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Abstract: Ball-milling enabled to perform [2+1], [2+2], and [2+3] peptide couplings with
high yields and, if any, very low epimerization. Very good results were obtained with
peptide fragments containing highly epimerization-prone and/or highly hindered amino
acids at C-term such as phenylglycine, cysteine and valine. Ball-milling was clearly
identified as the key element to obtain both high yield and purity along with low
epimerization. Indeed, the ball-milling conditions proved to be superior to the classical
solution synthesis approach on a various array of widely used coupling agents. These
results open avenues for the development of highly efficient, convergent and flexible
peptide synthesis strategies based on peptide fragment couplings mediated by ball-

milling.



Peptides can be found in many and diverse applications as nutriments, cosmetics
and pharmaceuticals. In the field of medicinal chemistry, they can act as therapeutics and
diagnostic agents, including for the fight against the Covid-19 disease.'-? Over the years,
interest in this class of compounds has increased at a steady rate,®” due to their good
biological activities at very low doses, high selectivity, and high probability of success at
clinical trial stages.* 8 In 2019, the FDA has estimated that approximately 100 peptide
drugs were marketed in the U.S., Europe, and Japan, accounting for annual global sales
ranging between $15 billion to $20 billion.® Among these peptide-based drugs, we can
highlight Macrilen, which was discovered in our institute (IBMM) in 1999 and that was
recently approved by both FDA and EMA to be used in the diagnosis of patients with adult
growth hormone deficiency.® When the stepwise synthesis of low molecular weight
peptides do not generally present any difficulty, the chemical synthesis of longer peptides
and proteins is a much more challenging task. Indeed, the efficiency of coupling and
deprotection reactions decreases with the length of the peptide chain, leading to amino
acid deletions and uncompleted sequences. These difficulties have certainly slowed
down, if not prevented, commercialization of some long peptide chains, and may also
explain why recombinant protein strategy is generally preferred when sequences of more
than 60 amino acid residues are targeted.'% Significant efforts have been deployed by
peptide scientists to tackle this challenge, mainly by using convergent fragment coupling
approaches, in particular using native chemical ligation (NCL) of peptides fragments.''-'3
Yet, these approaches suffer from a limited scope: peptide bond disconnections cannot
be performed at any point of the peptide chain. For instance, a N-terminal cysteine or an
amino acid modified by a thiol auxiliary are required to perform NCL. Limitations are even
more constraining when coupling a C-term activated peptide fragment with a free N-term
fragment; the risk of epimerization can be extremely high, leading to the production of
highly undesirable diastereomers.'* This hurdle can be overcome: some examples are
reporting peptide fragment couplings with low to null epimerization levels.>-2° However,
these examples remain relatively scarce. In this context, and based on our knowledge of
peptide synthesis under solvent-less/solvent-free conditions by mechanochemical

means,?'-?6 we considered evaluating the capacity of ball-mills to reduce or eliminate



epimerization during C-term activation of peptide fragments, and to compare these results

with the classical synthesis in solution.

The [2+1] coupling between Z-Ala-Phg-OH and HCI-H-lle-OMe was considered as
a probe of choice.?” Indeed, phenylglycine (Phg) is known as being one of the most
epimerization-prone amino acid,' 7. 231 while isoleucine is a hindered amino acid
exhibiting low coupling speeds.3? For this study, the target dipeptide Z-Ala-Phg-OH was
prepared using Z/tBu orthogonal strategy (see ESI for details). Then, Z-Ala-Phg-OH was
reacted with HCI-H-lle-OMe (1.5 equiv.), in the presence of EDC-HCI (1.2 equiv.), Oxyma
(1.2 equiv.) and a small amount of DMF (n = 0.45 yL/mg) in a 5 mL PTFE ball-mill reactor
containing three stainless steel balls (5 mm diameter), for 10 min at 25 Hz (see ESI for
details). Here, the amount of DMF was not sufficient to solubilize the reaction mixture but
improved the homogeneity of the reaction mixture.33 Although being a highly problematic
solvent,3 DMF is considered as the most widely used solvent for peptide synthesis.35-37
It appeared as the liquid additive of choice to ensure a rigorous comparison between the
ball-milling and the classical solution-phase approach. Following the same idea, the n
parameter was calculated to facilitate the comparison of the solvent quantities that were
used.® After reaction mixture recovery from the milling reactor and work-up, the
corresponding tripeptide Z-Ala-Phg-lle-OMe was isolated in 93% yield, with excellent
purity and no detectable traces of the Z-Ala-D-Phg-lle-OMe epimer as indicated by HPLC
(Entry 1, Table 1; tr(LLL) = 5.08 min and tr(LDL) = 5.20 min, see ESI for details).



Coupling reagent (1.2 equiv.)
Coupling additive (1.2 equiv.)

Z-Ala-Phg-OH + HCI-H-lle-OMe Z-Ala-LD-Phg-lle-OMe
1.0 eq 1.5eq vbm: n(DMF) = 0.45 pL/mg
magnetic stirring: n(DMF) = 11-26 yL/mg

Entry Reagents Temp (°C) t(min)  Yield (%) Purity (%)2®  LDL (%)°
1 EDC-HCI/Oxyma 33 (33) 10 (30) 93 (88) > 99 (32) <1(9)
2 EDC-HCI/HOBt-H20 34 (34) 10 (30) 90 (90) 70 (48) 25 (35)
3 EDC-HCI/HOAt 34 (34) 10 (30) 88 (90) 95 (59) <1 (26)
4 DIC/HOAt 30 (31) 10 (40) n.d.(nd.)c 67 (39) 17 (33)
5 DIC/Oxyma 31 (31) 10 (40) n.d.(nd.)c 46 (<10) <1 (n.d.)
6 HATU/EtsN 34 (34) 10 (60) 85 (88) 88 (58) 1(<1)
7 HBTU/EtsN 33 (33) 10 (20) 86 (82) 71 (55) 2(9)

a Purity determined by HPLC and calculated as the surface of the LLL HPLC peak over all the other peaks,
including the LDL peak. b Determined by HPLC. ¢ n.d.: not determined.

Table 1: Comparative study between vibrating ball-milling (main figures) and solution synthesis

(in parentheses) of Z-Ala-Phg-lle-OMe

Ball-milling is known to induce a slight temperature raise of the milled materials.3%-41
As the temperature inside the reactor could have an influence on the reaction course, the
temperature of the milled material was measured directly after milling. During the coupling
under ball-milling conditions, the temperature reached 33 °C. The same temperature was
applied to the synthesis of Z-Ala-Phg-lle-OMe under classical magnetic stirring
conditions, while using the minimal amount of DMF enabling proper mixing (n = 20
pML/mg). In these experimental conditions, Z-Ala-Phg-lle-OMe was produced in 88% yield,
32% purity and 9% of the LDL epimer (Entry 1, figures in parentheses, Table 1). These
results clearly showed that solvent-less ball-milling could minimize epimerization of a
highly epimerization-prone C-term activated peptide fragment. Additionally, the coupling
was complete after 10 min of ball-milling, while 30 min were required under classical

solution conditions. This latter observation could be explained by the higher concentration
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of the reaction mixture in the ball-mill compared to that in solution. Other coupling
reagents and additives were screened to establish the generality of our observations.
When couplings were performed in solution, the quantity of DMF was kept as low as
possible to ensure maximal concentration of the reactants while enabling proper mixing
under classical magnetic stirring ( 11 < n < 26 pL/mg). When Oxyma was replaced with
HOBt-H20, ball-milling conditions led to 25% of the LDL epimer and 70% purity, while 35%
of the same epimer and 48% purity were obtained for the synthesis in solution (Entry 2,
Table 1). The use of HOAt gave better results than HOBt-H20; only 1% of the LDL epimer
was produced in the ball-milling conditions while 26% LDL epimer were obtained after
synthesis in solution (Entry 3, Table 1). These results were in agreement with previous
publications comparing HOBt-H20 and HOAt.#>43 Using DIC with HOAt under ball-milling
conditions furnished the tripeptide with 67% purity along with 17% of the LDL epimer, while
synthesis in solution led to lower purity (39%) and higher epimerization (33%) (Entry 4,
Table 1). These results obtained with DIC were not improved when replacing HOAt with
Oxyma (Entry 5, Table 1). Concerning the stand-alone coupling reagents HBTU and
HATU, their use induced low epimerization levels both by ball-milling and in solution
(Entries 6 & 7, Table 1). Yet, the HPLC purity profiles of the products obtained by ball-
milling were much better than when synthesized in solution. The comparison between
ball-milling and solution-phase clearly showed the superiority of the mechanochemical
approach over the classical synthesis in solution, since lower epimerization rates and
better purity profiles were obtained with almost all tested coupling agents and additives,

while yields remained comparable.

We next applied the best ball-milling experimental conditions (EDC-HCI/Oxyma) to
the synthesis of other challenging peptides. Here, EtOAc was used instead of DMF to
improve the overall environmental impact of our ball-milling conditions. Thus, ball-milling
Z-Ala-Phg-OH with HCI-H-Phe-OMe produced the tripeptide Z-Ala-Phg-Phe-OMe in 89%

yield with full conservation of the stereogenic centers (Entry 1, Table 2).



EDC-HCI (1.2-2.2 equiv.)
Oxyma (1.2 equiv.)
EtOAc (7 = 0.45 pL/mg)

vbm, 25 Hz, t (min)

PG-AA'-AA2-OH + HCI'H-AA,-OR

>~ PG-AA'-AAZ.AA -OR

1.0 equiv. 1.0-n1 .=51e_%uw. S - gﬁe— é,BBn(,)COtBu
Entry Peptides Time (min) Isolated yield (%) de (%)
1 Z-Ala-Phg-Phe-OMe 20 892 > 99
2 Z-Ala-D-Phg-Phe-OMe 10 922 > 99
3 Z-Ala-Cys(Bn)-Ala-OMe 30 98 > 99
4 Z-Ala-Cys(Bn)-Phe-OMe 20 94a > 99
5 Z-Phe-Val-Cys(Bn)-OMe 30 9g82.b > 99
6 Z-Phe-D-Val-Cys(Bn)-OMe 30 972 > 99
7 Z-Phe-Val-Ser(tBu)-OtBu 30 98ab > 99
8 Z-Phe-D-Val-Ser(tBu)-OtBu 20 g7a > 99
9 Boc-Trp-Phe-Glu(Bn)-OBn 20 922 > 99
10 Boc-Trp-Phe-Gly-OBn 10 842 > 99
11 Boc-Trp-D-Phe-Gly-OBn 10 952 > 99
12 Z-Phe-Val-Leuz-OBn 25 95¢ > 99
13 Z-Phe-D-Val-Leu2-OBn 25 91¢ 98
14 Z-Phe-Val-Leu3-OBn 30 93cd > 99
15 Z-Phe-D-Val-Leus-OBn 30 91¢d 99

a 1.5 equiv. of HCI-H-AA-OR were used. ® 1.2 equiv. of EDC-HCI were used. ¢ 1.0 equiv. of HCI-H-AA,-OR
were used. 4 2.2 equiv. of EDC-HCI and n (EtOAc) = 0.9 yL/mg were used.

Table 2: Scope of the peptide couplings by ball-milling

When Z-Ala-D-Phg-OH was used instead of Z-Ala-L-Phg-OH, the tripeptide Z-Ala-D-
Phg-Phe-OMe was isolated with a similar yield of 92% and excellent purity (Entry 2, Table

2). Cysteine, which is another epimerization-prone amino acid,'* 44 was next tested under
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the same experimental conditions. Thus, Z-Ala-Cys(Bn)-Ala-OMe and Z-Ala-Cys(Bn)-
Phe-OMe were synthesized from Z-Ala-Cys(Bn)-OH. In both cases, tripeptides were
obtained in excellent yields (> 94%) without any detectable epimerization (Entries 3 & 4,
Table 2). Like isoleucine, valine is a -branched amino acid known to be more difficult for
coupling than most of other amino acids.3? Yet, the reaction between Z-Phe-Val-OH and
HCI-H-Cys(Bn)-OMe led to the desired tripeptide, Z-Phe-Val-Cys(Bn)-OMe, in almost
quantitative yield after 30 minutes ball-milling (Entry 5, Table 2). Importantly, no trace of
the LDL epimer could be detected by HPLC analysis. Similar results were obtained starting
with the Z-Phe-D-Val-OH (Entry 6, Table 2). When HCI-H-Cys(Bn)-OMe was replaced
with HCI-H-Ser(tBu)-OfBu, excellent yields were obtained, again with no epimerization
(Entries 7 & 8, Table 2). Of note, the t-butyl ester was stable in these experimental
conditions. In classical peptide synthesis in solution, Z and Boc N-protecting groups are
commonly used. In order to evaluate the coupling of Boc-protected fragments, Boc-Trp-
Phe-Glu(OBn)-OBn, Boc-Trp-Phe-Gly-OBn, and Boc-Trp-D-Phe-Gly-OBn  were
synthesized and successfully isolated in good to excellent yields (84-95%), without any
detectable epimerization (Entries 9-11, Table 2). These results supported that ball-milling
conditions were compatible with Boc N-protecting groups, without affecting the isolated
yields and diastereomeric excesses of the expected products. The presence of benzyl

groups was not an obstacle to the success of these syntheses.

