
DIURETIC AND DIURETIC-LIKE COMPOUND ANALOGS Related
Application Information This application claims the
benefit of U.S. Provisional Application Serial No.
60/727,564, filed October 17, 2005, the disclosure of
which is incorporated herein by reference in its
entirety. Field of the Invention The present invention
relates to compounds that traverse the blood-brain
barrier. The present invention also relates to
intermediates of these compounds, pharmaceutical
compositions containing these compounds, and methods
of using the compounds. Such compounds are
particularly useful for regulation of central nervous
system disorders, and are particularly useful for
maintaining and enhancing normal central nervous
system function. Background of the Invention The
blood-brain barrier (BBB) is a physical barrier and
system of cellular transport mechanisms between the
blood vessels in the central nervous system (CNS) and
most areas of the CNS itself. The BBB maintains
homeostasis by restricting the entry of potentially
harmful chemicals from the blood, and by allowing the
entry of essential nutrients. However, the BBB can
pose a formidable barrier to delivery of
pharmacological agents to the CNS for treatment of CNS
disorders or maintaining or enhancing normal and
desirable brain functions, such as cognition, learning
and memory. More specific CNS disorders and functions
are described below. Epilepsy Epilepsy is
characterized by abnormal discharges of cerebral
neurons and is typically manifested as various types
of seizures. Epileptiform activity is identified with
spontaneously occurring synchronized discharges of
neuronal populations that can be measured using
electrophysiological techniques. Epilepsy is one of
the most common neurological disorders, affecting
about 1% of the population. There are various forms of
epilepsy, including idiopathic, symptomatic and
cryptogenic. Genetic predisposition is thought to be
the predominant etiologic factor in
idiopathicepilepsy. Symptomatic epilepsy usually
develops as a result of a structural abnormality in
the brain. Status epilepticus is a particularly severe
form of seizure, which is manifested as multiple
seizures that persist for a significant length of
time, or serial seizures without any recovery of
consciousness between seizures. The overall mortality
rate among adults with status epilepticus is
approximately 20 percent. Patients who have a first
episode are at substantial risk for future episodes
and for the development of chronic epilepsy. The
frequency of status epilepticus in the United States
is approximately 150,000 cases per year, with
approximately 55,000 deaths being associated with
status epilepticus annually. Acute processes that are
associated with status epilepticus include intractable
epilepsy, metabolic disturbances (e.g. electrolyte
abnormalities, renal failure and sepsis), central
nervous system infection (meningitis 



or encephalitis), stroke, degenerative diseases, head
trauma, drug toxicity and hypoxia. The fundamental
pathophysiology of status epilepticus involves a
failure of mechanisms that normally abort an isolated
seizure. This failure can arise from abnormally
persistent, excessive excitation or ineffective
recruitment of inhibition. Studies have shown that
excessive activation of excitatory amino acid
receptors can cause prolonged seizures and suggest
that excitatory amino acids may play a causative role.
Status epilepticus can also be caused by penicillin
and related compounds that antagonize the effects of
g-aminobutyric acid (GABA), the primary inhibitory
neurotransmitter in the brain. One early diagnostic
procedure for epilepsy involved the oral
administration of large quantities of water together
with injections of vasopressin to prevent the
accompanying diuresis. This procedure was found to
induce seizures in epileptic patients, but rarely in
non-epileptic individuals (Garland et al., Lancet,
2:566, 1943). Status epilepticus can be blocked in
kainic acid-treated rats by intravenous injection of
mannitol (Baran et al., Neuroscience, 21:679, 1987).
This effect is similar to that achieved by intravenous
injection of urea in human patients (Carter,
Epilepsia, 3:198, 1962). The treatment in each of
these cases increases the osmolarity of the blood and
extracellular fluid, resulting in water efflux from
the cells and an increase in extracellular space in
the brain. Acetazolamide (ACZ), another diuretic with
a different mechanism of action (inhibition of
carbonic anhydrase), has been studied experimentally
as an anticonvulsant (White et al., Advance Neurol,
44:695, 1986; andGuillaume et al., Epilepsia, 32:10,
1991) and used clinically on a limited basis
(Tanimukai et al., Biochem. Pharm., 14:961, 1965; and
Forsythe et al., Develop. Med. Child Neurol, 23:761,
1981). Although its mechanism of anticonvulsant action
has not been determined, ACZ does have a clear effect
on the cerebral extracellular space. Traditional
anti-epileptic drugs exert their principal effect
through one of three mechanisms: (a) inhibition of
repetitive, high-frequency neuronal firing by blocking
voltage-dependent sodium channels; (b) potentiation of
g-aminobutyric acid (GABA)- mediated postsynaptic
inhibition; and (c) blockade of T-type calcium
channels. Current anti-epileptic drug therapies exert
their pharmacological effects on all brain cells,
regardless of their involvement in seizure activity.
Common side effects are over-sedation, dizziness, loss
of memory and liver damage. Furthermore, 20-30% of
epilepsy patients are refractory to current therapy.
Migraine Migraine headaches afflict 10-20% of the U.S.
population, with an estimated loss of 64 million
workdays annually. Migraine headache is characterized
by pulsating head pain that is episodic, unilateral or
bilateral, lasting from 4 to 72 hours and often
associated with nausea, vomiting and hypersensitivity
to light and/or sound. When accompanied by premonitory
symptoms, such as visual, sensory, speech or motor
symptoms, the headache is referred to as "migraine
with aura," formerly known as classic migraine. When
not accompanied by such symptoms, the headache is 



referred to as "migraine without aura," formerly known
as common migraine. Both types evidence a strong
genetic component, and both are three times more
common in women than men. The precise etiology of
migraine has yet to be determined. It has been
theorized that persons prone to migraine have a
reduced threshold for neuronal excitability, possibly
due to reduced activity of the inhibitory
neurotransmitter g- aminobutyric acid (GABA). GABA
normally inhibits the activity of the
neurotransmitters serotonin (5-HT) and glutamate, both
of which appear to be involved in migraine attacks.
The excitatory neurotransmitter glutamate is
implicated in an electrical phenomenon called cortical
spreading depression, which can initiate a migraine
attack, while serotonin is implicated in vascular
changes that occur as the migraine progresses. It has
been suggested that cortical spreading depression
(CSD) underlies migraine visual aura. CSD is
characterized by a short burst of intense
depolarizationin the occipital cortex, followed by a
wave of neuronal silence and diminished evoked
potentials that advance anteriorly across the surface
of the cerebral cortex. Enhanced excitability of the
occipital-cortex neurons has been proposed as the
basis for CSD. The visual cortex may have a lower
threshold for excitability and therefore is most prone
to CSD. It has been suggested that mitochondrial
disorders, magnesium deficiency and abnormality of
presynaptic calcium channels may be responsible for
neuronal hyperexcitability (Welch, Pathogenesis of
Migraine, Seminars in Neurobiol., 17:4, 1997). During
a spreading depression event, profound ionic
perturbations occur, which include interstitial
acidification, extracellular potassium accumulation
and redistribution of sodium and chloride ions to
intracellular compartments. In addition, prolonged
glial swelling occurs as a homeostatic response to
altered ionic extracellular fluid composition, and
interstitial neurotransmitter and fatty acid
accumulation. Studies have shown that furosemide
inhibits regenerative cortical spreading depression in
anaesthetized cats (Read et al, Cephalagia, 17:826,
1997). Drug therapy is tailored to the severity and
frequency of migraine headaches. For occasional
attacks, abortive treatment may be indicated, but for
attacks occurring two or more times per month, or when
attacks greatly impact the patient's daily life,
prophylactic therapy may be indicated. Neurotoxicity A
variety of chemical and biological agents, as well as
some infectious agents, have neurotoxic effects. A
common example is the pathophysiological effect of
acute ethanol ingestion. Episodic ethanol
intoxications and withdrawals, characteristic of binge
alcoholism, result in brain damage. Animal models
designed to mimic the effects of alcohol in the human
have demonstrated that a single dose of ethanol given
for 5-10 successive days results in neurodegeneration
in the entorhinal cortex, dentate gyrus and olfactory
bulbs, accompanied by cerebrocortical edema and
electrolyte (Na+ and K+) accumulation. As with other
neurodegenerative conditions, research has focused
primarily on synaptically based excitotoxic events
involving excessive 



