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Green synthesis of various medicine analogues containing
o—amino acids or dipeptides without racemization or

epimerization under the extremely mild conditions
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List of abbreviations

The following abbreviations are used in this paper.

2D
Ala
AM404
aq.
Asp
Bn
Boc
br
°Cc
Chbz
Cys

de
DCC
DMSO
ee

eq

ER
ESI

Et
FDA

Fmoc

Gin
Gly

HPLC
HRMS

two-dimensional space
alanine
N-(4-hydroxyphenyl)arachidonamide
aqueous
aspartic acid
benzyl
tert-butoxycarbonyl
broad singlet (spectral)
degrees Celsius
benzyloxycarbonyl
cysteine
doublet (spectral)
diastereomeric excess
dicyclohexylcarbodiimide
dimethylsulfoxide
enantiomeric excess
equivalent
endoplasmic reticulum
electronspray ionization
ethyl
the U.S. Food and Drug Admirasion
9-fluorenylmethyloxycarbonyl
gram (s)
glutamine
glycine
hour (s)
high performance liquid chromatography
high resolution mass spectrum
hertz
Infrared Spectroscopy
iso-butyl
infrared spetroscopy

coupling constant (in NMR)



L liter (s)

Leu leucine

Lys lysine

m milli, multiplet (spectral)

M moles per liter

m/z mass to change ratio (in mass spectrometry)
Me methyl

Met methionine

mol mole (s)

MS mass spectroscopy

NAPQI N-acetylp-benzoquinone imine
NMR nuclear magnetic resonance
NSAIDs nonsteroidal anti-inflammatomuds
Ph phenyl

Phe phenylalanine

Phg phenylglycine

Pro proline

q quartet (spectral)

rt room temperature

S singlet (spectral)

Ser serine

t triplet (spectral)

t-Bu tert-butyl

THF tetrahydrofuran

TLC thin-layer chromatography
TMS tetramethylsilane

TOF time-of-flight

Trp tryptophan

Tyr tyrosine

Val valine

o chemical shift in parts per million downfield fromtramethylsilane
u micro
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Introduction

Medicines are metabolized and these chemical stegtare changed after being taken in bodies. The
formation of reactive intermediates such as elptites and free radicals often induces variouscitas
against the bodies. So much research about theveeatetabolites has been done so far. It is ingmbrto
exclude the by-produced reactive metabolites frarvarmaceuticals in the manufacturing stages because
they cause a variety of toxicitiéssurthermore, various efforts in development of meedicines include
reducing the amount of chemical waste, saving gnargd minimizing the amount of used and discharged
hazardous substances. Green chemistry is definédieabnology that designs a process for producing
chemical products while minimizing the use and gei@n of hazardous or environmentally polluting
substances®. The United States of America awards the “Greenn@$tey Presidential Award” for
companies and scientists who have successfullyibatgd to green chemistry every year. For example,
Eastmanwon the Green Chemistry Award for developmenthaf énzyme-based esterification in 2609.
The methods include milder reaction conditions &ss amount of solvents and by-products than
conventional synthetic ones.

Here | describe an eco-friendly, economical andvearent synthesis method by synthesizing various
medicine analogues capable of suppressing sidetfferough amidation via the corresponding mixed
carbonic carboxylic anhydrides (Scheme 1). Althoagtidation in pharmaceutical synthesis often ingslv
the reaction of active acyl chlorides with aminasyl chlorides are usually unstable in water anid it
necessary to avoid moisture during the reactiore U$e ofN, N-dicyclohexylcarbodiimide (DCC) as an
alternative condensing agent is not cheap anddates difficulties with respect to workup. Recently
Szostak demonstrated highly selective transitiotelffeee transamidation of amides and amidation of
esters in an interesting stuly.

Our group has recently developed amidations ofouarN-protecteda-amino acids with unprotected
a-amino acids, NECI, and aniline derivatives via the mixed carborachoxylic anhydrides to provide the
corresponding dipeptides, primary amide, and asslith excellent yield.In these reports, our group has
showed that primary amines and ammonia work as@weanucleophile on the reaction of mixed carbonic
carboxylic anhydrides in aqueous organic solvemilide derivatives are less active than ammonia as
nucleophile, so it is very exciting to examine thactivity of aniline derivatives on the reactionnaixed
carbonic carboxylic anhydrides in aqueous orgaaieesit® Although amidation via activated carboxylic
acid is generally carried out under anhydrous dand, it is very unique that the reaction of aated
carboxylic anhydride proceeds smoothly in an agsewganic solvent to obtain the corresponding amide
In addition, the two activators (CIGEt and E{N) are very inexpensive and the by-products obthinen
efficient way are triethylamine hydrochloride, canbdioxide and the corresponding alcohols, whidh ar
very environmentally safe.

Herein, | describe eco-friendly, economical, andvamient synthesis of various medicine analogues

containing a-amino acids or dipeptides without racemization emimerization using amidation via



corresponding mixed carbonic carboxylic anhydridader the extremely mild conditions. The following
two contents are presented: (I) Synthesis of agetgghen analogues containingamino acids and fatty
acids for inhibiting hepatotoxicit§ " (1) Green synthesis of various medicine analogoestaining

dipeptides without epimerization under the extrgmmeild conditions’

O O O O

CICO,Et, EgN medicine -NH,
R)J\OH > R)J\OJ\OEt - R)LH— medicine
a-amino acid o
fatty acid carbonic carboxylic anhydrides medicine analogues

dipeptides

Scheme 1.Convenient synthesis of various medicine analogues mixed carbonic carboxylic

anhydrides



Chapter 1. Synthesis of acetaminophen analogues ¢aming a-amino acids
and fatty acids for inhibiting hepatotoxicity

Acetaminophen is a popular antipyretic analgesiaionee that has a weaker anti-inflammatory
properties and lower incidence of side effects tmamsteroidal anti-inflammatory drugs (NSAIDS).
However, it is well known that acetaminophen caissm&re hepatotoxicity due to the reactive metaboli
N-acetylp-benzoquinone imine (NAPQI) upon overdose. Recetiity/U.S. Food and Drug Administration
(FDA) has reduced the maximum recommended dailg ddsacetaminophen from 4000 to 3000 mg to
avoid Stevenson Johnson syndrome and hepatotoxiaityl recommends reducing the dose of
acetaminophen to 325 mg.

In a possible metabolic pathway, acetaminophen osverted into the corresponding sulfate or
glucuronate at the usual dosage and excreted wigroducing NAPQI as a reactive metabolite. Howgver
the metabolic process is saturated in the casev@fdose and the oxidative metabolism by cytochrome
P-450 proceeds to afford the reactive NAPQI. AltjiotNAPQI is detoxified by glutathione stored in the
liver, it depletes the liver-derived glutathioneonpacute overdose. As the result, NAPQI accumulates
binds to intracellular macromolecules, and caussmitocellular necrosfsFurthermore, Zygmunt et al.
have recently reported that the physiological actmf acetaminophen is very similar to that of
N-(4-hydroxyphenyl)arachidonamide (AM404) (Figure’ JM404 has a strong agonistic action in TRPV
which is an ion channel, and affects the cannadi@®, receptor. These receptors are also involved with
pain and thermoregulatory systems and have recesmuosiderable attention as analgesic and
anti-inflammatory therapeutic targets in recentrgéh Therefore, acetaminophen analogues of various
fatty acids are quite interesting as AM404 analsgue

Acetaminophen

Figure 1

Herein, | describe in detail the synthesis of vasi@cetaminophen analogues via the corresponding
carbonic carboxylic anhydride (Scheme 2). The agptyup of acetaminophen was replaced with bulkier
a-amino acid to construct a derivative of NAPQI thatless susceptible to nucleophilic attack by

intracellular macromolecules. | have also prep&#®E04 analogues containing fatty acids (Scheme 3).
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Scheme 2Synthesis of acetaminophen analogbiesntaininga-amino acidb
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Scheme 3Synthesis of AM404 analogu8s9 containing fatty acid

Section 1. Preparation of various anilides contaimg 3-phenylpropionic acid via mixed
carbonic carboxylic anhydrides under mild conditiors

In a preliminary investigation, the reaction of Bepylpropionic acid(1) with 1.1 equivalents of
4-chloroaniline 2a) in the presence of 1.4 equivalents of ClEOand 1.1 equivalents of &t in aqueous
tetrahydrofuran (THF) affordel-(4-chlorophenyl)-3-phenylpropanamidas] in 57% yield along with the
by-product4a of 34% vyield based ofa as indicated in entry 1 of Table 1. Effect of tingantity of2a,
ethyl chloroformate, triethylamine on the amidatifrl in aqueous THF at @C for 1.5 h was examined,
and the results are collected in Table 1. The tessilt (88% vyield, entry 3) among them was obtained
using 1.1 equivalents @3, 1.1 equivalents of CIC&t, and 1.1 equivalents of 4Bt

Next, effect of solvent on the amidation dfat 0 °C for 24 h was checked, and the results are
summarized in Table 2. The reactionslof aqueous THF, 1,4-dioxane, acetone, MeCN, Et@H/leOH
afforded the corresponding primary am&kein 92%, 19%, 89%, 96%, 50%, and 13% yields, respsy.
The best yield (96%) was obtained when the reaeti@as carried out in aqueous MeCN.

The reactions of with various aniline®a-r were then carried out; the results are colleatetiable 3.
Acid 1 reacted with anilinea-f and 2h-j, containing an electron-withdrawing group, to proglthe
corresponding amide&a-f and3h-j in yields of 30-98% as described in entries 1-6 &10. Unfortunately,
the reaction ofl. with 2,4-dinitroaniline2g (entry 7) did not afford the corresponding amBigat all and
the starting materis2g was recovered. Acid reacted readily with aniline2k) to yield the amidek in
94%, as shown in entry 11. The reactiond wfith the anilineI-r, containing an electron-donating group,

proceeded smoothly to give the corresponding asBir in high yields of 75-98% (entries 12-18).



Table 1.Effect of the quantity of 4-chloroaniliriga, ethyl chloroformate, triethylamine on the amidatof

3-phenylpropanoic acitf*

J 1) CICOSEt, E&N, THF, 0°C, 30 min /\j i

Ph™" OH - Ph NOCI + EtO NOCI
2) c:|4<;>|\|H2 , THF-8, 0°C, 1.5 h H H
1 2a 3a 4a

Entry EtN (equiv)  CICQEt (equiv)  2a(equiv)  Yield of3a(%)°  Yield of 4a (%)

1 11 14 11 57 34
2 15 11 11 83 2
3 11 11 11 88 13
4 11 1.05 11 77 9
5 11 1.05 1.05 74 11
6 11 1.0 1.05 79 5
7 11 1.0 1.0 83 4

2All reactions were carried out with 1.0 mmolbin 20 mL of THF. After stirring for 30 min at®, 1.5 mL of
water and2a were added at ¥C to the reaction mixtur8lsolated yield.

Table 2.Effect of solvent on the amidation of 3-phenylpropia acidl®

(0] . e} 0
Ph’\JlOH 1) CICO,Et, EgN, solvent, °C, 30 min . ph/\)LNOQ . EtOnNOCI
2) CIONHZ , aqueous solveriC, 24 h H H
1 2a 3a 4a
Entry Solvent Yield of 3a (%)° Yield of 3a (%)°
1 THF 92 4
2 1,4-dioxane 19 8
3 acetone 89 3
4 MeCN 96 trace
5 EtOH 50 35
6 MeOH 13 70

2All reactions were carried out with 1.0 mmol hf1.1 mmol of E{N, and 1.1 mmol of CIC&t in 20 mL of
solvent. After stirring for 30 min at @, 1.5 mL of water and 1.1 mmol 2& were added at ¥ to the reaction
mixture.”Isolated yield.

Table 3.Reaction of 3-phenylpropanoic adidwith aniline derivative®®

J 1) CICOE, E&N, MeCN, 0°C, 30 min /\j — 0 =
Ph™" OH - Ph N@ , + EO N@ ;
RN\, +MeCNT, 24h H R H "R
2
1 -2 3 4



Entry R 2 3 Yield of 3 (%)° Yield of 4 (%)°

1 4-Cl 2a 3a 96 trace
2 4-F 2b 3b 97 0
3 2,3,4,5,6-F 2c 3c 67 34
4 4-EtQC 2d 3d 70 0
5 4-O,N 2e 3e 65 0
6 3,5-(QN); 2f 3f 30 0
7 2,4-(QN); 29 39 0 0
8 4-Br 2h 3h 98 2
9 4-1 2i 3i 94 5
10 4-CN 2] 3j 87 0
11 H 2k 3k 94 trace
12 4-Me 2| 3l 95 1
13 4-HO 2m 3m 92 3
14 2-EtO 2n 3n 89 trace
15 4-EtO 20 30 98 2
16 4-SH 2p 3p 92 7
17 4tert-Bu 2q 3q 96 0
18 2,4,6-Mg 2r 3r 75 4

2All reactions were carried out with 0.5 mmol1f0.55 mmol of EN, and 0.55 mmol of CIC&Et in 10 mL of
MeCN. After stirring for 30 min at 6C, 0.75 mL of water and were added at fC to the reaction mixturé.
Isolated yield.

Section 2. Amidation ofa-amino acids and fatty acids via mixed carbonic cdooxylic
anhydrides and its application to synthesis of acaminophen analogues and AM404
analogues

| also examined the condensation @fmino acids and fatty acids using 4-aminopherfrh){
2-ethoxyaniline 2Zn), and 4-ethoxyaniline2p) for synthesis of acetaminophen analogues. Taldbotvs
the results of the condensation of various N-ptetécwith Cbz, Boc, and Fmoc groups via the
corresponding mixed carbonic carboxylic anhydridgth 2m, 2n, and2o. The reaction proceeded without
racemization (95-99% ee) except for the substrasésd in entries 21-22, and good yield (57-99%)
although the yields given in entries 23 and 24 (&% 57%) were lower due to low solubility in MeCN.

It is presumed that the reduction of the enantexdifities in the reactions shown in Table 4, estr21
and 22 is attributable to the weakened reactivitytiee corresponding mixed carbonic carboxylic
anhydrides by the steric hindrance of the tritydugr. The yields were slightly improved in severases
compared with the eluents in order to avoid tailofgthe products on silica gel during purificatibg

column chromatography.



Table 4.Synthesis of acetaminophen analogbiesntainingo-amino acids®

R! O 1) CICOEL, EgN, MeCN, 0°C, 30 min _ R, O _
RZ";' OH 2) R®NH , MeCN+®, 0°C, 24 h Rz—g H \ *Rs
5 2 6
Retention
Entry P R R® 5 R 6 Yield (%)° % eé
time (min)
1 Cbz PhCH(L) H b5aL 4-EtO 6alo 96 >99 15
2 Cbz PhCH (D) H 5aD 4-EtO 6aDo 97 >99 17
3 Chbz PhCH (L) H 5aL 2-EtO 6aln 91 >99 26
4 Cbz PhCH (D) H 5aD 2-EtO 6aDn 91 >99 51
5 Cbz PhCH (L) H b5aL 4-OH 6alm 88 >99 26
6 Cbz PhCH(D) H 5aD 4-OH 6aDm 88 >99 30
7 Cbz MexCH (L) H 5bL 4-EtO 6blLo 97 >99 10
8 Cbz MeCH (D) H 5bD 4-EtO 6bDo 99 >99 11
9 Cbz Me(L) H 5cL 4EtO 6clo 82 >99 14
10 Cbz Me (D) H 5cD 4-EtO 6cDo 91 98 16
11  Cbz  MeS(Ch), (L) H 5dL 4-EtO 6dLo 85 >99 15
12 Cbz MeS(Ch), (D) 5dD 4-Et0  6dDo 88 >99 20
13  Cbz (CH)s(L) 5eL 4-EtO 6elLo 99 >9d 56
14 Cbz (CH)s(D) 5eD 4-EtO  6eDo 99 >9d 20
15 Boc PhCH(L) H 5fL 4EtO 6flLo 99 >99 13
16 Boc PhCH(D) H 5D 4-Et0O 6fDo 99 95 8
17 Fmoc PhCH (L) H 5gL 4EtO 6glLo 82 >99 29
18 Fmoc PhCH (D) H 59D 4-EtO 6gDo 95 >9F 11
19 Boc GHsCH,OCH,(L) H 5hL 4-EtO 6hLo 93 >99 19
20 Boc GHsCH,OCH,(D) H 5hD 4-EtO 6hDo 95 o8 16
21 Fmoc PhCSCH (L) H 5L 4-EtO 6iLo 77 799 64
22  Fmoc PhCSCH (D) H 5D 4-EtO 6iDo 79 869 55
23 Cbz pHOGCH.CH,(L) H 5L  4-EtO 6jLo 65 >9F 62
24 Cbz pHOGCH.CH,(D) H 5D 4-EtO 6jDo 57 >9F 81
25 Cbhz  GHeNCH, (L) H 5kL 4-EtO 6kLo 91 >o¢'™" 121
26  Chz  GHeNCH; (L) H 5kD 4-EtO 6kDo 91 >9g'" 87
27 Boc HNCOCHCH,(L) H 5L  4-EtO 6lLo 79 >99 19
28 Boc HNCOCHCH,(D) H 5D 4-EtO 6lDo 80 >99 14
29 Boc Cbz-NH(CH,(L) H 5mL 4-EtO 6mLo 94 >99 37
30 Boc Cbz-NH(CH,(D) H 5mD 4-EtO 6mDo 97 >99 15




2All reactions were carried out with 0.5 mmolHf0.55 mmol of EN, and 0.55 mmol of CICEt in 10 mL of
MeCN. After stirring for 30 min at 6C, 0.75 mL of water an@ were added at @C to the reaction mixturé.
Isolated yield.® Determined by HPLC analysis with a 90:10 mixturehekane and isopropanol as an eluent
using Chiralcel OD (1.0 mL/min)? Determined by HPLC analysis with a 90:10 mixture hefxane and
isopropanol as an eluent using Chiralcel AS (1.0mih). ®*Determined by HPLC analysis with a 90:10 mixture
of hexane and isopropanol as an eluent using @eirADH (1.0 mL/min). Determined by HPLC analysis with
a 95:5 mixture of hexane and isopropanol as ameluging Chiralcel OD (1.0 mL/miny.The reactions were
carried out at -15C. " Cbz was deprotected.

Table 5.Synthesis of AM404 analogu8scontaining fatty acid®

O
O 1) CICOE, EtN, MeCN, 0°C, 30 min R4
OH 2 HzNOOEt , MeCN,8,, 0°C, 24 h H
7 20 8
Entry R*-COH 7 8 Yield (%)’
o OEt
Lauric acid o
1 7a /\/\/\/\/\)’\NO 8ao 97
(C12 H
Palmitic acid o] OFt
2 7b NO 8bo 98
(Clﬁ) H
Oleic acid o OEt
3 7c | O 8co 89
(Ci89) N

Linoleic acid o OOEt
4 7d — N 8do 93
(Cisd) _ H

Linolenic acid o) OOEt

° [C N 8eo 95
(Ciod D& N
Elaidic acid m OOEt

° I - \ 8fo 83

(Cis9) H
o OEt
Arachidonic acid O
7 79 I N 8go 93
(Cz09) —— H

Docosaheaenoic acid

(C229) —="—=">="0




2All reactions were carried out with 1 equiv of faticid 7, 1.1 equiv of EN, and 1.1 equiv of CIC&Et in
MeCN. After stirring for 30 min at 0C, H,O and 1.1 equiv o2o were added at €C to the reaction mixturé.
Isolated yield.

Table 6.Synthesis of AM404 analoguésontaining fatty acid®

0
0 1) CICO.Et, E5N, MeCN, 0°C, 30 min R4«
R4_<OH 2 MeC 0°C 24rT » C OH
) HZNOOH » MeCN,8, 0°C, H
7 2m °
Entry R-COH 7 9  Yield (%)
Lauric acid o) OH
1 72~~~ N O/ 9am 87
(Cr) N

Palmitic acid 0 OH

(Cro) N
Oleic acid 0 OH

3 7c I O 9cm 79
(Cis0) H

Linoleic acid 0 OOH
4 7d = N 9dm 94
(Cis9) - H

Linolenic acid o} OOH
5 7e — N 9em 82
(Cis-9 A ~— H
Elaidic acid o) OH
6 (I ofm 07
N

(Cis0) H
o OH
Arachidonic acid ——— /O/
7 79 N 9gm 90
(Ca09) == i

Docosaheaenoic

H
acid (G2 —~—~—"~0 oH

2All reactions were carried out with 1 equiv of faticid 7, 1.1 equiv of EN, and 1.1 equiv of CIC&Et in
MeCN. After stirring for 30 min at 6C, H,0 and 1.1 equiv o2m were added at @ to the reaction mixture.
Isolated yield.



Next, various AM404 analogu€dao-ho and 9am-hm were synthesized by the condensation of fatty
acids7a-h with 4-ethoxyaniline Zo) and 4-aminophenoR(); the results are summarized in Tables 5 and
Table 6, respectively. The reactions of variousy/fatids7a-h with 20 and2m via the mixed carbonic acid
carboxylic anhydrides gave the corresponding AMd0dlogues8ao-hoin 83-99% yields an8am-hm in
76-97% yields, respectively. The stability of thethesized AM404 analogu&am-hm was checked at
0 °C and 22 °C after 240 by analyses using 2D TLC afid NMR spectra, and no change was observed.
Although unsaturated fatty acids are usually semsin air at room temperature, it was found that t

synthesized AM404 analogues were relatively stable.
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Chapter 2. Green synthesis of various medicine arajues containing
dipeptides without epimerization under the extremey mild conditions

Although amidation is most important in peptide tegsis, it makes problems such as utilization of a
large amount of expensive condensation agent aneragion of a large amount of wastdn addition,
linkage of amino acids in high yields would be gns#icant research because of easy racemization.
Cysteine, histidine, and phenylglycine are morecepsble to racemize than the other amino acids. In
particular, synthesis of peptides containing phglggine remains a challenging task because it le&s b
reported that phenylglycine easily causes raceioizabout 60 times compared with alantfeAfter
Vaughan and Boissonnas initially developed the thiz@bonic carboxylic anhydrides as active carlioxyl
acid derivatives for the preparation of peptitfekovacs described the interesting kinetic studieshe
N-protected methionine and glycylmethionine actisters to determine the racemization rate constants.

Recently, we, Verarado;® and Fus¥ have successively reported the convenient amiugitid various
N-protectedr-amino acids with unprotectedamino acids via the mixed carbonic carboxylic aifdes in
agueous organic solvents to provide the correspgndipeptides in excellent yiel@n the other hand,
peptide medicines have attracted much attentiontaldlee realization of oral administration, targgtiof
biomolecules in cells, and low side effects comgaviéh antibody medicines.

We have also developed amidations of varidliprotecteda-amino acids with NECI and aniline
derivatives via the mixed carbonic carboxylic anigels to provide the corresponding primary amidé an
anilides in excellent yield.Herein, we describe green and convenient syntiusipeptides-containing
various medicine analogues and dipeptides withqimerization at -15°C via the mixed carbonic

carboxylic anhydrides from the corresponding caytioyacids as indicated in Scheme 4.

16 O R
\HL )\(O CICO,Et, EgN RI\RL )\(O medicine-NH RI%N)S?O
p-NH H oH HF p-NH H THF-H,0 p-NH H  NH-medicine
14 OEt 17

P = Cbz, Boc, Fmoc

Scheme 4Synthesis of various medicine analogligsontaining dipeptide$4

Section 1. Preparation of amidation of Cbz-Phg-OH iad Cbz-Phe-Phe-OHvia mixed
carbonic carboxylic anhydrides without racemization and epimerization under
extremely mild conditions

In a preliminary investigation, the reaction of dbPhg-OH (0) with 1.5 equivalents of N}l in the
presence of 1.4 equivalents of CIgED and 3.0 equivalents of §&t in aqueous tetrahydrofuran (THF) at
ice-cooled temperature {&) afforded Cbz-L-Phg-Nki(10) in 43% yield with 46% ee as indicated in entry

1 of Table 7. When the reaction was carried oudférh at C on the step 2), the ee was improved to 67%

11



(entry 3). When the reaction temperature was deetktto -5°C on both steps 1) and 2), the corresponding
primary amidell was obtained with 83% ee as shown in entry 6.cEftd decreasing the reaction

temperature until -18C was amazingly well and an excellent enantioseiec({93% ee) was observed.

Table 7.Primary amidation of Cbz-L-Phg-OH@)?

Ph O 1) CICO,Et, E&N, THF Ph O
Cbz-HNHOH 2) NH,CI, H,0 Cbz-HN  NH,
10 11
Entry Step l)_ _ Step 2) _ Yield® (%) % e&
Temp. (C) Time (min) Temp.°C) Time (h)
1 5 30 5 0.5 43 46
2 5 30 5 0.5 44 47
3 5 30 0 0.5 47 67
4 5 30 0 24 58 51
5 0 30 0 24 59 59
6 -5 30 -5 24 63 83
7 -10 30 -10 24 63 86
8 -15 30 -15 24 68 93
o° -15 30 -15 24 79 92
10 -15 5 -15 24 73 99
11° -15 10 -15 24 83 99
1z -15 15 -15 24 89 97
13 -15 60 -15 24 58 75
14 -15 120 -15 24 32 26
15 -15 10 -15 0.5 73 99
16° -15 10 -15 3 77 99
17 -15 10 -15 48 82 98

2All reactions were carried out with 0.5 mmol 1, 0.7 mmol of CICGEt and 1.5 mmol of BN in 10 mL of
THF. After stirring for 30 min, 0.75 mmol of 1.0 Mqueous solution of NJ&I was added to the reaction
mixture. ® The D-form was used instead of Cbz-L-Phg-OBICOEt and 1.0 M aqueous solution of M
precooled at -18C were added at -1% to the prepared solutions on the steps 1) ande&ectively® Isolated
yield. *Determined by HPLC analysis with 4 : 1 mixture ekhne and isopropanol as an eluent using Chiralcel
AD.

