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1. Materials and Equipment
NMR spectra were recorded on a Bruker Avance 300 (1H 300 MHz, 13C 75 MHz), an Avance
400 (1H 400 MHz,

13

C 100 MHz), an Avance 500 (1H 500 MHz,

Avance III HD (1H 700 MHz,

13

C 125 MHz) and an

13

C 175 MHz), using CDCl3, D2O, as solvents. The chemical

shifts  are given in ppm and were referenced to residual solvent signal. Coupling constants
are given as frequencies in Hz and the multiplicity is abbreviated the following way: s
(singlet), d (doublet), t (triplet), m (multiplet), br (broad). The signals were assigned by using
additional HSQC-, COSY- and HMBC experiments. For easier comparison of NMR spectra,
atom numbering may deviate from the IUPAC nomenclature. IR spectra were recorded on a
Bruker FT-IR spectrometer ALPHA with a diamond ATR system (Platinum ATR) and on a
Bruker Vector 22 with MKII Golden Gate Single Reflection Diamant ATR system. Only the
most intense absorption bands are given as wave numbers �̃ in cm-1 and their intensity is

abbreviated as following: s (strong), m (medium), w (weak), br (broad). HRMS spectra were
recorded via electrospray ionisation on a Bruker micrOTOF-Q. Melting points were measured
with a Stuart SMP10 apparatus. Column chromatography was performed using silica gel
60 M (Macherey-Nagel, grain size 40–63

m). TLC was performed on Macherey-Nagel

®

Alugram Xtra SIL G/UV254 plates and visualized with phosphomolybdic acid reagent (12 g

[12 MoO3 ∙ H3PO4 ∙ x H2O] in 200 mL EtOH). All chemicals were used as purchased unless
otherwise stated. CH2Cl2 and NEt3 were dried over CaH2 by heating at reflux and subsequent
distillation, THF was dried over potassium with benzophenone as an indicator. Hexanes (b.p.
30–70 °C), EtOAc, CH2Cl2 and MeOH for chromatography were distilled prior to use.
Moisture sensitive reactions were performed in oven-dried glassware under N2 atmosphere.
2. Investigation of the click-reaction
To define the best conditions, click reactions between azide 21 and alkyne 35 under different
conditions were performed (Scheme S1).

Scheme S1

S2

These reactions should be performed with copper(II)sulfate pentahydrate and sodium
ascorbate as catalysts in two different solvent mixtures. The results are shown in Table S1.
Table S1 Results of the investigation of the click-reaction between 21 and 35
under different conditions.
Entry Total time

Solvent

(d)

CuSO4 · 5 H2O

NaAsc

Yield

(equivalent) *

(equivalent)*

(%)

1

3

tBuOH : H2O

0.06

0.61

9

2

6

CH2Cl2 : H2O

0.006 start

0.11 start

48

0.01 after 25 h

0.066 after 25 h

0.02 after 40 h

0.05 after 40 h

0.021 start

0.19 start

0.019 after 21 h

0.19 after 21 h

0.011 after 3 d

0.095 after 3 d

0.011 start

0.11 start

0.012 after 18 h

0.103 after 18 h

0.013 after 5 h

0.10 after 5 h

3

4

5

2

CH2Cl2 : H2O

CH2Cl2 : H2O

58

39

*Added equivalents of catalyst in portions after the given time.
Entry 1 shows the use of the solvent mixture t-BuOH : H2O, whereas in entry 2 the solvent
mixture CH2Cl2 : H2O was used. In entry 2 the amount of the catalysts was added in portions
to the reaction after certain hours. With the double reaction time and about the half amount of
the catalysts and CH2Cl2 as a solvent 38b was obtained with a higher yield of 48 %. With the
doubled catalyst amount as in entry 3 the yield isn’t doubled. It was increased, but just to
58%. Comparing entry 2 and 4, where the catalyst amount are nearly the same, but even if in
entry 4 the reaction time is 4 d shorter the difference between the yields is not very high.
Comparing entry 4 with 1 it is visible, that with shorter reaction time, half amount of catalyst
and CH2Cl2 as a solvent the yield is significantly higher. In summary CH2Cl2 is a better
solvent for the reaction and amounts of 0.01-0.02 Eq. of CuSO4 ∙ 5 H2 O and 0.1-0.2 of sodium

ascorbate, which are added in portions, are sufficient. In addition, a reaction time of 2-5 d are
needed, as in entry 3 and 4 to obtain high yields. These findings should be used for further
click-reactions.
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3. General Experimental Part
Dimethyl-(2S)-2-(tert-butoxycarbonyl)amino-pentanodioate (S1)
According to ref.[1] under N2-atmosphere L- glutamic acid (5.00 g, 34.0 mmol) was dissolved
in anhydrous methanol (112 mL) and cooled to 0 °C. TMS-Cl (19.0 mL, 16.3 g, 150 mmol)
was addes dropwise. The ice bath was removed and the reaction mixture
was stirred for 70 h at r.t. Then NEt3 (30.63 mL, 22.4 g, 221 mmol) and
Boc2O (8.30 g, 38.0 mmol) was added and stirred for 2 h at r.t. The solvent
was removed under reduced pressure und the white crystalline solid was dissolved in
CH2Cl2 (850 mL) and washed with H2O (600 mL). The organic phase was dried over MgSO4
and filtered off. After evaporation of the solvent the residue was purified by column
chromatography on silica gel (EtOAc), to afford the ester S1 (8.50 g, 30.9 mmol, 96 %) as a
white solid. Rf = 0.83 (EtOAc); 1H-NMR (400 MHz, CDCl3): δ = 1.43 [s, 9H; C(CH3)3], 1.861.99 (m, 1H; 3-Hα), 2.10-2.27 (m, 1H; 3-Hβ), 2.29-2.51 (m, 2H; 4-H), 3.67 (s, 3H; 5-OMe),
3.74 (s, 3H; 1-OMe), 4.32 (s, 1H; 2-H), 5.10 ppm (s, 1H; NH); 13C-NMR (100 MHz, CDCl3):
δ = 27.8 (C-3), 28.3 [2 x C(CH3)3], 30.1 (C-4), 51.8 (5-OMe), 52.4 (1-OMe), 52.9 (C-2), 83.3
(C(CH3)3), 155.3 (COOtBu), 172.6 (C-1), 173.1 ppm (C-5). The spectroscopic data are in
accordance with the literature.[1]
Methyl-(2S)-2-[Bis(tert-butoxycarbonyl)amino]-4-oxobutanoate (13)
According to ref.[1] under N2-atmosphere the Diester 29b (2.00 g, 5.53 mmol) was dissolved
in 42.0 mL anhydrous Et2O and cooled to -78 °C. After adding dropwise a 1.0 M solution of
DIBAL-H in hexanes (7.00 mL, 7.00 mmol), the reaction was stirred for 2 h
at -78 °C. Then the reaction was stopped by adding H2O ( 0.85 mL) and was
warmed to r.t. The mixture was filtered through a pad of celite and the organic
phase was washed with H2O (2 x 50 mL). After this the aqueous phase was extracted with
Et2O (3 x 30 mL). The combined organic phases were dried over MgSO4 and filtered off.
After evaporation of the solvent the residue was purified by column chromatography on silica
gel (hexanes / EtOAc 2 : 1) to give the aldehyde 13 (1.51 g, 4.56 mmol, 83 %) as a colourless
oil. Rf = 0.93 (hexanes / EtOAc 2 : 1); 1H-NMR (400 MHz, CDCl3): δ = 1.50 [s, 18H; 2 x

C(CH3)3], 3.73 (s, 3H; OMe), 2.78-2.87 (m, 1H; 3-Ha),3.36-3.46 (m, 1H; 3-Hb), 3.73 (s, 3H;
OMe), 5.52 (t, J = 6.5 Hz, 1H; 2-H), 9.79 ppm (s, 1H; OH);

13

C-NMR (100 MHz, CDCl3):

δ = 28.2 [2 x C(CH3)3], 35.7 (C-3), 52.7 (OMe), 54.8 (C-2), 83.9 [2 x C(CH3)3], 151.8 (2 x
COOtBu), 170.5 (C-1), 176.2 ppm (C-4). The spectroscopic data are in accordance with the
literature.[1]
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Methyl (2S)-2-[Bis(tert-Butoxycarbonyl)amino]-5-oxopentanoate (14)
According to ref.[1] under N2-atmosphere the Diester 29c (10.8 g, 28.7 mmol) was dissolved
in anhydrous Et2O (300 mL) and cooled to -78 °C. After adding dropwise a 1.0 M solution of
DIBAL-H in toluene ((32.3 mL, 32.3 mmol), the reaction was stirred for
45 min at -78 °C. Then the reaction was stopped by adding H2O (3.7 mL) and
was warmed to r.t. The mixture was filtered through a pad of celite and
extracted with Et2O (3 x 50 mL). The combined organic phases were dried over MgSO4 and
filtered off. The solvent was removed to give a mixture (8.20 g, 23.7 mmol, 83 %, purity
> 75 %) of the Diester 29c and the aldehyde 14 (25 : 75 according to 1H-NMR) as a
colourless oil. 1H-NMR (400 MHz, CDCl3): δ = 1.49 [s, 18H; 2 x C(CH3)3], 2.11-2.24 (m,
1H; 3-Ha), 2.38-2.68 (m, 3H; 3-Hb; 4-H), 3.74 (s, 3H; OMe), 4.85-4.91 (m, 1H; 2-H),
9.72 ppm (s, 1H; COH);

