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SUPPLEMENTARY FIGURES

Supplementary Figure 1. DNA and amino acid sequences of HaloCaMP1a (a), HaloCaMP1b (b),
HASAP1 (c), and HArcLight1 (d) annotated with sequence features.
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[ nuclear nal I 6xHis affinity tag I pepide-MLCK
atgctgcagaacgagettgetettaagttggetggacttgatattaacaagactggaggtteteatcatcaccaccaccatggatecgecegtegtaaatggecagaaaacaggecatgeg
M L @ N E L A L K L A G L D I N K T 6 G S H H H H H H G S A R R K W Q K T G H A
peptide - MLCK | linker 1 I loTe
gttcgtgctateggtegtttgtecgagecctgagtttgecageggagaccttecaggectteecgeaccaccgacgteggecgecaagetgatcategatcagaacgtttttatecgagggtacg
vV R A 1 G R L 8 8 P E F A A E T F Q A F R T T D V G R K L I 1 D @ N V F 1 E G T

loTe

ctgccgatgggtgtegtececgecegetgactgaagtecgagatggaccattacegegageegttectgaatectgttgacegegagecactgtggegetteccaaacgagetgecaategee
L P M G V V R P L T E V E M D H Y R E P F L N P V DR E P L WR F P N E L P 1 A

loTe

ggtgagccagcgaacatcgtegegetggtcgaagaatacatggactggetgecaccagteccectgteccgaagetgetgttetggggecacececcaggegttetgateccacecggecgaagee
G E P A N I V A L V E E Y M D W L Q s P V P K L L F W 6 T P L 1 P P A E A

loTe

gctcgectggecaaaagectgectaactgeaaggetgtggacateggeecegggtetgaatetgetgecaagaagacaacceggacetgateggecagegagategegegetggetgtegacyg
A R L A K S L P N C K A V D I 6 P G L N L L Q@ E D NP D L I G S E | A R W L 8 T

loTe Il circular permutation linker I loTe

ctcgagatttecggeggaggaacaggtggttetggtggaacagggggtageggaggtacaggaggaagtatggeggagateggaactggattecegtttgateegeattatgtggaagtt
L E I 8§ 6 6 G T 6 6 8 6 6 T 6 6 S 6 6 T 6 6 S M A E I 6 T G F P F D P H Y V E V

loTe

ctgggagagcgcatgcattatgtggacgttggtcctegtgatgggacaccagtgetgttecttcacggecaatecgacategtegtacgtgtggegtaatatcatecegeacgttgeceee
L G E R M H Y V D V G P R D G T P V L F L H 6 N P T 8 S8 Y V W R N 1 I P H V A P

loTe

acgcaccgctgcattgeccectgacttaattggtatggggaaaagtgataagectgatectggggtacttetttgacgaccacgtacgettcatggatgettttattgaagecattgggtttg
P L I G M G K s D P D L G Y F F D A F E A L G L

loTe

gaggaagtagttttggtgatccatgattggggtagtgectctggggttccattgggecaagegtaacccagaacgegtgaaaggaattgectttatggagttcatececgtecgatteccaaca
E E V V L V I H D W GG 8 A L G F H W A K R N P E R V K G I A F M E F | R P I P T

cpHaloTag linker 2
tgggacgaatggcgagaatttgcacgegatcaattaacagaggaacagattgeggagtttaaggaagegttctetttatttgataaggatggegacggtacaatcactactaaagaattg
W D E W R E F A R Q L T E E Q 1 A E F K E A F 8 L F D K D G D G T I T T K E L

ggaacagtcatgcgctcattggggcaaaatccgacagaggctgaattgecaggacatgattaacgaggtagacgecgatgggaacgggactategactttecggaatttettactatgatg
G T v M R S L G @ N P T E A E L Q DM I N E V D A DG NG T I D F P E F L T M M

gcacgcaaaatgaaagataccgattctgaagaagagatccgtgaagetttecgtgtttttgataaagatgggaacggectacatcagtgetgetgagttacgecatgtgatgacaaatetyg
A R K M K D T D S8 E E E 1 R E A F R V F D K D G N G Y 1 § A A E L R H V M T N L

linker
ggggaaaaacttaccgacgaagaagtagacgaaatgattcgecgaggecggatattgacggggatggacaagtaaactacgaggaatttgtgecagatgatgacecgecaagetegagatttee
G E K L T D E E V D E M I R E A D I D G D 6 @ V N Y E E F V O M M T A K L E 1 8

B S = —
ggcgge ggcatggtctcta ggaactctttaccggtgtggtgccaatacttgtagagctcgatggggacgttaatggacacaaattttctgtctcaggtgagggtgag
G 6 G 8 6 M V 8 K G E E L F T 6 Vv Vv P I L Vv E L D G D V N G H K F 8 V 8 6 E G E

ggagatgcaacttatggaaaactgacattgaaattcatctgecacaacaggcaaattgectgteccetggectacectggtaaccacecteacttatggegttecagtgetteteceggtat
G D A T L K F I ¢c T T 6 K L P V P W P T L V T T L T

cctgatcacatgaaacagcatgatttettcaaatcagcaatgeccgaaggttatgttcaagageggaccatetttttcaaggacgatggaaactataaaaccagagetgaggttaagtte
P D H M K Q H D F F K S A M P E G Y V Q E R T | F F K D D G N Y K T R A E V K F

gagggagatactttggtgaatcggatcgaactgaaggggatagacttcaaagaggatgggaacattttggggecataaactcgaatataactacaactceccacaacgtgtatateatgget
E G D T L V N R I E L K G I D F K E D G N I L G H K L E Y N Y N S H N V Y | M A

gacaaacagaagaacgggatcaaagtaaattttaagatacgacacaatatagaggacggtagtgtccaacttgetgatcactaccagcagaatacacccatecggagacggaccegttete
K Q@ K N G 1 K N N I E D G S8 V Q L N T P I G D G P V L

ttgceccgataatcactatctectectacacaatcegetetgtctaaagatccaaacgaaaagegggaccacatggtactgettgagttegttacagecgetggtatcaccttgggeatggat
L H Y L 8 T Q@ 8 A L 8 K D P N E K R D H M V L L E F V T A I L G M D

gagttgtataaataa
E L Y K

a- HanCéMP1a
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peptide - CKK
atgctgcagaacgagcttgectcttaagttggectggacttgatattaacaagactggaggttctcatcatcaccaccaccatggagtgegggttattecccagacttgatacectgatacte
M L Q@ N E L A L K L A G L D I N K T G G S H G V R V 1 P DT L I L

H H H H

peptide - CKK. JClinkert [ loTe
gtgaaagcaatgggccaccgaaaacgattcggtaaccectttaggectaaggagacctteccaggecttecgecaccaccgacgteggecgecaagetgatcategatcagaacgtttttate
V K A M G H R K R F G N P F R P K E T F @ A F R T T D V G R K L 1 1 D @ N V F 1

loTe

gagggtacgctgecgatgggtgtegtecgeecegetgactgaagtegagatggaccattaccgegageegttectgaatectgttgacegegagecactgtggegetteccaaacgagetg
E 6 T L P M G V V R P L T E V E M D H Y P F L N vV D R E P L R F P N E L

loTe

ccaatcgeceggtgagecagegaacategtegegetggtegaagaatacatggactggetgecaccagtececetgtecegaagetgetgttetggggeaceecaggegttetgateccaceg
P I A G E P A N | ¥V A L V E E Y M D W L H Q S8 P V P K L L F W G T P G V L 1 P P

loTe

gccgaagecgetegectggecaaaagectgectaactgeaaggetgtggacateggeecgggtetgaatetgetgecaagaagacaacceggacctgateggeagegagategegegetgg
A E A A R L A K S L P N C K A V D I 6 P 6 L N L L Q@ E D NP DL I G S E | A R W

cpHaloTag I circular permutation linker I cpHaloTag
ctgtcgacgctecgagatttecggeggaggaacaggtggttetggtggaacagggggtageggaggtacaggaggaagtatggeggagatcggaactggattecegtttgateecgeattat
L 8 T L E I s 6 6 6 T 6 6 8 6 6 T 6 6 8 6 6 T 6 6 8 M A E I 6 T 6 F P F D P H Y

loTe

gtggaagttctgggagagcgcatgecattatgtggacgttggtectegtgatgggacaccagtgetgttecttcacggecaatececgacategtegtacgtgtggegtaatatcatecegeac
vV E vV L G E R M H Y V D V 6 P R D GG T P V L F L H G N P T 8 8 Y ¥V W R N I I P H

loTe

gttgcceccaageacegetgeattgececctgacttaattggtatggggaaaagtgataagectgatetggggtacttetttgacgaccacgtacgettecatggatgettttattgaagea
v A P D L I 6 M G K 8§ D K P D L G Y F F D D H V R F M D A F A

loTe
ttgggtttggaggaagtagttttggtgatccatgattggggtagtgetetggggttccattgggecaagegtaacccagaacgegtgaaaggaattgectttatggagttcateegteeg
L 6 L E E V VvV L V I H D W G 8 A L 6 F H W A K R N P E R V K G I A F M E F I R P

IoT: ke T emedain T
attccaacatgggacgaatggecttttgecacgegatcaattaacagaggaacagattgoggagtttaaggaagegttetetttatttgataaggatggegacggtacaatcactactaaa
I P T W D E W P F A R D Q L T E E Q 1 A E F K E A F s L F D K D G D G T I T T K

gaattgggaacagtcatgcgcectcattggggcaaaatccgacagaggectgaattgecaggacatgattaacgaggtagacgecgatgggaacgggactatecgactttecggaatttettact
E L G T vV M R S L G Q@ N P T E A E L Q D M | N E V D A D G N G T I D T

atgatggcacgcaaaatgaaagataccgattctgaagaagagatccgtgaagetttecegtgtttttgataaagatgggaacggctacatcagtgetgetgagttacgecatgtgatgaca
M M A R K M K D T D 8 E E E I R E A F R V F D K D G N G Y | S8 A A E L R H V M T

linker
aatctgggggaaaaacttaccgacgaagaagtagacgaaatgattcgecgaggeggatattgacggggatggacaagtaaactacgaggaatttgtgecagatgatgacegecaagatttee
N L 6 E K L T D E E V D E M I R E A D 1 D G D G aQ N Y E E F V. O M M T A K 1

