
PHOSPHOINOSITIDE 3-KINASE INHIBITOR COMPOUNDS AND
METHODS OF USE [0001] CROSS REFERENCE TO RELATED
APPLICATIONS [0002] This non-provisional application
filed under 37 CFR 1.53(b), claims the benefit under
35 USC  119(e) of U.S. Provisional Application Serial
No. 60/873,422 filed on 7 December 2006, which is
incorporated by reference in entirety. [0003] FIELD OF
THE INVENTION [0004] The invention relates generally
to compounds with anti-cancer activity and more
specifically to compounds which inhibit PI3 kinase
activity. The invention also relates to methods of
using the compounds for in vitro, in situ, and in vivo
diagnosis or treatment of mammalian cells, or
associated pathological conditions. [0005] BACKGROUND
OF THE INVENTION [0006] Phosphatidylinositol
(hereinafter abbreviated as "PI") is one of a number
of phospholipids found in cell membranes. In recent
years it has become clear that PI plays an important
role in intracellular signal transduction. Cell
signaling via 3'-phosphorylated phosphoinositides has
been implicated in a variety of cellular processes,
e.g., malignant transformation, growth factor
signaling, inflammation, and immunity (Rameh et al
(1999) J . Biol Chem, 274:8347-8350). The enzyme
responsible for generating these phosphorylated
signaling products, phosphatidylinositol 3-kinase
(also referred to as PI 3-kinase or PI3K), was
originally identified as an activity associated with
viral oncoproteins and growth factor receptor tyrosine
kinases that phosphorylate phosphatidylinositol (PI)
and its phosphorylated derivatives at the 3'-hydroxyl
of the inositol ring (Panayotou et al (1992) Trends
Cell Biol 2:358-60). [0007] Phosphoinositide 3-kinases
(PI3K) are lipid kinases that phosphorylate lipids at
the 3-hydroxyl residue of an inositol ring (Whitman et
al (1988) Nature, 332:664). The 3- phosphorylated
phospholipids (PIP3s) generated by PI3-kinases act as
second messengers recruiting kinases with lipid
binding domains (including plekstrin homology (PH)
regions), such as Akt and phosphoinositide-dependent
kinase-1 (PDKl). Binding of Akt to membrane PIP3s
causes the translocation of Akt to the plasma
membrane, bringing Akt into contact with PDKl, which
is responsible for activating Akt. The
tumor-suppressor phosphatase, PTEN,dephosphorylates
PIP3 and therefore acts as a negative regulator of Akt
activation. The PBkinases Akt and PDKl are important
in the regulation of many cellular processes including
cell cycle regulation, proliferation, survival,
apoptosis and motility and are significant components
of the molecular mechanisms of diseases such as
cancer, diabetes and immune inflammation (Vivanco et
al (2002) Nature Rev. Cancer 2:489; Phillips et al
(1998) Cancer 83:41). [0008] The main PI3-kinase
isoform in cancer is the Class I PI3-kinase, p i 10 a
(alpha) (US 5824492; US 5846824; US 6274327). Other
isoforms are implicated in cardiovascular and
immune-inflammatory disease (Workman P (2004) Biochem
Soc Trans 32:393-396; Patel et al (2004) Proceedings
of the American Association of Cancer Research
(Abstract LB-247) 95th Annual Meeting, March 27-31,
Orlando, Florida, USA; Ahmadi K and Waterfield MD
(2004) Encyclopedia of Biological Chemistry (Lennarz W
J, Lane M D eds) Elsevier/Academic Press). [0009] The
PI3 kinase/Akt/PTEN pathway is an attractive target
for cancer drug development since such agents would be
expected to inhibit proliferation, reverse the
repression of apoptosis and surmount resistance to
cytotoxic agents in cancer cells. PI3 kinase
inhibitors have been reported (Yaguchi et al (2006)
Jour of the Nat. Cancer Inst. 98(8):545-556; US
7173029; US 7037915; US 6608056; US 6608053; US
6838457; US 6770641; US 6653320; US 6403588; US
6703414; WO 97/15658; WO 2006/046031; WO 



2006/046035; WO 2006/046040; WO 2007/042806; WO
2007/042810; WO 2004/017950; US 2004/092561; WO
2004/007491; WO 2004/006916; WO 2003/037886; US
2003/149074; WO 2003/035618; WO 2003/034997; US
2003/158212; EP 1417976; US 2004/053946; JP
2001247477; JP 08175990; JP 08176070). [0010] Certain
thienopyrimidine compounds have p i 10 alpha binding,
PI3 kinase inhibitory activity and inhibit the growth
of cancer cells (WO 2006/04603 1;WO 2006/046035; WO
2006/046040; WO 2007/122410; WO 2007/127183; WO
2007/127175; US Ser. No. 11/789,423, "PHARMACEUTICAL
COMPOUNDS", Chuckowree et al, Filing Date 24 April
2007; US Provisional No. 60/873,448, "PHOSPHOINOSITIDE
3-KINASE INHIBITOR COMPOUNDS AND METHODS OF USE",
Bayliss et al, Filing Date 7 December 2006; US
Provisional No. 60/977,257, "PHOSPHOINOSITIDE 3-KINASE
INHIBITOR COMPOUNDS AND METHODS OF USE", Bayliss et
al, Filing Date 3 October 2007). [001 1] SUMMARY OF
THE INVENTION[0012] The invention relates generally to
2-monocyclic heteroaryl, 4-morpholino substituted
thienopyrimidine and furanopyrimidine compounds with
anti-cancer activity, and more specifically with PB
kinase inhibitory activity. Certain hyperproliferative
disorders are characterized by the modulation of PI3
kinase function, for example by mutations or
overexpression of the proteins. Accordingly, the
compounds of the invention may be useful in the
treatment of hyperproliferative disorders such as
cancer. The compounds may inhibit tumor growth in
mammals and may be useful for treating human cancer
patients. [0013] The invention also relates to methods
of using the compounds for in vitro, in situ, and in
vivo diagnosis or treatment of mammalian cells,
organisms, or associated pathological conditions.
[0014] More specifically, one aspect of the invention
provides 2-monocyclic heteroaryl, 4-morpholino
substituted thienopyrimidine (X = S) and
furanopyrimidine (X = O) compounds of Formulas Ia and
Ib: [0016] and stereoisomers, geometric isomers,
tautomers, solvates, metabolites, and pharmaceutically
acceptable salts thereof. Groups R1, R2, R3, and mor
are as defined herein. [0017] Another aspect of the
invention provides a pharmaceutical composition
comprising a thienopyrimidine or furanopyrimidine
compound of Formula Ia-d and a pharmaceutically
acceptable carrier. The pharmaceutical composition may
further comprise one or more additional therapeutic
agents selected from antiproliferative agents, anti
inflammatory agents, immunomodulatory agents,
neurotropic factors, agents for treatingcardiovascular
disease, agents for treating liver disease, anti-viral
agents, agents for treating blood disorders, agents
for treating diabetes, and agents for treating
immunodeficiency disorders. [0018] Another aspect of
the invention provides methods of inhibiting PB kinase
activity, comprising contacting a PD kinase with an
effective inhibitory amount of a compound of Formula
Ia-d, or a stereoisomer, geometric isomer, tautomer,
solvate, metabolite, or pharmaceutically acceptable
salt or prodrug thereof. [0019] Another aspect of the
invention provides methods of preventing or treating a
disease or disorder modulated by PD kinases,
comprising administering to a mammal in need of such
treatment an effective amount of a compound of Formula
Ia-d, or a stereoisomer, geometric isomer, tautomer,
solvate, metabolite, or pharmaceutically acceptable
salt or prodrug thereof. Examples of such diseases,
conditions and disorders include, but are not limited
to, hyperproliferative disorders (e.g., cancer,
including melanoma and other cancers of the skin),
neurodegeneration, cardiac hypertrophy, pain,
migraine, neurotraumatic diseases, stroke, diabetes,
hepatomegaly, cardiovascular disease, Alzheimer's
disease, cystic 



fibrosis, viral diseases, autoimmune diseases,
atherosclerosis, restenosis, psoriasis, allergic
disorders, inflammation, neurological disorders,
hormone-related diseases, conditions associated with
organ transplantation, immunodeficiency disorders,
destructive bone disorders, hyperproliferative
disorders, infectious diseases, conditions associated
with cell death, thrombin-induced platelet
aggregation, chronic myelogenous leukemia (CML), liver
disease, pathologic immune conditions involving T cell
activation, and CNS disorders. [0020] Another aspect
of the invention provides methods of preventing or
treating a hyperproliferative disorder, comprising
administering to a mammal in need of such treatment an
effective amount of a compound of Formula Ia-d, or a
stereoisomer, geometric isomer, tautomer, solvate,
metabolite, or pharmaceutically acceptable salt or
prodrug thereof, alone or in combination with one or
more additional compounds having
anti-hyperproliferative properties. [0021] In a
further aspect the present invention provides a method
of using a compound of this invention to treat a
disease or condition modulated by PD kinase in a
mammal. [0022] An additional aspect of the invention
is the use of a compound of this invention in the
preparation of a medicament for the treatment or
prevention of a disease or condition modulated by PD
kinase in a mammal. [0023] Another aspect of the
invention includes kits comprising a compound
ofFormula Ia-d, or a stereoisomer, geometric isomer,
tautomer, solvate, metabolite, or pharmaceutically
acceptable salt or prodrug thereof, a container, and
optionally a package insert or label indicating a
treatment. [0024] Another aspect of the invention
includes methods of preparing, methods of separating,
and methods of purifying compounds of Formula Ia-d.
[0025] Another aspect of the invention includes novel
intermediates useful for preparing Formula Ia-d
compounds. [0026] Additional advantages and novel
features of this invention shall be set forth in part
in the description that follows, and in part will
become apparent to those skilled in the art upon
examination of the following specification or may be
learned by the practice of the invention. The
advantages of the invention may be realized and
attained by means of the instrumentalities,
combinations, compositions, and methods particularly
pointed out in the appended claims. [0027] DETAILED
DESCRIPTION OF EXEMPLARY EMBODIMENTS [0028] Reference
will now be made in detail to certain embodiments of
the invention, examples of which are illustrated in
the accompanying structures and formulas. While the
invention will be described in conjunction with the
enumerated embodiments, it will be understood that
they are not intended to limit the invention to those
embodiments. On the contrary, the invention is
intended to cover all alternatives, modifications, and
equivalents which may be included within the scope of
the present invention as defined by the claims. One
skilled in the art will recognize many methods and
materials similar or equivalent to those described
herein, which could be used in the practice of the
present invention. The present invention is in no way
limited to the methods and materials described. In the
event that one or more of the incorporated literature,
patents, and similar materials differs from or
contradicts this application, including but not
limited to defined terms, term usage, described
techniques, or the like, this application controls.
[0029] DEFINITIONS [0030] The term "alkyl" as used
herein refers to a saturated linear or branched-chain
monovalent hydrocarbon radical of one to twelve carbon
atoms (C1- C12), wherein the alkyl 



radical may be optionally substituted independently
with one or more substituents described below. In
another embodiment, an alkyl radical is one to eight
carbon atoms (C1- C8), or one to six carbon atoms (C1-
C6) . Examples of alkyl groups include, but are not
limited to, methyl (Me, -CH3), ethyl (Et, -CH2CH3),
1-propyl (n-Pr, n-propyl, -CH2CH2CH3), 2-propyl(i-Pr,
i-propyl, -CH(CH3)2), 1-butyl (n-Bu, n-butyl,
-CH2CH2CH2CH3), 2-methyl-l -propyl (i- Bu, i-butyl,
-CH2CH(CH3)2), 2-butyl (s-Bu, s-butyl,
-CH(CH3)CH2CH3), 2-methyl-2-propyl (t-Bu, t-butyl,
-C(CH3)3), 1-pentyl (n-pentyl, -CH2CH2CH2CH2CH3),
2-pentyl (- CH(CH3)CH2CH2CH3), 3-pentyl
(-CH(CH2CH3)2), 2-methyl-2-butyl (-C(CH3)2CH2CH3), 3-
methyl-2-butyl (-CH(CH3)CH(CH3)2), 3-methyl-l -butyl
(-CH2CH2CH(CH3)2), 2-methyl-lbutyl
(-CH2CH(CH3)CH2CH3), 1-hexyl (-CH 2CH2CH2CH2CH2CH3) ,
2-hexyl (- CH(CH 3)CH 2CH2CH2CH3), 3-hexyl (-CH(CH
2CH3)(CH 2CH2CH3)), 2-methyl-2-pentyl (-
C(CH3)2CH2CH2CH3), 3-methyl-2-pentyl (-CH(CH 3)CH(CH
3)CH 2CH3), 4-methyl-2-pentyl (- CH(CH3)CH2CH(CH3)2),
3-methyl-3-pentyl (-C(CH3)(CH2CH3)2),
2-methyl-3-pentyl (- CH(CH2CH3)CH(CH3)2),
2,3-dimethyl-2-butyl (-C(CH3)2CH(CH3)2),
3,3-dimethyl-2-butyl (- CH(CH3)C(CH3)3, 1-heptyl,
1-octyl, and the like. [0031] The term "alkenyl"
refers to linear or branched-chain monovalent
hydrocarbon radical of two to eight carbon atoms (C2-
C8) with at least one site of unsaturation, i.e., a
carbon-carbon, sp2 double bond, wherein the alkenyl
radical may be optionally substituted independently
with one or more substituents described herein, and
includes radicals having "cis" and "trans"
orientations, or alternatively, "E" and "Z"
orientations. Examples include, but are not limited
to, ethylenyl or vinyl (-CH=CH2), allyl (-CH2CH=CH2),
and the like. [0032] The term "alkynyl" refers to a
linear or branched monovalent hydrocarbon radical of
two to eight carbon atoms (C2- C8) with at least one
site of unsaturation, i.e., a carbon-carbon, sp triple
bond, wherein the alkynyl radical may be optionally
substituted independently with one or more
substituents described herein. Examples include, but
are not limited to, ethynyl (-CCH), propynyl
(propargyl, -CH2C CH), and the like. [0033] The terms
"carbocycle", "carbocyclyl", "carbocyclic ring" and
"cycloalkyl" refer to a monovalent non-aromatic,
saturated or partially unsaturated ring having 3 to 12
carbon atoms (C3- C12) as a monocyclic ring or 7 to 12
carbon atoms as a bicyclic ring. Bicyclic carbocycles
having 7 to 12 atoms can be arranged, for example, as
a bicyclo [4,5], [5,5], [5,6] or [6,6] system, and
bicyclic carbocycles having 9 or 10 ring atoms can be
arranged as a bicyclo [5,6] or [6,6] system, or as
bridged systems such as bicyclo[2.2.1]heptane, bicyclo
[2.2.2]octane and bicyclo[3.2.2]nonane. Examples of
monocyclic carbocycles include, but are not limited
to, cyclopropyl, cyclobutyl, cyclopentyl,
1-cyclopent-l-enyl, l-cyclopent-2-enyl,
l-cyclopent-3-enyl, cyclohexyl, 1-cyclohex-l-enyl,
l-cyclohex-2-enyl, l-cyclohex-3-enyl, cyclohexadienyl,
cycloheptyl, cyclooctyl, cyclononyl, cyclodecyl,
cycloundecyl, cyclododecyl, and the like.[0034] "Aryl"
means a monovalent aromatic hydrocarbon radical of
6-20 carbon atoms (C6- C20) derived by the removal of
one hydrogen atom from a single carbon atom of a
parent aromatic ring system. Some aryl groups are
represented in the exemplary structures as "Ar". Aryl
includes bicyclic radicals comprising an aromatic ring
fused to a saturated, partially unsaturated ring, or
aromatic carbocyclic ring. Typical aryl groups
include, but are not limited to, radicals derived from
benzene (phenyl), substituted benzenes, naphthalene,
anthracene, biphenyl, indenyl, indanyl,
1,2-dihydronaphthalene, 1,2,3,4-tetrahydronaphthyl,
and the like. Aryl groups are optionally substituted
independently with one or more substituents described
herein. [0035] The terms "heterocycle," "heterocyclyl"
and "heterocyclic ring" are used interchangeably
herein and refer to a saturated or a partially
unsaturated (i.e., having one or more double and/or
triple bonds within the ring) carbocyclic radical of 3
to 20 ring atoms in 



which at least one ring atom is a heteroatom selected
from nitrogen, oxygen, phosphorus and sulfur, the
remaining ring atoms being C, where one or more ring
atoms is optionally substituted independently with one
or more substituents described below. A heterocycle
may be a monocycle having 3 to 7 ring members (2 to 6
carbon atoms and 1 to 4 heteroatoms selected from N,
O, P, and S) or a bicycle having 7 to 10 ring members
(4 to 9 carbon atoms and 1 to 6 heteroatoms selected
from N, O, P, and S), for example: a bicyclo [4,5],
[5,5], [5,6], or [6,6] system. Heterocycles are
described in Paquette, Leo A.; "Principles of Modern
Heterocyclic Chemistry" (W.A. Benjamin, New York,
1968), particularly Chapters 1, 3, 4, 6, 7, and 9;
"The Chemistry of Heterocyclic Compounds, A series of
Monographs" (John Wiley & Sons, New York, 1950 to
present), in particular Volumes 13, 14, 16, 19, and
28; and J . Am. Chem. Soc. (1960) 82:5566.
"Heterocyclyl" also includes radicals where
heterocycle radicals are fused with a saturated,
partially unsaturated ring, or aromatic carbocyclic or
heterocyclic ring. Examples of heterocyclic rings
include, but are not limited to, pyrrolidinyl,
tetrahydrofuranyl, dihydrofuranyl, tetrahydrothienyl,
tetrahydropyranyl, dihydropyranyl,
tetrahydrothiopyranyl, piperidino, morpholino,
thiomorpholino, thioxanyl, piperazinyl,
homopiperazinyl, azetidinyl, oxetanyl, thietanyl,
homopiperidinyl, oxepanyl, thiepanyl, oxazepinyl,
diazepinyl, thiazepinyl, 2-pyrrolinyl, 3-pyrrolinyl,
indolinyl, 2H-pyranyl, 4Hpyranyl, dioxanyl,
1,3-dioxolanyl, pyrazolinyl, dithianyl, dithiolanyl,
dihydropyranyl, dihydrothienyl, dihydrofuranyl,
pyrazolidinylimidazolinyl, imidazolidinyl, 3-
azabicyco[3.1.0]hexanyl, 3-azabicyclo[4.1.0]heptanyl,
azabicyclo[2.2.2]hexanyl, 3H-indolyl quinolizinyl and
N-pyridyl ureas. Spiro moieties are also included
within the scope of thisdefinition. Examples of a
heterocyclic group wherein 2 ring carbon atoms are
substituted with oxo (=0) moieties are pyrimidinonyl
and 1,1-dioxo-thiomorpholinyl. The heterocycle groups
herein are optionally substituted independently with
one or more substituents described herein. [0036] The
term "heteroaryl" refers to a monovalent aromatic
radical of 5-, 6-, or 7- membered rings, and includes
fused ring systems (at least one of which is aromatic)
of 5-20 atoms, containing one or more heteroatoms
independently selected from nitrogen, oxygen, and
sulfur. Examples of heteroaryl groups are pyridinyl
(including, for example, 2- hydroxypyridinyl),
imidazolyl, imidazopyridinyl, pyrimidinyl (including,
for example, 4- hydroxypyrimidinyl), pyrazolyl,
triazolyl, pyrazinyl, tetrazolyl, furyl, thienyl,
isoxazolyl, thiazolyl, oxadiazolyl, oxazolyl,
isothiazolyl, pyrrolyl, quinolinyl, isoquinolinyl,
tetrahydroisoquinolinyl, indolyl, benzimidazolyl,
benzofuranyl, cinnolinyl, indazolyl, indolizinyl,
phthalazinyl, pyridazinyl, triazinyl, isoindolyl,
pteridinyl, purinyl, oxadiazolyl, triazolyl,
thiadiazolyl, thiadiazolyl, furazanyl, benzofurazanyl,
benzothiophenyl, benzothiazolyl, benzoxazolyl,
quinazolinyl, quinoxalinyl, naphthyridinyl, and
furopyridinyl. Heteroaryl groups are optionally
substituted independently with one or more
substituents described herein. [0037] The heterocycle
or heteroaryl groups may be carbon (carbon-linked), or
nitrogen (nitrogen-linked) bonded where such is
possible. By way of example and not limitation, carbon
bonded heterocycles or heteroaryls are bonded at
position 2, 3, 4, 5, or 6 of a pyridine, position 3,
4, 5, or 6 of a pyridazine, position 2, 4, 5, or 6 of
a pyrimidine, position 2, 3, 5, or 6 of a pyrazine,
position 2, 3, 4, or 5 of a furan, tetrahydrofuran,
thiofuran, thiophene, pyrrole or tetrahydropyrrole,
position 2, 4, or 5 of an oxazole, imidazole or
thiazole, position 3, 4, or 5 of an isoxazole,
pyrazole, or isothiazole, position 2 or 3 of an
aziridine, position 2, 3, or 4 of an azetidine,
position 2, 3, 4, 5, 6, 7, or 8 of a quinoline or
position 1, 3, 4, 5, 6, 7, or 8 of an isoquinoline.
[0038] By way of example and not limitation, nitrogen
bonded heterocycles or 



heteroaryls are bonded at position 1 of an aziridine,
azetidine, pyrrole, pyrrolidine, 2- pyrroline,
3-pyrroline, imidazole, imidazolidine, 2-imidazoline,
3-imidazoline, pyrazole, pyrazoline, 2-pyrazoline,
3-pyrazoline, piperidine, piperazine, indole,
indoline, lH-indazole, position 2 of a isoindole, or
isoindoline, position 4 of a morpholine, and position
9 of a carbazole, or b-carboline. [0039] The term
"monocyclic heteroaryl" refers to a five- or
six-membered, unsubstituted or substituted, monocyclic
heteroaryl radical which contains 1, 2, 3 or 4
ringheteroatoms independently selected from N, O and
S. The monocyclic heteroaryl may be attached to the
C-2 position of the pyrimidine ring according to
Formulas Ia-d at any carbon (carbon-linked), or
nitrogen (nitrogen-linked) atom of the monocyclic
heteroaryl R3 group. Monocyclic heteroaryl radicals
include, but are not limited to: 2-pyridyl, 3-pyridyl,
4-pyridyl, 3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl,
2-imidazolyl, 4-imidazolyl, 3-pyrazolyl, 4-pyrazolyl,
2-pyrrolyl, 3-pyrrolyl, 2-thiazolyl, 4-thiazolyl,
5-thiazolyl, 3-pyridazinyl, 4-pyridazinyl, 5-
pyridazinyl, 2-pyrimidinyl, 5-pyrimidinyl,
6-pyrimidinyl, 2-pyrazinyl, 2-oxazolyl, Aoxazolyl,
5-oxazolyl, 2-furanyl, 3-furanyl, 2-thienyl,
3-thienyl, 3-triazolyl, 1-triazolyl, 5- tetrazolyl,
1-tetrazolyl, and 2-tetrazolyl. Monocyclic heteroaryls
are optionally substituted independently with one or
more substituents described herein. [0040] The terms
"treat" and "treatment" refer to both therapeutic
treatment and prophylactic or preventative measures,
wherein the object is to prevent or slow down (lessen)
an undesired physiological change or disorder, such as
the development or spread of cancer. For purposes of
this invention, beneficial or desired clinical results
include, but are not limited to, alleviation of
symptoms, diminishment of extent of disease,
stabilized (i.e., not worsening) state of disease,
delay or slowing of disease progression, amelioration
or palliation of the disease state, and remission
(whether partial or total), whether detectable or
undetectable. "Treatment" can also mean prolonging
survival as compared to expected survival if not
receiving treatment. Those in need of treatment
include those already with the condition or disorder
as well as those prone to have the condition or
disorder or those in which the condition or disorder
is to be prevented. [0041] The phrase "therapeutically
effective amount" means an amount of a compound of the
present invention that (i) treats or prevents the
particular disease, condition, or disorder, (ii)
attenuates, ameliorates, or eliminates one or more
symptoms of the particular disease, condition, or
disorder, or (iii) prevents or delays the onset of one
or more symptoms of the particular disease, condition,
or disorder described herein. In the case of cancer,
the therapeutically effective amount of the drug may
reduce the number of cancer cells; reduce the tumor
size; inhibit (i.e., slow to some extent and
preferably stop) cancer cell infiltration into
peripheral organs; inhibit (i.e., slow to some extent
and preferably stop) tumor metastasis; inhibit, to
some extent, tumor growth; and/or relieve to some
extent one or more of the symptoms associated with the
cancer. To the extent the drug may prevent growth
and/or kill existing cancer cells, it may be
cytostatic and/or cytotoxic. For cancer therapy,
efficacy can be measured, for example, by assessing
the time to disease progression (TTP) and/or
determining the response rate (RR).[0042] The terms
"cancer" and "cancerous" refer to or describe the
physiological condition in mammals that is typically
characterized by unregulated cell growth. A "tumor"
comprises one or more cancerous cells. Examples of
cancer include, but are not limited to, carcinoma,
lymphoma, blastoma, sarcoma, and leukemia or lymphoid
malignancies. More particular examples of such cancers
include squamous cell cancer (e.g., epithelial
squamous cell cancer), lung cancer including small-
cell lung cancer, non-small cell lung cancer
("NSCLC"), adenocarcinoma of the lung and squamous
carcinoma of the lung, cancer of the peritoneum,
hepatocellular cancer, gastric or stomach cancer
including gastrointestinal 



