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THERAPEUTIC PEPTIDOMIMETIC 
MACROCYCLES 

CROSS-REFERENCE 

0001. This application is a continuation application of 
U.S. application Ser. No. 13/352.223, filed Jan. 17, 2012, 
which is a continuation of U.S. application Ser. No. 12/378, 
047, filed Feb. 9, 2009, which claims the benefit of U.S. 
Provisional Application No. 61/027.326 filed Feb. 8, 2008 
and U.S. Provisional Application No. 61/120,380 filed Dec. 
5, 2008, each of which applications is incorporated herein in 
its entirety by reference. 

SEQUENCE LISTING 
0002 The instant application contains a Sequence Listing 
which has been submitted in ASCII format via EFS-Web and 
is hereby incorporated by reference in its entirety. Said ASCII 
copy, created on Feb. 16, 2012, is named 35224301.txt and is 
65,421 bytes in size. 

BACKGROUND OF THE INVENTION 

0003. Uncontrolled cell proliferation is implicated in a 
wide number of disorders ranging from cancer to immuno 
proliferative 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, Mar. 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. 
0004. 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 dis 
orders and other diseases. 

SUMMARY OF THE INVENTION 

0005. The present invention addresses this and other 
needs. The invention provides compositions and methods of 
treatment based on the Surprising finding that certain pepti 
domimetic macrocycles exhibit unexpected specificity, effi 
cacy and potency when used for treatment of cell proliferative 
disorders. 
0006. 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 C-helix. In another embodiment, the peptidomimetic mac 
rocycle comprises a BH3 domain. The peptidomimetic mac 
rocycle 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 (SEQID NO: 1) wherein * 
is a tethered amino acid. Alternatively, the amino acid 
sequence of the BIM polypeptide is more than about 80% 
identical tO al amino acid Sequence 

IWIAQELR*IGD*FNAYYARR (SEQID NO: 1) wherein * 

Feb. 5, 2015 

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 (SEQID NO: 1) wherein * 
is a tethered amino acid. In some embodiments, the cancer is 
at least 2-fold less sensitive to treatment using a correspond 
ing 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 cross 
linked BID polypeptide as measured in an in vitro cell viabil 
ity assay. 
0007. In selected embodiments, the cancer is breast can 
cer, for example an invasive breast carcinoma Such as an 
invasive ductal carcinoma. Alternatively, the cancer is pros 
tate cancer. In other embodiments, the cancer is ovarian can 
cer. In still other embodiments, the cancer is pancreatic can 
cer. In further embodiments, the cancer is renal cancer. 
Alternatively, the cancer is Ph.--acute lymphocytic leukemia 
(Ph--ALL). 
0008. The invention also provides a method of treating 
cancer in a human patient in need thereof comprising admin 
istering to the patient a peptidomimetic macrocycle, wherein 
the cancer is colon cancer. In one embodiment, the peptido 
mimetic macrocycle comprises an O-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 
(SEQ ID NO: 2) and wherein * is a tethered amino acid and 
Nle is norleucine. Alternatively, an amino acid sequence of 
the BID polypeptide is more than about 80% identical to a 
sequence DIIRNIARHLA*VGD*NleDRSI (SEQID NO: 2) 
wherein * is a tethered amino acid and Nle is norleucine. 
Furthermore, an amino acid sequence of said BID polypep 
tide may be more than about 95% identical to a sequence 
DIIRNIARHLA*VGD*NleDRSI (SEQID NO:2) wherein* 
is a tethered amino acid and Nle is norleucine. In some 
embodiments, the cancer is at least 2-fold less sensitive to 
treatment using a corresponding cross-linked BIM polypep 
tide 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 polypep 
tide 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 polypep 
tide as measured in an in vitro cell viability assay. 
0009. 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 pepti 
domimetic macrocycle shows an ECso lower than about 5uM 
when tested in an invitro cell viability assay against a cell line 
derived from said cancer. In some embodiments, the ECso 
may be lower than about 4 LM. In other embodiments, the 
ECs may be lower than about 3 uM. In yet other embodi 
ments, the ECs may be lower than about 2 uM. In yet other 
embodiments, the ECs may be lower than about 1 uM. 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, 
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prostate cancer, renal cancer, breast cancer, pancreatic cancer, 
Small-cell lung cancer, colon cancer, multiple myeloma, Bur 
kitt's lymphoma, acute lymphocytic leukemia (ALL) of T 
cell lineage or B cell lineage or mixed lineage, chronic lym 
phocytic leukemia (CLL), cutaneous T cell lymphoma 
(CTCL), acute myelocytic leukemia (AML), chronic myelo 
cytic leukemia, and follicular lymphoma. 
0010. 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 macro 
cycle comprises an O.-helix. In another embodiment, the pep 
tidomimetic macrocycle comprises a BH3 domain. The pep 
tidomimetic 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 (SEQ 
ID NO: 1) 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 (SEQID NO: 1) 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 (SEQID NO: 1) wherein * 
is a tethered amino acid. 

0011. 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, mul 
tiple myeloma, Burkitt's lymphoma, acute lymphocytic leu 
kemia (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 C-helix. In another embodiment, the peptidomimetic mac 
rocycle comprises a BH3 domain. The peptidomimetic mac 
rocycle 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 (SEQ ID NO: 2) and 
wherein * is a tethered amino acid and Nle is norleucine. 
Alternatively, an amino acid sequence of the BID polypeptide 
is more than about 80% identical to a sequence 
DIIRNIARHLA*VGD*NleDRSI (SEQID NO:2) wherein * 
is a tethered amino acid and Nle is norleucine. Furthermore, 
anamino acid sequence of said BID polypeptide may be more 
than about 95% identical to a sequence 
DIIRNIARHLA*VGD*NleDRSI (SEQID NO:2) wherein * 
is a tethered amino acid and Nle is norleucine. 

0012. The present invention additionally provides a 
method of treating a disorder in a human patient in need 
thereof comprising administering to the patient a peptidomi 
metic 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 macro 
cycle to a patient if said immunogenic response does not 
cause a Substantial side-effect. The non-immunogenicity may 
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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 mini 
mal side-effects related to its immunogenicity in the patient. 
The disorder may be, for example, cancer, a metabolic dis 
ease, cardiovascular disease, inflammatory disease or a 
degenerative disease. In one embodiment, the peptidomi 
metic macrocycle comprises an O-helix. In another embodi 
ment, 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 
(SEQ ID NO: 2) and wherein * is a tethered amino acid and 
Nle is norleucine. Alternatively, an amino acid sequence of 
the BID polypeptide is more than about 80% identical to a 
sequence DIIRNIARHLA*VGD*NleDRSI (SEQID NO: 2) 
wherein * is a tethered amino acid and Nle is norleucine. 
Furthermore, an amino acid sequence of said BID polypep 
tide may be more than about 95% identical to a sequence 
DIIRNIARHLA*VGD*NleDRSI (SEQID NO:2) wherein* 
is a tethered amino acid and Nle is norleucine. The peptido 
mimetic 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 (SEQ 
ID NO: 1) 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 (SEQID NO: 1) 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 (SEQID NO: 1) wherein * 
is a tethered amino acid. 

0013. 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 erythema 
tosus. 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 (SEQID NO: 2) 
and wherein * is a tethered amino acid and Nle is norleucine. 
Alternatively, anamino acid sequence of the BID polypeptide 
is more than about 80% identical to a sequence 
DIIRNIARHLA*VGD*NleDRSI (SEQID NO:2) wherein* 
is a tethered amino acid and Nle is norleucine. Furthermore, 
anamino acid sequence of said BID polypeptide may be more 
than about 95% identical to a sequence 
DIIRNIARHLA*VGD*NleDRSI (SEQID NO:2) wherein* 
is a tethered amino acid and Nle is norleucine. The peptido 
mimetic 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 (SEQ 
ID NO: 1) wherein * is a tethered amino acid. Alternatively, 
the amino acid sequence of the BIM polypeptide is more than 
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about 80% identical to an amino acid sequence 
IWIAQELR*IGD*FNAYYARR (SEQID NO: 1) 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 (SEQID NO: 1) wherein * 
is a tethered amino acid. 

0014 For any of the peptidomimetic macrocyles disclosed 
above, an O-carbon atom in said peptidomimetic macrocycle 
may be additionally substituted with independent substitu 
ents of formula R—, wherein R- is alkyl, alkenyl, alkynyl, 
arylalkyl, cycloalkylalkyl, heteroalkyl, or heterocycloalkyl, 
unsubstituted or substituted with halo-. In some embodi 
ments, an O-carbon atom to which the crosslinker is attached 
is additionally substituted with a substituent of formula R—. 
In other embodiments, an O-carbon atom to which the 
crosslinker is not attached is additionally substituted with a 
substituent of formula R—. Alternatively, two C-carbon 
atoms in a peptidomimetic macrocycle are additionally Sub 
stituted with independent substituents of formula R—. In 
Some embodiments, two C-carbon atoms to which the 
crosslinker is attached are additionally substituted with inde 
pendent substituents of formula R—. In other embodiments, 
two C-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 
C-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 consecu 
tive bonds. In yet other embodiments, the crosslinker com 
prises at least about 5, 6, 7, 8, or 9 carbon atoms. 
0015. 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 pepti 
domimetic macrocycle interacts with Mcl-1. In some 
embodiments, the peptidomimetic macrocycle antagonizes 
the interaction between Mc1-1 and pro-apoptotic proteins 
such as Bid, Bim, Bax or Bak. In other embodiments, the 
peptidomimetic macrocycles of the invention are used to treat 
cancer in a human patient wherein the cancer is resistant to 
ABT-737 or an analog thereof, or is resistant to a compound 
that possesses an affinity greater than 1, 2, 5 or 10 uM for 
Mc1-1. 

0016. 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 peptido 
mimetic macrocycle comprises a BH3 domain. 
0017. In any of the methods of treatment indicated herein, 
the peptidomimetic macrocycle is administered in conjunc 
tion 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. 
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INCORPORATION BY REFERENCE 

0018 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 

0019. 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 prin 
ciples of the invention are utilized, and the accompanying 
drawings of which: 
(0020 FIG. 1 shows the sensitivity of 24 different tumor 
cell lines to treatment with 20 uMSP-1. 
0021 FIG. 2 shows the sensitivity of 7 human leukemia/ 
lymphoma cell lines to treatment with 5uM of either SP-1 or 
SP-4. 
0022 FIG. 3 shows the sensitivity of twelve human solid 
tumor lines to treatment with 20 uM of either SP-1 or SP-4. 
(0023 FIG. 4 shows ECs curves for SP-1 or SP-4 tested 
against a variety of cell lines. 
(0024 FIGS. 5-15 describe ECs curves for SP-1, SP-2, 
SP-3, SP-4, SP-5 and SP-6 tested against several individual 
cell lines. 
0025 FIG. 16 indicates that SP-1 does not induce pro 
grammed cell death of resting human peripherallymphocytes 
(hPBLs). 
(0026 FIG. 17 exemplifies that SP-1 is as effective as rapa 
mycin in blocking the proliferation of hPBLs activated by 
PMA+ionomycin-i-LPS treatment. 
0027 FIGS. 18 and 19 show that SP-1 decreases tumor 
burden in a SEMK2 human leukemia xenograft model. 
(0028 FIG. 20 shows that SP-1 does not elicit an antibody 
response in rodents. 
(0029 FIG. 21 illustrates that SP-1 is highly stable, and 
maintains its helical conformation as temperature increases 
up to 64° C. 
0030 FIG. 22 describes the human plasma stability of a 
series of peptidomimetic macrocycles of the invention. 
0031 FIG. 23 describes the mouse plasma stability of a 
series of peptidomimetic macrocycles of the invention. 
0032 FIG. 24 shows the pharmacokinetic properties of 
SP-1 and SP-4 exhibit in rats. 
0033 FIG. 25 describes the induction of programmed cell 
death in Jurkattumor 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. 
0034 FIG. 26 describes the induction of programmed cell 
death in Jurkat tumor cell line by peptidomimetic macro 
cycles of the invention in the presence of 10% human serum 
and compares the potency of BH3 peptidomimetic macro 
cycles of the invention to BCL-2/BCL-XL-specific antago 
nists such as ABT-737. 
0035 FIG. 27 compares the binding affinity of several 
BH3 peptidomimetic macrocycles of the invention and ABT 
737 to Bcl-X, Bcl-2, and Mcl-1. 
0036 FIG. 28 shows efficacy of peptidomimetic macro 
cycles to a number of hematological malignancies. 
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0037 FIG. 29 illustrates the varied Bcl-2 family protein 
expression profile of cell lines sensitive to treatment by com 
positions of the invention. 
0038 FIG. 30 compares efficacy of peptidomimetic mac 
rocycles with ABT-737 in Raji, an ABT-737 resistant Bur 
kitt's lymphoma cell line. 
0039 FIG.31 illustrates efficacy of BH3 peptidomimetic 
macrocycles against a variety of Solid tumor cell lines. 
0040 FIG. 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). 
0041 FIG.33 shows suppression of SEMK-2 tumor pro 
gression in NOD-SCID mice by compounds of the invention. 
0042 FIG. 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 
S. 

