
CONSTRAINED COMPOUNDS AS CGRP-RECEPTOR ANTAGONISTS
CROSS-REFERENCE TO RELATED APPLICATIONS This
application claims the benefit of U.S. provisional
application serial numbers 60/624,655 filed November
3, 2004 and 60/678,099 filed May 5, 2005. BACKGROUND
OF THE INVENTION Calcitonin gene-related peptide
(CGRP) is a naturally occurring 37-aminoacid peptide
first identified in 1982 (Amara, S. G. et al, Science
1982, 298, 240-244). Two forms of the peptide are
expressed (aCGRP and bCGRP) which differ by one and
three amino acids in rats and humans, respectively.
The peptide is widely distributed in both the
peripheral (PNS) and central nervous system (CNS),
principally localized in sensory afferent and central
neurons, and displays a number of biological effects,
including vasodilation. When released from the cell,
CGRP binds to specific cell surface G proteincoupled
receptors and exerts its biological action
predominantly by activation of intracellular adenylate
cyclase (Poyner, D. R. et al, Br J Pharmacol 1992,
105, 441-7; Van Valen, F. et al, NeurosciLett 1990,
119, 195-8.). Two classes of CGRP receptors, CGRPi and
CGRP2, have been proposed based on the antagonist
properties of the peptide fragment CGRP(8-37) and the
ability of linear analogues of CGRP to activate CGRP2
receptors (Juaneda, C. et al. TiPS 2000, 21, 432-438).
However, there is lack of molecular evidence for the
CGRP2 receptor (Brain, S. D. et al, TiPS 2002, 23,
51-53). The CGRPi receptor has three components: (i) a
7 transmembrane calcitonin receptor-like receptor
(CRLR); (ii) the single transmembrane receptor
activity modifying protein type one (RAMPl); and (iii)
the intracellular receptor component protein (RCP)
(Evans B. N. et al., J Biol Chem. 2000, 275,
31438-43). RAMPl is required for transport of CRLR to
the plasma membrane and for ligand binding to the
CGRP-receptor (McLatchie, L. M. et al, Nature 1998,
393, 333-339). RCP is required for signal transduction
(Evans B. N. et al., J Biol Chem. 2000, 275,31438-43).
There are known species-specific differences in
binding of small molecule antagonists to the
CGRP-receptor with typically greater affinity seen for
antagonism of the human receptor than for other
species (Brain, S. D. et al, TiPS 2002, 23, 51-53).
The amino acid sequence of RAMPl determines the
species selectivity, in particular, the amino acid
residue Trp74 is responsible for the phenotype of the
human receptor (Mallee et al. J Biol Chem 2002, 277,
14294-8). Inhibitors at the receptor level to CGRP are
postulated to be useful in pathophysiologic conditions
where excessive CGRP receptor activation has occurred.
Some of these include neurogenic vasodilation,
neurogenic inflammation, migraine, cluster headache
and other headaches, thermal injury, circulatory
shock, menopausal flushing, and asthma. CGRP receptor
activation has been implicated in the pathogenesis of
migraine headache (Edvinsson L. CNS Drugs 2001;
15(10):745-53; Williamson, D. J . Microsc. Res. Tech.
2001, 53, 167-178.; Grant, A. D. Brit. J. Pharmacol.
2002, 135, 356-362.). Serum levels of CGRP are
elevated during migraine (Goadsby PJ, et al. Ann
Neurol 1990;28: 183-7) and treatment with anti 



migraine drugs returns CGRP levels to normal
coincident with alleviation of headache (Gallai V. et
al. Cephalalgia 1995;15: 384-90). Migraineurs exhibit
elevated basal CGRP levels compared to controls
(Ashina M, et al., Pain 2000, 86(1- 2): 133-8.2000).
Intravenous CGRP infusion produces lasting headache in
migraineurs (Lassen LH, et al. Cephalalgia 2002 Feb;
22(l):54-61). Preclinical studies in dog and rat
report that systemic CGRP blockade with the peptide
antagonist CGRP(8-37) does not alter resting systemic
hemodynamics nor regional blood flow (Shen, Y-T. et
al, J Pharmacol Exp Ther 2001, 298, 551-8). Thus,
CGRP-receptor antagonists may present a novel
treatment for migraine that avoids the cardiovascular
liabilities of active vasoconstriction associated with
non-selective 5-HT IB/ D agonists, 'triptans' (e.g.,
sumatriptan). A number of non-peptidic, small molecule
CGRP-receptor antagonists have been recently reported.
WO 04/091514, WO 04/092166 and WO 04/092168 disclose
cyclic compounds containing an amide bond in the ring
as CGRP antagonists. WO 97/09046 and equivalents
disclose inter alia quinine and quinidine related
compounds which are ligands, in particular
antagonists, of CGRP-receptor. WO98/09630 and WO
98/56779 and equivalents disclose inter alia variously
substituted, nitrobenzamide compounds as CGRP-receptor
antagonists. WO 01/32649, WO 01/49676, and WO 01/32648
and equivalents disclose inter alia a series of 4-
oxobutanamides and related cyclopropane derivatives as
CGRP-receptor antagonists. WO 00/1 8764, WO 98/1 1128
and WO 00/55 154 and equivalents disclose inter alia
benzimidazolinyl piperidines as antagonists to
CGRP-receptor. Unrelated to CGRP, a series of
somatostatin antagonists have been disclosed in WO
99/52875 and WO 01/25228 and equivalents. See also
U.S. 6,344,449, U.S. 6,313,097, U.S. 6,521,609, U.S.
6,552,043, US 20030181462, US20030191068 and WO
03/076432 and related applications. Thus, novel
CGRP-receptor antagonists effective for the treatment
of neurogenic inflammation, migraine and other
disorders would be greatly advantageous. DESCRIPTION
OF THE INVENTION The invention encompasses compounds
of Formula I and II which are CGRP antagonists. The
invention also encompasses compositions incorporating
these compounds and methods of using these compounds
in therapeutic treatment. One aspect of the invention
is a compound of Formula I I wherein: R1 is Ci-6alkyl,
C2-6alkenyl, C3-7cycloalkyl, C5-7cycloalkenyl,
Ci-6(C3-7cycloalkyl)alkyl, C1-6haloalkyl,
Ci-6(C1-6alkoxy)alkyl, Ci-6(ArVkVl, C,-6(NR 7R8)alkyl,
N-(R 9)-pyrrolidinyl or N-(R 9)-piperidinyl;R is
hydrogen, halo, hydroxy, Ci-6alkyl, C2-6alkenyl,
benzyloxy, or NR R ; R3 is hydrogen, hydroxy, halo,
Chalky!, or C2-6alkenyl; or R2 and R3 taken together
are CHNNR5 R4 is hydrogen, halo or C alky!, or
C2-6alkenyl,; R>5 is hydrogen or Ci-6alkyl; 



