A Genetically Encoded Cyclobutene Probe for Labelling of Live Cells

Electronic Supporting Information, Section 2: NMR spectra

Model studies of inverse electron-demand Diels-Alder (IEDDA)
8-(2,5-Di(pyridin-2-yl)-3,4-diazabicyclo[4.2.0]octa-1,4-dien-7-yl)octanoic acid and

8-(2,5-di(pyridin-2-yl)-3,4-diazabicyclo[4.2.0]octa-2,5-dien-7-yl)octanoic acid (inseparable mixture
of tautomers 2a and 2b)
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H p2
8-(2,5-Di(pyridin-2-yl)-3,4-diazabicyclo[4.2.0]octa-1,3,5-trien-7-yl)octanoic acid (3)

1H 3

c 4

Construction of CbK
((Pent-4-en-1-yloxy)methyl)benzene (4).

'H 5

13C 6
cis-3-(3-(benzyloxy)propyl)-2,2-dichlorocyclobutan-1-ol (5)

'H 7

13C 8
cis-3-(3-(Benzyloxy)propyl)-2,2-dichlorocyclobutyl methanesulfonate (6)

'H 9

C 10
3-(Cyclobut-2-en-1-yl)propanol (unnumbered; not isolated)

'H 11

c 12
3-(Cyclobut-2-en-1-yl)propanoic acid (7)

'H 13

c 14
N6-(3-(Cyclobut-2-en-1-yl)propionyl)-L-lysine (CbK).

'H 15

13¢ 16



Model studies of inverse electron-demand Diels-Alder (IEDDA)
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__L L Current Data Parameters

EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170324
Time 13.36 h
INSTRUM spect
PROBHD 72108618_0594 (
PULPROG zg30
TD 65536
SOLVENT DMSO
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.244532 Hz
AQ 4.0894465 sec
RG 187.87
DW 62.400 usec
DE 10.00 usec

I I I I I 1
5 4 3 2 1 ppm
Yo,

298.2
1.00000000
1
400.1324708
1H

13.00
16.00000000

65536
400.1300033
EM

0.30

1.00

TE .
D1 s
TDO
SFO1 .
NUC1
Pl .
PLW1 .
F2 - Processing parameters
ST
SE .
WDW
SSB
LB .
GB
\ PC .

sec

MHz

usec
w
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8-(2,5-Di(pyridin-2-yl)-3,

yl tautomer. (2a, 2b)
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Current Data Parameters

NAME BWE-3-95F32ndrecryst
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170607
Time 15.08 h
INSTRUM spect
PROBHD 7108618_0594 (
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.244532 Hz
AQ 4.0894465 sec
RG 126.38
DW 62.400 usec
DE 10.00 usec
TE 298.4 K
D1 1.00000000 sec
TDO 1
SFO1 400.1324708 MHz
NUC1 1H
Pl 13.00 usec
PLW1 16.00000000 W
F2 - Processing parameters
SI 65536
SF 400.1300109 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
; 1 | Iv f..)
I I I I I I I T I I T I I
12 11 10 9 8 7 6 5 4 3 2 1 ppm
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8-(2,5-Di(pyridin-2-yl)-3,4-diazabicyclo[4.2.0]octa-1,3,5-trien-7-yl)octanoic acid

(one-pot cycloaddition/aromatizatio). 'H spectrum
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Current Data Parameters
NAME BWE-3-95F32ndrecryst
EXPNO 21
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170608
Time 8.57 h
INSTRUM spect
PROBHD 2108618_0594 (
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 503
DS 4
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 1.3631488 sec
RG 210.59
DW 20.800 usec
DE 10.00 usec
TE 298.1 K
D1 10.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 100.6228293 MHz
NUC1 13C
Pl 9.00 usec
PLW1 58.00000000 W
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.28444001 W
PLW13 0.14307000 W
F2 - Processing parameters
SI 32768
SF 100.6127578 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
PC 1.40

I I I I I I I T I I I I I I I I
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ic aci

8-(2,5-Di(pyridin-2-yl)-3,4-diazabicyclo[4.2.0]octa-1,3,5-trien-7-yl)octano

(one-pot cycloaddition/aromatization). 'H spectrum
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Current Data Parameters