13

C-NMR (100 MHz, CDCl3): δ = 25.0 (C-3), 28.1 [(2 x C(CH3)],

30.6 (C-4), 52.4 (OMe), 57.5 (C-2), 83.6 [(C(CH3)], 152.1 (COOtBu), 170.9 (C-1), 178.0 ppm
(C-5). The spectroscopic data are in accordance with the literature.[1]
Methyl (2S)-2-[Bis(tert-butoxycarbonyl)amino]-4-hydroxybutanoate (15)
Two procedures are given here, one starting from the aldehyde 13 and the other one from the
lactone 16. Method A: According to ref.[2] under N2-atmosphere sodium borohydride (2.69 g,
71.1 mol) was added to a 0 °C cooled solution of 13 (11.8 g, 35.6 mmol) in
MeOH (176 mL). The reaction was quenched with water (291 mL) after 3 h.
This was extracted with EtOAc (3 x 250 mL), the combined layers were dried
over MgSO4 and the solvent was evaporated under reduced pressure. The crude product was
purified by column chromatography on silica gel (hexanes / EtOAc 3 : 1), giving 15 (2.86 g,
24 %) as a white powder. Rf = 0.43 (hexanes / EtOAc 2 : 1); Method B: According to the
reference[18] a 1M CsOH solution (35 mL) was added to a solution of lactone 16 (10.0 g, 33.2
mmol) in MeOH (70 mL). After stirring at room temperature for 2.5 h, the solvent was
evaporated under reduced pressure and the residue was coevaporated with toluene. The
resulting salt was dissolved in DMF (270 mL) then MeI (2.5 mL, 40 mmol) was added and
stirred at r.t. until TLC showed complete conversion. On the last step, DMF was evaporated
and the residue was dissolved in EtOAc (100 mL). This mixture was washed with 10%
Na2CO3 solution (40 mL) and saturated NaCl-solution (20 mL). The organic layer was dried
over MgSO4. The solvent was evaporated under reduced pressure and the residue was
purified by column chromatography on silica gel (hexanes / EtOAc 3 : 1) giving 15 (7.92 g,
72 %) as a white powder. Rf = 0.43 (hexanes / EtOAc 3 : 1); 1H-NMR (400 MHz, CDCl3)μ δ =
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1.50 [s, 9H; C(CH3)3], 1.98-2.01 (m, 1H; 3-Ha), 2.37-2.42 (m, 1H; 3-Hb), 2.42 -2.48 (m, 1H;
OH), 3.54-3.64 (m, 1H; 4-Ha), 3.70-3.78 (m, 1H; 4-Hb), 3.74 (s, 3H; OMe), 5.00 ppm (dd, J =
9.8, 4.6 Hz, 1H; 2-H); 13C-NMR (100 MHz, CDCl3)μ δ = 28.1 [2 x C(CH3)3], 33.2 (C-3), 52.4
(OMe), 55.6 (C-2), 59.2 (C-4), 83.8 [2 x C(CH3)3], 151.7 (COOtBu), 173.9 ppm (C-1). The
spectroscopic data are in accordance with the literature.[2]
Method A also led to lactone (2S)-2-[Bis(tert-butoxycarbonyl)amino]-butyrolactone 16 (5.54
g, 52 %) as a white powder. Rf = 0.67 (hexanes / EtOAc 3 : 1); 1H-NMR (400 MHz, CDCl3):
δ = 1.52 [s, 9H; C(CH3)3], 2.48-2.57 (m, 2H; 3-H), 4.26 (q, J = 8.9 Hz, 1H; 4-Ha),
4.45-4.53 (m, 1H; 4-Hb), 5.12 ppm (t, J = 10.0 Hz, 1H; 2-H); 13C-NMR (100 MHz,
CDCl3): δ = 26.7 (C-3), 28.1 [2 x C(CH3)3], 53.9 (OMe), 55.6 (C-2), 65.2 (C-4), 84.2 [2 x
C(CH3)3], 151.7 (COOtBu), 173.9 ppm (C-1). The spectroscopic data are in accordance with
the literature.[3]
Methyl (2S)-2-[Bis(tert-butoxycarbonyl)amino]-4-iodobutanoate (17)
According to ref.[2,4] under N2-atmosphere to a solution of 15 (1.56 g, 4.68 mmol) in THF
(194 mL) triphenylphosphine (1.84 g, 7.02 mmol), imidazole (0.51 g, 7.49 mmol) and iodine
(1.78 g, 70.2 mmol) were added at r.t. under inert atmosphere. After stirring for
4 h, the mixture was diluted with 20 % aq. NaCl solution (49 mL). The aqueous
layer was extracted with EtOAc (3 x 49 mL), and the organic layers were dried
over MgSO4 and the solvent was evaporated under reduced pressure. Then the residue was
purified by column chromatography on silica gel (hexanes / EtOAc 8 : 1),

to afford

17 (2.86g, 89% yield) as a white powder. Rf = 0.75 (hexanes / EtOAc 8 : 1); 1H-NMR (400
MHz, CDCl3)μ δ = 1.41 [s, 18H; 2 x C(CH3)3], 2.25-2.35 (m, 1H; 3-Ha), 2.55-2.65 (m, 1H; 3Hb), 3.05-3.13 (m, 1H; 4-Ha), 3.15-3.23 (m, 1H; 4-Hb), 3.63 (s, 3H; OMe), 4.89 ppm (dd, J =
8.4, 5.4 Hz, 1H; 2-H); 13C-NMR (100 MHz, CDCl3)μ δ = 1.8 (C-4), 28.2 [2 x C(CH3)3], 34.8
(C-3), 52.5 (OMe), 58.7 (C-2), 83.7 [2 x C(CH3)3], 152.1 (2 x COOtBu), 170.6 ppm (C-1).
The spectroscopic data are in accordance with the literature.[2]
Methyl (2S)-2-[Bis(tert-Butoxycarbonyl)amino]-5-hydroxypentanoate (18)
Method A: According to ref.[2] under N2-atmosphere the mixture (25 : 75) of the diester 29c
and aldehyde 14 (7.83 g, 22.7 mmol) was dissolved in methanol (100 mL) and cooled to 0°C.
Sodium borohydride (0.87 g, 23.1 mmol) was added slowly and stirred 16 h
at r.t. The reaction was quenched with H2O (200 mL). The reaction mixture
was extracted with EtOAc (3 x 150 mL), the combined organic phases were dried over
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MgSO4 and the solvent was evaporated under reduced pressure. The crude product was
purified by column chromatography on silica gel (hexanes / EtOAc 1 : 1), giving 18 (6.61 g,
19.0 mmol, 84 %) as a white solid. Rf = 0.65 (hexanes / EtOAc 1 : 1); method B: According
to the reference[5] under N2-atmosphere a 1M CsOH solution (0.15 mL, 0.15 mmol) was
added to a solution of lactone 19 (0.04 g, 0.13 mmol) in MeOH (0.28 mL). After stirring at
room temperature for 18 h, the solvent was evaporated under reduced pressure and dissolved
in DMF (1 mL). Then MeI (9.50 L, 21.7 mg, 0.15 mmol) was added and stirred 47 h at r.t.
On the last step, DMF was evaporated and the residue was dissolved in EtOAc (100 mL). It
was washed with 10% Na2CO3 solution (2 mL) and saturated NaCl-solution (3 mL). The
organic phases were dried over MgSO4 and filtered off. The solvent was evaporated under
reduced pressure to give 18 (0.03 g, 0.08 mmol, 63 %) as a white solid;

1

H-

NMR (400 MHz, CDCl3): δ = 1.49 [s, 18H; C(CH3)3], 1.59-1.71 (m, 2H; 3-Hα,; 4-Hα), 1.862.01 (m, 1H; 4-Hβ), 2.16-2.32 (m, 1H; 3-Hβ), 3.67 (t, 2H; 5-H), 3.71 (s, 3H; 1-OMe), 4.844.95 ppm (dd, J = 9.32 Hz, 5.49 Hz, 1H; 2-H);

13

C-NMR (100 MHz, CDCl3): δ = 26.5 (C-4),

28.0 [2 x C(CH3)3], 29.4 (C-3), 52.2 (1 OMe), 57.9 (C-2), 62.4 (C-5), 83.2 [2 x C(CH3)3],
152.2 (2 x COOtBu), 171.4 ppm (C-1). The spectroscopic data are in accordance with the
literature.[2]
As a side product of method A (2S)-2-[Bis(tert-butoxycarbonyl)amino]-valerolactone 19 (315
mg, 1.00 mmol, 4 %) was obtained as a colourless solid. Mp. 88 °C; Rf = 0.80 (hexanes /
1
EtOAc 1 : 1); [�]20
� = -78.10 (c = 1.00 in CH2Cl2); H-NMR (400 MHz, CDCl3): δ = 1.52 [s,

18H; 2 x C(CH3)3], 1.91-2.00 (m, 2H; 3-H), 2.14-2.25 (m, 2H; 4-H), 4.30-4.44
(m,

2H;

5-H),

4.91 ppm

(t,

J = 9.34 Hz,

1H;

2-H);

13

C-

NMR (100 MHz, CDCl3): δ = 23.4 (C-3), 26.6 (C-4), 28.2 [2 x C(CH3)3], 55.0 (C-2), 70.0 (C5), 83.8 [2 x C(CH3)3], 151.9 (2 x COOtBu), 168.9 ppm (C-1). FT-IR (ATR): �̃ = 3879 (w),
2852 (w), 3814 (w), 3779 (w), 3742 (w), 3667 (w), 3625 (w), 3372 (w), 3252 (w), 2979 (m,

br), 2925 (m, br), 2341 (w), 2217 (w), 2181 (br, w), 2143 (w), 2118 (w), 2044 (w), 2034 (w),
2021 (w), 1994 (w), 1957 (w), 1794 (m), 1745 (vs), 1697 (s), 1478 (m), 1458 (m), 1380 (s),
1358 (vs), 1335 (br, m), 1254 (s), 1231 (m), 1161 (br, vs),1083 (s), 938 (m), 913 (w),
885. (w), 857 (m), 816 (w), 778 (w), 652 (w), 610 (w), 530 (w), 462 (w), 418 (w) cm-1.
MS (ESI): �/� = 338 [M + Na]+, 270, 238 [M-Boc + Na]+, 192, 182 [M-tert-butyl+ Na]+,
138 [M-2 x Boc + Na]+,

116.

