
SUPER FAST-ACTING INSULIN COMPOSITIONS RELATED
APPLICATIONS Benefit of priority is claimed to U.S.
Provisional Application Serial No. 61/125,835, to
Gregory Frost, Igor Bilinsky, Daniel Vaughn and Barry
Sugarman, entitled "SUPER FAST-ACTING INSULIN
COMPOSITIONS," filed April 28, 2008, and U.S.
Provisional Application Serial No. 61/127,044, to
Gregory Frost, Igor Bilinsky, Daniel Vaughn and Barry
Sugarman, entitled "SUPER FAST-ACTING INSULIN
COMPOSITIONS," filed May 9, 2008. This application is
related to corresponding U.S. Application No.
12/387,225 to Gregory Frost, Igor Bilinsky, Daniel
Vaughn and Barry Sugarman, entitled "SUPER FAST-ACTING
INSULIN COMPOSITIONS," which also claims priority to
U.S. Provisional Application Serial Nos. 61/125,835
and 61/127,044. The subject matter of each of the
above-referenced applications is incorporated by
reference in its entirety. FIELD OF THE INVENTION
Provided are combinations, compositions and kits
containing a fast-acting insulin composition and a
hyaluronan degrading enzyme composition formulated for
parenteral administration. Such products can be used
in methods of treating insulintreatable diseases or
conditions. Also provided are methods for
administration of insulin and a hyaluronan degrading
enzyme. BACKGROUND Diabetes results in chronic
hyperglycemia due to the inability of the pancreas to
produce adequate amounts of insulin or due to the
inability of cells to synthesize and release the
insulin appropriately. Hyperglycemia also can be
experienced by critically ill patients, resulting in
increased mortality and morbidity. Insulin has been
administered as a therapeutic to treat patients having
diabetes, including, for example, type 1 diabetes,
type 2 diabetes and gestational diabetes, in order to
mimic the endogenous insulin response that occurs in
normal individuals. Insulin also has been administered
to critically ill patients with hyperglycemia to
control blood glucose levels.Typically, fast-acting
insulins are administered to such subjects in response
to hyperglycemia or in anticipation of hyperglycemia,
such as following consumption of a meal, which can
result in glycemic control. However, current
fast-acting forms of insulins have a delay in
absorption and action, and therefore do not
approximate the rapid endogenous insulin action. Thus,
such formulations do not act quickly enough to shut
off hepatic glucose production that occurs shortly
after this first phase of insulin release. Due to the
delay in pharmacological action, the fast-acting
insulin preparations should be administered in advance
of meals in order to achieve the desired glycemic
control. Further, the doses that must be administered
lead to an extended duration of action that
contributes to hypoglycemia, and in many cases,
obesity. Hence, there is a need for alternative
insulin compositions that more effectively mimic the
endogenous insulin response when administered to a
subject, leading to more effective glycemic control
and a reduction in the negative side-effects of
insulin therapy, such as weight gain. SUMMARY Provided
are super fast-acting insulin compositions that can
act more rapidly and/or increase systemic exposure
during a preselected time period compared to
fastacting compositions. Hence, provided are super
fast-acting insulin compositions. The compositions
contain a therapeutically effective amount of a
fast-acting insulin and an amount of a hyaluronan
degrading enzyme to render the composition super
fastacting. The compositions are formulated for
parenteral administration, such as subcutaneous,
intradermal or intramuscular administration. Insulin
dosage (amount administered) can be determined by the
quantity sufficient to achieve glycemic control, which
can be determined empirically, such as by glucose
challenge. Typically, a goal in treatment is to
administer the lowest possible amount of insulin to
achieve glycemic control and reduce the number of
hyperglycemic and/or hypoglycemic events. The lower
doses of insulin used in the super fast-acting insulin
compositions can reduce the risk of weight gain and
obesity in diabetic subjects. The compositions can be
provided in any suitable container or vehicle, such as
in a sterile vial, syringe, cartridge, insulin pen,
insulin pump or in a closed loop system
reservoir.Provided herein are super fast-acting
insulin compositions containing a therapeutically
effective amount of a fast-acting insulin to control
blood glucose levels and an amount of a hyaluronan
degrading enzyme sufficient to render the composition
a super fast-acting insulin composition. Also provided
are methods for making super fast-acting insulin
compositions, such as any super fast-acting insulin
compositions described herein, by selecting a
fast-acting insulin and combining it with a sufficient
amount of hyaluronan degrading enzyme to render the
composition a super fast-acting insulin composition.
In some examples of the compositions and methods of
making the compositions, the therapeutically effective
amount of fastacting insulin is from or from about 10
U/mL to or to about 500 U/ml insulin, and the
sufficient amount of a hyaluronan degrading enzyme to
render the composition a super fast-acting insulin
composition is functionally equivalent to at least or
about 1 U/mL, 2 U/mL, 3 U/mL, 4 U/mL, 5 U/mL, 6 U/mL,
7 U/mL, 8 U/mL, 9 U/mL, 10 U/mL, 15 U/mL, 20 U/mL or
25 U hyaluronidase activity/mL. In some examples, the
sufficient amount of a hyaluronan degrading enzyme to
render the composition a super fast-acting insulin
composition is functionally equivalent to at least or
about 30 or 35 Units hyaluronidase activity/mL. For
example, the amount of fast-acting insulin in the
compositions can be or be about 10 U/mL, 20 U/mL, 30
U/mL, 40 U/mL, 50 U/mL, 60 U/mL, 70 U/mL, 80 U/mL, 90
U/mL, 100 U/mL, 150 U/mL, 200 U/mL, 250 U/mL, 300
U/mL, 350 U/mL, 400 U/mL, 450 U/ml or 500 U/mL, and
the amount of hyaluronan degrading enzyme in the
compositions can be functionally equivalent to or to
about 1 U/mL, 2 U/mL, 3 U/mL, 4 U/mL, 5 U/mL, 6 U/mL,
7 U/mL, 8 U/mL, 9 U/mL, 10 U/mL, 15 U/mL, 20 U/mL, 25
U/mL, 30 U/mL, 35 U/mL, 37.5 U/mL, 40 U/mL, 50 U/mL,
60 U/mL, 70 U/mL, 80 U/mL, 90 U/mL, 100 U/mL, 200
U/mL, 300 U/mL, 400 U/mL, 500 U/mL, 600 U/mL, 700
U/mL, 800 U/mL, 900 U/mL, 1000 U/ml, 2000 U/mL, 3000
U/mL or 5000 U/mL. The volume of the composition can
be, for example, at or about 1 mL, 3 mL, 5 mL, 10 mL,
20 mL or 50 mL. In some examples, the composition is
formulated for delivery by a closed loop system, an
insulin pen or an insulin pump, and can be formulated
for single dose administration or multiple dose
administration.In some embodiments, the
therapeutically effective amount of the fast-acting
insulin is less than the therapeutically effective
amount of fast-acting insulin required to achieve the
same therapeutic effect in the absence of the
hyaluronan degrading enzyme. The amount of hyaluronan
degrading enzyme is sufficient to achieve a systemic
exposure to insulin that is at least or about 30%
greater over the first 3, 6, 9,12, 15, 20, 25, 30, 35,
40, 50 or 60 minutes following parenteral
administration than the systemic exposure over the
same time period following parenteral administration
of the same fast-acting insulin without a hyaluronan
degrading enzyme and/or is sufficient to achieve
systemic glucose metabolism (sometimes referred to
herein as glucose clearance) that is at least or about
30% greater over the first 30, 45, 60, 90, 120 or 180
minutes following administration than the systemic
glucose metabolism over the same period following
parenteral administration of the same fast-acting
insulin without a hyaluronan degrading enzyme. In all
compositions provided herein and methods provided
herein, the amounts of each component can vary
depending upon the subject to whom the compositions is
administered and/or the particular fastacting insulin
(or mixture thereof) that is provided. If necessary,
the amounts can be determined empirically. Provided
are insulin compositions that contain a
therapeutically effective amount of a fast-acting
insulin and an amount of a hyaluronan degrading
enzyme. The amount of hyaluronan degrading enzyme is
sufficient to achieve a systemic exposure to insulin
that is at least or about 30% greater over the first
30 to 40 minutes following administration than the
systemic exposure over the same period following
parenteral administration of the same fast-acting
insulin in the absence of the hyaluronan degrading
enzyme. The amount of hyaluronan degrading enzyme can
be sufficient so that the resulting super fast-acting
insulin composition results in a blood glucose level
increase after the first 30, 45, 60, 90, 120 or 180
minutes following parenteral administration that is at
least or about 20% to 30% lower than the increase in
blood glucose levels over the same time period
following parenteral administration of the same
fast-acting insulin without a hyaluronan degrading
enzyme. The increase in blood glucose level can be at
least or about 30%, 30%, 35%, 40%, 45%, 50%, 55%,60%,
65%, 70%, 75% or 80% less than the increase in blood
glucose level following parenteral administration of
the fast-acting insulin without a hyaluronan degrading
enzyme. Also provided are super fast-acting insulin
compositions that contain a therapeutically effective
amount of a fast-acting insulin and an amount of
hyaluronan degrading enzyme that is sufficient to
achieve systemic glucose metabolism that is at least
or about 30% greater than systemic glucose clearance
(i.e. metabolism) over the first 60 minutes following
parenteral administration of the same fast-acting
insulin without a hyaluronan degrading enzyme. In the
super fast-acting insulin compositions provided
herein, exemplary amounts of insulin (i.e., the amount
that the composition provides for a single dosage) are
at or about 0.05 Units, 0.06 Units, 0.07 Units, 0.08
Units, 0.09 Units, 0.1 Units, 0.2 Units, 0.3 Units,
0.4 Units, 0.5 Units, 0.6 Units, 0.7 Units, 0.8 Units,
0.9 Units, 1 Unit, 2 Units, 5 Units, 10 Units, 15
Units, 20 Units, 25 Units, 30 Units, 35 Units, 40
Units, 50 Units or 100 Units. Exemplary amounts of
hyaluronan degrading enzyme include an amount
functionally equivalent to at or about 0.3 Units, 0.5
Units, 1 Unit, 3 Units, 5 Units, 10 Units, 20 Units,
30 Units, 40 Units, 50 Units, 100 Units, 150 Units,
200 Units, 250 Units, 300 Units, 350 Units, 400 Units,
450 Units, 500 Units, 600 Units, 700 Units, 800 Units,
900 Units, 1000 Units, 2,000 Units, 3,000 Units, 4,000
or more of hyaluronidase activity. The super
fast-acting insulin compositions provided herein can
achieve prandial (e.g. 0-4 hours post administration)
systemic exposure to insulin that is at least or about
5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%,
120%, 140%, 160%, 180%, 200%, 300% or 400% greater
than the systemic exposure following parental
administration of insulin in the absence of the
hyaluronan degrading enzyme. The super fast-acting
insulin compositions provided herein can achieve
systemic glucose metabolism (i.e., a quantification of
the removal of glucose from blood expressed either as
a rate (amount/time) or the total amount during a
predetermined period of time) that is at least or
about 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 120%,
140%, 160%, 180%, 200%, 250%, 300%, 350% or
400%greater than the metabolism of blood glucose
following parenteral administration of insulin without
a hyaluronan degrading enzyme. The super fast-acting
insulin compositions provided herein optionally
include a chelating agent, such as, but not limited to
ethylenediaminetetraacetic acid (EDTA) or
ethylenediaminetetraacetate. The chelating agent can
be provided as a complex with a metal at or about
equimolar concentrations therewith, such as the
chelating agent complex calcium EDTA. The
concentration of calcium EDTA is or is about 0.02 mM,
0.04 mM, 0.06 mM, 0.08 mM, 0.1 mM, 0.2 mM, 0.3 mM, 0.4
mM, 0.5 mM, 0.6 mM, 0.7 mM, 0.8 mM, 0.9 mM, 1 mM, 5
mM, 10 mM, 15 mM or 20 mM. The super fast-acting
insulin compositions herein generally include zinc.
The concentration of zinc typically is or is about
0.002 milligrams per 100 units of insulin (mg/100 U),
0.005 mg/100 U, 0.01 mg/100 U, 0.012 mg/100 U, 0.014
mg/100 U, 0.016 mg/100 U, 0.017 mg/100 U, 0.018 mg/100
U, 0.02 mg/100 U, 0.022 mg/100 U, 0.024 mg/100 U,
0.026 mg/100 U, 0.28 mg/100 U, 0.03 mg/100 U, 0.04
mg/100 U, 0.05 mg/100 U, 0.06 mg/100 U, 0.07 mg/100 U,
0.08 mg/100 U or 0.1 mg/100 U. In general, fast-acting
insulins are formulated with zinc; the amount used
herein can be an amount that retains the same
concentration of zinc when combined with the
hyaluronan degrading enzyme. Exemplary compositions
can contain calcium EDTA and zinc at molar ratios of
or about 0.5:1, 1:1, 1.5:1, 2:1, 5:1, 10:1, 20:1,
30:1, 40:1, 50:1, 60:1, 70:1, 80:1, 90:1, 100:1, 300:1
or 1000:1, such as about or 0.010-0.50 mg zinc, such
as 0.017 mg zinc per 100 U human insulin, and 0.1 to
50 mM calcium EDTA. Other exemplary super fast-acting
insulin compositions contain zinc in a molar ratio of
about 1:3 to the fast-acting insulin and calcium EDTA
at a molar ratio of about 1:3 to 10:1 to the
fast-acting insulin. The super fast-acting insulin
compositions also optionally include a tonicity
modifier, such as, but not limited to, an amino acid,
polyalcohol, such as glycerol, and/or a salt, such as,
sodium chloride. The osmolality of the composition can
be or is about 200 mq sm/kg, 220 mq sm/kg, 240
mOsm/kg, 260 mOsm/kg, 280 mOsm/kg, 300 mOsm/kg, 320
mOsm/kg, 340 mOsm/kg, 360 mOsm/kg, 380 mOsm/kg or 400
mOsm/kg. The pH is suitable for parenteral
administration, such as about or 5.5 to 8.5,
particularly, 6 to 8, such as, about or is 6, 6.2,
6.4, 6.6, 6.8, 7, 7.2, 7.4, 7.6, 7.8 or8. The
compositions can optionally include a stabilizer for
the fast-acting insulin, a stabilizer for the
hyaluronan degrading enzyme or both. Stabilizers
include, but are not limited to, a detergent, a
polyalcohol, a metal, a salt, a cosolvent and/or a
protein. Exemplary of such stabilizers is serum
albumin and/or polysorbate, at a concentration
sufficient to achieve greater stability of the
composition and/or a component. Serum albumin can be
included at a concentration of or about 0.1 mg/mL, 0.2
mg/mL, 0.3 mg/mL, 0.4 mg/mL, 0.5 mg/mL, 0.6 mg/mL, 0.7
mg/mL, 0.8 mg/mL, 0.9 mg/mL or 1 mg/mL. Polysorbate
can be included, for example, at a concentration of or
about 0.001%, 0.002%, 0.003%, 0.004%, 0.005%, 0.006%,
00.007%, 0.008%, 0.009%, 0.01%, 0.02%, 0.03%, 0.04%,
0.05%, 0.06%, 0.07%, 0.08%, 0.09% or 0.1%. Other
optional ingredients include, for example, an oxygen
scavenger, such as ascorbic acid, ascorbate, citric
acid, citrate, methionine, which can be at a
concentration of 1mM, 2 mM, 3 mM, 5 mM, 10 mM, or 20
mM, and/or albumin and/or a preservative, such as a
compound that contains an aromatic ring, for example,
m-cresol or phenol. The fast-acting insulin can be,
for example, monomelic or multimeric, such as dimeric
or hexameric. Among the fast-acting insulins are
regular insulins, such as, but not limited to, human
insulin or pig insulin, such as an insulin with an A
chain containing or having a sequence of amino acids
set forth in SEQ ID NO: 103, and a B chain containing
or having a sequence of amino acids set forth in SEQ
ID NO: 104, or an insulin with an A chain containing
or having a sequence of amino acids set forth as amino
acid residue positions 88-108 of SEQ ID NO: 123 and a
B chain containing or having a sequence of amino acids
set forth as amino acid residue positions 25-54 of SEQ
ID NO: 123. The insulin can be a recombinant insulin
or can be synthesized or partially-synthesized or can
be isolated from a natural source. The insulin can be
an insulin analog. Exemplary of insulin analogs is an
insulin analog selected from among an insulin with an
A chain containing or having a sequence of amino acids
set forth in SEQ ID NO: 103 and a B chain containing
or having a sequence of amino acids set forth in any
of SEQ ID NOS: 147-149. In some exemplary super
fast-acting insulin compositions, the fast-acting
insulin is a fast-acting human insulin. Further, the
super fast-acting insulin compositions can contain
mixtures of insulins. Themixtures can be fast-acting
insulins, or mixtures of a fast-acting insulin and
also a slower-acting insulin(s), such as a
basal-acting insulin. Hyaluronan degrading enzymes
contained in the compositions and combinations
provided herein include, for example, hyaluronidases,
such as animal, including human, hyaluronidases,
particularly soluble forms thereof. Exemplary
hyaluronan degrading enzymes are hyaluronidases,
particularly soluble hyaluronidases, such as a PH20,
or a truncated form thereof. The PH20 can be, for
example, an ovine, bovine or truncated human PH20.
Included are those that contain or have a sequence of
amino acids set forth in any of SEQ ID NOS: 1-39 and
67-96 and truncated forms thereof or allelic variants,
species variants or other variants thereof. Truncated
human PH20, particularly soluble truncated forms,
includes any from among polypeptides having a sequence
of amino acids set forth in any of SEQ ID NOS:4-9, or
allelic variants and other variants thereof. Variants
of the hyaluronidases typically have at least 40%,
50%, 60%, 70%, 80%, 85%, 88%, 90%, 9 1%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% or greater sequence
identity with any of SEQ ID NOS: 1-39 and 67-96,
particularly with soluble forms, and retain
hyaluronidase activity. The soluble hyaluronidase can
be the composition that is rHuPH20. The hyaluronan
degrading enzyme can be a chondroitinase, such as, but
not limited to, chondroitin ABC lyase, chondroitin AC
lyase and chondroitin C lyase. Exemplary
chondroitinases have or contain a sequence of amino
acids set forth in any of SEQ ID NOS:98- 100, or
truncated forms thereof or allelic variants, species
variants and other variants thereof. Variants
typically have at least 40%, 50%, 60%, 70%, 80%, 85%,
88%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or greater sequence identity with a polypeptide set
forth in any of SEQ ID NOS. 98-1 00 or with a
wild-type chondroitinase. The super fast-acting
insulin compositions provided herein can be formulated
for multiple dosage administration, for dilution to a
desired dose or for single dose administration.
Exemplary therapeutically effective amounts of insulin
depend upon the insulin in the composition and the
subject to whom the composition is administered. Such
single dosage amounts include, for example, at or
about 0.05Units, 0.06 Units, 0.07 Units, 0.08 Units,
0.09 Units, 0.1 Units, 0.2 Units, 0.3 Units, 0.4
Units, 0.5 Units, 0.6 Units, 0.7 Units, 0.8 Units, 0.9
Units, 1 Unit, 2 Units, 5 Units, 10 Units, 15 Units,
20 Units, 25 Units, 30 Units, 35 Units, 40 Units, 50
Units or 100 Units. In such compositions, the amount
of hyaluronan degrading enzyme can be or is
functionally equivalent to at or about 0.3 Units, 0.5
Units, 1 Unit, 2 Units, 3 Units, 4 Units, 5 Units, 10
Units, 20 Units, 30 Units, 40 Units, 50 Units, 100
Units, 150 Units, 200 Units, 250 Units, 300 Units, 350
Units, 400 Units, 450 Units, 500 Units, 600 Units, 700
Units, 800 Units, 900 Units or 1000 Units of
hyaluronidase activity. The super fast-acting insulin
compositions can be formulated for delivery by a pump.
Provided are closed loop systems for controlling blood
glucose levels. The systems are any known to those of
skill in the art, but modified by containing the
fastacting insulin and hyaluronan degrading enzyme as
described herein and suitable dosing or programming to
deliver therapeutic dosages of fast-acting insulin and
a hyaluronan degrading enzyme to produce a super
fast-acting insulin composition. The closed loop
systems can include a reservoir containing a
fast-acting insulin and a hyaluronan degrading enzyme,
where the hyaluronan degrading enzyme is present in an
amount sufficient to render the resulting combination
a super fast-acting insulin composition hi another
embodiment a closed loop system for controlling blood
glucose levels is provided that contains a reservoir
containing a fast-acting insulin and a second
reservoir containing a hyaluronan degrading enzyme.
The closed loop systems optionally can include one or
more of a glucose sensor, a delivery system to deliver
the hyaluronan degrading enzyme and fast-acting
insulin and software programmed to integrate the
pumping and monitoring functions, whereby hyaluronan
degrading enzyme and fast-acting insulin are delivered
to achieve glycemic control that mimics the glycemic
control in a non-diabetic subject. The closed loop
systems also can contain in a separate reservoir or
mixed with the fast-acting insulin and/or hyaluronan,
a slower-acting, such as a basal, insulin. The system
also can include any of the optional ingredients noted
above. The fast-acting insulin and hyaluronan
degrading enzyme can include any of those described
above.In the closed loop system, the reservoir
containing the fast-acting insulin can contain a
sufficient number of units to maintain glycemic
control for at least half of a day, one day or more
and can contain at or about 0.1 Units, 0.2 Units, 0.3
Units, 0.4 Units, 0.5 Units, 0.6 Units, 0.7 Units, 0.8
Units, 0.9 Units, 1 Unit, 2 Units, 5 Units, 10 Units,
15 Units, 20 Units, 25 Units, 30 Units, 35 Units, 40
Units, 50 Units, 100 Units, 200 Units, 300 Units, 400
Units, 500 Units, 600 Units, 700 Units, 800 Units, 900
Units, 1000 Units, 2000 Units, 5000 Units, 6000 Units,
7000 Units or more of insulin. The closed loop system
can deliver any desired amounts or dose increments of
insulin and/or hyaluronan degrading enzyme, such as at
or about 0.05 Units, 0.1 Units, 0.2 Units, 0.3 Units,
0.4 Units, 0.5 Units, 0.6 Units, 0.7 Units, 0.8 Units,
0.9 Units, 1 Unit, 2 Units, 5 Units, 10 Units, 15
Units, 20 Units, 25 Units, 30 Units, 35 Units, 40
Units, 50 Units or more of insulin per increment. The
reservoir containing the hyaluronan degrading enzyme
can contain an amount of hyaluronan degrading enzyme
that is functionally equivalent to at or about 1 Unit,
5 Units, 10 Units, 20 Units, 30 Units, 40 Units, 50
Units, 100 Units, 150 Units, 200 Units, 250 Units, 300
Units, 350 Units, 400 Units, 450 Units, 500 Units, 600
Units, 700 Units, 800 Units, 900 Units, 1000 Units,
2,000 Units, 3,000 Units, 4,000 Units, 5000 Units,
6,000 Units, 7,000 Units, 8,000 Units, 9,000 Units,
10,000 Units, 20,000 Units or more hyaluronidase
activity, and can deliver the hyaluronan degrading
enzyme in individual dose increments of an amount of
hyaluronan degrading enzyme that is functionally
equivalent to at or about, for example, 0.3 Units. 0.5
Units, 1 Unit, 2 Units, 3 Units, 5 Units, 10 Units, 20
Units, 30 Units, 40 Units, 50 Units, 100 Units, 150
Units or more of hyaluronidase activity. Also provided
are combinations containing a first composition
containing from or from about 10 U to or to about 500
U insulin, and a second composition containing
sufficient amount of hyaluronan degrading enzyme that,
when administered with the insulin, renders the
fast-acting insulin a superfast acting insulin. The
sufficient amount of hyaluronan degrading enzyme is
functionally equivalent to least or about 1 U/mL, 2
U/mL, 3 U/mL, 4 U/mL, 5 U/mL, 6 U/mL, 7 U/mL, 8 U/mL,
9 U/mL, 10 U/mL, 15 U/mL, 20 U/mL or 25 U
hyaluronidase activity/mL. In some examples, the
sufficient amount of hyaluronan degrading enzyme is
functionallyequivalent to at least or about 35 U
hyaluronidase activity/mL. For example, the amount of
hyaluronan degrading enzyme in the second composition
can be functionally equivalent to or to about 1 U/mL,
2 U/mL, 3 U/mL, 4 U/mL, 5 U/mL, 6 U/mL, 7 U/mL, 8
U/mL, 9 U/mL, 10 U/mL, 15 U/mL, 20 U/mL, 25 U/mL, 30
U/mL, 35 U/mL, 37.5 U/mL, 40 U/mL, 50 U/mL, 60 U/mL,
70 U/mL, 80 U/mL, 90 U/mL, 100 U/mL, 200 U/mL, 300
U/mL, 400 U/mL, 500 U/mL, 600 U/mL, 700 U/mL, 800
U/mL, 900 U/mL, 1000 U/ml, 2000 U/mL, 3000 U/mL or
5000 U/mL. In some examples, the amount of fast-acting
insulin in the first composition is or is about 10
U/mL, 20 U/mL, 30 U/mL, 40 U/mL, 50 U/mL, 60 U/mL, 70
U/mL, 80 U/mL, 90 U/mL, 100 U/mL, 150 U/mL, 200 U/mL,
250 U/mL, 300 U/mL, 350 U/mL, 400 U/mL, 450 U/ml or
500 U/mL. Also provided are combinations of a first
composition containing a hyaluronan degrading enzyme
and a second composition containing a fast-acting
insulin. The compositions are formulated for
parenteral administration. In some instances, the
amount of hyaluronan degrading enzyme is sufficient if
mixed with the second composition to render the
resulting composition a super fast-acting insulin
composition hi other instances, the amount of the
hyaluronan degrading enzyme is sufficient if
administered prior to the administration of the first
composition to render the fast-acting insulin
composition a super fast-acting insulin composition.
In the combinations provided herein, the fast-acting
insulins and hyaluronan degrading enzymes and other
components are as described above for the
compositions. Kits containing the combinations also
are provided. The composition of insulin can be
formulated to administer a prandial dosage for a
single meal, such as, but not limited to, about 0.001
U/kg, 0.005 U/kg, 0.01 U/kg, 0.02 U/kg, 0.03 U/kg,
0.04 U/kg, 0.05 U/kg, 0.06 U/kg, 0.07 U/kg, 0.08 U/kg,
0.09 U/kg, 0.10 U/kg, 0.11 U/kg, 0.12 U/kg, 0.13 U/kg,
0.14 U/kg, 0.15 U/kg, 0.20U/kg, 0.25 U/kg, 0.30 U/kg,
0.40 U/kg, 0.50 U/kg, 1 U/kg, 1.5 U/kg, or 2 U/kg. The
amount of hyaluronan degrading enzyme is formulated to
administer to the subject a prandial dosage for a
single meal and, for example, is or is about 0.3U,
0.5U, IU, 2U, 3U, 4U, 5U, 10 U, 20 U, 30 U, 40 U, 50
U, 100 U, 150 U, 200 U, 250 U, 300 U, 350 U, 400 U,
450 U, 500 U, 600 U, 700 U, 800 U, 900 U, 1000 U,
2,000 U, 3,000 U, 4,000 U, 5,000 U or more.The
compositions in the combination can be formulated for
subcutaneous administration. Provided are methods in
which the super fast-acting insulin compositions and
combinations provided herein are administered.
Typically such administration is parenteral
administration, such as intravenous, subcutaneous or
via any suitable route. In any of the methods provided
herein, the fast-acting insulin and hyaluronan
degrading enzyme can be administered separately,
intermittently, or together in separate compositions
or co-formulated. Also provided are methods for
controlling glucose levels in a subject by
administering any of the super fast-acting insulin
compositions or combinations provided herein. In some
instances, the compositions or combinations are
administered as a prandial dosage, including such as
administered less than or about 20, 10, 5 minutes
prior to a meal, to less than or about 10 minutes
after a meal or with the meal. Also provided are
methods that involve instructing a patient to
administer a fast-acting insulin composition less than
or about 20, 10, 5 minutes prior to a meal, to less
than or about 30 minutes after a meal, wherein the
fast-acting insulin is co administered with a
sufficient amount of hyaluronan-degrading enzyme to
render the fast-acting insulin composition a super
fast acting composition. The fast-acting insulin and
hyaluronan degrading enzyme can be co-formulated or
provided separately for co-administration. In such
methods, the patient can be instructed to administer
the fast-acting insulin composition at or at about the
time of ingestion of a meal. In some examples, the
instructions are written. In other examples, the
instructions are oral. Provided are methods for
controlling blood glucose levels in a subject, by
administering to a subject a hyaluronan degrading
enzyme and a fast-acting insulin, where the hyaluronan
degrading enzyme and fast-acting insulin are
administered in sufficient amounts to a) obtain a
maximal increase in insulin concentration in the blood
that is at least or about 20% to 30% greater than the
maximal increase in insulin concentration in the blood
obtained after administration of the fast-acting
insulin in the same manner in the absence of a
hyaluronan degrading enzyme; and/orb) reduce the
amount of time taken to reach the maximal insulin
concentration in the blood to not more than 80% of the
time taken to reach the maximal insulin concentration
in the blood when the fast-acting insulin is
administered in the same manner in the absence of a
hyaluronan degrading enzyme; and/or c) increase the
insulin concentration 15 minutes after administration
by at least or about 50, 60, 70, 80, 90 or 100 pmol/L.
By virtue of the methods, maximal increase in insulin
concentration in the blood is at least or about 20%,
30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 120%, 140%,
160%, 180%, 200%, 250%, 300%, 350% or 400% greater
than the maximal increase in insulin concentration in
the absence of the hyaluronan degrading enzyme. The
time taken to reach the maximal insulin concentration
in the blood can be reduced no more than 80% of the
time taken to reach the maximal insulin concentration
in the blood in the absence of the hyaluronan
degrading enzyme. For example, the insulin
concentration following administration of a 20 U dose
of insulin 15 minutes after administration can be
increased by at least or about 60 pmol/L, 80 pmol/L,
100 pmol/L, 120 pmol/L, 140 pmol/L, 160 pmol/L, 180
pmol/L, or 200 pmol/L. In exemplary embodiments, the
diabetic subjects have either Type 1 or Type 2
diabetes, and the amount of fast-acting insulin
administered to the subject is reduced compared to
when the fast-acting insulin is administered in the
same manner in the absence of a hyaluronan degrading
enzyme. For example, the amount of fast-acting insulin
administered to a Type 1 diabetic subject can be
reduced by at least or about 5%, 10%, 20%, 30%, 40%,
50%, 60%, or more, and the amount of fast-acting
insulin administered to a Type 2 diabetic subject can
be reduced by at least or about 5%, 10%, 20%, 25%,
30%, 40%, 50%, 60%, 70%, 80% or more. Also provided
are methods for controlling or preventing weight gain
and/or obesity in a diabetic subject, such as weight
gain associated with prandial insulin therapy.
Typically, this is achieved by administering a
hyaluronan degrading enzyme and a fast-acting insulin
at a dose that is less than the dose of a fast-acting
insulin when administered in the absence of a
hyaluronan degrading enzyme. The diabetic subjects can
be obese or at risk of obesity, and can have Type 1
diabetes, Type 2diabetes, gestational diabetes or
other diabetes. Exemplary of diabetic subjects are
Type 2 diabetic subjects. In one example, controlling
or preventing obesity in a diabetic subject is
achieved by administering to an obese diabetic subject
or a diabetic subject at risk of obesity a
therapeutically effective dosage of a fast-acting
insulin in combination with hyaluronan degrading
enzyme. The composition can be administered at or
around mealtime, and a) the amount of hyaluronan
degrading enzyme is sufficient to render the
administered fast-acting insulin a super fast-acting
insulin; and b) the dosage of fast-acting insulin
achieves substantially the same degree of prandial
glucose clearance within the first 40 minutes
following administration as a higher dosage of the
same fast-acting insulin administered in the same
manner in the absence of the hyaluronan degrading
enzyme. The dosage of the fast-acting insulin in the
super fast-acting insulin composition, compared to the
higher dose of fast-acting insulin, has a reduced
tendency to cause post-prandial hypoglycemia and
obesity. In exemplary embodiments, the diabetic
subjects have Type 2 diabetes, and the amount of
fast-acting insulin administered to the subject is
reduced compared to when the fast-acting insulin is
administered in the same manner in the absence of a
hyaluronan degrading enzyme. For example, the amount
of fast-acting insulin administered to a Type 2
diabetic subject can be reduced by at least or about
5%, 10%, 15%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%
or more. Also provided are methods for reducing or
preventing weight gain associated with prandial
insulin therapy by subcutaneously administering to a
diabetic subject at risk for weight gain from prandial
insulin therapy, at or around mealtime, an insulin
composition containing a fast-acting insulin and a
hyaluronan degrading enzyme, such that the amount of
fast-acting insulin administered to treat postprandial
hyperglycemia in the subject is reduced compared to
the amount of the same fastacting insulin required to
treat the hyperglycemia when administered in the same
manner in the absence of the hyaluronan degrading
enzyme. The reduced amount of fast-acting insulin
renders the composition containing the hyaluronan
degrading enzyme less likely to cause weight gain in
the subject. For example, a Type 2 diabetic 



subject can be administered an insulin composition as
described above containing anamount of fast-acting
insulin that is at least or about 5%, 10%, 15%, 20%,
25%, 30%, 40%, 50%, 60%, 70% or 80% less than the
amount of the same fast-acting insulin required to
treat the hyperglycemia when administered in the same
manner in the absence of the hyaluronan degrading
enzyme. In some instances, the insulin composition is
administered in a chronic regimen of prandial insulin
therapy. Provided herein are methods for reducing or
preventing weight gain in a diabetic subject by
administering to a diabetic subject at risk of weight
gain from prandial insulin therapy, a course of
subcutaneous prandial insulin therapy over a period of
at least thirty days. The prandial insulin dosages
administered in the course of the therapy contain a
combination of a fast-acting insulin and a hyaluronan
degrading enzyme. The amount of hyaluronan degrading
enzyme in each dosage is sufficient to render the
fast-acting insulin a super fast-acting insulin
composition, and the amount of fast-acting insulin
contained in the dosage to treat the subject's
postprandial hyperglycemia is lower than an amount of
the same fast-acting insulin required to treat the
hyperglycemia in the absence of the hyaluronan
degrading enzyme. Such a course of prandial insulin
therapy can result in less weight gain than a similar
course of therapy using higher dosages of fast-acting
insulin in the absence of hyaluronan degrading enzyme.
Also provided are methods for controlling glucose
levels in a subject by administering to the subject a
prandial dosage of super fast-acting insulin
composition, where: a) the super fast-acting insulin
composition comprises a therapeutically effective
amount of a fast-acting insulin and a hyaluronan
degrading enzyme; b) the fast-acting insulin is a
regular insulin; c) the dosage is administered, or
recommended for prandial or preprandial
administration, closer to mealtime than the same or a
greater dosage of the same fast-acting regular insulin
administered by the same route of administration in
the absence of a hyaluronan degrading enzyme; and d)
the dosage of the super fast-acting insulin
composition has at least the same therapeutic effect
as the fast-acting regular insulin without the
hyaluronan degrading enzyme.The super fast-acting
insulin composition for example, is administered, or
recommended for administration, less than or about 20
minutes prior to a meal, to less than or about 10 or
20 minutes after a meal. Typically, the dosage of the
fast-acting insulin in the super fast-acting insulin
composition is less than or equal to the dosage of the
fast-acting insulin administered by the same route in
the absence of the hyaluronan degrading enzyme. In
practicing any of the methods provided herein, the
compositions can be administered via any suitable
route and using any suitable device or container, such
as via syringe, insulin pen, insulin pump or closed
loop system. The compositions or combinations can
contain any of the fast-acting insulins and hyaluronan
degrading enzymes described above, with any of the
additional reagents as described above. The amount
insulin in the composition administered to the subject
can be a prandial dosage for a single meal and is or
is about 0.001 U/kg, 0.005 U/kg, 0.01 U/kg, 0.02 U/kg,
0.05 U/kg to 0.30 U/kg, such as 0.05 U/kg, 0.06 U/kg,
0.07 U/kg, 0.08 U/kg, 0.09 U/kg, 0.10 U/kg, 0.11 U/kg,
0.12 U/kg, 0.13 U/kg, 0.14 U/kg, 0.15 U/kg, 0.20U/kg,
0.25 U/kg, 0.30 U/kg, 0.40 U/kg, 0.50 U/kg, 1.0 U/kg,
1.5 /kg or 2 U/kg. The amount of hyaluronan degrading
enzyme administered to the subject is for co
administration (separately, intermittently, or
together in separate compositions or coformulated)
with a prandial dosage of fast-acting insulin for a
single meal. The amount of hyaluronan degrading enzyme
can be or is about 0.3 U, 0.5 U, 1U, 2 U, 5 U, 10 U,
20 U, 30 U, 40 U, 50 U, 100 U, 150 U, 200 U, 250 U,
300 U, 350 U, 400 U, 450 U, 500 U, 600 U, 700 U, 800
U, 900 U, 1000 U, 2,000 U, 3,000 U, 4,000 Units, 5,000
U or more. Provided are articles of manufacture
containing packaging material and any of the super
fast-acting insulin compositions or combinations
within the packaging material with optional
instructions for administration to a diabetic subject.
The fast-acting insulins, insulins, hyaluronan
degrading enzymes and other components include those
as described above. In particular, the compositions
and combinations provided herein are administered.
BRIEF DESCRIPTION OF THE FIGURESFigure 1 depicts the
pharmacokinetic profiles of the fast-acting insulin
analog, Humalog(r) insulin, and the fast-acting
regular insulin, Humulin(r) R insulin, when
administered subcutaneously with or without
co-administration of rHuPH20. The plasma insulin
concentration at various timepoints following
administration to normal healthy subjects using a
Hyperinsulinemic-Euglycemic Clamp procedure was
determined by radioimmunoassay (RIA). Figure 2 depicts
the pharmacodynamic profiles of the fast-acting
insulin analog, Humalog(r) insulin, and the
fast-acting regular insulin, Humulin(r) R insulin,
when administered subcutaneously with or without
co-administration of rHuPH20 using a
Hyperinsulinemic-Euglycemic Clamp procedure. The
glucose infusion rate that was required to maintain
blood glucose levels between 90-1 10 mg/dL following
insulin administration to normal healthy subjects was
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defined otherwise, all technical and scientific terms
used herein have the same meaning as is commonly
understood by one of skill in the art to which the
invention(s) belong. All patents, patent applications,
published applications and publications, Genbank
sequences, databases, websites and other published
materials referred to throughout the entire disclosure
herein, unless noted otherwise, are incorporated by
reference in their entirety. In the event that there
are a plurality of definitions for terms herein, those
in this section prevail. Where reference is made to a
URL or other such identifier or address, it understood
that such identifiers can change and particular
information on the internet can come and go, but
equivalent information can be found by searching the
internet. Reference thereto evidences the availability
and public dissemination of such information. As used
herein, "insulin" refers to a hormone, precursor or a
synthetic or recombinant analog thereof that acts to
increase glucose uptake and storage and/or decrease
endogenous glucose production. An exemplary human
insulin is translated as a 110 amino acid precursor
polypeptide, preproinsulin (SEQ ID NO: 101),containing
a 24 amino acid signal peptide that directs the
protein to the endoplasmic reticulum (ER) wherein the
signal sequence is cleaved, resulting in proinsulin
(SEQ ID NO: 102). Proinsulin is processed further to
release the 3 1 amino acid C- or connecting chain
peptide (corresponding to amino acid residues 57 to 87
of the preproinsulin polypeptide set forth in SEQ ID
NO: 101, and to amino acid residues 33 to 63 of the
proinsulin polypeptide set forth in SEQ ID NO: 102).
The resulting insulin contains a 2 1 amino acid
A-chain (corresponding to amino acid residues 90 to
110 of the preproinsulin polypeptide set forth in SEQ
ID NO: 101, and to amino acid residues 66 to 86 of the
proinsulin polypeptide set forth in SEQ ID NO: 102)
and a 30 amino acid B-chain (corresponding to amino
acid residues 25 to 54 of the preproinsulin
polypeptide set forth in SEQ ID NO: 101, and to amino
acid residues 1 to 30 of the proinsulin polypeptide
set forth in SEQ ID NO: 102) which are crosslinked by
disulfide bonds. A properly cross-linked human insulin
contains three disulfide bridges: one between position
7 of the A-chain and position 7 of the Bchain, a
second between position 20 of the A-chain and position
19 of the B-chain, and a third between positions 6 and
11 of the A-chain. Reference to insulin includes
preproinsulin, proinsulin and insulin polypeptides in
single-chain or two-chain forms, truncated forms
thereof that have activity, and includes allelic
variants and species variants, variants encoded by
splice variants, and other variants, such as insulin
analogs, including polypeptides that have at least
40%, 45%, 50%, 55%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98%, 99% or more sequence identity to the
precursor polypeptide set forth in SEQ ID NO: 101 or
the mature form thereof. Exemplary insulin analogs
include those set forth in SEQ ID NOS: 147-149, 152,
and those containing an A-chain set forth in SEQ ID
NOS: 150, 156, 158, 160, 162 and 164 and/or a B chain
set forth in SEQ ID NOS:151, 153-155, 157, 159, 161,
163 and 165. Exemplary insulin polypeptides are those
of mammalian, including human, origin. Exemplary amino
acid sequences of insulin of human origin are set
forth in SEQ ID NOS: 101-104. Exemplary insulin
analogs include those set forth in SEQ ID NOS:
147-149, 152, and those containing an A-chain set
forth in SEQ ID NOS: 150, 156, 158, 160, 162 and 164
and/or a B chain set forth in SEQ ID NOS:151,
153-155,157, 159, 161, 163 and 165. Insulin
polypeptides also include any of non-human origin
including, but not limited to, any of the precursor
insulin polypeptides set forth in SEQ ID NOS: 105-146.
Reference to an insulin includes monomelic and
multimeric insulins, including hexameric insulins, as
well as humanized insulins. As used herein,
"fast-acting insulin" refers to any insulin or
fast-acting insulin composition for acute
administration to a diabetic subject in response to an
actual, perceived, or anticipated hyperglycemic
condition in the subject arising at the time of, or
within about four hours following, administration of
the fast-acting insulin (such as a prandial
hyperglycemic condition resulting or anticipated to
result from, consumption of a meal), whereby the
fast-acting insulin is able to prevent, control or
ameliorate the acute hyperglycemic condition.
Typically a fast-acting insulin composition exhibits
peak insulin levels at or about not more than four
hours following subcutaneous administration to a
subject. Fast-acting insulin compositions include
recombinant insulins and isolated insulins (also
referred to as "regular" insulins) such as the insulin
sold as Humulin(r) R, porcine insulins and bovine
insulins, as well as insulin analogs designed to be
rapid acting by virtue of amino acid changes.
Exemplary regular insulin preparations include, but
are not limited to, human regular insulins, such as
those sold under the trademarks Humulin (r) R, Novolin
R and Velosulin (r), Insulin Human, USP and Insulin
Human Injection, USP, as well as acid formulations of
insulin, such as, for example, Toronto Insulin, Old
Insulin, and Clear Insulin, and regular pig insulins,
such as Iletin II (porcine insulin). Exemplary rapid
acting insulin analogs include, for example, insulin
lispro (e.g. Humalog insulin), insulin aspart (e.g.
NovoLog(r) insulin), and insulin glulisine (e.g.
Apidra insulin) the fast-acting insulin composition
sold as VIAject and VIAtab(r) (see, e.g., U.S. Patent
No. 7,279,457) . While the term "fast-acting insulin"
does not encompass "basal-acting insulins," the super
fast-acting insulin compositions described herein
optionally can include, in addition to a fast-acting
insulin, one or more basal-acting insulins. As used
herein, a human insulin refers to an insulin that is
synthetic or recombinantly produced based upon the
human polypeptide, including allelic variants and
analogs thereof.As used herein, fast-acting human
insulins or human fast-acting insulin compositions
include any human insulin or composition of a human
insulin that is fast-acting, but excludes non-human
insulins, such as regular pig insulin. As used herein,
the terms "basal-acting insulins," or "basal insulins"
refer to insulins administered to maintain a basal
insulin level as part of an overall treatment regimen
for treating a chronic condition such diabetes.
Typically, a basal-acting insulin is formulated to
maintain an approximately steady state insulin level
by the controlled release of insulin when administered
periodically (e.g. once or twice daily). Basal-acting
insulins include crystalline insulins (e.g. NPH and
Lente(r), protamine insulin, surfen insulin), basal
insulin analogs (insulin glargine, HOE 901, NovoSol
Basal) and other chemical formulations of insulin
(e.g. gum arabic, lecithin or oil suspensions) that
retard the absorption rate of regular insulin. As used
herein, the basal-acting insulins can include insulins
that are typically understood as long-acting
(typically reaching a relatively low peak
concentration, while having a maximum duration of
action over about 20-30 hours) or intermediate-acting
(typically causing peak insulin concentrations at
about 4-12 hours after administration). As used
herein, "super fast-acting insulin composition" refers
to an insulin composition containing a fast-acting
insulin and a hyaluronan degrading enzyme (such as a
soluble hyaluronidase, including but not limited to,
rHuPH20 preparations), such that the insulin
composition, over the first forty minutes following
parenteral administration to a subject, provides a
cumulative systemic insulin exposure in the subject
that is greater than the cumulative systemic insulin
exposure provided to the subject over the same period
after administering the same dosage of the same
fastacting insulin, by the same route, in the absence
of the hyaluronan degrading enzyme. The super
fast-acting insulin composition as described herein
optionally can include a basal-acting insulin. As used
herein, the terms "hyperglycemic condition" or
"hyperglycemia" refer to an undesired elevation in
blood glucose. As used herein, the term "hypoglycemic
condition" or "hypoglycemia" refers to an undesired
drop in blood glucose.As used herein, "systemic
glucose clearance" or "systemic glucose metabolism"
refers to the removal of glucose from the blood and
can be expressed as either a rate (amount/time) or
quantity (amount over a period of time). Systemic
glucose clearance can be determined using any suitable
method known in the art. For example, systemic glucose
clearance can be measured using the Hyperinsulinemic-
Euglycemic Clamp Procedure under fasting conditions,
such as that exemplified and described herein, where
the amount or rate of glucose infused intravenously to
maintain constant blood glucose levels, such as, for
example, 90-1 10 mg/dL, is equivalent to the systemic
glucose clearance. The difference in the systemic
glucose clearance achieved by different insulin
compositions, such as the difference in the systemic
glucose clearance achieved by administration of a
super fast-acting insulin composition versus that
achieved by a fast-acting insulin, can therefore be
determined using such procedures. The difference in
systemic glucose clearance among comparator insulins
also can be determined by measuring the relative
glucose lowering activity of the comparator insulins
at a given point in time after a glucose challenge
test. For example, a glucose challenge test (such as,
for example, a 75-g oral glucose tolerance test or a
standardized test meal formulation, well known to
those skilled in the art) can be used to compare
different insulin preparations. In such challenge
tests, a quantity of glucose or other carbohydrate is
administered to a subject, immediately followed by a
non-intravenous parenteral administration of the
insulin composition. Blood glucose levels (i.e.,
concentration of glucose in the subject's blood) is
then measured at a predetermined time to determine the
blood lowering effect of the insulin. In these oral
challenge comparisons between various insulin
preparations, the time elapsed after which the blood
glucose levels are measured must be adequate to allow
systemic glucose uptake. The studies described above
to determine systemic glucose clearance can be
performed using animal models and/or human subjects.
As used herein, glycemic control or "controlling blood
glucose levels" refers to the maintenance of blood
glucose concentrations at a desired level, typically
between 70-130 mg/dL or 90-1 10 mg/dL.As used herein,
"cumulative systemic insulin exposure" or "cumulative
systemic exposure to insulin" refers to the amount of
insulin that has been absorbed into the blood
following parenteral administration of the insulin.
Cumulative systemic exposure to insulin can be
determined by calculating the area under the curve for
a specific period of time, where the curve is
generated by plotting insulin concentration in the
blood, serum or plasma as a function of time. As used
herein, a closed loop system is an integrated system
for providing continuous glycemic control. Closed loop
systems contain a mechanism for measuring blood
glucose, a mechanism for delivering one or more
compositions, including an insulin composition, and a
mechanism for determining the amount of insulin needed
to be delivered to achieve glycemic control.
Typically, therefore, closed loop systems contain a
glucose sensor, an insulin delivery device, such as an
insulin pump, and a controller that receives
information from the glucose sensor and provides
commands to the insulin delivery device. The commands
can be generated by software in the controller. The
software typically includes an algorithm to determine
the amount of insulin required to be delivered to
achieve glycemic control, based upon the blood glucose
levels detected by the glucose sensor or anticipated
by the user. As used herein, dosing regime refers to
the amount of insulin administered and the frequency
of administration. The dosing regime is a function of
the disease or condition to be treated, and thus can
vary. As used herein, a hyaluronan degrading enzyme
refers to an enzyme that catalyzes the cleavage of a
hyaluronan polymer (also referred to as hyaluronic
acid or HA) into smaller molecular weight fragments.
Exemplary of hyaluronan degrading enzymes are
hyaluronidases, and particular chondroitinases and
lyases that have the ability to depolymerize
hyaluronan. Exemplary chondroitinases that are
hyaluronan degrading enzymes include, but are not
limited to, chondroitin ABC lyase (also known as
chondroitinase ABC), chondroitin AC lyase (also known
as chondroitin sulfate lyase or chondroitin sulfate
eliminase) and chondroitin C lyase. Chondroitin ABC
lyase comprises two enzymes, chondroitin-sulfate-ABC
endolyase (EC 4.2.2.20) and chondroitin-sulfate-ABC
exolyase (EC 4.2.2.21). An exemplary
chondroitinsulfate-ABC endolyases and
chondroitin-sulfate-ABC exolyases include, but are not
limited to, those from Proteus vulgaris and
Flavobacterium heparinum (the Proteus vulgaris
chondroitin-sulfate-ABC endolyase is set forth in SEQ
ID NO:98; Sato et ah (1994) Appl. Microbiol.
Biotechnol. 41(l):39-46). Exemplary chondroitinase AC
enzymes from the bacteria include, but are not limited
to, those from Flavobacterium heparinum Victivallis
vadensis, set forth in SEQ ID NO:99, and Arthrobacter
aurescens (Tkalec et al. (2000) Applied and
Environmental Microbiology 66(1 ):29- 35; Ernst et al.
(1995) Critical Reviews in Biochemistry and Molecular
Biology 30(5):387-444). Exemplary chondroitinase C
enzymes from the bacteria include, but are not limited
to, those from Streptococcus and Flavobacterium (Hibi
et al. (1989) FEMS-Microbiol-Lett. 48(2):121-4;
Michelacci etal (1976) J. Biol. Chem. 251:1154- 8;
Tsuda etal. (1999) Eur. J. Biochem. 262:127-133). As
used herein, hyaluronidase refers to a class of
hyaluronan degrading enzymes. Hyaluronidases include
bacterial hyaluronidases (EC 4.2.2.1 or EC 4.2.99.1),
hyaluronidases from leeches, other parasites, and
crustaceans (EC 3.2.1 .36), and mammalian-type
hyaluronidases (EC 3.2. 1.35). Hyaluronidases include
any of non-human origin including, but not limited to,
murine, canine, feline, leporine, avian, bovine,
ovine, porcine, equine, piscine, ranine, bacterial,
and any from leeches, other parasites, and
crustaceans. Exemplary non-human hyaluronidases
include, hyaluronidases from cows (SEQ ID NOS:10, 11,
64 and BH55 (U.S. Pat. Nos. 5,747,027 and 5,827,721),
yellow jacket wasp (SEQ ID NOS:12 and 13), honey bee
(SEQ ID NO:14), white-face hornet (SEQ ID NO: 15),
paper wasp (SEQ ID NO: 16), mouse (SEQ ID NOS:17-19,
32), pig (SEQ ID NOS:20-21), rat (SEQ ID NOS:22-24,
31), rabbit (SEQ ID NO:25), sheep (SEQ ID NOS:26, 27,
63 and 65), orangutan (SEQ ID NO:28), cynomolgus
monkey (SEQ ID NO:29), guinea pig (SEQ ID NO:30),
Arthrobacter sp. (strain FB24) (SEQ ID NO:67),
Bdellovibrio bacteriovorus (SEQ ID NO:68),
Propionibacterium acnes (SEQ ID NO:69), Streptococcus
agalactiae ((SEQ ID NO:70); 18RS21 (SEQ ID NO:71);
serotype Ia (SEQ ID NO:72); serotype III (SEQ ID
NO:73), Staphylococcus aureus (strain COL) (SEQ ID
NO:74); strain MRSA252 (SEQ ID NOS:75 and 76); strain
MSSA476 (SEQ ID NO:77); strain NCTC 8325 (SEQ ID
NO:78); strain bovine RF122 (SEQ ID NOS:79 and 80);
strainUSA300 (SEQ ID NO:81), Streptococcuspneumoniae
((SEQ ID NO:82); strain ATCC BAA-255 / R6 (SEQ ID
NO:83); serotype 2, strain D39 / NCTC 7466 (SEQ ID
NO:84), Streptococcuspyogenes (serotype Ml) (SEQ ID
NO:85); serotype M2, strain MGAS10270 (SEQ ID NO:86);
serotype M4, strain MGAS10750 (SEQ ID NO:87); serotype
M6 (SEQ ID NO:88); serotype M12, strain MGAS2096 (SEQ
ID NOS:89 and 90); serotype M12, strain MGAS9429 (SEQ
ID NO:91); serotype M28 (SEQ ID NO:92); Streptococcus
suis (SEQ ID NOS:93-95); Vibriofischeri (strain ATCC
700601/ ESl 14 (SEQ ID NO:96)), and the Streptomyces
hyaluronolyticus hyaluronidase enzyme, which is
specific for hyaluronic acid and does not cleave
chondroitin or chondroitin sulfate (Ohya, T. and
Kaneko, Y. (1970) Biochim. Biophys. Acta 198:607).
Hyaluronidases also include those of human origin.
Exemplary human hyaluronidases include HYALl (SEQ ID
NO:36), HYAL2 (SEQ ID NO:37), HYAL3 (SEQ ID NO:38),
HYAL4 (SEQ ID NO:39), and PH20 (SEQ ID NO:1). Also
included amongst hyaluronidases are soluble
hyaluronidases, including, ovine and bovine PH20,
soluble human PH20 and soluble rHuPH20. Examples of
commercially available bovine or ovine soluble
hyaluronidases Vitrase(r) (ovine hyaluronidase) and
Amphadase(r) (bovine hyaluronidase). Reference to
hyaluronan degrading enzymes includes precursor
hyaluronan degrading enzyme polypeptides and mature
hyaluronan degrading enzyme polypeptides (such as
those in which a signal sequence has been removed),
truncated forms thereof that have activity, and
includes allelic variants and species variants,
variants encoded by splice variants, and other
variants, including polypeptides that have at least
40%, 45%, 50%, 55%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98%, 99% or more sequence identity to the
precursor polypeptides set forth in SEQ ID NOS: 1 and
10-48, 63-65, 67-100, or the mature form thereof. For
example, reference to hyaluronan degrading enzyme also
includes the human PH20 precursor polypeptide variants
set forth in SEQ ID NOS:50-51. Hyaluronan degrading
enzymes also include those that contain chemical or
posttranslational modifications and those that do not
contain chemical or posttranslational modifications.
Such modifications include, but are not limited to,
pegylation, abumination, glycosylation,
farnesylation,carboxylation, hydroxylation,
phosphorylation, and other polypeptide modifications
known in the art. As used herein, a soluble
hyaluronidase refers to a polypeptide characterized by
its solubility under physiologic conditions. Soluble
hyaluronidases can be distinguished, for example, by
its partitioning into the aqueous phase of a Triton X-
114 solution warmed to 37C (Bordier et al., (1981) J.
Biol. Chem., 256:1604-7). Membrane- anchored, such as
lipid anchored hyaluronidases, will partition into the
detergent rich phase, but will partition into the
detergent-poor or aqueous phase following treatment
with Phospholipase-C. Included among soluble
hyaluronidases are membrane anchored hyaluronidases in
which one or more regions associated with anchoring of
the hyaluronidase to the membrane has been removed or
modified, where the soluble form retains hyaluronidase
activity. Soluble hyaluronidases include recombinant
soluble hyaluronidases and those contained in or
purified from natural sources, such as, for example,
testes extracts from sheep or cows. Exemplary of such
soluble hyaluronidases are soluble human PH20. Other
soluble hyaluronidases include ovine (SEQ ID NOS:27,
63, 65) and bovine (SEQ ID NOS: 11, 64) PH20. As used
herein, soluble human PH20 or sHuPH20 include mature
polypeptides lacking all or a portion of the
glycosylphospatidylinositol (GPI) attachment site at
the C-terminus such that upon expression, the
polypeptides are soluble. Exemplary sHuPH20
polypeptides include mature polypeptides having an
amino acid sequence set forth in any one of SEQ ID
NOS:4-9 and 47-48. The precursor polypeptides for such
exemplary sHuPH20 polypeptides include a signal
sequence. Exemplary of the precursors are those set
forth in SEQ ID NOS:3 and 40- 46, each of which
contains a 35 amino acid signal sequence at amino acid
positions 1- 35. Soluble HuPH20 polypeptides also
include those degraded during or after the production
and purification methods described herein. As used
herein, soluble recombinant human PH20 (rHuPH20)
refers to a soluble form of human PH20 that is
recombinantly expressed in Chinese Hamster Ovary (CHO)
cells. Soluble rHuPH20 is encoded by nucleic acid that
includes the signal sequence and is set forth in SEQ
ID NO:49. Also included are DNA molecules that are
allelic variants thereof and other soluble variants.
The nucleic acid encodingsoluble rHuPH20 is expressed
in CHO cells which secrete the mature polypeptide. As
produced in the culture medium, there is heterogeneity
at the C-terminus so that the product includes a
mixture' of species that can include any one or more
of SEQ ID NOS. 4-9 in various abundance. Corresponding
allelic variants and other variants also are included,
including those corresponding to the precursor human
PH20 polypeptides set forth in SEQ ID NOS:50-51 .
Other variants can have 60%, 70%, 80%, 85%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more
sequence identity with any of SEQ ED NOS:4-9 and 47-48
as long they retain a hyaluronidase activity and are
soluble. As used herein, activity refers to a
functional activity or activities of a polypeptide or
portion thereof associated with a full-length
(complete) protein. Functional activities include, but
are not limited to, biological activity, catalytic or
enzymatic activity, antigenicity (ability to bind or
compete with a polypeptide for binding to an
anti-polypeptide antibody), immunogenicity, ability to
form multimers, and the ability to specifically bind
to a receptor or ligand for the polypeptide. As used
herein, hyaluronidase activity refers to the ability
to enzymatically catalyze the cleavage of hyaluronic
acid. The United States Pharmacopeia (USP) XXII assay
for hyaluronidase determines hyaluronidase activity
indirectly by measuring the amount of higher molecular
weight hyaluronic acid, or hyaluronan, (HA) substrate
remaining after the enzyme is allowed to react with
the HA for 30 min at 370C (USP XXII-NF XVII (1990)
644-645 United States Pharmacopeia Convention, Inc,
Rockville, MD). A Reference Standard solution can be
used in an assay to ascertain the relative activity,
in units, of any hyaluronidase. In vitro assays to
determine the hyaluronidase activity of
hyaluronidases, such as soluble rHuPH20, are known in
the art and described herein. Exemplary assays include
the microturbidity assay described below (see e.g.
Example 3) that measures cleavage of hyaluronic acid
by hyaluronidase indirectly by detecting the insoluble
precipitate formed when the uncleaved hyaluronic acid
binds with serum albumin. Reference Standards can be
used, for example, to generate a standard curve to
determine the activity in Units of the hyaluronidase
being tested.As used herein, "functionally equivalent
amount" or grammatical variations thereof, with
reference to a hyaluronan degrading enzyme, refers to
the amount of hyaluronan degrading enzyme that
achieves the same effect as an amount (such as a known
number of Units of hyaluronidase activity) of a
reference enzyme, such as a hyaluronidase. For
example, the activity of any hyaluronan degrading
enzyme can be 



compared to the activity of rHuPH20 to determine the
functionally equivalent amount of a hyaluronan
degrading enzyme that would achieve the same effect as
a known amount of rHuPH20. For example, the ability of
a hyaluronan degrading enzyme to act as a spreading or
diffusing agent can be assessed by injecting it into
the lateral skin of mice with trypan blue (see e.g.
U.S. Pat. Publication No. 20050260186), and the amount
of hyaluronan degrading enzyme required to achieve the
same amount of diffusion as, for example, 100 units of
a Hyaluronidase Reference Standard, can be determined.
The amount of hyaluronan degrading enzyme required is,
therefore, functionally equivalent to 100 units. In
another example, the ability of a hyaluronan degrading
enzyme to increase the level and rate of absorption of
a co-administered insulin can be assessed in human
subjects, such as described below in Example 1, and
the amount of hyaluronan degrading enzyme required to
achieve the same increase in the level and rate of
absorption of insulin as, for example, the
administered quantity of rHuPH20, can be determined
(such as by assessing the maximum insulin
concentration in the blood (Cmax,) the time required
to achieve maximum insulin concentration in the blood
(tmax) and the cumulative systemic insulin exposure
over e given period of time (AUC). As used herein, the
residues of naturally occurring a-amino acids are the
residues of those 20 a-amino acids found in nature
which are incorporated into protein by the specific
recognition of the charged tRNA molecule with its
cognate mRNA codon in humans. As used herein, nucleic
acids include DNA, RNA and analogs thereof, including
peptide nucleic acids (PNA) and mixtures thereof.
Nucleic acids can be single or double-stranded. When
referring to probes or primers, which are optionally
labeled, such as with a detectable label, such as a
fluorescent or radiolabel, singlestranded molecules
are contemplated. Such molecules are typically of a
length suchthat their target is statistically unique
or of low copy number (typically less than 5,
generally less than 3) for probing or priming a
library. Generally a probe or primer contains at least
14, 16 or 30 contiguous nucleotides of sequence
complementary to or identical to a gene of interest.
Probes and primers can be 10, 20, 30, 50, 100 or more
nucleic acids long. As used herein, a peptide refers
to a polypeptide that is greater than or equal to two
amino acids in length, and less than or equal to 40
amino acids in length. As used herein, the amino acids
which occur in the various sequences of amino acids
provided herein are identified according to their
known, three-letter or one-letter abbreviations (Table
1). The nucleotides which occur in the various nucleic
acid fragments are designated with the standard
single-letter designations used routinely in the art.
As used herein, an "amino acid" is an organic compound
containing an amino group and a carboxylic acid group.
A polypeptide contains two or more amino acids. For
purposes herein, amino acids include the twenty
naturally-occurring amino acids, non-natural amino
acids and amino acid analogs (i.e., amino acids
wherein the a- carbon has a side chain). As used
herein, "amino acid residue" refers to an amino acid
formed upon chemical digestion (hydrolysis) of a
polypeptide at its peptide linkages. The amino acid
residues described herein are presumed to be in the
"L" isomeric form. Residues in the "D" isomeric form,
which are so designated, can be substituted for any
L-amino acid residue as long as the desired functional
property is retained by the polypeptide. NH2 refers to
the free amino group present at the amino terminus of
a polypeptide. COOH refers to the free carboxy group
present at the carboxyl terminus of a polypeptide. In
keeping with standard polypeptide nomenclature
described in J. Biol. Chem., 243: 3557-3559 (1968),
and adopted 37 C.F.R..  1.821-1.822, abbreviations for
amino acid residues are shown in Table 1: Table 1 -
Table of CorrespondenceIt should be noted that all
amino acid residue sequences represented herein by
formulae have a left to right orientation in the
conventional direction of aminoterminus to
carboxyl-terminus. In addition, the phrase "amino acid
residue" is broadly defined to include the amino acids
listed in the Table of Correspondence (Table 1) and
modified and unusual amino acids, such as those
referred to in 37 CF. R.  1.821-1.822, and
incorporated herein by reference. Furthermore, it
should be noted that a dash at the beginning or end of
an amino acid residue sequence indicates a peptide
bond to a further sequence of one or more amino acid
residues, to an amino-terminal group such as NH2 or to
a carboxyl-terminal group such as COOH. As used
herein, "naturally occurring amino acids" refer to the
20 L-amino acids that occur in polypeptides. As used
herein, "non-natural amino acid" refers to an organic
compound that has a structure similar to a natural
amino acid but has been modified structurally to mimic
the structure and reactivity of a natural amino acid.
Non-naturally occurring amino acids thus include, for
example, amino acids or analogs of amino acids
otherthan the 20 naturally-occurring amino acids and
include, but are not limited to, the Disostereomers of
amino acids. Exemplary non-natural amino acids are
described herein and are known to those of skill in
the art. As used herein, a DNA construct is a single-
or double-stranded, linear or circular DNA molecule
that contains segments of DNA combined and juxtaposed
in a manner not found in nature. DNA constructs exist
as a result of human manipulation, and include clones
and other copies of manipulated molecules. As used
herein, a DNA segment is a portion of a larger DNA
molecule having specified attributes. For example, a
DNA segment encoding a specified polypeptide is a
portion of a longer DNA molecule, such as a plasmid or
plasmid fragment, which, when read from the 5' to 3'
direction, encodes the sequence of amino acids of the
specified polypeptide. As used herein, the term
polynucleotide means a single- or double-stranded
polymer of deoxyribonucleotides or ribonucleotide
bases read from the 5' to the 3' end. Polynucleotides
include RNA and DNA, and can be isolated from natural
sources, synthesized in vitro, or prepared from a
combination of natural and synthetic molecules. The
length of a polynucleotide molecule is given herein in
terms of nucleotides (abbreviated "nt") or base pairs
(abbreviated "bp"). The term nucleotides is used for
single- and double-stranded molecules where the
context permits. When the term is applied to
double-stranded molecules it is used to denote overall
length and will be understood to be equivalent to the
term base pairs. It will be recognized by those
skilled in the art that the two strands of a
double-stranded polynucleotide can differ slightly in
length and that the ends thereof can be staggered;
thus all nucleotides within a double-stranded
polynucleotide molecule may not be paired. Such
unpaired ends will, in general, not exceed 20
nucleotides in length. As used herein, "similarity"
between two proteins or nucleic acids refers to the
relatedness between the sequence of amino acids of the
proteins or the nucleotide sequences of the nucleic
acids. Similarity can be based on the degree of
identity and/or homology of sequences of residues and
the residues contained therein. Methods for assessing
the degree of similarity between proteins or nucleic
acids are known to those of skill in the art. For
example, in one method of assessing
sequencesimilarity, two amino acid or nucleotide
sequences are aligned in a manner that yields a
maximal level of identity between the sequences.
"Identity" refers to the extent to which the amino
acid or nucleotide sequences are invariant. Alignment
of amino acid sequences, and to some extent nucleotide
sequences, also can take into account conservative
differences and/or frequent substitutions in amino
acids (or nucleotides). Conservative differences are
those that preserve the physico-chemical properties of
the residues involved. Alignments can be global
(alignment of the compared sequences over the entire
length of the sequences and including all residues) or
local (the alignment of a portion of the sequences
that includes only the most similar region or
regions). "Identity" per se has an art-recognized
meaning and can be calculated using published
techniques. (See, e.g.: Computational Molecular
Biology, Lesk, A.M., ed., Oxford University Press, New
York, 1988; Biocomputing: Informatics and Genome
Projects, Smith, D.W., ed., Academic Press, New York,
1993; Computer Analysis of Sequence Data, Part I,
Griffin, A.M., and Griffin, H.G., eds., Humana Press,
New Jersey, 1994; Sequence Analysis in Molecular
Biology, von Heinje, G., Academic Press, 1987; and
Sequence Analysis Primer, Gribskov, M. and Devereux,
J., eds., M Stockton Press, New York, 1991). While
there exists a number of methods to measure identity
between two polynucleotide or polypeptides, the term
"identity" is well known to skilled artisans (Carillo,
H. & Lipton, D., SIAM J Applied Math 45:1073 (1988)).
As used herein, homologous (with respect to nucleic
acid and/or amino acid sequences) means about greater
than or equal to 25% sequence homology, typically
greater than or equal to 25%, 40%, 50%, 60%, 70%, 80%,
85%, 90% or 95% sequence homology; the precise
percentage can be specified if necessary. For purposes
herein the terms "homology" and "identity" are often
used interchangeably, unless otherwise indicated. In
general, for determination of the percentage homology
or identity, sequences are aligned so that the highest
order match is obtained (see, e.g. : Computational
Molecular Biology, Lesk, A.M., ed., Oxford University
Press, New York, 1988; Biocomputing: Informatics and
Genome Projects, Smith, D.W., ed., Academic Press, New
York, 1993; Computer Analysis of Sequence Data,
Parti,Griffin, A.M., and Griffin, H.G., eds., Humana
Press, New Jersey, 1994; Sequence Analysis in
Molecular Biology, von Heinje, G., Academic Press,
1987; and Sequence Analysis Primer, Gribskov, M. and
Devereux, J., eds., M Stockton Press, New York, 1991;
Carillo et al. (1988) SIAM J Applied Math 45:1073). By
sequence homology, the number of conserved amino acids
is determined by standard alignment algorithms
programs, and can be used with default gap penalties
established by each supplier. Substantially homologous
nucleic acid molecules would hybridize typically at
moderate stringency or at high stringency all along
the length of the nucleic acid of interest. Also
contemplated are nucleic acid molecules that contain
degenerate codons in place of codons in the
hybridizing nucleic acid molecule. Whether any two
molecules have nucleotide sequences or amino acid
sequences that are at least 60%, 70%, 80%, 85%, 90%,
95%, 96%, 97%, 98% or 99% "identical" or "homologous"
can be determined using known computer algorithms such
as the "FASTA" program, using for example, the default
parameters as in Pearson et al ( 1988) Proc. Natl.
Acad. Sd. USA 55:2444 (other programs include the GCG
program package (Devereux, J., et al, Nucleic Acids
Research 12(I):3%1 (1984)), BLASTP, BLASTN, FASTA
(Atschul, S.F., et al, JMolec Biol 215:403 (1990));
Guide to Huge Computers, Martin J. Bishop, ed.,
Academic Press, San Diego, 1994, and Carillo etal
(1988) SIAM J Applied Math 48:1013). For example, the
BLAST function of the National Center for
Biotechnology Information database can be used to
determine identity. Other commercially or publicly
available programs include, DNAStar "MegAlign" program
(Madison, WI) and the University of Wisconsin Genetics
Computer Group (UWG) "Gap" program (Madison WI).
Percent homology or identity of proteins and/or
nucleic acid molecules can be determined, for example,
by comparing sequence information using a GAP computer
program (e.g., Needleman etal (1970) J. MoI Biol
48:443, as revised by Smith and Waterman (1981) Adv.
Appl Math. 2:482). Briefly, the GAP program defines
simi larity as the number of aligned symbols (i.e.,
nucleotides or amino acids), which are similar,
divided by the total number of symbols in the shorter
of the two sequences. Default parameters for the GAP
program can include: (1) a unary comparison matrix
(containing a value of 1 for identities and 0 for
non-identities) and the weighted comparison matrix of
Gribskov et al. (1986) Nucl. Acids Res. 14:6745, as
described by Schwartz and Dayhoff, eds., ATLAS OF
PROTEIN SEQUENCE AND STRUCTURE, National Biomedical
Research Foundation, pp. 353-358 (1979); (2) a penalty
of 3.0 for each gap and an additional 0.10 penalty for
each symbol in each gap; and (3) no penalty for end
gaps. Therefore, as used herein, the term "identity"
or "homology" represents a comparison between a test
and a reference polypeptide or polynucleotide. As used
herein, the term at least "90% identical to" refers to
percent identities from 90 to 99.99 relative to the
reference nucleic acid or amino acid sequence of the
polypeptide. Identity at a level of 90% or more is
indicative of the fact that, assuming for
exemplification purposes a test and reference
polypeptide length of 100 amino acids are compared. No
more than 10% (i.e., 10 out of 100) of the amino acids
in the test polypeptide differs from that of the
reference polypeptide. Similar comparisons can be made
between test and reference polynucleotides. Such
differences can be represented as point mutations
randomly distributed over the entire length of a
polypeptide or they can be clustered in one or more
locations of varying length up to the maximum
allowable, e.g. 10/100 amino acid difference
(approximately 90% identity). Differences are defined
as nucleic acid or amino acid substitutions,
insertions or deletions. At the level of homologies or
identities above about 85-90%, the result should be
independent of the program and gap parameters set;
such high levels of identity can be assessed readily,
often by manual alignment without relying on software.
As used herein, an aligned sequence refers to the use
of homology (similarity and/or identity) to align
corresponding positions in a sequence of nucleotides
or amino acids. Typically, two or more sequences that
are related by 50% or more identity are aligned. An
aligned set of sequences refers to 2 or more sequences
that are aligned at corresponding positions and can
include aligning sequences derived from RNAs, such as
ESTs and other cDNAs, aligned with genomic DNA
sequence. As used herein, "primer" refers to a nucleic
acid molecule that can act as a point of initiation of
template-directed DNA synthesis under appropriate
conditions (e.g., in the presence of four different
nucleoside triphosphates and a polymerizationagent ,
such as DNA polymerase, RNA polymerase or reverse
transcriptase) in an appropriate buffer and at a
suitable temperature. It will be appreciated that a
certain nucleic acid molecules can serve as a "probe"
and as a "primer." A primer, however, has a 3'
hydroxyl group for extension. A primer can be used in
a variety of methods, including, for example,
polymerase chain reaction (PCR), reverse-transcriptase
(RT)- PCR, RNA PCR, LCR, multiplex PCR, panhandle PCR,
capture PCR, expression PCR, 3' and 5' RACE, in situ
PCR, ligation-mediated PCR and other amplification
protocols. As used herein, "primer pair" refers to a
set of primers that includes a 5' (upstream) primer
that hybridizes with the 5' end of a sequence to be
amplified (e.g. by PCR) and a 3' (downstream) primer
that hybridizes with the complement of the 3' end of
the sequence to be amplified. As used herein,
"specifically hybridizes" refers to annealing, by
complementary base-pairing, of a nucleic acid molecule
(e.g. an oligonucleotide) to a target nucleic acid
molecule. Those of skill in the art are familiar with
in vitro and in vivo parameters that affect specific
hybridization, such as length and composition of the
particular molecule. Parameters particularly relevant
to in vitro hybridization further include annealing
and washing temperature, buffer composition and salt
concentration. Exemplary washing conditions for
removing non-specifically bound nucleic acid molecules
at high stringency are 0.1 x SSPE, 0.1% SDS, 65C, and
at medium stringency are 0.2 x SSPE, 0.1% SDS, 50C.
Equivalent stringency conditions are known in the art.
The skilled person can readily adjust these parameters
to achieve specific hybridization of a nucleic acid
molecule to a target nucleic acid molecule appropriate
for a particular application. Complementary, when
referring to two nucleotide sequences, means that the
two sequences of nucleotides are capable of
hybridizing, typically with less than 25%, 15% or 5%
mismatches between opposed nucleotides. If necessary,
the percentage of complementarity will be specified.
Typically the two molecules are selected such that
they will hybridize under conditions of high
stringency.As used herein, substantially identical to
a product means sufficiently similar so that the
property of interest is sufficiently unchanged so that
the substantially identical product can be used in
place of the product. As used herein, it also is
understood that the terms "substantially identical" or
"similar" varies with the context as understood by
those skilled in the relevant art. As used herein, an
allelic variant or allelic variation references any of
two or more alternative forms of a gene occupying the
same chromosomal locus. Allelic variation arises
naturally through mutation, and can result in
phenotypic polymorphism within populations. Gene
mutations can be silent (no change in the encoded
polypeptide) or can encode polypeptides having altered
amino acid sequence. The term "allelic variant" also
is used herein to denote a protein encoded by an
allelic variant of a gene. Typically the reference
form of the gene encodes a wildtype form and/or
predominant form of a polypeptide from a population or
single reference member of a species. Typically,
allelic variants, which include variants between and
among species typically have at least 80%, 90% or
greater amino acid identity with a wildtype and/or
predominant form from the same species; the degree of
identity depends upon the gene and whether comparison
is interspecies or intraspecies. Generally,
intraspecies allelic variants have at least about 80%,
85%, 90% or 95% identity or greater with a wildtype
and/or predominant form, including 96%, 97%, 98%, 99%
or greater identity with a wildtype and/or predominant
form of a polypeptide. Reference to an allelic variant
herein generally refers to variations in proteins
among members of the same species. As used herein,
"allele," which is used interchangeably herein with
"allelic variant" refers to alternative forms of a
gene or portions thereof. Alleles occupy the same
locus or position on homologous chromosomes. When a
subject has two identical alleles of a gene, the
subject is said to be homozygous for that gene or
allele. When a subject has two different alleles of a
gene, the subject is said to be heterozygous for the
gene. Alleles of a specific gene can differ from each
other in a single nucleotide or several nucleotides,
and can include modifications such as substitutions,
deletions and insertions of nucleotides. An allele of
a gene also can be a form of a gene containing a
mutation.As used herein, species variants refer to
variants in polypeptides among different species,
including different mammalian species, such as mouse
and human. As used herein, a splice variant refers to
a variant produced by differential processing of a
primary transcript of genomic DNA that results in more
than one type ofmRNA. As used herein, modification is
in reference to modification of a sequence of amino
acids of a polypeptide or a sequence of nucleotides in
a nucleic acid molecule and includes deletions,
insertions, and replacements of amino acids and
nucleotides, respectively. Methods of modifying a
polypeptide are routine to those of skill in the art,
such as by using recombinant DNA methodologies. As
used herein, the term promoter means a portion of a
gene containing DNA sequences that provide for the
binding of RNA polymerase and initiation of
transcription. Promoter sequences are commonly, but
not always, found in the 5' non-coding region of
genes. As used herein, isolated or purified
polypeptide or protein or biologicallyactive portion
thereof is substantially free of cellular material or
other contaminating proteins from the cell or tissue
from which the protein is derived, or substantially
free from chemical precursors or other chemicals when
chemically synthesized. Preparations can be determined
to be substantially free if they appear free of
readily detectable impurities as determined by
standard methods of analysis, such as thin layer
chromatography (TLC), gel electrophoresis and high
performance liquid chromatography (HPLC), used by
those of skill in the art to assess such purity, or
sufficiently pure such that further purification would
not detectably alter the physical and chemical
properties, such as enzymatic and biological
activities, of the substance. Methods for purification
of the compounds to produce substantially chemically
pure compounds are known to those of skill in the art.
A substantially chemically pure compound, however, can
be a mixture of stereoisomers. In such instances,
further purification might increase the specific
activity of the compound. The term substantially free
of cellular material includes preparations of proteins
in which the protein is separated from cellular
components of the cells from which it is isolated or
recombinantly-produced. In one embodiment, the
termsubstantially free of cellular material includes
preparations of enzyme proteins having less that about
30% (by dry weight) of non-enzyme proteins (also
referred to herein as a contaminating protein),
generally less than about 20% of non-enzyme proteins
or 10% of non-enzyme proteins or less that about 5% of
non-enzyme proteins. When the enzyme protein is
recombinantly produced, it also is substantially free
of culture medium, i.e., culture medium represents
less than about or at 20%, 10% or 5% of the volume of
the enzyme protein preparation. As used herein, the
term substantially free of chemical precursors or
other chemicals includes preparations of enzyme
proteins in which the protein is separated from
chemical precursors or other chemicals that are
involved in the synthesis of the protein. The term
includes preparations of enzyme proteins having less
than about 30% (by dry weight) 20%, 10%, 5% or less of
chemical precursors or non-enzyme chemicals or
components. As used herein, synthetic, with reference
to, for example, a synthetic nucleic acid molecule or
a synthetic gene or a synthetic peptide refers to a
nucleic acid molecule or polypeptide molecule that is
produced by recombinant methods and/or by chemical
synthesis methods. As used herein, production by
recombinant means by using recombinant DNA methods
means the use of the well known methods of molecular
biology for expressing proteins encoded by cloned DNA.
As used herein, vector (or plasmid) refers to discrete
elements that are used to introduce a heterologous
nucleic acid into cells for either expression or
replication thereof. The vectors typically remain
episomal, but can be designed to effect integration of
a gene or portion thereof into a chromosome of the
genome. Also contemplated are vectors that are
artificial chromosomes, such as yeast artificial
chromosomes and mammalian artificial chromosomes.
Selection and use of such vehicles are well known to
those of skill in the art. As used herein, an
expression vector includes vectors capable of
expressing DNA that is operatively linked with
regulatory sequences, such as promoter regions, that
are capable of effecting expression of such DNA
fragments. Such additional segments can include
promoter and terminator sequences, and optionally can
includeone or more origins of replication, one or more
selectable markers, an enhancer, a polyadenylation
signal, and the like. Expression vectors are generally
derived from plasmid or viral DNA, or can contain
elements of both. Thus, an expression vector refers to
a recombinant DNA or RNA construct, such as a plasmid,
a phage, recombinant virus or other vector that, upon
introduction into an appropriate host cell, results in
expression of the cloned DNA. Appropriate expression
vectors are well known to those of skill in the art
and include those that are replicable in eukaryotic
cells and/or prokaryotic cells and those that remain
episomal or those which integrate into the host cell
genome. As used herein, vector also includes "virus
vectors" or "viral vectors." Viral vectors are
engineered viruses that are operatively linked to
exogenous genes to transfer (as vehicles or shuttles)
the exogenous genes into cells. As used herein,
operably or operatively linked when referring to DNA
segments means that the segments are arranged so that
they function in concert for their intended purposes,
e.g., transcription initiates downstream of the
promoter and upstream of any transcribed sequences.
The promoter is usually the domain to which the
transcriptional machinery binds to initiate
transcription and proceeds through the coding segment
to the terminator. As used herein, the term assessing
is intended to include quantitative and qualitative
determination in the sense of obtaining an absolute
value for the activity of a protease, or a domain
thereof, present in the sample, and also of obtaining
an index, ratio, percentage, visual or other value
indicative of the level of the activity. Assessment
can be direct or indirect and the chemical species
actually detected need not of course be the
proteolysis product itself but can for example be a
derivative thereof or some further substance. For
example, detection of a cleavage product of a
complement protein, such as by SDS-PAGE and protein
staining with Coomasie blue. As used herein,
biological activity refers to the in vivo activities
of a compound or physiological responses that result
upon in vivo administration of a compound, composition
or other mixture. Biological activity, thus,
encompasses therapeutic effects and pharmaceutical
activity of such compounds, compositions and mixtures.
Biological activities can be observed in in vitro
systems designed to test oruse such activities. Thus,
for purposes herein a biological activity of a
protease is its catalytic activity in which a
polypeptide is hydrolyzed. As used herein equivalent,
when referring to two sequences of nucleic acids,
means that the two sequences in question encode the
same sequence of amino acids or equivalent proteins.
When equivalent is used in referring to two proteins
or peptides, it means that the two proteins or
peptides have substantially the same amino acid
sequence with only amino acid substitutions that do
not substantially alter the activity or function of
the protein or peptide. When equivalent refers to a
property, the property does not need to be present to
the same extent (e.g., two peptides can exhibit
different rates of the same type of enzymatic
activity), but the activities are usually
substantially the same. As used herein, "modulate" and
"modulation" or "alter" refer to a change of an
activity of a molecule, such as a protein. Exemplary
activities include, but are not limited to, biological
activities, such as signal transduction. Modulation
can include an increase in the activity (i.e.,
up-regulation or agonist activity), a decrease in
activity (i.e., down-regulation or inhibition) or any
other alteration in an activity (such as a change in
periodicity, frequency, duration, kinetics or other
parameter). Modulation can be context dependent and
typically modulation is compared to a designated
state, for example, the wildtype protein, the protein
in a constitutive state, or the protein as expressed
in a designated cell type or condition. As used
herein, a composition refers to any mixture. It can be
a solution, suspension, liquid, powder, paste,
aqueous, non-aqueous or any combination thereof. As
used herein, a combination refers to any association
between or among two or more items. The combination
can be two or more separate items, such as two
compositions or two collections, can be a mixture
thereof, such as a single mixture of the two or more
items, or any variation thereof. The elements of a
combination are generally functionally associated or
related. As used herein, "disease or disorder" refers
to a pathological condition in an organism resulting
from cause or condition including, but not limited to,
infections, acquired conditions, genetic conditions,
and characterized by identifiable symptoms. Diseases
and disorders of interest herein are those involving
components of the ECM.As used herein, "treating" a
subject with a disease or condition means that the
subject's symptoms are partially or totally
alleviated, or remain static following treatment.
Hence treatment encompasses prophylaxis, therapy
and/or cure. Prophylaxis refers to prevention of a
potential disease and/or a prevention of worsening of
symptoms or progression of a disease. Treatment also
encompasses any pharmaceutical use of a super
fast-acting insulin composition provided herein. As
used herein, a pharmaceutically effective agent,
includes any therapeutic agent or bioactive agents,
including, but not limited to, for example,
anesthetics, vasoconstrictors, dispersing agents,
conventional therapeutic drugs, including small
molecule drugs and therapeutic proteins. As used
herein, treatment means any manner in which the
symptoms of a condition, disorder or disease or other
indication, are ameliorated or otherwise beneficially
altered. As used herein, a therapeutic effect means an
effect resulting from treatment of a subject that
alters, typically improves or ameliorates the symptoms
of a disease or condition or that cures a disease or
condition. A therapeutically effective amount refers
to the amount of a composition, molecule or compound
which results in a therapeutic effect following
administration to a subject. As used herein, the term
"subject" refers to an animal, including a mammal,
such as a human being. As used herein, a patient
refers to a human subject exhibiting symptoms of a
disease or disorder. As used herein, amelioration of
the symptoms of a particular disease or disorder by a
treatment, such as by administration of a
pharmaceutical composition or other therapeutic,
refers to any lessening, whether permanent or
temporary, lasting or transient, of the symptoms that
can be attributed to or associated with administration
of the composition or therapeutic. As used herein,
prevention or prophylaxis refers to methods in which
the risk of developing disease or condition is
reduced. As used herein, a "therapeutically effective
amount" or a "therapeutically effective dose" refers
to the quantity of an agent, compound, material, or
compositioncontaining a compound that is at least
sufficient to produce a therapeutic effect. Hence, it
is the quantity necessary for preventing, curing,
ameliorating, arresting or partially arresting a
symptom of a disease or disorder. As used herein, a
therapeutically effective insulin dosage is the amount
of insulin required or sufficient to achieve glycemic
control. This amount can be determined empirically,
such as by glucose or meal challenge. The compositions
provided herein contain a therapeutically effective
amount or concentration of insulin so that
therapeutically effective dosages are administered. As
used herein, unit dose form refers to physically
discrete units suitable for human and animal subjects
and packaged individually as is known in the art. As
used herein, a single dosage formulation refers to a
formulation for direct administration. As used herein,
an "article of manufacture" is a product that is made
and sold. As used throughout this application, the
term is intended to encompass a fast-acting insulin
composition and hyaluronan degrading enzyme
composition contained in the same or separate articles
of packaging. As used herein, fluid refers to any
composition that can flow. Fluids thus encompass
compositions that are in the form of semi-solids,
pastes, solutions, aqueous mixtures, gels, lotions,
creams and other such compositions. 



As used herein, a "kit" refers to a combination of
compositions provided herein and another item for a
purpose including, but not limited to, reconstitution,
activation, , instruments/devices for delivery,
administration, diagnosis, and assessment of a
biological activity or property. Kits optionally
include instructions for use. As used herein, a
cellular extract or lysate refers to a preparation or
fraction which is made from a lysed or disrupted cell.
As used herein, animal includes any animal, such as,
but are not limited to primates including humans,
gorillas and monkeys; rodents, such as mice and rats;
fowl, such as chickens; ruminants, such as goats,
cows, deer, sheep; ovine, such as pigs and other
animals. Non-human animals exclude humans as the
contemplatedanimal. The enzymes provided herein are
from any source, animal, plant, prokaryotic and
fungal. Most enzymes are of animal origin, including
mammalian origin. As used herein, a control refers to
a sample that is substantially identical to the test
sample, except that it is not treated with a test
parameter, or, if it is a plasma sample, it can be
from a normal volunteer not affected with the
condition of interest. A control also can be an
internal control. As used herein, the singular forms
"a," "an" and "the" include plural referents unless
the context clearly dictates otherwise. Thus, for
example, reference to a compound, comprising "an
extracellular domain"" includes compounds with one or
a plurality of extracellular domains. As used herein,
ranges and amounts can be expressed as "about" a
particular value or range. About also includes the
exact amount. Hence "about 5 bases" means "about 5
bases" and also "5 bases." As used herein, "optional"
or "optionally" means that the subsequently described
event or circumstance does or does not occur, and that
the description includes instances where said event or
circumstance occurs and instances where it does not.
For example, an optionally substituted group means
that the group is unsubstituted or is substituted. As
used herein, the abbreviations for any protective
groups, amino acids and other compounds, are, unless
indicated otherwise, in accord with their common
usage, recognized abbreviations, or the IUPAC-IUB
Commission on Biochemical Nomenclature (see, (1972)
Biochemistry 11:1726). B. SUPER FAST-ACTING INSULIN
COMPOSITIONS Provided herein are super fast-acting
insulin combinations and compositions. The super
fast-acting insulin compositions are obtained by
combining, before, or at the time of administration, a
fast-acting insulin and a hyaluronan degrading enzyme.
Also provided are methods and uses of the super
fast-acting insulin composition to treat the same
diseases and conditions for which fast-acting insulins
have heretofore been indicated, for example, diabetes
mellitus for the control of hyperglycemia and other
diseases and conditions. Fast-acting insulins (for
example Humalog(r) insulin lispro and Humulin(r) R
insulin) do not adequately mimic the endogenous
insulinspike of the first phase prandial insulin
release. It is now discovered that by combining a
fast-acting insulin with a hyaluronan degrading
enzyme, the methods, compositions and combinations
described herein provide a super fast-acting insulin
composition that more closely mimics the endogenous
(i.e., natural) post-prandial insulin release of a
nondiabetic subject. 1. Overview of Insulin, Diabetes
and Existing Fast-Acting Insulin Therapies Insulin is
a naturally-occurring polypeptide hormone secreted by
the pancreas. Insulin is required by the cells of the
body to effectively take up and use glucose from the
blood. Glucose is the predominant energy substrate to
carry out cellular functions. In addition to being the
primary modulator of carbohydrate homeostasis, insulin
has effects on fat metabolism. It can change the
ability of the liver and adipose tissue, among others,
to release fat stores. Insulin has various
pharmacodynamic effects throughout the body, including
but not limited to increase in lipid synthesis,
reduction in lipid breakdown, increase in protein
synthesis, regulation of key enzymes and processes in
glucose metabolism (including glucose uptake
stimulation, glucose oxidation stimulation, increased
glycogen synthesis and reduced glycogen breakdown)..
Although insulin is secreted basally, usually in the
range of 0.5 to 1.0 unit per hour, its levels are
increased after a meal. After a meal, the pancreas
secretes a bolus of insulin in response to a rise in
glucose. Insulin stimulates the uptake of glucose into
cells, and signals the liver to reduce glucose
production; this results in a return of blood glucose
to normal levels. In normal adults, there are two
phases of insulin release in response to a meal. The
early phase is a spike of insulin release that occurs
within 2-15 minutes of eating. The late phase release
extends about 2 hours. The early phase is responsible
for shutting down hepatic glucose production, thereby
reducing blood glucose levels and sensitizing or
signaling peripheral tissues to increase glucose
uptake. In muscle, large amounts of glucose are stored
as glycogen. Some of the glycogen is broken down into
lactate, which circulates to the liver and can be
converted back into glucose and stored as glycogen.
Between meals the liver breaks down these glycogen
stores to provide glucose to the brain and other
tissues.Diabetes results in chronic hyperglycemia due
to the inability or reduced ability of the pancreas to
produce adequate amounts of insulin or due to the
inability or reduced ability of cells to synthesize
and/or release the insulin required. In diabetics, the
effectiveness of the above described first-phase
response is decreased or absent, leading to elevated
postprandial glucose levels. For example, blood
glucose area under the curve (AUC) during the first
four postprandial hours (i.e. first four hours after
eating), is 2.5 to 3.0 times greater in diabetics than
in non-diabetics. Postprandial glucose excursions
contribute to overall hyperglycemia and elevated HbAIc
levels, and these excursions are the primary
contributors to HbAIc elevations seen in early stages
of Type 2 diabetes. Many diabetic patients require
treatment with insulin when the pancreas produces
inadequate amounts of insulin, or cannot use the
insulin it produces, to maintain adequate glycemic
control. Insulin has been administered as a
therapeutic to treat patients having diabetes,
including, for example, type 1 diabetes, type 2
diabetes and gestational diabetes, in order to mimic
the endogenous insulin response that occurs in normal
individuals. Insulin also has been administered to
critically ill patients with hyperglycemia to control
blood glucose levels. Different sources of insulins
are used depending on the patient need. Commercial
insulin preparations can be classified depending on
their duration of activity (see e.g., DeFelippis et
al. (2002) Insulin Chemistry and Pharmacokinetics. In
Ellenberg and Rifkin's Diabetes Mellitus (pp. 481-500)
McGraw-Hill Professional). For example, insulin is
provided in fast-acting formulations, as well as
intermediate- or long-acting formulations, the latter
two classifications being referred to herein as
basal-acting insulins. The fastacting forms have a
rapid onset, typically exhibiting peak insulin levels
in 2-3 hours or less, and no more than four hours.
Hence, fast-acting forms of insulin are used in
prandial glucose regulation. Other forms of insulin
include intermediate-acting, which reach peak insulin
concentration at approximately 4-12 hours following
subcutaneous administration, and long-acting insulins
that reach a relatively modest peak and have a maximum
duration of action of 20-30 hours. The intermediate-
and long-acting forms are often composed of amorphous
and/or crystalline insulin preparations, and are used
predominantly in basal therapies.The goal of prandial
administration of fast-acting insulin compositions is
to attain a stable blood glucose level over time by
parenteral administration of the fastacting insulin
before, during or soon after mealtime. In this way,
blood levels of insulin are temporarily elevated to
(a) shut down hepatic glucose production and (b)
increase glucose uptake; thus maintaining glycemic
control during the elevation in blood glucose
associated with meal digestion. Recombinant human
insulin (e.g., Humulin(r) R insulin) is used for self
administration by injection prior to meal time.
Unfortunately, recombinant human insulin must be dosed
by injection approximately one half hour or more prior
to meal time in order to insure that a rise in blood
glucose does not occur unopposed by exogenous insulin
levels. One of the reasons for the slow absorption of
recombinant human insulin is because insulin forms
hexameric complexes in the presence of zinc ions both
in vivo and in vitro. Such hexameric zinc-containing
complexes are more stable than monomelic insulin
lacking zinc. Upon subcutaneous injection, these
insulin hexamers must dissociate into smaller dimers
or monomers before they can be absorbed through
capillary beds and pass into the systemic circulation.
The dissociation of hexamers to dimers and monomers is
concentration-dependent, occurring only at lower
concentrations as the insulin diffuses from the
injection site. Thus, a local insulin depot exists at
the injection site following subcutaneous
administration of insulin, providing an initial high
concentration of hexameric insulin at the site of
injection that can not be absorbed until the insulin
concentration decreases (Soeborg et al., (2009) Eur. J
. Pharm. Sci. 36:78-90). As the insulin slowly
diffuses from the injection site, the insulin
concentration lowers as the distance from the
injection site increases, resulting in dissociation of
the hexamers and absorption of the insulin monomers
and dimers. Thus, although dispersal of hexameric
insulin complexes occurs naturally in the body, it can
take some time to occur, delaying the systemic
availability of insulin. Further, because of this
concentration-dependent absorption, higher insulin
concentrations and higher doses and are absorbed more
slowly (Soeborg et al., (2009) Eur. J . Pharm. Sci.
36:78-90). Since insulin in monomelic form is absorbed
more rapidly, while insulins in the hexameric state
are more stable, fast-acting analog forms of insulin
have beendeveloped that exhibit a faster dissociation
from hexameric to monomelic upon subcutaneous
administration. Such insulins are modified, such as by
amino acid change, to increase the dissociation rate,
thereby imparting more rapid pharmacodynamic activity
upon injection. As described in Section C, fast-acting
analog forms of insulin include but are not limited
to, insulin glulisine, insulin aspart, and insulin
lispro. Fast-acting forms of insulins, including
fast-acting analogs, have a delay in absorption and
action, and therefore do not approximate endogenous
insulin that has a early phase that occurs about 10
minutes after eating. Thus, such formulations do not
act quickly enough to shut off hepatic glucose
production that occurs shortly after this first phase
of insulin release. For this reason, even the
fast-acting insulin analog preparations must be given
in advance of meals in order to achieve any chance of
desired glycemic control. Although it is easier to
estimate time of eating within 15 minutes than within
30-60 minutes required for regular insulin, there is a
risk that a patient may eat too early or too late to
provide the best blood glucose control. Further, one
of the main side effects of treatment with any insulin
therapy, including fast-acting insulin therapies, is
hypoglycemia. Hypoglycemia is defined as low blood
glucose and is associated with a variety of
morbidities that may range from hunger to more
bothersome symptoms such as tremor, sweating,
confusion or all the way to seizure, coma and death.
Hypoglycemia can occur from failure to eat enough,
skipping meals, exercising more then usual or taking
too much insulin or using an prandial insulin
preparation that has an inappropriately long duration
of exposure and action. For example, since many
fast-acting insulin therapies must be given before a
meal, there is a risk that a patient may forego or
skip the meal, leading to hypoglycemia. Additionally,
upon administration of a fast-acting insulin, serum
insulin levels and insulin action (measured, for
example, as glucose infusion rate (GIR)) typically
remain elevated after the prandial glucose load has
abated, threatening hypoglycemia. Attempts to better
control peak glucose loads by increasing insulin dose
further increases this danger. Also, because
postprandial hypoglycemia is a common result of
insulin therapy, it often causes or necessitatesthat
patients eat snacks between meals. This contributes to
the weight gain and obesity often associated with
insulin therapies. 2. Pharmacodynamics and
Pharmacokinetics of a Super Fast-Acting Insulin
Composition It is discovered herein that the
combination of a fact-acting insulin and a hyaluronan
degrading enzyme results in an increased absorption of
the fast-acting insulin, resulting in a more rapid
rise in serum insulin concentration (i.e. more rapid
rate of absorption) and pharmacological action. Hence,
the combination of a fastacting insulin and a
hyaluronan degrading enzyme results in a super
fast-acting insulin composition capable of effecting a
rapid rise in blood glucose following parenteral
(i.e., non intravenous) bolus administration (such as
for example parenteral administration via subcutaneous
(SC), intramuscular (IM), intraperitoneal (IP), or
intradermal (ID) routes of administration. While not
being bound by any theory, the combination of a
fact-acting insulin and a hyaluronan degrading enzyme
can result in increased absorption of the fastacting
insulin, compared to when the insulin is administered
alone, due to a change in the mechanism of dispersion
following subcutaneous administration. Typically, the
presence of high molecular weight hyaluronan provides
a barrier to the flow of bulk fluid following
subcutaneous injection of insulin alone. Thus, as
discussed above, the insulin is dispersed from the
site of injection by diffusion-mediated mechanisms. As
the insulin disperses from the site of injection, the
concentration decreases, facilitating dissociation of
insulin hexamers to monomers and dimers, which are
small enough to be absorbed through the capillary
beds. Thus, to be absorbed following subcutaneous
injection, the insulin must first slowly disperse from
the site of injection to create the sufficiently low
insulin concentrations to facilitate dissociation and,
therefore, absorption. However, when the insulin is
co-administered with a hyaluronandegrading enzyme,
such as, for example, a soluble hyaluronidase, the
hyaluronan is degraded by the hyaluronan-degrading
enzyme, enabling the flow of bulk fluid, which is
rapidly dispersed proportional to the pressure
gradient (or hydraulic conductivity). At physiologic
pressure, for example, a soluble hyaluronidase such as
rHuPH20 generates an approximate 20-fold increase in
hydraulic conductance. Thus, when coadministered with
a hyaluronan-degrading enzyme, the insulin is rapidly
dispersed in a convection-mediated manner following
degradation of the hyaluronan barrier. This rapid
absorption of insulin when co-administered
subcutaneously with hyaluronan degrading enzyme can
result in improved pharmacokinetic and pharmacodynamic
properties of the insulin compared to when the insulin
is administered alone. For example, as provided
herein, the super fast-acting insulin composition is
absorbed faster as demonstrated by a reduction of
tmax, and increased Cmacand cumulative systemic
insulin exposure that is especially pronounced over
the first 40 minutes. This improved pharmacokinetic
profile is reflected in a shortened onset and duration
of insulin effect. This can be exemplified by
pharmacodynamic measures, such as by glucose infusion
rates in euglycemic clamp experiments such as is
described in Example 1. Thus, a super fast-acting
insulin composition is more rapidly absorbed than the
corresponding fast-acting insulin. Interestingly, as
set forth in Figures 1 and 2, the super fast-acting
insulin compositions containing a hyaluronan degrading
enzyme exhibit an accelerated absorption of both
fast-acting regular insulins and fast-acting insulin
analogs resulting in similar pharmacodynamic (PD) and
pharmacokinetic (PK) profiles, even though fast-acting
insulin analog is substantially faster than the
fast-acting regular insulin without the hyaluronan
degrading enzyme. Thus, super fast-acting insulin
compositions exhibit similar pharmacodynamic (PD) and
pharmacokinetic (PK) profiles, regardless of whether a
fast-acting insulin analog or fast-acting regular
insulin is included in the composition. This
similarity is particularly striking in the first 40 to
60 minutes following administration (see e.g., Figures
1 and 2). Hence, an additional advantage of the super
fast-acting insulin composition is the ability to
achieve comparable pharmacokinetic and pharmacodynamic
profiles in the first 40 to 60 minutes following
administration, without regard to whether the
fast-acting insulin is a fastacting regular insulin
(e.g., Humulin(r) R insulin) or a fast-acting analog
(such as Humalog(r) insulin lispro, Novalog(r) insulin
aspart or Apidra(r) insulin glulisine). In some
instances, such as where the fast-acting insulin in
the super fast-acting insulin composition is a rapid
acting insulin analog, rather than a regular insulin,
the absorption of the fast acting insulin when
administered with the hyaluronan degradingenzyme (i.e.
as a super fast acting insulin composition) is faster
than the fastest of the fast acting insulins alone.
This can manifest itself as, for example, decreased
tmax and increased cumulative systemic insulin
exposure, particularly over the first 40 minutes. The
pharmacokinetics of the super fast-acting insulin
composition differs from the corresponding fast-acting
insulin in several important respects. First, the
profile of insulin blood concentration as a function
of time is shifted to one of higher concentrations at
earlier times (see for example, Figure 1). This rate
of appearance of insulin into the systemic circulation
is described as the absorption rate, as distinguished
from the rate of removal from the systemic
circulation, which is described as the clearance rate.
Super fast-acting insulin compositions have a greater
absorption rate, resulting in greater early exposure,
than the corresponding fast-acting insulin. Moreover,
because the hyaluronan degrading enzyme is transiently
and locally acting at the site of administration, the
clearance rate of the super fast-acting insulin
composition and its potency once in the systemic
circulation are not materially different from the
corresponding fast-acting insulin. By increasing the
absorption rate while maintaining the same clearance
rate, the maximum blood concentration of insulin
(Cmax) also is increased for a super fast-acting
insulin composition relative to the corresponding
fast-acting insulin. Thus, the same total quantity of
systemically available insulin is distributed
differently as a function of time for a super
fast-acting insulin composition relative to the
corresponding fast-acting insulin, such that,
following parenteral administration of a super
fast-acting insulin composition, a greater fraction of
the cumulative systemic insulin exposure occurs over
earlier time points and a smaller fraction of the
cumulative systemic insulin exposure occurs over later
time points, as compared to an insulin that is merely
fast-acting. This shift in the absorption rate enables
the super fast-acting insulin composition to more
closely mimic the body's endogenous insulin response
to the spike in blood glucose levels that occurs after
consumption of a meal. A second and independent
pharmacokinetic parameter, the fraction of the
administered dose that reaches the systemic
circulation, also can differ from the super
fast-acting insulin composition relative to its
corresponding fast-acting insulin. For certain
fast-acting insulins, the vast majority of the
administered dose is systemicallybioavailable, and
hence there may only b e an incremental increase for
the corresponding super fast-acting composition.
However for other fast-acting insulins, such as
regular insulin (for example Humulin (r) R insulin),
the increase in bioavailability can be significant.
The relative bioavailability of a super fast-acting
insulin composition as described herein to its
corresponding fast-acting insulin is described by the
ratio of the total systemic exposure (AUCo -infin ty)
of the two compositions following identical non-IV
parenteral administrations. A further important aspect
of the super fast-acting insulin compositions concerns
the ability to achieve improvement in pharmacodynamic
parameters that measure the physiological response to
the systemically available insulin. Because the super
fast-acting insulin compositions described herein have
the same pharmacological potency upon reaching the
systemic circulation as the corresponding fast-acting
insulin, the improved pharmacokinetic profiles offered
by the super fastacting insulin compositions (as
discussed above) result in beneficial changes in
pharmacodynamic parameters that measure the
physiological response to the systemically available
insulin. For example, the glucose infusion rate (GIR)
measured when insulin is administered to subjects in a
euglycemic clamp procedure represents a
pharmacodynamic parameter as it measures the rate of
intravenous glucose administration as a function of
time required to maintain a steady target blood
glucose concentration. By virtue of the
pharmacokinetic advantage of greater absorption rate
achieved by a super fast-acting insulin composition
compared to the corresponding fast-acting insulin, the
super fast-acting insulin composition is able to shift
the GIR profile (a measure of the physiological
response to the insulin) toward greater infusion rates
(i.e., greater physiological response) at earlier
times. For those super fast-acting insulin
compositions where there also is a meaningful increase
in relative systemic bioavailability, a further
increase in GIR response can be observed, although the
total GIR is a function of both the distribution of
insulin levels as a function of time and of the
systemic dose administered. The pharmacokinetic and
pharmacodynamic advantages afforded b y the super
fast-acting insulin compositions described herein lead
to a number of important uses. First, by shifting the
PK and PD responses to earlier times, a more natural
insulinresponse for the super fast-acting composition
can be produced to control postprandial glucose levels
than is possible with the corresponding fast-acting
insulin composition alone. The body's natural insulin
response includes both (a) an initial burst of insulin
within the first 10-15 minutes signaling shutdown of
the hepatic glucose release and providing minimum
glucose blood concentrations between meals; and (b) a
total insulin exposure over about 2 hours, which is
matched to the carbohydrate composition of the meal by
adjusting insulin release into the systemic
circulation as a function of glucose levels through a
complex interplay of hormonal responses, including
both beta cell responses to systemic metabolite
(predominately glucose) levels and incretin hormones
which potentiate insulin secretion when the intestinal
tract senses the presence of nutrient materials. By
having a greater fraction of the systemically
available insulin exposure occur over the first 10-15
minutes, the super fast-acting insulin composition is
better able to signal the shutdown of the hepatic
glucose release (like the body's endogenous prandial
insulin response) as compared to the corresponding
fast-acting insulin composition. Moreover, the super
fast-acting insulin compositions described herein also
are better able to mimic the natural control of
post-prandial glucose, by having a greater fraction of
the systemically available insulin exposure over the
first 2 hours and a corresponding reduction in the
insulin exposure after 2 hours. Elevated insulin
levels occurring more than 2 hours after
administration can result in an increased glucose
metabolism when postprandial glucose absorption is
complete, a situation that leads to low blood glucose
levels or hypoglycemia. Additionally, because the
super fast-acting insulin compositions have an onset
of action similar to the natural insulin response,
these compositions can be administered at mealtime,
while many fast-acting insulin compositions (for
example, Humulin(r) R insulin) are administered 30-60
minutes prior to a meal, which introduces a risk of
hypoglycemia if the subject delays or skips the
intended meal. Thus, through the combination of
increased insulin exposure over the first 15 minutes,
and decreased insulin exposure after 2 hours, super
fast-acting insulin compositions are better able to
control postprandial glucose levels than the
corresponding fastacting insulin
compositions.Fast-acting insulins typically are
administered over a wide range of doses as determined
by the physician or other qualified healthcare
provider depending on many factors including the
actual glucose levels, the subject, the type of
diabetes and the composition of the meal. Typically,
such fast-acting insulin doses can be in the range of
between 0.05 Units/kg to 2 Units/kg. Due to their
pharmacokinetics and pharmacodynamics, super
fast-acting insulin compositions can be administered
at lower doses compared to the fast-acting insulin
administered in the absence of a hyaluronan degrading
enzyme. The degree to which the amount of a
fast-acting insulin can be lowered by administering it
as a super fast-acting insulin composition varies,
depending on, for example, the type of diabetes the
patient has. Typically, the reduction in the amount of
fast-acting insulin administered to Type 2 diabetic
patients when administered as a super fast-acting
insulin composition is greater than the reduction in
the amount of fast-acting insulin administered to Type
1 diabetic patients when administered as a super
fast-acting insulin composition. For example, in
instances where a Type 1 diabetic patient and Type 2
diabetic patient are each administered 0.20 U/kg of
fast-acting insulin to control postprandial glucose
levels, the Type 1 diabetic patient can be
administered 0.15 U/kg of fast-acting insulin in a
super fast-acting insulin composition to achieve the
same or better glycemic control, and the Type 2
diabetic patient can be administered 0.10 U/kg
fast-acting insulin in a super fast-acting insulin
composition to achieve the same or better glycemic
control. Thus, in some examples, it is contemplated
herein that the amount of a fast-acting insulin that
is administered to a Type 2 diabetic patient to
achieve glycemic control can be reduced by, for
example, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80% or more when
administered with a hyaluronan degrading enzyme as a
super fast-acting insulin composition compared to the
amount required for glycemic control when administered
without a hyaluronan degrading enzyme, and that the
amount of a fast-acting insulin that is administered
to a Type 1 diabetic patient to achieve glycemic
control can be reduced by, for example, 5%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%
or more when administered with a hyaluronan degrading
enzyme as a super fast-acting insulincomposition
compared to the amount required for glycemic control
when administered without a hyaluronan degrading
enzyme. While not being bound by any theory, the
greater reduction in the fast-acting insulin dose for
Type 2 diabetic patients compared to Type 1 diabetic
patients when the insulin is administered with a
hyaluronan degrading enzyme as a super fast-acting
insulin composition is a reflection of the different
postprandial glycemic profiles of Type 1 and Type 2
patients, and the ability of the super fast-acting
insulin to more closely mimic the natural first phase
insulin release in healthy subjects. Type 2 diabetes
develops as a result of impaired b cell function,
insulin resistance, and/or impaired insulin secretion.
These patients lack the early phase insulin release
that occurs within minutes of a glucose challenge,
such as a meal, but still slowly release insulin over
time. In contrast, Type 1 diabetic patients do not
produce any insulin and so lack both the first and
second phase insulin release, the latter of which is
sustained in healthy subjects until glycemic control
is achieved. Thus, because Type 2 diabetics generally
only require insulin therapy primarily to address
post-prandial hyperglycemia, a problem to be overcome
in prandial insulin therapy in such diabetics is the
occurrence of hypoglycemia. Hypoglycemia can result if
the subject's own delayed and/or basal insulin
secretion is coupled with the glucose lowering effect
of any excess exogenous insulin remaining after the
prandial spike has been alleviated. Over time,
repeated occurrences of such post-prandial
hypoglycemic episodes can contribute to weight gain
and obesity. The pharmacokinetics and pharmacodynamics
of the fast-acting insulins are such that the dose
that is needed to achieve an appropriate concentration
of insulin in the blood quickly enough to lower
glucose levels immediately following digestion of a
meal (i.e. a dose that covers the natural early phase
insulin release) is one that results in excess insulin
circulating in the blood following digestion and
lowering of the postprandial glucose levels.
Therefore, Type 2 diabetic patients receive insulin
doses that cover more than just the early phase
insulin release. The super fast-acting insulin
compositions provided herein more closely mimic the
endogenous insulin response. Thus, Type 2 diabetics
can be administered a super fast-acting insulin
composition at a dose that covers only thefirst phase
insulin release, while Type 1 diabetics can be
administered a super fastacting insulin composition at
a dose that covers all phases of insulin release.
Thus, another use of the super fast-acting insulin
compositions provided herein is to reduce the
side-effects of weight gain and obesity associated
with fastacting insulin therapy. The magnitude of this
side effect is about or is proportional to the dose of
insulin administered. As discussed above, super
fast-acting insulin compositions can provide
equivalent glycemic control from lower doses of
fast-acting insulin as the correspqnding fast-acting
compositions through, for example, a combination of
the greater bioavailability and the greater fraction
of cumulative systemic insulin exposure over the first
0.25, 0.5, 0.75, 1, 1.5 or 2 hours following
administration. Although Type 1 and Type 2 diabetic
patients can experience weight gain as a result of
insulin therapy, patients with Type 2 diabetes are at
particular risk of weight gain, leading to obesity.
Type 2 diabetics lack the first-phase insulin release,
but still slowly release insulin over time. As a
result, in the early stages of the disease, the Type 2
diabetics' endogenous insulin levels are too low at
the initiation of a meal and too high after meal
digestion. In the absence of the first-phase insulin
release, the liver does not receive the signal to stop
making glucose. The liver continues to produce glucose
at a time when the body begins to produce new glucose
through the digestion of the meal, resulting in
hyperglycemia. Between two and three hours after a
meal, an untreated diabetic's blood glucose becomes so
elevated that the pancreas receives a signal to
secrete a large amount of insulin. In a patient with
early Type 2 diabetes, the pancreas can still respond
and secretes this large amount of insulin. This occurs
at the time when digestion is almost over and blood
glucose levels should begin to fall. This large amount
of insulin has two detrimental effects. First, it puts
an undue demand on an already compromised pancreas,
which can lead to its more rapid deterioration and
eventually render the pancreas unable to produce
insulin. Second, too much insulin after digestion can
contribute to weight gain, which can further
exacerbate the disease condition. When patients with
Type 2 diabetes are administered a fast-acting insulin
to control postprandial hyperglycemia, as discussed
above, an excess of insulin can remain following
digestion. Thus, Type 2 diabetic patients receiving
insulin therapy can have too much insulin after
digestion, whichcan lead to hypoglycemia and resultant
weight gain. Administration of the super-fast acting
insulin compositions provided herein to control
postprandial hyperglycemia reduces the risk of weight
gain and obesity in diabetic patients. The super-fast
acting insulin compositions can contain the lower
doses of fast-acting insulin. To achieve glycemic
control, the fast-acting insulin in super fast-acting
insulin compositions could be administered at 20%,
30%, 40%, 50%, 60%, 70%, 80% or 90% of the level that
the fast-acting insulin would have to be administered
if the hyaluronan degrading enzyme were not present.
Thus, for example, the amount of fast-acting insulin
administered in a super fast-acting composition is
typically, or is about, 0.05 U/kg, 0.06 U/kg, 0.07
U/kg, 0.08 U/kg, 0.09 U/kg, 1.0 U/kg, 1.1 U/kg, 1.2
U/kg, 1.3 U/kg, 1.4 U/kg, 1.5 U/kg, 1.6 U/kg, 1.7
U/kg, 1.8 U/kg, 1.9 U/kg, or 2.0 U/kg. By virtue of
lower doses, the duration of action of such insulins
can be lessened to minimize the potential for late
hypoglycemia that occurs due to the elevated plasma
insulin concentration that extends over several hours.
Thus, a faster onset of action of the super
fast-acting insulin composition, which more closely
mimics the endogenous insulin spike of the first phase
prandial insulin release, is expected to provide
clinical benefit with regard to better glycemic
control and less 



