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1. General considerations:

All the catalytic reactions were conducted under nitrogen atmosphere by
using standard Schlenk technique. The solvents and chemicals were
purchased from Aldrich and Chemtronica in Sweden. All glassware’s
dried overnight at 120°C and if needed flame dried further. Column
chromatography was performed on silica gel (Carlo Erba, 60A). Thin
layer chromatography was performed on a silica gel precoated on
aluminum foils with fluorescence indicator (254 nm). Preparative thin
layer chromatography was performed on plates available at Aldrich
(Analtech, UV,s4 20x20 cm, 500 micron). Yields refer to isolated
compounds and 'H NMR determined their purity.

Nuclear magnetic resonance (NMR) spectroscopy was performed at 400
MHz (‘H NMR), 101 MHz (}3C NMR), and 376 MHz ("F NMR) on
Bruker Ascend 400 instrument. Chemical shifts (3) are provided in ppm

and spectra referred to non-deuterated solvent signal.

Mass spectra (HRMS) were obtained from Lund University Kemi
Centrum Mass Spectrometry facility. Instrument: Waters XEVO-G2
QTOF. ESI+: Capillary voltage3 kV, Cone voltage 35V, Ext 4, Source
Temp 120, Des Temp 300, Cone gas 50, Des gas 400. Continuum
resolution mode, m/z 100-1200, manual lock mass correction by Leucine

Enkephalin (m/z 556.2771).

Electrochemical reactions were carried out in undivided electrochemical
cells (50 mL) using pre-dried glassware. RVC electrodes were obtained
from SGL carbon, Wiesbaden, Germany and used with the following

dimensions: (30 mm x 5 mm). Platinum electrodes (99.9 %) were



obtained from ChemPur Karlsruhe, Germany and used with the following
dimensions: (10 mm x 6 mm). Ni foam electrodes were obtained from
RECEMAT BV, The Netherlands and used with the following
dimensions (30 mm x 6 mm). Electrocatalysis was conducted using
GAMRY instruments Reference 600 & 600 plus potentiostat in constant

current mode.

Substituted pyrazoles 1 were prepared according to the reported
methods.! Alkyne 2a, 4g-4k was commercially available and used as
received. Alkynes 4a-f were synthesized according to the reported

methods.?

2. Description of electrochemical setup

Figure S1: Glassware setup for electrochemical reactions



Figure S3: Final setup for reactions



Figure S5: Electrochemical station with GAMRY 600 potentiostat



4. E-factor calculation

To evaluate the efficacy of this green methodology for the alkyne annulation with
pyrazole, we undertook a study to calculate the E-factor associated with this
reaction and found the total amount of 18.97, which is quite good, factor in

comparison to the conventional methods.

Rh catalyst (0.0673 g)

| 'N
N N KOAc (0.68 g)
yh o t-amyl-OH/H,0 (12 mL)
(0.59) (0.57 g)
1 4i

Total amount of reactants: 0.5 g+ 0.57 g+ 0.0673 g+ 0.68 g +9.849g=11.663 g
Amount of final product: 0.584 g

Amount of waste: (11.663-0.584) g =11.079 g

E-factor = Amount of waste/Amount of product = 11.079/0.584 = 18.97

5. Cyclic voltammetry studies

Cyclic voltammetry were recorded with a Gamry potentiostat at room temperature. A
Ni foam plate was used as counter electrode, a RVC electrode was used as the
working electrode, and Ag wire electrode was used as the reference. The

measurements were carried out at a scan rate of 100 mV/s.
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6. Copies of Spectra
Compound 3a, 'H NMR, CDCI3, 400 MHz
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Compound 3a, 3C NMR, CDCl;, 101 MHz
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DCM-= MeOH (2% H20 + 0.1% FA)

210615_HRMS_IN_KS_HPy 12 (0.234) Cm (12:111) 1: TOF MS ES+
100+ 321.1389 2.04e7
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Element prediction: Off

Mumber of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

200 formula(e) evaluated with 1 results within limits (all results (up to 1000} for each mass)

Elements Used:

C: 0-50 H: 0-100 N: 0-5 0:0-3 Na: 0-1
Mass | Calc. Mass | mDa | PPM | DBE | Formula | i-FrT | i-FIT Norm | Fitconf% | ¢ [ H| n | 0] Na|
3211389 3211392 03 09 165 C23 HI7 N2 391 n/a n/a AT R

DCM-= MeOH (2% H20 + 0.1% FA)
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DCM-= MeOH (2% H20 + 0.1% FA)

210615_HRMS_IN_KS_4MePy_A 38 (0.696) Cm (11:111) 1: TOF MS ES+
100- 335.1543 9.35e6
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e

159.?91?
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W
Tolerance = 2.0 mDa / DBE: min =-1.5, max = 100.0

Element prediction: Of

MNumber of isotope peaks used for i-FIT = 3

Manoisotopic Mass, Even Electron lons

208 formulale) evaluated with 2 results within limits (all results {up to 1000) for each mass)

Elements Used:

C: 0-50 H: 0-100 N: 0-5 0:0-3 Na: 0-1
Mass | Calc. Mass | mDa | PPM | DBE | Formula | i..| FitConf% [ C|H|[ N [ 0] Na |
3351543 3351548 05 -15 165 (C24 HI9 N2 CTREY ] 2 19 2

3351524 18 57 135 C22 H20 N2 Na B... 67.58 5 an 2 1

DCM-= MeOH (2% H20 + 0.1% FA)

210615_HRMS_IN_KS_4MePy_A 38 (0.696) Cm (11:111) 1: TOF MS ES+
9.35e+006
Shid 335.1543
%_
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v
337.1630
; 3101596 3211407 ; 349 4705 371367 3711519
L L e o e e 11
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HRMS spectra of 3b
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{name, O}

