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Chapter 1

Background and introduction



1-1. Parasitic diseases

Parasitic infections, caused by parasites that have sustained contact with another organism to the detriment
of the host organism, remain a serious health problem, especially in low-income countries such as Africa,
South-East Asia, and so on.!"! Parasites which cause infections are classified into two categories: protozoa that
is an unicellular eukaryote and helminth that is a multicellular eukaryote. Protozoan infections usually have a
high mortality rate. For example, particularly as for malaria, annual number of patients is estimated 229
million and that of death is reported 409 thousand in 2019.! On the other hand, helminth infections tend to be
chronic and are persistent in certain areas, causing long-term disabilities. The severity of these diseases
becomes evident not only from the high mortality rate but also from the high DALY (Disability Adjusted Life
Years) values, which are considered to be major obstacles to economic development in low-income
countries.”! On the other hand, the number of parasitic diseases is decreasing in high-income countries.!") In
particular, in Japan, most parasitic diseases have been suppressed by the spread of mass-screening and
development of examination method and useful therapeutic agents, in addition to the improvement of hygienic
environments such as water supply and sewerage systems and modernization of agricultural forms using
chemical fertilizers. Therefore, in developed countries including Japan, awareness of parasitic infections is not
high and pharmaceutical companies have been reluctant to develop new therapeutic drugs for such diseases

due to their low profitability.
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1-2. Microbial metabolites from nature as drug candidates

The antibiotic research on natural products derived from microorganisms has been widely developed since
the discovery of penicillin by Fleming in 1929.*! As a result of the frenzied research of the past 90 years, a
large number of antibiotics were found from nature and have been used as therapeutic agents for infectious
diseases and have contributed to human health. Furthermore, in addition to antibacterial agents, a great
number of bioactive compounds such as antitumor agents, immunosuppressive agents, and enzyme inhibitors
have been discovered from microorganisms.”!

Natural products play a dominant role in the discovery of leads for the development of drugs for the
treatment of human diseases. Newman et al. in NIH (National Institute of Health) reported that among the all
1,211 small-molecule drugs approved by U. S. FDA (Food and Drug Administration) during the 34 years from
1981 to 2014, 65% were made based on natural products (Figure 2),/°’ which shows the usefulness of natural

products as lead compounds for drug discovery.
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Figure 2. All small-molecule approved drugs 1981-2014s; n = 1211.1 N: Unaltered natural product, NB:
Botanical drug (defined mixture), ND: Natural product derivative, S: Synthetic drug, S*: Synthetic drug (NP
pharmacophore), /NM: Mimic of natural product.



1-3. Peptides as drug candidates

Peptides would be ideal drugs for interfering with protein—protein interactions or serve as ligands for
membrane-bound receptors, such as G-protein-coupled receptors (GPCRs) or cell-adhesion receptors
(integrins).”*/ As the mainstream modalities of drug discovery shift from small molecules to biological
entities, an increasing number of peptide-based drugs and drug candidates have been developed in recent
years.!”?) There are already many applications of peptide drugs. Over 60 peptides have been approved in the
United States, Europe and Japan, and more than 150 peptides are in active clinical development (Figure 3).”)
The worldwide market for peptide therapeutics is expected to grow from US$ 21.3 billion to US$ 46.6 billion
between 2015 and 2024,''° which increases the requirement for improvement in discovery of bioactive

peptides and peptide synthesis.
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1-4. Peptide synthesis

The first peptide synthesis was achieved by Curtius in 1882 in his Ph. D. research with Kolbe.!''! Benzoyl
glycylglycine, the first N-protected dipeptide, was synthesized by reacting the silver salt of glycine with
benzoyl chloride (Scheme 1a). Nineteen years later, in 1901, Fischer and Fourneau reported the synthesis of
glycylglycine, the first free dipeptide, which was achieved by hydrolysis of the diketopiperazine of glycine
(Scheme 1b).I'?) In 1902, Fischer first introduced the term “peptides” at the 14™ meeting of the German
scientists and physicians in Karisbad.!"*! Since then, many researchers, including the above mentioned people,
Bergmann, Zervas, Vigneaud, etc., contributed to the development of this research area, and in the 1950s,

synthesis of small peptides reached a certain mature stage.!'¥!

Scheme 1. Early works for the peptide syntheses

a) N-protected dipeptide: First ever peptide synthesis by T. Curtius in 1882!'"!
o

o o ¢}
o) H
2 + 2 N\)L + + 2AgCl
H,N \)]\OAQ O)‘\CI —_— ©)‘\H/\g/ OH ©)J\OH

Silver salt of glycine Benzoyl chloride N-protected Gly-Gly

b) Free dipeptide: First ever unprotected peptide synthesis by E. Fischer in 1901/

H
o_ N o)
o) HCl aq. H
N
H,N T T l —>  H,N OH
2 \)J\OEt H,0, rt N0 2
H

Glycine ester Pipetazine-2,5-dione Gly-Gly

Synthetic methods of peptides are classified into two categories. The first involves peptide synthesis on an
insoluble resin (SPPS, solid-phase peptide synthesis). The second strategy uses a protecting group which is
soluble in the reaction medium (LPPS, liquid-phase peptide synthesis). The first ever SPPS was published by
Merrifield in 1963.0'"") In the original procedure, chloromethylnitrostyrene polymer resin was utilized to
synthesize a tetrapeptide (Scheme 2). Since this fantastic work, SPPS have been improved substantially by
many groups over the years, which has greatly contributed to the development of peptide therapeutics. Recent
development of various condensation reagents and new solid-phase resins, advances in HPLC purification
methods, and development of automated peptide synthesizers have made SPPS the usual method for peptide

1167 Although SPPS offers many advantages with regard to compound isolation and ease of handling,

synthesis.
the insoluble nature of resin-supported compounds makes it difficult to monitor the reactions in heterogeneous
solutions, to characterize the each synthetic intermediate, and to make reagents access to the reactive site on a
solid support. These properties are excellently suitable for initial derivative synthesis for drug discovery but
has not shown satisfactory efficiency for scale-up or industrial application. On the other hand, in conventional
LPPS, although it is easy to monitor the reaction, reaction and purification conditions largely depend on the
amino acid sequence of the peptide, which makes the method suitable to scale-up but unsuitable for divergent

peptide synthesis.
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Scheme 2. Merrifield’s original solid-phase peptide synthesis published in 1963!""
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In 2001, Tamiaki et al. reported a new type of LPPS utilizing a hydrophobic anchor molecule, which can
combine the best characteristics of conventional LPPS with the benefits of SPPS.!'”) They reported a protocol
using a benzyl alcohol derivative having long-alkyl chains as a hydrophobic anchor molecule in which peptide
intermediates were purified by simple crystallization combined with flash chromatography if necessary
(Scheme 3). Afterward, Chiba et al. and our group used this protocol to synthesize several peptides including
bioactive ones.'®!”) Fluorene-derived anchor supported compounds and a synthetic protocol called
AJIPHASE® were developed by Ajinomoto Co., Inc.””! In spite of the prominent use of this methodology,

limited examples illustrated the strategic use of it.
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Scheme 3. Liquid-phase peptide synthesis utilizing a hydrophobic anchor molecule reported by Tamiaki’s
group!'”!

a) Peptide elongation

Fmoc-Ala-OH CsH oNH
HO-Bzl(OC45); ——————— Fmoc-Ala-OBzl(OC5)3 ———» H-Ala-OBzI(OCg);
EDC-HOBt
Fmoc-Phe-OH CsH,(NH
— Fmoc-Phe-AIa-OBzI(0C18)3 R —— H-Phe-AIa-OBzI(OCw)3
EDC-HOBt
OC1gHa7
Fmoc-Leu-OH OC1gHa7
—  » Fmoc-Leu-Phe-Ala-OBzI(OC ), H
EDC-HOBt C1gHa7

HO-BzI(OC )3

b) Deprotection of the anchor molecule

HBr/ AcOH

4 M HCI / AcOEt
Fmoc-AAn--AA,-OBzI(OC 5) > Fmoc-AA,--AA-OH * HO-BzI(OC ),

I Pd-
! PaCIT )
H-AA,--AA,-OH H—BzI(OCg);

Fmoc-AAn--AA-OH * Br—BzI(OC,g);
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Amido bond formation in peptide synthesis can often present the problem of racemization. To face this
challenge, numerous mild coupling reagents and methods have been developed potentially to help prevent
racemization of neighbouring chiral centers.!'®’ Peptide elongation at the N-terminus under mild activation
conditions using N-carbamate protected o-amino acid such as Boc group or Fmoc group is the most
representative example. On the other hand, when the C-terminal acid peptide is activated, racemization often
occurs because it leads to the formation of the corresponding oxazolone. Even under mild basic conditions, it
undergoes racemization due to the formation of conjugated anionic intermediate. The resulting oxazolone

mixture reacts then with a nucleophile, which explains the loss of chirality of the coupled material (Scheme
4).21

Scheme 4. Oxazolone-mediated racemization occurring during peptide coupling'*"!
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1-5. Malaria

1-5-1. Symptoms and prevalence of malaria

Il One or more indigenous cases I Ceriified malaria free affer 2000
Zero cases in 2018-2019 1 No malaria
I 7ero cases in 2019 B Not applicable

Il 7ero cases (23 years) in 2019

Figure 4. Countries with indigenous cases in 2000 and their status by 2019

Y

Figure 5. Plasmodium falciparum Figure 6. Anopheles spp.

Malaria, caused by Plasmodium species, is a protozoal infection which is widespread throughout the world,
especially in the tropical and subtropical regions of sub-Saharan Africa (Figure 4).”) The symptoms are
characterized by repeated fever around 40°C and antipyretic with splenomegaly, anemia, and so on after a
certain incubation period after infection with Plasmodium species. There are five kinds of Plasmodium species
that infects humans: Plasmodium falciparum (Figure 5), Plasmodium vivax, Plasmodium malariae,
Plasmodium ovale, and Plasmodium knowlesi. Infection with the most highly pathogenic P. falciparum,”? in a
severe case, causes death due to acute encephalopathy or renal failure within one to two weeks after onset.
According to World Malaria Report 2020 by the World Health Organization (WHO), the estimated annual

number of malaria cases is 229 million and that of deaths is 409 thousand in the world in 2019.>?3 In
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particular, there are many deaths in children with weak immunity, accounting for high percentage of mortality

cause of infants under the age of five due to infectious diseases.”*’

! The main cause of malaria epidemic is
considered to be underdeveloped medical environment and health services in low-income countries. In
addition, with the expansion of the habitat of Anopheles (Figure 6), which is the vector insect of malaria
parasites, due to global warming, there is concern about the expansion of endemic areas.” On the other hand,
cases of imported malaria have been reported all over the world even in no malaria areas, where travelers to

endemic areas develop malaria after returning. Since this is an onset in a non-endemic area, some cases

leading to death have been reported from delays in diagnosis and treatment.!*”!
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1-5-2. Lifecycle of malaria parasite

The lifecycle of P. falciparum is shown below (Figure 7)!*°
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Figure 7. Lifecycle of P. falciparum!>

The Plasmodium life cycle involves two hosts.
(1) During a blood diet, a malaria-infected female Anopheles mosquito injects sporozoites into the human
host.
(2) Liver cells are infected by the sporozoites.
(3) The sporozoites mature into schizonts.
(4) The schizonts rupture and merozoites are released.
After this early replication in the liver (exo-erythrocytic schizogony; A), the parasites undergo asexual
reproduction in the erythrocytes (erythrocytic schizogony; B).
(5) The merozoites infect erythrocytes.
(6) The ring stage trophozoites mature into schizonts, which rupture and release merozoites.
(7) Some of parasites differentiate into sexual erythrocytic stages (gametocytes).

Parasites at the blood stage are responsible for the clinical manifestations of the disease.
17



(8) An  Amnopheles mosquito ingest the gametocytes, male (microgametocytes) and female
(macrogametocytes), during a blood meal.
The parasites’ multiplication in the mosquito host is known as the sporogonic cycle; C.

(9) In the mosquito’s stomach, the microgametes penetrate the macrogametes generating zygotes.

(10) The zygotes become motile and elongated ookinetes.

(11) The ookinetes invade the midgut wall of the mosquito, where they grow into oocysts.

(12) The oocysts develop, rupture, and release sporozoites.
The sporozoites make their way to the mosquito’s salivary glands. Inoculation of the sporozoites into a

new human host perpetuates the malaria life cycle.

Among the malaria parasites, the growth of P. falciparum”' is particularly rapid, which often causes
severe symptoms compared to other parasites. The symptoms of malaria are mainly caused by asexual
reproduction of P. falciparum in erythrocytes. Fever, one of them, is thought to be caused by the release of
metabolites of malaria parasites that occurs with the destruction of erythrocytes. Erythrocytes infected with P
falciparum are likely to coagulate and occlude the blood vessels of organs such as brain and kidneys, causing

necroses of the tissues and making the mortality rate of infected patients high.!"
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1-5-3. Existing malaria drugs and their problems

Quinine, known as a classic therapeutic agent for malaria, is an alkaloid isolated from Cinchona bark, a
native plant of the South American Andes in 1820.1*”) Later, leading the structure of quinine, chloroquine was
developed in 1938, and has been used as the most common antimalarial drug for many years.”®) Malaria
parasites degrade hemoglobin in infected erythrocytes with their proteases and use them as a nutrient source.
Although the produced heme is toxic to the protozoa, they have a system that polymerizes heme in the
phagosome and detoxifies it as hemozoin. Quinine and chloroquine are thought to exert its antimalarial effect

by preventing this polymerization of toxic heme (Figure 8).1*”!

= Me r
HO |\lf i |-|N)\/\/N\/Me
MeO

; oo
N7 cl N
Quinine Chloroquine

Figure 8. Structures of quinine and chloroquine

Chloroquine had been used as an effective treatment even after World War II. However, the
chloroquine-resistant P. falciparum appeared in Thailand and Colombia in the late 1950s and spread to malaria
epidemics around the world, which has significantly reduced the usefulness of it. Chloroquine is selectively
toxic to malaria parasites because it attains higher concentrations in parasitized cells than in normal tissue
cells. Plasmodial resistance to chloroquine is based on an impairment of the mechanism by which such drug

levels are accumulated.*"!

In order to overcome chloroquine-resistant malaria parasites,
chloroquine-derivatized mefloquine®!! and halofantrine’*?) have been developed (Figure 9). However, their
usefulness is decreasing due to the reports of serious side effects and the emergence of resistant protozoa to

these drugs.

CF3
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Figure 9. Structures of quinine-based existing antimalarial drugs

Artemisinin was first isolated in 1972 from sweet wormwood (Artemisia annua), traditionally used for
febrile diseases in Chinese medicine.**) Artemisinin, characterized by a cyclic peroxidation structure, shows
low toxicity and excellent antimalarial activity. However, since artemisinin is relatively hydrophobic,

hydrophilic derivatives such as artesunate have been formulated and used as therapeutics (Figure 10).°*
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Artemisinin Artesunate

Figure 10. Structures of artemisinin-based existing antimalarial drugs

Artemisinins are thought to act on protozoa by being activated by heme in the body, cleaving the cyclic
peroxide in the structure and generating reactive oxygen speices. It has also been clarified in recent years that
antimalarial activity is exhibited by being concentrated and incorporated into protozoa in a high concentration
and selectively inhibiting malaria parasite-specific ATPase.”> However, the short half-life and high relapse
rate are disadvantages. Relapse is a phenomenon in which a small number of surviving protozoa proliferate
and develop the disease again later even after the symptoms of malaria have disappeared and the malaria
parasite has not been observed in red blood cells. It is thought that relapse occurs because artemisinins kill the
schizont form but only inhibit the growth of ring form trophozoite. Therefore, artemisinin-based combination

3 Fast acting

therapy (ACT) is currently recommended for the treatment of P. falciparum malaria by WHO.!
artemisinin-based compounds are combined with a drug from a different class. The benefits of ACTs are their
high efficacy, fast action and the reduced likelihood of resistance developing. However, since artemisinin
drugs cannot easily chemically synthesized due to their complex structures, they are manufactured by
semi-synthesis using the plant extracts, which makes their supply unsustainable and expensive. Moreover, in
recent years, malaria parasites resistant to artemisinin or ACT therapy have also been reported.””!

As described above, antimalarial drugs have been developed for a long time and many useful therapeutic
agents have been produced. However, the number of resistant parasites is rapidly increasing in any drugs. In
addition, vector control has become difficult due to the appearance of Anopheles resistant to insecticides, and
vaccine development is also difficult because malaria parasites exhibit various antigenic properties. Therefore,

the development of novel and safe antimalarial drugs, with new modes of action and structural features, is

urgently required.
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Chapter 2
Kozupeptins, Antimalarial Agents Produced by
Paracamarosporium Species: Isolation, Structural Elucidation,

Total Synthesis, and Bioactivity

ABSTRACT: Kozupeptins A and B, novel antimalarial lipopeptides were isolated from the culture broth of
Paracamarosporium sp. FKI-7019. They exhibited potent antimalarial activity against chloroquine-sensitive
and -resistant Plasmodium falciparum strains in vitro. The structural elucidation was accomplished by a
combination of spectroscopic analyses and chemical approaches including a total synthesis of kozupeptin A.
Synthetic kozupeptin A demonstrated a therapeutic effect in vivo and an intermediate exhibited much higher

antimalarial activity than kozupeptin A.
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2-1. Introduction

In the course of our screening program to discover antimalarial agents from microbial metabolites which
are active against drug-resistant parasites in vitro and in vivo, we have discovered various metabolites with
potent antimalarial properties.*!

Herein, I report the isolation of new potent antimalarial compounds, designated as kozupeptins A and B
(1a, 1b), from the culture broth of Paracamarosporium sp. FKI-7019 (Figure 11). I also describe an efficient
total synthesis and evaluation of the antimalarial activity of these new compounds. This work shows that the

kozupeptins could be a promising leading candidate for development of a new antimalarial drug.

HO,, Meo HO,, MeO

7
i M M X M M X
- OH H Me O H e\:/ eO Oﬁ)/"N N o H e\:/ eO oﬁ)/'/N B
P, e l// N\/"\ N H N H ) N H N H )
- ‘- v N N Me 7 HoN N M 7
\ - & M H H
b HO o

Me H e 0 e
™ ¢ 1 NH, NH,

10 um Kozupeptin A (1a) Kozupeptin B (1b)

Figure 11. Paracamarosporium sp. FKI-7019 and structures of kozupeptins A and B (1a, 1b)
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2-2. Isolation of kozupeptins A and B

An antimalarial screening program from the fermentation broth of our microorganism library led us to
focus on a fungal strain, Paracamarosporium sp. FKI-7019 isolated from the soil around a plant in
Kozu-Island, Tokyo, Japan. This strain was grown and maintained on an agar slant (see Experimental
Section for details). The isolation procedure for the kozupeptin A (1a) is summarized in Scheme 5. The
procedure afforded 1.7 mg of kozupeptin A 1a from an ethanol extracted culture broth of Paracamarosporium
sp. FKI-7019. From another fermentation lot of ethanol extracted broth (12.0 L), kozupeptin B 1b (7.2 mg)

was obtained (Scheme 6).

Scheme 5. Isolation procedure of kozupeptin A (1a)

Cultured broth (3.0 L) (Lot 1)

Added EtOH (3.0 L)

Centrifuged at 3,000 rpm for 10 min
|

EtOH extract (6.0 L) Mycelia

Removed EtOH in vacuo

Extracted with EtOAc(3 L x 3)
I

EtOAc extract H,O layer

(2.2 9)

Silica gel open column (55 i.d. x 100 mm)
Eluted with CHCI;/MeOH (v/v) system (each 1 L)

100/0 100/1  100/2 9/M1 (195mg) 1/1 0/100

ODS open column (25 i.d. x 40 mm)
Eluted with H,O/MeOH (v/v) system (each 50 mL)

I I I I I I
100/0 70/30 40/60 20/80 10/90  0/100 (57.6 mg)

| Triturated with MeOH
MeOH soluble (567.5 mg)

DNH Silica gel open column (20 i.d. x 30 mm)
Eluted with CHCI3/MeOH (v/v) system (each 20 mL)

100/0  100/1 (3.8 mg) 100/2 91 171 0/100

| Triturated with toluene

Toluene insoluble
KozupeptinA (1.7 mg)
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Scheme 6. Isolation procedure of kozupeptin B (1b)

Cultured broth (6.0 L) (Lot 3)

Added EtOH (6.0 L)
Centrifuged at 3,000 rpm for 10 min

|
EtOH extract (12.0 L) Mycelia

Removed EtOH in vacuo

Extracted with EtOAc(3 L x 2)
I

EtOAc extract H,O layer

(20 9)

Silica gel open column (55 i.d. x 125 mm)
Eluted with CHCI,/MeQOH (v/v) system (each 1 L)

100/0  100/1 1002 9/1(830mg) 1/1 0/100

ODS open column (30 i.d. x 130 mm)
Eluted with H,O/MeOH (v/v) system (each 500 mL)

100/0 70/30 40/60 20/80 10/90 0/100 (210 mg)

DNH Silica gel open column (20 i.d. x 65 mm)
Eluted with CHCI3/MeOH (v/v) system (each 100 mL)

100/0 1001 (30 mg) 100/2 91 11 0/100

| Triturated with toluene

Toluene insoluble
Kozupeptin B (7.2 mg)
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2-3. Structural elucidation by spectroscopic techniques

The physico-chemical properties of the isolated compounds kozupeptins A and B (1a, 1b) are summarized
in Table 1. The molecular formula of kozupeptin A (1a) was determined to be CsgHip7N7Oi0 by
high-resolution ESI-MS measurement (m/z 1062.8140 calculated for CssH9sN7O10 [M+H]" 1062.8152).

Table 1. Physico-chemical properties of kozupeptins A and B (1a, 1b)

Kozupeptin A (1a) Kozupeptin B (1b)
Appearance White powder White powder
Molecular formula CssH107N7010 Cs7HesNsO7
Molecular weight 1061 706
ESI-MS (m/z) ((M+H]*)
calcd. 1062.8152 707.5065
found 1062.8140 707.5060
UV AMeOH o nm End absorption End absorption
IR vKB'max cm’ 3436, 3286, 2923, 1647, 1554 3417, 3286, 2923, 1643, 1543
[a]p?87 -14.7 (c 0.1, DMSO) -21.1(c 0.1, DMSO)
Solubility
soluble DMSO DMSO
slightly soluble MeOH, CHCIs MeOH, CHCIs3
Insoluble toluene toluene
Melting point (°C) Not available 207

The structure of 1a was elucidated by 1D and 2D NMR. 'H and '3C NMR spectral data of the isolated
kozupeptins A and B (1a, 1b) are summarized in Table 2. The peptide nature of the molecule was immediately
inferred from the presence of a number of signals in the amide NH and a-amino acid proton regions of its 'H
NMR and of amide carbonyl groups in the *C NMR spectra. Furthermore, a monounsaturated fatty acid with
one double bond was thought to be present in the molecule due to many methylene signals and an olefin signal.
Combined analysis of the '"H-'H COSY, TOCSY and HMBC spectra identified the structures of four amino
acids including one Thr, one 4-methylproline (4-MePro), one Val and one Asn, an alaninal unit, a sphingoid
unit, and a fatty acid unit (Figure 12a). Thus, kozupeptin A (1a) was regarded as a hybrid natural product. The
assignment of the sequence was carried out by a combination of HMBC and MS/MS analysis (Figure 13a).
Consequently, both the fatty acid unit and sphingoid unit were found to have C18, and the planar structure of
la was determined to be a novel linear lipopeptide with the sequence fatty

acid-Thr-4-MePro-Val-Asn-alaninal-sphingoid.
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Table 2. NMR data of kozupeptins A and B (1a, 1b) in DMSO-ds

Kozupeptin A (1a) (in DMSO-d)
Position '*C (100 MHz) "H (J in Hz (400 MHz))

Kozupeptin B (1b) (in DMSO-d)
Position '*C (100 MHz) "H (J in Hz (400 MHz))

Oleic acid 1 1721 - Oleic acid 1 172.2 -
2 34.8 2.05~2.19 (2H, m) 2 34.8 2.05~2.17 (2H, m)
3 25.2 1.45 (2H, brt) 3 25.2 1.43 (2H, m)
4~7 26.6~31.3 1.20~1.45 (8H, overlapped) 4~7 26.5~30.1 1.20~1.45 (8H, overlapped)
8 26.6 2.00(1H, m) 8 25.2 1.95(1H, m)
1.45(1H, m) 1.43(1H, m)
9 129.6 5.29~5.34 (1H, m) 9 129.6 5.29~5.34 (1H, m)
10 129.7 5.30~5.35 (1H, m) 10 129.7 5.30~5.35 (1H, m)
11 26.6 1.90 (1H, m) 11 26.6 1.90 (1H, m)
2.00 (1H, m) 2.00 (1H, m)
12~17  26.6~31.3 1.20~1.45 (12H, overlapped) 12~17  21.9~30.1 1.20~1.30 (12H, overlapped)
CH;3 13.9 0.85 (3H, t, overlapped) CH,3 13.9 0.83 (3H, overlapped)
Thr 1 169.4 - Thr 1 169.5 -
2 56.2 4.40 (1H, dd, 7.3, 7.4) 2 56.3 4.38(1H,dd, 7.8,7.0)
3 66.8 3.78 (1H, m) 3 66.8 3.80 (1H, m, overlapped)
4 19.4 1.09 (3H, d, 6.0) 4 19.3 1.06 (3H, d, 6.8)
OH - 4.65 (1H, d, 6.0) OH - 4.77 (1H, dr s)
NH - 7.86 (1H, d, 7.4) NH - 7.91(1H,d, 7.8)
4-MePro 1 171.7 - 4Me-Pro 1 172.8 -
2 59.1 4.46 (1H, m) 2 59.2 4.46 (1H, dd, 3.0, 8.6)
3 36.5 1.65 (1H, ddd, 8.8, 8.8, 12.5) 3 36.4 1.65 (1H, m)
2.00 (1H, m) 2.00 (1H, m)
4 32.0 2.35 (1H, m) 4 32.0 2.33 (1H, m)
5 53.9 3.28 (1H, dd, 9.5, 9.5) 5 53.9 3.24 (1H, d, 8.8, 8.8)
3.80 (1H, m) 3.78 (1H, m, overlapped)
CH;3 17.2 0.97 (3H, d, 6.5) CH,3 17.2 0.95 (3H, d, 6.8)
Val 1 170.6 - Val 1 170.5 -
2 57.9 4.05 (1H, dd, 6.5, 8.0 ) 2 58.4 3.98 (1H, dd, 6.8 7.9)
3 29.8 1.92 (1H, m) 3 31.3 1.97 (1H, m)
CHs-1 18.0 0.83 (3H, d, 8.5) CHs-1 18.0 0.81 (3H, overlapped)
CHj3-2 19.1 0.84 (3H, d, overlapped) CH3-2 19.1 0.83 (3H, overlapped)
NH - 7.82 (1H, d, 8.0) NH - 7.94 (1H,d, 7.9)
Asn 1 169.9 - Asn 1 171.7 -
2 49.6 4.42 (1H, m) 2 49.5 4.41 (1H, m)
3 36.8 2.41(1H,dd, 7.5,15.5) 3 36.7 2.45 (2H, d, 6.0)
2.51 (1H overlapped with dmso) 4 172.0 -
4 177 - NH-1 - 6.95 (1H, s)
NH, - 7.32 (1H, s) - 7.02 (1H, s)
6.87 (1H, s) NH,-4 - 6.85 (1H, s)
NH - 8.06 (1H, d, 7.5) - 7.36 (1H, s)
Alaninal 1 88.3 3.86 (1H, br d, 5.0) NH - 8.06 (1H, d, 8.0)
2 47.6 3.72 (1H, m)
CH, 15.4 0.99 (3H, d, 7.0)
NH - 7.32 (1H, d, 8.0)
Sphingoid OH-1 - 4.51(1H, dd, 5.5, 5.5)
NH - Not observed
1 60.4 3.47 (1H, m)
3.57 (1H, m)
2 61.1 2.36 (1H, m)
3 66.9 2.85 (1H, ddd, 9.5, 9.5, 6.8)
OH-2 - 4.71(1H, d, 6.8)
4 80.5 3.04 (1H, br ddd)
5 31.7 1.77 (1H, br t)
1.95(1H, m)
6~ 16 26.6~31.3 1.20~1.45 (22H, overlapped)
17 221 1.20~1.45 (2H, overlapped)
CH,3 13.9 0.83 (3H, t)

The absolute configuration of each amino acid residue was determined by advanced Marfey’s analysis.”’!
Acid hydrolysis of 1a was followed by LC-MS analysis after derivatization of the hydrolysate with D-FDLA.

Comparison with the retention times obtained from standards revealed the presence of L-Thr, (2S5,
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4R)-4-MePro, L-Val, L-Asn, and L-alaninal (detected as L-Ala by Jones oxidation of the hydrolysate before the
reaction with D-FDLA) (Table 3a). The monounsaturated fatty acid was deduced to be oleic acid by 'H NMR
and ESI-LCMS using a 2-nitrophenylhydrazide derivative (Figure 14a).1*”! This was also supported by the
EI-GCMS fragmentation pattern of pyrrolidine amide derivative (Figure 15a).!! Finally, the relative
stereochemistry of the six-membered N,O-acetal which was deduced to be formed between C18-sphingoid
and alaninal was determined by a combination of the correlations of ROESY and the values of the coupling
constant in '"H NMR (Figure 16). All substituted groups on the ring proved to be in equatorial positions.
However, since the fermentation did not produce 1a in sufficient quantities and showed poor reproducibility,
the absolute configuration of the sphingoid unit was not completely characterized before the total synthesis of
1a was accomplished in this work (see “Total synthesis and determination of the absolute configuration of
kozupeptin A” section below).

The structural elucidation of 1b was performed in the same way as that of 1a (Figure 12b, Figure 13b,
Table 3b, Figure 14b, Figure 15b). Consequently, 1b was found to be an analog of 1a which lacks both
sphingoid and alaninal units (Figure 11). The structures predicted by these spectroscopic methods were shown

in Figure 17.

o2 tH,
A

v X
H3C (CHs 0
p O ( (}\ OK/-H\ F N m1(-x\

= Correlations of COSY and TOCSY
~—~_ Correlation of HMBC

Figure 12a. Partial structures of kozupeptin A (1a) indicated by the correlations of 'H-'H COSY, TOCSY, and
HMBC

/\VCHs
C[‘Hs

N)\_
/N%\Q e

—  Correlations of COSY
~—_ Correlation of HMBC

Figure 12b. Partial structures of kozupeptin B (1b) indicated by the correlations of 'H-'H COSY and HMBC
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Figure 13a. ESI-MS/MS fragment analyses of kozupeptin A (1a). The fragmented ions b,-bs as b-series from

the side of N terminus and ions y;-y« as y-series from the side of C terminus in Biemann nomenclature system, were

observed.
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Figure 13b. ESI-MS/MS fragment analyses of kozupeptin B (1b). The fragmented ions b,-b4 as b-series from

the side of N terminus and ions y;-y3 as y-series from the side of C terminus in Biemann nomenclature system, were

observed.

Table 3a. Advanced Marfey’s analysis of kozupeptin A (1a)

retention time (min)

supposed configuration

amino acid-FDLA  m/z[M + HJ" authentic L authentic D Kozupeptin A (1a) Kozupeptin A (1a)
Thr-D-FDLA 414 4.20 3.58 4.19 L
Allo-Thr-D-FDLA 414 3.93 3.69 not observed -
Val-D-FDLA 412 5.36 4.49 5.35 L
Asn-D-FDLA 428 3.82 3.70 3.85 L
Ala-D-FDLA 424 4.54 4.03 4.55 L
retention time (min) supposed configuration
amino acid-FDLA  m/z[M + HJ" (2S5, 4S) (2S,4R) Kozupeptin A (1a) Kozupeptin A (1a)
4-MePro-L-FDLA 424 3.42 3.80 3.79 (2S,4R)
4-MePro-D-FDLA 424 5.68 5.47 5.40 (2S,4R)
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Table 3b. Advanced Marfey’s analysis of kozupeptin B (1b)

retention time (min)

supposed configuration

amino acid-FDLA  m/z[M + HJ" authenticL authenticD  Kozupeptin B (1b) Kozupeptin B (1b)
Thr-D-FDLA 414 4.20 3.58 419 L
Allo-Thr-D-FDLA 414 3.93 3.69 not observed -
Val-D-FDLA 412 5.36 4.49 5.36 L
Asn-D-FDLA 428 3.82 3.70 3.82 L
retention time (min) supposed configuration
amino acid-FDLA  m/z[M + HJ" (2S,4S) (2S,4R)  Kozupeptin B (1b) Kozupeptin B (1b)
4-MePro-L-FDLA 424 3.42 3.80 3.82 (2S,4R)
4-MePro-D-FDLA 424 5.68 5.47 5.46 (2S,4R)
- 26.18 min
= Derived from oleic acid
NO, HiC
L i
N’ =
- (e}
5 170 15 - 20 77‘L Jégiu'itihi;or 7V:;57 7 40 45 50
26.18 min

Derived from kozupeptin A

10 15 20 35

Figure 14a. ESI-LCMS analysis of 2-nitrophenylhydrazide derivatives of oleic acid and the hydrolysate of

kozupeptin A (1a)
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Figure 14b. ESI-LCMS analysis of 2-nitrophenylhydrazide derivatives of oleic acid and the hydrolysate of
kozupeptin B (1b)
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Figure 15a. EI-GCMS fragmentation analysis of pyrrolidine derivative of the fatty acid derived from
kozupeptin A (1a) (A) and fragment pattern of pyrrolidine derivative of oleic acid (B)
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Figure 15b. EI-GCMS fragmentation analysis of pyrrolidine derivative of the fatty acid derived from

kozupeptin B (1b) (A) and fragment pattern of pyrrolidine derivative of oleic acid (B)
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Figure 17. The structures predicted by spectroscopic methods
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2-4. Total synthesis and determination of the absolute configuration of
kozupeptin A

To evaluate the predicted structure and determine the absolute stereochemistry, I performed an asymmetric
total synthesis of kozupeptin A (1a). Aiming for a practical synthesis, I decided to synthesize the peptide unit
of 1a by liquid-phase peptide synthesis (LPPS) utilizing a hydrophobic anchor molecule, which can combine
the best characteristics of conventional LPPS with the benefits of solid-phase peptide synthesis (SPPS).1*>4*!
As described in “Peptide synthesis” section of Chapter 1, in spite of the highly efficient output of this
LPPS-based method, limited examples illustrated the strategic use of it.

My study began with the use of HO-TAGa (2) as an anchor molecule, a known simple one that can be
easily synthesized from methyl gallate.!'”” Condensation with Fmoc-Ala-OH, deprotection of the Fmoc group,
and introduction of Fmoc-Asn-OH proceeded without any problems. However, the yield of Fmoc deprotection
of Asn was low because of the formation of diketopiperazine and the release of 2 (Scheme 7a, b). Although
some deprotection conditions were examined, the release of 2 was hardly suppressed.