0043 FIG. 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. 

0044 FIG. 36 depicts induction of programmed cell death 
by peptidomimetic macrocycles of the invention in a mela 
noma cell line (A375), treated in the absence of serum. 
0045 FIG. 37 depicts induction of programmed cell death 
by peptidomimetic macrocycles of the invention in a mela 
noma cell line (A375), treated in the presence of 2% human 
S. 

0046 FIG.38 depicts induction of programmed cell death 
by peptidomimetic macrocycles of the invention in a breast 
tumor cell line (MDA-MD-231-Met), treated in the absence 
of serum. 

0047 FIG. 39 depicts induction of programmed cell death 
by peptidomimetic macrocycles of the invention in a breast 
tumor cell line (MDA-MD-231-Met), treated in 2% human 
S. 

0048 FIG. 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. 
0049 FIG. 41 depicts induction of programmed cell death 
by peptidomimetic macrocycles of the invention in a prostate 
tumor cell line (PC3), treated in 2% human serum. 
0050 FIG. 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. 

0051 FIG. 43 depicts a Western Blot showing variable 
expression of various BCL-family proteins in cancers that are 
sensitive to peptidomimetic macrocycles of the invention. 
0052 FIG. 44 depicts a timeline for mouse treatment in a 
prostate cancer orthotopic Xenograft model. 
0053 FIG. 45 depicts efficacy of a peptidomimetic mac 
rocycle of the invention in a prostate cancer orthotopic 
Xenograft model. 
0054 FIG. 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 
S. 

0055 FIG. 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. 
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0056 FIG. 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 
S. 

0057 FIG. 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. 
0058 FIG. 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. 
0059 FIG. 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 
S. 

0060 FIG. 52 describes induction of programmed cell 
death by peptidomimetic macrocycles of the invention in a 
multiple myeloma cell line (MM1S), treated in the absence of 
S. 

0061 FIG. 53 depicts efficacy of a peptidomimetic mac 
rocycle of the invention in a SEMK2 leukemia orthotopic 
Xenograft model, as measured by reduced tumor burden in 
treated animals. 
0062 FIG. 54 depicts efficacy of a peptidomimetic mac 
rocycle of the invention in a SEMK2 leukemia orthotopic 
Xenograft model, as measured by reduced tumor burden in 
treated animals. 
0063 FIG.55 depicts efficacy of a peptidomimetic mac 
rocycle of the invention in a SEMK2 leukemia orthotopic 
Xenograft model, as measured by increased Survival of treated 
animals. 
0064 FIG. 56 shows sequence-specific and structure-spe 
cific binding of peptidomimetic macrocycles of the invention 
to the pro-apoptotic target protein BAX in multiple myeloma 
(MM1S) cell lysates, as demonstrated by immunoprecipita 
tion with the stapled SP-4 peptide. 

DETAILED DESCRIPTION OF THE INVENTION 

0065. 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 alle 
viation, 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. 
0066. 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 aparticularindication. 
The “standard of care may be established by any authority 
Such as a health care provider or a national or regional insti 
tute 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 vari 
ous type of cancers are provided for instance by the the 
National Cancer Institute. 
0067. 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 cat 
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egorized as pathologic, i.e., characterizing or constituting a 
disease state, or may be categorized as non-pathologic, 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 trans 
formed cells, tissues, or organs, irrespective of histopatho 
logic 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 immu 
noproliferative diseases. Examples of non-pathologic hyper 
proliferative cells include proliferation of cells associated 
with wound repair. Examples of cellular proliferative and/or 
differentiative disorders include cancer, e.g., carcinoma, sar 
coma, or metastatic disorders. 
0068. The term “derived from in the context of the rela 
tionship 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. 
0069. 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. 
0070. As used herein, the term "peptidomimetic macro 
cycle”, “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 mac 
rocycle-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 
non-naturally-occurring amino acid residue (or analog) 
within the same molecule. Peptidomimetic macrocycles 
include embodiments where the macrocycle-forming linker 
connects the C. carbon of the first amino acid residue (or 
analog) to the C. 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 option 
ally include one or more non-naturally-occurring amino acid 
residues or amino acid analog residues in addition to any 
which form the macrocycle. 
(0071. 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 C-helices, B-turns, and B-pleated sheets. 
0072. 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 dichro 
ism or NMR. For example, in some embodiments, the pepti 
domimetic macrocycles of the invention exhibit at least a 
1.25, 1.5, 1.75 or 2-fold increase in C-helicity as determined 
by circular dichroism compared to a corresponding 
uncrosslinked polypeptide. 
0073. The term "O-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 
C-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 pre 
pared by organic synthesis or other metabolic routes. Unless 
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the context specifically indicates otherwise, the term amino 
acid, as used herein, is intended to include amino acid ana 
logs. 
0074 The term “naturally occurring amino acid refers to 
any one of the twenty amino acids commonly found in pep 
tides synthesized in nature, and known by the one letter abbre 
viations A, R, N, C, D, Q, E, G, H, I, L. K. M. F. P. S.T.W.Y 
and V. 
0075. 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., C.-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). 
0076. A “non-essential amino acid residue is a residue 
that can be altered from the wild-type sequence of a polypep 
tide (e.g., a BH3 domain or the p53 MDM2 binding domain) 
without abolishing or Substantially altering its essential bio 
logical or biochemical activity (e.g., receptor binding or acti 
Vation). 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 polypep 
tide's essential biological or biochemical activity. 
0077. 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 polypep 
tide, 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 isos 
teric considerations (e.g. norleucine for methionine) or other 
properties (e.g. 2-thienylalanine for phenylalanine). 
0078. 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. 

0079. The symbol “ 4. when used as part of a molecu 
lar structure refers to a single bond or a trans or cis double 
bond. 

0080. The term “amino acid side chain” refers to a moiety 
attached to the C-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 non 
naturally occurring amino acid side chains are also included, 
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for example, those that occur in nature (e.g., an amino acid 
metabolite) or those that are made synthetically (e.g., an 
C.C. di-Substituted amino acid). 
0081. The term "C.C. di-substituted amino” acid refers to 
a molecule or moiety containing both an amino group and a 
carboxyl group bound to a carbon (the C-carbon) that is 
attached to two natural or non-natural amino acid side chains. 

0082. 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 pro 
cessed proteins) as well as shorter amino acid sequences (e.g., 
fragments of naturally-occurring proteins or synthetic 
polypeptide fragments). 
0083. The term “macrocyclization reagent' or “macro 
cycle-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 reac 
tive 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 pro 
vide a reactive Cu(I) species, such as CuBr, CuI or CuOTf, as 
well as Cu(II) salts such as Cu(COCH), CuSO, and CuCl 
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), Cp*RuCl 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 pentacoordi 
nated. Additional catalysts are disclosed in Grubbs et al., 
“Ring Closing Metathesis and Related Processes in Organic 
Synthesis” Acc. Chem. Res. 1995, 28, 446-452, and U.S. Pat. 
No. 5,811.515. 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. 
I0084. The term “halo” or “halogen” refers to fluorine, 
chlorine, bromine or iodine or a radical thereof. 
I0085. 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, C-Co 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) carbonatoms 
in it. 

I0086. The term “alkylene' refers to a divalent alkyl (i.e., 
—R—). 
I0087. 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 carbonatoms. For example, C-Co indi 
cates that the group has from 2 to 10 (inclusive) carbonatoms 
in it. The term “lower alkenyl refers to a C-C 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. 
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I0088. 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 carbonatoms. For example, C-Co indi 
cates that the group has from 2 to 10 (inclusive) carbonatoms 
in it. The term “lower alkynyl” refers to a C-C 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. 
I0089. 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. 
0090 Arylalkyl refers to an aryl group, as defined 
above, wherein one of the aryl group’s hydrogen atoms has 
been replaced with a C-C alkyl group, as defined above. 
Representative examples of an arylalkyl group include, but 
are not limited to, 2-methylphenyl, 3-methylphenyl, 4-meth 
ylphenyl, 2-ethylphenyl, 3-ethylphenyl, 4-ethylphenyl, 
2-propylphenyl, 3-propylphenyl, 4-propylphenyl, 2-bu 
tylphenyl, 3-butylphenyl, 4-butylphenyl, 2-pentylphenyl, 
3-pentylphenyl, 4-pentylphenyl, 2-isopropylphenyl, 3-iso 
propylphenyl, 4-isopropylphenyl, 2-isobutylphenyl, 3-isobu 
tylphenyl, 4-isobutylphenyl, 2-sec-butylphenyl, 3-sec-bu 
tylphenyl, 4-sec-butylphenyl, 2-t-butylphenyl, 3-t- 
butylphenyl and 4-t-butylphenyl. 
0091 '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. Repre 
sentative examples of an arylamido group include 2-C(O) 
NH2-phenyl, 3-C(O)NH2-phenyl, 4-C(O)NH-phenyl, 2-C 
(O)NH-pyridyl, 3-C(O)NH-pyridyl, and 4-C(O)NH 
pyridyl, 
0092 Alkylheterocycle” refers to a C-C alkyl group, as 
defined above, wherein one of the C-C alkyl group's hydro 
gen atoms has been replaced with a heterocycle. Representa 
tive examples of an alkylheterocycle group include, but are 
not limited to. —CH2CH2-morpholine. —CH2CH2-piperi 
dine. —CH2CHCH-morpholine, and —CH2CHCH-imi 
dazole. 
0093 “Alkylamido” refers to a C-C alkyl group, as 
defined above, wherein one of the C-C alkyl group's hydro 
gen atoms has been replaced with a —C(O)NH2 group. Rep 
resentative examples of an alkylamido group include, but are 
not limited to, —CH C(O)NH, -CHCH C(O)NH2. 
- CHCHCHC(O)NH, CHCHCHCHC(O)NH2, 
—CHCHCHCHCHC(O)NH, -CHCH(C(O)NH) 
CH, CHCH(C(O)NH2)CHCH, -CH(C(O)NH) 
CHCH. —C(CH)2CHC(O)NH2, —CH2—CH NH 
C(O) CH-CH CH-NH C(O)-CH, CH3, and 
- CH-CH NH-C(O)-CH=CH. 
I0094) “Alkanol” refers to a C-C alkyl group, as defined 
above, wherein one of the C-C alkyl group's hydrogen 
atoms has been replaced with a hydroxyl group. Representa 
tive examples of an alkanol group include, but are not limited 
to, -CHOH, -CHCH-OH, -CHCHCH-OH, 
—CHCHCHCH-OH, -CHCHCH, CHCH-OH, 
CHCH(OH)CH, CHCH(OH)CHCH, CH(OH) 

CH and —C(CH),CHOH. 
0.095 Alkylcarboxy' refers to a C-C alkyl group, as 
defined above, wherein one of the C-C alkyl group's hydro 
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gen atoms has been replaced with a —COOH group. Repre 
sentative examples of an alkylcarboxy group include, but are 
not limited to, -CHCOOH, -CHCHCOOH, 
CHCH-CHCOOH, CHCHCH-CHCOOH, 
CHCH(COOH)CH, CHCHCHCH-CHCOOH, 
CHCH(COOH)CHCH, -CH(COOH)CHCH, and 

—C(CH) CHCOOH. 
0096. 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, cyclo 
heptyl, and cyclooctyl. 
0097. 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 1-9 heteroatoms if 
tricyclic, said heteroatoms selected from O, N, or S (e.g., 
carbonatoms 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 fura 
nyl, imidazolyl, benzimidazolyl pyrimidinyl, thiophenyl or 
thienyl, quinolinyl, indolyl, thiazolyl, and the like. 
0098. The term “heteroarylalkyl or the term “het 
eroaralkyl refers to an alkyl substituted with a heteroaryl. 
The term "heteroarylalkoxy” refers to an alkoxy substituted 
with heteroaryl. 
0099. The term “heteroarylalkyl or the term “het 
eroaralkyl refers to an alkyl substituted with a heteroaryl. 
The term "heteroarylalkoxy' refers to an alkoxy substituted 
with heteroaryl. 
0100. 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., 
carbonatoms 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, pyrro 
lidinyl, dioxanyl, morpholinyl, tetrahydrofuranyl, and the 
like. 
0101 The term “substituent” refers to a group replacing a 
second atom or group Such as a hydrogen atom on any mol 
ecule, 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, alkane 
Sulfonyl, alkylcarbonyl, and cyano groups. 
0102. In some embodiments, the compounds of this inven 
tion contain one or more asymmetric centers and thus occuras 
racemates and racemic mixtures, single enantiomers, indi 
vidual 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 com 
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pounds 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. 
(0103 As used herein, the terms “increase' and “decrease' 
mean, respectively, to cause a statistically significantly (i.e., 
p-0.1) increase or decrease of at least 5%. 
0104. 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 limita 
tion, 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 s2 if the variable is inherently con 
tinuous. 
0105. As used herein, unless specifically indicated other 
wise, the word 'or' is used in the inclusive sense of “and/or 
and not the exclusive sense of “eitherfor.” 
0106 The term “on average” represents the mean value 
derived from performing at least three independent replicates 
for each data point. 
0107 The term “biological activity” encompasses struc 
tural and functional properties of a macrocycle of the inven 
tion. 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. 
0108. 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 advan 
tages of the invention will be apparent from the description 
and drawings, and from the claims. 