HRMS

(ESI):

m/z

calcd.

for

338.1574 [M + Na]+, found 338.1567.
Methyl (2S)-2-[Bis(tert-Butoxycarbonyl)amino]-5-iodopentanoate (20)
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C15H25NO6Na+:

According to ref.[2,4] under N2-atmosphere PPh3 (1.78 g, 6.79 mmol), imidazole (0.44 g,
6.47 mmol) und iodine (1.74 g, 6.86 mmol) was added to the solution of the
alcohol 18 (1.50 g, 4.32 mmol) in THF (40.0 mL) and stirred for 18 h at r.t.
The solvent was removed and the residue was purified by column chromatography on silica
gel (hexanes / EtOAc

10 : 1), to afford the iodide

20 (1.25 g (2.73 mmol, 63 %) as a

1
colourless oil. Rf = 0.52 (hexanes / EtOAc 10 : 1); [�]20
� = -29.97 (c = 1.00 in CH2Cl2); H-

NMR (400 MHz, CDCl3): δ = 1.50 [s, 18H; C(CH3)3], 1.79-1.96 (m, 2H; 3-Hα; 4-Hα), 1.97-

2.09 (m, 1H; 4-Hβ), 2.15-2.28 (m, 1H; 3-Hβ), 3.12-3.28 (m, 2H; 5-H), 3.72 (s, 3H; 1-OMe),
4.84-4.92 ppm (dd, J = 10.6 Hz, 5.14 Hz, 1H; 2-H);

13

C-NMR (100 MHz, CDCl3): δ = 5.63

(C-5), 28.0 [2 x C(CH3)3], 30.2 (C-4), 30.9 (C-3), 83.3 [2 x C(CH3)3], 152.0 (2 x COOtBu),
171.0 ppm (C-1); FT-IR (ATR): �̃ = 2979 (m, br), 1794 (w), 1745 (s), 1698 (s), 1478 (w),
1455 (w), 1435 (w), 1365 (s), 1310 (m), 1253 (s), 1227 (s), 1166 (s), 1126 (vs), 1108 (s),

1001 (m), 899 (w), 853 (m), 805 (w), 782 (m), 666 (w), 593 (w), 496 (w), 464 (w) cm-1.
MS (ESI): �/� = 480 [M + Na]+, 430, 380 [M-Boc + Na]+, 324 [M-tert-Butyl + Na]+,
280 [M-2 x Boc + Na]+, 258, 212, 193, 152, 130, 105; HRMS (ESI): m/z calcd. for
C16H28INO6Na+: 480.08540 [M + Na]+, found 480.085. The spectroscopic data are in
accordance with the literature.[6]
Methyl (2S)-2-[Bis(tert-butoxycarbonyl)amino]-4-azidobutanoate (21)
According to ref.[7] to a solution of 17 (6.63 g, 15 mmol) in anhydrous DMF (66 mL) was
added NaN3 (1.95 g, 30 mmol). The suspension was heated at 40 °C overnight
and then the solvent was evaporated under reduced pressure. The residue was
purified by column chromatography silica gel (hexanes / EtOAc 8 : 1,
phosphomolybdic acid) giving 21 (4.89 g, 91 %) as a yellow powder. Rf = 0.66 (hexanes /
EtOAc 8 : 1); 1H-NMR (400 MHz, CDCl3)μ δ = 1.50 [s, 18H; 2 x C(CH3)3], 2.05-2.16 (m, 1H;
3-Ha), 2.37-2.48 (m, 1H; 3-Hb), 3.35-3.5 (m, 2H; 4-H), 3.73 (s, 3H; OMe), 5.00 ppm (dd, J =
8.7, 5.3 Hz, 1H; 2-H); 13C-NMR (100 MHz, CDCl3)μ δ = 28.1 [2 x C(CH3)3], 29.8 (C-3), 48.8
(C-4), 52.6 (OMe), 55.8 (C-2), 83.7 [2 x C(CH3)3], 152.1 (2 x COOtBu), 170.9 ppm (C-1).
The spectroscopic data are in accordance with the literature.[8]
Methyl-(2S)-2-(tert-butoxycarbonyl)amino-3-hydroxypropanoate (24a)
According to ref.[9] under N2-atmosphere Boc-Ser-OH 23 (1.00 g, 4.87 mmol) was dissolved
in DMF (8.75 mL). After cooling of the reaction mixture to 0°C K2CO3
(755 mg, 5.46 mmol) and MeI (0.64 mL, 1.46 g, 10.3 mmol) was added. The
reaction was stirred for 1 d at r.t. The solvent was removed under reduced pressure and the
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residue was dissolved in H2O (150 mL). The aqueous phase was extracted EtOAc (3 x
100 mL). The combined organic phases were washed with saturated NaCl-solution (150 mL),
dried over MgSO4 and filtered off. The solvent was removed to obtain the
alcohol 24a (1.04 g, 4.74 mmol, 97 %) as a colourless oil. [�]20
� = +9.14 (c = 0.7 in CH2Cl2);
1

H-NMR (400 MHz, CDCl3): δ = 1.46 [s, 9H; C(CH3)3], 2.32 (brs, 1H; OH), 3.78 (s, 3H;

OMe), 3.86-4.00 (m, 2H; 3-H), 4.31-4.47 (m, 1H; 2-H), 5.37-5.54 ppm (m,1H; NH);

13

C-

NMR (100 MHz, CDCl3): δ = 28.2 [C(CH3)3], 53.0 (OMe), 55.8 (C-2), 63.7 (C-3), 80.4
[C(CH3)3], 155.9 (COOtBu), 171.3 ppm (C-1). The spectroscopic data are in accordance with

the literature.[9] The optical rotation value corresponds to those in the literature,[9a] so no
racemization occurred.
Methyl-(2S)-2-(tert-butoxycarbonyl)amino-3-methylsulfonyloxypropanoate (24b)
According to ref.[10] under N2-atmosphere alcohol 24a (5.59 g, 25 mmol) was dissolved in
CH2Cl2 (140 mL) gelöst. NEt3 (4.00 mL, 28.9 mmol) was added and cooled to 0°C. After
adding methanesulfonyl chloride (2.20 mL, 28.4 mmol), the reaction mixture was stirred 3 h
at 0°C und 1.5 h at r.t. Then H2O (70 mL) was added and the phases were
separated. The aqueous phase was extracted with (2 x 70 mL). The organic
phases were washed with saturated NaCl-solution (80 mL), dried over MgSO4
and filtered off. Evaporation of the solvent give the mesylate 24b (6.60 g, 22.2 mmol, 89 %)
as a white solid. According to 1H-NMR the sample contains 30% EtOAc. 1H-NMR
(400 MHz, CDCl3): δ = 1.45 [s, 9H; C(CH3)3], 3.01 (s, 3H; SO2CH3), 3.81 (s, 3H; OMe),
4.47-4.65 (m, 3H, 2-H; 3-H), 5.38 ppm (br d, J = 6.1 Hz, 1H, NH);

13

C-NMR (100 MHz,

CDCl3): δ = 28.5 [C(CH3)3], 37.6 (CH3SO3), 53.2, 53.3 (OMe, C-2), 69.3 (C-3), 81.0
[C(CH3)3], 155.2 (COOtBu), 169.5 ppm (C-1). The spectroscopic data are in accordance with
the literature.[10]
Methyl-(2S)-2-(tert-butoxycarbonyl)amino-3-azidopropanoate (25)
Method A: According to ref.[7] under N2-atmosphere the iodide S3 (61.0 mg, 0.19 mmol) was
dissolved in DMF (1.30 mL). Then sodium azide (30 mg, 10.9 mmol) was added and stirred at
50°C for 3 h. After evaporation of the solvent the residue was dissolved in
CHCl3 (5 mL) and filtered off. The solvent was removed under reduced pressure
and the residue contains 88 % of the elimination product XX according 1HNMR. It was obtained 34.0 mg of a mixture (12 : 88) of the azide 25 und elimination
product 26 as a yellow oil. Method B: According to ref.[10] under N2-atmosphere the
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mesylate 24b (1.29 g, 4.34 mmol) was dissolved in DMF (31.0 mL). Then sodium
azide (0.71 mg, 10.9 mmol) was added and the reaction was heated at 50°C for 3.5 h. After
H2O (100 mL) was added it was extracted with EtOAc (3 x 30 mL). The combined organic
phases were dried over MgSO4 and filtered off. After evaporation of the solvent the residue
was purified by column chromatography on silica gel (hexanes / EtOAc 5 : 1), to afford the
azide 25 (132 mg, 0.54 mmol, 13 %) as a colourless oil. Rf = 0.48 (hexanes / EtOAc 5 : 1);
1

H-NMR (400 MHz, CDCl3): δ = 1.45 [s, 9H, C(CH3)3], 3.71 (d, J = 3.4 Hz, 2H; 3-H),

3.80 (s, 3H; OMe), 4.40-4.54 (m, 1H; 2-H), 5.30-5.44 ppm (m, 1H; NH);

