
4-PHENYL-THIAZOLE-S-CARBOXYLIC ACIDS AND
4-PHENYL-THIAZOLE-5- CARBOXYLIC ACID AMIDES AS PLK1
INHIBITORS The present invention is concerned with
thiazolyl-benzimidazole derivatives and their
pharmaceutically acceptable salts, the manufacture of
the aforesaid and their use as therapeutic agents.
PLK1 is a member of the Polo-like kinase family.
Polo-like kinases are highly conserved from yeast to
humans and play a variety of roles in the G2/M phase
transition and in the passage through mitotic phase of
the cell cycle. Four Pololike kinases, PLK1 , PLK2
(Snk), PLK3 (Fnk), and PLK4 have been identified in
humans. These proteins share extensive homologies
across their kinase domains, in C-terminal "Polo"
boxes. Using neutralizing antibodies, anti-sense
oligos, and dominant-negative protein, PLK1 was shown
to be essential for mitosis in vitro cultured cells.
Furthermore, down regulation of PLK1 appears to have
differential effects in tumor versus "normal" cells in
that ablation of PLK1 induced mitotic catastrophe and
eventual cell death but G2 arrest in "normal" cells.
One plausible explanation is that tumor cells are
defective in checkpoint controls and unable to arrest
and thus undergo mitotic catastrophe. The roles of
PLK2, PLK3, and PLK4 remain elusive. The expression of
PLK1 is restricted to proliferative tissues.
Overexpression of PLK1 was detected in solid tumors of
various origins (breast, lung, colon, stomach, ovary,
smooth muscle, and esophagus) and in non-Hodgkin
lymphomas. Furthermore PLK1 has transforming activity;
constitutive expression of PLK1 in NIH3T3 cells causes
oncogenic focus formation, transformed cells grow in
soft agar and form tumors in nude mice. JB
2/1/2007Therefore, blocking PLK1 kinase activity by a
small molecule inhibitor represents a novel approach
to target mitosis and may be clearly differentiated
from other mitosis-targeting agents on the market such
as tubulin binders. Other therapies which involve the
disruption of microtubule formation and degradation
through the use of taxanes and vinca alkaloids have
become successful ways of treating cancer. Some
cancerous cells are able to evade the G2/M cell cycle
arrest effect of taxanes and vinca alkaloids. PLK1
inhibition provides a means to target those cells
which are able to evade the G2/M cell cycle arresting
effect of taxanes and vinca alkaloids. U.S. Patent No.
4,81 8,270 discloses structurally unrelated
benzimidazolethiazole compounds for use as herbicides.
WO20021 2242 discloses bicyclo-pyrazole compounds that
are inhibitors of PLK1 . WO200262804 discloses
oxazolyl-pyrazole derivatives that are inhibitors of
PLK1 . WO2003070283 discloses duplex RNAs antisense
oligonucleotides that 



are inhibitors of PLK1 . WO2003072062 discloses
(E)-2.6-dialkoxystyryl-4- substituted benzylsulfones
that are inhibitors of PLK1 . WO2003093249 discloses
thiazolidinone compounds that are inhibitors of PLK1 .
WO200401 16 10 discloses antisense compounds that are
inhibitors of PLK1 . WO200401 4899 discloses thiophene
compounds that are inhibitors of PLK1 . WO2004043936
discloses pyhmidine compounds that are inhibitors of
PLK1 . WO200404631 7 discloses products and processes
for modulating peptide-peptide binding domain
interactions including an invention for providing 3-D
structures of PLK. WO2004067000 discloses
benzothiazole-3-oxides that are inhibitors of PLK1 .
WO2004074244 discloses pyrimidine compounds that are
inhibitors of PLK1 . WO2004087652 discloses
imidazotriazine compounds that are inhibitors of PLK1
. WO200501 9 193 discloses phenylurea compounds that
are inhibitors of PLK1 . WO2005042505 discloses
thiazolidinones that are inhibitors of PLK1 .
WO2005042525 discloses pyrimidin-4-yl-3,4-thione
compounds that are inhibitors of PLK1 . WO2005075470
discloses thiazole compounds that are inhibitors of
PLK1 .SUMMARY OF THE INVENTION According to a first
aspect of the invention, there is provided a compound
of formula ( 1 ) : wherein: n is an integer from 0 to
2; each Q2 is independently selected from the group
consisting of hydroxyl, lower alkoxy, lower alkyl,
carboxyl, halogen, -0(CH 2)m0(CH 2)mCH3, -O(CH 2)mOH,
-O(CH 2)mNR8R9, wherein R8 and R9 are each
independently selected from the group consisting of
hydrogen and lower alkyl , and -0(CH 2)m-heterocyclyl,
and wherein each m is, independently, an integer from
2 to 4; or n is 2 and the Q2 groups are at the 5 and 6
or 6 and 7 positions on the benzimidazole ring and,
together with the carbon atoms to which they are
bound, form a four to six-membered heterocyclic ring
containing at least one atom independently selected
from the group consisting of oxygen, nitrogen, and
sulfur; R 1 is a member selected from the group
consisting of -CH 2C(O)R4, -CH(OH)CF 3, -C(O)R5 and
heterocyclyl, wherein R4 is selected from the group
consisting of hydroxyl and -NH2 and R5 is selected
from the group consisting of hydroxyl and -NR6R7,
wherein R6 and R7 are independently selected from the
group consisting of hydrogen, hydroxyl, cyano, lower
alkyl,- Alower cycloalkyl, optionally substituted
heterocyclyl, optionally substituted aryl, and
-NH-C(0)-optionally substituted aryl; and 



R2 is aryl optionally substituted with one or more
substituents independently selected from the group
consisting of halogen, lower alkoxy, lower alkyl,
hydroxyl, lower alkenyl, halo-loweralkyl,
hydroxy-loweralkyl, and -C(O)NR8R9 wherein R8 and R9
are each independently selected from the group
consisting of hydrogen and lower alkyl, wherein two of
said optional substituents can, together with the
atoms to which they are bound, form a four to
six-membered heterocyclic ring containing at least one
atom independently selected from the group consisting
of oxygen, nitrogen, and sulfur; or a pharmaceutically
acceptable salt thereof. In another aspect of the
invention relates to pharmaceutical compositions
comprising of a compound of formula ( 1) . In one
embodiment, the pharmaceutical composition further
comprises a pharmaceutically acceptable carrier,
diluent, or excipient. In a third aspect of the
invention, there is provided a method for treating a
subject afflicted with a disease or condition that
responds to modulation of PLK1 activity, comprising
administering to the subject an amount of a compound
of formula ( 1 ) or a pharmaceutically acceptable
salt, solvate or physiologically functional derivative
thereof, or a composition comprising an amount of a
compound of formula ( 1 ) or a pharmaceutically
acceptable salt, solvate or physiologically functional
derivative thereof and one or more pharmaceutically
acceptable excipients or adjuvants effective to
modulate the activity of PLK1 activity in the subject,
wherein the modulation ameliorates the disease or
condition. In a fourth aspect of this invention, there
is provided a method of treating a neoplasm which is
susceptible to inhibition or modulation of PLK
activity in an animal.In a fifth aspect of this
invention, there is described a method for treating a
PLKmediated condition characterized by inappropriate
cellular proliferation. In a sixth aspect of this
invention, there is described a method for inhibiting
proliferation of cells. The method involves incubation
of cells with an amount of a compound of formula ( 1 )
or a pharmaceutically acceptable salt, solvate, or
physiologically functional derivative thereof
sufficient to inhibit proliferation of such treated
cells whereby such cellular treatment inhibits PLK. In
another aspect of the present invention, there is
described the means to inhibit cells in the stage of
mitosis by treating cells with sufficient quantity of
a compound of formula ( 1 ) or a pharmaceutically
acceptable salt, solvate, or physiologically function
derivative thereof thereby inhibiting PLK. In another
aspect, there is provided a process for preparing
compounds of formula ( 1 ) comprising the steps of: 