After clearly demonstrating the efficiency of our method in epimerization-free [2+1]
peptide couplings, we aimed at demonstrating that peptide fragment couplings mediated
by ball-milling could be applied to longer peptide fragments. For this, [2+2] and [2+3]
couplings involving peptide fragments bearing the hindered valine at C-term were
performed. When the optimal experimental reaction conditions were applied to the
coupling of Z-Phe-Val-OH with HCI-H-Leu2-OBn, the expected tetrapeptide was obtained
in 95% vyield without epimerization (Entry 12, Table 2). The same conditions applied to
the synthesis of the diastereomer Z-Phe-D-Val-Leu2-OBn yielded the desired tetrapeptide
in 91%, yet containing 2% of the epimer (Entry 13, Table 2). To our delight, when the
tripeptide HCI-H-Leus-OBn was reacted with Z-Phe-Val-OH and Z-Phe-D-Val-OH, the
corresponding pentapeptides Z-Phe-Val-Leuz-OBn and Z-Phe-D-Val-Leus-OBn were

successfully isolated with high yields (> 91%) and no to negligible level of epimerization
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(Entries 14 & 15, Table 2). So far, the longest peptide synthesized by ball-milling was the
pentapeptide Leu-enkephalin.?? The successful synthesis of these two pentapeptides by
a fragment coupling approach consolidates the potential of mechanochemistry to produce
oligopeptides with high efficiency. Overall, the lower levels of epimerization observed
under ball-milling conditions could find explanations in the concentrations of the reaction
mixtures. Indeed, epimerization during peptide couplings occurs either through direct oH-
abstraction in basic medium and/or through the formation of an oxazolone ring during
activation.’ Of note, the latter mechanism is an intramolecular process favored in diluted
conditions, whereas “direct” peptide coupling (in other words, acylation of the free amine)
is an intermolecular process, comparatively favored in concentrated conditions such as
those enabled by ball-milling. Consequently, our results suggest that the absence of
epimerization could be explained by the highly concentrated reaction conditions enabled

by ball-milling, that would prevent the transient formation of an oxazolone ring.

To conclude, using the combination of EDC-HCI, Oxyma and small amounts of a liquid
additive (DMF or EtOAc) under ball-milling conditions allowed to perform [2+1], [2+2], and
[2+3] peptide couplings with high yields and, if any, very low epimerization. Noteworthy,
very good results were obtained with peptide fragments containing highly epimerization-
prone and/or highly hindered amino acids at C-term such as phenylglycine, cysteine and
valine. Ball-milling was clearly identified as the key element to obtain both high yield and
purity along with low epimerization. Indeed, the ball-milling conditions proved to be
superior to the classical solution synthesis approach on a various array of widely used
coupling agents. These results open avenues for the development of highly efficient,
convergent and flexible peptide synthesis strategies based on peptide fragment
couplings. Further investigations aiming at i) deciphering the mechanism enabling
epimerization suppression during ball-milling when compared to synthesis in solution /i)
applying this strategy to longer peptide fragments are currently being explored in our

laboratory and will be reported in due course.
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Abbreviations

DIC N,N'-diisopropylcarbodiimide

EDC-HCI N-(3-Dimethylaminopropyl)-N"-ethylcarbodiimide hydrochloride

EMA European Medicines Agency

FDA Food and Drug Administration

HATU N-[(Dimethylamino)-1H-1,2,3-triazolo-[4,5-b]pyridin-1-ylmethylene]-N-
methylmethanaminium hexafluorophosphate N-oxide

HBTU N,N,N',N'-Tetramethyl-O-(1H-benzotriazol-1-yl)uronium hexafluorophosphate

HOAt 1-Hydroxy-7-azabenzotriazole

HOBt-H.O 1-Hydroxybenzotriazole hydrate

Oxyma Ethyl hydroxyiminocyanoacetate

vbm Vibrating ball-milling
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General information

All reagents were purchased from Sigma Aldrich, TCI chemicals, Iris Biotech GmbH and used
without further purification. The milling treatments were carried out in a vibrating ball-mill
Retsch Mixer Mill 200 or Mixer Mill 400. n is defined as the ratio of added liquid volume to the
total mass of reagents.! It is expressed in yL/mg. NMR analyses were performed at the
"Plateforme Technologique Laboratoire de Mesures Physiques" (IBMM, Université de
Montpellier). '"H NMR spectra were recorded on a Bruker Avance IlI HD 400 MHz
spectrometer and are reported in ppm using solvent as an internal standard (CDCIsz at 7.26
ppm, CD30OD at 3.31 ppm and DMSO-ds at 2.50 ppm). Data are reported as s = singlet, d =
doublet, t = triplet, qd = quadruplet, qt = quintuplet, m = multiplet; coupling constant in Hz;
integration. '*C NMR spectra were recorded on a Bruker Avance Ill HD 101 MHz spectrometer
and are reported in ppm using solvent as an internal standard (CDCls at 77.16 ppm, CD30D at
49.00 ppm and DMSO-d6 at 39.52 ppm). Mass spectra were obtained by LC-MS with ESI
using a Water Alliance 2695 as LC, coupled to a Waters ZQ spectrometer with electrospray
source, a simple quadrupole analyzer and a UV Waters 2489 detector. HRMS analyses were
performed on UPLC Acquity H-Class from Waters hyphenated to a Synapt G2-S mass
spectrometer with a dual ESI source from Waters. Diastereomeric excesses of Z-Ala-Phg-lle-
OMe were measured using an Agilent technologies 1220 Infinity LC using a Chromolith® high
resolution RP-18e 50-4.6 mm column. Diastereomeric excesses of Z-Ala-Cys(Bn)-Ala-OMe
and Z-Ala-Cys(Bn)-Phe-OMe were measured using a Beckman Coulter System Gold 126
Module HPLC machine and System Gold 168 Detector with 4.6 mm Diacel Chiralpak AS-H
columns using n-hexane and isopropanol as solvents. Diastereomeric excesses of all other
compounds were measured at the "Plateforme de chromatographie chirale" of the Institut des
Sciences Moléculaires de Marseille (iSm2, Marseille, France), on an Agilent 1260 Infinity unit
(pump G1311B, autosampler G1329B, DAD G1315D). These analyses were performed by
using either Chiralpak IA, ID, IE or IF analytical columns (250x4.6 mm, 5 ym) from Chiral
Technologies Europe (lllkirch, France). HPLC grade heptane and ethanol were used as
solvents, detection at 205 nm, 220 nm and 230 nm. Diastereomeric ratios were calculated
from the area of the peaks on the UV chromatogram, assuming that the molar absorption
coefficient were the same for both diastereomers.

Oxyma stands for ethyl (hydroxyimino)cyanoacetate, EDC-HCI for N-(3-dimethylaminopropyl)-
N’-ethylcarbodiimide hydrochloride.

For sake of clarity, absolute configuration indications of L amino acids have been omitted
throughout the manuscript. Only D configurations have been indicated. Thus, Z-Ala-Phg-OH
corresponds to Z-L-Ala-L-Phg-OH.

Operating procedures and analytical data

0,

s Comparative study between ball-milling and solution processes for the synthesis of
Z-Ala-Phg-lle-OMe

Coupling reagent (1.2 equiv.)
Coupling additive (1.2 equiv.)
Base, time, t
Z-Ala-Phg-OH + HCI-H-lle-OMe > Z-Ala-Phg-lle-OMe
1.0 eq 1.5 eq vbm: DMF as additive (77 = 0.45 pyL/mg)
magnetic stirring: DMF as solvent (minimal volume)

Reactions were performed on a total mass of reagents of 50 mg.



e Procedure 1: reactions performed in a vibrating ball-mill (vbm)

Z-Ala-Phg-OH (1.0 equiv.), HCI-H-lle-OMe (1.5 equiv.), coupling additive (if used, cf Table 1 of
the main text, 1.2 equiv.), EtsN (if used, cf Table 1 of the main text, 1.2 equiv.) and DMF (23
uL, n = 0.45 yL/mg) were introduced in a 5 mL PTFE grinding jar with three stainless steel
balls (5 mm diameter). The jar was closed and subjected to grinding for 1 minute in the mixer
mill operated at 25 Hz. Then, the coupling reagent (1.2 equiv.) was introduced and the jar was
closed and subjected to grinding in the mixer mill operated at 25 Hz until completion of the
reaction. The reaction mixture was recovered with deionized water and EtOAc. The aqueous
phase was extracted with EtOAc (2 x 5 mL). The combined organic phase was washed with
1N aqueous HCI solution (2 x 7 mL), saturated aqueous Na2COs solution (2 x 7 mL), brine (1 x
10 mL) and then dried over MgSO4, filtered and concentrated under reduced pressure to give
the desired product.

The diastereomeric excess of Z-Ala-Phg-lle-OMe was measured, before and after the work-up
procedure, on an Agilent technologies 1220 Infinity LC using a Chromolith® high resolution
RP-18e 50-4.6 mm column and a linear gradient of 0 to 58% CH3CN/0.1% TFA in
H20/0.1%TFA over 6 min, detection at 214 nm. Flow rate: 3 mL/min.

e Procedure 2: reactions performed in solution under classical magnetic stirring

Z-Ala-Phg-OH (1.0 equiv.), HCI-H-lle-OMe (1.5 equiv.), coupling additive (if used, cf Table 1 of
the main text, 1.2 equiv.) and EtsN (if used, cf Table 1 of the main text, 1.2 equiv.) were
introduced in a round-bottomed flask. The minimum volume of DMF enabling complete
dissolution of the reagents (11 < n < 20 pyL/mg) was added and the reaction mixture was
stirred at room temperature for 1 min. Then, coupling reagent (1.2 equiv.) were added to the
mixture. After completion of the reaction, EtOAc (10 mL) was added to the reaction mixture
and the organic phase was washed with 1N aqueous HCI solution (2 x 7 mL), saturated
aqueous Na2COs solution (2 x 7 mL), brine (1 x 10 mL) and then dried over MgSOy4, filtered
and concentrated under reduced pressure to give the desired product.

The diastereomeric excess of Z-Ala-Phg-lle-OMe was measured, before and after the washing
steps, on an Agilent technologies 1220 Infinity LC using a Chromolith® high resolution RP-18e
50-4.6 mm column and a linear gradient of 0 to 58% CH3CN/0.1% TFA in H20/0.1%TFA over
6 min, detection at 214 nm. Flow rate: 3 mL/min.

The results of these experiments are summarized in the following table. Main figures are
corresponding to the experiments performed in the vibrating ball-mill, those in parenthesis are
the results corresponding to the experiments realised in solution:

Entry | Reagents Temp (°C) | t (min) | Yield (%) Purity (%)2f | LDL (%)b
1 EDC-HCI/Oxyma 33 (33) 10 (30) | 93 (88) > 99 (32) <1(9)

2 EDC-HCI/HOBt-H20 | 34 (34) 10 (30) | 90 (90) 70 (48) 25 (35)

3 EDC-HCI/HOAt 34 (34) 10 (30) | 88 (90) 95 (59) <1(26)
4 DIC/HOAt 30 (31) 10 (40) | n.d.(n.d.) | 67 (39) 17 (33)

5 DIC/Oxyma 31 (31) 10 (40) | n.d.(n.d.) |46 (<10) <1(n.d.)
6 HATU/EtsN 34 (34) 10 (60) | 85 (88) 88 (58) 1(<1)

7 HBTU/EtsN 33 (33) 10 (20) | 86 (82) 71 (55) 2(9)

a Purity determined by HPLC and calculated as the surface of the LLL HPLC peak over all the other
peaks, including the LDL peak. ® Determined by HPLC. n.d.: not determined.



H NMR (400 MHz, CDCls) 5 (ppm) 7.46-7.19 (11H), 6.39 (d, J = 7.7 Hz, 1H), 5.50 (d, J = 6.9
Hz, 1H), 5.42 (br d, J = 4.6 Hz, 1H), 5.08 (s, 2H), 4.53 (dd, J = 8.3, 4.8 Hz, 1H), 4.39-4.27 (m,
1H), 3.62 (s, 3H), 1.96-1.82 (1H), 1.45-1.30 (4H), 1.22-1.08 (m, 1H), 0.95-0.82 (6H); 13C
NMR (125 MHz, CDCls) & (ppm) 171.9, 171.8, 169.5, 156.0, 137.2, 136.3, 129.2, 128.72,
128.67, 128.3, 128.2, 127.3, 127.2, 67.1, 57.3, 57.0, 52.3, 50.6, 37.9, 25.3, 19.0, 15.5, 11.7 ;
HRMS (ESI): calcd for C26H34N3Os = 484.2448 [M+H]*; found = 484.2452.

e Z-Ala-Phg-OtBu? [860013-16-7]

(0] H (0] J<
o)J\NJ}(N%o
0
Z-Ala-OH (412.6 mg, 1.849 mmol), HCI-H-Phg-OtBu (540.6 mg, 2.218 mmol, 1.2 equiv.),
Oxyma (315.2 mg, 2.218 mmol, 1.2 equiv.), NaH2PO4 (887.1 mg, 7.394 mmol, 4.0 equiv.) and
EtOAc (1.13 mL, n = 0.45 uL/mg) were introduced in a 15 mL PTFE grinding jar with one
stainless steel ball (10 mm diameter). The jar was closed and subjected to grinding for 1
minute in the mixer mill operated at 25 Hz. Then, EDC (393 pL, 2.218 mmol, 1.2 equiv.) was
introduced and the jar was closed and subjected to grinding for 20 minutes in the mixer mill
operated at 25 Hz. The reaction mixture was recovered with deionised water and EtOAc. The
aqueous phase was extracted with EtOAc (2 x 10 mL). The combined organic phase was
washed with 1N aqueous HCI solution (2 x 10 mL), 1N aqueous NaOH solution (2 x 10 mL)

and brine (1 x 15 mL) and then dried over MgSOy, filtered and concentrated under reduced
pressure to afford 732 mg of the desired product as a yellow solid (96% yield).

