
"Arylheteroalkyl" means an aryl-heteroalkyl- group in
which the aryl and heteroalkyl moieties are as defined
herein. The group may be a terminal group or a
bridging group. If the group is a terminal group it is
bonded to the remainder of the molecule through the
heteroalkyl group. "Aryloxy" refers to an aryl-O-
group in which the aryl is as defined herein.
Preferably the aryloxy is a C6-C18aryloxy, more
preferably a C6-C1Oaryloxy. The group may be a
terminal group or a bridging group. If the group is a
terminal group it is bonded to the remainder of the
molecule through the oxygen atom. "Arylsulfonyl" means
an aryl-S(=O)2- group in which the aryl group is as
defined herein. The group may be a terminal group or a
bridging group. If the group is a terminal group it is
bonded to the remainder of the molecule through the
sulfur atom. A "bond" is a linkage between atoms in a
compound or molecule. The bond may be a single bond, a
double bond, or a triple bond. "Cycloalkenyl" means a
non-aromatic monocyclic or multicyclic ring system
containing at least one carbon-carbon double bond and
preferably having from 5-10carbon atoms per ring.
Exemplary monocyclic cycloalkenyl rings include
cyclopentenyl, cyclohexenyl or cycloheptenyl. The
cycloalkenyl group may be substituted by one or more
substituent groups. A cycloalkenyl group typically is
a C3- C12 alkenyl group. The group may be a terminal
group or a bridging group. 



"Cycloalkyl" refers to a saturated monocyclic or fused
or spiro polycyclic, carbocycle preferably containing
from 3 to 9 carbons per ring, such as cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl and the like,
unless otherwise specified. It includes monocyclic
systems such as cyclopropyl and cyclohexyl, bicyclic
systems such as decalin, and polycyclic systems such
as adamantane. A cycloalkyl group typically is a
C3-C12 alkyl group. The group may be a terminal group
or a bridging group. "Cycloalkylalkyl" means a
cycloalkyl-alkyl- group in which the cycloalkyl and
alkyl moieties are as defined herein. Exemplary
monocycloalkylalkyl groups include cyclopropylmethyl,
cyclopentylmethyl, cyclohexylmethyl and
cycloheptylmethyl. The group may be a terminal group
or a bridging group. If the group is a terminal group
it is bonded to the remainder of the molecule through
the alkyl group. "Cycloalkylalkenyl" means a
cycloalkyl-alkenyl- group in which the cycloalkyl and
alkenyl moieties are as defined herein. The group may
be a terminal group or a bridging group. If the group
is a terminal group it is bonded to the remainder of
the molecule through the alkenyl group.
"Cycloalkylheteroalkyl" means a
cycloalkyl-heteroalkyl- group in which the cycloalkyl
and heteroalkyl moieties are as defined herein. The
group may be a terminal group or a bridging group. If
the group is a terminal group it is bonded to the
remainder of the molecule through the heteroalkyl
group. "Cycloalkyloxy" refers to a cycloalkyl-O- group
in which cycloalkyl is as defined herein. Preferably
the cycloalkyloxy is a CrC Cycloalkyloxy. Examples
include, but are not limited to, cyclopropanoxy and
cyclobutanoxy. The group may be a terminal group or a
bridging group. If the group is a terminal group it is
bonded to the remainder of the molecule through the
oxygen atom. "Cycloalkenyloxy" refers to a
cycloalkenyl-O- group in which the cycloalkenyl is as
defined herein. Preferably the cycloalkenyloxy is a
CrC cycloalkenyloxy. Thegroup may be a terminal group
or a bridging group. If the group is a terminal group
it is bonded to the remainder of the molecule through
the oxygen atom. "Haloalkyl" refers to an alkyl group
as defined herein in which one or more of the hydrogen
atoms has been replaced with a halogen atom selected
from the group consisting of fluorine, chlorine,
bromine and iodine. A haloalkyl group typically has
the formula CnH{2n .mK m wherein each X is
independently selected from the group consisting of F,
Cl, Br and I . In groups of this type n is typically
from 1 to 10, more preferably from 1 to 6, most
preferably 1 to 3. m is typically 1 to 6, more
preferably 1 to 3. Examples of haloalkyl include
fluoromethyl, difluoromethyl and trifluoromethyl. H
aloalkenyl" refers to an alkenyl group as defined
herein in which one or more of the hydrogen atoms has
been replaced with a halogen atom independently
selected from the group consisting of F, Cl, Br and I.
"Haloalkynyl" refers to an alkynyl group as defined
herein in which one or more of the hydrogen atoms has
been replaced with a halogen atom independently
selected from the group consisting of F, Cl, Br and I.
"Halogen" represents chlorine, fluorine, bromine or
iodine. "Heteroalkyl" refers to a straight- or
branched-chain alkyl group preferably having from 2 to
12 carbons, more preferably 2 to 6 carbons in the
chain, in which one or more of the carbon atoms (and
any associated hydrogen atoms) are each independently
replaced by a heteroatomic group selected from S, O, P
and NR' where R' is selected from the group consisting
of H, optionally substituted CrC^alkyl, optionally
substituted C3-C12cycloalkyl, optionally substituted
C6-C18aryl, and optionally substituted CrCi
8heteroaryl. Exemplary heteroalkyls include alkyl
ethers, secondary and tertiary alkyl amines, amides,
alkyl sulfides, and the like. Examples of heteroalkyl
also include hydroxyCrC 6alkyl, Ci-C alkyloxyCi-C
alkyl, aminoCi-C alkyl, C1- CealkylaminoCrCealkyl, and
di(C1-C6alkyl)aminoCi-C 6alkyl. The group may be a
terminal group or a bridging group. "Heteroalkyloxy"
refers to an heteroalkyl-O- group in which heteroalkyl
is as defined herein. Preferably the heteroalkyloxy is
a C2-C6heteroalkyloxy. The group may be a terminal
group or a bridging group."Heteroaryl" either alone or
part of a group refers to groups containing an
aromatic ring (preferably a 5 or 6 membered aromatic
ring) having one or more heteroatoms as ring atoms in
the aromatic ring with the remainder of the ring atoms
being carbon atoms. Suitable heteroatoms include
nitrogen, oxygen and sulphur. Examples of heteroaryl
include thiophene, benzothiophene, benzofuran,
benzimidazole, benzoxazole, benzothiazole,
benzisothiazole, naphtho[2,3- bjthiophene, furan,
isoindolizine, xantholene, phenoxatine, pyrrole,
imidazole, pyrazole, pyridine, pyrazine, pyrimidine,
pyridazine, tetrazole, indole, isoindole, 1Hindazole,
purine, quinoline, isoquinoline, phthalazine,
naphthyridine, quinoxaline, cinnoline, carbazole,
phenanthridine, acridine, phenazine, thiazole,
isothiazole, phenothiazine, oxazole, isooxazole,
furazane, phenoxazine, 2-, 3- or 4- pyridyl, 2-, 3-,
4-, 5-, or 8- quinolyl, 1-, 3-, 4-, or 5-
isoquinolinyl 1-, Z-, or 3- indolyl, and 2-, or
3-thienyl. A heteroaryl group is typically a C1-C18
heteroaryl group. The group may be a terminal group or
a bridging group. "Heteroarylalkyl" means a
heteroaryl-alkyl group in which the heteroaryl and 



alkyl moieties are as defined herein. Preferred
heteroarylalkyl groups contain a lower alkyl moiety.
Exemplary heteroarylalkyl groups include
pyridylmethyl. The group may be a terminal group or a
bridging group. If the group is a terminal group it is
bonded to the remainder of the molecule through the
alkyl group. "Heteroarylalkenyl" means a
heteroaryl-alkenyl- group in which the heteroaryl and
alkenyl moieties are as defined herein. The group may
be a terminal group or a bridging group. If the group
is a terminal group it is bonded to the remainder of
the molecule through the alkenyl group.
"Heteroarylheteroalkyl" means a
heteroaryl-heteroalkyl- group in which the heteroaryl
and heteroalkyl moieties are as defined herein. The
group may be a terminal group or a bridging group. If
the group is a terminal group it is bonded to the
remainder of the molecule through the heteroalkyl
group. "Heteroaryloxy" refers to a heteroaryl-O- group
in which the heteroaryl is as defined herein.
Preferably the heteroaryloxy is a d-C 18heteroaryloxy.
The group may be a terminal group or a bridging group.
If the group is a terminal group it is bonded to the
remainder of the molecule through the oxygen
atom."Heterocyclic" refers to saturated, partially
unsaturated or fully unsaturated monocyclic, bicyclic
or polycyclic ring system containing at least one
heteroatom selected from the group consisting of
nitrogen, sulfur and oxygen as a ring atom. Examples
of heterocyclic moieties include heterocycloalkyl,
heterocycloalkenyl and heteroaryl.
"Heterocycloalkenyl" refers to a heterocycloalkyl
group as defined herein but containing at least one
double bond. A heterocycloalkenyl group typically is a
C2-Ci 2 heterocycloalkenyl group. The group may be a
terminal group or a bridging group. "Heterocycloalkyl"
refers to a saturated monocyclic, bicyclic, or
polycyclic ring containing at least one heteroatom
selected from nitrogen, sulfur, oxygen, preferably
from 1 to 3 heteroatoms in at least one ring. Each
ring is preferably from 3 to 10 membered, more
preferably 4 to 7 membered. Examples of suitable
heterocycloalkyl substituents include pyrrolidyl,
tetrahydrofuryl, tetrahydrothiofuranyl, piperidyl,
piperazyl, tetrahydropyranyl, morphilino,
1,3-diazapane, 1,4-diazapane, 1,4- oxazepane, and
1,4-oxathiapane. A heterocycloalkyl group typically is
a C2-C12 heterocycloalkyl group. The group may be a
terminal group or a bridging group.
"Heterocycloalkylalkyl" refers to a
heterocycloalkyl-alkyl- group in which the
heterocycloalkyl and alkyl moieties are as defined
herein. Exemplary heterocycloalkylalkyl groups include
(2-tetrahydrofuryl)methyl, (2-tetrahydrothiofuranyl)
methyl. The group may be a terminal group or a
bridging group. If the group is a terminal group it is
bonded to the remainder of the molecule through the
alkyl group. "Heterocycloalkylalkenyl" refers to a
heterocycloalkyl-alkenyl- group in which the
heterocycloalkyl and alkenyl moieties are as defined
herein. The group may be a terminal group or a
bridging group. If the group is a terminal group it is
bonded to the remainder of the molecule through the
alkenyl group. "Heterocycloalkylheteroalkyl" means a
heterocycloalkyl-heteroalkyl- group in which the
heterocycloalkyl and heteroalkyl moieties are as
defined herein. The group may be a terminal group or a
bridging group. If the group is a terminal group it is
bonded to the remainder of the molecule through the
heteroalkyl group."Heterocycloalkyloxy" refers to a
heterocycloalkyl-O- group in which the
heterocycloalkyl is as defined herein. Preferably the
heterocycloalkyloxy is a d - C6heterocycloalkyloxy.
The group may be a terminal group or a bridging group.
If the group is a terminal group it is bonded to the
remainder of the molecule through the oxygen atom.
"Heterocycloalkenyloxy" refers to a
heterocycloalkenyl-O- group in which
heterocycloalkenyl is as defined herein. Preferably
the Heterocycloalkenyloxy is a C1- C6
Heterocycloalkenyloxy. The group may be a terminal
group or a bridging group. If the group is a terminal
group it is bonded to the remainder of the molecule
through the oxygen atom. H ydroxyalkyl" refers to an
alkyl group as defined herein in which one or more of
the hydrogen atoms has been replaced with an OH group.
A hydroxyalkyl group typically has the formula CnH n+I
-X)(OH)x. In groups of this type n is typically from 1
to 10, more preferably from 1 to 6, most preferably 1
to 3. x is typically 1 to 6, more preferably 1 to 3.
"Lower alkyI" as a group means unless otherwise
specified, an aliphatic hydrocarbon group which may be
straight or branched having 1 to 6 carbon atoms in the
chain, more preferably 1 to 4 carbons such as methyl,
ethyl, propyl (n-propyl or isopropyl) or butyl
(n-butyl, isobutyl or tertiary-butyl). The group may
be a terminal group or a bridging group. "Sulfinyl"
means an R-S(=O)- group in which the R group may be
OH, alkyl, cycloalkyl, heterocycloalkyl; aryl or
heteroaryl group as defined herein. The group may be a
terminal group or a bridging group. If the group is a
terminal group it is bonded to the remainder of the
molecule through the sulfur atom. "Sulfinylamino"
means an R-S(=O)-NH- group in which the R group may be