weight gain in patients with diabetes mellitus.
Further, by affording an increased rate of absorption,
super fast-acting insulin compositions as described
herein can provide a shorter feedback cycle between
the effect of administered insulin and effect on
observed glucose levels than the corresponding
fast-acting insulin compositions, and therefore are
better able to mimic the natural regulation of
postprandial glucose levels. Hence, the modified
pharmacokinetics of a super fast-acting insulin
composition also benefits the performance of the
existing 'insulin pump' and continuous glucose
monitoring (GCM) technology. By shortening the time
between a postprandial insulin bolus injection and a
systemic glycemic response, tighter control of glucose
levels from repeated smaller subcutaneous injections
of insulin with GCM could 'close the loop' on a
combined insulin pump/glucose monitoring device (i.e.
closed loop system or artificial pancreas).The super
fast-acting insulin compositions, whether provided as
a single mixture, or as separate preparations, of
fast-acting insulin and hyaluronan degrading enzyme
can contain additional ingredients to provide desired
physical or chemical properties. For example, an
injectable solution can contain one or more tonicity
modifiers to provide an approximately isotonic
solution, and an aqueous solvent titrated to neutral
pH with an acid or base and possibly with a pH
buffering component. Fast-acting insulin formulations
often include Zn and a phenolic antimicrobial
preservative such as m-cresol to structurally
stabilize them in a more stable hexameric state. Metal
chelators, such as EDTA, can be used to adjust the
rate of dissociation of these hexamers, and other
divalent metals such as calcium can be present to
buffer the chelating capacity. Hyaluronan degrading
enzymes often require additional components to provide
physical and chemical stability, including but not
limited to surfactants, oxygen scavengers, salts,
amino acids and polyalcohols. Super fast-acting
insulin compositions can be presented as a kit of two
separate containers, one containing a fast-acting
insulin composition and another containing hyaluronan
degrading enzyme composition, for sequential (in any
order) or concurrent coadministration; or as a kit
containing a single container containing a mixture of
a fast-acting insulin composition and a hyaluronan
degrading enzyme composition. If the fast-acting
insulin and the hyaluronan degrading enzyme are
coadministered, said coadministration can be
sequential in any order (for example the hyaluronan
degrading enzyme is administered prior to the
fast-acting insulin whereby the hyaluronan degrading
enzyme degrades the hyaluronan at the injection site
prior to administration of the fast-acting insulin);
or the coadministration of the fast-acting insulin and
the hyaluronan degrading enzyme can be concurrent. The
fast-acting insulin composition and the hyaluronan
degrading enzyme compositions can be formulated
(together or separately) as a solid for injection
after reconsti nation with an appropriate diluent, as
injectable solutions, or as injectable suspensions.
The following sections describe exemplary fast-acting
insulins and soluble hyaluronan degrading enzymes used
in the super fast-acting insulin compositions provided
herein, methods of making them, and using them to
treat diseases and conditions for which current
fast-acting insulins are used.C. INSULIN POLYPEPTIDES
AND FORMULATIONS Insulin is a polypeptide composed of
5 1 amino acid residues that is 5808 daltons in
molecular weight. It is produced in the beta-cell
islets of Langerhans in the pancreas. An exemplary
human insulin is translated as a 110 amino acid
precursor polypeptide, preproinsulin (SEQ ID NO: 101),
containing a 24 amino acid signal peptide to ER, the
signal sequence is cleaved, resulting in proinsulin
(SEQ ID NO: 102). The proinsulin molecule is
subsequently converted into a mature insulin by
actions of proteolytic enzymes, known as prohormone
convertases (PCl and PC2) and by actions of the
exoprotease carboxypeptidase E. This results in
removal of 4 basic amino acid residues and the
remaining 31 amino acid C-peptide or connecting chain
(corresponding to amino acid residues 57 to 87 of the
preproinsulin polypeptide set forth in SEQ ID NO:101)
The resulting insulin contains a 2 1 amino acid
A-chain (corresponding to amino acid residues 90 to
110 of the proinsulin polypeptide set forth in SEQ ID
NO: 102) and a 30 amino acid B-chain (corresponding to
amino acid residues 1 to 30 of the proinsulin
polypeptide set forth in SEQ ID NO: 102), which are
cross-linked by disulfide bonds. Typically, mature
insulin contains three disulfide bridges: one between
position 7 of the A-chain and position 7 of the
B-chain, a second between position 20 of the A-chain
and position 19 of the B-chain, and a third between
positions 6 and 11 of the A-chain. The sequence of the
A chain of a mature insulin is set forth in SEQ ID NO:
103 and the sequence of the B-chain is set forth in
SEQ ID NO: 104. Reference to insulin includes
preproinsulin, proinsulin and insulin polypeptides in
single-chain or two-chain forms, truncated forms
thereof that have activity, and includes allelic and
species variants, variants encoded by splice variants
and other variants, such as insulin analogs or other
derivatized forms, including polypeptides that have at
least 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, 96%, 97%, 98%, 99% or more sequence
identity to the precursor polypeptide set forth in SEQ
ID NO: 101 or the mature form thereof, so long as the
insulin binds to the human insulin receptor to
initiate a signaling cascade that results in an
increase of glucose uptake and storage and/or a
decrease of endogenous glucose production. For
example, insulins include species variants of insulin.
These include,but are not limited to, insulins derived
from bovine (set forth in SEQ ID NO: 133) and porcine
(SEQ ID NO: 123). Bovine insulin differs from human
insulin at amino acids 8 and 10 of the A chain, and
amino acid 30 of the B chain. Porcine insulin only
differs from human insulin at amino acid 30 in the B
chain where, like the bovine sequence, there is an
alanine substitution in place of threonine. Other
exemplary species variants of insulin are set forth in
any of SEQ ID NOS: 105-146. Also included among
variants of insulin are insulin analogs that contain
one or more amino acid modifications compared to a
human insulin set forth in SEQ ID NO: 103 and 104 (A
and B chains). Exemplary insulin analogs (A and B
chains), including fast-acting and longer-acting
analog forms, are set forth in SEQ ID NOS: 147- 165,
182-184). For example, insulin analogs include, but
are not limited to, glulisine (LysB3, GluB29; set
forth in SEQ ID NO: 103 (A-chain) and SEQ ID NO: 149
(B-chain)), HMR-I 153 (LysB3, IleB28; set forth in SEQ
ID NO:103 (A-chain) and SEQ ID NO:182 (Bchain)),
HMR-1423 (GlyA21, HisB31, HisB32; set forth in SEQ ID
NO: 183 (Achain) and SEQ ID NO: 184 (B-chain)),
insulin aspart (AspB28; set forth in SEQ ID NO: 103
(A-chain) and SEQ ID NO: 147 (B-chain)), and insulin
lispro (LysB28, ProB29; set forth in SEQ ID NO: 103
(A-chain) and SEQ ID NO: 148 (B-chain)). In every
instance above, the nomenclature of the analogs is
based on a description of the amino acid substitution
at specific positions on the A or B chain of insulin,
numbered from the N-terminus of the chain, in which
the remainder of the sequence is that of natural human
insulin. Any of the above insulin polypeptides include
those that are produced by the pancreas from any
species, such as a human, and also include insulins
that are produced synthetically or using recombinant
techniques. For example, as described elsewhere
herein, insulin can be produced biosynthetically by
expressing synthetic genes for A and B chains of
insulin, by expressing the entire proinsulin and
exposing it to the appropriate enzymatic and chemical
methods to generate a mature insulin, or by expressing
A and B chains connected by a linker peptide (see
e.g., DeFelippis et al. (2002) Insulin Chemistry and
Pharmacokinetics. In Ellenberg and Rifkin's Diabetes
Mellitus (pp. 481-500) McGraw-Hill
Professional).Insulins also include monomelic and
oligomeric forms, such as hexameric forms. Insulin can
exist as a monomer as it circulates in the plasma, and
it also binds to its receptor while in a monomelic
form. Insulin, however, has a propensity to
selfassociate into dimers, and in the presence of
metal ions such as Zn2+ can readily associate into
higher order structures such as hexamers. There are
two symmetrical high affinity binding sites for Zn2+,
although other weaker zinc-binding sites also have
been reported (see e.g., DeFelippis et al. (2002)
Insulin Chemistry and Pharmacokinetics. In Ellenberg
and Rifkin's Diabetes Mellitus (pp. 481-500)
McGraw-Hill Professional). Self-association is
important for the stability of the molecule to prevent
chemical degradation and physical denaturation. Thus,
in storage vesicles in pancreatic beta-cells, insulin
exists as a hexamer. Upon release into the
extracellular space, however, it is believed that the
insulin hexamers can experience a change in pH to more
neutral conditions and the zinc ion-containing
hexamers are diluted, which destabilizes the hexamer.
There may be other reasons contributing to the
destabilization of the insulin hexamer in the
extracellular space. Insulin is thus predominantly
found in the blood as a monomer. To take advantage of
the stabilizing effects, most commercial formulations
of insulin contain zinc ions in sufficient amounts to
promote self-association into hexamers. The hexameric
structure, however, slows down the absorption rate of
these formulations upon subcutaneous administration.
As discussed in Section B, insulin is used as a
therapeutic for glycemic control, such as in diabetic
patients. There are various types of insulin
formulations that exist, depending on whether the
insulin is being administered to control glucose for
basal therapy, for prandial therapy, or for a
combination thereof. Insulin formulations can be
provided solely as fast-acting formulations, solely as
basal-acting formulations (i.e., intermediate-acting
and/or long-acting forms), or as mixtures thereof (see
e.g., Table 2) . Typically, mixtures contain a
fast-acting and an intermediate- or long-acting
insulin. For example, fast-acting insulins can be
combined with an NPH insulin (an exemplary
intermediate-acting insulin as discussed below) in
various mixture ratios including 10:90, 20:80, 30:70,
40:60, and 50:50. Such premixed preparations can
reduce the number of daily insulin injections
byconveniently providing both meal-related and basal
insulin requirements in a single formulation.
Accordingly, the super fast-acting insulin composition
formulations described herein include those that
optionally can provide a basal-acting insulin.
Generally, any preparation of insulin includes an
insulin polypeptide or variant (i.e. analog) thereof,
and differ only in the other substances that make up
the formulation. Hence, it is the specifics of the
formulation that can influence the duration of action
of different insulin types. Examples of substances
included in insulin preparations, include, but are not
limited to, stabilization agents such as zinc, pH
buffer, a tonicity modifier such as glycerin; a
preservative/anti-microbial agent such as m-cresol;
and protamine or other precipitation or controlled
release agent. Further, as provided herein, insulin
preparations also can be prepared containing calcium
and a metal chelator such as EDTA or EGTA. Any one or
more of the above substances can be added to an
insulin polypeptide, such as in a super fast-acting
insulin composition. The specific components added,
and their amounts, influence the type of insulin, its
duration of action, its absorption and bioavailability
and hence, its application. For example, most insulin
preparations contain a metal ion, such as zinc, in the
formulation, which stabilizes the insulin by promoting
self-association of the molecule. Self-association
into hexameric forms can affect the absorption of
insulin upon administration. Hence, the ratio of such
stabilizing agents, and the addition of EDTA or EGTA
to insulin, permits further modulation and control of
the absorption and bioavailability of insulin, for
example, by influencing the prevalence of higher order
structure present in the polypeptide. Generally,
regular insulin preparations that are fast-acting
contain zinc in an amount that is or is about
0.01-0.04 mg/100 Units. Chemical studies have revealed
that the solubility of insulin is largely determined
by the zinc content and the nature of the buffer in
which it is suspended. Hence, some longer-acting basal
insulin formulations are prepared by precipitating
insulin from an acetate buffer (instead of phosphate)
by the addition of zinc. Large crystals of insulin
with high zinc content, when collected and resuspended
in a solution of sodium acetate-sodium chloride (pH
7.2 to 7.5), are slowly absorbed after subcutaneous
injection and exert an action of long duration. This
crystal preparation is namedextended insulin zinc
suspension (ultralente insulin). Other zinc-containing
insulin preparations include, for example, semilente
insulins (prompt insulin zinc suspensions) and lente
insulins (insulin zinc suspensions), which differ
predominantly in the zinc concentration used.
Zinc-containing insulin preparations also include
those that are modified by protamine, such as NPH
insulin. In another example, a precipitation agent,
such as protamine, can be added to an insulin
polypeptide to generate a microcrystalline suspension.
Typically, crystalline insulins have a prolonged
duration of action compared to insulins that do not
exist in crystalline form. A protamine zinc insulin,
when injected subcutaneously in an aqueous suspension,
dissolves only slowly at the site of deposition, and
the insulin is absorbed at a retarded rate. Protamine
zinc suspension insulin has largely been replaced by
isophane insulin suspension, also known as NPH
insulin. It is a modified protamine zinc insulin
suspension that is crystalline. The concentrations of
insulin, protamine, and zinc are so arranged that the
preparation has an onset and a duration of action
intermediate between those of regular insulin and
protamine zinc insulin suspension. Further, pH
differences in the preparations also influence the
type and property of insulin. The original regular
insulin preparations were prepared at a pH of 2.8 to
3.5, otherwise they would form particles at higher pH
ranges. Highly purified insulin preparations, however,
can be prepared at a range of pH values. Also,
buffering the insulin preparation allows insulin to be
prepared in a solution over a wider range of pH.
Typically, an insulin that is prepared at neutral pH
has a greater stability then those prepared at acidic
pH. Thus, most insulins are formulated at neutral pH.
An exception is insulin glargine, which is provided as
a commercial formulation at pH 4.0. By virtue of the
addition of two arginines to the C-terminus of the
B-chain, the isoelectric point of the glargine insulin
is shifted making it more soluble at an acidic pH. An
additional amino acid change exists in the A chain (N2
1G) to prevent deamidation and dimerization resulting
from an acid-sensitive asparagine. The sequence of the
A chain of glargine insulin is set forth in SEQ ID NO:
150 and the B-chain is set forth in SEQ ID NO: 151.
Since exposure tophysiologic pH occurs upon
administration, microprecipitates are formed, which
make glargine similar to a crystalline, long-acting
insulin. Table 2 below summarizes various types of
insulin, their onset of action and their application.
The most commonly used insulins are fast-acting
insulins, which include regular insulin (i.e. native
or wildtype insulin, including allelic and species
variantsthereof) and fast-acting insulin analogs. For
purposes herein, reference to insulin is a fast-acting
insulin, unless specifically noted otherwise.
Fast-Acting Insulin Provided herein are super
fast-acting insulin compositions that contain a
fastacting insulin and a soluble hyaluronan degrading
enzyme. Generally, these super fast-acting insulin
compositions are absorbed following subcutaneous
administration and are detectable and have an onset of
action in the blood within 30 minutes or less.
Fact-acting insulins that can be used to obtain a
super fast-acting insulin composition as described
herein include regular insulin, which is the wild-type
or native insulin. Fast-acting insulins also include
insulin analogs. By virtue of their fast absorption
rate compared to basal-acting insulins, fast-acting
insulins are used predominantly for post-prandial
control purposes. Exemplary fast-acting insulins are
set forth in Table 3 below. Fast-acting insulins also
include any known in the art, such as, but not limited
to, any insulin preparations and devices disclosed in
US Patent 7279457 and US Patent Publications
20070235365, 20080039368, 20080039365, 20070086952,
20070244467, and 20070191757. Any fast-acting insulin
can be rendered super fastacting by co-formulation
and/or co-administration with a hyaluronan degrading
enzyme. A super fast-acting insulin composition
formulation also can further include a mixture of a
fast-acting insulin with an intermediate or
long-acting insulin, in addition to a hyaluronan
degrading enzyme.a. Regular Insulin Regular insulins
include formulations that include the native or
wildtype insulin polypeptide. These include human
insulin, as well as insulins from bovine, porcine and
other species. Such insulins can be prepared at an
acidic pH (e.g., 2.5- 3.5) or can be prepared at a
neutral pH (e.g., 7.0 -7.8). Regular insulins also
include those that contain zinc. Typically, the zinc
content in regular insulin preparations ranges from at
or about 0.01-0.04 mg/100 Units. Regular human
insulins are marketed as Humulin(r) R, Novolin(r) R
and Velosulin(r). Porcine insulin was marketed as
Iletin II(r). Generally, regular insulin has an onset
of action of 30 minutes after subcutaneous
administration. Maximal plasma levels are seen in 1-3
hours and the duration of intensity increases with
dosage. The plasma half-life following subcutaneous
administration is about 1.5 hours. b. Fast-Acting
Analogs Fast-Acting insulin analogs are modified forms
of insulin that typically contain one or more amino
acid changes. The analogs are designed to reduce the
selfassociation of the insulin molecule for the
purpose of increasing the absorption rate and onset of
action as compared to regular insulin. Generally, such
analogs are formulated in the presence of zinc, and
thus exist as stable zinc hexamers. Due to the
modification, however, they have a quicker
dissociation from the hexameric state after
subcutaneous administration compared to regular
insulin. i. Insulin Lispro Human insulin Lispro is an
insulin polypeptide formulation containing amino acid
changes at position 28 and 29 of the B-chain such that
the Pro-Lys at this position in wild-type insulin
B-chain set forth in SEQ ID NO:104 is inverted to Lys-
Pro. The sequence of insulin lispro is set forth in
SEQ ID NO: 103 (A-chain) and SEQ ID NO: 148 (B-chain).
It is marketed under the name Humalog(r). The result
of the inversion of these two amino acids is a
polypeptide with a decreased propensity to
self-associate, which allows for a more rapid onset of
action. Specifically, the sequence inversion in the
B-chain results in the elimination of two
hydrophobicinteractions and weakening of two
beta-pleated sheet hydrogen bonds that stabilize the
dimer (see e.g., DeFelippis et al. (2002) Insulin
Chemistry and Pharmacokinetics. In Ellenberg and
Rifkin's Diabetes Mellitus (pp. 481-500) McGraw-Hill
Professional). The polypeptide self-associates and
forms hexamers as a result of excipients provided in
the formulation, such as antimicrobial agents (e.g.
m-cresol) and zinc for stabilization. Nevertheless,
due to the amino acid modification, insulin lispro is
more rapidly acting then regular insulin. ii. Insulin
Aspart Human insulin aspart is an insulin polypeptide
formulation containing an amino acid substitution at
position 28 of the B-chain of human insulin set forth
in SEQ ID NO: 104 from a proline to an aspartic acid.
The sequence of insulin aspart is set forth in SEQ ID
NO: 103 (A-chain) and SEQ ID NO: 147 (B-chain). It is
marketed under the name Novolog(r). The modification
in insulin aspart confers a negativelycharged
side-chain carboxyl group to create charge repulsion
and destabilize the monomer-monomer interaction.
Further, the removal of the proline eliminates a key
hydrophobic interaction between monomers (see e.g.,
DeFelippis et al. (2002) Insulin Chemistry and
Pharmacokinetics. In Ellenberg and Rifkin's Diabetes
Mellitus (pp. 481-500) McGraw-Hill Professional). The
analog exists largely as a monomer, and is less prone
to aggregate compared to other fast-acting analogs
such as lispro. Generally, insulin aspart and insulin
lispro are similar in their respective pharmacokinetic
and phamacodynamic properties. iii. Insulin Glulisine
Human insulin glulisine is an insulin polypeptide
formulation containing an amino acid substitution in
the B-chain at position B3 from asparagine to lysine
and at amino acid B29 from lysine to glutamic acid
compared to the sequence of the B-chain of human
insulin set forth in SEQ ID NO: 104. The sequence of
insulin glulisine is set forth in SEQ ID NO: 103
(A-chain) and SEQ ID NO: 149 (B-chain). It is marketed
under the name Apidra(r). The modifications render the
polypeptide molecule less prone to self-association
compared to human insulin. Unlike other insulin
analogs, the polypeptide is commercially formulated in
the absence of the hexamer-promotingzinc (Becker et
al. (2008) Clinical Pharmacokinetics, 47:7-20). Hence,
insulin glulisine has a more rapid rate of onset than
insulin lispro and insulin aspart. D. Hyaluronan
Degrading enzymes Provided herein are super
fast-acting insulin compositions and combinations
resulting from combination of a fast-acting insulin
and a hyaluronan (hyaluronic acid) degrading enzyme,
and methods of using such compositions and
combinations for the treatment of insulin-mediated
diseases and conditions. Hyaluronan degrading enzymes
include any enzyme that degrades hyaluronan. Exemplary
hyaluronan degrading enzymes include, but are not
limited to hyaluronidases and particular
chondroitinases and lyases that have the ability to
cleave hyaluronan. Where the methods and uses provided
herein describe the use of a hyaluronidase with
insulin, accordingly any hyaluronan degrading enzyme
can be used. Exemplary of hyaluronan degrading enzymes
in the compositions, combinations and methods provided
herein are soluble hyaluronan degrading enzymes. By
virtue of the ability of hyaluronan degrading enzymes,
such as a hyaluronidase, to break down hyaluronic acid
in the extracellular matrix, such enzymes facilitate
administration of therapeutic agents. For example, the
absorption and dispersion of therapeutics that are
co-administered with a hyaluronan degrading enzyme
such as by subcutaneous administration, are increased.
Hyaluronan, also called hyaluronic acid or
hyaluronate, is a non-sulfated glycosaminoglycan that
is widely distributed throughout connective,
epithelial, and neural tissues. Hyaluronan is an
essential component of the extracellular matrix and a
major constituent of the interstitial barrier. By
catalyzing the hydrolysis of hyaluronan, hyaluronan
degrading enzymes lower the viscosity of hyaluronan,
thereby increasing tissue permeability and increasing
the absorption rate of fluids administered
parenterally. As such, hyaluronan degrading enzymes,
such as hyaluronidases, have been used, for example,
as spreading or dispersing agents in conjunction with
other agents, drugs and proteins to enhance their
dispersion and delivery. Hyaluronan degrading enzymes
act to degrade hyaluronan by cleaving hyaluronan
polymers, which are composed of repeating
disaccharides units, Dglucuronic acid (GIcA) and
N-acetyl-D-glucosamine (GIcNAc), linked together
viaalternating b-l 4 and b-1-"3 glycosidic bonds.
Hyaluronan chains can reach about 25,000 disaccharide
repeats or more in length and polymers of hyaluronan
can range in size from about 5,000 to 20,000,000 Da in
vivo. Accordingly, hyaluronan degrading enzymes for
the uses and methods provided include any enzyme
having the ability to catalyze the cleavage of a
hyaluronan disaccharide chain or polymer. In some
examples the hyaluronan degrading enzyme cleaves the
b-1-"4 glycosidic bond in the hyaluronan chain or
polymer. In other examples, the hyaluronan degrading
enzyme catalyze the cleavage of the b-1- 3 glycosidic
bond in the hyaluronan chain or polymer. As described
below, hyaluronan-degrading enzymes exist in
membrane-bound or soluble form. For purposes herein,
soluble hyaluronan-degrading enzymes are provided for
use in the methods, uses, compositions or combinations
herein. Thus, where hyaluronan-degrading enzymes
include a glycosylphosphatidylinositol (GPI) anchor
and/or are otherwise membrane-anchored or insoluble,
hyaluronan-degrading enzymes are provided herein in
soluble form. Thus, hyaluronan-degrading enzymes
include truncated variants, e.g. truncated to remove
all or a portion of a GPI anchor. Hyaluronan-degrading
enzymes provide herein also include allelic or species
variants or other variants, of a soluble
hyaluronan-degrading enzyme. For example, hyaluronan
degrading enzymes can contain one or more variations
in its primary sequence, such as amino acid
substitutions, additions and/or deletions. A variant
of a hyaluronan-degrading enzyme generally exhibits at
least or about 60%, 70%, 80%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or more sequence identity
compared to the hyaluronan-degrading enzyme not
containing the variation. Any variation can be
included in the hyaluronan degrading enzyme for the
purposes herein provided the enzyme retains
hyaluronidase activity, such as at least or about 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95% or more of the
activity of a hyaluronan degrading enzyme not
containing the variation (as measured by in vitro
and/or in vivo assays well known in the art and
described herein). 1. HyaluronidasesHyaluronidases are
members of a large family of hyaluronan degrading
enzymes. There are three general classes of
hyaluronidases: mammalian-type hyaluronidases,
bacterial hyaluronidases and hyaluronidases from
leeches, other parasites and crustaceans. Such enzymes
can be used in the compositions, combinations and
methods provided. a. Mammalian-type hyaluronidases
Mammalian-type hyaluronidases (EC 3.2.1.35) are
endo-b-N-accty\- hexosaminidases that hydrolyze the
b-\(r)4 glycosidic bond of hyaluronan into various
oligosaccharide lengths such as tetrasaccharides and
hexasaccharides. These enzymes have both hydrolytic
and transglycosidase activities, and can degrade
hyaluronan and chondroitin sulfates (CS), generally
C4-S and C6-S. Hyaluronidases of this type include,
but are not limited to, hyaluronidases from cows
(bovine) (SEQ ID NOS:10, 11 and 64 and BH55 (U.S. Pat.
Nos. 5,747,027 and 5,827,721)), sheep (ovis aries)
(SEQ ID NO: 26,27, 63 and 65), yellow jacket wasp (SEQ
ID NOS:12 and 13), honey bee (SEQ ID NO: 14),
white-face hornet (SEQ ID NO: 15), paper wasp (SEQ ID
NO:16), mouse (SEQ ID NOS:17-19, 32), pig (SEQ ID
NOS:20-21), rat (SEQ ID NOS:22-24, 31), rabbit (SEQ ID
NO:25), orangutan (SEQ ID NO:28), cynomolgus monkey
(SEQ ID NO:29), guinea pig (SEQ ID NO:30), and human
hyaluronidases. Exemplary of hyaluronidases in the
compositions, combinations and , methods provided
herein are soluble hyaluronidases. Mammalian
hyaluronidases can be further subdivided into those
that are neutral active, predominantly found in testes
extracts, and acid active, predominantly found in
organs such as the liver. Exemplary neutral active
hyaluronidases include PH20, including but not limited
to, PH20 derived from different species such as ovine
(SEQ ID NO:27), bovine (SEQ ID NO:11) and human (SEQ
ID NO:1). Human PH20 (also known as SPAMl or sperm
surface protein PH20), is generally attached to the
plasma membrane via a glycosylphosphatidyl inositol
(GPI) anchor. It is naturally involved in sperm-egg
adhesion and aids penetration by sperm of the layer of
cumulus cells by digesting hyaluronic acid. Besides
human PH20 (also termed SPAMl), five
hyaluronidase-like genes have been identified in the
human genome, HYALl, HYAL2, HYAL3, HYAL4 andHYALPl.
HYALPl is a pseudogene, and HYAL3 (SEQ ID NO:38) has
not been shown to possess enzyme activity toward any
known substrates. HYAL4 (precursor polypeptide set
forth in SEQ ID NO:39) is a chondroitinase and
exhibits little activity towards hyaluronan. HYALl
(precursor polypeptide set forth in SEQ ID NO:36) is
the prototypical acid-active enzyme and PH20
(precursor polypeptide set forth in SEQ ID NO:1) is
the prototypical neutral-active enzyme. Acid-active
hyaluronidases, such as HYALl and HYAL2 (precursor
polypeptide set forth in SEQ ID NO:37) generally lack
catalytic activity at neutral pH (i.e. pH 7). For
example, HYALl has little catalytic activity in vitro
over pH 4.5 (Frost et al. (1997) Anal. Biochem. 251
:263- 269). HYAL2 is an acid-active enzyme with a very
low specific activity in vitro. The hyaluronidase-like
enzymes also can be characterized by those which are
generally attached to the plasma membrane via a
glycosylphosphatidyl inositol (GPI) anchor such as
human HYAL2 and human PH20 (Danilkovitch-Miagkova, et
al. (2003) Proc Natl Acad Sci USA 100(8):4580-5), and
those which are generally soluble such as human HYALl
(Frost et al. (1997) Biochem Biophys Res Commun.
236(l):10-5). PH20 PH20, like other mammalian
hyaluronidases, is an endo-b-N-acetylhexosaminidase
that hydrolyzes the bl 4 glycosidic bond of hyaluronic
acid into various oligosaccharide lengths such as
tetrasaccharides and hexasaccharides. They have both
hydrolytic and transglycosidase activities and can
degrade hyaluronic acid and chondroitin sulfates, such
as C4-S and C6-S. PH20 is naturally involved in
sperm-egg adhesion and aids penetration by sperm of
the layer of cumulus cells by digesting hyaluronic
acid. PH20 is located on the sperm surface, and in the
lysosomederived acrosome, where it is bound to the
inner acrosomal membrane. Plasma membrane PH20 has
hyaluronidase activity only at neutral pH, while inner
acrosomal membrane PH20 has activity at both neutral
and acid pH. In addition to being a hyaluronidase,
PH20 also appears to be a receptor for HA-induced cell
signaling, and a receptor for the zona pellucida
surrounding the oocyte. Exemplary PH20 proteins
include, but are not limited to, human (precursor
polypeptide set forth in SEQ ID NO: 1, mature
polypeptide set forth in SEQ ID NO: 2), chimpanzee
(SEQ ID NO: 185), Rhesus monkey (SEQ ID NO: 186)
bovine (SEQID NOS: 11 and 64), rabbit (SEQ ID NO: 25),
ovine PH20 (SEQ ID NOS: 27, 63 and 65), Cynomolgus
monkey (SEQ ID NO: 29), guinea pig (SEQ ID NO: 30),
rat (SEQ ID NO: 31) and mouse (SEQ ID NO: 32) PH20
polypeptides. Bovine PH20 is a 553 amino acid
precursor polypeptide (SEQ ID NO:1 1). Alignment of
bovine PH20 with the human PH20 shows only weak
homology, with multiple gaps existing from amino acid
470 through to the respective carboxy termini due to
the absence of a GPI anchor in the bovine polypeptide
(see e.g., Frost GI (2007) Expert Opin. Drug. Deliv.
4: 427-440). In fact, clear GPI anchors are not
predicted in many other PH20 species besides humans.
Thus, PH20 polypeptides produced from ovine and bovine
naturally exist as soluble forms. Though bovine PH20
exists very loosely attached to the plasma membrane,
it is not anchored via a phospholipase sensitive
anchor (Lalancette et al. (2001) Biol Reprod.
65(2):628-36). This unique feature of bovine
hyaluronidase has permitted the use of the soluble
bovine testes hyaluronidase enzyme as an extract for
clinical use (Wydase(r), Hyalase(r)). The human PH20
mRNA transcript is normally translated to generate a
509 amino acid precursor polypeptide (SEQ ID NO: 1;
and replicated below) containing a 35 amino acid
signal sequence at the N-terminus (amino acid residue
positions 1-35) and a 19 amino acid
glycosylphosphatidylinositol (GPI) anchor attachment
signal sequence at the C-terminus (amino acid residue
positions 491-509). The mature PH20 is, therefore, a
474 amino acid polypeptide set forth in SEQ ID NO:2.
Following transport of the precursor polypeptide to
the ER and removal of the signal peptide, the
C-terminal GPI-attachment signal peptide is cleaved to
facilitate covalent attachment 



of a GPI anchor to the newly-formed C-terminal amino
acid at the amino acid position corresponding to
position 490 of the precursor polypeptide set forth in
SEQ ID NO:1. Thus, a 474 amino acid GPI-anchored
mature polypeptide with an amino acid sequence set
forth in SEQ ID NO:2 is produced. Amino acid sequence
of the human PH20 precursor polypeptide (SEQ ID NO:1;
509 amino acids):
MGVLKFKHIFFRSFVKSSGVSQIV^TPLLIPCCLTLNFRAPPyiPNVPFLWAWN
APSEFCLGKFDEPLD
MSLFSFIGSPRINATGQGVTIFYVDRLGYYPYIDSITGVTVNGGIPQKISLQDH
IDK KKDITFYMPVD
NLGMAVIDWEEWRPTWARNWKPKDVYKNRSIELVQQQNVQLSLTEATEKAKQEF
EKAGKDFLVETIKLG- LRPNHLWGYYLFPDCYNHHYKKPGYNGSCi
iJVEIKl^DDLSWLWNESTALyPSiyLNTQQSPVAATI.
YVRNRWEAIRVSKIPDAKSPLPWAYTRIVFTDQVLKFLSQDELVYTFGETVALG
ASGIVIWGTLSIM RSMKSCL LDNYMETI l PYI I NVTr-AA
KMCSQVLCQEQGVCI RKl WNSSDYLHr NPDNFAI QLEKGGK
FTVRGKPTLEDLEQFSEKFYCSCYSTLSCKEKADVKDTDAVDVCIADGVCIDAF
LKPPMETEEPQIFYN ASPSTLSATMFIVSILFLIISSVASL Human PH20
exhibits hyaluronidase activity at both neutral and
acid pH. In one aspect, human PH20 is the prototypical
neutral-active hyaluronidase that is generally locked
to the plasma membrane via a GPI anchor. In another
aspect, PH20 is expressed on the inner acrosomal
membrane where it has hyaluronidase activity at both
neutral and acid pH. It appears that PH20 contains two
catalytic sites at distinct regions of the
polypeptide: the Peptide 1 and Peptide 3 regions (Chen
et al., (2001) Matrix Biology 20:515-525). Evidence
suggests that the Peptide 1 region of PH20, which
corresponds to amino acid positions 107-137 of the
mature polypeptide set forth in SEQ ID NO:2 and
positions 142-172 of the precursor polypeptide set
forth in SEQ ID NO: 1, is required for enzyme activity
at neutral pH. Amino acids at positions 11 1 and 113
(corresponding to the mature PH20 polypeptide set
forth in SEQ ID NO:2) within this region appear to be
important for activity, as mutagenesis by amino acid
replacement results in PH20 polypeptides with 3%
hyaluronidase activity or undetectable hyaluronidase
activity, respectively, compared to the wild-type PH20
(Arming et al., (1997) Eur. J. Biochem. 247:810-814).
The Peptide 3 region, which corresponds to amino acid
positions 242-262 of the mature polypeptide set forth
in SEQ ID NO:2, and positions 277-297 f the precursor
polypeptide set forth in SEQ ID NO: 1, appears to be
important for enzyme activity at acidic pH. Within
this region, amino acids at positions 249 and 252 of
the mature PH20 polypeptide appear to be essential for
activity, and mutagenesis of either one results in a
polypeptide essentially devoid of activity (Arming et
al., (1997) Eur. J. Biochem. 247:810-814). In addition
to the catalytic sites, PH20 also contains a
hyaluronan-binding site. Experimental evidence suggest
that this site is located in the Peptide 2 region,
which corresponds to amino acid positions 205-235 of
the precursor polypeptide set forth in SEQ ID NO: 1
and positions 170-200 of the mature polypeptide set
forth in SEQ ID NO:2. This region is highly conserved
among hyaluronidases and is similar to theheparin
binding motif. Mutation of the arginine residue at
position 176 (corresponding to the mature PH20
polypeptide set forth in SEQ ID NO:2) to a glycine
results in a polypeptide with only about 1% of the
hyaluronidase activity of the wild type polypeptide
(Arming et al., (1997) Eur. J. Biochem. 247:810-814).
There are seven potential N-linked glycosylation sites
in human PH20 at N82, N166, N235, N254, N368, N393,
N490 of the polypeptide exemplified in SEQ ID NO: 1.
Because amino acids 36 to 464 of SEQ ID NO:1 appears
to contain the minimally active human PH20
hyaluronidase domain, the N-linked glycosylation site
N-490 is not required for proper hyaluronidase
activity. There are six disulfide bonds in human PH20.
Two disulphide bonds between the cysteine residues C60
and C351 and between C224 and C238 of the polypeptide
exemplified in SEQ ID NO: 1 (corresponding to residues
C25 and C316, and Cl 89 and C203 of the mature
polypeptide set forth in SEQ ID NO:2, respectively). A
further four disulphide bonds are formed between the
cysteine residues C376 and C387; between C381 and
C435; between C437 and C443; and between C458 and C464
of the polypeptide exemplified in SEQ ID NO: 1
(corresponding to residues C341 and C352; between C346
and C400; between C402 and C408; and between C423 and
C429 of the mature polypeptide set forth in SEQ ID
NO:2, respectively). b. Bacterial hyaluronidases
Bacterial hyaluronidases (EC 4.2.2.1 or EC 4.2.99.1)
degrade hyaluronan and, to various extents,
chondroitin sulfates and dermatan sulfates. Hyaluronan
lyases isolated from bacteria differ from
hyaluronidases (from other sources, e.g.,
hyaluronoglucosaminidases, EC 3.2.1.35) by their mode
of action. They are endo-b- N-acetylhexosaminidases
that catalyze an elimination reaction, rather than
hydrolysis, of the bl 4-glycosidic linkage between
N-acetyl-beta-D-glucosamine and Dglucuronic acid
residues in hyaluronan, yielding 3-(4-deoxy-
b-D-gluc-4-enuronosyl)- N-acetyl-D-glucosamine tetra-
and hexasaccharides, and disaccharide end products.
The reaction results in the formation of
oligosaccharides with unsaturated hexuronic acid
residues at their nonreducing ends. Exemplary
hyaluronidases from bacteria for use in the
compositions, combinations and methods provided
include, but are not limited to, hyaluronandegrading
enzymes in microorganisms, including strains of
Arthrobacter, Bdellovibrio, Clostridium, Micrococcus,
Streptococcus, Peptococcus, Propionibacterium,
Bacteroides, and Streptomyces. Particular examples of
such enzymes include, but are not limited to
Arthrobacter sp. (strain FB24) (SEQ ID NO:67),
Bdellovibrio bacte ovorus (SEQ ID NO:68),
Propionibacterium acnes (SEQ ID NO:69), Streptococcus
agalactiae ((SEQ ID NO:70); 18RS21 (SEQ ID NO:71);
serotype Ia (SEQ ID NO:72); serotype III (SEQ ID
NO:73), Staphylococcus aureus (strain COL) (SEQ ID
NO:74); strain MRSA252 (SEQ ID NOS:75 and 76); strain
MSSA476 (SEQ ID NO:77); strain NCTC 8325 (SEQ ID
NO:78); strain bovine RF122 (SEQ ID NOS:79 and 80);
strain USA300 (SEQ ID NO:81), Streptococcus pneumoniae
((SEQ ID NO:82); strain ATCC BAA-255 / R6 (SEQ ID
NO:83); serotype 2, strain D39 / NCTC 7466 (SEQ ID
NO:84), Streptococcus pyogenes (serotype Ml) (SEQ ID
NO:85); serotype M2, strain MGAS10270 (SEQ ID NO:86);
serotype M4, strain MGAS 10750 (SEQ ID NO:87);
serotype M6 (SEQ ID NO:88); serotype M12, strain
MGAS2096 (SEQ ID NOS:89 and 90); serotype M12, strain
MGAS9429 (SEQ ID NO:91); serotype M28 (SEQ ID NO:92);
Streptococcus suis (SEQ ID NOS:93-95); Vibriofischeri
(strain ATCC 700601/ ESl 14 (SEQ ID NO:96)), and the
Streptomyces hyaluronolyticus hyaluronidase enzyme,
which is specific for hyaluronic acid and does not
cleave chondroitin or chondroitin sulfate (Ohya, T.
and Kaneko, Y. (1970) Biochim. Biophys. Acta 198:607).
c. Hyaluronidases from leeches, other parasites and
crustaceans Hyaluronidases from leeches, other
parasites, and crustaceans (EC 3.2.1.36) are
endo-b-glucuronidases that generate tetra- and
hexasaccharide end-products. These enzymes catalyze
hydrolysis of 1 3-linkages between b-D-glucuronate and
Nacetyl- D-glucosamine residues in hyaluronate.
Exemplary hyaluronidases from leeches include, but are
not limited to, hyaluronidase from Hirudinidae {e.g.,
Hirudo medicinalis), Erpobdellidae (e.g., Nephelopsis
obscura and Erpobdella punctata), Glossiphoniidae
{e.g., Desserobdella picta, Helobdella stagnalis,
Glossiphonia complanata, Placobdella ornata and
Theromyzon sp.) and Haemopidae {Haemopis marmorat)
(Hovingh et al. (1999) Comp Biochem Physiol B Biochem
MoI Biol.124(3):3 19-26). An exemplary hyaluronidase
from bacteria that has the same mechanism of action as
the leech hyaluronidase is that from the
cyanobacteria, Synechococcus sp. (strain RCC307, SEQ
ID NO:97). 2. Other hyaluronan degrading enzymes In
addition to the hyaluronidase family, other hyaluronan
degrading enzymes can be used in conjunction with the
fast-acting insulin in the compositions, combinations
and methods provided. For example, enzymes, including
particular chondroitinases and lyases, that have the
ability to cleave hyaluronan can be employed.
Exemplary chondroitinases that can degrade hyaluronan
include, but are not limited to, chondroitin ABC lyase
(also known as chondroitinase ABC), chondroitin AC
lyase (also known as chondroitin sulfate lyase or
chondroitin sulfate eliminase) and chondroitin C
lyase. Methods for production and purification of such
enzymes for use in the compositions, combinations, and
methods provided are known in the art {e.g., U.S.
Patent No. 6,054,569; Yamagata, et al. (1968) J. Biol.
Chem. 243(7): 1523-1 535; Yang et al. (1985) J. Biol.
Chem. 160(30):1849-1857). Chondroitin ABC lyase
contains two enzymes, chondroitin-sulfate-ABC
endolyase (EC 4.2.2.20) and chondroitin-sulfate-ABC
exolyase (EC 4.2.2.21) (Hamai et al. (1997) J Biol
Chem. 272(14):9123-30), which degrade a variety of
glycosaminoglycans of the chondroitin-sulfate- and
dermatan-sulfate type. Chondroitin sulfate,
chondroitin-sulfate proteoglycan and dermatan sulfate
are the preferred substrates for
chondroitin-sulfate-ABC endolyase, but the enzyme also
can act on hyaluronan at a lower rate.
Chondroitin-sulfate-ABC endolyase degrades a variety
of glycosaminoglycans of the chondroitin-sulfate- and
dermatan-sulfate type, producing a mixture of
D4-unsaturated oligosaccharides of different sizes
that are ultimately degraded to D4-unsaturated tetra-
and disaccharides. Chondroitin-sulfate- ABC exolyase
has the same substrate specificity but removes
disaccharide residues from the non-reducing ends of
both polymeric chondroitin sulfates and their
oligosaccharide fragments produced by
chondroitin-sulfate-ABC endolyase (Hamai, A. et al.
(1997) J. Biol. Chem. 272:9123-9130). A exemplary
chondroitin-sulfate- ABC endolyases and
chondroitin-sulfate-ABC exolyases include, but are not
limited to, those from Proteus vulgaris and
Flavobacterium heparinum (the Proteus
vulgarischondroitin-sulfate-ABC endolyase is set forth
in SEQ ID NO: 98 (Sato et al. (1994) Appl. Microbiol.
Biotechnol 41(l):39-46). Chondroitin AC lyase (EC
4.2.2.5) is active on chondroitin sulfates A and C,
chondroitin and hyaluronic acid, but is not active on
dermatan sulfate (chondroitin sulfate B). Exemplary
chondroitinase AC enzymes from the bacteria include,
but are not limited to, those from Flavobacterium
heparinum and Victivallis vadensis, set forth in SEQ
ID NOS:99 and 100, respectively, and Arthrobacter
aurescens (Tkalec et al. (2000) Applied and
Environmental Microbiology 66(l):29-35; Ernst et al.
(1995) Critical Reviews in Biochemistry and Molecular
Biology 30(5):387-444). Chondroitinase C cleaves
chondroitin sulfate C producing tetrasaccharide plus
an unsaturated 6-sulfated disaccharide (delta Di-6S).
It also cleaves hyaluronic acid producing unsaturated
non-sulfated disaccharide (delta Di-OS). Exemplary
chondroitinase C enzymes from the bacteria include,
but are not limited to, those from Streptococcus and
Flavobacterium (Hibi et al. (1989)
FEMS-Microbiol-Lett. 48(2):121-4; Michelacci /. (1976)
J. Biol. Chem. 251:1 154-8; Tsuda /. (1999) Eur. J.
Biochem. 262:127-133) 3. Soluble hyaluronan degrading
enzymes Provided in the compositions, combinations and
methods herein are soluble hyaluronan degrading
enzymes, including soluble hyaluronidases. Soluble
hyaluronan degrading enzymes include any hyaluronan
degrading enzymes that exist in soluble form,
including, but not limited to, soluble hyaluronidases,
including nonhuman soluble hyaluronidases, including
non-human animal soluble hyaluronidases, bacterial
soluble hyaluronidases and human hyaluronidases,
Hyall, bovine PH20 and ovine PH20, allelic variants
thereof and other variants thereof. For example,
included among soluble hyaluronan degrading enzymes
are any hyaluronan degrading enzymes that have been
modified to be soluble, including any described in
U.S. Provisional Application Serial No. 61/201,384
(incorporated by reference in its entirety). For
example, hyaluronan degrading enzymes that contain a
GPI anchor can be made soluble by truncation of and
removal of all or a portion of the GPI anchor. In one
example, the human hyaluronidase PH20, which is
normally membraneanchored via a GPI anchor, can be
made soluble by truncation of and removal of all or a
portion of the GPI anchor at the C-terminus. Soluble
hyaluronan degrading enzymes also include neutral
active and acid active hyaluronidases. Depending on
factors, such as, but not limited to, the desired
level of activity of the enzyme following
administration and/or site of administration, neutral
active and acid active hyaluronidases can be selected.
In a particular example, the hyaluronan degrading
enzyme for use in the compositions, combinations and
methods herein is a soluble neutral active
hyaluronidase. Exemplary of a soluble hyaluronidase is
PH20 from any species, such as any set forth in any of
SEQ ID NOS: 1, 2, 11, 25, 27, 30, 31, 63-65 and
185-186, or truncated forms thereof lacking all or a
portion of the C-terminal GPI anchor, so long as the
hyaluronidase is soluble and retains hyaluronidase
activity. Also included among soluble hyaluronidases
are allelic variants or other variants of any of SEQ
ID NOS: 1, 2, 11, 25, 27, 30 31, 63-65 and 185-186, or
truncated forms thereof. Allelic variants and other
variants are known to one of skill in the art, and
include polypeptides having 60%, 70%, 80%, 90%, 91%,
92%, 93%, 94%, 95%. 96%. 97%. 98% or more sequence
identity to any of SEQ ID NOS: 1, 2, 11, 25, 27, 30
31, 63-65 and 185-186, or truncated forms thereof.
Amino acid variants include conservative and
non-conservative mutations. It is understood that
residues that are important or otherwise required for
the activity of a hyaluronidase, such as any described
above or known to skill in the art, are generally
invariant. These include, for example, active site
residues. Thus, for example, amino acid residues 111,
113 and 176 (corresponding to residues in the mature
PH20 polypeptide set forth in SEQ ID NO:2) of a human
PH20 polypeptide, or soluble form thereof, are
generally invariant and are not altered. Other
residues that confer glycosylation and formation of
disulfide bonds required for proper folding also can
be invariant. In some instances, the soluble
hyaluronan degrading enzyme is normally GPIanchored
(such as, for example, human PH20) and is rendered
soluble by truncation at the C-terminus. Such
truncation can remove of all of the GPI anchor
attachment signal sequence, or can remove only some of
the GPI anchor attachment signal sequence. The
resulting polypeptide, however, is soluble. In
instances where thesoluble hyaluronan degrading enzyme
retains a portion of the GPI anchor attachment signal
sequence, 1, 2, 3, 4, 5, 6, 7 or more amino acid
residues in the GPI-anchor attachment signal sequence
can be retained, provided the polypeptide is soluble.
Polypeptides containing one or more amino acids of the
GPI anchor are termed extended soluble hyaluronan
degrading enzymes. One of skill in the art can
determine whether a polypeptide is GPI-anchored using
methods well known in the art. Such methods include,
but are not limited to, using known algorithms to
predict the presence and location of the GPI-anchor
attachment signal sequence and w-site, and performing
solubility analyses before and after digestion with
phosphatidylinositol-specific phospholipase C (PI-PLC)
or D (PI-PLD). Extended soluble hyaluronan degrading
enzymes can be produced by making C-terminal
truncations to any naturally GPI-anchored hyaluronan
degrading enzyme such that the resulting polypeptide
is soluble and contains one or more amino acid
residues from the GPI-anchor attachment signal
sequence. Exemplary extended soluble hyaluronan
degrading enzymes that are C-terminally truncated but
retain a portion of the GPI anchor attachment signal
sequence include, but are not limited to, extended
soluble PH20 (esPH20) polypeptides of primate origin,
such as, for example, human and chimpanzee esPH20
polypeptides. For example, the esPH20 polypeptides can
be made by C-terminal truncation of any of the mature
or precursor polypeptides set forth in SEQ ID NOS: 1,
2 or 185, or allelic or other variation thereof,
including active fragment thereof, wherein the
resulting polypeptide is soluble and retains one or
more amino acid residues from the GPI-anchor
attachment signal sequence. Allelic variants and other
variants are known to one of skill in the art, and
include polypeptides having 60%, 70%, 80%, 90%, 91%,
92%, 93%, 94%, 95% or more sequence identity to any of
SEQ ID NOS: 1 or 2. The esPH20 polypeptides provided
herein can be C-terminally truncated by 1, 2, 3, 4, 5,
6, 7, 8, 9, 10 or more amino acids compared to the
wild type polypeptide, such as a polypeptide with a
sequence set forth in SEQ ID NOS: 1, 2 or 185,
provided the resulting esPH20 polypeptide is soluble
and retains 1 or more amino acid residues from the
GPI-anchor attachment signal sequence.Typically, for
use in the compositions, combinations and methods
herein, a soluble human hyaluronan degrading enzyme,
such as a soluble human PH20, is used. Although
hyaluronan degrading enzymes, such as PH20, from other
animals can be utilized, such preparations are
potentially immunogenic, since they are animal
proteins. For example, a significant proportion of
patients demonstrate prior sensitization secondary to
ingested foods, and since these are animal proteins,
all patients have a risk of subsequent sensitization.
Thus, non-human preparations may not be suitable for
chronic use. If non-human preparations are desired, it
is contemplated herein that such polypeptides can be
prepared to have reduced immunogenicity. Such
modifications are within the level of one of skill in
the art and can include, for example, removal and/or
replacement of one or more antigenic epitopes on the
molecule. Hyaluronan degrading enzymes, including
hyaluronidases (e.g., PH20), used in the methods
herein can be recombinantly produced or can be
purified or partiallypurified from natural sources,
such as, for example, from testes extracts. Methods
for production of recombinant proteins, including
recombinant hyaluronan degrading enzymes, are provided
elsewhere herein and are well known in the art. a.
Soluble Human PH20 Exemplary of a soluble
hyaluronidase is soluble human PH20. Soluble forms of
recombinant human PH20 have been produced and can be
used in the compositions, combinations and methods
described herein. The production of such soluble forms
of PH20 is described in U.S. Published Patent
Application Nos. US20040268425; US 20050260186 and
US200601 04968 (incorporated by reference in their
entirety), and in the Examples, below. For example,
soluble PH20 polypeptides, include C-terminally
truncated variant polypeptides that include a sequence
of amino acids in SEQ ID NO:1, or have at least 91%,
92%, 93%, 94%, 95%, 95%, 97%, 98% sequence identity to
a sequence of amino acids included in SEQ ID NO:1,
retain hyaluronidase activity and are soluble.
Included among these polypeptides are soluble PH20
polypeptides that completely lack all or a portion of
the GPI-anchor attachment signal sequence. Also
included are extended soluble PH20 (esPH20)
polypeptides that contain at least one amino acid of
the GPI anchor.Thus, instead of having a GPI-anchor
covalently attached to the C-terminus of the protein
in the ER and being anchored to the extracellular
leaflet of the plasma membrane, these polypeptides are
secreted and are soluble. C-terminally truncated PH20
polypeptides can be C-terminally truncated by 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 25, 30, 35, 40, 45, 50, 5, 60 or more amino
acids compared to the full length wild type
polypeptide, such as a full length wild type
polypeptide with a sequence set forth in SEQ ID NOS: 1
or 2, or allelic or species variants or other variants
thereof. Exemplary C-terminally truncated human PH20
polypeptides provided herein include any having
C-terminal truncations to generate polypeptides
containing amino acid 1 to amino acid 465, 466, 467,
468, 469, 470, 471, 472, 473, 474, 475, 476, 477, 478,
479, 480, 481, 482, 483, 484, 485, 486, 487, 488, 489,
490, 491, 492, 493, 494, 495, 496, 497, of the
sequence of amino acids set forth in SEQ ID NO: 1, or
corresponding positions in an allelic or species
variant thereof. When expressed in mammalian cells,
the 35 amino acid N-terminal signal sequence is
cleaved during processing, and the mature form of the
protein is secreted. Thus, exemplary mature
C-terminally truncated soluble PH20 polypeptides can
contain amino acids 36 to 465, 466, 467, 468, 469,
470, 471, 472, 473, 474, 475, 476, 477, 478, 479, 480,
481, 482, 483, 484, 485, 486, 487, 488, 489, 490, 491,
492, 493, 494, 495, 496, 497 of the sequence of amino
acids set forth in SEQ ID NO: 1 or corresponding
positions in an allelic or species variant thereof.
Table 4 provides non-limiting examples of exemplary
C-terminally truncated PH20 polypeptides, including
C-terminally truncated soluble PH20 polypeptides. In
Table 4 below, the length (in amino acids) of the
precursor and mature polypeptides, and the sequence
identifier (SEQ ID NO) in which exemplary amino acid
sequences of the precursor and mature polypeptides of
the C-terminally truncated PH20 proteins are set
forth, are provided. The wild-type PH20 polypeptide
also is included in Table 4 for comparison. Table 4.
Exemplary C-terminally truncated PH20
polypeptidesSoluble forms include, but are not limited
to, any having C-terminal truncations to generate
polypeptides containing amino acids 1 to amino acid
467, 477, 478, 479, 480, 481, 482 and 483 of the
sequence of amino acids set forth in SEQ ID NO:1. When
expressed in mammalian cells, the 35 amino acid
N-terminal signal sequence is cleaved during
processing, and the mature form of the protein is
secreted. Thus, the mature soluble polypeptides
contain amino acids 36 to 467, 477, 478, 479, 480,
481, 482 and 483 of SEQ ID NO:1. Deletion mutants
ending at amino acid position 477 to 483
(corresponding to the precursor polypeptide set forth
in SEQ IDNO:1) exhibit higher secreted hyaluronidase
activity than the full length GPIanchored form. Hence,
exemplary of soluble hyaluronidases soluble human PH20
polypeptides that are 442, 443, 444, 445, 446 or 447
amino acids in length, such as set forth in any of SEQ
ID NOS: 4-9, or allelic or species variants or other
variants thereof. Generally soluble forms of PH20 are
produced using protein expression systems that
facilitate correct N-glycosylation to ensure the
polypeptide retains activity, since glycosylation is
important for the catalytic activity and stability of
hyaluronidases. Such cells include, for example
Chinese Hamster Ovary (CHO) cells (e.g. DG44 CHO
cells). b. rHuPH20 Recombinant soluble forms of human
PH20 have been generated and can be used in the
compositions, combinations and methods provided
herein. The generation of such soluble forms of
recombinant human PH20 are described in U.S. Published
Patent Application Nos. US20040268425; US 20050260186
and US20060 104968, and in Examples 2-6, below.
Exemplary of such polypeptides are those generated
from a nucleic acid molecule encoding amino acids
1-482 (set forth in SEQ ID NO:3). Such an exemplary
nucleic acid molecule is set forth in SEQ ID NO:49.
Post translational processing removes the 35 amino
acid signal sequence, leaving a 447 amino acid soluble
recombinant human PH20 (SEQ ID NO:4). As produced in
the culture medium there is heterogeneity at the
C-terminus such that the product, designated rHuPH20,
includes a mixture of species that can include any one
or more of SEQ ID NOS. 4-9 in various abundance.
Typically, rHuPH20 is produced in cells that
facilitate correct N-glycosylation to retain activity,
such as CHO cells (e.g. DG44 CHO cells). 4.
Glycosylation of hyaluronan degrading enzymes
Glycosylation, including N- and O-linked
glycosylation, of some hyaluronan degrading enzymes,
including hyaluronidases, can be important for their
catalytic activity and stability. While altering the
type of glycan modifying a glycoprotein can have
dramatic affects on a protein's antigenicity,
structural folding, solubility, and stability, most
enzymes are not thought to require glycosylation for
optimal enzymeactivity. For some hyaluronidases,
removal of N-linked glycosylation can result in near
complete inactivation of the hyaluronidase activity.
Thus, for such hyaluronidases, the presence of
N-linked glycans is critical for generating an active
enzyme. N-linked oligosaccharides fall into several
major types (oligomannose, complex, hybrid, sulfated),
all of which have (Man) 3-GlcNAc-GlcNAc-cores attached
via the amide nitrogen of Asn residues that fall
within-Asn-Xaa-Thr/Sersequences (where Xaa is not
Pro). Glycosylation at an-Asn-Xaa-Cys-site has been
reported for coagulation protein C. hi some instances,
a hyaluronan degrading enzyme, such as a
hyaluronidase, can contain both N-glycosidic and
O-glycosidic linkages. For example, PH20 has 0-linked
oligosaccharides as well as N-linked oligosaccharides.
There are seven potential N-linked glycosylation sites
at N82, N166, N235, N254, N368, N393, N490 of human
PH20 exemplified in SEQ ID NO: 1. As noted above ,
N-linked glycosylation at N490 is not required for
hyaluronidase activity. In some examples, the
hyaluronan degrading enzymes for use in the
compositions, combinations and/or methods provided are
glycosylated at one or all of the glycosylation sites.
For example, for human PH20, or a soluble form
thereof, 2, 3, 4, 5, or 6 of the N-glycosylation sites
corresponding to amino acids N82, N166, N235, N254,
N368, and N393 of SEQ ID NO: 1 are glycosylated. In
some examples the hyaluronan degrading enzymes are
glycosylated at one or more native glycosylation
sites. In other examples, the hyaluronan degrading
enzymes are modified at one or more non-native
glycosylation sites to confer glycosylation of the
polypeptide at one or more additional site. In such
examples, attachment of additional sugar moieties can
enhance the pharmacokinetic properties of the
molecule, such as improved halflife and/or improved
activity. In other examples, the hyaluronan degrading
enzymes for use in the compositions, combinations
and/or methods provided herein are partially
deglycosylated (or N-partially glycosylated
polypeptides). For example, partially deglycosylated
soluble PH20 polypeptides that retain all or a portion
of the hyaluronidase activity of a fully glycosylated
hyaluronidase can be used in thecompositions,
combinations and/or methods provided herein. Exemplary
partially deglycosylated hyaluronidases include
soluble forms of a partially deglycosylated PH20
polypeptides from any species, such as any set forth
in any of SEQ ID NOS; 1, 2, 11, 25, 27, 29, 30, 31,
32, 63, 65, 185 and 186, or allelic variants,
truncated variants, or other variants thereof. Such
variants are known to one of skill in the art, and
include polypeptides having 60%, 70%, 80%, 90%, 91%,
92%, 93%, 94%, 95% or more sequence identity to any of
SEQ ID NOS: 1, 2, 11, 25, 27, 29, 30, 31, 32, 63, 65,
185 and 186, or truncated forms thereof. The partially
deglycosylated hyaluronidases provided herein also
include hybrid, fusion and chimeric partially
deglycosylated hyaluronidases, and partially
deglycosylated hyaluronidase conjugates. Glycosidases,
or glycoside hydrolases, are enzymes that catalyze the
hydrolysis of the glycsidic linkage to generate two
smaller sugars. The major types of N-glycans in
vertebrates include high mannose glycans, hybrid
glycans and complex glycans. There are several
glycosidases that result in only partial protein
deglycosylation, including: EndoFl, which cleaves high
mannose and hybrid type glycans; EndoF2, which cleaves
biantennary complex type glycans; EndoF3, which
cleaves biantennary and more branched complex glycans;
and EndoH, which cleaves high mannose and hybrid type
glycans. Treatment of a hyaluronan degrading enzyme,
such as a soluble hyaluronidase, such as a soluble
PH20, with one or all of these glycosidases can result
in only partial deglycosylation and, therefore,
retention of hyaluronidase activity. Partially
deglycosylated hyaluronan degrading enzymes, such as
partially deglycosylated soluble hyaluronidases, can
be produced by digestion with one or more
glycosidases, generally a glycosidase that does not
remove all N-glycans but only partially deglycosylates
the protein. For example, treatment of PH20 (e.g. a
recombinant PH20 designated rHuPH20) with one or all
of the above glycosidases (e.g. EndoFl, EndoF2 and/or
EndoF3) results in partial deglycosylation. These
partially deglycosylated PH20 polypeptides can exhibit
hyaluronidase enzymatic activity that is comparable to
the fully glycosylated polypeptides. In contrast,
treatment of PH20 with PNGaseF, a glycosidase that
cleaves all N-glycans, results incomplete removal of
all N-glyeans and thereby renders PH20 enzymatically
inactive. Thus, although all N-linked glycosylation
sites (such as, for example, those at amino acids N82,
Nl 66, N235, N254, N368, and N393 of human PH20,
exemplified in SEQ ID NO: 1) can be glycosylated,
treatment with one or more glycosidases can render the
extent of glycosylation reduced compared to a
hyaluronidase that is not digested with one or more
glycosidases. The partially deglycosylated hyaluronan
degrading enzymes, including partially deglycosylated
soluble PH20 polypeptides, can have 10%, 20%, 30%,
40%, 50%, 60%, 70% or 80% of the level of
glycosylation of a fully glycosylated polypeptide.
Typically, the partially deglycosylated hyaluronan
degrading enzymes, including partially deglycosylated
soluble PH20 polypeptides, exhibit hyaluronidase
activity that is 10%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90%, 100%, 110%, 120%, 130%, 140%, 150%, 200%,
300%, 400%, 500%, 1000% or more of the hyaluronidase
activity exhibited by the fully glycosylated
polypeptide. 5. Modifications of hyaluronan degrading
enzymes to improve their pharmacokinetic properties
Hyaluronan degrading enzymes can be modified to
improve their pharmacokinetic properties, such as
increasing their half-life in vivo and/or activities.
The modification of hyaluronan degrading enzymes for
use in the compositions, combinations and/or methods
provided can include attaching, directly or indirectly
via a linker, such as covalently or by other stable
linkage, a polymer, such as dextran, a polyethylene
glycol (pegylation(PEG)) or sialyl moiety, or other
such polymers, such as natural or sugar polymers.
Pegylation of therapeutics is known to increase
resistance to proteolysis, increase plasma half-life,
and decrease antigenicity and immunogenicity. Covalent
or other stable attachment (conjugation) of polymeric
molecules, such as polyethylene glycol moiety (PEG),
to the hyaluronan degrading enzyme thus can impart
beneficial properties to the resulting enzyme-polymer
composition. Such properties include improved
biocompatibility, extension of protein (and enzymatic
activity) half-life in the blood, cells and/or in
other tissues within a subject, effective shielding of
theprotein from proteases and hydrolysis, improved
biodistribution, enhanced pharmacokinetics and/or
pharmacodynamics, and increased water solubility.
Exemplary polymers that can be conjugated to the
hyaluronan degrading enzyme, include natural and
synthetic homopolymers, such as polyols (i.e.
poly-OH), polyamines (i.e. poly-NH2) and polycarboxyl
acids (i.e. poly-COOH), and further heteropolymers
i.e. polymers comprising one or more different
coupling groups e.g. a hydroxyl group and amine
groups. Examples of suitable polymeric molecules
include polymeric molecules selected from among
polyalkylene oxides (PAO), such as polyalkylene
glycols (PAG), including polypropylene glycols (PEG),
methoxypolyethylene glycols (mPEG) and polypropylene
glycols, PEG-glycidyl ethers (Epox-PEG),
PEG-oxycarbonylimidazole (CDI-PEG) branched
polyethylene glycols (PEGs), polyvinyl alcohol (PVA),
polycarboxylates, polyvinylpyrrolidone, poly-D,L-amino
acids, polyethylene-co-maleic acid anhydride,
polystyrene-co-maleic 



acid anhydride, dextrans including
carboxymethyl-dextrans, heparin, homologous albumin,
celluloses, including methylcellulose,
carboxymethylcellulose, ethylcellulose,
hydroxyethylcellulose carboxyethylcellulose and
hydroxypropylcellulose, hydrolysates of chitosan,
starches such as hydroxyethylstarches and
hydroxypropyl-starches, glycogen, agaroses and
derivatives thereof, guar gum, pullulan, inulin,
xanthan gum, carrageenan, pectin, alginic acid
hydrolysates and bio-polymers. Typically, the polymers
are polyalkylene oxides (PAO), such as polyethylene
oxides, such as PEG, typically mPEG, which, in
comparison to polysaccharides such as dextran,
pullulan and the like, have few reactive groups
capable of cross-linking. Typically, the polymers are
non-toxic polymeric molecules such as (m)polyethylene
glycol (mPEG) which can be covalently conjugated to
the hyaluronan degrading enzyme (e.g. , to attachment
groups on the protein surface) using a relatively
simple chemistry. Suitable polymeric molecules for
attachment to the hyaluronan degrading enzyme include,
but are not limited to, polyethylene glycol (PEG) and
PEG derivatives such as methoxy-polyethylene glycols
(mPEG), PEG-glycidyl ethers (Epox-PEG),
PEG-oxycarbonylimidazole (CDI-PEG), branched PEGs,
andpolyethylene oxide (PEO) (see e.g. Roberts et al.,
Advanced Drug Delivery Review 2002, 54: 459-476;
Harris and Zalipsky, S (eds.) "Polyethylene glycol),
Chemistry and Biological Applications" ACS Symposium
Series 680, 1997; Mehvar et al., J . Pharm.
Pharmaceut. Sci., 3(1): 125- 136, 2000; Harris, Nature
Reviews 2:215 et seq. (2003); and Tsubery, J Biol.
Chem 279(37):381 18-24, 2004). The polymeric molecule
can be of a molecular weight typically ranging from
about 3 kDa to about 60 kDa. In some embodiments the
polymeric molecule that is conjugated to a protein,
such as rHuPH20, has a molecular weight of 5, 10, 15,
20, 25, 30, 35, 40, 45, 50, 55, 60 or more than 60
kDa. Various methods of modifying polypeptides by
covalently attaching (conjugating) a PEG or PEG
derivative (i.e. "PEGylation") are known in the art
(see e.g., U.S. 2006/0104968; U.S. 5,672,662; U.S.
6,737,505; and U.S. 2004/0235734). Techniques for
PEGylation include, but are not limited to,
specialized linkers and coupling chemistries (see
e.g., Harris, Adv. Drug Deliv. Rev. 54:459-476, 2002),
attachment of multiple PEG moieties to a single
conjugation site (such as via use of branched PEGs;
see e.g., Veronese et al., Bioorg. Med. Chem. Lett.
12:177-180, 2002), site-specific PEGylation and/or
mono-PEGylation (see e.g., Chapman et al., Nature
Biotech. 17:780-783, 1999), and site-directed
enzymatic PEGylation (see e.g., Sato, Adv. Drug Deliv.
Rev., 54:487-504, 2002) (see, also, for example, Lu
and Felix (1994) Int. J. Peptide Protein Res.
43:127-138; Lu and Felix (1993) Peptide Res. 6:142-6,
1993; Felix et al. (1995) Int. J. Peptide Res.
46:253-64; Benhar et al. (1994) J. Biol. Chem.
269:13398-404; Brumeanu et al. (1995) J Immunol.
154:3088-95; see also, Caliceti et al. (2003) v. Drug
Deliv. Rev. 55(10):1261-77 and Molineux (2003)
Pharmacotherapy 23 (8 Pt 2):3S-8S). Methods and
techniques described in the art can produce proteins
having 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more than 10
PEG or PEG derivatives attached to a single protein
molecule (see e.g., U.S. 2006/0104968). Numerous
reagents for PEGylation have been described in the
art. Such reagents include, but are not limited to,
N-hydroxysuccinimidyl (NHS) activated PEG,
succinimidyl mPEG, mPEG2-N-hydroxysuccinimide, mPEG
succinimidyl alpha-methylbutanoate, mPEG succinimidyl
propionate, mPEG succinimidyl butanoate, mPEG
carboxymethyl 3-hydroxybutanoic acid succinimidyl
ester,homobifunctional PEG-succinimidyl propionate,
homobifunctional PEG propionaldehyde, homobifunctional
PEG butyraldehyde, PEG maleimide, PEG hydrazide,
p-nitrophenyl-carbonate PEG, mPEG-benzotriazole
carbonate, propionaldehyde PEG, mPEG butryaldehyde,
branched mPEG2 butyraldehyde, mPEG acetyl, mPEG
piperidone, mPEG methylketone, mPEG "linkerless"
maleimide, mPEG vinyl sulfone, mPEG thiol, mPEG
orthopyridylthioester, mPEG oithopyridyl disulfide,
Fmoc-PEG-NHS, Boc-PEG-NHS, vinylsulfone PEG-NHS,
acrylate PEG-NHS, fluorescein PEG-NHS, and biotin
PEG-NHS (see e.g., Monfardini et al., Bioconjugate
Chem. 6:62-69, 1995; Veronese et al., J . Bioactive
Compatible Polymers 12:197-207, 1997; U.S. 5,672,662;
U.S. 5,932,462; U.S. 6,495,659; U.S. 6,737,505; U.S.
4,002,531; U.S. 4,179,337; U.S. 5,122,614; U.S.
5,183,550; U.S. 5,324, 844; U.S. 5,446,090; U.S.
5,612,460; U.S. 5,643,575; U.S. 5,766,581; U.S. 5,795,
569; U.S. 5,808,096; U.S. 5,900,461; U.S. 5,919,455;
U.S. 5,985,263; U.S. 5,990, 237; U.S. 6,1 13,906; U.S.
6,214,966; U.S. 6,258,351; U.S. 6,340,742; U.S.
6,413,507; U.S. 6,420,339; U.S. 6,437,025; U.S.
6,448,369; U.S. 6,461,802; U.S. 6,828,401; U.S.
6,858,736; U.S. 2001/0021763; U.S. 2001/0044526; U.S.
2001/0046481; U.S. 2002/0052430; U.S. 2002/0072573;
U.S. 2002/0156047; U.S. 2003/01 14647; U.S.
2003/0143596; U.S. 2003/0158333; U.S. 2003/0220447;
U.S. 2004/0013637; US 2004/0235734; U.S. 2005/000360;
U.S. 2005/01 14037; U.S. 2005/0171328; U.S.
2005/0209416; EP 01064951; EP 0822199; WO 00176640; WO
0002017; WO 0249673; WO 9428024; and WO 0187925). In
one example, the hyaluronan degrading enzyme for use
in the methods, compositions, and combinations
provided is a soluble hyaluronidase that is PEGylated.
In a particular example, the soluble hyaluronidase is
a PEGylated PH20 hyaluronidase. In another particular
example, the soluble hyaluronidase is PEGylated
rHuPH20, such as that described in Example 10. E.
Methods of Producing Nucleic Acids encoding an Insulin
or Hyaluronan Degrading Enzyme and Polypeptides
Thereof Polypeptides of an insulin and hyaluronan
degrading enzyme set forth herein, can be obtained by
methods well known in the art for protein purification
and recombinant protein expression. Polypeptides also
can be synthesized chemically. For example, the
A-chain and B-chain of insulin can be chemically
synthesized andthen cross-linked by disulfide bonds
through, for example, a reduction-reoxidation
reaction. When the polypeptides are produced by
recombinant means, any method known to those of skill
in the art for identification of nucleic acids that
encode desired genes can be used. Any method available
in the art can be used to obtain a full length (i.e.,
encompassing the entire coding region) cDNA or genomic
DNA clone encoding a hyaluronidase, such as from a
cell or tissue source. Modified or variant insulins or
hyaluronan degrading enzymes can be engineered from a
wildtype polypeptide, such as by site-directed
mutagenesis. Polypeptides can be cloned or isolated
using any available methods known in the art for
cloning and isolating nucleic acid molecules. Such
methods include PCR amplification of nucleic acids and
screening of libraries, including nucleic acid
hybridization screening, antibody-based screening and
activity-based screening. Methods for amplification of
nucleic acids can be used to isolate nucleic acid
molecules encoding a desired polypeptide, including
for example, polymerase chain reaction (PCR) methods.
A nucleic acid containing material can be used as a
starting material from which a desired
polypeptide-encoding nucleic acid molecule can be
isolated. For example, DNA and mRNA preparations, cell
extracts, tissue extracts, fluid samples (e.g. blood,
serum, saliva), samples from healthy and/or diseased
subjects can be used in amplification methods. Nucleic
acid libraries also can be used as a source of
starting material. Primers can be designed to amplify
a desired polypeptide. For example, primers can be
designed based on expressed sequences from which a
desired polypeptide is generated. Primers can be
designed based on back-translation of a polypeptide
amino acid sequence. Nucleic acid molecules generated
by amplification can be sequenced and confirmed to
encode a desired polypeptide. Additional nucleotide
sequences can be joined to a polypeptide-encoding
nucleic acid molecule, including linker sequences
containing restriction endonuclease sites for the
purpose of cloning the synthetic gene into a vector,
for example, a protein expression vector or a vector
designed for the amplification of the core protein
coding DNA sequences. Furthermore, additional
nucleotide sequences specifying functional DNA
elements can be operatively linked to a
polypeptide-encoding nucleic acidmolecule. Examples of
such sequences include, but are not limited to,
promoter sequences designed to facilitate
intracellular protein expression, and secretion
sequences, for example heterologous signal sequences,
designed to facilitate protein secretion. Such
sequences are known to those of skill in the art.
Additional nucleotide residues sequences such as
sequences of bases specifying protein binding regions
also can be linked to enzyme-encoding nucleic acid
molecules. Such regions include, but are not limited
to, sequences of residues that facilitate or encode
proteins that facilitate uptake of an enzyme into
specific target cells, or otherwise alter
pharmacokinetics of a product of a synthetic gene. For
example, enzymes can be linked to PEG moieties. In
addition, tags or other moieties can be added, for
example, to aid in detection or affinity purification
of the polypeptide. For example, additional nucleotide
residues sequences such as sequences of bases
specifying an epitope tag or other detectable marker
also can be linked to enzyme-encoding nucleic acid
molecules. Exemplary of such sequences include nucleic
acid sequences encoding a His tag (e.g., 6xHis,
HHHHHH; SEQ ID NO:54) or Flag Tag (DYKDDDDK; SEQ ID
NO:55). The identified and isolated nucleic acids can
then be inserted into an appropriate cloning vector. A
large number of vector-host systems known in the art
can be used. Possible vectors include, but are not
limited to, plasmids or modified viruses, but the
vector system must be compatible with the host cell
used. Such vectors include, but are not limited to,
bacteriophages such as lambda derivatives, or plasmids
such as pCMV4, pBR322 or pUC plasmid derivatives or
the Bluescript vector (Stratagene, La Jolla, CA).
Other expression vectors include the HZ24 expression
vector exemplified herein. The insertion into a
cloning vector can, for example, be accomplished by
ligating the DNA fragment into a cloning vector which
has complementary cohesive termini. Insertion can be
effected using TOPO cloning vectors (INVITROGEN,
Carlsbad, CA). If the complementary restriction sites
used to fragment the DNA are not present in the
cloning vector, the ends of the DNA molecules can be
enzymatically modified. Alternatively, any site
desired can be produced by ligating nucleotide
sequences (linkers) onto the DNA termini; theseligated
linkers can contain specific chemically synthesized
oligonucleotides encoding restriction endonuclease
recognition sequences. In an alternative method, the
cleaved vector and protein gene can be modified by
homopolymeric tailing. Recombinant molecules can be
introduced into host cells via, for example,
transformation, transfection, infection,
electroporation and sonoporation, so that many copies
of the gene sequence are generated. Insulin can be
produced using a variety of techniques (see e.g.
Ladisch et al (1992) Biotechnol. Prog. 8:469-478). In
some examples, nucleic acid encoding a preproinsulin
or proinsulin polypeptide is inserted into an
expression vector. Upon expression, the preproinsulin
or proinsulin polypeptide is converted to insulin by
enzymatic or chemical methods that cleave the signal
sequence and/or the C peptide, resulting in the A- and
B-chains that are cross-linked by disulfide bonds
through, for example, a reduction-reoxidation reaction
(see e.g. Cousens et al., (1987) Gene 61:265-275,
Chance et al., (1993) Diabetes Care 4:147-154). In
another example, the nucleic acid encoding the A-chain
and B-chain of an insulin are inserted into one or two
expression vectors for co-expression as a single
polypeptide from one expression vector or expression
as two polypeptides from one or two expression
vectors. Thus, the A- and B-chain polypeptides can be
expressed separately and then combined to generate an
insulin, or can be co-expressed, in the absence of a C
chain. In instances where the A- and B-chains are
co-expressed as a single polypeptide, the nucleic acid
encoding the subunits also can encode a linker or
spacer between the B-chain and Achain, such as a
linker or spacer described below. The nucleic acid
inserted into the expression vector can contain, for
example, nucleic acid encoding the insulin B-chain, a
linker, such as for example, an alanine-alanine-lysine
linker, and the A-chain, resulting in expression of,
for example, "insulin B chain-Ala-Ala-Lys-insulin A
chain." In specific embodiments, transformation of
host cells with recombinant DNA molecules that
incorporate the isolated protein gene, cDNA, or
synthesized DNA sequence enables generation of
multiple copies of the gene. Thus, the gene can be
obtained in large quantities by growing transformants,
isolating the recombinant DNAmolecules from the
transformants and, when necessary, retrieving the
inserted gene from the isolated recombinant DNA. 1.
Vectors and cells For recombinant expression of one or
more of the desired proteins, such as any described
herein, the nucleic acid containing all or a portion
of the nucleotide sequence encoding the protein can be
inserted into an appropriate expression vector, i.e.,
a vector that contains the necessary elements for the
transcription and translation of the inserted protein
coding sequence. The necessary transcriptional and
translational signals also can be supplied by the
native promoter for enzyme genes, and/or their
flanking regions. Also provided are vectors that
contain a nucleic acid encoding the enzyme. Cells
containing the vectors also are provided. The cells
include eukaryotic and prokaryotic cells, and the
vectors are any suitable for use therein. Prokaryotic
and eukaryotic cells, including endothelial cells,
containing the vectors are provided. Such cells
include bacterial cells, yeast cells, fungal cells,
Archea, plant cells, insect cells and animal cells.
The cells are used to produce a protein thereof by
growing the above-described cells under conditions
whereby the encoded protein is expressed by the cell,
and recovering the expressed protein. For purposes
herein, for example, the enzyme can be secreted into
the medium. Provided are vectors that contain a
sequence of nucleotides that encodes the soluble
hyaluronidase polypeptide coupled to the native or
heterologous signal sequence, as well as multiple
copies thereof. The vectors can be selected for
expression of the enzyme protein in the cell or such
that the enzyme protein is expressed as a secreted
protein. A variety of host-vector systems can be used
to express the protein coding sequence. These include
but are not limited to mammalian cell systems infected
with virus (e.g. vaccinia virus, adenovirus and other
viruses); insect cell systems infected with virus
(e.g. baculovirus); microorganisms such as yeast
containing yeast vectors; or bacteria transformed with
bacteriophage, DNA, plasmid DNA, or cosmid DNA. The
expression elements of vectors vary in their strengths
and specificities.Depending on the host-vector system
used, any one of a number of suitable transcription
and translation elements can be used. Any methods
known to those of skill in the art for the insertion
of DNA fragments into a vector can be used to
construct expression vectors containing a chimeric
gene containing appropriate
transcriptional/translational control signals and
protein coding sequences. These methods can include in
vitro recombinant DNA and synthetic techniques and in
vivo recombinants (genetic recombination). Expression
of nucleic acid sequences encoding protein, or
domains, derivatives, fragments or homologs thereof,
can be regulated by a second nucleic acid sequence so
that the genes or fragments thereof are expressed in a
host transformed with the recombinant DNA molecule(s).
For example, expression of the proteins can be
controlled by any promoter/enhancer known in the art.
In a specific embodiment, the promoter is not native
to the genes for a desired protein. Promoters which
can be used include but are not limited to the SV40
early promoter (Bernoist and Chambon, Nature
290:304-310 (1981)), the promoter contained in the 3'
long terminal repeat of Rous sarcoma virus (Yamamoto
et al. Cell 22:787-797 (1980)), the herpes thymidine
kinase promoter (Wagner et al, Proc. Natl. Acad. Sci.
USA 75:1441-1445 (1981)), the regulatory sequences of
the metallothionein gene (Brinster et al., Nature
296:39-42 (1982)); prokaryotic expression vectors such
as the b-lactamase promoter (Jay et al., (1981) Proc.
Natl. Acad. Sci. USA 75:5543) or the tac promoter
(DeBoer et al., Proc. Natl. Acad. Sci. USA 80:21-25
(1983)); see also "Useful Proteins from Recombinant
Bacteria": in Scientific American 242:79-94 (1980));
plant expression vectors containing the nopaline
synthetase promoter (Herrara-Estrella et al, Nature
303:209- 213 (1984)) or the cauliflower mosaic virus
35S RNA promoter (Garder et al., Nucleic Acids Res.
9:2871 (1981)), and the promoter of the photosynthetic
enzyme ribulose bisphosphate carboxylase
(Herrera-Estrella et al., Nature 310:1 15-120 (1984));
promoter elements from yeast and other fungi such as
the Gal4 promoter, the alcohol dehydrogenase promoter,
the phosphoglycerol kinase promoter, the alkaline
phosphatase promoter, and the following animal
transcriptional control regions that exhibit tissue
specificity and have been used in transgenic animals:
elastase I gene control region which is active in
pancreatic acinar cells (Swift et al., Cell
35:639-646(1984); Ornitz et al., Cold Spring Harbor
Symp. Quant. Biol. 50:399-409 (1986); MacDonald,
Hepatology 7:425-515 (1987)); insulin gene control
region which is active in pancreatic beta cells
(Hanahan et al., Nature 315:1 15-122 (1985)),
immunoglobulin gene control region which is active in
lymphoid cells (Grosschedl et al, Cell 38:647-658
(1984); Adams et al., Nature 375:533-538 (1985);
Alexander et al., MoI. Cell Biol. 7:1436-1444 (1987)),
mouse mammary tumor virus control region which is
active in testicular, breast, lymphoid and mast cells
(Leder et al., Cell 45:485-495 (1986)), albumin gene
control region which is active in liver (Pinckert et
al., Genes andDevel. 7:268-276 (1987)),
alpha-fetoprotein gene control region which is active
in liver (Krumlauf et al., MoI. Cell. Biol.
5:1639-1648 (1985); Hammer et al, Science 235:53-58
1987)), alpha-1 antitrypsin gene control region which
is active in liver (Kelsey et al, Genes andDevel.
7:161-171 (1987)), beta globin gene control region
which is active in myeloid cells (Magram et al, Nature
375:338-340 (1985); Kollias et al, Cell 46:89-94
(1986)), myelin basic protein gene control region
which is active in oligodendrocyte cells of the brain
(Readhead et al , Cell 48:103-7 12 (1987)), myosin
light chain-2 gene control region which is active in
skeletal muscle (Shani, Nature 314:283-286 (1985)),
and gonadotrophic releasing hormone gene control
region which is active in gonadotrophs of the
hypothalamus (Mason et al, Science 234:1372-1378
(1986)). In a specific embodiment, a vector is used
that contains a promoter operably linked to nucleic
acids encoding a desired protein, or a domain,
fragment, derivative or homolog, thereof, one or more
origins of replication, and optionally, one or more
selectable markers (e.g., an antibiotic resistance
gene). Exemplary plasmid vectors for transformation of
E.coli cells, include, for example, the pQE expression
vectors (available from Qiagen, Valencia, CA; see also
literature published by Qiagen describing the system).
pQE vectors have a phage T5 promoter (recognized by E.
coli RNA polymerase) and a double lac operator
repression module to provide tightly regulated,
high-level expression of recombinant proteins in E.
coli, a synthetic ribosomal binding site (RBS II) for
efficient translation, a 6XHis tag coding sequence, t0
and Tl transcriptional terminators, CoIEl origin of
replication, and a betalactamase gene for conferring
ampicillin resistance. The pQE vectors enableplacement
of a 6xHis tag at either the N- or C-terminus of the
recombinant protein. Such plasmids include pQE 32, pQE
30, and pQE 31 which provide multiple cloning sites
for all three reading frames and provide for the
expression of N-terminally 6xHis-tagged proteins.
Other exemplary plasmid vectors for transformation of
E. coli cells, include, for example, the pET
expression vectors (see, U.S. patent 4,952,496;
available from NOVAGEN, Madison, WI; see, also
literature published by Novagen describing the
system). Such plasmids include pET 1Ia, which contains
the T71ac promoter, T7 terminator, the inducible E.
coli lac operator, and the lac repressor gene; pET
12a-c, which contains the T7 promoter, T7 terminator,
and the E. coli ompT secretion signal; and pET 15b and
pETl 9b (NOVAGEN, Madison, WI), which contain a
His-Tag(tm) leader sequence for use in purification
with a His column and a thrombin cleavage site that
permits cleavage following purification over the
column, the T7-lac promoter region and the T7
terminator. Exemplary of a vector for mammalian cell
expression is the HZ24 expression vector. The HZ24
expression vector was derived from the pCI vector
backbone (Promega). It contains DNA encoding the
Beta-lactamase resistance gene (AmpR), an Fl origin of
replication, a Cytomegalovirus immediate-early
enhancer/promoter region (CMV), and an SV40 late
polyadenylation signal (SV40). The expression vector
also has an internal ribosome entry site (IRES) from
the ECMV virus (Clontech) and the mouse dihydrofolate
reductase (DHFR) gene. 2. Linker Moieties In some
examples, insulin is prepared by generating the
A-chain and B-chain polypeptides with a linker, such
that, for example, the C-terminus of the B-chain is
joined to the N-terminus of the A-chain by a short
linker. The A-chain and B-chains can be expressed from
a single polypeptide containing a linker, or can be
expressed separately and then joined by a linker. The
linker moiety is selected depending upon the
properties desired. The linker moiety should be long
enough and flexible enough to allow the A-chain and
B-chain to mimic the natural conformation of the
insulin. Linkers can be any moiety suitable to the
insulin A-chain and B-chain. Such moieties include,
but are not limited to, peptidic linkages; amino acid
and peptide linkages, typically containing between one
and about 60 amino acids; chemical linkers, such
asheterobifunctional cleavable cross-linkers,
photocleavable linkers and acid cleavable linkers. The
linker moieties can be peptides. The peptide typically
has from about 2 to about 60 amino acid residues, for
example from about 5 to about 40, or from about 10 to
about 30 amino acid residues. Peptidic linkers can
conveniently be encoded by nucleic acid and
incorporated in fusion proteins upon expression in a
host cell, such as E. coli. In one example, an
alanine-alanine-lysine (AAK) (SEQ ID NO: 178) linker
is encoded in a nucleic acid between nucleic acid
encoding the insulin B-chain and nucleic acid encoding
the A-chain, such that upon expression, an "insulin
B-chain- AAK-insulin A chain" polypeptide is produced.
Peptide linkers can be a flexible spacer amino acid
sequence, such as those known in single-chain antibody
research. Examples of such known linker moieties
include, but are not limited to, RPPPPC (SEQ ID NO:
166) or SSPPPPC (SEQ ID NO: 167), GGGGS (SEQ ID NO:
168), (GGGGS)n (SEQ. ID NO: 169), GKSSGSGSESKS (SEQ ID
NO: 170), GSTSGSGKSSEGKG (SEQ. ID NO:171),
GSTSGSGKSSEGSGSTKG (SEQ ID NO: 172), GSTSGSGKSSEGKG
(SEQ ID NO: 173), GSTSGSGKPGSGEGSTKG (SEQ ID NO: 174),
EGKSSGSGSESKEF (SEQ ID NO: 175), SRSSG (SEQ. ID NO:
176) and SGSSC (SEQ ID NO: 177). Alternatively, the
peptide linker moiety can be VM (SEQ ID NO: 179) or AM
(SEQ ID NO: 180), or have the structure described by
the formula: AM(G2 10 4S)XAM wherein X is an integer
from 1 to 11 (SEQ ID NO: 181). Additional linking
moieties are described, for example, in Huston et
al.(1988) Proc. Natl. Acad. Sci. U.S.A. 85:5879-5883;
Whitlow, M., et al. (1993) Protein Engineering
6:989-995; Newton et al. (1996) Biochemistry
35:545-553; A. J . Cumber et al. (1992) Bioconj. Chem.
3:397- 401; Ladurner et al. (1997) J. MoI. Biol.
273:330-337; and U.S. Patent. No. 4,894,443. In some
examples, peptide linkers are encoded by nucleic acid
and incorporated between the B-chain and A-chain upon
expression in a host cell, such as E. coli or S.
cerevisiae. In other examples, a peptide linker is
synthesized by chemical methods. This can be performed
in a separate protocol to the synthesis of one or more
of the A- and B-chain, after which the components are
joined, such as with the use ofheterobifunctional
linkers. Alternatively, a peptide linker can be
synthesized at the Nor C- terminus of one of the
insulin chains, which is then linked to the other
chain via the peptide linker, such as with a
heterobifunctional linker. Any linker known to those
of skill in the art can be used herein to link the
insulin A-chain and B-chain . Linkers and linkages
that are suitable for chemically linking the chains
include, but are not limited to, disulfide bonds,
thioether bonds, hindered disulfide bonds, and
covalent bonds between free reactive groups, such as
amine and thiol groups. These bonds are produced using
heterobifunctional reagents to produce reactive thiol
groups on one or both of the polypeptides and then
reacting the thiol groups on one polypeptide with
reactive thiol groups or amine groups to which
reactive maleimido groups or thiol groups can be
attached on the other. Other linkers include, acid
cleavable linkers, such as bismaleimideothoxy propane,
acid labile-transferrin conjugates and adipic acid
diihydrazide, that would be cleaved in more acidic
intracellular compartments; cross linkers that are
cleaved upon exposure to UV or visible light and
linkers, such as the various domains, such as CHl,
CH2, and CH3, from the constant region of human IgGl
(see, Batra et al. (1993) Molecular Immunol.
30:379-386). In some embodiments, several linkers can
be included in order to take advantage of desired
properties of each linker. Chemical linkers and
peptide linkers can be inserted by covalently coupling
the linker to the insulin A-chain and Bchain. The
heterobifunctional agents, described below, can be
used to effect such covalent coupling. Peptide linkers
also can be linked by expressing DNA encoding the
linker between the B-chain and A-chain. Other linkers
that can be used to join the A-chain and B-chain of
insulin include: enzyme substrates, such as cathepsin
B substrate, cathepsin D substrate, trypsin substrate,
thrombin substrate, subtilisin substrate, Factor Xa
substrate, and enterokinase substrate; linkers that
increase solubility, flexibility, and/or intracellular
cleavability include linkers, such as (glymser)n and
(sermgly)n, in which m is 1 to 6, preferably 1 to 4,
more preferably 2 to 4, and n is 1 to 30, preferably 1
to 10, more preferably 1 to 4 (see, e.g.,
International PCT application No. WO 96/06641, which
provides exemplary linkers). In some embodiments,
several linkers can be included in order to take
advantage of desired properties of each linker.3.
Expression Insulin and hyaluronan degrading enzyme
polypeptides can be produced by any method known to
those of skill in the art including in vivo and in
vitro methods. Desired proteins can be expressed in
any organism suitable to produce the required amounts
and forms of the proteins, such as for example, needed
for administration and treatment. Expression hosts
include prokaryotic and eukaryotic organisms such as
E. coli, yeast, plants, insect cells, mammalian cells,
including human cell lines and transgenic animals.
Expression hosts can differ in their protein
production levels as well as the types of
post-translational modifications that are present on
the expressed proteins. The choice of expression host
can be made based on these and other factors, such as
regulatory and safety considerations, production costs
and the need and methods for purification. Many
expression vectors are available and known to those of
skill in the art and can be used for expression of
proteins. The choice of expression vector will be
influenced by the choice of host expression system. In
general, expression vectors can include
transcriptional promoters and optionally enhancers,
translational signals, and transcriptional and
translational termination signals. Expression vectors
that are used for stable transformation typically have
a selectable marker which allows selection and
maintenance of the transformed cells. In some cases,
an origin of replication can be used to amplify the
copy number of the vector. Soluble hyaluronidase
polypeptides also can be utilized or expressed as
protein fusions. For example, an enzyme fusion can be
generated to add additional functionality to an
enzyme. Examples of enzyme fusion proteins include,
but are not limited to, fusions of a signal sequence,
a tag such as for localization, e.g. a his6 tag or a
myc tag, or a tag for purification, for example, a GST
fusion, and a sequence for directing protein secretion
and/or membrane association. a. Prokaryotic Cells
Prokaryotes, especially E. coli, provide a system for
producing large amounts of proteins. Transformation of
E.coli is a simple and rapid technique well known to
those of skill in the art. Expression vectors for
E.coli can contain inducible promoters, such promoters
are useful for inducing high levels of protein
expressionand for expressing proteins that exhibit
some toxicity to the host cells. Examples of inducible
promoters include the lac promoter, the trp promoter,
the hybrid tac promoter, the T7 and SP6 RNA promoters
and the temperature regulated lPL promoter. Proteins,
such as any provided herein, can be expressed in the
cytoplasmic environment of E. coli. The cytoplasm is a
reducing environment and for some molecules, this can
result in the formation of insoluble inclusion bodies.
Reducing agents such as dithiothreotol and
b-mercaptoethanol and denaturants, such as
guanidine-HCl and urea can be used to resolubilize the
proteins. An alternative approach is the expression of
proteins in the periplasmic space of bacteria which
provides an oxidizing environment and chaperonin-like
and disulfide isomerases and can lead to the
production of soluble protein. Typically, a leader
sequence is fused to the protein to be expressed which
directs the protein to the periplasm. The leader is
then removed by signal peptidases inside the
periplasm. Examples of periplasmictargeting leader
sequences include the pelB leader from the pectate
lyase gene and the leader derived from the alkaline
phosphatase gene. In some cases, periplasmic
expression allows leakage of the expressed protein
into the culture medium. The secretion of proteins
allows quick and simple purification from the culture
supernatant. Proteins that are not secreted can be
obtained from the periplasm by osmotic lysis. Similar
to cytoplasmic expression, in some cases proteins can
become insoluble and denaturants and reducing agents
can be used to facilitate solubilization and
refolding. Temperature of induction and growth also
can influence expression levels and solubility,
typically temperatures between 25C and 37C are used.
Typically, bacteria produce aglycosylated proteins.
Thus, if proteins require glycosylation for function,
glycosylation can be added in vitro after purification
from host cells. b. Yeast Cells Yeasts such as
Saccharomyces cerevisae, Schizosaccharomycespom.be,
Yarrowia lipolytica, Kluyveromyces lactis and Pichia
pastoris are well known yeast expression hosts that
can be used for production of proteins, such as any
described herein. Yeast can be transformed with
episomal replicating vectors or by stablechromosomal
integration by homologous recombination. Typically,
inducible promoters are used to regulate gene
expression. Examples of such promoters include GALl,
GAL7 and GAL5 and metallothionein promoters, such as
CUPl, AOXl or other Pichia or other yeast promoter.
Expression vectors often include a selectable marker
such as LEU2, TRPl, HIS3 and URA3 for selection and
maintenance of the transformed DNA. Proteins expressed
in yeast are often soluble. Co-expression with
chaperonins such as Bip and protein disulfide
isomerase can improve expression 