H NMR (400 MHz, CDCl3) & (ppm) 7.39-7.25 (10H), 7.20 (br s, 1H), 5.47 (br d, J = 7.1 Hz,
1H), 5.41 (d, J = 7.3 Hz, 1H), 5.07 (s, 2H), 4.35 (br s, 1H), 1.46-1.34 (12H), 3C NMR (101
MHz, CDCls) & (ppm) 171.5, 169.9, 155.9, 136.9, 136.3, 128.8, 128.5, 128.2, 128.1, 128.0,
127.0, 82.7, 66.9, 57.0, 50.4, 27.8, 18.8; MS (ESI): m/z = 435.0 [M+Na]*

e Z-Ala-D-Phg-OtBu

)Lkmék

Z-Ala-OH (682.3 mg, 3.056 mmol), H-D-Phg-OtBu (760.2 mg, 3.668 mmol, 1.2 equiv.), Oxyma
(512.3 mg, 3.668 mmol, 1.2 equw) NaH2PO4 (1.467 mg, 12.23 mmol, 4.0 equiv.) and EtOAc
(1.8 mL, n =0.45 mL/g) were introduced in a 25 mL PTFE grinding jar with one PTFE ball (20
mm diameter). The jar was closed and subjected to grinding for 1 minute in the mixer mill
operated at 25 Hz. Then, EDC (649.2 yL, 3.668 mmol, 1.2 equiv.) was introduced and the jar
was closed and subjected to grinding for 15 minutes in the mixer mill operated at 25 Hz. The
reaction mixture was recovered with deionized water and EtOAc. The aqueous phase was
extracted with EtOAc (2 x 10 mL). The combined organic phase was washed with 1N aqueous
HCI solution (2 x 15 mL), 1N aqueous NaOH solution (2 x 15 mL) and brine (1 x 20 mL) and
then dried over MgSOu, filtered and concentrated under reduced pressure to afford 1.06 g of
the desired product as an orange solid (84% vyield).



1H NMR (400 MHz, CDCls) 5 (ppm) 7.37-7.26 (10H), 7.12 (br s, 1H), 5.44-5.37 (2H), 5.12 (s,
2H), 4.34 (br s, 1H), 1.42-1.33 (12H); 3C NMR (101 MHz, CDCl3) 5 (ppm) 171.5, 169.7,
156.0, 137.0, 128.9, 128.7, 128.33, 128.28, 128.2, 127.1, 82.9, 67.2, 57.1, 50.5, 27.9, 18.7;
HRMS (ESI): calcd for C2sH2sN20sNa = 435.1896 [M+Na]*; found = 435.1912.

e Z-Ala-Cys(Bn)-OtBu
o} y O
©/\O)J\NJ\H/ N %ok
H H
0] \S

Z-Ala-OH (611.2 mg, 2.738 mmol), H-Cys(Bn)-OtBu (1098.1 mg, 4.107 mmol, 1.5 equiv.),
Oxyma (466.9 mg, 3.285 mmol, 1.2 equiv.), NaH2PO4 (1313.9 mg, 10.951 mmol, 4.0 equiv.)
and EtOAc (1.8 mL, n = 0.45 uL/mg) were introduced in a 25 mL PTFE grinding jar with one
PTFE ball (20 mm diameter). The jar was closed and subjected to grinding for 1 minute in the
mixer mill operated at 25 Hz. Then, EDC (581.5 uL, 3.285 mmol, 1.2 equiv.) was introduced
and the jar was closed and subjected to grinding for 10 minutes in the mixer mill operated at
25 Hz. The reaction mixture was recovered with deionised water and EtOAc. The aqueous
phase was extracted with EtOAc (2 x 10 mL). The combined organic phase was washed with
1N aqueous HCI solution (2 x 20 mL), 1N aqueous NaOH solution (2 x 20 mL) and brine (1 x
30 mL) and then dried over MgSOs, filtered and concentrated under reduced pressure to
afford 1223 mg of the desired product as a yellow solid (95% yield).

H NMR (300 MHz, CDCl3) & (ppm) 7.37-7.20 (m, 10H), 6.62 (d, J = 5.4 Hz, 1H), 5.34 (d, J =
6.0 Hz, 1H), 5.08 (s, 2H), 4.62 (dd, J = 12.7, 5.2 Hz, 1H), 4.23 (m, 1H), 3.67 (s, 2H), 2.86 (dd,
J=13.8, 4.7 Hz, 1H), 2.80 (dd, J = 13.8, 5.7 Hz, 1H), 1.42 (s, 9H), 1.36 (d, J = 7.0 Hz, 3H);
13C NMR (101 MHz, CDCl3) & (ppm) 172.1, 169.4, 155.9, 138.0, 136.3, 129.1, 128.7, 128.6,
128.3, 128.2, 127.3, 82.9, 67.1, 52.4, 50.5, 36.9, 33.7, 28.1, 18.9; HRMS (ESI): calcd for
C2sH33N20sS = 473.2110 [M+H]*; found = 473.2107.

e Z-Phe-Val-OfBu [14470-31-6]

iNeem
SRR

Z-Phe-OH (825.4 mg, 2.757 mmol), HCI-H-Val-OtBu (867.4 mg, 4.136 mmol, 1.5 equiv.),
Oxyma (470.2 mg, 3.309 mmol, 1.2 equiv.), NaH2PO4 (1.323 g, 11.030 mmol, 4 equiv.) and
EtOAc (1.8 mL, n = 0.45 mL/g) were introduced in a 25 mL PTFE grinding jar with one PTFE
ball (20 mm diameter). The jar was closed and subjected to grinding for 1 minute in the mixer
mill operated at 25 Hz. Then, EDC (585.7 yL, 3.309 mmol, 1.2 equiv.) was added and the jar
was closed and subjected to grinding for 10 minutes in the mixer mill operated at 25 Hz. The
reaction mixture was recovered with deionized water and EtOAc. The aqueous phase was
extracted with EtOAc (2 x 15 mL). The combined organic phase was washed with 1N aqueous
HCI solution (2 x 15 mL), 1N aqueous NaOH solution (2 x 15 mL) and brine (1 x 15 mL) and



then dried over MgSOy, filtered and concentrated under reduced pressure to afford 1.204 g of
the desired product as a yellow solid (96% yield).

H NMR (400 MHz, CDCls) 5 (ppm) 7.37-7.15 (10H), 6.35 (d, J = 8.0 Hz, 1H), 5.37 (d, J = 7.1
Hz, 1H), 5.11 (d, J = 12.4 Hz, 1H), 5.07 (d, J = 12.4 Hz, 1H), 4.47 (br d, J = 6.9 Hz, 1H), 4.35
(dd, J = 8.5, 4.6 Hz, 1H), 3.09 (d, J = 6.6 Hz, 2H), 2.09 (1H), 1.45 (s, 9H), 0.86-0.82 (6H); 13C
NMR (101 MHz, CDCls) 5 (ppm) 170.7, 170.5, 156.0, 136.4, 129.5, 128.8, 128.6, 128.3, 128.1,
127.1, 82.2, 67.1, 57.7, 56.3, 38.5, 31.5, 28.2, 18.8, 17.8; MS (ESI) : m/z = 455.1 [M+H]*

e Z-Phe-D-Val-OtBu [2142626-54-6]

A

Z-Phe-OH (311.9 mg, 1.042 mmol), H-D-Val-OtBu (270.8 mg, 1.563 mmol, 1.5 equiv.), Oxyma
(117.7 mg, 1.250 mmol, 1.2 equiv. ) and EtOAc (495 L, n = 0.45 pL/mg) were introduced in a
15 mL PTFE grinding jar with one stainless steel ball (10 mm diameter). The jar was closed
and subjected to grinding for 1 minute in the mixer mill operated at 25 Hz. Then, EDC-HCI
(339.6 mg, 1.771 mmol, 1.7 equiv.) was added and the jar was closed and subjected to
grinding for 20 minutes in the mixer mill operated at 25 Hz. The reaction mixture was
recovered with deionized water and EtOAc. The aqueous phase was extracted with EtOAc (2
x 10 mL). The combined organic phase was washed with 1N aqueous HCI solution (2 x 10
mL), 1N aqueous NaOH solution (2 x 10 mL) and brine (1 x 15 mL) and then dried over
MgSOs, filtered and concentrated under reduced pressure to afford 437 mg of the desired
product as a yellow solid (92% yield).

H NMR (400 MHz, CDCl3) & (ppm) 7.39-7.14 (10H), 6.41 (d, J = 6.9 Hz, 1H), 5.42 (d, J = 7.4
Hz, 1H), 5.09 (s, 2H), 4.48 (br d, J = 7.0 Hz, 1H), 4.35 (dd, J = 8.5, 4.6 Hz, 1H), 3.08 (d, J =
6.6 Hz, 2H), 2.09 (m, 1H), 1.45 (s, 9H), 0.84 (t, J = 6.5 Hz, 6H); '3C NMR (101 MHz, CDCl3)
(ppm) 170.7, 170.5, 156.0, 136.4, 129.4, 128.8, 128.6, 128.3, 128.1, 127.1, 82.1, 67.1, 57.7,
56.3, 38.5, 31.5, 28.1, 18.8, 17.8; MS (ESI) : m/z = 455.2 [M+H]*

e Z-Ala-Phg-OH
0] H 0]
@AO)LNLW o
H o z

In a 25 mL round-bottomed flask, Z-Ala-Phg-OtBu (419.8 mg, 1.018 mmol) in DCM (10 mL)
was introduced. TFA (392.6 pL, 5.089 mmol, 5 equiv.) was added and the reaction mixture
was stirred at room temperature for 2h. The volatile compounds were evaporated under
reduced pressure and the crude was dissolved in EtOAc (15 mL) and washed twice with 1N
aqueous HCI (2 x 10 mL) and brine (1 x 10 mL). The organic phase was dried over MgSQOs4,
filtered and concentrated under reduced pressure to afford the desired product as a white solid
(m =329 mg, 91% yield).



"H NMR (400 MHz, DMSO-ds) & (ppm) 8.51 (d, J = 7.4 Hz, 1H), 7.48 (d, J = 7.8 Hz, 1H),
7.44-7.22 (10H), 5.32 (d, J = 7.4 Hz, 1H), 5.03-4.94 (2H), 4.2 (qt, J=7.4 Hz, 1H), 1.24 (d, J =
7.1 Hz, 3H), 3C NMR (101 MHz, DMSO-ds) & (ppm) 172.4, 171.8, 155.7, 137.03, 136.99,
128.5, 128.4, 128.0, 127.8, 127.7, 127.6, 65.4, 56.2, 49.7, 18.2; HRMS (ESI): calcd for
C19H21N205 = 357.1450 [M+H]*; found = 357.1453.

e Z-Ala-D-Phg-OH

@Aoj\mj\gné?\m

In a 50 mL round-bottomed flask, Z-Ala-D-Phg-OtBu (971.6 mg, 1.284 mmol) in DCM (15 mL)
was introduced. TFA (2.7 mL, 35.33 mmol, 15 equiv.) was added and the reaction mixture was
stirred at room temperature for 1h. The volatile compounds were evaporated under reduced
pressure and the crude was dissolved in EtOAc (20 mL). The organic phase was washed
twice with brine (1 x 7 mL). The organic phase was dried over MgSOQu, filtered and
concentrated under reduced pressure to afford the desired product as a white solid (m = 816
mg, 97% vyield).

1H NMR (400 MHz, MeOD-d4) & (ppm) 7.41-7.25 (10H), 5.43 (s, 1H), 5.1 (d, J = 13.0, 1H),
5.07 (d, J = 13.0, 1H), 4.26 (qt, J = 7.4 Hz, 1H), 1.31 (d, J = 7.1 Hz, 3H); 13C NMR (101 MHz,
MeOD-ds) 5 (ppm) 174.9, 173.3, 158.2, 138.2, 129.7, 129.5, 129.3, 129.0, 128.8, 128.5, 67.7,
57.9, 51.9, 18.3; HRMS (ESI): calcd for C19H21N205 = 357.1450 [M+H]*; found = 357.1451.

e Z-Ala-Cys(Bn)-OH [185454-03-9]
o) e
@AOJ\NJ\WN%OH
H §
\SBn

In a 50 mL round-bottomed flask, Z-Ala-Cys(Bn)-OtBu (775.5 mg, 1.641 mmol) in DCM (10
mL) was introduced. TFA (658.3 uL, 8.533 mmol, 5.2 equiv.) was added and the reaction
mixture was stirred at room temperature for 2h. The volatile compounds were evaporated
under reduced pressure and the crude was dissolved in EtOAc (15 mL) and washed twice with
1N aqueous HCI (2 x 10 mL) and brine (1 x 10 mL). The organic phase was dried over MgSOa,
filtered and concentrated under reduced pressure to afford the desired product as a white solid
(m =597 mg, 87% yield).

1H NMR (400 MHz, DMSO-ds) & (ppm) 8.20 (d, J = 8.0 Hz, 1H), 7.46 (d, J = 7.9 Hz, 1H),
7.38-7.21 (10H), 5.02 (s, 2H), 4.50-4.40 (m, 1H), 4.18-4.10 (m, 1H), 3.78-3.72 (2H), 2.82—
2.78 (m, 1H), 2.73-2.66 (m, 1H), 1.22 (d, J = 7.1 Hz, 3H), 13C NMR (125 MHz, DMSO-ds) &
(ppm) 172.7, 172.1, 155.7, 138.3, 137.1, 129.0, 128.9, 128.4, 127.84, 127.77, 126.9, 65.4,
52.0,49.9, 35.4, 32.3, 18.3; MS (ESI): m/z = 417.2 [M+H]".



e Z-Phe-Val-OH? [13123-00-7]

) 0]

H
@/\O)J\N N\;)J\OH
H :
O~

In a 50 mL round-bottomed flask, Z-Phe-Val-OtBu (887.3 mg, 1.952 mmol) in DCM (15 mL)
was introduced. TFA (2.3 mL, 29.280 mmol, 15.0 equiv.) was added portionwise on the
reaction mixture that was stirred at room temperature for 3h. The volatile compounds were
evaporated under reduced pressure and the crude was dissolved in EtOAc (15 mL) and
washed with 1N aqueous HCI (2 x 10 mL) and brine (1 x 15 mL). The organic phase was dried
over MgSOy, filtered and concentrated under reduced pressure to afford the desired product
as a white solid (m = 706 mg, 91% yield).