T nker ]

ggcggecggaageggcatggtetectaagggggaggaactetttaceggtgtggtgecaatacttgtagagetegatggggacgttaatggacacaaattttetgtectcaggtgagggtgag
G 6 6 8 G M VvV 8 K 6 E E L F T G VvV V P 1 L VvV E L D G D V N G H K § vV 8 G E G E

ggagatgcaacttatggaaaactgacattgaaattcatctgcacaacaggcaaattgectgtecectggectaceetggtaaccacecteacttatggegttecagtgetteteeceggtat
G D A T Y G K L T L K F I € T T G K L P Vv P WP T L V T T L T Y 6 V Q C F S8 R Y

cctgatcacatgaaacagcatgatttcttcaaatcagcaatgeccgaaggttatgttcaagageggaccatetttttcaaggacgatggaaactataaaaccagagetgaggttaagtte
P K M P E G Y V Q E R T F K D D G Y K R A E V K F

gagggagatactttggtgaatcggatcgaactgaaggggatagacttcaaagaggatgggaacattttggggcataaactcgaatataactacaactcccacaacgtgtatatcatgget
E 6 D T L V N R | E L K G | D F K E D G N | L G H K L E Y N Y N S H N V Y | M A

gacaaacagaagaacgggatcaaagtaaattttaagatacgacacaatatagaggacggtagtgtccaacttgctgatcactaccagcagaatacacccatcggagacggacecegttcte
D K Q@ K N G I N F K 1 R H N 1 E D G s D H Y Q Q N D G

ttgcccgataatcactatctctctacacaatcegetetgtctaaagatccaaacgaaaagegggaccacatggtactgettgagttegttacagecgetggtatcacettgggeatggat
L P D N Y L s S A L 8 K D P N E K R D H M V L L E F V T A A G I T L G M D

gagttgtataaataa
E L Y K

b — HaloCaMP1b
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: . :

[ GgVsD §1-3
atggagacgactgtgaggtatgaacaggggtcagagctcactaaaacttcgagctctccaacagcagatgageccacgataaagattgatgatggtegtgatgagggtaatgaacaagac
M E T T V R Y E Q G § E L T K T 8 8 8 P T A D E P T I K I D D G R D E G N E Q D
GgVsD $1-3
agctgttccaataccattaggagaaaaatttcceegtttgtgatgtcatttggattcagagtatttggagttgtgettatcattgtagacatcatagtggtgattgtggatctggecate
§ €C 8 N T 1 R R K 1 s P F V. M 8 F G F R V F G V V L 1 1 v D 1 1 v Vv I v D L A I
GgVsD §1-3
agtgagaagaaaagaggcattagagagattcttgaaggtgtttcecctggetatagecactettettecttgttgatgttctecatgagagtgtttgttgaaggettcaagaactattteegg
§ E K K R G 1 R E 1 L E G V 8 L A 1 A L F F L vV D V L M R V F V E G F K N Y F R

GgVsD $1-3 | loTe
tccaaactgaatactttggatgcagtcatagtagtgggcactctgetaattaatatgacctactecttetetgaccttgetgectttgecegegagaccttecaggecttecgeaccace
s K L N T L D A V 1 v vV 6 T L L 1 N M T Y 8 F 8 D L A A F A R E T F Q A F R T T

loTe
gacgtcggecgecaagetgatcategatcagaacgtttttatecgagggtacgetgecgatgggtgtegteecgecegetgactgaagtegagatggaccattacegegageegttectgaat
D V 6 R K L I 1 D @ N V F 1 E G T L P M G V V R P L T E vV E M D H Y R E P F L N
cpHaloTag
cctgttgaccgegagecactgtggegetteccaaacgagetgecaategecggtgagecagegaacategtegegetggtegaagaatacatggactggetgecaccagteceetgteeceg
P VvV D R E P L W R F P N E L P 1 A G E P A N 1 vV A L V E E Y M D W L H Q s P V P
loTe
aagctgctgttctggggecacceccaggegttcectgatecccaccggecgaageecgetegectggecaaaagectgectaactgecaaggetgtggacateggeccgggtectgaatctgetgeaa
K L L F W G T P 1 P P A E A A R P N C K A V D 1 G P G L N L a
cf loTe || circular permutation linker
gaagacaacccggacctgatcggecagegagatecgegegetggetgtegacgetegagatttecggegagecaaccactggaggecageggaggecacaggaggcageggaggecacaggagge
E D N P D L I 6 8 E I AR W L 8 T L E /I 8 6 E P T T 6 6 8 6 6 T 6 6 8 6 6 T G G
ci..r]| loTe
agcatggcagaaatcggtactggettteccattegacceccattatgtggaagtectgggegagegeatgeactacgtegatgttggtecgegegatggeaceectgtgetgttectgeac
S M A E 1 6 T 6 F P F D P H Y ¥V E V L 6 E R M H Y ¥V D V 6 P R D G T P V L F L H
loTe
ggtaacccgacctectectacgtgtggegeaacatcatecegeatgttgecacecgacecategetgeattgetecagacectgateggtatgggecaaatecgacaaaccagacctgggttat
G N P T 8 8 Y ¥V W R N 1 1 P H vV A P T H R C 1 A P D L 1 G M G K 8 D K P D L G Y
loTe

ttcttcgacgaccacgtecgettecatggatgecttcatcgaageecctgggtetggaagaggtegtectggtecattcacgactggggeteecgetetgggttteccactgggecaagegeaat
F F D D H V R F M D A F | E A L G L E E V V L V I H D W G 8 A L G F H W A K R N

cpHaloTag I GgVsD 54

ccagagcgcgtcaaaggtattgecatttatggagttcatcegeectatececgacctgggacgaatggecagaatttgecgggacagatcagatgectcaaatggtgacacttttgegagtt
P E R V K 6 | A F M E F | R P | P T WD E WP E F A G T D QM P Q@ M V T L L R V
GgVsD 54 ]
ctgcgaatagtgatcctgattegaatctttegecttgecagecagaagaaacaactggaggtagtaacataa
L R 1 v 1 L 1 R 1 F R L A 8 Q@ K K Q L E VvV Vv T .

¢ — HASAP1. At amino acid position 467, HASAPO.1=R, HASAP1=G.
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10 20 30 40 50 60 70 80 90 100 110 120
. . .

[ CivsD
atggagggattcgacggttcagattttagtecteccagetgatttagttggegttggeggtgecagtcatgeggaacgtegttgacgtcacgataaatggtgacgtcactgeteecgecgaaa
M E G F D G S D F 8 P P A DL V G V G G A V M R N V V DV T I N G D V T A P P K
CivSD

gcagcgccaagaaaaagtgaatcggtaaagaaagttcattggaatgatgtagaccaaggaccgagtgaaaaaccagagacaagacaggaggaacgaatagatatacccgagatttcaggt
A A P R K 8 E 8 V K K ¥V H W N D V D Q@ G P 8 E K P E T R Q E E R I D I P E I s G

CivsSD

ctatggtggggcgagaatgaacatggagtgggecggtgggagaatggagatacctactactggtgtaggtecgegtecagtttegtgteccgagecagtgattgatcatectagggatgegagee
L W W 6 E N E H 6 V 6 6 G R M E I P T T GG V 6 R V 0 F R V R A V I D H L G M R A

CivsD
tttggagtcttcctaattctcttggacatcatectecatgatcattgatctcagtectteccaggaaaaagtgaatcttcacaatecttttatgacgggttggetttggetetttettgttat
F G Vv F L I L L D I | L M 1 1 DL S8 L P G K S E S S Q@ S8 F Y D G L A L A L S8 C Y
CivsD
ttcatgctggatttaggattaaggatatttgectacgggeccaagaatttecttcaccaaccectgggaggttgetgatggettgattategttgtcacattegtegtcacgatattttac
F M L DL G L R I F A Y G P K N F F T N P W E V A D G L I I VvV V T F ¥V V T | F Y

CivsSD JH...
actgtgttagatgaatactttcaagaaacaggagccgatggtttggggecagttggttgtgttggeccegtttgetgegtgtggttecgattagecaagaatattttatteccatcaacaaate
T v L D E Y F Q E T 6 A D G6 L 6 Q L ¥V V L A R L L R V V R L A R I F Y 8 H Q@ a |
HaloTag
ggtactggctttccattcecgacceccattatgtggaagtecctgggegagegeatgeactacgtegatgttggtecgegegatggeaceectgtgetgttectgecacggtaaccegacctee
G T 6 F P F D P H Y V E V L 6 E R M H Y V D V 6 P R D G T P V L F L H G N P T 8
HaloTag
tectacgtgtggegecaacatcatecececgeatgttgecacecgaceccategetgeattgetecagacctgateggtatgggecaaatcecgacaaaccagacctgggttatttettegacgaccac
S Y vV W R N I | P H V A P T H R C I A P DL I 6 M G K 8 D K P D L GG Y F F D D H
HaloTag
gtcegettecatggatgecttecatecgaagecectgggtetggaagaggtegtectggtecattcacgactggggeteegetetgggtttecactgggecaagegecaateccagagegegtcaaa
vV R F M D A F I E A L 6 L E E V V L VvV | H D W G 8 A L G F H W A K R N P E R V K
HaloTag
ggtattgcatttatggagttcatcecgeecctateccecgacctgggacgaatggecagaatttgecegegagaccttecaggecttecgecaccacegacgteggecgecaagetgatecategat
G | A F M E F | R P I P T W D E W P E F A R E T F Q A F R T T D V 6 R K L 1 1 D
HaloTag
cagaacgtttttatcgagggtacgctgecgatgggtgtegtecgecegetgactgaagtecgagatggaccattacecgegagecgttectgaatectgttgacegegagecactgtggege
Q N V F I E 6 T L P M G V V R P L T E V E M D H Y R E P F L N P V D R E P L W R
HaloTag
ttcccaaacgagetgecaategecggtgagecagegaacategtegegetggtecgaagaatacatggactggetgeaccagtecectgteccgaagetgetgttetggggecacececagge
F P N E L P I A G E P A N I ¥V A L V E E Y M D W L H Q s P V P K L L F W G T P G
HaloTag

gttctgatcccaccggecgaagecgetegectggecaaaagectgectaactgecaaggetgtggacateggecegggtetgaatetgetgecaagaagacaacceggacctgateggeage
v oL 1 P P A E A A R L A K 8 L P N C K A V D 1 G P 6 L N L L Q@ E D N P D L 1 G S8

HaloTag I
gagatcgcgegetggetgtegacgetecgagattteccggegagecaaccacttaa
E | A R W L 8 T L E 1

s 6 E P T T
d — HArcLight1
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ao was constrained to 1.0.