13

C-NMR

(100 MHz, CDCl3): δ = 28.4 [C(CH3)3], 52.8 (C-3), 53.0 (OMe), 53.7 (C-2), 80.6 [C(CH3)3],
155.2 (COOtBu), 170.4 ppm (C-1). The spectroscopic data are in accordance with the
literature.[10]
At method B as a side product methyl-2-(tert-butoxycarbonyl)amino-acrylate 26 (181 mg,
0.90 mmol, 21 %) was obtained as a colourless oil. Rf = 0.67 (hexanes / EtOAc
5 : 1);

1

H-NMR (400 MHz, CDCl3): δ = 1.48 [s, 9H; C(CH3)3], 3.83 (s, 3H;

OMe), 5.72 (d, J = 1.2 Hz, 1H; 3-Ha), 6.13-6.17 (m, 1H; 3-Hb), 7.00 ppm (brs, 1H; NH); 13CNMR (100 MHz, CDCl3): δ = 28.4 [C(CH3)3], 53.0 (OMe), 80.8 [C(CH3)3], 105.3 (C-3),
131.4 (C-2), 152.7 (COOtBu), 164.6 ppm (C-1). The spectroscopic data are in accordance
with the literature.[11]
Dimethyl-(1-diazo-2-oxopropyl) phosphonate (27)
Method A: According to ref.[12] under N2-atmosphere MeCN (25.0 mL) was cooled to 0°C.
Then dimethyl-2oxopropyl-phosphonate (1.3 mL, 1.56 g, 9.41 mmol) and tosyl azide
(1.9 mL, 2.44 g, 12.4 mmol) was added. After stirring K2CO3 (1.26 g, 9.12 mmol) was added
and stirred for 1 d at r.t. The solvent was removed under reduced pressure and the
residue was dissolved in CHCl3 and filtered off. After evaporation of the solvent
the

residue

was

purified

by

column

chromatography

on

silica

gel

(hexanes / EtOAc 1 : 1) to afford the phosphonate 27 (880 mg, 4.58 mmol, 49 %) as a yellow
oil. Method B: According to ref.[11] under N2-atmosphere NaH (1.18 g, 31.1 mmol, 60 % by
weight, suspension in mineral oil) was dissolved in toluene (95.0 mL) and cooled to 0°C.
Then dimethyl-2oxopropylphosphonate (3.80 mL, 4.56 g, 27.5 mmol) in toluene (20.0 mL)
and dropped to the reaction mixture and stirred for 1 h at 0°C. After dissolving acetamido
benzene sulfonyl azide (6.27 g, 26.1 mmol) in toluene (20 mL) it was also added to the cooled
reaction solution. The reaction was stirred for 17 h at r.t. The reaction mixture was then
filtered through a pad of celite and rinsed with THF (40 mL). The solvent was removed and
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the residue was purified by column chromatography on silica gel (hexanes / EtOAc 1 : 1) to
afford the phosphonate 27 (3.45 g, 18.0 mmol, 66 %) as a yellow oil. Rf = 0.17 (hexanes /
EtOAc 1 : 1); 1H-NMR (400 MHz, CDCl3): δ = 2.27 (s, 3H; CH3), 3.83 (s, 3H; OMe),
3.86 ppm (s,

3H;

OMe);

13

C-NMR

(100 MHz,

CDCl3):

δ = 27.2 (CH3),

53.6 (d,

J = 5.1 Hz; 2 x OCH3), 63.7 (d, J = 222.3 Hz; CN2), 190.0 ppm (d, J = 13.2 Hz; CH3CO). The
spectroscopic data are in accordance with the literature.[11]
Methyl (2S)-2-[Bis(tert-butoxycarbonyl)amino]-4-pentynoate (28)
According to ref.[11] under N2-atmosphere the aldehyde 13 (0.82 g, 2.49 mmol) was dissolved
in anhydrous methanol (5.30 mL) and cooled to -12°C (salt /ice /water). Phosphonate 27
(0.74 g (3.85 mmol) was dissolved in MeOH (5.30 mL) and dropped to the solution of 13.
After 10 min, K2CO3 (0.71g, 5.14 mmol) was added in three portions within
30 min. After 15 min the ice bath was removed and the reaction was stirred 1 d
at r.t. Then ammonium chloride solution (15 mL) was added and the aqueous phase was
extracted with hexanes (3 x 50 mL) and EtOAc (3 x 50 mL). The combined organic phases
were dried over MgSO4 and filtered off. The solvent was removed and the residue was
purified by column chromatography on silica gel (hexanes / EtOAc 6 : 1), to afford the
alkyne 28 (168 mg, 0.51 mmol, 21 %) as a white solid. Rf = 0.77 (hexanes / Et2O 6 : 1); 1HNMR (400 MHz, CDCl3): δ = 1.51 [s, 18H; 2 x C(CH3)3], 1.96 (t, J = 2.8 Hz, 1H; 5-H), 2.883.02 (m, 2H; 3-H), 3.73 (s, 3H; OMe), 5.11-5.28 ppm (m, 1H; 2-H);

13

C-NMR

(100 MHz, CDCl3): δ = 20.7 (C-3), 28.1 [2 x C(CH3)3], 52.5 (OMe), 56.8 (C-2), 70.6 (C-5),

80.4 (C-4), 83.4 [2 x C(CH3)3], 152.0 (2 x COOtBu), 170.0 ppm (C-1). The spectroscopic
data are in accordance with the literature.[13]
Dimethyl-(2S)-2-(tert-butoxycarbonyl)amino-butanedioate (29a)
According to ref.[1] under N2-atmosphere L-aspartic acid (5.03 g, 37.8 mmol) was dissolved
in anhydrous methanol (118 mL) and cooled to 0 °C. Then TMS-Cl (21.0 mL, 17.9 g,
165 mmol) was added dropwise. The ice bath was removed and the reaction mixture was
stirred for 2 d at r.t. After adding NEt3 29.5 mL (21.5 g, 213 mmol) and Boc2O (9.08 g,
41.6 mmol) the reaction was stirred for another 21 h at r.t. The solvent was
removed and the residue was dissolved in 250 mL CHCl3 and washed with
400 mL H2O. The organic phase was dried over Na2SO4 and the solvent was removed to give
29a (9.43 g, 36.1 mmol, 96 %) as a colourless solid. 1H-NMR (400 MHz, CDCl3): δ = 1.44

[s, 9H; C(CH3)3], 2.81 (dd, J = 17.0, 4.7 Hz, 1H; 3-Ha), 3.00 (dd, J = 17.0, 4.5 Hz, 1H; 3-Hb),
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3.69 (s, 3H; OMe), 3.75 (s, 3H; OMe), 4.53-4.63 (m, 1H; 2-H), 5.48 ppm (br d, J = 8.1 Hz,
1H; NH);

13

C-NMR (100 MHz, CDCl3): δ = 28.4 [C(CH3)3], 36.8 (C-3), 50.0 (C-2), 52.2

(OMe), 52.9 (OMe), 80.3 [C(CH3)3], 155.5 (COOtBu), 171.6, 171.7 ppm (C-1,C-4). The
spectroscopic data are in accordance with the literature.[1]
Dimethyl-(2S)-2-[Bis(tert-butoxycarbonyl)amino]-butanedioate (29b)

According to ref.[1] under N2-atmosphere N-Boc-aminoester S1 (8.61 g, 33.0 mmol) was dissolved in anhydrous MeCN (140 mL). After adding DMAP (816 mg, 6.68 mmol) and
Boc2O (14.4 g, 66.0 mmol), the reaction mixture was stirred for 5 d at r.t. The
solvent

was

removed and the residue was

purified

by column

chromatography on silica gel (hexanes / EtOAc 7 : 1) to give 29b (10.6 g,
29.3 mmol, 89 %) as a colourless solid. Rf = 0.48 (hexanes / EtOAc 7 : 1);

1

H-NMR

(400 MHz, CDCl3): δ = 1.50 [s, 18H; 2 x C(CH3)3], 2.73 (dd, J = 16.4, 6.5 Hz, 1H; 3-Ha),

3.24 (dd, J = 16.4, 7.2 Hz, 1H; 3-Hb), 3.70 (s, 3H; OMe), 3.72 (s, 3H; OMe), 5.41-5.48 ppm
(m, 1H; 2-H); 13C-NMR (100 MHz, CDCl3): δ = 28.1 [2 x C(CH3)3], 35.8 (C-3), 52.1 (OMe),

52.7 (OMe), 55.0 (C-2), 83.7 [2 x C(CH3)3], 151.7 (2 x COOtBu), 170.4, 171.2 ppm (C-1,
C-4). The spectroscopic data are in accordance with the literature.[1]
Dimethyl-(2S)-2-[Bis(tert-butoxycarbonyl)amino]-pentanedioate (29c)
According to ref.[1] under N2-atmosphere N-Boc-Aminoester S1 (8.98 g, 32.6 mmol) was
dissolved in MeCN (125 mL). After adding DMAP (0.82 g, 6.70 mmol) and Boc2O (11.5 g,
52.5 mmol) the reaction mixture was stirred for 70 h at r.t. The solvent was
removed and the residue was purified by column chromatography on silica
gel (hexanes / EtOAc 5 : 1) to give 29c (10.8 g, 28.7 mmol, 93 %) as a
colourless oil. Rf = 0.91 (hexanes / EtOAc 5 : 1); 1H-NMR (400 MHz, CDCl3): δ = 1.49 [s,
18H; 2 x C(CH3)3], 2.13-2.26 (m, 1H; 3-Hα), 2.34-2.45 (m, 2H; 3-Hβ ;4-Hα), 2.45-2.55 (m,
1H; 4-Hβ), 3.68 (s, 3H; 5-OMe), 3.72 (s, 3H; 1-OMe), 4.94 ppm (dd, J = 9.56 Hz, 4.94 Hz
1H; 2-H); 13C-NMR (100 MHz, CDCl3): δ = 25.2 (C-3), 28.0 [2 x C(CH3)3], 30.7 (C-4), 51.7
(5-OMe), 52.2 (1-OMe), 57.4 (C-2), 83.3 [2 x C(CH3)3], 151.9 (2 x COOtBu), 170.8 (C-5),
173.1 ppm (C-1). The spectroscopic data are in accordance with the literature.[1]
(3S)-3-(tert-Butoxycarbonylamino)-4-methoxy-4-oxobutanoic acid (30a)
According to ref.[14] 29a (189 mg, 0.723 mmol) was dissolved in 8.20 mL methanol, a 0.1 M
solution of KOH (8.25 mL) was added and stirred 3 d at r.t. After removing
the solvent, the aqueous Phase was extracted with CH2Cl2 (3 x 20 mL), then
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acidified with 1 M HCl (0.87 mL, 0.87 mmol) and extracted again with CH2Cl2 (30 mL). The
organic phase was dried over MgSO4 and filtered off. After evaporation of the solvent, a
mixture (165 mg, 0.67 mmol, 93 %) of acid 30a and diester 29a (81 : 19 according to 1HNMR) was obtained as a colourless oil. 1H-NMR (400 MHz, CDCl3): δ = 1.46 [s, 9H;

