
PROCESSES AND INTERMEDIATES CROSS-REFERENCE [001] This application claims
priority under 35 U.S.C. 119(e) to U.S. Serial Numbers 60/709,964, filed
Aug. 19, 2005, and 60/810,042, filed June 1, 2006, each of which is
incorporated herein in its entirety. FIELD OF THE INVENTION [002] This
invention relates to processes and intermediates for the preparation of
protease inhibitors, in particular, serine protease inhibitors. BACKGROUND
OF THE INVENTION [003] Infection by hepatitis C virus ("HCV") is a
compelling human medical problem. HCV is recognized as the causative agent
for most cases of non-A, non-B hepatitis, with an estimated human
sero-prevalence of 3% globally (A. Alberti et al., "Natural History of
Hepatitis C," J. Hepatology, 3 1 (Suppl. 1), pp. 17-24 (1999)). Nearly four
million individuals may be infected in the United States alone. (MJ. Alter
et al., "The Epidemiology of Viral Hepatitis in the United States,"
Gastroenterol. Clin. North Am., 23, pp. 437-455 (1994); M. J. Alter
"Hepatitis C Virus Infection in the United States," J. Hepatology, 3 1
(Suppl. 1), pp. 88-91 (1999)). [004] Upon first exposure to HCV, only about
20% of infected individuals develop acute clinical hepatitis while others
appear to resolve the infection spontaneously. In almost 70% of instances,
however, the virus establishes a chronic infection that may persist for
decades. (S. Iwarson, "The Natural Course of Chronic Hepatitis," FEMS
Microbiology Reviews, 14, pp. 201-204 (1994); D. Lavanchy, "Global
Surveillance and Control of Hepatitis C," J. Viral Hepatitis, 6, pp. 35-47
(1999)). Prolonged chronic infection can result in recurrent and
progressively worsening liver inflammation, which often leads to more
severe disease states such as cirrhosis and hepatocellular carcinoma. (M.C.
Kew, "Hepatitis C and Hepatocellular Carcinoma", FEMS Microbiology Reviews,
14, pp. 211-220 (1994); I . Saito et. al., "Hepatitis C Virus Infection is
Associated with the Development of Hepatocellular Carcinoma," Proc. Natl
Acad. Sci. USA, 87, pp. 6547-6549 (1990)). Unfortunately, there are no
broadly effective treatments for the debilitating progression of chronic
HCV. [005] Compounds described as protease inhibitors, and in particular
serine protease inhibitors, useful in the treatment of HCV infections are
disclosed in WO 02/18369. Also disclosed therein in this publication are
processes and intermediates for the preparation of these compounds, which
lead to racemization of certain steric carbon centers. See, e.g.,pages
223-22. There remains however, a need for economical processes for the
preparation of these compounds. SUMMARY OF THE INVENTION [006] In one
aspect, the invention provides processes and intermediates for producing a
bicyclic pyrrolidine derivative of Formula 1, which is useful in producing
protease inhibitors. 1 In Formula 1, R3 is an acid protecting group which
can be removed under acidic, basic, or hydrogenation conditions. Under
acidic conditions, R3 is, for example, -butyl; under basic conditions, R3
is, for example, methyl or ethyl; under hydrogenation conditions, R3 is,
for example, benzyl. [007] Another aspect of the invention includes
processes and intermediates for the preparation of a compound of Formula 2,
which is also useful in producing protease 



inhibitors. 2 In Formula 2, R4 is H, an optionally substituted aliphatic,
an optionally substituted cycloaliphatic, an optionally substituted aryl,
an optionally substituted aralkyl, or an optionally substituted
heteroaralkyl; R 4 is H, an optionally substituted aliphatic, an optionally
substituted aryl, an optionally substituted aralkyl or an optionally
substituted heteroaralkyl; and R'5 is an optionally substituted aliphatic,
an optionally substituted cycloaliphatic, an optionally substituted aryl,
an optionally substituted aralkyl, or an optionally substituted
heteroaralkyl; or R 4 and R'5 together with the atom to which they are
attached may form a 3- to 7- membered optionally substituted cycloaliphatic
ring. [008] The processes and intermediates described herein are also
useful for a process for preparating a protease-inhibiting compound of
Formula 3 shown below.Referring to Formula 3, R1 is RW-, P2-, P3-L2-P2-, or
P4-L3-P3-L2-P2-; W is a bond, -CO-, -O-CO-, -NRx -,-NRx -C0-, -O-, or -S-;
T is -C(O)-, -0-C(O)-, -NHC(O)-, -C(O)C(O)-, or -SO2-; R is H, an
optionally substituted aliphatic, an optionally substituted cycloaliphatic,
optionally substituted heterocycloaliphatic, an optionally substituted
aryl, or an optionally substituted heteroaryl; R5 is H, an aliphatic, a
cycloaliphatic, a heterocycloaliphatic, an aryl, or a heteroaryl; each of
which, except for H, is optionally substituted with one or more
substituents each independently selected from Group J, wherein Group J
includes halo, cycloaliphatic, aryl, heteroaryl, alkoxy, aroyl,
heteroaroyl, acyl, nitro, cyano, amido, amino, sulfonyl, sulfmyl, sulfanyl,
sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo, carboxy, carbamoyl,
cycloaliphaticoxy, heterocycloaliphaticoxy, aryloxy, heteroaryloxy,
aralkyloxy, heteroarylalkoxy, alkoxycarbonyl, alkylcarbonyloxy, and
hydroxy; R is an optionally substituted aliphatic, an optionally
substituted heteroalkyl, an optionally substituted heteroaryl, an
optionally substituted phenyl; or R5 and R6, together withttie atoms to
which they are attached, may form a 5- to 7-membered, optionally
substituted monocyclic heterocycle, or a 6- to 12-membered, optionally
substituted bicyclic heterocycle, in which each heterocycle ring optionally
contains an additional heteroatom selected from - O-, -S-, or -NRX-; Each
ofR 7 and R7' is independently H, an optionally substituted aliphatic, an
optionally substituted heteroalkyl, an optionally substituted heteroaryl,
or an optionally substituted phenyl; or R7 and R7 1, together with the atom
to which they are attached, may form a 3- to 7-membered cycloaliphatic or
heterocycloaliphatic ring; or R7 and R6, together with the atoms to which
they are attached, may form a 5- to 7- membered optionally substituted
monocyclic heterocycle, a 5- to 7-membered optionally substituted
monocyclic aryl, a 6- to 12-membered optionally substituted bicyclic
heterocycle, or a 6- to 12-membered optionally substituted bicyclic aryl,
in which each heterocycle or aryl ring optionally contains an additional
heteroatom selected from -O-, -S-, or -NRX-; or When R5 and R6 together
with the atoms to which they are attached form a ring, R7 



and the ring system formed by R5 and R6 may form an 8- to 14-membered
optionally substituted bicyclic fused ring system, wherein the bicyclic
fused ring system may further fuse with an optionally substituted phenyl to
form an optionally substituted 10- to 16- membered tricyclic fused ring
system; R is H or a protecting group; Rx is H, aliphatic, cycloaliphatic,
(cycloaliphatic)aliphatic, aryl, araliphatic, heterocycloaliphatic,
(heterocycloaliphatic)aliphatic, heteroaryl, carboxy, sulfanyl, sulfinyl,
sulfonyl, (aliphatic)carbonyl, (cycloaliphatic)carbonyl,
((cycloaliphatic)aliphatic)carbonyl, arylcarbonyl, (araliphatic)carbonyl,
(heterocycloaliphatic)carbonyl, ((heterocycloaliphatic)aliphatic)carbonyl,
(heteroaryl)carbonyl, or (heteroaraliphatic)carbonyl; R2 is -(NH-CR4'R5
I-C(O)-C(O))-NHR4 or -(NH-CR4'R5'-CH(OH)-C(O))-NHR4; R is H, an optionally
substituted aliphatic, an optionally substituted cycloaliphatic, an
optionally substituted heterocycloaliphatic, an optionally substituted
aryl, an optionally substituted aralkyl or an optionally substituted
heteroaralkyl; and Each of R and R is independently H, an optionally
substituted aliphatic, an optionally substituted cycloaliphatic, an
optionally substituted heterocycloaliphatic, an optionally substituted
aryl, an optionally substituted aralkyl, an optionally substituted
heteroaralkyl, or an optionally substituted heteroaralkyl; or R4 1and R5',
together with the atom to which they are attached, may form a 3- to
7-membered optionally substituted cycloaliphatic ring.[009] In some
embodimentsTthe process for preparing compounds of Formula 3 includes the
step of carboxylation of an azabicyclooctane of formula 6, 6 wherein R' is
a C1-5 alkyl, to give a racemic mixture of cis- and
transoctahydrocyclopenta[ c]pyrrole-l-carboxylic acids of formula 7. 7
[001O]In some embodiments, each of P2, P and P4 is independently a bond, H,
an optionally substituted aliphatic, an optionally substituted aryl, an
optionally substituted heteroaryl, an optionally substituted alkoxy, an
optionally substituted alkylsufanyl, an optionally substituted aralkoxy, an
optionally substituted aralkylsulfanyl, an optionally substituted mono- or
dialkylamino, an optionally substituted mono- or diarylamino, or an
optionally substituted mono- or diheteroarylamino. [0011] In some
embodiments, each of L2 and L3 is independently a bond, -C(O)-, or -SO2- .
[0012] In some embodiments, R is a C1-6 alkyl, C3-1O cycloalkyl, C3-10
cycloalkyl-dalkyl, C6-10 aryl, C6-10 aryl-C1-6 alkyl, C3-10 heterocyclyl,
C6-I0 heterocyclyl-C 1-6 alkyl, C5-10 heteroaryl, or C5-10 heteroaryl-Ci -6
alkyl; each of which is optionally substituted with one to three
substituents each independently selected from Group J; and up to three
aliphatic carbon atoms in R5 may be independently replaced by a heteroatom
or group selected from O, NH, S, SO, or SO , in a chemically stable
arrangement. [0013] In some further embodiments, R5 is[0014] In some
embodiments, R7' is H; R7 is a C1-6 alkyl, C3-10 .cycloalkyl, C3-10
cycloalkyl- C1-I2 alkyl, C6-10 aryl, C6-10 aryl-C 1-6 alkyl, C3-10
heterocyclyl, C6-10 heterocyclyl-C 1-6 alkyl, Cs-io heteroaryl, or C5-1O
heteroaryl-C 1-6 alkyl; and R1 is optionally substituted with one to 



three substituents each independently selected from Group J; and up to
three aliphatic carbon atoms in R1 may be replaced by a heteroatom or group
selected from O, NH, S, SO, or SO2 in a chemically stable arrangement.
[0015] In some further embodiments, R7 is [0016] In still some further
embodiments, R7 and R7', together with the atom to which they are attached,
form [0017] In some embodiments, R is a C6-io aryl, C -Io aryl-Ci-u
aliphatic, C3-I0 cycloalkyl, C3- io cycloalkenyl, C3-10 cycloalkyl-C^^
aliphatic, C3-10 cycloalkenyl-C - aliphatic, C3-10 heterocyclyl, C3-10
heterocyclyl-C^^ aliphatic, C5-10 heteroaryl, or C5-10 heteroaryl-C 1-12
aliphatic; each of which is optionally substituted with one to three
substituents each independently selected from Group J . [0018] In some
further embodiments, R is[0019] In still some further embodiments, R is H
[0020] In yet still some further embodiments, R is and R10 is H, C1-12
aliphatic, C6-10 aryl, C6-10 aryl-C 1-12 aliphatic, C3-10 cycloalkyl, C3-1O
cycloalkenyl, C -10 cycloalkyl-C 1-12 aliphatic, C3-10 cycloalkenyl-C^
aliphatic, C3-10 heterocyclyl, C3-10 heterocyclyl-C 1-12 aliphatic, C5-I0
heteroaryl, or C5-I0 heteroaryl-C - aliphatic. [0021] In still some further
embodiments, R is [0022] In yet still some further embodiments, R is[0023]
In some further embodiments, R is [0024] In some embodiments, the
carboxylation step in the process for preparing compounds of Formula 3
includes forming a 2-anion of the compound of formula 6ON COOR1 6 in the
presence of a complexing agent, and then treating the 2-anion with carbon
dioxide to produce a racemic mixture of r r-/c/s-octahydrocyclopenta[c]pyi
tole-l-carboxylic acids of formula 7 N - LCOOH COOR' [0025] In some further
embodiments, the 2-anion of the compound of formula 6 is prepared by
treating the compound of formula 6 with a strong lithium base in the
presence of a complexing agent and an aprotic solvent. [0026] In still some
further embodiments, the base used in preparing the 2-anion is sec-butyl
lithium. [0027] In still some further embodiments, the complexing agent
used in preparing the 2- anion is tetramethylethylenediamine,
tetraethylethylenediamine, tetramethyl-1,2- cyclohexyldiamine, sparteine,
or a 3,7-di(C 1-6 alkyl)-3.,7-diazabicyclo[3.3.1]nonane such as, for
example, 3,7-di("-propyl)-3,7-diazabicyclo[3.3.1]nonane. [0028] In still
some further embodiments, the complexing agent is
tetramethylethylenediamine, tetraethylethylenediamine, tetramethyl-1
,2-cyclohexyldiamine, or 3,7-di(C 1-6 alkyl)-3,7-diazabicyclo[3.3.1]nonane.
[0029] In still some further embodiments, the complexing agent is
D-sparteine. [0030] In some embodiments, the trans-Zcis- ratio in the
racemic mixture of compounds of formula 7 is 1 to 2. [0031] In some
embodiments, the trans-/cis- ratio in the racemic mixture of compounds of 



formula 7 is 40 to 60. [0032] In still some further embodiments, the
trans-/cis- ratio in the racemic mixture of compounds of formula 7 is 1 to
1. [0033] In still some further embodiments, the trans-/cis- ratio is 60 to
40. [0034] In still some further embodiments, the trans-/cis- ratio is 80
to 20. [0035] In still some further embodiments, the trans-fcis- ratio is
90 to 10. [0036] In still some further embodiments, the tms-/cis- ratio is
greater than 98 to 2.[0037] In some oiner embodiments, the process for
preparing compounds of Formula 3 further includes equilibrating a
trans-/cis- mixture of the compounds of formula 7 N - COOH COOR' 7 in the
presence of a suitable base to produce a predominantly trans-cis racemic
acid of formula 8 COOH COOR' 8 (rac) wherein the trans-Zcis- ratio is
greater than 80 to 20. [0038] In some other embodiments, the process for
preparing compounds of Formula 3 further includes equilibrating a
trans-/cis- mixture of the compounds of formula 7 in the presence of a
suitable base to produce a predominantly trans-cis racemic acid of formula
8 wherein the trans-/cis- ratio is greater than 90 to 10. [0039] In
some-other embodiments, the process for preparing compounds of Formula 3
further includes equilibrating a trans-/cis- mixture of formula 7 in the
presence of a suitable base to produce a predominantly trans-cis racemic
acid of formula 8 wherein the trans-/cisratio is greater than 98 to 2.
[0040] In some further embodiments, the base used in equilibrating the
trans-/cis- mixture of formula 7 is lithium hexamethyldisilazide, lithium
di-isopropylamide, or lithium 2,2,6,6- tetramethylpiperidide. [0041] In
some further embodiments, the base is lithium hexamethyldisilazide. [0042]
In some further embodiments, the base is sec-butyl lithium and the
complexing agent is 3,7-dipropyl-3,7-diazabicyclo[3.3.1]nonane to give a
mixture of racemic trans-/cis-Nalkoxycarbonyl-
octahydrocyclopenta[c]pyrrole-l-carboxylic acids of formula 7, in which the
trans-/cis- ratio is greater than 90 to 10. [0043] In some further
embodiments, the r<my-N-alkoxycarbonyloctahydrocyclo
renta[c]pyrrole-l-carboxylic acid is r<my-N-
-butoxycarbonyloctahydrocyclopenta[ c]pyrrole- 1-carboxylic acid. [0044] In
some other embodiments, the process for preparing compounds of Formula 3
further includes resolving racemic
rm-N-alkoxycarbonyl-octahydrocyclopenta[c]pyrrole-lcarboxylic acid to
produce a (IS, 2S, 3R) frvmy-N-alkoxycarbonyloctahydrocyclopenta[
c]pyrrole- 1-carboxylic acid. [0045] In some further embodiments, the
resolution of a racemic mixture of compounds includes the steps of i)
forming a salt with an optically active base; and ii) crystallizing the
salt formed by step i) to provide an optically active salt of formula 9. 9
[0046] In some further embodiments, the optically active base used in
resolving a racemic 



mixture of compounds is (R) a-aminoethylbenzene. [0047] In some further
embodiments, the optically active base is (S)
1,2,3,4-tetrahydro-lnaphthylamine. [0048] In some further embodiments, the
process for preparing compounds of Formula 3 further includes the steps of
esterifying the caboxylic acid of formula 9 with a compound containing the
R3 group; and removing the -COOR1protecting group to produce a compound of
Formula 1, O2R3 H 1 wherein R3 is an optionally substituted alkyl or
aralkyl. [0049] In still some further embodiments, R3 is -butyl. [0050] In
some embodiments, the process for preparing compounds of Formula 3 further
includes reacting the amino-ester of Formula 1 with R1COOH in the presence
of a coupling reagent to produce a compound of Formula Ia. I a [0051] In
some embodiments, the reaction between the amino-ester of Formula 1 and
R1COOH can be carried out further in the presence of histamine, glycine, or
lysine, in addition to a coupling asent.[0052] In some further embodiments,
R1 is P2-. [0053] In some further embodiments, R1 is P3- L -P -. [0054] In
some further embodiments, R1 is P4-L3-P3- L2-P2-. [0055] In some further
embodiments, R1 is RW-. [0056] In some embodiments, the process for
preparing compounds of Formula 3 further includes the steps of hydrolyzing
the ester of a compound of Formula Ia; to provide a carboxylic acid and
reacting the carboxylic acid thus obtained with a compound containing the
R2 group, wherein R2 is -(NH-CR4'R5'-CH(OH)C(O))-NHR4, in the presence of a
coupling reagent to produce the compound of Formula 3. [0057] In some
further embodiments, R4 is H, an optionally substituted aliphatic,
optionally substituted cycloaliphatic, an optionally substituted aryl, an
optionally substituted heteroaryl, an optionally substituted aralkyl, or an
optionally substituted heteroaralkyl; R4' is H, an optionally substituted
aliphatic, an optionally substituted aryl, an optionally substituted
aralkyl, or an optionally substituted heteroaralkyl; and R5 1is H, an
optionally substituted aliphatic, an optionally substituted cycloaliphatic,
an optionally substituted aryl, an optionally substituted aralkyl, or an
optionally substituted heteroaralkyl; or R4' and R5', together with the
atom to which they are attached, form a 3- to 7- membered optionally
substituted cycloaliphatic ring. [0058] In some further embodiments, R2 is
[0059] The invention further relates to a process for preparing a compound
of Formula 4[0060] In some embodiments, the process for preparing compounds
of Formula 4 includes the steps of: i) providing an
N-alkoxycarbonyl-3-azabicyclo[3.3.0]octane; ii) forming a 2-anion of the
N-alkoxycarbonyl-3-azabicyclo[3.3.0]octane in the presence of a chelating
agent; iii) treating the anion of step ii) with carbon dioxide to produce a
cis-/trans- mixture 



of N-alkoxycarbonyl-octahydrocyclopenta[c]pyrrole- 1-carboxylic acids; iv)
treating the mixture of step iii) with a strong base to produce an
essentially pure trans- N-alkoxycarbonyl-octahydrocyclopenta[c]pyrrole-
1-carboxylic acid; v) forming a salt of the carboxylic acid with an
optically active amine; vi) crystallizing the salt; vii) esterifying the
salt provided in step vi); viii) removing the N-alkoxycarbonyl group to
produce (lS,3aR,6aS)-^-butyloctahydrocyclopenta[ c]pyrrole-l-carboxylate,
-butyl ester; ix) reacting the bicyclic of step viii) with a protected
amino acid of formula 26, 26 wherein Z is an amine protecting group, in the
presence of a coupling reagent, to produce an amide-ester of formula 27; 27
x) removing the protecting group Z from the amide-ester of step ix) to
produce the amino compound of formula 28;28 xi) reacting the amino compound
of formula 28 with a protected amino acid of formula 29 Z-H O2H 29 in the
presence of a coupling reagent to produce a tripeptide of formula 30; 30
xii) removing the protecting group Z in the tripeptide of Formula 30 to
produce a free amino-tripeptide of formula 31; 31 xiii) reacting the
amino-tripeptide of formula 31 with pyrazine-2-carboxylic acid in the
presence of a coupling reagent to produce an amide-tripeptide ester of
formula 33; 33 xiv) hydrolyzing the ester of the amide-tripeptide ester of
formula 33 to produce an amide-tripeptide acid of formula 34;34 xv)
reacting the amide-tripeptide acid of formula 34 with an aminohydroxy-amide
of formula 18 18 in the presence of a coupling reagent to produce a
hydroxy-tetrapeptide of formula 35; and 35 xvi) oxidizing the hydroxy group
of formula 35 to produce the compound of Formula 4. [0061] In some
embodiments, the oxidizing reagent used in step xvi) described above is
sodium hypochlorite, and the oxidation is carried out in the presence of
2,2,6,6- tetramethylpiperidinyloxy free radical (TEMPO). [0062] In some
other embodiments, the oxidizing reagent used in step xvi) described above
is 1,1-dihydro- 1,1,1 -triacetoxy-1,2-benzoiodooxol-3(1H)-one. [0063] In
some further embodiments, the process further includes dissolving the
compound of Formula 4 in an organic solvent to obtain its solution, and
then adding an acid to the solution. A suitable organic solvent can be any
solvent in which the compound of Formula 4dissolves, e.g., methylene
chloride. The acid can be any acid, inorganic or organic, e.g., 



acetic acid or propionic acid. [0064] In still some further embodiments,
the process further includes concentrating the solution of the compound of
Formula 4 to obtain the compound in a solid form. Such a concentrating
process can be, e.g., distillation of the solvent under reduced pressure
(e.g., vacuum) by natural evaporation of the solvent. The solid form in
which hthe compound of Formula 4 is obtained can be, e.g., crystalline or
semicrystalline, and can be of higher purity than that before being
dissolved into an organic solvent and then concentrated in acid condition.
[0065] As such, the invention also relates to a process of purifying the
compound of Formula 4. [0066] In some embodiments, the process includes
first dissolving the compound of Formula 4 in an organic solvent to obtain
its solution, adding an acid to the solution of the compound of Formula 4,
and then concencentrating the solution of the compound of Formula 4 to
obtain the compound in a solid form. Examples of sutiable organic solvents,
acids, and solid forms have been provided above. [0067] The invention
further features compounds of Formula Ia, Wherein R1 is P2-;R5 is H, an
aliphatic, a cycloaliphatic, a heterocycloaliphatic, an aryl, or a
heteroaryl; each of which, except for H, is optionally substituted with one
or more substituents each independently selected from Group J consisting of
halo, cycloaliphatic, aryl, heteroaryl, alkoxy, aroyl, heteroaroyl, acyl,
nitro, cyano, amido, amino, sulfonyl, sulfinyl, sulfanyl, sulfoxy, urea,
thiourea, sulfamoyl, sulfamide, oxo, carboxy, carbamoyl, cycloaliphaticoxy,
heterocycloaliphaticoxy, aryloxy, heteroaryloxy, aralkyloxy,
heteroarylalkoxy, alkoxycarbonyl, alkylcarbonyloxy, and hydroxy; R6 is an
optionally substituted aliphatic, an optionally substituted heteroalkyl, an
optionally substituted heteroaryl, an optionally substituted phenyl; or R5
and R6, together with the atoms to which they are attached, may form a 5-
to 7-membered, optionally substituted monocyclic heterocycle, or a 6- to
12-membered, optionally substituted bicyclic heterocycle, in which each
heterocycle ring optionally contains an additional heteroatom selected from
- O-, -S-, or -NRx s Rx is H, aliphatic, cycloaliphatic,
(cycloaliphatic)aliphatic, aryl, araliphatic, heterocycloaliphatic,
(heterocycloaliphatic)aliphatic, heteroaryl, carboxy, sulfanyl, sulfinyl,
sulfonyl, (aliphatic)carbonyl, (cycloaliphatic)carbonyl,
((cycloaliphatic)aliphatic)carbonyl, arylcarbonyl, (araliphatic)carbonyl,
(heterocycloaliphatic)carbonyl, ((heterocycloaliphatic)aliphatic)carbonyl,
(heteroaryl)carbonyl, or (heteroaraliphatic)carbonyl; R8 is H or a
protecting group; and R is an optionally substituted alkyl. [0068] In some
embodiments, R3 is /-butyl. [0069] In some other embodiments, P2- is [0070]
In some further embodiments, P2- is [0071] The invention further relates to
compounds of Formula I a show above, in which R1 Is P3-L2-P2-;P3-L2-P2- Is
R5 is H, an aliphatic, a cycloaliphatic, a heterocycloaliphatic, an aryl,
or a heteroaryl; each of which, except for H5is optionally substituted with
one or more substituents each 



