
THERAPEUTIC PEPTIDOMIMETIC MACROCYCLES CROSS-REFERENCE
[0001] This application claims the benefit of U.S.
Provisional Application No. 61/027,326 filed 8
February 2008 and U.S. Provisional Application No.
61/120,380 filed 5 December 2008, each of which
applications is incorporated herein in its entirety by
reference. BACKGROUND OF THE INVENTION [0002]
Uncontrolled cell proliferation is implicated in a
wide number of disorders ranging from cancer to
immunoproliferative diseases. For example, in the U.S.
alone, cancer surpasses heart disease as the leading
cause of death for the largest fraction of the
population (Journal of the National Cancer Institute,
Vol. 97, No. 5, March 2, 2005, p. 330) and contributes
to more than 500,000 deaths annually. Despite decades
of intense research efforts in this area, the
treatment of cell proliferative disorders remains a
challenge. [0003] Therapeutic methods for cancer such
as surgery or chemotherapy are still limited in terms
of efficacy, side effect profile and cost. In
particular, the efficacy and applicability of the
available therapeutic options varies greatly by the
specific type of tumor and disease. Thus, there
remains a need for compositions and methods of
treating cell proliferative disorders and other
diseases. SUMMARY OF THE INVENTION [0004] The present
invention addresses this and other needs. The
invention provides compositions and methods of
treatment based on the surprising finding that certain
peptidomimetic macrocycles exhibit unexpected
specificity, efficacy and potency when used for
treatment of cell proliferative disorders. [0005] In
one aspect, the present invention provides a method of
treating cancer in a human patient in need thereof
comprising administering to the patient a
peptidomimetic macrocycle, wherein the cancer is
selected from the group consisting of small cell lung
carcinoma, melanoma, ovarian cancer, prostate cancer,
renal cancer, breast cancer, pancreatic cancer, and
Ph+ acute lymphocytic leukemia (Ph+ ALL). In one
embodiment, the peptidomimetic macrocycle comprises an
a-helix. In another embodiment, the peptidomimetic
macrocycle comprises a BH3 domain. The peptidomimetic
macrocycle can be, for example, a BIM polypeptide. In
some cases, an amino acid sequence of the BIM
polypeptide is more than about 60% identical to an
amino acid sequence IWIAQELR*IGD*FNAYYARR wherein * is
a tethered amino acid. Alternatively, the amino acid
sequence of the BIM polypeptide is more than about 80%
identical to an amino acid sequence
IWIAQELR*IGD*FNAYYARR wherein * is a tethered amino
acid. Furthermore, an amino acid sequence of said BIM
polypeptide may be more than about 95% identical to an
amino acid sequence IWIAQELR*IGD*FNAYYARR wherein * is
a tethered amino acid. In some embodiments, the cancer
is at least 2-fold less sensitive to treatment using a
corresponding cross-linked BID polypeptide as measured
in an in vitro cell viability assay. In other
embodiments, the cancer is at least 5-fold less
sensitive to treatment using a corresponding
cross-linked BID polypeptide as measured in an in
vitro cell viability assay. In yet other embodiments,
the cancer is at least 8-fold less sensitive to
treatment using a corresponding crosslinked BID
polypeptide as measured in an in vitro cell viability
assay.[0006] In selected embodiments, the cancer is
breast cancer, for example an invasive breast
carcinoma such as an invasive ductal carcinoma.
Alternatively, the cancer is prostate cancer. In other
embodiments, the cancer is ovarian cancer. In still
other embodiments, the cancer is pancreatic cancer. In
further embodiments, the cancer is renal cancer.
Alternatively, the cancer is Ph+ acute lymphocytic
leukemia (Ph+ ALL). [0007] The invention also provides
a method of treating cancer in a human patient in need
thereof comprising administering to the patient a
peptidomimetic macrocycle, wherein the cancer is colon
cancer. In one embodiment, the peptidomimetic
macrocycle comprises an a-helix. In another
embodiment, the peptidomimetic macrocycle comprises a
BH3 domain. The peptidomimetic macrocycle can be, for
example, a BID polypeptide. In some cases, an amino
acid sequence of the BID polypeptide is more than
about 60% identical to a sequence
DIIRNIARHLA*VGD*NleDRSI and wherein * is a tethered
amino acid and NIe is norleucine. Alternatively, an
amino acid sequence of the BID polypeptide is more
than about 80% identical to a sequence
DIIRNIARHLA*VGD*NleDRSI wherein  is a tethered amino
acid and NIe is norleucine. Furthermore, an amino acid
sequence of said BID polypeptide may be more than
about 95% identical to a sequence DIIRNIARHLA*VGD
NIeDRSI wherein * is a tethered amino acid and NIe is
norleucine. In some embodiments, the cancer is at
least 2-fold less sensitive to treatment using a
corresponding cross-linked BIM polypeptide as measured
in an in vitro cell viability assay. In other
embodiments, the cancer is at least 5-fold less
sensitive to treatment using a corresponding
cross-linked BIM polypeptide as measured in an in
vitro cell viability assay. In yet other embodiments,
the cancer is at least 8-fold less sensitive to
treatment using a corresponding cross-linked BIM
polypeptide as measured in an in vitro cell viability
assay. [0008] Also provided is a method of treating
cancer in a human patient in need thereof comprising
administering to the patient a peptidomimetic
macrocycle wherein said peptidomimetic macrocycle
shows an EC50 lower than about 5 mM when tested in an
in vitro cell viability assay against a cell line
derived from said cancer. In some embodiments, the
EC50 may be lower than about 4 mM. In other
embodiments, the EC50 may be lower than about 3 mM. In
yet other embodiments, the EC50 may be lower than
about 2 mM. In yet other embodiments, the EC50 may be
lower than about 1 mM. In some embodiments, the in
vitro assay is performed in the presence of serum. For
example, the assay may be performed in 10% human
serum. In some aspects, the cancer is selected from
the group consisting of ovarian cancer, skin cancer,
prostate cancer, renal cancer, breast cancer,
pancreatic cancer, small-cell lung cancer, colon
cancer, multiple myeloma, Burkitt's lymphoma, acute
lymphocytic leukemia (ALL) of T cell lineage or B cell
lineage or mixed lineage, chronic lymphocytic leukemia
(CLL), cutaneous T cell lymphoma (CTCL), acute
myelocytic leukemia (AML), chronic myelocytic
leukemia, and follicular lymphoma. [0009] In one
aspect, the present invention provides a method of
treating cancer in a human patient in need thereof
comprising administering to the patient a
peptidomimetic macrocycle, wherein the cancer is
selected from 



the group consisting of ovarian cancer, prostate
cancer, renal cancer, breast cancer, pancreatic
cancer, and Ph+ acute lymphocytic leukemia. In one
embodiment, the peptidomimetic macrocycle comprises an
a- helix. In another embodiment, the peptidomimetic
macrocycle comprises a BH3 domain. The peptidomimetic
macrocycle can be, for example, a BIM polypeptide. In
some cases, an amino acid sequence of the BIM
polypeptide is more than about 60% identical to an
amino acid sequence IWIAQELR*IGD*FNAYYARR wherein * is
a tethered amino acid. Alternatively, the amino acid
sequence of the BEM polypeptide is more than about 80%
identical to an amino acid
sequenceIWIAQELR*IGD*FNAYYARR wherein * is a tethered
amino acid. Furthermore, an amino acid sequence of
said BIM polypeptide may be more than about 95%
identical to an amino acid sequence
IWIAQELR*IGD*FNAYYARR wherein * is a tethered amino
acid. [0010] In some embodiments, the cancer is
selected from the group consisting of colon cancer,
small-cell lung cancer, liver cancer, ovarian cancer,
skin cancer, prostate cancer, renal cancer, breast
cancer, pancreatic cancer, glioma, multiple myeloma,
Burkitt's lymphoma, acute lymphocytic leukemia (ALL)
of T cell lineage or B cell lineage or mixed lineage,
chronic lymphocytic leukemia (CLL), cutaneous T cell
lymphoma (CTCL), acute myelocytic leukemia (AML),
chronic myelocytic leukemia and follicular lymphoma.
In one embodiment, the peptidomimetic macrocycle
comprises an a-helix. In another embodiment, the
peptidomimetic macrocycle comprises a BH3 domain. The
peptidomimetic macrocycle can be, for example, a BID
polypeptide. In some cases, an amino acid sequence of
the BID polypeptide is more than about 60% identical
to a sequence DIIRNIARHLA*VGD*NleDRSI and wherein * is
a tethered amino acid and NIe is norleucine.
Alternatively, an amino acid sequence of the BID
polypeptide is more than about 80% identical to a
sequence DIIRNIARHLA*VGD*NleDRSI wherein * is a
tethered amino acid and NIe is norleucine.
Furthermore, an amino acid sequence of said BID
polypeptide may be more than about 95% identical to a
sequence DIIRNIARHLA*VGD*NleDRSI wherein * is a
tethered amino acid and NIe is norleucine. [0011] The
present invention additionally provides a method of
treating a disorder in a human patient in need thereof
comprising administering to the patient a
peptidomimetic macrocycle, comprising a) preparing a
peptidomimetic macrocycle by introducing a cross-link
between two amino acid residues of a polypeptide; b)
testing the peptidomimetic macrocycle for the presence
or absence of an immunogenic response; and c)
administering the peptidomimetic macrocycle to a
patient if said immunogenic response does not cause a
substantial side-effect. The non-immunogenicity may be
evidenced as minimal antibody response in an in vivo
assay in rodents such as mice, in non-human primates,
or in humans. When administered to a human patient, a
compound which is nonimmunogenic may induce no
substantial or minimal side-effects related to its
immunogenicity in the patient. The disorder may be,
for example, cancer, a metabolic disease,
cardiovascular disease, inflammatory disease or a
degenerative disease. In one embodiment, the
peptidomimetic macrocycle comprises an a-helix. In
another embodiment, the peptidomimetic macrocycle
comprises a BH3 domain. The peptidomimetic macrocycle
can be, for example, a BID polypeptide. In some cases,
an amino acid sequence of the BID polypeptide is more
than about 60% identical to a sequence DIIRNIARHLA*VGD
NIeDRSI and wherein * is a tethered amino acid and NIe
is norleucine. Alternatively, an amino acid sequence
of the BID polypeptide is more than about 80%
identical to a sequence DIIRNIARHLA*VGD*NleDRSI
wherein * is a tethered amino acid and NIe is
norleucine. Furthermore, an amino acid sequence of
said BID polypeptide may be more than about 95%
identical to a sequence DIIRNIARHLA*VGD*NleDRSI
wherein * is a tethered amino acid and NIe is
norleucine. The peptidomimetic macrocycle may also be,
for example, a BIM polypeptide. In some cases, an
amino acid sequence of the BIM polypeptide is more
than about 60% identical to an amino acid sequence
IWIAQELR*IGD*FNAYYARR wherein  is a tethered amino
acid. Alternatively, the amino acid sequence of the
BIM polypeptide is more than about 80% identical to an
amino acid sequence IWIAQELR*IGD*FNAYYARR wherein * is
a tethered amino acid. Furthermore, an amino acid
sequenceof said BIM polypeptide may be more than about
95% identical to an amino acid sequence
IWIAQELR*IGD*FNAYYARR wherein + is a tethered amino
acid. [0012] In another aspect, the invention provides
a method of treating an immunoproliferative disorder
in a human patient in need thereof comprising
administering to the patient a peptidomimetic
macrocycle. The peptidomimetic macrocycle may reduce
activated hPBL proliferation by more than about 5%,
10%, 20%, 30%, 40%, or 50% in an in vitro BrdU
incorporation assay. The immunoproliferative disease
may be, for example, a lymphoproliferative disorder,
or an autoimmune disease, for example, systemic lupus
erythematosus. The peptidomimetic macrocycle can be,
for example, a BED polypeptide. In some cases, an
amino acid sequence of the BID polypeptide is more
than about 60% identical to a sequence DnRNIARHLA
+VGD+NIeDRSI and wherein * is a tethered amino acid
and NIe is norleucine. Alternatively, an amino acid
sequence of the BID polypeptide is more than about 80%
identical to a sequence DIIRNIARHLA+VGD+NIeDRSI
wherein * is a tethered amino acid and NIe is
norleucine. Furthermore, an amino acid sequence of
said BID polypeptide may be more than about 95%
identical to a sequence DIIRNIARHLA+VGD+NIeDRSI
wherein * is a tethered amino acid and NIe is
norleucine. The peptidomimetic macrocycle may also be,
for example, a BIM polypeptide. In some cases, an
amino acid sequence of the BIM polypeptide is more
than about 60% identical to an amino acid sequence
IWIAQELR +IGD +FNAYYARR wherein + is a tethered amino
acid. Alternatively, the amino acid sequence of the
BIM polypeptide is more than about 80% identical to an
amino acid sequence IWIAQELR +IGD +FNAYYARR wherein *
is a tethered amino acid. Furthermore, an amino acid
sequence of said BEM polypeptide may be more than
about 95% identical to an amino acid sequence IWIAQELR
+IGD +FNAYYARR wherein + is a tethered amino acid.
[0013] For any of the peptidomimetic macrocyles
disclosed above, an a-carbon atom in said
peptidomimetic macrocycle may be additionally
substituted with independent substituents of formula
R-, wherein R- is alkyl, alkenyl, alkynyl, arylalkyl,
cycloalkylalkyl, heteroalkyl, or heterocycloalkyl,
unsubstituted or 



