
PYRIMID1NE COMPOUNDS AS SEROTONIN RECEPTOR MODULATORS
FIELD OF THE INVENTION There is provided by the
present invention compounds that are serotonin
receptor modulators. More particularly, there is
provided by the present invention pyrimidine compounds
that are serotonin receptor modulators useful for the
treatment of disease states mediated by serotonin
receptor activity. BACKGROUND OF THE INVENTION
Serotonin (5-hydroxytryptamine, 5-HT) is a major
neurotransmitter eliciting effects via a multiplicity
of receptors. To date, at least fifteen different 5-HT
receptors have been identified, largely as the result
of cloning cDNA's, and these receptors have been
grouped into seven families (5-HT1 through 5-HT7)
(Hoyer, D. et al. Pharmacol. Biochem. Behav. 2002, 7
1, 533-554). Fourteen of the fifteen cloned 5-HT
receptors are expressed in the brain. 5-HT is
implicated in many disease states, particularly
conditions of the central nervous system including;
depression, anxiety, schizophrenia, eating disorders,
obsessive compulsive disorder, learning and memory
dysfunction, migraine, chronic pain, sensory
perception, motor activity, temperature regulation,
nociception, sexual behavior, hormone secretion, and
cognition. The identification of multiple 5-HT
receptors has provided the opportunity to characterize
existing therapeutic agents thought to act via the
serotonergic system. Consequently, this has led to the
realization that many drugs have non-selective
properties (Roth, B.L. et al. Neuroscientist 2000,
6(4), 252-262). For example, the antipsychotic drugs,
clozapine, chlorpromazine, haloperidol and olanzapine
exhibit affinities for multiple serotonin receptors in
addition to other families of receptors. Similar
behavior has been noted for antidepressants, including
imipramine, nortriptaline, fluoxetine and sertraline.
Similarly, the anti-migraine agent sumatriptan
exhibits high affinity for several serotonin
receptors. While the lack of selectivity often
contributes to a favorable therapeutic outcome, it can
also cause undesirable and dose-limiting side effects
(Stahl, S.M. Essential Psychopharmacology, 2nd ed.,
Cambridge University Press, Cambridge, U.K., 2000).
Thus, the inhibition of serotonin and norepinephrine
uptake together with 5-HT2 receptor blockade is
responsible for the therapeutic effects of the
tricyclic antidepressants. In contrast, their blockade
of histamine H1, muscarinic and alpha-adrenergic
receptors can lead to sedation, blurred vision and
orthostatic hypertension respectively. Likewise, the
atypical antipsychotics, including olanzapineand
clozapine, are considered to have positive therapeutic
effects attributable to their actions at 5-HT2, D2 and
5-HT7 receptors. Conversely, their side effect
liability is due to their affinities for a range of
dopaminergic, serotonergic and adrenergic receptors.
More selective ligands therefore have the potential to
ameliorate untoward pharmacologies and provide novel
therapies. More importantly the ability to obtain
compounds with known receptor selectivities affords
the prospect to target multiple therapeutic mechanisms
and improve clinical responses with a single drug.
4-Phenyltetrahydropyrido[4,3-d]pyrimidines with
utility in the treatment of 



gastrointestinal diseases have been described in U.S.
Pat. No. 5,137,890 (Sanfilippo et al.): The features
and advantages of the invention are apparent to one of
ordinary skill in the art. Based on this disclosure,
including the summary, detailed description,
background, examples, and claims, one of ordinary
skill in the art will be able to make modifications
and adaptations to various conditions and usages.
Publications described herein are incorporated by
reference in their entirety. Described herein is a
series of pyrimidine compounds with the ability to
modulate the activity of serotonin receptors. SUMMARY
OF THE INVENTION The invention features a compound of
Formulae (I) or (II): wherein m is 1, 2, or 3; n is 1,
2, or 3; where when m and n are both present, m + n is
greater than or equal to 2, and is less than or equal
to 4;Ra and Rb are independently -H, -Ci- 7alkyl, or
-Cs-ycycloalkyl, or Ra and Rb taken together with the
nitrogen of attachment form piperidinyl, pyrrolidinyl,
morpholinyl, thiomorphofinyl, or piperazinyl, where
each Ra and Rb is optionally and independently
substituted with -Ci-4alkyl; q is 0 or 1; A is >NR1,
>CHNRcRd, >CHOH, or -CH2- , wherein R1 is selected
from the group consisting of -H, -Ci -7alkyl,
-C^cycloalkyl, and benzyl, where each alkyl,
cycloalkyl, or benzyl is optionally mono-, di-, or
trisubstituted with Re; Re is selected from the group
consisting of -d^alkyl, -C2.4alkenyl, -C2.4alkynyl,
-Ca-ecycloalkyl, halo, -CF3, -OH, -OC1-4alkyl, -OCF3,
-N(Rf)R9 (wherein Rf and R9 are independently -H or
-C1-4alkyl, or Rf and R9 taken together with the
nitrogen of attachment form piperidinyl, pyrrolidinyl,
morpholinyl, thiomorpholinyl, or piperazinyl),
-C(O)N(R f)R9, -N(Rh)C(O)R h, -N(Rh)SO2C1-7alkyl
(wherein Rh is -H or -Ci-4alkyl, or two Rh in the same
substituent taken together with the amide of
attachment form an otherwise aliphatic 4- to
6-membered ring), -S(O)0.2-C1-4alkyl, -SO2N(Rf)R9,
-SCF3, -C(O)C 1-4alkyl, -CN, -COOH, and -COOC1-4alkyl;
Rc and Rd are independently selected from the group
consisting of -H, -C1-7alkyl, -C3.7alkenyl,
-C3.7alkynyl, -C^cycloalkyl, -d- T-alkylCs^cycloalkyl,
and -C3.7cycloalkylC 1.7alkyl, or Rc and Rd taken
together with the nitrogen of attachment form
piperidinyl, pyrrolidinyl, morpholinyl,
thiomorpholinyl, or piperazinyl, where each Rc and Rd
is optionally and independently substituted with Re;
R3 is -C1-4alkyl, -C1-4alkenyl, or benzyl, each
optionally substituted with -d. 3alkyl, -OH, 



or halo, or two R3 substituents taken together form
C2-5alkylene optionally substituted with -C1-3alkyl,
-OH, or halo; r is Oor is an integer less than or
equal to m + n + 1; Ar is an aryl or heteroaryl ring
selected from the group consisting of: a) phenyl,
optionally mono-, di-, or tri-substituted with R' or
di-substituted on adjacent carbons with
-OCi.4alkyleneO-, -(CH2)2.3NH-, -(CH2 2NH(CH2)-,
-(CH2)2.3N(C1-4alkyl)-, or -(CH2)i -2N(d. 4alkyl)(CH
2)-; R' is selected from the group consisting of
-C1-7alkyl, -C2-7alkenyl, -C2.7alkynyl,
-C3-7cycloalkyl, halo, -CF3, -OH, -Od. 7alkyl, -OCF3,
-OC3.7alkenyl, -OC3.7alkynyl, -N(R )Rk (wherein Rj and
Rk are independently - H or -d^alkyl), -C(O)N(R 1)Rk,
-N(Ri)C(O)R k, -N(Ri)SO2C1-6alkyl, -S(O)0.-SO2N(Rj)Rk,
-SCF3, -C(O)Ci -6alkyl, -NO2, -CN, -COOH, and
-COOC1-7alkyl; b) a monocyclic aromatic hydrocarbon
group having five ring atoms, having a carbon atom
which is the point of attachment, having one carbon
atom replaced by >0, >S, >NH, or >N(C1-4alkyl), having
up to two additional carbon atoms optionally replaced
by -N=, optionally mono- or di-substituted with R'; c)
a monocyclic aromatic hydrocarbon group having six
ring atoms, having a carbon atom which is the point of
attachment, having one or two carbon atoms replaced by
-N=, optionally mono- or di-substituted with R1; and
d) phenyl or pyridyl, substituted with a substituent
selected from the group consisting of phenyl, phenoxy,
pyridyl, thiophenyl, oxazolyl, and tetrazolyl, where
the resultant substituted moiety is optionally further
mono-, di-, or trisubstituted with R'; ALK is a
branched or unbranched C^alkylene, C2-7alkenylene,
C2.7alkynylene, C^cycloalkylene, or
C3.7cycloalkenylene, optionally mono-, di-, or
tri-substituted with Rm; Rm is selected from the group
consisting of halo, -CF3, -OH, -OC1-7alkyl,
-OCs-ycycloalkyl, -OCF3, -N(RP)RS (wherein Rp and Rs
are independently - H or -C1-7alkyl), -C(O)N(R P)RS,
-N(R JC(O)R1, -N(R')SO2C1.6alkyl (wherein R is - H or
-C^alkyl), -S(O)( r C1.balkyl >-SO2N(RP)RS, -SCF3,
-CN, -NO2, -C(O)C1-7alkyl, -COOH, and -COOC1-7alkyl;
CYC is - H or is a ring system selected from the group
consisting of: i) phenyl, optionally mono-, di-, or
tri-substituted with Ru or di-substituted on adjacent
carbons with -OCi. 4alkyleneO-, -(CH2)2-3NH-,
-(CH2)1-2NH(CH2)-, -(CH2)2.3N(C1-4alkyl)-, or
-(CH2)1.2N(C1.4alkyl)(CH2)-; Ru is selected from the
group consisting of -Ci -7alkyl, -C3-7cycloalkyl,
phenyl, benzyl, halo, -CF3, -OH, -OC^alkyl,
-OC3-7cycloalkyl, -Ophenyl, -Obenzyl, -OCF3,
-N(RV)RW(wherein Rv and Rw are independently - H or
-C1-7alkyl, or Rv and Rw taken together with the
nitrogen of attachment form piperidinyl, pyrrolidinyl,
morpholinyl, thiomorpholinyl, or piperazinyl, where
each Rv and 