Design of the Peptidomimetic Macrocycles of the Invention 
0109) 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 polypep 
tide can be analyzed and amino acid analogs containing 
groups reactive with macrocyclization reagents can be Sub 
stituted at the appropriate positions. The appropriate posi 
tions 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 mac 
rocycle forming linkers of the invention can form a macro 
cycle 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 O.-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 
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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 
C-carbons of the helix while extending longitudinally along 
the surface of the helix in the portion of that surface not 
directly required for activity. 
0110. 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 con 
served BCL-2 homology (BH) domains designated BH 1, 
BH2, BH3, and BH4, all of which include C.-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-X, display sequence conservation in all BH 
domains. Pro-apoptotic proteins are divided into “multido 
main family members (e.g., BAK, BAX), which possess 
homology in the BH1, BH2, and BH3 domains, and “BH3 
domain only' family members (e.g., BID. BAD, BIM, BIK, 
NOXA, PUMA), that contain sequence homology exclu 
sively in the BH3 amphipathic C-helical segment. BCL-2 
family members have the capacity to form homo- and het 
erodimers, suggesting that competitive binding and the ratio 
between pro- and anti-apoptotic protein levels dictates Sus 
ceptibility to death stimuli. Anti-apoptotic proteins function 
to protect cells from pro-apoptotic excess, i.e., excessive pro 
grammed cell death. Additional “security” measures include 
regulating transcription of pro-apoptotic proteins and main 
taining them as inactive conformers, requiring either pro 
teolytic activation, dephosphorylation, or ligand-induced 
conformational change to activate pro-death functions. In 
certain cell types, death signals received at the plasma mem 
brane 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 cytoso 
lic complex which activates caspase 9, leading to fatal down 
stream proteolytic events. Multidomain proteins such as 
BCL-2/BCL-X, and BAK/BAX play dueling roles of guard 
ian and executioner at the mitochondrial membrane, with 
their activities further regulated by upstream BH3-only mem 
bers 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 mem 
brane. BID has the capability of interacting with both pro- and 

Name Sequence (bold = 
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anti-apoptotic proteins, and upon activation by caspase 8. 
triggers cytochrome c release and mitochondrial apoptosis. 
Deletion and mutagenesis studies determined that the amphi 
pathic C-helical BH3 segment of pro-apoptotic family mem 
bers 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 insert 
ing into a hydrophobic groove formed by the interface of 
BH 1, 2 and 3 domains. Activated BID can be bound and 
sequestered by anti-apoptotic proteins (e.g., BCL-2 and 
BCL-X) and can triggeractivation of the pro-apoptotic pro 
teins BAX and BAK, leading to cytochrome c release and a 
mitochondrial apoptosis program. BAD is also a BH3-do 
main 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-X. 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/BAKactivators, 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 pro 
teins, that have the capacity to sensitize mitochondria to BID 
like pro-apoptotics by occupying the binding pockets of mul 
tidomain anti-apoptotic proteins. Various C.-helical domains 
of BCL-2 family member proteins amenable to the method 
ology 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). 
0111. A non-limiting exemplary list of suitable peptide 
sequences for use in the present invention is given below: 
TABLE 1. 

SEQ SEQ 
ID Cross-linked Sequence (X = x-link ID 
NO: residue) NO : 

BID-BH3 OEDIIRNIARHLAOVGDSMDRSIPP 

BIM-BH3 DNRPEIWIAOELRRIGDEFNAYYAR 

BAD-BH3 NLWAAORYGRELRRMSDEFVDSFKK 

PUMA-BH3 EEQWAREIGAOLRRMADDLNAQYER 

Hrk-BH3 RSSAAQLTAARLKALGDELHORTM 

NOXAA-BH3 AELPPEFAAOLRKIGDKWYCTW 

NOXAB-BH3 WPADLKDECAOLRRIGDKWNLROKL 

BMF-BH3 QHRAEWOIARKLQCIADOFHRLHT 

3 QEDIIRNIARHLAXVGDXMDRSIPP 26 

4 DNRPEIWIAQELRXIGDXFNAYYAR 27 

5 NLWAAQRYGRELRXMSDXFVDSFKK 28 

6 EEQWAREIGAQLRXMADXLNAQYER 29 

7 RSSAAQLTAARLKXLGDXLHQRTM 3 O 

8 AELPPEFAAQLRXIGDXVYCTW 31 

9 VPADLKDECAQLRXIGDxVNLRQKL 32 

10 OHRAEVOIARKLQXIADXFHRLHT 33 
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SEQ SEQ 
Sequence ID Cross-linked Sequence ID 

Name (bold = critical residues) NO: (X = x-link residue) NO: 

BAX-BH3 PQDASTKKSECLKRIGDELDSNMEL 15 PODASTKKXECLXRIGDELDSNMEL 61 

BAK-BH3 PSSTMGOVGROLAIIGDDINRR 16 PSSTMGQVXRQLXIIGDDINRR 62 

BCL2L1-BH3 KQALREAGDEFELR 17 XQALXEAGDEFELR 63 

BCL2-BH3 LSPPVVHLALALROAGDDFSRR 18 LSPPVVHLXLALXQAGDDFSRR 64 

BCL-XL-BH3 EVIPMAAVKOALREAGDEFELRY 19 EVIPMAAVXQALXEAGDEFELRY 65 

BCL-W-BH3 PADPLHOAMRAAGDEFETRF 2O PADPLXQAMXAAGDEFETRF 66 

MCL1-BH3 ATSRKLETLRRVGDGVORNHETA 21 ATSRKXETLXRVGDGVORNHETA 67 

MTD-BH3 LAEWCTWLLRLGDELEOIR 22 LAEVXTVLXRLGDELEQIR 68 

MAP-1-BH3 MTWGELSRAIGHENGSLDP 23 MTVGELXRALXHENGSLDP 69 

NIX-BH3 WWEGEKEWEAKKSADWWSDWS 24 VVEGEKEXEALXKSADWVSDWS 70 

4 ICD (ERBB4) - SMARDPORYLVIQGDDRMKL 
BH3 

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 Macrocycles of the Invention 

0112. 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 C-carbon atoms. In other embodiments of the method, 
one C-carbon atom to which one crosslink is attached is 
substituted with a substituent of formula R—. In another 
embodiment of the method, two C-carbonatoms to which one 
crosslink is attached are substituted with independent sub 
stituents 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 carbon 
carbon bonds. For example, one crosslink may comprise at 
least 8, 9, 10, 11, or 12 consecutive bonds. In other embodi 
ments, one crosslink may comprise at least 7, 8, 9, 10, or 11 
carbon atoms. 
0113. In another embodiment of the method, the 
crosslinked polypeptide comprises an O.-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. 
0114. In some embodiments, said helical polypeptide con 
tains one crosslink. In other embodiments, said helical 
polypeptide contains two cross-links. 
0115. In some embodiments, one crosslink connects two 
C-carbonatoms. In other embodiments, one C-carbonatom to 
which one crosslink is attached is substituted with a substitu 
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ent of formula R—. In another embodiment, two C-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. 
0116. In another embodiment, the crosslinked polypeptide 
comprises an O.-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 embodi 
ments, the crosslinked polypeptide penetrates cell mem 
branes by an energy-dependent process and binds to an intra 
cellular target. 
0117. In some embodiments, the peptidomimetic macro 
cycles of the invention have the Formula (I): 

Formula (I) 

O 

R 
N 1. 

D. 
R 

0118 wherein: 
0119 each A, C, D, and E is independently a natural or 
non-natural amino acid; 
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0120 B is a natural or non-natural amino acid, amino acid 
analog, 

A-X N 
N1 
H 

O 

0121 - NH-L-CO-), NH-L-SO-, or NH-L-: 
0122 R and R are independently —H, alkyl, alkenyl, 
alkynyl, arylalkyl, cycloalkyl, cycloalkylalkyl, heteroalkyl, 
or heterocycloalkyl, unsubstituted or substituted with halo 
0123 R is hydrogen, alkyl, alkenyl, alkynyl, arylalkyl, 
heteroalkyl, cycloalkyl, heterocycloalkyl, cycloalkylalkyl, 
cycloaryl, or heterocycloaryl, optionally substituted with Rs: 
012.4 L is a macrocycle-forming linker of the formula 
-L-L-; L and L are independently alkylene, alkenylene, 
alkynylene, heteroalkylene, cycloalkylene, heterocycloalky 
lene, cycloarylene, heterocycloarylene, or —Ra K-Ra 
each being optionally substituted with Rs: 

0.125 each R is alkylene, alkenylene, alkynylene, het 
eroalkylene, cycloalkylene, heterocycloalkylene, arylene, or 
heteroarylene; 
0126 each K is O, S, SO, SO, CO, CO, or CONR; 
I0127 each Rs is independently halogen, alkyl, —OR, 
N(R), —SR —SOR. -SOR. -COR, a fluores 

cent moiety, a radioisotope or a therapeutic agent; 
0128 each R is independently —H, alkyl, alkenyl, alky 
nyl, arylalkyl, cycloalkylalkyl, heterocycloalkyl, a fluores 
cent moiety, a radioisotope or a therapeutic agent; 
0129 R, is —H, alkyl, alkenyl, alkynyl, arylalkyl, 
cycloalkyl, heteroalkyl, cycloalkylalkyl, heterocycloalkyl, 
cycloaryl, or heterocycloaryl, optionally Substituted with Rs. 
or part of a cyclic structure with a D residue. 
0130 Rs is —H, alkyl, alkenyl, alkynyl, arylalkyl, 
cycloalkyl, heteroalkyl, cycloalkylalkyl, heterocycloalkyl, 
cycloaryl, or heterocycloaryl, optionally Substituted with Rs. 
or part of a cyclic structure with an E residue: 
0131 each of V and w is independently an integer from 
1-1000; 
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I0132 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. 
I0133. In one example, at least one of R and R is alkyl, 
unsubstituted or substituted with halo-. In another example, 
both R and R are independently alkyl, unsubstituted or 
substituted with halo-. In some embodiments, at least one of 
R and R is methyl. In other embodiments, R and R2 are 
methyl. 
I0134. 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, when X is 3, encompasses embodiments 
where the amino acids are not identical, e.g. Gln-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. 
I0135) In some embodiments, the peptidomimetic macro 
cycle of the invention comprises a secondary structure which 
is an O-helix and Rs is —H, allowing intrahelical hydrogen 
bonding. In some embodiments, at least one of A, B, C, D or 
E is an O.C.-disubstituted amino acid. In one example, B is an 
C.C.-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 

R3 O 

* 
0.136. In other embodiments, the length of the macrocycle 
forming linker L as measured from a first Co. to a second CO. 
is selected to stabilize a desired secondary peptide structure, 
such as an O.-helix formed by residues of the peptidomimetic 
macrocycle including, but not necessarily limited to, those 
between the first Co. to a second Co. 
0.137 In one embodiment, the peptidomimetic macro 
cycle of Formula (I) is: 
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0138 wherein each R and R is independently indepen 
dently —H, alkyl, alkenyl, alkynyl, arylalkyl, cycloalkyl, 
cycloalkylalkyl, heteroalkyl, or heterocycloalkyl, unsubsti 
tuted or substituted with halo-. 
0.139. In related embodiments, the peptidomimetic mac 
rocycle of Formula (I) is: 

R. R2 
D N n 

H 

O 

0140. In other embodiments, the peptidomimetic macro 
cycle of Formula (I) is a compound of any of the formulas 
shown below: 

A N 
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wherein 'AA' represents any natural or non-natural amino 

acid side chainand" 4. is D, E, as defined above, and 
n is an integer between 0 and 20, 50, 100, 200, 300, 400 or 
500. In some embodiments, n is 0. In other embodiments, n is 
less than 50. 