C(CH3)3], 2.85 (dd, J = 17.2, 5.1 Hz, 1H; 3-Ha), 2.98-3.08 (m, 1H; 3-Hb), 3.72 (s, 3H; OMe),
4.55-4.70 (m, 1H; 2-H), 5.54 (d, J = 7.5 Hz, 1H; NH), 10.5 ppm (br s, 1H; OH);

13

C-NMR

(100 MHz, CDCl3): δ = 28.4 [C(CH3)3], 36.6 (C-3), 49.9 (C-2), 52.9 (OMe), 80.7 [C(CH3)3],
155.9 (COOtBu), 171.8 (C-1), 175.7 ppm (C-4). The spectroscopic data are in accordance
with the literature.[15]
(3S)-3-[Bis(tert-Butoxycarbonylamino)]-4-methoxy-4-oxobutanoic acid (30b)
According to ref.[14] the double protected diester 29b (4.5 g, 13.5 mmol) was dissolved in
148 mL methanol, a 0.1 M solution of KOH (148 mL) was added and the reaction was stirred
19 h at r.t. After removing the solvent, the aqueous layer was extracted with
CH2Cl2 (2 x 100 mL), then acidified with 1 M HCl (22.4 mL, 22.4 mmol) and
extracted again with CH2Cl2 (2 x 100 mL). The organic phase was dried over
MgSO4 and filtered off. After evaporation of the solvent, a mixture (4.3 g, 12.3 mmol, 92 %)
of acid 30b and diester 29b (93 : 7 according to 1H-NMR) was obtained as a colourless oil.
1

H-NMR (400 MHz, CDCl3): � = 1.50 [s, 18H; 2 x C(CH3)3], 2.80 (dd, J = 17.0, 6.3 Hz, 1H;

3-Ha), 3.31 (dd, J = 17.0, 7.2 Hz, 1H; 3-Hb), 3.74 (s, 3H, OMe), 5.41 ppm (t, J = 6.6 Hz, 1H;
2-H); 13C-NMR (100 MHz, CDCl3): � = 27.9 [2 x C(CH3)3], 35.4 (C-3), 52.5 (OMe), 54.6 (C-

2), 83.6 [2 x C(CH3)3], 151.5 (2 x COOtBu), 170.1 (C-1), 175.1 ppm (C-4). The spectroscopic
data are in accordance with the literature.[1]
(4S)-4-[Bis(tert-Butoxycarbonyl)amino]-5-methoxy-5-oxobutanoic acid (30c)
According to ref.[14] 29c (224 mg, 0.60 mmol) was dissolved in methanol (6.60 mL), a 0.1 M

solution of KOH (6.60 mL) was added and stirred 3 d at r.t. After removing the solvent, the
aqueous phase was extracted with CH2Cl2 (3 x 20 mL), then acidified with
1M

HCl (0.75 mL,

0.87 mmol)

and

extracted

again

with

CH2Cl2 (3 x 20 mL). The combined organic phases were dried over MgSO4
and filtered off. After evaporation of the solvent, a mixture (182 mg, 0.50 mmol, 84 %) of
acid 30c and diester 29c (96 : 4 according to 1H-NMR) was obtained as a colourless oil. 1HNMR (400 MHz, CDCl3): δ = 1.49 [s, 18H; 2 x C(CH3)3], 2.12-2.56 (m, 4H; 3-H; 4-H), 3.72

(s,

3H;

OMe),

4.90-4.97 (m,

1H;

2-H),

S13

9.60 ppm (brs,

1H;

OH);

13

C-NMR

(100 MHz, CDCl3): δ = 25.0 (C-3), 28.1 [2 x C(CH3)3], 30.6 (C-4), 52.4 (OMe), 57.5 (C-2),

83.6

[2 x C(CH3)3],

152.2

(2 x

COOtBu),

170.8 (C-1),

178.3 ppm (C-4);

FT-

IR (ATR): �̃ = 465 (w), 580 (w), 667 (w), 784 (m), 852 (m), 1012 (m), 1036 (w), 1116 (s),

1140 (vs), 1167 (s), 1232 (s), 1274 (s), 1368 (s), 1438 (m), 1711 (s), 1741 (s), 1790 (m),
2981 (br, m) cm-1; MS (ESI): m/z = 1410, 1330, 1262, 1194, 1126, 1026, 947, 879, 811, 743,

643, 564, 496, 428, 360 [M + Na]+, 328, 293, 228, 186; HRMS (ESI): m/z calcd. for
C16H27NO8Na+: 360.1653 [M + Na]+, found 360.1669. The spectroscopic data are in
accordance with the literature.[14]
N2-(tert-butoxycarbonyl)-N4-prop-2-ynyl-L--asparaginate (31a)
Method A: According to ref.[16] under N2-atmosphere the acid 30a (0.68 g, 2.75 mmol) was
dissolved in anhydrous CH2Cl2 and cooled to 0°C. Then DCC (587 mg, 2.84 mmol) and
propargylamine (0.19 mL, 0.16 g, 2.97 mmol) were added to the 0°C
cooled reaction and stirred 3 h at 0°C. After stirring the reaction 18 h at
r.t. the solvent was removed and EtOAc was added to the residue and
cooled to -15°C and filtered off. The solvent was evaporated under reduced pressure and the
residue was purified by column chromatography on silica gel (hexanes / EtOAc 3 : 1), giving
the alkyne 31a (484 mg, 1.70 mmol, 62 %) as a white solid; Method B: According to the
reference[17] under N2-atmosphere the acid 30a (1.17 g, 4.74 mmol) was dissolved in
anhydrous CH2Cl2 (170 mL) and cooled to 0°C. Then NHS (1.25 g, 10.9 mmol) and DCC
(2.22 g, 10.8 mmol) were added to the 0°C cooled solution and stirred for 1 h. After adding
NEt3 (1.45 mL, 1.06 g, 10.5 mmol) and propargylamine (0.67 mL, 0.58 g, 10.5 mmol) the
reaction mixture was stirred for 17 h at r.t. The reaction mixture was filtered off and the
filtrate was washed with a 0.1 M H2SO4-solution (3 x 60 mL), H2O (3 x 50 mL), saturated
NaHCO3-solution (3 x 50 mL). The organic phase was dried over MgSO4 and filtered off. The
solvent was removed and EtOAc was added to the residue and cooled to -15°C and filtered
off. The solvent was evaporated under reduced pressure and the residue was purified by
column chromatography on silica gel (hexanes / EtOAc 3 : 1), giving the alkyne 31a (847 mg,
2.98 mmol, 63 %) as a white solid. Rf = 0.20 (hexanes / EtOAc 3 : 1); [�]20
� = +13.2 (c = 1.27

in CH2Cl2); 1H-NMR (400 MHz, CDCl3): δ = 1.46 [s, 9H; C(CH3)3], 2.22 (t, J = 2.4 Hz; 3‘-

H), 2.68 (dd, J = 17.2, 6.0 Hz, 1H; 3-Ha), 3.01 (dd, J = 17.2, 4.3 Hz, 1H; 3-Hb) 3.71 (s, 3H;
OMe), 4.02-4.07 (m, 2H; 1‘-H), 4.50 (brs, 1H; 2-H), 5.67 (brs, 1H; NH), 6.72 ppm (brs,1H;

NHCH2); 13C-NMR (100 MHz, CDCl3): δ = 28.4 [C(CH3)3], 29.5 (C-1’), 35.8 (C-3), 50.7 (C-

2), 52.2 (OMe), 71.8 (C-3‘), 7λ.2 (C-2‘), 80.λ [C(CH3)3], 155.8 (COOtBu), 170.6 (C-1), 172.6
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ppm (C-4); FT-IR (ATR): �̃ = 436 (w), 656 (w), 783 (w), 856 (w), 1025 (w), 1053 (w), 1166