independently selected from Group J consisting of halo, cycloaliphatic,
aryl, heteroaryl, alkoxy, aroyl, heteroaroyl, acyl, nitro, cyano, amido,
amino, sulfonyl, sulfinyl, sulfanyl, sulfoxy, urea, thiourea, sulfamoyl,
sulfamide, oxo, carboxy, carbamoyl, cycloaliphaticoxy,
heterocycloaliphaticoxy, aryloxy, heteroaryloxy, aralkyloxy,
heteroarylalkoxy, alkoxycarbonyl, alkylcarbonyloxy, and hydroxy; R6 is an
optionally substituted aliphatic, an optionally substituted heteroalkyl, an
optionally substituted heteroaryl, an optionally substituted phenyl; or R
and R6, together with the atoms to which they are attached, may form a 5-
to 7-membered, optionally substituted monocyclic heterocycle, or a 6- to
12-membered, optionally substituted bicyclic heterocycle, in which each
heterocycle ring optionally contains an additional heteroatom selected from
- O-, -S-, or -NRX-; R7 is H, an optionally substituted aliphatic, an
optionally substituted heteroalkyl, an optionally substituted heteroaryl,
or an optionally substituted phenyl; or R7 and R6, together with the atoms
to which they are attached, may form a 5- to 7- membered optionally
substituted monocyclic heterocycle, a 5- to 7-membered optionally
substituted monocyclic aryl, a 6- to 12-membered optionally substituted
bicyclic heterocycle, or a 6- to 12-membered optionally substituted
bicyclic aryl, in which each heterocycle or aryl ring optionally contains
an additional heteroatom selected from -O-, -S-, or -NRX-; or When R5 and
R6 together with the atoms to which they are attached form a ring, R7 and
the ring system formed by R5 and R6 may form an 8- to 14-membered
optionally substituted bicyclic fused ring system, wherein the bicyclic
fused ring system may further fuse with an optionally substituted phenyl to
form an optionally substituted 10- to 16- membered tricyclic fused ring
system; Rx is H, aliphatic, cycloaliphatic, (cycloaliphatic)aliphatic,
aryl, araliphatic, heterocycloaliphatic, (heterocycloaliphatic)aliphatic,
heteroaryl, carboxy, sulfanyl, sulfinyl, sulfonyl, (aliphatic)carbonyl,
(cycloaliphatic)carbonyl, ((cycloaliphatic)aliphatic)carbonyl,
arylcarbonyl, (araliphatic)carbonyl, (heterocycloaliphatic)carbonyl,
((heterocycloaliphatic)aliphatic)carbonyl, (heteroaryl)carbonyl, or
(heteroaraliphatic)carbonyl;R g is H or a protecting group; and. R3 is an
optionally substituted alkyl. [0072] In some embodiments, R is /-butyl.
[0073] In some embodiments, P -L -P2- is [0074] In some embodiments, P3-L
-P2- is [0075] Also within the scope of the present invention are the
compounds of 3,7~dirropyl-3,7- diazabicyclo[3.3.1]noiiane, and 3,7-dipro
ryl-3,7-diazabicyclo[3.3.1]nonan-9-one. DESCRIPTION OF THE INVENTION I .
Definitions [0076] For purposes of this invention, the chemical elements
are identified in accordance with the Periodic Table of the Elements, CAS
version, Handbook of Chemistry and Physics, 75th Ed. Additionally, general
principles of organic chemistry are described by Thomas Sorrell in Organic
Chemistry, University Science Books, Sausalito (1999), and by M.B. Smith
and J. March in Advanced Organic Chemistry, 5th Ed., John Wiley & Sons, New
York (2001), the entire contents of which are hereby incorporated by
reference. [0077] As described herein, compounds of the invention may
optionally be substituted with 



one or more substituents, such as are illustrated generally above, or as
exemplified by particular classes, subclasses, and species of the
invention. [0078] As used herein the term "aliphatic" encompasses the terms
alkyl, alkenyl, and alkynyl, each of which is optionally substituted as set
forth below. [0079] As used herein, an "alkyl" group refers to a saturated
aliphatic hydrocarbon group containing 1-8 (e.g., 1-6 or 1-4) carbon atoms.
An alkyl group can be straight or branched. Examples of alkyl groups
include, but are not limited to, methyl, ethyl, propyl, isopropyl,be
substituted (i.e., optionally substituted) with one or more substituents
selected from the group J ("Group J") which consists of halo,
cycloaliphatic (e.g., cycloalkyl or cycloalkenyl), heterocycloaliphatic
(e.g., heterocycloalkyl or heterocycloalkenyl), aryl, heteroaryl, alkoxy,
aroyl, heteroaroyl, acyl (e.g., (aliphatic)carbonyl,
(cycloaliphatic)carbonyl, or (heterocycloaliphatic)carbonyl), nitro, cyano,
amido (e.g., (cycloalkylalkyl)carbonylamino, arylcarbonylamino,
aralkylcarbonylamino, (heterocycloalkyl)carbonylamino,
(heterocycloalkylalkyl)carbonylamino, heteroarylcarbonylamino,
heteroaralkylcarbonylamino alkylaminocarbonyl, cycloalkylaminocarbonyl,
heterocycloalkylaminocarbonyl, arylaminocarbonyl, or
heteroarylaminocarbonyl), amino (e.g., aliphaticamino, cycloaliphaticamino,
or heterocycloaliphaticamino), sulfonyl (e.g., aliphatic-SO2-), sulfinyl,
sulfanyl, sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo, carboxy,
carbamoyl, cycloaliphaticoxy, heterocycloaliphaticoxy, aryloxy,
heteroaryloxy, aralkyloxy, heteroarylalkoxy, alkoxycarbonyl,
alkylcarbonyloxy, and hydroxy. Without limitation, some examples of
substituted alkyls include carboxyalkyl (such as HOOC-alkyl,
alkoxycarbonylalkyl, and alkylcarbonyloxyalkyl), cyanoalkyl, hydroxyalkyl,
alkoxyalkyl, acylalkyl, aralkyl, (alkoxyaryl)alkyl, (sulfonylamino)alkyl
(such as (alkyl-SO2-amino)alkyl), aminoalkyl, amidoalkyl,
(cycloaliphatic)alkyl, or haloalkyl. [0080] As used herein, an "alkenyl"
group refers to an aliphatic carbon group that contains 2- 8 (e.g., 2-6 or
2-4) carbon atoms and at least one double bond. Like an alkyl group, an
alkenyl group can be straight or branched. Examples of an alkenyl group
include, but are not limited to, allyl, isoprenyl, 2-butenyl, and
2-hexenyl. An alkenyl group can be optionally substituted with one or more
substituents selected from Group J such as halo, cycloaliphatic (e.g.,
cycloalkyl or cycloalkenyl), heterocycloaliphatic (e.g., heterocycloalkyl
or heterocycloalkenyl), aryl, heteroaryl, alkoxy, aroyl, heteroaroyl, acyl
(e.g., (aliphatic)carbonyl, (cycloaliphatic)carbonyl, or
(heterocycloaliphatic)carbonyl), nitro, cyano, amido (e.g.,
(cycloalkylalkyl)carbonylamino, arylcarbonylamino, aralkylcarbonylamino,
(heterocycloalkyl)carbonylamino, (heterocycloalkylalkyl)carbonylamino,
heteroarylcarbonylamino, heteroaralkylcarbonylamino alkylaminocarbonyl,
cycloalkylaminocarbonyl, heterocycloalkylaminocarbonyl, arylaminocarbonyl,
or heteroarylaminocarbonyl), amino (e.g., aliphaticamino,
cycloaliphaticamino, heterocycloaliphaticamino, or aliphaticsulfonylamino),
sulfonyl (e.g., alkyl-SO2-, cycloaliphatic-SO2-, or aryl-SO2-)5 sulfinyl,
sulfanyl, sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo, carboxy,
carbamoyl, cycloaliphaticoxy, heterocycloaliphaticoxy, aryloxy,
heteroaryloxy, aralkyloxy, heteroaralkoxy, alkoxycarbonyl,
alkylcarbonyloxy, or hydroxy. Without limitation, some examples of
substituted alkenyls include cyanoalkenyl,alkoxyalkenyl, acylalkenyl,
hydroxyalkenyl, aralkenyl, (alkoxyaryl)alkenyl, (sulfonylamino)alkenyl
(such as (alkyl-SO2-amino)alkenyl), aminoalkenyl, amidoalkenyl,
(cycloaliphatic)alkenyl, or haloalkenyl. [0081] As used herein, an
"alkynyl" group refers to an aliphatic carbon group that contains 2- 



8 (e.g., 2-6 or 2-4) carbon atoms and has at least one triple bond. An
alkynyl group can be straight or branched. Examples of an alkynyl group
include, but are not limited to, propargyl and butynyl. An alkynyl group
can be optionally substituted with one or more substituents selected from
Group J such as aroyl, heteroaroyl, alkoxy, cycloalkyloxy,
heterocycloalkyloxy, aryloxy, heteroaryloxy, aralkyloxy, nitro, carboxy,
cyano, halo, hydroxy, sulfo, mercapto, sulfanyl (e.g., aliphaticsulfanyl or
cycloaliphaticsulfanyl), sulfinyl (e.g., aliphaticsulfmyl or
cycloaliphaticsulfinyl), sulfonyl (e.g., aliphatic-SO2-, aliphaticamino-SO
2-, or cycloaliphatic-SO2-), amido (e.g., aminocarbonyl,
alkylaminocarbonyl, alkylcarbonylamino, cycloalkylaminocarbonyl,
heterocycloalkylaminocarbonyl, cycloalkylcarbonylamino, arylaminocarbonyl,
arylcarbonylamino, aralkylcarbonylamino, (heterocycloalkyl)carbonylamino,
(cycloalkylalkyl)carbonylamino, heteroaralkylcarbonylamino,
heteroarylcarbonylamino or heteroarylaminocarbonyl), urea, thiourea,
sulfamoyl, sulfamide, alkoxycarbonyl, alkylcarbonyloxy, cycloaliphatic,
heterocycloaliphatic, aryl, heteroaryl, acyl (e.g.,
(cycloaliphatic)carbonyl or (heterocycloaliphatic)carbonyl), amino (e.g.,
aliphaticamino), sulfoxy, oxo, carboxy, carbamoyl, (cycloaliphatic)oxy,
(heterocycloaliphatic)oxy, or (heteroaryl)alkoxy. [0082] As used herein, an
"amido" encompasses both "aminocarbonyl" and "carbonylamino." These terms,
when used alone or in connection with another group, refer to an amido
group such as -N(R )-C(O)-R or -C(O)-N(R )2, when used terminally; and they
refer to an amide group such as -C(O)-N(RX)- or -N(RX)-C(O)- when used
internally, wherein R and R are defined below. Examples of amido groups
include alkylamido (such as alkylcarbonylamino or alkylaminocarbonyl),
(heterocycloaliphatic)amido, (heteroaralkyl)amido, (heteroaryl)amido,
(heterocycloalkyl)alkylamido, arylamido, aralkylamido,
(cycloalkyl)alkylamido, or cycloalkylamido. [0083] As used herein, an
"amino" group refers to -NRXRY, wherein each of Rx and Rg is independently
hydrogen, aliphatic, cycloaliphatic, (cycloaliphatic)aliphatic, aryl,
araliphatic, heterocycloaliphatic, (heterocycloaliphatic)aliphatic,
heteroaryl, carboxy, sulfanyl, sulfinyl, sulfonyl, (aliphatic)carbonyl,
(cycloaliphatic)carbonyl, ((cycloaliphatic)aliphatic)carbonyl,
arylcarbonyl, (araliphatic)carbonyl, (heterocycloaliphatic)carbonyl,
((heterocycloaliphatic)alirhatic)carbonyl, (heteroaryl)carbonyl,
orineieroarappnaticjcarbonyl, each of which being defined herein and being
optionally substituted. Examples of amino groups include alkylamino,
dialkylamino, or arylamino. When the term "amino" is not the terminal group
(e.g., alkylcarbonylamino), it is represented by -NRX-. Rx has the same
meaning as defined above. [0084] As used herein, an "aryl" group used alone
or as part of a larger moiety as in "aralkyl", "aralkoxy", or
"aryloxyalkyl" refers to monocyclic (e.g., phenyl); bicyclic (e.g.,
indenyl, naphthalenyl, tetrahydronaphthyl, tetrahydroindenyl); and
tricyclic (e.g., fluorenyl tetrahydrofluorenyl, or tetrahydroanthracenyl,
anthracenyl) ring systems in which the monocyclic ring system is aromatic
or at least one of the rings in a bicyclic or tricyclic ring system is
aromatic. The bicyclic and tricyclic groups include benzofused 2- to
3-membered carbocyclic rings. For example, a benzofused group includes
phenyl fused with two or more C4-8 carbocyclic moieties. An aryl is
optionally substituted with one or more substituents such as aliphatic
(e.g., alkyl, alkenyl, or alkynyl); cycloaliphatic;
(cycloaliphatic)aliphatic; heterocycloaliphatic;
(heterocycloaliphatic)aliphatic; aryl; heteroaryl; alkoxy; 



(cycloaliphatic)oxy; (heterocycloaliphatic)oxy; aryloxy; heteroaryloxy;
(araliphatic)oxy; (heteroaraliphatic)oxy; aroyl; heteroaroyl; amino; oxo
(on a non-aromatic carbocyclic ring of a benzofused bicyclic or tricyclic
aryl); nitro; carboxy; amido; acyl ( e.g., aliphaticcarbonyl;
(cycloaliphatic)carbonyl; ((cycloaliphatic)aliphatic)carbonyl;
(araliphatic)carbonyl; (heterocycloaliphatic)carbonyl;
((heterocycloaliphatic)aliphatic)carbonyl; or (heteroaraliphatic)carbonyl);
sulfonyl (e.g., aliphatic-SO 2- or amino-SO2-); sulfinyl (e.g.,
aliphatic-S(O)- or cycloaliphatic-S(O)-); sulfanyl (e.g., aliphatic-S-);
cyano; halo; hydroxy; mercapto; sulfoxy; urea; thiourea; sulfamoyl;
sulfamide; or carbamoyl. Alternatively, an aryl can be unsubstituted.
[0085] Non-limiting examples of substituted aryls include haloaryl (e.g.,
mono-, di- ( such as /?,r-dihaloaryl), or (trihalo)aryl); (carboxy)aryl
(e.g., (alkoxycarbonyl)aryl, ((aralkyl)carbonyloxy)aryl, or
(alkoxycarbonyl)aryl); (amido)aryl (e.g., (aminocarbonyl)aryl,
(((alkylamino)alkyl)aminocarbonyl)aryl, (alkylcarbonyl)aminoaryl,
(arylaminocarbonyl)aryl, or (((heteroaryl)amino)carbonyl)aryl); aminoaryl
(e.g., ((alkylsulfonyl)amino)aryl or ((dialkyl)amino)aryl);
(cyanoalkyl)aryl; (alkoxy)aryl; (sulfamoyl)aryl (e.g.,
(aminosulfonyl)aryl); (alkylsulfonyl)aryl; (cyano)aryl; (hydroxyalkyl)aryl;
((alkoxy)alkyl)aryl; (hydroxy)aryl, ((carboxy)alkyl)aryl;
(((dialkyl)amino)alkyl)aryl; (nitroalkyl)aryl;
(((alkylsulfonyl)amino)alkyl)aryl; ((heterocycloali rhatic)carbonyl)aryl;
((alkylsulfonyl)alkyl)aryl; (cyanoalkyl)aryl; (hydroxyalkyl)aryl;
(alkylcarbonyl)aryl; alkylaryl; (trihaloalkyl)aryl;
/"-amino-w-alkoxycarbonylaryl; />-amino-r-cyanoaryl; p-halo-maminoaryl; or
(w-(heterocycloaliphatic)-o-(alkyl))aryl.[0086] As used herein, an
"araliphatic" group, such as "aralkyl," refers to an aliphatic group (e.g.,
a Ci- alkyl group) that is substituted with an aryl group. "Aliphatic,"
"alkyl," and "aryl" are defined herein. An example of araliphatic such as
an aralkyl group is benzyl. [0087] As used herein, an "aralkyl" group
refers to an alkyl group (e.g., a C1-4 alkyl group) that is substituted
with an aryl group. Both "alkyl" and "aryl" have been defined above. An
example of an aralkyl group is benzyl. An aralkyl is optionally substituted
with one or more substituepts such as aliphatic (e.g., substituted or
unsubstituted alkyl, alkenyl, or alkynyl, including carboxyalkyl, hydroxy
alkyl, or haloalkyl such as trifluoromethyl), cycloaliphatic (e.g.,
substituted or unsubstituted cycloalkyl or cycloalkenyl),
(cycloalkyl)alkyl, heterocycloalkyl, (heterocycloalkyl)alkyl, aryl,
heteroaryl, alkoxy, cycloalkyloxy, heterocycloalkyloxy, aryloxy,
heteroaryloxy, aralkyloxy, heteroaralkyloxy, aroyl, heteroaroyl, nitro,
carboxy, alkoxycarbonyl, alkylcarbonyloxy, amido (e.g., aminocarbonyl,
alkylcarbonylamino, cycloalkylcarbonylamino,
(cycloalkylalkyl)carbonylamino, arylcarbonylamino, aralkylcarbonylamino,
(heterocycloalkyl)carbonylamino, (heterocycloalkylalkyl)carbonylamino
heteroarylcarbonylamino, or heteroaralkylcarbonylamino), cyano, halo,
hydroxy, acyl, mercapto, alkylsulfanyl, sulfoxy, urea, thiourea, sulfamoyl,
sulfamide, oxo, or carbamoyl. [0088] As used herein, a "bicyclic ring
system" includes 8- to 12- (e.g., 9, 10, or 11) membered structures that
form two rings, wherein the two rings have at least one atom in common
(e.g., 2 atoms in common). Bicyclic ring systems include bicycloaliphatics
(e.g., bicycioalkyl or bicycloalkenyl), bicycloheteroaliphatics, bicyclic
aryls, and bicyclic heteroaryls. [0089] As used herein, a "cycloaliphatic"
group encompasses a "cycloalkyl" group and a "cycloalkenyl" group, each of
which being optionally substituted as set forth below. 



[0090] As used herein, a "cycloalkyl" group refers to a saturated
carbocyclic mono- or bicyclic (fused or bridged) ring of 3-10 (e.g., 5-10)
carbon atoms. Examples of cycloalkyl groups include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, adamantyl, norbornyl,
cubyl, octahydro-indenyl, decahydro-naphthyl, bicyclo[3.2.1]octyl,
bicyclo[2.2.2]octyl, bicyclo[3.3.1]nonyl, bicyclo[3.3.2.]decyl,
bicyclo[2.2.2]octyl, adamantyl, azacycloalkyl, or
((aminocarbonyl)cycloalkyl)cycloalkyl. A "cycloalkenyl" group, as used
herein, refers to a non-aromatic carbocyclic ring of 3-10 (e.g., 4-8)
carbon atoms having one or more double bonds. Examples of cycloalkenyl
groups include cyclopentenyl, 1,4- cyclohexa-di-enyl, cycloheptenyl,
cyclooctenyl, hexahydro-indenyl, octahydro-naphthyl, cyclohexenyl,
cyclopentenyl, bicyclo[2.2.2]octenyl, or bicyclo[3.3.1]nonenyl. A
cycloalkyl or cycloalkenyl group can be optionally substituted with one or
more substituents selectedfrom Group J such as aliphatic (e.g., alkyl,
alkenyl, or alkynyl), cycloaliphatic, (cycloaliphatic) aliphatic,
heterocycloaliphatic, (heterocycloaliphatic) aliphatic, aryl, heteroaryl,
alkoxy, (cycloaliphatic)oxy, (heterocycloaliphatic)oxy, aryloxy,
heteroaryloxy, (araliphatic)oxy, (heteroaraliphatic)oxy, aroyl,
heteroaroyl, amino, amido (e.g., (aliphatic)carbonylamino,
(cycloaliphatic)carbonylamino, ((cycloaliphatic)aliphatic)carbonylamino,
(aryl)carbonylamino, (araliphatic)carbonylamino,
(heterocycloaliphatic)carbonylamino,
((heterocycloaliphatic)aliphatic)carbonylamino, (heteroaryl)carbonylamino,
or ((heteroaraliphatic)carbonylamino), nitro, carboxy (e.g., HOOC-,
alkoxycarbonyl, or alkylcarbonyloxy), acyl ((e.g.,
(cycloaliphatic)carbonyl, (cycloaliphatic) aliphatic)carbonyl,
(araliphatic)carbonyl, (heterocycloaliphatic)carbonyl,
((heterocycloaliphatic)aliphatic)carbonyl, or (heteroaraliphatic)carbonyl),
cyano, halo, hydroxy, mercapto, sulfonyl (e.g., alkyl-SO2- and aryl-SO2-),
sulfmyl ((e.g., alkyl-S(O)-), sulfanyl (e.g., alkyl-S-), sulfoxy, urea,
thiourea, sulfamoyl, sulfamide, oxo, or carbamoyl. [0091] As used herein,
"cyclic moiety" includes cycloaliphatic, heterocycloaliphatic, aryl, or
heteroaryl, each of which has been defined previously. [0092] As used
herein, the term "heterocycloaliphatic" encompasses a heterocycloalkyl
group and a heterocycloalkenyl group, each of which being optionally
substituted as set forth below. [0093] As used herein, a "heterocycloalkyl"
group refers to a 3-10 membered mono- or bicylic (fused or bridged) (e.g.,
5- to 10-membered mono- or bicyclic) saturated ring structure, in which one
or more of the ring atoms is a heteroatom (e.g., N, O, S, or combinations
thereof). Examples of a heterocycloalkyl group include piperidyl,
piperazyl, tetrahydropyranyl, tetrahydrofuryl, 1,4-dioxolanyl,
1,4-dithianyl, 1,3-dioxolanyl, oxazolidyl, isoxazolidyl, morpholinyl,
thiomorpholyl, octahydrobenzofuryl, octahydrochromenyl,
octahydrothiochromenyl, octahydroindolyl, octahydropyrindinyl,
decahydroquinolinyl, octahydrobenzo[ ]thiopheneyl,
2-oxa-bicyclo[2.2.2]octyl, l-aza-bicyclo[2.2.2]octyl, 3-azabicyclo[ 3.2.
l]octyl, anad 2,6-dioxa-tricyclo[3.3. 1.03'7]nonyl. A monocyclic
heterocycloalkyl group can be fused with a phenyl moiety such as
tetrahydroisoquinoline. A "heterocycloalkenyl" group, as used herein,
refers to a mono- or bicylic (e.g., 5- to 10- membered mono- or bicyclic)
non-aromatic ring structure having one or more double bonds, and wherein
one or more of the ring atoms is a heteroatom (e.g., N5O, or S). Monocyclic
and bicycloheteroaliphatics are numbered according to standard chemical
nomenclature. [0094] A heterocycloalkyl or heterocycloalkenyl group can be
optionally substituted with one or more substituents selected from Group J
such as aliphatic (e.g., alkyl, alkenyl, or alkynyl), 