Compound 3¢, 13C NMR, CDCl;, 101 MHz
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DCM-= MeQH (2% H20 + 0.1% FA)

210615_HRMS_IN_KS_4CIPy 1 (0.041) Cm (1:111) 1: TOF MS ES+
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413 formulaie) evaluated with 2 results within limits {all results (up to 1000} for each mass)

Elements Used:

C: 0-50 H: 0-100 N: 0-5 0:0-3 Na: 0-1 C: 0-1

Mass | Calc. Mass | mDa | PPM | DBE | Formula | [i-... [FitConfo | c|H| N |[O]|Na] ]

3551001 3551002 01 03 165 C23 HI6 N2 CI 6.0.. 100,00 B P 1
3550084 17 48 215 C24 Hl1 N4 71.. 000 24 11 4

DCM-= MeOH (2% H20 + 0.1% FA)
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{name, 0}

Compound 3d, 13C NMR, CDCl;, 101 MHz
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DCM-= MeOH (2% H20 + 0.1% FA)

210615_HRMS_IN_KS_4BPy 73 (1.324) Cm (9:111) 1: TOF MS ES+

100+ 401.0477 1.74e7
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Element prediction: Off
Mumber of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
439 formulaie) evaluated with 2 results within limits (all results (up to 1000) for each mass)
Elements Used:
C: 0-50 H: 0-100 M 0-5 0 0-3 Ma: 0-1 Br: 0-1
Mass | Calc. Mass | mDa | PPM | DBE | Formula [|i-Fr.. |Ftconfs| c|[H| N | o Nal Br|
399.0493 3990494 01 03 205 C22 HE N4 O3 Ma 51... 0.00 2 8 4 3 1
399.04597 -04  -10 165 23 H16 N2 Br 30,000 100.00 23 16 2 1
DCM-= MeOH (2% H20 + 0.1% FA)
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{name, O}

Compound 3e, 13C NMR, CDCl;, 101 MHz
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{name, O}

Compound 3e, 1°F NMR, CDCl;, 375 MHz
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[DCM-> MeOH (2% H20 + 0.1% FA)

210615_HRMS_IN_KS_4FPy 33 (0.611) Cm (11:111) 1: TOF MS ES+
100+ 3391294 6.41e7
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3401325
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Element prediction: Off

Mumber of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

404 formula(e) evaluated with 1 results within limits (all results (up to 1000} for each mass)

Elements Used:

C: 0-50 H: 0-100 N: 0-5 0:0-3 F: 0-1 Na: 0-1
Mass | Calc. Mass | mDa | PPM | DBE | Formula |li-A.. [Fitconf% | c|H| N[ o] F|Nal
3391294 3301298 -04 1.2 165 C23 Hi6 N2 F hia n/a 3 16 2 1

DCM-= MeOH (2% H20 + 0.1% FA)
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HRMS spectra of 3e
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Compound 3f, 'H NMR, CDCl3, 400 MHz
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Compound 3f, 1°C NMR, CDCl;, 101 MHz
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DCM-= MeOH (2% H20 + 0.1% FA)

210615_HRMS_IN_KS_4CF3Py 30 (0.553) Cm (10:111) 1: TOF MS ES+
100- 3891264 2.8%e7

390.1295

3211392 |-391.1358
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Tolerance = 2.0 mDa / DBE: min =-1.5, max = 100.0

Element prediction: Off

Mumber of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

404 formulaie) evaluated with 1 results within limits (all results (up to 1000} for each mass)

Elements Used:

C: 0-50 H: 0-100 N: 0-5 0:0-3 F-23 Na: 0-1
Mass | Cale. Mass | mDa | PPM | DEE | Formula [[|Ftconfee| c[H| N ]o| F[Nal
3891264 3891266 -0.2 0.5 165 C24 H16 N2 F3 hafa 24 16 2 3

DCM-= MeOH (2% H20 + 0.1% FA)
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100- 389.1264 2.89e+007
0 -
: 390.1295
.;35.1545 511404 S ;91.1358501.0480§11_1349 dZT_jErIU

B e e e I AT By R e I R E e R 1

340 350 360 370 380 390 400 410 420 430 440

HRMS spectra of 3f
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Compound 3g, 'H NMR, CDCl;, 400 MHz
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{name, 0}

Compound 3g, 13C NMR, CDCl;, 101 MHz
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DCM-= MeOH (2% H20 + 0.1% FA)

210615_HRMS_IN_KS_3MePy 10 (0.201) Cm (10:111) 1: TOF MS ES+
e 3351544 5.31e7

-336.1576

357.1364
159.0819 3401594 | -
&

-+ttt e e Y2
100 200 300 400 500 600 700 800 900 1000 1100
| |
Single Mass Analysis
Tolerance = 2.0 mDa / DBE: min =-1.5, max = 100.0
Element prediction: Off
Mumber of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
208 formulale) evaluated with 2 results within limits (all results (up to 1000) for each mass)
Elements Used:
C:0-50 H: 0-100 M: 0-5 0. 0-3 Ma: 0-1
Mass | Calc. Mass | mDa | PPM | DEE | Formula [li.[ FitConf% [ Cc[H ]| N | 0] Nal
3351544 3351548 -04 -12 165 C24 HI19 N2 4. 17.55 24 19 2
3351524 20 6.0 135 22 H20 M2 Ma 4. 8245 2 20 2 1
DCM-= MeOH (2% H20 + 0.1% FA)
210615_HRMS_IN_KS_3MePy 10 (0.201) Cm (10:111) 1: TOF MS ES+
§.31e+007

