
PYRROLOPYRIDINE-BASED INHIBITORS OF DIPEPTIDYL
PEPTIDASE V AND METHODS [0001] This application claims
a benefit of priority from U.S. Provisional
Application No. 60/682,968 filed May 20, 2005, the
entire disclosure of which is incorporated herein by
reference. FIELD OF THE INVENTION [0002] The present
invention relates to pyrrolopyridine-based inhibitors
of dipeptidyl peptidase IV (DPP-4), and to a method
for treating multiple diseases or disorders by
employing such pyrrolopyrimidine-based inhibitors
alone, or in combination with another type of
therapeutic agent. BACKGROUND OF THE INVENTION [0003]
Dipeptidyl peptidase IV (DPP-4) is a membrane bound
non-classical serine aminodipeptidase which is located
in a variety of tissues (intestine, liver, lung,
kidney) as well as on circulating T-lymphocytes (where
the enzyme is known as CD- 26). It is responsible for
the metabolic cleavage of certain endogenous peptides
(GLP-l(7-36), glucagon) in vivo and has demonstrated
proteolytic activity against a variety of other
peptides (GHRH, NPY, GLP-2, VIP) in vitro. [0004]
GLP-l(7-36) is a 30 amino-acid peptide derived by
post-translational processing of proglucagon in the
small intestine. GLP-l(7-36) has multiple actions in
vivo including the stimulation of insulin secretion,
inhibition of glucagon secretion, the promotion of
satiety, and the slowing of gastric emptying. Based on
its physiological profile, the actions of GLP-1(7-36)
are expected to be beneficial in the prevention and
treatment of type II diabetes and potentially obesity.
To support this claim, exogenous administration of
GLP-1(7-36) (continuous infusion) in diabetic patients
has demonstrated efficacy in this patient population.
Unfortunately GLP-1(7- 36) is degraded rapidly in vivo
and has been shown to have a short half-life in vivo
(tl/2~l .5 min). Based on a study of genetically bred
DPP-4 KO mice and on in vivo/in vitro studies with
selective DPP-4 inhibitors, DPP-4 has been shown to be
the primary degrading enzyme of GLP- 1(7-36) in vivo.
GLP-1(7-36) is degraded byDPP-4 efficiently to GLP-I
(9-36), which has been speculated to act as a
physiological antagonist to GLP-l(7-36). Thus,
inhibition of DPP-4 in vivo should potentiate
endogenous levels of GLP-1(7-36) and attenuate
formation of its antagonist GLP-1(9- 36) and thus
serve to ameliorate the diabetic condition.
DESCRIPTION OF THE INVENTION [0005] In accordance with
the present invention, compounds of formula (I) are 



provided I wherein -' represents one or two double
bonds in the 5-membered ring, provided that the
six-membered ring is an aromatic ring; n is 1 or 2; R
is a functional group selected from the group
consisting of hydrogen (H), halogen, CF3, cyano (CN),
amino, subsituted amino, alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkylalkyl, bicycloalkyl,
bicycloalkylalkyl, alkylthioalkyl, arylalkylthioalkyl,
cycloalkenyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, cycloheteroalkyl and
cycloheteroalkylalkyl, wherein any such functional
group may optionally be substituted with one to three
substituents (where possible) selected from the group
consisting of hydrogen, halo, alkyl, polyhaloalkyl,
alkoxy, haloalkoxy, polyhaloalkoxy, alkoxycarbonyl,
alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl,
polycycloalkyl, heteroarylamino, arylamino,
cycloheteroalkyl, cycloheteroalkylalkyl, hydroxy,
hydroxyalkyl, nitro, cyano, amino, substituted amino,
alkylamino, dialkylamino, thiol, alkylthio,
alkylcarbonyl, acyl, alkoxycarbonyl, aminocarbonyl,
alkynylaminocarbonyl, alkylaminocarbonyl,
alkenylaminocarbonyl, alkylcarbonyloxy,
alkylcarbonylamino, arylcarbonylamino,
alkylsulfonylamino, alkylaminocarbonylamino,
alkoxycarbonylamino, alkylsulfonyl, aminosulfonyl,
alkylsulfinyl, sulfonamido and sulfonyl;X and Z are
the same or different and are independently selected
from the group consisting of CH2, CH, C=O, C=CR3R4,
C=S, C=NR3, and CR3R4, wherein R3 and R4 are alkyl or
