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General Considerations

All reactions were carried out under an inert atmosphere of nitrogen or argon in oven-dried
glassware, unless otherwise noted. Conventional solvents (THF, Et,O, CH,Ch, toluene,
xylenes) were dried using a solvent system. DMF (99.8%, extra dry) was used as received,
and all other reagents were purchased commercially and used as received, unless otherwise
noted. RuCk-xH,O and [NiCl(dme)] were purchased from commercial sources.
[Ni(dtbbpy)(H,0)4]Cl precatalyst, * [Ru(bpy)s(PFs).] photocatalyst, > and 4CzIPN® were
prepared following recent literature reports. Diisopropylammonium bis(catechol)isobutyl
silicate was prepared using a published procedure.* As previously reported, various similar
silicate reagents can be employed in this chemistry.® iso-Buty| silicate was chosen because of
the volatility of the byproduct, iso-butane. Aryl halides were purchased from commercial
suppliers and used without further purification. Reaction monitoring was carried out by
reverse phase ultra-performance liquid chromatography coupled with mass spectrometry
(UPLC-MS, 3 minute runs) and/or reverse phase high performance liquid chromatography
(HPLC, 8 minute runs). Accurate mass measurement data were acquired on a Waters LCT
Premier XE by use of electrospray ionization (unless otherwise stated) with an internal lock
mass reference of leucine enkephalin. Waters instruments are calibrated, and report by use of
neutral atom masses. NMR spectra (*H, **C {*H}, *°F {**C}) were performed at 298 K. 'H
(500.4 MHz) and *C {"H} (125.8 MHz) NMR chemical shifts are reported relative to internal
TMS (5 = 0.00 ppm; CHCl: 7.26 ppm for *H nuclei and 77.00 for *3C nuclei); (8 = 0.00 ppm;
D,0: 4.80 ppm for *H nuclei); (5 = 0.00 ppm; DMSO-ds: 2.50 ppm for *H nuclei and 40.00
for *3C nuclei); (5 = 0.00 ppm; CD3OD: 3.31 ppm for *H nuclei and 49.0 for *3C nuclei). *'B
(128.4 MHz) and *°F {1H} NMR (470.8 MHz) chemical shifts were referenced to external
BF3;*Et,O (0.0 ppm) and CFCl; (0.0 ppm), respectively. Data are presented as follows:
chemical shift (ppm), multiplicity (s = singlet, d = doublet, t = triplet, g = quartet, sept =
septet, m = multiplet, br = broad), coupling constant J (Hz) and integration.

Photochemistry:

Photoredox reactions were irradiated with blue LED (~ 470 nm, 32,918 mcd ft?) strips,
placed along the inside of a Pyrex® crystallizing dish (125 X 65 mm), and the temperature (~
30 °C) was controlled using one external desk fan set up ~ 15-
20 cm away from this photoreactor bed. The fan was employed
to ensure reactions remained at or near room temperature when
using LEDs which warmed during the reaction. A modified test
tube rack was designed to allow multiple reaction setups
simultaneously. LEDs were configured as outlined in the
photochemical reactor design (image right). Purple LEDs (near
UV, 400 nm) were also tested and set up in an analogous
manner.

Reactions run in high-throughput fashion were carried out in a
clear vial holder situated over a bed of small blue LEDs (Figure
SI-1 b and c), and a fan was placed ~ 20 cm away from the
reaction plate (not shown).
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Figure SI- 1. (a) 1.0 mmol reactions (9 reactions) set up in parallel in a clear plastic vial holder over a bed of
blue LEDs (tumed off) and magnetic stir pad. (b) Same 0.1 mmol reactions irradiated and stirring over a bed of
blue LEDs. Fan is off-camera and not pictured. (c) Ni/photoredox reaction setup with 0.1 mmol GSH reactions
(right) beside a 24-well HTE plate (left) assenbled and sealed in the glovebox (see HTE reactions guidelines for
setup and procedure).

General peptide purification parameters:

Reverse phase preparative chromatography for the small molecule peptides was performed by
mass/UV (254 nm) directed preparatory liquid phase chromatography (Prep-LC), specifically
Waters AutoPurification System equipped with Waters 3100 MS. Waters Sunfire, C18, 5 um
19x100 mm column was used, unless otherwise noted. Reverse phase preparatory
chromatography for larger polypeptides was performed on a Varian Prostar HPLC system.
Analytical HPLC for analysis of polypeptide purity and product formation was performed on
an Agilent 1100 series HPLC system. Polypeptide starting materials were analyzed by low
resolution electrospray ionization mass spectrometry (ESI-LRMS) on a Waters Acquity U ltra
Performance LC connected to a single quadrupole detector (SQD) mass spectrometer.
Polypeptide reactions were analyzed using Matrix Assisted Laser/Desorption lonization-mass
spectrometry (MALDI-MS) on a Bruker Ultraflex 111 mass spectrometer with a time-of-flight
detector.

High-Throughput Experimentation:

High Throughput Experimentation (HTE) was performed at the Penn/Merck Center for High
Throughput Experimentation at the University of Pennsylvania. All reagents were used as
purchased from commercial suppliers. Solvents were purchased anhydrous and used with no
further purification. All reactions were performed inside a glovebox operating with a N-
atmosphere (oxygen typically < 5 ppm). Reaction experimental design was aided by the use
of Accelrys Library Studio. 2.5 pmolscale reactions for the limiting reagent were carried out
in HPLC vial glass inserts, 4 x 21 mm, 50 uL, flat bottom) equipped with magnetic tumble
stir bars in 96-well reaction plates. Liquid handling was carried out using single and multi-
channel pipettors (10, 100, 200, and 1000 pL). On completion of solution dosing the plates
were covered by a perfluoroalkoxy alkane (PFA) mat, followed by two silicon rubber mats,
and an aluminum cover which was tightly and evenly sealed by 9 screws. Reactions were
monitored by UPLC-MS. Column: Acquity UPLC HSS C18 1.7 um 2.1x50 mm, using 0.1%
TFA MeCN and 0.1% TFA H,O as mobile phases. The instrument was equipped with an
SQD detector with electrospray ionization (ESCi) source in positive and negative mode. High
throughput data analysis was carried out with Virscidian Analytical Studio™ software.

General High-Throughput Experimentation Protocol

Stock solutions of the relevant catalyst or ligand were prepared in DCE or THF. Usinga 200
uL pipettor, the catalyst or ligand solutions were dispensed into 1 mL glass vials arrayed in a
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96 well microtitre plate according to the required Ni/L loading per reaction screen. The
solvent was removed in vacuo. Inorganic bases (if applicable) Cs,CO3, K,CO3, K3POy, and
Na,CO3; were added either by slurry addition of the relevant base (25 mg/mL slurry stock
solution in THF) or by manual solid addition using a BioDot™ DisPro MAR Series
Adjustable Mass Powder Dispenser. The vials were then charged with tumble stir bars. Using
a multichannel pipettor, a solution of aryl bromide and thiol (100 pL) in the relevant screen
solvent was added to each 1 mL vial. Stock solutions of each additive (1 M/20 uL in THF)
was then added using a 200 pL pipettor. The 96 well reaction plate was covered with the
PFA film, sealed, removed from the glovebox, and placed on a bed of blue LEDs (Figure Sl-
1c). The vials were stirred at the corresponding reaction temperature for the allotted time. The
reactions (if required) were cooled to ambient temperature and quenched with a stock solution
of 4,4’-dimethylbiphenyl in MeCN (0.04 M, 500 puL) and mixed thoroughly. Aliquots of the
quenched reactions were taken (20 pL), further diluted with 700 uL of MeCN, and subjected
to UPLC and/or UPLC-MS analysis.
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Select Reaction Optimization Studies

Additional studies examining various reaction conditions as deviated from the standard:

Bu[Si-] (1.3 equiv)
5 mol % [Ni(dtbbpy)(H20),]Cl
2 mol % [Ru(bpy)a(PFg)2]

Br

Y

blue LEDs, DMF (0.1 M)

SH
0 0 L0
N
Ho)j\./\/u\u \)J\OH
o)

NH,

[Si1 = bis(catechol)

ammonium silicate [Ni(dtbbpy)(H;0),ICl,

CN rt, 18 h
( glutathione (GSH) ) general conditions
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[Ru(bpy)s(PFe).l
CAS#: 60804-74-2
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S
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N
HO)J\;/\/”\N \)I\OH
NH, o)

2PF,

= i Cz= Q
J Cz Cz
N
J| nc cz O
Cz

4-CzIPN

organic photocatalyst

entry change from standard % yield (HPLC)
1 n/a >90%
2 20 equivH,0 22%
3 40 equivH,0 <20%
4 40 equiv H,O+ 10 mol % Ni Trace
5 40 equiv H,O+ 50 mol % Ni Trace
6 10 mol % Ni 45%
7 1 mol % Ru 59%
8 4 mol % Ru+ 10 mol % Ni <30%
9 8 mol % Ru+ 20 mol % Ni <8%
10 1 mol % Ru + 2.5 mol % Ni 40%
11 1.5 equiv ‘Bu[Si ] >90%
12 1.0 equiv ‘Bu[Si ] 74%
13 4-CzIPN photocatalyst (4 mol%) Trace
Table SI-1.HPLC yield as determined to an internal standard.

Effect of H20 on Reaction Yield
100

o]
o

(o))
[e]

N
(e}

%Yield (HPLC)

N
o

Expon. (Series1)

20 Equiv. H20 30

40 50

S5



Effect of aryl bromide (4-cyano bromobenzene) loading on the reaction outcome at various
time points. In general, with higher aryl bromide loading, the faster the reaction was after 1 h,
although decomposition of the arylated GSH to unidentified products was observed after
prolonged reaction times (Chart SI-1). These reactions were run in triplicate (averaged), and
the optimized reaction conditions/yield can be observed using 1 equiv ArBr after 18 h. The
trend-lines overlaid to show the effects of increasing ArBr equiv over temporal extremes (1
and 18 h), all else constant.

Various ArBr loadings @ 0.1 M (DMF) vs. time

100%
90%
80%
— 70%
% 60%
S s50% —
S 4o% “h
S 30% f—18h
............... Linear (1h)

20%
10% ............... Linear (18h)

0%

0.8eq 1.0eq 1.2eq 1.5eq 2.0eq
loading of ArBr @ 0.1 M

Chart SI- 1. Optimization experiments examining aryl bromide loading with GSH (1.2 equiv, 0.1 M DMF)
at various time points under otherwise standard reaction conditions. Yield as compared to product/IS ratios.

More dilute reaction conditions were pursued employing 1 equiv of the ArBr and GSH (1.2
equiv) at various time points, which would be ideal when examining small quantities of
peptide thiols (Chart SI-2). As depicted, 0.1 M DMF proved optimal with these reagent
parameters, and reactivity diminished (nearly linearly) at more dilute concentrations.

1 equiv ArBr @ various concentrations & time points

100%

90%

80% I &
o 70% - =
—
B 60% m0.1M
5 50% E0.05M
()
= 40% 0.025M
X 0
X 30% = 0,011

20%

10%

0%

1h 2h 4h 18h

reactiontime
Chart SI- 2. ArBr loading at various reaction concentrations over time under otherwise standard reaction
conditions. Yield as compared to product/IS ratios.

Additional optimization reactions to uncover “dilute conditions” while maintaining fast
reaction Kinetics (< 4 h) was pursued at various loadings of aryl bromide (reactions run
together in duplicate, Chart SI-3). 20 equiv of ArBr was found to optimal in a side-by-side
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comparison of the reactions after 2 h, although 10 equiv may be substituted in certain
situations when ArBr is very expensive. As noted earlier, decomposition of the product was
seen with higher ArBr loadings after prolonged reaction times (e.g., 20 h).
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Various ArBr loadings with GSH@ 0.01 M (DMF) over2 h

5eq

10eq 20eq
ArBr loadings

® 15min
B 30min
m2h

H 20h

Chart SI- 3. ArBr loadings with GSH at 0.01 M DMF and 1.3 equiv silicate (“dilute conditions™) at various time
points under otherwise standard reaction conditions



General Procedure for Thioarylation of Peptides (0.1 mmol scale)

Bu[Si~] (1.3 equiv)

H o 5 mol % [Ni(dtbbpy)(H;0)4ICl, S
\© 2mol % [Ru(bpy)s(PFe)]
e g
2N—{ biomolecule 2 blue LEDs, DMF (0.1 M) HN—{ biomolecule }—CO,H

unprotected rt, 4-48 h

(= 0.05 mmol) general conditions

A 4 mL sealable screw cap vial with septum was charged with the unprotected peptide (0.1
mmol, 1.0 equiv) and the aryl bromide (0.1 mmol OR 0.12 mmol, 1.0/1.2 equiv), followed by
addition of diisopropylammonium bis(catechol)isobutylsilicate (54 mg, 0.13 mmol, 1.3
equiv), [Ni(dtbbpy)(H20)4]Cl, (2 mg, 0.05 mmol, 5 mol %), and [Ru(bpy)s(PFe)2] (1.7 mg,
0.02 mmol, 2 mol %) in succession. The vial was sealed, and three vacuum/Ar cycles were
carried out. Next, dry and degassed DMF (1.0 mL) was added. The vial containing all the
reagents was further sealed with Parafilm, placed in the photoreator vessel ~5-10 cm away
from the blue LEDs (see Figure SlI-1), and allowed to stirred vigorously for 4-48 h at rt. The
temperature of the reaction was maintained at approximately 30 °C via a fan. Reaction
progress was monitored by HPLC and/or UPLC/MS. Once complete, the now darker, milky-
brown solution can be diluted with purified H,O (0.3-1.0 mL, or until sufficiently
homogeneous) and directly purified by reverese phase preparatory liquid chromatography.*

Extraction protocol for catechol removal: To the now darker, milky-brown solution was
added deionized H,O (1 mL), and CH,ClI, (preferably, 1 mL) or CH3CI (1 mL). This mixture
(3 mL solution, total) was vigorously shaken in the original reaction vial, the layers were
allowed to separate, and the organic layer (containing catechol, dtbbpy, unreacted silicate, and
DMF) was removed via syringe or glass pipette. This sequence was repeated 2-4 times. The
remaining aqueous layer (containing starting peptide [if applicable], thioarylated peptide, i-
ProNH, Ru photocatalyst, and trace DMF) was removed and subsequenly purified via reverese
phase prep-LC.

Precipitation of desired thioarlyated peptide (only tested with arylated GSH adducts):
The extraction process as detailed above was carried out and repeated 2-4 times. In cases
where the thioarylated adduct is sparingly soluble in pure water, this pure product can slowly
precipitate given suitable conditions. Following extraction, if solid material was present, it
was helpful to let the aqueous solution sit on the benchtop and/or gradually cool (0-5 °C) for
2-18 h to encourage maximum precipitation. The thioarylated peptide precipitate was then
vacuum filtered through a glass frit or Buichner funnel and gently washed with ice water (no
more than 2 mL), then Et,O. The filtered solid was analytically pure in nearly all cases.

*NOTE: In many cases, the final thioarylated peptide may not be fully soluble in the resulting

DMF/H,0 solution. Filtering this heterogeneous mixture before prep-LC has resutled in
decreased yield as the filtered solid contained a fair amount of desired arylated peptide.
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Gram-scale Thioarylation Reactionwith Glutathione

CN

Br Bu[Si] (1.3 equiv)

o o SH o 5 mol % [Ni(dtbbpy)(H,0),4]Cl>
J K i oS ATTN s
HO Y N OH - o (o] o
: H blue LEDs, DMF (0.1 M) H
NH, o) )J\/\/U\ N\)J\
N ", 6h HO™ N oH
(__ glutathione (GSH) ) general conditions NH, 0

3.5 mmol scale reaction: A 40 mL scintillation vial with air-tight, sealable septum was
charged with glutathione (1.07 g, 3.5 mmol, 1.0 equiv, not fully soluble) and the aryl bromide
(637 mg, 35 mmol, 1.0 equiv), followed by addition of diisopropylammonium
bis(catechol)isobutyl silicate (1.41 g, 4.55 mmol, 1.3 equiv), [Ni(dtbbpy)(H,0)4]CL (70.0 mg,
0.175 mmol, 5 mol %), and [Ru(bpy)s(PFg)2] (60 mg, 0.07 mmol, 2 mol %) in succession.
The vial was sealed, connected to a dual line manifold with needle, and four vacuum/Ar
cycles (3 min each) were carried out. Next, dry and degassed DMF (35 mL) was added under
Ar. The vial containing all the reagents was further sealed with Parafilm, placed in the
photoreactor vessel ~5-10 cm away from the blue LEDs (see Figure SI-2b), allowed to
stirred vigorously for 6 h at rt, and periodically checked for reaction completion by HPLC
analysis. The temperature of the reaction was maintained at approximately 32 °C via a fan.
The now darker, milky-brown solution was transferred to a separatory funnel with deionized
H,0 (35 mL), followed by CH,Cl, (35 mL). This mixture was vigourously shaken, the layers
were allowed to separate, and the organic layer was removed. This sequence was repeated 4
times. The remaining aqueous layer containing solid precipitate was transffered to a 50 mL
Erlenmeyer flask and placed in the refrigerator for 7 h. The solid precipitate was vacuum
filtered via Bichner funnel, washed with ice water (10 mL), then Et,O (30 mL) to afford a
light beige solid (1.02 g, 72% yield).
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Figure SI- 2. (a and b) 1.0 mmol (307 mg) scale reaction shown for the Ni/photoredox thioarylation reaction
employing glutathione. Similar reaction vial and setup were applied to the gram scale reaction, using the same
blue LED photoreactor. (c and d) All the necessary reagents weighed out on the benchtop in the air, before direct

addition to thereaction vial.
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Merck HTE informer plate data

Thiol

GSH

GSH

GSH

GSH
Thioglucose
Thioglucose
Thioglucose
Thioglucose
Tiopronin
Tiopronin
Tiopronin

Tiopronin

Chart SI-4. Complete study of 4 distinct thiols against the Merck halide informer plate. Product Yarea/1S Yoarea

Conditions

0.1M 1.eqv
ArX

0.1M 2 eqv.
ArX

0.05M 2 eqv.
ArX

Standard
Conditions
0.1M 1.eqv
ArX

0.1M 2 eqv.
ArX

0.05M 2 eqv.
ArX

Standard
Conditions
0.1M 1.eqv
ArX

0.1M 2 eqv.
ArX

0.05M 2 eqv.
ArX

Standard
Conditions

| X=Bromide | X=1 | X=Cl
X1 X2 X3 X4 X5 X6 X7 X8 X9 X1 X1 X1 X1 X1 X1 X1 X1 X1
0 1 2 3 4 5 7 8

ratios [normalized against IS (10 mol% IS) giving relative values] are reported in the box cells and colored
coded based onthe relativeratios (conversion to product).

Product %area/lS %area ratios are reported [normalized against IS (10 mol %) giving
relative values]. GSH provided uncharacteristically poor results in this HTE format, most
likely because of poor solubility, stirring, or a combination of both. Parameters and conditions
were explored to improve conversion across the board with GSH to little avail. Notably,
bromide X2 was employed GSH under standard reaction conditions (0.1 mmol scale) and the
thioarylated adduct was isolated in 50% yield (see manuscript). Thioglucose (tetraacetate used
because of commercial availability) and tiopronin were agreeably soluble under the DMF
screening conditions, and exhibited exceptional reactivity considering these were more
hindered, secondary thiols.