glutamatergic activity, increased intracellular
calcium and decreased g-aminobutyric acid. Cognition,
Learning and Memory The cognitive abilities of mammals
are thought to be dependent on cortical processing. It
has generally been accepted that the most relevant
parameters fordescribing and understanding cortical
function are the spatio-temporal patterns of activity.
In particular, long-term potentiation and long-term
depression have been implicated in memory and learning
and may play a role in cognition. Oscillatory and
synchronized activities in the brains of mammals have
been correlated with distinct behavioral states.
Synchronization of spontaneous neuronal firing
activity is thought to be an important feature of a
number of normal and pathophysiological processes in
the central nervous system. Examples include
synchronized oscillations of population activity such
as gamma rhythms in the neocortex, which are thought
to be involved in cognition (Singer and Gray, Annu.
Rev. Neurosci., 18:855-86, 1995), and theta rhythm in
hippocampus, which is thought to play roles in spatial
memory and in the induction of synaptic plasticity
(Heurta and Lisman, Neuron. 15:1053-63, 1995; Heurta
and Lisman, J Neurophysiol. 75:877-84, 1996; O'Keefe,
Curr. Opin. NeurobioL, 3:917- 24, 1993). To date, most
research on the processes underlying the generation
and maintenance of spontaneous synchronized activity
has focused on synaptic mechanisms. However, there is
evidence that nonsynaptic mechanisms may also play
important roles in the modulation of synchronization
in normal and pathological activities in the central
nervous system. Anxiety Disorders Anxiety disorders
are classified into several subtypes: Panic Disorder,
Social Anxiety Disorder, Obsessive Compulsive
Disorder, Posttraumatic Stress Disorder, Generalized
Anxiety Disorder, and Specific Phobia. American
Psychiatric Association. Diagnostic and Statistical
Manual of Mental Disorders, 4th edition (1994). All
but the last of these are typically treated with
various pharmacologic approaches as well as with
psychotherapeutic approaches. As a group, the anxiety
disorders have the highest prevalence in the U.S. of
all psychiatric disorders. Kessler et al. Lifetime and
12-month prevalence of DSM-III-R psychiatric disorders
in the United States: Results from the National
Comorbidity Survey. Arch Gen Psychiatry 51:8-19
(1994). Anxiety disorders afflict 15.7 million people
in the United States each year, and 30 million people
in the United States at some point in their lives.
Lepine JP. The Epidemiology of Anxiety Disorders:
Prevalence and Societal Costs. J. Clin. Psychiatry.
63: Suppl 14:4-8 (2002).The most commonly prescribed
pharmacologic treatments for anxiety are the selective
serotonin reuptake inhibitors (SSRIs); however, other
antidepressant drugs are also used, and
benzodiazepines are frequently prescribed to treat
acute anxiety and to treat Panic Disorder.
Antiepileptic drugs have also been used in the
treatment of Posttraumatic Stress Disorder. Many of
the treatments, such as SSRIs, are used for 



most of the anxiety disorder subtypes. Although
treatment with different compounds such as tricyclic
antidepressants, selective serotonin reuptake
inhibitors, high-potency benzodiazepines, and
monoamine oxidase inhibitors has been proven effective
in anxiety disorders, 20% to 40% of patients are
nonresponders. Denys D. and de Geus F. Predictors of
Pharmacotherapy Response in Anxiety Disorders. Curr
Psychiatry Rep. 7(4):252-7 (Aug. 2005). Additionally,
there are numerous side effects associated with
long-term use of SSRIs, such as sexual dysfunction and
weight gain. Hirschfeld RM. Long-term Side Effects of
SSRIs: Sexual Dysfunction and Weight Gain. J Clin.
Psychiatry. 64: Suppl 18:20-4 (2003). Hence there is a
great need for improved anxiety therapeutics.
Addictive Disorders Addictive and/or compulsive
disorders, such as eating disorders (including
obesity), addiction to narcotics/physical dependence,
alcoholism, and smoking are a major public health
problem that impacts society on multiple levels. It
has been estimated that substance abuse costs the US
more than $484 billion per year. Current strategies
for the treatment of additive disorders include
psychological counseling and support, use of
therapeutic agents or a combination of both. A variety
of agents known to affect the central nervous system
have been used in various contexts to treat a number
of indications related directly or indirectly to
addictive behaviors. Neuropathic Pain Neuropathic pain
and nociceptive pain differ in their etiology,
pathophysiology, diagnosis and treatment. Nociceptive
pain occurs in response to the activation of a
specific subset of peripheral sensory neurons, the
nociceptors. It is generally acute (with the exception
of arthritic pain), self-limiting and serves a
protective biological function by acting as a warning
of on-going tissue damage. It is typically well
localized and often has an aching or throbbing
quality. Examples of nociceptive pain include
post-operative pain, sprains, bone fractures, burns,
bumps, bruises, inflammation (from an infection or
arthritic disorder), obstructions andmyofascial pain.
Nociceptive pain can usually be treated with opioids
and non steroidal anti-inflammatory drugs (NSAIDS).
Neuropathic pain is a common type of chronic,
non-malignant, pain, which is the result of an injury
or malfunction in the peripheral or central nervous
system and serves no protective biological function.
It is estimated to affect more than 1.6 million people
in the U.S. population. Neuropathic pain has many
different etiologies, and may occur, for example, due
to trauma, diabetes, infection with herpes zoster
(shingles), HIV/AIDS, late-stage cancer, amputation
(including mastectomy), carpal tunnel syndrome,
chronic alcohol use, exposure to radiation, and as an
unintended side-effect of neurotoxic treatment agents,
such as certain anti-HIV and chemotherapeutic drugs.
In contrast to nociceptive pain, neuropathic pain is
frequently described as "burning", "electric",
"tingling" or "shooting" in nature. It is often
characterized by 



chronic allodynia (defined as pain resulting from a
stimulus that does not ordinarily elicit a painful
response, such as light touch) and hyperalgesia
(defined as an increased sensitivity to a normally
painful stimulus), and may persist for months or years
beyond the apparent healing of any damaged tissues.
Neuropathic pain can be difficult to treat. Analgesic
drugs that are effective against normal pain (e.g.,
opioid narcotics and non-steroidal anti-inflammatory
drugs) are rarely effective against neuropathic pain.
Similarly, drugs that have activity in neuropathic
pain are not usually effective against nociceptive
pain. The standard drugs that have been used to treat
neuropathic pain appear to often act selectively to
relieve certain symptoms but not others in a given
patient (for example, relief of allodynia, but not
hyperalgesia). For this reason, it has been suggested
that successful therapy may require the use of
multiple different combinations of drugs and
individualized therapy (see, for example, Bennett,
Hosp. Fract. (Off Ed). 33:95-98, 1998). Treatment
agents typically employed in the management of
neuropathic pain include tricylic antidepressants (for
example, amitriptyline, imiprarnine, desimipramine and
clomipramine), systemic local anesthetics, and
anti-convulsants (such as phenytoin, carbamazepine,
valproic acid, clonazepam and gabapentin). Many
anti-convulsants originally developed for the
treatment of epilepsy and other seizure disorders have
found application in the treatment of non-epileptic
conditions, including neuropathic pain, mood disorders
(such as bipolar affective disorder), and
schizophrenia (for a review of the use of
anti-epileptic drugs in theTreatment ot non-epileptic
conditions, see Rogawski and Loscher, Nat. Medicine,
10:685-692, 2004). It has thus been suggested that
epilepsy, neuropathic pain and affective disorders
have a common pathophysiological mechanism (Rogawski &
Loscher, ibid; Ruscheweyh & Sandkuhler, Pain
105:327-338, 2003), namely a pathological increase in
neuronal excitability, with a corresponding
inappropriately high frequency of spontaneous firing
of neurons. However, only some, and not all,
antiepileptic drugs are effective in treating
neuropathic pain, and furthermore such antiepileptic
drugs are only effective in certain subsets of
patients with neuropathic pain (McCleane, Expert.
Opin. Pharmacother. 5:1299-1312, 2004). The focus of
pharmacological intervention in many disorders of the
central and peripheral nervous system, including
neuropathic pain, has been on reducing neuronal
hyperexcitability. Most agents currently used to treat
such disorders target synaptic activity in excitatory
pathways by, for example, modulating the release or
activity of excitatory neurotransmitters, potentiating
inhibitory pathways, blocking ion channels involved in
impulse generation, and/or acting as membrane
stabilizers. Conventional agents and therapeutic
approaches for the treatment of central and peripheral
nervous system disorders thus reduce neuronal
excitability and inhibit synaptic firing. One serious
drawback of these therapies is that they are
nonselective and exert their actions on both normal
and abnormal neuronal populations. This leads to
negative and unintended side effects, which may affect
normal CNS functions, such 



