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CHANNEL MODULATORS CROSS-REFERENCE TO RELATED APPLICATIONS This application
claims the benefit of U S Provisional Application Serial Number 60/610,1 15
filed September 15, 2004 BACKGROUND OF THE INVENTION Potassium (K+)
channels are a diverse class of ion channels and have several critical
roles in cell function One role is in neurons, where K+ channels are
responsible, in part, for determining cell excitability by contributing to
membrane repolarization following depolarization, resting membrane
potential, and regulation of neurotransmitter release The M-current,
measured by electrophysiology recording methods and by pharmacology, has
been described as a dominant conductance in controlling neuronal
excitability Pharmacological activation or suppression of M currents by
small molecules could have profound effects in controlling neuronal
excitability Recently, Wang reported that co-assembly of the KCNQ2 and
KCNQ3 potassium channels underlies the native M-current in neurons (Wang et
al , Science 1998, 282, 1890-1893) Compounds that block KCNQ channels and M
current, including hnopirdine and XE-99 1, demonstrate cognition enhancing
effects The compounds act by increasing the stimulus-evoked release of a
number of neurotransmitters in the central nervous system See Wang et al
Science 1998, 282, 1890, Lamas Eur J Neurosci 1997, 9, 607, Schnee and
Brown J Pharmacol Exp Ther 1998, 286, 709, Zaczek et al J Pharmacol Exp
Ther 1998, 285, 724 and references cited by these papers At the time
hnopirdine and XE-99 1 were discovered, they were not known
toi-Amino-j-carboxamidopyrimidines have been disclosed. See iuto et al. US
5,81 1,428. Nothing in this reference discloses or suggests the novel
compounds of this application DESCRIPTION OF THE INVENTION The invention
encompasses compounds of Formula I, their salts and solvates, compositions,
and methods of using these compounds. One aspect of the invention are
compounds of Formula I wherein: Q is CH or N; X is a bond, methylene,
ethylene, or propylene; R1 is hydrogen, C1-6alkyl, C3-7cycloalkyl, CH2Ar 1,
CH2CH2Ar 1, CH(CH3)Ar1, CH2CH(CH3)Ar 1, CH(CH2OH)CH2Ar 1, CH2CH2CH2Ar 1
CH2CH2OAr1, CH2CH2SAr1,CH2CH2N(R7)Ar 1,CH2CH2CH2CH2Ar1,CH2CH2CH2CH2CH2Ar 1
, or CH2CH2CH2CH2CH2CH2Ar 1wherein the C1-6alkyl group is unsubstituted or
substituted with 1-2 moieties selected from the group consisting of OR7,
CO2R7, N(R7)(R7), CON(R7XR7), N(R7)COR7, and R8;or NR1R2 taken together are



R3 is hydrogen, C1-6alkyl, C3-7cycloalkyl, CH2Ar 1, CH2CH2Ar1, CH(CH3)Ar1,
CH2CH(CH3)Ar', CH(CH2OH)CH2Ar', CH2CH2CH2Ar1 CH2CH2OAr1 CH2CH2SAr1
CH2CH2N(R7)Ar1 CH2CH2CH2CH2Ar1 CH2CH2CH2CH2CH2Ar 1 CH2CH2CH2CH2CH2CH2Ar 1
Ar2, CH2Ar2, CH2CH2Ar2, or CH(CH3)Ar2, wherein the C1-6alkyl group is
unsubstituted or substituted with 1-2 moieties selected from the group
consisting of OR7, CO2R7, N(R7)(R7), CON(R7)(R7), N(R7)COR7, and R8, R4 is
hydrogen or C1-6alkyl, or N(R )(R ) taken together are R5 and R6 are
independently hydrogen, halo, C1-6alkyl, trifluoromethyl, cyano, OR7, or
N(R7)(R7), R7 is independently hydrogen or C1-6alkyl, R8 is a heterocycle
selected from the group consisting of tetrahydrofuranyl, pyrrolidinyl,
piperidinyl, and benzopyrrolidinyl and is unsubstituted or substituted with
1 substituent selected from the group consisting of oxo, C1-6alkyl,
hydroxymethyl, benzyl, and CO2R7,R is hydrogen or pheny , R1 1 is hydrogen,
C1-6alkyl, or C1-6hydroxyalkyl, R12 is hydrogen, C1-6alkyl, or COR7, Ar 1
is phenyl, naphthyl, pyridinyl or benzodioxolanyl and is unsubstituted or
substituted with 1-2 moieties selected from the group consisting of halo,
C1-6alkyl, trifluoromethyl, cyano, pyridinyloxy, OR7, N(R')(R 2), or Ar2,
and Ar2 is pyridmyl, pyrimidinyl, pyridizinyl, or triazmyl, or a
pharmaceutically acceptable salt or solvate thereof Another aspect of the
invention are compounds of Formula I where X is a bond Another aspect of
the invention are compounds of Formula I where X is methylene Another
aspect of the invention are compounds of Formula I where X is ethylene
Another aspect of the invention are compounds of Formula I where X is
propylene Some compounds of the invention are listed in the specific
embodiments section "Alkyl" and other substituents with an alkyl moiety
include both straight and"Benzodioxolanyl" means "Pyridinyloxy" mean . The
invention includes all pharmaceutically acceptable salt forms of the
instant compounds Pharmaceutically acceptable salts are those in which the
counter ions do not contribute significantly to the physiological activity
or toxicity of the compounds and as such function as pharmacological
equivalents In many instances, salts have physical properties that make
them desirable for formulation, such as 



solubility or crystallinity The salts can be made according to common
