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LCMS analyses of peptide hydrazides H-LYRA-Xaa-NHNH>
LCMS conditions for Figures S1-S18 were as follows: a Cosmosil 5Cis-AR-II analytical

column with the linear gradient of solvent B in solvent A, 5% to 35% over 30 min.
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Figure S1 (A) UV trace of crude material of 1a. (B) MS spectrum of 1a. Xaa = Gly (1a):
Retention time = 10.5 min, MS (ESI-SQ) m/z: [M + H]" caled for C26HasN10Os 593.4, found
593.5.
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Figure S2 (A) UV trace of crude material of 1b. (B) MS spectrum of 1b. Xaa = Ala (1b):
Retention time = 10.7 min, MS (ESI-SQ) m/z: [M + H]" caled for C27H47N1006 607.4, found
607.6.
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Figure S3 (A) UV trace of crude material of 1¢. (B) MS spectrum of 1c¢. Xaa = Val (1¢):
Retention time = 12.8 min, MS (ESI-SQ) m/z: [M + H]" calcd for C29HsiN19Os 635.4, found
635.5.
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Figure S4 (A) UV trace of crude material of 1d. (B) MS spectrum of 1d. Xaa = Ile (1d):
Retention time = 14.8 min, MS (ESI-SQ) m/z: [M + H]" calcd for C30Hs3N19Os 649.4, found
649.5.
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Figure S5 (A) UV trace of crude material of 1e. (B) MS spectrum of le. Xaa = Leu (1e):
Retention time = 15.5 min, MS (ESI-SQ) m/z: [M + H]" caled for C30Hs3N10Os 649.4, found

649.6.
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Figure S6 (A) UV trace of crude material of 1f. (B) MS spectrum of 1f. Xaa = Phe (1f):
Retention time = 17.7 min, MS (ESI-SQ) m/z: [M + H]" calcd for C33Hs1N19Os 683.4, found

683.6.
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Figure S7 (A) UV trace of crude material of 1g. (B) MS spectrum of 1g. Xaa = Pro (1g):

Retention time = 11.9 min, MS (ESI-SQ) m/z: [M + H]" calcd for C20H49N 1006 633.4, found
633.6.
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Figure S8 (A) UV trace of crude material of 1h. (B) MS spectrum of 1h. Xaa = Ser (1h):

Retention time = 10.2 min, MS (ESI-SQ) m/z: [M + H]" caled for C27H47N1007 623.4, found
623.5.
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Figure S9 (A) UV trace of crude material of 1i. (B) MS spectrum of 1i. Xaa = Thr (1i):

Retention time = 10.7 min, MS (ESI-SQ) m/z: [M + H]" calcd for C2sHa9N 1907 637.4, found
637.5.
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Figure S10 (A) UV trace of crude material of 1j. (B) MS spectrum of 1j. Xaa = Glu (1j):

Retention time = 10.9 min, MS (ESI-SQ) m/z: [M + H]" calcd for C29H49N19Os 665.4, found
665.6.
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Figure S11 (A) UV trace of crude material of 1k. (B) MS spectrum of 1k. Xaa = Cys (1k):

Retention time = 12.0 min, MS (ESI-SQ) m/z: [M + H]" caled for C27H47N1006S 639.3, found
639.5.
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Figure S12 (A) UV trace of crude material of 1k’. (B) MS spectrum of 1k’. Xaa = Cys(Acm)

(1K%): Retention time = 11.6 min, MS (ESI-SQ) m/z: [M + H]" calcd for C30Hs2N1107S 710.4,
found 710.6.
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Figure S13 (A) UV trace of crude material of 11. (B) MS spectrum of 11. Xaa = Met (11):
Retention time = 13.6 min, MS (ESI-SQ) m/z: [M + H]" caled for C20Hs1N10O6S 667.4, found
667.6.
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Figure S14 (A) UV trace of crude material of 1m. (B) MS spectrum of 1m. Xaa = Tyr (1m):
Retention time = 13.8 min, MS (ESI-SQ) m/z: [M + H]" caled for C33Hs1N1007 699.4, found
699.5.
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Figure S15 (A) UV trace of crude material of In. (B) MS spectrum of 1n. Xaa = His (1n):
Retention time = 10.5 min, MS (ESI-SQ) m/z: [M + H]" calcd for C30H49N 1206 673.4, found
673.5.
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Figure S16 (A) UV trace of crude material of 10. (B) MS spectrum of 1o0. Xaa = Lys (10):

Retention time = 10.1 min, MS (ESI-SQ) m/z: [M + H]" calcd for C30HsaN;;06 664.4, found
664.6.
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Figure S17 (A) UV trace of crude material of 1p. (B) MS spectrum of 1p. Xaa = Arg (1p):

Retention time = 10.7 min, MS (ESI-SQ) m/z: [M + H]" caled for C30Hs4N1306 692.4, found
692.5.
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Figure S18 (A) UV trace of crude material of 1q. (B) MS spectrum of 1q. Xaa = Trp (1q):

Retention time = 18.5 min, MS (ESI-SQ) m/z: [M + H]" calcd for C35sHs2N 1106 722.4, found
722.4.
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LCMS analyses of oxidants screening

(A) CuSO,-5H,0 (B) Oxone®
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Figure S19 HPLC analyses of oxidants screening for oxidative hydrazide conversion.
Analytical HPLC conditions: a Cosmosil 5C1g-AR-II analytical column with the linear gradient
of solvent B in solvent A, 5% to 35% over 30 min.

8/ 49



LCMS analyses of hydrazide conversion to carboxylic acid using oxone
LCMS conditions for Figures S20—S37 were as follows: a Cosmosil 5Cis-AR-II analytical

column with the linear gradient of solvent B in solvent A, 5% to 35% over 30 min.
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Figure S20 (A) UV trace of oxidation (Xaa = Gly; # = 30 min). (B) MS spectrum of 2a. 2a:
Retention time = 11.6 min, MS (ESI-SQ) m/z: [M + H]" calcd for C26H3NgO7 579.3, found

579.6.
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Figure S21 (A) UV trace of oxidation (Xaa = Ala; # = 30 min). (B) MS spectrum of 2b. 2b:
Retention time = 12.5 min, MS (ESI-SQ) m/z: [M + H]" calcd for C27HasNsO7 593.3, found

593.6.
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Figure S22 (A) UV trace of oxidation (Xaa = Val; # = 30 min). (B) MS spectrum of 2¢. 2¢:

Retention time = 15.9 min, MS (ESI-SQ) m/z: [M + H]" caled for C20Ha9N3O7 621.4, found
621.6.