as cognition, learning and memory, and produce adverse
physiological and psychological effects in the treated
patient. Common side effects include oversedation,
dizziness, loss of memory and liver damage.
Accordingly, there is a continuing need for
compositions and methods for regulating various CNS
disorders and maintaining and/or enhancing normal CNS
function that involve therapies capable of traversing
the blood-brain barrier.Summary of the Invention The
present invention provides compounds that traverse the
blood-brain barrier. Embodiments of the present
invention provide compounds according to formula I,
II, III, IV, V and/or VI:or a pharmaceutically
acceptable salt, solvate, tautomer or hydrate thereof,
wherein R1 is not present, H, O or S; R2 is not
present, H or when R1 is O or S, R is selected from
the group consisting of hydrogen, alkyl, aralkyl,
aryl, alkylaminodialkyl, alkylcarbonylaminodialkyl,
alkyloxycarbonylalkyl, alkylcarbonyloxyalkyl,
alkylaldehyde, alkylketoalkyl, alkylamide,
alkarylamide, arylamide, an alkylammonium group,
alkylcarboxylic acid, alkylheteroaryl, alkylhydroxy, a
biocompatible polymer such as
alkyloxy(polyalkyloxy)alkylhydroxyl, a polyethylene
glycol (PEG), a polyethylene glycol ester (PEG ester)
and a polyethylene glycol ether (PEG ether),
methyloxyalkyl, methyloxyalkaryl, methylthioalkyl and
methylthioalkaryl, unsubstituted or substituted, and
when R1 is not present, R is selected from the group
consisting of hydrogen, N,N-dialkylamino,
N5Ndialkarylamino, N,N-diarylamino,
N-alkyl-N-alkarylamino, N-alkyl-N-arylamino, Nalkaryl-
N-arylamino, unsubstituted or substituted; R is
selected from the group consisting of aryl, halo,
hydroxy, alkoxy, and aryloxy, unsubstituted or
substituted; and R4 and R5 are each independently
selected from the group consisting of hydrogen,
alkylaminodialkyl, carbonylalkyl, carbonylalkaryl,
carbonylaryl, and salts thereof such as sodium,
potassium, calcium, ammonium, trialkylarylammonium
andtetraalkylammonium salts, with the following
provisos in some embodiments: R of formula I is not
phenyloxy when R1 is O and R , R4 and R5 are H, more
specifically, in some embodiments, the compound of
formula I is not bumetanide; R3 of formula III is not
Cl, when R1 is O and R2, R4 and R5 are H, more
specifically, in some embodiments, the compound of
formula III is not furosemide; R of formula III is not
methyl when R1 is O, R3 is Cl, and R4 and R5 are H,
more specifically, in some embodiments, the compound
of formula III is not furosemide methyl ester; R3 of
formula V is not phenyloxy when R1 is O and R2, R4 and
R5 are H, more specifically, in some embodiments, the
compound of formula V is not piretanide. Embodiments
of the present invention provide compounds according
to formula VII: or a pharmaceutically acceptable salt,
solvate, tautomer or hydrate thereof, wherein 



R3 R4 and R5 are defined above; and R6 is selected
from the group consisting of alkyloxycarbonylalkyl,
alkylaminocarbonylalkyl, alkylaminodialkyl,
alkylhydroxy, a biocompatible polymer such as
alkyloxy(polyalkyloxy)alkylhydroxyl, a polyethylene
glycol (PEG), a polyethylene glycol ester (PEG ester)
and a polyethylene glycol ether (PEG ether),
methyloxyalkyl, methyloxyalkaryl, methylthioalkyl and
methylthioalkaryl, unsubstituted or substituted, with
the proviso that, in some embodiments, R3 of formula
VII is not Cl, when R4, R5 and R6 are H, more
specifically, in some embodiments, the compound of
formula VII is not azosemide. Embodiments of the
present invention further provide compounds according
to formula VIII:or a pharmaceutically acceptable salt,
solvate, tautomer or hydrate thereof, wherein R7 is
not present or selected from the group consisting of
hydrogen, alkyloxycarbonylalkyl,
alkylaminocarbonylalkyl, alkylaminodialkyl,
alkylhydroxy, a biocompatible polymer such as
alkyloxy(polyalkyloxy)alkylhydroxyl, a polyethylene
glycol (PEG), a polyethylene glycol ester (PEG ester)
and a polyethylene glycol ether (PEG ether),
methyloxyalkyl, methyloxyalkaryl, methylthioalkyl and
methylthioalkaryl, unsubstituted or substituted; and X
is a halide such as bromide, chloride, fluoride,
iodide or an anionic moiety such as mesylate or
tosylate; alternatively, X is not present and the
compound forms an "inner" or zwitterionic salt (where
R7 is H), with the proviso that, in some embodiments,
R7 is always present and X is not present. More
specifically, in some embodiments, the compound of
formula VIII is not torsemide. Embodiments of the
present invention provide prodrugs capable of passage
across the blood-brain barrier comprising a compound
of formula I, II, III, IV, V, VI, VII and/or VIII, or
a pharmaceutically acceptable salt, solvate, tautomer
or hydrate thereof. In some embodiments, the compound
of the prodrug is provided in an amount effective for
regulating a CNS disorder. In particular embodiments,
the CNS disorder is epilepsy, anxiety, neuropathic
pain, neural function, drug addiction/physical
dependence and/or migraines. Embodiments of the
present invention provide a pharmaceutical composition
comprising a compound of formula I, II, III, IV, V,
VI, VII and/or VIII, or a pharmaceutically acceptable
salt, solvate, tautomer, hydrate or combination
thereof and a pharmaceutically acceptable carrier,
excipient or diluent. In some embodiments, the.
compound of the pharmaceutical composition is present
in anamount effective for regulating a CNS disorder.
In particular embodiments, the CNS disorder is
epilepsy, anxiety, neuropathic pain, neural function
and/or migraines. Embodiments of the present invention
provide methods of making the compounds described
herein and further provide intermediate compounds
formed through the synthetic methods described herein
to provide the compounds of formula I, II, III, IV, V,
VI, VII and/or VIII. 



Embodiments of the present invention provide kits
including the compounds described herein. Embodiments
of the present invention provide uses of the compounds
described herein for the preparation of a medicament
for carrying out the aforementioned utilities hi
particular embodiments, the CNS disorder is epilepsy,
anxiety, neuropathic pain, neural function and/or
migraines. Embodiments of the present invention
further provide methods of regulating a CNS disorder,
hi particular, compounds of formula I, II, III, IV, V,
VI, VII and/or VIII of the present invention as well
as the prodrugs and modified diuretic or diureticlike
compounds described herein can be used for the
regulation, including prevention, management and
treatment, of a range of CNS conditions. The foregoing
and other objects and aspects of the present invention
are explained in greater detail in reference to the
drawing and description set forth herein. Brief
Description of the Drawings Figure 1 presents a graph
depicting the results of bumetanide analogs on the
difference in startle amplitude in comparison to
control as a measure of the ability of the bumetanide
analogs to alleviate anxiety. Detailed Description The
foregoing and other aspects of the present invention
will now be described in more detail with respect to
embodiments described herein. It should be appreciated
that the invention can be embodied in different forms
and should not be construed as limited to the
embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will
be thorough and complete, and will fully convey the
scope of the invention to those skilled in the art.The
terminology used in the description of the invention
herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of
the invention. As used in the description of the
embodiments of the invention and the appended claims,
the singular forms "a", "an" and "the" are intended to
include the plural forms as well, unless the context
clearly indicates otherwise. Also, as used herein,
"and/or" refers to and encompasses any and all
possible combinations of one or more of the associated
listed items. Furthermore, the term "about," as used
herein when referring to a measurable value such as an
amount of a compound, dose, time, temperature, and the
like, is meant to encompass variations of 20%, 10%,
5%, 1%, 0.5%, or even 0.1% of the specified amount.
Unless otherwise defined, all terms, including
technical and scientific terms used in the
description, have the same meaning as commonly
understood by one of ordinary skill in the art to
which this invention belongs. All publications, patent
applications, patents, and other references mentioned
herein are incorporated by reference in their
entirety. The term "alkyl" as used herein refers to a
straight or branched chain saturated or partially
unsaturated hydrocarbon radical. Examples of alkyl
groups include, but 