R>6 is hydrogen, Ci-6alkyl, or NR>5R60 taken together
is R7 is hydrogen or Ci-6alkyl; R8 is hydrogen or
Ci-6alkyl; or NR7R8 taken together is selected from
the group consisting of pyrrolidinyl, piperidinyl,
N-(R9)-piperazinyl, morpholinyl, and thiomorpholinyl;
R>9 :is hydrogen, Ci-6alkyl, Ci-6alkylcarbonyl, or
Ci-6alkoxycarbonyl;R1 is phenyl, naphthyl, pyridinyl,
pyridinyl N-oxide, quinolinyl, quinolinyl N-oxide,
isoquinolinyl, or isoquinolinyl N-oxide, and is
substituted with 0-2 substituents selected from the
group consisting of halo, Ci-6alkyl, Ci-6haloalkyl,
Ci-6alkoxy, hydroxy, and phenyl; orR, 10 is selected
from the group consisting ofR1 1 is hydrogen, halo,
C]-6alkyl, Ci-6haloalkyl, or d - alkoxy; Ar 1 is
phenyl, naphthyl, pyridinyl, or imidazolyl, and is
substituted with 0-2 substituents selected from the
group consisting of halo, and Ci-6haloalkyl; Ar2 is
phenyl, naphthyl, or pyridinyl, and is substituted
with 0-2 substituents selected from the group
consisting of halo, C1-6alkyl, and Ci-6haloalkyl; X-Y
is aminocarbonyl, oxycarbonyl, methylenecarbonyl,
ethylene, or amino(cyano)iminomethyl; Z is N or CH;
and n is 0 or 1; or a pharmaceutically acceptable salt
or solvate thereof. Another aspect of the invention is
a compound of Formula Ia. Ia Another aspect of the
invention is a compound of Formula Ib. IbAnother
aspect of the invention is a compound of Formula II.
II Another aspect of the invention is a compound of
Formula Ha. Another aspect of the invention is a
compound of Formula lib. lib Another aspect of the
invention is a compound of Formula I or II where R4 is
chloro, fluoro, or methyl. Another aspect of the
invention is a compound of Formula I or II where NR5R6
taken together is A R10Another aspect of the invention
is a compound of Formula I or II where NR>5R6 taken
together is Another aspect of the invention is a
compound of Formula I or II where R10 is selected from
the group consisting ofAnother aspect of the invention
is a compound of Formula I or II where R1 1 is
hydrogen, chloro, fluoro, or methyl. Another aspect of
the invention is a compound of Formula I or II where Z
is CH. 



Another aspect of the invention is a compound of
Formula I where n is 1. Another aspect of the
invention is that any scope of variables R1, R2, R3,
R4, R5, R6, R7, R8, R9, R10, R1 1, Ar 1, Ar2, X-Y, Z,
and n can be used with any scope of the remaining
variables "Alkyl," "hydroxyalkyl," "alkoxy" and
related terms with an alkyl moiety include straight
and branched isomers. "Alkenyl" means a straight or
branched alkyl group with at least one double bond. A
term such as C1-6(R)alkyl means a straight or branched
alkyl group of one to six carbons substituted with the
substituent R. A term such as N-(R)-pyrrolidinyl
indicates that the nitrogen is substituted with the
substituent R. "Haloalkyl" and "haloalkoxy" include
all halogenated isomers from monohalo substituted
alkyl to perhalo substituted alkyl. "Aryl" includes
carbocyclic and heterocyclic aromatic ring systems.
"Amino" includes includes primary, secondary, and
tertiary moieties. "Carbonyl" means CO. "Oxy" means
-O-. "Aminocarbonyl" means -N(R)C(=O)-. "Oxycarbonyl"
means -OC(=O)-. "Methylenecarbonyl" means -CH2C(=O)-.
"Amino(cyano)iminomethyl" means -NHC(=NCN)-.The
invention includes all pharmaceutically acceptable
salt forms of the compounds. Pharmaceutically
acceptable salts are those in which the counter ions
do not contribute significantly to the physiological
activity or toxicity of the compounds and as such
function as pharmacological equivalents. These salts
can be made according to common organic techniques
employing commercially available reagents. Some
anionic salt forms include acetate, acistrate,
besylate, bromide, chloride, citrate, fumarate,
glucouronate, hydrobromide, hydrochloride,
hydroiodide, iodide, lactate, maleate, mesylate,
nitrate, pamoate, phosphate, succinate, sulfate,
tartrate, tosylate, and xinofoate. Some cationic salt
forms include ammonium, aluminum, benzathine, bismuth,
calcium, choline, diethylamine, diethanolamine,
lithium, magnesium, meglumine,
4-phenylcyclohexylamine, piperazine, potassium,
sodium, tromethamine, and zinc. The invention also
includes all solvated forms of the compounds,
particularly hydrates. Solvates do not contribute
significantly to the physiological activity or
toxicity of the compounds and as such function as
pharmacological equivalents. Solvates may form in
stoichiometric amounts or may form from adventitious
solvent or a combination of both. One type of solvate
is hydrate, and some hydrated forms include
monohydrate, hemihydrate, and dihydrate. Some
compounds of the invention may exist in stereoisomeric
forms, one example of which is shown below. The
invention includes all stereoisomeric and tautomeric
forms of the compounds. Synthetic Methods The
compounds described in the present invention can be
synthesized according to Schemes 1-4 as well as other
procedures known in the art. Startingmaterials are
commercially available or synthesized by common
synthetic procedures. Variations of the compounds and
the procedures to make them which are not illustrated
are within the skill of the art. 