NAME BDE-7-66-pdt
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20160218
Time 9.23
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 8
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 62.76
DW 62.400 usec
DE 10.00 usec
TE 298.1 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUCL1 1H
Pl 12.00 usec
PLW1 16.00000000 W
F2 - Processing parameters
SI 65536
SF 400.1300072 MHz
WDW EM
SSB 0
LB 0.30 Hz
- GB 0
ﬁ\x xﬁﬂw PC 1.00
I I T I I I I I I I I I I I I I
75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 ppm
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((Pent-4-en-1-yloxy)methyl)benzene (1). "H spectrum.
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Current Data Parameters
NAME BDE-7-66—-Carbon
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20160218
Time 9.33
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 107
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 210.59
DW 20.800 usec
DE 10.00 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228293 MHz
NUC1 13C
Pl 9.00 usec
PLW1 58.00000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.28444001 W
PLW13 0.23040000 W
F2 - Processing parameters
SI 32768
SF 100.6127578 MHz
SSB 0
LB 1.00 Hz
GB 0

R A Rl A RN RN RN RARARARAY RARARARLS RAARARAAR) EAARRARARS KAARARAAY ARARAARA) RARAARARL) RAARARAARS EAARAARAR REAARARRAN 2~ 1.40
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

((Pent-4-en-1-yloxy)methyl)benzene (1). *C spectrum.
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/\ /%%,%a%& Current Data Parameters
NAME BDE-T7-77
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20160222
Time 14.51
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 10
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 210.59
DW 62.400 usec
DE 10.00 usec
TE 298.2 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1l 400.1324710 MHz
NUC1 1H
P1 12.00 usec
PLW1 16.00000000 W
F2 - Processing parameters
SI 65536
SF 400.1300070 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0

\ , PC 1.00
L B I T I T T T TrTTTTrTTTTT T T T 1
7.5 55 50 45 40 35 30 25 20 15 1.0 pPpm
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cis-3-(3-(Benzyloxy)propyl)-2,2-dichlorocyclobutan-1-ol (2). 'H spectrum.
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Current Data Parameters
NAME BDE-7-77-Carbon
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20160222
Time 15.13
INSTRUM spect
PROBHD 5 mm PABRO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 296
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 210.59
DW 20.800 usec
DE 10.00 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228293 MHz
NUC1 13C
Pl 9.00 usec
PLW1 58.00000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.28444001 W
PLW13 0.23040000 W
F2 - Processing parameters
ST 32768
SF 100.6127578 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0

B HARA RS LARAAARAS EAARAAREY KAARAARES RAARARARAS EAARARARAY RAARARARAS RAARARARAS RAARARARAS REARARARAS RAARARARAN-AS 1.40
140 130 100 90 80 70 60 50 40 30 20 ppm

cis-3-(3-(benzyloxy)propyl)-2,2-dichlorocyclobutan-1-ol (2). *C spectrum.
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Current Data Parameters

NAME BDE-7-78
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20160229
Time 10.10
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 103.57
DW 62.400 usec
DE 10.00 usec
TE 298.1 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 12.00 usec
PLW1 16.00000000 W
F2 - Processing parameters
ST 65536
SF 400.1300072 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
ﬁ PC 1.00
- —An I
I I | I I I I I I I I I I I | I
75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 ppm
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cis-3-(3-(Benzyloxy)propyl)-2,2-dichlorocyclobutyl methanesulfonate (3). 'H spectrum.
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Current Data Parameters
NAME BDE-7-78-Carbon
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20160229
Time 10.31
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 205
Ds 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 210.59
DW 20.800 usec
DE 10.00 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f1l ========
SFO1 100.6228293 MHz
NUC1 13C
Pl 9.00 usec
PLW1 58.00000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.28444001 W
PLW13 0.23040000 W
F2 - Processing parameters
SI 32768
SF 100.6127578 MHz
WD W EM
SSB 0
LB 1.00 Hz
GB 0

B I B D B ) B R AR AR RN RAARARRAN EEARAARAAR S 1.40
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

cis-3-(3-(Benzyloxy)propyl)-2,2-dichlorocyclobutyl methanesulfonate (3). "*C spectrum.
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3-(Cyclobut-2-en-1-yl)propanol. 'H spectrum of partially purified reaction aliquot.
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Current Data Parameters