Rw is optionally and independently substituted with
-OH or -Ci -7alkyl), -C(O)N(RV)RW, -N(RX)C(O)RX,
-N(Rx)SO2C1-6alkyl (wherein R is -H or -d^alkyl, or
two Rx in the same substituent taken together with the
amide of attachment form an otherwise aliphatic 4- to
6-membered ring), -N-(SO2C1.6alkyl)2,
-S(0)o.2-C1-6alkyl, -SO2N(RV)RW, -SCF3,
-C(O)C1.6alkyl, -NO2, -CN, -COOH, and -COOC1.7alkyl;
ii) a monocyclic aromatic hydrocarbon group having
five ring atoms, having a carbon atom which is the
point of attachment, having one carbon atom replaced
by >O, >S, >NH, or >N(C1-4alkyl), having up to one
additional carbon atoms optionally replaced by -N=,
optionally mono- or di-substituted with Ru; iii) a
monocyclic aromatic hydrocarbon group having six ring
atoms, having a carbon atom which is the point of
attachment, having one or two carbon atoms replaced by
-N=, optionally mono- or di-substituted with Ru; and
iv) a non-aromatic heterocyclic ring having 4 to 8
members, said ring having 0, 1, or 2 non-adjacent
heteroatom members selected from the group consisting
of O, S, -N=, >NH, and >N(Ci -4alkyl), having 0, 1, or
2 double bonds, having 0, 1, or 2 carbon members which
is a carbonyl, optionally having one carbon member
which forms a bridge, having 0 to 5 substituents Ru,
and where when q is 0, said ring has a carbon atom
which is the point of attachment; and enantiomers,
diastereomers, hydrates, solvates, and
pharmaceutically acceptable salts, esters and amides
thereof; with the proviso that in Formula (I): (a)
when ALK is methylene, ethylene, propylene, or
isopropylene, CYC is -H, Ar is phenyl or
mono-substituted phenyl, m is 2, n is 1, and A is
>NR1, then R1 is not -C1-4alkyl or benzyl; (b) when q
is 0, CYC is phenyl, Ar is phenyl or 3-chlorophenyl, m
is 2, and n is 1, then A is not unsubstituted -CH2-;
and (c) when q is 0, CYC is 2-pyridyl, Ar is
2-pyridyl, m is 2, and n is 1, then A is not
unsubstituted -CH2- . Isomeric forms of the compounds
of Formulae (I) and (II) and of their pharmaceutically
acceptable salts, esters, and amides, are encompassed
within the present invention, and reference herein to
one of such isomeric forms is meant to refer to at
least one of such isomeric forms. One of ordinary
skill in the art will recognize that compounds
according to this invention may exist, for example in
a single isomeric form whereas other compounds may
exist in the form of a regioisomeric mixture. The
present invention provides methods of treating or
preventing diseases and conditions mediated by the
serotonin receptors, particularly, 5-HT7 and/or 5-HT2
receptor subtypes. The invention also features
pharmaceutical compositions containing such compounds
and methods of using such compositions in the
treatment or prevention ofdisease states mediated by
the serotonin receptors, particularly, 5-HT7 and/or
5-HT2 



receptor subtypes. Compounds of the present invention
are useful in combination with other therapeutic
agents as a combination therapy method, including use
in combination with selective serotonin reuptake
inhibitors (SSRIs), anti-psychotics, norepinephrine
reuptake inhibitors (NRIs), sedatives, monoamine
oxidase inhibitors (MAOs), or tricyclic
antidepressants (TCAs). Additional features and
advantages of the invention will become apparent from
the detailed description and examples below, and the
appended claims. DETAILED DESCRIPTION Particular
preferred compounds of the invention comprise a
compound of Formula (I) or (II), or an enantiomer,
diastereomer, hydrate, solvate thereof, or a
pharmaceutically acceptable salt, amide or ester
thereof, wherein m, n, Ra, Rb, q, A, R3, r, Ar, ALK,
and CYC have any of the meanings defined hereinabove
and equivalents thereof, or at least one of the
following assignments and equivalents thereof. Such
assignments may be used where appropriate with any of
the definitions, claims or embodiments defined herein:
Preferably, m is 1 and n is 1. Preferably, m is 1 and
n is 2. Preferably, m is 2 and n is 1. Preferably, m
is 2 and n is 2. Preferably, m is 1 and n is 3.
Preferably, m is 3 and n is 1. Preferably, in Formula
(II), n is 1. Preferably, in Formula (II), n is 2.
Preferably, q is 1. Preferably, -N(Ra)Rb is amino,
methylamino, ethylamino, isopropylamino,
dimethylamino, diethylamino, diisopropylamino,
cyclopropylamino, cyclopentylamino, piperidinyl,
pyrrolidinyl, morpholinyl, thiomorpholinyl, or
piperazinyl. More preferably, -N(Ra)Rb is amino,
methylamino, dimethylamino, or Nmethylpiperazinyl.
Preferably, A is >NR1. Preferably, R1 is selected from
the group consisting of hydrogen, methyl, ethyl,
isopropyl, butyl, hexyl, cyclopropyl, cyclobutyl,
cyclopentyl, and benzyl, each optionally mono-, di-,
or tri-substituted with Re.More preferably, R1,
optionally Re substituted, is selected from the group
consisting of hydrogen, methyl, ethyl, isopropyl, and
benzyl. Even more preferably, R1 is hydrogen or
methyl. Preferably, R3, optionally substituted, is
selected from the group consisting of methyl, ethyl,
propyl, isopropyl, butyl, methylene, allyl, and
benzyl. Alternatively, two R3 substituents taken
together form ethylene. More preferably, R3 is methyl.
Preferably, r is 0, 1, or 2. 



Preferably Ar, optionally substituted, is selected
from the group consisting of: a) phenyl, 5-, 6-, 7-,
8-benzo-1 ,4-dioxanyl, A-, 5-, 6-, 7-benzo-1
,3-dioxolyl, A-, 5-, 6-, 7-indolinyl, A-, 5-, 6-,
7-isoindolinyl, 1,2,3,4-tetrahydro-quinolin-4, 5, 6 or
7-yl, 1,2,3,4-tetrahydro-isoquinolin-4, 5, 6 or 7-yl,
b) furanyl, oxazolyl, isoxazolyl, 1,2,3-oxadiazolyl,
1,2,4-oxadiazolyl, 1,2,5- oxadiazolyl,
1,3,4-oxadiazolyl, thiophenyl, thiazolyl,
isothiazolyl, pyrrolyl, imidazolyl, pyrazolyl,
1,2,3-triazolyl, 1,2,4-triazolyl, c) pyridinyl,
pyridinyl-N-oxide, pyrazinyl, pyrimidinyl,
pyridazinyl, and d) biphenyl, and 4-tetrazolylphenyl.
More preferably, Ar, optionally substituted, is
selected from the group consisting of phenyl, pyridyl,
thiophen-2-yl, and thiophen-3-yl. Specific Ar may be
selected from the group consisting of phenyl,
2-methoxyphenyl, 3-methoxyphenyl, 4-methoxyphenyl,
2-methylphenyl, 3-methylphenyl, 4-methylphenyl,
4-ethylphenyl, 2-chlorophenyl, 3-chlorophenyl,
4-chlorophenyl, 2-fluorophenyl, 3-fluorophenyl,
4-fluorophenyl, 2-bromophenyl, 3-bromophenyl,
4-bromophenyl, 2-trifluoromethylphenyl,
3-trifluoromethylphenyl, 4-trifluoromethylphenyl,
3-trifluoromethoxyphenyl, 4-trifluoromethoxyphenyl,
3-cyanophenyl, 4-cyanophenyl, 3-acetylphenyl,
4-acetylphenyl, 3,4-difluorophenyl,
3,4-dichlorophenyl, 2,3-difluorophenyl,
2,3-dichlorophenyl, 2,4-difluorophenyl,
2,4-dichlorophenyl, 3-nitrophenyl, 4-nitrophenyl,
3-chloro-4-fluorophenyl, 3-fluoro-4- chlorophenyl,
benzo[1 ,3]dioxol-4 or 5-yl, 3-hydroxyphenyl,
4-hydroxyphenyl, 4-hydroxy-2-methylphenyl,
4-hydroxy-3-fluorophenyl, 3,4-dihydroxyphenyl,4-
dimethylaminophenyl, 4-carbamoylphenyl,
4-fluoro-3-methylphenyl, 2-phenoxyphenyl, furan-2-yl,
furan-3-yl, 5-methyl-furan-2-yl, thiophen-2-yl,
thiophen-3-yl, 5- chlorothiophen-2-yl,
5-methylthiophen-2-yl, 5-chlorothiophen-3-yl,
5-methylthiophen-3- yl, oxazol-2-yl,
4,5-dimethyl-oxazol-2-yl, thiazol-2-yl, 3H-[1
,2,3]triazol-4-yl, 2H-pyrazol- 3-yl, 1H-pyrazol-4-yl,
4-pyridyl, 5-fluoro-pyridin-2-yl, 4'-chlorobiphenyl,
and Atetrazolylphenyl.Preferably, ALK, optionally
substituted, is selected from the group consisting of
methylene, ethylene, propylene, butylene,
sec-butylene, tert-butylene, pentylene, 1-
ethylpropylene, 2-ethylpropylene, 2-ethylbutylene,
isopropylene, but-3-enylene, isobutylene,
3-methylbutylene, allylene, prop-2-ynylene,
cyclopropylene, cyclobutylene, cyclopentylene,
cyclohexylene, and cycloheptylene. Specific ALK may be
selected from the group consisting of methylene,
hydroxymethylene, fluoromethylene, difluoromethylene,
trifluoromethylmethylene,
2,2,2-trifluoro-1-trifluoromethyl-ethylene,
methoxycarbonylmethyl, methylcarbamoylmethyl,
ethylene, 2-dimethylaminoethylene, 2-cyanoethylene, 2-
methoxyethylene, 1-carboxy-ethylene, propylene,
3-methoxycarbonyl propylene, 3- carboxy propylene,
isopropylene, 1-fluoro-1-methyl-ethylene,
1-hydroxy-1-methylethylene,
1-carboxy-1-methyl-ethylene, 1-ethylpropylene,
2-ethylpropylene, butylene, tert-butylene,
sec-butylene, isobutylene, 4-hydroxybutylene,
4-methoxycarbonyl butylene, 4-carboxy butylene,
2-ethylbutylene, isobutylene, 3-methylbutylene,
prop-2- 