cancer, pancreatic cancer, glioblastoma, cervical
cancer, ovarian cancer, liver cancer, bladder cancer,
hepatoma, breast cancer, colon cancer, rectal cancer,
colorectal cancer, endometrial or uterine carcinoma,
salivary gland carcinoma, kidney or renal cancer,
prostate cancer, vulval cancer, thyroid cancer,
hepatic carcinoma, anal carcinoma, penile carcinoma,
as well as head and neck cancer. [0043] A
"chemotherapeutic agent" is a chemical compound useful
in the treatment of cancer. Examples of
chemotherapeutic agents include erlotinib (TARCEVA(r),
Genentech/OSI Pharm.), bortezomib (VELCADE(r),
Millennium Pharm.), fulvestrant (FASLODEX(r),
AstraZeneca), sunitib (SUTENT(r), Pfizer/Sugen),
letrozole (FEMARA(r), Novartis), imatinib mesylate
(GLEEVEC(r), Novartis), fmasunate (VATALANIB(r),
Novartis), oxaliplatin (ELOXATIN(r), Sanofi), 5-FU
(5-fluorouracil), leucovorin, Rapamycin (Sirolimus,
RAPAMUNE(r), Wyeth), Lapatinib (TYKERB(r), GSK572016,
Glaxo Smith Kline), Lonafarnib (SCH 66336), sorafenib
(NEXAVAR, Bayer Labs), and gefitinib (IRESSA(r),
AstraZeneca), AG1478, alkylating agents such as
thiotepa and CYTOXAN(r) cyclosphosphamide; alkyl
sulfonates such as busulfan, improsulfan and
piposulfan; aziridines such as benzodopa, carboquone,
meturedopa, and uredopa; ethylenimines and
methylamelamines including altretamine,
triethylenemelamine, triethylenephosphoramide,
triethylenethiophosphoramide and trimethylomelamine;
acetogenins (especially bullatacin and bullatacinone);
a camptothecin (including the synthetic analog
topotecan); bryostatin; callystatin; CC-1065
(including its adozelesin, carzelesin and bizelesin
synthetic analogs); cryptophycins (particularly
cryptophycin 1 and cryptophycin 8); dolastatin;
duocarmycin (including the synthetic analogs, KW-2189
and CBl-TMl); eleutherobin; pancratistatin; a
sarcodictyin; spongistatin; nitrogen mustards such as
chlorambucil, chlornaphazine, chlorophosphamide,
estramustine, ifosfamide, mechlorethamine,
mechlorethamine oxide hydrochloride, melphalan,
novembichin, phenesterine, prednimustine,
trofosfamide, uracil mustard; nitrosureas such as
carmustine, chlorozotocin, fotemustine, lomustine,
nimustine,and ranimnustine; antibiotics such as the
enediyne antibiotics (e.g., calicheamicin, especially
calicheamicin gammall and calicheamicin omegall (Angew
Chem. Intl. Ed. Engl. (1994) 33:183-186); dynemicin,
including dynemicin A; bisphosphonates, such as
clodronate; an esperamicin; as well as
neocarzinostatin chromophore and related chromoprotein
enediyne antibiotic chromophores), aclacinomysins,
actinomycin, authramycin, azaserine, bleomycins,
cactinomycin, carabicin, carminomycin, carzinophilin,
chromomycinis, dactinomycin, daunorubicin,
detorubicin, 6-diazo-5-oxo-L-norleucine, ADRIAMYCIN(r)
(doxorubicin), morpholino-doxorubicin,
cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin
and deoxydoxorubicin), epirubicin, esorubicin,
idarubicin, marcellomycin, mitomycins such as
mitomycin C, mycophenolic acid, nogalamycin,
olivomycins, peplomycin, porfromycin, puromycin,
quelamycin, rodorubicin, streptonigrin, streptozocin,
tubercidin, ubenimex, zinostatin, zorubicin;
anti-metabolites such as methotrexate and
5-fluorouracil (5-FU); folic acid analogs such as
denopterin, methotrexate, pteropterin, trimetrexate;
purine analogs such as fludarabine, 6-mercaptopurine,
thiamiprine, thioguanine; pyrimidine analogs such as
ancitabine, azacitidine, 6-azauridine, carmofur,
cytarabine, dideoxyuridine, doxifluridine,
enocitabine, floxuridine; androgens such as
calusterone, dromostanolone propionate, epitiostanol,
mepitiostane, testolactone; anti-adrenals such as
aminoglutethimide, mitotane, trilostane; folic acid
replenisher such as frolinic acid; aceglatone;
aldophosphamide glycoside; aminolevulinic acid;
eniluracil; amsacrine; bestrabucil; bisantrene;
edatraxate; defofamine; demecolcine; diaziquone;
elfornithine; elliptinium acetate; an epothilone;
etoglucid; gallium nitrate; hydroxyurea; lentinan;
lonidainine; maytansinoids such as maytansine and
ansamitocins; mitoguazone; mitoxantrone; mopidanmol;
nitraerine; 



pentostatin; phenamet; pirarubicin; losoxantrone;
podophyllinic acid; 2-ethylhydrazide; procarbazine;
PSK(r) polysaccharide complex (JHS Natural Products,
Eugene, OR); razoxane; rhizoxin; sizofiran;
spirogermanium; tenuazonic acid; triaziquone; 2,2',2"-
trichlorotriethylamine; trichothecenes (especially T-2
toxin, verracurin A, roridin A and anguidine);
urethan; vindesine; dacarbazine; mannomustine;
mitobronitol; mitolactol; pipobroman; gacytosine;
arabinoside ("Ara-C"); cyclophosphamide; thiotepa;
taxoids, e.g., TAXOL(r) (paclitaxel; Bristol-Myers
Squibb Oncology, Princeton, N.J.), ABRAXANE(tm)
(Cremophor-free), albumin-engineered nanoparticle
formulations of paclitaxel (American Pharmaceutical
Partners, Schaumberg, Illinois), and TAXOTERE(r)
(docetaxel, doxetaxel; Sanofi-Aventis);
chlorannibucil; GEMZAR(r) (gemcitabine);
6-thioguanine; mercaptopurine; methotrexate; platinum
analogs such as cisplatin and carboplatin;
vinblastine; etoposide (VP- 16); ifosfamide;
mitoxantrone; vincristine; NAVELBINE(r) (vinorelbine);
novantrone;teniposide; edatrexate; daunomycin;
aminopterin; capecitabine (XELODA(r)); ibandronate;
CPT-Il; topoisomerase inhibitor RFS 2000;
difluoromethylornithine (DMFO); retinoids such as
retinoic acid; and pharmaceutically acceptable salts,
acids and derivatives of any of the above. [0044] Also
included in the definition of "chemotherapeutic agent"
are: (i) antihormonal agents that act to regulate or
inhibit hormone action on tumors such as antiestrogens
and selective estrogen receptor modulators (SERMs),
including, for example, tamoxifen (including
NOLVADEX(r); tamoxifen citrate), raloxifene,
droloxifene, 4- hydroxytamoxifen, trioxifene,
keoxifene, LYl 17018, onapristone, and FARESTON(r)
(toremifme citrate); (ii) aromatase inhibitors that
inhibit the enzyme aromatase, which regulates estrogen
production in the adrenal glands, such as, for
example, 4(5)-imidazoles, aminoglutethimide, MEGASE(r)
(megestrol acetate), AROMASIN(r) (exemestane; Pfizer),
formestanie, fadrozole, RIVISOR(r) (vorozole),
FEMARA(r) (letrozole; Novartis), and ARIMIDEX(r)
(anastrozole; AstraZeneca); (iii) anti-androgens such
as flutamide, nilutamide, bicalutamide, leuprolide,
and goserelin; as well as troxacitabine (a
1,3-dioxolane nucleoside cytosine analog); (iv)
protein kinase inhibitors; (v) lipid kinase
inhibitors; (vi) antisense oligonucleotides,
particularly those which inhibit expression of genes
in signaling pathways implicated in aberrant cell
proliferation, such as, for example, PKC-alpha, RaIf
and H-Ras; (vii) ribozymes such as VEGF expression
inhibitors (e.g., ANGIOZYME(r)) and HER2 expression
inhibitors; (viii) vaccines such as gene therapy
vaccines, for example, ALLOVECTIN(r), LEUVECTIN(r),
and VAXID(r); PROLEUKIN(r) rIL-2; a topoisomerase 1
inhibitor such as LURTOTECAN(r); ABARELIX(r) rmRH;
(ix) anti-angiogenic agents such as bevacizumab
(AVASTIN(r), Genentech); and (x) pharmaceutically
acceptable salts, acids and derivatives of any of the
above. [0045] The term "prodrug" as used in this
application refers to a precursor or derivative form
of a compound of the invention that may be less
cytotoxic to cells compared to the parent compound or
drug and is capable of being enzymatically or
hydrolytically activated or converted into the more
active parent form. See, e.g., Wilman, "Prodrugs in
Cancer Chemotherapy" Biochemical Society Transactions,
14, pp. 375-382, 615th Meeting Belfast (1986) and
Stella et al., "Prodrugs: A Chemical Approach to
Targeted Drug Delivery," Directed Drug Delivery,
Borchardt et al., (ed.), pp. 247-267, Humana Press
(1985). The prodrugs of this invention include, but
are not limited to, phosphate-containing prodrugs,
thiophosphate-containing prodrugs, sulfate-containing
prodrugs, peptide-containing prodrugs, D-amino
acid-modified prodrugs, glycosylated prodrugs,
b-lactam-containingprodrugs, optionally substituted
phenoxyacetamide-containing prodrugs, optionally
substituted phenylacetamide-containing prodrugs,
5-fluorocytosine and other 5-fluorouridine prodrugs
which can be converted into the more active cytotoxic
free drug. Examples of 



cytotoxic drugs that can be derivatized into a prodrug
form for use in this invention include, but are not
limited to, compounds of the invention and
chemotherapeutic agents such as described above.
[0046] A "metabolite" is a product produced through
metabolism in the body of a specified compound or salt
thereof. Metabolites of a compound may be identified
using routine techniques known in the art and their
activities determined using tests such as those
described herein. Such products may result for example
from the oxidation, reduction, hydrolysis, amidation,
deamidation, esterification, deesterifcation,
enzymatic cleavage, and the like, of the administered
compound. Accordingly, the invention includes
metabolites of compounds of the invention, including
compounds produced by a process comprising contacting
a compound of this invention with a mammal for a
period of time sufficient to yield a metabolic product
thereof. [0047] A "liposome" is a small vesicle
composed of various types of lipids, phospholipids
and/or surfactant which is useful for delivery of a
drug (such as the PO kinase inhibitors disclosed
herein and, optionally, a chemotherapeutic agent) to a
mammal. The components of the liposome are commonly
arranged in a bilayer formation, similar to the lipid
arrangement of biological membranes. [0048] The term
"package insert" is used to refer to instructions
customarily included in commercial packages of
therapeutic products, that contain information about
the indications, usage, dosage, administration,
contraindications and/or warnings concerning the use
of such therapeutic products. [0049] The term "chiral"
refers to molecules which have the property of
nonsuperimposability of the mirror image partner,
while the term "achiral" refers to molecules which are
superimposable on their mirror image partner. [0050]
The term "stereoisomers" refers to compounds which
have identical chemical constitution, but differ with
regard to the arrangement of the atoms or groups in
space. [0051] "Diastereomer" refers to a stereoisomer
with two or more centers of chirality and whose
molecules are not mirror images of one another.
Diastereomers have different physical properties, e.g.
melting points, boiling points, spectral properties,
and reactivities. Mixtures of diastereomers may
separate under high resolution analytical procedures
such as electrophoresis and chromatography.[0052]
"Enantiomers" refer to two stereoisomers of a compound
which are nonsuperimposable mirror images of one
another. [0053] Stereochemical definitions and
conventions used herein generally follow S. P. Parker,
Ed., McGraw-Hill Dictionary of Chemical Terms (1984)
McGraw-Hill Book Company, New York; and Eliel, E. and
Wilen, S., "Stereochemistry of Organic Compounds",
John Wiley & Sons, Inc., New York, 1994. The compounds
of the invention may contain asymmetric or chiral
centers, and therefore exist in different
stereoisomeric forms. It is intended that all
stereoisomeric forms of the compounds of the
invention, including but not limited to,
diastereomers, enantiomers and atropisomers, as well
as mixtures thereof such as racemic mixtures, form
part of the present invention. Many organic compounds
exist in optically active forms, i.e., they have the
ability to rotate the plane of plane-polarized light.
In describing an optically active compound, the
prefixes D and L, or R and S, are used to denote the
absolute configuration of the molecule about its
chiral center(s). The prefixes d and 1or (+) and (-)
are employed to designate the sign of rotation of
plane-polarized light by the compound, with (-) or 1
meaning that the compound is levorotatory. A compound
prefixed with (+) or d is dextrorotatory. For a given
chemical structure, these stereoisomers are identical
except that they are mirror images of one another. A
specific stereoisomer may 



also be referred to as an enantiomer, and a mixture of
such isomers is often called an enantiomeric mixture.
A 50:50 mixture of enantiomers is referred to as a
racemic mixture or a racemate, which may occur where
there has been no stereoselection or stereospecificity
in a chemical reaction or process. The terms "racemic
mixture" and "racemate" refer to an equimolar mixture
of two enantiomeric species, devoid of optical
activity. [0054] The term "tautomer" or "tautomeric
form" refers to structural isomers of different
energies which are interconvertible via a low energy
barrier. For example, proton tautomers (also known as
prototropic tautomers) include interconversions via
migration of a proton, such as keto-enol and
imine-enamine isomerizations. Valence tautomers
include interconversions by reorganization of some of
the bonding electrons. [0055] The phrase
"pharmaceutically acceptable salt" as used herein,
refers to pharmaceutically acceptable organic or
inorganic salts of a compound of the invention.
Exemplary salts include, but are not limited, to
sulfate, citrate, acetate, oxalate, chloride, bromide,
iodide, nitrate, bisulfate, phosphate, acid phosphate,
isonicotinate, lactate, salicylate, acid citrate,
tartrate, oleate, tannate, pantothenate, bitartrate,
ascorbate, succinate, maleate, gentisinate, fumarate,
gluconate, glucuronate, saccharate, formate, benzoate,
glutamate, methanesulfonate "mesylate",
ethanesulfonate, benzenesulfonate, p-toluenesulfonate,
andpamoate (i.e.,
l,l'-methylene-bis(2-hydroxy-3-naphthoate)) salts. A
pharmaceutically acceptable salt may involve the
inclusion of another molecule such as an acetate ion,
a succinate ion or other counter ion. The counter ion
may be any organic or inorganic moiety that stabilizes
the charge on the parent compound. Furthermore, a
pharmaceutically acceptable salt may have more than
one charged atom in its structure. Instances where
multiple charged atoms are part of the
pharmaceutically acceptable salt can have multiple
counter ions. Hence, a pharmaceutically acceptable
salt can have one or more charged atoms and/or one or
more counter ion. [0056] If the compound of the
invention is a base, the desired pharmaceutically
acceptable salt may be prepared by any suitable method
available in the art, for example, treatment of the
free base with an inorganic acid, such as hydrochloric
acid, hydrobromic acid, sulfuric acid, nitric acid,
methanesulfonic acid, phosphoric acid and the like, or
with an organic acid, such as acetic acid,
trifluoroacetic acid, maleic acid, succinic acid,
mandelic acid, fumaric acid, malonic acid, pyruvic
acid, oxalic acid, glycolic acid, salicylic acid, a
pyranosidyl acid, such as glucuronic acid or
galacturonic acid, an alpha hydroxy acid, such as
citric acid or tartaric acid, an amino acid, such as
aspartic acid or glutamic acid, an aromatic acid, such
as benzoic acid or cinnamic acid, a sulfonic acid,
such as p-toluenesulfonic acid or ethanesulfonic acid,
or the like. [0057] If the compound of the invention
is an acid, the desired pharmaceutically acceptable
salt may be prepared by any suitable method, for
example, treatment of the free acid with an inorganic
or organic base, such as an amine (primary, secondary
or tertiary), an alkali metal hydroxide or alkaline
earth metal hydroxide, or the like. Illustrative
examples of suitable salts include, but are not
limited to, organic salts derived from amino acids,
such as glycine and arginine, ammonia, primary,
secondary, and tertiary amines, and cyclic amines,
such as piperidine, morpholine and piperazine, and
inorganic salts derived from sodium, calcium,
potassium, magnesium, manganese, iron, copper, zinc,
aluminum and lithium. [0058] The phrase
"pharmaceutically acceptable" indicates that the
substance or composition must be compatible chemically
and/or toxicologically, with the other ingredients
comprising a formulation, and/or the mammal being
treated therewith. [0059] A "solvate" refers to an
association or complex of one or more solvent
molecules and a compound of the invention. Examples of
solvents that form solvates 



include, but are not limited to, water, isopropanol,
ethanol, methanol, DMSO, ethyl acetate, acetic acid,
and ethanolamine. The term "hydrate" refers to the
complex where the solvent molecule is water.[0060] The
term "protecting group" refers to a substituent that
is commonly employed to block or protect a particular
functionality while reacting other functional groups
on the compound. For example, an "amino-protecting
group" is a substituent attached to an amino group
that blocks or protects the amino functionality in the
compound. Suitable aminoprotecting groups include
acetyl, trifluoroacetyl, t-butoxycarbonyl (BOC),
benzyloxycarbonyl (CBZ) and
9-fluorenylmethylenoxycarbonyl (Fmoc). Similarly, a
"hydroxy-protecting group" refers to a substituent of
a hydroxy group that blocks or protects the hydroxy
functionality. Suitable protecting groups include
acetyl and silyl. A "carboxy-protecting group" refers
to a substituent of the carboxy group that blocks or
protects the carboxy functionality. Common
carboxy-protecting groups include phenylsulfonylethyl,
cyanoethyl, 2-(trimethylsilyl)ethyl,
2-(trimethylsilyl)ethoxymethyl,
2-(p-toluenesulfonyl)ethyl, 2-(pnitrophenylsulfenyl)
ethyl, 2-(diphenylphosphino)-ethyl, nitroethyl and the
like. For a general description of protecting groups
and their use, see T.W. Greene, Protective Groups in
Organic Synthesis, John Wiley & Sons, New York, 1991.
[0061] The terms "compound of this invention," and
"compounds of the present invention" and "compounds of
Formula Ia-d" include compounds of Formulas Ia-d and
stereoisomers, geometric isomers, tautomers, solvates,
metabolites, and pharmaceutically acceptable salts and
prodrugs thereof [0062] The term "mammal" includes,
but is not limited to, humans, mice, rats, guinea
pigs, monkeys, dogs, cats, horses, cows, pigs, and
sheep. [0063] PB KINASE INHIBITOR COMPOUNDS [0064] The
present invention provides 4-morpholino
thienopyrimidine and furanopyrimidine compounds, and
pharmaceutical formulations thereof, which are
potentially useful in the treatment of diseases,
conditions and/or disorders modulated by PI3 kinases.
More specifically, the present invention provides
compounds of Formulas Ia and Ib. Ia Ib[0065] and
stereoisomers, geometric isomers, tautomers, solvates,
metabolites, and pharmaceutically acceptable salts
thereof, wherein: [0066] X is O or S; [0067] R1 is
selected from H, F, Cl, Br, I, -C(C 1- C6
alkyl)2NR10Rp , - (CR14R15)tNR10Rp , -C(R
14R15)nNR12C(=Y)R10, -(CR 14R15)nNR12S(O)2R10, -CH(OR
10)R10, - (CR14R15)nOR10, -(CR 14R15)nS(O)2R10, -(CR
14R1 nS(O)2NR10R1\ -C(=Y)R 10 , -C(=Y)OR 10 , -C(=Y)NR
10Rp , -C(=Y)NR 12OR10 , -C(=O)NR 12S(O)2R10 ,
-C(=O)NR 12(CR14R15)mNR10Rp , -NO 2, -NHR 12 , -NR
12C(=Y)Rn , -NR 12C(=Y)ORp , -NR 12C(=Y)NR10Rp , -NR
12S(O)2R10, -NR 12SO2NR10R1 1, -S(O) 2R10,
-S(O)2NR10R1 1, -SC(=Y)R 10 , -SC(=Y)OR 10 , Ci-C 12
alkyl, C2- C alkenyl, C2- C8 alkynyl, C3-Ci 2
carbocyclyl, C2- C2 heterocyclyl, C - C20 aryl, or C1-
C20 heteroaryl; [0068] R2 is selected from H, F, Cl,
Br, I, C6- C20 aryl, C1- C20 heteroaryl and Ci-C 6
alkyl; [0069] R is a monocyclic heteroaryl group
selected from pyridyl, isoxazolyl, imidazolyl,
pyrazolyl, pyrrolyl, thiazolyl, pyridazinyl,
pyrimidinyl, pyrazinyl, oxazolyl, furanyl, thienyl,
triazolyl, tetrazolyl, where the monocyclic heteroaryl
group is optionally substituted with one or more
groups selected from F, Cl, Br, I, -CN, -NR 10R1 1,
-OR 10 , - C(O)R10, -NR 10C(O)R11, -N(C(O)R p )2, -NR
10C(O)NR10R1 1, -C(=O)OR 10, - C(=O)NR10Rp , C1- C 2
alkyl and (C1- C12 alkyl)-OR 10 ; 