01.41 Exemplary embodiments of the macrocycle-form 
ing linker L are shown below. 

vis-s-s-s 
where X, Y = -CH2-, O, S, or NH 
m, n, o, p = 0 - 10 

21 ) 

iii. y Y 

X J. 

where X, Y = -CH2-, O, S, or NH 
m, n, o, p = 0 - 10 

O 

vas-s-s ) R p 

where X, Y = -CH2-, O, S, or NH 
m, n, o, p = 0 - 10 
R = H, alkyl, other substituent 

X Y 

. N-1 l 

where X, Y = -CH2-, O, S, or NH 
m, n, o, p = 0 - 10 

0142. In some embodiments, the peptidomimetic macro 
cycles of the invention have the Formula (II): 

Formula (II) 

O 

R 
N 1. 

D. 
R 

0.143 wherein: 
0144 each A, C, D, and E is independently a natural or 
non-natural amino acid; 
0145 B is a natural or non-natural amino acid, amino acid 
analog, 

N 
N1 
H 

O 

0146 - NH-L-CO-), NH-L-SO-, or NH-L-: 
0147 R and R are independently —H, alkyl, alkenyl, 
alkynyl, arylalkyl, cycloalkyl, cycloalkylalkyl, heteroalkyl, 
or heterocycloalkyl, unsubstituted or substituted with halo 
0.148 R is hydrogen, alkyl, alkenyl, alkynyl, arylalkyl, 
heteroalkyl, cycloalkyl, heterocycloalkyl, cycloalkylalkyl, 
cycloaryl, or heterocycloaryl, optionally Substituted with Rs: 
0149 L is a macrocycle-forming linker of the formula 

e X.NH 
/ 

NRN 

0150 L. L and L are independently alkylene, alk 
enylene, alkynylene, heteroalkylene, cycloalkylene, hetero 
cycloalkylene, cycloarylene, heterocycloarylene, or—R - 
K—Ra-, each being optionally Substituted with Rs: 
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0151 each R is alkylene, alkenylene, alkynylene, het 
eroalkylene, cycloalkylene, heterocycloalkylene, arylene, or 
heteroarylene; 
0152 each K is O, S, SO, SO, CO, CO, or CONR; a 

N 0153 each Rs is independently halogen, alkyl, —OR, 
N(R), —SR —SOR. -SOR. -COR, a fluores- \= 

cent moiety, a radioisotope or a therapeutic agent; 
0154 each R is independently —H, alkyl, alkenyl, alky 
nyl, arylalkyl, cycloalkylalkyl, heterocycloalkyl, a fluores- 2 ~X. 
cent moiety, a radioisotope or a therapeutic agent; N 
0155 R, is —H, alkyl, alkenyl, alkynyl, arylalkyl, NRN 
cycloalkyl, heteroalkyl, cycloalkylalkyl, heterocycloalkyl, 
cycloaryl, or heterocycloaryl, optionally substituted with Rs. 
or part of a cyclic structure with a D residue. 
0156 Rs is —H, alkyl, alkenyl, alkynyl, arylalkyl, ~ X, cycloalkyl, heteroalkyl, cycloalkylalkyl, heterocycloalkyl, 4N 
cycloaryl, or heterocycloaryl, optionally Substituted with Rs. f 
or part of a cyclic structure with an E residue: NRN 
0157 each of V and w is independently an integer from 
1-1000; 
0158 each of x, y, and Z is independently an integer from 
0-10; u is an integer from 1-10; and a NN 
0159 n is an integer from 1-5. / 
0160. In one example, at least one of R and R is alkyl, NRN 
unsubstituted or substituted with halo-. In another example, 
both R and R are independently alkyl, unsubstituted or 2 
substituted with halo-. In some embodiments, at least one of N 
R and R is methyl. In other embodiments, R and R2 are NFN 
methyl. 
0161 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, A 
3, 4, 5, 6, 7, 8, 9 or 10. Each occurrence of A, B, C, D or E in N 
a macrocycle or macrocycle precursor of the invention is NRN 
independently selected. For example, a sequence represented 
by the formula A, when X is 3, encompasses embodiments 
where the amino acids are not identical, e.g. Gln-Asp-Ala as 
well as embodiments where the amino acids are identical, e.g. a NN 
Gln-Gln-Gln. This applies for any value of x, y, or Z in the 
indicated ranges. NFN 
0162. In some embodiments, the peptidomimetic macro 
cycle of the invention comprises a secondary structure which 
is an O-helix and Rs is —H, allowing intrahelical hydrogen ~X, 
bonding. In some embodiments, at least one of A, B, C, D or 4N 
E is an O.C.-disubstituted amino acid. In one example, B is an f 
C.C.-disubstituted amino acid. For instance, at least one of A, NRN 
B, C, D or E is 2-aminoisobutyric acid. In other embodiments, 
at least one of A, B, C, D or E is 7. 

aNN 

0163. In other embodiments, the length of the macrocycle 
forming linker L as measured from a first Co. to a second CO. 
is selected to stabilize a desired secondary peptide structure, 
such as an O.-helix formed by residues of the peptidomimetic 
macrocycle including, but not necessarily limited to, those a NN 
between the first Co. to a second Co. / 
0164. Exemplary embodiments of the macrocycle-form- NRN 
ing linker L are shown below. 
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a N ? 2 N 7. 
/ - 

NFN NFN 

- N f N N 
V NRN 

/ 
NRN 

4N 
/ 

NRN 

|\ N 1N 
\ \ 
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a NN 
? 

NFN 

N 
V 
NRN 

0.165. In other embodiments, the invention provides pep 
tidomimetic macrocycles of Formula (III): 

Formula (III) 

O O 

R R8 
N N 

D1 Al-By-C1? El 
R ls S R L; 

L-S1 

wherein: 
each A, C, D, and E is independently a natural or non-natural 
amino acid; 
B is a natural or non-natural amino acid, amino acid analog, 

R3 s 
N 

N1 
H 

O 

NH-La-CO-, NH-La-SO-, or NH-La-; 
0166 R and R are independently —H, alkyl, alkenyl, 
alkynyl, arylalkyl, cycloalkyl, cycloalkylalkyl, heteroalkyl, 
or heterocycloalkyl, unsubstituted or substituted with halo 
R is hydrogen, alkyl, alkenyl, alkynyl, arylalkyl, heteroalkyl, 
cycloalkyl, heterocycloalkyl, cycloalkylalkyl, cycloaryl, or 
heterocycloaryl, unsubstituted or substituted with Rs: 
L. L. L and La are independently alkylene, alkenylene, 
alkynylene, heteroalkylene, cycloalkylene, heterocycloalky 
lene, cycloarylene, heterocycloarylene or—Ra K-Ra-n, 
each being unsubstituted or substituted with Rs: 

K is O, S, SO, SO, CO, CO, or CONR; 
0167 each R is alkylene, alkenylene, alkynylene, het 
eroalkylene, cycloalkylene, heterocycloalkylene, arylene, or 
heteroarylene; 
each Rs is independently halogen, alkyl, —OR —N(R), 
—SR —SOR —SOR. -COR, a fluorescent moiety, a 
radioisotope or a therapeutic agent; 
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each Re is independently —H, alkyl, alkenyl, alkynyl, aryla 
lkyl, cycloalkylalkyl, heterocycloalkyl, a fluorescent moiety, 
a radioisotope or a therapeutic agent; 
R, is —H, alkyl, alkenyl, alkynyl, arylalkyl, cycloalkyl, het 
eroalkyl, cycloalkylalkyl, heterocycloalkyl, cycloaryl, or het 
erocycloaryl, unsubstituted or substituted with Rs, or part of 
a cyclic structure with a D residue: 
Rs is —H, alkyl, alkenyl, alkynyl, arylalkyl, cycloalkyl, het 
eroalkyl, cycloalkylalkyl, heterocycloalkyl, cycloaryl, or het 
erocycloaryl, unsubstituted or substituted with Rs, 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. 
0.168. In one example, at least one of R and R is alkyl, 
unsubstituted or substituted with halo-. In another example, 
both R and R are independently alkyl, unsubstituted or 
substituted with halo-. In some embodiments, at least one of 
R and R is methyl. In other embodiments, R and R2 are 
methyl. 
0169. In some embodiments of the invention, x-y--Z is at 
least 3. In other embodiments of the invention, x-y--Z is 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 inde 
pendently selected. For example, a sequence represented by 
the formula A, when X is 3, encompasses embodiments 
where the amino acids are not identical, e.g. Gln-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. 
0170 In some embodiments, the peptidomimetic macro 
cycle of the invention comprises a secondary structure which 
is an O-helix and Rs is —H, allowing intrahelical hydrogen 
bonding. In some embodiments, at least one of A, B, C, D or 
E is an O.C.-disubstituted amino acid. In one example, B is an 
C.C.-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 

R3 O 

". -y 
0171 In other embodiments, the length of the macrocycle 
forming linker-L-S-L-S-L- as measured from a first Co. 
to a second Co. is selected to stabilize a desired secondary 
peptide structure, such as an O-helix formed by residues of the 
peptidomimetic macrocycle including, but not necessarily 
limited to, those between the first Co. to a second Co. 
0172 Macrocycles or macrocycle precursors are synthe 
sized, for example, by Solution phase or solid-phase methods, 
and can contain both naturally-occurring and non-naturally 
occurring amino acids. See, for example, Hunt, “The Non 
Protein Amino Acids’ in Chemistry and Biochemistry of the 
Amino Acids, edited by G. C. Barrett, Chapman and Hall, 
1985. In some embodiments, the thiol moieties are the side 
chains of the amino acid residues L-cysteine, D-cysteine, 
C.-methyl-L cysteine, C.-methyl-D-cysteine, L-homocys 
teine, D-homocysteine, C.-methyl-L-homocysteine or C.-me 
thyl-D-homocysteine. A bis-alkylating reagent is of the gen 
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eral formula X-L-Y wherein L is a linker moiety and Xand 
Y are leaving groups that are displaced by —SH moieties to 
form bonds with L. In some embodiments, X and Y are 
halogens such as I, Br, or Cl. 
0173. In other embodiments, D and/or E in the compound 
of Formula I, II or III are further modified in order to facilitate 
cellular uptake. In some embodiments, lipidating or PEGy 
lating a peptidomimetic macrocycle facilitates cellular 
uptake, increases bioavailability, increases blood circulation, 
alters pharmacokinetics, decreases immunogenicity and/or 
decreases the needed frequency of administration. 
0174. In other embodiments, at least one of D and E in 
the compound of Formula I, II or III represents a moiety 
comprising an additional macrocycle-forming linker Such 
that the peptidomimetic macrocycle comprises at least two 
macrocycle-forming linkers. In a specific embodiment, a pep 
tidomimetic macrocycle comprises two macrocycle-forming 
linkers. 
0.175. In the peptidomimetic macrocycles of the invention, 
any of the macrocycle-forming linkers described herein may 
be used in any combination with any of the sequences shown 
in Tables 1-4 and also with any of the R-substituents indi 
cated herein. 