(vs), 1250 (s), 1368 (s), 393 (m), 1439 (m), 1522 (s), 1715 (vs), 1969 (w), 2159 (w),
2978 (w), 3294 (m) cm-1; MS (ESI): m/z = 323, 307 [M + Na]+, 297, 285, 275, 251, 229, 219,
207, 185, 167, 153, 136; HRMS (ESI): m/z calcd. for C13H20N2O5Na+: 307.1264 [M + Na]+,
found 307.1286. In the spectra of 31a impurities are visible, which could not be removed by
column chromatography.
Methyl (2S)-2-(tert-butoxycarbonyl)amino-3-O-propargyl-propionic acid (34)
According to ref.[18] under N2-atmosphere NaH (3.23 g, 85.1 mmol, 60 % by weight,
suspension in mineral oil) was dissolved in anhydrous DMF (50.0 mL) and cooled to 0°C.
Then 33 (8.02 g, 39.1 mmol) was dissolved in DMF (55.0 mL) and was dropped to the cooled
solution. The reaction mixture was stirred for 45 min at 0°C. After adding of
propargyl bromide (3.20 mL, 5.02 g, 42.2 mmol, 80 % by weight in
toluene), it was stirred at 0°C for 10 min and for 19.5 h at r.t. The reaction
was stopped with H2O (34 mL) and the solvent was removed. The residue was dissolved in
H2O (350 mL) and was extracted with EtOAc (2 x 200 mL). The aqueous phase was acidified
to pH = 2 with 6 M HCl was extracted again with EtOAc (2 x 300 mL). The organic phase
was washed with saturated NaCl-solution (200 mL), dried over MgSO4 and filtered off. The
solvent was removed to give the alkyne 34 (9.51 g, 39.1 mmol, quant %) as an orange oil.
According to 1H-NMR the sample contains 26% DMF and 12% EtOAc. 1H-NMR (400 MHz,
CDCl3): δ = 1.45 [s, 9H; C(CH3)3], 2.46 (t, J = 2.3 Hz, 1H; 3’-H), 3.81 (dd, J = 9.4, 3.5 Hz,

1H; 3-Ha), 3.95-4.05 (m, 1H; 3-Hb), 4.18 (t, J = 2.6 Hz, 2H; 1’-H), 4.43-4.55 (m, 1H; 2-H),
5.38 ppm (d, J = 7.6 Hz, NH);
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C-NMR (100 MHz, CDCl3): δ = 28.4 [C(CH3)3], 53.8 (C-2),

58.8 (C-1’), 6λ.6 (c-3), 75.4 (C-3’), 78.λ (C-2’), 80.5 [C(CH3)3], 155.8 (COOtBu),
174.6 ppm (C-1). The spectroscopic data are in accordance with the literature.[18]
Methyl N-(tert-butoxycarbonyl)-O-prop-2-ynyl-L-serinate (35)

Method A: According to ref.[19] under N2-atmosphere Boc-Ser-OH 33 (1.00 g, 4.87 mmol)
was dissolved in DMF (30 mL) and cooled to 0°C. Then NaH (784 mg, 20.7 mmol, 60 % by
weight, suspension in mineral oil) was added. The reaction mixture was stirred for 1 d at r.t.
and was again cooled to 0°C. propargylbromide (0.76 mL, 1.19 g,
10.0 mmol) was added, stirred for 45 min at 0°C and 1 d at r.t. After adding
MeI (0.5 mL, 219 mg, 1.55 mmol) the reaction was stirred for 6 h at r.t. and
saturated NaCl-solution (150 mL) was added to extract it with Et2O (3 x 30 mL). The organic
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phases were dried over MgSO4 and filtered off. After evaporation the residue was purified by
column chromatography on silica gel (hexanes / Et2O 4 : 1), to afford the alkyne 35 (377 mg,
1.47 mmol, 30 %) as a yellow oil. Method B: According to ref.[9] under N2-atmosphere
acid 34 (9.40 g, 38.6 mmol) was dissolved in anhydrous DMF (80.0 mL) and cooled to 0°C.
Then K2CO3 (5.88 g, 42.5 mmol) and MeI (4.80 mL, 10.9 g, 77.1 mmol) was added and
stirred 30 min at 0°C. The reaction mixture was stirred for 1 d at r.t. The solvent was removed
and the residue was dissolved in H2O (1.00 L) and was extracted with EtOAc (3 x 400 mL).
The organic phase was washed with saturated NaCl-solution (3 x 100 mL) and dried over
MgSO4. The solvent was evaporated to obtain the alkyne 35 (8.68 g, 33.7 mmol, 87 %) as a
yellow oil. Rf = 0.06 (hexanes / Et2O 4 : 1); 1H-NMR (400 MHz, CDCl3): δ = 1.44 [s, 9H;
C(CH3)3], 2.43 (t, J = 2.3 Hz, 1H; 2’-H), 3.72-3.78 (m, 4H, OMe; 3-Ha), 3.94 (dd, J = 9.0,
3.0 Hz, 1H; 3-Hb), 4.13 (d, J = 2.3 Hz, 2H; 1’-H), 4.38-4.55 (m, 1H; 2-H), 5.34 ppm (d,

J = 7.7 Hz, 1H; NH); 13C-NMR (100 MHz, CDCl3): δ = 28.5 [C(CH3)3], 52.7 (OMe), 54.0 (C-

2), 58.7 (C-1’), 6λ.8 (C-3), 75.2 (C-3’), 7λ.0 (C-2’), 80.2 [C(CH3)3], 155.6 (COOtBu),
171.0 ppm (C-1). The spectroscopic data are in accordance with the literature.[19]

Scheme S2
Methyl (2S)-2-[Bis(tert-butoxycarbonyl)amino]-5-methylsulfonyloxypentanoate (S2)
According to ref.[6] under N2-atmosphere the alcohol 18 (0.20 g, 0.59 mmol) was dissolved in
anhydrous CH2Cl2 (475 mL) and cooled to 0 °C. NEt3 (0.25 mL, 0.18 g, 1.78 mmol) and
methanesulfonyl chloride (0.10 mL, 0.15 g, 1.31 mmol) was added and
stirred for 16 h at r.t. The mixture was washed with H2O (3 x 20 mL), the
aqueous phase was extracted with CH2Cl2 (3 x 20 mL) and the combined organic phases were
dried over MgSO4 and filtered off. Evaporation the solvent gave the mesylate S2 (0.25 g,
0.59 mmol, quant.) as a yellow oil. 1H-NMR (400 MHz, CDCl3): δ = 1.49 [s, 18H; C(CH3)3],
1.75-1.88 (m, 2H; 3-Hα, 4-Hα), 1.94-2.02 (m, 1H; 4-Hβ), 2.19-2.32 (m, 1H; 3-Hβ), 3.00 (s, 3H,
SO2Me), 3.71 (s, 3H; 1-OMe), 4.25 (t, J = 6.9 Hz, 2H; 5-H), 4.86 ppm (dd, J = 9.8 Hz,
5.5 Hz, 1H; 2-H);

C-NMR (100 MHz, CDCl3): δ = 26.1 (C-4), 26.1 (C-3), 28.0 [2 x
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C(CH3)3], 37.4 (SO2Me), 52.3 (1-OMe), 57.4 (C-2), 69.3 (C-5), 83.5 [2 x C(CH3)3], 152.1
(2 x COOtBu), 170.9 ppm (C-1). The spectroscopic data are in accordance with the
literature.[6]
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Methyl-(2S)-2-[bis(tert-butoxycarbonyl)amino]-5-azidopentanoate (22)
According to ref.[7] the mesylate S2 (65.0 mg, 0.15 mmol) was dissolved in DMF (0.70 mL)
and sodium azide (22.0 mg, 0.34 mmol) was added. The reaction was heated at 42°C for 15 h.
Then the solvent was evaporated and the residue was taken up in
CHCl3 (5 mL) and filtered off. Evaporation of the solvent give the
azide 22 (0.04 g, 0.11 mmol, 72 %) as a colourless oil. [�]20
� = –38.92

(c = 1.00 in CH2Cl2); 1H NMR (400 MHz, CDCl3): δ = 1.50 [s, 18H; C(CH3)3], 1.60–1.75 (m, 2H; 3Hα, 4-Hα), 1.90–2.02 (m, 1H; 4-Hβ), 2.14–2.26 (m, 1H; 3-Hβ), 3.24–3.39 (m, 2H; 5-H), 3.72 (s, 3H; 1OMe), 4.86 ppm (dd, J = 9.4 Hz, 5.3 Hz, 1H; 2-H); 13C NMR (100 MHz, CDCl3): δ = 25.7 (C-4), 27.2
(C-3), 28.0 [2 x C(CH3)3], 51.0 (C-5), 52.2 (1-OMe), 57.6 (C-2), 83.3 [2 x C(CH3)3], 152.1

ν = 2979 (m, br), 2936 (m, br), 2096 (s), 1795 (w),
(2 x COOtBu), 171.0 ppm (C-1); FT-IR (ATR): ~
1746 (vs), 1699 (s), 1456 (w, br), 1367 (s), 1311 (m), 1250 (s, br), 1169 (s), 1144 (vs), 1012 (w, br),
900 (w), 855 (w), 812 (w), 782 (w, br), 667 (w), 464 (w) cm–1; MS (ESI): �/� = 395 [M + Na]+,

295 [M-Boc + Na]+, 239 [M-tert-butyl + Na]+, 195 [M-2 x Boc + Na]+, 173. HRMS (ESI): m/z calcd.
for C16H28N4O6Na+: 395.1901 [M + Na]+, found 395.1892.