Supplementary Figure 2. Kinetics of calcium unbinding from HaloCaMP1a or HaloCaMP1b bound to
JFe35-HTL. A stopped flow instrument was used follow the decrease in fluorescence emission from
recombinant calcium-saturated HaloCaMPs3s following rapid mixing with excess calcium chelator (EGTA,
10 mM). HaloCaMP1a was fit to a two-phase exponential model and HaloCaMP1b was fit to a one-phase
exponential model. Mean and s.d. for 27 trials over 3 independent days, normalized to the initial

fluorescence intensity at time 0.
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Supplementary Figure 3. Fluorescence response of HASAP 1635 in response to a 100 mV potential step.
Insets: Zoom in on fluorescence response to membrane depolarization (from -70 mV to +30 mV), and
repolarization (from +30 mV to -70 mV). Solid black line is fit of rise and decay kinetics to a double
exponential function. Image acquisition rate 1200 Hz. See Table S4 for full kinetic data.
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Supplementary Figure 4. Fluorescence response of HArclight1ess in response to a 100 mV potential step.
Insets: Zoom in on fluorescence response to membrane depolarization (from -70 mV to +30 mV), and
repolarization (from +30 mV to -70 mV). Solid black line is fit of rise and decay kinetics to a double
exponential function. Image acquisition rate 1200 Hz. See Table S4 for full kinetic data.
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SUPPLEMENTARY TABLES

HaloTag-TMR Ca?*-HaloCaMP1b-
(PDB 6U32) JFe35 (PDB 6U2M)
Data collection
Space group P43212 P2

Cell dimensions[]

a, b, c(A) 62.53, 62.53, 164.17 92.56, 60.66, 122.60
o, B, v(°) 90, 90, 90 90, 91.0, 90
Resolution (A) 62.53 -1.80 92.54 - 2.00
(1.90 - 1.80)* (2.11 - 2.00)
Rsym (%) 10.3 (54.5) 9.6 (69.6)
I/ ol 11.2 (2.4) 6.5(1.1)
Completeness (%) 97.0 (97.6) 98.6 (97.6)
Redundancy 5.8 (5.9) 4.6 (4.4)
Refinement
Resolution (A) 58.43-1.80 122.58 — 2.00
No. reflections 30,022 90,798
Rwork / Rfree 157/193 188/226
No. atoms
Protein 2350 7420
Dye-HaloTag ligand 76 100
Chloride ions 1 2
Calcium ions - 8
Water 177 203
B-factors
Protein 28.8 53.1
Dye-HaloTag ligand 37.9 87.9
Chloride ions 20.8 38.9
Calcium ions - 54.0
Water 36.4 47.8
R.m.s. deviations
Bond lengths (A) 0.030 0.026
Bond angles (°) 2.54 2.44

Supplementary Table 1. X-ray diffraction data collection and model refinement statistics. *Values in
parentheses are for highest-resolution shell. One crystal was used for each structure.
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HaloCaMP . €sat Brightness
variant  Feptide L1 L2 (M-".cm-1) Dsat (mM-.cm-) AFIFo  Ka (nM)
1a MLCK PEFAA REFAR 96,000 0.78 74.9 5.0 190
1b CKK PK PFAR 60,000 0.75 45.0 9.2 43

Supplementary Table 2. Properties of HaloCaMP variants 1a and 1b labeled with JFs3s-HaloTag ligand.

Dye Aex (NM) Aem (NM) g (M1.cm™) 0)
JFe3s 635 652 ~400 0.56
JFe46 646 664 5000 0.54
JFe39 639 656 5000 0.62
JFe30 630 649 ~700 NM
JFe29 629 648 <200 NM
JFe26 626 638 <200 NM
JFe14 614 631 <200 NM

Supplementary Table 3. Photophysical properties of azetidine-substituted Si-rhodamines in 10 mM
HEPES, pH = 7.4. NM: not measured.
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Ligand Aex (Nm) Aem (NM) g (M1.cm) ()

1 (JFess-HaloTag ligand)® :2:823 03 052 400 N
T N N W W
e B
7 (JFeso-HaloTag ligand) :Z:ggg 633 657 1200 ]
8 (JFere-HaloTag ligand) :Z:gzg ggg ggg 2<9200000 (;\-12/2
9 (JFere-HaloTag ligand) :Z:gzg ggg ggz 5<7200000 (;\%
10 (JFewu-HaloTag ligand) :2:823 622 640 <200 N

Supplementary Table 4. Photophysical properties of Si-rhodamines HaloTag ligands in the presence or
absence of HaloTag protein in 10 mM HEPES pH = 7.4 containing 0.1 mg-mL~" CHAPS. NM: not measured.

HaloCaMP1a HaloCaMP1b
Ligand AF/Fo Ka (nM) AF/Fo Ka (nM)

1 (JFess-HaloTag ligand)® 5.0 190 9.2 43
5 (JFess-HaloTag ligand)® 0.6 65 0.9 19
6 (JFeso-HaloTag ligand) 1.1 128 2.3 32
7 (JFes0-HaloTag ligand) 7.8 340 8.7 67
8 (JFe20-HaloTag ligand) 13.8 118 20.9 44
9 (JFe26-HaloTag ligand) 11.8 391 7.4 42
10 (JFe14-HaloTag ligand) 29.5 892 10.8 61

Supplementary Table 5. Ca?* binding properties of HaloCaMP1a and 1b bound to Si-rhodamine
ligands measured in solution.
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Activation
(-70 mV to 30 mV)

Deactivation
(30 mV to -70 mV)

Trast (MS) Tslow (MS) % fast Trast (MS) Tslow (MS) % fast
HASAP1-
21+0.2 52+0.6 96 +3 1.1+0.1 3.7+£0.3 50+8
JFe35
HArclight1-
JE 22+0.2 8.5+0.3 54 +5 1.6+0.2 8.1+0.6 37+3
635

Supplementary Table 6. HASAP1 and HArclight1 kinetics in primary rat neuron cultures. Neurons
expressing HASAP1 and Harclight1 were imaged at 1 kHz during whole cell voltage clamp. Fluorescence
traces were fit using a double exponential function (Supplementary Figs. 12,14). % fast is the percentage
of fluorescence change attributed to the fast-changing component of the bi-exponential fit to the
fluorescence change. The remainder is attributed to the slow-changing component. Errors are s.e.m. N =

8 cells for HASAP1 and N = 6 cells for HArclight1.
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SUPPLEMENTARY NOTE
SYNTHETIC PROCEDURES

Procedure A: Synthesis of Si-rhodamines by Pd-catalyzed cross-coupling. The following procedure for
(12; JFe39) is representative. A vial was charged with silafluorescein ditriflate 1110 (50 mg, 78 umol), 3-
methoxyazetidine hydrochloride (39 mg, 312 ymol, 4 eq), Pdzdbas (7.1 mg, 7.8 ymol, 0.1 eq), XPhos (11.2
mg, 23.4 umol, 0.3 eq), and Cs2CO3 (204 mg, 625 mmol, 8 eq). The vial was sealed and
evacuated/backfilled with nitrogen (3x). Dioxane (2 mL) was added, and the reaction was flushed again
with nitrogen (3x). The reaction was then stirred at 100 °C overnight. It was subsequently cooled to room
temperature, diluted with MeOH, deposited onto Celite, and concentrated to dryness. The residue was
purified as described.

MeO. OMe
\C\N O \Si/ O N/j/
o

O 0

(12; JFe39): Purification by silica gel chromatography (0—-35% EtOAc/toluene, linear gradient) afforded 12
(78%) as a light blue solid. '"H NMR (CDCls, 400 MHz) 6 7.96 (d, J = 7.6 Hz, 1H), 7.64 (td, J = 7.5, 1.2 Hz,
1H), 7.54 (td, J = 7.5, 1.0 Hz, 1H), 7.32 — 7.27 (m, 1H), 6.77 (d, J = 8.7 Hz, 2H), 6.69 (d, J = 2.7 Hz, 2H),
6.28 (dd, J = 8.7, 2.7 Hz, 2H), 4.38 — 4.27 (m, 2H), 4.10 (d, J = 7.3 Hz, 4H), 3.73 (dt, J= 7.7, 4.0 Hz, 4H),
3.32 (s, 6H), 0.61 (s, 3H), 0.58 (s, 3H); '*C NMR (CDCls, 101 MHz) 8 170.7 (C), 154.3 (C), 150.4 (C), 137.1
(C), 133.8 (CH), 133.3 (C), 128.9 (CH), 128.1 (CH), 127.0 (C), 125.9 (CH), 124.7 (CH), 116.1 (CH), 112.7
(CH),91.9(C), 70.1 (CHs), 58.9 (CH2), 56.2 (CH), 0.5 (CH3), -1.4 (CHs); HRMS (ESI) calcd for C30H33N204Si
[M+H]* 513.2210, found 513.2202.