Scheme 1 describes how to make certain compounds of
the invention. Regiospecific introduction of iodine on
a appropriately substituted aromatic ring can be
accomplished using iodine monochloride. Aryl iodides
(II) are good coupling partners in palladium-mediated
Heck reactions. The Heck products (III) can be reduced
with hydrogen mediated by number of asymmetric
catalysts to produce enatiomerically pure materials
(TV). Subsequent hydrolysis of acetate functionality
with methanolic potassium carbonate followed by
treatment of alcohol (V) with thionyl chloride can
produce benzylic chlorides (VI). Treatment of benzylic
chlorides with various amines in acetonitrile can
deliver requisite amines (VII). The amines (VII) can
be converted into desired azepinones (VIII) in
refluxing toluene mediated by catalytic acetic acid.
The azepinone intermediates VIII (X= NH, CH2, O) can
in turn be elaborated into final products.
Hydrogenolysis of VIII (X=NH) under 10% Pd on carbon
produces amine intermediate IX (Scheme II). The amine
functionality can be transformed to the desired urea
functionality (X) with the assistance of phosgene or
N,N'-disuccinimyl dicarbonate and various amines
(Scheme 2). Alternatively, the succinic ester VIII
(X=CH2) can be converted to carboxylic acid (XI) with
lithium hydroxide, followed by reaction with an
appropriate amine under TBTU coupling conditions to
give desired amides (XII) (Scheme 3).Scheme 1. X=NH,
CH2, O, S Aresdyumctmioentric H2 H2NR1 CH3CNScheme 2.
Phosgene or HN - R 6 I N,N'-disuccinimidyl R5
carbonateScheme 3. HN R 6 TBTU IR 5 In a manner
similar to urea formation, cyanoguanidine XIII can be
prepared using diphenyl N-cyanocarboimidate and
various substituted amines (Scheme 4).Scheme 4. NCN
DIEA PhOLOPh Biological methods CGRP Binding Assay.
Tissue Culture. SK-N-MC cells were grown at 37 C in 5%
CO2 as a monolayer in medium consisting of MEM with
Earle's salts and Lglutamine (Gibco) supplemented with
10% fetal bovine serum (Gibco). Cell Pellets. The
cells were rinsed twice with phosphate-buffered saline
(155 mM NaCl, 3.3 mM Na2HPO4, 1.1 mM KH2PO4, pH 7.4),
and incubated for 5-10 min. at 4 0C in hypotonic lysis
buffer consisting of 10 mM Tris (pH 7.4) and 5 mM
EDTA. The cells were transferred from plates to
polypropylene tubes (16 x 100 mm) and 



homogenized using a polytron. Homogenates were
centrifuged at 32,000 x g for 30 min. The pellets were
resuspended in cold hypotonic lysis buffer with 0.1%
mammalian protease inhibitor cocktail (Sigma) and
assayed for protein concentration. The SK-N-MC
homogenate was then aliquoted and stored at -80 C
until needed.Radioligand Binding Assay. The compounds
of invention were solubilized and carried through
serial dilutions using 100% DMSO. Aliquots from the
compound serial dilutions were further diluted 25 fold
into assay buffer (50 mM Tris- Cl pH 7.5, 5 mM MgCl2,
0.005% Triton X-100) and transferred (volume 50 ml)
into 96 well assay plates. [125I]-CGRP (Amersham
Biosciences) was diluted to 60 pM in assay buffer and
a volume of 50 ml was added to each well. SK-N-MC
pellets were thawed, diluted in assay buffer with
fresh 0.1% mammalian protease inhibitor cocktail
(Sigma), and homogenized again. SK-N-MC homogenate (5
mg/well) was added in a volume of 100 ml. The assay
plates were then incubated at room temperature for 2
h. Assays were stopped by addition of excess cold wash
buffer (20 mM Tris-Cl pH 7.5, 0.1% BSA) immediately
followed by filtration over glass fiber filters
(Whatman GF/B) previously soaked in 0. 5% PEL
Non-specific binding was defined with 1 mM beta-CGRP.
Protein bound radioactivity was determined using a
gamma or scintillation counter. The IC5O was defined
as the concentration of a compound of invention
required to displace 50% of radioligand binding.
Cyclic AMP Functional Antagonism Assay. Antagonism of
the compounds of invention was determined by measuring
the formation of cyclic AMP (adenosine 3'5'- cyclic
monophosphate) in SK-N-MC cells that endogenously
express the human CGPvP receptor. CGRP receptor
complex is coupled with Gs protein and CGRP binding to
this complex leads to the cyclic AMP production via Gs
- dependent activation of an adenylate cyclase
(Juaneda C et al., TiPS, 2000; 21:432-438;
incorporated by reference herein). Consequently, CGRP
receptor antagonists inhibit CGRP - induced cyclic AMP
formation in SK-N-MC cells (Doods H et al., Br J
Pharmacol,2000; 129(3):420-423) ; incorporated by
reference herein). For cyclic AMP measurements SK-N-MC
cells were incubated with 0.3 nM CGRP alone or in the
presence of various concentrations of the compounds of
invention for 30 min at room temperature. Compounds of
invention were pre-incubated with SK-N-MC cells for 15
min before the addition of CGRP to allow receptor
occupancy (Edvinsson et al., Eur J Pharmacol, 2001,
415:39-44; incorporated by reference herein). Cyclic
AMP was extracted using the lysis reagent and its
concentration was determined by radioimmunoassay using
RPA559 cAMP SPA Direct Screening Assay Kit(Amersham
Pharmacia Biotech). IC50 values were calculated using
Excel fit. The tested compounds of invention were
determined to be antagonists as they exhibited a dose
- dependent inhibition of the CGRP - induced cyclic
AMP production. In the Table 4, results are denoted as
follows: A 0.1-10 nM; B = 10-100 nM; C = 100-1000 nM;
D > 1000 nM.VARIABLE POSITION COOLING APPARATUS
BACKGROUND [0001] As electronic systems become more
compact, there is a continuing desire to increase the
rate of heat transfer away from heat-dissipating
components. With many heat 