are not limited to, methyl, ethyl, isopropyl, t r
-butyl, n-pentyl and the like. By "unsaturated" is
meant the presence of 1, 2 or 3 double or triple
bonds, or a combination thereof. Such alkyl groups may
be optionally substituted as described herein. The
term "alkaryl" as used herein refers to a straight or
branched chain, saturated or partially unsaturated
hydrocarbon radical bonded to an aryl group. Examples
of alkaryl groups include, but are not limited to,
benzyl, 4-chlorobenzyl, methylbenzyl, dimethylbenzyl,
ethylphenyl, propyl-(4-nitrophenyl), and the like.
Such alkaryl groups may be optionally substituted as
described herein. The term "alkylene" as used herein
refers to a straight or branched chain having two
terminal monovalent radical centers derived by the
removal of one hydrogen atom from each of the two
terminal carbon atoms of straight-chain parent alkane.
The term "aryl" or Ar as used herein refers to an
aromatic group, a heteroaryl group or to an optionally
substituted aromatic group or heteroaryl group fused
to one or more optionally substituted aromatic groups
or heteroaryl groups, optionally substituted with
suitable substituents including, but not limited to,
lower alkyl, loweralkoxy, lower alkylsulfanyl, lower
alkylsulfenyl, lower alkylsulfonyl, oxo, hydroxy,
mercapto, amino optionally substituted by alkyl,
carboxy, tetrazolyl, carbamoyl optionally substituted
by alkyl, aminosulfonyl optionally substituted by
alkyl, acyl, aroyl, heteroaroyl, acyloxy, aroyloxy,
heteroaroyloxy, alkoxycarbonyl, nitro, cyano, halogen,
or lower perfluoroalkyl, multiple degrees of
substitution being allowed. Examples of aryl include,
but are not limited to, phenyl, 2-naphthyl,
1-naphthyl, 4- pyridyl and the like. The term "halo"
as used herein refers to bromo, chloro, fluoro or
iodo. Alternatively, the term "halide" as used herein
refers to bromide, chloride, fluoride or iodide. The
term "hydroxy" as used herein refers to the group -OH.
The term "alkoxy" as used herein alone or as part of
another group, refers to an alkyl group, as defined
herein, appended to the parent molecular moiety
through an oxy group. Representative examples of
alkoxy include, but are not limited to, methoxy,
ethoxy, propoxy, 2-propoxy, butoxy, tert-butoxy,
pentyloxy, hexyloxy and the like. The terms
"alkaryloxy" or "oxyalkaryl" as used herein refers to
the group -Oalkyl- aryl wherein Ar is aryl. Examples
include, but are not limited to, benzyloxy, oxybenzyl,
2-naphthyloxy and oxy-2-naphthyl. The term "aryloxy"
as used herein refers to the group -ArO wherein Ar is
aryl or heteroaryl. Examples include, but are not
limited to, phenoxy, benzyloxy and 2- naphthyloxy. The
term "amino" as used herein refers to -NH in which one
or both of the hydrogen atoms may optionally be
replaced by alkyl or aryl or one of each, optionally 



substituted. The terms "alkylthio" or "thioalkyl" as
used herein alone or as part of another group, refers
to an alkyl group, as defined herein, appended to the
parent molecular moiety through a sulfur moiety.
Representative examples of alkylthio include, but are
not limited to, methylthio, thiomethyl, ethylthio,
thioethyl, n-propylthio, thio-npropyl, isopropylthio,
thio-isopropyl, n-butylthio, thio-n-butyl and the
like. The terms "arylthio" or "thioaryl" as used
herein refers to the group -ArS wherein Ar is aryl.
Examples include, but are not limited to, phenylthio,
thiophenyl, 2-naphthylthio and thio-2-naphthyl.The
terms "alkarylthio" or "thioalkaryl" as used herein
refers to the group -Salkyl- aryl wherein Ar is aryl.
Examples include, but are not limited to, benzyllthio,
thiobenzyl, 2-naphthylthio and thio-2-naphthyl. The
term "carboxy" as used herein refers to the group -CO
H. The term "quaternary ammonium" as used herein
refers to a chemical structure having four bonds to
the nitrogen with a positive charge on the nitrogen in
the "onium" state, i.e., "R4N+ or "quaternary
nitrogen," wherein R is an organic substituent such as
alkyl or aryl. The term "quaternary ammonium salt" as
used herein refers to the association of the
quaternary ammonium cation with an anion. The term
"substituted" as used herein refers to replacement of
one or more of the hydrogen atoms of the group
replaced by substituents known to those skilled in the
art and resulting in a stable compound as described
below. Examples of suitable replacement groups
include, but are not limited to, alkyl, acyl, alkenyl,
alkynyl cycloalkyl, aryl, alkaryl, hydroxy, thio,
alkoxy, aryloxy, acyl, amino, amido, carboxy,
carboxyalkyl, thiocarboxyalkyl, carboxyaryl,
thiocarboxyaryl, halo, oxo, mercapto, sulfmyl,
sulfonyl, sulfonamido, amidino, carbamoyl, cycloalkyl,
heterocycloalkyl, dialkylaminoalkyl, carboxylic acid,
carboxamido, haloalkyl, dihaloalkyl, trihaloalkyl,
trihaloalkoxy, alkylthio, aralkyl, alkylsulfonyl,
arylthio, amino, alkylamino, dialkylamino, guanidino,
ureido, nitro and the like. Substitutions are
permissible when such combinations result in compounds
stable for the intended purpose. For example,
substitutions are permissible when the resultant
compound is sufficiently robust to survive isolation
to a useful degree of purity from a reaction mixture,
and formulation into a therapeutic or diagnostic agent
or reagent. The term "effective amount" or "effective"
is intended to designate a dose that causes a relief
of symptoms of a disease or disorder as noted through
clinical testing and evaluation, patient observation,
and/or the like. "Effective amount" or "effective"
further can further designate a dose that causes a
detectable change in biological or chemical activity.
The detectable changes may be detected and/or further
quantified by one skilled in the art for the relevant
mechanism or process. Moreover, "effective amount" or
"effective" can designate an amount that maintains a
desired physiological state, i.e., reduces or prevents
significant decline and/or promotes improvement in the
condition of interest. As is generally understood in
the art, the dosage will vary 



depending on the administration routes, symptoms and
body weight of the patient but also depending upon the
compound being administered.The term "solvate" as used
herein is intended to refer to a pharmaceutically
acceptable solvate form of a specified compound that
retains the biological effectiveness of such compound,
for example, resulting from a physical association of
the compound with one or more solvent molecules.
Examples of solvates, without limitation, include
compounds of the invention in combination with water,
1- propanol, 2-propanol, ethanol, methanol, DMSO,
ethyl acetate, acetic acid, or ethanolamine. The term
"hydrate" as used herein refers to the compound when
the solvent is water. The term "biocompatible polymer"
as used herein refers to a polymer moiety that is
substantially non-toxic and does not tend to produce
substantial immune responses, clotting or other
undesirable effects. Accordingly to some embodiments
of the present invention, polyalkylene glycol is a
biocompatible polymer where, as used herein,
polyalkylene glycol refers to straight or branched
polyalkylene glycol polymers such as polyethylene
glycol, polypropylene glycol, and polybutylene glycol,
and further includes the monoalkylether of the
polyalkylene glycol. In some embodiments of the
present invention, the polyalkylene glycol polymer is
a lower alkyl polyalkylene glycol moiety such as a
polyethylene glycol moiety (PEG), a polypropylene
glycol moiety, or a polybutylene glycol moiety. PEG
has the formula - HO(CH2CH2q )nH, where n can range
from about 1 to about 4000 or more. In some
embodiments, n is 1 to 100, and in other embodiments,
n is 5 to 30. The PEG moiety can be linear or
branched. In further embodiments, PEG can be attached
to groups such as hydroxyl, alkyl, aryl, acyl or
ester. In some embodiments, PEG can be an alkoxy PEG,
such as methoxy-PEG (or mPEG), where one terminus is a
relatively inert alkoxy group, while the other
terminus is a hydroxyl group. I . Compounds According
to some embodiments, the present invention provides
novel compounds. Thus, any of the R groups as defined
herein can be excluded or modified in order- to
exclude a known compound and/or provide a novel
compound. Compounds of the present invention can
include compounds according to formula I, II, III, IV,
V, VI, VII and/or VIII:LIGHTER DEVICE WITH FLOW
RESTRICTOR AND METHODS OF MANUFACTURING AND TESTING
SAME Background 1. Cross-Reference to Related
Applications [Para 1] This application claims priority
to U.S. Provisional Patent Application No. 60/596,73
1, filed October 17, 2005, entitled Tighter device
with flow restrictor and methods of manufacturing and
testing same," the contents of which are incorporated
herein by reference in its entirety. 2. Technical
Field 