levels and solubility. Additionally, proteins
expressed in yeast can be directed for secretion using
secretion signal peptide fusions such as the yeast
mating type alphafactor secretion signal from
Saccharomyces cerevisae and fusions with yeast cell
surface proteins such as the Aga2p mating adhesion
receptor or the Arxula adeninivorans glucoamylase. A
protease cleavage site such as for the Kex-2 protease,
can be engineered to remove the fused sequences from
the expressed polypeptides as they exit the secretion
pathway. Yeast also is capable of glycosylation at
Asn-XSer/ Thr motifs. c. Insect Cells Insect cells,
particularly using baculovirus expression, are useful
for expressing polypeptides such as hyaluronidase
polypeptides. Insect cells express high levels of
protein and are capable of most of the
post-translational modifications used by higher
eukaryotes. Baculovirus have a restrictive host range
which improves the safety and reduces regulatory
concerns of eukaryotic expression. Typical expression
vectors use a promoter for high level expression such
as the polyhedrin promoter of baculovirus. Commonly
used baculovirus systems include the baculoviruses
such as Autographa californica nuclear polyhedrosis
virus (AcNPV), and the Bombyx mori nuclear
polyhedrosis virus (BmNPV) and an insect cell line
such as Sf9 derived from Spodopterafrugiperda,
Pseudaletia unipuncta (A7S) and Danaus plexippus
(DpNl). For high-level expression, the nucleotide
sequence of the molecule to be expressed is fused
immediately downstream of the polyhedrin initiation
codon of the virus. Mammalian secretion signals are
accurately processed in insect cells and can be used
to secrete the expressed protein into the culture
medium. In addition, the cell linesPseudaletia
unipuncta (A7S) and Danaus plexippus (DpNl) produce
proteins with glycosylation patterns similar to
mammalian cell systems. An alternative expression
system in insect cells is the use of stably
transformed cells. Cell lines such as the Schneider 2
(S2) and Kc cells {Drosophila melanogaster) and C7
cells (Aedes albopictus) can be used for expression.
The Drosophila metallothionein promoter can be used to
induce high levels of expression in the presence of
heavy metal induction with cadmium or copper.
Expression vectors are typically maintained by the use
of selectable markers such as neomycin and hygromycin.
d. Mammalian Cells Mammalian expression systems can be
used to express proteins including soluble
hyaluronidase polypeptides. Expression constructs can
be transferred to mammalian cells by viral infection
such as adenovirus or by direct DNA transfer such as
liposomes, calcium phosphate, DEAE-dextran and by
physical means such as electroporation and
microinjection. Expression vectors for mammalian cells
typically include an mRNA cap site, a TATA box, a
translational initiation sequence (Kozak consensus
sequence) and polyadenylation elements. IRES elements
also can be added to permit bicistronic expression
with another gene, such as a selectable marker. Such
vectors often include transcriptional
promoter-enhancers for high-level expression, for
example the SV40 promoter-enhancer, the human
cytomegalovirus (CMV) promoter and the long terminal
repeat of Rous sarcoma virus (RSV). These
promoterenhancers are active in many cell types.
Tissue and cell-type promoters and enhancer regions
also can be used for expression. Exemplary
promoter/enhancer regions include, but are not limited
to, those from genes such as elastase I, insulin,
immunoglobulin, mouse mammary tumor virus, albumin,
alpha fetoprotein, alpha 1 antitrypsin, beta globin,
myelin basic protein, myosin light chain 2, and
gonadotropic releasing hormone gene control.
Selectable markers can be used to select for and
maintain cells with the expression construct. Examples
of selectable marker genes include, but are not
limited to, hygromycin B phosphotransferase, adenosine
deaminase, xanthine-guanine phosphoribosyl
transferase, aminoglycoside phosphotransferase,
dihydrofolate reductase (DHFR) and thymidine kinase.
Forexample, expression can be performed in the
presence of methotrexate to select for only those
cells expressing the DHFR gene. Fusion with cell
surface signaling molecules such as TCR-z and FceRI-g
can direct expression of the proteins in an active
state on the cell surface. Many cell lines are
available for mammalian expression including mouse,
rat human, monkey, chicken and hamster cells.
Exemplary cell lines include but are not limited to
CHO, Balb/3T3, HeLa, MT2, mouse NSO (nonsecreting) and
other myeloma cell lines, hybridoma and
heterohybridoma cell lines, lymphocytes, fibroblasts,
Sp2/0, COS, NIH3T3, HEK293, 293S, 2B8, and HKB cells.
Cell lines also are available adapted to serum-free
media which facilitates purification of secreted
proteins from the cell culture media. Examples include
CHO-S cells (Invitrogen, Carlsbad, CA, cat #
11619-012) and the serum free EBNA-I cell line (Pham
et al, (2003) Biotechnol. Bioeng. #4:332-42.). Cell
lines also are available that are adapted to grow in
special mediums optimized for maximal expression. For
example, DG44 CHO cells are adapted to grow in
suspension culture in a chemically defined, animal
product-free medium. e. Plants Transgenic plant cells
and plants can be used to express proteins such as any
described herein. Expression constructs are typically
transferred to plants using direct DNA transfer such
as microprojectile bombardment and PEG-mediated
transfer into protoplasts, and with
agrobacterium-mediated transformation. Expression
vectors can include promoter and enhancer sequences,
transcriptional termination elements and translational
control elements. Expression vectors and
transformation techniques are usually divided between
dicot hosts, such as Arabidopsis and tobacco, and
monocot hosts, such as corn and rice. Examples of
plant promoters used for expression include the
cauliflower mosaic virus promoter, the nopaline
synthase promoter, the ribose bisphosphate carboxylase
promoter and the ubiquitin and UBQ3 promoters.
Selectable markers such as hygromycin, phosphomannose
isomerase and neomycin phosphotransferase are often
used to facilitate selection and maintenance of
transformed cells. Transformed plant cells can be
maintained in culture as cells, aggregates (callus
tissue) or regenerated into whole plants. Transgenic
plant cells alsocan include algae engineered to
produce hyaluronidase polypeptides. Because plants
have different glycosylation patterns than mammalian
cells, this can influence the choice of protein
produced in these hosts. 4. Purification Techniques
Method for purification of polypeptides, including
insulin and hyaluronan degrading enzyme polypeptides
or other proteins, from host cells will depend on the
chosen host cells and expression systems. For secreted
molecules, proteins are generally purified from the
culture media after removing the cells. For
intracellular expression, cells can be lysed and the
proteins purified from the extract. When transgenic
organisms such as transgenic plants and animals are
used for expression, tissues or organs can be used as
starting material to make a lysed cell extract.
Additionally, transgenic animal production can include
the production of polypeptides in milk or eggs, which
can be collected, and if necessary, the proteins can
be extracted and further purified using standard
methods in the art. Proteins, such as insulin
polypeptides or hyaluronan degrading enzyme
polypeptides, can be purified using standard protein
purification techniques known in the art including but
not limited to, SDS-PAGE, size fractionation and size
exclusion chromatography, ammonium sulfate
precipitation and ionic exchange chromatography, such
as anion exchange. Affinity purification techniques
also can be utilized to improve the efficiency and
purity of the preparations. For example, antibodies,
receptors and other molecules that bind hyaluronidase
enzymes can be used in affinity purification.
Expression constructs also can be engineered to add an
affinity tag to a protein such as a myc epitope, GST
fusion or His6 and affinity purified with myc
antibody, glutathione resin and Ni-resin,
respectively. Purity can be assessed by any method
known in the art including gel electrophoresis,
orthoganal HPLC methods, staining and
spectrophotometric techniques. F. Preparation,
Formulation and Administration of Insulin and
Hyaluronan Degrading Enzyme Polypeptides
Pharmaceutical compositions of fast-acting insulin and
hyaluronan degrading enzymes are provided herein for
administration. Hyaluronan degrading enzymes are
co-formulated or co-administered with pharmaceutical
formulations of fast-actinginsulin to enhance the
delivery of fast-acting insulin to the blood by
increasing the rate of absorption and increasing the
bioavailability of insulin. Increased rate of
absorption and bioavailability can be achieved, for
example, by reversible depolymerization of hyaluronan
by the hyaluronan degrading enzyme, which temporarily
(typically for a period of less than 24 hours)
increases the hydraulic conductivity of the
subcutaneous space. Thus, hyaluronan degrading enzymes
can be used to achieve elevated and/or more rapidly
achieved concentrations of the insulin following
parenteral, such as, for example, subcutaneous,
administration compared to conventional methods of
subcutaneous administration, to provide, for example,
a more potent and/or more rapid response for a given
dose. Co-administration of a hyaluronan degrading
enzyme with a fast-acting insulin, therefore, can
render the fastacting insulin a super fast-acting
insulin. The hyaluronan degrading enzymes also can be
used to achieve glycemic control with a lower dose of
administered insulin. The ability of hyaluronan
degrading enzymes to enhance bulk fluid flow at and
near a site of injection or infusion also can improve
other aspects of associated pharmacologic delivery.
For example, the increase in bulk fluid flow can help
to allow the volume of fluid injected to be more
readily dispersed from the site of injection (reducing
potentially painful or other adverse consequences of
injection). This is particularly important for
subcutaneous infusions to permit higher doses to be
administered. Thus, by virtue of the increased rate of
absorption, parenterally-administered fast-acting
insulins, can become super fast-acting insulins when
administered with a hyaluronan degrading enzyme. The
advantages over administration of insulin without a
hyaluronan degrading enzyme is that co-administered or
co-formulated hyaluronan degrading enzyme/insulin can
result in more favorable dosing regimens, for example,
lower insulin doses and/or the use of more effective
closed loop systems, and improved therapeutic effects,
for example, more efficient glycemic control and/or
reduced excess insulin. For example, by lowering the
dose, side effects associated with excess circulating
insulin, such as observed with higher doses of
insulin, can be reduced. Such side effects include,
but are not limited to, hypoglycemia and obesity. The
compositions can be formulated in lyophilized or
liquid form. Where the compositions are provided in
lyophilized form they can be reconstituted just prior
touse by an appropriate solution, for example, a
sterile saline solution or sterile water for
injection. The compositions can be provided together
or separately. For example, the fast-acting insulin
and hyaluronan degrading enzyme can be co-formulated
in a single composition, or can be provided as
separate compositions. When provided as separate
compositions, the hyaluronan degrading enzyme and
insulin can be packaged for administration together,
sequentially or intermittently. The combinations can
be packaged as a kit. 1. Formulations The compounds
can be formulated into any suitable pharmaceutical
preparations for parenteral administration such as
solutions, suspensions, sustained release
formulations, or powders. Typically, the compounds are
formulated into pharmaceutical compositions using
techniques and procedures well known in the art (see
e.g., Ansel Introduction to Pharmaceutical Dosage
Forms, Fourth Edition, 1985, 126). Pharmaceutically
acceptable compositions are prepared in view of
approvals from a regulatory agency or other agency
prepared in accordance with generally recognized
pharmacopeia for use in animals and in humans. The
formulation should suit the mode of administration.
Pharmaceutical compositions can include carriers such
as a diluent, adjuvant, excipient, or vehicle with
which a hyaluronan degrading enzyme and insulin is
administered. Examples of suitable pharmaceutical
carriers are described in "Remington's Pharmaceutical
Sciences" by E.W. Martin. Such compositions will
contain a therapeutically effective amount of the
compound, generally in purified form or partially
purified form, together with a suitable amount of
carrier so as to provide the form for proper
administration to the patient. Such pharmaceutical
carriers can be sterile liquids, such as water and
oils, including those of petroleum, animal, vegetable
or synthetic origin, such as peanut oil, soybean oil,
mineral oil, and sesame oil. Water is a typical
carrier when the pharmaceutical composition is
administered intravenously. Saline solutions and
aqueous dextrose and glycerol solutions also can be
employed as liquid carriers, particularly for
injectable solutions. Compositions can contain along
with an active ingredient: a bulking agent such as
lactose, sucrose, dicalcium phosphate, or
carboxymethylcellulose; a lubricant, such asmagnesium
stearate, calcium stearate and talc; and a binder such
as starch, natural gums, such as gum acaciagelatin,
glucose, molasses, polyvinylpyrrolidine, celluloses
and derivatives thereof, povidone, crospovidones and
other such binders known to those of skill in the art.
Suitable pharmaceutical excipients include starch,
glucose, lactose, sucrose, gelatin, malt, rice, flour,
chalk, silica gel, sodium stearate, glycerol
monostearate, glycerin, talc, sodium chloride, dried
skim milk, glycerol, propylene, glycol, water, and
ethanol. A composition, if desired, also can contain
minor amounts of wetting or emulsifying agents^ or pH
buffering agents, for example, acetate, sodium
citrate, glycerin, cyclodextrine derivatives, sorbitan
monolaurate, triethanolamine sodium acetate,
triethanolamine oleate, and other such agents.
Pharmaceutical therapeutically active compounds and
derivatives thereof are typically formulated and
administered in unit dosage forms or multiple dosage
forms. Each unit dose contains a predetermined
quantity of therapeutically active compound sufficient
to produce the desired therapeutic effect, in
association with the required pharmaceutical carrier,
vehicle or diluent. Examples of unit dose forms
include ampoules and syringes and individually
packaged tablets or capsules. Unit dose forms can be
administered in fractions or multiples thereof. A
multiple dose form is a plurality of identical unit
dosage forms packaged in a single container to be
administered in segregated unit dose form. Examples of
multiple dose forms include vials, cartridges, bottles
of tablets or capsules or bottles of pints or gallons.
Hence, multiple dose form is a multiple of unit doses
that are not segregated in packaging. Generally,
dosage forms or compositions containing active
ingredient in the range of 0.005% to 100% with the
balance made up from a non-toxic carrier can be
prepared. Compositions provided herein typically are
formulated for administration by subcutaneous route,
although other routes of administration are
contemplated, such as any route known to those of
skill in the art including intramuscular,
intraperitoneal, intravenous, intradermal,
intralesional, intraperitoneal injection, epidural,
vaginal, rectal, local, otic, transdermal
administration or any route. Formulations suited for
such routes are known to one of skill in the art.
Administration can be local, topical or systemic
depending upon the locus of treatment. Local
administration to an area in need of treatment can be
achieved by, for example, but not limited to, local
infusionduring surgery, topical application, e.g. , in
conjunction with a wound dressing after surgery, by
injection, by means of a catheter, by means of a
suppository, or by means of an implant. Compositions
also can be administered with other biologically
active agents, either sequentially, intermittently or
in the same composition. The most suitable route in
any given case depends on a variety of factors, such
as the nature of the disease, the tolerance of the
subject to a particular administration route, the
severity of the disease, and the particular
composition that is used. Typically, the compositions
provided herein are administered parenterally. hi some
examples, hyaluronan degrading enzymes are
administered so that they reach the interstitium of
skin or tissues, thereby degrading the interstitial
space for subsequent delivery of insulin. Thus, in
some examples, direct administration under the skin,
such as by subcutaneous administration methods, is
contemplated. Thus, in one example, local
administration can be achieved by injection, such as
from a syringe or insulin pen or other article of
manufacture containing an injection device such as a
needle. In another example, local administration can
be achieved by infusion, which can be facilitated by
the use of a pump or other similar device. Other modes
of administration also are contemplated.
Pharmaceutical compositions can be formulated in
dosage forms appropriate for each route of
administration. Subcutaneous administration, generally
characterized by injection or infusion, is
contemplated herein. Injectables can be prepared in
conventional forms, either as liquid solutions or
suspensions, solid forms suitable for solution or
suspension in liquid prior to injection, or as
emulsions. Suitable excipients are, for example,
water, saline, dextrose, glycerol or ethanol. The
pharmaceutical compositions can contain other minor
amounts of non-toxic auxiliary substances such as
wetting or emulsifying agents, pH buffering agents,
stabilizers, solubility enhancers, and other such
agents, such as for example, sodium acetate, sodium
phosphate, sorbitan monolaurate, triethanolamine
oleate and cyclodextrins. In some examples, zinc,
calcium, serum albumin, EDTA, calcium chloride and/or
phenolic preservatives are included in the
compositions. The percentage of active compound
contained in such compositions is highly dependent on
the specific nature thereof, as well as the activity
of the compound and the needs of the
subject.Injectables are designed for local and
systemic administration. For purposes herein, local
administration is desired for direct administration to
the affected interstitium. Preparations for parenteral
administration include sterile solutions ready for
injection, sterile dry soluble products, such as
lyophilized powders, ready to be combined with a
solvent just prior to use, including hypodermic
tablets, sterile suspensions ready for injection,
sterile dry insoluble products ready to be combined
with a vehicle just prior to use and sterile
emulsions. The solutions can be either aqueous or
nonaqueous. If administered intravenously, suitable
carriers include physiological saline or phosphate
buffered saline (PBS), and solutions containing
thickening and solubilizing agents, such as glucose,
polyethylene glycol, and polypropylene glycol and
mixtures thereof. Pharmaceutically acceptable carriers
used in parenteral preparations include aqueous
vehicles, nonaqueous vehicles, antimicrobial agents,
isotonic agents, buffers, antioxidants, local
anesthetics, suspending and dispersing agents,
emulsifying agents, sequestering or chelating agents
and other pharmaceutically acceptable substances.
Examples of aqueous vehicles include Sodium Chloride
Injection, Ringers Injection, Isotonic Dextrose
Injection, Sterile Water Injection, Dextrose and
Lactated Ringers Injection. Nonaqueous parenteral
vehicles include fixed oils of vegetable origin,
cottonseed oil, corn oil, sesame oil and peanut oil.
Antimicrobial agents in bacteriostatic or fungistatic
concentrations can be added to parenteral preparations
packaged in multiple-dose containers, which include
phenols or cresols, mercurials, benzyl alcohol,
chlorobutanol, methyl and propyl p-hydroxybenzoic acid
esters, thimerosal, benzalkonium chloride and
benzethonium chloride. Isotonic agents include sodium
chloride and dextrose. Buffers include phosphate and
citrate. Antioxidants include sodium bisulfate. Local
anesthetics include procaine hydrochloride. Suspending
and dispersing agents include sodium
carboxymethylcelluose, hydroxypropyl methylcellulose
and polyvinylpyrrolidone. Emulsifying agents include
Polysorbate 80 (TWEEN 80). A sequestering or chelating
agent of metal ions include EDTA. Pharmaceutical
carriers also include ethyl alcohol, polyethylene
glycol and propylene glycol for water miscible
vehicles and sodium hydroxide, hydrochloric acid,
citric acid or lactic acid for pH adjustment.The
concentration of the pharmaceutically active compound
is adjusted so that an injection or infusion provides
an effective amount to produce the desired
pharmacological effect, such as glycemic control. The
exact dose depends on the age, weight and condition of
the patient or animal as is known in the art. The
unit-dose parenteral preparations can be packaged in,
for example, an ampoule, a cartridge, a vial or a
syringe with a needle. The volume of liquid solution
or reconstituted powder preparation, containing the
pharmaceutically active compound, is a function of the
disease to be treated and the particular article of
manufacture chosen for package. All preparations for
parenteral administration must be sterile, as is known
and practiced in the art. In one example,
pharmaceutical preparation can be in liquid form, for
example, solutions, syrups or suspensions. If provided
in liquid form, the pharmaceutical preparations can be
provided as a concentrated preparation to be diluted
to a therapeutically effective concentration before
use. Such liquid preparations can be prepared by
conventional means with pharmaceutically acceptable
additives such as suspending agents (e.g., sorbitol
syrup, cellulose derivatives or hydrogenated edible
fats); emulsifying agents (e.g., lecithin or acacia);
non-aqueous vehicles (e.g., almond oil, oily esters,
or fractionated vegetable oils); and preservatives
(e.g., methyl or propyl-p-hydroxybenzoates or sorbic
acid). In another example, pharmaceutical preparations
can be presented in lyophilized form for
reconstitution with water or other suitable vehicle
before use. The fast-acting insulin and hyaluronan
degrading enzyme compositions can be co-formulated as
a single composition, or can be provided as two
separate compositions. When provided as two
compositions, the compositions can be mixed prior to
administration to be co-administered, or can be kept
separated and then co administered together,
sequentially or intermittently. In some examples, the
fastacting insulin and hyaluronan degrading enzyme are
co-formulated as super fastacting insulin
compositions. As discussed below, the compositions can
be formulated for single or multiple dosage, wherein
the dosages can be provided as a ratio of amount of a
hyaluronan degrading enzyme to insulin administered.
For example, a hyaluronan degrading enzyme can be
administered at 1 hyaluronidase U/insulin U(1:1) to
50:1 or more, for example, at or about 1:1, 2:1, 3:1,
4:1, 5:1, 6:1, 7:1, 8:1, 9:1, 10:1, 11:1, 12:1, 13:1,
14:1, 15:1, 20:1, 25:1, 30:1, 35:1, 40:1, 45:1, 50:1
or more. In other examples, lower ratios of hyaluronan
degrading enzyme to insulin are administered,
including, for example, 1 hyaluronidase U/ 2 insulin U
(1:2), 1:3, 1:4, 1:5, 1:6, 1:7, 1:8, 1:9, 1:10, 1:15
or 1:20. The fast-acting insulin can be present in the
co-formulated or separate compositions in
concentrations of or about 10 U/mL, 20 U/mL, 30 U/mL,
40 U/mL, 50 U/mL, 60 U/mL, 70 U/mL, 80 U/mL, 90 U/mL,
100 U/mL, 150 U/mL, 200 U/mL, 250 U/mL, 300 U/mL, 350
U/mL, 400 U/mL, 450 U/ml or 500 U/mL. Typically, the
amount of hyaluronan degrading enzyme in the
coformulated or separate compositions is functionally
equivalent to or to at least 1 U/mL, 2 U/mL, 3 U/mL, 4
U/mL, 5 U/mL, 6 U/mL, 7 U/mL, 8 U/mL, 9 U/mL, 10 U/mL,
15 U/mL, 20 U/mL or 25 U/mL of hyaluronidase activity.
In some examples, the amount of hyaluronan degrading
enzyme in the co-formulated or separate compositions
is functionally equivalent to or to at least 30 or 35
U/mL of hyaluronidase activity, such as or 30 U/mL, 35
U/mL, 37.5 U/mL, 40 U/mL, 50 U/mL, 60 U/mL, 70 U/mL,
80 U/mL, 90 U/mL, 100 U/mL, 200 U/mL, 300 U/mL, 400
U/mL, 500 U/mL, 600 U/mL, 700 U/mL, 800 U/mL, 900
U/mL, 1000 U/ml, 2000 U/mL, 3000 U/mL or 5000 U/mL of
hyaluronidase activity. The super fast-acting insulin
compositions provided herein can contain one or more
pH buffers (such as, for example, histidine,
phosphate, Tris or other buffers), or acidic buffer
(such as acetate, citrate, pyruvate, GIy-HCl,
succinate, lactate, maleate or other buffers),
tonicity modifier (such as, for example, an amino
acid, polyalcohol, glycerol, NaCl, trehalose, other
salts and/or sugars), stabilizer (such as sodium
benzoate to stabilize insulin), chelating agent, such
as ethylenediaminetetraacetic acid,
ethylenediaminetetraacetate or calcium EDTA, oxygen
scavenger, such as methionine, ascorbic
acid/ascorbate, citric acid/citrate, or albumin,
and/or a preservative, such as preservative containing
an aromatic ring (e.g. phenol or cresol). Exemplary
preservatives that are useful in the compositions
provided herein include, but are not limited to,
m-cresol, phenol and paraben or any combination
thereof. In some examples, m-cresol is added at or
approximately 0.05% to 0.2%, such as 0.1% to 0.15%
(e.g. at or about 0.1%, 0.11%, 0.12%, 0.13%, 0.14% or
0.15%). Suitableconcentrations of phenol or paraben
include 0.05-0.25%, such as 0.1% to 0.2% (e.g. at or
about 0.1%, 0.12%, 0.13%, 0.14%, 0.15%, 0.16%, 0.17%,
0.18%, 0.19% and 0.2%). Typically, NaCl or other salt
is provided in compositions containing a hyaluronan
degrading enzyme. Exemplary concentrations of NaCl
include 50 mM to 200 mM, such as 50 mM to 150 mM,
including 50 mM, 60 mM, 70 mM, 80 mM, 90 mM, 100 mM,
120 mM, 130 mM, 140 mM and 150 mM NaCl. In some
examples, to retain the stability of the compositions
provided herein, as the salt concentration in the
composition is increased, so too is the pH. Glycerol
also can be included as a tonicity modifier and/or to
increase the viscosity of the compositions. Exemplary
stabilizers that are useful for compositions
containing a hyaluronan degrading enzyme include
detergents or surfactants, such as polysorbates and
proteins such as human serum albumin. In some
examples, one or more surfactants (e.g. such as
Pluronic F68) are included in the compositions, such
as at or about 0.001% to 0.1%, typically at or about
0.005% to 0.03% (e.g. 0.005%, 0.006%, 0.007%, 0.008%,
0.009%, 0.01%, 0.012%, 0.014%, 0.016%, 0.018%, 0.02%
or 0.03. Exemplary concentrations of serum albumin
that are useful in the compositions herein include 0.1
mg/mL, 0.2 mg/mL, 0.3 mg/mL, 0.4 mg/mL, 0.5 mg/mL, 0.6
mg/mL, 0.7 mg/mL, 0.8 mg/mL, 0.9 mg/mL or 1 mg/mL, but
can be more or less. Polysorbates also can be present
in the compositions at, for example, concentrations of
or about 0.001%, 0.002%, 0.003%, 0.004%, 0.005%,
0.006%, 00.007%, 0.008%, 0.009%, 0.01%, 0.02%, 0.03%,
0.04%, 0.05%, 0.06%, 0.07%, 0.08%, 0.09% or 0.1%.
Exemplary stabilizers that are useful for compositions
containing an insulin include zinc and mcresol. For
example, zinc can function to stabilize the insulin
hexamer. Zinc can be provided, for example, as zinc
oxide, zinc acetate or zinc chloride. Zinc can be
present in a composition provided herein at between or
about 0.001 to 0.1 mg per 100 units of insulin, such
as 0.002 milligrams per 100 units of insulin (mg/100
U), 0.005 mg/100 U, 0.01 mg/100 U, 0.012 mg/100 U,
0.014 mg/100 U, 0.016 mg/100 U, 0.017 mg/100 U, 0.018
mg/100 U, 0.02 mg/100 U, 0.022 mg/100 U, 0.024 mg/100
U, 0.026 mg/100 U, 0.28 mg/100 U, 0.03 mg/100 U, 0.04
mg/100 U, 0.05 mg/100 U, 0.06 mg/100 U, 0.07 mg/100 U,
0.08 mg/100 U or 0.1 mg/100 U. In one example, zinc is
present at 0.017 mg per 100 U insulin. A metal
chelating agent, such as calcium EDTA(CaEDTA), also
can be present, such as for example, at concentrations
of between approximately 0.02 mM to 20 mM, such as
0.02 mM, 0.04 raM, 0.06 mM, 0.08 mM, 0.1 mM, 0.2 mM,
0.3 mM, 0.4 mM, 0.5 mM, 0.6 mM, 0.7 mM, 0.8 mM, 0.9
mM, 1 mM, 5 mM, 10 mM, 15 mM, 20 mM or more. In some
examples, when both a chelating agent and zinc are
present in a composition provided herein, the
chelating agent is present in approximately equal
amounts (i.e. 0.6 to 1.4 molar ratio) or molar excess
to zinc, such as for example, at a ratio of or about
2:1, 5:1, 10:1, 20:1, 30:1, 40:1, 50:1, 60:1, 70:1,
80:1, 90:1, 100:1 or more chelating agent:zinc.
Calcium chloride also can be included in the
compositions at, for example, between about 0.2 mM to
20 mM. In some instances, any one or more of the
components described above are present in only the
fast-acting insulin composition or the hyaluronan
degrading composition, until the two compositions are
either co-formulated or delivered to the subject as a
super fast-acting insulin composition. For example,
the fast-acting insulin composition can contain zinc
at between or about 0.001 to 0.1 mg per 100 units of
insulin, such as 0.002 milligrams per 100 units of
insulin (mg/100 U), 0.005 mg/100 U, 0.01 mg/100 U,
0.012 mg/100 U, 0.014 mg/100 U, 0.016 mg/100 U, 0.017
mg/100 U, 0.018 mg/100 U, 0.02 mg/100 U, 0.022 mg/100
U, 0.024 mg/100 U, 0.026 mg/100 U, 0.28 mg/100 U, 0.03
mg/100 U, 0.04 mg/100 U, 0.05 mg/100 U, 0.06 mg/100 U,
0.07 mg/100 U, 0.08 mg/100 U or 0.1 mg/100 U and no
chelating agent, such as EDTA, while the hyaluronan
degrading composition can contain a chelating agent,
such as EDTA, at or about 0.02 mM to 20 mM, such as
0.02 mM, 0.04 mM, 0.06 mM, 0.08 mM, 0.1 mM, 0.2 mM,
0.3 mM, 0.4 mM, 0.5 mM, 0.6 mM, 0.7 mM, 0.8 mM, 0.9
mM, 1 mM, 5 mM, 10 mM, 15 mM, 20 mM or more and no
zinc. Thus, it is only when the two compositions are
mixed, such as when being co-formulated or co
administered, that the composition containing insulin
also contains EDTA, and the composition containing a
hyaluronan degrading enzyme also contains zinc. In
some instances, the initial fast-acting insulin
composition and hyaluronan degrading enzyme
composition contain sufficient amounts of zinc or
chelating agent, respectively, that when mixed for
co-formulation or co-administration, the chelating
agent is present in approximately equimolar amounts
(i.e. 0.6 to 1.4 molar ratio) ormolar excess to zinc,
such as for example, at a ratio of or about 2:1, 5:1,
10:1, 20:1, 30:1, 40:1, 40:1, 50:1, 60:1, 70:1, 80:1,
90:1, 100:1 or more chelating agent:zinc. The pH and
the osmolality of the compositions can be adjusted by
one of skill in the art to optimize the conditions for
the desired activity and stability of the composition.
For example, as noted above, in some instances, if the
salt concentration is increased, the pH also can be
increased to retain stability of the composition.
Further, one of skill in the art can change the pH to
increase solubility of the particular fast-acting
insulin used in the super fast-acting insulins
provided herein. In some examples, the compositions
provided herein that contain one or both of a
fastacting insulin and a hyaluronan degrading enzyme
have an osmolality of at or about 100 mOsm/kg, 120
mOsm/kg, 140 mq sm/kg, 160 mOsm/kg, 180 mq sm/kg, 200
mq sm/kg, 220 mOsm/kg, 240 mOsm/kg, 260 mOsm/kg, 280
mOsm/kg, 300 mOsm/kg, 320 mOsm/kg, 340 mOsm/kg, 360
mOsm/kg, 380 mOsm/kg, 400 mOsm/kg, 420 mOsm/kg, 440
mOsm/kg, 460 mOsm/kg, 500 or more mOsm/kg, and a pH of
at or about 6, 6.2, 6.4, 6.6, 6.8, 7, 7.2, 7.4, 7.6,
7.8 or 8. In some examples, the pH from or from about
6.5 to or to about 7.5, such as 6.5, 6.6, 6.7, 6.8,
6.9, 7.0, 7.1, 7.2, 7.3, 7.4 or 7.5. Administration
methods can be employed to decrease the exposure of
selected compounds to degradative processes, such as
proteolytic degradation and immunological intervention
via antigenic and immunogenic responses. Examples of
such methods include local administration at the site
of treatment. Pegylation of therapeutics has been
reported to increase resistance to proteolysis,
increase plasma half-life, and decrease antigenicity
and immunogenicity. Examples of pegylation
methodologies are known in the art (see for example,
Lu and Felix, Int. J. Peptide Protein Res., 43:
127-138, 1994; Lu and Felix, Peptide Res., 6: 142-6,
1993; Felix et al, Int. J. Peptide Res., 46 : 253-64,
1995; Benhar et al, J. Biol. Chem., 269: 13398- 404,
1994; Brumeanu et al, J Immunol, 154: 3088-95, 1995;
see also, Caliceti et al (2003) Adv. DrugDeliv. Rev.
55(10):\26\-ll and Molineux (2003) Pharmacotherapy 23
(8 Pt 2):3S-8S). Pegylation also can be used in the
delivery of nucleic acid molecules in vivo. For
example, pegylation of adenovirus can increase
stability and gene transfer (see, e.g., Cheng et al
(2003) Pharm. Res. 20(9): 1444-51).Lyophilized powders



Of interest herein are lyophilized powders, which can
be reconstituted for administration as solutions,
emulsions and other mixtures. They also can be
reconstituted and formulated as solids or gels. The
sterile, lyophilized powder is prepared by dissolving
an active compound in a buffer solution. The buffer
solution can contain an excipient which improves the
stability or other pharmacological component of the
powder or reconstituted solution, prepared from the
powder. Subsequent sterile filtration of the solution
followed by lyophilization under standard conditions
known to those of skill in the art provides the
desired formulation. Briefly, the lyophilized powder
is prepared by dissolving an excipient, such as
dextrose, sorbital, fructose, corn syrup, xylitol,
glycerin, glucose, sucrose or other suitable agent, in
a suitable buffer, such as citrate, Tris, histidine,
sodium or potassium phosphate or other such buffer
known to those of skill in the art. Then, a selected
enzyme is added to the resulting mixture, and stirred
until it dissolves. The resulting mixture is sterile
filtered or treated to remove particulates and to
insure sterility, and apportioned into vials for
lyophilization. Each vial will contain a single dosage
or multiple dosages of the compound. The lyophilized
powder can be stored under appropriate conditions,
such as at about 4 C to room temperature.
Reconstitution of this lyophilized powder with a
buffer solution provides a formulation for use in
parenteral administration. 2. Dosage and
Administration The hyaluronan degrading enzyme
provided herein can be formulated as pharmaceutical
compositions for single dosage or multiple dosage
administration. For example, the compositions provided
herein can contain hyaluronan degrading enzyme at 1
hyaluronidase U/insulin U ( 1:1) to 50:1 or more, for
example, at or about 1:1, 2:1, 3:1, 4:1, 5:1, 6:1,
7:1, 8:1, 9:1, 10:1, 11:1, 12:1, 13:1, 14:1, 15:1,
20:1, 25:1, 30:1, 35:1, 40:1, 45:1, 50:1 or more. In
other examples, lower ratios of hyaluronan degrading
enzyme to insulin are provided in the compositions,
including, for example, 1 hyaluronidase U/ 2 insulin U
( 1:2), 1:3, 1:4, 1:5, 1:6, 1:7, 1:8, 1:9, 1:10, 1:15
or 1:20. The selected hyaluronan degrading enzyme is
included in an amount sufficient to exert a
therapeutically useful effect in the absence of
undesirable side effects on thepatient treated. The
therapeutically effective concentration can be
determined empirically by testing the polypeptides in
known in vitro and in vivo systems such as by using
the assays provided herein or known in the art (see
e.g., Taliani et al. (1996) Anal. Biochem., 240:
60-67; Filocamo et al. (1997) J Virology, 71:
1417-1427; Sudo et al. (1996) Antiviral Res. 32: 9-18;
Buffard et al. (1995) Virology, 209:52-59; Bianchi et
al. (1996) Anal. Biochem., 237: 239-244; Hamatake et
al. (1996) Intervirology 39:249-258; Steinkuhler et
al. (1998) Biochem., 37:8899-8905; D'Souza et al.
(1995) J Gen. Virol., 76:1729-1736; Takeshita et al.
(1997) Anal. Biochem., 247:242-246; see also e.g,
Shimizu et al. (1994) J. Virol. 68:8406-8408; Mizutani
et al. (1996) J . Virol. 70:7219-7223; Mizutani et al.
(1996) Biochem. Biophys. Res. Commun., 227:822-826; Lu
et al. (1996) Proc. Natl. Acad. Sci (USA),
93:1412-1417; Hahm et al., (1996) Virology,
226:318-326; Ito et al. (1996) J. Gen. Virol.,
77:1043-1054; Mizutani et al. (1995) Biochem. Biophys.
Res. Commun., 212:906-91 1; Cho et al. (1997) J.
Virol. Meth. 65:201-207) and then extrapolated
therefrom for dosages for humans. Therapeutically
effective dosages for the super fast-acting insulin
compositions containing a fast-acting insulin and a
hyaluronan degrading enzyme can be determined based
upon, for example, pharmacokinetic (PK) data and
pharmacodynamic (PD) data, such as described below and
in Example 1, and the known therapeutic doses of the
fast-acting insulin when delivered without a
hyaluronan degrading enzyme. Changes in insulin
concentration in blood or plasma or serum with time
provides information on in vivo (1) absorption for
parenteral administration; (2) distribution, and (3)
elimination of insulin. A pharmacokinetic model
defines these physiological changes in the
concentration of insulin as a (dx) function of time
(that is, 7- - ) and characterizes them mathematically
using rates and t) volumes. The model parameters thus
derived for insulin will remain relatively constant
until a perturbation occurs. A well established PK
model for insulin can provide reasonable predictions
of exposure (which is closely related to efficacy and
for drug safety that results from exaggerate
pharmacology). Clinical decisions on dose selection
and dose schedule of insulin can be facilitated and
justified using PKmodeling and simulations. A
pharmacodynamic model serves a similar purpose for
prediction of clinical outcome. Typically, a
therapeutically effective dose of a hyaluronan
degrading enzyme is at or about 0.3 Units (U) to 5,000
U of a hyaluronan degrading enzyme. For example, a
hyaluronan degrading enzyme can be administered
subcutaneously at or about 0.3 U, 0.5 U, 1U, 2 U, 3 U,
5 U, 10 U, 20 U, 30 U, 40 U, 50 U, 100 U, 150 U, 200
U, 250 U, 300 U, 350 U, 400 U, 450 U, 500 U, 600 U,
700 U, 800 U, 900 U, 1000 U, 2,000 U, 3,000 U, 4,000
Units, 5,000 U or more. In some examples, dosages can
be provided as a ratio of amount of a hyaluronan
degrading enzyme to insulin administered. For example,
a hyaluronan degrading enzyme can be administered at 1
hyaluronidase U/insulin U (1:1) to 50:1 or more, for
example, at or about 1:1, 2:1, 3:1, 4:1, 5:1, 6:1,
7:1, 8:1, 9:1, 10:1, 11:1, 12:1, 13:1, 14:1, 15:1,
20:1, 25:1, 30:1, 35:1, 40:1, 45:1, 50:1 or more. In
other examples, lower ratios of hyaluronan degrading
enzyme to insulin are administered, including, for
example, 1 hyaluronidase U/ 2 insulin U (1:2), 1:3,
1:4, 1:5, 1:6, 1:7, 1:8, 1:9, 1:10, 1:15 or 1:20.
Typically, volumes of injections or infusions of
hyaluronan degrading enzyme contemplated herein are
from at or about 0.01 mL, 0.05 mL, 0.1 mL, 0.2 mL, 0.3
mL, 0.4 mL, 0.5 mL, 1 mL, 2 mL, 3 mL, 4 mL, 5 mL, 6
mL, 7 mL, 8 mL, 9 ml, 10 ml or more. The hyaluronan
degrading enzyme can be provided as a stock solution
at or about 1 U/mL, 2 U/mL, 3 U/mL, 4 U/mL, 5 U/mL, 6
U/mL, 7 U/mL, 8 U/mL, 9 U/mL, 10 U/mL, 15 U/mL, 20
U/mL, 25 U/mL, 30 U/mL, 35 U/mL, 40 U/mL, 50 U/mL, 60
U/mL, 70 U/mL, 80 U/mL, 90 U/mL 100 U/ml, 150 U/ml,
200 U/ml, 300 U/ml, 400 U/ml, 500 U/mL, 600 U/mL, 800
U/mL or 1000 U/mL, or can be provided in a more
concentrated form, for example at or about 2000 U/ml,
3000 Units/ml, 4000 U/ml, 5000 U/ml, 8000 U/ml, 10,000
U/mL or 20,000 U/mL for use directly or for dilution
to the effective concentration prior to use. The
hyaluronan degrading enzyme can be provided as a
liquid or lyophilized formulation. The insulin
preparations provided herein can be formulated as
pharmaceutical compositions for single or multiple
dose use. For example, in some instances, insulin
preparations are formulated for single dose
administration in an amount sufficient to provide
post-prandial glycemic control. In other examples,
insulin preparations areformulated for multiple dose
administration or multi use vials, such as for use in
an insulin pen, insulin pump or other continuous
insulin delivery device, or closed loop system. The
insulin preparations can be provided in lyophilized or
liquid form as discussed elsewhere herein. The insulin
can be provided in a therapeutically effective dose.
Therapeutically effective doses can be determined
empirically by testing the compounds in known in vitro
and in vivo systems, such as the assays provided
herein, and also can be individualized for each
subject based upon such factors as metabolism, food
intake and severity of the disease. The concentration
of a selected insulin in the composition depends on,
for example, absorption, inactivation and excretion
rates of the complex, the physicochemical
characteristics of the complex, the dosage schedule,
and amount administered as well as other factors known
to those of skill in the art. For example, it is
understood that the precise dosage of treatment is a
function of the blood glucose levels in a subject, and
can be determined empirically using known algorithms
or by extrapolation from in vivo or in vitro test
data, past experience of the subject, carbohydrate
counting to determine the carbohydrate content in a
meal and, therefore, the estimated prandial blood
glucose increase and subsequent requirement for
insulin. It is to be noted that concentrations and
dosage values can vary with each subject treated. It
is to be further understood that for any particular
subject, specific dosage regimens should be adjusted
over time according to the individual need and the
professional judgment of the person administering or
supervising the administration of the formulations,
and that the concentration ranges set forth herein are
exemplary only and are not intended to limit the scope
thereof. The amount of a selected insulin preparation
to be administered for the treatment of a diabetic
condition can be determined by standard clinical
techniques. In addition, in vitro assays and animal
models can be employed to help identify optimal dosage
ranges. Hence, the precise dosage, which can be
determined empirically, can depend on the particular
insulin preparation, the regime and dosing schedule
with hyaluronan degrading enzyme, the route of
administration, the type of diabetes to be treated,
the seriousness of the disease and the subject being
treated. Generally, insulin is providedin an amount
that achieves glycemic control. For example, to
achieve post prandial glycemic control, diabetic
subjects typically are administered a bolus injection
of or about 0.05 U of fast-acting insulin per kg body
weight (U/kg) to 1.0 U/kg 30 minutes to 5 minutes
prior to a meal, when insulin is delivered without a
hyaluronan degrading enzyme. It is understood that
this dose can be increased or decreased as appropriate
based upon, for example, the metabolism of a
particular subject, the content of the meal, and blood
glucose levels. It is further understood that the time
at which the insulin is delivered for post prandial
glycemic control can be changed to be closer to or
further from the time of ingestion of a meal, and, in
some cases, can be changed such that the insulin is
delivered at the time of the meal or after the meal. A
subject can, therefore, be administered a super
fast-acting insulin composition provided herein by
administering an insulin, such as a fast-acting
insulin, in combination with a hyaluronan degrading
enzyme, at a dose lower than that administered when
insulin is administered alone and/or at a time closer
to ingestion of a meal compared to the time at which
the insulin alone dose is typically administered.
Fast-acting insulins typically are administered at
doses of between 0.05 Units/kg to 0.25 Units /kg, such
as, for example, 0.10 Units/kg, although the
particular dose varies. Super fast-acting insulin
compositions can be administered at lower doses
compared to the fast-acting insulin administered in
the absence of a hyaluronan degrading enzyme. As
discussed elsewhere herein, the degree to which the
amount of a fast-acting insulin can be lowered by
administering it as a super fastacting insulin
composition varies, depending on, for example, the
type of diabetes the patient has. Typically, the
reduction in the amount of fast-acting insulin
administered to Type 2 diabetic patients when
administered as a super fast-acting insulin
composition is greater than the reduction in the
amount of fast-acting insulin administered to Type 1
diabetic patients when administered as a super
fast-acting insulin composition. For example, in
instances where a Type 1 diabetic patient and Type 2
diabetic patient are both administered 0.20 U/kg of
fast-acting insulin to control postprandial glucose
levels, the Type 1 diabetic patient can be
administered 0.15 U/kg of fast-acting insulin in a
super fast-acting insulin composition to achieve the
same or better glycemic control, and the Type 2
diabetic patient can beadministered 0.10 U/kg
fast-acting insulin in a super fast-acting insulin
composition to achieve the same or better glycemic
control. Thus, in some examples, it is contemplated
herein that the amount of a fast-acting insulin that
is administered with a hyaluronan degrading enzyme as
a super fast-acting insulin to a Type 2 diabetic
patient to achieve glycemic control can be reduced by,
for example, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%,
65%, 70%, 75%, 80% or more compared to the amount
required for glycemic control when administered
without a hyaluronan degrading enzyme, and the amount
of a fast-acting insulin that is administered with a
hyaluronan degrading enzyme as a super fast-acting
insulin composition to a Type 1 diabetic patient to
achieve glycemic control can be reduced by, for
example, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, 70% or more compared to the amount
required for glycemic control when administered
without a hyaluronan degrading enzyme. Exemplary
dosage ranges for parenteral, such as subcutaneous,
administration of insulin using the methods and
compositions provided herein to control postprandial
blood glucose levels are from at or about 0.05 U/kg to
0.50 U/kg, such as 0.05 U/kg, 0.06 U/kg, 0.07 U/kg,
0.08 U/kg, 0.09 U/kg, 0.10 U/kg, 0.1 1 U/kg, 0.12
U/kg, 0.13 U/kg, 0.14 U/kg, 0.15 U/kg, 0.20U/kg, 0.25
U/kg, 0.30 U/kg, 0.40 U/kg, 0.50 U/kg or 1.0 U/kg. The
particular dosage and formulation thereof depends upon
the disease and individual. If necessary dosage can be
empirically determined. To achieve such dosages,
volumes of insulin preparations administered
subcutaneously to control postprandial glucose levels
can be at or about 10 mL, 20 mL, 30mL, 40 mL, 50 mL,
75mL, 100 mL, 150 mL, 200 mL, 250 mL, 300 mL, 400 mL,
500 mL, 600 mL, 700 mL, 800 mL, 900 mL, 1000 mL or
more. For example, a 100 U/mL insulin formulation for
indications described herein can be subcutaneously
administered to a 70 kg subject in a volume of 35 mL
to 350 mL to achieve a dosage of 0.05 U/kg to 0.50
U/kg of insulin. The compositions and methods provided
herein also can be administered to diabetic subjects
to effect glycemic control throughout the day and
night, in addition to postprandial glycemic control.
Typically, dosages of insulin administered to provide
continuous glycemic control are less than those
required to achieve postprandial glycemic control.
Dosages can, however, be increased or decreasedbased
on blood glucose levels. Exemplary dosage ranges for
parenteral, such as subcutaneous, administration of
insulin using the methods and compositions provided
herein to provide continuous glycemic control are from
at or about 0.001 U/kg to 0.30 U/kg, such as 0.001
U/kg, 0.005 U/kg, 0.01 U/kg, 0.02 U/kg, 0.05 U/kg to
0.30 U/kg, such as 0.05 U/kg, 0.06 U/kg, 0.07 U/kg,
0.08 U/kg, 0.09 U/kg, 0.10 U/kg, 0.11 U/kg, 0.12 U/kg,
0.13 U/kg, 0.14 U/kg, 0.15 U/kg, 0.20U/kg, 0.25 U/kg,
0.30 U/kg, 0.40 U/kg, 0.50 U/kg or 1.0 U/kg. The
particular dosage and formulation thereof depends upon
the disease, the time of administration, and the
individual. If necessary dosage can be empirically
determined. The dosage for an individual is typically
titrated down to the minimal dosage required to
achieve a therapeutic effect, such as the minimal
dosage required to achieve glycemic control. The
amount of insulin sufficient to achieve glycemic
control can be determined empirically, such as by
glucose challenge. The hyaluronan degrading enzyme can
be administered prior, subsequently, intermittently or
simultaneously to the insulin preparation. Generally,
the hyaluronan degrading enzyme is administered prior
to or simultaneously with administration of the
insulin preparation to permit the hyaluronan degrading
enzyme to degrade the hyaluronic acid in the
interstitial space. In one example, the insulin
composition and hyaluronan degrading enzyme
composition are co-formulated and, therefore,
administered simultaneously. In another example, the
hyaluronan degrading enzyme composition is
administered prior to the insulin composition, such as
1 minute, 2 minutes, 3 minutes, 4 minutes, 5 minutes
or more prior to administration of the insulin
preparation. In some examples, the hyaluronidase is
administered together with the insulin preparation. As
will be appreciated by those of skill in the art, the
desired proximity of co-administration can be readily
optimized by testing the effects of administering the
agents at varying times in suitable models, such as in
suitable animal models. Both the insulin preparation
and the hyaluronan degrading enzyme preparation can be
administered at once, or can be divided into a number
of smaller doses to be administered at intervals of
time. Selected insulin preparations can be
administered in one or more doses over the course of a
treatment time for example over severalminutes, hours,
days, weeks, or months. In some cases, continuous
administration is useful. It is understood that the
precise dosage and course of administration depends on
the indication and patient's tolerability. Also, it is
understood that the precise dosage and duration of
treatment is a function of the diabetes being treated
and can be determined empirically using known testing
protocols or by extrapolation from in vivo or in vitro
test data. It is to be noted that concentrations and
dosage values also can vary with the severity of the
diabetes and other factors, such as metabolism, food
intake, and body weight of the subject. It is to be
further understood that for any particular subject,
specific dosage regimens should be adjusted over time
according to the individual need and the professional
judgment of the person administering or supervising
the administration of the compositions, and that the
concentration ranges set forth herein are exemplary
only and are not intended to limit the scope or use of
compositions and combinations containing them. The
compositions can be administered every minute, every
several minutes, hourly, daily, weekly, monthly,
yearly or once, depending upon the subject and the
diabetic state. Generally, dosage regimens are chosen
to limit toxicity and/or other negative effects, such
as excess insulin. It should be noted that the
attending physician would know how to and when to
terminate, interrupt or adjust therapy to lower
dosage. Conversely, the attending physician would also
know how to and when to adjust treatment to higher
levels if the clinical response is not adequate
(precluding toxic side effects). Mode of
administration a. Syringes The compositions provided
herein can be parentally administered to a subject
using one or more of several modes of administration,
including, but not limited to, syringes, insulin pens,
insulin pumps, or in the context of a closed loop
system or any combination thereof. For example,
single-use syringes, including insulin syringes, can
be used to administer discrete bolus injections of the
compositions. The compositions can be administered
using the same syringe, such as when the insulin and
hyaluronan degrading enzyme preparations are
co-formulated, or can be administered sequentially
using different syringes. Syringes useful for
administrations of the compositionsprovided herein
include insulin syringes, which can be designed to
hold standard concentrations of insulin preparations,
including 100 U/ml concentrations of insulin
preparations, and have markings in insulin units for
ease of administration. In other examples, any one or
more of an insulin syringe or insulin pump or similar
device is used to administer one or both of the
insulin preparation and the hyaluronan degrading
enzyme preparation. b. Insulin pen An insulin pen is a
delivery system that can be used to administer the
compositions provided herein. Insulin pens include
those with replaceable cartridges filled with the
composition to be administered and those with
non-replaceable cartridges. Insulin pens with
non-replaceable cartridges are typically disposed of
when the cartridge has been emptied. Insulin pens
enable dosing in, for example, half unit, one unit or
two unit increments, which are generally measured
using a dosing dial or other mechanism to set the dose
(see e.g. U.S. Patent Nos. 5947934, 6074372, 6 110149,
6524280, 6582404). The composition is then delivered
by way of a fine needle attached to the pen. Insulin
pens are well known in the art and include those
described elsewhere, including, but not limited to,
those described in U.S. Patent Nos. 5947934, 4973318,
5462535, 5599323, 5626566, 5984906, 6074372, 6 110149,
6302869, 6379339 and 7241278). Other similar dosing
devices, such as for example, those described in U.S.
Patent Nos. 5947394, 6074372, 6 110149 and 6379339,
also can be used to administer the compositions
provided herein, either as a co-formulation of insulin
and hyaluronan degrading enzyme or separately as an
insulin composition and a hyaluronan degrading enzyme
composition. In some examples, the insulin pen or
similar device also contains a sensor or monitor than
can measure the blood glucose level of the subject
(see e.g. WO2003047426). Insulin pens and similar
delivery devices that can be used, or modified to be
used, to deliver the insulin compositions provided
herein are well known in the art and include, but are
not limited to, those marketed under the trademarks
Autopen(r) (Owen Mumford, Inc.), Disetronic Pen
(Disetronic Medical Systems), Humalog(r) Pen (Eli
Lilly and Company), Humalog(r) Mix 75/25 Pen (Eli
Lilly and Company), Humulin(r) 70/30 Pen (Eli Lilly
and Company), Humulin(r)N Pen (Eli Lilly andCompany),
Novolog(r) FlexPen (Novo Nordisk), NovoPen(r) 3 (Novo
Nordisk), NovoPen(r) 4 (Novo Nordisk), NovoPen(r)
Junior (Novo Nordisk), Novolog(r) Mix 70/30 FlexPen
(Novo Nordisk), InDuo(r) (Novo Nordisk), Novolin(r)
InnoLet(r) (Novo Nordisk), Innovo(r) (Novo Nordisk),
OptiPen(r) (Sanofi-Aventis) OptiPen(r) Pro2
(Sanofi-Aventis), OptiSet(r) (Sanofi-Aventis) and
SoloSTAR(r) (Sanofi-Aventis). c. Insulin pumps and
other insulin delivery devices The compositions
provided herein can be administered to a diabetic
subject using an insulin delivery device, such as an
insulin pump or other similar continuous infusion
device. Insulin delivery devices typically contain at
least one disposable reservoir containing an insulin
composition, a pump (including any controls, software,
processing modules and/or batteries) and a disposable
infusion set, including a cannula or needle for
subcutaneous injection and a tube connecting the
cannula or needle to the insulin reservoir. For use
with a super fast-acting insulin composition, the
insulin delivery device can contain one reservoir
containing a co-formulated insulin and hyaluronan
degrading enzyme compositions, or can contain one or
more reservoirs, such that the fast-acting insulin and
hyaluronan degrading enzyme compositions are contained
in the same or separate reservoirs. In such instances,
the insulin delivery device can deliver each
composition simultaneously or subsequent to each
other. Thus, such devices can be used to administer
the super fast-acting insulin compositions provided
herein. The compositions can be administered
continuously or in bolus injections. Further, an
insulin delivery device user has the ability to
influence the profile of the insulin by shaping the
bolus. For example, a standard bolus can be
administered, which is an infusion similar to a
discrete injection in that all of the dose is pumped
immediately. An extended bolus is a slow infusion over
time that avoids a high initial dose and extends the
action of the composition. A combination bolus
containing both a standard bolus and an extended bolus
also can be administered using an insulin pump or
other continuous delivery system. Insulin delivery
devices are known in the art and described elsewhere,
including, but not limited to, in U.S. Patent Nos.
6554798, 6641533, 6744350, 6852104, 6872200, 6936029,
6979326, 6999854, 7025713 and 7109878. Insulin
delivery devices also can be connected to a glucose
monitor or sensor, and/or can contain a means to
calculate the recommendedinsulin dose based upon blood
glucose levels, carbohydrate content of a meal, or
other input. Further insulin delivery devices can be
implantable or can be external to the subject. d.
Closed loop systems Closed loop systems, sometimes
referred to as an artificial pancreas, are of
particular interest for use with the compositions and
methods provided herein. Closed loop systems refer to
systems with an integrated continuous glucose monitor,
an insulin pump or other delivery system and
controller that includes a mathematical algorithm that
constantly calculates the required insulin infusion
for glycemic control based upon real time measurements
of blood glucose levels. Such systems, when optimized,
can facilitate constant and very tight glycemic
control, similar to the natural insulin response and
glycemic control observed in a healthy non-diabetic
subject. To be effective, however, closed loop systems
require both a reliable and accurate continuous
glucose monitor, and delivery of an insulin with a
very fast action. For example, delays in insulin
absorption and action associated with subcutaneous
delivery of fast-acting insulins can lead to large
postprandial glycemic excursions (Hovorka et al.
(2006) Diabetic Med. 23:1-12). The delay because of
insulin absorption, insulin action, interstitial
glucose kinetics, and the transport time for ex
vzvo-based monitoring systems, such as those based on
the microdialysis technique, can result in an overall
100 minute or more time lag from the time of insulin
delivery to the peak of its detectable
glucose-lowering effect (Hovorka et al. (2006)
Diabetic Med. 23:1-12). Thus, once administered,
insulin will continue to increase its measurable
effect for nearly 2 hours. This can complicate
effective lowering of glucose concentration following
meal ingestion using a closed-loop system. First, a
glucose increase has to be detected. However, this
typically happens only after an approximate 10-40
minute lag. The system must determine that a meal has
been digested and administer an appropriate insulin
dose. The ability of the system to compensate
subsequently for a 'misjudged' insulin dose is
compromised by long delays and the inability to
'withdraw' insulin once administered. Such problems
can, at least in part, be overcome by using a super
fast-acting insulin composition, such as those
provided herein, which exhibit an increased rate and
level of absorptionand an associated improvement in
the pharmacodynamics (as described in Example 1,
below). The super fast-acting insulin compositions
provided herein have a reduced tmax (i-e. achieve
maximal concentration faster) than fast-acting
insulins and begin controlling blood glucose levels
faster than fast-acting insulins. This increased rate
of absorbance and onset of action reduces the lag
between insulin action and glucose monitoring and
input, resulting in a more effective closed loop
system that can more tightly control blood glucose
levels, reducing glycemic excursions. Closed loop
systems are well known in the art and have been
described elsewhere, including, but not limited to,
U.S. Patent Nos. 5279543, 5569186, 6558351, 6558345,
6589229, 6669663, 6740072, 7267665 and 7354420, which
are incorporated by reference herein. These and
similar systems, easily identifiable by one of skill
in the art, can be used to deliver the super
fast-acting insulin compositions provided herein.
Closed loops systems include a sensor system to
measure blood glucose levels, a controller and a
delivery system. This integrated system is designed to
model a pancreatic beta cell (b-cell), such that it
controls an infusion device to deliver insulin into a
subject in a similar concentration profile as would be
created by fully functioning human b-cells when
responding to changes in blood glucose concentrations
in the body. Thus, the system simulates the body's
natural insulin response to blood glucose levels and
not only makes efficient use of insulin, but also
accounts for other bodily functions as well since
insulin has both metabolic and mitogenic effects.
Further, the glycemic control achieved using a closed
loop system is achieved without requiring any
information about the size and timing of a meal, or
other factors. The system can rely solely on real time
blood glucose measurements. The glucose sensor
generates a sensor signal representative of blood
glucose levels in the body, and provides the sensor
signal to the controller. The controller receives the
sensor signal and generates commands that are
communicated to the insulin delivery system. The
insulin delivery system receives the commands and
infuses insulin into the body in response to the
commands. Provided below are descriptions of exemplary
components of closed loop systems that can be used to
deliver the super fast-acting insulin compositions
provided herein. It is understood that one of skill in
the art can readily identify suitable closed loop
systems for use herein. Such systems have
beendescribed in the art, including but not limited
to, those described in U.S. Patent Nos. 5279543,
5569186, 6558351, 6558345, 6589229, 6669663, 6740072,
7267665 and 7354420. The individual components of the
systems also have been described in the art,
individually and in the context of a closed loops
system for use in achieving glycemic control. It is
understood that the examples provided herein are
exemplary only, and that other closed loop systems or
individual components can be used to deliver the super
fast-acting insulin compositions provided herein.
Closed loop systems contain a glucose sensor or
monitor that functions continuously. Such devices can
contain needle-type sensors that are inserted under
the skin and attached to a small transmitter that
communicates glucose data wirelessly by radiofrequency
telemetry to a small receiver. In some examples, the
sensor is inserted through the subject's skin using an
insertion needle, which is removed and disposed of
once the sensor is positioned in the subcutaneous
tissue. The insertion needle has a sharpened tip and
an open slot to hold the sensor during insertion into
the skin (see e.g. U.S. Pat. Nos. 5,586,553 and
5,954,643). The sensor used in the closed loop system
can optionally contain three electrodes that are
exposed to the interstitial fluid (ISF) in the
subcutaneous tissue. The three electrodes include a
working electrode, a reference electrode and a counter
electrode that are used to form a circuit. When an
appropriate voltage is supplied across the working
electrode and the reference electrode, the ISF
provides impedance between the electrodes. An analog
current signal flows from the working electrode
through the body and to the counter electrode. The
voltage at the working electrode is generally held to
ground, and the voltage at the reference electrode can
be held at a set voltage Vset, such as, for example,
between 300 and 700 mV. The most prominent reaction
stimulated by the voltage difference between the
electrodes is the reduction of glucose as it first
reacts with the glucose oxidase enzyme (GOX) to
generate gluconic acid and hydrogen peroxide (H2O2) .
Then the H2O2 is reduced to water (H2O) and (O ) at
the surface of the working electrode. The O draws a
positive charge from the sensor electrical components,
thus repelling an electron and causing an electrical
current flow. This results in the analog current
signal being proportional to the concentration of
glucosein the ISF that is in contact with the sensor
electrodes (see e.g. U.S. Patent No. 7,354,420). In
some examples, more than one sensor is used to measure
blood glucose. For example, redundant sensors can be
used and the subject can be notified when a sensor
fails by the telemetered characteristic monitor
transmitter electronics. An indicator also can inform
the subject of which sensors are still functioning
and/or the number of sensors still functioning. In
other examples, sensor signals are combined through
averaging or other means. Further, different types of
sensors can be used. For example, an internal glucose
sensor and an external glucose sensor can be used to
measure blood glucose at the same time. Glucose
sensors that can be used in a closed loop system that
delivers the super fast-acting insulin compositions
provided herein are well known and can be readily
identified and, optionally, further modified, by one
of skill in the art. Exemplary internal glucose
sensors include, but are not limited to, those
described in U.S. Pat. Nos. 5,497,772, 5,660,163,
5,791,344, 5,569,186, 6,895,265. Exemplary of a
glucose sensor that uses florescence is that described
in U.S. Pat. No. 6,01 1,984. Glucose sensor systems
also can use other sensing technologies, including
light beams, conductivity, jet sampling, micro
dialysis, micro-poration, ultra sonic sampling,
reverse iontophoresis, or other method (e.g. U.S.
patent Nos. 5,433,197 and 5,945,676, and International
Pat. Pub. WOl 99929230, ) . In some examples, only the
working electrode is located in the subcutaneous
tissue and in contact with the ISF, and the counter
and reference electrodes are located external to the
body and in contact with the skin. The counter
electrode and the reference electrode can be located
on the surface of a monitor housing and can be held to
the skin as part of a 



telemetered characteristic monitor. In further
examples, the counter electrode and the reference
electrode are held to the skin using other devices,
such as running a wire to the electrodes and taping
the electrodes to the skin, incorporating the
electrodes on the underside of a watch touching the
skin. Still further, more than one working electrode
can be placed into the subcutaneous tissue for
redundancy. Interstitial fluid also can be harvested
from the body of a subject and flowed over an external
sensor that is not implanted in the body.The
controller receives input from the glucose sensor. The
controller is designed to model a pancreatic beta cell
(b-cell) and provide commands to the insulin delivery
device to infuse the required amount of insulin for
glycemic control. The controller utilizes software
with algorithms to calculate the required amount of
insulin based upon the glucose levels detected by the
glucose sensor. Exemplary algorithms include those
that model the b-cells closely, since algorithms that
are designed to minimize glucose excursions in the
body, without regard for how much insulin is
delivered, can cause excessive weight gain,
hypertension, and atherosclerosis. Typically, the
system is intended to emulate the in vivo insulin
secretion pattern and to adjust this pattern
consistent with the in vivo b-cell adaptation
experienced by normal healthy individuals. Control
algorithms useful for closed loop systems include
those utilized by a proportional-integral-derivative
(PID) controller. Proportional derivative controllers
and model predictive control (MPC) algorithms also can
be used in some systems (Hovorka et al. (2006)
Diabetic Med. 23:1-12). Exemplary algorithms include,
but are not limited to, those described Hovorka et
al.(Diabetic Med. (2006) 23:1-12), Shimoda et al.,
(Front Med Biol Eng (1997) 8:197-21 1), Shichiri et
al. (Artif. Organs (1998) 22:32-42), Steil et al.
(Diabetes Technol Ther (2003) 5: 953- 964), Kaletz et
al., (Acta Diabetol. (1999) 36:215) and U.S. Patent
Nos. 5279543, 5569186, 6558351, 6558345, 6589229,
6740042, 6669663, 6740072, 7267665, 7354420 and U.S.
Pat. Pub. No. 20070243567. In one example, a PID
controller is utilized in the closed loop system. A
PID controller continuously adjusts the insulin
infusion by assessing glucose excursions from three
viewpoints: the departure from the target glucose (the
proportional component), the area under the curve
between ambient and target glucose (the integral
component), and the change in ambient glucose (the
derivative component). Generally, the in vivo b-cell
response to changes in glucose is characterized by
"first" and "second" phase insulin responses. The
biphasic insulin response of a b-cell can be modeled
using components of a proportional, plus integral,
plus derivative (PID) controller, (see e.g. U.S.
Patent No. 7,354,420). The controller generates
commands for the desired insulin delivery. Insulin
delivery systems, such as insulin pumps, are known in
the art and can be used in theclosed loop systems.
Exemplary insulin delivery devices (such as those
described above) include, but are not limited to,
those described in U.S. Patent Nos. 4562751, 467840,
4685903, 4373527, 4573994, 6554798, 6641533, 6744350,
6852104, 6872200, 6936029, 6979326, 6999854, 7025713
and 7109878. The insulin delivery devices typically
contain one or more reservoirs, which generally are
disposable, containing an insulin preparation, such as
a super fast-acting insulin composition described
herein. The reservoirs can contain more than one
insulin, such as, for example, a basal-acting insulin
and a fast-acting insulin, either co-formulated and
contained in a single reservoir or contained
separately in two or more reservoirs. For use with a
super fast-acting insulin composition, the insulin
delivery device can contain one reservoir containing a
co-formulated fast-acting insulin and hyaluronan
degrading enzyme composition, or can contain two or
more reservoirs, such that the fast-acting insulin and
hyaluronan degrading enzyme compositions are contained
separately in separate reservoirs. In such instances,
the insulin delivery device can deliver each
composition simultaneously or subsequent to each
other. In some examples, the compositions are
delivered using an infusion tube and a cannula or
needle. In other examples, the infusion device is
attached directly to the skin and the compositions
flow from the infusion device, through a cannula or
needle directly into the body without the use of a
tube. In further examples, the infusion device is
internal to the body and an infusion tube optionally
can be used to deliver the compositions. Closed loop
systems also can contain additional components,
including, but not limited to, filters, calibrators
and transmitters. G. Methods of Assessing Activity,
Pharmacokinetics and Pharmacodynamics Assays can be
used to assess the in vitro and in vivo activities of
insulin alone or in combination with a hyaluronan
degrading enzyme. Included among such assays are those
that assess the pharmacokinetic and pharmaocodynamic
properties of subcutaneously or
intraperitonally-administered insulin, including
bioavailability, and tolerability. The biological
activity of both insulin and a hyaluronan degrading
enzyme also can be assessed using assays well known in
the art. Such assays can be used, for example, to
determine appropriate dosages of an insulin, such as a
fastacting insulin, and a hyaluronan degrading enzyme,
and the frequency of dosing, for treatment. 1.
Pharmacokinetics, pharmacodynamics and tolerability
Pharmacokinetic (PK), pharmacodynamic (PD) and
tolerability studies, such as those described in
Example 1, below, can be performed using animal
models, including pig models such as those described
in Examples 11 and 12, or can be performed during
clinical studies with patients. Animal models include,
but are not limited to, mice, rats, rabbits, dogs,
guinea pigs and non-human primate models, such as
cynomolgus monkeys or rhesus macaques. In some
instances, pharmacokinetic and tolerability studies
are performed using healthy animals or human subjects.
In other examples, the studies are performed using
animal models of diabetes, such as those described
below, or in diabetic human subjects. Exemplary
procedures useful for performing these studies include
glucose clamp techniques (Brehm et al (2007) in Clin
Diabetes Res: Methods and Techniques. Ed Michael
Rosen, pp 43-76, Example 1). In the hyperinsulinemic
euglycemic clamp procedure, exogenous insulin is
infused to create hyperinsulinemic plasma insulin
concentrations, while the plasma glucose concentration
is kept constant at the euglycemic level by means of a
variable exogenous glucose infusion. The glucose
infusion rate (GIR) required to maintain constant
glucose levels during the period of hyperinsulinemia
provides a measure of the effect of the infused
insulin on glucose metabolism. The GIR is a reflection
of the amount of glucose being used by the body (i.e.
more exogenous glucose needs to be infused to maintain
normal blood glucose levels i.e. between 90-1 10
mg/dL, when the body is using more glucose), and,
therefore, the activity of the administered insulin
(i.e. increased insulin activity results in reduced
endogenous glucose output and increased blood glucose
utilization, resulting in an overall decline of blood
glucose). Thus, such a procedure, in addition to being
used to assess insulin secretion and insulin
resistance in a subject, also can be used to safely
assess the pharmacokinetic and pharmacodynamic
properties of an insulin, such as an insulin
co-administered with a hyaluronan degrading enzyme.
The pharmacokinetics of subcutaneously or
intraperitoneally administered insulin can be assessed
by measuring the time-concentration profile of the
insulin andcalculating such parameters as the maximum
(peak) serum insulin concentration (Cma ) the peak
time (i.e. when maximum serum insulin concentration
occurs; tmax), and area under the curve (i.e. the area
under the curve generated by plotting time versus
blood insulin concentration; AUC), for any given time
interval following administration. The absolute
bioavailability of subcutaneously administered insulin
is determined by comparing the area under the curve of
insulin following subcutaneous delivery (AUC SC) with
the AUC of insulin following intravenous delivery
(AUCj V). Absolute bioavailability (F), can be
calculated using the formula: F = [([AUC] SC x dose
sc) / ([AUC] V x dose iv)] x 100. The relative
bioavailability (Fn D of two treatments via the same
route of administration, such as, for example, an
insulin with or without co-administration with a
hyaluronan degrading enzyme, also can be calculated,
such as in Example 1. For example, the relative
bioavailability (Frei) of subcutaneously administered
Humalog (r) insulin lispro co-administered with
rHuPH20 and subcutaneously administered Humalog (r)
insulin lispro alone can b e calculated {[AUC (Humalog
(r) insulin lispro /rHuPH2Q)] / [AUC (Humalog (r)
insulin lispro alone]} x 100, where each dose of
Humalog (r) insulin lispro is the same, and the AUC is
calculated over the same time interval. The
concentration of insulin in the plasma following
subcutaneous administration can be measured using any
method known in the art suitable for assessing
concentrations of insulin in samples of blood.
Exemplary methods include, but are not limited to,
ELISA and RIA. The pharmacodynamic properties of
subcutaneously or intraperitoneally administered
insulin, can be assessed by measuring such parameters
as the glucose infusion rate (GIR) (mg/kg/min), time
to maximal effect (tGIR mac) (minutes); the time to
late half-maximal effect (tGIRi ate50%) (minutes); the
time to early half-maximal effect (tGIR eariy 50o/ o)
(minutes); the maximal metabolic effect (GIR max)
(mg/kg/minute); AUC-GIR 0 6Omin (g/kg); AUC-GIR 0-
2Omin (g/kg); AUC-GIR 0- Iso min (g/kg); AUC-GIRo-240
min (g/kg); AUC-GIR0.300 min (g/kg); and the
AUC-GIRo-seo min (g/kg). A range of doses and
different dosing frequency of dosing can be
administered in the pharmacokinetic studies to assess
the effect of increasing or decreasing concentrations
of insulin and/or a hyaluronan degrading enzyme in the
dose.Pharmacokinetic and pharmacodynamic properties of
subcutaneously or intraperitonally administered
insulin, such as bioavailability, also can be assessed
with or without co-administration of a hyaluronan
degrading enzyme. For example, animals or human
subjects can be administered insulin subcutaneously
alone or in combination with a hyaluronan degrading
enzyme during a hyperinsulinemic euglycemic clamp
procedure. Blood samples can then be taken at various
time points and the amount of insulin in the serum
determined, such as by radioimmunoassay (RIA) or
enzyme-linked immunosorbent assay (ELISA). The glucose
infusion rate throughout the procedure also can be
calculated. The pharmacokinetic and pharmacodynamic
properties of subcutaneously administered insulin
administered with or without a hyaluronan degrading
enzyme can then be determined to assess the effect of
co-administration with a hyaluronan degrading on such
properties of any insulin. Studies to assess safety
and tolerability also are known in the art and can be
used herein. Following subcutaneous administration of
insulin, with or without co administration of a
hyaluronan degrading enzyme, the development of any
adverse reactions can be monitored. Adverse reactions
can include, but are not limited to, injection site
reactions, such as edema or swelling, headache, fever,
fatigue, chills, flushing, dizziness, urticaria,
wheezing or chest tightness, nausea, vomiting, rigors,
back pain, chest pain, muscle cramps, seizures or
convulsions, changes in blood pressure and
anaphylactic or severe hypersensitivity responses.
Typically, a range of doses and different dosing
frequencies are administered in the safety and
tolerability studies to assess the effect of
increasing or decreasing concentrations of insulin
and/or a hyaluronan degrading enzyme in the dose. 2.
Biological activity a. Insulin The ability of an
insulin, such as an insulin analog, to act as a
therapeutic agent can be assessed in vitro or in vivo.
For example, in vitro assays well known in the art can
be performed to assess the ability an insulin to bind
to insulin receptor. In one example, a competitive
binding assay is performed in which human placental
cell membranes are prepared as a source of insulin
receptors and incubated withradiolabeled human insulin
with or without the unlabeled insulin analog. The
amount of bound radiolabeled insulin is then detected
to determine the ability of the insulin analog to
compete for binding and the relative affinity of the
insulin analog for the placental insulin receptor is
calculated (see e.g. Weiss et al., (2001) J . Biol.
Chem. 276:4001 8-40024). Other sources of insulin
receptors, including other cells that naturally or
recombinantly express the insulin receptor, also can
be used in such competitive binding assays (Duttaroy
et al., (2005) Diabetes 54:251-258). The ability of
insulin to stimulate glucose uptake or effect any
other of its typical metabolic outcomes can be
assessed in vitro. To measure insulin-stimulated
glucose uptake, adipocytes are incubated with labeled
glucose, such as 2-deoxy-D- [2,63-H]glucose or D- [U-
14C]glucose with or without insulin. The incorporated
radioactivity is then measured to determine the amount
of glucose uptake in the presence or absence of
insulin (Louveau et al., (2004) J Endocrin.
181:271-280, Duttaroy et al., (2005) Diabetes
54:251-258). When assessing the activity of an insulin
analog, the activity of human insulin also can be
assessed and used for comparison. In vitro assays to
assess glucose production in H4IIE cells in the
presence of insulin also can be performed (Wang et
al., (2000) J . Bioche, 275:14717- 14721, Duttaroy et
al., (2005) Diabetes 54:251-258). In vivo studies
using diabetic or healthy animal models or human
subjects also can be performed to assess the
therapeutic activity of insulin. Insulin can be
administered to animal models of diabetes to assess
the effects on blood glucose levels, circulating
insulin levels, and hemoglobin AIc (HbAIc), for
example. Hemoglobin AIc forms when glucose attaches to
hemoglobin, which occurs when blood glucose levels are
elevated. HbAIc levels in a blood sample can be
assessed by, for example, HPLC, ELISA, RIA or other
immunoassay, Normal HbAIc values for healthy subjects
are approximately 4.0-6.2 percent. The American
Diabetes Association recommends that it should be
below 7 % (or below 6% in certain persons) for
patients with diabetes to help prevent the
complications from diabetes. Insulin levels can be
measured by, for example, ELISA or RIA. Glucose levels
are typically measured using a glucose sensor or
analyzer.Animal models for type I diabetes include the
nonobese diabetic (NOD) mouse and the BioBreeding (BB)
rat (Atkinson et al., (1999) Nature Med. 5:601-604).
Animal models for type 2 diabetes include, but are not
limited to, ob/ob mice and db/db mice, which have
mutations in the leptin gene or leptin receptor,
respectively, KK mice, Nagoya-Shibata-Yasuda (NSY)
mice, Zucker diabetic fatty (ZDF) rats and
Gato-Katazaki (GK) rats (Cefalu (2006) ILAR Journal
47:186-198). In other examples, healthy animals are
used to test the activity of an insulin, with or
without a hyaluronan degrading enzyme. b. Hyaluronan
degrading enzymes The activity of a hyaluronan
degrading enzyme can be assessed using methods well
known in the art. For example, the USP XXII assay for
hyaluronidase determines activity indirectly by
measuring the amount of undegraded hyaluronic acid, or
hyaluronan, (HA) substrate remaining after the enzyme
is allowed to react with the HA for 30 min at 370C
(USP XXII-NF XVII (1990) 644-645 United States
Pharmacopeia Convention, Inc, Rockville, MD). A
Hyaluronidase Reference Standard (USP) or National
Formulary (NF) Standard Hyaluronidase solution can be
used in an assay to ascertain the activity, in units,
of any hyaluronidase. In one example, activity is
measured using a microturbidity assay. This is based
on the formation of an insoluble precipitate when
hyaluronic acid binds with serum albumin. The activity
is measured by incubating hyaluronidase with sodium
hyaluronate (hyaluronic acid) for a set period of time
(e.g. 10 minutes) and then precipitating the
undigested sodium.hyaluronate with the addition of
acidified serum albumin. The turbidity of the
resulting sample is measured at 640 nm after an
additional development period. The decrease in
turbidity resulting from hyaluronidase activity on the
sodium hyaluronate substrate is a measure of
hyaluronidase enzymatic activity. In another example,
hyaluronidase activity is measured using a microtiter
assay in which residual biotinylated hyaluronic acid
is measured following incubation with hyaluronidase
(see e.g. Frost and Stern (1997) Anal. Biochem.
251:263-269, U.S. Patent Publication No. 20050260186).
The free carboxyl groups on the glucuronic acid
residues of hyaluronic acid are biotinylated, and the
biotinylated hyaluronic acid substrate is covalently
coupled to a microtiter plate. Following incubation
withhyaluronidase, the residual biotinylated
hyaluronic acid substrate is detected using an
avidin-peroxidase reaction, and compared to that
obtained following reaction with hyaluronidase
standards of known activity. Other assays to measure
hyaluronidase activity also are known in the art and
can be used in the methods herein (see e.g. Delpech et
al., (1995) Anal. Biochem. 229:35-41; Takahashi et
al., (2003) Anal. Biochem. 322:257-263). The ability
of a hyaluronan degrading enzyme to act as a spreading
or diffusing agent also can be assessed. For example,
trypan blue dye can be injected subcutaneously with or
without a hyaluronan degrading enzyme into the lateral
skin on each side of nude mice. The dye area is then
measured, such as with a microcaliper, to determine
the ability of the hyaluronan degrading enzyme to act
as a spreading agent (U.S. Patent No. 20060104968).
The effect of co-administration of hyaluronidase with
another agent, such as an insulin, on the
pharmacokinetic and pharmacodynamic properties of that
agent also can be assessed in vivo using animal model
and/or human subjects, such as in the setting of a
clinical trial, as discussed above and demonstrated in
Example 1, below. The functional activity of a
hyaluronan degrading enzyme that is not a
hyaluronidase can be compared to a hyaluronidase using
any of these assays. This can be done to determine
what a functionally equivalent amount of a hyaluronan
degrading enzyme is. For example, the ability of a
hyaluronan degrading enzyme to act as a spreading or
diffusing agent can be assessed by injecting it into
the lateral skin of mice with trypan blue, and the
amount required to achieve the same amount of
diffusion as, for example, 100 units of a
Hyaluronidase Reference Standard, can be determined.
The amount of hyaluronan degrading enzyme required is,
therefore, functionally equivalent to 100
hyaluronidase units. H. Therapeutic uses The methods
described herein can be used for treatment of any
condition for which a fast-acting insulin is employed.
Insulin can be administered subcutaneously, in
combination with a hyaluronan degrading enzyme, to
treat any condition that is amendable to treatment
with insulin. Typically, a hyaluronan degrading enzyme
is co-administered with a fast-acting insulin. This
section provides exemplarytherapeutic uses of
fast-acting insulin. The therapeutic uses described
below are exemplary and do not limit the applications
of the methods described herein. Therapeutic uses
include, but are not limited to, treatment for type 1
diabetes mellitus, type 2 diabetes mellitus,
gestational diabetes, and for glycemic control in
critically ill patients. For example, fast-acting
insulin can be administered in combination with a
hyaluronan degrading enzyme subcutaneously in discrete
doses, such as via a syringe or insulin pen, prior to
a meal as prandial insulin therapy in subjects with
diabetes to achieve glycemic control. Fast-acting
insulin also can be administered subcutaneously or
intraperitonally in combination with a hyaluronan
degrading enzyme using an insulin pump or in the
context of a closed loop system to continuously
control blood glucose levels throughout the day and
night and/or to control post-prandial glycemic
excursions. It is within the skill of a treating
physician to identify such diseases or conditions. As
discussed above, particular dosages and treatment
protocols are typically individualized for each
subject. If necessary, a particular dosage and
duration and treatment protocol can be empirically
determined or extrapolated. For example, exemplary
doses of fast-acting insulin without a hyaluronan
degrading enzyme can be used as a starting point to
determine appropriate dosages for the methods provided
herein. Dosage levels can be determined based on a
variety of factors, such as body weight of the
individual, general health, age, the activity of the
specific compound employed, sex, diet, metabolic
activity, blood glucose concentrations, time of
administration, rate of excretion, drug combination,
the severity and course of the disease, and the
patient's disposition to the disease and the judgment
of the treating physician. In particular, blood
glucose levels, such as measured by a blood glucose
sensor, can be measured and used to determine the
amount of insulin and a hyaluronan degrading enzyme to
be administered to achieve glycemic control.
Algorithms are known in the art that can be used to
determine a dose based on the rate of absorption and
level of absorption of the super fast-acting
compositions provided herein, and also based upon
blood glucose levels. Dosages of insulin for
post-prandial glycemic control also can be calculated
or adjusted, for example, by determining
thecarbohydrate content of a meal (Bergenstal et al.,
(2008) Diabetes Care, Lowe et al., (2008) Diabetes
Res. Clin. Pract., Chiesa et al.,(2005) Acta Biomed.
76:44-48). 1 Diabetes Mellitus Diabetes mellitus (or
diabetes) is characterized by an impaired glucose
metabolism. Blood glucose is derived from
carbohydrates absorbed in the gut and produced in the
liver. Increasing blood glucose levels stimulate
insulin release. The postprandial glucose influx can
be 20 to 30 times higher than the hepatic production
of glucose observed between meals. Early phase insulin
release, lasting 10 minutes or thereabouts, suppresses
hepatic glucose production and precedes a longer
(late) phase of release, which lasts two hours or more
and covers mealtime carbohydrate influx. Between
meals, a low continuous insulin level, basal insulin,
covers ongoing metabolic requirements, in particular
to regulate hepatic glucose output as well as glucose
utilization by adipose tissue, muscle tissue and other
target sites. Patients with diabetes present with
elevated blood glucose levels (hyperglycemia).
Diabetes can be classified into two major groups: type
1 diabetes and type 2 diabetes. Type 1 diabetes, or
insulin dependent diabetes mellitus (IDDM), is
characterized by a loss of the insulin-producing
b-cell of the islets of Langerhans in the pancreas,
leading to a deficiency of insulin. The primary cause
of the b-cell deficiency is T-cell mediated
autoimmunity. Type 2 diabetes, or non-insulin
dependent diabetes mellitus (NIDDM), occurs in
patients with an impaired b-cell function. These
patients have insulin resistance or reduced insulin
sensitivity, combined with reduced insulin secretion.
Type 2 diabetes may eventually develop into type 1
diabetes. Also included in diabetes is gestational
diabetes. Patients with diabetes can be administered
insulin to both maintain basal insulin levels and to
prevent glycemic excursions, such as following a meal.
a. Type 1 diabetes Type 1 diabetes is a T-cell
dependent autoimmune disease characterized by
infiltration of the islets of Langerhans, the
endocrine unit of the pancreas, and destruction of
b-cells, leading to a deficiency in insulin production
and hyperglycemeia. Type 1 diabetes is most commonly
diagnosed in children and young adults but can be
diagnosed at any age. Patients with type 1 diabetes
can present with,in addition to low insulin levels and
high blood glucose levels, polyuria, polydispia,
polyphagia, blurred vision and fatigue. Patients can
be diagnosed by presenting with fasting plasma glucose
levels at or above 126 mg/dL (7.0 mmol/1), plasma
glucose levels at or above 200 mg/dL ( 11.1 mmol/1)
two hours after a 75 g oral glucose load, such as in a
glucose tolerance test, and/or random plasma glucose
levels at or above 200 mg/dL ( 11.1 mmol/1). The
primary treatment for patients with type 1 diabetes is
administration of insulin as replacement therapy,
which is typically performed in conjunction with blood
glucose monitoring. Without sufficient replacement
insulin, diabetic ketoacidosis can develop, which can
result in coma or death. Patients can be administered
subcutaneous injections of fast-acting insulin using,
for example, a syringe or insulin pen, or an insulin
pump to maintain appropriate blood glucose levels
throughout the day and also to control post-prandial
glucose levels. In some instances, an insulin pump,
including in the context of a closed loop system, can
be used to deliver insulin intraperitoneally. Thus,
patients with type 1 diabetes can be administered the
super fast-acting insulin composition described herein
subcutaneously or intraperitoneally via syringe,
insulin pen, or insulin pump, or any other means
useful for delivering insulin, using the methods
described herein to more rapidly control blood glucose
and insulin levels. b. Type 2 diabetes Type 2 diabetes
is associated with insulin resistance and, in some
populations, also by insulinopenia (loss of b-cell
function). In type 2 diabetes, phase 1 release of
insulin is absent, and phase 2 release is delayed and
inadequate. The sharp spike of insulin release
occurring in healthy subjects during and following a
meal is delayed, prolonged, and insufficient in amount
in patients with type 2 diabetes, resulting in
hyperglycemia. Patients with type 2 diabetes can be
administered insulin to control blood glucose levels
(Mayfield et al (2004) Am Fam Physican 70:489-500).
This can be done in combination with other treatments
and treatment regimes, including diet, exercise and
other anti-diabetic therapies (e.g. sulphonylureas,
biguanides, meglitinides, thiazolidinediones and
alpha-glucosidase inhibitors). Thus, patients with
type 2 diabetes can be administered the super
fast-acting insulin compositionsdescribed herein
subcutaneously or intraperitoneally via syringe,
insulin pen, or insulin pump, or any other means
useful for delivering insulin, using the methods
described herein to more rapidly control blood glucose
and insulin levels. As discussed elsewhere herein,
administration of super fast-acting insulin
compositions to Type 2 diabetic patients can, in
addition to achieving better glycemic control compared
to the corresponding fast-acting insulin, reduce the
risk of weight gain and obesity that is often
associated with insulin therapy in Type 2 diabetic
patients. c. Gestational diabetes Pregnant women who
have never had diabetes before but who have high blood
glucose levels during pregnancy are diagnosed with
gestational diabetes. This type of diabetes affects
approximately 1-14% of all pregnant women, depending
upon the population studied (Carr et al., (1998)
Clinical Diabetes 16). While the underlying cause
remains unknown, it appears likely that hormones
produced during pregnancy reduce the pregnant woman's
sensitivity to insulin. The mechanism of insulin
resistance is likely a postreceptor defect, since
normal insulin binding by insulinsensitive cells has
been demonstrated. The pancreas releases 1.5-2.5 times
more insulin in order to respond to the resultant
increase in insulin resistance. Patients with normal
pancreatic function are able to meet these demands.
Patients with borderline pancreatic function have
difficulty increasing insulin secretion and
consequently produce inadequate levels of insulin.
Gestational diabetes thus results when there is
delayed or insufficient insulin secretion in the
presence of increasing peripheral insulin resistance.
Patients with gestational diabetes can be administered
insulin to control blood glucose level. Thus, patients
with gestational diabetes can be administered the
super fast-acting insulin compositions described
herein subcutaneously via syringe, insulin pen,
insulin pump or artificial pancreas, or any other
means, using the methods described herein to more
rapidly control blood glucose and insulin levels. 2.
Insulin therapy for critically ill patients
Hyperglycemia and insulin resistance occurs frequently
in medically and/or surgically critically ill patients
and has been associated with increased morbidity and
mortality in both diabetic and non-diabetic patients
and in patients with traumaticinjury, stroke, anoxic
brain injury, acute myocardial infarction,
post-cardiac surgery, and other causes of critical
illness (McCowen et al. (2001) Crit Clin. Care 17:107-
124). Critically ill patients with hyperglycemia have
been treated with insulin to control blood glucose
levels. Such treatment can reduce morbidity and
mortality amongst this group (Van den Berghe et al.
(2006) N. Eng. J Med. 354:449-461). Insulin is
typically administered intravenously to the patient,
such as by injection with a syringe by a medical
practitioner or by infusion using an insulin pump. In
some examples, algorithms and software are used to
calculate the dose. Thus, critically ill patients with
hyperglycemia can be administered a super fast-acting
insulin composition described herein to control blood
glucose levels, thereby alleviating the hyperglycemia
and reducing morbidity and mortality. I. Combination
Therapies Any of the super fast-acting insulin
compositions described herein can be administered in
combination with, prior to, intermittently with, or
subsequent to, other therapeutic agents or procedures
including, but not limited to, other biologies and
small molecule compounds. For any disease or
condition, including all those exemplified above, for
which a fast-acting insulin is indicated or has been
used and for which other agents and treatments are
available, the super fast-acting insulin compositions
can be used in combination therewith. Depending on the
disease or condition to be treated, exemplary
combinations include, but are not limited to,
combination with anti-diabetic drugs, including, but
not limited to, sulfonylureas, biguanides,
meglitinides, thiazolidinediones, alpha-glucosidase
inhibitors, peptide analogs, including glucagon-like
peptide (GLP) analogs and, gastric inhibitory peptide
(GIP) analogs and DPP-4 inhibitors. In another
example, the super fast-acting insulin compositions
described herein can be administered in combination
with, prior to, intermittently with, or subsequent to,
with one or more other insulins, including fast-acting
insulin, and basal-acting insulins. J. Articles of
Manufacture and Kits Pharmaceutical compounds of the
super fast-acting insulin compositions, insulin and/or
hyaluronan degrading enzyme compositions provided
herein can be packaged as articles of manufacture
containing packaging material, a
pharmaceuticalcomposition which is effective for
controlling blood glucose levels, such as in diabetic
or critically subjects, and a label that indicates
that the super fast-acting insulin compositions,
insulin and/or hyaluronan degrading enzyme
compositions are to be used for controlling blood
glucose levels. The articles of manufacture provided
herein contain packaging materials. Packaging
materials for use in packaging pharmaceutical products
are well known to those of skill in the art. See, for
example, U.S. Patent Nos. 5,323,907, 5,052,558 and
5,033,352, each of which is incorporated herein in its
entirety. Examples of pharmaceutical packaging
materials include, but are not limited to, blister
packs, bottles, tubes, inhalers, pumps, bags, vials,
containers, syringes, bottles, and any packaging
material suitable for a selected formulation and
intended mode of administration and treatment. A wide
array of formulations of the compounds and
compositions provided herein are contemplated as are a
variety of treatments for any hemostatic disease or
disorder. Super fast-acting insulin compositions,
insulin and/or hyaluronan degrading enzyme
compositions also can be provided as kits. Kits can
include a pharmaceutical composition described herein
and an item for administration. The kits also can
include additional pharmaceutical compositions. In one
example, the kits can include one or more of the super
fast-acting insulin compositions, insulin and/or
hyaluronan 