organic techniques employing commercially available reagents Suitable
anionic salt forms include acetate, acistrate, besylate, bromide, chloride,
citrate, fumarate, glucouronate, hydrobromide, hydrochloride, hydroiodide,
iodide, lactate, maleate, mesylate, nitrate, pamoate, phosphate, succinate,
sulfate, tartrate, tosylate, and xinofoate Suitable cationic salt forms
include ammonium, aluminum, benzathine, bismuth, calcium, choline,
diethylamine, diethanolamine, lithium, magnesium, meglumine,
4-phenylcyclohexylamine, piperazine, potassium, sodium, tromethamme, and
zinc The invention also includes all solvated forms of the instant
compounds, particularly hydrates Solvates do not contribute significantly
to the physiological activity or toxicity of the compounds and as such
function as pharmacological equivalents Solvates may form in stoichiometric
amounts or may form from adventitious solvent or a combination of both One
type of solvate is hydrate Some hydrated forms include monohydrate,
hemihydrate, and dihydrate Synthetic MethodsSEPARATION PROCESS BACKGROUND
OF THE INVENTION FIELD OF THE INVENTION The process of the invention
relates to a process for the separation of organic phosphines and/or
phosphine oxides from solvents such as are used for the production of
propylene oxide and especially to the recovery and recycle of organic
phosphines and/or phosphine oxides in a propylene oxide production process.
BACKGROUND OF THE INVENTION A great deal of effort has been expended on the
development of a no coproduct direct oxidation process for the production
of propylene oxide. U.S. Patent 6,005,123 is illustrative of the
encouraging results which have been achieved. As reported in USP 6,005,123,
propylene oxide can be prepared by reacting propylene, oxygen and hydrogen
in the presence of a noble metal on titanium silicate catalyst, e.g. Pd on
TS-1 . Usually the solid catalyst is slurried in an appropriate solvent
such as a methanol and water mixture during the reaction. Especially
advantageous results are achieved where reaction promoters of the phosphine
or phosphine oxide type such as triphenyl phosphine are also present in the
propylene oxide forming reaction mixture. To enable phosphines and
phosphine oxides to be used in a continuous chemical process they must be
recycled. The use of phosphines and phosphine oxides is prohibitively
expensive if the phosphines and phosphine oxides cannot be conveniently
recycled for reuse. Unfortunately, a process in which methanol and/or water
are used as solvents renders most of the typical unit operations 



unusable. As methanol is distilled, or stripped, from the reaction mixture
the phosphines and phosphine oxides precipitate from solution, thus fouling
the stills. Furthermore, the phosphines and phosphine oxides are not stable
enough, or volatile enough, to distill overhead. Even if the water is
somehow distilled overhead, while keeping the phosphine and phosphine
oxides in a solution of PEG and other propylene oxide ring opened products,
the separationof the ring opened products from the phosphine and phosphine
oxides cannot be accomplished by distillation. Hence, distillation will not
work. Compounding the fact that distillation is not an option is that
extraction technology will not work efficiently, either. Even if one could
obtain the phosphine and phosphine oxides in a solution of ring opened
products, solvents that will solvate the phosphines and phosphine oxides
are miscible with the ring opened moieties. Even if a solvent could be
found which could selectively extract the phosphines and phosphine oxides
from the ring opened solution, this process would require more distillation
operations in order to recycle the extraction solvent. SUMMARY OF THE
INVENTION The present invention provides a process whereby a propylene
oxide containing reaction mixture such as that produced according to USP
6,005,123 and containing phosphine and/or phosphine oxide promoters can be
separated into a solvent and promoter fraction for recycle and a propylene
oxide fraction for product recovery. The separation is accomplished by the
use of membranes which function to allow passage of the solvent and
propylene oxide in the permeate while retaining in the retendate the
phosphine and/or phosphine oxide promoters for recycle. DESCRIPTION OF THE
DRAWING The attached drawing illustrates schematically a practice of the
invention. DETAILED DESCRIPTION An especially preferred practice of the
invention is described in the attached Figure. Referring to the Figure,
reactor 1 is a conventional reactor useful for reacting propylene, oxygen
and hydrogen in a liquid slurry of solid noble metal on titanium silicalite
catalyst to form propylene oxide. Propylene, oxygen and hydrogen are
introduced via lines 2 , 3 and 4 respectively. Solvent and catalyst are