(0]
Me\)J\ OH
N
SH (0]

(x)-Tiopronin

' complexity accessible

class of distinct thiols examined in HTE against Merck informer plate

AcO,, O SH NH,
L)\ s
AcO Y OAc Me’ Me o
OAc

thioglucose tetraacetate D-penicillamine

AcO,

Ll

example of structural

(X15 with thioglucose)

glutathione

OH
7/H( HOzc\/\)j\ /g‘/ N._COH
NH,
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Complete list of Merck informer halides examined:
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General Procedure for Thioarylation of Peptides under “Dilute Conditions”
For peptides and enzyme COA reactions

Bu[Si~] (1.3 - 4 equiv)

SH Br 5 mol % [Ni(dtobpy)(H,0)4ICl, s oN
2 mol % [Ru(bpy)s(PFg)s]
10 mM DMF H,N—( biomolecule }—CO,H
unprotected blue LED, rt, 1-3 h

(= 0.02 mmol) 20 equiv i .
"dilute conditions"

General preparation of stock solution: A sealable screw cap vial with septum was charged
with the aryl bromide (230 mg, 1.28 mmol, 20 equiv), diisopropylammonium
bis(catechol)isobutyl silicate (34 mg, 85 pmol, 1.3 equiv), [Ni(dtbbpy)(H.0)4]Cl (1.3 mg,
3.3 ymol, 5 mol %), and [Ru(bpy)s(PFs).] (1.1 mg, 1.3 ymol, 2 mol %) in succession. The
vial was sealed, and three vacuum/Ar cycles were carried out to remove oxygen. Next, dry
and degassed DMF (6.5 mL) was added under Ar. As noted, the stock solution can be stored
in the refridgerator, in the dark, under Ar for at least 2 weeks with identical reaction efficacy
as compared to a freshly prepared stock solution.

Reaction preparation and execution: In a separate, oven-dried vial was added a magnetic
stirbar, the peptide or thiol of choice (13 umol, 1 equiv), followed by three vacuum/Ar cycles.
To the vial containing the peptide and stirbar was added 1.3 mL of the DMF stock solution
containing the reagents, under Ar, and the vial was sealed with Parafilm. This reaction vessel
was placed in a blue LED photoreactor ~4-8 cm away from the irradiation source, and the
reaction was allowed to stir for 1-3 h. The temperature of the reaction was maintained at
approximately 29 °C via an overhead fan (see Figure SI-3c). Reaction progress was carefully
monitored via syringe needle by HPLC and/or UPLC-MS, and once complete, the slightly
darker solution was either a) diluted with purified H,O (~ 0.5 mL) and directly purified by
reverese phase preparatory liquid chromatography, or b) diluted with purified H,O (1.3 mL)
and the aqueous layer extracted with CH,CI, three times — the reamining aqueous layer was
subjected to purification.

NOTE: Reactions with enzyme CoA and the various aryl bromides (20 equiv) were carried out
in identical manner to that described above, except 4 equiv of the diisopropylammonium
bis(catechol)isobutyl silicate was employed. See line listing reaction details below for
additional details.

S-13



Thioarylation of Peptide 9 under “Dilute Conditions” (0.68 pmol scale)

Bu[Si] (1.3 equiv) NH
5 mol % [Ni(dtbbpy)(H,0),]Cl, 2 c S
2 mol % [Ru(bpy)a PF,S 5] @ Y
N
\)J\NHz T ommowe DMF, Hls @®

blue LED, 1-3 h

N
H H H
o = o 20 equlv
j\ "dilute conditions" CONH,
OH
0.68 pmol
peptide 9

HoN Trp His Glu Tyr Ala Cys Ala Mcm Ala CONH,

A stock solution was prepared as described above in the general procedure, relative to 0.68
pmol (1 equiv) of the starting peptide substrate.*

Reaction preparation and execution: In a separate, oven-dried HPLC (or equivalent) vial,
was added a magnetic stirbar and the thiol peptide 9 (0.68 pmol, 1 equiv). The vial was sealed
with a tight fitting cap or septum, further sealed with Parafilm, and three gentle vacuum/Ar
cycles ensued (Figure SlI-3a). To the vial containing the peptide and stirbar under Ar was
added 68 pL of the DMF stock solution containing the reagents (Figure SI1-3b). The reaction
vessel was placed in a blue LED photoreactor ~4-8 cm away from the irradiation source. The
reaction was allowed to stir for 90 min. The temperature of the reaction was maintained at
approximately 30 °C via an overhead fan (see Figure SlI-3c). Reaction progress was carefully
monitored via syringe needle (not to allow significant amounts of oxygen to enter) by HPLC
and/or UPLC-MS. Once complete, the slightly darker solution was diluted with purified H,O
(~ 0.5 mL, or until homogeneous). Analytical HPLC samples were then prepared as follows:
the crude reaction was diluted to 2.5 mL in 50 % v/v acetonitrile in H,O with 0.1 % TFA. 200
uL of this sample was then diluted in 800 uL H,O with 0.1 % TFA and filtered using a PTFE
membrane 0.22 um filter. 200 uL of this dilute sample was then directly used for analytical
HPLC analysis.

- P —
Figure SI- 3. (a) Vial containing 0.68 pumol of peptide in a sealed and Parafilmed‘vial with Schlenk line

undergoing vacuunvAr cycles. (b) Schlenk line has been removed, and the DMF stock solution s contained
within the syringe just before injection. (c) Two reactions side-by-side (conveniently fastened by electrical
tape...notessential) in the photoreactor (turned off, fan present) in close proximity to the LED source.
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Peptide HTE Screen

An HTE, micro-scale reaction screen (< 0.16 umol, ~0.1 mg peptide/reaction well) in a 24-
well plate was conducted with thiol peptide 9 (primarily because of the limited availability of
the peptide substrate) in an oxygen free glovebox. The 24-well plate containing all the
reagents (in DMF stock solution, as previously described in the general experimental section)
was screwed/sealed shut, free of oxygen, and run outside the glovebox over a bed of blue
LEDs for 1 and 3 h. Crude reactions were analyzed by UPLC-MS (results in Table SI-2).
Cleaner reaction profiles to 10 (see traces below) were generally observed under these
oxygen-free conditions than the previously optimized conditions on the benchtop.

*Note: It has been previously documented that lower photocatalyst Ioadlngs (< 0.25 mol %)
can be more effective in certain Ni/photoredox cross-coupling reactions,® although this trend
was not corroborated in this peptide thioarylation chemistry.

wtﬁjuké@xﬁ(&t

lOH
5 peptide 9

CN

Bu[Si] (1.3 equiv) NH
XX mol % [Ni(dtobpy)(H,0),ICl, 2
XX mol % [Ru(bpy)sf PFF7 5]

10 mM DMF, Hls @®

blue LED

20 equiv 1and3h

Sum of % Conv SM to Prod

time/h

Ru Loading /mol %

Ni Loading/mol %

0.1

25

5

10

0.25

25

5

10

25

5

10

2.5

5

10

49.9 71.3

Table SI-2. HTE micro-scale screen with peptide 10 examining various catalytic reaction cond

itions at 1and

3h. Product %area/lS %area ratios (normalized against IS giving relative values) are reported in the boxcells and
colored coded based on therelative ratios (conversion to product).
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UPLC-MS traces (254 nm) of the crude reaction mixture for the highest yielding reaction well
for the microscale peptide thioarylation described above. MW product: 1295.40

TWC

TwWC TWC 1.2E08
Peakit 15
Rt 1.263
Area Rerc 75.4%
Area Abs 1.09E08
Substance Biphenyl
Peak# 5
63 Rt0.923
. Area Perc 16.6% 2
& Area Abs 23969676.16 N
Peaki 2 Substance Prod
Rt0.806
Area Perc 2.8%
Area Abs 3991946/92
Substance SM_peptide
\m
134 ‘I :
0 0.2 0.4 0.6 0.8 1 12 14 16 18 2 22 24 2.6 28 3 3.2 3.4 3.6 3.8
min
Peak 2 Time(min):0.806 2560476.0 counts
597.8
100
81.2
= 50
84 1212
1195.3
59f.2
180 2202 1216.0,1232.3
oMe bl | uy iy L . L1 i( . Lut
80 180 280 380 480 580 680 780 880 980 1080 1180 1280 1380 1480 1580 1680 1780 1880 1980
Peak Mass Found BPM (+) BPM(-) Formula
2
Peak 2 Time(min):0.806 28376824.0 counts
113.0
100
= 50
1p.7
P2 porage74 394.83%4.5395.1 1306.8
0 Nl .
85 185 285 385 485 585 685 785 885 985 1085 1185 1285 1385 1485 1585 1685 1785 1885 1985
Peak Mass Found BPM (+) BPM(-) Formula
2
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138326.5 mAU

Peak 2 Time(min):0.805
100+

* 50
\;\77 - I— —_—
N — — — _ ~ I . S
189.8 209.8 2298 2498 269.8 289.8 300.8 3298 3498 369.8 389.8 409.8 4298 449.8 469.8 489.8
Peak Mass Found BPM (+) BPM(-) Formula
Peak 3 Time(min):0.850 1841433.5 counts
81.2
100+
8p.9
1205
. 651.7
* 50
12124195
182.6
7.0 181 1194.0 1301.8
o bl 11w L. | I L . .
79 179 279 379 479 579 679 779 879 979 1079 1179 1279 1379 1479 1579 1679 1779,
Peak Mass Found BPM (+) BPM(-) Formula
3

Peak 3 Time(min):0.850 24546696.0 counts

113.0
100+
2 50
116
141930 226.7 394.9994 3.395.1 1299.9
A 't
110 210 310 410 510 610 710 810 910 1010 1110 1210 1310 1410 1510 1610 1710 1810 1910 2010
Peak Mass Found BPM (+) BPM(-) Formula
3
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6579388.0 counts

Peak 5 Time(min):0.924
648.4
100
ES 4
509 1199
114.9
8].2
115.3 237‘? 1296.0
87 || 1210 1216.6
okl s o 1| b .
79 179 279 379 479 579 679 779 879 979 1079 1179 1279 1379 1479 1579 1679 1779 1879 1979
Peak Mass Found BPM (+) BPM(-) Formula
5
Peak 5 Time(min):0.924 29058502.9 counts
113.0
100
= 5011R8
1.7
11B8.3
227.1 394.7 305.1 1293.2
83 283 483 683 883 1083 1283 1483 1683 1883 e
Peak Mass Found BPM (+) BPM(-) Formula
5
Peak 5 Time(min):0.924 619592.6 mAU
100 N
!/ \
[ \
[ v/\
\
= 50-| \
\
0
189.8 209.8 229.8 249.8 269.8 289.8 300.8 329.8 349.8 369.8 389.8 409.8 4298 4498 469.8 489.8
Peak Mass Found BPM (+) BPM(-) Formula
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Compound Characterization Data

S
(0] OH
H
oo ~ A AHCK,
NH, 0
Peptide No. 3: 16 h reaction time. The product was obtained as a light yellow solid (21 mg,
51%) following cold filtration with ice water; *H NMR (DMSO-ds, 500.4 MHz): & 8.74 (br s,
1H), 8.63 (d, J = 6.5 Hz, 1H), 7.74 (d, J = 8.5 Hz, 2H), 7.49 (d, J = 8.5 Hz, 2H), 4.50 (br s,
1H), 3.70 (br s, 2H), 3.52-3.45 (m, 1H), 3.36 (br s, 1H), 3.19 (dd, J = 13.0, 10.0 Hz, 1H),
2.36-2.31 (m, 2H), 1.93-1.88 (m, 2H); C {*H} NMR (DMSO-dg, 125.8 MHz): § 172.4,
171.4,171.4, 170.4, 144.4, 132.9, 127.2, 119.2, 107.6, 53.5, 52.1, 41.8, 33.7, 31.8, 27.1 ppm;
HRMS (ESI) m/z calc. for C17H21N4O6S [M+H]" 409.1182, found 409.1197.

«TFA

S
0} OH
HO2C\/\)LN H\/go
NH, "o
16 h reaction time, 25 pmol scale. Crude workup via extraction protocol. Isolation of 3eTFA
from reverse phase prep HPLC:*H NMR (DMSO-ds, 500.4 MHz): & 8.74 (br s, 1H), 8.49 (d,
J=95Hz 1H), 7.74 (d,J = 8.5 Hz, 2H), 7.50 (d, J = 8.5 Hz, 2H), 6.57 (br s, 2H), 4.53 (ddd,
J =135, 9.0, 5.0 Hz, 1H), 3.76-3.72 (m, 2H), 3.54-3.45 (m, 1H), 3.36 (br s, 1H), 3.20-3.15
(m, 1H), 2.37-2.30 (m, 2H), 1.96-1.88 (m, 2H); °F {**C} NMR (D,0, 470.8 MHz): 5 —75.6
ppm; HRMS (ESI) m/z calc. for C17H,1N406S [M+H]" 409.1182, found 409.1194.

F

<TFA ©

S
(0] OH
H
Hozc\_/\)LN/((N\/&O
NH, "o

Peptide No. 1a: 16 h reaction time. Crude workup via extraction protocol. The product was
obtained as a yellow oil following reverse phase preparatory LC purification (36 mg, 90%);
'H NMR (D0, 500.4 MHz): & 7.36 (dd, J = 8.5, 5.5 Hz, 2H), 7.00 (dd, J = 9.0, 8.5 Hz, 2H),
4.38 (dd, J = 8.0, 5.0 Hz, 1H), 3.95 (t, J = 6.5 Hz, 1H), 3.74 (s, 2H), 3.27 (dd, J = 14.5, 5.0
Hz, 1H), 3.12 (dd, J = 14.5, 8.0 Hz, 1H), 2.41-2.31 (m, 2H), 2.07-2.00 (m, 2H); *C {"H}
NMR (D,0, 125.8 MHz): & 173.9, 172.6, 172.1, 171.2, 163.0 (q, 2Jcr = 36 Hz, TFA), 162.5 (d,
LJce = 245 Hz), 133.6 (d, *Jce = 8.6 Hz) 128.4, 116.1 (d, 2Jce = 22 Hz), 53.1, 52.0, 40.8, 35.7,
30.7, 25.2 ppm; *°F {**C} NMR (D0, 470.8 MHz): 5 —75.6 (s, TFA), —~114.5 (q, Jcr = 5.7 Hz)
ppm; HRMS (ESI) m/z calc. for C16H,1FN3O6S [M]* 402.1135, found 402.1113.
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HO 0}

«TFA

S
(0] OH
H
oo~ AL,
NH» (0]

Peptide No. 1b: 16 h reaction time. Crude workup via extraction protocol. The product was
obtained as a yellow oil following reverse phase preparatory purification (34 mg, 63%); *H
NMR (D0, 500.4 MHz): & 7.74 (d, J = 8.5 Hz, 2H), 7.00 (d, J = 8.5 Hz, 2H), 4.52-4.50 (m,
1H), 3.91 (t,J =6.5Hz, 1H), 3.74 (s, 2H), 3.40 (dd, J = 14.5, 9.5 Hz, 1H), 3.25 (dd, J = 15.0,
8.0 Hz, 1H), 2.35-2.44 (m, 2H), 2.02-1.96 (m, 2H); *C {"H} NMR (D,0, 125.8 MHz): &
173.8,172.6, 171.8, 171.1, 169.8, 162.5 (q, 2Jce = 36 Hz), 141.7, 130.1, 128.1, 127.2, 116.1
(9, ek = 291 HZ), 52.9, 51.9, 40.9, 33.2, 30.7, 25.1 ppm; “°F {**C} NMR (D0, 470.8 MHz):
& —75.6 ppm; HRMS (ESI) m/z calc. for C19H2,N308S [M]" 428.1128, found 428.1120.

Peptide 1b can also be obtained as a tan solid following extraction, precipitation, and cold
filtration with ice water (17 mg, 40%).

HoN,, _CO.H

/ﬁ/ *TFA

Peptide No. 1c: 16 h reaction time. Crude workup via extraction protocol. The product was
obtained as a colorless oil following reverse phase preparatory purification (17 mg, 31%); *H
NMR (D0, 500.4 MHz): 6 7.67 (d, J = 8.0 Hz, 2H), 7.44 (d, J = 8.0 Hz, 2H), 4.55 (dd, J =
13.0, 7.5 Hz, 1H), 3.96 (d, J = 7.0 Hz, 1H), 3.79 (s, 2H), 3.47 (dd, J = 15.0, 5.0 Hz, 1H), 3.32
(dd, J = 145, 8.0 Hz, 1H), 2.34 (dddd, J = 32.0, 23.5, 16.0, 8.0 Hz, 2H), 2.04 (dd, J = 14.0,
7.0 Hz, 2H); *C {*H} NMR (D0, 125.8 MHz): & 173.9,172.7,172.1, 171.9, 171.3, 162.7 (q,
2Jcr = 36 Hz), 139.9, 130.6, 128.9, 128.0, 116.2 (g, *Jcr = 290 Hz), 53.0, 52.0, 40.9, 33.6,
30.7, 25.2 ppm; °F {"C} NMR (D,0, 470.8 MHz): § 75.6 ppm; HRMS (ESI) m/z calc. for
C17H23N407S [M+H]" 427.1287, found 427.1263.

HZN\S//O
=0

S
(0} OH
H
oo~ I HA,
NH, o
Peptide No. 1d: 24 h reaction time. Crude workup via extraction protocol, and the product
was obtained as a light yellow solid (25 mg, 54%) following cold filtration with ice water; *H
NMR (DMSO-dg, 500.4 MHz): 6 8.68 (br s, 1H), 8.57 (d,J =8.0 Hz, 1H), 7.72 (d, J = 8.0 Hz,
2H), 7.49 (d, J = 8.5 Hz, 2H), 7.36 (br s, 2H), 4.52-4.44 (m, 1H), 3.70 (d, J = 5.0 Hz, 2H),
3.48 (dd, J = 13.5, 4.0 Hz, 1H), 3.38-3.30 (m, 1H), 3.17 (dd, J = 13.5, 10.0 Hz, 1H), 2.34-2.24
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(m, 2H), 1.96-1.82 (m, 2H); *C {*H} NMR (DMSO-dg, 125.8 MHz): § 172.3, 171.3, 171.0,
170.5, 141.6, 141.3, 127.5, 126.2, 53.5, 52.3, 41.7, 34.1, 31.8, 27.1 ppm; HRMS (ESI) m/z
calc. for C16H23N40gS, [M+H]* 463.0957, found 463.0946.

HoN,, _COoH

HN/ﬁoj
oﬁ)\
NH S
J{ o
o}

Peptide No.le: 16 h reaction time. Crude workup via extraction protocol, and the product was
obtained as a light tan solid (15 mg, 38%) following filtration with ice water; 'H NMR
(DMSO-dg, 500.4 MHz): 6 8.79 (br s, 1H), 8.59 (br s, 1H), 7.87 (d, J = 8.0 Hz, 2H), 7.44 (d, J
=8.0 Hz, 2H), 4.53-4.45 (m, 1H), 3.70 (s, 2H), 3.51 (dd, J = 14.5, 4.0 Hz, 2H), 3.34-3.28 gm,
1H), 3.17 (dd, J = 10.0, 3.5 Hz, 2H), 2.54 (s, 3H), 2.36-2.28 (m, 2H), 1.95-1.83 (m, 2H); *C
{*H} NMR (DMSO-ds, 125.8 MHz): & 197.5, 172.4, 171.3, 170.7, 170.6, 143.6, 134.0, 129.2,
126.7, 53.5, 52.2, 41.7, 33.7, 31.8, 27.1, 26.9 ppm; HRMS (ESI) m/z calc. for C1gH24N307S
[M+H] 426.1335, found 426.1316.

