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HPLC and HRMS Characterization of Peptides
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LC-MS mass spectrum of AKA Peptide:
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MALDI-TOF mass spectrum of AKA Peptide:
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LC-MS mass spectrum of AKAaq1p:
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LC-MS mass spectrum of AKAa19c/a12¢:
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MALDI-TOF mass spectrum of AKAs10c/a12€:
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LC-MS chromatogram of peptide 3:
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LC-MS mass spectrum of peptide 3:
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LC-MS mass spectrum of peptide 8:
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LC-MS mass spectrum of peptide 9:
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LC-MS mass spectrum of peptide SI-1:
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LC-MS mass spectrum of peptide 10:
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LC-MS mass spectrum of peptide SI-2:
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LC-MS chromatogram of peptide 11:
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LC-MS mass spectrum of peptide 11:
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LC-MS mass spectrum of peptide 13:
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LC-MS mass spectrum of peptide 14:
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LC-MS chromatogram of peptide 18:
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LC-MS mass spectrum of peptide 18:

11 Sean ES+
183065

100 G662
MH.2*
2
62657
27.07
+
626 32 M H
]
1252 .26
2619
=]
25333
1246195
27 it
1261701
16384
2795 126421
1082
127637
mz
20 =00 400 500 &0 700 =] =nx) 1000 1200 1300 1420 1600 1900
MALDI-TOF mass spectrum of peptide 18:
éBOOO* g
MNa*
2500
20004 E
MK*
1500
1000
5001
g )
12‘60 " " " " 12‘70 12‘80 " 12‘90 " 13‘00 13‘10
mfk

29



17 Oxyma, HBTU, o

o] = - 0 ~ 0 - 0 - 0 - 0 - 0
+ DIPEA,DMF,rt,Bhri\Jj\/N H H n : n H n H n H n H n
N N N N N N N N B
? T Y T T Y
N—N
sI-3 s~ H—s
o N=N
Cbz‘NH “Cbz
1:3
TFA/CH3;CN
rt, 2hrs O v 3 Q@ g = H §°H§°H§°H§°
—_— ~\ N__A N__A X N__A N__A N__A NH,
0,
43% over two \n/\N \[]/\N \n/\ \[]/\N \ﬂ/\ﬂ \ﬂ/\” \ﬂ/\n
steps o o (o}
N-N
19 s—( H—s
N N=N
“Cbz
LC-MS chromatogram of peptide 19:
& Diode Array
337 Fange: 1.72%+1
159+1:
14e+1§
13e+14
12e+14
1.0e+14
1 De+14
a.04
309
Ed 3
703
6.09
5.03
4.05
3 420
309
E 258
204
1.04 i
003
T T T T T T T T T T T T T T T T T T y Time
0.50 1.00 1.40 2.00 A0 3.00 350 4.00 440 A.00 540 G.00 G A0 oo

30



LC-MS mass spectrum of peptide 19:
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LC-MS chromatogram of peptide SI-3:
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LC-MS mass spectrum of peptide SI-3:
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LC-MS
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LC-MS mass spectrum of peptide 20:
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LC-MS mass spectrum of peptide S,S-Tet-AKA s10c/a12¢:
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Enriched “C/"*0 Amide Containing Peptides

[0} H = 180 [o) H = 189 H
13 Boc,0, NaHCO Bcl N
HO Nag S N~C~-NH2 ; %C/z. @ o HO N”g/\N Boc
186 H »O/dioxane, rs: 180 H
N—N (92%) N—N
s s e
N=N N=N
Sl-4 SI-5

Peptide SI-5. A 25 mL round bottom flask was charged with SI-4 (19.0 mg, 0.050 mmol) and
NaHCOs; (10.5 mg, 0.125 mmol, 2.5 equiv) then dissolved in water (2.0 mL). A pre-mixed solution of
Boc,0 (16.4 mg, 0.0.75 mmol, 1.5 equiv) dissolved in 1,4-dioxane (2.0 mL) was added dropwise over 15
min with stirring. After 2 h, completion of the reaction was observed by LC-MS and the reaction solution
was directly purified by reverse-phase chromatography (gradient 10 — 80% organic over 10 min) to give
22.1 mg (92%) of SI-5 as a red/orange amorphous powder after lyophilization: HRMS (ES) m/z 478.1216

