Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2021

Solvent-Free N-Boc Deprotection by Ex Situ Generation of

Hydrogen Chloride Gas

Rik H. Verschueren, Philippe Gilles, Seger Van Mileghem and Wim M. De Borggraeve*

KU Leuven, Department of Chemistry, Molecular Design and Synthesis, Celestijnenlaan 200F - box
2404, B-3001 Leuven, Belgium

*E-mail: wim.deborggraeve@kuleuven.be

Supporting Information

S1



Contents
1.

2.

GENEIal INTOIMATION c..etiie ettt sttt e e se e sate e e e aee 4
Synthesis of N-Boc starting Materials...........cccuiiieeciiee e 5
tert-butyl benzylcarbamate (COMPOUND 1”) ..uviiiiiiiiiiiceeee e are e 5
tert-butyl phenylcarbamate (COMPOUNT B)....ccciuiiiiiiciiiieeceeee e areee s 5
tert-butyl 1H-imidazole-1-carboxylate (COMPOUNd 8”) ....ccevuiieiiiiiiie et 5
tert-butyl (4-((triisopropylsilyl)oxy)phenyl)carbamate (compound 23’)......ccccceeeevveeicieeecieeeniieenee 6
N-Boc Deprotection of tert-Butyl Carbamates........cccccveeeiieieie e et 6
3.1, TWO-Chamber FEACLONS ..ottt ettt ettt st e sat e st ee e be e s bt e et e e neeeneeens 6
3.2, GENEIAl PrOCEAUIES ...ttt ettt ettt ettt e s ebee e subeesasbeenbeesabeeananeesbneenne 8
70 TR D =T o] do ] {=Yord=Te U] o1 { = | =T TSRO RPRRTPRRNS 9
benzylamine hydrochloride (COMPOUN 1) ....ccccviiiiiiiiei e et e e sre e e e erre e e e eees 9
piperidine hydrochloride (COMPOUNT 2) .....cccuviiiiiieiiie et et e e e r e re e e ans 9
azepane hydrochloride (COMPOUNT 3) ....oiiiiiiiie et e e e serre e e e eannes 9
allylamine hydrochloride (COMPOUNT 4) ......ueiieiieciie et ereas 10
propargylamine hydrochloride (COMPOUN 5) ......cuiiiiiiieiiiiiieee e et 10
aniline hydrochloride (COMPOUNT B) ......uviiiiiiiiieieciiiee ettt ee e e teae e et rae e s s sraae e e eennes 10
4-methoxyaniline hydrochloride (COMPOUNT 7) ..ccceeriiiieiee et 10
imidazole hydrochloride (COMPOUNG 8) .......uvieiiiiiiiiiccieeeecee ettt e e saaae s 10
1H-pyrazole-1-carboxamidine hydrochloride (compound 9).......cccceevvieiiiieciee e 11
L-alanine hydrochloride (COMPOUNd 10) ....c.uciiiuiiieiiiiciee et e e e e e ae e 11
L-leucine hydrochloride (COMPOUNT 11) ..cccocuiiiiieiieecciie et e e e ve e e r e e e e e aneas 11
L-methionine hydrochloride (compound 12) .......cccuveeiiriiieeciie et e eeeas 12
methyl L-tyrosinate hydrochloride (compound 13) ........ccoviiiiiieiiiie e 12
benzyl L-tryptophanate hydrochloride (compound 14) ........cccocuveeiiieciiecie e 12
O-benzyl-L-threonine hydrochloride (compound 15) .....ccceecviiiiiieeiiieiceee e e 12
L-aspartic acid hydrochloride (COMPOUNT 16) ...cccccvvieiiiiiiiie ettt e e e e eanes 13
L-serine hydrochloride (COMPOUNG 17) ....oiiiiiiiiieciiieciee e e e s sre et e e et ae e 13
methyl L-pyroglutamate (Compound 18) .......ccocciiiiiciiiieeiecie e e e re e e 13
4-methylbenzenesulfonamide (COMPOUNT 19)....ccccuiiiiiiiiiiieeciee e et e e 14
4-aminopiperidine dihydrochloride (compound 20).........cccveiiiieiiieecieieciee e 14
1,4-dioxa-8-azaspiro[4.5]decane hydrochloride (compound 21).......cccceeeieeeciieeciieeccieecie e 14
4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)piperidine hydrochloride (compound 22)......... 14
4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole hydrochloride (compound 23)..... 15
4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)aniline hydrochloride (compound 24)............... 15
4-((triisopropylsilyl)oxy)aniline hydrochloride (compound 25) .......ccceeviieeviieecie e 15
1,2,3,6-tetrahydropyridin-4-yl trifluoromethanesulfonate hydrochloride (compound 26) ......... 15

S2



3-iodo-1-(piperidin-4-ylmethyl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine trihydrochloride

[(oleTaq] oY o e 1 A USRS 16
3-(1H-indol-3-yl)-1-(piperidin-4-ylmethyl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine trihydrochloride
[(oleTaq] oYo 10 aTe I I SRS 16
4-(aminomethyl)-N-hydroxybenzamide hydrochloride (compound 29).......cccccevveevivvevieeccieeennee. 17
N LYY o 1=t f - PP PPPPPPPPPPPPIRt 18
HPLC PriNT-0ULS...ciiiiiiiiiii ettt ettt ettt ee s be e e s e bbb e e e s anbe e s s saneeee s et aeeesrnaeeas 52
2] ET =T o Lol <L OO U P PP PR PR 53

S3



1. General Information

'H NMR spectra

'H NMR spectra were recorded on Bruker Avance |1l HD 400 (working at 400 MHz, console with a Bruker
Ascend™ 400 magnet, equipped with a 5 mm PABBO BB/19F-1H/D probe with z-gradients and ATM
accessory for Automatic Tuning and Matching) and Bruker Avance II* 600 (600 MHz) spectrometers.
Samples were dissolved in CDCl; or DMSO-ds and tetramethylsilane was used as an internal standard.
The 6-values are expressed in ppm. The following abbreviations are used in reporting NMR data: s
(singlet), d (doublet), t (triplet), g (quartet), m (multiplet), and as combinations thereof, with “br”
indicating a broadened peak(s) and “app” indicating apparent.

13C NMR spectra

13C-NMR spectra were recorded on Bruker Avance Ill HD 400 (working at 100 MHz) and Bruker Avance
II" 600 (working at 151 MHz) spectrometers. The deuterated solvents were used as internal standard
(CDCls: 77.16 ppm, triplet; DMSO-ds: 39.52 ppm, septet). The 6-values are expressed in ppm.