aryl; A is a functional group selected from the group
consisting of hydrogen (H), alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkylalkyl, bicyeloalkyl,
bicycloalkylalkyl, alkylthioalkyl, arylalkylthioalkyl,
cycloalkenyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, cycloheteroalkyl,
cycloheteroalkylalkyl, 0-R 1, cyano, amino, -C(O)- OH,
-C(O)-NR1R2, -C(O)-OR 1, S(O)1n-Ri, -S(O)2NR1R2, -NRiR
2 -NR1-C(O)R2, - NR1-SO2R , wherein any such
functional group may optionally be substituted with
one to three substituents (where possible) selected
from the group consisting of hydrogen, halo, alkyl,
polyhaloalkyl, alkoxy, haloalkoxy, polyhaloalkoxy,
carboxy, alkoxycarbonyl, alkenyl, alkynyl, cycloalkyl,
cycloalkylalkyl, polycycloalkyl, heteroarylamino,
arylamino, cycloheteroalkyl, cycloheteroalkylalkyl,
cycloheteroalkylaminocarbonyl,
cycloheteroalkylcarbonyl, heteroarylaminocarbonyl, 



cycloheteroalkyl(alkyl)aminocarbonyl,
cycloalkylsulfonyl(alkyl)amino,
halosulfonyl(alkyl)amino, hydroxy, hydroxyalkyl,
nitro, cyano, amino, substituted amino, alkylamino,
dialkylamino, thiol, alkylthio, alkylcarbonyl, acyl,
alkoxycarbonyl, arninocarbonyl, alkynylaminocarbonyl,
alkylaminocarbonyl, dialkylaminocarbonyl (where the
alkyls are the same or different),
alkenylaminocarbonyl, alkylcarbonyloxy,
alkylcarbonylamino, arylcarbonylamino,
alkylsulfonylamino, alkylaminocarbonylamino,
alkoxycarbonylamino, alkylsulfonyl, aminosulfonyl,
alkylsulflnyl, sulfonamido and sulfonyl; m is O, 1 or
2; R1 and R are the same or different and are (i) each
independently a functional group selected from the
group consisting of hydrogen (H), alkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkylalkyl, bicycloalkyl,
bicycloalkylalkyl, alkylthioalkyl, arylalkylthioalkyl,
cycloalkenyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, cycloheteroalkyl and
cycloheteroalkylalkyl, wherein either functional group
may optionally be substituted with one to three
substitutents (where possible) selected from the group
consisting of hydrogen, halo, alkyl, polyhaloalkyl,
alkoxy, haloalkoxy, polyhaloalkoxy, alkoxycarbonyl,
alkenyl, alkynyl, cycloalkyl,
cycloalkylalkyl,polycycloalkyl, heteroarylamino,
arylamino, cycloheteroalkyl, cycloheteroalkylalkyl,
hydroxy, hydroxyalkyl, nitro, cyano, amino,
substituted amino, alkylamino, dialkylamino, thiol,
alkylthio, alkylcarbonyl, acyl, alkoxycarbonyl,
aminocarbonyl, alkynylaminocarbonyl,
alkylaminocarbonyl, alkenylaminocarbonyl,
alkylcarbonyloxy, alkylcarbonylamino,
arylcarbonylamino, alkylsulfonylamino,
alkylaminocarbonylamino, alkoxycarbonylamino,
alkylsulfonyl, aminosulfonyl, alkylsulfnyl,
sulfonamido and sulfonyl; or (ii) R1 and R in NR1R2
may be taken together to form a 5- or 6- membered
saturated or partially unsaturated ring system
selected from the group consisting of
heterocycloalkyl, heterobicycloalkyl, heteroaryl and
bicycloheteroaryl, wherein such ring system may
optionally be substituted with one to three
substituents (where possible) selected from the group
consisting of hydrogen, halo, alkyl, polyhaloalkyl,
alkoxy, haloalkoxy, polyhaloalkoxy, alkoxycarbonyl,
alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl,
polycycloalkyl, heteroarylamino, arylamino,
cycloheteroalkyl, cycloheteroalkylalkyl, hydroxy,
hydroxyalkyl, nitro, cyano, amino, substituted 



amino, alkylamino, dialkylamino, thiol, alkylthio,
alkylcarbonyl, acyl, alkoxycarbonyl, aminocarbonyl,
alkynylaminocarbonyl, alkylaminocarbonyl,
alkenylaminocarbonyl, alkylcarbonyloxy,
alkylcarbonylamino, arylcarbonylamino,
alkylsulfonylamino, alkylaminocarbonylamino,
alkoxycarbonylamino, alkylsulfonyl, aminosulfonyl,
alkylsulfiyl, sulfonamido and sulfonyl; and Y is aryl
or heteroaryl, wherein said aryl or heteroaryl group
may optionally be substituted with one to five
substituents (where possible) selected from the group
consisting of hydrogen, halo, alkyl, polyhaloalkyl,
alkoxy, haloalkoxy, polyhaloalkoxy, alkoxycarbonyl,
alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl,