substituted with halo-. In some embodiments, an
a-carbon atom to which the crosslinker is attached is
additionally substituted with a substituent of formula
R-. In other embodiments, an a-carbon atom to which
the crosslinker is not attached is additionally
substituted with a substituent of formula R-.
Alternatively, two a-carbon atoms in a peptidomimetic
macrocycle are additionally substituted with
independent substituents of formula R-. In some
embodiments, two a-carbon atoms to which the
crosslinker is attached are additionally substituted
with independent substituents of formula R-. In other
embodiments, two a- carbon atoms to which the
crosslinker is not attached are additionally
substituted with independent substituents of formula
R-. R- may be, for example, alkyl such as methyl,
ethyl, propyl or isopropyl. The crosslinker may
connect two a-carbon atoms. In some embodiments, R-and
any portion of the crosslinker taken together form a
cyclic structure. In other embodiments, the
crosslinker is formed of consecutive carbon-carbon
bonds. In still other embodiments, the crosslinker
contains about 6, 7, 8, 9, 10, 11, 12 or 13
consecutive bonds. In yet other embodiments, the
crosslinker comprises at least about 5, 6, 7, 8, or 9
carbon atoms. [0014] Also provided is a method of
treating cancer in a human patient in need thereof
comprising administering to the patient a
peptidomimetic macrocycle wherein said peptidomimetic
macrocycle interacts with McI-I. In some embodiments,
the peptidomimetic macrocycle antagonizes the
interaction between McI-I and proapoptotic proteins
such as Bid, Bim, Bax or Bak. In other embodiments,
the peptidomimetic macrocyclesof the invention are
used to treat cancer in a human patient wherein the
cancer is resistant to ABT-737 or an analog therof, or
is resistant to a compound that possesses an affinity
greater than 1, 2, 5 or 10 mM for McI- 1. [0015] The
invention further provides a method of treating
ABT-737 resistant small cell lung cancer in a human
patient in need thereof comprising administering to
the patient a peptidomimetic macrocycle, wherein the
peptidomimetic macrocycle comprises a BH3 domain. The
invention also provides a method of treating prostate
cancer in a human patient in need thereof comprising
administering to the patient a peptidomimetic
macrocycle, wherein the peptidomimetic macrocycle
comprises a BH3 domain. [0016] In any of the methods
of treatment indicated herein, the peptidomimetic
macrocycle is administered in conjunction with a
standard method of care. The standard method of care
may, for example, be chemotherapy. Alternatively, the
standard method of care may be radiation therapy. In a
further embodiment, the standard method of care is
surgery. INCORPORATION BY REFERENCE [0017] All
publications, patents, and patent applications
mentioned in this specification are herein
incorporated by reference to the same extent as if
each individual publication, patent, or patent
application was specifically and individually
indicated to be incorporated by reference. BRIEF
DESCRIPTION OF THE DRAWINGS [0018] The novel features
of the invention are set forth with particularity in
the appended claims. A better understanding of the
features and advantages of the present invention will
be obtained by reference to the following detailed
description that sets forth illustrative embodiments,
in which the principles of the invention are utilized,
and the accompanying drawings of which: [0019] FIGURE
1 shows the sensitivity of 24 different tumor cell
lines to treatment with 20 mM SP-I. [0020] FIGURE 2
shows the sensitivity of 7 human leukemia/lymphoma
cell lines to treatment with 5 mM of either SP-I or
SP-4. [0021] FIGURE 3 shows the sensitivity of twelve
human solid tumor lines to treatment with 20 mM of
either SP-I or SP-4. [0022] FIGURE 4 shows EC50 curves
for SP-I or SP-4 tested against a variety of cell
lines. [0023] FIGURES 5-15 describe EC50 curves for
SP-I, SP-2, SP-3, SP-4, SP-5 and SP-6 tested against
several individual cell lines. [0024] FIGURE 16
indicates that SP-I does not induce programmed cell
death of resting human peripheral lymphocytes (hPBLs).
[0025] FIGURE 17 exemplifies that SP-I is as effective
as rapamycin in blocking the proliferation of hPBLs
activated by PMA + ionomycin + LPS treatment. [0026]
FIGURES 18 and 19 show that SP-I decreases tumor
burden in a SEMK2 human leukemia xenograft model.
[0027] FIGURE 20 shows that SP-I does not elicit an
antibody response in rodents. [0028] FIGURE 2 1
illustrates that SP-I is highly stable, and maintains
its helical conformation as temperature increases up
to 64C. [0029] FIGURE 22 describes the human plasma
stability of a series of peptidomimetic macrocycles of
the invention.[0030] FIGURE 23 describes the mouse
plasma stability of a series of peptidomimetic
macrocycles of the invention. [0031] FIGURE 24 shows
the pharmacokinetic properties of SP-I and SP-4
exhibit in rats. [0032] FIGURE 25 describes the
induction of programmed cell death in Jurkat tumor
cells by peptidomimetic macrocycles of the invention
in the absence of human serum and compares the potency
of BH3 peptidomimetic macrocycles of the invention to
BCL-2/BCL-XL-specific antagonists such as ABT-737.
[0033] FIGURE 26 describes the induction of programmed
cell death in Jurkat tumor cell line by peptidomimetic
macrocycles of the invention in the presence of 10%
human serum and compares the potency of BH3
peptidomimetic macrocycles of the invention to
BCL-2/BCL-XL-specific antagonists such as ABT-737.
[0034] FIGURE 27 compares the binding affinity of
several BH3 peptidomimetic macrocycles of the
invention and ABT-737 to Bcl-XL, Bcl-2, and McI-I.
[0035] FIGURE 28 shows efficacy of peptidomimetic
macrocycles to a number of hematological malignancies.
[0036] FIGURE 29 illustrates the varied Bcl-2 family
protein expression profile of cell lines sensitive to
treatment by compositions of the invention. 



[0037] FIGURE 30 compares efficacy of peptidomimetic
macrocycles with ABT-737 in Raji, an ABT-737 resistant
Burkitt's lymphoma cell line. [0038] FIGURE 31
illustrates efficacy of BH3 peptidomimetic macrocycles
against a variety of solid tumor cell lines. [0039]
FIGURE 32 depicts induction of programmed cell death
by a peptidomimetic macrocycle of the invention in an
ABT-737 resistant small cell lung cancer line
(NCI-H82). [0040] FIGURE 33 shows suppression of
SEMK-2 tumor progression in NOD-SCID mice by compounds
of the invention. [0041] FIGURE 34 describes induction
of programmed cell death by peptidomimetic macrocycles
of the invention in an ovarian tumor cell line
(OVCAR8), treated in the absence of serum. [0042]
FIGURE 35 depicts induction of programmed cell death
by peptidomimetic macrocycles of the invention in an
ovarian tumor cell line (OVCAR8), treated in the
presence of 2% human serum. [0043] FIGURE 36 depicts
induction of programmed cell death by peptidomimetic
macrocycles of the invention in a melanoma cell line
(A375), treated in the absence of serum. [0044] FIGURE
37 depicts induction of programmed cell death by
peptidomimetic macrocycles of the invention in a
melanoma cell line (A375), treated in the presence of
2% human serum. [0045] FIGURE 38 depicts induction of
programmed cell death by peptidomimetic macrocycles of
the invention in a breast tumor cell line (MDA-MD-23
1-Met), treated in the absence of serum. [0046] FIGURE
39 depicts induction of programmed cell death by
peptidomimetic macrocycles of the invention in a
breast tumor cell line (MDA-MD-23 1-Met), treated in
2% human serum. [0047] FIGURE 40 depicts induction of
programmed cell death by peptidomimetic macrocycles of
the invention in a prostate tumor cell line (PC3),
treated in the absence of serum. [0048] FIGURE 4 1
depicts induction of programmed cell death by
peptidomimetic macrocycles of the invention in a
prostate tumor cell line (PC3), treated in 2% human
serum. [0049] FIGURE 42 depicts induction of
programmed cell death by peptidomimetic macrocycles of
the invention in a small cell lung cancer cell line
(NCI-H-82), treated in the absence of serum.[0050]
FIGURE 43 depicts a Western Blot showing variable
expression of various BCL-family proteins in cancers
that are sensitive to peptidomimetic macrocycles of
the invention. [0051] FIGURE 44 depicts a timeline for
mouse treatment in a prostate cancer orthotopic
xenograft model. [0052] FIGURE 45 depicts efficacy of
a peptidomimetic macrocycle of the invention in a
prostate cancer orthotopic xenograft model. [0053]
FIGURE 46 describes induction of programmed cell death
by peptidomimetic macrocycles of the invention in a
T-cell leukemia cell line (Jurkat), treated in the
absence of serum. [0054] FIGURE 47 describes induction
of programmed cell death by peptidomimetic macrocycles
of the invention in a mixed-lineage T/B-cell leukemia
cell line (SEMK2), treated in the absence of serum.
[0055] FIGURE 48 describes induction of programmed
cell death by peptidomimetic macrocycles of the
invention in a T-cell leukemia cell line (MOLT-4),
treated in the absence of serum. [0056] FIGURE 49
describes induction of programmed cell death by
peptidomimetic macrocycles of the invention in a
diffuse large B-cell lymphoma cell line (DHL-6),
treated in the absence of serum. [0057] FIGURE 50
describes induction of programmed cell death by
peptidomimetic macrocycles of the invention in a
mixed-lineage T/B-cell leukemia cell line (RS4; 11),
treated in the absence of serum. [0058] FIGURE 51
describes induction of programmed cell death by
peptidomimetic macrocycles of the invention in a
Burkitt's lymphoma cell line (Raji), treated in the
absence of serum. [0059] FIGURE 52 describes induction
of programmed cell death by peptidomimetic macrocycles
of the invention in a multiple myeloma cell line
(MMlS), treated in the absence of serum. [0060] FIGURE
53 depicts efficacy of a peptidomimetic macrocycle of
the invention in a SEMK2 leukemia orthotopic xenograft
model, as measured by reduced tumor burden in treated
animals. [0061] FIGURE 54 depicts efficacy of a
peptidomimetic macrocycle of the invention in a SEMK2
leukemia orthotopic xenograft model, as measured by
reduced tumor burden in treated animals. [0062] FIGURE
55 depicts efficacy of a peptidomimetic macrocycle of
the invention in a SEMK2 leukemia orthotopic xenograft
model, as measured by increased survival of treated
animals. [0063] FIGURE 56 shows sequence-specific and
structure-specific binding of peptidomimetic
macrocycles of the invention to the pro-apoptotic
target protein BAX in multiple myeloma (MMlS) cell
lysates, as demonstrated by immunoprecipitation with
the stapled SP-4 peptide. DETAILED DESCRIPTION OF THE
INVENTION [0064] As used herein, the terms "treating"
and "to treat", mean to alleviate symptoms, eliminate
the causation either on a temporary or permanent
basis, or to prevent or slow the appearance of
symptoms. The term "treatment" includes alleviation,
elimination of causation (temporary or permanent) of,
or prevention of symptoms and disorders associated
with any condition. The treatment may be a
pre-treatment as well as a treatment at the onset of
symptoms. [0065] The term "standard method of care"
refers to any therapeutic or diagnostic method,
compound, or practice which is part of the standard of
care for a particular indication. The "standard of
care" may be established by any authority such as a
health care provider or a national or regional
institute for any diagnostic or treatment process that
a clinician should follow for a certain type of
patient, illness, or clinical circumstance. Exemplary
standard of care methods for various type of cancers
are provided for instance by the the National Cancer
Institute.[0066] As used herein, the term "cell
proliferative disorder" encompasses cancer,
hyperproliferative disorders, neoplastic disorders,
immunoproliferative disorders and other disorders. A
"cell proliferative disorder" relates to cells having
the capacity for autonomous growth, i.e., an abnormal
state or condition characterized by rapidly
proliferating cell growth. Hyperproliferative and
neoplastic disease states may be categorized as
pathologic, i.e., characterizing or constituting a
disease state, or may be categorized as nonpathologic,