——140.78
—135.52
77.46
77.14
76.82
—63.17
——43.88
——36.88

<~
.
_—31.25
T—30.75

NAME BWE-4-59D1
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170819
Time 21.33 h
INSTRUM spect
PROBHD 7108618_0594 (
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 288
DS 4
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 1.3631488 sec
RG 210.59
DW 20.800 usec
DE 10.00 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 100.6228293 MHz
NUC1 13C
Pl 9.00 usec
PLW1 58.00000000 W
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.28444001 W
PLW13 0.14307000 W
F2 - Processing parameters
SI 32768
SF 100.6127578 MHz
WDW EM
SSB 0
LB 1.00 Hz
| 7 GB 0

1.40

140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

3C spectrum of partially purified reaction aliquot.
12

3-(Cyclobut-2-en-1-yl)propanol
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3-(Cyclobut-2-en-1-yl)propanoic acid (4). 'H spectrum
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Current Data Parameters

NAME BWE-4-62
EXPNO 3
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170821
Time 15.10 h
INSTRUM spect
PROBHD 72108618_0594 (
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 43
DS 4
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 1.3631488 sec
RG 210.59
DW 20.800 usec
DE 10.00 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 100.6228293 MHz
NUC1 13C
Pl 9.00 usec
PLW1 58.00000000 W
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.28444001 w
PLW13 0.14307000 W
F2 - Processing parameters
SI 32768
SF 100.6127578 MHz
WDW EM
SSB 0
LB 1.00 Hz

. , GB 0

T " T " T " T _ _ " T " T " T _ T " _ " T "
200 180 160 140 120 100 80 60 40 20 0 ppm

3-(Cyclobut-2-en-1-yl)propanoic acid (4). "*C spectrum.
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Current Data Parameters

NAME k1liu-CbK-H-DZ0O-NaCH
EXPNO 1
PRCCNO 1
F2 - Acquisition Parameters
Date_ 20161123
Time 15.46
INSTRUM spect
PRCBHD 5 mm PABBO BB/
PULPROG zgesgp
D 32768
SOLVENT D20
NS 4
DS 4
SWH 6393.862 Hz
FIDRES 0.195125 Hz
AQ 2.5624576 sec
RG 210.59
DW 78.200 usec
DE 10.00
TE 298.1
D1 1.00000000
D12 0.00002000
D16 0.00020000
DO 1
======== CHANNEL {1 ========
SFOl 400.1318776 MHz
NUC1 1H
Pl 13.00 usec
P2 26.00 usec
P12 2000.00 usec
PLWO 0w
L ’ PLW1 16.00000000 W
LI rh \ SPNAM[1] SqualO0.1000
SPOALL 0.500
SPOFEFS1 0 Hz
SPW1 0.00270400 W
====== GRADIENT CHANNEL =====
GEPNAM[1] SMSQ10.100
2 | GPNAM[2] SMS010.100
GPZ1 31.00 %
GPZ2 11.00 %
P16 1000.00 usec
_ _ J I J J _ _ _ _ F'2 - Processing parameters
6 5 4 3 2 1 0 -1 -2  ppms: 32768
SF 400.1300000 MHz
WDW EM
2 SHOOREEE S5 0 .
b ] ot M D o PN Pl P L2 0.30 Hz
CB 0
PC 1.00
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Ns-(3-(Cyclobut-2-en-1-yl)propionyl)-L-lysine (CbK). 'H spectrum
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Current Data Parameters
NAME k1iu-CbK-C-D20-NaOH
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20161123
Time 16.24
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT D20
NS 589
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 210.59
DW 20.800 usec
DE 10.00 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f]l ========
SFO1 100.6228293 MHz
NUC1 13C
Pl 9.00 usec
PLW1 58.00000000 w
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
PDPRG[2 waltzlé
.OWDN 90.00 usec
PLW2 16.00000000 W
PLW12 0.33383000 W
PLW13 0.27039999 W
F2 - Processing parameters
SI 32768
SF 100.6127578 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
T T T T T T T T T BC 1.40
180 140 120 100 80 60 40 20 0 ppm

Ns-(3-(Cyclobut-2-en-1-yl)propionyl)-L-lysine (CbK). "*C spectrum
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