MeO,S SO,Me

T\N \Si/ N/j
>

O 0

(13; JFe30): Synthesized following procedure A from silafluorescein ditriflate and 3-methylsulfonyl-azetidine
hydrochloride. Purification by silica gel chromatography (50—-100% EtOAc/hexane, linear gradient) afforded
13 (80%) as a light blue solid. '"H NMR (CDCls, 400 MHz) & 7.96 (dt, J = 7.6, 1.0 Hz, 1H), 7.65 (td, J = 7.5,
1.2 Hz, 1H), 7.55 (td, J= 7.5, 1.0 Hz, 1H), 7.28 - 7.25 (m, 1H), 6.83 (d, J = 8.7 Hz, 2H), 6.70 (d, J = 2.7 Hz,
2H), 6.31 (dd, J = 8.7, 2.7 Hz, 2H), 4.29 — 4.15 (m, 8H), 4.07 (tt, J= 7.5, 5.7 Hz, 2H), 2.96 (s, 6H), 0.62 (s,
3H), 0.59 (s, 3H); 3C NMR (CDCls, 101 MHz) 5 170.6 (C), 154.2 (C), 149.2 (C), 137.1 (C), 134.8 (C), 134.1
(CH), 129.1 (CH), 128.2 (CH), 126.6 (C), 126.0 (CH), 124.6 (CH), 116.2 (CH), 113.0 (CH), 91.2 (C), 52.5
(CH2), 52.4 (CH2), 51.7 (CH), 38.3 (CHs), 0.4 (CHs), -1.3 (CHs); HRMS (ESI) calcd for CsoH33sN206SiS2
[M+H]*609.1549, found 609.1548.

N N

O M7
Q
O 0
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(14; JFe20): Synthesized following procedure A from silafluorescein ditriflate and 3-azetidinecarbonitrile
hydrochloride. Purification by HPLC (35-95% MeCN/H20 + 0.1% TFA additive) afforded 14 (42%) as a light
blue solid. '"H NMR (CD2Clz, 400 MHz) & 7.93 (dt, J = 7.6, 1.0 Hz, 1H), 7.66 (id, J = 7.5, 1.2 Hz, 1H), 7.57
(td, J=7.5,1.0 Hz, 1H), 7.24 (dd, J = 7.7, 1.0 Hz, 1H), 6.84 (d, J = 8.7 Hz, 2H), 6.72 (d, J = 2.7 Hz, 2H),
6.33 (dd, J=8.7, 2.7 Hz, 2H), 4.20 (ddd, J = 8.6, 7.1, 1.8 Hz, 4H), 4.13 — 4.03 (m, 4H), 3.60 (it, /= 8.4, 6.1
Hz, 2H), 0.63 (s, 3H), 0.57 (s, 3H); '3C NMR (CD2Cl2, 101 MHz) & '*C NMR (101 MHz, CD2Cl2) & 170.7 (C),
154.8 (C), 150.1 (C), 137.3 (C), 135.0 (C), 134.6 (CH), 129.6 (CH), 128.5 (CH), 126.8 (C), 126.3 (CH),
124.8 (CH), 120.5 (C), 116.6 (CH), 113.4 (CH), 91.4 (C), 55.9 (CH2), 19.1 (CH), 0.4 (CHas), -1.1 (CH3);
HRMS (ESI) calcd for CaoH27N4O2Si [M+H]* 503.1903, found 503.1899.

\C\N \Si/ N/j/
.
O o

(15; JFe26): Synthesized following procedure A from silafluorescein ditriflate and 3-(trifluoromethyl)azetidine
hydrochloride. Purification by silica gel chromatography (0-100% EtOAc/hexane, linear gradient), followed
by purification by silica gel chromatography (0—35% EtOAc/toluene) afforded 15 (76%) as a light blue solid.
"H NMR (CDCls, 400 MHz) 6 7.97 (dt, J=7.7, 1.0 Hz, 1H), 7.66 (td, J = 7.5, 1.2 Hz, 1H), 7.56 (td, J = 7.5,
1.0 Hz, 1H), 7.29 (dd, J = 7.7, 0.9 Hz, 1H), 6.82 (d, J = 8.7 Hz, 2H), 6.70 (d, J = 2.7 Hz, 2H), 6.29 (dd, J =
8.7, 2.7 Hz, 2H), 4.14 — 4.04 (m, 4H), 4.01 — 3.91 (m, 4H), 3.49 — 3.29 (m, 2H), 0.62 (s, 3H), 0.60 (s, 3H);
F NMR (CDCl3, 376 MHz) = -73.4 (d, 3Jnr = 8.8 Hz); '3C NMR (CDCls, 101 MHz) 6 170.5 (C), 154.1 (C),
149.5 (C), 137.2 (C), 134.1 (CH), 133.9 (C), 129.1 (CH), 128.2 (CH), 126.5 (q, 2Jcr = 81.5Hz, CF3), 126.0
(CH), 124.7 (CH), 115.8 (CH), 112.5 (CH), 91.5 (C), 51.4 (CH2), 51.3 (CH2), 32.8 (q, 3Jcr = 32.3 Hz, C),
0.5 (CHBs), -1.5 (CHs); HRMS (ESI) calcd for CaoH27N202SiFs [M+H]* 589.1746, found 589.1751.

FsC CFg

E

SOV T
.
O o

(16; JFe14): Synthesized following procedure A from silafluorescein ditriflate and 3,3-difluoroazetidine
hydrochloride. Purification by silica gel chromatography (0—100% EtOAc/hexane, linear gradient), followed
by purification by silica gel chromatography (0—35% EtOAc/toluene) afforded 16 (24%) as a light blue solid.
"H NMR (CDCls, 400 MHz) 6 7.98 (dt, J = 7.6, 1.0 Hz, 1H), 7.66 (td, J = 7.5, 1.2 Hz, 1H), 7.56 (td, J = 7.5,
1.0 Hz, 1H), 7.30 — 7.28 (m, 1H), 6.85 (d, J = 8.7 Hz, 2H), 6.73 (d, J = 2.7 Hz, 2H), 6.34 (dd, J = 8.7, 2.8
Hz, 2H), 4.23 (t, 3Jur = 11.8 Hz, 8H), 0.64 (s, 3H), 0.61 (s, 3H); '®F NMR (CDCls, 376 MHz) = -99.9 (p, 3Jnr
=11.7 Hz) ;'3C NMR (CDCls, 101 MHz)  170.5 (C), 154.0 (C), 148.7 (t, *Jcr = 2.6 Hz, C), 137.3 (C), 134.8
(C), 134.0 (CH), 129.2 (CH), 128.2 (CH), 126.8 (C), 126.1 (CH), 124.6 (CH), 116.8 (CH), 115.9 (t, 'Jcr =
276 Hz, CF2), 113.6 (CH), 91.2 (C), 63.4 (t, 2Jur = 25.9,CHz2), 0.4 (CH3), -1.4 (CH3); HRMS (ESI) calcd for
C2sH25N202SiF4 [M+H]*525.1621, found 525.1629.

MeO Me

DT
>
o O 0

Bu-O
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(17): Synthesized following procedure A from 6-tert-butoxycarbonylsilafluorescein ditriflate 4'© and 3-
methoxyazetidine hydrochloride. Purification by silica gel chromatography (0-30% EtOAc/hexane, linear
gradient), afforded 17 (94%) as an off-white solid. 'H NMR (CDCls, 400 MHz) 6 8.11 (dd, J = 8.1, 1.3 Hz,
1H), 7.96 (d, J = 8.0 Hz, 1H), 7.81 (d, J = 1.2 Hz, 1H), 6.85 (d, J = 8.7 Hz, 2H), 6.68 (d, J = 2.7 Hz, 2H),
6.32 (dd, J = 8.7, 2.7 Hz, 2H), 4.38 — 4.27 (m, 2H), 4.16 — 4.04 (m, 4H), 3.78 — 3.68 (m, 4H), 3.32 (s, 6H),
1.55 (s, 9H), 0.65 (s, 3H), 0.58 (s, 3H); '*C NMR (CDCls, 101 MHz) 5 170.3 (C), 164.4 (C), 155.4 (C), 150.4
(C), 137.3 (C), 136.2 (C), 132.8 (C), 130.0 (CH), 129.1 (C), 127.7 (CH), 125.7 (CH), 125.1 (CH), 116.1
(CH), 113.1 (CH), 91.7 (C), 82.4 (C), 70.1 (CHs), 58.9 (CH2), 56.2 (CH), 28.2 (CHs), 0.2 (CHs), -0.7 (CH3);
HRMS (ESI) calcd for Cs5H41N206Si [M+H]* 613.2734, found 613.2726.

(18): Synthesized following procedure A from 6-fert-butoxycarbonylsilafluorescein ditriflate 4 and 3-
methylsulfonyl-azetidine hydrochloride. Purification by silica gel chromatography (50-100% EtOAc/hexane,
linear gradient), afforded 18 (87%) as a light blue solid. '"H NMR (CDCls, 400 MHz) 5 8.12 (dd, J= 8.0, 1.3
Hz, 1H), 7.97 (dd, J = 8.0, 0.7 Hz, 1H), 7.79 (t, J = 1.0 Hz, 1H), 6.93 (d, J = 8.7 Hz, 2H), 6.72 (d, J = 2.7
Hz, 2H), 6.38 (dd, J = 8.8, 2.7 Hz, 2H), 4.31 —4.19 (m, 8H), 4.15—-4.03 (m, 2H), 2.97 (s, 6H), 1.55 (s, 9H),
0.67 (s, 3H), 0.59 (s, 3H); '*C NMR (CDCls, 101 MHz) & 170.2 (C), 164.3 (C), 155.2 (C), 149.2 (C), 137.5
(C), 136.2 (C), 134.3 (C), 130.2 (CH), 128.7 (C), 127.8 (CH), 125.9 (CH), 124.9 (CH), 116.2 (CH), 113.3
(CH), 90.9 (C), 82.6 (C), 52.5 (CH2), 51.7 (CH), 38.3 (CHs), 28.2 (CHs3), 0.1 (CHs3), -0.6 (CHs); HRMS (ESI)
calcd for C3sH41N20sSiS2 [M+H]* 709.2073, found 709.2074.