ynylene, but-3-enylene, pentylene, 5-hydroxypentylene,
cyclopropylene, cyclobutylene, cyclopentylene,
cyclopentenylene, 3,3-difluoro-cyclopentylene,
3-hydroxycyclohexylene, 4-fluorocyclohexylene,
4,4-difluoro-cyclohexylene, and
1-methylcyclopropylene. Preferably CYC, optionally
substituted, is hydrogen or is a ring system selected
from the group consisting of: i) phenyl, 5-, 6-, 7-,
8-benzo-1 ,4-dioxanyl, 4-, 5-, 6-,
7-benzo-1,3-dioxolyl, 4-, 5- , 6-, 7-indolinyl, A-,
5-, 6-, 7-isoindolinyl, 1,2,3,4-tetrahydro-quinolin-4,
5, 6 or 7-yl, 1,2,3,4-tetrahydro-isoquinolin-4, 5, 6
or 7-yl, ii) furanyl, oxazolyl, isoxazolyl,
1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl, 1,2,5-
oxadiazolyl, 1,3,4-oxadiazolyl, thiophenyl, thiazolyl,
isothiazolyl, pyrrolyl, imidazolyl, pyrazolyl,
1,2,3-triazolyl, 1,2,4-triazolyl, iii) pyridinyl,
pyridinyl-N-oxide, pyrazinyl, pyrimidinyl,
pyridazinyl, and iv) pyrrolinyl, pyrrolidinyl,
pyrazolinyl, piperidinyl, homopiperidinyl, azepanyl,
tetrahydrofuranyl, tetrahydropyranyl, piperazinyl,
morpholinyl, thiomorpholinyl, and piperidinonyl. More
preferably, CYC, optionally substituted, is selected
from the group consisting of hydrogen, phenyl,
thiophen-2-yl, thiophen-3-yl, furan-2-yl, furan-3-yl,
pyridinyl, piperidin-1, 2, 3 or 4-yl, 2-pyrrolin-2, 3,
4, or 5-yl, 3-pyrrolin-2 or 3-yl, 2- pyrazolin-3, 4 or
5-yl, tetrahydrofuran-3-yl, tetrahydropyran-4-yl,
morpholin-2, 3, or Ayl, thiomorpholin-2, 3, or 4-yl,
piperazin-1 , 2, 3, or 4-yl, pyrrolidin-1 , 2, or
3-yl, and homopiperidinyl.Most preferably, CYC,
optionally substituted, is selected from the group
consisting of hydrogen, phenyl, pyridyl,
thiophen-2-yl, thiophen-3-yl, tetrahydropyranyl,
furan-2-yl, furan-3-yl, tetrahydrofuran-3-yl, and
piperidinyl. Specific CYC may be selected from the
group consisting of hydrogen, phenyl, 2-methoxyphenyl,
3-methoxyphenyl, 4-methoxyphenyl, 2-methylphenyl,
3-methylphenyl, 4-methylphenyl, 4-ethylphenyl,
2-chlorophenyl, 3-chlorophenyl, 4-chlorophenyl,
2-fluorophenyl, 3-fluorophenyl, 4-fluorophenyl,
2-bromophenyl, 3-bromophenyl, 4-bromophenyl,
2-trifluoromethylphenyl, 3-trifluoromethylphenyl,
4-trifluoromethylphenyl, 3-trifluoromethoxyphenyl,
4-trifluoromethoxyphenyl, 2-cyanophenyl,
3-cyanophenyl, 4-cyanophenyl, 3-acetylphenyl,
4-acetylphenyl, 3,4-difluorophenyl,
3,4-dichlorophenyl, 2,3-difluorophenyl,
2,3-dichlorophenyl, 2,4-difluorophenyl,
2,4-dichlorophenyl, 2,6-difluorophenyl,
2,6-dichlorophenyi, 2,6-dimethylphenyl,
2,4,6-trifluorophenyl, 2,4,6-trichlorophenyl,
3,4,5-trimethoxyphenyl, 4-fluoro-3-methylphenyI,
3-nitrophenyl, 4-nitrophenyl, 4-
methyl-3-fluorophenyl, 3,4-dimethylphenyl,
4-methoxy-3-fluorophenyl, 4-methoxy-2- methylphenyl,
3-aminophenyl, 4-aminophenyl, 4-carbomethoxyphenyl,
3-methanesulfonylamino-phenyl,
4-methanesulfonylamino-phenyl,
3-dimethanesulfonylamino-phenyl,
4-dimethanesulfonylamino-phenyl, thiophen-2-yl,
thiophen-3-yl, 5-chlorothiophen-2-yl, benzo[1
,3]dioxol-4 or 5-yl, tetrahydrofuran-3-yl,
tetrahydropyran-2,3 or 4-yl, furan-2-yl, furan-3-yl,
5-carboxyethyl-furan-2-yl, piperidinyl, 



3,4-bisbenzyloxyphenyl, 2-hydroxyphenyl,
3-hydroxyphenyl, 4-hydroxyphenyl,
4-hydroxy-2-methylphenyl, 4-hydroxy-3-fluorophenyl,
3,4-dihydroxyphenyl, 1- piperidinyl, 4-piperidinyl,
and 1-methyl-4-piperidinyl. In one embodiment of
Formula (I), CYC-(ALK) q- is -Cs-scycloalkyl. In
another embodiment of Formula (I), CYC-(ALK) q- is not
methyl, ethyl, propyl, or isopropyl where A is >NR1.
In another embodiment of Formula (I), CYC-(ALK) q- is
not methyl, ethyl, propyl, or isopropyl. In another
embodiment of Formula (I), m is not 2. In another
embodiment of Formula (I), A is not unsubstituted
-CH2- where q is 0. Compounds of Formulae (I) and (II)
comprise compounds that satisfy any one of the
combinations of definitions given herein and
equivalents thereof. It is understood that the symbol
">" when used herein immediately prior to an atom
means that the atom immediately following this symbol
is divalent. It is understood that some compounds
referred to herein are chiral and/or have geometric
isomeric centers, for example E- and Z- isomers. The
present invention encompasses all such optical
isomers, including diastereomers and racemic mixtures,
atropisomers, and geometric isomers, and mixtures
thereof, that possess the activitythat characterizes
the compounds of this invention. In addition, certain
compounds referred to herein can exist in solvated as
well as unsolvated forms. It is understood that this
invention encompasses all such solvated and unsolvated
forms that possess the activity that characterizes the
compounds of this invention. Compounds according to
the present invention that have been modified to be
detectable by some analytic technique are also within
the scope of this invention. The compounds of the
present invention may be labeled with radioactive
elements such as 125 1, 18F, 1 1C, 64Cu, 3H, 14C, and
the like for use in imaging or for radioactive
treatment of patients. An example of such compounds is
an isotopically labeled compound, such as an 18F
isotopically labeled compound that may be used as a
probe in detection and/or imaging techniques, such as
positron emission tomography (PET) and single-photon
emission computed tomography (SPECT). Preferably,
compounds of the present invention labeled with 18F or
1 1C may be used as a positron emission tomography
(PET) molecular probe for studying serotonin-mediated
disorders. Alternatively, compounds of the present
invention labeled with 14C may be used in metabolic
studies. Another example of such compounds is an
isotopically labeled compound, such as a deuterium
and/or tritium labeled compound, that may be used in
reaction kinetic studies. The compounds described
herein may be reacted with an appropriate
functionalized radioactive reagent using conventional
chemistry to provide radiolabeled compounds. Preferred
compounds, which are pyrimidines, are selected from
the group consisting of:BIAXIALLY ORIENTED POLYSTYRENE
FILM CONTAINING SMALL RUBBER PARTICLES AND LOW RUBBER
PARTICLE GEL CONTENT CROSS REFERENCE STATEMENT This
application claims the benefit of U.S. Provisional 