introduced via line 5 . Make up solvent can also be added via line 5 (not
shown). Known conditions effective to form propylene oxide are maintained
in reactor 1 and the propylene oxide containing reaction mixture is removed
via line 6. A key feature is the provision of phosphine and/or phosphine
oxide promoters in the epoxidation reaction mixture. These promoters are
contained in recycle stream 7 and may be supplemented as needed via line
8.The reaction mixture passes from reactor 1 via line 6 to separation zone
9 where solid catalyst is separated and recycled via line 5 along with
solvent and 



some reactants and reaction products to reactor 1. Filtration,
centrifugation, and the like are appropriate procedures for this
separation. From separation zone 9 a liquid stream comprised of solvent,
propylene oxide, and other reaction materials together with the phosphine
and/or phosphine oxide promoters passes via line 10 to distillation zone 11
wherein, in a preferred embodiment, various light materials such as
propylene and propane are separated overhead via line 12 from the reaction
liquid. The bottoms stream from column 11 comprised of propylene oxide,
ring opened organic products, solvent, the phosphine and/or phosphine oxide
promoters in a preferred practice is passed via line 20 to distillation
zone 2 1 wherein propylene oxide product is recovered overhead via line 22.
The bottoms stream containing phosphine and/or phosphine oxide promoters
passes via line 23 to zone 14 wherein this stream is contacted with an
appropriate membrane 15 effective to separate the phosphines and/or
phosphine oxides as retendate from the permeate which contains solvent, and
ring opened materials. The phosphine and/or phosphine oxide retendate
passes via line 7 back to reactor 1 for reuse in the process while the
permeate, via line 16, is sent to conventional separation means for
recovery of propylene oxide product and the separation and recycle of
solvent (not shown). The membrane separation employed in accordance with
the present invention involves the use of hydrophilic nanofiltration and
reverse osmosis membranes. Many such membranes are well known in the art,
with the best examples being poly(amides), e.g., Dow's Film Tec membranes,
and other, more chemically stable, polymeric membranes, e.g., Koch's SeIRO
membranes as well as others. These membranes can be employed anywhere in
the process- after the reactor and included in the separation train. One
such place where the membranes can conveniently be employed is during
processing of the effluent from the reactor, after the solid slurry
catalyst has been removed, or after the reactor if the catalyst is used as
a packed bed. It is especially preferred to use the membrane after the
light gases, propylene and propane, have been removed from the mixture as
illustrated in the drawing. The membrane will permeate the methanol, water,
propylene oxide, and the ring opened species, while retainingthe phosphine
and phosphine oxides in solution as retendate. The permeated solution will
go to the distillation and refining portion of the process, while the
concentrated solution of phosphines and phosphine oxides in a solution of
methanol, propylene oxide, water and ring opened products is recycled back
to the reactor for reuse. As above indicated, the preferable method of
using the membrane is after the light gases, propylene, propane and
propylene oxide have been removed from the stream. In this case little or
no propylene oxide will be recycled back to the reactor. Membranes which
are used in the separation of the invention are well 



known in the art. For the purpose of separating phosphines and/or phosphine
oxides from the propylene oxide and solvent solution in accordance with the
invention nanoporous or reverse osmosis membranes are employed which are
stable in the presence of organic solvents such as methanol and propylene
oxide. Illustrative of suitable membranes are the SeIRO membranes from Koch
Membrane Systems. Isotropic microporous membrane suitable for use are
described in Kirk-Othmer, "Encyclopedia of Chemical Technology", Fourth
Edition, Vol. 16, pages 137-153 (1995). Membranes such as those described
in U.S. Patent 5,681,473 at column 23, can also be used. The membrane
separation is carried out at conditions whereby a predominance, preferably
at least 90% of the phosphine and/or phosphine oxide is retained in the
retendate for recycle, while a predominance of the propylene oxide and
solvent passes through as permeate to subsequent separation. In the
membrane separation of this invention, an organic solvent-resistant
membrane composite is used which allows a substantial portion, e.g. 60% or
more of the propylene oxide and organic solvent and water to pass through,
while rejecting at least 90% by weight of phosphine and/or phosphine oxide.