19F NMR spectra

1F NMR spectra were recorded on a Bruker Avance Il HD 400 (working at 376 MHz) spectrometer.
Samples were dissolved in CDCl; or DMSO-ds. The 6-values are expressed in ppm and referenced to
CFCls.

Elemental analysis
CHN (carbon, hydrogen, nitrogen) elemental analyses were obtained using a Thermo Scientific
Interscience Flash 2000 Elemental analyser.

HR-MS spectra

HR-MS spectra were acquired on a quadrupole orthogonal acceleration time-of-flight mass
spectrometer (Synapt G2 HDMS, Waters, Milford, MA). Samples were dissolved in a mixture of 1:1
(v/v) acetonitrile:water and infused at 5 pL/min. Spectra were obtained in positive ionization mode
with a resolution of 15000 (fwhm) using leucine enkephalin as lock mass.

Chiral HPLC

The enantiomeric purities were determined by HPLC analysis employing an InfinityLab Poroshell 120
Chiral-T (4.6x100mm, 2.7 um) chiral stationary phase column by comparing the samples with the
appropriate racemic mixtures. Conditions are specified in the individual experiments.

Polarimeter
Specific optical rotations were obtained using a Propol Automatic Polarimeter with an optical path
length of 0.7 dm and sample holder volume of 5 mL.

Materials

All reagents were obtained from commercially available sources and were used as purchased without
further purification. Concentrated sulfuric acid was used as purchased with a minimum concentration
of 95%. Other N-Boc starting materials were synthesized as reported in this SI. All moisture-sensitive
reactions were carried out under argon atmosphere and in flame-dried glassware. Yields refer to
isolated compounds after quantitative conversion or after chromatography.
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2. Synthesis of N-Boc starting materials
tert-butyl benzylcarbamé6’ate (compound 1’)

S50

This is an adapted literature procedure.’ To a 100 mL flask was added subsequently di-tert-butyl
dicarbonate (21.825 g, 0.100 mol, 1.0 equiv.) and benzylamine (10.9 mL, 0.100 mol, 1.0 equiv.). Under
solvent-free conditions, the mixture was heated to 80 °C under vacuum using a rotary evaporator. The
pressure was gradually lowered. After full conversion, as monitored via TLC (typically after 15 minutes),
the vacuum was increased to fully evaporate the remaining volatiles (tBuOH and CO,). The crude
product was recrystallized from heptane to afford tert-butyl benzylcarbamate (18.719 g, 0.090 mol,
90%) as transparent crystals. We reused the mother liquor fraction in a second crystallization which
significantly increased the product yield.

'H NMR (400 MHz, CDCl3) & 7.36 — 7.21 (m, 5H), 4.88 (br s, 1H), 4.29 (d, J = 5.6 Hz, 2H), 1.46 (s, 9H).
13C NMR (100 MHz, CDCls) 6 155.9, 139.0, 128.6, 127.5, 127.3, 79.5, 44.7, 28.4.

These data are in agreement with literature data.?

tert-butyl phenylcarbamate (compound 6’)

H

N\n/O\|<
1
This is an adapted literature procedure.! To a 25 mL flask was added subsequently di-tert-butyl
dicarbonate (4.365 g, 20 mmol, 1.0 equiv.) and aniline (1.8 mL, 20 mmol, 1.0 equiv.). Under solvent-
free conditions, the mixture was heated to 80 °C under vacuum using a rotary evaporator. The pressure
was gradually lowered. After full conversion, as monitored via TLC, the vacuum was increased to fully
evaporate the remaining volatiles (tBuOH and CO,). The crude product was recrystallized from heptane
to afford tert-butyl phenylcarbamate (3.389 g, 88%) as transparent needles. We reused the mother
liquor fraction in a second crystallization which significantly increased the product yield.
1H NMR (400 MHz, CDCl3) 6 7.35 (d, J = 7.9 Hz, 2H), 7.26 (t, J = 7.9 Hz, 2H), 7.01 (t, J = 7.3 Hz, 1H), 6.61
(brs, 1H), 1.51 (s, 9H). 3C NMR (100 MHz, CDCl3) 6 152.9, 138.4,129.0, 123.0, 118.6, 80.5, 28.4.
These data are in agreement with literature data.?

tert-butyl 1H-imidazole-1-carboxylate (compound 8’)

4\ij)\0J<

—

N

This is an adapted literature procedure.! To a 25 mL flask was added subsequently di-tert-butyl
dicarbonate (2.182 g, 10 mmol, 1.0 equiv.) and imidazole (0.681 g, 10 mmol, 1.0 equiv.). The substrates
started reaction immediately upon being added to the flask (beware exothermic). Under solvent-free
conditions, the mixture was further heated to 80 °C under vacuum using a rotary evaporator. The
pressure was gradually lowered. After full conversion, as monitored via TLC (less than 15 minutes), the
vacuum was increased to fully evaporate the remaining volatiles (tBuOH and CO,). The crude product
was recrystallized from heptane to afford tert-butyl 1H-imidazole-1-carboxylate (1.543 g, 92%) as
transparent crystals. We reused the mother liquor fraction in a second crystallization which
significantly increased the product yield.

'H NMR (400 MHz, CDCls) & 8.08 (t, J = 1.0 Hz, 1H), 7.39 — 7.36 (m, 1H), 7.04 (dd, J; = 0.9 Hz, J, = 1.6 Hz,
1H), 1.63 (s, 9H). **C NMR (100 MHz, CDCl5) 6 147.1, 137.0, 130.2, 117.1, 85.5, 27.8.

These data are in agreement with literature data.?
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tert-butyl (4-((triisopropylsilyl)oxy)phenyl)carbamate (compound 23’)

~ o
7O Ak

This is a modification of three literature procedures.*® To a solution of tert-butyl (4-
hydroxyphenyl)carbamate (1.05 g, 5 mmol, 1.0 equiv.) and imidazole (0.681 g, 10 mmol, 2.0 equiv.) in
anhydrous THF (10 mL) was slowly added TIPS-Cl (1.377 mL, 6.5 mmol, 1.3 equiv.) via a syringe. The
reaction mixture is stirred for 3 hours at room temperature. The reaction mixture is transferred to a
separatory funnel along with 10 mL of MTBE and 20 mL of a saturated aq. NaHCOs solution. After
mixing and settling, the aq. layer is removed and the organic layer is washed with brine (20 mL) and
dried over Na,SO,. The solvents were evaporated and the residue was subjected to column
chromatography (SiO,, heptane/Et,0 9:1). The retrieved oil was crystallized from ethanol (heated for
dissolution and supersaturation). After additon of a few drops of water (anti-solvent), the
crystallization took place overnight at -26 °C to give colorless needles (1.12 g, 61%).