[0070] R10 , R11 and R12 are independently H, Ci-C
alkyl, C2- C8 alkenyl, C2- C8 alkynyl, C3- C12
carbocyclyl, C2- C20 heterocyclyl, C6- C 0 aryl, or
Ci-C 2 heteroaryl, [0071] or R10 and R11 together with
the nitrogen to which they are attached optionally
form a C3- C20 heterocyclic ring optionally containing
one or more additional ring atoms selected from N, O
or S, wherein said heterocyclic ring is optionally
substituted with one or more groups independently
selected from oxo, (CH2)nOR10, NR10R1 1, CF3, F, Cl,
Br, I, SO2R10, C(=O)R10, NR12C(=Y)Rp , C(=Y)NR10Rp ,
C1- C 2 alkyl, C2- C8 alkenyl, C2- C8 alkynyl, C3- C12
carbocyclyl, C2- C2 heterocyclyl, C6- C2 aryl and C1-
C20 heteroaryl; [0072] R14 and R15 are independently
selected from H, C1- C12 alkyl, or -(CH 2)n-aryl,
[0073] or R14 and R15 together with the atoms to which
they are attached form a saturated or partially
unsaturated C3- C12 carbocyclic ring, [0074] where
said alkyl, alkenyl, alkynyl, carbocyclyl,
heterocyclyl, aryl and heteroaryl are optionally
substituted with one or more groups independently
selected from F,Cl, Br, I, -CN, CF3, -NO 2, oxo,
-C(=Y)R 10 , -C(=Y)OR 10, -CC=Y)NR10R1\ -
(CR14R15)nNR10Rp , -(CR 14R15)nNR12SO2R10, -(CR
14R15)nOR10, -NR 10R11, -NR 12C(=Y)R10, -NR 12C(=Y)ORp
, -NR 12C(=Y)NR10Rp , -NR 12SO2R10 , =NR12 , OR10 ,
-OC(=Y)R 10 , - OC(=Y)OR10 , -OC(=Y)NR 10Rn , -OS(O)
2(OR10), -OP(=Y)(OR 10)(ORn ), - OP(OR10)(ORn ), SR10
, -S(O)R 10, -S(O) 2R10 , -S(O) 2NR10R1 1, -S(O)(OR
10), -S(O) 2(OR10), -SC(=Y)R 10, -SC(=Y)OR 10,
-SC(=Y)NR 10Rn , optionally substituted C1- C12 alkyl,
optionally substituted C2- C8 alkenyl, optionally
substituted C2- C8 alkynyl, optionally substituted C3-
C12 carbocyclyl, optionally substituted C2- C20
heterocyclyl, optionally substituted C6- C20 aryl, and
optionally substituted C1- C2 heteroaryl; [0075] Y is
O, S, or NR12 ; [0076] m is O, 1, 2, 3, 4, 5 or 6;
[0077] n is 1, 2, 3, 4, 5 or 6; and [0078] t is 2, 3,
4, 5 or 6. [0079] The present invention also provides
compounds of Formulas Ic and Id: [0080] and
stereoisomers, geometric isomers, tautomers, solvates,
metabolites, and pharmaceutically acceptable salts
thereof, wherein: [0081] X is O or S; [0082] R1 is
selected from H, F, Cl, Br, I, -C(C 1- C6 alkyl NR R1
, - (CR14R15)tNR10Rp , -C(R 14R15)nNR12C(=Y)R10, -(CR
14R15)nNR12S(O)2R10 , -CH(OR 10)R10 , -
(CR14R15)nOR10, -(CR 14R15)nS(O)2R10 , -(CR 14R1
nS(O)2NR10R1\ -C(=Y)R 10 , -C(=Y)OR 10, -Q=Y)NR 10R1
1, -C(=Y)NR 12OR10 , -C(=O)NR 12S(O)2R10 , -C(=O)NR
12(CR14R15)mNR10Ru , -NO 2, -NHR 12 , -NR 12Q=Y)R 1
-NR 12C(=Y)ORp , -NR 12C(=Y)NR10Rp , -NR 12S(O)2R10,
-NR 12SO2NR10R1 1, -S(O) 2R10, -S(O)2NR10R1 1,
-SC(=Y)R 10, -SC(=Y)OR 10 , C1- C 2 alkyl, C2- C8
alkenyl, C2- C8 alkynyl, C3- C12 carbocyclyl, C2- C2
heterocyclyl, C6- C20 aryl, or C1- C2 heteroaryl;
[0083] R2 is selected from H, F, Cl, Br, I, C6- C20
aryl, C1- C20 heteroaryl, C1- C6 alkyl, C2- C8
alkenyl, and C2- C8 alkynyl;[0084] R3 is a monocyclic
heteroaryl group selected from pyridyl, isoxazolyl,
imidazolyl, pyrazolyl, pyrrolyl, thiazolyl,
pyridazinyl, pyrimidinyl, pyrazinyl, oxazolyl,
furanyl, thienyl, triazolyl, tetrazolyl, where the
monocyclic heteroaryl group is optionally substituted
with one or more groups selected from F, Cl, Br, I,
-CN, -NR 10R1 1, -OR 10, - C(O)R10, -NR 10C(O)R1 1,
-N(C(O)R 1 )2, -NR 10C(O)NR10R1 1, -C(=O)OR 10, -
C(=O)NR10Rp , C1- C12 alkyl and (C1- C12 alkyl)-OR 10
; [0085] R10 , R1 1 and R12 are independently H, C1-
C12 alkyl, C2- C8 alkenyl, C2- C8 alkynyl, C3- C12
carbocyclyl, C2- C20 heterocyclyl, C6- C20 aryl, or
C1- C2 heteroaryl, 



[0086] or R10 and R1 1 together with the nitrogen to
which they are attached optionally form a C3- C20
heterocyclic ring optionally containing one or more
additional ring atoms selected from N, O or S, wherein
said heterocyclic ring is optionally substituted with
one or more groups independently selected from oxo,
(CH2)mOR10 , (CH2)mNR10Rn , CF3, F, Cl, Br, I, SO2R10,
C(=O)R10 ,NR12C(=Y)Rp , C(=Y)NR10Rp , C1- C12 alkyl,
C2- C8 alkenyl, C2- C8 alkynyl, C3- C12 carbocyclyl, C
- C2 heterocyclyl, C6- C2 aryl and C1- C20 heteroaryl;
[0087] R14 and R15 are independently selected from H,
C1- C12 alkyl, or -(CH 2)n-aryl, [0088] or R14 and R15
together with the atoms to which they are attached
form a saturated or partially unsaturated C3- C12
carbocyclic ring, [0089] mor is a morpholine group
optionally substituted with one or more groups
selected from F, Cl, Br, I, -C(C 1- C6 alkyl)2NR10Rp ,
-(CR 14R15)tNR10Rn , - C(R14R15)nNR12C(=Y)R10 , -(CR
14R15)nNR12S(O)2R10 , -CH(OR 10)R10, -(CR 14R15)nOR10,
- (CR14R15)nS(O)2R10 , -(CR 14R15)nS(O)2NR1()R1 1,
-C(=Y)R 10 , -C(=Y)OR 10, -C(=Y)NR 1ORU, -C(=Y)NR
12OR10 , -C(O)NR 12S(O)2R10, -C(=O)NR
12(CR14R15)mNR10Rp , -NO 2, -NHR 12 , -NR 12C(=Y)Rp ,
-NR 12C(^Y)OR 1\ -NR 12C(=Y)NR10Ru , -NR 12S(O)2R10 ,
- NR12SO2NR10R1 1, -S(O) 2R10 , -S(O)2NR10R1 1,
-SC(=Y)R 10 , -SC(=Y)OR 10, C1- C12 alkyl, C2- C8
alkenyl, C2- C8 alkynyl, C3- C12 carbocyclyl, C2- C 0
heterocyclyl, C6- C20 aryl, and C1- C20 heteroaryl; or
where the C3- C12 carbocyclyl, C2- C2 heterocyclyl,
C6- C20 aryl, or C1- C20 heteroaryl is substituted at
vicinal carbon atoms of the morpholine and forms a
fused bicyclic morpholinyl; [0090] where said alkyl,
alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl and
heteroaryl are optionally substituted with one or more
groups independently selected from F, Cl, Br, I, -CN,
CF3, -NO 2, oxo, -C(=Y)R 10, -C(=Y)OR 10, -C(=Y)NR
10Rp , - (CR14R15)nNR10Rp , -(CR 14R15)nC(=Y)NR10Rp ,
-(CR 14R15)nC(=Y)OR10 , -(CR14R15)nNR12SO2R10, -(CR
14R15)nOR10, -(CR 14R15)nR10, -(CR 14R15)nSO2R10, -NR
10R1 1, - NR12C(=Y)R10 , -NR 12C(=Y)OR p , -NR
12CC=Y)NR10R1 1, -NR 12SO2R10, =NR12, OR10 , - OC(=Y)R
10 , -OC(=Y)OR 10 , -OCC=Y)NR10R1 1, -OS(O) 2(OR10),
-0P(= Y)(OR^)(OR 11) - OP(OR10)(ORp ), SR10 , -S(O)R
10, -S(O) 2R10 , -S(O) 2NR10R1 1, -S(O)(OR 10), -S(O)
2(OR10), -SC(=Y)R 10 , -SC(=Y)OR 10, -SC(=Y)NR 10Rn ,
optionally substituted Ci-C 12 alkyl, optionally
substituted C2- C alkenyl, optionally substituted C2-
C8 alkynyl, optionally substituted C3- C12
carbocyclyl, optionally substituted C2- C2
heterocyclyl, optionally substituted C6- C20 aryl, and
optionally substituted Ci-C 20 heteroaryl; [0091] Y is
O, S, or NR12 ; [0092] m is O, 1, 2, 3, 4, 5 or 6;
[0093] n is i , 2, 3, 4, 5 or 6; and [0094] t is 2, 3,
4, 5 or 6. [0095] Formula Ia-d compounds are
regioisomers, i.e. differ by the placement of atom X
in the thienopyrimidine (X = sulfur) or
furanopyrimidine (X = oxygen) ring system. Parent
molecules of Formula Ia-d compounds are:
thieno[3,2-<f]pyrimidine thieno[2,3-J]pyrimidine
furo[3,2-/]pyrimidine furo[2,3-t/]pyrimidine [0096]
Compounds of the invention thus include both
regioisomers of each of the 4- morpholino
thienopyrimidine and 4-morpholino furanopyrimidine
compounds, and the substituted forms as described by
R1, R2, and R3 herein:[0097] In certa n embodiments,
mor is selected fr om the structures: w v [0098] where
the wavy line indicates the attachment to the
4-position of the pyrimidine ring. [0099] In certain
embodiments, R1 is optionally substituted phenyl,
wherein phenyl is 



substituted with one or more groups selected from
N-methylcarboxamide,isopropylsulfonylamino,
methylsulfonyl, 2-hydroxy-2-methylpropanamide, 2-
hydroxypropanamide, 2-methoxyacetamide,
(propan-2-ol)sulfonyl, 2-amino-2- methylpropanamide,
2-aminoacetamide, 2-hydroxyacetamide,
methylsulfonylamino, 2- 9dimethylamino)acetamide,
amino, acetylamino, carboxamide,
(4-methylsulfonylpiperazino)- 1-methyl,
(4-methylpiperazino)-l -methyl, hydroxymethyl, and
methoxy. [00100] In certain embodiments, R1 is
optionally substituted pyridyl, optionally substituted
thiazolyl, optionally substituted isoxazolyl,
optionally substituted oxadiazolyl, or optionally
substituted pyrimidyl. [00101] In certain embodiments,
R1 is -CH(CH 3)NR10R11, -C(CH 3)2NR10Rp , -
C(R14R15)NR12C(=O)R10, -C(R 14R15)NR12S(O)2R10 ,
-CC=O)NR10R1\ or -C(R 14R15)OR10 . [00102] In certain
embodiments, R2 is H or CH3. [00103] In certain
embodiments, R3 is selected from the structures:where
the monocyclic heteroaryl group is optionally
substituted with one or more groups selected from F,
Cl, Br, I, -NR 10R1 1, -OR 10 , -C(O)R 10 , -NR
10C(O)R1 1, -N(C(O)R n )2, -NR 10C(O)NR10R1 1,
-C(=O)OR 10, -Q=O)NR 10R1 and C1- C12 alkyl. [00104]
In certain embodiments, R is selected from the
structures: where the monocyclic heteroaryl group is
optionally substituted with one or more groups
selected from F, Cl, Br, I, -NR 10R1 1, -OR 10 ,
-C(O)R 10 , -NR 10C(O)R1 1, -N(C(O)R p )2, -NR
10C(O)NR10R1 1, -C(=O)OR 10, -C(O)NR 10R1 1, and C1-
C12 alkyl. [00105] In certain embodiments, R3 is
selected from the structures:[00106] In certain
embodiments, the monocyclic heteroaryl group is
substituted with one or more groups selected from F,
-NH 2, -NHCH 3, -N(CH 3)2, -OH, -OCH 3, -C(O)CH 3,
-NHC(O)CH 3, -N(C(O)CH 3)2, -NHC(O)NH 2, -CO 2H, -CHO,
-CH 2OH, -C(=0)NHCH 3, - C(=O)NH2, and -CH 3. [00107]
The Formula Ia-d compounds of the invention may
contain asymmetric or chiral centers, and therefore
exist in different stereoisomeric forms. It is
intended that all stereoisomeric forms of the
compounds of the invention, including but not limited
to, diastereomers, enantiomers and atropisomers, as
well as mixtures thereof such as racemic mixtures,
form part of the present invention. [00108] In
addition, the present invention embraces all geometric
and positional isomers. For example, if a Formula Ia-d
compound incorporates a double bond or a fused ring,
the cis- and trans-forms, as well as mixtures thereof,
are embraced within the scope of the invention. Both
the single positional isomers and mixture of
positional isomers are alsowithin the scope of the
present invention. [00109] In the structures shown
herein, where the stereochemistry of any particular
chiral atom is not specified, then all stereoisomers
are contemplated and included as the compounds of the
invention. Where stereochemistry is specified by a
solid wedge or dashed line representing a particular
configuration, then that stereoisomer is so specified
and defined. [00110] The compounds of the present
invention may exist in unsolvated as well as solvated
forms with pharmaceutically acceptable solvents such
as water, ethanol, and the like, and it is intended
that the invention embrace both solvated and
unsolvated forms. [00111] The compounds of the present
invention may also exist in different tautomeric
forms, and all such forms are embraced within the
scope of the invention. The term "tautomer" or
"tautomeric form" refers to structural isomers of
different energies which are interconvertible via a
low energy barrier. For example, proton tautomers
(also known as prototropic tautomers) include
interconversions via migration of a proton, such as
keto-enol and imine-enamine isomerizations. Valence
tautomers include interconversions by reorganization
of some of the bonding electrons. [00112] The present
invention also embraces isotopically-labeled compounds
of the present invention which are identical to those
recited herein, but for the fact that one or more 



atoms are replaced by an atom having an atomic mass or
mass number different from the atomic mass or mass
number usually found in nature. All isotopes of any
particular atom or element as specified are
contemplated within the scope of the compounds of the
invention, and their uses. Exemplary isotopes that can
be incorporated into compounds of the invention
include isotopes of hydrogen, carbon, nitrogen,
oxygen, phosphorus, sulfur, fluorine, chlorine and
iodine, such as 2H, 3H, 1 1C, 13C, 14C, 13N, 15N, 150
, 170 , 180 , 32P, 33P, 35S, 18F, 36Cl, 123I and I.
Certain isotopically-labeled compounds of the present
invention (e.g., those labeled with 3H and 14C) are
useful in compound and/or substrate tissue
distribution assays. Tritiated (3H) and carbon- 14
(14C) isotopes are useful for their ease of
preparation and detectability. Further, substitution
with heavier isotopes such as deuterium (i.e., 2H) may
afford certain therapeutic advantages resulting from
greater metabolic stability (e.g., increased in vivo
halflife or reduced dosage requirements) and hence may
be preferred in some circumstances. Positron emitting
isotopes such as 150 , 13N, 1 1C and 18F are useful
for positron emission tomography (PET) studies to
examine substrate receptor occupancy. Isotopically
labeled compounds of the present invention can
generally be prepared by following procedures
analogous to those disclosed in the Schemes and/or in
the Examples herein below, by substituting an
isotopically labeled reagent for a non-isotopically
labeled reagent.[00113] PREPARATION OF FORMULA Ia-d
COMPOUNDS [00114] Thienopyrimidine and
furanopyrimidine compounds of Formula Ia-d may be
synthesized by synthetic routes that include processes
analogous to those well-known in the chemical arts,
particularly in light of the description contained
herein. The starting materials are generally available
from commercial sources such as Aldrich Chemicals
(Milwaukee, WI) or are readily prepared using methods
well known to those skilled in the art (e.g., prepared
by methods generally described in Louis F. Fieser and
Mary Fieser, Reagentsfor Organic Synthesis, v. 1-19,
Wiley, N.Y. (1967-1999 ed.), or Beilsteins Handbuch
der organischen Chemie, 4, Aufl. ed. Springer-Verlag,
Berlin, including supplements (also available via the
Beilstein online database). [00115] In certain
embodiments, compounds of Formula Ia-d may be readily
prepared using procedures well-known to prepare
thiophenes, furans, pyrimidines (US 6608053; US
6492383; US 6232320; US 6187777; US 3763156; US
3661908; US 3475429; US 5075305; US 2003/220365; GB
1393161; WO 93/13664; ); and other heterocycles, which
are described in: Comprehensive Heterocyclic
Chemistry, Editors Katritzky and Rees, Pergamon Press,
1984. [00116] Compounds of Formula Ia-d may be
prepared singly or as compound libraries comprising at
least 2, for example 5 to 1,000 compounds, or 10 to
100 compounds. Libraries of compounds of Formula Ia-d
may be prepared by a combinatorial 'split and mix'
approach or by multiple parallel syntheses using
either solution phase or solid phase chemistry, by
procedures known to those skilled in the art. Thus
according to a further aspect of the invention there
is provided a compound library comprising at least 2
compounds, or pharmaceutically acceptable salts
thereof. [00117] For illustrative purposes, Schemes
1-7 show general methods for preparing the compounds
of the present invention as well as key intermediates.
For a more detailed description of the individual
reaction steps, see the Examples section below. Those
skilled in the art will appreciate that other
synthetic routes may be used to synthesize the
inventive compounds. Although specific starting
materials and reagents are depicted in the Schemes and
discussed below, other starting materials and reagents
can be easily substituted to provide a variety of
derivatives and/or reaction conditions. In addition,
many of the compounds prepared by the methods
described below can be further modified in light of
this disclosure 



using conventional chemistry well known to those
skilled in the art. [00118] In preparing compounds of
Formulas Ia-d, protection of remote functionality
(e.g., primary or secondary amine) of intermediates
may be necessary. The need for suchprotection will
vary depending on the nature of the remote
functionality and the conditions of the preparation
methods. Suitable amino-protecting groups include
acetyl, trifluoroacetyl, tbutoxycarbonyl (BOC),
benzyloxycarbonyl (CBz) and
9-fluorenylmethyleneoxycarbonyl (Fmoc). The need for
such protection is readily determined by one skilled
in the art. For a general description of protecting
groups and their use, see T.W. Greene, Protective
Groups in Organic Synthesis, John Wiley & Sons, New
York, 1991. 52 54 56 Scheme 1 [00119] Scheme 1 shows a
general method for preparation of the thienopyrimidine
and furanopyrimidine intermediates 55 and 56 from
2-carboxyester, 3-amino thiophene (X = S) and furan (X
= O), and 2-amino, 3-carboxy ester thiophene (X = S)
and furan (X = O) reagents, respectively 51 and 52,
wherein X is O or S; Hal is Cl, Br, or I; and R1, R2,
and R10 are as defined for Formula Ia-d compounds, or
precursors or prodrugs thereto.58 60 Scheme 2 [00120]
Scheme 2 shows a general method for selectively
displacing a 4-halide from bis-halo thienopyrimidine
and 4-morpholino furanopyrimidine intermediates 57 and
58 with morpholine under basic conditions in an
organic solvent to prepare 2-halo, 4-morpholino
thienopyrimidine and 4-morpholino furanopyrimidine
compounds 59 and 60 respectively, wherein X is O or S;
Hal is Cl, Br, or I; and R1 and R2 are as defined for
Formula Ia-d compounds, or precursors or prodrugs
thereto. 62 64 Scheme 3 [00121] Scheme 3 shows a
general method for derivatizing the 6-position of
2-halo, 4-morpholino, 6-hydrogen thienopyrimidine and
4-morpholino furanopyrimidine compounds 61 and 62
where R1 is H. Treating 61 or 62 with a lithiating
reagent to remove the 6 position proton, followed by
adding an acylating reagent R10C(O)Z where Z is a
leaving group, such as halide, NHS ester, carboxylate,
or dialkylamino, gives 2-halo, 4-morpholino, 6-acyl
thienopyrimidine and 4-morpholino furanopyrimidine
compounds 63 and 64, wherein X is O or S; Hal is Cl,
Br, or I; and R2 and R10 are as defined for Formula
Ia-d compounds, or precursors or prodrugs thereto. An
example OfR10C(O)Z to prepare 6-formyl compounds (R10
= H) is N,N'-dimethylformamide (DMF). 66 69 Scheme 4
[00122] Scheme 4 shows a general method for
Suzuki-type coupling of a 2-halo pyrimidine
intermediate (65 and 66) with a monocyclic heteroaryl
boronate acid (R15 = H) or ester (R15 = alkyl) reagent
67 to prepare the 2-monocyclic heteroaryl (MoHy),
4-morpholino thienopyrimidine and 4-morpholino
furanopyrimidine compounds (68 and 69) of Formulas
Ia-d wherein X is O or S; Hal is Cl, Br, or I; and R1
and R2 are as defined for Formula Ia-d compounds, or
precursors or prodrugs thereto. For reviews of the
Suzuki reaction, see: Miyaura et al. (1995) Chem. Rev.
95:2457-2483; Suzuki, A. (1999) J. Organomet. Chem.
576:147-168; Suzuki, A. in Metal-Catalyzed
Cross-Coupling Reactions, Diederich, F., Stang, P.J.,
Eds., VCH, Weinheim, DE (1998), pp 49-97. The
palladium catalyst may be any that is typically used
for Suzuki-type cross-couplings, such as PdCl2(PPh3)2,
Pd(PPh )4, Pd(OAc)2, PdCl2(dppf)-DCM,
Pd2(dba)3/Pt-Bu)3 (Owens et al (2003) Bioorganic &
Med. Chem. Letters 13:4143-4145; Molander et al (2002)
Organic Letters 4(1 1):1867-1870; US 6448433).Br
R10R11NH R10R11N - - H 