9/ 49



(A)

(B) E—7% #5 - 18.548 - SQ 1: MS Scan
1.5%107 635.6
2d ]
\ ‘ 1.0x107
] 36.6
h j Mk Hl,,-«jl_mﬂg b Snxmﬁ—_ )
| T T | | ‘
00+t L e
0 10 .20 30 500,00 1000.00 1500.00 2000.00
tz/min w2

Figure S23 (A) UV trace of oxidation (Xaa = Ile; = 30 min). (B) MS spectrum of 2d. 2d:
Retention time = 18.5 min, MS (ESI-SQ) m/z: [M + H]" caled for C30Hs1NsO7 635.4, found

635.6.
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Figure S24 (A) UV trace of oxidation (Xaa = Leu; # = 30 min). (B) MS spectrum of 2e. 2e:

Retention time = 19.2 min, MS (ESI-SQ) m/z: [M + H]" calcd for C30Hs1NsO7 635.4, found
635.6.
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Figure S25 (A) UV trace of oxidation (Xaa = Phe; ¢t = 30 min). (B) MS spectrum of 2f. 2f:

Retention time = 21.0 min, MS (ESI-SQ) m/z: [M + H]" caled for C33H49N3O7 669.4, found
669.6.
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Figure S26 (A) UV trace of oxidation (Xaa = Pro; t = 30 min). (B) MS spectrum of 2g. 2g:
Retention time = 14.7 min, MS (ESI-SQ) m/z: [M + H]" caled for C20H47N3O7 619.4, found
619.6.
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Figure S27 (A) UV trace of oxidation (Xaa = Ser; ¢ = 30 min). (B) MS spectrum of 2h. 2h:
Retention time = 11.0 min, MS (ESI-SQ) m/z: [M + H]" calcd for C27HasNsOg 609.3, found
609.6.
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Figure S28 (A) UV trace of oxidation (Xaa = Thr; # = 30 min). (B) MS spectrum of 2i. 2i:
Retention time = 11.9 min, MS (ESI-SQ) m/z: [M + H]" calcd for C23H47NsOs 623.4, found
623.6.

11 / 49



(A) (B) E—% #4 - 12.092 - SQ 1: MS Scan

2] 1.0x1 075
/ 8.0x1 oﬁ—f
6.0x1 oﬁ—f
4.0x1 oﬁ—f

| Y P —

—le 2.0 1055
[ I I | ]

0 10 20 30 oot

tz/min

S B
500.00

L e I e e e I S
1000.00 1500.00 2000.00

miz

Figure S29 (A) UV trace of oxidation (Xaa = Glu; # = 30 min). (B) MS spectrum of 2j. 2j:
Retention time = 12.1 min, MS (ESI-SQ) m/z: [M + H]" caled for C20H47N3O9 651.3, found

651.6.
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Figure S30 (A) UV trace of oxidation (Xaa = Cys; ¢ = 30 min). (B) MS spectrum of S1. S1:
Retention time = 10.7 min, MS (ESI-SQ) m/z: [M + H]" calcd for C27HasNsO10S 673.3, found

673.5.
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Figure S31 (A) UV trace of oxidation (Xaa = Cys(Acm); = 30 min). (B) MS spectrum of S1.
(C) MS spectrum of S2. S1: Retention time = 10.7 min, MS (ESI-SQ) m/z: [M + H]" calcd for
C27H45N3O10S 673.3, found 673.6. S2: Retention time = 12.2 min, MS (ESI-SQ) m/z: [M + H]"
calcd for C3oHs0NoO10S 728.3, found 728.6.
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Figure S32 (A) UV trace of oxidation (Xaa = Met; ¢t = 30 min). (B) MS spectrum of S3. S3:
Retention time = 12.4 min, MS (ESI-SQ) m/z: [M + H]" calcd for C20H49NsOoS 685.3, found
685.6.
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Figure S33 (A) UV trace of oxidation (Xaa = Tyr; ¢t = 30 min). (B) MS spectrum of 2m. 2m:
Retention time = 16.5 min, MS (ESI-SQ) m/z: [M + H]" caled for C33H49N3gOsg 685.4, found
685.6.
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Figure S34 (A) UV trace of oxidation (Xaa = His; ¢ = 30 min). (B) MS spectrum of 2n. 2n:
Retention time = 10.7 min, MS (ESI-SQ) m/z: [M + H]" caled for C30H47N1007 659.4, found
659.6.
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Figure S35 (A) UV trace of oxidation (Xaa = Lys; ¢ = 30 min). (B) MS spectrum of 2o. 20:
Retention time = 10.5 min, MS (ESI-SQ) m/z: [M + H]" caled for C30Hs:2N9O7 650.4, found
650.7.
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Figure S36 (A) UV trace of oxidation (Xaa = Arg; ¢t = 30 min). (B) MS spectrum of 2p. 2p:
Retention time = 11.2 min, MS (ESI-SQ) m/z: [M + H]" calcd for C30Hs2N ;07 678.4, found
678.6.
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Figure S37 UV trace of oxidation (Xaa = Trp; # = 30 min). No desired product was observed.
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LCMS analyses of BME-mediated conversion of hydrazides to carboxylic acids
LCMS conditions for Figures S38-S54 were as follows: a Cosmosil 5Cig-AR-II analytical
column with the linear gradient of solvent B in solvent A, 5% to 35% over 30 min, 7 to 17%

for Glu and Thr. Asterisks indicate non-peptidic compounds derived from additives.
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Figure S38 (A) UV trace of BME-mediated conversion (Xaa = Gly; ¢ = 30 min). (B) MS
spectrum of 2a. 2a: Retention time = 11.7 min, MS (ESI-SQ) m/z: [M + H]" calcd for
C26H43NgO7 579.3, found 579.6.
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Figure S39 (A) UV trace of BME-mediated conversion (Xaa = Ala; ¢ = 30 min). (B) MS
spectrum of 2b. 2b: Retention time = 12.5 min, MS (ESI-SQ) m/z: [M + H]" calcd for
C27H45NgO7 593.3, found 593.6.
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Figure S40 (A) UV trace of BME-mediated conversion (Xaa = Val; ¢ = 30 min). (B) MS
spectrum of 2¢. 2¢: Retention time = 16.0 min, MS (ESI-SQ) m/z: [M + H]" caled for
C20H49N3gO7 621.4, found 621.6.
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Figure S41 (A) UV trace of BME-mediated conversion (Xaa = Ile; £ = 30 min). (B) UV trace
of BME-mediated conversion (¢ = 20 h). (C) MS spectrum of 2d. (D) MS spectrum of 5d. 2d:
Retention time = 18.8 min, MS (ESI-SQ) m/z: [M + H]" caled for C30HsiNsO7 635.4, found
635.6. 5d: Retention time = 21.5 min, MS (ESI-SQ) m/z: [M + H]" calcd for C32HssNgO7S
695.4, found 695.6.