G 335.1544

%_

336.1576
-
337.1635 357 1364
301.0762 310.1584 s . 371.1546
T A R e e T N B e o T Ly By R S e e s e SRl a1 174
290.0 300.0 310.0 3200 330.0 340.0 350.0 360.0 370.0 380.0

HRMS spectra of 3g
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Compound 3h, 'H NMR, CDCl3, 400 MHz
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{name, 0}

Compound 3h, 13C NMR, CDCl;, 101 MHz
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DCM-= MeOH (2% H20 + 0.1% FA)

210615_HRMS_IN_KS_24-diMePy 12 (0.234) Cm (11:111) 1: TOF MS ES+
i 349.1700 1.22e7

22
-360.1733
371.1523
e
173.1075
0 e T T T T e T T e T

100 200 300 400 500 600 700 800 800 1000 1100

R | |
!lngle H'ass !nalysm

Tolerance =20 mDa / DBE: min =-1.5, max = 100.0

Element prediction: Off

Mumber of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

216 formulaie) evaluated with 2 results within limits (all results (up to 1000) for each mass)

Elements Used:

C: 0-50 H: 0-100 N: 0-5 0: 0-3 Na: 0-1
Mass | Calc.Mass | mDa | PPM | DBE | Formula || i-F1.. [FitCont% | c[H]| N | 0] Na
3491700 3491705 05 14 165 C25 HZ N2 6.683 18.58 75 AP

3491681 19 54 135 C23 H22 N2 Na 0206 8142 B2 2 1

DCM-= MeOH (2% H20 + 0.1% FA)

210615_HRMS_IN_KS_24-diMePy 12 (0.234) Cm (11:111) 1: TOF MS ES+
1.22e-+-007
B 349.1700
%_
3501733
#
;51 739 371.1523
T B T T B e B B T o B i L B e T T R e 1

300 305 310 315 320 325 330 335 340 345 350 355 360 365 370 375 380 385 380 385

HRMS spectra of 3h
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Compound 3i, 'H NMR, CDCl3, 400 MHz
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{name, 0}

€8'6G—

Compound 3i, 13C NMR, CDCl;, 101 MHZ
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DCM-= MeOH (2% H20O + 0.1% FA)

210615 HRMS_IN_KS_20MePy 51 (0.930) Cm (17:111) 1: TOF MS ES+
351.1493 9.17e6
100
52
|.352 1525
731317
175.0869 . T —
I AR RRAR Rl AR R ARl SRR R AR AR AR R AR AR AR R AL A AR LAARR AR AR AR AR RN AR RN AERARRERL R a et n nanand (4

100 200 300 400 500 600 700 800 900 1000 1100

!IHQIE mass !na'yms
Tolerance = 2.0 mDa / DBE: min =-1.6, max = 100.0
Element prediction: Off
Mumber of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
216 formulaie) evaluated with 2 results within limits (all results {up to 1000) for each mass)

Elements Used:

C: 0-50 H: 0-100 N: 0-5 0:0-3 Na: 0-1

Mass | Calc. Mass | mDa | PPM | DBE| Formula [[i.|Fitconf| c|H| N]| O [Nal

3511493 3511497 04 11 165 C24 HI9 N2 O 30.. 45.56 M 19 2 1
3511473 20 57 135 €22 H20 N2 O Na 30.. 5444 Pim I 1

DCM-= MeOH (2% H20 + 0.1% FA}

210615_HRMS_IN_KS_20MePy 51 (0.930) Cm (17:111) 1: TOF MS ES+
9.17e+006
- 351.1493
%_
3521525
vl
353.1570
320.1288 335.1536 7 i A apgqsps IS
R e e R e e R i e e e E e Rt R e el 1 L

310 315 320 325 330 335 340 345 350 355 360 365 370 3¥5 380 385 390 395 400 405

HRMS spectra of 3i
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Compound 3], 'H NMR, CDCl;, 400 MHz
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{name, O}

Compound 3], 13C NMR, CDCl3, 101 MHz
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DCM-> MeOH (2% H20 + 0.1% FA)
210615_HRMS_IN_KS_1NapPy 33 {0.611) Cm (11:111)

1: TOF M3 ES+

100+ 371.1545 4.29e7
==
3721576
3931364
-
0 e e e e e M2
100 200 300 400 500 600 700 800 800 1000 1100

= EI— . |
!IﬂglE Hlass !nalysm

Tolerance = 2.0 mDa / DBE: min =-1.5, max = 100.0

Element prediction: Off

Mumber of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

227 formulaie) evaluated with 1 results within limits (all results {up to 1000) for each mass)

Elements Used:

C: 0-50 H: 0-100 N: 0-5 0:0-3 Na: 0-1
Mass | Calc. Mass | mDa | PPM | DBE | Formula | i-FITNorm | Fit Conf3| C [H| N | O Na |
3711545 3711548 -03 -08 195 (27 HI9 N2 hia n/a T
DCM-= MeOH (2% H20 + 0.1% FA)
210615_HRMS_IN_KS_1NapPy 33 (0.611) Cm (11:111) 1: TOF MS ES+
4.20e+007
I 371.1545
%_
] 3721576
#
3731614
3211392 3351439 3511497 ‘.” 393.1364399.0496 4971312
0 e e R e T T T e S T T S e e e e e e e (U
310 320 330 340 350 360 370 380 390 400 410 420 430 440
HRMS spectra of 3j
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Compound 3K+3K’, 'H NMR, CDCl3, 400 MHZ
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Compound 3K+3K’, 13C NMR, CDCl;, 101 MHZ
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[DCM-> MeOH (2% H20 + 0.1% FA)