i.e., a deviation from normal but not associated with
a disease state. The term is meant to include all
types of cancerous growths or oncogenic processes,
metastatic tissues or malignantly transformed cells,
tissues, or organs, irrespective of histopathologic
type or stage of invasiveness. A metastatic tumor can
arise from a multitude of primary tumor types,
including but not limited to those of breast, lung,
liver, colon and ovarian origin. "Pathologic
hyperproliferative" cells occur in disease states
characterized by malignant tumor growth and
immunoproliferative diseases. Examples of
non-pathologic hyperproliferative cells include
proliferation of cells associated with wound repair.
Examples of cellular proliferative and/or
differentiative disorders include cancer, e.g.,
carcinoma, sarcoma, or metastatic disorders. [0067]
The term "derived from" in the context of the
relationship between a cell line and a related cancer
signifies that the cell line may be established from
any cancer in a specific broad category of cancers.
[0068] As used herein, the term "macrocycle" refers to
a molecule having a chemical structure including a
ring or cycle formed by at least 9 covalently bonded
atoms. [0069] As used herein, the term "peptidomimetic
macrocycle", "crosslinked polypeptide" or "stapled
peptide" refers to a compound comprising a plurality
of amino acid residues joined by a plurality of
peptide bonds and at least one macrocycle-forming
linker which forms a macrocycle between a first
naturally-occurring or non-naturally-occurring amino
acid residue (or analog) and a second
naturally-occurring or nonnaturally- occurring amino
acid residue (or analog) within the same molecule.
Peptidomimetic macrocycles include embodiments where
the macrocycle-forming linker connects the a carbon of
the first amino acid residue (or analog) to the a
carbon of the second amino acid residue (or analog).
The peptidomimetic macrocycles optionally include one
or more non-peptide bonds between one or more amino
acid residues and/or amino acid analog residues, and
optionally include one or more non-naturally-occurring
amino acid residues or amino acid analog residues in
addition to any which form the macrocycle. [0070] As
used herein, the term "stability" refers to the
maintenance of a defined secondary structure in
solution by a peptidomimetic macrocycle of the
invention as measured by circular dichroism, NMR or
another biophysical measure, or resistance to
proteolytic degradation in vitro or in vivo.
Non-limiting examples of secondary structures
contemplated in this invention are a-helices, b-turns,
and b-pleated sheets. [0071] As used herein, the term
"helical stability" refers to the maintenance of a
helical structure by a peptidomimetic macrocycle of
the invention as measured by circular dichroism or
NMR. For example, in some embodiments, the
peptidomimetic macrocycles of the invention exhibit at
least a 1.25, 1.5, 1.75 or 2- fold increase in
a-helicity as determined by circular dichroism
compared to a corresponding uncrosslinked polypeptide.
[0072] The term "a-amino acid" or simply "amino acid"
refers to a molecule containing both an amino group
and a carboxyl group bound to a carbon which is
designated the a-carbon. Suitable amino acids include,
without limitation, both the D-and L-isomers of the
naturally-occurring amino acids, as well as
non-naturally occurring amino acids prepared by
organic synthesis or other metabolic routes. Unless
the contextspecifically indicates otherwise, the term
amino acid, as used herein, is intended to include
amino acid analogs. [0073] The term "naturally
occurring amino acid" refers to any one of the twenty
amino acids commonly found in peptides synthesized in
nature, and known by the one letter abbreviations A,
R, N, C, D, Q, E, G, H, I, L, K, M, F, P, S, T,W, Y
and V. [0074] The term "amino acid analog" or
"non-natural amino acid" refers to a molecule which is
structurally similar to an amino acid and which can be
substituted for an amino acid in the formation of a
peptidomimetic macrocycle. Amino acid analogs include,
without limitation, compounds which are structurally
identical to an amino acid, as defined herein, except
for the inclusion of one or more additional methylene
groups between the amino and carboxyl group (e.g.,
a-amino b-carboxy acids), or for the substitution of
the amino or carboxy group by a similarly reactive
group (e.g., substitution of the primary amine with a
secondary or tertiary amine, or substitution or the
carboxy group with an ester). [0075] A "non-essential"
amino acid residue is a residue that can be altered
from the wild-type sequence of a polypeptide (e.g., a
BH3 domain or the p53 MDM2 binding domain) without
abolishing or substantially altering its essential
biological or biochemical activity (e.g., receptor
binding or activation). An "essential" amino acid
residue is a residue that, when altered from the
wild-type sequence of the polypeptide, results in
abolishing or substantially abolishing the
polypeptide's essential biological or biochemical
activity. [0076] A "conservative amino acid
substitution" is one in which the amino acid residue
is replaced with an amino acid residue having a
similar side chain. Families of amino acid residues
having similar side chains have been defined in the
art. These families include amino acids with basic
side chains (e.g., K, R, H), acidic side chains (e.g.,
D, E), uncharged polar side chains (e.g., G, N, Q, S,
T, Y, C), nonpolar side chains (e.g., A, V, L, I, P,
F, M, W), beta-branched side chains (e.g., T, V, I)
and aromatic side chains (e.g., Y , F,W, H). Thus, a
predicted nonessential amino acid residue in a BH3
polypeptide, for example, is preferably replaced with
another amino acid residue from the same side chain
family. Other examples of acceptable substitutions are
substitutions based on isosteric considerations (e.g.
norleucine for methionine) or other properties (e.g.
2-thienylalanine for phenylalanine). [0077] The term
"member" as used herein in conjunction with
macrocycles or macrocycle-forming linkers refers to
the atoms that form or can form the macrocycle, and
excludes substituent or side chain atoms. By analogy,
cyclodecane, 1,2-difluoro-decane and 1,3-dimethyl
cyclodecane are all considered ten-membered
macrocycles as the hydrogen or fluoro substituents or
methyl side chains do not participate in forming the
macrocycle. [0078] The symbol " " when used as part of
a molecular structure refers to a single bond or a
trans or cis double bond. [0079] The term "amino acid
side chain" refers to a moiety attached to the
a-carbon in an amino acid. For 



example, the amino acid side chain for alanine is
methyl, the amino acid side chain for phenylalanine is
phenylmethyl, the amino acid side chain for cysteine
is thiomethyl, the amino acid side chain for aspartate
is carboxymethyl, the amino acid side chain for
tyrosine is 4-hydroxyphenylmethyl, etc. Other
nonnaturally occurring amino acid side chains are also
included, for example, those that occur in nature
(e.g. , an amino acid metabolite) or those that are
made synthetically (e.g., an a,a di-substituted amino
acid).[0080] The term "a,a di-substituted amino" acid
refers to a molecule or moiety containing both an
amino group and a carboxyl group bound to a carbon
(the a-carbon) that is attached to two natural or
non-natural amino acid side chains. [0081] The term
"polypeptide" encompasses two or more naturally or
non-naturally-occurring amino acids joined by a
covalent bond (e.g., an amide bond). Polypeptides as
described herein include full length proteins (e.g.,
fully processed proteins) as well as shorter amino
acid sequences (e.g., fragments of naturallyoccurring
proteins or synthetic polypeptide fragments). [0082]
The term "macrocyclization reagent" or
"macrocycle-forming reagent" as used herein refers to
any reagent which may be used to prepare a
peptidomimetic macrocycle of the invention by
mediating the reaction between two reactive groups.
Reactive groups may be, for example, an azide and
alkyne, in which case macrocyclization reagents
include, without limitation, Cu reagents such as
reagents which provide a reactive Cu(I) species, such
as CuBr, CuI or CuOTf, as well as Cu(II) salts such as
Cu(CO2CH3)2, CuSO4, and CuCl2 that can be converted in
situ to an active Cu(I) reagent by the addition of a
reducing agent such as ascorbic acid or sodium
ascorbate. Macrocyclization reagents may additionally
include, for example, Ru reagents known in the art
such as Cp*RuCl(PPh 3)2, [Cp*RuCl]4 or other Ru
reagents which may provide a reactive Ru(II) species.
In other cases, the reactive groups are terminal
olefins. In such embodiments, the macrocyclization
reagents or macrocycle-forming reagents are metathesis
catalysts including, but not limited to, stabilized,
late transition metal carbene complex catalysts such
as Group VIII transition metal carbene catalysts. For
example, such catalysts are Ru and Os metal centers
having a +2 oxidation state, an electron count of 16
and pentacoordinated. Additional catalysts are
disclosed in Grubbs et al., "Ring Closing Metathesis
and Related Processes in Organic Synthesis" Ace. Chem.
Res. 1995, 28, 446-452, and U.S. Pat. No. 5,81 1,515.
In yet other cases, the reactive groups are thiol
groups. In such embodiments, the macrocyclization
reagent is, for example, a linker functionalized with
two thiol-reactive groups such as halogen groups.
[0083] The term "halo" or "halogen" refers to
fluorine, chlorine, bromine or iodine or a radical
thereof. [0084] The term "alkyl" refers to a
hydrocarbon chain that is a straight chain or branched
chain, containing the indicated number of carbon
atoms. For example, Ci-C 10 indicates that the group
has from 1 to 10 (inclusive) carbon atoms in it. In
the absence of any numerical designation, "alkyl" is a
chain (straight or branched) having 1 to 20
(inclusive) carbon atoms in it. [0085] The term
"alkylene" refers to a divalent alkyl (i.e. , -R-).
[0086] The term "alkenyl" refers to a hydrocarbon
chain that is a straight chain or branched chain
having one or more carbon-carbon double bonds. The
alkenyl moiety contains the indicated number of carbon
atoms. For example, C2-Ci0 indicates that the group
has from 2 to 10 (inclusive) carbon atoms in it. The
term "lower alkenyl" refers to a C2-C6 alkenyl chain.
In the absence of any numerical designation, "alkenyl"
is a chain (straight or branched) having 2 to 20
(inclusive) carbon atoms in it. [0087] The term
"alkynyl" refers to a hydrocarbon chain that is a
straight chain or branched chain having one or more
carbon-carbon triple bonds. The alkynyl moiety
contains the indicated number of carbon atoms. For
example, C2-Ci0 indicates that the group has from 2 to
10 (inclusive) carbon atoms in it. The term "lower
alkynyl" refers to a C2-C6 alkynyl chain. In the
absence of any numerical designation, "alkynyl" is a
chain (straight or branched) having 2 to 20
(inclusive) carbon atoms in it.[0088] The term "aryl"
refers to a 6-carbon monocyclic or 10-carbon bicyclic
aromatic ring system wherein 0, 1, 2, 3, or 4 atoms of
each ring are substituted by a substituent. Examples
of aryl groups include phenyl, naphthyl and the like.
The term "arylalkyl" or the term "aralkyl" refers to
alkyl substituted with an aryl. The term "arylalkoxy"
refers to an alkoxy substituted with aryl. [0089]
"Arylalkyl" refers to an aryl group, as defined above,
wherein one of the aryl group's hydrogen atoms has
been replaced with a Q-C 5 alkyl group, as defined
above. Representative examples of an arylalkyl group
include, but are not limited to, 2-methylphenyl,
3-methylphenyl, 4-methylphenyl, 2-ethylphenyl, 3-
ethylphenyl, 4-ethylphenyl, 2-propylphenyl,
3-propylphenyl, 4-propylrhenyl, 2-butylrhenyl, 3-
butylphenyl, 4-butylphenyl, 2-pentylphenyl,
3-pentylphenyl, 4-pentylphenyl, 2-isopropylrhenyl, 3-
isopropylphenyl, 4-isopropylphenyl, 2-isobutylphenyl,
3-isobutylphenyl, 4-isobutylphenyl, 2-secbutylphenyl,
3-sec-butylphenyl, 4-sec-butylphenyl, 2-t-butylphenyl,
3-t-butylphenyl and 4-t-butylphenyl. [0090]
"Arylamido" refers to an aryl group, as defined above,
wherein one of the aryl group's hydrogen atoms has
been replaced with one or more -C(O)NH2 groups.
Representative examples of an arylamido group include
2-C(O)NH2-phenyl, 3-C(O)NH2-phenyl, 4-C(O)NH2-phenyl,
2-C(O)NH2-pyridyl, 3-C(O)NH2-pyridyl, and
4-C(O)NH2-pyridyl, [0091] "Alkylheterocycle" refers to
a CpC 5 alkyl group, as defined above, wherein one of
the Ci-C5 alkyl group's hydrogen atoms has been
replaced with a heterocycle. Representative examples
of an alkylheterocycle group include, but are not
limited to, -CH2CH2-morpholine, -CH2CH2-piperidine,
-CH2CH2CH2- morpholine, and -CH2CH2CH2-imidazole.
[0092] "Alkylamido" refers to a CpC 5 alkyl group, as
defined above, wherein one of the CpC 5 alkyl group's
hydrogen atoms has been replaced with a -C(O)NH2
group. Representative examples of an alkylamido group
include, but are not limited to, -CH2-C(O)NH2,
-CH2CH2-C(O)NH2, -CH2CH2CH2C(O)NH2, -
CH2CH2CH2CH2C(O)NH2, -CH 2CH2CH2CH2CH2C(O)NH 2,
-CH2CH(C(O)NH2)CH3, - CH2CH(C(O)NH2)CH2CH3,
-CH(C(O)NH2)CH2CH3, -C(CH3)2CH2C(O)NH2, -CH
2-CH2-NH-C(O)-CH 3, -CH 2-CH2-NH-C(O)-CH 3-CH3, and
-CH 2-CH2-NH-C(O)-CH=CH 2. [0093] "Alkanol" refers to
a Q-C 5 alkyl group, as defined above, wherein one of
the Ci-C5 alkyl group's hydrogen 