1H NMR (400 MHz, DMSO-ds) 6 9.13 (s, 1H), 7.30 (d, J = 8.8 Hz, 2H), 6.78 — 6.72 (m, 2H), 1.46 (s, 9H),
1.20 (septet, J = 7.4 Hz, 3H), 1.05 (d, J = 7.3 Hz, 18H). 3C NMR (100 MHz, DMSO-ds) & 153.3, 150.7,
133.6,120.0,119.8, 79.1, 28.6, 18.2, 12.5.

These data are in agreement with the literature data.*®

3. N-Boc Deprotection of tert-Butyl Carbamates

3.1. Two-chamber reactors

For this procedure we used two-chamber reactors. You can use a regular two-chamber reactor (Figure
S3). However, because this procedure obviates the need for purification and work-up steps, a variant
was devised having a detachable chamber allowing direct product isolation. With a classical two-
chamber reactor, the product still needs to be retrieved from chamber B, which sometimes can be
inconvenient. Furthermore, this transfer step can cause product loss, especially for small-scale
reactions. In addition, chamber A still holds sulfuric acid which comes with the accompanied risks.
Regular two-chamber reactors are commercially available or can simply be made by means of
glassblowing. Detachable two-chamber reactors can be made by glassblowing using the following
parts:

e GL 18 (open) screw caps (1)
e PTFE disk with hole (recyclable) (2) ( 2 ' 1
Silicone/PTFE septum (3) [ 3

[ ]
e GL 18 screwthread tubes (4)
e Aconnection joint: a% - 4
o Cone with rim (5)
o Threaded socket (6) O 7
o Loosening ring (7) |
o Open screw cap (8) 5 [ g 8
o O-ring (9)
O-

6

Figure S1: Components to make a detachable
two-chamber reactor.
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Figure S2: Detachable two-chamber reactors of different sizes: small (A, B14 joint, V = 23 mL); small (B, B14 joint, V = 46 mL);
medium (C, B24 joint, V = 170 mL); large (D, B29 joint, V = 620 mL).

Figure S3: Regular two-chamber reactors of different sizes: small (A, V = 22 mL); medium (B, V = 120 mL); large (D, V = 400
mL). Invented by the Skrydstrup group.”-8
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3.2. General Procedures

Chamber A
NaCl (3 equiv.)
H H,S0, (0.5 mL)

R™ “Boc

Y

g NHHC! -
Chamber B
Substrate (1 equiv.)
No solvent, rt
Procedure A

Chamber A of a flame-dried small two-chamber reactor (Figure $S2-53) was charged with a stirring bar
and sodium chloride (88 mg, 1.5 mmol, 3.0 equiv.). Next, the N-Boc protected substrate is finely ground
with a pestle and mortar and the powder (0.5 mmol, 1.0 equiv.) is transferred to (detachable) chamber
B. Finally, the reactor was capped and 0.5 mL of concentrated sulfuric acid (H.SO4, >95%) was added
by injection through the septum in chamber A and instant gas formation was observed.

After 1 to 20 hours at room temperature, depending on the substrate, one of the caps was carefully
removed to release the residual pressure. The reaction was stirred for another few minutes to ensure
that all hydrogen chloride gas was extracted out of the fume hood.

Next, chamber B was detached to isolate the hydrochloric acid salt in quantitative yield. After
homogenization, a sample of the product was taken and submitted to *H NMR to confirm the substrate
was fully deprotected and no side reactions had occurred.

Procedure B
In case when acid labile functionalities are present. Identical to procedure A, except after closing the
system the air is replaced with nitrogen or argon gas to eliminate moisture.

An instructional video is available online in the Supplementary Information section:
N-Boc_lInstructional_Video.mp4

Caution !

1) Hydrogen chloride gas is highly corrosive. Residual HCl gas can be evacuated by carefully
unscrewing the capsin afumehood. Even safer, before unscrewing, release the pressure by venting
the system with a needle of which the outlet passes through an alkaline solution (e.g. NaOH) to
guench the HCl gas.

2) Our lab typically employs a maximum pressure in a two-chamber vessel of 5 bar. In order not to
exceed this pressure, the molar amount of generated gas needs to be limited depending on the
size of the reactor. For our smallest reactor, the amount of generated gas was limited to 3.7 mmol
at room temperature. This was calculated using the ideal gas law based on an inner volume of 23
mL. For the large detachable two-chamber reactor (inner volume of 610 mL), the amount of
generated gas was limited to 100 mmol at room temperature.

Large scale deprotection of N-Boc benzylamine

Chamber A of a flame-dried medium-sized detachable two-chamber reactor (Figure S2) was charged
with a stirring bar and sodium chloride (NaCl, 877 mg, 15 mmol, 3.0 equiv.). Next, N-Boc benzylamine
is finely ground with a pestle and mortar and the powder (1.036 g, 5 mmol, 1.0 equiv.) is transferred
to (detachable) chamber B. Then, chamber B was attached and the reactor capped. At these larger
scales it is advised to cool chamber A to slow down the gas generation rate. We cooled chamber A with
acetone/dry ice and added 4 mL of concentrated sulfuric acid (H,S04, >95%) by injection through the
septum. Instant gas formation was observed, yet at a slower pace due to cooling. After 4 hours of
reaction time, full conversion was achieved and the pressure was released by venting the system by
introducing a needle through the septum. The needle outlet was passed through an alkaline solution
(NaOH) to quench the excess HCl gas. Then, one of the caps was removed and chamber A was stirred
for another few minutes to ensure that all HCl gas was extracted out of the fume hood. Passing
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pressurized air or nitrogen gas through the reactor can help in the process. Finally, chamber B was
detached to isolate benzylamine hydrochloride in quantitative yield as a white powder (721 mg, 5
mmol, >99%).

Large scale deprotection of Boc-L-pyroglutamate

Chamber A of a flame-dried large detachable two-chamber reactor (Figure S2) was charged with a
stirring bar and sodium chloride (2.4 g, 41.10 mmol, 2.0 equiv.). Next, Boc-L-pyroglutamate is finely
ground with a pestle and mortar and the powder (5.0 g, 20.55 mmol, 1.0 equiv.) is transferred to
(detachable) chamber B. Then, chamber B was attached and the reactor capped. At these larger scales
it is advised to cool chamber A to slow down the gas generation rate. We cooled chamber A with
acetone/dry ice and added 10 mL of sulfuric acid (H,SO.4) by injection through the septum. Instant gas
formation was observed, yet at a slower pace due to cooling. After 4 hours of reaction time, full
conversion was achieved and the pressure was released by introducing a needle through the septum
of which the outlet was passed through an alkaline solution (NaOH) to quench the excess HCl gas.
Then, one of the caps was removed and chamber A was stirred for another few minutes to ensure that
all HCl gas was extracted out of the fume hood. Blowing pressurized air or nitrogen gas through the
reactor can help in the process. Finally, chamber B was detached to isolate methyl L-pyroglutamate in
quantitative yield as a slightly yellow oil (3.01 g, 20.55 mmol, >99%).