(A) * (B) E—%#8-19.198- 5Q 1:MS Scan

635.6

1.2x107

1.0x10™3

* 2e 8.0x1 05—2

6]
A/ 6.0x10% B36.6

4.0x1055 522.6

H{ J/ u Llw A 20x1 05—3
[ | I I oot Ly :

O 10 20 30 ‘I500I.00I o ioob.qb I 1‘5UIU.0CI| o éOOJ.UU
tz/min e

Figure S42 (A) UV trace of BME-mediated conversion (Xaa = Leu; ¢ = 30 min). (B) MS
spectrum of 2e. 2e: Retention time = 19.2 min, MS (ESI-SQ) m/z: [M + H]" calced for
C30Hs1NgO7 635.4, found 635.6.
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Figure S43 (A) UV trace of BME-mediated conversion (Xaa = Phe; ¢ = 30 min). (B) MS
spectrum of 2f. 2f: Retention time = 21.0 min, MS (ESI-SQ) m/z: [M + H]" calcd for

C33H49N3O7 669.4, found 669.6.
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Figure S44 (A) UV trace of BME-mediated conversion (Xaa = Pro; = 30 min). (B) UV trace
of BME-mediated conversion (¢ = 20 h). (C) MS spectrum of 2g. (D) MS spectrum of 5g. 2g:
Retention time = 14.8 min, MS (ESI-SQ) m/z: [M + H]" calcd for C20H47NsO7 619.4, found
619.6. 5g: Retention time = 17.6 min, MS (ESI-SQ) m/z: [M + H]" calcd for C31HsiN3O7S

679.4, found 679.6.
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Figure S45 (A) UV trace of BME-mediated conversion (Xaa = Ser; ¢ = 30 min). (B) MS
spectrum of 2h. 2h: Retention time = 11.0 min, MS (ESI-SQ) m/z: [M + H]" caled for
C27H45N3gOsg 609.3, found 609.6.
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Figure S46 (A) UV trace of BME-mediated conversion (Xaa = Thr; # = 30 min). (B) MS
spectrum of 2i. 2i: Retention time = 14.2 min, MS (ESI-SQ) m/z: [M + H]" calcd for

C23H47N3gOg 623.4, found 623.6.
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Figure S47 (A) UV trace of BME-mediated conversion (Xaa = Glu; ¢ = 30 min). (B) MS
spectrum of 2j. 2j: Retention time = 14.6 min, MS (ESI-SQ) m/z: [M + H]" calcd for

C29H47NgO9 651.3, found 651.5.
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Figure S48 (A) UV trace of BME-mediated conversion (Xaa = Cys; ¢t = 30 min). (B) MS
spectrum of 2k. 2Kk: Retention time = 14.1 min, MS (ESI-SQ) m/z: [M + H]" calcd for

C27H4sNgO7S 625.3, found 625.6.
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Figure S49 (A) UV trace of BME-mediated conversion (Xaa = Met; ¢t = 30 min). (B) MS
spectrum of 2l. 2l: Retention time = 16.6 min, MS (ESI-SQ) m/z: [M + H]" calcd for

C29H49N3gO7S 653.3, found 653.6.
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Figure S50 (A) UV trace of BME-mediated conversion (Xaa = Tyr; ¢ = 30 min). (B) MS
spectrum of 2m. 2m: Retention time = 16.6 min, MS (ESI-SQ) m/z: [M + H]" caled for

C33H49NgOg 685.4, found 685.6.
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Figure S51 (A) UV trace of BME-mediated conversion (Xaa = His; ¢ = 30 min). (B) MS
spectrum of 2n. 2n: Retention time = 10.7 min, MS (ESI-SQ) m/z: [M + H]" calcd for

C30H47N1007 659.4, found 659.6.
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Figure S52 (A) UV trace of BME-mediated conversion (Xaa = Lys; ¢ = 30 min). (B) MS
spectrum of 20. 20: Retention time = 10.5 min, MS (ESI-SQ) m/z: [M + H]" calcd for

C30Hs2N9O7 650.4, found 650.7.
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Figure S53 (A) UV trace of BME-mediated conversion (Xaa = Arg; ¢ = 30 min). (B) MS
spectrum of 2p. 2p: Retention time = 11.2 min, MS (ESI-SQ) m/z: [M + H]" calcd for

C30Hs2N 1107 678.4, found 678.7.
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Figure S54 (A) UV trace of BME-mediated conversion (Xaa = Trp; ¢ = 30 min). (B) MS
spectrum of 2q. 2q: Retention time = 22.0 min, MS (ESI-SQ) m/z: [M + H]" caled for
C35Hs0NoO7 708.4, found 708.6.

LCMS analyses of ammonolysis of peptidyl azides derived from hydrazides
LCMS conditions for Figures S55-S72 were as follows: a Cosmosil 5Ci3-AR-II analytical

column with the linear gradient of solvent B in solvent A, 5% to 35% over 30 min.
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Figure S55 (A) UV trace of amidation through ammonolysis (Xaa = Gly; ¢t = 30 min). (B) MS
spectrum of 4a. (C) MS spectrum of 2a. (D) MS spectrum of 8a. 4a: Retention time = 10.7
min, MS (ESI-SQ) m/z: [M + H]" calcd for C26H44NoOs 578.3, found 578.6. 2a: Retention time
= 11.7 min, MS (ESI-SQ) m/z: [M + H]" caled for C2Hs3NsO7 579.3, found 579.6. 8a:
Retention time = 21.8 min, MS (ESI-SQ) m/z: [M + H]" caled for C26H41NgOg 561.3, found
561.6.
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Figure S56 (A) UV trace of amidation through ammonolysis (Xaa = Ala; = 30 min). (B) MS
spectrum of 4b. (C) MS spectrum of 2b. (D) MS spectrum of 8b. 4b: Retention time = 11.1
min, MS (ESI-SQ) m/z: [M + H]" calcd for C27Ha6NoOg 592.4, found 592.6. 2b: Retention time
= 12.6 min, MS (ESI-SQ) m/z: [M + H]" calcd for C27H4sNgO7 593.3, found 593.6. 8b:
Retention time = 22.5 min, MS (ESI-SQ) m/z: [M + H]" calcd for C27H43NsO¢ 575.3, found
575.6.
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Figure S57 (A) UV trace of amidation through ammonolysis (Xaa = Val; = 30 min). (B) MS
spectrum of 4¢. (C) MS spectrum of 2¢. (D) MS spectrum of 8c. 4¢: Retention time = 14.0 min,
MS (ESI-SQ) m/z: [M + H]" calcd for C29Hs0N9Os 620.4, found 620.7. 2¢: Retention time =
16.0 min, MS (ESI-SQ) m/z: [M + H]" calcd for C290H49NsO7 621.4, found 621.6. 8¢: Retention
time = 25.2 min, MS (ESI-SQ) m/z: [M + H]" caled for C20H47NgOg 603.4, found 603.6.
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Figure S58 (A) UV trace of amidation through ammonolysis (Xaa = Ile; # = 30 min). (B) MS