[(M-H); caled for °C 4" C,H,,N;'%0,"%0,S,: 478.1225].
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LC-MS mass spectrum of peptide SI-5:
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LC-MS chromatograms comparing peptide 17 to enriched peptide SI-5:
4: Diode Array
- 2 Fange: 1.102e+2
10e+29
&0e+1q
-?I file+1
40e+13
20e+19
0 D T T T R T R T T T T T T e T o T e o e T e
0.a0 1.00 1.40 2.00 .40 3.00 3.80 400 440 500 540 GO0 G40 T.o00
<: Diode Array
355 Fange: ¥.2182+1
The+1q
Gle+14 - 18
E Oy 3 139 H
[PE ~ C N.
f HO N”g/\N’ Boc
4pe+1 180 H
Z 3 N-N
30e+1 s_</ \>_s
208413 N=N
10e+14
00 T T T T T T T T T T T T T T T T T T T T T T T T T T y Time
050 1.00 1.50 2.00 250 200 350 400 450 500 540 600 64D

39



LC-MS mass spectra comparing peptide 17 to enriched peptide SI-5:
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Cbhz

SI-5 Oxyma, HBTU, i 180
+ DIPEA, DMF, rt, 8hrs J\/N le /\ C
18 \[(\ )kf \[(\N)kf Y\NJ‘T \[(\N)‘T \[(\N \[(\N 1ag 7
s—(/ \)—s
o2 \n N-cbz
1:3
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Peptide SI-7. HRMS (ES) m/z 1613.7458 [(M+H)+; caled for ]2C67 C2H103N22 017 OzSzZ

1613.7363]; MALDI-TOF m/z 1636.069 [(M+Na)"; calcd for *Cg7"*C,H;0:N2,'%017'0,NaS,: 1635.7183].

LC-MS chromatogram of peptide SI-7:

4: Dinde Array
ken) Fange: 2 968
2.5:
24]
2.2:
Z.D:
1.8:
1.6:
2 |
1.44
1.2:
1.0:
3De1:
ﬁDe-1:
4De1: 395
20&-1: 04z
1 T T T T T T T T T T T T T T T T T T T T T T T T T T T 1 Time:
050 100 150 2.00 150 300 350 400 450 5.00 550 & 00 .50 0 LCMS

41



LC-MS mass spectrum of peptide SI-7:
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MALDI-TOF mass spectrum of peptide SI-7:

y
1

miz

1&!]‘121‘33‘13‘33“14‘33 ‘1533‘1&‘:0‘1?‘03‘183] 1900

Intens. fa.u.]

4000 MNa+

3000 4

2000 4

1000

1635.090

1636.069

637.063

638.085

MA-II-17-A 0:M8 MS Raw

1639.081

MK*

1652.071
654.001

:

T T T
1600 1610 1620

T
1630

T T T T T
1640 1650 1660 1670 1680
mfz

LC-MS chromatograms comparing peptide 19 to enriched peptide SI-7:
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MALDI-TOF mass spectra comparing peptide 19 to enriched peptide SI-7:
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LC-MS chromatogram of peptide S,S-Tet-(C10*/A11*)AKA A10c/a12¢:
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MALDI-TOF mass spectrum of peptide S,S-Tet-(C10%/A11*)AKA s10c/a12C:
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LC-MS chromatograms comparing peptide S,S-Tet-AKAAjgciarzc to enriched peptide S,S-Tet-
(CIO*/AII*)AKAA"]C/AQ(:Z
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LC-MS mass spectra comparing peptide S,S-Tet-AKAajocarzc to enriched peptide S,S-Tet-
(C10*/A11*)AKA s 19c/a12C:
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MALDI-TOF  comparing peptide S,S-Tet-AKAajociarzc  to  enriched peptide  S,S-Tet-
(Clo*/All*)AKAAwC/AIZC:
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Cbz .
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Peptide SI-8. HRMS (ES) m/z 1166.5781 [(M+H)"; calcd for Css"*C,H7sN|1014"%05: 1166.5780];

MALDI-TOF m/z 1188.919 [(M+Na)"; calcd for Cs4°C,H77N;,014°0,Na: 1188.5560].