70 base 71 72 74 73 75 Scheme 5 [00123] Scheme 5 shows
a general method for the synthesis of alkynes 71,
which can be used to prepare alkynylated derivatives
of compounds 72 and 73. Propargylic amines 71 may be
prepared by reaction of propargyl bromide 70 with an
amine of the formula R10R1 1NH (wherein R10 and R11
are independently selected from H, alkyl, aryl and
heteroaryl, or R10 and R1 1 together with the nitrogen
to which they are attached form a heterocyclic ring)
in the presence of an appropriate base (Cs2CO3 or the
like). For reviews of alkynyl amines and related
syntheses see Booker-Milburn, K.I., Comprehensive
Organic Functional Group Transformations (1995),
2:1039-1074; and Viehe, H.G., (1967) Angew. Chem.,
Int. Ed. Eng., 6(9):767-778. Alkynes 71 may
subsequently be reacted with intermediates 72 (X =
bromo or iodo) or 73 (via Sonogashira coupling), to
provide compounds 74 and 75, respectively, wherein X
is O or S, and R2 and R3 are as defined for Formula
Ia-d compounds, or precursors or prodrugs thereto.73
79 Scheme 6 [00124] Scheme 6 shows a general method
for the synthesis of alkynes 77, which can be used to
prepare alkynylated derivatives of compounds 72 and
73. Gem-dialkyl propargylic amines 77 may be prepared
using methods described by Zaragoza et al (2004) J .
Med. Chem., 47:2833. According to Scheme 6,
gem-dialkyl chloride 76 (R14 and R15 are independently
methyl, ethyl or other alkyl group) can be reacted
with an amine of the formula R10R1 1NH (wherein R10
and R1 1 are independently selected from H, alkyl,
aryl and heteroaryl, or R1 and R1 1 together with the
nitrogen to which they are attached form a
heterocyclic ring) in the presence of CuCl and an
appropriate base (e.g. TEA or the like) to provide the
alkyne 77. Alkyne 77 can be reacted with intermediates
72 or 73 (via Sonogashira coupling) to provide
compounds 78 and 79, respectively, wherein X is O or
S, and R and R are as defined for Formula Ia-d
compounds, or precursors or prodrugs thereto.73 83
Scheme 7 [00125] Scheme 7 shows a general scheme for
the synthesis of alkynes 81, which can be used to
prepare alkynylated derivatives of compounds 72 and
73. But-3-yn-l -amines 81 (wherein R14 and R15 are
independently H, alkyl, aryl, heteroaryl, or R14 and
R15 together with the carbon atom to which they are
attached form a carbocyclic or heterocyclic ring) can
be prepared from reaction of alkynes 80 (LG = tosylate
or other leaving group) with an amine of the formula
R10R1 1NH (wherein R10 and R1 1 are independently
selected from H, alkyl, aryl and heteroaryl, or R10
and R11 together with the nitrogen to which they are
attached form a heterocyclic ring) using the protocol
described by Olomucki M. et al (1960) Ann. Chim.
5:845. Alkynes 81 can subsequently be reacted with
intermediates 72 or 73 (via Sonogashira coupling),
according to the descriptions provided for Schemes 5
and 6 to provide compounds 82 and 83, respectively,
wherein X is O or S, and R2 and R3 are as defined for
Formula Ia-d compounds, or precursors or prodrugs
thereto. [00126] METHODS OF SEPARATION [00127] In the
methods of preparing the compounds of this invention,
it may be advantageous to separate reaction products
from one another and/or from starting materials. The
desired products of each step or series of steps is
separated and/or purified (hereinafterseparated) to
the desired degree of homogeneity by the techniques
common in the art. Typically such separations involve
multiphase extraction, crystallization from a solvent
or solvent mixture, distillation, sublimation, or
chromatography. Chromatography can involve 



any number of methods including, for example:
reverse-phase and normal phase; size exclusion; ion
exchange; high, medium and low pressure liquid
chromatography methods and apparatus; small scale
analytical; simulated moving bed (SMB) and preparative
thin or thick layer chromatography, as well as
techniques of small scale thin layer and flash
chromatography. [00128] Another class of separation
methods involves treatment of a mixture with a reagent
selected to bind to or render otherwise separable a
desired product, unreacted starting material, reaction
by product, or the like. Such reagents include
adsorbents or absorbents such as activated carbon,
molecular sieves, ion exchange media, or the like.
Alternatively, the reagents can be acids in the case
of a basic material, bases in the case of an acidic
material, binding reagents such as antibodies, binding
proteins, selective chelators such as crown ethers,
liquid/liquid ion extraction reagents (LIX), or the
like. [00129] Selection of appropriate methods of
separation depends on the nature of the materials
involved. For example, boiling point and molecular
weight in distillation and sublimation, presence or
absence of polar functional groups in chromatography,
stability of materials in acidic and basic media in
multiphase extraction, and the like. One skilled in
the art will apply techniques most likely to achieve
the desired separation. [00130] Diastereomeric
mixtures can be separated into their individual
diastereomers on the basis of their physical chemical
differences by methods well known to those skilled in
the art, such as by chromatography and/or fractional
crystallization. Enantiomers can be separated by
converting the enantiomeric mixture into a
diastereomeric mixture by reaction with an appropriate
optically active compound (e.g., chiral auxiliary such
as a chiral alcohol or Mosher's acid chloride),
separating the diastereomers and converting (e.g.,
hydrolyzing) the individual diastereoisomers to the
corresponding pure enantiomers. Also, some of the
compounds of the present invention may be atropisomers
(e.g., substituted biaryls) and are considered as part
of this invention. Enantiomers can also be separated
by use of a chiral HPLC column. [00131] A single
stereoisomer, e.g., an enantiomer, substantially free
of its stereoisomer may be obtained by resolution of
the racemic mixture using a method such as formation
of diastereomers using optically active resolving
agents (Eliel, E. and Wilen, S. "Stereochemistry of
Organic Compounds," John Wiley & Sons, Inc., New York,
1994;Lochmuller, C. H., (1975) J . Chromatogr.,
113(3):283-302). Racemic mixtures of chiral compounds
of the invention can be separated and isolated by any
suitable method, including: (1) formation of ionic,
diastereomeric salts with chiral compounds and
separation by fractional crystallization or other
methods, (2) formation of diastereomeric compounds
with chiral derivatizing reagents, separation of the
diastereomers, and conversion to the pure
stereoisomers, and (3) separation of the substantially
pure or enriched stereoisomers directly under chiral
conditions. See: "Drug Stereochemistry, Analytical
Methods and Pharmacology," Irving W. Wainer, Ed.,
Marcel Dekker, Inc., New York (1993). [00132] Under
method (1), diastereomeric salts can be formed by
reaction of enantiomerically pure chiral bases such as
brucine, quinine, ephedrine, strychnine, a-methyl-
b-phenylethylamine (amphetamine), and the like with
asymmetric compounds bearing acidic functionality,
such as carboxylic acid and sulfonic acid. The
diastereomeric salts may be induced to separate by
fractional crystallization or ionic chromatography.
For separation of the optical isomers of amino
compounds, addition of chiral carboxylic or sulfonic
acids, such as camphorsulfonic acid, tartaric acid,
mandelic acid, or lactic acid can result in formation
of the diastereomeric salts. [00133] Alternatively, by
method (2), the substrate to be resolved is reacted
with one 



enantiomer of a chiral compound to form a
diastereomeric pair (E. and Wilen, S. "Stereochemistry
of Organic Compounds", John Wiley & Sons, Inc., 1994,
p. 322). Diastereomeric compounds can be formed by
reacting asymmetric compounds with enantiomerically
pure chiral derivatizing reagents, such as menthyl
derivatives, followed by separation of the
diastereomers and hydrolysis to yield the pure or
enriched enantiomer. A method of determining optical
purity involves making chiral esters, such as a
menthyl ester, e.g., (-) menthyl chloroformate in the
presence of base, or Mosher ester, a-methoxy-a-
(trifluoromethyl)phenyl acetate (Jacob III. J . Org.
Chem. (1982) 47:4165), of the racemic mixture, and
analyzing the 1H NMR spectrum for the presence of the
two atropisomeric enantiomers or diastereomers. Stable
diastereomers of atropisomeric compounds can be
separated and isolated by normal- and reverse-phase
chromatography following methods for separation of
atropisomeric naphthyl-isoquinolines (WO 96/151 11).
By method (3), a racemic mixture of two enantiomers
can be separated by chromatography using a chiral
stationary phase ("Chiral Liquid Chromatography"
(1989) W. J. Lough, Ed., Chapman and Hall, New York;
Okamoto, J. Chromatogr., (1990) 513:375-378). Enriched
or purified enantiomers can be distinguished by
methods used to distinguish other chiral molecules
withasymmetric carbon atoms, such as optical rotation
and circular dichroism. [00134] BIOLOGICAL EVALUATION
[00135] Determination of the activity of PB kinase
activity of a compound of Formula Ia-d is possible by
a number of direct and indirect detection methods.
Certain exemplary compounds described herein were
assayed for their PBK binding activity (Example 460)
and in vitro activity against tumor cells (Example
461). The range of PBK binding activities was less
than 1 nM (nanomolar) to about 10 mM (micromolar).
Certain exemplary compounds of the invention had PBK
binding activity IC50 values less than 10 nM. Certain
compounds of the invention had tumor cell-based
activity IC50 values less than 100 nM. [00136] The
cytotoxic or cytostatic activity of Formula Ia-d
exemplary compounds was measured by: establishing a
proliferating mammalian tumor cell line in a cell
culture medium, adding a Formula Ia-d compound,
culturing the cells for a period from about 6 hours to
about 5 days; and measuring cell viability (Example
461). Cell-based in vitro assays were used to measure
viability, i.e. proliferation (IC5o), cytotoxicity
(EC50), and induction of apoptosis (caspase
activation). [00137] The in vitro potency of Formula
Ia-d exemplary compounds was measured by the cell
proliferation assay, CellTiter-Glo(r) Luminescent Cell
Viability Assay, commercially available from Promega
Corp., Madison, WI (Example 461). This homogeneous
assay method is based on the recombinant expression of
Coleoptera luciferase (US 5583024; US 5674713; US
5700670) and determines the number of viable cells in
culture based on quantitation of the ATP present, an
indicator of metabolically active cells (Crouch et al
(1993) J. Immunol. Meth. 160:81-88; US 6602677). The
CellTiter-Glo(r) Assay was conducted in 96 or 384 well
format, making it amenable to automated
high-throughput screening (HTS) (Cree et al (1995)
Anticancer Drugs 6:398-404). The homogeneous assay
procedure involves adding the single reagent
(CellTiter-Glo(r) Reagent) directly to cells cultured
in serum-supplemented medium. Cell washing, removal of
medium and multiple pipetting steps are not required.
The system detects as few as 15 cells/well in a
384-well format in 10 minutes after adding reagent and
mixing. [00138] The homogeneous "add-mix-measure"
format results in cell lysis and generation of a
luminescent signal proportional to the amount of ATP
present. The amount of ATP is directly proportional to
the number of cells present in culture. The
CellTiter-Glo(r) Assay generates a "glow-type"
luminescent signal, produced by the luciferase
reaction, which 



has a half-life generally greater than five hours,
depending on cell type and medium used.Viable cells
are reflected in relative luminescence units (RLU).
The substrate, Beetle Luciferin, is oxidatively
decarboxylated by recombinant firefly luciferase with
concomitant conversion of ATP to AMP and generation of
photons. The extended half-life eliminates the need to
use reagent injectors and provides flexibility for
continuous or batch mode processing of multiple
plates. This cell proliferation assay an be used with
various multiwell formats, e.g. 96 or 384 well format.
Data can be recorded by luminometer or CCD camera
imaging device. The luminescence output is presented
as relative light units (RLU), measured over time.
[00139] The antiproliferative effects of Formula Ia-d
exemplary compounds were measured by the
CellTiter-Glo(r) Assay (Example 461) against several
tumor cell lines, including PC3, Detroit 562, and
MDAMB361.1. EC50 values were established for the
tested compounds. The range of in vitro cell potency
activities was about 100 nM to about 10 mM. [00140]
Certain ADME properties were measured for certain
exemplary compounds by assays including: Caco-2
Permeability (Example 462), Hepatocyte Clearance
(Example 463), Cytochrome P450 Inhibition (Example
464), Cytochrome P450 Induction (Example 465), Plasma
Protein Binding (Example 466), and hERG channel
blockage (Example 467). [00141] Exemplary Formula Ia-d
compounds No. 101-397 in Table 1 and No. 398-546 in
Table"2, which were made according to the methods of
this invention, have the following structures and
their corresponding names (ChemDraw Ultra, Version
9.0.1, CambridgeSoft Corp., Cambridge MA) in Tables 1
and.Table 1MULTIVALENT PNEUMOCOCCAL
POLYSACCHARIDE-PROTEIN CONJUGATE COMPOSITION FIELD OF
THE INVENTION The present invention relates generally
to the field of medicine, and specifically to
microbiology, immunology, vaccines and the prevention
of infection by a bacterial pathogen by immunization.
BACKGROUND OF THE INVENTION Streptococcus pneumoniae
is a leading cause of meningitis, pneumonia, and
severe invasive disease in infants and young children
throughout the world. The multivalent pneumococcal
polysaccharide vaccines have been licensed for many
years and have proved valuable in preventing
pneumococcal disease in elderly adults and high-risk
patients. However, infants and young children respond
poorly to most pneumococcal polysaccharides. The
7-valent pneumococcal conjugate vaccine (7vPnC,
Prevnar(r)) was the first of its kind demonstrated to
be highly immunogenic and effective against invasive
disease and otitis media in infants and young
children. This vaccine is now approved in many
countries around the world. Prevnar contains the
capsular polysaccharides from serotypes 4 , 6B, 9V,
14, 18C, 19F and 23F, each conjugated to a carrier
protein designated CRM197 . Prevnar covers
approximately 80-90%, 60-80%, and 40-80% of invasive
pneumococcal disease (IPD) in the US, Europe, and
other regions of the world, respectively [1,2].
Surveillance data gathered in the years following
Prevnar's introduction has clearly demonstrated a
reduction of invasive pneumococcal disease in US
infants as expected (FIG. 1) [3,4]. Surveillance of
IPD conducted in US infants prior to the introduction
of Prevnar demonstrated that a significant portion of
disease due to serogroups 6 and 19 was due to the 6A
(approximately one-third) and 19A (approximately
one-fourth) serotypes [5,6]. Pneumococcal invasive
disease surveillance conducted in the US after
licensure of Prevnar suggests that a large burden of
disease is still attributable to serotypes 6A and 19A
(FIG. 1) [3]. Moreover, these two serotypes account
for 



more cases of invasive disease than serotypes 1, 3 , 5
, and 7F combined (8.2 vs. 3.3 cases/100,000 children
2 years and under). In addition, serotypes 6A and 19A
are associated with high rates of antibiotic
resistance (FIG. 2) [7,8,9]. While it is possible that
serogroup cross-protection will result in a decline of
serotype 6A and 19Adisease as more children are
immunized, there is evidence to suggest that there
will be a limit to the decline, and a significant
burden of disease due to these serotypes will remain
(see below). Given the relative burden and importance
of invasive pneumococcal disease due to serotypes 1, 3
, 5 , 6A, 7F, and 19A, adding these serotypes to the
Prevnar formulation would increase coverage for
invasive disease to >90% in the US and Europe, and as
high as 70%-80% in Asia and Latin America. This
vaccine would significantly expand coverage beyond
that of Prevnar, and provide coverage for 6A and 19A
that is not dependent on the limitations of serogroup
cross-protection. SUMMARY OF THE INVENTION
Accordingly, the present invention provides generally
a multivalent immunogenic composition comprising 13
distinct polysaccharide-protein conjugates, wherein
each of the conjugates contains a capsular
polysaccharide from a different serotype of
Streptococcus pneumoniae conjugated to a carrier
protein, together with a physiologically acceptable
vehicle. Optionally, an adjuvant, such as an
aluminumbased adjuvant, is included in the
formulation. More specifically, the present invention
provides a 13-valent pneumococcal conjugate (13vPnC)
composition comprising the seven serotypes in the
7vPnC vaccine (4, 6B, 9V, 14, 18C, 19F and 23F) plus
six additional serotypes ( 1 , 3 , 5 , 6A, 7F and
19A). The present invention also provides a
multivalent immunogenic composition, wherein the
capsular polysaccharides are from serotypes 1, 3 , 4 ,
5 , 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F and 23F of
Streptococcus pneumoniae and the carrier protein is
CRM197 . The present invention further provides a
multivalent immunogenic composition, wherein the
capsular polysaccharides are from serotypes 1, 3 , 4 ,
5 , 6A, 6B, 7F, 9v, 14, 18C, 19A, 19F and 23F of
Streptococcus pneumoniae, the carrier protein is
CRM197 , and the adjuvant is an aluminum-based
adjuvant, such as aluminum phosphate, aluminum sulfate
and aluminum hydroxide. In a particular embodiment of
the invention, the adjuvant is aluminum phosphate. The
present invention also provides a multivalent
immunogenic composition, comprising
polysaccharide-protein conjugates together with a
physiologically acceptable vehicle, wherein each of
the conjugates comprises a capsularpolysaccharide from
a different serotype of Streptococcus pneumoniae
conjugated to a carrier protein, and the capsular
polysaccharides are prepared from serotype 3 and at
least one additional serotype. In one embodiment of
this multivalent immunogenic composition, the
additional serotype is selected from the group
consisting of serotypes 1, 4 , 5 , 6A, 6B, 7F, 9V, 14,
18C, 19A, 19F, and 23F. In another embodiment, the
carrier protein is CRM197 . In yet another embodiment,
the composition comprises an adjuvant, such as an
aluminum-based adjuvant selected from aluminum
phosphate, aluminum sulfate and aluminum hydroxide. In
a particular embodiment, the adjuvant is aluminum
phosphate. The present invention also provides a
multivalent immunogenic composition, comprising
polysaccharide-protein conjugates together with a
physiologically acceptable vehicle, wherein each of
the conjugates comprises a capsular 



polysaccharide from a different serotype of
Streptococcus pneumoniae conjugated to a carrier
protein, and the capsular polysaccharides are prepared
from serotypes 4 , 6B, 9V, 14, 18C, 19F, 23F and at
least one additional serotype. In one embodiment of
this multivalent immunogenic composition, the
additional serotype is selected from the group
consisting of serotypes 1, 3 , 5 , 6A, 7F, and 19A. In
another embodiment, the carrier protein is CRM197 . In
yet another embodiment, the composition comprises an
adjuvant, such as an aluminum-based adjuvant selected
from aluminum phosphate, aluminum sulfate and aluminum
hydroxide. In a particular embodiment, the adjuvant is
aluminum phosphate. The present invention also
provides a method of inducing an immune response to a
Streptococcus pneumoniae capsular polysaccharide
conjugate, comprising administering to a human an
immunologically effective amount of any of the
immunogenic compositions just described. The present
invention further provides that any of the immunogenic
compositions administered is a single 0.5 ml. dose
formulated to contain: 2 mg of each saccharide, except
for 6B at 4 mg ; approximately 29 mg CRM197 carrier
protein; 0.125 mg of elemental aluminum (0.5 mg
aluminum phosphate) adjuvant; and sodium chloride and
sodium succinate buffer as excipients. Methods for
making an immunogenic conjugate comprising
Streptococcus pneumoniae serotype 3 (Pn 3)
polysaccharide covalently linked to a carrier protein
are also provided. In one embodiment, the method
comprises (i) reacting purified Pn 3 polysaccharide
with a mild acid resulting in a hydrolyzed Pn 3
polysaccharide; (ii) reacting the hydrolyzed Pn 3
polysaccharide with an oxidizing agent in the
presenceof bivalent cations resulting in an activated
Pn 3 polysaccharide; (iii) compounding the activated
Pn 3 polysaccharide with a carrier protein; (iv)
reacting the compounded, activated Pn 3 polysaccharide
and carrier protein with a reducing agent resulting in
a Pn 3 polysaccharidexarrier protein conjugate; and
(v) capping unreacted aldehydes in the Pn 3
polysaccharidexarrier protein conjugate resulting in
an immunogenic conjugate comprising Streptococcus
pneumoniae Pn 3 polysaccharide covalently linked to a
carrier protein. In a further embodiment, the method
comprises (i) reacting purified Pn 3 polysaccharide
with acetic acid resulting in a hydrolyzed Pn 3
polysaccharide; (ii) reacting the hydrolyzed Pn 3
polysaccharide with periodic acid in the presence of
MgCI2 resulting in an activated Pn 3 polysaccharide;
(iii) purifying the activated Pn 3 polysaccharide;
(iv) compounding the activated Pn 3 polysaccharide
with a carrier protein; (v) co-lyophilizing the
compounded, activated Pn 3 polysaccharide and carrier
protein; (vi) reacting the co-lyophilized, activated
Pn 3 polysaccharide and carrier protein with sodium
cyanoborohydride resulting in a Pn 3
polysaccharidexarrier protein conjugate; and (vii)
capping unreacted aldehydes in the Pn 3
polysaccharidexarrier protein conjugate with sodium
borohydride resulting in an immunogenic conjugate
comprising Streptococcus pneumoniae Pn 3
polysaccharide covalently linked to a carrier protein.
A method for making an activated Streptococcus
pneumoniae Pn 3 polysaccharide is also provided. The
method comprises (i) reacting purified Pn 3
polysaccharide with a mild acid resulting in a
hydrolyzed Pn 3 polysaccharide; and (ii) reacting the
hydrolyzed Pn 3 polysaccharide with an oxidizing agent
in the presence of bivalent cations resulting in an
activated Pn 3 polysaccharide. BRIEF DESCRIPTION OF
THE DRAWINGS 