3.3. Deprotected substrates
benzylamine hydrochloride (compound 1)

©/\NH2HCI

General procedure A was followed using 104 mg of N-Boc benzylamine (0.5 mmol, 1.0 equiv.). After 1
hour of reaction time, full conversion was achieved and the hydrochloride product was readily
obtained as a white powder (72 mg, >99%).

4 NMR (400 MHz, DMSO- ds) & 8.50 (br s, 3H), 7.54 — 7.47 (m, 2H), 7.45 — 7.34 (m, 3H), 4.00 (s, 2H).
13C NMR (100 MHz, DMSO-ds) & 134.6, 129.4, 129.0, 128.8, 42.6. Elemental analysis: calculated for
C7H10CIN: C, 58.54%; H, 7.02%; N, 9.75%; found: C, 58.36%; H, 7.08%; N, 9.71%.

These data are in agreement with literature data.®

piperidine hydrochloride (compound 2)

( NHHCI

General procedure A was followed using 93 mg of N-Boc-piperidine (0.5 mmol, 1.0 equiv.). After 1 hour
of reaction time, full conversion was achieved and the hydrochloride product was readily obtained as
an off-white solid (61 mg, >99%).

'H NMR (400 MHz, DMSO-ds) 6 9.03 (br s, 2H), 3.01 - 2.91 (m, 4H), 1.72 - 1.63 (m, 4H), 1.59 -1.50 (m,
2H). 3C NMR (100 MHz, DMSO-ds) & 43.9, 22.5, 22.2.

These data are in agreement with literature data.!> 1!

azepane hydrochloride (compound 3)

GNHHCI

General procedure A was followed using 100 mg of N-Boc-hexamethyleneimine (0.5 mmol, 1.0 equiv.).
After 1 hour of reaction time, full conversion was achieved and the hydrochloride product was readily
obtained as an off-white solid (68 mg, >99%).
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1H NMR (400 MHz, DMSO-ds) § 9.07 (br s, 2H), 3.07 — 3.01 (m, 4H), 1.80 — 1.71 (m, 4H), 1.63 - 1.54 (m,
4H). 3C NMR (75 MHz, DMSO-ds) & 44.8, 26.1, 24.4. Elemental analysis: calculated for CeH14CIN: C,
53.13%; H, 10.40%; N, 10.33%; found: C, 52.89%; H, 10.45%; N, 9.96%.

allylamine hydrochloride (compound 4)

/\/NHzHCI

General procedure A was followed using of 79 mg N-Boc allylamine (0.5 mmol, 1.0 equiv.). After 1 hour
of reaction time, full conversion was achieved and the hydrochloride product was readily obtained as
a white solid (47 mg, >99%).

1H NMR (400 MHz, DMSO-ds) & 8.30 (br s, 3H), 5.97 — 5.84 (m, 1H), 5.43 — 4.34 (m, 1H), 5.33 — 5.26 (m,
1H), 3.48 — 3.36 (m, 2H). 3C NMR (100 MHz, DMSO-ds) 6 136.2, 125.0, 46.0.

These data are in agreement with literature data.!?

propargylamine hydrochloride (compound 5)

/\NHZHCI

General procedure A was followed using 78 mg of N-Boc-propargylamine (0.5 mmol, 1.0 equiv.). After
1 hour of reaction time, full conversion was achieved and the hydrochloride product was readily
obtained as an off-white solid (slight tan) (46 mg, >99%).

1H NMR (400 MHz, DMSO-ds) § 8.42 (br's, 3H), 3.71 (/= d, 2.6 Hz, 2H), 3.59 (t, J = 2.6 Hz, 1H). 3*C NMR
(100 MHz, DMSO-ds) 6 78.3, 77.4, 28.5. Elemental analysis: calculated for C3HeCIN: C, 39.36%; H,
6.61%; N, 15.30%; found: C, 38.96%; H, 6.67%; N, 14.75%.

aniline hydrochloride (compound 6)

©/NH2HCI

General procedure A was followed using 97 mg of N-Boc aniline (0.5 mmol, 1.0 equiv.). After 1 hour of
reaction time, full conversion was achieved and the hydrochloride product was readily obtained as a
white powder (65 mg, >99%).

'H NMR (400 MHz, DMSO-ds) 6 9.85 (br s, between 2H & 3H), 7.50 — 7.42 (m, 2H), 7.37 = 7.26 (m, 3H).
13C NMR (100 MHz, DMSO-de) 6 132.8, 130.2, 128.2, 123.5.

These data are in agreement with literature data.?

4-methoxyaniline hydrochloride (compound 7)

/©/NH2HCI
o

General procedure A was followed using 112 mg of N-Boc-4-methoxyaniline (0.5 mmol, 1.0 equiv.).
After 3 hours of reaction time, full conversion was achieved and the hydrochloride product was readily
obtained as a yellow powder (78 mg, >99%).

'H NMR (400 MHz, DMSO-ds) 6 9.93 (br s, 3H), 7.33 — 7.26 (m, 2H), 7.07 — 7.00 (m, 2H), 3.78 (s, 3H).
13C NMR (100 MHz, DMSO-de) 6 159.1, 124.9, 124.7, 115.3, 55.9.

These data are in agreement with literature data.*
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imidazole hydrochloride (compound 8)
N
LY +e
N
H

General procedure A was followed using 84 mg of Boc-imidazole (0.5 mmol, 1.0 equiv.). After 1 hour
of reaction time, full conversion was achieved and the hydrochloride product was readily obtained as
a white powder (52 mg, >99%).

IH NMR (400 MHz, DMSO-ds) § 17.71 (br s, 2H), 9.14 (t, J = 1.3 Hz, 1H), 7.69 (d, J = 1.3 Hz, 2H). *C NMR
(100 MHz, DMSO-ds) 6 134.4, 119.6. Elemental analysis: calculated for CsHsCIN,: C, 34.47%; H, 4.82%;
N, 26.80; found: C, 34.23%; H, 4.91%; N, 26.43%.