My next approach was utilizing a fluorene-derived anchor molecule 3, which was reported that the

2021 The synthesis began with the

formation of diketopiperazine was suppressed due to its bulky structure.
deprotection of the Fmoc group of the known 4, a fluorene-derived anchor supported Fmoc-Ala (Scheme
8).1%] Fortunately, the problematic formation of diketopiperazine during the deprotection of Fmoc group of
Asn was greatly suppressed as expected. Thus, the supported amino acid was subsequently subjected to four
coupling-deprotection cycles to construct the linear pentapeptide 9 by standard Fmoc peptide synthesis using
N,N'-diisopropylcarbodiimide (DIC). Each product in peptide elongations could be purified by direct
crystallization from the reaction mixture in high yields. Condensation with oleic acid employing the same
approach effectively afforded 10. After synthesis of all the peptide and fatty acid units of 1a was accomplished,
removal of the anchor molecule and deprotection of #-Bu group was achieved at the same time under acidic
conditions to give carboxylic acid 11 in 75% yield after silica gel flash chromatography separation.
Subsequently, to get the C-terminal aldehyde, carboxylic acid 11 was first converted to the Weinreb amide 12
using a condensation reagent. This was the typical method to get a peptide aldehyde, but in our case,
epimerization of the a-position of the C-terminal amino acid became a problem (as described in Chapter 1-4).
After the screening of condensation reagents, it was eventually suppressed to an acceptable level (dr = 97:3,
a-position of Ala, Weinreb amide 12 did not contain any diastereomers) using 3-(diethoxyphosphoryloxy)-
1,2,3-benzotriazin-4(3H)-one (DEPBT)* (Table 4). In the literature, DEPBT has been reported to suppress
the epimerization, ** which may be due to its neutral and relatively mild character. Reduction of the Weinreb
amide utilizing lithium aluminum hydride (LAH) afforded the aldehyde 13,**) which was treated with natural
type phytosphingosine ((25,3S,4R)-2-amino-1,3,4-octadecanetriol, 14) to give 1a in moderate yield over two
steps. All the physicochemical data of the synthetic sample were identical to those of the naturally occurring

compound and were used to help determine the absolute configuration of 1a (Table 5, 6, Figure 17, 18).
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Scheme 7a. Synthetic approach using HO-TAGa as a hydrophobic anchor molecule
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Scheme 7b. Formation of diketopiperazine and the release of HO-TAGa
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Scheme 8. Total synthesis of kozupeptin A (1a) utilizing a fluorene-derived hydrophobic anchor molecule
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’ 99% 97% FI¥ O 95%
(crystallization) (crystallization) NH 9 - (crystallization)
2
Noy /—O
NP
0 b—\
t- BuO HO
pepat *2 %)
o) 0 2 eq)
. 20% TFA - w MeO(Me)NH-HCI
o. = DCM o. = N N\ DIPEA (6.4 eq)
N
E/\ l/\ rt, 5 h X\H \g/\ ) DMF, rt, 23 h
7
FI/ % 75% - quant.
(filtration and 11 (silica gel column)
silica gel column)
o~ N2
J/\/OH
HO, Y
N 0 ' i B V/ ‘éq
: Oy YO N LAH(1.7eq) o & )
O ' N A N H 7 [ Y\
YN \gAH ), THF.OC1h I T CHC 250
Meo" '~ O A 7 51% (2 steps)
12 z (crude) (silica gel column)
NH,
HO,, _Me,
HMe\_/Meo (0] ‘N N
N ¢ LA
\/\ N M )7
N H
M s ° e

Kozupeptin A (1a)
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Table 4. Screening of condensation reagents in the transformation of carboxylic acid 11 to Weinreb amide 12

HO,

’,

MeO(Me)NH-HCI (X eq)
reagent (X eq)

Ala

HO,
o o) o
e 7 o }/// : O 7 o }///
: Nz N DIPEA (Y eq) : HoZ N
o N N N N H N _ OY\N N N N H A\
TN A ) owRazn SR )
(0] B MeO” ~ O B
NH, 1 NH, 12
unit
entry reagent Xeq Y eq Z hlal L/D of Ala [o] yield (isolated)
1 HBTU 1.2 24 3 62/38 -
2 HATU 1.2 24 45 82/18 -
3 COMU 1.2 24 45 86/14 -
4 PyBroP 18 4.8 5 61/39 -
5 PyAOP 12 24 6 89/11 -
6 DEPBT 3.2 6.4 16 97/3 quant.l
ete hydrol

llnal enirtes ul copy iDelgy e, YIS BT BY RETRUS AN

[c]120 mg scale of 10

ography oh Silica gel (CHCI

4/MeOH).

S) Q
N @)}\‘\ N @N\ (o) \%)/ ) PF6 PF6 @ N
N7 “N-O—7 N~ “N-O—7 PFg ® e SY
M Br—F_\ N~ *N-O=P_y { pO
N~ = N~ Et0” Nz 07 N 4 4 N
B \_7 B N o Y SN \
6 6 \ /
HBTU HATU comu PyBroP PyAOP DEPBT

Table 5. Physico-chemical properties of naturally occurring kozupeptin A (1a) and synthetic kozupeptin A

(1a)
Natural kozupeptin A (1a) Synthetic kozupeptin A (1a)
Appearance White powder White powder
Molecular formula CssH107N7010 CssH107N7010
Molecular weight 1061 1061
ESI-MS (m/z)
calcd. 1062.8152 (M + HIY) 1084.7977 (M + Na]*)
found 1062.8140 1084.7968
UV AMeOH . nm End absorption End absorption
IR vKB'max cm? 3436, 3286, 2923, 1647, 1554 3276, 2924, 2853, 1643, 1548,
1456, 1057, 801
[a]oT [a]p?®7 = -14.7 (¢ 0.1, DMSO) [a]p?%4 = -36.2 (¢ 0.1, DMSOQ)El
Solubility
soluble DMSO DMSO
slightly soluble MeCOH, CHCIs MeOH, CHCls
Insoluble toluene toluene
Melting point (°C) Not available 177-179

[a] The difference of absolute values between natural and synthetic ones could be small amount of impurities in naturally

isolated one (see 'H & '3C NMR spectra in Figure 17 and Figure 18).
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Table 6. 'H and '*C NMR spectra of naturally occurring kozupeptin A (1a) and synthetic kozupeptin A (1a) in

DMSO-ds
Natural kozupeptin A (1a) (in DMSO-d) Synthetic kozupeptin A (1a) (in DMSO-d)
Position "*C (100 MH2) 'H (J in Hz (400 MH2)) Position "*C (125 MH2) "H (J in Hz (500 MHz))
Oleic acid 1 1721 - Oleic acid 1 172.2 -
2 34.8 2.05~2.19 (2H, m) 2 34.9 2.06~2.17 (2H, m)
3 252 1.45 (2H, br t) 3 25.2 1.45 (2H, m, overlapped)
4~7 26.6~31.3 1.20~1.45 (8H, overlapped) 4~7 26.6~31.3 1.13~1.33 (8H, overlapped)
8 26.6 2.00(1H, m) 8 26.6 2.00(1H, m, overlapped)
1.45(1H, m) 1.45 (1H, m, overlapped)
9 129.6 5.29~5.34 (1H, m) 9 129.6 5.29~5.35 (1H, m, overlapped)
10 129.7 5.30~5.35 (1H, m) 10 129.6 5.29~5.35 (1H, m, overlapped)
11 26.6 1.90 (1H, m) 11 26.6 1.92 (1H, m, overlapped)
2.00 (1H, m) 2.00 (1H, m, overlapped)
12~17 26.6~31.3 1.20~1.45 (12H, overlapped) 12~17  26.6~31.3 1.13~1.33 (12H, overlapped)
CH; 13.9 0.85 (3H, t, overlapped) CHs 14.0 0.85 (3H, t, overlapped)
Thr 1 169.4 - Thr 1 169.5 -
2 56.2 4.40 (1H, dd, 7.3, 7.4) 2 56.2 4.40 (1H, m, overlapped)
3 66.8 3.78 (1H, m) 3 66.8 3.78 (1H, m, overlapped)
4 19.4 1.09 (3H, d, 6.0) 4 19.4 1.09 (3H, d, 6.0)
OH - 4.65 (1H, d, 6.0) OH - 4.66 (1H, d, 5.5)
NH - 7.86 (1H, d, 7.4) NH - 7.86 (1H, d, 7.5)
4-MePro 1 171.7 - 4-MePro 1 171.7 -
2 59.1 4.46 (1H, m) 2 59.2 4.46 (1H, m, overlapped)
3 36.5 1.65 (1H, ddd, 8.8, 8.8, 12.5) 3 36.5 1.65 (1H, m)
2.00 (1H, m) 2.00 (1H, m, overlapped)
4 32.0 2.35(1H, m) 4 32.0 2.35 (1H, m)
5 53.9 3.28 (1H, dd, 9.5, 9.5) 5 54.0 3.29 (1H, dd, 9.0, 9.5)
3.80 (1H, m) 3.80 (1H, m, overlapped)
CH;3 17.2 0.97 (3H, d, 6.5) CH,3 17.2 0.97 (3H, d, 7.0)
Val 1 170.6 - Val 1 170.6 -
2 57.9 4.05(1H, dd, 6.5, 8.0 ) 2 57.9 4.05 (1H, dd, 6.5, 8.0)
3 29.8 1.92 (1H, m) 3 29.8 1.92 (1H, m, overlapped)
CH3-1 18.0 0.83 (3H, d, 8.5) CH;-1 18.0 0.83 (3H, d, overlapped)
CH3-2 191 0.84 (3H, d, overlapped) CH;-2 191 0.84 (3H, d, overlapped)
NH - 7.82 (1H, d, 8.0) NH - 7.82 (1H, d, 8.0)
Asn 1 169.9 - Asn 1 170.0 -
2 49.6 4.42 (1H, m) 2 49.6 4.42 (1H, m, overlapped)
3 36.8 2.41(1H,dd, 7.5,15.5) 3 36.8 2.41(1H, dd, 6.5, 15.5)
2.51 (1H overlapped with dmso) 2.51 (1H overlapped with dmso)
4 171.7 - 4 171.7 -
NH, - 7.32 (1H, s) NH, - 7.32 (1H, s)
6.87 (1H, s) 6.88 (1H, s)
NH - 8.06 (1H, d, 7.5) NH - 8.08 (1H, d, 8.0)
Alaninal 1 88.3 3.86 (1H, br d, 5.0) Alaninal 1 88.3 3.86 (1H, app br s)
2 47.6 3.72 (1H, m) 2 47.6 3.71 (1H, m)
CH3 15.4 0.99 (3H, d, 7.0) CH; 15.5 0.99 (3H, d, 7.0)
NH - 7.32 (1H, d, 8.0) NH - 7.32 (1H, d, overlapped)
Sphingoid OH-1 - 4.51 (1H, dd, 5.5, 5.5) Sphingoid OH-1 - 4.51 (1H, m, overlapped)
NH - Not observed NH - Not observed
1 60.4 3.47 (1H, m) 1 60.4 3.47 (1H, m)
3.57 (1H, m) 3.57 (1H, m)
2 61.1 2.36 (1H, m) 2 61.1 2.36 (1H, m)
3 66.9 2.85 (1H, ddd, 9.5, 9.5, 6.8) 3 66.9 2.86 (1H, m)
OH-2 - 4.71(1H, d, 6.8) OH-2 - 4.71(1H, d, 6.5)
4 80.5 3.04 (1H, br ddd) 4 80.6 3.04 (1H, m)
5 31.7 1.77 (1H, br t) 5 31.7 1.77 (1H, br t)
1.95 (1H, m) 1.95 (1H, m, overlapped)
6~ 16 26.6~31.3 1.20~1.45 (22H, overlapped) 6~16 26.6~31.3 1.20~1.45 (22H, overlapped)
17 221 1.20~1.45 (2H, overlapped) 17 221 1.20~1.45 (2H, overlapped)
CH; 13.9 0.83 (3H, t) CHj 14.0 0.83 (3H, t, overlapped)
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Figure 17. '"H NMR spectra of naturally occurring kozupeptin A (1a) and synthetic kozupeptin A (1a) in
DMSO-ds
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Figure 18. °C NMR spectra of naturally occurring kozupeptin A (1a) and synthetic kozupeptin A (1a) in
DMSO-ds (Kozupeptin A (1a) isolated from the nature includes some impurities and one of them was found to

be the one having linoleic acid instead of oleic acid from the results of derivative syntheses in Chapter 4. The

signal around 128 ppm in “natural” derives from it.)
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2-5. Evaluation of antimalarial activity in vitro and in vivo (i.p.)

Naturally occurring kozupeptins, synthesized 1a and three intermediates in the late stage of our total
synthesis were evaluated for in vitro antimalarial activity against chloroquine-resistant and -sensitive P,
falciparum strains (K1 and FCR3 respectively), and cytotoxicity against a human lung fibroblast cell line
MRC-5 (Table 7).1°%% Synthetic kozupeptin A (1a) was found to show a similar ICs value (0.3 uM) to that of
natural 1a. Even more surprisingly, aldehyde 13 exhibited potent antimalarial activity (about 20 times stronger
than that of 1a) against both the chloroquine-resistant K1 strain and the chloroquine-sensitive FCR3 strain,
which was of the same order as that of artemisinin. In addition, 13 fortunately showed low cytotoxicity against
human MRC-5 cells. 1a would be the prodrug of the most active compound 13. The antimalarial properties of

the Weinreb amide 12 or carboxylic acid 11 were much weaker.

Table 7. In vitro antimalarial activity

ICso (UM)
antimalarial activity cytotoxicity

compound K1 strainlel FCRS strainl®! MRC-5
1a (natural) 0.15 0.29 >23
1b (natural) 1.03 1.46 >35
1a (synthetic) 0.30 0.55 >23
13 (aldehyde) 0.0083 0.013 >32
12 (Weinreb amide) 12.5 >15.2 >30
11 (carboxylic acid) >16.0 Not available >32
chloroquineld! 0.17 0.038 58lel
artemisininl] 0.019 0.023 1601

[a] Chloroquine-resistant strain.  [b] Chloroquine-sensitive strain.
[c] Purified by silica gel column chromatography for the evaluation.
[d] Drugs commonly used to treat malaria. [e] J. Antibiot. 2011, 64, 183.

Having sufficient 1a and 13 in hand throughout our total synthesis, in vivo antimalarial activity of 1a, 13,
and one of the standard antimalarial drugs, artesunate, injected i.p. (intraperitoneal), were measured in a
mouse model according to Peters’ 4-days suppressive test using the rodent malaria P. berghei N strain, which
is chloroquine-sensitive.**3%:*1 A dose of 30 mg kg of 1a, 13, or artesunate for 4 days each suppressed 52.4%,
99.8%, or 89.9% of malaria parasites (99.8% and 89.9% should not be considered a statistically significant
difference in this time period). This initial finding that 1a and the synthetic intermediate 13 exhibit
antimalarial activity not only in vitro but also in vivo, combined with the rare structure for an antimalarial
agent, confirms that the kozupeptins show promise as lead antimalarial compounds with a probable new mode

of action (A few compounds which have similar structures to kozupeptins were reported (Figure 19).147).
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Figure 19. Reported compounds that have similar structures to kozupeptins!*”)
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2-6. Conclusion

In conclusion, kozupeptins A and B (1a, 1b), new potent antimalarial agents, were isolated from the
culture broths of Paracamarosporium sp. FKI-7019. An efficient total synthesis of kozupeptin A (1a) has been
achieved in a practical manner, which confirmed the structure proposed by spectroscopic and chemical
techniques and elucidated the absolute configuration of the molecule. It also illustrates the power of an
LPPS-based method utilizing a hydrophobic anchor molecule, a concept that can take advantage of the
characteristics of both conventional LPPS and SPPS. Kozupeptin A (1a) and synthetic intermediates were
found to exhibit in vitro and in vivo antimalarial activity, which showed promise for development of a new

antimalarial agent.
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Chapter 3
Synthesis of the Antimalarial Peptide Aldehyde,
a Precursor of Kozupeptin A,

Utilizing a Newly Designed Hydrophobic Anchor Molecule
ABSTRACT: In this chapter, I describe an efficient method of synthesizing highly bioactive peptide
aldehydes without any concern about epimerization by liquid-phase peptide synthesis (LPPS) through the use
of newly designed hydrophobic anchor molecules. Peptide elongation reactions effectively proceeded in less
polar solvents, and direct crystallization by the addition of polar solvents enabled easy purification. This

method also represents a new concept for efficient synthesis of peptide derivatives. The development of new

antimalarial drug candidates will be accelerated using this methodology.
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2-1. Introduction

As the mainstream modalities of drug discovery shift from small molecules to biological entities, an
increasing number of peptide-based drugs and drug candidates have been developed in recent years.”!") This
trend increases the requirement for improvements in peptide synthesis. Among various peptide derivatives,
peptide aldehydes stand out because they have been showing inhibitory properties against various
proteases,**) probably due to the tetrahedral hydrates of the C-terminal aldehyde function that mimics the
transition state of the substrate during hydrolysis by enzymes.*** *°]

Synthetic methods of peptide aldehydes are classified into two categories.”” The first consists of the prior
synthesis of a peptide intermediate, followed by the introduction of aldehyde function by oxidation or
reduction. The second strategy uses protected a-amino aldehydes as starting materials. Among them all, the
late-stage reduction of Weinreb amides is the most widely used, but reaction and purification conditions
largely depend on the amino acid sequence of the peptide, which sometimes takes a lot of effort (Scheme 9a,
b).[*3: 51251 This strategy is also applied to solid-phase peptide synthesis (SPPS), which is suitable for the initial
derivative synthesis for drug discovery but has not shown satisfactory efficiency for large-scale synthesis
because of relatively low yield and intrinsic difficulty in scale-up of solid-phase reaction. (Scheme 10a,
b)lsie]

Liquid-phase peptide synthesis (LPPS) utilizing a hydrophobic anchor molecule, which can combine the
best characteristics of conventional LPPS with the benefits of SPPS, could become more effective option. As
described in “Peptide synthesis” section of Chapter 1, despite the prominent use of this methodology, it was
met with limited strategic use and there has been no report detailing an efficient synthesis of peptide
aldehydes.

Scheme 9a. Synthesis of optically active a-(Boc-amino)aldehydes from a-amino acids via Weinreb amides!>'?!

0] . (5 eq) 0

LiAIH,
BocN N’ONIe > BocHN H (contains small amount of impurities)
| THF
Me
(No chromatographic L-alaninal : 88%
purification) L-leucinal : 96%

L-valinal :93%

Scheme 9b. LPPS of tokaramide A (needs reverse-phase HPLC purification)®'"
HO HO

H (0] LIAIH (7 eq) OH NH
4

N\_)LN N\)LN,OMe o N\)L N\)\N NH,

I H THF, 61%

/\

Me
i (RP-HPLC purfication)
NH

HN)’\NH2

tokaramide A
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Scheme 10a. SPPS of C-terminal peptide aldehydes!*'"!

MeO CO,H
B NN Y2
HN-OMe  ——— Boc peptide aldehyde yield
O Boc-Ala-H 40%
. (0] Boc-Phe-H 40%
MBHA resin oc-Fhe °
MeO /\)]\ resin Q o
—_— ~N N~ H2 Boc-Phe-Val-Ala-H 40%
BOP/DIPEA Boc MBHA resin Boc-Leu-Leu-Lys(2C1-Z)-H  40%
Ac-Leu-Val-Lys(2I-Z)-H 25%
Classical SPPS LAH Z-Val-Phe-H 30%
» peptide aldehyde
THF, 0°C
Scheme 10b. SPPS of aspartyl peptide aldehydes!”'*]
0] o
LAH, THF, -20°C
-XXX-XXX-XXX- resin -XXX-XXX-XXX-ASp—
RX00-X0Xox-ASP ,\)LN/ > RX0-XooeXxx-Asp—H
R = Ac, Biotin OMe
resin: MBHA resin peptide aldehyde yield
Ac-Leu-Glu-His-Asp-H 25%
Ac-Val-Glu-lle-Asp-H 20%
Ac-Asp-GIn-Met-Asp-H 25%
Ac-lle-Glu-Thr-Asp-H 25%
Biotin-Asp-Glu-Val-Asp-H 20%
Biotin-Glu-Ser-Met-Asp-H 15%

In Chapter 2, I applied this practical LPPS method for the first total synthesis of kozupeptin A (1a), a
potent antimalarial lipopeptide isolated through our antimalarial activity-guided screening program of
microbial metabolites. The first total synthesis consisted of two parts (Scheme 8 in Chapter 2). One was the
synthesis of peptide and fatty acid units by the above described LPPS, utilizing a fluorene-type anchor

202l The other was the following transformation of the C-terminal by classical organic synthesis in

molecule.!
the liquid phase. The anchor deprotected C-terminal carboxylic acid was converted to the Weinreb amide
using a condensation reagent and the following reduction gave the C-terminal aldehyde. This was the typical
method to get a peptide aldehyde, as described above, but in my case, although it was eventually suppressed to
an acceptable level by the screening of condensation reagents, epimerization of the a-position of the
C-terminal amino acid became a problem (Table 4 in Chapter 2). Four steps were needed from the latest
anchor-supported intermediate to 1a. After having accomplished the total synthesis, the intermediates in the
late stage were evaluated for in vitro antimalarial activity, which revealed that the aldehyde 13, the precursor
of 1a, exhibited much stronger antimalarial activity than 1a itself against both a chloroquine-resistant K1
strain and a chloroquine-sensitive FCR3 strain (Figure 20).

On the basis of this result and the potential of peptide aldehydes as drug candidates, I started to work on
the development of a more efficient method to synthesize a peptide having a C-terminal aldehyde. Herein, I
report the design of new hydrophobic anchor molecules that enable practical LPPS to directly afford peptide

aldehydes, without any concern for epimerization, and its application for a more effective synthesis of peptide
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derivatives.

HO,” HO,"
HO~ " \/\N
e ;j T *Q s j ¥ *Q
\(\/)/ Hy,  Kozupeptin A ( 13) H, Aldehyde (13)
ICso (UM)
antimalarial activity cytotoxicity
compound K1 strainlel FCR3 strainlt! MRC-5
1a (natural) 0.15 0.29 >23
130l 0.0083 0.013 >32
chloroquinel 0.17 0.038 58lel
artemisinin( 0.019 0.023 160l

[a] Chloroquine-resistant strain. [b] Chloroquine-sensitive strain.
[c] Purified by silica gel column chromatography for the evaluation.
[d] Drugs commonly used to treat malaria. [e] J. Antibiot. 2011, 64, 183.

Figure 20. Kozupeptin A (1a) and the precursor aldehyde (13)
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3-2. Design and preparation of a new hydrophobic anchor molecule

To realize a desired synthetic method, I came up with a new hydrophobic anchor molecule designed to

1720 to a benzyloxy methyl amide structure

change the anchor-peptide bond which had been an ester structure!
(Weinreb amide-type bond) (Scheme 11). More specifically, the use of a long-chain alkyl-supported
benzyloxy methyl amine 15 as a hydrophobic anchor molecule would enable an efficient LPPS to give the
benzyloxy methyl amide structure (Weinreb amide-type structure). The resulting anchor-supported peptide
amide would be simultaneously deprotected and reduced to the peptide aldehyde without epimerization using
a hydride reductant. The efficiency of reduction in an LPPS method is, in general, higher than in an SPPS
method due to the homogeneous system. Other benefits, such as the more stable characteristics of the amide
bond under peptide elongation conditions®?! and synthetic possibilities for other derivatives such as
ketones,*! are expected. Furthermore, the anchor molecule could be directly recycled after the reduction,
which would solve the problem of the LPPS method using hydrophobic anchor molecules with poor atom

economy.

Scheme 11. Design of a new hydrophobic anchor molecule

OCygH57 OC1gH37
CygH3,0 Peptide C4gH370 o
elongation
0 _— 0. peptide
C1gHa70 “NH C1gHa70 N
1877 i (Purified by 18t i )K{
15 € crystallization) €
" Other transformations
" 4 Direct
o reduction
TAGa” ~NH Anchor molecule

Me
w S
Recyclable H)K{ peptide

The designed anchor molecule 15 was readily prepared from HO-TAGa (2),!'”) a known simple anchor

molecule that can be easily synthesized from methyl gallate, a commercially available cheap material
(Scheme 12). Introduction of N-hydroxyphthalimide by Mitsunobu reaction, hydrolysis, and reductive

amination using formaldehyde gave the target compound 15.
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Scheme 12. Synthesis of a new designed hydrophobic anchor molecule

(0]
C1gH370 o PPh
OH 2 C1gHa70 N
. DEAD 18137/ o N,H,-H,0
C1aHarO Ho-n CHClj, rt EtOH, refl
CigH37 3 C1gH370 - refiux
2 quant. CqgH37 quant.
" (crystallization) 16 (crystallization)
HO-TAGa
(20 g scale)
H
C1gH370 o-NH2 C1gH370 O’N% C1gH370. o Nme
CH,0, AcOH NaBH;CN
C1gH370 > CygH570 > CygH370
CHCI3/MeOH, reflux EtOH/HCI aq.
CigH37 3 C1gHa7 . CigHa7
17 quant. 18 83% 15
(crystallization) (silica gel column)
1]
TAG H
a
0" *Me
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3-3. Peptide elongation utilizing a newly designed hydrophobic anchor molecule

Using the newly designed and prepared anchor molecule, the synthesis of the peptide with oleic acid
composing kozupeptin A (la) was effectively accomplished (Scheme 13). Every reaction proceeded
efficiently with small excess of reagents in less polar solvent such as DCM or CHClIs, and the direct addition
of polar solvent MeOH to the reaction mixture enabled the easy purification of each intermediate by
crystallization (During the deprotection of the Fmoc group of Asn, the release of the anchor molecule
described in Scheme 7, Chapter 2, was completely suppressed using 1% DBU/1% piperidine conditions).
Finally, 24, having all the required amino acid residues and fatty acid units, was obtained almost quantitatively

without any epimerization from the designed anchor molecule 15.
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Scheme 13. Synthesis of the peptide and fatty acid units of kozupeptin A (1a)

hydrophobic anchor molecule

Fmoc-Ala-OH ‘"""~

utilizing a new designed

H DIC (1.2 eq) 10% piperidine [ z
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3-4. Reduction to the aldehyde

Next, the key reduction of the Weinreb amide-type moiety was examined (Table 8). The use of lithium
aluminum hydride (LAH), under the same conditions as in the first total synthesis, afforded the desired
aldehyde 13 without epimerization, as expected, although the yield was 42% (entry 1). The starting material
24 was fully consumed, and the main side reaction proved to be the reduction of the Thr-4-MePro amide bond
(aldehyde and alcohol as the byproducts). It is known that tertiary amides, especially the ones with cyclic
amines, can be used as alternatives for the Weinreb amide.>’! In addition, the hydroxyl proton of Thr could
additionally activate the amide group by hydrogen bonding in this peptide. After the screening of several
reductants, lithium tri-~-butoxyaluminum hydride (LiAIH(O#-Bu);)* was found to give the desired peptide
aldehyde 13 in 63% yield and an undesired Thr-4-MePro amide bond-cleaved alcohol in 20% yield (entry 3).
The use of the reductants having a bulkier alkoxy group such as O-Am or Or-Hep did not improve the yield
(entries 4, 5). Hydride art complexes seemed to be suitable for this reduction. Diisobutylaluminum hydride
(DIBAL), which has Lewis acidity due to the aluminum’s vacant orbital, did not afford the desired compound
13 at all (entry 6), probably due to high chelation ability of many hetero atoms of the substrate 24. The use of
borane reductants did not give the target aldehyde 13 or improve the yield (entries 7, 8 and 9).

Under the conditions of entry 3, the benzyloxy methyl amine anchor molecule 15 was recovered
quantitatively in its hydrogen chloride salt form with high purity, just after aq. HCI quenching and direct
crystallization (see Experimental Section for details). This reusability of the anchor molecule could eliminate
the disadvantage of poor atom economy in the hydrophobic anchor-supported LPPS method.

Incidentally, peptide aldehyde 13 was converted to kozupeptin A (1a) in 95% yield by the same procedure
described previously (stirring with 1.2 equiv of phytosphingosine in CHCl; at room temperature).

I believe that the anchor molecule developed here would offer a highly efficient method suitable for
scale-up to synthesize a peptide with a C-terminal aldehyde. Although the yield of peptide aldehyde was
moderate, as for kozupeptin A’s precursor, when a model anchor-supported substrate 25 without a Thr-Pro
amide bond was used, the target aldehyde 26 was obtained in high yield under conditions using LiAlH4
(Scheme 14). Furthermore, it was also converted to methyl ketone 27 using MeLi as a nucleophile, as is the

case with usual Weinreb amides (Scheme 14).
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Table 8. Screening of reductants

rjr*@f%

entry

4*

5*

reductant

conditions

reductant
(equivalent)
LAH (1.8 eq)

Red-Al®

(9.0 eq)
LiAIH(Ot-Bu)s
(10 eq)
LiAIH(Ot-Am)3
(10 eq)

LIAIH(Ot-Hep)s

(10 eq)
DIBAL (10 eq)
LiBH4

(4.0 eq)
K-selectride®
(30 eq)
LiBHEts

(7.0 eq)

NH,

temperature

0°C

0°C

=3

—78°C tort
rt

rt to 40°C

0°C

éf@fg&ﬁ

isolated
(%)

58

not obtained
trace

not obtained

38

yield

””D i
R = CH,OH or CHO t-Hep \Fg

byproducts
Byproducts were obtained together

note

Full conversion.
in 20-30% yield.

Full conversion.
in 20-30% yield.

Byproducts were obtained together

850 mg of substrate 24 was used. Full conversion.
Byproduct alcohol was obtained in 20% yield.

Full conversion. Byproduct alcohol was obtained in
around 20% vyield.

Full conversion. Byproduct alcohol was obtained in
around 20% vyield.

No reaction at —78°C, decomposition at rt.

Byproduct alcohol was observed as a major product
in TLC analysis.

No reaction at rt, decomposition at 40°C.

Full conversion. Byproducts were obtained together
in 20-30% yield.

Unless noted, 40.0 or 50.0 mg of 24 in THF (0.01 M) was used.

*Prepared by the procedure described in the literature.

Scheme 14. Use of a model substrate without Thr-Pro amide bond
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3-5. Application to rapid analog synthesis

The further application of this new anchor molecule toward more efficient derivative synthesis was
successfully demonstrated in the transformation to hydroxamic acid (Scheme 15). Although the TAGa benzyl
group that had been used tolerated 30% TFA/CHC]ls/rt conditions, the TAGb benzyl group, known to be a less
stable function under acid conditions,!'®* was quickly cleaved to afford the desired compound 28 (Scheme
15a, the details of the preparation of TAGb-type anchor molecule is shown in Experimental Section). This
means that deprotection of the anchor molecules can be fully controlled by choosing the suitable TAG.

I herein propose a strategy to accelerate the synthesis of peptide derivatives utilizing these characteristics
(Scheme 15b). In general, conventional LPPS is unsuitable for divergent synthesis due to the difficulty of
separation between peptides having similar properties. Using my LPPS system, the following economical
procedure is assumed: (1) peptide intermediates having different TAGs are synthesized in separate flasks, (2)
the intermediates are mixed and the peptide elongation is performed in a single flask, which can reduce the
number of reactions and flasks, (3) the anchors can be selectively deprotected under acid conditions and the
peptides will be separated by crystallization and filtration, and (4) each obtained peptide intermediate can be
individually subjected to the next reaction (e.g., reduction to aldehyde). This looks like a combination of
split-and-pool method and parallel method in combinatorial chemistry, which could accelerate derivative
synthesis for medicinal chemistry.

As an initial model experiment, the separation and the following reduction of two peptides having very
similar structures from a single flask was demonstrated (Scheme 15c¢). Two peptide aldehydes (31 and 13,
stearic acid and oleic acid), which could not be separated by the usual crystallization or silica gel
chromatography, were, respectively, obtained as pure forms by easy operations from two mixed
anchor-supported peptides (29 and 30) in a single flask. The deprotection of benzyl TAG was performed with
complete selectivity, and the reaction mixture was directly subjected to crystallization. The obtained cake and
filtrate were easily purified by silica gel chromatography to afford the corresponding target intermediates (29
and 28) in high yields. Afterward, each amide group was reduced to give the target peptide aldehydes 31 and
13.
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Scheme 15. Application of orthogonal tags to rapid analog synthesis
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¢) Initial model experiment
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3-6. Conclusion

In summary, I have realized a highly efficient method to synthesize peptide aldehydes and have shown a
probable application to derivative synthesis by LPPS utilizing newly designed hydrophobic anchor molecules.
This methodology will certainly improve and expand the field of peptide synthesis, whose significance is
increasing more and more. It will also accelerate our program for the development of new antimalarial drug

candidates.
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Chapter 4
Synthesis of Analogs and Evaluation of

Antimalarial Activity in vitro
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Based on the synthetic routes established in Chapters 2 and 3 using hydrophobic anchor molecules,

various derivatives of kozupeptins were synthesized and their antimalarial

activity

against

chloroquine-resistant and -sensitive P. falciparum strains (K1 and FCR3 respectively) and cytotoxicity against

a human lung fibroblast cell line MRC-5 were evaluated (See Experimental Section for synthetic details).*’*

The results were shown in Table 9.

Table 9. /n vitro evaluation of derivatives
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ICs0 (ug/ml)

antimalarial activity cytotoxicity selectivity index
entry compound K18l FCR3M! MRC-5 MRC-5/K1
1 1a (natural) 0.16 0.31 >25 >156
2 1b (natural) 0.71 1.01 >25 >35
3 1a (synthetic, single) 0.32 0.58 >25 >78
4 1a (synthetic, dr=62/38) 0.14 0.18 >25 >178
5 13 0.0063 0.010 >25 >3,968
6 32 1.08 2.20 >25 >23
7 11 >12.5 N/A >25 N/A
8 33 >12.5 N/A >25 N/A
9 12 5.98 N/A >25 >4
10 34 4.20 N/A >25 >5
11 35 1.09 1.43 >25 >22
12 28 10.0 9.76 >25 >2
13 36 1.49 2.46 >25 >17
14 37 1.20 2.32 >25 >21
15 31 0.098 0.13 >12.5 >128
16 38 0.31 0.45 >6.25 >20
17 39 >12.5 N/A >25 N/A
18 40 10.4 10.8 >12.5 >1.2
19 41 0.33 0.46 >25 >75
20 42 2.50 3.59 >25 >10
21 43 0.020 0.020 4.21 210
22 44 0.072 0.075 >25 >347
23 45 0.53 1.13 >25 >47
24 46 3.08 7.22 >12.5 >4
25 47 >12.5 N/A >25 N/A
26 chloroquineld 0.18 0.015 18,570 101
27 artemisinintl 0.0057 0.0060 45,1700 7,925

N/A: Not available.
[a] Chloroquine-resistant strain. [b] Chloroquine-sensitive strain. [c] Drugs commonly used to treat malaria.
[d] J. Antibiot. 2011, 64, 183. N/A: Not avairable.