OH, alkyl, cycloalkyl, heterocycloalkyl; aryl or
heteroaryl group as defined herein. The group may be a
terminal group or a bridging group. If the group is a
terminal group it is bonded to the remainder of the
molecule through the nitrogen atom. "Sulfonyl" means
an R-S(=O)2- group in which the R group may be OH,
alkyl, cycloalkyl, heterocycloalkyl; aryl or
heteroaryl group as defined herein. Thegroup may be a
terminal group or a bridging group. If the group is a
terminal group it is bonded to the remainder of the
molecule through the sulfur atom. "Sulfonylamino"
means an R-S(=O)2-NH- group. The group may be a
terminal group or a bridging group. If the group is a
terminal group it is bonded to the remainder of the
molecule through the nitrogen atom. It is understood
that included in the family of compounds of Formula
(I) are isomeric forms including diastereoisomers,
enantiomers, tautomers, and geometrical isomers in "E"
or "Z" configurational isomer or a mixture of E and Z
isomers. It is also understood that some isomeric
forms such as diastereomers, enantiomers, and
geometrical isomers can be separated by physical
and/or chemical methods and by those skilled in the
art. Some of the compounds of the disclosed
embodiments may exist as single stereoisomers,
racemates, and/or mixtures of enantiomers and /or
diastereomers. All such single stereoisomers,
racemates and mixtures thereof, are intended to be
within the scope of the subject matter described and
claimed. Additionally, Formula (I) is intended to
cover, where applicable, solvated as well as
unsolvated forms of the compounds. Thus, each formula
includes compounds having the indicated structure,
including the hydrated as well as the non-hydrated
forms. The term "pharmaceutically acceptable salts"
refers to salts that retain the desired biological
activity of the above-identified compounds, and
include pharmaceutically acceptable acid addition
salts and base addition salts. Suitable
pharmaceutically acceptable acid addition salts of
compounds of Formula (I) may be prepared from an
inorganic acid or from an organic acid. Examples of
such inorganic acids are hydrochloric, sulfuric, and
phosphoric acid. Appropriate organic acids may be
selected from aliphatic, cycloaliphatic, aromatic,
heterocyclic carboxylic and sulfonic classes of
organic acids, examples of which are formic, acetic,
propionic, succinic, gIycolic, gluconic, lactic,
malic, tartaric, citric, fumaric, maleic, alkyl
sulfonic, arylsulfonic. Additional information on
pharmaceutically acceptable salts can be found in
Remington's Pharmaceutical Sciences, 19th Edition,
Mack Publishing Co., Easton, PA 1995. In the case of
agents that are solids, it is understood by those
skilled in theart that the inventive compounds, agents
and salts may exist in different crystalline or
polymorphic forms, all of which are intended to be
within the scope of the present invention and
specified formulae. "Prodrug" means a compound that
undergoes conversion to a compound of formula (I)
within a biological system, usually by metabolic means
(e.g. by hydrolysis, reduction or oxidation). For
example an ester prodrug of a compound of formula (I)
containing a hydroxyl group may be convertible by
hydrolysis in vivo to the parent molecule. Suitable
esters of compounds of formula (I) containing a
hydroxyl group, are for example acetates, citrates,
lactates, tartrates, malonates, oxalates, salicylates,
propionates, succinates, fumarates, maleates,
methylene-bis-b-hydroxynaphthoates, gestisates,
isethionates, di-p-toluoyltartrates,
methanesulphonates, ethanesulphonates,
benzenesulphonates, p-toluenesulphonates,
cyclohexylsulphamates and quinates. As another example
an ester prodrug of a compound of formula (I)
containing a carboxy group may be convertible by
hydrolysis in vivo to the parent molecule. (Examples
of ester prodrugs are those described by F.J.
Leinweber, Drug Metab. Res., 18:379, 1987). Similarly,
an acyl prodrug of a compound of formula (I)
containing an amino group may be convertible by
hydrolysis in vivo to the parent molecule (Many
examples of prodrugs for these and other functional
groups, including amines, are described in Prodrugs:
Challenges and Rewards (Parts 1 and 2); Ed V. Stella,
R. Borchardt, M. Hageman, R.OIiyai, H. Maag and J
Tilley; Springer, 2007) The term "oxygen protecting
group" means a group that can prevent the oxygen
moiety reacting during further derivatisation of the
protected compound and which can be readily removed
when desired. In one embodiment the protecting group
is removable in the physiological state by natural
metabolic processes. Examples of oxygen protecting
groups include acyl groups (such as acetyl), ethers
(such as methoxy methyl ether (MOM), B-methoxy ethoxy
methyl ether (MEM), p-methoxy benzyl ether (PMB),
methylthio methyl ether, Pivaloyl (Piv),
Tetrahydropyran (THP)), andsilyl ethers (such as
Trimethylsilyl (TMS) tert-butyl dimethyl silyl (TBDMS)
and triisopropylsilyl (TIPS). The term "nitrogen
protecting group" means a group that can prevent the
nitrogen moiety reacting during further derivatisation
of the protected compound and which can be readily
removed when desired. In one embodiment the protecting
groupis removable in the physiological state by
natural metabolic processes. Examples of suitable
nitrogen protecting groups that may be used include
formyl, trityl, phthalimido.acetyl, trichloroacetyl,
chloroacetyl, bromoacetyl, iodoacetyl; urethanetype 



blocking groups such as benzyloxycarbonyl ('CBz ),
4-phenylbenzyloxycarbonyl, 2-methylbenzyloxycarbonyl,
4-methoxybenzyloxycarbonyl, 4-fluorobenzyloxycarbonyl,
4-chlorobenzyloxycarbonyl, 3-chlorobenzyloxycarbonyl,
2-chlorobenzyloxycarbonyl,
2,4-dichlorobenzyloxycarbonyl,
4-bromobenzyloxycarbonyl, 3- bromobenzyloxycarbonyl,
4-nitrobenzyloxycarbonyl, 4-cyanobenzyloxycarbonyl,
tbutoxycarbonyl ('tBoc'),
2-(4-xenyl)-isopropoxycarbonyl, 1,1-diphenyleth-1-
yloxycarbonyl, 1,1-diphenylprop-i-yloxycarbonyl,
2-phenylprop-2-yloxycarbonyl, 2-(ptoluyl)-
prop-2-yloxycarbonyl, cyclopentanyloxy-carbonyl, 1-
methylcyclopentanyloxycarbonyl,
cyclohexanyloxycarbonyl, 1-
methylcyclohexanyloxycarbonyl,
2-methylcyclohexanyloxycarbonyl, 2-(4-
toluylsulfono)-ethoxycarbonyl,
2-(methylsulfono)ethoxycarbonyl, 2-
(triphenylphosphino)-ethoxycarbonyl,
fluorenylmethoxycarbonyl ("FMOC), 2-
(trimethylsilyl)ethoxycarbonyl, allyloxycarbonyl,
1-(trimethylsilylmethyl)prop-1- enyloxycarbonyl,
5-benzisoxalylmethoxycarbonyl,
4-acetoxybenzyloxycarbonyl, 2,2,2-
trichloroethoxycarbonyl, 2-ethynyl-2-propoxycarbonyl,
cyclopropylmethoxycarbonyl, 4-
(decycloxy)benzyloxycarbonyl, isobornyloxycarbonyl,
1-piperidyloxycarbonlyl and the like;
benzoylmethylsulfono group, 2-nitrophenylsulfenyl,
diphenylphosphine oxide, and the like. The actual
nitrogen protecting group employed is not critical so
long as the derivatised nitrogen group is stable to
the condition of subsequent reaction(s) and can be
selectively removed as required without substantially
disrupting the remainder of the molecule including any
other nitrogen protecting group(s). Further examples
of these groups are found in: Greene, T. W. and Wuts,
P. G. M., Protective Groups in Organic Synthesis,
Second edition; Wiley-lnterscience: 1991; Chapter 7;
McOmie, J. F. W. (ed.), Protective Groups in Organic
Chemistry, Plenum Press, 1973; and Kocienski, P. J.,
Protecting Groups, Second Edition, Theime Medical
Pub., 2000. The term "therapeutically effective
amount" or "effective amount" is an amount sufficient
to effect beneficial or desired clinical results. An
effective amount can be administered in one or more
administrations. An effective amount is typically
sufficient to palliate, ameliorate, stabilize,
reverse, slow or delay the progression of the disease
state.The term "functional equivalent" is intended to
include variants of the specific protein kinase
species described herein. It will be understood that
kinases may have isoforms, such that while the
primary, secondary, tertiary or quaternary structure
of a given kinase isoform is different to the
protoypical kinase, the molecule maintains biological
activity as a protein kinase. Isoforms may arise from
normal allelic variation within a population and
include mutations such as amino acid substitution,
deletion, addition, truncation, or duplication. Also
included within the term "functional equivalent" are
variants generated at the level of transcription. Many
kinases (including JAK2 and CDK2) have isoforms that
arise from transcript variation. It is also known that
FLT3 has an isoform that is the result of
exon-skipping. Other functional equivalents include
kinases having altered post-translational modification
such as glycosylation. Specific compounds of the
invention include the following:METHODS OF FORMING A
NANOCRYSTAL CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application makes reference to and claims
the benefit of priority of an application for a
"Solvothermal Synthesis of High Purity Binary and
Ternary Nanocrystals" filed on October 5, 2007 with
the United States Patent and Trademark Office, and
there duly assigned serial number 60/977,792. The
contents of said application filed on October 5, 2007
is incorporated herein by reference for all purposes,
including an incorporation of any element or part of
the description, claims or drawings not contained
herein and referred to in Rule 20.5(a) of the PCT,
pursuant to Rule 4.18 of the PCT. FIELD OF INVENTION
[0002] The present invention relates to methods of
forming a nanocrystal. BACKGROUND OF THE INVENTION
[0003] Semiconductor nanocrystals have made a
significant impact on many technological areas
including optics, optoelectronic, photoluminescence,
electroluminescent devices, biological labelling and
diagnostics, and so on. These semiconductor
nanocrystals nanocrystals are known for the unique
properties they possess as a result of both their size
and their high surface area. [0004] Among the most
studied semiconductor nanocrystal materials have been
the chalcogenide II-VI materials and III-V materials.
The primary reason for the interest in these
semiconductor nanocrystal materials is their
size-tunable photoluminescence emission spanning the
whole visible spectrum. [0005] Other nanocrystal
materials being studied are the magnetic materials
which have found their way into medical use as
contrast media for magnetic resonance imaging,
hyperthermic treatment of malignant cells, and drug
delivery. [0006] There have been increasing interests
in developing methods of synthesizing the
nanocrystals, in particular II-VI and III-V
nanocrystals, which have well-defined shapes, sizes
and high crystallinity. Monodisperse nanocrystals with
a narrow particle size distribution are an important
property of the nanocrystals in various applications
because quantum effect is 