(19): Synthesized following procedure A from 6-fert-butoxycarbonylsilafluorescein ditriflate 4 and 3-
azetidinecarbonitrile hydrochloride. Purification by silica gel chromatography (0—20% EtOAc/hexane, linear
gradient) afforded 19 (88%) as a light blue solid. "H NMR (CDCls, 400 MHz) & 8.13 (dd, J = 8.0, 1.3 Hz,
1H), 7.97 (dd, J = 8.0, 0.7 Hz, 1H), 7.81 (t, J = 1.0 Hz, 1H), 6.91 (d, J = 8.7 Hz, 2H), 6.68 (d, J = 2.7 Hz,
2H), 6.33 (dd, J = 8.7, 2.7 Hz, 2H), 4.25 — 4.17 (m, 4H), 4.14 — 4.02 (m, 4H), 3.59 (it, J = 8.4, 6.2 Hz, 2H),
1.55 (s, 9H), 0.68 (s, 3H), 0.59 (s, 3H); '*C NMR (CDCls, 101 MHz) 170.0 (C), 164.3 (C), 154.9 (C), 149.4
(C), 137.5 (C), 136.3 (C), 134.4 (C), 130.2 (CH), 128.8 (C), 127.8 (CH), 125.9 (CH), 124.9 (CH), 119.7 (C),
116.1 (CH), 113.3 (CH), 90.9 (C), 82.6 (C), 55.3 (CH), 28.2 (CHs), 18.5 (CH), 0.1 (CHs3), -0.7 (CHs); HRMS
(ESI) calcd for C3sH3sN4O4Si [M+H]* 603.2428, found 603.2425.
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(20): Synthesized following procedure A from 6-fert-butoxycarbonylsilafluorescein ditriflate 4 and 3-
(trifluoromethyl)azetidine hydrochloride. Purification by silica gel chromatography (0-20% EtOAc/hexane,
linear gradient) afforded 20 (54%) as a light blue solid. "H NMR (CDCls, 400 MHz) & 8.12 (dd, J=8.1, 1.3
Hz, 1H), 7.97 (d, J = 8.0 Hz, 1H), 7.82 (s, 1H), 6.88 (d, J = 8.7 Hz, 2H), 6.68 (d, J = 2.6 Hz, 2H), 6.33 (dd,
J=8.7,2.7 Hz, 2H), 4.08 (t, J = 8.1 Hz, 4H), 3.98 (dt, J = 7.8, 5.6 Hz, 4H), 3.39 (qt, J = 8.5, 5.8 Hz, 2H),
1.55 (s, 9H), 0.66 (s, 3H), 0.59 (s, 3H); '°C NMR (CDCls, 101 MHz) 5 170.2 (C), 164.4 (C), 155.0 (C), 149.5
(C), 137.4 (C), 136.4 (C), 133.6 (C), 130.1 (CH), 129.0 (C), 127.8 (CH), 125.8 (CH), 125.1 (CH), 125.0 (C),
115.8 (CH), 112.8 (CH), 91.3 (C), 82.5 (C), 51.33 (CHz), 51.30 (CHz), 33.2 (q, 3Jcr = 32.1 Hz, C), 28.2
(CHs), 0.2 (CH3s), -0.7 (CHs); HRMS (ESI) calcd for CasH3asN204SiFs [M+H]* 689.2270, found 689.2282.

(21): Synthesized following procedure A from 6-tert-butoxycarbonylsilafluorescein ditriflate 4 and 3,3-
difluoroazetidine hydrochloride. Purification by silica gel chromatography (0-30% EtOAc/hexane, linear
gradient), followed by purification by silica gel chromatography (0—20% EtOAc/hexanes) afforded 21 (71%)
as an off-white solid. '"H NMR (CDCls, 400 MHz) & 8.13 (dd, J = 8.0, 1.3 Hz, 1H), 7.98 (dd, J = 8.1, 0.8 Hz,
1H), 7.82 (t, J = 1.0 Hz, 1H), 6.93 (d, J = 8.7 Hz, 2H), 6.73 (d, J = 2.7 Hz, 2H), 6.38 (dd, J = 8.7, 2.7 Hz,
2H), 4.24 (t, J = 11.7 Hz, 8H), 1.55 (s, 9H), 0.68 (s, 3H), 0.61 (s, 3H); '°F NMR (CDCls, 376 MHz) = -99.3
(p, 3JvF = 11.9 Hz); 3C NMR (CDCls, 101 MHz) 6 170.0 (C), 164.3 (C), 155.0 (C), 148.7 (t, “Jnr = 2.8 Hz,
C), 137.5 (C), 136.5 (C), 134.3 (C), 130.2 (CH), 128.9 (C), 127.9 (CH), 125.9 (CH), 125.0 (C), 116.8 (CH),
115.9 (t, "Jor = 276 Hz, CF2), 113.9 (CH), 91.0 (C), 82.5 (C), 63.4 (t, 2JuF = 26.0 Hz, CH2), 28.2 (CH3), 0.2
(CHBs), -0.7 (CH3); HRMS (ESI) calcd for CasHasN204SiF4 [M+H]* 625.2146, found 625.2145.

Procedure B: Synthesis of HaloTag ligands. The following procedure for 6 is representative. 17 (36 mg,
59 pmol) was taken up in CH2Cl2 (2 mL) and trifluoroacetic acid (0.25 mL) was added. The reaction was
stirred at room temperature overnight. Toluene (3 mL) was added, the reaction mixture was concentrated
to dryness and then azeotroped with MeOH three times. The residue was combined with HaloTag(O2)amine
(TFA salt, 30 mg, 89 ymol, 1.5 eq), HATU (34 mg, 89 umol, 1.5 eq) in DMF (1.5 mL). DIEA (52 pL, 295
pmol, 5.0 eq) was added and the mixture was stirred at room temperature for 4 h. It was subsequently
evaporated to dryness and purified as described.

O T
s

MeO Me

(6; JFeso-HaloTag ligand): Purification by silica gel chromatography (30-100% EtOAc/hexanes, linear
gradient) provided 6 (60%) as a light-blue solid. '"H NMR (CDCls, 400 MHz) 6 7.98 (dd, J = 8.0, 0.7 Hz, 1H),
7.91 (dd, J=8.0, 1.4 Hz, 1H), 7.68 (t, J= 1.0 Hz, 1H), 6.81 (br s, 1H), 6.76 (d, J = 8.6 Hz, 2H), 6.68 (d, J =
2.7 Hz, 2H), 6.29 (dd, J = 8.7, 2.7 Hz, 2H), 4.37 — 4.29 (m, 2H), 4.13 — 4.07 (m, 4H), 3.76 — 3.70 (m, 4H),
3.66 — 3.60 (m, 6H), 3.56 — 3.52 (m, 2H), 3.50 (t, J = 6.7 Hz, 2H), 3.39 (t, J = 6.7 Hz, 2H), 3.32 (s, 6H), 1.78
—1.69 (m, 2H), 1.51 (p, J = 6.9 Hz, 2H), 1.44 — 1.35 (m, 2H), 1.34 — 1.23 (m, 2H), 0.64 (s, 3H), 0.57 (s, 3H);
Analytical HPLC: tr = 13.0 min, 99% purity (10-95% MeCN/H20, linear gradient, with constant 0.1% v/v
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TFA additive, 20 min run, 1 mL/min flow, detection at 254 nm); HRMS (ESI) calculated for C41Hs3CIN3O7Si
[M+H]* 762.3341, found 762.3352.

MeO,S SO,Me

et \s( T
O

o O

(7; JFeso-HaloTag ligand): Synthesized following procedure B from 18. Purification by silica gel
chromatography (0—4% MeOH/CH2Cl2, linear gradient), followed by purification by silica gel
chromatography (50-100% EtOAc/hexanes, linear gradient) afforded 7 (65%) as a light blue solid. "H NMR
(CDCls, 400 MHz) 6.97 (d, J = 7.9 Hz, 1H), 7.89 (dd, J = 8.0, 1.4 Hz, 1H), 7.68 (t, J = 1.0 Hz, 1H), 6.91 —
6.87 (m, 1H), 6.84 (d, J = 8.7 Hz, 2H), 6.70 (d, J = 2.7 Hz, 2H), 6.32 (dd, J = 8.7, 2.7 Hz, 2H), 4.28 — 4.17
(m, 8H), 4.13 — 4.03 (m, 2H), 3.67 — 3.59 (m, 6H), 3.57 — 3.54 (m, 2H), 3.50 (t, J= 6.7 Hz, 2H), 3.40 (t, J =
6.7 Hz, 2H), 2.96 (s, 6H), 1.78 — 1.67 (m, 2H), 1.51 (p, J = 6.8 Hz, 2H), 1.44 — 1.35 (m, 2H), 1.35—1.26 (m,
2H), 0.65 (s, 3H), 0.57 (s, 3H); Analytical HPLC: tr = 13.0 min, 98% purity (10-95% MeCN/H20, linear
gradient, with constant 0.1% v/v TFA additive, 20 min run, 1 mL/min flow, detection at 254 nm); HRMS
(ESI) calculated for C41Hs3CIN309S2Si [M+H]* 858.2681, found 858.2690.

C C
Y\N \Si/ Nlj
0}
o LT

N N

(8; JFe290-HaloTag ligand): Synthesized following procedure B from 19. Purification by silica gel
chromatography (20-100% EtOAc/hexanes, linear gradient) afforded 8 (73%) as a light blue solid. '"H NMR
(CDCls, 400 MHz) & 7.98 (dd, J = 8.0, 0.7 Hz, 1H), 7.88 (dd, J = 8.0, 1.4 Hz, 1H), 7.70 (t, J = 1.0 Hz, 1H),
6.89 — 6.82 (m, 3H), 6.67 (d, J = 2.6 Hz, 2H), 6.30 (dd, J = 8.7, 2.7 Hz, 2H), 4.20 (dd, J = 8.5, 7.0 Hz, 4H),
4.09 (q, J = 6.7 Hz, 4H), 3.65 — 3.54 (m, 10H), 3.50 (t, J = 6.6 Hz, 2H), 3.41 (t, J = 6.7 Hz, 2H), 1.77 — 1.69
(m, 4H), 1.52 (p, J = 6.9 Hz, 2H), 1.44 — 1.36 (m, 2H), 1.35 — 1.28 (m, 2H), 0.66 (s, 3H), 0.58 (s, 3H);
Analytical HPLC: tr = 14.4 min, 97% purity (10-95% MeCN/H20, linear gradient, with constant 0.1% v/v
TFA additive, 20 min run, 1 mL/min flow, detection at 254 nm); HRMS (ESI) calculated for C41H47CINsOs5Si
[M+H]* 752.3035, found 752.3044.