210615_HRMS_IN_KS_2NapPy 11 (0.217) Cm {11:111) 1: TOF MS ES+
371.1546 3.93e7
100+
=
3721577
393.1365
#
0 e e e e e V2
100 200 300 400 500 600 7oa s00 800 1000 1100

L T T I I N O

ingle ilass Analysis
Tolerance = 2.0 mDa / DBE: min = -1.5, max = 100.0
Element prediction: Off
Mumber of isotope peaks used for i-FIT = 3
Maonoisotopic Mass, Even Electron lons
227 formulaie) evaluated with 1 results within limits (all results (up to 1000} for each mass)

Elements Used:

HRMS spectra of 3K + 3K’

C: 0-50 H: 0-100 N: 0-5 0:0-3 Na: 0-1
Mass | Calc. Mass | mDa | PPM | DBE | Formula [ i-F1T | i-FITNorm | FitConfo% | | H| N | 0] Na ]
3711546 3711548 -02 05 195 C27 HI9 N2 01 n/a n/a TR TR
DCM-= MeOH (2% H20 + 0.1% FA)
210615_HRMS_IN_KS_2NapPy 11 (0.217) Cm (11:111) 1: TOF MS ES+
3.93e+007
P 371.1546
%_
] 3721577
1
373.1621
RV npapy: TN - 3931365 4911366 427.1315
I e e e e e P e e e e e R e e e e e T
310 320 330 340 350 360 370 380 390 400 410 420 430
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Compound 5a, 'H NMR, CDCl;, 400 MHz
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Compound 5a, 1*C NMR, CDCl3, 101 MHz
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DCM-= MeOH (2% H20 + 0.1% FA)

210615_HEMS_IM_KS_4Me 65 (1.181) Cm (17:111) 1. TOF MS ES+
3491701 2.53e7
100+
==
1-350.1733
371.1523
#
281.2016
0T e T T T T e T T e T M2

100 200 300 400 500 600 700 800 800 1000 1100
| |

—-— = T - E 1 b
!Irl glr-.- mlass !nalym s

Tolerance = 2.0 mDa / DBE: min =-1.5, max = 100.0

Element prediction: Off

Mumber of isotope peaks used for i-FIT =3

Maonoisotopic Mass, Even Electron lans

216 formulaie) evaluated with 1 results within limits (all results (up to 1000) for each mass)

Elements Used:

C: 0-50 H: 0-100 N: 0-5 0: 0-3 Na: 0-1
Mass | Calc. Mass | mDa | PPM | DBE | Formula | i-Fr7 i | FitConf% | c [ H| N [ 0f Ma |
3491701 3491705 -04 -11 165 (€25 HZA N2 415 n. n/a 25 21 2

DCM-= MeOH (2% H20 + 0.1% FA)

210615_HRMS_IN_KS_4Me 65 (1.181) Cm (17:111) 1: TOF MS ES+
2.53e+007
B 349.1701
%_
3501733
#
351.1784 371.1523
3101997 3541748 335.1548 7 : Sl
o B A L e o TR A o B o b e B e B O RRCM Ry ol 1 L4
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HRMS spectra of 5a
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Compound 5b, 'H NMR, CDCl3, 400 MHz
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Compound 5b, 13C NMR, CDCl;, 101 MHz
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[DCM—= MeOH (2% H20 + 0.1% FA)

210615 HRMS_IN_KS 4Cl RB 9 (0.184) Cm (1:110) 1: TOF MS ES+
339.0610 3.95e7
100+
301.0536
= 231.2014
302 0618
145.0760
i \ |-394.0602
0 L R B I L L I B L ) L L LS LS LS LA LRAS LAY LA LRy naaay nan il 114

100 200 300 400 500 600 700 800 800 1000 1100

LT T I I W 2

W
Tolerance = 2.0 mDa / DBE: min =-1.5, max = 100.0

Element prediction: Off

Mumber of isotope peaks used for I-FIT = 3

Monoisotopic Mass, Even Electron lons

G44 formulale) evaluated with 3 results within limits (all results (up to 1000) for each mass)

Elements Used:

C: 0-50 H: 0-100 N: 0-5 0:0-3 Na: 0-1 Cl: 0-2
Mass | Calc. Mass | mDa | PPM | DBE | Formula | i-... | FitConf3% | c[H| N[ 0 [Na] ]
389.0610 389.0612 -0.2 -0.5 165 C23 HI5 N2 Ci2 B.. 9981 3 15 2 F
389.0603 07 18 255 C20 H9 02 5.. 000 2% 9 7
389.0594 16 41 215 C24 HI10 N4 CI 8. 019 24 10 4 1
DCM-> MeOH (2% H20 + 0.1% FA)
210615_HRMS_IN_KS_4CI_RB 9 {0.184) Cm (1:110) 1: TOF MS ES+
3.95e+007
— 389.0610
391.0586
] E
%_
392.0619
339.131 3551006  365.0623 ||I. 411.0458417.0350
L TR WA W aaew s ko kb b sy s e o EAANERTNY NN Na Ny uanee s a s Ea s ey g
330 340 350 360 370 380 390 400 410 420 430 440 450 460
HRMS spectra of 5b
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{name, O}

Compound 5¢, 'H NMR, CDCl3, 400 MHz
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[DCM-= MeOH (2% H20 + 0.1% FA)

210615_HRMS_IN_KS_4F_B 9 (0.184) Cm (1:110) 1: TOF MS ES+
s 357.1200 1.50e8

358.1231

14507592685 1387
P 3591283 5731953

0 e e e e e iz

100 200 300 400 500 600 700 800 800 1000 1100

- | |
!mgle Hass !na'ysm

Tolerance = 2.0 mDa /[ DBE: min =-1.5, max = 100.0

Element prediction: Off

Mumber of isotope peaks used for i-FIT = 3

Maonoisotopic Mass, Even Electron lons

615 formulaie) evaluated with 2 results within limits (all results (up to 1000) for each mass)