1H-pyrazole-1-carboxamidine hydrochloride (compound 9)
NH

JL -HCI

e
=N

General procedure A was followed using 105 mg of tert-butyl (imino(1H-pyrazol-1-
yl)methyl)carbamate (0.5 mmol, 1.0 equiv.). After 3 hours of reaction time, full conversion was
achieved and the hydrochloride product was readily obtained as a white powder (73 mg, >99%).

'H NMR (400 MHz, DMSO-ds) & 9.69 (br s, 2H), 9.44 (br s, 2H), 8.85 (d, /= 2.9 Hz, 1H), 8.10(d, /= 1.5
Hz, 1H), 6.81 (dd, J; = 1.6 Hz, J; = 2.9 Hz, 1H). 3C NMR (100 MHz, DMSO-ds) § 152.5, 146.1, 131.7,
112.0. Elemental analysis: calculated for C4H;CINg4: C, 32.78%; H, 4.81%; N, 38.22%; found: C, 31.75%;
H, 4.94%; N, 9.71%.

These data are in agreement with literature data.’

L-alanine hydrochloride (compound 10)
(o]

OH

NH,HCI
General procedure A was followed using 95 mg of Boc-L-alanine (0.5 mmol, 1.0 equiv.). After 1 hour of
reaction time, full conversion was achieved and the hydrochloride product was readily obtained as a
white powder (63 mg, >99%).
1H NMR (400 MHz, DMSO-ds) & 13.68 (br's, 1H), 8.41 (brs, 3H),3.91 (g, J=7.2 Hz, 1H),1.4(d, J=7.2
Hz, 3H). 3C NMR (100 MHz, DMSO-ds) 6 171.4, 47.7, 15.7. Elemental analysis: calculated for
CsHsCINO;: C, 28.70%; H, 6.42%; N, 11.16%,; found: C, 28.59%; H, 6.41%; N, 10.94%. [a]f,s =+ 14.57°
(c=2 g/dL, 6N HCl). These data are in agreement with literature data.'®

L-leucine hydrochloride (compound 11)
(o]

Y o
NH,HCI

General procedure A was followed using 116 mg of Boc-L-leucine (0.5 mmol, 1.0 equiv.). After 3 hours
of reaction time, full conversion was achieved and the hydrochloride product was readily obtained as
a white powder (84 mg, >99%).

1H NMR (400 MHz, DMSO-ds) 6 13.78 (br's, 1H), 8.30 (br s, 3H), 3.82 (t, J = 7.0 Hz, 1H), 1.78 (septet, J =
6.6 Hz, 1H), 1.69 — 1.55 (m, 2H), 0.90 (m, J; = 2.7 Hz, J> = 6.5 Hz, 6H). 3C NMR (100 MHz, DMSO-ds)
Elemental analysis: calculated for C¢H14CINO2: C, 42.99%; H, 8.42%; N, 8.36%; found: C, 42.81%; H,
8.42%; N, 8.17%. Chiral HPLC: H,O/H3P0O4 1 wt.%, 0.1 mL/min, 30 °C, 210 nm, RT = 7.03 min.

These data are in agreement with literature data.”
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L-methionine hydrochloride (compound 12)
o

S OH

NH,HCI
General procedure A was followed using 125 mg of Boc-L-methionine (0.5 mmol, 1.0 equiv.). After 1
hour of reaction time, full conversion was achieved and the hydrochloride product was readily
obtained as a white powder (93 mg, >99%).
'H NMR (400 MHz, DMSO-de) 6 13.89 (br's, 1H), 8.38 (br's, 3H), 3.97 (t, J = 6.2 Hz, 1H), 2.69 — 2.52 (m,
2H), 2.13 -1.96 (m, 5H). *3C NMR (100 MHz, DMSO-ds) 6 170.5, 50.8, 29.4, 28.5, 14.2. [()(]12)5 =+23.14°
(c=2g/dL, 6N HCI). Chiral HPLC: H,0/H3P0O41 wt.%, 0.2 mL/min, 30 °C, 210 nm, RT = 4.17 min.
These data are in agreement with literature data.®

methyl L-tyrosinate hydrochloride (compound 13)
(0]

o/

HO NH,HCI

General procedure A was followed using 148 mg of Boc-L-tyrosine methyl ester (0.5 mmol, 1.0 equiv.).
After 14 hours of reaction time, full conversion was achieved and the hydrochloride product was
readily obtained as a white powder (116 mg, >99%).

14 NMR (400 MHz, DMSO-ds) 6 9.45 (s, 1H), 8.54 (br s, 3H), 7.04 — 6.97 (m, 2H), 6.75 — 6.69 (m, 2H),
4.16 (t,J = 6.4 Hz, 1H), 3.67 (s, 3H), 3.09 — 2.94 (m, 2H). 3C NMR (100 MHz, DMSO-ds) 6 169.4, 156.7,
130.3,124.3,115.4,53.4,52.5, 35.0.

These data are in agreement with literature data.®

benzyl L-tryptophanate hydrochloride (compound 14)
o

’ (]
HN NH,HCI

General procedure B was followed using 197 mg of Na-Boc-L-tryptophan benzyl ester (0.5 mmol, 1.0
equiv.) and by generating 2.5 mmol of HCl gas (146 mg NaCl, 0.5 mL H,S04). After 14 hours of reaction
time, full conversion was achieved and the hydrochloride product was readily obtained as a white
powder (165 mg, >99%).

'H NMR (400 MHz, DMSO-ds) 6 11.08 (s, 1H), 8.51 (br s, 3H), 7.52 (app d, J = 7.8 Hz, 1H), 7.4 (app d, J
=8.1Hz, 1H), 7.37-7.31(m, 3H), 7.25 -7.18 (m, 3H), 7.15-7.08 (m, 1H), 7.05 - 6.98 (m, 1H), 5.20 -
5.04 (m, 2H), 4.32 (t, J = 6.4 Hz, 1H), 3.37 — 3.24 (m, 2H, partial overlap with H,O peak). 3C NMR (100
MHz, DMSO-ds) 6 169.8, 136.7, 135.4, 128.9, 128.7, 128.5, 127.4, 125.4, 121.6, 119.1, 118.5, 112.0,
106.9, 67.5, 53.2, 26.8. Elemental analysis: calculated for C1sH15CIN,O;: 65.35%; H, 5.79%; N, 8.47%;
found: C, 64.73%; H, 5.79%; N, 8.03%.