As described in Chapter 2, we found that synthetic kozupeptin A (1a) showed a similar ICs value to that
of natural 1a (entries 1 and 2). The result of entry 4 shows that the stereochemistry of the a-position of the
C-terminal alaninal did not significantly affect antimalarial activity. As for the C-terminal, it was found that
the aldehyde form showed extremely strong antimalarial activity and other functional groups showed much

weaker activity (entries 5~12). The N,O-acetal structure of kozupeptin A (1a) is an equivalent that produces
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the aldehyde when hydrolyzed, which means that kozupeptin A (1a) would act as a prodrug. From the results
of entries 13 to 18, it was found that the antimalarial activity was the strongest when the N-terminal fatty acid
was oleic acid, and the activity drastically decreased when the alkyl chain became shorter. These results
indicate that, for exhibiting antimalarial activity, a certain or more lipophilic site might be needed to ensure
membrane permeability. As for the peptide unit, while the 4-methyl group of Pro and the free hydroxyl group
of Thr proved to be important for antiparasitic activity, the stereochemistry of alaninal and the amide group of
Asn were found not to significantly affect bioactivity (entries 4, 19~24). Finally, the overall amino acid
sequence seems to be important for antimalarial activity because an analog which has only two amino acids

showed no bioactivity (entry 25). The current findings are summarized in Figure 21.
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Figure 21. Current findings by structure-activity relationships (SARs) study
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In Chapter 2, an antimalarial activity-guided screening program from the fermentation broths of our
microorganism library led us to focus on a fungal strain, Paracamarosporium sp. FKI-7019 isolated from the
soil around a plant in Kozu-Island, Tokyo, Japan. Two novel antimalarial lipopeptides, named kozupeptins A
and B, were isolated from the culture broths of the above strain. They exhibited potent antimalarial activity
against chloroquine-sensitive and -resistant Plasmodium falciparum strains in vitro. Furthermore, they showed
low cytotoxicity against human MRC-5 cells. The structural elucidation, including the absolute configuration
of the new molecules, was accomplished by a combination of spectroscopic analyses and chemical approaches
including a total synthesis of kozupeptin A. Newly established total synthesis, in which the peptide and fatty
acid units were synthesized by liquid-phase peptide synthesis utilizing a hydrophobic anchor molecule that
enabled simple purification by crystallization proved to be practical. Synthetic kozupeptin A demonstrated a
therapeutic effect in vivo and the precursor aldehyde was found to exhibit much stronger antimalarial activity
than kozupeptin A itself in vitro and in vivo, which showed promise for the development of a new antimalarial

drug.
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In Chapter 3, I have developed an efficient method of synthesizing highly bioactive peptide aldehydes
without any concern about epimerization by liquid-phase peptide synthesis through the use of newly designed
hydrophobic anchor molecules. Peptide elongation reactions effectively proceeded in less polar solvents, and
direct crystallization by the addition of polar solvents enabled easy purification. This method also represents a

new concept for the efficient synthesis of peptide derivatives. The development of new antimalarial drug

candidates will be accelerated using this methodology.
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In Chapter 4, the structure-activity relationships (SARs) of kozupeptins and synthetic analogs were
investigated, which have shown the importance of the C-terminal aldehyde, the kind of fatty acid unit, the

4-methyl group of Pro, the free hydroxyl group of Thr, and the overall amino acid sequence for exhibiting

potent antimalarial activity.

Further investigations, including more SARs study and the mode of action (MOA) study, are in progress

for development of a new antimalarial drug candidate.
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General Remarks

Infrared (IR) spectra were recorded on a Horiba FT-210 spectrometer. UV spectra were measured with a
Beckman DU640 spectrophotometer. NMR spectra were measured on an Agilent XL-400 spectrometer with
"H NMR at 400 MHz and '*C NMR at 100 MHz, a JEOL JNM-ECA-500 spectrometer with '"H NMR at 500
MHz and *C NMR at 125 MHz, or an Agilent Inova 600 spectrometer with '"H NMR at 600 MHz and "*C
NMR at 150 MHz. Chemical shifts were reported in ppm from the internal solvent peaks for CDCls ('H; 6 =
7.26 ppm, *C; § = 77.16 ppm), (CD5)SO ('H; 6 = 2.50 ppm, *C; § = 39.52 ppm), or CD;OD ('H of CH3; 6 =
3.34 ppm, 3C; 6 = 49.86 ppm). 'H NMR data were reported as follows: chemical shift (integration,
multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad, app = apparent),
coupling constants (Hz)). Liquid chromatography-electrospray ionization-tandem mass spectrometry
(LC/MS/MS) was performed on an AB Sciex QSTAR Hybrid LC/MS/MS using MeOH solvent system
containing 0.1% formic acid. Liquid chromatography-electrospray ionization mass spectrometry (LC/MS) was
performed on a Waters AQUITY UPLC H-Class using MeOH solvent system containing 0.05% formic acid.
The high-resolution mass spectra (HRMS) were performed on a JEOL JMS-AX505 HA, a JEOL JMS-700
MStation, or a JEOL JMS-T100LP. Optical rotations were measured on a JASCO P-1010 polarimeter. Melting
points were measured on a Stanford Research Systems OptiMelt MPA100 apparatus.

For thin layer chromatography (TLC) analysis, Merck precoated TLC plates (silica gel 60 GF254, 0.25
mm) were used. Flash chromatography was carried out with Kanto Chemical silica gel (silica gel 60N,
spherical neutral, 0.040-0.050 mm) or Fuji Silysia silica gel (FL60D, avg. 0.060 mm). For purification with
preparative thin layer chromatography (PLC), Merck precoated PLC plates (silica gel 60 GF254, 0.5 mm)
were used.

Unless otherwise noted, reagents and solvents were commercially available and used without further
purification. In experiments requiring dry solvents, dichloromethane (DCM) and tetrahydrofuran (THF) were
purchased from Kanto Chemical Co. Inc. as “Dehydrated.” For Fmoc-protected amino acids, Fmoc-Ala-OH,
Fmoc-Asn-OH, Fmoc-Val-OH, and Fmoc-Thr-OH*H,O were purchased from Watanabe Chemical Industries,
Ltd. Fmoc-(2S, 4R)-4-MePro-OH was prepared by the procedure described in the literature.!
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Supporting Information for Chapter 2

1. Taxonomy of the Producing Strain
An antimalarial screening program from the fermentation broths of our microorganism library led us to
focus on a fungal strain, Paracamarosporium sp. FKI-7019 isolated from the soil around a plant in

Kozu-Island, Tokyo, Japan. The photos of the plant and the fungal strain were shown Figure 22.

Figure 22. The plant (left) and the isolated fungus Paracamarosporium sp. FKI-7019 (right)

The producing fungal strain FKI-7019 was identified with the genus Paracamarosporium based on its
morphology and the internal transcribed spacer of ribosomal RNA gene sequence. We will report taxonomic

details elsewhere.

2. Fermentation and Isolation

Fermentation and isolation were performed for six times (Lot 1-6). From Lot 1, kozupeptin A (1a) was
isolated. From Lot 2-6, kozupeptin B (1b) was obtained. Described below is the representative procedure.

Strain FKI-7019, isolated from soil around a plant on Kozu-Island, Tokyo, Japan, was grown and
maintained on an agar slant consisting of 0.1% glycerol, 0.08% KH,PO4, 0.02% K>HPO4, 0.02%
MgS04-7H,0, 0.02% KCI, 0.2% NaNOs, 0.02% yeast extract and 1.5% agar (adjusted to pH 6.0 before
sterilization). A loopful of spores of the strain was inoculated into 100 mL of the seed medium consisting of
2.0% glucose, 0.5% Polypepton (Nihon Pharmaceutical Co., Japan), 0.2% yeast extract, 0.2% KH>POa, 0.05%
MgS04-7H,0 and 0.1% agar (adjusted to pH 6.0 before sterilization) in each of two 500 mL-Erlenmeyer
flasks. The flasks were incubated on a rotary shaker (210 rpm) at 27°C for 3 days. For production of
kozupeptins A or B (1a, 1b), 1 mL of seed culture was transferred to 30 (Lot 1) or 60 (Lot 3) 500
mL-Erlenmeyer flasks containing 100 mL of production medium (3.0% soluble starch, 1.0% glycerol, 2.0%
soybean meal, 0.3% dry yeast, 0.3% KCI, 0.3% CaCOs3, 0.05% MgSO4-7H>0 and 0.05% KH>PO4 (adjusted to
pH 6.0 before sterilization)) and fermentation was carried out on a rotary shaker (210 rpm) at 27°C for 4 days.

The isolation procedure for kozupeptin A (1a) is summarized in Scheme 5 in Chapter 2. The above

fermentation broth (Lot 1) was diluted with one equivalent volume of ethanol (3.0 L) and centrifuged. The
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supernatant was concentrated in vacuo to remove ethanol. The remaining aqueous solution was extracted with
ethyl acetate (3 Lx3), and the organic layer was concentrated in vacuo to dryness. The ethyl acetate extract
was applied to a silica gel column (Merck Co., Germany) using a chloroform/methanol gradient solvent
system of increasing polarity, to yield six fractions. The active compound was eluted with
chloroform/methanol (9/1 v/v), being concentrated in vacuo to dryness before being applied to an ODS
chromatography column (YMC Co., Japan) using a H>O/methanol gradient solvent system of increasing
methanol, to yield six fractions. The active compound was eluted with 100% methanol, being concentrated in
vacuo to dryness. The residue was applied to a DNH silica gel column (Fuji Silysia Chemical Ltd., Japan)
using a chloroform/methanol gradient solvent system of increasing polarity, to yield six fractions. The active
compound was eluted with chloroform/methanol (100/1 v/v), being concentrated in vacuo to dryness. Finally,
the active fraction was triturated with toluene to afford kozupeptin A (1a) (1.7 mg). From the fermentation

broth Lot 3, kozupeptin B (1b) (7.2 mg) was isolated (Scheme 6 in Chapter 2).

3. Assay of Antimalarial Activity in vitro and in vivo

In vitro evaluation
In vitro activity against P. falciparum strains K1 (chloroquine resistant) and FCR3 (chloroquine sensitive)
and cytotoxicity against human diploid embryonic cell line MRC-5 were measured according to the procedure

38a

developed in Kitasato Institute using Malstat reagent (Scheme 16).°**! This study was approved by “Kitasato
Institute Hospital Research Ethics Committee (No12102)” on the donation of human erythrocytes from

volunteers.

Scheme 16. /n vitro antimalarial evaluation using Malstat reagent
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In vivo evaluation

A mouse model using a malaria-derived strain of P. berghei N (chloroquine sensitive) was used to assess
in vivo antimalarial activity according to the procedure developed in Kitasato Institute. °**! Male CD-1 (ICR)
mice were purchased from Charles River Japan Inc., Japan. Mice at weight of ca. 18~22 g were
intravenously infected with 2 x 10° parasitized red blood cells of P. berghei N strain. Test compounds were
prepared by 10% DMSO0/0.5% Tween80 aqueous solution and sonicated for 30 min prior to intraperitoneal
administration. Treatment was started two hours after the infection (Day 0) and then continued daily for 3
days (Day 1-3). The dosage of all compounds was 30 mg/kg/day. Five mice were used as an each treated and
untreated (vehicle) control. On the Day 4, blood smears were made from each mouse to determine

parasitaemia. Percentage inhibition was calculated using the following formula.

Percentage inhibition = Treated mice parasitaemia / Untreated (vehicle) mice parasitaemia x 100

The statistical analysis (Dunnett’s test and Tukey-Kramer’s honestly significant difference test) was using
JMP statistical software (JMP® 8 SAS Institute Inc., Cary, NC, USA) and P values < 0.05 were considered

statistically significant.

4. Advanced Marfey’s Analysis

The absolute configuration of each amino acid residue was determined by advanced Marfey’s analysis.”*!
A sample (100 pg) of kozupeptin A or B (1a or 1b) was dissolved in 6 N HCI1 (500 pL) and heated for 3 h at
100°C. After cooling to room temperature, the hydrolysate was evaporated to dryness in vacuo, and the
residue was dissolved in 100 pL of water. 50 uL of the hydrolysate aq. was treated with 25 uL of 1 M
NaHCO; and 50 pL of 1% 1-fluoro-2,4-dinitrophenyl-5-D or L-leucinamide (D or L-FDLA) in acetone. The
mixture was heated for 1 h at 37°C. After cooling to room temperature, the reaction mixture was neutralized
with 1M HCI, and concentrated in vacuo. The residue was dissolved with 200 uL of acetonitrile, filtered to
remove salt and analyzed by UPLC-MS (Waters Co., USA) on reversed-phase column (BEH C18 column; 2.1
x 50 mm, 1.7 um, 0.5 mL/min) with a linear gradient from 50% to 100% aqueous acetonitrile containing
formic acid (mobile phase A; 100% acetonitrile + 0.05% formic acid and mobile phase B; 90% H,O / 10%
acetonitrile + 0.05% formic acid) for 10 min.

To determine the absolute configuration of the a-position of the alaninal residue of kozupeptin A (1a),
oxidation was performed. To 50 uL of the hydrolysate aq. of 1a described above was added 20 uL of Jones
reagent (2.5 M CrOs in 25% v/v H2SOs4 in H>O) and stirred at room temperature for 10 min. The reaction
mixture was quenched with 40 uL of 2-propanol and concentrated in vacuo. The residue was neutralized with
1 M NaHCO; and subjected to the derivatization with D-FDLA.

Amino acid standards were adjusted to 1 mM with water and were subjected to advanced Marfey’s
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analysis as described above. The ESI positive mode for the detection of amino acid-D-FDLA derivatives, and
absolute configuration of each amino acid was determined by a comparison of retention time between the
derivatives from the hydrolysate of 1a or 1b and standards. The retention times of the derivatives of L-Thr,
D-Thr, L-allo-Thr, D-allo-Thr, L-Val, D-Val, L-Asn, D-Asn, L-Ala, and D-Ala were 4.20, 3.58, 3.93, 3.69, 5.36,
4.49, 3.82, 3.70, 4.54, and 4.03 minutes, respectively. Accordingly, the amino acids in 1a were determined to
be L-Thr (4.19 min), L-Val (5.35 min), L-Asn (3.85 min), and L-Ala (4.55 min). The amino acids in 1b were
determined to be L-Thr (4.19 min), L-Val (5.36 min), and L-Asn (3.82 min).

Analysis of the 4-MePro configuration was performed under conditions using a linear gradient from 25%
to 100% aqueous acetonitrile containing formic acid (mobile phase A; 100% acetonitrile + 0.05% formic acid
and mobile phase B; 90% H>O / 10% acetonitrile + 0.05% formic acid) for 10 min. Synthesized
diastereoisomers of 4-MePro were used as standards for the analysis. The retention times (min) of the
derivatives of (2S, 4S)-MePro-L-FDLA, (2S5, 4R)-MePro-L-FDLA, (2S, 4S)-MePro-D-FDLA and (2S5,
4R)-MePro-D-FDLA were 3.42, 3.80, 5.68 and 5.47 min. The retention times (min) of the derivatives of
4-MePro-L-FDLA and 4-MePro-D-FDLA from the hydrolysate of 1a were 3.79 and 5.40 min and the absolute
configuration was determined to be (25, 4R)-MePro. Those from the hydrolysate of 1b were 3.82 and 5.46
min and the absolute stereochemistry also proved to be (25, 4R)-MePro as well. The results are summarized in

Table 3 in Chapter 2.

5. Identification of the fatty acid

Identification of the fatty acid unit of kozupeptin A or B (1a or 1b) was conducted by ESI-LCMS using a
2-nitrophenylhydrazide derivative of 1a or 1b. The hydrolysate of la or 1b was derivatized by
2-nitrophenylhydrazine using Fatty acid analysis kit (YMC Co., Kyoto, Japan) and analyzed by ESI-LCMS
(QSTAR Hybrid LC/MS/MS using 50-100% MeOH containing 0.1% formic acid) to compare the retention

0l The retention times (min) of the derivatives of hydrolysate of 1a and 1b showed

time with that of standards.!
both good matches with those of the derivative of oleic acid (Figure 14 in Chapter 2). Geometrical
isomerism could also be determined as the Z isomer by the coupling constant of olefin 'H NMR and '*C NMR
shift of allyl methylene.

The position of mono-double bond was also confirmed by GC-MS analysis of pyrrolidine amide
derivative.[*!! Standard fatty acid and the hydrolysate of 1a or 1b in toluene containing 25% MeOH were
converted to methyl esters by reaction with TMS-diazomethane (ca. 10% in hexane, ca. 0.6 mol/L) at room
temperature. Obtained crude methyl esters were heated in pyrrolidine/AcOH for 1 h at 100°C to afford

pyrrolidine amide derivatives. GC-MS fragmentation analysis of the pyrrolidine amide derivative of 1a or 1b

indicated a C9-C10 double bond of the fatty acid (Figure 15 in Chapter 2).
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6. Total Synthesis -Experimental Procedures and Compounds Characterization-

CaoHas0-CiaHa
Fmoc-Ala-O-FI (4)

Fmoc-Ala-O-Fl (4) was prepared by the procedure described in the literature as an off-white powder.!
[a]p?®3 = 2.0 (¢ 0.1, chloroform); '"H NMR (500 MHz, CDCls) § 7.74 (2H, d, J = 8.0 Hz), 7.63-7.60 (2H, m,
overlapped), 7.55-7.52 (2H, m, overlapped), 7.37 (3H, app t, J = 7.5 Hz), 7.28-7.16 (SH, m, overlapped),
7.04-7.01 (2H, m, overlapped), 6.97-6.90 (2H, m, overlapped), 6.83-6.80 (1H, m), 5.30-5.27 (1H, br m),
4.57-4.53 (1H, m), 4.35 (2H, d, J= 7.0 Hz), 4.17 (1H, t, J= 7.0 Hz), 3.92-3.87 (2H, m, overlapped), 3.39 (4H,
t,J=7.0 Hz), 1.77-1.69 (2H, m, overlapped), 1.58-1.20 (61H, br m, overlapped), 0.89 (3H, t, J= 7.0 Hz); 1*C

20a]

NMR (125 MHz, CDCls, peaks were complex because of diastercomers derived from the anchor molecule,
rotamers, and C—F coupling) ¢ 170.4, 163.9, 162.0, 160.0, 155.6, 147.7, 147.6, 145.6, 145.5, 144.0, 143.87,
143.85, 143.8, 141.4, 140.9, 140.6, 133.2, 133.0, 130.3, 130.2, 129.8, 129.7, 127.8, 127.3-127.2 (overlapped),
125.2, 124.3, 123.9, 121.3, 120.8, 120.1, 119.6, 115.45, 115.36, 114.9, 114.8, 112.6, 112.5, 111.1, 110.9, 89.1,
71.1, 68.5, 67.1, 50.0, 47.2, 32.1, 29.9-29.4 (many signals overlapped), 26.3, 26.2, 22.8, 19.0, 14.3; IR (KBr)
v (cm™) 2918, 2849, 1716, 1613, 1590, 1454, 1117, 740; HRMS (FAB, NBA + Nal matrix) Calcd. for
C71Ho6FNOg: 1077.7222 (M"), Found: 1077.7216.

General procedure for Fmoc deprotection

The Fmoc protected amino acid or peptide was dissolved into 10% piperidine/CH,Cl, (0.036 M for
substrate) at room temperature, and the solution was stirred until the reaction was completed (generally 20
min to 30 min). The reaction mixture was subsequently cooled to 0°C and acetonitrile (generally 5-fold excess
of CH,Cl,) was added. The resulting heterogeneous solution was stirred for a further 30 min at 0°C, and the
precipitate was filtered and washed with additional acetonitrile to afford the corresponding amine as a white to

off-white powder.

General procedure for peptide elongation (condensation with Fmoc protected amino acid)

To a solution of Fmoc deprotected amino acid (1.0 eq) in CH>Cl, (0.05 M for substrate) were added Fmoc
protected amino acid (1.1 eq), HOBt (1.2 eq), and DIC (1.2 eq) at room temperature and stirred until the
reaction completed (1 to 13 h). The reaction mixture was subsequently cooled to 0°C and acetonitrile
(generally 5-fold excess of CH2Cl,) was added. The resulting heterogeneous solution was stirred for a further
30 min at 0°C, and the precipitate was filtered and washed with additional acetonitrile to afford the

corresponding Fmoc protected peptide with an anchor molecule as a white to off-white powder.
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022H45O—C'102H24
Ala-O-FI (5)

Following the general procedure described for Fmoc deprotection, Fmoc-Ala-O-Fl1 (4) (1.15 g, 1.07 mmol)
was converted to 5 (0.913 g, quant.) as a white powder. '"H NMR (500 MHz, CDCls) 6 7.62-7.60 (2H, m,
overlapped), 7.36 (1H, app t, J = 7.5 Hz), 7.24-7.20 (2H, m, overlapped), 7.18-7.15 (1H, m), 7.04-6.99 (2H, m,
overlapped), 6.95-6.90 (2H, m, overlapped), 6.81 (1H, d, 2.5 Hz), 3.94-3.87 (2H, m, overlapped), 3.64 (1H,
app q,J = 7.0 Hz), 3.39 (4H, t, J = 6.5 Hz), 1.77-1.72 (2H, m, overlapped), 1.59-1.54 (4H, m, overlapped),
1.44-1.20 (59H, br m, overlapped), 0.89 (3H, t, J = 7.0 Hz); *C NMR (125 MHz, CDCl;, peaks were complex
because of diastereomers derived from the anchor molecule and C—F coupling) ¢ 174.1, 163.9, 162.0, 159.97,
159.95, 148.1, 148.0, 146.0, 145.9, 144.3, 144.2, 140.8, 140.7, 133.2, 133.1, 130.2, 130.1, 129.58, 129.56,
127.2, 124.1, 124.0, 121.3, 120.9, 120.8, 119.6, 115.1, 115.0, 114.8, 114.6, 112.6, 112.4, 111.1, 111.0, 88.3,
71.1, 68.4, 50.5, 32.1, 29.9-29.4 (many signals overlapped), 26.3, 26.2, 22.8, 20.78, 20.76, 14.3; IR (KBr) v
(cm™) 2917, 2849, 1748, 1613, 1590, 1455, 1118; HRMS (FAB, NBA + Nal matrix) Calcd. for
CscHssFNO4Na: 878.6439 ([M + Na]"), Found: 878.6439.

~Fmoc

NH,
C22"*450—('(12*424

Fmoc-Asn-Ala-O-FI (48)

Following the general procedure described for condensation, Ala-O-Fl1 (5) (2.02 g, 2.36 mmol) was
converted to 48 (2.58 g, 92%) as a white powder. '"H NMR (500 MHz, CDCl;); 6 7.74 (2H, d, J = 7.5 Hz),
7.62-7.47 (4H, m, overlapped), 7.39-7.13 (9H, m, overlapped), 7.12-6.99 (2H, m, overlapped), 6.94-6.79 (3H,
m, overlapped), 6.34 (1H, br s), 5.74 (1H, br s), 5.38 and 5.33 (1H, each br s), 4.67-4.62 (1H, m), 4.48 (1H, br
s), 4.39-4.28 (2H, m, overlapped), 4.16 (1H, br t, J = 6.5 Hz), 3.89 (2H, br t, J= 7.0 Hz), 3.39 (1H, t, J= 7.0
Hz), 2.79 (1H, br t, J = 5.5 Hz), 2.48-2.43 (1H, br m), 1.76-1.72 (2H, m, overlapped), 1.58-1.53 (4H, m,
overlapped), 1.46 (3H, br d, J = 6.5 Hz), 1.44-1.20 (56H, br m, overlapped), 0.89 (3H, t, J = 7.0 Hz); *C
NMR (125 MHz, CDCls, peaks were complex because of diastercomers derived from the anchor molecule,
rotamers, and C—F coupling) ¢ 173.3, 170.54, 170.48, 169.93, 169.86, 163.9, 161.9, 160.01, 159.97, 156.2,
147.7, 147.6, 145.6, 145.5, 143.9- 143.8 (overlapped), 141.4, 140.7, 140.5, 133.1, 132.9, 130.3, 130.2, 129.7,
129.6, 127.8, 127.2 (overlapped), 125.3, 125.2, 124.5, 124.0, 121.29, 121.26, 120.9, 120.1, 119.63, 119.57,
115.3, 115.2, 114.9, 114.7, 112.6, 112.5, 111.2, 111.0, 88.9, 71.1, 68.5, 67.40, 67.38, 51.35, 51.29, 48.8, 47.2,
37.03, 36.98, 32.1, 29.9-29.4 (many signals overlapped), 26.3, 26.2, 22.8, 18.1, 18.0, 14.3; IR (KBr) v (cm™)
3303, 2919, 2850, 1755, 1652, 1536, 1453, 1261, 1110, 738; HRMS (FAB, NBA + Nal matrix) Calcd. for
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C7sH102FN3OgNa: 1214.7549 ([M + Na]"), Found: 1214.7554.

Asn-Ala-O-Fl (6)

Following the general procedure described for Fmoc deprotection, Fmoc-Asn-Ala-O-Fl (48) (2.58 g, 2.16
mmol) was converted to 6 (2.10 g, quant.) as an off-white powder. 'H NMR (500 MHz, CDCl;) § 7.84 (1H,
app t, J = 7.5 Hz), 7.60-7.57 (2H, m, overlapped), 7.37-7.32 (1H, m), 7.25-7.14 (3H, m, overlapped),
7.04-6.99 (2H, m, overlapped), 6.95-6.88 (2H, m, overlapped), 6.80 (1H, app dd, J = 13.5, 2.5 Hz), 6.08 (1H,
br s), 5.43 (1H, br s), 4.70-4.63 (1H, m), 3.92-3.89 (2H, m, overlapped), 3.62-3.59 (1H, m), 3.39 (4H, t, J =
7.0 Hz), 2.61 (1H, dd, J = 15.0, 4.0 Hz), 2.53-2.48 (1H, m), 1.77-1.71 (2H, m, overlapped), 1.59-1.53 (4H, m,
overlapped), 1.47 (3H, dd, J = 7.5, 1.0 Hz), 1.45-1.20 (56H, br m, overlapped), 0.88 (3H, t, J = 7.5 Hz); 1*C
NMR (125 MHz, CDCls, peaks were complex because of diastereomers derived from the anchor molecule,
rotamers, and C—F coupling) ¢ 173.75, 173.72, 173.3, 170.0, 163.9, 162.0, 160.0, 147.8, 147.7, 145.7, 145.6,
144.0, 143.9, 140.8, 140.6, 133.2, 133.0, 130.3, 130.2, 129.7, 129.6, 127.3, 127.2, 124.4, 124.0, 121.3, 120.9,
119.6, 115.4, 115.2, 114.9, 114.7, 112.6, 112.5, 111.2, 111.0, 88.9, 71.1, 68.5, 52.4, 48.3, 40.2, 32.1, 29.9-29.4
(many signals overlapped), 26.3, 26.2, 22.8, 18.53, 18.46, 14.3 (isomers were observed); IR (KBr) v (cm™)
3353, 2917, 2850, 1752, 1661, 1455, 1117, 773; HRMS (FAB, NBA + Nal matrix) Calcd. for CsoHooFN3O¢Na:
992.6868 ([M + Na]"), Found: 992.6884.

o}

Niceen

N
NH,

CooHas0-CioHo)
Fmoc-Val-Asn-Ala-O-Fl (49)

Following the general procedure described for condensation, Asn-Ala-O-Fl (6) (0.770 g, 0.79 mmol) was
converted to 49 (1.02 g, 99%) as an off-white powder. 'H NMR (500 MHz, CDCIl5/CDsOD = 10/1) 6 7.71 (2H,
br d, J = 7.5 Hz), 7.54-7.49 (4H, m, overlapped), 7.34 (2H, app br t, J = 7.5 Hz), 7.28-7.13 (5H, m,
overlapped), 7.07 (1H, br t, J = 7.5 Hz), 6.97-6.94 (1H, br m), 6.89-6.72 (3H, m, overlapped), 4.63 (1H, br s),
4.53-4.47 (1H, br m), 4.39-4.35 (1H, br m), 4.26-4.22 (1H, br m), 4.25 (1H, t, J=7.0 Hz), 3.93 (1H, app br d),
3.88-3.78 (2H, br m), 3.35 (4H, t, J = 7.0 Hz), 3.10 (1H, overlapped with MeOH), 2.61-2.54 (1H, br m),
2.51-2.44 (1H, br m), 2.07-2.01 (1H, br m), 1.71-1.63 (2H, m, overlapped), 1.54-1.48 (4H, m, overlapped),
1.38-1.16 (59H, br m, overlapped), 0.87 (3H, br d, J = 6.5 Hz), 0.83 (3H, br d, overlapped), 0.83 (3H, t,
overlapped) (Three protons (NH x 3) were not observed.); *C NMR (125 MHz, CDCl5/CD;OD = 10/1, peaks

were complex because of diastereomers derived from the anchor molecule, rotamers, and C-F coupling) J
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173.6,173.55, 173.50, 172.0, 171.9, 170.6, 170.54, 170.49,170.47, 169.9, 169.8, 163.8, 161.8, 159.83, 159.78,
157.0, 147.6, 147.5, 145.6, 145.4, 143.81, 143.76, 141.30, 141.28, 140.6, 140.4, 133.0, 132.9, 130.15, 130.08,
129.5, 1294, 127.8, 127.15, 127.12, 127.09, 125.13, 125.07, 124.4, 124.0, 121.12, 121.07, 120.8, 120.0,
119.43, 119.40, 115.10, 115.07, 114.7, 114.6, 112.5, 112.3, 111.3, 110.9, 88.8, 71.0, 68.4, 67.1, 60.5, 49.7,
48.7, 48.6, 47.1, 36.7, 36.6, 31.9, 30.9, 29.7-29.3 (many signals overlapped), 26.15, 26.05, 22.7, 19.2, 17.6,
17.3,17.2, 14.1; IR (KBr) v (cm™) 3299, 2920, 2851, 1755, 1690, 1670, 1639, 1453, 1438, 1117, 738; HRMS
(FAB, NBA + Nal matrix) Calcd. for CgoH111FN4OoNa: 1313.8233 ([M + Na]"), Found: 1313.8241.

Val-Asn-Ala-O-Fl (7)

Following the general procedure described for Fmoc deprotection, Fmoc-Val-Asn-Ala-O-F1 (49) (2.64 g,
2.04 mmol) was converted to 7 (2.19 g, quant.) as an off-white powder. 'H NMR (500 MHz, CDCl;) & 8.39
(1H, br d, J = 7.5 Hz), 7.57-7.52 (3H, m, overlapped), 7.35-7.29 (1H, m), 7.25-7.12 (3H, m, overlapped),
7.03-6.99 (2H, m, overlapped), 6.94-6.78 (3H, m, overlapped), 6.07 (1H br s), 5.45-5.35 (1H, br m), 4.68-4.64
(1H, m), 4.62-4.56 (1H, m), 3.93-3.85 (2H, m), 3.38 (4H, t, /= 7.0 Hz), 3.17 (1H, d, J = 4.0 Hz), 2.71-2.64
(1H, m), 2.45-2.39 (1H, m), 2.21-2.14 (1H, m), 1.77-1.70 (2H, m), 1.58-1.53 (4H, m, overlapped), 1.44-1.20
(59H, br m, overlapped), 0.93 (3H, d, J = 7.0 Hz), 0.88 (3H, t,J = 7.0 Hz), 0.77 (3H, d, J = 7.0 Hz); 3*C NMR
(125 MHz, CDCls, peaks were complex because of diastereomers derived from the anchor molecule, rotamers,
and C-F coupling) ¢ 175.23, 175.21, 173.3, 170.8, 170.7, 170.0, 169.9, 163.9, 161.9, 160.0, 159.9, 147.7,
147.6, 145.64, 145.55, 144.0, 143.94, 143.91, 143.88, 140.7, 140.6, 133.0, 132.9, 130.24, 130.17, 129.65,
129.55, 127.3, 127.2, 124.6, 124.1, 121.3, 121.2, 120.9, 119.62, 119.56, 115.3, 115.2, 114.9, 114.7, 112.6,
112.5, 111.3, 111.0, 88.9, 71.1, 68.5, 60.2, 49.4, 48.79, 48.76, 37.1, 32.1, 31.2, 29.9-29.4 (many signals
overlapped), 26.3, 26.2, 22.8, 19.7, 17.9, 17.8, 16.3, 14.3; IR (KBr) v (cm™") 3299, 2918, 2850, 1753, 1660,
1455, 1118; HRMS (FAB, NBA + Nal matrix) Calcd. for CesHipiFN4O7Na: 1091.7552 ([M + Na]"), Found:
1091.7574.