Elements Used:

C: 0-50 H: 0-100 N: 0-5 0:0-3 F0-0 Na: 0-1

Mass | Calc. Mass | mDa | PPM | DBE | Formula [[i-FL.[ Fitconfoa| c | H [ N[O F] Na]

3571200 3571203 -03 -08 165 C23 HI5 N2 F2 0. 4300 % 15 2 2
3571215 -15 42 125 C20 HI8 N2 03 Na 40... 57.00 an 18 ¥ 3 1

DCM-= MeOH (2% H20 + 0.1% FA)

210615_HRMS_IN_KS_4F B 9 (0.184) Cm (1:110) 1: TOF MS ES+
1.50e+008
- 357.1200
%_
' 358.1231
359.1283
e e 333.1212339.1298 z AN enn 4570459
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HRMS spectra of 5¢
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Compound 5d, "H NMR, CDCl3, 400 MHz
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IDCM-> MeOH (2% H20 + 0.1% FA)

210615 HRMS IN_KS 4B8r 1 (0.041) Cm (1:111) 1: TOF M5 ES+
478.9581 1.30e7
100+
E.E_
476.9502|430 9566
236.0950 349 9702
}25.[]151
-481.9603
0- miz
100 200 300 400 500 600 700 a00 900 1000 1100
| |
Single Mass Analysis
Tolerance = 2.0 mDa / DBE: min =-1.5, max = 100.0
Element prediction: Off
Mumber of isotope peaks used for i-FIT = 3
Maonoisotopic Mass, Even Electron lans
719 formulaie) evaluated with 2 results within limits (all results (up to 1000) for each mass)
Elements Used:
C: 0-50 H: 0-100 M 0-5 0:.0-3 Ma: 0-1 Br. 0-2
Mass | Calc. Mass | mDa | PPM | DBE | Formula [[i. |FitConf% | c|H| N ]| oO|Na|Br]|
4769602 4769602 0.0 0.0 165 <23 H15 N2 Br2 50.. 98495 23 15 2 2
476.9599 0.3 0.6 205 (C22 H7 N4 O3 Ma Br 6d... 1.05 2 75 4 3 1 1
DCM-= MeOH (2% H20 + 0.1% FA)
210615_HRMS_IMN_KS_4Br 1 {0.041) Cm (1:111) 1. TOF MS ES+
1.30e+007
100+ 478.9581
Do 476.9602 | 4809566
|
401.0481 481.9603
415.0460.423.0302.441.2990 4 500'9435 5411232 5591360 578.8843
O e e T e T T T Crf P T rree] P TP o [ L e e e er e e e erveeep e rereerieys [T
390 400 410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590
HRMS spectra of 5d
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Compound 5e, 'H NMR, CDCl;, 400 MHz
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{name, 0}

Compound 5e, 13C NMR, CDCl3, 101 MHz
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DCM-= MeOH (2% H20 + 0.1% FA)

210615_HRMS_IN_KS_2Nap 1 (0.041) Cm (1:110) 1: TOF MS ES+
4211701 2 68e7
100+
EE_
422 1736
JAR0760 3214200 | 4234774
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- | |
!lngle mass !nalyms

Tolerance = 2.0 mDa / DBE: min =-1.5, max = 100.0

Element prediction: Off

Mumber of isotope peaks used for i-FIT = 3

Maonoisotopic Mass, Even Electron lons

256 formulale) evaluated with 1 results within limits (all results (up to 1000) for each mass)

Elements Used:

C: 0-50 H: 0-100 N: 0-5 0:0-3 Na: 0-1
Mass | Calc. Mass | mDa | PPM | DBE | Formula | i-FIT | i-FIT Norm | Fit Conf% | ¢ [ H | N [ 0) Na |
4211701 4211705 04 -08 225 C31 H2L N2 381 n/a n/a 315 21 0

DCM-= MeOH (2% H20 + 0.1% FA)

210615_HRMS_IN_KS_2Nap 1 (0.041) Cm (1:110) 1: TOF NS ES+
2 68e+007
Jis 4211701
%_
- 422 1736
i
4231774
el g i ‘ 443.1525 4512178

O e e e e T AT e e T I T A A T T A e e A A T e e e T
370 380 340 400 410 420 430 440 450 460 470 430 490 500

HRMS spectra of 5e
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{name, 0}

Compound 5f, 'H NMR, CDCl3, 400 MHz
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Compound 5f, 13C NMR, CDCl;, 101 MHz
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DCM-= MeOH (2% H20 + 0.1% FA)

210615_HRMS_IN_KS_3CI 1 (0.041) Cm (1:111) 1: TOF MS ES+
389.0606 1.45a7
100+
224.0680 391.0583
=2
3020618
|.225 0715 460.0753
D IIII:.IIdII"III.I.IIII:IIIIIIl-II:I.LII‘III:‘I.:.I-.IIIl-l..llIIII‘.III.I‘IIIITIAII-.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII “-hrz
100 200 300 400 500 00 700 800 900 1000 1100
| |
!IﬂglE MIESS :ﬂil?SlS -

Tolerance = 2.0 mDa / DBE: min =-1.5, max = 100.0

Element prediction: Off

Mumber of isotope peaks used for i-FIT = 3

Maonoisotopic Mass, Even Electron lons

G444 farmulale) evaluated with 4 results within limits (all results (up to 1000) for each mass)

m

Elements Used:

C: 0-50 H: 0-100 N: 0-5 0: 0-3 Na: 0-1 Cl: 0-2
Mass | Calc. Mass | mDa | PPM | DBE | Formula [|i-A.. |Fitconf%| c|[H|[ N]oO[Na] ] =
3890606 3890603 03 08 255 C29 H9 02 56... 000 29 9 2 [
3890612 -06 -15 165 C23 HI5 N2 CI2 30134 8748 3 A5 2 2 |3
3890504 12 31 215 C24 HI0 N4 CI 15452 043 24 10 4 1
389.0588 18 46 135 C21 HI6 N2 Na Cl2 32113 12,09 g 1 2 -
DCM-= MeOH (2% H20 + 0.1% FA)
210615_HRMS_IN_KS_3C1 1 (0.041) Cm (1:111) 1: TOF MS ES+
1.45e+007
it 389.0606
391.0583
%_
392.0618
349.1741 355 nggg 385.2931 ‘“,394.059? A15 paag 121121 4453135 460.0758
O At T e e R e e R MU
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HRMS spectra of 5f
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Compound 5h, 'H NMR, CDCl3, 400 MHz
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Compound 5h, 13C NMR, CDCl;, 101 MHZ

-5000000

o
S
S
S
S
S
5

3000000

2000000
~1000000

{name, 0}

68°¢l

ZO'17L>
VL8l
69'LZ/

LLBE—

€L8s—

GZ'00L—

99'€cl
86'7¢lL
c0'acl

€6 Ll
7/

8€'8¢L
LBLEL
vScelL
gg8'¢cel
EL’6eL

T

T

190 170 150 130 90 70 50 30 10  -10
1 (ppm)

210

110

Jua.INo/elepiwu/ido/ £10a0 AdIELD — T13-Ad-2uki00-v — PY'LEELZOLT S

64



IDCM-= MeOH (2% H20 + 0.1% FA)

210615_HRMS_IN_KS_4Octyne 97 (1.751) Cm (1:111) 1: TOF MS ES+
2691647 8.86e7
100+
=2
L-270.1678
253'1695 871747
0 et A e A e e e e e e MUz

100 200 300 400 500 600 700 800 800 1000 1100

_ I |
!IHQ'E MESS !ﬂil?SlS
Tolerance = 2.0 mDa / DBE: min =-1.5, max = 100.0
Element prediction: Off
Mumber of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electran lons
160 formulale) evaluated with 2 results within limits (all results (up to 1000) for each mass)
Elements Used:

C: 0-50 H: 0-100 N: 0-5 0:0-3 Na: 0-1
Mass | Calc. Mass | mDa | PPM | DBE | Formula | il Fitconf% | c|H| N |0 Nal
2531698 2531705 07 -28 85 C17 H2 M2 6..37.92 M, 3

2531681 17 67 55 (15 H22 N2 Na 6..62.08 15 D 2 1

DCM-= MeOH (2% H20 + 0.1% FA)

210615_HRMS_IN_KS_4Octyne 97 (1.751) Cm (1:111) 1: TOF WS ES+
8.86e+007
s 269.1647
%_
2701678
285.1593
' 243.1129 253.1698 L | 301.1912 Sel1e  pogsed
e B s o ot oo it L AR RRREE. Stttk
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HRMS spectra of 5h
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Compound 5i, 'H NMR, CDCl3, 400 MHz
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{name, O}

Compound 5i, 13C NMR, CDCl;, 101 MHz
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{name, 0}

Compound 5i, DEPT135, CDCl;
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DCM-= MeOH (2% H20 + 0.1% FA)

210615_HRMS_IN_KS_Decyne 1 (0.041) Cm (1:111) 1: TOF MS ES+
100- 3332325 2.56e¥

E.E_
3182218 | 2891777
N 391.2378
2211075 ,-*405-1Tj_u 6764273
R e AR manas EE T e T T S

100 200 300 400 500 600 700 800 900 1000 1100

| |
gmgle mass !nalysm
Tolerance = 2.0 mDa / DBE: min =-1.5, max = 100.0
Element prediction: Off
Mumber of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
207 farmulale) evaluated with 2 results within limits (all results (up to 1000) for each mass)

Elements Used:

C: 0-50 H: 0-100 N: 0-5 0: 0-3 Na: 0-1
Mass | Calc. Mass | mDa | PPM | DBE | Formula [i-rr || Fitconf..| c|H| N[O Na
3332325 333.331 06 -18 105 C23 H2 N2 1068 0..4527 B ™ 2

3332307 18 54 75 C21 H30 NZNa 1066 0.5473 n 30 2 1

DCM-= MeOH (2% H20 + 0.1% FA)

210615_HRMS_IN_KS_Decyne 1 (0.041) Cm (1:111) 1: TOF WS ES+

2 56e+007
e 333.2325

%_
334.2359
s2218 |2 362.2119 389ATTT
4051730
2651229 293-2830315'205§.||.. | asprans | 3732638 || 4054730 425153
El Il|||I||||I|||||||||I||||I||||I||||I||||Il|||I||||I|||||||||I||||I||||I||||I||||||||I||||Il||||||||I|||||||||I||||I|||||||||I||||Il|||I||||I|||||||||I||||I||||I||||I||||I||||I| mrz

260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410 420 430

HRMS spectra of 5i
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{name, 0}

Compound 5j, 'H NMR, CDCl3, 400 MHz
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{name, 0}
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Compound 5j, 13C NMR, CDCl;, 101 MHz

WY

28 16—
SzoLL,
)
8Lzl
9 YLy
Sz/ZL
98'LZLA
££'8Z1
16'8ZL
98'62L
Ob0EL
8g'sel
¥6'GEL
L0‘8€Lj
[0Vl