cycloaliphatic, (cycloaliphatic)aliphatic, heterocycloaliphatic,
(heterocycloaliphatic)aliphatic,aryl, heteroaryl, alkoxy,
(cycloaliphatic)oxy, (heterocycloaliphatic)oxy, aryloxy, heteroaryloxy,
(araliphatic)oxy, (heteroaraliphatic)oxy, aroyl, heteroaroyl, amino, amido
(e.g., (aliphatic)carbonylamino, (cycloaliphati^carbonylamino,
((cycloaliphatic) aliphatic)carbonylamino, (aryl)carbonylamino,
(araliphatic)carbonylamino, (heterocycloaliphatic)carbonylamino,
((heterocycloaliphatic) aliphatic)carbonylamino, (heteroaryl)carbonylamino,
or (heteroaraliphatic)carbonylamino), nitro, carboxy (e.g., HOOC-,
alkoxycarbonyl, or alkylcarbonyloxy), acyl ((e.g., (cycloaliphati^carbonyl,
((cycloaliphatic) aliphatic)carbonyl, (araliphatic)carbonyl,
(heterocycloaliphatic)carbonyl, ((heterocycloaliphatic)aliphatic)carbonyl,
or (heteroaraliphatic)carbonyl), nitro, cyano, halo, hydroxy, mercapto,
sulfonyl (e.g., alkylsulfonyl or arylsulfonyl), sulfinyl (e.g.,
alkylsulfnyl), sulfanyl (e.g., alkylsulfanyl), sulfoxy, urea, thiourea,
sulfamoyl, sulfamide, oxo, or carbamoyl)). [0095] A "heteroaryl" group, as
used herein, refers to a monocyclic, bicyclic, or tricyclic ring system
having 4 to 15 ring atoms wherein one or more of the ring atoms is a
heteroatom (e.g., N, O, S, or combinations thereof) and in which the
monocyclic ring system is aromatic or at least one of the rings in the
bicyclic or tricyclic ring systems is aromatic. A heteroaryl group includes
a benzofused ring system having 2 to 3 rings. For example, a benzofused
group includes benzo fused with one or two 4 to 8 membered
heterocycloaliphatic moieties (e.g., indolizyl, indolyl, isoindolyl,
3H-indolyl, indolinyl, benzo [Z>]furyl, benzo[ jthiophenyl, quinolinyl, or
isoquinolinyl). Some examples of heteroaryl are azetidinyl, pyridyl,
IHindazolyl, furyl, pyrrolyl, thienyl, thiazolyl, oxazolyl, imidazolyl,
tetrazolyl, benzofuryl, isoquinolinyl, benzthiazolyl, xanthene,
thioxanthene, phenothiazine, dihydroindole, benzo[l,3]dioxole,
benzo[b]furyl, benzo [bjthiophenyl, indazolyl, benzimidazolyl,
benzthiazolyl, puryl, cinnolyl, quinolyl, quinazolyl,cinnolyl, phthalazyl,
quinazolyl, quinoxalyl, isoquinolyl, 4H-quinolizyl, benzo-
1,2,5-thiadiazolyl, or 1,8-naphthyridyl. [0096] Without limitation,
monocyclic heteroaryls include furyl, thiophenyl, 2H-pyrrolyl, pyrrolyl,
oxazolyl, thazolyl, imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl,
1,3,4-thiadiazolyl, 2H-pyranyl, 4-H-pranyl, pyridyl, pyridazyl, pyrimidyl,
pyrazolyl, pyrazyl, or 1,3,5-triazyl. Monocyclic heteroaryls are numbered
according to standard chemical nomenclature. [0097] Without limitation,
bicyclic heteroaryls include indolizyl, indolyl, isoindolyl, 3Hindolyl,
indolinyl, benzo [b]furyl, benzo [&]thiophenyl, quinolinyl, isoquinolinyl,
indolizyl, isoindolyl, indolyl, benzo [b]furyl, bexo[6]thiophenyl,
indazolyl, benzimidazyl, benzthiazolyl, purinyl, 4H-quinolizyl, quinolyl,
isoquinolyl, cinnolyl, phthalazyl, quinazolyl, quinoxalyl,
1,8-naphthyridyl, or pteridyl. Bicyclic heteroaryls are numbered according
to standard chemical nomenclature.[0098] A heteroaryl Ts optionally
substituted with one or more substituents such as aliphatic (e.g., alkyl,
alkenyl, or alkynyl); cycloaliphatic; (cycloaliphatic)aliphatic;
heterocycloaliphatic; (heterocycloaliphatic)aliphatic; aryl; heteroaryl;
alkoxy; (cycloaliphatic)oxy; (heterocycloaliphatic)oxy; aryloxy;
heteroaryloxy; (araliphatic)oxy; (heteroaraliphatic)oxy; aroyl;
heteroaroyl; amino; oxo (on a non-aromatic carbocyclic or heterocyclic ring
of a bicyclic or tricyclic heteroaryl); carboxy; amido; acyl (e.g.,
aliphaticcarbonyl; (cycloaliphatic)carbonyl;
((cycloaliphatic)aliphatic)carbonyl; (araliphatic)carbonyl;
(heterocycloaliphatic)carbonyl; ((heterocycloaliphatic)aliphatic)carbonyl;
or (heteroaraliphatic)carbonyl); sulfonyl (e.g., aliphaticsulfonyl or
aminosulfonyl); sulfmyl (e.g., aliphaticsulfinyl); sulfanyl (e.g., 



aliphaticsulfanyl); nitro; cyano; halo; hydroxy; mercapto; sulfoxy; urea;
thiourea; sulfamoyl; sulfamide; or carbamoyl. Alternatively, a heteroaryl
can be unsubstituted. [0099] Non-limiting examples of substituted
heteroaryls include (halo)heteroaryl (e.g., mono- and di-(halo)heteroaryl);
(carboxy)heteroaryl (e.g., (alkoxycarbonyl)heteroaryl); cyanoheteroaryl;
aminoheteroaryl (e.g., ((alkylsulfonyl)amino)heteroaryl
and((dialkyl)amino)heteroaryl); (amido)heteroaryl (e.g.,
aminocarbonylheteroaryl, ((alkylcarbonyl)amino)heteroaryl,
((((alkyl)amino)alkyl)aminocarbonyl)heteroaryl,
(((heteroaryl)amino)carbonyl)heteroaryl,
((heterocycloaliphatic)carbonyl)heteroaryl, or
((alkylcarbonyl)amino)heteroaryl); (cyanoalkyl)heteroaryl;
(alkoxy)heteroaryl; (sulfamoyl)heteroaryl (e.g.,
(aminosulfonyl)heteroaryl); (sulfonyl)heteroaryl ((e.g.,
(alkylsulfonyl)heteroaryl); (hydroxyalkyl)heteroaryl;
(alkoxyalkyl)heteroaryl; (hydroxy)heteroaryl; ((carboxy)alkyl)heteroaryl;
(((dialkyl)amino)alkyl)heteroaryl; (heterocycloaliphatic)heteroaryl;
(cycloaliphatic)heteroaryl; (nitroalkyl)heteroaryl;
(((alkylsulfonyl)amino)alkyl)heteroaryl; ((alkylsulfonyl)alkyl)heteroaryl;
(cyanoalkyl)heteroaryl; (acyl)heteroaryl (e.g., (alkylcarbonyl)heteroaryl);
(alkyl)heteroaryl; and (haloalkyl)heteroaryl (e.g.,
trihaloalkylheteroaryl). [00100] A "heteroaraliphatic" (such as a
heteroaralkyl group) as used herein, refers to an aliphatic group (e.g., a
C1-4 alkyl group) that is substituted with a heteroaryl group. "Aliphatic,"
"alkyl," and "heteroaryl" have been defined above. [00101] A
"heteroaralkyl" group, as used herein, refers to an alkyl group (e.g., a
C1-4 alkyl group) that is substituted with a heteroaryl group. Both "alkyl"
and "heteroaryl" have been defined above. A heteroaralkyl is optionally
substituted with one or more substituents such as alkyl (including
carboxyalkyl, hydroxyalkyl, and haloalkyl such as trifluoromethyl),
alkenyl, alkynyl, cycloalkyl, (cycloalkyl)alkyl, heterocycloalkyl,
(heterocycloalkyl)alkyl, aryl, heteroaryl, alkoxy, cycloalkyloxy,
heterocycloalkyloxy, aryloxy, heteroaryloxy,araiKyioxy, heteroaralkyloxy,
aroyl, heteroaroyl, nitro, carboxy, alkoxycarbonyl, alkylcarbonyloxy,
aminocarbonyl, alkylcarbonylamino, cycloalkylcarbonylamino,
(cycloalkylalky^carbonylamino, arylcarbonylamino, aralkylcarbonylamino,
(heterocycloalky^carbonylamino, (heterocycloalkylalky^carbonylamino,
heteroarylcarbonylamino, heteroaralkylcarbonylamino, cyano, halo, hydroxy,
acyl, mercapto, alkylsulfanyl, sulfoxy, urea, thiourea, sulfamoyl,
sulfamide, oxo, or carbamoyl. [00102] As used herein, an "acyl" group
refers to a formyl group or RX-C(O)- (such as alkyl-C(O)-, also referred to
as "alkylcarbonyl") wherein Rx and "alkyl" have been defined previously.
Acetyl and pivaloyl are examples of acyl groups. [00103] As used herein, an
"aroyl" or "heteroaroyl" refers to an aryl-C(O)- or a heteroaryl- C(O)-.
The aryl and heteroaryl portion of the aroyl or heteroaroyl is optionally
substituted as previously defined. [00104] As used herein, an "alkoxy"
group refers to an alkyl-O- group wherein "alkyl" has been defined
previously. [00105] As used herein, a "carbamoyl" group refers to a group
having the structure -O-CONRXRY or -NRX-CO-O-RZ wherein Rx and Rg have been
defined above and Rz can be aliphatic, aryl, araliphatic,
heterocycloaliphatic, heteroaryl, or heteroaraliphatic. [00106] As used
herein, a "carboxy" group refers to -COOH, -COORX, -OC(O)H, -OC(O)RX when
used as a terminal group; or -OC(O)- or -C(O)O- when used as an internal
group. [00107] As used herein, a "haloaliphatic" group refers to an
aliphatic group substituted with 



1-3 halogen. For instance, the term haloalkyl includes the group -CF3.
[00108] As used herein, a "mercapto" group refers to -SH. [00109] As used
herein, a "sulfo" group refers to -SO3H or -SO3RX when used terminally or
-S(O)3- when used internally. [00110] As used herein, a "sulfamide" group
refers to the structure -NRX-S(O)2-NRYRZ when used terminally and
-NRX-S(O)2-NRY- when used internally, wherein Rx , Rg , and Rz have been
defined above. [00111] As used herein, a "sulfonamide" group refers to the
structure -S(O)2-NRXRY or -NRX-S(O)2-RZ when used terminally; or
-S(O)2-NRX- or -NRX -S(O)2- when used internally, V " V 7 wherein R , R ,
and R are defined above. [00112] As used herein a "sulfanyl" group refers
to -S-Rx when used terminally and -Swhen used internally, wherein Rx has
been defined above. Examples of sulfanyl include aliphatic-S-,
cycloaliphatic-S-, aryl-S-, or the like. [00113] As used herein a
"sulfinyl" group refers to -S(O)-RX when used terminally and - S(O)- when
used internally, wherein Rx has been defined above. Exemplary sulfinyl
groupsinclude aliphatic-S(O)-, aryl-S(O)-, (cycloaliphatic(aliphatic))
-S(O)-, cycloalkyl-S(O)-, heterocycloaliphatic-S(O)-, heteroaryl-S(O)-, or
the like. [00114] As used herein, a "sulfonyl" group refers to-S(O)2-Rx
when used terminally and - S(O)2- when used internally, wherein Rx has been
defined above. Exemplary sulfonyl groups include aliphatic-S(0) 2-,
aryl-S(O)2-, ((cycloaliphatic(aliphatic))-S(O) 2-, cycloaliphatic- S(O)2-,
heterocycloaliphatic-S(O) 2-, heteroaryl-S(O)2-,
(cycloaliphatic(amido(aliphatic)))- S(O)2- or the like. [00115] As used
herein, a "sulfoxy" group refers to -O-SO-RX or -SO-O-RX, when used
terminally and -0-S(O)- or -S(O)-O- when used internally, wherein Rx has
been defined above. [00116] As used herein, a "halogen" or "halo" group
refers to fluorine, chlorine, bromine, or iodine. [00117] As used herein,
an "alkoxycarbonyl" group, which is encompassed by "carboxy," used alone or
in combination with another group, refers to a group such as alkyl-O-C(O)-.
[00118] As used herein, an "alkoxyalkyl"group refers to an alkyl group such
as alkyl-Oalkyl-, wherein alkyl has been defined above. [00119] As used
herein, a "carbonyl" group refer to -C(O)-. [00120] As used herein, an
"oxo" group refers to =0. [00121] As used herein, an "aminoalkyl" group
refers to the structure (Rx)2N-alkyl-. [00122] As used herein, a
"cyanoalkyl" group refers to the structure (NC)-alkyl-. [00123] As used
herein, a "urea" group refers to the structure -NRX-CO-NRYRZ and a
"thiourea" group refers to the structure -NRX-CS-NRYRZ when used terminally
and -NRXC0- NR Y- or -NRX-CS-NRY- when used internally, wherein Rx , Rg ,
and Rz have been defined above. [00124] As used herein, a "guanidine" group
refers to the structure -N=C(N(RXRY))N(RXRY) or -NRX-C(=NRX)NRXRY, wherein
Rx and Rg have been defined above. [00125] As used herein, an "amidino"
group refers to the structure -C=(NRX)N(RXRY), wherein Rx and Rg have been
defined above. [00126] In general, the term "vicinal" refers to the
placement of substituents on a group that 



includes two or more carbon atoms, wherein the substituents are attached to
adjacent carbon atoms. [00127] In general, the term "geminal" refers to the
placement of substituents on a group that includes two or more carbon
atoms, wherein the substituents are attached to the same carbon
atom.100128] The terms "terminally" and "internally" refer to the location
of a group within a substituent. A group is terminal when the group is
present at the end of the substituent not further bonded to the rest of the
chemical structure. Carboxyalkyl, i.e., R O(O)C-alkyl is an example of a
carboxy group used terminally. A group is internal when the group is
present in the middle of a substituent to at the end of the substituent
bound to the rest of the chemical structure. Alkylcarboxy (e.g.,
alkyl-C(O)-O- or alkyl-O-C(O)-) and alkylcarboxyaryl (e.g.,
alkyl-C(O)-O-aryl- or alkyl-O-C(O)-aryl-) are examples of carboxy groups
used internally. [00129] As used herein, a "cyclic" group includes a mono-,
bi-, and tri-cyclic ring system, such as cycloaliphatic,
heterocycloaliphatic, aryl, or heteroaryl, each of which has been defined
above. [00130] As used herein, a "bridged bicyclic ring system" refers to a
bicyclic heterocyclicalipahtic ring system or bicyclic cycloaliphatic ring
system in which the rings are bridged. Examples of bridged bicyclic ring
systems include, but are not limited to, adamantanyl, norbornanyl,
bicyclo[3.2.1]octyl, bicyclo[2.2.2]octyl, bicyclo[3.3.1]nonyl,
bicyclo[3.2.3]nonyl, 2-oxabicyclo[2.2.2]octyl, l-azabicyclo[2.2.2]octyl, 3-
azabicyclo[3.2.1]octyl, and 2,6-dioxa-tricyclo[3.3.1.0 ' Jnonyl. A bridged
bicyclic ring system can be optionally substituted with one or more
substituents such as alkyl (including carboxyalkyl, hydroxyalkyl, and
haloalkyl such as trifluoromethyl), alkenyl, alkynyl, cycloalkyl,
(cycloalkyl)alkyl, heterocycloalkyl, (heterocycloalkyl)alkyl, aryl,
heteroaryl, alkoxy, cycloalkyloxy, heterocycloalkyloxy, aryloxy,
heteroaryloxy, aralkyloxy, heteroaralkyloxy, aroyl, heteroaroyl, nitro,
carboxy, alkoxycarbonyl, alkylcarbonyloxy, aminocarbonyl,
alkylcarbonylamino, cycloalkylcarbonylamino,
(cycloalkylalkyl)carbonylamino, arylcarbonylamino, aralkylcarbonylamino,
(heterocycloalkyl)carbonylamino, (heterocycloalkylalkyl)carbonylamino,
heteroarylcarbonylamino, heteroaralkylcarbonylamino, cyano, halo, hydroxy,
acyl, mercapto, alkylsulfanyl, sulfoxy, urea, thiourea, sulfamoyl,
sulfamide, oxo, or carbamoyl. [00131] As used herein, an "aliphatic chain"
refers to a branched or straight aliphatic group (e.g., alkyl groups,
alkenyl groups, or alkynyl groups). A straight aliphatic chain has the
structure -(CH )V-, where v is 1-6. A branched aliphatic chain is a
straight aliphatic chain that is substituted with one or more aliphatic
groups. A branched aliphatic chain has the structure -(CHQ)v- where Q is
hydrogen or an aliphatic group; however, Q shall be an aliphatic group in
at least one instance. The term aliphatic chain includes alkyl chains,
alkenyl chains, and alkynyl chains, where alkyl, alkenyl, and alkynyl are
defined above. [00132] The phrase "optionally substituted" is used
interchangeably with the phrase "substituted or unsubstituted." As
described herein, compounds of the invention canoptionally be substituted
with one or more substituents, such as are illustrated generally above, or
as exemplified by particular classes, subclasses, and species of the
invention. As described herein, the variables R1, R , and R3, as well as
other variables, encompass specific groups, such as alkyl and aryl. Unless
otherwise noted, each of the specific groups for the variables R1, R2 and
R3, and other variables contained therein can be optionally substituted
with one or more substituents described herein. Each substituent of a
specific group is further 



optionally substituted with one to three of halo, cyano, oxo, alkoxy,
hydroxy, amino, nitro, aryl, cycloaliphatic, heterocycloaliphatic,
heteroaryl, haloalkyl, and alkyl. For instance, an alkyl group can be
substituted with alkylsulfanyl and the alkylsulfanyl can be optionally
substituted with one to three of halo, cyano, oxo, alkoxy, hydroxy, amino,
nitro, aryl, haloalkyl, and alkyl. As an additional example, the cycloalkyl
portion of a (cycloalkyl)carbonylamino can be optionally substituted with
one to three of halo, cyano, alkoxy, hydroxy, nitro, haloalkyl, and alkyl.
When two alkoxy groups are bound to the same atom or adjacent atoms, the
two alkxoy groups can form a ring together with the atom(s) to which they
are bound. [00133] In general, the term "substituted," whether preceded by
the term "optionally" or not, refers to the replacement of hydrogen
radicals in a given structure with the radical of a specified substituent.
Specific substituents are described above in the definitions and below in
the description of compounds and examples thereof. Unless otherwise
indicated, an optionally substituted group can have a substituent at each
substitutable position of the group, and when more than one position in any
given structure can be substituted with more than one substituent selected
from a specified group, the substituent can be either the same or different
at every position. A ring substituent, such as a heterocycloalkyl, can be
bound to another ring, such as a cycloalkyl, to form a spiro-bicyclic ring
system, e.g., both rings share one common atom. Combinations of
substituents envisioned by this invention are those combinations that
result in the formation of stable or chemically feasible compounds. [00134]
The phrase "stable or chemically feasible," as used herein, refers to
compounds that are not substantially altered when subjected to conditions
to allow for their production, detection, and preferably their recovery,
purification, and use for one or more of the purposes disclosed herein. In
some embodiments, a stable compound or chemically feasible compound is one
that is not substantially altered when kept at a temperature of 40 C or
less, in the absence of moisture or other chemically reactive conditions,
for at least a week. [00135] As used herein, an effective amount is defined
as the amount required to confer a therapeutic effect on the treated
patient, and is typically determined based on age, surface area, weight,
and condition of the patient. The interrelationship of dosages for animals
andnumans (based on milligrams per meter squared of body surface) is
described by Freireich et al., Cancer Chemother. Rep., 50: 219 (1966). Body
surface area may be approximately determined from height and weight of the
patient. See, e.g., Scientific Tables, Geigy Pharmaceuticals, Ardsley, New
York, 537 (1970). As used herein, "patient" refers to a mammal, including a
human. [00136] Unless otherwise stated, structures depicted herein are also
meant to include all isomeric (e.g., enantiomeric, diastereomeric, and
geometric (or conformational)) forms of the structure; for example, the R
and S configurations for each asymmetric center, (Z) and (E) double bond
isomers, and (Z) and (E) conformational isomers. Therefore, single
stereochemical isomers as well as enantiomeric, diastereomeric, and
geometric (or conformational) mixtures of the present compounds are within
the scope of the invention. Unless otherwise stated, all tautomeric forms
of the compounds of the invention are within the scope of the invention.
Additionally, unless otherwise stated, structures depicted herein are also
meant to include compounds that differ only in the presence of one or more
isotopically enriched atoms. For example, compounds having the present
structures except for the replacement of hydrogen by deuterium or tritium,
or the replacement of a carbon by a 



13C- or 14C-enriched carbon are within the scope of this invention. Such
compounds are useful, for example, as analytical tools or probes in
biological assays. [00137] As used herein, EDC is
l-(3-dimethylaminopropyl)-3-ethylcarbodiirnide, HOBt is 1-
hydroxybenzotriazole, HOSue is N-hydroxysuccinimide, THF is
tetrahydrofuran, TFA is trifluoroacetic acid, DCM is dichloromethane, DMAP
is 4-dimethylaminopyridine, DIPEA is diisopropylethylamine, DMF is
dimethylformamide, TFA is trifluoroacetic acid, and CBZ is
benzyloxycarbonyl, and TEMPO is 2,2,6,6-tetramethylpiperidinyloxy. [00138]
As used herein, 1H NMR stands for proton nuclear magnetic resonance, and
TLC stands for thin layer chromatography. II. Processes and Intermediates
[00139] In one embodiment, the invention provides a process and
intermediates for preparing a compound of formula 1 as outlined in Scheme
I.5 6 7 8 (rac) 10 Scheme I [00140] Referring to Scheme I,
3-azabicyclo[3.3.0]octane of formula 5 (R. Griot, HeIv. Chim. Acta., 42,
67, (1959) is converted to a suitable alkyl carbamate of formula 6 wherein
R' is, e.g., f-butyl or isobutyl, using known methods. See, e.g., T.W.
Greene and P. G.M. Wuts, Protective Groups in Organic Synthesis, 3rd
edition, John Wiley and Sons, Inc. (1999). [00141] Carboxylation of the N-
alkoxycarbonyl-3-azabicyclo[3.3.0]octane of formula 6 is achieved by first
forming a 2-anion of formula 6 in the presence of a chelating agent (for
formation of similar anions. See, e.g., Daniel. J. Pippel, et. al., J. Org.
Chem., 1998, 63, 2; Donald J . Gallagher et al., J. Org. Chem., 1995,
60(22), 7092-7093; Shawn T. Kerrick et al., J. Am. Chem. Soc, 1991,
113(25), 9708-9710; Donald J. Gallagher et al., J. Org. Chem., 1995,
60(25), 8148-8154; and Peter Beak et al., J . Am. Chem. Soc, 1994, 116(8),
3231-3239. The 2-anion of the alkyl carbamate of formula 6 (not shown in
Scheme I) is prepared by treatment of compound of formula 6 with a strong
lithium base (e.g., /-butyl lithium or secbutyl lithium) in the presence of
a complexing agent (e.g., tetramethylethylenediamine,
tetraethylethylenediamine, tetramethyl-l,2-cyclohexyldiamine, or
3,7-dipropyl-3 7- diazabicyclo[3.3.1]nonane) in a suitable aprotic solvent.
Suitable aprotic solvents include, e.g., -butylmethyl ether,
tetrahydrofuran, and dimethoxyethane. Subsequently, the 2-anion of formula
6 can be treated with carbon dioxide to give a racemic mixture of
trans-/'cis-2- carboxylic acids of formula 7 wherein the trans-/cis- ratio
is 30 to 70, 40 to 60, 50 to 50, 60 to 40, 80 to 20, 90 to 10, 95 to 5, or
greater than 98 to 2. [00142] In some embodiments, the complexing agent may
be optically active, such as, for example, an optical isomer of sparteine.
An optically active complexing agent can induce asymetric carboxylation to
give a product having an enantiomeric excess (e.e.) of from about 10% to
about 95% (see, e.g., Beak et.al., J. Org. Chem., 1995, 60, 8148-8154). The
trans- /cis- mixture is equilibrated to give a predominantly trans acid of
formula 8 wherein thetrans-/cis- ratio is 80 to 20, 90 to 10, 95 to 5, or
greater than 98 to 2, in the presence of a suitable base. Suitable bases
include, e.g., lithium hexamethyldisilazide, lithium diisopropylamide, or
lithium 2,2,6,6-tetramethylpiperidine. [00143] In another embodiment, the
use of 3,7-dipropyl-3,7-diazabicyclo[3.3.1]nonane as the complexing diamine
provides the carboxylic acid of formula 8 with a trans-lcis- ratio of
isomers of 90 to 10, 95 to 5, or greater than 98 to 2 directly and obviates
the equilibration step. 