These data are in agreement with literature data.®
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O-benzyl-L-threonine hydrochloride (compound 15)

NH,HCI

General procedure B was followed using 155 mg of Boc-L-Thr(Bzl)-OH (0.5 mmol, 1.0 equiv.). After 5
hours of reaction time, full conversion was achieved and the hydrochloride product was readily
obtained as a white powder (123 mg, >99%).

'H NMR (400 MHz, DMSO-ds) & 13.91 (s, 1H), 8.37 (br s, 3H), 7.40 — 7.25 (m, 5H), 4.54 (ABq, J = 11.9
Hz, 2H), 4.16 — 4.08 (m, 1H), 4.02 (d, J = 3.2 Hz, 1H), 1.29 (d, / = 6.5 Hz, 3H). **C NMR (100 MHz, DMSO-
ds) 6 169.8, 138.4, 128.6, 128.1, 128.0, 73.1, 70.7, 57.0, 16.6. Elemental analysis: calculated for
C11H16CINOs: C, 53.77%; H, 6.56%; N, 5.70%; found: C, 53.60%; H, 6.55%; N, 5.62%.

L-aspartic acid hydrochloride (compound 16)
(o]

HO OH

O NH,-HCI

General procedure B was followed using 145 mg of Boc-Asp(OtBu)-OH (0.5 mmol, 1.0 equiv.). After 16
hours of reaction time, full conversion was achieved and the hydrochloride product was readily
obtained as a white powder (85 mg, >99%).

1H NMR (400 MHz, DMSO-ds) 6 14.3 — 12.6 (br s, 2H), 8.36 (br s, 2H), 4.15 (t, J = 5.3 Hz, 1H), 2.86 (d, J
=5.4 Hz, 2H). 3C NMR (100 MHz, DMSO-ds) 6 171.4, 170.3, 48.9, 34.7. Elemental analysis: calculated
for C4HsCINO4: C, 28.33%; H, 4.76%; N, 8.26%; found: C, 28.29%; H, 4.76%; N, 8.18%. Chiral HPLC:
H20/H3P0O41 wt.%, 0.1 mL/min, column cooled on ice, 210 nm, RT = 12.58 min.

L-serine hydrochloride (compound 17)
o

HO OH

NH,-HCI
General procedure B was followed using 131 mg of Boc-Ser(tBu)-OH (0.5 mmol, 1.0 equiv.). After 16
hours of reaction time, full conversion was achieved and the hydrochloride product was readily
obtained as a white powder (71 mg, >99%).
1H NMR (400 MHz, DMSO-ds) 6 14.1 —13.3 (brs, 1H), 8.36 (brs, 3H), 5.84 — 5.31 (m, 1H), 3.96 (s, 1H),
3.82 (m, 2H). *3C NMR (100 MHz, DMSO-ds) § 169.8, 59.9, 54.8. Elemental analysis: calculated for
CsHsCINOs: C, 25.46%; H, 5.70%; N, 9.90%; found: C, 25.40%; H, 5.71%; N, 9.77%.

methyl L-pyroglutamate (compound 18)

4_)\(0
07N

H (0
General procedure B was followed using 122 mg of methyl Boc-L-pyroglutamate (0.5 mmol, 1.0 equiv.).
After 2 hours of reaction time, full conversion was achieved and methyl L-pyroglutamate was readily
obtained as a slightly yellow oil (73 mg, >99%).
1H NMR (400 MHz, DMSO-ds) 6 8.0 (brs, 1H), 4.18 (dd, J: = 3.8 Hz, J, = 9.1 Hz, 1H), 3.67 (s, 3H), 2.40 -
2.27 (m, 1H), 2.21 — 2.06 (m, 2H), 2.04 — 1.93 (m, 1H). 3C NMR (100 MHz, DMSO-ds) 6§ 177.5, 173.8,
55.1,52.5, 29.3, 24.9.
These data are in agreement with literature data.?
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4-methylbenzenesulfonamide (compound 19)

N\

o

General procedure A was followed using 136 mg of N-Boc-sulfonamide (0.5 mmol, 1.0 equiv.). After 4
hours of reaction time, full conversion was achieved and p-toluenesulfonamide was readily obtained
as a white powder (86 mg, >99%).

4 NMR (400 MHz, DMSO-ds) 6 7.70 (d, J = 8.3, 2H), 7.36 (d, 2H), 7.26 (br s, 2H), 2.37 (s, 3H). 3C NMR
(100 MHz, DMSO-ds) 6 142.3, 141.9, 129.8, 126.1, 21.4. Elemental analysis: calculated for C;HsNO,S:
C,49.11%; H, 5.30%; N, 8.18%; found: C, 48.76%; H, 5.30%; N, 7.69%.

These data are in agreement with literature data.**

4-aminopiperidine dihydrochloride (compound 20)

NH,HCI
cmmO/

General procedure A was followed using 100.1 mg of 4-(N-Boc-amino)piperidine (0.5 mmol, 1.0 equiv.).
Due to the extra amine functionality, 2.5 mmol of HCl gas was generated (146 mg NaCl, 0.5 mL H,SO04).
After 5 hours of reaction time, full conversion was achieved and the bis hydrochloride product was
readily obtained as a white powder (87 mg, >99%).

'H NMR (100 MHz, DMSO-ds) § 9.02 (app d, J = 64.1 Hz, 2H,"NH>), 8.36 (br s, 3H, *NHs), 3.36-3.24 (m,
3H),2.94 (q,J=11.8 Hz, 2H), 2.06 (d, J = 11.5 Hz, 2H), 1.85-1.70 (m, 2H). 3*C NMR (100 MHz, DMSO-ds)
645.5,41.6, 26.8. Elemental analysis: calculated for CsH14CI;N»: C, 34.70%; H, 8.15%; N, 16.19%; found:
C,33.51%; H, 8.26%; N, 14.87%.

1,4-dioxa-8-azaspiro[4.5]decane hydrochloride (compound 21)

o
|: @NHHCI
o)

General procedure B was followed using 122 mg of tert-butyl 1,4-dioxa-8-azaspiro[4.5]decane-8-
carboxylate (0.5 mmol, 1.0 equiv.). After 4 hours of reaction time, full conversion was achieved and
the hydrochloride product was readily obtained as a white powder (90 mg, >99%).

H NMR (400 MHz, DMSO-ds) 6 8.86 (br s, 2H), 3.93 (s, 4H), 3.13 —3.07 (m, 4H), 1.84 (app t, /= 6.1 Hz,
4H). ¥C NMR (100 MHz, DMSO-ds) § 104.6, 64.5, 42.5, 31.9. Elemental analysis: calculated for
C7H14CINO;: C, 46.80%; H, 7.85%; N, 7.80%,; found: C, 46.63%; H, 7.95%; N, 7.14%.