__J —
— e

———)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

T

1 (ppm)

d\erepiwu\:d} €/10A0 AdOELO — 13 Ad-auhdoid-Ud-L — P LL'OELOET ¥-S

71



[DCM-> MeOH (2% H20 + 0.1% FA)

210615_HRMS_IN_KS_PhPropyne_B 9 (0.184) Cm (1:110) 1- TOF MS ES+
2930836 44767
100+
281.2008
EEE_
2050812
13201587 st 4412975
bt i g
0 A R B L e e L L L L LS AR LA RRRAn ey nans nan sl )4
100 200 300 400 500 600 700 800 900 1000 1100

T = T T e I
! ng | e HIESS !ﬂal'ﬂ'SI -1

Tolerance = 2.0 mDa / DBE: min =-1.5, max = 100.0

Element prediction: Off

Mumber of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

176 formulale) evaluated with 2 results within limits (all results (up to 1000) for each mass)

Elements Used:

C: 0-50 H: 0-100 N: 0-5 0:0-3 Na: 0-1
Mass | Calc. Mass | mDa | PPM | DBE | Formula [[i-.. | Fitconfm| c|H]| N | 0] Na]
2812008 2812018 -10 -36 85 (19 H25 N2 .. 3566 19 25 2
2811994 14 50 55 (17 H26 M2 Na @. 6434 17 26 2 1
DCW-> MeOH (2% H20 + 0.1% FA)
210615_HRMS_IN_KS_PhPropyne_B 8 (0.184) Cm (1:110) 1: TOF MS ES+
4.47e+007
- 293.0836
] 281.2008
%_
| 295.0812
282.2043
2421902 2572012 264 1021 | 3090787 357 0450 331.0506 349.0703
U IIIIIIIIIIII:IIIIIIIIIIIIIII‘IIIIIIIIIIIIIIIIIIIIII:;I II‘IIIIIIII:IIIIIIIIIIIIIIIIIII.:IIII.IIIIIIIIIIIIII.I:.I:I:IIIII:I:IIII‘I:I:.i:.IIImrz
230 240 250 260 270 280 290 300 310 320 330 340 350
HRMS spectra of 5j
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{name, O}

Compound 5K, 'H NMR, CDCl3, 400 MHZ
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{name, O}

Compound 5K, 13C NMR, CDCl;, 101 MHz
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DCM-= MeOH (2% H20 + 0.1% FA)

210615_HRMS_IN_KS_PhButyne_B 1 (0.041) Cm {1:111) 1: TOF MS ES+

N
100- 2731388 3.18e7
2491388
307.1002
=
234 1279 321.1601
N 2
}30.159‘1 ;49'159? 508.2304
I e EERRERAREARY. miz

100 200 300 400 500 600 700 800 800 1000 1100

- | |
!Ingle Mass !nal‘;sm

Tolerance = 2.0 mDa / DBE: min =-1.5, max =100.0

Element prediction: Off

Mumber of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lans

171 formulale) evaluated with 1 results within limits (all results (up to 1000) for each mass)

Elements Used:

C: 0-50 H: 0-100 N: 0-5 0: 0-3 Na: 0-1
Mass | Calc. Mass | mDa | PPM | DBE| Formula | i-FrT | i-FIT Norm | Fitconf% | ¢ |H| N | 0 Na |
2731388 2731392 04 15 125 C19 HI7 N2 705 nia n/a 19 17 2

DCM-= MeOH (2% H20 + 0.1% FA)

210615_HRMS_IN_KS_PhButyne_B 1 (0.041) Cm {1:111) 1: TOF MS ES+
3.18e+007
100+ 273.1388
] 2491388
] 3071002
%_
2741425
2341279 |250.1421 2 289.1342 3211601 3371704 349 1507
232112?"‘" |I | 252:159? |J|||. L ||II|. ! | | T e | | i "’35320¢U
O rprrerprrerprrrprr e et e e b e e e e e e e T

210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370

HRMS spectra of 5k
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{name, 0}

Compound 51, 'H NMR, CDCl3, 400 MHz
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Compound 5], 13C NMR, CDCl;, 101 MHz

{name, O}
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Acetone= MeOH (2% H20 + 0.1% FA)
210615_HEMS_IN_KS_PhPentyne_A_1 3 (0.075) Cm (1:111) 1: TOF MS ES+
287.1544 2.73e7
100+
EiE!—
288.157¥9
130.1593 303.1864 4339654
[ { 3
0t et e e e e e e Mz
100 200 300 400 500 600 700 800 500 1000 1100
| |
!lngle Hass !nal';sm -
Tolerance = 2.0 mDa / DBE: min =-1.5, max = 100.0
Element prediction: Of
Mumber of isotope peaks used for i-FIT = 3 A
Monoisotopic Mass, Even Electron lons 3
464 formulale) evaluated with 5 results within limits (all results (up to 1000) for each mass)
Elements Used: | ¥
C: 0-50 H: 0-100 M: 0-5 O 0-3 Ma: 0-1 Cl: 0-2 .
Mass | Calc. Mass | mDa | PPM | DBE | Formula [lilFitconf® [ c|H[N]O[Na]l]
2871544 2871545 01 03 15 (13 H29 02 CR2 71.. 000 13 29 2 2 |ﬂ
2871542 0.2 0.7 45 (CI7 H2S Na Cl 71..0.00 17 25 1 1
2871548 04  -14 125 C20 H19 N2 6l.. 2896 20 19 2
2871526 138 6.3 3.5 (14 H24 N2 02 C 71..0.00 14 4 2 2 1 %
Acetone= MeOH (2% H20 + 0.1% FA)
210615_HRMS_IN_KS_PhPentyne_A_1 3 (0.075) Cm (1:111) 1: TOF M5 ES+
2.73e+007
S 287.1544
%_
288.1579
303.1864
o 1301593 145.0764 248.1442 413.2680433 2654,449 2610 573.3298
L L B L B g e e e e Ly s e ey el
125 150 175 200 225 250 275 SEIEI 325 350 375 400 425 450 475 500 525 550