The reaction conditions were further optimized king precooled reagents on both steps 1) and 2) and
the best results (83% vyield, 99% ee) were obtaieeh the reaction was carried out for 10 min at’@5
on the step 1) and for 24 h at -X5 on the step 2) as described in entry 11. In aimenake sure that the
optimized reaction conditions are best, the readtime was checked on 15, 60, 120 min for the &)egnd

on 0.5, 3, 48 h for the step 2) as indicated imientl2-17. Longer reaction times of the step Trefsed

12



Ph. O Ph  OH Ph O

5°C = 0 < o
H-N 0 —_— H-N  0<X S — H-N 0
=0 OFEt =0  OFEt racemization 70 Ot
/O /O /0
Ph Ph
10-0CO,Et

Scheme 5Possible pathway for racemizationldfOCO,Et.

Ph

Ph
(0] (0]
Ph/\)I\NLfO 1) CICO,Et, EgN, THF, -15°C, 10 min Ph/\)I\NLfO
H on H
12

2) NH,CI, H,0, -15°C, 24 h NH,
13 (76% yield, 94% ee)

o Ph o Ph
Ph/\)LN O 1) CICOE, EgN, THF, 5°C, 30 min Ph/\)\N o
H oH 2) NH,CI, H,0, 5°C, 30 min H  NH,
12 13 (29% yield, 67% ee)

Scheme 6The amidation 012 with NH,CI at 5°C or -15°C.

Ph 0 Ph 0 Ph OH
1o s VY N Ry
H\N (OO‘{OEt T’ N O N O — N O
/_): Ph racemization
pH EtOCOO Ph Ph
12-0CO,Et
R O R O R OH R O
< O 5°C H )—< )_(
H, 04 NoO N_O — N O
/:8:0 OEt ; 3 JV\/ epimerization 3
_ * Ph * *
o NH-P EtOCOO™  p-HN P-HN" PN p-HNT PN
14-0OCO,Et
Ph O
M o 5°C
H-N O—( —> no formation of 1,3-oxazolin-5-one
=0 OFt
Yaul®
Ph

Cbz-L-Phe-OCO,Et

Scheme 7Possible pathway for racemizationl&OCO,Et and for epimerization df4-OCO,EL.

the enantiomer excesses (97-26% ee, entries 1and3l4). Then, shorter reaction times of the sdep 2
decreased the reaction yields (77-73% yields, ettb and 15) and longer reaction time of the 2jafid
not give any change about both of the yield andeth@ntiomer excess (entry 17). It is well knowrt tha

Cbz-L-Phg-OH 10) is easily racemized under various kinds of resctionditions because of the reactivity
on the benzyl position on it as shown in Scheme 5.

As showed in Scheme 6, the reaction of N-phendtiphe-OH (2) with NH,CI in the presence of

CICOEt at 5 °C proceeded with racemization via the easier fdonatof the corresponding

1,3-oxazol-5-one and 2,4-disubstituted 1,3-oxaz®imi.*® In addition, the unprotected side of dipeptides

14 is epimerized on the basis of the similar reassningicated in Scheme 7. On the other hand,
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Cbz-L-Phe-OCGEt was not converted to the corresponding 1,3-d¥axme and was not racemized by
the stronger electron-donating effect of the bemaylgroup compared with the phenethyl group of
12-OCO,Et and14-OCOEL.

Table 8. Optimization of the reaction conditions on themaiy amidation of Cbz-Phe-Phe-OH6g?

o Ph o (Ph
. 1) CICOE, EgN, THF .
Ph NpO  DCCOEL By Ph/\)\H* ©
o NH

oNH H o oH - 2) NH,CLHO NH,
1l4aa 15aa
Entry 14aa Yield® (%) % d€ % dé Ratio of produci(%)
LL DL DD LD

Cbz;-Phe;-Phe-OH 63 52 48 73.8 0 0 262
2 Cbz;-Phep-Phe-OH 66 88 83 8.6 0 0 914
3 Cbz+-Phe;-Phe-OH 94 13 15 57.7 0 0 423
4" Cbz.-Phep-Phe-OH 86 67 68 16.1 0 0 839
5° Cbzp-Phe;-Phe-OH 90 59 58 0 790 210 0
6°  Cbzp-Phep-Phe-OH 86 23 25 0 377 623 0
7*  Cbzy-Phe;-Phe-OH 84 >99 >99 >99 0 0 0
8  Cbzi-Phep-Phe-OH 90 >99 >99 0 0 0 >99
o°  Cbzp-Phe;-Phe-OH 92 >99 >99 0 >99 0 0
16 Cbzp-Phep-Phe-OH 89 >99 >99 0 0 >99 0

2All reactions were carried out with 0.30 mmoliefag 0.42 mmol of CICGEt and 0.90 mmol of BN in 6 mL
of THF. After stirring for 30 min at 8C, 0.45 mmol of 1.0 M aqueous solution of )#was added at & to
the reaction mixture? The reaction time on the step 2) was 24 GICOEt and 1.0 M aqueous solution of
NH,CI precooled at -18C were added at -1% to the prepared solutions on the steps 1) ance&pectively.
Then, the reaction times on the steps 1) and 23 @w@rmin and 24 h, respectivelysolated yield ¢ Determined
by '"H NMR analysis.” Determined by HPLC analysis with a 95 : 5 : 0.05tmie of hexane, ethanol
anddiethylamine as an eluent using Chiralcel O ¢hL/min). ¢ Retention times of LL-, DL-, DD- and
LD-forms on HPLC analysis were 34,5, 41.2, 49.5 8B min, respectively.

Next, the results of the primary amidation of ClieHPhe-OH 14ag using NHCI via the
corresponding mixed carbonic carboxylic anhydride a&ollected in Table 8. The reactions of
Cbz-L-Phe-L-Phe-OHl4alalL) and Cbhz-L-Phe-D-Phe-OHL4alLaD) in our original conditions (for 30
min at 5°C on the step 1) then for 30 min &at@on the step 2)) afforded the corresponding pyraanides
(15aLaL and 15alLaD) in 63% and 66% yields, respectively (entries O &). Unfortunately, these
diastereomer excesses were not good (52% de andi@8féspectively) by epimerization. The reactiohs
14alal and14aDaD for 24 h at 5°C on the step 2) proceeded further epimerizatioaftord worse
diastereomer excesses (13% de and 23% de, reghgctas shown in entries 3 and 6. The reaction
conditions were optimized well by using precooledgents at -15C on both steps 1) and 2) and the

results (84-92% yields, >99% de) were drasticatiprioved as described in entries 7-10.
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Section 2. Amidation of dipeptides via mixed carboie carboxylic anhydrides and its
application to synthesis of various medicine analages

The reactions of various dipeptidégal with NH,CI in aqueous THF at -1% were then carried out;
the results are collected in Table 9. Boc-L-Phehe®H (@4'aLaL) and Boc-L-Phe-D-Phe-OH
(14’aLaD) reacted with NICI to produce the corresponding amides Boc-L-PHehke-NH (15'alal)
and Boc-L-Phe-D-Phe-NH(15’aLaD) in 85% vyield with 81% de and 94% vyield with >99e,
respectively (entries 3 and 4). The reaction of &4pmtected dipeptideb4’alLal. and14”aLaD afforded
15"aLalL and15”aLaD in 90% vyield with 96% de and 95% vyield with >99%, despectively (entries 5
and 6). Then, various Chz-L-Phe-containing dipeggtidiaLbL-aLfD reacted readily with NECI to yield
15albL-aLfD in 76-99% with 70->99% de (entries 7-16). Unfodtely, the reaction of Cys-containing
dipeptidesld4alglL and14algD with NH,CI did not afford the corresponding amitigalL gL and15alL.gD
at all, respectively and the starting materidsalgl. and14alLgD were recovered (entries 17 and 18). |
also examined the condensation of various Cbz-giededipeptided4cLbL-mLaD using NHCI. Table
10 shows the results of the condensation of var@hesprotected dipeptidegicLbL-mLaD with NH4CI
in aqueous THF at -15C. The reactions smoothly proceeded to give thaesponding amides
15cLbL-mLaD in 76-99% yields with 72->99% de.

Subsequently, various dipeptides-containing medieinalogued7al aLa-aLaDe were synthesized by
condensation of dipeptidelstaLa with amino group-substituted medicines such asn#taphenol16a
dopaminel6b, amantazind 6¢ (+)-rimantadinel6d, and memantiné6e and the results were summarized
in Table 11. The reactions of dipeptides Cbz-L-BHehe-OH (4alLalL) and Cbz-L-Phe-D-Phe-OH
(14aLaD) with 4-aminophenoll6a afforded 97% with 96% de and 94% yield with 97% despectively
(entries 1 and 2). Cbz-L-Phe-L-Phe-OHl44Lal) and Chz-L-Phe-D-Phe-OHl4alLaD) reacted with
dopamine 16b to produce the corresponding amides Cbz-L-Phe#-tRipamine i7alLalb) and
Cbz-L-Phe-D-Phe-dopaminel{aLaDb) in 98% vyield with 82% de and 99% yield with 88%,d
respectively (entries 3 and 4). The other reactioihgipeptidesl4alal and 14alLaD with 16c-e also
proceeded smoothly to produt@alalc-aLaDein 74-93% vyields with 79-97% de (entries 5-10).

Finally, reactions of various tripeptid@9aLcL with NH,Cl in aqueous THF at -1% were then carried
out; the results are collected in Table 12. Chzie-Val-L-Phe-OH {9alLclLal) and
Cbz-L-Phe-L-Val-D-Phe-OH 1QalcLaD) reacted with NHCI to produce the corresponding amides
Cbz-L-Phe-L-Val-L-Phe-NKl (20aLcLalL) and Cbz-L-Phe-L-Val-L-Phe-NH(20alLcLaD) in 95% vyield
with 76% de and 94% yield with 72% de, respectiVelytries 1 and 2). The other reactions of trijpgsti
19alclLbL-alLcLdD with NH4CI also proceeded smoothly to produg@alcLblL-alLcLdD in 77-97%
yields (entries 3-8).
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Table 9.Preparation of primary amides derived from variBels-Phe--amino acidl4al®

O R® O R®
Ph/\)LN)*YO 1) CICOE, EEN, THF, -15°C, 10 min Ph,\HLN O
oNH H oH 2) NH,CI, H,0, -15°C, 24 h p-NH H  NH,
14al 15al

Entry P R 15 Yield (%)° % dé
1 Cbz PhCHI (L) 15alal 84 >9d
2 Chz PhCH (D) 15aLaD 90 >9d
3 Boc PhCH (L) 15'alal 85 8t
4  Boc PhCH (D) 15’aLaD 94 >99
5 Fmoc PhCH, (L) 15"alal 90 96
6  Fmoc PhCHI(D) 15”alLaD 95 >99
7 Cbz Me (L) 15albL 89 84
8  Chz Me (D) 15aLbD 76 >99
9 Cbhz Me,CH (L) 15alcL 93 >99
10  Cbz Me,CH (D) 15alcD 90 >99
11 Cbhz MeS(CH) (L) 15aLdL 94 >99
12 Cbz MeS(CH) (D) 15aL.dD 99 >99
13 Cbz Ph (L) 15alel 93 >99
14 Chbz Ph (D) 15aLeD 84 >99
15 Cbz CH,OH (L) 15aLfL 80 70
16  Cbz CH,OH (D) 15aLfD 89 95
17 Cbz CH,SH (L) 15algl 0 -
18  Chz CH,SH (D) 15alL.gD 0 -

2All reactions were carried out with 0.30 mmol (luiq of 14aL, 40uL (0.42 mmol, 1.4 equiv) of a precooled
CICO,Et, and 126.L (0.90 mmol, 3 equiv) of a precooledHtin 6 mL of anhydrous THF. After stirring for 10
min at -15°C, 0.45 mL (0.45 mmol, 1.5 equiv) of a precoole@M.aqueous solution of NjEI was added
dropwise at -15C to the reaction mixturd.Isolated yield® Determined byH NMR analysis® Determined by
HPLC analysis with a 95 : 5 : 0.05 mixture of hexaBtOH, and ENH as an eluent using Chiralcel OD (1.0
mL/min). ¢ Determined by HPLC analysis with a 4 : 1 mixtufehexane and 2-propanol as an eluent using
Chiralcel OD (1.0 mL/min).
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Table 10.Preparation of primary amides derived from varidipeptides1 4°

O R® O R®
RL VA0 1) CICO,Et, EgN, THF, -15°C, 10 min Rlﬁ)J\N L_o
P'NH H oH 2) NH,CI, H,0, -15°C, 24 h P'NH H NH,
14 15

Entry P R R® 15 Yield® (%)  %dé
1 Cbz Me Me (L) 15cLbL 76 86
2 Cbz Me Me (D) 15cLbD 86 90
3 Cbhz Me MeCH (L) 15cLcL 85 >99
4 Cbz Me MeCH (D) 15cLcD 99 >99
5 Cbz Me MeS(Ch), (L)  15cLdL 85 >99
6 Cbz Me MeS(CH), (D)  15cLdD 83 89
7 Cbhz MeCH Me (L) 15bLbL 99 >99
8 Cbz MeCH Me (D) 15bLbD 97 >99
9 Cbz MeCH MeCH (L) 15bLcL 93 92
10 Cbz MeCH MeCH (D) 15bLcD 94 72
11  Cbz MeCH MeS(CH), (L)  15bLdL 99 >99
12 Chz MeCH MeS(CH), (D)  15bLdD 92 89
13 Chz MeS(Ch), Me (L) 15dLbL 97 94
14 Cbz MeS(Ch)., Me (D) 15dLbD 97 76
15 Cbhz MeS(Ch), Me,CH (L) 15dLcL 86 >99
16 Cbz MeS(CH), Me,CH (D) 15dLcD 84 >99
17 Chbz MeS(CH), MeS(CH), (L)  15dLdL 77 97
18 Chbhz MeS(CH), MeS(CH), (D)  15dLdD 90 >99
19 Boc GHsCH,OCH, PhCH (L) 15hLaL 96 97
20 Boc GHsCH,OCH,  PhCH (D) 15hLaD 96 91
21  N-BocN’-Cbz  (CH)s PhCH (L) 15mLaL 86 97
22 N-BocN’-Cbz  (CH), PhCH (D) 15mLaD 89 96

2 All reactions were carried out with 0.30 mmol u&/) of 14, 40 uL (0.42 mmol, 1.4 equiv) of a precooled
CICO,Et, and 126uL (0.90 mmol, 3 equiv) of a precooled;Htin 6 mL of anhydrous THF. After stirring for
10 min at -15°C, 0.45 mL (0.45 mmol, 1.5 equiv) of a precooedVLd&jueous solution of Nf€| was added
dropwise at -15C to the reaction mixturd.Isolated yield® Determined byH NMR analysis.
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Table 11.Synthesis of various medicine analogues contaidipgptidesl 4

Ph e} Ph
_159, ;
o N0 1) CICO.Et, EgN, THF, -15°C, 10 min PhAﬁLN A O
cbz-Nu H OH  2) medicine-NH, -15°C, 24 h Cbz-NH H  NH-medicine
l4ala 16 17ala
Entry Medicine-NH, 16 17 Yield® (%)  %dé
o Ph
1  4-aminophenol6a szﬂj;ﬁo 17alala 97 96
2,
o :/Ph
2 4-aminophenol6a P“ﬁ)LH/YO 17alLaDa 94 97

3  dopaminel6b copy AN OH 17alalb 98 82
T,
o =/Ph
4  dopaminel6b PZD;LH?EO o 17aLaDb 99 88
\/\C[OH
o Ph
(0]
5  amantazind6c PED::H%@ 17alalc 83 88
o :/Ph
A0
6 amantazind6c Pgm”:ﬁ@ 17alaDc 89 95

o
7 (#)-rimantadinel6d Ph’ﬁ)LHLf:/@ 17aLaLd 86 79

Q i
8  (+)-rimantadinel6d F’m”?f’ 17aLaDd 93 91
o P
(o]
9  memantinel6e szuj;ﬁgg 17alale 74 85
o {Ph
A0
10  memantinel6e PED::N?E@ 17aLaDe 82 97
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& All reactions were carried out with 0.30 mmol (u@) of 14ala, 40uL (0.42 mmol, 1.4 equiv) of a precooled
CICO,Et, and 126.L (0.90 mmol, 3 equiv) of a precooledHtin 6 mL of anhydrous THF. After stirring for 10
min at -15°C, 0.45 mL (0.45 mmol, 1.5 equiv) of 1.0M aqueoakion of NH,Cl was added dropwise at -15
°C to the reaction mixturd.Isolated yield®Determined by 1H NMR analysis.

Table 12.Preparation of primary amides derived from varivipeptides1 9°

o

on N\/(fo 1) CICO,Et, E&N, THF, 0°C, 30 min
chzhu ™ OH 2 RS O 4D, °C, 30 min

Q H, Q 1) CICOE EEN, THF, -15°C, 10 min
PhY(N ﬁ)LOH
H o RS 2) NH,Cl, H,0, -19C, 24 h

o) y o
.
Phﬁ)LN N\)LNH2
H o R¢

Cbz-NH Cbz-NH
ldalcL  HN 1*8 OH 19alcL 20aLcL
Entry R° 19alcL 20alcL  Yield® (%) %dé
PhCH DED
1 19alclaL  Ph N T NH 20alcLalL 95 76
(L) cbzNH @ Spn
PhCH, OI(H o
2 19alcLaD Ph H f(NHz 20alcLaD 94 72
(D) cbzNH  ©  “pn
Me o H O
3 19alclbl P HI(N\E)LNHZ 20alcLbL 89 g
L) cbzNH = O 7
Me o] H O
4 19alclbD  pr S~y N])LNHz 20alcLbD 85 d
(D) CozNH O
Mech (6] H (@]
5 19alelel PNy Y 20aLcLcl 84 L
L) cbzNH O
Me,CH OI(H 0
6 19alcLecD  Ph N N NH, 20alcLcD 77 g
(D) cbzNH ~ ©
o H \)OL
MeS(Ch) N
7 ® goalcld T N T E N 20aLcLdL 97 d
(L) Cbz-NH ™~
S<
MeS(CH) OI(” i
e N
8 * goatedd MY b L G 20alcldD 94 s
(D) Cbz-NH
S\

& All reactions were carried out with 0.30 mmol (quiv) of 19alcL, 40 pL (0.42 mmol, 1.4 equiv) of a
precooled CICGEt, and 126ul (0.90 mmol, 3 equiv) of a precooled;Htin 6 mL of anhydrous THF. After
stirring for 10 min at -15C, 0.45 mL (0.45 mmol, 1.5 equiv) of a precooledM .aqueous solution of NJTI
was added dropwise at -26 to the reaction mixturé.lsolated yield® Determined byH NMR analysis® Not
determined neither b4 NMR analysis nor HPLC analysis.
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Conclusion

Chapter 1. Synthesis of acetaminophen analogues ¢aiming a-amino acids and fatty acids for
inhibiting hepatotoxicity

| have synthesized acetaminophen analo§at®-mDo (Table 4) in 57-99% vyields, AM404 analogues
8a0-ho (Table 5) in 83-99% yields, arthm-hm (Table 6) in 76-97% vyields, by using a conveniand
economical procedure (Scheme 8, 9). These analogaekl be usefup-aminophenol donors and are
expected to act as novel antipyretic analgesiesdidetaminophen. Various amides were obtainedyim tioi
excellent yields with excellent enantioselectidtigter purification by silica gel column chromataghy,
by using CICQEt and EfN under the mild conditions. In particular, bothtlog¢ activating agents (CIGEX
and EtN) are relatively inexpensive and the by-produtitamed by our efficient method are triethylamine
hydrochloride, carbon dioxide, and the correspamdaficohols, which are relatively environmentally
benign. Although amidations via activated carbaxydicids are usually carried out under anhydrous
conditions, it is quite unique that the reactiontué activated carbonic carboxylic anhydride smiyoittn
agueous organic solvent to afford the correspondimgles. Our synthetic method is also charactetized

no racemization and low levels of by-products faiora

RS 2 1
1 (oJie) R R, P
Rw P CICOELEEN | i L L = ) NH =
R2-N OH g [ 0" OEt REN N@
b MeCN R2-N MeCN-H,0 P 5 H R3
5 P
30 examples
P = Cbz, Boc, Fmoc 57-99% yield

79->99% ee

Scheme 8Synthesis of acetaminophen analogbiesntaininga-amino acidb

R3, 2

N\ O
440 CICO,Et, EgN 0O o @NHz R =
R > | S > N /
OH MeCN R4 O OEt MeCN'Hzo H \ XRS
7 8,9

16 examples
76-99% vyield

Scheme 9Synthesis of AM404 analogu8s9 containing fatty acid
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Chapter 2. Green synthesis of various medicine ar@jues containing dipeptides without

epimerization under the extremely mild conditions

In conclusions, various dipeptidd$alal-mLaD (Table 9, 10) and tripeptideZ0al cLal-aLcLdD
(Table 12) were prepared in 76-99% yields with B@% de and 77-97% yields, respectively (Scheme 10,
12). Then, the various dipeptides-containing medicanaloguesl7alLala-aLaDe (Table 11) were
synthesized in 74-99% vyields with 79-97% de (Schéfe As a result, | succeeded green and economical
synthesis of various dipeptides-containing medicimaloguesl7alLala-aLaDe (Table 11), dipeptides
15alal-mLaD (Table 9, 10), and tripeptid@®alcLal-alL.cLdD (Table 12) in aqueous THF at -iG via
the mixed carbonic carboxylic anhydrides by thdavatibn of the corresponding carboxylic acids.dt i
noted that the results were obtained by precisatyrolling the reaction temperature during thevation
of the corresponding carboxylic acids. Particulailys amazing that racemization or epimerizatimes
not proceed as a result of controlling the readi@mperature by our developed precooled droppinade
In addition, both of the activating agents (CKE©®and E§N) are quite cheap and the by-products obtained
by our efficient method are triethylamine hydrocide, carbon dioxide, and the corresponding alcahol
which are quite safe environmentally. Although aafiohs via activated carboxylic acids are usually
carried out under anhydrous conditions, it is quitéque that the reaction of the activated mixedbaaic
carboxylic anhydride smoothly proceeded in aquemygsanic solvent to afford the corresponding amides.
Furthermore, the dipeptides-containing medicinelaees 17alalLa-aLaDe (Table 11) have recently
attracted much attention for inhibiting side effecthe clinical field and are expected to be ulsdanors

of peptide medicines.

O RS | . O RS
1) CICO,Et, EgN, THF, -15°C, 10 min
Ph/\|)LNJ*\(O ) CICOR, B Ph’\)LNJ*YO
oNH H O 2) NHCL H,0,-15°C, 241 p-NH H o NH,
14 15
_ 38 examples
P = Cbz, Boc, Fmoc 76-99% yield

70->99% de

Scheme 10Preparation of primary amides derived from varidigeptidesl4

Ph o Fh

0]
-15° i
o NJ:\fO 1) CICO,EL, EgN, THF, -15°C, 10 min Phﬁ)LNJ:\fO
cbzhy " OH  2) medicine-NH, -15°C, 24 h cbz.NH [+ NH-medicine
14 16 17

10 examples

P = Cbz, Boc, Fmoc 74-99% vyield
79-97% de

Scheme 11Synthesis of various medicine analogi@sontaining dipeptide$4
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o o) H O o ) o) H O
o 1) CICOE, E&N, THF, 0°C, 30 min N% 1) CICOEt, EgN, THF, -15°C, 10 min NVL
Ph N . . Ph N _oH s Ph N ~NH,
cbz-hnH OH 2 RS O 40, 0C, 30 min Chz-NH 0 R 2) NH,Cl, H,0, -15C, 24 h Chz-NH 0 R
1l4alcL HN ~ OH 19alcL 20alcL
18 8 examples

77-99% vyield

Schemel2Preparation of primary amides derived from varitiseptidesl9
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Experimental
1. General

All reagents were used without purification. TieNMR and™*C NMR spectra were measured with a
Bruker Ultrashield TM 400 Plus spectrometer. Theratzal shifts ofH NMR spectra are expressed in
parts per million downfield from tetramethylsilat@= 0.00 ppm) as an internal standard. Chemicalsshift
(8) are reported in ppm, and spin-spin coupling cmtst §) are given in hertz (Hz). Abbreviations to
denote the multiplicity of a particular signal arésinglet), d (doublet), t (triplet), q (quartet),(multiplet),
and br (broad). The high-resolution mass spectRMB) of the compounds with a high molecular weight
were recorded with a Waters LCT Premier (ESI-TOF)Mgectrometer. Reactions were monitored using
thin-layer chromatography with silica gel 6654 Purification of the reaction products was carmed by
column chromatography using silica gel (64-210 mddRLC analysis was carried out with Chiralcel OD
(10 mm, 46 x 250 mm), Chiralcel AS (10 mm, 46 x 25®), and Chiralcel AD-H (5 mm, 46 x 250 mm)
coupled to a photodiode array detector or a duisorbance detector, and HPLC grade solvents wesect
for HPLC analysis. Melting points were determineihwa hot plate apparatus. Optical rotations were
measured with a digital polarimeter with a sodiamp at room temperature. Infrared (IR) spectra were
recorded on HORIBA FT-IR Fourier transform infrarggectrophotometer.

2. Typical Procedure for amidation of 3-phenylproponic acid (1) with 4-chloroanilne 2a

To a colorless solution of 3-phenylpropionic ati@75 mg, 0.50 mmol) in MeCN (10ml) were added at
0°C EtN (77 puL, 0.55 mmol, 1.1 equiv) and CIGEt (53puL, 0.55 mmol, 1.1 equiv). After stirring for 30
min at 0°C, a solution of 4-chloroaniln2a (/0 mg, 0.55 mmol, 1.1 equiv) in,@ (0.75 mL) was added at
0°C to the colorless suspension. The mixture wasestifor 24 h at 0C and concentrated in vacuo. To the
residue was added a 1.0 M of aqueous HCI to pHh@.résulted suspension was extracted with EtOAc (50
mL), washed with brine (10 mL), and 1.0 M of aquedlaHCQ (5 mL), and dried over MgSQOThe crude
product was purified by chromatography on silichwigh a 1:1 mixture of hexane and EtOAc to afford

125 mg (96% yield) oN-(4-chlorophenyl)-3-phenylpropanamide.