[Para 2] This disclosure relates to lighter devices,
and more particularly to "open flame" lighter devices
having a flow restrictor. Related methods of
manufacturing and testing open flame lighter devices
are also described. 3. Description of Related Art
[Para 3] Open flame lighters are commonly used for
igniting tobacco products such as cigarettes, cigars,
pipes and the like. Such devices lie in contrast to
devices in which a flame is entirely or substantially
entirely enclosed, for example, for heating. Many open
flame lighters utilize pressurized fuel to induce the
flame. Such lighters are commonly referred to as
"butane" lighters, although the fuel may be only
partially butane. As used herein the term "lighter"
refers t o all open flame-producing portable devices
that use a combustible fluid as fuel, commonly known
as cigarette lighters, pipelighters, and/or cigar
lighters and such similar devices. Exemplary devices
are defined in ASTM Standard F400-04. [Para 4 ] Some
conventional lighters utilize an adjustable fuel
delivery mechanism to allow the flame height to be
adjusted within a predetermined range, such as defined
in ASTM Standard F400-04, section 3.1.8. Other
conventional lighters utilize a fixed fuel delivery
mechanism to effect a fixed flame height. With both
types of lighters, the maximum flame height is
required to be controlled. It has been found necessary
to test such lighters to make sure that the maximum
flame height does not exceed a predetermined limit.
This typically requires disposing a combustible fuel
into the lighters and testing the flame height prior
to sale. Once the lighter has been filled with fuel,
additional restrictions on the shipment of such
lighters may be incurred because they may be
classified by some entities as hazardous goods. This
adds to the cost and difficulty of distributing such
lighters in commerce. Summary [Para 5] The present
disclosure overcomes the cost and difficulty of
distributing lighters with fuel by providing an
apparatus and method for manufacturing, testing and
distributing "dry" lighters having flow restrictors,
e.g., lighters having not received a combustible fuel,
such as, butane or a butane mixture. An exemplary flow
restrictor may be formed of a porous member that
regulates the flow of fuel through a valve assembly of
the lighter to induce a substantially fixed flame
height or a variable flame height. Theporous member
may be rigid or compressible and may include a single
opening or a plurality of openings. The flow
restrictor may be tested before or after assembly into
a lighter. When tested before assembly, a combustible
fuel or a non-combustible fluid (e.g., inert gas) may
be directed through the flow restrictor to assess the
flow rate. If a non-combustible fluid is used, the
flow rate of the non-combustible fluid may be
correlated to the flow rate of a combustible fluid
(e.g., butane or butane-like mixture) through the flow
restrictor to approximate the resultant flame height
of a lighter incorporating 



the tested flow restrictor. When tested after assembly
of the flow restrictor into the lighter housing, a
non-combustible fluid may be directed through the flow
restrictor to assess the flow rate. The flow rate of
the non-combustible fluid may be correlated to the
flow rate of a combustible fluid through the flow
restrictor to approximate the resultant flame height
of a lighter incorporating the flow restrictor. In
this manner, flow restrictors and corresponding
lighter devices may be tested for flame height without
introducing combustible fluids into such lighter
devices prior to shipment. [Para 6] Moreover, a vacuum
may be drawn on the fuel tank of the lighter prior to
shipment. In embodiments where the flow restrictor is
tested after assembly into the lighter, the
non-combustible fluid may be extracted from the fuel
tank and a vacuum drawn thereon. Providing a
refillable lighter with a fuel tank under vacuum would
facilitate and enhance the initial filling of the tank
with fuel by the consumer, allowing for the fuel to
enter the tank without the need to compress the air
sealed in the tank during normal
manufacturingprocesses. This allows for the consumer
to maximize the initial fill of the tank with fuel,
while minimizing internal pressure in the fuel
reservoir. This is also advantageous in avoiding
pressure increases during transport of lighters in hot
climates. Brief Description of the Drawings [Para 7]
Reference is now made to the following descriptions
taken in conjunction with the accompanying drawings,
in which: [Para 8] Figure 1 is a sectional side view
of a lighter useful in the practice of the present
disclosure; [Para 9] Figure 2 is an enlarged partial
sectional view of a portion of valve assembly of
Figure 1; [Para 10] Figure 3 is an enlarged sectional
side view of a flow restrictor useful in the lighter
of Figure 1 and otherwise in the practice of the
present disclosure; [Para 11] Figure 4 is a view of
the inlet end of the flow restrictor of Figure 3;
[Para 12] Figure 5 is a view of the outlet end of the
flow restrictor of Figure 3; [Para 13] Figure 6 is a
schematic diagram of a flow restrictor testing system
useful in the practice of the present disclosure;[Para
14] Figure 7 is a sectional side view of an apparatus
for testing the flow restrictor of Figure 2; [Para 1
5] Figure 8 is a logical flow diagram showing a method
for testing the flow restrictor of Figure 2 useful in
the practice of the present disclosure; [Para 16]
Figure 9 is a sectional side view showing a test
apparatus that interfaces with the lighter of Figure 1
useful in the practice of the present disclosure;
[Para 17] Figure 10 is a sectional side view of a
batch testing apparatus for 



testing a batch of flow restrictors useful in the
practice of the present disclosure; and [Para 18]
Figure 11 is a top-down view of an exemplary carrier
for holding a batch of flow restrictors, which may be
used with the batch testing apparatus of Figure 10.
Detailed Description [Para 19] Referring to FIGURE 1,
a lighter 10 according to the present disclosure is
illustrated. It is to be understood, however, that
other forms of lighters may be used as alternatives to
the lighter 10 shown in FIGURE 1, and that the lighter
10 is presented as an example to illustrate aspects of
the present disclosure. Indeed, the lighter 10 may be
any lighter device that incorporates a flow restrictor
or flow restrictor-like device. The lighter 10
includes a flow restrictor assembly 12, which receives
fuel from a fuel storage compartment 14. In practice,
a user may initiate a flame by actuating thelighter t
o induce fluid flow from the storage compartment 14 to
and through the flow restrictor assembly 12. As used
herein, the term "fluid" refers to fluid in a gaseous
state, liquid state, plasma state, or combinations
thereof. [Para 20] FIGURE 2 details a portion of a
valve assembly 20 of the lighter 10. The valve
assembly 20 includes a valve member 22 disposed above
the flow restrictor assembly 12, which may be disposed
in an interior casing 24 of the lighter 10 such that
the flow restrictor assembly 12 lies in an area
defined generally adjacent to the storage compartment
14. Accordingly, the lighter 10 defines a fuel flow
path F beginning at the storage compartment 14,
extending through the flow restrictor assembly 12 and
extending upward through the interior casing 24 and
past the valve member 22. In other words, the arrows F
denote the path and direction of flow. In one
embodiment, the flow restrictor assembly 12 includes a
flow restrictor 26 disposed within a sleeve 28. In the
illustrated embodiment, the flow restrictor 26 is a
porous member. The sleeve 28 may be formed of metal
and may include a plurality of ridges 30 to securely
engage the interior casing 24. The flow restrictor
assembly 12 may further include a sealing element,
such as an O-ring 32 to seal the fluid flow path. It
is to be appreciated that in some embodiments, the
flow restrictor assembly 12 may be unitarily formed
such that the "assembly" is one integral member. [Para
2 1] The flow restrictor 26 may be formed of a variety
of materials, including rigid and compressible
materials. Exemplary rigid materials include metal,
such as stainless steel, and plastic, and may be
employed to achieve a fixed flame height. Exemplary
compressible materials include elastomericmaterials,
foams, sponges, and fibrous sheets, and may be
employed to achieve variable flame height. For
example, the lighter 10 may utilize a screw to
compress a porous elastomer flow restrictor, thereby
altering fluid flow therethrough when desired. Other
rigid and compressible materials are contemplated to
fall within the scope of the present disclosure.
Furthermore, 