reacting a compound of formula (2) B(OH)2 (2) with a
compound of formula (3) wherein: X is Cl, Br, I,
O-triflate, or another leaving group, Q is as defined
for Q2 above and may be present from 0 to 2 times on
the carbocyclic portion of the benzimidazole ring, and
R 1 and R2 are as set forth above, to yield a compound
of formula ( 1 ) ; andoptionally converting a compound
of formula ( 1 ) to a pharmaceutically acceptable
salt, solvate, or physiologically functional
derivative thereof; or optionally converting a
compound of formula ( 1 ) or a pharmaceutically
acceptable salt, solvate, or physiologically
functional derivative thereof to a different compound
of formula ( 1 ) or a pharmaceutically acceptable
salt, solvate or physiologically functional derivative
thereof. In another aspect, the invention provides a
radiolabeled compound of formula ( 1) or a
pharmaceutically acceptable salt, solvate, or
physiologically functional derivative thereof. All
patents, patent applications and publications
mentioned in the present specification are hereby
incorporated by reference in their entirety. In case
of a conflict in terminology, the present
specification is controlling. Unless otherwise
indicated, the following definitions are set forth to
illustrate and define the meaning and scope of the
various terms used to describe the invention herein.
The term "halogen" refers to one or more members
selected from fluorine, chlorine, bromine, and iodine,
preferably to fluorine and chlorine. The term "alkyl",
alone or in combination with other groups, refers to a
branched or straight-chain monovalent saturated
aliphatic hydrocarbon radical of one to twenty carbon
atoms, preferably one to sixteen carbon atoms, more
preferably one to ten carbon atoms. Alkyl groups can
optionally be substituted singly or multiply, e.g.
with halogen, hydroxy, lower-alkoxy,
lower-alkoxy-carbonyl, NH2, NH(lower-alkyl) and/or
N(lower-alkyl) 2. Unsubstituted alkyl groups are
preferred. The term "lower-alkyl", alone or in
combination with other groups, refers to a branched or
straight-chain monovalent alkyl radical of one to
seven carbon atoms, preferably one to four carbon
atoms. This term is further exemplified bysuch
radicals as methyl, ethyl, n-propyl, isopropyl,
n-butyl, s-butyl, t-butyl and the like. A lower-alkyl
group may optionally have a substitution pattern as
described earlier in connection with the term "alkyl".
Unsubstituted lower-alkyl groups are preferred. The
term "alkylene" alone or in combination with other
groups, refers to a 



branched or straight-chain divalent saturated
aliphatic hydrocarbon radical of one to twenty carbon
atoms, or one to sixteen carbon atoms, or one to ten
carbon atoms, or one to seven carbon atoms, or one to
four carbon atoms. Alkylene groups can optionally be
substituted, singly or multiply, e.g. with halogen,
hydroxy, lower-alkoxy, lower-alkoxy-carbonyl, NH2,
NH(lower-alkyl) and/or N(lower-alkyl) 2. Unsubstituted
alkylene groups are preferred. The term
"lower-alkylene", alone or in combination with other
groups, refers to a branched or straight-chain
divalent alkyl radical of one to seven carbon atoms,
preferably one to four carbon atoms. This term is
further exemplified by such radicals as methylene,
ethylene, propylene, butylene and the like. A
loweralkylene group may optionally have a substitution
pattern as described earlier in connection with the
term "alkyl". Unsubstituted lower-alkylene groups are
preferred. The term "alkoxy" refers to the group
R'-O-, wherein R' is alkyl. The term "loweralkoxy"
refers to the group R'-O-, wherein R' is lower-alkyl.
Examples of loweralkoxy groups are e.g. methoxy,
ethoxy, propoxy, isopropoxy, butoxy, isobutoxy and
hexyloxy. Alkoxy and lower-alkoxy groups may
optionally have a substitution pattern as described
earlier in connection with the term "alkyl".
Unsubstituted alkoxy and lower-alkoxy groups are
preferred. The term "alkyleneoxy" refers to the group
-R'-O-, wherein R' is alkylene. The term
"lower-alkyleneoxy" refers to the group -R'-O-,
wherein R' is lower-alkylene. The term "aryl" refers
to an aromatic carbocyclic or heterocyclic ring or
ring system. Examples of aryl groups include phenyl,
furanyl, thiophenyl, pyridinyl,thiazolyl and oxazolyl,
which can optionally be mono- or multiply-substituted
by lower-alkyl, lower-alkoxy, halogen, CN, CF3,
hydroxy, NO2, NH2, NH(lower-alkyl) and/or
N(lower-alkyl) 2. Preferred substituents are
lower-alkyl, lower-alkoxy and halogen. Aryl may also
signify fused bicyclic aromatic systems such as
naphthalene and benzimidazole. The term "carbocyclic
ring" refers to a substituted or unsubstituted
monocyclic or bicyclic hydrocarbon ring system of 5 to
10 members, preferably 5 or 6 members. Preferred
groups include phenyl, naphthyl, tolyl, xylyl, etc.
The term "heterocyclic ring" or "heterocyclyl" refers
to a 5- or 6-membered ring which can comprise 1 to 4
atoms selected from nitrogen, oxygen and/or sulfur
such as tetrahydropyridine, dihydrofuran,
dihydropyran, furyl, pyrrolyl, pyridyl, 1,2-, 1,3- and
1,4-diazinyl, thienyl, oxazolyl, oxadiazolyl,
isoxazolyl, thiazolyl, isothiazolyl, tetrazolyl, or
imidazolyl. The heterocyclic ring may be optionally
substituted with an aryl group or may be optionally
substituted as described earlier in connection with
the term "aryl". Heterocylic aryl, also referred to
herein as heteroaryl, includes fused bicyclic aromatic
systems such as quinoline, 