2.1.N-(4-chlorophenyl)-3-phenylpropanamide3a

Yield: 125 mg (96%); colorless powdenp: 137-139C; *H NMR (400 MHz, CDCJ): & = 2.66 (t,J = 7.6,
2H, CH,CO), 3.05 (tJ = 7.6, 2H, ®&,CH,CO), 6.95 (brs, 1H, NH), 7.21-7.38 (m, 9HHG, CeHs); °C
NMR (100 MHz, CDC}): § = 31.5, 39.3, 121.3, 126.5, 128.0, 128.3, 128293, 136.3, 140.4, 170.7;
HRMS (ESI-TOF): Calcd for GH:,NOCINa (M+Na): 282.0656, found: 282.0667; IR (KBrmaJcm'l) =
3302 (NH), 1657 (CON).
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2.2.N-(4-fluorophenyl)-3-phenylpropanamide, 3b

Yield: 118 mg (97%); colorless powdenp: 119-12C°C; *H NMR (400 MHz, CDCJ): & = 2.65 (tJ = 7.4,
2H, CH,CO), 3.05 (tJ = 7.4, 2H, G,CH,CO), 6.96-7.02, 7.21-7.39 (M, m, 3H, 7H, NHHG, CsHs); *°C
NMR (100 MHz, CDC}): 6 = 31.6, 39.4, 115.5, 115.7, 121.7, 121.8, 12628.4, 128.7,133.7, 140.6,
160.6, 170.3; HRMS (ESI-TOF): Calcd fogs8:,FNONa (M+Naj: 266.0952, found: 266.0977; IR (KBr,
Vma/cm®) = 3289 (NH), 1652 (CON).

2.3.N-(2,3,4,5,6-pentafluorophenyl)-3-phenylpropanamide3c

Yield: 105 mg (67%); colorless powdenp: 128-129C; *H NMR (400 MHz, CDCJ): & = 2.77 (tJ = 7.4,
2H, CH,CO), 3.07 (tJ = 7.4, 2H, ®,CH,CO), 6.57 (brs, 1H, NH), 7.22-7.34 (m, 5H;Hg); °*C NMR
(100 MHz, CDC}): & = 31.3, 38.0, 126.6, 128.3, 128.8, 140.0, 170.BM3 (ESI-TOF): Calcd for
C1sH10FsNONa (M+Na): 338.0575, found: 338.0593; IR (KBya/cm™) = 3265 (NH), 1685 (CON).

2.4. ethyl 4-(3-phenylpropanamido)benzoate, 3d

Yield: 104 mg (70%); colorless powdenp: 132-133C; 'H NMR (400 MHz, CDCJ): 6 = 1.38 (tJ = 7.1,
3H, CH3;CH;0), 2.69 (t,J = 7.4, 2H, CHCO), 3.06 (tJ = 7.4, 2H, G1,CH,CO), 4.53 (qJ = 7.1, 2H,
CHsCH,0), 7.21-7.33 (m, 6H, NH, 4Eis), 7.50, 7.98 (d, dJ = 8.7,8.7, 2H, 2H, GH,); *C NMR (100
MHz, CDCk): 6 = 14.4, 31.4, 39.6, 60.9, 118.8, 126.0, 126.5,4,2828.7, 130.8, 140.4, 141.8, 166.1,
170.5; HRMS (ESI-TOF): Calcd for 1gH10NOsNa (M+Na): 320.1257, found: 320.1250; IR (KBr,
Vma/cm™®) = 3316 (NH), 1711 (C§), 1593 (CON).

2.5.N-(4-nitrophenyl)-3-phenylpropanamide, 3e

Yield: 88 mg (65%); yellow powdemp: 121-123C; *H NMR (400 MHz, CDCJ): § = 2.73 (tJ = 7.4, 2H,
CH,CO), 3.08 (tJ = 7.4, 2H, Gi,CH,CO), 7.18 (brs, 1H, NH), 7.23-7.35 (m, 5HHg), 7.59, 8.19 (d, d
=9.2,9.2, 2H, 2H, &,); *C NMR (100 MHz, CDGJ): § = 31.3, 39.6, 119.0, 125.1, 126.7, 128.4, 128.8,
140.1, 143.5, 143.5, 170.7; HRMS (ESI-TOF): Caled@®;sH1sN,05 (M+H)": 271.1077, found: 271.1069;
IR (KB, Vmayom™) = 3249 (NH), 1670 (CON), 1504 (NO).

2.6.N-(3,5-dinitrophenyl)-3-phenylpropanamide, 3f

Yield: 47 mg (30%); yellow powdemp: 166-167C; 'H NMR (400 MHz, MeODd"): & = 2.75 (tJ = 7.6,
2H, CH,CO), 3.02 (tJ = 7.6, 2H, G,CH,CO), 7.18 (brs, 1H, NH), 7.14-7.29 (m, 5HHG), 8.64, 8.21 (t,
d,J=2.1, 2.1, 1H, 2H, §); °C NMR (100 MHz, MeODd": & = 32.3, 39.8, 113.7, 119.9, 127.4, 129.5,
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129.6, 142.0, 142.6, 150.1, 174.2; HRMS (ESI-TA@tcd for GsH1aNsOsNa (M+Na)': 338.0747, found:
338.0747; IR (KBrymay/cnit) = 3357 (NH), 1710 (CON), 1540 (NO).

2.7.N-(4-bromophenyl)-3-phenylpropanamide, 3h

Yield: 148 mg (98%); colorless powdenp: 150-151°C; *H NMR (400 MHz, CDCJ): & = 2.65 (tJ = 7.5,
2H, CH,CO), 3.05 (t,J = 7.5, 2H, ®,CH,CO), 7.00 (brs, 1H, NH), 7.21-7.41(m, 9HgHG, CsHs); 1°C
NMR (100 MHz, CDC})): 6 = 31.5, 39.5, 116.9, 121.4, 126.5, 128.4, 128319, 136.8, 140.5, 170.3;
HRMS (ESI-TOF): Calcd for GH:,NOBrNa (M+Nay}: 326.0151, found: 326.0112; IR (KBrmchm'l) =
3298 (NH), 1658 (CON).

2.8.N-(4-iodophenyl)-3-phenylpropanamide, 3i

Yield: 165 mg (94%); colorless powdenp: 163-165°C; 'H NMR (400 MHz, CDCJ): & = 2.65 (t,J = 7.5,
2H, CH,CO), 3.04 (tJ = 7.5, 2H, ®,CH,CO), 6.95 (brs, 1H, NH), 7.19-7.32, 7.57-7.61 (m,7H, 2H,
CeHa, CsHs); 1*C NMR (100 MHz, CDG)): & = 31.5, 39.6, 87.4, 121.7, 126.5, 128.4, 128.7,5,3137.9,
140.5, 170.3; HRMS (ESI-TOF): Calcd fogs81JNONa (M+Na): 374.0012, found: 373.9984; IR (KBr,
Vma/cm®) = 3298 (NH), 1655 (CON).

2.9.N-(4-cyanophenyl)-3-phenylpropanamide, 3j

Yield: 109 mg (87%); colorless powdenp: 115-117C; 'H NMR (400 MHz, DMSOd®): & = 2.68 (t,J =

7.6, 2H, CHCO), 2.91 (tJ = 7.6, 2H, ®,CH,CO), 7.18-7.30 (M, 5H3eHs), 7.72-7.90 (m, 4H, ),
10.36 (s, 1H, NH)}3C NMR (100 MHz, DMSOdB): 6 = 30.4, 37.9, 104.6, 118.9, 119.0, 125.9, 128.1,
128.2, 133.2, 140.9, 143.3, 171.2; HRMS (ESI-TOE3cd for GgH1sN,O (M+H)": 251.1179, found:
251.1172; IR (KBryma/cm™) = 3257 (NH), 2218 (CN), 1672 (CON).

2.10.N,3-diphenylpropanamide, 3k

Yield: 106 mg (94%); colorless powdenp: 130-133C; *H NMR (400 MHz, CDCJ): & = 2.67 (tJ = 7.7,
3H, CH,CO), 3.07 (tJ = 7.7, 2H, G1,CH,CO), 6.96 (brs, 1H, NH), 7.08-7.44 (m, 10HHx2);°C NMR
(100 MHz, CDC}): 6 = 31.6, 39.5, 119.9, 124.3, 126.4, 128.4, 12&1,0, 137.7, 140.6, 170.3; HRMS
(ESI-TOF): Calcd for GH;sNONa (M+NaJ: 248.1046, found: 248.1068; IR (KB¥ma/cm') = 3322
(NH), 1650 (CON).

2.11.N-(4-methylphenyl)-3-phenylpropanamide, 3l
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Yield: 114 mg (95%); colorless powdenp: 97-98°C; *H NMR (400 MHz, CDCY): § = 2.30 (s, 3H, C#),
2.30 (t,J = 7.4, 2H, CHCO), 3.06 (tJ = 7.4, 2H, ®,CH,CO), 6.90 (brs, 1H, NH), 7.09-7.11, 7.20-7.33
(m, m, 2H, 7H, GH4, CeHs); °C NMR (100 MHz, CDGJ): 6 = 20.9, 31.6, 39.5, 120.0, 126.4, 128.4, 128.7,
129.5, 134.0, 135.1, 140.7, 170.1; HRMS (ESI-TAElcd for GeH:/NONa (M+Naj: 262.1202, found:
262.1172; IR (KBryma/cm'®) = 3300 (NH), 1657 (CON).

2.12.N-(4-hydroxyphenyl)-3-phenylpropanamide, 3m

Yield: 111 mg (92%); colorless powdenp: 143-145C; 'H NMR (400 MHz, DMSOd®): & = 2.55 (t,J =
7.7, 2H, CHCO), 2.88 (tJ = 7.7, 2H, @&1,CH,CO), 6.65-6.68, 7.15-7.34 (m, m, 2H, 7HHG, CeHs), 9.14

(s, 1H, NH), 9.63 (s, 1H, OHJ*C NMR (100 MHz, DMSOd°): § = 30.9, 37.7, 114.9, 120.7, 125.8, 128.1,
128.2, 130.8, 141.2, 153.0, 169.5; HRMS (ESI-TGARtcd for GsH1sNO,Na (M+Na): 264.0995, found:
264.1019; IR (KBryma/cm™) = 3325 (OH), 1660 (CON).

2.13.N-(2-ethoxyphenyl)-3-phenylpropanamide, 3n

Yield: 120 mg (89%); colorless powdenp: 79-80°C; 'H NMR (400 MHz, CDC)): & = 1.41 (t,J = 7.0,
3H, CHiCH,0), 2.71 (t,J = 7.8, 2H, CHCO), 3.07 (tJ = 7.8, 2H, ®&,CH,CO), 4.07 (qJ = 7.0, 2H,
CHsCH,0), 6.83-7.32, 8.38-8.40 (m, m, 8H, 1HHG, CeHs), 7.73 (brs, 1H, NH)**C NMR (100 MHz,
CDCl): 6 = 14.8, 31.5, 39.7, 64.1, 110.8 119.8, 121.0,3,2826.3, 127.7, 128.4, 128.6, 140.8, 146.9,
170.1; HRMS (ESI-TOF): Calcd for 1@H10NO,Na (M+Na): 292.1308, found: 292.1268; IR (KBr,
VmadCm'Y) = 3298 (NH), 1653 (CON).

2.14.N-(4-ethoxyphenyl)-3-phenylpropanamide, 30

Yield: 132 mg (98%); colorless powdenp: 131-133C; *H NMR (400 MHz, CDCJ): § = 1.39 (tJ = 7.0
Hz, 3H, H;CH,0), 2.64 (t,J = 7.4, 2H, CHCO), 3.06 (t,J = 7.4, 2H, G1,CH,CO), 4.00 (qJ = 7.0,
CH4CH,0), 6.82-6.84, 7.18-7.36 (m, m, 3H, 7H, NHHG, CsHs); 1*C NMR (100 MHz, CDGJ): & = 14.8,
31.7, 39.4, 63.7, 114.8, 121.9, 126.4, 128.4, 128@.7, 140.7, 155.9,170.1; HRMS (ESI-TOF): Cdtad
CiH1NO,Na (M+Na)': 292.1308, found: 292.1313; IR (KBhya/cm’®) = 3292 (NH), 1652 (CON).

2.15.N-(4-mercaptophenyl)-3-phenylpropanamide, 3p

Yield: 118 mg (92%); colorless powdenp: 197-199C; *H NMR (400 MHz, CDCJ): & = 2.65 (tJ = 7.5,
2H, CH,CO), 3.05 (tJ = 7.5, 2H, ®,CH,CO), 3.41 (s, 1H, SH), 6.90 (brs, 1H, NH), 7.2237(&, 9H,
CeéHa, CsHs); °C NMR (100 MHz, DMSOd®): § = 30.6, 37.8, 119.7, 125.9, 128.1, 128.2, 129380,
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139.3, 141.0, 170.5; HRMS (ESI-TOF): Calcd faptsN,0,S,Na (M+Na): 535.1484, found: 535.1502;
IR (KB, Vma/cm') = 3326 (NH), 1658 (CON).

2.16.N-(4-tert-butylphenyl)-3-phenylpropanamide, 3q

Yield: 135 mg (96%); colorless powdenp: 139-141°C; '"H NMR (400 MHz, DMSO€®): & = 1.25 (s, 9H,
CHsx3), 2.59 (t, 2H,) = 7.7, CHCO), 2.90 (t, 2H,) = 7.7, G4,CH,CO), 7.18-7.31, 7.46-7.49 (m, m, 7H,
2H, GHa, CeHs), 9.82 (s, 1H, NH)**C NMR (100 MHz, DMSOd®): & = 30.8, 31.1, 33.9, 118.8, 125.1,
125.8, 128.1, 128.2, 136.6, 141.1, 145.2, 170.0MBRESI-TOF): Calcd for GH,,NO (M+H)": 282.1852,
found: 282.1866; IR (KBVma/chi?) = 3282 (NH), 1655 (CON).

2.17.N-mesityl-3-phenylpropanamide, 3r

Yield: 100 mg (75%); colorless powdenp: 171-173C; 'H NMR (400 MHz, DMSOd®): § = 1.97-199 (m,
6H, CH;%2), 2.20 (s, 3H, CH), 2.62 (t,J = 7.5, 3H, CHCO), 2.92 (tJ = 7.5, 2H, ®,CH,CO), 6.83 (s, 2H,
CeHy), 7.19-7.29(m, 5H, @s), 9.09 (s, 1H, NH)**C NMR (100 MHz, DMSOd®): & = 17.8, 20.4, 31.1,
36.7, 125.8, 128.1, 128,1, 128.2, 128.6, 132.5,713¥85.1135.7, 141.1, 169.8; HRMS (ESI-TOF): Calcd
for C;gH2:NONa (M+Na): 290.1515, found: 290.1546; IR (KBhy/cm?) = 3228 (NH), 1646 (CON).

3. Typical Procedure for amidation of Cbz;-Phe-OH (5aL) with 4-ethoxyaniline 20

To a colorless solution of ChzPhe-OH5aL (150 mg, 0.50 mmol) in MeCN (10 mL) were added at
0°C EtN (77 puL, 0.55 mmol, 1.1 equiv) and CIGEt (53puL, 0.55 mmol, 1.1 equiv). After stirring for 30
min at 0°C, a solution of 4-ethoxyanilin2o (75 mg, 0.55 mmol, 1.1 equiv) in,8 (0.75 mL) was added at
0°C to the colorless suspension. The mixture wasestifor 24 h at 0C and concentrated in vacuo. To the
residue was added a 1.0 M aqueous HCI to pH 2.r@fidted suspension was extracted with EtOAc (50
mL), washed with brine (10 mL), and 1.0 M aqueowdd8GC; (5ml), and dried over MgSQOThe crude
product was purified by chromatography on silichwgéh a 3:1 mixture of hexane and EtOAc includiag

small amount of acetic acid to afford 201 mg (96&#dy of Cbz;-Phe-NHGH-4-OEt6alo.

3.1. Cbz-L-Phe-NHGH-4-OEt 6al.o
Yield: 201 mg (96%); colorless powder99% ee; mp: 178-179C; [0]p>° = +69.0 ¢ 0.99, DMSO);'H
NMR (400 MHz, CDCJ): & = 1.39 (t,J = 7.0, 3H, G15CH,0), 3.10 (dd,) = 6.0,7.8, 1H, GH,CeHs), 3.21
(dd, J = 6.0, 6.3, 1H, EgCeHs), 3.99 (q,d = 7.0, 3H, CHCH,0), 4.48 (m, 1H, CHCO), 5.12 (s, 2H,
OCH,CgHs), 5.42 (brs, 1H, NH), 6.78-6.82, 7.18-7.37 (m,2H, 13H, NH, GH,, CsHsx2); °C NMR (100
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MHz, CDCk): & = 14.8, 38.7, 57.0, 63.7, 67.3, 114.7, 122.0 12I28.1, 128.3, 128.6, 128.9, 129.4, 129.9,
136.0, 156.1, 168.7; HRMS (ESI-TOF): Calcd fogteN,0O,Na (M+Na): 441.1785, found: 441.1795; IR
(KBr, Vma/cm) = 3292 (NH), 1693 (CON), 1653 (CON). The enantoim ratio was determined by
HPLC (Chiralcel OD: hexane/2-propanol = 90/10)15 min.

3.2. Cbz-D-Phe-NHGH-4-OEt 6aDo
Yield: 203 mg (97%); colorless powder99% ee; mp: 178-179C; [a]p>" = -70.0 ¢ 0.98, DMSO). The
enantiomeric ratio was determined by HPLC (Chida@e: hexane/2-propanol = 90/10): 17 min.

3.3. Cbz-L-Phe-NHGH +-2-OEt 6alL.n

Yield: 190 mg (91%); colorless powder99% ee; mp: 143-145C; [o]p®° = -17.8 € 0.98, DMSO):H
NMR (400 MHz, CDCY): § = 1.30 (t,J = 7.0, 3H, G1sCH,0), 3.18 (d,J = 6.6, 2H, ®,CeHs), 3.97 (q.J =
7.0, 2H, CHCH,0), 4.58-4.59 (m, 1H, CHCO), 5.11 (s, 2H, BCsHs), 5.39 (brs, 1H, NH), 6.80, 6.94,
7.02,833(d, t, t d)=8.1, 7.8, 7.8, 8.0 Hz, 1H, 1H, 1H, 1HgG), 7.20-7.32 (m, 10H, &isx2), 8.11
(brs, 1H, NH);*C NMR (100 MHz, CDGJ)): & = 14.7, 38.8, 64.2, 67.2, 111.0, 119.7, 120.9,1,2127.1,
128.0, 128.2, 128.6, 128.8, 129.3, 136.1, 136.3,414.68.7; HRMS (ESI-TOF): Calcd for4E,6N.,OsNa
(M+Na)": 441.1785, found: 441.1795; IR (KBrma/cm®) = 3303 (NH), 1680 (CON), 1597 (CON). The
enantiomeric ratio was determined by HPLC (Chilae: hexane/2-propanol = 90/10): 26 min.

3.4. Cbz-D-Phe-NHGH-2-OEt 6aDn
Yield: 190 mg (91%); colorless powder99% ee; mp: 143-14%; [o]p>" = +17.8 € 0.98, DMSO). The
enantiomeric ratio was determined by HPLC (Chilae: hexane/2-propanol = 90/10): 51 min.

3.5. Cbz-L-Phe-NHGH-4-OH 6aLm

Yield: 172 mg (88%); colorless powder99% ee; mp: 184-18%C; [u]p>° = +65.8 ¢ 1.02, DMSO);H
NMR (400 MHz, DMSO€®): § = 2.83 (dd,J = 9.2, 10.3, 1H, B,CeHs), 3.00 (dd,J = 9.2, 4.4, 1H,
CHgCgHs), 4.36-4.37 (m, 1H, CHCO), 4.96 (s, 2H, BLC¢Hs), 6.68-6.71, 7.18-7.37, 7.64-7.70 (m, m, m,
2H, 12H, 1H, NH, @H,, CHsx2), 9.20 (s, 1H, NH), 9.85 (s, 1H, OHJC NMR (100 MHz, DMSOd®): §

= 37.6, 56.7, 65.2, 115.0, 121.0, 126.2, 127.4,68,2128.0, 128.2, 129.2, 130.4, 137.9, 153.3, 13%8.7,
HRMS (ESI-TOF): Calcd for §H,,N,04Na (M+Na): 413.1472, found: 413.1503; IR (KBfya/cm™) =
3649 (OH), 1687 (CON), 1660 (CON). The enantiomeatio was determined by HPLC (Chiralcel OD:
hexane/2-propanol = 90/10); 26 min.
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3.6. Cbz-D-Phe-NHGH s-4-OH 6aDm
Yield: 172 mg (88%); colorless powder99% ee; mp: 184-18%; [a]p>° = -65.5 ¢ 1.00, DMSO). The

enantiomeric ratio was determined by HPLC (Chida@®: hexane/2-propanol = 90/10): 30 min.

3.7. Cbz-L-Val-NHCgH4-4-OEt 6bLo

Yield: 179 mg (97%); colorless powder99% ee; mp: 210-21%; [o]p>" = +37.1 ¢ 1.02, DMSO);H
NMR (400 MHz, CDCY): § = 1.00 (d, dJ = 6.8, 6.8, 3H, 3H, (B3),CH), 1.39 (tJ = 7.0, 3H, G5CH,0),
2.18-2.26 (m, 1H, B(CHy),), 4.00 (q,d = 7.0, 2H, CHCH,0), 4.07 (m, 1H, CHCO), 5.11 (s, 2H,
OCH,CgHs), 5.44 (brs, 1H, NH), 6.81-6.83, 7.34-7.37 (m,2H, 7H, GHa, CHs), 7.76 (brs, 1H, NH)}''C
NMR (100 MHz, CDCJ): 6 = 14.8, 18.0, 19.4, 30.9, 61.3, 63.7, 67.3, 11422.0, 128.1, 128.3, 128.6,
130.3, 136.1, 156.1, 156.7, 169.4; HRMS (ESI-TA@Rtcd for G;H»6N,0,Na (M+Na): 393.1785, found:
393.1732; IR (KBr,Vma/cm®) = 3300 (NH), 1689 (CON), 1654 (CON). The enantoim ratio was
determined by HPLC (Chiralcel OD: hexane/2-propan80/10):T, 10 min.

3.8. Cbz-D-Val-NHGH 4-4-OEt 6bDo
Yield: 183 mg (99%); colorless powderd9% ee; mp: 210-21Z; [a]p>" = -36.0 ¢ 1.00, DMSO). The
enantiomeric ratio was determined by HPLC (Chilae: hexane/2-propanol = 90/10): 11 min.

3.9. Cbz-L-Ala-NHCg¢H,-4-OEt 6¢Lo

Yield: 140 mg (82%); colorless powder99% ee; mp: 163-164C; [a]p>* = +1.2 € 1.02, DMSO):*H
NMR (400 MHz, CDC)): & = 1.40 (t,J = 7.0, 3H, G5CH,0), 1.46 (dJ = 7.0, 3H, ®G;CH), 4.01 (qJ =
7.0, 2H, CHCH,0), 4.22-4.37 (m, 1H, CHCO), 5.13 (s, 2H, BC4Hs), 5.28 (brs, 1H, NH), 6.83-6.86,
7.32-7.38 (M, m, 2H, 7H, d8ls, CsHs), 7.94 (brs, 1H, NH)**C NMR (100 MHz, CDGJ): & = 14.8, 18.3,
51.1, 63.7, 67.3, 114.7, 121.8, 128.0, 128.3, 12®8.6, 130.6, 136.0, 155.9, 170.3; HRMS (ESI-TOF)
Calcd for GgH»N,O4Na (M+Na): 365.1472, found: 365.1440; IR (KBrmaJcm'l) = 3357 (NH), 1693
(CON), 1668 (CON). The enantiomeric ratio was dateed by HPLC (Chiralcel OD: hexane/2-propanol
= 90/10):T, 14 min.

3.10. Cbz-D-Ala-NHGH ;-4-OEt 6¢cDo

Yield: 156 mg (91%); colorless powded8% ee; mp: 163-164C; [a]p>* = -1.1 € 0.98, DMSO). The

enantiomeric ratio was determined by HPLC (Chida®: hexane/2-propanol = 90/10): 16 min.
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3.11. Cbz-L-Met-NHC¢H 4-4-OEt 6dLo

Yield: 171 mg (85%); colorless powder99% ee; mp: 129-130C; [0]p>" = +14.7 ¢ 0.98, DMSO);H
NMR (400 MHz, DMSOe®): § = 1.30 (t,J = 6.9, 3H, G1,CH,0), 1.86-1.91 (m, 4H, C}H,S), 2.05 (s,
3H, CHS), 3.98 (qJ = 6.9, 2H, CHCH,0), 4.20-4.21 (m, 1H, CHCO), 5.03 (s, 1H, B4C¢Hs) 6.86,
7.49 (d, dJ = 8.4, 8.4, 2H, 2H, @,), 7.31-7.64 (m, 6H, NH, &s), 9.90 (s, 1H, NH)**C NMR (100
MHz, DMSOdG): 6= 145, 14.6, 29.7, 31.5, 54.5, 63.0, 65.4, 114R).8, 126.9, 127.6, 127.7, 128.2,
131.8, 136.9, 154.4, 156.0, 169.9; HRMS (ESI-TARtcd for G;H»6N,0,Na (M+Nay): 425.1505, found:
425.1554; IR (KBr,vma/cm?) = 3288 (NH), 1689 (CON), 1653 (CON). The enantoim ratio was
determined by HPLC (Chiralcel OD: hexane/2-propan80/10):T, 15 min.

3.12. Cbz-D-Met-NHGH 4-4-OEt 6dDo
Yield: 177 mg (88%); colorless powder99% ee; mp: 129-138C; [a]p>° = -13.8 ¢ 1.00, DMSO). The
enantiomeric ratio was determined by HPLC (Chilae: hexane/2-propanol = 90/10): 20 min.