TH NMR (400 MHz, MeOD-d4) 5 (ppm) 8.04 (d, J = 8.6 Hz, 1H), 7.33-7.17 (10H), 5.01 (s, 2H),
447 (dd, J = 9.5, 5.1 Hz, 1H), 4.37-4.30 (1H), 3.14 (dd, J = 13.9, 5.1 Hz, 1H), 2.85 (dd, J =
13.8, 9.7 Hz, 1H), 2.21-2.10 (m, 1H), 0.95 (d, J = 6.7 Hz, 6H); 13C NMR (101 MHz, MeOD-d)
O (ppm) 174.4, 174.3, 158.2, 138.5, 138.2, 130.3, 129.41, 129.38, 128.9, 128.6, 127.7, 67.5,
58.9, 57.6, 39.0, 31.9, 19.5, 18.3; MS (ESI): m/z = 399.2 [M+H]*.

e Z-Phe-D-Val-OH [17460-97-8]

In a 25 mL round-bottomed flask, Z-Phe-D-Val-OtBu (412.0 mg, 0.924 mmol) in DCM (5 mL)
was introduced. TFA (1.1 mL, 14 mmol, 15 equiv.) was added and the reaction mixture was
stirred at room temperature for 1h. The volatile compounds were evaporated under reduced
pressure and the crude was dissolved in EtOAc (10 mL). The organic phase was washed
twice with 1N aqueous HCI solution (2 x 10 mL) and once with brine (1 x 10 mL). The organic
phase was dried over MgSO4, filtered and concentrated under reduced pressure to afford the
desired product as a white solid (m = 353 mg, 96% vyield).

1H NMR (400 MHz, MeOD-d4) 5 (ppm) 8.04 (d, J = 8.6, 1H), 7.33-7.17 (10H), 5.00 (s, 2H),
4.48 (dd, J = 9.6, 5.1 Hz, 1H), 4.37-4.31 (1H), 3.14 (dd, J = 13.9, 5.1 Hz, 1H), 2.85 (dd, J =
13.8, 9.6 Hz, 1H), 2.21-2.11 (1H), 0.95 (d, J = 6.7 Hz, 6H); 3C NMR (101 MHz, MeOD-d) 5
(ppm) 174.4, 174.3, 158.2, 138.5, 138.2, 130.3, 129.41, 129.38, 128.9, 128.6, 127.7, 67.5,
58.9, 57.6, 39.0, 31.9, 19.5, 18.3; MS (ESI) : m/z = 399.2 [M+H]*



e Boc-Trp-Phe-OH [34337-45-6]

H
N
BocHN \)J\OH

Boc-Trp-Phe-OMe (847.2 mg, 1.821 mmol),* LiOH-H20 (152.8 mg, 3.642 mmol, 2 equiv.) and
50/50 (v/v) H20/MeOH (400 pL, n = 0.40 pyL/mg) were introduced in a 15 mL PTFE grinding jar
with one stainless steel ball (10 mm diameter). The jar was closed and subjected to grinding
for 40 minutes in the mixer mill operated at 25 Hz. Reaction mixture was recovered with
deionised water and acidified up to pH 2. The resulting precipitate was filtered, washed twice
with deionised water and dried under reduced pressure over P20s5 to afford 701 mg of the
desired product as a white solid (85% yield).

H NMR (400 MHz, MeOD-d4) 3 (ppm) 7.59 (d, J = 7.7 Hz, 1H), 7.33 (d, J = 8.1 Hz, 1H), 7.27—
6.98 (8H), 4.72-4.60 (1H), 4.39-4.30 (1H), 3.23-3.08 (2H), 3.06-2.94 (2H), 1.35 (s, 9H); 13C
NMR (101 MHz, MeOD-ds) 5 (ppm) 174.3, 138.1, 130.4, 129.4, 127.8, 124.6, 122.4, 119.8,
119.4, 112.3, 111.0, 80.7, 56.8, 54.9, 38.4, 29.1, 28.6; MS (ESI): m/z = 452.2 [M+H]"*.

e Z-Ala-Phg-Phe-OMe

TSN
Q

Z-Ala-Phg-OH (75.7 mg, 0.213 mmol), HCI-H-Phe-OMe (68.8 mg, 0.319 mmol, 1.5 equiv.),
Oxyma (36.2 mg, 0.255 mmol, 1.2 equiv.) and EtOAc (113 pL, n = 0.45 yL/mg) were
introduced in a 15 mL PTFE grinding jar with one stainless steel ball (10 mm diameter). The
jar was closed and subjected to grinding for 1 minute in the mixer mill operated at 25 Hz.
Then, EDC-HCI (69.3 mg, 0.361 mmol, 1.7 equiv.) was added and the jar was closed and
subjected to grinding for 20 minutes in the mixer mill operated at 25 Hz. The reaction mixture
was recovered with deionized water and EtOAc. The aqueous phase was extracted with
EtOAc (2 x 7 mL). The combined organic phase was washed with 1N aqueous HCI solution (2
x 7 mL), saturated aqueous Na2COs solution (2 x 7 mL) and brine (1 x 10 mL) and then dried
over MgSO, filtered and concentrated under reduced pressure to afford 97.5 mg of the
desired product as a yellow-orange solid (89% yield).

H NMR (400 MHz, CDCls) 5 (ppm) 7.37-7.13 (14H), 7.08-7.02 (2H), 6.26 (br d, J = 6.6 Hz,
1H), 5.38-5.31 (2H), 5.08 (s, 2H), 4.80 (qd, J = 6.1 Hz, 1H), 4.37-4.25 (1H), 3.64 (s, 3H), 3.16
(dd, J = 13.8, 5.6 Hz, 1H), 3.05 (dd, J = 13.9, 6.1 Hz, 1H), 1.39 (d, J = 7.0 Hz, 3H); 13C NMR
(150 MHz, CDCls) 5 (ppm) 171.7, 171.4, 169.3, 156.1, 137.0, 136.3, 135.6, 129.34, 129.26,
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128.83, 128.78, 128.7, 128.3, 128.2, 127.43, 127.39, 67.2, 57.6, 53.7, 52.5, 50.7, 37.8, 18.8;
HRMS (ESI): calcd for C29H32N306 = 518.2291 [M+H]*; found = 518.2291.

Diastereomeric excess was determined by HPLC analysis (Chiralpak IE, heptane/ethanol:
50/50), Flow rate = 1 mL/min, A = 220.4 and 230.4 nm, t- = 9.07 min (LLL) and tr = 17.54 min
(LDL), > 99% de.

e Z-Ala-D-Phg-Phe-OMe
Z-Ala-D-Phg-OH (75.7 mg, 0.213 mmol), HCI-H-Phe-OMe (68.8 mg, 0.319 mmol, 1.5 equiv.),
Oxyma (36.2 mg, 0.255 mmol, 1.2 equw.) and EtOAc (113 pL, n = 0.45 uL/mg) were
introduced in a 15 mL PTFE grinding jar with one stainless steel ball (10 mm diameter). The
jar was closed and subjected to grinding for 1 minute in the mixer mill operated at 25 Hz.
Then, EDC-HCI (69.3 mg, 0.361 mmol, 1.7 equiv.) was added and the jar was closed and
subjected to grinding for 20 minutes in the mixer mill operated at 25 Hz. The reaction mixture
was recovered with deionized water and EtOAc. The aqueous phase was extracted with
EtOAc (2 x 7 mL). The combined organic phase was washed with 1N aqueous HCI solution (2
x 7 mL), saturated aqueous Na2COs solution (2 x 7 mL) and brine (1 x 10 mL) and then dried

over MgSOs, filtered and concentrated under reduced pressure to afford 101.2 mg of the
desired product as a yellow powder (92% yield).

H NMR (500 MHz, DMSO-ds) & (ppm) 8.92 (d, J = 7.5 Hz, 1H), 8.44 (d, J = 7.9 Hz, 1H), 7.53
(d, J=7.5Hz, 1H), 7.40-7.04 (15H), 5.55 (d, J = 8.0 Hz, 1H), 5.03 (s, 2H), 4.44 (m, 1H), 4.24—
4.17 (1H), 3.63 (s, 3H), 3.03-2.96 (1H), 2.90-2.85 (1H), 1.18 (d, J = 7.0 Hz, 3H); 3C NMR
(125 MHz, DMSO-ds) 6 (ppm) 172.1, 171.8, 169.6, 155.7, 138.7, 137.0, 136.8, 129.1, 128.4,
128.2, 128.1, 127.8, 127.7, 127.3, 126.5, 65.4, 55.5, 53.7, 52.0, 49.9, 36.6, 18.2; HRMS (ESI):
calcd for C29H32N306 = 518.2291 [M+H]*; found = 518.2288.

Diastereomeric excess was determined by HPLC analysis (Chiralpak IE, heptane/ethanol:
50/50), Flow rate = 1 mL/min, A = 220.4 and 230.4 nm, t- = 9.07 min (LLL) and t- = 17.54 min
(LDL), > 99% de.

e Z-Ala-Cys(Bn)-Ala-OMe
Lm Q& Lm

Z-Ala-Cys(Bn)-OH (101.4 mg, 0.244 mmol), HCI-H-Ala-OMe (51.0 mg, 0.365 mmol, 1.5
equiv.), Oxyma (41.5 mg, 0.292 mmol, 1.2 equiv.) and EtOAc (113 pL, n = 0.45 pL/mg) were
introduced in a 15 mL PTFE grinding jar with one stainless steel ball (10 mm diameter). The
jar was closed and subjected to grinding for 1 minute in the mixer mill operated at 25 Hz.
Then, EDC-HCI (79.5 mg, 0.415 mmol, 1.7 equiv.) was added and the jar was closed and
subjected to grinding for 30 minutes in the mixer mill operated at 25 Hz. The reaction mixture
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was recovered with deionized water and EtOAc. The aqueous phase was extracted with
EtOAc (2 x 7 mL). The combined organic phase was washed with 1N aqueous HCI solution (2
x 10 mL), 1N aqueous NaOH solution (2 x 10 mL) and brine (1 x 10 mL) and then dried over
MgSO4, filtered and concentrated under reduced pressure to afford 119.4 mg of the desired
product as a brown solid (98% yield).

H NMR (400 MHz, CDCIs) 5 (ppm) 7.39-7.18 (10H), 7.01 (d, J = 6.1 Hz, 1H), 6.92 (d, J = 5.6
Hz, 1H), 5.40 (d, J = 6.8 Hz, 1H), 5.11 (s, 2H), 4.59-4.47 (2H), 4.25 (br m, 1H), 3.76-3.70
(5H), 2.98-2.86 (1H), 2.79-2.67 (1H), 1.42—-1.32 (6H); '*C NMR (101 MHz, CDCI3) & (ppm)
172.9,172.4, 169.7, 156.2, 138.2, 136.2, 129.2, 128.8, 128.7, 128.4, 128.2, 127.4, 67.3, 52.6,
52.3, 51.0, 48.5, 36.7, 33.6, 18.7, 18.1; HRMS (ESI): calcd for C2sH32N306S = 502.2012
[M+H]*; found = 502.2019.

Diastereomeric excess was determined by HPLC analysis (Chiralpak AS-H, heptane/iPrOH:
15/85), Flow rate = 1 mL/min, A =214 nm, tr = 17.50 min (LLL) and tr = 27.25 min (LDL), >
99% de.

e Z-Ala-Cys(Bn)-Phe-OMe
0] H 0]
O)J\NJ\[(N\:)J\N O\
H o :\S H o

Z-Ala-Cys(Bn)-OH (91.3 mg, 0.219 mmol), HCI-H-Phe-OMe (70.9 mg, 0.329 mmol, 1.5
equiv.), Oxyma (37.4 mg, 0.263 mmol, 1.2 equiv.) and EtOAc (113 uL, n = 0.45 pyL/mg) were
introduced in a 15 mL PTFE grinding jar with one stainless steel ball (10 mm diameter). The
jar was closed and subjected to grinding for 1 minute in the mixer mill operated at 25 Hz.
Then, EDC-HCI (71.4 mg, 0.372 mmol, 1.7 equiv.) was added and the jar was closed and
subjected to grinding for 20 minutes in the mixer mill operated at 25 Hz. The reaction mixture
was recovered with deionized water and EtOAc. The aqueous phase was extracted with
EtOAc (2 x 10 mL). The combined organic phase was washed with 1N aqueous HCI solution
(2 x 10 mL), 1N aqueous NaOH solution (2 x 10 mL) and brine (1 x 10 mL) and then dried over
MgSOg, filtered and concentrated under reduced pressure to afford 119.2 mg of the desired
product as a yellow powder (94% yield).