polycycloalkyl, heteroarylamino, arylamino,
cycloheteroalkyl, cycloheteroalkylalkyl, hydroxy,
hydroxyalkyl, nitro, cyano, amino, substituted amino,
alkylamino, dialkylamino, thiol, alkylthio,
alkylcarbonyl, acyl, alkoxycarbonyl, aminocarbonyl,
alkynylaminocarbonyl, alkylaminocarbonyl,
alkenylaminocarbonyl, alkylcarbonyloxy,
alkylcarbonylamino, arylcarbonylamino,
alkylsulfonylamino,alkylaminocarbonylamino,
alkoxycarbonylamino, alkylsulfonyl, aminosulfonyl,
alkylsulfinyl, sulfonamido and sulfonyl. [0006] The
definition of formula I above includes all
pharmaceutically acceptable salts, stereoisomers, and
prodrug esters of formula I. [0007] The compounds of
formula I possess activity as inhibitors of DPP-4 in
vivo and are useful in the treatment of diabetes and
the micro- and macrovascular complications of diabetes
such as retinopathy, neuropathy, nephropathy, and
wound healing. Such diseases and maladies are also
sometimes referred to as "diabetic complications".
[0008] The present invention provides for compounds of
formula I, pharmaceutical compositions employing such
compounds and for methods of using such compounds. In
particular, the present invention provides a
pharmaceutical composition comprising a
therapeutically effective amount of a compound of
formula I, alone or in combination with a
pharmaceutically acceptable carrier. [0009] Further
provided is a method for treating or delaying the
progression or onset of diabetes, especially type II
diabetes, including complications of diabetes,
including retinopathy, neuropathy, nephropathy and
delayed wound healing, and related diseases such as
insulin resistance (impaired glucose homeostasis),
hyperglycemia, hyperhisulinemia, elevated blood levels
of fatty acids or glycerol, obesity, hyperlipidemia
including hypertriglyceridemia, Syndrome X,
dyslipidemia, 



atherosclerosis and hypertension, and for increasing
high density lipoprotein levels, wherein a
therapeutically effective amount of a compound of
formula I is administered to a mammalian, e.g., human,
patient in need of treatment. [0010] The compounds of
the invention can be used alone, in combination with
other compounds of the present invention, or in
combination with one or more other agent(s) active in
the therapeutic areas described herein. [0011] In
addition, a method is provided for treating diabetes
and related diseases as defined above and hereinafter,
wherein a therapeutically effective amount of a
combination of a compound of formula I and at least
one other type of therapeutic agent, such as an
antidiabetic agent and/or a hypolipidemic agent, is
administered to a human patient in need of
treatment.[0012] Generally, the compounds of formula
(I) will be employed in a weight ratio to the
antidiabetic agent or other type therapeutic agent
(depending upon its mode of operation) within the
range from about 0.01:1 to about 500:1, preferably
from about 0.1:1 to about 100:1, more preferably from
about 0.2:1 to about 10:1. [0013] Specific embodiments
of the invention include compounds of formula I having
the structure: Ic Id [0014] Further embodiments of the
invention include compounds of formula I having the
structure:LOW-MASS THERMAL CYCLING BLOCK FIELD [001]
The present teachings relate to thermal cycling of
biological samples. More specifically, the present
teachings relate to low-mass thermal cycling blocks.
INTRODUCTION [002] In the biological field, thermal
cycling can be utilized to provide heating and cooling
of reactants in a reaction vessel. Examples of
reactions of biological samples include polymerase
chain reaction (PCR) and other reactions such as
ligase chain reaction, antibody binding reaction,
oligonucleotide ligations assay, and hybridization
assay. In PCR, biological samples can be thermally
cycled through a temperature-time protocol that
includes melting DNA into single strands, annealing
primers to the single strands, and extending those
primers to make new copies of double-stranded DNA.