FIG. 1 depicts the changes in IPD rates by serotype in
US children <2 years of age from baseline ( 1998/1
999) to 2001 . FIG. 2 depicts the distribution of
pneumococcal isolates with resistance to penicillin
(PCN) in children <5 years of age ( 1998). FIG. 3
depicts the reverse cumulative distribution curves
(RCDC) of OPA post-third dose results from the D
118-P1 6 Prevnar trial.DETAILED DESCRIPTION OF THE
INVENTION Inclusion of Prevnar Serotypes 4, 6B, 9V,
14, 18C, 19F, 23F Data from IPD surveillance between
1995-1998 estimated that the seven serotypes in
Prevnar were responsible for around 82% of IPD in
children <2 years of age [5]. In Northern California,
the site of the efficacy trial, the Prevnar serotypes
accounted for 90% of all cases of IPD in infants and
young children [10]. Since introduction of the Prevnar
vaccine in 2000, there has been a significant decrease
in the overall IPD rates due to a decrease in disease
due to the vaccine serotypes [3,4]. Therefore, there
is no justification at this time to remove any of the
Prevnar serotypes from the next generation of
pneumococcal conjugate vaccines but rather to add
serotypes to obtain wider coverage. Inclusion of
Serotypes 1, 3, 5 and 7F In the US, the rate of IPD
caused by serotype 1 in children under the age of 5
years is <2%, about the same as for each of types 3
and 7F [1,6]. Serotypes 1 and 5 account for higher
rates of IPD in US populations at high risk for
invasive pneumococcal disease. Specifically, serotype
1 causes 3.5% of IPD in Alaskan native children <2
years of age, and 18% in children 2-4 years of age [ 1
1]. Both serotype 1 and serotype 5 significantly cause
disease in other parts of the world and in indigenous
populations in developed countries [12,13,14].
Serotype 1 may also be associated with more severe
disease as compared with other pneumococcal serotypes
[15]. This observation is based on the difference in
rates of case identification between the US and
Europe, and the associated difference in medical
practice. Overall, the incidence of IPD is lower in
Europe than in the US. However, the percent of IPD
caused by serotype 1 in Europe is disproportionately
higher than in the US (6-7%, vs. 1-2%, respectively).
In Europe, blood cultures are obtained predominantly
from hospitalized children. In the US, it is routine
medical practice to obtain blood cultures in an
outpatient setting from children presenting with fever
>39C and elevated white blood cell counts. Given the
difference in medical practice, it is postulated that
the lower percent of disease caused by serotype 1 in
the US may be diluted by higher rates of other
serotypes causing milder disease, while the higher
percent in Europe reflects more serious disease. In
addition, seroepidemiology studies of children with
complicated pneumonia demonstrate that serotype 1 is
disproportionately represented [16,17,18].This
suggests that inclusion of serotype 1 may reduce the
amount of severe pneumococcal disease, as well as,
contribute to a total reduction in invasive
pneumococcal disease. The addition of serotypes 3 and
7F will increase coverage against IPD in most areas of
the world by approximately 3%-7%, and in Asia by
around 9%. Thus, an 11-valent vaccine would cover 50%
in Asia and around 80% of IPD in all other regions [ 1
,2]. These serotypes are also important with respect
to otitis media coverage [19]. In a multinational
study of pneumococcal serotypes causing otitis media,
Hausdorff et al. found serotype 3 to be the 8th most
common middle ear fluid isolate overall [20]. Serotype
3 accounted for up to 8.7% of pneumococcal serotypes 



associated with otitis media. Thus, the importance of
types 3 and 7F in otitis media, as well as in IPD,
warrants their inclusion in a pneumococcal conjugate
vaccine. However, attempts to produce a multivalent
pneumococcal conjugate vaccine that exhibits
significant immunogenicity with respect to serotype 3
polysaccharides have been unsuccessful. For example,
in a study of the immunogenicity and safety of an
11-valent pneumococcal protein D conjugate vaccine ( 1
1-Pn-PD), no priming effect was observed for serotype
3 in infants who had received three doses of the
vaccine followed by a booster dose of either the same
vaccine or a pneumococcal polysaccharide vaccine
(Nurkka et al. (2004) Ped. Inf. Dis. J.,
23:1008-1014). In another study, opsonophagocytic
assay (OPA) results from infants who had received
doses of 11-Pn-PD failed to show antibody responses
for serotype 3 at levels comparable to other tested
serotypes (Gatchalian et al., 17th Annual Meeting of
the Eur. Soc. Paed. Inf. Dis. (ESPID), Poster No. 4 ,
P1A Poster Session 1, Istanbul Turkey, Mar. 27, 2001).
In yet another study, which assessed the efficacy of
an 11- Pn-PD in the prevention of acute otitis media,
the vaccine did not provide protection against
episodes caused by serotype 3 (Prymula et al. (2006)
Lancet, 367:740-748). Accordingly, a pneumococcal
conjugate vaccine comprising capsular polysaccharides
from serotype 3 and capable of eliciting an
immunogenic response to serotype 3 polysaccharides
provides a significant improvement over the existing
state of the art. Inclusion of Serotypes 6A and 19A a.
Epidemiology of Serotypes 6A and 19A Surveillance data
in the literature suggest that serotypes 6A and 19A
account for more invasive pneumococcal disease in US
children <2 years of age than serotypes 1, 3 , 5 , and
7F combined (FIG. 1) [1,5]. In addition, these
serotypes arecommonly associated with antibiotic
resistance (FIG. 2) and play an important role in
otitis media [6,19,20]. The ability of the current
Prevnar vaccine to protect against disease due to 6A
and 19A is not clear. The rationale for inclusion of
6A and 19A components in a 13vPnC vaccine is discussed
below. b. Responses to 6A and 19A Induced by 6B and
19F Polysaccharides The licensed unconjugated
pneumococcal polysaccharide vaccines (for use in
persons at least two years of age) have contained 6A
or 6B capsular polysaccharide but not both [21].
lmmunogenicity data generated at the time of
formulation of the 23-valent pneumococcal
polysaccharide vaccine demonstrated that a 6B
monovalent vaccine induced antibody to both the 6A and
6B capsules. The data from several trials assessing
IgG and opsonophagocytic assay (OPA) responses in a
variety of populations with free polysaccharide and
with pneumococcal conjugate vaccines suggested that
IgG responses to 6A are induced by 6B antigens, but
the responses are generally lower, and the OPA
activity with 6A organisms is different than with 6B
organisms [22,23,24,25]. In addition, subjects
responding with high 6B antibody may have little or no
activity against 6A. In contrast to the chemical
composition of the 6A and 6B capsular polysaccharides
where there exists a high degree of similarity, the
19A and 19F capsules are quite different due to the
presence of two additional side chains in the 19A
polysaccharide. Not surprisingly, immune responses
measured in human volunteers immunized with 19F
polysaccharide vaccine showed that responses to 19F
were induced in 80% of subjects, but only 20% of
subjects had a response to 19A [26]. Low levels of
cross-reactive IgG and OPA responses to serotype 19A
after 



immunization with 19F polysaccharide have also been
documented in trials with conjugate vaccines as well
[24,26]. Internal data on cross-reactive OPA responses
to 6A and 19A have been generated from the 7vPnC
bridging trial (D1 18-P16) conducted in US infants
(FIG. 3). These studies are consistent with the
findings of others, and demonstrate induction of
cross-reactive functional antibody to 6A
polysaccharide after immunization with 6B
polysaccharide, although at a lower level, and very
little functional antibody to 19A after immunization
with 19F.Impact of 6B and 19F Immunization on 6A and
19A in Animal Models Animal models have been used to
evaluate the potential for cross-protection with
polysaccharide immunization. In an otitis media model
developed by Giebink et al., chinchillas were
immunized with a tetravalent polysaccharide outer
membrane protein (OMP) conjugate vaccine (containing
6B, 14, 19F, 23F saccharides) or placebo [27]. In this
trial there appeared to be some cross-protection for
6A; however this did not reach statistical
significance and the level of protection was lower
than with 6B against otitis media. In this same model
there was 100% protection against 19F otitis media,
but only 17% protection against 19A otitis media.
Saeland et al. used sera from infants immunized with
an 8-valent pneumococcal tetanus conjugate vaccine
(containing 6B and 19F) to passively immunize mice
prior to an intranasal challenge with 6A organisms, in
a lung infection model [28]. Of the 59 serum samples,
53% protected mice against bacteremia with 6B and 37%
protected against 6A. Mice passively immunized with
sera from infants immunized with four doses of an
11-valent pneumococcal conjugate vaccine (containing
19F conjugated to tetanus toxoid) were given an
intranasal challenge with 19A organisms in the same
model [29]. Of 100 mice passively immunized and then
challenged, 60 mice had no 19A organisms detected in
lung tissue, whereas organisms were identified in all
mice given saline placebo. However, passive
immunization did not protect against challenge with
19F organisms in this model; therefore, the relevance
of the model for serogroup 19 is questionable. In
general these models provide evidence of some
biological impact of 6B immunization on 6A organisms
although the effect on the heterologous serotype was
not as great as that observed with the homologous
serotype. The impact of 19F immunization on 19A
organisms is not well understood from these models.
Impact of 6B and 19F Polysaccharide Conjugate
Immunization on 6A and 19A Disease in
Efficacy/Effectiveness Trials The number of cases of
disease due to the 6B, 6A, 19F and 19A serotypes in
7vPnC and 9vPnC (7vPnC plus serotypes 1 and 5)
efficacy trials is noted in Table 1 [30,10,31]. The
numbers of invasive disease cases are too small to
allow any conclusions to be drawn for serotypes 6A and
19A. However, the Finnish otitis media trial generated
a large number of pneumococcal isolates [32]. In the
per protocol analysis 7vPnC was 84% (95% Cl 62%, 93%)
efficacious against otitismedia due to serotype 6B and
57% (95% Cl 24%, 76%) efficacious against otitis media
due to serotype 6A (Table 1). In contrast,
serotype-specific efficacy with the 7vPnC was not
demonstrated for otitis media due to either 19F or
19A. Table 1. Cases of Pneumococcal Disease Due to
Serotypes 6B, 6A, 19F, and 19A in Efficacy Trials with
the 7vPnC and 9vPnC Vaccines *Statistically
significant efficacy demonstrated From references 30,
10 and 33, and personal communications Contr = control



ITT = intention to treat analysis PP = per protocol
analysis Post-marketing IPD surveillance data is also
available from a case-control trial conducted by the
Centers for Disease Control to evaluate the
effectiveness of Prevnar [33]. Cases of pneumococcal
invasive disease occurring in children 3 to 23 months
of age were identified in the surveillance
laboratories and matched with three control cases by
age and zip code. After obtaining consent, medical and
immunization history (subjects were considered
immunized if they had received at least one dose of
Prevnar) was obtained from parents and medical
providers for cases and controls. The preliminary
results were presented at the 2003 ICAAC meeting and a
summary of the findings for 6B, 19F, 19A and 6A
disease is presented in Table 2 . These data indicate
that Prevnar is able to prevent disease due to 6A,
although at a level that may be somewhat lower than
serotype 6B disease. These data also indicate that the
cross-protection for invasive disease due to 19A is
limited.Table 2. Preliminary results of a Case Control
Trial Performed by the CDC (presented at ICAAC, 2003
"Vaccine effectiveness comparing vaccinated (>1 dose)
vs unvaccinated, and adjusted for underlying
conditions Reference 40 and personal/confidential
communication A published analysis [3] of the use of
Prevnar also indicated that serotypes 6B and 19F
conferred a moderate reduction in IPD caused by
serotypes 6A and 19A among children under two years of
age (Table 1 in [3]). Disease rates among unimmunized
adults caused by serotypes 6A, 9A, 9L, 9N, 18A, 18B,
18F, 19A, 19B, 19C, 23A and 23B ("all vaccine-related
serotypes") were somewhat reduced (Table 2 in [3]).
These data establish that herd immunity from the use
of Prevnar in children under two years of age was
modest for serotypes 6A and 19A, and provide a basis
for the inclusion of serotypes 6A and 19A in the
13vPnC vaccine of this invention. Conclusion for
addition of6A and 19A The post-marketing surveillance
data and the case-control study results noted in FIG.
1 and Table 2 with the 7vPnC vaccine suggest that,
consistent with the other information on immune
responses and performance in the animals models
described above, there may be some cross-protection
against 6A disease, but to a lesser extent than to 6B
disease. Furthermore, it appears the protection
against 19A is limited. Therefore, a 13vPnC vaccine
containing serotypes 6A and 19A provides coverage that
is not dependent on the limitations of serogroup
cross-protection by serotypes 6B and 19F.Accordingly,
the present invention provides a multivalent
immunogenic composition comprising 13 distinct
polysaccharide-protein conjugates, wherein each of the
conjugates contains a different capsular
polysaccharide conjugated to a carrier protein, and
wherein the capsular polysaccharides are prepared from
serotypes 1, 3 , 4 , 5 , 6A, 6B, 7F, 9V, 14, 18C, 19A,
19F and 23F of Streptococcus pneumoniae, together with
a physiologically acceptable vehicle. One such carrier
protein is the diphtheria toxoid designated CRM197 .
The immunogenic composition may further comprise an
adjuvant, such as an aluminum-based adjuvant, such as
aluminum phosphate, aluminum sulfate and aluminum
hydroxide. Capsular polysaccharides are prepared by
standard techniques known to those skilled in the art.
In the present invention, capsular polysaccharides are
prepared from serotypes 1, 3 , 4 , 5 , 6A, 6B, 7F, 9V,
14, 18C, 19A, 19F and 23F of Streptococcus pneumoniae.
These pneumococcal conjugates are prepared by separate
processes and formulated into a single dosage
formulation. For example, 



in one embodiment, each pneumococcal polysaccharide
serotype is grown in a soybased medium. The individual
polysaccharides are then purified through
centrifugation, precipitation, ultra-filtration, and
column chromatography. The purified polysaccharides
are chemically activated to make the saccharides
capable of reacting with the carrier protein. Once
activated, each capsular polysaccharide is separately
conjugated to a carrier protein to form a
glycoconjugate. In one embodiment, each capsular
polysaccharide is conjugated to the same carrier
protein. In this embodiment, the conjugation is
effected by reductive amination. The chemical
activation of the polysaccharides and subsequent
conjugation to the carrier protein are achieved by
conventional means. See, for example, U.S. Pat. Nos.
4,673,574 and 4,902,506 [34,35]. Carrier proteins are
preferably proteins that are non-toxic and
nonreactogenic and obtainable in sufficient amount and
purity. Carrier proteins should be amenable to
standard conjugation procedures. In a particular
embodiment of the present invention, CRM197 is used as
the carrier protein. CRM197 (Wyeth, Sanford, NC) is a
non-toxic variant (i.e., toxoid) of diphtheria toxin
isolated from cultures of Corynebacterium diphtheria
strain C7 (b197) grown in casamino acids and yeast
extract-based medium. CRM197 is purified through ultra
filtration, ammonium sulfate precipitation, and
ion-exchange chromatography.Alternatively, CRM197 is
prepared recombinantly in accordance with U.S. Patent
No. 5,614,382, which is hereby incorporated by
reference. Other diphtheria toxoids are also suitable
for use as carrier proteins. Other suitable carrier
proteins include inactivated bacterial toxins such as
tetanus toxoid, pertussis toxoid, cholera toxoid
(e.g., as described in International Patent
Application WO2004/083251 [38]), E. coli LT, E. coli
ST, and exotoxin A from Pseudomonas aeruginosa.
Bacterial outer membrane proteins such as outer
membrane complex c (OMPC), porins, transferrin binding
proteins, pneumolysin, pneumococcal surface protein A
(PspA), pneumococcal adhesin protein (PsaA), C5a
peptidase from Group A or Group B streptococcus, or
Haemophilus influenzae protein D, can also be used.
Other proteins, such as ovalbumin, keyhole limpet
hemocyanin (KLH), bovine serum albumin (BSA) or
purified protein derivative of tuberculin (PPD) can
also be used as carrier proteins. After conjugation of
the capsular polysaccharide to the carrier protein,
the polysaccharide-protein conjugates are purified
(enriched with respect to the amount of
polysaccharide-protein conjugate) by a variety of
techniques. These techniques include
concentration/diafiltration operations,
precipitation/elution, column chromatography, and
depth filtration. See examples below. After the
individual glycoconjugates are purified, they are
compounded to formulate the immunogenic composition of
the present invention, which can be used as a vaccine.
Formulation of the immunogenic composition of the
present invention can be accomplished using art-
recognized methods. For instance, the 13 individual
pneumococcal conjugates can be formulated with a
physiologically acceptable vehicle to prepare the
composition. Examples of such vehicles include, but
are not limited to, water, buffered saline, polyols
(e.g., glycerol, propylene glycol, liquid polyethylene
glycol) and dextrose solutions. In certain
embodiments, the immunogenic composition will comprise
one or more adjuvants. As defined herein, an
"adjuvant" is a substance that serves to 



enhance the immunogenicity of an immunogenic
composition of this invention. Thus, adjuvants are
often given to boost the immune response and are well
known to the skilled artisan. Suitable adjuvants to
enhance effectiveness of the composition include, but
are not limited to: (1) aluminum salts (alum), such as
aluminum hydroxide, aluminum phosphate, aluminum
sulfate, etc.;(2) oil-in-water emulsion formulations
(with or without other specific immunostimulating
agents such as muramyl peptides (defined below) or
bacterial cell wall components), such as, for example,
(a) MF59 (PCT Publ. No. WO 90/14837), containing 5%
Squalene, 0.5% Tween 80, and 0.5% Span 85 (optionally
containing various amounts of MTP-PE (see below,
although not required)) formulated into submicron
particles using a microfluidizer such as Model 110Y
microfluidizer (Microfluidics, Newton, MA), (b) SAF,
containing 10% Squalene, 0.4% Tween 80, 5%
pluronic-blocked polymer L121 , and thr-MDP (see
below) either microfluidized into a submicron emulsion
or vortexed to generate a larger particle size
emulsion, and (c) Ribi(tm) adjuvant system (RAS),
(Corixa, Hamilton, MT) containing 2% Squalene, 0.2%
Tween 80, and one or more bacterial cell wall
components from the group consisting of 3-O-deaylated
monophosphorylipid A (MPL(tm)) described in U.S.
Patent No. 4,912,094 (Corixa), trehalose dimycolate
(TDM), and cell wall skeleton (CWS), preferably MPL +
CWS (Detox(tm)); (3) saponin adjuvants, such as Quil A
or STIMULON (tm) QS-21 (Antigenics, Framingham, MA)
(U.S. Patent No. 5,057,540) may be used or particles
generated therefrom such as ISCOMs (immunostimulating
complexes); (4) bacterial lipopolysaccharides,
synthetic lipid A analogs such as aminoalkyl
glucosamine phosphate compounds (AGP), or derivatives
or analogs thereof, which are available from Corixa,
and which are described in U.S. Patent No. 6,1 13,918;
one such AGP is
2-[(R)-3-Tetradecanoyloxytetradecanoylamino]ethyl
2-Deoxy-4-Ophosphono-
3-O-[(R)-3-tetradecanoyloxytetradecanoyl]-2-[(R)-3-
tetradecanoyloxytetradecanoylaminoJ-b-D-glucopyranosid
e, which is also know as 529 (formerly known as
RC529), which is formulated as an aqueous form or as a
stable emulsion, synthetic polynucleotides such as
oligonucleotides containing CpG motif(s) (U.S. Patent
No. 6,207,646); (5) cytokines, such as interleukins
(e.g., IL-1 , IL-2, IL-4, IL-5, IL-6, IL-7, IL-12,
IL-15, IL-1 8 , etc.), interferons (e.g., gamma
interferon), granulocyte macrophage colony stimulating
factor (GM-CSF), macrophage colony stimulating factor
(M-CSF), tumor necrosis factor (TNF), costimulatory
molecules B7-1 and B7-2, etc.; (6) detoxified mutants
of a bacterial ADP-ribosylating toxin such as a
cholera toxin (CT) either in a wild-type or mutant
form, for example, where the glutamic acid at amino
acid position 29 is replaced by another amino acid,
preferably a histidine, in accordance with published
international patent application number WO
00/18434(see also WO 02/098368 and WO 02/098369), a
pertussis toxin (PT), or an E. coli heat-labile toxin
(LT), particularly LT-K63, LT-R72, CT-S109, PT-K9/G129
(see, e.g., WO 93/13302 and WO 92/19265); and (7)
other substances that act as immunostimulating agents
to enhance the effectiveness of the composition.
Muramyl peptides include, but are not limited to,
N-acetyl-muramyl-L-threonyl- D-isoglutamine (thr-MDP),
N-acetyl-normuramyl-L-alanine-2-(1'-2'
dipalmitoyl-snglycero-
3-hydroxyphosphoryloxy)-ethylamine (MTP-PE), etc. 



The vaccine formulations of the present invention can
be used to protect or treat a human susceptible to
pneumococcal infection, by means of administering the
vaccine via a systemic or mucosal route. These
administrations can include injection via the
intramuscular, intraperitoneal, intradermal or
subcutaneous routes; or via mucosal administration to
the oral/alimentary, respiratory or genitourinary
tracts. In one embodiment, intranasal administration
is used for the treatment of pneumonia or otitis media
(as nasopharyngeal carriage of pneumococci can be more
effectively prevented, thus attenuating infection at
its earliest stage). The amount of conjugate in each
vaccine dose is selected as an amount that induces an
immunoprotective response without significant, adverse
effects. Such amount can vary depending upon the
pneumococcal serotype. Generally, each dose will
comprise 0.1 to 100 mg of polysaccharide, particularly
0.1 to 10 mg , and more particularly 1 to 5 mg .
Optimal amounts of components for a particular vaccine
can be ascertained by standard studies involving
observation of appropriate immune responses in
subjects. Following an initial vaccination, subjects
can receive one or several booster immunizations
adequately spaced. In a particular embodiment of the
present invention, the 13vPnC vaccine is a sterile
liquid formulation of pneumococcal capsular
polysaccharides of serotypes 1, 3 , 4 , 5 , 6A, 6B,
7F, 9V, 14, 18C, 19A, 19F, and 23F individually
conjugated to CRM197 . Each 0.5 ml. dose is formulated
to contain: 2 mg of each saccharide, except for 6B at
4 mg ; approximately 29 mg CRM197 carrier protein;
0.125 mg of elemental aluminum (0.5 mg aluminum
phosphate) adjuvant; and sodium chloride and sodium
succinate buffer as excipients. The liquid is filled
into single dose syringes without a preservative.
After shaking, the vaccine is a homogeneous, white
suspension ready for intramuscular administration.The
choice of dose level for the 13vPnC vaccine is similar
to the marketed 7vPnC vaccine (Prevnar). The 2 mg
saccharide dose level was selected for all serotypes,
except for 6B, which is at 4 mg per dose. The 7vPnC
vaccine has shown desirable safety, immunogenicity,
and efficacy against IPD in the 2 mg saccharide dose
level for serotypes 4 , 9V, 14, 18C, 19F and 23F, and
at the 4 mg dose for 6B. The immunization schedule can
follow that designated for the 7vPnC vaccine. For
example, the routine schedule for infants and toddlers
against invasive disease caused by S. pneumoniae due
to the serotypes included in the 13vPnC vaccine is 2 ,
4 , 6 and 12-15 months of age. The compositions of
this invention are also suitable for use with older
children, adolescents and adults. The compositions of
this invention may further include one or more
additional antigens for use against otitis media
caused by infection with other bacteria. Such bacteria
include nontypable Haemophilus influenza, Moraxella
catarrhalis (formerly known as Branhamella
catarrhalis) and Alloiococcus otitidis. Examples of
nontypable Haemophilus influenzae antigens suitable
for inclusion include the P4 protein, also known as
protein "e" (U.S. Patent No. 5,601 ,831 ;
International Patent Application WO03/078453), the P6
protein, also known as the PAL or the PBOMP-1 protein
(U.S. Patent No. 5,1 10,908; International Patent
Application WO01 00790), the P5 protein (U.S. Reissue
Patent No. 37,741), the Haemophilus adhesion and
penetration protein (U.S. Patent Nos. 6,245,337 and
6,676,948), the LKP tip adhesin protein (U.S. Patent
No. 5,643,725) and the NucA protein (U.S. Patent No.
6,221 ,365). 



Examples of Moraxella catarrhalis antigens suitable
for inclusion include the UspA2 protein (U.S. Patent
Nos. 5,552,146, 6,310,190), the CD protein (U.S.
Patent No. 5,725,862), the E protein (U.S. Patent No.
5,948,412) and the 74 kilodalton outer membrane
protein (U.S. Patent No. 6,899,885). Examples of
Alloiococcus otitidis antigens suitable for inclusion
include those identified in International Patent
Application WO03/048304. The compositions of this
invention may also include one or more proteins from
Streptococcus pneumoniae. Examples of Streptococcus
pneumoniae proteins suitable for inclusion include
those identified in International Patent Application
WO02/083855, as well as that described in
International Patent Application WO02/053761 .The
compositions of this invention may further include one
or more proteins from Neisseria meningitidis type B.
Examples of Neisseria meningitidis type B proteins
suitable for inclusion include those identified in
International Patent Applications WO03/063766,
WO2004/094596, WO01/85772, WO02/16612 and WO01/87939.
Activation of S. pneumoniae Serotype 3 Polysaccharide
for Conjugation Partial oxidation of carbohydrates in
polysaccharides has been effectively utilized to
generate aldehyde groups which are then coupled to the
lysine residues of carrier proteins to generate
immunogenic conjugates (i.e., compositions, such as
vaccines, useful for stimulating or eliciting a
specific immune response in a vertebrate). For many
applications, the general purpose oxidizing agent
sodium periodate provides effective oxidation of
carbohydrates in polysaccharides prior to conjugation
with carrier proteins. However, direct oxidation of Pn
3 polysaccharide with sodium periodate can result in
degraded polysaccharide with few remaining aldehydes
present. An alternate oxidation procedure incorporates
periodic acid in the presence of bivalent cations
(e.g., Mg2+ or Ca2+ ) and provides effective oxidation
of Pn 3 polysaccharide (Table 3). Table 3: Oxidation
Data of Pn 3 using Periodic Acid/MgCU * PP3: native
Pneumo Polysaccharide type 3 * * Meq: mole equivalent
*** DO: degree of oxidation In order to reduce
viscosity and associated filtration issues, the Pn 3
polysaccharide is first subjected to
hydrolysis/depolymerization using a mild acid, such as
acetic acid, citric acid or carbonic acid. Partial
oxidation to produce "activated" Pn 3 polysaccharide
is carried out following hydrolysis/depolymerization
using controlled amounts of an oxidizing agent. Any
selective oxidizing agent which oxidizes a terminal
hydroxyl group to an aldehyde, including specific
sugar oxidases, can be used (e.g., sodium or potassium
periodate, or periodic acid). As discussedabove, a
preferred oxidizing agent is periodic acid in the
presence of bivalent cations. The activated Pn 3
polysaccharide is then optionally purified (e.g., by
diafiltration versus buffered saline). Activated Pn 3
polysaccharide can be compounded with a carrier
protein. Carrier proteins are chosen to increase the
immunogenicity of the bound Pn 3 polysaccharide and/or
to elicit antibodies against the carrier protein which
are diagnostically, analytically and/or
therapeutically beneficial. Covalent linking of an
antigenic molecule (e.g., a polysaccharide) to a
carrier confers enhanced immunogenicity and T-cell
dependence (Pozsgay et al. (1999) PNAS, 96:5194-97;
Lee et al. (1976) J. Immunol., 116:171 1-18; Dintzis
et al. (1976) PNAS, 73:3671-75). 