dependent upon their size.[0007] Murray and Bawendi
developed a method of preparing nanocrystal in which
an organometallic precursor and an elemental precursor
are injected into a hot solvent forming nanocrystals
(Murray C , Norris D., Bawendi M., J . Am. Chem. Soc.
(1993) vol. 115, 19; 8706-8715). This method also
called wet chemistry method has been commonly used in
the preparation of nanocrystals, particularly II-VI
and III-V nanocrystals. [0008] Recently, methods have
been developed for producing nanocrystals with
core-shell structure or capped structure consisting of
a core made of one semiconducting material which is
coated with another semiconductor material. For
example, U.S. Pat. No. 6,322,901 describes core-shell
structured Group II-VI and Group III-V compound
semiconductor nanocrystals prepared by forming a
compound semiconductor layer on the surface of core
nanocrystals. [0009] The surface property of the
nanocrystals is significant in determining nanocrystal
characteristics. In the methods known, the
purification of the nanocrystals which includes
multistep precipitation can affect the surface
properties of the nanocrystals leading to surface
defects. Further, the quantum yield of the
nanocrystals can also be affected in the multistep
purification of nanocrystals. [0010] It is desirable
to provide an alternative method for producing
nanocrystals that allows purification of nanocrystals
without affecting the surface of the nanocrystals.
SUMMARY OF INVENTION [0011] According to one aspect
the present invention provides a method of forming a
binary nanocrystal of the general formula MlA. In this
general formula Ml can be a metal of Group II, Group
III, Group IV, Group VII or Group VIII of the Periodic
System of Elements (PSE). A can be an element of Group
VI or Group V of the PSE. The method includes forming
a homogenous reaction mixture. This homogenous
reaction mixture includes a metal precursor that
contains the metal Ml. The homogenous reaction mixture
also includes the element A. Further, the homogenous
reaction mixture also includes a non-polar solvent of
low boiling point. The method further includes
bringing the homogenous reaction mixture under
elevated pressure to an elevated temperature that is
suitable for forming a nanocrystal. [0012] According
to another aspect, the present invention provides a
method of forming a binary nanocrystal of the general
formula MlO. In this general formula Ml can be a metal
of Group II, Group III, Group I, V Group VII or Group
VIII of the PSE. O is oxygen. The method includes
forming a homogenous reaction mixture. This homogenous
reaction mixture includes a metal precursor. The metal
precursor contains the metal Ml and an oxygen
donor.The homogenous reaction mixture also includes a
non-polar solvent of low boiling point. The method
further includes bringing the homogenous reaction
mixture under elevated pressure to an elevated
temperature that is suitable for forming a
nanocrystal. [0013] In a further aspect, the present
invention provides a method of forming a ternary
nanocrystal of general formula M1M2A. In this general
formula Ml and M2 can independent from one another be
a metal of Group II, Group III, Group IV, Group VII or
Group VIII of the PSE. A can be an element from Group
VI or V of the PSE. The method includes forming a
homogenous reaction mixture. This homogenous reaction
mixture includes a metal precursor. The metal
precursor contains the metal Ml and the metal M2. The
homogenous reaction mixture also includes the element
A. Further, the homogenous reaction mixture includes a
non-polar solvent of low boiling point. The method
further includes bringing the homogenous reaction
mixture under elevated pressure to an elevated
temperature that is suitable for forming a
nanocrystal. [0014] In yet another aspect, the present
invention relates to a method of forming a ternary
nanocrystal of the general formula MlAB. In this
general formula Ml can be a metal of Group II, Group
III, Group IV, Group VII or Group VIII of the PSE.
Each of A and B can independent from each other be an
element of Group V or Group VI of the PSE. The method
includes forming a homogenous reaction mixture. The
homogenous reaction mixture includes a metal
precursor. The metal precursor contains the metal Ml.
The homogenous reaction mixture also includes the
element A and the element B. Further, the homogenous
reaction mixture includes a non-polar solvent of low
boiling point. The method also includes bringing the
homogenous reaction mixture under elevated pressure to
an elevated temperature that is suitable for forming a
nanocrystal. [0015] According to another aspect, the
present invention relates to a method of producing a
ternary nanocrystal of the general formula M1M2O. In
this general formula Ml and M2 can independent from
one another be a metal of Group II, Group III, Group
IV, Group VII or Group VIII of the PSE. O is oxygen.
The method includes forming a homogenous reaction
mixture. The homogenous reaction mixture includes a
metal precursor. The metal precursor contains the
metal Ml, the metal M2 and an oxygen donor. Further,
the homogenous reaction mixture includes a non-polar
solvent of low boiling point. The method also includes
bringing the homogenous reaction mixture under
elevated pressure to an elevated temperature that is
suitable for forming a nanocrystal. [0016] In yet
another aspect, the present invention relates to a
method of forming aquaternary nanocrystal of the
general formula M1M2AB. In this general formula Ml and
M2 can independent from one another be a metal of
Group II, Group III, Group IV, Group VII or Group VIII
of the PSE. Each of A and B can independent from each
other be a metal of Group II, Group III, Group IV,
Group VII or Group VIII of the PSE. The method
includes forming a homogenous reaction mixture. The
homogenous reaction mixture includes a metal
precursor. The metal precursor contains the metal Ml
and the metal M2. Further, the homogenous 



reaction mixture includes the element A and the
element B. The homogenous reaction mixture also
includes a non-polar solvent of low boiling point. The
method further includes bringing the homogenous
reaction mixture under elevated pressure to an
elevated temperature suitable for forming a
nanocrystal. BRIEF DESCRIPTION OF DRAWINGS [0017]
Figures Ia and Ib show a Transmission Electron
Microscopy (TEM) image of binary metal chalcogenide
PbSe and PbTe, respectively, prepared at elevated
pressure in hexane. [0018] Figure 2 shows a TEM image
of binary metal oxide ZnO, formed at elevated pressure
in hexane. [0019] Figure 3 shows a high resolution
transmission electron microscopy (HRTEM) image of
binary metal oxide MnO nanocrystals prepared at
elevated pressure in hexane. [0020] Figure 4 shows a
TEM image of binary metal oxide CoO synthesized at
elevated pressure in hexane. [0021] Figure 5a shows a
TEM image of ternary nanocrystals of the formula
ZnCdSe. The nanocrystals are nanorods of the
composition Zn0 22Cdo 78 Se, formed from a reaction
mixture of Zn/Cd oleate, in a ratio of about 1:1, the
about four fold amount of Se in trioctyl phosphine
(TOP) solution, as well as trioctyl phosphine (TOPO),
hexadecylamine (HAD), and hexane as the solvent. The
mixture was reacted at about 320 C for about 3.5 hours
at elevated pressure. Figure 5b shows a TEM image of
ternary nanocrystals of ZnCdSe, prepared from a
reaction mixture of Zn/Cd oleate, in a ratio of about
1:1, the about four fold amount of Se in TOP, as well
as TOPO, HAD, and hexane as the solvent, reacted at
about 320 C for about 3.5 hours without TOPO at 1 arm
pressure. The TEM images of 5a and 5b show that the
nanocrystals prepared at elevated pressure are
nanorods while the nanocrystals prepared without
hexane at 1 atm pressure are nanodots. These results
indicate that high pressure favours anisotropic growth
of nanocrystals.[0022] Figure 6a, 6b and 6c show TEM
images of ternary metal oxide nanocubes of MgFe2O4
CaFe2O4 SrFe2O4 respectively where the ternary metal
oxides can be prepared at elevated pressure in hexane
prepared at elevated pressure in hexane. [0023] Figure
7a depicts a TEM image of ZnFe2O4 nanocrystals, Figure
7b shows a TEM image of CoFe2O4 nanocubes, and Figure
7c shows a TEM image of MnFe2O4 nanocubes prepared at
elevated pressure in hexane. [0024] Figure 8a depicts
a TEM image of NiFe2O4 prepared under ambient
conditions. Figure 8b depicts a TEM image of NiFe2O
prepared under pressure according to the present
invention. The TEM image reveals a typical star shaped
structure of the nanocrystal formed under pressure
that shows improvement in surface properties of the
nanocrystals. [0025] Figure 9 shows a graph
illustrating a photoluminescence (PL) spectrum of CdSe
QDs prepared via solvothermal method at 180 C with
different reaction time ( 1 = 5 min, 2 = 10 min, 3 =
30 min. X axis representing wavelength in ran and y
axis representing PL intensity. [0026] Figure 10 shows
a graph illustrating a PL spectrum of CdTe quantum
dots prepared via solvothermal method at 180 C for 20
minutes. The x axis represents the wavelength in nm
and the y axis represents the PL intensity. [0027]
Figure 11a shows a graph illustrating a PL spectrum of
ternary ZnCdSe nanocrystal prepared under pressure in
a ratio of Zinc : Cadmium of about 1:1 with TOPO
reacted for about 1hour. Figure lib shows a graph
illustrating a PL spectrum of ternary ZnCdSe
nanocrystal prepared under pressure in a ratio of Zinc
: Cadmium of about 1:1 without TOPO reacted for about
2 hours. The x axis represents the wavelength in nm
and the y axis represents the PL intensity. DETAILED
DESCRIPTION OF THE INVENTION [0028] The present
invention relates to method of preparing one or more
nanocrystals. A corresponding nanocrystal may include
or consist of semiconducting matter or a magnetic
oxide, including in ternary or higher systems e.g. a
metal ferrite. Where the nanocrystal is a quantum dot,
its emission may be tunable by composition and/or
size. [0029] The present invention is based on the
surprising finding that non-polar solvents of low
boiling point can be conveniently used in a homogenous
phase in a solvothermal process to form nanocrystals.
The nanocrystals, which can be obtained at relatively
high temperatures, i.e. in a temperature range
comparable to conventional methods of forming
nanocrystals, are highly crystalline. High quality
binary, ternary and quaternary quantum dots and
magneticoxides can be obtained as illustrated in the
examples below. Since a solvothermal method is
typically carried out in a closed container, no
particular inert conditions are usually required.
Thus, the corresponding process can be used in large
scale production. [0030] Typically nanocrystals are
prepared using high temperature reactions. To achieve
this high temperature reaction, usually high boiling
point solvents are used, in which reactants are
refluxed to obtain crystalline nanocrystals (Murray
CB. et al., J. Am. Chem. Soc. 1993, vol. 115, pg
8706). While these high temperature reactions yield
high quality nanocrystals, they typically require
multistep washing, which is time consuming and bears
the risk of affecting the surface properties of the
nanocrystals as well as the quantum yield in cases
where the nanocrystals are quantum dots. By increasing
the number of surface defects, the purity of the
nanocrystals obtained are lowered. The use of
high-boiling solvents is associated with a number of
difficulties, including possible toxicity, expense,
and their inability to dissolve simple salts.
Furthermore, in the reaction at least one reactant
should be quickly injected into a 



high-temperature solvent which makes the process
difficult to carry out in a large scale. In other
areas attempts have been performed to circumvent these
difficulties by employing solvothermal methods (see
Masala, O., & Seshadri, R., Annu. Rev. Mater. Res.
(2004) 34, 41- 81; Byrappa, K., et al., Advanced Drug
Delivery Reviews (2008) 60, 299-327; Thirumurugan, A.,
Bull. Mater. Sci. (2007) 30, 2, 179-182. [0031] The
term "solvothermal" is derived from the word
"hydrothermal". The term "hydrothermal" is a term
commonly used in geology. In the context of synthesis
it refers to conditions of elevated pressure and
typically also elevated temperature as well as the use
of water as catalyst. The term "solvothermal"
generally refers to conditions of elevated pressure,
and often also elevated temperature, involving a
solvent. Accordingly a solvent is used above its
boiling point, typically in an enclosed vessel that
supports high autogenous pressures. In the context of
the invention elevated pressure to any degree may be
achieved using conventional devices well known in the
art, such as a conventional pressure reactor, a flow
cell, a Tuttle type batch reactor or an autoclave.
Suitable pressurized reactors may for example be
closed hydrogenation reactors of the Parr-type. Where
a suitable container is available, a static pressure
of up to 4 x 106 atm,~400 GPa and above may be
generated by means of a diamond anvil cell, albeit
such pressures are by no means required to carry out
the methods of the invention. In typical embodiments a
method according to the present invention is carried
out at an elevated pressure in the range from about 10
to about 500 atm ( 1 atm , such as in the range from
about 20 atm to about 200 atm, from about 10 atm to
about 200 atm, from about 35 atm to about 150 atm or
from about 50 atm to about 100 atm. Above a certain
temperature and pressure the solvent becomes a
supercritical fluid that exhibits high viscosity and
easilydissolves chemical compounds, which under
ambient conditions show only low solubility. [0032]
Conducting the reaction under elevated pressure, for
example in a pressurized reactor allows the use of a
non-polar, e.g. hydrophobic, solvent of low boiling
point, which can be heated to a temperature above its
boiling point by an increase in autogenous pressure
resulting from heating. The inventors surprisingly
found that this allows the reaction to be carried out
at high temperature at which high crystalline
nanocrystals can be obtained even with non-polar
solvents of low boiling points. In an illustrative
example, the homogenous reaction mixture can be
transferred to a Parr reactor and purged with nitrogen
gas. The mixture can be heated to an elevated
temperature, which may also be referred to as the
reaction temperature, (~ 200 0C to ~ 450 C) at
elevated pressure. The mixture may be prevented from
statically resting and be affected to maintain at
least a slight current of measurable degree. In some
embodiments the mixture is accordingly exposed to
mixing, typically continuous mixing. For this purpose
it may be kept under flow. The mixture may thus be
kept in frequent or continuous motion. This may for
instance be achieved by agitation, including stirring,
e.g. mechanical stirring, sonification, rolling,
shaking and combinations thereof. The reaction
temperature can be maintained for sufficient time to
allow formation of nanocrystals. After the completion
of the reaction, the reaction can then be stopped by
simply removing the heat and cooling down. The final
product can be purified by simple centrifugation /
dispersion process. It is noted in this regard that
due to the elevated pressure used the reaction may be
carried out at reaction temperatures that are
significantly higher, e.g. 50 C, 100 C, 200 C or 300
0C higher than the boiling point of the solvent used
(see also below) at atmospheric pressure. The reaction
mixture may for instance be brought, e.g. warmed, to a
temperature from about 50 C to about 500 C, such as
about 50 C to about 400 0C, about 100 C to about 400
C, about 100 C to about 350 0C, about 100 0C to about
300 C, about 150 C to about 350 C, about 200 C to
about 350 C or about 250 C to about 350 0C. [0033]
Further, the inventors found that the use of non-polar
solvents with a low boiling point can substantially
reduce the post-treatment or purification steps. It
has also surprisingly been found by the inventors that
producing nanocrystals, including quantum dots, at
elevated pressures can allow modulation of
morphologies of certain nanocrystals resulting in high
crystallinity and anisotropic growth of nanocrystals.
[0034] hi addition, among the suitable solvents with a
low boiling point (see below) solvents of much lower
cost are available than among those solvents with a
high boiling point. Accordingly the costs of forming
nanocrystals can be significantly reduced by employing
the methods of the present invention, particularly in
large scale production.[0035] Depending on the
reaction conditions used, the methods of the present
invention encompass embodiments of forming a binary, a
tertiary and a quaternary nanocrystal. Where a binary
nanocrystal is formed, this nanocrystal may in some
embodiments be of the general formula MlA. Ml in this
formula can be a metal of Group II, Group III, Group
IV, Group VII or Group VIII of the Periodic System of
Elements (PSE) according to the traditional IUPAC
system. According to the new IUPAC system the
corresponding groups (traditional system in brackets)
are group 2/ group 12 (group II), group 13 (group
III), group 14 (group IV), group 7 (group VII).
Suitable examples of group II are (group 12 of the new
IUPAC system) Cd, Zn, as well as (group 2 of the new
IUPAC system) Mg, Sr, Ca, and Ba. Suitable examples of
group III are (group 13 of the new IUPAC system) Al,
Ga, and In. Two illustrative examples of a suitable
element of group FV are (group 14 of the new IUPAC
system) Pb and Sn. An illustrative example of a
suitable element of group VII is (group 7 of the new
IUPAC system) Mn. Suitable examples of elements of
group VIII are (group 8 of the new IUPAC system) Fe,
Co, Ni, and Ir. [0036] Generally, in the formation of
a nanocrystal according to a method of the invention, 