HaN,, _CO.H

HN/EO/ *TFA
(e}
ﬁ@\ OH
COH o/\)
Peptide No. 1f: 48 h reaction time. Crude workup via extraction protocol. The product was
obtained as a colorless oil following reverse phase preparatory purification (8 mg, 14%); *H
NMR (D0, 500.4 MHz): 6 7.39 (d, J = 8.5 Hz, 2H), 6.94 (d, J = 9.0 Hz, 2H), 4.38 (dd, J =
8.0, 5.0 Hz, 1H), 4.09 (t, J = 4.0 Hz, 2H), 3.74 (s, 2H), 3.70 (t, J = 6.5 Hz, 2H), 3.48 (dd, J =
15.0,5.0 Hz, 1H), 3.33 (dd, J = 14.5, 8.0 Hz, 1H), 2.38 (t, J = 7.5 Hz, 2H), 2.08-2.00 (m, 2H),
1.96-1.94 (m, 2H); *C {"H} NMR (D0, 125.8 MHz): 5 173.2,173.2, 173.1, 173.1, 163.0 (q,
2Jcr = 36 Hz), 161.8, 127.5, 127.1, 116.3 (q, "Jcr = 285 Hz), 115.9, 65.5, 58.3, 53.8, 47.6,

41.4, 31.0, 30.9, 30.8, 25.6 ppm; “*F {**C} NMR (D,0, 470.8 MHz): & —75.5 ppm; HRMS
(ESI) m/z calc. for C19H2gN308S [M]" 458.1597, found 458.1570.

HaN,, _CO.H

/ﬁ/ *TFA
HN o

NH S Cl
e U
COLH
Peptide No. 1g: 16 h reaction time. Crude workup via extraction protocol. The product was
obtained as a light tan oil following reverse phase preparatory purification (19 mg, 38%); *H

NMR (D0, 500.4 MHz): & 7.55 (s, 1H), 7.44-7.34 (m, 3H), 4.61 (dd, J = 8.0, 5.5 Hz, 1H),
3.94-3.84 (m, 3H), 3.52 (dd, J = 14.5, 5.0 Hz, 1H), 3.37 (dd, J = 14.5, 8.0 Hz, 1H), 2.51-2.38
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(m, 2H), 2.15 (dd, J = 15.0, 8.0 Hz, 2H); *C {*H} NMR (D,0, 125.8 MHz): § 173.0, 172.8,
172.4,172.4, 162.8 (q, 2Jcr = 36 HZ), 130.4, 129.9, 128.7, 127.3, 116.2 (q, “Jcr = 291 H2),
53.1, 52.9, 41.0, 34.5, 30.9, 25.2 ppm; °F {**C} NMR (D,0, 470.8 MHz): & —75.5 ppm;
HRMS (ESI) m/z calc. for C16H2:CIN3OsS [M]* 418.0840, found 418.0859.

HoN,,  _CO.H

ﬁ/ *TFA
HN o

NH S OH
o U
CO,H
Peptide No. 1h: 24 h reaction time. Crude workup via extraction protocol. The product was
btained as a light tan oil following reverse phase preparatory purification (23 mg, 45%); *H
NMR (D;0, 500.4 MHz): 8 7.28 (t,J = 8.0 Hz, 1H), 7.03 (d, J = 7.5 Hz, 1H), 6.97 (br s, 1H),
6.83 (d, J = 8.5 Hz, 1H), 4.61 (dd, J = 12.0, 5.0 Hz, 1H) 4.08 (t, J = 7.0 Hz, 1H), 3.90 (br s,
2H), 3.48 (dd, J = 14.5,4.5 Hz, 1H), 3.33 (dd, J = 15.0, 8.0 Hz, 1H), 2.50-2.37 (m, 2H), 2.17
(dd, J = 13.5, 6.5 Hz, 2H); *C {*"H} NMR (D0, 125.8 MHz): § 174.0, 172.7, 172.1, 171.3,
162.6 (q, 2Jcr = 36 Hz), 155.9, 135.0, 130.5, 122.3, 116.9, 116.1 (q, *Jcr = 290 Hz), 114.4,
53.2, 52.0, 40.9, 34.4, 30.7, 25.2 ppm; °F {#*C} NMR (D0, 470.8 MHz): & —75.6 ppm;
HRMS (ESI) m/z calc. for C16H2,N307S [M]" 400.1178, found 400.1176.

HAN,, _CO-H

Z
NH S

( OH

CO.H

Peptide No. 1i: 24 h reaction time. Crude workup via extraction protocol. The product was
obtained as a light yellow oil following reverse phase preparatory purification (12 mg, 22%);
'H NMR (D,0, 500.4 MHz): & 8.00 (s, 1H), 7.86 (d, J = 8.0 Hz, 1H), 7.67 (d, J = 8.0 Hz, 1H),
7.45 (t, J = 8.0 Hz, 1H), 4.51 (dd, J = 8.0, 5.0 Hz, 1H), 3.91 (t, J = 6.5 Hz, 1H), 3.77 (d, J =
1.5 Hz, 2H), 3.45 (dd, J = 15.0, 5.0 Hz, 1H), 3.31 (dd, J = 15.0, 8.0 Hz, 1H), 2.36 (dddd, J =
23.5, 19.0, 16.0, 8.0 Hz, 2H), 2.06 (dd, J = 14.5, 7.5 Hz, 2H); **C {*H} NMR (D,0, 125.8
MHz): § 174.0, 172.7,172.0, 171.8, 169.7, 162.7 (q, *Jcr = 36 Hz), 135.6, 134.5, 131.4, 130.6,
129.5, 128.4,116.1 (q, “Jcr = 291 Hz), 53.1, 52.5, 40.9, 34.6, 30.8, 25.1 ppm; *°F {**C} NMR
(D,0, 470.8 MHz): 5 —75.6 ppm; HRMS (ESI) m/z calc. for C19H22N30gS [M]" 428.1128,

found 428.1118.
O
0 -TFA

(0} s o}
H
HOZC\;/\)LHJ\H/N\)LOH
NH, o)

Peptide No. 1j: 16 h reaction time. Crude workup via extraction protocol. The product was
obtained as a light tan oil following reverse phase preparatory purification (19 mg, 32%):; *H
NMR (D0, 500.4 MHz): 6 8.07 (s, 1H), 7.96 (d, J = 8.0 Hz, 1H), 7.76 (d, J = 7.5 Hz, 1H),
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7.54 (t,J = 7.5 Hz, 1H), 4.61 (dd, J = 6.5, 5.5 Hz, 1H), 4.49 (t, J = 6.5 Hz, 2H), 4.03 (t, J =
6.5 Hz, 1H), 3.88 (d, J = 2.0 Hz, 2H), 3.83 (t, J = 6.5 Hz, 2H), 3.55 (dd, J = 14.5, 5.0 Hz, 1H),
3.41 (dd, J = 14.5, 8.0 Hz, 1H), 2.49 (dddd, J = 21.8, 19.0, 15.2, 8.0 Hz, 2H), 2.20-2.17 (m,
2H), 2.08 (dd, J = 12.5, 6.0 Hz, 2H); **C {H} NMR (D,0, 125.8 MHz): & 174.0, 172.7,
172.0, 171.8, 167.9, 162.9 (q, 2Jcr = 36 Hz), 135.4, 134.5, 131.1, 130.4, 129.4, 128.2, 116.1
(9, ek = 289 Hz), 62.9, 58.3, 53.1, 52.4, 40.9, 34.6, 30.9, 30.3, 25.4 ppm; “°F {**C} NMR
(D,0, 470.8 MHz): § —75.5 ppm; HRMS (ESI) m/z calc. for CaoHzsN30sS [M]" 486.1546,
found 486.1537.

?H

N
OH
*TFA ©/

S
0} OH
H
oo~ L(Nvgo
NH, "o

Peptide No. 1k: 24 h reaction time. Crude workup via extraction protocol. To the aqueous
layer was added 5 equiv TFA (38 L), and the resulting mixture was allowed to stir at
ambient temperature for 30 min. The aqueous layer was subjected to reverse phase
preparatory purification, and the adduct was obtained as a tan oil (25 mg, 46%); *"H NMR
(D20, 500.4 MHz): 6 7.86 (s, 1H), 7.71 (d, J = 7.5 Hz, 1H), 7.63 (d, J = 8.0 Hz, 1H), 7.47 (t,J
= 7.0 Hz, 1H), 4.60 (dd, J = 8.0, 5.0 Hz, 1H), 4.04 (t, J = 7.0 Hz, 1H), 3.87 (d, J = 2.5 Hz,
2H), 3.52 (dd, J = 15.0, 5.0 Hz, 1H), 3.38 (dd, J = 14.5, 8.0 Hz, 1H), 2.46 (dddd, J = 30.5,
22.5,15.0, 7.0 Hz, 2H), 2.17 (dd, J = 14.5, 7.5 Hz, 2H); *C {"H} NMR (D0, 125.8 MHz): §
174.0,172.7,172.1,171.7, 135.8, 133.2,133.1, 132.5, 128.9, 53.2, 52.4, 40.9, 34.8, 30.8, 25.3
ppm; °F {**C} NMR (D,0, 470.8 MHz): § —75.5 ppm; *'B {**C} NMR (D,0, 400.1 MHz): &
17.0 ppm; HRMS (ESI) m/z calc. for C1H23BN30gS [M]" 428.1299, found 428.1311.

HaN,, _COH

HN/EO/ *TFA

p S

CO.H \©/

Peptide No. 1l: 24 h reaction time. Crude workup via extraction protocol. The product was
obtained as a colorless oil following reverse phase preparatory purification (33 mg, 56%); *H
NMR (D0, 500.4 MHz): 6 7.33 (t, J = 8.0 Hz, 1H), 7.11-7.07 (m, 2H), 6.94 (d, J = 8.0 Hz,
1H), 4.58 (dd, J = 7.5, 5.0 Hz, 1H), 4.16 (t, J = 6.0 Hz, 2H), 4.05 (t, J = 6.5 Hz, 1H), 3.87 (t, J
=2.0Hz 2H), 3.79 (t, J = 6.5 Hz, 2H), 3.48 (dd, J = 15.0, 5.0 Hz, 1H), 3.33 (dd, J = 14.5,5.0
Hz, 1H), 2.46 (dddd, J = 28.5, 23.5, 16.0, 8.0 Hz, 2H), 2.16 (dd, J = 14.5, 7.5 Hz, 2H), 2.05-
2.01 (m, 2H); **C {*H} NMR (D0, 125.8 MHz): § 173.9, 172.7, 172.1, 171.4, 162.8 (q, *Jcr
=36 Hz), 158.5, 135.0, 130.3, 123.1, 116.6, 116.1 (q, “Jcr = 288 Hz), 115.0, 65.3, 58.3, 53.2,
52.1, 40.9, 34.5, 30.8, 30.7, 25.3 ppm; “°F {**C} NMR (D0, 470.8 MHz): & —75.6 ppm;
HRMS (ESI) m/z calc. for C1gH2sN30gS [M]" 458.1597, found 458.1576.
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HO

Lo

S
(e} (e}
HO C\/\)l\ H\)J\
2N N OH
H H
NH (0]

Peptide No. 1m: 16 h reaction time. Crude workup via extraction protocol. The product was
obtained as a light yellow solid (18 mg, 37%) following cold filtration with ice water; *H
NMR (DMSO-dg, 500.4 MHz): & 8.71-8.56 (m, 2H), 7.84 (dd, J = 15.0, 8.5 Hz, 2H), 7.42
(dd, J = 14.5, 8.0 Hz, 2H), 4.49 (s, 1H), 4.33-4.25 (m, 2H), 3.70 (br s, 1H), 3.57-3.46 (m,
3H), 3.39-3.36 (m, 1H) 3.17 (dd,J =13.5,10.0 Hz, 1H), 2.32 (br s, 2H), 2.00-1.77 (m, 4H),
0.86 (br s, 1H); 13C{ H} NMR (DMSO-ds, 125.8 MHz): 6 172.3,171.4, 171.1, 170.5, 165.8,
143.6, 130.0, 126.9, 126.8, 62.3, 57.6, 53.4, 52.2, 41.8, 33.9, 31.9, 31.8, 27.1 ppm; HRMS
(ESI) m/z calc. for CooH2sN30S [M]" 486.1546, found 486.1538.

HOX ,-OH

-TFA ©

S
0} OH
H
HOZCY\)LH Ny
o
Peptide No. 1n: 24 h reaction time. Crude workup via extraction protocol. To the aqueous
layer was added 5 equiv TFA (38 pL), and the mixture was allowed to stir at ambient
temperature for 30 min. The aqueous layer was subjected to reverse phase preparatory
purification, and the adduct was obtained as a colorless oil (49 mg, 83%); *H NMR (DMSO-
ds, 500.4 MHz): 6 8.42-8.38 (m, 2H), 8.27 (br s, 2H). 7.71 (d,J =7.0 Hz, 2H), 7.29 (d,J = 7.0
Hz, 2H), 4.51 (ddd, J = 13.5, 8.5, 4.5 Hz, 1H), 3.73 (t, J = 5.5 Hz, 1H), 373 (m, 2H), 3.40-
3.35 (m, 1H), 3.11-3.06 (m, 1H), 2.41-2.31 (m, 2H), 2.07-1.97 (m, 2H); e {*H} NMR (D0,
125 8 MHz): § 173.9,172.7, 172.0, 171.3, 162.6 (q, 2Jcr = 36 Hz), 137.2,134.3, 128.9, 116.2
(9, ek = 286 H), 53.2, 52.0, 40.9, 33.8, 30.7, 25.2 ppm; B NMR (D,0, 128.4 MHz): &
19.0 ppm; ®F {* C} NMR (D,0, 470.8 MHz): 6 —75.6 ppm; HRMS (ESI) m/z calc. for
C16H23BN30gS [M]" 428.1299, found 428.1312.

\/\/\n/ \Q
H02C\/\)J\ \/g

Peptide No. 10: 16 h reaction time. Crude Workup via extraction protocol. The product was
obtained as a light tan oil following reverse phase preparatory purification (22 mg, 35%); *H
NMR (D0, 500.4 MHz): & 7.50-7.40 (m, 2H), 7.27 (s, 1H), 7.09 (d, J = 7.5 Hz, 1H), 4.62
(m, 1H), 4.04 (t, J = 5.5 Hz, 1H), 3.92 (s, 2H), 3.72 (br s, 2H), 3.52-3.45 (m,1H), 3.37 (dd, J =
14.5, 8.5 Hz, 1H), 2.75 (d, J = 1.5 Hz, 2H), 2.54-2.43 (m, 2H), 2.23-2.13 (m, 2H), 1.92 (m,
4H); *C {"H} NMR (D,0, 125.8 MHz): & 175.2, 174.0, 172.7, 172.1, 171.5, 162.8 (q, *Jcr =
36 Hz), 135.6, 130.3, 123.2, 120.5, 119.7, 112.7, 116.2 (q, e = 291 Hz), 53.1, 52.2, 44.9,
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40.9,34.5,32.9,31.0,30.7, 25.3, 21.5 ppm; °F {**C} NMR (D0, 470.8 MHz):  —75.5 ppm;
HRMS (ESI) m/z calc. for C2H29CIN3OgS [M]" 518.1364, found 518.1364.

Me = (0]

S
(0] o
H
Hozo\i/\)LH/g(N\)kOH
NH, o]

Peptide No. 1p: 24 h reaction time. Crude workup via extraction protocol. The product was
obtained as a light yellow solid (25 mg, 54%) following cold filtration with ice water; *H
NMR (DMSO-dg, 500.4 MHz): 6 8.77 (br s, 1H), 8.63 (d, J = 8.0 Hz, 1H), 7.67 (d, J = 8.5 Hz,
1H), 7.35 (s, 1H), 7.29 (d, J = 8.0 Hz, 1H), 6.31 (s, 1H), 4.51 (dd, J = 12.0, 8.0 Hz, 1H), 3.71
(br s, 2H), 3.52 (dd, J = 13.5, 4.0 Hz, 1H), 3.35 (t, J = 6.0 Hz, 1H), 3.19 (dd, J = 13.5, 10.0
Hz, 1H), 2.40 (s, 3H), 2.33 (m, 2H), 1.98-1.82 (m, 2H); *C {*H} NMR (D,0, 125.8 MHz): &
172.4,171.2, 170.6, 160.0, 153.7, 153.5, 142.3, 126.1, 123.3, 117.4, 114.0, 113.6, 55.3, 53.4,
52.2, 41.6, 34.0, 31.8, 27.1, 18.4 ppm; HRMS (ESI) m/z calc. for CyH2N30gS [M]
466.1284, found 466.1311.

OH

Ho\(’IOH
HO_.-

o o

*TFA OO

S
(0} (0}
H
HO,C N
* N OH
= H
NH, o

Peptide No. 1r: 36 h reaction time. Crude workup via extraction protocol. The product was
obtained as a light tan oil following reverse phase preparatory purification (24 mg, 40%):; *H
NMR (DMSO-dg, 500.4 MHZz), major diastereomer: 6 8.50-8.45 (m, 2H), 8.23 (br s, 2H), 7.85
(m, 1H), 7.81-7.73 (m, 2H), 7.70-7.66 (m, 1H), 7.48-7.40 (m, 2H), 7.27-7.23 (m, 1H), 5.50 (d,
J=5.0 Hz, 1H), 5.44-5.31 (m, 1H), 5.23 (d, J = 8.0 Hz, 1H, -OH) 5.18-5.08 (m, 1H), 5.09 (d,
J =8.0 Hz, 1H, -OH), 5.00 (d, J = 7.0 Hz, 1H, -OH), 4.69 (dd, J = 12.0, 2.0 Hz, 1H, -OH),
4.56-4.45 (m, 1H), 3.94-3.86 (m, 1H), 3.73 (d, J = 6.0 Hz, 2H), 3.72-3.70 (m, 1H), 3.58 (t, J =
8.5 Hz, 1H), 3.50-3.47 (m, 1H), 3.24-3.20 (m, 1H), 3.16-3.10 (m, 1H), 2.36 (dddd, J = 28.5,
23.5, 16.0, 8.0 Hz, 2H), 2.01 (dddd, J = 26.0, 21.5, 14.5, 7.5 Hz, 2H); *C {*H} NMR
(DMSO-dg, 125.8 MHz), major diastereomer: & 171.6, 171.4, 171.3, 170.7, 158.2 (q, “Jcr =
38 Hz), 156.7, 155.6, 155.4, 132.7, 131.4, 129.9, 129.0, 128.0, 127.1, 121.4, 119.9, 117.7 (q,
YJce = 280 Hz), 110.9, 101.0, 77.6, 76.6, 75.0, 73.6, 70.1, 68.0, 52.2, 31.2, 26.5 ppm; “°F
{**C} NMR (DMSO-dg, 470.8 MHz): § —75.6 ppm; HRMS (ESI) m/z calc. for Ca6H34N3012S
[M+H]" 612.1863, found 612.1868.
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*TFA
S
(¢} H (e}
HO2C\/\)J\N N\)]\OH
H H
NH. 0

Peptide No. 1q: 48 h reaction time (p-amino amide is sluggish). Crude workup via extraction
protocol. The product was obtained as a colorless oil following reverse phase preparatory
purification (46 mg, 61%); '"H NMR (DMSO-dg, 500.4 MHz): § 9.94 (s, 1H), 8.38-8.32 (m,
2H), 8.28 (d, J = 3.5 Hz, 3H), 7.56 (d, J = 8.5 Hz, 2H), 7.31 (d, J = 9.0 Hz, 2H), 6.44 (br s,
1H), 4.42 (ddd, J = 14.0, 9.0, 5.0 Hz, 1H), 3.31 (dd, J = 7.5, 5.0 Hz, 1H), 4.14 (dd, J = 7.5, 4.5
Hz, 1H), 3.97-3.91 (m, 1H), 3.72 (d, J = 6.0 Hz, 2H), 3.25 (dd, J = 13.5, 5.0 Hz, 1H), 3.12
(ddd, J = 10.5, 8.5, 6.0 Hz, 1H), 2.97 (dd, J = 13.5, 9.5 Hz, 1H), 2.82 (dd, J = 12.5, 5.0 Hz,
1H), 2.58 (d, J = 12 Hz, 2H), 2.44-2.37 (m, 4H), 2.10-1.95 (m, 2H), 1.69-1.56 (m, 3H), 1.53-
1.45 (m, 1H), 1.42-1.31 (m, 2H); *C {*"H} NMR (DMSO-dg, 125.8 MHz): & 171.6, 171.4,
171.2, 171.2, 170.6, 163.1, 158.8 (q, “Jcr = 36 Hz), 138.6, 131.2, 128.7, 120.0, 116.2 (q, “Jcr
= 291 Hz), 61.4, 59.6, 55.7, 52.2, 52.0, 41.0, 37.0, 36.6, 31.0, 28.6, 28.4, 26.3, 25.4 ppm; “°F
{13C} NMR (DMSO-dg, 470.8 MHz): 6 —74.8 ppm; HRMS (ESI) m/z calc. for C,sH37N¢OsS;
[M+H]" 625.2114, found 625.2112.