spectrum of 4d. 4d: Retention time = 16.4 min, MS (ESI-SQ) m/z: [M + H]" caled for
C30Hs2NoO¢ 634.4, found 634.7.
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Figure S59 (A) UV trace of amidation through ammonolysis (Xaa = Leu; ¢ = 30 min). (B) MS
spectrum of 4e. (C) MS spectrum of 2e. (D) MS spectrum of 8e. 4e: Retention time = 17.1 min,
MS (ESI-SQ) m/z: [M + H]" calcd for C30Hs2NoOg 634.4, found 634.7. 2e: Retention time =
19.3 min, MS (ESI-SQ) m/z: [M + H]" calcd for C30Hs1NsO7 635.4, found 635.7. 8e: Retention
time = 28.6 min, MS (ESI-SQ) m/z: [M + H]" calcd for C30H49N3zOg 617.4, found 617.6.
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Figure S60 (A) UV trace of amidation through ammonolysis (Xaa = Phe; = 30 min). (B) MS
spectrum of 4f. (C) MS spectrum of 2f. 4f: Retention time = 19.4 min, MS (ESI-SQ) m/z: [M
+ H]" calced for C33HsoN9Os 668.4, found 668.6. 2f: Retention time = 21.1 min, MS (ESI-SQ)
m/z: [M + H]" calcd for C33H49N3O7 669.4, found 669.6.

(A) (B) E—%#2- 12406 -5Q1: MS Scan
49\ 2.0x107 B8
89 1.5x1073
29
J 1.0x1073
F & 196
U,-—-«-ML—MA——MM—»_/' 5.0x106-
[ I I | L |
ool A b
0 10 .20 30 500.00 1000.00 150000 2000.00
tz/min ez
(C) E—% #4 - 19135 - 5Q 1: MS Scan (D) E—% #7 - 22812 - 5Q 1: MS Scan
25x10%] 5016
1.2x10%
1.0x1083 20x10
8.0x10%] 15108
53
6.0x10 e
#.0x10° [0z
2 0105 50¢10%]
0.0 e e 00 T S v
500.00 1000.00 1500.00 2000.00 500.00 1000.00 1500.00 2000.00
m/z /.

m/z

Figure S61 (A) UV trace of amidation through ammonolysis (Xaa = Pro; # = 30 min). (B) MS
spectrum of 4g. (C) MS spectrum of 2g. (D) MS spectrum of 8g. 4g: Retention time = 12.4
min, MS (ESI-SQ) m/z: [M + H]" calcd for C20H4sNoOs 618.4, found 618.6. 2g: Retention time
= 19.1 min, MS (ESI-SQ) m/z: [M + H]" calcd for C290H47N3O7 619.4, found 619.6. 8g:

Retention time = 22.8 min, MS (ESI-SQ) m/z: [M + H]" calcd for C20HasNsOg 601.3, found
601.6.
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Figure S62 (A) UV trace of amidation through ammonolysis (Xaa = Ser; = 30 min). (B) MS
spectrum of 4h. (C) MS spectrum of 2h. (D) MS spectrum of 8h. 4h: Retention time = 10.3
min, MS (ESI-SQ) m/z: [M + H]" calcd for C27H4sNoO7 608.4, found 608.6. 2h: Retention time
= 11.1 min, MS (ESI-SQ) m/z: [M + H]" calcd for C27H4sNgOg 609.3, found 609.6. 8h:
Retention time = 21.5 min, MS (ESI-SQ) m/z: [M + H]" calcd for C27H43NsO7 591.3, found
591.6.
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Figure S63 (A) UV trace of amidation through ammonolysis (Xaa = Thr; = 30 min). (B) MS
spectrum of 4i. (C) MS spectrum of 2i. (D) MS spectrum of 8i. 4i: Retention time = 11.1 min,
MS (ESI-SQ) m/z: [M + H]" caled for C2sHasNoO7 622.4, found 622.6. 2i: Retention time =
12.0 min, MS (ESI-SQ) m/z: [M + H]" calcd for C23H47N3Os 623.4, found 623.6. 8i: Retention
time = 22.2 min, MS (ESI-SQ) m/z: [M + H]" calcd for C2sHasNzO7 605.3, found 605.6.
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Figure S64 (A) UV trace of amidation through ammonolysis (Xaa = Glu; # = 30 min). (B) MS
spectrum of 2j. 2j: Retention time = 12.1 min, MS (ESI-SQ) m/z: [M + H]" caled for
C20H47N3O9 651.3, found 651.6.
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Figure S65 (A) UV trace of amidation through ammonolysis (Xaa = Cys; ¢ = 30 min). (B) MS
spectrum of 4k dimer. 4k dimer: Retention time = 15.6 min, MS (ESI-SQ) m/z: [M + 2H]**
calcd for Cs4HgoN18012S2 623.3, found 623.8.
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Figure S66 (A) UV trace of amidation through ammonolysis (Xaa = Cys(Acm); ¢ = 30 min).
(B) MS spectrum of 4k’. (C) MS spectrum of 2k’. (D) MS spectrum of 8k’. 4k’: Retention
time = 12.4 min, MS (ESI-SQ) m/z: [M + H]" calcd for C30Hs1N1007S 695.4, found 695.6. 2K’:
Retention time = 13.1 min, MS (ESI-SQ) m/z: [M + H]" calcd for C30HsoNoOsS 696.3, found
696.6. 8Kk’: Retention time = 22.9 min, MS (ESI-SQ) m/z: [M + H]" calcd for C30HagNoO7S
678.3, found 678.6.
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Figure S67 (A) UV trace of amidation through ammonolysis (Xaa = Met; £ = 30 min). (B) MS
spectrum of 41. (C) MS spectrum of 21. (D) MS spectrum of 8I. 41: Retention time = 15.0 min,
MS (ESI-SQ) m/z: [M + H]" calcd for C20HsoN9OeS 652.4, found 652.6. 2Kk’: Retention time =
16.6 min, MS (ESI-SQ) m/z: [M + H]" calcd for Ca9Ha9NgO7S 653.3, found 653.6. 8K’:
Retention time = 26.4 min, MS (ESI-SQ) m/z: [M + H]" calcd for C20H47N3O6S 635.3, found
635.6.
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Figure S68 (A) UV trace of amidation through ammonolysis (Xaa = Tyr; # = 30 min). (B) MS
spectrum of 4m. (C) MS spectrum of 2m. (D) MS spectrum of 8m. 4m: Retention time = 14.8
min, MS (ESI-SQ) m/z: [M + H]" calcd for C33HsoNoO7 684.4, found 684.6. 2m: Retention
time = 16.6 min, MS (ESI-SQ) m/z: [M + H]" calcd for C33H49N3Os 685.4, found 685.6. 8m:
Retention time = 25.2 min, MS (ESI-SQ) m/z: [M + H]" calcd for C33H47NsO7 667.4, found
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Figure S69 (A) UV trace of amidation through ammonolysis (Xaa = His; # = 30 min). (B) MS
spectrum of 4n. (C) MS spectrum of 2n. (D) MS spectrum of 8n. 4n: Retention time = 10.3
min, MS (ESI-SQ) m/z: [M + H]" calcd for C30H4sN110s 658.4, found 658.6. 2n: Retention
time = 10.7 min, MS (ESI-SQ) m/z: [M + H]" caled for C30H47N 1007 659.4, found 659.6. 8n:
Retention time = 20.2 min, MS (ESI-SQ) m/z: [M + H]" caled for C30HasN19Os 641.4, found
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Figure S70 (A) UV trace of amidation through ammonolysis (Xaa = Lys; # = 30 min). (B) MS
spectrum of 40. (C) MS spectrum of 20. (D) MS spectrum of 8o. 40: Retention time = 10.0
min, MS (ESI-SQ) m/z: [M + H]" calcd for C30Hs3N19Os 649.4, found 649.7. 20: Retention
time = 10.7 min, MS (ESI-SQ) m/z: [M + H]" calcd for C30Hs2NoO7 650.4, found 650.7. 8o:
Retention time = 14.7 min, MS (ESI-SQ) m/z: [M + H]" calcd for C30HsoNoOg 632.4, found
632.7.
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Figure S71 (A) UV trace of amidation through ammonolysis (Xaa = Arg; ¢t = 30 min). (B) MS
spectrum of 4p. (C) MS spectrum of 2p. 4p: Retention time = 10.7 min, MS (ESI-SQ) m/z: [M
+ H]" caled for C30Hs3N 1206 677.4, found 677.7. 2p: Retention time = 11.4 min, MS (ESI-SQ)
m/z: [M + H]" calcd for C30Hs2N 1107 678.4, found 678.7.
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Figure S72 (A) UV trace of amidation through ammonolysis (Xaa = Trp; = 30 min). (B) MS
spectrum of 4q. (C) MS spectrum of 2q. 4q: Retention time = 20.2 min, MS (ESI-SQ) m/z: [M
+ H]" caled for C35sHsiN19Os 707.4, found 707.7. 2q: Retention time = 22.1 min, MS (ESI-SQ)
m/z: [M + H]" calcd for C35sHsoNoO7 708.4, found 708.6.