Ml, or where applicable each of Ml and M2, may for
instance be of the Group II, such as Cd, Zn, Mg, Sr,
Ca, or Ba, of the Group III, such as Al, Ga, and In,
of the Group IV, such as Pb, Sn, of the Group VII,
such as Mn or of the Group VIII, such as Fe, Co, Ni or
Ir. [0037] A in the above formula can be a chalcogen
or a pnictogen, i.e. an element of Group VI or Group V
of the PSE according to the historic IUPAC
nomenclature or of group 16 or group 15 according to
the new IUPAC nomenclature. The homogenous reaction
mixture includes in such embodiments a metal precursor
containing the metal Ml, as well as the element A. A
metal precursor as used in any method according to the
present invention is a compound, including a salt,
that provides the corresponding metal in the formation
of a nanocrystal. It may for instance be an inorganic
(e.g. a carbonate) or an organic (e.g. an acetate, a
stearate or an oleate) salt of the corresponding
metal. Where two metals or metal precursors are used,
e.g. cadmium and zinc or oxides thereof, the two
metals/precursors may be used in any desired ratio.
[0038] Generally, in the formation of a nanocrystal
according to a method of the invention, the element A
and, where applicable, the element B can be
independently selected of Group VI of the PSE, such as
of S, Se, Te, O, or Group V of the PSE, such as P, Bi
or As. In some embodiments the element A and/or the
element B can be dissolved in a suitable solvent
before being provided in order to form the reaction
mixture. [0039] In some embodiments, the metal
precursor can be a metal oleate, for example,cadmium
oleate, cadmium zinc oleate, lead oleate, manganese
oleate, magnesium oleate, cadmium lead oleate,
magnesium ferrous oleate, manganese ferrous oleate,
calcium ferrous oleate, zinc ferrous oleate, strontium
ferrous oleate, cobalt ferrous oleate, or nickel
ferrous oleate. As an illustrative example, in
embodiments where a quaternary nanocrystal is formed,
the metal precursor can be formed by dissolving the
salts of metal Ml and M2 independently in an organic
acid, for instance at a temperature of about 80 to
about 500 C, such as about 100 to about 400 C. The
metal precursor can then be mixed with element A and
element B and the non-polar solvent of low boiling
point, in order to form the homogeneous reaction
mixture. As an illustrative example, the homogenous
reaction mixture is formed at a temperature from about
20 C to about 70 C. In embodiments where the metal
precursor is formed at a higher temperature, it may be
cooled down before adding to the reaction mixture.
Where a ternary nanocrystal such as M1M2A, MlAB, or
M1M2O is formed, the metal precursor can likewise be
formed by dissolving the salts of metal Ml and M2
independently in an organic acid at about 100 to about
400 0C. The metal precursor can then be mixed with
element A and /or element B, as well as the non-polar
solvent of low boiling point, to form the reaction
mixture. The reaction mixture may for instance be
formed at a temperature from about 20 C to about 70 C.
The metal precursor formed at high temperature may be
cooled down before element A and/or element B is
added. [0040] A metal precursor containing the metal
Ml can for instance be formed by dissolving a salt of
the metal Ml in an organic acid at 100 C to 450 C. The
metal precursor thus formed is then contacted and
combined with the element A and a non-polar solvent of
low boiling point to form a homogenous reaction
mixture. In an illustrative example, the reaction
mixture is formed at a temperature from about 20 C to
about 70 C. The metal precursor may in such
embodiments be cooled to a selected temperature before
adding to form the reaction mixture. [0041] In other
embodiments where a binary nanocrystal is formed, the
nanocrystal may be of the general formula MlO. Ml in
this formula can be a metal of Group II, Group III,
Group IV, Group VII or Group VIII of the PSE (cf.
above). In such embodiments the homogenous reaction
mixture formed includes a metal precursor containing
the metal Ml. The metal precursor may also include an
oxygen donor (cf. below). [0042] A binary nanocrystal
of general formula MlA prepared by a method of the
present invention may for example be of the formula
CdSe, CdTe, CdS, PbSe, PbTe, PbS, SnSe, ZnS, ZnSe, or
ZnTe. A binary nanocrystal of general formula MlO
prepared according to a method of the present
invention can for example be of the formulas CdO, PbO,
MnO, CoO, ZnO, or FeO. In this context it is noted
that the representation MlA and MlO should only
illustrate that this nanocrystals are binary, meaning
that they comprise two elements. The representationMlA
and MlA does not necessarily represent the
stoichiometry of the nanocrystals (even though it can
in the case of CdSe or CdO, to recite only two
examples) but also includes nanocrystals of the
stoichiometry MO2 (for example MnO2), M2O (for
example, Al2O3), or M O4 (for example Fe3O4). [0043] A
ternary nanocrystal formed according to a method of
the present invention may in some embodiments be of
the general formula M1M2A. Ml and M2 in this formula
can independently be a metal of Group II, Group III,
Group IV, Group VII or Group VIII of the PSE. A can be
an element from Group VI or V of PSE. In other
embodiments a ternary nano crystal formed according to
a method of the present invention may be of the
general formula MlAB. Ml can in this formula be a
metal of Group II, Group III, Group IV Group VII or
Group VIII of the PSE. A and B can independently be an
element of Group V or Group VI of the PSE. hi yet
another embodiment a ternary nanocrystal formed
according to a method of the present invention may be
of the general formula M1M20. Ml and M2 can be
independently a metal of Group II, Group III, Group
IV, Group VII or Group VIII of the PSE. O is oxygen. A
ternary nanocrystal formed according to a method of
the invention may be of any structure. It may for
instance be of layered structure, such as a core/shell
structure, or it may be homogenous, e.g. of uniform
composition or of gradually or stepless varying
composition. 



[0044] A quaternary nanocrystal formed according to a
method of the present invention may in some
embodiments be of the general formula M1M2AB. As
defined above, Ml and M2 can be a metal of Group II,
Group III, Group IV, Group VII or Group VIII of the
PSE. A and B can independently be an element of Group
V or Group VI of the PSE. Those skilled in the art
will appreciate that also ternary and quarternary
nanocrystals formed during a method according to the
invention are typically of high uniformity. [0045]
Illustrative examples of a ternary nanocrystal of the
general formula M1M2A include, but are not limited to,
a ternary nanocrystal of formulas ZnCdSe, CdZnS,
CdZnSe, CdZnTe, SnPbS, SnPbSe, and SnPbTe.
Illustrative examples of a ternary nanocrystal of
general formula MlAB that may be formed using a method
of the invention include a nanocrystal of formulas
CdSeS, CdSeTe, CdSTe, ZnSeS, ZnSeTe, ZnSTe , SnSeS,
SnSeTe, SnSTe, PbSeS, PbSeTe, and PbSTe. Illustrative
examples of a ternary nanocrystal of formula M1M2O
that may be formed using a method of the invention
also include a nanocrystal of the general formula
M1M22O4 such as the ferrites MgFe2O4, CaFe2O4 ,
SrFe2O4 , ZnFe2O4 , NiFe2O4 , CoFe2O4 , and MnFe2O4 .
In this context it is noted that also the
representations M1M2A, MlAB, and M1M2O merely serve in
illustrating the fact that these nanocrystals are
ternary, meaning that they include three different
elements. Accordingly, from the representation M1M2A,
MlABand M1M2O no conclusion in terms of the
stoichiometry of the nanocrystal can be drawn, even
though in some embodiments by coincidence, for example
in embodiments of CdZnSe, CdSeTe or MgFe2O4, the
stoichiometry of the nanocrystal could be rather
accurately read into the general formula. Hence, the
above general formulas M1M2A, MlAB, and M1M20 also
include for instance nanocrystals of the stoichiometry
M11-XM2XA (for example Cd]-x,ZnxSe), M1XM21-XA (for
example, ZnxCdi-xSe), or Ml xAyB1-y(for example
CdSeyS1-y), Ml xA1-yBy (for example CdSe ]-ySy) or
M11-XM2XO (for example, or Mg1-XFexO) or M1XM21-XO
(for example, FexMn1-31O). [0046] Illustrative
examples of a quaternary nanocrystal of general
formula M1M2AB that may be formed using a method of
the invention include a nanocrystal of CdZnSeS,
CdZnSeTe, CdZnSTe, CdHgSeS, CdHgSeTe, CdHgSTe,
HgZnSeS, HgZnSeTe and HgZnSTe. In this context it is
noted that also the representation M1M2AB, should only
illustrate that this nanocrystals are quaternary,
meaning that they comprise four elements. The
representation M1M2AB does not necessarily represent
the stoichiometry of the nanocrystals (even though it
can in the case of CdZnSeS, to recite only one
example) but also includes nanocrystals of the
stoichiometry Ml 1-xM2xAyB1-y (for example Cdl-xZnxSe
yS1-y), or Ml 1-xM2xAi-yBy (for example Cdi_xZnxSe
1-ySy). [0047] It is further noted that independent of
whether a binary, a ternary or a quaternary
nanocrystal is formed, and the methods of the
invention allow a broad flexibility of reaction
conditions, such that the respective nanocrystal may
be of any desired structure. It may for instance be of
a layered structure, e.g. a core/shell structure or a
core-mantle-shell structure, (Hines, M.A., &
Guyot-Sionnest, P., J Phys. Chem. (1996) 100, 468;
Dabbousi, B.O., et al., J. Phys. Chem. B (1997) 101,
9463; Peng, X., et al., J. Am. Chem. Soc. (1997) 119,
7019 16-18) or of any alloy structure (see for example
US patent 7,056,471) , including alloy -gradient
structure (Foley, J., et al., Materials Science Forum,
vols. 225-227 (1996) pp. 323-328) or a "mantel
structure" having a core surrounded by a relatively
thin alloyed layer and a shell as described in
co-pending PCT application PCT/SG2008/000290 "Process
Of Forming A Cadmium And Selenium Containing
Nanocrystalline Composite And Nanocrystalline
Composite Obtained Therefrom", the entire disclosure
of which is incorporated by reference herein . [0048]
As already indicated above, in any method according to
the present invention a homogenous reaction mixture is
formed. The reaction mixture thus has only one phase,
rather than e.g. an insoluble suspension or emulsion.
The reaction mixture may also be of a temporarily
stable or metastable phase, as long as during a
selected period of time for forminga nanocrystal no
phase separation occurs. The homogenous reaction
mixture may for example be a homogenous solution. The
reaction mixture includes a non-polar solvent, such as
a hydrophobic solvent, of low boiling point. Where a
nanocrystal of general formula M1M2A is formed, the
homogenous reaction mixture includes a metal precursor
that contains the metals Ml and M2. The homogenous
reaction mixture also includes A. Where a nanocrystal
of general formula MlAB is formed, the homogenous
reaction mixture includes a metal precursor that
contains the metal Ml. The homogenous reaction mixture
further includes A and B. Where a nanocrystal of
general formula M1M20 is formed, the homogenous
reaction mixture includes a metal precursor that
contains the metals Ml and M2. Further, in such
embodiments the metal precursor includes an oxygen
donor. Where a quaternary nanocrystal of the general
formula M1M2AB is formed, the method may include
forming a homogenous reaction mixture that includes a
metal precursor containing the metal Ml and M2, the
element A and the element B. In any case the
homogenous reaction mixture is brought, e.g. heated,
under elevated pressure to a reaction temperature
suitable for forming nanocrystals. [0049] The term
"oxygen donor" as used herein is understood to refer
to any moiety, group, ion or compound that is capable
of providing oxygen, for instance for an oxidation, in
the formation of a nanocrystal. The oxygen donor may
be of organic or inorganic nature. Illustrative
examples of an oxygen donor are NO3 , HCO3 , CO3 2 ,
ClO3 , ClO4 , SO3 2Or SO4 