[00144] The racemic mixture of the compound of formula 8 may be resolved to
provide a single enantiomer of formula 9. Known methods of resolving
racemic amino acids may be used and include, but are not limited to,
crystallization of an optically active amine salt, preparing a
2-carboxylate ester with an optically active alcohol followed by
crystallization or chromatographic separation, and preparing an optically
active N-alkoxycarbonyl derivative followed by crystallization or
chromatography. In one embodiment, the (R) a- aminoethylbenzene or (S)
1-amino- 1,2,3,4-tetrahydronaphthalene salt of compound of formula 8 is
crystallized to produce the amine salt of formula 9. [00145] The free acid
of the salt of formula 9, obtained by extraction of, for example, an
aqueous sodium bisulfate solution is esterifed with, for example, di-
-butyl-dicarbonate (BoC2O) to give the ester of formula 10. Removal of the
-COOR' protecting group under known conditions, for example, methane
sulfonic acid in an organic solvent such as, for example, -butylmethyl
ether or tetrahydrofuran, provides the compounds of formula 1. [00146] In
another embodiment, bicyclic pyrrolidinyl compounds of Formula 3 (as
exemplified by compounds 17 shown below) may be prepared as outlined in
Scheme II. Scheme II[00147] Referring to Scheme II, the camphor imine of
formula 12 is prepared by reaction of glycine t-butyl ester of formula 11
with (lS)-(-)camphor in the presence of a Lewis acid such as, for example,
boron trifluoride etherate. Michael addition of the amine of formula 12 to
methyl cyclopentenecarboxylate gives an adduct of formula 13. The single
isomer of compound 13 shown is obtained by recrystallization of the crude
product from a mixture of isopropanol and water. Removal of the camphor
imine with hydroxylamine in the presence of sodium acetate and subsequent
cyclization yields the lactam ester of formula 14. Optionally, the reaction
mixture may be treated with succinic anhydride to facilitate recovery of
the desired product of formula 14 and the camphor derivative of formula 15.
The lactam of formula 14 is converted to its benzyloxycarbonyl derivative
of formula 16 by treatment with a base such as, e.g., sodium hydride,
followed by benzylchloroformate. Reduction of the lactam of formula 16 with
a hydride reducing agent such as, e.g., borane-dimethylsulfidepiperidine
provides the carbamate ester of formula 17. Removal of the
benzyloxycarbonyl protecting group may be achieved under reducing
conditions such as, e.g., hydrogen in the presence of a palladium catalyst
such as, e.g., palladium hydroxide, to give the desiredbicyclic pyrrolidine
ester of formula 17. Isolation of the ester of formula 17 is optionally
achieved through formation of a salt such as, e.g., an oxalate salt of
formula Ia. [00148] The invention further provides processes for the
preparation of compounds of Formula 2. One specific example of a compound
of Formula 2, wherein R is H, R' is npropyl, and R is cyclopropyl, is shown
below in formula 18. 18 [00149] In one aspect, compound 18 can be prepared
as outlined in Scheme III. Scheme III [00150] In Scheme III, the
methoxymethylamide of Cbz-norvaline of formula 20 is prepared by reaction
of Cbz-norvaline of formula 19 with methoxymethylamine in the presence of a
coupling reagent such as, e.g., EDC. Reduction of compound of formula 20
with a hydride reagent such as, e.g., lithium aluminum hydride or
diisobutylaluminum hydride at a temperatures between -20 0C and 10 0C
provides a norvalinal compound of formula 21. Preparation of the
corresponding cyanohydrin of formula 22 is achieved by reacting compound of
formula 21 with an alkali metal cyanide such as, e.g., pottasium cyanide,
in the 



presence of an alkali metal thiosulfite such as, e.g., sodium thiosulfite.
Hydrolysis of compound of formula 22 in the presence of HCl in a suitable
solvent such as, e.g., dioxane, and at an elevated temperatures of from
about 50 0C to 110 0C leads to the corresponding 3-amino-2-hydroxyhexanoic
acid (not shown) which is converted to the Cbz derivative of formula 23 by
reaction with Cbz-hydroxysuccinimde. The cyclopropyl amide of of formula 24
is prepared from compound 23 by reaction with cyclopropylamine in the
presence of a coupling reagent such as, e.g., EDC. Removal of the Cbz group
to give a compound of formula 18 is achieved under known reducing
conditions such as, e.g., hydrogen in the presence of a palladium catalyst.
[00151] In another embodiment, as illustrated in Scheme IV below, a
cyclopropylamide of Formula 18 is prepared using the Passerini reaction
(see, e.g., A. Doemling et al., Angew. Chem., 2000, 112, 3300-3344). Scheme
IV [00152] Refering to Scheme IV, reaction of Cbz-valinal 21 with
cyclopropyl isocyanide of formula 25 (available from Oakwood Products,
Inc., West Columbia, SC 29172, USA) in the presence of trifmroacetic acid,
optionally in the presence of an asymetric catalyst provides the
cyclopropylamide of formula 24. See, e.g., Schreiber, et.al., Org. Lett.,
'2004, 6, 4231. The intermediate trifluroacetate (not shown) is hydrolyzed
during isolation to yield compound 24 directly. Removal of the Cbz
protecting group to give the compound of formula 18 is achieved under
reducing conditions as previously described. [00153] In another embodiment,
the hydroxy-acid compounds of formula 23 may be prepared according to
methods described in U.S. Patent Nos. 6,020,518; 6,087,530 and 6,639,094,
each of which is incorporated herein by reference in its entirety. [00154]
Although the processes shown in schemes III and IV above illustrate the
synthesis of a specific compound (of formula 18), the processes in schemes
III and IV can be used to produce other compounds of Formula 2 . [00155] In
another embodiment, as illustrated in Scheme V, this invention further
provides a process and intermediates for preparing a compound of Formula
4.Scheme V [00156] Referring to Scheme V5 a bicyclic aminoester of Formula
1, wherein R3 is -butyl, is reacted with a protected amino acid of formula
26 (wherein Z is an amine protecting group and can be removed under acidic,
basic or hydrogenating conditions different from those used for removing an
R3 protecting group) in the presence of a coupling reagent, to give an
amideester of formula 27. The protecting group Z is removed from the
amide-ester of formula 27 to give the amine-ester compound of formula
28.[00157] Reaction of the amino-containing compound of formula 28 with the
protected amino acid 29 in the presence of a coupling reagent gives a
tripeptide of formula 30. [00158] Removing the protecting group Z in the
tripeptide of formula 30 provides a free amino-tripeptide of formula 31.
[00159] Reaction of the amino-tripeptide of formula 31 with
pyrazine-2-carboxylic acid, of formula 32, in the presence of a coupling
reagent yields the amide-tripeptide ester of formula 33. [00160] Hydrolysis
of the ester of the amide-tripeptide ester of formula 33 provides the
amido-tripeptide acid of formula 34; [00161] Reacting the amido-tripeptide
acid of formula 34 with the amino-hydroxy amide of formula 18 in the
presence of a coupling reagent gives the hydroxy-peptide of formula 35.
[00162] In the final step, oxidation of the hydroxy group of the compound
of fopnula 35 



provides the compound of Formula 4. 4 Oxidation of compound 35 may be
achieved with a variety of known oxidizing reagents, such as, for example:
chromic acid in acetone; Dess-Martin periodinane
(l,l-dihydro-l,l,ltriacetoxy- l,2-benzoiodooxol-3(lH)-one); sodium
hypochlorite in the presence of TEMPO and, optionally, an alkali metal
halide such as sodium bromide. [00163] In some embodiments, the
configuration of the hydroxy group of 35 is a mixture of R and S isomers in
the ratio of from about 90 to 10 to about 10 to 90, typically in a ratio of
about 60 to 40 to about 40 to 60. [00164] In another embodiment, the
hydroxy group of compound 35 has the R configuration with an enantiomeric
excess of about 90% ee. [00165] In a further embodiment, the hydroxy group
of compound 35 has the S configuration with an enantiomeric excess of about
90% ee. [00166] Any of the intermediates obtained as described herein, may
be used with or without isolation from the reaction mixture. The desired
protease inhibitor may be derived by attaching the appropriate RW-, P -,
P3-L2-P , or P4-L3-P -L2-P2- moiety. A coupling of an amine with such a
moiety may be carried out using the corresponding carboxylic acid, or
reactive equivalent thereof, under standard amide bond-forming or coupling
conditions. A typical coupling reaction includes a suitable solvent, the
amine in a concentration rangingfrom about 0.01 to 1OM, preferably about
0.1 to about 4.0M, the requisite carboxylic acid, a base and a peptide
coupling reagent. [00167] If an amine is used without isolation, the
coupling may be carried out in situ in the solvent of the reaction mixture
used in the preparation of the amine, or in a different solvent. To this
reaction mixture, the requisite carboxylic acid may be added and the
reaction maintained at a temperature in the range of about 0 C to 100 0C5
preferably between about 20 C to about 40 0C. The base and peptide coupling
reagent are then added to the mixture, which is maintained at a temperature
in the range of about 0 C to about 60 C, preferably between about 20 C to
about 40 0C. The base is typically a tertiary amine base, such as
triethylamine, di-w-propylethylamine, N-methylmorpholine, DBU, DBN,
Nmethylimidazole, preferably triethylamine or diisopropylethylamine. The
amount of base used is generally up to about 20 equivalents per equivalent
of the amine, preferably at least about 3 equivalents of base. Examples of
peptide coupling reagents include DCC (dicyclohexylcarbodiimide), DIC
(diwpropylcarbodiimide), di-/>-toluoylcarbodiimide, BDP (1-benzotriazole
diethylphosphate-l-cyclohexyl-3-(2-morpholinylethyl)carbodiimide), EDC
(l-(3-dimethylaminopropyl)-3-ethyl-carbodiimide hydrochloride), cyanuric
fluoride, cyanuric chloride, TFFH (tetramethyl fluoroformamidinium
hexafluorophosphosphate), DPPA (diphenylphosphorazidate), BOP
(benzotriazol-l-yloxytris(dimethylamino)phosphonium hexafluorophosphate),
HBTU (O-benzotriazol- 1-yl-N 5N,N',N'-tetramethyluronium
hexafluorophosphate), TBTU (O-benzotriazol-
1-yl-N,N,N',N'-tetramethyluronium tetrafluoroborate ), TSTU
(O-(N-succinimidyl)-N 5N,N',N'-tetramethyluronium tetrafluoroborate), HATU
(N-[(dimethylamino> 1-H-1 ,2,3-triazolo[4,5,6]-pyridin- 1-
ylmethylene]-N-methylmethanaminium hexafluorophosphate N-oxide), BOP-Cl
(bis(2-oxo- 3-oxazolidinyl)phosphinic chloride), PyBOP
((l-H-l,2,3-benzotriazol-l-yloxy)- tris(pyrrolidino)phosphonium
tetrafluorophopsphate), BrOP (bromotris(dimethylamino)phosphonium
hexafluorophosphate), DEPBT (3- 



(diethoxyphosphoryloxy)-l,2,3-benzotriazin-4(3H)-one), or PyBrOP
(bromotris(pyrrolidino)phosphonium hexafluorophosphate). EDC, HOAT, BOP-Cl
and PyBrOP are preferred peptide coupling reagents. The amount of peptide
coupling reagent is in the range of about 1.0 to about 10.0 equivalents.
Optional reagents that may be used in the amide bond-forming reaction
include DMAP (4-dimethylaminopyridine) or active ester reagents, such as
HOBT (1-hydroxybenzotriazole), HOAT (hydroxyazabenzotriazole), HOSu
(hydroxysuccinimide), HONB (endo-N-hydroxy-5-norbornene-2 53-dicarboxamide)
5 in amounts ranging from about 1.0 to about 10.0 equivalents.[00168]
Alternatively, one may treat an amine with a reactive equivalent of the R1
carboxylic acid, such as RW-C(K))X 1, P2-CC=O)X1 P3-L2-P2-C(^O)X 1, or
P4-L3-P3-L2-P2- C O)X1, wherein C(=O)X is a group that is more reactive
than COOH in the coupling reaction. Examples Of-C(K))X 1 groups include
groups where X1 is Cl, F, 0C(=0)R (R is, e.g., aliphatic or aryl), -SH,
-SR, -SAr, or -SeAr. [00169] Acid and amine protecting groups as used
herein are known in the art (see, e.g., T.W. Greene & P.G.M Wutz,
"Protective Groups in Organic Synthesis," 3rd Edition, John Wiley & Sons,
Inc. (1999), and the earlier editions of this book. Examples of suitable
protecting groups for acids include -butoxy, benzyloxy, allyloxy and
methoxymethoxy. Examples of suitable protecting groups for amines include
9-fluorenylmethyl carbamate, tbutyl carbamate, benzyl carbamate,
trifluoroacetamide and p-toluenesulfonamide. A number of chemical groups
are known that may be used as the RW-, P2-, P3-L2-P2, or P4-L3-P3-L2-P2-
portion of the protease inhibitor. Examples of such groups are reported in
the following publications: WO 97/43310, US 20020016294, WO 01/81325, WO
02/08198, WO 01/77113, WO 02/08187, WO 02/08256, WO 02/08244, WO 03/006490,
WO 01/74768, WO 99/50230, WO 98/17679, WO 02/48157, US 20020177725, WO
02/060926, US 20030008828, WO 02/481 16, WO 01/64678, WO 01/07407, WO
98/46630, WO 00/59929, WO 99/07733, WO 00/09588, US 20020016442, WO
00/09543, WO 99/07734, US 6,018,020, US 6,265,380, US 6,608,027, US
20020032175, US 20050080017, WO 98/22496, US 5,866,684, WO 02/079234, WO
00/31129, WO 99/38888, WO 99/64442, WO 2004072243, and WO 02/18369, which
are incorporated herein by reference in their entireties. [00170] Although
in Scheme V only a single stereoisomer is illustrated for the compound of
Formula 4, the present invention is, however, intended to include all
steroisomers of Forumula 4 which are depicted in Table I. All these
steroisomers can be prepared in the same method by using reagent(s)
containing carbon atom(s) of a different steric configuration, e.g.,LABELED
CONTAINERS , METHODS AND DEVICES FOR MAKING SAME BACKGROUND OF THE
INVENTION 1. Field of the invention The present invention relates to a
disposable container, methods of making the disposable container and
machines and devices that can be used in the method and/or to make the
disposable container. More particularly, the present invention relates to a
container made of expandable thermoplastic resin beads with a label sheet
disposed about the outer surfaces of the sidewall of the container. The
container can be used for holding hot or cold liquids, such as beverages,
or foods such as instant noodles, soups, fried chicken, and the like. 2.
Background Art The manufacture of molded articles, such as containers, for
example cups, bowls, 



and the like from expanded thermoplastic particles is well known. The most
commonly used thermoplastic particles are expandable polystyrene particles
known as EPS. Typically, polystyrene beads are impregnated with a blowing
agent, which boils below the softening point of the polystyrene and causes
the impregnated beads to expand when they are heated. The formation of
molded articles from impregnated polystyrene beads is generally done in two
steps. First, the impregnated polystyrene beads are pre-expanded to a
density of from about 0.5 to 12 pounds per cubic foot or 5 to 150 grams per
liter. Second, the preexpanded beads are heated in a closed mold to further
expand the pre-expanded beads to form a fused article having the shape of
the mold. The expandable polystyrene particles used to make foam containers
are generally prepared by an aqueous suspension polymerization process,
which results in beads that can be screened to relatively precise bead
sizes. Typically, bead diameters are within the range of from about 0.008
to about 0.02 inch (about 0.2 to about 0.5 mm). Occasionally, cups are made
from particles having bead diameters as high as 0.03 inches.It is desirable
to provide containers with thin walls that provide adequate insulating and
structural properties and that contain high quality printed graphics on the
outside surfaces of the container. One method of obtaining printed graphics
on the outside surfaces of a container is by molding the container and then
printing on the outside surface of the container. However, this approach
typically results in lower print quality and does not convey the desired
commercial image. Another method that has been employed is to pre-print
labels that are applied to the outside surfaces of a container after
molding. As an example, U.S. Patent Application Publication No. 2006/005917
Al discloses a method and apparatus for producing labeled, plastic foam
containers, such as labeled EPS cups that includes using a heated secondary
mold to thermally bond a label to a plastic cup. Although high quality
graphics can be applied to containers using these methods, labeling
consistency, due to the many mechanical steps involved is a problem. Also,
the seam formed where the ends of the label meet often leaves a gap between
the ends of the label sheet, where the container surface can be seen, the
label can be poorly aligned vertically overlapping the container rim or
base, and/or the label ends overlap forming a raised seam that can be
aesthetically unattractive, can lead to inefficient cup stacking, as well
as providing a site where labels can be peeled from the container surface.
Attempts to solve the above described problems have been attempted through
inmold labeling techniques. As an example, WO 01/85420 discloses a method
and apparatus for molding an expanded plastic container having a label
material affixed to an external wall of the container during the molding
cycle. In this method, a label to be affixed to a molded container is
transferred by a plunger having a vacuum pick-up head from a stack of flat
labels to a dummy male core and is wrapped about the dummy core. The latter
is mounted on a carriage, which is reciprocal between the label pick-up
station and a vertically oriented molding station having a molding tool for
molding expanded plastic material. When the dummy core enters the female
mold part, the label carried by the core is transferred to and retained on
the wall of the female mold part. Particular problems with this method
include inconsistent label placement and molding consistency 



as the many mechanical steps and vertical orientation cause shifting of the
machine partsand label. These problems result in a large amount of waste,
i.e., containers that are molded and/or labeled improperly and cannot be
used. Additionally, in some instances, improper label placement can result
in containers that leak. There is an unmet need in the art for methods and
equipment to produce smooth surfaced consistently labeled containers that
can be manufactured with low waste at commercial scale and overcome the
above-described problems. SUMMARY OF THE INVENTION The present invention is
directed to a device for producing labeled expanded resin containers. The
device includes at least one mold cavity rail; at least one mandrel rail
oriented perpendicular to the mold cavity rail; a female mold cavity car
adapted to move along at least one mold cavity rail between a removed
position, a transfer position, and a molding position and including at
least one female portion of a two-part mold oriented parallel to the mold
cavity rail; a male mold cavity car adapted to move along at least one mold
cavity rail between an extended position, a releasing position and a
molding position and including at least one male portion of the two-part
mold, wherein the female portion and male portion form a mold cavity when
the female and male mold cavity cars are in their respective molding
positions; and a mandrel car adapted to move along at least one mandrel
rail between a readying position and an insertion position and including at
least one mandrel adapted to seat within the female portion when the
mandrel car is in the insertion position and the female car is in the
transfer position, the mandrel car including one or more cup removers
adapted to pull a vacuum and be oriented directly opposed to a male portion
when themandrel car is in the insertion position and the male cavity car is
in the releasing position. The present invention also provides a mandrel
that can be used in the abovedescribed device and includes: a first base
having a dimension D1; a second base having a dimension D2, where D2 is
greater than Dl; a mandrel surface circumferentially and longitudinally
disposed about the first base and the second base; a plurality of charging
pins positioned in depressions along the mandrel surface from the first
base to the second base; a plurality of suction holes positioned along the
mandrel surface; where at least the surface of the mandrel comprises a
non-conducting material that is not deformable or hygroscopic at ambient
conditions. The present invention further provides a method of molding a
labeled expanded resin container using the above-described device that
includes: applying a label sheet to an inner wall of each of one or more 



female portions of the two-part mold by positioning one or more mandrels,
that hold a label sheet using vacuum applied through the suction holes, in
one or more female portions; and releasing the label sheet in the female
portion by stopping the vacuum and applying an electrostatic charge to the
label sheet via the charging pins in the mandrel; positioning one or more
male portions of the two-part mold in contact with the corresponding female
portions to form one or more mold cavities; adding expandable resin beads
or pre-expanded resin beads to the mold cavities; applying a sufficient
amount of heat for a sufficient length of time to the mold cavities to
effect expansion of the expandable resin beads or pre-expanded resin beads
to form labeled containers;cooling the labeled containers; and removing the
labeled containers from the mold cavities. The present invention
additionally provides labeled expanded resin containers that include:
expandable resin beads or pre-expanded resin beads molded in a shape having
a sidewall with an outer surface and a base; and a label formed from a
label material capable of maintaining an electrostatic charge disposed over
at least a portion of the outer surface of the sidewall of the container.
BRIEF DESCRIPTION OF THE DRAWINGS FIGS. 1A-IF are top plan views showing
the relationship between female and male portions of a two-part mold,
mandrel with remover, label sheet, and labeled container in the steps
according to a method in the present invention; FIG. 2 is an axial section
illustrating a mandrel with remover according to the invention; FIG. 3 is a
perspective view of a mandrel according to the invention; FIG. 4 is a top
side elevation view of a mandrel according to the invention; FIG. 5 is a
bottom side elevation view of a mandrel according to the invention; FIG. 6
is a lateral section of a mandrel according to the invention; FIG. 7 is an
axial section illustrating assembled male and female portions of a two-part
mold according to the invention; FIG. 8 is a partial axial section
illustrating assembled male and female portions of a two-part mold
according to the invention; FIG. 9 is a perspective view of a mandrel car
and labeling arm, part of a device for making labeled containers according
to the invention; FIG. 10 shows a perspective view of a rotatable label
magazine housing according to the invention; FIG. 11 shows a perspective
view of label fingers and a mandrel that can be used in the invention;FIGS.
12A-12D show stepwise top plan views of labeling fingers wrapping a label
about a mandrel according to the invention; 



FIG. 13 is a perspective view of a device for making labeled containers
according to the invention; FIG. 14 shows a rear perspective view of a
female mold cavity car that can be used in the invention; FIG. 15 shows a
rear perspective view of a male mold cavity car that can be used in the
invention; FIG. 16 is a perspective view of a device for making labeled
containers according to the invention; FIG. 17 is a perspective view of a
device for making labeled containers according to the invention; FIG. 18 is
a perspective view of a device for making labeled containers according to
the invention; FIG. 19 is an elevation view of a container according to the
invention; and FIG. 20 is a bottom plan view of a container according to
the invention. DETAILED DESCRIPTION OF THE INVENTION Other than in the
operating examples or where otherwise indicated, all numbers or expressions
referring to quantities of ingredients, reaction conditions, etc. used in
the specification and claims are to be understood as modified in all
instances by the term "about." Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the following specification
and attached claims are approximations that can vary depending upon the
desired properties, which the present invention desires to obtain. At the
very least, and not as an attempt to limit the application of the doctrine
of equivalents to the scope of the claims, each numerical parameter should
at least be construed in light of the number of reported significant digits
and by applying ordinary rounding techniques. Notwithstanding that the
numerical ranges and parameters setting forth the broad scope of the
invention are approximations, the numerical values set forth in the
specific examples are reported as precisely as possible. Any numerical
values, however,inherently contain certain errors necessarily resulting
from the standard deviation found in their respective testing measurements.
Also, it should be understood that any numerical range recited herein is
intended to include all sub-ranges subsumed therein. For example, a range
of " 1 to 10" is intended to include all sub-ranges between and including
the recited minimum value of 1 and the recited maximum value of 10; that
is, having a minimum value equal to or greater than 1 and a maximum value
of equal to or less than 10. Because the disclosed numerical ranges are
continuous, they include every value between the minimum and maximum
values. Unless expressly indicated otherwise, the various numerical ranges
specified in this application are approximations. In order to form a more
complete understanding of the invention the following description should be
taken in connection with the accompanying drawing figures where like
reference characters identify like parts throughout. For purposes of the
description hereinafter, the terms "upper", "lower", "right", "left",
"vertical", "horizontal", "top", "bottom", and derivatives thereof shall
relate to the invention as it is oriented in the drawing figures. However,
it is to be understood that the invention may assume various alternative
variations and step sequences, except where 



expressly specified to the contrary. It is also to be understood that the
specific devices and processes illustrated in the attached drawings, and
described in the following specification, are simply exemplary embodiments
of the invention. Hence, specific dimensions and other physical
characteristics related to the embodiments disclosed herein are not to be
considered as limiting. As used herein, the term "partial conical shape"
refers to a shape having a first planer base that is smaller than a second
planar base with a surface that tapers from the second planar base to the
first planar base. As used herein, the term "mandrel" refers to a device
that has a shape similar to the male portion of a two-part mold, which can
be a partial conical shape, to which a label can be fixed for transfer to
the female portion of a two-part mold. As used herein, the term
"non-conducting material" refers to a material that does not readily
transmit electricity by conduction.As used herein, the term "not
deformable" means a material or article that does not change its shape when
reasonable stress is applied thereto at ambient or processing conditions.
As used herein, the term "not hygroscopic" refers to a property of a
material in that the material does not readily absorb, adsorb, or otherwise
collect or accumulate moisture at ambient conditions or under the operating
conditions of the equipment described herein. As used herein, the term
"surface resistivity" refers to the resistance to the flow of electrical
current over the surface of a material as can be determined, as a
non-limiting example, by ASTM D257, where the resistance to an electrical
current is measured by electrodes on the same surface of a material,
typically reported as Ohms/sq. Surface resistivity describes the ratio of
DC voltage drop per unit length to the surface current per unit width.
Suitable instruments for measuring surface resistivity include, but are not
limited to the Model ST-3 Work Surface Tester available from SIMCO Japan,
Inc., Kobe, Japan and Model 19670 Surface Reistivity Meter available from
Charles Water Co., Canton, MA. As used herein the term "rail" refers to a
bar, rod, track, or other surface along which a wheel, collar, sleeve, or
other device can move along to move a car from one position to another. As
used herein the term "car" refers to a housing, cabinet, or other structure
to which the cavity parts described below are attached to or which contains
cavity parts and includes one or more wheels, collars, sleeves, or other
devices to enable the car to move along a rail from one position to
another. As used herein, the terms "(meth)acrylic" and "(meth)acrylate" are
meant to include both acrylic and methacrylic acid derivatives, such as the
corresponding alkyl esters often referred to as acrylates and
(meth)acrylates, which the term "(meth)acrylate" is meant to encompass. As
used herein, the term "polymer" is meant to encompass, without limitation,
homopolymers, copolymers, graft copolymers, and blends and combinations
thereof. Unless otherwise specified, all molecular weight values are
determined using gel permeation chromatography (GPC) using appropriate
polystyrene standards. Unlessotherwise indicated, the molecular weight
values indicated herein are weight average molecular weights (Mw). 