The membrane separation is a pressure-driven process and in general the
pressure of the feed stream may range from a low of about 50 pounds per
square inch and to a high of about 1500 pounds per square inch. More
preferably the pressure of the feed stream of this invention is from about
100 psi to about 600 psi. The "permeate" is the stream which has passed
through the membrane, and compared to the feed stream, the permeate is at a
greatly reduced pressure. Typically, the permeate is near atmospheric
pressure to 50 psi. The permeate contains a greatly reduced amount of the
phosphine and/orphosphine oxide dissolved in the bulk of the organic
solvent and product propylene oxide. Said permeate can be recovered in any
conventional manner, e.g. by simply collecting it as a liquid. The
retendate stream (also called the "concentrate" or "non-permeate" stream)
is the stream that does not pass through the membrane. The retendate
contains the bulk of the phosphine and/or phosphine oxide dissolved in
organic solvent. The retendate stream is typically only slight lower in
pressure than the feed stream and can be recycled back to the oxidation
reactor for reuse. The following exemplifies practice of the invention:
Example Propylene is reacted in a continuous reaction mode in reactor 1
with oxygen and hydrogen in a methanol/water solvent mixture using a
slurried palladium on TS-1 ( 1.5 wt % Pd) catalyst in accordance with the
process described in LJSP 6,005,123. Triphenyl phosphine in amount of about
0.1 wt % of the reaction mixture is used as promoter. Liquid reaction
mixture containing slurried catalyst is withdrawn from 



reactor 1 via line 6 and is passed to separator 9. Catalyst and solvent are
recycled to reactor 1 via line 5 together with a recycle stream from
separator 14 which is recycled via line 7 . From separator 9 a liquid
reaction mixture stream is passed via line 10 to distillation column 11 and
a lights stream is separated overhead via line 12. Bottoms from column 11
at 1700C and 275 psig passes via line 20 to distillation column 2 1 and a
product propylene oxide stream is recovered therefrom via line 22 at 1200C
and 100 psig. Bottoms from column 2 1 passes via line 23 to separator 14 at
123C and 100 psig. A pump increases the pressure to 300 psi and the
temperature is adjusted to 300C. Separator 14 has positioned therein a
hydrophilic nanofiltration membrane, Koch SELRO MPS-44, which essentially
retains the triphenyl phosphine promoter while permeating the bulk of the
ring opened organics, water and methanol. The retendate is removed via line
7 at 3O0C and 290 psig and recycled to reactor 1 while the permeate is
removed via line 16 at 300C and 20 psig for further separation.The flow
rates of the components of the various streams are given in the following
Table 1 in pounds per hour. Table 1 (1) Triphenyl phosphine (2> Ring opened
organics (3) Propylene oxide From this example it can be seen that the
process of the invention effectively separates the triphenyl phosphine for
recycle.I claim: 1. In a process for the production of propylene oxide by
catalytic reaction of propylene, oxygen and hydrogen in a liquid solvent
and wherein a phosphine and/or phosphine oxide promoter is used, the
improvement which comprises separating phosphine and/or phosphine oxide
promoters with a membrane effective to retain the said phosphine and/or
phosphine oxide promoters while permitting passage of propylene oxide and
solvent. 2. The process of claim 1 wherein the promoter is triphenyl
phosphine. 3. The process of claim 1 wherein the membrane is a hydrophilic
nanofiltration or reverse osmosis membrane. 