These data are in agreement with literature data.?

4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)piperidine hydrochloride (compound 22)

o\
,B—CNHHCI
o

General procedure B was followed using 156 mg of tert-butyl 4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)piperidine-1-carboxylate (0.5 mmol, 1.0 equiv.). After 4 hours of reaction time, full
conversion was achieved and the hydrochloride product was readily obtained as a white powder (124
mg, >99%).

'H NMR (400 MHz, DMSO-ds) § 9.13 (s, 1H), 8.87 (s, 1H), 3.09 — 2.98 (m, 2H), 2.90 — 2.77 (m, 2H), 1.78
—1.69 (m, 2H), 1.66 —1.53 (m, 2H), 1.19 (s, 12H). ¥*C NMR (100 MHz, DMSO-ds) & 83.6, 44.0, 25.0, 23.8.
(*3C signal of carbon with “C-B” bond not visible due to quadrupole relaxation)?® Elemental analysis:
calculated for C11H23BCINO;: C, 53.37%; H, 9.36%; N, 5.66%; found: C, 42.95%; H, 9.31%; N, 5.31%.
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4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole hydrochloride (compound 23)

o NH
IB—</;'[J ‘HCI
o

General procedure B was followed using 147 mg of tert-butyl 4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1H-pyrazole-1-carboxylate (0.5 mmol, 1.0 equiv.). After 2 hours of reaction time,
full conversion was achieved and the hydrochloride product was readily obtained as a white powder
(115 mg, >99%).

'H NMR (400 MHz, DMSO-ds) & 7.83 (s, 2H), 1.25 (s, 12H). 13C NMR (100 MHz, DMSO-ds) & 140.0, 83.5,
25.1. (*3C signal of carbon with “C-B” bond not visible due to quadrupole relaxation)® Elemental
analysis: calculated for CoH16BCIN;0;: C, 46.90%; H, 7.00%; N, 12.15%; found: C, 47.03%; H, 7.00%; N,
11.97%.

4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)aniline hydrochloride (compound 24)

/O/NHZHCI
.-
(o)

General procedure B was followed using 160 mg of tert-butyl (4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl)carbamate (0.5 mmol, 1.0 equiv.) but 2.5 mmol of HCl gas (5 equiv.) was
generated (146 mg NaCl, 0.5 mL H,SO,). After 14 hours of reaction time, full conversion was achieved
and the hydrochloride product was readily obtained as a white powder (128 mg, >99%).

!H NMR (400 MHz, DMSO-ds) § 7.60 (app d, J = 7.8 Hz, 2H), 6.99 (app d, J = 7.8 Hz, 2H), 1.28 (s, 12H).
13C NMR (100 MHz, DMSO-ds) 6 136.3, 120.5, 84.1, 25.1. (*3C signal of carbon with “C-B” bond not
visible due to quadrupole relaxation)?® Elemental analysis: calculated for C1,H1sBCINO,: C, 56.40%; H,
7.49%; N, 5.48%; found: C, 55.81%; H, 7.55%; N, 4.83%.

4-((triisopropylsilyl)oxy)aniline hydrochloride (compound 25)

)\S>_ NH,HCI
S

General procedure B was followed using 183 mg of tert-butyl (4-
((triisopropylsilyl)oxy)phenyl)carbamate (0.5 mmol, 1.0 equiv.) but 2.5 mmol of HCl gas (5 equiv.) were
generated (146 mg NaCl, 0.5 mL H,S0.). After 14 hours of reaction time, full conversion was achieved
and the hydrochloride product was readily obtained as a white powder (151 mg, >99%).

H NMR (400 MHz, DMSO-ds) § 10.08 (brs, 3H), 7.31 —7.24 (m, 2H), 7.00 — 6.93 (m, 2H), 1.26 (septet,
J=7.4 Hz, 3H), 1.06 (d, J = 7.4 Hz, 18H). 3C NMR (100 MHz, DMSO-ds) & 155.4, 125.6, 124.9, 121.0,
18.2, 12.4. Elemental analysis: calculated for CisH2sCINOSi: C, 59.67%; H, 9.35%; N, 4.64; found: C,
58.93%; H, 9.22%; N, 4.25%.

1,2,3,6-tetrahydropyridin-4-yl trifluoromethanesulfonate hydrochloride (compound 26)

00 /OIHHCI
\\S// \
FsC7 "0

General procedure B was followed using 166 mg of N-Boc-4-trifluoromethanesulfonyloxy-3,6-dihydro-
2H-pyridine (0.5 mmol, 1.0 equiv.). After 2 hours of reaction time, full conversion was achieved and
the hydrochloride product was readily obtained as an off-white solid (134 mg, >99%).
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1H NMR (400 MHz, DMSO-ds) 6 9.55 (br's, 2H), 6.11 - 6.07 (m, 1H), 3.78 (app d, J = 2.9 Hz, 2H), 3.32 (t,
J=6.0 Hz, 2H), 2.70 — 2.62 (m, 2H). 3C NMR (100 MHz, DMSO-de) 6 145.9, 118.4 (q, J = 320.5 Hz, 1C,
CFs), 114.3, 40.4, 40.3, 24.6. **F NMR (377 MHz, DMSO-ds) 6 -73.6. Elemental analysis: calculated for
CeHoCIFSNOsS: C, 26.93%; H, 3.39%; N, 5.23%; found: C, 27.33%; H, 3.43%; N, 4.73%.

3-iodo-1-(piperidin-4-ylmethyl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine trihydrochloride (compound
27)

NH,

N

I N -2HCI
NZ N

\\CNHHCI

General procedure B was followed using 92 mg of tert-butyl 4-((4-amino-3-iodo-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)methyl)piperidine-1-carboxylate (0.2 mmol, 1.0 equiv.) but 2.0 mmol of HCl gas (10
equiv.) were generated (117 mg NaCl, 0.5 mL H,SO4). After 20 hours of reaction time, full conversion
was achieved and the hydrochloride product was readily obtained as an off-white (yellow) powder (93
mg, >99%).

4 NMR (400 MHz, DMSO-ds) 6 8.87 (d, J = 10.2 Hz, 1H, *NH,), 8.60 (d, J = 10.8 Hz, 1H, *NH,), 8.37 (s,
1H), 4.24 (d, J = 7.0 Hz, 2H), 3.22 (d, J = 12.5 Hz, 2H), 2.81 (q, J = 11.6 Hz, 2H), 2.24 — 2.11 (m, 1H), 1.64
(d,J=12.6 Hz, 2H), 1.48 -1.33 (m, 2H). 13C NMR (100 MHz, DMSO-ds) § 153.2, 152.3, 148.7, 103.1, 93.6,
52.2,42.8, 34.3, 26.2. Elemental analysis calculated for C11H1sClsINe: C, 28.26%; H, 3.88%; N, 17.97%;
found: C, 27.80%; H, 4.13%; N, 17.16%.