As used herein, the term "expandable resin beads" refers to a polymeric
material in particulate or bead form that is impregnated with a blowing
agent such that when the particulates and/or beads are placed in a mold or
expansion device and heat is applied thereto, evaporation of the blowing
agent (as described below) effects the formation of a cellular structure
and/or an expanding cellular structure in the particulates and/or beads.
When expanded in a mold, the outer surfaces of the particulates and/or
beads fuse together to form a continuous mass of polymeric material
conforming to the shape of the mold. As used herein, the term "pre-expanded
resin beads" refers to an expandable resin beads that have been expanded,
but not to their maximum expansion factor and whose outer surfaces have not
fused. As used herein, the term "expansion factor" refers to the volume a
given weight of resin bead occupies, typically expressed as cc/g.
Pre-expanded resin beads can be further expanded in a mold where the outer
surfaces of the preexpanded resin beads fuse together to form a continuous
mass of polymeric material conforming to the shape of the mold. The present
invention includes the opening and closing of valves and gates, the
movement of cars along rails to specified positions, and the coordination
and timing of various steps in the inventive methods and devices. In all
instances, the various steps, controls and placements can be done manually,
but will often be accomplished through the use of preprogrammed
microprocessors and/or computers interfacing with appropriate sensors,
actuators, relays, feedback loops, motors, pneumatic devices, servos,
resolvers and the like as are known in the art. The present invention
provides for the molding of an expanded plastic container, which can be a
thin wall product, formed from expanded plastic materials. The invention
also provides containers that are labeled consistently and have a smooth
surface finish, and full cover printing to a level and quality not possible
with prior expanded plastic containers. As used herein, "labeled
consistently" means that the number of labeled containers produced by the
methods and devices disclosed herein will meet commercialrequirements. The
absolute number will depend on particular commercial requirements and can
be less than 5%, in some cases less than 4%, in other cases less than 3%,
in some instances less than 2% and in other instances less than 1% waste
due to mislabeled containers, i.e., containers where the label has an
unintentional gap between its ends or the label overlaps the base or rim of
the container. As noted, the present invention enables the reproducible
production of a labeled container in which a printed label sheet is adhered
to the external surface of the container during the molding process. In an
embodiment of the invention, the label sheet can have a heat activated
adhesive layer on the side in contact with the container and is positioned
in the mold cavity directly against the wall of the female portion defining
the external wall of the container, whereby the label sheet is laminated
with the expanded plastic material and with the external wall of the
container during the molding process. Of particular note, the labeled
container provided by the invention presents a smooth circumferential
surface. By "smooth circumferential surface" is meant that the label on the
outer wall of the labeled container has a nearly imperceptible seam where
the two ends of the label come together and/or overlap. In prior art
methods, such as after 



mold labeling, the two ends of the label often come together to form a
raised seam. In other situations, attempts are made to perfectly match the
edges of the label, but often raised seams or gaps between the edges
result. The present invention overcomes these problems as any overlap of
the label edges is embedded within the wall of the container and is less
perceptible from the exterior. Thus, although a seam line may, in some
instance, be perceptible .as an edge of a label sheet with containers made
according to the invention, the container wall surface across the seam line
is smooth to the touch. In an embodiment of the invention, if the seam line
has any perceptible depth when viewed from the outside wall of the labeled
container, the seam line depth is at least 1 mm, in some cases at least 0.5
mm, in other cases at least 0.25 mm, in some instances at least 0.1 mm, and
in other instances at least 0.05 mm, and is not greater than 2 mm. In this
embodiment, if a seam line exists, the seam line depth can be any value or
vary between any of the values recited above. According to the invention,
an expanded plastic container is advantageously molded with the mouth of
the container directed in a horizontal orientation so as tominimize or
eliminate the force of gravity from causing the label sheet to shift
between placement and molding, resulting in a mislabeled container (one
form of waste). Steam for cooking the raw plastic material is introduced or
injected into the male and/or female portions of the mold cavities, which
can be alternately flushed with steam to heat the mold during preheating
and cooking and with cooling liquid during cooling, which can be provided
adjacent the inside and outside of the mold cavity. Also, a portion of the
steam can be redirected and utilized to flush the cavities themselves
during cooking. An embodiment of the invention, a method of making a
labeled expanded resin container, is outlined in FIGS. 1A-1F. The method
includes applying a label sheet 10 to an inner wall of a female portion 16
of a two-part mold 18. The label sheets can be extracted from a magazine
containing label sheets (not shown) by way of a suction plate (not shown),
which holds label sheet 10 through the application of vacuum. The suction
plate positions the label sheet 10 directly above a mandrel 12 and label
fingers (not shown) wrap label sheet 10 in position on mandrel 12 to
provide a mandrel holding a label 22. In an embodiment of the invention, as
shown in FIG. IA, when the method is operating continuously, male portions
20 of two-part mold 18 will have a labeled container 24 attached thereto.
Vacuum applied through remover 14 draws labeled container 24 from male
portion 20 and is held by its base via vacuum in contact with remover 14
(FIG. IB). Male portion 20 is then withdrawn and mandrel 12 with label
sheet 10 is positioned in female portion 16 (FIG. 1C). Label sheet 10 is
held in place by way of vacuum applied through one or more mandrels 12 and
label sheet 10 is released and positioned in the female portion 16 by
stopping the vacuum and applying an electrostatic charge to the label sheet
10 via charging pins in the mandrel 12 and optionally applying a "puff of
compressed air from mandrels 12. In an embodiment of the invention, the
mandrel 12 is free floating when positioned in the female portion 16. The
free floating nature of mandrel 12 when inserted in female portion 16
allows for the desired mandrel-mold alignment and overcomes problems in the
prior art, where inconsistent mandrel-mold alignment results in an
undesirably high number of mislabeled containers (waste).In another
embodiment of the invention, the gap or space between the label sheet 



on mandrel 12 and the inner wall of female portion 16 when mandrel 12 is
inserted in female portion 16 is small. In this embodiment, the gap can be
at least 0.01, in some cases at least 0.05 and in other cases at least 0.1
mm and can be up to 5, in some cases up to 3, in other cases up to 2, and
in some instances up to 1 mm. A smaller gap between mandrel 12 and the
inner wall of female portion 16 provides for more precise placement of the
label sheet in female portion 16. The gap or space between the label sheet
on mandrel 12 and the inner wall of female portion 16 can be any value or
range between any of the values recited above. As shown in FIG. ID, female
portion 16, with label sheet 10 positioned therein is withdrawn from
mandrel 16 (FIG. ID) and mandrel 16 is withdrawn from a position
horizontally opposed from female portion 16 to a position away from female
portion 16 and the vacuum is released from remover 14 and labeled container
24 falls away (FIG. IE). In an embodiment of the invention, female portions
16 and male portions 20 of two-part mold 18 are adapted such that when the
female portions 16 are in the removed position the male portions 20 and
female portions 16 are spaced apart and not in contact with each other and
such that when the male portions 20 are in the releasing position or
extended position, the male portions are spaced apart and not in contact
with the female portions 16. Subsequently, male portion 20 of the two-part
mold 18 and female portion 16 are brought in contact to form a mold cavity
(FIG. IF). Expandable resin beads or preexpanded resin beads are then added
to the mold cavity and a sufficient amount of heat is applied for a
sufficient length of time to the mold cavity to effect expansion of the
expandable resin beads or pre-expanded resin beads to form labeled
containers 24. The heat applied can be by way of electric, gas, or other
external heating units, or, as is often the case, applied by steam as
described below. The labeled containers are then cooled, male portion 20 is
separated from female portion 16 and the labeled containers 24 travel with
male portion 20 and are ready for removal by remover 14 (FIG. IA). As can
readily be envisioned by those skilled in the art, devices used to carry
out the above-described method can be equipped with a plurality of two-part
mold cavities 18and a corresponding number of mandrels 12. The horizontal
alignment of the two-part mold cavities and mandrel allow for more precise
positioning of the label sheet 10 in female portion 16, resulting in less
waste due to mislabeled containers, a significant advantage over the prior
art. The label sheet 10 is an important aspect of the invention, as it must
be capable of maintaining an electrostatic charge in order to effect
transfer and electrostatic adhesion to the inner wall of female portion 16.
As such, label sheet 10 includes an electrically insulating substrate
having a first surface and a second surface; optionally a heat sensitive
adhesive disposed over at least a portion of the first surface, and
optionally a coating and/or printing ink disposed over at least a portion
of a surface of the label sheet. In an embodiment of the invention, the
label sheet can be made from flexible sheet material, optionally printed on
its outside or inside surface with advertising or other matter. It is of
such dimensions and configuration as to be foldable about itself into a 



partial conical shape matching the side wall of the container and to extend
about the circumference of the container for the full height of the side
wall of the container. The label sheet, substrate or material is capable of
maintaining a surface electrostatic charge. As such, the surface
resistivity of the label sheet, substrate or material is greater than 1010
W/sq, in some cases greater than 101 1 W/sq, in other cases greater than 10
12 W/sq, in some instances greater than 10 13 W/sq, and in other instances
greater than 1014 W/sq. The greater the surface resistivity of the label
sheet, substrate or material, the stronger and longer the electrostatic
attraction between the label sheet and inner wall of female portion 16 will
be. In an embodiment of the invention, the substrate of label sheet 10
includes one or more materials selected from one or more thermoplastic
resins, cellulose based paper, and synthetic paper. Any suitable
thermoplastic resin can be used. Suitable thermoplastic resins include, but
are not limited to one or more selected from polyolefinic resins,
ethyleneacrylic acid copolymers, alkyl (meth)acrylate ester copolymers,
metal salts of ethylene-methacrylic acid copolymers,
poly(4-methyl-l-pentene), polyethyleneterephthalate resins, polyvinyl
chloride resins, polyamide resins, ABS resins, and combinations thereof.
Any suitable polyolefinic resin can be used. Suitable polyolefmic resins
include, but are not limited to propylene resins, high-density
polyethylene, medium-density polyethylene, linear low-density polyethylene,
ethylene-cyclic olefin copolymers, copolymers of propylene and one or more
a-olefins, and combinations thereof. Suitable synthetic papers that can be
used in the invention include, without limitation, resin-coated paper,
polyesters, microporous materials such as polyethylene polymer-containing
material sold by PPG Industries, Inc., Pittsburgh, Pa. under the trade name
of TESLIN(r), a non-limiting example of which are those disclosed in U.S.
Pat. No. 6,066,594, the relevant portions of which are incorporated herein
by reference, TYVEK(r) synthetic paper available from E.I. DuPont de
Nemours and Company, Wilmington, DE, OPPALYTE(r) films available from Mobil
Oil Corp., New York, NY, other composite films listed in U.S. Pat. No.
5,244,861, the relevant portions of which are incorporated herein by
reference, melt-extrusion-coated paper, and biaxially oriented support
laminates, such as those described in U.S. Patent Nos. 5,853,965;
5,866,282; 5,874,205; 5,888,643; 5,888,681; 5,888,683; and 5,888,714, the
relevant portions of which are incorporated herein by reference. In an
embodiment of the invention, the substrate has a melting point of at least
120C, in some cases greater than 130C, in other cases greater than 135C and
in some instances greater than 1400C. The melting point of the substrate is
advantageously greater than the processing temperatures during molding. The
thickness of the substrate can vary based on factors such as the type of
label material, the amount of structural support desired from the label
sheet, and the quality of the graphics to be printed on the label sheet. As
such the substrate can be at least 10 mm, in some cases at least 25 mm and
in other cases at least 50 mm thick and can be up to 1,500 mm, in some
cases up to 1,250 mm, in other cases up to 1,000 mm, in some instances up
to 750 mm and in other instances up to 500 mm thick. The thickness of the
substrate can be any value or range between any of the values recited
above. 



Any suitable heat sensitive adhesive can be used in the invention. Suitable
heat sensitive adhesives include, but are not limited to ethylene-vinyl
acetate copolymers,polyolefin resins, polyester resins, polyester-amide
resins, polyamide resins, thermoplastic elastomers, acrylic resins,
cellulosic resins, print lacquers and combinations thereof. In an
embodiment of the invention, a first end of a label overlaps with a second
end of a label to create a seam line as described above. In this
embodiment, a heat sensitive adhesive is only applied to at least a portion
of a bottom surface of only the overlap portion of the first end such that
the heat sensitive adhesive contacts at least a portion of a top surface of
the overlap portion of the second end. The label sheets used in the present
invention are typically used to provide high quality graphics to the
outside surface of the container. As such, the label sheets can include a
coating and/or printing ink on a surface of the label. If the label is
printed or coated on a surface in contact with the inner wall of female
portion 16, the components of the coating or printing ink advantageously
have a melting and/or softening point of at least 120C, in some cases
greater than 13O0C, in other cases greater than 1350C and in some instances
greater than 14O0C. When the melting and/or softening point of the
components of the coating or printing ink are greater than the processing
temperatures during molding, sticking of the labeled container to the inner
wall of the female portion can be avoided. When the label sheet is printed
or coated on a side that is not in contact with the inner wall of female
portion 16, any suitable printing ink or coating can be used. Typically,
the substrate is clear and the printing or coating can be seen through the
substrate. In an embodiment of the invention, when printing or coatings are
placed on a side that is not in contact with the inner wall of female
portion 16, the printing or coating is a mirror image so that the desired
image is viewed through the label sheet on the labeled container. In an
embodiment of the invention, the label sheet and any ink, adhesive or other
coating on the label sheet are suitable for direct and/or indirect food
contact and comply with one or more of Section 201 of the U.S. Federal
Food, Drug and Cosmetic Act, U.S. 2 1 Code of Federal Regulations (2005),
EU Plastics Directive, 2002/72/EC, CoE Resolution on paper and board,
Resolution AP (2002)1, or EC Superdirective on Food Contact
Materials.Mandrel 12 is used to transfer and position label sheet 10 in
female portion 16. In some embodiments of the invention, as shown in FIGS.
2 and 3, mandrel 12 will have a shape and dimensions similar to male
portion 20, which in many cases will be a partial conical shape. As such,
mandrel 12 can have a first base 50 having a dimension Dl; a second base 52
having a dimension D2, wherein D2 is greater than Dl ; a mandrel surface 54
circumferentially and longitudinally disposed about the first base 50 and
the second base 52; a plurality of charging pins 56, positioned within a
charging pin channel 57, which is positioned within generally circular
charging depressions 51positioned along the mandrel surface 54 from the
first base 50 to the second base 52; a plurality of lengthwise suction
holes 58 positioned along the mandrel surface 54 from the first base 50 to
the second base 52; a plurality of circumferential suction holes 59
positioned along the mandrel surface 54 in proximity to the second base 52.
Typically, at least the mandrel surface 54 of the mandrel 12 includes a
non-conducting material that is not 



deformable at ambient conditions. Aside from suction holes 58 and 59 and
the depressions surrounding charging pins 56, mandrel surface 54 can be
smooth. Lengthwise suction holes 58 desirably secure and hold a label sheet
against mandrel surface 54. Circumferential suction holes 59 desirably hold
a label sheet in a desired position and orientation on mandrel surface 54
to ensure proper positioning when inserted onto the inner wall of a female
portion and ultimately, proper label placement on the labeled containers
provided according to the invention. Thus the present method and device are
able to minimize waste resulting from mislabeled containers. In other
embodiments of the invention, as shown in FIGS. 4, 5_and 6, mandrel 12 has
a shape and dimensions similar to male portion 20, which in many cases will
be a partial conical shape. As such, mandrel 12 can have a first base 50
having a dimension Dl; a second base 52 having a dimension D2, wherein D2
is greater than Dl; a mandrel surface 54 circumferentially and
longitudinally disposed about the first base 50 and the second base 52; a
plurality of charging pins 56, within a charging pin channel 57, which is
positioned within generally rectangular charging depressions 53 positioned
along mandrel surface 54 from the first base 50 to the second base 52; a
plurality of label adhering suction holes 70 positioned lengthwise along
mandrel surface 54 from the first base 50 to the second base 52; a
plurality of label wrapping suction holes 72 positionedlengthwise along
mandrel surface 54 from the first base 50 to the second base 52 spaced
apart from label adhering suction holes 70 and first row 74 and second row
76 each containing a plurality of overlap suction holes 78 and 80
respectively positioned lengthwise along mandrel surface 54 from the first
base 50 to the second base 52 approximately oppositely opposed from label
adhering suction holes 70. Typically, at least mandrel surface 54 of
mandrel 12 includes a non-conducting material that is not deformable at
ambient conditions. Aside from suction holes 70, 72, 78 and 80 and the
depressions 53 surrounding charging pins 56, mandrel surface 54 can be
smooth. Label adhering suction holes 70 desirably secure and hold a label
sheet against mandrel surface 54 when it is first placed on mandrel 12.
Label wrapping suction holes 72 desirably hold a label sheet in a desired
position and orientation on mandrel surface 54 as the label is wrapped
around mandrel 12. First row 74 and second row 76 of overlap suction holes
78 and 80 respectively ensure proper positioning when wrapping is
completed. Suction holes 70, 72, 78 and 80 hold a label in a desired
position and orientation while it is inserted into a mold and transferred
onto the inner wall of a female portion and ultimately, proper label
placement on the labeled containers provided according to the invention.
Thus the present method and device are able to minimize waste resulting
from mislabeled containers. In many embodiments of the invention, Dl and D2
represent diameters of first base 50 and second base 52 respectively, which
can be circular in shape. In an embodiment of the invention, the dimension
Dl can be at least 1, in some cases at least 1.5 and in other cases at
least 2 cm and can be up to 12, in some cases up to 10, and in other cases
up to 8 cm. The dimension Dl will depend on the dimensions of the inner
surface of female portion and the desired labeled container. The dimension
Dl can be any value or range between any of the values recited above. In
another embodiment of the invention, the dimension D2 can be at least 1.5,
in some cases at least 2 and in other cases at least 2.5 cm and can be up
to 20, in some cases 



up to 15, and in other cases up to 10 cm. The dimension D2 will depend on
the dimensions of the inner surface of female portion, the desired labeled
container and will be larger than the dimension D2. The dimension D2 can be
any value or range between any of the values recited above.Any suitable
non-conducting material can be used for mandrel surface 54, so long as it
is able to electrically insulate and prevent short-circuiting of charging
pins 56. Suitable materials include, but are not limited to one or more
materials selected from fluoropolymers, homopolymers and copolymers of
fluoromonomers, homopolymers and copolymers of olefins, homopolymers and
copolymers of vinyl aromatic monomers, polyesters, polyamides,
polyester-amides, homopolymers and copolymers of vinyl chloride,
polycarbonates, polyoxymethylene, acetal polyoxymethylene, polysulfones,
ceramics, wood, glass, elastomeric polymers, combinations thereof and
metals coated with one or more of the materials listed above. Non-limiting
examples of suitable fluoropolymers and homopolymers and copolymers of
fluoromonomers include homopolymers and copolymers containing one or more
monomers selected from chlorotrifluoroethylene, tetrafluoroethylene,
trifluoroethylene, difluoroethylene, hexafluoropropylene, vinyl fluoride
and Ci-C12 alkyl (meth)acrylates containing from 1to 20, in some cases 1 to
15, and in other cases from 1 to 10 fluorine atoms, depending on the number
of carbon atoms in the alkyl chain. Nonlimiting examples of suitable
fluoropolymers include poly(vinylidene fluoride), poly(vinyl fluoride),
poly(chlorotrifluoroethylene), poly(tetrafluoroethylene),
poly(trifluoroethylene), the LUMIFLON(r) polymers available from Asahi
Glass Company, Ltd., Tokyo, Japan. KYNAR(r) available from Atofina
Chemicals, Inc., Philadelphia, PA, HYLAR(r) available from Ausimont, an
affiliate of the Montedison group, Milan, Italy, the NAFION(r), TEFZEL(r),
and TEFLON(r) available from E.I. DuPont de Nemours and Company,
Wilmington, DE, POM-PTFE(tm) available from Kern GmbH, Grossmaischeid,
Germany, and ARNITE(r) available from DSM IP Assets B.V, the Netherlands.
Mandrel surface 54 has an area sufficient to support a label during the
label insertion process described herein. Mandrel surface 54 supports a
label near first base 50, second base 52 and the space between the various
suction holes and charging depressions as described above. Charging pins 56
comprise a metal capable of conducting electricity and can contain, without
limitation, copper, iron, silver, aluminum, tungsten, manganese,
nickel,chromium, manganin, constantan, nichrome, and combinations thereof.
Electricity is conveyed to charging pins 56, by way of power line 60. In an
embodiment of the invention shown in FIG. 4, charging pin 56 terminates at
point 88 formed by conical sides 90 and 92, which form a charging angle 94.
The amount of charge transferred to a label can be controlled in part by
varying charging angle 94. Thus, charging angle 94 can be at least 20, in
some cases at least 25 and in other cases at least 30 degrees and can be up
to 120, in some cases up to 100, in other cases up to 80, in some instances
up to 60 and in other instance up to 50 degrees. Charging angle 94 is
determined based on the amount of charged desired to be transferred to a
label. Charging angle 94 can be any value or range between any of the
values recited above. Charging depressions 53 can have any suitable shape,
but will usually have a 



shape that allows for adequate charge transfer from charging pins 56 to a
label. As such, charging depressions 53 can have a circular, oval,
elliptical, square, rectangular, triangular, pentagonal, hexagonal,
heptagonal, octagonal, trapezoidal, parallelogram-like, or other suitable
shape. Charging depressions 53 extend a depth into mandrel surface 54 that
allows for adequate charge transfer from charging pins 56 to a label. As
such, charging depressions 53 can have a depth of at least about 0.04
inches ( 1 mm), in some cases at least about 0.1 inches (2.5 mm) and in
other cases at least about 0.25 inches (6.4 mm)and can be up to about 2
inches (51 mm), in some cases up to about 1.75 inches (44.5 mm)and up to
about 1.5 inches (38 mm). The depth of charging depressions 53 is
determined based on the amount of charge desired and the characteristics of
charging pins 56. The depth of charging depressions 53 can be any value or
range between any of the values recited above. The shape of charging
depressions 53 formed in mandrel surface 54 can have an area of at least
about 0.01 in2 (6.5 mm2), in some cases at least about 0.05 in2 (32 mm2),
and in other cases at least about 0.1 in2 (65 mm2) and can be up to about 4
in2 (2,581 mm2), in some cases up to about 2 in2 (1290 mm2) and in other
cases up to about 1 in2 (645 mm2) . The area of charging depressions 53 is
determined based on the amount ofcharge desired and the characteristics of
charging pins 56. The area of charging depressions 53 can be any value or
range between any of the values recited above. Referring to FIG. 2, vacuum
is applied to mandrel 12 by way of vacuum line 62. When lengthwise vacuum
valve 64 is open, vacuum is pulled through lengthwise suction holes 58 via
lengthwise vacuum channel 66. When circumferential vacuum valve 68 is open,
vacuum is pulled through circumferential suction holes 59 via
circumferential vacuum channel 67. Referring to FIGS. 4, 5, and 6, vacuum
to label adhering suction holes 70 is provided via label adhering vacuum
channel 90, which is located similarly to lengthwise suction holes 58 via
lengthwise vacuum channel 66 as shown in FIG. 2. The vacuum to wrapping
suction holes 72 is provided via wrapping vacuum channel 92 similarly to
circumferential suction holes 59 and circumferential vacuum channel 67 as
shown in FIG. 2. Vacuum to overlap suction holes 78 and 80 is provided by
overlap vacuum channels 94 and 96 respectively. Typically, the vacuum
supply to vacuum channels 92, 94 and 96 are provided from the same source
and controlled via the same valves or other mechanism and the vacuum to
label adhering vacuum channel 90 is supplied and controlled separately. In
embodiments of the invention, vacuum line 62 and suction holes 58 and 59
can be adapted to provide a "puff of compressed air to effect transfer of a
label from mandrel 12 to the inner wall of female portion 16. Similarly,
vacuum channels 90, 92, 94 and 96 and suction holes 70, 72, 78 and 80 can
be adapted to provide a "puff of compressed air to effect transfer of a
label from mandrel 12 to the inner wall of female portion 16. In an
embodiment of the invention, remover 14 can be attached to mandrel 12 (see
FIG. 2). In this embodiment, vacuum line 62 is used to apply vacuum via
remover channel 72. The vacuum applied via remover channel 72 can be
controlled by a regulating valve (not shown). 