2 . A further illustrative example is a carboxylic
acid or its corresponding anion, generally in a salt
of the corresponding metal. Acetate, formiate,
propionate or acetylacetonate are examples of suitable
carboxylic acids. For the sake of completeness it is
noted that in the case of a carboxylic acid that has
no further functional group, the moiety -COO or COOH
may often be taken to represent the oxygen donor
rather than the entire carboxylic acid. For
illustration purposes it is added that, where a
nanocrystal of the general formula M1M2A is formed, A
may for instance be S, Se or Te. In such an embodiment
the respective chalcogen may be added during the
formation of the reaction mixture. In contrast
thereto, in the case of the formation of a nano
crystal of the general formula M1M2O a metal precursor
is generally added to the reaction mixture that
includes an oxygen donor, thereby already providing
the element O. [0050] A method of the invention may
further include adding a surfactant. The surfactant
may be added during the formation of the reaction
mixture, for example before or after adding the one or
more metals or metal precursors, before or after
adding a chalcogen or a pnictogen, where applicable,
or at the same time as one of these reactants is
added. Any surfactant may be used. The surfactant may
for instance be an organic carboxylic acid, an organic
phosphate, an organic phosphonic acid, an organic
phosphine oxide, an organic amine or a mixture
thereof. A suitable organic carboxylic acid may for
example have about 8 to about 18 main chainatoms, for
example about 8 to about 18 main chain carbon atoms.
Illustrative examples of suitable organic carboxylic
acid include, but are not limited to, stearic acid
(octadecanoic acid), lauric, acid, oleic acid
([Z]-octadec-9-enoic acid), n-undecanoic acid,
linoleic acid, ((Z Z)- 9,12-octadecadienoic acid),
arachidonic acid ((all-Z)-5,8,l l,14-eicosatetraenoic
acid), linelaidic acid ((E,E)-9,12-octadecadienoic
acid), myristoleic acid (9-tetradecenoic acid),
palmitoleic acid (cis-9-hexadecenoic acid), myristic
acid (tetradecanoic acid), palmitic acid (hexadecanoic
acid) and g-homolinolenic acid ((Z,Z,Z)-8,1
1,14-eicosatrienoic acid). Examples of other
surfactants (an organic phosphonic acid, for example)
include hexylphosphonic acid and tetra decylphosphonic
acid. It has previously been observed that oleic acid
is capable of stabilising nanocrystals and allows the
usage of octadecene as a solvent (Yu, W.W., & Peng,
X., Angew. Chem. Int. Ed. (2002) 41, 13, 2368-2371).
In the synthesis of other nanocrystals surfactants
have been shown to affect the crystal morphology of
the nanocrystals formed (Zhou, G., et al., Materials
Lett. (2005) 59, 2706-2709). Any organic phosphine or
phosphine oxide may be used, such as an oil-soluble
phosphine-based or phosphine oxide-based material, in
particular with a boiling point of 40 0C or higher.
Examples of phosphines include, but are not limited
to, triphenylphosphine (CAS No. 603-35-0),
tributyl-phosphine (CAS No 998-40- 3),
trioctylphosphine (CAS No 4731-53-7),
trilaurylphosphine (CAS No 641 1-24-1),
tripentadecylphosphine (CAS No 72931-32-9),
trioctadecylphosphine (CAS No 39240-1 1-4),
2,2'-(cyclohexylphosphinidene) bis-pyridine (CAS No
380358-80-5) 2,2'-bis(diphenylphosphino)-l,l'-
binaphthyl (CAS No 98327-87-8) and
l-[2-(diphenylphosphino)phenyl]-2,5-dimethyl-phosphola
ne (CAS No 491610-06-1). Three illustrative examples
of an organic phosphine oxide are trioctyl phosphine
oxide (CAS No 78-50-2), tris(2-pyridyl)phosphine oxide
(CAS No. 26437-49-0), triphenyl phosphine oxide (CAS
No 791-28-6), tri-2,4-xylylphosphine oxide (CAS No
52944-84-0), tris(3,5-dimethylphenyl)-phosphine oxide
(CAS No 381212-20-0),
tris(2-methyl-2-propenyl)-phosphine oxide (CAS No
94037-62-4), 2,2',2"-
phosphinylidynetris[4-methoxy-pyridine (498578-67-9),
as well as e.g. alkyldimethyl phosphine oxides or
alkyldiethyl phosphine oxides. [0051] A suitable
organic amine may for instance be an alkylamine that
may have from about 3 to about 30 main chain atoms,
e.g. main chain carbon atoms, or an alkenylamine that
may have from about 2 to about 18 main chain atoms,
e.g. main chain carbon atoms. As a further example,
the surfactant can be an alkyl amine that has from
about 3 to about 30 main chain atoms, e.g. main chain
carbon atoms. Examples of a suitable amine include,
but are not limted to, hexadecylamine, oleylamine,
octadecylamine, bis (2-ethylhexyl) amine, octylamine,
dioctylamine, trioctylamine, dodecylamine/
laurylamine, didodecylamine tridodecylamine,
hexadecylamine, dioctadecylamine, and
trioctadecylamine.[0052] The term alkyl as used herein
refers to a saturated aliphatic or an alicyclic
moiety. The term alkenyl as used herein refers to an
unsaturaetd aliphatic or an alicyclic moiety that
includes one or more double bonds, generally in the
form of -C=C- units, for example -CH=CH- groups. In
the context of an aliphatic moiety an alkyl or alkenyl
moiety are, unless otherwise stated, a straight or
branched hydrocarbon chain, which may be saturated or
monoor poly-unsaturated and include one or more
heteroatoms. A heteroatom is any atom that differs
from carbon. In typical embodiments a heteroatom forms
a covalent bond to a carbon atom. Examples include,
but are not limited to N, O, P, S, Si and Se. hi some
embodiments of an alkyl- or alkenyl moiety several
heteroatoms are present within the same moiety. The
hydrocarbon chain may, unless otherwise stated, be of
any length, and contain any number of branches. The
branches of the hydrocarbon chain may include linear
chains as well as nonaromatic cyclic elements.
Typically, the hydrocarbon (main) chain includes 1 to
about 4, 1 to about 5, 1 to about 6, 1 to about 7, 1
to about 8, 2 to about 4, 2 to about 5, 2 to about 6,
3 to about 4, 3 to about 5, 3 to about 6, 1 to about
10, 1 to about 14, 1 to about 18, 2 to about 18, 1 to
about 20, 1 to about 22 or 1 to about 26 carbon atoms.
[0053] Examples of alkenyl radicals are straight-chain
or branched hydrocarbon radicals which contain one or
more double bonds. Alkenyl radicals normally contain
about two to about 25 carbon atoms and one or more,
for instance two, double bonds, such as about two to 



about ten carbon atoms, and one double bond. Examples
of alkyl groups are methyl, ethyl, propyl, butyl,
pentyl, hexyl, heptyl, octyl, nonyl, decyl, the n
isomers of these radicals, isopropyl, isobutyl,
isopentyl, sec-butyl, tert.-butyl, neopentyl and
3,3-dimethylbutyl. Both the main chain as well as the
branches may furthermore contain heteroatoms as for
instance N, O, S, Se or Si or carbon atoms may be
replaced by these heteroatoms. [0054] In the context
of an alicyclic moiety, which may also be referred to
as "cycloaliphatic" the alkyl or alkenyl moiety is,
unless stated otherwise, a non-aromatic cyclic moiety
(e.g. hydrocarbon moiety), which may be saturated or
mono- or poly-unsaturated. The cyclic hydrocarbon
moiety may also include fused cyclic ring systems such
as decalin and may also be substituted with
non-aromatic cyclic as well as chain elements. The
main chain of the cyclic hydrocarbon moiety may,
unless otherwise stated, be of any length and contain
any number of non-aromatic cyclic and chain elements.
Typically, the hydrocarbon (main) chain includes 3, 4,
5, 6, 7 or 8 main chain atoms in one cycle. Examples
of such moieties include, but are not limited to,
cyclopentyl, cyclohexyl, cycloheptyl, or cyclooctyl.
Both the cyclic hydrocarbon moiety and, if present,
any cyclic and chain substituents may furthermore
contain heteroatoms, as for instance N, O, S, Se or
Si, or a carbon atom may be replaced by
theseheteroatoms. Alicyclic cycloalkenyl moieties that
are unsaturated cyclic hydrocarbons contain generally
about three to about eight ring carbon atoms, for
example five or six ring carbon atoms. Cycloalkenyl
radicals typically have a double bond in the
respective ring system. Cycloalkenyl radicals may in
turn be substituted. [0055] In some embodiments where
a surfactant is added, the surfactant acts or is
intended o act as a capping agent. The respective
capping agent may for instance be trioctyl phosphine
oxide or a C8-C]8 organic carboxylic acid (supra). The
C8-C 8 organic carboxylic acid can be for example
oleic acid, tri-n-octyl phosphine oxide, decanoic
acid, dodecanoic acid, tetradecanoic acid, hexadecly
hexadecanoic acid, octodecanoic acid or n-octanoic
acid. [0056] In some embodiments a metal salt used in
a method of the invention (supra) can be dissolved in
an organic acid. The organic acid for dissolving the
salt of e.g. the metal Ml and / or M2 can be a long
chain organic carbonic acid, e.g. a carboxylic acid of
typically 5 or more main chain atoms, e.g. main chain
carbon atoms, including 8 or more main chain atoms,
such as about 8 to about 24 main chain atoms, for
example of about 8 to about 18 main chain atoms. The
long chain carbonic acid can be for example stearic
acid (octadecanoic acid), lauric, acid, oleic acid
([Z]-octadec-9-enoic acid), n-undecanoic acid,
linoleic acid, ((Z,Z)-9,12-octadecadienoic acid),
decanoic acid, dodecanoic acid, tetradecanoic acid,
hexadecly hexadecanoic acid, octodecanoic acid,
n-undecanoic acid, linoleic acid,
((Z,Z)-9,12-octadecadienoic acid), arachidonic acid
((all-Z)-5,8,ll,14-eicosatetraenoic acid), linelaidic
acid ((E,E)-9,12-octadecadienoic acid), myristoleic
acid (9-tetradecenoic acid), palmitoleic acid
(cis-9-hexadecenoic acid), myristic acid
(tetradecanoic acid), palmitic acid (hexadecanoic
acid) and g-homolinolenic acid
((Z,Z,Z)-8,ll,14-eicosatrienoic acid), as well as any
mixture thereof. Examples of other surfactants (an
organic phosphonic acid, for example) include
hexylphosphonic acid and tetra decylphosphonic acid.
In one embodiment the long chain carbonic acid is
oleic acid. [0057] The metal salt of Ml and / or M2
can for instance be an organic or an inorganic salt of
the metal Ml of Group IV, Group VII, Group VIII, or
Group II or Group III of the PSE. [0058] The inorganic
salt of the metal Ml and /or M2 may for example be an
oxide, a carbonate, a sulfate or a nitrate. The
organic salt of the metal Ml or M2 may be an acetate
or the salt of the metal Ml or the metal M2 and a
carboxylic acid, for example a long chain organic
carbonic acid with about 5 to about 24 main chain
carbon atoms (supra). [0059] The reaction may be
carried out for any desired period of time, ranging
from milliseconds to a plurality of hours. Where
desired, the reaction is carried out in an inert
atmosphere, i.e. in the presence of gases that are not
reactive, or at least not reactive to a detectable
extent, with regard to the reagents and solvents used.
Examples of a reactive inertatmosphere are nitrogen or
a noble gas such as argon or helium. It is however
noteworthy that an inert gas atmosphere was found to
be generally unnecessary. [0060] The inventors found
that the methods of the present invention where
forming, including producing, nanocrystals using
non-polar solvent of low boiling point at elevated
pressure can be suitable for producing binary,
ternary, and quaternary nanocrystals. Furthermore, the
methods can be suitable for producing e.g. metal
chalcogenides and oxides. [0061] In the methods of the
present invention, the solvents are typically
non-aqueous solvents. By the term solvent is meant
both the solvent used for the preparation of the
reactants and the non-polar solvent of low boiling
point. The solvents can be chosen in such a manner to
form a homogenous reaction mixture. Homogeneous
reaction mixture means the reactants are in one phase
hi an illustrative example, it is desirable to form a
homogenous reaction mixture. On using aqueous
solvents, two-phase formation can occur as described
in US20070004183. The solvent in which a process of
forming a nanocrystal according to the invention is
carried out is a non-polar solvent, generally an
aprotic non-polar solvent. The solvent is of a low
boiling point (b.p.), such as a boiling point less
than about 150 C at standard atmospheric pressure
(1013 mbar, 101325 Pa or 1 atm), including a boiling
point of less than about 120 C, les than about 100 C,
less than about 90 0C, less than about 80C, less than
about 70 C, less than about 60 C less than about 50 C
or less than about 45 0C. Illustrative examples of a
suitable non-polar solvent include a correspondingly
low-boiling mineral oil, petrol ether (typically
available with a boiling point of about 40-60 C),
hexane (boiling point 69 0C), chloroform (boiling
point 6 1 0C), dichloromethane (b.p. 40 0C), toluene
(b.p. 110.6 0C), 