HRMS spectra of 51
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{name, 0}
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{name, O}

Compound 5I’, 13C NMR, CDCl3;, 101 MHZ
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DCM-= MeQH (2% H20 + 0.1% FA)

Tolerance =2.0 mDa / DBE: min =-1.56, max = 100.0

Element prediction: Of

Mumber of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lans

178 formulale) evaluated with 2 results within limits (all results (up to 1000

Elements Used:

210615_HRMS_IN_KS _PhPentyne B 1 (0.041) Cm (1:111) 1: TOF MS ES+
287.1542 2 527
100+
:-:_HE_
288 1575
309.1362
e
Lamjag?
0 L B A I B I L ) L I S L LS LA LS LRRAN LA LA RN RARAN LERAN pAREE RARRREI I
100 200 300 400 g00 600 700 a00 900 1000 1100
| |

!IHQIE nlE.SS !na'ysm

Jfor each mass)

C: 0-50 H: 0-100 N: 0-5 0:0-3 Na: 0-1
Mass | Calc. Mass | mDa | PPM | DBE | Formula [[i. |Fitconfo| c|H]| N |0 Na
2871542 2871548 06 -21 125 C20 HI19 N2 3.0.. 4244 0 19 2
2871524 18 63 95 C18 H20 N2 Na 3.0.. 57.56 18 20 2 1
DCM-=> MeOH (2% H20 + 0.1% FA)
210615_HRMS_IN_KS_PhPentyne_B 1 (0.041) Cm (1:111) 1: TOF MS ES+
2.52e+007
P 287.1542
%_
288.1575
| 289 1615 3091362
0| 2451075248 1429 263.1546 aann |/ . 321.1501,3251200
B L e e el
240.0 250.0 260.0 270.0 280.0 290.0 300.0 310.0 320.0 330.0
HRMS spectra of 51’
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Compound 5m, 'H NMR, CDCl;, 400 MHz
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Compound 5m, 13C NMR, CDCl;, 101 MHz
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[DCM-> MeOH (2% H20 + 0.1% FA)

210615_HRMS_IN_KS_PhHexyne_B 2 (0.058) Cm (2:111) 1: TOF MS ES+
3011707 8.18e7
100+
aﬂ_
-302.1739
32315449
4
U II:IIIIIIIIIIIIIIIIILI.IIII‘LIIIIIIIlIIIIIII:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII !Tbrz
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— T i E . ]

Tolerance = 2.0 mDa / DBE: min =-1.5, max = 100.0

Element prediction: Off

Mumber of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

187 formulale) evaluated with 1 results within limits (all results (up to 1000} for each mass)

Elements Used:

glﬂ g | e MESS !na'*,rm s

C: 0-50 H: 0-100 N: 0-5 0:0-3 Na: 0-1
Mass | Calc. Mass | mDa | PPM | DBE | Formula [ i-FIT | i-FIT Norm | FitConf% | C [ H | N 0) Na|
3011707 3011705 02 07 125 C2 HZA N2 31 n/a n/a 35 o 3
DCM-=> MeOH (2% H20 + 0.1% FA)
210615_HRMS_IN_KS_PhHexyne_B 2 (0.058) Cm (2:111) 1: TOF M3 ES+
5.18e+007
s 301.1707
%_
302.1739
i
303.1788
2451081 2621604 2774717 200 1048 ‘/ 3231549 3351329 365.2025
e e e e Cad et L R e N e N S
240 250 260 270 280 290 300 310 320 330 340 350 360 370 380
HRMS spectra of 5m
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Compound 5n, 'H NMR, CDCl3, 400 MHz
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Compound 5n, 13C NMR, CDCl;, 101 MHz
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DCM-= MeOH (2% H20 + 0.1% FA)

210615_HRMS_IN_KS_PhBut301_A 33 {0.611) Cm (26:111) 1: TOF MS ES+
fe 2871543 4.31e7

1288.1575

-280.1609
0 R R S B B L B L) R LS LR LR RR LS LR o

100 200 300 400 500 600 . 700 800 .~ 900 1000 1100 =

| |
!IﬂglE mass :na|1;5|s
Tolerance =2.0 mDa f/ DBE: min =-1.5, max = 100.0
Element prediction: Off
Mumber of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
179 formulaie) evaluated with 2 results within limits (all results {up to 1000} for each mass)
Elements Used:

miz

C: 0-50 H: 0-100 N: 0-5 0: 0-3 Na: 0-1
Mass | Calc. Mass | mDa | PPM | DBE| Formula |]i.]Fitcontze | c|H| N[0 Nal
2871543 2871548 05 -17 125 C20 H19 N2 30...79.55 20 19 2

2871524 19 66 95 C18 H20 N2 Na 31..2045 i 2 2 1

DCM-= MeOH (2% H20 + 0.1% FA)

210615_HRMS_IN_KS_PhBUt30I_A33 (0.611) Cm (26:111) 1: TOF MS ES+
1.31e+007
P 287.1543
%_
288.1575
. 289.1609
1301589 2451278 28513882 3332332 TR apaqgrsa
N R a Y m E R HE B e et SRR LN AL K T N R e 11
140 160 180 200 220 240 260 280 300 320 340 360 380 400
HRMS spectra of 5n
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