0176). In some embodiments, the peptidomimetic macro 
cycle comprises at least one C.-helix motif. For example, A, B 
and/or C in the compound of Formula I, II or III include one 
or more C-helices. As a general matter, C-helices include 
between 3 and 4 amino acid residues per turn. In some 
embodiments, the C-helix of the peptidomimetic macrocycle 
includes 1 to 5 turns and, therefore, 3 to 20 amino acid 
residues. In specific embodiments, the C-helix includes 1 
turn, 2 turns, 3 turns, 4 turns, or 5 turns. In some embodi 
ments, the macrocycle-forming linker Stabilizes an O.-helix 
motif included within the peptidomimetic macrocycle. Thus, 
in some embodiments, the length of the macrocycle-forming 
linker L. from a first Co. to a second Co. is selected to increase 
the stability of an O.-helix. In some embodiments, the macro 
cycle-forming linker spans from 1 turn to 5 turns of the 
C.-helix. In some embodiments, the macrocycle-forming 
linker spans approximately 1 turn, 2 turns, 3 turns, 4 turns, or 
5 turns of the C-helix. In some embodiments, the length of the 
macrocycle-forming linker is approximately 5 A to 9 A per 
turn of the C-helix, or approximately 6A to 8 Aperturn of the 
C.-helix. Where the macrocycle-forming linker spans 
approximately 1 turn of an O-helix, the length is equal to 
approximately 5 carbon-carbon bonds to 13 carbon-carbon 
bonds, approximately 7 carbon-carbon bonds to 11 carbon 
carbon bonds, or approximately 9 carbon-carbon bonds. 
Where the macrocycle-forming linker spans approximately 2 
turns of an O-helix, the length is equal to approximately 8 
carbon-carbon bonds to 16 carbon-carbon bonds, approxi 
mately 10 carbon-carbon bonds to 14 carbon-carbon bonds, 
or approximately 12 carbon-carbon bonds. Where the mac 
rocycle-forming linker spans approximately 3 turns of an 
C.-helix, the length is equal to approximately 14 carbon-car 
bon bonds to 22 carbon-carbon bonds, approximately 16 
carbon-carbon bonds to 20 carbon-carbon bonds, or approxi 
mately 18 carbon-carbon bonds. Where the macrocycle 
forming linker spans approximately 4 turns of an O.-helix, the 
length is equal to approximately 20 carbon-carbon bonds to 
28 carbon-carbon bonds, approximately 22 carbon-carbon 
bonds to 26 carbon-carbon bonds, or approximately 24 car 
bon-carbon bonds. Where the macrocycle-forming linker 
spans approximately 5 turns of an O.-helix, the length is equal 
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to approximately 26 carbon-carbon bonds to 34 carbon-car 
bon bonds, approximately 28 carbon-carbon bonds to 32 
carbon-carbon bonds, or approximately 30 carbon-carbon 
bonds. Where the macrocycle-forming linker spans approxi 
mately 1 turn of an O-helix, the linkage contains approxi 
mately 4 atoms to 12 atoms, approximately 6 atoms to 10 
atoms, or approximately 8 atoms. Where the macrocycle 
forming linker spans approximately 2 turns of the C-helix, the 
linkage contains approximately 7 atoms to 15 atoms, approxi 
mately 9 atoms to 13 atoms, or approximately 11 atoms. 
Where the macrocycle-forming linker spans approximately 3 
turns of the C-helix, the linkage contains approximately 13 
atoms to 21 atoms, approximately 15 atoms to 19 atoms, or 
approximately 17 atoms. Where the macrocycle-forming 
linker spans approximately 4 turns of the C-helix, the linkage 
contains approximately 19 atoms to 27 atoms, approximately 
21 atoms to 25 atoms, or approximately 23 atoms. Where the 
macrocycle-forming linker spans approximately 5 turns of 
the C-helix, the linkage contains approximately 25 atoms to 
33 atoms, approximately 27 atoms to 31 atoms, or approxi 
mately 29 atoms. Where the macrocycle-forming linker spans 
approximately 1 turn of the C-helix, the resulting macrocycle 
forms a ring containing approximately 17 members to 25 
members, approximately 19 members to 23 members, or 
approximately 21 members. Where the macrocycle-forming 
linker spans approximately 2 turns of the C-helix, the result 
ing macrocycle forms a ring containing approximately 29 
members to 37 members, approximately 31 members to 35 
members, or approximately 33 members. Where the macro 
cycle-forming linker spans approximately 3 turns of the C-he 
lix, the resulting macrocycle forms a ring containing approxi 
mately 44 members to 52 members, approximately 46 
members to 50 members, or approximately 48 members. 
Where the macrocycle-forming linker spans approximately 4 
turns of the C-helix, the resulting macrocycle forms a ring 
containing approximately 59 members to 67 members, 
approximately 61 members to 65 members, or approximately 
63 members. Where the macrocycle-forming linker spans 
approximately 5 turns of the C-helix, the resulting macro 
cycle forms a ring containing approximately 74 members to 
82 members, approximately 76 members to 80 members, or 
approximately 78 members. 
0177. In other embodiments, the invention provides pep 
tidomimetic macrocycles of Formula (IV) or (IVa): 

Formula (IV) 
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0.178 wherein: 
0179 each A, C, D, and E is independently a natural or 
non-natural amino acid; 
0180 B is a natural or non-natural amino acid, amino acid 
analog, 

X R3 s N 
N1 
H 

O 

0181 - NH-L-CO-), NH-L-SO-, or NH-L-: 
0182 R and R are independently —H, alkyl, alkenyl, 
alkynyl, arylalkyl, cycloalkyl, cycloalkylalkyl, heteroalkyl, 
or heterocycloalkyl, unsubstituted or substituted with halo 
or part of a cyclic structure with an E residue: 
0183 R is hydrogen, alkyl, alkenyl, alkynyl, arylalkyl, 
heteroalkyl, cycloalkyl, heterocycloalkyl, cycloalkylalkyl, 
cycloaryl, or heterocycloaryl, optionally substituted with Rs: 
018.4 L is a macrocycle-forming linker of the formula 
-L-L-: 
0185 L and L are independently alkylene, alkenylene, 
alkynylene, heteroalkylene, cycloalkylene, heterocycloalky 
lene, cycloarylene, heterocycloarylene, or —Ra K-Ra 
each being optionally substituted with Rs: 

0186 each R is alkylene, alkenylene, alkynylene, het 
eroalkylene, cycloalkylene, heterocycloalkylene, arylene, or 
heteroarylene; 
0187 each K is O, S, SO, SO, CO, CO, or CONR; 
0188 each Rs is independently halogen, alkyl, —OR, 
N(R), —SR —SOR. -SOR. -COR, a fluores 

cent moiety, a radioisotope or a therapeutic agent; 
(0189 each R is independently —H, alkyl, alkenyl, alky 
nyl, arylalkyl, cycloalkylalkyl, heterocycloalkyl, a fluores 
cent moiety, a radioisotope or a therapeutic agent; 
0190. R, is —H, alkyl, alkenyl, alkynyl, arylalkyl, 
cycloalkyl, heteroalkyl, cycloalkylalkyl, heterocycloalkyl, 
cycloaryl, or heterocycloaryl, optionally substituted with Rs: 
(0191 V is an integer from 1-1000; 
(0192 w is an integer from 1-1000; 
(0193 x is an integer from 0-10; 
0194 y is an integer from 0-10; 
0.195 Z is an integer from 0-10; and 
0.196 n is an integer from 1-5. 
0197) In one example, at least one of R and R is alkyl, 
unsubstituted or substituted with halo-. In another example, 
both R and R are independently alkyl, unsubstituted or 
substituted with halo-. In some embodiments, at least one of 
R and R is methyl. In other embodiments, R and R2 are 
methyl. 
0198 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, when X is 3, encompasses embodiments 
where the amino acids are not identical, e.g. Gln-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. 
0199. In some embodiments, the peptidomimetic macro 
cycle of the invention comprises a secondary structure which 
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is an O-helix and Rs is —H, allowing intrahelical hydrogen 
bonding. In some embodiments, at least one of A, B, C, D or 
E is an O.C.-disubstituted amino acid. In one example, B is an 
C.C.-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 

v-y 
0200. In other embodiments, the length of the macrocycle 
forming linker L as measured from a first Co. to a second CO. 
is selected to stabilize a desired secondary peptide structure, 
such as an O.-helix formed by residues of the peptidomimetic 
macrocycle including, but not necessarily limited to, those 
between the first Co. to a second Co. 

0201 Exemplary embodiments of the macrocycle-form 
ing linker L are shown below. 

iii. pi Y 's--- 
where X, Y = -CH2-, 

O, S, or NH 
m, n, o, p = 0-10 

4N). 
iii. ) Y 

X p 

where X, Y = -CH2-, 
O, S, or NH 

m, n, o, p = 0-10 
O 

iii. pi Y 

's-s-s- p 
where X, Y = -CH2-, 

O, S, or NH 
m, n, o, p = 0-10 

R = H, alkyl, other substituent 

... l. 
where X, Y = -CH2-, 

O, S, or NH 
m, n, o = 0-10 

Preparation of Peptidomimetic Macrocycles 

0202 Peptidomimetic macrocycles of the invention may 
be prepared by any of a variety of methods known in the art. 
For example, any of the residues indicated by “X” in Tables 1, 
2, 3 or 4 may be substituted with a residue capable of forming 
a crosslinker with a second residue in the same molecule or a 
precursor of Such a residue. 
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0203 Various methods to effect formation of peptidomi 
metic macrocycles are known in the art. For example, the 
preparation of peptidomimetic macrocycles of Formula I is 
described in Schafmeisteret al., J. Am. Chem. Soc. 122:5891 
5892 (2000); Schafmeister & Verdine, J. Am. Chem. Soc. 
122:5891 (2005); Walensky et al., Science 305:1466-1470 
(2004); and U.S. Pat. No. 7,192,713. The C.C.-disubstituted 
amino acids and amino acid precursors disclosed in the cited 
references may be employed in synthesis of the peptidomi 
metic macrocycle precursor polypeptides. Following incor 
poration of such amino acids into precursor polypeptides, the 
terminal olefins are reacted with a metathesis catalyst, leading 
to the formation of the peptidomimetic macrocycle. 
0204. In other embodiments, the peptidomimetic macro 
cyles of the invention are of Formula IV or IVa. Methods for 
the preparation of Such macrocycles are described, for 
example, in U.S. Pat. No. 7,202,332. 
0205. In some embodiments, the synthesis of these pepti 
domimetic macrocycles involves a multi-step process that 
features the synthesis of a peptidomimetic precursor contain 
ing an azide moiety and an alkyne moiety; followed by con 
tacting the peptidomimetic precursor with a macrocyclization 
reagent to generate a triazole-linked peptidomimetic macro 
cycle. Macrocycles or macrocycle precursors are synthe 
sized, for example, by Solution phase or solid-phase methods, 
and can contain both naturally-occurring and non-naturally 
occurring amino acids. See, for example, Hunt, “The Non 
Protein Amino Acids’ in Chemistry and Biochemistry of the 
Amino Acids, edited by G. C. Barrett, Chapman and Hall, 
1985. 

0206. In some embodiments, an azide is linked to the 
C-carbon of a residue and an alkyne is attached to the C-car 
bon of another residue. In some embodiments, the azide moi 
eties are azido-analogs of amino acids L-lysine, D-lysine, 
alpha-methyl-L-lysine, alpha-methyl-D-lysine, L-ornithine, 
D-ornithine, alpha-methyl-L-ornithine or alpha-methyl-D- 
ornithine. In another embodiment, the alkyne moiety is 
L-propargylglycine. In yet other embodiments, the alkyne 
moiety is an amino acid selected from the group consisting of 
L-propargylglycine, D-propargylglycine, (S)-2-amino-2- 
methyl-4-pentynoic acid, (R)-2-amino-2-methyl-4-pen 
tynoic acid, (S)-2-amino-2-methyl-5-hexynoic acid, (R)-2- 
amino-2-methyl-5-hexynoic acid, (S)-2-amino-2-methyl-6- 
heptynoic acid, (R)-2-amino-2-methyl-6-heptynoic acid, (S)- 
2-amino-2-methyl-7-octynoic acid, (R)-2-amino-2-methyl 
7-octynoic acid, (S)-2-amino-2-methyl-8-nonynoic acid and 
(R)-2-amino-2-methyl-8-nonynoic acid. 
0207. In some embodiments, the invention provides a 
method for synthesizing a peptidomimetic macrocycle, the 
method comprising the steps of contacting a peptidomimetic 
precursor of Formula V or Formula VI: 

(Formula V) 

O O 

R R8 
N N 

D1 Al-B-C), Ew 
R. L. L2 R2 

| N 

R12 
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-continued 
(Formula VI) 