Scheme S3
Methyl-(2S)-2-(tert-butoxycarbonyl)amino-3-iodopropanoate (S3)
According to ref.[20] under N2-atmosphere PPh3 (322 mg, 1.23 mmol), imidazole (90.0 mg,
1.32 mmol) was dissolved in CH2Cl2 (3.50 mL). After cooling the solution to 0°C
iodine (314 mg, 1.24 mmol) was added and stirred 20 min at r.t. Then the reaction
mixture was again cooled to 0°C a solution of the alcohol 24a (212 mg, 0.97 mmol) in
CH2Cl2 (1.50 mL) was dropped over 30 min to the reaction solution. The reaction was stirred
for 2 h at 0°C and 1 d at r.t. The reaction solution was restricted to ¼ of the volume and mixed
with a mixture of Et2O and hexanes (1 : 1, 0.9 mL). The reaction solution was filtered over
silica gel and rinsed with an Et2O and hexanes mixture (1 : 1, 5.50 mL). After this the solvent
was removed under educed pressure and the residue was purified by column chromatography
on silica gel (hexanes / EtOAc 8 : 1), to afford a mixture of the iodide S3 and the 26 (84 mg,
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0.26 mmol, 26 %) in a ratio 88 : 22 according 1H-NMR as a white solid. Rf = 0.58 (hexanes /
EtOAc 8 : 1); 1H-NMR (400 MHz, CDCl3): δ = 1.46 [s, 9H; C(CH3)3], 3.51-3.64 (m, 2H; 3H), 3.80 (s, 3H; OMe), 4.46-4.58 (m, 1H; 2-H), 5.34 ppm (d, J = 5.7 Hz; NH);
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C-NMR

(100 MHz, CDCl3): δ = 7.9 (C-3), 28.4 [C(CH3)3], 53.1 (OMe), 53.8 (C-2), 80.6 [C(CH3)3],

154.9 (COOtBu), 170.1 ppm (C-1). The spectroscopic data are in accordance with the
literature.[20]

As a side product methyl-2-(tert-butoxycarbonyl)amino-acrylate 26 (7 mg, 0.03 mmol, 4 %)
was obtained as a colourless oil. Rf = 0.79 (hexanes / EtOAc 8 : 1); 1H-NMR
(400 MHz, CDCl3): δ = 1.48 [s, 9H; C(CH3)3], 3.83 (s, 3H; OMe), 5.72 (d, J =

1.2 Hz, 1H; 3-Ha), 6.13-6.17 (m, 1H; 3-Hb), 7.00 ppm (brs, 1H; NH);

13

C-NMR (100 MHz,

CDCl3): δ = 28.4 [C(CH3)3], 53.0 (OMe), 80.8 [C(CH3)3], 105.3 (C-3), 131.4 (C-2), 152.7

(COOtBu), 164.6 ppm (C-1). The spectroscopic data are in accordance with the literature.[11]
4. Evaluation of Cytotoxicity and Antibacterial Activity
4.1 Methods
Cytotoxicity

The cytotoxicities of compounds were evaluated using the adherent murine fibroblast cell line
L929 as test organism, of which the viability was assessed with the resazurin reduction assay,
commercially available as AlamarBlue® assay.[21]
Compound stock solutions were prepared as 10 mM stock solutions in DMSO.
The cells were grown in tissue culture flasks (Corning, Germany) at 37 °C, 10% CO2 in
DMEM medium (ThermoFischer Scientific, Germany), supplemented with 10% FBS until the
cells reached a confluency of approximately 80%.
After washing with PBS, the cells were collected with the detaching agent accutaseTM (Sigma
Aldrich, Germany). The suspension was transferred in a Falcon® tube and centrifuged at
1000 rpm at room temperature for 5 min. The resuspended cell suspension was adjusted to
1.56∙104 cells/mL from which 60 µL were seeded into 96 well cell-culture plates (Corning,
3694, polystyrene, flat bottom, cell-culture treated, sterile, with lid, Germany). The cells were
allowed to adhere for 24 h at 37 °C and 10% CO2. Subsequently, 0.6 µL of the compound
stock solutions were added to each well of the microtiter plate using the 96 channel liquid
handler CyBio® Selma, Analytik Jena. This resulted in final compound concentrations of
100 M and a DMSO concentration of 1%, which can be tolerated by the cells. Optimal
mixing was ensured by placing the plate on a shaker for 15 seconds at 1000 rpm. After 72 h of
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incubation at 37°C and 10% CO2, 5 L of the AlamarBlue® reagent solution was added to
each well following the recommendations of the manufacturer. The fluorescence intensity
(

ex =

540 nm;

em=

600 nm) was determined after 2.5 h reaction time using the microplate

reader SynergyTM 4, Biotek. Data were normalized with respect to the fluorescence intensities
obtained from cells treated with the vehicle (1% DMSO). All data are the mean of data from
at least two biological replicates.
The efficacies of compounds were characterized further via analysis of the influence of the
compound concentration and determination of the IC50 of the most active compounds leading
≥ 50% viability or growth inhibition. In 96-well microtiter plates different amounts of compound solutions were deposited using the Echo® 550, Labcyte (now Beckman-Coulter). The
IC50 values were determined using the non-linear regression module of GraphPad Prism 8.
DMSO and water were used as vehicle controls; cells without compounds were the negative
controls and chlorhexidin was used as positive control; wells with only medium were used to
determine the blank.
Antibacterial toxicity
The antibacterial activities of compounds were evaluated with the bacterial test strains
Staphylococcus aureus SH1000 and the E.coli mutant strain ΔtolC, which is defective in
compound efflux. The strains were cultivated overnight in Müller Hinton broth (for E.coli
ΔtolC the medium was supplemented with 0.1 % kanamycin) at 37 °C with shaking. In all
following experiments, growth was monitored by determination of the optical density at
600 nm (OD600). After 24 h OD600 was > 1 and the overnight culture was diluted with medium
to OD600 = 0.2. When an OD600 of 0.4-0.7 was reached, the suspension was diluted with
medium to an OD of 0.01 which accords to a bacterial density of 5∙105 CFU/mL. 100 µL of
this suspension were transferred to each well of a 96 well plate and 1 L of compound stock
solutions were added to each well resulting in a final compound concentration of 100 M.
The plate was shaken for 15 seconds at 1000 rpm to ensure optimal mixing. The OD600 was
determined after 0, 2, 4 and 21 h incubation time at 37 °C and 10% CO2 using the absorbance
microplate reader PowerWave, Biotek. Values were normalized with respect to the DMSOtreated control, and are given as mean of at least two biological replicates.
Again, efficacies of compounds were characterized further via analysis of the influence of the
compound concentration and determination of the IC50 of the most active compounds leading
to ≥ 50% growth inhibition- The IC50 values were determined using the non-linear regression
module of GraphPad Prism 8.
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4.2 Results
Table S2 Cytotoxicity and antimicrobial activity of the protected 36-39, the unprotected
36-39·2HCl and the charged cross-linkers 36-38-MeX.
Cross-linker

Cytotoxicity (L929)

36a

Alamar Blue,
cell viability [%]
100

36b

antimicrobial activity
E. coli ΔTolC
S. aureus
Growth [%]
Growth [%]
136.6

109.0

62.7

110.6

123.7

37a

54.5

92.6

-

37b

100

140.2

103.1

37c

63.2

103.8

125.7

37d

61.2

112.8

131.5

38a

61.7

118.5

116.6

38b

49.6

94.4

-

38c

43.8

82.5

-

39a

58.1

138.1

127.8

39b

57.1

123.2

122.3

36a·2HCl

100

124.3

106.6

36b·2HCl

52.0

111.0

77.0

37a/c·2HCl

60.8

119.9

122.3

37b/d·2HCl

60.0

117.5

113.6

38a·2HCl

59.3

107.3

106.8

38b·2HCl

61.4

108.0

121.9

38c·2HCl

53.4

97.3

75.7

39a·2HCl

49.7

94.7

76.1

39b·2HCl

49.5

98.7

77.8

36a-MeX

97.1

101.1

89.0

36b-MeX

96.5

93.6

100.0

37a-MeX

110.5

96.8

74.2

37b-MeX

112.9

97.4

84.8

37c-MeX

101.3

97.0

82.7

37d-MeX

105.7

95.0

91.7

38a-MeX

101.6

94.4

75.9

38b-MeX

104.9

95.6

75.7

38c-MeX

100

127.5

101.5
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6. 1H- and 13C-NMR Spectra
Dimethyl-(2S)-2-(tert-butoxycarbonyl)amino-pentanodioate (S1)

S22

Methyl (2S)-2-[Bis(tert-butoxycarbonyl)amino]-5-methylsulfonyloxypentanoate (S2)

S23

Methyl-(2S)-2-(tert-butoxycarbonyl)amino-3-iodopropanoate (S3)

S24

Methyl-(2S)-2-[Bis(tert-butoxycarbonyl)amino]-4-oxobutanoate (13)

S25

Methyl (2S)-2-[Bis(tert-Butoxycarbonyl)amino]-5-oxopentanoate (14)

S26

Methyl (2S)-2-[Bis(tert-butoxycarbonyl)amino]-4-hydroxybutanoate (15)

S27

(2S)-2-[Bis(tert-butoxycarbonyl)amino]-butyrolactone (16)

S28

Methyl (2S)-2-[Bis(tert-butoxycarbonyl)amino]-4-iodobutanoate (17)

S29

Methyl (2S)-2-[Bis(tert-Butoxycarbonyl)amino]-5-hydroxypentanoate (18)

S30

(2S)-2-[Bis(tert-butoxycarbonyl)amino]-valerolactone (19)

S31

Methyl (2S)-2-[Bis(tert-Butoxycarbonyl)amino]-5-iodopentanoate (20)

S32

Methyl (2S)-2-[Bis(tert-butoxycarbonyl)amino]-4-azidobutanoate (21)

S33

Methyl-(2S)-2-[bis(tert-butoxycarbonyl)amino]-5-azidopentanoate (22)

S34

Methyl-(2S)-2-(tert-butoxycarbonyl)amino-3-hydroxypropanoate (24a)

S35

Methyl-(2S)-2-(tert-butoxycarbonyl)amino-3-methylsulfonyloxypropanoate (24b)

S36

Methyl-(2S)-2-(tert-butoxycarbonyl)amino-3-azidopropanoate (25)

S37

Methyl-2-(tert-butoxycarbonyl)amino-acrylate (26)

S38

Dimethyl-(1-diazo-2-oxopropyl) phosphonate (27)