isoquinoline, benzo[b]thiophene, and benzimidazole.
The term "lower alkenyl", alone or in combination with
other groups, refers to a branched or straight-chain
monovalent radical of one to seven carbon atoms,
preferably one to four carbon atoms, that contains at
least one carbon to carbon double bond. This term is
further exemplified by such radicals as vinyl,
propenyl, and butenyl. The term "pharmaceutically
acceptable salts" embraces salts of the compounds of
formula (I) with inorganic or organic acids such as
hydrochloric acid, hydrobromic acid, nitric acid,
sulfuric acid, phosphoric acid, citric acid, formic
acid, maleic acid, acetic acid, fumaric acid, succinic
acid, tartaric acid, methanesulfonic acid,
p-toluenesulfonic acid and the like, which are
non-toxic to living organisms.This term also
encompasses carboxylate salts having inorganic
cations, such as alkali and alkaline earth metal
cations (for example, lithium, sodium, potassium,
magnesium, barium and calcium); ammonium cations; or
organic cations, for example, dibenzylammonium,
benzylammonium, 2-hydroxyethylammonium,
bis(2-hydroxyethyl) ammonium,
phenylethylbenzylammonium, and the like. Other cations
encompassed by the above term include the protonated
form of procaine, quinine and N-methylglucosamine, and
the protonated forms of basic amino acids such as
glycine, ornithine, histidine, phenylglycine, lysine,
and arginine. The term "leaving group" is a chemical
group which is removed or replaced during a reaction.
Examples of leaving groups are halogen, mesylate and
tosylate. Thus, the invention provides a compound of
formula ( 1 ) wherein: n is an integer from 0 to 2;
each Q2 is independently selected from the group
consisting of hydroxyl, lower alkoxy, lower alkyl,
carboxyl, halogen, -O(CH 2)mO(CH2)mCH3, -O(CH 2)mOH,
-O(CH 2)mNR8R9, wherein R8 and R9 are each
independently selected from the group consisting of
hydrogen and lower alkyl , and - O(CH
2)m-heterocyclyl, and wherein each m is,
independently, an integer from 2 to 4; or n is 2 and
the Q2 groups are at the 5 and 6 or 6 and 7 positions
on the benzimidazole ring and, together with the
carbon atoms to which they are bound, form a four to
six-membered heterocyclic ring containing at least
oneatom independently selected from the group
consisting of oxygen, nitrogen, and sulfur; R 1 is a
member selected from the group consisting of -CH
2C(O)R4, -CH(OH)CF 3, -C(O)R5 and heterocyclyl,
wherein R4 is selected from the group consisting of
hydroxyl and -NH 2 and R5 is selected from the group 



consisting of hydroxyl and -NR6R7, wherein R6 and R7
are independently selected from the group consisting
of hydrogen, hydroxyl, cyano, lower alkyl, lower
cycloalkyl, optionally substituted heterocyclyl,
optionally substituted aryl, and -NH-C(O)-optionally
substituted aryl; and R2 is aryl optionally
substituted with one or more substituents
independently selected from the group consisting of
halogen, lower alkoxy, lower alkyl, hydroxyl, lower
alkenyl, halo-loweralkyl, hydroxy-loweralkyl, and -
C(O)NR8R9 wherein R8 and R9 are each independently
selected from the group consisting of hydrogen and
lower alkyl, wherein two of said optional substituents
can, together with the atoms to which they are bound,
form a four to six-membered heterocyclic ring
containing at least one atom independently selected
from the group consisting of oxygen, nitrogen, and
sulfur; or a pharmaceutically acceptable salt thereof.
Another embodiment is directed to compounds of formula
1 where R2 is optionally substituted aryl. Another
embodiment is directed to compounds of formula 1 where
R2 is optionally substituted aryl and where R 1 is
-C(O)R5. Another embodiment is directed to compounds
of formula 1 where R2 is optionally substituted aryl
and where R 1 is -C(O) R5 and where R5 is -OH. Another
embodiment is directed to compounds of formula 1 where
R2 is optionally substituted heteroaryl.Another
embodiment is directed to compounds of formula 1 where
R2 is optionally substituted heteroaryl where R 1 is
C(O)R5 and R5 is -OH. Another embodiment is directed
to compounds of formula 1 where R2 is optionally
substituted phenyl where R 1 is -C(O) R5 and R5 is
-OH. Another embodiment is directed to compounds of
formula 1 where R2 is phenyl substituted with at least
one member selected from the group consisting of
hydroxyl and halogen, where R 1 is -C(O)R5 and R5 is
-OH, preferably where R2 is phenyl substituted with
halogen, preferably where R2 is phenyl substituted in
the 3-position with halogen. Another embodiment is
directed to compounds of formula 1 where R2 is
optionally substituted aryl and where R 1 is -C(O)R5
and R5 is -NR6R7, preferably where R6 and R7 are
independently selected from the group consisting of
hydrogen, lower alkyl, and optionally substituted
aryl. Another embodiment is directed to compounds of
formula 1 where n is 1 or 2 and Q2 is independently
selected from the group consisting of halogen, lower
alkoxy, lower alkoxy-loweralkyleneoxy, and lower
alkyl. Another embodiment is directed to the compounds
of formula 1 where R 1 is -C(O)OH; n is 2; and Q2 is
methoxy. 



Another embodiment is directed to compounds of formula
1 where R2 is optionally substituted aryl and R 1 is
heterocyclyl, preferably a heterocyclyl group
containing at least one nitrogen atom. Another
embodiment is directed to the compounds of formula 1
for the use as a medicament, in particular for the use
as a medicament for the treatment of cancer,
preferably solid tumors.Another embodiment is directed
to the use of compounds of formula 1 for the
manufacture of medicaments for the treatment of
cancer, in particular solid tumors a s defined above.
The compounds of general formula 1 in this invention
may be derivatized at func ttiioonnaall ggrroouuppss
ttoo provide derivatives which are capable of
conversion back to the paarroenntt cnommnpmoui nnrdl
iinn \v/ii\v/no. The invention also relates to
pharmaceutical compositions comprising a compound a s
defined above and a pharmaceutically acceptable
carrier and/or adjuvant. The compounds of formula 1
may be manufactured by the methods given below, by the
methods given in the examples o r by analogous
methods. Based o n the present disclosure, appropriate
reaction conditions for the individual reaction steps
would be apparent to the person skilled in the art.
Starting materials are either commercially available o
r may be prepared by methods analogous to the methods
given below o r in the examples o r by methods known
in the art. The compounds of formula 1 and/or their
pharmaceutically acceptable salts may be used a s
medicaments, e.g. in the form of pharmaceutical
compositions for enteral, parenteral o r topical
administration. They may be administered, for example,
perorally, e.g. in the form of tablets, coated
tablets, dragees, hard and soft gelatine capsules,
solutions, emulsions o r suspensions, rectally, e.g.
in the form of suppositories, parenterally, e.g. in
the form of injection solutions o r infusion
solutions, o r topically, e.g. in the form of
ointments, creams o r oils. The production of the
pharmaceutical compositions may be effected in a
manner which will be familiar to any person skilled in
the art by bringing the described compounds of formula
( 1 ) and/or their pharmaceutically acceptable salts,
optionally in combination with other therapeutically
valuable substances, into a galenical administration
form together with suitable, non-toxic, inert,
therapeutically compatible solid o r liquid carrier
materials and, if desired, usual pharmaceutical
adjuvants.Suitable carrier materials are not only
inorganic carrier materials, but also organic carrier
materials. Thus, for example, lactose, corn starch or
derivatives thereof, talc, stearic acid or its salts
may be used as carrier materials for tablets, coated
tablets, dragees and hard gelatine capsules. Suitable
carrier materials for soft gelatine capsules are, for
example, vegetable oils, waxes, fats and semi 