Application No. 60/703,385, filed July 28, 2005.
BACKGROUND OF THE INVENTION Field of the Invention The
present invention relates to a biaxially oriented
rubber-reinforced polystyrene film that has a
preferential orientation in the machine direction and
a shrink-label film comprising such a polystyrene
film. Description of Related Art Shrink labels
generally fall into two categories: roll-on shrink-on
(ROSO) labels and sleeve-type labels (sleeve labels) .
ROSO labels are film sheets that wrap around a
container. Sleeve labels are tubular in configuration
and fit around a container by placement over the
container. Application of heat to a shrink label that
is around a container causes the label to shrink and
conform to the container. To conform to a container,
each type of label must shrink preferentially (that
is, to a greater extent than in any other direction)
in the direction extending circumferentially around
the container. ROSO films reside on a container with
the machine direction (MD) of the film extending
circumferentially around the container. Hence, ROSO
films primarily shrink in the film' s machine
direction (MD) due to preferential machine direction
orientation (MDO) . In contrast, sleeve labels
typically reside on a container with the label's
transverse direction (TD) extending circumferentially
around the container. Hence, sleeve labels shrink
primarily in the film' s transversedirection (TD) due
to preferential transverse direction orientation (TDO)
. ROSO labels are particularly desirably over sleeve
labels because they entail less processing and are
less costly to produce. ROSO labels are typically in
roll form resulting from printing onto an oriented
film in a continuous web process. In contrast, sleeve
labels, while also available in roll form, require
printing, cutting and gluing into sleeves prior to
rolling into roll form, complicating the manufacturing
process and increasing manufacturing costs for sleeve
labels relative to ROSO labels. Furthermore, orienting
films in the TD for sleeve labels tends to be more
expensive than orienting films in 



the MD for ROSO labels. Additionally, ROSO application
of ROSO labels to containers is typically a faster
process than application of sleeve labels. While ROSO
labels offer advantages in production speed, sleeve
labels historically have enjoyed an advantage in
extent of shrinkage around a container. Sleeve labels
typically shrink up to 70 percent (%) around the
circumference of a container. In contrast, ROSO films
historically demonstrate up to about 20% shrinkage
around the circumference of a container. Lower
shrinkage in the ROSO labels is mainly due to: (1)
predominant use of oriented polypropylene (OPP) , a
crystalline polymer, for the film and (2) a limitation
on the stress allowed on a glue seam holding the label
in place (wrapped) around a container - too much
stress on the glue seam can cause the label to shift
on the container or, in an extreme case, cause the
label to unwrap from around the container. Sleeve
labels, which either have no glue joint or have a glue
joint that is extensively cured prior to application
to a container, can tolerate a greater extent of
stress during shrinkage.Sleeve labels historically
enjoy more extensive shrinkage and therefore have
conformed better to contoured containers than ROSO
labels. However, in view of the production advantages
of ROSO labels, it is desirable to identify an
oriented film suitable for preparing a ROSO label that
can shrink circumferentially around a container to a
greater extent than current ROSO labels (that isr more
comparable to sleeve labels) but without the detriment
of failure at the glue joint of the label. Polystyrene
(PS) is a particularly desirable polymer for shrink
labels. Shrink label films of polypropylene (PP) , for
example, typically shrink only up to about 20% in any
direction at a temperature below 120 0C . The
crystalline nature of PP requires heating above the PP
s crystalline melt temperature to release additional
orientation . In contrast, PS-based shrink label films
only need to exceed the polymer' s glass transition
temperature (which generally is lower than PP' s
crystalline melt temperature) due to its amorphous
character. Therefore, PS films can desirably provide
greater shrink at lower processing temperatures than
PP films. 



Additionally, PS retains a higher surface energy after
corona treatment (necessary to render the surface of a
polymer film suitable for printing) for extended
periods of time relative to PP. Therefore, unlike PP
films, corona treatment of PS films can occur during
manufacture rather than just prior to printing into
labels. In contrast to copolyester and polyvinyl
chloride (PVC) films, use of PS films facilitate
bottle and label recyclability, as the lower density
allows the label to be easily separated from the
higher density {for example, polyester) bottles.
Furthermore, the lower PS density advantageously
provides a higher film yield, or more area/lb. of
film. Higher density labelstock, such as copolyester
or PVC films, do not provide similar
advantages.Polystyrene-based shrink label films often
include a high impact polystyrene (HIPS) component in
order to improve label toughness {for example, tear
resistance) . However, rubber particles in a typical
HIPS range have an average particle size of greater
than one micrometer (see, for example, United States
Patent (USP) 6897260, column 4 , lines 26-27). Large
rubber particles tend to decrease clarity of a label
film, interfering with the use of the film for reverse
side printing (printing on the side of a label film
proximate to the container so that it is readable
through the film) as well as with viewing of the
container or product through the label. Typical HIPS
also contains greater than 7 percent rubber based on
total HIPS weight. High concentrations of rubber can
hinder the printability of a film, decrease clarity of
a film, reduce dimensional stability and undesirably
increase gel amount in a final film. It is desirable
to have an oriented PS film that is suitable for ROSO
label applications. It is further desirable for the
film to contain a high impact polystyrene of a type
that has smaller rubber particles and lower rubber
concentrations than that of typical HIPS in order to
achieve film toughening without hindering printability
or clarity of the film. It is still further desirable
if such a film can serve as a ROSO label that
demonstrates circumferential shrink around a container
similar to sleeve labels. BRIEF SUMMARY OF THE
INVENTION 



The present invention advances shrink-label art by
providing a biaxially oriented polystyrene-based film
suitable for use as a ROSO label and that contains
HIPS with a rubber particle size and rubber
concentration below that of typical HIPS. The present
invention can provide a rubber-reinforced polystyrene
film, and ROSO label comprising such a film, that
surprisingly has one or more ofhigh clarity, improved
MD shrink over conventional ROSO labels, and a
combination of high shrink and low oriented release
stress relative to conventional ROSO labels. In a
first aspect, the present invention is a biaxially
oriented film comprising a polymer composition, said
polymer composition consisting of: (a) a first high
impact polystyrene (HIPS) component having: (i) a
block copolymer of styrene and a rubbery conjugated
diene, wherein the copolymer is grafted to a
polystyrene; (ii) optionally, two weight-percent or
more and 8 weight -percent or less of a rubber
homopolymer based on first HIPS component weight;
(iii) a total rubbery conjugated diene content of one
weight percent or more and seven weight percent or
less based on total weight of the first HIPS
component; (iv) less than 10 wt% gel concentration by
methyl ethyl ketone/methanol extraction; (v) an
average rubber particle size of less than 1.0
micrometers and 0.01 micrometers or more; (vi) about
40 to about 90 volume percent of the rubber particles
with diameters of less than about 0.4 microns and from
about 10 to about 60 volume percent of the rubber
particles with diameters between about 0.4 and about
2.5 microns; (vii) a majority of rubber particles with
a core/shell morphology; (viii) a concentration that
accounts for 100 percent by weight (wt%) or less and
30 wt% or more relative to the polymer composition
weight and accounts for one or more and five or less
percent by weight of rubbery diene weight relative to
total composition weight; and (b) a general purpose
polystyrene having a weight-average molecular weight
of more than 200,000 grams per mole and 350,000 grams
per mole or less and that is present at a
concentration of zero wt% or more and 70 wt% or less
relative to the polymer composition weight; and (c) a
second HIPS component different than (a) and that is
present at a concentration of zero wt% or more and 20
wt% or less relative to the polymer 