S39

Methyl (2S)-2-[Bis(tert-butoxycarbonyl)amino]-4-pentynoate (28)

S40

Dimethyl-(2S)-2-(tert-butoxycarbonyl)amino-butanedioate (29a)

S41

Dimethyl-(2S)-2-[Bis(tert-butoxycarbonyl)amino]-butanedioate (29b)

S42

Dimethyl-(2S)-2-[Bis(tert-butoxycarbonyl)amino]-pentanedioate (29c)

S43

(3S)-3-(tert-Butoxycarbonylamino)-4-methoxy-4-oxobutanoic acid (30a)

S44

(3S)-3-[Bis(tert-Butoxycarbonylamino)]-4-methoxy-4-oxobutanoic acid (30b)

S45

(4S)-4-[Bis(tert-Butoxycarbonyl)amino]-5-methoxy-5-oxobutanoic acid (30c)

S46

Methyl N2-(tert-butoxycarbonyl)-N4-prop-2-ynyl-L--asparaginate (31a)

S47

Methyl N2,N2-Bis(tert-butoxycarbonyl)-N4-prop-2-ynyl-L--asparaginate (31b)

S48

Methyl N2,N2-Bis(tert-butoxycarbonyl)-54-prop-2-ynyl-L--glutaminate (31c):

S49

Methyl-(3S)-3-[bis(tert-butoxycarbonyl)amino]-1-prop-2’-inylamido-butanoate (32b)

S50

Methyl (2S)-2-(tert-butoxycarbonyl)amino-3-O-propargyl-propionic acid (34)

S51

N-(tert-butoxycarbonyl)-O-prop-2-ynyl-L-serinate (35)

S52

5-((1-((S)-4-(Methyloxy)-3-((Bis(tert-butoxycarbonyl)amino))-4-oxobutyl)-1H-1,2,3triazol-4-yl)methyl)-(2S)-2-(Bis(tert-butoxycarbonylamino))-amidopentyl-methyl
ester (36a)
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5-((1-((S)-5-(Methyloxy)-4-((Bis(tert-butoxycarbonyl)amino))-5-oxopentyl)-1H-1,2,3triazol-4-yl)methyl)-(2S)-2-(Bis(tert-butoxycarbonylamino))-amidopentyl-methyl
ester (36b)
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4-((1’-((S)-1’’-(Methyloxy)-2’’-((tert-butoxycarbonyl)amino)-1’’-oxobutyl)-1H-1’,2’,

3’-

triazol-4’-yl)methyl)-(2S)-2-(tert-butoxycarbonylamino)-amidobutyl-methyl ester (37a)

S55

4-((1-((S)-5-(Methyloxy)-4-((tert-butoxycarbonyl)amino)-5-oxopentyl)-1H-1,2,3-triazol-4yl)methyl)-(2S)-2-(Bis(tert-butoxycarbonylamino))-amidobutyl-methyl ester (37b)

S56

4-((1-((S)-4-(Methyloxy)-3-((Bis(tert-butoxycarbonyl)amino))-4-oxobutyl)-1H-1,2,3triazol-4-yl)methyl)-(2S)-2-(Bis(tert-butoxycarbonylamino))-amidobutyl-methyl
ester (37c)

S57

4-((1-((S)-5-(Methyloxy)-4-((Bis(tert-butoxycarbonyl)amino))-5-oxopentyl)-1H-1,2,3triazol-4-yl)methyl)-(2S)-2-(Bis(tert-butoxycarbonylamino))-amidobutyl-methyl
ester (37d)

S58

3-((1’-((S)-3-(Methyloxy)-2-((tert-butoxycarbonyl)amino)-3-oxobutyl)-1H-1,2,3-triazol-4yl)methyl)-(2S)-2-(tert-butoxycarbonylamino)-oxopropyl-methyl ester (38a)

S59

3-((1-((S)-4-(Methyloxy)-3-((Bis(tert-butoxycarbonyl)amino))-4-oxobutyl)-1H-1,2,3triazol-4-yl)methyl)-(2S)-2-(tert-butoxycarbonylamino)-oxopropyl-methyl ester (38b)

S60

3-((1-((S)-5-(Methyloxy)-4-((Bis(tert-butoxycarbonyl)amino))-5-oxopentyl)-1H-1,2,3triazol-4-yl)methyl)-(2S)-2-(tert-butoxycarbonylamino)-oxopropyl-methyl ester (38c)

S61

3-(1-((S)-4-(Methyloxy)-3-((Bis(tert-butoxycarbonyl)amino))-4-oxobutyl)-1H-1,2,3triazol-4-yl)-(2S)-2-(Bis(tert-butoxycarbonylamino))-propyl-methyl ester (39a)

S62

3-(1-((S)-5-(Methyloxy)-4-((Bis(tert-butoxycarbonyl)amino))-5-oxopentyl)-1H-1,2,3triazol-4-yl)-(2S)-2-(Bis(tert-butoxycarbonylamino))-propyl-methyl ester (39b)

S63

(1S)-1-Carboxy-3-{4-[(L--glutamylamino)methyl]-1H-1,2,3-triazol-1-yl}propan-1-aminium dichloride (36a·2HCl)

S64

(1S)-1-carboxy-4-{4-[(L--glutamylamino)methyl]-1H-1,2,3-triazol-1-yl}butan-1-aminium dichloride (36b·2HCl)

S65

(1S)-3-{4-[(L--aspartylamino)methyl]-1H-1,2,3-triazol-1-yl}-1-carboxypropan-1-aminium dichloride (37a·2HCl / 37c·2HCl)

S66

(1S)-3-{4-[(L- -aspartylamino)methyl]-1H-1,2,3-triazol-1-yl}-1-carboxybutan-1-aminium dichloride (37b·2HCl / 37d·2HCl)

S67

(S)-2-{4-[((S)-2-ammonio-2-carboxyethoxy]methyl)-1H-1,2,3-triazol-4-yl}-1-carboxyethan-1-aminium dichloride (38a·2HCl)

S68

(S)-3-{4-[((S)-2-ammonio-2-carboxyethoxy]methyl)-1H-1,2,3-triazol-4-yl}-1-carboxypropan-1-aminium dichloride (38b·2HCl)

S69

(S)-4-{4-[((S)-2-ammonio-2-carboxyethoxy]methyl)-1H-1,2,3-triazol-4-yl}-1-carboxybutan-1-aminium dichloride (38c·2HCl)

S70

(1S)-3-{4-[(2S)-2-ammonio-2-carboxyethyl]-1H-1,2,3-triazol-1-yl}-1-carboxypropan-1aminium dichloride (39a·2HCl)

S71

(1S)-4-{4-[(2S)-2-ammonio-2-carboxyethyl]-1H-1,2,3-triazol-1-yl}-1-carboxybutan-1aminium dichloride (39b·2HCl)

S72

1-((S)-3-(Bis(tert-butoxycarbonyl)amino)-4-methoxy-4-[((S)-4-(bis(tert-butoxycarbonyl)amino)-5-methoxy-5-oxopentanamido)methyl]-3-methyl-1H-1,2,3-triazol-3-ium iodide
(36a-MeI)

S73

4-[((S)-4-(Bis(tert-butoxycarbonyl)amino)-5-methoxy-5-oxopentanamido)methyl]-1-((S)4-(bis(tert-butoxycarbonyl)amino)-5-methoxy-5-oxopentyl)-3-methyl-1H-1,2,3-triazol-3ium iodide (36b-MeI)

S74

1-((S)-3-(Bis(tert-butoxycarbonyl)amino))-4-methoxy-4-oxobutyl)-4-(((S)-3-((tert-butoxycarbonyl)amino)-4-methoxy-4-oxobutanamido)methyl)-3-methyl-1H-1,2,3-triazol-3ium iodide (37a-MeI)

S75

1-((S)-4-(Bis(tert-butoxycarbonyl)amino))-5-methoxy-5-oxopentyl)-4-(((S)-3-((tert-butoxycarbonyl)amino)-4-methoxy-4-oxobutanamido)methyl)-3-methyl-1H-1,2,3-triazol-3ium iodide (37b-MeI)

S76

4-((S)-3-(Bis(tert-butoxycarbonyl)amino))-4-methoxy-4-oxobutanamido)methyl)-1-((S)3-(bis(tert-butoxycarbonyl)amino)-4-methoxy-4-oxobutyl)-3-methyl-1H-1,2,3-triazol-3ium iodide (37c-MeI)

S77

4-((S)-3-(Bis(tert-butoxycarbonyl)amino))-4-methoxy-4-oxobutanamido)methyl)-1-((S)4-(bis(tert-butoxycarbonyl)amino)-5-methoxy-5-oxopentyl)-3-methyl-1H-1,2,3-triazol-3ium iodide (37d-MeI)

S78

4-[((S)-2-((tert-Butoxycarbonyl)amino)-3-methoxy-3-oxopropoxy)methyl]-1-((S)-2-((tertbutoxycarbonyl)amino)-3-methoxy-3-oxopropyl)-3-methyl-1H-1,2,3-triazol-3-ium iodide
(38a-MeI)

S79

1-((S)-3-(Bis(tert-butoxycarbonyl)amino)-4-methoxy-4-oxobutyl)-4-(((S)-2-((tert-butoxycarbonyl)amino)-3-methoxy-3-oxopropoxy)methyl)-3-methyl-1H-1,2,3-triazol-3-ium
iodide (38b-MeI)

S80

1-((S)-4-(Bis(tert-butoxycarbonyl)amino)-5-methoxy-5-oxopentyl)-4-(((S)-2-((tert-butoxycarbonyl)amino)-3-methoxy-3-oxopropoxy)methyl)-3-methyl-1H-1,2,3-triazol-3-ium
iodide (38c-MeI)

S81