benzene (b.p. 80.1 0C), heptane (b.p. 98.4 C),
cyclohexane (b.p. 8 1 0C), pyridine (b.p. 115.2 C),
carbon tetrachloride (b.p. 76,7 0C), carbon disulfide
(b.p. 46 0C), dioxane (b.p. 101 0C), diethyl ether
(b.p. 34.6 0C), ethyl vinyl ether (b.p. 35 0C),
diisopropylether (b.p. 68 0C), and tetrahydrofuran
(b.p. 8 1 0C). [0062] Once the reaction is complete or
has reached a desired state, any further progress of
the reaction can then be stopped by simply removing
the heat and allowing the formed mixture to cool down.
The final product can be purified by a simple
centrifugation / dispersion process. After
centrifugation, the precipitated products can be
collected and dried to obtain a powder. Alternatively,
the precipitated products can be re-dissolved in an
organic solvent such as hexane again for storage
purpose. The latter process may also be termed
dispersion. Accordingly, a method according to the
invention may include isolating one or more
nanocrystals formed. [0063] The method of the
invention may further include nanocrystal
post-processing. Although the nanocrystals obtained by
the method of the invention are generally at
leastessentially or at least almost monodisperse, if
desired a step may be performed to narrow the
size-distribution (for example as a precaution or a
safety-measure). Such techniques, e.g. sizeselective
precipitation, are well known to those skilled in the
art. The surface of the nanocrystal may also be
altered, for instance coated. [0064] The present
invention also relates to the use of the nanocrystals
obtainable, including obtained, according to the
methods of the present invention. As an illustrative
example, the nanocrystals may be used in the
manufacturer of a semiconductor and/or a diagnostic
device. [0065] By "comprising" it is meant including,
but not limited to, whatever follows the word
"comprising". Thus, use of the term "comprising"
indicates that the listed elements are required or
mandatory, but that other elements are optional and
may or may not be present. [0066] The inventions
illustratively described herein may suitably be
practiced in the absence of any element or elements,
limitation or limitations, not specifically disclosed
herein. Thus, for example, the terms "comprising",
"including", "containing", etc. shall be read
expansively and without limitation. Additionally, the
terms and expressions employed herein have been used
as terms of description and not of limitation, and
there is no intention in the use of such terms and
expressions of excluding any equivalents of the
features shown and described or portions thereof, but
it is recognized that various modifications are
possible within the scope of the invention claimed.
Thus, it should be understood that although the
present invention has been specifically disclosed by
preferred embodiments and optional features,
modification and variation of the inventions embodied
therein herein disclosed may be resorted to by those
skilled in the art, and that such modifications and
variations are considered to be within the scope of
this invention. [0067] The invention has been
described broadly and genetically herein. Each of the
narrower species and subgeneric groupings falling
within the generic disclosure also form part of the
invention. This includes the generic description of
the invention with a proviso or negative limitation
removing any subject matter from the genus, regardless
of whether or not the excised material is specifically
recited herein. [0068] Other embodiments are within
the following claims and non-limiting examples. In
addition, where features or aspects of the invention
are described in terms of Markush groups, those
skilled in the art will recognize that the invention
is also thereby described in terms of any individual
member or subgroup of members of the Markush group.
EXAMPLES Example 1: Synthesis of CdSe quantum
dots[0069] In a typical reaction, 3 mmol (384 mg) CdO
was dissolved in 12 mmol (3.84ml) oleic acid at 260 C
to form a homogeneous solution. After cooling down to
room temperature, 30 ml hexane and 3 ml IM TOP-Se
solution were added into the solution. The solution
was degassed by bubbling N2 into the solution for
15mts. It is subsequently transferred to Parr 4590
reactor, and quickly heated to 180C under vigorous
stirring. The solution was maintained at this
temperature for a duration which can range from lOmts
to 1 hour, and aliquots at different times were taken
out for photoluminescence (PL) monitoring. Fig. 9
shows a graph illustrating PL spectra of CdSe QDs.
High quality CdSe QDs were obtained and the Full Width
at Half Maximum (FWHM) of its luminescent spectra
(~30nm) and quantum yield obtained were the same as
for QDs prepared in ODE under latm. This demonstrates
that CdSe QDs formed via the solvothermal method are
monodisperse with regard to their size distribution.
It is also demonstrated that the QDs obtained can be
simply purified by extracting out the unreacted
species with methanol without sacrificing their
quantum yield. This compares to the QDs prepared in
ODE, where in order to remove the high boiling point
ODC, precipitation needs to be carried out, which
leads to a great decrease in the quantum yield of the
QDs prepared. Example 2: Synthesis of CdTe quantum
dots In a typical reaction, 3 mmol (384 mg) CdO was
dissolved in 12 mmol (3.84 ml) oleic acid at 260 C to
form a homogeneous solution. After cooling down to
room temperature, 30 ml hexane and 3 ml IM TOP-Te
solution were added into the solution. The solution
was degassed by bubbling N2 into the solution for 15
minutes. It is subsequently transferred to Parr 4590
reactor, and quickly heated to 180 C under vigorous
stirring. The solution was maintained at this
temperature for a duration which can range from 20
minutes to 60 min, and aliquots were taken out for
photoluminescence (PL) monitoring. Fig. 10 depicts a
graph illustrating PL spectra of CdTe QDs. 



Example 3: Synthesis of Binary metal oxide ZnO [0070]
In a typical experiment, 3.0 mmol ZnO was dissolved in
7.5 mmol oleic acid at 260 0C to form a clear
solution. After it was cooled down to room
temperature, 18 ml hexane and 6 mmol oleylamine were
added, then it was transferred to 100 mL Parr reactor
4950 and purged with N2 gas. The mixture was quickly
heated to 320 0C under stirring and maintained at the
same temperature for 30 minutes. The reaction was then
stopped by simply removing the heat and cooling down.
The final product was purified by a simple
centrifugation dispersionprocess, i.e. the
precipitated nanocrystals can be collected and dried
or be re-dissolved in an organic solvent such as
hexane for storage. Fig.2 shows TEM images of binary
metal oxide prepared by the solvothermal method of the
invention. Example 4 : Synthesis of Binary metal oxide
MnO [0071] In a typical experiment, 3.0 mmol manganese
acetate (MnAc2) was dissolved in 7.5 mmol oleic acid
at 200 0C to form a clear solution. After it was
cooled down to room temperature, 20 mL hexane and 6mL
trioctylamine (TOA) were added, then it was
transferred to 100 mL Parr reactor 4950 and purged
with N2 gas. The mixture was quickly heated to 320 0C
under stirring and maintained at the same temperature
for 30 minutes. The reaction was then stopped by
simply removing the heat and cooling down. The final
product was purified by a simple
centrifugation/dispersion process, i.e. the
precipitated product can be collected and dried or it
can be re-dissolved in an organic solvent such as
hexane for storage. Fig.3 shows a TEM image of binary
metal oxide MnO. Example 5: Synthesis of Binary metal
oxide CoO [0072] In a typical experiment, 3.0 mmol
cobalt carbonate (CoCO 3) was dissolved in 7.5 mmol
oleic acid at 200 0C to form a clear solution. After
it was cooled down to room temperature, 20 mL hexane
and 2 mL oleylamine were added, then it was
transferred to 100 mL Parr reactor 4950 and purged
with N2 gas. The mixture was quickly heated to 300 0C
under stirring and maintained at the same temperature
for 1 h. The reaction was then stopped by simply
removing the heat and cooling down. The final product
was purified by a simple centrifugation/dispersion
process, i.e. the precipitated product can be
collected and dried, thereby obtaining a powder, or it
can be re-dissolved in an organic solvent such as
hexane for storage. Fig. 4 shows a TEM image of the
binary metal oxide CoO. Example 6: Synthesis of
Ternary quantum dots ZnCdSe [0073] In a typical
experiment, 0.3 mmol ZnO and 0.3 mmol CdO were
dissolved in 2.4 mmol oleic acid at 320 0C to form a
clear homogeneous solution. After it was cooled down
to 60 C, 2.4 mL Se solution ( 1 M TOP-Se solution) and
5 g hexadecylamine (HDA) together with 2 g
trioctylphosphineoxide (TOPO) and 20 mL hexane were
added; then it was transferred to the 10OmL Parr
reactor 4950 and purged with N2 gas. The mixture was
quickly heated to 320 0C under stirring and maintained
at the same temperature for 30 mins to 3 h. The
reaction was stopped by removing the heat and cooling
down. The obtained nanocrystals werepurified by a
simple centrifugation/dispersion process, i.e. the
precipitated nanocrystals can be collected and dried
or the precipitated products can be re-dissolved in an
organic solvent such as hexane for storage. Fig. 5a
shows the TEM image of ZnCdSe prepared by the
solvothermal process with hexane. Another experiment
was carried out keeping the procedures mentioned
above, with change of (i) Zn/Cd ratio of 1:2, 2:1, 1:5
and 5:1; (ii) without any TOPO. Fig 5b shows a TEM
image of ZnCdSe prepared by the solvothermal process
without TOPO. Example 7: Synthesis of ternary quantum
dots MgFe2O4 [0074] In a typical experiment, 0.4 mmol
magnesium carbonate and 0.4 mmol ferrous acetate were
dissolved in 3.0mmol oleic acid at 320 C to form a
clear homogeneous solution. After it was cooled down
to 60 C, 5 g oleylamine and 2OmL hexane were added;
then it was transferred to the 10OmL Parr reactor 4950
and purged with N2 gas. The mixture was quickly heated
to 320 0C under stirring and maintained at the same
temperature for 30 minutes to 3 h. The reaction was
stopped by removing the heat and cooling down. After
centrifugation, the precipitated products were either
collected and dried or re-dissolved in an organic
solvent such as hexane for storage. Fig. 6a shows a
TEM image of ternary MgFe2O4 nanocube. Example 8:
Synthesis of ternary quantum dots CaFe O . [0075] In a
typical experiment, 0.3mmol calcium nitrite and O.
mmol ferrous acetate were dissolved in 2.6mmol oleic
acid at 300 0C to form a clear homogeneous solution.
After it was cooled down to 60 C, 6 g oleylamine and
20 mL hexane were added; then it was transferred to
the 10OmL Parr reactor 4950 and purged with N2 gas.
The mixture was quickly heated to 32O0C under stirring
and maintained at the same temperature for 30 minutes
to 3h. The reaction was stopped by removing the heat
and cooling down. After centrifugation, the
precipitated nanocrystals were collected and dried or
re-dissolved in an organic solvent such as hexane for
storage purpose. Fig. 6b shows a TEM image of ternary
CaFe2O4 nanocube. Example 9 : Synthesis of SrFe2O4
(ferrite type) [0076] 2 mmol of iron (III) acetate and
2 mmol of strontium carbonate were dissolved in 6 mmol
of oleic acid at 350 C to form a clear homogeneous
solution. After it was cooled, 2 mmol of oleylamine 15
ml of hexane were added; then it was transferred to
the 10OmL Parr reactor 4950 and purged with N2 gas.
The mixture was quickly heated to 320 0C under
stirring and maintained at the same temperature for 30
minutes to 2 h. The reaction was stopped byremoving
the heat and cooling down. The obtained mixture was
exposed to centrifugation and the obtained
nanocrystals collected and dried or re-dissolved in an
organic solvent such as hexane for storage purpose.
Fig. 6c shows a TEM image of ternary SrFe2O nanocubes.
Example 10: ZnFe2O4 nanocrystals 