COH

TFA
. N
HoNY ~
0 N{
HNI\S@%/N\
Me
o l\{i ©

CO.H
Peptide No. 1s: 36 h reaction time. Crude workup via extraction protocol. The product was
obtained as a yellow oil following reverse phase preparatory purification (35 mg, 50%); *H
NMR (D0, 500.4 MHz): & 9.38 (s, 1H), 7.95 (s, 1H), 7.81 (s, 1H), 7.67 (d, J = 8.5 Hz, 1H),
5.12 (d, J = 16.5 Hz, 1H), 4.62-4.55 (m, 2H), 4.52-4.47 (m, 2H), 4.07 (br s, 1H), 3.90 (s, 2H),
3.61-3.56 (m, 1H), 3.41-3.37 (m, 1H), 3.21 (s, 3H), 2.52 (br s, 2H), 2.19-2.14 (m, 2H), 1.42
(t, J = 7.0 Hz, 3H); **C {"H} NMR (D0, 125.8 MHz): 5 174.0, 172.6, 171.8, 171.2, 166.8,
162.4 (q, 2cr = 36 Hz), 159.0, 138.4, 135.5, 133.7, 131.7, 123.8, 121.0, 120.9, 119.6, 116.1
(9, "Jcr = 289 Hz), 116.0, 63.4, 52.6, 52.0, 41.8, 40.9, 35.7, 34.0, 30.8, 25.2, 13.2 ppm; °F
{*C} NMR (D,0, 470.8 MHz): 5 —75.6 ppm; HRMS (ESI) m/z calc. for CasH31NgOsS [M]*

591.1873, found 591.1877.
/ﬁ/ *TFA
HN [0}

HooON
CO,H s
(6}
Peptide No. 1t: 36 h reaction time. Crude workup via extraction protocol. The product was
obtained as a light tan oil following reverse phase preparatory purification (24 mg, 38%); *H

CO,Et
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NMR (D;0, 500.4 MHz): § 7.43 (s, 1H), 7.11 (s, 1H), 4.48 (dd, J = 7.0, 1.0 Hz, 1H), 4.07 (t, J
= 6.5 Hz, 1H), 3.90 (s, 2H), 3.45-3.36 (m, 2H), 3.29-3.28 (m, 1H), 3.26 (s, 3H), 3.19 (dd, J =
14.5, 8.0 Hz, 1H), 2.57 (t, J = 7.5 Hz, 2H), 2.24 (dd, J = 13.5, 6.5 Hz, 2H), 1.83 (s, 3H); **C
{*H} NMR (D0, 125.8 MHz): § 174.1, 172.7, 172.2, 171.8, 168.1, 162.9 (q, “Jcr = 33 H2),
154.9,147.7, 129.1, 127.0, 126.4, 116.6 (q, "Jcr = 291 HZ), 53.7,52.8, 52.4, 43.7, 40.9, 35.5,
30.8, 28.5, 28.2, 25.4 ppm; “F {**C} NMR (D0, 470.8 MHz):  —75.6 ppm; HRMS (ESI)
m/z calc. for CooHooNgO7S, [M+H]" 529.1539, found 529.1541.
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CO.H

(x)-Tiopronin adduct 7a. 24 h reaction time. Crude reaction diluted with 1 mL of H,O (no
extraction) and subjected to purification. The product was obtained as a light tan oil following
reverse phase preparatory LC purification (16 mg, 61%); *H NMR (DMSO-dg, 500.4 MHz): &
8.50(t,J=5.5Hz 1H),7.83(d,J =7.5Hz, 1H), 7.67-7.65 (m, 2H), 7.45-7.41 (m, 1H), 4.50
(br's, 1H) 4.15 (g, J = 7.0 Hz, 1H), 3.77 (dd, J = 5.5, 1.5 Hz, 2H), 1.41 (d, J = 7.0 Hz, 3H).
B¢ {*H} NMR (DMSO-dg, 125.8 MHz): § 171.3, 171.2, 139.0, 134.2, 133.9, 131.4, 127.7,
117.4, 113.6, 45.3, 41.3, 18.3 ppm; HRMS (ESI) m/z calc. for Ci,H1o,N,NaO3S [M+Na]”
287.0466, found 287.0490.

*TFA
F
sC A Me

N/ s N _-COH
o

(x)-Tiopronin adduct 7b. 24 h reaction time. Crude reaction diluted with 1 mL of H,O (ho
extraction) and subjected to purification. Obtained as a tan solid following reverse phase
preparatory LC purification as the TFA salt (18 mg, 43%); *H NMR (CDsOD, 500.4 MHz): &
8.68 (d,J = 1.0 Hz, 1H), 7.86 (dd, J = 3.5, 2.0 Hz, 1H), 7.45 (d, J = 8.5 Hz, 1H), 4.61(q, J =
7.5 Hz, 1H), 3.71 (s, 2H), 1.60 (d, J = 7.5 Hz, 3H). *C {*H} NMR (CDs0D, 125.8 MHz): §
174.4,168.9,163.1, 145.6, 132.9 (d, “Jcr = 3.1 Hz), 122.4 (q, 2Jcr = 34.7 HZ), 121.4, 116.7 (q,
LJce = 291 Hz), 41.5, 39.9, 16.4 ppm; *F {**C} NMR (CD50D, 470.8 MHz): & —63.7, —76.9
(TFA) ppm; HRMS (ESI) m/z calc. for Cy1H12F3N205S [M+H]* 309.0521, found 309.0519.

Cl *TFA

| A Moy
N~ S)ﬁ(NvCOZH
0}

(x)-Tiopronin adduct 7c. 36 h reaction time. Crude reaction diluted with ~1 mL of H,O (no
extraction) and subjected to purification. The product was obtained as a colorless solid
following reverse phase preparatory LC purification as the TFA salt (22 mg, 56%); 'H NMR
(CD30D, 500.4 MHz): 6 8.51 (d,J = 2.0 Hz, 1H), 8.45(d, J = 2.0 Hz, 1H), 8.03 (dd, J = 2.0,
2.0 Hz, 1H), 3.93 (g, J = 7.5 Hz, 1H), 3.87 (s, 2H), 1.48 (d, J = 7.5 Hz, 3H). *C {*H} NMR
(CD30D, 125.8 MHz): 6 174.9, 172.9, 151.8, 148.7, 141.6, 134.6, 133.9, 47.9, 42.4, 18.6
ppm; °F {3C} NMR (CDsOD, 470.8 MHz): & —76.9 ppm; HRMS (ESI) m/z calc. for
C10H12CIN,03S [M+H]" 275.0257, found 275.0259

OH OH
*TFA *TFA
HO., HO.,,
’ (6] CO.H o CO.H
Me, HN—-/ Me, HN—-/
N H N —
o=<( Mg o o= Mg o
HN major minor HN
o (6]

mixture of diastereomers

(x)-Tiopronin adduct 7d. 36 h reaction time. Crude reaction diluted with ~1 mL of H,O (no
extraction) and subjected to purification. The product was obtained as a colorless oil
following reverse phase preparatory LC purification as the TFA salts (12 mg, 31%). Shallow
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solvent gradient (prep-LC) was employed for adequate separation (0-5% MeCN in H,0, 2
min; 5-15% MeCN in H,0, 6 min; 15-40% MeCN in H,0, 5 min; 35-90% MeCN in H,0, 4
min). Mixture of diastereomers isolated in ~2:1 dr, (pictured), major diastereomer listed: *H
NMR (D0, 500.4 MHz): 6 8.30 (s, 1H), 6.27 (dd, J = 6.5, 6.5 Hz, 1H), 4.49 (d, J = 4.5 Hz,
1H), 4.06 (dd, J = 8.5, 3.5 Hz, 1H), 4.03 (s, 2H), 3.89 (dd, J = 4.5, 3.5 Hz, 1H), 3.80 (dd, J =
4.5, 35 Hz, 1H), 3.39 (dd, J = 7.0, 7.0 Hz, 1H), 2.49-2.42 (m, 3H), 1.52 (d, J = 7.0 Hz, 3H).
13C {*H} NMR (D0, 125.8 MHz): § 177.1, 173.1, 164.9, 161.8, 150.8, 141.2, 96.3, 86.7,
85.7, 70.1, 60.8, 41.2, 38.9, 20.5 ppm; °F {13C} NMR (D0, 470.8 MHz): & —75.6 ppm;
HRMS (ESI) m/z calc. for C14H20N3NaOgS [M+Na]* 412.0791, found 412.0775.

L Lt

(x)-Tiopronin adduct 7e. 24 h reaction time. Crude reaction diluted with 1 mL of H,O (no
extraction) and subjected to purification. The product was obtained as a colorless oil
following reverse phase preparatory LC purification as the TFA salt (18 mg, 64%); *H NMR
(CDCl, 500.4 MHz): 6 9.69 (br s, 1H), 7.84 (d, J = 7.5 Hz, 2H), 7.34 (d, J = 7.5 Hz, 2H),
7.34-7.33 (m, 1H), 4.03 (m, 3H), 2.56 (s, 3H), 1.60 (d, J = 6.5 Hz, 3H). *C {’H} NMR
(CDCl;, 125.8 MHz): & 198.0, 176.0, 174.7, 173.0, 140.9, 135.6, 129.0, 128.3, 45.4, 26.4,
18.0 ppm; HRMS (ESI) m/z calc. for C13H16NO4S [M+H]+ 282.0800, found 282.0773.

*TFA

W )\m _con

(x)-Tiopronin adduct 7f. 24 h reaction time. Crude reaction diluted with 1 mL of H,O (no
extraction) and subjected to purification. The product was obtained as a colorless oil
following reverse phase preparatory LC purification as the TFA salt (20 mg, 56%); 'H NMR
(CD30D, 500.4 MHz): 6 9.06, (s, 1H), 888(s 2H), 3.91 (q, J = 7.0 Hz, 1H), 3.87 (d,J =3.5
Hz, 2H), 1.48 (d, J = 7.0 Hz, 3H) B¢ {*H} NMR (CDsOD, 125.8 MHz): & 174.3, 172.4,
161.8, 158.2, 131.5, 116.1 (q, *Jcr = 295 Hz, TFA), 47.2, 41.9, 18.0 ppm; *°F {130} NMR
(CD30D, 470.8 MHz): & —77.6 ppm; HRMS (ESI) m/z calc. for CgH1oN303S [M+H]"
242.0599, found 242.0597.

*TFA
% Me. HN

pPessa

o N
l\llle Me

(x)-Tiopronin adduct 7g. 16 h reaction time. Crude reaction diluted with 1 mL of H,O and
300 pL of DMSO (no extraction) and subjected to purification. The product was obtained as a
colorless solid following reverse phase preparatory LC purification as the TFA salt (31 mg,
66%): 'H NMR (CDs0D, 500.4 MHz): & 4.48 (q, J = 7.0 Hz, 1H), 3.91 (s, 2H), 3.84 (5, 3H),
3.52 (s, 3H), 3.31 (s, 3H), 1.61 (d, J = 7.0 Hz, 3H). **C {*H} NMR (CDs0D, 125.8 MHz): §
173.8, 172.4, 155.9, 152.9, 150.4, 149.6, 110.0, 46.5, 42.2, 32.9, 30.1, 28.2, 18.0 ppm; “°F
{13C} NMR (CD3OD, 470.8 MHz): 8 —76.9 ppm; HRMS (ESI) m/z calc. for C13H15Ns0sS
[M+H]" 356.1029, found 356.1038.

COH
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D-Penicillamine adduct 8a. 48 h reaction time. 2 equiv of the aryl bromide was employed
and the reaction was run for 36 h. The product was obtained as a light maroon solid following
reverse phase preparatory LC purification as the TFA salt (11 mg, 28%, > 95% pure); 'H
NMR (DMSO-dg, 500.4 MHz): 6 8.84 (d,J = 2.5Hz,1H),8.72 (d, J = 2.5 Hz, 1H), 8.5 (br s,
2H), 3.88 (br m, 1H), 1.41 (s, 3H), 1.40 (s, 3H). *C {*H} NMR (DMSO, 125.8 MHz): §
168.7, 160.1 158.5 (q, “Jcr = 33 Hz, TFA), 152.8,151.7, 126.7, 116.8 (q, “Jcr = 294 Hz, TFA)
114.9, 110.8, 59.4, 50.2, 27.0, 25.1 ppm; °F {"*C} NMR (DMSO-ds, 470.8 MHz): § —74.1
ppm; HRMS (ESI) m/z calc. for Ci11H14CIN3O,S [M+2H]2+ 143.5248, found 143.5232.
*Ru(bpy)s (bpy = bipyridine) or Ru(bpy)s-TFA is present in the final sample [assuming the
maximum amount, 2 mol % Ru(bpy)s] as an impurity unable to be entirely removed by
washing or reverse phase prep-LC; *H NMR (DMSO-dg, 500.4 MHz): & 8.55 (d, J = 5.0 Hz,
2H), 8.16 (dd, J = 8.0, 1.5 Hz, 2H), 7.73 (d, J = 5.0 Hz, 2H), 7.53 (ddd, J = 8.0, 5.5, 1.5 Hz,
2H) and represents < 4% impurity [assuming 3 equiv of bpy present per maximum of 2 mol %
Ru(bpy)s].

TFA NH,

N SwOH
N///l\/NjMe Me O
D-Penicillamine adduct 8b. 36 h reaction time. 2 equiv of the aryl bromide was employed
and the reaction was run for 40 h. The product was obtained as a light tan oil following
reverse phase preparatory LC purification as the TFA salt (15 mg, 42%); ‘H NMR (D0,
500.4 MHz): & 9.14 (s, 2H), 3.81 (s, 1H), 1.57 (s, 3H), 1.52 (s, 3H). *C {"H} NMR (D,0,
125.8 MHz): 6 167.5, 163.3, 160.7 (q, 2Jce = 35 Hz, TFA), 141.2, 128.4, 112.9, 59.2, 48.4,
24.8, 22.3 ppm; °F {**C} NMR (D0, 470.8 MHz): & —75.6 ppm; HRMS (ESI) m/z calc. for
C10H13N40,S [M+H]" 253.0759, found 253.0761.

TFA o

O Me, Me@)LNHz
)H/‘( ~

HO S N
NH»

D-Penicillamine adduct 8c. 36 h reaction time. The product was obtained as a white oil
following reverse phase preparatory LC purification as the TFA salt (18 mg, 48%); 'H NMR
(DMSO-dg, 500.4 MHz): 6 9.10 (d, J = 2.0 Hz, 1H), 8.86 (d, J = 2.5 Hz, 1H), 8.53 (br s, 2H),
8.45 (dd, J = 2.5, 2.0 Hz, 1H), 8.26 (br s, 2H), 7.74 (br s, 2H), 3.74 (m, 1H), 1.38 (s, 3H), 1.34
(s, 3H). °C {*H} NMR (DMSO-dg, 125.8 MHz): 5 168.8, 166.0, 158.9, 158.8 (q, *Jcr = 30
Hz, TFA), 150.0, 144.1, 130.6, 126.8, 116.2 (q, “Jcr = 290 Hz, TFA), 59.8, 49.4, 27.2, 25.2
ppm; °F {#C} NMR (DMSO-ds, 470.8 MHz): & —74.7 ppm; HRMS (ESI) m/z calc. for
CllH16N303S [l\/l'l'H]+ 2700912, found 270.0901.
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Thioarylated Peptide 10 Data
HPLC and MALDI Analysis of Peptide Cys Arylation Reactions

Analytical HPLC of peptide 10 was performed on a Phenomenex Luna C8 column using
gradient 5, and an injection volume of 200 uL (flow rate of 1.0 mL/min). Absorbance was
monitored at 215, 254, and 325 nm. The collected fractions from the product peak were
analyzed by MALDI TOF-MS, and to confirm the selectively of the arylation for the Cys
residue, tandem MS/MS fragmentation was performed. The fragmentation pattern for the
major peak in peptide 10 (retention time = 22.7 min) shows unambiguous modification at the
Cys residue without any apparent modifications at the Trp, His, or Tyr residues (Figure SlI-4).
All other impurities in the chromatogram for peptide C do not correspond with a mass
consistent with aberrant arylation at other residues or desulfurization of the Cys.

N
gg lOH
Peptide 10
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Figure SI-4. TandemMS/MS fragmentation of peak corresponding to aryl sulfide peptide 10 (above) purified
by analytical HPLC (expected [M+H]" = 1296.40 Da; observed 1296.01 Da). Y-axis = intensity; x-axis = m/z.
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Observed Observed Observed Obserevd Observed
Sequence Series a (m/z) a (m/z) b (m/z) b (m/z) X (m/z) X (M/z) y (m/z) y (m/z)
W a 159.210 159.093 187.221 1296.401
H a,b,y 296.352 296.074 324.361 324.054 | 1136.182 1110.188 | 1109.058
E b,y 425.467 453.477 453.010 | 999.041 973.047 971.940
Y a,b 588.643 587.983 616.653 615.967 | 869.926 843.931
A a,b,x,y 659.722 659.002 687.732 686.969 | 706.749 704.895 680.755 679.935
ct b,y 863.969 891.979 891.928 | 635.671 609.677 608.936
A b,x,y 935.047 963.057 961.904 | 431.424 429.996 | 405.429 | 405.050
Mcm b,x 1180.281 1208.291 | 1207.163 | 360.345 364.059 334.351
A a,b 1250.376 | 1252.329 | 1278.386 | 1278.423 | 115.112 89.117
Table SI-3. MS/MS fragmentation observed mass list (a-, x-, b-, and y-series) fromFigure S1-4
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Enzyme CoA Data

A stock solution was prepared as described above in the general dilute reaction condition
procedure, relative to 13 pumol (1 equiv) of the enzyme CoA substrate.