with a macrocyclization reagent; 
wherein V, W, X, y, Z, A, B, C, D, E, R. R. R. Rs, L and L. 
are as defined for Formula (II); R is —H when the macro 
cyclization reagent is a Cu reagent and R2 is —H or alkyl 
when the macrocyclization reagent is a Ru reagent; and fur 
ther wherein said contacting step results in a covalent linkage 
being formed between the alkyne and azide moiety in For 
mula III or Formula IV. For example, R may be methyl 
when the macrocyclization reagent is a Ru reagent. 
0208. In the peptidomimetic macrocycles of the invention, 
at least one of R and R is alkyl, alkenyl, alkynyl, arylalkyl, 
cycloalkyl, cycloalkylalkyl, heteroalkyl, or heterocycloalkyl, 
unsubstituted or substituted with halo-. In some embodi 
ments, both R and R are independently alkyl, alkenyl, alky 
nyl, arylalkyl, cycloalkyl, cycloalkylalkyl, heteroalkyl, or 
heterocycloalkyl, unsubstituted or substituted with halo-. In 
some embodiments, at least one of A, B, C, D or E is an 
C.C.-disubstituted amino acid. In one example, B is an O.C.- 
disubstituted amino acid. For instance, at least one of A, B, C, 
D or E is 2-aminoisobutyric acid. 
0209 For example, at least one of R and R is alkyl, 
unsubstituted or substituted with halo-. In another example, 
both R and R are independently alkyl, unsubstituted or 
substituted with halo-. In some embodiments, at least one of 
R and R is methyl. In other embodiments, R and R2 are 
methyl. The macrocyclization reagent may be a Cureagent or 
a Ru reagent. 
0210. In some embodiments, the peptidomimetic precur 
sor is purified prior to the contacting step. In other embodi 
ments, the peptidomimetic macrocycle is purified after the 
contacting step. In still other embodiments, the peptidomi 
metic macrocycle is refolded after the contacting step. The 
method may be performed in Solution, or, alternatively, the 
method may be performed on a solid Support. 
0211. Also envisioned herein is performing the method of 
the invention in the presence of a target macromolecule that 
binds to the peptidomimetic precursor or peptidomimetic 
macrocycle under conditions that favor said binding. In some 
embodiments, the method is performed in the presence of a 
target macromolecule that binds preferentially to the pepti 
domimetic precursor or peptidomimetic macrocycle under 
conditions that favor said binding. The method may also be 
applied to synthesize a library of peptidomimetic macro 
cycles. 
0212. In some embodiments, the alkyne moiety of the 
peptidomimetic precursor of Formula V or Formula VI is a 
sidechain of an amino acid selected from the group consisting 
of L-propargylglycine, D-propargylglycine, (S)-2-amino-2- 
methyl-4-pentynoic acid, (R)-2-amino-2-methyl-4-pen 
tynoic acid, (S)-2-amino-2-methyl-5-hexynoic acid, (R)-2- 
amino-2-methyl-5-hexynoic acid, (S)-2-amino-2-methyl-6- 
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heptynoic acid, (R)-2-amino-2-methyl-6-heptynoic acid, (S)- 
2-amino-2-methyl-7-octynoic acid, (R)-2-amino-2-methyl 
7-octynoic acid, (S)-2-amino-2-methyl-8-nonynoic acid, and 
(R)-2-amino-2-methyl-8-nonynoic acid. In other embodi 
ments, the azide moiety of the peptidomimetic precursor of 
Formula V or Formula VI is a sidechain of an amino acid 
selected from the group consisting of e-azido-L-lysine, 
e-azido-D-lysine, De-azido-O-methyl-L-lysine, e-azido-C.- 
methyl-D-lysine, 8-azido-O-methyl-L-ornithine, and 
8-azido-O-methyl-D-ornithine. 
0213. In some embodiments, x-y--Z is 3, and and A, B and 
C are independently natural or non-natural amino acids. In 
other embodiments, X-y+Z is 6, and and A, B and C are 
independently natural or non-natural amino acids. 
0214. In some embodiments of peptidomimetic macro 
cycles of the invention, D and/or E. comprise additional 
peptidomimetic macrocycles or macrocyclic structures. For 
example, D may have the formula: 

0215 
natural or non-natural amino acid; 

wherein each A, C, D', and E' is independently a 

0216 B is a natural or non-natural amino acid, amino acid 
analog, 

y R3 s N 
N1 
H 

O 

0217 - NH-L-CO-), NH-L-SO-, or NH-L-: 
0218 R and R are independently —H, alkyl, alkenyl, 
alkynyl, arylalkyl, cycloalkyl, cycloalkylalkyl, heteroalkyl, 
or heterocycloalkyl, unsubstituted or substituted with halo 
or part of a cyclic structure with an E residue: 
0219 R is hydrogen, alkyl, alkenyl, alkynyl, arylalkyl, 
heteroalkyl, cycloalkyl, heterocycloalkyl, cycloalkylalkyl, 
cycloaryl, or heterocycloaryl, optionally substituted with Rs: 
0220 L and L are independently alkylene, alkenylene, 
alkynylene, heteroalkylene, cycloalkylene, heterocycloalky 
lene, cycloarylene, heterocycloarylene, or —Ra K-Ra 
each being optionally substituted with Rs: 

0221 each R is alkylene, alkenylene, alkynylene, het 
eroalkylene, cycloalkylene, heterocycloalkylene, arylene, or 
heteroarylene; 
0222 each K is O, S, SO, SO, CO, CO, or CONR; 
0223) each Rs is independently halogen, alkyl, —OR, 
N(R), —SR —SOR. -SOR. -COR, a fluores 

cent moiety, a radioisotope or a therapeutic agent; 
0224) each R is independently —H, alkyl, alkenyl, alky 
nyl, arylalkyl, cycloalkylalkyl, heterocycloalkyl, a fluores 
cent moiety, a radioisotope or a therapeutic agent; 
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0225 R, is —H, alkyl, alkenyl, alkynyl, arylalkyl, 
cycloalkyl, heteroalkyl, cycloalkylalkyl, heterocycloalkyl, 
cycloaryl, or heterocycloaryl, optionally Substituted with Rs: 
0226 v is an integer from 1-1000; 
0227 w is an integer from 1-1000; and 
0228 x is an integer from 0-10. 
0229. In another embodiment, E has the formula: 

0230 
ceding paragraph. 

wherein the substituents are as defined in the pre 

0231. In some embodiments, the contacting step is per 
formed in a solvent selected from the group consisting of 
protic solvent, aqueous solvent, organic solvent, and mixtures 
thereof. For example, the solvent may be chosen from the 
group consisting of HO, THF, THF/HO, tBuOH/HO, 
DMF, DIPEA, CHCN or CHC1, CICHCHClora mixture 
thereof. The solvent may be a solvent which favors helix 
formation. 
0232 Alternative but equivalent protecting groups, leav 
ing groups or reagents are substituted, and certain of the 
synthetic steps are performed in alternative sequences or 
orders to produce the desired compounds. Synthetic chemis 
try transformations and protecting group methodologies 
(protection and deprotection) useful in synthesizing the com 
pounds described herein include, for example, those Such as 
described in Larock, Comprehensive Organic Transforma 
tions, VCH Publishers (1989); Greene and Wuts, Protective 
Groups in Organic Synthesis, 2d. Ed., John Wiley and Sons 
(1991); Fieser and Fieser, Fieser and Fieser's Reagents for 
Organic Synthesis, John Wiley and Sons (1994); and 
Paquette, ed., Encyclopedia of Reagents for Organic Synthe 
sis, John Wiley and Sons (1995), and subsequent editions 
thereof. 
0233. The peptidomimetic macrocycles of the invention 
are made, for example, by chemical synthesis methods. Such 
as described in Fields et al., Chapter 3 in Synthetic Peptides. 
A User's Guide, ed. Grant, W. H. Freeman & Co., New York, 
N.Y., 1992, p. 77. Hence, for example, peptides are synthe 
sized using the automated Merrifield techniques of solid 
phase synthesis with the amine protected by either thBoc or 
Fmoc chemistry using side chain protected amino acids on, 
for example, an automated peptide synthesizer (e.g., Applied 
Biosystems (Foster City, Calif.), Model 430A, 431, or 433). 
0234 One manner of producing the peptidomimetic pre 
cursors and peptidomimetic macrocycles described herein 
uses solid phase peptide synthesis (SPPS). The C-terminal 
amino acid is attached to a cross-linked polystyrene resin via 
an acid labile bond with a linker molecule. This resin is 
insoluble in the solvents used for synthesis, making it rela 
tively simple and fast to wash away excess reagents and 
by-products. The N-terminus is protected with the Fmoc 
group, which is stable in acid, but removable by base. Side 
chain functional groups are protected as necessary with base 
stable, acid labile groups. 
0235 Longer peptidomimetic precursors are produced, 
for example, by conjoining individual synthetic peptides 
using native chemical ligation. Alternatively, the longer Syn 
thetic peptides are biosynthesized by well known recombi 
nant DNA and protein expression techniques. Such tech 
niques are provided in well-known standard manuals with 
detailed protocols. To construct a gene encoding a peptido 
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mimetic precursor of this invention, the amino acid sequence -continued 
is reverse translated to obtain a nucleic acid sequence encod 
ing the amino acid sequence, preferably with codons that are 
optimum for the organism in which the gene is to be 
expressed. Next, a synthetic gene is made, typically by Syn 
thesizing oligonucleotides which encode the peptide and any 
regulatory elements, if necessary. The synthetic gene is 
inserted in a suitable cloning vector and transfected into a host 
cell. The peptide is then expressed under suitable conditions 
appropriate for the selected expression system and host. The 
peptide is purified and characterized by standard methods. 
0236. The peptidomimetic precursors are made, for 
example, in a high-throughput, combinatorial fashion using, 
for example, a high-throughput polychannel combinatorial O 
synthesizer (e.g., Thuramed TETRAS multichannel peptide O -N N 
synthesizer from CreoSalus, Louisville, Ky. or Model Apex H 'Ni 1N1 S-1 
396 multichannel peptide synthesizer from AAPPTEC, Inc., X = halogen R N N 9. 
Louisville, Ky.). / R = H, CH 

O 
0237. The following synthetic schemes are provided 
solely to illustrate the present invention and are not intended 
to limit the scope of the invention, as described herein. To 
simplify the drawings, the illustrative schemes depict azido 
amino acid analogs e-azido-O-methyl-L-lysine and e-azido 
C.-methyl-D-lysine, and alkyne amino acid analogs L-prop 
argylglycine, (S)-2-amino-2-methyl-4-pentynoic acid, and 
(S)-2-amino-2-methyl-6-heptynoic acid. Thus, in the follow 
ing synthetic schemes, each R, R2, R, and Rs is —H; each L 
is —(CH) , and each L is —(CH2)—. However, as noted 
throughout the detailed description above, many other amino 
acid analogs can be employed in which R. R. R. Rs, L and R 2. -e- 
La can be independently selected from the various structures 1N1 Sw' N N 
disclosed herein. / 

O 

Synthetic Scheme 1: O O 

Fmoc 
O 

N O N n V 1n 1a13 . A Y - N CO.H 
N. N. R s R = H, CH 

O O 

N O x1\1\s N. H Šs 
X = halogen 

O 
/ . 

N&O R N. N. R R = H, CH 
N -e- \ 

(f '' 1Y-1N O N N N 

C O S-AA-N-BPB 
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-continued -continued 

R a. Y. 

Fmoc 
NN CO2H 
H 

R = H, CH 

0238 Synthetic Scheme 1 describes the preparation of 
O several compounds of the invention. 

N 

54 ... 1 x1\1\s 0239 Ni(II) complexes of Schiff bases derived from the 
1 Y. X = halogen chiral auxiliary (S)-2-N-(N-benzylprolyl)aminoben 

R R = H, CH Zophenone (BPB) and amino acids such as glycine or alanine 
/ O are prepared as described in Belokon et al. (1998), Tetrahe 

dron Asymm.9:4249-4252. The resulting complexes are sub 
sequently reacted with alkylating reagents comprising an 
azido or alkynyl moiety to yield enantiomerically enriched 

R-AA-N-BPB compounds of the invention. If desired, the resulting com 
pounds can be protected for use in peptide synthesis. 

Synthetic Scheme 2: 

N-C-Fmoc-C-C-methyl N-C-Fmoc-C-C-methyl 
8-azido-L-lysine 8-azido-D-lysine 

H C H3 SS 
Fmoc 8 SPPS \ 

NN CO2H CO2H Hs N 
H R = H or Me 

N-C-Fmoc-L- N-C-Fmoc-(S)-2-amino 
propargylglycine 2-methyl-4-pentynoic acid 
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-continued 

CH3 
CO2H 

N-C-Fmoc-(S)-2-amino- N-C-Fmoc-(S)-2-amino 
6-heptynoic acid 2-methyl-6-heptynoic acid 

Deprotect & 
cleave from 
Solid Support 

Cu (I) 
a 

0240. In the general method for the synthesis of peptido 
mimetic macrocycles shown in Synthetic Scheme 2, the pep 
tidomimetic precursor contains an azide moiety and an 
alkyne moiety and is synthesized by solution-phase or Solid 
phase peptide synthesis (SPPS) using the commercially avail 
able amino acid N-C-Fmoc-L-propargylglycine and the N-C- 
Fmoc-protected forms of the amino acids (S)-2-amino-2- 
methyl-4-pentynoic acid, (S)-2-amino-6-heptynoic acid, (S)- 
2-amino-2-methyl-6-heptynoic acid, N-methyl-e-azido-L- 
lysine, and N-methyl-e-azido-D-lysine. The peptidomimetic 
precursor is then deprotected and cleaved from the solid 
phase resin by standard conditions (e.g., strong acid Such as 
95% TFA). The peptidomimetic precursor is reacted as a 

crude mixture or is purified prior to reaction with a macrocy 
clization reagent such as a Cu(I) in organic or aqueous solu 
tions (Rostovtsev et al. (2002), Angew. Chem. Int. Ed. 
41:2596-2599; Tornoe et al. (2002), J. Org. Chem. 67:3057 
3064; Deiters et al. (2003), J. Am. Chem. Soc. 125:11782 
11783: Punna et al. (2005), Angew. Chem. Int. Ed. 44:2215 
2220). In one embodiment, the triazole forming reaction is 
performed under conditions that favor C-helix formation. In 
one embodiment, the macrocyclization step is performed in a 
solvent chosen from the group consisting of HO, THF, 
CHCN, DMF, DIPEA, tRuOH or a mixture thereof. In 
another embodiment, the macrocyclization step is performed 
in DMF. In some embodiments, the macrocyclization step is 
performed in a buffered aqueous or partially aqueous solvent. 
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Synthetic Scheme 3: 