CaoHas0—~CoHan
Fmoc-4-MePro-Val-Asn-Ala-O-Fl (50)

Following the general procedure described for condensation, 4-MePro-Val-Asn-Ala-O-F1 (7) (1.28 g, 1.20
mmol) was converted to 50 (1.64 g, 98%) as an off-white powder. 'H NMR (500 MHz, CDCl;) ¢ 7.78-6.80
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(20H, m, overlapped), 6.08 (1H, app br d, /= 10.0 Hz), 5.53 (1H, app br d, /= 24.0 Hz), 4.72 (1H, br m), 4.55
(1H, br m), 4.44-4.36 (2H, m, overlapped), 4.25-4.21 (2H, m, overlapped), 3.92-3.84 (2H, m), 3.64 (1H, br t, J
= 8.5 Hz), 3.38 (4H, t, J = 7.0 Hz), 2.95 (1H, br t, J = 9.5 Hz), 2.75-2.67 (1H, br m), 2.50-2.30 (3H, br m),
2.19-2.09 (1H, br m), 1.97-1.85 (2H, br s), 1.75-1.67 (2H, br m), 1.62-1.53 (4H, br m), 1.44-1.20 (59H, br m,
overlapped), 1.06 (3H, br d, J = 6.0 Hz), 0.88 (6H, app t, J = 7.0 Hz, overlapped), 0.84 (3H, br d, J = 6.0 Hz),
BC NMR (125 MHz, CDCls, peaks were complex because of diastereomers derived from the anchor molecule,
rotamers, and C—F coupling) ¢ 173.4, 172.6, 171.13, 171.08, 170.4, 169.7, 169.6, 163.9, 161.9, 160.0, 159.9,
156.5, 147.84, 147.79, 145.8, 145.7, 144.0, 143.8, 141.4, 140.63, 140.56, 133.02, 132.98, 130.2, 130.1, 129.54,
129.46, 127.9, 127.2, 125.1, 124.5, 121.2, 121.0, 120.1, 119.5, 115.2, 114.8, 114.6, 112.7, 112.5, 111.3, 111.0,
88.8, 71.1, 68.5, 68.1, 61.1, 59.1, 54.0, 49.8, 49.7, 48.9, 48.8, 47.2, 36.54, 36.46, 36.3, 34.0, 32.8, 32.1, 30.5,
29.9-29.4 (many signals overlapped), 26.3, 26.2, 25.7, 25.1, 22.8, 19.5, 17.7, 17.6, 17.3, 14.3; IR (KBr) v
(cm™) 3323, 2921, 2851, 1753, 1647, 1454, 1108, 739; HRMS (FAB, NBA + Nal matrix) Calcd. for
CseH120FNsO1oNa: 1424.8917 ([M + Na]*), Found: 1424.8910.
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4-MePro-Val-Asn-Ala-O-FI (8)

Following the general procedure described for Fmoc deprotection, Fmoc-4-MePro-Val-Asn-Ala-O-F1 (50)
(1.63 g, 1.16 mmol) was converted to 8 (1.37 g, quant.) as an off-white powder. 'H NMR (500 MHz, CDCI5) §
8.30 (1H, d, J = 8.0 Hz), 7.81 (1H, d, J = 7.5 Hz), 7.56-7.53 (3H, m, overlapped), 7.33-7.29 (1H, m),
7.26-7.20 (2H, m, overlapped), 7.16-7.11 (1H, m), 7.03-7.00 (2H, m, overlapped), 6.93-6.79 (3H, m,
overlapped), 6.20 (1H, br s), 5.54 (1H, app br d, J = 23.5 Hz), 4.67-4.63 (1H, m), 4.57-4.49 (1H, m),
4.18-4.15 (1H, m), 3.92-3.85 (2H, m), 3.76 (1H, dd, J = 10.0, 5.0 Hz), 3.38 (4H, t, J= 6.5 Hz), 3.05 (1H, dd, J
= 9.0, 9.0 Hz), 2.70-2.64 (1H, m), 2.56 (1H, app t, J = 8.5 Hz), 2.43-2.37 (1H, m), 2.21-2.13 (1H, m),
2.09-1.99 (2H, m, overlapped), 1.76-1.66 (2H, m, overlapped), 1.58-1.53 (4H, m, overlapped), 1.41 (3H, app t,
J=17.0 Hz), 1.34-1.20 (56H, br m, overlapped), 0.99 (3H, d, /= 6.5 Hz), 0.91 (3H, d, J= 7.0 Hz), 0.87 (3H, t,
J =7.0 Hz), 0.86 (3H, br d, J = 7.0 Hz); *C NMR (125 MHz, CDCl;, peaks were complex because of
diastereomers derived from the anchor molecule, rotamers, and C-F coupling) ¢ 176.74, 176.71, 173.55,
173.50, 171.5, 170.6, 170.5, 169.8, 169.7, 163.9, 161.9, 160.0, 159.9, 147.9, 147.8, 145.8, 145.7, 144.03,
143.97, 140.62, 140.55, 133.01, 132.96, 130.22, 130.16, 129.53, 129.48, 127.2, 124.5, 124.2, 121.22, 121.18,
121.0, 119.5, 115.3, 115.2, 114.8, 114.6, 112.7, 112.5, 111.2, 110.9, 88.7, 71.1, 68.5, 60.4, 58.43, 58.39, 54.6,
49.8, 49.0, 48.9, 38.9, 36.3, 36.2, 33.3, 32.1, 30.4-29.4 (many signals overlapped), 26.3, 26.2, 22.8, 19.6,
17.7-17.6 (some signals overlapped), 14.3; IR (KBr) v (cm™) 3299, 2920, 2851, 1757, 1655, 1526, 1455,
1116; HRMS (FAB, NBA + Nal matrix) Calcd. for C;;H;10FNsOgNa: 1202.8236 ([M + Na]"), Found:

1202.8245.
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CaaHas0-CiaHa
Fmoc-Thr(t-Bu)-4-MePro-Val-Asn-Ala-O-Fl (51)

Following the general procedure described for condensation, 4-MePro-Val-Asn-Ala-O-FI1 (8) (1.37 g, 1.16
mmol) was converted to 51 (1.80 g, 99%) as an off-white powder. '"H NMR (500 MHz, CDCls) J 7.76 (2H, d,
J=175Hz),7.60 (2H, d, J=7.0 Hz), 7.58-7.52 (2H, m, overlapped), 7.39 (2H, app br t, J = 7.0 Hz), 7.32-6.08
(12H, m, overlapped), 6.19 (1H, br d, J= 8.5 Hz), 5.84 (1H, br dd, J = 12.8, 8.5 Hz), 5.57 (1H, app br d, J =
19.5 Hz), 4.81-4.77 (1H, br m), 4.62-4.53 (3H, m, overlapped), 4.39 (2H, d, J = 7.0 Hz), 4.22-4.17 (3H, m,
overlapped), 4.01-3.96 (1H, m), 3.93-3.85 (2H, m, overlapped), 3.38 (4H, t, /= 7.0 Hz), 3.17 (1H, t, J=9.5
Hz), 2.69-2.57 (2H, m, overlapped), 2.43-2.33 (1H, br m), 2.32-2.25 (1H, br m), 2.24-2.16 (1H, br m), 1.96
(2H, br s), 1.75-1.68 (2H, m, overlapped), 1.58-1.53 (4H, m), 1.43 (3H, app t, J = 8.0 Hz), 1.39-1.20 (62H, br
m, overlapped), 1.11 (3H, d, J = 6.0 Hz), 1.06 (3H, d, J = 6.5 Hz), 0.93-0.86 (9H, m, overlapped) (Two
protons (NH x 2) were not observed.); *C NMR (125 MHz, CDCl;, peaks were complex because of
diastereomers derived from the anchor molecule, rotamers, and C—F coupling) 6 173.1, 173.0, 172.22, 172.20,
171.0, 170.9, 170.53, 170.50, 170.4, 169.7, 169.6, 163.9, 161.9, 160.0, 159.9, 155.9, 147.9, 147.8, 145.9,
145.7, 144.11, 144.08, 144.05, 144.02, 144.0, 143.99, 141.4, 140.64, 140.56, 133.04, 132.99, 130.22, 130.16,
129.5,129.4, 127.9, 127.2, 125.3, 125.2, 124.5, 124.2, 121.22, 121.18, 121.0, 120.14, 120.12, 119.55, 119.52,
115.3,114.7, 114.6, 112.7, 112.5, 111.3, 110.9, 88.7, 75.3, 71.1, 68.8, 68.4, 67.1, 61.3, 59.5, 56.5, 55.4, 49.73,
49.67, 48.9, 48.8, 47.3, 37.04, 36.97, 36.4, 33.0, 32.1, 29.9-29.4 (many signals overlapped), 28.2, 26.3, 26.2,
22.8,19.6, 18.23, 18.16, 17.7, 17.6, 17.0, 14.3; IR (KBr) v (cm™) 3313, 2923, 2852, 1753, 1652, 1525, 1454,
1190, 1108, 740; HRMS (FAB, NBA + Nal matrix) Calcd. for CosH;35FNsO2Na: 1582.0020 ([M + Na]"),
Found: 1582.0031.

Thr(t-Bu)-4-MePro-Val-Asn-Ala-O-FI (9)

Following the general procedure described for Fmoc deprotection,
Fmoc-Thr(z-Bu)-4-MePro-Val-Asn-Ala-O-FI (51) (0.593 g, 0.38 mmol) was converted to 9 (0.495 g, 97%) as
an off-white powder. 'H NMR (500 MHz, CDCl;) J 8.02-6.78 (13H, m, overlapped), 6.25 (1H, br d, J=11.0
Hz), 5.63-5.50 (1H, br m), 4.87-4.77 (1H, br m), 4.61-4.52 (2H, m, overlapped), 4.27-4.17 (1H, br m), 4.01
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(1H, app t, J = 8.5 Hz), 3.91-3.88 (2H, br m), 3.78-3.71 (1H, m), 3.51 (1H, br d, /= 6.5 Hz), 3.38 (4H, t, J =
6.5 Hz), 3.24-3.07 (1H, m, overlapped), 2.72-2.15 (5H, m, overlapped), 2.14-1.80 (3H, m, overlapped)
1.76-1.69 (2H, m, overlapped), 1.58-1.53 (4H, m), 1.46-1.20 (65H, br m, overlapped), 1.09 (3H, d, J= 6.5 Hz),
1.06 (3H, d, J = 6.5 Hz), 0.93-0.84 (9H, m, overlapped) (Two protons (NH x 2) were not observed.); *C NMR
(125 MHz, CDCls, peaks were complex because of diastereomers derived from the anchor molecule, rotamers,
and C-F coupling) & 174.1, 173.5, 173.2, 172.44, 172.42, 172.39, 171.43, 171.41, 171.04, 171.00, 170.5,
170.4, 170.13, 170.06, 169.8, 169.7, 169.63, 169.58, 163.9, 161.9, 160.0, 159.9, 147.93, 147.86, 147.74,
147.67, 145.9, 145.8, 145.7, 145.6, 144.1 (br), 140.7, 140.62, 140.57, 140.5, 133.0, 132.9, 130.2, 130.1, 129.6,
129.53, 129.49, 1294, 127.4, 127.25, 127.21, 127.17, 124.6, 124.3, 124.2, 121.23, 121.17, 121.0, 120.9, 119.6,
119.54, 119.49, 115.7, 115.31, 115.29, 114.8, 114.7, 114.6, 114.5, 112.7, 112.5, 111.3, 110.9, 88.8, 88.7, 74.7,
71.7,71.1,70.7, 68.5, 61.9, 61.1, 59.6, 59.1, 57.8, 57.7, 55.0, 53.7, 49.7, 49.0, 48.94, 48.88, 39.3, 37.7, 37.6,
36.92, 36.86, 36.0, 33.0, 32.1, 30.8, 30.3, 29.9-29.4 (many signals overlapped), 28.6, 28.4, 26.3, 26.2, 22.8,
19.6, 18.8, 18.7, 18.6, 18.3, 18.0, 17.8, 17.7, 17.6, 17.3, 17.1, 14.3; IR (KBr) v (cm™) 3299, 2921, 2851, 1755,
1652, 1530, 1455, 1262, 1189, 1115; HRMS (FAB, NBA + Nal matrix) Calcd. for C79Hi2sFN¢OioNa:
1359.9339 ([M + Na]"), Found: 1359.9330.
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Oleic acid-Thr(t-Bu)-4-MePro-Val-Asn-Ala-O-FI (10)

Following the general procedure described for condensation, Thr(z-Bu)-4-MePro-Val-Asn-Ala-O-F1 (9)
(0.900 g, 0.67 mmol) was converted to 10 (1.02 g, 95%) as an off-white powder. 'H NMR (500 MHz, CDCl5)
0 7.59-7.54 (3H, m, overlapped), 7.39-6.80 (11H, m, overlapped), 6.49 (1H, app br t, J = 8.0 Hz), 6.22 (1H,
app br d, J = 14.0 Hz), 5.56 (1H, app br d, J = 12.5 Hz), 5.37-5.30 (2H, m, overlapped), 4.81-4.77 (2H, m,
overlapped), 4.62-4.53 (2H, m, overlapped), 4.24-4.19 (2H, m, overlapped), 4.04-3.99 (1H, m), 3.93-3.86 (2H,
m, overlapped), 3.38 (4H, t, /= 6.5 Hz), 3.25-3.13 (1H, m), 2.69-2.60 (2H, m, overlapped), 2.42-2.32 (1H, m),
2.29-2.17 (4H, m, overlapped), 2.02-1.98 (4H, m, overlapped), 1.76-1.69 (3H, m, overlapped), 1.63-1.53 (7H,
m), 1.46-1.20 (85H, br m, overlapped), 1.073 (3H, d, J = 6.0 Hz), 1.065 (3H, d, J = 6.0 Hz), 0.93-0.84 (12H,

O,

m, overlapped); *C NMR (125 MHz, CDCl;, peaks were complex because of diastereomers derived from the
anchor molecule, rotamers, and C—F coupling) ¢ 173.1, 173.0, 172.31, 172.29, 171.00, 170.96, 170.7, 170.5,
170.4, 169.7, 169.6, 163.9, 161.9, 160.0, 159.9, 147.9, 147.8, 145.9, 145.8, 144.11, 144.07, 144.02, 140.7,
140.6, 133.05, 132.99, 130.2, 130.1, 129.9, 129.51, 129.46, 127.2, 124.5, 124.2, 121.2, 121.0, 119.5, 115.3,
114.7,114.6, 112.7, 112.5, 111.3, 110.9, 88.7, 75.3, 71.1, 68.4, 68.3, 61.3, 59.5, 55.4, 54.9, 49.75, 49.70, 48.95,
48.86, 37.2, 37.1, 36.5, 36.4, 33.0, 32.1, 29.9-29.3 (many signals overlapped), 28.4, 28.2, 28.0, 26.3, 26.2,
25.6,22.8, 19.6, 18.3, 18.2, 17.7, 17.6, 17.0, 14.3; IR (KBr) v (cm™) 3279, 2919, 2851, 1755, 1646, 1536,
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1455, 1191, 1118; HRMS (FAB, NBA + Nal matrix) Calcd. for Co7Hi57FNsO11Na: 1624.1792 ([M + Na]"),
Found: 1624.1804.
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Oleic acid-Thr(t-Bu)-4-MePro-Val-Asn-Ala-OH (11)

10 (181 mg, 0.11 mmol) was dissolved into 20% TFA/CH,Cl, (5.7 mL, 0.02 M for substrate) at room
temperature, and the solution was stirred for 5 h. The reaction mixture was subsequently cooled to 0°C and
pyridine (1.09 mL, 3.51 mmol, 1.0 eq for TFA) was added dropwise. Methanol (28 mL, 5-fold excess of
TFA/CH:Cl,) was added, and the resulting heterogeneous solution was stirred for a further 30 min at 0°C. The
precipitate was filtered and washed with additional methanol, and the filtrate was concentrated in vacuo. The
residue was dissolved into ethyl acetate (30 mL) and washed with aqueous 1M HCI (3 x 20 mL) and sat. NaCl
aq. (20 mL). The organic layer was dried with Na>SOs, filtered, and concentrated in vacuo. The residue was
purified by flash column chromatography on silica gel (CHCl3/MeOH) to afford carboxylic acid 11 (65.9 mg,
75%) as a white powder. [a]p*"* = -31.3 (¢ 0.1, DMSO); mp 183-186°C; 'H NMR (500 MHz, DMSO-d;) ¢
8.10 (1H, d, J=7.0 Hz), 7.88 (1H, d, J= 8.0 Hz), 7.83 (1H, d, /= 8.5 Hz), 7.78 (1H, d, /= 7.5 Hz), 7.34 (1H,
s), 6.90 (1H, s), 5.35-5.29 (2H, m, overlapped), 4.68 (1H, br s), 4.54-4.48 (2H, m, overlapped), 4.42 (1H, app t,
J =17.5 Hz), 4.12-4.07 (2H, m, overlapped), 3.83-3.78 (2H, m, overlapped), 3.27 (1H, app t, J = 9.0 Hz),
2.55-2.50 (1H, m, overlapped with DMSO), 2.41 (1H, dd, J= 7.5, 15.5 Hz), 2.38-2.30 (1H, m), 2.17-2.06 (2H,
m, overlapped), 2.01-1.93 (5H, m, overlapped), 1.67-1.61 (1H, m), 1.48-1.42 (2H, m, overlapped), 1.33-1.13
(24H, app br s, overlapped), 1.08 (3H, d, J= 6.0 Hz), 0.97 (3H, d, /= 7.0 Hz), 0.86-0.81 (9H, m, overlapped);
BC NMR (125 MHz, DMSO-ds) J 173.8,172.2, 171.6, 171.5, 170.6, 170.5, 169.4, 129.6, 66.9, 59.2, 57.8,
56.2, 54.0, 49.3, 47.7, 36.7, 36.5, 34.9, 32.0, 31.3, 30.5, 29.1-28.6 (many signals overlapped), 26.62, 26.58,
25.2,22.1,19.3, 19.1, 17.9, 17.2, 14.0; IR (KBr) v (cm™) 3287, 2924, 2854, 1730, 1637, 1541, 1454, 1232,
1199, 1146; HRMS (ESI") Calcd. for C4H70NsOoNa: 801.5102 ([M + Na]*), Found: 801.5094; HRMS (ESI")
Calcd. for C4HgoNeOo: 777.5126 (M — H]"), Found: 777.5123.
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NH,
Oleic acid-Thr-4-MePro-Val-Asn-Ala-N(Me)OMe (12)

To a solution of 11 (120 mg, 0.15 mmol, 1.0 eq), MeO(Me)NH-HCI (48.1 mg, 0.49 mmol, 3.2 eq),
DEPBT (3-(diethoxyphosphoryloxy)-1,2,3-benzotriazin-4(3H)-one, 147 mg, 0.49 mmol, 3.2 eq) in DMF (4.3
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mL, 0.036 M) was added DIPEA (NV,N-diisopropylethylamine, 127 mg, 0.99 mmol, 6.4 eq) at room
temperature. After stirring for 23 h at room temperature, the reaction mixture was then treated with aqueous
IM HCI in an ice bath to quench the excess amine reagent, poured into a separatory funnel containing ethyl
acetate (50 mL), and washed with aqueous 1M HCI (2 x 30 mL) and sat. NaCl aq. (30 mL). The organic layer
was dried with Na,SQO,, filtered, and concentrated in vacuo. The residue was purified by flash column
chromatography on silica gel (CHCIs/MeOH) to afford Weinreb amide 12 (127 mg, quant, dr = 97:3
(a-position of Ala, determined by advanced Marfey’s analysis described above and '"H NMR)) as a white
powder. [a]p*"? =-46.0 (¢ 0.1, DMSO); mp 176°C; '"H NMR (500 MHz, DMSO-ds) 6 8.10 (1H, d, J = 7.0 Hz),
7.86 (1H, d, J = 7.5 Hz), 7.83 (1H, d, J = 8.0 Hz), 7.77 (1H, d, J = 7.0 Hz), 7.32 (1H, s), 6.90 (1H, s),
5.35-5.29 (2H, m, overlapped), 4.65 (1H, d, /= 6.0 Hz), 4.68-4.62 (1H, br m), 4.54-4.41 (3H, m, overlapped),
4.09 (1H, dd, J = 6.5, 8.0 Hz), 3.83-3.78 (2H, m, overlapped), 3.71 (3H, s), 3.26 (1H, app t, /= 9.0 Hz), 3.09
(3H, s), 2.56-2.50 (1H, m, overlapped with DMSO), 2.39 (1H, dd, J = 7.5, 15.5 Hz), 2.42-2.29 (1H, m),
2.18-2.06 (2H, m), 2.01-1.92 (5H, m, overlapped), 1.67-1.61 (1H, m), 1.48-1.42 (2H, m, overlapped),
1.33-1.13 (21H, app br s, overlapped), 1.17 (3H, d, /= 7.0 Hz), 1.09 (3H, d, /= 6.0 Hz), 0.97 (3H, d, /= 7.0
Hz), 0.86-0.81 (9H, m, overlapped); '*C NMR (125 MHz, DMSO-ds) § 171.7, 171.04, 170.98, 170.2, 169.9,
168.9, 129.1, 66.4, 58.7, 57.2, 55.6, 53.5, 48.8, 44.3, 36.2, 36.0, 34.4, 31.5, 30.8, 30.1, 28.6-28.1 (many
signals overlapped), 26.12, 26.07, 24.7, 21.6, 18.8, 18.7, 17.4, 16.7, 16.6, 13.5; IR (KBr) v (cm™") 3278, 2924,
2854, 1637, 1542, 1424, 1232; HRMS (ESI") Calcd. for CiH7sN;OgNa: 844.5524 ([M + Na]"), Found:
844.5515.
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Kozupeptin A (1a)

To a solution of 12 (16.0 mg, 0.019 mmol, 1.0 eq) in dehydrated THF (3.0 mL, 0.007 M) was added
dropwise 0.1 M LAH in dehydrated THF (pre-prepared, 0.331 mL, 1.7 eq) at 0°C. After stirring for 1 h at 0°C,
the reaction mixture was then treated with aqueous 1M HCI at 0°C to quench the excess LAH. After stirring
for 10 min at room temperature, MeOH (250 mL) was added. The resulting heterogeneous solution was stirred
for a further 30 min at room temperature, and the precipitate was filtered and washed with additional MeOH.
The filtrate was roughly concentrated in vacuo, poured into a separatory funnel containing aqueous 1M HCI
(10 mL), and extracted with CHCI3 (3 x 10 mL). The combined organic extracts were dried with Na>SOa,
filtered, and concentrated in vacuo to afford the crude product 13. To a solution of the crude 13 in CHCIs (1.9
mL) was added (25,3S5,4R)-phytosphingosine (6.8 mg, 0.021 mmol, 1.1 eq for 12) at room temperature. After
stirring for 2.5 h at room temperature, the reaction mixture was concentrated in vacuo. The residue was

purified by flash column chromatography on silica gel (CHCl;/MeOH) to afford kozupeptin A (1a) (10.6 mg,
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51% over two steps, dr = 97:3 (o-position of Ala)) as a white powder. [a]p*** = -36.2 (¢ 0.1, DMSO); mp
177-179°C; '"H NMR (500 MHz, DMSO-ds) 6 8.08 (1H, d, J = 8.0 Hz), 7.86 (1H, d, /= 7.5 Hz), 7.82 (1H, d,
J=28.0 Hz), 7.32 (1H, d, overlapped), 7.32 (1H, s), 6.88 (1H, s), 5.35-5.29 (2H, m, overlapped), 4.71 (1H, d, J
= 6.5 Hz), 4.66 (1H, d, J = 5.5 Hz), 4.52-4.40 (4H, m, overlapped), 4.05 (1H, dd, J = 6.5, 8.0 Hz), 3.86 (1H,
app br s), 3.82-3.78 (2H, m, overlapped), 3.75-3.68 (1H, m), 3.60-3.55 (1H, m), 3.51-3.45 (1H, m), 3.29 (1H,
dd, /=9.0, 9.5 Hz), 3.07-3.01 (1H, m), 2.90-2.84 (1H, m), 2.54-2.50 (1H, m, overlapped with DMSO), 2.41
(1H, dd, J = 6.5, 15.5 Hz), 2.39-2.31 (2H, m), 2.17-2.06 (2H, m, overlapped), 2.02-1.92 (6H, m, overlapped),
1.77 (1H, br t), 1.68-1.62 (1H, m), 1.48-1.42 (3H, m, overlapped), 1.33-1.13 (44H, br m, overlapped), 1.09
(3H, d, J=6.0 Hz), 0.99 (3H, d, /= 7.0 Hz), 0.97 (3H, d, J = 7.0 Hz), 0.86-0.82 (12H, m, overlapped) (One
proton (NH of sphingoid) was not observed); *C NMR (125 MHz, DMSO-ds) § 172.2, 171.7, 170.6, 170.0,
169.5, 129.6, 88.3, 80.6, 66.9, 66.8, 61.1, 60.4, 59.2, 57.9, 56.2, 54.0, 49.6, 47.6, 36.8, 36.5, 34.9, 32.0, 31.7,
31.3-26.6 (many signals overlapped), 25.2, 22.1, 19.4, 19.1, 18.0, 17.2, 15.5, 14.0; IR (KBr) v (cm™) 3276,
2924, 2853, 1643, 1548, 1456, 1057, 801; HRMS (ESI’) Calcd. for CssHio7N;O10Na: 1084.7977 ([M + Na]"),
Found: 1084.7968.
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Oleic acid-Thr-4-MePro-Val-Asn-Ala-H (13)

The crude product 13 (48.3 mg), prepared by the same procedure as described above, was purified by flash
column chromatography on silica gel (CHCl:/MeOH) to afford the aldehyde 13 (31.6 mg, dr = 97:3
(a-position of Ala)) as a white powder. [a]p**® = -33.5 (¢ 0.1, DMSO); mp 162-166°C; 'H NMR (500 MHz,
DMSO-ds) 6 9.34 (1H, s), 8.14 (1H, d, /= 6.5 Hz), 8.11 (1H, d, J=7.5 Hz), 7.87 (2H, app d, J = 7.5 Hz), 7.37
(1H, br s), 6.93 (1H, br s), 5.35-5.29 (2H, m, overlapped), 4.67 (1H, d, J = 6.0 Hz), 4.55-4.47 (2H, m,
overlapped), 4.43-4.39 (1H, m), 4.08-3.98 (2H, m, overlapped), 3.83-3.77 (2H, m, overlapped), 3.27 (1H, app
t, J = 9.0 Hz), 2.57-2.46 (2H, m, overlapped with DMSO), 2.38-2.30 (1H, m), 2.17-2.06 (2H, m), 2.01-1.94
(5H, m, overlapped), 1.68-1.62 (1H, m), 1.48-1.42 (2H, m, overlapped), 1.33-1.18 (21H, app br s, overlapped),
1.14 (3H, d, J= 7.5 Hz), 1.08 (3H, d, J = 6.0 Hz), 0.97 (3H, d, J = 7.0 Hz), 0.86-0.82 (9H, m, overlapped); 1*C
NMR (125 MHz, DMSO-dy) 6 201.4, 172.2, 171.9, 171.4, 171.3, 170.6, 169.5, 129.7, 66.9, 59.2, 58.0, 56.2,
54.0, 53.9, 49.5, 36.8, 36.5, 34.9, 32.0, 31.3, 30.4, 29.2-28.6 (many signals overlapped), 26.64, 26.60, 25.3,
22.1, 19.4, 19.1, 18.0, 17.2, 14.0, 13.6; IR (KBr) v (cm™) 3285, 2924, 2853, 1736, 1639, 1542, 1426, 1235;
HRMS (ESI") Calcd. for C40H70NsOsNa: 785.5153 ([M + Na]"), Found: 785.5151.
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Supporting Information for Chapter 3

1. Preparation of newly designed anchor molecules

(0]
CygH370 OH O PPh;
* HON DEAD C1gH370 O’N N,H,-H,0
CgH3,0 - —_— P
HCI EtOH, refl
CigHar CHClj, rt C1gHg7O OH, reflux
C

2 quant. 18H37 quant.
" (crystallization) 16 (crystallization)
HO-TAGa
(20 g scale)
H
C1gH370 O,NHz C1gHa70. O’N% C1gHa70 O’N‘Me
CH,0, AcOH NaBH;CN
C1gH370 > CqgH3,0 > CygH3,0
CHCI3/MeOH, reflux EtOH/HCI aq.
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]
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CigH370 o
cww@ﬁ

CrgHar
3,4,5-Tris(octadecyloxy)benzyl alcohol (2) (HO-TAGa)

HO-TAGa (2) was prepared by the procedure described in the literature as a white powder.'”) mp
68-69°C; 'H NMR (500 MHz, CDCls) J 6.56 (2H, s), 4.59 (2H, s), 3.98-3.92 (6H, m, overlapped), 1.82-1.71
(6H, m, overlapped), 1.50-1.43 (6H, br m, overlapped), 1.35-1.22 (84H, br m, overlapped), 0.88 (9H, t, J=7.0
Hz); C NMR (125 MHz, CDCls) 6 153.4, 137.7, 136.2, 105.5, 73.6, 69.3, 65.8, 32.1, 30.5, 29.9-29.5 (many

signals overlapped), 26.29, 26.26, 22.8, 14.3; IR (KBr) v (cm™) 3541, 2916, 2848, 1594, 1462, 1439, 1118,
719; HRMS (FAB, NBA matrix) Calcd. for C1Hi1604: 912.8874 ([IM]"), Found: 912.8876.

C1gH370

O
H N
Cis 3701%)/\0,
CigHa7

Phthalimide-O-TAGa (16)

To a solution of 15 (20.0 g, 21.9 mmol, 1.0 eq), triphenylphosphine (11.5 g, 43.8 mmol, 2.0 eq) and
N-hydroxyphthalimide (7.14 g, 43.8 mmol, 2.0 eq) in CHCIs (274 mL, 0.08 M) was added dropwise diethyl
azodicarboxylate (DEAD) (40% toluene solution, 19.1 g, 43.8 mmol, 2.0 eq) at 0 °C for 20 min. The mixture
was heated to room temperature and stirred for 5 h. Methanol (1370 mL, 5-fold excess of CHCl3) was added
to the reaction mixture and the resulting heterogeneous solution was stirred for a further 30 min at room
temperature. The precipitate was filtered and washed with additional MeOH to afford phthalimide-O-TAGa
(16) (23.2 g, quant.) as a white powder. mp 81°C; 'H NMR (500 MHz, CDCI5) J 7.82-7.78 (2H, m), 7.74-7.71
(2H, m), 6.72 (2H, s), 5.13 (2H, s), 3.97-3.92 (6H, m, overlapped), 1.80-1.68 (6H, m, overlapped), 1.48-1.42
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(6H, br m, overlapped), 1.35-1.22 (84H, br m, overlapped), 0.88 (9H, t, J = 7.0 Hz); *C NMR (125 MHz,
CDCIs, peaks were complex because of rotamers) ¢ 163.6, 153.3, 139.1, 134.5, 129.0, 128.6, 123.6 108.4,
80.3, 73.5, 69.3, 32.1, 30.4, 29.9-29.5 (many signals overlapped), 26.2, 22.8, 14.3; IR (KBr) v (cm™) 2916,
2849, 1739, 1466, 1440, 1112, 700; HRMS (FAB, NBA + Na matrix) Calcd. for CeoH119NOgNa: 1080.8935
(IM + Na]"), Found: 1080.8942.

C1gH370 o N2
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C1gHzr
NH>-O-TAGa (17)

To a solution of 16 (23.2 g, 21.9 mmol, 1.0 eq) in EtOH (730 mL, 0.03 M) was added dropwise N,H4*H>O
(11.0 g, 219 mmol, 10 eq) at room temperature. The mixture was heated to reflux and stirred for 8 h. After
cooling to room temperature, the resulting heterogeneous solution was stirred for a further 30 min at room
temperature. The precipitate was filtered and washed with additional EtOH to afford NH>-O-TAGa (17) (20.3
g, quant.) as a white powder. mp 69-70°C; '"H NMR (500 MHz, CDCl3) § 6.55 (2H, s), 5.39 (2H, br s), 4.59
(2H, s), 3.98-3.92 (6H, m, overlapped), 1.82-1.71 (6H, m, overlapped), 1.50-1.43 (6H, br m, overlapped),
1.37-1.22 (84H, br m, overlapped), 0.88 (9H, t, J = 7.0 Hz); *C NMR (125 MHz, CDCl;) 6 153.4, 138.1,
132.4, 106.8, 78.5, 73.5, 69.2, 32.1, 30.5, 29.9-29.5 (many signals overlapped), 26.29, 26.26, 22.8, 14.3; IR
(KBr) v (cm™) 2914, 2848, 1596, 1469, 1243, 1128, 718; HRMS (ESI") Caled. for Cs1H11sNO4: 928.9061 ([M
+ H]"), Found: 928.9056.

C18H37Oj?/\O,N§
C1gH370

C1gHsr

CH>=N-O-TAGa (18)

A mixture of 17 (20.3 g, 21.9 mmol, 1.0 eq) and paraformaldehyde (6.56 g, 219 mmol, 10 eq) in
CHCIl3/MeOH = 5/1 (375 mL, 0.06 M) was heated to reflux and stirred for 3 h. After cooling to room
temperature, MeOH (1560 mL, 5-fold excess of CHCI3) was added to the reaction mixture and was stirred for
a further 30 min at room temperature. The precipitate was filtered and washed with additional MeOH to afford
CH,=N-O-TAGa (18) (20.6 g, quant.) as a white powder. mp 71-72°C; 'H NMR (500 MHz, CDCls) J 7.09
(1H, d, J = 8.5 Hz), 6.55 (2H, s), 6.48 (1H, d, J = 8.5 Hz), 5.02 (2H, s), 3.98-3.92 (6H, m, overlapped),
1.82-1.70 (6H, m, overlapped), 1.49-1.43 (6H, br m, overlapped), 1.35-1.22 (84H, br m, overlapped), 0.88 (9H,
t, J= 7.5 Hz); *C NMR (125 MHz, CDCls) J 153.3, 138.1, 137.8, 132.4, 106.9, 76.6, 73.5, 69.2, 32.1, 30.5,
29.9-29.2 (many signals overlapped), 26.29, 26.26, 22.8, 14.3; IR (KBr) v (cm™') 2914, 2847, 1596, 1469,
1243, 1129, 717; HRMS data is not available because the parent peak was not detected by ESI nor FAB. Only
hydrolyzed peaks (928.9 ([17 + H]") and 959.9 ([17 + Na]")) were observed.
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C1gH370 O,H‘Me
<:18Hyoj%>A
CigHa7

Me-HN-O-TAGa (15)

To a solution of 18 (17.6 g, 18.7 mmol, 1.0 eq) and NaBH3CN (3.53 g, 56.1 mmol, 3.0 eq) in EtOH/THF =
1/1 (535 mL, 0.035 M) was added dropwise conc. HCI aq. (4.29 g) at room temperature until the pH reached
around 3. After stirring for 2 h, MeOH (1338 mL, 5-fold excess of THF) was added to the mixture and the
resulting heterogeneous solution was stirred for a further 30 min at room temperature. The precipitate was
filtered and washed with additional MeOH to afford Me-HN-O-TAGa (18) (17.7 g, app. quant.) as a white
powder. Additional purification was performed by column chromatography on silica gel (CHCls/n-hexane =
1/1 to 5/1 as eluent) to give highly pure 15 (14.7 g, 83%) as a white powder. mp 53-54°C; '"H NMR (500 MHz,
CDCl3) 6 6.55 (2H, s), 5.54 (1H, br s), 4.61 (2H, s), 3.98-3.91 (6H, m, overlapped), 2.75 (3H, s), 1.82-1.70
(6H, m, overlapped), 1.49-1.43 (6H, br m, overlapped), 1.37-1.22 (84H, br m, overlapped), 0.88 (9H, t, J=7.5
Hz); *C NMR (125 MHz, CDCls) § 153.3, 137.9, 133.1, 106.8, 76.1, 73.5, 69.2, 39.4, 32.1, 30.5, 29.9-29.5

(many signals overlapped), 26.29, 26.26, 22.8, 14.3; IR (KBr) v (cm™) 2916, 2849, 1588, 1468, 1234, 1116,
720; HRMS (ESTI") Calcd. for CexH120NO4: 942.9217 (IM + H]"), Found: 942.9241.

o PPh, 0
CazHasO OCpHys CHCl,, rt /@\ﬂo EtOH, reflux
52 99% CaoHys0 OC22Hys quant.
" (crystallization) 53 (crystallization)
HO-TAGb
O,NH2 CH,O, AcOH O/N\ NaBH;CN H
/E:(\ 20, /E:(\ A 3 /E:(\o/ “Me
CyoHus0 OCyoHys CHCI3/MeOH, reflux CyoHusO OCyoHys EtOH/HCI aq. CoHasO OCyoHas
54 quant. 55 66% 56
(crystallization) (silica gel column)
n
TAGb ﬂ
~O” “Me

o
Ca2oHys0 OCgoHys

2,4-Bis(docosyloxy)benzyl alcohol (52) (HO-TAGb)!'%/

HO-TAGb (52) (11.4 g, 15.1 mmol) was prepared by the same procedure as HO-TAGa (2) described
above as a white powder. mp 69-70°C; 'H NMR (500 MHz, CDCl;) 6 7.13 (1H, d, J = 8.5 Hz), 6.45 (1H, d, J
=2.5Hz), 6.42 (1H, dd, J= 8.0, 2.0 Hz), 4.61 (2H, d, J = 6.5 Hz), 3.98 (2H, t, /= 6.5 Hz), 3.93 2H, t, /= 6.5
Hz), 2.27 (1H, t, J = 6.5 Hz), 1.83-1.74 (4H, m, overlapped), 1.48-1.41 (4H, br m, overlapped), 1.37-1.22
(72H, br m, overlapped), 0.88 (6H, t, J = 7.0 Hz); *C NMR (125 MHz, CDCl;, peaks were complex because
of rotamers) 0 160.3, 158.2, 129.7, 121.8, 104.6, 99.9, 68.3, 68.1, 62.2, 32.1, 29.9-29.4 (many signals
overlapped), 26.3, 26.2, 22.8, 14.3; IR (KBr) v (cm™') 2916, 2848, 1614, 1470, 1180, 1121, 718; HRMS (FAB,
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NBA + Na matrix) Calcd. for Cs;HosO3Na: 779.7257 ([M + Na]*), Found: 779.7258.