atoms has been replaced with a hydroxyl group.
Representative examples of an alkanol group include,
but are not limited to, -CH2OH, -CH2CH2OH,
-CH2CH2CH2OH, -CH2CH2CH2CH2OH, -CH2CH2CH2 CH2CH2OH,
-CH2CH(OH)CH3, -CH2CH(OH)CH2CH3, -CH(OH)CH3 and
-C(CH3)2CH2OH. [0094] "Alkylcarboxy" refers to a C -C5
alkyl group, as defined above, wherein one of the C -C
alkyl group's hydrogen atoms has been replaced with a
--COOH group. Representative examples of an
alkylcarboxy group include, but are not limited to,
-CH2COOH, -CH2CH2COOH, -CH2CH2CH2COOH, -
CH2CH2CH2CH2COOH, -CH2CH(COOH)CH3, -CH
2CH2CH2CH2CH2COOH, -CH 2CH(COOH)CH 2CH3, -
CH(COOH)CH2CH3 and -C(CH3)2CH2COOH. [0095] The term
"cycloalkyl" as employed herein includes saturated and
partially unsaturated cyclic hydrocarbon groups having
3 to 12 carbons, preferably 3 to 8 carbons, and more
preferably 3 to 6 carbons, wherein the cycloalkyl
group additionally is optionally substituted. Some
cycloalkyl groups include, without limitation,
cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl,
cyclohexyl, cyclohexenyl, cycloheptyl, and cyclooctyl.
[0096] The term "heteroaryl" refers to an aromatic 5-8
membered monocyclic, 8-12 membered bicyclic, or 11-14
membered tricyclic ring system having 1-3 heteroatoms
if monocyclic, 1-6 heteroatoms if bicyclic, or
1-9heteroatoms if tricyclic, said heteroatoms selected
from O, N, or S (e.g., carbon atoms and 1-3, 1-6, or
1-9 heteroatoms of O, N, or S if monocyclic, bicyclic,
or tricyclic, respectively), wherein 0, 1, 2, 3, or 4
atoms of each ring are substituted by a substituent.
Examples of heteroaryl groups include pyridyl, furyl
or furanyl, imidazolyl, benzimidazolyl, pyrimidinyl,
thiophenyl or thienyl, quinolinyl, indolyl, thiazolyl,
and the like. [0097] The term "heteroarylalkyl" or the
term "heteroaralkyl" refers to an alkyl substituted
with a heteroaryl. The term "heteroarylalkoxy" refers
to an alkoxy substituted with heteroaryl. [0098] The
term "heteroarylalkyl" or the term "heteroaralkyl"
refers to an alkyl substituted with a heteroaryl. The
term "heteroarylalkoxy" refers to an alkoxy
substituted with heteroaryl. [0099] The term
"heterocyclyl" refers to a nonaromatic 5-8 membered
monocyclic, 8-12 membered bicyclic, or 11-14 membered
tricyclic ring system having 1-3 heteroatoms if
monocyclic, 1-6 heteroatoms if bicyclic, or 1-9
heteroatoms if tricyclic, said heteroatoms selected
from O, N, or S (e.g., carbon atoms and 1-3, 1-6, or
1-9 heteroatoms of O, N, or S if monocyclic, bicyclic,
or tricyclic, respectively), wherein 0, 1, 2 or 3
atoms of each ring are substituted by a substituent.
Examples of heterocyclyl groups include piperazinyl,
pyrrolidinyl, dioxanyl, morpholinyl,
tetrahydrofuranyl, and the like. [00100] The term
"substituent" refers to a group replacing a second
atom or group such as a hydrogen atom on any molecule,
compound or moiety. Suitable substituents include,
without limitation, halo, hydroxy, mercapto, oxo,
nitro, haloalkyl, alkyl, alkaryl, aryl, aralkyl,
alkoxy, thioalkoxy, aryloxy, amino, alkoxycarbonyl,
amido, carboxy, alkanesulfonyl, alkylcarbonyl, and
cyano groups. [00101] In some embodiments, the
compounds of this invention contain one or more
asymmetric centers and thus occur as racemates and
racemic mixtures, single enantiomers, individual
diastereomers and diastereomeric mixtures. All such
isomeric forms of these compounds are included in the
present invention unless expressly provided otherwise.
In some embodiments, the compounds of this invention
are also represented in multiple tautomeric forms, in
such instances, the invention includes all tautomeric
forms of the compounds described herein (e.g., if
alkylation of a ring system results in alkylation at
multiple sites, the invention includes all such
reaction products). All such isomeric forms of such
compounds are included in the present invention unless
expressly provided otherwise. All crystal forms of the
compounds described herein are included in the present
invention unless expressly provided otherwise. [00102]
As used herein, the terms "increase" and "decrease"
mean, respectively, to cause a statistically
significantly (J. e., p < 0.1) increase or decrease of
at least 5%. [00103] As used herein, the recitation of
a numerical range for a variable is intended to convey
that the invention may be practiced with the variable
equal to any of the values within that range. Thus,
for a variable which is inherently discrete, the
variable is equal to any integer value within the
numerical range, including the end-points of the
range. Similarly, for a variable which is inherently
continuous, the variable is equal to any real value
within the numerical range, including the end-points
of the range. As an example, and without limitation, a
variable which is described as having values between 0
and 2 takes the values 0, 1 or 2 if the variable is
inherently discrete, and takes the values 0.0, 0.1,
0.01, 0.001, or any other real values >0 and < 2 if
the variable is inherently continuous. [00104] As used
herein, unless specifically indicated otherwise, the
word "or" is used in the inclusive sense of "and/or"
and not the exclusive sense of "either/or."[00105] The
term "on average" represents the mean value derived
from performing at least three independent replicates
for each data point. [00106] The term "biological
activity" encompasses structural and functional
properties of a macrocycle of the invention.
Biological activity is, for example, structural
stability, alpha-helicity, affinity for a target,
resistance to proteolytic degradation, cell
penetrability, intracellular stability, in vivo
stability, or any combination thereof. [00107] The
details of one or more particular embodiments of the
invention are set forth in the accompanying drawings
and the description below. Other features, objects,
and advantages of the invention will be apparent from
the description and drawings, and from the claims.
Design of the Peptidomimetic Macrocvcles of the
Invention [00108] Any protein or polypeptide with a
known primary amino acid sequence which contains a
helical structure believed to impart biological
activity is the subject of the present invention. For
example, the sequence of the polypeptide can be
analyzed and amino acid analogs containing groups
reactive with macrocyclization reagents can be
substituted at the appropriate positions. The
appropriate positions are determined by ascertaining
which molecular surface(s) of the secondary structure
is (are) required for biological activity and,
therefore, across which other surface(s) the
macrocycle forming linkers of the invention can form a