The vacuum can be applied, as a non-limiting example, by using a vacuum
pump or a venturi attached to a compressed air line as is known in the art.
Mandrels have been used for in-mold labeling in injection molding
operations as disclosed in U.S. Patent No. 6,007,759. The disclosed
injection molding mandrelsinclude an electrically conducting layer
consisting of a flexible foam material as an outer surface. Using such an
outer surface on the present mandrel is undesirable as it leads to
inconsistent and poor label placement on the inner wall of the female
portion because the foam material cannot be machined to exact measurements
to provide for tight tolerances and clearances as the present mandrel can.
Additionally, the thickness of the foam material can decrease with use due
to wear, leading to further inconsistent label placement. As indicated
above, mandrel 12 is used to transfer and position a label sheet 10 to the
inner wall of female portion 16. Once label sheet 10 is positioned, female
portion 16 and male portion 20 of two-part mold 18 can be utilized to make
labeled container 24. Thus, two-part mold tool 18 for molding the expanded
plastic container includes a male portion 20 and a female portion 16 which
are assembled to form a mold cavity defining the container having, at least
one cavity for heating and/or cooling fluid in at least one of the male
and/or female portions adjacent the mold cavity and extending adjacent at
least that part of the cavity defining the side wall(s) of the container,
conduit means for supplying steam to the heating/cooling cavity, and a
passageway means through which steam is injected into the mold cavity. In
the present invention, labeled container 24 is molded in a horizontal
orientation with its mouth and base in a plane and steam for cooking
plastic material is injected at least at the base end (male portion) of the
mold adjacent the base of the container. The two-part mold tool 18 can
include a male portion 20 that includes a core section and an outer shell
fitted over the core section so as to provide a heating/cooling cavity
within the outer shell. The outer surface of the shell molds the internal
surface of the container and the heating/cooling cavity can be
substantially coextensive with the shell. The male portion 20 cooperates
with a female portion 16, with label sheet 10 positioned along an inner
wall, assembled over the male portion to define the mold cavity. The female
portion 16 can include an inner female shell which molds the external wall
of the container to the label sheet and a mold member fitted over the
outside of the female shell so as to provide a heating/cooling cavity
substantially coextensive with the female shell and about the outside of
the mold cavity. Suitable conduits are arranged to supply flushing steam or
cooling liquid to the heating/cooling cavities. One of the conduits is
connectable, undercontrol of a first valve means, to a passageways means
communicating with the end of the mold cavity to permit steam to be
injected into the mold to cook the molding material. An embodiment of the
mold cavity used in the present invention is shown in FIG. 7. The two-part
mold tool 110 for producing a labeled container according to the invention
molds the container with its base and mouth directed horizontally. The tool
includes male portion 112 and female portion 114 which are assembled to
form a mold cavity 118 for the container to be molded. The male portion 112
has a core section 119 and an outer shell 120 fitted over the core section
so as to leave a heating/cooling cavity 121 between the outer shell and the
core section. The external surface of the outer shell forms a molding
surface for the internal surfaces of the base and side walls of the
container and the heating/cooling cavity 121 is substantially coextensive
with the base 



and side walls of the mold cavity. The female portion 114 includes an inner
female shell 122 which molds the external surfaces of the base and side
walls of the container and a top mold member 123 which is fitted over the
outside of the female shell so as to provide a heating/cooling cavity 124
between the female shell and the top mold member. This outer
heating/cooling cavity is substantially coextensive with the base and side
walls of the mold cavity. In an embodiment of the invention, the molding
surface of female shell 122 is smooth. The core section and outer shell of
the male portion 112 can be secured together at an end of the mold tool by
machine screws 116 and the inner female shell and a mold member of the
female portion 114 can be secured together by machine screws 117. Oring
seals 138 can be disposed between the components of the mold parts, at
appropriate positions, to seal the components together. Extending centrally
through the male portion 119 to a position adjacent the left end thereof is
a central conduit 125 through which flushing steam for heating the mold
during preheating or cooking or cooling liquid for cooling the mold is
alternatively supplied to the inner cavity 121. Flushing steam or cooling
liquid is delivered to the conduit 125 by a pipe 115 that can be coupled to
the male portion by machine screws 113 and sealed to the conduit by an
O-ring seal 111. Steam or liquid exits the cavity 121 through an annular
outlet 126 adjacent the right end of the mold tool. At its left end, the
conduit 125 is connected, through a valve port 127 to diametrically
disposedpassageways 128 communicating with the mold cavity 118 via an
annular groove (not shown) in the outer surface of the outer shell 120. The
valve port 127 can be controlled by a spring loaded valve member 130
disposed at the left end of the conduit 125 and actuated by a hollow valve
rod 131 projecting through the conduit to a suitable pneumatic actuating
mechanism. The valve member 130 has an axial passageway 132 connected to
the hollow actuating rod 131 to permit compressed air to be supplied
through the rod, the valve member and the passageways 128 into the mold
cavity so as to assist in ejecting a molded container from the mold cavity
118 at the end of the molding cycle. Flushing steam and cooling liquid are
alternatively supplied to the outer heating/cooling cavity 124 via a port
135 in the top mold member 123, which port is connected to a suitable
supply conduit (not shown). The steam and liquid exit from the cavity via
an annular outlet 136 and annular manifold 137 adjacent the right end of
the mold cavity. Expandable and/or pre-expanded resin beads of a suitable
molding material for the container as described below can be supplied to
the mold cavity through a conduit (not shown) coupled to the top mold
member 123 by a coupling unit (not shown) attached to the top mold member
and connected to a funnel shaped port 140 in the inner female shell 122
which communicates with mold cavity 118. Delivery of expandable and/or
preexpanded resin beads to mold cavity 118 can be assisted by the supply of
compressed air through an air nozzle (not shown) also coupled to port 140.
Also, compressed air can be supplied to the nozzle when the female portion
114 and male portion 112 are separated at the end of a molding cycle in
order to retain the molded container on male portion 112 preparatory to
removal from the tool by remover 14. In order to mold a container, the
female portion 114 is assembled to the male portion 112, as shown in FIG.
7, and expandable and/or pre-expanded resin beads are 



injected into the mold cavity 118 via the funnel shaped port 140 in the
female shell 122. When the mold cavity is full, steam can be injected
through the conduit 125 and the port 135 in order to flush the inner and
outer cavities 121 and 124 with steam and thereby heating the mold. At the
appropriate time in the molding cycle, the pneumatically operated valve rod
131 is actuated in order to withdraw the valve member 130 and permit steam
to enter the mold cavity 118 via port 127, the passageways 128 and the
annulargroove 129 in order to cook the expandable and/or pre-expanded resin
beads in the mold cavity. At the end of the cook cycle, the valve member
127 is closed and cooling liquid is supplied, via the conduit 125 and port
135, to the heating/cooling cavities 121 and 124 in order to cool the mold
tool and the molded container, whereafter the male portion 112 and female
portion 114 are separated and compressed air is supplied through the hollow
valve rod 131 and valve member 130 to the passageways 128 in order to blow
air into the molded cup and facilitate ejection of the cup from the male
portion 112. Further embodiments of the mold cavity used in the present
invention are shown in FIG. 8. The two-part mold tool 150 for producing a
labeled container according to the invention molds the container with its
base and mouth directed horizontally. The tool includes male portion 152
and female portion 154 which are assembled to form a mold cavity 158 for
the container to be molded. The male portion 152 has a core section 159,
which can be solid or include hollow portions, and an outer shell 160
fitted over the core section so as to leave a heating/cooling cavity 161
between the outer shell and the core section. The external surface of the
outer shell forms a molding surface for the internal surfaces of the base
and side walls of the container and the heating/cooling cavity 161 is
substantially coextensive with the base and side walls of the mold cavity.
The female portion 154 includes an inner female shell 162 which molds the
external surfaces of the base and side walls of the container and a top
mold member 163 which is fitted over the outside of the female shell so as
to provide a heating/cooling cavity 164 between the female shell and the
top mold member. This outer heating/cooling cavity is substantially
coextensive with the base and side walls of the mold cavity. In an
embodiment of the invention, the molding surface of female shell 162 is
smooth. The core section and outer shell of the male portion 152 can be
secured together at an end of the mold tool by bolts 166 and the inner
female shell and a mold member of the female portion 154 can be secured
together by bolts 167. O-ring seals 168 can be disposed between the
components of the mold parts, at appropriate positions, to seal the
components together. Extending centrally through the core section 169 of
male portion 152 to a position adjacent the left end thereof is a central
conduit 165 through which flushing steam forheating the mold during
preheating or cooking or cooling liquid for cooling the mold is
alternatively supplied to the inner cavity 161. Flushing steam or cooling
liquid is delivered to the conduit 165 by a pipe 155 that can be coupled to
the male portion by machine screws and sealed to the conduit by an O-ring
seal 151. Steam or liquid exits the cavity 161 through an annular outlet
156 adjacent the right end of the mold tool. At its left end, the conduit
165 is connected, through a valve port 157 to diametrically disposed
passageways 168 communicating with the mold cavity 158 via annular groove
168 in the left hand portion of the outer shell 160. In this embodiment,
annular groove 168 is positioned between valve port 157 and base end 180 of
mold cavity 158. The valve port 



157 can be controlled by a spring loaded valve member 170 disposed at the
left end of the conduit 165 and actuated by a hollow valve rod 171
projecting through the conduit to a suitable pneumatic actuating mechanism.
The valve member 170 has an axial passageway (not shown) connected to the
hollow valve or actuating rod 171 to permit steam to be supplied through
the rod, the valve member and the cook lid 167 to provide additional heat
to the mold cavity 158 during the molding cycle. Flushing steam and cooling
liquid are alternatively supplied to the outer heating/cooling cavity 164
via port 175 in the left end of female portion 154, which port 175 is
connected to a suitable supply conduit (not shown). The steam and liquid
exit from the cavity via an annular manifold 177 adjacent the right end of
the mold cavity. At the end of the molding cycle, compressed air can be
supplied through passageway 190 in order to blow air into the molded cup
and facilitate ejection of the cup from the male portion 152. In an
embodiment of the invention, heat, which can be supplied in the form of
steam as indicated above, can be applied in a heat cycle in the female
portion that is independent from heat applied in a heat cycle in the male
portion. Expandable and/or pre-expanded resin beads of a suitable molding
material for the container as described below can be supplied to the mold
cavity through a conduit (not shown) coupled to the left of female portion
154 by a coupling unit (not shown) attached to female portion 154 and
connected to a funnel shaped port 180 in the inner female shell 162 which
communicates with mold cavity 158. Delivery of expandable and/or
pre-expanded resin beads to mold cavity 158 can be assisted by the supply
ofcompressed air through an air nozzle (not shown) also coupled to port
180. Also, compressed air can be supplied to the nozzle when the female
portion 154 and male portion 152 are separated at the end of a molding
cycle in order to retain the molded container on male portion 152
preparatory to removal from the tool by remover 14. In order to mold a
container, the female portion 154 is assembled to the male portion 152, as
shown in FIG. 8, and expandable and/or pre-expanded resin beads are
injected into the mold cavity 158 via the funnel shaped port 180 in the
female portion 154. When the mold cavity is full, steam can be injected
through the conduit 165 and the port 175 in order to flush the inner and
outer cavities 161 and 164 with steam and thereby heating the mold. At the
appropriate time in the molding cycle, the pneumatically operated valve rod
171 is actuated in order to withdraw the valve member 170 and permit steam
to enter the mold cavity 158 via port 157, the passageways 168 and the
annular groove in order to cook the expandable and/or pre-expanded resin
beads in the mold cavity. At the end of the cook cycle, the valve member
157 is closed and cooling liquid is supplied, via the conduit 155 and the
port, to the heating/cooling cavities 161 and 164 in order to cool the mold
tool and the molded container, whereafter the male portion 152 and female
portion 154 are separated and compressed air is supplied through the hollow
valve rod 171 and valve member 170 to the passageways 168 in order to blow
air into the molded cup and facilitate ejection of the cup from the male
portion 152. In an embodiment of the invention, heat, which can be supplied
in the form of steam as indicated above, can be applied in a heat cycle in
the female portion that is independent from heat applied in a heat cycle in
the male portion. 



Additional embodiments of the invention provide coordination between the
positioning of male portion 20, female portion 16 and mandrel 12/remover 14
and the molding cycle described above. When male portion 20 and female
portion 16 are joined to form mold 18, as shown in FIG. IF, a molding cycle
begins. Referring to FIG. 7 (while the same steps can be followed using the
two-part mold shown in FIG. 8), the first step in the molding cycle
includes adding expandable or pre-expanded resin beads to the mold cavity.
Next, a dwell period can be initiated, whereby steam is applied to female
portion 16 and male portion 20 as described above. The dwell time can be at
least 2, insome cases at least 3 and in other cases at least 5 seconds and
can be up to 60, in some cases up to 45 and in other cases up to 30 seconds
and can be any length of time or range between any of the lengths of time
described above. Following the dwell period, a cook period can be
performed, whereby steam enters the mold cavity as described above. The
cook period can be at least 5, in some cases at least 7 and in other cases
at least 10 seconds and can be up to 60, in some cases up to 45 and in
other cases up to 30 seconds and can be any length of time or range between
any of the lengths of time described above. Following the cook period, a
cooling period can be performed, whereby cooling water is flushed through
female portion 16 and male portion 20 as described above. The cooling
period can be at least 5, in some cases at least 10 and in other cases at
least 15 seconds and can be up to 60, in some cases up to 45 and in other
cases up to 30 seconds and can be any length of time or range between any
of the lengths of time described above. Cooling water can continue to flow
through female portion 16 and male portion 20 while the steps described in
FIGS. IA through IE are conducted. Typically, the cooling water flow can be
stopped after the steps shown in FIGS. 1C, ID or IE. Cooling the male
portion makes the removal of labeled container 24 easier (helps to prevent
any sticking to the female portion). Labeled container 24 typically then
contains molded expandable resin beads or pre-expanded resin beads and has
a density of at least 0.5, in some cases at least 1, in other cases at
least 1.5, and in some instances at least 2 lb./ft.3 and can be up to 12,
in some cases up to 10, and in other cases up to 8 lb./ft.3. The density of
the molded expandable resin beads or pre-expanded resin beads can be any
value or range between any of the values recited above. Generally, the
expandable resin beads are prepared by dispersing a monomer mixture in an
aqueous system; polymerizing the monomer mixture in the presence of a free
radical polymerization initiator to form a dispersion of resin beads;
screening the resin beads to remove beads with undesired dimensions; and
impregnating the resin beads with a blowing agent.Any suitable expandable
resin beads or pre-expanded resin beads can be used in the invention.
Suitable resin beads include those with dimensions that allow the
expandable and/or pre-expanded beads to be fed to the two-part mold as
described herein without clogging or obstructing the feed channels in the
mold and are able to expand and fuse together to form a molded container as
described herein. Suitable expandable resin beads, include but are not
limited to, those that contain homopolymers of vinyl aromatic monomers;
copolymers of at least one vinyl aromatic monomer with one or more of
divinylbenzene, conjugated dienes, alkyl (meth)acrylates,
(meth)acrylonitrile olefins, 



and/or maleic anhydride; polyolefins; polycarbonates; polyesters;
polyamides; natural rubbers; synthetic rubbers; and combinations thereof.
Suitable vinyl aromatic monomers include, but are not limited to, styrene,
isopropylstyrene, alpha-methylstyrene, nuclear methylstyrenes,
chlorostyrene, tertbutylstyrene. In an embodiment of the invention, the
vinyl aromatic monomers can be copolymerized with one or more other
monomers, non-limiting examples being divinylbenzene, conjugated dienes
(non-limiting examples being butadiene, isoprene, 1, 3- and 2,4-
hexadiene), alkyl methacrylates, alkyl acrylates, acrylonitrile, and maleic
anhydride, where the vinyl aromatic monomer is present in at least 50% by
weight of the copolymer. In many embodiments of the invention, styrenic
polymers are used, particularly polystyrene, however, other suitable
polymers can be used, such as polyolefins (e.g. polyethylene,
polypropylene), polycarbonates, polyphenylene oxides, and mixtures thereof.
In a particular embodiment of the invention, the expandable resin beads
include expandable polystyrene (EPS) particles. In the present invention,
the resin beads are formed via polymerization in a suspension process, from
which essentially spherical resin beads are produced. These beads are
useful as resin beads for making expanded polymer containers. However,
polymers derived from solution and bulk polymerization techniques that are
extruded and cut into particle sized resin bead sections of appropriate
dimensions can also be used. In an embodiment of the invention, expandable
resin beads or pre-expanded resin beads containing any of the
above-mentioned polymers have an average particle size of at least 10, in
some situations at least 25, in some cases at least 50, in other cases at
least 75,in some instances at least 100 and in other instances at least 150
mm. Also, the expandable resin beads or pre-expanded resin beads can have
an average particle size of up to 600, in some instances up to 550, in
other instances up to 500, in some cases up to 450, in other cases up to
400, and in some situations up to 350 mm. The maximum average size of the
expandable resin beads or pre-expanded resin beads will be limited by the
dimensions of the two-part mold to allow for feeding of the expandable
and/or preexpanded resin beads into the mold as described herein. The
expandable resin beads or pre-expanded resin beads used in this embodiment
can be any value or can range between any of the values recited above. The
number average particle size and size distribution of the expandable resin
beads or pre-expanded resin beads can be determined using low angle light
scattering, which can provide a weight average value. As a non-limiting
example, a Model LA-910 Laser Diffraction Particle Size Analyzer available
from Horiba Ltd., Kyoto, Japan can be used In an embodiment of the
invention, the polymers in the resin bead have a weight average molecular
weight (Mw) of at least 25,000, in some cases at least 50,000, and in other
cases at least 75,000 and the Mw can be up to 1,000,000, in some cases up
to 750,000 and in other cases up to 500,000. The weight average molecular
weight of the polymers in the resin bead can be any value or can range
between any of the values recited above. In an embodiment of the invention,
after polymerization, the resin beads are isolated and dried and then
suspended in an aqueous system. As used herein, "aqueous 



system" means a solution or mixture containing at least 50 wt.% water as
the solution medium and/or continuous phase. Dispersing aids, nonionic
surfactants and/or waxes can also be added to the aqueous system. When the
resin beads are dispersed in the aqueous system, one or more blowing agents
can be added. The expandable thermoplastic particles or resin beads can
optionally be impregnated using any conventional method with a suitable
blowing agent. As a nonlimiting example, the impregnation can be achieved
by adding the blowing agent to the aqueous suspension during the
polymerization of the polymer, or alternatively by resuspending the
particles or resin beads in an aqueous medium and then incorporating
theblowing agent as taught in U.S. Pat. No. 2,983,692. Any gaseous material
or material which will produce gases on heating can be used as the blowing
agent. Conventional blowing agents include aliphatic hydrocarbons
containing 4 to 6 carbon atoms in the molecule, such as butanes, pentanes,
hexanes, and the halogenated hydrocarbons, e.g. CFCs and HCFCs, which boil
at a temperature below the softening point of the polymer chosen. Mixtures
of these aliphatic hydrocarbon blowing agents can also be used.
Alternatively, water can be blended with these aliphatic hydrocarbons
blowing agents or water can be used as the sole blowing agent as taught in
U.S. Pat. Nos. 6,127,439; 6,160,027; and 6,242,540 in these patents,
water-retaining agents are used. The weight percentage of water for use as
the blowing agent can range from 1to 20%. The texts of U.S. Pat. Nos.
6,127,439, 6,160,027 and 6,242,540 are incorporated herein by reference. In
an embodiment of the invention, the blowing agent can include one or more
selected from nitrogen, sulfur hexafluoride (SF6), argon, carbon dioxide,
1,1,1,2- tetrafluoroethane (HFC-134a), 1,1,2,2-tetrafluoroethane (HFC-134),
1,1,1,3,3- pentafluoropropane, difluoromethane (HFC-32), 1,1-difluoroethane
(HFC-152a), pentafluoroethane (HFC-125), fluoroethane (HFC-161) and
1,1,1-trifluoroethane (HFC- 143a), methane, ethane, propane, n-butane,
isobutane, n-pentane, isopentane, cyclopentane, neopentane, hexane,
azodicarbonamide, azodiisobutyro-nitrile, benzenesulfonylhydrazide,
4,4-oxybenzene sulfonyl-semicarbazide, p-toluene sulfonyl semi-carbazide,
barium azodicarboxylate, N,N'-dimethyl-N,N'-dinitrosoterephthalamide,
trihydrazino triazine, mixtures of citric acid and sodium bicarbonate, and
combinations thereof. In an embodiment of the invention, the blowing agent
can be present in the expandable resin beads or pre-expanded resin beads at
a level of less than 14 wt %, in some situations less than 6 wt %, in some
cases ranging from about 2 wt % to about 5 wt %, and in other cases ranging
from about 2.5 wt % to about 3.5 wt % based on the weight of the resin
bead. Any suitable dispersing aid can be used in the present invention.
Suitable dispersing aids prevent the resin beads from sticking together
when dispersed in the aqueous system. Examples of suitable dispersing aids
include, but are not limited tofinely divided water-insoluble inorganic
substances such as tricalcium phosphate, zinc oxide, bentonite, talc,
kaolin, magnesium carbonate, aluminum oxide and the like as well as
water-soluble polymers such as polyvinyl alcohol, alkyl aryl sulfonates,
hydroxyethyl cellulose, polyacrylic acid, methyl cellulose, polyvinyl
pyrrolidone, and the like, sodium linear alkyl benzene sulfonates, such as
sodium dodecylbenzene-sulfonate, and combinations thereof. In an embodiment
of the invention, the dispersing aid includes 



tricalcium phosphate together with a sodium linear alkylbenzene sulfonate.
The amount of the dispersing aid necessary will vary depending on a number
of factors but will generally be at least about 0.01, in some cases at
least about 0.05, and in other cases at least about 0.1 and can be up to
about 2, in some cases up to about 1, and in other cases up to about 0.75
parts by weight per 100 parts by weight of resin beads. The amount of the
dispersing aid can be any value or can range between any of the values
recited above. One or more non-ionic surfactants can be included such as
polyoxyalkylene derivatives of sorbitan fatty acid esters, such as C8 to
C32 linear or branched with up to five units of unsaturation, non-limiting
examples being oleates, stearates, monolaurates and monostearates, an
ethylene oxide/propylene oxide block copolymer, or other nonionic or
anionic surface active agent can be added to the aqueous suspension if
desired. In an embodiment of the invention, the amount of surfactant is at
least 0.01, in some cases at least 0.05, and in other cases at least 0.1
and can be up to 2, in some cases up to 1, and in other cases up to 0.75
parts by weight per 100 parts by weight of resin beads. The amount of
surfactant can be any value or can range between any of the values recited
above. In an embodiment of the invention, the HLB of the above-mentioned
polyoxyalkylene containing surfactants is at least 8, in some cases at
least 10 and in other cases at least 12 and can be up to 22, in some cases
up to 20 and in other cases at least 18. The HLB of the polyoxyalkylene
containing surfactants can be any value or can range between any of the
values recited above. The non-ionic surfactants can aid in the formation of
fine cell structure in the expanded resin beads. The waxes used in the
present invention, at atmospheric pressure, are typically solid at 20C and
below, in some cases 25C and below, and in other cases 30C and below, and
are liquid at 125C and above, in some cases 150C and above, and in other
cases 200C and above. The physical properties of the waxes used in the
presentinvention are selected to aid in the formation of fine cell
structure in the expanded resin beads. In an embodiment of the invention,
the waxes are selected from natural and/or synthetic waxes. As such, the
waxes used in the present invention can be one or more materials selected
from C10 to C3 , in some instances C1 to C3 , in some cases C14 to C32, and
in other cases C1 to C32 linear, branched or cyclic alkyl, alkenyl, aryl,
alkaryl, or aralkyl alcohols; C10 to C32, in some instances C12 to C3 , in
some cases C14 to C32, and in other cases C16 to C32 linear, branched or
cyclic alkyl, alkenyl, aryl, alkaryl, or aralkyl carboxylic acids and/or
their corresponding ammonium and metal salts or C1 to C32, in some
instances C12 to C32, in some cases Ci4 to C32, and in other cases C16 to
C32 linear, branched or cyclic alkyl, alkenyl, aryl, alkaryl, or aralkyl
esters; C1 to C32, in some instances C12 to C32, in some cases Ci4 to C32,
and in other cases C16 to C3 linear, branched or cyclic alkyl, alkenyl,
aryl, alkaryl, or aralkyl hydrocarbons; polyethylene; polypropylene;
polyester; polyether; and combinations thereof, so long as they meet a
combination of liquid and solid temperatures as defined above. The
polyethylene, polypropylene, polyester, and polyether waxes can have a
molecular weight (Mw) of from about 1,000 to about 100,000 so long as they
meet a combination of liquid and solid temperatures as defined above In an
embodiment of the invention, the amount of wax is at least 0.01, in some
cases at least 0.05, and in other cases at least 0.1 and can be up to 2, in
some cases up to 