composition weight; wherein, the total combination of
(a) ,(b) and (c) accounts for 100 wt% of the polymer
composition; the polymer composition accounts for at
least 95 wt% of the biaxially oriented film weight
with the balance to 100 wt% selected from additives;
and wherein the film has a MDO ratio of more than 1.2
and a TDO ratio of 2.0 or less and wherein the MDO
ratio is greater than the TDO ratio. In a second
aspect, the present invention is a shrink label
comprising a biaxially oriented polymer film of the
first aspect wherein the film has printing on one or
both sides. DETAILED DESCRIPTION OF THE INVENTION
Films of the present invention comprise a polymer
composition comprising a first HIPS component and
optionally a general purpose polystyrene (GPPS) , a
second HIPS component, or both a GPPS and a second
HIPS component. The combination of first HIPS
component, GPPS and second HIPS component account for
100 percent by weight (wt%) of the polymer
composition. The polymer composition desirably
accounts for 95 wt% or more, preferably 97 wt% or
more, and can comprise 100 wt% of the total film
weight. When the polymer composition is less than 100
wt% of the film weight, the balance to 100 wt%
consists of additives, including any additives that
may be part of the first HIPS component, GPPS, and
second HIPS component. Additives include standard
fillers and standard processing aids such as
plasticizers . The first HIPS component is a styrene
polymer containing a grafted rubber component.
Grafting of a rubber component into a polystyrene
tends to increase toughness and mechanical strength of
the polystyrene. Binding the rubber to the polystyrene
through grafting has technical advantages over simply
blending polystyrene with a rubber component. Binding
the rubber generally provides a material with a higher
modulus and equivalent impact strength with a lower
rubber content than a simply blended rubber. Graft
therubber component into the styrene polymer by
combining the rubber component with styrene monomers,
typically by dissolving the rubber in styrene monomers
prior to polymerizing the styrene monomers.
Polymerizing the styrene monomers then produces a
matrix of polystyrene containing rubber grafted to
styrene polymers. The polystyrene matrix typically has
a sufficiently 



high weight average molecular weight (Mw) to provide a
desirable level of processability and mechanical
properties in the composition, which is typically a Mw
of at least 100,000, preferably at least about
120,000, more preferably at least about 130,000 and
most preferably at least about 140,000 grams per mole
(g/mol) . The polystyrene typically has a Mw that is
less than or equal to about 260,000, preferably less
than or equal to about 250,000, more preferably less
than or equal to about 240,000 and most preferably
less than or equal to about 230,000 g/mol in order to
provide sufficient processability. Measure polystyrene
matrix Mw by using gel permeation chromatography using
a polystyrene standard for calibration. The rubber
component is a copolymer of a rubbery conjugated diene
and styrene (rubber copolymer) or a blend comprising
both the rubber copolymer and a minor amount of a
rubbery conjugated diene homopolymer (rubber
homopolymer) . The conjugated diene in both rubbers is
typically a 1,3- alkadiene, preferably butadiene,
isoprene or both butadiene and isoprene, most
preferably butadiene. The conjugated diene copolymer
rubber is preferably a styrene/butadiene (S/B) block
copolymer. Polybutadiene is a desirable rubber
homopolymer. The rubber copolymer desirably has a Mw
of 100,000 g/mol or more, preferably 150,000 g/mol or
more and desirably 350,000 g/mol or less, preferably
300,000 g/mol or less, more preferably 250,000 g/mol
or less. Measure Mwusing Tri Angle Light Scattering
Gel Permeation Chromatography . The rubber copolymer
also desirably has a solution viscosity in the range
of from about 5 to about 100 centipoise (cP) (about 5
to about 100 milliPascal-second (mPa*s)), preferably
from about 20 to about 80 cP (about 20 to about 80
mPa*s) ; and cis content of at least 20%, preferably
at least 25% and more preferably at least about 30%
and desirably 99% or less, preferably 55% or less,
more preferably 50% or less. Buna BL 6533 T brand
rubber and other similar rubbers are desirable
examples of rubber copolymers . Including rubber
homopolymer with a rubber copolymer when preparing the
first HIPS component can contribute to 



the mechanical performance of the HIPS polymer by
enhancing the amount of elongation at rupture.
Suitable rubber homopolymers desirably have a second
order transition temperature of zero degrees Celsius
(0C ) or less, preferably -20 0C or less. Preferably,
the rubber homopolymer has a solution viscosity in the
range of about 20 to about 250 cP (about 20 to about
250 mPa*s) , more preferably from about 80 cP to 200
cP (about 80 to about 200 mPa*s) . The rubber
homopolymer desirably has a cis content of at least
about 20%, preferably at least about 25% and more
preferably at least about 30% and desirably about 99%
or less, preferably 55% or less, more preferably 50%
or less. Desirably rubber homopolymers have a Mw of
100,000 g/mol or more, more preferably 150,000 g/mol
or more and desirably 600,000 g/mol or less,
preferably 500,000 g/mol or less. Measure Mw by Tri
Angle Light Scattering Gel Permeation Chromatography)
. An example of a suitable rubber homopolymer is
Diene(tm) 55 brand rubber (Diene is a trademark of
Firestone) . Rubber homopolymer, when present, will
typically comprise at least about 2 wt%, preferably at
least 4 wt%, more preferably at least 6 wt% and most
preferably at least8 wt% based on total rubber weight
in the HIPS polymer. In order to avoid unnecessarily
low transparency or clarity, the rubber homopolyiner
content is desirably 25 wt% or less, preferably 20 wt%
or less, more preferably 16 wt% or less and most
preferably 12 wt% or less based on total rubber weight
. The first HIPS component has a total
diene-coraponent content from the rubber component
{that is r content arising from rubbery conjugated
diene of both rubber copolymer and rubber homopolymer
when preparing the first HIPS component) of about one
wt% or more, preferably 1.5 wt% or more, more
preferably 2 wt% or more, still more preferably 2.5
wt% or more and most preferably 3 wt% or more based on
weight of the first HIPS component. Rubber
concentrations below about 1 wt% fail to obtain a
desirable level of mechanical strength and toughness.
In order to provide desirable transparency, the rubber
concentration is typically 7 wt% or less, preferably 6
wt% or less, more preferably 5 wt% or less, even more
preferably 4 wt% or less, based on total weight of the
first HIPS component. 



Without being bound by theory, lower rubber
concentrations, such as 7 wt% or less based on HIPS,
is desirable to avoid extensive crosslinking in the
rubber particle and reduce the likelihood of gel
formation. While some crosslinking in the rubber is
desirable to maintain the integrity of the rubber
during shearing in manufacture, extensive crosslinking
can hinder a rubber particle's ability to deform
during film orientation. Clarity and transparency of a
film increase as rubber particles deform into
particles with higher aspect ratios. Rubber particles
with less crosslinking tend to deform and retain their
deformed shape more readily than higher crosslinked
rubber particles, making the lower crosslinked
particles more amenable to clear and transparent films
. Defining a specific rubber concentration where
crosslinking becomesundesirably extensive is difficult
since it depends on specific processing conditions.
Even so, rubber concentrations of 12 wt% or more based
on HIPS weight, tend to have undesirably extensive
crosslinking. Similarly, without being bound by
theory, films of the present invention likely benefit
from having a lower gel formation as a result of a
lower rubber concentration. Gels form by extensive
crosslinking of rubber agglomerates which fail to
shear into small particles during film manufacture.
Crosslinked gel agglomerates can cause difficulty in
film manufacture, for instance by causing bubble
breaks in a blown film process. Gel agglomerates also
have a detrimental effect on film quality, appearing
as non-uniform defects in the film and causing dimples
in films wound over the agglomerate particle. The
dimples tend to pose problems during printing by
precluding ink reception on dimpled spots of a film's
surface. The first HIPS component further has a gel
concentration according to a methyl ethyl
ketone/methanol extraction of less than 10 wt%,
relative to total first HIPS component weight. Such a
low gel concentration is desirable to maximize film
clarity. Conduct the methyl ethyl ketone/methanol
extraction similar to the method of Unexamined
Japanese Patent Application Kokai No. P2000- 351860A
for determining gel concentration. In essence,
dissolve a sample of first HIPS (sample weight is Wl)
into a 



mixed solvent methyl ethyl ketone/methanol (10:1
volume ratio) at room temperature (about 23C) .
Separate the insoluble fraction by centrifugal
separation. Isolate and dry the insoluble fraction.
The weight of the isolated and dried insoluble
fraction is W2 . The gel concentration in wt% is 100 x
W2/W1. The first HIPS component has a volume average
rubber particle size of less than one micrometer (mm
), preferably 0.5 mm or less and generally 0.01 mm or
more, preferably 0.1mm or more and more preferably 0.3
mm or more. Such a volume average rubber particle size
is in contrast to conventional HIPS materials, which
have an average rubber particle size of at least one
mm (see for example, USP 6897260B2, column 4 , lines
22-34; incorporated herein by reference) . Small
rubber particle sizes are desirable because they tend
to produce films with higher clarity and lower haze
than films with larger rubber particles. However,
rubber particles below 0.01 mm tend to contribute
little to the durability of a composition despite
their transparency and clarity. The rubber particles
in the first HIPS component have a broad particle size
distribution where the majority of the particles are
smaller and only a limited amount of particles are
larger. In particular, t is desirable to have a
distribution where from about 40 to about 90 volume
percent (vol%) of the particles have diameters less
than about 0.4 mm . Correspondingly, it is desirable
to have a distribution of relatively large particles
where from about 10 to about 60 vol% of the particles
have diameters greater than about 0.4 mm and less than
about 2.5, preferably from about 15 to 55 vol% and
more preferably from about 20 to about 50 vol% of the
particles have diameters greater than or equal to
about 0.5 mm and less than or equal to about 2.5 mm .
Preferably, for this component of relatively large
particles, the specified percentage amounts of the
particles have diameters less than about 2 mm , more
preferably about 1.5 mm or less, still more preferably
about 1.2 mm or less, even more preferably about 1 mm
or less. Rubber particle size is a measure of
rubber-containing particles, including all occlusions
of monovinylidene aromatic polymer within the rubber
particles. Measure 