macrocycle without sterically blocking the surface(s)
required for biological activity. Such determinations
are made using methods such as X-ray crystallography
of complexes between the secondary structure and a
natural binding partner to visualize residues (and
surfaces) critical for activity; by sequential
mutagenesis of residues in the secondary structure to
functionally identify residues (and surfaces) critical
for activity; or by other methods. By such
determinations, the appropriate amino acids are
substituted with the amino acids analogs and
macrocycle-forming linkers of the invention. For
example, for an a-helical secondary structure, one
surface of the helix (e.g., a molecular surface
extending longitudinally along the axis of the helix
and radially 45-135 about the axis of the helix) may
be required to make contact with another biomolecule
in vivo or in vitro for biological activity. In such a
case, a macrocycle-forming linker is designed to link
two a-carbons of the helix while extending
longitudinally along the surface of the helix in the
portion of that surface not directly required for
activity. [00109] In some embodiments of the
invention, the peptide sequence is derived from the
BCL-2 family of proteins. The BCL-2 family is defined
by the presence of up to four conserved BCL-2 homology
(BH) domains designated BHl, BH2, BH3, and BH4, all of
which include a-helical segments (Chittenden et al.
(1995), EMBO 14:5589; Wang et al. (1996), Genes Dev.
10:2859). Anti-apoptotic proteins, such as BCL-2 and
BCL-XL, display sequence conservation in all BH
domains. Pro-apoptotic proteins are divided into
"multidomain" family members (e.g., BAK, BAX), which
possess homology in the BHl, BH2, and BH3 domains, and
"BH3-domain only" family members (e.g., BID, BAD, BIM,
BIK, NOXA, PUMA), that contain sequence homology
exclusively in the BH3 amphipathic a-helical segment.
BCL-2 family members have the capacity to form homo-
and heterodimers, suggesting that competitive binding
and the ratio between pro- and anti-apoptotic protein
levels dictates susceptibility to death stimuli.
Anti-apoptotic proteins function to protect cells from
pro-apoptotic excess, i.e., excessive programmed cell
death. Additional "security" measures include
regulating transcription of pro-apoptotic proteins and
maintaining them as inactive conformers, requiring
either proteolytic activation, dephosphorylation, or
ligand-inducedconformational change to activate
pro-death functions. In certain cell types, death
signals received at the plasma membrane trigger
apoptosis via a mitochondrial pathway. The
mitochondria can serve as a gatekeeper of cell death
by sequestering cytochrome c, a critical component of
a cytosolic complex which activates caspase 9, leading
to fatal downstream proteolytic events. Multidomain
proteins such as BCL- 2/BCL-XL and BAK/BAX play
dueling roles of guardian and executioner at the
mitochondrial membrane, with their activities further
regulated by upstream BH3-only members of the BCL-2
family. For example, BID is a member of the BH3-domain
only family of pro-apoptotic proteins, and transmits
death signals received at the plasma membrane to
effector pro-apoptotic proteins at the mitochondrial
membrane. BID has the capability of interacting with
both pro- and anti-apoptotic proteins, and upon
activation by caspase 8, triggers cytochrome c release
and mitochondrial apoptosis. Deletion and mutagenesis
studies determined that the amphipathic a-helical BH3
segment of pro-apoptotic family members may function
as a death domain and thus may represent a critical
structural motif for interacting with multidomain
apoptotic proteins. Structural studies have shown that
the BH3 helix can interact with anti-apoptotic
proteins by inserting into a hydrophobic groove formed
by the interface of BHl, 2 and 3 domains. Activated
BID can be bound and sequestered by anti-apoptotic
proteins (e.g., BCL-2 and BCL-X L) and can trigger
activation of the pro-apoptotic proteins BAX and BAK,
leading to cytochrome c release and a mitochondrial
apoptosis program. BAD is also a BH3-domain only
pro-apoptotic family member whose expression triggers
the activation of BAX/BAK. In contrast to BID,
however, BAD displays preferential binding to
anti-apoptotic family members, BCL-2 and BCL-XL.
Whereas the BAD BH3 domain exhibits high affinity
binding to BCL-2, BAD BH3 peptide is unable to
activate cytochrome c release from mitochondria in
vitro, suggesting that BAD is not a direct activator
of BAX/BAK. Mitochondria that over-express BCL-2 are
resistant to BID-induced cytochrome c release, but
co-treatment with BAD can restore BID sensitivity.
Induction of mitochondrial apoptosis by BAD appears to
result from either: (1) displacement of BAX/BAK
activators, such as BID and BID-like proteins, from
the BCL-2/BCL-XL binding pocket, or (2) selective
occupation of the BCL-2/BCL-XL binding pocket by BAD
to prevent sequestration of BID-like proteins by
anti-apoptotic proteins. Thus, two classes of
BH3-domain only proteins have emerged, BID-like
proteins that directly activate mitochondrial
apoptosis, and BAD-like proteins, that have the
capacity to sensitize mitochondria to BID-like
pro-apoptotics by occupying the binding pockets of
multidomain anti-apoptotic proteins. Various a-helical
domains of BCL-2 family member proteins amenable to
the methodology disclosed herein have been disclosed
(Walensky et al. (2004), Science 305: 1466; and
Walensky et al., U.S. Patent Publication No.
2005/0250680, the entire disclosures of which are
incorporated herein by reference).[00110] A
non-limiting exemplary list of suitable peptide
sequences for use in the present invention is given
below: TABLE l Table 1 lists human sequences which
target the BH3 binding site and are implicated in
cancers, autoimmune disorders, metabolic diseases and
other human disease conditions.TABLE 2 Table 2 lists
human sequences which target the BH3 binding site and
are implicated in cancers, autoimmune disorders,
metabolic diseases and other human disease conditions.
Peptidomimetic Macrocvcles of the Invention [00111] In
some embodiments of the method, a polypeptide of the
invention contains one crosslink. In other embodiments
of the method, said polypeptide contains two
cross-links. In some embodiments of the method, one
crosslink connects two a-carbon atoms. In other
embodiments of the method, one a-carbon atom to which
one crosslink is attached is substituted with a
substituent of formula R-. In another embodiment of
the method, two a-carbon atoms to which one crosslink
is attached are substituted with independent
substituents of formula R-. In one embodiment of the
methods of the invention, R- is alkyl. For example,
R-is methyl. Alternatively, R-and any portion of one
crosslink taken together can form a cyclic structure.
In another embodiment of the method, one crosslink is
formed of consecutive carboncarbon bonds. For example,
one crosslink may comprise at least 8, 9, 10, 11, or
12 consecutive bonds. In other embodiments, one
crosslink may comprise at least 7, 8, 9, 10, or 11
carbon atoms. 



[00112] In another embodiment of the method, the
crosslinked polypeptide comprises an a-helical domain
of a BCL-2 family member. For example, the crosslinked
polypeptide comprises a BH3 domain. In other
embodiments, the crosslinked polypeptide comprises at
least 60%, 70%, 80%, 85%, 90% or 95% of any of the
sequences in Tables 1, 2, 3 and 4. In some embodiments
of the method, the crosslinked polypeptide penetrates
cell membranes by an energy-dependent process and
binds to an intracellular target. [00113] In some
embodiments, said helical polypeptide contains one
crosslink. In other embodiments, said helical
polypeptide contains two cross-links. [00114] In some
embodiments, one crosslink connects two a-carbon
atoms. In other embodiments, one a-carbon atom to
which one crosslink is attached is substituted with a
substituent of formula R-. In another embodiment, two
a-carbon atoms to which one crosslink is attached are
substituted with independent substituents of formula
R-. In one embodiment of the invention, R- is alkyl.
For example, R- is methyl. Alternatively, R- and any
portion of one crosslink taken together can form a
cyclic structure. In another embodiment, one crosslink
is formed of consecutive carbon-carbon bonds. For
example, one crosslink may comprise at least 8, 9, 10,
11, or 12 consecutive bonds. In other embodiments, one
crosslink may comprise at least 7, 8, 9, 10, or 11
carbon atoms. [00115] In another embodiment, the
crosslinked polypeptide comprises an a-helical domain
of a BCL-2 family member. For example, the crosslinked
polypeptide comprises a BH3 domain. In other
embodiments, the crosslinked polypeptide comprises at
least 60%, 70%, 80%, 85%, 90% or 95% of any of the
sequences in Tables 1, 2, 3 and 4. In some
embodiments, the crosslinked polypeptide penetrates
cell membranes by an energy-dependent process and
binds to an intracellular target. [00116] In some
embodiments, the peptidomimetic macrocycles of the
invention have the Formula (I): u Formula (I) wherein:
each A, C, D, and E is independently a natural or
non-natural amino acid; R3 B is a natural or
non-natural amino acid, amino acid analog, O ,
[-NH-L3-CO-], [-NH-L3-SO -], or [-NH-L3-]; R1 and R2
are independently -H, alkyl, alkenyl, alkynyl,
arylalkyl, cycloalkyl, cycloalkylalkyl, heteroalkyl,
or heterocycloalkyl, unsubstituted or substituted with
halo-; R3 is hydrogen, alkyl, alkenyl, alkynyl,
arylalkyl, heteroalkyl, cycloalkyl, heterocycloalkyl,
cycloalkylalkyl, cycloaryl, or heterocycloaryl,
optionally substituted with R5; L is a
macrocycle-forming linker of the formula -L]-L 2- ;Li
and L2 are independently alkylene, alkenylene,
alkynylene, heteroalkylene, cycloalkylene,
heterocycloalkylene, cycloarylene, heterocycloarylene,
or [-R4-K-R4-],,, each being optionally substituted
with R5; each R4 is alkylene, alkenylene, alkynylene,
heteroalkylene, cycloalkylene, heterocycloalkylene,
arylene, or heteroarylene; each K is O, S, SO, SO2,
CO, CO2, or CONR3; each R5 is independently halogen,
alkyl, -OR6, -N(R6 2, -SR6, -SOR6, -SO2R6, -CO2R , a
fluorescent moiety, a radioisotope or a therapeutic
agent; each R6 is independently -H, alkyl, alkenyl,
alkynyl, arylalkyl, cycloalkylalkyl, heterocycloalkyl,
a fluorescent moiety, a radioisotope or a therapeutic
agent; R7 is -H, alkyl, alkenyl, alkynyl, arylalkyl,
cycloalkyl, heteroalkyl, cycloalkylalkyl,
heterocycloalkyl, cycloaryl, or heterocycloaryl,
optionally substituted with R5, or part of a cyclic
structure with a D residue; R8 is -H, alkyl, alkenyl,
alkynyl, arylalkyl, cycloalkyl, heteroalkyl,
cycloalkylalkyl, heterocycloalkyl, cycloaryl, or
heterocycloaryl, optionally substituted with R5, or
part of a cyclic structure with an E residue; each of
v and w is independently an integer from 1-1000; each
of x, y, and z is independently an integer from 0-10;
u is an integer from 1-10; and n is an integer from
1-5. [00117] In one example, at least one of Ri and R2
is alkyl, unsubstituted or substituted with halo-. In
another example, both R and R2 are independently
alkyl, unsubstituted or substituted with halo-. In
some embodiments, at least one of Ri and R2 is methyl.
In other embodiments, Ri and R2 are methyl. [00118] In
some embodiments of the invention, x+y+z is at least
3. In other embodiments of the invention, x+y+z is 1,
2, 3, 4, 5, 6, 7, 8, 9 or 10. Each occurrence of A, B,
C, D or E in a macrocycle or macrocycle precursor of
the invention is independently selected. For example,
a sequence represented by the formula [A]x, when x is
3, encompasses embodiments where the amino acids are
not identical, e.g. GIn- Asp- Ala as well as
embodiments where the amino acids are identical, e.g.
Gm-Gm-GIn. This applies for any value of x, y, or z in
the indicated ranges. [00119] In some embodiments, the
peptidomimetic macrocycle of the invention comprises a
secondary structure which is an a-helix and R is-H,
allowing intrahelical hydrogen bonding. In some
embodiments, at least one of A, B, C, D or E is an
a,a-disubstituted amino acid. In one example, B is an
a,a-disubstituted amino acid. For instance, at least
one of A, B, C, D or E is 2-aminoisobutyric acid. In
other embodiments, at least one of A, B, C, D or E is
X [00120] In other embodiments, the length of the
macrocycle-forming linker L as measured from a first
Ca to a second Ca is selected to stabilize a desired
secondary peptide structure, such as an a-helix formed
by residues of the peptidomimetic macrocycle
including, but not necessarily limited to, those
between the first Ca to a second Ca. [00121] In one
embodiment, the peptidomimetic macrocycle of Formula
(I) is:[00122] wherein each Ri and R2 is independently
independently -H, alkyl, alkenyl, alkynyl, arylalkyl,
cycloalkyl, cycloalkylalkyl, heteroalkyl, or
heterocycloalkyl, unsubstituted or substituted with
halo-. [00123] In related embodiments, the
peptidomimetic macrocycle of Formula (I) is: or 