[0077] In a typical experiment, 0.3 mmol Zinc sulfate
and 0.3 mmol Ferrous acetate were dissolved in 2.6
mmol oleic acid at 320 0C to form a clear homogeneous
solution. After it was cooled down to 60 C, 6 g
oleylamine and 20 mL hexane were added; then it was
transferred to the 10OmL Parr reactor 4950 and purged
with N2 gas. The mixture was quickly heated to 320 0C
under stirring and maintained at the same temperature
for 30 minutes to 3 h. The reaction was stopped by
removing the heat and cooling down. The final product
was purified by a the simple centrifugation/dispersion
process, i.e. the precipitated product was collected
and dried, thereby obtaining a powder, or it was
re-dissolved in an organic solvent such as hexane for
storage. Fig. 7a shows a TEM image of ternary ZnFe2O4
nanocrystals. Example 11: Synthesis OfCoFe O nanocubes
[0078] In a typical experiment, 3.0 mmol cobalt
carbonate (CoCO3) and 3.0mmol of ferrous acetate was
dissolved in 7.5 mmol oleic acid at 200 0C to form a
clear solution. After it was cooled down to room
temperature, 20 mL hexane and 2mL oleylamine were
added, then it was transferred to 100 mL Parr reactor
4950 and purged with N2 gas. The mixture was quickly
heated to 300 0C under stirring and maintained at the
same temperature for 1 h. The reaction was then
stopped by simply removing the heat and cooling down.
The final product was purified by a simple
centrifugation/dispersion process, i.e. the
precipitated nanocrystals were collected and dried or
they were re-dissolved in an organic solvent such as
hexane for storage. Fig. 7b shows a TEM image of the
ternary metal oxide CoFe2O4 nanocubes. Example 12:
Synthesis OfMnFe 2O nanocubes [0079] In a typical
experiment, 3.0 mmol manganese sulfate and 6.0 mmol
ferrous acetate was dissolved in 15 mmol oleic acid at
200 0C to form a clear solution. After it was cooled
down to room temperature, 35 mL hexane and 12 mL
oleylamine were added, then it was transferred to
10OmL Parr reactor 4950 and purged with N2 gas. The
mixture was quickly heated to 320 0C under stirring
and maintained at the same temperature for 30 minutes.
The reaction was then stopped by simply removing the
heat and cooling down. The final productwas purified
by a simple centrifugation/dispersion process (supra).
Fig. 7c shows a TEM image of ternary metal oxide MnFe
O4. Example 13: Synthesis OfNiFe2O4 [0080] In a
typical experiment, 3.0 mmol nickel sulfate and 2.0
mmol of ferrous acetate was dissolved in 7.5 mmol
oleic acid at 200 0C to form a clear solution. After
it was cooled down to room temperature, 20 mL hexane
and 2 mL oleylamine were added, then it was
transferred to 100 mL Parr reactor 4950 and purged
with N2 gas. The mixture was quickly heated to 300 0C
under stirring and maintained at the same temperature
for 1 h. The reaction was then stopped by simply
removing the heat and cooling down. The final product
was purified by a simple centrifugation/dispersion
process, i.e. the precipitated nanocrystals can be
collected and dried or be re-dissolved in an organic
solvent such as hexane for storage. Example 14:
Synthesis OfNiFe O nanocrystals [0081] In a typical
experiment, 1.0 mmol nickel acetate and 2.0 mmol iron
(III) acetylacetonate were dissolved in 9.0 mmol oleic
acid at 150 0C to form a homogeneous solution. After
it was cooled down to 60 0C, 5 mL trioctylamine and 20
mL hexane were added; then it was transferred to the
100 mL Parr reactor 4950 and purged with N2 gas. The
mixture was quickly heated to 320 C under stirring and
maintained at the same temperature for 30 min to 1 h.
The reaction was stopped by removing the heat and
cooling down. Figure 8b shows a TEM image of ternary
NiFe2O4 star-shape nanocrystals obtained in this
solvothermal preparation. Figure 8a depicts a TEM
image of spherical NiFe O nanocrystals prepared under
ambient conditions. In which, 1.0 mmol nickel acetate
and 2.0 mmol iron (III) acetylacetonate were dissolved
in 9.0mmol oleic acid at 150 C together with 5 mL
trioctylamine and 5 mL ODE to form a homogeneous
solution. Then it was quickly heated to 320 C under 1
atm with stirring and maintained at the same
temperature for 30 min to 1 h. The reaction was
stopped by removing the heat and cooling down. The
obtained mixture was exposed to centrifugation and the
obtained nanocrystals collected and dried or
re-dissolved in an organic solvent such as hexane for
storage purpose. [0082] Fig. 8b depicts a TEM image of
"star" shaped NiFe2O4 nanocrystals as an example of a
ternary metal oxide, obtained using the solvothermal
process of the invention. Fig. 8a shows a TEM image of
a corresponding ternary metal oxide prepared under
ambient condition. These TEM images illustrate that
elevated pressure can favour modulation of
morphologies of certain nanocrystals.What is claimed
is: 1. A method of forming a binary nanocrystal of the
general formula MlA, wherein Ml is a metal selected
from one of Group II, Group III, Group IV, Group VII
and Group VIII of the Periodic System of Elements
(PSE), and A is an element selected from Group VI or
Group V of the Period System of Elements (PSE), the
method comprising: (i) forming a homogenous reaction
mixture comprising a metal precursor containing the
metal Ml, the element A, and a non-polar solvent of
low boiling point, and (ii) bringing the homogenous
reaction mixture under elevated pressure to an
elevated temperature suitable for forming a
nanocrystal. 2. A method of producing a binary
nanocrystal of the general formula MlO, wherein Ml is
a metal selected from one of Group II, Group III,
Group IV, Group VII and Group VIII of the Periodic
System of Elements (PSE), and O is oxygen, the method
comprising: 



(i) forming a homogenous reaction mixture comprising a
metal precursor containing the metal Ml and an oxygen
donor, and a non-polar solvent of low boiling point,
and (ii) bringing the homogenous reaction mixture
under elevated pressure to an elevated temperature
suitable for forming nanocrystals. 3. The method of
claims 1 or 2, wherein the elevated pressure is from
about 50 to about 100 atm (from about 50 to about 101
bar). 4. The method of any one of claims 1 to 3,
wherein the non-polar solvent of low boiling point has
a boiling point of less than about 100 C at
atmospheric pressure (1013 mbar). 5. The method of
claim 4, wherein the non-polar solvent of low boiling
point has a boiling point of less than about 80 C at
atmospheric pressure (1013 mbar). 6. The method of any
one of the claims 1 - 5, wherein the non-polar solvent
of low boiling point is selected from the group
consisting of hexane, chloroform, toluene, benzene,
heptane, cyclohexane, dichloromethane, pyridine,
carbon tetrachloride, carbon disulfide, dioxane,
diethyl ether, diisopropylether, and tetrahydrofuran
and mixtures thereof. 7. The method of any one of
claims 1 - 6, wherein the homogenous reaction mixture
is a solution.8. The method of any one of the claims 1
- 7, wherein the homogenous reaction mixture is formed
at a temperature of about 20 to about 70 C. 9. The
method of any one of the claims 1 - 8, wherein, the
reaction mixture is heated under agitation. 10. The
method of claim 9, wherein the agitation is achieved
by stirring. 11. The method of any one of the claims 1
- 10, wherein the reaction temperature is maintained
for a sufficient time to allow the formation of a
nanocrystal. 12. The method of any one of the claims 1
- 11, further comprising adding a surfactant. 13. The
method of claim 12, wherein the surfactant is selected
from the group consisting of an organic carboxylic
acid, an organic phosphate, an organic phosphonic
acid, an organic phosphine oxide, an organic amine and
mixtures thereof. 14. The method of claim 13, wherein
organic carboxylic acid has about 8 to about 18 main
chain atoms. 15. The method of claims 13 or 14,
wherein the organic carboxylic acid is selected from
the group consisting of stearic acid (octadecanoic
acid), lauric, acid, oleic acid ([Z]- octadec-9-enoic
acid), decanoic acid, dodecanoic acid, tetradecanoic
acid, hexadecly hexadecanoic acid, octodecanoic acid,
n-undecanoic acid, linoleic acid, ((Z,Z)-9,12-
octadecadienoic acid), arachidonic acid
((all-Z)-5,8,ll,14-eicosatetraenoic acid), linelaidic
acid ((E,E)-9,12-octadecadienoic acid), myristoleic
acid (9-tetradecenoic acid), palmitoleic acid
(cis-9-hexadecenoic acid), myristic acid
(tetradecanoic acid), palmitic acid (hexadecanoic
acid), g-homolinolenic acid
((Z,Z,Z)-8,ll,14-eicosatrienoic acid) and mixtures
thereof. 16. The method of claim 13, wherein the
organic phosphine oxide is trioctyl phosphine oxide.
17. The method of claim 13, wherein the organic amine
is one of an alkylamine having from about 3 to about
30 carbon atoms and an alkenylamine having from about
2 to about 18 carbon atoms. 18. The method of claim
17, wherein the alkyl amine is selected from the group
consisting of hexadecylamine, oleylamine,
octadecylamine, bis (2-ethylhexyl) amine,
octylamine,dioctylamine, trioctylamine,
dodecylamine/laurylamine, didodecylamine
tridodecylamine, hexadecylamine, dioctadecylamine,
trioctadecylamine. 19. The method of any one of claims
1 - 18, wherein the metal precursor is formed by
dissolving a salt of the metal Ml in an organic acid
at a temperature of about 100C to about 450 C. 20. The
method of claim 19, wherein the organic acid for
dissolving the salt of metal Ml is a carboyxlic acid
of about 8 or more main chain atoms. 21. The method of
claim 20, wherein the carboxylic acid is selected from
the group consisting of stearic acid (octadecanoic
acid), lauric acid, oleic acid ([Z]-octadec-9- enoic
acid), n-undecanoic acid, linoleic acid,
((Z,Z)-9,12-octadecadienoic acid), arachidonic acid
((all-Z)-5,8,ll,14-eicosatetraenoic acid), linelaidic
acid ((E,E)-9,12-octadecadienoic acid), myristoleic
acid (9-tetradecenoic acid), palmitoleic acid (cis-9-
hexadecenoic acid), myristic acid (tetradecanoic
acid), palmitic acid (hexadecanoic acid) and
g-homolinolenic acid ((Z,Z,Z)-8,ll,14-eicosatrienoic
acid). 22. The method of claim 19, wherein the salt of
the metal Ml is an organic or an inorganic salt. 23.
The method of claim 22, wherein the inorganic salt of
the metal Ml is selected from the group consisting of
an oxide, a carbonate, a sulfate, and a nitrate. 24.
The method of claim 22, wherein the organic salt of
the metal Ml is a salt of an organic carboxylic acid.
25. The method of claim 24, wherein the organic
carboxylic acid is one of acetate and a carboxylic
acid having about 5 to about 20 main chain carbon
atoms. 26. The method of any one of claims 1 - 25,
wherein Ml is selected from Cd, Zn, Mg, Ca, Ba, Al,
Ga, In, Pb, Sn, Sr, Mn, Fe, Co, Ni, and Ir. 27. The
method of any one of claims 1 - 26, wherein the
element A is dissolved in a suitable 



solvent. 28. The method of any one of claim 1 or
claims 3 - 27, wherein the element A is selected from
S, Se, Te, O, P, Bi, and As.29. The method of any one
of claims 1 to 28, wherein a binary nanocrystal of the
general formula MlA is formed, and wherein the binary
nanocrystal is of one of the formulas CdSe, CdTe, CdS,
PbSe, PbTe, PbS, SnSe, ZnS, ZnSe, and ZnTe. 30. The
method of any one of claims 2 - 28, wherein a binary
nanocrystal of the general formula MlO is formed, and
wherein the binary nanocrystal is of one of the
formulas CdO, PbO, MnO, CoO, ZnO, and FeO. 31. A
method of forming a ternary nanocrystal of the general
formula M1M2A, wherein Ml and M2 are independent from
each other a metal selected from one of Group II,
Group III, Group IV, Group VII and Group VIII of the
PSE, and A is an element is selected from Group VI or
V of the PSE, the method comprising: (i) forming a
homogenous reaction mixture comprising a metal
precursor containing the metals Ml and M2, element A
and a non-polar solvent of low boiling point, and (ii)
bringing the homogenous reaction mixture under
elevated pressure to an elevated temperature suitable
for forming a nanocrystal. 32. A method of forming a
ternary nanocrystal of the general formula MlAB,
wherein Ml is a metal selected from one of Group II,
Group III, Group IV, Group VII and Group VIII of the
PSE, and A and B are independent from each other
elements selected from Group V or Group VI of the PSE,
the method comprising: (i) forming a homogenous
reaction mixture comprising a metal precursor
containing the metal Ml, element A and element B, a
non-polar solvent of low boiling point, and (ii)
bringing the homogenous reaction mixture under
elevated pressure to an elevated temperature suitable
for forming a nanocrystal. 33. A method of forming a
nanocrystal of the general formula M1M2O, wherein Ml
and M2 are independent from each other a metal
selected from one of Group II, Group III, Group IV,
Group VII and Group VIII of the PSE, and O is oxygen,
the method comprising: (i) forming a homogenous
reaction mixture comprising a metal precursor
containing the metals Ml and M2 and an oxygen donor,
and a non-polar solvent of low boiling point, and (ii)
bringing the homogenous reaction mixture under
elevated pressure to an elevated temperature suitable
for forming a nanocrystal.34. The method of any one of
claims 3 1 - 33, wherein the elevated pressure is from
about 50 to 100 atm (from about 50 to about lOlbar).
35. The method of any one of claims 3 1 - 34, wherein
the non-polar solvent of low boiling point has a
boiling point of less than about 100 0C at atmospheric
pressure (1013 mbar). 36. The method of claim 35,
wherein the non-polar solvent of low boiling point has
a boiling point of less than about 80 C. 37. The
method of any one of claims 30 - 35, wherein the
non-polar solvent of low boiling point is selected
from the group consisting of hexane, chloroform,
carbon tetrachloride, dichloromethane, toluene,
benzene, heptane, cyclohexane, pyridine, carbon
disulfide, dioxane, diethyl ether, diisopropylether,
and tetrahydrofuran and mixture thereof. 38. The
method of any one of claims 3 1 - 37, wherein the
homogenous reaction mixture is a solution. 39. The
method of any one of claims 3 1 - 38, wherein the
homogenous reaction mixture is formed at a temperature
of about 20 to about 70 C. 40. The method of any one
of claims 3 1 - 39, wherein, the reaction mixture is
heated under agitation. 41. The method of claim 40,
wherein the agitation is achieved by stirring. 42. The
method of any one of claims 3 1 - 41, wherein the
reaction temperature is maintained for a sufficient
time to allowing the formation of a nanocrystal. 43.
The method of any one of claims 3 1 - 42, further
comprising adding a surfactant. 44. The method of
claim 43, wherein the surfactant is selected from the
group consisting of an organic carboxylic acid, an
organic phosphate, an organic phosphonic acid, an
organic phosphine oxide, an organic amine and mixtures
thereof. 45. The method of claim 44, wherein organic
carboxylic acid has about 8 to about 18 main chain
atoms. 46. The method of claims 44 or 45, wherein the
organic carboyxlic acid is selected from the group
consisting of stearic acid (octadecanoic acid),
lauric, acid, oleic acid ([Z]- octadec-9-enoic acid),
decanoic acid, dodecanoic acid, tetradecanoic acid,
hexadeclyhexadecanoic acid, octodecanoic acid,
n-undecanoic acid, linoleic acid, ((Z,Z)-9,12-
octadecadienoic acid), arachidonic acid
((all-Z)-5,8,ll,14-eicosatetraenoic acid), linelaidic
acid ((E,E)-9,12-octadecadienoic acid), myristoleic
acid (9-tetradecenoic acid), palmitoleic acid
(cis-9-hexadecenoic acid), myristic acid
(tetradecanoic acid), palmitic acid (hexadecanoic
acid), g-homolinolenic acid
((Z,Z,Z)-8,ll,14-eicosatrienoic acid) and mixtures
thereof. 47. The method of claim 44, wherein the
organic phosphine oxide is trioctyl phosphine oxide.
48. The method of claim 44, wherein the organic amine
is one of an alkylamine having 