1, and in other cases up to 0.75 parts by weight per 100 parts by weight of
expandable resin beads or pre-expanded resin beads. The amount of wax can
be any value or can range between any of the values recited above. The
resin beads used in the invention are advantageously solid particles in the
form of thermoplastic resin particles produced from suspension
polymerization as indicated above. The polymer is formed as a slurry of
finely divided particles in the aqueous suspension. The particles are
recovered by washing and drying. hi an embodiment of the invention, the
resulting resin beads can be screened to remove any resin beads with
particle sizes that are too large. In many cases, resin beads having a
particle size greater than 600 mm, in some cases greater than 500 mm and in
other cases greater than 400 mm are removed by screening.The impregnated
resin beads can include an interpolymer of a polyolefin and in situ
polymerized vinyl aromatic monomers and optionally other expandable
polymers. In embodiments of the invention, the interpolymer of a polyolefin
and in situ polymerized vinyl aromatic monomers is one or more of those
described in U.S. Patent Nos. 3,959,189; 4,168,353; 4,303,756, 4,303,757
and 6,908,949, the relevant portions of which are herein incorporated by
reference. A non-limiting example of such interpolymers that can be used in
the present invention include those available under the trade name
ARCEL(r), available from NOVA Chemicals Inc., Pittsburgh, PA and
PIOCELAN(r), available from Sekisui Plastics Co., Ltd., Tokyo, Japan. In
embodiments of the invention, the impregnated resin beads are partially
expanded or "pre-expanded" prior to being used in the molding equipment
according to the invention. Thus, the resin beads can be pre-expanded to a
bulk density of at least 0.5 lb/ft3 (0.008 g/cc), in some cases at least
1.25 lb/ft3 (0.02 g/cc), in other cases at least 1.5 lb/ft3 (0.024 g/cc),
in some situations at least 1.75 lb/ft3 (0.028 g/cc), in some circumstances
at least 2 lb/ft3 (0.032 g/cc) in other circumstances at least 3 lb/ft3
(0.048 g/cc) and in particular circumstances at least 3.25 lb/ft3 (0.052
g/cc) or 3.5 lb/ft3 (0.056 g/cc). When non-expanded resin beads are used
higher bulk density beads can be used. As such, the bulk density can be as
high as 40 lb/ft3 (0.64 g/cc). The bulk density of the pre-expanded resin
beads can be any value or range between any of the values recited above.
The bulk density of the polymer particles, resin beads and/or prepuff
particles is determined by weighing a known volume of polymer particles,
beads and/or prepuff particles (aged 24 hours at ambient conditions). The
expansion step is conventionally carried out by heating the impregnated
beads via any conventional heating medium, such as steam, hot air, hot
water, or radiant heat. One generally accepted method for accomplishing the
pre-expansion of impregnated thermoplastic particles is taught in U.S. Pat.
No. 3,023,175, the relevant portions of which are incorporated herein by
reference. In many embodiments of the invention, the pre-expanded resin
beads have an average particle size of at least 10, in some situations at
least 25, in some cases at least 50, in other cases at least 75, in some
instances at least 100 and in other instances at least150 mm. Also, the
pre-expanded resin beads can have an average particle size of up to 600, in
some instances up to 550, in other instances up to 500, in some cases up to
450, in other cases up to 400, and in some situations up to 350 mm. The
maximum average size of the pre-expanded resin beads will be limited by the
dimensions of the two-part mold to 



allow for feeding of the expandable and/or pre-expanded resin beads into
the mold as described herein. The pre-expanded resin beads can be screened
to remove beads that are too large. The pre-expanded resin beads used in
this embodiment can be any value or can range between any of the values
recited above. The present invention provides a device for producing
labeled expanded resin containers that can be used according to the
above-described method. The present device includes a frame made up of a
first leg and a second leg attached by one or more first braces, a third
leg attached to the second leg by one or more second braces, a fourth leg
attached to the third leg by one or more third braces and attached to the
first leg by one or more fourth braces; at least one mold cavity rail
attached to a second brace and a fourth brace; at least one mandrel rail
attached to a first brace and a third brace and oriented perpendicular to
the mold cavity rail; a female mold cavity car adapted to move along at
least one mold cavity rail between a removed position, a transfer position,
and a molding position and including at least one female portion of a
two-part mold oriented parallel to the mold cavity rail; a male mold cavity
car adapted to move along at least one mold cavity rail between an extended
position, a releasing position and a molding position and including at
least one male portion of the two-part mold oriented parallel to the mold
cavity rail, where the female portion and male portion form a mold cavity
when the female and male mold cavity cars are in their respective molding
positions; and a mandrel car adapted to move along at least one mandrel
rail between a readying position and an insertion position and including at
least one mandrel adapted to seat within the female portion when the
mandrel car is in the insertionportion and the female portion is in the
transfer position, the mandrel car including one or more cup removers
adapted to pull a vacuum and be oriented directly opposed to a male portion
when the mandrel car is in the insertion position and the male cavity car
is in the releasing position. The female portion and male portion are
typically made of metals and/or metal alloys that are good thermal
conducting materials. As such, they can contain, in alloy or in clad
layers, materials selected from, without limitation, copper, iron, silver,
aluminum, tungsten, manganese, nickel, bronze, chromium, manganin,
constantan, nichrome, and combinations thereof. Additionally, it can be
desirable to include a layer, which can encompass the innef wall of the
female portion with a hard metal or alloy. The hard material provides a
surface that can be cleaned without damaging the surface of the inner wall
of the female portion. Damage to the inner wall can cause containers to
stick to the female portion during molding leading to undesirable
unscheduled machine downtime. The hard material can be selected, without
limitation, from stainless steel, molybdenum, tungsten, tantalum, niobium,
vanadium, and combinations and alloys thereof. In embodiments of the
invention and in order to provide label sheets for use in the invention,
the present device includes one or more or a plurality of label sheet
magazines and an equivalent number of suction plates adapted to transfer
label sheets from a 



magazine to a mandrel. As such, the present device includes one or more
magazines, adapted to hold a plurality of label sheets, attached to the
frame and adapted to move between a loading position and a feeding
position; and one or more suction plates attached to an arm, the arms being
attached to the frame, the arms being adapted to move between a pick up
position, where the suction plates are in close proximity to a top label in
the magazines, and a feeding position, where the suction plates are in
close proximity to the mandrel when the mandrel car is in the readying
position. The present device can also include positioning fingers attached
to the suction plate arm. The positioning fingers are adapted to wrap a
label sheet around a mandrel. The device according to the invention can
include any number of corresponding male portions and female portions of
two-part molds and a corresponding number ofmandrels and removers,
collectively referred to as "cavity parts." Not meaning to limit the scope
of the invention in any way, the device according to the invention can have
one cavity part, two cavity parts and so on up to, in some cases 24 cavity
parts depending on the desired throughput of the device. In an embodiment
of the invention, the device can have from 1 to 24, in some cases from 1 to
12, in other cases from 1to 10, in some situations from 2 to 10, in other
situations from 2 to 8, and in some instance from 4 to 8 cavity parts. The
following embodiment of the invention for illustration purposes describes,
without limitation, a device for making labeled containers according to the
invention that has six cavity parts (FIGS. 9-18). In this embodiment of the
invention as shown in FIG. 9, mandrel rails 209 are located above mandrel
car 2 11. Optionally, one or more supplemental mandrel rails 208 can be
positioned adjacent the bottom of mandrel car 2 11 to increase the
stability of mandrel car 2 11. Mandrel car 2 11 includes six mandrels 212
extending from a first side of mandrel car 2 11 and six removers 214
extending from a second side of mandrel car 211. Mandrel car 2 11 includes
a movement housing 270 adapted to move along mandrel rails 209 and
optionally a bottom movement housing 207 adapted to move along supplemental
mandrel rail 208. Movement along mandrel rails 208 and 209 can be effected
using an appropriate movement means 271, non limiting examples being
pneumatic drives, mechanical drives, servo drives, electric motors or by
hand. Movement housing 270 can include one or more collars 272 that fit
around at least a portion of mandrel rail 209 and/or supplemental mandrel
rail 208 (not shown). Alternatively (and not shown), wheels adapted to move
along mandrel rails 208 and/or 209 can be used. Mechanical stops can be
placed on mandrel rails 208 or 209 to ensure the reproducible location of
mandrel car 2 11 at the readying position and the insertion position.
Alternatively, the stops can be achieved by setting the stroke distance on
a pneumatic drive or actuator or prescribing the number of turns or angles
in a servo drive. In FIG, 9, mandrel car 2 11 is shown in the readying
position. Also shown in FIG. 9 is labeling arm 274, which includes label
magazines 276, suction plates 278, and labeling fingers 280. Label
magazines 276 are attached to labeling arm 274 by way of pivoting arms 282.
Pivoting arms 282 can move from a feeding position (shown) to a loading
position, where the magazines 276 rotate away from mandrel car 2 11 and
suction plate 278. In the loading position, label sheets can beplaced in
label magazines 276. In the feeding position, labels can be removed using
suction plate 278. 



Suction plate 278 and labeling fingers 280 are attached to labeling arm 274
by way of support 284 and rotating bar 286, which is adapted to rotate,
simultaneously placing suction plate 278 in the feeding position and
labeling fingers 280 in a rest position (shown) or by rotating suction
plate 278 away from mandrel car 2 11 such that suction plate 278 is in the
pick up position and labeling fingers 280 are in a wrapping position,
directly above a mandrel. In the pick up position, suction plate 278 can
remove the top label sheet from label sheet stack 279. hi an embodiment of
the invention shown in FIG. 10, rotating magazine housing 200 can be used
to provide labels to the machine and process described herein. Rotating
magazine housing 200 includes upper support arm 201, lower support arm 202,
rotating means 203, rotation shaft 204, first label magazines 205 and
second label magazines 206. Rotating magazine housing 200 can be attached
to labeling arm 274 by way of machine screws that are affixed to pre-placed
holes in labeling arm 274 and upper support arm 201, lower support arm 202.
During operation, labels are removed from first label magazines 205 by
suction plate 278 as described herein. While the labels in first label
magazines 205 are in a feeding position and are being depleted, a new batch
of labels are loaded onto second label magazines 206. When at least one
label stack on first label magazines 205 is depleted, either completely or
to a prescribed number of labels, rotating means 203 rotates second label
magazines 206 about rotation shaft 204 into the feeding position and first
label magazines 205 into a loading position. hi an embodiment of the
invention, rotating means 203 can be, as non limiting examples, a pneumatic
drive, a mechanical drive, a servo drive, an electric motor or can be done
using an appropriate handle by hand. Mechanical stops can be placed on
rotation shaft 204 or in rotating means 203 to ensure the reproducible
location of magazines 205 and 206 at the loading and feeding positions.
Alternatively, the stops can be achieved by setting the stroke distance on
a pneumatic drive or actuator or prescribing the number of turns or angles
in a servo drive. In another embodiment of the invention, a sensor can be
placed on any of magazines 205, 206, or 276 to determine when the stack of
labels is too low. The sensorcan be set to either trigger a signal (as
non-limiting examples a flashing light or audible alarm) and/or to signal
rotating means 203 to rotate magazines 205 and 206 about rotation shaft
204. Referring to FIG. 11, in embodiments of the invention, labeling
fingers 280 are used to position a label onto mandrel 212. Labeling fingers
280 include left labeling finger 230, which includes a plurality of left
label placement guides 231 attached along outside surface 232 of left label
finger 230. Labeling fingers 280 also include right labeling finger 233,
which includes a plurality of right label placement guides 234 attached
along outside surface 235 of right label finger 233. During label
placement, described in more detail below, label fingers 230 and 233
traverse around the outer edge of mandrel 212. The only portion of label
fingers 230 and 233 that contact a label during placement is lapel
placement guides 23 1 and 234, which are aligned with the features of
mandrel 212 to ensure desired label placement on mandrel 212. As shown in
FIGS. 12A-12D, after suction plate 278 has placed a label sheet 210 on a
mandrel 212, labeling fingers 280 are positioned above mandrel 212 (the
wrapping position). Labeling fingers 280 are attached to labeling apn 274
by way of rotating arms 



290 and 291, attached to rotating mechanism 288, which extends from
labeling arm 274. By way of an appropriate motor or other mechanism,
rotating arms 290 and 291 move labeling fingers 280 in opposite directions
along label sheet 210, starting above mandrel 212 (FIG. 12A), across the
upper face of mandrel 212 (FIG. 12B), and along the outline of mandrel 212
until they reach the lower face of mandrel 212 (FIG. 12C). Labeling arms
290 and 291 then return labeling fingers 280 to the starting position (FIG.
12D) and mandrel 212 has a label sheet 210 attached thereto by way of
vacuum as described above. FIG. 13 shows device 290, which includes a frame
made up of first leg 293 (partially cut away in this view in order to more
completely show device 290) and second leg 294 attached by top first brace
291 and bottom first brace 292, a third leg (obscured in this view)
attached to second leg 294 by top and bottom second braces (obscured),
fourth leg 295 attached to third leg by top and bottom third braces
(obscured) and attached to first leg 293 by top fourth brace 296 and bottom
fourth brace 297. Control panel 298 can be used to monitor and program
microprocessors and/or a control computer thatinterfaces with sensors,
actuators, drives, servos, resolvers, relays, motors, and feedback loops in
device 290. Mandrel rails 209 are attached to top first brace 291 and the
top third brace and oriented perpendicular to mold cavity rails 304, which
are attached to the bottom second brace and fourth bottom brace 297.
Labeling arm 274 is attached to top fourth brace 296 and bottom top brace
297. Device 290 is adapted for making labeled containers according to the
invention and is shown in FIG. 13 with mandrel car 2 11 in the readying
position. Mandrel car 2 11 is attached to mandrel rails 209 by way of
movement housing 270 as described above. Mandrels 212, as described above,
are shown with labels attached as described above. A female mold cavity car
300, containing six female portions 306 of two-part molds 314, as described
above, which rests on female movement housing 305 adapted to move along
mold cavity rails 304. Movement of female mold cavity car 300 along mold
cavity rails 304 can be effected using electric motors, pneumatic drives,
mechanical drives, servo drives, or by hand. Female movement housing 305
can include one or more collars 302 that fit around at least a portion of
mold cavity rails 304. Alternatively (and not shown), wheels adapted to
move along mold cavity rails 304 can be used. Mechanical stops can be
placed on mold cavity rails 304 to ensure the reproducible location of
female mold cavity car 300 at the molding position and the removed
position. Temporary or removable stops can be used for the transfer
position. Alternatively, the stops can be achieved by setting the stroke
distance on a pneumatic drive or actuator, or by prescribing the number of
turns and/or angles on a servo drive. In FIG. 13, female mold cavity car
300 is shown in the molding position. In an embodiment of the invention,
the transfer position and molding position of the female mold cavity car
can be the same location. Referring to FIG. 14, on the non-molding side of
female mold cavity car 300, expandable resin beads or pre-expanded resin
beads for use in the molding process described herein are fed to bead
hopper 330, from which the expandable resin beads or pre-expanded resin
beads are fed to the six female portions 306 of two-part molds 314 via bead
lines 331. Vacuum can be applied from the molds 314 to aid in drawing the
beads into two-part molds 314 and/or pressure can be applied from bead
hopper 330 to assist inthe flow of resin beads into two-part molds 314. As
a non-limiting example, bead lines 



331 can be connected to funnel shaped port 180 (see FIG. 8). Referring
again to FIG. 14, steam and water are provided to female portions 306 of
two-part molds 314 by way of steam inlet 332 and water inlet 333 and
removed via steam outlet 334 and water outlet 335. When steam or water are
required in female portions 306 during the present molding process, steam
inlet 332 and/or water inlet 333 are opened and steam and/or water travels
to female inlet manifold 336 and is subsequently distributed to each of the
female portions 306 of two-part molds 314 by way of female inlet lines 337,
which as a non-limiting example can be connected to port 175 in female
portion 154 as shown in FIG. 8. Steam and/or water is removed from the
female portions 306 of two-part molds 314 by way of female outlet lines
338, which can be connected as a non-limiting example to annular manifold
177 in female portion 154 as shown in FIG. 8. Steam and/or water travels
along female outlet lines 338 to female outlet manifold 339, where the
outgoing steam and/or water are removed via steam outlet 334 or water
outlet 335. A male mold cavity car 310, containing six male portions 320 of
two-part molds 314, which are inserted in female portions, rest on male
movement housing ,3 16 adapted to move along mold cavity rails 304.
Movement of male mold cavity car 310 along mold cavity rails 304 can be
effected using electric motors, pneumatic drives, mechanical drives, servo
drives, or by hand. Male movement housing 316 can include one or more
collars 312 that fit around at least a portion of mold cavity rails 304.
Alternatively (and not shown), wheels adapted to move along mold cavity
rails 304 can be used. Permanent mechanical stops can be placed on mold
cavity rails 304 to ensure the reproducible location of Male mold cavity
car 310 at the molding position and the extended position. Temporary or
removable stops can be used for the releasing position. Alternatively, the
stops can be achieved by setting the stroke distance on a pneumatic drive
or actuator or by prescribing the number of turns and/or angles on a servo
drive. In FIG. 13, Male mold cavity car 300 is shown in the molding
position. Referring to FIG. 15, steam and water are provided to male
portions 320 of twopart molds 314 by way of steam inlet 342 and water inlet
343 and removed via steam outlet 344 and water outlet 345. When steam or
water are required in male portions 320during the present molding process,
steam inlet 342 and/or water inlet 343 are opened and steam and/or water
travels to male inlet manifold 346 and is subsequently distributed to each
of the male portions 320 of two-part molds 314 by way of male inlet lines
347, which as a non-limiting example can be connected to pipe 155 in male
portion 152 as shown in FIG. 8. Steam and/or water exiting male portions
320 is removed from the male portions 320 of two-part molds 314 by way of
male outlet lines 348, which can be connected as a non-limiting example to
annular outlet 156 in male portion 152 as shown in FIG. 8. Steam and/or
water travels along male outlet lines 348 to male outlet manifold 349,
where the outgoing steam and/or water are removed via steam outlet 344 or
water outlet 345. While the mandrel car 2 11, female mold cavity car 300
and male mold cavity car 310 are in the positions shown in FIG. 13, labeled
containers are molded as described above and label sheets 210 are applied
to mandrels 212 as described above. During the molding cycle, a suitable
locking mechanism can be engaged to ensure that two-part molds 314 are
properly closed. The steps can be performed at the same time and in 



approximately the same length of time. Thus, the molding operation,
including the steps of feeding resin beads to the mold cavities,
preheating, cooking, and cooling, can be completed in at least 10, in some
cases at least 12 and in other cases at least 15 seconds and can take up to
120, in some cases up to 100 and in other cases up to 90 seconds to
complete. The molding operation can be completed in a time frame indicated
above or can be completed in a time frame varying between any of those
indicated above. The labeling operation steps including extracting label
sheets, placing the label sheets on the mandrels, and wrapping the label
sheets around the mandrels using labeling fingers as described above, can
be completed in at least 20, in some cases at least 30 and in other cases
at least 40 seconds and can take up to 120, in some cases up to 100 and in
other cases up to 90 seconds to complete. FIG. 16 shows device 290 with
female mold cavity car 300 in the removed position and male mold cavity car
310 in the releasing position. As shown labeled containers 324 are attached
to male portion 320. Mandrel car 2 11 is in the insertion position with
label sheets attached to mandrels 312. While in this position, the removers
(obscured in this view), apply vacuum to draw labeled containers 324 from
male portion320 to the removers. When the mandrel car and male mold cavity
car are in position, the labeled containers can be transferred from the
male portions to the remover in 1 to 10 seconds, in some cases from 2 to 8
seconds and in other cases from 3 to 6 seconds. FIG. 17 shows device 290
with female mold cavity car 300 in the transfer position and male mold
cavity car 310 in the extended position. As shown labeled containers 324
are attached to removers (obscured in this view). Mandrel car 2 11 is in
the insertion position. One or more sensors can be placed on male mold
cavity car 310 to check that the previously molded container has been
removed from female portions 314 prior to moving mandrel car 2 11 into the
insertion position. If the previous container has not been removed, the
sensor can stop device 290 and trigger an appropriate signal (as
non-limiting examples a flashing light or audible alarm) to alert an
operator and/or control device of the malfunction. In this position
scenario, the label sheets are positioned in female portions 314 as
described above. When the mandrel is inserted in the female portion, the
label sheet can be transferred from the mandrel to the inner wall of the
female portion. Transfer of the label sheet can be accomplished in 1 to 10
seconds, in some cases from 2 to 8 seconds and in other cases from 3 to 6
seconds. FIG. 18 shows device 290 with female mold cavity car 300 in the
removed position and male mold cavity car 310 in the extended position. As
shown labeled containers 324 are attached to removers (obscured in this
view). Mandrel car 2 11 is in the insertion position. In this position
scenario, the label sheets have been positioned in female portions 306 and
female mold cavity car 300 has backed away from mandrels 212, which are no
longer in contact with female portions 306 and are free of label sheets.
From the positions shown in FIG. 18, the cars travel back to the positions
shown in FIG. 13. Once mandrel car 2 11 returns to the readying position,
the vacuum to the removers is discontinued and compressed air can
optionally be applied to allow the labeled containers 324 to fall away or
otherwise be removed from the removers to be further processed and
packaged. Subsequently, the molding cycle can take place in the two-part
molds 318 and labels can be placed on the mandrels 212 as described above.
Thus, the present device continuously produces labeled containers according
to the 



invention.Any suitable pneumatic drive, servo drive, or actuator can be
used in the present invention. Suitable pneumatic drives include, without
limitation, single-acting, single acting with spring return, and double
acting pneumatic cylinders. Suitable servo drives that can be used in the
invention include, without limitation, those available from include, Bosch
Rexroth Corp., Hoffman Estates, IL, and GE Fanuc Automation, Inc.,
Charlottesville, VA., which can include without limitation associated
motors, amplifiers, power supplies, feedback units, and brakes. Suitable
pneumatic drives or servo driven actuators that can be used in the
invention include those available from Norgren Inc., Littleton, CO;
Universal Fluid Power Pty Ltd., Moorooka, Queensland, Australia; SP Air
Limited, Manchester, United Kingdom, Bosch RexRoth Corp., Bethlehem, PA,
Siemens AG, Munich, Germany, SMC Corp., Indianapolis, IN, and Festo USA,
Hauppauge, N.Y. The device according to the invention can be used in a
method of making the present labeled containers. The method includes:
applying a label sheet to an inner wall of each of one or more female
portions of the two-part mold by positioning one or more mandrels, that
hold a label sheet using vacuum applied through the suction holes, in one
or more female portions; and releasing the label sheet in the female
portion by stopping the vacuum and applying an electrostatic charge to the
label sheet via the charging pins in the mandrel and optionally applying a
"puff of compressed air from the suction holes in the mandrel; positioning
one or more male portions of the two-part mold in contact with the
corresponding female portions to form one or more mold cavities; adding
expandable resin beads or pre-expanded resin beads to the mold cavities;
applying a sufficient amount of heat for a sufficient length of time to the
mold cavities to effect expansion of the expandable resin beads or
pre-expanded resin beads to form labeled containers; cooling the labeled
containers; and removing the labeled containers from the mold cavities.In
an embodiment of this method, the step of applying a label sheet to an
inner wall of each of one or more female portions of the two-part mold can
be performed by: extracting a label sheet from a magazine containing label
sheets stacked in a parallel relationship to the rails, the magazine being
attached to the frame and adapted to rotate between a loading position and
a feeding position, the labels being extracted from the magazine by way of
a suction plate attached to an arm, which is attached to the frame and
movable between a pick up position and an application position, wherein the
suction plate is adapted to contact a surface of a top label in the
magazine and is adapted to extract and hold the top label through the
application of vacuum; moving the suction plate with label held thereto
from the pick up position to the application position, positioning the
label sheet directly above a mandrel in the readying position, wherein the
mandrel in the readying position is aligned with the 



application position of the suction plate and the mandrel in the insertion
position is aligned in a position horizontally opposed to the female
portions; transferring a label sheet, as described above, from the suction
plate to the mandrel by applying a vacuum through the mandrel and
discontinuing the vacuum applied to the suction plate; moving the mandrel
car and mandrels with a label sheet attached thereto from the readying
position to the insertion position, the female portions being in the
removed position; moving the female portions from the removed position to
the transfer position and positioning the label sheets adjacent to the
inner wall of the female portions at a predetermined location;
discontinuing the vacuum to the mandrel; applying an electrostatic charge
to the label sheets by generating a sufficient voltage to the electrostatic
pins to provide an electrostatic attractive force between the label sheets
and the inner wall surface of the female portion,optionally applying a
"puff of compressed air from the mandrel to effect movement of the label
from the mandrel to the inner wall surface of the female portion, moving
the female portions from the transfer position to the removed position; and
moving the mandrel from the insertion position to the readying position. In
a further embodiment of the invention, the label material is capable of
maintaining a surface electrostatic charge as described above. In a
particular aspect of this embodiment, the surface resistivity of the label
material is greater than 10 10 W/sq. Another embodiment of the invention
includes wrapping the label sheet around the mandrel using positioning
fingers attached to the suction plate arm after transferring the label
sheet from the suction plate to the mandrel. In a particular embodiment of
the present method, the mandrel is free floating when positioned in a
female portion as described above. In many embodiments of the invention,
the male portions are horizontally positioned in the female portions of the
two-part mold to form mold cavities by moving the female portions from the
removed position to the molding position; and moving the male portions from
the extended position to the molding position. In the present method, the
female and male portions of the two-part mold are adapted such that when
the female portions are in the removed position the male and female
portions are spaced apart and not in contact with each other and such that
when the male portions are in the releasing position or extended position,
the male portions are spaced apart and not in contact with the female
portions. In an embodiment of the invention, the expandable resin beads or
pre-expanded resin beads are added to the mold cavity by way of one or more
feed channels in the female portion, where a valve is positioned at an end
of the feed channels adapted to close and seal the feed channel from the
mold cavities during expansion and fusion of the resin beads.In another
embodiment of the invention, the heat applied to the mold cavity can 



be independently controlled in the male portion and female portion. Thus,
the applying heat step can include applying a heat cycle in the female
portion that is independent from applying a heat cycle in the male portion.
In certain aspects of this embodiment, the method can include preheating
the mold cavities by flushing steam cavities adjacent the outside of the
mold cavities within the female portions with steam. This step can be
followed by applying steam to the mold cavity from the male portion after
preheating. In other aspects of this embodiment, the method can include
preheating the mold cavities by flushing steam cavities adjacent the
outside of the mold cavities within the male portions with steam. This step
can be followed by applying steam to the mold cavity from the male portion
after preheating. In additional aspects of this embodiment, the method can
include preheating the mold cavities by flushing steam cavities adjacent
the outside of the mold cavities within the male portions with steam and
flushing steam cavities adjacent the outside of the mold cavities within
the female portions with steam. This step can be followed by applying steam
to the mold cavity from the male portion after preheating. In embodiments
of the invention, the labeled containers can be removed from the mold
cavities after cooling by applying compressed air from the female portions
into the mold cavities and/or applying vacuum from the male portion
sufficient to cause the labeled container to travel with the male portion;
moving the female portion from the molding position to the removed
position; moving the male portion from the molding position to the
releasing position; moving the mandrel car from the readying position to
the insertion position; applying a vacuum to the cup remover oriented
directly opposed to a base of the labeled container sufficient to cause the
labeled container to release from the male portion and remain in contact
with and travel with the cup remover;moving the mandrel car to the readying
position; and removing the vacuum to the cup remover causing the cup to
release and fall away from the cup remover. In the present method, the time
required for completing the steps from applying the label sheet to removing
the labeled container can be completed in less than 60, in some cases less
than 45 and in other cases less than 30 seconds. The devices and methods
described above provide a labeled expanded resin container that includes:
expandable resin beads or pre-expanded resin beads, as described above,
molded in a shape having a sidewall with an outer surface and a base; and a
label formed from a label material capable of maintaining an electrostatic
charge disposed over at least a portion of the outer surface of the
sidewall of the container. As indicated above, the present container has a
label sheet that is laminated to the expanded plastic material and with the
external wall of the container during the molding process. A key feature of
the present container is that the labeled external wall presents a 