YN CH3 His s 
Fmoc 

CO2H n N CO2H 
H 

N-C-Fmoc-C-C-methyl N-C-Fmoc-C-C-methyl 
8-azido-L-lysine 8-azido-D-lysine 

WCH3 
SPPS 

CO2H -- 

N-C-Fmoc-L- N-C-Fmoc-(S)-2-amino 
propargylglycine 2-methyl-4-pentynoic acid 

S 

CH3 
Fmoc 

n N CO2H 
H 

N-C-Fmoc-(S)-2-amino- N-C-Fmoc-(S)-2-amino 
6-heptynoic acid 2-methyl-6-heptynoic acid 

Deprotect & 
cleave from 
a 

Solid Support 

0241. In the general method for the synthesis of peptido 
mimetic macrocycles shown in Synthetic Scheme 3, the pep 
tidomimetic precursor contains an azide moiety and an 
alkyne moiety and is synthesized by Solid-phase peptide Syn 
thesis (SPPS) using the commercially available amino acid 
N-C-Fmoc-L-propargylglycine and the N-C-Fmoc-protected 
forms of the amino acids (S)-2-amino-2-methyl-4-pentynoic 
acid, (S)-2-amino-6-heptynoic acid, (5)-2-amino-2-methyl 
6-heptynoic acid, N-methyl-e-azido-L-lysine, and N-methyl 
e-azido-D-lysine. The peptidomimetic precursor is reacted 
with a macrocyclization reagent such as a Cu(I) reagent on the 

resin as a crude mixture (Rostovtsev et al. (2002), Angew. 
Chem. Int. Ed. 41:2596-2599; Tornoe et al. (2002), J. Org. 
Chem, 67:3057-3064; Deiters etal. (2003), J. Am. Chem. Soc. 
125:11782-11783: Punna et al. (2005), Angew. Chem. Int. Ed. 
44:2215-2220). The resultant triazole-containing peptidomi 
metic macrocycle is then deprotected and cleaved from the 
Solid-phase resin by standard conditions (e.g., strong acid 
such as 95% TFA). In some embodiments, the macrocycliza 
tion step is performed in a solvent chosen from the group 
consisting of CHC1, CICHCHCl, DMF, THF, NMP, 
DIPEA, 2.6-lutidine, pyridine, DMSO, HO or a mixture 
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thereof. In some embodiments, the macrocyclization step is phase peptide synthesis (SPPS) using the commercially avail 
performed in a buffered aqueous or partially aqueous solvent. able amino acid N-C-Fmoc-L-propargylglycine and the N-C- 

Synthetic Scheme 4: 

N 

CO2H 

N-C-Fmoc-C-C-methyl N-C-Fmoc-C-C-methyl 
8-azido-L-lysine 8-azido-D-lysine 

w C H3 
Fmoc w Fmoc 8 SPPS 

NN CO2H NN CO2H He 
H H 

N-C-Fmoc-L- N-C-Fmoc-(S)-2-amino 
propargylglycine 2-methyl-4-pentynoic acid 

S S 

w CH3 
Fmoc w Fmoc w 

NN CO2H NN CO2H 
H H 

N-C-Fmoc-(S)-2-amino- N-C-Fmoc-(S)-2-amino 
6-heptynoic acid 2-methyl-6-heptynoic acid 

Deprotect & 
cleave from 
solid Support 

0242. In the general method for the synthesis of peptido- Fmoc-protected forms of the amino acids (S)-2-amino-2- 
mimetic macrocycles shown in Synthetic Scheme 4, the pep- methyl-4-pentynoic acid, (S)-2-amino-6-heptynoic acid, (S)- 
tidomimetic precursor contains an azide moiety and an 2-amino-2-methyl-6-heptynoic acid, N-methyl-e-azido-L- 
alkyne moiety and is synthesized by solution-phase or Solid- lysine, and N-methyl-e-azido-D-lysine. The peptidomimetic 
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precursor is then deprotected and cleaved from the solid 
phase resin by standard conditions (e.g., strong acid Such as 
95% TFA). The peptidomimetic precursor is reacted as a 
crude mixture or is purified prior to reaction with a macrocy 
clization reagent such as a Ru(II) reagents, for example 
Cp*RuCl(PPh), or Cp*RuCl) (Rasmussen et al. (2007), 
Org. Lett. 9:5337-5339; Zhang et al. (2005), J. Am. Chem. 
Soc. 127:15998-15999). In some embodiments, the macro 
cyclization step is performed in a solvent chosen from the 
group consisting of DMF, CHCN and THF. 
Synthetic Scheme 5: 

N-C-Fmoc-C-C-methyl N-C-Fmoc-C-C-methyl 
8-azido-L-lysine 8-azido-D-lysine 

wH F CH3 
Fmoc 8 OC s SPPS 

n N CO2H n N CO2H e 
H H 

N-C-Fmoc-L- N-C-Fmoc-(S)-2-amino 
propargylglycine 2-methyl-4-pentynoic acid 

S S 

w F CH3 
Fmoc 8. OC n n 

N COH N COH 
H 2 H 2 

N-C-Fmoc-(S)-2-amino- N-C-Fmoc-(S)-2-amino 
6-heptynoic acid 2-methyl-6-heptynoic acid 

Deprotect & 
cleave from 
-H 

Solid Support 
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0243 In the general method for the synthesis of peptido 
mimetic macrocycles shown in Synthetic Scheme 5, the pep 
tidomimetic precursor contains an azide moiety and an 
alkyne moiety and is synthesized by Solid-phase peptide Syn 
thesis (SPPS) using the commercially available amino acidN 
C-Fmoc-L-propargylglycine and the N-C-Fmoc-protected 
forms of the amino acids (S)-2-amino-2-methyl-4-pentynoic 
acid, (S)-2-amino-6-heptynoic acid, (S)-2-amino-2-methyl 
6-heptynoic acid, N-methyl-e-azido-L-lysine, and N-methyl 
e-azido-D-lysine. The peptidomimetic precursor is reacted 
with a macrocyclization reagent Such as a Ru(II) reagent on 
the resin as a crude mixture. For example, the reagent can be 

AC-DIRNLARHLA 

AC-DIRNLARHLA 

AC-DIRNLARHLA 

AC-DIRNLARHLA 

AC-DIRNLARHLA 
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Cp*RuCl(PPh), or Cp*RuCl (Rasmussen et al. (2007), 
Org. Lett. 9:5337-5339; Zhang et al. (2005), J. Am. Chem. 
Soc. 127:15998-15999). In some embodiments, the macro 
cyclization step is performed in a solvent chosen from the 
group consisting of CHCl, CICHCHCl, CHCN, DMF, 
and THF. 
0244. Several exemplary peptidomimetic macrocycles are 
shown in Table 5 (SEQID NOS 77-88, respectively, in order 
of appearance). "Nile' represents norleucine and replaces a 
methionine residue. It is envisioned that similar linkers are 
used to synthesize peptidomimetic macrocycles based on the 
polypeptide sequences disclosed in Table 1 through Table 4. 

TABLE 5 

O O MW = 2464 

-N vgD1 N NleDRSI-NH 
Š H, is H, 

N N N 1 
N 

MW = 2464 

1 NleDRSI-NH 

MW = 2464 

1. NleDRSI-NH 

MW = 2464 

1. NleDRSI-NH 

MW = 2478 

1. NleDRSI-NH 
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TABLE 5-continued 

1. AC-DIRNIARHLA NleDRSI-NH2 
S w 

O 

H 

-N AC-DIRNIARHLA NleDRSI-NH 

Ns 

Table 5 shows exemplary peptidommimetic macrocycles of 
the invention. “Nle' represents norleucine. 
0245 
naturally-occurring amino acids and amino acid analogs in 
the synthesis of the peptidomimetic macrocycles described 
herein. Any amino acid or amino acid analog amenable to the 
synthetic methods employed for the synthesis of stable tria 
Zole containing peptidomimetic macrocycles can be used in 
the present invention. For example, L-propargylglycine is 
contemplated as a useful amino acid in the present invention. 
However, other alkyne-containing amino acids that contain a 
different amino acid side chain are also useful in the inven 
tion. For example, L-propargylglycine contains one methyl 
ene unit between the C-carbon of the amino acid and the 
alkyne of the amino acid side chain. The invention also con 
templates the use of amino acids with multiple methylene 
units between the C-carbon and the alkyne. Also, the azido 
analogs of amino acids L-lysine, D-lysine, alpha-methyl-L- 
lysine, and alpha-methyl-D-lysine are contemplated as useful 
amino acids in the present invention. However, other terminal 
azide amino acids that contain a different amino acid side 
chain are also useful in the invention. For example, the azido 
analog of L-lysine contains four methylene units between the 
C-carbon of the amino acid and the terminal azide of the 
amino acid side chain. The invention also contemplates the 
use of amino acids with fewer than or greater than four meth 
ylene units between the C-carbon and the terminal azide. 
Table 6 shows some amino acids useful in the preparation of 
peptidomimetic macrocycles of the invention. 

The present invention contemplates the use of non 

34 

MW = 24.92 

MW = 24.92 

TABLE 6 

N-C-Fmoc-L-propargylglycine 

N-C-Fmoc-D-propargylglycine 

N-C-Fmoc-(S)-2-amino 
2-methyl-4-pentynoic acid 
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TABLE 6-continued 

N 

N-C-Fmoc-e-azido 
C.-methyl-L-lysine 

N-C-Fmoc-e-azido 
C-methyl-D-lysine 

N-C-Fmoc-8-azido 
L-ornithine 

N 

s 
Fmoc y 

n N CO2H 
H 

N-C-Fmoc-8-azido 
D-ornithine 

36 
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TABLE 6-continued 

N-C-Fmoc-e-azido 
C-methyl-L-ornithine 

N-C-Fmoc-e-azido 
C-methyl-D-ornithine 

Table 6 shows exemplary amino acids useful in the prepara 
tion of peptidomimetic macrocycles of the invention. 

0246. In some embodiments the amino acids and amino 
acid analogs are of the D-configuration. In other embodi 
ments they are of the L-configuration. In some embodiments, 
Some of the amino acids and amino acid analogs contained in 
the peptidomimetic are of the D-configuration while some of 
the amino acids and amino acid analogs are of the L-configu 
ration. In some embodiments the amino acid analogs are 
C.C.-disubstituted, such as C.-methyl-L-propargylglycine, 
C.-methyl-D-propargylglycine, e-azido-alpha-methyl-L- 
lysine, and e-azido-alpha-methyl-D-lysine. In some embodi 
ments the amino acid analogs are N-alkylated, e.g., N-me 
thyl-L-propargylglycine, N-methyl-D-propargylglycine, 
N-methyl-e-azido-L-lysine, and N-methyl-e-azido-D-lysine. 