rubber particle size with a Beckham Coulter: LS230
lightscattering instrument and software. The
manufacturer's instructions and literature (JOURNAL OF
APPLIED POLYMER SCIENCE, VOL. 77 (2000), page 1165, A
Novel Application of Using a Commercial Fraunhofer Dif
fractometer to Size Particles Dispersed in a Solid
Matrix " by Jun Gao and Chi Wu) provide a method for
measuring rubber particle size with the Beckham
Coulter. Preferably, using this equipment and
software, the optical model for calculating the rubber
particle size and distribution statistics is as
follows: (i) Fluid Refractive Index of 1.43, (ii)
Sample Real Refractive Index of 1.57 and (iii) Sample
Imaginary Refractive Index of 0.01. The majority of
the rubber particles, preferably 70% or more, more
preferably 80% or more, more preferably 90% or more of
the rubber particles in the first HIPS component will
have a core/shell particle morphology. Core/shell
morphology means that the rubber particles have a thin
outer shell and contain a single, centered occlusion
of a matrix polymer. This type of particle morphology
is commonly referred to as "single occlusion" or
"capsule" morphology. In contrast, the terms
"entanglement" or "cellular" morphology refer to
various other, more complex rubber particle
morphologies that include "entangled", "multiple
occlusions", "labyrinth", "coil", "onion skin" or
"concentric circle" structures. Determine the
percentage of rubber particles having a core/shell
morphology as a numerical percentages from 500
particles in a transmission electron micrograph photo
of the first HIPS component. Core-shell particles in
the first HIPS component are crosslinked to the degree
that they will stretch but not break under shear
fields (that is, during an orientation process) .
Their thin walls (as a result of high compatibility
coming from the presence of copolymer rubbers) will
become even thinner but remain intact to provide the
needed mechanical and tensile strength
properties.Presumably, upon film orientation, the
oriented rubber morphology is very close to a
co-continuous distribution of very thin ribbons of
rubber, possibly as a result of a low amount of
multi-occlusion particles in the system (cellular
morphology) . The very thin shell walls have better
light transmittance than would result with thicker
walls and 



definitely better than if there were residual cellular
or multi-occlusion particles, which do not distribute
as very thin ribbons upon orientation. The first HIPS
component may be free of or contain other additives
such as mineral oil or other plasticizers .
Appropriate amounts of mineral oil can improve
mechanical properties such as elongation at rupture.
The first HIPS component will typically contain at
least about 0.4 wt%, preferably 0.6 wt% or more, more
preferably 0.8 wt% or more and still more preferably 1
wt% or more mineral oil based on total weight of the
first HIPS component. In order to obtain a desirable
clarity, the first HIPS component will generally
contain less than about 3 wt%, preferably 2.8 wt% or
less, more preferably 2.6 wt% or less and most
preferably 2.4 wt% or less mineral oil based on total
weight of the first HIPS component. A suitable
material for use as the first HIPS component is that
described in U.S. Pregrant Publication 2006-0084761
entitled: IMPROVED RUBBER MODIFIED MONOVINYLIDENE
AROMATIC POLYMERS AND THEMOFORMED ARTICLES. The first
HIPS component differs from standard, mass or solution
polymerized HIPS in that the rubber particle size
distribution is relatively broad and the majority of
the rubber particles have a core-shell morphology. In
contrast, conventional HIPS resins tend to have a
relatively narrow particle size distribution and have
predominantly or at least a larger percentage of
cellular, multi-occlusion particle structure.Films of
the present invention contain 100 wt% first HIPS
component or less and 30 wt% or more first HIPS
component, based on total polymer composition weight.
Films of the present invention may contain 80 wt% or
less, or 60 wt% or less and 50 wt% or more, or 75 wt%
or more of the first HIPS component, based on total
polymer composition weight. Total rubber content
(based on total diene content from copolymer and
homopolymer) arising from the first HIPS component in
the films of the present invention is 2 wt% or more,
preferably 3 wt% or more and 5 wt% or less based on
total film weight. The polymer composition of the
present film can contain 



a crystal polystyrene, also called a general purpose
polystyrene (GPPS) . GPPS for use in the present
invention desirably has a Mw of more than 200,000
g/mol, preferably 280,000 g/mol or more and 350,000
g/mol or less, preferably 320,000 g/mol or less.
Measure Mw according to gel permeation chromatography.
The GPPS desirably has a melt flow rate (MFR) of one
or more, preferably 1.2 grams per 10 minutes (g/10
min) or more and desirably 3 g/10 min or less,
preferably 2 g/10 min or less. Measure MFR according
to ASTM method D1238. The GPPS may be free of or may
contain plasticizing agents such as mineral oil,
ethylene or propylene glycol, phthalates, or styrenic
oligomers. Plasticizing agents, when present, are
typically present at a concentration of 4 wt% or less,
preferably 3 wt% or less, based on GPPS weight. When
present, the plasticizing agent typically comprises
one wt% or more of the GPPS weight. While films of the
present invention can be free of GPPS, the films can
include up to 70 wt% GPPS based on polymer composition
weight. Desirable ranges of GPPS in the films of the
present invention include 20 wt% or more, preferably
25 wt% or more and 70 wt% or less, preferably 65 wt%
or less based on polymer composition weight.Examples
of suitable GPPS include STYRON(r) 665 general purpose
polystyrene (STYRON is a trademark of The Dow Chemical
Company), STYRON 663 and STYRON 685D. The polymer
composition of the present film can also contain a
second HIPS component, which can be any HIPS component
that is different from the first HIPS component. The
second HIPS component can be in addition to or instead
of the GPPS component. Films of the present invention
can also be free of the second HIPS component. The
second HIPS component typically comprises up to 20 wt%
of the film weight when GPPS is present and up to 10
wt% of the film weight when GPPS is absent. Beyond
these limits, the films tend to have undesirably low
clarity. Similarly, the total rubber concentration in
the present film (from the first HIPS component and,
if present, the second HIPS component) is desirably
less than 10 wt%, preferably 8 wt% or less, more
preferably 7 wt% or less and can be 6 wt% or less
based on the film weight. Oriented films with 10 wt%
rubber or more can have undesirably low 



film clarity and printability and tend to have low
dimensional stability that can, for example, require
cooling during shipping to prevent premature
shrinkage. The second HIPS component is useful for
enhancing film toughness even beyond that of the first
HIPS component. However, incorporation of high amounts
of the second HIPS component can tend to obscure the
clarity and transparency of the films. This can be
detrimental when a clear film is desirable, but
beneficial for application where clarity is not a
necessity but a high measure of film toughness is.
Films of the present invention have biaxial
orientation with preferential machine direction
orientation (MDO) . Preferential MDO means that
orienration is greater in the machine direction than
in the transverse direction (TD) . TD is perpendicular
to the direction of film transport during extrusion or
blowing of the film. MD is along the directionof film
transport during extrusion or blowing of the film.
Preferential MDO causes a film of the present
invention to shrink primarily in the MD upon
application of heat. Films of the present invention
have a MDO ratio (ratio of oriented length to
un-oriented length in the MD) of greater than 1.2,
preferably 1.5 or more, more preferably 2 or more,
still more preferably 2.5 or more, even more
preferably 3 or more, and even still more preferably
3.5 or more. Films also typically have a MDO ratio
greater than their TDO ratio in order to be useful in
ROSO applications . Films having an MDO of less than
1.2 tend to have insufficient MDO to conform to a
container in a ROSO label application. There is no
clear upper limit on for MDO ratio, although films
typically have a MDO ratio of 20 or less. Films having
an MDO ratio greater than 20 risk shrinking - around a
container in a ROSO label application to such an
extent that a glue seem holding the .label around the
bottle can weaken or fail. Desirably, films of the
present invention have a TDO ratio (ratio of oriented
length to un-oriented length in the TD) of more than
1.0. Films having a TDO of 1 tend to suffer from poor
integrity upon handling and fracture upon bending.
Therefore, some TDO is desirable to enhance film
integrity. Extensive TDO hinders the film's
performance in ROSO label applications by resulting in
contraction of the 