LCMS analyses of Staudinger reaction after azidation of hydrazides in acidic aqueous solution
LCMS conditions for Figures S73—-S90 were as follows: a Cosmosil 5Cs-AR-II analytical
column with the linear gradient of solvent B in solvent A, 5% to 35% over 30 min.
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Figure S73 (A) UV trace of amidation through Staudinger reaction (Xaa = Gly; ¢ = 30 min).
(B) MS spectrum of 4a. (C) MS spectrum of 2a. 4a: Retention time = 10.8 min, MS (ESI-SQ)
m/z: [M + H]" caled for C26H44N9Og 578.3, found 578.6. 2a: Retention time = 11.8 min, MS
(ESI-SQ) m/z: [M + H]" calcd for C26Ha3NgO7 579.3, found 579.7.
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Figure S74 (A) UV trace of amidation through Staudinger reaction (Xaa = Ala; ¢ = 30 min).
(B) MS spectrum of 4b. (C) MS spectrum of 2b. 4b: Retention time = 11.2 min, MS (ESI-SQ)
m/z: [M + H]" calcd for C27H46NoOg 592.4, found 592.6. 2b: Retention time = 12.7 min, MS

(ESI-SQ) m/z: [M + H]" caled for C27HasNsO7 593.3, found 593.7.
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Figure S75 (A) UV trace of amidation through Staudinger reaction (Xaa = Val; ¢t = 30 min).
(B) MS spectrum of 4¢. (C) MS spectrum of 2¢. 4¢: Retention time = 14.2 min, MS (ESI-SQ)
m/z: [M + H]" calcd for C20HsoNoQOs 620.4, found 620.7. 2¢: Retention time = 16.2 min, MS
(ESI-SQ) m/z: [M + H]" calced for C2oH49NgO7 621.4, found 621.7.
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Figure S76 (A) UV trace of amidation through Staudinger reaction (Xaa = Ile; # = 30 min). (B)
MS spectrum of 4d. (C) MS spectrum of 6d. 4d: Retention time = 16.4 min, MS (ESI-SQ) m/z:
[M + H]" calcd for C30Hs2NoOg 634.4, found 634.7. 6d: Retention time = 13.7 min, MS (ESI-
SQ) m/z: [M + H]" calcd for C20Hs2NoOs 606.4, found 606.7.
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Figure S77 (A) UV trace of amidation through Staudinger reaction (Xaa = Leu; ¢ = 30 min).
(B) MS spectrum of 4e. (C) MS spectrum of 2e. 4e: Retention time = 17.2 min, MS (ESI-SQ)
m/z: [M + H]" caled for C30Hs2NoOs 634.4, found 634.7. 2e: Retention time = 19.4 min, MS
(ESI-SQ) m/z: [M + H]" calcd for C30Hs1NgO7 635.4, found 635.7.
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Figure S78 (A) UV trace of amidation through Staudinger reaction (Xaa = Phe; # = 30 min).
(B) MS spectrum of 4f. (C) MS spectrum of 2f. 4f: Retention time = 19.5 min, MS (ESI-SQ)
m/z: [M + H]" caled for C33HsoNoOg 668.4, found 668.7. 2f: Retention time = 21.2 min, MS
(ESI-SQ) m/z: [M + H]" calced for C33H49NgO7 669.4, found 669.6.
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Figure S79 (A) UV trace of amidation through Staudinger reaction (Xaa = Pro; # = 30 min).
(B) MS spectrum of 4g. (C) MS spectrum of 2g. 4g: Retention time = 12.5 min, MS (ESI-SQ)
m/z: [M + H]" calcd for C20H4gsN9Os 618.4, found 618.7. 2g: Retention time = 15.2 min, MS
(ESI-SQ) m/z: [M + H]" calced for C2oH47NgO7 619.4, found 619.7.
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Figure S80 (A) UV trace of amidation through Staudinger reaction (Xaa = Ser; ¢ = 30 min).
(B) MS spectrum of 4h. (C) MS spectrum of 2h. 4h: Retention time = 10.4 min, MS (ESI-SQ)
m/z: [M + H]" calcd for C27H46NoO7 608.4, found 608.7. 2h: Retention time = 11.1 min, MS
(ESI-SQ) m/z: [M + H]" calcd for C27HasNgOg 609.3, found 609.5.
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Figure S81 (A) UV trace of amidation through Staudinger reaction (Xaa = Thr; ¢ = 30 min).
(B) MS spectrum of 4i. (C) MS spectrum of 2i. 4i: Retention time = 11.2 min, MS (ESI-SQ)
m/z: [M + H]" caled for C2sHasNoO7 622.4, found 622.7. 2i: Retention time = 12.1 min, MS
(ESI-SQ) m/z: [M + H]" calced for C23Ha7NgOg 623.4, found 623.5.
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Figure S82 (A) UV trace of amidation through Staudinger reaction (Xaa = Glu; # = 30 min).
(B) MS spectrum of 4j. (C) MS spectrum of 2j. 4j: Retention time = 11.5 min, MS (ESI-SQ)
m/z: [M + H]" caled for C2oHasNoOs 650.4, found 650.7. 2j: Retention time = 12.2 min, MS
(ESI-SQ) m/z: [M + H]" caled for C29Ha7NgOg 651.3, found 651.6.