smooth circumferential surface. The label includes an electrically
insulating substrate, as described above, having a first surface and a
second surface; a heat sensitive adhesive, as described above, disposed
over at least a portion of the first surface, and optionally a coating
and/or printing ink disposed over at least a portion of a surface of the
label sheet. As shown in FIGS. 19 and 20, the containers 400 according to
the invention are circular shape in plan and include base 402 and a side
wall 404 extending upwardly and outwardly from base 402 to a mouth 406 at
the top of container 400 where side wall 404 terminates in an annular rim
408, which projects radially outwardly from side wall 404 about mouth 406
of container 400. A multiplicity of such containers can be stacked in
nested relation and to prevent them from wedging together, when so stacked,
making the containers difficult to separate from the stack. The label 410
includes first end 412 and second end 414, which can overlap to form a seam
indicated by an edge 416 of second end 414 where they meet along side wall
404. Of note, as indicated above, label 410 presents a smooth
circumferential surface, particularly at seam 416.In an embodiment of the
invention, first end 412 overlaps second end 414 to create a seam described
above. In this embodiment, a heat sensitive adhesive is only applied to at
least a portion of a bottom surface of only the overlap portion of second
end 414 such that the heat sensitive adhesive contacts at least a portion
of a top surface of the overlap portion of first end 412. In an embodiment
of the invention, the labeled expanded or foam plastic container 400 can be
molded from expanded polystyrene material. In another embodiment of the
invention, the labeled expanded or foam plastic container 400 is a thin
walled product of high density foam plastic material. As used herein, the
term "thin walled" refers to a container that has a sidewall thickness of
at least 0.5, in some cases at least 0.75 and in other cases at least 1mm
and can be up to 5, in some cases up to 4 and in other cases up to 3 mm.
The sidewall thickness often depends on the container height and is
adjusted accordingly to provide sufficient strength to the container. The
thickness of the sidewall of the container can be any value or range
between any values recited above. The labeled containers according to the
invention can be cups, used for example to store, dispense and/or drink
hot, cold or other beverages, bowls to store or dispense food, such as
soups, noodles, instant noodles, vegetables, meats, and oily food products,
fried foods, non-limiting examples including fried chicken, french fried
potatoes, fried seafood, and the like, pet foods and snacks, potato chips,
pretzels, and the like, and other containers or vessels for storing and
dispensing food products and other materials. Although exemplified in FIGS.
19 and 20 as being circular shape in plan, the present containes can have
any suitable shape in plan so long as the shape is adaptable to being
molded as described herein. As such, the present containers can have a
circular, oval, elliptical, square, rectangular, triangular, pentagonal,
hexagonal, heptagonal, octagonal, trapezoidal, or parallelogram-like shape
in plan. In other embodiments of the invention, the present containers have
improved rim strength when compared to similarly manufactured containers
without an in-mold labeled smooth circumferential label surface. As used
herein, "rim strength" is determined using a Chatillon model DFGHS 



digital force gauge (AMETEK US Gauge Division, CHATILLON Brand
Products,Largo, Florida). The digital force gauge is set up such that the
force gauge pushes against one side of a container at a distance of one
inch below the rim at a constant speed for a set distance of 1/4 inch. The
movement is controlled by a servo motor. When 1/4 inch is reached the servo
stops and the peak force value is recorded. The reported measurement is an
average of determinations made on five randomly selected containers. As a
non-limiting example, the present cups can have a rim strength that is at
least 50%, in some cases at least 75%, and in other cases at least 90%
greater than the rim strength of a container that does not contain a label,
where the base containers are made using the same equipment. Additionally,
the present containers having an in-mold labeled smooth circumferential
label surface have improved rim strength when compared to similarly
manufactured containers that are labeled after-molding by "wrapping a
label" around the side wall of the container. As a non-limiting example,
the present cups can have a rim strength that is at least 5%, in some cases
at least 10%, and in other cases at least 15% greater than the rim strength
of an after mold labeled container, where the base containers are made
using the same equipment. In other embodiments of the invention, the rim
strength of the present containers is at least 0.3, in some cases at least
0.4 and in other cases at least 0.5 KG. The rim of the present labeled
container can be adapted to accept a lid as is readily known in the art.
Further, the labeled container can be shrink wrapped, as is known in the
art, to prevent, among other things, the lid from unintentionally being
removed from the labeled container. Thus, the present container can include
a rim that is adapted to accept a lid and can include a lid secured to the
rim. When shrink wrapping is applied to the container with lid, a secured
and/or sealed storage vessel, cup, or bowl is provided. The present
invention will further be described by reference to the following examples.
The following examples are merely illustrative of the invention and are not
intended to be limiting. Unless otherwise indicated, all percentages are by
weight and Portland cement is used unless otherwise specified. Example
1Polystyrene resin beads (DYLITE(r) T Beads available from NOVA Chemicals
Inc., Pittsburgh, PA) having an average particle size of about 400 mm were
pre-expanded to a bulk density of 6.25 lb/ft . 12 oz. foam cups were made
using the machine described in FIGS. 9-18. The cups for sample 1 were
labeled using the in-mold labeling techniques described herein. The 12 oz.
foam cups, or "base cups" for sample 2 were molded using the machine
described in FIGS. 9-18 without in-mold labeling and a label was wrapped
onto the cups and affixed using Avery Permanent Glue Stic (Avery Dennison
Corp., Pasadena, California) as adhesive. The 12 oz. foam cups, or "base
cups" for sample 3 were molded using the machine described in FIGS. 9-18
and were not labeled. All of the cups had a wall thickness of 1.8mm. Rim
strength of five cups from each sample was measured using a Chatillon model
DFGHS digital force gauge (AMETEK US Gauge Division, CHATILLON Brand
Products, Largo, Florida). The digital force gauge is set up such that the
force gauge pushes against one side of a cup at a distance of one inch
below the rim at a constant speed for a set distance of 1/4 inch. The
movement is controlled by a servo motor. When 



1/4 inch is reached the servo stops and the peak force value is recorded.
The results are shown below.The data demonstrate the improved rim strength
of containers made using the inmold labeling molding machine and methods
according to the present invention. The rim strength of the present
containers was measured as 96% greater than that measured for an unlabeled
container and the rim strength of the present containers was measured as
20% greater than that measured for an after-mold labeled or "wrap labeled"
container. The present invention has been described with reference to
specific details of particular embodiments thereof. It is not intended that
such details be regarded as limitations upon the scope of the invention
except insofar as and to the extent that they are included in the
accompanying claims.We Claim: 1. A device for producing labeled expanded
resin containers comprising: at least one mold cavity rail; at least one
mandrel rail oriented perpendicular to the mold cavity rail; a female mold
cavity car adapted to move along at least one mold cavity rail between a
removed position, a transfer position, and a molding position and including
at least one female portion of a two-part mold oriented parallel to the
mold cavity rail; a male mold cavity car adapted to move along at least one
mold cavity rail between an extended position, a releasing position and a
molding position and including at least one male portion of the two-part
mold, wherein the female portion and male portion form a mold cavity when
the female and male mold cavity cars are in their respective molding
positions; and a mandrel car adapted to move along at least one mandrel
rail between a readying position and an insertion position and including at
least one mandrel adapted to seat within the female portion when the
mandrel car is in the insertion position and the female car is in the
transfer position, the mandrel car including one or more cup removers
adapted to pull a vacuum and be oriented directly opposed to a male portion
when the mandrel car is in the insertion position and the male cavity car
is in the releasing position. 2. The device according to claim 1 further
comprising a frame comprising a first leg and a second leg attached by one
or more first braces, a third leg attached to the second leg by one or more
second braces, a fourth leg attached to the third leg by one or more third
braces and attached to the first leg by one or more fourth braces; wherein
the at least one mold cavity rail is attached to the second brace and
fourth brace and the at least one mandrel rail is attached to the first
brace and third brace.3. The device according to claim 1, wherein the
mandrel comprises a first base having a dimension Dl ; a second base having
a dimension D2, wherein D2 is greater than Dl; a mandrel surface
circumferentially and longitudinally disposed about the first base and the
second base; a plurality of charging pins positioned along the mandrel
surface from the first base to the second base; and 



a plurality of suction holes positioned along the mandrel surface; wherein
at least the surface of the mandrel comprises a non-conducting material
that is not deformable or hygroscopic at ambient conditions. 4. The device
according to claim 3, wherein the non-conducting material comprises one or
more materials selected from the group consisting of fluoropolymers,
homopolymers and copolymers of olefins, homopolymers and copolymers of
vinyl aromatic monomers, polyesters, polyamides, polyester-amides,
homopolymers and copolymers of vinyl chloride, polycarbonates,
polysulfones, ceramics, wood, glass, elastomeric polymers, combinations
thereof and metals coated with one or more of the materials listed herein.
5. The device according to claim 1, wherein the mandrel is free floating
when positioned in a female portion. 6. The device according to claim 1
further comprising one or more magazines, adapted to hold a plurality of
label sheets, attached to the frame and adapted to move between a loading
position and a feeding position; and one or more suction plates attached to
an arm, the arms being attached to the frame, the arms being adapted to
move between a pick up position, where the suction plates are in close
proximity to a top label in the magazines, and a feeding position, where
the suction plates are in close proximity to the mandrel when the mandrel
car is in the readying position.7. The device according to claim 1, wherein
each male portion is horizontally opposed to a female portion mold of a
two-part mold. 8. The device according to claim 1, wherein the female
portion comprises stainless steel and the male portion comprises bronze. 9.
A method of molding a labeled expanded resin container using the device
according to claim 3 comprising: applying a label sheet to an inner wall of
each of one or more female portions of the two-part mold by positioning one
or more mandrels, that hold a label sheet using vacuum applied through the
suction holes, in one or more female portions; and releasing the label
sheet in the female portion by stopping the vacuum and applying an
electrostatic charge to the label sheet via the charging pins in the
mandrel; positioning one or more male portions of the two-part mold in
contact with the corresponding female portions to form one or more mold
cavities; adding expandable resin beads or pre-expanded resin beads to the
mold cavities; applying a sufficient amount of heat for a sufficient length
of time to the mold cavities to effect expansion of the expandable resin
beads or pre-expanded resin beads to form labeled containers; cooling the
labeled containers; and removing the labeled containers from the mold
cavities. 



10. The method according to claim 9, wherein the mandrel is free floating
when positioned in a female portion.11. The method according to claim 9,
wherein the applying heat step includes applying a heat cycle in the female
portion that is independent from applying a heat cycle in the male portion.
12. The method according to claim 9, wherein the label sheet comprises a
material capable of maintaining a surface electrostatic charge. 13. The
method according to claim 9, wherein the surface resistivity of the label
sheet is greater than 10 10 W/sq. 14. The method according to claim 9,
wherein the female and male portions of the two-part mold are adapted such
that when the female portions are in the removed position the male and
female portions are spaced apart and not in contact with each other and
such that when the male portions are in the releasing position or extended
position, the male portions are spaced apart and not in contact with the
female portions. 15. The method according to claim 9, wherein the label
sheets are applied to the female portions by extracting a label sheet from
a magazine containing label sheets stacked in a parallel relationship to
the rails, the magazine being attached to the frame and adapted to rotate
between a loading position and a feeding position, the labels being
extracted from the magazine by way of a suction plate attached to an arm,
which is attached to the frame and movable between a pick up position and
an application position, wherein the suction plate is adapted to contact a
surface of a top label in the magazine and is adapted to extract and hold
the top label through the application of vacuum; moving the suction plate
with label held thereto from the pick up position to the application
position, positioning the label sheet directly above a mandrel in the
readying position, wherein the mandrel in the readying position is aligned
with theapplication position of the suction plate and the mandrel in the
insertion position is aligned in a position horizontally opposed to the
female portions; transferring a label sheet from the suction plate to the
mandrel by applying a vacuum through the mandrel and discontinuing the
vacuum applied to the suction plate; moving the mandrel car and mandrels
with a label sheet attached thereto from the readying position to the
insertion position, the female portions being in the removed position;
moving the female portions from the removed position to the transfer
position positioning the label sheets adjacent to the inner wall of the
female portions at a predetermined location; discontinuing the vacuum to
the mandrel; applying an electrostatic charge to the label sheets by
generating a sufficient voltage to the electrostatic pins to provide an
electrostatic attractive force between the label sheets and the inner wall
surface of the female portion, 



moving the female portions from the transfer position to the removed
position; and moving the mandrel from the insertion position to the
readying position. 16. The method according to claim 15, further comprising
wrapping the label sheet around the mandrel using positioning fingers
attached to the suction plate arm after transferring the label sheet from
the suction plate to the mandrel. 17. The method according to claim 9,
wherein the male portions are horizontally positioned in the female
portions of the two-part mold to form mold cavities by moving the female
portions from the removed position to the molding position; andmoving the
male portions from the extended position to the molding position. 18. The
method according to claim 9, wherein the labeled containers are removed
from the mold cavities after cooling by applying compressed air from the
female portions into the mold cavities and/or applying vacuum from the male
portion sufficient to cause the labeled container to travel with the male
portion; moving the female portion from the molding position to the removed
position; moving the male portion from the molding position to the
releasing position; moving the mandrel car from the readying position to
the insertion position; applying a vacuum to the cup remover oriented
directly opposed to a base of the labeled container sufficient to cause the
labeled container to release from the male portion and remain in contact
with and travel with the remover; moving the mandrel car to the readying
position; and removing the vacuum to the cup remover causing the cup to
release and fall away from the cup remover. 19. The method according to
claim 9, wherein the expandable resin beads or pre-expanded resin beads are
added to the mold cavity by way of one or more feed channels in the female
portion, wherein a valve is positioned at an end of the feed channels
adapted to close and seal the feed channel from the mold cavities during
expansion and fusion of the resin beads. 20. The method according to claim
9, wherein the resin beads or pre-expanded resin beads comprise
homopolymers of vinyl aromatic monomers; an interpolymer of a polyolefin
and in situ polymerized vinyl aromatic monomers, copolymers of at least
onevinyl aromatic monomer with one or more of divinylbenzene, conjugated
dienes, alkyl (meth)acrylates, (meth)acrylonitrile, olefins, and/or maleic
anhydride; polyolefms; polycarbonates; polyesters; polyamides; natural
rubbers; synthetic rubbers; and combinations thereof. 2 1. The method
according to claim 9, wherein the resin beads or pre-expanded resin beads
comprise expandable polystyrene particles. 



22. The method according to claim 9, wherein the resin beads or
pre-expanded resin beads have an average particle size of from about 10 mm
to about 600mm. 23. The method according to claim 9, including preheating
the mold cavities by flushing steam cavities adjacent the outside of the
mold cavities within the female portions with steam. 24. The method
according to claim 23, including applying steam to the mold cavity from the
male portion after preheating. 25. The method according to claim 9,
including preheating the mold cavities by flushing steam cavities adjacent
the outside of the mold cavities within the male portions with steam. 26.
The method according to claim 25, including applying steam to the mold
cavity from the male portion after preheating. 27. The method according to
claim 9, including preheating the mold cavities by flushing steam cavities
adjacent the outside of the mold cavities within the male portions with
steam and flushing steam cavities adjacent the outside of the mold cavities
within the female portions with steam.28. The method according to claim 27,
including applying steam to the mold cavity from the male portion after
preheating. 29. The method according to claim 9, wherein the time required
for completing the steps from applying the label sheet to removing the
labeled container is less than 30 seconds. 30. A labeled expanded resin
container comprising: expandable resin beads or pre-expanded resin beads
molded in a shape having a sidewall with an outer surface and a base; and a
label formed from a label material capable of maintaining an electrostatic
charge disposed over at least a portion of the outer surface of the
sidewall of the container. 31. The container according to claim 30, wherein
the label material comprises an electrically insulating substrate having a
first surface and a second surface; a heat sensitive adhesive disposed over
at least a portion of the first surface, and a coating and/or printing ink
disposed over at least a portion of a surface of the label sheet. 32. The
container according to claim 31, wherein the label includes a first end
that overlaps a second end of the label to create a seam and the heat
sensitive adhesive is only applied to at least a portion of an overlap of a
bottom surface of the second end such that the heat sensitive adhesive
contacts at least a portion of an overlap portion of a top surface of the
first end. 33. The container according to claim 31, wherein the substrate
comprises one or more materials selected from the group consisting of one
or more thermoplastic resins, cellulose based paper, and synthetic
paper.34. The container according to claim 33, wherein the thermoplastic
resin is one or more selected from the group consisting of polyolefinic
resins, ethylene-acrylic acid copolymers, ethylene-Q-C alkyl (meth)acrylate
ester copolymers, metal salts of ethylene-methacrylic acid copolymers,
poly(4-methyl-l-pentene), polyethylene 



terephthalate resins, polyvinyl chloride resins, polyamide resins, ABS
resins, and combinations thereof. 35. The container according to claim 34,
wherein the polyolefinic resins are selected from the group consisting of
propylene resins, high-density polyethylene, medium-density polyethylene,
linear low-density polyethylene, ethylene-cyclic olefin copolymers,
copolymers of propylene and one or more a-olefins, and combinations
thereof. 36. The container according to claim 31, wherein the substrate has
a melting point of greater than 130C. 37. The container according to claim
31, wherein the heat sensitive adhesive comprises one or more selected from
the group consisting of ethylene-vinyl acetate copolymers, polyolefin
resins, polyester resins, polyester-amide resins, polyamide resins,
thermoplastic elastomers, acrylic resins, cellulosic resins, print lacquers
and combinations thereof. 38. The container according to claim 30, wherein
the label presents a smooth circumferential surface. 39. The container
according to claim 30, wherein the surface resistivity of the label
material is greater than 10 10 W/sq. 40. The container according to claim
30, wherein the expandable resin beads or pre-expanded beads comprise one
or more polymers selected from the groupconsisting of homopolymers of vinyl
aromatic monomers; an interpolymer of a polyolefin and in situ polymerized
vinyl aromatic monomers, copolymers of at least one vinyl aromatic monomer
with one or more of divinylbenzene, conjugated dienes, alkyl
(meth)acrylates, (meth)acrylonitrile, olefins, and/or maleic anhydride;
polyolefms; polycarbonates; polyesters; polyamides; natural rubbers;
synthetic rubbers; and combinations thereof/ 41. The container according to
claim 30, wherein the expandable resin beads or pre-expanded beads have a
number average particle size of from 100 to 600 microns. 42. The container
according to claim 30, wherein the sidewall has a thickness of from 0.75 to
5 mm. 43. The container according to claim 30, wherein the molded
expandable resin beads or pre-expanded resin beads have a density of from
0.5 to 12 lb./ft.3. 44. The container according to claim 30, having a shape
in plan selected from the group consisting of circular, oval, elliptical,
square, rectangular, triangular, pentagonal, hexagonal, heptagonal,
octagonal, trapezoidal, or parallelogram-like. 45. The container according
to claim 30, having a rim strength that is at least 50% greater than the
rim strength of a container that does not contain a label, where the base
containers are made using the same equipment. 46. The container according
to claim 30, having a rim strength that is at least 5% greater than the rim
strength of an after mold labeled container, where the base containers are
made using the same equipment. 47. The container according to claim 30,
wherein the molded expandable resin beads or pre-expanded resin beads are
prepared by dispersing a monomer mixture in an aqueous system;polymerizing
the monomer mixture in the presence of a free radical polymerization
initiator to form a dispersion of resin beads; 



screening the resin beads to remove large particle size beads; and
impregnating the resin beads with a blowing agent. 48. The container
according to claim 40, wherein the vinyl aromatic monomers are selected
from the group consisting of styrene, isopropylstyrene, alphamethylstyrene,
nuclear methylstyrenes, chlorostyrene, tert-butylstyrene, and combinations
thereof. 49. The container according to claim 40, wherein the polymers are
copolymers of vinyl aromatic monomers and one or more other monomers
selected from the group consisting of divinylbenzene, conjugated dienes,
alkyl methacrylates, alkyl acrylates, acrylonitrile, and maleic anhydride.
50. The container according to claim 40, wherein the polymers are selected
from the group consisting of polystyrene, polyolefins, polycarbonates,
polyphenylene oxides, and mixtures thereof. 51. The container according to
claim 40, wherein the polymer is an interpolymer of a polyolefin and in
situ polymerized vinyl aromatic monomers. 52. The container according to
claim 40, wherein the resin beads or preexpanded beads comprise expandable
polystyrene particles. 53. The container according to claim 40, wherein the
polymers have a weight average molecular weight of from about 25,000 to
about 1,000,000. 54. The container according to claim 47, wherein the
blowing agent is selected from the group consisting of nitrogen, sulfur
hexafluoride (SF6), argon, carbon dioxide, 1,1,1,2-tetrafluoroethane
(HFC-134a), 1,1,2,2-tetrafluoroethane (HFC-134),
1,1,1,3,3-pentafluoropropane, difluoromethane (HFC-32), 1,1-difluoroethane
(HFC-152a), pentafluoroethane (HFC-125), fluoroethane (HFC-161) and
1,1,1-trifluoroethane (HFC- 143a), methane, ethane, propane, n-butane,
isobutane, n-pentane, isopentane, cyclopentane, neopentane, hexane,
azodicarbonamide, azodiisobutyro-nitrile, benzenesulfonylhydrazide,
4,4-oxybenzene sulfonyl-semicarbazide, p-toluene sulfonyl semi-carbazide,
barium azodicarboxylate, N,N'-dimethyl-N,N'-dinitrosoterephthalamide,
trihydrazino triazine, mixtures of citric acid and sodium bicarbonate, and
combinations thereof. 55. The container according to claim 47, wherein the
blowing agent is present in the resin beads or pre-puff beads at a level of
from about 2 wt.% to about 14 wt %, based on the weight of the beads. 56.
The container according to claim 47, wherein prior to impregnating the
resin beads with a blowing agent, the resin beads are suspended in an
aqueous system comprising one or more of dispersing aids, nonionic
surfactants or waxes. 57. The container according to claim 56, wherein the
dispersing aids are selected from the group consisting of tricalcium
phosphate, zinc oxide, bentonite, talc, kaolin, magnesium carbonate,
aluminum oxide, polyvinyl alcohol, alkyl aryl sulfonates, hydroxyethyl
cellulose, polyacrylic acid, methyl cellulose, polyvinyl pyrrolidone,
sodium and combinations thereof. 58. The container according to claim 56,
wherein the dispersing aids are present at a level of from about 0.01 to
about 2parts by weight per 100 parts by weight of resin beads. 59. The
container according to claim 56, wherein the non-ionic surfactants 



comprise polyoxyalkylene derivatives of sorbitan fatty acid esters.60. The
container according to claim 56, wherein the non-ionic surfactants are
present at a level of from about 0.01 to about 2 parts by weight per 100
parts by weight of resin beads. 61. The container according to claim 59,
wherein the HLB of the polyoxyalkylene derivatives of sorbitan fatty acid
esters is from about 8 to about 22. 62. The container according to claim
56, wherein the waxes are solid at 20C and below and are liquid at 125C and
above. 63. The container according to claim 62, wherein the waxes are
selected from natural and/or synthetic waxes. 64. The container according
to claim 62, wherein the waxes are selected from the group consisting of
C10 to C3 linear, branched or cyclic alkyl, alkenyl, aryl, alkaryl, or
aralkyl alcohols; C1O to C32 linear, branched or cyclic alkyl, alkenyl,
aryl, alkaryl, or aralkyl carboxylic acids, their corresponding ammonium or
metal salts, or C1 to C32 linear, branched or cyclic alkyl, alkenyl, aryl,
alkaryl, or aralkyl esters thereof; C10 to C32 linear, branched or cyclic
alkyl, alkenyl, aryl, alkaryl, or aralkyl hydrocarbons; polyethylene;
polypropylene; polyester; polyether; and combinations thereof. 65. The
container according to claim 56, wherein the waxes are present at a level
of from about 0.01 to about 2 parts by weight per 100 parts by weight of
resin beads.66. The container according to claim 30, wherein the container
is a cup or bowl. 67. The container according to claim 30, wherein a
beverage, soup, noodles, instant noodles, vegetables, meats, oily food
products, fried foods, pet foods, potato chips, or pretzels are stored
within or dispensed therein. 68. The container according to claim 30,
further comprising an annular rim at the top of the container where the
sidewall terminates projecting radially outwardly from the sidewall. 69.
The container according to claim 30, wherein the rim is adapted to accept a
lid. 70. The container according to claim 69, further comprising a Hd
secured to the rim. 7 1. The container according to claim 70, wherein
shrink-wrapping is applied to the container with lid. 72. A mandrel capable
of positioning a label in a mold comprising: a first base having a
dimension D1; a second base having a dimension D2, wherein D2 is greater
than Dl; a mandrel surface circumferentially and longitudinally disposed
about the first base and the second base; a plurality of charging pins
positioned in depressions along the mandrel 



surface from the first base to the second base; a plurality of suction
holes positioned along the mandrel surface; wherein at least the surface of
the mandrel comprises a non-conducting material that is not deformable or
hygroscopic at ambient conditions. 