degrading enzyme compositions provided herein and one
or more other insulin compositions, such as for
example, slow acting or intermediate-acting insulins,
including crystalline insulins, or any combination
thereof. The super fast-acting insulin compositions,
insulin and/or hyaluronan degrading enzyme
compositions and/or other pharmaceutical compositions
can be supplied with a device for administration, such
as a syringe, an insulin pen, a pump, or a reservoir
that is inserted into an insulin pen, a pump or other
delivery device. The kit can, optionally, include
instructions for application including dosages, dosing
regimens and instructions for modes of administration.
Kits also can include a pharmaceutical composition
described herein and an item for diagnosis. For
example, such kits can include a glucose monitor or
sensor.The kits for example also can contain a variety
of fast-acting insulin compositions, or other insulin
composition, including one or more basal-acting
insulins, provided in separate containers and in
varying dosages, whereby the user is afforded the
opportunity to select a given insulin dosage, such as
a prandial dosage, to the specific circumstances
involving an actual or anticipated occurrence of
hyperglycemia.K. EXAMPLES The following examples are
included for illustrative purposes only and are not
intended to limit the scope of the invention. Example
1 Co-administration of Recombinant Human PH20
(rHuPH20) and fast-acting insulin facilitates improved
pharmacokinetics and pharmacodynamics Insulin,
including insulin analogs, is administered to subjects
with diabetes mellitus for the control of
hyperglycemia. In an effort to more effectively
replicate normal physiologic prandial insulin release
observed in healthy subjects, clinical studies were
performed to determine if co-administration of
recombinant Human PH20 (rHuPH20) could increase the
early absorption rate and the amount of absorption of
the administered fast-acting insulin. Increased
absorption could result in the fast-acting insulin
being even faster-acting and, therefore, more closely
mimicking the endogenous insulin concentration-time
profile observed in healthy subjects. This could
provide clinical benefit with respect to better
glycemic control and reduced weight gain in subjects
with diabetes mellitus. The clinical studies were
designed to assess safety, tolerability,
pharmacokinetics (PK) and pharmacodynamics (PD) of
Humulin(r) R insulin and Humalog (r) insulin lispro
(both being fast-acting insulins as described herein)
administered subcutaneously either alone or in
combination with rHuPH20. Example Ia Pharmacokinetics
and pharmacodynamics of Humalog insulin lispro or
Humulin(r) R insulin with and without
co-administration of rHuPH20 in healthy (non-diabetic)
subjects A randomized, double-blind, crossover,
two-stage, sequential 2-arm study to assess
subcutaneous administration 20 units (U) Humalog(r)
insulin lispro or Humulin(r) R insulin with and
without co-administration of rHuPH20 was performed.
Twentyfive healthy adult male subjects were enrolled
in the study. In stage 1, 12 subjects received a
subcutaneous injection of Humalog insulin lispro and
rHuPH20 and a separate subcutaneous injection of
Humalog(r) insulin lispro alone. Injections were
usually 7 days apart, with half of the subjects
receiving Humalog insulin lispro andrHuPH20 first,
followed by Humalog insulin lispro alone, and half of
the subjects receiving Humalog(r) insulin lispro alone
first, then Humalog(r) insulin lispro and rHuPH20. In
stage 2, 13 subjects received a subcutaneous injection
of Humulin(r) R insulin and rHuPH20 and a separate
subcutaneous injection of Humulin(r) R insulin alone.
Injections were usually 7 days apart, with
approximately half of the subjects receiving
Humulin(r) R and rHuPH20 first followed by Humulin(r)
R insulin alone, and half of the subjects receiving
Humulin R insulin alone first then Humulin(r) R
insulin and rHuPH20. Approximately 14 hours prior to
each injection, each of the subjects received a dinner
based on an American Diabetes Association 2000-calorie
meal plan with 60 g carbohydrates. A snack of 30 g
carbohydrate also was provided. Approximately 6 hours
after dinner, the subjects started fasting (except
water) for at least 8 hours before being started on a
Hyperinsulinemic-Euglycemic Clamp procedure for an 8
hour period. Pre-treatment blood samples were
collected and vital signs and weight were measured
before the subjects were injected with Humalog(r)
insulin lispro, Humalog(r) insulin lispro/rHuPH20,
Humulin(r) R insulin or Humulin(r) R insulin /rHuPH20
2 hours after the Hyperinsulinemic-Euglycemic Clamp
procedure was initiated. Blood samples were collected
at prescribed intervals, as described below, and
glucose and insulin levels were quantified for a
period of 6 hours. A. Dosing As described above, 12
subjects were administered 20 U Humalog(r) insulin
lispro and 300 U rHuPH20 in 220 mL, and 20 U
Humalog(r) insulin lispro in 200 mL subcutaneously in
the lower left abdominal quadrant in the first stage
of the study. The Humalog(r) insulin Hspro/rHuPH20
dose was prepared by first thawing rHuPH20 ( 1 mg/mL,
equivalent to about 120,000 U/mL in 10 mM HEPES/1 30
mM NaCl at pH ~7.0.) at room temperature for an hour
and asceptically aspirating 0.153 cc (equivalent to
18,360 U) rHuPH20 into a 0.3 cc capacity insulin
syringe. The 0.153 cc rHuPH20 was then transferred
slowly into a vial containing 1.17 mL of 150 U/mL
HYLENEX (rHuPH20). From this vial, 1.1 mL was
aspirated and transferred into a vial containing about
10.2 mL of 100 U/mL Humalog(r) insulin lispro
aspirated from the vial. Two hundred and twenty
microliters of the Humalog(r) insulinlispro/rHuPH20
mixture was then aspirated using a 0.3 cc capacity
insulin syringe and used within 4 hours for
subcutaneous administration to a single subject. Thus,
the Humalog(r) insulin Hspro/rHuPH20 mixture that was
delivered was 220 mL and contained 300 U rHuPH20 (2.5
mg), 20 U Humalog(r) insulin lispro, 0.02 mg Human
Serum Albumin (From the Hylenex formulation (functions
to stabilize rHuPH20 against adsorptive losses and
also can have stabilizing properties relative to
insulin and/or act as an oxidation scavenger); 3 mg
glycerin (from the Humalog(r) insulin lispro
formulation (present as a pH buffer, stabilizer of
insulin and/or tonicity modifier); 0.6 mg m-cresol
(from the Humalog(r) insulin lispro formulation
(antimicrobial growth preservative present at elevated
concentrations to stabilize the insulin hexamer
conformation); 0.004 mg zinc (from the Humalog(r)
insulin lispro formulation used to stabilize the
insulin hexamer conformation); 0.18 mg NaCl (from the
Hylenex formulation and rHuPH20 API, as a tonicity
modifier); 0.4 phosphate, sodium dibasic (from the
Hylenex formulation, as a pH buffer); 0.017 mg EDTA,
disodium (from the Hylenex formulation as a metal
chelator with the potential to bind Zn 2+ and Ca2+
ions); 0.006 mg calcium chloride (from the Hylenex
formulation, forms a complex with EDTA and can improve
subcutaneous injection comfort); 0.006 mg HEPES (from
rHuPH20 API formulation, as pH buffer); water (as the
solvent) and NaOH and/or HCl for pH adjustment. In
Stage 2, as described above, 13 subjects were
administered both 20 U Humulin R insulin and 240 U
rHuPH20 in 200 mL and 20 U Humulin(r) R insulin in 200
mL subcutaneously into the lower left abdominal
quadrant. The Humulin(r) R insulin/rHuPH20 dose was
prepared by first aspirating 0.3 cc (150 U) from a
vial of Humulin(r) R insulin using a 0.3 cc capacity
insulin syringe and transferring it into a vial
containing 1.2 mL of 1500 LVmL rHuPH20 (formulated as
a 1OX composition of HYLENEX). The mixture was gently
mixed and 0.3 cc of air was removed from the vial
before 200 mL (containing 20 U Humulin(r) R insulin
and 240 U rHuPH20) was aspirated using a 0.3 cc
capacity insulin syringe. This was used within 4 hours
for subcutaneous administration to a single subject.
The 20 U Humulin(r) R insulin in 200 mL dose was
prepared by subcutaneously using a single
syringe.Thus, the Humulin(r) R insulin /rHuPH20
mixture that was delivered was 200 mL and contained
240 USP U rHuPH20 (2 mg), 20 U Humulin(r) R insulin,
0.16 mg Human Serum Albumin (from the 1OX HYLENEX
formulation, functioning to stabilize rHuPH20 against
adsorptive losses and also potentially to provide
stabilizing properties relative to insulin and/or act
as an oxidation scavenger); 3 mg glycerin (from the
Humulin(r) R formulation, acting as a pH buffer,
stabilizer of insulin and/or tonicity modifier); 0.4
mg m-cresol (from the Humulin(r) R formulation, acting
as an antimicrobial growth preservative present at
elevated concentrations to stabilize the insulin
hexamer conformation); 0.34 mg zinc (from the
Humulin(r) R formulation, acting to stabilize the
insulin hexamer conformation); 1.36 mg NaCl (from the
1OX Hylenex formulation and rHuPH20 API, acting as
tonicity modifier); 0.224 phosphate, sodium dibasic
(from the 1OX Hylenex formulation, for pH buffer);
0.161 mg EDTA, disodium (from the 1OX Hylenex
formulation, as metal chelator with the potential to
bind Zn2+ and Ca2+ ions); 0.048 mg calcium chloride
(from the 1OX Hylenex formulation, which forms a
complex with EDTA and can improve subcutaneous
injection comfort); water (as the solvent) and NaOH
and/or HCl for pH adjustment. B.
Hyperinsulinemic-Euglycemic Clamp Procedure The effect
of co-administration of rHuPH20 on pharmacokinetics
and pharmacodynamics of subcutaneously administered
Humalog insulin lispro or Humulin(r) R insulin was
assessed by taking blood samples to measure insulin
(i.e. Humalog(r) insulin lispro or Humulin R insulin)
and glucose levels. A Hyperinsulinemic-Euglycemic
Clamp Procedure was used to maintain plasma glucose
levels between 90-1 10 mg/dL so that the insulin
preparations could be administered without causing
hypoglycemia. The procedure consisted of initially
obtaining the subject's weight and height and
measuring the vital signs after resting in a sitting
position for 5 minutes. Both arms were placed in
heating pads to dilate the veins and IV catheters were
then inserted. A catheter was placed into the
antecubital vein of one arm for infusion of Dextrose
20 % via two separate stop cocks. The other
intra-arterial catheter was placed into the other arm
for sampling of arterialized blood for
glucosemeasurements. The heating pad can b e removed
from the glucose infusion site, but the retrograde
catheter site was maintained at 65 0C. An initial
blood sample was obtained to measure baseline glucose
30 minutes before injection of the insulin
preparations. Blood was sampled 10 minutes and 1
minute before injection of Humalog (r) insulin Hspro,
Humalog (r) insulin Hspro/rHuPH20, Humulin (r) R
insulin or Humulin (r) R insulin/rHuPH20, then every 3
minutes for the first 60 minutes, every 15 minutes
from 60 minutes to 3 hours, then every hour thereafter
to 6 hours. Each subjects' glucose levels were
analyzed throughout the procedure using a YSI 2300
Glucose Analyzer (YSI Inc.) and the glucose infusion
rate (GIR) was adjusted as necessary to maintain
plasma glucose between 90- 110 mg/dL. Circulating
levels of insulin were analyzed using a
radioimmunsorbant assay (RIA) that quantifies levels
of Humalog (r) insulin lispro and Humulin (r) R
insulin (Millipore BioPharma Services Division, St.
Charles MO). C. Effect of co-administration of rHuPH20
on the pharmacokinetics of fastacting insulin Several
parameters were measured to determine the effect of
co-administration of rHuPH20 on the pharmacokinetics
of fast-acting insulin composition Humalog (r) insulin
lispro and Humulin (r) R insulin. These included the
maximum measured insulin concentration during the
selected dosing interval (Cmax) ; time to Cmax (tmax)
and area under the concentration vs. time curves
(AUC), which was assessed for various time intervals.
1. Effect of co-administration of rHuPH20 and
Humalog(r) insulin on insulin pharmacokinetics The
insulin concentration for each time interval following
administration of Humalog (r) insulin lispro or
Humalog (r) insulin Hspro/rHuPH20 was assessed b y
RIA, and is set forth in Tables 5 and 6, respectively.
The AUC for the different time intervals (0 minutes to
x minutes; e.g. AUC0-3 minutes, AUCo- minutes, AUC0-9
minutes, etc.) also is provided, as is the relative
bioavailability (Frei), which is calculated as the
[AUC 0-X (Humulin (r) R insulin +rHuPH20)] / .[AUC
0-X(Humulin (r) R insulin alone]* 100. The incremental
slope, which is determined by calculating the change
ingeometric mean insulin levels over a time interval,
also is presented, as is the average slope change,
which is a smoothed average of three values of the
incremental slope. Table 5. Insulin concentration in
the blood following Humalog(r) insulin lispro
administration Table 6. Insulin concentration in the
blood following Co-Administration of Humalog (r)
insulin lispro and rHuPH20 Immunoreactive insulin
(pmol/L)The Cmax (pmol/L), tmax (minutes), and
AUC0-360 (min*pmol/L) for Humalog insulin lispro and
Humalog(r) insulin lispro co-administered with rHuPH20
is provided in Table 7. The AUC for the different time
intervals is provided in Table 8. The results indicate
that subjects who received the Humalog(r) insulin
Hspro/rHuPH20 dose had greater exposure to Humalog(r)
lispro insulin at early time intervals than those
dosed with Humalog(r) insulin lispro alone. Table 9
provides a summary of specific PK parameters for each
dosing sequence {e.g., PK for Humalog insulin lispro
/rHuPH20 administered 1st (1) or 2nd (2) and both
(all)), and a statistical summary demonstrating that
the dosing sequence did not have an effect on the
observedpharmacokinetics. The statistical analysis
determined the p-value of the difference in the PK
observed using the different treatment groups (i.e.
Humalog(r) insulin lispro alone versus Humalog(r)
insulin Hspro/rHuPH20), and the difference in the PK
observed using the different dosing sequences (i.e.
Humalog(r) insulin lispro alone first and then the
Humalog insulin Hspro/rHuPH20, versus Humalog insulin
Hspro/rHuPH20 first and then Humalog(r) insulin lispro
alone). Also provided in the table is the relative
bioavalability (Fre i) which is calculated as the
[AUCo-360 (Humalog(r) insulin /rHuPH20)] / [AUCo-360
(Humalog(r) insulin alone]* 100. For insulin PK,
median tmax was reduced by 54% with the
co-administration of rHuPH20, from 105 to 48 min
(p=0.0006), an effect seen in all 12 subjects. Mean
Cmax increased 87% from 697 pmol/L when subjects were
administered only Humalog(r) insulin lispro to 1,300
pmol/L (p=0.0003) with co-administration of rHuPH20.
AUC0-360m n increased 11% from 134,867 to 149,523
min*pmol/L, whereas at earlier time intervals
differences were more pronounced (i.e. AUCo-3Omm and
AUCo-6qm n increased 155% and 140%, respectively).
Inter-subject variability (SD/Mean) in tmax improved
from 34% when subjects received Humalog insulin lispro
alone to 17% when subjects received Humalog insulin
lispro in combination with rHuPH20. This example
demonstrates that Humalog insulin lispro, by
coadministration with a hyaluronan degrading enzyme
(rHuPH20) was rendered a super fast-acting insulin as
described here. Table 7. Pharmacokinetics of insulin
following subcutaneous Humalog insulin lispro
injection with and without co-administration of
rHuPH20CYCLIC INHIBITORS OF 11BETA-HYDROXYSTEROID
DEHYDROGENASE 1 RELATED APPLICATIONS This application
claims the benefit of U.S. Provisional Application No.
61/206,785, filed on February 4, 2009, U.S.
Provisional Application No. 61/137,148, filed on July
25, 2008, and U.S. Provisional Application No.
61/049,650, filed May 1, 2008. This application also
claims priority to International Application No.
PCT/2008/009017, which designated the United States
and was filed on July 25, 2008, published in English,
which claims the benefit of U.S. Provisional
Application No. 61/049,650, filed May 1, 2008. The
entire teachings of the above applications are
incorporated herein by reference. FIELD OF THE
INVENTION The present invention relates to inhibitors
of 11b-hydroxysteroid dehydrogenase type 1 ( 1
1b-HSD1), pharmaceutical compositions thereof and
methods of using the same. BACKGROUND OF THE INVENTION
Glucocorticoids, such as Cortisol (hydrocortisone),
are steroid hormones that regulate fat metabolism,
function and distribution, and play a role in
carbohydrate, protein and fat metabolism.
Glucocorticoids are also known to have physiological
effects on development, neurobiology, inflammation,
blood pressure, metabolism, and programmed cell death.
Cortisol and other corticosteroids bind both the
glucocorticoid receptor (GR) and the mineralocorticoid
receptor (MR), which are members of the nuclear
hormone receptor superfamily and have been shown to
mediate Cortisol function in vivo. These receptors
directly modulate transcription via DNA-binding zinc
finger domains and transcriptional activation domains.
Until recently, the major determinants of
glucocorticoid action were attributed to three primary
factors: (1) circulating levels of glucocorticoid
(driven primarily by the
hypothalamic-pituitary-adrenal (HPA) axis); (2)
protein binding of glucocorticoids in circulation; and
(3) intracellular receptor density inside target
tissues. Recently, afourth determinant of
glucocorticoid function has been identified:
tissue-specific prereceptor metabolism by
glucocorticoid-activating and -inactivating enzymes.
These 11b-hydroxysteroid dehydrogenase ( 11b-HSD)
pre-receptor control enzymes modulate activation of GR
and MR by regulation of glucocorticoid hormones. To
date, two distinct isozymes of 11-beta-HSD have been
cloned and characterized: 11b- HSD1 (also known as
11-beta-HSD type 1, 11betaHSDI , HSD1 1B 1, HDL and
HSD1 1L) and 11b-HSD2. 11b-HSD1 is a bi-directional
oxidoreductase that regenerates active Cortisol from
inactive 11-keto forms, whereas 11b-HSD2 is a
unidirectional dehydrogenase that inactivates
biologically active Cortisol by converting it into
cortisone. The two isoforms are expressed in a
distinct tissue-specific fashion, consistent with the
differences in their physiological roles. 11b-HSD1 is
widely distributed in rat and human tissues;
expression of the enzyme and corresponding mRNA have
been detected in human liver, adipose tissue, lung,
testis, bone and ciliary epithelium. In adipose
tissue, increased Cortisol concentrations stimulate
adipocyte differentiation and may play a role in
promoting visceral obesity. In the eye, 1 1b-HSD1 may
regulate intraocular pressure and may contribute to
glaucoma; some data suggest that inhibition of
11b-HSD1 may cause a drop in intraocular pressure in
patients with intraocular hypertension (Kotelevstev et
al. (1997), Proc. Natl. Acad. Sci. USA 94(26):
14924-9). Although 11b-HSD1 catalyzes both
11-beta-dehydrogenation and the reverse
11-oxoreduction reaction, 11b-HSD1 acts predominantly
as a NADPHdependent oxoreductase in intact cells and
tissues, catalyzing the formation of active Cortisol
from inert cortisone (Low et al. (1994) J. MoI.
Endocrin. 13: 167-174). In contradistinction, 11b-HSD2
expression is found mainly in mineralocorticoid target
tissues such as kidney (cortex and medulla), placenta,
sigmoid and rectal colon, salivary gland and colonic
epithelial cell lines. 11b-HSD2 acts as an
NAD-dependent dehydrogenase catalyzing the
inactivation of Cortisol to cortisone (Albiston et al.
(1994) MoI. Cell. Endocrin. 105: R11-R17), and has
been shown to protect the MR from glucocorticoid
excess (e.g., high levels of receptor-active Cortisol)
(Blum, et al. (2003) Prog. Nucl. Acid Res. MoI. Biol.
75:173-216). Mutations in either the 11b-HSD1 or the
11b-HSD2 genes result in human pathology. For example,
individuals with mutations in 11b-HSD2 are deficient
in thiscortisol-inactivation activity and, as a
result, present with a syndrome of apparent
mineralocorticoid excess (also referred to as 'SAME')
characterized by hypertension, hypokalemia, and sodium
retention (Edwards et al. (1988) Lancet 2: 986-989;
Wilson et al. (1998) Proc. Natl. Acad. Sci. 95:
10200-10205). Similarly, mutations in 11b- HSD1 and in
the gene encoding a co-localized NADPH-generating
enzyme, hexose 6- phosphate dehydrogenase (H6PD), can
result in cortisone reductase deficiency (CRD); these
individuals present with ACTH-mediated androgen excess
(hirsutism, menstrual irregularity, hyperandrogenism),
a phenotype resembling polycystic ovary syndrome
(PCOS) (Draper et al. (2003) Nat. Genet. 34: 434-439).
Notably, disruption of homeostasis in the HPA axis by
either deficient or excess secretion or action results
in Cushing's syndrome or Addison's disease,
respectively (Miller and Chrousos (2001) Endocrinology
and Metabolism, eds. FeNg and Frohman (McGraw-Hill,
New York), 4th Ed.: 387-524). Patients with Cushing's
syndrome or receiving glucocorticoid therapy develop
reversible visceral fat obesity. The phenotype of
Cushing's syndrome patients closely resembles that of
Reaven's metabolic syndrome (also known as Syndrome X
or insulin resistance syndrome), the symptoms of which
include visceral obesity, glucose intolerance, insulin
resistance, hypertension, type 2 diabetes and
hyperlipidemia (Reaven (1993) Ann. Rev. Med. 44:
121-131). Although the role of glucocorticoids in
human obesity is not fully characterized, there is
mounting evidence that 11b-HSD1 activity plays an
important role in obesity and metabolic syndrome
(Bujalska et al. (1997) Lancet 349: 1210- 1213);
(Livingstone et al. (2000) Endocrinology 131 :
560-563; Rask et al. (2001) J. Clin. Endocrinol.
Metab. 86: 1418-1421 ; Lindsay et al. (2003) J . Clin.
Endocrinol. Metab. 88: 2738-2744; Wake et al. (2003)
J. Clin. Endocrinol. Metab. 88: 3983-3988). Data from
studies in mouse transgenic models supports the
hypothesis that adipocyte 11b-HSD1 activity plays a
central role in visceral obesity and metabolic
syndrome (Alberts et al. (2002) Diabetologia. 45(1 1):
1526-32). Over-expression in adipose tissue of
11b-HSD1 under the control of the aP2 promoter in
transgenic mice produced a phenotype remarkably
similar to human metabolic syndrome (Masuzaki et al.
(2001) Science 294: 2166-2170; Masuzaki et al. (2003)
J. Clinical Invest. 112: 83- 90). Moreover, the
increased activity of 11b-HSD1 in these mice is very
similar to that observed in human obesity (Rask et al.
(2001) J. Clin. Endocrinol. Metab. 86: 1418-1421). In
addition, data from studies with 11b-HSD1 -deficient
mice produced by homologous recombination demonstrate
that the loss of 11b-HSD1 leads to an increase in
insulin sensitivity and glucose tolerance due to a
tissue-specific deficiency in active glucocorticoid
levels (Kotelevstev et al. (1997) Proc. Natl. Acad.
Sci. 94: 14924-14929; Morton et al. (2001) J. Biol.
Chem. 276: 41293-41300; Morton et al. (2004) Diabetes
53: 931-938). The published data supports the
hypothesis that increased expression of 11b- HSD1
contributes to increased local conversion of cortisone
to Cortisol in adipose tissue and hence that 11b-HSD1
plays a role in the pathogenesis of central obesity
and the appearance of the metabolic syndrome in humans
(Engeli, et al., (2004) Obes. Res. 12: 9-17).
Therefore, 11b-HSD1 is a promising pharmaceutical
target for the treatment of the metabolic syndrome
(Masuzaki, et al., (2003) Curr. Drug Targets Immune
Endocr. Metabol. Disord. 3: 255-62). Furthermore,
inhibition of 11b-HSD1 activity may prove beneficial
in treating numerous glucocorticoid-related disorders.
For example, 11b-HSD1 inhibitors could be effective in
combating obesity and/or aspects of the metabolic
syndrome cluster, including glucose intolerance,
insulin resistance, hyperglycemia, hypertension,
and/or hyperlipidemia (Kotelevstev et al. (1997) Proc.
Natl. Acad. Sci. 94: 14924-14929; Morton et al. (2001)
J. Biol. Chem. 276: 41293-41300; Morton et al. (2004)
Diabetes 53: 931-938). In addition, inhibition of
11b-HSD1 activity may have beneficial effects on the
pancreas, including the enhancement of
glucose-stimulated insulin release (Billaudel and
Sutter (1979) Horm. Metab. Res. 11: 555-560; Ogawa et
al. (1992) J . Clin. Invest. 90: 497-504; Davani et
al. (2000) J. Biol. Chem. 275: 34841-34844).
Furthermore, given that inter-individual differences
in general cognitive function have been linked to
variability in the long-term exposure to
glucocorticoids (Lupien et al. (1998) Nat. Neurosci.
1: 69-73) and dysregulation of the HPA axis resulting
in chronic exposure to glucocorticoid excess in
certain brain subregions has been theorized to
contribute to the decline of cognitive function
(McEwen and Sapolsky (1995) Curr. Opin. Neurobiol. 5:
205-216), one might predict that inhibition of 11b-
HSD1 could reduce exposure to glucocorticoids in the
brain and thereby protect against deleterious
glucocorticoid effects on neuronal function, including
cognitive impairment, dementia, and/or depression.
Notably, it is known that stress andglucocorticoids
influence cognitive function (de Quervain et al.
(1998) Nature 394: 787-790); and it has been shown
that 11b-HSD1 , through its control of glucocorticoid
action in the brain, may have effects on neurotoxicity
(Rajan et al. (1996) Neuroscience 16: 65-70; Seckl
(2000) Neuroendocrinol. 18:49-99). There is also
evidence that glucocorticoids and 11b-HSD1 play a role
in regulation of in intra-ocular pressure (lOP)
(Stokes et al. (2000) Invest. Ophthalmol. Vis. Sci.
41: 1629-1683; Rauz et al. (2001) Invest. Ophthalmol.
Vis. Sci. 42: 2037- 2042); if left untreated, elevated
IOP can lead to partial visual field loss and
eventually blindness. Thus, inhibition of 11b-HSD1 in
the eye could reduce local glucocorticoid
concentrations and IOP, and 11b-HSD1 hence could
potentially be used to treat glaucoma and other visual
disorders. Transgenic aP2-1 1bHSD1 mice exhibit high
arterial blood pressure and have increased sensitivity
to dietary salt. Moreover, plasma angiotensinogen
levels are elevated in the transgenic mice, as are
angiotensin Il and aldosterone; and treatment of the
mice with an angiotensin Il antagonist alleviates the
hypertension (Masuzaki et al. (2003) J. Clinical
Invest. 112: 83-90). This suggests that hypertension
may be caused or exacerbated by 11b-HSD1 activity.
Thus, 11b-HSD1 inhibitors may be useful for treatment
of hypertension and hypertension-related
cardiovascular disorders. Inhibition of 11b-HSD1 in
mature adipocytes is also expected to attenuate
secretion of plasminogen activator inhibitor 1
(PAI-1), which is an independent cardiovascular risk
factor (Halleux et al. (1999) J. Clin. Endocrinol.
Metabl. 84: 4097- 4105). Glucocorticoids can have
adverse effects on skeletal tissues; and prolonged
exposure to even moderate glucocorticoid doses can
result in osteoporosis (Cannalis (1996) J . Clin.
Endocrinol. Metab. 8 1: 3441-3447). In addition,
11b-HSD1 has been shown to be present in cultures of
human primary osteoblasts as well as cells from adult
bone (Cooper et al. (2000) Bone 27: 375-381), and the
11b-HSD1 inhibitor carbenoxolone has been shown to
attenuate the negative effects of glucocorticoids on
bone nodule formation (Bellows et al. (1998) Bone 23:
119-125). Thus, inhibition of 11b-HSD1 is predicted to
decrease the local glucocorticoid concentration within
osteoblasts and osteoclasts, thereby producing
beneficial effects in various forms of bone disease,
including osteoporosis.11b-HSD1 inhibitors may also be
useful for immunomodulation. Although glucocorticoids
are perceived to suppress the immune system, in
actuality, there is a complex, dynamic interaction
between the HPA axis and the immune system (Rook
(1999) Banner's Clin. Endocrinol. Metabl. 13:
576-581). Glucocorticoids play a role in modulating
the balance between cell-mediated and humoral immune
response, with high glucocorticoid activity normally
associated with a humoral response. Inhibition of
11b-HSD1 therefore can be used a means of shifting the
immune response towards a cell-mediated response.
Certain disease states, such as tuberculosis, leprosy
(Hansen's disease) and psoriasis, trigger immune
responses that are biased towards a humoral response
whereas the more effective immune response may be a
cellmediated response. Hence, 11b-HSD1 inhibitors may
be useful for treating such diseases. It has been
reported that glucocorticoids inhibit wound healing,
especially in diabetic patients with ulcers (Bitar et
al. (1999) J. Surg. Res. 82: 234-243; Bitar et al.
(1999) Surgery 125: 594-601 ; Bitar (2000) Surgery
127: 687-695; Bitar (1998) Am. J. Pathol. 152:
547-554). Patients that exhibit impaired glucose
tolerance and/or type 2 diabetes often also have
impaired wound healing. Glucocorticoids have been
shown to increase the risk of infection and delay
wound healing (Anstead (1998) Adv. Wound Care
11:277-285). Moreover, there is a correlation between
elevated levels of Cortisol in wound fluid and
non-healing wounds (EP Patent App. No. 0 902 288).
Recent published patent applications have suggested
that certain 11b-HSD1 inhibitors may be useful for
promoting wound healing (PCT/US2006/043,951). As
evidenced herein, there is a continuing need for new
and improved drugs that inhibit 11b-HSD1 . The novel
compounds of the instant invention are effective
inhibitors of 11b-HSD1 . SUMMARY OF THE INVENTION It
has now been found that compounds of Formula Im1 or
pharmaceutically acceptable salts thereof, are
effective inhibitors of 11b-HSD1 .The invention is a
compound represented by Formula (Im1) or a
pharmaceutically acceptable salt, enantiomer or
diastereomer thereof. In a first embodiment of the
invention, Formula Im1 and its constituent members are
defined herein as follows: R1 is (a) absent or (b) is
selected from (CrC 6)alkyl, (C2-C6)alkenyl, (C2-
C6)alkynyl, (Ci-C 3)alkoxy(Ci-C 3)alkoxy, or
(C1-C3)alkoxy(Ci-C 3)alkyl and is optionally
substituted with up to four groups independently
selected from fluorine, cyano, oxo, R4, R4O-, (R4)2N-,
R4O2C-, R4S, R4S(=O)-, R4S(=O)2- , R4C(=O)NR4- ,
(R4)2NC(=O)-, (R4)2NC(=O)O-, (R4)2NC(=O)NR4- ,
R4OC(=O)NR4- , (R4) 2NC(=NCN)NR4- , (R4O)2P(=O)O-,
(R4O)2P(=O)NR4- , R4OS(=O)2NR4- , (R4)2NS(=O)2O-,
(R4)2NS(=O)2NR4- , R4S(=O)2NR4- , R4S(=O)2NHC(=O)-,
R4S(=O)2NHC(=O)O-, R4S(=O)2NHC(=O)NR4- ,
R4OS(=O)2NHC(=O)-, R4OS(=O)2NHC(=O)O-,
R4OS(=O)2NHC(=O)NR4- , (R4)2NS(=O)2NHC(=O)-,
(R4)2NS(=O)2NHC(=O)O-, (R4)2NS(=O)2NHC(=O)NR4- ,
R4C(=O)NHS(=O) 2- , R4C(=O)NHS(=O) 2O-, R4C(=O)NHS(=O)
2NR4- , R4OC(=O)NHS(=O) 2- , R4OC(=O)NHS(=O) 2O-,
R4OC(=O)NHS(=O) 2NR4- , (R4)2NC(=O)NHS(=O) 2- ,
(R4)2NC(=O)NHS(=O) 2O-, (R4)2NC(=O)NHS(=O)2NR4- ,
heterocyclyl, heteroaryl, arylamino and
heteroarylamino; A1 is (a) a bond, or (b) (Ci-C
3)alkylene, CH2CH2O, wherein the oxygen is attached to
Cy1, or CH2C(=O), wherein the carbonyl carbon is
attached to Cy1; Cy1 is aryl, heteroaryl, monocyclic
cycloalkyl or monocyclic heterocyclyl and is
optionally substituted with 1 to 4 groups
independently selected from fluorine, chlorine,
bromine, iodine, cyano, nitro, amino, hydroxy,
carboxy, (Ci-C 6)alkyl, hydroxy(Cr C6)alkyl,
(C3-C6)cycloalkyl, hydroxy(C3-C6)cycloalkyl, (C4-
C7)cycloalkylalkyl, (C2-C6)alkenyl,
halo(C2-C6)alkenyl, hydroxy(C 2-C6)alkenyl, (C2-
C6)alkynyl, (C3-C6)cycloalkyl(C 2-C4)alkynyl,
halo(Ci-C 6)alkyl, halo(C3-C6)cycloalkyl,
halo(C4-C7)cycloalkylalkyl, (CrCeJalkoxy,
(C3-C6)cycloalkoxy, (C4- C7)cycloalkylalkoxy, halo(CrC
6)alkoxy, halo(C3-C6)cycloalkoxy,
halo(C4-C7)cycloalkylalkoxy, (Cr C6)alkylthio,
(C3-C6)cycloatkythio, (C4-C7)cycloalkylalkylthio,
halo(CrC 6)alkylthio, halo(C 3-C6)cycloalkythio,
halo(C 4-C7)cycloalkylalkylthio, (C1-
C6)alkanesulfinyl, (C3-C6)cycloalkanesulfinyl,
(C4-C7)cycloalkylalkanesulfinyl, halo(C r
C6)alkanesulfinyl, halo(C 3-C6)cycloalkanesulfinyl,
halo(C 4- C7)cycloalkylalkanesulf inyl, (CrC
6)alkanesulfonyl, (C3-C6)cycloalkanesulfonyl, (C4-
C7)cycloalkylalkanesulfonyl, halo(Ci-C
6)alkanesulfonyl, halo(C 3- C6)cycloalkanesulfonyl,
halo(C 4-C7)cyclo-alkylalkanesulfonyl, (Ci-C
6)alkylamino, di(Ci-C 6)alkylamino, (Ci-C
6)alkoxy(Ci-C 6)alkoxy, halo(CrC 6)alkoxy(Ci-C
6)alkoxy, (CrC 6)alkoxycarbonyl, H2NCO, H2NSO2,
(CrCeJalkylaminocarbonyl, CIi(C1- 



C6)alkylaminocarbonyl, (CrC 3)alkoxy(Ci-C
3)alkylaminocarbonyl, heterocyclylcarbonyl, (Ci-C
6)alkylaminosulfonyl, di(Ci-C 6)alkylaminosulfonyl,
heterocyclylsulfonyl, (CrC Jalkylcarbonylamino, (Ci-C
6)alkylcarbonylamino(Ci- C6)alkyl, (Ci-C
6)alkylsulfonylamino, (Ci-C 6)alkylsulfonylamino(Ci-C
6)alkyl, (C1- C6)alkoxycarbonyl(Ci-C 6)alkoxy, (Ci-C
6)alkoxy(CrC 6)alkyl, halo(Ci-C 6)alkoxy(Cr C6)alkyl,
hydroxy(CrC 6)alkoxy, heteroaryl oxo, amino(Ci-C
6)alkyl, (C1- C6)alkylamino(CrC 6)alkyl, di(C
1-C6)alkylamino(C 1-C6)alkyl amino(C2-C 6)alkoxy, (C1-
C6)alkylamino(C 2-C6)alkoxy, di(CrC 6)alkylamino(C
2-C6)alkoxy, (C1-C6)alkylcarbonyl,
(C3-C6)cycloalkylcarbonyl,
(C3-C6)cycloalkylaminocarbonyl, {(C
3-C6)cycloalkyl}{(Cr C6)alkyl}aminocarbonyl, di(C
3-C6)cycloalkylanninocarbonyl, (C3-
C6)cycloalkylaminosulfonyl, {(C 3-C6)cycloalkyl}{(CrC
6)alkyl}aminosulfonyl, di(C 3-
C6)cycloalkylaminosulfonyl, cyano(C r C6)alkyl,
aminocarbonyl(C- i-C6)alkyl, (C1-
C6)alkylaminocarbonyl(CrC 6)alkyl, di(C
1-C6)alkylaminocarbonyl(C 1-C6)alkyl, (C3-
C6)cycloalkylaminocarbonyl(CrC 6)alkyl, {(C
3-C6)cycloalkylK(Cr C6)alkyl}aminocarbonyl(C
1-C6)alkyl and di(C 3-C6)cycloalkylaminocarbonyl(C r
C6)alkyl; The oxodihydropyridyl ring in Formula Im1 is
optionally substituted with 1 to 4 groups
independently selected from fluorine, chlorine,
bromine, iodine, cyano, nitro, amino, hydroxy,
carboxy, (CrC 6)alkyl, hydroxy(C r C6)alkyl, (C3-
C6)cycloalkyl, hydroxy(C 3-C6)cycloalkyl,
(C4-C7)cycloalkylalkyl, (C2-C6)alkenyl, halo(C
2-C6)alkenyl, hydroxy(C 2-C6)alkenyl, (C2-C6)alkynyl,
(C3-C6)cycloalkyl(C 2- C4)alkynyl, halo(CrC 6)alkyl,
halo(C 3-C6)cycloalkyl, halo(C 4-C7)cycloalkylalkyl,
(C1- C6)alkoxy, (C3-C6)cycloalkoxy,
(C4-C7)cycloalkylalkoxy, halo(CrC 6)alkoxy, halo(C 3-
C6)cycloalkoxy, halo(C 4-C7)cycloalkylalkoxy, (CrC
6)alkylthio, (C3-C6)cycloalkythio,
(C4-C7)cycloalkylalkylthio, halo(CrC 6)alkylthio,
halo(C 3-C6)cycloalkythio, halo(C
4-C7)cycloalkylalkylthio, (Ci-C 6)alkanesulf inyl,
(C3-C6)cycloalkanesulfinyl, (C4-
C7)cycloalkylalkanesulfinyl, halo(Ci-C
6)alkanesulfinyl, halo(C3-C6)cycloalkanesulfinyl,
halo(C4-C7)cycloalkylalkanesulfinyl, (Ci-C
6)alkanesulfonyl, (C3- C6)cycloalkanesulfonyl,
(C4-C7)cycloalkylalkanesulfonyl, halo(Cr
C6)alkanesulfonyl, halo(C3-C6)cycloalkanesulfonyl,
halo(C4-C7)cyclo-alkylalkanesulfonyl, (C1-
C6)alkylamino, di(CrC 6)alkylamino, (CrC 6)alkoxy(Ci-C
6)alkoxy, halo(d- C6)alkoxy(CrC 6)alkoxy, (Ci-C
6)alkoxycarbonyl, H2NCO, H2NSO2, (C1-
C6)alkylaminocarbonyl, di(CrC 6)alkylaminocarbonyl,
(Ci-C 3)alkoxy(Ci- C3)alkylaminocarbonyl,
heterocyclylcarbonyl, (Ci-C 6)alkylaminosulfonyl,
di(Ci- C Jalkylaminosulfonyl, heterocyclylsulfonyl,
(CrC Jalkylcarbonylamino, (C1-
C6)alkylcarbonylamino(CrC 6)alkyl, (CrC
6)alkylsulfonylamino, (C1- C6)alkylsulfonylamino(C
1-C6)alkyl, (CrC 6)alkoxycarbonyl(CrC 6)alkoxy, (C1-
C6)alkoxy(CrC 6)alkyl, halo(C1-C6)alkoxy(C1-C6)alkyl,
hydroxy^-CeJalkoxy, heteroaryl, oxo, amino(CrC
6)alkyl, (CrC 6)alkylamino(CrC6)alkyl, di(Ci-
C6)alkylamino(C 1-C6)alkyl amino(C2-C6)alkoxy,
(CrC6)alkylamino(C2-C 6)alkoxy, di(C-i-
C6)alkylamino(C 2-C6)alkoxy, (d-CeJalkylcarbonyl,
(C3-C6)cycloalkylcarbonyl, (C3-
C6)cycloalkylaminocarbonyl, {(C3-C6)cycloalkyl}{(C
1-C6)alkyl}aminocarbonyl, di(C3-
C6)cycloalkylaminocarbonyl,
(C3-C6)cycloalkylaminosulfonyl,
{(C3-C6)cycloalkyl}{(Cr C6)alkyl}aminosulfonyl,
di(C3-C6)cycloalkylaminosulfonyl, cyano(CrC 6)alkyl,
aminocarbonyl(CrC 6)alkyl, (C1-C6)alkylaminocarbonyl(C
1-C6)alkyl, di(Cr C6)alkylaminocarbonyl(CrC 6)alkyl,
(C3-C6)cycloalkylaminocarbonyl(C 1-C6)alkyl, ((C3-
C6)cycloalkyl}{(CrC 6)alkyl}aminocarbonyl(CrC 6)alkyl
and di(C3- C6)cycloalkylaminocarbonyl(CrC 6)alkyl; E
is (a) a bond or (b) (d-C^alkylene or (Cr
C2)alkylenyloxy, wherein the O is attached to R2, each
of which is optionally substituted with 1 to 4 groups
independently selected from methyl, ethyl,
trifluoromethyl or oxo; R2 is (CrC 6)alkyl, aryl,
heteroaryl, cycloalkyl or heterocyclyl and is
optionally substituted with up to 4 groups
independently selected from fluorine, chlorine,
bromine, iodine, cyano, nitro, amino, hydroxy,
carboxy, (Ci-C 6)alkyl, hydroxy(C C6)alkyl,
(C3-C6)cycloalkyl, hydroxy(C3-C6)cycloalkyl,
(C4-C7)cycloalkylalkyl, (C2- C6)alkenyl,
halo(C2-C6)alkenyl, hydroxy(C2-C6)alkenyl,
(C2-C6)alkynyl, (C3- C6)cycloalkyl(C 2-C4)alkynyl,
halo(C1-C6)alkyl, halo(C3-C6)cycloalkyl, halo(C4-
C7)cycloalkylalkyl, (Cr C6)alkoxy, (C3-C6)cycloalkoxy,
(C4-C7)cycloalkylalkoxy,halo(CrC 6)alkoxy,
halo(C3-C6)cycloalkoxy, halo(C4-C7)cycloalkylalkoxy,
(Cr C6)alkylthio, (C3-C6)cycloalkythio,
(C4-C7)cycloalkylalkylthio, halo(d- C6)alkylthio,
halo(C3-C6)cycloalkythio,
halo(C4-C7)cycloalkylalkylthio, (d- C6)alkanesulfinyl,
(C3-C6)cycloalkanesulfinyl,
(C4-C7)cycloalkylalkanesulf inyl, halo(CrC
6)alkanesulfinyl, halo(C3-C6)cycloalkanesulfinyl,
halo(C4-C7)cycloalkylalkanesulfinyl, (CrC
6)alkanesulfonyl, (C3-C6)cycloalkanesulfonyl,
(C4-C7)cycloalkylalkanesulfonyl, halo(Cr
C6)alkanesulfonyl, halo(C3-C6)cycloalkanesulfonyl,
halo(C4- C7)cyclo-alkylalkanesulfonyl, (Ci-C
6)alkylamino, di(Ci-C 6)alkylamino, (Ci-
C6)alkoxy(Ci-C 6)alkoxy, halo(Ci-C 6)alkoxy(C r
C6)alkoxy, (CrC 6)alkoxycarbonyl, H2NCO, H2NSO2, (CrC
Jalkylaminocarbonyl, di(CrC 6)alkylaminocarbonyl, (d-
C3)alkoxy(Ci-C 3)alkylaminocarbonyl,
heterocyclylcarbonyl, (Ci-C 6)alkylaminosulfonyl,
di(CrC 6)alkylaminosulfonyl, heterocyclylsulfonyl,
(Ci-C 6)alkylcarbonylamino, (d-
C6)alkylcarbonylamino(CrC 6)alkyl, (Ci-C
6)alkylsulfonylamino, (d- C6)alkylsulfonylamino(Ci-C
6)alkyl, (CrC 6)alkoxycarbonyl(Ci-C 6)alkoxy, (d-
C6)alkoxy(Ci-C 6)alkyl, halo(CrC 6)alkoxy(Ci-C
6)alkyl, hydroxy(d-C 6)alkoxy, heteroaryl, oxo,
amino(Ci-C 6)alkyl, (d-C 6)alkylamino(Ci-C 6)alkyl,
di(d- C6)alkylamino(CrC 6)alkyl amino(C2-C6)alkoxy,
(d-C 6)alkylamino(C2-C6)alkoxy, di(d- C6)alkylamino(C
2-C6)alkoxy, (d-C 6)alkylcarbonyl,
(C3-C6)cycloalkylcarbonyl, (C3-
C6)cycloalkylaminocarbonyl, {(C3-C6)cycloalkyl}{(d-C
6)alkyl}aminocarbonyl, di(C3-
C6)cycloalkylaminocarbonyl,
(C3-C6)cycloalkylaminosulfonyl, {(C3-C6)cycloalkyic
(d- C6)alkyl}aminosulfonyl,
di(C3-C6)cycloalkylaminosulfonyl, cyano(CrC 6)alkyl,
aminocarbonyl(Ci-C 6)alkyl, (Ci-C
6)alkylaminocarbonyl(d-C 6)alkyl, di(Ci-
C6)alkylaminocarbonyl(Ci-C 6)alkyl,
(C3-C6)cycloalkylaminocarbonyl(Ci-C 6)alkyl, ((C3-
C6)cycloalkyl}{(Ci-C 6)alkyl}aminocarbonyl(Ci-C
6)alkyl and di(C3- C6)cycloalkylaminocarbonyl(Ci-C
6)alkyl; R3 is selected from (d-C 6)alkyl,
(C2-C6)alkenyl, (C2-C6)alkynyl, (C3- C5)cycloalkyl(C r
C4)alkyl, (d-C 3)alkoxy(Ci-C 3)alkoxy, or (Ci-C
3)alkoxy(Cr C3)alkyl and is optionally substituted
with up to four groups independently selected from
fluorine, cyano, oxo, R4, R4O-, (R4)2N-, R4O2C-,
R4C(=O)O-, R4S, R4S(=O)-, R4S(=O)2- , R4C(=O)NR4- ,
(R4)2NC(=O)-, (R4)2NC(=O)O-, (R4)2NC(=O)NR4- ,
R4OC(=O)NR4- , (R4) 2NC(=NCN)NR4- , (R4O)2P(=O)O-,
(R4O)2P(=O)NR4- , R4OS(=O)2NR4- , (R4)2NS(=O)2O-,
(R4)2NS(=O)2NR4- , R4S(=O)2NR4- , R4S(=O)2NHC(=O)-,
R4S(=O)2NHC(=O)O-, R4S(=O)2NHC(=O)NR4-
,R4OS(=O)2NHC(=O)-, R4OS(=O)2NHC(=O)O-,
R4OS(=O)2NHC(=O)NR4- , (R4)2NS(=O)2NHC(=O)-,
(R4)2NS(=O)2NHC(=O)O-, (R4)2NS(=O)2NHC(=O)NR4- ,
R4C(=O)NHS(=O) 2- , R4C(=O)NHS(=O) 2O-, R4C(=O)NHS(=O)
2NR4- , R4OC(=O)NHS(=O) 2- , R4OC(=O)NHS(=O) 2O-,
R4OC(=O)NHS(=O) 2NR4- , (R4)2NC(=O)NHS(=O) 2- ,
(R4)2NC(=O)NHS(=O) 2O-, (R4)2NC(=O)NHS(=O) 2NR4- ,
spirocycloalkyl; heterocyclyl (which in turn may be
optionally substituted with alkyl, haloalkyl, halogen
or oxo), heteroaryl (which in turn may be optionally
substituted with alkyl, haloalkyl, alkoxy, alkylthio,
alkylsulfonyl, halogen, trifluoromethyl, dialkylamino,
nitro, cyano, CO2H, CONH2, N-monoalkyl-substituted
amido, N,N-dialkyl-substituted amido, or oxo),
arylamino (which in turn may be optionally substituted
with alkyl, alkoxy, alkylthio, alkylsulfonyl, halogen,
trifluoromethyl, dialkylamino, nitro, cyano, CO2H,
CONH2, N-monoalkyl-substituted amido and
N,N-dialkyl-substituted amido) and heteroarylamino
(which in turn may be optionally substituted with
alkyl, haloalkyl, alkoxy, alkylthio, alkylsulfonyl,
halogen, trifluoromethyl, dialkylamino, nitro, cyano,
CO2H, CONH2, N-monoalkyl-substituted amido,
N,N-dialkyl-substituted amido, or oxo); and R4 is
independently selected from H, (Ci-C 6)alkyl, halo(Cr
C6)alkyl, amino(C C6)alkyl, (CrC 6)alkylamino(Ci-C
6)alkyl, di(Ci-C 6)alkylamino(Ci-C 6)alkyl, hydroxy(C
r C6)alkyl and (Ci-C 6)alkoxy(CrC 6)alkyl.
Alternatively, the first embodiment above excludes the
compounds of structural formulas PR-221 and PR-313, or
a pharmaceutically acceptable salt, enantiomer or
diastereomer thereof. Another embodiment of the
invention is a pharmaceutical composition comprising
i) a pharmaceutically acceptable carrier or diluent,
and ii) a compound of Formulas Ik, Im1, Im2, Im5, In1,
In2, In5, lo\ lo2, lo5, Ip1 or Ip3, or a
pharmaceutically acceptable salt, enantiomer or
diastereomer thereof. Another embodiment of the
invention is a method of inhibiting 11b-HSD1 activity
comprising the step of administering to a mammal in
need of such treatment an effective amount of a
compound of Formulas Ik, Im1, Im2, Im5, In1, In2, In5,
lo1, lo2, lo5, Ip1 or Ip3, or a pharmaceutically
acceptable salt, enantiomer or diastereomer thereof.
Another embodiment of the invention is a method of
treating a subject with a disease associated with the
activity or expression of 11b-HSD1 , comprising the
stepof administering to the subject an effective
amount of a compound of Formulas Ik, Im1, Im2, Im5,
In1, In2, In5, lo1, lo2, lo5, Ip1 or Ip3, or a
pharmaceutically acceptable salt, enantiomer or
diastereomer thereof. Another embodiment of the
invention is the use of a compound of Formulas Ik,
Im1, Im2, Im5, In1, In2, In5, lo1, lo2, lo5, Ip1 or
Ip3, or a pharmaceutically acceptable salt, enantiomer
or diastereomer thereof for the manufacture of a
medicament for inhibiting 11b-HSD1 activity in a
mammal in need of such treatment. Another embodiment
of the invention is the use of a compound of Formulas
Ik, Im1, Im2, Im5, In1, In2, In5, lo1, lo2, lo5, Ip1
or Ip3, or a pharmaceutically acceptable salt,
enantiomer or diastereomer thereof for the manufacture
of a medicament for treating a subject with a disease
associated with the activity or expression of
11b-HSD1. Another embodiment of the invention is a
compound of Formulas Ik, Im1, Im2, Im5, In1, In2, In5,
lo1, lo2, lo5, Ip1 or Ip3, or a pharmaceutically
acceptable salt, enantiomer or diastereomer thereof
for use in inhibiting 11b-HSD1 activity in a mammal in
need of such treatment. Another embodiment of the
invention is a compound of Ik, Im1, Im2, Im5, In1,
In2, In5, lo1, lo2, lo5, Ip1 or Ip3, or a
pharmaceutically acceptable salt, enantiomer or
diastereomer thereof for use in for treating a subject
with a disease associated with the activity or
expression of 11b-HSD1 . DETAILED DESCRIPTION OF THE
INVENTION Another embodiment of the invention is a
compound of Formula Ik: or a pharmaceutically
acceptable salt, enantiomer or diastereomer thereof;
R1a is absent or is methyl or ethyl; Cy2 is 2-0X0-1
,2-dihydropyridyl optionally substituted by 1 to 4
groups independently selected from halo, hydroxy,
methoxy, hydroxymethyl, methoxycarbonyl, amino,
carbamoyl, methylcarbamoyl, dimethylcarbamoyl,
(2-methoxyethyl)aminocarbonyl, acetylaminomethyl,
methylsulfonyl, methylsulfonylamino,
methylaminosulfonyl, isopropylaminosulfonyl,
dimethylaminosulfonyl, pyrrolidine-1-sulfonyl,
methylsulfonylaminomethyl, tetrazolyl, methyl,
trifluoromethyl, acetyl, 2-hydroxyethyl and
1-aminoethyl; R2 is phenyl, thienyl, pyridyl or
isopropyl each optionally substituted with halo,
methyl, methylthio or (4-morpholino)methyl; and R3 is
methyl, ethyl, propyl, butyl, vinyl, allyl or
ethoxyethyl each optionally substituted with up to two
groups independently selected from Methyl, HO-, MeO-,
H2N-, MeC(=O)NH-, MeS(=O) 2NH-, H2NC(=O)-, MeNHC(=O)-,
HO2C-, (HO)2P(=O)O-, H2NSC=O)2O-, H2NSC=O)2NH-,
MeNHC(=O)NH-, MeNHC(=O)O-, oxo, cyano, HO2C-,
HOCH2CH2NH-, 4-morpholino, HOCH2C(=O)NH-,
H2NCH2C(=O)NH-, EtNHC(=O)NH, MeOC(=O)NH-,
MeNHC(=NC=N)NH-, Me-, MeS-, MeSO2- MeSO 2N(Me)-,
MeS(=O) 2NHC(=O)-, imidazolylamino-, imidazolyl,
tetrazolyl, H2NCONH-, H2NCO2- , HOCH2CH2O-, MeNH-,
Me2N- and MeCONMe. Another embodiment of the invention
is a compound of any one of Formulas Im1, Im2 and Im5
or a pharmaceutically acceptable salt, enantiomer or
diastereomer thereof: Im1 Im2 In Formulas Im1, Im2 and
Im5, the oxodihydropyridyl ring is optionally
substituted (substitution at ring carbons bonded to
hydrogen and ring nitrogen atoms bonded to hydrogen
atoms are encompassed, i.e., a "substitutable ring
nitrogen atom") with upto four substituents as
described above. Suitable substituents for the
oxodihydropyridyl ring and suitable values for R1, R2,
R3, A1, Cy1 and E are as defined above in the first
embodiment. Alternatively, suitable substituents for
Cy1 and the oxodihydropyridyl ring in Formulas Im1,
Im2 and Im5 are independently fluorine, chlorine,
bromine, iodine, cyano, nitro, amino, hydroxy,
carboxy, (Ci-C 6)alkyl, hydroxy(CrC 6)alkyl,
(C3-C6)cycloalkyl, hydroxy(C3-C6)cycloalkyl, (C4-
C7)cycloalkylalkyl, (C2-C6)alkenyl,
halo(C2-C6)alkenyl, hydroxy(C2-C6)alkenyl, (C2-
C6)alkynyl, (C3-C6)cycloalkyl(C 2-C4)alkynyl, halo(Cr
C6)alkyl, halo(C3-C6)cycloalkyl,
halo(C4-C7)cycloalkylalkyl, (CrC 6)alkoxy,
(C3-C6)cycloalkoxy, (C4- C7)cycloalkylalkoxy, halo(d-C
6)alkoxy, halo(C3-C6)cycloalkoxy, halo(C4-
C7)cycloalkylalkoxy, (CrC 6)alkylthio,
(C3-C6)cycloalkythio, (C4-C7)cycloalkylalkylthio,
halo(Ci-C 6)alkylthio, halo(C3-C6)cycloalkythio,
halo(C4-C7)cycloalkylalkylthio, (C1- C
lalkanesulfinyl, (C3-C6)cycloalkanesulfinyl,
(C4-C7)cycloalkylalkanesulfinyl, halo(CrC
6)alkanesulfinyl, halo(C3-C6)cycloalkanesulfinyl,
halo(C4-C7)cycloalkylalkanesulfinyl, (CrC
6)alkanesulfonyl, (C3-C6)cycloalkanesulfonyl,
(C4-C7)cycloalkylalkanesulfonyl, halo(CrC
6)alkanesulfonyl, halo(C3-C6)cycloalkanesulfonyl,
halo(C4- C7)cyclo-alkylalkanesulfonyl, (Ci-C
6)alkylamino, di(d-C 6)alkylamino, (Ci- C6)alkoxy(CrC
6)alkoxy, halo(Ci-C 6)alkoxy(CrC 6)alkoxy, (CrC
6)alkoxycarbonyl, H2NCO, H2NSO2, (Ci-C
6)alkylaminocarbonyl, di(Ci-C 6)alkylaminocarbonyl,
(C1- C3)alkoxy(Ci-C 3)alkylaminocarbonyl,
heterocyclylcarbonyl, (Ci-C 6)alkylaminosulfonyl,
di(CrC 6)alkylaminosulfonyl, heterocyclylsulfonyl,
(d-CeJalkylcarbonylamino, (C1-
C6)alkylcarbonylamino(Ci-C 6)alkyl, (Ci-C
6)alkylsulfonylamino, (C1- C6)alkylsulfonylamino(CrC
6)alkyl, (Ci-C 6)alkoxycarbonyl(Ci-C 6)alkoxy, (d-
C6)alkoxy(Ci-C 6)alkyl, halo(CrC 6)alkoxy(Ci-C
6)alkyl, hydroxy(Ci-C 6)alkoxy, heteroaryl, amino(Ci-C
6)alkyl, (Ci-C 6)alkylamino(CrC 6)alkyl, di(Ci-C
6)alkylamino(Ci- C6)alkyl amino(C2-C6)alkoxy, (Ci-C
6)alkylamino(C2-C6)alkoxy, di(Ci-C 6)alkylamino(C 2-
C6)alkoxy, (Ci-Cejalkylcarbonyl,
(C3-C6)cycloalkylcarbonyl, (C3-
C6)cycloalkylaminocarbonyl, {(C3-C6)cycloalkyl}{(Ci-C
6)alkyl}aminocarbonyl, di(C3-
C6)cycloalkylaminocarbonyl,
(C3-C6)cycloalkylaminosulfonyl, {(C3-C6)cycloalkyl}{(C
r C6)alkyl}aminosulfonyl,
di(C3-C6)cycloalkylaminosulfonyl, cyano(Ci-C 6)alkyl,
aminocarbonyl(Ci-C 6)alkyl, (Ci-C
6)alkylaminocarbonyl(Ci-C 6)alkyl, di(d-
C6)alkylaminocarbonyl(Ci-C 6)alkyl,
(C3-C6)cycloalkylaminocarbonyl(d-C 6)alkyl, ((C3-
C6)cycloalkyl}{(CrC 6)alkyl}aminocarbonyl(Ci-C 6)alkyl
and di(C3-C6)cycloalkylaminocarbonyl(Ci-C 6)alkyl;;
and values for R1, R2, R3, A1, Cy1 and E are as
defined above in the first embodiment. Alternatively,
suitable substituents for Cy1 include (Ci-C 4 )alkyl,
(CrC 4 )alkoxy, (C C4 )haloalkyl, (C C4 )haloalkoxy,
halogen, cyano and nitro; suitable substituents for a
substitutable ring nitrogen atom in the
oxodihydropyridyl ring in Formulas Im1, Im2 and Im5
include (d-C 4)alkyl, (C3- C4)cycloalkyl,
(C3-C4)cycloalkyl(Ci-C 2)alkyl, and (Cr C4)haloalkyl;
suitable substituents for a ring carbon atom in the
oxodihydropyridyl ring in Formulas Im1, Im2 and Im5
include fluorine, chlorine, cyano, hydroxy, amino,
(CrC 4)alkyl, (C3-C4)cycloalkyl, (C3-
C4)cycloalkyl(CrC 2)alkyl, halo(Ci-C 4)alkyl, (Cr
C4)alkoxy, (Cr C4)haloalkoxy, CONH2,
(d-C-Oalkylaminocarbonyl, di(Ci-C 4)alkylaminocarbonyl
and (d- C4)alkylcarbonylamino; and suitable values for
R1, R2, R3, A1, Cy1 and E are as defined above in the
first embodiment. In another alternative, the
embodiments in this paragraph exclude the following
compounds:
(R)-6-(3-hydroxypropyl)-3-((S)-1-(4-(6-oxo-1,6-dihydro
pyridin-3-yl)phenyl)ethyl)-6-
phenyl-1,3-oxazinan-2-one
(R)-6-(3-hydroxypropyl)-3-((S)-1-(4-(1-methyl-6-oxo-1
,6-dihydropyridin-3-
yl)phenyl)ethyl)-6-phenyl-1,3-oxazinan-2-one or a
pharmaceutically acceptable salt, enantiomer or
diastereomer thereof. For each of the embodiments
described in the previous paragraph, R1 is preferably
methyl or ethyl.For each of the embodiments described
in the paragraph immediately following Formulas Im1,
Im2 and Im5 , R1 is preferably methyl or ethyl; and R3
is MeSO2NHCH2CH2CH2, H2NC(=O)CH2CH2, H2NC(=O)CMe2CH2,
3-hydroxypropyl, 3- hydroxy-3-methylbutyl,
2-hydroxyethyl, 2-hydroxy-2-methylpropyl or 2-cyano-2-
methylpropyl. For each of the embodiments described in
the paragraph immediately following Formulas Im1, Im2
and Im5 , R1 is preferably methyl or ethyl; and R3 is
H2NC(=O)CMe2CH2, 3-hydroxy-3-methylbutyl,
2-hydroxy-2-methylpropyl or 2-cyano-2- methylpropyl.
For each of the embodiments described in the paragraph
immediately following Formulas Im1, Im2 and Im5 , R1
is preferably methyl or ethyl; R2 is phenyl optionally
substituted with 1, 2 or 3 substituents selected from
halo, cyano, CONH2, (Ci-C 4)alkyl, (CrC 4)haloalkyl,
and SO2Me; and R3 is MeSO2NHCH2CH2CH2, H2NC(=O)CH2CH2,
H2NCC=O)CMe2CH2, 3-hydroxypropyl,
3-hydroxy-3-methylbutyl, 2-hydroxyethyl, 2-
hydroxy-2-methylpropyl or 2-cyano-2-methylpropyl. For
each of the embodiments described in the paragraph
immediately following Formulas Im1, Im2 and Im5 , R1
is preferably methyl or ethyl; R2 is phenyl optionally
substituted with 1, 2 or 3 substituents selected from
halo, cyano, CONH2, (Cr C4)alkyl, (CrC 4)haloalkyl,
and SO2Me; and R3 is H2NC(=O)CMe2CH2,
3-hydroxy-3-methylbutyl, 2-hydroxy-2-methylpropyl or
2-cyano-2-methylpropyl. For each of the embodiments
described in the paragraph immediately following
Formulas Im1, Im2 and Im5 , R1 is preferably methyl or
ethyl; and R3 is 2-hydroxy-2- methylpropyl or
2-cyano-2-methylpropyl. For each of the embodiments
described in the paragraph immediately following
Formulas Im1, Im2 and Im5, R1 is preferably methyl or
ethyl; R2 is phenyl or fluorophenyl; and R3 is
2-hydroxy-2-methylpropyl or 2-cyano-2-methylpropyl.
For each of the embodiments described in the paragraph
immediately following Formulas Im1, Im2 and Im5, R1 is
preferably methyl or ethyl; R2 is phenyl or
fluorophenyl; R3 is 2-hydroxy-2-methylpropyl or
2-cyano-2-methylpropyl; the substituent on the
substitutable ring nitrogen atom in the
oxodihydropyridyl ring in Formulas Im1, Im2 and Im5 is
(Cr C4 )alkyl, (C3-C4)cycloalkyl, (C3-C4)cycloalkyl(Cr
C2)alkyl, or (C C2 )haloalkyl; and one or two ring
carbon atoms in theoxodihydropyridyl ring in Formulas
Im1, Im2 and Im5 are optionally substituted with
methyl or ethyl. Another embodiment of the invention
is a compound of any one of Formulas In1, In2 and In5,
or a pharmaceutically acceptable salt, enantiomer or
diastereomer thereof: In1 In2 In Formulas In1, In2 and
In5, the oxodihydropyridyl ring is optionally
substituted (substitution at ring carbons bonded to
hydrogen and at nitrogen atoms bonded to hydrogen
atoms are encompassed, i.e., a "substitutable ring
nitrogen atom") with up to four substituents as
described above for Cy2. Suitable substituents for the
oxodihydropyridyl ring and suitable values for R1, R2,
R3 and Cy1 are as defined above in the first
embodiment. Alternatively, suitable substituents for
Cy1 and the oxodihydropyridyl ring in Formulas In1,
In2 and In5 are independently fluorine, chlorine,
bromine, iodine, cyano, nitro, amino, hydroxy,
carboxy, (CrC 6)alkyl, hydroxy(C-i- C6)alkyl,
(C3-C6)cycloalkyl, hydroxy(C3-C6)cycloalkyl,
(C4-C7)cycloalkylalkyl, (C2- C6)alkenyl,
halo(C2-C6)alkenyl, hydroxy(C2-C6)alkenyl,
(C2-C6)alkynyl, (C3- C6)cycloalkyl(C 2-C4)alkynyl,
halo(Ci-C 6)alkyl, halo(C3-C6)cycloalkyl, halo(C4-
C7)cycloalkylalkyl, (CrC bJalkoxy, (C3-C6)cycloalkoxy,
(C4-C7)cycloalkylalkoxy, halo(Cr C6)alkoxy,
halo(C3-C6)cycloalkoxy, halo(C4-C7)cycloalkylalkoxy,
(Ci-C 6)alkylthio, (C3-C6)cycloalkythio,
(C4-C7)cycloalkylalkylthio, halo(CrC 6)alkylthio,
halo(C3-C6)cycloalkythio,
halo(C4-C7)cycloalkylalkylthio, (Ci-C
6)alkanesulfinyl, (C3-C6)cycloalkanesulfinyl,
(C4-C7)cycloalkylalkanesulfinyl, halo(Ci-C
6)alkanesulfinyl, halo(C3-C6)cycloalkanesulfinyl,
halo(C4-C7)cycloalkylalkanesulfinyl, (C1-
C6)alkanesulfonyl, (C3-C6)cycloalkanesulfonyl,
(C4-C7)cycloalkylalkanesulfonyl, halo(CrC
6)alkanesulfonyl, halo(C3-C6)cycloalkanesulfonyl,
halo(C4-C7)cycloalkylalkanesulfonyl, (Ci-C
6)alkylamino, di(Ci-C 6)alkylamino, (Ci-C 6)alkoxy(C r
C6)alkoxy, halo(C1-C6)alkoxy(Ci-C 6)alkoxy, (Cr
C6)alkoxycarbonyl, H2NCO, H2NSO2,
(CrCeJalkylaminocarbonyl, dKC-i-CeJalkylaminocarbonyl,
(Ci-C 3)alkoxy(C r C3)alkylaminocarbonyl,
heterocyclylcarbonyl, (Ci-C 6)alkylaminosulfonyl,
di(Ci- C6)alkylaminosulfonyl, heterocyclylsulfonyl,
(CrC 6)alkylcarbonylamino, (C1-
C6)alkylcarbonylamino(CrC 6)alkyl, (Ci-C
6)alkylsulfonylamino, (C1- C6)alkylsulfonylamino(Ci-C
6)alkyl, (CrC 6)alkoxycarbonyl(Ci-C 6)alkoxy, (C1-
C6)alkoxy(Ci-C 6)alkyl, halo(CrC 6)alkoxy(Ci-C
6)alkyl, hydroxy(CrC 6)alkoxy, heteroaryl, amino(Ci-C
6)alkyl, (Ci-C 6)alkylamino(Ci-C 6)alkyl, di(Ci-C
6)alkylamino(Ci- C6)alkyl amino(C2-C6)alkoxy,
(CrC6)alkylamino(C 2-C6)alkoxy, di(Ci-C 6)alkylamino(C
2- C6)alkoxy, (CrC 6)alkylcarbonyl,
(C3-C6)cycloalkylcarbonyl, (C3-
C6)cycloalkylaminocarbonyl, {(C3-C6)cycloalkyl}{(Ci-C
6)alkyl}aminocarbonyl, di(C3-
C6)cycloalkylaminocarbonyl,
(C3-C6)cycloalkylaminosulfonyl, {(C3-C6)cycloalkyl}{(C
r C6)alkyl}aminosulfonyl,
di(C3-C6)cycloalkylaminosulfonyl, cyano(C1-C6)alkyl,
aminocarbonyl(Ci-C 6)alkyl,
(C1-C6)alkylaminocarbonyl(C 1-C6)alkyl, di(Ci-
C6)alkylaminocarbonyl(CrC 6)alkyl,
(C3-C6)cycloalkylaminocarbonyl(Ci-C 6)alkyl, ((C3-
C6)cycloalkyl}{(Ci-C 6)alkyl}aminocarbonyl(CrC 6)alkyl
and di(C3- C6)cycloalkylaminocarbonyl(Ci-C 6)alkyl;;
and values for R1, R2, R3 and Cy1 are as defined above
in the first embodiment. Alternatively, suitable
substituents for Cy1 include (CrC 4 )alkyl, (C1-C4
)alkoxy, (C1-C4 )haloalkyl, (C1-C4 )haloalkoxy,
halogen, cyano and nitro; suitable substituents for a
substitutable ring nitrogen atom in the
oxodihydropyridyl ring in Formulas In1, In2 and In5
include (C1-C4 )alkyl, (C3- C4)cycloalkyl,
(C3-C4)cycloalkyl(C r C2)alkyl and (Cr C4)haloalkyl;
suitable substituents for a ring carbon atom in the
oxodihydropyridyl ring in Formulas In1, In2 and In5
include fluorine, chlorine, cyano, hydroxy, amino,
(Ci-C 4)alkyl, (C3-C4)cycloalkyl, (C3- C4)cycloalkyl(C
r C2)alkyl, halo(CrC 4)alkyl, (Cr C4)alkoxy, (Cr
C4)haloalkoxy, CONH2, (CrC 4)alkylaminocarbonyl,
di(CrC 4)alkylaminocarbonyl and (C1-
C4)alkylcarbonylamino; and suitable values for R1, R2,
R3, and Cy1 are as defined above in the first
embodiment. In another alternative, the embodiments
described inthis paragraph exclude the compounds
PR-221 and PR-313; or a pharmaceutically acceptable
salt, enantiomer or diastereomer thereof. For each of
the embodiments described in the previous paragraph,
R1 is preferably methyl or ethyl. For each of the
embodiments described in the paragraph immediately
following Formulas In1, In2 and In5, R1 is preferably
methyl or ethyl; and R3 is MeSO2NHCH2CH2CH2,
H2NC(=O)CH2CH2, H2NC(=O)CMe2CH2, 3-hydroxypropyl, 3-
hydroxy-3-methylbutyl, 2-hydroxyethyl,
2-hydroxy-2-methylpropyl or 2-cyano-2- methylpropyl.
For each of the embodiments described in the paragraph
immediately following Formulas In1, In2 and In5, R1 is
preferably methyl or ethyl; and R3 is H2NC(=O)CMe2CH2,
3-hydroxy-3-methylbutyl, 2-hydroxy-2-methylpropyl or
2-cyano-2- methylpropyl. For each of the embodiments
described in the paragraph immediately following
Formulas In1, In2 and In5, R1 is preferably methyl or
ethyl; R2 is phenyl optionally substituted with 1, 2
or 3 substituents selected from halo, cyano, CONH2,
(Ci-C 4)alkyl, (CrC 4)haloalkyl and SO2Me; and R3 is
MeSO2NHCH2CH2CH2, H2NC(=O)CH2CH2, H2NC(=O)CMe2CH2,
3-hydroxypropyl, 3-hydroxy-3-methylbutyl,
2-hydroxyethyl, 2- hydroxy-2-methylpropyl or
2-cyano-2-methylpropyl. For each of the embodiments
described in the paragraph immediately following
Formulas In1, In2 and In5, R1 is preferably methyl or
ethyl; R2 is phenyl optionally substituted with 1, 2
or 3 substituents selected from halo, cyano, CONH2,
(Ci-C 4)alkyl, (Ci-C 4)haloalkyl and SO2Me; and R3 is
H2NC(=O)CMe2CH2, 3-hydroxy-3-methylbutyl,
2-hydroxy-2-methylpropyl or 2-cyano-2-methylpropyl.
For each of the embodiments described in the paragraph
immediately following Formulas In1, In2 and In5, R1 is
preferably methyl or ethyl; and R3 is 2-hydroxy-2-
methylpropyl or 2-cyano-2-methylpropyl. For each of
the embodiments described in the paragraph immediately
following Formulas In1, In2 and In5, R1 is preferably
methyl or ethyl; R2 is phenyl or fluorophenyl; and R3
is 2-hydroxy-2-methylpropyl or 2-cyano-2-methylpropyl.
For each of the embodiments described in the paragraph
immediately following Formulas In1, In2 and In5, R1 is
preferably methyl or ethyl; R2 is phenyl or
fluorophenyl; R3 is 2-hydroxy-2-methylpropyl or
2-cyano-2-methylpropyl; thesubstituent on the
substitutable ring nitrogen atom in the
oxodihydropyridyl rings in Formulas In1, In2 and In5
is (CrC 4)alkyl, (C3-C4)cycloalkyl,
(C3-C4)cycloalkyl(C r C2)alkyl, or (CrC 2)haloalkyl;
and one or two ring carbon atoms in the
oxodihydropyridyl rings in Formulas In1, In2 and In5
are optionally substituted with methyl or ethyl.
Another embodiment of the invention is a compound of
any one of Formulas lo\ lo2 and lo5, or a
pharmaceutically acceptable salt thereof: lo1 lo2 lo5.
In Formulas lo1, lo2 and lo5, the oxodihydropyridyl
ring in Formulas lo1, lo2 and lo5 is optionally
substituted (substitution at ring carbons bonded to
hydrogen and at nitrogen atoms bonded to hydrogen
atoms are encompassed, i.e., a "substitutable ring
nitrogen atom") with up to four substituents as
described above in the first embodiment; suitable
values for G1 are fluorine, chlorine, bromine, iodine,
cyano, nitro, amino, hydroxy, carboxy, (Cr C6)alkyl,
hydroxy(C r C6)alkyl, (C3-C6)cycloalkyl,
hydroxy(C3-C6)cycloalkyl, (C4-C7)cycloalkylalkyl,
(C2-C6)alkenyl, halo(C2-C6)alkenyl,
hydroxy(C2-C6)alkenyl, (C2-C6)alkynyl,
(C3-C6)cycloalkyl(C 2-C4)alkynyl, halo(dC6)alkyl,
halo(C3-C6)cycloalkyl, halo(C4-C7)cycloalkylalkyl, (Cr
C6)alkoxy, (C3- C6)cycloalkoxy,
(C4-C7)cycloalkylalkoxy, halo(Cr C6)alkoxy,
halo(C3-C6)cycloalkoxy, halo(C4-C7)cycloalkylalkoxy,
(Cr C6)alkylthio, (C3-C6)cycloalkythio,
(C4-C7)cycloalkylalkylthio, halo(C r C6)alkylthio,
halo(C 3-C6)cycloalkythio, halo(C4-
C7)cycloalkylalkylthio, (Ci-C 6)alkanesulf inyl,
(C3-C6)cycloalkanesulfinyl, (C4-
C7)cycloalkylalkanesulfinyl, halo(Ci-C
6)alkanesulfinyl, halo(C 3-C6)cycloalkanesulf inyl,
halo(C 4-C7)cycloalkylalkanesulf inyl, (Ci-C
6)alkanesulfonyl, (C3- C6)cycloalkanesulfonyl,
(C4-C7)cycloalkylalkanesulfonyl, halo(Ci-C
6)alkanesulfonyl, halo(C 3-C6)cycloalkanesulfonyl,
halo(C4-C7)cyclo-alkylalkanesulfonyl, (C1-
C6)alkylamino, di(CrC 6)alkylamino, (Ci-C
6)alkoxy(Ci-C 6)alkoxy, halo(Ci- C6)alkoxy(C r
C6)alkoxy, (Ci-C 6)alkoxycarbonyl, H2NCO, H2NSO2, (CrC
6)alkylaminocarbonyl, di(C r C6)alkylaminocarbonyl,
(Cr C3)alkoxy(Ci-C 3)alkylaminocarbonyl,
heterocyclylcarbonyl, (Ci-C 6)alkylaminosulfonyl,
di(CrC 6)alkylaminosulfonyl, heterocyclylsulfonyl,
(Ci-C Jalkylcarbonylamino, (C1-
C6)alkylcarbonylamino(CrC 6)alkyl, (Ci-C
6)alkylsulfonylamino, (C1- C6)alkylsulfonylamino(Ci-C
6)alkyl, (Ci-C 6)alkoxycarbonyl(Ci-C 6)alkoxy, (C1-
C6)alkoxy(CrC 6)alkyl, halo(C r C6)alkoxy(C
1-C6)alkyl, hydIOXy(C1-C6)alkoxy, heteroaryl,
amino(CrC 6)alkyl, (C1-C6)alkylannino(C1-C6)alkyl,
di(C1-C6)alkylamino(C 1- C6)alkyl amino(C 2-C6)alkoxy,
(C1-C6)alkylamino(C 2-C6)alkoxy, di(C
1-C6)alkylamino(C 2- C6)alkoxy, (CrC 6)alkylcarbonyl,
(C3-C6)cycloalkylcarbonyl, (C3-
C6)cycloalkylaminocarbonyl, {(C3-C6)cycloalkyl}{(C
1-C6)alkyl}aminocarbonyl di(C3-
C6)cycloalkylaminocarbonyl,
(C3-C6)cycloalkylaminosulfonyl, {(C3-C6)cycloalkylK(Cr
C6)alkyl}aminosulfonyl,
di(C3-C6)cycloalkylaminosulfonyl, cyano(CrC 6)alkyl,
aminocarbonyKCrCeJalkyl, (Cr
C6)alkylaminocarbonyl(Ci-C 6)alkyl, di(Cr
CeJalkylaminocarbonyKCrCeJalkyl,
(Cs-CeJcycloalkylaminocarbonyKCrCeJalkyl, ((C3-
C6)cycloalkyl}{(C 1-C6)alkyl}aminocarbonyl(C
1-C6)alkyl and di(C3- C6)cycloalkylaminocarbonyl(CrC
6)alkyl; n is 0, 1, 2 or 3; and suitable substituents
for the oxodihydropyridyl ring and suitable values for
R1, R2 and R3 are as defined above in the first
embodiment. Alternatively, n is 0, 1, 2 or 3; suitable
values for G1 and substituents for the
oxodihydropyridyl ring in Formulas lo1, lo2 and lo5
are independently fluorine, chlorine, bromine, iodine,
cyano, nitro, amino, hydroxy, carboxy, (CrCeJalkyl,
hydroxy(CrC 6)alkyl, (C3-C6)cycloalkyl, hydroxy(C 3-
C6)cycloalkyl, (C4-C7)cycloalkylalkyl, (C2-C6)alkenyl,
halo(C 2-C6)alkenyl, hydroxy(C 2-Cb)alkenyl,
(C2-C6)alkynyl, (C3-C6)cycloalkyl(C2-C4)alkynyl,
halo(Cr C6)alkyl, halo(C3-C6)cycloalkyl,
halo(C4-C7)cycloalkylalkyl, (Ci-C 6)alkoxy,
(C3-C6)cycloalkoxy, (C4-C7)cycloalkylalkoxy, halo(Cr
C6)alkoxy, halo(C3-C6)cycloalkoxy, halo(C4-
C7)cycloalkylalkoxy, (Cr C6)alkylthio,
(C3-C6)cycloalkythio, (C4-C7)cycloalkylalkylthio,
halo(CrC 6)alkylthio, halo(C3-C6)cycloalkythio,
halo(C4-C7)cycloalkylalkylthio, (C1-
C6)alkanesulfinyl, (C3-C6)cycloalkanesulfinyl,
(C4-C7)cycloalkylalkanesulf inyl, halo(CrC
6)alkanesulfinyl, halo(C3-C6)cycloalkanesulfinyl,
halo(C4-C7)cycloalkylalkanesulfinyl, (CrC
6)alkanesulfonyl, (C3-C6)cycloalkanesulfonyl,
(C4-C7)cycloalkylalkanesulfonyl, halo(Cr
C6)alkanesulfonyl, halo(C3-C6)cycloalkanesulfonyl,
halo(C4- C7)cyclo-alkylalkanesulfonyl, (Ci-C
6)alkylamino, di(CrC 6)alkylamino, (C1- C6)alkoxy(Ci-C
6)alkoxy, halo(Ci-C 6)alkoxy(Ci-C 6)alkoxy, (CrC
6)alkoxycarbonyl, H2NCO, H2NSO2,
(CrCeJalkylaminocarbonyl, di(Ci-C
6)alkylaminocarbonyl, (C1- C3)alkoxy(CrC
3)alkylaminocarbonyl, heterocyclylcarbonyl, (Ci-C
6)alkylaminosulfonyl, di(CrC 6)alkylaminosulfonyl,
heterocyclylsulfonyl, (CrC Jalkylcarbonylamino, (C1-
C6)alkylcarbonylamino(Ci-C 6)alkyl, (CrC
Jalkylsulfonylamino, (C1- C6)alkylsulfonylamino(Ci-C
6)alkyl, (CrC 6)alkoxycarbonyl(CrC 6)alkoxy, (C1-
C6)alkoxy(CrC 6)alkyl, halo(CrC 6)alkoxy(Ci-C 6)alkyl,
hydroxy(CrC 6)alkoxy, heteroaryl, amino(CrC 6)alkyl,
(CrC 6)alkylamino(CrC 6)alkyl, di(CrC 6)alkylamino(Cr
C6)alkyl amino(C2-C6)alkoxy, (Ci-C
6)alkylamino(C2-C6)alkoxy, di(CrC 6)alkylamino(C2-
C6)alkoxy and (CrC 6)alkylcarbonyl; and values for R1,
R2 and R3 are as defined above in the first
embodiment. Alternatively, n is 0, 1, 2 or 3; suitable
values for G1 include (CrC 4 )alkyl, (Cr C4 )alkoxy,
(C1-C4 )haloalkyl, (C1-C4 )haloalkoxy, halogen, cyano
and nitro; suitable substituents for a substitutable
ring nitrogen atom in the oxodihydropyridyl ring in
Formulas lo1, lo2 and lo5 include C1-C4 alkyl, (C3-
C4)cycloalkyl, (C3-C4)cycloalkyl(CrC 2)alkyl and C1-C4
haloalkyl; suitable substituents for a ring carbon
atom in the oxodihydropyridyl ring in Formulas lo1,
lo2 and lo5 include fluorine, chlorine, cyano,
hydroxy, amino, (CrC 4)alkyl, (C3-C4)cycloalkyl, (C3-
C4)cycloalkyl(C r C2)alkyl, halo(CrC 4)alkyl, (Cr
C4)alkoxy, (CrC 4)haloalkoxy, CONH2,
(CrC-Oalkylaminocarbonyl, di(CrC 4)alkylaminocarbonyl
and (C1- C4)alkylcarbonylamino; and suitable values
for R1, R2 and R3 are as defined above in the first
embodiment. In another alternative, the embodiments
described in this paragraph exclude the compounds
PR-221 and PR-313; or a pharmaceutically acceptable
salt, enantiomer or diastereomer thereof.For each of
the embodiments described in the previous paragraph,
R1 is preferably methyl or ethyl. For each of the
embodiments described in the paragraph immediately
following 



Formulas lo1, lo2 and lo5, R1 is preferably methyl or
ethyl; and R3 is MeSO2NHCH2CH2CH2, H2NC(=O)CH2CH2,
H2NC(=O)CMe2CH2, 3-hydroxypropyl, 3-
hydroxy-3-methylbutyl, 2-hydroxyethyl,
2-hydroxy-2-methylpropyl or 2-cyano-2- methylpropyl.
For each of the embodiments described in the paragraph
immediately following Formulas lo1, lo2 and lo5, R1 is
preferably methyl or ethyl; and R3 is H2NC(=O)CMe2CH2,
3-hydroxy-3-methylbutyl, 2-hydroxy-2-methylpropyl or
2-cyano-2- methylpropyl. For each of the embodiments
described in the paragraph immediately following
Formulas lo1, lo2 and lo5, R1 is preferably methyl or
ethyl; R2 is phenyl optionally substituted with 1, 2
or 3 substituents selected from halo, cyano, CONH2,
(Ci-C 4)alkyl, (Ci-C 4)haloalkyl and SO2Me; and R3 is
MeSO2NHCH2CH2CH2, H2NC(=O)CH2CH2, H2NC(=O)CMe2CH2,
3-hydroxypropyl, 3-hydroxy-3-methylbutyl,
2-hydroxyethyl, 2- hydroxy-2-methylpropyl or
2-cyano-2-methyl propyl. For each of the embodiments
described in the paragraph immediately following
Formulas lo1, lo2 and lo5, R1 is preferably methyl or
ethyl; R2 is phenyl optionally substituted with 1, 2
or 3 substituents selected from halo, cyano, CONH2,
(Ci-C 4)alkyl, (Cr C4)haloalkyl and SO2Me; and R3 is
H2NCC=O)CMe2CH2, 3-hydroxy-3-methylbutyl,
2-hydroxy-2-methylpropyl or 2-cyano-2-methylpropyl.
For each of the embodiments described in the paragraph
immediately following Formulas lo1, lo2 and lo5, R1 is
preferably methyl or ethyl; and R3 is 2-hydroxy-2-
methylpropyl or 2-cyano-2-methylpropyl. For each of
the embodiments described in the paragraph immediately
following Formulas lo1, lo2 and lo5, R1 is preferably
methyl or ethyl; R2 is phenyl or fluorophenyl; and R3
is 2-hydroxy-2-methylpropyl or 2-cyano-2-methylpropyl.
For each of the embodiments described in the paragraph
immediately following Formulas lo1, lo2 and lo5, R1 is
preferably methyl or ethyl; R2 is phenyl or
fluorophenyl; R3 is 2-hydroxy-2-methyl propyl or
2-cyano-2-methylpropyl; the substituent on the
substitutable ring nitrogen atom in the
oxodihydropyridyl ring in Formulas lo1, lo2 and lo5 is
(C1-C4 )alkyl, (C3-C4)cycloalkyl,
(C3-C4)cycloalkyl(dC2)alkyl, or (C1-C2 )haloalkyl; and
one or two ring carbon atoms in the oxodihydropyridyl
rings in Formulas lo\ lo2 and lo5 are optionally
substituted with methyl or ethyl. Another embodiment
of the invention (referred to herein as the "First
Alternate Embodiment") is a compound represented by
Structural Formulas lo1, lo2 and lo5, wherein: n is 0
or 1, preferably 0; each G1 is independently (CrC 4
)alkyl, (Ci-C )alkoxy, (CrC 4 )haloalkyl, (C1-C4
)haloalkoxy, halogen, cyano or nitro; the
oxodihydropyridyl is substituted at its ring nitrogen
atom with hydroxy(CrC 6)alkyl, (CrC
6)alkylcarbonylamino(CrC 6)alkyl, (CrC
6)alkylsulfonylamino(CrC 6)alkyl, (C1- C6)alkoxy(CrC
6)alkyl, amino(CrC 6)alkyl, (CrC 6)alkylamino(CrC
6)alkyl, di(Cr C6)alkylamino(CrC 6)alkyl, cyano(CrC
6)alkyl, aminocarbonyl(CrC 6)alkyl, (C1-
C6)alkylaminocarbonyl(CrC 6)alkyl, di(CrC
6)alkylaminocarbonyl(CrC 6)alkyl, (C -
C6)cycloalkylaminocarbonyl(CrC6)alkyl,
{(C3-C6)cycloalkyl}{(Cr C6)alkyl}aminocarbonyl(Ci-C
6)alkyl or di(C3-C6)cycloalkylaminocarbonyl(CrC
6)alkyl; the oxodihydropyridyl is optionally
substituted at one or more substitutable ring carbon
atoms with a group independently selected from
fluorine, chlorine, cyano, hydroxy, amino, (Ci-C
4)alkyl, (C3-C4)cycloalkyl,
(C3-C4)cycloalkyl(CrC2)alkyl, halo(CrC 4)alkyl, (Cr
C4)alkoxy, (Cr C4)haloalkoxy, CONH2, (CrC
4)alkylaminocarbonyl, di(Cr C4)alkylaminocarbonyl and
(CrC 4)alkylcarbonylamino; R1 is methyl or ethyl; R2
is phenyl, thienyl, pyridyl or isopropyl each
optionally substituted with up to three groups
independently selected from halo, methyl, methylthio,
(4-morpholino)methyl or cyclopropyl; and R3 is methyl,
ethyl, propyl, butyl, vinyl, allyl or ethoxyethyl each
optionally substituted with up to two groups
independently selected from methyl, HO-, MeO-, H2N-,
MeC(=O)NH-, MeS(=O)2NH-, H2NC(=O)-, MeNHC(=O)-, HO2C-,
(HO)2P(=O)O-, H2NS(=O)2O-, H2NS(=O)2NH-, MeNHC(=O)NH-,
MeNHC(=O)O-, oxo, cyano, HO2C-, HOCH2CH2NH-,
4-morpholino, HOCH2C(=O)NH-, H2NCH2C(=O)NH-,
EtNHC(=O)NH, MeOC(=O)NH-, MeNHC(=NC N)NH-, Me-, MeS-,
MeSO2- MeSO2N(Me)-, MeS(=O)2NHC(=O)-,
imidazolylamino-, imidazolyl, tetrazolyl, H2NCONH-,
H2NCO2- , HOCH2CH2O-, MeNH-, Me2N- and MeCONMe.
Alternatively for Structural Formulas lo1, lo2 and
lo5, R2 is phenyl optionally substituted with 1, 2 or
3 substituents independently selected from halo,
cyano, CONH2, (Cr C4)alkyl, (Cr C4)haloalkyl and
SO2Me; and R3 is is MeSO2NHCH2CH2CH2, H2NC(=O)CH2CH2,
H2NC(=O)CMe2CH2, 3-hydroxypropyl,
3-hydroxy-3-methylbutyl, 2-hydroxyethyl,
2-hydroxy-2-methylpropyl or 2-cyano-2- methylpropyl;
and the remainder of the variables are as described
above for the First Alternate Embodiment.
Alternatively for Structural Formulas lo\ lo2 and lo5,
R3 is H2NC(=O)CMe2CH2, 3-hydroxy-3-methylbutyl,
2-hydroxy-2-methyl propyl or 2-cyano-2-methylpropyl;
and the remainder of the variables are as described
above for the First Alternate Embodiment.
Alternatively for Structural Formulas lo1, lo2 and
lo5, R2 is phenyl optionally substituted with 1, 2 or
3 substituents independently selected from halo,
cyano, CONH2, (Ci-C 4)alkyl, (Cr C4)haloalkyl and
SO2Me; and R3 is H2NC(=O)CMe2CH2, 3-
hydroxy-3-methylbutyl, 2-hydroxy-2-methylpropyl or
2-cyano-2-methylpropyl; and the remainder of the
variables are as described in the First Alternate
Embodiment. Alternatively for Structural Formulas lo1,
lo2 and lo5, R3 is 2-hydroxy-2- methylpropyl or
2-cyano-2-methylpropyl; and the remainder of the
variables are as described in the First Alternate
Embodiment. Alternatively for Structural Formulas lo1,
lo2 and lo5, R2 is phenyl or fluorophenyl; and R3 is
2-hydroxy-2-methylpropyl or 2-cyano-2-methylpropyl;
and the remainder of the variables are as described in
the First Alternate Embodiment. Alternatively for
Structural Formulas lo1, lo2 and lo5, R2 is phenyl or
fluorophenyl; R3 is 2-hydroxy-2-methylpropyl or
2-cyano-2-methylpropyl; one or two ring carbon atoms
in the oxodihydropyridyl rings are optionally
substituted with fluorine, methyl or ethyl; and the
remainder of the variables are as described in the
First Alternate Embodiment. For the embodiment
described in the previous seven paragraphs, n is 0 and
all of the substitutable ring carbons in the
oxodihydropyridyl are preferably unsubstituted.Another
embodiment of the invention is a compound represented
by any one of Formulas Ip1 and Ip3, or a
pharmaceutically acceptable salt thereof: IP1 IP3- In
Formulas Ip1 and Ip3, G1 is (Ci-C 4)alkyl, (CrC
4)alkoxy, (CrC 4)haloalkyl, (d- C4)haloalkoxy,
halogen, cyano or nitro; n is 0, 1 or 2; G2a is (C C4
)alkyl, (C3- C4)cycloalkyl, (C3-C4)cycloalkyl(C
1-C2)alkyl or (Cr C4)haloalkyl; G2b is hydrogen,
fluorine, chlorine, cyano, hydroxy, amino, (Ci-C
4)alkyl, (C3-C4)cycloalkyl, (C3- C4)cycloalkyl(CrC
2)alkyl, halo(Ci-C 4)alkyl, (Cr C4)alkoxy, (Cr
C4)haloalkoxy, CONH2, (Ci-C 4)alkylaminocarbonyl,
di(Ci-C 4)alkylaminocarbonyl or
(Ci-C-Oalkylcarbonylamino; and suitable values for R1,
R2 and R3 are as defined above in the first
embodiment. In another alternative, the embodiments
described in this paragraph exclude the compounds
PR-221 and PR-313; or a pharmaceutically acceptable
salt, enantiomer or diastereomer thereof. For each of
the embodiments described in the previous paragraph,
R1 is preferably methyl or ethyl. For each of the
embodiments described in the paragraph immediately
following Formulas Ip1 and Ip3, R1 is preferably
methyl or ethyl; and R3 is MeSO2NHCH2CH2CH2,
H2NC(=O)CH2CH2, H2NC(=O)CMe2CH2, 3-hydroxypropyl,
3-hydroxy-3-methylbutyl, 2-hydroxyethyl,
2-hydroxy-2-methylpropyl or 2-cyano-2- methylpropyl.
For each of the embodiments described in the paragraph
immediately following Formulas Ip1 and Ip3, R1 is
preferably methyl or ethyl; and R3 is H2NCC=O)CMe2CH2,
3-hydroxy-3-methylbutyl, 2-hydroxy-2-methylpropyl or
2-cyano-2-methylpropyl. For each of the embodiments
described in the paragraph immediately following
Formulas Ip1 and Ip3, R1 is preferably methyl or
ethyl; R2 is phenyl optionally substituted with 1, 2
or 3 substituents selected from halo, cyano, CONH2,
(CrC 4)alkyl, (Cr C4)haloalkyl and SO2Me; and R3 is
MeSO2NHCH2CH2CH2, H2NC(=O)CH2CH2, H2NC(=O)CMe2CH2,
3-hydroxypropyl, 3-hydroxy-3-methylbutyl,
2-hydroxyethyl, 2- hydroxy-2-methylpropyl or
2-cyano-2-methylpropyl. For each of the embodiments
described in the paragraph immediately following
Formulas Ip1 and Ip3, R1 is preferably methyl or
ethyl; R2 is phenyl optionally substituted with 1, 2
or 3 substituents selected from halo, cyano, CONH2,
(Cr C4)alkyl, (Cr C4)haloalkyl and SO2Me; and R3 is
H2NCC=O)CMe2CH2, 3-hydroxy-3-methyl butyl,
2-hydroxy-2-methylpropyl or 2-cyano-2-methylpropyl.
For each of the embodiments described in the paragraph
immediately following Formulas Ip1 and Ip3, R1 is
preferably methyl or ethyl; and R3 is 2-hydroxy-2-
methylpropyl or 2-cyano-2-methylpropyl. For each of
the embodiments described in the paragraph immediately
following Formulas Ip1 and Ip3, R1 is preferably
methyl or ethyl; R2 is phenyl or fluorophenyl; and R3
is 2-hydroxy-2-methylpropyl or 2-cyano-2-methylpropyl.
For each of the embodiment described in the paragraph
immediately following Formulas Ip1 and Ip3, R1 is
preferably methyl or ethyl; R2 is phenyl or
fluorophenyl; R3 is 2-hydroxy-2-methyl propyl or
2-cyano-2-methylpropyl; the substituent G2a is
selected from (C1-C4 )alkyl, (C3-C4)cycloalkyl,
(C3-C4)cycloalkyl(d-C 2)alkyl, and (C1- C2)haloalkyl;
and G2b is optionally selected from hydrogen, methyl
or ethyl. For each of the embodiment described in the
paragraph immediately following Formulas Ip1 and Ip3,
R1 is preferably methyl or ethyl; R2 is phenyl or
fluorophenyl; R3 is 2-hydroxy-2-methylpropyl or
2-cyano-2-methylpropyl; the substituent G2a is
selected from haloalkyl, (Cr C4 )alkyl,
(C3-C4)cycloalkyl, (C3-C4)cycloalkyl(C r C2)alkyl, and
(C1- C2)haloalkyl; and G2b is optionally selected from
hydrogen, methyl or ethyl.For each of the embodiment
described in the paragraph immediately following
Formulas Ip1 and Ip3, R1 is preferably methyl or
ethyl; R2 is phenyl or fluorophenyl; R3 is
2-hydroxy-2-methylpropyl or 2-cyano-2-methylpropyl;
the substituent G2a is selected from difluoromethyl,
ethyl substituted with one to three fluorine
(preferably, 2- fluoroethyl or 2,2,2-fluoroethyl), (Cr
C4 )alkyl, (C3-C4)cycloalkyl, (C3-C4)cycloalkyl(C r
C2)alkyl, and (Ci-C 2)haloalkyl; and G2b is optionally
selected from hydrogen, methyl or ethyl. Another
embodiment of the invention (referred to herein as the
"Second Alternate Embodiment") is a compound
represented by Structural Formulas Ip1 and Ip3,
wherein: n is 0 or 1, preferably 0; each G1 is
independently (CrC 4 )alkyl, (CrC 4 )alkoxy, (CrC 4
)haloalkyl, (Ci-C 4 )haloalkoxy, halogen, cyano or
nitro; G2a is hydroxy(CrC 6)alkyl, (CrC
6)alkylcarbonylamino(CrC 6)alkyl, (CrC
6)alkylsulfonylamino( CrC 6)alkyl, (CrC 6)alkoxy(Ci-C
6)alkyl, amino(CrC 6)alkyl, (C1- C6)alkylamino(CrC
6)alkyl, di(Ci-C 6)alkylamino(CrC6)alkyl, cyano(CrC
6)alkyl, aminocarbonyl(CrC 6)alkyl, (Ci-C
6)alkylaminocarbonyl(CrC 6)alkyl, di(Ci-
C6)alkylaminocarbonyl(CrC 6)alkyl,
(C3-C6)cycloalkylaminocarbonyl(CrC 6)alkyl, ((C3-
C6)cycloalkyl}{(CrC 6)alkyl}aminocarbonyl(CrC 6)alkyl
or di(C3- C6)cycloalkylaminocarbonyl(CrC 6)alkyl; G2b
is hydrogen, fluorine, chlorine, cyano, hydroxy,
amino, (CrC 4)alkyl, (C3-C4)cycloalkyl,
(C3-C4)cycloalkyl(CrC 2)alkyl, halo(C C4)alkyl, (d-C
4)alkoxy, (Cr C4)haloalkoxy, CONH2,
(d-C^alkylaminocarbonyl, di(Cr C4)alkylaminocarbonyl
or (CrC 4)alkylcarbonylamino; R1 is methyl or ethyl;
R2 is phenyl, thienyl, pyridyl or isopropyl each
optionally substituted with up to three groups
independently selected from halo, methyl, methylthio
or (4-morpholino)methyl; and R3 is methyl, ethyl,
propyl, butyl, vinyl, allyl or ethoxyethyl each
optionally substituted with up to two groups
independently selected from methyl, HO-, MeO-, H2N-,
MeC(=O)NH- , MeS(=O)2NH-, H2NC(=O)-, MeNHC(=O)-,
HO2C-, (HO)2P(=O)O-, H2NS(=O)2O-, H2NS(=O)2NH-,
MeNHC(=O)NH-, MeNHC(=O)O-, oxo, cyano, HO2C-,
HOCH2CH2NH-, 4-morpholino, HOCH2C(=O)NH-,
H2NCH2C(=O)NH-, EtNHC(=O)NH, MeOC(=O)NH-,
MeNHC(=NC=N)NH-, Me-, MeS-, MeSO2- MeSO2N(Me)-,
MeS(=O)2NHC(=O)-, imidazolylamino-, imidazolyl,
tetrazolyl, H2NCONH-, H2NCO2- , HOCH2CH2O-, MeNH-,
Me2N- and MeCONMe. Alternatively for Structural
Formulas Ip1 and Ip3, R2 is phenyl optionally
substituted with 1, 2 or 3 substituents independently
selected from halo, cyano,CONH2, (Cr C4)alkyl, (d-C
4)haloalkyl and SO2Me; and R3 is is MeSO2NHCH2CH2CH2,
H2NC(=O)CH2CH2, H2NC(=O)CMe2CH2, 3-hydroxy propyl, 3-
hydroxy-3-methylbutyl, 2-hydroxyethyl,
2-hydroxy-2-methylpropyl or 2-cyano-2- methylpropyl;
and the remainder of the variables are as described
above for the Second Alternate Embodiment.
Alternatively for Structural Formulas Ip1 and Ip3, R3
is H2NC(=O)CMe2CH2, 3- hydroxy-3-methylbutyl,
2-hydroxy-2-methylpropyl or 2-cyano-2-methylpropyl;
and the remainder of the variables are as described
above for the Second Alternate Embodiment.
Alternatively for Structural Formulas Ip1 and Ip3, R2
is phenyl optionally substituted with 1, 2 or 3
substituents independently selected from halo, cyano,
CONH2, (Cr C4)alkyl, (Cr C4)haloalkyl and SO2Me; and
R3 is H2NC(=O)CMe2CH2, 3- hydroxy-3-methylbutyl,
2-hydroxy-2-methylpropyl or 2-cyano-2-methylpropyl;
and the remainder of the variables are as described in
the Second Alternate Embodiment. Alternatively for
Structural Formulas Ip1 and Ip3, R3 is 2-hydroxy-2-
methylpropyl or 2-cyano-2-methylpropyl; and the
remainder of the variables are as described in the
Second Alternate Embodiment. Alternatively for
Structural Formulas Ip1 and Ip3, R2 is phenyl or
fluorophenyl; and R3 is 2-hydroxy-2-methylpropyl or
2-cyano-2-methylpropyl; and the remainder of the
variables are as described in the Second Alternate
Embodiment. Alternatively for Structural Formulas Ip1
and Ip3, R2 is phenyl or fluorophenyl; R3 is
2-hydroxy-2-methylpropyl or 2-cyano-2-methylpropyl;
one or two substitutable ring carbon atoms in the
oxodihydropyridyl rings are optionally substituted
with fluorine, methyl or ethyl; and the remainder of
the variables are as described in the Second Alternate
Embodiment. For the embodiment described in the
previous seven paragraphs, n is Oand G2b is preferably
-H. Another embodiment of the invention is a hydrate
or monohydrate of (S)-6-(2-
hydroxy-2-methylpropyl)-3-((S)-1-(4-(1-methyl-6-oxo-1
,6-dihydropyridin-3- yl)phenyl)ethyl)-6-phenyl-1
,3-oxazinan-2-one, (S)-6-(2-hydroxy-2-methylpropyl)-3-
((S)-I
-(4-(1-methyl-2-oxo-1,2-dihydropyridin-4-yl)phenyl)eth
yl)-6-phenyl-1,3-oxazinan- 2-one, 3-{(S)-1 -[4-(1
-Cyclopropyl-2-oxo-1
,2-dihydro-pyridin-4-yl)-phenyl]-ethyl}-(S)-6-
(2-hydroxy-2-methyl-propyl)-6-phenyl-[1
,3]oxazinan-2-one and pharmaceuticallyacceptable salts
thereof. Both, neutral and salt forms of the hydrate
and monohydrate are also included. Preferably, the
salt form is pharmaceutically acceptable. Compounds of
the invention are also disclosed in INHIBITORS OF 11b-
HYDROXYSTEROID DEHYDOGENASE I U.S. Provisional
Application No. 61/ 61/135,933, filed July 25, 2008
(Attorney Docket No. 4370.1000-000); Cyclic Inhibitors
Of 11b -Hydroxysteroid Dehydrogenase 1, U.S.
Provisional Application No. 61/135,933, filed May 1,
2008; Cyclic Inhibitors Of 11b-Hydroxysteroid
Dehydrogenase 1, U.S. Provisional Application No.
61/137,148, filed July 25, 2008; and Cyclic Inhibitors
Of 11b-Hydroxysteroid Dehydrogenase 1, International
Application No. PCT/US2008/009017, filed July 25,
2008; the entire teachings of these applications are
incorporated herein by reference in their entirety.
DEFINITIONS The term "alkyl" means a straight or
branched hydrocarbon radical having 1-10 carbon atoms
and includes, for example, methyl, ethyl, n-propyl,
isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl,
n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl
and the like. The term "cycloalkyl" means a
monocyclic, bicyclic or tricyclic, saturated
hydrocarbon ring having 3-10 carbon atoms and
includes, for example, cyclopropyl (c- Pr),
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
cyclooctyl, bicyclo[2.2.2]octyl, bicyclo[2.2.1]heptyl,
spiro [4.4]nonane, adamantyl and the like. The term
"aryl" means an aromatic radical which is a phenyl
group, a naphthyl group, an indanyl group or a
tetrahydronaphthalene group. An aryl group is
optionally substituted with 1-4 substituents.
Exemplary substituents include alkyl, alkoxy,
alkylthio, alkylsulfonyl, halogen, trifluoromethyl,
dialkylamino, nitro, cyano, CO2H, CONH2,
N-monoalkyl-substituted amido and
N,N-dialkyl-substituted amido. The term "heteroaryl"
means a 5- and 6-membered heteroaromatic radical which
may optionally be fused to a saturated or unsaturated
ring containing 0-4 heteroatoms selected from N, O,
and S and includes, for example, a heteroaromatic
radical which is 2- or 3-thienyl, 2- or 3-furanyl, 2-
or 3- pyrrolyl, 2-,3-, or 4-pyhdyl, 2- pyrazinyl, 2-,
4-, or 5-pyrimidinyl, 3- or 4-pyridazinyl,
1H-indol-6-yl, 1H-indol-5-yl, 1Hbenzimidazol- 6-yl,
1H-benzimidazol-5-yl, 2-, 4-, 5-, 6-, 7- or
8-quinazolinyl, 2-, 3-, 5-, 6-, 7- or 8-quinoxalinyl,
2-, 3-, A-, 5-, 6-, 7- or 8-quinolinyl, 1-, 3-, 4-,
5-, 6-, 7- or 8-isoquinolinyl, 2-, A-, or 5-thiazolyl,
2-, 3-, A-, or 5-pyrazolyl, 2-, 3-, A-, or
5-imidazolyl. A heteroaryl is optionally substituted.
Exemplary substituents include alkyl, alkoxy,
alkylthio, alkylsulfonyl, halogen, trifluoromethyl,
dialkylamino, nitro, cyano, CO2H, CONH2,
N-monoalkyl-substituted amido and
N,N-dialkyl-substituted amido, or by oxo to form an
N-oxide. The term "heterocyclyl" means a A-, 5-, 6-
and 7-membered saturated or partially unsaturated
heterocyclic ring containing 1 to 4 heteroatoms
independently selected from N, O, and S. Exemplary
heterocyclyls include pyrrolidine, pyrrolidin-2- one,
1-methylpyrrolidin-2-one, piperidine, piperidin-2-one,
dihydropyridine, tetrahydropyridine, piperazine,
1-(2,2,2-trifluoroethyl)piperazine, 1,2-dihydro-2-
oxopyridine, 1,4-dihydro-4-oxopyridine,
piperazin-2-one, 3,4,5,6-tetrahydro-4- oxopyrimidine,
3,4-dihydro-4-oxopyrimidine, tetrahydrofuran,
tetrahydropyran, tetrahydrothiophene,
tetrahydrothiopyran, isoxazolidine, 1,3-dioxolane,
1,3-dithiolane, 1,3-dioxane, 1,4-dioxane,
1,3-dithiane, 1,4-dithiane, oxazolidin-2-one,
imidazolidin-2- one, imidazolidine-2,4-dione,
tetrahydropyrimidin-2(1H)-one, morpholine,
Nmethylmorpholine, morpholin-3-one,
1,3-oxazinan-2-one, thiomorpholine, thiomorpholine 1,1
-dioxide, tetrahydro-1,2,5-thiaoxazole 1,1 -dioxide,
tetrahydro-2H- 1,2-thiazine 1,1 -dioxide, hexahydro-1
,2,6-thiadiazine 1,1 -dioxide, tetrahydro-1 ,2,5-
thiadiazole 1,1-dioxide isothiazolidine 1,1-dioxide,
6-oxo-1,6-dihydropyridazin-3-yl, 6-
oxo-1,6-dihydropyridazin-4-yl, 5-oxo-4,5-dihydro-1
H-1,2,4-triazol-3-yl and 5-oxo-4,5-
dihydro-1H-imidazol-2-yl. A heterocyclyl can be
optionally substituted with 1-4 substituents.
Exemplary substituents include alkyl, haloalkyl,
halogen and oxo. The term "spirocycloalkyl" means a
cycloalkyl group which shares one ring carbon with
another alkyl or cycloalkyl group. As used herein the
terms "subject" and "patient" may be used
interchangeably, and means a mammal in need of
treatment, e.g., companion animals (e.g., dogs, cats,
and the like), farm animals (e.g., cows, pigs, horses,
sheep, goats and the like) and laboratory animals
(e.g., rats, mice, guinea pigs and the like).
Typically, the subject is a human in need of
treatment. When a disclosed compound or its
pharmaceutically acceptable salt is named or depicted
by structure, it is to be understood that solvates or
hydrates of the compound or its pharmaceutically
acceptable salts are also included. "Solvates" refer
to crystalline forms wherein solvent molecules are
incorporated into the crystal latticeduring
crystallization. Solvate may include water or
nonaqueous solvents such as ethanol, isopropanol,
DMSO, acetic acid, ethanolamine, and EtOAc. Solvates,
wherein water is the solvent molecule incorporated
into the crystal lattice, are typically referred to as
"hydrates." Hydrates include stoichiometric hydrates
as well as compositions containing variable amounts of
water. Some of the compounds disclosed in the
exemplification may be in the anhydrous form.. The
term "compound" also includes labeling at one or more
positions with deuterium. "Labeled with deuterium at a
position" means that the amount deuterium at the
position is greater than the amount that is present at
natural abundance. In certain instances, the deuterium
at each position in a "compound" is at natural
abundance. Certain of the disclosed compounds may
exist in various stereoisomeric forms. Stereoisomers
are compounds that differ only in their spatial
arrangement. Enantiomers are pairs of stereoisomers
whose mirror images are not superimposable, most
commonly because they contain an asymmetrically
substituted carbon atom that acts as a chiral center.
"Enantiomer" means one of a pair of molecules that are
mirror images of each other and are not
superimposable. Diastereomers are stereoisomers that
are not related as mirror images, most commonly
because they contain two or more asymmetrically
substituted carbon atoms. The symbol "*" in a
structural formula represents the presence of a chiral
carbon center. "R" and "S" represent the configuration
of substituents around one or more chiral carbon
atoms. Thus, "R* " and "S*" denote the relative
configurations of substituents around one or more
chiral carbon atoms. "Racemate" or "racemic mixture"
means a compound of equimolar quantities of two
enantiomers, wherein such mixtures exhibit no optical
activity; i.e., they do not rotate the plane of
polarized light. "Geometric isomer" means isomers that
differ in the orientation of substituent atoms in
relationship to a carbon-carbon double bond, to a
cycloalkyl ring, or to a bridged bicyclic system.
Atoms (other than H) on each side of a carbon-carbon
double bond may be in an E (substituents are on
opposite sides of the carbon-carbon double bond) or Z
(substituents are oriented on the same side)
configuration. ,R " ,,s " ,, s " .,R " E ,, ,,z ,.CJS
,, and "trans - jndjcat e configurations relative to
the core molecule.The compounds of the invention may
be prepared as individual isomers by either
isomer-specific synthesis or resolved from an isomeric
mixture. Conventional resolution techniques include
forming the salt of a free base of each isomer of an
isomeric pair using an optically active acid (followed
by fractional crystallization and regeneration of the
free base), forming the salt of the acid form of each
isomer of an isomeric pair using an optically active
amine (followed by fractional crystallization and
regeneration of the free acid), forming an ester or
amide of each of the isomers of an isomeric pair using
an optically pure acid, amine or alcohol (followed by
chromatographic separation and removal of the chiral
auxiliary), or resolving an isomeric mixture of either
a starting material or a final product using various
well known chromatographic methods. When the
stereochemistry of a disclosed compound is named or
depicted by structure, the named or depicted
stereoisomer is at least 60%, 70%, 80%, 90%, 99% or
99.9% by weight pure relative to the other
stereoisomers. When a single enantiomer is named or
depicted by structure, the depicted or named
enantiomer is at least 60%, 70%, 80%, 90%, 99% or
99.9% by weight optically pure. Percent optical purity
by weight is the ratio of the weight of the enantiomer
over the weight of the enantiomer plus the weight of
its optical isomer. When a disclosed compound is named
or depicted by structure without indicating the
stereochemistry, and the compound has at least one
chiral center, it is to be understood that the name or
structure encompasses one enantiomer of compound free
from the corresponding optical isomer, a racemic
mixture of the compound and mixtures enriched in one
enantiomer relative to its corresponding optical
isomer. When a disclosed compound is named or depicted
by structure without indicating the stereochemistry
and has at least two chiral centers, it is to be
understood that the name or structure encompasses a
diastereomer free of other diastereomers, a pair of
diastereomers free from other diastereomeric pairs,
mixtures of diastereomers, mixtures of diastereomeric
pairs, mixtures of diastereomers in which one
diastereomer is enriched relative to the other
diastereomer(s) and mixtures of diastereomeric pairs
in which one diastereomeric pair is enriched relative
to the other diastereomeric pair(s).The compounds of
the invention may be present in the form of
pharmaceutically acceptable salts. For use in
medicines, the salts of the compounds of the invention
refer to non-toxic "pharmaceutically acceptable
salts." Pharmaceutically acceptable salt forms include
pharmaceutically acceptable acidic/anionic or
basic/cationic salts. Pharmaceutically acceptable
basic/cationic salts include, the sodium, potassium,
calcium, magnesium, diethanolamine,
n-methyl-D-glucamine, L-lysine, Larginine, ammonium,
ethanolamine, piperazine and triethanolamine salts.
Pharmaceutically acceptable acidic/anionic salts
include, the acetate, benzenesulfonate, benzoate,
bicarbonate, bitartrate, bromide, calcium edetate,
camsylate, carbonate, chloride, citrate,
dihydrochloride, edetate, edisylate, estolate,
esylate, fumarate, glyceptate, gluconate, glutamate,
glycollylarsanilate, hexylresorcinate, hydrobromide,
hydrochloride, hydroxynaphthoate, iodide, isethionate,
lactate, lactobionate, malate, maleate, malonate,
mandelate, mesylate, methylsulfate, mucate, napsylate,
nitrate, pamoate, pantothenate, phosphate/diphospate,
polygalacturonate, salicylate, stearate, subacetate,
succinate, sulfate, hydrogensulfate, tannate,
tartrate, teoclate, tosylate, and triethiodide salts.
The following abbreviations have the indicated
meanings: Abbreviation Meaning A% Area percentage Boc
te/t-butoxy carbonyl or f-butoxy carbonyl (BoC)2O
di-te/t-butyl dicarbonate Cbz Benzyloxycarbonyl CbzCI
Benzyl chloroformate c-Pr cyclopropyl DAST
diethylaminosulfur trifluoride DBU
1,8-diazabicyclo[5.4.0]undec-7-ene DCC
N.N'-dicyclohexylcarbodiimideDCU N N -dicyclohexylurea
DIAD diisopropyl azodicarboxylate DIBAL-H
diisobutylaluminum hydride DIEA
N,N-diisopropylethylamine DMAP
4-(dimethylamino)pyridine DMF N,N-dimethylformamide
DMPU 1,3-dimethyl-3 ,4,5,6-tetrahydro-2(1
H)-pyrimidinone 2,4-DNP 2,4-dinitrophenylhydrazine
dppf 1,1'-Bis(diphenylphosphino)ferrocene DPTBS
Diphenyl-t-butylsilyl dr diastereomer ratio
1-[3-(dimethylamino)propyl]-3-ethylcarbodiimide EDC
HCI EDCI hydrochloride Equiv equivalents EtOAc Ethyl
acetate Fmoc
1-[[(9H-fluoren-9-ylmethoxy)carbonyl]oxy]-
1-[[(9H-fluoren-9-ylmethoxy)carbonyl]oxy]-2,5-
Fmoc-OSu pyrrolidinedione h. hr hour(s) HOBt
1-hydroxybenzotriazole 2-(7-Aza-1
H-benzotriazole-1-yl)-1 ,1,3,3- HP /D Ti I\ jI
tetramethyluronium hexafluorophosphate
2-(1H-Benzotriazol-1-yl)-1 ,1,3,3-tetramethyluronium
HBTlJ hexafluorophosphate KHMDS potassium
hexamethyldisilazane LAH or LiAIH4 lithium aluminum
hydride LC-MS liquid chromatography-mass
spectroscopyLHMDS lithium hexamethyldisilazane m-CPBA
meta-chloroperoxybenzoic acid Me methyl MsCI
methanesulfonyl chloride Min minute MS mass spectrum
NaH sodium hydride NaHCO3 sodium bicarbonate NaN3
sodium azide NaOH sodium hydroxide Na2SO4 sodium
sulfate NMM N-methylmorpholine NMP
N-methylpyrrolidinone Pd2(dba)3
tris(dibenzylideneacetone)dipalladium(0) PE petroleum
ether Quant quantitative yield rt room temperature
Satd saturated SOCI2 thionyl chloride SFC
supercritical fluid chromatography SPA scintillation
proximity assay SPE solid phase extraction TBAF
tetrabutylammonium fluoride TBS t-butyldimethylsilyl
TBDPS t-butyldiphenylsilyl TBSCI t-butyldimethylsilyl
chlorideTBDPSCI t-butyldiphenylsilyl chloride TEA
triethylamine or Et3N TEMPO
2,2,6,6-tetramethyl-1-piperidinyloxy free radical Teoc
1-[2-(trimethylsilyl)ethoxycarbonyloxy]- Teoc-OSu
1-[2-(trimethylsilyl)ethoxycarbonyloxy]pyrrolidin-2,5-
dione 