During thermal cycling, it is desirable to heat and
cool a thermal block rapidly and uniformly. The
present teachings provide low-mass thermal cycling
blocks. Existing blocks are machined, the present
teachings provide manufacturing methods for
constructing low mass thermal cycling blocks for rapid



and uniform temperatures between samples wells leading
to uniform quantification of reaction results. SUMMARY
[003] In various embodiments, the present teachings
can provide an apparatus for thermally cycling
biological samples including a thermal block for
receiving the biological samples, a thermoelectric
module coupled to the thermal block, and a heat sink,
wherein said heat sink is coupled to said
thermoelectric module, wherein the thermal block is
produced by MIM.[004] In various embodiments, the
present teachings can provide a method for thermally
cycling biological sample including providing a
thermal block, wherein the thermal block is produced
by MIM process, heating the thermal block, and cooling
the thermal block, wherein the heating and cooling
provide substantial temperature uniformity throughout
a plurality of biological samples contained in a
plurality of sample wells. [005] In various
embodiments, the present teachings can provide an
apparatus for thermally cycling biological samples
including means for receiving the biological samples,
means for heating the biological samples, and means
for cooling the biological samples, wherein the
heating and cooling provide substantial temperature
uniformity throughout a plurality of biological
samples contained in a plurality of sample wells,
wherein means for receiving the biological samples is
produced by MIM. [006] It is to be understood that
both the foregoing general description and the
following description of various embodiments are
exemplary and explanatory only and are not
restrictive. BRIEF DESCRiPTiON OF THE DRAWINGS [007]
The accompanying drawings, which are incorporated in
and constitute a part of this specification,
illustrate various embodiments. In the drawings, [008]
Fig. 1 illustrates a machined thermal cycler block;
[009] Fig. 2A-2B illustrate a low-mass thermal cycling
block according to the present teachings; and [010]
Fig. 3 illustrates a low-mass thermal cycling block
according to the present teachings.DESCRIPTION OF
VARIOUS EMBODIMENTS [01 1] In this application, the
use of the singular includes the plural unless
specifically stated otherwise. In this application,
the use of "or" means "and/or" unless stated
otherwise. Furthermore, the use of the term
"including", as well as 



other forms, such as "includes" and "included", is not
limiting. Also, terms such as "element" or "component"
encompass both elements and components comprising one
unit and elements and components that comprise more
than one subunit unless specifically stated otherwise.
Wherever possible, the same reference numbers will be
used throughout the drawings to refer to the same or
like parts. [012] The section headings used herein are
for organizational purposes only, and are not to be
construed as limiting the subject matter described.
All documents cited in this application, including,
but not limited to patents, patent applications, .
articles, books, and treatises, are expressly
incorporated by reference in their entirety for any
purpose. [01 3] In various embodiments, the apparatus
for thermally cycling biological samples provides
heat-pumping into and out of a thermal block,
resistive heating of the thermal block, and diffusive
cooling of the thermal block. The term "thermal
cycling" or grammatical variations of such as used
herein refer to heating, cooling, temperature ramping
up, and/or temperature ramping down. Thermal cycling
during temperature ramping up, when heating the
thermal block assembly above ambient (200C), can
comprise resistive heating of the thermal block
assembly and/or pumping heat into the thermal block
assembly by the thermoelectric module against
diffusion of heat away from the thermal block
assembly. Thermal cycling during temperature ramping
down, when cooling the thermal block assembly above
ambient (200C), can comprise pumping heat out of the
thermal block assembly by thethermoelectric module and
diffusion of heat away from the thermal block assembly
against resistive heating. [014] As illustrated in
Fig. 1, thermal blocks have been either machined from
a solid piece of metal or formed by coupling several
pieces of metal together. As can be seen from the
machined block 10, well-bores 20 form the recesses for
wells that can contain samples for thermal cycling.