Reaction preparation and execution for Enzyme CoA Reactions (14-16):

Reactions with enzyme CoA (13 pmol, 1 equiv, 10 mg) and the various aryl bromides (20
equiv) were carried out in identical manner to that described previously under the dilute
reaction conditions procedure, except 4 equiv of the diisopropylammonium
bis(catechol)isobutyl silicate (52 pmol, 20.8 mg) were employed. Conversion to product was
determined by UPLC-MS vs internal standard, until CoA starting material was consumed (90
min). Purification of the CoA adducts was attempted by reverse-phase prep LCMS in 0.1%
TFA buffer (MeCN/H,0); however, clean material for spectral data analysis could not be
fully ascertained because of product instability. UPLC-MS and HRMS data was collected
from the crude reaction mixture following the organic extraction protocol.

CoA aryl sulfide 14

NH, NH,
Br
o OMe, Me O O N Xy o OMe, Me O O N X
> Il Il 4 Bu[Si] (4 equiv) S n I} 4 N
0-P-0-P-0 <7 { -P-0-P— |
(\NJ\/\N)H)\/ o o oN N/) [Ni(dtbbpy)(H20)4]Cl, (5 mol%) (\NJJ\/\N)H)\/O R=0-P-0 <N N/)
SH H H OH Ru(bpy) sPFg (2 mol%) s H H OH OH OH 0.
Li*+ Li+ _—
H H N blue LEDs, DMF 10 1M, /@’ H H
Coenzyme A O OH 20 equiv rt, 90 min NC O OH
(trilithium salt) 0=P-OH o=b-0H
4" |
O L+ OH

Chemical Formula: CogHagNgO16P3S
Exact Mass: 868.1418

The LCMS trace for CoA 14 can be seen below. HRMS (ESI) m/z calc. for CygHsoNgO16P3S
[M+H]" 869.1496, found 869.1483.
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Aqueous layer following the extraction protocol of CoA thioarylated adduct 14. Reverse
phase LCMS Waters Sunfire C18 analytical column 10 um, 4.6 x 150 nm employed.
Attempts to purify the thioarylated adduct under these conditions proved unsuccessful.

No. Time (min) MeCN (%)

1 0 98
2 2:00 95
3 5:00 85
4 10:00 60
5 15:00 5

Gcrraz

AN - I
Pesk 30 Time[min}: 7.584 ME{+) Scan 434 Time{min): 75838 BEEE44E.0 counts
869.3
) 27p.2
7 4 o ET[.2
260 3&4{3&4.3 8532 17385
! ad, zfr’ 1
148 342 543 748 849 1148 1245 1543 1743
mfz
Pesk 30 Time{min):7.584 ME{-) Scan 433 Time{min): 7. 5838 104586720 counts
8671
[ NN —
151 351 551 5 35 1551 1751 85
miz
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Aliquot from the crude reaction mixture of CoA thioarylated adduct 14 (in green) with excess
ArBr present (in blue). Reverse phase LCMS Waters Atlantis® column (polyamide)
analytical column (5 pm, 4.6 x 150 nm).

No. Time (min) MeCN (%)

0 98
2:00 95
5:00 80
10:00 60
15:00 5

ga b~ WO DN -

Uvi283.288) uvzse 2022336.0
00
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R18.050
Area Pere 48.3%
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oo (-JBPM 154.83
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-
Peaks 31
RU4.672
Area Pere 11,1%
Aren Abs 4184831 50
(+)BPM 324.10 Poakl 81

Paake 24
Ri3383
e

Rt
Area Perc 7.1%
Aren Abs 2662334 41

(-JBPM 227.18

29%
Aren Abs 662210962

+JBPM 707.42
20 (+)BPM 317.23 P

(-JBPM 39485

(BRI 228,78
e ;L” e T amaar O o R Emar T T CRR e
Feak 31 Time(min):4.257 MZ5{+) Scan 243 Time{min}: 4.2566 3Z35261.0counts
860.3
100 ETp.3
= 80
BTp.Z
151.9 Hzz 438.0 525 3. 5244 5700 1727.4
ok L | .
149 349 549 742 49 1145 1345 1543 1743
miz
Peak 31 Time{min)-4.257 M35{-) Scan 243 Time{min): 4. 2568 B5652610.8 counts
B67.1
100
= 50
2370
'l — L
5 351 55 1151 1351 1551 1751 1851
miz
Peak 62 Tima{min): 8.050 M5{+) Scan 460 Tme{min}: 8.0500 B13E07 Ecounts
e R
BT.0
L i J L
x ) 443 459 549 )
miz
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CoA aryl sulfide 15

NH,
O Me, Me NN
)J\/\ J\Ry S
Li* H H
Coenzyme A O OH
(trilithium salt) 0=P—0H
6 B L|+

Br
Bu[Si] (4 equiv)
O, [Ni(dtbbpy)(H20)4]Cl, (5 mol%)
Me—N Nj Ru(bpy)sPFg (2 mol%)
N blue LEDs, DMF 10 yM,
rt, 90 min
EtO
o
20 equiv

NH,

O Me, Me

(\NJJ\A JH)\/ IFul' IF} O</N

Ny O OH
o ‘)QS: 0=P—OH

OH
EtO

Chemical Formula: CggH49N19O19P3S
Exact Mass: 1050.2109

SN
IN/)

CoA thioarylated adduct 15: LCMS was determined from the crude reaction mixture. The
LCMS trace and mass chromatograms for this compound are below. LRMS m/z calc. for
C3sH50N10010P3S [M+H]" 1051.2187, found 1050.2. Tentative structure assigned by analogy

to aryl CoA 14.

Aliquot from the crude reaction mixture of CoA thioarylated adduct 15 (in green) with
remalnlng (excess) ArBr present (in blue) via UPLC-MS.

redUV1250-250
100

()BPM 112,89

 CoaAdduct

Poaks 2
ren Perc 20,6%
995
[-)8Pt 112,91

end

o~ |
I Y AR A BT A VAT YIRS pr F3 A R T S E i A O R T AR A T A AT ST I R T e R T 5 ™ 5 5 5 5 T o
Peak 10 Time{min): 0,447 M5{+) Scan 42 Tme{min): 0.4471 145168880 counts
526.2 1051.2
100
2.0
= g |15
02t 52f.0 -
1 ] S gz
o -, | .
57 157 25T 357 457 BET 65T TET 85T 257 1057 1157 1257 1357 1457

Pesk 10 Teme{min):0.447
1085

M35{-} Scan 41 Time{min): 0. 4471
524.6

sz

miz

12643280 counts

b

m/z
Pesk 17 Time{min):0.835 ME{+) Scan 72 Tima{min): D.B254 BO00E32E.0 counts
365.5
100
= 5
2.2
2852 72835
e} 1
55 155 255 555 &55 755 B55 956 1085 1185 1285 1355 1455

miz
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CoA aryl sulfide 16

NH,
O Me, Me “ <N | SN
mJ\A )H)V P
Li+ H H
Coenzyme A O OH o
(trilithium salt) O=I|9—OH
O L+

NH,
Br O Me Me O N N
Bu[Si7] (4 equiv) )]\/\ </ | )
[Ni(dtbbpy)(H,0)4]Cl, (5 mol%) o Na
Ru(bpy)3PFg (2 mol%) S
—_— H H
blue LEDs, DMF 10 pM,
Z e , 90 min Me O OH
20 equiv I (o] O=FI’—OH
OH

Chemical Formula: C34H4oN704gP3S
Exact Mass: 925.1520

CoA thioarylated adduct 16: LCMS was determined from the crude reaction mixture. The
LCMS trace and mass chromatograms for this compound are below. LRMS m/z calc. for
C31H43N701gP3S [M+H]" 926.1598, found 926.0. Tentative structure assigned by analogy to

aryl CoA 14.

Aliquot from the crude reaction mixture of CoA thioarylated adduct 16 (in green) with excess
ArBr present (in blue) via UPLC-MS.

ted V(260258

Poar# 17

(-)BPM 11291
Sbatancs Ayl Bromide

(+)BPM 79.01
-] (-)BPM 112.89

Peakt 10

R10.4:
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Area Abs 777466,00
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249622400

Peak 8 Time{min).0.437
100

UV Scan 1 Time{min): 04572

r';‘\/\ /“-.
R I‘I \ \/ I",I

19 20 2 ® m
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end

N

20 M0 W} W WM W

40 430 450 470 480
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526.2

5272

387 5
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10827 oo

100
5.0
= g 118
02| 1 521.0
1 506 {0
e i | |
57 15T

257 35T 457 557 65T TAT
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524.6

1257 1357 1457
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857 57 1057 1157
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miz
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100
= 50
5632
285.2 753
a e b
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Cleavage/Arylation of GSH Disulfide (17)

HO
o]
HoN»
"dilute conditions"
OH
0 @) /—< Bu[Si-] (1.3 equiv)
HN S—S¥?—NH o) Br 5 mol % [Ni(dtbbpy)(H»0),ICl, s
0224 g \©\CN 2 mol % [Ru(bpy)4(PFe)s] . \©\
NH o] 10 mM DMF ( :E ) CN
17 2 blue LED, rt, 90 min
0 (16 umol) 20 equiv 3
HO -NH, (44%)
o)
OH

A stock solution was prepared as described above in the general dilute reaction condition
procedure, relative to 16 pumol (0.5 equiv) of the disulfide peptide substrate 17.

Reaction preparation and execution for Enzyme CoA Reactions:

Reactions with GSH disulfide 17 (16 pumol, 0.5 equiv) and aryl bromide 2 (20 equiv) were
carried out in an identical manner to that described previously under the dilute reaction
conditions procedure. Conversion to product was monitored and determined by LCMS/HPLC
vs internal standard (90 min). Starting disulfide could still be detected by LCMS. The crude
reaction mixture was diluted with H,O and extracted (CH,CL) according to the general
extraction protocol. The peptide (aqueous layer) was purified via reverse phase LCMS, to
afford the title compound 3 as the TFA salt in 44% yield.

Analytical data matched that of the previously characterized compound.
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Supporting Data

Select Supplemental HPLC traces for arylated GSH adducts

CN

S

o H OH

HO,C. N

2] \-/\)J\H \/&O

NH, o]

Chemical Formula: C47HN406S
Molecular Weight: 408.4290
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Fear# 11 Fikerea WS(+) Sean 45 Time(min}: 04570 44272536 counts
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rrrrrrrrrrrr
Area Abs 245570.09 ;??K;ZDB
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o (+EPuTE3M (bpy)3 P ¥
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Substance GSH SW Pt 14 i e
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(JBPM 112.82 o
3% 0 3707 0% 03 0 A4 sBos ol 0e des 07 078 05 0@ oslise o TAY- N
B BB & ) FAEIRY-

T3AE T4 145 18 155 18 15 17 175 T8 15 13 1% 3 305 21 21 22 £25 23 235 2dy
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100 10075.3
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The above trace profiles the crude reaction mixture of the thioarylated GSH adduct 3. The
color-coded peaks designate product and byproducts including catalyst, ligands, and starting
material (GSH). Mass chromatograms are included to verify arylated peptide (green, 0.48
min), catechol (red, 0.45 min), and photocatalyst (orange, 1.15 min), and to assist in the user
experience.

S-39



The traces below are aliquots from select reactions of the final aq layers following organic
extraction with DCM (upon reaction completion) and before reverse-phase prep-LCMS.
Unreacted aryl bromide and GSH can be observed in some cases, but traces are otherwise

clean following the extraction protocol.
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[e] H OH
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Molecular Weight: 401.4094

Uv[253.255] Peak 13 Time{min}:0.512 ME{-) Scan 47 Teme{min): 0.5124 18403422 0 counts
100 vemn
Peak# 13 z9
REO.512 100
Area Perc 55.7%
Area Abs 1639458 25
(+)BPM 78.31
(-)BPM 112.90
Substance Product
a0~
-
- 400.0
2 ]
o] 647 b25.9.226 7 4:0.3&1}‘“‘ 3
66 166 266 356 456 566 666 ToE 866 566 1066 1166 1266 1366 1466
= miz
0
Pkl Peaki 26
Area Perc 14.4% RE1.213
Area Abs 339373.7T Area Perc 11 7%
(+IBPM 78.31 Area Abs 32454147
(-)BPM 112.80 (+)BPM 79.31
(-JBFM 112,80
Substance Benzyl Benzoate
2 Peak# 3 Peak# 24
REQ.134 RE1.148 Peal# 23
Area Perc 5.4% Peak# 19 Area Perc 3.0% Rt1.414
Area Abs 149389.12 Rro784 ‘Area Abs 82016.54 Area Perc28%
Area Perc 1.3% Area Abs 79714.16
(+)BPM 79.31 o Area Abs 36715.86 {";fﬂi’;n (+)BPM 79.31
(-JBPM 112,80 ) )
(15) Efl‘gg’\:ﬂ 171523;0 (-JEPM 112.90
R NI YT Ny VYR T N T A1 A A A1 T T A S P T A T A M S} A M Saar 1100 AP YT 200 Y S 2 Pt~ g
0O, OH
S
o OH
H
HO,C N
Y N (¢]
H H
NH, (e}
Chemical Formula: C;7H51N30gS
: . & 1) ScanaT Timedmin) 0,42 [
Molecular Weight: 427.4280 Pesk 8 Time{m MS{-) Scan 37 Tme{min): 04225 3635616.0 counts.
Uvizsszss Uz 1238
100
Peak# 8
RtD.422
Area Perc 26.2%
Avea Abs 356280.78
(+)BPM 76.63 = s
(-}BPM 112.80
Substance Product _
426.0
0 .
6.9
Peak# 15 226.5 395.0 54-{/425-4
Rt0.847
Peak# @ Area Perc 17.7% 1 - - - Py e PR P
Peaki® e o 0s @ fen ;e e 4 e 6 Te T WG 0% 1S 020 138 fden
Area Perc 17.7% (+1BPM 78.6:
Area Abs 260220.12 (-)BPM 112.90 Peak# 25
A (+)BPM 78,63 Rt1213
(-)BPM 112.80 Area Perc 13.1%
EEEEE— ‘Area Abs 185820.42
(+)BPM 7863
= (-)BPM 112.80 e
Substance Benzyl Benzoate 5
o
Peaki2
Rt0.137 Peak# 10
‘Area Perc 10.3% Rt0.515
Area Abs 145898 .58 Area Perc 5.3% Peak# 24
(+)BPM 78.63 Area Abs 74361.37 Rt1.149
0 (JEFM 11280 (+)BPM 78.63 Area Perc 26%
(-)BPM 112 50 Areaabe 37313 42 jsyae syl
(+)BPM T4.05 Area Perc 0.7% Area Perc 1.5%
m (-)BPM 112.80 AreaAbs 941147 Area Abs 20585.68
(+JBPM 60.02 (+)BPM 60.02
()BPM 11280 (-)BPM 112.90
R VI A Ay T PTG At P AR M AN S P 1 e N 1 M A 1100 A ¥

S-40



HN o
0,
rNH s
COH NH,
(0]
: C47H2oN,078
Molecular Weight: 426.4440 Filtered MS{4) Sean 35 Tme(m 35155008.0 counts
Uviz52.255] 4271
00 100
Peak# 8
Rt0.361
Area Perc 48.3%
AreaAbs 10068 51
(+)EPM 102,14
(-BPM 112,95
Substance Product
a
4783
i57.0 —_—
2578
e
@ 188 259 389 459 SR GE®  Toe  EED 9B 1050 11RR 1258 13m0 148
miz
Feak# 10
40 Rt0.443 Peaki# 23
Area Perc 203% A eom
Area Abs 298995.38 res Al 20579077
[flEF’M 81.01 (+)BPM 120.07
(ERM 11283 ()BPM 11293
Substance Benzyl Benzoate
Peski 2
»d R0 A Peai 21
Area Perc 10.0% Area Perc 3.9% Rt1.146
Area Abs 147406.45 e Area Ferc 3.4%
(+)BPM 81.01 et ‘Area Abs 5089901
(-1EPM 11293 (e 1293 (e a0y
e T e TANI-M At = S S At =2 e S S = e 3ot M0 <
CO,H
HN o
(o)
NH S
o
CO.H n_0
5%
|
NH,
Chemical Formula:
C16H2oN4OgS
Molecular Weight: 462.4920 Filterad WME{+) Sean 36 Time{min): 0.3758 250437120 counts
uvizseess] 4530
. 100
Feak s
Rt0.374
Area Perc 58.8%
Area Abs 126431947
(+)BPM 81,01
(-)BPM 112.83
Substance Product -
2 = 5D
g 1022
.0
i57.0 -
5. | 3339 .2 526.5
& o= - T - " - - - ~ — - - — -
53 158 288 358 455 559 658 758 859 5% 1059 1158 1258 1359
]
Peak# 11 Peaka 32
RE0.447 Ri121
Area Perc 15.7% Area Perc 10.1%
Area Abs 33858075 Area Abs 218821.84
(+)5PM 6101 Feakt 30 (+EPM B1.01
(EPM 11285 Ri1.147 (BPM 112.93
24 Peait: etz 13 AreaPerc25%  Subsiance Benzyl Benzoate
RiD.138 = Area Abs 54469.79
Area Perc 6.4% ros12 (+JEPN 31.01
Area Abs 13845038 Area Perc 4 0% (-)BPI 112.83
pnier Area Abs 58575.22
B 1 (+)BRM 81.01
(-)BPM 112.93
ﬁ @) @1) (24)
i R e e T T R 120 A 0 a1 TR TR T T T TR L

S-41



HoN,, _COsH

HN (0]

NH S
OH

COH o

Chemical Formula: C1gH27N305S
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Molecular Weight: 427.4280

uvizsaase] uvass 2808696.0
100
Peak® 8
RE0.437
Area Perc 86.0%
Area Abs 1645868 56
(+)BPM 428.09
(-JBFM 112,81
Substance Product
-
&-|
]
0
Peak# 24
Rt121
Area Perc 106%
Peaks 7 Area Abs 265381.01
Real 10 Ri0a77 Peak# 22 (+)BPM 78.64
Area Perc 5, frea Perc 2% ;r:n 1:5 27% (S-EP‘Mmam 1 Be it
20 Area Abs 140373.95 rea Perc ubstance Benzyl Benzoate
peake2 sreaes 13337283 (4 T8 64 AreaAbs 6704264
Area Perc 5.8% E EPM 112.01 (-JBPM 112,91 Peak# 17 (+)BPM 78.8
Area Abs 14385377 Rt0.340 (15) LIEPM 112,91
(+/BPM 157.01 Area Perc 1.4%
(-)BPM 112.91 Area Abs 34805.1
(+)BPM 78.64
i (13)  ()BPM 112.9;
T T B wE ok o omhed BEA v A 0% ve BE o7 ok 05 BE 55 3% T iR & I T T A S} i A *M Saar 1000 T ARPY T IV S 2Pt g
NN
H
HO,C N
Y N OH
= H
NH, o
. Filtered M5{-} Scan 48 Time{min): 0.4523 14580728.0 counts.
Chemical Formula: CpoH,7N304S .
. j 1125
Molecular Weight: 485.5080 00
uvizsaasa]
100
Peak# 9
Ri0.479
Area Perc 32.1%
Area Abs 47513120
(+)BPM 81.02 N
(-)BPM 11283 = g
Substance Product 424 0
50—
E40 4544
Peak# 8 = m = -
ok 4p.3 P2 5973 %62.6 7,
Area Perc 17.3% L,
bkl 65 165 265 365 465 565 665 765 B65 965 1065 1165 1265 1365 1465
w@— (-)BPM 112.83 miz
Peaki 6 Peakt 16
Ri0.259 RE1213
L Area Perc 262% Area Perc 13.8% =
= Area Abs 387663 85 Area Abs 203639.18 H
(+)BPM 74.08 (+)BPM &1.02
(-)BPM 112.83 (-)BPM 112.83
Substance Benzyl Benzoate
0
Peak# 2
Rt0.138
Area Perc 9.5%
- Area Abs 139858 80
| (+)BPM 81.02
Peak 10
(-)BPM 112.83 Ri0.753
Area Perc 1.1%
Area Abs 16898 09
(+)BPM 81.02
()BPM 11293
AR VEI MY P Ay M R N T AT A AN T 5 H R A £t T A A 1 A T g