Text External temperature Tint Internal temperature
TFA trifluoroacetic acid TIc, TLC thin layer
chromatography TMS trimethylsilyl TMSCI
chlorotrimethylsilane or trimethylsilyl chloride R
retention time TsOH p-toluenesulfonic acid GENERAL
DESCRIPTION OF SYNTHETIC METHODS Compounds of Formula
I* can be prepared by several processes. In the
discussion below, A1, Cy1, E, R1, R2, R3, Y and n have
the meanings indicated above unless otherwise noted.
Cy2 is an optionally substituted
2-oxo-1,2-dihydropyridyl group. In cases where the
synthetic intermediates and final products of Formula
I* described below contain potentially reactive
functional groups, for example amino, hydroxyl, thiol
and carboxylic acid groups, that may interfere with
the desired reaction, it may be advantageous to employ
protected forms of the intermediate. Methods for the
selection, introduction and subsequent removal of
protecting groups are well known to those skilled in
the art. (T.W. Greene and P. G. M. Wuts "Protective
Groups in Organic Synthesis" John Wiley & Sons, Inc.,
New York 1999). Such protecting group manipulations
are assumed in the discussion below and not described
explicitly. Generally, reagents in the reaction
schemes are used in equimolar amounts; however, in
certain cases it may be desirable to use an excess of
one reagent to drive a reaction to completion. This is
especially the case when the excessreagent can be
readily removed by evaporation or extraction. Bases
employed to neutralize HCI in reaction mixtures are
generally used in slight to substantial excess ( 1 .05
- 5 equivalents). In a first process a compound of
Formula I*, can be prepared by reaction of an
aminoalcohol intermediate of Formula Il with a reagent
of Formula III, wherein Z1 and Z2 are leaving groups
such as chloride, 1-imidazolyl or aryloxide in an
inert solvent such as THF, CH2CI2, toluene or MeCN
usually in the presence of an organic or inorganic
base such as triethylamine or NaHCO3 respectively, at
-10 0C to 120 0C: Certain instances of reagent III are
especially convenient because they are commercially
available. For example when Z1 and Z2 are both
chloride, III is phosgene. When Z1 and Z2 are both
1-imidazolyl, III is carbonyl diimidazole. When Z1 is
chloride and Z2 is p-nitrophenoxide, III is
p-nitrophenyl chloroformate. When Z1 and Z2 are both
OCCI3, III is triphosgene and as little as one third
of molar equivalent can be used. Aminoalcohol
intermediates of Formula Il can be prepared by
reduction of amides of Formula IV using a hydride
reagent such as BH3THF solution, BH3-Me2S or LiAIH4 in
an inert solvent ethereal such as THF or DME at 20 0C
to 100 0C for between 1 h and 48 h:lntermediates of
Formula IV can be prepared by coupling of a
b-hydroxyacid of Formula V with an amine of Formula Vl
using standard peptide coupling reagents such as EDC
in the presence of HOBt and N,N-diisopropylethylamine
in an inert solvent such as CH2CI2 at 0 - 30 0C for
between 1 h and 24 h : Amine intermediates of Formula
Vl, wherein A1 = CH2 and R1 is absent, can be prepared
by reduction of amides of Formula VII using a hydride
reagent such as BH3THF solution, BH3-Me2S or LiAIH4 in
an inert solvent ethereal such as THF or DME at 20 0C
to 100 0C for between 1 h and 48 h: VII Vl Amine
intermediates of Formula Vl, wherein A1 is a bond, R1
is absent and Cy1 is not an aromatic or heteroaromatic
ring, can be prepared from ketones of formula VIII via
oximes of Formula IX or by reductive amination of a
ketone of Formula VIII with ammonia: y1 1 Cy2 VIII IX
Vl Methods for the conversion of ketones to oximes are
described in Smith, M. B. and March, J. "March's
Advanced Organic Chemistry" pp 1194-1 195, 5th
Edition, Wiley, New York, NY, 2001. Methods for the
reduction of oximes to primary amines are described in
Smith, M. B. and March, J . "March's Advanced Organic
Chemistry" p 1555, 5th Edition, Wiley, New York, NY,
2001 . Methods for the reductive amination ofketones
are described in Baxter, E. W. and Reitz, A. B.
"Organic Reactions" Volume 59, Ed. Overman, L. E.,
Wiley Interscience, 2002. Similarly amine
intermediates of Formula Vl, wherein A1 is CH and R1
is methyl or ethyl, can be prepared by reduction
t-butylsulfinylimines of Formula VIIIb which can be
prepared from ketones of Formula Villa and
f-butylsulfinamide or by addition of organometallic
reagents of Formula R1M, wherein R 1 is Me or Et and M
is Li, MgCI MgBr or MgI, to t-butylsulfinylimines of
Formula VIIId which can be prepared from aldehydes of
Formula VIIIc. R1 H2N y1 Cy2 VIIIc VIIId High
stereoselectivity is often achieved in such reactions
using chiral tbutylsulfinylimines. Intermediates of
Formula II, wherein n = 0, can be prepared by reaction
of oxetanes of Formula X with amines of Formula Vl as
described in Smith, M. B. and March, J . "March's
Advanced Organic Chemistry" p 505, 5th Edition, Wiley,
New York, NY, 2001 : Intermediates of Formula Il can
also be prepared by reductive amination of b-
hydroxyaldehydes of Formula Xa with amines of Formula
Vl. Methods for thereductive amination of aldehydes
are described in Baxter, E. W. and Reitz, A. B.
Organic Reactions" Volume 59, Ed. Overman, L. E.,
Wiley Interscience, 2002. Aldehydes of Formula Xa can
be prepared from homoallylic alcohols of Formula XXI
by treatment with OsO4 and NaIO4. Intermediates of
Formula II, wherein A1 = CH2 and R1 is absent, can be
prepared by reduction of amide intermediates of
formula Xl using a hydride reagent such as BH3.THF
solution, BH3.Me2S or LiAIH4 in an inert solvent
ethereal such as THF or DME at 20 0C to 100 0C for
between 1 h and 48 h: Amide intermediates of Formula
Xl can be prepared by reaction of an aminoalcohol
intermediate of Formula XII with activated carboxylic
acid of Formula XIII wherein Z3 = chloride or an
activated ester, such as an N-hydroxysuccinimide
ester: XII XIII XlAmino-alcohol intermediates of
Formula XII, wherein n = 0, can be prepared by
reaction of an epoxide of Formula XIV with cyanide ion
followed by reduction of the resulting hydroxynitrile
of Formula XV with hydrogen gas in the presence of a
catalyst or with a hydride source such as LiAIH4: XIV
XII Epoxide compounds of formula XIV can, in turn, be
prepared in a number of ways including, as described
in Aube, J. "Epoxidation and Related Processes"
Chapter 3.2 in Volume 1 of "Comprehensive Organic
Synthesis" Edited by B. M. Trost, I . Fleming and
Stuart L . Schreiber, Pergamon Press, New York, 1992.
Hydroxynitrile intermediates of Formula XV can be
prepared by treatment of ketones of Formula XVI with
acetonitrile anion, formed by treatment of
acetonitrile with n-Bu or LDA, in an inert, anhydrous
solvent such as THF at low temperature: XVI XV
Amino-alcohol intermediates of Formula XII, wherein n
is 0, can be prepared by treatment of sulfonate
intermediates of Formula XVII, wherein RA is for
example methyl, trifluoromethyl or p-methylphenyl,
with ammonia: XVII XIIAmino-alcohol intermediates of
Formula XII can be prepared by treatment of sulfonate
intermediates of Formula XVII with sodium azide to
give an azide intermediate of Formula XVIII followed
by catalytic hydrogenation or by Staudinger reduction
with PPh3 in wet THF: XVII XVIII XII Sulfonate
intermediates of Formula XVII can be prepared from
diol intermediates of Formula XIX with a sulfonyl
chloride RASO2CI: XIX XVII Diol intermediates of
Formula XIX can be prepared by hydroboration of allyl
alcohols of Formula XX: XX XIX Diol intermediates of
Formula XIX can be prepared by ozonolysis and
reduction of homoallyl alcohols of Formula XXI: XXl
XIX Aminoalcohol intermediates of Formula II, wherein
A1 is a bond, R1 is absent, and Cy1 is a heteroaryl
group or an aryl group bearing at least one strongly
electron withdrawing group such as CF3, can be
prepared by reaction of an aminoalcohol intermediate
of Formula XII with a compound of Formula XXII,
wherein Cy1 is aheteroaryl group or an aryl group
bearing at least one strongly electron withdrawing
group such as CF3 and RB is a leaving group such a
fluoro, chloro, bromo or iodo: Aminoalcohol
intermediates of Formula II, wherein A1 is
(Ci)alkylene can be prepared by reaction of an
aminoalcohol of Formula XII with an aldehyde or methyl
ketone of Formula XII in the presence of a reducing
agent such as NaCNBH3 or Na(OAc)3BH: Methods for the
reductive amination of aldehydes and ketones are
described in Baxter, E. W. and Reitz, A. B. Organic
Reactions" Volume 59, Ed. Overman, L. E., Wiley
Interscience, 2002. In a second process a compound of
Formula I* can be prepared by reaction of a
ketocarbamate of Formula XXIV, wherein RD is alkyl or
arylalkyl group such as methyl, t-butyl or benzyl,
with an organometallic reagent of Formula XXV wherein
M includes, but is not limited to, MgCI, MgBr, MgI or
Li: In specific examples, organometallic reagent XXV
is allylmagnesium bromide, allylzinc(ll) bromide,
(2-methylallyl)magnesium chloride or (2-methoxy-2-
oxoethyl)zinc(ll) bromide. In certain cases when M is
MgCI MgBr or MgI, it is advantageous to add CeCI3 to
the reaction mixture.Ketocarbamates of Formula XXIV
can be prepared by reaction of aminoketones of Formula
XXVI with intermediates of Formula XXVII wherein RE is
a leaving group such as chloride, succinyloxy,
imidazolyl or t-butoxycarboxycarbonyl: Aminoketones of
Formula XXVI, wherein n = 0, can be prepared by
reaction of a,b-unsaturated ketones of Formula XXVIII
with amines of Formula Vl: Aminoketones of Formula
XXVI, wherein n = 0, can be prepared by reaction of
b-dialkylaminoketones of Formula XXVIII, wherein RF is
lower alkyl especially methyl, with amines of Formula
Vl: b-Dialkylaminoketones of Formula XXVIII are in
turn derived from a, b-unsaturated ketones of Formula
XXVII with dialkylamines of Formula RFNHRF.In a third
process a compound of Formula I* can be prepared by
reaction of a compound of Formula XVII with an
isocyanate of Formula XXIX in the presence of a base:
lsocyanates of Formula XXIX can be prepared from
amines of Formula Vl by treatment with phosgene,
diphosgene or triphosgene. This third process is
described in greater detail in U.S. Provisional
Application Serial No. 61/137,013, filed July 25, 2008
entitled SYNTHESIS OF INHIBITORS OF 11b-HYDROXYSTEROID
DEHYDROGENASE TYPE 1 (Attorney Docket No.
4370.1001-000), the entire teachings of which are
incorporated herein by reference. In a fourth process
a compound of Formula I* can be prepared by reaction
of a halo compound of Formula, wherein Hal is chlorine
or bromine, with an isocyanate of Formula XXIX in the
presence of a base: Halo compounds of Formula XXX can
be prepared by reaction of b- haloketones of Formula
XXXI with organometallic reagents of Formula XXV
wherein M is a metal containing radical including
MgCI, MgBr, MgI or Li. The reaction is optionally
carried out in the presence of anhydrous cerium
trichloride: XXXI XXV XXXIn a fifth process a compound
of Formula I*, wherein A1 is CH2 or CH2CH2 and R1 is
absent, can be prepared by reaction of a compound of
Formula XXXII, with a compound of Formula XXXIII,
wherein A1 is CH2 or CH2CH2 and RG is a leaving group
such as Br, I1OSO2Me, OSO2CF3 or OSO2Ph, in the
presence of a base such as NaH or K2CO3: Compounds of
Formula XXXII can be prepared by treatment of
compounds of Formula XII with various reagents of
Formula III, wherein Z1 and Z2 are leaving groups such
as chloride, 1-imidazolyl or aryloxide in an inert
solvent such as THF, CH2CI2, toluene or MeCN usually
in the presence of an organic or inorganic base such
as triethylamine or NaHCO 3 respectively, at -10 0C to
120 0C: XXXIl In a sixth process a compound of Formula
I*, wherein A1 is a bond and R 1 is absent, can be
prepared by reaction of a compound of Formula XXXII,
with a compound of Formula XXII, wherein RB is a
leaving group such as chloro, bromo, iodo or OSO2CF3,
in the presence of a base such as K2CO3 and a copper
or palladium catalyst in an inert solvent such as
dioxane, DMF or NMP at elevated temperature: XXXIi
XXIiIn a seventh process a compound of Formula I* can
be prepared by Suzuki coupling of a compound of
Formula XXXIV, wherein Cy1 is aryl or heteroaryl and
Rx is bromo, iodo, or trifluoromethanesulfonyloxy,
with a boronic acid (Rg is hydrogen) or a boronate
ester of Formula XXXV (Rg is (Cr C6)alkyl and the two
groups Rg taken together form a (Ci-Ci 2)alkylene
group). In an eighth process a compound of Formula
XXXIV, wherein Cy1 is aryl or heteroaryl and Rx is
bromo, iodo, or trifluoromethanesulfonyloxy, can be
reacted with bis(pinacolato)diboron in the presence of
a palladium catalyst to give a boronate ester of
Formula XXXVI which can be further reacted with a
heterocyclic compound of Formula XXXVII, wherein Rx is
bromo, iodo, or trifluoromethanesulfonyloxy, again in
the presence of a palladium catalyst, to give a
compound of Formula I* .In a ninth process a compound
of Formula I* can be prepared from another compound of
Formula I*. For example: (1) a compound of Formula I*,
wherein R1 or R3 is w-hydroxy(C 2-C6)alkyl, can be
oxidized to a compound of Formula I*, wherein R1 or R3
is w-carboxy(Ci-C 5)alkyl, using Jones reagent. (2) a
compound of Formula I*, wherein R1 or R3 is
w-carboxy(Ci-C 6)alkyl, can be coupled with ammonia or
a (Ci-C 6)alkylamine using a standard peptide coupling
reagent such as EDC to afford a compound of Formula
I*, wherein R1 or R3 is w- H2NC(=O)(Cr C6)alkyl or
w-{(C1-C6)alkylNHC(=O)}(C 1-C6)alkyl. (3) a compound
of Formula I*, wherein R1 or R3 is w-hydroxy(C r
C6)alkyl, can be converted to its methanesulfonate or
trifluoromethanesulfonate, treated with sodium azide
and reduced to give a compound of Formula I*, wherein
R1 or R3 is w- amino(CrC 6)alkyl. (4) a compound of
Formula I*, wherein R1 or R3 is amino(Ci-C 6)alkyl,
can be reacted with acetic anhydride or acetyl
chloride to give a compound of Formula I*, wherein R1
or R3 is {acetylamino}(CrC 6)alkyl. (5) a compound of
Formula I*, wherein R1 or R3 is amino(Ci-C 6)alkyl,
can be reacted with methanesulfonyl chloride to give a
compound of Formula I* , wherein R1 or R3 is
{methanesulfonylamino}(Ci-C 6)alkyl. (6) a compound of
Formula I*, wherein R1 is (C2-C6)alkenyl, is
hydroborated to afford a compound of Formula I*,
wherein R1 is hydroxy(C2-C6)alkyl. (7) a compound of
Formula I*, wherein R3 is (C2-C6)alkenyl, is
hydroborated to afford a compound of Formula wherein
R3 is hydroxy(C2-C6)alkyl. (8) a compound of Formula
I*, wherein R1 is (C2-C6)alkenyl, can be reacted with
osmium tetroxide and N-methylmorpholine-N-oxide to
afford a compound of Formula I*, wherein R1 is vicinal
dihydroxy(C 2-C6)alkyl,. (9) a compound of Formula I*,
wherein R3 is (C2-C6)alkenyl, can be reacted with
osmium tetroxide and N-methylmorpholine-N-oxide to
afford a vicinal diol compound of Formula I*, wherein
R3 is vicinal dihydroxy(C 2-C6)alkyl,. (10) a compound
of Formula I*, wherein R1 is (C2-C6)alkenyl, can be
reacted with ozone followed by NaBH4 to give a
compound of Formula I* , wherein R1 is w- hydroxy(Cr
C5)alkyl.(11) a compound of Formula I* , wherein R3 is
(C2-C6)alkenyl, can be reacted with ozone followed by
NaBH4 to give a compound of Formula I*, wherein R3 is
w- hydroxy(C r C5)alkyl. (12) a compound of Formula I*
, wherein R1 or R3 is amino(Ci-C 6)alkyl, can be
reacted with an (CrC 6)alkyl isocyanate to give a
compound of Formula I*, wherein R1 or R3 is
(Ci-C6)alkylaminocarbonylamino(Ci-C 6)alkyl. (13) a
compound of Formula I*, wherein R1 or R3 is amino(Ci-C
6)alkyl, can be reacted with an (Ci-C 6)alkyl
chloroformate to give a compound of Formula I*,
wherein R1 or R3 is (Ci-C 6)alkoxycarbonylamino(CrC
6)alkyl. (14) a compound of Formula I*, wherein R1 or
R3 is amino(Ci-C 6)alkyl, can be reacted with
chlorosulfonyl isocyanate or sulfamide to give a
compound of Formula I*, wherein R1 or R3 is
aminosulfonylamino(Ci-C 6)alkyl. (15) a compound of
Formula I* , wherein R1 or R3 is amino(CrC 6)alkyl,
can be reacted with a (CrC 6)alkylsulfamoyl chloride
to give a compound of Formula I*, wherein R1 or R3 is
(CrC 6)alkylaminosulfonylamino(CrC 6)alkyl. (16) a
compound of Formula I*, wherein R1 or R3 is
hydroxy(C1-C6)alkyl, can be reacted with
chlorosulfonyl isocyanate to give a compound of
Formula I*, wherein R1 or R3 is aminosulfonyloxy(Ci-C
6)alkyl. (17) a compound of Formula I*, wherein R1 or
R3 is hydroxy(C r C6)alkyl, can be reacted with
p-nitrophenyl chloroformate, pentafluorophenyl
chloroformate or carbonyl diimidazole, followed by
ammonia, a (Ci-C 6)alkylamine or a di(Ci-C6)alkylamine
to give a compound of Formula I*, wherein R1 or R3 is
aminocarboxy(Ci-C 6)alkyl, (Cr C6)alkyl
aminocarboxy(Ci-C 6)alkyl or di(CrC 6)alkyl
aminocarboxy(Ci-C 6)alkyl. (18) a compound of Formula
I*, wherein R1 or R3 is hydroxy(CrC 6)alkyl, can be
reacted with POCI3 to give a compound of Formula I* ,
wherein R1 or R3 is (HO)2P(=O)O(C 1-C6)alkyl. (19) a
compound of Formula I* , wherein R3 is allyl or
homoallyl, can be reacted with oxygen in the presence
of PdCI2 and CuCI to afford a compound of Formula I*,
wherein R3 is 2-oxopropyl or 3-oxobutyl respectively.
(20) a compound of Formula I*, wherein R3 is
2-oxopropyl or 3-oxobutyl, can be reacted with MeMgX,
wherein X is Cl, Br or I , to give a compound of
Formula I* , wherein R3 is 2-hydroxy-2-methylpropyl or
3-hydroxy-3-methylpropyl respectively.(21) a compound
of Formula I*, wherein R3 is -CH2CO2Me can be treated
with MeMgX, wherein X is Cl, Br or I , to give a
compound of Formula wherein R3 is 2-
hydroxy-2-methylpropyl. (22) a compound of Formula I*,
wherein R3 is allyl or -CH 2C(Me)=CH 2, can be
hydrocyanated with TsCN in the presence of
triphenylsilane and various cobalt catalysts to afford
compounds of Formula I*, wherein R3 is -CH2CH(CN)Me or
- CH2CMe2CN respectively. (23) a compound of Formula
I*, wherein R3 is CH2C(Me)2CN can be treated with
acetamide in the presence of PdCI2 to give a compound
of Formula I* , wherein R3 is CH2CMe2CONH2. (24) a
compound of Formula I*, wherein R3 is -CH 2C(Me)=CH 2
can be treated with m-CPBA followed by lithium
triethylborohydride to afford a compound of Formula
I*, wherein R3 is 2-hydroxy-2-methylpropyl. In a tenth
process, certain compounds of the invention of Formula
I* * are prepared as follows: Cy,2 XXXIXHaIo compounds
of Formula LIII can be formed by the treatment of b-
haloketones of Formula XXXI with organometallic
reagents of Formula LII, wherein M denotes MgCI, MgBr,
MgI, ZnBr or ZnI and the reaction is optionally
performed in the presence of anhydrous cerium
trichloride in an inert anhydrous solvent, such as
tetrahydrofuran, at about -25 to 0 0C for about 0.5 h.
Cyclic carbamates of Formula LIV can be prepared from
the reaction between b-haloalcohols of Formula LIII
where Hal is a chloride and isocyanates of Formula
XXXIX in the presence of a base, such as but not
limited to DBU (1,8- diazabicyclo[5.4.0]undec-7-ene),
in a refluxing inert solvent, such as but not limited
to tetrahydrofuran. Tertiary alcohols of Formula LVII
can be derived from trisubstituted alkenes of Formula
LIV by first epoxidizing the alkene with an
epoxidation reagent, such as m- CPBA
(3-chloroperbenzoic acid), in an inert solvent, such
as dichloromethane to produce the corresponding
epoxides of Formula LV. The resulting epoxide is then
reductively ring opened to provide the corresponding
tertiary alcohol I* via treatment with a strong
hydride reagent, such as lithium triethylborohydride,
in an anhydrous inert solvent, such as
tetrahydrofuran.In a variation of the tenth process, a
compound of the invention of Formula I*** is prepared
by using a "Suzuki" coupling reaction of a boronate
ester of Formula LIX with a haloheterocycle of Formula
LX. LIII LVI The boronate ester of Formula LIX is
prepared by reaction of a bromide of Formula LVIII
with bis(pinacolato)diboron. LVIII is prepared by
epoxidation of alkene LVII, followed by reductive
epoxide opening as described above, for 2-methyl-2-
hydroxypropyl group is introduced via epoxidation and
hydride ring opening as described above for conversion
of LIV to I**. This tenth process is described in
greater detail in U.S. Provisional Application Serial
No. 61/137,013, filed July 25, 2008 entitled SYNTHESIS
OF INHIBITORS OF 11b-HYDROXYSTEROID DEHYDROGENASE TYPE
1 (Attorney Docket No. 4370.1001-000), the entire
teachings of which are incorporated herein by
reference.LC-MS METHODS Method 1 [LC-MS (3 min)]
Column: Chromolith SpeedRod, RP-18e, 50 x 4.6 mm;
Mobil phase: A: 0.01%TFA/water, B: 0.01%TFA/CH 3CN;
Flow rate: 1 ml min; Gradient: Method 2 (10-80)Method
3 (30-90)PREPARATION 1
(S)-3-((S)-1-(4-bromophenyl)ethyl)-6-(2-hydroxy-2-meth
ylpropyl)-6-phenyl-1,3- oxazinan-2-one Method 1 Step
1: (S)-1-bromo-4-(1-isocyanatoethyl)benzene To a
solution of (S)-1-(4-bromophenyl)ethanamine (240 g ,
1.2 mol) in methylene chloride (3 L) and satd aq
NaHCO3 (3 L) solution was added triphosgene ( 1 18 g,
0.396 mol) at 0 0C. The mixture was stirred for 15
min. The organic phase was separated, dried over
Na2SO4 and concentrated to give
1-bromo-4-(1-isocyanatoethyl) -benzene (170 g, 63%).
Step 2: i-chloro-S-phenylhex-S-en-S-ol To a solution
of 3-chloro-1-phenylpropan-1-one (170 g, 1.01 mol) in
anhydrous THF (1200 mL) was added allylmagnesium
bromide ( 1.2 L, 1mol/L) at -78 0C under nitrogen. The
formed mixture was stirred for 30 min at -78 0C. The
reaction was quenched with aqueous NaHCO3 solution.
The organic phase was separated, dried over Na2SO4 and
concentrated to give the crude product, which was
purified bycolumn chromatography (petroleum
ether/EtOAc= 100:1) to afford 1-chloro-3-
phenylhex-5-en-3-ol (180 g, 86%). 1H NMR (CDCI3) :
2.27 (m, 2H), 2.51 (m, 1H), 2.74 (m, 1H), 3.22 (m,
1H), 3.58 (m, 1H), 5.16 (m, 2H), 5.53 (m, 1H), 7.23
(m, 1H), 7.39 (m, 4H). Step 3:
(R)-6-allyl-3-((S)-1-(4-bromophenyl)ethyl)-6-phenyl-1
,3-oxazinan-2-one A mixture of
1-chloro-3-phenyl-hex-5-en-3-ol (105 g, 0.050 mmol),
(S)-(-)-1-(- bromophenyl)ethyl isocyanate (170 g,
0.752 mol), and DBU (228 g, 1.5 mol) in THF (1700 mL)
was heated to reflux overnight. The mixture was
diluted with EtOAc and washed with 1L/ aq HCI. The
aqueous phase was extracted with EtOAc (3 x). The
combined organic phase was dried over Na2SO4. After
the solvents were evaporated, the crude product was
purified by column chromatography (petroleum
ether/EtOAc =20:1 to 5:1) to give
(R)-6-allyl-3-((S)-1-(4-bromophenyl)ethyl)-6-phenyl-1,
3-oxazinan- 2-one (100 g, 34 %). 1H NMR (CDCI3) : 1.39
(d, 3H), 2.14 (m, 1H), 2.24 (m, 2H), 2.48- 2.61 (m,
3H), 2.82 (m, 2H), 5.01 (m, 2H), 5.52 (q, 1H), 5.73
(m, 1H), 6.62 (d, 2H), 7.12 (m, 2H), 7.28 (m, 2H).
Step 4:
(S)-3-((S)-1-(4-bromophenyl)ethyl)-6-(2-oxopropyl)-6-p
henyl-1 ,3-oxazinan-2- one and
3-((R)-3-((S)-1-(4-bromophenyl)ethyl)-2-oxo-6-phenyl-1
,3-oxazinan-6- yl)propanal To a solution of
(R)-6-allyl-3-((S)-1-(4-bromophenyl)ethyl)-6-phenyl-1
,3- oxazinan-2-one (31 g, 78 mmol) and CuCI (19.3 g,
195 mmol) in dry DMF (150 mL) was added H2O (50 mL)
and PdCI2 (4.10 g, 23 mmol) at rt. After addition, the
mixture was stirred overnight under oxygen. After TLC
showed the starting material had disappeared, the
solid was filtered off. Water (200 mL) and EtOAc (200
mL) was added, the organic layers were separated and
the aqueous layer was extracted with EtOAc (3 x 40
mL). The combined organic layer was washed with brine,
dried over Na2SO4, filtered and concentrated to give a
residue which was purified by column chromatography
(petroleum ether/EtOAc =5:1 to 1:1) to give a mixture
of (S)-3-((S)-1-
(4-bromophenyl)ethyl)-6-(2-oxopropyl)-6-phenyl-1,3-oxa
zinan-2-one and 3-((R)- 3- ((S)-I
-(4-bromophenyl)ethyl)-2-oxo-6-phenyl-1
,3-oxazinan-6-yl)propanal, (26 g, 81%).Step 5:
(S)-3-((S)-1-(4-bromophenyl)ethyl)-6-(2-oxopropyl)-6-p
henyl-1 ,3-oxazinan-2- one To a mixture of
(S)-3-((S)-1-(4-bromophenyl)ethyl)-6-(2-oxopropyl)-6-p
henyl- 1,3- oxazinan-2-one and
3-((R)-3-((S)-1-(4-bromophenyl)ethyl)-2-oxo-6-phenyl-1
,3- oxazinan-6- yl)propanal (20 g, 48.2 mmol) in
t-BuOH (250 mL) and 2-methyl-2-butene (50 mL) was
added a solution of NaCIO2 (19.3 g, 0.213 mol) and
NaH2PO4 (28 g, 0.179 mol) in H2O (300 mL) at 0 0C. The
formed mixture was stirred for 1 h at 0 0C. The
mixture was treated with water (100 mL) and extracted
with CH2CI2. The combined organic layer was dried over
Na2SO4, filtered and concentrated to leave a residue,
which was purified by column chromatography (petroleum
ether/EtOAc =5:1 to 2.5:1) to afford
(S)-3-((S)-1-(4-bromophenyl)ethyl)-6-(2-oxopropyl)-6-p
henyl-1 ,3- oxazinan-2-one (10.0 g, 83%). 1H NMR
(CDCI3) : 1.49 (d, 3H) 2.12 (s, 3H), 2.33 (m, 2H) 2.63
(m, 1H), 2.86-3.08 (m, 3H), 5.57 (q, 1H), 6.66 (d,
2H), 7.19 (m, 2H), 7.33 (m, 5H). Step 6: (S)-3-((S)-1-
(4-bromophenyl) ethyl)-6- (2- hydroxy-2-methylpropyl)-
6- phenyl- 1,3- oxazinan-2- one To a solution of
(S)-3-((S)-1-(4-bromophenyl)ethyl)-6-(2-oxopropyl)-6-p
henyl- 1,3-oxazinan-2-one (20 g, 46.4 mmol) in
anhydrous THF (200 mL) was added dropwise
methylmagnesium bromide (31 mL, 144 mmol) at -78 0C
under nitrogen. Then the mixture was stirred at rt for
1 h. The reaction mixture was quenched with aq NaHCO3
(50 mL) under ice water bath. The organic layers were
separated. The aqueous layer was extracted with EtOAc
(150 mL). The combined organic layers were washed with
brine, dried over Na2SO4 and concentrated in vacuo to
give the crude product, which was purified column
chromatography (petroleum ether/EtOAc =5:1 to 2:1) to
afford
(S)-3-((S)-1-(4-bromophenyl)ethyl)-6-(2-hydroxy-2-meth
ylpropyl)- 6-phenyl-1 ,3-oxazinan-2- one (13 g , 65%).
After re-crystallization from EtOH, 4 g of the pure
compound was obtained. 1H NMR (CDCI3) : 1.06 (s, 3H),
1.12 (s, 3H), 1.44 (d, 3H), 2.14 (m, 3H), 2.21 (m,
1H), 2.33 (m, 1H), 2.76 (m, 1H), 5.54 (q, 1H), 6.74
(d, 2H), 7.16 (d, 2H), 7.28 (m, 5H).Alternative
Procedure for Method 1 Step 2 A solution of
3-chloro-i-phenylpropan-i-one (100 g, 0.595 mol) in
THF (280 ml) was added dropwise to a well-stirred
mixture of zinc powder (need not be activated) (40 g,
1.231 mol, satd aq NH4CI solution (1500 ml) and THF
(400 ml). AIIyI bromide (143 g , 1.19 mol) was
dissolved in THF (200 ml) was slowly added to the
reaction mixture. The reaction was mildly exothermic,
and the mixture began to reflux spontaneously. After
refluxing had ceased, the mixture was stirred for 1 h.
The mixture was extracted with EtOAc, dried over
anhydrous Na2SO4, and concentrated to give
1-chloro-3-phenylhex-5-en-3-ol (122 g, 97%). 1H NMR:
(400MHz, CDCI3) : d=2.24(s, 1H), 2.34 (m, 2H), 2.53
(m, 1H), 2.75 (m, 1H), 3.20 (m, 1H), 3.58 (m, 1H),
5.18 (t, 1H), 5.51 (m, 1H), 7.26 (m, 1H), 7.26-7.39
(m, 3H).
(R)-6-allyl-3-((S)-1-(4-bromophenyl)propyl)-6-phenyl-1
,3-oxazinan-2-one was prepared from
(S)-1-(4-bromophenyl)propan-1 -amine following
procedures analogous to those described in Preparation
1 Method 1 Steps 1 to 3 above.
(S)-3-((S)-1-(4-bromophenyl)ethyl)-6-(4-fluorophenyl)-
6-(2-hydroxy-2- methylpropyl)-1 ,3-oxazinan-2-one was
prepared from (R)-6-allyl-3-((S)-1-(4-
bromophenyl)ethyl)-6-(4-fluorophenyl)-1
,3-oxazinan-2-one following procedures analogous to
those described in Preparation 1 Method 1 Steps 4 and
6.Method 2 THF, reflux triphosgene, C H2CI2 sat aq
NaHCO 3 m-CPBA, I CH2CI2 Step 1.
i-Chloro-S-methyl-S-phenyl-hex- -en-S-ol To a stirred
suspension of magnesium turnings (46.7 g, 1.94 mol) in
1500 mL of THF (H2O <100 ppm based on Karl Fischer
titration) was charged 53.0 mL of 1 M DIBAL-H in
hexane under nitrogen at rt. Then
3-chloro-2-methylprop-1-ene (160 g, 1.77 mol) was
introduced while maintaining the internal temperature
below 30 0C. The resulting solution was agitated for 2
h at rt. The solution was titrated in the presence of
1.1'-bipyridine to indicate 0.8 M of the corresponding
Grignard reagent. To a dry flask containing 307.0 g of
anhydrous CeCI3 (1.25 mol) at rt under nitrogen was
added 1556.8 mL of the Grignard reagent (0.8 M, 1.25
mol). The resulting slurry was cooled to -10 0C and
agitated for 0.5 h. To the slurry was added 200 g of
3-chloro-1- phenylpropan-1-one (1.19 mol) in 200 mL of
THF while maintaining the internal temperature below 0
0C. After the mixture was stirred for 0.5 h, 1200 mL
of 1 M aq HCI was added to obtain a clear solution
while maintaining the internal temperature below 30
0C. After the phase cut, the aqueous layer was
extracted with EtOAc (500 mL). The combined organic
layers were washed with brine and dried over sodium
sulfate. Removal of the solvent under vacuum produced
crude 1-chloro-5-methyl-3- phenyl-hex-5-en-3-ol, which
was chased with THF to achieve H2O <500 ppm based on
Karl Fischer titration. The crude product (306 g,
83wt%, 95% yield) was useddirectly in Step 3. 1H-NMR
spectroscopy (500 MHz, CDCI3) d 7.38-7.37 (d. J= 7.8
Hz, 2H), 7.33 (t, J= 7.9 Hz, 2H), 7.24 (t, J= 7.4 Hz 1
H), 4.91 (s, 1H), 4.76 (S 1H) 3.57 (ddd, J= 5.6, 10.7,
and 10.7, 1H) 3.13 (ddd, J= 4.7, 10.7 and 10.7 Hz,
1H), 2.66 (d, J= 13.3 Hz 1H) 2.54 (d, J= 11.3 Hz, 1H)
2.53 (s, 1H) 2.36 (ddd, J= 5.4, 10.6 and 13.9 Hz. 1H)
2.29 (ddd, J=5.6, 11.3 and 13.3 Hz, 1H), 1.29 (s, 3H).
13C-NMR 



spectroscopy (125 MHz CDCI3) d 144.3, 141 .4, 128.0,
126.6, 124.8, 116.1, 74.2, 5 1.2, 46.0, 39.9, 23.9.
Step 2. 1-Bromo-4-((S)-1-isocyanato-ethyl)-benzene To
a 10 L jacketed reactor was charged 241 g of sodium
bicarbonate (2.87 mol, 2.30 equiv) and 5 L of
deionized water. The resulting solution was agitated
for 10-20 min, until the solids dissolved
(homogeneous). To the clear solution was charged 250 g
( 1 .25 mol, 1.00 equiv) of
(S)-(-)-1-(4-bromophenyl)ethylamine as a solution in
1.00 L of dichloromethane. An additional 4 L of
dichloromethane was charged to the reactor. The
biphasic solution was agitated and cooled to Tint=2-3
0C. Triphosgene (126 g, 424 mmol, 0.340 equiv) was
charged to the reactor in approximately two equal
portions 6 min apart. It should be noted that a slight
exotherm was noted upon the addition of triphosgene.
The resulting murky solution was agitated at Tint=2-5
0C for 30 min, at which point HPLC analysis indicates
>99 A% conversion (220 nm). The dichloromethane layer
was cut and dried with anhydrous sulfate. The
resulting solution was passed through a celite plug
and concentrated to ~ 1.5 L which fine particles of a
white solid developed. The solution was filtered and
concentrated to a thick oil via reduced pressure to
produce 239 g of 1-bromo-4-((S)-1-
isocyanato-ethyl)-benzene (93.7 wt%, 79.4 % yield).
1H-NMR spectroscopy (400 MHz, CD2CI2) d 7.53 (d, J=
11.4 Hz, 2 H) 7.26 (d, J= 8.2 Hz 2 H), 4.80 (q, J= 6.7
Hz 1H) 1.59 (d, J= 6.7 Hz, 3 H). The material was used
in Step 3 without further purification. Step 3.
(R)-3-((S)-1
-(4-bromophenyl)ethyl)-6-(2-methylallyl)-6-phenyl-1
,3-oxazinan-2- one To a dried 10 L jacketed reactor
under a nitrogen atmosphere was charged 1-
chloro-5-methyl-3-phenyl-hex-5-en-3-ol (167 g, 81.7
wt%, 610 mmol, 1.00 equiv), 1-
bromo-4-((S)-1-isocyanato-ethyl)-benzene (219 g , 93.7
wt%, 9 11 mmol, 1.50 equiv), anhydrous tetrahydrofuran
(3.00 L), and then
1,8-diazabicyclo[5.4.0]undec-7-ene(DBU, 409 ml_, 2.73
mol, 4.50 equiv). The resulting solution was agitated
and refluxed (Tint= 67-69 C, Text= 75 0C) for 19 h, at
which point HPLC analysis indicated ~ 1A% (220 nm) of
the i-chloro-S-methyl-S-phenyl-hex- -en-S-ol remained.
The dark solution was cooled to Tint= 20-25 0C. Two
liters of tetrahydrofuran were removed by distillation
under reduced pressure. The remaining dark solution
was diluted with 4.0 L of ethyl acetate and 1.0 L of
hexanes. The resulting solution was washed with 4.0 L
of a 1.0 M aqueous solution of hydrogen chloride
(note: the wash is slightly exothermic). The aqueous
solution was cut and the remaining organic solution
was dried with anhydrous sodium sulfate, filtered and
then concentrated to an oil via reduced pressure. The
resulting material was subjected to flash silica
chromatography (5-30 % ethyl acetate/hexanes, 1.74 kg
of silica) to produce 137.8 g of material (59 wt%,
3.1:1 diastereomeric ratio favoring the desired
diastereomer (R)-3-((S)-1-(4-
bromophenyl)ethyl)-6-(2-methylallyl)-6-phenyl-1,3-oxaz
inan-2-one, 32.3 % yield). The material was used in
Step 4 without further purification. Analytical data
for
(R)-3-((S)-1-(4-bromophenyl)ethyl)-6-(2-methylallyl)-6
- phenyl-1 ,3-oxazinan-2-one: 1H-NMR spectroscopy (500
MHz, CD2CI2) d 7.42-7.35 (m, 3 H), 7.33-7.31 (m, 2H),
7.25-7.23 (m, 2H), 6.80-6.74 (m, 2), 5.55 (q, J= 7.1
Hz, 1 H), 5.37-5.36 (m, 1H), 4.89 (s, 1H), 4.69 (s,
1H), 2.96-2.93 (m, 1H), 2.61 (dd, J= 13.8 and 26.4 Hz,
2 H), 2.37-2.25 (m, 3H), 1.68 (s, 3H), 1.50 (d, J= 7.1
Hz, 3 H). 13C-NMR spectroscopy (125 MHz, CD2C I2) d
152.5, 141 .5, 140.1, 138.3, 130.6, 128.1, 128.0,
126.9, 124.4, 120.2, 115.3, 82.4, 52.1, 50.1, 35.6,
29.8, 23.4, 14.5. Analytical data for
(S)-3-((S)-1-(4-bromophenyl)ethyl)-6-(2-methylallyl)-6
- phenyl-1 ,3-oxazinan-2-one: 1H-NMR spectroscopy (400
MHz, CD2CI2) d 7.50-7.48 (m, 2H), 7.43-7.39 (m, 2H),
7.35-7.32 (m, 3H), 7.20-7.18 (m, 2H), 5.60 (q, J= 7.1
Hz, 1H), 4.85 (s, 1H), 4.66 (s, 1H), 2.73-2.67 (m,
2H), 2.60 (dd, J= 13.9 and 19.4 Hz, 2H), 2.28 (dt, J=
3.3 and 13.7 Hz, 1H), 2.14-2.05 (m, 1H), 1.66 (s, 3H),
1.24 (d, J= 7.2 Hz, 3 H). 13C-NMR spectroscopy (100
MHz, CD2C I2) d 153.4, 142.5, 141.0, 140.1 , 131.8,
129.3, 128.9, 127.8, 125.3, 121 .5, 116.3, 83.9, 53.2,
5 1.0, 36.6, 3 1.3, 24.3, 15.4. Step 4.
(6S)-3-((S)-1-(4-bromophenyl)ethyl)-6-((2-methyloxiran
-2-yl)methyl)-6-phenyl- 1,3-oxazinan-2-one To a 1.0 L
2-neck RBF was charged
(R)-3-((S)-1-(4-bromophenyl)ethyl)-6-(2-
methylallyl)-6-phenyl-1 ,3-oxazinan-2-one (135.8 g, 59
wt%, 3.1:1 dr, 193 mmol, 1.00equiv), dichloromethane
(700 mL), and then 3-chloroperbenzoic acid (m-CPBA,
70%, 95.3 g, 386 mmol, 2.0 equiv). The resulting
solution was agitated at rt (Tint=20-25 0C) for 1 h,
which HPLC analysis indicates >99 A% (220 nm)
conversion. The resulting solution was diluted with
700 mL of methyl tert-butyl ether (MTBE) and washed
with 1x500 mL of 30 wt% solution of sodium thiosulfate
and 1x500 mL of saturated aqueous solution of sodium
bicarbonate. The wash sequence was repeated until the
peak on an HPLC trace of the organic solution that
corresponds to a HPLC sample peak of m-CPBA is <2.5 A%
(220 nm), which in this example the wash sequence was
repeated 3 times. The resulting organic layer was
dried with anhydrous sodium sulfate, filtered and then
concentrated to an oil via reduced pressure. The
resulting material was diluted with 200 mL of
anhydrous tetrahydrofuran and then concentrated to a
thick oil via reduced pressure to provide
(6S)-3-((S)-1-(4-bromophenyl)ethyl)-6-
((2-methyloxiran-2-yl)methyl)-6-phenyl-1
,3-oxazinan-2-one which was used directly in Step 5.
Step 5. (S)-3-((S)-1
-(4-bromophenyl)ethyl)-6-(2-hydroxy-2-methylpropyl)-6-
phenyl- 1,3-oxazinan-2-one To a 2.0 L 3-neck
oven-dried RBF was charged the crude (6S)-3-((S)-1-(4-
bromophenyl)ethyl)-6-((2-methyloxiran-2-yl)methyl)-6-p
henyl-1 ,3-oxazinan-2-one and 750 mL of anhydrous THF.
The resulting solution was agitated and cooled to
Tint= 2-3 0C. To the agitated clear solution was
charged 1.0 M lithium triethylborohydride in
tetrahydrofuran (Super Hydride, 348 mL, 348 mmol, 1.8
equiv). The addition is exothermic and addition was
controlled to maintain T,nt= < 8 0C. The resulting
solution was agitated at Tint= 2-3 0C for 1.5 h and
then allowed to warm to T,nt= 10-13 0C over a 2.5 h,
which HPLC analysis indicates ~94 A% (220 nm)
conversion. To the agitated solution was charged a
solution of hydrogen peroxide (95.7 mL of a 35 wt%
aqueous solution diluted with 400 mL of water, 1.08
mol, 5.60 equiv). The addition is highly exothermic
and addition was controlled to maintain Tmt= < 25 0C.
The resulting solution was diluted with 1.00 L of
methyl te/t-butyl ether (MTBE) and washed with 1.00 L
of water followed by 500 mL of a ~30 wt% solution of
sodium thiosulfate. The organic solution was dried
with anhydrous sodium sulfate, filtered, and then
concentrated via reduced pressure. The resulting
material was subjected to flash silica chromatography
(10-60% ethyl acetate, 600 g of silica) to produce 68
g ofmaterial consisting of both diastereomers (1.98:1
dr) and 4 1 g of the desired diastereomer, (>99:1 dr).
The material consisting of the mixed fractions was
recrystallized from 250 mL of isopropyl acetate (IPAC)
and 200 mL of heptane (antisolvent) to produce upon
filtration 3 1.3 g of product (95.7 A% at 220 nm, 74:1
dr). The two samples were combined to produce 72.3 g
of (S)-3-((S)-1-(4-bromophenyl)ethyl)-
6-(2-hydroxy-2-methylpropyl)-6-phenyl-1,3-oxazinan-2-o
ne (83.6 % yield for the two step operation). 1H-NMR
spectroscopy (400 MHz, CDCI3) d 7.37-7.29 (m, 5H),
7.25- 7.21 (m, 2H), 6.82-6.79 (m, 2H), 5.61 (q, J= 6.9
Hz, 1H), 2.83 (ddd, J= 2.5, 5.4 and 11.6 Hz, 1H), 2.39
(ddd, J= 5.7, 12.0 and 14.1 Hz, 1H), 2.27 (ddd, J=
2.6, 4.8 and 14.0 Hz, 1H), 2.21-2.14 (m, 3H), 2.08 (s,
1H), 1.49 (d, J= 7.0 Hz, 3H), 1.18 (s, 3H), 1.13 (s,
3H). 13C-NMR spectroscopy (100 MHz, CDCI3) d 153.2,
142.6, 138.5, 131 .6, 129.13, 129.10, 128.0, 125.3,
121.6, 84.2, 7 1.4, 54.1 , 53.3, 36.4, 33.6, 32.1 ,
30.8, 15.6. PREPARATION 2
(S)-6-(2-hydroxy-2-methylpropyl)-
6-phenyl-3-((S)-1-(4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborol-an-2-yl)phenyl)ethyl)-1,3-oxazinan-2-one To
a solution of (S)-3-((S)-1
-(4-bromophenyl)ethyl)-6-(2-hydroxy-2-
methylpropyl)-6-phenyl-1 ,3-oxazinan-2-one (6.6 g,
15.2 mmol) and 4,4,4',4', 5,5,5",51- octamethyl-
2,2'-bi(1 ,3,2- dioxaborolane) (6.1g, 24.3 mmol) in
dry DMSO (20 mL) was added KOAc (4.8 g, 48.6 mmol) and
Pd(dppf)cl 2 (372 mg, 0.46 mmol). After addition, the
mixture was allowed to warm to 100 0C for 20 h. After
TLC showed the starting material had disappeared, the
solid was filtered off. Water (60 mL) and EtOAc (2OmL)
were added. The layers were separated and the aqueous
layer was extracted with EtOAc (3 15 mL). The combined
organic layer was washed with brine, dried over Na2SO
, filtered and concentrated to give a residue, which
was purified by column chromatography to give
(S)-6-(2-hydroxy-2-methylpropyl)-
6-phenyl-3-((S)-1-(4-(4,4,5,5-tetramethyl-1
,3,2-dioxaborol-an-2-yl)phenyl)ethyl)-1
,3-oxazinan-2-one (4.4 g, 60%).
(S)-6-(4-fluorophenyl)-6-(2-hydroxy-2-methylpropyl)-3-
((S)-1-(4-(4,4,5,5- tetramethyl-1
,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1
,3-oxazinan-2-one was prepared from
(S)-3-((S)-1-(4-bromophenyl)ethyl)-6-(2-hydroxy-2-meth
ylpropyl)-6-(4- fluorophenyl)-1,3-oxazinan-2-one
following an analogous procedure.
(S)-6-(2-hydroxy-2-methylpropyl)-6-phenyl-3-((S)-1-(4-
(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)phenyl)propyl)-1,3-oxazinan-2-
one was prepared from (S)-3-
((S)-1-(4-bromophenyl)propyl)-6-(2-hydroxy-2-methylpro
pyl)-6-phenyl-1 ,3-oxazinan-2- one following an
analogous procedure.
(R)-6-Methoxymethyl-6-phenyl-3-{(S)-1-[4-(4,4,5,5-tetr
amethyl- [ 1 ,3,2]dioxaborolan-2-yl)-phenyl]-ethyl}-[1
,3]oxazinan-2-one was prepared from 3-[1-
(4-bromo-phenyl)-ethyl]-6-methoxymethyl-6-phenyl-[1
,3]oxazinan-2-one following an analogous procedure.
PREPARATION 3
3-((R)-3-((S)-1-(4-bromophenyl)ethyl)-2-oxo-6-phenyl-1
,3-oxazinan-6-yl)-2,2- dimethylpropanenitrile
Preparation of Cobalt(ll) Complex A 50 ml. flask was
charged with
L/,L/-bis(3,5-di-tert-butylsalicylidene)-1 ,1,2,2-
tetramethylethenediamine (0.430 g , 0.78 mmol, 1.0
equiv), EtOH (17 ml), and Co(OAc)2 (0.139 g, 0.78
mmol, 1.0 equiv). The mixture was degassed and then
heated to reflux under nitrogen for 3 h, cooled to
room temperature. The precipitatewas filtered and the
purple solid was washed with EtOH (10 mL) and dried
under high vacuum to give 0.353 g (75%) of the
cobalt(ll) complex. A mixture of
(R)-3-((S)-1-(4-bromophenyl)ethyl)-6-(2-methylallyl)-6
-phenyl-1 ,3- oxazinan-2-one (490 mg, 1.18 mmol), the
cobalt(ll) complex whose preparation is described
immediately above (8 mg, 0.01 equiv), TsCN (257 mg,
1.2 equiv), and PhSiH3 (137 mg, 157 ml_, 1.07 equiv)
in ethanol (10 mL) was stirred 4 h at it After
removing the solvent under reduced pressure, the
residue was purified by chromatography on a 40g silica
gel column, eluted with a 25-80% EtOAc in hexanes
gradient to afford
3-((R)-3-((S)-1-(4-bromophenyl)ethyl)-2-oxo-6-phenyl-1
,3-oxazinan- 6-yl)-2,2-dimethylpropanenitrile (267 mg,
51% yield). LC-MS (3min. method) tR = 1.89min., m/z
441 , 443 (M+1) PREPARATION 4
2,2-dimethyl-3-((R)-2-oxo-6-phenyl-3-((S)-1-(4-(4,4,5,
5-tetramethyl-1 ,3,2-
dioxaborolan-2-yl)phenyl)ethyl)-1,3-oxazinan-6-yl)prop
anenitrile
3-((R)-3-((S)-1-(4-bromophenyl)ethyl)-2-oxo-6-phenyl-1
,3-oxazinan-6-yl)-2,2- dimethylpropanenitrile (467 mg,
1.06 mmol), 4,4,4l ,4l,5,5,5l ,5I-octamethyl-2,2'-bi(1
,3>2- dioxaborolane) (538mg, 2equiv), KOAc (333mg, 3.2
equiv), PdCI2(dppf)CH2CI2 (27 mg, 0.033 equiv) were
mixed with dry DMSO (6 mL). The mixture was degassed
and refilled with N2 gas 3 times. The mixture was then
heated overnight at 90 0C under protection of N2 gas.
After being cooled to rt, the mixture was diluted with
EtOAc (30 mL), washed with water (20 mL). The aqueous
layer was extracted with EtOAc (2 x 15 mL). The
combined organic layers were washed by water (15 mL),
brine (2 x 10 mL) and dried over Na2SO4. After
filtration and concentration, the residue was purified
chromatography on a 4Og silica gel column, eluted with
a 20-50% EtOAc in Hexanes gradient, to afford
2,2-dimethyl-3-((R)-2-oxo-6-phenyl-3-((S)-1-(4-(4,4,5,
5-tetramethyl- 1,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1
,3-oxazinan-6-yl)propanenitrile (393 mg, 76%
yield).PREPARATION 5
3-((R)-3-((S)-1-(4-bromophenyl)ethyl)-6-(4-fluoropheny
l)-2-oxo-1,3-oxazinan-6-yl)-2- methylpropanenitrile
Method 1 CeCI3, THF DBU. THF, reflux Step 1.
1-chloro-3-(4-fluorophenyl)hex-5-en-3-ol A 250-mL
flask was charged with anhydrous CeCI3 (5.58 g, 22.6
mmol) and THF (40 ml_). The mixture was vigorously
stirred for 3.5 h at rt. The suspension was then
cooled to -78 0C and a solution of allylmagnesium
bromide ( 1 .0 M in THF 2 1 mL, 2 1.0 mmol) was added.
After stirring for 2 h at -78 0C, a solution of
3-chloro-1-(4- fluorophenyl)propan-1-one (2.522 g,
13.5 mmol) in THF (30 mL) was added via cannula. The
reaction mixture was allowed to slowly warm to 8 0C
while stirring overnight (18 h). The reaction was then
quenched with satd aq NaHCO3, extracted with EtOAc,
and dried over Na2SO4. After the solvents were
evaporated, the residue was purified by chromatography
on silica gel eluted with hexanes/EtOAc to afford of
1-chloro-3-(4-fluorophenyl)hex-5-en-3-ol (3.0049 g,
97%) as an oil. LC-MS Method 1 tR = 1.79 min, m/z 213,
2 11 (M-OH)+; 1H NMR (400 MHz, CDCI3) d 7.37-7.32 (m,
2H),7.07-7.02 (m, 2H), 5.57-5.47 (m, 1H), 5.20-5.19
(m, 1H), 5.16 (m, 1H), 3.59-3.52 (m, 1H), 3.24-3.18
(m, 1H), 2.70 (dd, J = 13.8, 5.9 Hz, 1H) 2.50 (dd, J =
13.8, 8.5 Hz, 1H), 2.29 (t, J = 7.9 Hz, 2H), 2.22 (s,
1H); 19F NMR (376 MHz, CDCI3) d - 1 16.52 (m). Step 2.
(R)-6-allyl-3-((S)-1-(4-bromophenyl)ethyl)-6-(4-fluoro
phenyl)-1,3-oxazinan-2- one and (S)-6-allyl-3-((S)-1
-(4-bromophenyl)ethyl)-6-(4-fluorophenyl)-1
,3-oxazinan-2- one. A mixture of
1-chloro-3-(4-fluorophenyl)hex-5-en-3-ol (0.4129 g,
1.8 mmol, 1.0 equiv), (S)-(-)-1-(4-bromophenyl)ethyl
isocyanate (0.5005 g, 2.2 mmol, 1.2 equiv), and DBU
(0.7375 g, 4.8 mmol, 2.7 equiv) in THF (10 mL) was
heated to reflux for 25 h. The mixture was diluted
with EtOAc and washed with 1 N aq HCI. The aqueous
phase was extracted with EtOAc (2 x). The combined
organic phase was dried over Na2SO4. After the
solvents were evaporated, the crude product was
directly used in the next step without further
purification. An analytical sample was purified by
chromatography on silica gel eluted with hexanes/EtOAc
to afford the two diastereomers of
6-allyl-3-((S)-1-(4-bromophenyl)
ethyl)-6-(4-fluorophenyl)-1 ,3-oxazinan-2-one. Isomer
1:
(S)-6-allyl-3-((S)-1-(4-bromophenyl)ethyl)-6-(4-fluoro
phenyl)-1,3- oxazinan-2-one. LC-MS Method 1 tR = 2.03
min, m/z 420, 418 (MH+) ; 1H NMR (400 MHz, CDCI3) d
7.46 (d, J = 8.2 Hz, 2H), 7.31-7.28 (m, 2H), 7.17 (d,
J = 8.2 Hz, 2H), 7.07 (t, J = 8.5 Hz, 2H), 5.76-5.66
(m, 2H) 5.10-4.99 (m, 2H) 2.75-2.52 (m, 4H) 2.23- 2.19
(m, 1H) 2.08-2.00 (m, 1H), 1.24 (d, J = 7.0 Hz 3H);
19F NMR (376 MHz CDCI3) d - 1 15.07 (m). Isomer 2:
(R)-6-allyl-3-((S)-1-(4-bromophenyl)ethyl)-6-(4-fluoro
phenyl)-1 ,3- oxazinan-2-one. LC-MS Method 1 tR = 1.98
min, m/z 420, 418 (MH+); 1H NMR (400 MHz CDCI3) d
7.25-7.20 (m, 4H), 7.05-7.01 (m, 2H), 6.71 (d, J = 8.5
Hz 2H) 5.74- 5.64 (m, 1H), 5.58 (q, J = 7.0 Hz, 1H)
5.09-4.99 (m, 2H), 2.92-2.87 (m, 1H), 2.63-2.50 (m,
2H) 2.33-2.16 (m, 3H) 1.47 (d, J = 7.0 Hz, 3H); 19F
NMR (376 MHz, CDCI3) d - 114.91 (m).Step 3 A mixture
of
(R)-6-allyl-3-((S)-1-(4-bromophenyl)ethyl)-6-(4-fluoro
phenyl)-1,3- oxazinan-2-one ( 1.067 g, 2.55 mmol, 1.0
equiv), the cobalt(ll) catalyst described in
Preparation 3 (0.016 g, 0.0264 mmol, 0.010 equiv),
TsCN (0.555 g, 3.06 mmol, 1.2 equiv), and PhSiH3
(0.294 g, 2.72 mmol, 1.07 equiv) in EtOH (5 ml_) was
stirred at room temperature for 4 h. After the solvent
was removed under reduced pressure, the residue was
purified by chromatography on silica gel eluted with
hexanes/ethyl acetate to afford 1.0130 g (89%) of
3-((R)-3-((S)-1-(4-bromophenyl)ethyl)-6-(4-
fluorophenyl)-2-oxo-1
,3-oxazinan-6-yl)-2-methylpropanenitrile as a solid.
LC-MS fa = 1.83, 1.86 min in 3 min chromatography, m/z
445, 447 (MH+) ; 1H NMR (400 MHz, CDCI3) d 7.32-7.22
(m, 4H), 7.13-7.05 (m, 2H), 6.80-6.73 (m, 2H)
5.60-5.56 (m, 1H), 3.00-1.94 (m, 7H), 1.51-1 .49 (m,
3H), 1.35-1.32 (m, 1.5H), 1.27-1.24 (m, 1.5H); 19F NMR
(376 MHz, CDCI3) d - 113.08 (m), - 1 13.69(m). Step 4
To a solution of
3-((R)-3-((S)-1-(4-bromophenyl)ethyl)-6-(4-fluoropheny
l)-2-oxo- 1,3-oxazinan-6-yl)-2-methylpropanenitrile
(0.332 g, 0.746 mmol) and MeI ( 1 .40 g, 13 equiv) in
THF ( 12 mL) at -78 C was added 2.4 mL (2.4 mmol, 3.2
equiv) of a 1.0 M LiHMDS solution in THF. The
resulting mixture was stirred overnight, with the
temperature slowly rising to ambient. The reaction
mixture was quenched with brine ( 1 mL), diluted with
CH2CI2, and dried over Na2SO4. After the solvents were
evaporated, the residue was purified by reversed-phase
HPLC (SunFire(tm) Prep C18 OBD(tm) 5mm 19 x 50 mm
column, 10% 90% CH3CN/H2O, 0.1% CF3COOH over 8 min and
then 90% CH3CN/H2O, 0.1% CF3COOH over 2 min, flow rate
20 mL/min) to afford 0.255 g (74%) of
3-((fi)-3-((S)-1-(4-bromophenyl)ethyl)-6-(4-fluorophen
yl)-2-oxo-1 ,3-oxazinan-
6-yl)-2,2-dimethylpropanenitrile. LC-MS Method 1 fa =
1.89 min, m/z 459, 461 (MH+) ; 1H NMR (400 MHz, CD3OD)
d 7.31-7.27 (m, 2H), 7.22-7.18 (m, 2H) 7.04-6.99 (m,
2H), 6.83 (d, J = 8.2 Hz, 2H), 5.41 (q, J = 7.0 Hz,
1H), 3.02-2.97 (m, 1H), 2.42-2.36 (m, 1H), 2.29-2.08
(m, 4H), 1.42 (d, J = 7.0 Hz, 3H), 1.30 (s, 3H) 1.22
(s, 3H); 19F NMR (376 MHz, CD3OD) d - 116.50
(m).Method 2 Step i A solution of
3-chloro-1-(4-fluorophenyl)-propan-1-one (18.6 g, 0.1
mol) in THF (50 ml.) was added to a well-stirred
suspension of zinc power (13 g, 0.2 mol) in a mixture
of aqueous saturated NH4CI solution (260 mL) and THF
(65 ml_). A solution of 3-iodo-2-methylprop-1-ene
(36.4 g, 0.2 mol) in THF (50 mL) was added dropwise.
The reaction mixture was mildly exothermic, and began
to reflux spontaneously. After the refluxing had
ceased, the mixture was stirred for 1 h. TLC showed
the 3-chloro-1- (4-fluorophenyl)propan-1-one not
reacted completely. A solution of 3-iodo-2-
methylprop-1-ene (18.2 g, 0.1 mol) in THF (30 mL) was
added, and the mixture was stirred at rt overnight.
The mixture was extracted with EtOAc (2 x 500 mL). The
combined organic layer was dried and concentrated. The
residue was purified by column chromatography on
silica gel eluted with petroleum ether/ EtOAc 50:1-
30:1 5:1 , to give
1-chloro-3-(4-fluorophenyl)-5-methylhex-5-en-3-ol (17
g, yield 76 %) as an oil. Step 2 A mixture of
1-chloro-3-(4-fluorophenyl)-5-methylhex-5-en-3-ol
(3.15 g , 13 mmol), (S)-(-)- 1-(- bromophenyl)ethyl
isocyanate (3.5 g, 16 mmol), and DBU (8 g, 33 mmol) in
THF (80 mL) was heated to reflux for 25 h. The mixture
was diluted with EtOAc and washed with 1L/ aq HCI. The
aqueous phase was extracted with EtOAc (3 x). The
combined organic phase was dried over Na2SO . After
the solvents were evaporated, the crude product was
purified by column to give (R)-3-((S)-1-(4-
bromophenyl)-ethyl)-6-(4-fluorophenyl)-6-(2-methylally
l)-1,3-oxazinan-2-one (2.13 g , yield: 38 %).Step 3 A
mixture of
(R)-3-((S)-1-(4-bromophenyl)ethyl)-6-(4-fluorophenyl)-
6-(2- methylallyl)-1,3-oxazinan-2-one (2.13 g, 4.9
mmol), the cobalt(ll) catalyst described in
Preparation 3 (0.032 g, 0.053 mmol), TsCN ( 1 .1 1 g,
6.12 mmol), and PhSiH3 (0.6 g, 5.54 mmol) in EtOH (10
mL) was stirred at room temperature for 8 h. After the
solvent was removed under reduced pressure, the
residue was purified by column chromatography to give
3-((R)-3-((S)-1-(4-bromophenyl)ethyl)-6-(4-fluoropheny
l)-2- oxo-1,
3-oxazinan-6-yl)-2,2-dimethylpropanenitrile (1.84 g, 8
1.1%). PREPARATION 6
3-((R)-6-(4-fluorophenyl)-2-oxo-3-((S)-1-(4-(4,4,5,5-t
etramethyl-1,3,2-dioxaborolan-2- yl)phenyl)ethyl)-1
,3-oxazinan-6-yl)-2,2-dimethylpropanenithle To a
solution of
3-((R)-3-((S)-1-(4-bromophenyl)ethyl)-6-(4-fluoropheny
l)-2-oxo-
1,3-oxazinan-6-yl)-2,2-dimethylpropanenitrile (730 mg,
1.59 mmol) in DMSO (8 mL) was added
bis(pinacolato)diboron (480 mg, 1.89 mmol), KOAc (480
mg, 4.89 mmol) and Pd(dppf)CI2 (45 mg, 0.042 mmol)
under nitrogen atmosphere. The formed mixture was
stirred at 90 0C for 20 h. The reaction was quenched
with water and extracted with EtOAc. The combined
organic phase was dried over anhydrous Na2SO4 and
concentrated to give the crude product, which was
purified by column chromatography to give
3-((R)-6-(4-fluorophenyl)-2-oxo-3-((S)-1-(4-(4,4,5,5-
tetramethyl-1 ,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1
,3-oxazinan-6-yl)-2,2- dimethylpropanenitrile (191 mg,
23.7%).PREPARATION 7
(R)-6-allyl-6-(4-fluorophenyl)-3-((S)-1-(4-(4,4,5,5-te
tramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)ethyl)-1,3-oxazinan-2-one A mixture of
(f?)-6-allyl-3-((S)-1-(4-bromophenyl)ethyl)-6-(4-fluor
ophenyl)-1,3- oxazinan-2-one (0.4910 g, 1.17 mmol, 1.0
equiv), bis(pinacolato)diboron (0.3925 g , 1.55 mmol,
1.3 equiv), KOAc (0.3696 g, 3.76 mmol, 3.2 equiv), and
PdCI2(dppf) CH2CI2 (0.0316 g, 0.0386 mmol, 0.033
equiv) in DMSO (6 mL) was heated at 90 0C under N2 for
20 h. After cooling, the reaction mixture was
partitioned between EtOAc and water. The organic phase
was washed with brine, and dried over Na2SO . After
the solvents were evaporated, the residue was purified
by chromatography on silica gel eluted with
hexanes/ethyl acetate to give 0.4776 g (87%) of
(R)-6-allyl-6-(4-fluorophenyl)-3-((S)-1-(4-(4,4,5,5-te
tramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)ethyl)-1,3-oxazinan-2-one as a white solid.
PREPARATION 8
(R)-3-((S)-1-(4-bromophenyl)ethyl)-6-(3-hydroxypropyl)
-6-pheny 1-1,3- oxazinan-2-one To a solution of
(R)-6-allyl-3-((S)-1-(4-bromophenyl)ethyl)-6-phenyl-1,
3- oxazinan- 2-one (5 g, 12.5 mmol) in tetrahydrofuran
(60 mL) was added BH3 THF (25 mL, I mol/L, 25 mmol) at
0 C under nitrogen atmosphere. The formed mixture was
stirred for 2 h. The reaction was quenched with water.
Then NaOH (3 mol/L, 10 mL) and H2O2 (15 mL) were added
to the above mixture. When the reaction was over, the
mixture was extracted with EtOAc. The combined organic
phase was concentrated to give the crude product,
which was purified by column chromatography to give
(R)-3-
((S)-1-(4-bromophenyl)ethyl)-6-(3-hydroxypropyl)-6-phe
ny 1-1,3- oxazinan-2-one (2.5g, 40%). 1H NMR: (400MHz,
CDCI3) : d= 1.48 (t, 3H), 1.53 (m, 1H), 1.73 (m, 1H),
1.93- 1.98(m, 2H), 2.17-2.28 (m,3H), 3.57 (t, 2H),
5.59 (m, 1H), 6.72 (m, 2H), 7.20(m, 2H), 7.25-7.37 (m,
5H).
(R)-3-((S)-1-(4-bromophenyl)ethyl)-6-(4-fluorophenyl)-
6-(3-hydroxypropyl)-1,3- oxazinan-2-one was prepared
from (R)-6-allyl-3-((S)-1-(4-bromophenyl)ethyl)-6-(4-
fluorophenyl)-1,3-oxazinan-2-one following an
analogous procedure.
(R)-3-((S)-1-(4-bromophenyl)propyl)-6-(3-hydroxypropyl
)-6-phenyl-1 ,3- oxazinan-2-one was prepared from
(R)-6-allyl-3-((S)-1-(4-bromophenyl)propyl)-6-
phenyl-1 ,3-oxazinan-2-one following an analogous
procedure. PREPARATION 9
(R)-6-(3-hydroxypropyl)-6-phenyl-3-((S)-1-(4-(4,4,5,5-
tetramethyl-1 ,3,2-dioxaborolan-
2-yl)phenyl)ethyl)-1,3-oxazinan-2-one To a solution of
((R)-3-((S)-1-(4-bromophenyl)ethyl)-6-(3-hydroxypropyl
)-6- phenyl-1 ,3-oxazinan-2-one (2 g, 4.8 mmol) in
DMSO (30 mL) were added bis(pinacolato)diboron (1.58
g, 6.3 mmol), KOAc ( 1 .51 g, 15.4 mmol) and PdCI2
(130 mg, 0.16 mmol) under nitrogen atmosphere. The
formed mixture was stirred at 90 0C for 20 h. The
reaction was quenched with water and extracted with
EtOAc. The combined organic phase was concentrated to
give the crude product, which was purified by column
chromatography to
give(R)-6-(3-hydroxypropyl)-6-phenyl-3-((S)-1- (4-(4 4
5 5-tetramethyl-1
,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1
,3-oxazinan-2-one ( 1.7 g, 77%). 1H NMR: (400MHz,
CDCI3) : d= 1.18 (t, 1H), 1.33 (S, 11H), 1.43 (m, 2H),
1.48 (m, 3H), 1.71(m, 1H), 1.88 (m,2H), 2.1-2.3 (t,
3H), 2.7(m, 1H) , 3.5 (m, 2H), 5.5 (m, 1H),6.72 (m,
2H), 7.25-7.37 (m, 5H),7.48(m, 2H).
(R)-6-(4-fluorophenyl)-6-(3-hydroxypropyl)-3-((S)-1-(4
-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1
,3-oxazinan-2-one was prepared from
(R)-3-((S)-1-(4-bromophenyl)ethyl)-6-(4-fluorophenyl)-
6-(3-hydroxypropyl)-1,3-oxazinan-2- one following an
analogous procedure.
(R)-6-(3-hydroxypropyl)-6-phenyl-3-((S)-1-(4-(4,4,5,5-
tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl)propyl)-1,3-oxazinan-2-one
was prepared from (R)-3-((S)-1-
(4-bromophenyl)propyl)-6-(3-hydroxypropyl)-6-phenyl-1
,3-oxazinan-2-one following an analogous procedure.
(R)-6-(3-hydroxypropyl)-6-phenyl-3-((S)-1-(4-(4,4,5,5-
tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl)propyl)-1,3-oxazinan-2-one
was prepared from (R)-3-((S)-1-
(4-bromophenyl)propyl)-6-(3-hydroxypropyl)-6-phenyl-1
,3-oxazinan-2-one following an analogous procedure.
PREPARATION 10
(R)-3-((S)-1-(4-bromophenyl)ethyl)-6-(methoxymethyl)-6
-phenyl-1,3-oxazinan-2-one Step i .
1-Methoxy-2-phenyl-pent-4-en-2-ol
2-Methoxy-1-phenyl-ethanone (5.00 g) dissolved in
tetrahydrofuran (50 ml_) was added to 2 M
allylmagnesium chloride in tetrahydrofuran (21 mL) at
room temperature. The solution was stirred at room
temperature for 3 h and then 10 % aqueous NH4CI
solution (50 mL) was added. The resulting mixture was
extracted with tert-butyl methyl ether (3x 50 mL) and
the combined extracts were washed with water (50 mL)
and brine (50 mL). The solvent was evaporated to
afford the title compound as a colorless oil. Yield:
6.40 g (quantitative). Mass spectrum (ESI+) : m/z =
175 [IvHH-H2O]+ Step 2.
5-Methoxy-4-phenyl-pentane-1,2,4-triol OsO4 (4% in
water, 2 mL; alternatively, K2OsO4 may be used)
followed by Nmethyl- morpholine-N-oxide (5.20 g) was
added to a solution of
1-methoxy-2-phenylpent-4-en-2-ot (1.10 g) in
tetrahydrofuran (10 ml.) chilled in an ice bath. The
cooling bath was removed and the solution was stirred
at room temperature overnight. Then, 10% aqueous
Na2S2O5 solution (10 mL) was added and the resulting
mixture was stirred at room temperature for another
1.5 h. After removal of the organic solvent under
reduced pressure, the remaining mixture was extracted
with ethyl acetate. The combined extracts were washed
with brine and dried (MgSO4) . The solvent was
evaporated to afford the title compound in good purity
(ca. 95%). Yield: 1.20 g (96% of theory). Mass
spectrum (ESI ) : m/z = 225 [M-H] Step 3.
3-Hydroxy-4-methoxy-3-phenyl-butyraldehyde NaIO4 (5.20
g) was added to a mixture of
5-methoxy-4-phenyl-pentane-1 ,2,4- triol (1.10 g),
dichloromethane (10 mL), and water (5 mL) chilled in
an ice bath. The mixture was stirred vigorously while
warming to ambient temperature in the cooling bath and
further stirred at this temperature overnight. Then,
water (20 mL) and dichloromethane (50 mL) were added,
the organic layer was separated, and the aqueous layer
was extracted with dichloromethane (2x 25 mL). The
combined organic phases were washed with water and
dried (MgSO4) . After removal of the solvent, the
title compound was yielded which was directly
submitted to the next reaction step (glycol cleavage).
Yield: 0.94 g (quantitative) Step 4 . 4-[(S)-1
-(4-Bromo-phenyl)-ethylamino]-1
-methoxy-2-phenyl-butan-2-ol
(S)-1-(4-Bromo-phenyl)-ethylamine (0.93 g), NaB(OAc)3
(0.98 g), and acetic acid (0.27 mL) were added in the
given order to a solution of 3-hydroxy-4-methoxy-3-
phenyl-butyraldehyde (0.90 g) in tetrahydrofuran (20
mL) at ca. 10-15 0C. The cooling bath was removed and
the mixture was stirred at room temperature for 2 h.
Then, water (50 mL) and 1 M aqueous NaOH solution (20
mL) were added and the resulting mixture was stirred
for another 30 min. The mixture was extracted with
ethyl acetate and the combined extracts were washed
with water and brine. After drying (MgSO4) , the
solvent was removed to give the title compound which
was submitted to the subsequent reaction step without
further purification. Yield: 1.80 g (quantitative).
Mass spectrum (ESI+) : m/z = 378/380 (Br) [M+H]+Step 5
. 3-[(S)-1
-(4-Bromo-phenyl)-ethyl]-(R)-6-methoxymethyl-6-phenyl-
[ 1 ,3]oxazinan-2-one and
3-[(S)-1-(4-Bromo-phenyl)-ethyl]-(S)-6-methoxymethyl-6
- phenyl-[1 ,3]oxazinan-2-one Triphosgene (157 mg) was
added to an ice-cold solution of
4-[(S)-1-(4-bromophenyl)-
ethylamino]-1-methoxy-2-phenyl-butan-2-ol (1:1
diastereomeric mixture, 200 mg) and EtNZPr2 (91 ml_)
in dichloromethane (5 ml_). The resulting solution was
stirred with cooling for 2 h and at room temperature
overnight. Then, the solution was concentrated under
reduced pressure and the residue was purified by HPLC
on reversed phase (MeCN/H2q /NH 3) to afford the title
compounds in separate fractions. Isomer 1:
3-[(S)-1-(4-Bromo-phenyl)-ethyl]-(R)-6-methoxymethyl-6
-phenyl- [ 1 ,3]oxazinan-2-one. Yield: 45 mg (21% of
theory). Mass spectrum (ESI+) : m/z = 404 [M+H] + 1H
NMR (400 MHz, DMSO-Cf6) d 1.41 (d, J = 7.1 Hz, 3H),
2.19 (td, J = 11.2, 5.2 Hz, 1H), 2.24-2.34 (m, 1H),
2.34-2.41 (m, 1H), 3.02-3.09 (m, 1H), 3.27 (s, 3H),
3.49 (d, B part of an AB signal, J = 10.6 Hz, 1H),
3.53 (d, A part of an AB signal, J = 10.6 Hz, 1H)1
5.34 (q, J = 7.0 Hz, 1H), 6.80 (dm, J = 8.4 Hz1 2H),
7.27 (dm, J = 8.4 Hz, 2H), 7.32-7.42 (m, 5H). Isomer
2: 3-[(S)-1
-(4-Bromo-phenyl)-ethyl]-(S)-6-methoxymethyl-6-phenyl-
[ 1 ,3]oxazinan-2-one. Yield: 45 mg (21% of theory).
Mass spectrum (ESI+) : m/z = 404 [M+H] + 1H NMR (400
MHz, DMSO-c/6) d 1.20 (d, J = 7.2 Hz, 3H), 2.13-2.23
(m, 1H), 2.32-2.40 (m, 1H), 2.63-2.72 (m, 1H),
2.73-2.81 (m, 1H), 3.26 (s, 3H), 3.48 (d, B part of an
AB signal, J = 10.6 Hz, 1H), 3.55 (d, A part of an AB
signal, J = 10.6 Hz, 1H), 5.35 (q, J = 7.2 Hz, 1H),
7.19 (dm, J = 8.4 Hz, 2H), 7.32-7.45 (m, 5H), 7.53
(dm, J = 8.4 Hz, 2H). PREPARATION 11
N-(3-((R)-3-((S)-1-(4-bromophenyl)ethyl)-2-oxo-6-pheny
l-1 ,3-oxazinan-6-yl)propyl)-NmethylacetamideStep 1 To
a solution of
(R)-3-((S)-1-(4-bromophenyl)ethyl)-6-(3-hydroxypropyl)
-6- phenyl-1,3-oxazinan-2-one (200 mg, 0.48 mmol) in
CH2CI2 (5 mL) was added Et3N (240 mg, 2.4 mmol) and
methanesulfonyl chloride (164 mg, 1.4 mmol) at 0 0C.
The reaction solution was stirred at rt for 1 h. The
reaction was quenched with H2O and the mixture was
extracted with CH2CI2. The organic phase was
concentrated to give
3-((R)-3-((S)-1-(4-bromophenyl)ethyl)-2-oxo-6-phenyl-1
,3-oxazinan-6-yl)propyl methanesulfonate (234 mg,
98%), which was used for the next step without further
purification. Step 2 To a solution of
3-((R)-3-((S)-1-(4-bromophenyl)ethyl)-2-oxo-6-phenyl-1
,3- oxazinan-6-yl)propyl methanesulfonate (234 mg,
0.24 mmol) in CH2CI2 (3 mL) was added NaH (82 mg, 3.4
mmol) at 0 0C. The mixture was stirred at rt for 30
min. Then L/-methylacetamide (204 mg, 2.8 mmol) was
added the above mixture. The formed mixture was
stirred at 80 0C for 5 h. After the reaction was over,
the reaction was quenched with water and the mixture
was extracted with EtOAc. The combined organic phase
was concentrated to give the crude product, which was
purified by preparative TLC to give
/V-(3-((R)-3-((S)-1-(4-bromophenyl)ethyl)-2-oxo-6-phen
yl-1 ,3- 