the flow restrictor 26 may be formed to include a
single opening therethrough or a plurality of openings
therethrough. In operation, combustible fuel is
directed through the flow restrictor 26 to achieve a
substantially consistent fluid flow rate therethrough,
and t o ultimately achieve a desired fixed flame
height or a variable flame height falling within a
specified range. [Para 22] The valve member 22
includes a sealing portion 34, which may be actuated
to engage a seal seat 36 of the interior casing 24. In
operation, the valve member 22 may be actuated
downwardly (as viewed in FIGURE 2) to engage the
sealing portion 34 with the seal seat 36, thereby
effectively blocking upward fluid flow (as viewed in
FIGURE 2). [Para 23] Referring now to FIGURES 3 - 5,
the flow restrictor 26 is shown in more detail to
illustrate a plurality of pores, which cooperatively
allow passage of butane, butane-component, or
butane-like fluid. The flow restrictor 26, in part or
in whole, may be a porous media that provides for a
continuous release path for the fluid to flow through.
The porosity and exposed surface area of the flow
restrictor 26 in combination with the properties and
conditions of the fluid govern the flow rate of the
fluid through the flow restrictor. Such fluid
properties and conditions, e.g. density, flow
velocity, vapor pressure, andtemperature, can affect
the resultant flow rate through the flow restrictor.
The permeability of the flow restrictor 26 results
from its porosity, which is a function of the relative
size, shape and number of pores, and the percentage of
pores that are connected to form a continuous flow
path. It is to be appreciated that the flow restrictor
26 may take on alternative configurations other than a
porous configuration so long as the flow restrictor
permits fluid flow therethrough in a consistent
manner. For example, an alternative flow restrictor
may include a tube that restricts the flow of fluid
therethrough. In one embodiment, the flow restrictor
26 is manufactured so that the flow therethrough is
highly repeatable. By controlling both design and
manufacturing parameters of the flow restrictor 26,
the fluid flow (particularly for gaseous fluids) is
tightly controlled. The flow rate through the flow
restrictor 26, and thus the resultant flame height,
can be accurately determined via testing of the flow
restrictor. [Para 24] Referring now to FIGURE 6, in
one implementation of the present disclosure, a
testing system 60 may be used to test the flow
restrictor 26, which may be disposed in flow
restrictor testing block 80. Testing system 60 may
include a flow tester 62 that measures the flow rate
and other parameters of a gas from gas supply 66
through the flow restrictor 26. Although a gas is used
to illustrate this embodiment, it should be
appreciated that a fluid in another state {e.g., a
liquid, plasma, or a combination of states thereof)
may be used for testing the flow rate of the flow
restrictor. Examples of the gas from gas supply 66
include nitrogen, air or another non-combustible
fluid. Testingsystem 60 may further include a computer
64 to provide a user interface for 



testing system 60, as well as to run instructions to
control and operate the flow tester 62, collect data,
calculate, analyze and record results, provide network
connectivity to a LAN /WAN, and perform other
instructions detailed in the logical flow diagram of
Figure 8. [Para 25] Testing system 60 can be
configured to measure the flow permitted by the flow
restrictor 26. in other words, the testing system 60
is configurable to measure the flow rate of the test
gas through the flow restrictor 26. The testing system
60 may be used in a temperature/humidity-controlled
environment to maintain accurate and consistent
results. In other embodiments, the testing system 60
may used in any environment with the computer 64
conditioning and correcting results based on its
reading of . environmental conditions. [Para 26] The
flow tester 62 may include a gas preparation unit 72,
gas flow controller 74, gas temperature detector 76,
gas in pressure detector 78, the flow restrictor
testing block 80 (for housing the tested flow
restrictor 26), flow restrictor clamp controller 82,
gas out detector 84, gas vent 86, ambient temperature
detector 88, and barometric pressure detector 90.
Although the flow tester 62 may sense a fluid flow
with fewer components, e.g., just a flow sensor, this
exemplary embodiment measures temperature, pressure,
and barometric pressure parameters to apply pressure
and viscosity corrections to determine a standardized
mass flow rate through the flow restrictor 26 being
tested.[Para 27] For example, for nitrogen gas,
standard volumetric flow rates are determined using
the following formula: Ms = M0 * ((Pg + 2Ps) * V0 To)
/ ((Pg + 2Pb) Vs * Ts), where Ms is standardized mass
flow, Mo is measured mass flow, P is gas pressure in
inches of mercury ("Hg), Ps is standard pressure
(i.e., 29.92 "Hg at 150C and mean sea level), Pb is
barometric pressure ("Hg), vo is viscosity of the gas
(i.e. 166.4 + 0.45*T g, where T is gas temperature),
To is ambient temperature in Kelvin (i.e., 272 + T
(0C) , vs is standard viscosity of nitrogen (i.e.,
175.9), and Ts is standard temperature (i.e. 294. 1K).
[Para 28] Gas supply 66 can be configured to provide
flow tester 62 with a non-combustible test gas such as
air, or it can be configured to provide combustible
fuel, such as butane or a butane-like mixture.
Preferably, the gas should be of a high purity that is
clean, dry, and free of oil. The gas is received at
gas preparation unit 72, which may include an
oil/moisture trap to reduce the risk of contamination.
The gas then passes to gas flow controller unit 74,
which regulates the flow of gas to provide a desired
gas pressure. Gas temperature detector unit 76
measures the temperature of the gas (T9) , and gas in
detector unit 78 may measure the gas pressure prior to
passing through the flow restrictor testing block 80. 



[Para 29] It is to be appreciated that the flow
restrictor 26 itself, the flow restrictor assembly 12
or the entire valve assembly 20 may be placed in flow
restrictor testing block 80 to perform flow testing.
For example, briefly referring to FIGURE 7, flow
restrictor assembly 12 may be positioned
betweentesting blocks 92, 94 to provide a stable
configuration of the flow restrictor for testing.
Additionally, a pair of O-rings 96 may be used to seal
the interface between the flow restrictor assembly 12
and the testing blocks 92, 94. Further, a clamping
apparatus may be used to apply sufficient pressure to
effect a seal on the interface between the flow
restrictor assembly 12 and the testing blocks 92, 94.
In other embodiments, only the flow restrictor 26 may
be tested prior to assembly into the lighter 10, or
the entire valve assembly 20 may be tested prior to
assembly into the lighter 10. Now, referring back to
FIGURE 6, flow restrictor clamp controller 82 controls
the clamping of testing blocks 92, 94 on the flow
restrictor 26 to effect a secure seal. Other suitable
sealing arrangements and testing apparatus are
contemplated, for example, for testing the flow
restrictors in an assembled lighter, and for testing a
batch of flow restrictors. [Para 30] A gas out
detector 84 may measure the mass flow of gas exiting
the flow restrictor 26 to determine the variable Mo.
The gas is then directed to a gas vent unit 86, where
it is either collected, or vented into the atmosphere,
according to appropriate environmental disposal
requirements of the gas. Ambient temperature detector
unit 88 measures the ambient temperature (T), and
barometric pressure detector unit 90 measures the
barometric pressure (Pb). [Para 3 1] The measured
variables from units 76, 78, 84, 88 and 90 are
transmitted to computer 64, which is operable to
calculate the flow rate {e.g., volumetric flow rate)
through the flow restrictor 26, as well as provide
otherfunctions. In embodiments where a non-combustible
fluid is used for testing, a known correlation, e.g.
vapor pressure, density, temperature, etc., between
the non-combustible test fluid {e.g., nitrogen gas)
and the combustible fluid (e.g., butane) may be used
to extrapolate a predicted fluid flow rate for the
combustible fluid through the flow restrictor 26.
[Para 32] FIGURE 8 illustrates a logical flow diagram
of a method for testing a flow restrictor. A desired
clamping pressure is set, at 102. The gas pressure is
then regulated to the desired test pressure, at 104. A
flow restrictor is inserted into flow restrictor
testing block, at 106, and the flow restrictor is
clamped to ensure a seal, at 108. The clamping
pressure should be sufficient to effect a seal on the
flow restrictor to avoid leaks. Next, a flow of gas is
initiated through the flow restrictor, at 110. Upon
determining that the gas flow is in a steady state
condition, at 112, mass flow, gas pressure, gas
temperature, ambient temperature, and barometric
pressure are measured, at 114. Next, flow rate through
the flow restrictor is determined, at 116. Gas flow is
then 