solid and liquid polyols (depending on the nature of
the active ingredient no carriers might, however, be
required in the case of soft gelatine capsules).
Suitable carrier materials for the production of
solutions and syrups are, for example, water, polyols,
sucrose, invert sugar and the like. Suitable carrier
materials for injection solutions are, for example,
water, alcohols, polyols, glycerol and vegetable oils.
Suitable carrier materials for suppositories are, for
example, natural or hardened oils, waxes, fats and
semi-liquid or liquid polyols. Suitable carrier
materials for topical preparations are glycerides,
semi-synthetic and synthetic glycerides, hydrogenated
oils, liquid waxes, liquid paraffins, liquid fatty
alcohols, sterols, polyethylene glycols and cellulose
derivatives. Usual stabilizers, preservatives, wetting
and emulsifying agents, consistencyimproving agents,
flavor-improving agents, salts for varying the osmotic
pressure, buffer substances, solubilizers, colorants
and masking agents and antioxidants come into
consideration as pharmaceutical adjuvants. The dosage
of the compounds of formula 1 can vary within wide
limits depending on the disease to be controlled, the
age and the individual condition of the patient and
the mode of administration, and will, of course, be
fitted to the individual requirements in each
particular case. For adult patients a daily dosage of
about 1 to 1000 mg, especially about 1 to 750 mg, or 1
to 500 mg, or 1 to 250 mg, or 1 to 200 mg, or 1 to 150
mg, or 1 to 100 mg, or 1 to 75 mg, or 1 to 50 mg, or 1
to 25 mg, or 1 to 10 mg, may be administered.
Depending on severity of the disease and the precise
pharmacokinetic profile the compound could be
administered with one or several daily dosage units,
e.g. in 1 to 4 dosage units.The pharmaceutical
preparations conveniently contain about 1 to 500 mg, 1
to 250 mg, 1 to 200 mg, 1 to 150 mg, 1 to 100 mg, 1 to
75 mg, 1 to 50 mg, 1 to 25 mg, or 1 to 10 mg of a
compound of formula 1. Compounds of formula ( 1 ) may
be conveniently prepared by the methods outlined in
Scheme 1 below. SchemeDESCRIPTION OF CORE SYNTHESIS A
compound of formula 3 may be prepared by halogenation
of commercially available starting material 2. The
halogenation reaction may be effected by treatment of
a compound of formula 2 (2,4-thiazolidinedione) with
phosphorus oxybromide in the presence of DMF.
Alternatively, the halogenation reaction may also be
effected by treatment of a compound of formula 2 with
phosphorus oxychloride in the presence of DMF to form
the analogous dichloride. A compound of formula 5 may
be formed by two steps of chemistry as indicated
below. A compound of formula 3 may be oxidized to
carboxylic acid in presence of an oxidant such as, but
not limited to, potassium permanganate in water. 



Other methods for oxidation of aldehydes known to
those skilled in the art may be successfully applied
to the oxidation of a compound of formula 3 to produce
a compound of formula 4 . A compound of formula 5 may
be produced by esterifi cation of a compound of
formula 4 . This transformation may be effected by
application of reaction conditions such as, but not
limited to, reaction with [N-(3-dimethylaminopropyl)-
N'-ethylcarbodiimide in methanol. Other methods for
formation of lower alkyl esters are available and well
known to those skilled in the art.DESCRIPTION OF
CHEMISTRY FOR BENZIMIDAZOLE INTRODUCTION A compound of
formula 7 may be obtained by treatment of a compound
of formula 5 with a benzimidazole of formula 6 under
basic conditions. A strong base, such as but not
limited to, sodium hydride may be used to treat a
benzimidazole derivative of formula 6 prior to
addition of a compound of formula 5. This reaction may
be performed in a solvent and at temperatures such as,
but not limited to, N-methylpyrrolidine at 0 Celsius,
respectively. Other reaction temperatures may also be
useful. The coupling reaction of thiazole 5 and
benzimidazole 6 can also be performed by reaction with
potassium carbonate in N-methyl pyrrolidine or by
reaction with lithium hexamethyldisilazide in
tetrahydrofuran. DESCRIPTION OF CHEMISTRY FOR
BENZIMIDAZOLE FORMATION The following compounds of
formula 6 are commercially available according to the
MDL(r) Available Chemicals Directory and may be useful
to this invention.PROCESS OF FORMING A POLYOL FIELD OF
THE INVENTION [0001] The subject invention generally
relates to a process of forming a polyol and a
polyurethane article formed from the polyol. More
specifically, the subject invention relates to a
process of forming the polyol in the presence of an
alkaline earth metal hydroxide and an amine.
DESCRIPTION OF THE RELATED ART [0002] Various
processes of forming polyols are known in the art. One
process includes reacting sucrose and glycerin,
together having an average functionality of less than
7, with an alkylene oxide. The sucrose, glycerin, and
the alkylene oxide are typically reacted in the
presence of catalytic amounts of potassium hydroxide
and/or an amine to form the polyol. This reaction is
an alkoxylation reaction and forms chains of alkylene
oxide units on the hydroxyl groups of the sucrose
and/or glycerin. [0003] In the presence of the
potassium hydroxide, either alone or with the amine,
the alkoxylation reaction proceeds. However, the
alkoxylation reaction adds additional and
disproportionate numbers of alkylene oxide units to a
pre-existing chain of alkylene oxide units that has
been formed on the hydroxyl groups of the sucrose
and/or glycerin. This leads to uneven chain lengths
and un-reacted sucrose, which is a contaminant in the
polyol. Additionally, use of potassium hydroxide
leaves residues in the polyol which negatively affect
foaming 



properties. As a result, the potassium must be
removed, thereby slowing manufacturing, decreasing
product yield, and increasing production cost, which
are not suitable for industrial practice. [0004] In
the presence of the amine alone, the alkoxylation
reaction does not add additional and disproportionate
numbers of alkylene oxide units. Yet, catalytic
effectiveness of the amine isdiminished as
polymerization takes place, i.e., the number of moles
of alkylene oxide per mole of the hydroxyl groups on
the sucrose and/or glycerin increases. Specifically,
the amine is not catalytically effective when the
number of moles increase beyond two or when a hydroxyl
number of the polyol falls below 350 mg KOH/g. [0005]
Attempts have been made to overcome issues associated
with using potassium hydroxide and/or amines. However,
these attempts are not cost effective and do not
produce the polyol in high yield. One attempt includes
a step-wise reaction of sucrose and glycerin with an
alkylene oxide. Specifically, the sucrose and the
glycerin are reacted with the alkylene oxide in the
presence of the amine until the chain length is about
one mole of the alkylene oxide per one mole of the
hydroxyl groups of the sucrose and/or glycerin. At
that point, the reaction is stopped and the potassium
hydroxide is added to form the polyol. However, this
step-wise reaction decreases production speed in that
the manufacturing process must be stopped to add the
potassium hydroxide. Additionally, this step-wise
reaction decreases yield and increases costs making
the step-wise reaction not desirable for commercial
use. [0006] It is also known in the art to form foams
and surfactants through the use of a polyol and an
isocyanate, in the presence of an alkaline earth metal
hydroxide and an amine. However, in these situations,
the alkaline earth metal hydroxide and the amine are
not used to catalyze alkoxylation of an initiator
composition to form the polyol and therefore do not
function in an equivalent way when used to form the
foam and/or surfactants. [0007] Accordingly, there
remains an opportunity to form a polyol having
consistent chain length with increased speed and in
high yield, while reducing costs and maximizing
efficiency. There also remains an opportunity to form
a polyurethane article from the polyol.SUMMARY OF THE
INVENTION AND ADVANTAGES [0008] The present invention
provides a process of forming a polyol. The process
includes the step of providing an alkylene oxide and
the step of providing an initiator composition having
an average functionality of at least four. The process
also includes the step of providing an alkaline earth
metal hydroxide and an amine. The process further
includes the step of reacting the initiator
composition and the alkylene oxide in the presence of
the alkaline earth metal hydroxide and the amine to
form the polyol. The present invention also provides
the polyol including the reaction product of the
initiator composition and the alkylene oxide, reacted
in the presence of the alkaline earth metal hydroxide
and the amine. Further, the present invention provides
a polyurethane article including the reaction product
of an isocyanate and the polyol of the present
invention. [0009] The combination of the alkaline
earth metal hydroxide and the amine allow for a smooth
transition from amine catalysis to alkaline earth
metal hydroxide catalysis to form the polyol. 