transfer techniques considered for compact devices, it
is difficult to provide sufficient cooling for
components within the available space inside the
device. [0002] Although forced air convection has been
used in small electronic devices, such as, for
example, laptop computers, forced air convection
methods have practical limits. The amount of air
required to provide sufficient cooling in a forced air
convection system generally creates an undesirable
noise level and can consume battery life in portable
devices. [0003] Another method for cooling
heat-dissipating components involves the use of fluids
in a thermal transfer bag. Thermal transfer bags are
generally made from flexible, durable, and
air-impermeable films. The bags are filled with a
thermally conductive fluid and are generally placed
between a heat-generating component and the
environment. [0004] Although thermal transfer bags
have been used in some cooling systems, the use of
thermal transfer bags in small electronic devices,
such as, for example, laptop computers has been
limited, at least in part, because of the limited
amount of available space within the chassis of the
computer and their surface area requirements for
effective cooling. Accordingly, there is a continuing
need to provide inexpensive, quiet, and effective
cooling systems for cooling small electronic devices
that minimize the use of space within the device.
SUMMARY [0005] The present invention relates generally
to a device for cooling electronic components, and
more particularly, to a device that adjusts its
surface exposure to ambient air according to the
operating conditions of the device. In one aspect, the
device functions as thermosyphon.[0006] In one aspect
of the present invention, the variable position
cooling apparatus comprises a substrate and an
expansion chamber having at least one sidewall that is
substantially impermeable to fluid. The sidewall
defines an enclosed volume that is expandable between
a first volume and a second volume. The second volume
can be the volume of the expansion chamber when it is
fully opened, or any other volume between the closed
volume and the fully open volume. The sidewall also
has a proximal end affixed to the substrate, a distal
end opposite the proximal end, an inner surface
proximate the enclosed volume, and an outer surface
opposite the inner surface. A quantity of heat
transfer fluid is disposed within said enclosed volume
and the distal end moves from a first position
proximate the substrate to a second position as the
enclosed volume expands from the first volume to the
second volume. [0007] In some embodiments, a plurality
of expansion chambers are used to form the variable
position cooling apparatus. In yet further
embodiments, a movable member is affixed to the distal
ends of the plurality of expansion chambers. In some
embodiments, a biasing element cooperates with the
substrate and the movable member to force the distal
end to be proximate the substrate at said first volume
of said expansion chamber. [0008] In some embodiments,
the distal end of the sidewall is at least 1
centimeter away from the substrate in the second
position. In other embodiments, the distal end of the
sidewall is at least 1 centimeter away from the
substrate in the second position. In yet 



further embodiments, the distal end is at least 5
centimeters away from the substrate in said second
position. [0009] In some embodiments of the present
invention, the sidewall of the expansion chamber has a
corrugated portion. The sidewall of the expansion
chamber can also include an area adaptable for
displaying a graphic. The graphic becomes visible when
the enclosed volume is at said second volume. The
graphic is concealed when the enclosed volume is at
the first volume. In some embodiments, the sidewall of
the expansion chamber comprises a geometric shape that
is visible when the enclosed volume is at the second
volume. [0010] In some aspects of the present
invention, the expansion chamber is in fluid
communication with the heat-dissipating component. In
some embodiments, the heat transfer fluid used in the
expansion chamber comprises at least one of a
perfluorocarbon, hydrofluorocarbon, hydrofluoroether,
and perfluoroketone.[001 1] In some embodiments of the
present invention, the sidewall of the expansion
chamber comprises at least one of a polymer film, a
metal foil, and a multilayer barrier film. [0012] The
variable position cooling apparatus of the present
invention can be attached to a computer chassis. The
variable position cooling apparatus of the present
invention can also be used as a component in a larger
cooling system. [0013] In some embodiments, the
variable position cooling apparatus comprises a
substrate, a movable member that is movable between a
first position and a second position, and an expansion
chamber. The expansion chamber has a proximate end
affixed to the substrate and a distal end affixed to
the movable member. The expansion chamber is filled
with a quantity of heat transfer fluid. The movable
member moves between the first position and the second
position as the vapor pressure of the heat transfer
fluid changes. [0014] The present invention also
provides methods for cooling a heat-dissipating
component. The method includes providing an expansion
chamber comprising a quantity of heat transfer fluid
and at least one sidewall that is substantially
impermeable to fluid. The sidewall defines an enclosed
volume that is expandable between a first volume and a
second volume. The vapor pressure of the heat transfer
fluid is increased by heating the heat transfer fluid.
The increased vapor pressure causes the sidewall to
move as the expansion chamber expands from the first
volume to the second volume. BRIEF DESCRIPTION OF THE
DRAWING [0015] FIG. IA is a perspective view of an
exemplary embodiment of the present invention in a
closed position; [0016] FIG. IB is a perspective view
of the exemplary embodiment shown in FIG. IA in the
open position; [0017] FIG. 2A is a cross-sectional
view of an exemplary heat transfer bag of the present
invention; [0018] FIG. 2B is a cross-sectional view of
the exemplary heat transfer bag shown in FIG. 2A
showing attachment interface areas, 