Mass-reduction bores 30 remove mass from the block to
reduce the thermal mass of the block 10. The sides 40
are machined to reduce the mass on the sides
dimensions of the block. It is desirable to form a
thermal block without machining. [01 5] In various
embodiments, metal injection molding (MIM) can provide
a process for manufacturing metal parts. MIM can
combine the design freedom of plastic injection
molding with the performance of metal. MlM can be used
with metals such as aluminum, copper, tungsten, and
alloys thereof. [016] In various embodiments, MIM can
include feedstock mixing wherein 



very small powers are mixed with a thermoplastic
polymer (known as a binder) to form a precise mixture
of ingredients that is pelletized and directly fed
into a plastic molding machine. This pelletized
powder-polymer is known as feedstock. The metal powder
and binders are mixed and heated in a mixer and cooled
to form granulated feedstock. MIM can further include
injection molding, wherein the feedstock is heated to
melt the plastic and then with pressure is forced into
a mold to form the desired geometry. The molded part
is known as the "green" part. MIM can further include
de-binding, wherein the polymer or binder is removed
thermally by heating the "green" part to 400 degrees
Celcius or 752 degrees Fahrenheit. While retaining its
shape and size, the de-bound or "brown" part is a
powder skeleton that is very brittle and porous.
De-binding is performed in an oven where heat and
airflow arefluxed in and exhaust products are fluxed
out. The oven converts the "green" part to the "brown"
part. MIM can further include sintering, wherein the
"brown" part is heated to more than 1200 degrees
Celcius or 2192 degrees Fahrenheit allowing
densification and shrinking of the powder into a dense
solid with the elimination of pores. Sintering is
performed in an over where heat, hydrogen gas, and
argon gas are fluxed in. Usually the sintering density
is similar to a casting at about 98% of theoretical.
The end result is the molded thermal part. [017] In
various embodiments, MIM can provide parts with sizes
of 100 millimeters by 100 millimeters. A typical
9-well thermal clock has larger dimensions. However,
several block segments can be constructed by MIM to
provide thermal cycling for a 96-well or 384-well
consumable as described in European Pat. No. 1216098.
[01 8] Reference will now be made to various
embodiments, examples of which are illustrated in the
accompanying drawings. Wherever possible, the same
reference numbers are used in the drawings and the
description to refer to the same or like parts. [019]
In various embodiments, as illustrated in Figs. 2A and
2B, thermal block 100 can provide low thermal mass
with minimum attachment points to each section
encircling the sample well and minimizing the
thickness of the wall in sections around the sample
well. As illustrated in Fig. 3, thermal block 100 can
provide different configurations configured to contain
sample wells with reactions volumes ranging from 5.0
microliters to 100 microliters. In various
embodiments, the sample block material can be copper,
aluminum, or silver. Chart 1 below shows a comparison
of the thermal blocks described above demonstrating
the differences in 



temperature ramp rate in degrees Celcius per second
for different materials.Chart 1 [020] In various
embodiments, the thermal blocks illustrated in Figs.
2-3 can be manufactured by MIM. The thermal blocks in
Figs. 2-3 can be used in an apparatus for thermally
cycling biological samples. The thermal blocks can be
adapted to receiving the biological samples. A
thermoelectric module can be coupled to the thermal
block with a heat sink underneath to provide radiation
of the heat pumped from the thermal block. In various
embodiments, the thermal block can include several
block segments as shown in Figs. 2-3 having, for
example, capable of receiving two rows of sample
wells. In various embodiments, the thermal block can
include copper, silver, aluminum, and/or gold. It is
desirable that the thermal block provide substantial
temperature uniformity throughout the array of
biological samples contained in the array of sample
wells coupled to the block for thermal cycling. [021]
In various embodiments, the apparatus for thermally
cycling biological samples can further include a
resistive heater positioned around the periphery of
the thermal block and/or the periphery of the holes
adapted to receive the sample wells such that the
thermal block provides substantial temperature
uniformity to the biological samples in the sample
wells by distributing heat provided by the resistive
heater. In various embodiments, the thermoelectric
module can be used to provide biased heating to the
thermal block during heating cycles and to remove heat
by pumping it out of the thermal block.[022] In
various embodiments, methods for thermally cycling
biological sample can be provided by the present
teachings by providing the thermal block produced by a
MIM process such that heating and cooling of the
thermal block provides substantial temperature
uniformity throughout the plurality of biological
samples contained in the plurality of sample wells.