This eliminates a need to interrupt the process. This
also allows the polyol to have consistent chain length
and be formed with increased speed and in high yield,
while reducing costs and maximizing efficiency. BRIEF
DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[0010] Other advantages of the present invention will
be readily appreciated, as the same becomes better
understood by reference to the following detailed
description when considered in connection with the
accompanying drawings wherein: [0011] Figure 1 is a
line graph illustrating an experimental process
profile of polyol formation through alkoxylation of an
initiator composition in the presence of
dimethylethanolamine andstrontium hydroxide 8-hydrate,
and percentage of propylene oxide addition, pressure
and temperature over time; [0012] Figure 2 is a line
graph illustrating a first control process profile of
polyol formation through alkoxylation of an initiator
composition in the presence of
dimethylcyclohexylamine, and percentage of propylene
oxide addition, pressure and temperature over time;
and [0013] Figure 3 is a line graph illustrating a
second control process profile of polyol formation
through alkoxylation of an initiator composition in
the presence of strontium hydroxide 8- hydrate, and
percentage of propylene oxide addition, pressure and
temperature over time. DETAILED DESCRIPTION OF THE
INVENTION [0014] A process of forming a polyol is
disclosed. The process includes the step of providing
an alkylene oxide and the step of providing an
initiator composition having an average functionality
of at least four. The process also includes the step
of providing an alkaline earth metal hydroxide and an
amine. The step of providing the alkaline earth metal
hydroxide and the amine may be further defined as
providing a combination of the alkaline earth metal
hydroxide and the amine. However, the alkaline earth
metal hydroxide and the amine may be provided
separately. If provided separately, the process
preferably includes the step of providing the amine
before providing the alkaline earth metal hydroxide.
Alternatively, the process may include the step of
providing the alkaline earth metal hydroxide before
providing the amine. [0015] The process further
includes the step of reacting the initiator
composition and the alkylene oxide in the presence of
the alkaline earth metal hydroxide and the amine to
form the polyol. The polyol, the alkaline earth metal
hydroxide, and the amine will each be described in
greater detail below. Additionally, the polyol formed
from the process is also disclosed. Further, a
polyurethane article including the reaction product of
an isocyanate and the polyol formed fromthe process of
the present invention is also disclosed. The
polyurethane article and the process are also
described in greater detail below. [0016] The
initiator composition used to form the polyol has an
average functionality of at least four. Preferably,
the initiator composition has an average functionality
of at least six. In one embodiment, the initiator
composition includes sucrose, sorbitol, or a
combination thereof. Preferably, the initiator
composition includes sucrose, commercially available
from Michigan Sugar Company of Bay City, MI, under the
trade name of Big Chief Granulated Sugar. However, it
is also contemplated that the initiator composition
may include a non-reducing sugar 



having at least six hydroxyl groups, other than
sucrose. It is also contemplated that combinations of
the initiator composition may be utilized. [0017] The
initiator composition may include a blend of two or
more initiators. In one embodiment, the initiator
composition includes a first initiator selected from
the group of sucrose, sorbitol, and combinations
thereof and a second initiator selected from the group
of glycerin, propylene glycol, dipropylene glycol,
ethylene glycol, diethylene glycol, and combinations
thereof. In another embodiment, the initiator
composition includes sucrose and glycerin. If the
initiator composition includes the second initiator,
the second initiator may be any known in the art and
may include low molecular weight di- and/or
poly-functional alcohols and amines. Preferably, the
second initiator has a functionality of from 2 to 6
and more preferably of from 3 to 5. Most preferably,
the second initiator has a functionality of 3. In
another embodiment, the second initiator includes
glycerin, commercially available from Proctor and
Gamble under the trade name of Superol". Other
suitable second initiators may also be used and may
include trimethylol-alkanes such as
1,1,1-trimethylolpropane. It is contemplated that
combinations of the second initiator may also be
utilized.[0018] The first initiator and/or the second
initiator may be present in the initiator composition
in any amount. In one embodiment, the first initiator
is preferably present in an amount of at least 30
parts by weight per 100 parts by weight of the
initiator composition. Also, the second initiator is
preferably present in an amount of less than 40, more
preferably of less than 30, and most preferably of
less than 20, parts by weight per 100 parts by weight
of the initiator composition. In one embodiment, the
second initiator is present in an amount such that the
amount of the first initiator and the amount of the
second initiator are together equivalent to the total
amount of the initiator composition. [0019] The
initiator composition reacts with the alkylene oxide
in the presence of the alkaline earth metal hydroxide
and the amine, to form the polyol. The alkylene oxide
may be any alkylene oxide known in the art and is
preferably selected from the group of ethylene oxide,
propylene oxide, butylene oxide, amylene oxide, and
combinations thereof. More preferably the alkylene
oxide is selected from the group of ethylene oxide,
propylene oxide, and combinations thereof. Most
preferably, the alkylene oxide includes propylene
oxide. The initiator composition may react with the
alkylene oxide in any amount dependent on the goals of
one skilled in the art to form the polyol having
specific hydroxyl numbers. This reaction of the
initiator composition and the alkylene oxide is a ring
opening alkoxylation reaction and forms chains of
alkylene oxide units on the hydroxyl groups of the
first initiator and/or second initiator, thereby
forming the polyol. Preferably, this reaction forms
the polyol having approximately equal length chains of
the alkylene oxide units, thereby allowing the polyol
to have consistent physical and chemical properties.
[0020] Referring now to the alkaline earth metal
hydroxide first introduced above, the polyol is formed
in the presence of the alkaline earth metal hydroxide.
Alkaline earth metals are locatedin Group 2 of the
Periodic Table, as opposed to the alkali metals
located in Group 1 of the Periodic Table. The present
invention does not include alkali metals located in
Group 1. The 