3-(1H-indol-3-yl)-1-(piperidin-4-ylmethyl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine trihydrochloride
(compound 28)

-2HCI

\\CNHHCI

General procedure B was followed using 10 mg of tert-butyl 4-((4-amino-3-(1H-indol-3-yl)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)methyl)piperidine-1-carboxylate. Due to the “high value” of this
compound and therefore ensure good conversion, a large excess of HCl gas was generated (88 mg
NaCl, 0.5 mL H,SO,). After 20 hours of reaction time, near full conversion was achieved (3% starting
material left) and the hydrochloride product was readily obtained as a yellow powder (10 mg, >97%).
1H NMR (600 MHz, DMSO-ds) 6 11.71 (s, 1H, NH), 8.95 (app d, J = 9.2 Hz, 1H, *NH,), 8.72 (app d, J =
10.2 Hz, 1H, *NH,), 8.53 (s, 1H), 7.88 (d, J = 7.9 Hz, 1H), 7.78 (d, J = 2.7 Hz, 1H), 7.53 (d, J = 8.1 Hz, 1H),
7.27-7.20 (m, 1H), 7.18 - 7.11 (m, 1H), 4.37 (d, J = 7.0 Hz, 2H), 3.26 (d, / = 12.1 Hz, 2H), 2.86 (q, J =
11.8 Hz, 2H), 2.38 — 2.25 (m, 1H), 1.75 (d, J = 12.4 Hz, 2H), 1.59 — 1.45 (m, 2H). 3C NMR (151 MHz,
DMSO-dg) & 154.3, 152.5, 149.5, 142.1, 137.0, 127.0, 126.0, 122.8, 120.5, 120.5, 112.5, 106.5, 97.3,
51.7,43.0, 34.3, 26.4.

These data are in agreement with literature data.?
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4-(aminomethyl)-N-hydroxybenzamide hydrochloride (compound 29)

H NH,HCI

HO’N

(o]
General procedure B was followed using 53.3 mg of tert-butyl (4-(hydroxycarbamoyl)benzyl)carbamate
(0.2 mmol, 1.0 equiv.). To ensure ensure full conversion, an excess of HCl gas was generated (10 equiv.,
117 mg NacCl, 0.5 mL H,S0,). After 20 hours of reaction time, full conversion was achieved and the
hydrochloride product was readily obtained as an off-white powder (40.5 mg, >99%).
4 NMR (400 MHz, DMSO-ds) & 11.28 (br s, 1H), 8.47 (br s, 3H), 7.82 = 7.77 (m, 2H), 7.59 — 7.54 (m,
2H), 4.08 (g, J = 5.8 Hz, 2H). *C NMR (100 MHz, DMSO-ds) § 164.0, 137.5, 133.2,129.3, 127.5, 42.3.
HR-MS (ESI) calculated for CsH11N202* [M+H]* 167.0815; found 167.0821.
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4. NMR Spectra
tert-butyl benzylcarbamate (compound 1’)
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tert-butyl phenylcarbamate (compound 6’)
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tert-butyl 1H-imidazole-1-carboxylate (compound 8’)
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tert-butyl (4-((triisopropylsilyl)oxy)phenyl)carbamate (compound 23’)
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benzylamine hydrochloride (compound 1)
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piperidine hydrochloride (compound 2)

NHHCI
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azepane hydrochloride (compound 3)
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allylamine hydrochloride (compound 4)
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propargylamine hydrochloride (compound 5)
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aniline hydrochloride (compound 6)
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4-methoxyaniline hydrochloride (compound 7)

NH,HCI
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imidazole hydrochloride (compound 8)

[NK -HCI
H

14.71
9.14
9.14
9.14

<

7.69
7.69

<

- 3.5e+07

~3.0e+07

[ 2.5e+07

 2.0e+07

r1.5e+07

1.0e+07

 5.0e+06

0.0e+00

_
T T T T T T T
15 14 13 12 1 10 9
& 8

—134.4
—119.6

2.00

ppm

F1.1e+07

£ 1.0e+07

9.0e+06

£ 8.0e+06

[ 7.0e+06

£ 6.0e+06

£ 5.0e+06

£ 4.0e+06

£ 3.0e+06

£ 2.0e+06

£ 1.0e+06

0.0e+00

T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90

529

ppm



1H-pyrazole-1-carboximidamide hydrochloride (compound 9)
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L-alanine hydrochloride (compound 10)
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L-leucine hydrochloride (compound 11)
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L-methionine hydrochloride (compound 12)
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methyl L-tyrosinate hydrochloride (compound 13)
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benzyl L-tryptophanate hydrochloride (compound 14)
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O-benzyl-L-threonine hydrochloride (compound 15)
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L-aspartic acid hydrochloride (compound 16)
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L-serine hydrochloride (compound 17)
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methyl L-pyroglutamate (compound 18)
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4-methylbenzenesulfonamide (compound 19)
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4-aminopiperidine dihydrochloride (compound 20)
NH,HCI
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1,4-dioxa-8-azaspiro[4.5]decane hydrochloride (compound 21)
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4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)piperidine hydrochloride (compound 22)
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4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole hydrochloride (compound 23)
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4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)aniline hydrochloride (compound 24)
NH,HCI
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4-((triisopropylsilyl)oxy)aniline hydrochloride (compound 25)
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1,2,3,6-tetrahydropyridin-4-yl trifluoromethanesulfonate hydrochloride (compound 26)
00 NHHCI
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3-iodo-1-(piperidin-4-ylmethyl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine trihydrochloride (compound
27)
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3-(1H-indol-3-yl)-1-(piperidin-4-ylmethyl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine trihydrochloride
(compound 28)
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4-(aminomethyl)-N-hydroxybenzamide hydrochloride (compound 29)
NH,HCI
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5. HPLC print-outs
L-leucine hydrochloride (compound 11)

DAD1 B. Sig=210.4 Ref=off (RkV\20210801_Leucne_Sample_NewMethod 2021-01-14 17-44-30'202101140110)

DAD1 B. Sig=210.4 Ref=off (RV120210801_Leucne_Sampie_Newhlethod 2021-01-14 17-44-30120210114-0120)

L-methionine hydrochloride (compound 12)
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L-aspartic acid hydrochloride (compound 16)
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