"H NMR (400 MHz, CDCls) & (ppm) 7.33-7.12 (13H), 7.06-6.99 (2H), 6.75 (br d, J = 6.3 Hz,
1H), 6.67 (brd, J=5.5 Hz, 1H), 5.18 (d, J = 6.3 Hz, 1H), 5.05 (d, J = 12.2 Hz, 1H), 5.01 (d, J =
12.3 Hz, 1H), 4.73 (qd, J = 6.4 Hz, 1H), 4.41-4.32 (1H), 4.14-4.07 (1H), 3.64 (s, 3H), 3.62 (s,
2H), 3.07 (dd, J = 13.9, 5.7 Hz, 1H), 2.99 (dd, J = 13.9, 6.4 Hz, 1H), 2.79 (br dd, J = 13.2, 4.5
Hz, 1H), 2.66-2.55 (1H), 1.26 (d, J = 7.0 Hz, 3H); 3C NMR (101 MHz, CDCls) d (ppm) 172.3,
171.5, 169.8, 138.1, 136.2, 135.8, 129.4, 129.1, 128.81, 128.77, 128.7, 128.4, 128.3, 127 4,
127.3, 67.3, 53.7, 52.5, 52.3, 50.8, 37.8, 36.7, 33.4, 18.6; HRMS (ESI): calcd for C31H3sN306S
= 578.2325 [M+H]*; found = 578.2328.

Diastereomeric excess was determined by HPLC analysis (Chiralpak AS-H, heptane/iPrOH:
15/85), Flow rate = 1 mL/min, A = 214nm, tr = 17.45 min (LLL) and tr = 24.45 min (LDL), > 99%
de.
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e Z-Phe-Val-Cys(Bn)-OMe

S
R

Z-Phe-Val-OH (83.6 mg, 0.210 mmol), HCI-H-Cys(Bn)-OMe (82.4 mg, 0.315 mmol, 1.5
equiv.), Oxyma (35.8 mg, 0.252 mmol, 1.2 equiv.) and EtOAc (113 pL, n = 0.45 pL/mg) were
introduced in a 15 mL PTFE grinding jar with one stainless steel ball (10 mm diameter). The
jar was closed and subjected to grinding for 1 minute in the mixer mill operated at 25 Hz.
Then, EDC-HCI (48.3 mg, 0.252 mmol, 1.2 equiv.) was added and the jar was closed and
subjected to grinding for 30 minutes in the mixer mill operated at 25 Hz. The reaction mixture
was recovered with deionized water and EtOAc. The aqueous phase was extracted with
EtOAc (2 x 10 mL). The combined organic phase was washed with 1N aqueous HCI solution
(2 x 10 mL), saturated aqueous Na2COs solution (2 x 10 mL) and brine (1 x 10 mL) and then
dried over MgSOy4, filtered and concentrated under reduced pressure. The resulting solid was
triturated with Et20 to afford 124.2 mg of the desired product as a white powder (98% yield).

"H NMR (400 MHz, DMSO-ds) & (ppm) 8.55 (d, J = 7.4 Hz, 1H), 7.95 (d, J = 9.0 Hz, 1H), 7.53
(d, J = 8.7 Hz, 1H), 7.37-7.13 (15H), 4.98-4.89 (2H), 4.49 (dd, J = 13.4, 7.7 Hz, 1H), 4.41—-
4.25 (2H), 3.76 (s, 2H), 3.62 (s, 3H), 3.02 (dd, J = 13.7, 3.2 Hz, 1H), 2.85-2.65 (3H), 2.05-
1.94 (m, 1H), 0.93-0.80 (6H); 3C NMR (101 MHz, DMSO-ds) & (ppm) 171.5, 171.1, 171.0,
155.9, 138.2, 138.1, 137.0, 129.2, 128.9, 128.4, 128.3, 128.0, 127.7, 127.4, 126.9, 126.2, 65.2,
57.3, 56.1, 52.0, 51.9, 37.3, 35.3, 31.9, 31.1, 19.1, 18.0; HRMS (ESI): calcd for C33H40N306S
= 606.2638 [M+H]*; found = 606.2645.

Diastereomeric excess was determined by HPLC analysis (Chiralpak IF, heptane/ethanol:
50/50), Flow rate = 1 mL/min, A = 220.4 and 230.4 nm, t- = 6.46 min (LLL) and t- = 10.05 min
(LDL), > 99% de.

e Z-Phe-D-Val-Cys(Bn)-OMe

I3

Z-Phe-D-Val-OH (77.4 mg, 0.194 mmol), HCI-H-Cys(Bn)-OMe (76.2 mg, 0.291 mmol, 1.5
equiv.), Oxyma (33.1 mg, 0.233 mmol, 1.2 equiv.) and EtOAc (113 pL, n = 0.45 pL/mg) were
introduced in a 15 mL PTFE grinding jar with one stainless steel ball (10 mm diameter). The
jar was closed and subjected to grinding for 1 minute in the mixer mill operated at 25 Hz.
Then, EDC-HCI (63.3 mg, 0.330 mmol, 1.7 equiv.) was added and the jar was closed and
subjected to grinding for 30 minutes in the mixer mill operated at 25 Hz. The reaction mixture
was recovered with deionized water and EtOAc. The aqueous phase was extracted with
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EtOAc (2 x 5 mL). The combined organic phase was washed with 1N aqueous HCI solution (2
x 7 mL), 1N aqueous Na2COs solution (2 x 7 mL) and brine (1 x 10 mL) and then dried over
MgSOg, filtered and concentrated under reduced pressure to afford 113.6 mg of the desired
product as a yellow powder (97% yield).

'H (400 MHz, CDClI3) & (ppm) 7.39-7.07 (16H), 6.53 (d, J = 8.6 Hz, 1H), 5.63 (d, J = 7.1 Hz,
1H), 5.07 (d, J = 12.2 Hz, 1H), 5.02 (d, J = 12.5 Hz, 1H), 4.75 (m, 1H), 4.52-4.35 (2H), 3.73—
3.60 (5H), 3.13-3.01 (2H), 2.88 (dd, J = 13.8, 5.2 Hz, 1H), 2.76 (dd, J = 13.8, 6.4 Hz, 1H),
2.11-1.97 (m, 1H), 0.80-0.69 (6H); 3C NMR (101 MHz, CDCIs) 5 (ppm) 171.7, 171.2, 170.7,
156.2, 137.7, 136.4, 136.2, 129.4, 129.1, 128.9, 128.7, 128.6, 128.3, 128.2, 127.3, 127.2, 67.2,
58.2, 56.9, 52.7, 51.7, 38.6, 36.4, 33.3, 30.7, 19.1, 17.7; HRMS (ESI): calcd for C33H40N306S
= 606.2638 [M+H]*; found = 606.2649.

Diastereomeric excess was determined by HPLC analysis (Chiralpak IF, heptane/ethanol:
50/50), Flow rate = 1 mL/min, A = 220.4 and 230.4 nm, t- = 6.46 min (LLL) and t- = 10.05 min
(LDL), > 99% de.

e Z-Phe-Val-Ser(tBu)-OfBu

o
SASRTLR RS

Z-Phe-Val-OH (84.4 mg, 0.212 mmol), HCI-H-Ser(fBu)-OtBu (80.7 mg, 0.318 mmol, 1.5
equiv.), Oxyma (36.1 mg, 0.254 mmol, 1.2 equiv.) and EtOAc (113 pL, n = 0.45 pyL/mg) were
introduced in a 15 mL PTFE grinding jar with one stainless steel ball (10 mm diameter). The
jar was closed and subjected to grinding for 1 minute in the mixer mill operated at 25 Hz.
Then, EDC-HCI (48.8 mg, 0.254 mmol, 1.2 equiv.) was added and the jar was closed and
subjected to grinding for 30 minutes in the mixer mill operated at 25 Hz. The reaction mixture
was recovered with deionized water and EtOAc. The aqueous phase was extracted with
EtOAc (2 x 10 mL). The combined organic phase was washed with 1N aqueous HCI solution
(2 x 10 mL), saturated aqueous Na2COs solution (2 x 10 mL) and brine (1 x 10 mL) and then
dried over MgSOy, filtered and concentrated under reduced pressure. The resulting solid was
triturated with Et20 to afford 123.4 mg of the desired product as a yellow solid (97% yield).

"H NMR (400 MHz, CDCIs) & (ppm) 7.35-7.12 (10H), 6.64 (br d, J = 7.6 Hz, 1H), 6.49 (br d, J
= 8.2 Hz, 1H), 5.40 (br d, J = 8.0 Hz, 1H), 5.07 (s, 2H), 4.61-4.53 (1H), 4.51-4.46 (1H), 4.30
(dd, J = 8.4, 6.0 Hz, 1H), 3.79 (dd, J = 8.7, 2.8 Hz, 1H), 3.54-3.45 (1H), 3.08 (d, J = 6.4 Hz,
2H), 2.12-2.03 (m, 1H), 1.46 (s, 9H), 1.15 (s, 9H), 0.92 (d, J = 6.8 Hz, 3H), 0.88 (d, J = 6.8 Hz,
3H); 3C NMR (101 MHz, CDCIs3) & (ppm) 170.9, 170.1, 169.2, 156.1, 136.4, 129.5, 128.8,
128.6, 128.3, 128.2, 127.1, 82.1, 73.3, 67.1, 62.3, 58.5, 56.2, 53.3, 38.4, 31.7, 28.2, 27.5, 191,
18.0; HRMS (ESI): calcd for C33H4sN3O7 = 598.3492 [M+H]*; found = 598.3501

Diastereomeric excess was determined by HPLC analysis (Chiralpak IE, heptane/ethanol:
50/50), Flow rate = 1 mL/min, A = 220.4 and 230.4 nm, t- = 6.09 min (LLL) and tr = 9.81 min
(LDL), > 99% de.
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e Z-Phe-D-Val-Ser(tBu)-OtBu

o 5) )
@OL” OHILHLONOK

Z-Phe-D-Val-OH (78.1 mg, 0.196 mmol), HCI-H-Ser(tBu)-OtBu (74.6 mg, 0.294 mmol, 1.5
equiv.), Oxyma (33.4 mg, 0.235 mmol, 1.2 equiv.) and EtOAc (113 pL, n = 0.45 pL/mg) were
introduced in a 15 mL PTFE grinding jar with one stainless steel ball (10 mm diameter). The
jar was closed and subjected to grinding for 1 minute in the mixer mill operated at 25 Hz.
Then, EDC-HCI (63.9 mg, 0.333 mmol, 1.7 equiv.) was added and the jar was closed and
subjected to grinding for 20 minutes in the mixer mill operated at 25 Hz. The reaction mixture
was recovered with deionized water and EtOAc. The aqueous phase was extracted with
EtOAc (2 x 5 mL). The combined organic phase was washed with 1N aqueous HCI solution (2
x 7 mL), saturated aqueous Na2COs solution (2 x 7 mL) and brine (1 x 10 mL) and then dried
over MgSOs, filtered and concentrated under reduced pressure to afford 114.1 mg of the
desired product as a yellow solid (97% yield).

TH NMR (400 MHz, CDCIs3) & (ppm) 7.37-7.16 (10H), 6.69 (br s, 1H), 6.46 (br d, J = 8.4 Hz,
1H), 5.51 (br d, J = 6.5 Hz, 1H), 5.09 (d, J = 12.3 Hz, 1H), 5.05 (d, J = 12.3 Hz, 1H), 4.60—4.53
(1H), 4.52—4.41 (1H), 4.35 (dd, J = 8.1, 6.2 Hz, 1H), 3.73 (dd, J = 8.6, 2.8 Hz, 1H), 3.53 (dd, J
= 8.6, 2.9 Hz, 1H), 3.15-2.99 (2H), 1.96 (m, 1H), 1.44 (s, 9H), 1.11 (s, 9H), 0.78 (t, J = 6.4 Hz,
6H); 13C NMR (101 MHz, CDCI3) & (ppm) 170.7, 169.9, 169.2, 156.0, 136.6, 129.4, 128.9,
128.6, 128.24, 128.21, 127.1, 82.2, 73.2, 67.1, 62.1, 58.2, 56.7, 53.5, 39.0, 31.4, 28.1, 27.5,
18.8, 18.2; HRMS (ESI): calcd for C3zH4sN3O7 = 598.3492 [M+H]"; found = 598.3500.
Diastereomeric excess was determined by HPLC analysis (Chiralpak IE, heptane/ethanol:
50/50), Flow rate = 1 mL/min, A = 220.4 and 230.4 nm, tr = 6.09 min (LLL) and tr = 9.81 min
(LDL), > 99% de.

e Boc-Trp-Phe-Glu(Bn)-OBn

i~
I ) !

Z-Trp-Phe-OH (66.5 mg, 0.147 mmol), TsOH-H-Glu(Bn)-OBn (110.4 mg, 0.221 mmol, 1.5
equiv.), Oxyma (25.1 mg, 0.177 mmol, 1.2 equiv.) and EtOAc (113 pL, n = 0.45 pL/mg) were
introduced in a 15 mL PTFE grinding jar with one stainless steel ball (10 mm diameter). The
jar was closed and subjected to grinding for 1 minute in the mixer mill operated at 25 Hz.
Then, EDC-HCI (48.0 mg, 0.250 mmol, 1.7 equiv.) was added and the jar was closed and
subjected to grinding for 15 minutes in the mixer mill operated at 25 Hz. The reaction mixture
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was recovered with deionized water and EtOAc. The aqueous phase was extracted with
EtOAc (2 x 7 mL). The combined organic phase was washed with 1N aqueous HCI solution (2
x 7 mL), saturated aqueous Na2CO3 solution (2 x 7 mL) and brine (1 x 10 mL) and then dried
over MgSOs4, filtered and concentrated under reduced pressure to afford 102.6 mg of the
desired product as a yellow powder (92% yield).