The heating can be provided by heat from a resistive
heater. In various embodiments, the cooling can be
provided by pumping heat out with the thermoelectric
module, which can be also be used for providing bias
heat during heating cycles. In various embodiments,
the cooling can be provided by spinning the block
thereby convectively dissipating heat from the thermal
block to the environment during cooling cycles. For
example, the thermal block can be disk-like in shape
and provide concentric rings of holes to receive the
sample wells. The disk can spin along the central axis
creating a convective current over the thermal block.
Alternatively, the thermal block of any shape can spin
along an axis balanced by another thermal block to
provide a convective current similar to 



a centrifuge. In various embodiments, cooling can be
achieved by providing forced gas, such as air or
nitrogen, to contact the thermal block. The forced gas
can have ambient temperature or can be chilled to
below ambient temperature. [023] In various
embodiments, MIM can provide thermal blocks that
cannot be produced by machining the thermal block from
a solid piece of metal because the MIM thermal block
has a thickness that cannot be uniformly machined such
that every one of the plurality of sample wells is
surrounded by portions of the thermal block having
similar thickness. For example, MIM can provide
rounded surfaces for contacting the sample wells and
rounded exterior surfaces with a flat bottom as in
Figs. 2A and 2B. Alternatively, MIM can provide more
than one exterior surface for rigidity while removing
interior material other than rounded surfaces for
contactingthe sample wells as in Fig. 3. Also, MlM can
provide multiple segments of thermal blocks more
rapidly and consistently than machining. [024] In
various embodiments, MIM can provide thermal blocks
that can have temperature uniformity sufficient to
avoid using resistive edge heating and providing
heating and cooling using thermoelectric modules only.
Examples of such performance are described in the
example below. EXAMPLE [025] The following lists the
conditions for the thermal blocks tested. Block
material: copper block with thermal pad, no resistive
edge heater, no copper insert in the heat sink, TEC
set current +4.5A & -5.5A, sample volume 1OuL,
adjacent test strips temperature differential 25C,
heated cover temperature 105C, empty tray consumable,
heated cover pressure of 6kg dead weight. A first and
second test consisted of six test strips. The results
of the first test provided averages of 3.68C/sec peak
bulk heat rate (standard deviation 0.0753), -4.97C/sec
peak bulk cool rate (standard deviation 0.1633), and
2.79C/sec effective ramp rate (standard deviation
0.0354), were measured over the six test strips. The
results of the second test provided averages of
3.60C/sec peak bulk heat rate (standard deviation
0.0632), -4.88C/sec peak bulk cool rate (standard
deviation 0.0753), and 2.76C/sec effective ramp rate
(standard deviation 0.0242), were measured over the
six test strips. The first test provided for 1OuL
volumes provided a temperature nonuniformity for
ramping up temperature for 10 seconds of 0.401 - 0.724
0C. The second test provided for 10uL volumes provided
a temperature nonuniformity for ramping up temperature
for 10 seconds of 0.364- 0.776 C. The first test
provided for 10uL volumes provided a temperature
nonuniformity for ramping down temperature for 10
seconds of 0.132- 



0.306 0C. The second test provided for 1OuL volumes
provided a temperaturenonuniformity for ramping down
temperature for 10 seconds of 0.1 12- 0.278 0C. The
first test provided for 5OuL volumes provided a
temperature nonuniformity for ramping up temperature
for 10 seconds of 0.221 - 0.603 C. The second test
provided for 5OuL volumes provided a temperature
nonuniformity for ramping up temperature for 10
seconds of 0.172-396 0C. The first test provided for
5OuL volumes provided a temperature nonuniformity for
ramping down temperature for 10 seconds of 0.177-
0.727 0C. The second test provided for 5OuL volumes
provided a temperature nonuniformity for ramping down
temperature for 10 seconds of 0.197-0.386 C. [026] For
the purposes of this specification and appended
claims, unless otherwise indicated, all numbers
expressing quantities, percentages or proportions, and
other numerical values used in the specification and
claims, are to be understood as being modified in all
instances by the term "about." Accordingly, unless
indicated to the contrary, the numerical parameters
set forth in the following specification and attached
claims are approximations that may vary depending upon
the desired properties sought to be obtained by the
present invention. At the very least, and not as an
attempt to limit the application of the doctrine of
equivalents to the scope of the claims, each numerical
parameter should at least be construed in light of the
number of reported significant digits and by applying
ordinary rounding techniques. [027] Notwithstanding
that the numerical ranges and parameters setting forth