F3C CF3

At hY NT
>
o O 0

HN\/\O/H

C|/\/\/\/O

(9; JFe26-HaloTag ligand): Synthesized following procedure B from 20. Purification by silica gel
chromatography (30—-100% EtOAc/hexanes, linear gradient) afforded 9 (83%) as a light blue solid. 'TH NMR
(CDCls, 400 MHz) 8 '"H 7.99 (d, J = 7.8 Hz, 1H), 7.89 (dd, J = 8.0, 1.4 Hz, 1H), 7.73 - 7.68 (m, 1H), 6.84 —
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6.78 (m, 3H), 6.67 (d, J = 2.7 Hz, 2H), 6.29 (dd, J = 8.7, 2.7 Hz, 2H), 4.07 (t, J = 8.1 Hz, 4H), 4.01 - 3.92
(m, 4H), 3.68 — 3.60 (m, 6H), 3.58 — 3.54 (m, 2H), 3.50 (t, J = 6.6 Hz, 2H), 3.45 - 3.34 (m, 4H), 1.77 — 1.68
(m, 2H), 1.56 — 1.46 (m, 2H), 1.44 — 1.35 (m, 2H), 1.34 — 1.26 (m, 2H), 0.65 (s, 3H), 0.58 (s, 3H); ®F NMR
(CDCls, 376 MHz) = -73.5 (d, 3Jnr = 8.7 Hz); Analytical HPLC: tr = 16.4 min, 98% purity (10-95%
MeCN/Hz0, linear gradient, with constant 0.1% v/v TFA additive, 20 min run, 1 mL/min flow, detection at
254 nm); HRMS (ESI) calculated for C41H47CIFsN3OsSi [M+H]* 838.2878, found 838.2891.

(10; JFe1s-HaloTag ligand): Synthesized following procedure B from 21. Purification by silica gel
chromatography (0-3% MeOH/CH2Clz, linear gradient) afforded 10 (75%) as an off-white solid. 'TH NMR
(CDCls, 400 MHz) & 8.00 (dd, J=7.9, 0.7 Hz, 1H), 7.88 (dd, J = 8.0, 1.4 Hz, 1H), 7.70 (t, J = 1.0 Hz, 1H),
6.87 (d, J = 8.7 Hz, 2H), 6.77 — 6.70 (m, 3H), 6.36 (dd, J = 8.7, 2.7 Hz, 2H), 4.24 (t, J = 11.7 Hz, 8H), 3.67
—3.59 (m, 6H), 3.58 — 3.53 (m, 2H), 3.50 (t, J = 6.6 Hz, 2H), 3.41 (t, J = 6.7 Hz, 2H), 1.78 — 1.69 (m, 2H),
1.57 — 1.49 (m, 2H), 1.44 — 1.36 (m, 2H), 1.35 - 1.28 (m, 2H), 0.67 (s, 3H), 0.60 (s, 3H); '*F NMR (CDCls,
376 MHz) = - 99.9 (p, 3Jur = 11.6 Hz); Analytical HPLC: tr = 16.3 min, 95% purity (10-95% MeCN/H20,
linear gradient, with constant 0.1% v/v TFA additive, 20 min run, 1 mL/min flow, detection at 254 nm); HRMS
(ESI) calculated for CagHasCIF4N30sSi [M+H]* 774.2753, found 774.2759.

S18



NMR SPECTRA AN

O
I
o
-
(g)
—
A
>
o
m
(2

N O OIS T MANONIMNOOONVDDONABNANONTTMMAUNTONNSOSO DD Mmoo oo w
5388803 EBERAIARIRAINAREIRNARNEAISNANARRINORS8SNERIRRR el
NN N N N NN NN NN NN NN NN NN NN G060 080y Y YT I TTITTITTTTIITMpmmmnm soo
e ——— . N AN —— BN
. - MeO. OMe
Origin Bruker BioSpin GmbH T\ \/ /j
Solvent coci3 N Si N
Temperature 300.0
Pulse Sequence 2930 (e]
Experiment 1D (o)
Number of Scans 16
Acquisition Date 2019-05-03T17:56:00
Modification Date 2019-05-03T17:56:26
Spectrometer Frequency 400.13
Spectral Width 8012.8
Lowest Frequency 1545.4
Nucleus 1H
Acquired Size 32768
Spectral Size 65536
i
M S
T oy 7' ) T T T A4
S wnAa o & o~ L ~ © & o
8 &8¢ 2 & & % & R &3
P S g e - n o “ ISR
T T T T T T T T T T T T T T T T T T T T T
10.0 95 9.0 85 80 75 70 65 6.0 55 50 a 40 35 3.0 25 20 15 10 05 0.0
1 (ppm)
~ n o« cCwma~oo N ~ o~
s < o Nmm @ Ny O o jnt oo P
R ] SMAIIAY S5 e s o o -
= ] i T R T RS g a R 28 5
(I SN Il \
Origin Bruker BioSpin GmbH
Solvent CDCI3
Temperature 300.0
Pulse Sequence zgpg30
Experiment 1D
Number of Scans 1024
Acquisition Date 2019-05-07T04:07:00
Modification Date 2019.05-07T04:07:57
Spectrometer Frequency 100.62
Spectral Width 24038.5
Lowest Frequency -1946.3
Nucleus 13C
Acquired Size 32768
Spectral Size 65536
|
|
|
" " | | i L " " I Lol 0 |
¥ " PRI iy y " Y
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 10 100 80 70 60 50 a0 30 20 10 0
1 (ppm)

S19



NN N D MM N R NN MMM NRNN O MNOONNOOOTIMANNTOAAN D NDN N OO T ® NH o w
50 aaaC8BBBRNRMNNMNANNNRM BN RmMmMAanANNAdANNNaar 8338358588838 R
NN NN NN NN N NNNNNNNNNNN NG G 0000000 YTTFITTIITITSISTSTITITTT ST TN cocoo
REAEAEAS ARSI (NS PSRRI AR AR R RGPS 25
Origin Bruker BioSpin GmbH
MeO,S SO,Me
Solvent cbCi3 \C\ \ / /3/
Temperature 300.0 N Si N
Pulse Sequence 2930
Experiment 1D o
Number of Scans 16 0 0
Acquisition Date 2019-06-23T13:37:00
Modification Date 2019-06-23T13:38:51
Spectrometer Frequency 400.13
Spectral Width 8012.8
Lowest Frequency ~1545.4
Nucleus 1H
Acquired Size 32768
Spectral Size 65536
|
|
|
i |
Y]
L .
T LN T T T M
o o % o ~on @ © 9
8 85R R ) 3 S 3 R&
P R g - e} N o “ NN
T T T T T T T T T T T T T T T T T T T T T T
100 95 9.0 85 80 75 7.0 65 6.0 55 50 40 35 3.0 25 20 15 10 05 00 05
1 (ppm)
© N~ M@ HNGO O N O
o < o NYTY00owosy ©m ~ LV s ™
B 203 aaoag0d838 oo > 54 S =
[ SN ~ \/
Origin Bruker BioSpin GmbH
Solvent CDCI3
Temperature 300.0
Pulse Sequence zgpg30
Experiment 1D
Number of Scans 1024
Acquisition Date 2019-05-18T21:13:00
Modification Date 2019-05-18T21:13:54
Spectrometer Frequency 100.62
Spectral Width 24038.5
Lowest Frequency 19449
Nucleus 13C
Acquired Size 32768
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 10 80 70 60 50 a0 30 20 10 0 -10

100 90
1 (ppm)

520



Y T N AN OO T TN DR NN NI T MMM ITM N I T TN AN T NNOO OO ARRNOTNNASD D @O
33320688833 R ARRNAdldINNEIBRRAASNGAMNRARRRAR22888838300658803%
NN NN N NN NNNNNNNNNNNNN NG GG O 0000000 TTTTTTTTITTTTIMMmmomm oo oo

hEhEAENEAAE NS R IR R D AT

P N —
Origin Bruker BioSpin GmbH
NC CN
Solvent cp2ci2 \E\ \/
N Si N

Temperature 300.0
Pulse Sequence 2930
Experiment 1D o
Number of Scans

Acquisition Date

Modification Date

" O °
2019-06-21T16:03:00

2019-06-21T16:03:10

_~0.63
~-0.57

Spectrometer Frequency 400.13
Spectral Width 8012.8
Lowest Frequency ~1551.0
Nucleus 1H
Acquired Size 32768
Spectral Size 65536
|
|
|
i 1
M ‘ l
T 7 T T T M
S Mo -y R o oo w &
8353 & &8 & 8 q e
g S - - o ~ NN
T T T T T T T T T T T T T T T T T T T T T
100 95 90 85 80 75 70 65 60 55 50 20 35 30 25 20 15 10 05 0.0 05
1 (ppm)
° 2 m LN NI ©O O W N M
R L LSaReRIZLCT @ m ) ~
IS ¥ o NN YO ®oS Yo oM il o - ® S
B B fus s s g B R g ) > 3 z =i
I [ SN N N
Origin Bruker BioSpin GmbH
Solvent CD2CI2
Temperature 300.0
Pulse Sequence zgpg30
Experiment 1D
Number of Scans 3072
Acquisition Date 2019-06-26T21:01:00
Modification Date 2019-06-26T21:01:27
Spectrometer Frequency 100.62
Spectral Width 24038.5
Lowest Frequency -1899.3
Nucleus 13C
Acquired Size 32768
Spectral Size 65536
[
T T T T T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 no | foo 0 80 70 60 50 40 30 20 10 0 -10
(pPm)