"H NMR (400 MHz, CDCls) & (ppm) 8.28 (s, 1H), 7.66 (d, J = 7.9 Hz, 1H), 7.41-7.27 (11H),
7.22-7.06 (5H), 6.96 (s, 1H), 6.91-6.82 (2H), 6.51 (br d, J = 6.8 Hz, 1H), 6.07 (d, J = 7.8 Hz,
1H), 5.16-5.01 (5H), 4.61-4.48 (2H), 4.42-4.29 (1H), 3.32-3.22 (1H), 3.10 (dd, J = 14.5, 7.4
Hz, 1H), 3.03-2.94 (1H), 2.78-2.63 (1H), 2.35-2.08 (3H), 1.94-1.80 (1H), 1.35 (s, 9H); 13C
NMR (125 MHz, CDCI3) & (ppm) 172.8, 171.6, 171.0, 170.5, 155.7, 136.4, 136.1, 135.8, 135.3,
129.3, 128.8, 128.6, 128.5, 128.4, 127.4, 127.1, 123.3, 122.5, 120.0, 119.1, 111.5, 110.4, 80.2,
67.4, 66.7, 55.2, 54.1, 51.8, 37.4, 30.1, 28.3, 27.2; HRMS (ESI): calcd for C44H49N4Os =
761.3550 [M+H]*; found = 761.3564.

Diastereomeric excess was determined by HPLC analysis (Chiralpak ID, heptane/ethanol:
50/50), Flow rate = 1 mL/min, A = 205.4 and 220.4 nm, t- = 7.20 min (LLL) and t- = 10.93 min
(LDL), > 99% de.

e Boc-Trp-Phe-Gly-OBn

H
BocHN N.QJ\H/\é(OB”

Boc-Trp-Phe-OH (77.6 mg, 0.172 mmol), TsOH-H-Gly-OBn (87.0 mg, 0.258 mmol, 1.5 equiv.),
Oxyma (29.3 mg, 0.206 mmol, 1.2 equiv.) and EtOAc (113 pL, n = 0.45 plL/mg) were
introduced in a 15 mL PTFE grinding jar with one stainless steel ball (10 mm diameter). The
jar was closed and subjected to grinding for 1 minute in the mixer mill operated at 25 Hz.
Then, EDC-HCI (56.0 mg, 0.292 mmol, 1.7 equiv.) was added and the jar was closed and
subjected to grinding for 10 minutes in the mixer mill operated at 25 Hz. The reaction mixture
was recovered with deionized water and EtOAc. The aqueous phase was extracted with
EtOAc (2 x 7 mL). The combined organic phase was washed with 1N aqueous HCI solution (2
x 7 mL), saturated aqueous Na2COs solution (2 x 7 mL) and brine (1 x 10 mL) and then dried
over MgSO4, filtered and concentrated under reduced pressure to afford 86.4 mg of the
desired product as a white powder (84% yield).

"H NMR (400 MHz, CDCls) & (ppm) 8.05 (s, 1H), 7.62 (d, J = 7.8 Hz, 1H), 7.41-7.09 (11H),
6.97-6.84 (3H), 6.45 (br s, 1H), 6.06 (d, J = 6.1 Hz, 1H), 5.18-5.12 (2H), 5.00 (br s, 1H), 4.67—
4.61 (1H), 4.32 (qd, J = 6.2 Hz, 1H), 3.96 (dd, J = 17.8, 5.8 Hz, 1H), 3.75 (dd, J = 17.8, 4.7 Hz,
1H), 3.22 (dd, J = 14.1, 5.1 Hz, 1H), 3.11 (dd, J = 14.4, 6.8 Hz, 1H), 3.05-2.95 (1H), 2.81 (dd,
J=13.8, 6.5 Hz, 1H), 1.34 (s, 9H); 3C NMR (125 MHz, CDCI3) & (ppm) 171.7, 171.0, 169.3,
136.33, 136.30, 135.5, 129.4, 128.79, 128.75, 128.7, 128.5, 127.4, 127.0, 123.3, 122.7, 1201,
119.0, 1114, 110.3, 81.0, 67.2, 55.7, 53.6, 41.4, 37.2, 28.3; HRMS (ESI): calcd for
C34H39N406 = 599.2870 [M+H]*; found = 599.2888

Diastereomeric excess was determined by HPLC analysis (Chiralpak IA, heptane/ethanol:
50/50), Flow rate = 1 mL/min, A = 205.4 and 220.4 nm, t- = 10.14 min (LL) and t- = 7.40 min
(LD), > 99% de.
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e Boc-Trp-D-Phe-Gly-OBn

OBn
BocHN ”/\f(

Boc-Trp-D-Phe-OH (77.6 mg, 0.172 mmol),®> TsOH-H-Gly-OBn (87.0 mg, 0.258 mmol, 1.5
equiv.), Oxyma (29.3 mg, 0.206 mmol, 1.2 equiv.) and EtOAc (113 pL, n = 0.45 pL/mg) were
introduced in a 15 mL PTFE grinding jar with one stainless steel ball (10 mm diameter). The
jar was closed and subjected to grinding for 1 minute in the mixer mill operated at 25 Hz.
Then, EDC-HCI (56.0 mg, 0.292 mmol, 1.7 equiv.) was added and the jar was closed and
subjected to grinding for 10 minutes in the mixer mill operated at 25 Hz. The reaction mixture
was recovered with deionized water and EtOAc. The aqueous phase was extracted with
EtOAc (2 x 7 mL). The combined organic phase was washed with 1N aqueous HCI solution (2
x 7 mL), saturated aqueous Na2CO3 solution (2 x 7 mL) and brine (1 x 10 mL) and then dried
over MgSO, filtered and concentrated under reduced pressure to afford 97.3 mg of the
desired product as a yellow powder (95% vyield).

H (400 MHz, CDCl3) d (ppm) 8.06 (br s, 1H), 7.59 (d, J = 7.8 Hz, 1H), 7.41-7.04 (11H), 6.96—
6.92 (1H), 6.89-6.76 (3H), 6.05 (br d, J = 6.4 Hz, 1H), 5.16-5.06 (3H), 4.68 (m, 1H), 4.27—-
4.18 (1H), 4.02 (dd, J = 17.8, 4.4 Hz, 1H ), 3.75 (dd, J = 17.9, 5.0 Hz, 1H), 3.20 (dd, J = 141,
5.8 Hz, 1H), 3.11 (dd, J = 14.1, 7.8 Hz, 1H), 3.03 (dd, J = 13.6, 5.0 Hz, 1H), 2.69-2.58 (1H),
1.37 (s, 9H); 3C NMR (125 MHz, CDCIl3) d (ppm) 172.2, 171.0, 169.4, 136.3, 136.1, 135.5,
129.5, 128.8, 128.6, 128.5, 127.4, 127.1, 123.4, 122.6, 120.0, 118.8, 111.5, 110.2, 80.6, 67.1,
56.2, 53.7, 41.4, 36.9, 28.4, 27.8; HRMS (ESI): calcd for C34H39N4Os = 599.2870 [M+H]*;
found = 599.2879.

Diastereomeric excess was determined by HPLC analysis (Chiralpak IA, heptane/ethanol:
50/50), Flow rate = 1 mL/min, A = 205.4 and 220.4 nm, t- = 10.14 min (LL) and tr = 7.40 min
(LD), > 99% de.

e Z-Phe-Val-Leu2-OBn

458081,
SARRSFSRESHE

Z-Phe-Val-OH (78.7 mg, 0.198 mmol), HCI-H-Leu2-OBn (73.2 mg, 0.198 mmol, 1.0 equiv.),®
Oxyma (33.7 mg, 0.237 mmol, 1.2 equiv.) and EtOAc (113 pL, n = 0.45 pylL/mg) were
introduced in a 15 mL PTFE grinding jar with one stainless steel ball (10 mm diameter). The
jar was closed and subjected to grinding for 1 minute in the mixer mill operated at 25 Hz.
Then, EDC-HCI (64.4 mg, 0.336 mmol, 1.7 equiv.) was added and the jar was closed and
subjected to grinding for 25 minutes in the mixer mill operated at 25 Hz. The reaction mixture
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was recovered with deionized water and EtOAc. The aqueous phase was extracted with
EtOAc (2 x 5 mL). The combined organic phase was washed with 1N aqueous HCI solution (2
x 7 mL), saturated aqueous Na2CO3 solution (2 x 7 mL) and brine (1 x 10 mL) and then dried
over MgSOs4, filtered and concentrated under reduced pressure to afford 134.2 mg of the
desired product as an orange solid (95% yield).

"H NMR (400 MHz, CDCls3) & (ppm) 7.85 (br s, 1H), 7.65 (br s, 1H), 7.39-7.05 (16H), 6.02 (br
d, J=6.0 Hz, 1H), 5.17 (d, J = 12.4 Hz, 1H), 5.12-5.00 (2H), 4.97-4.84 (2H), 4.79-4.64 (2H),
4.55-4.44 (1H), 3.07-2.92 (2H), 2.09-2.00 (m, 1H), 1.78-1.69 (m, 1H), 1.68-1.48 (5H), 0.95—
0.75 (18H); 3C NMR (101 MHz, CDCIs) & (ppm) 172.8, 172.0, 171.6, 171.2, 156.3, 136.6,
136.5, 135.7, 129.5, 128.6, 128.5, 128.4, 128.3, 128.1, 128.0, 126.9, 67.1, 66.9, 58.6, 56.0,
51.7, 50.9, 41.4, 41.0, 39.3, 31.7, 25.0, 24.9, 23.1, 22.8, 22.5, 21.9, 19.2, 18.5; HRMS (ESI):
calcd for C41HssN4O7 = 715.4071 [M+H]*; found = 715.4076.

Diastereomeric excess was determined by HPLC analysis (Chiralpak IE, heptane/ethanol:
50/50), Flow rate = 1 mL/min, A = 205.4 and 220.4 nm, t- = 5.18 min (LLLL) and tr = 12.60 min
(LDLL), > 98% de.

e Z-Phe-D-Val-Leu2-OBn

Z-Phe-D-Val-OH (78.7 mg, 0.198 mmol), HCI-H-Leu2-OBn (73.2 mg, 0.198 mmol, 1.0 equiv.),®
Oxyma (33.7 mg, 0.237 mmol, 1.2 equiv.) and EtOAc (113 pL, n = 0.45 yL/mg) were
introduced in a 15 mL PTFE grinding jar with one stainless steel ball (10 mm diameter). The
jar was closed and subjected to grinding for 1 minute in the mixer mill operated at 25 Hz.
Then, EDC-HCI (64.4 mg, 0.336 mmol, 1.7 equiv.) was added and the jar was closed and
subjected to grinding for 25 minutes in the mixer mill operated at 25 Hz. The reaction mixture
was recovered with deionized water and EtOAc. The aqueous phase was extracted with
EtOAc (2 x 5 mL). The combined organic phase was washed with 1N aqueous HCI solution (2
x 7 mL), saturated aqueous Na2COs solution (2 x 7 mL) and brine (1 x 10 mL) and then dried
over MgSOs, filtered and concentrated under reduced pressure to afford 128.6 mg of the
desired product as a yellow-orange solid (91% yield).

TH NMR (400 MHz, CDCI3) d (ppm) 7.39-7.14 (15H), 6.81 (br d, J = 8.2 Hz, 1H), 6.59 (br d, J
= 7.8 Hz, 1H), 6.54 (br d, J = 8.3 Hz, 1H), 5.65 (d, J = 7.2 Hz, 1H), 5.15-4.98 (4H), 4.70—4.61
(1H), 4.51-4.36 (2H), 4.13 (dd, J = 8.0, 6.5 Hz, 1H), 3.10 (dd, J = 13.7, 7.8 Hz, 1H), 2.99 (dd,
J =13.5, 6.9 Hz, 1H), 2.17-2.04 (m, 1H), 1.83-1.69 (2H), 1.66-1.47 (4H), 0.93-0.83 (12H),
0.78-0.68 (6H); '*C NMR (125 MHz, CDClI3) d (ppm) 173.2, 171.9, 171.8, 170.9, 156.5, 136.4,
136.0, 135.4, 129.3, 128.9, 128.72, 128.69, 128.5, 128.4, 128.3, 128.2, 127.2, 67.3, 67.2, 59.2,
56.9, 52.4, 50.8, 41.5, 40.8, 38.2, 24.92, 24.89, 23.1, 22.9, 22.0, 21.9, 19.2, 17.8; HRMS
(ESI): calcd for C41H55N4O7 = 715.4077 [M+H]*; found = 715.4077.

Diastereomeric excess was determined by HPLC analysis (Chiralpak IE, heptane/ethanol:
50/50), Flow rate = 1 mL/min, A = 205.4 and 220.4 nm, t- = 5.18 min (LLLL) and t- = 12.60 min
(LDLL), > 98% de.
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e Z-Phe-Val-Leus3-OBn

INs sR RN o0s
@ o A" o '\(H 0

Z-Phe-Val-OH (72.2 mg, 0.181 mmol), HCI-H-Leus-OBn (87.7 mg, 0.181 mmol, 1.0 equiv.),®
Oxyma (30.9 mg, 0.218 mmol, 1.2 equiv.) and EtOAc (226 pL, n = 0.9 yL/mg) were introduced
in a 15 mL PTFE grinding jar with one stainless steel ball (10 mm diameter). The jar was
closed and subjected to grinding for 1 minute in the mixer mill operated at 25 Hz. Then,
EDC-HCI (76.5 mg, 0.399 mmol, 2.2 equiv.) was added and the jar was closed and subjected
to grinding for 30 minutes in the mixer mill operated at 25 Hz. The reaction mixture was
recovered with deionized water and EtOAc. The aqueous phase was extracted with EtOAc (2
x 5 mL). The combined organic phase was washed with 1N aqueous HCI solution (2 x 7 mL),
saturated aqueous Na2COs solution (2 x 7 mL) and brine (1 x 10 mL) and then dried over
MgSOg, filtered and concentrated under reduced pressure to afford 139.7 mg of the desired
product as a yellow-orange powder (93% yield).