from about 3 to about 30 carbon atoms, and an
alkenylamine having from about 2 to about 18 carbon
atoms. 49. The method of any one of claims 31 - 48,
wherein the metal precursor is formed by dissolving a
salt of the metal Ml and a salt of metal M2 in an
organic acid at a temperature of about 100 C to about
450 C. 50. The method of claim 49, wherein the organic
acid for dissolving the salt of metal Ml and the salt
of metal M2 is a carboxylic acid of about 8 or more
main chain atoms. 51. The method of claim 50, wherein
the chain carboxylic acid is selected from the group
consisting of stearic acid (octadecanoic acid), lauric
acid, oleic acid ([Z]-octadec-9- enoic acid),
n-undecanoic acid, linoleic acid,
((Z,Z)-9,12-octadecadienoic acid), arachidonic acid
((all-Z)-5,8,ll,14-eicosatetraenoic acid), linelaidic
acid ((E,E)-9,12- octadecadienoic acid), myristoleic
acid (9-tetradecenoic acid), palmitoleic acid (cis-9-
hexadecenoic acid), myristic acid (tetradecanoic
acid), palmitic acid (hexadecanoic acid) and
g-homolinolenic acid ((Z,Z,Z)-8,ll,14-eicosatrienoic
acid). Examples of other surfactants (an organic
phosphonic acid, for example) include hexylphosphonic
acid and terra decylphosphonic acid. 52. The method of
claim 49, wherein the salt of the metal Ml and the
salt of the metal M2 are independently an organic or
an inorganic salt. 53. The method of claim 52, wherein
the inorganic salt of at least one of the metal Ml and
the metal M2 are independently selected from the group
consisting of an oxide, a carbonate, a sulfate, and a
nitrate.54. The method of claim 52, wherein the
organic salt of at least one of the metal Ml and the
metal M2 are a salt of an organic carboxylic acid. 55.
The method of claim 54, wherein the organic carboxylic
acid is one of acetate and a carboxylic acid having
about 5 to about 20 main chain carbon atoms. 56. The
method of any one of claims 3 1 - 55, wherein Ml and
M2 are independent from each other selected from Cd,
Zn, Mg, Sr, Ca, Ba, Al, Ga, In, Pb, Sn, Mn, Fe, Co,
Ni, and Ir. 57. The method of any one of claims 3 1 -
56, wherein the elements A and B are independently
from each other dissolved in a suitable solvent. 58.
The method of any one of claims 30, 3 1 or 33 - 57,
wherein the elements A and B are independent from each
other selected from S, Se, Te, P, Bi, and As. 59. The
method of any one of claims 3 1 - 58, wherein a
ternary nanocrystal of the general formula M1M2A is
formed, and wherein the ternary nanocrystal is of one
of the formulas ZnCdSe, CdZnS, CdZnSe, CdZnTe, SnPbS,
SnPbSe, and SnPbTe. 60. The method of any one of
claims 32 - 58, wherein a ternary nanocrystal of the
general formula MlAB is formed, and wherein the
ternary nanocrystal is of one of the formulas CdSeS,
CdSeTe, CdSTe, ZnSeS, ZnSeTe, ZnSTe, SnSeS, SnSeTe,
SnSTe, PbSeS, PbSeTe, and PbSTe. 61. The method of any
one of claims 33 - 58, wherein a ternary nanocrystal
of the general formula M1M2O is formed, and wherein
the ternary nanocrystal is of one of the formulas
MgFe2O4, CaFe2O4 , SrFe2O4 , ZnFe2O4 , NiFe2O4 ,
CoFe2O4 , and MnFe2O4 . 62. A method of forming a
quaternary nanocrystal of general formula M1M2AB,
wherein Ml and M2 are independently a metal selected
from one of Group II, Group III, Group IV, Group VII
and Group VIII of the PSE, and A and B are independent
from each other an element selected from Group VI or
Group V of the PSE, the method comprising: (i) forming
a homogenous reaction mixture comprising a metal
precursor containing the metal Ml and the metal M2,
the element A, the element B and a non-polar solvent
of low boiling point, and (ii) bringing the homogenous
reaction mixture under elevated pressure to an
elevatedtemperature suitable for forming a
nanocrystal. 63. The method of claim 62, wherein the
elevated pressure is from about 50 to about 100 atm
(from about 50 to about lOlbar). 64. The method of
claims 62 or 63, wherein the non-polar solvent of low
boiling point has a boiling point of less than about
100 0C at atmospheric pressure (1013 mbar). 65. The
method of any one of claims 62 - 64, wherein the
non-polar solvent of low boiling point has a boiling
point of less than about 80 0C at atmospheric pressure
(1013 mbar). 66. The method of any one of claims 62 to
65, wherein the non-polar solvent of low boiling point
is selected from the group consisting of hexane,
chloroform, dichloromethane, carbon tetrachloride,
toluene, benzene, heptane, cyclohexane, pyridine,
carbon disulfide, dioxane, diethyl ether,
diisopropylether, and tetrahydrofuran and mixtures
thereof. 67. The method of any one of claims 62 to 66,
wherein the homogenous reaction mixture is a solution.
68. The method of any one of claims 62 to 67, wherein
the homogenous reaction mixture is formed at a
temperature of about 20 to about 70 C. 69. The method
of any one of claims 62 to 68, wherein the reaction
mixture is heated under agitation. 70. The method of
claim 69, wherein the agitation is achieved by
stirring. 71. The method of any one of claims 62 to
70, wherein the reaction temperature is maintained for
a sufficient time to allow the formation of a
nanocrystal. 



72. The method of any one of claims 62 to 71, further
comprising adding a surfactant. 73. The method of
claim 72, wherein the surfactant is selected from the
group consisting of an organic carboxylic acid, an
organic phosphate, an organic phosphonic acid, an
organic phosphine oxide, an organic amine and mixtures
thereof. 74. The method of claim 73, wherein organic
carboxylic acid has about 8 to about 18 main chain
atoms. 75. The method of claims 73 or 74, wherein the
organic carboxylic acid is selected from thegroup
consisting of stearic acid (octadecanoic acid),
lauric, acid, oleic acid ([Z]- octadec-9-enoic acid),
decanoic acid, dodecanoic acid, tetradecanoic acid,
hexadecly hexadecanoic acid, octodecanoic acid,
n-undecanoic acid, linoleic acid, ((Z,Z)-9,12-
octadecadienoic acid), arachidonic acid
((all-Z)-5,8,ll,14-eicosatetraenoic acid), linelaidic
acid ((E,E)-9,12-octadecadienoic acid), myristoleic
acid (9-tetradecenoic acid), palmitoleic acid
(cis-9-hexadecenoic acid), myristic acid
(tetradecanoic acid), palmitic acid (hexadecanoic
acid), g-homolinolenic acid
((Z,Z,Z)-8,ll,14-eicosatrienoic acid) and mixtures
thereof. 76. The method of claim 73, wherein the
organic phosphine oxide is trioctyl phosphine oxide
77. The method of claim 73, wherein the organic amine
is one of an alkylamine having from about 3 to about
30 carbon atoms and an alkenylamine having from about
2 to about 18 carbon atoms. 78. The method of claim
77, wherein the alkyl amine is selected from the group
consisting of hexadecylamine, oleylamine,
octadecylamine, bis (2-ethylhexyl) amine, octylamine,
dioctylamine, trioctylamine, dodecylamine/laurylamine,
didodecylamine tridodecylamine, hexadecylamine,
dioctadecylamine, trioctadecylamine. 79. The method of
any one of claims 63 to 78, wherein the metal
precursor is formed by dissolving a salt of the metal
Ml and a salt of metal M2 in an organic acid at a
temperature of about 100 C to about 450 0C. 80. The
method of claim 79, wherein the organic acid for
dissolving the salt of metal Ml and a salt of metal M2
is a carboyxlic acid of about 8 or more main chain
atoms. 81. The method of claim 80, wherein the
carboxylic acid is selected from the group consisting
of stearic acid (octadecanoic acid), lauric, acid,
oleic acid ([Z]-octadec-9- enoic acid), n-undecanoic
acid, linoleic acid, ((Z,Z)-9,12-octadecadienoic
acid), arachidonic acid
((all-Z)-5,8,ll,14-eicosatetraenoic acid), linelaidic
acid ((E,E)-9,12- octadecadienoic acid), myristoleic
acid (9-tetradecenoic acid), palmitoleic acid (cis-9-
hexadecenoic acid), myristic acid (tetradecanoic
acid), palmitic acid (hexadecanoic acid) and
g-homolinolenic acid ((Z,Z,Z)-8,ll,14-eicosatrienoic
acid). 82. The method of claim 76, wherein the salt of
the metal Ml and the salt of the metal M2 are
independently an organic or an inorganic salt.83. The
method of claim 82, wherein the inorganic salt of at
least one of the metal Ml and the metal M2 are
selected from the group consisting of an oxide, a
carbonate, a sulfate, and a nitrate. 84. The method of
claim 82, wherein the organic salt of at least one of
the metal Ml and the metal M2 area salt of an organic
carboxylic acid. 85. The method of claim 84, wherein
the organic carboxylic acid is one of acetate and a
carboxylic acid having about 5 to about 20 main chain
carbon atoms. 86. The method of any one of the claims
63 to 85, wherein the metals Ml and M2 are independent
from each other selected from Cd, Zn, Mg, Ca, Ba Al,
Ga, In, Pb, Sn, Sr, Mn, Fe, Co, Ni, and Ir. 87. The
method of any one of the claims 63 to 86, wherein the
elements A and B are independently from each other
dissolved in a suitable solvent. 88. The method of any
one of the claims 62 to 87, wherein the elements A and
B are independent from each other selected from S, Se,
Te, O, P, Bi, and As. 89. The method of any one of
claims 62 - 89, wherein a quaternary nanocrystal of
the general formula M1M2AB is formed, and wherein the
quaternary nanocrystal is of one of the formulas
CdZnSeS, CdZnSeTe, CdZnSTe, CdHgSeS, CdHgSeTe,
CdHgSTe, HgZnSeS, HgZnSeTe and HgZnSTe. 90. The method
of any one of claims 1 - 89, further comprising (iii)
isolating one or more nanocrystals formed. 91. The
method of claim 90, wherein isolating the one or more
nanocrystals comprises purification by centrifugation.
92. The method of claim 90, wherein isolating the one
or more nanocrystals comprises purification by
dispersion. 