[0019] FIG. 3A is a cross-sectional view of an
exemplary embodiment of the present invention in the
closed position;[0020] FIG. 3B is a cross-sectional
view of the exemplary embodiment shown in FIG. 3A in
an open position; [0021] FIG. 4A is a perspective view
of an exemplary embodiment of the present invention in
an open position displaying a heart shape; [0022] FIG.
4B is a perspective view of the exemplary embodiment
shown in FIG. 4A in the closed position; [0023] FIG. 5
is a perspective view of an exemplary embodiment of
the present invention in an open position displaying
an oval shape; and [0024] FIG. 6 is a cross-sectional
view of an exemplary embodiment having a folding
expansion chamber in an open position. [0025] These
figures, which are idealized, are not to scale and are
intended to be merely illustrative of the present
invention and non-limiting. DETAILED DESCRIPTION
[0026] FIG. IA shows a perspective view of an
exemplary embodiment of the present invention
positioned on a laptop computer. As shown in FIG. IA,
a movable member 12 is connected to a substrate 14.
The substrate 14 is the backside of the viewing screen
of the laptop computer 11. In FIG. IA, the movable
member 12 is shown in a closed position wherein the
movable member 12 is proximate the substrate 14.
[0027] FIG. IB shows a perspective view of the
exemplary embodiment shown in FIG. IA with the movable
member 12 shown in an open position wherein the
movable member 12 is positioned a distance from
substrate 14. Also shown in FIG. IB is a heat transfer
bag 30 having a plurality of expansion chambers 16
connecting the movable member 12 to the substrate 14.
A change in pressure within the expansion chambers 16
causes the movable member 12 to move relative to the
substrate 14. The movable member 12 generally moves
toward the substrate 14 as pressure within the
expansion chambers 16 is reduced. Likewise, the
movable member 12 generally moves away from the
substrate 14 as pressure within the expansion chambers
16 is increased. [0028] In some embodiments, the
distance between the movable member and the substrate
in the closed position is less than about 1
centimeter. In other embodiments, the distance between
the movable member and the substrate in the closed
position is less thanabout 0.5 centimeter. In yet
further embodiments, the distance between movable
member and the substrate in the closed position is
less than about 0.2 centimeter. [0029] In some
embodiments, the distance between the movable member
and the substrate in an open position is more than
about 1 centimeter. In other embodiments, the distance
between the movable member and the substrate in an
open position is more than about 2 centimeters. In yet
further embodiments, the distance between movable
member and the substrate in an open position is more
than about 5 centimeters. [0030] FIG. 2A is a
cross-sectional view of an exemplary heat transfer bag
of the present invention. As shown in FIG. 2A, the
heat transfer bag 230 comprises a plurality of
expansion chambers 216. Sealing two films together
forms the expansion chambers 216. Each expansion
chamber 216 has a seal 232 and cut line 234 around a
majority of the 



perimeter of the expansion chamber 216. [0031] FIG. 2B
is a cross-sectional view of the exemplary heat
transfer bag shown in FIG. 2A showing attachment
interface areas. The substrate attachment interface
236 is located on one side of the heat transfer bag
230 and affixes a portion of each expansion chamber to
the substrate. The movable member attachment interface
238 is located on the opposite side of the heat
transfer bag 230 and affixes a portion of each
expansion chamber to the movable member. The
attachment interfaces 236, 238 can be affixed to the
substrate 214 and movable member 212 with adhesive,
mechanical fasteners, welding, or any other means
known to those skilled in the art. In certain
embodiments, the substrate attachment interface 236
and the movable member attachment interface 238
comprise a double-sided adhesive tape. [0032]
Materials suitable for use as the sidewall of heat
transfer bag include, for example, metal foils,
plastic, polymeric films, and multilayer barrier films
such as those commonly used in food packaging,
particularly those lined with a polyamide or
polyimide. [0033] The term multilayer barrier film
refers to any combination of metal, plastic, or
cellulosic layers (e.g., foils, films, and paper). The
combination of metal, plastic, or cellulosic layers
can include multiple layers of different materials,
such as, for example, a metal combined with a plastic
layer. The combination of metal, plastic, or
cellulosic layers can also include multiple layers of
similar materials, such as, for example, two layers of
plastic.[0034] Multilayer barrier films useful in the
present invention include multilayer films with layers
that are affixed to one another, for example, by
coating, laminating, coextrusion, or deposition.
Multilayer barrier films useful in the present
invention can comprise layers of low-density
polyethylene, high-density polyethylene,
polypropylene, polyester, nylon, polyethylene-co-vinyl
acetate, polyvinylidene chloride, polyamide, or
polyimide. In some embodiments, a multilayer barrier
composite having a layer of metal, such as, for
example, aluminum is used. Multilayer barrier films
and other films useful for the sidewall of the present
invention are described in U.S. Pat. Nos. 4,997,032
(Danielson et al.) and 5,411,077 (Tousignant),
incorporated by reference. [0035] In some embodiments,
the heat transfer bag is welded to form the seal 232.
In other embodiments, seal 232 is formed with adhesive
or a mechanical fastener. Other suitable methods for
sealing films known to those skilled in the art can
also be employed. [0036] A quantity of heat transfer
fluid is disposed within the heat transfer bag 230
prior to completely sealing the heat transfer bag. The
heat transfer fluid useful in the present invention
can be any fluid capable of transferring heat,
including water, volatile fluids, such as, for
example, alcohols, and electronic cooling fluids known
to those skilled in the art. In certain embodiments,
the heat transfer fluid is dielectric, non-flammable,
and provides a significant vapor pressure at the
operating temperature of the heat-dissipating
component. [0037] In certain embodiments, the heat
transfer fluid is thermally conductive, chemically
inert, essentially gas-free, and thermally stable. In
other embodiments, the heat transfer fluid has a
boiling point that is at or below the operating
temperature of the 