[00124] In other embodiments, the peptidomimetic
macrocycle of Formula (I) is a compound of any of the
formulas shown below:wherein "AA" represents any
natural or non-natural amino acid side chain and " "
is [D]v, [E]w as defined above, and n is an integer
between Oand 20, 50, 100, 200, 300, 400 or 500. In
some embodiments, n is 0. In other embodiments, n is
less than 50. [00125] Exemplary embodiments of the
macrocycle-forming linker L are shown below.where X, Y
= -CH2- , O, S, or NH where X, Y = -CH2- , 0 , S, or
NH m, n, o, p = 0-10 m, n, o, p = 0-10 where X, Y =
-CH2- , 0 , S, or NH where X, Y = -CH2- , O, S, or NH
m, n , o, p = 0-10 m, n, o = 0-10 R = H, alkyl, other
substituent [00126] Exemplary embodiments of
peptidomimetic macrocycles of the invention are shown
below: 0 Asp u O lie H O Asn Q Ala O His O Ala O VaI u
O Asp u O NIe " 0 Arg 0 He H O Tie H O AiB O Tie H O
Arg H O Leu H O CH3 o H O CH3 O Asp H O Ser H O O Tf u
O Ala " O O Arg O lie u O Asn o P e 0 Ala o Tyr p Arg
0 O Tie " O Tie O GIn M O Leu H O - CH3 o H O CH3 O
Asn " o Tyr " o Ala " o Arg Other embodiments of
peptidomimetic macrocycles of the invention include
analogs of the macrocycles shown above. [00127] In
some embodiments, the peptidomimetic macrocycles of
the invention have the Formula (II):u Fopnula (II)
wherein: each A, C, D, and E is independently a
natural or non-natural amino acid; R B is a natural or
non-natural amino acid, amino acid analog, H" JO l ,
[-NH-L3-CO-], [-NH-L3-SO2-], or [-NH-L3-]; Ri and R2
are independently -H, alkyl, alkenyl, alkynyl,
arylalkyl, cycloalkyl, cycloalkylalkyl, heteroalkyl,
or heterocycloalkyl, unsubstituted or substituted with
halo-; R3 is hydrogen, alkyl, alkenyl, alkynyl,
arylalkyl, heteroalkyl, cycloalkyl, heterocycloalkyl,
cycloalkylalkyl, cycloaryl, or heterocycloaryl,
optionally substituted with R5; L is a
macrocycle-forming linker of the formula Li, L2 and L3
are independently alkylene, alkenylene, alkynylene,
heteroalkylene, cycloalkylene, heterocycloalkylene,
cycloarylene, heterocycloarylene, or [-R4-K-R4-],,,
each being optionally substituted with R5; each R4 is
alkylene, alkenylene, alkynylene, heteroalkylene,
cycloalkylene, heterocycloalkylene, arylene, or
heteroarylene; each K is O, S, SO, SO2, CO, CO2, or
CONR3; each R5 is independently halogen, alkyl, -OR6,
-N(R6);,, -SR6, -SOR6, -SO2R6, -CO2R6, a fluorescent
moiety, a radioisotope or a therapeutic agent; each R6
is independently -H, alkyl, alkenyl, alkynyl,
arylalkyl, cycloalkylalkyl, heterocycloalkyl, a
fluorescent moiety, a radioisotope or a therapeutic
agent; R7 is -H, alkyl, alkenyl, alkynyl, arylalkyl,
cycloalkyl, heteroalkyl, cycloalkylalkyl,
heterocycloalkyl, cycloaryl, or heterocycloaryl,
optionally substituted with R5, or part of a cyclic
structure with a D residue; R8 is -H, alkyl, alkenyl,
alkynyl, arylalkyl, cycloalkyl, heteroalkyl,
cycloalkylalkyl, heterocycloalkyl, cycloaryl, or
heterocycloaryl, optionally substituted with R5, or
part of a cyclic structure with an E residue; each of
v and w is independently an integer from 1-1000; each
of x, y, and z is independently an integer from 0-10;
u is an integer from 1-10; and n is an integer from
1-5. [00128] In one example, at least one of Ri and R2
is alkyl, unsubstituted or substituted with halo-. In
another example, both R1 and R2 are independently
alkyl, unsubstituted or substituted with halo-. In
some embodiments, at least one of Ri and R2 is methyl.
In other embodiments, Ri and R2 are methyl.[00129] In
some embodiments of the invention, x+y+z is at least
3. In other embodiments of the invention, x+y+z is 1,
2, 3, 4, 5, 6, 7, 8, 9 or 10. Each occurrence of A, B,
C, D or E in a macrocycle or macrocycle precursor of
the invention is independently selected. For example,
a sequence represented by the formula [A]x, when x is
3, encompasses embodiments where the amino acids are
not identical, e.g. Gin-Asp-Ala as well as embodiments
where the amino acids are identical, e.g. Gln-Gln-Gln.
This applies for any value of x, y, or z in the
indicated ranges. [00130] In some embodiments, the
peptidomimetic macrocycle of the invention comprises a
secondary structure which is an a-helix and R is -H,
allowing intrahelical hydrogen bonding. In some
embodiments, at least one of A, B, C, D or E is an
a,a-disubstituted amino acid. In one example, B is an
a,a-disubstituted amino acid. For instance, at least
one of A, B, C, D or E is 2-aminoisobutyric acid. In
other embodiments, at least one ofA, B, C, D or E is .
[00131] In other embodiments, the length of the
macrocycle-forming linker L as measured from a first
Ca to a second Ca is selected to stabilize a desired
secondary peptide structure, such as an a-helix formed
by residues of the peptidomimetic macrocycle
including, but not necessarily limited to, those
between the first Ca to a second Ca. [00132] Exemplary
embodiments of the macrocycle-forming linker L are
shown below.APPARATUS AND METHOD FOR BATCH NON-
CONTACT MATERIAL CHARACTERIZATION CROSS-REFERENCE TO
RELATED APPLICATIONS [0001] The present application
claims the benefit of United States Application Serial
No. 12/370,044, filed February 12, 2009 and United
States Provisional Patent Application No. 61/066,074,
filed February 15, 2008, the disclosures of 



which are hereby incorporated herein by reference.
BACKGROUND OF THE INVENTION [0002] Various non-
contact material characterization techniques are known
and are commonly used to measure semiconductor wafers.
Non-contact material characterization techniques
include: X-ray diffraction ("XRD"), eddy current
measurements, and photoluminescence spectroscopy,
among others. Photoluminescence spectroscopy, for
example, is a technique wherein light is directed from
a pump beam onto a sample, such as a semiconductor
wafer. Such light may first be absorbed by the
material and then dissipated, such as through emission
of light (also known as "luminescence"). By measuring
the intensity and spectral content of the luminescence
by means of collection optics, various important
material properties may be gleaned. Such properties
revealed by photoluminescence include: determination
of band gap, material quality (including the
concentration of impurities and defects) , composition
of the different semiconductor layers, among many
other properties. One useful way of analyzing the data
may include plotting photoluminescence intensity as a
function of wavelength. The full width at half maximum
("FWHM") may then be measured and plotted. [0003]
Currently, such material characterization techniques
are performed outside of the epitaxial growth
apparatus in which the semiconductor wafers are
formed. Commonly, the wafers are removed from the
epitaxial growth apparatus and placed into cassettes
of wafers. The cassettes are then cycled through, and
the non-contact material characterization techniques
are conducted on a wafer-by-wafer basis, with onewafer
being tested at a time. This process can take a
considerable amount of time. [0004] Further adding to
current processing times is th e fact that typical
processing apparatuses utilize a chamber referred to
as a "load lock" in addition to the principal process
chamber. A substrate, or a wafer carrier holding
numerous substrates, is inserted into the load lock
and brought to equilibrium with an inert atmosphere in
the load lock compatible with the epitaxial growth
process. Once the substrates are at equilibrium with
the inert atmosphere in the load lock, a door between
the load lock and the process chamber itself is
opened, and the substrates are advanced into the
process chamber. After processing, the substrates are
removed from the process chamber through the load
lock. Multiple handling into and out of the epitaxial
growth apparatus takes considerable time, which in
turn, slows the process. [0005] With regard to
photoluminescence techniques, for example, the wafers
are typically placed on a stage and the pump beam and
collection optics are either moved in a rasterscan or
an outwardly spiraling pattern. That is, in the case
of a raster- scan, the pump beam and collection optics
are moved linearly across the surface in a first
direction from one end of the wafer to the other.
After fully scanning a first line across the wafer,
the pump beam and collection optics are moved a small,
incremental distance perpendicular to the first
direction, and then they proceed to linearly scan
across the surface parallel to and adjacent to the
first line. This process is repeated until the entire
surface of the wafer has been scanned. This technique
is analogous to, for example, reading lines of text
across the surface of a page from left to right and
incrementally moving from the top line to the bottom.
In the case of an outwardly spiraling pattern,
however, the pump beam and collection optics begin
scanning at the center of the wafer, and then they
proceed to spiraloutwardly from the center until the
entire surface of the wafer has been scanned. [0006]
The above described prior art method of performing
non- contact material characterization techniques can
be very inefficient. Particularly in the case where
multiple processes are to be performed on a group of
semiconductor wafers, with material characterization
occurring between each 



process, it can take a substantial amount of time to
complete the overall process. Specifically, it can be
very time consuming to first remove all of the wafers
from the epitaxial growth apparatus after one process
is completed, then to perform the testing on each
wafer one at a time, and then to reseat the wafers on
a wafer carrier and introduce the wafers to the same
or a different apparatus for further processing. BRIEF
SUMMARY OF THE INVENTION [0007] One aspect of the
present invention provides an apparatus for performing
non-contact material characterization on substrates .
The apparatus in accordance with this aspect of the
invention desirably includes a wafer carrier and a
noncontact material characterization device. The wafer
carrier desirably has a top surface constructed and
arranged to hold at least one substrate thereon. The
non- contact material characterization device is
desirably constructed and arranged to perform a
non-contact material characterization technique on at
least a portion of at least one substrate held on the
wafer carrier. [0008] The apparatus may further
include an epitaxial growth apparatus having a load
lock. The non-contact material characterization device
is desirably constructed and arranged to perform the
non-contact material characterization technique while
the wafer carrier is disposed within the load lock of
the epitaxial growth apparatus. [0009] A computational
device may be connected to the noncontact material
characterization device and connected to an epitaxial
growth apparatus. The computational device is
preferably constructed and arranged to process data
from thenon-contact material characterization device.
Further, the computational device may be operative to
adjust conditions in the epitaxial growth apparatus
based on the data processed by the computational
device. [0010] The non-contact material
characterization device may comprise a device for
performing photoluminescence spectroscopy. [0011]
Still other aspects of the present invention provide
methods for performing non- contact material
characterization on substrates . BRIEF DESCRIPTION OF
THE DRAWINGS [0012] FIG. 1 is a schematic diagram of
an apparatus in accordance with one embodiment of the
invention. [0013] FIG. 2 is a schematic diagram of an
epitaxial growth apparatus and load lock in
conjunction with an apparatus in accordance with one
embodiment of the invention. DETAILED DESCRIPTION
[0014] In describing the preferred embodiments of the
invention illustrated in the appended drawings, in
which like reference numerals represent like elements,
specific terminology will be used for the sake of
clarity. However, the invention is not intended to be
limited to the specific terms so selected, and it is
to be understood that each specific term includes all
technical equivalents that operate in a similar manner
to accomplish a similar purpose. [0015] An apparatus
in accordance with one embodiment of the invention is
illustrated in FIG. 1 . A wafer carrier 10 is shown
holding a plurality of substrates, such as wafers 12.
The wafers 12 are preferably held by structures such
as pockets (not shown) . The wafer carrier 10 is
preferably generally circular in shape, although this
is not required, and the carrier 10 is preferably
composed of a material such as graphite . [0016] The
wafer carrier 10 is shown mounted on a spindle 14,
which may rotate about axis 15 under the influence of
a rotation control device, such as motor 16. The motor
16is preferably connected to a control device 18,
which will be discussed in detail below. The motor 16
is preferably adapted to precisely control the angular
position and rotational velocity of the wafer carrier
10. Useful motors 16 for this application may include
stepper motors and servos, for example . 