LC-MS chromatogram of peptide SI-8:
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LC-MS mass spectrum of peptide SI-8:
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MALDI-TOF mass spectrum of peptide SI-8:
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LC-MS chromatograms comparing peptide 20 to enriched peptide SI-8:
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LC-MS mass spectra comparing peptide 20 to enriched peptide SI-8:
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MALDI-TOF mass spectra comparing peptide 20 to enriched peptide SI-8:
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LC-MS chromatogram of peptide S,S-Tet-(A5*%/A6*)AKA s10c/a12€:
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LC-MS mass spectrum of peptide S,S-Tet-(A5*/A6*)AKA s10c/a12C:
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MALDI-TOF mass spectrum of peptide S,S-Tet-(A5*/A6%)AKA A10c/a12C:

MA-II-50-A1 0:F6 MS Raw

MH*

2219.781

2221788

222785

241763

2223.790

2243.760

MNa*

2218.771

2244771

2224794

T 7 T g T g g T
2180 2200 2220 2240 2260 2280
mk

53



LC-MS chromatograms comparing peptide S,S-Tet-AKAajoc/a1zc to enriched peptide S,S-Tet-

(AS*/A6*)AKAA10C/A12C:
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LC-MS mass spectra comparing peptide S,S-Tet-AKAajocarzc to enriched peptide S,S-Tet-

(AS*/A6*)AKAA10C/A12C:

1: Soan ES+
1007 5402 2125
s 54 MH 4+
626
s S,S-Tet-AKAa10c/a12C
3+
k5465 73820 M H 3
# 738.10[738 67
553 30ks4 78 MH22+
43306 45561 53122
ot J_Jh.ﬁj T
I o L L e LA R L Al Ly L
555 fifi 1:8063558;6
105 Difference: 1.5 o Difference: 2 Difference: 3 '
Units | Units Units
855:4] S,S-Tet-(A5*%/A6%)AKA A10c/a12C
55528 MH44+
2] a0 49
5625 e
o M3 MH,2*
i 73 701k 41 50 3
53706 | o542 730.48 ”‘i‘g
G70A7
S8 REROUSRTPRPUPING.-L OOPOUHI VAP0 o R .. OO U VUi, SUUUU e o8
200 250 400 450 a0 S50 [=uli} =170 Foo FE0 = alu] 250 =} 950 1000 1080 100 M50 1200 2500 1200

54



MALDI-TOF  comparing peptide S,S-Tet-AKAajociarzc  to  enriched peptide S,S-Tet-
(AS*/A6*)AKAA10C/A12C:
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Peptide SI-9. HRMS (ES) m/z 1258.6870 [(M+H)"; calcd for Css"C,HooN5014'°0,: 1258.6842];

MALDI-TOF m/z 1280.799 [(M+Na)"; calcd for Css*C,HgoN;5014 °0,Na: 1280.6612].
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LC-MS chromatogram of peptide SI-9:
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MALDI-TOF mass spectrum of peptide SI-9:
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LC-MS chromatograms comparing peptide 18 to enriched peptide SI-9:
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LC-MS mass spectra comparing peptide 18 to enriched peptide SI-9:
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Cbz

NH
17 Oxyma, HBTU, H\
+ DIPEA, DMF, rt, 8hrs J]\/N Nn S
Slg \[(\N)k( \[(\N)‘\r \[(\N 3c )‘\r \[(\N Y\N
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Peptide SI-11. HRMS (ES) m/z 1635.7179 [(M+Na)';

e

4\s
4)7

caled for 12C(,7]3C2H1()2N22]60171802N3822

1635.7183]; MALDI-TOF m/z 1636.208 [(M+Na)"; calcd for °Cg;"*C,H;0:N2,'%01,'0,NaS,: 1635.7183].

LC-MS chromatogram of peptide SI-11:
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LC-MS mass spectrum of peptide SI-11:

Intens. [a.u.]