0247. In some embodiments, the NH moiety of the 
amino acid is protected using a protecting group, including 
without limitation -Fmoc and -Boc. In other embodiments, 
the amino acid is not protected prior to synthesis of the pep 
tidomimetic macrocycle. 
0248. In other embodiments, peptidomimetic macro 
cycles of Formula III are synthesized. The following syn 
thetic schemes describe the preparation of Such compounds. 
To simplify the drawings, the illustrative schemes depict 
amino acid analogs derived from L- or D-cysteine, in which 
L and L are both —(CH)—. However, as noted throughout 
the detailed description above, many other amino acid ana 
logs can be employed in which L and L. can be indepen 
dently selected from the various structures disclosed herein. 
The symbols “AA., “AA., “AA represent a 
sequence of amide bond-linked moieties such as natural or 
unnatural amino acids. As described previously, each occur 
rence of 'AA' is independent of any other occurrence of 
'AA', and a formula Such as 'AA' encompasses, for 
example, sequences of non-identical amino acids as well as 
sequences of identical amino acids. 
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Synthetic Scheme 6: 

solid 
Support 

solid 
Support 

SPPS 
-e- 

solid 
Support 

H H solid 
N N Support 

1 
s AA, 

1R SS R 
S-Trt S-Trt 

R = H or Me 

Deprotect & 
cleave from 
solid Support 
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-continued 

0249. In Scheme 6, the peptidomimetic precursor contains 
two —SH moieties and is synthesized by solid-phase peptide 
synthesis (SPPS) using commercially available N-C-Fmoc 
amino acids such as N-C-Fmoc-S-trityl-L-cysteine or N-C- 
Fmoc-S-trityl-D-cysteine. Alpha-methylated versions of 
D-cysteine or L-cysteine are generated by known methods 
(Seebach et al. (1996), Angew. Chem. Int. Ed. Engl. 35:2708 
2748, and references therein) and then converted to the appro 
priately protected N-C-Fmoc-S-trityl monomers by known 
methods (“Bioorganic Chemistry: Peptides and Proteins”. 
Oxford University Press, New York: 1998, the entire contents 
of which are incorporated herein by reference). The precursor 
peptidomimetic is then deprotected and cleaved from the 
Solid-phase resin by standard conditions (e.g., strong acid 
such as 95% TFA). The precursor peptidomimetic is reacted 
as a crude mixture or is purified prior to reaction with X-L-Y 
in organic or aqueous solutions. In some embodiments the 
alkylation reaction is performed under dilute conditions (i.e. 
0.15 mmol/L) to favor macrocyclization and to avoid poly 
merization. In some embodiments, the alkylation reaction is 
performed in organic solutions such as liquid NH. (Mosberg 
etal. (1985), J. Am. Chem. Soc. 107:2986-2987; Szewczuket 
al. (1992), Int. J. Peptide Protein Res. 40:233-242), NH/ 
MeOH, or NH/DMF (Or et al. (1991), J. Org. Chem. 
56:3146-3149). In other embodiments, the alkylation is per 
formed in an aqueous Solution Such as 6Mguanidinium HCL, 
pH 8 (Brunel et al. (2005), Chem. Commun. (20):2552 
2554). In other embodiments, the solvent used for the alky 
lation reaction is DMF or dichloroethane. 
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Synthetic Scheme 7: 
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-continued 
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0250 In Scheme 7, the precursor peptidomimetic contains 
two or more —SH moieties, of which two are specially pro 
tected to allow their selective deprotection and subsequent 
alkylation for macrocycle formation. The precursor peptido 
mimetic is synthesized by Solid-phase peptide synthesis 
(SPPS) using commercially available N-C-Fmoc amino acids 
such as N-C-Fmoc-S-p-methoxytrityl-L-cysteine or N-C- 
Fmoc-S-p-methoxytrityl-D-cysteine. Alpha-methylated ver 
sions of D-cysteine or L-cysteine are generated by known 
methods (Seebach et al. (1996), Angew. Chem. Int. Ed. Engl. 
35:2708-2748, and references therein) and then converted to 
the appropriately protected N-C-Fmoc-S-p-methoxytrityl 
monomers by known methods (Bioorganic Chemistry. Pep 
tides and Proteins, Oxford University Press, New York: 1998, 
the entire contents of which are incorporated herein by refer 
ence). The Mmt protecting groups of the peptidomimetic 
precursor are then selectively cleaved by standard conditions 
(e.g., mild acid such as 1% TFA in DCM). The precursor 
peptidomimetic is then reacted on the resin with X-L-Y in an 
organic Solution. For example, the reaction takes place in the 
presence of a hindered base Such as diisopropylethylamine. In 
Some embodiments, the alkylation reaction is performed in 
organic solutions such as liquid NH. (Mosberg et al. (1985), 
J. Am. Chem. Soc. 107:2986-2987; Szewczuk et al. (1992), 
Int. J. Peptide Protein Res. 40:233-242), NH/MeOH or NH/ 
DMF (Oretal. (1991), J. Org. Chem. 56:3146-3149). In other 
embodiments, the alkylation reaction is performed in DMF or 
dichloroethane. The peptidomimetic macrocycle is then 
deprotected and cleaved from the solid-phase resin by stan 
dard conditions (e.g., strong acid such as 95% TFA). 
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Synthetic Scheme 8: 
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0251. In Scheme 8, the peptidomimetic precursor contains 
two or more —SH moieties, of which two are specially pro 
tected to allow their selective deprotection and subsequent 
alkylation for macrocycle formation. The peptidomimetic 
precursor is synthesized by Solid-phase peptide synthesis 
(SPPS) using commercially available N-C-Fmoc amino acids 
such as N-C-Fmoc-S-p-methoxytrityl-L-cysteine, N-C- 
Fmoc-S-p-methoxytrityl-D-cysteine, N-C-Fmoc-S-S-t-bu 
tyl-L-cysteine, and N-C-Fmoc-S S-t-butyl-D-cysteine. 
Alpha-methylated versions of D-cysteine or L-cysteine are 
generated by known methods (Seebach et al. (1996), Angew. 
Chem. Int. Ed. Engl. 35:2708-2748, and references therein) 
and then converted to the appropriately protected N-C-Fmoc 
S-p-methoxytrity1 or N-C-Fmoc-S S-t-butyl monomers by 
known methods (Bioorganic Chemistry. Peptides and Pro 
teins, Oxford University Press, New York: 1998, the entire 
contents of which are incorporated herein by reference). The 
S—S-tButyl protecting group of the peptidomimetic precur 
sor is selectively cleaved by known conditions (e.g., 20% 
2-mercaptoethanol in DMF, reference: Galande et al. (2005), 
J. Comb. Chem. 7:174-177). The precursor peptidomimetic is 
then reacted on the resin with a molar excess of X-L-Y in an 
organic Solution. For example, the reaction takes place in the 
presence of a hindered base such as diisopropylethylamine. 
The Mmt protecting group of the peptidomimetic precursor is 

He 
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(Y. 
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then selectively cleaved by standard conditions (e.g., mild 
acid such as 1% TFA in DCM). The peptidomimetic precur 
sor is then cyclized on the resin by treatment with a hindered 
base in organic Solutions. In some embodiments, the alkyla 
tion reaction is performed in organic solutions such as NH/ 
MeOH or NH/DMF (Or et al. (1991), J. Org. Chem. 
56:3146-3149). The peptidomimetic macrocycle is then 
deprotected and cleaved from the solid-phase resin by stan 
dard conditions (e.g., strong acid Such as 95% TFA). 

Synthetic Scheme 9: 
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0252. In Scheme 9, the peptidomimetic precursor contains 
two L-cysteine moieties. The peptidomimetic precursor is 
synthesized by known biological expression systems in living 
cells or by known in vitro, cell-free, expression methods. The 
precursor peptidomimetic is reacted as a crude mixture or is 
purified prior to reaction with X-L2-Y in organic or aqueous 
Solutions. In some embodiments the alkylation reaction is 
performed under dilute conditions (i.e. 0.15 mmol/L) to favor 
macrocyclization and to avoid polymerization. In some 
embodiments, the alkylation reaction is performed in organic 
solutions such as liquid NH. (Mosberg et al. (1985), J. Am. 
Chem. Soc. 107:2986-2987; Szewczuk et al. (1992), Int. J. 
Peptide Protein Res.40:233-242), NH/MeOH, or NH/DMF 
(Or et al. (1991), J. Org. Chem. 56:3146-3149). In other 
embodiments, the alkylation is performed in an aqueous solu 
tion such as 6Mguanidinium HCL, pH 8 (Bruneletal. (2005), 
Chem. Commun. (20):2552-2554). In other embodiments, 
the alkylation is performed in DMF or dichloroethane. In 
another embodiment, the alkylation is performed in non 
denaturing aqueous solutions, and in yet another embodiment 
the alkylation is performed under conditions that favor C-he 
lical structure formation. In yet another embodiment, the 
alkylation is performed under conditions that favor the bind 
ing of the precursor peptidomimetic to another protein, so as 
to induce the formation of the bound C-helical conformation 
during the alkylation. 

AC-DIRNLARHLA 

AC-DIRNLARHLA 

AC-DIRNLARHLA 
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0253 Various embodiments for X and Y are envisioned 
which are Suitable for reacting with thiol groups. In general, 
each X or Y is independently be selected from the general 
category shown in Table 5. For example, X and Y are halides 
Such as —Cl. —Br or —I. Any of the macrocycle-forming 
linkers described herein may be used in any combination with 
any of the sequences shown in Tables 1-4 and also with any of 
the R— substituents indicated herein. 

TABLE 7 

Examples of Reactive Groups Capable 
of Reacting with Thiol Groups and Resulting 

Linkages 

(1) X or Y (2) Resulting 
Covalent Linkage 

(3) acrylamide (4) Thioether 
(5) halide (e.g. (6)Thioether 
alkyl or aryl halide) 
(7) sulfonate (8) Thioether 
(9) aziridine (10) Thioether 
(11) epoxide (12) Thioether 
(13) haloacetamide (14) Thioether 
(15) maleimide (16) Thioether 
(17) sulfonateester (18) Thioether 

0254 Table 8 shows exemplary macrocycles of the inven 
tion (SEQ ID NOS 89-94, respectively, in order of appear 
ance). "N' represents norleucine and replaces a methionine 
residue. It is envisioned that similar linkers are used to Syn 
thesize peptidomimetic macrocycles based on the polypep 
tide sequences disclosed in Table 1 through Table 4. 

TABLE 8 

Examples of Peptidomimetic Macrocycles of the Invention 

MW = 2477 

1N NDRSI-NH2 

S 

MW = 2463 

1 N. NDRSI-NH2 
s 

S n-1N1 S 

O MW = 2S25 

1 NDRSI-NH2 

CH3 
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TABLE 8-continued 

Examples of Peptidomimetic Macrocycles of the Invention 

Ac-DIRNIARHLA1 NDRSI-NH2 

Ac-DIRNIARHLA1 NDRSI-NH2 

-N AC-DIRNLARHLA NDRSI-NH2 
S 
\ 
S 

For the examples shown in this table, “N,” represents norleu 
cine. 

0255. The present invention contemplates the use of both 
naturally-occurring and non-naturally-occurring amino acids 
and amino acid analogs in the synthesis of the peptidomi 
metic macrocycles of Formula (III). Anyamino acid oramino 
acid analog amenable to the synthetic methods employed for 
the synthesis of stable bis-Sulfhydryl containing peptidomi 
metic macrocycles can be used in the present invention. For 
example, cysteine is contemplated as a useful amino acid in 
the present invention. However, Sulfur containing amino 
acids other than cysteine that contain a different amino acid 
side chain are also useful. For example, cysteine contains one 
methylene unit between the C-carbon of the amino acid and 
the terminal—SH of the amino acid side chain. The invention 
also contemplates the use of amino acids with multiple meth 
ylene units between the C-carbon and the terminal —SH. 
Non-limiting examples include C.-methyl-L-homocysteine 
and C.-methyl-D-homocysteine. In some embodiments the 
amino acids and amino acid analogs are of the D-configura 
tion. In other embodiments they are of the L-configuration. In 
Some embodiments, some of the amino acids and amino acid 
analogs contained in the peptidomimetic are of the D-con 
figuration while some of the amino acids and amino acid 
analogs are of the L-configuration. In some embodiments the 
amino acid analogs are O.C.-disubstituted. Such as C.-methyl 
L-cysteine and C.-methyl-D-cysteine. 
0256 The invention includes macrocycles in which mac 
rocycle-forming linkers are used to link two or more —SH 
moieties in the peptidomimetic precursors to form the pepti 
domimetic macrocycles of the invention. As described above, 
the macrocycle-forming linkers impart conformational rigid 
ity, increased metabolic Stability and/or increased cell pen 
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MW = 2531 

MW = 2475 

MW = 2475 

etrability. Furthermore, in some embodiments, the macro 
cycle-forming linkages stabilize the C-helical secondary 
structure of the peptidomimetic macrocyles. The macrocycle 
forming linkers are of the formula X-L-Y, wherein both X 
and Y are the same or different moieties, as defined above. 
Both XandY have the chemical characteristics that allow one 
macrocycle-forming linker -L- to bis alkylate the bis-Sulf 
hydryl containing peptidomimetic precursor. As defined 
above, the linker -L- includes alkylene, alkenylene, alky 
nylene, heteroalkylene, cycloalkylene, heterocycloalkylene, 
cycloarylene, or heterocycloarylene, or—R K R , all 
of which can be optionally substituted with an Rs group, as 
defined above. Furthermore, one to three carbonatoms within 
the macrocycle-forming linkers -L-, other than the carbons 
attached to the —SH of the sulfhydryl containing amino acid, 
are optionally substituted with a heteroatom such as N, S or O. 
0257 The L component of the macrocycle-forming 
linker X-L-Y may be varied in length depending on, among 
other things, the distance between the positions of the two 
amino acid analogs used to form the peptidomimetic macro 
cycle. Furthermore, as the lengths of L and/or L. compo 
nents of the macrocycle-forming linker are varied, the length 
of L2 can also be varied in order to create a linker of appro 
priate overall length for forming a stable peptidomimetic 
macrocycle. For example, if the amino acid analogs used are 
varied by adding an additional methylene unit to each of L 
and L, the length of L are decreased in length by the equiva 
lent of approximately two methylene units to compensate for 
the increased lengths of L and L. 
0258. In some embodiments, L is an alkylene group of the 
formula —(CH) , where n is an integer between about 1 
and about 15. For example, n is 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10. In 

  
































































































