As described herein, useful carrier proteins include
inactivated bacterial toxins such as tetanus toxoid,
pertussis toxoid, cholera toxoid (e.g., as described
in International Patent Application WO2004/083251), E.
coli LT, E. coli ST, and exotoxin A from Pseudomonas
aeruginosa. Bacterial outer membrane proteins such as
outer membrane complex c , porins, transferrin binding
proteins, pneumolysin, pneumococcal surface protein A,
pneumococcal adhesin protein, C5a peptidase from Group
A or Group B streptococcus, or Haemophilus influenzae
protein D, can also be used. Other proteins, such as
ovalbumin, keyhole limpet hemocyanin, bovine serum
albumin, or purified protein derivative of tuberculin
can also be used as carrier proteins. A preferred
carrier protein is the mutated diphtheria toxin CRM197
. Following compounding with the carrier protein, the
activated Pn 3 polysaccharide/carrier protein mixture
is optionally frozen (e.g., shell frozen) and
colyophilized. Conjugation is carried out by reacting
the activated Pn 3 polysaccharide/carrier protein
mixture with a reducing agent, such as sodium
cyanoborohydride. Unreacted aldehydes are then capped
via sodium borohydride reduction. The conjugate is
purified (e.g., by diafiltration versus phosphate
buffer followed by buffered saline), giving a final
batch concentrate of the glycoconjugate in buffered
saline. The above disclosure generally describes the
present invention. A more complete understanding can
be obtained by reference to the following specific
examples. These examples are described solely for the
purpose of illustration and are not intended to limit
the scope of the invention.EXAMPLES Example 1
Preparation of S. Pneumoniae Capsular Polysaccharide
Serotype 1 Preparation of Master and Working Cell
Banks S. pneumoniae serotype 1 was obtained from the
American Type Culture Collection, ATCC, strain 6301 .
Several generations of seed stocks were created in
order to expand the strain and remove components of
animal origin (generations F 1, F2, and F3). Two
additional generations of seed stocks were produced.
The first additional generation was made from an F3
vial, and the subsequent generation was made from a
vial of the first additional generation. Seed vials
were stored frozen (<-70C) with synthetic glycerol as
a cryopreservative. In addition to frozen vials,
lyophilized vials were prepared for the F4 generation.
For cell bank preparation, all cultures were grown in
a soy-based medium. Prior to freezing, cells were
concentrated by centrifugation, spent medium was
removed, and cell pellets were resuspended in fresh
medium containing a cryopreservative, such as
synthetic glycerol. Fermentation and Harvesting
Cultures from the working cell bank were used to
inoculate seed bottles containing a soy-based medium.
The bottles were incubated at 360C  2 C without
agitation until growth requirements were met. A seed
bottle was used to inoculate a seed fermentor
containing soy-based medium. A pH of about 7.0 was
maintained with sterile sodium carbonate solution.
After the target optical density was reached, the seed
fermentor was used to inoculate the production
fermentor containing soybased medium. The pH was
maintained with sterile sodium carbonate solution. The
fermentation was terminated after cessation of growth
or when the working volume of the fermentor was
reached. An appropriate amount of sterile 12%
deoxycholate 



sodium was added to the culture to lyse the bacterial
cells and release cellassociated polysaccharide. After
lysing, the fermentor contents were cooled. The pH of
the lysed culture broth was adjusted to approximately
pH 6.6 with acetic acid. The lysate was clarified by
continuous flow centrifugation followed by depth
filtration and 0.45 mm microfiltration.In an alternate
process, the fermentation pH of about 7.0 was
maintained with 3N NaOH. After the target optical
density was reached, the seed fermentor was used to
inoculate the production fermentor containing
soy-based medium. The pH was maintained with 3N NaOH.
The fermentation was terminated after cessation of
growth or when the working volume of the fermentor was
reached. An appropriate amount of sterile 12%
deoxycholate sodium was added to the culture to obtain
a 0.12% concentration in the broth, to lyse the
bacterial cells and release cellassociated
polysaccharide. After lysing, the fermentor contents
were held, with agitation, for a time interval between
8 and 24 hours at a temperature between 70C and 130C,
to assure that complete cellular lysis and
polysaccharide release had occurred. Agitation during
this hold period prevented lysate sediment from
settling on the fermentor walls and pH probe, thereby
allowing the pH probe integrity to be maintained.
Next, the pH of the lysed culture broth was adjusted
to approximately pH 5.0 with 50% acetic acid. After a
hold time without agitation, for a time interval
between 12 and 24 hours at a temperature between 150C
and 250C, a significant portion of the previously
soluble proteins dropped out of solution as a solid
precipitate with little loss or degradation of the
polysaccharide, which remained in solution. The
solution with the precipitate was then clarified by
continuous flow centrifugation followed by depth
filtration and 0.45 mm microfiltration. Purification
The purification of the pneumococcal polysaccharide
consisted of several concentration/diafiltration
operations, precipitation/elution, column
chromatography, and depth filtration steps. All
procedures were performed at room temperature unless
otherwise specified. Clarified broth from the
fermentor cultures of S. pneumoniae serotype 1 were
concentrated and diafiltered using a 100 kDa MWCO
(kilodalton molecular weight cutoff) filter.
Diafiltration was accomplished using sodium phosphate
buffer at neutral pH. Diafiltration removed the low
molecular weight medium components from the higher
molecular weight biopolymers such as nucleic acid,
protein and polysaccharide. The polysaccharide was
precipitated from the concentrated and diafiltered
solution by adding hexadecyltrimethyl ammonium bromide
(HB) from a stock solution to give a final
concentration of 1% HB (w/v). The polysaccharide/HB
precipitate was captured on a depth filter and the
filtrate was discarded. The polysaccharideprecipitate
was resolubilized and eluted by recirculating a sodium
chloride solution through the precipitate-containing
depth filter. The filters were then rinsed with
additional sodium chloride solution. Sodium iodide
(NaI) was added to the polysaccharide solution from a
stock NaI solution to achieve a final concentration of
0.5% to precipitate HB. The precipitate was removed by
depth filtration. The filtrate contains the target
polysaccharide. The precipitation vessel and the
filter were rinsed with a NaCI/Nal solution and the
rinse was combined with the partially purified
polysaccharide solution. The filter was discarded. The
polysaccharide was then filtered through a 0.2 mm
filter. 



The polysaccharide solution was concentrated on a 30
kDa MWCO ultrafilter and diafiltered with a sodium
chloride solution. The partially purified
polysaccharide solution was further purified by
filtration through a depth filter impregnated with
activated carbon. After filtration, the carbon filter
was rinsed with a sodium chloride solution. The rinse
is combined with the polysaccharide solution, which is
then filtered through a 0.2 mm filter. The
polysaccharide solution was concentrated on a 30 kDa
MWCO ultrafilter and adjusted with a 1M sodium
phosphate buffer to achieve a final concentration of
0.025 M sodium phosphate. The pH was checked and
adjusted to 7.0  0.2. The ceramic hydroxyapatite (HA)
column was equilibrated with sodium phosphate buffer
containing sodium chloride to obtain the appropriate
conductivity (<15 mS). The polysaccharide solution was
then loaded onto the column. Under these conditions,
impurities bound to the resin and the polysaccharide
was recovered in the flow-through from the column. The
polysaccharide solution was filtered through 0.2mm
inline filters located before and after the column.
The polysaccharide solution was concentrated using a
30 kDa MWCO filter. The concentrate was then
diafiltered with Water for Injection (WFI). The
diafiltered polysaccharide solution was filtered
through a 0.2 mm membrane filter into polypropylene
bottles. Samples were removed for release testing and
the purified polysaccharide was stored frozen at -25
50C. Characterization The 1H-NMR data was consistent
with the chemical structure by the assignment of
signals assigned to the protons of the polysaccharide
molecule. The 1H-NMR spectrum showed a series of
well-resolved signals (protons from the methyl group)
for the quantitation of the O-acetyl functional group
in the polysaccharide.The identity of the monovalent
polysaccharide was confirmed by countercurrent
Immunoelectrophoresis using specific antisera. High
performance gel filtration chromatography coupled with
refractive index and multiangle laser light scattering
(MALLS) detectors was used in conjunction with the
sample concentration to calculate the molecular
weight. Size exclusion chromatography media (CL-4B)
was used to profile the relative molecular size
distribution of the polysaccharide. Example 2
Preparation of Serotype 1 Pneumococcal Saccharide -
CRM197 Conjugate Activation and Conjugation Containers
of purified polysaccharide were thawed and combined in
a reaction vessel. To the vessel, 0.2 M sodium
carbonate, pH 9.0 was added for partial deacetylation
(hydrolysis) for 3 hours at 5O0C. The reaction was
cooled to 2O0C and neutralization was performed by 0.2
M acetic acid. Oxidation in the presence of sodium
periodate was performed by incubation at 2-8 0C, and
the mixture was stirred for 15-21 hours. The
activation reaction mixture was concentrated and
diafiltered 10x with 0.9% NaCI using a 3OK MWCO
membrane. The retentate was 0.2 mm filtered. The
activated saccharide was filled into 100 mL glass
lyophilization bottles and shellfrozen at -75 0C and
lyophilized. "Shell-freezing" is a method for
preparing samples for lyophilization (freezedrying).
Flasks are automatically rotated by motor driven
rollers in a refrigerated bath containing alcohol or
any other appropriate fluid. A thin coating of product
is evenly 



frozen around the inside "shell" of a flask,
permitting a greater volume of material to be safely
processed during each freeze-drying run. These
automatic, refrigerated units provide a simple and
efficient means of pre-freezing many flasks at a time,
producing the desired coatings inside, and providing
sufficient surface area for efficient freeze-drying.
Bottles of lyophilized material were brought to room
temperature and resuspended in CRM197 solution at a
saccharide/protein ratio of 2:1 . To the
saccharide/protein mixture 1M sodium phosphate buffer
was added to a final 0.2M ionic strength and a pH of
7.5, then sodium cyanoborohydride was added. The
reaction was incubated at 230C for 18 hours, followed
by a second incubation at 370C for 72 hours. Following
the cyanoborohydride incubations the reaction
mixturewas diluted with cold saline followed by the
addition of 1M sodium carbonate to adjust the reaction
mixture to pH 9.0. Unreacted aldehydes were quenched
by addition of sodium borohydride by incubation at
230C for 3-6 hours. The reaction mixture was diluted
2-fold with saline and transferred through a 0.45 - 5
mm prefilter into a retentate vessel. The reaction
mixture is diafiltered 3Ox with 0.15 M phosphate
buffer, pH 6 , and 2Ox with saline. The retentate was
filtered through a 0.2 mm filter. The conjugate
solution was diluted to a target of 0.5 mg/mL in 0.9%
saline, and then sterile filtered into final bulk
concentrate (FBC) containers in a Class 100 hood. The
conjugate was stored at 2 - 80C. Characterization Size
exclusion chromatography media (CL-4B) was used to
profile the relative molecular size distribution of
the conjugate. The identity of the conjugate was
confirmed by the slot-blot assay using specific
antisera. The saccharide and protein concentrations
were determined by the uronic acid and Lowry assays,
respectively. The ratio of saccharide to protein in
the covalently bonded conjugate complex was obtained
by the calculation: mg/mL saccharide mg/mL protein
O-acetyl content was measured by the Hestrin method
(Hestrin et. al., J. Biol. Chem. 1949, 180, p. 249).
The ratio of O-acetyl concentration to total
saccharide concentration gave mmoles of O-acetyl per
mg of saccharide. Example 3 Preparation of S.
Pneumoniae Capsular Polysaccharide Serotype 3
Preparation of Master and Working Cell Banks S.
pneumoniae serotype 3 was obtained from Dr. Robert
Austrian, University of Pennsylvania, Philadelphia,
Pennsylvania. For preparation of the cell bank system,
see Example 1.Fermentation and Harvesting Cultures
from the working cell bank were used to inoculate seed
bottles containing soy-based medium. The bottles were
incubated at 360C  2 C without agitation until growth
requirements were met. A seed bottle was used to
inoculate a seed fermentor containing soy-based
medium. A pH of about 7.0 was maintained with sterile
sodium carbonate solution. After the target optical
density was reached, the seed fermentor was used to
inoculate an intermediate seed fermentor. After the
target optical density was reached, the intermediate
seed fermentor was used to inoculate the production
fermentor. The pH was maintained with sterile sodium 



carbonate solution. The fermentation was terminated
after the working volume of the fermentor was reached.
An appropriate amount of sterile 12% sodium
deoxycholate was added to the culture to lyse the
bacterial cells and release cell-associated
polysaccharide. After lysing, the fermentor contents
were cooled. The pH of the lysed culture broth was
adjusted to approximately pH 6.6 with acetic acid. The
lysate was clarified by continuous flow centrifugation
followed by depth filtration and 0.45 mm
microfiltration. Purification The purification of the
pneumococcal polysaccharide consisted of several
concentration/diafiltration operations,
precipitation/elution, column chromatography, and
depth filtration steps. All procedures were performed
at room temperature unless otherwise specified.
Clarified broth from the fermentor cultures of S.
pneumoniae serotype 3 were concentrated and
diafiltered using a 100 kDa MWCO filter. Diafiltration
was accomplished using sodium phosphate buffer at
neutral pH. Diafiltration removed the low molecular
weight medium components from the higher molecular
weight biopolymers such as nucleic acid, protein and
polysaccharide. Prior to the addition of
hexadecyltrimethyl ammonium bromide (HB), a calculated
volume of a NaCI stock solution was added to the
concentrated and diafiltered polysaccharide solution
to give a final concentration of 0.25 M NaCI. The
polysaccharide was then precipitated by adding HB from
a stock solution to give a final concentration of 1%
HB (w/v). The polysaccharide/HB precipitate was
captured on a depth filter and the filtrate was
discarded. The polysaccharide precipitate was
resolubilized and eluted by recirculating a sodium
chloride solution through the precipitate-containing
depth filter. The filters were then rinsed with
additional sodium chloride solution.Sodium iodide
(NaI) was added to the polysaccharide solution from a
stock NaI solution to achieve a final concentration of
0.5% to precipitate HB. The precipitate was removed by
depth filtration. The filtrate contained the target
polysaccharide. The precipitation vessel and the
filter were rinsed with a NaCI/Nal solution and the
rinse was combined with the partially purified
polysaccharide solution. The filter was discarded. The
polysaccharide was then filtered through a 0.2 mm
filter. The polysaccharide solution was concentrated
on a 30 kDa MWCO ultrafilter and diafiltered with a
sodium chloride solution. The partially purified
polysaccharide solution was further purified by
filtration through a depth filter impregnated with
activated carbon. After filtration, the carbon filter
was rinsed with a sodium chloride solution. The rinse
was combined with the polysaccharide solution, which
was then filtered through a 0.2 mm filter. The
polysaccharide solution was concentrated on a 30 kDa
MWCO ultrafilter and adjusted with a 1M sodium
phosphate buffer to achieve a final concentration of
0.025M sodium phosphate. The pH was checked and
adjusted to 7.0  0.2. The ceramic hydroxyapatite (HA)
column was equilibrated with sodium phosphate buffer
containing sodium chloride to obtain the appropriate
conductivity (15 mS). The polysaccharide solution was
then loaded onto the column. Under these conditions,
impurities bound to the resin and the polysaccharide
was recovered in the flow-through from the column. The
polysaccharide was flushed through the column with
buffer and was filtered through a 0.2mm filter. 



The polysaccharide solution was concentrated using a
30 kDa MWCO filter. The concentrate was then
diafiltered with WFI. The diafiltered polysaccharide
solution was filtered through a 0.2 mm membrane filter
into stainless steel containers. Samples were removed
for release testing and the purified polysaccharide
was stored frozen at -25  50C. Characterization The
1H-NMR data was consistent with the chemical structure
by the assignment of signals assigned to the protons
of the polysaccharide molecule. The identity of the
monovalent polysaccharide was confirmed by
countercurrent immunoelectrophoresis using specific
antisera. High performance gel filtration
chromatography, coupled with refractive index and
multiangle laser light scattering (MALLS) detectors,
was used in conjunction with the sample concentration
to calculate the molecular weight.Size exclusion
chromatography media (CL-4B) was used to profile the
relative molecular size distribution of the
polysaccharide. Example 4 Preparation of Serotype 3
Pneumococcal Saccharide - CRM197 Conjugate Activation
and Conjugation Containers of purified serotype 3
saccharide were thawed and combined in a reaction
vessel. To the vessel, WFI and 2M acetic acid were
added to a final concentration of 0.2M and 2mg/ml_
saccharide. The temperature of the solution was raised
to 850C for one hour to hydrolyze the polysaccharide.
The reaction was cooled to <25C and 1M magnesium
chloride was added to a final concentration of 0.1 M.
Oxidation in the presence of sodium periodate was
performed by incubation for 16-24 hours at 230C. The
activation reaction mixture was concentrated and
diafiltered 10x with WFI using a 100K MWCO membrane.
The retentate was filtered through a 0.2- mm filter.
For compounding, 0.2M sodium phosphate, pH 7.0, was
added to the activated saccharide to a final
concentration of 1OmM and a pH of 6.0-6.5. CRM197
carrier protein was mixed with the saccharide solution
to a ratio of 2g of saccharide per 1g of CRM197 . The
combined saccharide/protein solution was filled into
100 ml_ glass lyophilization bottles with a 5OmL
target fill, shell-frozen at -75 0C, and lyophilized.
Bottles of co-lyophilized saccharide/protein material
were brought to room temperature and resuspended in
0.1 M sodium phosphate buffer, pH 7.0, to a final
saccharide concentration of 20 mg/mL. The pH was
adjusted to 6.5 and then a 0.5 molar equivalent of
sodium cyanoborohydride was added. The reaction was
incubated at 370C for 48 hours. Following the
cyanoborohydride incubation, the reaction mixture was
diluted with cold 5mM succinate/0.9% saline buffer.
Unreacted aldehydes were quenched by the addition of
sodium borohydride and incubation at 230C for 3-6
hours. The reaction mixture was transferred through a
0.45-5 mm prefilter into a retentate vessel. The
reaction mixture was diafiltered 3Ox with 0.1 M
phosphate buffer (pH 9), 2Ox with 0.1 5M phosphate
butter (pH 6), and 2Ox with 5mM succinate/0.9% saline.
The retentate was filtered through a 0.2-mm filter.The
conjugate solution was diluted to a saccharide target
of 0.5 mg/mL, and then sterile filtered into FBC
containers in a Class 100 hood. The conjugate was
stored at 2 - 80C. Characterization 



Size exclusion chromatography media (CL-4B) was used
to profile the relative molecular size distribution of
the conjugate. The identity of the conjugate was
confirmed by the slot-blot assay using specific
antisera. The saccharide and protein concentrations
were determined by the Anthrone and Lowry assays,
respectively. The ratio of saccharide to protein in
the covalently bonded conjugate complex was obtained
by the calculation: mg/mL saccharide mg/mL protein
Example 5 Preparation of S. Pneumoniae Capsular
Polysaccharide Serotype 5 S. pneumoniae serotype 5 was
obtained from Dr. Gerald Schiffman of the State
University of New York, Brooklyn, New York. For
preparation of the cell bank system, see Example 1.
For fermentation, harvesting, purification and
characterization of the polysaccharide, see Example 1.
Alternate Fermentation Process Cultures from the
working cell bank were used to inoculate seed bottles
containing a soy-based medium and a 1OmM sterile
NaHCO3 solution. The bottles were incubated at 360C  2
C without agitation until growth requirements were
met. A seed bottle was used to inoculate a seed
fermentor containing soy-based medium and a 1OmM
sterile NaHCO3 solution. A pH of about 7.0 was
maintained with 3N NaOH. After the target optical
density was reached, the seed fermentor was used to
inoculate the production fermentor containing
soy-based medium with a 1OmM NaHCO3 concentration. The
pH was maintained with 3N NaOH. The fermentation was
terminated after cessation of growth or when the
working volume of the fermentor was reached. An
appropriate amount of sterile 12% sodium deoxycholate
was added to the culture to obtain a 0.12%
concentration in the broth to Ivse thebacterial cells
and release cell-associated polysaccharide. After
lysing, the fermentor contents were held, with
agitation, for a time interval between 8 and 24 hours
at a temperature between 70C and 130C to assure that
complete cellular lysis and polysaccharide release had
occurred. Agitation during this hold period prevented
lysate sediment from settling on the fermentor walls
and pH probe, thereby allowing the pH probe integrity
to be maintained. Next, the pH of the lysed culture
broth was adjusted to approximately pH 4.5 with 50%
acetic acid. After a hold time without agitation, for
a time interval between 12 and 24 hours at a
temperature between 150C and 250C, a significant
portion of the previously soluble proteins dropped out
of solution as a solid precipitate with little loss or
degradation of the polysaccharide, which remained in
solution. The solution with the precipitate was then
clarified by continuous flow centrifugation followed
by depth filtration and 0.45 mm microfiltration.
Example 6 Preparation of Serotype 5 Pneumococcal
Saccharide - CRM197 Conjugate Activation and
Conjugation Containers of serotype 5 saccharide were
thawed and combined in a reaction vessel. To the
vessel, 0.1 M sodium acetate, pH 4.7, was added
followed by oxidation in the presence of sodium
periodate by incubation for 16-22 hours at 230C. The
activation reaction mixture was concentrated and
diafiltered 10x with WFI using a 100K MWCO membrane.
The retentate was filtered through a 0.2 mm filter.
The serotype 5 activated saccharide was combined with
CRM197 at a ratio of 



0.8:1 . The combined saccharide/protein solution was
filled into 100 ml. glass lyophilization bottles (50
ml. target fill), shell-frozen at -75 0C, and
co-lyophilized. Bottles of co-lyophilized material
were brought to room temperature and resuspended in
0.1 M sodium phosphate, pH 7.5, and sodium
cyanoborohydride was added. The reaction was incubated
at 3O0C for 72 hours, followed by a second addition of
cyanoborohydride and incubated at 3O0C for 20-28
hours. Following the cyanoborohydride incubations, the
reaction mixture was diluted 2-fold with saline and
transferred through a 0.45-5 mm prefilter into a
retentate vessel. The reaction mixture was diafiltered
3Ox with 0.01 M phosphate buffer, pH 8 , 2Ox with 0.1
5M phosphate buffer, pH 6 , and 2Ox with saline. The
retentate was filtered through a 0.2 mm filter.The
conjugate solution was diluted to a saccharide target
of 0.5 mg/mL, and then sterile filtered into FBC
containers in a Class 100 hood. The conjugate was
stored at 2 - 80C. For the characterization of the
conjugate, see Example 2 . Example 7 Preparation of S.
Pneumoniae Capsular Polysaccharide Serotype 6A S.
pneumoniae serotype 6A was obtained from Dr. Gerald
Schiffman of the State University of New York,
Brooklyn, New York. For preparation of the cell bank
system, see Example 1. For fermentation, harvesting
and purification of the polysaccharide, see Example 1,
except that during purification, the 30 kDa MWCO
concentration step, prior to the chromatography step,
is omitted. Example 8 Preparation of Serotype 6A
Pneumococcal Saccharide - CRM197 Conjugate Activation
and Conjugation Serotype 6A polysaccharide is a high
molecular weight polymer that had to be reduced in
size prior to oxidation. Containers of serotype 6A
saccharide were thawed and combined in a reaction
vessel. To the vessel, 2 M acetic acid was added to a
final concentration of 0.1 M for hydrolysis for 1.5
hours at 6O0C. The reaction was cooled to 230C and
neutralization was performed by adjusting the reaction
mixture with 1 M NaOH to pH 6 . Oxidation in the
presence of sodium periodate was performed by
incubation at 230C for 14-22 hours. The activation
reaction mixture was concentrated and diafiltered 10x
with WFI using a 100K MWCO membrane. The retentate was
filtered through a 0.2 mm filter. Serotype 6A was
compounded with sucrose and filled into 100 ml. glass
lyophilization bottles (5OmL target fill) and
shell-frozen at -75 0C and lyophilized. Bottles of
lyophilized material were brought to room temperature
and resuspended in dimethylsulfoxide (DMSO) at a
saccharide/protein ratio of 1: 1 . After addition of
sodium cyanoborohydride, the reaction mixture was
incubated at 230C for 18 hours. Following the
cyanoborohydride incubation, the reaction mixture was
diluted with cold saline. Unreacted aldehydes were
quenched by addition of sodium borohydride by
incubation at 230C for 3-20 hours.The diluted reaction
mixture was transferred through a 5 mm prefilter into
a retentate vessel. The reaction mixture was
diafiltered 1Ox with 0.9% NaCI and 3Ox with
succinate-buffered NaCI. The retentate was filtered
through a 0.2 mm filter. The conjugate solution was
diluted to a saccharide target of 0.5 mg/mL, and then
sterile filtered into FBC containers in a Class 100
hood. The conjugate was stored at 2 - 80C. For the
characterization of the conjugate, see Example 2 . 