oxazinan-6-yl)propyl)- L/-methylacetamide (150 mg,
68%). LC-MS Method 2 tR = 1.50 min, m/z = 497, 495,
475, 473. 1H NMR (400MHz, CDCI3) : d= 1.41 (m, 1H),
1.48 (t, 3H), 1.73 (m, 1H), 1.83-1.95 (m, 2H), 2.01
(m, 3H), 2.1-2.3 (m, 3H), 2.71 (m, 1H) 2.81 (s, 3H),
3.1 (m, 1H), 3.2 (m, 1H), 5.5 (m, 1H), 6.72 (m, 2H),
7.10 (m, 2H), 7.20 (m, 2H), 7.37 (m, 3H).
(R)-3-((S)-1-(4-bromophenyl)ethyl)-6-(3-(2-oxopyrrolid
in-1-yl)propyl)-6-phenyl- 1,3-oxazinan-2-one was
prepared from (R)-3-((S)-1-(4-bromophenyl)ethyl)-6-(3-
hydroxypropyl)-6-phenyl-1 ,3-oxazinan-2-one following
an analogous procedure using pyrrolidin-2-one in Step
2.PREPARATION 12
(S)-3-((S)-1-(4-bromophenyl)ethyl)-6-(2-(1,-dioxo-isot
hiazolidin-2-yl)ethyl)-6-phenyl- 1,3-oxazinan-2-one To
a solution of
(R)-6-allyl-3-((S)-1-(4-bromophenyl)ethyl)-6-phenyl-1,
3- oxazinan-2- one (3 g, 7.5 mmol) in CH2CI2 (50 mL)
was treated with O3 at -78 0C till the mixture turned
blue. Then NaBH (285 mg, 75 mmol) was added to the
solution at O 0C, and the reaction solution was
stirred at room temperature for 3 hours. The reaction
was quenched by H2O and the mixture was extracted with
EtOAc. The combined organic phase was concentrated to
give the crude product, which was purified by
preparative TLC to give (S)-3-((S)-1-(4-bromo-
phenyl)ethyl)-6-(2-
hydroxyethyl)-6-phenyl-1,3-oxazinan-2-one (2.5 g ,
84%). 1H NMR (CDCI3) : 1.48 (t, 3H), 2.05-2.41 (m,
4H), 2.71-2.92 (m, 2H), 3.51 (m, 1H), 3.71 (m, 1H),
5.58 (m, 1H), 6.73 (d, 2H), 7.12 (m, 2H), 7.23-7.45
(m, 6H).
(S)-3-((S)-1-(4-bromophenyl)propyl)-6-(2-hydroxyethyl)
-6-phenyl-1 ,3-oxazinan- 2-one was prepared from
(R)-6-allyl-3-((S)-1-(4-bromophenyl)propyl)-6-phenyl-1
,3- oxazinan-2-one following a procedure analogous to
that described immediately above. PREPARATION 13
(S)-3-((S)-1 -(4-bromophenyl)ethyl)-6-(2-(1
,1-dioxo-isothiazolidin-2-yl)ethyl)-6-phenyl-
1,3-oxazinan-2-one Step i To a solution of
(S)-3-((S)-1-(4-bromophenyl)ethyl)-6-(2-hydroxyethyl)-
6- phenyl-1 ,3- oxazinan-2-one (300 mg, 0.75 mmol) in
dichloromethane (20 mL) wereadded Et3N (390 mg, 3.75
mmol) and methanesulfonyl chloride (256 mg, 2.25 mmol)
at 0 0C. The reaction solution was stirred at rt for 1
h. The reaction was quenched with H2O and the mixture
was extracted with dichloromethane. The organic phase
was concentrated to give
2-((S)-3-((S)-1-(4-bromophenyl)ethyl)-2-oxo-6-phenyl-1
,3- oxazinan-6-yl)ethyl-methane sulfonate (352.8 mg,
98%), which was used for the next step without further
purification. Step 2 To a solution of
2-((S)-3-((S)-1-(4-bromophenyl)ethyl)-2-oxo-6-phenyl-1
,3- oxazinan- 6-yl)ethyl-methanesulfonate (360 mg,
0.75 mmol) and K2CO (207 mg, 1.5 mmol) in acetonitrile
(10 ml_) was added isothiazolidine 1,1-dioxide (121
mg, 4.6 mmol), and the mixture was refluxed overnight.
The mixture was filtered and the filtrate was
concentrated to give the crude product, which was
purified by preparative HPLC to afford compound
(S)-3-((S)-1-(4-bromophenyl)ethyl)-6-(2-(1
,1-dioxoisothiazolidin- 2-yl)ethyl)-6-phenyl-1
,3-oxazinan-2-one (2.43 mg, 1%). LC-MS Method 2 tR =
1.37 min, m/z = 509, 507. 1H NMR (CDCI3) : 1.48 (t,
3H), 2.05-2.41 (m, 7H), 2.71-2.92 (m, 2H), 3.1 1 (m,
3H), 3.21 (m, 2H), 5.58 (m, 1H), 6.73 (d, 2H), 7.18
(m, 1H), 7.23 (m, 3H);7.35 (m, 3H). (R)-3-((S)-1
-(4-bromophenyl)ethyl)-6-(3-(1
,1-dioxo-isothiazolidin-2-yl)propyl)-6- phenyl-1
,3-oxazinan-2-one was prepared from from from
(R)-3-((S)-1-(4-
bromophenyl)ethyl)-6-(3-hydroxypropyl)-6-phenyl-1
,3-oxazinan-2-one following an analogous
procedure.PREPARATION 14
(S)-3-((S)-1-(4-bromophenyl)ethyl)-6-(4-fluorophenyl)-
6-((1- hydroxycyclopropyl)methyl)-1,3-oxazinan-2-one
Step i To a solution of
(R)-6-allyl-3-((S)-1-(4-bromophenyl)ethyl)-6-(4-fluoro
phenyl)- 1,3 -oxazinan-2-one (450 mg, 1.01 mmol) in
acetone (10 ml_) was added a solution of KMnO4 (190
mg, 1.2 mmol) and NaIO4 (1.5 g, 7.2 mmol) in water (10
mL). The mixture was stirred for 2 h at 0 0C. The
mixture was filtered and the filtrate was adjusted to
pH 5-6 with aqueous 1 N aq HCI solution. The mixture
was extracted with EtOAc. The organic phase washed
with brine, dried over anhydrous Na2SO4 and
concentrated to give
2-((S)-3-((S)-1-(4-bromophen-yl)ethyl)-6-
(4-fluorophenyl)-2-oxo- 1,3-oxazinan-6-yl)acetic acid
(540 mg, crude), which was used for the next step
without purification. Step 2 To a solution of
2-((S)-3-((S)-1-(4-bromophen-yl)ethyl)-6-
(4-fluorophenyl)-2- oxo-1, 3-oxazinan-6-yl)acetic acid
(540 mg, 1.24 mol) in MeOH (20 mL) was added SOCI2 (5
mL) at 0 0C, and the reaction mixture was stirred at
rt for 2 h. The reaction mixture was concentrated and
the residue was purified by preparative TLC to give
methyl 2-((S)-6-(4-fluorophenyl)-3-((S)-1 -(4-(1
-methyl-6-oxo-1 ,6-dihydropyridin-3-
yl)phenyl)-ethyl)-2-oxo-1 ,3-oxazinan-6-yl)acetate
(150 mg, 27%). 1H NMR (CDCI3) : d= 1.49 (d, 3H), 2.19
(m, 1H), 2.44 (m, 1H), 2.60 (m, 1H), 2.77-3.08 (m,
3H), 3.51 (s, 3H), 5.52 (m, 2H), 6.62 (d, 2H), 6.98
(t, 2H), 7.23 (t, 2H), 7.28 (m, 2H).Step 3 To a
solution of methyl
2-((S)-6-(4-fluorophenyl)-3-((S)-1-(4-(1-methyl-6-oxo-
1,6-dihydropyridin-3-yl)phenyl)-ethyl)-2-oxo-1,3-oxazi
nan-6-yl)acetate (150 mg, 0.33 mmol), and
tetraisopropoxytitanium (189 mg, 0.66 mmol) in THF (20
ml.) was added 3.0 M ethylmagnesium bromide (4 ml_, 12
mmol) at rt under nitrogen. Then the mixture was
stirred for 2 h. The reaction was quenched with
aqueous NH4CI solution, and the mixture was filtered.
The filtrate was extracted with EtOAc. The combined
organic phase was washed with brine, dried over
anhydrous NazSC , and concentrated to give the crude
product, which was purified by preparative HPLC to
give
(S)-3-((S)-1-(4-bromophenyl)ethyl)-6-(4-fluorophenyl)-
6-((1- hydroxycyclopropyl)methyl)-1 ,3-oxazinan-2-one
(2.51 mg, 2%). 1H NMR (CDCI3) : 0.03 (m, 1H), 0.18 (m,
1H), 0.49 (m, 1H), 0.60 (m, 1H), 1.43 (m, 3H), 2.08
(s, 2H), 2.26 (m, 1H), 2.37 (m, 2H), 2.88 (m, 1H),
5.53 (m, 1H), 6.66 (d, 2H), 6.97 (t, 2H), 7.16 (m,
2H), 7.26 (m, 2H). PREPARATION 15
N-(3-((R)-3-((S)-1-(4-bromophenyl)ethyl)-2-oxo-6-pheny
l-1 ,3-oxazinan-6-yl)propyl)-Nmethylmethanesulfonamide
To a solution of
3-((F?)-3-((S)-1-(4-bromophenyl)ethyl)-2-oxo-6-phenyl-
1,3- oxazinan-6-yl) propyl methanesulfonate (180 mg,
0.36 mmol) in DMF (5 ml_) was added NaH (14.6 mg, 0.36
mmol) at 0 C. The mixture was stirred at rt for 30
min. Then iodomethane (153 mg, 1. 1 mmol) was added to
the above mixture. The formed mixture was stirred at
40 C for 3 h. After the reaction was over, the
reaction was quenched with NH4CI solution and the
mixture was extracted with EtOAc. The combined organic
phase was concentrated to give the crude product,
which was purified by preparative TLC to give
L/-(3-((R)-3-((S)-1-(4-bromophenyl)ethyl)-2-oxo-6-phen
yl-1,3-oxazinan-6- yl)propyl)-
L/-methylmethanesulfonamide (100 mg, 55%). LCMS Method
2 tR = 1.41 min, m/z = 5 11, 509. 1H NMR (400MHz,
CDCI3) : d=1.45 (m, 1H), 1.48 (t, 3H), 1.83-1.97 (m,
3H), 2.1-2.2 (m, 3H), 2.61 (s, 3H), 2.71 (s, 3H), 2.91
(m, 1H), 3.0 (m, 2H), 5.5 (m, 1H), 6.72 (m, 2H), 7.10
(m, 2H), 7.20 (m, 2H), 7.37 (m, 5 3H). EXAMPLE 1
(S)-6-(2-hydroxy-2-methylpropyl)-3-((S)-1-(4-(6-oxo-1,
6-dihydropyridin-3-
yl)phenyl)ethyl)-6-phenyl-1,3-oxazinan-2-one To a
solution of
(S)-3-((S)-1-(4-bromophenyl)ethyl)-6-(2-hydroxy-2-
methylpropyl)-6-phenyl-1 ,3-oxazinan-2-one ( 112 mg,
0.259 mmol) in 1,4-dioxane (3 mL) was added 6-oxo-1
,6-dihydropyridin-3-ylboronic acid (55 mg, 0.40 mmol),
followed by Pd(dppf)CI 2 ( 1 1 mg, 0.015 mmol), and an
aq solution of Cs2CO3 (0.48 mL, 15 2M in H2O). A
reflux condenser was attached and the apparatus was
degassed and flushed with N2 three times. The reaction
was heated to 90 0C for 24 h. After cooling to rt the
mixture was diluted with water and extracted three
times with EtOAc. The organic layers were washed with
brine, dried over Na2SO4, filtered and concentrated.
The residue was purified by prep HPLC to afford the
title compounds (21 .6 mg) as an 20 oil. LC-MS Method
1 tR = 1.25 min, m/z = 447, 389; 1H NMR (CD3OD) 0.96
(s, 3H), 1.28 (s, 3H), 1.57 (d, 3H), 2.16 (s, 2H),
2.21 (m, 1H), 2.46 (m, 2H), 3.03 (m, 1H), 5.57 (q,
1H), 6.66 (d, 1H), 7.02 (d, 2H), 7.25-7.40 (7H), 7.66
(s, 1H), 7.90 (d, 1H).EXAMPLE 2
(S)-6-(2-hydroxy-2-methylpropyl)-3-((S)-1-(4-(2-oxo-1
,2-dihydropyridin-4-
yl)phenyl)ethyl)-6-phenyl-1,3-oxazinan-2-one The title
compound was prepared from
(S)-6-(2-hydroxy-2-methylpropyl)- 6- phenyl-3-((S)-1
-(4-(4,4,5,5-tetramethyl-1
,3,2-dioxaborol-an-2-yl)phenyl)ethyl)-1 ,3-
oxazinan-2-one and 4-iodopyridin-2(1H)-one following a
procedure analogous to that described in Example 1.
LC-MS Method 1tR = 1.23 min, m/z = 389, 447 (M+1); 1H
NMR (CD3OD) 7.40 (d, J = 6.7 Hz, 1H), 7.31 (d, J = 8.2
Hz, 2H), 7.29-7.20 (m, 5H) 6.96 (d, J = 8.2 Hz, 2H),
6.57-6.52 (m, 2H), 5.49 (q, J = 7.0 Hz, 1H), 2.98-2.93
(m, 1H), 2.47-2.34 (m, 2H), 2.16-2.09 (m, 1H) 2.07 (s,
2H), 1.45 (d, J = 7.0 Hz, 3H), 1.19 (S, 3H), 0.87 (s,
3H). EXAMPLE 3
(S)-3-((S)-1-(4-(1-cyclopropyl-6-oxo-1,6-dihydropyridi
n-3-yl)phenyl)ethyl)-6-(2-
hydroxy-2-methylpropyl)-6-phenyl-1,3-oxazinan-2-oneSte
p 1. 5-bromo-1-cyclopropylpyridin-2(1/-/)-one A
mixture of 5-bromo-2-hydroxypyridine (0.8300 g, 4.77
mmol, 1.0 equiv), Cu(OAc) 2 (0.902 g, 4.96 mmol, 1.04
equiv), bipyridine (0.785 g, 5.03 mmol, 1.05 equiv),
cyclopropylboronic acid (0.846 g, 9.85 mmol, 2.06
equiv) and Na2CO3 (1.1 10 g, 10.47 mmol, 2.20 equiv)
in dichloroethane (30 mL) was stirred at 70 0C for 22
h under air. The reaction mixture was quenched with
satd aq NH4CI, diluted with CH2CI2, dried over Na2SO4.
After the solvent was removed under reduced pressure,
the residue was purified by chromatography on silica
gel eluted with hexanes/EtOAc to afford 0.585 g (58%)
of 5-bromo-1-cyclopropylpyridin-2(1H)-one. LC-MS
Method 1 tR = 1.05 min, m/z 214, 216 (MH+) ; 1H NMR
(400 MHz, CDCI3) d 7.41 (d, J = 2.7 Hz, 1H), 7.31 (dd,
J = 9.7, 2.9 Hz, 1H), 6.47 (d, J = 9.9 Hz, 1H),
3.33-3.27 (m, 1H), 1.17- 1.12 (m, 2H), 0.89-0.84 (m,
2H); 13C NMR (100 MHz, CDCI3) d 162.58, 142.29,
137.00, 121 .77, 97.92, 32.83, 6.93. Step 2.
(S)-3-((S)-1-(4-(1-cyclopropyl-6-oxo-1,6-dihydropyhdin
-3-yl)phenyl)ethyl)-6-(2-
hydroxy-2-methylpropyl)-6-phenyl-1 ,3-oxazinan-2-one
To a solution of
(S)-6-(2-hydroxy-2-methylpropyl)-6-phenyl-3-((S)-1-(4-
(4,4,5,5- tetramethyl-1
,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1,3-oxazinan-2-on
e (0.729 g, 1.52 mmol) in 1,4-dioxane (16 mL) were
added 5-bromo-1-cyclopropylpyridin-2(1H)-one (0.323 g,
1.51 mmol), 2 M aq Cs2CO3 (4 mL), and PdCI2(dppf)
CH2CI2 (0.079 g, 0.0964 mmol). The mixture was
degassed and heated, under a nitrogen atmosphere, at
120 0C for 16 h . The mixture was diluted with CH2CI2,
dried over Na2SO4. After the solvents were evaporated,
the residue was purified by chromatography on silica
gel eluted with MeOH/CH 2CI2 to afford 0.543 g (74%)
of (S)-3-((S)-1-(4-(1-cyclopropyl-6- oxo-1
,6-dihydropyridin-3-yl)phenyl)ethyl)-6-(2-hydroxy-2-me
thylpropyl)-6-phenyl-1 ,3- oxazinan-2-one. LC-MS
Method 1 tR = 1.41 min, m/z 487 (MH+) ; 1H NMR (400
MHz, CD3OD) d 7.66-7.64 (m, 2H), 7.30-7.19 (m, 7H),
6.94 (d, J = 8.2 Hz, 2H), 6.52 (d, J = 10 Hz, 1H),
5.48 (q, J = 7.0 Hz, 1H), 3.32-3.26 (m, 1H), 2.97-2.92
(m, 1H), 2.46-2.32 (m, 2H) 2.16-2.09 (m, 1H), 2.08 (s,
2H), 1.45 (d, J = 7.0 Hz, 3H), 1.19 (S 3H), 1.10- 1.05
(m, 2H), 0.90-0.86 (m, 5H); 13C NMR (100 MHz CD3OD) d
165.59, 155.82, 144.08, 141 .05, 139.60, 136.60,
136.30, 129.77, 128.86, 128.64, 126.83, 126.15,121
.93, 120.53, 85.33, 7 1.67, 55.18, 54.78, 37.46,
34.10, 33.04, 3 1.79, 30.00, 15.60, 7.49, 7.47.
EXAMPLE 4 (S)-3-((S)-1-(4-(1-(difluoromethyl)-6-oxo-1
,6-dihydropyridin-3-yl)phenyl)ethyl)-6-(2-
hydroxy-2-methylpropyl)-6-phenyl-1,3-oxazinan-2-one A
microwave vial equipped with a flea stirbar was
charged with (S)-6-(2-
hydroxy-2-methylpropyl)-6-phenyl-3-((S)-1-(4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-
2-yl)phenyl)ethyl)-1,3-oxazinan-2-one (20 mg, 0.047
mmol), 5-bromo-1- (difluoromethyl)pyridin-2(1 H)-one
(25 mg, 0.1 13 mmol), Cs2CO3 (27 mg, 0.083 mmol), H2O
(0.1 ml.) and dry dioxane ( 1 ml_). The mixture was
sparged with N2 for 10 min and heated at 110 0C in the
microwave for 0.5 h. The mixture was diluted with
glacial HOAc (0.1 ml.) and MeOH (0.5 ml.) and
filtered. The filtrate was directly purified by prep
HPLC to afford
(S)-3-((S)-1-(4-(1-(difluoromethyl)-6-oxo-1
,6-dihydropyridin-3-
yl)phenyl)ethyl)-6-(2-hydroxy-2-methylpropyl)-6-phenyl
-1 ,3-oxazinan-2-one ( 11.8 mg, 57%) as an oil. LC-MS
Method 1 tR = 1.55 min, m/z = 497, 248; 1H NMR (CDCI3)
1.13 (s, 3H), 1.19 (s, 3H), 1.56 (d, 3H), 2.15-2.35
(s, 4H), 2.42 (m, 2H), 2.88 (m, 1H), 5.71 (q, 1H),
6.64 (d, 1H), 7.04 (d, 2H), 7.18 (d, 2H), 7.30-7.40
(5H), 7.52 ( 1 H), 7.60 (m, 1H) 7.75 (t, 1H).
5-bromo-1-(difluoromethyl)pyridin-2(1 H)-one was
prepared as described in Ando, M.; Wada, T.; Sato, N.
Org. Lett. 2006, 8, 3805-3808.EXAMPLE 5
(S)-3-((S)-1-(4-(1-(difluoromethyl)-2-oxo-1
,2-dihydropyridin-4-yl)phenyl)ethyl)-6-(2-
hydroxy-2-methylpropyl)-6-phenyl-1,3-oxazinan-2-one
Step i A stirred mixture of 2-chloro-4-iodopyridine (
1.33 g, 5.6 mmol) and powdered NaHCO3 (935 mg, 11.2
mmol) in MeCN (2 mL) was warmed to 40 0C in an oil
bath and a solution of
2,2-difluoro-2-(fluorosulfonyl)acetic acid (0.57 mL,
5.6 mmol) in MeCN (10 mL) was added dropwise over 10
min. The mixture was stirred at 40 C for 2 h. LC-MS
showed partial conversion to desired product. Powdered
NaHCO3 (935 mg, 11.2 mmol) was added followed by a
solution of 2,2-difluoro-2- (fluorosulfonyl)acetic
acid (0.57 mL, 5.6 mmol) in MeCN (10 mL) dropwise over
10 min. The mixture was stirred at 40 0C for 2 h. The
mixture was diluted with satd aq NaHCO3 (25 mL) and
concentrated under reduced pressure. The aqueous
residue was extracted with EtOAc (90 mL). The organic
extract was washed with brine (20 mL), dried over
Na2SO4 and concentrated to afforded an amber oil (1.14
g). Chromatography on a 40-g silica gel cartridge,
eluted with a 0-40% EtOAc in hexanes gradient,
afforded 1-(difluoromethyl)-4-iodopyridin-2(1 H)-one
(255 mg, yield 16%, estimated purity 45%) as yellow
oil. LC-MS Method 1 tR = 1.23 min, m/z = 272. The
material was used without further purification. Step 2
A microwave vial equipped with a flea stir bar was
charged with (S)-6-(2-
hydroxy-2-methylpropyl)-6-phenyl-3-((S)-1-(4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan2-yl)phenyl)ethyl)-1,3-o
xazinan-2-one (52 mg, 0.1 1 mmol),
1-(difluoromethyl)-4- iodopyridin-2(1H)-one (29 mg,
0.1 1 mmol), Cs2CO3 (71 mg, 0.22 mmol), H2O (0.1 ml_)
and dry dioxane (1 ml_). The mixture was sparged with
N2 for 5 min and PdCI2(dppf) (5 mg, 0.007 mmol) was
added. The mixture was sparged with N2 for 5 min and
heated at 110 C in the microwave for 1 h. The mixture
was diluted with 5% aq HCI (0.2 mL) and MeOH (2 mL)
and filtered. The filtrate was directly purified by
prep HPLC to afford a brown oil (16.2 mg) which was
applied to a 2-g silica SPE cartridge which was eluted
sequentially with 25 and 50% EtOAc in hexanes (15 mL
of each) and EtOAc (3 x 15 mL) to afford five
fractions. Fractions 3 and 4 were pooled and
concentrated to afford
(S)-3-((S)-1-(4-(1-(difluoromethyl)-2-oxo-1
,2-dihydropyridin-4-
yl)phenyl)ethyl)-6-(2-hydroxy-2-methylpropyl)-6-phenyl
-1 ,3-oxazinan-2-one ( 13.4 mg, 25%) as a colorless
oil. LC-MS Method 1 tR = 1.57 min, m/z = 497, 439; 1H
NMR (CD3OD) 0.96 (s, 3H), 1.27 (s, 3H), 1.56 (d, 3H)
2.15 (s, 2H), 2.21 (m, 1H), 2.40-2.60 (2H), 3.08 (m,
1H), 5.59 (q, 1H),6.66 (s, 1H), 6.74 (d, 1H), 7.07 (d,
2H), 7.30-7.40 (5H), 7.45 (d, 2H), 7.77 (1H), 7.79 (t,
1H). EXAMPLE 6
2,2-dimethyl-3-((R)-3-((S)-1-(4-(1-methyl-6-oxo-1
,6-dihydropyridin-3-yl)phenyl)ethyl)-
2-oxo-6-phenyl-1,3-oxazinan-6-yl)propanamide Step i A
mixture of
2,2-dimethyl-3-((R)-2-oxo-6-phenyl-3-((S)-1-(4-(4,4,5,
5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1,3-
oxazinan-6-yl)propanenitrile(392 mg, 0.775 mmol),
5-bromo-1-methylpyridin-2(1 H)-one (220 mg, 1.5
equiv), 2M aq Cs2CO3 solution (900 ml_), Pd(PPh3)2CI2
(40 mg, 7 mol%) and anhydrous 1,4- dioxane (8.5 mL)
was degassed and refilled with N2 gas 3 times. The
mixture was then heated overnight at 85 0C under
protection of N2 gas. After being cooled to rt, the
mixture was diluted with EtOAc (20 mL), washed by
water (20 mL). The aqueous layer was extracted with
EtOAc (2 x 10 mL). The combined organic layers were
washed by water (10 mL), brine (2 x 10 mL) and dried
over Na2SO4. After filtration and concentration, the
residue was purified by Gilson to afford 34mg product
(9% yield). LC-MS (3min. method) tR = 1.44min., m/z
470 (M+1). 1H NMR (CDCI3) d 7.68(dd, 1H) 7.52(d, 1H)
7.31 (q, 2H), 7.16(d, 2H), 7.07(t, 2H), 6.97(d, 2H),
6.91(d, 1H), 5.66(q, 1H), 3.71(s, 3H), 2.99(dt, 1H),
2.47(dd, 2H), 2.27(m, 1H), 2.13(s, 2H) 1.55(d, 3H),
1.44(s, 3H), 1.24(s, 3H). Step 2 A THF:H 2O (2mL, 3:1)
solution of
2,2-dimethyl-3-((R)-3-((S)-1-(4-(1-methyl-6- oxo-1
,6-dihydropyridin-3-yl)phenyl)ethyl)-2-oxo-6-phenyl-1,
3-oxazinan-6- yOpropanenitrile (55 mg, 0.12 mmol),
acetamide (177 mg, 3 mmol) and PdCI2 (21 mg, 0.12
mmol) was stirred overnight. The solvent was removed
and the crude material redissolved in CH3CN. The crude
product was purified via prep HPLC to afford 2,2-
dimethyl-3-((R)-3-((S)-1-(4-(1-methyl-6-oxo-1
,6-dihydropyridin-3-yl)phenyl)ethyl)-2-
oxo-6-phenyl-1,3-oxazinan-6-yl)propanamide (28 mg).
LC-MS Method 1 tR = 1.25 min, m/z = 488 (M+1); 1H NMR
(CDCI3) 7.55 (dd, 1H, J = 9Hz, 3Hz), 7.42 (d, 1H, J =
3Hz), 7.32 (d, 1H, J = 4 Hz), 7.29 (m, 4H), 7.14 (d,
2H, 8Hz), 7.00 (d, 2H, J = 8Hz) 6.79 (Cl 1H J = 9 Hz),
5.66 (q, 1H, J = 8Hz), 3.62 (s, 3H), 2.95-2.89 (m,
1H), 2.5 (d, 1H, J = 15 Hz), 2.26-2.1 (m, 3H), 2.2 (d,
1H, J = 15 Hz), 2.5 (d, 1H, J = 15 Hz), 2.26- 2.10 (m,
3H), 2.2 (d, 1H J = 15 Hz) 1.53 (d, 3H, J = 7Hz), 1.22
(s, 3H), 1.20 (s, 3H)EXAMPLE 7
(S)-6-(2-amino-2-methylpropyl)-3-((S)-1-(4-(1-methyl-6
-oxo-1 ,6-dihydropyridin-3-
yl)phenyl)ethyl)-6-phenyl-1,3-oxazinan-2-one A foil
covered flask charged with
2,2-dimethyl-3-((R)-3-((S)-1-(4-(1-methyl-6- oxo-1,
6-dihydropyridin-3-yl)phenyl)ethyl)-2-oxo-6-phenyl-1,3
-oxazinan-6- yl)propanamide (20 mg, 0.04 mmol) in 1:1
CH3CN/H 2O ( 1 ml.) was treated with Phl(O 2CCF3)2 (31
mg, 0.07 mmol). The reaction was complete after 24 h.
The solvent was removed and the crude material
purified by prep HPLC to afford (S)-6-(2-
amino-2-methylpropyl)-3-((S)-1-(4-(1-methyl-6-oxo-1
,6-dihydropyridin-3-
yl)phenyl)ethyl)-6-phenyl-1,3-oxazinan-2-one (16 mg).
LC/MS ES+ = 460 (M+1). LCMS Method 1 tR = 1.06 min,
m/z = 460 (M+1); 1H NMR (CDCI 3) 7.60 (dd, 1H1 J =
9Hz, 2Hz), 7.46 (d, 1H, J = 3Hz), 7.39-7.27 (m, 5H),
7.20 (d, 2H, J = 7 Hz), 7.1 (d, 2H, J =8 Hz), 6.78 (d,
1H, J = 9Hz, 5.61 (q, 1H, J = 7Hz), 3.65 (s, 3H) 1
2.87 (m, 1H), 2.80 (d, 1H, J = 16Hz) 1 2.23 (d, 1H J =
16 Hz) 2.19-2.08 (m, 3H), 1.54 (d, 3H, J = 7Hz) 1.41
(S 3H) 0.96 (S 3H). EXAMPLE 8
N-(2-methyl-1-((S)-3-((S)-1-(4-(1-methyl-6-oxo-1,6-dih
ydropyridin-3-yl)phenyl)ethyl)-2- oxo-6-phenyl-1
,3-oxazinan-6-yl)propan-2-yl)acetamide A CH2CI2 ( 1
mL) solution of
(S)-6-(2-amino-2-methylpropyl)-3-((S)-1-(4-(1-
methyl-6-oxo-1
,6-dihydropyridin-3-yl)phenyl)ethyl)-6-phenyl-1
,3-oxazinan-2-one (5 mg, 0.009 mmol) was treated with
DMAP (5mg, 0.04 mmol), J-Pr2NEt (10 drops), and acetic
anhydride (20 drops). The reaction was stirred
overnight. The reaction solutionwas washed with water.
The organic layer was evaporated and the crude
material purified by prep HPLC affording
L/-(2-methyl-1-((S)-3-((S)-1-(4-(1-methyl-6-oxo-1 ,6-
dihydropyridin-3-yl)phenyl)ethyl)-2-oxo-6-phenyl-1,3-o
xazinan-6-yl)propan-2- yl)acetamide (0.88 mg). LC-MS
Method 1 tR = 1.3 min, m/z = 502 (M+1). EXAMPLE 9
Methyl
2-methyl-1-((S)-3-((S)-1-(4-(1-methyl-6-oxo-1,6-dihydr
opyridin-3-
yl)phenyl)ethyl)-2-oxo-6-phenyl-1,3-oxazinan-6-yl)prop
an-2-ylcarbamate A CH2CI2 (1 mL) solution of
(S)-6-(2-amino-2-methylpropyl)-3-((S)-1-(4-(1-
methyl-6-oxo-1
,6-dihydropyridin-3-yl)phenyl)ethyl)-6-phenyl-1
,3-oxazinan-2-one (5 mg, 0.009 mmol) was treated with
DMAP (5mg, 0.04 mmol), J-Pr2NEt (10 drops), and methyl
chloroformate (20 drops). The reaction was stirred
overnight. The reaction solution was by prep HPLC
affording methyl
2-methyl-1-((S)-3-((S)-1-(4-(1-methyl-6- oxo-1
,6-dihydropyridin-3-yl)phenyl)ethyl)-2-oxo-6-phenyl-1
,3-oxazinan-6-yl)propan-2- ylcarbamate (2.58 mg).
LC-MS Method 1 tR = 1.45 min, m/z = 518 (M+1); 1H NMR
(CDCI3) 7.66 (dd, 1H, J = 9Hz, 2Hz), 7.48 (d, 1H J =
3Hz), 7.35-7.27 (m, 5H), 7.15 (d, 2H, J =8 Hz), 7.01
(d, 2H, J = 8 Hz), 6.87 (d, 1H, J = 9Hz), 5.67 (q, 1H,
J = 7 Hz), 3.69 (S, 3H), 2.2 (s, 3H), 1.54 (d, 3H, J =
7 Hz), 1.46- 1.36 (m, 2H), 1.30 (s, 3H), 1.20 (s,
3H).EXAMPLE 10 N-(2-methyl-1 -((S)-2-oxo-3-((S)-1
-(4-(6-oxo-1 ,6-dihydropyridin-3-yl)phenyl)ethyl)-6-
phenyl-1,3-oxazinan-6-yl)propan-2-yl)methanesulfonamid
e The title compound was prepared from
N-(1-((S)-3-((S)-1-(4-
bromophenyl)ethyl)-2-oxo-6-phenyl-1,3-oxazinan-6-yl)-2
-methylpropan-2- yl)methanesulfonamide and
2-oxo-1,2-dihydropyridin-5-ylboronic acid following a
procedure analogous to that described in Example 4.
LC-MS Method 1 tR = 1.3 min, m/z = 524 (M+1); 1H NMR
(CDCI3) 7.81 (d, 1H, J = 9Hz), 7.63 (br s, 1H),
7.39-7.31 (m, 5H), 7.18 (d, 2H, J = 8Hz), 7.03 (d, 2H,
J =7 Hz), 6.79 (d, 1H, J =9 Hz), 5.67 (q, 1H, J = 6Hz)
2.93 (s, 3H), 2.90 (m, 1H), 2.49 (d, 1H, J =15 Hz),
2.32 (d, 1H, J =15 Hz), 2.28-2.18 (m, 3H), 1.54 (d,
3H, J = 7Hz), 1.36 (s, 3H), 1.25 (s, 3H).
N-(1-((S)-3-((S)-1-(4-bromophenyl)ethyl)-2-oxo-6-pheny
l-1,3-oxazinan-6-yl)-2-
methylpropan-2-yl)methanesulfonamide was prepared from
3-((R)-3-((S)-1-(4-
bromophenyl)ethyl)-2-oxo-6-phenyl-1
,3-oxazinan-6-yl)-2,2-dimethylpropanenitrile by
sequential application of procedures analogous to
those described in Examples 6 Step 2, Example 7 and
Example 11. EXAMPLE 11
N-(2-methyl-1-((S)-3-((S)-1-(4-(1-methyl-6-oxo-1,6-dih
ydropyridin-3-yl)phenyl)ethyl)-2-
oxo-6-phenyl-1,3-oxazinan-6-yl)propan-2-yl)methanesulf
onamide A CH2CI2 (1 mL) solution of
(S)-6-(2-amino-2-methylpropyl)-3-((S)-1-(4-(1-
methyl-6-oxo-1
,6-dihydropyridin-3-yl)phenyl)ethyl)-6-phenyl-1
,3-oxazinan-2-one (5mg, 0.009 mmol) was treated with
DMAP (5mg, 0.04 mmol), J-Pr2NEt (10 drops), and MsCI
(20 drops). The reaction was stirred overnight. The
reaction solution was washed with water. The organic
layer was evaporated and the crude material purified
by prep HPLC affording
L/-(2-methyl-1-((S)-3-((S)-1-(4-(1-methyl-6-oxo-1 ,6-
dihydropyridin-3-yl)phenyl)ethyl)-2-oxo-6-phenyl-1,3-o
xazinan-6-yl)propan-2- yl)methanesulfonamide (3.30
mg). LC-MS Method 1 tR = 1.39 min, m/z = 538 (M+1); 1H
NMR (CDCI3) 7.61 (dd, 1H, J = 9Hz, 3Hz), 7.46 (d, 1H1J
= 2Hz) 7.40-7.27 (m, 5H), 7.17 (d, 2H, J = 8Hz), 7.04
(d, 2H, J = 8Hz) 6.79 (d, 1H, J = 9Hz) 15.67 (q, 1H, J
= 7 Hz), 3.66 (S, 3H) 1 2.93 (s, 3H) 2.31-2.22 (m, 2H)
1 1.55 (d, 3H, J = 7Hz), 1.48-1.36 (m, 2H), 1.33 (s,
3H) 1 1.24 (s, 3H). EXAMPLE 12 N-methyl-N-(2-methyl-1
-((S)-3-((S)-1 -(4-(1 -methyl-6-oxo-1
,6-dihydropyridin-3- yl)phenyl)ethyl)-2-oxo-6-phenyl-1
,3-oxazinan-6-yl)propan-2-yl)methanesulfonamide To a
rt solution of
L/-(2-methyl-1-((S)-2-oxo-3-((S)-1-(4-(6-oxo-1,6-
dihydropyridin-3-yl)phenyl)ethyl)-6-phenyl-1,3-oxazina
n-6-yl)propan-2- yl)methanesulfonamide (7 mg, 0.013
mmol) in THF, NaH (10 mg, 0.20 mmol) was added
followed by methyl iodide (30 uL, 0.080 mmol). The
reaction was heated to 60 0C for 5 h. The flask was
cooled to rt then to 0 0C before quenching with satd
aq NH4CI. The mixture was extracted with EtOAc (3x)
and the combined organic layers were dried over Na SO
, filtered, evaporated and purified by prep HPLC to
afford /Vmethyl-
L/-(2-methyl-1-((S)-3-((S)-1-(4-(1-methyl-6-oxo-1
,6-dihydropyridin-3-
yl)phenyl)ethyl)-2-oxo-6-phenyl-1,3-oxazinan-6-yl)prop
an-2-yl)methanesulfonamide (4.63 mg). LC-MS Method 1
tR = 1.45 min, m/z = 552 (M+1); 1H NMR (CDCI3) 7.55
(dd, 1H, J = 9Hz, 3Hz), 7.41 (d, 1H, J = 3 Hz), 7.35
-7.27 (m, 5H), 7.13 (d, 2H, J = 8Hz), 6.98 (d, 2H J =
8Hz) 6.79 (d, 1H1J =9 Hz), 6.55 (q, 1H, J = 7Hz) 3.62
(s, 3H) 1 2.91-2.86 (m, 1H) 2.86 (s, 3H), 2.73 (d, 1H,
J = 15 Hz)12.74 (s, 3H), 2.46 (d, 1H, J =15Hz) 2.39
-2.36 (m, 2H), 2.25-21.6 (m, 1H) 1.53 (d, 3H, J = 7
Hz) 1.53 (s, 3H) 1.22 (S, 3H). EXAMPLE 13
N-(2-methyl-1-((S)-3-((S)-1-(4-(1-methyl-2-oxo-1,2-dih
ydropyridin-4-yl)phenyl)ethyl)-2- oxo-6-phenyl-1
,3-oxazinan-6-yl)propan-2-yl)methanesulfonamide Step i
To a solution of
3-(R-3-S-1-(4-bromophenyl)-ethyl)-2-oxo-6-phenyl-1,3-
oxazinan-6-yl)-2,2-dimethylpropanenitrile ( 1 g, 2.27
mmol) in a mixture of THF/H2O (3:1, 10 mL) was added
acetamide (3.35 g, 56.75 mmol) and PdCI2 (0.402 g,
2.27 mmol). The reaction was stirred overnight. The
solvent was removed, and the residue was purified by
TLC to afford
3-(R-3-S-1-(4-bromophenyl)-ethyl)-2-oxo-6- phenyl-1
,3-oxazinan-6-yl)-2,2-dimethylpropanamide (0.745 g, 7
1.6%). Step 2 To a solution of
3-(R-3-S-1-(4-bromophenyl)-ethyl)-2-oxo-6-phenyl-1 ,3-
oxazinan-6-yl)-2,2-dimethylpropanamide (0.74 g, 1.612
mmol) in a mixture of CH3CN/H2O (20 mL, 1:1) was added
PhI(OC2CCF3);. ( 1.178 g, 2.74 mmol). The mixture
reaction was stirred overnight. The mixture was
extracted with EtOAc (30 mL). The organic layer was
washed with brine, and concentrated to afford
S-6-(2-amino-2-methylpropyl)-3-S-1-(4-bromophenyl)-eth
yl)-6-phenyl-1 ,3-oxazinan-2-one (0.6 g, 87%). Step 3
To a solution of
S-6-(2-amino-2-methylpropyl)-3-S-1-(4-bromophenyl)-eth
yl)-6- phenyl-1,3-oxazinan-2-one (0.6 g, 1.39 mmol) in
CH2CI2 (10 ml_) was added Et3N (0.84 g, 8.34 mmol).
The mixture was cooled at 0 0C, MsCI (0.48 g, 4.17
mmol) was added. The reaction was stirred at rt for 1
h . The mixture was evaporated to afford the crude
product. The residue was purified by column to afford
L/-1-S-3-S-1-(4- bromophenyl)-ethyl)-2-oxo-6-phenyl-1
,3-oxazinan-6-yl)-2-methylpropan-2-yl)-methylsulfonami
de (0.5 g, 70.4%). Step 4 To a solution of
L/-1-S-3-S-1-(4-bromophenyl)ethyl)-2-oxo-6-phenyl-1,3-
oxazinan-6-yl)-2-methylpropan-2-yl)-methyl-sulfonamide
(0.5 g, 0.98 mmol) and 4,4,4',4',5,5,5',S 1-
octamethyl- 2,2'-bi-(1,3 2- dioxaborolane) (0.399 g,
1.57 mmol) in dry DMSO (15 ml_) was added KOAc (0.31
g, 3.14 mmol) and Pd(dppf)CI 2 (0.025 g , 0.03 mmol)
under N2 atmosphere. After addition, the mixture was
stirred at 90 0C overnight. After TLC showed the
starting material had disappeared, the solid was
filtered off. Water (30 ml_) and EtOAc (50 ml.) was
added, the mixture was extracted with EtOAc (3 x 30
ml_). The combined organic layer was washed with brine
(50 ml_), dried over Na2SO4, filtered, and
concentrated to dryness. The residue was purified by
column chromatography to afford
L/-(2-methyl-1-S-2-oxo-6-phenyl-3-S-1-(4-(4,4,5,5-
tetramethyl-1
,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1,3-oxazinan-6-yl
)propan-2-yl)- methyl-sulfonamide (0.2 g, yield: 37%).
Step 5 To a solution of
L/-(2-methyl-1-S-2-oxo-6-phenyl-3-S-1 -4-4,4,
5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1
,3-oxazinan-6-yl)propan-2-yl)-methyl sulfonamide (150
mg, 0.27 mmol) and 4-iodo-1-methylpyridin-2(1 H)-one
in dry 1,4- dioxane (5 mL) was added Cs2CO3 (0.3 ml_,
6 mmol) and Pd(PPh3)CI2 (20 mg). After addition, the
mixture was warmed at 110 0C for 2 min. After TLC
showed the starting material had disappeared, the
solid was filtered off. Water (20 mL) and EtOAc (30mL)
were added. The organic layer was separated, and the
aqueous layer was extracted with EtOAc (3 x 30 ml_).
The combined organic layer was washed with brine,
dried over Na2SO4, filtered, and concentrated to give
the crude product, which was purified by preparative
HPLC to provide
/V-2-methyl-1-S-3-S-1-4-(1-methyl-2-oxo-
1,2-dihydropyridin-4-yl)-phenyl)-ethyl)-2-oxo-6-phenyl
-1 ,3-oxazinan-6-yl) propan-2- yl) methyl sulfonamide
(20 mg, 14%). LC-MS Method 2 tR = 1.154 min, m/z =
538.1; 1H NMR (CDCI3) : (51 .25 (s, 3H), 1.32 (s, 3H),
1.55 (d, 3H), 2.50 (d, 2H) 2.91 (s, 3H), 3.63 (S, 3H),
4.54 (b, 1H), 5.67 (m, 1H), 6.53 (d, 1H), 6.92 (s,
1H), 7.06 (d, 2H), 7.30-7.50 (m, 8H). EXAMPLE 14
2,2-dimethyl-3-((R)-2-oxo-3-((S)-1-(4-(2-oxo-1
,2-dihydropyridin-4-yl)phenyl)ethyl)-6- phenyl-1
,3-oxazinan-6-yl)propanenitrile The title compound was
prepared from 2,2-dimethyl-3-((R)-2-oxo-6-phenyl-3-
((S - i .S-tetramethyl-I
.S^-dioxaborolan^-yOphenyOethyO-I.S-oxazinan-eyl)
propanenitrile and 4-iodopyridin-2(1H)-one following a
procedure analogous to that described in Example 4 .
LC-MS Method 1 tR = 1.36 min, m/z = 456(M+1); 1H NMR
(CDCI3) 7.77(d, 1H), 7.43-7.32(m, 7H), 7.01 (t, 4H),
5.67(q, 1H), 2.99(dd, 1H), 2.57- 2.43(m, 2H) 2.32(m,
1H), 2.17(s, 2H), 1.57(d, 3H), 1.40(s, 3H), 1.33(s,
3H). EXAMPLE 15
3-((R)-6-(4-fluorophenyl)-2-oxo-3-((S)-1-(4-(6-oxo-1
,6-dihydropyridin-3-
yl)phenyl)ethyl)-1,3-oxazinan-6-yl)-2,2-dimethylpropan
enithleThe title compound was prepared from
3-((R)-3-((S)-1-(4-bromophenyl)ethyl)-6-
(4-fluorophenyl)-2-oxo-1
,3-oxazinan-6-yl)-2,2-dimethylpropanenitrile and
2-oxo-1 ,2- dihydropyridin-5-ylboronic acid following
a procedure analogous to that described in Example 4 .
LC-MS Method 1 tR = 1.37 min, m/z = 474(M+1); 1H NMR
(CDCI3) 7.97, (dd, 1H), 7.73(s, 1H), 7.33(m, 2H)
7.20(d, 2H) 7.17(t, 2H), 6.98(m, 3H), 5.67(q, 1H),
3.00(dt, 1H), 2.49(m, 2H) 2.30(m, 1H), 2.13(s, 2H),
1.55(d, 3H), 1.45(s, 3H) 1.34(s, 3H). EXAMPLE 16
3-((R)-6-(4-fluorophenyl)-3-((S)-1-(4-(1-methyl-2-oxo-
1,2-dihydropyridin-4-
yl)phenyl)ethyl)-2-oxo-1,3-oxazinan-6-yl)-2,2-dimethyl
propanenitrile A mixture of
3-((R)-6-(4-fluorophenyl)-2-oxo-3-((S)-1-(4-(4,4,5,5-t
etramethyl- 1,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1
,3-oxazinan-6-yl)-2,2-dimethylpropanenitrile (100mg,
0.21mmol) and 4-iodo-1-methyl-1H-pyridin-2-one (40 mg,
0.17 mmol), Pd(PPh 3)2CI2 (20 mg), and aq. Cs2CO3
solution (2.0 mL, 2M) in 1,4-dioxane (5 mL) was
stirred at reflux for 2 h. The organic phase was
separated and concentrated to give the crude product,
which was purified by preparative TLC to give
3-((R)-6-(4- fluorophenyl)-3-((S)-1 -(4-(1
-methyl-2-oxo-1
,2-dihydropyridin-4-yl)phenyl)ethyl)-2-oxo-
1,3-oxazinan-6-yl)-2,2-dimethylpropanenitrile (55 mg,
66%). LC-MS Method 2 tR = 1.096 min, m/z = 488.3; 1H
NMR (CDCI3) : d 1.27 (s, 3H), 1.40 (s, 3H), 1.48 (d,
3H), 2.06 (s, 2H) 2.23 (m, 1H) 2.41 (m, 2H), 2.90 (m,
1H), 3.51 (s, 3H), 5.60 (m, 1H), 6.27 (m, 1H), 6.65
(d, 1H) 6.89 (d, 2H) 6.99 (t, 2H), 7.26 (m,
5H).EXAMPLE 17
6-(2-hydroxy-2-methylpropyl)-6-isopropyl-3-((S)-1-(4-(
1-methyl-2-oxo-1,2-
dihydropyridin-4-yl)phenyl)ethyl)-1,3-oxazinan-2-one
Step i To a solution of methyl
4-methyl-3-oxopentanoate (72 g, 0.5 mol), and ethylene
glycol (56 g, 1 mol) in toluene (500 ml_) was added
4-methylbenzenesulfonic acid (1.9 



g, 0.01 mol). The mixture was stirred at reflux with a
Dean-Stark trap to remove water. The reaction mixture
was washed with a small amount of water and brine,
dried over anhydrous Na2SO4, and concentrated in
vacuum to give the crude methyl
2-(2-isopropyl-1,3-dioxolan-2-yl)-acetate (67 g 71%
yield), which was used for the next step without
further purification. Step 2 In a flame-dried three
neck flask equipped with an addition funnel, magnetic
stirring bar, rubber septum, and a nitrogen inlet, was
placed LiAIH4 (3.12 g, 82.1 mmol) and THF (700 mL).
After being cooled at O 0C, a solution of methyl
2-(2-isopropyl-1 ,3-dioxolan-2-yl) acetate (12 g, 63.8
mmol) in THF (160 ml.) was added dropwise with
stirring. The mixture was warmed to rt, and stirred
for 24 hours. The reaction was quenched by adding
water (5 ml_), 15% aqueous NaOH (10 ml_), and water (5
mL) slowly. The organic layer was separated, and the
residue was extracted with EtOAc (3x100 mL). The
combined organic phase was dried over Na2SO4, and
concentrated to afford the crude product, which was
purified by column chromatography to give
2-(2-isopropyl-1,3-dioxolan-2-yl)-ethanol (6.8 g,
67%). 1H NMR (CDCI3) : d 0.90 (d, J = 6.8 Hz, 6H),
1.87-1.96 (m, 3H), 2.81 (br, 1H), 3.69-3.72 (m, 2H),
3.92-4.01 (m, 4H). Step 3 To a solution of
2-(2-isopropyl-1,3-dioxolan-2-yl)-ethanol (8.0 g, 50
mmol) and triethylamine (23.5 mL, 170 mmol) in
anhydrous CH2CI2 (120 mL) was added methanesulfonyl
chloride ( 1 1.6 mL , 150 mmol) at 0 0C, and the
reaction mixture was stirred at rt till the reaction
was finished. The reaction mixture was washed with
water and brine, dried over Na2SO4, filtered, and
concentrated to give the crude 2-(2-
isopropyl-1,3-dioxolan-2-yl)ethyl methanesulfonate (12
g, crude), which was used for the next step without
further purification. Step 4 To a solution of
2-(2-isopropyl-1,3-dioxolan-2-yl)ethyl
methanesulfonate (12 g, 50 mmol) and
(S)-1-(4-methoxyphenyl)-ethyl amine (19.9 g, 100 mmol)
in CH3CN (250 mL) was added K2CO3 (8 g, 58 mmol), and
the mixture was refluxed for 10 h. The solution was
filtered, and the filtrate was concentrated to afford
the crude product, which was purified by column
chromatography to give (S)-1-(4-bromophenyl)-N-(2-(2-
isopropyl-1,3-dioxolan-2-yl)ethyl)ethanamine (6.5 g,
38% yield). Step 5 To a solution of
(S)-1-(4-bromophenyl)-N-(2-(2-isopropyl-1
,3-dioxolan-2- yl)ethyl)ethanamine (6.5 g, 19 mmol) in
MeOH (60 mL) was added cone HCI (60 mL). The mixture
was stirred at 65 0C till the reaction was finished.
The mixture was cooled to 0 0C, and the pH of the
mixture was adjusted to 7 by adding the satd aq
NaHCO3. The mixture was concentrated, and the residue
was extracted with EtOAc (3100 ml_). The organic layer
was washed with brine, dried over Na2SO4, and
concentrated to give
(S)-1-(1-(4-bromophenyl)ethylamino)-4-methylpentan-3-o
ne (5.5 g, 97% yield), which was used for the next
step without further purification. 1H NMR (CDCI3) : d
1.07 (d, J = 6.8 Hz, 6H), 1.29 (d, J = 6.4 Hz, 3H),
1.89 (br, 1H) 2.54-2.62 (m, 4H) 2.66-2.69 (m, 1H)
3.68-3.72 (m, 1H), 7.18-7.20 (m, 2H), 7.41-7.44 (m,
2H). Step 6 To a suspension of Mg (11g, 458 mmol) and
I2 (0.5g) in anhydrous THF (50 mL) was added
3-chloro-2-methylprop-1-ene (1 mL) to initiate the
reaction. THF (300 mL) was added, more solution of
3-chloro-2-methylprop-1-ene (15 mL) in THF (20 mL) was
dropped into the reaction at 0 0C under N2 over 30
min. A solution of (S)-1- (1-(4-bromophenyl)-ethyl
amino)-4-methylpentan-3-one (5g) in THF (5OmL) was
added dropwise at -78 0C over 45 min. The reaction was
stirred at rt for 2 h, cautiously quenched with satd
aq NH CI and filtered. The filtrate was extracted with
EtOAc (3 100 mL), washed with brine, dried over
anhydrous Na2SO4, and concentrated in vacuo to give
1-(S-1-(4-bromophenylamino)-3-isopropyl-5-methylhex-
5-en-3-ol (6.4 g, 90% yield ) , which was used for the
next step without further purification. Step 7 To a
solution of
1-(S-1-(4-bromophenylamino)-3-isopropyl-5-methylhex-5-
en-3- ol (6.4 g , 16.8 mmol) and triethylamine (5.34
g, 52 mmol) in CH2CI2 (260 mL) was added triphosgene
(2.52 g , 8.5 mmol) at 0 0C under N2, and the mixture
was stirred at rt overnight. The reaction mixture was
quenched with water, and extracted with CH2CI2 (3 50
mL). The combined organic layer was washed with brine,
dried over Na2SO4, filtered, and concentrated to
afford the crude product, which was purified by column
chromatography to give two isomers of
3-((S)-1-(4-bromophenyl)ethyl)-6-
isopropyl-6-(2-methylallyl)-1 ,3-oxazinan-2-one.
Isomer 1 : (1.85 g, 27% yield) 1H NMR (CDCI3) :
dq.83(d, J = 7.2 Hz 3H), 0.89 (d, J = 7.2 Hz 3H) 1.45
(d, J = 6.8 Hz 3H) 1.64-1 .70 (m, 2H), 1.79 (s, 3H)
1.88-1 .95 (m, 1H), 2.20 -2.34 (m, 2H), 2.59-2.65 (m,
1H), 3.01-3.08 (m, 1H), 4.70 (s, 1H), 4.87 (s, 1H),
5.68-5.77 (m, 1H), 7.14 (d, J = 8.4 Hz, 2H), 7.41 (d,
J = 8.4 Hz, 2H).lsomer 2: ( 1 .25g, 18% yield) 1H NMR
(CDCI3) : O.87 (d, J = 6.8 Hz, 3H), 0.92(d, J = 6.8
Hz, 3H), 1.50 (d, J = 7.2 Hz, 3H), 1.60-1 .66 (m, 1H),
1.78 (s, 3H), 1.73- 1.79 (m, 1H), 1.78 -2.05 (m, 1H),
2.08 (d, J = 14.0 Hz, 1H), 2.30 (d, J = 14.0 Hz1 1H),
2.62-2.68 (m, 1H), 2.98-3.05 (m, 1H), 4.64 (s, 1H),
4.84 (s, 1H), 5.70-5.75 (m, 1H), 7.13 (d, J = 8.4 Hz,
2H), 7.40 (d, J = 8.4 Hz, 2H). Step 8 To a solution of
3-((S)-1-(4-bromophenyl)ethyl)-6-isopropyl-6-(2-methyl
allyl)- 1,3-oxazinan-2-one. isomer 1(500 mg, 1.32mmol)
in dry CH2CI2 (64 mL) was added m-CPBA (455 g, 2.64
mmol) at rt. The reaction mixture was stirred until
the starting material was consumed (monitored by TLC).
The mixture was diluted with (CH3)3COCH3 (70 mL),
washed with 30% Na2S2O3, and aq NaHCO3 (3 x), dried
over Na2SO , filtered, and concentrated to give
3-((S)-1-(4-bromophenyl)ethyl)-6-isopropyl-
6-((2-methyloxiran-2-yl)methyl)-1 ,3-oxazinan-2-one
isomer 1 (520 mg, 99%), which was used directly for
the next step without further purification. Step 9 To
a solution of
3-((S)-1-(4-bromophenyl)ethyl)-6-isopropyl-6-((2-methy
loxiran- 2-yl)methyl)-1 ,3-oxazinan-2-one isomer 1
(520 mg, 1.32 mmol) in THF (32 mL) was added dropwise
LiEt3BH (Super-Hydride, 13.6 mL, 13.6mmol) at 0 0C
under N2 over 30 min., the resulting solution was
stirred at 10-13 0C for 21.5 h. To the mixture was
added H2O2 (40 mL). The resulting solution was diluted
with (CH3)3COCH3 (380 mL), and washed with water, 30%
aq Na2S2O3, and brine. The organic phase was dried
over Na2SO4, and filtered. The filtrate was
concentrated to give the crude product, which was
purified by column chromatography to afford
3-((S)-1-(4-
bromophenyl)ethyl)-6-(2-hydroxy-2-methylpropyl)-6-isop
ropyl-1 ,3-oxazinan-2-one isomer 1 (320 mg, 61%). 1H
NMR (CDCI3) : dq.82 (d, J = 6.8 Hz, 3H), 0.95 (d, J =
6.8 Hz, 3H), 1.31 (s, 3H), 1.34 (s, 3H), 1.51 (d, J =
10.0 Hz, 3H), 1.61 (d, J = 15.2 Hz, 1H), 1.78-1.84
(m,1H), 1.91 (d, J = 15.2 Hz, 1H), 2.02-2.15 (m, 2H),
2.36 (br, 1H), 2.62-2.68 (m, 1H), 3.03-3.09 (m, 1H),
5.73 (t, J = 7.2 Hz, 1H), 7.17-7.19 (m, 2H), 7.44-
7.48 (m, 2H).Step 10 To a solution of
3-((S)-1-(4-bromophenyl)ethyl)-6-(2-hydroxy-2-methylpr
opyl)-6- isopropyl-1,3-oxazinan-2-one isomer 1 (315
mg, 0.793 mmol) in DMSO (10 mL) was added
4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1,3,2-dio
xaborolane (602 mg, 2.38 mmol), CH3CO2K (770 mg, 79.3
mmol), Pd(dppf) 2CI2 (50 mg, 0.06 mmol) under N2, the
reaction was stirred at 90 0C for 4 h. The mixture was
quenched with NH4CI, and extracted with EtOAc, washed
with water and brine. The organic phase was dried over
Na2SO4 and filtered. The filtrate was concentrated to
give the crude product, which was purified by
preparative TLC to give
6-(2-hydroxy-2-methylpropyl)-6-
isopropyl-3-((S)-1-(4-(4,4,5,5-tetramethyl-1,3,2-dioxa
borolan-2-yl)phenyl)ethyl)-1 ,3- oxazinan-2-one isomer
1 (250 mg, 71%). Step 11 To a solution of
6-(2-hydroxy-2-methylpropyl)-6-isopropyl-3-((S)-1-(4-(
4,4,5,5- tetramethyl-1
,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1,3-oxazinan-2-on
e isomer 1 (250 mg, 0.39mmol),
4-bromo-1-methylpyridin-2(1H)-one (127 mg, 0.68 mmol),
Cs2CO3 (2N, 4 mL) in 1,4-dioxane (20 mL) was added
Pd(PPh 3 2CI2 (54 mg, 0.056 mmol) under N2. The
reaction mixture was refluxed for 2h, quenched with
water, and extracted with EtOAc. The organic phase was
washed with H2O and brine, dried over Na2SO4, and
filtered. The filtrate was concentrated to give the
crude product, which was purified by preparative TLC
and preparative HPLC to afford 6-(2-hydroxy-2-
methylpropyl)-6-isopropyl-3-((S)-1-(4-(1-methyl-2-oxo-
1,2-dihydropyridin-4- yl)phenyl)ethyl)-1
,3-oxazinan-2-one isomer 1 (79 mg, 47% yield). LC-MS
Method 2 tR = 1.023 min, m/z = 427.6; 1H NMR (CDCI3)
0.85 (d, , 3H), 0.96 (d, 3H), 1.26 (s, 3H), 1.28 (s,
3H), 1.54 (m, 4H), 1.84-1.88 (m, 2H), 2.04 (br, 1H)
2.01-2.18 (m, 2H), 2.75 (m, 1H), 3.10 (m, 1H), 3.52
(s, 3H), 5.80 (t, 1H), 6.37 (m, 1H), 6.74 (m, 1H),
7.28 (m, 1H), 7.25-7.37(m, 2H), 7.50 (m, 2H).
6-(2-hydroxy-2-methylpropyl)-6-isopropyl-3-((S)-1
-(4-(1 -methyl-2-oxo-1 ,2-
dihydropyridin-4-yl)phenyl)ethyl)-1,3-oxazinan-2-one
isomer 2 was prepared from 3- ((S)-I
-(4-bromophenyl)ethyl)-6-isopropyl-6-(2-methylallyl)-1
,3-oxazinan-2-one isomer 2 following procedures
analogous to those described in Steps 8 - 11 above.
LC-MS Method 2 tR = 1.023 min, m/z = 427.6; 1H NMR
(CDCI3) 0.79 (d, 3H), 0.92 (d, 3H), 1.27 (S, 3H), 1.30
(s, 3H), 1.51 (d, 3H), 1.58 (d, 1H), 1.73-1 .81 (m,
1H), 1.88 (d, 1H),2.0 (br, 1H), 2.04-2.08 (m, 2H),
2.65-2.68 (m, 1H),3.04-3.07 (m, 1H), 3.52 (s, 3H),
5.75 (t, 1H), 6.37 (m, 1H), 6.74 (m, 1H), 7.21-7.35
(m, 3H), 7.51 (m, 2H). EXAMPLE 18
6-cyclopropyl-6-(2-hydroxy-2-methylpropyl)-3-((S)-1-(4
-(1-methyl-2-oxo-1,2-
dihydropyridin-4-yl)phenyl)ethyl)-1 ,3-oxazinan-2-one
The two diastereomers of
3-((S)-1-(4-bromophenyl)ethyl)-6-cyclopropyl-6-(2-
hydroxy-2-methylpropyl)-1,3-oxazinan-2-one were
prepared from methyl 3- cyclopropyl-3-oxopropanoate
following procedures analogous to those described in
Example 17 Steps 1 - 7. The title compound was
prepared as follows. Step i To a solution of
3-((S)-1-(4-bromophenyl)ethyl)-6-cyclopropyl-6-(2-hydr
oxy-2- methylpropyl)-1 ,3-oxazinan-2-one isomer 1 (230
mg, 0.58 mmol) in DMSO (15 mL) was added
4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan-2-yl)-1
,3,2-dioxaborolane (450 mg, 1.77 mmol), CH3CO2K (800
mg, 8.16 mmol), Pd(pddf)2CI2 (50 mg, 0.06 mmol) under
N2. The reaction was stirred at 900C for 34 h,
quenched with NH4CI, and extracted with EtOAc. The
organic phase was washed with water and brine, dried
over Na2SO4, and filtered. The filtrate was
concentrated to give the crude product, which was
purified by preparative TLC to give
6-cyclopropyl-6-(2-hydroxy-2-methylpropyl)-3-((S)-
1.(4-(4 4 5
5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1,
3-oxazinan-2-one isomer 1 (140 mg, 54.3%).Step 2 To a
solution of
6-cyclopropyl-6-(2-hydroxy-2-methylpropyl)-3-((S)-1-(4
- (4,4,5,5-tetramethyl-i
,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1
,3-oxazinan-2-one isomer 1 (140 mg, 0.316 mmol),
4-bromo-1-methylpyridin-2(1H)-one (74.3 mg, 0.316
mmol), 2 M aq Cs2CO3 (3 mL) in 1,4-dioxane(20 ml_) was
added Pd(dppf) 2CI2 (30 mg, 0.043 mmol) under N2. The
reaction mixture was refluxed for 2h, quenched with
water, and extracted with EtOAc. The organic phase was
washed with H2O and brine, dried over Na2SO4, and
filtered. The filtrate was concentrated to give the
crude product, which was purified by preparative TLC
and preparative HPLC to afford 6-cyclopropyl-6-(2-
hydroxy-2-methylpropyl)-3-((S)-1-(4-(1-methyl-2-oxo-1
,2-dihydropyridin-4-
yl)phenyl)ethyl)-1,3-oxazinan-2-one isomer 1 (49.5 mg,
37.7%). LC-MS Method 2 tR = 1.016 min, m/z = 367.2; 1H
NMR (CDCI3) 0.50 (m, 2H), 0.62 (m, 2H), 0.97 (m,1H),
1.32 (m, 6H), 1.58 (d, 3H), 1.97(m, 3H), 2.28 (m,1H),
2.78 (m, 1H), 3.40 (m, 1H), 3.58 (s,3H) ,5.85 (m, 1H),
6.41 (d, 1H), 6.79 (s, 1H), 7.33 (d, 1H), 7.41 (d,
1H), 7.56 (d, 1H)
6-cyclopropyl-6-(2-hydroxy-2-methylpropyl)-3-((S)-1-(4
-(1-methyl-2-oxo-1 ,2-
dihydropyridin-4-yl)phenyl)ethyl)-1,3-oxazinan-2-one
isomer 2 was prepared from 3-
((S)-1-(4-bromophenyl)ethyl)-6-cyclopropyl-6-(2-hydrox
y-2-methylpropyl)-1,3- oxazinan-2-one isomer 2
following procedures analogous to those described in
Steps 1 and 2 immediately above. LC-MS Method 2 tR =
0.99 min, m/z = 367.1; 1H NMR (CDCI3) 0.02 (m, 3H),
0.23 (m, 1H), 0.51 (m,1H), 0.96 (s, 6H), 1.17 (d, 3H),
1.40-1 .60 (m, 4H), 1.94 (m,1H), 2.55 (m, 1H), 2.73
(m, 1H), 3.20 (s,3H) ,5.41 (m, 1H), 6.03 (d, 1H), 6.40
(s, 1H), 6.98 (m, 1H) , 7.03 (m, 2H), 7.18 (m,
2H)EXAMPLE 19 (R)-6-(2-(5-methyl-1
,3,4-oxadiazol-2-yl)ethyl)-3-((S)-1-(4-(1-methyl-2-oxo
-1 ,2- dihydropyridin-4-yl)phenyl)ethyl)-6-phenyl-1
,3-oxazinan-2-one Step 4 To a solution of
N'-acetyl-3-((R)-3-((S)-1-(4-bromophenyl)ethyl)-2-oxo-
6-phenyl- 1,3-oxazinan-6-yl)propanehydrazide (0.1 g ,
0.21 mmol) in THF (2 mL) was added Burgess Reagent (75
mg, 0.315 mmol). The sealed vial was irradiated in the
microwave at 100 0C for 15 min. The mixture was
extracted with EtOAc (3 x 30 mL). The combined organic
layer was washed with brine (50 mL), dried over
Na2SO4, filtered, and concentrated. The residue was
purified by preparative TLC to afford (R)-
3-((S)-1-(4-bromophenyl)ethyl)-6-(2-(5-methyl-1,3,4-ox
adiazol-2-yl)ethyl)-6-phenyl- 1,3-oxazinan-2-one (58
mg, yield: 59%). 1H NMR (CDCI3) : 51.49-1.51 (m, 3H),
2.23- 2.26 (m, 2H), 2.30-2.33 (m, 2H), 2.42 (s, 3H),
2.43-2.45 (m, 1H), 2.49-2.54 (m, 1H), 2.87-2.91 (m,
1H), 3.06-3.09 (m, 1H), 5.61-5.63 (m, 1H), 6.76-6.78
(d, 2H), 7.20-7.22 (m, 2H), 7.26-7.33 (m, 2H),
7.35-7.37 (m, 3H).Step To a solution of
(R)-3-((S)-1-(4-bromophenyl)ethyl)-6-(2-(5-methyl-1,3,
4- oxadiazol-2-yl)ethyl)-6-phenyl-1 ,3-oxazinan-2-one
(490 mg, 1.04 mmol), and 4,4,4',4
l,5,5,5',5'-octamethyl-2,2 l-bi(1,3,2-dioxaborolane)
(424 mg, 1.67 mmol) in dry DMSO (20 mL) was added KOAc
(326 mg, 3.33 mmol) and Pd(dppf)CI2 (25.3 mg, 0.031
mmol) under N2 atmosphere. The mixture was warmed at
100 0C for 3 h. After TLC showed the starting material
had disappeared, the solid was filtered off, water
(5OmL) and EtOAc (50 mL) were added, and the mixture
was extracted with EtOAc (3 x 50 mL). The combined
organic layer was washed with brine (50 mL), dried
over Na2SO4, filtered, and concentrated. The residue
was purified by prep TLC to afford
(R)-6-(2-(5-methyl-1
,3,4-oxadiazol-2-yl)ethyl)-6-phenyl-3-((S)-1-(4-(4,4,5
,5- tetramethyl-1
,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1
,3-oxazinan-2-one (0.395 g, yield:73.6%). Step 6 To a
solution of (R)-6-(2-(5-methyl-1
,3,4-oxadiazol-2-yl)ethyl)-6-phenyl-3-((S)- 1-(4-(4 4
5
5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1,
3-oxazinan-2-one (60 mg, 0.12 mmol) and
4-iodo-1-methylpyridin-2(1H)-one (33 mg, 0.14 mmol) in
dry 1,4- dioxane (15 mL) were added Cs2CO3 (2M, 1 mL)
and Pd(PPh3)CI2 (7.7 mg, 0.01 mmol). The mixture was
heated at reflux for 2 h under N2 atmosphere, the
solid was filtered off, and the mixture was diluted
with water (30 mL) and EtOAc (30 mL). The combined
organic layers was washed with brine (50 mL), dried
over Na2SO4, filtered, and concentrated. The residue
was purified by prep TLC to afford (R)-6-(2-(5-methyl-
1,3,4-oxadiazol-2-yl)ethyl)-3-((S)-1-(4-(1-methyl-2-ox
o-1,2-dihydropyridin-4-
yl)phenyl)ethyl)-6-phenyl-1,3-oxazinan-2-one (25 mg,
yield: 41.8%). LC-MS Method 2 tR = 0.984 min, m/z =
499.1 ; 1H NMR (CDCI3) : 1.48-1 .50 (m, 3H), 2.16-2.20
(m, 1H), 2.23-2.26 (m, 1H),2.27-2.32 (m, 2H), 2.39 (s,
3H), 2.40-2.47 (m, 1H), 2.49-2.54 (m, 1H), 2.87-2.90
(m, 1H), 2.98-3.01 (m, 1H), 3.58 (s, 3H), 5.62-5.64
(m, 1H), 6.45-6.48 (m, 1H), 6.87 (s, 1H), 6.92-6.94
(d, 2H), 7.20-7.24 (m, 4H), 7.25-7.35 (m, 4H).EXAMPLE
20
(S)-6-(2-hydroxy-2-methylpropyl)-3-((S)-1-(4-(1-(2-hyd
roxyethyl)-2-oxo-1,2-
dihydropyridin-4-yl)phenyl)ethyl)-6-phenyl-1
,3-oxazinan-2-one Step i To the mixture of
4-iodopyridin-2(1 H)-one (50 mg, 0.213 mmol) in DMF
(3mL) was added 2-iodoethanol (73 mg, 0.426mmol),
K2CO3 (88 mg, 0.638 mmol) at rt. The mixture was
stirred for 2 h at rt. After the reaction was
finished, the mixture was washed with water and
extracted with EtOAc. The organic phase was washed
with brine, dried over Na2SO4, filtered, and
concentrated to give the crude product, which was
purified by TLC to provide
1-(2-hydroxyethyl)-4-iodopyridin-2(1H)-one (60 mg 100
Step 2 A mixture of compounds
(S)-6-(2-hydroxy-2-methylpropyl)-6-phenyl-3-((S)-1-(4-
(4,4,5,5-tetramethyl-1
,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1
,3-oxazinan-2-one (72 mg 0.150 mmol),
1-(2-hydroxyethyl)-4-iodopyridin-2(1 H)-one (48 mg
0.181 mmol), Pd(PPh 3 2CI2 (14 mg, 0.020 mmol), and
Cs2CO3 (2 mL) in 1,4-dioxane (8 mL) was stirred at
reflux for 2h. After the reaction was finished, the
mixture was washed with water, and extracted with
EtOAC. The organic phase was washed with brine, dried
over Na2SO4, filtered, and concentrated to get the
crude product, which was purified by TLC to provide
compound
(S)-6-(2-hydroxy-2-methylpropyl)-3-((S)-1-(4-(1-(2-
hydroxyethyl)-2-oxo-1
,2-dihydropyridin-4-yl)phenyl)ethyl)-6-phenyl-1
,3-oxazinan-2- one (19.7 mg, 28 %). LC-MS Method 2 tR
= 1.065 min, m/z = 491 .2; 1HNMR (CDCI 3) : 51.10 (d,
6H), 1.50 (d, 3H), 2.20 (m, 5H), 2.35 (m, 1H), 3.50
(m, 1H), 3.90 (m, 2H), 4.10 (m, 2H) 5.60 (m, 1H), 6.40
(m, 1H), 6.70 (s, 1H), 6.95 (d, 2H), 7.35
(m,8H).EXAMPLE 2 1
(6S)-6-(2,3-dihydroxy-2-methylpropyl)-3-((S)-1-(4-(1-m
ethyl-2-oxo-1 ,2-dihydropyridin-
4-yl)phenyl)ethyl)-6-phenyl-1 ,3-oxazinan-2-one Step i
A solution of 3-chloro-i-phenylpropan-i-one (16.8 g,
0.1 mol) in THF (50 ml_) was added to a well-stirred
suspension of zinc powder (13 g , 0.2 mol) in a
mixture of satd aq NH4CI solution (260 mL) and THF (65
ml_). A solution of 3-iodo-2-methylprop- 1-ene (36.4
g, 0.2 mol) in THF (50 mL) was added dropwise. The
reaction was mildly exothermic, and the mixture began
to reflux spontaneously. After refluxing had ceased,
the mixture was stirred for 1 h. TLC showed the
3-chloro-1-phenylpropan-1- one had not reacted
completely. A solution of 3-iodo-2-methylprop-1-ene
(18.2 g, 0.1 mol) in THF (30 mL) was added, and the
mixture was stirred at rt overnight. The mixture was
extracted with EtOAc (2 x 500 mL). The combined
organic layer was dried and concentrated. The residue
was purified by column chromatography on silica gel
eluted with petroleum ether/ EtOAc 50:1 30:1 5:1 , to
give 1-chloro-5- methyl-3-phenylhex-5-en-3-ol (17 g,
yield 76 %) as an oil. 1H NMR (CDCI3) : d"1.28 (s,
3H), 2.31 (m, 2H), 2.54 (m, 2H), 2.68 (d, 1H), 3.15
(m, 1H), 3.58 (m, 1H), 4.78 (m, 1H), 4.93 (m, 1H),
7.27 (t, 1H), 7.38 (m, 4H).Step 2 A mixture of
i-chloro-S-methyl-S-phenylhex- -en-S-ol (2.9 g , 13
mmol), (S)-1- bromo-4-(1-isocyanatoethyl)benzene (3.5
g, 16 mmol), and DBU (8 g, 33 mmol) in THF (80 ml_)
was heated at reflux overnight. The mixture was
diluted with EtOAc, and washed with 1L/ aq HCI. The
aqueous phase was extracted with EtOAc (3 x), and the
combined organic phase was dried over Na2SO4. After
the solvents were evaporated, the crude product was
purified by column chromatography to give
(f?)-3-((S)-1-(4-
bromophenyl)-ethyl)-6-(2-methylallyl)-6-phenyl-1,3-oxa
zinan-2-one ( 1 .62 g, yield: 30 %) Step 3 To a
solution of
(f?)-3-((S)-1-(4-bromophenyl)ethyl)-6-(2-methylallyl)-
6-phenyl- 1,3- oxazinan-2-one (300 mg, 0.726 mmol),
4-methylmorpholine 4-oxide (195 mg, 1.44 mmol) in a
mixture of H2O (6 ml_), THF (30 mL) and NBuOH (12 mL)
was added osmium (VIII) oxide (4%, 0.231 mL) at 0 0C.
The mixture was stirred at rt overnight. The mixture
was quenched with 3% NaHSq 3 (15 mL*3) and extracted
with EtOAc. The organic layer was dried over Na2SO4
and concentrated to give the crude product
(S)-3-((S)-1-(4-bromophenyl)-ethyl)-6-(2,3-dihydroxy-2
-methylpropyl)-6-phenyl-1 ,3- oxazinan-2-one (242 mg,
74.5%). Step 4 To a solution of
(S)-3-((S)-1-(4-bromophenyl)-ethyl)-6-(2,3-dihydroxy-2
- methylpropyl)-6-phenyl-1,3-oxazinan-2-one (235 mg,
0.524 mmol) in DMSO (5 mL) were added KOAc (771.6 mg,
7.86 mmol), Pd(dppf)CI2 (40 mg) under N2. The mixture
was stirred at 90 0C for 3 h. The reaction mixture was
quenched with water and extracted with EtOAc. The
organic layer was dried over Na2SO4 and concentrated
to give the crude product, which was purified by
preparative TLC to afford
(S)-6-(2,3-dihydroxy-2-methylpropyl)-6-phenyl-3-((S)-1
-(4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1,3-oxazinan-2-o
ne (121 mg, 46.6%). Step 5 A mixture of
(S)-6-(2,3-dihydroxy-2-methylpropyl)-6-phenyl-3-((S)-1
-(4-(4,4,5,5- tetramethyl-1
,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1,3-oxazinan-2-on
e (105 mg, 2 11.9mmol), 4-iodo-1-methylpyridin-2(1
H)-one (65 mg, 275.5 mmol), Pd(PPh3)2CI2 (20 mg) in
aq. Cs2CO3 solution (3 mL) was stirred at reflux for 2
h. After the reaction was finished, the mixture was
washed with water and extracted with EtOAc. The
organic layer was dried over Na2SO4 and concentrated
to give the crude product, which was purified by
preparative HPLC to afford two isomers of
(6S)-6-(2,3-dihydroxy-2-
methylpropyl)-3-((S)-1-(4-(1-methyl-2-oxo-1
,2-dihydropyridin-4-yl)phenyl)ethyl)-6- phenyl-1
,3-oxazinan-2-one Isomer 1 (6.1 1 mg, 6%): LC-MS
Method 2 tR = 0.84 min, m/z = 477.4; 1H NMR (CDCI3) :
d 0.97 (s, 3H), 1.55 (d, 3H), 2.27 (m, 3H), 2.38 (m,
3H), 2.91 (m, 1H), 3.34 (d, 1H), 3.58 (S 3H), 5.68 (m,
1H) ,6.35 (d, 1H), 6.71 (s, 1H), 7.02 (d, 2H), 7.36
(m, 8H). Isomer 2 (6.78 mg, 6.7%): LC-MS Method 2 tR =
0.832 min, m/z = 477; 1H NMR (CDCI3) : d 1.14 (s, 3H),
1.48 (d, 3H), 2.09 (m, 1H), 2.14 (m, 2H), 2.31 (m,
2H), 2.81 (m, 1H), 3.24 (d, 1H), 3.27 (d, 1H), 3.50
(s, 3H), 5.62 (m, 1H) 6.28 (d, 1H), 6.63 (s, 1H), 6.98
(d, 2H), 7.27 (m, 8H). EXAMPLE 22
(6S)-6-(2-hydroxy-3-methoxy-2-methylpropyl)-3-((S)-1-(
4-(1-methyl-2-oxo-1 ,2-
dihydropyridin-4-yl)phenyl)ethyl)-6-phenyl-1,3-oxazina
n-2-one Step i Sodium (90 mg) was added to MeOH (5
mL). When sodium had disappeared, a solution of
6(S)-3-(S-1-(4-bromophenyl)ethyl)-6-((2-methyloxiran-2
-yl)-methyl)-6- phenyl-1,3-oxa zinan-2-one (500 mg,
1.16mmol) was added to the mixture. Themixture was
stirred at 65 0C for 5 h. The mixture was added H2O
and concentrated. The residue was extracted with
EtOAc, the organic layer was dried over Na2SO4 and
concentrated to give the crude product, which was
purified by preparative TLC (2:1 PE/EtOAc) to afford
(S)-3-(S-1-(4-bromophenyl)ethyl)-6-(2-hydroxy-3-methox
y-2- methylpropyl)-6-phenyl-1,3-oxazinan-2-one (227
mg, 42.3%). Step 2 To a solution of
(S)-3-(S-1-(4-bromophenyl)ethyl)-6-(2-hydroxy-3-methox
y-2- methylpropyl)-6-phenyl-1 ,3-oxazinan-2-one (205
mg, 0.443 mmol) in DMSO (5 mL) was added KOAc (435.13
mg, 4.43 mmol), Pd(dppf)CI2 (45 mg) under N2. The
mixture was stirred at 900C for 3 hours. The reaction
mixture was quenched by water and extracted with
EtOAc. The organic layer was dried over Na2SO4 and
concentrated to give the crude product, which was
purified by preparative TLC (PE:EA=1 :2) to afford
(S)-6-(2-hydroxy-3-methoxy-2-methylpropyl)-6-phenyl-3-
((S)-1-
(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl
)ethyl)-1 ,3-oxazinan-2-one ( 1 13 mg, 50%). Step 3 A
mixture of
(S)-6-(2-hydroxy-3-methoxy-2-methylpropyl)-6-phenyl-3-
((S)-1-(4- (4,4,5,5-tetramethyl-1
,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1
,3-oxazinan-2-one ( 100 mg, 196.29 mmol),
4-iodo-1-methylpyridin-2(1H)-one (60.49 mg,
255.2mmol), Pd(PPh3)2CI2 (20 mg), and aq Cs2CO3
solution (2 mol/L, 3 mL) in 1,4-dioxane (4 mL) was
stirred at reflux for 2 hours. After the reaction was
finished, the mixture was washed with water and
extracted with EtOAc. The organic layer was dried over
Na2SO4 and concentrated to give the crude product,
which was purified by preparative HPLC to afford two
isomers of
(6S)-6-(2-hydroxy-3-methoxy-2-methylpropyl)-3-((S)-1-
(4-(1-methyl-2-oxo-1
,2-dihydropyridin-4-yl)phenyl)ethyl)-6-phenyl-1
,3-oxazinan-2-one. Isomer 1 (5.25 mg, 5.6%): LC-MS
Method 2 tR = 0.921 min, m/z = 403.2; 1H NMR (CDCI3) :
d 0.94 (s, 3H), 1.47 (d, 3H), 2.28 (m, 4H), 2.35 (m,
1H), 2.82 (m,1H), 3.1 1 (d, 1H), 3.16 (s, 3H), 3.25
(d, 1H), 3.50 (s, 3H), 5.62 (m, 1H), 6.27 (d, 1H),
6.63 (S, 1H), 6.92 (d, 2H), 7.25 (m,8H). Isomer 2
(5.40 mg, 5.8%): LC-MS Method 2 tR = 0.923 min, m/z =
513.1; 1H NMR (CDCI3) : d 1.18 (s, 3H), 1.47 (d, 3H),
2.1 1 (m, 2H), 2.23 (m, 2H), 2.45 (m, 1H),2.81 (d,
2H), 2.96 (d, 1H), 3.15 (s, 3H), 3.50 (s, 3H), 5.62
(m, 1H) 6.27 (d, 1H), 6.65 (s, 1H), 6.90 (d, 2H), 7.26
(m, 8H). EXAMPLE 23
(S)-6-(2-fluorophenyl)-6-(2-hydroxy-2-methylpropyl)-3-
((S)-1-(4-(1-methyl-6-oxo-1,6-
dihydropyridin-3-yl)phenyl)ethyl)-1 ,3-oxazinan-2-one
,,COCl MeNHOMe MgCI Step i To a solution of
2-fluorobenzoyl chloride (50 g, 0.31 mol) in CH2CI2
(200 mL) was added L/,O-dimethylhydroxylamine (46 g,
0.47 mol), and a solution of triethylamine (127 g,
1.26 mol) in CH2CI2 (100 mL) at 0 0C. The reaction
mixture was warmed slowly to rt, and stirred for 3 h.
The mixture was quenched with iced water and extracted
with CH2CI2 (200 mL). The organic layer was dried over
Na2SO4, filtered, and concentrated to afford
2-fluoro-L/-methoxy-L/-methylbenzamide (48 g, yield:
84.6 %). Step 2 A solution of 2-fluoro-
L/-methoxy-L/-methylbenzamide (16 g, 87.4 mmol) in THF
(150 mL) was cooled to -78C. Vinylmagnesium bromide
(120 mL,120 mmol) was slowly added, and the mixture
stirred at -78 0C for 10 min, slowly warmed to rt,
andstirred for another 3 h. The reaction mixture was
quenched with 1 N aq HCI (100 ml_) at 0 0C. The
aqueous layer was extracted with EtOAc (100 ml_). The
combined organic phase was washed with brine (50 mL),
dried over Na2SO4, and concentrated. The residue was
purified by column chromatography to afford
1-(2-fluorophenyl)-prop- 2-en-1-one (7.6 g, yield:
58.4 %) as a colorless oil. Step 3 To a solution of
1-(2-fluorophenyl)-prop-2-en-1-one (5.6 g, 37.3 mmol)
in CH3CN (50 mL) was added
(S)-1-(4-bromophenyl)-ethylamine (7.4 g, 37 mmol), and
the mixture was stirred for 12 h at 40 0C. The
solution was concentrated to afford the crude product,
which was purified by column chromatography to give
(S)-3-(1-(4-
bromophenyl)-ethylamino)-1-(2-fluorophenyl)-propan-1-o
ne (4 g, yield: 30.7%) as a yellow liquid. Step 4 To a
suspension of Mg (2.5 g, 104 mmol), I2 (0.1 g) in
anhydrous THF (15 mL) was added
3-chloro-2-methylprop-1-ene (0.6 mL, 6 mmol). After a
solution of 3- chloro-2-methylprop-1-ene (9 mL, 90
mmol) in THF (120 mL) was dropped at O0C under N2 in
30 min.
(S)-3-(1-(4-bromophenyl)-ethylamino)-1-(2-fluorophenyl
)-propan- 1-one (3 g , 8.6 mmol) in THF (50 mL) was
added dropwise at -78C over 45 min. The reaction
mixture was stirred at rt for 2 h and cautiously
quenched by addition of satd aq NH4CI. The mixture was
extracted with EtOAc and the organic layer was washed
with brine, dried over anhydrous Na2SO4, and
concentrated in vacuo to give
1-(S-1-(4-bromophenyl)-ethylamino)-3-(2-fluorophenyl)-
5-methylhex-5-en-3-ol (3.3 g , yield: 94.5% ) , which
was used for the next step without further
purification. Step 5 A mixture of
1-(S-1-(4-bromophenyl)ethylamino)-3-(2-fluorophenyl)-5
- methylhex -5-en-3-ol (2 g, 5 mmol) in a solution of
triethylamine ( 1 .5 g, 15 mmol) in 1,2-dichloroethane
(100 mL) was added triphosgene ( 1 .46 g, 5 mmol) at 0
0C under N2, and the mixture was heated at 100 0C for
4 h . The reaction mixture was quenched with water,
and extracted with CH2CI2 (100 mL). The combined
organic layer was washed with brine, dried over
Na2SO4, filtered, and concentrated to affordthe crude
product (2.1 g , yield: 99 % ) , which was used for
the next step without further purification. Step 6 To
a solution of
(S)-3-(1-(4-bromophenyl)ethyl)-6-(2-fluorophenyl)-6-(2
- methylallyl) - 1,3-oxazinan-2-one (3.2 g, 7.4 mmol)
in dry CH2CI2 (100 mL) was added m-CPBA (2.6 g, 14.8
mmol) at rt and the mixture was stirred overnight. The
mixture was diluted with (CH3)3COCH3 (100 mL), washed
with 30% aq Na2S2O3 and aq NaHCO3, dried over Na2SO4,
filtered, and concentrated to give 3-(S-1-(4-
bromophenyl)-ethyl)-6-(2-fluorophenyl)-6-(2-methyloxir
an-2-yl-methyl)-1 ,3-oxazinan-2- one (2.8 g, yield:
84.3%), which was used directly for the next step
without further purification. Step 7 To a solution of
3-(S-1-(4-bromophenyl)-ethyl)-6-(2-fluorophenyl)-6-(2-
methyloxiran -2-yl)-methyl)-1 ,3-oxazinan-2-one (2.2
g, 4.92 mmol) in THF (100 mL) was added dropwise
LIEt3BH (Super-hydride, 50 mL, 50 mmol) at 0 0C under
N2 for 30 min., and the resulting mixture was stirred
at 2-3C for 1.5 h , and stirred for 2.5 h at 10-130C .
H2O2 (20 mL) was added dropwise and the reaction
mixture was diluted with (CH3)3COCH3 (280 mL). The
mixture was washed with water, 30% aq Na2S2O3 and
brine. The organic phase was dried over Na2SO4 and
filtered. The filtrate was concentrated to give the
crude product, which was purified by column
chromatography to afford
(S)-3-(S-1-(4-bromophenyl)-ethyl)-6-(2-fluorophenyl)-6
-(2-hydroxy-2- methylpropyl)-1,3-oxazinan-2-one (550
mg, 23.9 %) as a white solid. 1H NMR (CDCI3) : d 1.03
(s, 3H) 1.14 (s, 3H), 1.43 (d, J = 6.8 Hz, 3H),
2.08-2.13 (m, 1H), 2.17 (d, J = 2.8 Hz, 1H), 2.21-2.22
(m, 1H), 2.31 (dd, J = 0.8, 15.2 Hz, 1H), 2.77-2. 8 1
(m, 1H), 5.56 (q, J = 2.8 Hz, 2 H), 6.82-6.83 (m, 2H),
6.85-6.94 (m, 1H), 7.08-7.13 (m, 1H), 7.18-7.25 (m,
1H), 7.26-7.40 (m, 2H), 7.42-7.44 (m, 1H). Step 8 To a
solution of
(S)-3-(S-1-(4-bromophenyl)-ethyl)-6-(2-fluorophenyl)-6
-(2-hydroxy- 2-methylpropyl)-1,3-oxazinan-2-one (540
mg, 1.2 mmol) in DMSO (15 mL) was added
4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan-2-yl)-1
,3,2-dioxaborolane (900 mg, 3.3 mmol),CH3CO2K ( 1.5 g,
16 mmol), Pd(dppf)CI2 (108 mg, 0.13 mmol) under N2,
and the reaction was stirred at 90 0C for 2.5 h. The
mixture was quenched with water, and extracted with
EtOAc (90 ml_). The organic layer was washed with
water and brine, dried over Na2SO4, and filtered. The
filtrate was concentrated to give the crude product,
which was purified by preparative TLC to afford
(S)-6-(2-fluorophenyl)-6-(2-
hydroxy-2-methylpropyl)-3-((S)-1-(4-(4,4,5,5-tetrameth
yl-1,3,2-dioxaborolan-2-
yl)phenyl)ethyl)-1,3-oxazinan-2-one (360 mg, 62 %) as
a yellow liquid. Step 9 To a solution of
(S)-6-(2-fluorophenyl)-6-(2-hydroxy-2-methylpropyl)-3-
((S)-1- (4-(4 4 5 5-tetramethyl-1
,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1
,3-oxazinan-2-one ( 120 mg, 0.24 mmol),
5-bromo-1-methylpyridin-2-(1H)-one (54 mg, 0.28mmo),
2N aq Cs2CO3 (2 mL) in dioxane (8 mL) was added
Pd(PPh3)2CI2 (17 mg, 0.024 mmol) under 



N2. The reaction mixture was refluxed for 2 h and
quenched by addition of water. The mixture was
extracted with EtOAc (30 mL), and the organic layer
was washed with H2O and brine, dried over Na2SO4, and
filtered. The filtrate was concentrated to give the
crude product, which was purified by preparative TLC
and preparative HPLC to afford
(S)-6-(2-fluorophenyl)-6-(2-hydroxy-2-methylpropyl)-3-
((S)-1-(4-(1-methyl-6-
oxo-1,6-dihydropyridin-3-yl)phenyl)ethyl)-1,3-oxazinan
-2-one (14 mg, yield:10 %). LC-MS Method 2 tR = 1.2
min, m/z = 473.9; 1H NMR (CDCI3) : 51.21 (s, 3H), 1.30
(s, 3H), 1.48 (d, J = 7.2 Hz, 3H), 2.15-2.26 (m, 3H),
2.33 (dd, J = 11.2, 26.4 Hz, 1H), 2.43-2.46 (m, 1H),
2.79-2.85 (m, 1H), 3.63 (s, 3H), 5.62 (q, J = 6.8 Hz,
1H), 6.58-6.60 (m, 1H), 6.89-6.94 (m, 1H), 7.00-7.02
(m, 2 H), 7.10-7.24 (m, 3H), 7.34-7.39 (m, 1H),
7.40-7.45 (m, 1H), 7.48-7.70 (m, 2H). EXAMPLE 24
(S)-6-(3-fluorophenyl)-6-(2-hydroxy-2-methylpropyl)-3-
((S)-1-(4-(1-methyl-6-oxo-1 ,6-
dihydropyridin-3-yl)phenyl)ethyl)-1
,3-oxazinan-2-oneThe title compound was prepared from
(S)-3-(1-(4-bromophenyl)ethylamino)-1-
(3-fluorophenyl)propan-1-one following procedures
analogous to those described in Steps 4-9 in Example
23. LC-MS Method 2 tR = 1.416 min, m/z = 500.9; 1H NMR
(CDCI3) 1.18 (s, 3H), 1.29 (s, 3H) 1.47 (d, 3H),
2.05-2.28 (m, 4H) 2.31-2.39 (m, 1H) 2.82-2.87 (m, 1H),
3.58 (s, 3H) 5.64 (q, 1H), 6.57-6.59 (m, 1H) 6.88-7.19
(m, 5H) 7.21-7.25 (m, 2 H), 7.28 (m, 1H), 7.36 (m, 1H)
7.40-7.45 (m, 1H) 7.45-7.48 (m, 1H)
(S)-3-(1-(4-bromophenyl)ethylamino)-1-(3-fluorophenyl)
propan-1-one was prepared as shown below. EtOH, H2O,
reflux Step i A solution of
3-fluoro-L/-methoxy-L/-methylbenzamide (16 g , 87.4
mmol) in THF (150 ml.) was cooled to -78X.
Vinylmagnesium bromide (120 ml_,120 mmol) was added
slowly. The mixture was stirred at -78C for 10 min, at
rt for 3 h , and quenched by addition of 1 N aq HCI
(100 ml.) at O0C. The aqueous layer was extracted with
EtOAc (100 mL). The combined organic phase was washed
with brine (50 ml_), dried over Na2SO4, and
concentrated. The residue was purified by column
chromatography to afford 1-(3-fluorophenyl)ethanone
(9.7 g , yield: 75 %) as a colorless oil. Step 2
1-(3-Fluorophenyl)ethanone (17 g, 0.123 mol),
dimethylamine (13.7 g, 0.172 mol), and
paraformaldephyde (5.5 g, 0.185 mol) were suspended in
ethanol (50 mL), and cone HCI solution (0.3 mL) was
added. The mixture was heated at reflux overnight. The
solvent was removed under vacuum, and the residue was
washed with EtOAc (3 x) to give
3-(dimethylamino)-1-(3-fluorophenyl)propan-1-one (20.7
g, 88%), which was used for the next step without
purification.Step 3 A solution of
3-dimethylamino-1-(3-fluoro-phenyl)-propan-1-one (17 g
, 0.087 mol) and (S)-1-(4-bromophenyl)-ethanamine (17
g, 0.087 mol) in a mixture of EtOH (50 mL) and H2O (50
mL) was refluxed at 80 0C overnight. The solvent was
removed under vacuum, and the residue was purified by
column chromatography to afford (S)-
3-(1-(4-bromophenyl)-ethylamino)-1-(3-fluorophenyl)-pr
opan-1-one (6.2 g, 20%). EXAMPLE 25
(S)-3-((S)-1-(4-(1-(2-fluoroethyl)-2-oxo-1
,2-dihydropyridin-4-yl)phenyl)ethyl)-6-(2-
hydroxy-2-methylpropyl)-6-phenyl-1,3-oxazinan-2-one
1-(2-fluoroethyl)-4-iodopyridin-2(1H)-one was prepared
from 4-iodopyridin- 2(1 H)-one and 2-fluoroethyl
trifluoromethanesulfonate following a procedure
analogous to that described in Example 20 Step 1. The
title compound was prepared from
(S)-6-(2-hydroxy-2-methylpropyl)-6- phenyl-3-((S)-1
-(4-(4,4,5,5-tetramethyl-1
,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1 ,3-
oxazinan-2-one and 1-(2-fluoroethyl)-4-iodopyridin-2(1
H)-one following a procedure analogous to that
described in Example 6 Step 1. LC-MS Method 2 tR =
1.09 min, m/z = 515, 493, 475, 435.EXAMPLE 26
(S)-6-(2-fluorophenyl)-6-(2-hydroxy-2-methylpropyl)-3-
((S)-1-(4-(1-methyl-2-oxo-1,2-
dihydropyridin-4-yl)phenyl)ethyl)-1 ,3-oxazinan-2-one
The title compound was prepared from
(S)-6-(2-fluorophenyl)-6-(2-hydroxy-2-
methylpropyl)-3-((S)-1-(4-(4,4,5,5-tetramethyl-1,3,2-d
ioxaborolan-2-yl)phenyl)ethyl)- 1,3-oxazinan-2-one and
4-iodo-1-methylpyridin-2(1H)-one following a procedure
analogous to that described in Example 23 Step 9.
LC-MS Method 2 tR = 1.58 min, m/z = 501 , 479, 421 .
EXAMPLE 27
(S)-6-(3-fluorophenyl)-6-(2-hydroxy-2-methylpropyl)-3-
((S)-1-(4-(1-methyl-2-oxo-1,2-
dihydropyridin-4-yl)phenyl)ethyl)-1,3-oxazinan-2-one
The title compound was prepared from
(S)-6-(3-fluorophenyl)-6-(2-hydroxy-2-
methylpropyl)-3-((S)-1-(4-(4,4,5,5-tetramethyl-1,3,2-d
ioxaborolan-2-yl)phenyl)ethyl)- 1,3-oxazinan-2-one and
4-iodo-1-methylpyridin-2(1H)-one following a procedure
analogous to that described in Example 23 Step 9.
LC-MS Method 2 tR = 1.57 min, m/z = 501 , 479, 421
.EXAMPLE 28 6-(3-hydroxypropyl)-6-isopropyl-3-((S)-1
-(4-(1 -methyl-2-oxo-1 ,2-dihydropyridin-4-
yl)phenyl)ethyl)-1 ,3-oxazinan-2-one Step 1 To a
mixture of
3-((S)-1-(4-bromophenyl)ethyl)-6-(3-hydroxypropyl)-6-i
sopropyl- 1,3 -oxazinan-2-one (100 mg, 0.26 mmol),
4,4,4l,4',5,5,5',5'-octamethyl-2,2'-bi(1,3,2-
dioxaborolane) (198 mg, 0.783 mmol), potassium acetate
(256 mg, 2.61 mmol) in DMSO (5 ml_) was added
Pd(dppf)CI 2 (21 mg, 0.0261 mmol) under N2. The
mixture was stirred at 85 0C for 3 h, treated with
EtOAc (50 mL) and water (50 ml_). The organic layer
was washed with water (2*50 mL) and brine (50 mL),
dried, and concentrated to give the crude product. The
crude product was purified by preparative TLC to give
6-(3-hydroxypropyl)-6-isopropyl-3-(CSj-1-(4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)
phenyl)ethyl)-1,3-oxazinan-2-one (40 mg, 35%), Step 2
A mixture of 6-(3-hydroxypropyl)-6-isopropyl-3-((S;
-1-(4-(4,4,5,5-tetramethyl- 1,3,2-
dioxaborolan-2-yl)phenyl)ethyl)-1,3-oxazinan-2-one (40
mg, 0.092 mmol), Aiodo- 1-methylpyridin-2(7H)-one (20
mg, 0.085 mmol), Pd(PPh3)2CI2 (6 mg, 0.0085 mmol), and
Cs2CO3 (2 N, 0.425 mL, 0.85 mmol) in 1,4-dioxane (2
mL) was refluxed for 3 h under N2. The reaction
mixture was treated with EtOAc (20 mL) and water (20
mL), and the organic layer was dried and concentrated
in vacuo. The residue was purified by preparative HPLC
to give two isomers. Isomer 1: (2.20 mg, 6%). LC-MS
Method 2 tR = 1.06 min, m/z = 413; m/z = 1H NMR
(CD3OD): d~ 1.00 (m, 6H), 1.62 (m, 7H), 1.82 (m, 1H),
2.10 (m, 2H), 2.85 (m, 1H), 3.29 (m, 1H), 3.54 (t,
2H), 3.63 (s, 3H), 5.71 (q, 1H), 6.78 (dd, 1H), 6.83
(d, 1H), 7.51 (d, 2H), 7.75 (m, 3H),lsomer 2: (2.10
mg, 6%) LC-MS Method 2 tR = 1.03 min, m/z = 413; 1H
NMR (CD3OD): d 0.86 (m, 6H), 1.53 (m, 5H), 1.71 (m,
4H),1.92 (m, 1H), 2.82 (m, 1H), 3.25 (m, 1H), 3.49 (t,
2H), 3.52 (s, 3H), 5.59 (q, 1H), 6.67 (dd, 1H), 6.72
(d, 1H), 7.39 (d, 2H), 7.63 (m, 3H) 1 EXAMPLE 29
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(R)-6-(3-hydroxypropyl)-3-((S)-1-(4-(6-oxo-1,6-dihydro
pyridin-3-yl)phenyl)ethyl)-6- phenyl-1
,3-oxazinan-2-one Step i A mixture of
(R)-6-allyl-3-((S)-1-(4-bromophenyl)ethyl)-6-phenyl-1,
3-oxazinan- 2-one (150 mg, 0.375 mmol) and
6-aminopyridin-3-ylboronic acid (56 mg, 0.45 mmol),
Pd(Ph 3P)2CI2 (15 mg), and aqueous Cs2CO3 solution
(0.5 mL, 2 M) in 1,4-dioxane (10 mL) was stirred and
heated to reflux for 2 h. The organic phase was
separated, and concentrated to give the crude product,
which was purified by preparative HPLC to give
(R)-6-allyl-3-((S)-1-(4-(6-
aminopyridin-3-yl)phenyl)ethyl)-6-phenyl-1,3-oxazinan-
2-one (90 mg, 60%). Step 2 To a solution of
(R)-6-allyl-3-((S)-1-(4-(6-aminopyridin-3-yl)phenyl)et
hyl)-6- phenyl-1 ,3- oxazinan-2-one (90 mg, 0.23 mmol)
in tetrahydrofuran (10 mL) was added BH3 THF (3.0 mL,
I mol/L, 4 mmol) at 0 0C under nitrogen atmosphere.
The formed mixture was stirred for 2 h. The reaction
was quenched by water. Then NaOH (2 mL,3 mol/L) and
H2O2 ( 1 mL) was added to the above mixture. When the
reaction was over, the mixture was extracted with
EtOAc. The combined organic phase was concentrated to
give the crude product, which was purified by
preparative HPLC to give (R)-3-((S)-1
-(4-(6-aminopyridin
-3-yl)phenyl)ethyl)-6-3-hydroxypropyl)-6-phenyl-
1,3-oxa zinan -2- one (40 mg, 4 1%). Step 3
(R)-3-((S)-1-(4-(6-aminopyridin-3-yl)phenyl)ethyl)-6-(
3-hydroxypropyl)-6-phenyl- 1,3-oxazinan-2-one (40 mg,
0.09 mmoL) was dissolved in 3.5 M H2SO4 (10 mL), and 2
M NaNO2 (10 mL) was added at 0 0C. The reaction
mixture was stirred at rt for 2 h and treated with
NaOH solution. The mixture was extracted with EtOAc.
The combined organic layer was washed with brine,
dried over anhydrous Na2SO4, and concentrated to
afford the residue, which was purified by preparative
HPLC to give
(R)-6-(3-hydroxypropyl)-3-((S)-1-(4-(6-oxo-1,6-dihydro
pyridin-3-yl)phenyl)ethyl)-6- phenyl-1
,3-oxazinan-2-one (10 mg, 20%). LC-MS Method 2 tR =
1.66, min, m/z = 433, 455; 1H NMR (CDCI3) : 1.36 (m,
2H), 1.50 (m, 3H), 1.68 (m, 2H), 1.92 (m, 2H), 2.10-
2.30 (m, 3H), 2.84 (m, 1H), 3.50 (m, 2H), 5.12 (m,
1H), 6.62 (m, 1H), 6.86 (m, 2H), 7.08 (m, 2H),
7.18-7.32 (m, 5H), 7.46 (m, 1H), 7.62 (m, 1H). EXAMPLE
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(R)-6-(3-hydroxypropyl)-3-((S)-1 -(4-(1
-methyl-6-oxo-1 ,6-dihydropyridin-3-
yl)phenyl)ethyl)-6-phenyl-1 ,3-oxazinan-2-oneStep 1 To
a suspension of NaH (4.8 g, 0.2 mol) in THF (10 mL)
was added a solution of 5- bromopyridin-2(1 H)-one
(8.6 g, 0.05 mol) in THF (120 mL) at 0 0C. The
resulting mixture was stirred for 1 h and CH3I (35.5
g, 0.25 mol) was added. The mixture was stirred for 3
h. The reaction was quenched with aqueous NH4CI
solution. The organic phase was concentrated to give
the crude product, which was purified by column
chromatography to give 5-bromo-1-methylpyridin-2(1
H)-one (8.9 g, 96.78 %). 1H NMR (CDCI3) : d= 3.5 (S
3H), 6.52 (m, 1H), 7.32 (m, 1H),7.45(m, 1H). Step 2 A
mixture of
(R)-6-(3-hydroxypropyl)-6-phenyl-3-((S)-1-(4-(4,4,5,5-
tetramethyl- 1,3,2-
dioxaborolan-2-yl)phenyl)ethyl)-1,3-oxazinan-2-one (
1.7 g, 3.7 mmol) and 5- bromo-1- methylpyridin-2(1
H)-one (816 mg, 4.4 mmol), Pd(Ph3P)2CI2 (200mg), and
aq Cs2CO3 solution (4mL, 2M) in 1,4-dioxane (30 mL)
was stirred and heated to reflux for 2 h. When the
reaction was over, the mixture was washed with water
and extracted with EtOAc, and the organic phase was
washed with brine, dried over Na2SO4, filtered and
concentrated to give crude product, which was purified
by preparative TLC to give (R)-6-(3-hydroxypropyl)
-3-((S)-1-(4-(1 -methyl -6- oxo-1 ,6-dihydropyridin-3-
yl)phenyl)ethyl)-6-phenyl-1 ,3-oxazinan- 2-one (614 mg
, 37%). LC-MS Method 2 tR = 1.075 min, m/z = 447.1 ;
1H NMR (CDCI3) : d= 1.38 (m, 1H),1 .47 (d, 3H), 1.73
(m, 2H), 1.98 (m, 2H), 2.20 (m, 1H), 2.31 (m, 2H),
2.94 (m, 1H), 3.51 (m, 2H), 3.56 (s, 3H), 5.63 (m,
1H), 6.67 (m, 1H), 6.87 (m, 2H), 7.05 (m, 2H),
7.31-7.41(m, 6H), 7.48 (m, 1H). EXAMPLE 3 1
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(S)-6-(4-fluorophenyl)-6-(2-hydroxyethyl)-3-((S)-1-(4-
(1-methyl-6-oxo-1,6-
dihydropyridin-3-yl)phenyl)ethyl)-1
,3-oxazinan-2-oneTo a solution of
(R)-6-allyl-6-(4-fluorophenyl)-3-((S)-1-(4-(1-methyl-6
-oxo-1 ,6-
dihydropyridin-3-yl)phenyl)ethyl)-1,3-oxazinan-2-one
(0.064 g, 0.144 mmol, 1.0 equiv) in THF-H 2O (1:1, 6
mL) were added NaIO4 (0.145 g, 0.678 mmol, 4.7 equiv)
and OsO4 (2.5 wt.% solution in NBuOH, 0.048 g, 0.0047
mmol, 0.033 equiv), and the mixture was stirred at rt
for 1 h. The mixture was diluted with EtOAc, dried
over Na2SO4, and concentrated under reduced pressure.
The residue was dissolved in MeOH (3 mL) and NaBH4
(0.100 g) was added. After the mixture was stirred for
0.5 h at rt, acetone was added. The solvents were
removed in vacuo, the residue was treated with
saturated brine, extracted with CH2CI2, and dried over
Na2SO . After the solvent was evaporated, the residue
was purified by reversed-phase HPLC (SunFire(tm) Prep
Ci OBD(tm) 5mm 19 x 50 mm column, 10% 90% CH3CN/H 2O,
0.1% CF3COOH over 8 min and then 90% CH3CN/H 2O, 0.1%
CF3COOH over 2 min, flow rate 20 mL/min) to afford
(S)-6-(4-fluorophenyl)-6-(2-hydroxyethyl)-3-((S)-1-(4-
(1-methyl-6-oxo-1 ,6-
dihydropyridin-3-yl)phenyl)ethyl)-1 ,3-oxazinan-2-one.
LC-MS Method 1 tR = 1.21 min, m/z = 451 (M+1); 1H NMR
(400 MHz, CD3OD) d 7.80 (m, 1H), 7.69 (d, J = 9.4 Hz,
1H) 7.22-7.19 (m, 4H), 7.00-6.92 (m, 4H), 6.52 (d, J =
9.4 Hz, 1H), 5.45 (q, J = 7.0 Hz, 1H), 3.60-3.52 (m,
1H), 3.52 (s, 3H), 3.24-3.18 (m, 1H), 3.02-2.98 (m,
1H), 2.39- 2.35 (m, 1H), 2.23-2.12 (m, 2H), 2.01 (t, J
= 7.3 Hz, 2H), 1.43 (d, J = 7.0 Hz, 3H); 19F NMR (376
MHz, CD3OD) d - 117.19 (m).EXAMPLE 32 4108.1002-007
EXAMPLE 459]
(S)-6-(4-fluorophenyl)-6-(2-hydroxy-2-methylpropyl)-3-
((S)-1-(4-(1-methyl-6-oxo-1,6-
dihydropyridin-3-yl)phenyl)ethyl)-1 ,3-oxazinan-2-one
Method 1 MeMgBr Step i A mixture of
(R)-6-allyl-3-((S)-1-(4-bromophenyl)ethyl)-6-(4-fluoro
phenyl)-1,3- oxa zinan- 2-one ( 1.6 g, 3.84 mmol) and
6-aminopyridin-3-ylboronic acid ( 1 .0 g , 4.61 mmol),
Pd(Ph3P)2CI2 (150 mg), and aq Cs2CO3 solution (3.84
mL, 2 M) in 1,4-dioxane (150 mL) was stirred and
heated to reflux for 2 h. The mixture was filtered and
the filtrate was extracted with EtOAc. The combined
organic phase was washed with brine, dried over
anhydrous Na2SO4, and concentrated to give
(R)-6-allyl-3-((S)-1-(4- (6-aminopyridin -3-yl)
phenyl)ethyl)-6-(4-fluorophenyl)-1,3-oxazinan-2-one (
1.5 g ,90%), which was used for the next step without
purification. 1H NMR (CDCI 3) : d= 1.51 (d, 3H),
2.17-2.31 (m, 3H), 2.54-2.60 (m, 2H), 2.90 (m, 1H),
4.46 (s, 2H), 4.99-5.09 (m, 2H), 5.65-5.71 (m, 2H),
6.54 (m, 2H) 1 6.88 (d, 2H), 7.03 (t, 2H), 7.21-7.27
(m, 3H), 7.58 (d, 1H), 8.22 (d, 1H). Step 2 To a
solution of
(R)-6-allyl-3-((S)-1-(4-(6-aminopyridin-3-yl)phenyl)et
hyl)-6-(4- fluorophenyl)-1,3-oxazinan-2-one (1.5 g ,
3.47 mmoL) in 3.5 M H2SO4 (25 mL) was added 2 M NaNO 2
(15 mL) at 0 0C. The reaction mixture was stirred at
rt overnight. The reaction was treated with aqueous
NaOH solution (8%), and the mixture was extracted with
CH2CI2. The combined organic layer was washed with
brine, dried over anhydrous Na2SO4 and concentrated to
give crude product , which was purified by preparative
TLC to give (R)-6-allyl-6-(4
-fluorophenyl)-3-((S)-1-(4-(6-oxo-1,6-
dihydropyridin-3-yl)phenyl) ethyl)-1 ,3-
oxazinan-2-one (891 mg, 59%). 1H NMR (CDCI 3) : d=
1.52 (d, 3H), 2.15-2.38 (m, 3H), 2.51-2.60 (m, 2H),
2.94 (m, 1H), 4.99-5.1 1 (m, 2H), 5.65-5.74 (m, 2H),
6.67 (m, 1H) 6.89 (d, 2H), 7.00 (t, 2H), 7.13-7.20 (m,
2H), 7.20-7.27 (d, 2H), 7.33 (m, 1H), 7.46 (m, 1H),
7.77 (m, 1H). Step 3 To a suspension of NaH (330 mg,
8.24 mmol) in THF (20 mL) was added a solution of
(f?)-6-
allyl-6-(4-fluorophenyl)-3-((S)-1-(4-(6-oxo-1,6-dihydr
opyridin-3- yl)phenyl)ethyl)- 1,3- oxazinan-2-one (891
mg, 0.174mmol) in THF (30 mL) at 0 0C, and the
resulting mixture was stirred for 1h. CH3I (2 ml) was
added and the mixture was stirred overnight. The
reaction was quenched by aqueous NH4CI solution. The
organic phase was separated, and concentrated to give
the crude product, which was purified by preparative
TLC to give
(R)-6-allyl-6-(4-fluorophenyl)-3-((S)-1-(4-(1-methyl-
6-OXO-1 ,6-dihydropyridin-3-yl)phenyl)ethyl)-1
,3-oxazinan-2-one (634 mg, 69%). 1H NMR (CDCI3) : d=
1.52 (d, 3H), 2.16-2.35 (m, 3H), 2.52-2.64 (m, 2H)
2.94 (m, 1H), 3.61 (s, 3H), 5.00-5.1 1 (m, 2H),
5.66-5.74 (m, 2H), 6.64 (d, 1H), 6.90 (d, 2H) 1 7.02
(t, 2H), 7.1 1-7.14 (d, 2H), 7.25-7.28 (m, 2H), 7.41
(m, 1H) 7.53 (m, 1H).Step 4 To a solution of
(R)-6-allyl-6-(4-fluorophenyl)-3-((S)-1-(4-(1-methyl-6
-oxo-1,6- dihydropyridin-3-yl)phenyl)ethyl)-1
,3-oxazinan-2-one (320 mg, 0.717mmol) in acetone (20
ml_) was added aqueous KMnO4 and NaIO4 solution (15
ml_). Then the formed mixture was stirred for 30 min
at 0 C. The mixture was filtered, and the filtrate was
adjusted to pH = 5-6 with 1 N aq HCI solution. The
mixture was extracted with EtOAc, and the combined
organic phase was washed with brine, dried over
anhydrous Na2SO4 and concentrated to give
2-((S)-6-(4-fluorophenyl)-3-((S)-1-(4-(1-methyl-6-
oxo-1 ,6-dihydropyridin-3-yl)phenyl)ethyl)-2-oxo-1
,3-oxazinan-6-yl)acetic acid. Step 5 To a solution of
2-((S)-6-(4-fluorophenyl)-3-((S)-1-(4-(1-methyl-6-oxo-
1 ,6- dihydropyridin-3-yl)phenyl)ethyl)-2-oxo-1
,3-oxazinan-6-yl)acetic acid (290 mg, 0.625 mol) in
MeOH (20 mL) was added SOCI (2 mL) at 0 0C, and the
reaction mixture was stirred at rt for 2 h. The
reaction mixture was concentrated to give the residue,
which was purified by preparative TLC to give methyl
2-((S)-6-(4-fluorophenyl)-3-((S)-1-(4-
(1-methyl-6-oxo-1,6-dihydropyridin-3-yl)phenyl)ethyl)-
2-oxo-1,3-oxazinan-6-yl)acetate (130 mg, 43.5%). 1H
NMR (CDCI3) : d=1.52 (d, 3H), 2.36-2.55 (m, 3H),
2.67-2.71 (m, 2H), 2.90-3.04 (m, 3H), 3.68 (s, 3H),
3.71 (s, 3H), 5.66 (m, 2H), 6.66 (d, 1H), 6.90 (d,
2H), 7.03 (t, 2H), 7.13-7.1 5 (d, 2H), 7.23-7.29 (m,
2H), 7.42 (m, 1H), 7.56 (m, 1H). Step 6 To a solution
of methyl
2-((S)-6-(4-fluorophenyl)-3-((S)-1-(4-(1-methyl-6-oxo-
1,6-dihydropyridin-3-yl)phenyl)ethyl)-2-oxo-1
,3-oxazinan-6-yl)acetate (130 mg, 0.22 mmol) in dry
THF (20 mL) was added MeMgBr (2 mL) at -78 0C, and the
mixture was stirred under N2 at rt overnight. . The
reaction was quenched with water, and the mixture was
extracted with EtOAc. The combined organic phase was
dried over Na2SO4, and concentrated to give the
residue, which was purified by preparative HPLC to
give (S)-6-(4-fluorophenyl)
-6-(2-hydroxy-2-methylpropyl)-3-((S)-1-(4-(1-
methyl-6-oxo-1,6-dihydropyridin-3-yl)phenyl)ethyl)-1,3
-oxazinan-2-one (24 mg, 30%). LC-MS Method 2 tR = 1.1
16 min, m/z = 479.1 ; 1H NMR (CDCI3) : 1.1 (m, 6H),
1.18 (m,1H), 1.48 (d, 3H), 1.58 (m, 1H), 1.80-2.00 (m,
2H), 2.21 (m, 3H), 2.86 (m, 1H), 5.55 (m, 1H), 7.72
(m, 2H), 7.00 (m, 2H), 7.18 (m, 4H). Method 2 Step i
To a solution of
(R)-6-allyl-3-((S)-1-(4-bromophenyl)ethyl)-6-(4-fluoro
phenyl) - 1,3-oxazinan-2-one (5 g, 12 mmol) and CuCI
(2.75 g, 27.8 mmol) in dry DMF (50 ml.) was added H2O
(20 mL) and PdCI2 (950 mg, 3.2 mmol) at room
temperature. The mixture was vigorously stirred under
a balloon of oxygen for 24 h. After TLC showed the
starting material had disappeared, the solid was
filtered off. Water (200 mL) and EtOAc (50 mL) was
added, the layers were separated and the aqueous layer
was extracted with EtOAc (3 40 mL). The combined
organic layer was washed with brine, dried over
Na2SO4, filtered and concentrated to give
(S)-3-((S)-1-(4-
bromophenyl)ethyl)-6-(4-fluorophenyl)-6-(2-oxopropyl)-
1,3-oxazinan -2-one (5.25 g, 92%), which was purified
by column chromatography. 1H NMR (CDCI3) : 1.47 (s,
3H), 2.06 (s, 3H), 2.10-2.36 (m, 3H), 2.58 (m, 1H),
2.90 (m, 2H), 5.58 (m, 1H), 6.69 (m, 1H), 6.79 (m,
1H), 7.02 (m, 2H), 7.19-7.33 (m, 4H). Step 2 To a
solution of
(S)-3-((S)-1-(4-bromophenyl)ethyl)-6-(4-fluorophenyl)-
6-(2 - oxopropyl)-1,3-oxazinan -2-one (5.25 g, 12.1
mmol) in anhydrous THF (100 mL) was added dropwise
methylmagnesium bromide (20 mL, 60 mmol) at -78 0C
under nitrogen. Then the mixture was stirred at rt for
2 h . The reaction mixture was cooled in an ice bath
and quenched with aqueous NH4CI. The layers were
separated. Theaqueous layer was extracted with EtOAc
(15 ml.) .washed with a brine (30 ml_), dried over
Na2SO4 and concentrated in vacuo to give the crude
product, which was purified by preparative HPLC and
chiral HPLC to afford
(S)-3-((S)-1-(4-bromophenyl)ethyl)-6-
(4-fluorophenyl)-6-(2-hydroxy-2-methylpropyl)-1
,3-oxazinan-2-one (2.5 mg, 46%). 1H NMR (CDCI3) : 1.08
(s, 3H), 1.12 (s, 3H), 1.48 (m, 3H), 1.99 (m, 1H),
2.10-2.24 (m, 4H), 2.35 (m, 1H), 2.85 (m, 1H), 5.61
(m, 1H), 6.80 (m, 2H), 6.99 (m, 2H), 7.15-7.28 (m,
5H). Step 3 A mixture of
(S)-3-((S)-1-(4-bromophenyl)ethyl)-6-(4-fluorophenyl)-
6-(2- hydroxy-2- methylpropyl)-1,3-oxazinan-2-one (640
mg, 1.42 mmol), 4,4,4',4',5,5,5',5'- octamethyl-2,2 1-
bi(1,3,2-dioxaborolane) (470 mg, 1.85 mmol), PdCI2dppf
(40 mg, 0.047mmol , KOAc (490 mg, 4.97 mmol) in DMSO
(8 mL) was heated at 90 0C for 20 h. The mixture was
diluted with EtOAc, and washed with water. The organic
phase was separated, and concentrated to give the
crude product, which was purified by preparative TLC
to afford
(S)-6-(4-fluorophenyl)-6-(2-hydroxy-2-methylpropyl)-3-
((S)- 1-(4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl)ethyl)-1,3-oxazinan-2-one
(700 mg, 99%). 1H NMR (CDCI3) : d=1.08 (s, 3H), 1.13
(s, 3H), 1.32 (s, 12H), 1.51 (t, 3H), 1.94 (m, 2H),
2.16 (m, 5H), 2.33 (m, 1H), 2.83 (m, 1H), 5.69 (m,
1H), 6.99 (m, 4H), 7.25 (m, 2H), 7.61 (m, 2H). Step 4
A mixture of
(S)-6-(4-fluorophenyl)-6-(2-hydroxy-2-methylpropyl)-3-
((S)-1-(4- (4,4,5,5-tetramethyl-1
,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1
,3-oxazinan-2-one (700 mg, 1.41 mmol),
5-bromo-1-methylpyridin-2(1H)-one (398 mg, 2.12 mmol),
PdCI2(Ph3P)2 (70 mg), Cs2CO3 ( 1 .5 mL, 3.0 mmol) in
1,4-dioxane (15 mL) was heated under reflux for 2 h.
The mixture was diluted with EtOAc, and washed with
water. The organic phase was separated, and
concentrated to give the crude product, which was
purified by preparative TLC to afford
(S)-6-(4-fluorophenyl)-6-(2-hydroxy-2-
methylpropyl)-3-((S)-1-(4-(1-methyl-6-oxo-
1,6-dihydropyridin-3-yl)phenyl)ethyl)-1 ,3-
oxazinan-2-one (150 mg, 22%). 1H NMR (CDCI3) : d=1.12
(s, 3H), 1.13 (s, 3H), 1.51 (t, 3H), 2.16 (m, 2H),
2.21 (m, 2H), 2.41 (m, 1H), 2.92 (m, 1H), 3.63 (s,
3H), 5.69 (q,1H), 6.69 (m, 1H), 6.99 (m, 4H), 7.18 (m,
2H)d7.27 (m, 2H) d 7.42 (m, 1H), 7.52 (m, 1H). EXAMPLE
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(R)-6-(4-fluorophenyl)-6-(3-hydroxypropyl)-3-((S)-1-(4
-(1-methyl-6-oxo-1 ,6-
dihydropyridin-3-yl)phenyl)ethyl)-1,3-oxazinan-2-one
Step i To a solution of
(R)-6-allyl-3-((S)-1-(4-bromophenyl)ethyl)-6-(4-fluoro
phenyl)- 1,3- oxazinan -2-one ( 1.19g, 2.8mmol) in THF
(30 mL) was added BH3 THF (8.5 mL, I mol/L, 8.5mmol)
at 0 0C under nitrogen atmosphere. The formed mixture
was stirred for 2 h. The reaction was quenched with
water. Then NaOH ( 1 mol/L, 6mL) and H2O2 (5 mL) were
added to the above mixture. When the reaction was
over, the mixture was extracted with EtOAc. The
combined organic phase was concentrated to give
thecrude product, which was purified by preparative
TLC to give (R)-3-((S)-1-(4- bromophenyl) ethyl)-6-
(4-fluorophenyl)-6-(3-hydroxypropyl)-1
,3-oxazinan-2-one (1.13 g, 92%). Step 2 A mixture of
(R)-3-((S)-1-(4-bromophenyl)ethyl)-6-(4-fluorophenyl)-
6- (3- hydroxypropyl)- 1,3-oxazinan-2-one (520mg,
1.2mmol) and 6-aminopyridin-3- ylboronic acid (280mg,
1.44mmol), Pd(Ph3P)2CI2 (100mg), and aq Cs2CO3
solution (3ml_, 2M) in 1,4-dioxane (20 ml_) was
stirred and heated to reflux for 2 h. The organic
phase was separated, and concentrated to give crude
product, which was purified by preparative TLC to give
(R)-3-((S)-1-(4-(6-aminopyridin-3-yl)phenyl)ethyl)-
6-(4-fluoophenyl)-6-(3-hydroxy propyl)-1
,3-oxazinan-2-one .(400mg,74%). Step 3
(R)-3-((S)-1-(4-(6-aminopyridin-3-yl)phenyl)ethyl)-6-(
4-fluorophenyl)-6-(3-
hydroxypropyl)-1,3-oxazinan-2-one (400 mg, 0.88 mmoL)
was dissolved in 3.5 M H2SO4 (10 mL), and 2 M NaNO2 (6
mL) was added at 0 0C. The reaction mixture was
stirred at rt for 20 min. The reaction mixture was
then treated with aqueous NaOH solution (8%), and
extracted with CH2CI2. The combined organic layer was
washed with brine, dried over anhydrous Na2SO4, and
concentrated to give crude product , which was
purified by preparative TLC to give
(R)-6-(4-fluorophenyl)-6-(3- hydroxypropyl)-3-((S)-1
-(4-(6-oxo-1 ,6-dihydropyridin-3-yl)phenyl)ethyl)-1
,3-oxazinan- 2-one (350 mg, 0.78 mmol). 1H NMR (CDCI3)
: 5=1.10-1.25 (m, 8H), 1.37 (m, 1H), 1.42-1 .55 (m,
2H), 1.78-1 .93 (m, 2H), 2.10-2.38 (m, 2H), 2.87 (m,
2H), 3.52-3.58 (m, 1H), 3.31-3.97 (m, 1H), 4.12-4.19
(m, 1H), 5.53-5.63 (m, 1H), 6.85-7.15 (m, 3H), 7.35-
7.55 (m, 1H), 7.75-7.89 (m, 1H), 8.10-8.12 (m, 1H).
Step 4 A mixture of
(R)-6-(4-fluorophenyl)-6-(3-hydroxypropyl)-3-((S)-1-(4
-(6-oxo-1,6- dihydropyridin-3-yl)phenyl)ethyl)-1
,3-oxazinan-2-one (100 mg, 0.78 mmol), imidazole
(142.8 mg, 2.1 mmol), and
te/t-butylchlorodimethylsilane (350 mg, 2.34 mmol) in
CH2CI2 (20 mL) was stirred overnight. The mixture was
washed with water andextracted with EtOAc. The
combined organic phase was washed with brine, dried
over Na2SO4, filtered and concentrated to give crude
(f?)-6-(3-(tertbutyldimethylsilyloxy)
propyl)-6-(4-fluorophenyl)-3-((S)-1-(4-(6-oxo-1
,6-dihydropyridin-
3-yl)phenyl)ethyl)-1,3-oxazinan-2-one (120 mg), which
was used for the next step without further
purification. Step 5 To a suspension of NaH (18 mg,
0.72 mmol) in THF (0.5 ml_) was added a solution of
(R)-6-(3-(fe/t-butyldimethylsilyloxy)propyl)-6-(4-fluo
rophenyl)-3-((S)-1 -(4-(6- oxo-1
,6-dihydropyridin-3-yl)phenyl)ethyl)-1
,3-oxazinan-2-one (100mg, 0.18 mmol) in THF (10 ml_)
at 0 0C. The resulting mixture was stirred for 1 h.
Then CH3I (613 mg, 43.2 mmol) was added, and the
mixture was stirred for 3 h . The reaction was
quenched with aq NH4CI solution. The organic phase was
separated, and concentrated to give
(R)-6-(3-(tert-butyldimethylsilyloxy)propyl)-6-(4-fluo
rophenyl)-3- ((S)-1-(4-(1-methyl-6-oxo-1
,6-dihydropyhdin-3-yl)phenyl)ethyl)-1,3-oxazinan-2-one
(104 mg,100%), which was used for the next step
without further purification. Step 6 A mixture of
(R)-6-(3-(tert-butyldimethylsilyloxy)propyl)-6-(4-fluo
rophenyl)-3-((S)-1-(4- (1-methyl-6-oxo-1
,6-dihydropyridin-3-yl)phenyl)ethyl)-1
,3-oxazinan-2-one (200 mg, 0.35 mmol) and TBAF (182
mg,0.7 mmol) in CH3CN was stirred and heated to reflux
for 15 min. When the reaction was over, the mixture
was washed with water and extracted with EtOAc. The
combined organic phase was washed with brine, dried
over Na2SO4, filtered and concentrated to give crude
product, which was purified by preparative HPLC to
give
(R)-6-(4-fluorophenyl)-6-(3-hydroxypropyl)-3-((S)-1-(4
-(1- methyl-6-oxo-1
,6-dihydropyridin-3-yl)phenyl)ethyl)-1,3-oxazinan-2-on
e (5.01 mg, 4%). LC-MS Method 2 tR = 1.065 min, m/z =
464.21; 1H NMR (CDCI3) : d=1.38 (m, 1H), 1.47 (d, 3H),
1.63 (m, 2H), 1.91 (m, 2H), 2.10-2.30 (m, 3H) 2.87 (m,
1H), 2.84 (m, 1H) 3.51 (m, 2H), 3.56 (s, 3H) 5.63 (m,
1H), 6.67 (m, 1H), 6.87-6.98 (m, 4H), 7.15 (m, 2H),
7.27 (m, 1H), 7.29(m, 1H) 7.32 (m, 1H) 7.55(m,
1H).EXAMPLE 34 4108.1002-007 EXAMPLE 461
N-(3-((R)-6-(4-fluorophenyl)-3-((S)-1-(4-(1-methyl-6-o
xo-1,6-dihydropyridin-3- yl)phenyl)ethyl)-2-oxo-1
,3-oxazinan-6-yl)propyl)methanesulfonamide The title
compound was prepared from
(R)-6-(4-fluorophenyl)-6-(3-
hydroxypropyl)-3-((S)-1-(4-(1-methyl-6-oxo-1
,6-dihydropyridin-3-yl)phenyl)ethyl)-1 ,3-
oxazinan-2-one by treatment with (i) MeSO2CI and (ii)
MeSO2NH2. LC-MS Method 2 tR = 1.02 min, m/z = 542.3;
1H NMR (CDCI3) 1.35 (m, 1H), 1.53 (d, 3H), 1.69 (m,
1H), 1.89 (m, 1H), 2.00 (m, 1H), 2.17-2.33 (m, 3H),
2.89 (s, 3H), 2.97 (m, 1H), 3.06 (m, 2H), 3.66 (S,
3H), 4.38 (s, 1H), 5.67 (m, 1H), 6.82 (d, 1H), 6.99
(m, 4H), 7.15 (m, 2H), 7.22 (m, 2H), 7.47 (s, 1H),
7.63 (d, 1H). EXAMPLE 35 4108.1002-007 EXAMPLE 484
3-((R)-2-oxo-3-((S)-1 -(4-(6-oxo-1
,6-dihydropyridin-3-yl)phenyl)ethyl)-6-phenyl-1 ,3-
oxazinan-6-yl)propanamide The title compound was
prepared from 3-((R)-3-((S)-1-(4-bromophenyl)ethyl)-2-
oxo-6-phenyl-1 ,3-oxazinan-6-yl)propanamide following
procedures analogous to those described in Example 33
Steps 2 and 3 . LC-MS Method 2 tR = 0.999 min, m/z
=446.1 ; 1H NMR (CD3OD) 1.53 (d, 3H), 1.91-2.01 (m,
1H) 2.18-2.34 (m, 4H), 2.35-2.51 (m, 2H), 3.03-3.12
(m, 1H), 5.56 (m, 1H), 6.62 (d, 2H), 7.03 (d, 2H)
7.24-7.44 (m, 7H) 7.59 (m, 1H), 7.87 (m. 1H). EXAMPLE
36 4108.1002-007 EXAMPLE 485
(S)-6-(2-hydroxyethyl)-3-((S)-1-(4-(1-methyl-6-oxo-1
,6-dihydropyridin-3-
yl)phenyl)ethyl)-6-phenyl-1,3-oxazinan-2-one o The
title compound was prepared from (S)-3-((S)-1
-(4-bromophenyl)ethyl)-6-(2-
hydroxyethyl)-6-phenyl-1,3-oxazinan-2-one using a
procedure analogous to that described in Example 33
Steps 2 to 6. LC-MS Method 2 tR = 1.038 min, m/z =
433.1 ; 1H NMR (CDCI3) 1.48 (d, 3H), 2.06-2.19 (m,
2H), 2.1 1-2.31 (m, 3H), 2.84 (m, 1H), 3.50 (m ,1H)
3.54 (s, 3H), 3.72 (m, 1H), 5.62 (m, 1H), 6.60 (d,
1H), 6.86 (d, 2H), 7.06 5 (d, 2H), 7.26 (m, 3H), 7.32
(m, 3H), 7.47 (d, 1H).EXAMPLE 37 4108.1002-007 EXAMPLE
486
(S)-6-(2-hydroxy-2-methylpropyl)-3-((S)-1-(4-(1-methyl
-6-oxo-1 ,6-dihydropyridin-3-
yl)phenyl)ethyl)-6-phenyl-1 ,3-oxazinan-2-one Method 1
MeMgBr The title compound was prepared from
(R)-6-allyl-3-((S)-1-(4-
bromophenyl)ethyl)-6-phenyl-1,3-oxazinan-2-one using
procedures analogous to those described in Example 33
Steps 2, 3 and 5, followed by procedures analogous to
those described in Preparation 1 Method 1 Steps 4 and
6. LC-MS Method 2 tR = 1.1 16 min, m/z = 461.1; 1H NMR
(CDCI3) 1.09 (s, 3H), 1.16 (s, 3H), 1.51 (m, 3H),
2.05-2.20 (4H) 2.40 (m, 1H), 2.84 (m, 1H), 3.59 (s,
3H) 5.64 (m, 1H), 6.62 (m, 1H), 6.96 (m, 2H), 7.14 (m,
2H), 7.28-7.39 (m, 5H), 7.48 (m, 1H), 7.50 (m,
1H).Method 2 Step 1 To a solution of
(R)-6-allyl-3-((S)-1-(4-bromophenyl)ethyl)-6-phenyl-1
,3- oxazinan- 2-one (20 g, 50 mmol) and CuCI (12.4 g,
125 mmol) in dry DMF (50 mL) was added H2O (12 mL) and
PdCI2 (2.66 g, 15 mmol) at 0 ~ -5 0C. After addition,
the mixture was allowed to warm to rt gradually for 48
h under O2. After TLC showing the stating material had
disappeared, the solid was filtered off. Water (200
mL) and EtOAc (5OmL) were added. The layers were
separated and the aqueous layer was extracted with
EtOAc (3 40 mL). The combined organic layer was washed
with brine, dried over Na2SO , filtered and
concentrated to give a residue, which was purified by
column chromatography to give
(S)-3-((S)-1-(4-bromo-phenyl)ethyl)-6-(2-
oxopropyl)-6-phenyl-1 ,3-oxazinan-2-one (12 g, 58%).
Step 2 