the broad scope of the invention are approximations,
the numerical values set forth in the specific
examples are reported as precisely as possible. Any
numerical value, however, inherently contains certain
errors necessarily resulting from the standard
deviation found in their respective testing
measurements. Moreover, all ranges disclosed herein
are to be understood to encompass any and all
subrangessubsumed therein. For example, a range of
"less than 10" includes any and all subranges between
(and including) the minimum value of zero and the
maximum value of 10, that is, any and all subranges
having a minimum value of equal to or greater than
zero and a maximum value of equal to or less than 10,
e.g., 1 to 5. [028] It is noted that, as used in this
specification and the appended claims, the singular
forms "a," "an," and "the," include plural referents
unless expressly and unequivocally limited to one
referent. Thus, for example, reference to "a
thermoelectric module " includes two or more
thermoelectric modules. [029] It will be apparent to
those skilled in the art that various modifications
and variations can be made to various embodiments
described herein without 



departing from the spirit or scope of the present
teachings. Thus, it is intended that the various
embodiments described herein cover other modifications
and variations within the scope of the appended claims
and their equivalents.WHAT IS CLAIMED IS: 1. An
apparatus for thermally cycling biological samples,
the apparatus comprising: a thermal block for
receiving the biological samples; a thermoelectric
module thermally coupled to the thermal block; and a
heat sink, wherein said heat sink is thermally coupled
to the thermoelectric module, wherein the thermal
block is produced by MIM. 2. The apparatus of claim 1,
wherein the thermal block comprises several block
segments. 3. The apparatus of claim 1, wherein the
thermal block comprises at least one of copper,
silver, aluminum, and gold. 4. The apparatus of claim
1, wherein the thermal block is adapted to provide
substantial temperature uniformity throughout an array
of biological samples contained in an array of sample
wells. 5. The apparatus of claim 4, further comprising
a resistive heater, wherein the thermal block provides
substantial temperature uniformity by distributing
heat provided by the resistive heater. 6. The
apparatus of claim 5, wherein the thermal block
provides substantial temperature uniformity by
distributing heat provided by the thermoelectric
module. 7. The apparatus of claim 4, wherein the
thermal block provides substantial temperature
uniformity by removing heat pumped out by the
thermoelectric module.8. A method for thermally
cycling biological sample, the method comprising:
providing a thermal block, wherein the thermal block
is produced by MIM process; heating the thermal block;
and cooling the thermal block; wherein the heating and
cooling provide substantial temperature uniformity
throughout a plurality of biological samples contained
in a plurality of sample wells. 9. The method of claim
8, wherein heating comprises providing heat from a 



resistive heater. 10. The method of claim 9, wherein
cooling comprises pumping heat out with the
thermoelectric module. 11.The method of claim 10,
wherein heating further comprises providing heat from
a thermoelectric module. 12. The method of claim 9,
wherein cooling comprises spinning the block to
provide convective dissipation of heat to the
environment. 13. The method of claim 9, wherein
cooling comprises providing forced gas and contacting
the forced gas with the thermal block. 14. The method
of claim 13, further comprising cooling the forced gas
below ambient temperature.15.An apparatus for
thermally cycling biological samples, the apparatus
comprising: means for receiving the biological
samples; means for heating the biological samples; and
means for cooling the biological samples, wherein the
heating and cooling provide substantial temperature
uniformity throughout a plurality of biological
samples contained in a plurality of sample wells,
wherein means for receiving the biological samples is
produced by MIM. 16.The apparatus of claim 15, wherein
the means for receiving the biological ' samples is a
thermal block produced by MIM that cannot be produced
by machining the thermal block from a solid piece of
metal. 17. The apparatus of claim 16, wherein the
thermal block has a thickness, wherein the thickness
cannot be uniformly machined such that every one of
the plurality of sample wells is surrounded by
portions of the thermal block having similar
thickness. 18. The apparatus of claim 15, wherein the
MIM provides rounded surfaces for contacting the
sample wells and rounded exterior surfaces with a flat
bottom. 19. The apparatus of claim 15, wherein the MIM
provides more than one exterior surface for rigidity
and removes interior material other than rounded
surfaces for contacting the sample wells. 20. The
apparatus of claim 15, wherein the MIM provides
portions of the means for receiving the biological
samples. 