film and, hence, distortion of the label in the TD.
Therefore, films of the present invention typically
have a TDO ratio of 2 or less, preferably 1.5 or less,
more preferably, 1.2 or less, still more preferably 1
.1 or less. The TDO ratio can be 1.05 or less. Measure
MDO ratio and TDO ratio by using a biaxially oriented
film sample 5.75 inches (14.6 centimeters) in both MD
and TD (that is, square samples) . Place the sample in
a heated air oven at 120 0C for 10 minutes and then
measure MDand TD dimensions again. The ratio of pre-
to -post-heated MD and TD dimensions correspond to MDO
ratio and TDO ratio, respectively . Films of the
present invention desirably demonstrate a shrinkage at
105 0C , preferably at 100 0C of 20% or more,
preferably 30% or more, more preferably 40% or more,
still more preferably 50% or more in the MD, yet more
preferably 60% or more, even yet more preferably 70%
or more in the MD. Shrinkage below 20% tends to
undesirably limit the extent to which a film can
conform to a container contour. While an upper limit
on the extent of MD shrink is unknown, it will be
below 100%. Desirably, the films demonstrate a TD
shrinkage at 100 0C , preferably at 105 0C of 30% or
less, preferably 20% or less, more preferably 10% or
less in the TD, even more preferably 5% or less. Films
of the present invention further desirably demonstrate
an absence of growth in the TD at 105 0C , preferably
at 100 C. (Films that shrink more than 30% or grow in
the TD at the specified temperatures tend to
complicate conformation of a film to a container in
ROSO label applications due to distortions in the TD.
) Measure shrinkage according to ASTM method D-1204.
Films of the present invention further desirably
demonstrate an absence of growth in the TD in test
methods according to USP 6,897,260 B2. The presence of
the first HIPS component provides films of the present
invention with a desirable high clarity and
transparency while at the same time enhancing the
toughness of the films. Clarity and transparency are
desirable in the label industry to provide a
non-obscured view of a product around which the label
resides. High clarity and transparency are also
desirable for "reverse" printing of 



labels where printing resides between the label and
the container and a consumer views the printing
through thelabel. Typically, films of the present
invention have clarity values at a film thickness of
2.0 mils (50 mm ) of 10 or more, preferably 15 or
more, more preferably 20 or more, still more
preferably 25 or more, even more preferably 30 or
more. Measure clarity according to ASTM method D-1746.
Haze values also provide a measure of a film' s
clarity, with low haze corresponding to high clarity.
Haze values for films of the present invention can
range to any conceivable value. However, one advantage
of the present invention is the ability to obtain
biaxially oriented films with high clarity and low
haze. Typical haze values for the present films at a
film thickness of 2.0 mils (50 mm ) are 10 or less,
preferably 8 or less, more preferably 6 or less, most
preferably 4 or less. Measure haze according to ASTM
method D-1003. A styrene-based film advantageously has
a higher secant modulus than, for example, oriented
polypropylene or oriented polyvinyl chloride films.
Increasing the secant modulus of a shrink label film
is desirable to hinder the films likelihood of stretch
during printing. A s a result, films of the present
invention can run at faster print speeds without risk
of film breakage or distortion relative to a film with
a lower secant modulus without the first HIPS
component. Films of the present invention have a one
percent secant modulus in both the MD and TD of
250,000 pounds-per-square-inch (psi) (1,724
MegaPascals (MPa)) or more, preferably, 300,000 psi
(2,068 MPa) or more, more preferably 320,000 psi
(2,206 MPa) or more. Measure one percent secant
modulus by American Society for Testing and Materials
(ASTM) method D-882. Similar to films with high secant
modulus, films with a high tensile stress at yield,
particularly in the MD, are desirable so that films
can run faster and under higher tension in printing
processes without stretching than filmswith a lower
tensile stress. Desirably, films of the present
invention have a tensile stress at yield of 7000 psi
(48 MPa) or more, preferably 8000 psi (55 MPa) or
more, more preferably 9000 psi (62 MPa) or more and
still more preferably 10,000 psi (69 MPa) or more.
Films of the present invention generally have a 



thickness of one mil (25 mm ) or more, preferably 1.5
mils (38 mm ) or more and generally 4 mils (100 mm )
or less, preferably 3 mils (7 6 mm ) or less. At a
thickness of less than one mil (25 mm ), films tend to
be undesirably difficult to cut during processing and
handling. Thicknesses greater than 4 mils (100 mm )
are technically achievable, but generally economically
undesirable. Films of the present invention desirably
have an orientation release stress (ORS) of 400 psi
(2758 kPa) or less. ORS is a measure of the stress the
film experiences during shrinkage upon heating.
Lowering ORS values in a ROSO film is desirable. ROSO
films typically have at least one end glued to a
container around which the film is applied. Labels
with high ORS values can apply sufficient stress to a
glue seam holding the label around a container during
shrinkage so as to damage or break the seam. Lowering
ORS values decreases the likelihood that the seam line
(film on film) becomes damaged or broken during
shrinkage. Prepare films of the present invention by
any means of oriented film manufacture including blown
film process and cast-tentering processes.
Particularly desirable are blown film processes such
as those described in USP 6,897,260 and Great Britain
Patent (GBP) 862,966 (both of which are incorporated
herein by reference) . One suitable process ("Process
A") for preparing films of the present invention is a
blown film process using anapparatus as described in
USP 6,897,260 or GBP 862,966. Feed polymer pellets to
the apparatus and convert them to a polymer melt
having a temperature within a range of from 17O 0C to
100 0C ; then cool the polymer melt to a temperature
within a range of from 13O 0C to 170 0C to increase
melt viscosity before extruding the polymer melt
through a blown film die into a gaseous atmosphere.
Maintain the gaseous atmosphere at a temperature at
least 40 0C below the heat distortion temperature of
the each polymer composition component (s) (first HIPS
component and if present GPPS and/or second HIPS
component) in the polymer melt. Blow the extruded
polymer melt according to the bubble process of GBP
862,966. Another possible blown film process ("Process
B") 



suitable for preparing films of the present invention
uses two extruders (Extruder 1 and Extruder 2 ) in
series. Extruder 1 is a 2-1/2 inch (6.35 cm) diameter,
24:1 single screw extruder with five barrel zones,
each set at a temperature between 155C and 200 0C ,
typically increasing in temperature down the extruder.
Extruder 2 is a 3-1/2 inch (8.89 cm) diameter, 32:1
single screw with a barrier mixing screw and five
barrel zones, each having temperature set point
typically at a temperature from 115C and 175C. Feed
polymer pellets into Extruder 1 to plasticize the
polymer and pump the polymer to Extruder 2 at a
temperature of 200- 260 0C . The polymer proceeds from
Extruder 1 through a transfer line and into the entry
port of extruder 2 . Cool the polymer in Extruder 2 to
a melt temperature (extrusion temperature) of selected
between 150-190 0C so as to achieve a stable bubble
and to optimize orientation release stress (ORS)
properties of the resulting film to a desirable value.
Cool the polymer by cooling the walls of Extruder 2 .
Extrude the polymer from Extruder 2 through a 3.25
inch (8.3 cm) annular die and then through a 4.5 inch
(11.4 cm) diameter air ring and blow or expand the
polymer into abubble with a diameter that typically
ranges from 9 inches (22.9 cm) to 24 inches (63.5 cm).
Use the bubble blowing process of GBP 862,966. Films
of the present invention have utility in any
application that benefits from heat triggered
shrinkage in the MD. The films have a particular
utility as ROSO labels. To convert a film of the
present invention into a ROSO label of the present
invention cut the film to a desirably width and corona
treat a side of the film (in any order) and then print
on the corona treated side of the film. Printing can
reside on the "reverse" side of the film to create a
reverse printed label. The reverse side of the film
resides against a container and printing on the
reverse side is viewed through the film when the film
is around a container in a ROSO label application.
These steps are typically done on a continuous web
process by any method useful in the art. Films and
labels of the present invention can also
advantageously possess perforations through the film
or label. Perforations are most desirably located in
the portion of a film proximate to the narrowest
portion or 



portions of a container around which the film is
applied in a ROSO application. The perforations allow
gas that would otherwise tend to become trapped
between the label and container to escape, thereby
allowing the label to more tightly conform to the
container. Films, and labels, of the present invention
can contain perforations uniformly distributed across
a film surface or contain perforations specifically
located proximate to the areas of the film (or label)
that will coincide with the narrowest portions of a
container around which the film (or label) will
reside. Perforation of films and labels of the present
invention can be perforated at any time; however, in
order to facilitate printing of ROSO labels, desirably
perforate films and labels after printing.The
following example serves as an illustration of the
present invention and does not serve to establish the
full scope of the present invention. COMPARATIVE
EXAMPLE A Prepare COMPARATIVE EXAMPLE A (COMP EX A )
with a polymer composition comprising 100 wt% GPPS
(STYRON(r) 665, STYRON is a trademark of The Dow
Chemical Company) , based on film weight. Prepare the
film according to "Process B." HIPS-X COMPONENT for
EXAMPLES 1-6 Examples 1-6, below, utilize HIPS-X as a
first HIPS component. Produce HIPS-X, for example, in
the following continuous process using three agitated
reactors working in series. Prepare a rubber feed
solution by dissolving the rubber components of Table
1 into styrene at a rubber component ratio of 1 part
Diene 55 to 15 parts Buna 6533 (that is, 0.3 wt% Diene
55 and 4.5 wt% Buna 6533 based on total rubber feed
solution weight). Incorporate 2.5 wt% mineral oil (70
centistokes kinematic viscosity) and 7 wt% ethyl
benzene with the rubber feed solution to form a feed
stream, with wt% relative to total feed stream weight.
Add 0.1 wt% Antioxidant Irganox 107 6 to provide
levels of about 1200 parts per million (ppm) in the
final product. The balance of the feed is styrene to
100 wt%. Supply the feed stream to the first reactor
at a rate of 750 grams per hour (g/h) . Target a
rubber blend content in the feed stream and the feed
rates of styrene and rubber to a reactor to produce a
rubber-modified polystyrene product (HIPS-X)
containing 4 