[0017] The connection (not shown) between the spindle
14 and the wafer carrier 10 is designed so that the
wafer carrier 10 may releasably mate with the spindle
14. The connection is preferably configured so that
the wafer carrier 10 may be secured to the spindle 14
in such a way that the wafer carrier 10 and spindle 14
may rotate in a fixed angular relationship. The
connection is also preferably configured to allow the
wafer carrier 10 to be easily detached from the
spindle 14, so that the wafer carrier 10 can be moved
. [0018] As schematically shown in FIG. 2 , the wafer
carrier 10 is shown in the load lock 102 of an
epitaxial growth chamber 100. The load lock 102 is
equipped with a chamber door 104 and an exterior door
106. When the chamber door 104 is opened, the interior
space within load lock 102 communicates with the
interior space of the epitaxial growth chamber 100.
When door 104 is closed, the load lock 102 is isolated
from the epitaxial growth chamber 100. When door 106
is open, the load lock 102 is open to the exterior of
the apparatus, and most typically, is open to room
air. The interior space within load lock 102 is
connected to a source of a substantially inert gas, so
that the interior space within the load lock 102 may
be maintained under an atmosphere of the substantially
inert gas. As used in this disclosure, the term
"substantially inert gas" refers to a gas which does
not cause substantial, detrimental reactions with the
substrates or layers disposed on the substrates under
the conditions prevailing in the load lock. Merely by
way of example, for typical substrates carrying layers
of III-V semiconductors, gases such as nitrogen,
hydrogen, group VIIInoble gases, and the like, and
mixtures of these gases can be employed . [0019] A
conveyor (not shown) may be provided within the load
lock 102, the conveyor being configured to move the
wafer carrier 10 into or out of the epitaxial growth
chamber 100 while the chamber door 104 is open. The
conveyor may include any type of mechanical element
capable of manipulating the wafer carrier 10, such as,
for example, robotic arms, linear slides,
pick-and-place mechanisms, mobile chains or belts, or
combinations of these elements. [0020] During a
preferred use of the apparatus of the present
invention, the following steps are carried out in
order to perform a non-contact material
characterization technique on the wafers 12 . After
one cycle of epitaxial growth processing is completed
on the wafers 12, the door 104 is opened and the wafer
carrier 10 is detached from spindle 116. The carrier
10 is then moved from the epitaxial growth chamber 100
into the load lock 102 by the conveyor. The carrier 10
is then mated to the spindle 16. While the wafer
carrier 10 is thus disposed within the load lock 102,
at least one non-contact material characterization
technique is performed, as described in detail below.
[0021] It is to be noted that by performing
non-contact material characterization measurements
while the wafer carrier 10 is in the load lock 102,
overall processing time for the substrates will
preferably be reduced. Specifically, the amount of
time required to move the carrier 10 into and out of
the load lock 102 through door 106 in order to perform
tests on the substrates is eliminated. Also eliminated
is the additional time required allow the atmosphere
in the load lock 102 to reach equilibrium, since the
wafer carrier 10 is not required to be removed from
the load lock 102 during testing and the exterior door
106 is not required to be opened. [0022] A further
benefit of performing the material characterization
technique in the load lock 102 is the fact that
information gathered from the testing can be used
tocontrol one or more of the processes. For example,
the information gathered can be processed by a
programme d computational device integrated with the
epitaxial growth apparatus . The computational device
may be connected to or incorporated with the control
device 18. The computational 



device is preferably integrated with the epitaxial
growth apparatus in such a way that, based on the
information gathered by the computational device, the
conditions in the growth chamber 100 may be adjusted
to optimize the conditions for a subsequent set of
substrates. Alternatively or additionally, the
computational device may use the information obtained.
by the non-contact measurement to adjust the process
to be applied to the substrates on this particular
carrier 10 in a subsequent step, as for example,
during further treatment in process chamber 100 or in
a different process chamber. [0023] In a typical
epitaxial growth apparatus, the wafers 12 are first
removed from the epitaxial growth apparatus, and then
they are tested in a remote lab, after which the data
from the testing may be used to optimize the
conditions in the growth chamber. The time it takes to
perform those steps creates significant "loop delay, "
as several processes may have been performed in the
growth chamber under the previous process conditions
before the conditions are modified based on the
material characterization tests. In contrast, by
performing the material characterization techniques in
the load lock 102 and, thus, quickly providing
information to control subsequent processes, the
apparatus of the present invention reduces any such
"loop delay." [0024] The mechanisms for conducting
non-contact material characterization in accordance
with a preferred embodiment of the invention will now
be discussed. Referring again to FIG. 1 , shown
mounted above the wafer carrier 10 is a non-contact
material characterization device, such as, for
example, a photoluminescence device 20. The
photoluminescence device 20 may include a pump beam
emitter 22 and collection optics 24. The pump beam
emitter 22 may be configured toproject a precisely
defined beam of light at the top surface 40 of the
wafer carrier 10, so that the light may either reflect
back to the collection optics 24 or so that the
luminescence of the material at the top surface 40 of
the carrier 10 may be measured by the collection
optics 24. [0025] The photoluminescence device 20 is
preferably configured to precisely control the
frequency of the emitted beam of light. Precise
control over the various parameters of the
photoluminescence system, such as frequency of the
emitted light, will preferably make the entire system
more accurate. Furthermore, frequency of the light
emitted from the pump beam emitter 22 may be varied in
order to target different layers of the semiconductor
for analysis. That is, because different layers in a
semiconductor having different band gaps will absorb
different frequencies of light, the different layers
of the semiconductor may be targeted for analysis by
selecting the appropriate frequency of light to be
absorbed by that layer. [0026] The photoluminescence
device 20 as described above is per se a conventional
device. [0027] The device 20, in accordance with a
preferred embodiment of the present invention, is
preferably mounted to a translation mechanism 30 which
operates to translate the photoluminescence device 20
along a guiding apparatus, such as a guiding rail 32.
The translation mechanism 30 may comprise any known
mechanism for translating a device in at least one
dimension. Appropriate translation mechanisms 30 may
include, for example, linear actuators, belt drives,
screw drives, etc. [0028] The translation mechanism 30
and guiding rail 32 are preferably arranged so that
the photoluminescence device 20 may scan at least a
portion of the wafer carrier 10 . In the embodiment
illustrated in FIG. 1 , the translation mechanism 30
and guiding rail 32 are arranged so that the
photoluminescence device 20 may translate back and
forth in one dimension across the top surface 40 of
the wafer carrier 10. Specifically, in the illustrated
embodiment, the photoluminescence device 20preferably
scans the top surface 40 radially with respect to axis
15, moving between the center 42 and the outer edge 4
4 of the wafer carrier 10. In this way, the device 20
may scan the entire top surface 40 of the wafer
carrier 10. That is, the 



photoluminescence device 20 may scan a line across the
top surface 40 from, for example, the center 42 of the
wafer carrier 10 in a radial direction to the edge 44
. Once the device 20 reaches the edge 44, the motor 16
preferably rotates the wafer carrier 10 about axis 15
by a small degree increment. The device 20 then scans
again, for example, from the edge 44 to the center 42.
This process is repeated, with the position of the
wafer carrier 10 being incrementally rotated with each
pass of the photoluminescence device 20 until a
complete revolution of the wafer carrier 10 has been
made . [0029] During the above -described movement of
the photoluminescence device, while the pump beam
emitter 22 projects light at the top surface 40 of the
wafer carrier 10, the collection optics 24 measure the
luminescence of the target portion of the material.
The information received by the collection optics 24
may include data such as intensity and wavelength of
the collected light. This data is collected as a
series of samples representing the measured values of
each variable corresponding to each discrete sampled
location on the top surface 40 of the wafer carrier
10. By taking samples at many discrete locations
(which are very close to each other) , the entire top
surface 40 of the wafer carrier 10, including the top
surfaces of the wafers 12, may be accurately mapped.
[0030] The data collected from the photoluminescence
device 20 is preferably stored in a memory device 46,
which may be a component of the control device 18 .
The data is preferably associated with the geometrical
position of each sampled point P . The position of
each point P may be described in many ways, such as
Cartesian coordinates. In one embodiment, however, the
location of each sample point P maybe described by
that point's radial coordinates about axis 1 5 . In
order to define radial coordinates, the wafer carrier
1 0 preferably has a reference axis 50 extending from
the center 42 of the wafer carrier 10. Thus, each
point P may be defined by its radial distance R from
the center 42 of the wafer carrier 10 and by its angle
q from the reference axis 50. [0031] After completing
a scan of the wafer carrier 10, the memory device 46
will preferably have all of the photoluminescence data
regarding the top surface 40. The memory device 46
also preferably contains information regarding the
geometry of the wafer carrier 10, including the
relationships of the pockets (which hold the wafers
12) to reference axis 50 and the radial distances of
such pockets from center 42. From this data,
information regarding each semiconductor wafer 12 may
be calculated. That is, by coordinating the input data
with its corresponding radial coordinates, and by
comparing the coordinates to stored information
regarding the geometry of the wafer carrier 10, the
control device 18 may correctly link the data from
each photoluminescence measurement with the
appropriate wafer 12 and with a particular location on
the wafer 12 . [0032] In this embodiment of the
apparatus of the present invention, a control device
18 is designed to fully operate all components of the
apparatus. That is, the control device 18 may be
adapted to control the movement of the motor 16 . The
control device 18 is also preferably configured to
control the movement of the photoluminescence device
20, by providing appropriate signals to the
translation mechanism 30. Further, the control device
18 preferably controls the photoluminescence device 20
itself, including the pump beam emitter 22, and the
intensity and frequency of the light emitted
therefrom. The control device 18 also preferably
receives and processes the input from the collection
optics 24, as described above. The control device 18
may include a programmed general purpose computer or a
portion of such a computer, or may include plural
computational elementsphysically separate from one
another but connected to one another . [0033] The
apparatus as described above will preferably 



speed up the overall processing time for substrates,
such as semiconductor wafers 12. In addition to
eliminating the time required to remove the wafers 12
from the load lock 102 for testing, as described
above, the apparatus of the present invention may
further increase efficiency by processing multiple
wafers 12 in batches. That is, the apparatus is
preferably constructed to scan the entire top surface
40 of a wafer carrier 10 holding many wafers 12,
rather than scanning each wafer 12 one at a time.
[0034] Many alternatives to the preferred embodiment
are encompassed by the present invention, not all of
which are described herein. For example, though the
above-described reference axis 50 is preferably one
defined by the motor 16, in an alternative embodiment
there may be a rotary encoder (not shown) connected to
the spindle 14 , which provides data to the control
device 18 regarding the angle q . Alternatively, a
physical axis or mark 52 on the top surface 40 of the
wafer carrier 10 may define the axis 50. Such mark 52
is preferably observable by the photoluminescence
device 20, such as by constructing it of a material
having known photoluminescent properties. In that way,
the control device 18 may be able to deduce the radial
orientation of the wafer carrier 10 after completing
the full scan of the surface 40 and aligning the data
with the observed reference axis 50. In a further
alternative, no physical mark 52 need be present, and
the geometry of the top surface 40 of the wafer
carrier 10 may be rotationally asymmetric, such as,
for example, by having at least one gap between the
wafer pockets be larger than the others. In this
embodiment, the data from the complete scan of the top
surface 40 may be compared to known information about
the geometry of the wafer carrier 10, and the control
device 18 may accordingly deduce the rotational
coordinates of each sample point P and assign the
correct datato the appropriate wafers 12. By
constructing the wafer carrier 10 of material having
no photoluminescent properties, the control device 18
will be able to distinguish between the wafers 12 and
the carrier 10, and the device 28 will be able to
assign the correct data to the appropriate wafers 12
accordingly. [0035] Further, the present invention is
not limited to the above -described manner of scanning
the surface 40 of the wafer carrier 10. Alternative
methods may be employed consistent with the present
invention. For example, the photoluminescence device
20 may scan the surface 40 by scanning in concentric
circles. For instance, the beam from the
photoluminescence device 20 may start at the center 42
of the wafer carrier 10 and step out one increment in
a radial direction. The device 20 may then scan while
the motor 16 fully rotates the wafer carrier 10 once
about axis 15. The device 20 may then step out again
and the carrier 10 may be rotated once again. This
process may be continued until the entire top surface
has been scanned. In a similar alternative, the device
20 may perform an outwardly spiraling scan by
gradually moving radially outwardly from the center 42
while the wafer carrier 10 continuously rotates.
[0036] In a further alternative embodiment, the
translation mechanism 30 and guiding rail 32 may be
arranged so that the photoluminescence device 20 may
translate in two dimensions across the top surface 40
of the wafer carrier 10. For instance, the guiding
rail 32 may be mounted on another device, such as a
second guiding rail (not shown), which is configured
to translate along an axis perpendicular to the
guiding rail 32. In accordance with such an embodiment
of the invention, the wafer carrier 10 may be scanned
by, for example, moving the photoluminescence device
20 in a raster- scan, an outwardly spiraling pattern,
or a concentric circle pattern, as described above,
over the entire top surface 40 of the carrier
10.[0037] In a further alternative embodiment, the
translation mechanism 30 may be replaced by a pivoting
mechanism, which may move the beam of light around by
pivoting in one or two 