"H NMR (500 MHz, DMSO-ds, 60°C) d (ppm) 8.09 (d, J = 7.7 Hz, 1H), 7.92 (d, J = 8.2 Hz, 1H),
7.80-7.73 (2H), 7.41-7.13 (16H), 5.11 (d, J = 12.6 Hz, 1H), 5.08 (d, J = 12.7 Hz, 1H), 4.95 (s,
2H), 4.40-4.29 (4H), 4.21 (dd, J = 8.8, 6.7 Hz, 1H), 3.00 (dd, J = 14.1, 3.2 Hz, 1H), 2.81-2.72
(1H), 2.08-1.92 (m, 1H), 1.69-1.36 (9H), 0.94-0.74 (24H); 3C NMR (125 MHz, DMSO-ds,
60°C)) & (ppm) 171.9, 171.7, 171.24, 171.19, 170.4, 155.7, 137.9, 136.9, 135.8, 129.0, 128.2,
128.1, 127.8, 127.6, 127.5, 127.2, 126.0, 65.8, 65.1, 57.5, 56.0, 50.9, 50.6, 50.2, 40.9, 40.7,
37.2, 30.5, 28.8, 24.0, 23.8, 22.8, 22.7, 22.5, 21.6, 21.5, 21.1, 18.9, 17.8; HRMS (ESI): calcd
for C47HesNsOs = 828.4911 [M+H]*; found = 828.4886.

Diastereomeric excess was determined by HPLC analysis (Chiralpak IE, heptane/ethanol:
50/50), Flow rate = 1 mL/min, A = 205.4 and 220.4 nm, t- = 6.18 min (LLLLL) and tr = 7.27 min
(LDLLL), > 99% de.

e Z-Phe-D-Val-Leu3-OBn

Z-Phe-D-Val-OH (72.2 mg, 0.181 mmol), HCI-H-Leu3-OBn (87.7 mg, 0.181 mmol, 1.0 equiv.),®
Oxyma (30.9 mg, 0.218 mmol, 1.2 equiv.) and EtOAc (226 L, n = 0.9 yL/mg) were introduced
in a 15 mL PTFE grinding jar with one stainless steel ball (10 mm diameter). The jar was
closed and subjected to grinding for 1 minute in the mixer mill operated at 25 Hz. Then,
EDC-HCI (76.5 mg, 0.399 mmol, 2.2 equiv.) was added and the jar was closed and subjected
to grinding for 30 minutes in the mixer mill operated at 25 Hz. The reaction mixture was
recovered with deionized water and EtOAc. The aqueous phase was extracted with EtOAc (2
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x 5 mL). The combined organic phase was washed with 1N aqueous HCI solution (2 x 7 mL),
saturated aqueous Na2COs solution (2 x 7 mL) and brine (1 x 10 mL) and then dried over
MgSOg, filtered and concentrated under reduced pressure to afford 136.6 mg of the desired
product as a yellow-orange powder (91% yield).

H NMR (500 MHz, MeOD-d4) & (ppm) 7.37-7.17 (15H), 5.16—4.97 (4H), 4.51-4.45 (1H),
4.45-4.39 (2H), 4.39-4.32 (1H), 3.94 (d, J = 7.0 Hz, 1H), 3.05-2.94 (2H), 2.03—-1.96 (m, 1H),
1.74-1.49 (9H), 0.96-0.79 (19H), 0.73-0.67 (5H); *C NMR (125 MHz, MeOD-d4) & (ppm)
174.63, 174.57, 174.2, 174.1, 173.8, 158.2, 138.1, 137.2, 130.4, 129.6, 129.5, 129.4, 129.3,
129.0, 128.8, 127.9, 67.9, 67.6, 61.0, 58.0, 53.4, 52.8, 52.3, 41.7, 41.3, 41.2, 39.2, 30.5, 25.81,
25.76, 23.54, 23.52, 23.3, 21.94, 21.88, 21.5, 19.6, 18.6; HRMS (ESI): calcd for C47HssN50s =
828.4911 [M+H]*; found = 828.4929.

Diastereomeric excess was determined by HPLC analysis (Chiralpak IE, heptane/ethanol:
50/50), Flow rate = 1 mL/min, A = 205.4 and 220.4 nm, t- = 6.18 min (LLLLL) and tr = 7.27 min
(LDLLL), 99% de.
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'H and 3C NMR spectra
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Z-Ala-Phg-OtBu
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Z-Ala-D-Phg-OtBu
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Z-Ala-Cys(Bn)-OtBu
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Z-Phe-Val-OtBu
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Z-Phe-D-Val-OtBu
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Z-Ala-Phg-OH
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Z-Ala-D-Phg-OH
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Z-Ala-Cys(Bn)-OH
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Z-Phe-Val-OH
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Z-Phe-D-Val-OH
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Boc-Trp-Phe-OH

)

P |

oot

Fuso |

T
40

45
1 (som)

T
5.0

98
ﬁnnv

yei—

Eri—
LA

Lo

ot~
[ 241 b

kBl

n!_ur
PTI—
9w
FLTI—

PeII~7
vort/

I18El—

Ewi—

i

Ll

W0 10 120
f1(pom)
32

T
160 19




e Z-Ala-Phg-Phe-OMe
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Z-Ala-Cys(Bn)-Ala-OMe
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Z-Phe-Val-Cys(Bn)-OMe
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Z-Phe-D-Val-Cys(Bn)-OMe
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Z-Phe-D-Val-Ser(OtBu)-OtBu
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Z-Trp-Phe-Glu(Bn)-OBn
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Boc-Trp-Phe-Gly-OBn
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Boc-Trp-D-Phe-Gly-OBn
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Z-Phe-Val-Leu2-OBn
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Z-Phe-D-Val-Leu2-OBn

8 3333333 33 S353333375 IRRRTRRRGSSRR931%E Esal
RS2 VoOTTRNE B EE RAaE TT
I
i
|
|' r / f
W, - I e _,"‘I S S -~ S J
OSSN
o7 e NH " o
) ) Y
i i
LJU‘& J h A_J‘ Lb“'tk
i e i D e A R aaan T
4 gEg il g8 88 B za s T G hE
aoa - - A @ - - - v vt
T T T —T T LI | T T T T T L | T T T T T LI | T T g
S0 85 B0 75 70 65 60 55 S50 45 40 35 30 25 220 15 10 05 00 45
1 (ppm)
RRER 3 MM LEEREEE 33 3933 283 23Ag3%:s
S 7 i v R W BES

L) T T T T L)
150 180 10 160 150 o 30 120 110 100 D 80 n 60 50 40 30 20 10 0

45



Z-Phe-Val-Leus-OBn
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Z-Phe-D-Val-Leus3-OBn
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HPLC chromatograms

Z-Ala-Phg-lle-OMe Z-Ala-DL-Phg-lle-OMe

Sl

g a o ai aeeay

T T T T
3 4 5 &

Figure 1: Chromatograms of Z-Ala-Phg-lle-OMe and Z-Ala-DL-Phg-lle-OMe

Overlay of Z-Ala-Phg-lle-OMe (in pink) and
Z-Ala-DL-Phg-lle-OMe (in blue)

Figure 2: Overlay of Z-Ala-Phg-lle-OMe and Z-Ala-DL-Phg-lle-OMe
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Z-Ala-Phg-Phe-OMe

Z-Ala-D-Phg-Phe-OMe

Chiral HPLC report

Sample name: YYS89A
Column:
Chiralpak IE
Temperature:
Mobile phase: Heptane/Ethanol (50/50), 1 mL/min
P e
100, DAD!L B. Sig=220.4 Refoff
v
300 o®
ﬁ 200
100
U
L # 2 & 58 W oW 11 12 13 1 15 16 17 18 19 2
Time [min]
DAD! C, Sig-230,4 Ref-off
100 B
80 90(‘5
50
g
o
2
0
E & 3 & 5 8 8 11 12 13 1 15 16 17 18 19 2
Time [min]
Signal: DAD1 B, Sig=220,4 Ret=cff
RT [min Area Area% Capacity Factor | Enantioselectivity | Resolution (USP)
9.06 6834 100.00 2.07
Sum 6834 100.00
Signal: DAD1 C, Sig=230.4 Ref=off
RT [min]| Area Area% Capacity Factor | Enantioselectivity | Resolution (USP)
9.06 1763 100.00 2.07
Sum 1763 100.00

Chiral HPLC report

Sample name:
Column:

YY590A

Chiralpak IE
Temperature:
Mobile phase: Heptane/Ethanol (50/50), | mL/min

DADI B, 5ig=220,4 Ref~off
2007

150
o
1000
2 1511
"l b /L
o)
0 g6
0 1 2 3 4 5 6 7 B 9 1o 11 12 13 14 I5 16 17 18 19 20
Titae [min]
DADI C. Sig-230,4 Ref-off
0
15
o 15
-«
-] 10+
B
0
0 1 2 3 4 5 6 7 B 9 1 1213 14 15 16 17 18 19 20
Titae [imin]
Signal: _ DAD1 B, Sig=220.4 Ref=off
RT [min]| _ Area Area% | Capacity Factor | Enantioselectivity | Resolution (USP)
9.69 [ 0.23
17.54 2680 99.77 2.16 10.66
Sum 2687 100.00
Signal: __DAD1 C, Sig=230,4 Ref=off
RT [min] Area Area% Capacity Factor | Enantivselectivity | Resolution (USP)
17.54 648 100.00 4.94
Sum 648 100.00

Figure 3: Chromatograms of Z-Ala-Phg-Phe-OMe and Z-Ala-D-Phg-Phe-OMe

Z-Ala-pL-Cys(Bn)-Ala-OMe

Z-Ala-Cys(Bn)-Ala-OMe

5 zrw
i ) — 210
8 3001 Retention Time |
o Area Percent A
2 |
d L20s If H’s
200 | |
[
L200 2 / \ r00 *
100 |
f =~ 1
< | J 3 \
@ [ 2 % - 195
s L1955 "
= g g
3 = %
2 b : ! ' -+ ' : Y . +190
- 0 5 10 15 20 2 30 35 “ 45
. T T . T : 19.0 Minutes
15 20 25 30 35 40 45
Minutes
Pk # Retention Time Area Area Percent
1 17.383 36283800 100.000
Retention Time Area Area Percent e
17.500 44709688 49.864 o } 36283800 | 100.000
27.250 44953095 50.136

Figure 4: Chromatograms of Z-Ala-DL-Cys(Bn)-Ala-OMe and Z-Ala-Cys(Bn)-Ala-OMe
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Z-Ala-DL-Cys(Bn)-Phe-OMe

Z-Ala-Cys(Bn)-Phe-OMe

F205
200
i
- | o
3 =
5 o L1958
o [=]
M 2 g,
~ <
- o~
. : : : ' ——1 190
15 20 25 20 k] 40 45
Minutes
Retention Time Area Area Percent
17.450 76088010 47.881
24.450 82823253 52.119

— 210
Retention Time
Area Percent
. A
i 205
Jl |
300 JI \
2 l} |
| 200 L
£ 2004 [
J ]
g |
100 /8 |\
l } 8 195
0 et i —:f—\ﬂ»— AR e
&
e —_——— — . —+ 190
0 5 10 15 20 25 20 3 0 a5
Minubes
Pk # Retention Time Area Area Percent
I 17.7117 54033704 100.000
Totals
54033704 100.000

Figure 5: Chromatograms of Z-Ala-DL-Cys(Bn)-Phe-OMe and Z-Ala-Cys(Bn)-Phe-OMe

Z-Phe-Val-Cys(Bn)-OMe

Chiral HPLC report

Sample name: YY445B
Column:
Chiralpak IF
Temperature:
Mobile phase: Heptane/Ethanol (50/50), 1 mL/min
o
300 o4
220
=
100 "
)
0 !
0 i LI A | 56 7 8 9 1 N 12 13 B I
Time [min|
DAD! C, Sig=230,4 Ref=cff
%0 . o
60+
L(: 40+
=
20!
0 “_\\‘ﬂ
0 i 3 3 & ¥ & 7 & ¥ W 1L 1B 1 6 B
Time [min]
Signal: DAD1 B, Sig=220,4 Ref=off
RT [min] Area Area% Capacity Factor | Enantioselectivity | Resolution (USP)
6.46 8145 99.24 L19
10.08 62 0.76 2.42 2.03 5.02
Sum 8208 100.00
Signal: DAD1 C, Sig=230,4 Rel=off
RT [min Area Area% Capacity Factor | Enantioselectivity Resolution (USP)
6.46 1972 9948 1.19
10.06 10 0.52 241 2.03 5.21
Sum 1982 100.00

Z-Phe-D-Val-Cys(Bn)-OMe

Chiral HPLC report

Sample name: YY596A
Column:
Chiralpak IF
Temperature:
Mobile phase: Heptane/Ethanol (50/50), 1 mL{min
DADI B, 5ig=220.4 Ref=off

200
Lo o
It

S0

I 2
0 1 2 3 4 5 6 % 8 9 10 1N B 13 I
Time |rmin]

DADI C, Sig=230,4 Ref=off

w0 Y3
251 |\ ®
; 20
=)
; 154
10
¢ o
] 1 2 3 4 s 6 78 9 18 1M o’ 13 I
Time [rin]
Signal: DADI1 B, Sig=220,4 Ref=off
RT [min] Area Area% Capacity Factor ivity (UspPy
6.50 25 0.51 1.20
10.05 4940 99.49 2.41 2.00 4.90
Sum 4965 100.00
Signal: DAD1 G, Sig=230.4 Rel=off
RT [min Area Area% | Capacity Factor | Enantioselectivity | Resolution (USP)
6.51 10 0.85 1.21
10.05 1205 99.15 2.41 2.00 495
Sum 1216 100.00