alkaline earth metal hydroxide is preferably selected
from the group of calcium hydroxide, strontium
hydroxide, barium hydroxide, and combinations thereof.
Most preferably, the alkaline earth metal hydroxide
includes strontium hydroxide. The alkaline earth metal
hydroxide may also include hydrates. Examples of
suitable hydrates include, but are not limited to, 1
through 9 hydrates, and combinations thereof. A
particularly suitable hydrate includes 8-hydrate
(octahydrate). In one embodiment, the alkaline earth
metal hydroxide includes strontium hydroxide 8-hydrate
commercially available from Noah Technologies
Corporation of San Antonio, TX. Preferably, the
alkaline earth metal hydroxide is present with the
initiator composition, the alkylene oxide, and the
amine in an amount of from 0.01 to 1, more preferably
of from 0.1 to 0.75, and most preferably of from 0.2
to 0.5, parts by weight per 100 parts by weight of the
polyol. [0021] In addition to the alkaline earth metal
hydroxide, the polyol is also formed, and the
initiator composition and the alkylene oxide are
reacted, in the presence of the amine. The amine may
be any amine known in the art and may be a primary,
secondary, or tertiary amine. The amine may also
include a mixture of primary, secondary, and/or
tertiary amines. In one embodiment, the amine includes
dimethylethanolamine, commercially available from
Atofina Chemicals, Inc. of Philadelphia, PA.
Preferably, the amine is present with the initiator
composition, the alkylene oxide, and the alkaline
earth metal hydroxide in an amount of from 0.01 to 5,
more preferably of from 0.1 to 2, and most preferably
of from 0.5 to 1.5, parts by weight per 100 parts by
weight of the polyol.[0022] Without intending to be
bound by any particular theory, it is believed that
the alkaline earth metal hydroxide catalytically
supplements the amine. This catalyzes the reaction of
the initiator composition and the alkylene oxide
without interfering with an even distribution of
alkylene oxide units on the hydroxyl groups of the
first initiator and/or second initiator of the
initiator composition, through alkoxylation. When an
average chain length of the polyol is less than one
(i.e., when there is less than one mole of alkylene
oxide per one mole of hydroxyl groups of the initiator
composition), it is believed that the amine is the
dominant catalyst. When the chain length of the polyol
is about 1.5, it is believed that a catalytic effect
of the alkaline earth metal hydroxide accelerates. The
combination of the alkaline earth metal hydroxide and
the amine allows for a smooth transition from amine
catalysis to alkaline earth metal hydroxide catalysis
of the reaction of the initiator composition and the
alkylene oxide to form the polyol. The polyol may be
formed in any amount of time. However, the polyol is
preferably formed in less than 15 hours, more
preferably in less than 12 hours, and most preferably
in less than 10 hours. [0023] As first introduced
above, the polyol includes the reaction product of the
initiator composition having an average functionality
of at least four and an alkylene oxide, reacted in the
presence of the alkaline earth metal hydroxide and the
amine. The polyol preferably has a hydroxyl number of
less than or equal to 500, more preferably of from 200
to 470, and most preferably of from 280 to 370, mg
KOH/g. Further, the polyol preferably has an
equivalent 



weight of less than or equal to 300 Daltons. The
terminology "equivalent weight" is a portion of the
weight average molecular weight (Mw) of the polyol
divided by a functionality of the polyol. [0024] In
one embodiment, the polyol that is formed includes an
internal block formed from the alkylene oxide. In
another embodiment, the polyol includes two internal
blocks formed from thealkylene oxide. In yet another
embodiment, the polyol includes three or more blocks
formed from the alkylene oxide. In one embodiment, the
polyol includes internal blocks including at least one
ethylene oxide unit and at least one propylene oxide
unit arranged in a heteric formation, i.e., random
blocks formed from propylene oxide and/or ethylene
oxide. At a minimum, it is preferred that the blocks
have 50 parts by weight of propylene oxide per 100
parts by weight of the polyol. Also, the heteric
formation preferably includes less than or equal to 3
repeating propylene oxide units. [0025] After
formation, the polyol may be used to form the
polyurethane article. The polyurethane article may be
a rigid or elastic foam or may be an elastomer.
Preferably, the polyurethane article is a rigid foam.
If a rigid foam, the polyurethane article may be used
in a wide variety of industries including, but not
limited to, in insulation and in building supplies.
Before the polyol is used to form the polyurethane
article, the alkaline earth metal hydroxide and the
amine may be substantially removed from the polyol.
However, this is not required. [0026] The polyurethane
article includes the reaction product of the
isocyanate and the polyol, as first introduced above.
However, before the polyol is reacted with the
isocyanate, one or more additives may be added to the
polyol and/or the isocyanate. The additive may
include, but is not limited to, air releasing agents,
wetting agents, surface modifiers, waxes, inert
inorganic fillers, molecular sieves, reactive
inorganic fillers, chopped glass, processing
additives, surface-active agents, adhesion promoters,
anti-oxidants, dyes, pigments, ultraviolet light
stabilizers, thixotropic agents, anti-aging agents,
lubricants, adhesion promoters, coupling agents,
solvents, rheology promoters, surfactants,
cross-linking agents, blowing agents, blowing reaction
modifiers, catalysts including blowing,
polymerization, and gelling catalysts,
compatibilizers, chain extenders, anti-foaming agents,
chain terminators, and combinations thereof. If
included,the additive may be present in the polyol
and/or the isocyanate in any amount. Additionally, a
second polyol, different from the polyol, may also be
added to the polyol before the polyurethane article is
formed. [0027] The isocyanate that reacts with the
polyol may be any isocyanate known in the art and may
include, but is not limited to, isocyanates,
polyisocyanates, biurets of isocyanates and
polyisocyanates, isocyanurates of isocyanates and
polyisocyanates, and combinations thereof. In one
embodiment of the present invention, the isocyanate
component includes an n-functional isocyanate. In this
embodiment, n is a number preferably from 2 to 5, more
preferably from 2 to 4, and most preferably from 3 to
4. It is to be understood that n may be an integer or
may have intermediate values from 2 to 5. The
isocyanate may be selected from the group of aromatic
isocyanates, aliphatic isocyanates, and combinations
thereof. In one embodiment, the isocyanate component
includes an aliphatic isocyanate. If the isocyanate
component includes an aliphatic isocyanate, the
isocyanate component may also include a modified
multivalent aliphatic 