()

N

/(:(\o/
C22H450 OC22H45

Phthalimide-O-TAGb (53)

Following the same procedure described for phthalimide-O-TAGa (16), HO-TAGDb (52) (6.30 g, 8.3 mmol)
was converted to phthalimide-O-TAGa (53) (7.40 g, 99%) as a white powder. mp 85-86°C; 'H NMR (500
MHz, CDCl3) ¢ 7.80-7.76 (2H, m), 7.72-7.68 (2H, m), 7.32 (1H, d, J = 8.5 Hz), 6.43 (1H, dd, /= 8.5, 2.5 Hz),
6.37 (1H, d, J= 2.0 Hz), 5.20 (2H, s), 3.92 (2H, t, J = 6.5 Hz), 3.82 (2H, t, J = 6.5 Hz), 1.78-1.72 (2H, m),
1.70-1.65 (2H, m), 1.46-1.22 (76H, br m, overlapped), 0.88 (6H, t, J = 7.0 Hz); *C NMR (125 MHz, CDCls)
0 163.6, 161.7, 159.4, 134.2, 133.5, 129.2, 123.4, 115.1, 105.0, 99.7, 74.5, 68.5, 68.1, 32.1, 29.9-29.4 (many
signals overlapped), 29.1, 26.2, 26.1, 22.8, 14.3; IR (KBr) v (cm™) 2913, 2849, 1745, 1471, 1187, 969, 695;
HRMS (FAB, NBA + Na matrix) Calcd. for CsoHgeoNOsNa: 924.7421 ([M + Na]*), Found: 924.7426.

/E:(\o, NH;
CaoHys0 OCxHss5

NH>-O-TAGb (54)

Following the same procedure described for NH,-O-TAGa (17), phthalimide-O-TAGb (53) (7.30 g, 8.1
mmol) was converted to NH,-O-TAGb (54) (6.25 g, quant.) as a white powder. mp 71-73°C; 'H NMR (500
MHz, CDCl3) ¢ 7.23-7.21 (1H, m), 6.46-6.43 (2H, m, overlapped), 5.33 (2H, s), 4.69 (2H, s), 3.96-3.93 (4H,
m, overlapped), 1.82-1.74 (4H, m, overlapped), 1.48-1.41 (4H, br m, overlapped), 1.37-1.22 (72H, br m,
overlapped), 0.88 (6H, t, J= 7.0 Hz); *C NMR (125 MHz, CDCls) 6 160.6, 158.7, 131.4, 117.9, 104.7, 100.0,
73.1, 68.4, 68.2, 32.1, 29.9-29.3 (many signals overlapped), 26.23, 26.21, 22.8, 14.3; IR (KBr) v (cm™) 2915,
2848, 1618, 1471, 1200, 1178, 1041, 717; HRMS (ESI") Calcd. for Cs;HosNO3: 772.7547 ((M + H]"), Found:
772.7550.

N
CaoHys0 OCxHss5

CH>=N-O-TAGb (55)

Following the same procedure described for CH,=N-O-TAGa (18), NH,-O-TAGb (54) (3.94 g, 5.1 mmol)
was converted to CH,=N-O-TAGb (55) (4.00 g, quant.) as a white powder. mp 64-65°C; 'H NMR (500 MHz,
CDCl3) ¢ 7.23-7.21 (1H, m), 7.05 (1H, d, J = 8.5 Hz), 6.45-6.42 (3H, m, overlapped), 5.12 (2H, s), 3.96-3.92
(4H, m, overlapped), 1.81-1.74 (4H, m, overlapped), 1.48-1.41 (4H, br m, overlapped), 1.37-1.22 (72H, br m,
overlapped), 0.88 (6H, t, J= 7.0 Hz); *C NMR (125 MHz, CDCls) 6 160.6, 158.4, 137.1, 131.1, 118.1, 104.7,
100.0, 71.2, 68.3, 68.2, 32.1, 29.9-29.3 (many signals overlapped), 26.2, 22.8, 14.3; IR (KBr) v (cm™) 2916,
2848, 1613, 1465, 1289, 1183, 1004, 817, 718; HRMS (ESI") Calcd. for Cs;Ho7NOsNa: 806.7366 ([M + Nal"),
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Found: 806.7352.

H

/E:(\O’N‘Me
CaoHys0 OCoyHys

Me-HN-O-TAGD (56)

Following the same procedure described for Me-HN-O-TAGa (15), CH,=N-O-TAGbD (55) (3.95 g, 5.0
mmol) was converted to Me-HN-O-TAGDb (56) (2.61 g after purification by column chromatography on silica
gel (CHCls/n-hexane = 1/1 to 5/1 as eluent), 66%) as a white powder. mp 60-61°C; 'H NMR (500 MHz,
CDCls) ¢ 7.22-7.21 (1H, m), 6.44-6.42 (2H, m, overlapped), 5.49 (1H, br s), 4.70 (2H, s), 3.96-3.91 (4H, m,
overlapped), 2.75 (3H, s), 1.81-1.73 (4H, m, overlapped), 1.48-1.41 (4H, br m, overlapped), 1.37-1.22 (72H,
br m, overlapped), 0.88 (6H, t, J = 7.5 Hz); *C NMR (125 MHz, CDCl;) J 160.4, 158.5, 131.2, 118.5, 104.7,
100.0, 70.3, 68.3, 68.2, 39.3, 32.1, 29.9-29.4 (many signals overlapped), 26.3, 26.2, 22.8, 14.3; IR (KBr) v
(cm™) 2915, 2848, 1613, 1466, 1287, 1178, 718; HRMS (ESI*) Calcd. for Cs;H100NOs: 786.7703 ([M + H]"),
Found: 786.7685.

2. Peptide elongations

General procedure for elongation of peptide chain (condensation with Fmoc-protected amino
acid)

To a solution of free amine (1.0 eq) in DCM (0.05 M for substrate) were added Fmoc protected amino acid
(1.1 eq), 1-hydroxybenzotriazole (HOBt) (1.2 eq), and N,N'-diisopropylcarbodiimide (DIC) (1.2 eq (2.3 eq
when Fmoc protected amino acid was monohydrate)) in the range of room temperature to 40°C and stirred
until the reaction completed (1.5 to 5 h). The reaction mixture was subsequently cooled to 0°C and MeOH
(generally 5-fold excess of DCM) was added. The resulting heterogeneous solution was stirred for a further 30
min at 0°C, and the precipitate was filtered and washed with additional MeOH to afford the corresponding

Fmoc protected peptide with an anchor molecule as a white to off-white powder.

General procedure for Fmoc deprotection

The Fmoc protected amino acid or peptide was dissolved into 10% piperidine/DCM or 1% piperidine/1%
1,8-diazabicyclo[5.4.0]-7-undecene (DBU)/CHCI; (0.036 M for substrate) at room temperature, and the
solution was stirred until the reaction was completed (generally 0.5 h to 2 h). The reaction mixture was
subsequently cooled to 0°C and MeOH (generally 5-fold excess of DCM or CHCl;) was added. The resulting
heterogeneous solution was stirred for a further 30 min at 0°C, and the precipitate was filtered and washed

with additional MeOH to afford the corresponding amine as a white to off-white powder.
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Using TAGa-type anchor molecule

(R
H N_ A F
C1gHarO o \gﬁu, moc

CygH37,0
C1gHa7

Fmoc-Ala-(Me)N-O-TAGa (57)

Following the general procedure described for condensation, Me-HN-O-TAGa (15) (5.00 g, 5.3 mmol)
was converted to Fmoc-Ala-(Me)N-O-TAGa (57) (6.56 g, quant.) as a white powder. [a]p?*3 = +12.1 (c 0.1,
CHCls3); mp 56-59°C; '"H NMR (500 MHz, CDCI3) 6 7.77 2H, d, J = 7.5 Hz), 7.62 (2H, t, J = 7.5 Hz), 7.40
(2H, t, J=17.5 Hz), 7.32 (2H, t, J = 7.5 Hz), 6.63 (2H, s), 5.62 (1H, br d, J = 8.5 Hz), 4.92-4.83 (1H, br m),
4.86 (2H, s), 4.40-4.34 (2H, m, overlapped), 4.24 (1H, t, J= 7.5 Hz), 4.00-3.94 (6H, m, overlapped), 3.24 (3H,
s ), 1.83-1.71 (6H, m, overlapped), 1.50-1.44 (6H, br m, overlapped), 1.37-1.22 (87H, br m, overlapped), 0.89
(9H, t, J = 7.0 Hz) (Two protons (NH x 2) were not observed.); *C NMR (125 MHz, CDCl;) § 173.9, 155.9,
153.5, 144.1, 143.9, 141.40, 141.38, 138.9, 129.1, 127.8, 127.2, 125.29, 125.25, 120.1, 107.8, 77.7, 73.5, 69.3,
67.1, 47.4, 47.3, 33.9, 32.1, 30.5, 29.9-29.5 (many signals overlapped), 26.2, 22.8, 18.6, 14.2; IR (KBr) v
(cm™) 2916, 2849, 1658, 1467, 1243, 1119, 740, 720; HRMS (FAB, NBA + Nal matrix) Calcd. for
CsoH13407N;Na: 1258.0089 ([M + Na]"), Found: 1258.0090.

| =
H N, i
C1gH370 o \g/\NHZ

C1gHa70
CygHa7

Ala-(Me)N-O-TAGa (19)

Following the general procedure described for Fmoc deprotection, Fmoc-Ala-(Me)N-O-TAGa (57) (3.90 g,
3.2 mmol) was converted to Ala-(Me)N-O-TAGa (19) (3.20 g, quant.) as a white powder. [a]p**3 =+5.6 (¢ 0.1,
CHCl3); mp 64-65°C; '"H NMR (500 MHz, CDCls) ¢ 6.53 (2H, s), 4.74 (2H, app dd, J = 18.5, 10.5 Hz),
3.97-3.93 (6H, m, overlapped), 3.85 (1H, br d, J = 6.0 Hz), 3.22 (3H, s), 1.82-1.70 (6H, m, overlapped),
1.49-1.43 (6H, br m, overlapped), 1.37-1.22 (87H, br m, overlapped), 0.87 (9H, t, J = 7.0 Hz); 3C NMR (125
MHz, CDCl;) ¢ 178.2, 153.5, 139.0, 129.3, 107.7, 77.0, 73.6, 69.4, 47.3, 34.0, 32.1, 30.5, 29.9-29.5 (many
signals overlapped), 26.2, 22.8, 20.8, 14.3; IR (KBr) v (cm™!) 2915, 2848, 1641, 1469, 1335, 1240, 1123, 719;
HRMS (FAB, NBA + Nal matrix) Calcd. for CssHi240sN>Na: 1035.9408 ([M + Na]"), Found: 1035.9396.

- O
C1gH70 v N
(0} N ~Fmoc
TN
C, 8H37ojil?A o:]/
C1gHa7 NH,

Fmoc-Asn-Ala-(Me)N-O-TAGa (58)
Following the general procedure described for condensation, Ala-(Me)N-O-TAGa (19) (5.00 g, 4.9 mmol)
was converted to Fmoc-Asn-Ala-(Me)N-O-TAGa (58) (6.54 g, 98%) as a white powder. [a]p*** =+11.9 (¢ 0.1,
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CHCls); mp 134-135°C; '"H NMR (500 MHz, CDCl3) 6 7.75 (2H, d, J = 7.5 Hz), 7.60 (2H, br dd, J = 7.0, 4.5
Hz), 7.54 (1H, br d, /= 7.5 Hz), 7.39 (2H, t, J= 7.5 Hz), 7.31 (2H, td, J= 7.5, 1.0 Hz), 6.58 (2H, s), 6.36 (1H,
brd, J=7.5Hz), 6.09 (1H, br s), 5.63 (1H, br s), 4.97-4.89 (1H, br m), 4.84 (2H, app dd, J = 19.5, 10.0 Hz),
4.60 (1H, br m), 4.41-4.35 (2H, m, overlapped), 4.22 (1H, t, J = 7.5 Hz), 3.98-3.93 (6H, m, overlapped), 3.20
(3H, s), 2.93-2.89 (1H, br m), 2.66-2.60 (1H br m), 1.82-1.71 (6H, m, overlapped), 1.49-1.44 (6H, br m,
overlapped), 1.34-1.22 (87H, br m, overlapped), 0.88 (9H, t, J = 7.0 Hz); *C NMR (125 MHz, CDCl;) ¢
173.4 (two signals), 170.5, 156.2, 153.5, 144.0, 143.8, 141.4, 138.7, 129.3, 127.8, 127.2, 125.3, 120.1, 107.7,
73.6, 69.3, 67.4,51.3,47.2,46.5,37.7, 34.0, 32.1, 30.5, 29.9-29.5 (many signals overlapped), 26.3, 22.8, 17.7,
14.3; IR (KBr) v (em™) 3403, 3298, 2916, 2848, 1668, 1655, 1468, 1262, 1125, 990, 740, 719; HRMS (FAB,
NBA + Nal matrix) Calcd. for CssHi4009NsNa: 1372.0518 ([M + Na]"), Found: 1372.0538.

C1gH370 ,rll N i NH,

MACAS S
Cralsr NH,

Asn-Ala-(Me)N-O-TAGa (20)

Following the general procedure described for Fmoc deprotection, Fmoc-Asn-Ala-(Me)N-O-TAGa (58)
(5.00 g, 3.7 mmol) was converted to Asn-Ala-(Me)N-O-TAGa (20) (4.18 g, quant.) as a white powder. [o]p**?
=-4.2 (¢ 0.1, CHCI3); mp 67-69°C; '"H NMR (500 MHz, CDCl;) § 7.92 (1H, br d, J = 7.5 Hz), 6.59 (2H, s),
6.35 (1H, br s), 5.62 (1H, br s), 5.01-4.92 (1H, br m), 4.84 (2H, app dd, J = 21.5, 10.5 Hz), 3.98-3.92 (6H, m,
overlapped), 3.72-3.68 (1H, m), 3.20 (3H, s), 2.69-2.65 (1H, br m), 2.56-2.51 (1H, br m), 1.82-1.70 (6H, m,
overlapped), 1.49-1.43 (6H, br m, overlapped), 1.37-1.21 (87H, br m, overlapped), 0.87 (9H, t, J = 7.0 Hz)
(Two protons (NH x 2) were not observed.); *C NMR (125 MHz, CDCl;, Signals were complex due to the
rotamers.) ¢ 173.75, 173.69, 173.55, 173.50, 173.45, 153.4, 138.8, 129.3, 107.8, 77.4, 73.6, 69.3, 52.4, 45.8,
45.6, 40.6, 34.0, 32.1, 30.5, 29.9-29.5 (many signals overlapped), 26.3, 22.8, 18.08, 18.05, 14.3; IR (KBr) v
(cm™) 3366, 2916, 2848, 1659, 1468, 1334, 1122, 719; HRMS (FAB, NBA matrix) Calcd. for CeoHi3107Ny:
1128.0018 ([M + HJ"), Found: 1128.0023.

| H o H \:/
C4gH370. O’N A N N X N,Fmoc
ISSRE
C18H37O]%>/\ O,
C1gHa7 NH

Fmoc-Val-Asn-Ala-(Me)N-O-TAGa (59)

Following the general procedure described for condensation, Asn-Ala-(Me)N-O-TAGa (20) (4.10 g, 3.6
mmol) was converted to Fmoc-Val-Asn-Ala-(Me)N-O-TAGa (59) (5.27 g, quant.) as a white powder. [o]p**° =
—0.1 (¢ 0.1, CHCl3); mp 174-179°C; 'H NMR (500 MHz, CDCls, Signals were complex due to the rotamers.)
0 7.75 (1H, br s), 7.73 (2H, dd, J = 7.5, 4.0 Hz), 7.63 (1H, br d, J= 7.0 Hz), 7.58 (2H, br d, /= 7.5 Hz), 7.36
(2H, app q, J = 7.0 Hz), 7.28 (2H, br t, J = 7.5 Hz), 6.55 (2H, s), 6.30 (1H, br s), 5.85 (1H, br s), 5.75 (1H, br
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d, J = 8.0 Hz), 4.93-4.77 (4H, br m, overlapped), 4.40 (1H, br dd, J = 10.5, 8.0 Hz), 4.31 (1H, br dd, J = 10.5,
7.5 Hz), 4.19 (1H, br t, J=7.0 Hz), 4.14 (1H, br t, /= 7.0 Hz), 3.97-3.92 (6H, br m, overlapped), 3.17 (3H, s),
2.85-2.81 (1H, m), 2.64-2.60 (1H, m), 2.19-2.12 (1H, m), 1.81-1.71 (6H, m, overlapped), 1.49-1.43 (6H, br m,
overlapped), 1.35-1.22 (87H, br m, overlapped), 0.99 (3H, d, J= 6.0 Hz), 0.94 (3H, d, /= 7.0 Hz), 0.88 (9H, t,
J=7.0 Hz); 3C NMR (125 MHz, CDCls, Signals were complex due to the rotamers.) § 173.6, 173.4, 171.6,
170.2, 156.7, 153.4, 144.0, 143.9, 141.4, 138.8, 129.3, 127.8, 127.22, 127.18, 125.30, 125.25, 120.07, 120.05,
107.7, 73.6, 69.3, 67.3, 60.4, 49.8, 47.3, 46.4, 37.1, 34.0, 32.1, 31.5, 30.5, 29.9-29.5 (many signals
overlapped), 26.3, 22.8, 19.4, 17.9, 17.6, 14.3; IR (KBr) v (cm™!) 3272, 2917, 2849, 1639, 1468, 1247,1120,
719; HRMS (FAB, NBA + Nal matrix) Calcd. for CsoHi40i0NsNa: 1471.1202 ([M + Na]"), Found:
1471.0200.

C1gH370. W i s \/
7 og N NH,
MSeASSSRS
CigHar NH,
Val-Asn-Ala-(Me)N-O-TAGa (21)

Following the general procedure described for Fmoc deprotection, Fmoc-Val-Asn-Ala-(Me)N-O-TAGa
(59) (5.21 g, 3.6 mmol) was converted to Val-Asn-Ala-(Me)N-O-TAGa (21) (4.41 g, quant.) as a white
powder. [0]p**® =-2.8 (¢ 0.1, CHCI3); mp 81-83°C; '"H NMR (500 MHz, CDCls, Signals were complex due
to the rotamers.) ¢ 8.40 (1H, d, J= 8.0 Hz), 7.66 (1H, d, /= 7.0 Hz), 6.57 (2H, s), 6.47 (1H, br s), 5.75 (1H, br
s), 4.92-4.77 (4H, br m, overlapped), 3.99-3.92 (6H, br m, overlapped), 3.26 (1H, br d, J= 3.0 Hz), 3.18 (3H,
s), 2.85-2.81 (1H, m), 2.65-2.60 (1H, m), 2.29-2.20 (1H, m), 1.82-1.70 (6H, m, overlapped), 1.49-1.43 (6H, br
m, overlapped), 1.37-1.22 (87H, br m, overlapped), 0.98 (3H, d, /= 7.0 Hz), 0.87 (9H, t, /= 7.5 Hz), 0.83 (3H,
d, J = 6.5 Hz) (Two protons (NH x 2) were not observed.); *C NMR (125 MHz, CDCl;, Signals were
complex due to the rotamers.) 6 175.11, 175.05, 173.5, 173.41, 173.36, 170.6, 170.5, 153.4, 138.7, 129.3,
107.7, 73.6, 69.3, 60.3, 49.5, 49.4, 46.45, 46.35, 37.8, 34.0, 32.1, 31.2, 30.5, 29.9-29.5 (many signals
overlapped), 26.3, 22.8, 19.8, 17.6, 16.3, 14.2; IR (KBr) v (cm™!) 3277, 2916, 2849, 1637, 1468, 1236, 1121,
720; HRMS (FAB, NBA matrix) Calcd. for C74H1400sNs: 1227.0702 ([M + H]"), Found: 1227.0693.
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Fmoc-4-MePro-Val-Asn-Ala-(Me)N-O-TAGa (60)

Following the general procedure described for condensation, Val-Asn-Ala-(Me)N-O-TAGa (21) (4.40 g,
3.6 mmol) was converted to Fmoc-4-MePro-Val-Asn-Ala-(Me)N-O-TAGa (60) (5.60 g, quant.) as a white
powder. [a]p?*® = -17.7 (¢ 0.1, CHCIL3); mp 169-171°C; 'H NMR (500 MHz, CDCls, Signals were broad and

complex due to the rotamers. Those derived from the minor rotamers are not described here.) 6 7.76-7.69 (3H,
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br m, overlapped), 7.61-7.51 (3H, br m, overlapped), 7.39 (2H, br t, /= 7.5 Hz), 7.31 (2H, td, /= 7.5, 1.5 Hz),
6.57 (2H, br s), 6.45 (1H, br s), 5.93 (1H, br s), 5.51 (1H, app br d, J = 48 Hz), 4.92 (1H, br s), 4.86-4.78 (3H,
m, overlapped), 4.46-4.33 (3H, br m, overlapped), 4.22 (1H, br t, /= 7.0 Hz), 3.97-3.92 (6H, m, overlapped),
3.65 (1H, br t, J = 8.5 Hz), 3.17 (3H, s), 2.95 (1H, br t, J = 10.0 Hz), 2.79-2.75 (1H, br m), 2.68-2.64 (1H, br
m), 2.50-2.06 (4H, br m, overlapped), 1.81-1.70 (6H, m, overlapped), 1.68-1.62 (1H, br m), 1.49-1.43 (6H, br
m, overlapped), 1.37-1.22 (87H, br m, overlapped), 1.06 (3H, br d, J = 6.5 Hz), 0.93 (3H, d, /= 7.0 Hz), 0.87
(12H, app t, J = 7.0 Hz); 3C NMR (125 MHz, CDCls, Signals were broad and complex due to the rotamers.
Those derived from the minor rotamers are not described here.) J 173.4 (two signals), 172.4, 171.3, 170.2,
156.3, 153.4, 144.0, 143.8, 141.4, 138.7, 129.4, 127.9, 127.2, 125.1, 120.1, 107.7, 73.6, 69.3, 68.1, 61.3, 58.7,
54.0,49.9,47.2,46.3,37.2,36.7,34.1, 32.7, 32.0, 30.9, 30.5, 29.9-29.5 (many signals overlapped), 26.3, 22.8,
19.5, 17.8, 17.7, 17.3, 14.2; IR (KBr) v (cm™) 3272, 2916, 2849, 1661, 1638, 1468, 1236, 1122, 739, 720;
HRMS (FAB, NBA + Nal matrix) Calcd. for CosHiss011NgNa: 1582.1886 ([M + Na]"), Found: 1582.1896.
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4-MePro-Val-Asn-Ala-(Me)N-O-TAGa (22)

Following the general procedure described for Fmoc deprotection,
Fmoc-4-MePro-Val-Asn-Ala-(Me)N-O-TAGa (60) (5.55 g, 3.6 mmol) was converted to
4-MePro-Val-Asn-Ala-(Me)N-O-TAGa (22) (4.76 g, quant.) as a white powder. [a]p**° =-9.1 (¢ 0.1, CHCI;);
mp 100-102°C; 'H NMR (500 MHz, CDCl;, Signals were broad and complex due to the rotamers. Those
derived from the minor rotamers are not described here.) 6 8.31 (1H, d, J= 8.5 Hz), 7.81 (1H, br s), 7.61 (1H,
d, J= 6.5 Hz), 6.60 (1H, br s), 6.57 (2H, s), 5.88 (1H, br s), 4.91-4.74 (4H, br m, overlapped), 4.28-4.22 (1H,
br m), 4.00-3.91 (6H, m, overlapped), 3.81 (1H, br d, J = 9.0 Hz), 3.43-3.35 (1H, br m), 3.17 (3H, s),
3.09-3.02 (1H, br m), 2.81-2.55 (3H, br m, overlapped), 2.30-2.03 (3H, br m, overlapped), 1.81-1.63 (6H, m,
overlapped), 1.49-1.43 (6H, br m, overlapped), 1.35-1.22 (87H, br m, overlapped), 0.99 (3H, d, J = 6.0 Hz),
0.95 (3H, d, J = 6.5 Hz), 0.91 (3H, d, J = 7.0 Hz), 0.87 (9H, t, J = 7.0 Hz) (One proton (NH) was not
observed.); 3C NMR (125 MHz, CDCl, Signals were broad and complex due to the rotamers. Those derived
from the minor rotamers are not described here.) 6 176.4, 173.6, 173.5, 171.6, 170.4, 153.4, 138.7, 1294,
107.7, 73.6, 69.3, 60.4, 58.1, 54.7, 54.2, 49.9, 48.7, 46.3, 39.0, 36.9, 34.1, 33.3, 32.1, 30.8, 30.5, 29.9-29.5
(many signals overlapped), 26.3, 22.8, 19.6, 17.9, 17.58, 17.56, 14.2; IR (KBr) v (cm™) 3270, 2916, 2849,
1635, 1468, 1236, 1121, 720; HRMS (FAB, NBA matrix) Calcd. for CsoHi4009Ns: 1338.1386 ([M + HJY),
Found: 1338.1384.
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Fmoc-Thr-4-MePro-Val-Asn-Ala-(Me)N-O-TAGa (61)

Following the general procedure described for condensation, 4-MePro-Val-Asn-Ala-(Me)N-O-TAGa (22)
(4.70 g, 3.5 mmol) was converted to Fmoc-Thr-4-MePro-Val-Asn-Ala-(Me)N-O-TAGa (61) (5.84 g, quant.)
as a white powder. [a]p? =-22.8 (¢ 0.1, CHCl;); mp 151-154°C; '"H NMR (500 MHz, CDCl;, Signals were
broad and complex due to the rotamers. Those derived from the minor rotamers are not described here.) ¢
7.80-7.71 (3H, br m, overlapped), 7.59 (2H, br d, J=7.0 Hz), 7.37 (2H, br t, J= 7.5 Hz), 7.32-7.28 (3H, br m,
overlapped), 7.13 (1H, br d, J= 9.5 Hz), 6.95 (1H, br s), 6.57 (2H, s), 6.31-6.22 (2H, br m, overlapped),
5.01-4.95 (2H, br m, overlapped), 4.84 (1H, d, /= 10.5 Hz), 4.79 (1H, d, J = 10.5 Hz), 4.70 (1H, dd, J = 9.5,
3.5 Hz),4.63 (1H, dd, J=9.5, 4.0 Hz), 4.59-4.53 (1H, br m), 4.46 (1H, dd, J=11.0, 7.5 Hz), 4.35 (1H, dd, J =
10.5, 7.0 Hz), 4.33-4.27 (1H, br m), 4.19 (1H, t, J = 6.5 Hz), 4.03 (1H, br t, J = 8.0 Hz), 3.97-3.92 (6H, m,
overlapped), 3.32 (1H, br t, /= 9.0 Hz), 3.17 (3H, s), 2.81-2.69 (2H, br m, overlapped), 2.52-2.41 (1H, br m),
2.24-2.16 (2H, br m, overlapped), 1.96-1.89 (1H, m), 1.80-1.70 (6H, m, overlapped), 1.49-1.42 (6H, br m,
overlapped), 1.35-1.22 (90H, br m, overlapped), 1.09 (3H, d, /= 6.0 Hz), 0.94 (3H, d, /= 6.5 Hz), 0.87 (12H,
app t, J = 7.0 Hz) (One proton (NH or OH) was not observed.); 3*C NMR (125 MHz, CDCl;, Signals were
broad and complex due to the rotamers. Those derived from the minor rotamers are not described here.) ¢
173.9,173.3,172.2,171.7, 171.3, 169.9, 156.4, 153.4, 143.9, 143.8, 141.4, 138.7, 129.5, 127.9, 127.2, 125.21,
125.16, 120.1, 107.7, 73.6, 69.3, 68.0, 67.0, 61.5, 58.1, 57.0, 54.6, 50.5, 47.3, 46.2, 42.3, 37.8, 37.1, 34.2, 33.0,
32.1, 31.0, 30.5, 29.9-29.5 (many signals overlapped), 26.3, 23.6, 22.8, 19.5, 18.8, 18.0, 17.9, 17.4, 14.3; IR
(KBr) v (cm™) 3286, 2917, 2849, 1638, 1467, 1439, 1236, 1119, 720; HRMS (FAB, NBA + Nal matrix) Calcd.
for CooH165013N7Na: 1683.2363 ([M + Na]"), Found: 1683.2360.
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Thr-4-MePro-Val-Asn-Ala-(Me)N-O-TAGa (23)

Following the general procedure described for Fmoc deprotection,
Fmoc-Thr-4-MePro-Val-Asn-Ala-(Me)N-O-TAGa (61) (5.78 g, 3.5 mmol) was converted to
Thr-4-MePro-Val-Asn-Ala-(Me)N-O-TAGa (23) (5.01 g, quant.) as a white powder. [o]p?>! = -35.3 (c 0.1,
CHCl;); mp ca. 190°C (decomp.); 'H NMR (500 MHz, CDCls, Signals were broad and complex due to the
rotamers. Those derived from the minor rotamers are not described here.) 6 7.34-7.30 (3H, br m, overlapped),

7.17 (1H, br s), 6.81 (1H, br s), 6.58 (2H, s), 5.01-4.92 (1H, br m), 4.93 (1H, dd, J = 9.5, 4.5 Hz), 4.85 (1H, d,
90



J =10.0 Hz), 4.79 (1H, d, J = 10.5 Hz), 4.66-4.58 (2H, br m), 4.14-4.08 (1H, br m), 3.98-3.92 (6H, m,
overlapped), 3.84-3.74 (1H, br m), 3.33-3.28 (1H, br m), 3.26-3.12 (1H, br m, overlapped), 3.17 (3H, s,
overlapped), 2.78-2.63 (2H, br m, overlapped), 2.50-2.39 (1H, br m), 2.24-2.19 (1H, br m), 2.16-2.08 (2H, m),
1.89-1.67 (7H, m, overlapped), 1.49-1.43 (6H, br m, overlapped), 1.37-1.22 (90H, br m, overlapped), 1.09 (3H,
d, J = 6.0 Hz), 0.94 (3H, d, J = 7.0 Hz), 0.87 (12H, app t, J = 7.0 Hz) (One proton (NH or OH) was not
observed.); 3C NMR (125 MHz, CDCls, Signals were broad and complex due to the rotamers. Those derived
from the minor rotamers are not described here.) 6 174.2, 173.3 (two signals), 172.4, 171.5, 170.1, 153.4,
138.8, 129.4, 107.7, 73.6, 70.1, 69.3, 61.7, 57.7, 56.4, 54.5, 50.5, 46.0, 37.6, 37.2, 34.1, 32.9, 32.1, 30.5,
29.9-29.5 (many signals overlapped), 26.3, 22.8, 19.5, 18.0, 17.9, 17.5, 17.3, 14.2; IR (KBr) v (cm™) 3292,
2917, 2849, 1644, 1468, 1237, 1117, 720; HRMS (FAB, NBA matrix) Calcd. for CgsHiss011N7: 1439.1863
(M + HJ"), Found: 1439.1868.
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Oleic acid-Thr-4-MePro-Val-Asn-Ala-(Me)N-O-TAGa (24)

Following the general procedure described for condensation using oleic acid instead of Fmoc protected
amino acid, Thr-4-MePro-Val-Asn-Ala-(Me)N-O-TAGa (23) (2.97 g, 2.1 mmol) was converted to oleic
acid-Thr-4-MePro-Val-Asn-Ala-(Me)N-O-TAGa (24) (3.52 g, quant.) as a white powder. Advanced Marfey’s
method for all the amino acid residues after complete acid hydrolysis in the same way as described above in
Table 7 in Chapter 3 confirmed that no epimerization occurred. [a]p*>! = —11.9 (¢ 0.1, CHCL); mp
151-152°C; '"H NMR (500 MHz, CDCl3) 6 7.78 (1H, br d, J = 8.0 Hz), 7.30 (1H, br d, J = 7.5 Hz), 7.09 (1H,
d, J=9.5 Hz), 7.03 (1H, br s), 6.77 (1H, br d, J = 8.5 Hz), 6.57 (2H, s), 6.37 (1H, br s), 5.37-5.29 (2H, m,
overlapped), 4.98 (1H, dd, J = 7.5, 4.0 Hz), 4.95-4.89 (2H, br m, overlapped), 4.85 (1H, d, /= 10.5 Hz), 4.80
(1H, d, J=10.5 Hz), 4.59 (1H, dd, J = 9.0, 4.0 Hz), 4.55 (1H, dd, J = 9.0, 6.5 Hz), 4.46 (1H, d, J = 6.0 Hz),
4.32-4.26 (1H, m), 4.03 (1H, dd, /= 9.5, 7.5 Hz), 3.98-3.92 (6H, m, overlapped), 3.36 (1H, br t,J = 9.5 Hz),
3.18 (3H, s), 2.81-2.78 (1H, m), 2.72-2.68 (1H, m), 2.52-2.41 (1H, m), 2.34 (2H, t, J = 8.0 Hz), 2.20-2.15 (2H,
br m, overlapped), 2.20-1.98 (3H, m, overlapped), 1.93-1.87 (1H, m), 1.82-1.72 (6H, m, overlapped),
1.66-1.58 (2H, br m, overlapped), 1.49-1.43 (6H, br m, overlapped), 1.37-1.22 (110H, br m, overlapped), 1.09
(3H, d, J=17.0 Hz), 0.94 (3H, d, J = 6.5 Hz), 0.89-0.86 (15H, m, overlapped) (One proton (NH or OH) was
not observed.); *C NMR (125 MHz, CDCl;) ¢ 173.8, 173.4 (two signals), 172.2, 171.7, 171.5, 169.9, 153.5,
138.8, 130.1, 129.9, 129.4, 107.7, 73.6, 69.4, 67.9, 61.5, 58.0, 54.7, 50.6, 46.2, 37.7, 37.1, 36.6, 34.1, 33.0,
32.1, 31.3, 30.5, 29.9-29.3 (many signals overlapped), 27.4, 27.3, 26.3, 25.7, 22.8, 19.5, 18.9, 17.93, 17.86,
17.3, 14.3; IR (KBr) v (cm™) 3279, 2917, 2849, 1640, 1438, 1238, 1121, 719; HRMS (FAB, NBA + Nal
matrix) Calcd. for CioH137012N7Na: 1725.4135 ([M + Na]"), Found: 1725.4131.
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3. Reduction to afford the aldehyde

rjr*o pikey

Oleic acid-Thr-4-MePro-Val-Asn-Ala-H (13)

To a solution of 24 (850 mg, 0.50 mmol, 1.0 eq) in dehydrated THF (50 mL, 0.01 M) was added dropwise
1.0 M LiAIH(O#-Bu); in dehydrated THF (4.99 mL, 10 eq, prepared by the procedure described in the
literature.>*!) at room temperature. After stirring for 1 h at room temperature, the reaction mixture was then
treated with aqueous 1M HCI (25 mL) at 0°C to quench the excess LiAIH(O#-Bu)s. After stirring for 10 min at
room temperature, MeOH (250 mL) was added. The resulting heterogeneous solution was stirred for a further
30 min at room temperature, and the precipitate was filtered and washed with additional MeOH. The filtrate
was roughly concentrated in vacuo, poured into a separatory funnel containing aqueous 1M HCI (20 mL), and
extracted with CHCl; (3 x 20 mL). The combined organic extracts were dried with Na,SOy, filtered, and
concentrated in vacuo. The residue was purified by flash column chromatography on silica gel (CHCl:/MeOH
= 50/1 to 10/1 as eluent) to afford aldehyde 13 (240.0 mg, 63%) as a white powder and MePro-Thr amide
bond-cleaved alcohol 62 (37.5 mg, 20% yield) as a colorless oil (the structure is shown below).
[a]p?*® = —33.8 (¢ 0.1, DMSO), [a]p**® = —29.6 (¢ 0.1, CHCl3); mp 170-175°C; 'H NMR (500 MHz,
DMSO-ds, Signals derived from the diastereomer of the a-position of alaninal moiety were not observed at
all.) 6 9.34 (1H, s), 8.14 (1H, d, J= 6.5 Hz), 8.11 (1H, d, J = 7.5 Hz), 7.87 (2H, app dd, J = 8.0, 1.5 Hz), 7.37
(1H, br s), 6.93 (1H, br s), 5.35-5.29 (2H, m, overlapped), 4.67 (1H, d, J = 6.0 Hz), 4.55-4.47 (2H, m,
overlapped), 4.41 (1H, t,J= 7.5 Hz), 4.09-3.98 (2H, m, overlapped), 3.83-3.76 (2H, m, overlapped), 3.27 (1H,
t,J = 9.5 Hz), 2.55-2.46 (2H, m, overlapped with solvent residual signals), 2.38-2.30 (1H, m), 2.17-2.06 (2H,
m, overlapped), 2.01-1.94 (6H, m, overlapped), 1.68-1.62 (1H, m), 1.48-1.42 (2H, m, overlapped), 1.32-1.19
(20H, br m, overlapped), 1.14 (3H, d, /= 7.5 Hz), 1.08 (3H, d, /= 6.0 Hz), 0.97 (3H, d, /= 7.0 Hz), 0.86-0.82
(9H, m, overlapped); *C NMR (125 MHz, DMSO-ds) 6 201.4, 172.2,171.9, 171.4, 171.3, 170.6, 169.5, 129.7,
66.9, 59.2, 58.0, 56.2, 54.0, 53.9, 49.5, 36.8, 36.5, 34.9, 32.0, 31.3, 30.4, 29.2-28.6 (many signals overlapped),
26.64, 26.60, 25.3, 22.1, 19.4, 19.1, 18.0, 17.2, 14.0, 13.6; IR (KBr) v (cm™") 3285, 2924, 2853, 1736, 1639,
1542, 1426, 1235; HRMS (ESI") Calcd. for C40H70NsOsNa: 785.5153 ([M + Na]"), Found: 785.5151.