Example 9 Preparation of S. Pneumoniae Capsular
Polysaccharide Serotype 7F S. pneumoniae serotype 7F
was obtained from Dr. Gerald Schiffman of the State
University of New York, Brooklyn, New York. For
preparation of the cell bank system, and for
fermentation and harvesting of the polysaccharide, see
Example 3 . For an alternate fermentation and
harvesting process, see the alternate process
described in Example 1. Purification The purification
of the pneumococcal polysaccharide consisted of
several concentration/diafiltration operations,
precipitation/elution, column chromatography, and
depth filtration steps. All procedures were performed
at room temperature unless otherwise specified.
Clarified broth from fermentor cultures of S.
pneumoniae serotype 7F were concentrated and
diafiltered using a 100 kDa MWCO filter. Diafiltration
was accomplished using sodium phosphate buffer at
neutral pH. Diafiltration removed the low molecular
weight medium components from the higher molecular
weight biopolymers such as nucleic acid, protein and
polysaccharide. Serotype 7F does not form a
precipitate with HB. Instead, impurities were
precipitated from the concentrated and diafiltered
solution by adding the HB from a stock solution to a
final concentration of 1% HB. The precipitate was
captured on a depth filter and the filter was
discarded. The polysaccharide was contained in the
filtrate. Sodium iodide (NaI) was added to the
polysaccharide solution from a stock NaI solution to
achieve a final concentration of 0.5% to precipitate
HB. The precipitate was removed by depth filtration.
The filtrate contained the target polysaccharide. The
precipitation vessel and the filter were rinsed with a
NaCI/Nalsolution and the rinses were combined with the
partially purified polysaccharide solution. The filter
was discarded. The polysaccharide was then filtered
through a 0.2mm filter. The polysaccharide solution
was concentrated on a 30 kDa MWCO ultrafilter and
diafiltered with a sodium chloride solution. The
partially purified polysaccharide solution was further
purified by filtration through a depth filter
impregnated with activated carbon. After filtration,
the carbon filter was rinsed with a sodium chloride
solution. The rinse was combined with the
polysaccharide solution, which was then filtered
through a 0.2 mm filter. The polysaccharide solution
was concentrated on a 30 kDa MWCO ultrafilter and
adjusted with a 1M sodium phosphate buffer to achieve
a final concentration of 0.025M sodium phosphate. The
pH was checked and adjusted to 7.0  0.2. The ceramic
hydroxyapatite (HA) column was equilibrated with
sodium phosphate buffer containing sodium chloride to
obtain the appropriate conductivity (15 mS). The
polysaccharide solution was then loaded onto the
column. Under these conditions, impurities bound to
the resin and the polysaccharide was recovered in the
flow-through from the column. The polysaccharide was
flushed through the column with buffer and was
filtered through a 0.2 mm filter. The polysaccharide
solution was concentrated using a 30 kDa MWCO filter.
The concentrate was then diafiltered with WFI. The
diafiltered polysaccharide solution was filtered
through a 0.2 mm membrane filter into stainless steel
containers. Samples were removed for release 



testing and the purified polysaccharide was stored at
2 - 80C. For characterization of the polysaccharide,
see Example 3 . Example 10 Preparation of Serotype 7F
Pneumococcal Saccharide - CRM197 Conjugate Activation
and Conjugation Oxidation in the presence of sodium
periodate was performed by incubation for 16-24 hrs at
230C. The activation reaction mixture was concentrated
and diafiltered 10x with 1OmM NaOAc, pH 4.5, using a
100K MWCO membrane. The retentate was filtered through
a 0.2 mm filter. Serotype 7F was filled into 100 ml.
glass lyophilization bottles (50 ml. target fill) and
shell-frozen at -75 0C and lyophilized.Bottles of
lyophilized serotype 7F and CRM197 were brought to
room temperature and resuspended in DMSO at a
saccharide/protein ratio of 1.5:1 . After the addition
of sodium cyanoborohydride, the reaction was incubated
at 230C for 8- 10 hours. Unreacted aldehydes were
quenched by the addition of sodium borohydride by
incubation at 230C for 16 hours. The reaction mixture
was diluted 10-fold with cold saline and transferred
through a 5 mm prefilter into a retentate vessel. The
reaction mixture was diafiltered 1Ox with 0.9% saline
and 3Ox with succinate-buffered saline. The retentate
was filtered through a 0.2 mm filter. The conjugate
solution was diluted to a saccharide target of 0.5
mg/mL 0.9% saline, and then sterile filtered into FBC
containers in a Class 100 hood. The conjugate was
stored at 2 - 80C. For characterization of the
conjugate, see Example 4 . Example 11 Preparation of
S. Pneumoniae Capsular Polysaccharide Serotype 19A S.
pneumoniae serotype 19A was obtained from Dr. Gerald
Schiffman of the State University of New York,
Brooklyn, New York. For preparation of the cell bank
system, see Example 1. For fermentation, harvesting
and purification of the polysaccharide, see Example 7
. For characterization, see Example 3 . Example 12
Preparation of Serotype 19A Pneumococcal Saccharide -
CRM197 Conjugate Activation and Conjugation Containers
of serotype 19A saccharide were thawed and combined in
a reaction vessel. Sodium acetate was added to 10 mM
(pH 5.0) and oxidation was carried out in the presence
of sodium periodate by incubation for 16-24 hrs at
230C. The activation reaction mixture was concentrated
and diafiltered 10x with 1OmM acetate, pH 5.0, using a
100K MWCO membrane. The retentate was filtered through
a 0.2 mm filter. The activated saccharide was
compounded with sucrose followed by the addition of
CRM197 . The serotype 19A activated saccharide and
CRM197 mixture (0.8:1 ratio) was filled into 100 ml.
glass lyophilization bottles (50 ml. target fill) and
shell-frozen at -75 0C and lyophilized.Bottles of
lyophilized material were brought to room temperature
and resuspended in DMSO. To the saccharide/protein
mixture, sodium cyanoborohydride (100 mg/ml) was
added. The reaction was incubated at 230C for 15
hours. Following the cyanoborohydride incubation,
unreacted aldehydes were quenched by the addition of
sodium borohydride by incubation at 230C for 3-20 



hours. The reaction mixture was diluted 10-fold with
cold saline and transferred through a 5 mm prefilter
into a retentate vessel. The reaction mixture was
diafiltered 1Ox with 0.9% NaCI, 0.45-mm filtered, and
3Ox with diafiltration using 5mM succinate/ 0.9% NaCI
buffer, pH 6 . The retentate was filtered through a
0.2 mm filter. The conjugate solution was diluted to a
target of 0.5 mg/mL using 5mM succinate/0.9% saline,
and then sterile filtered into FBC containers in a
Class 100 hood. The conjugate was stored at 2 - 80C.
For characterization of the conjugate, see Example 4 .
Example 13 Preparation of S. Pneumoniae Capsular
Polysaccharide Serotypes 4, 6B, 9V, 14, 18C, 19F and
23F Preparation of the S. pneumoniae Seed Culture S.
pneumoniae serotypes 4 , 6B, 9V, 18C, 19F and 23F were
obtained from Dr. Gerald Schiffman, State University
of New York, Brooklyn, New York. S. pneumoniae
serotype 14 was obtained from the ATCC, strain 6314.
Separately, one vial of each of the desired serotypes
of Streptococcus pneumoniae was used to start a
fermentation batch. Two bottles containing a soybased
medium and phenol red were adjusted to a pH range of
7.4 + 0.2 using sodium carbonate, and the required
volume of 50% dextrose/1% magnesium sulfate solution
was then added to the bottles. The two bottles were
inoculated with different amounts of seed. The bottles
were incubated at 36 + 20C until the medium turned
yellow. Following incubation, samples were removed
from each bottle and tested for optical density (OD)
(0.3 to 0.9) and pH (4.6 to 5.5). One of the two
bottles was selected for inoculation of the seed
fermentor. Soy-based medium was transferred to the
seed fermentor and sterilized. Then a volume of 50%
dextrose/1% magnesium sulfate solution was added to
the fermentor. The pH and agitation of the seed
fermentor were monitored and controlled (pH 6.7 to
7.4). The temperature was maintained at 36 + 20C. The
seedinoculum (bottle) was aseptically connected to the
seed fermentor and the inoculum was transferred. The
fermentor was maintained in pH control and samples
were periodically removed and tested for OD and pH.
When the desired OD of 0.5 at 600 nm was reached, the
intermediate fermentor was inoculated with the
fermentation broth from the seed fermentor. Soy-based
medium was transferred to the intermediate fermentor
and sterilized. Then a volume of 50% dextrose/1%
magnesium sulfate solution was added to the fermentor.
The pH and agitation of the intermediate fermentor
were monitored and controlled (pH 6.7 to 7.4). The
temperature was maintained at 36 + 20C. The contents
of the seed fermentor were transferred to the
intermediate fermentor. The fermentor was maintained
in pH control and samples were periodically removed
and tested for OD and pH. When the desired OD of 0.5
at 600 nm was reached, the production fermentor was
inoculated with the fermentation broth from the
intermediate fermentor. Soy-based medium was
transferred to the production fermentor and
sterilized. Then a volume of 50% dextrose/1% magnesium
sulfate solution was added to the fermentor. The pH
and agitation of the production fermentor were
monitored and controlled (pH 6.7 to 7.4). The
temperature was maintained at 36 + 20C. The fermentor
was maintained in pH control and samples were
periodically 



removed and tested for OD and pH, until the
fermentation was complete. Deoxycholate sodium was
added to the fermentor to a final concentration of
approximately 0.12% w/v. The culture was mixed for a
minimum of thirty minutes and the temperature set
point was reduced to 1O0C. The culture was incubated
overnight and following confirmation of inactivation,
the pH of the culture was adjusted to between 6.4 and
6.8, as necessary, with 50% acetic acid. The
temperature of the fermentor was increased to 20  50C
and the contents were transferred to the clarification
hold tank. The contents of the clarification hold tank
(including the cellular debris) were processed through
a centrifuge at a flow rate between 25 and 600 liters
per hour (except Serotype 4 , wherein the cell debris
was discarded and the flow rate tightened to between
25 and 250 liters per hour). Samples of the
supernatant were removed and tested for OD. The
desired OD during the centrifugation was < 0.15.
Initially, the supernatant was recirculated through a
depth filter assembly until an OD of 0.05 + 0.03 was
achieved. Then the supernatant was passed through the
depth filter assembly and through a 0.45 mm membrane
filter to the filtrate hold tank.Subsequently, the
product was transferred through closed pipes to the
purification area for processing. All of the above
operations (centrifugation, filtration and transfer)
were performed between 1O0C to 3O0C. For an alternate
fermentation and harvesting process for serotypes 4
and 6B, see the alternate process described in Example
1. Purification The purification of each pneumococcal
polysaccharide consisted of several
concentration/diafiltration operations,
precipitation/elution, column chromatography, and
depth filtration steps. All procedures were performed
at room temperature unless otherwise specified.
Clarified broth from the fermentor cultures of the
desired S. pneumoniae serotype was concentrated and
diafiltered using a 100 kDa MWCO filter. Diafiltration
was accomplished using sodium phosphate buffer at pH <
9.0. Diafiltration removed the low molecular weight
medium components from the higher molecular weight
biopolymers such as nucleic acid, protein and
polysaccharide. The polysaccharide was precipitated
from the concentrated and diafiltered solution by
adding HB from a stock solution to give a final
concentration of 1% HB (w/v) (except Serotype 23F,
which had a final concentration of 2.5%). The
polysaccharide/HB precipitate was captured on a depth
filter and the filtrate was discarded. (Note: Serotype
14 does not precipitate; therefore the filtrate was
retained.) The polysaccharide precipitate was
resolubilized and eluted by recirculating a sodium
chloride solution through the precipitate-containing
depth filter. The filters were then rinsed with
additional sodium chloride solution. Sodium iodide
(NaI) was added to the polysaccharide solution from a
stock NaI solution to achieve a final concentration of
0.5% to precipitate HB (except for Serotype 6B, which
had a final concentration of 0.25%). The precipitate
was removed by depth filtration. The filtrate
contained the target polysaccharide. The filter was
discarded. The polysaccharide was then filtered
through a 0.2mm filter. The polysaccharide solution
was concentrated on a 30 kDa MWCO ultrafilter and
diafiltered with a sodium chloride solution. The
partially purified polysaccharide solution was further
purified by filtration 



through a depth filter impregnated with activated
carbon. After filtration, the carbon filter was rinsed
with a sodium chloride solution. The rinse was
combined with the polysaccharide solution, which was
then filtered through a 0.2mm filter.The
polysaccharide solution was concentrated on a 30 kDa
MWCO ultrafilter and the filter was rinsed with a
sodium chloride solution. The pH was checked and
adjusted to 7.0  0.3. The ceramic hydroxyapatite (HA)
column was equilibrated with sodium phosphate buffer
containing sodium chloride until the pH is 7.0  0.3
and the conductivity was 26 + 4mS. The polysaccharide
solution was then loaded onto the column. Under these
conditions, impurities bound to the resin and the
polysaccharide was recovered in the flow through from
the column. The polysaccharide solution was filtered
through a 0.2mm filter. The polysaccharide solution
was concentrated using a 30 kDa MWCO filter. The
concentrate was then diafiltered with WFI until the
conductivity was < 15mS. The diafiltered
polysaccharide solution was filtered through a 0.2mm
membrane filter into bulk containers and stored at
2-80C. Example 14 Preparation of Pneumococcal
Saccharide - CRM197 Conjugates For Serotypes 4, 6B,
9V, 14, 18C, 19F and 23F Activation Process The
different serotype saccharides follow different
pathways for activation (hydrolysis or no hydrolysis
prior to activation) and conjugation (aqueous or DMSO
reactions) as described in this example.
Polysaccharide was transferred from the bulk
containers to the reactor vessel. The polysaccharide
was then diluted in WFI and sodium phosphate to a
final concentration range of 1.6 - 2.4 mg/mL. Step 1.
For serotypes 6B, 9V, 14, 19F and 23F, pH was adjusted
to pH 6.0 + 0.3. For serotype 4 , hydrochloric acid
(0.01 M final acid concentration) was added and the
solution was incubated for 25 - 35 minutes at 45  20C.
Hydrolysis was stopped by cooling to 2 1 - 250C and
adding 1M sodium phosphate to a target of pH 6.7  0.2.
An in-process test was done to confirm an appropriate
level of depyruvylation.For serotype 18C, glacial
acetic acid (0.2 M final acid concentration) was added
and the solution was incubated for 205 - 215 minutes
at 94  20C. Temperature was then decreased to 2 1 -
250C and 1 - 2 M sodium phosphate was added to a
target of pH 6.8  0.2. Step 2: Periodate Reaction The
required sodium periodate molar equivalents for
pneumococcal saccharide activation was determined
using total saccharide content (except for serotype
4). For serotype 4 , a ratio of 0.8-1 .2 moles of
sodium periodate per mole of saccharide was used. With
thorough mixing, the oxidation reaction was allowed to
proceed between 16 to 20 hours at 2 1 - 250C for all
serotypes except 19F for which the temperature was
150C. Step 3: Ultrafiltration The oxidized saccharide
was concentrated and diafiltered with WFI (0.01 M
sodium phosphate buffer pH 6.0 for serotype 19F) on a
100 kDa MWCO ultrafilter (5 kDa ultrafilter for 18C).
The permeate was discarded and the retentate was
filtered through a 0.22 mm filter. 



Step 4: Lyophilization For serotypes 4 , 9V, and 14
the concentrated saccharide was mixed with CRM197
carrier protein, filled into glass bottles,
shell-frozen and stored at < -65C. The frozen
concentrated saccharide-CRM 197 was lyophilized and
then stored at -25 + 5C. For serotypes 6B, 19F, and
23F a specified amount of sucrose was added which was
calculated to achieve a 5% + 3% sucrose concentration
in the conjugation reaction mixture. Serotype 18C did
not require sucrose addition. The concentrated
saccharide was then filled into glass bottles,
shell-frozen and stored at < -65C. The frozen
concentrated saccharide was lyophilized and then
stored at -25 + 5C. Conjugation Process Two
conjugation processes were used: aqueous conjugation
for serotypes 4 , 9V, 14 and 18C, and DMSO conjugation
for serotypes 6B, 19F and 23F.Aqueous Conjugation Step
1: Dissolution For serotypes 4 , 9V and 14, the
lyophilized activated saccharide-CRM 197 mixture was
thawed and equilibrated at room temperature. The
lyophilized activated saccharide-CRM 197 was then
reconstituted in 0.1 M sodium phosphate buffer at a
typical ratio of:  1L of buffer per 16 - 24 g of
saccharide for serotype 4 and 9V  1L of buffer per 6 -
10 g of saccharide for serotype 14 The reaction
mixture was incubated at 37  20C until total
dissolution for the serotype 9V and at 23  20C for
serotypes 4 and 14. For serotype 18C, the lyophilized
saccharide was reconstituted in a solution of CRM197
in 1M dibasic sodium phosphate at a typical ratio of
0.1 1 L of sodium phosphate per 1 L of CRM197
solution. The reaction mixture (8-12 g/L saccharide
concentration) was incubated at 23  20C until total
dissolution. The pH was tested as an in-process
control at this stage. Step 2: Conjugation Reaction
For serotypes 4 and 9V, the conjugation reaction was
initiated by adding the sodium cyanoborohydride
solution (100 mg/mL) to achieve 1.0 - 1.4 moles sodium
cyanoborohydride per mole of saccharide. The reaction
mixture was incubated for 44 - 52 hours at 37  20C.
The temperature was then reduced to 23  20C and sodium
chloride 0.9% was added to the reactor. Sodium
borohydride solution (100 mg/mL) was added to achieve
1.8 - 2.2 molar equivalents of sodium borohydride per
mole saccharide. The mixture was incubated for 3 - 6
hours at 23  20C. The mixture was diluted with sodium
chloride 0.9% and the reactor was rinsed. The diluted
conjugation mixture was filtered using a 1.2 mm
pre-filter into a holding vessel. For serotypes 14 and
18C, the conjugation reaction was initiated by adding
the cyanoborohydride solution (100 mg/mL) to achieve
1.0 - 1.4 moles of sodium cyanoborohydride per mole of
saccharide. The reaction mixture was incubated for 12
- 24 hours at 23  20C. The temperature was increased
to 37  20C and the reaction was incubated for 72 - 96
hours. The temperature was then reduced to 23  20C and
0.9% sodium chloride was added to the reactor. Sodium
borohydride solution (100mg/mL) was added to achieve
1.8 - 2.2 molar equivalents of sodium borohydride per
mole of saccharide. The mixture was incubated for 3 -
6 hours at23  20C. The mixture was diluted with 0.9%
sodium chloride and the reactor was rinsed. The
diluted conjugation mixture was then filtered using a
1.2 mm pre-filter into a holding vessel. 