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Figure S83 (A) UV trace of amidation through Staudinger reaction (Xaa = Cys; ¢ = 30 min).
(B) MS spectrum of 4k. (C) MS spectrum of 2k. (D) MS spectrum of S4. 4k: Retention time =
13.2 min, MS (ESI-SQ) m/z: [M + H]" caled for C27H4sNoOsS 624.3, found 624.6. 2k:
Retention time = 14.5 min, MS (ESI-SQ) m/z: [M + H]" calcd for C27H4sNsO7S 625.3, found
625.6. S4: Retention time = 10.0 min, MS (ESI-SQ) m/z: [M + H]" calcd for C27H46N9OsS
656.3, found 656.6.
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Figure S84 (A) UV trace of amidation through Staudinger reaction (Xaa = Cys(Acm); ¢ = 30
min). (B) MS spectrum of 4K’. 4K’: Retention time = 12.4 min, MS (ESI-SQ) m/z: [M + H]"
calcd for C30Hs1N10O7S 695.4, found 695 .4.
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Figure S85 (A) UV trace of amidation through Staudinger reaction (Xaa = Met; ¢ = 30 min).
(B) MS spectrum of 41. (C) MS spectrum of 21. 41: Retention time = 15.1 min, MS (ESI-SQ)
m/z: [M + H]" caled for C290HsoNoOgS 652.4, found 652.6. 21: Retention time = 16.8 min, MS
(ESI-SQ) m/z: [M + H]" caled for C20HaoNgO7S 653.3, found 653.6.
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Figure S86 (A) UV trace of amidation through Staudinger reaction (Xaa = Tyr; £ = 30 min).
(B) MS spectrum of 4m. (C) MS spectrum of 2m. 4m: Retention time = 15.0 min, MS (ESI-
SQ) m/z: [M + H]" caled for C33HsoN9O7 684.4, found 684.6. 2m: Retention time = 16.7 min,
MS (ESI-SQ) m/z: [M + H]" calcd for C33H49NgOg 685.4, found 685.6.
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Figure S87 (A) UV trace of amidation through Staudinger reaction (Xaa = His; # = 30 min).
(B) MS spectrum of 4n. (C) MS spectrum of 2n. 4n: Retention time = 10.4 min, MS (ESI-SQ)
m/z: [M + H]" caled for C30HasN 1106 658.4, found 658.7. 2n: Retention time = 10.9 min, MS
(ESI-SQ) m/z: [M + H]" caled for C30Ha7N 1007 659.4, found 659.7.
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Figure S88 (A) UV trace of amidation through Staudinger reaction (Xaa = Lys; ¢ = 30 min).
(B) MS spectrum of 40. (C) MS spectrum of 20. 40: Retention time = 10.1 min, MS (ESI-SQ)
m/z: [M + H]" caled for C30Hs3N19Os 649.4, found 649.7. 20: Retention time = 10.8 min, MS
(ESI-SQ) m/z: [M + H]" calcd for C30Hs2NoO7 650.4, found 650.7.
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Figure S89 (A) UV trace of amidation through Staudinger reaction (Xaa = Arg; ¢ = 30 min).
(B) MS spectrum of 4p. (C) MS spectrum of 2p. 4p: Retention time = 10.7 min, MS (ESI-SQ)
m/z: [M + H]" calcd for C30Hs3N1206 677.4, found 677.7. 2p: Retention time = 11.5 min, MS
(ESI-SQ) m/z: [M + H]" caled for C30Hs2N1107 678.4, found 678.7.
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Figure S90 (A) UV trace of amidation through Staudinger reaction (Xaa = Trp; ¢ = 30 min).
(B) MS spectrum of 4q. (C) MS spectrum of 2q. 4q: Retention time = 20.4 min, MS (ESI-SQ)
m/z: [M + H]" calcd for C3sHs1N19Os 707.4, found 707.6. 2q: Retention time = 22.3 min, MS
(ESI-SQ) m/z: [M + H]" calcd for C35sHsoNoO7 708.4, found 708.7.
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LCMS analyses of Staudinger reaction after azidation of hydrazides in TFA solution

Xaa
t-Bu Xaa H H Global deprotection Xaa Staudinger reaction f{ NH,
N*NfO A Nl /DN
HN—OORE—N N H
Wl then azidation in TFA g o
Pbf 3 4
hydrolysis
Xaa
A OH
Curtius rearrangement ”
o
2
Xaa R
Xaa X
ol L =
c” —_— or (0]
,&NJ\N// N7 ONH, ;{N N
H H H
6 7

Xaa= Ser(R=H,X=0)
Thr (R =Me, X=0)
Cys (R=H,X=8)

Figure S91. Conversion of hydrazides to amides
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Table S1. Scope of the C-terminal amino acids in conversion to amides

entry Xaa product HPLC purity (%)2
4 2 6or7

1 Gly 2a 91 3 3

2 Ala 2b 90 2 6

3 Val 2c 62 <1 35
4 lle 2d 53 <1 45
5 Leu 2e 85 <1 13
6 Phe 2f 84 1 11
7 Pro 29 96 <1 <1
8 Ser 2h 87 <1 10
9 Thr 2i 84 <1 15
10 Glu 2j 74 11 <1
11 Cys 2k 48 <1 7

12 Cys(Acm) 2Kk’ 81 <1 11
13 Met 2l 87 <1 9

14 Tyr 2m 79 <1 17
15 His 2n 83 <1 <1
16 Lys 20 80 <1 15
17 Arg 2p 81 <1 15
18 Trp 2q 70 <1 22

a: detected at 220 nm.