isocyanate, i.e., a product which is obtained through
chemical reactions of aliphatic diisocyanates and/or
aliphatic polyisocyanates. Examples include, but are
not limited to, ureas, biurets, allophanates,
carbodiimides, uretonimines, isocyanurates, urethane
groups, dimers, trimers, and combinations thereof. The
isocyanate component may also include, but is not
limited to, modified diisocyanates employed
individually or in reaction products with
polyoxyalkyleneglycols, diethylene glycols,
dipropylene glycols, polyoxyethylene glycols,
polyoxypropylene glycols,
polyoxypropylenepolyoxethylene glycols, polyesterols,
polycaprolactones, and combinations thereof. [0028]
Alternatively, the isocyanate may include an aromatic
isocyanate. If the isocyanate includes an aromatic
isocyanate, the aromatic isocyanate may correspond to
the formulaR'(NCO)z wherein R' is a polyvalent organic
radical which is aromatic and z is an integer that
corresponds to the valence of R'. Preferably, z is at
least two. If the isocyanate includes the aromatic
isocyanate, the isocyanate may include, but is not
limited to, the tetramethylxylylene diisocyanate
(TMXDI), 1,4-diisocyanatobenzene,
1,3-diisocyanato-o-xylene, 1,3-diisocyanato-/?-
xylene, 1,3-diisocyanato-m-xylene,
2,4-diisocyanato-l-chlorobenzene, 2,4-diisocyanato-l
-nitro benzene, 2,5-diisocyanato-l -nitrobenzene,
m-phenylene diisocyanate, /?-phenylene diisocyanate,
2,4-toluene diisocyanate, 2,6-toluene diisocyanate,
mixtures of 2,4- and 2,6-toluene diisocyanate,
1,5-naphthalene diisocyanate, l-methoxy-2,4-phenylene
diisocyanate, 4,4'-diphenylmethane diisocyanate,
2,4'-diphenylmethane diisocyanate, 4,4'-biphenylene
diisocyanate, 3,3'-dimethyl- 4,4'-diphenylmethane
diisocyanate, 3,3'-dimethyldiphenylmethane -4 ,4
'-diisocyanate, triisocyanates such as
4,4',4"-triphenylmethane triisocyanate polymethylene
polyphenylene polyisocyanate and 2,4,6-toluene
triisocyanate, tetraisocyanates such as
4,4'-dimethyl-2,2'-5,5'- diphenylmethane
tetraisocyanate, toluene diisocyanate,
2,2'-diphenylmethane diisocyanate, 2,4'-
diphenylmethane diisocyanate, 4,4'-diphenylmethane
diisocyanate, polymethylene polyphenylene
polyisocyanate, corresponding isomeric mixtures
thereof, and combinations thereof. Alternatively, the
aromatic isocyanate may include a triisocyanate
product of m-TMXDI and 1,1,1-trimethylolpropane, a
reaction product of toluene diisocyanate and 1,1,1-
trimethyolpropane, and combinations thereof. The
isocyanate may have any % NCO content and any
viscosity. The isocyanate may also react with the
polyol in any amount to form the polyurethane article.
EXAMPLES [0029] A Polyol 1 is formed according to the
process of the present invention in the presence of
the Alkaline Earth Metal Hydroxide and a First Amine.
Two comparative polyols, ComparativePolyols 1 and 2,
are also formed but not according to the process of
the present invention. The Comparative Polyol 1 is
formed from reacting the Initiator Composition and the
Alkylene Oxide in the presence of a Second Amine and
not the Alkaline Earth Metal Hydroxide. The
Comparative Polyol 2 is formed from reacting the
Initiator Composition and the Alkylene Oxide in the
presence of the Alkaline Earth Metal Hydroxide and not
the First Amine or the Second Amine. Specific amounts
of the Initiator Composition, the Alkylene Oxide, the
Alkaline Earth Metal Hydroxide, the First Amine, and
the Second Amine, are set forth in Table 1, below. The



times of reaction, formulation OH numbers, and
experimental OH numbers of the Polyol 1 and the
Comparative Polyols 1 and 2, are also set forth below,
in Table 1. All components are in grams for Polyol 1
and Comparative Polyol 1 and are in kilograms for
Comparative Polyol 2, unless otherwise indicated.
TABLE 1 [0030] Glycerin is commercially available from
Procter & Gamble Company under the trade name of
Superol(r)[0031] Sucrose is commercially available
from Michigan Sugar Company of Bay City, MI, under the
trade name of Big Chief Granulated Sugar. [0032]
Alkaline Earth Metal Hydroxide is strontium hydroxide
8-hydrate, which is commercially available from Noah
Technologies Corporation of San Antonio, TX. [0033]
First Amine is dimethylethanolamine, which is
commercially available from Atofina Chemicals, Inc. of
Philadelphia, PA. [0034] Second Amine is
dimethylcyclohexylamine, which is commercially
available from Air Products and Chemicals, Inc. of
Allentown, PA under the trade name of Polycat" 8.
[0035] Alkylene Oxide is propylene oxide, which is
commercially available from Huntsman Base Chemicals.
[0036] The Formulation OH Number is the OH number (mg
KOH/g) of the Polyol 1 and the Comparative Polyols 1
and 2 that are calculated to result from the reaction
of the Initiator Composition and the Alkylene Oxide.
[0037] The Experimental OH Number is the OH number (mg
KOH/g) of the Polyol 1 and the Comparative Polyols 1
and 2 that actually result from the reaction of the
Initiator Composition and the Alkylene Oxide. [0038]
The Time of Alkylene Oxide Addition is a time needed
to add the Alkylene Oxide to a reactor vessel while
maintaining a pressure of the reactor vessel at or
below 6.2 bar [90 psig]. [0039] The Total Time of
Reaction is a time needed to add the Alkylene Oxide to
the reactor vessel and to complete alkoxylation of the
Initiator Composition, after completion of the
Alkylene Oxide addition, as measured in the reactor
vessel for pressure, temperature, and time, and is
shown in Figures 1 through 3. Specifically, the
alkoxylation reaction is essentially complete when the
pressure and temperature both achieve a steady
state.[0040] In Figure 1, alkoxylation of the
Initiator Composition and formation of Polyol 1 is
shown as being catalyzed by both the First Amine and
the Alkaline Earth Metal Hydroxide. Without intending
to be bound by any particular theory, it is believed
that, as shown in Figure 1, between approximately 1
and 4 hours, the pressure is declining as a result of
catalysis from the First Amine. It is also believed
that, as shown in Figure 1, between approximately 4.3
and 8 hours, the catalysis from the First Amine is
ending and catalysis from the Alkaline Earth Metal
Hydroxide is increasing. Overall, at approximately 9
hours, the alkoxylation reaction is essentially
complete when both the temperature and pressure
achieve a steady state, thereby forming the Polyol 1
having an Experimental Hydroxyl Number of
approximately 355.6 mg KOH/g, which is approximately
equal to the Formulation Hydroxyl Number. 



[0041] As shown in Figure 2 and in Table 1, the
Comparative Polyol 1 forming in the presence of the
Second Amine, dimethylcyclohexylamine, does not have
an Experimental Hydroxyl Number that is approximately
equal to the Formulation Hydroxyl Number. Figure 2
shows that forming the Comparative Polyol 1 is stopped
at approximately 10.28 hours and 93.6% of the Alkylene
Oxide amount added due to pressure considerations.
Reaction of the added Alkylene Oxide is complete after
the temperature and pressure become steady at
approximately 12.9 hours. The remaining 6.4% of the
Alkylene Oxide is subsequently added between 16.8 and
17.3 hours after an additional amount of the Second
Amine, dimethylcyclohexylamine, is added to the
reactor vessel. The last 6.4% of the Alkylene Oxide is
later recovered in a vacuum-stripping operation and
appears not to react to form the desired Comparative
Polyol 1. Without intending to be limited by any
particular theory, it is believed that the catalysis
by the Second Amine includes a kinetic limitation on
the formation of the Comparative Polyol 1. The
kineticlimitation is believed to prevent the
Comparative Polyol 1 from having an Experimental
Hydroxyl Number that is approximately equal to the
Formulation Hydroxyl Number. [0042] As is shown in
Figure 3 and in Table 1, the Comparative Polyol 2
forming in the presence of strontium hydroxide has an
Experimental Hydroxyl Number that is approximately
equal to the Formulation Hydroxyl Number. However,
Figure 3 also shows that forming the Comparative
Polyol 2 is stopped at approximately 5.5 hours due to
pressure considerations. After pressure decreases, the
reaction begins again to form the Comparative Polyol
2. Rapid pressure increases are not desirable for
industrial implementation. [0043] In formation of the
Polyol 1, the Time of Alkylene Oxide Addition is less
than the corresponding times in the formation of the
Comparative Polyols 1 and 2. Additionally, the total
time of reaction for the formation of the Polyol 1 is
also less than the corresponding total time of
reaction for the formation of the Comparative Polyols
1 and 2. [0044] After formation, the Polyol 1 exhibits
an Experimental OH Number that is within approximately
1 percent of the Formulation OH Number and a reaction
time that is less than 10 hours. Conversely, the
Comparative Polyols 1 and 2 exhibit Experimental OH
Numbers that are within 7.5 percent and 0.5 percent of
the Formulation OH Numbers, respectively. However, the
reactions times for the Comparative Polyols 1 and 2
are 12.9 hours and 18.66 hours, respectively,
exhibiting inefficiency. [0045] The invention has been
described in an illustrative manner, and it is to be
understood that the terminology which has been used is
intended to be in the nature of words of description
rather than of limitation. Obviously, many
modifications and variations of the present invention
are possible in light of the above teachings, and the
invention may be practiced otherwise than as
specifically described.CLAIMS What is claimed is: 1. A
process of forming a polyol comprising the steps of:
providing an alkylene oxide; providing an initiator
composition having an average functionality of at
least four; 