To a solution of
(S)-3-((S)-1-(4-bromophenyl)ethyl)-6-(2-oxopropyl)-6-p
henyl- 1,3- oxazinan- 2-one (12 g, 28.8 mmol) in
anhydrous THF (100 mL) was added dropwise
methylmagnesium bromide (48 mL, 144 mmol) at -78 0C
under nitrogen. The mixture was stirred at rt for 1 h.
The reaction mixture was quenched with aqueous NH4CI
solution (50 mL) in ice water bath. The layers were
separated and the aqueous layer was extracted with
EtOAc (150 mL). The combined organic phases were
washed with brine (30 mL), dried over Na2SO4 and
concentrated in vacuo to give the crude product, which
was purified by preparative HPLC and chiral HPLC to
afford
(S)-3-((S)-1-(4-bromophenyl)ethyl)-6-(2-hydroxy-2-meth
ylpropyl)-6-phenyl-1,3- oxazinan-2- one (6.6 g ,
53%).Step 3 To a solution of
(S)-3-((S)-1-(4-bromophenyl)ethyl)-6-(2-hydroxy-2-
methylpropyl)-6-phenyl-1,3-oxazinan-2-one (6.6 g ,
15.2 mmol) and 4,4,4',4',5,5,5',5'- octamethyl-
2,2'-bi(1 ,3,2- dioxaborolane) (6.1g, 24.3 mmol) in
dry DMSO (20 ml.) was added KOAc (4.8 g , 48.6 mmol)
and Pd(dppf)cl2 (372 mg, 0.46 mmol). After addition,
the mixture was allowed to warm to 100 0C for 20 h.
After TLC showed the starting material had
disappeared, the solid was filtered off. Water (60
ml_) and EtOAc (2OmL) were added. The layers were
separated and the aqueous layer was extracted with
EtOAc (3 15 mL). The combined organic layer was washed
with brine, dried over Na2SO4, filtered and
concentrated to give a residue, which was purified by
column chromatography to give
(S)-6-(2-hydroxy-2-methylpropyl)-
6-phenyl-3-((S)-1-(4- (4,4,5,5-tetramethyl-1
,3,2-dioxaborol-an-2-yl)phenyl)ethyl)-1
,3-oxazinan-2-one (4.4 g, %j. Step 4 To a solution of
(S)-6-(2-hydroxy-2-methylpropyl)-6- phenyl-3-((S)-
1-(4- (4,4,5,5- tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)ethyl)-1,3-oxazinan-2-one (2.2 g , 4.58
mmol) and 5-bromo-1-methylpyridin-2(1 H)-one ( 1 .37
g, 7.33 mmol) in dry 1,4- dioxane (4 mL) was added
aqueous CsCO3 solution (10 mL, 10 mmol) and
Pd(PPh3)2CI2 (967 mg, 1.38 mmol). After addition, the
mixture was heated at 110 0C for 30 min in a
microwave. After TLC showed the stating material had
disappeared, the solid was filtered off. Water (20 mL)
and EtOAc (1OmL) were added. The layers were separated
and the aqueous layer was extracted with EtOAc (3 x 10
mL). The combined organic layer was washed with brine,
dried over Na2SO4, filtered and concentrated to give a
residue, which was purified by preparative HPLC to
give (S)-6- (2-hydroxy-2-
methylpropyl)-3-((S)-1-(4-(1-methyl-6-oxo-
1,6-dihydropyridin-3- yl)phenyl)ethyl)-6-phenyl-1
,3-oxazinan-2-one (730 mg, 35%). 1H NMR (CDCI3) : 1.09
(s, 3H), 1.16 (s, 3H), 1.51 (m, 3H), 2.05-2.20 (4H),
2.40 (m, 1H), 2.84 (m, 1H), 3.59 (s, 3H), 5.64 (m,
1H), 6.62 (m, 1H), 6.96 (m, 2H), 7.14 (m, 2H),
7.28-7.39 (m, 5H), 7.48 (m, 1H), 7.50 (m, 1H). The
compound was recrystallized by two methods.
Recrystallization Method A A mixture of
(S)-6-(2-hydroxy-2-
methylpropyl)-3-((S)-1-(4-(1-methyl-6-oxo- 1,6-
dihydropyridin-3-yl)phenyl)ethyl)-6-phenyl-1
,3-oxazinan-2-one {ca. 2.94 g) andisopropyl acetate
(160 mL) was vigorously stirred at room temperature or
warmed at 50 0C until most of the solid was dissolved.
The resulting mixture was filtered through an HPLC
filter and then the filtrate was slowly stirred at
room temperature overnight. The solids were filtered,
washed with isopropyl acetate and dried at rt under
high vacuum to afford 1.43 g (49%) of a crystalline
solid. M.p. 95-101 0C. This form was determined to be
a hydrate which released 3.6% water by weight on
heating. Recrystallization Method B A mixture of
(S)-6-(2-hydroxy-2-
methylpropyl)-3-((S)-1-(4-(1-methyl-6-oxo- 1,6-
dihydropyridin-3-yl)phenyl)ethyl)-6-phenyl-1,3-oxazina
n-2-one (ca. 10.03 g) and isopropyl acetate (600 mL)
was heated to reflux in a 130 0C oil bath until the
solid was completely dissolved to form a homogeneous
solution. Heating was stopped and the resulting
solution was slowly stirred while slowly cooling to
room temperature in the oil bath overnight. The solids
were filtered, washed with isopropyl acetate and dried
at rt under high vacuum to afford 7.30 g (73%) of
crystalline solid. M.p. 180-181 0C. This form was
determined to be anhydrous. EXAMPLE 38 4108.1002-007
EXAMPLE 487 3-((R)-3-((S)-1-(4-(1-methyl-6-oxo-1
,6-dihydropyridin-3-yl)phenyl)ethyl)-2-oxo-6- phenyl-1
,3-oxazinan-6-yl)propanamide The title compound was
prepared from (R)-6-allyl-3-((S)-1-(4-(1-methyl-6-oxo-
1,6-dihydropyridin-3-yl)phenyl)ethyl)-6-phenyl-1,3-oxa
zinan-2-one using a procedure analogous to that
described in Example 29 Step 2 followed by treatment
with (i) Jones reagent and (ii) NH3, EDC HOBt. LC-MS
Method 2 tR = 1.028 min, m/z = 460.2; 1H NMR (CDCI3)
1.53 (d, 3H), 1.91-2.01 (m, 1H), 2.1 1-2.42 (m, 5H),
2.46-2.54 (m, 1H) 2.88-2.96 (m, 1H), 3.60 (s, 3H),
5.26 (s, 1H) 5.42 (s, 1H), 5.66 (m, 1H), 6.69 (d, 1H),
6.95-7.03 (d, 2H), 7.12-7.20 (m, 2H), 7.24-7.41 (m,
5H), 7.52 (m, 1H).EXAMPLE 39 4108.1002-007 EXAMPLE 488
N-(3-((R)-3-((S)-1-(4-(1-methyl-6-oxo-1,6-dihydropyrid
in-3-yl)phenyl)ethyl)-2-oxo-6-
phenyl-1,3-oxazinan-6-yl)propyl)methanesulfonamide The
title compound was prepared from
(R)-6-(3-hydroxypropyl)-3-((S)-1-(4-(1- methy
1-6-0X0-1
,6-dihydropyridin-3-yl)phenyl)ethyl)-6-phenyl-1
,3-oxazinan-2-one by treatment with (i) MeSO 2CI and
(ii) MeSO2NH2, K2CO3. LC-MS Method 2 tR = 1.095 min,
m/z = 524.1 ; 1H NMR (CDCI3) 1.30-1 .41 (m, 1H), 1.52
(d, 3H), 1.71 (m, 1H), 1.87-2.07 (m, 3H), 2.09-2.20
(m, 3H), 2.22-2.32 (m, 2H), 2.88 (s, 3H), 3.06 (m,
2H), 3.60 (s, 3H), 4.32 (S, 1H), 5.65 (m, 1H), 6.67
(d, 1H) 1 6.94 (m, 2H), 7.1 1 (d, 2H), 7.25 (m, 1H),
7.27-7.40 (m, 4H), 7.53 (dd, 1H). EXAMPLE 40
4108.1002-007 EXAMPLE 499
(S)-6-(2-hydroxyethyl)-3-((S)-1-(4-(1-methyl-6-oxo-1
,6-dihydropyridin-3- yl)phenyl)propyl)-6-phenyl-1
,3-oxazinan-2-one The title compound was prepared from
(S)-3-((S)-1-(4-bromophenyl)propyl)-6-
(2-hydroxyethyl)-6-phenyl-1 ,3-oxazinan-2-one
following a procedure analogous to that described in
Example 18 using 5-bromo-1-methylpyridin-2(1 H)-one in
Step 2. LC-MS Method 2 tR = 1.627 min, m/z = 447.1; 1H
NMR (CDCI3) 1.06 (m, 3H), 1.87-2.06 (m, 2H), 2.1
1-2.28 (m, 2H), 2.33 (m, 3H), 2.96 (m, 1H), 3.53 (m,
1H), 3.62 (s, 3H), 3.78(m, 1H) 5.48 (m, 1H), 6.69 (m,
1H),7.03 (m, 2H), 7.14 (m, 2H), 7.21-7.38 (m, 4H),
7.41 (S, 1H), 7.56 (m, 1H) . EXAMPLE 4 1 4108.1002-007
EXAMPLE 501
(R)-6-(4-fluorophenyl)-6-(3-hydroxypropyl)-3-((S)-1-(4
-(2-oxo-1 ,2-dihydropyridin-3-
yl)phenyl)ethyl)-1,3-oxazinan-2-one The title compound
was prepared from
(R)-6-allyl-6-(4-fluorophenyl)-3-((S)-1-
(4-(4,4,5,5-tetramethyl-1
,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1
,3-oxazinan-2-one and 3-bromo-2-hydroxypyridine using
a procedure analogous to that described in Example 3
Step 2, followed by a procedure analogous to that
described in Example 29 Step 2. LC-MS Method 1 tR =
1.24, m/z = 452(M+1); 1H NMR (CDCI3) 7.76(d, 1H),
7.52(d, 1H) 7.42(dd, 2H), 7.24(m, 2H), 7.08-7.00(m,
4H), 6.75(t, 1H), 5.70(m, 1H), 3.58(t, 1H), 2.94(m,
1H), 1.54(d, 3H). EXAMPLE 42 4108.1002-007 EXAMPLE 538
(R)-6-(4-fluorophenyl)-6-(3-hydroxypropyl)-3-((S)-1-(4
-(1-methyl-2-oxo-1,2-
dihydropyridin-3-yl)phenyl)ethyl)-1 ,3-oxazinan-2-one
disiamyl boraneStep i
(R)-6-allyl-6-(4-fluorophenyl)-3-((S)-1-(4-(4,4,5,5-te
tramethyl-1 ,3,2-
dioxaborolan-2-yl)phenyl)ethyl)-1,3-oxazinan-2-one (18
mg, 0.039 mmol), 3-bromo-2- hydroxypyridine (14 mg, 2
equiv), Pd(dppf)CI2 (3mg, 10%mol), 2M aq Na2CO3
solution (800 ml_) and 1,4-dioxane ( 1.5mL) were
mixed. The mixture was evacuated and refilled with N2
gas (3 x) before being heated overnight at 85 0C.
After being cooled to rt, the mixture was filtered and
acidified with 5% aq HCI solution before being
purified by prep HPLC to afford
(R)-6-allyl-6-(4-fluorophenyl)-3-((S)-1-(4-(2-oxo-
1,2-dihydropyridin-3-yl)phenyl)ethyl)-1
,3-oxazinan-2-one (7.2mg, 43% yield). LC-MS Method 1
tR=1.57min, m/z 433 (M+1). Step 2 A solution of
(R)-6-allyl-6-(4-fluorophenyl)-3-((S)-1-(4-(2-oxo-1
,2-dihydropyridin-
3-yl)phenyl)ethyl)-1,3-oxazinan-2-one (15.5 mg, 0.036
mmol) in dry DMF ( 1 mL) was cooled to 0 0C. Sodium
hydride (60% in mineral oil, 3 mg, 2 equiv) was added.
After 20 min, iodomethane (4.5 mL, 2 equiv) was added.
The mixture was stirred another 20 min before being
warmed to rt slowly and stirred for 2 h. LC-MS found
the reaction completed. The mixture was quenched with
satd aq NH4CI (1mL) and purified by prep HPLC to
afford
(R)-6-allyl-6-(4-fluorophenyl)-3-((S)-1-(4-(1-methyl-2
-oxo-1 ,2-
dihydropyridin-3-yl)phenyl)ethyl)-1,3-oxazinan-2-one
(13.3 mg, 83% yield). LC-MS Method 1 tR=1.63min, m/z
447 (M+1). Step 3 A solution of
(R)-6-allyl-6-(4-fluorophenyl)-3-((S)-1-(4-(1-methyl-2
-oxo-1 ,2-
dihydropyridin-3-yl)phenyl)ethyl)-1,3-oxazinan-2-one
(13.3mg, 0.030mmol) in dry THF (1.5mL) was cooled to 0
0C. Disiamyl borane (0.5M in THF, 500mL , excess) was
added. After 10 min, the mixture was warmed to rt and
stirred for 1 h . The mixture was cooled to 0 0C
again, quenched with water ( 1 mL) and NaBO3 (10mg).
The mixture was concentrated and purified by prep HPLC
to afford (R)-6-(4-fluorophenyl)-6-(3-
hydroxypropyl)-3-((S)-1-(4-(1-methyl-2-oxo-1
,2-dihydropyridin-3-yl)phenyl)ethyl)-1 ,3-
oxazinan-2-one (4.2mg, 30% yield). LC-MS Method 1 tR =
1.33 min, m/z = 487(M+1); 1H NMR (CD3CI) d 7.47(dd,
1H) 7.38(m, 3H) 7.24(m, 2H) 7.07(t, 2H), 6.96(d,
2H),6.39(t, 1H), 5.65(m, 1H), 4.26(t, 1H), 3.66(s,
3H), 2.91 (m, 1H), 2.40-2.14(m, 3H), 1.54(d, 3H).
EXAMPLE 43 4108.1002-007 EXAMPLE 540
(R)-3-((S)-1-(4-(1-ethyl-6-oxo-1
,6-dihydropyridin-3-yl)phenyl)ethyl)-6-(3-
hydroxypropyl)-6-phenyl-1 ,3-oxazinan-2-one The title
compound was prepared following procedures analogous
to those described in Example 30 using ethyl iodide in
Step 1, to afford 5-bromo-1-ethylpyridin- 2(1 H)-one
which was used in Step 2. LC-MS Method 2 tR = 1.297
min, m/z = 461 .1 ; 1H NMR (CDCI3) 1.31 (m, 1H), 1.36
(t, 3H), 1.51 (d, 3H), 1.68 (m, 1H), 1.86-2.01 (m,
2H), 2.18 (m, 1H), 2.27 (m, 2H), 2.91 (m, 1H), 3.52
(m, 2H), 4.18 (m, 2H), 5.13 (m, 1H), 5.62 (m, 1H),
6.91 (m, 3H) 7.08 (m, 2H), 7.18-7.33 (m, 5H), 7.41 (s,
1H), 7.61 (d, 1H). EXAMPLE 44 4108.1002-007 EXAMPLE
541
(R)-6-(3-hydroxypropyl)-3-((S)-1-(4-(1-methyl-6-oxo-1,
6-dihydropyridin-3-
yl)phenyl)propyl)-6-phenyl-1,3-oxazinan-2-one The
title compound was prepared from
(R)-6-(3-hydroxypropyl)-6-phenyl-3- ((S)-I
-(4-(4,4,5,5-tetramethyl-1
,3,2-dioxaborolan-2-yl)phenyl)propyl)-1 ,3-oxazinan-2-
one following procedures analogous to those described
in Example 30 Step 2. LCMS Method 2 tR = 1.1 13 min,
m/z = 461.1; 1H NMR (CDCI3) 0.95 (t, 3H), 1.30 (m,
1H),1.68 (m, 1H), 1.81-1 .99 (m, 2H), 2.1 1-2.32 (m,
3H) 2.88 (m, 1H), 3.50 (m, 2H), 3.58 (m, 2H) 5.43 (m,
1H), 6.49 (d, 1H) 6.98 (d, 2H) 7.08 (d, 2H), 7.19 (m,
1H) 7.25 (m, 4H), 7.32 (s, 1H), 7.47 (m, 1H). EXAMPLE
45 4108.1002-007 EXAMPLE 560
(R)-6-(3-hydroxypropyl)-3-((S)-1-(4-(2-hydroxypyridin-
4-yl)phenyl)ethyl)-6-phenyl-1,3- oxazinan-2-one The
title compound was prepared from
(R)-6-(3-hydroxypropyl)-6-phenyl-3-
((S)-1-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl
)phenyl)ethyl)-1 ,3-oxazinan-2- one and
4-bromo-2-hydroxypyridine following a procedure
analogous to that described in Example 30 Step 2.
LC-MS Method 2 tR = 1.019 min, m/z = 865.4; 1H NMR
(CDCI 3) 1.29-1 .40 (m, 1H) 1.49 (d, 3H), 1.60-1 .72
(m, 1H), 1.83-2.01 (m, 3H), 2.18 (m, 1H), 2.21-2.37
(m, 2H), 2.88 (m, 1H), 3.51 (m, 2H) 5.63 (m, 1H) 6.41
(d, 1H) 6.68 (s, 1H), 6.90 (d, 2H), 7.21-7.33 (m, 7H),
7.39 (d, 1H). EXAMPLE 46 4108.1002-007 EXAMPLE 565
(R)-6-(3-hydroxypropyl)-3-((S)-1-(4-(1-methyl-6-oxo-1
,6-dihydropyridin-2- yl)phenyl)ethyl)-6-phenyl-1
,3-oxazinan-2-one The title compound was prepared from
(R)-6-(3-hydroxypropyl)-6-phenyl-3-
((S)-1-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl
)phenyl)ethyl)-1 3-oxazinan-2- one and
6-bromo-1-methylpyridin-2(1 H)-one following a
procedure analogous to thatdescribed in Example 30
Step 2. LC-MS Method 2 tR = 1.088 min, m/z = 447; 1H
NMR (CDCI3) 1.38 (m, 1H), 1.56 (d, 3H), 1.70 (m, 1H),
1.95-2.08 (m, 2H), 2.23 (m, 1H), 2.37 (S, 2H), 3.05
(m, 1H), 3.33 (s, 3H), 3.58 (m, 2H), 5.73 (m, 1H),
6.29 (d, 1H), 6.89 (d, 1H), 7.01-7.09 (m, 4H),
7.21-7.39 (m, 5H), 7.53 (t, 1H).
6-Bromo-1-methylpyridin-2(1H)-one was prepared from
6-bromopyridin-2(1H)- one following a procedure
analogous to that described in Example 59 Step 1.
EXAMPLE 47 4108.1002-007 EXAMPLE 566
(R)-6-(3-hydroxypropyl)-3-((S)-1-(4-(1-methyl-2-oxo-1
,2-dihydropyridin-4-
yl)phenyl)ethyl)-6-phenyl-1,3-oxazinan-2-one Step 1 To
a suspension of NaH (80 mg, 2 mmol) in THF (10 mL) was
added 4- bromopyridin-2-ol (80 mg, 0.46 mmol) at 0 0C.
The resulting mixture was stirred for 1 h. Then CH3I
(355 mg, 2.5 mmol) was added to the above mixture, and
the mixture was stirred overnight. The reaction was
quenched with aqueous NH4CI solution. The organic
phase was concentrated to give the crude product,
which was purified by column to give
4-bromo-1-methylpyridin-2(1W)-one (42.3 mg, 50%). Step
2 A mixture of
(R)-6-(3-hydroxypropyl)-6-phenyl-3-((S)-1-(4-(4,4,5,5-
tetramethyl- 1,3,2- dioxaborolan-2-yl)phenyl)ethyl)-1
,3-oxazinan-2-one (50 mg, 0.1 1 mmol) and 4- bromo-1-
methylpyridin-2(1/-/)-one (30 mg, 0.16 mmol),
Pd(Ph3P)2CI2 (10 mg), and aq.Cs2CO3 solution (4 ml_, 2
M) in 1,4-dioxane (10 mL) was stirred and heated to
reflux for 2 h. When the reaction was over, the
mixture was washed with water and extracted with
EtOAc. The organic phase was washed with brine, dried
over Na2SO4, filtered and concentrated to give the
crude product, which was purified by preparative TLC
to give
(R)-6-(3-hydroxypropyl)-3-((S)-1-(4-(1-methyl-2-oxo-1
,2-dihydropyridin-4-
yl)phenyl)ethyl)-6-phenyl-1,3-oxazinan-2-one (25 mg ,
51%). 1H NMR (CDCI3) : d= 1.35 (m, 1H) 1.47 (d, 3H),
1.63 (m, 2H), 1.94 (m, 2H), 2.18 (m, 1H), 2.39 (m,
2H), 2.86 (m, 1H), 3.51 (m, 5H), 5.63 (m, 1H), 6.31
(m, 1H), 6.70 (m, 1H), 6.91 (m, 2H), 7.20-7.32 (m,
8H). EXAMPLE 48 4108.1002-007 EXAMPLE 588
(S)-6-(2-hydroxy-2-methylpropyl)-3-((S)-1-(4-(1-methyl
-2-oxo-1 ,2-dihydropyridin-4-
yl)phenyl)ethyl)-6-phenyl-1,3-oxazinan-2-one Method 1
Step 1 A solution of 4-bromopyridin-2-amine (600 mg,
3.5 mmol) in a mixture of 2 M H2SO4 (20 mL) and 2 M
Na2NO2 (10 mL) was stirred at 0-50C for 2 h. The
reaction mixture was extracted with CH2CI2, and the
organic layer was washed with a saturated NaCI
solution, dried over anhydrous Na2SO4 and
concentrated. The residue was purified by preparative
TLC to give 4-bromopyridin-2-ol (303 mg, 50%).Step 2
To a suspension of NaH (300 mg, 7.5 mmol) in THF (10
ml.) was added 4- bromopyridin-2-ol (303 mg, 1.73
mmol) at 0 0C. After the resulting mixture was stirred
for 1 h, CH3I (491 mg, 3.46 mmol) was added, and the
mixture was stirred overnight. The reaction was
quenched with aqueous NH4CI solution. The organic
phase was concentrated to give the crude product,
which was purified by column to give Abromo-
1-methylpyridin-2(1H)-one (161 mg, 50 %). Step 3 A
mixture of
(S)-6-(2-hydroxy-2-methylpropyl)-6-phenyl-3-((S)-1-(4-
(4,4,5,5- tetramethyl-
1,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1,3-oxazinan-2-o
ne (200 mg, 0.42 mmol), 4-bromo-1-
methylpyridin-2(1H)-one ( 1 18 mg, 0.63 mmol),
Pd(Ph3P)2CI2 (20 mg), and 2 M aq Cs2CO3 solution (5
ml_, 10 mmol) in 1,4-dioxane (20 ml.) was stirred and
heated to reflux for 2 h . When the reaction was
finished, the mixture was washed with water and
extracted with EtOAc. The organic phase was washed
with brine, dried over Na2SO4, filtered, and
concentrated to give the crude product, which was
purified by preparative TLC to give
(S)-6-(2-hydroxy-2-methylpropyl)- 3-((S)-1-(4-(1-
methyl-2-oxo-1
,2-dihydropyridin-4-yl)phenyl)ethyl)-6-phenyl-1
,3-oxazinan-2-one (83 mg, 43%). LC-MS Method 2 tR =
1.16 min, m/z = 921 .5; 1H NMR (CDCI3) 1. 1 1 (s, 3H),
1.18 (s, 3H), 1.22 (t, 1H), 1.52 (m, 3H), 2.21 (s,
2H), 2.22-2.34 (m, 2H), 2.34- 2.46 (m, 1H), 2.85 (m,
1H), 3.57 (s, 3H), 5.59 (m, 1H), 6.33 (d, 1H), 6.68
(s, 1H), 7.01 (d, 2H), 7.29-7.41 (m, 8H); 1H NMR
(CD3OD) 0.98 (s, 3H), 1.29 (s, 3H), 1.58 (d, 3H), 2.17
(s, 2H), 2.22 (m, 1H), 2.50 (m, 2H), 3.08 (m, 1H),
3.59 (s, 3H), 5.59 (m, 1H), 6.61 (d, 1H), 6.66 (S,
1H), 7.08 (m, 2H), 7.30-7.40 (5H), 7.42 (d, 2H), 7.70
(d, 1H).Method 2 Step i To a solution of
4-iodopyridin-2(1H)-one (3 g, 0.013 mol) and K2CO3
(3.55 g, 0.026 mol) in DMF (30 mL) was added
iodomethane (4.7 g, 0.033 mmol). The mixture was
stirred at room temperature overnight. Water and EtOAc
were added. The organic phase was dried over Na SO4
and concentrated to give 4-iodo-1- methylpyridin-
2(1H)-one (1.6 g, 53%). Step 2 A mixture of
4-iodo-1-methylpyridin-2(1H)-one (0.909 g, 3.76 mmol),
(S)-6-(2-
hydroxy-2-methylpropyl)-6-phenyl-3-((S)-1-(4-(4,4
5,5-tetramethyl-1 ,3,2-dioxaborolan-
2-yl)phenyl)ethyl)-1 ,3-oxazinan-2-one (1.5 g , 3.13
mmol), 2 M aq Cs2CO3 (3 mL, 6 mmol), and PdCI2(PPh3)2
(0.201 g, 0.282 mmol) in 1,4-dioxane (15 mL) was
refluxed under N2 for 2 hours. The reaction mixture
was filtered, and the filtrate was extracted with
EtOAc. The combined organic layer was washed with
brine, dried over Na2SO4 and concentrated to obtain
the crude compound, which was purified by preparative
HPLC and chiral HPLC to obtain (S)-6-(2-hydroxy -2-
methylpropyl)-3-((S)-1-(4-(1-
methyl-2-oxo-1,2-dihydropyridin-4-yl) phenyl)ethyl)
-6-phenyl-1,3-oxazinan-2-one (399 mg, 28%). LC-MS and
1H NMR (CD3OD) were the same as those of product made
by Method 1. The compound was recrystallized using
below methods. The compound was obtained as a
crystalline monohydrate by dropwise addition of 60 mL
of water to a solution of 7.6 g of compound in 15 mL
of methanol. After stirring for 1 h, the solid is
filtered by suction, washed with water and
diethyletherand dried in an exsiccator over cone
sulphuric acid/potassium hydroxide. The compound was
also recrystallized from water/ethanol (80:20) to also
yield the monohydrate. Melting point: 118-122C. The
compound was recrystallized from isopropyl acetate
following a procedure analogous to that described for
Example 37 in Recrystallization Method B to give a
crystalline solid with mp 106-1 16 0C. The compound
was also recrystallized by this method from EtOAc (mp
90-93 0C, mp 102-122 0C) from isobutyl acetate (mp
108-126 C),from EtOH/TBME (mp 108-126 0C) and from
2-butanone.. Method 3 Step i A mixture of
(S)-3-((S)-1-(4-bromophenyl)ethyl)-6-(2-hydroxy-2-meth
ylpropyl)- 6-phenyl-1 ,3-oxazinan-2-one (100 mg, 0.23
mmol), 2-methoxy-4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)pyridine (68 mg, 1.25 equiv),
Pd(dppf)CI2.CH2CI2 (19 mg, 10%mol), 2M aq Na2CO3 ( 1
ml_), 1,4-dioxane (3mL) was degassed, refilled with N2
gas for 3 times before being put into microwave oven
for 2 h at 130 0C. LC-MS found the reaction was
completed. The mixture was diluted with EtOAc (50
ml_), washed with water (10 ml_) and brine (8 mL), and
dried over Na2SO . After filtration and concentration,
the residue was purified by chromatography on a 12-g
silica gel column, eluted with a 0 to 10% MeOH in
CH2CI2 gradient to afford (S)-6-(2-hydroxy-2-
methylpropyl)-3-((S)-1-(4-(2-methoxypyridin-4-yl)pheny
l)ethyl)-6-phenyl-1,3-oxazinan- 2-one ( 1 12 mg, quant
yield). LC-MS Method 1 tR = 1.66min, m/z = 461 (M+1 )
. Step 2
(S)-6-(2-hydroxy-2-methylpropyl)-3-((S)-1-(4-(2-methox
ypyridin-4- yl)phenyl)ethyl)-6-phenyl-1
,3-oxazinan-2-one (28 mg, 0.061 mmol),
potassiumcarbonate (17 mg, 2equiv), and lodomethane
(40 ml_, 10 equiv) were mixed with acetonitrile (2.5
mL) and heated at reflux for 4 h. After being cooled
to rt, the mixture was acidified with 5% aq HCI and
purified by prep HPLC to afford (S)-6-(2-hydroxy-2-
methylpropyl)-3-((S)-1-(4-(1-methyl-2-oxo-1
,2-dihydropyridin-4-yl)phenyl)ethyl)-6-
phenyl-1,3-oxazinan-2-one (14.4 mg. 52%). LC-MS and 1H
NMR (CD3OD) were the same as those of product made by
Method 1. EXAMPLE 49 4108.1002-007 EXAMPLE 593
2,2-dimethyl-3-((R)-3-((S)-1 -(4-(1 -methyl-6-oxo-1
,6-dihydropyridin-3-yl)phenyl)ethyl)- 2-oxo-6-phenyl-1
,3-oxazinan-6-yl)propanenitrile Method 1 The title
compound was prepared from
2,2-dimethyl-3-((R)-2-oxo-6-phenyl-3- ((S)-I
-(4-(4,4,5,5-tetramethyl-1
,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1 ,3-oxazinan-6-
yOpropanenitrile and 5-bromo-1-methylpyridin-2(1H)-one
following a procedure analogous to that described in
Example 6 Step 1. LC-MS Method 2 tR = 1.231 min, m/z =
470.1 ; 1H NMR (CDCI3) 1.28 (s, 3H), 1.40 (s, 3H),
1.47 (d, 3H), 2.09 (s, 2H), 2.21 (m, 1H), 2.41 (m,
2H), 2.83 (m, 1H), 3.52 (s, 3H) 5.56 (m, 1H), 6.58 (d,
1H), 6.82 (d, 2H), 7.02 (d, 2H) 7.30 (m, 6H) 7.43 (m,
1H). Method 2 A solution of
2,2-dimethyl-3-((R)-2-oxo-3-((S)-1-(4-(6-oxo-1
,6-dihydropyridin-3- yl)phenyl)ethyl)-6-phenyl-1
,3-oxazinan-6-yl)propanenitrile (202 mg, 0.444 mmol)
andMeI ( 1 10 mL, 4equiv) in dry THF (5 mL) was cooled
to 0 0C. NaH (60% in mineral oil, 36mg, 2equiv) was
added. After 10min, the mixture was warmed to rt
slowly and stirred for 3 h. LC-MS showed about 50%
conversion. The mixture was heated for 1 h at 60 0C.
LC-MS found the reaction completed. After cooling to
rt, the mixture was cooled to 0 0C and quenched with
satd aq NH4CI (3 mL). The mixture was then diluted
with CH2CI2 (2OmL), washed with 1% aq HCI (5 mL) and
brine (4 mL), and dried over Na2SO4. After filtration
and concentration, the residue was purified by prep
HPLC to afford 2,2-dimethyl-3-((R)-3-((S)-1 -(4-(1
-methyl-6-oxo-1 ,6-dihydropyridin-3-
yl)phenyl)ethyl)-2-oxo-6-phenyl-1
,3-oxazinan-6-yl)propanenitrile (177.4 mg, 85% yield)
product as a light brown oil. Method 3 Mass spectrum
(ESI+) m/z = 443 [M+H]+ Mass spectrum (ESI+) m/z = 470
[M+H]+ 2,2-Dimethyl-3-(3-{(S)-1 -[4-(1 -methyl-6-oxo-1
,6-dihydro-pyridin-3-yl)-phenyl]-
ethyl}-2-oxo-(S)-6-phenyl-[1,3]oxazinan-6-yl)-propioni
trile was prepared from (S)-6-(2-
hydroxy-2-methylpropyl)-3-((S)-1-(4-(1-methyl-6-oxo-1,
6-dihydropyridin-3- yl)phenyl)ethyl)-6-phenyl-1
,3-oxazinan-2-one following procedures analogous to
those described Example 7 1 Method 2 to prepare
3-((R)-3-((S)-1-(4-bromophenyl)ethyl)-2-
oxo-6-phenyl-1,3-oxazinan-6-yl)-2,2-dimethylpropanenit
rile. (S)-6-(2-hydroxy-2-
methyl-propyl)-3-{(S)-1-[4-(1-methyl-6-oxo-1,6-dihydro
-pyhdin-3-yl)-phenyl]-ethyl}-6- phenyl-[1
,3]oxazinan-2-one, is obtained from coupling
(S)-6-(2-hydroxy-2- methylpropyl)-6-phenyl-3-[(S)-1
-(4-(4,4,5,5- tetramethyl-1 ,3,2-dioxaborolan-2-
yl)phenyl)ethyl]-1,3-oxazinan-2-one with
5-iodo-1-methyl-1H-pyhdin-2-one by the action of
Pd(PPh3)4 and 2 M aqueous Na2CO3 solution in a mixture
of methanol and dioxane ( 1:3) at 80 0C. The compound
that had been obtained as a foam was dissolved in a
small amount of ethyl acetate and stirred overnight at
rt. The solid was filtered by suction, washed with a
small amount of diethylether and dried. Melting point:
143-145CEXAMPLE 50 4108.1002-007 EXAMPLE 594[
2,2-dimethyl-3-((R)-3-((S)-1-(4-(1-methyl-2-oxo-1
,2-dihydropyridin-4-yl)phenyl)ethyl)- 2-oxo-6-phenyl-1
,3-oxazinan-6-yl)propanenitrile Method 1 The title
compound was prepared from
2,2-dimethyl-3-((R)-2-oxo-6-phenyl-3- ((S)-I
-(4-(4,4,5,5-tetramethyl-1
,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1 ,3-oxazinan-6-
yl)propanenitrile and
4-bromo-1-methylpyridin-2(1H)-one following a
procedure analogous to that described in Example 6
Step 1. LC-MS Method 2 tR = 1.103, m/z = 470.4; 1H NMR
(CDCI3) 1.26 (s, 3H), 1.41 (s, 3H) 1.49 (d, 3H), 2.09
(s, 2H), 2.24 (m, 1H), 2.53 (m, 2H), 2.88 (m, 1H),
3.56 (s, 3H), 5.59 (m, 1H), 6.38 (d, 1H), 6.78 (s, 1H)
6.84 (d, 2H), 7.19 (m, 2H), 7.31 (m, 6H). Method 2
Mass spectrum (ESI+) m/z = 443 [M+H]+ Mass spectrum
(ESI+) m/z = 470 [M+H]+
(S)-2,2-Dimethyl-3-(3-{1-[(S)-4-(1-methyl-2-oxo-1,2-di
hydro-pyridin-4-yl)-
phenyl]-ethyl}-2-oxo-6-phenyl-[1,3]oxazinan-6-yl)-prop
ionitrile was prepared from (S)-
6-(2-hydroxy-2-methylpropyl)-3-((S)-1 -(4-(1
-methyl-2-oxo-1 ,2-dihydropyridin-4-
yl)phenyl)ethyl)-6-phenyl-1,3-oxazinan-2-one following
procedures analogous to those described in Example 7 1
Method 2 to prepare
3-((R)-3-((S)-1-(4-bromophenyl)ethyl)-
2-oxo-6-phenyl-1
,3-oxazinan-6-yl)-2,2-dimethylpropanenitrile. The
starting compound,
(S)-6-(2-hydroxy-2-methyl-propyl)-3-{(S)-1-[4-(1-methy
l-2-oxo-1 ,2-dihydropyridin-
4-yl)-phenyl]-ethyl}-6-phenyl-[1,3]oxazinan-2-one, is
obtained from coupling
(S)-6-(2-hydroxy-2-methylpropyl)-6-phenyl-3-[(S)-1
-(4-(4,4,5,5- tetramethyl-1
,3,2-dioxaborolan-2-yl)phenyl)ethyl]-1
,3-oxazinan-2-one with trifluoro-methanesulfonic acid
1-methyl-2-oxo-1 ,2-dihydro-pyridin-4-yl ester
employing the standard conditions, Pd(dppf)CI 2
*CH2CI2, 2 M aqueous Na2CO3 solution, DMF, 90 0C, 2 h.
The compound that had been obtained as a resin was
dissolved in a small amount of EtOAc and stirred
overnight at rt. The solid was filtered by suction,
washed with a small amount of diethylether and dried.
Melting point: 195-198 0C. EXAMPLE 5 1 4108.1002-007
EXAMPLE 603 '
2,2-dimethyl-3-((R)-3-((S)-1-(4-(1-methyl-2-oxo-1
,2-dihydropyridin-4-yl)phenyl)ethyl)- 2-oxo-6-phenyl-1
,3-oxazinan-6-yl)propanamide The title compound was
prepared from 2,2-dimethyl-3-((R)-2-oxo-6-phenyl-3-
((S)-I
-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pheny
l)ethyl)-1,3-oxazinan-6- yl)propanenitrile and
4-bromo-1-methylpyridin-2(1H)-one following a
procedure analogous to that described in Example 6
Step 1, followed by treatment with H2O2, K2CO3. LC-MS
Method 2 tR = 1.133 min, m/z = 488.1 ; 1H NMR (CDCI3)
1.12 (s, 3H), 1.19 (s, 3H), 1.49 (d, 3H), 2.09-2.28
(m, 3H), 2.32-2.58 (m, 2H), 2.89 (m, 1H), 3.59 (s,
3H), 5.61 (m, 1H), 6.54 (m, 1H), 6.88 (m, 1H),
6.97-7.10 (m, 2H), 7.28 (m, 6H), 7.42 (m, 1H), 7.53
(m, 1H).EXAMPLE 52 4108.1002-007 EXAMPLE 614
(S)-3-((S)-1-(4-(1-ethyl-6-oxo-1
,6-dihydropyridin-3-yl)phenyl)propyl)-6-(2-hydroxy-2-
methylpropyl)-6-phenyl-1 ,3-oxazinan-2-one The title
compound was prepared from (R)-6-allyl-3-((S)-1-(4-
bromophenyl)propyl)-6-phenyl-1 ,3-oxazinan-2-one
following a procedure analogous to that described in
Example 32 Method 2 using
5-bromo-1-ethylpyridin-2(1H)-one in Step 4 . LC-MS
Method 2 tR = 1.732 min, m/z = 475.1; 1H NMR (CDCI3)
0.95 (s, 3H),1 .01 (t, 3H), 1.26 (s, 3H), 1.38 (t,
3H), 2.06 (m, 2H), 2.18-2.31 (m, 3H), 2.36 (m, 1H),
2.55 (m, 1H), 3.04 (m, 1H), 4.1 1 (m, 2H), 5.37 (m,
1H), 6.66 (d, 1H), 7.1 1 (m, 2H), 7.20-7.33 (m, 7H),
7.76 (d, 1H), 7.88 (s, 1H). EXAMPLE 53 4108.1002-007
EXAMPLE 615
(S)-3-((S)-1-(4-(1-ethyl-6-oxo-1,6-dihydropyridin-3-yl
)phenyl)ethyl)-6-(2-hydroxy-2-
methylpropyl)-6-phenyl-1,3-oxazinan-2-one The title
compound was prepared from
(S)-6-(2-hydroxy-2-methylpropyl)-6-
phenyl-3-((S)-1-(4-(4,4,5,5-tetramethyl-1
,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1 ,3-
oxazinan-2-one and 5-bromo-1-ethylpyridin-2(1H)-one
following a procedure analogous to that described in
Example 6 Step 1. LC-MS Method 2 tR = 1.224 min, m/z =
475.1; 1H NMR (CDCI3) 1.1 1 (s, 3H), 1.19 (s, 3H),
1.39 (t, 3H), 1.56 (d, 3H), 2.20 (s, 2H), 2.26 (m,
1H), 2.36-2.57 (m, 2H), 2.87 (m, 1H), 4.03 (m, 2H),
5.69 (m, 1H), 6.62 (d, 1H), 7.00 (d, 2H), 7.17 (d,
2H), 7.28-7.51 (m, 6H), 7.50 (d, 1H).Recrystallization
from isopropyl acetate following a procedure analogous
to that described for Example 37 in Recrystallization
Method B afforded a crystalline solid with mp 167-168
0C. EXAMPLE 54 4108.1002-007 EXAMPLE 616
(S)-6-(2-hydroxy-2-methylpropyl)-3-((S)-1-(4-(1-methyl
-6-oxo-1,6-dihydropyridin-3-
yl)phenyl)propyl)-6-phenyl-1 ,3-oxazinan-2-one The
title compound was prepared from
(R)-6-allyl-3-((S)-1-(4-
bromophenyl)propyl)-6-phenyl-1,3-oxazinan-2-one
following a procedure analogous to that described in
Example 32 Method 2 using 5-bromo-1-methylpyridin-2(1
H)-one in Step 4. LC-MS Method 2 tR = 1.746 min, m/z =
475.2; 1H NMR (CD3OD) 1.04 (t, 3H), 1.1 1 (s, 3H),
1.24 (s, 3H), 1.95-2.04 (m, 2H) 2.13-2.26 (m, 4H),
2.44 (m, 1H), 2.91 (m, 1H), 3.61 (s, 3H), 5.36 (m,
1H), 6.67 (d, 1H), 7.10-7.33 (m, 8H) 7.42(s, 1H) 7.55
(d, 1H). EXAMPLE 55 4108.1002-007 EXAMPLE 618
(S)-6-(2-hydroxy-2-methylpropyl)-3-((S)-1-(4-(1-methyl
-2-oxo-1,2-dihydropyridin-4-
yl)phenyl)propyl)-6-phenyl-1 ,3-oxazinan-2-one The
title compound was prepared from
(S)-6-(2-hydroxy-2-methylpropyl)-6- phenyl-3-((S)-1
-(4-(4,4,5,5-tetramethyl-1
,3,2-dioxaborolan-2-yl)phenyl)propyl)-1 ,3-
oxazinan-2-one and 4-bromo-1-methylpyridin-2(1 H)-one
following a procedureanalogous to that described in
Example 59 Step 2 . LC-MS Method 2 tR = 1.203 min, m/z
= 971 .4; 1H NMR (CDCI3) 0.97 (t, 3H), 1.12 (s, 3H),
1.19 (s, 3H), 1.79-2.02 (m, 2H), 2.1 1-2.24 (m, 4H),
2.29-2.42 (m, 1H), 2.81 (m, 1H), 3.50 (s, 3H), 5.40
(m, 1H), 6.28 (d, 1H), 6.64 (s, 1H), 7.02 (d, 2H),
7.18 (m, 3H), 7.20 (m, 2H), 7.28 (m, 3H). EXAMPLE 56
4108.1002-007 EXAMPLE 622
(R)-6-ethyl-3-((S)-1-(4-(1-methyl-6-oxo-1
,6-dihydropyridin-3-yl)phenyl)propyl)-6- phenyl-1
,3-oxazinan-2-one The title compound was prepared from
(R)-3-((S)-1-(4-bromophenyl)propyl)-6-
ethyl-6-phenyl-1,3-oxazinan-2-one following procedures
analogous to those described 



in Example 32 Method 2 Steps 3 and 4. LC-MS Method 1
tR = 1.6 min, m/z = 431 (M+1).
(R)-3-((S)-1-(4-bromophenyl)propyl)-6-ethyl-6-phenyl-1
,3-oxazinan-2-one was prepared from
1-chloro-3-phenylpentan-3-ol and
(S)-1-(4-bromophenyl)propan-1- amine following a
procedure analogous to that described in Example 7 1
Step 2. 1-chloro-3-phenylpentan-3-ol was prepared from
3-chloro-1-phenylpropan-1- one and ethylmagnesium
bromide following a procedure analogous to that
described in Preparation 1 Method 1 Step 2 .EXAMPLE 57
4108.1002-007 EXAMPLE 623
(R)-6-ethyl-3-((S)-1-(4-(1-ethyl-6-oxo-1
,6-dihydropyridin-3-yl)phenyl)propyl)-6-phenyl-
1,3-oxazinan-2-one The title compound was prepared
from (R)-3-((S)-1-(4-bromophenyl)propyl)-6-
ethyl-6-phenyl-1,3-oxazinan-2-one following procedures
analogous to those described in Example 32 Method 2
Steps 3 and 4 using 5-bromo-1-ethylpyridin-2(1H)-one
in Step 4. LC-MS Method 1 tR = 1.68 min, m/z = 445
(M+1). EXAMPLE 58 4108.1002-007 EXAMPLE 624
(R)-6-ethyl-3-((S)-1-(4-(1-methyl-2-oxo-1
,2-dihydropyridin-4-yl)phenyl)propyl)-6- phenyl-1
,3-oxazinan-2-one The title compound was prepared from
(R)-3-((S)-1-(4-bromophenyl)propyl)-6-
ethyl-6-phenyl-1,3-oxazinan-2-one following procedures
analogous to those described in Example 32 Method 2
Steps 3 and 4 using 4-iodo-1-methylpyridin-2(1 H)-one
in Step 4. LC-MS Method 1 tR = 1.58 min, m/z = 431
(M+1); 1H NMR (CDCI3) 7.33 ( 1H, d, J = 7.03 Hz), 7.29
- 7.21 (7H, m), 7.01 (2H, d, J = 8.20 Hz), 6.75 ( 1H,
d, J = 2.05), 6.39 ( 1H, dd, J = 2.05, 7.03), 5.48
(1H, ap dd, J = 6.44, 9.66), 3.58 (3H, s), 2.95-2.87
(1H, m), 2.37-2.14 (3H, m), 2.06-1.81 (m, 4H), 1.00
(3H, t , J = 7.32), 082 (3H, t , J = 7.61).EXAMPLE 59
4108.1002-007 EXAMPLE 628
(S)-6-(2-hydroxy-2-methylpropyl)-3-((S)-1-(4-(1-isopro
pyl-6-oxo-1 ,6-dihydropyridin-3.
yl)phenyl)ethyl)-6-phenyl-1,3-oxazinan-2-one Step i To
a solution of 5-bromopyridin-2-ol ( 1 g, 5.75 mmol) in
DMF (10 mL) were added 2-iodopropane (4.9 g, 28.75
mmol) and K2CO3 (4 g, 28.75 mmol). The mixture was
stirred at rt overnight. The mixture was diluted with
water (20 mL) extracted with EtOAc (3 x 25 mL), the
combined organic phase was washed with brine, dried
over Na SO4, concentrated and purified by prep TLC to
give 5-bromo-1-isopropylpyridin- 2(1H)-one (380 mg, 3
1 %). 1H NMR (CDCI3) : 1.35 (d, 6H), 5.65-5.75 (m,
1H), 6.48 (d, 1H), 7.30 (m, 1H), 7.41 (d, 1H). Step 2
To a solution of
(S)-6-(2-hydroxy-2-methylpropyl)-6-phenyl-3-((S)-1-(4-
(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1,3-
oxazinan-2-one (100 mg, 0.21 mmol) in 1,4-dioxane (2
mL) was added 5-bromo-1-isopropylpyridin-2(1H)-one
(54.2 mg, 0.25 mmol). Then catalysts of Pd(PPh3)2CI2
(14 mg, 0.02 mmol), Cs2CO3 ( 1 mL, 2 M ) were added.
The vessel was sealed with a septum and placed into
the microwave cavity. Microwave irradiation of 100 W
was used, the temperature being ramped from room
temperature to 120 0C. Once this temperature was
reached, the reaction mixture was held at this
temperature for 30 min. After the mixture cooled to
rt, the mixture was filtered. The filtrate was
extracted with EtOAc (20 mLc4), theorganic layer was
washed with brine, dried over Na2SO4 and concentrated
to give the crude product which was purified by
preparative HPLC to give (S)-6-(2-hydroxy-2-
methylpropyl)-3-((S)-1-(4-(1-isopropyl-6-oxo-1,6-
dihydropyridin-3-yl)phenyl)ethyl)-6-
phenyl-1,3-oxazinan-2-one (22 mg, 21%). 1H NMR (CDCI3)
: 1.13 (s, 3H) 1.19 (s, 3H) 1.40 (6H), 1.53 (d, 3H)
2.18-2.30 (m, 4H), 2.40 (m, 1H), 2.88 (m, 1H), 5.31
(m, 1H), 5.70 (m, 1H), 6.73 (d, 1H), 7.02 (d, 2H) 7.15
(d, 2H), 7.27-7.38 (m, 5H), 7.43 (d, 1H) 7.50 (d, 1H).
EXAMPLE 60 4108.1002-007 EXAMPLE 630
(R)-6-ethyl-3-((S)-1-(4-(1-isopropyl-6-oxo-1,6-dihydro
pyridin-3-yl)phenyl)propyl)-6- phenyl-1
,3-oxazinan-2-one The title compound was prepared from
(R)-3-((S)-1-(4-bromophenyl)propyl)-6-
ethyl-6-phenyl-1,3-oxazinan-2-one following procedures
analogous to those described in Example 32 Method 2
Steps 3 and 4 using 5-bromo-1-isopropylpyridin-2(1
H)-one in Step 4. LC-MS Method 1 tR = 1.75 min, m/z =
459 (M+1); 1H NMR (CDCI3) 7.49, (1H, dd, J = 2.34,
9.37 Hz), 7.42 ( 1H d, J = 2.34 Hz), 7.32-7.24 (5H m),
7.13 ( 1H d, J = 8.20), 7.04 ( 1H d, J =8.49), 6.66
(1H d, J =9.37), 5.49 ( 1H, aq q, J = 6.44, 9.37),
5.33 ( 1H, m), 2.96-2.91 ( 1H, m), 2.39-2.32 ( 1H, m),
2.29-2.17 (2H, m), 2.05-1 .85 (m, 4H) 1.41 (6H dd, J =
1.17, 6.73), 1.01 (3H 1, J = 7.32 Hz), 0.832 (3H 1, J
= 7.32 Hz). 5-bromo-1-isopropylpyridin-2(1H)-one was
prepared from 5-bromopyridin- 2(1 H)-one and isopropyl
iodide following a procedure analogous to that
described in Example 59 Step 1.EXAMPLE 6 1
4108.1002-007 EXAMPLE 637 (S)-3-((S)-1-(4-(1
5-dimethyl-6-oxo-1,6-dihydropyridin-3-yl)phenyl)ethyl)
-6-(2-hydroxy- 2-methylpropyl)-6-phenyl-1
,3-oxazinan-2-one The title compound was prepared
following a procedure analogous to that described in
Example 59 using 1 5-bromo-3-methylpyridin-2(1 H)-one
and methyl iodide in Step 1. LC-MS Method 2 tR = 1.197
min, m/z = 475.1 ; 1H NMR (CDCI3) 1.04 (S 3H), 1.1 1
(s, 3H), 1.46 (d, 3H), 2.18 (m, 5H), 2.21 (m, 1H),
2.29-2.40 (m, 1H), 2.80 (m, 1H), 3.41 (s, 3H), 3.56
(s, 3H), 5.60 (m, 1H), 6.91 (d, 2H), 7.07 (d, 2H),
7.21-7.40 (m, 7H). EXAMPLE 62 4108.1002-007 EXAMPLE
638 (S)-3-((S)-1-(4-(1-ethyl-6-oxo-1
,6-dihydropyridin-3-yl)phenyl)ethyl)-6-(4-fluorophenyl
)- 6-(2-hydroxy-2-methylpropyl)-1,3-oxazinan-2-one The
title compound was prepared following a procedure
analogous to that described in Example 59, using
5-bromopyridin-2(1H)-one and ethyl iodide in Step 1
and
(S)-6-(4-fluorophenyl)-6-(2-hydroxy-2-methylpropyl)-3-
((S)-1-(4-(4,4,5,5- tetramethyl-1
,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1
,3-oxazinan-2-one in Step 2. LCMS Method 2 tR = 1.205
min, m/z = 493.2; 1H NMR (CDCI3) 1.16 (d, 6H) 1.39 (t,
3H), 1.52 (d, 3H), 2.19 (s, 4H) 2.20-2.31 (m, 2H)
2.38-2.50 (m, 1H), 2.90 (m, 1H), 4.04 (m, 2H) 5.69 (m,
1H), 6.66 (d, 1H), 7.00 (m, 4H) 7.18 (d, 2H), 7.30 (m,
2H) 7.41 (s, 1H), 7.51 (d, 1H). Recrystallization from
isopropyl acetate following a procedureanalogous to
that described for Example 37 in Recrystallization
Method B afforded a crystalline solid with mp
172-173.6 0C. EXAMPLE 63 4108.1002-007 EXAMPLE 639
(R)-6-methyl-3-((S)-1-(4-(1-methyl-2-oxo-1,2-dihydropy
ridin-4-yl)phenyl)propyl)-6- phenyl-1
,3-oxazinan-2-one The title compound was prepared from
(R)-3-((S)-1-(4-bromophenyl)propyl)-6-
methyl-6-phenyl-1 ,3-oxazinan-2-one following
procedures analogous to those described in Example 32
Method 2 Steps 3 and 4 using
4-iodo-1-methylpyridin-2(1H)- one in Step 4. LC-MS
Method 1 tR = 1.55 min, m/z = 417 (M+1); 1H NMR
(CDCI3) 7.41 ( 1H, d, J = 7.03 Hz) 7.33 (2H, d, J =
8.20 Hz), 7.29-7.19 (5H, m), 7.10 (1H d, J = 8.20),
6.95 ( 1H, d = 1.76), 6.55 ( 1H, dd, J = 2, 7.03 Hz),
5.51 ( 1H q, J =6.49, 9.66 Hz), 3.65 (3H, s),
3.00-2.95 ( 1H, m), 2.44-2.36 ( 1H, m), 2.33-2.15 (2H,
m), 2.06-1 .86 (2H, m), 1.64 (3H, s), 1.02 (3H, t , J
= 7.32 Hz).
(R)-3-((S)-1-(4-bromophenyl)propyl)-6-methyl-6-phenyl-
1,3-oxazinan-2-one was prepared from
4-chloro-2-phenylbutan-2-ol and
(S)-1-(4-bromophenyl)propan-1- amine following a
procedure analogous to that described in Example 7 1
Step 2 . 4-chloro-2-phenylbutan-2-ol was prepared from
3-chloro-1-phenylpropan-1-one and methylmagnesium
bromide following a procedure analogous to that
described in Preparation 1 Method 1 Step 2.EXAMPLE 64
4108.1002-007 EXAMPLE 641 (S)-3-((S)-1-(4-(1
,6-dimethyl-2-oxo-1
,2-dihydropyridin-4-yl)phenyl)ethyl)-6-(2-hydroxy-
2-methylpropyl)-6-phenyl-1,3-oxazinan-2-one The title
compound was prepared from
(S)-6-(2-hydroxy-2-methylpropyl)-6-
phenyl-3-((S)-1-(4-(4,4,5,5-tetramethyl-1
,3,2-dioxaborolan-2-yl)phenyl)propyl)-1 ,3-
oxazinan-2-one and
4-bromo-1,6-dimethylpyridin-2(1H)-one following a
procedure analogous to that described in Example 6
Step 1. LC-MS Method 2 tR = 1.173 min, m/z = 475.2; 1H
NMR (CDCI3) 1.10 (s, 3H),1.16 (s, 3H) 1.51 (d,
3H),2.18 (m, 3H), 2.21 (m, 1H), 2.42 (m, 4H), 2.86
(m,1 H), 3.54 (s, 3H), 5.66 (m, 1H), 6.21 (s, 1H),
6.60 (s, 1H), 6.97 (m, 2H), 7.23-7.34(m, 7H).
4-bromo-1 ,6-dimethylpyridin-2(1 H)-one was prepared
by methylation of 4- bromo-6-methylpyridin-2(1 H)-one
with methyl iodide using K2CO following a procedure
analogous to that described in Example 59 Step 1.
EXAMPLE 65 4108.1002-007 EXAMPLE 642
(S)-3-((S)-1-(4-(1-ethyl-2-oxo-1,2-dihydropyridin-4-yl
)phenyl)ethyl)-6-(2-hydroxy-2-
methylpropyl)-6-phenyl-1 ,3-oxazinan-2-one The title
compound was prepared from
(S)-6-(2-hydroxy-2-methylpropyl)-6- phenyl-3-((S)-1
-(4-(4,4,5,5-tetramethyl-1
,3,2-dioxaborolan-2-yl)phenyl)propyl)-1 ,3-
oxazinan-2-one and 1-ethyl-4-iodopyridin-2(1 H)-one
following a procedure analogous to that described in
Example 6 Step 1. LC-MS Method 2 tR = 1.228 min, m/z =
971 .4; 1H NMR (CDCI3) 1.10 (s, 3H), 1.14 (s, 3H),
1.36 (m, 3H), 1.53 (d, 3H), 2.17 (s, 2H),2.21-2.32 (m,
2H), 2.32-2.48 (m, 1H) 2.88 (m, 1H), 4.00 (m, 2H),
5.68 (m, 1H), 6.39 (d, 1H), 6.78 (S, 1H), 6.99 (d,
2H), 7.27-7.38 (m, 8H).
1-ethyl-4-iodopyridin-2(1H)-one was prepared from
4-iodopyridin-2(1H)-one and ethyl iodide following a
procedure analogous to that described in Example 59
Step 1. EXAMPLE 66 4108.1002-007 EXAMPLE 643
(S)-6-(2-hydroxy-2-methylpropyl)-3-((S)-1 -(4-(2-oxo-1
-(2,2,2-trifluoroethyl)-1 ,2-
dihydropyridin-4-yl)phenyl)ethyl)-6-phenyl-1,3-oxazina
n-2-one The title compound was prepared from
(S)-6-(2-hydroxy-2-methylpropyl)-6-
phenyl-3-((S)-1-(4-(4,4,5,5-tetramethyl-1
,3,2-dioxaborolan-2-yl)phenyl)propyl)-1 ,3-
oxazinan-2-one and
4-iodo-1-(2,2,2-trifluoroethyl)pyridin-2(1 H)-one
following a procedure analogous to that described in
Example 6 Step 1. LC-MS Method 2 tR = 1.871 min, m/z =
471 .1 ; 1H NMR (CDCI3) 1. 11 (s, 3H), 1.17 (s, 3H),
1.53 (d, 3H), 2.16- 2.33 (m, 4H), 2.35-2.47 (m, 1H),
2.89 (m, 1H), 4.58-4.70 (m, 2H), 5.69 (m, 1H), 6.71
(s, 1H), 7.00 (d, 2H), 7.19-7.38 (m, 8H).
Recrystallization from isopropyl acetate following a
procedure analogous to that described for Example 37
in Recrystallization Method B afforded a crystalline
solid with mp 144-145.5 0C.
4-iodo-1-(2,2,2-trifluoroethyl)pyridin-2(1 H)-one was
prepared from 4- iodopyridin-2(1 H)-one and 2,2,2-trif
Iuoroethy I trifluoromethanesulfonate following a
procedure analogous to that described in Example 59
Step 1.EXAMPLE 67 4108.1002-007 EXAMPLE 646
(S)-6-(2-hydroxy-2-methylpropyl)-3-((S)-1 -(4-(6-oxo-1
-(2,2,2-trifluoroethyl)-1 ,6-
dihydropyridin-3-yl)phenyl)ethyl)-6-phenyl-1,3-oxazina
n-2-one The title compound was prepared from
(S)-6-(2-hydroxy-2-methylpropyl)-6-
phenyl-3-((S)-1-(4-(4,4,5,5-tetramethyl-1,3,2-dioxabor
olan-2-yl)phenyl)propyl)-1,3- oxazinan-2-one and
5-bromo-1-(2,2,2-trifluoroethyl)pyridin-2(1 H)-one
following a procedure analogous to that described in
Example 6 Step 1. LC-MS Method 2 tR = 1.323 min, m/z =
471 .1 ; 1H NMR (CDCI3) 1.13 (s, 3H) 1.19 (s, 3H) 1.53
(d, 3H), 2.19- 2.30 (m, 4H), 2.40 (m, 1H), 2.89 (m,
1H), 4.67 (m, 2H) 5.69 (m, 1H), 6.70 (d, 1H), 7.03 (d,
2H), 7.13 (d, 2H) 7.29-7.38 (m, 6H) 7.55 (d, 1H).
5-bromo-1-(2,2,2-trifluoroethyl)pyridin-2(1 H)-one was
prepared from 5- bromopyridin-2(1H)-one and
2,2,2-trifluoroethyl trifluoromethanesulfonate
following a procedure analogous to that described in
Example 59 Step 1. EXAMPLE 68 4108.1002-007 EXAMPLE
647
(S)-6-(2-hydroxy-2-methylpropyl)-3-((S)-1-(4-(1-isopro
pyl-2-oxo-1 ,2-dihydropyridin-4-
yl)phenyl)ethyl)-6-phenyl-1 ,3-oxazinan-2-one The
title compound was prepared from
(S)-6-(2-hydroxy-2-methylpropyl)-6-
phenyl-3-((S)-1-(4-(4,4,5 5-tetramethyl-1 ,3
2-dioxaborolan-2-yl)phenyl)propyl)-1 ,3-
oxazinan-2-one and 4-iodo-1-isopropylpyridin-2(1
H)-one following a procedureanalogous to that
described in Example 6 Step 1. LC-MS Method 2 tR =
1.846 min, m/z = 489.2; 1H NMR (CDCI3) 1.10 (s, 3H)
1.24 (s, 3H), 1.39 (d, 6H), 1.52 (d, 3H), 2.17-2.31
(m, 4H), 2.35-2.46 (m, 1H), 2.88 (m, 1H), 5.27 (m,
1H), 5.69 (m, 1H), 6.49 (d, 1H), 6.88 (S, 1H) 7.00 (d,
2H) 7.29-7.38 (m, 7H), 7.40 (d,1H). Recrystallization
from isopropyl acetate following a procedure analogous
to that described for Example 37 in Recrystallization
Method B afforded a crystalline solid with mp 134-139
0C. 4-iodo-1-isopropylpyridin-2(1 H)-one was prepared
from 4-iodopyridin-2(1 H)- one and isopropyl iodide
following a procedure analogous to that described in
Example 59 Step 1. EXAMPLE 69 4108.1002-007 EXAMPLE
651
3-((R)-6-(4-fluorophenyl)-3-((S)-1-(4-(1-methyl-6-oxo-
1 ,6-dihydropyridin-3- yl)phenyl)ethyl)-2-oxo-1
,3-oxazinan-6-yl)-2,2-dimethylpropanenitrile The title
compound was prepared from
3-((R)-6-(4-fluorophenyl)-2-oxo-3-((S)- 1-(4-(4,4,5
5-tetramethyl-1 ,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1
,3-oxazinan-6-yl)-2,2- dimethylpropanenitrile and
5-bromo-1-methylpyridin-2(1 H)-one following a
procedure analogous to that described in Example 3
Step 2. LC-MS Method 1 tR = 1.45 min, m/z = 488; 1H
NMR (CDCI3) 7.68(dd, 1H) 7.52(d, 1H), 7.32(q, 2H)
7.17(d, 2H), 7.06(t, 2H), 6.97(d, 2H) 6.91 (d, 1H),
5.66(q, 1H), 3.72(s, 3H), 2.99(dt, 1H), 2.48(dd, 2H),
2.27(m, 1H) 2.1 1(s, 2H), 1.55(d, 3H) 1.44(s, 3H),
1.34(s, 3H).EXAMPLE 70 4108.1002-007 EXAMPLE 655
(S)-3-((S)-1 -(4-(1 -ethyl-5-methyl-6-oxo-1
,6-dihydropyridin-3-yl)phenyl)ethyl)-6-(2-
hydroxy-2-methylpropyl)-6-phenyl-1,3-oxazinan-2-one
The title compound was prepared from
(S)-6-(2-hydroxy-2-methylpropyl)-6-
phenyl-3-((S)-1-(4-(4,4,5,5-tetramethyl-1 ,3
2-dioxaborolan-2-yl)phenyl)ethyl)-1,3- oxazinan-2-one
and 5-bromo-1-ethyl-3-methylpyridin-2(1H)-one
following a procedure analogous to that described in
Example 6 Step 1. LC-MS Method 2 tR = 1.314 min, m/z =
489; 1H NMR (CDCI3) 1.09 (s, 3H), 1.15 (s, 3H), 1.35
(t, 3H), 1.50 (d, 3H), 2.15- 2.25 (m, 7H), 2.35 (m,
1H), 2.86 (m, 1H), 4.03 (m, 2H), 5.66 (q, 1H), 6.96
(d, 2H), 7.13 (d, 2H), 7.25-7.36 (m, 7H).
5-Bromo-1-ethyl-3-methylpyridin-2(1 H)-one was
prepared by alkylation of 5- bromo-3-methylpyridin-2(1
H)-one with ethyl iodide following a procedure
analogous to that described in Example 59 Step
1.EXAMPLE 7 1 4108.1002-007 EXAMPLE 658
2,2-dimethyl-3-((R)-2-oxo-3-((S)-1-(4-(6-oxo-1
,6-dihydropyridin-3-yl)phenyl)ethyl)-6- phenyl-1
,3-oxazinan-6-yl)propanenitrile Method 1 Step i A 250
mL flask was charged with anhydrous CeCI3 (7.1890 g ,
29.2 mmol) and THF (55 mL). The mixture was vigorously
stirred for 2 h at rt. The suspension was then cooled
to -78 0C and a solution of 2-methylallylmagnesium
chloride (0.5 M in THF, 56 mL, 28.0 mmol) was added.
After stirring for 2 h at -78 0C, a solution of 3-
chloropropiophenone (3.350 g, 19.8 mmol) in THF (30
mL) was added via cannula. The reaction mixture was
allowed to slowly warm to 8 0C while stirring
overnight (18 h). The reaction was then quenched with
satd aq NaHCO3, extracted with EtOAc, and dried over
Na2SO4. After the solvents were evaporated, the crude
1-chloro-5-methyl- 3-phenylhex-5-en-3-ol was directly
used in the next step without further purification.
LC-MS Method 1 tR = 1.91 min, m/z 248, 207 (M-OH) +;
1H NMR (400 MHz, CDCI3) d 7.39-7.22 (m, 5H), 4.92 (m,
1H), 4.77 (m, 1H), 3.60-3.53 (m, 1H), 3.17-3.10 (m,
1H), 2.67 (d, J = 13.2 Hz, 1H)12.55 (d, J = 13.2 Hz,
1H), 2.41-2.25 (m, 2H), 1.29 (s, 3H);13C NMR (100 MHz,
CDCI3) d 144.55, 141.72, 128.32, 126.88, 125.07,
116.50, 74.44, 5 1.46, 46.34, 40.19, 24.22. Step 2
i-chloro- -methyl-S-phenylhex- -en-S-ol ( 1.28 g , 5.7
mmol), (S)-1-(4- bromophenyl)ethanamine ( 1 .37 g, 1.2
equiv), Kl (995 mg, 1.05 equiv), K2CO3 ( 1 .57 g, 2
equiv) were mixed with acetonitrile (15 ml_) and
heated to reflux (oil bath 960C) for overnight. After
being cooled to rt, the mixture was filtered,
concentrated, and purified by chromatography on a 40-g
silica gel column, eluted with 0~8% MeOH in CH2CI2, to
afford
1-((S)-1-(4-bromophenyl)ethylamino)-5-methyl-3-phenylh
ex-5-en-3-ol (1.33 g, 60%). Step 3 To a solution of
1-((S)-1-(4-bromophenyl)ethylamino)-5-methyl-3-phenylh
ex-5- en-3-ol ( 1.33 g , 3.43 mmol) in CH2CI2 (100 mL)
was added pyridine (277 ml_, 1 equiv) and
triethylamine (717 ml_, 1.5equiv). The mixture was
cooled to 0 0C. Methyl chloroformate (397 mL, 1.5
equiv) was added slowly. After 15 min, the mixture was
warmed to rt slowly and stirred for 3 h. The mixture
was then diluted with ether (200 mL), washed with 5%
aq HCI (2 x 25 mL), satd aq NaHCO3 (25 mL) and brine
(20 mL), and dried over Na2SO4. After filtration and
concentration, the crude methyl (S)-1-
(4-bromophenyl)ethyl(3-hydroxy-5-methyl-3-phenylhex-5-
enyl)carbamate was used for next steps without further
purification. Step 4 The crude methyl
(S)-1-(4-bromophenyl)ethyl(3-hydroxy-5-methyl-3-phenyl
hex- 5-enyl)carbamate from above procedure was
dissolved in dry THF (75 mL), NaH (60% in mineral oil,
274 mg, 2 equiv) was added slowly at rt. After 10 min,
the mixture was heated to reflux for 2 h. LC-MS found
reaction completed. The mixture was cooled to 0 0C,
quenched with satd aq NH4CI (10 mL), diluted with
ether (100 mL), washed with 1% aq HCI (25 mL) and
brine (15 mL), and dried over Na2SO4. After filtration
and concentration, the crude product was purified by
by chromatography on a 40-g silica gel column, eluted
with 10~35% EtOAc in hexanes. The second UV activepeak
was collected to afford
(R)-3-((S)-1-(4-bromophenyl)ethyl)-6-(2-methylallyl)-6
- phenyl-1 ,3-oxazinan-2-one (490mg 34.5% overall
yield for Steps 3 and 4). Step 5 A mixture of
(R)-3-((S)-1
-(4-bromophenyl)ethyl)-6-(2-methylallyl)-6-phenyl-1
,3- oxazinan-2-one (490 mg, 1.18 mmol), TsCN (257 mg,
1.2 equiv), PhSiH3 (157 mL, 1.07 equiv) and the cobalt
L/,L/'-bis(3,5-di-tert-butylsalicylidene)-1 ,1,2,2-
tetramethylethenediamine catalyst prepared as
described in Preparation 3 (7.5 mg, 0.01 equiv) and
ethanol (20 mL) was stirred 4 h at rt. LC-MS found the
reaction completed. The mixture was concentrated and
purified by ISCO (40g column, 25-80% EtOAc in Hexanes)
to afford 267mg product (51% yield). LC-MS Method 1 tR
= 1.89min., m/z 441 , 443 (M+ 1). Step 6 To a solution
of
3-((R)-3-((S)-1-(4-bromophenyl)ethyl)-2-oxo-6-phenyl-1
,3- oxazinan-6-yl)-2,2-dimethylpropanenitrile (208mg,
0.47mmol) in 1,4-dioxane (5 mL) were added
6-oxo-1,6-dihydropyridin-3-ylboronic acid (98mg, 1.5
equiv), 2.0 M aq Cs2CO3 solution (500 mL), and
Pd(dppf)CI 2 (20mg, 0.06 equiv). The mixture was
degassed and refilled with N2 gas 3 times, before
being heated to 90 0C (oil bath) for 3 h. LC-MS found
the reaction was complete. The mixture was cooled to
rt, diluted with EtOAc (25 mL), and washed with water
(10 mL). The aqueous layer was extracted with EtOAc (2
x 10 mL). The combined organic layers were washed with
water (10 mL) and brine (8 mL), and dried over Na2SO4.
After filtration and concentration, the residue was
purified by chromatography (12-g silica gel cartridge,
0 ~10% MeOH in CH2CI2, major UV peak) to afford
2,2-dimethyl-3-((R)-2-oxo-3-((S)-1-(4-(6-oxo-1,6-
dihydropyridin-3-yl)phenyl)ethyl)-6-phenyl-1
,3-oxazinan-6-yl)propanenitrile (202 mg, 94%) as a
brown oil. LC-MS Method 1 tR = 1.34 min, m/z = 456
(M+1); 1H NMR (CDCI3) 8.01 (d, 1H), 7.80 (s, 1H), 7.36
(dt, 6H), 7.19 (d, 2H) 6.98 (m, 3H), 5.65 (d, 1H),
2.98 (d, 1H), 2.50 (m, 2H), 2.32 (m, 1H), 2.17 (s,
2H), 1.57 (d, 3H), 1.40 (s, 3H), 1.32 (s, 3H).Method 2
Step 1.
3-[(S)-1-(4-Bromo-phenyl)-ethyl]-(S)-6-(2-methyl-allyl
)-6-phenyl-[1 ,3]oxazinan- 2-one
(Methoxycarbonylsulfamoyl)triethylammonium hydroxide (
1 .38 g) was added to
3-[(S)-1-(4-bromo-phenyl)-ethyl]-(S)-6-(2-hydroxy-2-me
thyl-propyl)-6-phenyl- [1,3]oxazinan-2-one (2.0 g)
dissolved in tetrahydrofuran (30 mL) and toluene (15
ml_). The resulting solution was stirred at room
temperature for 0.5 h and at 75 0C for 1 h. After
cooling to room temperature, the solution was
concentrated and ethyl acetate was added to the
residue. The resulting mixture was washed with aqueous
NaHCC>3 solution and brine and dried (MgSO 4) . The
title compound was obtained after removal of the
solvent. Yield: 1.9 g (quantitative). Mass spectrum
(ESI +) : m/z = 414/416 (Br) [M+Hf Step 2. 3-{3-[(S)-1
-(4-Bromo-phenyl)-ethyl]-2-oxo-(S)-6-phenyl-[1
,3]oxazinan-6-yl}- 2,2-dimethyl-propionitrile
3-[(S)-1-(4-Bromo-phenyl)-ethyl]-(S)-6-(2-methyl-allyl
)-6-phenyl-[1 ,3]oxazinan- 2-one (0.21 g),
p-toluenesulfonyl cyanide (143 mg), tert-BuOOH (5.5 M
in decane, 27 mL), and phenylsilane (64 mL) were added
in the given order to a flask charged with a stir bar,
(1R,2R)-(-)-1
,2-cyclohexanediamino-N,N'-bis(3,5-di-tertbutylsalicyl
iden) cobalt(ll) (3 mg) and ethanol (15 mL) in argon
atmosphere. The resulting solution was stirred at room
temperature for 3 h and then concentrated under
reduced pressure. The residue was purified by
chromatography on silica gel (cyclohexane/ethyl
acetate 60:40->0:100) to afford the title compound as
a resin-like solid. Yield: 0,16 g (70% of theory).
Mass spectrum (ESI +) : m/z = 441/443 (Br) [M+H]
+EXAMPLE 72 4108.1002-007 EXAMPLE 659
(S)-3-((S)-1-(4-(1-ethyl-6-methyl-2-oxo-1
,2-dihydropyridin-4-yl)phenyl)ethyl)-6-(2-
hydroxy-2-methylpropyl)-6-phenyl-1 ,3-oxazinan-2-one
The title compound was prepared from
(S)-6-(2-hydroxy-2-methylpropyl)-6- phenyl-3-((S)-1
-(4-(4,4,5,5-tetramethyl-1
,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1 ,3-
oxazinan-2-one and
4-bromo-1-ethyl-6-methylpyridin-2(1H)-one following a
procedure analogous to that described in Example 6
Step 1. LC-MS Method 2 tR = 1.21 1 min, m/z = 489.2;
1H NMR (CDCI3) 1.10 (S 3H), 1.17 (s, 3H), 1.49 (s, 9H)
1.57 (d, 3H), 2.22 (m, 4H), 2.37 (m, 1H), 2.84 (m,
1H), 5.60 (m, 1H), 5.91 (s, 1H), 7.06 (d, 2H)
7.27-7.40 (m, 5H) 7.68 (d, 1H) 7.24 (d, 2H) 8.09 (d,
1H), 8.90 (s, 1H).
4-bromo-1-ethyl-6-methylpyridin-2(1H)-one was prepared
by alkylation of 4- bromo-6-methylpyridin-2(1H)-one
with ethyl iodide using K2CO3 following a procedure
analogous to that described in Example 59 Step 1.
EXAMPLE 73 4108.1002-007 EXAMPLE 664
(S)-6-(2-hydroxy-2-methylpropyl)-6-phenyl-3-((S)-1
-(4-(1 ,5,6-trimethyl-2-oxo-1 ,2-
dihydropyridin-4-yl)phenyl)ethyl)-1,3-oxazinan-2-one
The title compound was prepared from
(S)-6-(2-hydroxy-2-methylpropyl)-6- phenyl-3-((S)-1
-(4-(4,4,5,5-tetramethyl-1
,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1
,3-oxazinan-2-one and 4-bromo-1
,5,6-trimethylpyridin-2(1 H)-one following a procedure
analogous to that described in Example 6 Step 1. LC-MS
Method 2 tR = 1.187 min, m/z = 489.2; 1H NMR (CDCI3)
1.10 (s, 3H),1.15 (s, 3H), 1.32 (m, 3H),1 .52 (m, 3H),
1.72 (s, 1H),2.18 (m, 3H), 2.19 (m, 1H), 2.42 (m, 4H)
2.86 (m, 1H), 4.12 (m, 2H), 5.66 (m, 1H), 6.16 (S,
1H), 6.53 (s, 1H), 6.98 (m, 2H), 7.23-7.34 (m, 7H).
4-bromo-1 5,6-trimethylpyridin-2(1 H)-one was prepared
by alkylation of 4- bromo-5,6-dimethylpyridin-2(1
H)-one with methyl iodide using K2CO3 following a
procedure analogous to that described in Example 59
Step 1. 4-bromo-5,6- dimethylpyridin-2(1 H)-one was
prepared following the procedure described in McElroy,
W. T. and DeShong, P. Org. Lett. 2003, 5, 4779.
EXAMPLE 74 4108.1002-007 EXAMPLE 690
3-((R)-3-((S)-1-(4-(1-isopropyl-6-oxo-1,6-dihydropyrid
in-3-yl)phenyl)ethyl)-2-oxo-6- phenyl-1
,3-oxazinan-6-yl)-2,2-dimethylpropanenitrile
2,2-dimethyl-3-((R)-2-oxo-3-((S)-1-(4-(6-oxo-1
,6-dihydropyridin-3-
yl)phenyl)ethyl)-6-phenyl-1,3-oxazinan-6-yl)propanenit
rile (6 mg, 0.013 mmol) was dissolved in DMF (2.5 mL).
Cs2CO3 (c.a. 15 mg, excess) and /-PrI (100mL, excess)
were added. The mixture was stirred for 3 h at rt.
LC-MS found the reaction was complete. The mixture was
purified by prep HPLC to afford 3-((R)-3-((S)-1-(4-(1-
isopropyl-6-oxo-1,6-dihydropyridin-3-yl)phenyl)ethyl)-
2-oxo-6-phenyl-1 ,3-oxazinan-6-
yl)-2,2-dimethylpropanenitrile (1 .99 mg, 30%). LC-MS
Method 1 tR = 2.03 min, m/z = 498; 1H NMR (CDCI3)
8.35(d, 1H), 7.80(dd, 1H), 7.37(m, 5H), 7.22(d, 2H),
6.92(d, 2H), 6.83(d, 1H), 5.66(q, 1H), 5.22(m, 1H),
2.93(m, 1H), 2.16(s, 2H), 1.55(d, 3H), 1.46(s, 3H),
1.40(d, 6H), 1.33(s, 3H).EXAMPLE 75 4108. 1002-007
EXAMPLE 674 3-{(S)-1-[4-(1-Cyclopropyl-2-oxo-1
,2-dihydro-pyridin-4-yl)-phenyl]-ethyl}-(S)-6-(2-
hydroxy-2-methyl-propyl)-6-phenyl-[1 ,3]oxazinan-2-one
Method 1 2 M aqueous Na2CO3 solution (0.23 mL) was
added to a solution of (S)-6-(2-
hydroxy-2-methylpropyl)-6-phenyl-3-[(S)-1-(4-(4,4,5,5-
tetramethyl-1 ,3,2-dioxaborolan- 2- yl)phenyl)ethyl]-1
,3-oxazinan-2-one (0.1 1 g) and
trifluoro-methanesulfonic acid 1- cyclopropyl-2-oxo-i
,2-dihydro-pyridin-4-yl ester (74 mg; alternatively,
4-bromo-1- cyclopropyl-1 H-pyridin-2-one was used) in
dimethylformamide (3 mL). The resulting mixture was
sparged with argon for 15 min, before [ 1
,1'-bis(diphenylphosphino)-
ferrocene]-dichloropalladium(ll) dichloromethane
complex (10 mg) was added. The mixture was heated to
100 0C and stirred at this temperature overnight.
After cooling to ambient temperature, water was added
and the resulting mixture was extracted with ethyl
acetate. The combined organic extracts were washed
with brine, dried (MgSO ) , and concentrated. The
residue was purified by chromatography on silica gel
(CH2CI2/Me0H 99:1->90:10) to afford the title compound
as a foam-like solid which was crystallized with
little ethyl acetate. Yield: 30 mg (27% of theory);
Mass spectrum (ESI+) : m/z = 487 [M+H]+. The compound
( 1 .3 g) was recrystallized from 30 mL of isopropyl
acetate. The hot solution, while being stirred, was
slowly cooled down to room temperature overnight in
the oil bath to yield the crystalline monohydrate. Mp
108-1 100C. The compound of Example 75 (2.0 g) was
also recrystallized from a mixture of 30 mL of tert.
butyl methylether and 15 mL of isopropanol. The solid
was filtered by suction, washed with tert.butyl
methylether and dried at 45C and then at 65C
overnight. 100 mg of this solid was stirred in 3 mL of
water to first form a resinous material that later on
converts into a white solid. This was stirred for
another hour,filtered by suction and dried overnight
at room temperature and then at 650C for 3 hours in a
circulating air drier to yield a crystalline
monohydrate. Mp 102-108 0C. Intermediate XX
1-Cyclopropyl-4-(4-methoxy-benzyloxy)-1
H-pyridin-2-one A microwave-suited vessel charged with
a stir bar, 4-(4-methoxy-benzyloxy)- 1H-pyridin-2-one
(0.60 g), cyclopropylboronic acid (0.45 g), pyridine
(1.50 mL), triethylamine ( 1.50 mL), and toluene (4
mL) was sparged with argon for 5 min. Then, Cu(OAc) 2
(0.94 g) was added and the mixture was stirred in a
microwave oven under microwave irradiation at 140 C
for 45 min. Then, the solvent was evaporated and water
was added. The resultant mixture was extracted with
ethyl acetate and the combined organic extracts were
washed with water and aqueous NaHCO3 solution. After
drying (MgSO4) and removing the solvent, the residue
was purified by chromatography on silica gel
(CH2CVMeOH 99:1->95:5) to afford the title compound as
a solid. Yield: 0.17 g (25% of theory); Mass spectrum
(ESI+) : m/z = 272 [M+H] +. Intermediate XXI
1-Cyclopropyl-4-hydroxy-1 H-pyridin-2-one
Trifluoroacetic acid ( 1 mL) was added to a flask
charged with a stir bar and 1-
cyclopropyl-4-(4-methoxy-benzyloxy)-1 H-pyridin-2-one
(0.17 g) and chilled in an ice/EtOH bath. The
resulting mixture was stirred with cooling for 1.5 h
and at ambient temperature for another 4.5 h. Then,
the solution was concentrated under reduced pressure
and the residue was triturated with tert-butyl methyl
ether and dried to give the title compound as a solid.
Yield: 0.1O g (quantitative). Mass spectrum (ESI+) :
m/z = 152 [M+H] +.Intermediate XXII
Trifluoro-methanesulfonic acid 1-cyclopropyl-2-oxo-1
,2-dihydro-pyridin-4-yl ester Trifluoromethanesulfonic
anhydride (0.12 ml_) was added to a flask charged with
a stir bar, 1-cyclopropyl-4-hydroxy-1H-pyridin-2-one
(0.10 g), NEt3 (0.24 ml_), and dichloromethane (8 ml_)
and chilled in an ice/EtOH bath. The resulting mixture
was stirred with cooling for 2 h and at ambient
temperature for another 2 h. Then, the solution was
diluted with dichloromethane and washed in succession
with water, aqueous NaHCO3 solution, and water. The
organic solution was dried (MgSO4) , the solvent was
removed, and the residue was purified by
chromatography on silica gel (dichloromethane/methanol
99:1->90:10) to afford the title compound as a
resin-like solid. Yield: 0.07 g (36% of theory). Mass
spectrum (ESI+) : m/z = 284 [M+H]+. Intermediate XXIII
4-Bromo-1 -cyclopropyl-1 H-pyridin-2-one A flask
charged with a stir bar, 4-bromo-1H-pyridin-2-one ( 1
.80 g), cyclopropylboronic acid (2.00 g), Cu(OAc)2
(2.00 g), 2,2'-bipyridine ( 1 .70 g), Na2CO3 (2.47 g),
and 1,2-dichloroethane (75 ml.) was heated to 70 0C
and the mixture was stirred at this temperature in air
overnight. Then, another portion of cyclopropylboronic
acid (0.50 g) and Na2CO3 (0.55 g) were added and the
mixture was further stirred at reflux temperature for
another 4 h . After cooling to ambient temperature,
aqueous NH4CI solution was added and the resultant
mixture was extracted with dichloromethane. The
combined organic extracts were dried (MgSO ) and the
solvent was evaporated. The residue was purified by
chromatography on silica gel (cyclohexane/ethyl
acetate 50:50->35:65) to afford the title compound as
an oil thatcrystallized on standing. Yield: 0.82 g
(37% of theory); Mass spectrum (ESI+) : m/z 214/216
(Br) [M+H]+. Method 2 [>-B(OH) 2, Cu(OAc) 2, BiPy 85% 