LCMS conditions for Figures S92-109 were as follows: a Cosmosil 5Cis-AR-II analytical
column with the linear gradient of solvent B in solvent A, 5% to 35% over 30 min. Asterisks

indicate non-peptidic compounds derived from additives for global deprotection.

39 / 49



(A) 4a \ .
6a ‘ ch *
i Jn,._EA)M SR VY | Ju__ﬁ S
| | | |
0 10 .20 30
tr/min

(B) E—% #2 - 10.560 - 5Q 1: MS Scan (C) E'—4 #1 - 9.835 - 5Q 1: MS Scan
578.6 246.3
1.5x107-]
21084
1.0x107 5506
1x108
5.0x106 pro6
u,ul‘ﬂ!“ ..... o \ .‘||H‘ b

m/z

———
1500.00

2001

00

500.00

————
1000.00
m/z

————
1500.00

2001

.00

Figure S92 (A) UV trace of amidation through Staudinger reaction (Xaa = Gly; ¢ = 30 min).
(B) MS spectrum of 4a. (C) MS spectrum of 6a. 4a: Retention time = 10.6 min, MS (ESI-SQ)
m/z: [M + H]" caled for C26HasNoOgs 578.3, found 578.6. 6a: Retention time = 9.8 min, MS
(ESI-SQ) m/z: [M + H]" calced for C25HasNoOs 550.3, found 530.6.
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Figure S93 (A) UV trace of amidation through Staudinger reaction (Xaa = Ala; ¢ = 30 min).
(B) MS spectrum of 4b. (C) MS spectrum of 6b. 4b: Retention time = 11.0 min, MS (ESI-SQ)
m/z: [M + H]" calcd for C27Ha6N9Os 592.4, found 592.6. 6b: Retention time = 9.8 min, MS
(ESI-SQ) m/z: [M + H]" calced for C26HasN6Os 564.4, found 564.6.
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Figure S94 (A) UV trace of amidation through Staudinger reaction (Xaa = Val; ¢t = 30 min).
(B) MS spectrum of 4¢. (C) MS spectrum of 6c¢. 4¢: Retention time = 14.0 min, MS (ESI-SQ)
m/z: [M + H]" caled for C20HsoN9Os 620.4, found 620.6. 6¢: Retention time = 11.6 min, MS
(ESI-SQ) m/z: [M + H]" calced for C23Hs0NoOs 592.4, found 592.7.
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Figure S95 (A) UV trace of amidation through Staudinger reaction (Xaa = Ile; # = 30 min). (B)
MS spectrum of 4d. (C) MS spectrum of 6d. 4d: Retention time = 16.3 min, MS (ESI-SQ) m/z:
[M + H]" calcd for C30Hs2NoOg 634.4, found 634.7. 6d: Retention time = 13.3 min, MS (ESI-
SQ) m/z: [M + H]" calcd for C20Hs2NoOs 606.4, found 606.7.
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Figure S96 (A) UV trace of amidation through Staudinger reaction (Xaa = Leu; # = 30 min).
(B) MS spectrum of 4e. (C) MS spectrum of 6e. 4e: Retention time = 17.1 min, MS (ESI-SQ)
m/z: [M + H]" caled for C30Hs2NoOs 634.4, found 634.7. 6e: Retention time = 14.1 min, MS
(ESI-SQ) m/z: [M + H]" calcd for C20Hs2NoOs 606.4, found 606.5.
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Figure S97 (A) UV trace of amidation through Staudinger reaction (Xaa = Phe; ¢ = 30 min).
(B) MS spectrum of 4f. (C) MS spectrum of 6f. 4f: Retention time = 19.3 min, MS (ESI-SQ)
m/z: [M + H]" caled for C33HsoNoQOg 668.4, found 668.7. 6f: Retention time = 16.5 min, MS

(ESI-SQ) m/z: [M + H]" caled for C32HsoNoOs 640.4, found 640.7.
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Figure S98 (A) UV trace of amidation through Staudinger reaction (Xaa = Pro; # = 30 min).
(B) MS spectrum of 4g. (C) MS spectrum of 6g. 4g: Retention time = 12.3 min, MS (ESI-SQ)
m/z: [M + H]" calcd for C20H4gN9Os 618.4, found 618.6. 6g: Retention time = 10.7 min, MS

(ESI-SQ) m/z: [M + H]" calced for C23HasNoOs 590.4, found 590.6.

(A) * (B) E—4% #1 - 10.202 - SQ 1: MS Scan (C) E—4 #2 - 11539 - SQ 1: MS Scan
608.6 606.6
1.5x107-] 3x1084
4h\ 7h
T 1.0x107 2106
/ 07.6
J | | 5.0x1064 09.6 1108
[
| | | | ‘ ‘ ]
O o foobo0 | 150000 | 2 500.00 1000.00 1500.00 2000.00
500.00 000.00 500.00 2000.00 .| .|
0 10 .20 30 e ! mz
tr/min

Figure S99 (A) UV trace of amidation through Staudinger reaction (Xaa = Ser; ¢ = 30 min).
(B) MS spectrum of 4h. (C) MS spectrum of 7h. 4h: Retention time = 10.2 min, MS (ESI-SQ)
m/z: [M + H]" calcd for C27Ha6NoO7 608.4, found 608.6. 7h: Retention time = 11.5 min, MS
(ESI-SQ) m/z: [M + H]" calcd for C27H44NoO7 606.3, found 606.6.
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Figure S100 (A) UV trace of amidation through Staudinger reaction (Xaa = Thr; ¢ = 30 min).
(B) MS spectrum of 4i. (C) MS spectrum of 7i. 4i: Retention time = 11.0 min, MS (ESI-SQ)
m/z: [M + H]" calcd for C2sHagNoO7 622.4, found 622.7. 7i: Retention time = 12.9 min, MS
(ESI-SQ) m/z: [M + H]" calcd for C23HasNoO7 620.4, found 620.6.
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Figure S101 (A) UV trace of amidation through Staudinger reaction (Xaa = Glu; # = 30 min).
(B) MS spectrum of 4j. (C) MS spectrum of 2j. 4j: Retention time = 11.2 min, MS (ESI-SQ)
m/z: [M + H]" caled for C2oHasNoOs 650.4, found 650.6. 2j: Retention time = 12.1 min, MS
(ESI-SQ) m/z: [M + H]" caled for C29Ha7NgOg 651.3, found 651.6.
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Figure S102 (A) UV trace of amidation through Staudinger reaction (Xaa = Cys; ¢ = 30 min).
(B) MS spectrum of 4k. (C) MS spectrum of 7k. (D) MS spectrum of S4. 4k: Retention time =
12.8 min, MS (ESI-SQ) m/z: [M + H]" caled for C27HasNoOsS 624.3, found 624.6. 7Kk:
Retention time = 13.3 min, MS (ESI-SQ) m/z: [M + H]" calcd for C27H44NoO6S 622.3, found
622.5. S4: Retention time = 9.8 min, MS (ESI-SQ) m/z: [M + H]" calcd for C27H46N9OsS 656.3,
found 656.6.
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Figure S103 (A) UV trace of amidation through Staudinger reaction (Xaa = Cys(Acm); ¢ =30
min). (B) MS spectrum of 4k’. (C) MS spectrum of 4k. (D) MS spectrum of 7k. 4k’: Retention
time = 12.5 min, MS (ESI-SQ) m/z: [M + H]" calcd for C30Hs1N1007S 695.4, found 695.7. 4k:
Retention time = 13.1 min, MS (ESI-SQ) m/z: [M + H]" calcd for C27H46NoO6S 624.3, found