3.13. Cbz-L-Pro-NHCsH 4-4-OEt 6eLo

Yield: 182 mg (99%); colorless powder99% ee; mp: 112-112C; [o]p®° = -38.3 € 0.99, DMSO):H
NMR (400 MHz, CDC}): 6 = 1.40 (t,J = 6.9, 3H, ®1sCH,0), 1.95-2.55, 3.46-3.53 (m, m, 4H, 2H,
pyrrolidinyl H), 4.01(q,J = 6.9, 2H, CHCH,0), 4.39-4.52 (m, 1H, CHCO), 5.21 (s, 2H, BLHs),
6.81-6.83, 7.26-7.37 (M, m, 2H, 8H, NHstG, CsHs), 8.97 (brs, 1H, NH)*C NMR (100 MHz, CDGJ): §
=14.8,24.7,27.7,47.1, 61.0, 61.4, 63.7, 6718,7, 121.4, 128.0, 128.2, 128.4, 128.6, 131.2,31365.5,
156.7, 169.2; HRMS (ESI-TOF): Calcd fop:6,4N,0,Na (M+Na): 391.1628, found: 391.1620; IR (KBr,
Vma/cm®) = 3269 (NH), 1709 (CON), 1664 (CON). The enantoim ratio was determined by HPLC
(Chiralcel AS: hexane/2-propanol = 90/1T)56 min.

3.14. Cbz-D-Pro-NHGH ;-4-OEt 6eDo
Yield: 182 mg (99%); colorless powder99% ee; mp: 112-114C; [o]p>" = +40.8 ¢ 1.02, DMSO). The
enantiomeric ratio was determined by HPLC (Chila&®: hexane/2-propanol = 90/10): 20 min.

3.15. Boc-L-Phe-NHGH 4-4-OEt 6fLo

Yield: 190 mg (99%); colorless powder99% ee; mp: 159-164C; [0]p>! = +75.9 € 0.98, DMSO);H

NMR (400 MHz, DMSO€?): § = 1.23-1.32 (m, 12H, BsCH,0, (CHy):C), 2.82 (ddJ = 10.3,10.4, 1H,
CHACqHs), 2.97 (dd,J = 8.8,10.3, 1H, GlsCeHs), 3.98 (q,d = 7.0, 2H, CHCH,0), 4.25-4.31 (m, 1H,
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CHCO), 6.87, 7.46 (d, dl = 9.0, 9.0, 2H, 2H, 1), 7.06-7.31 (m, 6H, NH, §ls), 9.87 (s, 1H, NH)}C
NMR (100 MHz, DMSO€P): & = 14.6, 28.1, 56.3, 63.0, 77.9, 114.3, 120.7, 22627.9, 129.1, 131.9,
137.9, 154.4, 155.3, 170.1; HRMS (ESI-TOF): Caled €H»N,O,Na (M+Na): 407.1941, found:
407.1909; IR (KBr,Vma/cm?) = 3344 (NH), 1691 (CON), 1664 (CON). The enantoim ratio was
determined by HPLC (Chiralcel OD: hexane/2-propan80/10):T, 13 min.

3.16. Boc-D-Phe-NHGH ;-4-OEt 6fDo
Yield: 190 mg (99%); colorless powded5% ee; mp: 159-161C; [a]p>! = -75.6 € 0.99, DMSO). The
enantiomeric ratio was determined by HPLC (Chida®: hexane/2-propanol = 90/10}): 8 min.

3.17. Fmoc-L-Phe-NHGH ;-4-OEt 6gLo

Yield: 207 mg (82%); colorless powder99% ee; mp: 218-220C; [a]p?° = +20.5 ¢ 1.00, DMSO)H
NMR (400 MHz, DMSO€®): § = 1.31 (t,J = 7.0, 3H, G3CH,0), 2.89 (dd,) = 10.2, 10.3, 1H, BACeHs),
3.02 (ddJ= 4.7, 10.2, 1H, BgCeHs), 3.98 (qJ = 7.0, 2H, CHCH,0), 4.16-4.19 (m, 3H, CHC}®), 4.38
(m, 1H, CHCO), 6.86-6.88, 7.20-7.89 (m, m, 2H, 16HH, CsHa, CeHs, fluorenyl H), 9.97 (s, 1H, NH);
%C NMR (100 MHz, DMSQd®): & = 14.6, 37.5, 46.5, 56.7, 63.0, 65.6, 114.3, 12020.7, 125.2, 125.3,
126.2, 126.9, 127.5, 128.0, 129.2, 131.8, 137.9).614143.6, 143.7, 154.5, 155.8, 169.8; HRMS
(ESI-TOF): Calcd for GHsN,OsNa (M+Na): 529.2098, found: 529.2053; IR (KB\vmaJcm'l) = 3307
(NH), 1691 (CON), 1654 (CON). The enantiomeric catvas determined by HPLC (Chiralcel ADH:
hexane/2-propanol = 90/10); 29 min.

3.18. Fmoc-D-Phe-NHGH4-4-OEt 6gDo
Yield: 240 mg (95%); colorless powder99% ee; mp: 218-228C; [a]p?’ = -15.6 ¢ 1.00, DMSO). The
enantiomeric ratio was determined by HPLC (Chifa#d@H: hexane/2-propanol = 90/10); 11 min.

3.19.0-benzyl-Boc-L-Ser-NHGsH 4-4-OEt 6hLo

Yield: 193 mg (93%); colorless powder99% ee; mp: 104-10%C; [0]p*° = +13.8 ¢ 1.02, DMSO)H
NMR (400 MHz, DMSO€®): & = 1.30 (t,J = 7.0, 3H, ®G5CH,0), 1.39 (s, 9H, (CH)sC), 3.60-3.65 (m, 2H,
CH,CHCO), 3.98 (g, = 7.0, 2H, CHCH,0), 4.34-4.38 (m, 1H, CHCO), 4.50 (s, 2H, BCgHs), 6.87,
7.49 (d, dJ = 6.9, 6.9, 2H, 2H, ), 6.98-7.33 (m, 6H, NH, &is), 9.91 (s, 1H, NH)*C NMR (100
MHz, DMSOd®): & = 14.6, 28.1, 54.8, 63.0, 69.8, 72.0, 78.2, 114287, 127.3, 128.1, 131.8, 138.1,
154.5, 155.1, 168.3; HRMS (ESI-TOF): Calcd foghzN,OsNa (M+Na)': 437.2047, found: 437.2057; IR

31



(KBI, Vma/cm?) = 3350 (NH), 1687 (CON), 1664 (CON). The enantoim ratio was determined by
HPLC (Chiralcel OD: hexane/2-propanol = 95/8)19 min.

3.20.0-benzyl-Boc-D-Ser-NHGH 4-4-OEt 6hDo
Yield: 197 mg (95%); colorless powded8% ee; mp: 104-105C; [a]p>° = -12.8 ¢ 1.00, DMSO). The
enantiomeric ratio was determined by HPLC (Chilae: hexane/2-propanol = 95/9); 16min.

3.21.Strityl-Fmoc-L-Cys-NHC ¢H4-4-OEt 6iLo

Yield: 271 mg (77%); colorless powd&i9% ee; mp: 191-19%; [a]p>° = -10.0 € 0.98, DMSO)!H NMR
(400 MHz, CDC}): 6 =1.39 (tJ = 7.0, 3H, Gi;CH;0), 2.71-2.79 (m, 2H, S&CHCO), 3.84-3.87 (m, 1H,
SCH,CHCO), 3.99 (qJ = 7.0, 2H, CHCH,0), 4.18 (t,J = 6.8, 1H, GICH,OCO), 4.42 (dJ = 6.8, 2H,
CHCH,0CO), 5.01 (brs, 1H, NH), 6.80-6.82, 7.18-7.76 (m,2H, 26H, GH,4, NH, GHsx3, fluorenyl H);
*C NMR (100 MHz, CDG)): & = 14.8, 33.6, 47.1, 54.7, 64.0, 67.1, 67.5, 11420,0, 121.7, 125.0, 127.0,
127.1, 127.8, 128.1, 129.6, 130.1, 141.3, 143.6..314156.0, 167.9; HRMS (ESI-TOF): Calcd for
CusHiN,0,SNa (M+Naj: 727.2602, found: 727.2616; IR (KB¥ma/cm®) = 3292 (NH), 1685 (CON),
1662 (CON). The enantiomeric ratio was determingdHFPLC (Chiralcel ADH: hexane/2-propanol =
90/10):T, 64 min.

3.22.Strityl-Fmoc-D-Cys-NHC ¢H 4-4-OEt 6iDo
Yield: 278 mg (79%); colorless powde&6% ee; mp: 191-19%C; [o]p>® = +13.5 € 1.00, DMSO). The
enantiomeric ratio was determined by HPLC (Chidadd@H: hexane/2-propanol = 90/10); 55 min.

3.23. Cbz;-Tyr-NHC gH4-4-OEt 6jLo

Yield: 141 mg (65%); colorless powder99% ee; mp: 170-174C; [a]p>° = +64.4 ¢ 1.01, DMSO);*H
NMR (400 MHz, DMSO€®): & = 1.31 (t,J = 7.0, 3H, G5CH,0), 3.00 (ddJ = 5.1, 9.2, 1H, BACeHa),
3.14 (ddJ = 9.1, 9.2, ®lgCsHa), 3.98 (q,J = 7.0, 2H, CHCH,0), 4.42-4.44 (m, 1H, CHCO), 4.97 (s, 2H,
OCH,CgHs), 6.85-7.69 (m, 14H, &1,x2, NH, GHs), 9.98 (s, 1H, NH), 10.83 (s, 1H, OHJC NMR (100
MHz, DMSOdG): 6 = 14.6, 27.8, 56.0, 63.0, 65.2, 109.8, 111.2,2,1%18.1, 118.5, 120.8, 120.8, 123.8,
127.1, 127.5, 127.6, 128.2, 131.9, 135.9, 136.91.415155.8, 170.2; HRMS (ESI-TOF): Calcd for
CosHoeN,0sNa (M+2Na)': 480.1626, found: 480.1674; IR (KBVma/cm®) = 3413 (OH), 3313 (NH),
1710 (CON), 1668 (CON). The enantiomeric ratio wadetermined by HPLC (Chiralcel ADH:
hexane/2-propanol = 90/10); 62 min.
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3.24. Cbzp-Tyr-NHC ¢H4-4-OEt 6jDo
Yield: 124 mg (57%); colorless powder99% ee; mp: 170-174C; [a]p>° = -62.1 ¢ 1.02, DMSO). The
enantiomeric ratio was determined by HPLC (Chifa#d@H: hexane/2-propanol = 90/10); 81 min.

3.25. Cbz;-Trp-NHC ¢H4-4-OEt 6kLo

Yield: 208 mg (91%); colorless powder99% ee; mp: 181-18%; [0]p>° = +51.5 ¢ 1.00, DMSO);'H
NMR (400 MHz, DMSO€®): & = 1.31 (t,J = 7.0, 3H, G15CH,0), 3.00 (dd,) = 9.3, 5.1, 1H, E-indole),
3.14 (ddJ=5.1, 5.1, 1H, E-indole), 3.98 (gJ = 7.0, 2H, CHCH,0), 4.42-4.44 (m, 1H, CHCO), 4.97 (s,
2H, OH,CeHs), 6.85-7.69 (m, 15H, &4, NH, GHs, indolyl H), 9.98 (s, 1H, NHCO), 10.83 (s, indole
NH); *C NMR (100 MHz, DMSOd°): & = 14.6, 27.8, 56.0, 63.0, 65.2, 109.9, 111.2,2,1418.1, 118.5,
120.8, 120.9, 123.8, 127.2, 127.5, 127.6, 128.2.913136.0, 136.9, 154.4, 155.8, 170.3; HRMS
(ESI-TOF): Calcd for gH»7;N;O,Na (M+Na): 480.1894, found: 480.1883; IR (Kvachm'l) = 3415
(NH), 3299 (NH), 1701 (CON), 1658 (CON). The enamtéric ratio was determined by HPLC (Chiralcel
AS: hexane/2-propanol = 99/1I); 121 min.

3.26. Cbzp-Trp-NHC ¢H;-4-OEt 6kDo
Yield: 208 mg (91%); colorless powder99% ee; mp: 181-18X; [a]p>° = -51.1 ¢ 1.02, DMSO). The
enantiomeric ratio was determined by HPLC (Chila&®: hexane/2-propanol = 90/10): 87 min.

3.27. Boc-GIn-NHC gH4-4-OEt 6ILo

Yield: 144 mg (79%); colorless powder99% ee; mp: 176-178C; [a]p>° = +6.8 € 1.01, DMSO);*H
NMR (400 MHz, DMSOd®): & = 1.30 (t,J = 7.0, 3H, ®G5CH,0), 1.38 (s, 9H, (CH)5C), 1.75-1.87 (m, 2H,
CH,CH), 2.09-2.16 (m, 2H, B,CH,CH), 3.95-4.02 (m, 3H, C¥H,O, CHCO), 6.78 (s, 1H, NkJ, 6.86,
7,48 (d, dJ=9.0, 9.0, 2H, 2H, §,), 7.00 (dJ = 7.8, 1H, NH), 7.29 (s, 1H, N}, 9.80 (s, 1H, NH)*C
NMR (100 MHz, DMSO€®): § = 14.6, 27.6, 28.1, 31.5, 54.6, 63.0, 78.0, 11#28,7, 131.9, 154.4, 155.3,
170.3, 173.5; HRMS (ESI-TOF): Calcd fordH,7/NsOsNa (M+Na): 388.1843, found: 388.1835; IR (KB,
Vma/CM) = 3388 (NH), 3336 (NH), 3194 (NH), 1681 (CON),586(CON). The enantiomeric ratio was
determined by HPLC (Chiralcel OD: hexane/2-propan®0/10):T, 19 min.

3.28. Bocp-GIn-NHC ¢H4-4-OEt 61Do
Yield: 146 mg (80%); colorless powder99% ee; mp: 176-17&C; [a]p>* = -6.4 ¢ 1.01, DMSO). The
enantiomeric ratio was determined by HPLC (Chida®: hexane/2-propanol = 90/10): 14 min.
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3.29.N"*-Boc-N*-Cbz- -Lys-NHCgH;-4-OEt 6mLo

Yield: 241 mg (94%); colorless powder99% ee; mp: 139-146C; [a]p>° = +5.4 € 1.00, DMSO);*H
NMR (400 MHz, DMSO€®): & = 1.30 (t,J = 7.0, 3H, ®G1;CH,0), 1.38 (s, 9H, (CH)sC), 1.54-1.58 (m, 6H,
NHCH,(CH,)3), 2.95-2.99 (m, 2H, NHB,(CH,)3), 3.95-4.02 (m, 3H, C¥CH,0O, CHCO), 4.99 (s, 2H,
OCH,CgHs), 6.90, 7.48 (d, dJ = 9.0, 9.0, 2H, 2H, £H4), 7.00 (d,J = 7.8, 1H, NHCH), 9.80 (s, 1H,
NHCO); **C NMR (100 MHz, DMSOd?): § = 14.6, 22.8, 28.1, 29.0, 31.5, 54.9, 63.0, 63709, 114.3,
120.6, 127.6, 128.2, 132.0, 137.2, 154.3, 155.8,018.70.7; HRMS (ESI-TOF): Calcd forfi3;N30sNa
(M+Na)": 522.2575, found: 522.2547; IR (KBIna/cm’™) = 3338 (NH), 1695 (CON), 1666 (CON). The
enantiomeric ratio was determined by HPLC (Chilae: hexane/2-propanol = 90/10): 37 min.

3.30.N*-BocN*-Cbz-p-Lys-NHC¢H 4-4-OEt 6mDo
Yield: 249 mg (97%); colorless powder99% ee; mp: 139-146C; [o]p>* = -5.5 € 1.02, DMSO). The
enantiomeric ratio was determined by HPLC (Chilae: hexane/2-propanol = 90/10): 15 min.

4. Typical Procedure for amidation of lauric acid & with 4-ethoxyaniline 20

To a colorless solution of lauric acith (100 mg, 0.50 mmol) in MeCN (10 mL) were added &t
Et:N (77 puL, 0.55 mmol, 1.1 equiv) and CIGEt (53puL, 0.55 mmol, 1.1 equiv). After stirring for 30 min
at 0°C, a solution of 4-ethoxyanilingo (75 mg, 0.55 mmol, 1.1 equiv) in,8 (0.75 mL) was added afO
to the colorless suspension. The mixture was dtifoe 24 h at °C and concentrated in vacuo. To the
residue was added a 1.0 M aqueous HCI to pH 2.r@fidted suspension was extracted with EtOAc (50
mL), washed with brine (10 mL), and 1.0 M aqueoadd8C; (5ml), and dried over MgSQOThe crude
product was purified by chromatography on silichwigh a 2:1 mixture of hexane and EtOAc to afford

155 mg (97% vyield) oN-(4-ethoxyphenyl)lauramid@ao.

4.1.N-(4-ethoxyphenyl)lauramide 8ao

Yield: 155 mg (97%); colorless powdenp: 104-105°C; *H NMR (400 MHz, CDCJ): & = 0.88 (t,J = 6.8,
3H, CH3(CHy)10), 1.26-1.41 (m, 16H, CHICH,)s), 1.40 (t,J = 7.0, 3H, ®;CH,0), 1.70-1.75 (m, 2H,
CH2CH>CO), 2.32 (tJ = 7.6, 2H, CHCH,CO), 4.01 (qJ = 7.0, 2H, CHCH0), 6.84, 7.39 (d, d] = 8.9,
8.9, 2H, 2H, GH,), 7.03 (brs, 1H, NHCO)**C NMR (100 MHz, CDG)): § = 14.1, 14.8, 22.7, 25.7, 29.3,
29.3, 29.4, 29.5, 29.6, 31.9, 37.7, 63.7, 114.8,71,2131.0, 155.7, 171.2; HRMS (ESI-TOF): Calcd for
CooHsaNO,Na (M+Na)': 342.2404, found: 342.2403; IR (KBhya/cm®) = 3302 (NH), 1653 (CON).
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4.2.N-(4-ethoxyphenyl)palmitamide 8bo

Yield: 184 mg (98%); colorless powdenp: 111-112C; *H NMR (400 MHz, CDCJ): & = 0.88 (t,J = 6.8,
3H, CH3(CHy)14), 1.25-1.41 (m, 24H, CKICH,)1,), 1.40 (t,J = 7.0, 3H, G1;:CH,0), 1.70-1.71 (m, 2H,
CH,CH>CO), 2.32 (tJ = 7.6, 2H, CHCH,CO), 4.01 (qJ = 7.0, 2H, CHCH 0), 6.84, 7.39 (d, d] = 9.0,
9.0, 2H, 2H, GH,), 7.05 (brs, 1H, NHCO)'*C NMR (100 MHz, CDG)): & = 14.1, 14.8, 22.7, 25.7, 29.3,
29.4, 29.4, 29.5, 29.6, 29.7, 29.7, 31.9, 37.77,6814.8, 121.7, 131.0, 155.7, 171.3; HRMS (ESI-I.OF
Calcd for G4HiNO,Na (M+Na): 398.3030, found: 398.3046; IR (KBVma/cm™) = 3302 (NH), 1658
(CON).

4.3.N-(4-ethoxyphenyl)oleamide 8co

Yield: 178 mg (89%); colorless powdenp: 66-67°C; *H NMR (400 MHz, DMSO€®): 5 = 0.84 (tJ = 7.0,
3H, CH3(CH,);), 1.23-1.31 (m, 23H, B,CH,0, CHy(CH,)s, (CH,),CH,CH,CO), 1.54-1.57 (m, 2H,
CH,CH,CO), 1.97-1.98 (m, 4H, 1I8,CHx2), 2.24 (tJ = 7.4, 2H, CHCO), 3.97 (q,J = 7.0, 2H, CHCH,0),
5.28-5.36 (m, 2H, CHx2), 6.83, 7.46 (d J& 8.9, 8.9, 2H, 2H, g,), 9.67 (s, 1H, NHCO)?*C NMR (100
MHz, DMSO-d®): & = 13.9, 14.6, 22.1, 25.2, 26.6, 26.6, 28.6, 2837, 28.8, 29.1, 31.3, 36.3, 63.0, 114.2,
120.5, 129.5, 129.6, 132.5, 154.2, 170.6; HRMS {(ESF): Calcd for GgH,sNO,Na (M+Na): 424.3186,
found: 424.3218; IR (KBVma/cni') = 3296 (NH), 1653 (CON).

4.4. (Z,12Z)-N-(4-ethoxyphenyl)linoleamide8do

Yield: 186 mg (93%); yellow powdemp: 47-48°C; *H NMR (400 MHz, CDC}): 8 = 0.89 (t,J = 6.9, 3H,
CH3(CH,)s), 1.27-1.40 (m, 14H, CHCH,)s, (CH,).CH,CH,CO), 1.39 (t,J = 7.0, 3H, ®sCH,0),
1.66-1.71 (m, 2H, B,CH,CO), 2.02-2.07 (m, 4H, C}&H,CHx2), 2.30 (tJ = 7.6, 2H, CHCO), 2.75-278
(m, 2H, CHGH,CH), 3.99 (qJ = 7.0, 2H, CHCH,0), 5.29-5.40 (m, 4H, CHx4), 6.81, 7.38 (dJd 9.0,
9.0, 2H, 2H, GH,), 7.42 (brs, 1H, NHCO):*C NMR (100 MHz, CDG)): § = 14.1, 14.8, 22.6, 25.7, 25.7,
29.2, 29.3, 29.3, 29.4, 29.6, 31.5, 37.6, 63.7,81M115.1, 121.8, 130.1, 130.2, 131.1, 155.7, THRMS
(ESI-TOF): Calcd for gH.NO,Na (M+Na): 422.3030, found: 422.3019; IR (KvaaJcm'l) = 3302
(NH), 1655 (CON).

4.5. (Z,122,157)-N-(4-ethoxyphenyl)linolenamide8eo

Yield: 189 mg (95%); yellow powdemp: 47-49°C; *H NMR (400 MHz, CDCJ): § = 0.97 (t,J = 7.5, 3H,
CH3CH,CH), 1.28-1.41 (m, 8H, (8,),CH,CH,CO), 1.39 (tJ = 7.0, 3H, ®3CH,0), 1.66-1.73 (m, 2H,
CH,CH,CO), 2.03-2.11 (m, 4H, C}€H,CH, CH,CH,CH), 2.32 (tJ = 7.6, 2H, CHCO), 2.75-2.82 (m, 4H,
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CHCH,CHx2), 4.00 (qJ = 7.0, 2H, CHCH,0), 5.30-5.41 (m, 6H, CHx6), 6.84, 7.39 (d,J& 9.0, 9.0,
2H, 2H, GH,), 7.11 (s, 1H, NHCO)*C NMR (100 MHz, CDGJ)): & = 14.3, 14.8, 20.6, 25.5, 25.6, 25.7,
27.2, 29.1, 29.3, 29.6, 37.7, 63.7, 114.8, 12127.1, 127.6, 128.3, 128.3, 130.3, 130.9, 132.0,7155
171.2; HRMS (ESI-TOF): Calcd for 8H3NO,Na (M+Na): 420.2873, found: 420.2862; IR (KBr,
Vma/cm®) = 3300 (NH), 1655 (CON).

4.6. E)-N-(4-ethoxyphenyl)elaidamide 8fo

Yield: 166 mg (83%); colorless powdenp: 87-88°C; 'H NMR (400 MHz, CDC)): 6 = 0.88 (t,J = 6.9,
3H, CH3(CHy);), 1.26-1.41 (m, 20H, CHICH,)s, (CH,)4CH,CH,CO), 1.40 (t,J = 7.0, 3H, Gi;CH,0),
1.67-1.75 (m, 2H, H,CH,CO), 1.94-1.97 (m, 4H, I8,CHx2), 2.32 (tJ = 7.6, 2H, CHCO), 4.00 (qJ =
7.0, 2H, CHCH,0), 5.37-5.39 (m, 2H, CHx2), 6.84, 7.39 (dJd&; 9.0, 9.0, 2H, 2H, gH,), 7.05 (brs, 1H,
NHCO); *C NMR (100 MHz, CDG)): 6 = 14.1, 14.8, 22.7, 25.7, 29.0, 29.2, 29.3, 2995, 29.6, 29.7,
31.9, 32.6, 32.6, 37.7, 63.7, 114.8, 121.7, 1308P,5, 131.0, 155.7, 171.2; HRMS (ESI-TOF): Calod f
CogHadNO,Na (M+Na)': 424.3186, found: 424.3218; IR (KBhya/cmi?) = 3323 (NH), 1655 (CON).

4.7. (%£,8Z,117,147)-N-(4-ethoxyphenyl)arachidonamide 8go

Yield: 49 mg (93%); brown oi'H NMR (400 MHz, CDCY): & = 0.89 (t,J = 6.9, 3H, Gi3(CH,)a),
1.27-1.41 (m, 6H, CKCHy)3), 1.40 (t,J = 7.0, 3H, Gi3CH;0), 1.81-1.85 (m, 2H, B,CH,CO), 2.03-2.20
(m, 4H, CHCH,CHx2), 2.33 (tJ = 7.6, 2H, CHCO), 2.79-2.83 (m, 6H, CH&,CHx3), 4.00 (g, = 7.0,
2H, CH,CH,0), 5.30-5.46 (m, 8H, CHx8), 6.83, 7.38 (d,Jds 9.0, 9.0, 2H, 2H, ¢,), 7.07 (brs, 1H,
NHCO); *C NMR (100 MHz, CDG)): & = 14.1, 14.8, 22.6, 25.4, 25.7, 26.5, 27.2, 28133, 36.9, 63.7,
114.8, 121.7, 127.5, 127.9, 128.2, 128.3, 128.6,112130.5, 130.9, 155.8, 170.9; HRMS (ESI-TOF):
Calcd for GgHyiNO,Na (M+Na): 446.3030, found: 446.3061; IR (KBVma/cm™) = 3292 (NH), 1655
(CON).

4.8. (&,72,102,137,167,197)-N-(4-ethoxyphenyl)docosahexaeno-amide 8ho

Yield: 49 mg (99%); brown oifH NMR (400 MHz, CDCJ): & = 0.97 (tJ = 7.5, 3H, ®&;CH,CH), 1.39 (t,
J=7.0, 3H, Gi3CH;0), 2.04-2.11 (m, 2H, C¥H,CH), 2.36-2.40 (m, 2H, B,CH,CO), 2.48 (tJ = 6.7,
2H, CH,CO), 2.70-2.88 (m, 10H, CH&CHx5), 3.99 (g,J = 7.0, 2H, CHCH,0), 5.32-5.45 (m, 6H,
CHx12), 6.82, 7.37 (d, d,= 9.0, 9.0, 2H, 2H, &1,), 7.33 (s, 1H, NHCO)}*C NMR (100 MHz, CDG)): &
= 14.3, 14.8, 20.6, 23.4, 25.6, 25.7, 37.2, 6314,7, 121.8, 127.0, 128.0, 128.1, 128.1, 128.3,3,228.4,
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128.6, 129.6, 130.9, 155.8, 170.6; HRMS (ESI-TAF8tcd for GoHaNO,Na (M+Nay: 470.3030, found:
470.3023; IR (KBryma/cm?) = 3296 (NH), 1655 (CON).