MePro-Thr amide bond-cleaved alcohol 62
[0]p52 = -25.7 (¢ 0.1, CHCL3); 'H NMR (500 MHz, DMSO-ds) d 7.24 (1H, br d, J = 9.0 Hz), 5.35-5.28

(2H, m, overlapped), 4.55-4.51 (2H, br m, overlapped), 3.85 (1H, br m), 3.62 (1H, m), 3.42 (1H, br m), 3.29
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(1H, br m), 2.15-2.04 (2H, m, overlapped), 2.02-1.93 (4H, br m, overlapped), 1.51-1.43 (2H, br m,
overlapped), 1.30-1.20 (20H, br m, overlapped), 0.97 (3H, d, J = 6.0 Hz), 0.85 (3H, t, J = 7.0 Hz); *C NMR
(125 MHz, DMSO-ds) 0 172.4, 129.6, 64.2, 60.6, 55.4, 35.4, 31.3, 29.2-28.6 (many signals overlapped), 26.64,
26.60, 25.5, 22.1, 20.1, 14.0; IR (KBr) v (cm™) 3294, 2923, 2853, 1632, 1541, 1458, 1065; HRMS (ESI")
Calcd. for C»2H43NOsNa: 392.3141 ([M + Na]"), Found: 392.3139.

Recovery of benzyloxy methyl amine anchor molecule 15

To a solution of 24 (50.0 mg, 0.029 mmol, 1.0 eq) in dehydrated THF (2.9 mL, 0.01 M) was added
dropwise 1.0 M LiAIH(O#-Bu)s in dehydrated THF (0.293 mL, 10 eq, prepared by the procedure described in
the literature."*') at room temperature. After stirring for 1 h at room temperature, the reaction mixture was
then treated with aqueous 1M HCI (1.5 mL) at 0°C to quench the excess LiAIH(O#-Bu)s. After stirring for 10
min at room temperature, MeOH (14.7 mL) was added. The resulting heterogeneous solution was stirred for a
further 30 min at room temperature, and the precipitate was filtered and washed with additional MeOH to
recover benzyloxy methyl amine anchor molecule 15 as its hydrogen chloride salt form (28.8 mg, quant.).
Aldehyde 13 was obtained from the filtrate by the same procedure described above (13.7 mg, 61%). The 'H
NMR spectrum of this recovered 15 showed clear match with the data of newly prepared 15 in CDCl3 + small

amount of conc. HCI (see NMR spectra section below).
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Kozupeptin A (1a)

To a solution of 13 (17.5 mg, 0.023 mmol, 1.0 eq) in CHCI; (1.2 mL) was added phytosphingosine (8.7
mg, 0.028 mmol, 1.2 eq) at room temperature. After stirring for 6 h at room temperature, the reaction mixture
was concentrated in vacuo. The residue was purified by flash column chromatography on silica gel
(CHCI3/MeOH) to afford kozupeptin A (1a) (23.1 mg, 95%) as a white powder. All physical data for 1a
obtained here matched with the data in our total synthesis described in Chapter 2. In 'H NMR spectrum,
signals derived from the diastereomer of the a-position of alaninal moiety were not observed at all, which
means that the epimerization did not occur. The amide-H region was shown below (upper: derived from this
method, lower: derived from the method in Chapter 2 using HBTU as a condensation reagent to get Weinreb

amide 12).
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"H NMR (DMSO-ds, 500 MHz) of kozupeptin A (1a)

_ Prepared using new-type anchor (Me-HN-O-TAG)
k |

nool -l
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ﬁ Diastereomer (a-position of alaninal unit: D)
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Use of a model substrate
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Fmoc-Val-Ala-(Me)N-O-TAGa (63)

Following the general procedure described for condensation, Ala-(Me)N-O-TAGa (19) (817 mg, 0.81
mmol) was converted to Fmoc-Val-Ala-(Me)N-O-TAGa (63) (1.08 g, quant.) as a white powder. [a]p**? =
—13.8 (¢ 0.1, CHCl3); mp 65-69°C; '"H NMR (500 MHz, CDCls) 6 7.76 (2H, d, J = 7.5 Hz), 7.61 (2H, br dd, J
=17.5,4.0 Hz), 7.39 (2H, br td, J = 7.5, 2.0 Hz), 7.33-7.29 (2H, m), 6.63 (1H, br s, overlapped), 6.60 (2H, s),
543 (1H, brd, J=9.0 Hz), 5.08-5.01 (1H, br m), 4.85 (2H, brs), 4.45 (1H, dd, J=10.5, 7.5 Hz), 4.36 (1H, dd,
J=11.0, 6.5 Hz), 4.23 (1H, t, J= 7.0 Hz), 4.07 (1H, br dd, J = 8.5, 6.5 Hz), 3.99-3.94 (6H, m, overlapped),
3.21 (3H, s), 2.17-2.08 (1H, m), 1.82-1.71 (6H, m, overlapped), 1.50-1.44 (6H, br m, overlapped), 1.36-1.22
(87H, br m, overlapped), 0.97 (3H, d, J = 6.5 Hz), 0.94 (3H, d, J = 7.0 Hz), 0.88 (9H, t, J = 7.5 Hz); *C NMR
(125 MHz, CDCls, Signals were complex due to the rotamers.) 6 173.4, 170.8, 156.4, 153.5, 144.1, 143.9,
141.4, 138.9, 129.1, 127.8, 127.2, 125.3, 125.2, 120.11, 120.09, 107.8, 77.6, 73.6, 69.3, 67.2, 60.3, 47.3, 46.0,
34.1, 32.1, 31.7, 30.5, 29.9-29.5 (many signals overlapped), 26.3, 22.8, 19.3, 18.3, 17.9, 14.3; IR (KBr) v
(cm™) 3290, 2916, 2849, 1644, 1468, 1237, 1119, 739, 721; HRMS (FAB, NBA + Nal matrix) Calcd. for
CssH143N305Na: 1357.0773 ([M + Na]"), Found: 1357.0785.
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Val-Ala-(Me)N-O-TAGa (64)
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Following the general procedure described for Fmoc deprotection, Fmoc-Val-Ala-(Me)N-O-TAGa (63)
(965 mg, 0.72 mmol) was converted to Val-Ala-(Me)N-O-TAGa (64) (804 mg, quant.) as a white powder.
[a]p*** = -10.0 (¢ 0.1, CHCl3); mp 58-59°C; '"H NMR (500 MHz, CDCl;) J 7.82 (1H, br d, J = 8.0 Hz), 6.62
(2H, s), 5.13-5.06 (1H, br m), 4.89 (1H, d, J = 10.0 Hz), 4.84 (1H, d, J = 10.5 Hz), 4.01-3.91 (6H, m,
overlapped), 3.25 (1H, d, J = 4.0 Hz), 3.20 (3H, s), 2.31-2.22 (1H, m), 1.82-1.70 (6H, br m, overlapped),
1.49-1.43 (6H, br m, overlapped), 1.36-1.22 (87H, br m, overlapped), 1.00 (3H, d, J= 7.0 Hz), 0.89-0.85 (12H,
m, overlapped) (Two protons (NH x 2) were not observed.); *C NMR (125 MHz, CDCls, Signals were
complex due to the rotamers.) 6 173.94, 173.87, 153.5, 138.8, 129.3, 107.9, 77.7, 73.6, 69.3, 60.3, 45.3, 34.0,
32.1, 31.2, 30.5, 29.9-29.5 (many signals overlapped), 26.3, 22.8, 19.8, 18.5, 16.4, 14.3; IR (KBr) v (cm™)
2916, 2849, 1659, 1467, 1236, 1119, 720; HRMS (FAB, NBA matrix) Calcd. for C70H13406N3: 1113.0273 ([M
+ H]"), Found: 1113.0282.
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C1gH370

Oleic acid-Val-Ala-(Me)N-O-TAGa (25)

Following the general procedure described for condensation using oleic acid instead of Fmoc protected
amino acid, Val-Ala-(Me)N-O-TAGa (64) (770 mg, 0.72 mmol) was converted to oleic
acid-Val-Ala-(Me)N-O-TAGa (25) (933 mg, 98%) as a white powder. [a]p*** = —11.6 (¢ 0.1, CHCl3); mp
54-55°C; 'TH NMR (500 MHz, CDCls) 6 6.70 (1H, br d, J = 7.0 Hz), 6.59 (2H, s), 6.11 (1H, br d, J = 7.5 Hz),
5.36-5.29 (2H, m, overlapped), 5.05-4.97 (1H, br m), 4.83 (2H, s), 4.36 (1H, dd, J = 8.5, 6.5 Hz), 3.99-3.93
(6H, m, overlapped), 3.20 (3H, s), 2.27-2.17 (2H, m), 2.10-2.03 (1H, m), 2.01-1.98 (3H, br m, overlapped),
1.82-1.70 (6H, m, overlapped), 1.68-1.59 (2H, br m, overlapped), 1.49-1.43 (6H, br m, overlapped), 1.36-1.22
(107H, br m, overlapped), 0.94 (3H, d, J= 7.0 Hz), 0.92 (3H, d, J = 6.5 Hz), 0.87 (12H, t, J = 7.0 Hz) (One
proton (NH) was not observed.); *C NMR (125 MHz, CDCl;, Signals were complex because of the rotamers.)
0 173.4,173.2, 170.8, 153.5, 138.9, 130.1, 129.9, 129.2, 107.8, 77.6, 73.6, 69.3, 58.0, 45.9, 36.9, 34.1, 32.1,
32.0,31.7, 30.5, 29.9-29.3 (many signals overlapped), 27.34, 27.30, 26.3, 25.9, 22.8, 19.3, 18.19, 18.16, 14.2;
IR (KBr) v (cm™) 3303, 2917, 2849, 1638, 1467, 1235, 1118, 721; HRMS (FAB, NBA + Nal matrix) Calcd.
for CssHi6sN307Na: 1399.2545 ([M + Na]"), Found: 1399.2542.

FRENGoee

Oleic acid-Val-Ala-H (26)

To a solution of 25 (20.0 mg, 0.015 mmol, 1.0 eq) in dehydrated THF (1.8 mL, 0.008 M) was added
dropwise 2.0 M LiAlH4 in dehydrated THF (8.7 uL, 1.2 eq) at 0°C. After stirring for 15 min at 0°C, the
reaction mixture was then treated with aqueous 1M HCI (0.9 mL) at 0°C to quench the excess LiAlH4. After
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stirring for 10 min at room temperature, MeOH (9.0 mL) was added. The resulting heterogeneous solution
was stirred for a further 30 min at room temperature, and the precipitate was filtered and washed with
additional MeOH. The filtrate was roughly concentrated in vacuo, poured into a separatory funnel containing
aqueous 1M HCI (10 mL), and extracted with CHCl; (3 x 10 mL). The combined organic extracts were dried
with Na,SOy, filtered, and concentrated in vacuo. The residue was purified by flash column chromatography
on silica gel (CHCI3/MeOH = 200/1 to 20/1 as eluent) to afford aldehyde 26 (5.6 mg, 89%) as a white powder.
[a]p*** = —12.5 (¢ 0.1, CHCl3); mp 96-99°C; 'H NMR (500 MHz, 500 MHz, DMSO-d;, Signals were broad
and complex due to the rotamers. Those derived from the minor rotamers are not described here.) ¢ 9.37 (1H,
s), 8.45 (1H, d, J = 6.0 Hz), 7.83 (1H, d, J = 7.5 Hz), 5.35-5.29 (2H, m, overlapped), 4.22-4.17 (1H, m),
4.10-4.04 (1H, m), 2.21-2.07 (2H, m, overlapped), 1.99-1.91 (5H, m, overlapped), 1.53-1.42 (2H, m,
overlapped), 1.30-1.22 (20H, br m, overlapped), 1.16 (3H, d, J = 7.5 Hz), 0.88-0.84 (9H, m, overlapped); 1*C
NMR (125 MHz, DMSO-ds, Signals were broad and complex due to the rotamers. Those derived from the
minor rotamers are not described here.) 6 201.9, 173.2, 172.5, 130.5, 58.2, 54.7, 36.1, 32.2, 31.3, 30.0-29.5
(many signals overlapped), 27.53, 27.49, 26.3, 23.0, 20.1, 19.1, 14.9, 14.4; IR (KBr) v (cm™!) 3284, 2919,
2850, 1733, 1633, 1541, 1466, 1386, 693; HRMS (FAB, NBA matrix) Calcd. for C2sH40O3N»: 437.3743 ([M +
H]"), Found: 437.3747.

RIS oee

Oleic acid-Val-Ala-Me (27)

To a solution of 25 (20.0 mg, 0.015 mmol, 1.0 eq) in dehydrated THF (1.8 mL, 0.008 M) was added
dropwise 1.11 M MeLi in dehydrated diethyl ether (Et,O) (131 uL, 10 eq) at 0°C. After stirring for 20 min at
0°C, the reaction mixture was then treated with aqueous 1M HCI (0.9 mL) at 0°C to quench the excess MeLi.
After stirring for 10 min at room temperature, MeOH (9.0 mL) was added. The resulting heterogeneous
solution was stirred for a further 30 min at room temperature, and the precipitate was filtered and washed with
additional MeOH. The filtrate was roughly concentrated in vacuo, poured into a separatory funnel containing
aqueous 1M HCI (10 mL), and extracted with CHCl; (3 x 10 mL). The combined organic extracts were dried
with Na,SOs, filtered, and concentrated in vacuo. The residue was purified by PLC on silica gel
(CHCI13/MeOH = 10/1) to afford methyl ketone 27 (5.9 mg, 91%) as a white powder. [a]p*** = -9.0 (c 0.1,
CHCl;); mp 93-97°C; 'H NMR (500 MHz, DMSO-d;, Signals were broad and complex due to the rotamers.)
0 8.34-8.30 (1H, m), 7.84-7.79 (1H, m), 5.35-5.29 (2H, m, overlapped), 4.23-4.11 (2H, m, overlapped),
2.20-2.07 (2H, m, overlapped), 2.06 & 2.04 (3H, two s, presumed to be derived from two rotamers) 1.99-1.90
(5H, m, overlapped), 1.51-1.42 (2H, br m, overlapped), 1.30-1.22 (20H, br m, overlapped), 1.15 (3H, t,J="7.0
Hz), 0.87-0.83 (9H, m, overlapped); *C NMR (125 MHz, DMSO-ds, Signals were complex due to the
rotamers.) ¢ 208.0, 207.4, 172.3, 172.2, 171.3, 171.1, 129.6, 57.7, 57.3, 54.1, 54.0, 35.1, 31.3, 30.4, 30.2,
29.1-28.6 (many signals overlapped), 26.61, 26.57, 26.1, 25.7, 25.41, 25.38, 22.1, 19.24, 19.19, 18.4, 18.1,
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15.8, 15.6, 14.0; IR (KBr) v (cm™) 3284, 2921, 2851, 1720, 1633, 1540, 1467, 1386, 719; HRMS (ESI")
Calcd. for C27HsoN203Na: 473.3719 ([M + Na]"), Found:473.3720.

4. Application of orthogonal TAGs to rapid analog synthesis

Peptide elongation using TAGb-type anchor molecule
| H

O’N X N~ Fmoc
H
CooHys0 OCo2Hys

Fmoc-Ala-(Me)N-O-TAGD (65)

Following the general procedure described for condensation, Me-HN-O-TAGb (56) (1.50 g, 1.9 mmol)
was converted to Fmoc-Ala-(Me)N-O-TAGb (65) (2.03 g, 99%) as a white powder. [a]p*** = 23.6 (¢ 0.1,
CHCl3); mp 53-54°C; '"H NMR (500 MHz, CDCl3) 6 7.76 (2H, d, J = 7.5 Hz), 7.62 (2H, d, J = 7.0 Hz), 7.40
(2H, t, J = 7.5 Hz), 7.32 (2H, t, J = 7.5 Hz), 7.24 (1H, br d, J = 8.0 Hz), 6.45-6.43 (2H, br m, overlapped),
5.59 (1H, br d, J = 8.5 Hz), 4.97 (1H, d, J = 9.5 Hz), 4.88-4.84 (2H, br m, overlapped), 4.39-4.31 (2H, m,
overlapped), 4.23 (1H, t, J= 7.5 Hz), 4.04-3.95 (2H, br m, overlapped), 3.91 (2H, t, /= 7.0 Hz), 3.27 (3H, s),
1.84-1.79 (2H, m), 1.76-1.70 (2H, m), 1.48-1.38 (4H, br m, overlapped), 1.34-1.22 (75H, br m, overlapped),
0.88 (6H, t, J = 7.0 Hz); *C NMR (125 MHz, CDCl;, Signals were complex due to the rotamers.) § 173.7,
161.7,159.1, 155.7, 144.2, 144.0, 141.43, 141.40, 133.0, 127.8, 127.2, 125.4, 125.3, 120.1, 114.6, 104.9, 99.9,
71.6, 68.33, 68.27, 67.0, 47.4, 47.3, 33.5, 32.1, 29.9-29.3 (many signals overlapped), 26.23, 26.17, 22.8, 18.8,
14.3; IR (KBr) v (cm™) 3315, 2916, 2849, 1717, 1669, 1468, 1253, 1178, 1131, 1034, 739; HRMS (FAB,
NBA + Nal matrix) Calcd. for C70H;14N,O¢Na: 1101.8575 ([M + Na]*), Found: 1101.8588.

foanas
C22H450 OC22H45

Ala-(Me)N-O-TAGb (66)

Following the general procedure described for Fmoc deprotection, Fmoc-Ala-(Me)N-O-TAGb (65) (1.67 g,
1.6 mmol) was converted to Ala-(Me)N-O-TAGb (66) (1.30 g, 98%) as a white powder. [o]p*** = 15.2 (¢ 0.1,
CHCI3); mp 55°C; 'H NMR (500 MHz, CDCls) J 7.16 (1H, d, J = 8.0 Hz), 6.45-6.42 (2H, m, overlapped),
4.86 (1H, d, J=10.0 Hz), 4.77 (1H, d, J= 9.5 Hz), 3.98-3.92 (5H, m, overlapped), 3.25 (3H, s), 1.84-1.73 (4H,
m, overlapped), 1.48-1.41 (4H, br m, overlapped), 1.35-1.20 (75H, br m, overlapped), 0.87 (6H, t, /= 7.0 Hz)
(Two protons (NH x 2) were not observed.); *C NMR (125 MHz, CDCls) 6 177.6, 161.7, 159.1, 132.9, 114.8,
104.9, 99.8, 71.0, 68.34, 68.30, 46.8, 33.4, 32.1, 29.9-29.3 (many signals overlapped), 26.24, 26.17, 22.8, 20.4,
14.3; IR (KBr) v (em™) 2915, 2849, 1658, 1614, 1470, 1181, 1131, 718; HRMS (FAB, NBA + Nal matrix)
Calcd. for CssH;04N204Na: 879.7894 ([M + Na]"), Found: 879.7898.
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Fmoc-Asn-Ala-(Me)N-O-TAGb (67)

Following the general procedure described for condensation, Ala-(Me)N-O-TAGb (66) (1.25 g, 1.5 mmol)
was converted to Fmoc-Asn-Ala-(Me)N-O-TAGb (67) (1.74 g, quant.) as a white powder. [a]p*** = 20.5 (¢ 0.1,
CHCls); mp 75-79°C; "H NMR (500 MHz, CDCl3) 6 7.75 (2H, d, J = 7.5 Hz), 7.60 (2H, br dd, J = 7.0, 4.5
Hz), 7.53 (1H, br d, /= 5.0 Hz), 7.39 (2H, t, J= 7.5 Hz), 7.31 (2H, t,J= 7.5 Hz), 7.23 (1H, br d, J = 8.0 Hz),
6.44-6.42 (2H, br m), 6.38 (1H, br d, J = 7.5 Hz), 6.13 (1H, br s), 5.65 (1H, br s), 5.01-4.96 (2H, br m,
overlapped), 4.85 (1H, d, /= 9.0 Hz), 4.64-4.56 (1H, br m), 4.41-4.34 (2H, br m, overlapped), 4.22 (1H, t, J =
7.5 Hz), 4.02-3.92 (4H, m, overlapped), 3.24 (3H, s), 2.95-2.88 (1H, br m), 2.69-2.60 (1H, br m), 1.81-1.74
(4H, br m, overlapped), 1.47-1.41 (4H, br m, overlapped), 1.35-1.22 (75H, br m, overlapped), 0.88 (6H, t, J =
7.5 Hz); *C NMR (125 MHz, CDCls, Signals were complex due to the rotamers.) § 173.4, 173.3, 170.3, 161.7,
159.1, 156.2, 144.0, 143.9, 141.4, 133.0, 127.8, 127.2, 125.3, 120.1, 114.7, 104.9, 99.9, 71.6, 68.3, 67.4, 51.3,
472, 46.5, 37.8, 33.5, 32.1, 29.9-29.3 (many signals overlapped), 26.2, 22.8, 17.8, 14.3; IR (KBr) v (cm™)
3421, 2917, 2849, 1661, 1469, 1265, 1178, 1130, 1040, 737; HRMS (FAB, NBA + Nal matrix) Calcd. for
C7H120N4OgNa: 1215.9004 ([M + Na]"), Found: 1215.8998.
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Asn-Ala-(Me)N-O-TAGbD (68)

Following the general procedure described for Fmoc deprotection, Fmoc-Asn-Ala-(Me)N-O-TAGb (67)
(1.70 g, 1.4 mmol) was converted to Asn-Ala-(Me)N-O-TAGb (68) (1.38 g, quant.) as a white powder. [a]p**°
=17.5 (¢ 0.1, CHCI3); mp ca. 190°C (decomp.); '"H NMR (500 MHz, CDCls) J 7.82 (1H, br d, J = 8.0 Hz),
7.24 (1H, d, J = 8.0 Hz), 6.44-6.43 (2H, m, overlapped), 6.18 (1H, br s), 5.35 (1H, br s), 5.03-4.97 (2H, br m,
overlapped), 4.83 (1H, d, J = 9.5 Hz), 4.04-3.93 (4H, m, overlapped), 3.69 (1H, app br s), 3.24 (3H, s),
2.70-2.66 (1H, m), 2.60-2.55 (1H, m), 1.83-1.74 (4H, m, overlapped), 1.48-1.41 (4H, br m, overlapped),
1.35-1.22 (75H, br m, overlapped), 0.88 (6H, t, J = 7.5 Hz) (Two protons (NH x 2) were not observed.); 1*C
NMR (125 MHz, CDCIl;/CDsOD = 10/1, Signals were complex due to the rotamers.) J 174.1, 173.5 (two
signals), 161.6, 160.5, 159.0, 158.5, 132.9, 131.2, 118.0, 114.6, 104.9, 104.7, 99.9, 99.8, 71.6, 70.2, 68.23,
68.18, 52.1, 45.7, 39.89, 39.87, 38.9, 33.4, 32.0, 29.8-29.2 (many signals overlapped), 26.15, 26.10, 22.7, 17.6,
14.2; IR (KBr) v (em™) 3360, 2916, 2849, 1660, 1468, 1177, 1130, 719; HRMS (FAB, NBA + Nal matrix)
Calcd. for CsoH110N4OgNa: 993.8323 ([M + Na]"), Found: 993.8315.
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Fmoc-Val-Asn-Ala-(Me)N-O-TAGb (69)

Following the general procedure described for condensation, Asn-Ala-(Me)N-O-TAGb (68) (1.34 g, 1.4
mmol) was converted to Fmoc-Val-Asn-Ala-(Me)N-O-TAGb (69) (1.66 g, 93%) as a white powder. [a]p**® =
9.6 (¢ 0.1, CHCl3); mp 185-190°C; '"H NMR (500 MHz, CDCls, Signals were broad and complex due to the
rotamers.) ¢ 7.76-7.72 (3H, br m, overlapped), 7.60-7.57 (3H, br m, overlapped), 7.38-7.35 (2H, br m), 7.28
(2H, t, J=7.5 Hz), 7.20 (1H, d, J = 8.5 Hz), 6.43-6.40 (2H, overlapped), 6.30 (1H, br s), 5.86 (1H, br s), 5.76
(1H, br d, J = 8.5 Hz), 5.00-4.92 (2H, br m, overlapped), 4.86-4.77 (2H, br m, overlapped), 4.41-4.29 (2H, br
m, overlapped), 4.21-4.14 (2H, br m, overlapped), 4.00-3.91 (4H, br m, overlapped), 3.20 (3H, br s), 2.87-2.79
(1H, br m), 2.67-2.60 (1H, br m), 2.20-2.12 (1H, br m), 1.81-1.73 (4H, br m, overlapped), 1.47-1.40 (4H, br m,
overlapped), 1.35-1.22 (75H, br m, overlapped), 0.99 (3H, d, J= 6.5 Hz), 0.95 (3H, d, /= 7.0 Hz), 0.88 (6H, t,
J =7.5 Hz); ®C NMR (125 MHz, CDCls, Signals were broad and complex due to the rotamers.) 6 173.5,
173.3, 171.6, 170.1, 161.6, 159.0, 156.7, 144.1, 143.9, 141.4, 132.9, 127.8, 127.22, 127.18, 125.32, 125.29,
120.1, 114.7, 104.8, 99.8, 71.6, 68.3, 67.2, 60.3, 49.8, 47.3, 46.4, 37.2, 33.5, 32.1, 31.5, 29.8-29.2 (many
signals overlapped), 26.18, 26.16, 22.8, 19.4, 17.8, 17.7, 14.3; IR (KBr) v (cm™') 3288, 2917, 2849, 1642,
1535, 1468, 1292, 1248, 1180, 1131, 1032, 740, 718; HRMS (FAB, NBA + Nal matrix) Calcd. for
C79H120NsO9Na: 1314.9688 ([M + Na]"), Found: 1314.9697.
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Val-Asn-Ala-(Me)N-O-TAGb (70)

Following the general procedure described for Fmoc deprotection, Fmoc-Val-Asn-Ala-(Me)N-O-TAGb
(69) (1.61 g, 1.2 mmol) was converted to Val-Asn-Ala-(Me)N-O-TAGb (70) (1.33 g, quant.) as a white
powder. [a]p*** = 7.7 (¢ 0.1, CHCl3); mp 101-102°C; 'H NMR (500 MHz, CDCl;) 6 8.39 (1H, br d, J = 7.5
Hz), 7.61 (1H, br d, J= 7.5 Hz), 7.22 (1H, d, /= 9.0 Hz), 6.50 (1H, br s), 6.44-6.42 (2H, m, overlapped), 5.78
(1H, br s), 4.97-4.91 (2H, br m, overlapped), 4.84-4.78 (2H, br m, overlapped), 4.01-3.92 (4H, m, overlapped),
3.28 (1H, d, J = 4.0 Hz), 3.22 (3H, s), 2.86-2.82 (1H, m), 2.66-2.61 (1H, m), 2.29-2.20 (1H, m), 1.82-1.73 (4H,
m, overlapped), 1.47-1.41 (4H, br m, overlapped), 1.35-1.22 (75H, br m, overlapped), 0.98 (3H, d, /= 7.0 Hz),
0.89-0.83 (9H, m, overlapped) (Two protons (NH x 2) were not observed.); *C NMR (125 MHz, CDCls) ¢
174.9, 173.4, 173.3, 170.4, 161.6, 159.0, 132.9, 114.7, 104.8, 99.8, 71.6, 68.2, 60.3, 49.6, 46.4, 37.9, 33.5,
32.0, 31.2, 29.8-29.2 (many signals overlapped), 26.1, 22.8, 19.7, 17.7, 16.4, 14.2; IR (KBr) v (cm™) 3286,
2916, 2849, 1654, 1469, 1179, 1131, 719; HRMS (FAB, NBA matrix) Calcd. for Cs4sH120Ns507: 1070.9188 ([M
+ HJ"), Found: 1070.9191.
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Fmoc-4-MePro-Val-Asn-Ala-(Me)N-O-TAGb (71)

Following the general procedure described for condensation, Val-Asn-Ala-(Me)N-O-TAGb (70) (1.28 g,
1.2 mmol) was converted to Fmoc-4-MePro-Val-Asn-Ala-(Me)N-O-TAGDb (71) (1.68 g, quant.) as a white
powder. [0]p?*® = 9.7 (¢ 0.1, CHCl;); mp 160-161°C; '"H NMR (500 MHz, CDCl;, Signals were broad and
complex due to the rotamers. Those derived from the minor rotamers are not described here.) 6 7.76 (2H, br d,
J=6.5Hz),7.63 (1H, brd,J="7.0 Hz), 7.59 (2H, br d, /= 7.5 Hz), 7.49 (1H, br d, /= 7.0 Hz), 7.40 (2H, br t,
J=17.5Hz),7.32 (2H, td, J= 7.5, 1.0 Hz), 7.23 (1H, br d, J = 8.0 Hz), 6.43-6.42 (2H, br m, overlapped), 6.34
(1H, br s), 5.85 (1H, br s), 5.39 (1H, br s), 4.98-4.92 (2H, br m, overlapped), 4.83-4.77 (2H, br m, overlapped),
4.48-4.34 (4H, br m, overlapped), 4.25 (1H, br t, J = 6.5 Hz), 4.01-3.92 (4H, br m, overlapped), 3.66 (1H, br t,
J=7.0 Hz), 3.21 (3H, brs), 2.96 (1H, br t, /= 10.0 Hz), 2.80-2.77 (1H, br m), 2.67-2.63 (1H, br m), 2.28-2.07
(3H, br m, overlapped), 1.80-1.73 (4H, br m), 1.68-1.62 (1H, br m), 1.47-1.41 (4H, br m, overlapped),
1.35-1.22 (75H, br m, overlapped), 1.06 (3H, br d, J = 6.0 Hz), 0.93 (3H, d, J = 6.5 Hz), 0.90-0.86 (9H, m,
overlapped); *C NMR (125 MHz, CDCl;, Signals were broad and complex due to the rotamers.) 6 173.4,
173.2,172.3, 171.2, 170.0, 161.6, 159.0, 156.3, 144.1, 143.8, 141.4, 133.0, 127.9, 127.5, 127.3, 125.2, 120.1,
114.8, 104.8, 99.8, 71.6, 68.3, 68.0, 61.3, 58.7, 54.0, 49.9, 47.3, 46.3, 37.3, 36.7, 33.5, 32.7, 32.1, 30.9,
29.8-29.3 (many signals overlapped), 26.2, 22.8, 19.5, 17.9, 17.8, 17.3, 14.3; IR (KBr) v (cm™) 3286, 2917,
2849, 1642, 1468, 1418, 1178, 1129, 739, 719; HRMS (FAB, NBA + Nal matrix) Calcd. for CssHi3sNsO1oNa:
1426.0372 ([M + Na]"), Found: 1426.0363.
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4-MePro-Val-Asn-Ala-(Me)N-O-TAGbD (72)

Following the general procedure described for Fmoc deprotection,
Fmoc-4-MePro-Val-Asn-Ala-(Me)N-O-TAGb  (71) (1.64 g, 1.2 mmol) was converted to
4-MePro-Val-Asn-Ala-(Me)N-O-TAGb (72) (1.38 g, quant.) as a white powder. [a]p?**° =-2.3 (¢ 0.1, CHCl5);
mp 93-95°C; '"H NMR (500 MHz, CDCls) § 8.31 (1H, br d, J = 8.5 Hz), 7.78 (1H, br d, J = 7.5 Hz), 7.58 (1H,
br d, J = 7.0 Hz), 7.24-7.22 (1H, br m), 6.54 (1H, br s), 6.43-6.42 (2H, br m, overlapped), 5.94 (1H, br s),
4.97-4.92 (2H, br m, overlapped), 4.83-4.75 (2H, m, overlapped), 4.28 (1H, dd, J = 9.5, 6.5 Hz), 4.01-3.92
(4H, m, overlapped), 3.83-3.81 (1H, m), 3.21 (3H, s), 3.08 (1H, dd, J = 10.0, 6.5 Hz), 2.82-2.78 (1H, m),
2.65-2.56 (2H, m, overlapped), 2.26-2.16 (1H, m), 2.13-2.04 (2H, m, overlapped),1.82-1.68 (5H, m,
overlapped), 1.46-1.41 (4H, br m, overlapped), 1.35-1.22 (75H, br m, overlapped), 0.99 (3H, d, J = 6.5 Hz),

100



0.96 (3H, d, J = 6.5 Hz), 0.91 (3H, d, J = 7.0 Hz), 0.87 (6H, t, J = 7.0 Hz); *C NMR (125 MHz, CDCl;) ¢
176.2, 173.6, 173.3, 171.7, 170.2, 161.6, 159.0, 133.0, 114.8, 104.9, 99.8, 71.6, 68.3, 60.4, 58.1, 54.7, 50.0,
46.3, 39.0, 37.2, 33.5, 33.3, 32.1, 30.9, 29.8-29.3 (many signals overlapped), 26.19, 26.17, 22.8, 19.7, 17.9,
17.7,17.6, 14.3; IR (KBr) v (cm™) 3271, 2916, 2849, 1643, 1508, 1468, 1179, 1131, 719; HRMS (FAB, NBA
matrix) Calcd. for C70H12sN¢Os: 1181.9872 ([M + H]"), Found: 1181.9851.
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Fmoc-Thr-4-MePro-Val-Asn-Ala-(Me)N-O-TAGb (73)