dimensions . [0038] It is to be further noted that the
present invention is not limited to locating the
non-contact material characterization device, such as
the photoluminescence device 20, in a position
directly above the wafer carrier 10. Alternative
arrangements of the device 20 may be used. For
example, a mirror or other optical device may be
attached to the translating mechanism 30 instead of
the photoluminescence device 20. In such an
embodiment, the photoluminescence device 20 may be
disposed in a location remote from the optical device,
where it may be configured to project the beam of
light towards and receive the reflected light back
from the optical device. The optical device may then
redirect such beams of light towards the top surface
40 of the wafer carrier 10 . Then, by translating the
optical device in the manner described above with
respect to the photoluminescence device 20, the top
surface 40 of the wafer carrier 10 may be similarly
scanned without requiring the photoluminescence device
20 itself to be translated. Such optical device may
similarly pivot instead of translating, as described
above. [0039] In a further alternative, an apparatus
in accordance with the present invention need not be
incorporated with load lock 102. Instead, the
apparatus may be located in and incorporated with a
transfer chamber, such as that shown and described in
U.S. Provisional Application No. 61/066,031 filed
February 15, 2008, and entitled "Cluster Tool and
Process for III-V Materials" [hereinafter "the Cluster
Tool application"], the entire disclosure of which is
fully incorporated by reference herein. The transfer
chamber of the Cluster Tool application is a chamber
in communication with a plurality of adjacent process
chambers. As described in such application, such a
configuration may be beneficially used where multiple
different processes, each having different process
chambers,are to be performed on a substrate. In order
to speed up the overall process time on such
substrate, the transfer chamb er may be adapted to
provide an inert atmosphere through which the
substrate may be transferred from one process chamber
to another. In accordance with the present invention,
it may further speed up the overall process time on
the substrate to incorporate the apparatus of the
present invention into such transfer chamber, where it
may be configured to perform non-contact material
characterization on the wafer carrier 10 while it is
located in the transfer chamber. [0040] It is to be
further noted that, though the above described
embodiments of the present invention have been
described in combination with a specific non-contact
material characterization technique, namely
photoluminescence spectroscopy, the present invention
is not limited to the use of such technique. Any other
non-contact material characterization technique may be
used in conjunction with the apparatus of the present
invention. For example, non- contact surface curvature
measurements may be made by directing a beam of light
onto a surface of a wafer 12 and detecting the
position of the reflected beam. Such a surface
curvature measurement technique is shown and described
in, for example, pending U.S. Application No.
11/127,834 ("the '834 application"), filed May 12,
2005, Pub. No. 2005/0286058, and entitled "Method and
Apparatus for Measuring the Curvature of Reflective
Surfaces," the entire disclosure of which is fully
incorporated by reference herein. [0041] The apparatus
of the present invention is also not limited to
performing non- contact material characterization
techniques after a cycle of epitaxial growth
processing is completed. The apparatus may also
perform a pre-run check of the wafers 12 while the
wafer carrier 10 is in the load lock 102, or the
transfer chamber, and before the wafer carrier 10 is
moved into an epitaxial growth chamber 100 for
processing. For example, a non-contact material
characterization device in accordance with the
presentinvention may include a def lectometer, which
may operate similarly to the non-contact surface
curvature measurement 



apparatus described in the '834 application.
Specifically, such deflectometer may direct a beam of
light onto a surface of a wafer 12 and detect the
position of the reflected beam. If the position of the
reflected beam deviates from its expected position, it
may indicate that the wafer 12 is not sitting properly
on the carrier 10. This may occur, for example, when a
particle is underneath the wafer 12 when it is loaded
on the wafer carrier 10, and the wafer 12 is not
sitting parallel to the carrier 10 as a result. It
would be beneficial to obtain this information before
processing is conducted on the wafers 12, because
non-parallel seating will likely cause non-uniform
thermal transfer to the wafers 12 during processing.
[0042] Furthermore, it is contemplated that material
characterization techniques involving physical contact
with the wafers 12 may also be performed consistent
with the present invention. For example, the above
-described photoluminescence device 20 may be replaced
with a device having a probe that is configured to
extend to the surface 40 of the wafer carrier 10,
where it tests the material in contact therewith. Such
device may be mounted to a translation mechanism 30,
as described above, which may similarly move the probe
so that it may scan the entire surface 40 of the wafer
carrier 10. [0043] Although the invention herein has
been described with reference to particular
embodiments, it is to be understood that these
embodiments are merely illustrative of the principles
and applications of the present invention. It is
therefore to be understood that numerous modifications
may be made to the illustrative embodiments and that
other arrangements may be devised without departing
from the spirit and scope of the present invention as
defined by the appended claims .CLAIMS 1 . An
apparatus for performing non-contact material
characterization on substrates, comprising: (a) a
wafer carrier, said wafer carrier having a top surface
being constructed and arranged to hold at least one
substrate thereon; and (b) a non- contact material
characterization device, said non-contact material
characterization device being constructed and arranged
to perform a non- contact material characterization
technique on at least a portion of at least one
substrate held on said wafer carrier. 2 . Apparatus as
claimed in claim 1 further comprising an epitaxial
growth apparatus having a load lock, wherein said
non-contact material characterization device is
constructed and arranged to perform the non- contact
material characterization technique while said wafer
carrier is disposed within the load lock of said
epitaxial growth apparatus . 3 . Apparatus as claimed
in claim 1 further comprising a transfer chamber in
communication with at least one epitaxial process
chamber, wherein said non- contact material
characterization device is constructed and arranged to
perform the non- contact material characterization
technique while said wafer carrier is disposed within
the transfer chamber. 4 . Apparatus as claimed in
claim 1 further comprising a computational device
connected to said non-contact material
characterization device and connected to an epitaxial
growth apparatus, the computational device being
constructed and arranged to process data from said
non- contact material characterization device. 5 .
Apparatus as claimed in claim 4 wherein the
computational device is operative to adjust conditions
in said epitaxial growth apparatus based on the data
processed by the computational device in order to
optimize the conditions for a subsequent set of
substrates .6 . Apparatus as claimed in claim 1
wherein said non- contact material characterization
device comprises a device for performing
photoluminescence spectroscopy. 



7 . Apparatus as claimed in claim 6 wherein said wafer
carrier is constructed of a material having
substantially no photoluminescent properties . 8 .
Apparatus as claimed in claim 1 wherein said
non-contact material characterization device is
constructed and arranged to direct at least one beam
of radiant energy towards said wafer carrier. 9 .
Apparatus as claimed in claim 8 further comprising a
means for moving the beam of radiant energy across a
surface of said wafer carrier. 10. Apparatus as
claimed in claim 9 , wherein the means for moving the
beam comprises a pivoting mechanism. 11. Apparatus as
claimed in claim 8 further comprising a translation
mechanism for moving the beam of radiant energy across
a surface of said wafer carrier. 12 . Apparatus as
claimed in claim 11 wherein the translation mechanism
is constructed and arranged to move the beam in one
dimension. 13 . Apparatus as claimed in claim 11
wherein said wafer carrier has a center and an outer
edge, the translation mechanism being constructed and
arranged to move the beam between the center and the
outer edge. 14 . Apparatus as claimed in claim 11
wherein the translation mechanism is constructed and
arranged to move the beam in two dimensions . 15.
Apparatus as claimed in claim 11 wherein the
non-contact material characterization device is
constructed and arranged to perform a raster- scan
across the surface of said wafer carrier. 16.
Apparatus as claimed in claim 11 wherein the non-
contact material characterization device is
constructed and arranged to perform an outwardly
spiraling scan across the surface of said wafer
carrier.17. Apparatus as claimed in claim 11 wherein
the non- contact material characterization device is
constructed and arranged to perform a concentric
circle scan across the surface of said wafer carrier.
18 . Apparatus as claimed in claim 1 further
comprising a rotation control device connected to said
wafer carrier, the rotation control device being
constructed and arranged to rotate said wafer carrier.
19. Apparatus as claimed in claim 1 wherein said
non-contact material characterization device is
disposed above said wafer carrier. 20. A method for
performing non- contact material characterization on
substrates, comprising the steps of: (a) providing a
wafer carrier, said wafer carrier having a top surface
being constructed and arranged to hold at least one
substrate thereon; and (b) performing a non- contact
material characterization technique on at least a
portion of at least one substrate held on the wafer
carrier. 21. A method as claimed in claim 20 wherein
said step of performing a non- contact material
characterization technique includes performing
photoluminescence spectroscopy. 22. A method as
claimed in claim 20 wherein said step o f performing a
non-contact material characterization technique
includes directing at least one beam of radiant energy
towards the wafer carrier. 23 . A method as claimed in
claim 22 wherein said direction step includes moving
the beam of radiant energy across a surface of the
wafer carrier. 24 . A method as claimed in claim 23
wherein the step of moving the beam of radiant energy
comprises moving a translating mechanism in one
dimension. 25. A method as claimed in claim 23 wherein
the wafer carrier has a center and an outer edge, the
step of moving the beam of radiant energy comprising
moving the beam between the center and the outer
edge.26. A method as claimed in claim 23 wherein the
step of moving the beam of radiant energy comprises
moving a 



translating mechanism in two dimensions. 27. A method
as claimed in claim 22 further comprising the step of
rotating the wafer carrier about a central axis of the
carrier. 28. A method as claimed in claim 22 further
comprising the step of monitoring one or more of the
properties of a material contacted by the at least one
beam of radiant energy. 29. A method as claimed in
claim 28 further comprising storing the monitored
properties in a memory device. 30. A method as claimed
in claim 28 further comprising identifying a
geometrical coordinate of a location on the wafer
carrier contacted by the at least one beam of radiant
energy, and further comprising associating the
monitored properties with the geometrical coordinate
corresponding thereto . 31. A method as claimed in
claim 20 further comprising the step of performing an
epitaxial process on the at least one substrate on the
wafer carrier. 32. A method as claimed in claim 31
further comprising moving the wafer carrier into a
load lock of an epitaxial growth apparatus, wherein
said step of performing a non- contact material
characterization technique is performed while the
wafer carrier is disposed within the load lock. 33. A
method as claimed in claim 32 wherein said step of
performing a non-contact material characterization
technique further includes monitoring one or more of
the properties of the at least one substrate. 34. A
method as claimed in claim 33 further comprising the
step of adjusting conditions in the epitaxial growth
apparatus based on the monitored properties in order
to optimize the conditions for a subsequent set of
substrates . 35. A method as claimed in claim 31
further comprising moving the wafer carrier into a
transfer chamber connecting multiple epitaxial process
chambers, wherein said step ofperforming a non-contact
material characterization technique is performed while
the wafer carrier is disposed within the transfer
chamber . 36. A method as claimed in claim 35 wherein
said step of performing a non- contact material
characterization technique further includes monitoring
one or more of the properties of the at least one
substrate . 37. A method as claimed in claim 36
further comprising the step of adjusting conditions in
at least one of the epitaxial process chambers based
on the monitored properties in order to adjust a
process to be applied to the at least one substrate
held on the wafer carrier. 38. A method as claimed in
claim 36 further comprising the step of selecting one
of the epitaxial process chambers for additional
processing based on the monitored properties in order
to optimize a process to be applied to the at least
one substrate held on the wafer carrier. 