624.7. 7k: Retention time = 13.5 min, MS (ESI-SQ) m/z: [M + H]" calcd for C27H44N9OsS
622.3, found 622.7.
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Figure S104 (A) UV trace of amidation through Staudinger reaction (Xaa = Met; ¢t = 30 min).
(B) MS spectrum of 41. (C) MS spectrum of 6l. 41: Retention time = 14.9 min, MS (ESI-SQ)
m/z: [M + H]" caled for C290HsoNoOgS 652.4, found 652.6. 61: Retention time = 12.7 min, MS
(ESI-SQ) m/z: [M + H]" caled for C23HsoNoOsS 624.4, found 624.6.
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Figure S105 (A) UV trace of amidation through Staudinger reaction (Xaa = Tyr; # = 30 min).
(B) MS spectrum of 4m. (C) MS spectrum of 6m. 4m: Retention time = 14.8 min, MS (ESI-
SQ) m/z: [M + H]" caled for C33HsoN9O7 684.4, found 684.6. 6m: Retention time = 12.7 min,
MS (ESI-SQ) m/z: [M + H]" calcd for C3:HsoNoOg 656.4, found 656.6.
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Figure S106 (A) UV trace of amidation through Staudinger reaction (Xaa = His; # = 30 min).
(B) MS spectrum of 4n. 4n: Retention time = 10.1 min, MS (ESI-SQ) m/z: [M + H]" calcd for
C30H4sN1106 658.4, found 658.6.
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Figure S107 (A) UV trace of amidation through Staudinger reaction (Xaa = Lys; ¢ = 30 min).
(B) MS spectrum of 40. (C) MS spectrum of 60. 40: Retention time = 9.7 min, MS (ESI-SQ)
m/z: [M + H]" caled for C30Hs3N19Os 649.4, found 649.7. 60: Retention time = 9.5 min, MS

(ESI-SQ) m/z: [M + HJ" caled for Ca9Hs3N10Os 621.4, found 621.7.
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Figure S108 (A) UV trace of amidation through Staudinger reaction (Xaa = Arg; ¢ = 30 min).
(B) MS spectrum of 4p. (C) MS spectrum of 6p. 4p: Retention time = 10.4 min, MS (ESI-SQ)
m/z: [M + H]" calcd for C30Hs3N 1206 677.4, found 677.7. 6p: Retention time = 10.1 min, MS
(ESI-SQ) m/z: [M + H]" caled for C29Hs3N 1205 649.4, found 649.7.
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Figure S109 (A) UV trace of amidation through Staudinger reaction (Xaa = Trp; # = 30 min).
(B) MS spectrum of 4q. (C) MS spectrum of 6q. 4q: Retention time = 20.1 min, MS (ESI-SQ)
m/z: [M + H]" calcd for C3sHs1N19Os 707.4, found 707.6. 6p: Retention time = 17.5 min, MS
(ESI-SQ) m/z: [M + H]" calced for C34Hs1N 1005 679.4, found 679.7.
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Evaluation of C-terminal epimerization

H-LYRA-Ala-OH

(A)
'I'l D-Ala form
L-Ala form || '| /
~ || ||'.
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| Illl
(C) *

Figure S110. UV trace of C-terminal epimerization during conversion of H-LYRA-Ala-
NHNHj; to carboxylic acids. (A) Co-injection of peptides containing L- or D-Ala. (B) Reaction
mixture of Oxone oxidation. (C) Reaction mixture of BME-mediated hydrolysis. Only a critical
retention time region of the HPLC charts was enlarged. The asterisk indicates a peak derived
from BME. Analytical HPLC conditions: Cosmosil 5Cs-AR-II analytical column with a linear
gradient of solvent in solvent A, 5% to 35% over 30 min.
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Figure S111. UV trace of C-terminal epimerization during conversion of H-LYRA-Ala-
NHNH: to amide. (A) Co-injection of peptides containing L- or D-Ala. (B) Reaction mixture
of ammonolysis. (C) Reaction mixture of azidation in aqueous solution followed by the
Staudinger reaction. (D) Reaction mixture of azidation in TFA followed by the Staudinger
reaction. Only a critical retention time region of the HPLC charts was enlarged. Analytical
HPLC conditions: Cosmosil 5Cis-AR-II analytical column with a linear gradient of solvent in

solvent A, 5% to 35% over 30 min.
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LCMS analyses of modelin-5 derivatives
LCMS conditions for Figures S112—-114 were as follows: a Cosmosil 5Cis-AR-II analytical
column with the linear gradient of solvent B in solvent A, 10% to 60% over 30 min.
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Figure S112 (A) UV trace of crude material of 9. (B) UV trace of purified 9. (C) MS spectrum

of 9. Retention time = 14.5 min, MS (ESI-SQ) m/z: [M + 2H]** calcd for Cs1His5sN24O16 861.6,
found 862.1.
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Figure S113 (A) UV trace of crude material of 10. (B) UV trace of purified 10. (C) MS
spectrum of 10. Retention time = 15.1 min, MS (ESI-SQ) m/z: [M + 2H]*" caled for
Cs1H156N22017 854.6, found 855.0.
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Figure S114 (A) UV trace of crude material of 11. (B) UV trace of purified 11. (C) MS

spectrum of 11. Retention time = 15.4 min, MS (ESI-SQ) m/z: [M + 2H]*" caled for
Cs1H157N23016 854.1, found 854.5.
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