1: Scan ES+
G165

ad Snm?n?sg 2
+
MH,
0200
207 13
+
08,19 MH
= 161358
1614 65
08 53 1565
a6 51
05 55
0934 80637
309 26
1610161544
1367 25 1611 711662
107694 1286 82 l 137959 144005 ! 163321
TR | | 1 ||LI [l.quI. L L .E.l.;
T T T T T T T T T T T T T T T t ' t T miz
1000 1100 120 1300 1400 1500 16800 1700 1200 1000
MALDI-TOF mass spectrum of peptide SI-11:
MA-11I-40-A1 0:E7 MS Raw
MNa*
4000
30004
20004 :
MK*
1000 @
0 i bt s bt ot J\.A[\NAML’WA s S
1600 1610 1620 1630 1640 1650 1660 1670 1680
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LC-MS chromatograms comparing peptide 19 to enriched peptide SI-11:

1de+

peptide 19

12e+1
10e+

an

Al

=41}
40
104
004

& Dinde Array
Fange: 1.723e+1

peptide SI-11

' "Tgi0 | 7.0
&: Dinde Array

Range: 3082

LC-MS mass spectra comparing peptide 19 to enriched peptide SI-11:

1 Sizan ES+
2425

00 0416 MH 2
+
(67 .
2 peptide 19
= (15 30 MH+
lﬁmm Difference: 3
a7 BT 3 26 Units 1605.10
T fid 40 107147
SRR 00 Y OV - SOV SO S
1: Scan ES+
207 44 2435
A0 07 2
08.00 peptide SI-11
80712 Difference: 6
2+ MH* i
MH Units
#] 2
1613 fi4
02 a5 1614.65
637
JLERe<}
TI5.05
45 51 6770 g oy S 1352_?5 1402 D6 161207) 140 g2
Foo i = 1) 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900
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MALDI-TOF mass spectra comparing peptide 19 to enriched peptide SI-11:

°
>

MA-I1-210b 0:08 MS Raw

Intens. [a.u.]
629.665

MNa*

1631.619

peptide 19

Difference
~6

3 MA-IIl-40-AL 0:E7 MS Raw
£5000

1599.676

636.208

4000

1637.206

MNa* peptide SI-11

3000

2000

1000

1652192

[—1635.197
——1654.179

—
—
—
—

T T I U T s T T
1600 1610 1620 1630 1640 1650 1660 1670 1680 "
m,
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1) Oxyma, HBTU,
SI-11  DIPEA, DMF, rt, 8hrs

+
20

26% over two steps

2) TFA, rt, 24 hrs

N

Hy

~, = ay
AESARSANERARRSARS RSN ARS AR S AC RS
N—N
s— Vs
N=N
NH, NH,
S,S-Tet-(A17*/A18*)AKAa10c/a12C
LC-MS chromatogram of peptide S,S-Tet-(A17*/A18*)AKA s10c/a12€:
4: Dinde AraEy
245 Fange: 1.0962+2
10e+2q
90a+1
F0e+1
The+1
flet+1
2 E
G0e+1
40e+1
30e+1
I0a+1
10+l
o e ———— T i
oan 100 1.40 2.00 2.50 3.00 3450 400 440 500 5.50 §.00 6.50
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LC-MS mass spectrum of peptide S,S-Tet-(A17%/A18*)AKA s10c/a12c:

1: Scan ES+
1007 A55 G0 B35
MH,
4
54591
565,34
3+
# b5 2 MH3
T 56
4100 2+
MH,
431
4y 111056
_sps | T2 a7 7 L
oLt bl b o s e st Bb gt ety
am a0 s 50 ™ 2m0 a0 1000 100 1200 1200
MALDI-TOF mass spectrum of peptide S,S-Tet-(A17%/A18%)AKA A10c/a12c:
3 x104 MA-IIl-48-A1 0:F2 MS Raw

Intens

MH*

219.756
221.704

2218.747

MNa*

2241.709
2243661

T T T T T T
2180 2200 2220 2240 2260 2280
mp
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LC-MS chromatograms comparing peptide peptide S,S-Tet-AKA s19c/a12c to enriched peptide S,S-Tet-
(A17*/A18%*)AKA s10c/a12C:

&: Dinde Array
et Fange: 2 98fe+1

28e+14

20041 peptide S,S-Tet-AKA s10c/a12¢
.3 15e+14

10e+1]