stopped, at 118, and the flow restrictor may be
released by unclamping it, at 120, and removing the
flow restrictor from the test apparatus, at 122. [Para
33] In embodiments where a non-combustible fluid is
used for testing, the correlation between the test
fluid {e.g., air or inert gas) and product fluid
(e.g., butane) can be confirmed by taking a sampling
of flow restrictors and using the test fluid to
determine their individual flow rates using a
qualified test instrument. After determining flow
rates with the instrument, the flow restrictors may
then be assembled into test lighters, which are filled
withbutane. The test lighters may then be actuated to
test for flame height. The results of this testing
would give a direct correlation between flow rate of
the test fluid and actual flame height, while only
filling a few test lighters with butane or butane-like
material. It is to be appreciated that in alternative
embodiments, the flow restrictors could be tested by
measuring pressure differential at a predetermined and
controlled pressure and temperature with the
particular test fluid. [Para 34] Accordingly, a
determined combustible fuel flow rate or a
corresponding flow rate of a non-combustible fluid
through the flow restrictor 26 will give an indication
of a maximum resultant flame height of a lighter
incorporating the flow restrictor. In practice, a
maximum desired flame height may be designated such
that a flow restrictor will not permit a flame height
beyond the designated flame height. The flow
restrictor can then be manufactured according to this
specification {i.e., to have a maximum flame height),
thus resulting in a flow restrictor of a desirable
porosity. In some cases, a specified range of butane
flow rate will correspond to a desired flame height.
In one example, the desired flame height can be
achieved by providing a flow restrictor that
establishes butane flow at a rate of 6.5 standard
cubic centimeters per minute (seem) +/- 0.75 seem.
Accordingly, flow restrictors can be tested according
to this specification. As can be appreciated from the
foregoing disclosure, the flow restrictors 26 can be
tested prior to placement in lighters, thereby
alleviating the need to introduce a combustible fluid
into such lighters prior to shipment. In some
embodiments, the flow restrictors 26 mayalternatively
be inserted into a lighter housing prior to testing.
In these embodiments, testing can be carried out on
lighters incorporating the flow restrictors, yet
without the necessity of introducing a combustible
fuel into the lighter. That is, a non-combustible
fluid can be used to test assembled lighters, thus
alleviating the need to fill lighters with a
combustible fuel prior to shipment. [Para 35] Testing
of flow restrictors 26 prior to assembly of such flow
restrictors into lighters permits the manufacture of
"dry" lighters with a known and controlled maximum
flame height. As used herein, the term "dry lighter"
refers to a lighter, which has not been charged
(filled) with fuel. Indeed, use of a non-combustible
test gas to measure the flow permitted by flow
restrictor 26 



allows manufacture of lighters without any parts of
the lighter having been placed in contact with the
butane fuel. [Para 36] In practice, flow restrictors
26 that fall within predetermined flow parameters are
used in the assembly and manufacture of the lighters,
such as lighter 10. Flow restrictors 26 that exceed or
fall below the predetermined flow parameters are
rejected and not used in the manufacture of lighters.
For example, those flow restrictors that are found to
not provide for flow of butane or butane-like material
within the 6.5 seem +/- .75 seem range are scrapped.
The flow rate inspection of the flow restrictor allows
for the pre-qualification of the flow restrictor for
the assembly of the lighter, and thereby minimizes or
eliminates the potential of rejecting partial or
completed lighters for not meeting quality and
performance requirements for fluid flow rates.[Para
37] As has been stated, by testing the flow
characteristic of the flow restrictor 26 before it is
put in the lighter, either through use of a
noncombustible fluid or a combustible fuel, the flow
characteristic of the flow restrictor 26 for butane
fuel in the lighter can be determined. Again, it is to
be understood that "butane fuel" may include one form
of butane, or may include a mixture of various forms
of butane, or may include butane and one or more other
gases, or may be one or more other
non-butane-containing combustible fuels that are
similar to butane. [Para 38] Using the methods of the
present disclosure to verify the flow characteristic
for the lighter allows complete assembly of the
lighter without it ever having been charged with
combustible fuel. Such "dry lighters" have fewer
restrictions on shipment for distribution. By
providing verification of the flow characteristic, the
maximum flame height may be controlled, without having
t o charge and test the lighter with combustible fuel.
[Para 39] The testing of the flow restrictor 26
according to the present disclosure may be performed
on the flow restrictor alone, or may be performed
after the flow restrictor is assembled into the
lighter. FIGURE 9 shows an exemplary test apparatus
140 designed to interface with a lighter 10 in which a
flow restrictor 26 is already assembled in the
lighter. Test apparatus 140 includes a gas filler
nozzle 142 and a gas exit port 144. Seals 146, 148
ensure a secure fit to avoid leaks of gas. A seal may
be effected by applying appropriate pressure on both
gas filler nozzle 142 and gas exit port 144. In this
embodiment, a non-combustible fluid is used to test
the assembled lighterso as to avoid introduction of
combustible fuel into the lighter prior to shipment.
In operation, gas enters the lighter 10 through the
gas filler nozzle 142 and exits through the gas exit
port 144. In some embodiments, the fuel tank may be
filled with non-combustible fluid to facilitate
testing. Testing may be conducted using the test
apparatus and methods described above. After testing,
any non-combustible fluid in the fuel tank may be
extracted and a vacuum may then be drawn on the fuel
tank. Providing a refillable lighter with 



a fuel tank under vacuum would facilitate and enhance
the initial filling of the tank with fuel by the
consumer, allowing for the fuel to enter the tank
without the need to compress the air sealed in the
tank during normal manufacturing processes. This
allows for the consumer to maximize the initial fill
of the tank with fuel. [Para 40] In a mass production
environment, it is also contemplated that flow
restrictors may be tested in batches or with
sequential automation or with continuous motion
automation. A side view of an exemplary batch testing
apparatus 150 is illustrated in FIGURE 10. Batch
testing apparatus 150 includes lower clamp 162, upper
clamp 164, and O-rings 166 to provide a seal. Carrier
168 may hold a batch of flow restrictors 26 or flow
restrictor assemblies 12, for ease of handling,
automation, and distribution. In this exemplary
embodiment, carrier 168 provides a four by four array
in which to test and handle flow restrictors 26,
though it is to be appreciated that the array may have
other configurations having various dimensions,
shapes, and directions.[Para 4 1] Additional features
of an exemplary carrier are shown with reference to
FIGURE 11, which shows a top-down view of carrier 168
carrying a batch of sixteen flow restrictors 26.
Carrier 168 may include alignment guides 170 in each
corner to aid positioning and alignment of the batch,
a batch identification label 172, and a bar code 174
for automated batch identification. Batch
identification label 172 and bar code 174 may identify
the batch, as well as other associated batch details,
such as origin and manufacturer. [Para 42]
Operationally, a batch may be tested using a similar
technique to that described above regarding testing a
single flow restrictor 26. Flow restrictors may be
tested all at once {i.e., in parallel), or
sequentially {i.e., in series), and the volumetric
flow characteristics may be calculated by a computer.
Batch results may be stored and analyzed, and the
results used to accept or reject a single flow
restrictor 26 or a batch of flow restrictors. [Para
43] Additionally, testing of flow restrictor 26,
whether as an individual component, assembled in a
lighter, or in a batch, may be performed on a
statistical sampling basis or on a 100% manufacturing
basis. By " 100% manufacturing basis" it is meant that
every flow restrictor assembled into a lighter is flow
tested to verify that it meets the predetermined flow
characteristic specification. [Para 44] While various
embodiments of lighters with flow restrictors and
methods of manufacturing and testing such flow
restrictors according to the principles disclosed
herein have been described above, it should be
understood that they have been presented by way of
example only, and not limitation. Forexample, in
embodiments where a combustible fuel is used to test
flow restrictors prior to assembly into a lighter, the
flow restrictor may undergo a venting procedure after
testing to substantially fully release the residual
fuel before being inserted into a lighter. Or the flow
restrictor may be purged with 