Following the general procedure described for condensation, 4-MePro-Val-Asn-Ala-(Me)N-O-TAGbD (72)
(657 mg, 0.56 mmol) was converted to Fmoc-Thr-4-MePro-Val-Asn-Ala-(Me)N-O-TAGb (73) (818 mg, 98%)
as a white powder. [a]p?*® = —-11.9 (¢ 0.1, CHCl5); mp 115-125°C; '"H NMR (500 MHz, CDCl;, Signals were
broad and complex due to the rotamers. Those derived from the minor rotamers are not described here.) 6 7.78
(1H, brd, J=8.0 Hz), 7.74 2H, br d, /= 7.5 Hz), 7.59 (2H, br d, J= 7.5 Hz), 7.38 (2H, br t, J= 7.5 Hz), 7.30
(2H, br td, J = 7.5, 2.0 Hz), 7.30 (1H, br d, J = 8.5 Hz), 7.15 (1H, br d, J = 9.0 Hz), 6.95 (1H, br s), 6.44-6.40
(2H, br m, overlapped), 6.36 (1H, br s), 6.23 (1H, br d, J = 8.0 Hz), 5.05-4.96 (3H, br m, overlapped), 4.80
(1H, br d, J=10.0 Hz), 4.71 (1H, br dd, /= 9.5, 4.0 Hz), 4.66-4.49 (3H, br m, overlapped), 4.45 (1H, dd, J =
11.0, 7.5 Hz), 4.35 (1H, dd, J = 10.5, 7.0 Hz), 4.32-4.27 (1H, br m), 4.20 (1H, t, J = 7.0 Hz), 4.05 (1H, br t, J
= 8.0 Hz), 4.01-3.90 (4H, br m, overlapped), 3.31 (1H, br t, J = 9.5 Hz), 3.21 (3H, s), 2.81-2.77 (1H, br m),
2.72-2.69 (1H, br m), 2.51-2.43 (1H, br m), 2.25-2.17 (2H, br m, overlapped), 1.93 (1H, br m), 1.82-1.73 (4H,
br m, overlapped), 1.47-1.41 (4H, br m, overlapped), 1.35-1.22 (78H, br m, overlapped), 1.09 (3H, d, J= 6.5
Hz), 0.95 (3H, d, J = 7.0 Hz), 0.88 (9H, t, J = 7.0 Hz) (One proton (NH or OH) was not observed.); 3*C NMR
(125 MHz, CDCls, Signals were broad and complex due to the rotamers.) 6 173.8, 173.1, 172.2, 171.6, 171.2,
169.8, 161.6, 159.0, 156.4, 143.9, 143.8, 141.4, 133.0, 127.9, 127.2, 125.23, 125.19, 120.10, 120.08, 114.8,
104.8, 99.8, 71.6, 68.3, 68.1, 67.1, 61.6, 58.0, 56.8, 54.6, 50.5, 47.3, 46.1, 37.8, 37.2, 33.5, 32.9, 32.1, 31.2,
29.8-29.3 (many signals overlapped), 26.2, 22.8, 19.6, 18.6, 18.1, 18.0, 17.4, 14.3; IR (KBr) v (cm™) 3302,
2917, 2849, 1644, 1508, 1467, 1264, 1179, 740, 721; HRMS (FAB, NBA + Nal matrix) Calcd. for
CgoH14sN7012Na: 1527.0849 ([M + Na]"), Found: 1527.0854.
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Thr-4-MePro-Val-Asn-Ala-(Me)N-O-TAGb (74)
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Following the general procedure described for Fmoc deprotection,
Fmoc-Thr-4-MePro-Val-Asn-Ala-(Me)N-O-TAGb  (73) (768 mg, 0.51 mmol) was converted to
Thr-4-MePro-Val-Asn-Ala-(Me)N-O-TAGb (74) (664 mg, quant.) as a white powder. [a]p**® = 9.7 (¢ 0.1,
CHCl3); mp 70-78°C; '"H NMR (500 MHz, CDCls, Signals were broad and complex due to the rotamers.
Those derived from the minor rotamers are not described here.) 6 7.97 (1H, br d, /= 8.0 Hz), 7.35 (1H, br d, J
= 9.5 Hz), 7.26-7.23 (1H, br m), 7.16 (1H, br s), 6.96 (1H, br s), 6.43-6.41 (2H, br m, overlapped), 5.04-4.91
(3H, br m, overlapped), 4.82-4.78 (1H, br m), 4.69-4.60 (2H, br m, overlapped), 4.15-4.09 (2H, br m,
overlapped), 4.01-3.92 (4H, br m, overlapped), 3.84 (1H, br d, J=5.0 Hz), 3.21 (3H, s), 3.15 (1H, brt, J=9.5
Hz), 2.78-2.72 (1H, br m), 2.67-2.61 (1H, br m), 2.52-2.40 (1H, br m), 2.24-2.08 (3H, br m, overlapped),
1.87-1.73 (5H, br m, overlapped), 1.47-1.40 (4H, br m, overlapped), 1.35-1.22 (78H, br m, overlapped), 1.09
(3H, d, J= 6.5 Hz), 0.95 (3H, d, J = 6.0 Hz), 0.87 (9H, t, J = 7.5 Hz) (Three protons (NH x 2, OH x 1) were
not observed.); *C NMR (125 MHz, CDCls) 6 174.0, 173.3, 173.2, 172.4, 171.5, 169.9, 161.6, 159.0, 133.0,
114.8, 104.9, 99.8, 71.6, 70.2, 68.3, 61.7, 57.6, 56.3, 54.5, 50.5, 46.0, 37.6, 37.3, 33.5, 32.8, 32.3, 32.1,
29.8-29.3 (many signals overlapped), 26.2, 22.8, 19.5, 18.2, 17.9, 17.4, 14.3; IR (KBr) v (cm™) 3297, 2917,
2849, 1645, 1508, 1468, 1178, 1131, 719; HRMS (FAB, NBA matrix) Calcd. for C7sHi3sN7O10: 1283.0349
(M + HJ"), Found: 1283.0349.

HO,'
1) (0]
- NS .,
o N N N 7N
H H )7
CaoHs50 OCpHys 0O, 3
NH,

Oleic acid-Thr-4-MePro-Val-Asn-Ala-(Me)N-O-TAGbD (30)

Following the general procedure described for condensation using oleic acid instead of Fmoc protected
amino acid, Thr-4-MePro-Val-Asn-Ala-(Me)N-O-TAGD (74) (610 mg, 0.48 mmol) was converted to oleic
acid-Thr-4-MePro-Val-Asn-Ala-(Me)N-O-TAGD (30) (707 mg, 96%) as a white powder. [a]p**® =—-8.5 (c 0.1,
CHCI5); mp 155-163°C; '"H NMR (500 MHz, CDCl3) 6 7.84 (1H, br d, J = 9.0 Hz), 7.28 (1H, brd, J = 7.5
Hz), 7.24 (1H, br d, /= 8.5 Hz), 7.16 (1H, br d, J= 9.0 Hz), 7.11 (1H, br s), 6.76 (1H, br d, J = 8.0 Hz), 6.58
(1H, br s), 6.44-6.42 (2H, br m, overlapped), 5.36-5.29 (2H, m, overlapped), 5.01-4.92 (4H, br m, overlapped),
4.80 (1H, br d, J = 9.5 Hz), 4.61-4.58 (2H, br m, overlapped), 4.33-4.26 (1H, br m), 4.09-4.03 (1H, br m),
4.02-3.92 (4H, br m, overlapped), 3.35 (1H, br t, J = 9.5 Hz), 3.21 (3H, s), 2.81-2.76 (1H, br m), 2.70-2.66
(1H, br m), 2.52-2.41 (1H, br m), 2.25-2.15 (6H, br m, overlapped), 2.05-1.96 (3H, br m, overlapped),
1.92-1.86 (1H, br m), 1.82-1.73 (4H, br m), 1.66-1.56 (2H, br m), 1.47-1.39 (4H, br m), 1.35-1.22 (98H, br m,
overlapped), 1.09 3H, d, J = 6.5 Hz), 0.94 (3H, d, J = 6.5 Hz), 0.88-0.86 (12H, m, overlapped); *C NMR
(125 MHz, CDCl3) 6 173.7, 173.4, 173.2, 172.2, 171.6, 171.3, 169.8, 161.7, 159.0, 133.0, 130.1, 129.9, 114.7,
104.9, 99.8, 71.7, 68.3, 67.9, 61.6, 57.8, 54.6, 54.5, 50.3, 46.1, 37.8, 37.2, 36.6, 33.6, 32.9, 32.1, 31.6,
29.9-29.3 (many signals overlapped), 27.3, 26.2, 25.7, 22.8, 19.5, 18.8, 18.0, 17.9, 17.3, 14.3; IR (KBr) v
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(cm™) 3284, 2915, 2849, 1645, 1536, 1468, 1180, 1130, 719; HRMS (FAB, NBA + Nal matrix) Calcd. for
Co2Hi167N7011Na: 1569.2621 ([M + Na]"), Found: 1569.2625.

Selective deprotection of TAG benzyl group under acid conditions and reduction to the

aldehydes

rjr*@ phiksy

LIAIH(Ot-Bu),
THF, rt

61% yield

o (0]
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TA H A
Ga\O,N N N N H 7 cake );

H H )

o : 4
TFA/CHCIy H, 97% yleld (no oleic acid unit)
rt, 10 min;

NH,
+ MeOH, 0 °C;

filtration

HO,
o | ©
TAGb\o/ filtrate | H o H \;/ o N
\gA \gA )7 . Ho N N N N N H N
" H H )
[¢] % 7

in a single flask

NH, 85% yield (no stearic acid unit)
LAH
DCM, rt
43% yield

Ho,
o 0
N N H 7N
H H ),
o 13 3
NH,

29 (55.1 mg, 0.032 mmol, 1.0 eq) and 30 (50.0 mg, 0.032 mmol, 1.0 eq) was dissolved into 30%
TFA/CHCI; (3.2 mL, 0.01 M for each substrate) at room temperature, and the solution was stirred for 10 min.
The reaction mixture was subsequently cooled to 0°C and MeOH (19 mL, 6-fold excess of TFA/CHCIl;) was
added. The resulting heterogencous solution was stirred for a further 30 min at 0°C. The precipitate was
filtered and washed with additional MeOH to afford the crude cake 29. On the other hand, the filtrate was
concentrated in vacuo to afford the crude 28. The crude products were respectively purified by PLC on silica

gel (CHCl3/MeOH = 5/1 as eluent, respectively) to give 29 (53.5 mg, 97%) as a white powder and hydroxamic
acid 28 (22.2 mg, 85%) as a white powder.
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Stearic acid-Thr-4-MePro-Val-Asn-Ala-(Me)N-O-TAGa (29)

Following the general procedure described for condensation using stearic acid instead of Fmoc protected
amino acid, Thr-4-MePro-Val-Asn-Ala-(Me)N-O-TAGa (23) (0.300 g, 0.21 mmol) was converted to stearic
acid-Thr-4-MePro-Val-Asn-Ala-(Me)N-O-TAGa (29) (0.356 g, quant.) as a white powder. [a]p**® = —15.5 (¢
0.1, CHCI3); mp 153-154°C; '"H NMR (500 MHz, CDCls) J 7.80 (1H, br d, J = 8.5 Hz), 7.33 (1H, br d, J =
7.5 Hz), 7.11-7.08 (2H, br m, overlapped), 6.81 (1H, br d, J = 8.5 Hz), 6.57 (2H, s), 6.39 (1H, br s), 4.98 (1H,
dd, J= 8.5, 4.0 Hz), 4.96-4.90 (2H, m, overlapped), 4.85 (1H, br d, /= 10.0 Hz), 4.79 (1H, br d, J = 10.5 Hz),
4.59 (1H, dd, J=9.0, 4.0 Hz), 4.55 (1H, dd, J = 9.0, 6.5 Hz), 4.49 (1H, br s), 4.34-4.24 (1H, br m), 4.03 (1H,
br dd, J= 9.5, 7.5 Hz), 3.98-3.92 (6H, m, overlapped), 3.36 (1H, t, J = 9.5 Hz), 3.18 (3H, s), 2.82-2.78 (1H,
m), 2.74-2.65 (1H, m), 2.52-2.41 (1H, m), 2.25-2.15 (4H, m, overlapped), 1.93-1.87 (1H, m), 1.82-1.70 (6H,
m, overlapped), 1.65-1.56 (2H, m), 1.49-1.43 (6H, br m, overlapped), 1.36-1.22 (118H, br m, overlapped),
1.09 (3H, t, J = 7.0 Hz), 0.94 (3H, t, J = 6.5 Hz), 0.89-0.86 (15H, m, overlapped); *C NMR (125 MHz,
CDCl3) 0 173.8, 173.5, 173.4, 172.2, 171.7, 171.5, 170.0, 153.5, 138.8, 129.4, 107.7, 73.6, 69.3, 67.8, 61.5,
58.0, 54.7, 54.6, 50.6, 46.2, 37.8, 37.1, 36.7, 34.1, 33.0, 32.1, 31.3, 30.5, 29.9-29.5 (many signals overlapped),
26.3, 25.8,22.8, 19.5, 18.9, 17.9, 17.8, 17.3, 14.3; IR (KBr) v (cm™") 3281, 2916, 2849, 1638, 1543, 1468,
1439, 1239, 1121, 719; HRMS (FAB, NBA + Nal matrix) Calcd. for Ci02HisoN7O12Na: 1727.4292 ([M + Na]"),
Found: 1727.4307.
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Oleic acid-Thr-4-MePro-Val-Asn-Ala-(Me)N-OH (28)

30 (350 mg, 0.23 mmol) was dissolved into 30% trifluoroacetic acid (TFA)/CHCI; (11 mL, 0.02 M for
substrate) at room temperature, and the solution was stirred for 20 min. The reaction mixture was
subsequently cooled to 0°C and MeOH (66 mL, 6-fold excess of TFA/CHCIs) was added, and the resulting
heterogeneous solution was stirred for a further 30 min at 0°C. The precipitate was filtered and washed with
additional MeOH, and the filtrate was concentrated in vacuo. The residue was purified by flash column
chromatography on silica gel (CHCl;/MeOH = 50/1 to 10/1 as eluent) to afford hydroxamic acid 28 (160 mg,
88%) as a white powder. [a]p?*® = -32.1 (c 0.1, DMSO); mp 193-196°C; 'H NMR (500 MHz, DMSO-d;) 6
10.05 (1H, s), 8.15 (1H, d, J = 8.0 Hz), 7.86 (1H, d, J= 7.5 Hz), 7.82 (1H, d, J= 8.5 Hz), 7.59 (1H, br d, J =
7.5 Hz), 7.33 (1H, br s), 6.89 (1H, br s), 5.35-5.29 (2H, m, overlapped), 4.80-4.71 (1H, br m), 4.65 (1H, d, J =
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6.0 Hz), 4.55-4.48 (2H, m, overlapped), 4.42 (1H, t, J=7.5 Hz), 4.12 (1H, dd, /= 8.0, 6.0 Hz), 3.83-3.76 (2H,
m, overlapped), 3.25 (1H, t, J = 9.0 Hz), 3.08 (3H, s), 2.56 (1H, dd, J =11.0, 6.5 Hz), 2.39-2.30 (2H, m,
overlapped), 2.17-2.06 (2H, m, overlapped), 2.01-1.91 (6H, m, overlapped), 1.67-1.61 (1H, m), 1.49-1.40 (2H,
br m), 1.30-1.20 (20H, br m, overlapped), 1.16 (3H, d, /= 7.0 Hz), 1.08 (3H, d, /= 6.0 Hz), 0.97 (3H, d, J =
6.5 Hz), 0.86-0.80 (9H, m, overlapped); *C NMR (125 MHz, DMSO-ds) 6 172.2, 171.7, 171.5, 171.4, 170.8,
170.1, 169.4, 129.7, 67.0, 59.2, 57.5, 56.1, 54.0, 49.3, 45.0, 36.7, 36.6, 35.9, 34.9, 32.0, 31.3, 30.7, 29.2-28.6
(many signals overlapped), 26.64, 26.60, 25.3,22.1, 19.3,19.2, 17.9, 17.3, 17.2, 14.0; IR (KBr) v (cm™") 3283,
2924, 2854, 1636, 1540, 1435, 1199; HRMS (ESI") Calcd. for C41H73N7O9Na: 830.5367 ([M + Na]"), Found:
830.5358.

rjr*o pihsy

Stearic acid-Thr-4-MePro-Val-Asn-Ala-H (31)

To a solution of 29 (50 mg, 0.029 mmol, 1.0 eq) in dehydrated THF (2.9 mL, 0.01 M) was added dropwise
1.0 M LiAIH(O#¢-Bu)s in dehydrated THF (293 mL, 10 eq) at room temperature. After stirring for 1 h at room
temperature, the reaction mixture was then treated with aqueous 1M HCI (1.5 mL) at 0°C to quench the excess
LiAIH(O#-Bu);. After stirring for 10 min at room temperature, MeOH (15 mL) was added. The resulting
heterogeneous solution was stirred for a further 30 min at room temperature, and the precipitate was filtered
and washed with additional MeOH. The filtrate was roughly concentrated in vacuo, poured into a separatory
funnel containing aqueous 1M HCI (10 mL), and extracted with CHCIs (3 x 10 mL). The combined organic
extracts were dried with Na,SOy, filtered, and concentrated in vacuo. The residue was purified by PLC on
silica gel (CHCI3/MeOH = 5/1 as eluent) to afford aldehyde 31 (13.7 mg, 61%) as a white powder. [a]p**® =
—35.6 (¢ 0.1, CHCl3); mp 176-177°C; '"H NMR (500 MHz, DMSO-ds) § 9.34 (1H, s), 8.13 (1H, d, J = 6.5 Hz),
8.10 (1H, d, J= 8.5 Hz), 7.87 (2H, app d, J = 8.5 Hz, overlapped), 7.37 (1H, br s), 6.92 (1H, br s), 4.69-4.63
(1H, br m), 4.55-4.47 (2H, m, overlapped), 4.45-4.38 (1H, br m), 4.09-3.98 (1H, m), 3.83-3.77 (2H, m,
overlapped), 3.30-3.23 (1H, br m), 2.52 (1H, m, overlapped with solvent residual signals), 2.38-2.30 (1H, m),
2.17-2.06 (2H, m), 2.02-1.92 (2H, m, overlapped), 1.68-1.62 (1H, m), 1.50-1.38 (2H, br m), 1.29-1.18 (30H,
br m, overlapped), 1.14 (3H, d, J= 7.5 Hz), 1.08 (3H, d, /= 6.0 Hz), 0.97 (3H, d, J = 6.5 Hz), 0.86-0.82 (9H,
m, overlapped); *C NMR (125 MHz, DMSO-ds) 6 201.3, 172.2, 171.8, 171.4, 171.3, 170.6, 169.4, 66.9, 59.2,
56.2,53.9,49.5,36.7, 36.5, 34.8, 32.0, 31.3, 30.3, 29.0-28.7 (many signals overlapped), 25.2, 22.1, 19.3, 19.1,
18.0, 17.2, 14.0, 13.5; IR (KBr) v (cm™) 3286, 2920, 2851, 1639, 1541, 1419, 1239, 1066; HRMS (ESI")
Calcd. for C4H72N¢OsNa: 787.5309 ([M + Na]"), Found: 787.5315.
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Oleic acid-Thr-4-MePro-Val-Asn-Ala-H (13)

To a solution of 28 (20.0 mg, 0.025 mmol, 1.0 eq) in dehydrated DCM (2.5 mL, 0.01 M) was added
dropwise 0.2 M LiAlH,4 in dehydrated THF (pre-prepared, 0.272 mL, 2.2 eq) at 0 °C. After stirring for 40 min
at room temperature, the reaction mixture was then treated with aqueous 1M HCI (1.2 mL) at 0°C to quench
the excess LiAlH4. After stirring for 10 min at room temperature, MeOH (13 mL) was added. The resulting
heterogeneous solution was stirred for a further 30 min at room temperature, and the precipitate was filtered
and washed with additional MeOH. The filtrate was roughly concentrated in vacuo, poured into a separatory
funnel containing aqueous 1M HCI (10 mL), and extracted with CHCIs (3 x 10 mL). The combined organic
extracts were dried with Na,SOy, filtered, and concentrated in vacuo. The residue was purified by PLC on

silica gel (CHCl3/MeOH = 5/1 as eluent) to afford aldehyde 13 (8.1 mg, 43%) as a white powder.

106



Supporting Information for Chapter 4

1. Syntheses of kozupeptins’ analogs

Compounds 13, 11, and 12 were synthesized as the intermediates in the first total synthesis of kozupeptin
A (1a) described in Chapter 2. Derivatives 28 and 31 were obtained in the application to rapid analog
synthesis described in Chapter 3. Lipopeptides 36, 37, 39, 40, 41, 42, 43, 44, 45, 46, 47, and 48 were
synthesized according to the procedures in Chapter 2 or Chapter 3 just by changing the amino acid or fatty

acid.

Synthesis of C-terminal alcohol 32
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NH, 32
To a solution of 33 (43.0 mg, 0.054 mmol, 1.0 eq) in dehydrated THF (1.8 mL, 0.03 M) was added
dropwise 0.3 M LiBH4 in dehydrated THF (pre-prepared, 0.81 mL, 4.5 eq) and EtOH (1.8 mL) at room
temperature. After stirring for 2 h at room temperature, the reaction mixture was then treated with aqueous 1M
HCI (10 mL) at 0°C to quench the excess LiBH4, poured into a separatory funnel, and extracted with EtOAc
(2 x 10 mL). The combined organic extracts were dried with Na,SOs, filtered, and concentrated in vacuo. The
residue was purified by PLC on silica gel (CHCI3/MeOH = 10/1 as eluent) to afford alcohol 32 (11.9 mg,
29%) as a white powder and MePro-Thr amide bond-cleaved alcohol 63 (13.8 mg, 69% yield) as a colorless
oil. "H NMR (500 MHz, DMSO-ds) 6 8.01 (1H, d, J= 8.0 Hz), 7.87 (2H, app dd, J = 8.0, 2.5 Hz), 7.34 (1H,
brs), 7.28 (1H, d, J = 8.0 Hz), 6.90 (1H, br s), 5.35-5.29 (2H, m, overlapped), 4.66 (1H, d, J = 5.5 Hz), 4.60
(1H, t, J = 6.0 Hz), 4.54-4.40 (3H, m, overlapped), 4.03 (1H, dd, J = 7.5, 6.5 Hz), 3.83-3.78 (2H, m,
overlapped), 3.73-3.68 (1H, m), 3.31-3.26 (2H, m, overlapped), 3.21-3.17 (1H, m), 2.52-2.40 (2H, m,
overlapped with solvent residual signals), 2.38-2.31 (1H, m), 2.18-2.06 (2H, m, overlapped), 2.03-1.92 (6H, m,
overlapped), 1.69-1.63 (1H, m), 1.48-1.42 (2H, m, overlapped), 1.32-1.19 (20H, br m, overlapped), 1.09 (3H,
d, J = 6.5 Hz), 098 (6H, t, J = 6.5 Hz), 0.87-0.83 (9H, m, overlapped); HRMS (ESI") Calcd. for
C40H72N¢OsNa: 787.5309 ([M + Na]"), Found: 787.5298.

Synthesis of C-terminal methyl ester 33

HO, M HO, M
,,' ey ., Meq
M M
7\ Me O "0 ON N7 N
HO HCl MeO. = N 3 N H
)7 — > N N M )7
MeOH H H
0 Me
NH, 33

Compound 11 (20.0 mg, 0.026 mmol) was dissolved into 0.5 M HCI/MeOH (2.6 mL, 0.01 M for
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substrate) at room temperature, and the solution was stirred for 1 h. The reaction mixture was roughly
concentrated in vacuo. The residue was purified by flash column chromatography on silica gel (CHCl;/MeOH
= 100/1 to 10/1 as eluent) to afford methyl ester 33 (11.5 mg, 56%) as a white powder. '"H NMR (500 MHz,
DMSO-ds) 6 8.06 (1H, d, J= 7.5 Hz), 7.99 (1H, d, J= 7.0 Hz), 7.86 (1H, d, J= 8.0 Hz), 7.82 (1H, d, J = 8.0
Hz), 7.32 (1H, s), 6.92 (1H, s), 5.35-5.29 (2H, m, overlapped), 4.66 (1H, d, J = 6.0 Hz), 4.53-4.47 (2H, m,
overlapped), 4.41 (1H, app t, J = 7.5 Hz), 4.24-4.19 (1H, m), 4.06 (1H, dd, J = 8.0, 6.5 Hz), 3.83-3.77 (2H, m,
overlapped), 3.60 (3H, s), 3.30-3.25 (1H, m), 2.53-2.48 (1H, m, overlapped with DMSO), 2.46-2.41 (1H, m),
2.38-2.30 (1H, m), 2.17-2.06 (2H, m, overlapped), 2.01-1.92 (5H, m, overlapped), 1.68-1.62 (1H, m),
1.48-1.42 (2H, m, overlapped), 1.32-1.18 (24H, br m, overlapped), 1.08 (3H, d, J= 6.5 Hz), 0.97 3H, d, J =
6.5 Hz), 0.86-0.81 (9H, m, overlapped); HRMS (ESI") Calcd. for C4iH72NgO9Na: 815.5259 ([M + Na]),
Found: 815.5262.

Synthesis of C-terminal methyl ketone 34
HO,

/

MEO/M%ijr*Q M% rjr*@'wﬁ

To a solution of 12 (10.0 mg, 0.012 mmol, 1.0 eq) in dehydrated THF (2.4 mL, 0.005 M) was added
dropwise 1.11 M MeLi in dehydrated diethyl ether (Et,O) (110 puL, 10 eq) at 0°C. After stirring for 1 h at 0°C,
the reaction mixture was then treated with aqueous 1M HCI (1.0 mL) at 0°C to quench the excess MeLi,
poured into a separatory funnel containing aqueous 1M HCI (10 mL), and extracted with CHCl3 (3 x 10 mL).
The combined organic extracts were dried with Na,SOs, filtered, and concentrated in vacuo. The residue was
purified by PLC on silica gel (CHCI:3/MeOH = 10/1 as eluent) to afford methyl ketone 34 (2.3 mg, 24%) as a
white powder. '"H NMR (500 MHz, DMSO-ds) 6 8.07 (1H, d, J= 7.5 Hz), 8.00 (1H, d, J= 7.0 Hz), 7.85 (2H,
app d, J = 8.0 Hz), 7.35 (1H, br s), 6.91 (1H, br s), 5.35-5.29 (2H, m, overlapped), 4.65 (1H, d, J = 6.0 Hz),
4.53-4.47 (2H, m, overlapped), 4.43-4.40 (1H, br m), 4.15-4.09 (1H, m), 4.07-4.04 (1H, dd, J = 8.0, 6.0 Hz),
3.83-3.78 (2H, m, overlapped), 3.29-3.25 (1H, m), 2.57-2.49 (1H, m, overlapped with DMSO), 2.48-2.43 (1H,
m), 2.38-2.26 (1H, br m), 2.18-2.08 (2H, m, overlapped), 2.04 (3H, s), 2.01-1.94 (5H, m, overlapped),
1.69-1.63 (1H, m), 1.48-1.42 (2H, m, overlapped), 1.31-1.20 (21H, br m, overlapped), 1.14 (3H, d, J= 7.5 Hz),
1.08 (3H, d, J = 6.0 Hz), 0.97 (3H, d, J = 7.0 Hz), 0.87-0.82 (9H, m, overlapped); HRMS (ESI") Calcd. for
C41H72NgOsNa: 799.5309 ([M + Na]"), Found: 799.5310.

Synthesis of C-terminal a,f-unsaturated ethyl ester 35
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HO HO, Me
" EtOJ\/B -OFt " 0
Me_ M
Me O H N OFt Me O "0 O NI
: H H KOt-Bu : H 3 L H
N )7 — Et0,C X" N N Met” )7
H H H
° T\/Ie ° e
NH, 13 NH, 35

To a solution of ethyl diethylphosphonoacetate (7.4 mg, 0.033 mmol, 2.0 eq) in dehydrated THF (2.3 mL,
0.007 M for 13) was added dropwise 1.0 M KOz-Bu in dehydrated THF (34 uL, 2.1 eq) at 0°C. After stirring
for 2 hours at room temperature, 13 was added to this solution at 0°C. After stirring for 30 min at the same
temperature, the reaction mixture was then treated with aqueous 1M HCI (10 mL), poured into a separatory
funnel, and extracted with CHCl3 (3 x 10 mL). The combined organic extracts were dried with Na>SOs,
filtered, and concentrated in vacuo. The residue was purified by PLC on silica gel (CHCl;/MeOH = 10/1) to
afford a,B-unsaturated ethyl ester 35 (4.0 mg, 29%) as a white powder. "H NMR (500 MHz, DMSO-dj) ¢ 8.02
(1H,d,J= 7.5 Hz), 7.90 (1H, d, /= 7.5 Hz), 7.87 (1H, d, /= 7.5 Hz), 7.74 (1H, d, J = 8.0 Hz), 7.36 (1H, br s),
6.91 (1H, brs), 6.80 (1H, dd, J=16.0, 5.0 Hz), 5.85 (1H, dd, J= 16.0, 1.5 Hz), 5.35-5.29 (2H, m, overlapped),
4.67 (1H, d, J = 5.5 Hz), 4.50-4.46 (2H, m, overlapped), 4.40 (1H, t, J = 7.0 Hz), 4.11 (2H, q, /= 7.0 Hz),
3.99 (1H, dd, J = 7.5, 6.6 Hz), 3.81-3.77 (2H, m, overlapped), 3.32-3.24 (1H, m), 2.56-2.52 (1H, m,
overlapped with DMSO), 2.50-2.46 (1H, m, overlapped with DMSO), 2.38-2.31 (1H, m), 2.17-2.06 (2H, m,
overlapped), 2.01-1.94 (6H, m, overlapped), 1.69-1.63 (1H, m), 1.48-1.42 (2H, m, overlapped), 1.31-1.18
(24H, br m, overlapped), 1.16 (3H, d, J= 7.0 Hz), 1.08 (3H, d, /= 6.0 Hz), 0.97 (3H, d, /= 7.0 Hz), 0.85 (9H,
app t,J = 7.0 Hz); HRMS (ESI") Calcd. for C44sH76N¢OoNa: 855.5572 ([M + Na]"), Found: 855.5571.

Synthesis of N-terminal linoleic acid amide 36

A white powder. '"H NMR (500 MHz, DMSO-d;) 6 8.07 (1H, d, J= 7.5 Hz), 7.85 (1H, d, J = 8.0 Hz), 7.82
(1H, d, J = 8.0 Hz), 7.33 (1H, d, overlapped), 7.31 (1H, s), 6.87 (1H, s), 5.37-5.27 (4H, m, overlapped), 4.70
(1H, d, /= 6.0 Hz), 4.64 (1H, d, J = 6.0 Hz), 4.51-4.42 (4H, m, overlapped), 4.05 (1H, app t, /= 7.0 Hz), 3.86
(1H, app br s), 3.82-3.78 (2H, m, overlapped), 3.75-3.68 (1H, m), 3.60-3.56 (1H, m), 3.50-3.45 (1H, m),
3.30-3.26 (1H, br m), 3.08-3.01 (1H, br m), 2.89-2.84 (1H, m), 2.73 (2H, t, J = 6.0 Hz), 2.53-2.50 (1H, m,
overlapped with DMSO) 2.43-2.32 (2H, m, overlapped), 2.18-2.07 (2H, m, overlapped), 2.03-1.92 (6H, m,
overlapped), 1.80-1.73 (1H, br m), 1.68-1.62 (1H, m), 1.49-1.40 (3H, m, overlapped), 1.34-1.15 (40H, m,
overlapped), 1.09 (3H, d, J = 6.0 Hz), 1.00 (3H, d, J = 7.0 Hz), 0.97 (3H, d, J = 7.0 Hz), 0.87-0.82 (12H, m,
overlapped); HRMS (ESI") Calcd. for CssHi0sN7O10: 1060.8001 ([M + H]"), Found: 1060.7991.
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Synthesis of N-terminal linolenic acid amide 37

A white powder. 'H NMR (500 MHz, DMSO-ds) 6 8.07 (1H, d, J = 8.0 Hz), 7.85 (1H, d, J= 7.5 Hz), 7.82
(1H, d, J= 8.0 Hz), 7.33 (1H, d, overlapped), 7.31 (1H, s), 6.87 (1H, s), 5.38-5.25 (6H, m, overlapped), 4.70
(1H, br d, J= 6.0 Hz), 4.65 (1H, d, J = 6.0 Hz), 4.51-4.40 (4H, m, overlapped), 4.23-4.13 (1H, br m), 4.05 (1H,
app t,J=7.0 Hz), 3.86 (1H, app br s), 3.82-3.78 (2H, br m, overlapped), 3.75-3.68 (1H, br m), 3.60-3.55 (1H,
br m), 3.50-3.45 (1H, br m), 3.30-3.26 (1H, br m), 3.07-3.02 (1H, br m), 2.89-2.84 (1H, m), 2.77 2H, t, J =
6.0 Hz), 2.54-2.50 (1H, m, overlapped with DMSO), 2.43-2.32 (5H, m, overlapped), 2.18-2.07 (2H, m,
overlapped), 2.05-1.92 (6H, m, overlapped), 1.80-1.73 (1H, br m), 1.68-1.62 (1H, m), 1.51-1.41 (3H, m,
overlapped), 1.31-1.20 (32H, m, overlapped), 1.09 (3H, d, /= 6.0 Hz), 1.00 (3H, d, /= 7.0 Hz), 0.97 (3H, d, J
=17.0 Hz), 0.87-0.82 (12H, m, overlapped); HRMS (EST") Calcd. for CssH03N7010Na: 1080.7664 ([M + Na]"),
Found: 1080.7669.

Synthesis of N-terminal stearic acid amide 38

A white powder. '"H NMR (500 MHz, DMSO-d;) 6 8.08 (1H, d, J = 8.0 Hz), 7.87 (1H, d, J= 7.5 Hz), 7.83
(1H, d, J= 8.0 Hz), 7.34 (1H, d, overlapped), 7.32 (1H, s), 6.88 (1H, s), 4.72 (1H, d, /= 7.0 Hz), 4.66 (1H, d,
J=15.5Hz), 4.53-4.39 (4H, m, overlapped), 4.05 (1H, app t, J = 7.0 Hz), 3.90-3.82 (1H, br m), 3.82-3.76 (2H,
m, overlapped), 3.75-3.68 (1H, m), 3.64-3.55 (1H, br m), 3.50-3.45 (1H, br m), 3.33-3.24 (1H, m), 3.09-3.02
(1H, m), 2.91-2.82 (1H, m), 2.54-2.50 (1H, m, overlapped with DMSO), 2.45-2.32 (2H, br m, overlapped),
2.17-2.07 (2H, m, overlapped), 2.02-1.92 (2H, m, overlapped), 1.77 (1H, br t), 1.68-1.62 (1H, m), 1.48-1.42
(4H, m, overlapped), 1.30-1.17 (52H, m, overlapped), 1.09 (3H, d, J= 6.0 Hz), 0.99 (3H, d, J= 7.0 Hz), 0.97
(3H, d, J= 7.0 Hz), 0.86-0.81 (12H, m, overlapped) (One proton (NH or OH) was not observed. It would be
NH of sphingoid.); HRMS (EST") Calcd. for CssHi09N70;9Na: 1086.8134 ([M + Na]"), Found: 1086.8123.
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Synthesis of N-terminal heptanoic acid amide 39

NH, 39
A white powder. "H NMR (500 MHz, DMSO-ds) 6 9.34 (1H, s), 8.14 (1H, d, /= 6.5 Hz), 8.11 (1H, d, J =
7.5 Hz), 7.89-7.87 (2H, app dd, overlapped), 7.37 (1H, br s), 6.93 (1H, br s), 4.67 (1H, d, J = 5.5 Hz),
4.55-4.47 (2H, m, overlapped), 4.43-4.39 (1H, m), 4.10-3.98 (1H, m), 3.83-3.77 (2H, m, overlapped),
3.30-3.25 (1H, m), 2.56-2.49 (1H, m, overlapped with DMSO), 2.38-2.30 (1H, m), 2.18-2.07 (2H, m,
overlapped), 2.01-1.92 (2H, m, overlapped), 1.68-1.62 (1H, m), 1.48-1.42 (2H, br m, overlapped), 1.27-1.20
(8H, br m, overlapped), 1.14 (3H, d, J= 7.5 Hz), 1.09 (3H, d, /= 6.0 Hz), 0.97 (3H, d, J = 6.5 Hz), 0.86-0.82
(9H, m, overlapped); HRMS (ESI") Calcd. for C20HsoN¢OsNa: 633.3588 ([M + Na]"), Found: 633.3585.