5. Typical Procedure for amidation of lauric acid & with 4-aminophenol 2m

To a colorless solution of lauric acith (100 mg, 0.50 mmol) in MeCN (10 mL) were added &f
Et:N (77 puL, 0.55 mmol, 1.1 equiv) and CIGEt (53puL, 0.55 mmol, 1.1 equiv). After stirring for 30 min
at 0°C, a solution of 4-ethoxyanilinm (75 mg, 0.55 mmol, 1.1 equiv) in,8 (0.75 mL) was added at
0°C to the colorless suspension. The mixture wasestifor 24 h at 0C and concentrated in vacuo. To the
residue was added a 1.0 M aqueous HCI to pH 2.ré@hidted suspension was extracted with EtOAc (50
mL), washed with brine (10 mL), and 1.0 M aqueoadd8C; (5ml), and dried over MgSQOThe crude
product was purified by chromatography on silichwigh a 2:1 mixture of hexane and EtOAc to afford

127 mg (87% vyield) oN-(4-hydroxyphenyl)lauramid@am.

5.1.N-(4-hydroxyphenyl)lauramide 9am

Yield: 127 mg (87%); colorless powdenp: 130-131°C; 'H NMR (400 MHz, DMSOd®): & = 0.85 (t,J =
6.8, 3H, GH3(CHy)10), 1.24-1.27 (m, 16H, CHICH,)s), 1.53-1.57 (m, 2H, B,CH,CO), 2.22 (tJ =7.4, 2H,
CH,CO), 6.66, 7.34 (d, dl = 8.9, 8.8, 2H, 2H, §4), 9.10 (s, 1H, NHCO), 9.55 (s, 1H, OHJC NMR
(100 MHz, DMSOd®): & = 13.9, 22.0, 25.2, 28.6, 28.6, 28.7, 28.4, 2889, 31.2, 36.2, 114.9, 120.8,
131.0, 153.0, 170.4; HRMS (ESI-TOF): Calcd fagNO,Na (M+Na): 314.2091, found: 314.2099; IR
(KBT, Vma/cm™) = 3313 (NH), 1653 (CON).

5.2.N-(4-hydroxyphenyl)palmitamide 9bm

Yield: 132 mg (76%); colorless powdenp: 133-134C; 'H NMR (400 MHz, DMSOd®): & = 0.85 (t,J =
7.0, 3H, G43(CHy)14), 1.24-1.27 (M, 24H, CHICH,)1), 1.53-1.57 (m, 2H, B,CH,CO), 2.22 (tJ= 7.4, 2H,
CH,CO), 6.66, 7.34 (d, d] = 8.9, 8.9, 2H, 2H, §l4), 9.10 (s, 1H, NHCO), 9.55 (s, 1H, OHJC NMR
(100 MHz, DMSO€®): & = 13.8, 22.0, 25.2, 28.6, 28.7, 28.8, 28.9, 28192, 114, 9, 120.8, 130.9, 153.0,
170.5; HRMS (ESI-TOF): Calcd for ;8H3;NO,Na (M+Na): 370.2717, found: 370.2760; IR (KBr,
Vma/cm®) = 3315 (NH), 1653 (CON).

5.3.N-(4-hydroxyphenyl)oleamide9cm
Yield: 147 mg (79%); colorless powdenp: 99-100°C; '"H NMR (400 MHz, CDC}): & = 0.88 (t,J = 6.9,
3H, CH3(CH,);), 1.27-1.32 (m, 20H, CHICH,)s, (CH,)4CH,CH,CO), 1.68-175 (m, 2H, I8,CH,CO),

37



2.00-2.02 (m, 4H, B,CHx2), 2.33 (t,J = 7.6, 2H, CHCO), 5.33-5.36 (m, 2H, CHx2), 5.50 (brs, 1H,
NHCO), 6.76, 7.29 (d, d, 2H, 2K,= 8.8, 8.7, @H,), 7.06 (brs, 1H, OH);’C NMR (100 MHz, CDGJ): §
=14.1,22.7, 25.7, 27.2, 27.3, 29.2, 29.3, 2933,229.5, 29.7, 29.8, 31.9, 37.6, 115.8, 122.6,8,2130.0,
130,4, 153.1, 171.8; HRMS (ESI-TOF): Calcd fagldsNO,Na (M+Na): 396.2873, found: 396.2899; IR
(KB, Vmay/cmiY) = 3278 (NH), 1649 (CON).

5.4. (Z,1272)-N-(4-hydroxyphenyl)linoleamide 9dm

Yield: 174 mg (94%); colorless powdenp: 86-87°C; 'H NMR (400 MHz, DMSO€®): & = 0.85 (tJ = 6.2,
3H, CH5(CH,)s), 1.26-1.33 (m, 14H, CHCH.)s, (CH,).CH,CH,CO), 1.53-1.55 (m, 2H, &,CH,CO),
1.99-2.02 (m, 4H, CKCH,CHx2), 2.22 (tJ = 7.4, 2H, CHCO), 2.72-2.75 (m, 2H, CH&,CH), 5.24-5.38
(m, 4H, CHx4), 6.66, 7.34 (d, d,= 8.7, 8.7, 2H, 2H, §,), 9.10 (s, 1H, NHCO), 9.55 (s, 1H, OHJC
NMR (100 MHz, DMSO€®): § = 13.8, 21.9, 25.1, 25.2, 26.5, 26.5, 28.5, 28365, 28.9, 30.8, 36.2, 114.9,
120.8, 127.7, 127.7, 129.6, 129.7, 130.9, 153.M.47HRMS (ESI-TOF): Calcd for £HsNO.Na
(M+Na)*: 394.2717, found: 394.2704; IR (KBkna/cmi?) = 3319 (NH), 1655 (CON).

5.5. (%Z,12Z,157)-N-(4-hydroxyphenyl)linolenamide 9em

Yield: 152 mg (82%); colorless powdenp: 81-82°C; *H NMR (400 MHz, CDCY): § = 0.97 (t,J = 7.5,
3H, CH3;CH,CH), 1.26-1.32 (m, 8H, (8,)4,CH,CH,CO), 1.66-1.74 (m, 2H, K,CH,CO), 2.02-2.11 (m,
4H, CH,CH,CH, CH,CH,CH), 2.32 (tJ = 7.6, 2H, CHCO), 2.77-2.82 (m, 4H, CH&,CHx2), 5.32-5.39
(m, 6H, CHx6), 6.73, 7.23 (d, d,= 8.8, 8.8, 2H, 2H, &,), 6.83 (s, 1H, NHCO), 7.30 (s, 1H, OHJC
NMR (100 MHz, CDCJ): & = 20.6, 22.6, 22.7, 25.5, 25.6, 25.8, 27.2, 29923, 29.3, 29.3, 29.6, 29.6,
29.8, 31.5, 31.9, 37.4, 116.2, 127.1, 127.7, 12128,0, 128.3, 128.3, 129.6, 130.1, 130.3, 13(82,Q,
153.7, 172.6; HRMS (ESI-TOF): Calcd fop83sNO,Na (M+Na): 392.2560, found: 392.2568; IR (KBr,
Vma/cm®) = 3319 (NH), 1655 (CON).

5.6. E)-N-(4-hydroxyphenyl)elaidamide9fm

Yield: 181 mg (97%); colorless powdenp: 117-119C; 'H NMR (400 MHz, DMSOd®): & = 0.85 (t,J =
6.9, 3H, G43(CH,);), 1.23-1.27 (m, 20H, CHICH,)s, (CH,), CH,CH,CO), 1.53-1.57 (m, 2H, I€,CH,CO),
1.93-1.94 (m, 4H, B,CHx2), 2.22 (tJ = 7.4, 2H, CHCO), 5.35-5.37 (m, 2H, CHx2), 6.66, 7.34 (dJ¢,
8.9, 8.9, 2H, 2H, ), 9.10 (s, 1H, NHCO), 9.55 (s, 1H, OHIC NMR (100 MHz, DMSOd®): & = 13.9,
22.0, 25.1, 28.3, 28.4, 28.6, 28.6, 28.7, 28.92,331.9, 114.6, 120.7, 130.0, 130.0, 131.0, 15B70,4;
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HRMS (ESI-TOF): Calcd for &H3zoNO,Na (M+Na): 396.2873, found: 396.2899; IR (KBrmaJcm'l) =
3332 (NH), 1655 (CON).

5.7. (%2,82,11Z,142)-N-(4-hydroxyphenyl)arachidonamide 9gm

Yield: 124 mg (90%); colorless powder; mp: 51%2 *H NMR (400 MHz, CDC)): § = 0.88 (t,J = 6.9,
3H, CH3(CHy),), 1.25-1.39 (m, 6H, CHCH,)s), 1.77-1.85 (m, 2H, B,CH,CO), 2.02-2.08 (m, 2H,
CH3(CH,)sCHy), 2.14-2.18 (m, 2H, B,(CH,),CO), 2.34 (t,J = 7.6, 2H, CHCO), 2.79-2.84 (m, 6H,
CHCH,CHx3), 5.30-5.44 (m, 8H, CHx8), 6.17 (brs, 1H, NHC®6.74, 7.25 (d, d, 2H, 2H, = 8.8, 7.4,
CeHa), 7.15 (s, 1H, OH)*¥*C NMR (100 MHz, CDGJ)): & = 14.1, 22.6, 25.4, 25.7, 26.6, 27.2, 29.3, 31.5,
36.8, 115.8, 122.6, 127.5, 127.9, 128.1, 128.3,612829.0, 130.2, 130.6, 153.2, 171.6; HRMS (ESFJ.O
Calcd for GgHzNO,Na (M+Na): 418.2717, found: 418.2767; IR (KB¥ma/cm™) = 3315 (NH), 1653
(CON).

5.8. (&,72,102,132,162,19Z2)-N-(4-hydroxyphenyl)docosahexaen-amide 9hm

Yield: 36 mg (78%); brown oitH NMR (400 MHz, CDC)): 6 = 0.97 (t,J = 7.5, 3H, G;CH,CH),
2.03-2.09 (m, 2H, CECH,CH), 2.36-2.40 (m, 2H, B,CH,CO), 2.49 (tJ = 7.1, 2H, CHCO), 2.79-2.85
(m, 10H, CH®,CHx5), 5.32-5.43 (m, 13H, CHx12, NHCO), 6.71, 7(d9d,J = 8.6, 8.2, 2H, 2HC¢H,),
7.45 (brs, 1H, OH)**C NMR (100 MHz, CDGJ)): 5 = 14.3, 20.6, 23.4, 25.6, 25.7, 37.1, 115.6, 1220.0,
127.9, 128.0, 128.1, 128.3, 128.3, 128.4, 128.8.712129.8, 132.1, 153.7, 171.6; HRMS (ESI-TOF):
Calcd for GgHz/NO,Na (M+Na): 442.2717, found: 442.2695; IR (KBrna/cm™®) = 3302 (NH), 1657
(CON).

6. Typical procedure of the primary amidation of Clz-L-Phg-OH 10 with NH,CI

To a colorless solution of 142 mg (0.50 mmol, liegof Cbz-L-Phg-OH10 in 10 mL of anhydrous
THF were added dropwise at -6 209uL (1.5 mmol, 3.0 equiv) of a precooled;Btand 67uL (0.7
mmol, 1.4 equiv) of a precooled CIGEL. After stirring for 10 min at -15C, 0.75 mL (0.75 mmol, 1.5
equiv) of a precooled 1.0M aqueous solution of,8Hwvas added at -1%C to the colorless suspension.
The mixture was stirred for 24 h at -16 and 15mL of HO was added dropwise at -iG to the resulted
mixture. The suspension was extracted with 100 fiEt@Ac, washed with 10 mL of brine, and dried over
anhydrous MgS@ The crude product was chromatographed on siktavgh a 1:1 mixture of hexane and
EtOAc to afford 118 mg (83% vyield) of ChzZPhg-NH, 11.

6.1. Cbz-L-Phg-NH 11
Yield: 118 mg (83%); colorless powde€d9% ee;mp: 173-174°C; [a]p?® = +85.3 ¢ 1.00, DMSO):*H
NMR (400 MHz, DMSO€®): § = 5.03 (s, 2H, OB,CeHs), 5.17 (d,J = 8.5, 1H, GICeHs), 7.15 (s, 1H,
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NH,), 7.26-7.44 (m, 10H, E15x2), 7.60 (s, 1H, Ni), 7.80 (d,J = 8.5, 1H, NHCQ); **C NMR (100 MHz,
DMSOdG): 6 =581, 65.5, 127.2, 127.5, 127.6, 127.8, 12&8.3, 137.0, 138.8, 155.6, 171.7; HRMS
(ESI-TOF): Calcd for gH1gN,OsNa (M+Na): 307.1053, Found: 307.1031; IR (KB/;nchm'l) = 3420
(NH), 3332 (NH), 3275 (NH), 3203 (NH), 1658 (CONhe enantiomeric ratio was determined by HPLC
(Chiralcel AD: hexane/2-propanol = 80/20T):26 min.

6.2. Cbz-D-Phg-NH 11D
Yield: 109 mg (77%); colorless powde&9% eeja]p?® = -80.4 ¢ 1.01, DMSO). The enantiomeric ratio
was determined by HPLC (Chiralcel AD: hexane/2-prug = 80/20)T, 18 min.

7. Typical procedure of the primary amidation of Cke-L-Phe-L-Phe-OH 14alal with NH,CI

To a colorless solution of 134 mg (0.30 mmol) oz&bPhe-L-Phe-OHX4alal) in 6 mL of anhydrous
THF were added dropwise at -X5 126 uL (0.9 mmol, 3.0 equiv) of a precooled;Htand 40uL (0.42
mmol, 1.4 equiv) of a precooled CIGEL. After stirring for 10 min at -1%C, 0.45 mL (0.45mmol, 1.5
equiv) of a precooled 1.0M aqueous solution of,8Hwas added dropwise at -6 to the colorless
suspension. The mixture was stirred for 24 h at’@and 15mL of HO was added dropwise at -i5 to
the resulted mixture. The suspension was extragttd100 mL of EtOAc, washed with 10 mL of brine,
and dried over anhydrous Mg&Qhe crude product was chromatographed on siktavigh a 1:1 mixture

of hexane and EtOAc to afford 96 mg (85% yieldCoi-L-Phe-L-Phe-Nkl15al al .

7.1. Cbz-L-Phe-L-Phe-NH 15alLalL

Yield: 112 mg (84%); colorless powde99% de;mp: 234-235C; [a]p”’ = -4.1 £0.99, DMSO)!H NMR
(400 MHz, DMSOd®): & = 2.67 (dd,) = 10.7, 13.8, 1H, BACeHs), 2.84 (dd,J = 8.7, 13.7, 1H, B CeHs),
2.92 (dd,J = 3.9, 13.7, 1H, 8gCeHs), 3.01 (ddJ = 5.1, 13.8, 1H, B CeHs), 4.19-4.25 (m, 1H, CHCO),
4.43-4.49 (m, 1H, ABNHCQO,), 4.93 (s, 2H, O8,C¢Hs), 7.13 (brs, 1H, Nk, 7.16-7.35 (m, 15H, £i5x3),
7.41 (brs, 1H, Nig), 7.51 (d,J = 8.7, 1H, NHCO), 8.05 (d] = 8.2, 1H, NHCGQ); *C NMR (100 MHz,
DMSO-d%): § = 37.4, 37.7, 53.7, 56.2, 65.2, 126.3, 127.4, 1,21128.0, 128.3, 129.2, 129.3, 137.0, 137.7,
138.1, 155.7, 171.2, 172.6; HRMS (ESI-TOF): Calod €,H,sN;O,Na (M+Na): 468.1894, Found:
468.1841; IR (KBr,vma/cm?) = 3375 (NH), 3319 (NH), 3213 (NH), 1695 (CON),486(CON). The
enantiomeric ratio was determined by HPLC (Chifdae: hexane/EtOH/ENH = 95/5/0.05)T; 35 min.

7.2. Cbz-L-Phe-D-Phe-NH 15aLaD
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Yield: 120 mg (90%); colorless powderd9% de;mp: 201-203°C; [o]p?’ = +17.4 € 0.99, DMSO)H
NMR (400 MHz, DMSO€®): & = 2.36 (dd,J = 10.7, 13.6, 1H, BaC¢Hs), 2.54 (dd,J = 3.5, 13.6, 1H,
CHaCeHs), 2.68 (ddJ = 10.1, 13.6, 1H, BgCeHs), 2.96 (dd,J = 4.3, 13.6, 1H, BgCeHs), 4.12-4.18 (m,
1H, CHCO), 4.39-4.45 (m, 1H,HINHCO,), 4.83 (s, 2H, O8,C¢Hs), 7.07-7.23 (m, 16H, NK CHsx3),
7.36 (d,J = 8.5, 1H, NHCO), 7.39 (brs, 1H, NM 8.28 (d,J = 8.7, 1H, NHC®); *C NMR (100 MHz,
DMSO-d%): § = 37.4, 37.8, 53.6, 56.2, 65.2, 126.2, 126.3,3,2127.7, 128.0, 128.0, 128.3, 129.2, 129.3,
137.0, 137.9, 138.1, 155.9, 171.2, 173.0; HRMS {ESF): Calcd for GgH,sNsO;Na (M+Na)': 468.1894,
Found: 468.1841; IR (KBNyadcmi') = 3427 (NH), 3292 (NH), 3201 (NH), 1693 (CON),376(CON).
The enantiomeric ratio was determined by HPLC (@bé& OD: hexane/EtOH/ENH = 95/5/0.05)T, 54

min.

7.3. Cbz-D-Phe-L-Phe-NH 15aDalL
Yield: 123 mg (92%); colorless powder99% de;[a]p’’ = -25.7 € 0.99, DMSO). The enantiomeric ratio
was determined by HPLC (Chiralcel OD: hexane/EtQsNH = 95/5/0.05)T, 41 min.

7.4. Cbz-D-Phe-D-Phe-NK 15aDaD
Yield: 119 mg (89%); colorless powdet99% de; §]p>° = +11.1 € 1.01, DMSO). The enantiomeric ratio
was determined by HPLC (Chiralcel OD: hexane/EtQsNH = 95/5/0.05)T, 50 min.

8. Typical procedure of the primary amidation of Clz-L-Phe-L-Phe-OH 14alal with NH,CI

To a colorless solution of 134 mg (0.30 mmol) oz&bPhe-L-Phe-OHX4alal) in 6 mL of anhydrous
THF were added dropwise at -35 126 uL (0.9 mmol, 3.0 equiv) of a precooled;Etand 40uL (0.42
mmol, 1.4 equiv) of a precooled CIGEL. After stirring for 10 min at -1%C, 0.45 mL (0.45mmol, 1.5
equiv) of a precooled 1.0M aqueous solution of,8Hwas added dropwise at -6 to the colorless
suspension. The mixture was stirred for 24 h at’@and 15mL of HO was added dropwise at -i5 to
the resulted mixture. The suspension was extragttd100 mL of EtOAc, washed with 10 mL of brine,
and dried over anhydrous Mg&Qhe crude product was chromatographed on siktavigh a 1:1 mixture

of hexane and EtOAc to afford 96 mg (85% yieldCb&-L-Phe-L-Phe-Nkl15al al.

8.1. Cbz-L-Phe-L-Phe-NH 15alaL
Yield: 112 mg (84%); colorless powde99% de;mp: 234-235C; [o]p”’ = -4.1 £0.99, DMSO)!H NMR
(400 MHz, DMSO€P): § = 2.67 (dd,) = 10.7, 13.8, 1H, BaCeHs), 2.84 (dd,) = 8.7, 13.7, 1H, BaCsHs),
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2.92 (dd,J = 3.9, 13.7, 1H, 85CeHs), 3.01 (ddJ = 5.1, 13.8, 1H, B CeHs), 4.19-4.25 (m, 1H, CHCO),
4.43-4.49 (m, 1H, BNHCO,), 4.93 (s, 2H, O8,C¢Hs), 7.13 (brs, 1H, Ni), 7.16-7.35 (m, 15H, isx3),
7.41 (brs, 1H, Nig), 7.51 (d,J = 8.7, 1H, NHCO), 8.05 (d] = 8.2, 1H, NHCGQ); *C NMR (100 MHz,
DMSO-d®): & = 37.4, 37.7, 53.7, 56.2, 65.2, 126.3, 127.4,1,21128.0, 128.3, 129.2, 129.3, 137.0, 137.7,
138.1, 155.7, 171.2, 172.6; HRMS (ESI-TOF): Calod €,H,sN;O,Na (M+Na): 468.1894, Found:
468.1841; IR (KBr,vma/cm®) = 3375 (NH), 3319 (NH), 3213 (NH), 1695 (CON),486(CON). The
enantiomeric ratio was determined by HPLC (Chifae: hexane/EtOH/ENH = 95/5/0.05)T; 35 min.

8.2. Cbz-L-Phe-D-Phe-NH 15alLaD

Yield: 120 mg (90%); colorless powderd9% de;mp: 201-203°C; [o]p>’ = +17.4 € 0.99, DMSO)H
NMR (400 MHz, DMSO€d®): & = 2.36 (dd,J = 10.7, 13.6, 1H, BaCeHs), 2.54 (dd,J = 3.5, 13.6, 1H,
CHaCeHs), 2.68 (dd,J = 10.1, 13.6, 1H, BgCgHs), 2.96 (dd,J = 4.3, 13.6, 1H, BgCeHs), 4.12-4.18 (m,
1H, CHCO), 4.39-4.45 (m, 1H,HINHCO,), 4.83 (s, 2H, O8,C¢Hs), 7.07-7.23 (m, 16H, NK CeHsx3),
7.36 (d,J = 8.5, 1H, NHCO), 7.39 (brs, 1H, NM 8.28 (d,J = 8.7, 1H, NHCG); *C NMR (100 MHz,
DMSO-d®): & = 37.4, 37.8, 53.6, 56.2, 65.2, 126.2, 126.3,8,2127.7, 128.0, 128.0, 128.3, 129.2, 129.3,
137.0, 137.9, 138.1, 155.9, 171.2, 173.0; HRMS {ESF): Calcd for GsH2sN:OsNa (M+Na)': 468.1894,
Found: 468.1841; IR (KBmna/cm®) = 3427 (NH), 3292 (NH), 3201 (NH), 1693 (CON),3¥6(CON).
The enantiomeric ratio was determined by HPLC (&bé& OD: hexane/EtOH/ENH = 95/5/0.05)T, 54

min.

8.3. Boc-L-Phe-L-Phe-NH 15’alLalL

Yield: 105 mg (85%); colorless powd@1% de;mp: 200-201°C; [a]p° = -4.2 € 0.98, DMSO)H NMR
(400 MHz, DMSO€): & = 1.28 (s, 9H, (CH)sC), 2.65 (ddJ = 10.4, 13.7, 1H, BACHs), 2.82-2.87 (m,
2H, CHa CgHs, CHgCgHs), 3.01 (ddJ = 5.0, 13.7, 1H, Bg.CgHs), 4.06-4.11 (m, 1H, CHCO), 4.43-4.48 (m,
1H, CHNHCO,), 6.95 (dJ = 8.5, 1H, NHCO), 7.11 (brs, 1H, MM 7.15-7.26 (m, 10H, §15x2), 7.38 (brs,
1H, NHg), 7.88 (d,J = 8.2, 1H, NHCO); *C NMR (100 MHz, DMSQd®): § = 28.1, 37.4, 37.7, 53.5, 56.0,
78.2,126.1, 126.2, 128.0, 128.0, 129.1, 129.3,7.388.1, 155.1, 171.2, 172.6; HRMS (ESI-TOF):c@al
for CpsHaeNsOsNa (M+Na): 434.2050, Found: 434.2096; IR (KBka/cm®) = 3381 (NH), 3336 (NH),
3309 (NH), 3213 (NH), 1687 (CON), 1653 (CON). Theamtiomeric ratio was determined by HPLC
(Chiralcel OD: hexane/2-propanol = 80/2T)8 min.

8.4. Boc-L-Phe-D-Phe-NH 15’aLaD
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Yield: 116 mg (94%); colorless powder99% de;mp: 185-186°C; [0]p?® = +24.3 ¢ 0.99, DMSO);'H
NMR (400 MHz, DMSO€P): § = 1.29 (s, 9H, (CH)sC), 2.64 (dd,J = 10.2, 13.7, 1H, BACeHs), 2.82-2.87
(m, 2H, @HaCgHs, CHgCeHs), 3.01 (dd,J = 5.0, 13.7, 1H, 8gCeHs), 4.05-4.11 (m, 1H, CHCO),
4.43-4.48 (m, 1H, BNHCO,), 6.97 (d,J = 8.4, 1H, NHCO), 7.13 (brs, 1H, NM 7.16-7.27 (m, 10H,
CeHsx2), 7.40 (brs, 1H, NE), 7.89 (d,J = 8.2, 1H, NHCGQ); *C NMR (100 MHz, DMSO&°): § = 28.1,
37.2, 37.6, 53.7, 56.0, 78.1, 126.1, 126.3, 12¥28.0, 129.2, 129.2, 138.0, 138.1, 155.4, 171.2,%7
HRMS (ESI-TOF): Calcd for H,gNsO,Na (M+Na): 434.2050, Found: 434.2096; IR (KB/rmaJcm'l) =
3381 (NH), 3344 (NH), 3311 (NH), 3209 (NH), 1683]8), 1654 (CON), 1644 (CON). The enantiomeric
ratio was determined by HPLC (Chiralcel OD: hexarfmbpanol = 80/20)T; 9 min.