providing an alkaline earth metal hydroxide and an
amine; and reacting the initiator composition and the
alkylene oxide in the presence of the alkaline earth
metal hydroxide and the amine to form the polyol. 2. A
process as set forth in claim 1 wherein the initiator
composition comprises sucrose, sorbitol, or a
combination thereof. 3. A process as set forth in
claim 2 wherein the initiator composition comprises
sucrose. 4. A process as set forth in claim 1 wherein
the initiator composition comprises a blend of two or
more initiators. 5. A process as set forth in claim 4
wherein the initiator composition comprises sucrose
and glycerin. 6. A process as set forth in claim 4
wherein the initiator composition comprises a first
initiator selected from the group of sucrose,
sorbitol, and combinations thereof and a second
initiator selected from the group of glycerin,
propylene glycol, dipropylene glycol, ethylene glycol,
diethylene glycol, and combinations thereof. 7. A
process as set forth in claim 6 wherein the first
initiator is present in an amount of at least 30 parts
by weight per 100 parts by weight of the initiator
composition.8. A process as set forth in claim 1
wherein the alkaline earth metal hydroxide is selected
from the group of calcium hydroxide, strontium
hydroxide, barium hydroxide, and combinations thereof.
9. A process as set forth in claim 1 wherein the
alkaline earth metal hydroxide comprises strontium
hydroxide. 10. A process as set forth in claim 1
wherein the alkaline earth metal hydroxide is present
in an amount from 0.1 to 0.75 parts by weight per 100
parts by weight of polyol. 11. A process as set forth
in claim 1 wherein the amine comprises
dimethylethanolamine. 12. A process as set forth in
claim 1 wherein the amine is present in an amount from
0.1 to 2 parts by weight per 100 parts by weight of
the polyol. 13. A process as set forth in claim 1
wherein the alkylene oxide is selected from the group
of ethylene oxide, propylene oxide, butylene oxide,
amylene oxide, and combinations thereof. 14. A process
as set forth in claim 1 wherein the alkylene oxide
comprises propylene oxide. 15. A process as set forth
in claim 1 wherein the polyol has a hydroxyl number of
from 200 to 470 mg KOH/g and an equivalent weight of
less than or equal to 300 Daltons. 16. A process as
set forth in claim 1 wherein the polyol comprises
internal blocks comprising at least one ethylene oxide
unit and at least one propylene oxide unit arranged in
a heteric formation. 17. A process as set forth in
claim 16 wherein the heteric formation comprises less
than 



or equal to 3 repeating propylene oxide units.18. A
process as set forth in claim 1wherein the polyol is
formed in less than 12 hours. 19. A process as set
forth in claim 1 wherein the step of providing the
alkaline earth metal hydroxide and the amine is
further defined as providing a combination of the
alkaline earth metal hydroxide and the amine. 20. A
process as set forth in claim 1 wherein the step of
providing the alkaline earth metal hydroxide and the
amine further comprises the step of providing the
amine before providing the alkaline earth metal
hydroxide. 21. A process as set forth in claim 1
wherein the alkylene oxide comprises propylene oxide,
the initiator composition comprises a first initiator
comprising sucrose and a second initiator comprising
glycerin, the alkaline earth metal hydroxide comprises
strontium hydroxide, and the amine comprises
dimethylethanolamine.22. A polyol comprising the
reaction product of: an initiator composition having
an average functionality of at least four; and an
alkylene oxide, reacted in the presence of an alkaline
earth metal hydroxide and an amine. 23. A polyol as
set forth in claim 22 wherein said initiator
composition comprises a blend of two or more
initiators. 24. A polyol as set forth in claim 23
wherein said initiator composition comprises a first
initiator comprising sucrose and a second initiator
comprising glycerin. 25. A polyol as set forth in
claim 22 wherein said alkaline earth metal hydroxide
comprises strontium hydroxide and said amine comprises
dimethylethanolamine. 26. A polyol as set forth in
claim 22 wherein said alkylene oxide comprises
propylene oxide. 27. A polyol as set forth in claim 22
having a hydroxyl number of from 200 to 470 mg KOH/g
and an equivalent weight of less than or equal to 300
Daltons. 28. A polyol as set forth in claim 22 having
internal blocks comprising at least one ethylene oxide
unit and at least one propylene oxide unit arranged in
a heteric formation and said heteric formation
comprises less than or equal to 3 repeating propylene
oxide units. 29. A polyol as set forth in claim 22,
wherein the reaction of the initiator composition and
the alkylene oxide is for a time of less than 12
hours. 30. A polyol as set forth in claim 22 wherein
said initiator composition comprises a first initiator
comprising sucrose and a second initiator comprising
glycerin, said alkaline earth metal hydroxide
comprises strontium hydroxide, said amine comprises
dimethylethanolamine, and said alkylene oxide
comprises propylene oxide.31. A polyurethane article
comprising the reaction product of: an isocyanate; and
a polyol comprising the reaction product of; an
initiator composition having an average functionality
of at least four, and an alkylene oxide, reacted in
the presence of an alkaline earth metal hydroxide and
an amine. 



32. A polyurethane article as set forth in claim 3 1
wherein said initiator composition comprises a blend
of two or more initiators. 33. A polyurethane article
as set forth in claim 32 wherein said initiator
composition comprises a first initiator comprising
sucrose and a second initiator comprising glycerin.
34. A polyurethane article as set forth in claim 3 1
wherein said alkaline earth metal hydroxide comprises
strontium hydroxide and said amine comprises
dimethylethanolamine. 35. A polyurethane article as
set forth in claim 3 1 wherein said alkylene oxide
comprises propylene oxide. 36. A polyurethane article
as set forth in claim 3 1 wherein said polyol has a
hydroxyl number of from 200 to 470 mg KOH/g and an
equivalent weight of less than or equal to 300
Daltons. 37. A polyurethane article as set forth in
claim 3 1 wherein said polyol has internal blocks
comprising at least one ethylene oxide unit and at
least one propylene oxide unit arranged in a heteric
formation and said heteric formation comprises less
than or equal to 3 repeating propylene oxide units.
38. A polyurethane article as set forth in claim
31that is a foam.39. A polyurethane article as set
forth in claim 3 1 wherein said initiator composition
comprises a first initiator comprising sucrose and a
second initiator comprising glycerin, said alkaline
earth metal hydroxide comprises strontium hydroxide,
said amine comprises dimethylethanolamine, said
alkylene oxide comprises propylene oxide, and said
polyurethane article is a foam. 