S21



0O DOCOOLOUTTXIN OO IOOAVVONHIOATONN COVNROOAVANEOOLMNNMANTDO D DN N 1 oo
FRIEFFCCTI RN ARmMAamANNMmMOINOmMAAN 1n00838830800aaseslITTITmmmamm &3
NNNRNNNNNNNNNNNNNNNNNN 6666666 << T mmemenmmonmemeomesmeoenmo s =R
pEAEAEMEMEAMEEAENENE N Y PP el L ) (e T o vt J
Origin Bruker BioSpin GmbH
Solvent CDCI3
Temperature 300.0 FSC \ CFs
Pulse Sequence 2930 \C\N Si NI://
Experiment 1D O O
Number of Scans 16 lo)
Acquisition Date 2019-06-18T09:53:00
Modification Date 2019-06-18T09:53:19 O o
Spectrometer Frequency 400.13
Spectral Width 8012.8
Lowest Frequency -1545.4
Nucleus 1H
Acquired Size 32768
Spectral Size 65536
|
|
Il [
HU B (e
T N T AR T 24
S omm om o o Y S0
8 3835 &% R L% & 33
A ono g p o o — NN
T T T T T T T T T T T T T T T T T T T T T T
100 95 9.0 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 10 05 0.0 -05
1 (ppm)
= CoOmMMmOoOLVmWBN SO Own
by SRANNR8-EREac8R 8% Y v o N oo ~
o TONTMABNGOSINT 1o < m ™M m o~ e
5 cIoosassNNNy OO 3 a5 RN s
I e v N \/
Origin Bruker BioSpin GmbH
Solvent CDCI3
Temperature 300.0
Pulse Sequence zgpg30
Experiment 1D
Number of Scans 1024
Acquisition Date 2019-04-29T18:57:00
Modification Date 2019-04-29T18:57:50
Spectrometer Frequency 100.62
Spectral Width 24038.5
Lowest Frequency -1944.9
Nucleus 13C
Acquired Size 32768
Spectral Size 65536
W
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 wo o e 80 70 60 50 40 30 20 10 0 -10
(PPm)

S22



PDADNNN DOOINT DONOININD DD DD T
55300080 DMAMININIAMM N A0 ©
NNNNNNNNNNNNNNNNNNNNN ©
o ARERSN NS L |

6.74
6.73
6.72
6.35

i
!

6.35
6.33
6.32

4.26
423
4.20

/
\

0.64
0.62

/
Y

061
0.60

Origin Bruker BioSpin GmbH R F
Solvent coci3 F)C\N \Si/ N F
Temperature 300.0
Pulse Sequence 2930 O O
Experiment 1D Q
Number of Scans 16 O (6}
Acquisition Date 2019-04-26T16:49:00
Modification Date 2019-04.26T16:49:12
Spectrometer Frequency 400.13
Spectral Width 8012.8
Lowest Frequency -1545.6
Nucleus 1H
Acquired Size 32768
Spectral Size 65536
b
|
|
i
. L
A Ao g e} w INEN
T T T T T T T T T T T T T T T T T
100 95 9.0 85 8.0 75 70 65 60 55 %, oom 40 35 30 25 20 15 05
< EURRABERIBZDTERI AN © @~ o o
§ RESTRAAARNQRIALAEY 3 g3 22
N N P2 < Y
Origin Bruker BioSpin GmbH
Solvent CDCI3
Temperature 300.0
Pulse Sequence zgpg30
Experiment 1D
Number of Scans 1024
Acquisition Date 2019-05-01T23:53:00
Modification Date 2019-05-01T23:53:35
Spectrometer Frequency 100.62
Spectral Width 24038.5
Lowest Frequency -1944.7
Nucleus 13C
Acquired Size 32768
Spectral Size 65536
N
|
R N R e S "

523



Origin

Solvent
Temperature
Pulse Sequence
Experiment
Number of Scans
Acquisition Date

Modification Date

8.12
8.12
8.10
8.10
7.97
7.95
7.81
7.81

é
{
/
{

Bruker BioSpin GmbH
CDCI3

300.0

2930

1D

16
2019.07-31T08:04:00

6.86
6.84
6.69
6.68
6.34
6.33
6.32
6.31
4.36
435
434
434
433
433

4.32
432
430
4.15
413
411
411

E

3.76
3.75
3.74
373
3.72

332
155

/0 65

058

\O 57

2019-07-31T08:04:19 Bu-0
Spectrometer Frequency 400.13
Spectral Width 8012.8
Lowest Frequency 1545.7
Nucleus 1H
Acquired Size 32768
Spectral Size 65536
|
|
| \
1
T T A A A s i
S an o o £ o 9 = o a m o
Sas as & S 8 S S a a3
~ oo ERN - N < I o N oo
T T T T T T T T T T T T T T T T T T T T T T
100 95 9.0 85 80 75 7.0 65 6.0 55 50 40 35 3.0 25 20 15 1.0 05 00 05
1 (ppm)
N o o arnocwwoao Vo
a9 m A"8838RB=2 &8 “n ~ o © o o ©
S < w o NGNS ONIKWL O m © L bl o = ~ n e
T 2 2 aonaNINNY oo a 5 R 28 2 s <
[ (. SN W N
Origin Bruker BioSpin GmbH
Solvent CDCI3
Temperature 300.0
Pulse Sequence zgpg30
Experiment 1D
Number of Scans 1024
Acquisition Date 2019-08-05T19:03:00
Modification Date 2019-08-05T19:03:12
Spectrometer Frequency 100.62
Spectral Width 24038.5
Lowest Frequency 1945.4
Nucleus 13C
Acquired Size 32768
Spectral Size 65536
|
|
|
| | |
el L Nl L i GULTL R
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 wo w0 90 80 70 60 50 a0 30 20 10 0 -10
ppm)

S24



Origin

Solvent
Temperature
Pulse Sequence
Experiment
Number of Scans
Acquisition Date

Modification Date

MM 0RO OLANDTANNMND D DN @M O TmMMom D o mo9® O n ~ oo
A0S -28383RRRSGRRIEARM NARAKAARNARSRNNSS3883 a & A
BB BBNNNNNNNG S G666 G6GC IR EEEEEE DD EEEEEEY - S o
R U e — ¥
Bruker BioSpin GmbH

P MeO,S
CDCI3
300.0
2930
1D
16

2019-08-23T10:58:00

2019-08-23T10:58:39

Spectrometer Frequency 400.13

Spectral Width 8012.8
Lowest Frequency ~1545.4
Nucleus 1H
Acquired Size 32768
Spectral Size 65536
I
!
|
|
i I
(L iF .
TRy TToT T T X &)
%< m oz NN o < oo
333 835 & 3N & & % &
P NN N < o NN
T T T T T T T T T T T T T T T T T T T T T T
100 95 9.0 85 80 75 70 65 60 55 50 a5 40 35 30 25 20 15 10 05 00 -05
1 (ppm)
~ o N doYNONON oo
5 R 542 R2X58RSSIM < v v @ < n
s ¥ W 9 NOYOBNBLTGm jal n VI ~ ~ S
58 EHE N B g 8 & 3a S 8 s 2
[ b =SSNV 1 I I N 4
Origin Bruker BioSpin GmbH
Solvent CDCI3
Temperature 300.0
Pulse Sequence zgpg30
Experiment 1D
Number of Scans 9800
Acquisition Date 2019-08-18T03:23:00
Modification Date 2019-08-18T03:23:48
Spectrometer Frequency 100.62
Spectral Width 24038.5
Lowest Frequency 19442
Nucleus 13C
Acquired Size 32768
Spectral Size 65536
I
|
‘ | | “
v “'W'"'“WW“W“WWMWWMW‘W i MM W iy .
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 m o 0 80 70 60 50 40 30 20 10 0 -10
ppm)

525



TMANAIBNO I I NONNORNMNIMN MNATONANTONANNLO DA LN N I n Q0N O Qo
N300 000 0000 mmmMmMAUNRNNANAANHA333003M0AMAIMKIMNIN A 8385387
BB BB NNNNNNNGCOOOOOOOOS FYIFTFTTTTFSTTTSMmmmmmmmmm = ccocococo
e U N 3=
Origin Bruker BioSpin GmbH
Solvent CDCI3
Temperature 300.0
Pulse Sequence 2930
Experiment 1D
Number of Scans 16
Acquisition Date 2019-08-07T10:40:00
Modification Date 2019-08-07T10:40:26
Spectrometer Frequency 400.13
Spectral Width 8012.8
Lowest Frequency ~1545.4
Nucleus 1H
Acquired Size 32768
Spectral Size 65536
|
[
|
Ty T o7 T T T [
o oo N o o~ ©n o < 0 AN
3383 S S S 33 3 3 S35
e g N ~N < < N o oo
T T T T T T T T T T T T T T T T T T T T T T
105 10.0 95 9.0 85 8.0 75 7.0 65 6.0 55 50 45 4.0 35 30 25 15 1.0 05 0.0 05
11 (ppm)
n o m © N N
8 ] A SARARREIRIR o ~ @~ o < ~
s < < o NOYOoOX NI 06 m o n NN ~ v oo
508 503 i R g o e Jof S P " A Q& 2 s 9
([ [ NN v N
Origin Bruker BioSpin GmbH
Solvent CDCI3
Temperature 300.0
Pulse Sequence zgpg30
Experiment 1D
Number of Scans 8000
Acquisition Date 2019-08-08T01:44:00
Modification Date 2019-08-08T01:44:29
Spectrometer Frequency 100.62
Spectral Width 24038.5
Lowest Frequency -1948.7
Nucleus 13C
Acquired Size 32768
Spectral Size 65536
I
.
T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 10 100 EY 80 70 60 50 40 30 20 10 o -10
1 (ppm)