8.5. Fmoc-L-Phe-L-Phe-NH 15"alLalL

Yield: 144 mg (90%); colorless powd@6% de;mp: 231-233C; [a]p?° = -7.1 € 0.98, DMSO)*H NMR
(400 MHz, DMSOd®): & = 2.71 (dd,) = 10.6, 13.6, 1H, BACeHs), 2.84 (dd,J = 8.6, 13.6, 1H, B CeHs),
2.93 (dd,J = 3.8, 13.6, 1H, B5CeHs), 3.00 (dd,J = 5.0, 13.6, 1H, BgCeHs), 4.08-4.24 (m, 4H, CHCO,
CHCH,0), 4.46-4.49 (m, 1H, BNHCO,), 7.16-7.89 (m, 21H, &Eisx2, fluorenyl H, NHCO, NH), 8.05 (d,
J=8.2, 1H, NHC®); **C NMR (100 MHz, DMSOd®): § = 37.4, 37.7, 46.5, 53.6, 56.2, 65.7, 120.1, 125.2
125.3, 126.2, 127.1, 127.6, 128.0, 129.2, 129.7,713138.1, 140.6, 143.7, 143.7, 155.7, 171.2,6t72.
HRMS (ESI-TOF): Calcd for GHaiNzO/Na (M+Na): 556.2207, Found: 556.2179; IR (KBfa/cm?) =
3367 (NH), 3294 (NH), 3197 (NH), 1695 (CON), 16TION), 1652 (CON).

8.6. Fmoc-L-Phe-D-Phe-NH 15"aLaD

Yield: 152 mg (95%); colorless powderd9% de; mp: 219-221C; [0]p?’ = +12.9 € 0.98, DMSO)H
NMR (400 MHz, DMSO€®): & = 2.53 (dd, J = 10.7, 13.6, 1HHRCHs), 2.63 (dd,J = 3.4, 13.5, 1H,
CHaCeHs), 2.76 (ddJ = 10.2, 13.6, 1H, BgCeHs), 3.04 (dd,J = 4.3, 13.5, 1H, BgCeHs), 4.07-4.25 (m,
4H, CHCO, CHCHO), 4.49-4.53 (m, 1H, BNHCO,), 7.15-7.87 (m, 21H, &isx2, fluorenyl H, NHCO,
NH,), 8.38 (d,J = 8.2, 1H, NHCQ); *C NMR (100 MHz, DMSQd®): = 37.4, 37.9, 46.5, 53.6, 56.1, 65.7,
120.1, 125.3, 125.3, 126.2, 126.3, 127.0, 127.8,012129.2, 129.3, 137.9, 138.1, 140.7, 143.7,8,43.
155.8, 171.2, 172.9; HRMS (ESI-TOF): Calcd fogd3;N;O,Na (M+Na): 556.2207, Found: 556.2179;
IR (KB, Vmaycm™) = 3284 (NH), 3201 (NH), 1695 (CON), 1647 (CON).

8.7. Cbz-L-Phe-L-Ala-NH, 15alLbL
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Yield: 99 mg (89%); colorless powde4% de;mp: 211-212C; [a]p?’ = +19.9 € 1.02, DMSO)H NMR
(400 MHz, DMSO€®): § = 1.22 (dJ = 7.1, 3H, G15CH), 2.71 (dd,) = 10.9, 13.7, 1H, BaCeHs), 3.03 (dd,
J=3.7,13.7, 1H, 85CeHs), 4.18-4.29 (m, 2H, CHCO, INHCO,), 4.93 (s, 2H, O8,CeHs), 7.04 (brs,
1H, NHa), 7.20-7.35 (m, 11H, N§ CgHsx2), 7.54 (dJ = 8.6, 1H, NHCO), 8.07 (d}, = 7.5, 1H, NHCQ);
*C NMR (100 MHz, DMSOd?): & = 18.5, 37.3, 48.0, 56.1, 65.2, 126.2, 127.4,7,2128.0, 128.3, 129.2,
137.0, 138.2, 155.9, 171.0, 174.0; HRMS (ESI-TOEgicd for GoHsNsOsNa (M+Na): 392.1581,
Found: 392.1606; IR (KBr,a/cmi®) = 3381 (NH), 3321 (NH), 3292 (NH), 1691 (CON)AZ6CON).

8.8. Cbz-L-Phe-D-Ala-NH, 15aLbD

Yield: 84 mg (76%); colorless powder99% de;mp: 196-198C; [a]p?’ = -4.8 € 0.99, DMSO)'H NMR
(400 MHz, DMSO€®): § = 1.12 (d,J = 7.1, 3H, GsCH), 2.75 (dd,) = 9.9, 13.5, 1H, BaCeHs), 2.94 (dd,
J=5.0, 13.5, 1H, 8zCeHs), 4.17-4.28 (m, 2H, CHCO,INHCO,), 4.95 (s, 2H, O8,CeHs), 7.08 (brs,
1H, NHy), 7.19-7.35 (m, 11H, NJ CsHsx2), 7.58 (d,J = 8.1, 1H, NHCO), 8.15 (d, = 7.7, 1H, NHCQ);
3C NMR (100 MHz, DMSOd®): 6 = 18.2, 37.4, 47.8, 56.2, 65.3, 126.2, 127.5,1,2I28.0, 128.3, 129.3,
136.9, 137.9, 155.9, 170.9, 174.0; HRMS (ESI-TOG}lcd for GoHoaN:ONa (M+Na): 392.1581,
Found: 392.1606; IR (KBNmadcmi') = 3429 (NH), 3290 (NH), 3209 (NH), 1691 (CON),7D06(CON),
1633 (CON).

8.9. Cbz-L-Phe-L-Val-NH, 15alLcL

Yield: 111 mg (93%); colorless powderd9% de;mp: 242-243°C; [0]p?’ = +19.5 ¢ 1.01, DMSO);H
NMR (400 MHz, DMSO€®): 5 = 0.84, 0.86 (d, dJ = 7.0, 8.0, 3H, 3H, (82),CH), 1.92-2.01 (m, 1H,
(CHa),CH), 2.74 (dd,J = 11.0, 13.8, 1H, BACeHs), 3.03 (dd,J = 3.8, 13.8, 1H, BgCeHs), 4.14-4.18 (m,
1H, CHCO), 4.29-4.35 (m, 1H,HINHCO,), 4.94 (s, 2H, O8,CeHs), 7.08 (brs, 1H, Ni), 7.18-7.34 (m,
10H, GHsx2), 7.38 (brs, 1H, NB), 7.57 (d, = 8.6, 1H, NHCO), 7.78 (d, = 9.0, 1H, NHCQ); °C NMR
(100 MHz, DMSOdﬁ)Z 6=17.8,19.2, 30.7, 37.2,56.2, 57.3, 65.2, 12624,4, 127.6, 128.0, 128.3, 129.2,
137.0, 138.1, 155.8, 171.3, 172.7: HRMS (ESI-TOE}icd for G,H,NsONa (M+Na): 420.1894,
Found: 420.1867; IR (KBRma/cmi?) = 3400 (NH), 3294 (NH), 3207 (NH), 1685 (CON)786CON).

8.10. Cbz-L-Phe-D-Val-NH 15alLcD

Yield: 107 mg (90%); colorless powder99% de;mp: 233-236C; [o]p?’ = -25.0 € 1.01, DMSO):H
NMR (400 MHz, DMSO€®): § = 0.76 (dJ = 6.8, 6H, (®l3),CH), 1.91-1.99 (m, 1H, (CHLCH), 2.75 (dd,
J=10.5, 13.5, 1H, BACeHs), 2.96 (ddJ = 4.6, 13.5, 1H, BzCeHs), 4.12-4.16 (m, 1H, CHCO), 4.38-4.41
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(m, 1H, GHNHCO,), 4.94 (s, 2H, O8,CeHs), 7.10 (brs, 1H, Ni), 7.19-7.35 (m, 10H, §isx2), 7.40 (brs,
1H, NHg), 7.58 (d,J = 8.4, 1H, NHCO), 8.01 (dl = 9.1, 1H, NHCQ); **C NMR (100 MHz, DMSO&?: &

= 17.7, 19.2, 30.4, 37.7, 56.2, 57.1, 65.2, 12627.5, 127.7, 128.0, 128.3, 129.3, 137.0, 137.6,915
171.4, 172.8; HRMS (ESI-TOF): Calcd fop8,/NsO,Na (M+Naj: 420.1894, Found: 420.1867; IR (KB,
VmadcmiY) = 3367 (NH), 3323 (NH), 3290 (NH), 3199 (NH), TBCON), 1645 (CON).

8.11. Cbz-L-Phe-L-Met-NH, 15aLdL

Yield: 122 mg (94%); colorless powder99% de;mp: 214-216°C; [a]p?’ = +9.4 € 1.00, DMSO);*H
NMR (400 MHz, DMSO€P): 8 = 1.74-2.20 (m, 2H, B,CH,S), 2.03 (s, 3H, CkB), 2.33-2.44 (m, 2H,
CH,CH,S), 2.74 (dd) = 10.5, 13.7, 1H, BACeHs), 3.02 (dd,J = 4.1, 13.7, 1H, BCeHs), 4.24-4.31 (m,
2H, CHCO, GINHCO,), 4.95 (s, 2H, O8,CeHs), 7.10 (brs, 1H, Nk, 7.18-7.35 (m, 11H, N CeHsx2),
7.55 (d,J = 8.5, 1H, NHCO), 8.07 (d] = 8.2, 1H, NHC®); **C NMR (100 MHz, DMSQOd®): § = 14.7,
29.5, 32.0, 37.2, 51.7, 56.2, 65.2, 126.3, 1272%,7, 128.0, 128.3, 129.2, 137.0, 138.1, 155.9,471
172.9; HRMS (ESI-TOF): Calcd for /8H,/N;0,SNa (M+Naj: 452.1614, Found: 452.1674; IR (KBr,
Vma/cm®) = 3373 (NH), 3327 (NH), 3309 (NH), 3197 (NH), BBECON), 1647 (CON), 1623 (CON).

8.12. Cbz-L-Phe-D-Met-NH 15aLdD
Yield: 128 mg (99%); colorless powderd9% de;mp: 191-193°C; [0]p?’ = +27.7 € 0.99, DMSO)H
NMR (400 MHz, DMSO€®): § = 1.64-1.90 (m, 2H, B,CH,S), 1.98 (s, 3H, C§B), 2.13-2.19 (m, 2H,
CH,CH,S), 2.78 (dd,J = 9.1, 13.5, 1H, BaCeHs), 2.92 (dd,J = 6.4, 13.5, 1H, BgCeHs), 4.19-4.29 (m,
2H, CHCO, GINHCO,), 4.96 (s, 2H, OB,CeHs), 7.15 (brs, 1H, NK), 7.18-7.37 (m, 11H, NiJ CeHsx2),
7.65 (d,J = 7.5, 1H, NHCO), 8.24 (d] = 8.3, 1H, NHC®); *C NMR (100 MHz, DMSOd®): 6 = 14.5,
29.5, 31.4, 37.4, 51.5, 56.4, 65.4, 126.3, 1274,8, 128.0, 128.3, 129.2, 136.9, 137.6, 160.0,4171
173.1; HRMS (ESI-TOF): Calcd for 6H,Ns0,SNa (M+NajJ: 452.1614, Found: 452.1674; IR (KBr,
Vma/CMY) = 3421 (NH), 3290 (NH), 3205 (NH), 1695 (CON),706(CON), 1635 (CON).

8.13. Cbz-L-Phe-L-Phg-NH 15al el

Yield: 120 mg (93%); colorless powderd9% de;mp: 192-193°C; [0]p?’ = +24.2 ¢ 1.00, DMSO);H
NMR (400 MHz, DMSO€®): & = 2.74 (dd,J = 11.2, 13.6, 1H, BaCeHs), 3.03 (dd,J = 3.6, 13.6, 1H,
CHgCeHs), 4.36-4.42 (m, 1H, BNHCO,), 4.94 (s, 2H, OB,C¢Hs), 5.39 (d,J = 7.8, 1H, GICeHs),
7.18-7.46 (m, 16H, Nk CeHsx3), 7.63 (d,) = 8.8, 1H, NHC®), 7.73 (brs, 1H, Ni), 8.51 (dJ = 7.8, 1H,
NHCHGCsHs); °*C NMR (100 MHz, DMSOd®): & = 37.3, 56.0, 56.1, 65.2, 126.2, 126.8, 127.0,4,27
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127.5, 127.7, 127.9, 128.0, 128.3, 128.3, 129.%.013138.1, 138.9, 155.9, 171.0, 171.4; HRMS
(ESI-TOF): Calcd for GH,sNsONa (M+Na): 454.1737, Found: 454.1748; IR (KBhyay/cmi') = 3392
(NH), 3309 (NH), 3209 (NH), 1676 (CON), 1653 (CONB37 (CON).

8.14. Cbz-L-Phe-D-Phg-NH 15aLeD
Yield: 108 mg (84%); colorless powder99% de;mp: 243-244°C; [a]p>’ = -30.0 € 0.99, DMSO)H
NMR (400 MHz, DMSO€®): & = 2.68 (dd,J = 10.8, 13.6, 1H, BaCsHs), 2.95 (dd,J = 4.4, 13.6, 1H,
CHgCgHs), 4.40-4.46 (m, 1H, BNHCO,), 4.95 (s, 2H, O8,C¢Hs), 5.42 (d,J = 8.0, 1H, GiCeHs),
7.15-7.37 (m, 16H, Nkl CeHsx3), 7.57 (d,J = 8.6, 1H, NHCO), 7.74 (brs, 1H, Nk), 8.68 (dJ = 8.0, 1H,
NHCHGCHs); *C NMR (100 MHz, DMSQOd®): § = 37.4, 55.8, 56.0, 65.2, 126.2, 126.8, 127.3,.4,27
127.7, 127.9, 128.2, 128.3, 128.3, 129.3, 137.0,93139.1, 155.9, 171.0, 171.4; HRMS (ESI-TOF):
Calcd for GgHosNsO4Na (M+Na): 454.1737, Found: 454.1748; IR (KBh/cm') = 3448 (NH), 3315
(NH), 3301 (NH), 1672 (CON), 1635 (CON).

8.15. Cbz-L-Phe-L-Ser-NH 15aLfL
Yield: 93 mg (80%); colorless powdét9% de;mp: 168-169C; [a]p?’ = +17.2 € 0.99, DMSO)'H NMR
(400 MHz, DMSO€P): § = 2.73 (dd,J = 11.0, 13.7, 1H, BACeHs), 3.06 (ddJ = 3.7, 13.7, 1H, BgCeHs),
3.51-3.65 (M, 2H, B,0H), 4.20-4.24 (m, 1H, BCH,OH), 4.29-4.35 (m, 1H, BNHCO,), 4.83-4.98 (m,
3H, CHOH, OCH,CgHs), 7.12 (brs, 1H, NI, 7.20-7.33 (m, 11H, N§ CsHsx2), 7.55 (d,J = 8.6, 1H,
NHCO), 7.99 (dJ = 7.8, 1H, NHCQ); **C NMR (100 MHz, DMSOd®): & = 37.4, 55.0, 56.2, 61.7, 65.2,
126.2, 127.4, 127.7, 128.0, 128.3, 129.2, 137.68,113155.9, 171.4, 171.8; HRMS (ESI-TOF): Calcd for
CooHoaN3OsNa (M+Na): 408.1530, Found: 408.1506; IR (KBfaa/cm™) = 3481 (NH), 3334 (NH), 3298
(NH), 1732 (CON), 1639 (CON).

8.16. Cbz-L-Phe-D-Ser-NH 15aLfD

Yield: 103 mg (89%); colorless powded5% de;mp: 128-130°C; [a]p*’ = -13.2 € 0.99, DMSO);'H
NMR (400 MHz, DMSOd®): & = 2.75 (dd,J = 10.5, 13.7, 1H, BaCeHs), 3.01 (dd,J = 4.3, 13.7, 1H,
CHgCgHs), 3.47-3.60 (m, 2H, B,0H), 4.18-4.23 (m, 1H, BCH,0H), 4.30-4.36 (m, 1H, BNHCO,),
4.87-4.98 (m, 3H, CHOH, OCH,CgHs), 7.16 (brs, 1H, Nk, 7.19-7.35 (m, 11H, Ni CeHsx2), 7.56 (d,J

= 8.3, 1H, NHCO), 8.06 (dl = 8.2, 1H, NHCQ); **C NMR (100 MHz, DMSOd®): § = 37.3, 54.9, 56.2,
61.6, 65.3, 126.2, 127.5, 127.7, 128.0, 128.3,3,2186.9, 138.0, 156.0, 171.4, 171.9; HRMS (ESI-J.OF
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Calcd for GgH,3N3OsNa (M+Na): 408.1530, Found: 408.1506; IR (KBrmaJcm'l) = 3404 (NH), 3375
(NH), 3246 (NH), 1703 (CON), 1633 (CON).

9. Typical procedure of the primary amidation of Ckz-L-Ala-L-Ala-OH 14cLbL with NH 4ClI

To a colorless solution of 88 mg (0.30 mmol) of dbAla-L-Ala-OH (14cLbL) in 6 mL of anhydrous
THF were added dropwise at -35 126 uL (0.9 mmol, 3.0 equiv) of a precooled;Etand 40uL (0.42
mmol, 1.4 equiv) of a precooled CIGEL. After stirring for 10 min at -1%8C, 0.45 mL (0.45mmol, 1.5
equiv) of a precooled 1.0M aqueous solution of,8Hwas added dropwise at -6 to the colorless
suspension. The mixture was stirred for 24 h at’@and 15mL of HO was added dropwise at -i5 to
the resulted mixture. The suspension was extragttd100 mL of EtOAc, washed with 10 mL of brine,
and dried over anhydrous Mg&Qhe crude product was chromatographed on siktavigh a 1:1 mixture

of hexane and EtOAc to afford 96 mg (85% yieldCb&-L-Ala-L-Ala-NH, 15cLbL.

9.1. Cbz-L-Ala-L-Ala-NH, 15cLbL

Yield: 67 mg (76%); colorless powde36% de;mp: 216-217°C; [a]p>® = +4.4 € 0.99, DMSO)H NMR
(400 MHz, DMSO€®): § = 1.17-1.21 (m, 6H, B,CHx2), 4.00-4.07 (m, 1H, CHCO), 4.15-4.22 (m, 1H,
CHNHCO,), 5.02 (s, 2H, OB,CeHs), 7.00 (brs, 1H, NK), 7.28 (brs, 1H, Nk, 7.29-7.39 (m, 5H, &s),
7.48 (d,J = 7.3, 1H, NHCO), 7.83 (dl = 7.5, 1H, NHC®); *C NMR (100 MHz, DMSOd®): 6 = 18.0,
18.4, 47.8, 50.1, 65.4, 127.7, 127.7, 128.3, 13795.7, 171.9, 174.0; HRMS (ESI-TOF): Calcd for
CiH1eNz0,Na (M+Na): 316.1268, Found: 316.1261; IR (KBfay/cm) = 3392 (NH), 3307 (NH), 3276
(NH), 1684 (CON), 1645 (CON).

9.2. Chz-L-Ala-D-Ala-NH, 15¢cLbD

Yield: 76 mg (86%); colorless powde&0% de;mp: 215-216°C; [a]p?® = +7.5 € 1.02, DMSO)H NMR
(400 MHz, DMSO€®): § = 1.18-1.20 (m, 6H, BsCHx2), 4.01-4.08 (m, 1H, CHCO), 4.14-4.21 (m, 1H,
CHNHCO,), 5.02 (s, 2H, O8,C¢Hs), 7.06 (brs, 1H, NI, 7.24 (brs, 1H, Ni), 7.31-7.37 (m, 5H, s),
7.51 (d,J = 7.0, 1H, NHCO), 8.01 (d] = 7.6, 1H, NHCQ®); **C NMR (100 MHz, DMSQd®): § = 17.9,
18.2, 47.9, 50.1, 65.4, 127.7, 127.8, 128.3, 154.82.0, 174.1; HRMS (ESI-TOF): Calcd for
CiH1N:ONa (M+Na): 316.1268, Found: 316.1261; IR (KBfaa/cm™) = 3390 (NH), 3311 (NH), 3282
(NH), 1674 (CON), 1637 (CON).

9.3. Cbz-L-Ala-L-Val-NH, 15cLcL
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Yield: 82 mg (85%); colorless powderd9% demp: 258-259C; [a]p?® = -3.1 € 1.02, DMSO)H NMR
(400 MHz, DMSO€®): § = 0.82, 0.84 (d, d] = 6.9, 6.9, 3H, 3H, (85),CH), 1.20 (dJ = 7.0, 3H, Gi;CH),
1.91-1.96 (m, 1H, B(CHs),), 4.10-4.14 (m, 2H, CHCO,MNHCO,), 5.02 (s, 2H, O8,C¢Hs), 7.05 (brs,
1H, NHy), 7.40 (brs, 1H, Ng), 7.35-7.58 (m, 7H, §s, NHCO, NHCQ); *C NMR (100 MHz,
DMSO-d®): § = 17.8, 18.0, 19.2, 30.7, 50.2, 57.1, 65.4, 12727.7, 128.3, 137.0, 155.6, 172.2, 172.7;
HRMS (ESI-TOF): Calcd for GHo3NsOsNa (M+Na): 344.1581, Found: 344.1584; IR (KBfya/cm’™) =
3392 (NH), 3309 (NH), 3280 (NH), 1684 (CON), 16@N).

9.4. Cbz-L-Ala-D-Val-NH, 15cLcD

Yield: 95 mg (99%); colorless powder99% de;mp: 197-199C; [a]p?® = +0.4 € 1.02, DMSO)"H NMR
(400 MHz, DMSOd®): 5 = 0.79, 0.83 (d, d] = 6.8, 6.8, 3H, 3H, (83),CH), 1.20 (d,J = 7.1, 3H, G;CH),
1.96-2.00 (m, 1H, B(CHs),), 4.11-4.16 (m, 2H, CHCO,MNHCO,), 5.01 (s, 2H, O8,C¢Hs), 7.08 (brs,
1H, NHy), 7.31-7.38 (m, 6H, Nk CgHs), 7.48 (dJ = 7.4, 1H, NHCO), 7.74 (d = 9.2, 1H, NHCQ); **C
NMR (100 MHz, DMSO€®): § = 17.6, 18.4, 19.3, 30.5, 50.2, 57.0, 65.4, 121127,8, 128.4, 137.0, 155.7,
172.5, 172.8; HRMS (ESI-TOF): Calcd fordf,sNz0sNa (M+Na): 344.1581, Found: 344.1584; IR (KB,
Vma/CM™) = 3319 (NH), 3276 (NH), 1685 (CON), 1645 (CON).

9.5. Cbz-L-Ala-L-Met-NH, 15cLdL

Yield: 90 mg (85%); colorless powder99% de;mp: 187-189C; [a]p>’ = +1.8 € 1.01, DMSO)!H NMR
(400 MHz, DMSO€P): 8 = 1.20 (dJ = 7.2, 3H, ®sCH), 1.76-1.97 (m, 2H, B,CH,S), 2.02 (s, 3H, C§SB),
2.38-2.45 (m, 2H, CKCH,S), 4.03-4.06 (m, 1H, CHCO), 4.24-4.29 (m, 1HINHCO,), 5.02 (s, 2H,
OCH,CgHs), 7.09 (brs, 1H, NK)), 7.32-7.39 (m, 6H, Nk CsHs), 7.51 (d,J = 7.2, 1H, NHCO), 7.89 (d},=

8.1, 1H, NHCQ); °*C NMR (100 MHz, DMSQOd®): & = 14.6, 17.9, 29.5, 32.0, 50.2, 51.6, 65.4, 127.7,
127.8, 128.3, 137.0, 155.8, 172.4, 173.0; HRMS {ESF): Calcd for GeHxN;O,SNa (M+Naj:
376.1301, Found: 376.1338; IR (KBfa/cm™) = 3313 (NH), 3294 (NH), 1684 (CON), 1674 (CON).

9.6. Chz-L-Ala-D-Met-NH, 15¢cLdD

Yield: 88 mg (83%); colorless powde&9% de;mp: 163-164C; [a]p?’ = +6.6 € 1.01, DMSO);'"H NMR
(400 MHz, DMSOd®): 5 = 1.20 (dJ = 7.1, 3H, G15CH), 1.74-1.97 (m, 2H, B,CH,S), 2.02 (s, 3H, CkB),
2.36-2.42 (m, 2H, CKCH,S), 4.03-4.07 (m, 1H, CHCO), 4.23-4.28 (m, 1HINHCO,), 5.02 (s, 2H,
OCH,CgHs), 7.14 (brs, 1H, NK)), 7.30-7.39 (m, 6H, Nk CHs), 7.53 (d,J = 6.8, 1H, NHCO), 8.07 (d}, =

8.2, 1H, NHCQ); °*C NMR (100 MHz, DMSOd®): & = 14.6, 17.9, 29.6, 31.5, 50.5, 51.5, 65.4, 127.7,
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172.8, 128.4, 136.9, 155.8, 172.5, 173.1; HRMS {ESF): Calcd for GeH,NsO,SNa (M+Naj:
376.1301, Found: 376.1338; IR (KBfay/cmi®) = 3282 (NH), 3197 (NH), 1689 (CON), 1653 (CON).

9.7. Cbz-L-Val-L-Ala-NH, 15bLbL

Yield: 95 mg (99%); colorless powde¥99% de;mp: 237-238°C; [a]p?° = +27.2 € 0.99, DMSO):*H
NMR (400 MHz, DMSO€®): § = 0.83, 0.86 (d, dJ = 6.8, 6.8, 3H, 3H, (B5),CH), 1.20 (dJ = 7.0, 3H,
CH5CH), 1.94-2.03 (m, 1H, B(CH),), 3.85-3.89 (m, 1H, CHCO), 4.19-4.26 (m, 1H{KIHCO,), 5.03 (s,
2H, OH,CeHg), 7.00 (brs, 1H, Nk, 7.30-7.37 (m, 7H, @5, NHg, NHCO), 7.88 (dJ = 7.4, 1H,
NHCO,); *C NMR (100 MHz, DMSOd®): § = 18.0, 18.5, 19.2, 30.3, 46.8, 60.1, 65.4, 12126,8, 128.3,
137.1, 156.2, 170.6, 174.0; HRMS (ESI-TOF): Calod €,¢H,aN:0,Na (M+Na): 344.1581, Found:
344.1549; IR (KBryma/cni?) = 3421 (NH), 3304 (NH), 3207 (NH), 1684 (CON)356(CON).