Step 3: Ultrafiltration 100 kDa The diluted
conjugation mixture was concentrated and diafiltrated
on a 100 kDa MWCO ultrafilter with either a minimum of
15 volumes (serotype 4) or 40 volumes (serotypes 9V,
14, and 18C) of 0.9% sodium chloride. The permeate was
discarded. For serotype 4 , the retentate was filtered
through a 0.45mm filter. An in-process control
(saccharide content) was performed at this step. Step
4: HA Column Purification This step was only performed
for the serotype 4 conjugate. The HA column was first
neutralized using 0.5M sodium phosphate buffer (pH 7.0
+ 0.3) and then equilibrated with 0.9% sodium
chloride. The filtered retentate (serotype 4) was
loaded onto the column at a flow rate of 1.0 L/min.
The column was washed with 0.9% sodium chloride at a
flow rate of < 2.0 L/min. The product was then eluted
with 0.5M sodium phosphate buffer at a flow rate of <
2.0 L/min. The HA fraction was then concentrated and
diafiltered on a 100 kDa MWCO membrane with a minimum
of 20 volumes of 0.9% sodium chloride. The permeate
was discarded. Step 5: Sterile Filtration The
retentate after the 100 kDa MWCO diafiltration was
filtered through a 0.22mm filter. In-process controls
(saccharide content, free protein, free saccharide and
cyanide) were performed on the filtered product.
In-process controls on filtered retentate were
performed to determine whether additional
concentration, diafiltration, and/or dilution were
needed to meet FBC targets. These and additional tests
were repeated in FBC samples. As necessary, the
filtered conjugate was diluted with 0.9% sodium
chloride in order to achieve a final concentration of
less than 0.55 g/L. Release tests for saccharide
content, protein content and saccharide:protein ratio
were performed at this stage.Finally, the conjugate
was filtered (0.22 mim) and filled into 10 L stainless
steel canisters at a typical quantity of 2.64
g/canister. At this stage, yield, saccharide content,
protein content, pH, saccharide:protein ratio and
lysine content were performed as in-process controls.
Release testing (appearance, free protein, free
saccharide, endotoxin, molecular size determination,
residual cyanide, saccharide identity, CRM197
identity) was performed at this stage. DMSO
Conjugation Step I: Dissolution The lyophilized
activated saccharide serotypes 6B, 19F, 23F and the
lyophilized CRM197 carrier protein were equilibrated
at room temperature and reconstituted in DMSO. The
dissolution concentration typically ranged from 2-3
grams of saccharide (2-2.5 g protein) per liter of
DMSO. Step II: Conjugation Reaction The activated
saccharide and CRM197 carrier protein were mixed for
60 - 75 minutes at 23  20C at a ratio range of 0.6 g -
1.O g saccharide/g CRM197 for serotypes 6B and 19F or
1.2 to 1.8 g saccharide/g CRM197 for serotype 23F. The
conjugation reaction was initiated by adding the
sodium cyanoborohydride solution (100mg/ml_) at a
ratio of 0.8 - 1.2 molar equivalents of sodium
cyanoborohydride to one mole activated saccharide. WFI
was added to the reaction mixture to a target of 1%
(v/v) and the mixture was incubated for over 40 hours
at 23 



2C. Sodium borohydride solution, 100 mg/mL (typical
1.8 - 2.2 molar equivalents sodium borohydride per
mole activated saccharide) and WFI (target 5% v/v)
were added to the reaction and the mixture was
incubated for 3 - 6 hours at 23  20C. This procedure
reduced any unreacted aldehydes present on the
saccharides. Then the reaction mixture was transferred
to a dilution tank containing 0.9% sodium chloride at
< 150C. Step III: 100 kDa Ultrafiltration The diluted
conjugate mixture was filtered through a 1.2 mm filter
and concentrated and diafiltered on a 100 kDa MWCO
membrane with a minimum of 15 volumes of 0.9% sodium
chloride (0.01 M sodium phosphate/0. 05M NaCI buffer
wasused for serotype 23F). The permeate was discarded.
The retentate was filtered through a 0.45 mm filter.
An in-process saccharide content sample was taken at
this stage. Step IV: DEAE Column Purification This
step was only performed for serotype 23F. The DEAE
column was equilibrated with 0.01 M sodium
phosphate/0. 05M sodium chloride buffer. The filtered
retentate (serotype 23F) was loaded onto the column
and washed with 0.01 M sodium phosphate/0. 05M sodium
chloride buffer. The column was then washed with 0.01
M sodium phosphate/0. 9% NaCl buffer. The product was
then eluted with 0.01 M sodium phosphate/0. 5M sodium
chloride buffer. Step V: 100 kDa Ultrafiltration The
retentate from 6B and 19F was concentrated and
diafiltered with at least 30 volumes of 0.9% sodium
chloride. The permeate was discarded. The eluate from
serotype 23F was concentrated and diafiltered with a
minimum of 20 volumes of 0.9% sodium chloride. The
permeate was discarded. Step Vl: Sterile Filtration
The retentate after the 100 kDa MWCO diafiltration was
filtered through 0.22 mm filter. In-process controls
(saccharide content, free protein, free saccharide,
residual DMSO and residual cyanide) were performed on
the filtered product. Inprocess controls on filtered
retentate were performed to determine whether
additional concentration, diafiltration, and/or
dilution were needed to meet FBC targets. These and
additional tests were repeated in FBC samples. As
necessary, the filtered conjugate was diluted with
0.9% sodium chloride to achieve a final concentration
of less than 0.55 g/L. Release tests for saccharide
content, protein content and saccharide:protein ratio
were performed at this stage. Finally, the conjugate
was filtered (0.22 mm) and filled into 10 L stainless
steel canisters at a quantity of 2.64 g/canister. At
this stage, yield, saccharide content, protein
content, pH, saccharide:protein ratio and lysine
content were performed as inprocess controls. Release
testing (appearance, free protein, free saccharide,
endotoxin, molecular size determination, residual
cyanide, residual DMSO, saccharide identity and CRM197
identity) was performed at this stage.Example 15
Formulation of a Multivalent Pneumococcal Conjugate
Vaccine The final bulk concentrates of the 13
conjugates contain 0.85% sodium chloride. Type 3 , 6A,
7F and 19A bulk concentrates also contain 5 mM sodium
succinate buffer at pH 5.8. The required volumes of
bulk concentrates were calculated based on the batch
volume and the bulk saccharide concentrations. After
80% of the 0.85% sodium chloride (physiological
saline) and the required amount of 



succinate buffer were added to the pre-labeled
formulation vessel, bulk concentrates were added. The
preparation was then sterile filtered through a 0.22
mm membrane into a second container by using a
Millipore Durapore membrane filter unit. The first
container was washed with the remaining 20% of 0.85%
sodium chloride and the solution was passed through
the same filter and collected into the second
container. The formulated bulk was mixed gently during
and following the addition of bulk aluminum phosphate.
The pH was checked and adjusted if necessary. The
formulated bulk product was stored at 2-80C. The
formulated bulk product was filled into Type 1
borosilicate glass syringes obtained from Becton
Dickinson. The vaccine was monitored at regular
intervals for turbidity to ensure the uniformity of
the filling operation. The filled vaccine (Final
Product) was stored at 2-80C. Example 16
lmmunogenicity of the 13-Valent Conjugate Vaccine To
date, the preclinical studies performed on the 13vPnC
vaccine have been in rabbits. Studies #HT01-0021 and
#HT01-0036 were designed to independently examine the
effect of chemical conjugation of capsular
polysaccharides (PSs) from S. pneumoniae to CRM197 and
the effect of aluminum phosphate (AIPO4) adjuvant on
the immune response to the 13vPnC vaccine in rabbits.
These effects were characterized by antigen-specific
ELISA for serum IgG concentrations and for antibody
function by opsonophagocytic assay (OPA). Study
#HT01-0021 Study #HT01-0021 examined the ability of
the 13vPnC vaccine with AIPO4 adjuvant to elicit
vaccine serotype-specific immune responses. The
pneumococcal serotypes represented in the 13vPnC
vaccine include types 1, 3 , 4 , 5 , 6A, 6B, 7F, 9V,
14, 18C, 19A, 19F and 23F. Secondary objectives
included an evaluation of the kinetics and duration of
the antibody response. New Zealand White rabbits
wereimmunized intramuscularly at week 0 and week 2
with the planned human clinical dose of each
polysaccharide (2 mg of each PS, except 4 mg of 6B)
formulated with or without AIPO4 (100 mg /dose). Sera
were collected at various time points. Serotype
specific IgG was measured by ELISA and functional
activity was assessed by OPA. Table 4 shows the
geometric mean titer (GMT) achieved in pooled serum
samples, following two doses of the 13vPnC vaccine. A
ratio of the IgG GMTs was used to compare responses
from week 4 to week 0 . These data demonstrate that
the inclusion of AIPO4 in the 13vPnC formulation
elicited higher levels of IgG antibody in comparison
to the same vaccine without adjuvant. Although the
antibody responses were greater when AIPO4 was
included in the formulation, these increases were not
statistically significant. Functional antibody
responses were also assessed in rabbits following
immunization with the two 13vPnC formulations (Table
5). When comparing vaccine formulations with or
without adjuvant, higher OPA GMTs were observed in the
13vPnC + AIPO4 vaccine treatment group. OPA titers
were detected in week 4 serum pools to all vaccine
serotypes in both groups. For the majority of the
serotypes, OPA titers measured at week 4 were at least
4-fold higher than those at week 0 (baseline). The
kinetic responses to each of the 13vPnC vaccine
serotypes were evaluated from serum pools of both
treatment groups. IgG titers to each serotype were
measured from blood draws at week 0 and weeks 1, 2 , 3
, 4 , 8 , 12, 26, and 39 



and then compared. With the exception of serotype 1,
antibody responses in animals receiving adjuvanted
vaccine were superior to those that received
nonadjuvanted vaccine and peaked at week 2 of the
immunization schedule (data not shown). Overall, the
data indicate that the 13vPnC vaccine formulated with
aluminum phosphate is immunogenic in rabbits,
eliciting substantial antibody responses to the
pneumococcal capsular polysaccharides contained in the
vaccine and these responses are associated with
functional activity. The responses observed to the
seven core serotypes following immunization with
13vPnC + AIPO4 are consistent with historical
responses of rabbits to the heptavalent
formulation.Table 4. Rabbit IgG Immune Responses
(GMTs) Following Immunization with Two Doses of
13-valent Pneumococcal Glycoconjugate Diluent with
ALPO4 13vPnCa 13vPnC + ALPO4 Ratio Week 4 Ratio Week 4
Ratio Serotype Week O Week 4 Wk4:WkO Week O (95% Cl)
Wk4:WkO Week O (95% Cl) Wk4:WkO 1 5,926 11,091 <100
<100 1.0 50 (2,758-12,733) 119 50 (5,327-23,093) 222
6,647 16,443 3 <100 <100 1.0 50 (2,773-15,932) 133 58
(7,096-38,106) 284 13,554 4 <100 <100 1.0 50 271
29,183 (8,031-22,875) 50 (15,342-55,508) 584 5,859
16,714 5 134 <100 0.4 50 117 (2,450-14,009) 50
(6,959-40,140) 334 6A 22,415 63,734 141 <100 0.4 74 (
1 1,987-41,914) 303 83 (21,141-192,146) 768 6B 8,108
23,505 <100 <100 1.0 57 (3,564-18,444) 142 54 ( 1
1,286-48,955) 435 43,591 84,888 7F 3,859 579 0.2 171
(26,931-70,557) 444 143 (46,445-155,151) 496 15,780
43,331 b 9V 289 995 3.4 205 (7,193-34,616) 125 208
(23,256-71,510) 217 6,906 16,076 14 437 177 0.4 6 1
(3,416-13,962) 113 70 (9,649-26,785) 322 21,283 35,040
18C <100 <100 1.0 50 (15,770-28,725) 426 50
(24,708-49,692) 701 19A 113,599 280,976 <100 <100 1.0
121 (54,518-236,707) 939 144 ( 1 19,587-660,167) 1,951
19F 14,365 24,912 <100 <100 1.0 50 (7,346-28,090) 287
50 (9,243-67,141) 498 5 323 15,041 23F <100 <100 1.0
50 (1,894-14,962) 106 50 (4,71 1-48,018) 301 a GMTs of
pooled sera consisted of equal volumes of serum from
each individual rabbit within a group b Statistically
different (p=0 022) from treatment group without ALPO4
LEGAL02/30628937v1 43 Atty Dkt No 050765/336390Table
5. S. pneumoniae OPA GMTs for NZW Rabbit Serum Pools
Following Immunization with Two Doses of 13-valent
Pneumococcal Glycoconjugate 13vPnCa 13vPnC + ALPO/ 



Ratio Ratio Week O Week 4 Serotype Wk4:WkO Week O Week
4 Wk4:WkO 1 <8 64 16 <8 64 16 3 <8 8 <8 16 4 4 <8 16 4
<8 32 8 5 <8 128 32 <8 5 12 128 6A 8 128 16 8 5 12 64
6B <8 256 64 8 1,024 128 7F 8 64 8 8 128 16 9V 8 64 8
8 128 16 14 16 32 2 16 32 2 18C 8 256 32 <8 256 64 19A
<8 256 64 <8 1,024 256 19F <8 128 32 <8 5 12 128 23F 8
64 8 <8 256 64 A: Pools consisted of equal volumes of
serum from individual rabbits within a treatment group
(n=1 2) Study #HT01-0036 Study #HT01-0036 compared
rabbit immune responses to the polysaccharides (PSs)
contained in the vaccine, after immunization with the
13vPnC vaccine with or without conjugation to the
CRM197 protein. New Zealand White rabbits were
immunized intramuscularly at week 0 and week 2 with a
dose of 2.2 mg of each PS (except 4.4 mg of 6B).
Animals received one of three vaccine preparations:
(a) 13vPnC (PS directly conjugated to CRM197 ) , (b)
13vPnPS, (free PS) or (c) 13vPnPS + CRM197 (free PS
mixed with CRM197 ) . All vaccine preparations
contained AIPO4 as the adjuvant at 125 mg/dose.
Serotype specific immune responses for all vaccine
preparations were evaluated in an IgG ELISA and
complement-mediated OPA measuring functional antibody.
The immune responses were compared between the
treatment groups. Table 6 presents GMT data obtained
from week 4 bleeds analyzed in antigen specific IgG
ELISAs. Additional analyses show the ratio of GMT
values at week 4 to week 0 . The data indicate that
the conjugate vaccine preparation elicited greater
serum IgG titers than free PS or free PS + CRM197
vaccine. With the exception of S. pneumoniae type 14,
the 13vPnC vaccine was able to induce functional
antibodies to the representative strains of S.
pneumoniae in an OPA (Table 7). After twoimmunizations
with either the 13vPnPS or 13vPnPS + CRM197 vaccine,
neither could induce OPA titers > 8-fold at week 4
relative to week 0 for 10 out of the 13 serotypes
measured (Table 7). In conclusion, these results
indicate that conjugation of the 13-valent
pneumococcal vaccine polysaccharides produces higher
serum IgG titers and overall greater functional
antibody activity than seen with free polysaccharide
alone or mixed with unconjugated CRM197 .Serotype Week
O (95% Cl) Wk4:Wk0 Week (95% Cl) Wk4:Wk0 Week O (95%
Cl) Wk4:Wk0 0 1 2,290 1,959 35,970 378 (843-5,790) 5.8
395 (809-4,739) 5.0 472 (29,130-44,417) 76.2 240 163
10,414 3 57 4.2 



(64-908) 89 (74-358) 1.8 50 (10,414-16,676) 208.3 379
607 12,890 4 50 12.1 (150-959) 7.6 50 (313-1,178) 50
(9,1 17-18,224) 257.8 226 321 35,264 5 343 ( 1 13-450)
4.5 50 (147-701) 6.4 50 (24,467-50,824) 705.3 466 210
234,245 6A 154 2.1 (316-688) 3.0 98 (95-464) 163
(167,152- 1,437.1 328,283) 727 745 33,599 6B 63
(384-1,375) 11.6 62 (384-1,440) 12.0 131
(22,934-49,222) 256.5 6 1 72 35,702 7F 50 (39-95) 1.2
50 (47-1 11) 1.4 50 (24,350-52,347) 714.0 104 169
50,033 9V 50 2.1 (48-195) 55 (74-390) 3.0 50
(34,765-72,007) 1,000.7 298 195 20,121 14 66 ( 1
17-757) 4.5 50 (71-535) 3.9 50 (12,087-32,138) 402.4
1,555 761 71,451 18C 89 (655-3,688) 17.5 66
(300-1,935) 11.5 101 (32,745-124,641) 707.4 89 80
23,485 19A 50 469.7 (44-179) 1.8 50 (39-163) 1.6 50
(12,857-42,723) 1,362 991 19,358 19F 6 1 (559-3,317)
22.3 6 1 (370-2,654) 16.3 67 (12,553-33,173) 288.9
1,085 638 45,972 23F 73 121 (487-2,420) 14.9 (31
1-1,31 1) 5.3 68 (25,134-84,089) 676.1
LEGAL02/30628937v1 46 Atty Dkt No 050765/336390Table
7. S. pneumoniae OPA Titers for Rabbit Serum Pools
Following Immunization with Two Doses of 13-valent
Pneumococcal Vaccines OPA Titers 13vPnPS + CRM No
13vPnPS (free PS) (free PS mixed wi1t9h7 13vPnC
Treatment CRM197) Serotype Week 0a Week 4 Ratio Week 4
Ratio Week 4 Ratio Wk4:WkO Wk4:WkO Wk4:WkO 1 4 16 4 16
4 8 32 3 4 4 1 4 1 4 8 4 4 4 1 4 1 4 64 5 4 32 8 16 4
16 64 6A 8 64 8 32 4 32 664 6B 8 64 8 32 4 32 32 7F 16
32 16 1 16 16 9V 16 16 1 32 2 32 8 14 16 16 1 16 1 16
2 18C 4 16 4 16 4 8 64 



19A 8 8 1 8 1 16 64 19F 4 4 1 4 1 8 64 23F 16 32 16 1
32 32 a: Used as week 0 values for all groups Example
17 Alternate Procedure for Serotype 3 Pneumococcal
Saccharide - CRM197 Conjugation Containers of purified
polysaccharide were thawed and combined in a reaction
vessel and heated to a temperature of 850C. When the
temperature of the mixture reached approximately 350C
during temperature ramp-up, 2 M acetic acid was added
to achieve a 0.1 M acetic acid concentration. When the
temperature of the mixture reached 850C, it was
maintained at this temperature for 1 hour to achieve
hydrolysis/depolymerization. The
hydrolyzed/depolymerized polysaccharide was cooled to
230C and 1 M MgCI2 was added to achieve a 0.1 M MgCI2
concentration. Oxidation was carried out using 1-1.25
mole equivalent of periodic acid, added as a 50 mg/mL
solution in WFI. The mixture was incubated at 230C for
16-24 hours. The reaction mixture was purified by
diafiltration against 1Ox volumes of WFI using a 100K
MWCO polyethersulfone (PES) membrane. The purified,
activated polysaccharide was adjusted to a pH of 6.0
using 0.2 M phosphate buffer (pH 7.0), compounded with
CRM197 at a polysaccharide/protein ratio of 2:1 ,
shell-frozen at - 750C, and co-lyophilized for 7 1
hours. Following co-lyophilization, the
polysaccharide/CRM 197 mixture was stored at -25 + 5C
until conjugation. For conjugation, the co-lyophilized
polysaccharide/CRM 197 mixture was dissolved in 0.1 M
phosphate buffer at a concentration of 20 mg/mL
polysaccharide and the pH was adjusted to 6.2 with a
combination of 0.2 M phosphate buffer, pH 4.6, and 1
MNaOH, followed by the addition of 0.5 mole equivalent
of sodium cyanoborohydride as a 100 mg/mL solution in
0.15 M phosphate buffer, pH 7.5. The reaction mixture
was stirred and incubated at 370C for 44 hours.
Following the cyanoborohydride incubation, the
reaction mixture was diluted 1x with cold (2-80C )
0.9% saline followed by the addition of 1 mole
equivalent of sodium borohydride as a 100 mg/mL
solution in WFI to cap unreacted aldehydes at 230C for
3-6 hours. The reaction mixture was transferred
through a 0.45-5 mm prefilter into a retentate vessel
and then purified by diafiltration using a 100K MWCO
regenerated cellulose membrane. The reaction mixture
was then diafiltered 3Ox against 0.1 M phosphate
buffer, pH 9.0, and 2Ox against 0.15 M phosphate
buffer, pH 6.0. A final 2Ox diafiltration was
performed against 5 mM succinate/0.9% saline, pH 6.0.
The diafiltered conjugate was filtered through a 0.2
mm filter and assayed for saccharide content. Based on
saccharide analysis, the conjugate solution was
diluted with 5 mM succinate/0.9% saline, pH 6.0, to a
target of 0.5 mg/mL and again sterile filtered (0.2
mm) to give the final batch concentrate conjugate. The
conjugate was stored at 2- 80C. For characterization
of the conjugate, see Example 4 . It should be
understood that the foregoing discussion and examples
merely present a detailed description of certain
embodiments. It therefore should be apparent to those
of ordinary skill in the art that various
modifications and equivalents can be made without
departing from the spirit and scope of the invention.
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patent applications that are identified in this patent
application are incorporated by reference in their
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U.S. Patent No. 4,673,574. 35. U.S. Patent No.
4,902,506.What is claimed is: 1. A method for making
an immunogenic conjugate comprising Streptococcus
pneumoniae serotype 3 polysaccharide covalently linked
to a carrier protein, the method comprising: (a)
reacting purified serotype 3 polysaccharide with a
mild acid resulting in a hydrolyzed serotype 3
polysaccharide; (b) reacting the hydrolyzed serotype 3
polysaccharide with an oxidizing agent in the presence
of bivalent cations resulting in an activated serotype
3 polysaccharide; (c) compounding the activated
serotype 3 polysaccharide with a carrier protein; (d)
reacting the compounded, activated serotype 3
polysaccharide and carrier protein with a reducing
agent resulting in a serotype 3 polysaccharidexarrier
protein conjugate; and (e) capping unreacted aldehydes
in the serotype 3 polysaccharide:carrier protein
conjugate resulting in an immunogenic conjugate
comprising Streptococcus pneumoniae serotype 3
polysaccharide covalently linked to a carrier protein.
2 . The method of claim 1, further comprising
purifying the activated serotype 3 polysaccharide
prior to compounding with the carrier protein. 3 . The
method of claim 1, further comprising co-lyophilizing
the compounded, activated serotype 3 polysaccharide
and carrier protein prior to reacting with the
reducing agent. 4 . The method of claim 1, further
comprising purifying the immunogenic conjugate. 5 .
The method of claim 1, wherein the mild acid is acetic
acid. 6 . The method of claim 1, wherein the oxidizing
agent is periodic acid and the bivalent cations are
Mg2+ .7 . The method of claim 1, wherein the carrier
protein is CRM 197- 8 . The method of claim 1, wherein
the reducing agent is sodium cyanoborohydride. 9 . The
method of claim 1, wherein capping unreacted aldehydes
comprises reacting the serotype 3
polysaccharidexarrier protein conjugate with sodium
borohydride. 10. A method for making an immunogenic
conjugate comprising Streptococcus pneumoniae serotype
3 polysaccharide covalently linked to a carrier
protein, 



the method comprising: (a) reacting purified serotype
3 polysaccharide with acetic acid resulting in a
hydrolyzed serotype 3 polysaccharide; (b) reacting the
hydrolyzed serotype 3 polysaccharide with periodic
acid in the presence of MgCI2 resulting in an
activated serotype 3 polysaccharide; (c) purifying the
activated serotype 3 polysaccharide; (d) compounding
the activated serotype 3 polysaccharide with a carrier
protein; (e) co-lyophilizing the compounded, activated
serotype 3 polysaccharide and carrier protein; (f)
reacting the co-lyophilized, activated serotype 3
polysaccharide and carrier protein with sodium
cyanoborohydride resulting in a serotype 3
polysaccharidexarrier protein conjugate; and (g)
capping unreacted aldehydes in the serotype 3
polysaccharidexarrier protein conjugate with sodium
borohydride resulting in an immunogenic conjugate
comprising Streptococcus pneumoniae serotype 3
polysaccharide covalently linked to a carrier protein.
11. The method of claim 10 , further comprising
purifying the immunogenic conjugate. 12. The method of
claim 10, wherein the carrier protein is CRM 197-13. A
method for making an activated Streptococcus
pneumoniae serotype 3 polysaccharide, the method
comprising: (a) reacting purified serotype 3
polysaccharide with a mild acid resulting in a
hydrolyzed serotype 3 polysaccharide; and (b) reacting
the hydrolyzed serotype 3 polysaccharide with an
oxidizing agent in the presence of bivalent cations
resulting in an activated serotype 3 polysaccharide.
14. The method of claim 13, further comprising
purifying the activated serotype 3 polysaccharide
following oxidation. 15. The method of claim 13,
wherein the mild acid is acetic acid. 16. The method
of claim 13, wherein the oxidizing agent is periodic
acid and the bivalent cations are Mg2+ . 