heat-dissipating component such that portions of the
liquid adjacent the heat-dissipating component will
vaporize when conducting heat. The heat transfer fluid
can be selected from the representative class of
fluorinated linear, branched or cyclic alkanes,
ethers, ketones, tertiary amines, and aminoethers, and
mixtures thereof. In some embodiments, perfluorinated
fluids are used in this invention, though partially
fluorinated fluids can also be used. The
perfluorinated fluids can be straight chain, branched
chain, cyclic, or a combination thereof. In some
embodiments, the perfluorinated fluids can be
saturated, that is, free of ethylenic, acetylenic, and
aromatic unsaturation. The skeletal chain can include
catenary oxygen and/or trivalent nitrogen heteroatoms
providing stable links between fluorocarbon groups and
not interfering with the inert character of the
compound.In some embodiments, hydrofluoroethers,
either segregated or non-segragated are used. In other
embodiments, perfluorinated ketones are used. [0038]
Representative examples of suitable fluorinated fluids
or mixtures thereof useful for the present invention
are commercially available from 3M Company, St. Paul,
Minnesota, and marketed under various trade
designations, including, for example, "3M BRAND
FLUORINERTELECTRONIC LIQUIDS" and "3M BRAND NOVEC
ENGINEERED FLUIDS", described in 3M Company product
bulletin No. 98-0212-2249- 7, issued January 2003.
Other commercially available fluorochemicals useful in
the present invention are those available from Solvay
Solexis S.p.A, Bollate, Italy, under the trade
designation "GALDEN PFPE: HEAT TRANSFER FLUIDS" and
their hydrofluoroethers available under the trade
designation "H-GALDEN ZT HEAT TRANSFER FLUID". Heat
transfer fluids useful in the present invention also
include hydrofluorocarbon compounds such as those sold
under the trade designations "VERTREL SPECIALTY
FLUIDS" and "SUVA REFRIGERANTS" available from DuPont,
Wilmington, Delaware. [0039] Also shown in FIGS. 2A
and 2B is a reservoir 240 within the heat transfer bag
230. The reservoir 240 is in fluid communication with
the expansion chambers 216. Within the reservoir 240,
is a thermal via 242. The thermal via 242 can be
metallic and can be used to enhance the transfer of
heat from a heat-dissipating component to the heat
transfer fluid within the heat transfer bag 230.
Thermal vias useful for the heat transfer bag of the
present invention are described in U.S. Pat. No.
5,000,256 (Tousignant), incorporated by reference.
[0040] Reservoir 240 can be used as a conduit between
the expansion chamber and the heat-dissipating
component. In other embodiments, a fluid conduit
external to the heat transfer bag, such as, for
example, a pipe or tube, is affixed to the heat
transfer bag. In yet further embodiments, a
combination of a reservoir within the heat transfer
bag and a fluid conduit external to the heat transfer
bag is used between the expansion chamber and the
heat-dissipating component. In another embodiment, a
plurality of expansion chambers are independently
connected by a common manifold and are in fluid
communication with one another. [0041] The heat
dissipating component cooled with the present
invention can be a semiconductor, such as, for
example, a central or graphics processing unit, an
insulatedgate bipolar transistor (IGBT), memory
module, or an application specific integrated 



circuit (ASIC). In other embodiments, the heat
dissipating component can be a hard disk drive, power
supply, transformer, laser diode array, light emitting
diode (LED) array, halogen bulb, or any other
heat-dissipating component known to those skilled in
the art. The heat dissipating component can also be a
non-heat generating structure, such as, for example,
an integrated heat spreader (IHS) that is connected to
a heat-generating device, such as, for example, a
semiconductor. [0042] FIG. 3A is a cross-sectional
view of an exemplary embodiment of the present
invention in the closed position. As shown in FIG. 3A,
an expansion chamber 316 is positioned between a
substrate 314 and a movable member 312. The expansion
chamber 316 comprises a sidewall 318 that defines an
enclosed volume. A quantity of heat transfer fluid 348
is disposed within the enclosed volume. [0043] The
expansion chamber 316 has a proximal end 322 with a
substrate attachment interface 336 affixed to the
substrate 314. The expansion chamber 316 also has a
distal end 324 with a movable member attachment
interface 338 affixed to the movable member 312. The
attachment interfaces 336, 338 of the proximal and
distal ends 322, 324 can be affixed using an adhesive
352. [0044] FIG. 3B is a cross-sectional view of the
exemplary embodiment shown in FIG. 3A in an open
position. As shown in FIG. 3B, the distal end 324 of
the expansion chamber 316 has moved away from the
substrate 314. The movement of the expansion chamber
316, in turn, has caused the movable member 312 to
move away from the substrate 314. In doing so, the
outer surface 328 of the sidewall 318 is exposed to
ambient air 354 surrounding the cooling assembly 310.
[0045] The level of exposure of the side 318 to the
ambient air 354 varies with pressure within enclosed
volume 320. When the pressure in the enclosed volume
320 is low (e.g., the heat-dissipating component is
operating at low power), the cooling assembly 310 will
close as shown in FIG. 3A and the outer surface 328 of
the sidewall 318 will be substantially insulated from
ambient air 354. As the pressure in the enclosed
volume 320 is increased (e.g., the heat-dissipating
component is operating at low power), the cooling
assembly 310 will open as shown in FIG. 3B and the
outer surface 328 of the sidewall 318 will be exposed
to ambient air 354 surrounding the cooling apparatus
310. Likewise, asthe pressure in the enclosed volume
320 is decreased (e.g., the heat-dissipating component
is operating at low power), the cooling assembly 310
will return to the closed position. [0046] In some
embodiments, the sidewall is convectively cooled. In
certain embodiments, the sidewall, the substrate, and
the moveable member form a channel that permits
buoyancy driven convection. In yet further
embodiments, forced air may be used to further cool
the sidewall. [0047] In addition to increasing the
exposed surface of the sidewall as the expansion
chamber expands from a closed position to an open
position, the exposed surface areas of the substrate
and moveable member generally increase as the
expansion chamber opens. The increased surface area
exposure of the substrate or movable member can be
used to provide additional cooling surfaces. [0048] In
certain embodiments, the type and quantity of heat
transfer fluid is selected 