504

0o

050 150 150 200 250 300 550 400 450 00 550 B0 B0 700
ME_II_48_Run12_07_06_12 4: Diode #rray
248 Fange: 2.258a+1

20e+1

15e+13 peptlde S,S-Tet-(Al 7*/A18*)AKAA]0C/A|2C

e 1 De+1

504

oo

LC-MS mass spectra comparing peptide S,S-Tet-AKAajocarzc to enriched peptide S,S-Tet-
(A17*/A18%*)AKA s10c/a12C:

1: Soan ES+
100 408 31865
F54.34 MH 4+
553,654 4 S,S—Tet-AKAAl()C/AuC
o0
3+
b5 5 73210 MH3
# 738.10] raae7
63,254 73 M H22+
7T
3017
sse. 4 757 47 11[3.?}0?92
432,06 45661 53123 : 7065 | AR k'
112467
i et fad ".‘hfﬁ".' """‘:Lr;.“. .‘\‘-.[f R AR T t ./.‘*‘-. Prrtedrp ey
1: Scan ES+
e . ) 555 FiD . ) . ) 34366
Difference: 1.5 Difference: 2 Difference: 3
Units Lo a1 Units Units
55534 S,S5-Tet-(A17*/A18*)AK A s10c/a12C
. ka6 20
A+ 056 2+
MH4 4100 MH33+ MH2
7431
024 g B penn 216,76 [T 111056
o RPOP T | [ P 0 P '
" T 4 ¢ $ Y " r ' y 4 r r Y ; r ; T + T T
2 400 2] 500 700 20 a0 1000 1100 1200 1200
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MALDI-TOF  comparing peptide S,S-Tet-AKAajpcarzc to  enriched  peptide
(A17*/A18%*)AKA s10c/a12C:
gsooo— S,s—Tet-AKAAl()C/AnC .
B MH*
Difference
i ~6
| . _ MNa*
£ §,5-Tet-(A17*/A18%)AKA s jocanc 2
| Difference
] MH* ~6
2+
| 2§ MNa
N | “H‘ N
T I
0 MRS Ao AN NV U“J\M’V\J\ﬂ »‘MMW‘”(J‘WW : M

T
2180 2200

T
2220
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S,8-Tetrazine Reduction and Re-Oxidation

Ac Pd/C, H, Ac
HN / CHZOH HN H H /
N=N o Quant. by 'H NMR N—N o
o:eﬁs—<\ ,)—3;2:0 > o:eﬁs—(\ ,)—5;2:0
0 N—N -~ 0 N-N
/ NH Air Oxidation / NH
15 Ad 16 Ad

LC-MS chromatograms comparing compound 15 to compound 16:

4: Dinde Amay
2EA Range: 1.1082+2
1.0e+2]
] Ac
HN H H /
U
2.0e+19 N—
3 o s— ,)—s o
5 De+1 [o} N—N
=2 E / NH
4 lle+13 Ac
2.0e+1
s an
0.0 T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
050 1.00 150 200 2.450 3.00 350 400 4.50 500 540 5.00 6.0 70
4: Dinde Amay
- Range: 1.152e+2
1.0e+29
2.0e+1
G.0e+19
£ E
4.0e+1
2.0e+14
0 D_ -1 ]
1“_.“_Jr.\‘ T T e Time:
DA0 1.00 150 200 B.50
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LC-MS mass spectra comparing compound 15 to compound 16:

1: Sean ES+
434,80 £5.15e6
1007
434709520 MH*Y HN'AC HH .
OB / MZH
N—N o
o s—\ ,)—S. o
N_
LS 50 09
/NH
has 83 Ac 0.6
437 .03 71.10
a0 71,56
(P Bt s L R REESE e  Saamonocoony ’ e et P
. ) 1: Sean ES+
. 4187 difference: B.32e5
2 units Ac .
HN / difference:
N=N o 4 units
o s— )—s o
= e -N M,H?*
MH* /NH
lza.07 Ac st g7
434.83 C6E 07
0o G867
e et e e e e e e e e e e e e e e e e iz
850 600 550 700 750 200 250 000 050
LC-MS chromatograms depicting air oxidation of compound 16 to compound 15:
/Ac
N oHH
N-N Q & Diode Aray
s S, 0 28 Range: 1.108e+2
106424 % _<‘N_N’>_ ng
E / )
"2 Shestd A
E 0.5 an
L AR BB BAS LA s B REAAy nan e R IR AR B el R T LRRA e Rann el aa i |
050 100 1.50 2.00 250 200 2.50 4.00 450 500 550 .00 .50 700
4: Dinde Amay
1E Range: 9 687a+1
3 Slesd 'y
3 s
L e AR LMRARE AN AR Ll L R man n e I AR L A T e e R A AR |
050 100 1.50 2.00 250 200 2.50 4.00 450 500 550 .00 .50 700
4: Dinde Amay
- Range: 1537a+2
1 0e+2]
3 E
o.As
0.0 AR AwAn IR e AR R Ra L e esa Baanawaieananss RAAARLARANLeARS Linan et s s ar s ]
050 100 1.50 2.00 4.00 450 500 550 .00 .50 700
4 Diode Amay
.18 Range: 1921a+2
10e+24
= E 2@
s o1s bE) a
) Cwos0 o0 1AD 20D A0 SO0 3A0 400 44D soo 850 BO0 | GAD 700
Ac 4 Diode Amay
an HN Range: 1.3953a+2
3 N=N o
1042 o=2—\s—<\ S, 0
a N-N
S0e+] NH
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050 100 1.50 2.00 250 200 350 4.00 450 500 550 .00 .50 700
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Experimental Evidence for the 1,2-dihydro-S§,S-tetrazine

Simulated structures of compound 16 as 1,2- vs 1,4-dihydrotetrazine:

Simulated Structure of Simulated Structure of
1,2-dihydrotetrazine 1,4-dihydrotetrazine
> 3
J = ? J“‘

r 77 3

e PR
}3"‘;’ y J&.
"% ,4,

9

2L *,

Based on the simulations performed, the ring mode frequencies for the 1,2- and 1,4-dihydrotetrazine
systems were calculated and their IR Spectrum generated. Although 1,4-dihydrotetrazine is energetically
more favorable by ~ 7 kcal/mol, the ring mode frequencies from the experimental IR of 16 matched those

of the 1,2-dihydrotetrazine.

A diagram representing the ring modes for 1,2-dihydrotetrazine:

. 2 . P
";‘w D%

ﬁ N F & v

Ring mode 1: higher frequency Ring mode 2: lower frequency
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Calculated and experimental IR of compound 16:

Calculated IR Spectrum of
1,2-dihydrotetrazine

IR Spectrum

ﬂ
S 1000 ; | xl\
|, re—— )

[ AARAAAAA MadAaasd aates T
1400 1500 1600 1700 1800
Frequency (cm™)

Calculated IR Spectrum of

1,4-dihydrotetrazine

IR Spectrum

,1', 4Ld _fﬂ =

TrrerTeT
1400

1500

T
1600

T
1700

T
1800

Frequency (cm™)

Collected IR Spectrum of 16

140

T
1900

120

1.00 -

030 -

oD

080 -

040 -

020 -

0.00

1450 1550

1650

1750

1850

Wavenumber {cm-1)

The ester and the acetate C=0 frequency is used as a reference:

Experiment Calculated average

1950

2050

RatioExperiment/Calculated

1679 cm™ amide 1789 cm™ amide

1745 cm™' ester 1823 cm™ ester

Average of the ratio = 0.947

70

0.938

0.955
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2000



From 1,2 - dihydrotetrazine calculation :

1590 cm™ x 0.947 = 1506 cm™ 1691 cm™ x 0.947 = 1601 cm’™

1612 cm™ x 0.947 = 1527 cm’ 1701 em™ x 0.947 = 1610 cm’™

From 1,4 - dihydrotetrazine calculation :

1691 cm™ x 0.947 = 1601 cm™

1610 cm™

1701 cm™ x 0.947

From Experiment:

1510 cm™

1536 cm™

The ring mode frequencies from the experimental IR match those of the calculated frequencies of the 1,2
— dihydrotetrazine. Furthermore, the correlation in the peak shape was the same; higher ring mode

frequency was less intense.
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