Na2CO3 , air, dichloroethane, 70 0C Step 1.
4-lodopyridin-2(1H)-one A mixture of
2-chloro-4-iodopyridine (4.943 g, 20.6 mmol) and
formic acid (88%, 10 ml.) was stirred at 105 0C for 2
1 h . The excess of formic acid was removed in vacuo,
and the mixture was quenched with 2 Maq Na2CO3
extracted with CH2Cb, dried over Na2SO4. After the
solvent was removed under reduced pressure, the
residue was purified by chromatography on silica gel
eluted with CH2CVMeOH to afford 1.716 g (38%) of
4-iodopyridin-2(1W)-one as a solid. LC-MS Method 1 tR
= 0.82 min, m/z = 222 (MH+) ; 1H NMR (400 MHz,
(CD3)2SO) d 7.14 (d, J = 6.5 Hz, 1H), 6.87 (S, 1H),
6.49 (d, J = 7.0 Hz 1H).Step 2 .
(S)-6-(2-hydroxy-2-methylpropyl)-3-((S)-1 -(4-(2-oxo-1
,2-dihydropyridin-4- yl)phenyl)ethyl)-6-phenyl-1
,3-oxazinan-2-one To a solution of
(S)-6-(2-hydroxy-2-methylpropyl)-6-phenyl-3-((S)-1-(4-
(4,4,5,5- tetramethyl-1
,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1,3-oxazinan-2-on
e (2.646 g, 5.52 mmol) in 1,4-dioxane (60 mL) were
added 4-iodopyridin-2(1 H)-one ( 1.200 g, 5.43 mmol),
2 / Cs2CO3 (14.5 mL), and PdCI2(dppf) CH2CI2 (0.230 g,
0.28 mmol). The mixture was degassed and heated, under
a nitrogen atmosphere, at 120 0C for 15 h. The mixture
was diluted with CH2CI2, dried over Na2SO4. After the
solvents were evaporated, the residue was purified by
chromatography on silica gel eluted with MeOH/CH 2CI2
to afford 1.717 g (71%) of
(S)-6-(2-hydroxy-2-methylpropyl)-3-((S)-1-(4- (2-OXO-1
,2-dihydropyridin-4-yl)phenyl)ethyl)-6-phenyl-1
,3-oxazinan-2-one. LC-MS Method 1 tR = 1.23 min, m/z.
389, 447 (MH+) ; 1H NMR (400 MHz, CD3OD) d 7.40 (d, J
= 6.7 Hz, 1H)1 7.31 (d, J = 8.2 Hz, 2H), 7.29-7.20 (m,
5H), 6.96 (d, J = 8.2 Hz, 2H), 6.57-6.52 (m, 2H), 5.49
(q, J = 7.0 Hz, 1H), 2.98-2.93 (m, 1H) 2.47-2.34 (m,
2H), 2.16-2.09 (m, 1H), 2.07 (s, 2H), 1.45 (d, J = 7.0
Hz, 3H), 1.19 (s, 3H), 0.87 (s, 3H). Step 3.
(S)-3-((S)-1-(4-(1-cyclopropyl-2-oxo-1
,2-dihydropyridin-4-yl)phenyl)ethyl)-6-(2-
hydroxy-2-methylpropyl)-6-phenyl-1,3-oxazinan-2-one A
mixture of
(S)-6-(2-hydroxy-2-methylpropyl)-3-((S)-1-(4-(2-oxo-1,
2-dihydropyridin-4- yl)phenyl)ethyl)-6-phenyl-1
,3-oxazinan-2-one ( 1.683 g, 3.77 mmol, 1.0 equiv),
Cu(OAc) 2 (0.692 g, 3.81 mmol, 1.01 equiv), bipyridine
(0.599 g , 3.83 mmol, 1.02 equiv), cyclopropylboronic
acid (0.681 g, 7.93 mmol, 2.10 equiv) and Na2CO3
(0.890 g, 8.40 mmol, 2.23 equiv) in dichloroethane (40
mL) was stirred at 70 0C for 22 h under air. The
reaction mixture was quenched with satd aq NH4CI,
diluted with CH2CI2, dried over Na2SO4. After the
solvent was removed under reduced pressure, the
residue was purified by chromatography on silica gel
eluted with MeOH/CH 2CI2 to afford 1.56O g (85%) of
(S)-3-((S)-1-(4-(1-cyclopropyl-2-oxo-1,2-dihydropyridi
n-4-
yl)phenyl)ethyl)-6-(2-hydroxy-2-methylpropyl)-6-phenyl
-1 ,3-oxazinan-2-one. LC-MS tR = 1.41 min in 3 min
chromatography, m/z 429, 487 (MH+) ; 1H NMR (400 MHz,
CD3OD) d 7.52 (d, J = 7.0 Hz, 1H)1 7.29-7.18 (m, 7H) 1
6.92 (d, J = 8.2 Hz, 2H), 6.54 (d, J = 1.8 Hz, 1H),
6.47 (dd, J = 7.3, 1.8 Hz, 1H), 5.47 (q, J = 7.0 Hz1
1H), 3.27-3.21 (m, 1H)1 2.95-2.91 (m, 1H), 2.48-2.33
(m, 2H) 1 2.15-2.08 (m, 1H)1 2.07 (s, 2H), 1.42 (d, J
= 7.0 Hz, 3H), 1.20 (s, 3H), 1.05-1 .00 (m, 2H), 0.87
(s, 3H) 0.83-0.79 (m, 2H);13C NMR (100 MHz, CD3OD) d
166.17, 155.63, 152.88, 144.03, 142.27, 138.90, 136.91
, 129.71 , 128.70, 128.58, 127.67, 126.09, 116.08,
107.10, 85.19, 7 1.49, 55.13, 54.62, 37.44, 33.24,
32.71 , 3 1.86, 30.03, 15.60, 7.27.
(S)-3-((S)-1-(4-(1-cyclopropyl- 2-0X0-1
,2-dihydropyridin-4-yl)phenyl)ethyl)-6-(2-hydroxy-2-me
thylpropyl)-6-phenyl- 1,3-oxazinan-2-one (ca. 1.5 g)
and isopropyl acetate (30 mL) was heated in a 120 0C
oil bath, affording a homogeneous solution. Heating
was discontinued and the resulting solution was slowly
stirred while slowly cooling to rt in the oil bath
overnight. The solids were filtered and washed with
isopropyl acetate, dried at room temperature under
high vacuum affording crystalline solid Mp 91-94 0C.
EXAMPLE 76 4108.1002-007 EXAMPLE 676 3-{(S)-1 -[4-(1
-Cyclopropylmethyl-6-oxo-1
,6-dihydro-pyridin-3-yl)-phenyl]-ethyl}-(S)-6-
(2-hydroxy-2-methyl-propyl)-6-phenyl-[1,3]oxazinan-2-o
ne 2 M aqueous Na2CO3 solution (0.84 mL) was added to
a solution of (S)-6-(2-
hydroxy-2-methylpropyl)-6-phenyl-3-[(S)-1-(4-(4,4,5,5-
tetramethyl-1 ,3,2-dioxaborolan-
2-yl)phenyl)ethyl]-1,3- oxazinan-2-one (0.40 g) and
5-bromo-i-cyclopropylmethyl-I Hpyridin- 2-one (0.24 g)
in dimethyl-formamide (4 mL). The resulting mixture
was sparged with argon for 10 min, before [ 1
,1'-bis(diphenylphosphino)ferrocene]-
dichloropalladium(ll) dichloromethane complex (34 mg)
was added. The mixture was heated to 100 0C and
stirred at this temperature for 4 h. After cooling to
ambient temperature, water was added and the resulting
mixture was extracted with ethyl acetate. The combined
organic extracts were washed with brine, dried (MgSO4)
, and concentrated. The residue was purified by
chromatography on silica gel (dichloromethane/methanol
99:1->95:5) to afford the title compound that was
crystallized with little ethyl acetate. Yield: 0.19 g
(46% of theory); Mass spectrum (ESI+) : m/z = 501
[M+H]+.lntermediate XXIV 5-Bromo-1
-cyclopropylmethyl-i H-pyridin-2-one KOfBu (0.68 g)
was added to a solution of 5-bromo-1 H-pyridin-2-one (
1.00 g) in tetrahydrofuran (20 mL) at room
temperature. After stirring for 30 min,
cyclopropylmethyl bromide (0.77 mL) and
dimethylformamide (3 mL) were added to the suspension
and the resulting mixture was warmed to 70 0C. After
stirring the mixture at 70 0C for 2 h, the reaction
was complete. The mixture was cooled to room
temperature, diluted with ethyl acetate (50 mL), and
washed with water (2x 20 mL) and brine (20 mL). Then,
the solution was dried (MgSO4) and the solvent was
removed to give the title compound as a colorless oil.
Yield: 1.18 g (90% of theory). Mass spectrum (ESI+) :
m/z = 228/230 (Br) [M+H]+ EXAMPLE 77 4108.1002-007
EXAMPLE 678
(f?)-6-Methoxymethyl-3-{(S)-1-[4-(1-methyl-6-oxo-1
,6-dihydro-pyridin-3-yl)-phenyl]- ethyl}-6-phenyl-[1
,3]oxazinan-2-one The title compound was prepared from
(R)-6-(methoxymethyl)-6-phenyl-3-((S)-
1-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phen
yl)ethyl)-1,3-oxazinan-2-one and
5-bromo-1-methylpyridin-2(1 H)-one following a
procedure analogous to that described in Example 76.
Mass spectrum (ESI+) : m/z = 433 [M+H]+EXAMPLE 78
4108.1002-007 EXAMPLE 679
(R)-6-Methoxymethyl-3-{(S)-1-[4-(1-methyl-2-oxo-1,2-di
hydro-pyridin-4-yl)-phenyl]- ethyl}-6-phenyl-[1
,3]oxazinan-2-one The title compound was prepared from
(R)-6-(methoxymethyl)-6-phenyl-3-((S)-
1-(4-(4,4,5,5-tetramethyl-1
,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1
,3-oxazinan-2-one and trifluoro-methanesulfonic acid
1-methyl-2-oxo-1 ,2-dihydro-pyridin-4-yl ester
following a procedure analogous to that described in
Example 76. Mass spectrum (ESI+) : m/z = 433 [M+H]+.
EXAMPLE 79 3-{(S)-1 -[4-(5-Fluoro-1 -methyl-2-oxo-1
,2-dihydro-pyhdin-4-yl)-phenyl]-ethyl}-
(S)-6-(2-hydroxy-2-methyl-propyl)-6-phenyl-[1
,3]oxazinan-2-one The title compound was prepared from
(S)-6-(2-hydroxy-2-methylpropyl)-6-
phenyl-3-[(S)-1-(4-(4,4,5,5- tetramethyl-1
,3,2-dioxaborolan-2- yl)phenyl)ethyl]-1 ,3-
oxazinan-2-one and
4-bromo-5-fluoro-1-methyl-1H-pyridin-2-one following a
procedure analogous to that described in Example 76.
Mass spectrum (ESI+) : m/z = 479 [M+H]+. The compound
that had been obtained as an oil crystallized on
standing. The solid was dried at 8O0C under vacuum.
Melting points: 120-1250C with evolution of gas
followed by recrystallization and melting at
183-1840C.lntermediate XXV 4-Bromo-5-fluoro-1-methyl-1
H-pyridin-2-one Methyl iodide (0.9 ml_) was added to a
mixture of potassium carbonate (2.34 g) and
4-bromo-5-fluoro-1H-pyridin-2-one (2.50 g) in
dimethylformamide (25 ml.) at room temperature. The
mixture was stirred at room temperature overnight and
then water was added. The resulting mixture was
extracted with ethyl acetate and the combined extracts
were washed with brine and dried (MgSO ) . The solvent
was evaporated to afford the crude title compound that
was recrystallized from Et2O. Yield: 1.22 g (45% of
theory); Mass spectrum (ESI+) : m/z = 206/208 (Br)
[M+H]+. EXAMPLE 80
(S)-6-(2-Hydroxy-2-methyl-propyl)-3-((S)-1-{4-[1-(2-hy
droxy-2-methyl-propyl)-2- oxo-1
,2-dihydro-pyridin-4-yl]-phenyl}-ethyl)-6-phenyl-[1,3]
oxazinan-2-one The title compound was prepared from
(S)-6-(2-hydroxy-2-methylpropyl)-6-
phenyl-3-[(S)-1-(4-(4,4,5,5- tetramethyl-1
,3,2-dioxaborolan-2- yl)phenyl)ethyl]-1 ,3-
oxazinan-2-one and 4-bromo-1
-(2-hydroxy-2-methyl-propyl)-1 H-pyridin-2-one
following a procedure analogous to that described in
Example 75. Mass spectrum (ESI+) : m/z = 519 [M+H]+.
Intermediate XXVI 4-Bromo-1
-(2-hydroxy-2-methyl-propyl)-1 H-pyridin-2-one A
mixture of 4-bromo-1 H-pyridin-2-one (0.25 g),
2,2-dimethyl-oxirane (0.26 mL), and potassium
carbonate (0.40 g) in dimethylformamide (2.5 ml.) was
stirredunder microwave irradiation at 120 0C for 30
min. After cooling to ambient temperature, the mixture
was concentrated and purified by HPLC on reversed
phase (acetonitrile/water) to afford the title
compound. Yield: 0.34 g (96% of theory); Mass spectrum
(ESI +) : m/z = 246/248 (Br) [M+H] +. EXAMPLE 8 1
(S)-6-(2-Hydroxy-2-methyl-propyl)-3-((S)-1-{4-[1-(3-me
thoxy-2-methyl-propyl)- 2-OXO-1
,2-dihydro-pyridin-4-yl]-phenyl}-ethyl)-6-phenyl-[1
,3]oxazinan-2-one The title compound was prepared from
(S)-6-(2-hydroxy-2-methylpropyl)-6-
phenyl-3-[(S)-1-(4-(4 ,4,5,5- tetramethyl-1
,3,2-dioxaborolan-2- yl)phenyl)ethyl]-1 ,3-
oxazinan-2-one and 4-bromo-1
-(3-methoxy-2-methyl-propyl)-1 H-pyridin-2-one
following a procedure analogous to that described in
Example 75 Method 1. Mass spectrum (ESI+) : m/z = 533
[M+H] +. Intermediate XXVII
3-(4-Bromo-2-oxo-2H-pyridin-1-yl)-2-methyl-propionic
acid methyl ester A mixture of 4-bromo-1
H-pyridin-2-one (0.50 g), methyl 2-bromoisobutyrate
(0.45 mL), and potassium carbonate (0.68 g) in
dimethylformamide (5 mL) was stirred at 60 0C for 3 h
. After cooling to ambient temperature, water was
added and the resulting mixture was extracted with
ethyl acetate. The combined extracts were washed with
brine, dried (MgSO 4), and concentrated. The residue
was purified by chromatography on silica gel
(cyclohexane/ethyl acetate 70:30->50:50) to afford the
title compound. Yield: 0.53 g (67% of theory); Mass
spectrum (ESI +) : m/z = 274/276 (Br) [M+H] +.
Additionally
2-(4-bromo-pyridin-2-yloxy)-2-methyl-propionic acid
methyl ester was obtained {Yield: 0.15 g; Mass
spectrum (ESI+) : m/z = 274/276 (Br) [M+H]
+}Intermediate XXVIII 4-Bromo-1
-(3-hydroxy-2-methyl-propyl)-1 H-pyridin-2-one LiAIH4
( 1 M solution in tetrahydrofuran, 1.16 mL) was added
to a solution of 3-
(4-bromo-2-oxo-2H-pyridin-1-yl)-2-methyl-propionic
acid methyl ester (0.53 g) in tetrahydrofuran (6 mL)
chilled in an ice bath. After stirring the solution
with cooling for 2 h, another portion of LiAIH4 ( 1 M
in tetrahydrofuran, 0.29 mL) was added. After stirring
with cooling for 1 more hour, the reaction was
quenched by the addition of water. The resulting
mixture was extracted with ethyl acetate and the
combined organic extracts were washed with brine and
dried (MgSO4) . The solvent was evaporated to give the
title compound. Yield: 0.37 g (78% of theory); Mass
spectrum (ESI+) : m/z = 246/248 (Br) [M+H]+.
Intermediate XXIX
4-Bromo-1-(3-methoxy-2-methyl-propyl)-1
H-pyridin-2-one NaH (60% in mineral oil, 57 mg) was
added to a solution of 4-bromo-1-(3-
hydroxy-2-methyl-propyl)-1 H-pyridin-2-one (0.53 g) in
dimethylformamide (6 mL) chilled in an ice bath. After
stirring the solution with cooling for 0.5 h, methyl
iodide ( 1 10 mL) was added. The cooling bath was
removed and the solution was stirred at room
temperature overnight. Then, the solution was
concentrated under reduced pressure and the residue
was diluted with water. The resulting mixture was
extracted with ethyl acetate and the combined organic
extracts were washed with brine and dried (MgSO4) .
The solvent was evaporated and the residue was
purified by HPLC on reversed phase
(acetonitrile/water) to give the title compound as an
oil. Yield: 70 mg (30% of theory); Mass spectrum
(ESI+) : m/z = 260/262 (Br) [M+H]+.EXAMPLE 82
(S)-6-(2-Hydroxy-2-methyl-propyl)-3-((S)-1-{4-[1-(3-hy
droxy-2-methyl-propyl)-2-
oxo-1,2-dihydro-pyridin-4-yl]-phenyl}-ethyl)-6-phenyl-
[1 ,3]oxazinan-2-one The title compound was prepared
from (S)-6-(2-hydroxy-2-methylpropyl)-6-
phenyl-3-[(S)-1-(4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)ethyl]-1,3- oxazinan-2-one and 4-bromo-1
-(3-hydroxy-2-methyl-propyl)-1 H-pyridin-2-one
following a procedure analogous to that described in
Example 75. Mass spectrum (ESI+) : m/z = 519 [M+H]+.
EXAMPLE 83
(S)-6-(2-Hydroxy-2-methyl-propyl)-3-(1-{4-[1-(2-methox
y-2-methyl-propyl)-2- oxo-1
,2-dihydro-pyridin-4-yl]-phenyl}-ethyl)-6-phenyl-[1
,3]oxazinan-2-one The title compound was prepared from
(S)-6-(2-hydroxy-2-methylpropyl)-6-
phenyl-3-[(S)-1-(4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2- yl)phenyl)ethyl]-1
,3- oxazinan-2-one and
4-bromo-1-(2-methoxy-2-methyl-propyl)-1
H-pyridin-2-one following a procedure analogous to
that described in Example 75 Method 1. Mass spectrum
(ESI+) : m/z = 533 [M+H]+. Intermediate XXX 4-Bromo-1
-(2-methoxy-2-methyl-propyl)-1 H-pyridin-2-oneThe
title compound was prepared from
4-bromo-1-(2-hydroxy-2-methyl-propyl)-
1H-pyridin-2-one and methyl iodide following a
procedure analogous to that described in Intermediate
XXIX. Mass spectrum (ESI+) : m/z = 260/262 (Br)
[M+H]+. EXAMPLE 84
6-(3-hydroxy-3-methylbutyl)-6-isopropyl-3-((S)-1-(4-(1
-methyl-2-oxo-1 ,2-
dihydropyridin-4-yl)phenyl)ethyl)-1 ,3-oxazinan-2-one
triphosgene 1 BH3 2 H2O2* MeMgBr 1 THF KOAc, 2
Separation Step 1 To a solution of
(S)-1-(1-(4-bromophenyl)ethylamino)-4-methylpentan-3-o
ne (740 mg, 2.5 mmol) in THF (25 ml.) was added
dropwise allylmagnesium bromide (25 ml_, 25 mmol)
under N2 at -78 0C. The reaction mixture was stirred
at -78 0C for 2 h, quenched by addition of satd aq
NH4CI,and extracted with EtOAc. The organic layer was
washed with brine, dried over Na2SO4, and filtered.
The solvent was removed under vacuo to give
1-((S)-1-(4-bromophenyl)ethylamino)-3-isopropylhex-5-e
n-3-ol (802 mg, 95% yield), which was used directly in
the next step.Step 2 To a solution of
1-((S)-1-(4-bromophenyl)ethylamino)-3-isopropylhex-5-e
n-3-ol (802 mg, 2.366 mmol) and triethylamine (139 mg,
2.366 mmol) in CH2CI2 (20 ml_) was added triphosgene
(348 mg, 1.18 mmol) at 0 0C under N2, and the mixture
was stirred at rt overnight. The reaction mixture was
quenched with water, and extracted with CH2CI2. The
organic layer was washed with brine, dried over
Na2SO4, filtered, concentrated, and purified by column
chromatography to give 6-allyl-3-((S)-1-(4-
bromophenyl)ethyl)-6-isopropyl-1,3-oxazinan-2-one (480
mg, 56% yield), Step 3 To a solution of
6-allyl-3-((S)-1-(4-bromophenyl)ethyl)-6-isopropyl-1,3
- oxazinan-2-one (480 mg, 1.315 mmol) in THF (5 ml_)
was added BH3THF (5.3 ml_, 5.3 mmol) at 0 0C under N2.
The reaction mixture was stirred for 2 h , and
quenched with water, 3 M aq NaOH ( 1 ml_), and H2O2 (5
ml_). The resulting mixture was stirred for 2 h,
extracted with EtOAc, washed with brine, dried over
Na2SO4, filtered, and concentrated to afford the crude
product, which was purified by prep TLC to give 3-
((S)-1-(4-bromophenyl)ethyl)-6-(3-hydroxypropyl)-6-iso
propyl-1,3-oxazinan-2-one. ( 1 10 mg, 22% yield). 1H
NMR (CDCI 3) : "50.88 (m, 6H), 1.45 (m, 3H), 1.60 (m,
4H), 1.71 (m, 1H), 1.82 (m, 1H), 1.99 (m, 1H), 2.63
(m, 1H), 3.03 (m, 1H), 3.59 (m, 2H), 5.68 (m, 1H),
7.13 (d, 2H), 7.40 (d, 2H), Step 4 To a mixture of
3-((S)-1-(4-bromophenyl)ethyl)-6-(3-hydroxypropyl)-6-i
sopropyl- 1,3-oxazinan-2-one. (41 mg, 0.1 mmol) in
acetone (10 mL) was added Jones reagent (2.5 M 1 mL)
at 0 0C. The mixture was stirred at room temperature
for 1 h, concentrated, and extracted with EtOAc. The
organic layer was concentrated to give the crude
product
3-(3-((S)-1-(4-bromophenyl)ethyl)-6-isopropyl-2-oxo-1,
3-oxazinan- 6-yl)propanoic acid (51 mg, 95% yield),
which was used for the next step without further
purification. Step 5 To a solution of
3-(3-((S)-1-(4-bromophenyl)ethyl)-6-isopropyl-2-oxo-1
,3- oxazinan-6-yl)propanoic acid (41 mg, 0.1 mmol) in
MeOH (10 mL) was added SOCI2(5 mL) at O0C. The
reaction mixture was stirred at room temperature for 2
h, concentrated, and purified by preparative TLC to
give methyl 3-(3-((S)-1-(4-
bromophenyl)ethyl)-6-isopropyl-2-oxo-1
,3-oxazinan-6-yl)propanoate (42 mg, 96% yield). Step 6
To a solution of methyl
3-(3-((S)-1-(4-bromophenyl)ethyl)-6-isopropyl-2-oxo-
1,3-oxazinan-6-yl)propanoate (42 mg, 0.1 mmol) in dry
THF (5 mL) was added MeMgBr (2.5 mL, 2.5 mmol, 1 M in
THF) at -78C. The mixture was stirred at rt for 0.5 h
, quenched with satd aq NH4CI, and extracted with
EtOAc. The organic layer was concentrated, and to
afford crude
3-((S)-1-(4-bromophenyl)ethyl)-6-(3-hydroxy-3-
methylbutyl)-6-isopropyl-1 ,3-oxazinan-2-one. The two
isomers could be separated by preparative HPLC. Isomer
1: ( 1.1 mg, 12% yield), 1H NMR (CDCI 3) : <50.91 (m,
6H), 1.25 (m, 6H), 1.44 (d, 3H), 1.70 (m, 4H), 1.85
(m, 2H), 2.01 (m, 1H), 2.74 (m, 1H), 3.18 (m, 1H),
5.79 (m, 1H), 7.24 (d, 2H), 7.50 (d, 2H), Isomer 2:
(0.9 mg, 10% yield), 1H NMR (CDCI 3) : q.89 (m, 6H),
1.15 (s, 6H), 1.45 (m, 5H), 1.55 (m, 3H), 1.85 (m,
1H), 1.99 (m, 1H), 2.64 (m, 1H), 2.99 (m, 1H), 5.72
(m, 1H), 7.17 (d, 2H), 7.40 (d, 2H), Step 7 To a
solution of compound
3-((S)-1-(4-bromophenyl)ethyl)-6-(3-hydroxy-3-
methylbutyl)-6-isopropyl-1,3-oxazinan-2-one (105 mg,
0.255 mmol) in DMSO (8 mL) was added compound
4,4,4',4',5,5,5',5 l-octamethyl-2,2'-bi(1
,3,2-dioxaborolane) (198.5 mg, 0.781 mmol), KOAc (351
.6 mg, 3.587 mmol), and Pd(dppf)CI 2 (21 .9 mg, 0.027
mmol) under N2. The reaction mixture was stirred at 90
0C for 3.5 h added H2O, and extracted with ethyl
acetate. The organic layer was washed with water and
brine, dried over Na2SO4, concentrated, and purified
by preparative TLC to give the two isomers of
6-(3-hydroxy-3-methylbutyl)-6-isopropyl-3-((S)-1-(4-(4
,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1
,3-oxazinan-2-one Isomer 1 (17 mg, 15 %). Isomer 2
(10.3 mg, 9 %).Step 8 To a solution of compound
4-iodo-1-methylpyridin-2(1 H)-one (17 mg, 0.074 mmol)
in DME (4.6 mL) was added Pd(PPh 3)4 (6.7 mg, 0.007
mmol) under nitrogen. The mixture was stirred at room
temperature for 1 h, and a solution of compound 6-(3-
hydroxy-3-methylbutyl)-6-isopropyl-3-((S)-1-(4-(4,4,5,
5-tetramethyl-1 ,3,2-
dioxaborolan-2-yl)phenyl)ethyl)-1 ,3-oxazinan-2-one
isomer 1 (17 mg, 0.037 mmol) in EtOH (2 mL) and satd
aq NaHCO 3 (1.5 mL) were added. The mixture was
stirred at 100 0C for 2 h, quenched with water, and
extracted with EtOAc. The combined organic layer was
dried over anhydrous Na2SO and concentrated to give
the compound
6-(3-hydroxy-3-methylbutyl)-6-isopropyl-3-((S)-1-(4-(1
-methyl-2-oxo-1 ,2-
dihydropyridin-4-yl)phenyl)ethyl)-1 ,3-oxazinan-2-one
isomer 1 (10.73 mg, 65.8%). LC-MS Method 2 Method 2 tR
= 1.03 min, m/z = 463, 441 ; 1H NMR (CD3OD): d 0.89
(m, 6H), 1. 11 (S, 6H), 1.42 (m, 2H), 1.51(m, 3H),
1.60 (m, 2H), 1.82-2.02 (m, 2H), 2.69 (m, 1H), 3.03
(m, 1H), 3.51 (s, 3H), 5.79 (m, 3H), 6.35 (d, 1H) 1
6.72 (s, 1H), 7.28 (d, 1H),7.39 (d, 2H) 17.49 (m, 2H).
6-(3-hydroxy-3-methylbutyl)-6-isopropyl-3-((S)-1-(4-(1
-methyl-2-oxo-1 ,2-
dihydropyridin-4-yl)phenyl)ethyl)-1 ,3-oxazinan-2-one
isomer 2 was prepared from 6-
(3-hydroxy-3-methylbutyl)-6-isopropyl-3-((S)-1-(4-(4,4
,5,5-tetramethyl-1 ,3,2-
dioxaborolan-2-yl)phenyl)ethyl)-1,3-oxazinan-2-one
isomer following a procedure analogous to that
described in Step 8 immediately above. LC-MS Method 2
Method 2 tR = 1.00 min, m/z = 463, 441 ;1H NMR
(CD3OD): d 0.89 (m, 6H) 1 1.18 (m, 6H), 1.43 (m, 1H)
1.51 (m,3H), 1.63 (m, 2H), 1.76 (m, 2H), 1.92 (m, 1H)
2.61 (m, 1H), 3.12 (m, 1H), 3.51 (s, 3H), 5.79 (m,
1H), 6.37 (d, 1H), 6.72 (s, 1H), 7.28 (d, 1H),7.35(d,
2H) 1 7.51 (m, 2H).EXAMPLE 85 (S)-3-((S)-1 -(4-(1
-cyclopropyl-2-oxo-i
,2-dihydropyridin-4-yl)phenyl)ethyl)-6-(2-
hydroxy-2-methylpropyl)-6-isopropyl-1,3-oxazinan-2-one
DME Step i A mixture of 4-iodopyridin-2(1H)-one
(0.2425 g , 1.10 mmol, 1.0 equiv), Cu(OAc)2 (0.2146 g,
1.18 mmol, 1.07 equiv), bipyridine (0.1832 g, 1.17
mmol, 1.07 equiv), cyclopropylboronic acid (0.2122 g,
2.47 mmol, 2.25 equiv) and Na2CO3 (0.2638 g, 2.49
mmol, 2.27 equiv) in dichloroethane (10 ml_) was
stirred at 70 0C for 18 h. The reaction mixture was
quenched with satd aq NH4CI, diluted with CH2CI2, and
dried over Na2SO4. After the solvent was removed under
reduced pressure, the residue was purified by
chromatography on silica gel eluted with hexanes/ethyl
acetate to afford 0.2309 g (81%) of
1-cyclopropyl-4-iodopyridin-2(1H)-one. Step 2 To a
solution of compound
1-cyclopropyl-4-iodopyridin-2(1H)-one (17.60 mg, 0.067
mmol) in DME (2.5 mL) was added Pd(PPh3 4 (6.12 mg,
0.006 mmol) under nitrogen. The mixture was stirred at
rt for 1 h. A solution of compound (S)-6-(2-
hydroxy-2-methylpropyl)-6-isopropyl-3-((S)-1-(4-(4,4,5
,5-tetramethyl-1 ,3,2-
dioxaborolan-2-yl)phenyl)ethyl)-1,3-oxazinan-2-one (15
mg, 0.034 mmol) in EtOH (1 mL) and satd aq NaHCO3 ( 1
mL) were added. The mixture was stirred at 100 0C for
2 h, quenched with water and extracted with EtOAc. The
combined organic layer was dried over anhydrous Na2SO4
and concentrated to give the final crude product,
which was purified by preparative HPLC to afford the
compound
(S)-3-((S)-1-(4-(1-cyclopropyl-2-oxo-1,2-dihydropyridi
n-4-yl)phenyl)ethyl)-6-(2-hydroxy-2-methylpropyl)-
6-isopropyl-1 ,3-oxazinan-2-one (6.50 mg, 43%). LC-MS
Method 2 tR = 1.00 min, m/z = 453; 1H NMR (CD3OD):
(50.82 (d, 3H), 0.89 (m, 2H), 0.99 (d, 3H), 1.17 (m,
2H), 1.35 (m, 6H), 1.58 (d, 3H), 1.62 (m, 2H), 1.85
(m, 1H), 1.96 (d, 1H), 2.09-2.18 (m, 2H), 2.68-2.78
(m, 1H), 3.1 1 (m, 1H), 3.37 (m, 1H), 5.81 (m, 1H),
6.40 (d, 2H), 6.78 (s, 1H)1 7.31-7.42(m, 3H), 7.58 (d,
2H). EXAMPLE 86
(S)-6-(2-hydroxy-2-methylpropyl)-3-((S)-1-(4-(1-(2-hyd
roxyethyl)-6-oxo-1 ,6-
dihydropyridin-3-yl)phenyl)ethyl)-6-phenyl-1
,3-oxazinan-2-one The title compound was prepared from
(S)-6-(2-hydroxy-2-methylpropyl)-6- phenyl-3-((S)-1
-(4-(4,4,5,5-tetramethyl-1
,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1 ,3-
oxazinan-2-one and
5-bromo-1-(2-hydroxyethyl)pyridin-2(1 H)-one following
a procedure analogous to that described in Example 20
Step 2 . LC-MS Method 2 tR = 1.08 min, m/z = 513, 491
; 1H NMR (CD3OD) d 0.95 (s, 3H), 1.24 (s, 3H), 1.26 (S
1H), 1.52 (d, 3H), 2.12 (s, 2H), 2.18 (m, 1H),
2.40-2.53 (m, 2H), 3.02 (m, 1H), 3.52 (m, 0.5H) 1 3.64
(m, 0.5H), 3.83 (t, 1H), 4.15 (t, 1H), 5.53(m, 1H),
6.61(m, 1H), 7.01(d, 2H) 1 7.25-7.40(m, 7H), 7.79(m,
2H). 5-Bromo-1 -(2-hydroxyethyl)pyridin-2(1 H)-one was
prepared from 5- bromopyridin-2(1H)-one and
2-iodoethanol following a procedure analogous to that
described in Example 20 Step 1.EXAMPLE 87
(S)-3-((S)-1-(4-(1-(2-fluoroethyl)-6-oxo-1
,6-dihydropyridin-3-yl)phenyl)ethyl)-6-(2-
hydroxy-2-methylpropyl)-6-phenyl-1 ,3-oxazinan-2-one
Tf2O, Et3N OTf CH2Cl2, -78 0C to rt Step 1 To a
solution of 2-fluoroethanol (3.2 g, 50 mmol) and
triethylamine (5.5 g, 55 mmol) in dichloromethane (60
mL) was added dropwise (CF3SO2)2q (15.5 g, 55 mmol) at
-78 0C under N2. The mixture was stirred at 10-20 0C
for 1 h , and treated with water (100 mL). The organic
layer was washed with satd aq NaHCO3 (100 mL) and
brine (100 mL), dried, and concentrated to give
2-fluoroethyl trifluoromethanesulfonate (8 g, yield
82%). Step 2 A solution of 5-bromopyridin-2(7H)-one
(100 mg, 0.58 mmol), 2-fluoroethyl
trifluoromethanesulfonate (1.1 g, 5.8 mmol), and K2CO3
(800 mg, 5.8 mmol) in DMF (3 mL) was stirred at rt
overnight. 2-Fluoroethyl trifluoromethanesulfonate ( 1
. 1 g, 5.8 mmol) and K2CO3 (800 mg, 5.8 mmol) were
added, and the mixture was treated with ethyl acetate
(20 mL) and water (20 mL). The organic layer was
washed with water (2x 20 ml.) and brine (20 ml_),
dried over Na2SO4, concentrated, and purified by
preparative, TLC ( 1 :1 petroleum ether/EtOAc) to give
two isomers.
5-bromo-1-(2-fluoroethyl)pyridin-2(?H)-one (30 mg,
yield 24%). 1H NMR (CD3OD): 4.25 (t, 1H), 4.32 (t,
1H), 4.62 (t, 1H), 4.74 (t, 1H), 6.52 (d, 1H) 7.61
(dd, 1H), 7.85 (s, 1H). 5-bromo-2-(2-fluoroethoxy)
pyridine (30 mg, yield 24%). 1H NMR (CD3OD): d4.46 (t,
1H), 4.53 (t, 1H) 4.64 (t, 1H), 4.76 (t, 1H), 6.79 (d,
1H) 7.79 (dd, 1H), 8.18 (s, 1H), Step 3 To a solution
of
(S)-6-(2-hydroxy-2-methylpropyl)-6-phenyl-3-((S)-1-(4-
(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1,3-
oxazinan-2-one (20 mg, 0.041 mmol),
5-bromo-1-(2-fluoroethyl)pyridin-2(7/-/)-one (9.2 mg,
0.041 mmol), and Cs2CO3 (2 N, 0.2 ml_, 0.41 mmol) in
1,4-dioxane (2 mL) was added Pd(PPh 3)2CI2 (3 mg,
0.0041 mmol) under N2. The mixture was refluxed for 2
h, treated with EtOAc (10 mL) and water (10 mL). The
organic layer was dried over Na2SO , concentrated, and
purified by preparative HPLC to give fS>3-(fS;
-1-(4-(1-(2-fluoroethyl)-6-oxo-1,6-
dihydropyridin-3-yl)phenyl)ethyl)-6-(2-hydroxy-2-methy
lpropyl)-6-phenyl-1 ,3-oxazinan- 2-one (4.20 mg, 20%).
LC-MS Method 2 tR = 1.01 min, m/z = 515, 493; 1H NMR
(CD3OD): d 0.97 (s, 3H), 1.28 (s, 3H), 1.56 (d, 3H),
2.18 (s, 2H), 2.22 (m, 1H)1 2.49 (m, 2H), 3.05 (m,
1H), 4.37 (t, 1H), 4.43 (t, 1H), 4.69 (t, 1H) 4.81 (t,
1H), 5.59 (q, 1H), 6.66 (d, 1H) 7.05 (d, 2H), 7.33 (m,
7H) 7.82 (m, 2H). EXAMPLE 88
(S)-3-((S)-1-(4-(1-cyclopropyl-2-oxo-1,2-dihydropyridi
n-4-yl)phenyl)ethyl)-6-(2-
fluorophenyl)-6-(2-hydroxy-2-methylpropyl)-1,3-oxazina
n-2-one The title compound was prepared from
(S)-6-(2-fluorophenyl)-6-(2-hydroxy-2-
methylpropyl)-3-((S)-1-(4-(4,4,5,5-tetramethyl-1,3,2-d
ioxaborolan-2-yl)phenyl)ethyl)-1,3-oxazinan-2-one and
1-cyclopropyl-4-iodopyridin-2(1 H)-one following a
procedure analogous to that described in Example 23
Step 9. LC-MS Method 2 tR = 1.05 min, m/z = 505; 1H
NMR (CDCI3) d 0.88 (m, 2H), 1.12 (s, 3H), 1.15 (s,
1H), 1.17 (s, 1H), 1.21 (s, 3H), 2.18-2.29 (m, 2H),
2.30-2.34 (m, 1H), 2.42 (d, 1H), 2.54 (d, 1H), 2.90
(m,1 H), 3.35 (m, 1H), 5.70 (m, 1H), 6.32 (m, 1H),
6.68 (m, 1H), 6.98 (m, 1H) 7.09 (d, 2H), 7.18 (t,
1H),7.25-7.36 (m, 4H),7.50 (t,1 H). EXAMPLE 89
(S)-6-(2-hydroxy-2-methylpropyl)-3-((S)-1-(4-(1-(2-hyd
roxy-2-methylpropyl)-6-oxo-1 ,6-
dihydropyridin-3-yl)phenyl)ethyl)-6-phenyl-1
,3-oxazinan-2-one MeMgBr, THF Step i To a solution of
compound 5-bromopyridin-2(1 H)-one (348 mg, 2.0 mmol)
and K2CO (830 mg, 6.0 mmol) in DMF (15 mL) was added
ethyl bromoacetate dropwise. The mixture was stirred
at room temperature for 2 h, filtered, and the
filtrate was concentrated in vacuo. The residue was
purified by prep TLC ( 1:1 PE/EtOAc) to afford ethyl
2-(5-bromo-2-oxopyridin-1(2H)-yl)acetate (300 mg,
57.7%). 1H NMR CDCI3: d 7.41-7.26 (m, 2H), 6.53-6.5
(d, 1H), 4.59 (s, 2H), 4.28-4.21 (q, 2H), 1.32- 1.23
(q, 3H). Step 2 To a solution of ethyl
2-(5-bromo-2-oxopyridin-1(2H)-yl)acetate (130 mg, 0.5
mmol) in anhydrousTHF (5 mL, ) was added 1 M MeMgBr (5
mL, 5 mmol) dropwise with stirring at -78 0C. The
reaction mixture was stirred at -78 0C for 1 h ,
quenchedwith aq NH4CI (5 mL), and extractde with EtOAc
(3 x 10 ml_). The combined organic layer was dried and
concentrated to give the crude final product, which
was purified by preparative TLC (1:1 PE/EtOAc) to
afford the 5-bromo-1-(2-hydroxy-2-
methylpropyl)pyridin-2(1 H)-one (65 mg, 52.9%). Step 3
To a solution of
5-bromo-1-(2-hydroxy-2-methylpropyl)pyridin-2(1H)-one
(20 mg, 81.3 mmol) in DME (6 mL) was added Pd(PPh3 4
(10 mg) under nitrogen. The mixture was stirred for 1
h at rt, and a solution of
(S)-6-(2-hydroxy-2-methylpropyl)-6-
phenyl-3-((S)-1-(4-(4,4,5,5-tetramethyl-1
,3,2-dioxaborolan-2-yl)phenyl)ethyl)-1,3-
oxazinan-2-one (38.95 mg, 81.3 mmol) in EtOH (2 mL)
and satd aq NaHCO3 (2 mL) were added. The resulting
mixture was stirred at 100 0C for 2 h, quenched with
water, and extracted with EtOAc. The combined organic
layer was dried over anhydrous Na2SO4 and concentrated
to give the crude product, which was purified by
preparative TLC and preparative HPLC to afford
(S)-6-(2-hydroxy-2-methylpropyl)-3-((S)-1-(4-(1-
(2-hydroxy-2-methylpropyl)-6-oxo-1
,6-dihydropyhdin-3-yl)phenyl)ethyl)-6-phenyl-1 ,3-
oxazinan-2-one (6.5 mg, 15.5%). LC-MS Method 2 tR =
0.99 min, m/z = 519; 1H NMR (CDCI3) : (5 7.60-7.57 (d,
1H), 7.43 (s, 1H), 7.36-7.26 (m, 5H), 7.15 (d, 2H),
7.01 (d, 2H), 6.70 (d, 1H), 2.85 (m, 1H), 5.69-5.66
(m, 1H), 4.13-4.09 (s, 2H), 4.05-3.98 (s, 1H),
2.89-2.86 (m, 1H), 2.44-2.36 (m, 1H), 2.28-2.16 (m,
5H), 1.58-1 .53 (d, 3H) , 1.33- 1.30 (s, 6H), 1.19 (s,
3H), 1.12 (s, 3H). EXAMPLE 90
3-((S)-1-{4-[1-(3-Hydroxy-2,2-dimethyl-propyl)-2-oxo-1
,2-dihydro-pyridin-4-yl]-phenyl}-
ethyl)-(S)-6-(2-hydroxy-2-methyl-propyl)-6-phenyl-[1,3
]oxazinan-2-one 2 M aqueous Na2CO3 solution (0.32 mL)
was added to a mixture of 4-bromo-1-
(3-hydroxy-2,2-dimethyl-propyl)-1 H-pyridin-2-one
(0.13 g) and
(S)-6-(2-hydroxy-2-methylpropyl)-6-phenyl-3-[(S)-1-(4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)ethyl]-1,3-oxazinan-2-one (0.15 g) in
N,N-dimethylformamide (3 mL). The 



resulting mixture was sparged with argon for 5 min,
before [ 1 , 1 '-
bis(diphenylphosphino)-ferrocene]dichloro-palladium(ll
) dichloromethane complex (26 mg) was added. The
mixture was heated to 100 0C and stirred at this
temperature for 4 h. After cooling to ambient
temperature, water was added and the resulting mixture
was extracted with ethyl acetate. The combined organic
extracts were washed with water and brine and dried
(MgSO 4) . The solvent was evaporated and the residue
was purified by HPLC on reversed phase
(methanol/water/N H4OH) to afford the title compound
as a beige solid. Yield: 0.1O g (60% of theory); Mass
spectrum (ESI+) : m/z = 533 [M+H]+.
3-(4-Bromo-2-oxo-2H-pyridin-1-yl)-2,2-dimethyl-propion
ic acid methyl ester 3-Bromo-2,2-dimethyl-propionic
acid methyl ester (0.75 g) was added to a mixture of
4-bromo-1 H-pyridin-2-one (0.55 g) and potassium
carbonate (0.75 g) in N,N-dimethylforrnamide (10 mL)
at room temperature. The mixture was heated to 60 0C
and stirred at this temperature overnight. After
stirring at 80 0C for another 8 h, the mixture was
cooled to room temperature and water was added. The
resultant mixture was extracted with ethyl acetate and
the combined organic extracts were washed with brine
and dried (MgSO4) . The solvent was evaporated and the
residue was purified by chromatography on silica gel
(cyclohexane/ethyl acetate 4:1) to afford the title
compound;
3-(4-bromo-pyridin-2-yloxy)-2,2-dimethyl-propionic
acid methyl ester (0.35 g) was also obtained from this
reaction. Yield: 0.29 g (32% of theory); Mass spectrum
(ESI+) : m/z = 288/300 (Br) [M+H]+. 4-Bromo-1
-(3-hydroxy-2,2-dimethyl-propyl)-1
H-pyridin-2-oneLithium borohydride (25 mg) was added
to a solution of 3-(4-bromo-2-oxo-2Hpyridin-
1-yl)-2,2-dimethyl-propionic acid methyl ester (0.29
g) in tetrahydrofuran (3 ml.) chilled in an ice bath.
Then methanol (45 ml_) was added and the mixture was
stirred in the cooling bath for 1 h and at room
temperature overnight. The mixture was diluted with
tetrahydrofuran and MgSO4 was added. The mixture was
filtered and the filtrate was concentrated. The
residue was purified by chromatography on silica gel
(cyclohexane/ethyl acetate 1:1) to afford the title
compound as a colorless oil. Yield: 0.13 g (49% of
theory); Mass spectrum (ESI+) : m/z = 260/262 (Br)
[M+H]+. EXAMPLE 9 1
3-((S)-1-(4-(1-cyclopropyl-2-oxo-1,2-dihydropyridin-4-
yl)phenyl)ethyl)-6-(2-hydroxy-2-
methylpropyl)-6-(tetrahydro-2H-pyran-4-yl)-1
,3-oxazinan-2-one The title compound was prepared
following procedures analogous to those described in
Example 23 with the following changes. In Step 1
tetrahydro-2H-pyran- 4-carboxylic acid and carbonyl
diimidazole were used in place of 2-fluorobenzoyl
chloride and in Step 9
1-cyclopropyl-4-iodopyridin-2(1H)-one was used in
place of 5- bromo-1-methylpyridin-2(1 H)-one. Two
isomers were isolated. Isomer 1. LC-MS Method 2 tR =
0.95 min, m/z = 495. Isomer 2. LC-MS Method 2 tR =
0.93 min, m/z = 495. EXAMPLE 92
(S)-6-(2-hydroxy-2-methylpropyl)-3-((S)-1-(4-(1-trideu
teromethyl-2-oxo-1 ,2-
dihydropyridin-4-yl)phenyl)ethyl)-6-phenyl-1,3-oxazina
n-2-oneThe title compound was prepared following
procedures analogous to those described in Example 48
Method 2 with the following changes. In Step 1
trideuteromethyl iodide was used in place of methyl
iodide and in Step 2 PdCkCdppf) was used in place of
PdCI2(PPh3)2. LC-MS Method 1 tR = 1.30 min, m/z = 464.
BIOLOGICAL TEST EXAMPLE 1 The inhibition of a
microsomal preparation of 11b-HSD1 by compounds of the
invention was measured essentially as previously
described (K. Solly, S.S. Mundt, H.J. Zokian, G.J.
Ding, A. Hermanowski-Vosatka, B. Strulovici, and W.
Zheng, High- Throughput Screening of
11-Beta-Hydroxyseroid Dehydrogenase Type 1 in
Scintillation Proximity Assay Format. Assay Drug Dev
Technol 3 (2005) 377-384). All reactions were carried
out at rt in 96 well clear flexible PET Microbeta
plates (PerkinElmer). The assay begins by dispensing
49 ml of substrate solution (5OmM HEPES, pH 7.4, 10OmM
KCI, 5mM NaCI, 2mM MgCI2, 2 mM NADPH and 160 nM
[3H]cortisone ( 1 Ci/mmol)) and mixing in 1 mL of the
test compounds in DMSO previously diluted in half-log
increments (8 points) starting at 0.1 mM. After a 10
minute pre-incubation, 50 mL of enzyme solution
containing microsomes isolated from CHO cells
overexpressing human 11b-HSD1 (10-20 mg/ml of total
protein) was added, and the plates were incubated for
90 minutes at rt. The reaction was stopped by adding
50 ml of the SPA beads suspension containing 10 mM
18b-glycyrrhetinic acid, 5 mg/ml protein A coated YSi
SPA beads (GE Healthcare) and 3.3 mg/ml of
anti-cortisol antibody (East Coast Biologies) in
Superblock buffer (Bio-Rad). The plates were shaken
for 120 minutes at rt, and the SPA signal
corresponding to [3H]cortisol was measured on a
Microbeta plate reader. BIOLOGICAL TEST EXAMPLE 2 The
inhibition of 11b-HSD1 by compounds of this invention
was measured in whole cells as follows. Cells for the
assay were obtained from two sources: fully
differentiated human omental adipocytes from Zen-Bio,
Inc.; and human omental preadipocytes from Lonza Group
Ltd. Pre-differentiated omental adipocytes from Zen-
Bio Inc. were purchased in 96-well plates and were
used in the assay at least two weeks after
differentiation from precursor preadipocytes. Zen-Bio
induceddifferentiation of pre-adipocytes by
supplementing medium with adipogenic and lipogenic
hormones (human insulin, dexamethasone,
isobutylmethylxanthine and PPAR-gamma agonist). The
cells were maintained in full adipocyte medium
(DMEM/Ham's F-12 ( 1:1 , v/v), HEPES pH 7.4, fetal
bovine serum, penicillin, streptomycin and
Amphotericin B, supplied by Zen-Bio, Inc.) at 370C, 5%
CO2. Pre-adipocytes were purchased from Lonza Group
Ltd. and placed in culture in Preadipocyte Growth
Medium-2 supplemented with fetal bovine serum,
penicillin, and streptomycin (supplied by Lonza) at
370C, 5% CO2. Pre-adipocytes were differentiated by
the addition of insulin, dexamethasone, indomethacin
and isobutylmethylxanthine (supplied by Lonza) to the
Preadipocyte Growth Medium-2. Cells were exposed to
the differentiating factors for 7 days, at which point
the cells were differentiated and ready for the assay.
One day before running the assay, the differentiated
omental adipocytes were transferred into serum- and
phenol-red-free medium for overnight incubation. The
assay was performed in a total volume of 200 mL. The
cells were pre-incubated with serum-free,
phenol-red-free medium containing 0.1% (v/v) of DMSO
and various concentrations of the test compounds at
least 1 h before [3H] cortisone in ethanol (50Ci/mmol,
ARC, Inc.) was added to achieve a final concentration
of cortisone of 100 nM. The cells were incubated for
3-4 hrs at 370C, 5% CO2. Negative controls were
incubated without radioactive substrate and received
the same amount of [3H] cortisone at the end of the
incubation. Formation of [3H] Cortisol was monitored
by analyzing 25 mL of each supernatant in a
scintillation proximity assay (SPA). (Solly, K.;
Mundt, S. S.;Zokian, H.J.;Ding, G. J.;
Hermanowski-Vosatka, A.; Strulovici, B.; Zheng, W.
Assay Drug Dev. Technol. 2005, 3, 377-384). Many
compounds of the invention showed significant activity
in this assay. TABLE OF BIOLOGICAL ASSAY RESULTS
Compound Biological Test Example 1 Average % IC50
Rangea inhibition at 10O nM EXAMPLE 1 ++ 90.3EXAMPLE 2
++ 89.1 EXAMPLE 3 ++ 95.6 EXAMPLE 4 ++ 95.2 EXAMPLE 5
++ 95.6 EXAMPLE 6 ++ 92.6 EXAMPLE 7 ++ 75.9 EXAMPLE 8
++ 84.5 EXAMPLE 9 ++ 86.2 EXAMPLE 10 ++ 95.8 EXAMPLE
11 ++ 84.1 EXAMPLE 12 ++ 84.2 EXAMPLE 13 ++ 90.0
EXAMPLE 14 ++ 91.0 EXAMPLE 15 ++ 92.9 EXAMPLE 16 ++
95.6 EXAMPLE 17 Isomer 1 ++ 54.0 EXAMPLE 17 Isomer 2 #
14.8 EXAMPLE 18 Isomer 1 # 23.7 EXAMPLE 18 Isomer 2 ++
42.6 EXAMPLE 19 ++ 36.5 EXAMPLE 20 ++ 90.9 EXAMPLE 2 1
Isomer 1 ++ 103.5 EXAMPLE 2 1 Isomer 2 ++ 88.8 EXAMPLE
22 Isomer 1 ++ 82.5 EXAMPLE 22 Isomer 2 ++ 88.7
EXAMPLE 23 ++ 88.2 EXAMPLE 24 ++ 87.9 EXAMPLE 25 ++
93.9 EXAMPLE 26 ++ 94.7 EXAMPLE 27 ++ 92.0 EXAMPLE 28
Isomer 1 ++ 86.9EXAMPLE 28 Isomer 2 # 42.9 EXAMPLE 29
++ 94.1 EXAMPLE 30 ++ 96.7 EXAMPLE 3 1 ++ 90.1 EXAMPLE
32 ++ 96.4 EXAMPLE 33 ++ 95.9 EXAMPLE 34 ++ 95.0
EXAMPLE 35 ++ 95.8 EXAMPLE 36 ++ 95.0 EXAMPLE 37 ++
96.5 EXAMPLE 38 ++ 74.3 EXAMPLE 39 ++ 99.1 EXAMPLE 40
++ 95.9 EXAMPLE 4 1 ++ 88.7 EXAMPLE 42 ++ 88.4 EXAMPLE
43 ++ 96.6 EXAMPLE 44 ++ 102.0 EXAMPLE 45 ++ 97.9
EXAMPLE 46 ++ 94.8 EXAMPLE 47 ++ 100.1 EXAMPLE 48 ++
95.0 EXAMPLE 49 ++ 97.4 EXAMPLE 50 ++ 97.1 EXAMPLE 5 1
++ 93.4 EXAMPLE 52 ++ 95.4 EXAMPLE 53 ++ 96.6 EXAMPLE
54 ++ 96.0 EXAMPLE 55 ++ 96.6 EXAMPLE 56 ++ 102.8
EXAMPLE 57 ++ 102.2 EXAMPLE 58 ++ 104.7EXAMPLE 59 ++
95.9 EXAMPLE 60 ++ 94.5 EXAMPLE 6 1 ++ 96.2 EXAMPLE 62
++ 96.9 EXAMPLE 63 ++ 96.2 EXAMPLE 64 ++ 94.9 EXAMPLE
65 ++ 96.1 EXAMPLE 66 ++ 96.0 EXAMPLE 67 ++ 97.7
EXAMPLE 68 ++ 95.6 EXAMPLE 69 ++ 98.1 EXAMPLE 70 ++
96.5 EXAMPLE 7 1 ++ 92.2 EXAMPLE 72 ++ 95.6 EXAMPLE 73
++ 99.2 EXAMPLE 74 ++ 95.0 EXAMPLE 75 ++ 87.4 EXAMPLE
84 Isomer 1 # 16.2 EXAMPLE 84 Isomer 2 # 8.0 EXAMPLE
85 ++ 68.4 EXAMPLE 86 ++ 87.7 EXAMPLE 87 ++ 107.5
EXAMPLE 88 ++ 92.4 EXAMPLE 89 ++ 92.6 EXAMPLE 9 1
Isomer 1 # 22.5 EXAMPLE 9 1 Isomer 2 # 13.8 EXAMPLE 92
++ 93.7 a ++ means IC50 = <100 nM, + means IC50 = 100
- 1000 nM, # means IC5O> 100 nM, - means IC50 > 100O
nM.BIOLOGICAL TEST EXAMPLE 3 In vitro inhibition of 11
b-HSD1 by test compounds was determined with HTRF
(Homogeneous Time-Resolved Fluorescence) technology
(cisbio international, France) detecting Cortisol
generated from cortisterone by human liver microsomes.
Briefly, compounds were incubated for 1 hour at 37 0C
in Tris buffer (20 mM tris, 5 mM EDTA, pH 6.0)
containing NADPH (200 mM) and cortisone (80 nM).
Cortisol generated in the reaction is then detected
with a competitive immunoassay, involving two HTRF
conjugates: Cortisol linked to XL665 and anti-cortisol
antibody labeled with Europium cryptate. The
incubation period for detection reaction was typically
2 hours. The amount of Cortisol was determined by
reading the time-resolved fluorescence of the wells
(Ex 320/75 nm; Em 615/8.5 nm and 665/7.5 nm). The
ratio of the two emission signals was then calculated
(Em665*10000/Em615). Each assay contained incubations
with vehicle controls instead of compound as controls
for non-inhibited Cortisol generation (100% CTL; 'high
values') and incubations with carbenoxolone as
controls for fully inhibited enzyme and Cortisol
background (0% CTL; 'low values'). Each assay also
contained a calibration curve with Cortisol to
transform the fluorescent data into Cortisol
concentrations. Percent inhibition of each compound
was determined relative to the carbenoxolone signal.
In following table the 11b-HSD 1 inhibitory
activities, determined as described above, wherein
100% indicates no inhibition and a value of zero or
below zero indicates complete inhibition.TABLE OF
BIOLOGICAL ASSAY RESULTS FOR BIOLOGICAL TEST 3 Average
% control Example inhibition at 10O nM 75 -14 76 17 77
59 78 58 79 15 80 37 8 1 11 82 -12 83 54 90 4
BIOLOGICAL TEST EXAMPLE 4 The inhibition of a
microsomal preparation of 11b-HSD1 in the presence of
50% human plasma by compounds of the invention was
measured as follows. Microsomes from CHO cells
overexpressing human 11b-HSD1 were diluted into
reaction buffer consisting of 25 mM HEPES pH 7.4, 50
mM KCI, 2.5 mM NaCI, 1 mM MgCI2, and 50% (v/v) human
plasma (BioChemed). The assay began by dispensing 49
ml of microsome solution into 96-well polypropylene
plates and adding 1 ml of the test compounds in DMSO,
previously diluted in half-log increments (8 points)
starting at 1.0 mM. The reaction was initiated with
the addition of 50 ml substrate solution consisting of
reaction buffer with 2 mM NADPH and 160 nM
[3-H]cortisone ( 1 Ci/mmol). The plates were incubated
for 120 minutes at rt, and the reaction was quenched
with the addition of 100ml acetonitrile with 20 mM
cortisone and 20 mM Cortisol. After a ten minute
incubation at rt, 100 ml of each well was filtered
through a Multiscreen HTS, HV filter plate (Millipore)
and diluted with 100 ml of reaction buffer without
human plasma. [3-H]cortisone and [3-H]cortisol were
separated by HPLC on a Zorbax SB-C8 column (4.6 x 250
mm, Agilent) with an isocratic elution at
25%acetonitrile in water with 0.01% trifluoroacetic
acid, and radioactivity was quantified with an in-line
b-RAM (IN/US Systems, Inc.). BIOLOGICAL TEST EXAMPLE 5
(Fraction Unbound in Human Plasma) Plasma protein
binding of compounds was determined with Equilibrium
Dialysis of spiked plasma against compound free
dextrane buffer using a dialysis membrane with mass
cutoff of 5000 Da. Compound concentrations in plasma
and buffer after incubation were measured using
HPLC/Mass spectrometry. BIOLOGICAL TEST EXAMPLE 6
(CYP3A4 Inhibition) The assay was based on a method
published by Moody et al. (Xenobiotica 1999). The
inhibition of cytochrome P450 3A4-isoenzyme catalysed
N-demethylation of [N-methyl-14C]-Erythromycin by the
test compound was assayed at 37 0C with human
recombinant cytochrome P450 3A4. All assays were
carried out on a robotic system in 96 well plates. The
final incubation volume of 200 ml contained TRIS
buffer (0.1 M), MgCI2 (5 mM), recombinant protein (40
pmol/ml), Erythromycin (50 mM) and the test compound
either at four different concentrations in duplicate
(e.g. highest concentration 10-50 mM with subsequent
serial 1:5 dilutions) or at a concentration of 10 mM
in triplicate. Following a short preincubation period,
reactions were started with the cofactor (NADPH, 1mM)
and stopped by addition of 50 ml aqueous
trichloroacetic acid (10%;w/v). An aliquot of the
incubate was transferred to 96 well solid phase
extraction (SPE) plates and extracted on the
cartridge. The resultant [14C]- formaldehyde/formic
acid was not retained on the cartridge and was
therefore separated from the unmetabolized substrate
by washing the SPE plates with water. An aliquot of
the eluates was transferred into well plates suitable
for liquid scintillation counting. The rate of
formation of [14C]- formaldehyde/formic acid in these
incubations was compared to a control activity
containing no test compound. If the compound was
tested at four concentrations, experimental IC50
values were calculated.BIOLOGICAL TEST EXAMPLE 7
(CYP2C9 Inhibition) Using a procedure similar to that
described in Biological Test Example 6, the inhibition
of cytochrome P450 2C9-isoenzyme catalysed
O-demethylation of [Omethyl- 14C]-Naproxen by the test
compound was assayed at 37 0C with human recombinant
cytochrome P450 2C9. The experimental IC50 was
calculated based on % control at four different
concentrations. BIOLOGICAL TEST EXAMPLE 8 (CYP2C1 9
Inhibition) Using a procedure similar to that
described in Biological Test Example 6, the inhibition
of cytochrome P450 2C19-isoenzyme catalysed
N-demethylation of [Nmethyl- 14C]-Diazepam by the test
compound was assayed at 37 0C with human recombinant
cytochrome P450 2C19. The experimental IC50 was
calculated based on % control at four different
concentrations. BIOLOGICAL TEST EXAMPLE 9 (CYP2C9
Inhibition) The inhibition of recombinant CYP2C9 by
compounds of the invention was measured using a
commercial kit from Invitrogen (cat #2859). Supplied
microsomes isolated from insect cells infected with a
baculovirus engineered to express human CYP2C9 were
diluted to 10 mM in reaction buffer (100 mM potassium
phosphate buffer, pH 8.0) with an NADPH generation
system (3.33 mM glucose-6-phosphate and 0.4 U/ml
glucose-6-phosphate dehydrogenase). 89 ml of this
dilution were dispensed to each well of a 96-well,
black, polystyrene plate and mixed with 1 ml of test
compound previously diluted in DMSO in half log
increments starting at 3 mM. The assay was initiated
by adding 10 ml of fluorogenic substrate
n-octyloxymethylresorufin (OOMR, 20 mM.) with NADP
(100 mM) diluted in reaction buffer. The plate was
immediately placed in a Perkin Elmer Fusion plate
reader. Reaction progress was monitored by measuring
fluorescence every two minutes for a total of twenty
minutes (530 nM excitation filter /605 nM emission
filter).TABLE OF BIOLOGICAL ASSAY RESULTS FOR
BIOLOGICAL TESTS 1, 4 AND 5 Biological Biological Test
Biological Test Test EXAMPLE Example 1 Example 4a
Shiftb Example 5 IC50 (nM) IC50 (nM) (%) 1 1.51 2.84
1.88 2 0.31 15.54 50.94 3 1.59 3.85 2.42 4 1.80 5.60
3.12 5 1.25 3.80 3.04 6 2.36 4.07 1.72 7 35.07 nt 8
18.33 nt 9 4.29 13.12 3.06 10 2.91 13.13 4.51 11 5.94
13.51 2.27 12 5.38 3 1.75 5.90 13 7.22 nt 0.00 14 1.1
1 2.88 2.59 15 0.58 2.15 3.70 16 0.90 2.00 2.23 17
Isomer 1 75.98 nt 17 Isomer 2 >100.00 nt 18 Isomer 1 >
100.00 nt 18 Isomer 2 97.49 nt 19 95.38 nt 20 4.28
7.61 1.78 2 1 Isomer 1 3.89 4.72 1.21 2 1 Isomer 2
7.21 9.58 1.33 22 Isomer 1 14.87 75.86 5.10 22 Isomer
2 6.60 20.1 1 3.0523 1.99 4.17 2.10 24 3.70 8.28 2.24
25 2.34 5.44 2.32 26 1.49 8.05 5.39 27 3.49 8.41 2.41
Isomer 1 >100.00 nt Isomer 2 8.89 nt 29 1.39 2.76 1.99
30 1.44 3.42 2.37 13.9 3 1 9.01 25.42 2.82 32 3.58
11.48 3.20 12.3 33 2.23 3.69 1.66 34 3.19 8.85 2.78 35
2.97 nt 36 2.03 13.62 6.72 37 1.67 6.44 3.85 14.6 38
5.18 nt 39 1.31 5.10 3.89 40 1.86 7.01 3.77 4 1 9.28
38.06 4.10 42 6.70 53.38 7.97 43 2.23 3.51 1.57 44
1.08 5.60 5.19 45 1.58 11.85 7.52 46 4.24 16.97 4.00
47 0.96 6.75 7.03 48 1.62 5.54 3.41 8.7 49 1.03 2.96
2.86 50 0.61 1.97 3.23 5 1 5.46 7.89 1.45 52 3.24
14.09 4.35 9.053 1.35 4.19 3.10 12.8 54 2.40 7.05 2.94
9.1 55 1.66 7.18 4.31 7.1 56 1.03 13.19 12.81 57 1.26
12.45 9.92 58 0.87 8.98 10.32 59 1.53 4.02 2.63 11.7
60 0.75 7.00 9.40 6 1 1.40 6.99 4.99 62 2.48 11.96
4.82 63 3.85 102.97 26.73 64 1.64 9.62 5.87 65 0.80
4.64 5.82 66 1.47 6.71 4.58 5.5 67 2.01 7.29 3.63 68
0.96 4.39 4.59 69 0.72 3.89 5.42 70 1.01 2.63 2.60 7 1
0.65 3.96 6.09 72 4.04 8.23 2.04 73 1.99 33.08 16.62
74 1.21 8.76 7.24 75 1.40 2.80 2.00 15.6 Isomer 1 >100
nt Isomer 2 >100 nt 85 42.9 nt 86 12.1 24.5 2.0 87 1.4
3.2 2.2 88 1.3 89 2.8 Isomer 1 > 1009 1 Isomer 2 > 100
92 1.8 a nt means not tested; DShift is the IC50
determined in Biological Test Example 4 divided by the
IC5Odetermined in Biological Test Example 1. TABLE OF
BIOLOGICAL ASSAY RESULTS FOR BIOLOGICAL TESTS 6-9
Biological Biological Biological Biological Test
Example Test Example Test Example Test Example EXAMPLE
6 7 8 9 CYP3A4, IC50 CYP2C9, IC50 CYP2C19, CYP2C9 IC50
[mM] [mM] IC50 [mM] [uM] i 2 3 44 38 >50 4 2 1 17 22 5
2 9 37 22 6 7 8 9 10 30.0 1 1 16.1 12 12.1 13 14 25 18
24 15 16 



17 Isomer 1 17 Isomer 2 18 Isomer 1 18 Isomer 219 20
Isomer 1 Isomer 2 Isomer 1 Isomer 2 23 >50 >50 44 24
25 33 30 22 26 >50 >50 >50 27 28.1 28.2 29 7.5 30 >50
>50 27 14.3 3 1 32 >50 >50 >50 28.7 33 >50 4 3 17 24.6
34 35 36 37 4 8 4 3 >50 24.8 38 30.0 39 40 >50 >50 13
27.9 4 1 42 4 3 10.5 44 4 5 15.2 464 7 12.1 4 8 >50
>50 >50 30.0 4 9 32 29 46 14.8 50 14 1 1 27 5.1 5 1 52
4 8 14 8 20.3 53 >50 >50 >50 30.0 54 >50 >50 18 55 >50
29 13 24.3 56 57 58 8 3 2 59 >50 >50 37 17.7 60 6 1
>50 4 0 18 62 4 8 >50 38 63 64 >50 33 17 65 >50 >50 25
66 18 10 1 1 67 28 4 1 34 68 4 3 4 7 28 69 23 38 >50
70 28 >50 23 7 1 6 17 24 72 4 1 35 8 73 74 75 23 19 24
76 10 4 9 77 >50 >50 3478 4 7 39 40 79 >50 >50 >50 80
>50 >50 38 8 1 >50 30 12 82 >50 4 8 29 83 >50 14 10 84
Isomer 1 84 Isomer 2 85 86 87 88 89TABLE OF BIOLOGICAL
ASSAY RESULTS FOR COMPARATOR COMPOUNDS IN BIOLOGICAL
TESTS 1, 4 AND 5 Biological Biological Biological
Comparator Test Test Test Example Ochl Hift I I b
Compound Example 1 Example 4a 5 IC50 (nM) IC50 (nM)
(%) 1 0.77 11.97 15.51 2 1.80 14.16 7.88 3 0.75 17.74
23.63 0.3 4 1.44 15.24 10.57 5 0.51 18.50 36.10 6 1.48
37.58 25.39 7 0.99 4 1.90 42.43 8 0.72 17.85 24.74 9
0.55 11.86 21.45 0.3 10 1.79 53.49 29.91 11 0.55 13.40
24.59 0.7 12 1.08 19.54 18.12 0.4 13 0.76 6.32 8.30 14
1.30 8.94 6.90 15 0.79 8.94 11.32 a nt means not
tested; Shift is the IC50 determined in Biological
Test Example 4 divided by the IC5Odetermined in
Biological Test Example 1.TABLE OF BIOLOGICAL ASSAY
RESULTS FOR COMPARATOR COMPOUNDS IN BIOLOGICAL TESTS
6-9 Biological Biological Biological Biological Test
Test Test Test Example Comparator Example 6 Example 7
Example 8 9 Compound CYP3A4, CYP2C9, CYP2C19, I CYP2C9
IC50 1 50 IC50 [mM] IC50 [mM] [uM] [mM] 1 27.0 2 1.4 3
7.4 4.1 5.7 4.9 4 5.1 5 9.9 5.1 8.3 3.7 6 4.4 2.3 8.6
5.0 7 4.0 8 5.3 2.4 5.6 3.0 9 7.0 3.1 9.3 2.5 10 3.6
11 14.1 6.3 12.5 5.5 12 4.9 4.6 9.5 2.5 12 4.9 3.9
10.1 13 4.4 5.6 < 0.4 7.3 14 19.7 25.9 6.4 24.6 15 3.1
7.7 < 0.4 9.5SHOWERHEAD ELECTRODE ASSEMBLIES FOR
PLASMA PROCESSING APPARATUSES BACKGROUND [0001] In the
field of semiconductor devices processing,
semiconductor material processing apparatuses
including vacuum processing chambers, are used to
perform various processes, such as etching and
deposition of various materials on substrates, and
resist stripping. As semiconductor technology evolves,
decreasing device sizes, for example, transistor
sizes, call for an ever higher degree of accuracy,
repeatability and cleanliness in wafer processes and
process equipment. Various types of equipment exist
for semiconductor processing, including applications
that involve the use of plasmas, such as plasma etch,
plasma-enhanced chemical vapor deposition (PECVD) and
resist strip and the like. The types of equipment
required for these processes include components which
are disposed within the plasma chamber, and must
function in that environment. The environment inside
the plasma chamber may include exposure to the plasma,
exposure to etchant gasses, and thermal cycling.
Materials used for such components must be adapted to
withstand the environmental conditions in the chamber,
and do so for the processing of many wafers which may
include multiple process steps per wafer. To be cost
effective, such components must often withstand
hundreds or thousands of wafer cycles while retaining
their functionality and cleanliness. There is
generally extremely low tolerance for components which
produce particles, even when those particles are few
and no larger than a few tens of nanometers. It is
also necessary for components selected for use inside
plasma processing chambers to meet these requirements
in the most cost-effective manner. SUMMARY [0002] An
embodiment of a showerhead electrode assembly
comprises a showerhead electrode adapted to be mounted
in an interior of a vacuum chamber and powered by
radio frequency (RF) energy; a backing plate attached
to the showerhead electrode; a thermal control plate
attached to the backing plate via aplurality of
fasteners at multiple contact regions across the
backing plate; and interface members separating the
backing plate and the thermal control plate at the
contact regions, wherein each interface member
comprises a thermally and electrically conductive
gasket portion bounded on a periphery by a particle
mitigating seal portion. [0003] An embodiment of a
method of controlling plasma etching in a plasma
etching chamber comprises supplying process gas to the
plasma etching chamber through the showerhead
electrode assembly, the process gas flowing into a gap
between the showerhead electrode and a bottom
electrode on which a semiconductor substrate is
supported; and etching a semiconductor substrate in
the plasma etching chamber by applying RF power to the
showerhead electrode and energizing the process gas
into a plasma state, wherein the temperature of the
showerhead electrode is controlled by the thermal
control plate via enhanced thermal conduction through
the thermally and electrically conductive gasket
portion of the interface members. In the method, the
above-described embodiment of the showerhead electrode
assembly can be used. [0004] Another embodiment of a
showerhead electrode assembly comprises a showerhead
electrode adapted to be mounted in an interior of a
vacuum chamber; a thermal control plate attached to
the showerhead electrode at multiple contact regions
across the showerhead electrode with plenums between
the thermal control plate and the showerhead electrode
located between the contact regions; and an interface
member separating the showerhead electrode and the
thermal control plate, at each of the contact regions,
wherein the interface member comprises a thermally and
electrically conductive gasket portion bounded on a
periphery by a particle mitigating seal portion. BRIEF
DESCRIPTION OF THE DRAWINGS [0005] FIG. 1 illustrates
an exemplary embodiment of a showerhead electrode
assembly of a semiconductor material plasma processing
apparatus. [0006] FIG. 2 is an enlarged view of a
portion of the showerhead electrode assembly shown in
FIG. 1 including an embodiment of an interface member.
[0007] FIG. 3 is a schematic diagram of an embodiment
of an interface member.[0008] FIG. 4 is a plan view of
an embodiment of an interface member. [0009] FIGs.
5A-5C illustrate an embodiment of an interface member.
[0010] FIG. 6 is an enlarged view of a portion of a
showerhead electrode assembly shown in FIG. 1
including another embodiment of an interface member.
[0011] FIG. 7 illustrates a portion of a showerhead
electrode assembly according to another embodiment
including an embodiment of an interface member. [0012]
FIG. 8 is an enlarged view of a portion of a
showerhead electrode assembly according to the other
embodiment including another embodiment of an
interface member. DETAILED DESCRIPTION [0013] Plasma
processing apparatuses for semiconductor substrates,
such as silicon wafers, include plasma etch chambers
which are used in semiconductor device manufacturing
processes to etch such materials as semiconductors,
metals and dielectrics. For example, a dielectric etch
chamber might be used to etch materials such as
silicon dioxide or silicon nitride. During the etch
process, components within the etch chamber heat up
and cool down and experience thermal stresses as a
result. For actively heated components of a heated
showerhead assembly, this temperature cycling can
result in increased particle generation. [0014] A
showerhead electrode assembly having a heater to
prevent the showerhead electrode from falling below a
minimum temperature is described in commonly-owned
U.S. Patent Publication No. 2005/0133 160Al, the
disclosure of which is hereby incorporated by
reference in its entirety. The heater cooperates with
a thermal control plate in heat transfer with a
temperature controlled top plate which forms a top
wall of a plasma etch chamber. [0015] FIG. 1 depicts
one-half of a showerhead assembly 100 of a parallel
plate capacitively-coupled plasma chamber (vacuum
chamber) comprising a top electrode 103 and an
optional backing member 102 secured to the top
electrode 103, a thermal control plate 101, and a top
plate 111. Thermal chokes 112 can be provided on the
upper surface of the thermal control plate 101. The
top electrode 103 is positioned above a substrate
support 160 supporting a semiconductor substrate 162,
e.g., semiconductor wafer.[0016] The top plate 111 can
form a removable top wall of the plasma processing
apparatus, such as a plasma etch chamber. As shown,
the top electrode 103 can include an inner electrode
member 105, and an optional outer electrode member
107. The inner electrode member 105 is typically made
of single crystal silicon. If desired, the inner and
outer electrodes 105, 107 can be made of a single
piece of material such as CVD silicon carbide, single
crystal silicon or other suitable material. [0017] The
inner electrode member 105 can have a diameter smaller
than, equal to, or larger than a wafer to be
processed, e.g., up to 200 mm. For processing larger
semiconductor substrates such as 300 mm wafers, the
outer electrode member 107 is adapted to expand the
diameter of the top electrode 103 from about 12 inches
to about 19 inches, such as about 15 inches to about
17 inches. The outer electrode member 107 can be a
continuous member (e.g., a poly-silicon or silicon
carbide member, such as a ring), or a segmented member
(e.g., 2-6 separate segments arranged in a ring
configuration, such as segments of single crystal
silicon). In embodiments in which the top electrode
103 includes a multiple-segment outer electrode member
107, the segments preferably have edges which overlap
each other to protect an underlying bonding material
from exposure to plasma. The inner electrode member
105 preferably includes multiple gas passages 104 for
injecting a process gas into a space in a plasma
reaction chamber below the top electrode 103.
Optionally, the outer electrode member 107 can include
multiple gas passages (not shown). The outer electrode
107 preferably forms a raised step at the periphery of
the electrode 103 which does not include gas passages.
Further details of a stepped electrode can be found in
commonly-owned U.S. Pat. No. 6,824,627, the entire
disclosure of which is hereby incorporated by
reference. [0018] Single crystal silicon is a
preferred material for plasma exposed surfaces of the
inner electrode member 105 and the outer electrode
member 107. High-purity, single crystal silicon
minimizes contamination of substrates during plasma
processing as it introduces only a minimal amount of
undesirable elements into the reaction chamber, and
also wears smoothly during plasma processing, thereby
minimizing particles.[0019] The showerhead electrode
assembly 100 can be sized for processing large
substrates, such as semiconductor wafers having a
diameter of 300 mm. For 300 mm wafers, the top
electrode 103 is at least 300 mm in diameter. However,
the showerhead electrode assembly can be sized to
process other wafer sizes or substrates having a
non-circular configuration such as substrates for flat
panel displays. [0020] The backing member 102 includes
a backing plate 106 and optionally a backing ring 108.
In such configurations, the inner electrode member 105
is co extensive with the backing plate 106, and the
outer electrode member 107 is coextensive with the
surrounding backing ring 108. However, the backing
plate 106 can extend beyond the inner electrode member
such that a single backing plate can be used to
support the inner electrode member and the segmented
outer electrode member or support a single piece inner
electrode and outer electrode. The inner electrode
member 105 and the outer electrode member 107 are
preferably attached to the backing member 102 by a
bonding material, such as an elastomeric bonding
material. The backing plate 106 includes gas passages
113 aligned with the gas passages 104 in the inner
electrode member 105 to provide gas flow into the
plasma processing chamber. If the outer electrode 107
includes gas passages, the backing ring 108 includes
gas passages aligned with such optional gas passages
in the outer electrode 107 (not shown). The gas
passages 113 can typically have a diameter of about
0.04 inch, and the gas passages 104 can typically have
a diameter of about 0.025 inch. [0021] In the
embodiment, the backing plate 106 and backing ring 108
are made of an aluminum material, which is typically
an aluminum alloy material such as 6061 or other alloy
suitable for use in semiconductor processing. The
backing plate 106 and backing ring 108 can be made of
bare aluminum, i.e., aluminum that has a surface
native oxide (and is not anodized). [0022] The top
electrode 103 can be attached to the backing plate 106
and backing ring 108 with a thermally and electrically
conductive elastomer bonding material that
accommodates thermal stresses, and transfers heat and
electrical energy between the top electrode 103 and
the backing plate 106 and backing ring 108.
Alternatively, the elastomer can be thermally
conductive, but not electrically conductive. The useof
elastomers for bonding together surfaces of an
electrode assembly is described, for example, in
commonly-owned U.S. Pat. No. 6,073,577, which is
incorporated herein by reference in its entirety.
[0023] The backing plate 106 and the backing ring 108
are preferably attached to the thermal control plate
101 with suitable fasteners, which can be threaded
bolts, screws, or the like. For example, bolts (not
shown) can be inserted in holes in the thermal control
plate 101 and screwed into threaded openings in the
backing member 102. The thermal control plate 101 is
in heat transfer relationship with an actively
controlled heater. See, for example, FIGS. 1 and 2 and
the description thereof in commonly-owned U.S.
Published Application No. 2005/0133160A1, the entire
disclosure of which is hereby incorporated by
reference. The holes in the thermal control plate 101
can be oversized to allow for movement due to
differences in thermal expansion that accommodates
thermal stresses. The thermal control plate 101
includes a flexure portion 109 and is preferably made
of a machined metallic material, such as aluminum, an
aluminum alloy such as aluminum alloy 6061 or other
alloy suitable for use in semiconductor processing.
The thermal control plate 101 can be made of bare
aluminum, i.e., aluminum that has a surface native
oxide (and is not anodized). The top plate 111 is
preferably made of aluminum or an aluminum alloy such
as aluminum alloy 6061. A plasma confinement assembly
110 is shown outwardly of the showerhead electrode
assembly 100. A suitable plasma confinement assembly
including a vertically-adjustable, plasma confinement
ring assembly is described in commonly-owned U.S. Pat.
No. 6,433,484, which is incorporated herein by
reference in its entirety. [0024] The thermal control
plate 101 preferably includes at least one heater
operable to cooperate with the temperature-controlled
top plate 111 to control the temperature of the top
electrode 103. For example, in a preferred embodiment,
the heater is provided on the upper surface of the
thermal control plate 101 and includes a first heater
zone surrounded by a first projection 61, a second
heater zone between the first projection 6 1 and a
second projection 63, and a third heater zone between
the second projection 63 and the flexure portion 109.
The number of heater zones can be varied; for example,
in other embodiments the heater can include a
singleheater zone, two heater zones, or more than
three heater zones. The heater can alternatively be
provided on a bottom surface of the thermal control
plate. [0025] The heater preferably comprises a
laminate including a resistively heated material
disposed between opposed layers of a polymeric
material that can withstand the operating temperatures
reached by the heater. An exemplary polymeric material
that can be used is a polyimide sold under the
trademark Kapton(r), which is commercially available
from E.I. du Pont de Nemours and Company.
Alternatively, the heater can be a resistive heater
embedded in the thermal control plate (e.g., a heating
element in a cast thermal control plate or a heating
element located in a channel formed in the thermal
control plate). Another embodiment of the heater
includes a resistive heating element mounted on the
upper and/or lower surface of the thermal control
plate. Heating of the thermal control plate can be
achieved via conduction and/or radiation. [0026] The
heater material can have any suitable pattern that
provides for thermally uniform heating of the first
heater zone, second heater zone, and third heater
zone. For example, the laminate heater can have a
regular or non-regular pattern of resistive heating
lines such as a zig-zag, serpentine, or concentric
pattern. By heating the thermal control plate with the
heater, in cooperation with operation of the
temperature-controlled top plate, a desirable
temperature distribution can be provided across the
top electrode during operation of the showerhead
electrode assembly. [0027] The heater sections located
in the first heater zone, second heater zone, and
third heater zone can be secured to the thermal
control plate by any suitable technique, e.g., the
application of heat and pressure, adhesive, fasteners,
or the like. [0028] The top electrode can be
electrically grounded, or alternatively can be
powered, preferably by a radio-frequency (RF) current
source 170. The output power of the RF current source
170 powering the top electrode can have a frequency
ranging from 50 to 80 MHz, preferably a frequency of
60 MHz, or a similar frequency. In such an alternative
embodiment, the bottom electrode can be coupled to the
ground potential and the top electrode coupled to the
RF source 170. The RF source 170 can have a voltage of
between about 100 volts and about 2000 volts. In a
preferred embodiment, the top electrode is grounded,
and power at one or morefrequencies is applied to the
bottom electrode to generate plasma in the plasma
processing chamber. The RF source 170 powering the
bottom electrode can have a frequency of between about
400 kHz and about 60 MHz. For example, the bottom
electrode can be powered at frequencies of 2 MHz and
27 MHz by two independently controlled radio frequency
power sources. [0029] After a substrate has been
processed (e.g., a semiconductor substrate has been
plasma etched), the supply of power to the bottom
electrode is shut off to terminate plasma generation.
The processed substrate is removed from the plasma
processing chamber, and another substrate is placed on
the substrate support for plasma processing. In a
preferred embodiment, the heater is activated to heat
the thermal control plate 101 and, in turn, the top
electrode 103, when power to the bottom electrode is
shut off. As a result, the top electrode 103
temperature is preferably prevented from decreasing
below a desired minimum temperature. For etching
dielectric materials, the top electrode temperature is
preferably maintained at approximately a constant
temperature such as 150 to 250C between successive
substrate processing runs so that substrates are
processed more uniformly, thereby improving process
yields. The power supply preferably is controllable to
supply power at a desired level and rate to the heater
based on the actual temperature and the desired
temperature of the top electrode. [0030] In exemplary
embodiments, the top electrode 103 can be heated to a
temperature of at least about 80C, such as heating and
maintaining at least a portion of the showerhead
electrode at a temperature of at least 100C, at least
about 150C, or at least 180C. The top electrode 103
can be heated before etching of a semiconductor
substrate. The etching can comprise etching openings
in an oxide layer on the semiconductor substrate,
where the openings are defined by a patterned
photoresist. [0031] The plasma chamber can also
include, for example, a temperature controller; a
power supply adapted to supply power to a heater which
heats the thermal control plate in thermal response to
the temperature controller; a fluid control adapted to
supply fluid to a temperature controlled top wall of
the chamber in response to the temperature controller;
and a temperature sensor arrangementadapted to measure
the temperature of one or more portions of the
showerhead electrode and supply information to the
temperature controller. [0032] The illustrated
embodiment of the showerhead electrode assembly also
comprises an aluminum baffle ring arrangement 120 used
to distribute process gasses in a plasma chamber. The
aluminum baffle ring arrangement 120 in FIG. 1
includes six rings made from aluminum or an aluminum
alloy, such as 6061 aluminum, which comprises by
weight from about 96 to about 98% Al, about 0.8 to
about 1.2% Mg, about 0.4 to about 0.8% Si, about 0.15
to 0.4% Cu, about 0.04 to 0.35% Cr, and optionally Fe,
Mn, Zn and/or Ti. The baffle rings 120 can have an
anodized outer surface. The six concentric L-shaped
rings are located within the plenums above the backing
member 102 and below the thermal control plate 101.
For example, a central plenum can include a single
ring, the adjacent plenum can include two rings
separated by a 1/2 to 1 inch gap, the next adjacent
plenum can include two rings separated by a 1/2 to 1
inch gap and an outer plenum can include a single
ring. The rings are mounted to the thermal control
plate 101 with screws. For example, each ring can
include circumferentially spaced apart stand-offs or
bosses with through holes for receiving the screws,
e.g., three bosses arranged apart can be used. Each
ring can have a horizontal section of about 0.040 inch
thickness and a vertical flange of about 1/4 inch in
length. [0033] When the top surface 134 of the
aluminum backing plate 106 and an annular projection
136 of the thermal control plate 101 come into contact
in a contact region 132 during operation of the
showerhead electrode assembly 100, galling can occur
between the thermal control plate 101 and the aluminum
backing member 102 including the backing plate 106 and
backing ring 108 along contact regions located between
them. Details of galling are described in
commonly-owned co-pending U.S. Patent Application No.
11/896,375, the entire contents of which are hereby
incorporated by reference. In the thermal control
plate 101, the contact regions 132 can cover about 1%
to about 30% of the surface area of the backing plate
102. [0034] This galling can occur on both of the
thermal control plate 101 and aluminum backing member
102, and is caused by relative motion and rubbing
occurring between the opposed surfaces of the thermal
control plate 101 andaluminum backing member 102 as a
result of temperature cycling. This galling is highly
undesirable for a number of reasons. First, galling
can cause a reduction in thermal transfer and thus a
shift in the temperature including, for example, a
localized temperature non-uniformity, of the top
electrode 103 including the illustrated inner
electrode member 105. This temperature shift can cause
a process shift during processing of semiconductor
substrates in the plasma processing chamber. [0035]
Galling of the thermal control plate 101 and aluminum
backing member 102 can also cause particle generation,
or cause fusing of the thermal control plate 101 and
aluminum backing member 102, which then requires
excessive force to separate these components, which
can result in damage to these components. [0036]
Galling of the thermal control plate 101 and aluminum
backing member 



102 can also increase the difficulty of cleaning the
top electrode 103. [0037] Additionally, galling of the
thermal control plate 101 and aluminum backing member
102 degrades the cosmetic appearance of these
components and reduces their lifetime. [0038] FIG. 2
illustrates an exemplary embodiment of the showerhead
electrode assembly including a modification that
reduces the occurrence of galling of the thermal
control plate 101 and aluminum backing plate 106 and
backing ring 108 and consequently also reduces
problems associated with such galling. Particularly,
as shown in FIG. 2, an interface member 151 which
comprises a thermally and electrically conductive
gasket 145 and particle mitigating seal portions 147a
and 147b, is located between the bottom surface of the
annular projection 136 of the thermal control plate
and the top surface 134 of the aluminum backing plate
102. [0039] FIG. 3 shows a cross-section of a portion
of an embodiment of an interface member 151. As
depicted, the interface member 151 comprises a
thermally and electrically conductive gasket portion
145 bounded on a periphery 149 by a particle
mitigating seal portion 147a. In this embodiment, the
gasket portion 145 preferably comprises a laminate of
coaxial annular rings such as a central portion 143
sandwiched between upper and lower portions 141a and
141b. For example, the central portion 143 can be a
strip of aluminum and the upper and lower portions
141a/141b can be strips of carbon loaded silicone.
Alternatively, the gasket portion145 is a thermal
filler material such as a silicone filled with boron
nitride (such as CHO-THERM 1671 manufactured by
Chomerics), a graphite (such as eGraf 705 manufactured
by Graftech), an indium foil, a sandwich (such as
Q-pad II by Bergquist), or a phase change material
(PCM) (such as T-pcm HP 105 by Thermagon). [0040] The
thermally and electrically conductive gasket portion
145 can be, for example, a conductive
silicone-aluminum foil sandwich gasket structure, or a
elastomer-stainless steel sandwich gasket structure hi
a preferred embodiment, the gasket 145 is Bergquist
Q-Pad II composite materials available from The
Bergquist Company, located in Chanhassen, Minnesota.
These materials comprise aluminum coated on both sides
with thermally/electrically conductive rubber. The
materials are compatible in vacuum environments. The
contact surfaces of the thermal control plate and
aluminum backing member, e.g., backing plate, each
have some degree of roughness caused by processing,
e.g., machining. The gasket material is preferably
also sufficiently compliant so that it compensates for
surface roughness of the contact surface and
effectively fills regions (e.g., microvoids) of the
contact surfaces to enhance thermal contact between
the contact surfaces. Most preferably, the gasket
portion is Lambda Gel COH-4000 (available from
Geltec). [0041] To minimize graphite generation from
the gasket material, the gaskets can be cleaned using
deionized water, such as by wiping. The gasket
material can alternatively be coated with a suitable
coating material, such as a fluoroelastomer material.
[0042] The particle mitigating seal portion 147a/147b
can be an elastomer or a polymer resistant to erosion
from radicals in a vacuum environment. Preferably, the
seal portion 147a/147b is an in-situ cured elastomer
or polymer resistant to erosion from radicals produced
by plasma in a vacuum environment and resistant to
degradation at high temperatures such as above 2000C.
Polymeric materials which can be used in plasma
environments above 160C include polyimide, polyketone,
polyetherketone, polyether sulfone, polyethylene
terephthalate, fluoroethylene propylene copolymers,
cellulose, triacetates, silicone, and rubber. [0043]
More preferably, the seal portion 147a/147b is an
in-situ room temperature vulcanized (RTV) unfilled
silicone exhibiting appropriate pre-cure and
post-cureproperties such as adhesion strength, elastic
modulus, erosion rate, temperature resistance and the
like. For example, an in-situ curable silicone can be
a two-part or one-part curing resin using platinum,
peroxide or heat. Preferably, the silicone elastomer
material has a Si-O backbone with methyl groups
(siloxane). However, carbon or carbon-fluorine
backbones can also be used. Most preferably, the
silicone material cures in-situ for isolating the
thermally and electrically conductive gasket portion
145 from the vacuum environment in the chamber forming
an unfilled, cross-linked silicone rubber. An
especially preferred elastomer is a
polydimethylsiloxane containing elastomer such as a
catalyst cured, e.g. Pt-cured, elastomer available
from Rhodia as Rhodorsil V217, an elastomer which is
stable at temperatures of 250C and higher. [0044] The
thermally and electrically conductive gasket 145 is
made of a material that is electrically conductive (to
provide an RF path to the electrode) and thermally
conductive to provide electrical and thermal
conduction between the thermal control plate 101 and
the aluminum backing plate 106. The gasket 145
provides an electrically-conductive thermal interface.
The gasket 145 also enhances heat transfer between the
top electrode 103 including the inner electrode member
105 and the thermal control plate 101. The particle
mitigating seal portion 147a/ 147b can be dip coated,
molded, spray coated or the like onto the periphery
149 of the thermally and electrically conductive
gasket portion 145. [0045] Preferably, the seal
portion 147a/147b is spray coated onto the periphery
149 of the gasket portion 145. Spray coating can
result in the mitigating seal portion 147a/147b having
various cross-sectional shapes (profiles), for
example, FIG. 3 shows a mitigating seal portion
147a/147b having a rounded-rectangular cross section.
If desired, the gasket portion 145 can be in the shape
of an annular ring having an outward perimeter and an
inward aperture where the particle mitigating seal
portion 147a and 147b, respectively, is bonded to the
gasket portion 145. FIG. 4 shows a plan view of an
embodiment of an interface member 151 comprising the
gasket portion 145 shaped as an annular ring with the
seal portion 147a bonded to the outward perimeter 149
and the seal portion 147b bonded to the inner aperture
155. Bolt holes 157 are also shown in FIG. 4, which
allow bolts (not shown) to be inserted in holes in the
thermal control plate 101 and screwed into threaded
openingsin the backing plate 106 and backing ring 108
with the interface member 151 located between the
bottom surface of the annular projection 136 of the
thermal control plate and the top surface 134 of the
aluminum backing plate 102. [0046] Also preferably, as
shown in FIG. 5A, the seal portion 147a/147b can be in
the form of uncured elastomeric sheets
147c/147d/147e/147f in the shape of annular rings
sized to overlap the outward perimeter and the inward
aperture of the gasket portion 145. The uncured
elastomeric sheets 147c/147d/147e/147f can be located
on the gasket portion 145 (FIG. 5B) and cured to
provide an interface member 151 (FIG. 5C). [0047] As
shown in FIG. 2, the particle mitigating seals
147a/147b can be shaped such as O-rings disposed on
the outer and inner periphery 149 of each annular
gasket portion 145. More generally, (with reference to
FIGs. 2 and 4) the particle mitigating seal portions
147a/147b of the interface member 151 can have a
curved surface and protrude from the outward perimeter
153 and inward aperture 155 of each thermally and
electrically conductive gasket portion 145. A
plurality of annular projections 136 and annular
thermally and electrically conductive gasket portions
145 result in a plurality of seals 147a/147b, for
example, from 4 to 20 seal portions 147a/147b. The
plurality of annular gasket portions 145 require
fairly precise placement. Since the interface member
151 provides the particle mitigating seal portions
147a/147b bonded to the periphery 149 of the gasket
portion 145, installation of the interface member 151
simplifies precise installation of a thermally and
electrically conductive gasket portion 145 sealed off
from the vacuum chamber by particle mitigating seal
portions 147a/147b. Particularly, when the contact
surfaces of the annular gaskets 145 in contact regions
132 are small to allow for variations in location
during installation. [0048] As also shown in FIG. 2,
shims 146 having about the same thickness as the
gasket 145 are located between the aluminum baffle
rings 120 and the bottom surface 142 of the thermal
control plate 101. The shims 146 can be of a
dielectric material. [0049] The thermal control plate
101 includes several annular projections 136
establishing plenums at the backside of the backing
plate 106, e.g., 2 to 10,preferably 4 to 8
projections. An interface member 151 is arranged over
the contact surfaces of each annular projection.
[0050] FIG. 6 shows another embodiment of an interface
member 151' located between the bottom surface of the
annular projection 136 of the thermal control plate
and the top surface 134 of the aluminum backing plate
102. As depicted, this embodiment of an interface
member 151' has a thermally and electrically
conductive gasket portion 145' bounded on each
periphery by a particle mitigating portion
147a'/147b'. For example, the interface member 151'
shown in FIG. 6 has an annular thermally and
electrically conductive gasket portion 145' bounded on
an outer perimeter by a first co-planar particle
mitigating seal portion 147a' and bounded on an inner
aperture by a second co-planar particle mitigating
seal portion 147b'. Such an embodiment of a showerhead
electrode assembly including the interface member 151'
has a fewer number of parts than required if
installing a plurality of separate thermally and
electrically conductive gaskets and a separate outer
and inner seal such as an O-ring, for each thermally
and electrically conductive gasket. The interface
member 151' is easy to install and completely covers
contact regions 132. A plurality of fasteners (such as
3 to 15 bolts) pass through openings 157 (FIG. 4) in
each of the annular gasket portions 145/145' to secure
the thermal control plate 101 to the backing plate
106. Furthermore, by using an interface member 151',
baffles 120 and shims 146 can be omitted if desired.
[0051] By enhancing thermal transfer through the
contact regions 132, it is possible to reduce
temperature differences between the top electrode 103
including the inner electrode member 105 and the
thermal control plate 101, such that "first wafer
effects" can also be reduced during consecutive
processing of a series of wafers. That is, "first
wafer effects" refers to secondary heating of
subsequent wafers caused indirectly by the heating of
the first-processed wafer. Specifically, upon
completion of processing of the first wafer, the
heated processed wafer and the process chamber side
walls radiate heat toward the upper electrode. The
upper electrode then indirectly provides a secondary
heating mechanism for subsequent wafers that are
processed in the chamber. As a result, the first wafer
processed by the system may exhibit a larger than
desired critical dimension (CD) variation than
subsequent wafers processed by the system since wafer
temperature variation canaffect CD during etching of
high aspect ratio contact vias in semiconductor
substrates. Subsequently processed wafers may have
different and/or less CD variation than the first
processed wafer due to stabilization of temperature in
the chamber. [0052] Across-wafer and wafer-to-wafer
temperature variation can also be preferably reduced
by enhancing thermal transfer through the contact
regions 132. Also, chamber-to-chamber temperature
matching can be preferably achieved where multiple
plasma etching chambers in different processing lines
are used for a desired process or throughput, by
enhancing thermal transfer through the contact regions
132. [0053] Typically, a one degree Centigrade
variation in wafer temperature acrosswafer,
wafer-to-wafer, or chamber-to-chamber, can cause a CD
variation increase at 3s (3x standard deviation) by
about 0.5 to 0.1 nm (e.g., 0.4 nm/C - 0.2 nm/C or 0.35
nm/C - 0.25 nm/C). [0054] As mentioned, after the
first wafer has been processed, the temperature of
subsequently processed wafers can stabilize, such that
temperature variation of reference points on
subsequently processed wafers is preferably less than
about 10 C, more preferably, less than about 5 0C,
such that, for example, the CD variation can be
controlled to within about 5 nm (0.5 nm/C x 10 C),
more preferably, to within about 3 nm (0.3 nm/C x 10
C), most preferably to within about 0.5 nm (0.1 nm/C x
5 C) for etching high aspect ratio contact vias in
semiconductor substrates. [0055] For memory
applications the CD variation is desirably less than 4
nm at 3s. With the enhanced thermal transfer through
the contact regions 132 provided by the interface
members 151/151', the CD variation is preferably, 1 nm
or less wafer-towafer and 4 nm or less
chamber-to-chamber. For logic applications the CD
variation is desirably less than 3 nm at 3s. With the
enhanced thermal transfer through the contact regions
132 provided by the interface members 151/151', the CD
variation is preferably, 2 nm or less wafer-to-wafer
and 4 nm or less chamber-tochamber. [0056] Preferably,
the interface members 151/151' minimize temperature
shifts from the center of the electrode to the edge of
the electrode by less than 10C andminimize azimuthal
temperature shifts to 5 C or less. Electrode
temperature variation due to use of new or used
aluminum backing members is related to the contact
surface condition of the new and used aluminum backing
members. The interface members 151/151' preferably can
minimize electrode temperature shifts caused by new
and used aluminum backing members to less than about
5C. Also, parts may be removed to be cleaned and it is
preferred that a part shows the same thermal
performance after such cleaning. The interface members
151/151' preferably minimize thermal performance
shifts between before and after cleaning of the
aluminum backing members to less than about 5C change
in electrode temperature. [0057] Preferably, the
interface members 151/151' can also reduce or prevent
fusing or galling of the thermal control plate 101 and
aluminum backing member 102, which allows these
components to be separated from each other with
minimum force. [0058] Preferably, the interface
members 151/1 51' are made of a material that
preferably: does not outgas in a high-vacuum
environment of, e.g., about 10 to about 200 mTorr; has
low particulate generation performance; is compliant
to accommodate shear at contact regions; is free of
metallic components that are lifetime killers in
semiconductor substrates, such as Ag, Ni, Cu and the
like; and can minimize the generation of particles
during cleaning of the aluminum backing member 102.
[0059] FIG. 7 illustrates a portion of another
embodiment of a showerhead electrode assembly.
Referring to FIGs. 2 and 6, the embodiment shown in
FIG. 7 does not include a backing member, and the
thermal control plate 101 is secured directly to the
inner electrode member 105. [0060] When the top
surface 160 of the top electrode 103 and an annular
projection 136 of the thermal control plate 101 come
into contact in a contact region 158 during operation
of the showerhead electrode assembly 100, galling can
occur between the thermal control plate 101 and the
top electrode 103 including the inner electrode member
105 and the optional outer electrode member 107 along
contact regions located between them.[0061] This
galling can occur on both of the thermal control plate
101 and the top electrode 103, and is caused by
relative motion and rubbing occurring between the
opposed surfaces of the thermal control plate 101 and
the top electrode 103 as a result of temperature
cycling. This galling is undesirable for reasons
similar to those described above in relation to the
top surface 134 of the aluminum backing plate 106 and
an annular projection 136 of the thermal control plate
101 contacting in a contact region during operation of
the showerhead electrode assembly 100. For example,
galling can cause a reduction in thermal transfer and
thus a shift in the temperature including, for
example, a localized temperature non-uniformity, of
the top electrode 103 including the illustrated inner
electrode member 105. This temperature shift can cause
a process shift during processing such as plasma
etching of semiconductor substrates in the plasma
processing chamber. [0062] Galling of the thermal
control plate 101 and the top electrode 103 can also
cause particle generation, or cause fusing of the
thermal control plate 101 and the top electrode 103,
which then requires excessive force to separate these
components, which can result in damage to these
components. Galling of the thermal control plate 101
and the top electrode 103 can also increase the
difficulty of cleaning the top electrode 103.
Additionally, galling of the thermal control plate 101
and the top electrode 103 degrades the cosmetic
appearance of these components and reduces their
lifetime. [0063] The showerhead electrode assembly
shown in FIG. 7 can also include an optional outer
electrode member, such as the outer electrode member
107 shown in FIG. 1. The outer electrode member can
have a ring configuration comprised of a plurality of
segments. The thermal control plate 101 can be secured
directly to the inner electrode member 105 and
optional outer electrode member 107 in any suitable
manner, such as by fasteners and/or adhesive bonding,
such as elastomer bonding. As shown in FIG. 7, there
is a contact region 158 between the top surface 160 of
the inner electrode member 105 and the annular
projection 136 of the thermal control plate 101. hi
the embodiment, the outer surface of the thermal
control plate 101 can be anodized except at the
surface at the contact region 158, which is of bare
aluminum (non-anodized). Contact region 158 provides a
thermal path to removeheat from the inner electrode
member 105 and an RF path for RF power passing through
the inner electrode member 105. [0064] An interface
member 151 such as described above with reference to
FIG. 2 is provided between the top surface 160 of the
inner electrode member 105 and the annular projection
136 of the thermal control plate 101. As described
above, thermally and electrically conductive gasket
portion 145 provides a thermal path to remove heat
from the inner electrode member 105 and an RF path for
RF power passing through the inner electrode member
105. Particle mitigating seal portions 147a/147b are
bonded to the gasket portion 145 and are disposed in
offsets 139 between the aluminum baffle rings 120 and
the top surface 160 to form a gas-tight seal. The
upper ends of the vertical walls of the baffle rings
120 are separated from the bottom surface 142 of the
thermal control plate 101 by shims 146. The shims 146
are typically made of a dielectric material, such as
Kapton (r). [0065] FIG. 8 illustrates an embodiment of
an interface member 151' in a showerhead electrode
assembly to reduce the occurrence of galling between
the thermal control plate 101 and the inner electrode
member 105 (and also the optional outer electrode
member) along contact regions located between them,
and consequently to also reduce problems associated
with such galling, such as particle generation. For
example, for a silicon electrode member, galling can
cause silicon particle generation and aluminum
particle generation. Particularly, as shown in FIG. 8,
the interface member 151' is located between the
bottom surface of the annular projection 136 of the
thermal control plate 101 and the top surface 160 of
the inner electrode member 105. The interface member
151' separates adjacent ones of the plenums formed in
the thermal control plate 101 from each other. [0066]
The interface member 151' can be made of the same
materials as the interface members 151/151' described
above with respect to the embodiment of the showerhead
electrode assembly shown in FIGs. 6 and 7. The gasket
portion 145' material is electrically and thermally
conductive to provide electrical and thermal
conduction between the thermal control plate 101 and
the inner electrode member 105 (and optional outer
electrode member), i.e., the gasket 145' provides an
electrically-conductive thermal interface between the
contact regions.[0067] As also shown in FIG. 8, shims
146 having about the same thickness as the interface
member 151' are located between the aluminum baffle
rings 120 and the bottom surface 142 of the thermal
control plate 101. The shims 146 can be of a
dielectric material. The interface member 151' allows
the aluminum baffles 120 and shims 146 to be omitted
if desired. [0068] The modification to the showerhead
electrode assemblies shown in FIGs. 2 and 6-8 reduce
the number of parts, simplify installation and
completely cover contact regions 132/158, as well as,
reduce the occurrence of galling between the thermal
control plate 101 and the inner electrode member 105
(and also the optional outer electrode member) along
contact regions 132/158 located between them, and
consequently also reduce problems associated with such
galling, such as particle generation. For example, for
a silicon electrode member, galling can cause silicon
particle generation and aluminum particle generation.
Particularly, as shown in FIG. 8, an interface member
151' is located between the bottom surface of the
annular projection 136 of the thermal control plate
101 and the top surface 160 of the inner electrode
member 105. The interface member 151' separates
adjacent ones of the plenums formed in the thermal
control plate 101 from each other. [0069] While the
invention has been described in detail with reference
to specific embodiments thereof, it will be apparent
to those skilled in the art that various changes and
modifications can be made, and equivalents employed,
without departing from the scope of the appended
claims.WHAT IS CLAIMED IS: 1. A showerhead electrode
assembly, comprising: a showerhead electrode adapted
to be mounted in an interior of a vacuum chamber and
powered by radio frequency (RF) energy; a backing
plate attached to the showerhead electrode; a thermal
control plate attached to the backing plate via a
plurality of fasteners at multiple contact regions
across the backing plate; and interface members
separating the backing plate and the thermal control
plate at the contact regions, wherein each interface
member comprises a thermally and electrically
conductive gasket portion bounded on a periphery by a
particle mitigating seal portion. 2. The showerhead
electrode assembly of Claim 1, wherein the contact
regions comprise spaced apart annular projections on a
lower surface of the thermal control plate, the
interface members comprising a plurality of annular
interface members sized to cover the annular
projections, the particle mitigating seal portion
bounding the thermally and electrically conductive
gasket portion at an outward perimeter and an inward
aperture of each interface member. 3. The showerhead
electrode assembly of Claim 2, wherein the particle
mitigating seal portion located at the outward
perimeter has a curved surface and protrudes from the
electrically conductive gasket portion and the
particle mitigating seal portion located at the inward
aperture has a curved surface and protrudes from the
thermally and electrically conductive gasket portion.
4. The showerhead electrode assembly of Claim 1,
wherein the thermal control plate and the backing
plate are of non-anodized aluminum, the thermally and
electrically conductive gasket portion of the
interface member is a laminate of metal and polymer
materials, and the particle mitigating seal portion of
the interface member comprise an erosion resistant
elastomer or polymer.5. The showerhead electrode
assembly of Claim 1, wherein the showerhead electrode
comprises an inner electrode and an outer electrode,
and the inner electrode is a circular plate of single
crystal silicon and the outer electrode is a ring
electrode comprised of a plurality of segments of
single crystal silicon. 6. The showerhead electrode
assembly of Claim 3, further comprising baffle rings
of anodized aluminum in plenums between the annular
projections, each baffle ring including a vertical
wall adjacent one of the annular projections, the
vertical walls including offsets at lower ends thereof
adjacent the contact regions, and each particle
mitigating seal portion located in one of the offsets
so as to form seals on opposite sides of the contact
regions. 7. The showerhead electrode assembly of Claim
1, wherein the fasteners comprise bolts threaded into
the backing member, the thermally and electrically
conductive gasket portions including oversized through
holes therein through which the bolts pass into the
backing member. 8. The showerhead electrode assembly
of Claim 6, wherein upper ends of the vertical walls
of the baffle rings are separated from a lower surface
of the thermal control plate by shims having about the
same thickness as the thermally and electrically
conductive gasket portion of the interface member. 9.
The showerhead electrode assembly of Claim 1, further
comprising thermal chokes on an upper surface of the
thermal control plate. 10. The showerhead electrode
assembly of Claim 1, wherein the interface member is
free of silver, nickel and copper, and the contact
regions cover about 1% to about 30% of the surface
area of the backing plate. 11. A vacuum chamber
comprising the showerhead electrode assembly of Claim
1, further comprising:a temperature controller
controlling a temperature of a showerhead electrode
assembly according to Claim 1; a power supply adapted
to supply power to a heater which heats the thermal
control plate in thermal response to the temperature
controller; a fluid control adapted to supply fluid to
a temperature controlled top wall of the chamber in
response to the temperature controller; and a
temperature sensor arrangement adapted to measure the
temperature of one or more portions of the showerhead
electrode and supply information to the temperature
controller, wherein the top wall of the vacuum chamber
is optionally electrically grounded. 12. The
showerhead electrode assembly of Claim 1, wherein the
showerhead electrode includes a silicon electrode
plate with gas outlets on one side thereof and the
opposite side thereof elastomer bonded to the backing
plate which is of non-anodized aluminum. 13. A method
of controlling plasma etching in a plasma etching
chamber, comprising: supplying process gas to the
plasma etching chamber through the showerhead
electrode assembly of Claim 1, the process gas flowing
into a gap between the showerhead electrode and a
bottom electrode on which a semiconductor substrate is
supported; and etching a semiconductor substrate in
the plasma etching chamber by applying RF power to the
showerhead electrode and energizing the process gas
into a plasma state, wherein the temperature of the
showerhead electrode is controlled by the thermal
control plate via enhanced thermal conduction through
the thermally and electrically conductive gasket
portion of the interface members. 14. The method of
Claim 13, further comprising heating of the showerhead
electrode to a temperature of at least about 8O0C.15.
The method of Claim 14, wherein the heating of the
showerhead electrode comprises heating and maintaining
the showerhead electrode at a temperature of at least
about 1000C. 16. The method of Claim 14, wherein the
heating of the showerhead electrode comprises heating
and maintaining the showerhead electrode at a
temperature of at least about 1800C. 17. The method of
Claim 13, wherein the heating of the showerhead
electrode occurs before the etching of the
semiconductor substrate, and the etching comprises
etching openings defined by a patterned photoresist in
an oxide layer on the semiconductor substrate, the
openings being defined by a patterned photoresist. 18.
A showerhead electrode assembly, comprising: a
showerhead electrode adapted to be mounted in an
interior of a vacuum chamber; a thermal control plate
attached to the showerhead electrode at multiple
contact regions across the showerhead electrode with
plenums between the thermal control plate and the
showerhead electrode located between the contact
regions; and interface members between the showerhead
electrode and the thermal control plate, at the
contact regions, wherein each interface member
comprises a thermally and electrically conductive
gasket portion bounded on a periphery by a particle
mitigating seal portion. 19. The showerhead electrode
assembly of Claim 18, wherein: the contact regions
comprise surfaces of spaced-apart annular projections
provided on a lower surface of the thermal control
plate, the contact regions cover about 1% to about 30%
of the surface area of the backing plate; the
interface members comprise an annular interface member
located between each of the annular projections and an
upper surface of the electrode;the thermally and
electrically conductive gasket portion of the
interface members are composed of a laminate of metal
and polymer materials free of silver, nickel and
copper; and the particle mitigating seal portion of
the interface members bound an outer perimeter and an
inner aperture of each thermally and electrically
conductive gasket portion, and are comprised of
silicone. 20. The showerhead electrode assembly of
Claim 19, wherein: the showerhead electrode comprises
an inner electrode and an outer electrode, the inner
electrode is a circular plate of single crystal
silicon and the outer electrode is a ring electrode
comprised of a plurality of segments of single crystal
silicon; the particle mitigating seal portions of the
interface members have a curved surface and protrude
from the outward perimeter and inward aperture of each
thermally and electrically conductive gasket portion;
and the showerhead electrode assembly further
comprises: baffle rings of anodized aluminum in
plenums between the annular projections, each baffle
ring including a vertical wall adjacent one of the
annular projections, the vertical walls including
offsets at lower ends thereof adjacent the contact
regions; and the particle mitigating seal portions
located in the offsets so as to form seals on opposite
sides of the contact regions, wherein upper ends of
the vertical walls of the baffle rings are separated
from a lower surface of the thermal control plate by
shims having about the same thickness as the thermally
and electrically conductive gasket portions of the
interface members. 21. The showerhead electrode
assembly of Claim 19, wherein the thermal control
plate has an anodized outer surface except at the
contact regions which are of non-anodized aluminum. 