wt% butadiene. Each of the three reactors has three
zones with independent temperature control. Use the
following temperature profile: 125, 130, 135, 143,
149, 153, 157, 165, 170 0C . Agitate at 80 revolutions
per minute (RPM) inthe first reactor, 50 RPM in the
second reactor and 25 RPM in the third reactor. Add
100 ppra of chain transfer agent (n-Dodecyl Mercaptan
or nDM) into the second zone of the first reactor. Use
a devolatilizing extruder to flash out residual
styrene and ethylbenzene diluent and to crosslink the
rubber. The temperature profile for the devolatilizing
extruder is 240 C at the start of the barrel, medium
zone of the barrel and final zone of the barrel. The
screw temperature is 220C. Use the following test
methods (or methods defined previously herein) to
characterize HIPS-X: Melt Flow Rate: ISO-133. PS
Matrix molecular weight distribution: PS calibration
Gel Permeation Chromatography. Rubber Particle size:
Light scattering using an LS230 apparatus and software
from Beckman Coulter. Tensile Yield, Elongation and
Modulus: ISO-527-2. Determine the gel concentration of
HIPS-X by methyl ethyl ketone extraction. For
analyzing HIPS-X, dissolve a 0.25 gram sample of
HIPS-X into a methyl ethyl ketone/methanol mixture
(10:1 volume ratio) by placing the sample and mixture
into a tube of known weight and agitating on a wrist
shaker for two hours at room temperature (23C) .
Isolate an insoluble fraction by placing the tube in a
high speed centrifuge and spinning at 19500
revolutions per minute at 50C for one hour. Decant off
excess liquid and place the tubes in a vacuum oven at
15O 0C for 45 minutes at a vacuum of 2-5 millimeters
of mercury. Remove the tubes from the oven and allow
to cool to approximately 23 0C . Weigh the tubes to
determine, subtract the known weight of the tube to
determine gel weight. The gel weight divided by 0.25
grams and multiplied by 100 provides the wt% gel
content relative to total HlPS-X weight.Table 1 HIPS-X
has a volume average rubber p article siz_e of - -
0.35 mm with 65 vol% of the particle having a size of
less than 0.4 mm and 35 vol% of the particles having a
size of 



0.4-2.5 mm . HIPS-X has a rubber concentration of 0.38
wt% butadiene homopolymer and 5.6 wt%
styrene/butadiene copolymer, for a combined rubber
concentrations of 5.98 wt% based on HIPS-X weight.
HIPS-X has a gel concentration of approximately 8 wt%,
relative to total HIPS-X weight. HIPSX contains 2 wt%
mineral oil, has a MFR of 7.0 g/10 min, Vicat
temperature of 101 0C , Tensile Yield of 20
megaPascals (MPa) , elongation at rupture of 25% and
tensile modulus of 2480 MPa. EXAMPLES 1-6 Prepare each
of EXAMPLE (EX) 1-6 in a like manner to COMP EX A
except use the following polymer compositions, wt' is
of total film weight: EX 1 : 80 wt% STYRON 665/20wt%
HIPS-X EX 2 : 65 wt% STYRON 665/35 wt% HIPS-X. EXs
3-5: 35 wt% STYRON 665/65 wt% HIPS-X. EX 6 : 100 wt%
HIPS-X.The extrusion temperature for each film is in
Table 2 . For EXs 1-4, and 6 use a blow up ratio of
2.6. For EX 5 use an extrusion temperature of 3.6.
RESULTS Table 2 illustrates film properties for COMP
EX A and EXs 1-6. Use the following test methods to
characterize films throughout the present disclosure.
Measure Haze according to ASTM method D-1003. Measure
Clarity according to ASTM method D-1746. Measure
Tensile Stress and Strain, Toughness and Secant
Modulus according to ASTM method D-882. Measures
orientation release stress (ORS) according to ASTM
method D-2838. Measure Free Air Shrink according to
ASTM method D-1204.Table 2 EXs 1-6 illustrate films of
the present invention spanning a range of GPPS/First
HIPS component ratios.EXs 3-5 illustrate films of the
present invention having similar GPPS/First HIPS
Component ratios and illustrate how to reduce ORS in
the final films by increasing orifice temperature
during extrusion (EX 4 relative to EX 3 ) and by
increasing the blow up ration (EX 5 relative to EX 3 )
. EXs 1-6 also illustrate how adding even 20 wt% of
the First HIPS component (based on film weight, which
is also polymer composition weight in these examples)
increases dramatically the Free Air Shrink in the MD
even at 100 0C and 105 0C , relative to the GPPS film
of COMP EX A . 



EXs 2-6 further illustrate films containing 35 wt% or
more first HIPS component have a significantly lower
ORS than the 100 wt% GPPS film of COMP EX A .WHAT IS
CLAIMED IS: 1 . A biaxially oriented film comprising a
polymer composition, said polymer composition
consisting of: (a) a first high impact polystyrene
(HIPS) component having: (i) a block copolymer of
styrene and a rubbery conjugated diene, wherein the
copolymer is grafted to a polystyrene; (ii)
optionally, two weight-percent or more and 8
weight-percent or less of a rubbery conjugated diene
homopolymer based on total rubber weight in the first
HIPS component. (iii) a total diene-component content
from the rubber component of one weight percent or
more and seven weight percent or less based on total
weight of the first HIPS component; (iv) less than 10
wt% gel concentration by methyl ethyl ketone/methanol
extraction; (v) an average rubber particle size of
less than 1.0 micrometers and 0.01 micrometers or
more; (vi) about 40 to about 90 volume percent of the
rubber particles with diameters of less than about 0.4
microns and from about 10 to about 60 volume percent
of the rubber particles with diameters between about 0
.4 and about 2 .5 microns; (vii) a majority of rubber
particles with a core/shell morphology;(viii) a
concentration that accounts for 100 percent by weight
(wt%) or less and 30 wt% or more relative to the
polymer composition weight and that provides one or
more and five or less percent by weight of rubbery
diene weight 



relative to total composition weight; and (b) a
general purpose polystyrene having a weight-average
molecular weight of more than 200,000 grains per mole
and 350,000 grams per mole or less and that is present
at a concentration of zero wt% or more and 70 wt% or
less relative to the polymer composition weight; and
(c) a second HIPS component different than (a) and
that is present at a concentration of zero wt% or more
and 20 wt% or less relative to the polymer composition
weight; wherein, the total combination of (a) , (b)
and (c) accounts for 100 wt% of the polymer
composition; the polymer composition accounts for at
least 95 wt% of the biaxially oriented film weight
with the balance to 100 wt% selected from additives;
and wherein the film has a MDO ratio of more than 1.2
and a TDO ratio of 2.0 or less and wherein the MDO
ratio is greater than the TDO ratio. 2 . The film of
Claim 1 , wherein the first high impact polystyrene
component has a volume average rubber particle size of
0.5 micrometers or less and 0.01 micrometers or more.
3 . The film of Claim 1 , wherein the film has a
machine direction (MD) and transverse direction (TD)
onepercent secant modulus per American Society for
Testing andMaterials method 882 of 250,000 pounds per
square inch (1,724 MegaPascals) or more. 4 . The film
of Claim 1 , wherein the amount of second HIPS
component is zero weight percent based on film weight.
5 . The film of Claim 4 , wherein the amount of
general purpose polystyrene is zero weight percent
based on film weight. 6 . The film of Claim 1 ,
wherein the amount of general purpose polystyrene is
zero weight percent based on film weight. 7 . The film
of Claim 1 , wherein the rubbery conjugated diene in
the copolymer of (a) is a 1 ,3-alkadiene . 8 . The
film of Claim 1 , wherein the rubbery conjugated diene
in the copolymer of (a) is butadiene. 



9 . The film of Claim 1 , wherein the total rubber
concentration is less than 10 weight-percent, based on
total film weight . 10. The film of Claim 1 , wherein
the film demonstrates an absence of growth in the
transverse direction after 5 minutes in a heated air
oven at 110 degrees Celsius. 11. The film of Claim 1 ,
wherein 90 percent or more of the rubber particles
have a particles have a particle size of less than 0.4
micrometers and the balance of the rubber particles to
100 percent have a particle size of 2.5 micrometers or
less. 12. The film of Claim 1 , wherein the film
comprises mineral oil. 13. The film of Claim 1 ,
further comprising perforations . 14 . A shrink label
comprising a biaxially oriented polymer film of Claim
1 wherein the film has printing on one or both
sides.15. The shrink label of Claim 14, wherein the
label is reverse printed. 16. The shrink label of
Claim 14, further comprising perforations . 