S-43




HoN,, _CO-H
HN o
(o]
NH S O _~_-OH
CO,H
Chemical Formula: C19H27N303S Filterad MS5{-} Scan 46 Time{min): 0.4525 152277T12.0 counts
Molecular Weight: 457.4980 1129
Uvizs2.258] o
160
Peak# 9
RH0.451
Area Perc 86.6%
Area Abs 928380.35
(+)BPM 81.01
(-)BPM 112.93 £ 5y
Substance Product
80—
[ X
&7 167 ®7T  Ter  BET 967 1067 1167 1267 1367
@ miz
- Peaki 23
Rt1.211
Area Perc 17.6%
AreaAbs 244598 87
(+)EFI 76.62
(-)BPM 112.83
Substance Benzyl Benzoate
20 Peaks# 3 Peaks# 21
Rt0.139 RU1145
Area Perc 9.9% Peak# 13 ey Ares Perc 42%
Area Abs 13348163 RI0518 Ares Perc 0.8% Area Abs 58874.92
(+JEPM 78.68 Area Perc 0.9% Areasbs 1064974 (*EPM 7862
(-)BPM 11283 Area Abs 1232024 (+1EPM 75 62 (-JBPM 112.93
(+)BPM 81.01 (EPM 112.93
(-)BPM 112.83
o5 01 85 02 025 03 03 04 ceaBos 0% oM 0w 07 075 08 08 05 0% 1 BTE m TR 1B 14 9 T8 1Es 8 e 17 178 18 1m 18 1% 2 208 21 L 22 12 23 23 g
HO\/\/O (0]
S
(o} OH
H
HO.C N
Y N [0}
H H
NH, o
Chemical Formula: CoHo7N30¢S
Molecular Weight; 485.5080 Filtered M35{-} Scan 46 Time{min): 0.4523 21311568 D counts
uvizsa2se] 1128
1004 1 :.:_
Peak# 12
RI0.489
Area Perc 42.6%
Area Abs 132497050
(+)BPM 78.62
(-)BPM 112.83
Substance Product
20— &
= g
& 454.0
. 111 2268 424 4T 485 6
&7 167 26T 36T 46T B6T GBT TGT  BBT  ®6T 06T 1167 1267 16T 1467
) m/z
: 5
A Peak# 10
Rt0.445
Area Perc 12.2% Peak# 22
Peak# 7 AreaAbs 32711672 RE1210
Rt0.259 (+)BPM 78.68
Area Perc 19.3% (BRI 112,83 Area Perc 9.6%
Area Abs 51844040 —_— Peak 20 Area Abs 255493 43
(+)BPM 78.58 Peake X (+)BPM 78,52
(-)BPM 112.93 (-)BPM 112.93
2| Area Perc2.7% Substance Benzyl Benzoate
Arca Abs 7268078
Peakt 14 (+)BPM 78.62
Rt0.537 (-)BPM 112.83
Area Perc 1.4%
Area Abs 3693264
@) (+)BPM 78.62
(-)BPM 112.83
R YT Y Y IR T Vo YT A A A e 1 % L A R Y Rt M A MV AR ARt I A s s S 1 T G 17 7

S-44



P-0

o
HOeC\/\)J\N
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NH,

s
o OH
HOZC\/\)J\N H\/go
: H
NH, 0

Chemical Formula: C,,H3,BN3z0gS
Molecular Weight: 509.3810

OH
B
“OH
S
OH
H
N
(o}
0

Chemical Formula: C4gH2,BN30S
Molecular Weight: 427.2350

(BPin adduct AND the hydrolyzed boronic acid (green) both detected prior to the post reaction

addition of 5 equiv of TF A) Filterad MS{+) Scan 70 Time{min}: 0.7440 42624544 Doounts
786
UV[253-255] 7387
001
Peak# 11
Rt0.387
Area Perc 335%
‘Area Abs 532887 .85 q
(+)BPM 79,3 al.0
(-)BPM 112 83 = gnd
Substance Product- hydrolyzed 510.0
|
TH1
157.0 _— 508.0
3249
. 1 |
5] &7 167 267 36T 46T 56T B6T  TET 86T BET 1067 1167 1267 1367 1467
miz
Peak 13
R Rt0.445 -
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Ared Abs 384577 88 RE1.211
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. (-)BPM 112.93 e 12.8% A 22055455
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Chemical Formula: Cy5Hz0Ng09S
Molecular Weight: 590.6080 Filtered MS{+) Scan 43 Time{min): 0.5084 52E01632.0 counts
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100 1004
i)
Peak# 9 Y
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#0- =
= 50+
0
1 5eE.2
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COH

HaN,,

COH

(Boc group removed upon purification and concentration with

TFA)

Filtered ME{+) Scan 85 Time{min): 0.6804 452555680 counts
g2a.1
. . 100
Chemical Formula: CpH2gNgO7S, Chemical Formula: CosH3gNgOgS2
Molecular Weight: 528.5990 Molecular Weight: 628.7160
529.0
= .
uvizss 2581 50 2872
21,0
109
] &304
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1 Rt 0.686 =7 400.0 £
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Synthesis of Cys Containing Polype ptide 9

Solid phase peptide synthesis (SPPS) of peptide 9 was performed on Rink amide resin (100-
200 mesh, 50 umol scale) in a 10 mL reaction vessel. The resin was swelled in DMF (4 mL,
30 min) while stirring. The initial fluorenylmethyloxycarbonyl (Fmoc) deprotection was
performed by treating the resin with a 4 mL of a solution of 20 % v/v piperidine in DMF for
20 min at rt. The vessel was then drained, and the resin was washed with DMF (2 x 2 mL),
CH.Cl, (2 x 2 mL), and DMF again (1 x 4 mL). Fmoc-Ala-OH (5 equiv) and HBTU (5 equiv)
were dissolved in DMF (2 mL), and DIPEA (10 equiv) was added to activate the amino acid
for coupling. This solution was added to the resin and allowed to stir for 1 h at rt. After
completion of the coupling reaction, the vessel was drained and the resin was washed with
DMF (2 x 2 mL), CH.ClL, (2 x 2 mL), and DMF again (1 x 4 mL). Each subsequent Fmoc
deprotection and coupling was performed using the above steps, and the appropriate Fmoc
protected amino acid, with the exception of Fmoc-B-(7-methoxy-coumarin-4-yl)-alanine
(Fmoc-Mcm-OH), in which fewer equivalents of amino acid were used to conserve material
(3 equiv of Fmoc-Mcm-OH and HBTU; 4 equivalents of DIPEA). After the last Fmoc group
was removed, the resin was washed with DMF, followed by CH,Cl, (2 x 4 mL each). The
resin was then dried for 30 min under vacuum. A cleavage cocktail (2 mL total volume) was
prepared with 90:5:2.5:2.5 TFA:TIPS:EDT :thioanisole. This was added to the resin, and the
mixture was allowed to stir at rt for 30 min before being drained and collected. CH,Cl, (3
mL) was added to the resin to wash out any remaining peptide, and the collected solution was
dried under rotary evaporation. The crude peptide product was then precipitated by adding
cold Et,O (15 mL) and vortexing vigorously. The precipitate was pelleted by centrifugation,
and the Et,O supernatant was discarded. The resulting precipitate was dried and stored under
argon at—20 °C until HPLC purification could proceed.

Preparative HPLC of Peptide 9

e

=~ O

H O

0 z
5 H,N Trp His Glu Tyr Ala Cys Ala Mcm Ala CONH,

Chemical Formula: CsgHg7N13015S
Molecular Weight: 1194.2880

The crude precipitate from the above procedure was dissolved in 40 % v/v MeCN in H,O
with 0.1 % TFA (8 mL) and treated with 5 uL. of TCEP Bond Breaker™ to reduce any
disulfide formation at the Cys residues. Purification was performed by reverse phase HPLC
on a Grace Vydac C18 Preparatory column using the gradient 2 (peptide 9) described in
Table SI-4 (12.0 mL/min flow rate). Fractions were collected, and the product peak was
identified by ESI-LRMS. The collected fractions were frozen in liquid N, and lyophilized to a
white powder. The resulting solid was redissolved in 40 % v/iv MeCN/ H,O with 0.1 % TFA
(4 mL) and treated with 5 uL of TCEP Bond Breaker™. Peptide 9 was subjected to a second
pass of reverse phase HPLC purification using gradient 4 listed in Table SI-4 The collected
fractions were frozen in liquid N, and lyophilized to a white powder. Isolated yields were
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calculated by measuring the absorption at 325 nm of the Mcm residue (ess = 11, 820 M™ cm”
1) in a diluted sample. These samples were prepared by dissolving the peptides in 3 mL of
10% v/v MeCN in H,0O and diluting an aliquot of the solution 1:25 in H,O (130 uL final
volume) before measuring the absorbance at 325 nm. Isolated percent yields was 19.4 % (9.7
umol) for peptide 9, respectively. Calculated m/z for peptide 9 (CsgHgsN13O15) [M+H]" is
1195.3, found 1195.0)

o iy 09 M mn e " mn a0
1 0 98 2 0 98 3 0 98
5:00 98 5:00 98 5:00 98
10:00 75 10:00 68 10:00 75
30:00 50 30:00 60 30:00 60
32:00 0 32:00 0 32:00 0
36:00 0 36:00 0 36:00 0
38:00 98 38:00 98 38:00 98
42:00 98 42:00 98 42:00 98
4 0 98 5 0 98 6 0 98
5:00 98 10:00 98 10:00 98
10:00 68 15:00 75 15:00 69
20:00 64 35:00 60 35:00 65
22:00 0 37:00 2 37:00 2
26:00 0 41:00 2 41:00 2
28:00 98 43:00 98 43:00 98
32:00 98 47:00 98 47:00 98

Table SI- 4. Preparatory and analytical HPLC gradients. Buffer A: Milli-Q H,O with 0.1 % TFA. Buffer B:
MeCN with 0.1 % TFA
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NMR Spectral Data

1700

1600
1500
1400
1300
r1200
r1100
1000
900
r800
r700
600
500
400
300
200
r100
r-100

0

= Fezt
- Fos1

8y
67
0S¥
S84
sy

8y,
omNV.
eLL
L ZVA
298~

98—
vrg”

- 660
280t
Ao00g

e

- Fs6'L
161

— €80
- 06'0

CN
S
H
L
o

HO,C

- N

10

11

12

1 (ppm)

'H NMR (DM SO-dg, 500.4 MHz) of (3)

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000

90°Le—
YL~
99'ge—

08’y —

0L'2s~
Mg

0920+ —

cc6Ll—
6L22—

S8Ce—

6EvrL—

N
VYL~
vezL/

-10

9 80 70 60 50 40 30 20 10

100
1 (ppm)

180 170 160 150 140 130 120 110
“C {'H} NMR (DMSO0-d¢, 125.8 MHz) of (3)

190

210 200

S-49



L2200
2100
2000
1900
1800

r1700
1600

1500
1400
1300
1200
r1100

1000
r900
800
r700
600

500
400
300
200
r100
ro

r-100
F-200

68T
806'H
—Nm.:
5€6°1 1
66°1 |
£0£°2 1
ez
2e€'2
y5€°2
85€°2
19€°2
59€°2
Lyhe
591°€
peied
£61°€
81E'E
oL'€
8LY'E
L68'S

905°€
2L
62L°¢
£EL°€
WLE
092~

V=

86Y'Y
805
915°¥
|14 84
14384
13454

9L5°9—

8L
88Y°L
6v°L
L6V’ L~

105°L

£05°L _.
o1s'L]

62LL
€50

LeLL]

L]
obL L
0SL°L
SSLL
€Lv'8]
£8+'8]
2698
6€L'8”

:

*TFA

HO,C

Fez

Feel

heoz
wiLE
0ze

980

Feoz

66’1
Fooe

060
890

6
1 (ppm)

'H NMR (DMSO-d¢, 500.4 MHz) of (3)

12 10 7

13

14

2800

2600

2400

2200

2000

1800

1600

1400

r1200

1000

r800

600

400

200

r-200

09°6.-—

-110 -120 -130 -140 -150 -160 -170 -180 -190 -200

-100
1 (ppm)

20 -30 -40 -50 -60 -70  -80 -90
BF {*H} NMR (DMSO-ds, 470.8 MHz) of (3)

-10

S-50



1900

1800
r1700
1600
1500
1400
1300
r1200

r1100

1000

900

800

r700

600

500
400
300
200
r100

r0

r-100

*TFA

|

Fooe
Floe

3500

3000

2500

2000

1500

1000

r500

ow.mw\
cLoe—
Lrge~
N vm.ov/

V6 LG~
2085~

6
1 (ppm)

'H NMR (D,0, 500.4 MHz) of (1a)

067 kE
20°9H~:
0Z9kT
2L

7

8€'8CL~
sseek
coeel

10

0119k~
99291
oLLLL
20224~
L2,
sg'esl

11

12

13

14

210 200

-10

180 170 160 150 140 130 120 110 100 90 &8 70 60 50 40 30 20 10
1 (ppm)
C {*H} NMR (D0, 125.8 MHz) of (1a)

190

S-51



75.654
4
4
4
4
4

-10

-20

T
-30

‘
-40

T
-50

-60

T T T T T T T T T T
70 -80 -90 -100 -110 -120 -130 -140 -150 -160
1 (ppm)

F {*H} NMR (D0, 470.8 MHz) of (1a)

-170

T T
-180 -190

-200

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

r-500

r-1000

S-52



1500

1400
1300
r1200
r1100
1000
r900

r800

700

r600

r500

400

300
200
r100
Y

r-100

76T
66'+
002
10g
822
622
0£°2
0£°2
2T
£ee
e
sze ]
176
8EE |
6€°€
6e°c
e
ered
e
[y
[
L€
sLey
06°€
16°e

[

L

26°E
£6'€~
0S¥
84

L

15°2%
Nm.vu\
[4ch4

62,
6cL
6272
og’L
Le'L
Le'L
gL
€L,
€L,
vLL
SL'L
S,
9L,

*TFA

002
Fsoz

601
0z'L
0T
Ll

=01t

Foez
Feoz

6
1 (ppm)

'H NMR (D,0, 500.4 MHz) of (1b)

7

13 12 11 10

14

r900

800

r700

600

500

400

300

200

100

SLse—
120~
0C'ee~

1807V —

£6'16~
0625~

68 7L~
0 LL—

VAR
20821 —
900et-"

POy E—

[ TEN
r929L-"
£L'691

MOV
181L F\
852l \

(AR VA

-10

9 80 70 60 50 40 30 20 10

100
1 (ppm)

180 170 160 150 140 130 120 110
BC {"H} NMR (D,0, 125.8 MHz) of (1b)

190

210 200

S-53



-75.64

-10

-20

T
-30

‘
-40

T
-50

-60

T T T T T T T T T T
70 -80 -90 -100 -110 -120 -130 -140 -150 -160
1 (ppm)

“F {'H} NMR (D0, 470.8 MHz) of (1b)

-170

T T
-180 -190

-200

2600

2400

2200

2000

1800

1600

1400

r1200

1000

800

600

400

r200

200

S-54



= /UU

650

600

550

r500

450

400

350

300

250

r200

r150
r100

r50
0

F-50

€07¢
€072
02
502
9021
902
[xa
€272
vm.wg
e
92
982
€2y
£ee]
reEq
se'e
Sre
ov'e
o'E
8L°¢
8L€
8L°¢

6L
6.°€
L
L

e

v6E
566
96

SS't
9G¥

il

9S¥
9SY
Al 4
851

vl
vl
ev'L
L
L
L
Sv'L
99°L
99°L
1972
1972
1972
89°L
89°L

COH

HaN,,

*TFA

HN

NH S
C

NH,

COH

V6L
Te6t

00°L
160
00¢
Ee0t

Ll

loe
86t

6
1 (ppm)

7

13 12 11 10

14

'H NMR (D,0, 500.4 MHz) of (1c)

2800

2600

2400

2200

2000

1800

1600

1400

1200

1000

800
600
400
200
r-200

ozse"
2L 08~
956~
1988~
6807~

L0CS~
Y085~

89°ZHi~_
00°GH~
WL —
€964

20821~
sg'8zL—
og0et”

G8'6EL—

8529k~
18294
SThLL
[T VIR
aveLL
s9°2Lh

L6eLL

-10

9 80 70 60 50 40 30 20 10

100
1 (ppm)

180 170 160 150 140 130 120 110
BC {"H} NMR (D,0, 125.8 MHz) of (1c)

190

210 200

S-55



-75.59

-10

-20

T
-30

‘
-40

T
-50

-60

T T T T T T T T T T
70 -80 -90 -100 -110 -120 -130 -140 -150 -160
1 (ppm)

F {*H} NMR (D0, 470.8 MHz) of (1c)

-170

T T
-180 -190

-200

[£B5UU

2600

2400

2200

2000

1800

1600

1400

r1200

1000

800

600

400

200

r-200

S-56



r700

650

1600
1550
1500
+450
400
1350
1300
1250

r-50

82¢
62¢C
0€'2

8L
98’k
81
061
L6'k
<6’k

Le'e

Ske
t.mW
816
0z'€
mm.&
ve'e
9ee ]
or'e]
Ly'e]
6v°¢
6]
69°€
ore
o'y
L]
Ly
sy
6]
057
9L
mE%
05L—
1L
eL'L
95'8
858

198
wo.ww
69'8

I ]

Foet

.81

90t
=01
=ozk
Agee

=91t

oL
102
Fooz

180
98'0

6
1 (ppm)

'H NMR (DMSO-ds, 500.4 MHz) of (1d)

7

13 12 11 10

14

2200
2100
2000
1900
1800
r1700
1600

1500
1400
1300
r1200
r1100
1000
900

800
F700
600
r500
400
r300
200

r100

r-100
r-200

807.2—
6718~
PLIve—

Woy—

Lees~
ar'es—"

09°92h~_
SvzeL"

[ATIEN
85 Iyl

250LL
86021\
LT
622LL

-10

9 80 70 60 50 40 30 20 10

100
1 (ppm)

180 170 160 150 140 130 120 110
BC {'H} NMR (DMSO-dg, 125.8 MHz) of (1d)

190

210 200

S-57



900

800

r700
r600
500

400

300

200

r100

ro

671
6272
LE'C
€2
6772
052
052
15¢
162
Y92
Sl'e

NF.ML
81
0zt
og'e
ree
ce'e
05°€
15e
€9°¢

=

99°¢
19°€
69°€
028
LLE
ere’

oy
VA4
8y
671
0S¥

T

ev'L
mv,wv.
1872
88,
658
co.wV

L1181
mh.w\

COH

HoN,,

CHjy

HN
NH
o

Rg
86t
me.m

50T
=291
=8y'T
=5

F00°tL

Fe8l

61

160
Fu80

6
1 (ppm)

'H NMR (DMSO0-d¢, 500.4 MHz) of (1e)

7

13 12 " 10

14

r5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

F-500

16'92
e
1g'e—
oree””

Wy

£2CS~
SYes—"

v9'92L—
oL'6gt"
YOreL~

e9er—

GS'0LE
gcLL FW
£eCLL

e L6L—

-10

9 80 70 60 50 40 30 20 10

100
1 (ppm)

180 170 160 150 140 130 120 110
BC {'H} NMR (DMSO-dg, 125.8 MHz) of (1e)

190

210 200

S-58



r300
280

1260
1240
1220
200
180
160
140
120
100
180
160
ka0
20
o

r-20

Ji_

ory
€69~
569~
682~
o’

CO,H

HaN,,.