9.8. Cbz-L-Val-D-Ala-NH, 15bLbD

Yield: 93 mg (97%); colorless powder99% de;:mp: 232-234°C; [o]p’’ = +11.2 € 0.98, DMSO);*H
NMR (400 MHz, DMSO€®): & = 0.84, 0.86 (d, dJ = 6.7, 6.6, 3H, 3H, (83),CH), 1.20 (dJ = 7.1, 3H,
CH4CH), 1.89-1.97 (m, 1H, B(CH),), 3.81-3.85 (m, 1H, CHCO), 4.20-4.24 (m, 1H{KIHCO,), 5.03 (s,
2H, OCH,CgHs), 7.06 (brs, 1H, NK), 7.26 (brs, 1H, Ni), 7.31-7.41 (m, 6H, &is, NHCO), 8.11 (d,) =

7.7, 1H, NHCQ); **C NMR (100 MHz, DMSOd®): & = 18.3, 18.4, 19.1, 30.0, 47.8, 60.5, 65.5, 127.7,
127.8, 128.4, 137.0, 156.3, 170.9, 174.1; HRMS {ESF): Calcd for GeH2sNzOsNa (M+Na): 344.1581,
Found: 344.1584; IR (KBNma/cm) = 3327 (NH), 3278 (NH), 1684 (CON), 1647 (CON).

9.9. Cbz-L-Val-L-Val-NH, 15bLcL

Yield: 97 mg (93%); colorless powde&2% de;mp: 252-253C; [a]p?’ = +10.3 ¢ 0.98, DMSO)'H NMR
(400 MHz, DMSO€F): § = 0.82-0.86 (m, 12H, (85),CHx2), 1.90-1.99 (m, 2H, I(CHz),x2), 3.88-3.92
(m, 1H, CHCO), 4.11-4.15 (m, 1HHNHCO,), 5.04 (s, 2H, O8,C¢Hs), 7.05 (brs, 1H, NI, 7.74 (brs,
1H, NHg), 7.29-7.45 (m, 6H, s, NHCO), 7.63 (d,J = 8.9, 1H, NHCO); **C NMR (100 MHz,
DMSO-): § = 18.0, 18.2, 19.3, 30.1, 30.6, 57.2, 60.5, 652%.6, 127.7, 128.3, 137.1, 156.1, 171.0,
172.7; HRMS (ESI-TOF): Calcd for 1@H,:NsO,Na (M+Na): 372.1894, Found: 372.1863; IR (KBr,
Vmadcm®) = 3377 (NH), 3303 (NH), 1674 (CON), 1639 (CON).

9.10. Cbhz-L-Val-D-Val-NH, 15bLcD
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Yield: 99 mg (94%); colorless powdét2% de;mp: 255-256°C; [o]p>’ = -12.2 ¢ 1.02, DMSO);'"H NMR
(400 MHz, DMSO€P): 5 = 0.81-0.87 (m, 12H, (85),CHx2), 1.92-2.05 (m, 2H, I(CH3),x2), 3.97-3.99
(m, 1H, CHCO), 4.11-4.14 (m, 1HHNHCO,), 5.02 (s, 2H, OB,C¢Hs), 7.08 (brs, 1H, Ni), 7.30-7.39
(m, 7H, GHs, NHg, NHCO), 7.87 (dJ = 8.9, 1H, NHCGQ); *C NMR (100 MHz, DMSOd%): § = 17.7,
18.2, 19.3, 19.4, 30.0, 30.1, 57.3, 60.4, 65.4,.7,2727.8, 128.3, 137.0, 156.3, 171.4, 172.9; HRMS
(ESI-TOF): Calcd for ggH,7N;ONa (M+Na): 372.1894, Found: 372.1863; IR (KBrmaJcm'l) = 3384
(NH), 3317 (NH), 3273 (NH), 1672 (CON), 1641 (CON).

9.11. Cbz-L-Val-L-Met-NH, 15bLdL

Yield: 113 mg (99%); colorless powderd9% de;mp: 242-244°C; [0]p?® = +11.7 ¢ 1.02, DMSO)H
NMR (400 MHz, DMSOd®): & = 0.83, 0.86 (d, dJ = 6.8, 6.8, 6H, (83),CH), 1.76-2.00 (m, 3H,
(CHs),CH, CH,CH,S), 2.02 (s, 3H, CkB), 2.37-2.45 (m, 2H, C}H,S), 3.84-3.88 (m, 1H, CHCO),
4.27-4.33 (m, 1H, BNHCO,), 5.03 (s, 2H, O8,CsHs), 7.07 (brs, 1H, NK), 7.24-7.39 (m, 7H, N
CeHs, NHCO), 7.90 (dJ = 7.9, 1H, NHCOQ); **C NMR (100 MHz, DMSOd®): § = 14.6, 18.1, 19.2, 29.5,
30.0, 31.9, 51.5, 60.4, 65.4, 127.6, 127.7, 12833,0, 156.2, 171.0, 172.8; HRMS (ESI-TOF): Calod f
C17H2sN30,SNa (M+Naj: 404.1614, Found: 404.1645; IR (KBfa/cm™) = 3313 (NH), 3282 (NH), 1674
(CON), 1637 (CON).

9.12. Cbz-L-Val-D-Met-NH, 15bLdD

Yield: 105 mg (92%); colorless powde39% de;mp: 225-227°C; [o]p®’ = +33.2 ¢ 1.00, DMSO);'H
NMR (400 MHz, DMSO€®): § = 0.85, 0.86 (d, dJ = 6.5, 5.8, 6H, (6),CH), 1.75-1.81 (m, 1H,
(CHs),CH), 1.90-1.98 (m, 2H, B,CH,S), 2.01 (s, 3H, C§8), 2.38-2.50 (m, 2H, CiEH,S), 3.79-3.83 (m,
1H, CHCO), 4.25-4.30 (m, 1H,HNHCO,), 5.02 (s, 2H, O8,CeHs), 7.12 (brs, 1H, Nk), 7.26 (brs, 1H,
NHg), 7.24-7.37 (m, 5H, §ls), 7.44 (d,J = 7.9, 1H, NHCO), 8.22 (d] = 8.1, 1H, NHC®); **C NMR
(100 MHz, DMSO€P): § = 14.5, 18.5, 19.1, 29.7, 31.1, 51.4, 60.7, 65,8, 127.8, 128.4, 136.9, 156.4,
171.5, 173.2; HRMS (ESI-TOF): Calcd for,8,5Ns0,SNa (M+Naj: 404.1614, Found: 404.1645; IR
(KB, Vmay/cm™®) = 3402 (NH), 3323 (NH), 3275 (NH), 1672 (CON)4B55CON).

9.13. Chz-L-Met-L-Ala-NH, 15dLbL

Yield: 103 mg (97%); colorless powde34% de;mp: 223-224°C; [o]p®’ = +12.3 ¢ 1.00, DMSO);*H
NMR (400 MHz, DMSOd®): & = 1.21 (dJ = 7.0, 3H, ®&;CH), 1.76-1.91 (m, 2H, B,CH,S), 2.03 (s, 3H,
CH,S), 2.45-2.51 (m, 2H, CiEH,S), 4.06-4.12 (m, 1H, CHCO), 4.18-4.22 (m, 1H{NHCO,), 5.03 (s,
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2H, OCH,CeHs), 7.02 (brs, 1H, Nij), 7.25-7.39 (m, 6H, Nk CeHs), 7.54 (d,J = 10.0, 1H, NHCO), 7.93
(d, J = 7.4, 1H, NHCQ); *C NMR (100 MHz, DMSOd®): 5 = 14.6, 18.4, 29.6, 31.7, 47.9, 53.9, 65.4,
127.6, 127.8, 128.3, 137.0, 156.0, 170.9, 174.0MSRESI-TOF): Calcd for GH,sN;0,SNa (M+Na}:
376.1301, Found: 376.1338; IR (KBua/cm?) = 3392 (NH), 3317 (NH), 1672 (CON), 1637 (CON).

9.14. Chz-L-Met-D-Ala-NH, 15dLbD

Yield: 103 mg (97%); colorless powd&6% demp: 233-234C; [o]p*’ = +4.6 € 1.02, DMSO);*H NMR
(400 MHz, DMSO€®): & = 1.20 (dJ = 7.1, 3H, G15CH), 1.75-1.91 (m, 2H, B,CH,S), 2.02 (s, 3H, C§8),
2.37-2.45 (m, 2H, CKCH,S), 4.10-4.11 (m, 1H, CHCO), 4.16-4.23 (m, 1HINHCO,), 5.03 (s, 2H,
OCH,CgHs), 7.08 (brs, 1H, Nk), 7.27 (brs, 1H, N), 7.25-7.39 (m, 5H, &ls), 7.57 (d,J = 7.7, 1H,
NHCO), 8.06 (dJ = 7.6, 1H, NHCQ); **C NMR (100 MHz, DMSOd®): & = 14.6, 18.3, 29.6, 31.4, 47.9,
54.0, 65.5, 127.7, 127.8, 128.4, 136.9, 156.1,0,7174.0; HRMS (ESI-TOF): Calcd for;@,aN:0,SNa
(M+Na)": 376.1301, Found: 376.1338; IR (KBku/cm®) = 3384 (NH), 3309 (NH), 1684 (CON), 1637
(CON).

9.15. Cbz-L-Met-L-Val-NH, 15dLcL

Yield: 98 mg (86%); colorless powder®9% de;mp: 231-232C; [a]p?’ = +0.5 € 1.00, DMSO)'H NMR
(400 MHz, DMSO€®): § = 0.82, 0.84 (d, dJ = 6.8, 6.7, 6H, (83),CH), 1.78-1.96 (m, 3H, (CiLCH,
CH,CH,S), 2.02 (s, 3H, C§B), 2.43-2.47 (m, 2H, CIEH,S), 4.10-4.16 (m, 2H, CHCOHINHCO,), 5.03
(s, 2H, OQ®H,CeHs), 7.07 (brs, 1H, Ni), 7.43 (brs, 1H, Ni), 7.31-7.38 (m, 5H, ls), 7.59 (d,J = 8.2,
1H, NHCO), 7.63 (dJ = 8.9, 1H, NHC®); **C NMR (100 MHz, DMSO&®): § = 14.6, 17.8, 19.3, 29.7,
30.7, 31.7, 54.1, 57.2, 65.4, 127.6, 127.8, 12833,0, 155.9, 171.2, 172.7; HRMS (ESI-TOF): Calod f
CigH27N30,SNa (M+Naj: 404.1614, Found: 404.1645; IR (KBka/cm™) = 3298 (NH), 3209 (NH), 1680
(CON), 1643 (CON).

9.16. Chz-L-Met-D-Val-NH, 15dLcD

Yield: 96 mg (84%); colorless powder99% de;mp: 244-246°C; [a]p>’ = +9.8 € 1.00, DMSO);'H NMR
(400 MHz, DMSO€P): § = 0.80, 0.83 (d, dJ = 6.8, 6.8, 6H, (85),CH), 1.76-2.02 (m, 3H, (CHLCH,
CH,CH;,S), 2.02 (s, 3H, C§B), 2.43-2.48 (m, 2H, CiEH,S), 4.14-4.21 (m, 2H, CHCO,HINHCO,), 5.03

(s, 2H, O®,CqHs), 7.09 (brs, 1H, Nk, 7.30-7.37 (m, 6H, &is, NHg), 7.54 (d,J = 7.9, 1H, NHCO),
7.79 (d,J = 9.0, 1H, NHC®); **C NMR (100 MHz, DMSOd%): § = 14.6, 17.6, 19.3, 29.7, 30.4, 31.8, 54.1,
57.1, 65.4, 127.7, 127.8, 128.3, 136.9, 156.0,4,7172.7; HRMS (ESI-TOF): Calcd for;8,,N:0,SNa

51



(M+Na)": 404.1614, Found: 404.1645; IR (KBka/cm®) = 3338 (NH), 3286 (NH), 1734 (CON), 1641
(CON).

9.17. Chz-L-Met-L-Met-NH, 15dLdL
Yield: 95 mg (77%); colorless powde&d7% de;mp: 195-197°C; [u]p?® = -1.9 € 1.00, DMSO);H NMR
(400 MHz, DMSO€®): & = 1.77-1.98 (m, 4H, B,CH,Sx2), 2.03 (s, 6H, Ci$x2), 2.39-2.49 (m, 4H,
CH,CH,Sx2), 4.08-4.12 (m, 1H, CHCO), 4.25-4.30 (m, 1H{NBHCO,), 5.03 (s, 2H, O8,CeHs), 7.09
(brs, 1H, NH), 7.31-7.39 (m, 6H, s, NHg), 7.55 (d,J = 7.8, 1H, NHCO), 7.95 (dJ = 8.0, 1H,
NHCO,); *C NMR (100 MHz, DMSOd?): & = 14.6, 29.5, 29.6, 31.5, 31.9, 51.7, 54.0, 65,7, 127.8,
128.3, 136.9, 156.0, 171.3, 172.9; HRMS (ESI-TOE3cd for GgH,NzO,S,Na (M+Na): 436.1335,
Found: 436.1365; IR (KBNma/cm') = 3305 (NH), 3282 (NH), 1693 (CON), 1647 (CON).

9.18. Cbz-L-Met-D-Met-NH, 15dLdD
Yield: 112 mg (90%); colorless powder99% de;mp: 181-182°C; [u]p?’ = +20.5 ¢ 0.98, DMSO);'H
NMR (400 MHz, DMSO€®): & = 1.75-1.88 (m, 4H, B,CH,Sx2), 2.02 (s, 6H, C§$x2), 2.37-2.47 (m, 4H,
CH,CH,Sx2), 4.10-4.12 (m, 1H, CHCO), 4.24-4.29 (m, 1HINBHCO,), 5.02 (s, 2H, OB,CeHs), 7.14
(brs, 1H, NH), 7.28 (brs, 1H, Ni), 7.30-7.39 (m, 5H, s), 7.59 (d,J = 7.3, 1H, NHCO), 8.16 (d} =
8.2, 1H, NHCQ); **C NMR (100 MHz, DMSQOd®): § = 14.6, 29.6, 29.6, 31.4, 31.9, 51.5, 54.1, 6529,7,
127.8, 128.4, 136.9, 156.1, 171.5, 173.0; HRMS {ESF): Calcd for GgH,N;O,SNa (M+Nay:
436.1335, Found: 436.1365; IR (KBf.a/cm™) = 3307 (NH), 3286 (NH), 1674 (CON), 1639 (CON).

9.19.N-Boc-O-Bn-L-Ser-L-Phe-NH, 15hLalL

Yield: 127 mg (96%); colorless powded7% de;mp: 121-122°C; [o]p®’ = +10.0 ¢ 1.00, DMSO):*H
NMR (400 MHz, DMSO€P): § = 1.38 (s, 9H, (CH)sC), 2.83 (dd,J = 8.7, 13.7, 1H, BaCeHs), 3.02 (dd,J

= 4.7, 13.7, 1H, B5CeHs), 3.48-3.50 (m, 2H, B,0CH,CeHs), 4.15-4.18 (m, 1H, CHCO), 4.36-4.62 (m,
3H, CHNHCO,, OCH,CqHs), 6.96 (d,J = 7.8, 1H, NHCO), 7.15-7.39 (m, 12HgtG3x2, NH,), 7.93 (d,J =

8.1, 1H, NHCQ); °*C NMR (100 MHz, DMSQOd®): & = 28.2, 37.5, 53.5, 54.6, 69.8, 72.0, 78.4, 126.2,
127.4, 127.5, 128.0, 128.2, 129.2, 137.7, 138.5.215169.4, 172.5; HRMS (ESI-TOF): Calcd for
C,H3iNsOsNa (M+Na): 464.2156, Found: 464.2163; IR (KBfaa/cm™) = 3427 (NH), 3282 (NH), 3197
(NH), 1695 (CON), 1637 (CON).

9.20.N-Boc-O-Bn-L-Ser-D-Phe-NH, 15hLaD
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Yield: 127 mg (96%); colorless powd&1% demp: 112-113C; [o]p”® = +1.3 € 1.02, DMSO);'H NMR
(400 MHz, DMSO€): § = 1.38 (s, 9H, (CHJsC), 2.88 (ddJ) = 9.7, 13.7, 1H, BaCeHs), 3.04 (ddJ = 4.7,
13.7, 1H, ®gC¢Hs), 3.36-3.39 (m, 2H, B,OCH,CeHs), 4.10-4.23 (m, 1H, CHCO), 4.36-4.48 (m, 3H,
CHNHCO,, OCH,CgHs), 6.85 (d,J = 7.8, 1H, NHCO), 7.02-7.41 (m, 12HgGx2, NH,), 8.16 (d,J = 8.4,
1H, NHCOy); ¥c NMR (100 MHz, DMSQie)Z 6 =28.1, 37.3, 53.8, 54.3, 69.7, 71.8, 78.3, 126273,
127.4, 127.9, 128.0, 128.1, 129.1, 137.9, 138.8K.315169.6, 172.7; HRMS (ESI-TOF): Calcd for
CodHaiNsO:Na (M+Na)': 464.2156, Found: 464.2163: IR (KBu/crmi?) = 3456 (NH), 3365 (NH), 3334
(NH), 1684 (CON), 1637 (CON).

9.21.N*-BocN°*-Chz-L-Lys-L-Phe-NH; 15mLaL

Yield: 136 mg (86%); colorless powd&7% de;mp: 120-121°C; [a]p>’ = -7.0 € 1.02, DMSO)*H NMR
(400 MHz, DMSOd®): & = 1.08-1.33 (m, 6H, NHCHCH.)3), 1.37 (s, 9H, (Ch)sC), 2.82 (ddJ = 8.9,
13.6, 1H, GaCqeHs), 2.89-2.94 (m, 2H, NHB,(CH,)3), 2.99 (dd,J = 4.6, 13.6, 1H, 8sCeHs), 3.72-3.79
(m, 1H, CHCO), 4.42-4.47 (m, 1H,HNHCO,), 5.00 (s, 2H, O8,C¢Hs), 6.95 (d,J = 7.5, 1H, NHCO),
7.13-7.38 (m, 12H, §sx2, NH,), 7.72 (d,J = 8.3, 1H, NHC®); *C NMR (100 MHz, DMSOd®): § =
22.7,28.2, 29.1, 31.4, 37.5, 53.2, 55.0, 65.12,7826.2, 127.7, 128.0, 128.4, 129.2, 137.3, 13155,4,
156.1, 171.8, 172.8; HRMS (ESI-TOF): Calcd fos@3sN4OgNa (M+Na): 549.2684, Found: 549.2712;
IR (KB, Vmaycm™) = 3435 (NH), 3329 (NH), 1695 (CON), 1647 (CON).

9.22.N*-BocN°*-Cbz-L-Lys-D-Phe-NH, 15mLaD

Yield: 141 mg (89%); colorless powd@6% de;mp: 165-167C; [a]p?® = -1.7 € 0.98, DMSO);'"H NMR
(400 MHz, DMSO€): 5 = 0.88-1.28 (M, 6H, NHCHCH,)s), 1.36 (s, 9H, (CHsC), 2.73 (dd,J = 10.8,
13.4, 1H, GiaCeHs), 2.84-2.89 (M, 2H, NHB,(CHy)s), 3.11 (dd,J = 3.7, 13.4, 1H, HCeHs), 3.78-3.83
(m, 1H, CHCO), 4.36-4.42 (m, 1H,HINHCO,), 5.01 (s, 2H, OB,CeHs), 6.87 (d,J = 7.1, 1H, NHCO),
7.15-7.39 (m, 12H, @sx2, NH,), 8.16 (d,J = 8.6, 1H, NHCQ); **C NMR (100 MHz, DMSO&®): & =
22.3, 28.2, 29.1, 31.0, 37.2, 53.8, 54.4, 65.11,7826.2, 127.7, 128.0, 128.3, 129.1, 137.3, 13565,6,
156.0, 172.0, 173.0; HRMS (ESI-TOF): Calcd forgizgN,OgNa (M+Na): 549.2684, Found: 549.2712;
IR (KB, Vimayci?) = 3334 (NH), 3195 (NH), 1687 (CON), 1649 (CON).

10. Typical procedure of the amidation of Cbz-L-Phd.-Phe-OH 14alal with 4-aminophenol 16a
To a colorless solution of 134 mg (0.30 mmol, liegaf Cbz-L-Phe-L-Phe-OH1dalal) in 6 mL of
anhydrous THF were added dropwise at®°@326uL (0.9 mmol, 3.0 equiv) of a precooledsEtand 40
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uL (0.42 mmol, 1.4 equiv) of a precooled CIgED. After stirring for 10 min at -1%C, 49 mg(0.45 mmol,
1.5 equiv) of 4-aminophenol6a) and 1 mL of HO were added at -P& to the colorless suspension. The
mixture was stirred for 24 h at -P& and 15mL of HO was added dropwise at -16 to the resulted
mixture. The suspension was extracted with 100 frEt@Ac, washed with 10 mL of brine, and dried over
anhydrous MgS@ The crude product was chromatographed on siktavigh a 1:1 mixture of hexane and

EtOAc to afford 156 mg (97% yield) of Cbz-L-Phe-hd24-aminophendl7alal a.

10.1. Cbz-L-Phe-L-Phe-4-aminophenol 17alalLa

Yield: 156 mg (97%); colorless powde36% de;mp: 219-222°C; [o]p”’ = +25.3 ¢ 0.99, DMSO);'H
NMR (400 MHz, DMSO€P): 5 = 2.68 (dd,J = 10.6, 13.6, 1H, BaCeHs), 2.90-2.95 (m, 2H, BaCeHs,
CHgCeHs), 3.06 (dd,J = 5.6, 13.6, 1H, BgCeHs), 4.25-4.30 (m, 1H, CHCO), 4.63-4.69 (m, 1H,
CHNHCO,), 4.94 (s, 2H, OB,C¢Hs), 6.70, 7.17-7.35 (d, nd,= 8.8, 2H, 17H, @H,, CeHsx3), 7.47 (dJ =
8.6, 1H, NHCO), 8.26 (dJ = 8.0, 1H, NHC®), 9.22 (s, 1H, OH), 9.81 (s, 1H, CBICsH.,); °C NMR
(100 MHz, DMSOd®): & = 37.5, 38.0, 54.6, 56.1, 65.2, 115.1, 121.2, 42626.4, 127.4, 127.7, 128.0,
128.1, 128.3, 129.2, 129.3, 130.3, 137.0, 137.4,013153.5, 155.7, 169.0, 171.3; HRMS (ESI-TOF):
Calcd for GH3iNsOsNa (M+Na): 560.2156, Found: 560.2169; IR (KB#y./cmi') = 3293 (OH), 1695
(CON), 1623 (CON).

10.2. Cbz-L-Phe-D-Phe-4-aminophenol 17aLaDa

Yield: 141 mg (94%); colorless powd&7% de;mp: 200-202°C; [o]p®’ = +19.4 ¢ 1.01, DMSO);*H
NMR (400 MHz, DMSOdG): 6 = 2.47 (dd,J = 10.8, 13.5, 1H, BACgHs), 2.63 (dd,J = 3.4, 13.5, 1H,
CHaCeHs), 2.85 (dd,J = 10.0, 13.5, 1H, BgCeHs), 3.07 (ddJ = 4.5, 13.5, 1H, Bz CeHs), 4.26-4.31 (m,
1H, CHCO), 4.67-4.73 (m, 1H,HINHCO;), 4.92 (s, 2H, O8,C¢Hs), 6.72, 7.41 (d, d] = 8.9, 8.9, 2H, 2H,
CeHa), 7.17-7.32 (m, 16H, &1sx3, NHCO), 8.58 (dJ = 8.6, 1H, NHC®), 9.24 (s, 1H, OH), 9.86 (s, 1H,
CONHCgHy); ¥c NMR (100 MHz, DMSOGIG): 6=37.4,38.1, 545, 56.1, 65.2, 115.1, 121.1,22K26.4,
127.5, 127.7, 128.0, 128.0, 128.3, 129.2, 129.8,33136.9, 137.7, 138.1, 153.5, 155.9, 169.2,4t71.
HRMS (ESI-TOF): Calcd for §H3:NsOsNa (M+Na): 560.2156, Found: 560.2169; IR (KB/rmaJcm'l) =
3292 (OH), 1693 (CON), 1645 (CON).

10.3. Cbz-L-Phe-L-Phe-dopamine 17alLalb
Yield: 171 mg (98%); colorless powd@2% de;mp: 70-71°C; [0]p?’ = +11.1 ¢ 0.98, DMSO)H NMR
(400 MHz, DMSO€): & = 2.43-2.47 (m, 2H, B,CH,CgHs3), 2.67 (ddJ = 10.9, 13.6, 1H, BACsHs), 2.82
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(dd, J = 8.5, 13.6, 1H, BAC¢Hs), 3.12-3.20 (m, 2H, BgCgHs, CHpCgHs), 3.11-3.23 (m, 2H,
CH,CH,CgH3), 4.23-4.27 (m, 1H, CHCO), 4.44-4.49 (m, 1HHNHCO,), 4.94 (s, 2H, O8,CsHs),
6.40-6.63 (m, 3H, gH3), 7.17-7.33 (m, 15H, £1sx3), 7.46 (d,J = 8.7, 1H, NHCO), 7.95-8.02 (m, 1H,
NHCH,CH,), 8.08 (d,J = 8.2, 1H, NHC®), 9.65 (s, 1H, OH), 9.74 (s, 1H, OHC NMR (100 MHz,
DMSO-d%): & = 34.5, 37.4, 38.0, 40.6, 53.9, 56.1, 65.2, 1151%.9, 119.2, 126.2, 126.2, 127.4, 127.6,
128.2, 128.3, 129.2, 129.3, 130.0, 137.0, 137.8.13143.5, 145.1, 155.7, 170.4, 171.1; HRMS
(ESI-TOF): Calcd for ggH33N3zOsNa (M+Na): 604.2428, Found: 604.2474; IR (KBrmaJcm'l) = 3398
(OH), 1705 (CON), 1647 (CON).