another fluid (e.g. air or an inert gas) to expel any
residual fuel. Rather, the following claims should be
construed broadly to cover any embodiment tailored to
achieve the principles disclosed herein. Thus, the
breadth and scope of the invention(s) should not be
limited by any of the above-described exemplary
embodiments, but should be defined only in accordance
with any claims and their equivalents issuing from
this disclosure. Furthermore, the above advantages and
features are provided in described embodiments, but
shall not limit the application of such issued claims
to processes and structures accomplishing any or all
of the above advantages. [Para 45] Additionally, the
section headings herein are provided for consistency
with the suggestions under 37 CFR 1.77 or otherwise to
provide organizational cues. These headings shall not
limit or characterize the invention(s) set out in any
claims that may issue from this disclosure.
Specifically and by way of example, although the
headings refer to a "Technical Field," such claims
should not be limited by the language chosen under
this heading to describe the so-called technical
field. Further, a description of a technology in the
"Background" is not to be construed as an admission
that technology is prior art to any invention(s) in
this disclosure. Neither is the "Summary" to be
considered as a characterization of the invention(s)
set forth inissued claims. Furthermore, any reference
in this disclosure to "invention" in the singular
should not be used to argue that there is only a
single point of novelty in this disclosure. Multiple
inventions may be set forth according to the
limitations of the multiple claims issuing from this
disclosure, and such claims accordingly define the
invention(s), and their equivalents, that are
protected thereby. In all instances, the scope of such
claims shall be considered on their own merits in
light of this disclosure, but should not be
constrained by the headings set forth herein.What is
claimed is: [Clai m 1] A method of testing a lighter,
the method comprising: providing a lighter having a
flow restrictor device assembled therein; directing a
non-combustible fluid through the flow restrictor
device; and measuring a flow rate of the
non-combustible fluid through the flow restrictor
device. [Clai m 2] A method according to claim 1,
wherein the lighter further comprises a fuel tank, and
wherein when the flow rate test is complete: drawing a
vacuum on the fuel tank. [Clai m 3] A method according
to claim 1, wherein the lighter further comprises a
fuel tank, the method further comprising: disposing
the non-combustible fluid into the fuel tank prior to
directing the non-combustible fluid through the flow
restrictor device; 



extracting the non-combustible fluid from the fuel
tank after measuring the flow rate through the flow
restrictor device; and drawing a vacuum on the fuel
tank. [Clai m 4] A method according to claim 1,
wherein: when the flow rate is within a specified
range of flow rates, categorizing the lighter as
having passed the flow rate test; and when the
measured flow rate is outside the specified range of
flow rates, categorizing the lighter as having failed
the flow rate test.[Claim 5] A method according to
claim 4, wherein the specified range of flow rates
corresponds to a specified range of flow rates of a
combustible fluid. [Claim 6] A method according to
claim 1, wherein the non-combustible fluid is an inert
gas. [Claim 7] A method according to claim , wherein
the non-combustible fluid is selected from the group
consisting of air and nitrogen. [Claim 8] A method
according to claim 1, wherein the flow restrictor is a
porous member. [Cl a im 9] A method according to claim
1, wherein the flow restrictor is a tube of internal
diameter that restricts flow rate there through.
[Claim 10] A method of manufacturing a lighter, the
method comprising: providing a flow restrictor;
providing a lighter housing adapted to receive the
flow restrictor, the lighter housing having a fuel
tank; assembling the flow restrictor into the lighter
housing, the lighter housing being adapted to receive
a non-combustible fluid initially into the fuel tank;
directing the non-combustible fluid through the flow
restrictor; and measuring a flow rate of the
non-combustible fluid through the flow restrictor.
[Claim 11] A method according to claim 10, further
comprising:extracting the non-combustible fluid from
the lighter housing; and drawing a vacuum on the fuel
tank. [Claim 12] A method according to claim 10,
further comprising analyzing the flow rate of the
non-combustible fluid through the flow restrictor
against a specified range of flow rates, the specified
range of flow rates corresponding to a specified range
of flow rates of a combustible fluid. [Claim 13] A
method according to claim 12, the method further
comprising: when the measured flow rate is within the
specified range, accepting the lighter. [Claim 14] A
method according to claim 12, the method further
comprising: 



when the measured flow rate is outside the specified
range, rejecting the lighter. [Claim 15] A method
according to claim 10, wherein directing a
noncombustible fluid through the flow restrictor
comprises directing inert gas through the flow
restrictor. [Claim 16] A method according to claim 10,
wherein directing a noncombustible fluid through the
flow restrictor comprises directing air or nitrogen
through the flow restrictor. [Claim 17] A method of
manufacturing a lighter having a flow restrictor for
establishing a non-combustible fluid flow rate within
a specified range, comprising:providing a flow
restrictor for the lighter, the flow restrictor having
a substantially constant flow rate there through;
directing a non-combustible fluid through the flow
restrictor; measuring the flow rate of the
non-combustible fluid through the flow restrictor;
correlating the measured flow rate of the
non-combustible fluid to a flow rate of a combustible
fluid; and when the flow rate of the non-combustible
fluid is within the specified range, installing the
flow restrictor in the lighter and drawing a vacuum on
a fuel tank of the lighter. [Claim 18] A method
according to claim 17, wherein the correlation of the
measured flow rate of the non-combustible fluid to the
flow rate of the combustible fluid indicates a maximum
flame height. [Claim 19] A method according to claim
17, wherein directing a noncombustible fluid through
the flow restrictor comprises: directing an inert gas
through the flow restrictor, wherein the inert gas
flow rate correlates to a combustible fluid flow rate.
[Claim 20] A method according to claim 17, wherein
directing a noncombustible fluid through the flow
restrictor comprises: directing air or nitrogen
through the flow restrictor, wherein the air or
nitrogen flow rate correlates to a combustible fluid
flow rate. [Claim 2 1] A method of manufacturing a
refillable lighter having a flow restrictor for
establishing a non-combustible fluid flow rate within
a specifiedrange, comprising: providing a flow
restrictor for the refillable lighter, the flow
restrictor having a substantially constant flow rate
there through; directing a non-combustible fluid
through the flow restrictor; measuring the flow rate
of the non-combustible fluid through the flow
restrictor; correlating the measured flow rate of the
non-combustible fluid to a flow rate of a combustible
fluid; and 



when the flow rate of the non-combustible fluid is
within the specified range, installing the flow
restrictor in the refillable lighter. [Claim 22] A
method according to claim 21, wherein the correlation
of the measured flow rate of the non-combustible fluid
to the flow rate of the combustible fluid indicates a
maximum flame height. [Claim 23] A method according to
claim 2 1 , wherein directing a noncombustible fluid
through the flow restrictor comprises: directing an
inert gas through the flow restrictor, wherein the
inert gas flow rate correlates to a combustible fluid
flow rate. [Claim 24] A method according to claim 2 1,
wherein directing a noncombustible fluid through the
flow restrictor comprises: directing air or nitrogen
through the flow restrictor, wherein the air or
nitrogen flow rate correlates to a combustible fluid
flow rate. [Claim 25] A method according to claim 2 ,
further comprising drawing a vacuum on a fuel tank of
the refillable lighter.[Claim 26] A method of
manufacturing a refillable lighter having a flow
restrictor for establishing a combustible fluid flow
rate within a specified range, comprising: providing a
flow restrictor for the refillable lighter, the flow
restrictor having a substantially constant flow rate
there through; directing a combustible fluid through
the flow restrictor; measuring the flow rate of the
combustible fluid through the flow restrictor; when
the flow rate of the combustible fluid is within the
specified range, installing the flow restrictor in the
refillable lighter. [Claim 27] A method according to
claim 26, further comprising drawing a vacuum on a
fuel tank of the refillable lighter. 