Figure 6: Chromatograms of Z-Phe-Val-Cys(Bn)-OMe and Z-Phe-D-Val-Cys(Bn)-OMe
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Z-Phe-Val-Ser(tBu)-OtBu

Z-Phe-D-Val-Ser(tBu)-OtBu

Sample name: YY444A
Column:
Chiralpak TE
Temperature:
Mobile phase: Heptane/Ethanol (50/50), 1 mL/min
Sig=221
i DAD! B, Sig~220,4 Rel~cfl
500+ 63@‘
400 -
'g' 300-
1 a0,
100- 8
0 o o8
[ T S 5 & 7 & 9 w 1N B 13 MW Is
120
100-
80+
2 60
ol
| 1
W\
0 M
o 1 2 3 i 5 6 ¢ & ® w N B 13 U I
Time [min]
Signal: DAD1 B, Sig=220,4 Ref=off
RT [min] Area Area% Capacity Factor | Fi iosel (USP)
6.09 6769 99.23 1.07
9.81 52 0.77 2.32 2.18 9.41
Sum 6821 100.00
Signal: _ DAD1 C, Sig=230,4 Ref=off
RT [min] Area Area% Capacity Factor | Enantioselectivity | Resolution (USP)
6.09 1311 99.22 1.07
9.81 10 0.78 2.32 2.18 9.94
Sum 1321 100.00

Sample name: YYS597A
Column:
Chiralpak IE
Temperature:
Mobile phase: Heptane/Ethanol (50/30), 1 mL/min
Sie=11 L
o, DADI B, 8ig=220,4 Ref=off
1201 o1®
100+
LS
]
404
20
| e (08!
0 1 A R 50 ¢ 7 # b a0 N o B aE 1k
Time [min]
DADI C, 8ig=230,4 Ref~oll’
257
| il
15
=
g o
57‘ 9&3
ol
1 '
0 1 2 3 L 5 € 7 8 9 10 1 12 13 1 15
Time [min]
Signal: __DAD1 B, Sig=220,4 Ref=off
RT [min] Area Area% Capacity Factor | Enantioselectivity
6.09 13 0.45 1.06
9.78 2797 99.55 232 2.18 9.16
Sum 2810 100.00
Signal: DAD1 C, Sig=230,4 Ref=off
RT [min] Area Area% Capacity Factor | E (USP)
6.09 4 0.83 1.06
9.78 523 99.17 2.31 2.18 9.49
Sum 528 100.00

Figure 7: Chromatograms of Z-Phe-Val-Ser(OtBu)-OtBu and Z-Phe-D-Val-Ser(OtBu)-OtBu

Boc-Trp-Phe-Glu(Bn)-OBn

Boc-Trp-D-Phe-Glu(Bn)-OBn

Chiral HPLC report

Sample name: YY6I5A
Column:
Chiralpak 1D
Temperature:
Mobile phase: Heptane/Ethanol (50/50), 1 mL/min

DADI A, 5ig=205,4 Ref=off

1500
ﬁ 1000 IR
i .
0
0 1 2 3 4 5 § 7 8 9 1011 12 13 14 15 16 17 18 18 2 2 22 A3 N 2%
Time [min]
DADI B, Sig=220,4 Ref~off
600
500 1.‘1.;%
a0
7w
R0
100
1
0 0 2 3 4 § & 7 8 9 Io11 1213 14 15 16 17 18 189 20 21 22 23 2 25
Time [min]
Signal: __DADI1 A, Sig=205,4 Ref=off
RT [min] Area Area% Capacity Factor | Enant y | R ion (USP)
7.20 40077 100,00 144
Sum 40077 100.00
Signal: _ DAD1 B, Sig=220,4 Ref=off
RT [min] Aren Area% Capacity Factor | E ioselectivity | Resolution (USP)
7.20 31797 100.00 1.44
Sum 31797 100.00

Chiral HPLC report

Sample name: YY609A
Column:
Chiralpak ID
Temperature:
Mobile phase: Heptane/Ethanol (50/50), 1 mL/min

DADI A, 51g=205,4 Ref=off

1500
g 1000
3
B A
b2 4 4 38 6 7 8 6 11213 w05 061y 3 N DB om s
Time [min]
DADI B, 8ig=220,4 Ref=off
300 a
250 P
- 200
'é 150
T
50
o
I 2 3 4 5 6 7 8 5 1011 1213 14 15 16 17 18 19 20 2] 22 23 4 25
Time [min]
Signal:  DAD1 A, Sig=205,4 Rel=off
RT [min Area Area% Capacity Factor | Enantioselectivity | Resolution (USP)
10.93 24481 100.00 2.0
Sum 24481 100.00
Signal:  DAD1 B, Sig=220 4 Rel=off
RT [min] Area Area% Capacity Factor | Enantioselectivity Resolution (USP)
10.93 19071 100.00 2.70
Sum 19071 100.00

Figure 8: Chromatograms of Boc-Trp-Phe-Glu(Bn)-OBn and Boc-Trp-D-Phe-Glu(Bn)-OBn
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Co-injection of Boc-Trp-Phe-Glu(Bn)-OBn
and Boc-Trp-D-Phe-Glu(Bn)-OBn

Sample name: YY615A-YYG609A
Column:
Ciralpak ID
Temperature:
Mobile phase: Heptane/Ethanol (50/50), 1 mL/min
DAD1 A, S1g=205,4 Ref=off
17507
1500-
1250~
o 1000-
g s
500-
250-
) i 2 3 1 5 [3 7 [ 3 v o1 12 131 1s
Time [min]
DADI1 B, S1g=220,4 Ref=off
200- B
7% N
150- o
&)
Z oo
50!
0 1 I T 5 6 7 8 4 w1 11 1z 13 1 15
Time [min]
Signal: _ DAD1 A, Sig=205,4 Ref=off
RT [min]| Area | Avea% | Capacity Factor | E tivity (USP)
714 10104 4599 142
10.80 11865 54.01 2.66 1.87 273
Sum 21969 100.00
Signal: _ DAD1 B, Sig=220,4 Ref=off
RT [min]| Area | Area® | Capacity Factor | E tivity | Resolution (USP)
7.14 8165 4638 142
10.80 0440 53.62 2.66 1.87 268
Sum 17605 100.00

Figure 9: Chromatogram of the co-injection of Boc-Trp-Phe-Glu(Bn)-OBn

and Boc-Trp-D-Phe-Glu(Bn)-OBn

Boc-Trp-Phe-Gly-OBn

Chiral HPLC report

Boc-Trp-D-Phe-Gly-OBn
Chiral HPLC report

Sample name: YY616A Sample name: YYOI8A
Column: Column:
Chiralpak 1A Chiralpak 1A
Temperature: Temperature:
Mobile phase: Heptane/Ethanol (50/50). 1 mL/min Mobile phase: Heptane/Ethanol (50/50), 1 mL/min

_DADI A, 5ig=205,4 Ref=off

'DADI A, 5ig=205,4 Ref-off

1500 { 6
: 3%
-3 = 10004
i o !
/\ o
\ﬂr
13“3 0 10
H 112 13 14 15 16 17 18 19 20 21 22 23 24 o L 3 3 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 B3 2
Time [min] Time [min]
DAD! B, Sig=220,4 Ref-off DADI B, Sig=220,4 Ref-off
, et
0
600 Ry
500 \\\\1’ 800 13
L, 400 L, 6004
5 0 Eoam]
T 200
2004 a1
- % A T
0 i 3 11213 14 15 16 17 18 19 2 21 B 1 % 0 34 7 8 9 1011 1213 14 15 16 17 18 19 20 21 22 B3
Time [min] Time [min]
Signal:  DAD1 A, Sig=205.4 Ref=off Signal: __ DAD1 A, Sig=205,4 Rel=off
RT[min]| Area | Area% | Capacity Factor lectivity | Resolution (USP) RY|min}| Area | Area%% | Capacity Factor |E ivity | Resolution (USP)
237 143 036 1,50 739 40206 99.60 1.50
10.14_| 39360 99.64 2.44 163 247 1014 163 040 244 1.52 317
Sum 39503 100.00 Sum 40369 100.00
Signal: _ DAD1 B, Sig=220.4 Ref=off Signal: _ DAD1 B, Sig=220.4 Ref=off
RT[min)| Area | Area% | Capacity Factor lectivity | Resolution (USP) BU(=]) Aven | Aret® 1 cupechyVector | Haniocsicivity: | Reselvtion (USE)
237 38 037 1.50 739 37151 99.62 1.50
T o T S0 T o 10.17 143 0.38 2.45 1.63 2.69
—— - i - = . Sum 37204 100.00

Figure 10: Chromatograms of Boc-Trp-Phe-Gly-OBn and Boc-Trp-D-Phe-Gly-OBn
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Z-Phe-Val-Leu2-OBn

Z-Phe-D-Val-Leu2-OBn

Chiral HPLC report

Sample name: YY599A
Column:
Chiralpak IE
Temperature:
Mobile phase: Heptane/Ethanol (50/50), 1 mL/min
DADI A, 5ig=205,4 Ref=off
b
1500 538
‘;é. 1000
500 i
¥}
a _nf
12 3 4 5 6 7 & 9% 0 1213 M 5 K 1718 1
Time [min]
DADI B, Sig=220,4 Ref=off
500 )
&
500 5\
o 400
E 300
200
100 34
. b
12 3 4 5 6 7 & 9 W11 12 13 M 15 16 17 18 19 2
Time [min]
Signal: DAD1 A, Sig=205.4 Ref=off
RT Area Area% Capacity Factor | Enantioselectivity | Resolution )
5.18 28357 99.48 0.76
12.65 149 0.52 3.2 4.34 13.15
Sum 28507 100.00
Signal:  DAD1 B, Sig=220,4 Ref=off
RT [min]|  Area Area% | Capacity Factor | Enantioselectivi Resolution (USP)
5.19 7294 99.61 0.76
12.63 29 0.39 328 433 16.10
Sum 7323 100.00

Chiral HPLC report

Sample name: YYG00A
Column:
Chiralpak TE
Temperature:
Mobile phase: Heptane/Ethanol (50/50), 1 mL/min

DADIA; Sigralls.¢ Refnoth

1500
‘g 1000
T s 'Lb‘"
PRtl Ve
o2 3 & % & B B b ol o iy o s s o om @y @
Time [min]
DADI B, Sig=220.4 Ref-cll
200
Lo
E o b
0 g
\59 /\
0
1 2 3 4 5 6 7 8§ 9% 111 12 13 4 15 16 17 18 19 20
Time [min]
Signal:  DAD1 A, Sig=205.4 Ref=off
RT [min]| Area Area% | Capacity Factor (uUsP)
315 207 1.78 0.75
12.60 11422 98.22 3.27 438 11.05
Sum 11629 100.00
Signal: DAD1 B, Sig=220 4 Ref=off
RT [min] Area Area% Capacity Factor | Enantioselectivity | Resolution (USP)
3.16 40 1.92 0.75
12.61 2023 98.08 3.27 4.37 10.63
Sum 2062 100.00

Figure 11: Chromatograms of Z-Phe-Val-Leu,-OBn and Z-Phe-D-Val-Leu>-OBn

Z-Phe-Val-Leu3-OBn

Z-Phe-D-Val-Leus3-OBn

Chiral HPLC re Chiral HPLC report
Sample name: YY60IA Sample name: YY602A
Column: Column:
Chiralpak IE Chiralpak IE
Temperature: Temperature:
Mobile phase: Heptane/Ethanol (60/40), 1 mL/min Mobile phase: Heptane/Ethanol (60/40), 1 mL/min
DADI A, 5ig=205,4 Ref=off DADI A, Sig=205,4 Ref=off
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D 05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 & 85 9 95 10 0 05 1 1S 2 25 3 35 4 45 5 55 6 65 7 75 & 85 9 95 10
Time [min] Time [min]
Signal: DAD1 A, Sig=205,4 Ref=off Signal: DAD1 A, Sig=205,4 Ref=off
RT [min]|  Area Area% | Capacity Factor | Enantioselectivity | Resolution (USP) RT [min]| Area Area% | Capacity Factor | Enantioselectivity | Resolution (USP)
6.18 28949 99.31 1.10 6.22 265 1.22 1.11
7.27 201 0.69 1.46 1.34 278 7.27 21400 98.78 1.47 1.32 2.53
Sum 29150 100.00 Sum 21665 100.00
Signal: DAD1 D, Sig=220,4 Ret=off Signal: DAD1 D, Sig=220,4 Ref=off
RT [min]|  Area Area% Capacity Factor | Enantioselectivity | Resol (USP) RT [min]| Area Area% Capacity Factor | E i tivity | Resol (USP)
6.18 6184 99.50 1.10 6.22 51 1.25 1.11
7.27 31 0.50 1.46 134 2.96 7.27 3998 98.75 1.47 132 2.56
Sum 6215 100.00 Sum 4049 100.00

Figure 12: Chromatograms of Z-Phe-Val-
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Leus-OBn and Z-Phe-D-Val-Leus-OBn



Abbreviations

DIC N,N'-diisopropylcarbodiimide

EDC-HCI  N-(3-Dimethylaminopropyl)-N"-ethylcarbodiimide hydrochloride

HATU N-[(Dimethylamino)-1H-1,2,3-triazolo-[4,5-b]pyridin-1-ylmethylene]-N-
methylmethanaminium hexafluorophosphate N-oxide

HBTU N,N,N',N'-Tetramethyl-O-(1H-benzotriazol-1-yl)uronium hexafluorophosphate

HOAt 1-Hydroxy-7-azabenzotriazole
HOBt-H20 1-Hydroxybenzotriazole hydrate
Oxyma Ethyl hydroxyiminocyanoacetate
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