Wbl

'H NMR (D0, 500.4 MHz) of (1f)

) UM

OH

o/\)

*TFA

HN
CO.H

NH S
C

B

oLz
002
=0t
=01
ey

=902
S0k

L1

vl

6000

10 6
1 (ppm)

12

13

1862
€9'6¢
9.°0¢
Nm.omw
860€
mw.mm*
Wy
95 Ly

1885~
8788

o'G9—

oLSHE
S.m:W
eviLL

erent”/
VRN
0522+

zgioL
€029t
Y89l ~
zieor/
s
e
w_.mtw
0zELL

S-59

5500
5000
4500
4000
3500
3000
2500
2000
1500
1000
500

r-500

-10

20 10

30

9 80 70 60 50 40

100
1 (ppm)

0 190 180 170 160 150 140 130 120 110
Bc {lH} NMR (D,0, 125.8 MHz) of (1f)

210 200




-75.55

-10

-20

T
-30

‘
-40

T
-50

-60

T T T T T T T T T T
70 -80 -90 -100 -110 -120 -130 -140 -150 -160
1 (ppm)

F {*H} NMR (D0, 470.8 MHz) of (1f)

-170

T T
-180 -190

-200

250

200

r150

r100

r50

S-60



r900
800
r700
600

500
400
300
200
100

0€'Lq
2e'1q
€€
€e'Lq
ve'L
e
1814
8e'L
6E°L
i
s
vy
9z
12
2r'ey
[
T
e

T

RN

e
€€
sTe
see
Lee
8e¢
ove
05°¢
i5e]

D

ESE
75
92°¢]
/8¢
68°¢]
16'¢1
26°¢]
e6e
08'%

pAwA
8€’L
6€°L
oL
mvNN
ev'L

GS'L

*TFA
Cl

COH

HaN,
HN

o)

rNH S

CO,H

Feet

96t
et

70
F-86'0

r6500
6000

L18L—

v5'9e—

68'06—

o

1 (ppm)

'H NMR (D0, 500.4 MHz) of (1g)

6607 —

8825~
Les”

69'8ckH
98'62 fW
oroet

€L291~
L0€9L

€0°eLt

S-61

4000
2000
1500
1000

3500
3000

5500
5000
4500
2500
r500

r-500

-10

9 80 70 60 50 40 30 20 10

100
1 (ppm)

180 170 160 150 140 130 120 110
BC {"H} NMR (D,0, 125.8 MHz) of (19)

190

210 200




75.52
75.54

<Zs.

-10

-20

T
-30

‘
-40

T
-50

-60

T T T T T T T T T T
70 -80 -90 -100 -110 -120 -130 -140 -150 -160
1 (ppm)

“F {'H} NMR (D0, 470.8 MHz) of (1g)

-170

T T
-180 -190

-200

r500

450

400

350

r300

r250

200

r150

r100

r50

S-62



900

800
+700
1600
1500
400
300
200
100
o

1%

e

612

0ze

vz
vz
92
12
8v'2
672
052
€421
22
(%2
S22
S
288
2eey
£e°e

9v'e)
or'ed
17e
e
9\.&
05

£€°€
vm.nwﬁ.
ve'e

e/

06°¢
06°¢
06°¢
16
16°¢ |
16¢
90t
1074
807
moi
oLy

65y

09y

19

19y

29y

g9y

289
289
289
€891
€89
£8'9
£8'9
v8'9
58’9
58’9
169
869
869
66'9
669
66'9
002
€02
vo'L
902
9L
121
82,
8zL
62L

e

HoN,, _COH
*TFA
OH

HN
rNH S
CO,H

Koz

Teoe
62t

2ot
ot

Feoe
Fso1

o0t

Feot
Fsoz
FO00'L

10

11

12

13

1 (ppm)

'H NMR (D0, 500.4 MHz) of (1h)

1600

1500

1400

1300

r1200

r1100

1000

r900

800

r700

600

r500

400
300
200
r100
r-100

ozse”
1208~
65 Ve~
1988

oI

€025~
£2°€5~"

SevLE
6671 fV

Y691
oms:W
9z'zel

£r'08L—
86'VEL—

88'95L—
2529k~

89°2LL-T
Nm.mt\

-10

9 80 70 60 50 40 30 20 10

100
1 (ppm)

180 170 160 150 140 130 120 110
BC {"H} NMR (D,0, 125.8 MHz) of (1h)

190

210 200

S-63



-75.58
75.60

<as

-10

-20

T
-30

‘
-40

T
-50

-60

T T T T T T T T T T
70 -80 -90 -100 -110 -120 -130 -140 -150 -160
1 (ppm)

“F {'H} NMR (D0, 470.8 MHz) of (1h)

-170

T T
-180 -190

-200

650

600

550

r500

450

400

350

300

250

200

r150

r100

r50

S-64



450
400
350

r300

250

200

r150

r100
r50
ro

802

182
8E2
862
682
ov'2
592
592
992+
992

L

62C
622
082
082
mm.&
%62

82°¢]
oee]
1ee]
1eed

€e¢]
vee]
ere]
e
spe
ov'e]
e ]
12°¢
12¢
R
8¢
68°¢
16°¢
26°¢
26°¢
£6°¢
e
057
157
25
ev'L]
v
vz
sr2
ov'z]
s
192
192
192
892
892
892
582
5821
982
982
182
182
1821
008
108
10'8

208

«TFA
o}
OH

COH

HoN,,.

F81
Fegt

F960
5160
0Lk
20t

00+

160
260
ot
560

10

1

12

13

1 (ppm)

'H NMR (D0, 500.4 MHz) of (i)

4000

3500

3000

2500

2000

1500

1000

500

r-500

1852
606~
€9VE~_
1988~
0607~

Sr'2s~
8065~

SOGHE~
L8710 —

1rezk
qq.mmrk
95081 —
erieL’
31\9\
£5'Gel

eLeo—
€969}
e8LLL
007¢L _v\

89CLL
oL _.\

210 200

-10

180 170 160 150 140 130 120 110 100 90 &8 70 60 50 40 30 20 10
1 (ppm)
BC {"H} NMR (D,0, 125.8 MHz) of (i)

190

S-65



-75.57

-10

-20

T
-30

‘
-40

T
-50

-60

T T T T T T T T T T
70 -80 -90 -100 -110 -120 -130 -140 -150 -160
1 (ppm)

“F {H} NMR (D0, 470.8 MHz) of (1i)

-170

T T
-180 -190

-200

r750

r700

650

r600

550

500

450

400

r350

300

250

200

r150

r100

r50

50

S-66



400
350

r300

250

200

r150

r100

r50
0

esef
5
yse]
sse]

95°¢]
95°¢]

PASR S

18°¢
28t
8¢ ]
g
rge]
e
8¢ ]
88'¢
8¢
L0t}
10
207 ]
€07 ]
707
Naa
L'y ]
8'v
6v'y|
057
0971
0971
197
2971
€97 ]
252 ]
852
gL
552
552
su2
ss2
su
9L
124
1224
122
6°2]
96'L1
96'L
087

o
o TFA
HO/\) J\Q
S
o)
HOZC\/\)]\N

00t
S0k
V0L
o001

6
1 (ppm)

'H NMR (D0, 500.4 MHz) of (1j)

12 1 10

13

4000

3500

3000

2500

2000

1500

1000

r500

1852
GE0E~—
0g'0s”
s9ve"
0607~

or'es—r
mo.mm\
e85
88°C9—

906G~
8ELLE—

siezt
?.oﬁ%
ovoel—
80LeL”.
mE\S\
2rsel

0r29t
6629+
98291
6L1L FW
EVIRY
59zIL]
16621

210 200

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
BC {"H} NMR (D,0, 125.8 MHz) of (1])

190

S-67



-75.52

-10

T T T T T T T T T T T T T T T
20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160
1 (ppm)

“F {H} NMR (D0, 470.8 MHz) of (1j)

-170

T T
-180 -190

-200

r900

800

700

600

r500

400

300

200

r100

r-100

1500

1400

1300

r1200

r1100

1000

S-68



450
F400
350
300
250
200
150
100
0

5|
r0
F1800
1700
1600
1500
1400
1300
1200
r1100
1000

900
800
r700
600
r500
400
r300
200
r100
r-100
-200

S-69

e
912 L~
ez
612
eve]
sve
9r'e Lo
82
62
9e°e]
L8]
8¢ F
wm.ﬂ =250
0s°e
15e]
25t
£5°e

se'sz”
1808~
rw 8LYE~_
90T 9988
75E Fyoe Y607~ _
18°€

o
|

L8725~ —
1285

SOv
L 60 - <
657

S0v—
09 v T 860

097
LOY

ov'Lq
1riq
v/
672
292
292
€92
€92
Y92
Y9
Yo
92

T
6
1 (ppm)

'H NMR (D,0, 500.4 MHz) of (1K)

T
7

e
8¢9
88°¢ r o
No.jw A
€07 €0t
P0'b oLt
L - 50T
—
E
< .
- Vo
- a0t -
50 18824
00 oer L
YR o Nm—/
(VYR wo.mSV _
122 Nw.mm_v\
[IVE 28'sel
2L L
2L
582 (o]

9824
69'LLL
2 o [ARIAENE
L el
LovLL

=

-

9824

OH
B
~OH
ﬂ
T
10

1

<TFA

-10

9 8 70 60 50 40 30 20 10

100
1 (ppm)

: 190 180 170 160 150 140 130 120 110
BC {"H} NMR (D,0, 125.8 MHz) of (1k)

210 200




17.04

920

80

70

60

50

40

T T T T T T T T T
30 20 10 0 10 20 -30 -40 -50
1 (ppm)

B NMR (D,0, 500.4 MH?2) of (1k)

-75.52

T
-60

T
-70

T
-80

T
-90

-10

-20

-30

-40

-50

-60

T T T T T T T T T
70 -80 -90 -100 -110 -120 -130 -140 -150
1 (ppm)

“F {'H} NMR (D,0, 470.8 MHz) of (1k)

-160

-170

-180

-190

-200

1300

r1200

r1100

1000

900

800

700

r600

500

400

300

200

r100

ro

r-100

r-200

r-300

r-400

r-500

-600

1
-100

550

r500

450

400

350

r300

250

200

r150

r100

r50

S-70



320
300
280
260

240

220

200

r180

r160

r140

r120

r100

r80

r60

40
20
0

20

<
@
o«
\
T

os'e]
e

8L¢]
6.¢
o'
oge
98t
B.&
8¢

70
507
507
90}
L
R
oLy
N
15
85
85|
0971
€691
€69
7691
569
80°2
8021
60°-
60°2-
e
281
£
£
g2

HZ/NECOQH
ﬁﬂ\ o *TFA

NH S
r/

O\\//\\V/OH

CO.H

g6t
A
F661

oL
Be60
=88t
201
=00

ESLL

=v0'L
Beet
=00'L

6
1 (ppm)

'H NMR (D0, 500.4 MHz) of (11)

12 1 10

13

22000
21000

20000

19000

18000
17000
16000
15000

14000

13000

12000

r11000

10000
9000
8000

7000

6000
5000
4000
3000
2000
1000

§¢6e—
¥2°0€

ww.omV.
Lyye—
1988~
6807 —

80'26—
e/
£e'85—

0€'69—

oLzt
8LELL
20°GHE
0z9Lt
pSoLL
YELLL—
S96LL-T
Lo'iek
oLegt
0£0EL —

96vEL—

1v'8S1
NS
26291
ozeo”
veLLL
60°2L FW
99°2LL \
06°€L}

-10

1é0 1;0 1é0 150 140 150 1é0 1%0 160 50 86 76 éo 56 46 50 26 16
1 (ppm)
BC {"H} NMR (D,0, 125.8 MHz) of (11)

T
190

210 200

S-71



-75.58

-10

-20

T
-30

‘
-40

T
-50

-60

T T T T T T T T T T
70 -80 -90 -100 -110 -120 -130 -140 -150 -160
1 (ppm)

“F {H} NMR (D0, 470.8 MHz) of (11)

-170

T T
-180 -190

-200

2100

2000

1900

1800

r1700

1600

1500

1400

1300

r1200

r1100

1000

900
r800
r700
600
500
400
r300
200
r100

r-100

~-200

S-72



O O O O 0O O O 0O O O o O o 9o o o
O O O O O O O O O O O O O O O O O o o O o o o o o
M N — O O O~ © L T O N - O O O O 9O O O o O O - o
Y YT T T T T T T T T T R R Y Y TR
W - Fese
p! - Fegl
o 7260
L 560
E Wmm.m
86
: 66
- 20t
Fooe
0T
ﬁ Feet
I
[¢}
oUw
=
(o]
O,
vIAMVIS 2
(o] o
‘|\4 o
I
o az
I
Q
2
o
I

1 (ppm)

'H NMR (DMSO-ds, 500.4 MHz) of (1m)

12 1" 10

13

o o o o o o o o o o o o o
o o o o o o o o o o o o o o o o t=}
3] (=] =<} © < N o ] o < ) o (=] o o o ~
Lo ¥ ¥ ¥ ¥ ¥ T T OTLTLTLRLP T NPT
8022~ B

T

£6'18 -

0225 — -

zres” W
2957

2€29—

692k

98'92t

16624

YoErL—

08'591

05021\

m_.EW

PELLL
0geLt

210 200

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
B¢ {"H} NMR (DMSO-dg, 125.8 MHz) of (1m)

190

S-73



38U
360

340
320
300
280
260
240
ro

r-20

186'L

966'k

210

9202

90

180°
802
€502
5902
8082
2
L8872
2ree
7582
19821
7982
8982
L8
882~y

Lov'2
€82
1872
16v°e]
ez
66721
€052
2052
Lsed
152
125z
257
mmm.&
sz
9v5e
290
£.0€
180°€
680
Lore
£5€°E
09€e'e
698
o0se’e
98e'e
96
Lere
2e
vsL'€
ore'e
556'e
996
68y
667"
L05
116Y
22
0LzL
982,
6622
€082
5692
L
veLL
L2l
€928
/28
v8e'8
668
607'8
olv'g
1er's

HO. __OH

*TFA

Feez
Fosz

o1
Reot

€22
W\B,_

Foot

=Gl'e
=1€¢

=20
€22

2800
2600

6
1 (ppm)

10
'H NMR (DMSO-d¢, 500.4 MHz) of (1n)

12

13

81’5z~
008~
08'€e~

1807V —

20eS~
115"

6671~
L=

68'82L"
LTYEL~C
8L/EL~

65729t —
SCLLL
LoeL FW
99°¢LL
26°€L _v\

S-74

2400
2200
2000
1800
1600
1400
r1200
1000
r800
600
400
200
r-200

-10

90 80 70 60 50 40 30 20 10

100
1 (ppm)

BC {"H} NMR (D,0, 125.8 MHz) of (1n)

110

120

130

T
190 180 170 160 150 140

210 200




2200
2100
2000
1900
1800
r1700
1600
1500
1400
1300
r1200
r1100
1000
r900
800
F700
600
500
400
300
200
100

19.04

r-100
F-200
F-300
F-400

T T T T T T T T T T T T T T T T T T T T
00 9 8 70 60 50 40 30 20 10 0o -10 -20 -30 -4 -50 -60 -70 -80 -90
1 (ppm)

B NMR (D,0, 500.4 MHz) of (1n)

3200

-75.60

3000

2800

2600

2400

2200

2000

1800

1600

1400

r1200

1000

r800

600

400

200

r-200

T T T T T T T T T T T T T T T T T T T
0 -10 -20 -30 -40 -50 -60 -70 -80 -90 f1—(100)—110 4120 -130 -140 -150 -160 -170 -180 -190 -200
ppm

F {'H} NMR (D,0, 470.8 MHz) of (1n)

S-75



360

340
320
300
280
260
240
220
200
r180
r160
r140
r120
r100

180
60
40
20
0

20

6072
orL
9c’L
LeL
vl

ev'L
L
Sy'L
oL
PAA
JAA

< TFA
OH
A

cl
HO,C

Rese
By6'l
eoe
99

960
860
=161
o6l
Koo't

00k

860
=660
Fver

6
1 (ppm)

'H NMR (D,0, 500.4 MHz) of (10)

12 11 10

13

19000
18000

17000

16000

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000

r-2000

8y 12~
1252~
208

9608

98Ze—
om«mw
1988

o060v
0677
8126~
8065~

[IREN
POGHL~
oLl —
196LL-F
17021
Lreet
t.mﬁ%
£E°08L
sgsel”

69294~
162917
L

TS
16217
oozt

210 200

-10

180 170 160 150 140 130 120 110 100 90 &8 70 60 50 40 30 20 10
1 (ppm)
C {*H} NMR (D0, 125.8 MHz) of (10)

190

S-76



-75.55

-10

-20

T
-30

‘
-40

T
-50

-60

T T T T T T T T T T
70 -80 -90 -100 -110 -120 -130 -140 -150 -160
1 (ppm)

F {*H} NMR (D0, 470.8 MHz) of (10)

-170

T T
-180 -190

-200

r750

r700

r650

600

r550

500

450

400

350

r300

250

200

r150

r100

50

77



-1100

1000
900
1800
1700
1600
+500
400
1300
200
100

88T
681
16'1
€6
671
96'L1
1£2
eeC
€2
%€z
9e'2
152
o'z
e
6LE
0z
2z W
ree

se'e
1E°C

05t
15ey
£5e
[Ca
0L°€
128
eLe

e

67t
67t
0S¥
[£=a4
[4ch4
o4

LE'9
Le'9

82,
62,
ogL
0g’L

Fooz
v
6L'c

wEFL
=el'l
=2l
e

oLt

€60

Mde
oLt
S0t

~-100

15000

8€'8L—

oLze—
28 e~
16'€€—

1 (ppm)

'H NMR (DMSO-ds, 500.4 MHz) of (1p)

12 " 10

13

8125~
1r'es—
vz

19ELL—
vOvLLY
ses1t/
8eEet—
90921 —

Leerl—

67°eSk
mm.mm_vﬂ.
2009 —

GS0LL
0c'LL _vw
9eeLL

S-78

14000
13000
12000
r11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000
r-1000

-10

10

9 80 70 60 50 40 30 20

100
1 (ppm)

: 190 180 170 160 150 140 130 120 110
B¢ {"H} NMR (DMSO-d;, 125.8 MHz) of (1p)

210 200




300

F250
-200
H150
100

Fere
Fore

- ozl
= ot

o
-3
©
N

—_

—

——

160
=280
Foze
Fiet

6€0
MKD L
150
0
Wn L
o'k
0.0

Fs60
oLz
¥9'0
g1
00'L

ch.m

Fseet

*TFA

40 35 30 25 20 15 10 05 00 -05

45
1 (ppm)

95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
'H NMR (DMSO-ds, 500.4 MHz) of (1r)

0.0

15000

14000

13000

12000

11000

10000

9000

8000

7000

r6000

5000

4000

3000

2000

1000
r-1000

)
N
N
©
)
=

3
©

> &
~
©
L

=

A
6r67L ]
v59.]
811
2292

285001

1567001 {

620°+01{

99904

226011

¥S9941

061

0v2'641

899°611 1

gev'12L]