Synthesis of N-terminal heptanoic acid amide 40

A white powder. '"H NMR (500 MHz, DMSO-ds) 6 8.08 (1H, d, J = 7.5 Hz), 7.88 (1H, d, J = 7.5 Hz), 7.84
(1H, d, /= 8.0 Hz), 7.34 (1H, d, overlapped), 7.33 (1H, s), 6.89 (1H, br s), 4.72 (1H, d, J = 6.5 Hz), 4.67 (1H,
d, J=6.0 Hz), 4.53-4.39 (4H, m, overlapped), 4.05 (1H, dd, J= 8.0, 7.0 Hz), 3.86 (1H, br s), 3.82-3.77 (2H, m,
overlapped), 3.75-3.68 (1H, m), 3.59-3.56 (1H, m), 3.51-3.45 (1H, m), 3.30-3.26 (1H, m), 3.09-3.02 (1H, br
m), 2.95-2.82 (1H, m), 2.53-2.51 (1H, m, overlapped with DMSO), 2.43-2.32 (3H, m, overlapped), 2.18-2.07
(2H, m, overlapped), 2.02-1.92 (2H, m, overlapped), 1.77 (1H, br t), 1.68-1.62 (1H, m), 1.48-1.42 (3H, m,
overlapped), 1.30-1.20 (30H, m, overlapped), 1.09 (3H, d, J= 6.0 Hz), 0.99 (3H, d, /= 7.0 Hz), 0.97 (3H, d, J
= 7.0 Hz), 0.86-0.82 (12H, m, overlapped) (One proton (NH or OH) was not observed. It would be NH of
sphingoid.); HRMS (ESI") Calcd. for C4;Hs7N7O1oNa: 932.6412 ([M + Na]*), Found: 932.6400.

Substitution of 4-MePro to unsubstituted Pro 41
Me Oﬁ)/'NJ\M)
(\ :]/ @/\ )7

A white powder. 'H NMR (500 MHz, DMSO-ds) 6 9.33 (1H, s), 8.14-8.10 (2H, app dd, overlapped),
7.90-7.87 (2H, app dd, overlapped), 7.37 (1H, br s), 6.94 (1H, br s), 5.35-5.29 (2H, m, overlapped), 4.67-4.64
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(1H, m), 4.55-4.47 (1H, m), 4.44-4.41 (2H, br m, overlapped), 4.10-3.99 (2H, m, overlapped), 3.81-3.74 (2H,
m, overlapped), 3.65-3.59 (1H, br m), 2.57-2.46 (2H, m, overlapped with solvent residual signals), 2.44-2.36
(1H, m), 2.18-2.06 (2H, m, overlapped), 2.03-1.94 (6H, m, overlapped), 1.91-1.81 (2H, m, overlapped),
1.49-1.40 (2H, m, overlapped), 1.32-1.18 (20H, br m, overlapped), 1.09 (3H, dd, J = 6.5, 3.0 Hz), 0.94 (3H, d,
J=17.0 Hz), 0.86-0.82 (9H, m, overlapped); HRMS (ESI") Calcd. for C39HssNsOsNa: 771.4996 ([M + Na]"),
Found: 771.4976.

Substitution of 4-MePro to unsubstituted Pro 42

M
o

A white powder. '"H NMR (500 MHz, DMSO-d;) 6 8.09 (1H, d, J = 8.0 Hz), 7.88 (1H, d, J= 7.5 Hz), 7.85
(1H, d, J = 8.0 Hz), 7.34 (1H, d, overlapped), 7.33 (1H, s), 6.90 (1H, s), 5.35-5.29 (2H, m, overlapped), 4.73
(1H, d, J= 6.5 Hz), 4.66 (1H, d, /= 6.0 Hz), 4.53 (1H, t, /= 5.0 Hz), 4.47-4.40 (3H, m, overlapped), 4.05 (1H,
dd, /= 8.0, 7.0 Hz), 3.85 (1H, app br s), 3.82-3.76 (2H, m, overlapped), 3.75-3.68 (1H, br m), 3.63-3.55 (2H,
m, overlapped), 3.50-3.44 (1H, br m), 3.07-3.01 (1H, br m), 2.89-2.84 (1H, m), 2.54-2.50 (1H, m, overlapped
with DMSO), 2.43-2.33 (2H, m, overlapped), 2.20-2.06 (2H, m, overlapped), 2.01-1.94 (6H, m, overlapped),
1.91-1.75 (4H, m), 1.48-1.41 (3H, m, overlapped), 1.31-1.20 (44H, m, overlapped), 1.10 (3H, d, J = 6.5 Hz),
0.99 (3H, d, J= 7.0 Hz), 0.86-0.82 (12H, m, overlapped) (One proton (NH or OH) was not observed. It would
be NH of sphingoid.); HRMS (ESI") Calcd. for Cs7Hi0sN7O10Na: 1070.7821 ([M + Na]*), Found: 1070.7821.

Substitution ofAsn to Leu 43

fimf W”

A white powder. "H NMR (500 MHz, DMSO-ds) 6 9.34 (1H, s), 8.33 (1H, d, J = 6.5 Hz), 7.89 (1H, d,
overlapped), 7.88 (1H, d, overlapped), 7.79 (1H, d, J = 8.5 Hz), 5.35-5.29 (2H, m, overlapped), 4.70 (1H, d, J
= 5.0 Hz), 4.46-4.40 (2H, m, overlapped), 4.36-4.40 (1H, m), 4.09-4.02 (2H, m, overlapped), 3.85-3.78 (2H,
m, overlapped), 3.25 (1H, t, /= 9.0 Hz), 2.36-2.29 (1H, m), 2.18-2.07 (2H, m, overlapped), 1.99-1.89 (5H, m,
overlapped), 1.68-1.58 (2H, m, overlapped), 1.50-1.40 (3H, m, overlapped), 1.31-1.19 (22H, br m,
overlapped), 1.15 (3H, d, /= 7.5 Hz), 1.09 (3H, d, J= 6.0 Hz), 0.97 (3H, d, /= 7.0 Hz), 0.89 (3H, d, /= 6.5
Hz), 0.86-0.82 (12H, m, overlapped); HRMS (ESI") Calcd. for C4,H7sNsO7Na: 784.5564 ([M + Na]"), Found:
784.5561.

112



Substitution of Asn to Leu 44
oﬁj,N)LMD
\/\Nij g/\

A white powder. '"H NMR (500 MHz, DMSO-d;) 6 7.87 (1H, d, J=7.5 Hz), 7.80 (1H, d, /= 9.0 Hz), 7.76
(1H, d, J= 8.5 Hz), 7.62 (1H, d, J = 8.5 Hz), 5.35-5.29 (2H, m, overlapped), 4.69 (2H, app d, J = 5.0 Hz),
4.50 (1H, t, J = 5.0 Hz), 4.46-4.40 (2H, m, overlapped), 4.30-4.26 (1H, m), 4.06 (1H, dd, J = 8.5, 8.0 Hz),
3.90-3.77 (4H, m, overlapped), 3.62-3.58 (1H, br m), 3.47-3.43 (1H, br m), 3.26-3.23 (1H, m), 3.01 (1H, app
br t,J= 8.0 Hz), 2.91-2.82 (1H, m), 2.36-2.28 (2H, m, overlapped), 2.17-2.07 (2H, m, overlapped), 2.02-1.89
(6H, m, overlapped), 1.80-1.73 (1H, br m), 1.68-1.55 (2H, m, overlapped), 1.51-1.35 (5H, m, overlapped),
1.31-1.18 (44H, br m, overlapped), 1.09 (3H, d, J= 6.5 Hz), 1.01 (3H, d, /= 7.0 Hz), 0.97 (3H, d, J = 7.0 Hz),
0.86-0.81 (18H, m, overlapped) (One proton (NH or OH) was not observed. It would be NH of sphingoid.);
HRMS (ESI") Calcd. for CeoH112NsO9Na: 1083.8389 ([M + Na]"), Found: 1083.8388.

Substitution of unprotected Thr to t-Bu protected Thr 45

t-Bu”

5 :[ rm @Ni&g )7

A white powder. '"H NMR (500 MHz, DMSO-ds) 6 9.34 (1H, s), 8.14 (1H, d, J= 6.5 Hz), 8.12 (1H, d, J =
8.0 Hz), 7.79 (2H, app t, /= 8.0 Hz), 7.37 (1H, br s), 6.92 (1H, br s), 5.35-5.29 (2H, m, overlapped), 4.55-4.47
(3H, m, overlapped), 4.15-3.99 (2H, m, overlapped), 3.92 (1H, dd, J=9.5, 7.5 Hz), 3.75-3.70 (1H, m), 3.17
(1H, t, J= 9.5 Hz), 2.56-2.45 (2H, m, overlapped with solvent residual signals), 2.41-2.06 (1H, m), 2.18-2.06
(2H, m, overlapped), 2.02-1.94 (6H, m, overlapped), 1.67-1.60 (1H, m), 1.49-1.38 (2H, m, overlapped),
1.30-1.19 (20H, br m, overlapped), 1.12 (9H, s), 1.05 (3H, d, J = 6.5 Hz), 0.97-0.94 (6H, m, overlapped),
0.86-0.82 (9H, m, overlapped); HRMS (ESI") Calcd. for CsH7sNeOsNa: 841.5779 (M + Na]"), Found:
841.5778.

Substitution of unprotected Thr to t-Bu protected Thr 46

t-Bu

\/\N:j ILAMe oﬁj JMD

A white powder. '"H NMR (500 MHz, DMSO-ds) 6 8.11 (1H, d, J= 7.5 Hz), 7.79 (1H, d, J = 9.0 Hz), 7.73
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(1H, d, J = 8.0 Hz), 7.36-7.29 (2H, br m, overlapped), 6.87 (1H, br s), 5.35-5.29 (2H, m, overlapped), 4.71
(1H, d, J= 6.5 Hz), 4.55-4.44 (4H, m, overlapped), 4.11-4.05 (1H, m), 3.94-3.89 (1H, br m), 3.88-3.84 (1H, br
m), 3.74-3.70 (2H, m, overlapped), 3.61-3.55 (1H, br m), 3.51-3.45 (1H, m), 3.22-3.15 (1H, m), 3.07-3.02 (1H,
br m), 2.92-2.84 (1H, m), 2.53-2.50 (1H, m, overlapped with DMSO), 2.44-2.33 (3H, m, overlapped),
2.18-2.08 (2H, m, overlapped), 2.03-1.94 (6H, m, overlapped), 1.83-1.75 (1H, br m), 1.67-1.61 (1H, m),
1.51-1.39 (3H, m, overlapped), 1.32-1.18 (44H, br m, overlapped), 1.12 (9H, s), 1.06 (3H, d, J = 6.0 Hz),
1.00-0.93 (6H, m, overlapped), 0.86-0.83 (12H, m, overlapped) (One proton (NH or OH) was not observed. It
would be NH of sphingoid.); HRMS (ESI") Calcd. for CsHi1sN7OoNa: 1140.8603 ([M + Na]"), Found:
1140.8604.

Synthesis of a C-terminal N,O-acetal model substrate 47

?HH Me O
7,

SN IR
@ )
HO” ™ Me” “Me~  Me¥ /7

Me
Mz 47

A white powder. '"H NMR (500 MHz, DMSO-ds) 6 7.72 (1H, d, J = 9.0 Hz), 7.69 (1H, d, J = 8.0 Hz),
5.34-5.28 (2H, m, overlapped), 4.67 (1H, d, J = 6.5 Hz), 4.48 (1H, t, J = 5.5 Hz), 4.16 (1H, dd, J = 9.0, 7.0
Hz), 3.90 (1H, br s), 3.87-3.80 (1H, m), 3.63-3.59 (1H, m), 3.46-3.42 (1H, m), 3.02-2.99 (1H, br m), 2.89-2.84
(1H, m), 2.38-2.33 (1H, br m), 2.21-2.15 (1H, m), 2.11-2.05 (1H, m), 1.99-1.89 (6H, m, overlapped), 1.77 (1H,
br m), 1.51-1.41 (3H, m, overlapped), 1.30-1.18 (44H, br m, overlapped), 1.01 (3H, d, J= 6.0 Hz), 0.86-0.80
(12H, m, overlapped); HRMS (ESI*) Calcd. for C44HseN3Os: 736.6568 ([M + H]"), Found: 736.6559.
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IR and NMR Spectra of Compounds in Chapter 2
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IR and NMR Spectra of Compounds

1. IR spectra of naturally occurring kozupeptins A and B
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2. IR spectra of synthetic kozupeptins A

Synthetic kozupeptin A (1a)
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3. NMR spectra of naturally occurring kozupeptins A and B
"H NMR spectrum of natural kozupeptin A (1a) (DMSO-dj)
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"H NMR spectrum of natural kozupeptin A (1a) (DMSO-ds)
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"H NMR spectrum of natural kozupeptin A (1a) (DMSO-dy)
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"H NMR spectrum of natural kozupeptin A (1a) (DMSO-dy)

65" T E—
':urrj—
Erer— I-
sET— |
If!"l:ﬁ—" |
LPT I

aLatT—

!_“.!_,'II T-l.-'?':—-\\

s r—
sn't—-"'lr

122



"H NMR spectrum of natural kozupeptin A (1a) (DMSO-dy)
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3C NMR spectrum of natural kozupeptin A (1a) (DMSO-dj)
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3C NMR spectrum of natural kozupeptin A (1a) (DMSO-dj)
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3C NMR spectrum of natural kozupeptin A (1a) (DMSO-ds)
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"H-'"H COSY NMR spectrum of natural kozupeptin A (1a) (DMSO-ds)
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HMBC NMR spectrum of natural kozupeptin A (1a) (DMSO-ds)
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HSQC NMR spectrum of natural kozupeptin A (1a) (DMSO-ds)
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TOCSY NMR spectrum of natural kozupeptin A (1a) (DMSO-ds)
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ROESY NMR spectrum of natural kozupeptin A (1a) (DMSO-ds)
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"H NMR spectrum of natural kozupeptin B (1b) (DMSO-dy)
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"H NMR spectrum of natural kozupeptin B (1b) (DMSO-dy)
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"H NMR spectrum of natural kozupeptin B (1b) (DMSO-dy)
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"H NMR spectrum of natural kozupeptin B (1b) (DMSO-dy)
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BBC NMR spectrum of natural kozupeptin B (1b) (DMSO-dy)
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BBC NMR spectrum of natural kozupeptin B (1b) (DMSO-dy)
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3C NMR spectrum of natural kozupeptin B (1b) (DMSO-ds)
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"H-"H COSY NMR spectrum of natural kozupeptin B (1b) (DMSO-d5)
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HMBC NMR spectrum of natural kozupeptin B (1b) (DMSO-ds)
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HSQC NMR spectrum of natural kozupeptin B (1b) (DMSO-ds)
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4. H and '3C NMR spectra of synthetic compounds
"H NMR spectrum of Fmoc-Ala-O-Fl1 (4) (CDCl5)
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BC NMR spectrum of Fmoc-Ala-O-Fl1 (4) (CDCls)
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"H NMR spectrum of Ala-O-Fl (5) (CDCls)
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BC NMR spectrum of Ala-O-FI (5) (CDCls)
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"H NMR spectrum of Fmoc-Asn-Ala-O-F1 (48) (CDCl;)

L=
0BHE -
N

F : O w [
: =
OT\N N\Fmoc ~d
aseld
CyoHas0-CioH -
pr
[ =
[ =
€570 v
=
gL
c-—.:'1
=
80 )
g
L -
SR
—
._5=.=f—3
——'q—.r.r_:‘j}

L=

L -]

=

o

R e L AN B m B o o R N
61 81T LT 91 €1 #1 €1 €1 11T OT1 &0 80 L0 90 <0 #0 £0 TO 10 O
a:rl:l.'E]:l'lIl:lJ:lE

IH

X parts per Million ;

147




BC NMR spectrum of Fmoc-Asn-Ala-O-F1 (48) (CDCls)
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"H NMR spectrum of Asn-Ala-O-F1 (6) (CDCls)
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BC NMR spectrum of Asn-Ala-O-Fl1 (6) (CDCl;)
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"H NMR spectrum of Fmoc-Val-Asn-Ala-O-F1 (49) (CDCl3/CD;0D)
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BC NMR spectrum of Fmoc-Val-Asn-Ala-O-F1 (49) (CDCl3/CD;OD)
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"H NMR spectrum of Val-Asn-Ala-O-F1 (7) (CDCls)
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BC NMR spectrum of Val-Asn-Ala-O-Fl (7) (CDCls)
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"H NMR spectrum of Fmoc-4-MePro-Val-Asn-Ala-O-F1 (50) (CDCls)
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3C NMR spectrum of Fmoc-4-MePro-Val-Asn-Ala-O-F1 (50) (CDCls)

ot il

w

CooHys0-C;

LTO 810 <10 10 £T0 TT0 110 T0 600 800 LOO 2070 <000 00 E00 TOO 100 O
SOTWEPTTLLE

T el
o= TI9LI
= 0T EL
= 0eEeT
S . G506
= R L0U6T
=W soreT
o W\ IEF6L
— VLT &
= T66T
BETLE
_ — e
= = sl
TLGES
= ¥TEE
T 609
DE0ES
—
== 7489
B i
=
= s
S HENT
LOETLT
= JesT
= LTI
= 150811
= LTSI
§=—srro
__SETST
o —— LITLTI
= ="~ THE LLT
= eIEel
= 195°0FT
F =" gerisl
_ SELEFT
o e
= T GEELED
o uwest
=S (13
T Es66sT
=N BEE IO
S _ IS
= 1607681
= N 9TFOLT
_ W reorir
S Worerio
Z Wit
\oprEL
=
E

=

X ¢ parts per Millon

156




"H NMR spectrum of 4-MePro-Val-Asn-Ala-O-F1 (8) (CDCls)
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3C NMR spectrum of 4-MePro-Val-Asn-Ala-O-Fl (8) (CDCls)

¥oo

il

810

Q‘O

CooHas0—CiaHay

a1’n

¥10

1o

o

w

3070

90'0

FO0

o 0
omEpIngE

10

200

w0

A
\

; i

0.0 6.0
|

i

=

K0

— OFLES

Q0.0

1000

LOFOTT
QFTITT
Q6% TI1
LLEETT
3657511
T B0TETI
GTS6TI

= LLITLET
BLFOTT
—*’i{L‘ 6L1
FIT0ET
TIT0ET

110

120.0

1300

— BI¥FT
TTLEFT

= jowskt
'ﬁi TLLLFT
L35 LFT
SIF ST
2 esaest
—— 265101
T bR
125041
Jcpt 1Ll
_SHEELT
— TICBLT

= TN oRCeL

1500 1400

1600

1900 1800

2000

X ¢ parts per Million ; l.l(.'

158




"H NMR spectrum of Fmoc-Thr(z-Bu)-4-MePro-Val-Asn-Ala-O-F1 (51) (CDCl;)
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3BC NMR spectrum of Fmoc-Thr(z-Bu)-4-MePro-Val-Asn-Ala-O-F1 (51) (CDCls)
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"H NMR spectrum of Thr(¢-Bu)-4-MePro-Val-Asn-Ala-O-F1 (9) (CDCls)
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3C NMR spectrum of Thr(z-Bu)-4-MePro-Val-Asn-Ala-O-F1 (9) (CDCls)
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"H NMR spectrum of Oleic acid-Thr(z-Bu)-4-MePro-Val-Asn-Ala-O-F1 (10) (CDCl5)
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3C NMR spectrum of Oleic acid-Thr(¢-Bu)-4-MePro-Val-Asn-Ala-O-F1 (10) (CDCls)
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"H NMR spectrum of Oleic acid-Thr-4-MePro-Val-Asn-Ala-OH (11) (DMSO-dp)
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3C NMR spectrum of Oleic acid-Thr-4-MePro-Val-Asn-Ala-OH (11) (DMSO-dy)
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"H NMR spectrum of Oleic acid-Thr-4-MePro-Val-Asn-Ala-N(Me)OMe (12) (DMSO-dy)
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3BC NMR spectrum of Oleic acid-Thr-4-MePro-Val-Asn-Ala-N(Me)OMe (12) (DMSO-ds)
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"H NMR spectrum of kozupeptin A (1a) (DMSO-dj)
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BC NMR spectrum of kozupeptin A (1a) (DMSO-ds)
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"H NMR spectrum of Oleic acid-Thr-4-MePro-Val-Asn-Ala-H (13) (DMSO-ds)
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3C NMR spectrum of Oleic acid-Thr-4-MePro-Val-Asn-Ala-H (13) (DMSO-ds)
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NMR Spectra of Compounds in Chapter 3
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"H NMR spectrum of HO-TAGa (2) (CDCl;)
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3C NMR spectrum of Ala-O-Fl (2) (CDCls)
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"H NMR spectrum of Phthalimide-O-TAGa (16) (CDCls)
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3C NMR spectrum of Phthalimide-O-TAGa (16) (CDCI5)
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"H NMR spectrum of NH,-O-TAGa (17) (CDCls)
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BC NMR spectrum of NH>-O-TAGa (17) (CDCl;)
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"H NMR spectrum of CH,=N-O-TAGa (18) (CDCls)
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3C NMR spectrum of CH,=N-O-TAGa (18) (CDCl5)
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"H NMR spectrum of Me-HN-O-TAGa (15) (CDCl;)
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BC NMR spectrum of Me-HN-O-TAGa (15) (CDCls)
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"H NMR spectrum of HO-TAGDb (52) (CDCls)
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BC NMR spectrum of HO-TAGb (52) (CDCl;)
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"H NMR spectrum of Phthalimide-O-TAGb (53) (CDCls)
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BC NMR spectrum of Phthalimide-O-TAGb (53) (CDCls)
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"H NMR spectrum of NH,-O-TAGb (54) (CDCls)
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BC NMR spectrum of NH»-O-TAGb (54) (CDCls)
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"H NMR spectrum of CH,=N-O-TAGb (55) (CDCl5)
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13C NMR spectrum of CH=N-O-TAGb (55) (CDCL;)
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"H NMR spectrum of Me-HN-O-TAGb (56) (CDCls)
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BC NMR spectrum of Me-HN-O-TAGb (56) (CDCls)
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"H NMR spectrum of Fmoc-Ala-(Me)N-O-TAGa (57) (CDCl;)
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BC NMR spectrum of Fmoc-Ala-(Me)N-O-TAGa (57) (CDCls)
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"H NMR spectrum of Ala-(Me)N-O-TAGa (19) (CDCls)
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BC NMR spectrum of Ala-(Me)N-O-TAGa (19) (CDCl;)
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"H NMR spectrum of Fmoc-Asn-Ala-(Me)N-O-TAGa (58) (CDCls)
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BC NMR spectrum of Fmoc-Asn-Ala-(Me)N-O-TAGa (58) (CDCl5)
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"H NMR spectrum of Asn-Ala-(Me)N-O-TAGa (20) (CDCls)
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3C NMR spectrum of Asn-Ala-(Me)N-O-TAGa (20) (CDCl;)
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"H NMR spectrum of Fmoc-Val-Asn-Ala-(Me)N-O-TAGa (59) (CDCls)
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3C NMR spectrum of Fmoc-Val-Asn-Ala-(Me)N-O-TAGa (59) (CDCl5)
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"H NMR spectrum of Val-Asn-Ala-(Me)N-O-TAGa (21) (CDCls)
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3C NMR spectrum of Val-Asn-Ala-(Me)N-O-TAGa (21) (CDCls)
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"H NMR spectrum of Fmoc-4MePro-Val-Asn-Ala-(Me)N-O-TAGa (60) (CDCls)
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BC NMR spectrum of Fmoc-4MePro-Val-Asn-Ala-(Me)N-O-TAGa (60) (CDCI5)
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"H NMR spectrum of 4MePro-Val-Asn-Ala-(Me)N-O-TAGa (22) (CDCl;)
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3C NMR spectrum of 4MePro-Val-Asn-Ala-(Me)N-O-TAGa (22) (CDCls)
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"H NMR spectrum of Fmoc-Thr-4MePro-Val-Asn-Ala-(Me)N-O-TAGa (61) (CDCls)
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3C NMR spectrum of Fmoc-Thr-4MePro-Val-Asn-Ala-(Me)N-O-TAGa (61) (CDCl5)
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"H NMR spectrum of Thr-4MePro-Val-Asn-Ala-(Me)N-O-TAGa (23) (CDCl;)
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3C NMR spectrum of Thr-4MePro-Val-Asn-Ala-(Me)N-O-TAGa (23) (CDCls)
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"H NMR spectrum of Oleic acid-Thr-4MePro-Val-Asn-Ala-(Me)N-O-TAGa (24) (CDCl;)
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3BC NMR spectrum of Oleic acid-Thr-4MePro-Val-Asn-Ala-(Me)N-O-TAGa (24) (CDCls)
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"H NMR spectrum of Oleic acid-Thr-4-MePro-Val-Asn-Ala-H (13) (DMSO-ds)
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3C NMR spectrum of Oleic acid-Thr-4-MePro-Val-Asn-Ala-H (13) (DMSO-ds)
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"H NMR spectrum of MePro-Thr amide bond-cleaved alcohol (62) (DMSO-dj)
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3C NMR spectrum of MePro-Thr amide bond-cleaved alcohol (62) (DMSO-ds)
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"H NMR of recovered Me-HN-O-TAGa (15) (up) and newly prepared 15 (down) (CDCl; + conc. HCI)
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"H NMR spectrum of Fmoc-Val-Ala-(Me)N-O-TAGa (63) (CDCls)
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3C NMR spectrum of Fmoc-Val-Ala-(Me)N-O-TAGa (63) (CDCl5)
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"H NMR spectrum of Val-Ala-(Me)N-O-TAGa (64) (CDCls)
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3C NMR spectrum of Val-Ala-(Me)N-O-TAGa (64) (CDCls)
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"H NMR spectrum of Oleic acid-Val-Ala-(Me)N-O-TAGa (25) (CDCls)
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3C NMR spectrum of Oleic acid-Val-Ala-(Me)N-O-TAGa (25) (CDCls)
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"H NMR spectrum of Oleic acid-Val-Ala-H (26) (DMSO-ds)
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BC NMR spectrum of Oleic acid-Val-Ala-H (26) (DMSO-dj)
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"H NMR spectrum of Oleic acid-Val-Ala-Me (27) (DMSO-ds)
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BC NMR spectrum of Oleic acid-Val-Ala-Me (27) (DMSO-ds)

F —— GIFELT

10T 1L
ELTTLT

- SFTTLT

13C

pans per Million ;

FOFLOT
T LR LT

T T T T T T T T T T T T T T T T T T T
910 ST0 #T0 €10 10 110 TO0 600 200 LOO 900 S00 #O0 €00 TOO 100D O
HTEpTNE

230




"H NMR spectrum of Fmoc-Ala-(Me)N-O-TAGb (65) (CDCls)
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BC NMR spectrum of Fmoc-Ala-(Me)N-O-TAGD (65) (CDCls)
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"H NMR spectrum of Ala-(Me)N-O-TAGb (66) (CDCls)
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BC NMR spectrum of Ala-(Me)N-O-TAGb (66) (CDCls)
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"H NMR spectrum of Fmoc-Asn-Ala-(Me)N-O-TAGb (67) (CDCl;)
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3C NMR spectrum of Fmoc-Asn-Ala-(Me)N-O-TAGb (67) (CDCls)
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"H NMR spectrum of Asn-Ala-(Me)N-O-TAGb (68) (CDCls)
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BC NMR spectrum of Asn-Ala-(Me)N-O-TAGb (68) (CDCl;5)
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"H NMR spectrum of Fmoc-Val-Asn-Ala-(Me)N-O-TAGb (69) (CDCl5)

—
LA

b,

I ~
O’N N N X N/Fmoc |
H H _
C2oH450 OCxHss O v
NH, 00E
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0t oc 01 0
SIUEPUNGE

IH

M : parts per Milliom ;

239




3C NMR spectrum of Fmoc-Val-Asn-Ala-(Me)N-O-TAGb (69) (CDCls)
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"H NMR spectrum of Val-Asn-Ala-(Me)N-O-TAGb (70) (CDCl5)
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3C NMR spectrum of Val-Asn-Ala-(Me)N-O-TAGb (70) (CDCls)
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"H NMR spectrum of Fmoc-4MePro-Val-Asn-Ala-(Me)N-O-TAGb (71) (CDCl5)
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3C NMR spectrum of Fmoc-4MePro-Val-Asn-Ala-(Me)N-O-TAGb (71) (CDCls)
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"H NMR spectrum of 4MePro-Val-Asn-Ala-(Me)N-O-TAGb (72) (CDCls)
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3C NMR spectrum of 4MePro-Val-Asn-Ala-(Me)N-O-TAGb (72) (CDCls)
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"H NMR spectrum of Fmoc-Thr-4MePro-Val-Asn-Ala-(Me)N-O-TAGb (73) (CDCl;)
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3C NMR spectrum of Fmoc-Thr-4MePro-Val-Asn-Ala-(Me)N-O-TAGb (73) (CDCls)
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"H NMR spectrum of Thr-4MePro-Val-Asn-Ala-(Me)N-O-TAGb (74) (CDCls)
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3C NMR spectrum of Thr-4MePro-Val-Asn-Ala-(Me)N-O-TAGb (74) (CDCl;)
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"H NMR spectrum of Oleic acid-Thr-4MePro-Val-Asn-Ala-(Me)N-O-TAGb (30) (CDCls)
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3C NMR spectrum of Oleic acid-Thr-4MePro-Val-Asn-Ala-(Me)N-O-TAGb (30) (CDCl;)
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"H NMR spectrum of Stearic acid-Thr-4MePro-Val-Asn-Ala-(Me)N-O-TAGa (29) (CDCl5)
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3C NMR spectrum of Stearic acid-Thr-4MePro-Val-Asn-Ala-(Me)N-O-TAGa (29) (CDCl;)
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"H NMR spectrum of Oleic acid-Thr-4MePro-Val-Asn-Ala-(Me)N-OH (28) (DMSO-ds)
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3C NMR spectrum of Oleic acid-Thr-4MePro-Val-Asn-Ala-(Me)N-OH (28) (DMSO-dp)
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"H NMR spectrum of Stearic acid-Thr-4MePro-Val-Asn-Ala-H (31) (DMSO-dj)
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3C NMR spectrum of Stearic acid-Thr-4MePro-Val-Asn-Ala-H (31) (DMSO-dy)
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NMR Spectra of Compounds in Chapter 4
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"H NMR spectrum of Oleic acid-Thr-4MePro-Val-Asn-Alaninol (32) (DMSO-ds)
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"H NMR spectrum of Oleic acid-Thr-4MePro-Val-Asn-Ala-OMe (33) (DMSO-dy)
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"H NMR spectrum of Oleic acid-Thr-4MePro-Val-Asn-Ala-Me (34) (DMSO-ds)
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"H NMR spectrum of Oleic acid-Thr-4MePro-Val-Asn-Ala-derived unsaturated ester (35) (DMSO-ds)
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"H NMR spectrum of Linoleic acid-Thr-4MePro-Val-Asn-Alaninal-Phytoshingosine (36) (DMSO-ds)
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"H NMR spectrum of Linolenic acid-Thr-4MePro-Val-Asn-Alaninal-Phytoshingosine (37) (DMSO-ds)
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"H NMR spectrum of Stearic acid-Thr-4MePro-Val-Asn-Alaninal-Phytoshingosine (38) (DMSO-ds)
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"H NMR spectrum of Heptanoic acid-Thr-4MePro-Val-Asn-Ala-H (39) (DMSO-dj)
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"H NMR spectrum of Heptanoic acid-Thr-4MePro-Val-Asn-Alaninal-Phytoshingosine (40) (DMSO-ds)

BIED

i [ 1£80
[ 958D
LFEL I 1ee
= F w580

e -
Eh._—_?. =

s "-—-‘—=,_H T -
e - — FETT
et T
~-§E_b [ ——O0CFI
A Y i |
G b
S |
wd §f =
Mo = -
L o FROT
- e
LTE [ e
- e ] LoF T
e - S I
1 3 06T

£ L[58
N = 0.8T
26 = )
N = — DEOE
L t o EOEE
T [ =— 56fe
854 [ -
95 o= ciLe
T I - oL ¢
§:}§.€ F =T oge
HO, 'y L= BHIF
N - S
~ g © 1% F T S B E
) " 0 o I
N3 No: N ﬁi(\* 3 [ = o
HO//IJ/\:'/\” \gﬁﬁ ’ “‘EI B BT
3 ) i oF
HO” ™ ° 9 I '\q?aw
: - it eIl
=
e NH, Ce \ETLE
[ =
Uy b sEEe
3 [ =~ TT6'¢
=
one _.-EEE.-
™ = 156L
9zD :
W | oLgL
:E.-% [ == cppy
] = .
L _g e . FLOB
[ T sans
[ T
L= E
| = =
=
=
o
=4
i)
B
=8
o
N N

I'c 00 61 81 LT 91 €1 #1 €1 €1 TT OT &0 80 L0 90 <0 +0 €0 T0 T0 0
SIUEPTNOE

268



"H NMR spectrum of Oleic acid-Thr-Pro-Val-Asn-Ala-H (41) (DMSO-ds)
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"H NMR spectrum of Oleic acid-Thr-Pro-Val-Asn-Alaninal-Phytoshingosine (42) (DMSO-dy)
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"H NMR spectrum of Oleic acid-Thr-4MePro-Val-Leu-Ala-H (43) (DMSO-ds)
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"H NMR spectrum of Oleic acid-Thr-4MePro-Val-Leu-Alaninal-Phytoshingosine (44) (DMSO-dy)
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"H NMR spectrum of Oleic acid-Thr(z-Bu)-4MePro-Val-Asn-Ala-H (45) (DMSO-ds)
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"H NMR spectrum of Oleic acid-Thr(z-Bu)-4MePro-Val-Asn-Alaninal-Phytoshingosine (46) (DMSO-ds)
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"H NMR spectrum of Oleic acid- Val- Alaninal-Phytoshingosine (47) (DMSO-dy)
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