526



Mmoo @0 Ao T Mmoo CRNEOIRN N LTMANNOODBON © ! 0 © o w
upupe Rl XX SZEEMmmmm 288888 0asTITIeIARAANAMm A 8RR
665w N NN [ERERv R ) YT T MMM Mmoo A Mmoo - Ssoo
SRS RS R I | N
Origin Bruker BioSpin GmbH
Solvent CDCI3
Temperature 300.0 FSC
Pulse Sequence 2930 \C\N
Experiment 1D
Number of Scans 16
Acquisition Date 2019-08-01T10:17:00
Modification Date 2019-08-01T10:17:14
Spectrometer Frequency 400.13
Spectral Width 8012.8
Lowest Frequency 1545.4
Nucleus 1H
Acquired Size 32768
Spectral Size 65536
|
I I
\ [
]
T T 7 T i o
83 & 8 R 3 b} IR~}
R o o N o NN
T T T T T T T T T T T T T T T T T T T T T T
10.0 95 9.0 85 80 75 7.0 65 60 55 50 a5 40 35 30 25 20 15 10 05 00 -05
1 (ppm)
o o m N OOO-NHOYOTOO
R S §T MmMB-020=S2a o a m o oo <+
s ¥ KOG NG MO O NN NN N ™ < m @ mo NN LIS
R O h ¥ RMMAANAAS S — N e moen oo S
- AR s s s B s o o o i a & R PARNI Y s 2
(. e e [ [ N NS \/
Origin Bruker BioSpin GmbH
Solvent CDCI3
Temperature 296.2
Pulse Sequence zgpg30
Experiment 1D
Number of Scans 6000
Acquisition Date 2018-12-04T23:46:00
Modification Date 2018-12-04T23:46:50
Spectrometer Frequency 100.62
Spectral Width 24038.5
Lowest Frequency -1945.7
Nucleus 13C
Acquired Size 32768
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 o 200 ) 2 80 70 60 50 40 30 20 10 0 -10
(PPM)

S27



TETNNDAN N M NN T AN NO DO NN © 0 o
R R R R R R N R SR 24 )
BBBBNNNNNNNGGG GGG GO v v o S o
e R R A v N
Origin Bruker BioSpin GmbH
Solvent CDCI3
Temperature 300.0
Pulse Sequence zg30
Experiment 1D
Number of Scans 16
Acquisition Date 2019-08-07T09:53:00
Modification Date 2019-08-07T09:53:10
Spectrometer Frequency 400.13
Spectral Width 8012.8
Lowest Frequency -1545.4
Nucleus 1H
Acquired Size 32768
Spectral Size 65536 f
i
|
!
[
i l ‘L
.
T T N ! o
oo © © n o © hon
838 88 @& R 8 Y
P [ ~ o NN
T T T T T T T T T T T T T T T T T T T T T T
10.0 95 20 85 80 75 7.0 65 6.0 55 50 a5 40 35 30 25 20 15 10 05 00 05
1 (ppm)
T M LMW NOSQUYTOoOVUMoO LTINS
S m aRRRILIRIIRSECLaal ~ < N n < ~
S ¥ ¥ 0 WO NG T OGN GG MM o © © < N n o
R & ST RRARIR[AL=E2220 o S oo o S
R T I T s gt R g s g 3 5 8383 & s 2
NSRS - N W/
Origin Bruker BioSpin GmbH
Solvent CDCI3
Temperature 300.0
Pulse Sequence zgpg30
Experiment 1D
Number of Scans 6144
Acquisition Date 2017-06-16T01:56:00
Modification Date 2017-06-16T01:56:26
Spectrometer Frequency 100.62
Spectral Width 24038.5
Lowest Frequency -1944.3
Nucleus 13C
Acquired Size 32768
Spectral Size 65536
1l
|
W\
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 m o 0 80 70 60 50 40 30 20 10 0 -10
ppm)

528



=

Bruker BioSpin GmbH

CDCI3

Origin

Solvent

300.0
2930

Temperature

Pulse Sequence

1D
16

Experiment

Number of Scans

2019-07-31T07:45:00
2019-07-31T07:45:09

400.13

Acquisition Date

Modification Date

Spectrometer
Frequency

8012.8

Spectral Width

-1535.4

Lowest Frequency

1H

Nucleus

32768
65536

Acquired Size

Spectral Size

62
062

ez
WNM z
(14

Fese

129
W@ON
WMHNN
»MDN

£8'S

90t
FS6'€

ez

F96'1T

102
m\‘co k4

68°0

=/60

ZP0T
10T

50 45

T
55

7.0 65

75

85

T
10.0

1 (ppm)

mAU

200~

150

100

E
c
<
£ L
c
<
¥}
N w
by RS
=
=
<
o
a L
o
el
| —
620°€L [
w0
B
—
o
Qe
|«
~
| ©
w
| v
o
=
' o

min

529



9504
25704
8504
v9'0
$9°0
L AAA
67T
0£'T

TETH

TETH
2ET
LETH
LETH
8T
6€T
o1
151
051
1514
€51
6914
os14
21
21

v
9219
962

seef
or mkw

e

wed
8v'e )
0s°¢
zs'e ]
vse]
s5€]
ss'e]
95¢ ]
09¢
196
29°€
X
€9°¢
v9'E
90y
20
60
60

STV [
6T
0z
rad
44
4%
vz
4%
o¢ w:.
169
43 w%
eeo]

699
09
€8'9
s8'9
889
8924
892
89
882
882
062
062
962
862

Bruker BioSpin GmbH

CDCI3

Origin

Solvent

300.0
2930
1D
16

Temperature

Pulse Sequence

Experiment

Number of Scans

2019-07-31T07:49:00
2019-07-31T07:49:42

Spectrometer Frequency 400.13

Acquisition Date

Modification Date

8012.8

Spectral Width

-1545.4
1H

Lowest Frequency

Nucleus

32768
65536

Acquired Size

Spectral Size

16T
B162

wm: Z
0€'C
Hfmm Z

Fogy

909

K‘OH Z
Frre
102

S€9

Forez
Fese

FE6'T

6T

8T
Wﬁmm 0

=160

7101
F00T

-05

95 9.0 85 80 75 70 65 60 55 5.0 45

10.0

1 (ppm)

mAU

E o
c o
< ~
£
(= L
<
[Te]
N 0
- i~
- =
p=1
=
<
o
a
o
i
w
—ow.m:
0L0EL [
0
[~ N
I6L°LL
o
E
| 0
~
| ©
[Te]
.|5
o
=
r — — p=

200
150
100+

501

min

S30



8S 014
m%O#
990
0E'T
DMAQ
e
26
e
26T
6ETH
O«mg
ov'T
ov'T
[A SN
IS T~
N:\
vS'T
69'1
7T
LT
ot
ut
€1
vLT

6c'€

e

483

8E~
05'¢
25
vsed
ss'e]
sse
9s°¢ 4
95°¢ ]
ss€ ]
ss¢]
85c
85°c 4
65°€
09
19¢
19¢
253
€9e
v9'€
L0
80'%
oty
ay
8T'v
(a4
o0z
Ty
6291
0e9
169
269
299
8994
€89
580
0s'24
0z'2
os24
824
824
68
68
6L
6L
66

66 'L

Bruker BioSpin GmbH

CDCI3

Origin

Solvent

300.0
zg30
1D
16

Temperature

Pulse Sequence

Experiment

Number of Scans

o %
o T
I
2 8
g8
o o
E
EE
a8
N
s s
o o
2 2
o o
g8

3
2
o
=
<
>
3
g
g
g
o
L
b
]
g
£
s
g
g
g
g
&

Acquisition Date

Modification Date

8012.8

Spectral Width

-1545.4
1H

Lowest Frequency

Nucleus

32768
65536

Acquired Size

Spectral Size

|

[

7

i
B

00°€
S6C

96T
61
202
L(4

80°¢C
e

w/mo 0T

T

LA

T o66€
B 207

L6'T
62

96°0
860
00T

-05

5.0 45

55

95

10.0

11 (ppm)

mAU

PDA Multi 1 254nm 4nm)|

-
©
<
«
-

R:.m;

6L¥CL 4

300+
200~

100+

l
15.0

10.0

7.5

5.0

25

0.0

min

S31



£5°04
8504
90
590+
9214
8214
82T
621
0£'T
0€'T
2ET
£6°T+
86T+
8T
86T
6€'1
or'1
ov'1
21
0514
[IRE
v
691
1]
21
et
vor)
8€'€ ]
65
o€
e
e
LIS
05 ¢
2s°e ]
vsed
sse]
SS'E
95°E
9s°E
29°€
29°€
€9°€
€9°€
v9'E
v9'e
S6'E
96'€
16€
L6€
86'€
66'€
(182
20
60y
829
629
0€'9
€9
299
899
189
289
£8'9
oz24
oLL
oLL
88°L
68°L
062
062
862

00’8

Bruker BioSpin GmbH

CDCI3

Origin

Solvent

300.0
2930
1D

16

Temperature

Pulse Sequence

Experiment

Number of Scans

o
<
<
n
IN
S
2
—
"
~
<
o
—
o
~

Acquisition Date

2019-07-31T07:54:42

Modification Date

Spectrometer Frequency 400.13

Spectral Width

8012.8

-1545.4
1H

Lowest Frequency

Nucleus

32768
65536

Acquired Size

Spectral Size

220
A58z

£
N4
Byyz

Fere

0
€0'Z
Mmo [4
8'S

Tv8E
Byge

FS61

61
187

Fo00T
860
00T

-05

95

10.0

mAU

1250+

1000

750

500

250

£
[
<
> |
c
<
el
-~ ) ©
= A ~
Zvol
A P
o
o L
o
-
0
o
B
<
2
|
~
| ©
n
=
~N
e
o

min

532



09°04

o]
5801
88°0
os 24
o'z
1224
1824
182
682
68'¢
662
662
108

—

—

—

108

Bruker BioSpin GmbH

CDCI3

Origin

Solvent

300.0
2930
1D

16

Temperature

Pulse Sequence

Experiment

Number of Scans

o o
o ~
S o
¥ T
NN
A
E E
o o
7
©
S <
o o
32
o o
IR

Acquisition Date

Modification Date

Spectrometer Frequency 400.13

Spectral Width

8012.8

-1545.4
1H

Lowest Frequency

Nucleus

32768
65536

Acquired Size

Spectral Size

I

20
B-00'€

12T
Kotz

Reer
Eszz

STT
W: z
1072
Agro

Fso8

102

F00€
Esoe

=101
=¥0T
90T

95 9.0 85 8.0 75 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20 15 1.0 05 0.0 05
11 (ppm)

10.0

mAU

E L4
c
<
£ e | |
c
<
el
~N
- 5
2
z9L
b -
o
a

750

500~

250

17.5

15.0

12.6

10.0

7.5

2.5

0.0

min

S33