956921 {

8602211 ﬁ

——

T

202 L2
896'L21
121821
GEE'821 ﬁ
116821
51621
986'62 1| W
9/0°0€ 1
102" LE L
CEV'LELA W
67 LEL

LLE°GSL
99651
699961
026'LS1
291851
0v'8S1
L¥9'8G1

2L 0LL
0ogeLLL
c6eLLL
WO LLL

-10

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
1 (ppm)
B¢ {"H} NMR (DMSO-d;, 125.8 MHz) of (1r)

210 200

S-79



-75.592

-10

-20

T
-30

‘
-40

T
-50

T T T T T T T T T T T
60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160
1 (ppm)

“F {"H} NMR (DMSO-d¢, 470.8 MHz) of (1r)

-170

T T
-180 -190

-200

3000

2500

2000

1500

1000

r500

S-80



26

24
22
20

ri18

r16

r14

r12

r10
8
6
4
2

0

-2

<TFA

HO,C

Feot

F00C
Feoe

Te0s

560

6
1 (ppm)

'H NMR (DMSO-ds, 500.4 MHz) of (1)

7

13 12 1 10

14

rouuy

4500

4000

3500

3000

2500

2000

1500

1000
500

sv'se
mm.oNV
Sv'8e
oA
00'le
85987

0028
6125

v155—"
65°65—
sv'197"

Lexan
8«:#
PULLL~
9v6LL—
roozr/

cL8el—
8LLEL—

95'8EL—

9z'85t

mm.mﬁ/
8851
erest.
oreat””
29011~

OL'LLL
[SAYAS
eV LLL
6SLLL

A

210 200

-10

180 170 160 150 140 130 120 110 100 90 &8 70 60 50 40 30 20 10
1 (ppm)
“C {"H} NMR (DMSO0-d;, 125.8 MHz) of (1q)

190

S-81



-74.84

-10

-20

T
-30

‘
-40

T
-50

T T T T T T T T T T T
60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160
1 (ppm)

“F {H} NMR (DMSO-ds, 470.8 MHz) of (10)

-170

T T
-180 -190

-200

2000

1900

1800

r1700

1600

1500

1400

1300

r1200

r1100

1000

900
r800
r700
600
500
r400
r300
200
r100

r-100

S-82



r90

r80

F70
r60

r50

r40

r30

20

r10

[
ov'Lq
[0a%
L7
v H
s
v
eV 1
9z
912
112
JARA
612
252
69°C
69°C
69°Cy
L2e
68°€
06°¢
o't

—

907
Raa
8v'v
0574
257
957
657
197
29—

e

I

TN
g

99°L
wm&\
182
mm.n\

8€'6
wm.mwv
8€'6

*TFA

COH

HN®

F8le

Feot

10

12

13

14

1 (ppm)

'H NMR (DMSO0-d¢, 500.4 MHz) of (1s)

10000

9000
8000
7000

6000
5000
4000
3000
2000
1000

r-1000

Lrel—

€252~
5208
20vE
89'GE-
09'8e

1607~
6L

G6'LG~
9525

L7r'e9—

152438
€0°9LL
€TLLE

vS6LE

S.ONFW
66027
Lre2k

69 HEL~_
Leek—
1y'SseL"
ereeL””

66'851
se'2oL
v9'29L
08991~ _

mv.rn_v/

RIS
152 F\
96°'eLt

210 200

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
B¢ {"H} NMR (DMSO-d;, 125.8 MHz) of (15)

190

S-83



-75.65

-10

-20

T
-30

‘
-40

T
-50

T T T T T T T T T T T
60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160
1 (ppm)

“F {'H} NMR (DMSO-d¢, 470.8 MHz) of (1s)

-170

T T
-180 -190

-200

9000

8500

8000

7500

7000

r6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

r-500

S-84



S-85

~-600

o o o o o o o o o o o
o o o o o o o o o o o o o o o o o o o o o o o o
o o o o o o o o o o o [5e) ©
T . % 3 & 8 B8 F 8 & 2 o 8 8 8 ¢ 2 ¢ 07 2 8 8 F 8§ o & 7
L~
:
- o
gL
122 [
mmw L'Se~
V282~
goe srezy
o e b o qw.omW
MMW - 2T 15°5E
SN\ H\S,N 6807 —
52 - — ooy —
M””Muf L M 60t [ = T B
0zt = — R0 o | s
2ze M v Y
92¢-] o
o Brel | <
62€ — <)
R.m% Aol N
geed 7260 I
0v'e]
e L 6 =
e T <t
90°v] =)
207 S
807 — D
S.i Lo m. -
o g O
6v't - 0
N
X F o~
Le— - Fweo [ T
gr'L— _ T-o0't S s
Z 1892k~
3 (SyeY 16921~
1H et
- o
19191 —
18751 —
2 Fe oLzt
] 86291
Py > z_° 9089k
= - 8LLLL
. - P2l
.z e A
T T eLyLL
(%)
S M\ »n
Q L o
) o = T
N,/l/lA p
T
W W I, e
\ O
o (@]

-10

9 8 70 60 50 40 30 20 10

100
1 (ppm)

190 180 170 160 150 140 130 120 110
Bc {lH} NMR (D,0, 125.8 MHz) of (1t)

210 200




-75.57
75.58

<as

-10

-20

T
-30

‘
-40

T
-50

-60

T T T T T T T T T T
70 -80 -90 -100 -110 -120 -130 -140 -150 -160
1 (ppm)

“F {H} NMR (D0, 470.8 MHz) of (1t)

-170

T T
-180 -190

-200

700

650

600

r550

500

450

400

350

300

r250

200

r150

r100

r50

S-86



1000

900

800

r700

600

500

400

r300

200

r100
ro

-100

L0v°L
Ley’ —v.

WL

09Le
v9L'e
cLLe

SLL'€
9ELY~

oSty
LY
wmr.v\
005t
vivL
Lev'L
Sev'L
Lev'L
A A
ovyL
PAZ A
SY9'L
8792
0592
189°L
9992
Se8' L7
ovw.n\
98’8
8678
0158

NC

=le

ez
=it

H\mm;

Y0
=80C
=S50t

00k

6
1 (ppm)

'H NMR (DMSO0-d¢, 500.4 MHz) of (7a)

7

13 12 11 10

14

18UV
1700

r1600

1500

1400

1300

r1200

r1100

1000

900

800

r700

600

500

400

r300

200

r100

r-100

~-200

cre'sl—

T8 —
62—

S6SELL—
€88 LLL—

8V 12k~
8GE €L~
c8Eel~
voLveL”
0L0'6EL—

989'L9k~_
€86'191~

V8L LLL
Lse _R—v.

-10

9 80 70 60 50 40 30 20 10

100
1 (ppm)

180 170 160 150 140 130 120 110
BC {'H} NMR (DMSO0-d;, 125.8 MHz) of (7a)

190

210 200

S-87



2000

4641

4626

4611

45597
4

1610
1505

1900

é
{
S
<

L1800
F.C L1700
\(1 COoH 1600
’/L\Tr’ N 11500

L1400
L1300
L1200
L1100
L1000
L900
800
1700
L600
500
L400
L300

200

100

L
=

r-100

1.0 ——m-
-

1.02=x
1.021
1021 ==
1.96=
314

6
1 (ppm)

'H NMR (CD;0D, 500.4 MHz) of (7h)

12000

145.632
145.588
16.424

\174.400
—168.876
/163001
17
15
41524
~-39.875

§

11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

[ AN

-1000

: : : : : : : : : : : : : : : : : : : : : :
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
1 (ppm)

BC {"H} NMR (CD,0D, 125.8 MHz) of (7b)

S-88



-63.750
76.951

-10

-20

T
-30

‘
-40

T
-50

T T T T T T T T T T T
60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160
1 (ppm)

“F {H} NMR (CD;0D, 470.8 MHz) of (7b)

-170

T T
-180 -190

-200

3500

3000

2500

2000

1500

1000

r500

r-500

S-89



Cl *TFA
A Me
| H
N A Ng N._CO-H
(o)
|
i &% 3
222 =3 &
T T T T T T T T T T T T T T T
14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 (ppm)
1
H NMR (CD;0D, 500.4 MHz) of (7c)
e 8r 8 33 b ©
N 5% % 38 N @
- - - - < -
£/ (I Y4 [
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

1 (ppm)

C {*H} NMR (CD;0D, 125.8 MHz) of (7c)

r900

800

r700

r600

500

400

r300

200

r100

90000

80000

70000

60000

50000

40000

30000

20000

10000

S-90



-76.946

T T T T T T T T T T T T T T T T T T T T
-f0 20 -30 -40 -50 -60 -70 -80 -90 1100 )—110 -120 -130 -140 -150 -160 -170 -180 -190 -200
1 (ppm

1F {*H} NMR (CD;0D, 470.8 MHz) of (7¢)

240
r230
220
r210
200
r190
r180
r170
r160
r150
r140
r130
r120
r110
r100

S-91



2400

2200
2000
1800

1600

1400

r1200

1000

800

r600

400
200
ro

~-200

T
vEEL]
HSH
925'H
98¢z
6662
Lorz
pLpz
lere
evie
1srz
ssrz]
e
o012
vaoe ]l
geo el
98¢
%6L'¢
Lged
128
e8¢ W
088'¢
868°¢1
5061
L7071
E50°Y
5907
1207
€101
0807+
a809-f
6807~

LIv'Y
98y’
0677

i

vevT
6671
805t

192’9
«hw.ww
1829

1628—

COH

«TFA
HN—
)

OH
Me,
b
[¢]

o=(
minor HN

HO:,.
H o)

<TFA
CO.
HN—/

@
ajor

S
m

OH
Me,
N
o=
HN i
0

mixture of diastereomers

e9L
L

122
sec

001
80
og'l

Egey

2820

WT [
o'l

=21

Fcle

%50

=80C

00 -05 -1.0

0.5

20 15 10

25

50 45 40 35 30

85 80 75 7.0 65 60 55
1 (ppm)
'H NMR (D,0, 500.4 MHz) of (7d)

9.0

.0 105 10.0 95

1500
1400

1300

r1200

r1100

1000

r900

800

r700

r600

500

400

300

200

r100

r-100

09209—
£66'69—
20468~
88998~

692°96—

002’ LyL—

18L°051—

£€89°191
Cm.rw—v.
816191
wmm.vw—\
980°€LL—
201221 —

o MR

210 200

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
“C {*H} NMR (D0, 125.8 MHz) of (70)

190

S-92



-75.559

-10

-20

T
-30

‘
-40

T
-50

-60

T T T T T T T T T T
70 -80 -90 -100 -110 -120 -130 -140 -150 -160
1 (ppm)

“F {"H} NMR (D0, 470.8 MHz) of (7d)

-170

T T
-180 -190

-200

850

800

r750

700

650

600

550

500

450

400

350

r300

250

200

r150

r100

r50

S-93



FYuu

9.686
838
822
352
335
305
262
260

2.567

2.553

1612

1.598

4.031
4.023

850

<
§§
<
<

800
750
Me H

F700
S/l\n/N\v/COji

650

(o}

600
1550
500
450
400

350

300

1974
281
3.00-T
333

T T T
7 6 5
1 (ppm)

'H NMR (CDCl,, 500.4 MHz) of (7e)

250
200
~150
~100
g L
-0
.
R & ]
o
T
4

o 4

-
N
-
w
-
N
-
re
-
o
© 4

198.012
128.971
128.256

5500

~—174.661
\-172.984
"\-140.868
_~135.050

A

175915
45.428

—26370

—18.010

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

r-500

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 11of1100 ) 90 8 70 60 50 40 30 20 10 0 -10
ppm

BC {"H} NMR (CDCl,, 125.8 MHz) of (7€)

S-94



MM o™ TANONMONO®M DI T O
888w 55533B® 0 2253
& 0w BOBB DS ® s s
~ T\ ~N
*TFA
\J\ )Y vCoZH
L ) Ll M
T T b
85 8 8
— - @ e
T

12,5 12.0 11.5 11.0 10.5 10.0 9.5 9.0

400
r380
360
340
320
300
r280
260
240
220
200
r180
r160
r140
r120

r100

85 80 75 70 6.5 6.0 55 50 45 40 35 30 25 20 15 1.0 05 0.0 05-10 15

1 (ppm)

'H NMR (CD;0D, 500.4 MHz) of (7f)

88585826 8 83 ! P sz
onSaank = o =9 da5 2 Sg
EECER2RS 2 TT W53 e
YRR V7 % V
!
|
|
|
T ;
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm)

B¢ {"H} NMR (CD;0D, 125.8 MHz) of (7)

8500

8000

r7500

7000

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

r500

r-500

r-1000

S-95



-77.627

-10

-20

T
-30

‘
-40

T
-50

T T T T T T T T T T T
60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160
1 (ppm)

“F {*H} NMR (CD;0D, 470.8 MHz) of (7f)

-170

T T
-180 -190

-200

2000

1900

1800

r1700

1600

1500

1400

1300

1200

r1100

1000

900
800
r700
r600
500
400
300
200

r100

r-100

S-96



.......................... 2000

1900
«TFA coH 1800

o] Me HN—/ 1700

Me~ N 1600
¢5L\ | f>"'s 0 1500

I \ 1400

1300
1200
1100
1000
900
800
700
600
500

400
300
200

o L o

r-100

7

- 2.96=

3.38—=
3.001

- 0.98=
1.89
3.01

T T T T T T T T T T T T T T T T T T T T T T T T
2.5 12.0 11.5 11.0 10.5 10.0 95 9.0 85 80 75 7.0 65 6.0 5.(5 5.)0 45 40 35 30 25 20 15 1.0 05 0.0 -05 -1
1 (ppm

'H NMR (CD;0D, 500.4 MHz) of (7g)

T
.0 -15

L2400
L2300
L2200
L2100
L2000
L1900
L1800
L1700
F600
L1500
L1400
F1300
F1200
L1100
L1000
Fa00
F800
F700
L600
F500
F400
L300
F200

AN -

F-200

_-173.779
~172.364
155.885
~-152.900
—-150.368
\-149.589
109.975
—46.535
—42.151
_-32.922
~28.114

—30.125
—18.017

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 11of1100 ) 90 80 70 60 50 40 30 20 10 0 -10
ppm

BC {"H} NMR (CD;0D, 125.8 MHz) of (7g)

S-97



-76.924

-10

-20

T
-30

T
-40

T
-50

T T T T T T T T T T T
60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160
1 (ppm)

F {*H} NMR (CD;0D, 470.8 MHz) of (79)

-170

T T
-180 -190

-200

400

350

r300

250

200

r150

r100

r50

S-98



VWONDTI - NOWONOWLANTANDO©N © O -
FINNRRCePPRPRRNIAIBINGG & X
5 00 63 06 63 o5 69 B &6 @ I IN NN N N N N I N o - r750
NV N e
700
*TFA L
NH, 650
NS s OH
~ |\ . 600
Me’ Me
Cl N/ © 550
500
450
400
350
300
250
200
l 150
100
u r50
FVWAW L
4 i i 0
88 JIK2 N 2 ©
-5 oSoo o - 3
T T T T T T T T T T T T T T T T
14 13 12 1 10 9 8 5 4 3 2 1 0 -1

f1(p§ﬂ)
'H NMR (DM SO-ds, 500.4 MH?2) of (8a)

23000
22000
21000
20000
19000
18000
17000
16000
15000
14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000
gy v i -~ A y Lo
r-1000
~-2000

27.072
26.943
25.160
25.033

—126.705
_117.953
~-115.600
\114.885
~-110.797

<

59.525
59.330
—50.224

A
AN

210 200 190 180 170 160 150 140 130 120 11of1100 ) 9 8 70 60 50 40 30 20 10 0 -10
ppm

B¢ {"H} NMR (DMSO-d;, 125.8 MHz) of (8a)

S-99



-74.122

-10

-20

T
-30

-40

-50

T T T T T T T
-60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160

1 (ppm)

“F {"H} NMR (DMSO0-d¢, 470.8 MHz) of (8a)

-170

T T
-180 -190 -2

00

r11

r10

90

r80

r70

60

50

r10

0

0

S-100



9.144
3.807
2.891
2.889

\2.754

r550

_~1.566
™-1.521

2

r500
NN SWOH 490

/j 400
350
300
250
200
r150

r100

50

1911
1.00=
6.221

1 (ppm)

'H NMR (D,0, 500.4 MHz) of (8b)

141.218
128.431
112.866
59.150
48.376

15000

—24.814
—~22.296

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000

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 11of1100 )90 80 70 60 50 40 30 20 10 0 -10
ppm

BC {"H} NMR (D,0, 125.8 MHz) of (8b)

S-101



-75.561

-10

-20

T
-30

‘
-40

T
-50

-60

T T T T T T T T T T
70 -80 -90 -100 -110 -120 -130 -140 -150 -160
1 (ppm)

“F {'H} NMR (D0, 470.8 MH?z) of (8b)

-170

T T
-180 -190

-200

380
360
r340
320
300
r280
260
240
r220
200
r180
160
r140
r120
100
r80

r60

S-102



o o o o o o o o o o (=] o o
0 o n (=] 5] o 0 o Ye] o 0 o o 0
¢ . % % % . F.F. 2.9 . §. §. 7T T %, .2 F
688"k~ .
8LE'+ 679
S6v'2
667'2
€052
205°T
665°C
9eL'e— =660
geLL— Teot
1928
svv'8 vl
mvv.mv el
€5t'8 e
1258 g
8588 =11
£98'8
960'6 «
0046 T
P4
(@]
/ N\
P4
<
[ Q O
= =
L] R N
o I
s =z
(@)
@]
I

10

11

12

13

14

1 (ppm)

'H NMR (DM SO-ds, 500.4 MH?2) of (8¢)

16000

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000

r-2000

862G~
092’ Le—

eV B —

008'65—

98LZh~_
60LGH~
eeyLLL—
26264

Leg'9et—
2890 —

[N
596'6Y+

Nmm.mm_
o«m.mm_
wmw.mm_
£26'951
Lot

€10'991L—
682'891—

210 200

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
B¢ {"H} NMR (DMSO-d;, 125.8 MHz) of (8¢)

190

S-103



-74.700

-10

-20

T
-30

‘
-40

T
-50

T T T T T T T T T T T
60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160
1 (ppm)

“F {"H} NMR (DMSO-d¢, 470.8 MHz) of (8c)

-170

T T
-180 -190

-200

1300

r1200

r1100

1000

r900

800

r700

600

r500

400

300

200

r100

r-100

S-104



" A. Gutiérrez-Bonet, J. C. Tellis, J. K. Matsui, B. A. Vara and G. A. Molander, ACS Catal.,
2016, 6, 8004-8008.

2C. B. Kelly, N. R. Patel, D. N. Primer, M. Jouffroy, J. C. Tellis and G. A. Molander, Nat.
Protoc., 2017, 12,472-492.

‘H. Uoyama, K. Goushi, K. Shizu, H. Nomura and C. Adachi, Nature 2012, 492,234-2309.
‘K. Lin, C. B. Kelly, M. Jouffroy and G. A. Molander, Org. Synth. 2017, 94, 16-33.

> M. Jouffroy, C. B. Kelly and G. A. Molander, Org. Lett., 2016, 18, 876-879.

®E. B. Corcoran, M. T. Pirnot, S. Lin, S. D. Dreher, D. A. DiRocco, I. W. Davies, S. L.
Buchwald and D. W. C. MacMillan, Science, 2016, 353,279-283.

S-105