10.4. Cbz-L-Phe-D-Phe-dopamine 17aLaDb

Yield: 173 mg (99%); colorless powd&8% de;mp: 76-77°C; [a]p?’ = +5.3 € 0.99, DMSO);'H NMR
(400 MHz, DMSO€®): & = 2.43 (dd,J = 3.0, 13.6, 1H, B,CeHs), 2.45-2.52 (m, 2H, B,CH,C¢Hs), 2.62
(dd, J = 3.6, 13.6, 1H, BaACeHs), 2.73 (dd,J = 4.9, 13.6, 1H, BsCeHs), 2.96 (dd,J = 4.6, 13.6, 1H,
CHgCeHs), 3.15-3.25 (m, 2H, CHCH,CeHs), 4.24-4.27 (m, 1H, CHCO), 4.47-4.53 (m, 1HIKHCO,),
4.93 (s, 2H, OB,CeHs), 6.42-6.64 (m, 3H, @), 7.14-7.29 (m, 15H, Eisx3), 7.30 (d,J = 7.3, 1H,
NHCO), 8.05-8.08 (m, 1H, NCH,CH,), 8.39 (d,J = 8.7, 1H, NHCG), 8.65 (s, 1H, OH), 8.74 (s, 1H,
OH); *C NMR (100 MHz, DMSO&): § = 34.5, 37.4, 38.1, 40.6, 48.6, 53.9, 56.1, 6515.5, 115.9,
119.2, 126.1, 126.2, 127.4, 127.7, 127.9, 128.8,312129.2, 129.3, 130.0, 137.0, 137.8, 138.0,6,43.
145.1, 155.8, 170.7, 171.2; HRMS (ESI-TOF): Calod €,HiN:O,Na (M+Na): 604.2428, Found:
604.2474; IR (KBryma/cm™) = 3290 (OH), 1697 (CON), 1647 (CON).

10.5. Cbz-L-Phe-L-Phe-amantazine 17alalc

Yield: 144 mg (83%); colorless powde&8% de;mp: 73-75°C; [0]p?® = -2.2 € 1.02, DMSO)H NMR
(400 MHz, DMSOdG): 6 = 1.57-1.63 (m, 6H, Ck3 of adamantane), 1.86-1.90 (m, 6H, &8l of
adamantane), 1.91-1.97 (m, 3H, CHx3 of adamant&r&8,(ddJ = 10.4, 13.7, 1H, BACeHs), 2.82 (ddJ

= 8.3, 13.7, 1H, B CeHs), 2.89-2.93 (m, 2H, BgCsHs, CHg CeHs), 4.22-4.25 (m, 1H, CHCO), 4.46-4.51
(m, 1H, GHNHCO,), 4.95 (s, 2H, O8,CgHs), 7.18-7.34 (m, 16H, 53, NH-adamantane), 7.45 (@ =
8.6, 1H, NHCO), 7.95 (d] = 8.2, 1H, NHC®); *C NMR (100 MHz, DMSOd): § = 28.8, 36.0, 37.4,
38.2, 40.8, 50.8, 54.0, 56.2, 65.2, 79.2, 126.2,3,2127.6, 127.9, 128.0, 128.2, 129.1, 129.4,0,3R7.9,
155.7, 169.6, 170.9; HRMS (ESI-TOF): Calcd fogiiNsO,Na (M+Na): 602.2989, Found: 602.2994;
IR (KBr, Vmayom™) = 3275 (NH), 2908 (NH), 1707 (CON), 1647 (CON).
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10.6. Cbz-L-Phe-D-Phe-amantazine 17alLaDc

Yield: 155 mg (89%); colorless powd@5% de;mp: 77-78°C; [o]o”® = +15.1 € 0.98, DMSO);'"H NMR
(400 MHz, DMSOdG): 6 = 1.57-1.63 (m, 6H, C3 of adamantane), 1.86-1.90 (m, 6H, &8l of
adamantane), 1.91-1.99 (m, 3H, CHx3 of adamant2n&j,(ddJ = 11.1, 13.5, 1H, BACeHs), 2.61 (ddJ

= 3.4, 13.5, 1H, B CgHs), 2.74 (ddJ = 9.6, 13.5, 1H, BgCeHs), 2.96 (ddJ = 4.8, 13.6, 1H, B CeHs),
4.20-4.26 (m, 1H, CHCO), 4.48-4.53 (m, 1HHKHCO,), 4.94 (s, 2H, O8,CeHs), 7.12-7.34 (m, 16H,
CeHsx3, NH-adamantane), 7.43 (@@= 8.5, 1H, NHCO), 8.28 (d] = 8.6, 1H, NHC®); **C NMR (100
MHz, DMSO<®): & = 28.8, 36.0, 37.3, 38.1, 40.9, 50.8, 54.0, 56521, 126.1, 126.2, 127.3, 127.8, 127.9,
128.2, 129.2, 129.4, 137.0, 137.8, 138.1, 155.80.8,6171.2; HRMS (ESI-TOF): Calcd for
CseHaiNzO4Na (M+Na): 602.2989, Found: 602.2994; IR (KBfa/cni’) = 3273 (NH), 2908 (NH), 1732
(CON), 1639 (CON).

10.7. Cbz-L-Phe-L-Phe-(+)-rimantadine 17alLald

Yield: 157 mg (86%); colorless powdét9% de;mp: 95-98°C; [0]p*® = -7.9 € 1.01, DMSO)H NMR
(400 MHz, DMSO€®): 8 = 0.80 and 0.92 (d and d= 6.8, 6.9, 3H, Ch), 1.30-1.64 (m, 12H, Cpt6 of
adamantane), 1.85-1.90 (m, 3H, CHx3 of adamant&n@}, (ddJ = 10.8, 13.4, 1H, BaCsHs), 2.83-2.92
(m, 2H, HgCeHs, CHACeHs), 2.83-2.92 (dd) = 6.2, 13.5, 1H, BCeHs), 3.45-3.49 (m, 1H, BCHy),
4.22-4.28 (m, 1H, CHCO), 4.57-4.64 (m, 1HHKHCO,), 4.93 (s, 2H, O8,C¢Hs), 7.15-7.48 (m, 16H,
CeHsx3, NH-adamantane), 7.56 (@= 9.4, 1H, NHCO), 8.16 (d] = 8.2, 1H, NHC®); **C NMR (100
MHz, DMSO<®): & = 13.9, 14.1, 27.7, 27.8, 35.4, 35.5, 36.5, 36765, 37.7, 37.8, 38.3, 52.2, 52.2, 53.9,
54.1, 56.1, 56.2, 65.2, 126.2, 127.4, 127.6, 121728,0, 129.1, 129.3, 136.9, 137.5, 137.6, 13739,9,
155.6, 155.7, 169.9, 171.0, 171.1; HRMS (ESI-TOE¥lcd for GgHasNsO4Na (M+Na): 630.3302,
Found: 630.3305; IR (KBNma/cm') = 3275 (NH), 2902 (NH), 1705 (CON), 1647 (CON).

10.8. Cbz-L-Phe-D-Phe-(+)-rimantadine 17aLaDd

Yield: 169 mg (93%); colorless powd&1% de;mp: 89-91°C; [o]p”® = +12.3 € 0.98, DMSO);'"H NMR
(400 MHz, DMSO€®): 8 = 0.87 and 0.96 (d and d= 6.9, 6.9, 3H, Ch), 1.34-1.59 (m, 12H, Cpt6 of
adamantane), 1.88-1.91 (m, 3H, CHx3 of adamant@2x2-2.48 (m, 1H, BaCeHs), 2.55-2.61 (m, 1H,
CHACeHs), 2.74-2.81 (m, 1H, BgCgHs), 2.97-3.05 (m, 1H, B CeHs), 3.49-3.52 (m, 1H, BCHy),
4.23-4.27 (m, 1H, CHCO), 4.54-4.67 (m, 1HHKHCO,), 4.92 (s, 2H, O8,C¢Hs), 7.13-7.43 (m, 16H,
CeHsx3, NH-adamantane), 7.54 @@= 9.5, 1H, NHCO), 8.41 (d] = 8.4, 1H, NHCQ); **C NMR (100
MHz, DMSO-®): & = 13.9, 14.1, 27.4, 27.8, 35.5, 35.6, 36.5, 36768, 37.8, 52.2, 52.3, 53.9, 56.2, 65.1,
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126.1, 126.2, 127.3, 127.4, 127.6, 127.9, 128.9,212136.9, 137.8, 137.9, 138.1, 155.7, 155.8,Q.70.
171.3; HRMS (ESI-TOF): Calcd for s8H4sNsO:,Na (M+Na): 630.3302, Found: 630.3305; IR (KBr,
Vma/cm®) = 2902 (NH), 1707 (CON), 1641 (CON).

10.9. Cbz-L-Phe-L-Phe-memantine 17alale

Yield: 135 mg (74%); colorless powd@5% de;mp: 91-93°C; [a]p*® = +0.8 € 0.99, DMSO)H NMR
(400 MHz, DMSOdG): 6 =0.80 (s, 6H, Ckk2), 1.07-1.13 (m, 6H, Cpt3 of adamantane), 1.48-1.74 (m,
6H, CHx3 of adamantane), 1.99-2.09 (m, 1H, CH of adanma){£.69 (ddJ = 10.3, 13.7, 1H, BACsHs),
2.83 (ddJ = 8.4, 13.6, 1H, B, CeHs), 2.89-2.96 (M, 2H, BgCeHs, CHg:CeHs), 4.19-4.25 (m, 1H, CHCO),
4.44-4.50 (m, 1H, BNHCO,), 4.95 (s, 2H, OH,CeHs), 7.17-7.36 (m, 16H, &15x3, NH-adamantane),
7.45 (d,J = 8.6, 1H, NHCO), 7.94 (d] = 8.2, 1H, NHC®); **C NMR (100 MHz, DMSQd®): § = 29.4,
30.0, 31.8, 37.4, 38.1, 42.2, 46.8, 46.9, 50.24,34.0, 56.2, 65.2, 126.2, 127.3, 127.6, 127.8,0,20128.3,
129.1, 129.4, 137.0, 137.5, 137.9, 155.7, 169.0D.47HRMS (ESI-TOF): Calcd for 4gH4sN;04Na
(M+Na)": 630.3302, Found: 630.3305; IR (KBka/cm®) = 3305 (NH), 2900 (NH), 1709 (CON), 1645
(CON).

10.10. Cbz-L-Phe-D-Phe-memantine 17alaDe

Yield: 149 mg (82%); colorless powd&7% de;mp: 80-82°C; [u]p?® = +7.9 € 1.02, DMSO);'H NMR
(400 MHz, DMSOdG): 6 =0.80 (s, 6H, Ckk2), 1.08-1.13 (m, 6H, Cpt3 of adamantane), 1.51-1.78 (m,
6H, CHx3 of adamantane), 2.05-2.06 (m, 1H, CH of adanma){®.46 (ddJ = 10.6, 13.5, 1H, BACsHs),
2.59 (ddJ = 3.7, 13.7, 1H, BaCeHs), 2.72 (dd,J = 9.6, 13.5, 1H, HgCsHs), 2.96 (ddJ = 4.8, 13.7, 1H,
CHgCeHs), 4.18-4.24 (m, 1H, CHCO), 4.44-4.49 (m, 1HHIIHCO,), 4.94 (s, 2H, O8,CqHs), 7.13-7.33
(m, 16H, GHsx3, NH-adamantane), 7.43 (#= 8.4, 1H, NHCO), 8.27 (d,= 8.6, 1H, NHCQ); **C NMR
(100 MHz, DMSO€P): § = 29.5, 30.0, 31.8, 37.2, 38.0, 42.2, 46.9, 5624, 554.1, 56.3, 65.1, 126.1,
127.3, 127.6, 127.8, 127.9, 128.3, 129.1, 129.%.913137.8, 138.0, 155.9, 169.9, 171.2; HRMS
(ESI-TOF): Calcd for GgHasN3O4Na (M+Na): 630.3302, Found: 630.3305; IR (KBrmaJcm'l) = 3275
(NH), 2900 (NH), 1705 (CON), 1637 (CON).

11. Typical procedure of the primary amidation of bz-L-Phe-L-Val-L-Phe-OH 19alclLalL with
NH,CI
To a colorless solution of 163 mg (0.30 mmol) oz&bPhe-L-Val-L-Phe-OH X9alLcLalL) in 6 mL of

anhydrous THF were added dropwise at°@326uL (0.9 mmol, 3.0 equiv) of a precooledsHtand 40
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uL (0.42 mmol, 1.4 equiv) of a precooled CIgED After stirring for 10 min at -1%C, 0.45 mL (0.45 mmol,
1.5 equiv) of a precooled 1.0M aqueous solutioiNBfCl was added dropwise at -4 to the colorless
suspension. The mixture was stirred for 24 h at’@%nd 15mL of HO was added dropwise at -6 to
the resulted mixture. The suspension was extragttd100 mL of EtOAc, washed with 10 mL of brine,
and dried over anhydrous Mg&Qhe crude product was chromatographed on siktavigh a 1:1 mixture

of hexane and EtOAc to afford 155 mg (95% yieldCbi-L-Phe-L-Val-L-Phe-Nkl20aLcLaLl.

11.1. Cbz-L-Phe-L-Val-L-Phe-NH; 20alcLaL

Yield: 155 mg (95%); colorless powd@i6% de;mp: 247-249C; [a]p>’ = -2.3 € 1.01, DMSO)H NMR
(400 MHz, DMSO€®): & = 0.79 (d,J = 5.6, 6H, (®3),CH), 1.90-1.98 (m, 1H, (CHCH), 2.70 (dd,J =
11.0, 13.7, 1H, BaCeHs), 2.81 (ddJ = 8.9, 13.8, 1H, BaCeHs), 2.93 (ddJ = 3.3, 13.7, 1H, BgCeHs),
2.99 (dd,J = 5.2, 13.8, 1H, B Cg¢Hs), 4.14-4.18 (m, 1H, BCH(CHs),), 4.28-4.33 (m, 1H, BCONH,),
4.45-4.51 (m, 1H, BNHCO,), 4.94 (s, 2H, O8,C¢Hs), 7.06 (brs, 1H, NK), 7.13-7.34 (m, 15H, Eisx3),
7.39 (brs, 1H, Ni), 7.55 (d,J = 8.7, 1H, NHCO), 7.86 (d] = 8.9, 1H, NHCHCONH,), 7.98 (d,J = 8.2,
1H, NHCQy); *C NMR (100 MHz, DMSQd®): & = 18.0, 19.1, 30.7, 37.2, 37.6, 53.5, 56.0, 5851,
126.2, 127.4, 127.6, 128.0, 128.3, 129.1, 129.%.013137.8, 155.8, 170.5, 171.4, 172.6; HRMS
(ESI-TOF): Calcd for GHsN4OsNa (M+Na): 567.2578, Found: 567.2554; IR (KBiya/cmi') = 3296
(NH), 1670 (CON), 1635 (CON).

11.2. Cbz-L-Phe-L-Val-D-Phe-NH 20alcLaD

Yield: 153 mg (94%); colorless powdéf2% de;mp: 254-256°C; [o]p”’ = +17.9 ¢ 1.00, DMSO);'H
NMR (400 MHz, DMSOd®): & = 0.57 (d,J = 6.6, 6H, (&l3),CH), 1.72-1.98 (m, 1H, (CHLCH), 2.67-2.76
(m, 2H, HACeHs, CHaACgHs), 2.93 (dd,J = 3.5, 13.8, 1H, BgCeHs), 3.08 (dd,J = 3.8, 13.6, 1H,
CHgCeHs), 4.10-4.14 (m, 1H, BCH(CHs),), 4.27-4.33 (m, 1H, BCONH,), 4.45-4.49 (m, 1H,
CHNHCO,), 4.93 (s, 2H, O8,CeHs), 7.13 (brs, 1H, NI, 7.15-7.34 (m, 15H, Eisx3), 7.43 (brs, 1H,
NHg), 7.53 (d,J = 8.6, 1H, NHCO), 7.86 (dl = 8.4, 1H, NHHCHCONH,), 8.28 (d,J = 8.6, 1H, NHCO);
¥%C NMR (100 MHz, DMSOd®): & = 17.7, 19.0, 30.5, 37.2, 37.5, 53.9, 56.0, 5882, 126.1, 127.4,
127.6, 128.0, 128.0, 128.3, 129.1, 129.2, 137.(8.113138.1, 155.8, 170.6, 171.6, 173.1; HRMS
(ESI-TOF): Calcd for GHsN4OsNa (M+Na): 567.2578, Found: 567.2554; IR (KBiya/ci') = 3284
(NH), 1697 (CON), 1631 (CON).

11.3. Cbz-L-Phe-L-Val-L-Ala-NH;, 20aLcLbL
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Yield: 125 mg (89%); colorless powdenp: 266-268°C; [o]p™ = +2.2 € 1.02, DMSO);H NMR (400
MHz, DMSO-d®): & = 0.84, 0.88 (d, dJ = 6.9, 7.0, 3H, 3H, (B5).,CH), 1.20 (d,J = 7.0, 3H, EsCH),
1.97-2.05 (m, 1H, (CH.CH), 2.74 (dd,J = 11.2, 13.7, 1H, BACeHs), 3.01 (dd,J = 3.2, 13.7, 1H,
CHgCeHs), 4.20-4.24 (m, 2H, BCH(CHs),, CHCONH,), 4.31-4.36 (m, 1H, BNHCO,), 4.94 (s, 2H,
OCH,CgHs), 6.69 (brs, 1H, Nk, 7.18-7.74 (m, 11H, &isx2, NHg), 7.54 (d,J = 8.6, 1H, NHCO), 7.91 (d,
J = 8.8, 1H, NHHCHCONH,), 7.96 (d,J = 7.2, 1H, NHC®); *C NMR (100 MHz, DMSOd®%): & = 17.9,
18.4,19.2, 30.7, 37.3, 47.9, 56.1, 57.5, 65.2,22827.4, 127.6, 128.0, 129.2, 127.4, 127.6, 12286.3,
129.2, 137.0, 138.1, 155.8, 170.2, 171.5, 173.9MSRESI-TOF): Calcd for @Hs,N,OsNa (M+Na)':
491.2265, Found: 491.2302; IR (KBfa/cm?) = 3284 (NH), 1697 (CON), 1630 (CON).

11.4. Cbz-L-Phe-L-Val-D-Ala-NH, 20alLcLbD

Yield: 119 mg (85%); colorless powdemp: 184-186°C; [a]p?® = +1.5 € 0.98, DMSO);*H NMR (400
MHz, DMSOd®): & = 0.56, 0.58 (d, dJ = 6.6, 6.6, 3H, 3H, (85),CH), 1.20 (d,J = 7.0, 3H, G;CH),
1.91-2.04 (m, 1H, (CH,CH), 2.75 (dd,J = 10.5, 13.7, 1H, BaCeHs), 3.01 (dd,J = 8.6, 13.7, 1H,
CHgCgHs), 4.14-4.40 (m, 3H, BCH(CH3),, CHCONH,, CHNHCO,), 4.94 (s, 2H, O8,CqHs), 6.98 (brs,
1H, NHy), 7.03-7.57 (m, 12H, isx2, NHs, NHCO), 7.76 (d,J = 9.1, 1H, NHNCHCONH), 7.95 (d,J =
9.0, 1H, NHCQ); **C NMR (100 MHz, DMSO&®): & = 17.8, 19.0, 19.2, 29.0, 30.7, 37.2, 56.2, 55713,
65.2, 126.2, 127.3, 127.5, 127.6, 128.0, 128.0,312829.2, 129.2, 137.0, 138.1, 155.8, 171.3, 172.7
174.0; HRMS (ESI-TOF): Calcd for ;3N OsNa (M+Na): 491.2265, Found: 491.2302; IR (KBr,
Vma/CMY) = 3292 (NH), 1697 (CON), 1647 (CON).

11.5. Cbz-L-Phe-L-Val-L-Val-NH, 20alcLcL

Yield: 125 mg (84%); colorless powdemp: 268-269°C; [o]p™® = -1.4 € 1.00, DMSO)H NMR (400
MHz, DMSO<®): & = 0.76-0.91 (m, 12H, (85),CHx2), 1.93-2.04 (m, 2H, (CHLCH), 2.74 (ddJ = 11.0,
13.7, 1H, G1aCeHs), 3.00 (dd,J = 3.3, 13.7, 1H, BaCeHs), 4.11-4.15 (m, 1H, BCH(CH3),), 4.23-4.27

(m, 1H, CHCONH,), 4.31-4.37 (m, 1H, BNHCO,), 4.94 (s, 2H, O8,C¢Hs), 7.04 (brs, 1H, NH),
7.19-7.33 (m, 11H, §45x2, NHg), 7.53 (d,J = 8.6, 1H, NHCO), 7.71 (d, = 8.8, 1H, N\CHCONH), 7.99
(d,J = 8.8, 1H, NHC®); *C NMR (100 MHz, DMSOd®): § = 17.9, 18.1, 19.2, 19.3, 30.5, 30.5, 37.2, 56.0,
57.4,57.8, 65.2, 126.2, 127.4, 127.6, 128.0, 1288.2, 137.0, 138.1, 155.8, 170.6, 171.5, 112RMS
(ESI-TOF): Calcd for GH3sN4OsNa (M+Na): 519.2578, Found: 519.2504; IR (KBhy/cn?) = 3294
(NH), 1670 (CON), 1637 (CON).
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11.6. Cbz-L-Phe-L-Val-D-Val-NH, 20alLcLcD

Yield: 115 mg (77%); colorless powdemp: 271-273C; [a]p>® = +0.2 € 0.99, DMSO);'"H NMR (400
MHz, DMSO<®): & = 0.76-0.87 (m, 12H, (85),CHx2), 1.98-2.07 (m, 2H, (CHLCH), 2.74 (ddJ = 11.1,
13.5, 1H, ®aCeHs), 2.99 (dd,J = 3.5, 13.6, 1H, B5CeHs), 4.15-4.19 (m, 1H, BCH(CH,),), 4.31-4.37
(m, 2H, GHCONH,, CHNHCO,), 4.95 (s, 2H, O8,C¢Hs), 7.07 (brs, 1H, Ni), 7.18-7.34 (m, 10H,
CeHsx2), 7.37 (brs, 1H, Nk), 7.55 (d,J = 8.6, 1H, NHCO), 7.95 (d} = 8.8, 1H, NM\CHCONH,), 7.97 (d,

J = 8.8, 1H, NHCQ); *C NMR (100 MHz, DMSOd®): § = 17.7, 17.8, 17.9, 19.2, 19.4, 30.1, 30.7, 37.3,
56.0, 57.3, 57.9, 65.2, 126.2, 127.4, 127.5, 12128,0, 128.3, 129.2, 137.0, 138.0, 155.8, 17079,5]
172.7, 172.9; HRMS (ESI-TOF): Calcd fop:B3sN,OsNa (M+Na): 519.2578, Found: 519.2504; IR (KB,
Vma/CM™) = 3292 (NH), 1697 (CON), 1623 (CON).

11.7. Cbz-L-Phe-L-Val-L-Met-NH, 20aLcLdL

Yield: 153 mg (97%); colorless powdemp: 221-223C; [a]p>’ = +20.0 ¢ 0.99, DMSO)!H NMR (400
MHz, DMSO<®): & = 0.84, 0.87 (d, dJ = 5.6, 6.6, 3H, 3H, (83),CH), 1.77-2.02 (m, 3H, B,CH,S,
(CHs),CH), 2.03 (s, 3H, ChkB), 2.40-2.46 (m, 2H, C}€H,S), 2.72 (ddJ = 10.9, 13.7, 1H, BACsHs),
3.00 (dd,J = 3.5, 13.7, 1H, BgCeHs), 4.14-4.21 (m, 1H, BCH(CH3),), 4.27-4.36 (m, 2H, BCONH,,
CHNHCO,), 4.94 (s, 2H, OB,CeHs), 7.07 (brs, 1H, NK), 7.20-7.33 (m, 12H, Eisx2, NHs, NHCO),
7.54 (d,J = 8.5, 1H, MNCHCONH,), 7.96 (d,J = 8.6, 1H, NHCQ); **C NMR (100 MHz, DMSOd®): § =
14.5, 14.6, 18.1, 19.2, 29.6, 30.5, 31.9, 37.20,567.8, 65.2, 126.2, 127.4, 127.5, 127.7, 128283,
129.2, 137, 51.7.0, 138.1, 155.8, 170.7, 171.6,.878RMS (ESI-TOF): Calcd for £H3gN,OsSNa
(M+Na)": 551.2299, Found: 551.2222; IR (KBfua/cm’®) = 3284 (NH), 1676 (CON), 1635 (CON).

11.8. Cbz-L-Phe-L-Val-D-Met-NH, 20aLcLdD

Yield: 149 mg (94%); colorless powdenp: 248-250°C; [o]p>’ = +30.6 € 0.99, DMSO);"H NMR (400
MHz, DMSO<®): & = 0.75, 0.87 (d, dJ = 5.6, 6.6, 3H, 3H, (B3),CH), 1.77-2.00 (m, 3H, B,CH,S,
(CHs),CH), 2.02 (s, 3H, ChB), 2.38-2.47 (m, 2H, CiEH,S), 2.76 (ddJ = 10.8, 13.8, 1H, BaCeHs),
3.95 (dd,J = 10.2, 13.8, 1H, BgCeHs), 4.11-4.17 (m, 1H, BCH(CH3),), 4.27-4.33 (m, 2H, BCONH,,
CHNHCO,), 4.94 (s, 2H, OB,CeHs), 7.10 (s, 1H, NH), 7.17-7.36 (m, 12H, Eisx2, NHs, NHCO), 7.55
(d,J = 8.6, 1H, HHCHCONH,), 8.23 (d,J = 8.2, 1H, NHC®); **C NMR (100 MHz, DMSOd®): 5 = 14.5,
14.6, 17.6, 18.3, 19.1, 29.7, 29.7, 30.0, 30.43,337.2, 52.4, 51.8, 56.0, 56.2, 57.9, 58.3, 68624, 126.2,
126.3, 127.4, 127.6, 127.8, 128.0, 128.3, 128.8,212129.3, 136.8, 137.0, 137.6, 138.0, 155.8,9,70.
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171.8, 172.2, 173.1, 173.2; HRMS (ESI-TOF): Calod €,H3gN,OsSNa (M+Naj: 551.2299, Found:
551.2336; IR (KBrymay/cnil) = 3284 (NH), 1676 (CON), 1635 (CON).
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