to create a pressure in the enclosed volume of the
expansion chambers that causes the expansion chambers
to fully open when the heat-dissipating component is
operating at high power. In other embodiments, the
type and quantity of heat transfer fluid is selected
to create a pressure in the enclosed volume of the
expansion chambers that causes the expansion chambers
to fully open at the maximum operating power of the
heat-dissipating device under expected environmental
conditions. [0049] In some embodiments, a biasing
element (not shown) cooperates with the substrate and
the movable member to create a force on the movable
member toward the substrate. The biasing element can
comprise a spring, elastic material, or any other
mechanism known to those skilled in the art for
applying a retractive force. In some embodiments, the
biasing member is a spring connecting the substrate
and the movable member. The retractive force of the
biasing member assists the movable member in moving
from an open position to a closed position. In some
embodiments, the retractive force of the biasing
element is selected to allow the expansion chamber to
fully open at the normal operating temperature of the
heat-dissipating device. [0050] FIG. 4A is a
perspective view of an exemplary embodiment of the
present invention in an open position displaying a
heart shape. FIG. 4B is a perspective view of the
exemplary embodiment shown in FIG. 4A in the closed
position. As shown in FIG. 4A, two expansion chambers
416 are mounted on opposing sides of a substrate 414.
The substrate 414 can be any member that allows the
expansion chambers to be in thermalcommunication with
a heat-dissipating device. In some embodiments, the
substrate is a portion of a computer chassis, such as,
for example, the backside of the screen portion of a
laptop computer or the sidewall of a desktop. In other
embodiment, the substrate can be a sidewall of a
monitor or the sidewall of a monitor support member.
[0051] The expansion chambers 416 shown in FIG. 4A
have a sidewall 418 that is generally corrugated. The
expansion chamber 416 defines an enclosed volume and
has a proximal end 422 affixed to the substrate 414
and a distal end 424. As shown in FIG. 4A, in an open
position, the distal end 424 of the expansion chamber
416 is a distance away from the substrate. As shown in
FIG. 4B, in a closed position, the distal end 424 of
the expansion chamber 416 is proximate the substrate.
[0052] In some embodiments, the distance between the
distal end and the substrate in the closed position is
less than about 1 centimeter. In other embodiments,
the distance between the distal end and the substrate
in the closed position is less than about 0.5
centimeter. In yet further embodiments, the distance
between distal end and the substrate in the closed
position is less than about 0.2 centimeter. [0053] In
some embodiments, the distance between the distal end
and the substrate in an open position is more than
about 1 centimeter. In other embodiments, the distance
between the distal end and the substrate in an open
position is more than about 2 centimeters. In yet
further embodiments, the distance between distal end
and the substrate in an open position is more than
about 5 centimeters. [0054] In some embodiments, the
sidewall of the expansion chamber is undulated and
forms a corrugated pattern with substantially flat
surfaces. The corrugated sidewall allows 



the expansion chamber to be collapsed in an
accordian-like fashion. In other embodiments, the
sidewall of the expansion chamber forms a corrugated
pattern with curvilinear surfaces that form a
scallop-type pattern. In some embodiments, the
undulations of a sidewall are substantially constant
over the width of the sidewall. In other embodiments,
the undulations vary and may appear larger or smaller
near the substrate relative to the undulations near
the distal end of the expansion chamber [0055] In yet
further embodiments, the sidewall of the expansion
chamber forms a roll that is coiled in the closed
position and at least partially unrolls to expose a
portion of the sidewall to ambient air. Other
collapsible geometric configurations known in the art
can also be used to form the sidewall of the expansion
chamber.[0056] FIG. 5 is a perspective view of an
exemplary embodiment of the present invention in an
open position displaying an oval shape. As shown in
FIG. 5, the expansion chamber 516 affixed to a
substrate 514. The expansion chamber 516 comprises a
sidewall 518 that defines an enclosed volume. The
expansion chamber has a distal end 524 and a proximal
end 522. [0057] As shown in FIG. 5, in an open
position, the distal end 524 of the expansion chamber
516 is a distance away from the substrate. In the
closed position (not shown), the distal end 524 is
proximate the substrate 514 and the oval geometric
shape is not visible. In other embodiments, the
expansion chamber can be configured to form other
geometric shapes, including, for example, circles,
squares, and rectangles. In yet further embodiments,
the expansion chamber is configured to form an emblem
or trademark, such as, for example, an apple or a
heart. [0058] Also shown in FIG. 5 is a graphic 556
located on the outer surface 528 of the sidewall 518.
The graphic 556 can be comprise any text or pictures,
including, for example, an emblem, trademark, drawing,
or design. As shown in FIG. 5, the graphic 556 is
visible in an open position. In the closed position
(not shown), the distal end 524 is proximate the
substrate 514 and the graphic is not visible. [0059]
FIG. 6 is a cross-sectional view of an exemplary
embodiment having a folding expansion chamber in an
open position. The sidewall 618 of the expansion
chamber 616 comprises a fold between the distal end
624 and the proximal end 622. The sidewall 618 also
comprises a stiffening member 670. [0060] As shown in
FIG. 6, the distal end 624 of the expansion chamber
616 has moved away from the substrate 614. The
movement of the expansion chamber 616, in turn, has
caused the movable member 612 to move away from the
substrate 614. In doing so, the outer surface 628 of
the sidewall 618 is exposed to ambient air 654
surrounding the cooling assembly 610. In some
embodiments, the fold in the sidewall can be used to
increase the surface area of the sidewall 618 exposed
to ambient air 654 surrounding the cooling assembly.
In other embodiments, the fold in the sidewall can be
used to control the lateral displacement of the
movable member 612 as the expansion chamber is
expanded and contracted. In yet further embodiments,
the sidewall comprises more than two folds between the
distal end 624 and the proximal end 622.[0061]
Stiffening members 670 are affixed to at least a
portion of the sidewall 618. The stiffening members
670 can be used to control the shape of the expansion
chamber 



616 as it expands from a closed volume to an open
volume. Materials suitable for use as a stiffening
member include, for example, metal, glass, ceramic,
plastic, or any other material known to those skilled
in the art. In some embodiments, the stiffening member
is welded to the sidewall. In other embodiments, the
stiffening member is affixed with adhesive or a
mechanical fastener. Other suitable methods for
attaching materials known to those skilled in the art
can also be employed. [0062] The level of exposure of
the side 618 to the ambient air 654 varies with
pressure within enclosed volume 620. When the pressure
in the enclosed volume 620 is low (e.g., the
heat-dissipating component is operating at low power),
the cooling assembly 610 will close and the outer
surface 628 of the sidewall 618 will be substantially
insulated from ambient air 654. As the pressure in the
enclosed volume 620 is increased (e.g., the
heat-dissipating component is operating at high
power), the cooling assembly 610 will open as shown in
FIG. 6 and the outer surface 628 of the sidewall 618
will be exposed to ambient air 654 surrounding the
cooling apparatus 610. Likewise, as the pressure in
the enclosed volume 620 is decreased (the
heat-dissipating component is operating at low power),
the cooling assembly 610 will return to the closed
position. [0063] It is to be understood that even in
the numerous characteristics and advantages of the
present invention set forth in above description and
examples, together with details of the structure and
function of the invention, the disclosure is
illustrative only. Changes can be made to detail,
especially in matters of shape, size and arrangement
of the expansion chamber and methods of use within the
principles of the invention to the full extent
indicated by the meaning of the terms in which the
appended claims are expressed and the equivalents of
those structures and methods.WHAT IS CLAIMED IS: 1. An
article for cooling a heat-dissipating component
comprising: a substrate; an expansion chamber
comprising at least one sidewall substantially
impermeable to fluid, said sidewall defining an
enclosed volume that is expandable between a first
volume and a second volume, said sidewall comprising a
proximal end affixed to said substrate, a distal end
opposite said proximal end, an inner surface proximate
said enclosed volume, and an outer surface opposite
said inner surface; and a quantity of heat transfer
fluid disposed within said enclosed volume; wherein
said distal end moves from a first position proximate
said substrate to a second position as said enclosed
volume expands from said first volume to said second
volume. 2. The article of claim 1 further comprising a
plurality of said expansion chambers. 3. The article
of claim 2 further comprising a movable member affixed
to said distal ends of said plurality of expansion
chambers. 4. The article of claim 3 further comprising
a biasing element cooperating with said substrate and
said movable member to force said distal end to be
proximate said substrate at said first volume of said
expansion chamber. 



5. The article of claim 1 wherein said distal end is
at least 1 centimeter away from said substrate in said
second position. 6. The article of claim 1 wherein
said distal end is at least 5 centimeters away from
said substrate in said second position. 7. The article
of claim 1 wherein said sidewall comprises a
corrugated portion.8. The article of claim 7 wherein
said sidewall includes an area adaptable for
displaying a graphic that is visible when said
enclosed volume is at said second volume and concealed
when said enclosed volume is at said first volume. 9.
The article of claim 8 wherein said graphic comprises
a trademark. 10. The article of claim 7 wherein said
sidewall comprises a geometric shape that is visible
when said enclosed volume is at said second volume.
11. The article of claim 1 wherein said outer surface
is proximate said substrate when said enclosed volume
is at said first volume. 12. The article of claim 1
wherein said outer surface is exposed to ambient air
surrounding said article when said enclosed volume is
at said second volume. 13. The article of claim 1
wherein said expansion chamber is in fluid
communication with said heat-dissipating component.
14. The article of claim 1 wherein said heat transfer
fluid comprises at least one of a perfluorocarbon,
hydrofluorocarbon, hydrofluoroether, and
perfluoroketone. 15. The article of claim 1 wherein
said sidewall comprises at least one of a polymer
film, a metal foil, and a multilayer barrier film. 16.
The article of claim 1 wherein said substrate is a
computer chassis. 17. A cooling system comprising an
article according to claim 1. 18. A computer
comprising an article according to claim 1. 19. An
article for cooling a heat-dissipating component
comprising:a substrate; a movable member movable
between a first position and a second position; an
expansion chamber comprising a proximate end affixed
to said substrate and a distal end affixed to said
movable member; and a quantity of heat transfer fluid
having a vapor pressure and disposed within said
expansion chamber; wherein said movable member moves
between said first position and said second position
as said vapor pressure of said heat transfer fluid
changes. 20. The article of claim 19 further
comprising a plurality of said expansion chambers. 2
1. The article of claim 20 wherein said expansion
chambers are substantially parallel to one another in
said second position. 22. The article of claim 19
wherein said distal end is at least 1 centimeter away
from said substrate in said second position. 23. The
article of claim 19 wherein said distal end is at
least 5 centimeters away from said substrate in said
second position. 24. The article of claim 19 wherein
said outer surface is exposed to ambient air 



surrounding said article when said enclosed volume is
at said second volume. 25. The article of claim 19
wherein said expansion chamber is in fluid
communication with said heat-dissipating component.
26. The article of claim 19 wherein said heat transfer
fluid comprises at least one of a perfluorocarbon,
hydrofluorocarbon, hydrofluoroether, and
perfluoroketone. 27. The article of claim 19 wherein
said sidewall comprises at least one of a polymer
film, a metal foil, and a multilayer barrier film.28.
The article of claim 19 wherein said movable member is
substantially parallel to said substrate in said
second position. 29. The article of claim 19 wherein
said substrate is a computer chassis. 30. A cooling
system comprising an article according to claim 19.
31. A computer comprising an article according to
claim 19. 32. A method of cooling a heat-dissipating
component having heat flux comprising: providing an
expansion chamber comprising a quantity of heat
transfer fluid having a vapor pressure, and at least
one sidewall that is substantially impermeable to
fluid, said sidewall defining an enclosed volume that
is expandable between a first volume and a second
volume, said sidewall comprising a proximal end
affixed to said substrate, a distal end opposite said
proximal end, an inner surface proximate said enclosed
volume, and an outer surface opposite said inner
surface; increasing the vapor pressure of said heat
transfer fluid by heating said heat transfer fluid
with said heat-dissipating component; and moving said
distal end from a first position proximate said
substrate to a second position by expanding said
enclosed volume from said first volume to said second
volume. 33. The method of claim 32 further comprising
reducing the vapor pressure of said heat transfer
fluid by reducing said heat flux of said
heat-dissipating component, and moving said distal end
from said second position to said first position by
reducing said enclosed volume from said second volume
to said first volume. 34. The method of claim 32
wherein said heat-dissipating component comprises at
least one of a central processing unit and a graphics
processing unit.35. The method of claim 32 further
comprising displaying a graphic or geometric shape as
said distal end moves from said first position
proximate said substrate to said second position. 36.
The method of claim 32 wherein said distal end is
moved at least 1 centimeter away from said substrate. 


